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Foreword
from the Editor-in-Chief

There is no need to convince readers of
the first our issue that the natural
environment is created and maintained
by living organisms, the totality of which
is biota. The study of the diversity of
living, which began since the day of
Hippocrates, Aristotle, and Theophrastus,
has not lost its relevance in the modern
scientific world.

In the 21st century, the search for
scientists in quite diverse - from
inventory species diversity of ecosystems
to the study of adaptation mechanisms of
organisms and biota metagenomic
studies.

The biota, for which there are no
administrative boundaries, compensates
for any environmental disturbances that
do not exceed the threshold of destruction
of the biota itself. This implies the need
for international cooperation in various
fields of living research. In order to bring
together scholars who study different
aspects of biotic potential of the
environment and its conservation, we are
launching the international scientific
journal Biota. Human. Technology. We
are the part of the Editorial Board of the
Journal attracted scientists from different
countries, who carry out scientific
research in various fields of Biology and
Biochemistry, Biotechnology and
Bioengineering, Public Health, as well as
in areas related to bioecological and
biomedical aspects of the application of
Food and Chemical technologies.

We expect from our potential authors
original articles dedicated to the results
of diverse studies of living matter at
different levels of the organization - from
molecular to biosphere. We welcome both
experimental and review articles
dedicated to the study of biodiversity of
flora, fauna, and microbiota; the
functioning of biological and ecological
systems, including under the influence of
stress factors; current issues in
technologies related to healthy nutrition
and chemistry; research integrity,
including ethical aspects, transparency,
and reproducibility of scientific results.
The BHT Journal pages always have a
place to cover the results of scientific
discussions which were made by
researchers from all the world.

Respectfully Yours,
Prof. O. Lukash
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Vitalii Morskyi

ANALYSIS OF THE ACCLIMATIZED ORNAMENTAL INTRODUCED
WOODY PLANTS FLORA OF CHERNIHIV’S GREEN INFRASTRUCTURE

~T

BiTanin Mopcekuin

AHAJII3 ®JIOPU AKJIIMATU30BAHUX JEKOPATMBHUX IHTPOAYKOBAHUX
OEPEBHMX POCJIMH 3EJIEHOI IHOPACTPYKTYPU YEPHITOBA

ABSTRACT

The study is focused on a comprehensive floristic evaluation of acclimatized ornamental introduced woody plants
within the green infrastructure of Chernihiv.

The aim of the work is to assess the current state and determine the prospects for sustainable urban greening of
Chernihiv in the context of climate change by analyzing the systematic, geographical, biomorphological and ecological
structure of the flora of acclimatized ornamental introduced woody plants.

Methodology. The research was conducted during 2023-2025 across various functional zones of Chernihiv’s
green infrastructure. The object of study is the acclimatized ornamental introduced woody plants flora. The methodology
integrated floristic inventorying (WFO standard), geographical analysis based on the homoclimatic principle, ecological
assessment using USDA Hardiness Zones, and invasive risk evaluation following established regional criteria.

Scientific novelty. For the first time, a detailed analysis of the ornamental introduced flora of Chernihiv has been
performed, accounting for the massive influx of modern cultivars in the 21st century. The study identifies specific
biological indicators of regional climate warming (successful acclimatization of USDA Zone 6A-7A species) and
establishes a correlation between the duration of a species’ introduction and its invasive potential. The functional role of
various functional zones as refugia for climate-resilient exotics is substantiated.

Conclusions. The flora is represented by 115 species, 2 subspecies, and 79 cultivars from 30 families, among
which Rosaceae and Fabaceae predominate. Geographical structure is led by North American (34.78 %) and East Asian
(25.22 %) groups. It was found that invasive potential is characteristic primarily of “legacy” species (pre-20th century),
while modern cultivars remain ecologically safe. The thriving of taxa like Sequoiadendron giganteum and Hibiscus syriacus
confirms a shift in climate boundaries. Future development of Chernihiv’s green infrastructure, according to the 2016
Greening Concept, should prioritize technogenically resilient hybrids and climate-plastic exotics from the 5th and 6th
USDA zones.

Key words: dendroflora of Chernihiv, green infrastructure, plant introduction, urban flora, USDA hardiness zones
AHOTALIA

JocnipkeHHs1 30cepe/pKeHO Ha BCeGiYHIA (QIOPUCTHUYHIN OLiHLI aK/IIMaTHU30BaHUX JEKOPAaTHBHUX iHTPO-
JlYKOBAHUX JIePEBHUX POCIMH Y MeXax 3eJIeHoi iHdpacTpyKTypu YepHirosa.

MeTo10 pO6GOTH € OLIIHUTU Cy4acCHUH CTaH Ta BUSHAUUTH N1ePCIIeKTUBU CTAJIOTO MiCbKOT0 03esleHeHHs YepHirosa
B YMOBax 3MiH KJIiMaTy LJISIXOM aHaJli3y CHCTeMAaTU4YHOI, reorpadiynoi, 6ioMmopdosioriuHoi Ta eKos0riyHoi CTPYKTYpH
dJiopH akJ1iMaTH30BaHUX IeKOPATUBHUX IHTPOLYKOBAHHUX JlepeBHUX POCJIMH.

MeToposorisa. [JocnimpkeHHs npoBogusocs npotsaroMm 2023-2025 pokiB y pi3HUX OYHKIIIOHaJIBHUX 30HAX
3eJieHOl iHPpacTpykTypu M. UepHiroBa. O6’eKTOM BHBYeHHA € ¢Jiopa aKJiMaTH30BaHUX JEeKOPATUBHUX IHTPOJLYKO-
BaHUX JlepeBHUX POCJUH. MeToosorisl iHTerpyBasa ¢opucTUyHy iHBeHTapusalito (ctangapt WFO), reorpadiuynuii
aHaJi3 Ha OCHOBI FOMOKJIMaTU4YHOrO NPUHIUIY, €KOJIOTIYHY OI{iHKY 3a 30HaMu 3uMocTiikocTi USDA Ta ouiHky
iHBa3iliHOr'0 PU3UKY 32 BCTAHOBJIEHUMH PerioHaJIbHUMU KPUTEPISIMU.

HaykoBa HOBU3Ha. Briepiie npoBeieHO JleTaJIbHUH aHaJIi3 [eKOpaTUBHOI iIHTpofyKoBaHoi ¢psiopu UepHirora 3
ypaxyBaHHSIM MacOBOT'0 MPUILIUBY Cy4yacHUX KysabTuBapiB y XXI cTosiTTi. BusBieHo cnenudivyni 6iosoriyHi iHanKa-
TOPU perioHaJbHOrO MOTEMJIIHHA KaiMaTy (ycmiuiHa akiaiMaTtusanis Bu/iB 30H USDA 6A-7A) Ta BCTaHOBJIEHO 3B'sI30K
MK TPUBAJIICTIO IHTPOAYKIiI BUAY Ta Horo iHBa3iiHUM noTeHniasoM. OGrpyHTOBAaHO QYHKI[iOHAJbHY POJIb PI3SHUX 30H
K pedyriyMiB A/ KIIMaTUYHO CTIHKUX €K30TiB.
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BucHoBkM. Piiopa npejcraieHa 115 Bugamu, 2 nigsugamMu ta 79 coptamu 3 30 pouH, cepesi IKUX IepeBa-
awTb Rosaceae Ta Fabaceae. Y reorpadiuHiil cTpyKTypi JiAUpyIOTh NMiBHiYHOaMepukaHcbKa (34,78 %) Ta cxigHo-
asiiicbka (25,22 %) rpynu. BctaHoBJieHO, 1110 iHBa3iMHUN NOTeHIia/ XapaKTepHUN epeBaXKHO /151 KICTOPUYHUX» BU/IIB
(mo XX ct.), ToAl SIK Cy4acHi Ky/JbTHUBApU 3a/MIIAIOTHCS €KOJIOTIUHO 6e3medyHUMU. [IponBiTaHHA TaKUX TAaKCOHIB, K
Sequoiadendron giganteum Ta Hibiscus syriacus, NiATBep/pKy€e 3MillleHHS KJAIMaTHUYHUX MeX. MalbGyTHIl pO3BUTOK
3esieHOl iHPpacTpykTypu YepHiroBa, 3rigHo 3 KoHneniiieto o3eseHeHHs1 2016 poky, Mae 6a3yBaTHCS HAa MPiOPUTETHOMY
BUKOPHUCTAHHI TEXHOTE€HHO CTiHKUX TiOpU/iB Ta KJIIMATUYHO MJIAaCTUYHUX €K30TiB 5-1 Ta 6-1 30H USDA.

Kiro4oBi cioBa: genapodsiopa YepHirosa, 3eseHa iHppacTpykTypa, 30HU 3uMocTiiikocti USDA, iHTpoayKLis

pocyiuH, yp6aHodJsopa

Introduction

Ornamental introduced woody plants in
urban environments are non-native trees and
shrubs intentionally planted for aesthetic
appeal, providing crucial ecosystem services
like air purification, temperature regulation,
and biodiversity enhancement, while also
offering structural beauty and habitat. Sjoman
et al. (2024) identify a list of current and future
challenges that can affect urban trees, including
climate change (drought, heat, flooding, storms,
wildfires), pests and pathogens, and urban
development.

The careful species selection is vital to
match urban stresses and avoid invasive
potential (Opalko et al., 2025). In arid climate
conditions, ornamental woody plants must
tolerate an arid climate, high summer heat, low
rainfall, and salinized soils, adapting by shorte-
ning vegetation periods; Ulmus pumila L.,
Populus alba L., Fraxinus pennsylvanica Marshall,
and Maclura pomifera (Raf.) C. K. Schneid. are
highly resilient for mass planting, while other
species need intensive care, with successful
landscaping relying on selecting species with
strong stress resistance for microclimate impro-
vement, air purification, and aesthetic appeal
(Kurbaniyazov et al., 2025). For Nordic urban
green infrastructures, stress resistance (salt,
drought, pollution) and genetic diversity are
prioritized when selecting trees, with an
emphasis on species that thrive in specific harsh
urban conditions, such as paved areas (Saebg et
al,, 2005).

In urban environments with moderate
(temperate) climates, acclimatized introduced
woody plants must balance aesthetic value with
the ability to withstand unique man-made
stressors while providing ecosystem services
(Calfapietra et al, 2015; Vogt et al, 2017;
Strashok et al,, 2025). Global climate change
stimulates migration, which increases the
number of introduced plant species, as well as
those with a status of rarity (Nuzhyna et al,
2023). Esperon-Rodriguez et al. (2024) demon-
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strate how using urban tree inventories and
climate risk metrics can aid in the identification
of vulnerable species and locations at high
climate risk to prioritise areas for monitoring
and assist urban planning.

According to some authors, urban areas
are richer in many soil nutrients compared to
the surrounding semi-urban and rural habitats
and thus facilitate the establishment of non-
native plants in urban areas (Zhu & Carreiro,
2024). Results from other studies showed
thatmost of the woody species of urban
environment require sites medium-poor to
medium-rich in nutrients (Horvat et al., 2024).

Sjoman et al. (2024) identify a list of
current and future challenges that can affect
urban trees, including climate change (drought,
heat, flooding, storms, wildfires), pests and
pathogens, and urban development.

Thus, a comprehensive flora analysis of
acclimatized ornamental introduced woody
plants is crucial for creating resilient urban
landscapes in temperate zones. This involves
taxonomic and biomorphological assessment to
ensure structural diversity, ecological analysis
to match species with specific urban micro-
climates, and chronological data to track long-
term adaptation. Integrating this multi-faceted
floristic evaluation enables proactive urban
planning and the selection of plants that thrive
amidst environmental shifts.

The green infrastructure of modern cities
serves as a critical biological filter and a vital
component of urban resilience (EUR-Lex, n.d.).
In the context of the temperate zone, the city of
Chernihiv represents a unique model for
studying urban flora due to its historical green
heritage and evolving environmental conditions.
The structure of Chernihiv’s urban flora and its
native components were extensively documented
by Zavyalova (2010, 2012a, 2012b), establishing
a baseline for botanical diversity. Subsequent
research by Pototska (2011) transitioned the
focus toward the dendroflora, providing a
comprehensive evaluation of ggmnosperms and
the general state of green spaces in the region.
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The management and optimization of
these resources have been addressed through
various lenses, from the historical restoration of
the Regional Botanical Garden (Karpenko &
Pototska, 2012) to the development of the
«Concept for the Chernihiv city greening»
(Pototska, 2017). Recent scientific efforts have
increasingly pivoted toward the challenges of
the 21st century. Studies by Karpenko et al.
(2023, 2025) and Pototska et al. (2025) have
explored the ecosystem services provided by
street plantings and the physiological adapta-
tion of introduced trees to rapid climate shifts.
Furthermore, the emergence of invasive strate-
gies among ornamental species has highlighted
the need for rigorous biosecurity management
(Lukash et al., 2024a).

Despite this extensive body of work, there
remains a critical need for a specialized floristic
analysis focused specifically on acclimatized
ornamental introduced woody plants. While
general dendroflora is documented, a multi-
faceted analysis encompassing systematic,
geographical, biomorphological, ecological, and
chronological dimensions of these “immigrant”
species has not been fully realized. Understan-
ding the chronological success of past intro-
ductions in relation to their current ecological
performance is essential for predicting the
future stability of urban forests. Therefore, this
study aims to fill this gap by providing a
comprehensive floristic evaluation of introduced
woody taxa, ensuring that Chernihiv’s green
infrastructure remains functional and aesthe-
tically valuable amidst ongoing climatic and
anthropogenic transformations.

The aim of this study is to assess the
current state and determine the prospects for
sustainable urban greening of Chernihiv in the
context of climate. To achieve this aim, the
following objectives were defined:

- to inventory and update the systematic
structure of introduced woody taxa in the city's
main green spaces;

-to analyze the species based on their
geographical origin and biomorphological traits
to identify dominant adaptive types;

- to perform an ecological assessment of
the current state of these plants in relation to
modern urban stressors (soil compaction, climate
aridization);

—-to conduct a chronological analysis of
introduction periods to determine the long-
term success and longevity of various species;
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-to identify promising «future-proof»
species for the optimization of Chernihiv’s green
infrastructure under ongoing climate change.

Materials and methods

The study was conducted during 2023-
2025 across the green infrastructure of Chernihiv
(Northern Ukraine), encompassing various
functional zones: natural-landscape cores (e.g.
Regional Landscape Park “Yalivshchyna”, Boldyna
Gora), street plantings, and residential areas.
The object of the study is the flora of 105 taxa
(species and cultivars) of ornamental intro-
duced woody plants. Based on the research
results using information sources (Marshall,
2009; Shynder et al., 2020; Davydov, 2020b;
San-Miguel-Ayanz, 2021; Slyusar, 2021; Zaimenko
et al, 2022; Ebben, 2025), the flora summary
was compiled (Morskyi & Lukash, 2026).

The research methodology integrated
several analytical approaches.

Floristic inventory. Species identification
was performed using standard botanical methods,
with nomenclature updated according to The
World Flora Online (WFO, 2025).

The floristic analysis was conducted using
the approaches outlined by Fiaschi et al. (2023).

Systematic and biomorphological analysis.
Taxa were classified into families and life forms
(trees, shrubs, vines) based on their habit and
structural characteristics in urban conditions.

Geographical analysis. The geographical
analysis of the flora was conducted by identi-
fying chorological groups and range types
according to the methodological principles
developed by Kleopov (1990) for the deciduous
forest zone. Additionally, the classical phyto-
geographical  structuring approaches of
A. L. Tolmachev were applied, following their
modern interpretation and implementation in
the study of regional Ukrainian floras by Yarova
and Fedoronchuk (2015). Depending on their
origin, species are divided into North American,
East Asian, Western and Central European, and
other groups.

Ecological and climate assessment. Tolerance
to urban stressors (soil compaction, pollution,
pH) was evaluated based on field observations
using information sources (Marshall, 2009;
Shynder et al, 2020; Davydov, 2020a; San-
Miguel-Ayanz, 2021; Slyusar, 2021; Zaimenko et
al, 2022; Ebben, 2025). Climate resilience was
assessed according to the USDA Plant Hardiness
Zones (USDA, 2023).
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Chronological analysis. The timing of intro-
duction was established through the documen-
tation of the Municipal Enterprise “Zelenbud” of
the Chernihiv City Council and the Educational
and Scientific Station of the T.H.Shevchenko
National University “Chernihiv Colehium”, as
well as oral reports and personal information.

Invasiveness of plant species was evaluated
based on original field observations and the
regional assessments by Zavyalova (2012) and
Lukash et al. (2024a, 2024b), following the
fundamental conceptual framework for natura-
lization and invasion stages defined by
Richardson et al. (2000) and the standardized
environmental impact classification proposed
by Blackburn et al. (2014).

Strategic evaluation. The findings were
synthesized with the framework of the “Concept
for the Chernihiv city greening” (Karpenko et al,,
2016) to formulate future management
recommendations.

Results and discussion

Analysis of the systematic structure of the
decorative introduced dendroflora of Chernihiv
indicates a fairly high level of taxonomic
diversity. The list of taxa (Table 1) includes
30 families, 70 genera, 115 species, 2 subspecies
and 79 cultivars. The leading species richness
are Rosaceae (27 species), Fabaceae (11 species),
Cupressaceae (10 species) and Pinaceae (9 taxa).

A key feature of the modern green
infrastructure is the significant saturation with
ornamental cultivars (varieties), particularly
within the genera Spiraea, Physocarpus, Juniperus,
and Thuja. For instance, the genus Spiraea is
represented by highly adaptive taxa such as S.
japonica with numerous cultivars (‘Goldmound’,

‘Magic Carpet’, etc.), while the genus Juniperus
demonstrates broad biomorphological diversity
from prostrate forms (/. horizontalis) to upright
columnar types (J. scopulorum). The presence of
rare and highly decorative taxa like Metasequoia
glyptostroboides, Sequoiadendron giganteum,
and various Magnolia species indicates a high
level of successful acclimatization and a shift
toward increasing the bio-aesthetic potential of
the city's green zones.

The systematic structure of Chernihiv’s
ornamental introduced dendroflora is charac-
terized by a distinct dominance of several key
families. The Rosaceae family acts as the
absolute leader, represented by highly functional
and decorative genera such as Spiraea, Cotone-
aster, Prunus, and Malus. The Cupressaceae
family forms the backbone of the city’s everg-
reen coniferous infrastructure, while Fabaceae
(notably Robinia, Gleditsia, and Amorpha) plays
a crucial role in maintaining soil fertility
through nitrogen fixation and ensuring high
resistance to urban stressors. The Sapindaceae
family is also significant, primarily through the
wide use of Acer and Aesculus species.

A defining characteristic of the current
florais its extensive cultivar diversity. Taxa such
as Physocarpus opulifolius (6+ cultivars) and
Thuja occidentalis (6+ cultivars) demonstrate
high intra-specific variety, which is critical for
modern landscape design and architectural
zoning. Furthermore, the successful cultivation
of exotic “relicts” like Sequoiadendron giganteum
and Metasequoia glyptostroboides in Chernihiv
serves as a powerful indicator of either shifting
climate zones or the creation of favorable
microclimatic urban niches that allow for high
levels of physiological adaptation.

Table 1

The list of the acclimatized ornamental introduced woody plants
of the Chernihiv’s green infrastructure flora

Families

Species, subspecies, cultivars

Anacardiaceae R.Br.
Rhus typhina L.

Cotinus coggygria Scop.

Araliaceae Juss. Hedera helix L.

Berberidaceae Juss.

Berberis thunbergii DC., B. thunbergii ‘ Admiration’, ‘Atropurpurea Nana’,
‘Golden Rocket’, 'Orange Rocket’, ‘Red Rocket’, ‘Maria’, ‘Green Ornament’

Betulaceae Gray

Betula utilis D.Don

Bignoniaceae Juss.

Campsis radicans (L.) Seem. ex Bureau
Catalpa bignonioides Walter
C. bignonioides ‘Nana’

Buddlejaceae K. Wilh.

Buddleja davidii Franch.
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Families

Species, subspecies, cultivars

Buxaceae Dumort.

Buxus sempervirens L.

Caprifoliaceae Juss.

Kolkwitzia amabilis Graebn.

Lonicera caprifolium L.

L. italica Schm., L. notha Zabel, L. tatarica L.

Weigela florida (Bunge) A.DC., W. florida ‘Red Prince’, ‘Lucifer’

Celastraceae R.Br.

Euonymus fortunei (Turcz.) Hand.-Mazz., E. fortunei ‘Emerald Gaiety’

Cornaceae Bercht. ex J.Presl

Cornus alba L., C. alba ‘Elegantissima’

Cupressaceae Gray
Cupressaceae Gray

Juniperus chinensis L., ]. chinensis ‘Kuriwao Gold’, *Stricta’, ' Stricta’
J. horizontalis Moench, |. horizontalis * Prince of Wales’, ‘Lime Glow’, ‘Blue Chip’
J. x pfitzeriana (Spath) P.A.Schmidt

‘Old Gold’, "Daub’s Frosted’, 'Golden Saucer’, ‘Mint Julep’

J. sabina L., |. sabina *Tam No Blight’, ' Tamariscifolia’

J. scopulorum Sarg. ‘Skyrocket’

J. virginiana L., |. virginiana ‘Hetz’

Metasequoia glyptostroboides Hu & W.C.Cheng

Sequoiadendron giganteum (Lindl.) J.Buchholz

Thuja occidentalis L.

Th. occidentalis *Smaragd’, ‘Little Gem’, ‘Danica’, "Miky’, *Globosa’,
‘Woodwardii’, ‘Smaragd’

Thuja plicata Donn ex D.Don

Fabaceae Juss.

Amorpha fruticosa L.

Caragana arborescens Lam.
Cercis canadensis L.

Colutea arborescens L.
Cladrastis canadensis Mill.

C. kentukea (Dum.Cours.) Rudd (Cladrastis lutea Neogenyton)
Gleditsia triacanthos L.
Laburnum anagyroides Medik.
Robinia pseudoacacia L.,

R. pseudoacacia ‘Umbraculifera’
Robinia viscosa Michx. ex Vent.
Wisteria frutescens (L.) Poir.

Fagaceae Dumort.

Quercus palustris Miinchh., Q. palustris ‘Green Pillar’
Q. rubra L.

Hydrangeaceae Dumort.

Deutzia scabra Thunb.

Hydrangea paniculata Siebold, H. paniculata Siebold ‘Pinky Winky’, ‘Polar
Bear’, ‘Sandae Fraise’, ‘Vanille Fraise’

Philadelphus coronarius L.

Juglandaceae DC. ex Perleb

Juglans mandshurica Maxim.

Magnoliaceae Juss.

Liriodendron tulipifera L.

Magnolia hybrida Dippel ‘Susan’

M. kobus DC.

M. stellata (Siebold & Zucc.) Maxim. ‘Royal Star’

Malvaceae Juss.

Hibiscus syriacus L.
Tilia europaea L., T. europaea ‘Pallida’, “Zwarte Linde’
T. platyphyllos Scop.

Oleaceae Hoffmanns. & Link

Forsythia viridissima Lindl.

Forsythia suspensa (Thunb.) Vahl

Forsythia intermedia Zabel

Fraxinus angustifolia Vahl, F. angustifolia ‘Raywood’
F. pennsylvanica Marshall

Ligustrum vulgare L.

Syringa josikaea ].Jacq. ex Rchb.

S. vulgaris L.
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Families

Species, subspecies, cultivars

Phyllanthaceae Martinov

Securinega suffruticosa (Pall.) Rehder

Pinaceae Spreng. ex Rudolphi

Abies alba Mill.

Larix decidua (L.) Mill.

Picea abies (L.) H.Karst. ‘Nidiformis’

P. omorika (Pancic) Purk.

P. pungens Engelm., P. pungens ‘Kaibab’, ‘Glauca’
Pinus banksiana Lamb.

P. mugo Turra ‘Mughus’, ‘Varella’

P. nigra ].F.Arnold subsp. nigra

P. strobus L.

Platanaceae T.Lestib.

Platanus hispanica Miinchh.

Rosaceae Juss.

Amelanchier canadensis (L.) Medik.

A. ovalis Medik.

A. spicata (Lam.) K.Koch

Chaenomeles japonica (Thunb.) Lindl. ex Spach

C. speciosa (Sweet) Nakai

Cotoneaster dammeri C.K.Schneid., C. dammeri ‘Major’
C. horizontalis Decne.

C. acutifolius Turcz.

C. x suecicus G.Klotz ‘Coral Beauty’

Dasiphora fruticosa (L.) Rydb.(Potentilla fruticosa L.)
Malus hybrida Loisel. ‘Evereste’

M. toringo Nakai ‘Freja’

Physocarpus opulifolius (L.) Maxim., P. opulifolius ‘Dart’s Gold’, ‘Red
Baron’,’Red Esquire’, ‘Diabolo’, ‘Luteus’, ‘Midnight’
Prunus cerasifera Ehrh., P. cerasifera ‘Nigra’

P. cerasifera subsp. pissardii (Carriére ) Dostal

Rosaceae Juss.

P. serotina Ehrh.

P. serrulata Lindl. ‘Kanzan’

P. virginiana L.

Pyracantha angustifolia (Franch.) C.K.Schneid.
Rubus odoratus L.

Sorbaria sorbifolia (L.) A.Braun, S. sorbifolia ‘Sem’
Sorbus intermedia Maly

S. quercifolia hort.

Spiraea betulifolia Pall. ‘Island’

S. x cinerea Zabel ' Grefsheim’

S. japonica L., S. japonica ‘Anthony Waterer’, ‘Candlelight’, ‘Golden Princess’,
‘Crispa’, ‘Goldmound’, ‘Magic Carpet’

S. vanhouttei (Briot) Zabel

Rutaceae Juss.

Phellodendron amurense Rupr.
Ptelea trifoliata L.

Salicaceae Mirb.

Populus deltoides W .Bartram ex Marshall
Salix alba L. ‘Chermesina
Salix integra Thunb. ‘Hakuro-Nishiki’

Sapindaceae Juss.

Acer x freemanii A.E.Murray ‘Autumn Blaze’, ‘Celzam’
A. negundo L., A. nequndo’Variegatum’
A. rubrum L., A. rubrum ‘Brandywine’, ‘Red Sunset’, ‘Redpointe’, 'Sun Valley’

Sapindaceae Juss.

A. saccharinum L.

A. truncatum Bunge ‘Pacific Sunset’
Aesculus carnea Zeyh.

A. hippocastanum L.
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Families

Species, subspecies, cultivars

Schisandraceae Blume

Schisandra chinensis (Turcz.) Baill.

Solanaceae Juss.

Lycium barbarum L.

Taxaceae Gray

Taxus baccata L., T. baccata ‘Fastigiata Robusta’

Ulmaceae Mirb. Ulmus pumila L.

Vitaceae Juss.

Vitis amurensis Rupr.
Parthenocissus quinquefolia (L.) Planch

The analysis of the geographical structure
of Chernihiv’'s ornamental introduced flora
reveals a clear disproportion in the distribution
of donor regions (Fig.1). Species of North
American origin are predominant (40 species;
34.78 %), including Robinia pseudoacacia,
Gleditsia triacanthos, Acer saccharinum, Rhus
typhina, Catalpa bignonioides, Prunus serotina,
Sorbus quercifolia, Physocarpus opulifolius, etc.
This dominance aligns with the Zavyalova
(2010) data and is scientifically grounded in the
homoclimatic principle (Kuznetsov, 2008).
According to Sjoman et al. (2024), the climatic
parameters of Eastern North America (tempe-
rature amplitudes and precipitation patterns)
closely mirror those of the temperate zone
conditions, including Ukraine, providing these
species with pre-adapted physiological mecha-
nisms for successful naturalization.

Species of East Asian origin (29 species;
25.22 %) serve as the second major pillar,
contributing highly ornamental taxa such as
Magnolia kobus, Magnolia stellata, Metasequoia
glyptostroboides, Ginkgo biloba, Buddleja davidii,
Weigela florida, and Hibiscus syriacus. The
predominance of introduced woody species of
East Asian origin in the green infrastructure of
Chernihiv is primarily attributed to the
exceptionally high floristic diversity and broad
ecological adaptations of the East Asian dendro-
flora as a whole. This phenomenon reflects the
region's evolutionary history as a stable glacial
refugium, which allowed for the preservation of
numerous ancient lineages and the develop-
ment of high adaptive plasticity (Marsh et al,,
2009; Cires, 2018). Pototska (2012) highlights
that Asian species often occupy specialized
ecological niches in urban parks where they
provide maximum aesthetic impact.

H North American

M East Asian

i Western and
Central European

i Other Origin

i Hybrids

Fig. 1. Percentage distribution of geographical groups within
the ornamental introduced dendroflora of Chernihiv.
The dominance of North American and East Asian species (combined 60%) highlights the
effectiveness of the homoclimatic selection principle in urban greening

Crucially, the study identifies several
minor geographical fractions, which, despite
their low species count, add unique structural
and biological diversity to the urban landscape:
Western and Central European (Juniperus
sabina, Abies alba, Larix decidua, Laburnum
anagyroides, Philadelphus coronaries, Tilia euro-
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paea, T. platyphyllos, Syringa josikaea, Picea abies,
P. omorika, Pinus nigra), Balkan-Mediterranean
(Aesculus hippocastanum, Syringa vulgaris,
Fraxinus angustifolia), European-Siberian and
Central Asian (Caragana arborescens, Buxus
sempervirens, Cotinus coggygria, Hedera helix,
Colutea arborescens), Far Eastern (Schisandra
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chinensis, Phellodendron amurense, Juglans
mandshurica), Himalayan and High-Mountain
(Betula utilis).

The discussion also touches upon the
increasing role of horticultural hybrids (11 taxa;
about 10 %), such as Juniperus x pfitzeriana,
Acer x freemanii, A. truncatum, Platanus hispanica,
Lonicera x notha, Aesculus carnea, Forsythia
intermedia, Cotoneaster x suecicus, Malus
hybrida Loisel. ‘Evereste’, Spiraea x cinerea.
These anthropogenic forms are prioritized in
modern green infrastructure for their sterility
and enhanced resistance to urban heat islands
(Vogt et al, 2017). However, the invasive
potential of certain North American species,
such as Acer negundo and Prunus serotina,
remains a point of concern (Lukash et al,
2024a). On the other hand, species that were

introduced at the end of the 20th century - the
21st century do not yet show invasive activity or
“hide” it. For example, the Robinia viscosa
artificial territorial isolation from natural plant
communities (the default minimum population
separation distance is 2 km: range 1.50-
2.67 km) and very low generative potential in
the conditions of introduction of the Chernihiv
city’s green infrastructure do not allow this
species to actively demonstrate invasive
properties.

The chronological analysis of Chernihiv’s
ornamental dendroflora reveals three distinct
waves of introduction, each characterized by
different ecological strategies and levels of
biological risk. We have identified 3 intro-
duction period in the Chernihiv city (Fig. 2).

M Invasive

Number of species

century
1980s

Pre-20th Early 20th End-20th
century — century —
21st
century

Period of introduction

Non-invasive

Fig. 2. Distribution of introduced woody species by periods
of introduction and their invasive potential.
The height of the columns represents the total species richness,
while the segments highlight the ratio of invasive to non-invasive taxa

1. The introduction “core” forming period
(pre-20th century: mid-18th to late 19th
centuries). This stage involves the establish-
ment of historical species in Chernihiv - taxa
with a long history of cultivation that formed the
backbone of the urban landscape. Within this
group, pioneer species such as Robinia pseudo-
acacia, Acer negundo, Aesculus hippocastanum,
and Syringa vulgaris played a key role. These
“pioneers” represent the first successfully intro-
duced exotics, characterized by high ecological
plasticity and the ability for rapid initial
colonization of urban ecotopes. Critically, most
currently identified invasive species belong to
this early introduction group. Prolonged accli-
matization (over 150 years of residence time)
has allowed taxa like Robinia pseudoacacia and
Acer negundo to fully overcome reproductive
barriers and naturalize, often exhibiting aggres-
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sive expansion into the spontaneous urban flora
(Zavyalova, 2012a).

2.The Moderate introduction period
(early 20th century - 1980s). This wave was
dominated by functional resilience and mass-
planting. Species like Catalpa bignonioides,
Quercus rubra, Fraxinus pennsylvanica, Rhus
typhina, and Ulmus pumila were introduced
during this time. Today, many of these (marked
“+” in the flora summary (Morskyi & Lukash,
2026) demonstrate high invasive potential,
particularly Quercus rubra and Fraxinus
pennsylvanica, which effectively outcompete
native species in urban woodlands like
“Yalivshchyna” (Karpenko et al., 2023; Lukash
etal,, 2024a).

According to a 2012 study by Karpenko
and Pototska, the mid-20th century to 1980s in
Chernihiv was characterized by a scientifically
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driven approach to urban greening (Karpenko &
Pototska, 2012). The establishment and
development of the Chernihiv City Botanical
Garden during this period were crucial for
purposefully enriching the city’s dendroflora
(Karpenko & Pototska, 2012).

3. The Modern “cultivar explosion” (end-
20th century - 21st century). The last 35 years
are marked by a massive influx of decorative
cultivars and exotic taxa (Metasequoia, Sequoia-
dendron, Magnolia spp., and various cultivars of
Spiraea, Berberis, and Hydrangea). Notably,
none of the recently introduced -cultivars
currently demonstrate invasive potential. This
is likely due to specialized breeding for sterility
and their higher demands for maintenance. The
successful presence of Wisteria frutescens and
Liriodendron in Chernihiv is a direct result of
recent climate warming, as noted by Karpenko
etal. (2025).

The biomorphological structure of of the
acclimatized ornamental introduced woody
plants flora of Chernihiv’s green infrastructure
(Fig. 3) ensuring multi-layered and structurally
stable green infrastructure. The analysis reveals
a balanced ratio between phanerophytes (trees)
and nanophanerophytes (shrubs), with a minor
but functional inclusion of lianes. Large trees
(15-30 m) like Quercus rubra, Acer saccharinum,
and Gleditsia triacanthos form the upper canopy
and provide maximum shading. The middle
layer (5-15 m) is dominated by highly decorative
species such as Catalpa bignonioides, Magnolia
kobus, and Rhus typhina. The lower layer (up to
2-3 m) consists of a wide variety of shrubs,
primarily cultivars of Spiraea, Berberis, and
Physocarpus, which are essential for architec-
tural zoning.

i Trees

id Shrubs

4 Lianes

Fig. 3. Biomorphological structure of the introduced dendroflora of Chernihiv
(calculated for 196 taxa, including 115 species, 2 subspecies and 79 cultivars).
The dominance of shrubs (59%) reflects the modern trend towards high-density decorative
landscaping using diverse cultivars

It shoud be noted the architectural diver-
sity of crowns. A notable trend in Chernihiv’s
modern greening is the use of cultivars with
specialized crown shapes. These range from
columnar (Juniperus scopulorum ‘Skyrocket’
Quercus palustris ‘Green Pillar’) to globular
(Catalpa bignonioides ‘Nana’, Thuja occidentalis
‘Danica’) and pendulous forms. This allows for
precise landscaping in restricted urban spaces.

The acclimatized ornamental introduced
woody plants flora of Chernihiv’s green infra-
structure characterized by phenological and
aesthetic dynamics. The decorative appeal is
maintained throughout the year. The early
spring season is marked by the flowering of
Magnolia spp. and Prunus cerasifera, while mid-
summer is dominated by Hibiscus syriacus and
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Buddleja davidii. Special attention is given to
autumn coloration: taxa like Rhus typhina, Acer
rubrum, Cotinus coggygria, and Quercus rubra
provide vibrant red and gold accents, signifi-
cantly enhancing the city’s visual quality during
the late vegetation period.

The structural beauty, e.g. winter orna-
mentation, of the dendroflora is supported by
diverse bark textures (e.g., Betula utilis, Phello-
dendron amurense) and the persistence of fruits
(e.g., Symphoricarpos, Pyracantha, Catalpa pods),
ensuring that the green infrastructure remains
aesthetically functional even during the dormant
season.

Beyond their structural and ornamental
roles, the introduced dendroflora of Chernihiv
significantly enhances the city’s green infra-
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structure through its resource potential.
According to Lukash et al. (2024b), the 18 of
adventive tree and shrub species in the urban
environment possesses medicinal properties.
The integration of such multifunctional taxa into
green spaces not only provides aesthetic and
ecological benefits but also creates a valuable
base for provisioning ecosystem services,
further justifying the diversification of the city’s
green infrastructure dendrological assortment.

The analysis of ecological parameters
indicates that Chernihiv’s introduced flora is
dominated by heliophytes (54 species; 47.0 %)
and xeromesophytes (41 species; 35.7 %),
representing a localized response to the «urban
heat island» effect. This trend aligns with the
findings of Calfapietra et al. (2015), who argued
that urban environments act as a filter, favoring
species with high transpiration efficiency.

Our findings regarding the prevalence of
alkaliphilic species (Syringa vulgaris, Gleditsia
triacanthos) corroborate the observations of
Zavyalova (2010), who noted the high adaptive
capacity of North American exotics in the
carbonated soils of Polesia. This “alkaline shift”
in urban environments, as discussed by Zhu &
Carreiro (2024), provides a competitive niche
for introduced taxa, while acidophilic species
(Acer rubrum, Abies alba) remain confined to
specialized park zones.

The exceptional gas tolerance of the North
American fraction (e.g., Thuja occidentalis, Picea
pungens, Robinia pseudoacacia) supports the
plant selection for greening strategy proposed
in the “Concept for the Chernihiv city greening”
(Karpenko et al., 2016; Pototska, 2017). Further-
more, the use of pathogen-resistant cultivars
(Malus ‘Evereste’, Aesculus x carnea) represents
a transition to “smart” green infrastructure,
addressing the vulnerability of traditional
urban trees to pests like the leaf miner, as
highlighted in Karpenko et al. (2025).

Important are climate indicators - comp-
liance with winter hardiness zones (USDA,
2023). The thriving of Zone 6A and 7A species
(Sequoiadendron giganteum, Hibiscus syriacus,
Wisteria frutescens) is the most significant point
for discussion. Historically, such taxa were
considered “risky” for Northern Ukraine. Howe-
ver, as demonstrated by Esperon-Rodriguez et
al. (2022, 2024) and Karpenko et al. (2025), the
shifting climate limits allow for the expansion of
the decorative assortment. While the “iron
fund” remains Zone 3-5 (e.g., Thuja occidentalis,
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Abies alba, Ulmus  pumila, Aesculus
hippocastanum, Acer x freemanii), the
integration of Zone 6-7 species marks a
definitive biological marker of regional
warming.

The spatial distribution of introduced
woody plants in Chernihiv reflects a complex
interplay between historical introduction
efforts and contemporary ecological filtering.

Firstly, exotic refugia are a kind of
“adaptive laboratories”. The concentration of
rare exotics (Metasequoia, Sequoiadendron,
Wisteria) in  the  “Yalivshchyna” park
(Educational and Scientific Station of the T.H.
Shevchenko National University “Chernihiv
Colehium”) is more than a botanical collection;
it serves as a “testing ground” for climate
resilience. The coexistence of these solitary
“climate migrants” with massive naturalized
communities of Robinia pseudoacacia, Prunus
serotina, and Prunus virginiana suggests a
dualistic role for such hubs: while they preserve
high-value aesthetics, they also act as potential
epicenters for biological invasions. In contrast,
the use of Cotinus coggygria and Lycium
barbarum on the Boldyna Gora and Yeletsa Gora
slopes demonstrates a successful functional
transition where ornamental plants fulfill
critical anti-erosion roles, stabilizing the city's
historical topography.

Secondly, invasive dendroflora corridors
oppose ecological stability. The dominance of
Acer negundo and Amorpha fruticosa in the
Desna floodplains (Kordivka and Liskovytsia)
highlights a significant management challenge.
These riparian corridors facilitate the rapid
spread of “legacy” species, which often
outcompete native flora. This observation
sparks a debate: should green infrastructure
prioritize these highly adaptive “survivors” for
their carbon sequestration, or should they be
managed as threats to local biodiversity?

Thirdly, there 1is a shift towards
“technogenic aesthetics”: In the city center, the
replacement of traditional species with
systematic group plantings of cultivars (Thuja
‘Smaragd’, Spiraea hybrids) signals a shift
toward high-density, low-maintenance
landscaping. This trend reflects a pragmatic
response to the harsh urban environment (soil
compaction, radiant heat), where the reliability
of a cultivar often outweighs the ecological
benefits of a botanical species.
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Fourthly, tree species provide peripheral
reclamation of green infrastructure. The
presence of Ulmus pumila along railways and
Lycium barbarum in industrial zones (areas of
the thermal power plant, former worsted and
cloth mill and chemical fiber plant) underscores
their role in technogenic stabilization. These
hardy taxa act as “ecosystem engineers”,
thriving where native species fail, thus
providing essential green cover in degraded
suburban peripheries.

Based on the results of this study and the
comprehensive framework established in the
“Concept for the Chernihiv city greening”
(Karpenko et al., 2016), the enrichment of the
city’s dendroflora should prioritize a transition
from spontaneous naturalization to
scientifically guided selection. Our analysis
confirms that future prospects lie in the
integration of highly decorative and
technogenically resilient cultivars of the 5th and
6th USDA zones, which have already
demonstrated  successful  acclimatization.
Strategic enrichment should focus on expanding
the use of climate-plastic taxa from the North
American and East Asian fractions that provide
maximum ecosystem services - such as thermal
regulation and air purification - without posing
an invasive risk. According to the 2016 Concept,
prioritizing pathogen-resistant hybrids (e.g.,
Aesculus x carnea, Acer x freemanii) and relict
exotics in protected microclimatic niches will
not only increase biodiversity but also ensure
the long-term biological stability of Chernihiv’s
green infrastructure amidst ongoing climatic
transformations.

Conclusions

The ornamental introduced dendroflora of
Chernihiv’s green infrastructure is represented
by 115 species, 2 subspecies, and 79 cultivars
from 30 families. The systematic structure is
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dominated by the Rosaceae, Fabaceae, and
Cupressaceae families, which form the deco-
rative and functional core of the city’s urban
forest.

Geographical analysis reveals the domi-
nance of North American (34.78 %) and East
Asian (25.22 %) groups. The success of these
“immigrant” species is scientifically grounded in
the homoclimatic principle, where the climate of
the donor regions matches the temperature and
moisture regimes of Northern Ukraine.

Chronological monitoring identified three
waves of introduction. It was established that
invasive potential (e.g., Acer negundo, Robinia
pseudoacacia, Amorpha fruticosa) directly
correlates with the duration of stay in the region
(the “lag phase”), while modern cultivars of the
21st century currently pose no biological risk.

The successful acclimatization of species
from USDA Zones 6A and 7A (Sequoiadendron
giganteum, Hibiscus syriacus, Wisteria frutescens)
serves as a definitive biological indicator of
regional climate warming. This shift allows for
the expansion of the urban assortment to
include more warm-temperate flora.

The biomorphological structure is charac-
terized by a prevalence of shrubs (59 %) over
trees, reflecting a modern trend toward high-
density, cultivar-based landscaping. Spatially,
the Regional Landscape Park “Yalivshchyna”
remains the primary hub for acclimatization,
while central urban zones are increasingly
being optimized with technogenically resilient
hybrids.

According to the “Concept for the Chernihiv
city greening” (2016), the strategic perspective
for enriching the city’s green infrastructure lies
in the targeted use of pathogen-resistant
cultivars and climate-plastic exotics that
maximize ecosystem services while maintaining
high aesthetic value.
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BUOOBA CTPYKTYPA JIEHZIPO®J/IOPU 3AKJIAZIIB JOUIKIJILHOI OCBITU
MICTA YEPHIBII AK YMHHUK ®OPMYBAHHSA EKOCUCTEMHMUMX ITIOCJIVT

~T

Iryna Myshiliuk, Alina Zhuk

SPECIES COMPOSITION OF THE DENDROFLORA IN PRESCHOOL EDUCATIONAL
INSTITUTIONS IN CHERNIVTSI CITY AS A DRIVER OF ECOSYSTEM SERVICES

AHOTANIA

MeTa po6GoTH. |[HBeHTapu3alisa AepeBHUX Haca/pKeHb 3aKJaJiB JomKiibHOI ocBiTu (3/10) Micta UYepHiBni Ta
aHasi3 BIJIMBY BU/I0OBOI CTPYKTYpU U CTaHy JAeHApodJopy Ha MOTEHIia/] Ha/JaHHS PeryJiloBajJbHUX €KOCHCTEMHUX
NOCJYT y MeXaxX Pi3HUX NJIaHYBaJIbHUX pillleHb 03eJIeHeHHH.

MeTopoJioris. [IpoBe/ieHO iHBeHTapH3allilo 3eJleHUX HacaJpKeHb i3 GopMyBaHHAM reonpocTOpoBoi 6a3H JaHUX.
3aificHeHO TaKCOHOMIYHUMN 1 CTPYKTYpHHUM aHaJi3, OLiHKy caHiTapHOro cTaHy JepeB. CTaTUCTUYHUU aHasi3 Ta
Bigyasizanilo BUKOHaHO y cepeznoBulli Rstudio. MogesnioBaHHS 06CATIB JielIOHYBaHHS BYTJIELl0, NepeXoIjieHHs
3JIMBOBUX OMNa/liB Ta OYMIIEHHSA OBITPS, a TAKOXK IX MOHETapHy OLIHKY [IPOBeJeHO 3a a/iIroOpuTMaMu MoJedi i-Tree Eco.

HaykoBa HoBU3Ha. Brmepiie cdopMoBaHO BepudiKOBAaHHN TeoNMpPOCTOPOBUM peecTp aAeHAapodsopu 370
M. YepHiBIyj, 1110 CTBOPIOE OCHOBY /11 CHCTEMHOTO MOHITOPHHTY Ta IPUHHSATTS HAYKOBO OGI'PYHTOBAaHUX pilieHb y cdepi
o3esieHeHHs. [IpoaHasi3oBaHO 3esieHi Haca/PKEHHSI 0OMEXEHOr0 KOPHCTYBAHHS, 110 3a/IMLIAIOTHCSI MaJIOJOC/IKEHUMHY,
NOPiBHSHO 3 IHIIMMU KaTeropisiMu 3esieHoi iHGpacTpyKTypu MicTa. Po3mupeHo ysBaeHHs Npo iX posb y GopMyBaHHi
peryJiloBaJIbHOTO MOTeHLjiasy yp6oeKoCUCTeMH Ta apTyMEeHTOBAHO, 1110 eKoJIoriyHa epeKTUBHICTb BU3HAYAEThCA He
JIUIe KiJIbKICHUMU apaMeTpaMu ¢iToMacy, a il CTpyKTYpHO-PYHKIIOHAIbHOIO OpraHi3alli€elo Haca/keHb.

BucHoBKM. BctaHoBJieHo, o geHgpodiopa 41 3/10 (3527 ex3eMILIsApiB) XapaKTepU3yETbCS BUCOKUM BU0BUM
pisHOMaHiTTAM (67 BHAIB), MpOTe 3HAYHOIO KiJbKiCHOIO HepiBHOMIipHicTIO: 47,1 % 3arajbHOI KiJbKOCTI GOpPMYIOThH
sguiie yotupu Buau — Thuja occidentalis, Betula pendula, Picea abies, Prunus cerasus. KinbkicHu# aHasi3z epeKTUBHOCTI
pi3HUX THUINIB O3eJieHeHHs MiATBEpJUB HAasSBHICTb €KOCHCTEMHUX KOMIIpoMiciB. /lekopaTUBHiI XBOWHI HacaaKeHHS
3a0e3MevyyloTb MaKCMMa/bHe KyMYyJIITUBHe JlenoHyBaHHsA ByrJelo (138 T CO,-ekB.), aje MalOTb HaHMXK4y BapTiCThb
eKOCHCTEMHUX NOC/YT B PO3paxyHKy Ha oJHe JiepeBo. [171010Bi Haca/»keHHs [IeMOHCTPYIOTbh HalBUILY iHAMBiAyalbHY
NPOAYKTUBHICTb Ta Kpaluii TizpoJoriuauii epexr (2,58 M3 /aepeBo). 06rpyHTOBaHO HEOOXiAHICTb CTBOPEHHS CTPYK-
TYpPHO HEOJHOPIAHMX Haca/KeHb /151 3a6e31edeHHsI Ce30HHOI CTabi/IbHOCTI pery/Il0Ba/IbHUX €eKOCUCTEMHUX MOCIYT.

Ki1ro4o0Bi cioBa: 3eseHi Haca/pkeHHA AOLIKIJIBHUX 3aKJ/1a/(iB, pery/oBabHi MOCAYTH, IHBeHTapu3alid, JepeBHi
nopozu, M. YepHiB1i

ABSTRACT

Purpose of the work. An inventory of woody plantings in preschool educational institutions (PEIs) in Chernivtsi
city and an assessment of how species composition and dendroflora condition affect the capacity to deliver regulating
ecosystem services across different green space planning configurations.

Methodology. A tree inventory was conducted to build a geospatial database. Taxonomic and structural analyses
were performed, and tree vitality was assessed. Statistical processing and visualization were carried out in RStudio.
Carbon sequestration, stormwater interception, and air purification, including their monetary valuation, were modeled
using i-Tree Eco algorithms.

Scientific novelty. For the first time, a verified geospatial registry of dendroflora in PEIs of Chernivtsi has been
developed, providing a foundation for systematic monitoring and evidence-based decision-making in urban greening.
This study analyzes restricted-use green spaces, which remain under-researched relative to other categories of urban
green infrastructure. It expands current understanding of their role in shaping the regulating potential of the urban
ecosystem and substantiates that ecological efficiency is determined not only by quantitative phytomass parameters but
also by the structural and functional organization of the plantings.
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Conclusions. The study reveals that while the dendroflora of 41 PEIs (3527 specimens) exhibits high species
richness (67 species), it suffers from significant quantitative unevenness: 47.1 % of the total tree stock is dominated by only
four species —Thuja occidentalis, Betula pendula, Picea abies, and Prunus cerasus. Quantitative analysis of various landscaping
configurations confirms the presence of ecosystem trade-offs. Ornamental coniferous plantings provide the maximum
cumulative carbon sequestration (138 t CO,-eq.) but yield the lowest economic value per individual tree. Conversely, fruit
tree plantings demonstrate the highest individual productivity and superior hydrological benefits (2.58 m? per tree). These
findings substantiate the need to develop structurally heterogeneous plantings that integrate both deciduous and evergreen
species to ensure the seasonal stability of regulating ecosystem services.

Key words: preschool green spaces, regulating services, tree inventory, woody species, Chernivtsi city

Beryn

3esieHy iHQpacTpyKTypy MicT CcBiTOBa
HayKOBa CMiJIbHOTA PO3TJIAJA€ K BU3HAYa/IbHU I
eJleMeHT ajanTalii ypb6aHi3oBaHUX TepUTOPin
[0 KJIMaTUYHUX 3MiH i 3a6e3me4eHHs KOM-
dopTHOro cepegoBuina X)UTTEAisIbHOCTI (Gill
et al,, 2007; Kucheryavyj et al., 2025). Y cyyac-
Hil yp6oekosiorii epeKTUBHICTb QYHKIiOHY-
BaHHs 3eJleHMX 30H OlepalioHali3yeTbCcs
yepe3 KOHLENLil0 eKOCUCTEMHUX MOCJYT, [Ki
CJIYTYIOTh IHTerpajJlbHUM MOKAa3HUKOM AKOCTI
Micbkoro cepegoBuia (de Manuel et al., 2021;
Vasutynska, 2021; Stange et al, 2022
Miroshnyk, 2023). /lepeBHi poCIMHHU B MicCTi
BUKOHYIOTb HacaMIepe/, pery/oBaibHi QyHKIL:
dbopMyBaHHSI MIKpOKJIiMaTy, [JAelNOHYBaHHS
ByTJIeLl0, IepexoMneHHsl aTMOChepHUX ONaJiB,
abcopbIiit0  MOJIIOTAHTIB, 3HWXKEHHS piBHA
mymy Touo. OfHak epeKTUBHICTb BUKOHAHHSA
nux QYHKLiA He € KOHCTAHTOMO, a HaNpsMy
KOpeJIE 3 BUJ0BOK CTPYKTYPOI HACa/KEHb,
ix ¢isiosoriyHMMHU napamMeTpaMHu, BIiKOM,
ctaHoM (Salmond et al., 2016; Francini et al,,
2021; Liang & Huang, 2023).

3-OMiXK yCixX KaTeropid 3ejieHUX Haca/-
)KeHb 00OME)XeHOr0 KOPUCTYBaHHSl TEPUTOPil
3akJaZiB goukinbHOI ocBiTH (3/10) 3aliMalOTh
ocobsiuBe Micle, ajxe (OpPMYyHOTb BiJKPUTI
NpOCTOPY TPUBAJIOrO NnepebyBaHHS HaWBpas-
JIMBILIOI TPyny HaceJieHHd - JAiTed. Biarak,
BUMOTH J]0 IUX 3€JIEHUX 30H BUXOJATH 3a Mexi
CyTO eCTeTU4YHUX. [IpiopuTeTHUMU CTaAKOTh
caHiTapHo-ririeHiuHi BJsiacTuBOCTi (6ap’epHa
byHKLig, PiTOHIM/IHA aKTUBHICTB) Ta 6e3mneka
(BigCyTHICTBb a/lepreHHUX, TPaBMOHEOE3NEYHHUX |
OTPYWHUX BUJiB, aBapiliHuX JepeB). BoaHnovac
03eJiIeHEeHHs1 nepejibayae CTBOPEHHS CIPUAT-
JIUBUIX YMOB /1)1 BCe6IYHOT0 PO3BUTKY AiTel Ta
MiJIBUIIEHHA SIKOCTiI OCBITHBOr'O Cepe/iOBUIIA.
[IpoTe, Ha BiAMIiHY Bij MapKOBUX 30H, JEeHAPO-
¢dsopa 3/10 yacto popMyBasiacs CTUXiiiHO abo
3a 3acrapiziumMu HopMaTuBamMu (Mylnikova et
al, 2025), ujo mopo/pkye HayKoBy Mpob6JieMy
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HEeBIANOBIAHOCTI iCHYIOYUX HacaJXeHb eK0JIO0-
riYHUM BUKJIMKaM CbOTOZleHHS. AKTUBHI ypOaHi-
3alliiiHi mpouecu U 06MeXXeHiCTb 3eJIEHUX 30H
0O0YMOBJIOIOTh BaXJIMBICTb 00JIIKY iCHYHOUMX
HacaJpkeHb Ha TepuTopiax 30 Ta Heobxix-
HicTb pOpMyBaHHS HAyKOBOr'O NiArPYHTS JJis
IXHbOI onTHUMi3alil.

[lonpu 3Ha4YHUKM MacUB INpanb yKpaiH-
CbKHUX HAYKOBLiB, IPUCBAYEHUX JOCIIIKEHHIO
o3eJIeHEHHS OCBITHIX 3akJ/iafiB, OiJbILIICTh i3
HUX QOKYCYeETbCA Ha NeJaroriyHoMy acnekTi
(Boiko et al, 2021; Maksymova, 2025) a6o
3arajibHoMy 6Jiaroyctpoi (Kosyk & Andriienko,
2020; Omelianova & Strelchuk 2021; Demen-
tieva et al, 2023). [IuTaHHA B3a€EMO3B’SI3KY
BUJI0BOI CTPYKTYpU Ta CTaHy HacaJXeHb Ha
TepuTopiax 310 3 mnoTeHuiaJoM HaJaHHSA
€KOCUCTEMHUX NNOCAYT 3a/JMIIAEThCA HEAO0CTAT-
HbO BUBYEHUM.

BignoBigHo g0 JgaHux YepHiBenbKoro
MICBKOTO yIpaBJIiHHA OCBITH, ONPHUJIIOAHEHUX
CTaHOM Ha rpyzeHb 2025 poky Ha odiuniiiHoMy
Bebpecypci (https://osvita.cv.ua/navchalni-
zaklady/zaklady-doshkilnoj-osvity/), y wmicTi
YepHiBui ¢pyHKIiOHYE 59 3aK1a1iB OLMIKiJIbHOI
OCBiTH. 3a3HauyeHa MepeXka XapaKTepU3yeThCA
HEOJJHOPIZHICTIO 32 OpraHi3aliHO-IPaBOBUM
CTATyCOM i BKJIOYAE K CAMOCTiMHI KOMyHaJ/IbHI
3aKJaJM, TaK i JOWKUIBbHI NiApo3aiiu, 110
CTPYKTYPHO BXOJATb [0 CKJaJAy 3aKJaJiB
3arajJibHOI cepeiHbOI OCBITH, a TAKOX YCTAaHOBU
npuBaTHOI GOPMHU BJIACHOCTI.

3a3HayeHa KiJIbKICTb i pi3HOMaHITHICTb
310 3yMOBJIIOIOTb 3HA4yHy BapiabeJsibHICTb
IJIOIL, [JIAHYBaJIbHOI CTPYKTYPHU Ta XapaKTepy
o3eJIeHeHHs IXHiX TepuTopid. lle, cBo€w
yeprow, $opMye pi3Hi 3a CK/IaJlOM i CTaHOM
JleHApodJIOPUCTUYHI KOMIIJIEKCH, KOTPi Biapi3-
HAIOTbCA (QYHKI[IOHAJbHOK POJUIID K €KOJIo-
riuHo0 eQpeKTHUBHICTIO. Y TaKOMy KOHTEKCTI
aKTyaJli3yeTbCsl HEOOXiAHICTb KOMILJIEKCHOI
OL[IHKU JlepeBHUX HacamxeHb 3/10 He suiue 3
MO3MIiH KiJIbKICHUX i TaKCOHOMIYHMX IIOKas3s-
HUKIB, aJle ¥ 3 ypaXxyBaHHSM iXHbOI 3/JaTHOCTI
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3abe3nevyyBaTU peryJilOBaJbHI €KOCHUCTEMHI
MOCJIYTH.

3 orJigly Ha 3a3Ha4veHe, MeTa JOC/iPKEHHS
noJidraja B iHBeHTapu3alil JAepeBHUX Hacaj-
)KeHb 3aKJa[iB [JOLIKiJIbHOI OCBITM MicTa
YepHiBIi Ta aHasi3i BIJIMBY BUJ0BOI CTPYK-
TYpd U CTaHy JAeHApodJopyd Ha IMOTEeHIliasa
Ha/JaHHA peryJl0BaJIbHUX €KOCUCTEMHUX I10CIYT
y MeaxX Pi3HUX [JIaHYBaJIbHUX pillleHb 03eJie-
HEHHS.

Marepiaan Ta METOAH AOCAIASKEHHSA

Y 3B’A3Ky 3 6€31eKOBUMH 0OMEKEeHHSAMU
BOEHHOTO CTAaHy Ta MOJITUKOI OKpPEMHUX 3aK-
JIaZiiB 10/10 3a00POHHU Bifleodikcallii, noeTanHy
iHBeHTapu3allilo 3eJleHUX HacaJXeHb IpoBe-
AeHo Ha TepuTtopii 41 3/10 3 59 HasABHUX Yy
M. YepHiBLi.

Ha eTani nosiboBUX 06CTEXKEHb 3iHCHEHO
NepBUHHY ileHTUdiKallilo JepeBHUX i YarapHu-
KOBUX poc/uvH. [[pocTopoBe po3MmilieHHs Hacaj-
>KeHb 3a/IOKyMEHTOBaHO MeToJoM LUdpoBOI
naHopaMHoi ¢poTodikcalii 3 oxonseHHAM 360°
JIJ1s1 IOBHOTO YSIBJIEHHS NPO CTPYKTYPY O3eJie-
HEHHS KOXKHOT0 00’ €KTa.

Ha ocHOBi pe3ysbTaTiB BUMIipIOBaHHA
CaHTUMETPOBOI CTPIUKOI 06XBaTy Ha BUCOTI
1,3 M BiZ piBHA I'PYHTY A/ KOXKHOTO €K3eMII-
JISIpY 064YMCJIEHO AiiaMeTp CTOBOYpa 3a pOpMyJIOoL0:
D=L /m, neD - giametp; L - 06xBaT cToBOYpa
Ha BucoTi 1,3 M; T - 3,14. BucoTy BUMIipsaHO i3
3acTocyBaHHAAIM JojaTka Trees V5.0 Ha
miatdopmi Android. Bik gepeB 3’sicoBaHO B
aaminictpauii 3BO ab6o, 3a BiacyTHOCTI
JIOKYMEHTaJIbHUX JJaHUX, OL[IHEHO OPiEHTOBHO,
3a gonomoroto eMnipuydHoi popmysu: L =K x C,
ne L - Bik gepeBa, K - BujgocnenudiuHui
koedinieHT kKopekuii, a C - 06xBaT cToBOYpa Ha
BucoTi 1,3 M.

CtaH Haca/PKeHb BU3HAYEHO Bi3yasIbHO 3a
KOMILJIEKCOM MOP$OJIOTIYHUX 03HAK (PO3BUTOK
KpPOHH, HassBHICTb XBOPOO, LIKiJHUKIB Ta Mexa-
HIYHUX NOUIKOJKeHb) BiAMOBiHO 0 HOpMa-
THUBHOI 3-6a/sibHOI mKaau (State Committee for
Construction, Architecture and Housing Policy
of Ukraine, 2001): 1 - no6puii, 2 - 3a,0BiIbHUH,
3 - NoraHuM CTaH.

[IpocTopoBoO-aTpUOYTHBHI @aHi IPO KOKHE
JlepeBo Ta Kyl 0y/iM BHeceHi fj0 reoiHdpopma-
[[iliHOI 6a3W 3 BUKOPHUCTAHHSIM ABTOPCHKOTO
nporpamHoro 3acob6y CVTREES. ¥ Takuii cnoci6
cbopmoBaHO BeprupiKOBaHUM reonpoCTOPOBUM
PEECTp Haca/PKeHb, IPUJATHUHN AJid iHTerparii
3 TIC-moprasoM MicTa Ta KOMIIJIEKCHOI'O
CTAaTUCTUYHOTO ONpallOBaHHS.

30

CTaThUCcTUYHe oONpallBaHHA [JaHUX Ta
Bi3yaJsiizaljilo pe3y/bTaTiB BUKOHAHO 3 BUKO-
pUCTaHHSIM MOBHU HIporpamyBaHHsA R (Bepcig
4.3.0) y cepepoBuiii RStudio. s iMmnopty
JlaHUX, IX OYHUIEeHHA Ta arperanii BUKOpUC-
TOBYBaJIUCA NaKeTH eKocucteMu tidyverse,
30kpeMa readxl ass 34YUTYBaHHA TabJUIb
NepBUHHUX JaHUX Ta dplyr ana mMaHinyaanin 3
JlaHUMHU. Bizyasizaliito pe3ysibTaTiB BUKOHAHO
3acobamu nakety ggplot2.

KisbKicCHy ¥ MOHeTapHy OLIHKY IOTEH-
LjiaJly eKOCUCTEeMHUX IIOCJAyr 3eJIeHUX Hacaj-
>)KeHb [IPOBEJIEHO 3 BUKOPUCTAHHAM 3aCTOCYHKY
i-Tree MyTree (v. 2.0), akuil 6a3yeTbca Ha
aaroputMmax mogedi i-Tree Eco, po3po6.ieHoi
JlicoBoro cayx60t0 MiHicTepcTBa CiJIbCbKOTO
rocnogapctBa CIIA (USDA Forest Service).
MeTo/irKa po3paxyHKiB 6a3yeTbCsA HA BUKOPUC-
TaHHI aJIOMETPUYHUX PIBHAHBb, fAKi BCTAHOB-
JIVIOTb CTAaTUCTUYHUM 3B’SI30K MiXK Mopdo-
MeTPUYHUMM IlapaMeTpaMU JepeBa Ta HOro
6ioMacoto i3 ypaxyBaHHSIM BUJOBHUX Koedilli-
€HTiB. MOHeTapHi NMOKa3HUKU EKOCUCTEMHUX
ocJayr HasefeHo B gosiapax CIIA 3 metoro
3abe3MneyeHHs MOPiBHIOBAHOCTI pe3yJ/ibTaTiB Ta
YHUKHEHHS BIUIUBY KOJIMBaHb HalliOHAJIBHOI
BaJIIOTH.

PesyabTaTH AOCAiA’KEHHA Ta OOroBo-
peHHA

Y xopai iHBeHTapu3alil JepeBHUX Haca/l-
)KeHb Ha TepuTopiax 41 3/10 M. YepHiBui
BUABJIEHO 67 BU/IB lepeBHUX | YarapHUKOBUX
POCJIMH, NIpe/icTaBJeHUX 3527 ek3eMIisipaMH.
TakcoHOMiYHa CTPYyKTypa AeHApodJiopHU Xapak-
TEepU3YETLCA BiJHOCHO BHUCOKOK Pi3HOMAHIT-
HicTIO W oxomnwe 47 poaiB, 22 poAuHH,
14 nopsagkis, 2 kjacu Ta 2 Biggiid. Bigagin
Pinophyta nmpeacrtaBienuit knacom Pinopsida,
10 BKJWYAaE BUAU PpoOAUH Pinaceae Ta
Cupressaceae. AGCONIOTHY OUIBIIICTh CTAaHOB-
JIAThb TpeACTaBHUKM Biaainy Magnoliophyta
kJ1acy Magnoliopsida.

Ha piBHi nopsa/kiB npoBiHe M0J0XEeHHA
HaJIeXUTb NopsKy Rosales: 20 BUJiB, 6J1U3bKO
30% BupoBoro ckuagy. Cy6oMiHaHTaMu
BUCTyNalThb Sapindales, Fagales Ta Pinales (o
8 BHUAIB KOXeH), ki POpMYyIOTb CTPYKTYpPHY
OCHOBY Haca/pKeHb i BM3HA4YalOTh IX cepejo-
BUIETBIpHUM MNoOTeHINjas. PemrTa mnopsakiB
npejcTaBjeHi obMmexxeHo, Big 1 g0 5 BuAiB
KOY€EH.

Ha piBHi poauH noMminye Rosaceae, npep-
craBjsieHa 19 Bugamu. CepeJ; HUX lepeBaXaroTh
mJ10J0Bi KyJabTypu (Malus domestica Borkh.,
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Prunus cerasus L. P.armeniaca L. Pyrus
communis L.), 1[0 CBIYUTb NPO TPaAULINHUN
Migxig 70 o3e/ieHEHHS AUTSIYNX 3aKAa/iB, IKUH
NOEAHYE AEKOPATUBHI W yTWJITapHi QyHKILl.
3Ha4yHy YaCTKy CTAHOBJIATb TAKOX JEKOPATUBHO-
KBiTyd4i yarapHUKHU L€l poauHu (Spiraea sp.,
Chaenomeles japonica (Thunb.) Lindl. ex Spach,
Sorbus aucuparia L.), aki cnpusoTb dopMy-
BaHHIO CEHCOPHOI'0 Ta eCTETUYHOI'0 CepejOBHUIL,
BAXKJINBOTO J1J1s1 PO3BUTKY JiTeM.

JApyry 3a 4MCeJIbHICTIO MO3ULiI0 Mocijae
ponuHa Sapindaceae (6 BUZAiB), sika BKJIIOYAE
FOJIOBHI TIHbOYTBOPIOWYI JepeBa — NpeacTaB-
HUKIB poaiB Acer L. ta Aesculus L. PonuHa
Pinaceae mnpexacraBieHa n'aTbMa BUJAaMHU 3
poaiB Larix Mill., Picea Dietr. i Pinus L. [lomiTHy
poJib 'y CTPYKTypi HacaJKeHb BiJirparmTb
TakKoX poauHHU Salicaceae (Populus L., Salix L.),
Betulaceae (Alnus Mill,, Betula L., Carpinus L.,
Corylus L.) i Oleaceae (Fraxinus L., Syringa L.,
Forsythia Vahl) siki xapaKTepu3yOTbCs1 BUCOKOIO
CTiMKicTIO A0 yMOB yp6GaHi3oBaHOro cepeno-
BUIIA Ta CHOPUATb GOPMYBAHHIO CIIPUAT/IU-
BOT'0 MIKpPOKJIIMaTy Ha TEPUTOPIAX 3aKJIa/iB.

Popunu Malvaceae, Fagaceae, Cupressaceae
pelnpe3eHTOBaHI TpbOMa BHUJAMU KOXHa;
Viburnaceae, Magnoliaceae, Hydrangeaceae,
Fabaceae - pBoma. Jlume no OJHOMY BUAY

b
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Buose 6ararcrso, oI.
wh
I
i
1

—
(=1

npejcTaBJaeHO B poAauHax Vitaceae, Simarou-
baceae, Platanaceae, Paulowniaceae, Moraceae,
Juglandaceae, Grossulariaceae, Bignoniaceae W
Anacardiaceae.

3 TOYKH 30py MOXO/PKEHHS, ieHApodiopa
310 cdopmoBaHa MOEAHAHHAM AOOPUTEHHUX
BuAiB (Tilia cordata Mill.,, Betula pendula Roth,
Quercus robur L. Carpinus betulus L.), siki €
CTIMKMMM [0 MiClleBUX KJIMaTUYHUX yMOB, Ta
YHUCJIeHHUX IHTpoAyueHTiB. CepeJ OCTaHHIX
BUJISIOTBCSI SIK TUIIOBI /s MICBKOI'O oO3eJe-
HeHHs Bugu (Thuja occidentalis L. Aesculus
hippocastanum L., Juglans regia L.), Tak i iHBa-
3iliHi: Acer negundo L. Robinia pseudoacacia L.,
Ailanthus altissima (Mill.) Swingle, Rhus typhina L.
[x HasABHICTBL TOTPe6YE KOHTPOJIIO Ta MOCTYIIOBOI
3aMiHM Ha BH/JM 3 BUILOK JAEKOPAaTUBHOW U
€KOJIOTIYHOIO I[iHHICTIO.

KisibkicTb ek3eM1isApiB Ha TepuTopii 3/10
BapilETbCA B LIMPOKOMY Aiamna3oHi Big 11 go
189 3anexHO Bif po3MipiB AIJIAHKK Ta IJIaHY
03eJIeHeHHS; KiJIbKiCcTb BU/IB - Bif 6 A0 28. Ha
OCHOBI p0o3paxyHKy BHECKY JOMIHYI4YO0T0 BUAY
BU/IiJIEHO TPU I'PYyINU HacagxeHb (puc. 1). Bupa-
)KEHUM T[epeBakaHHSM eK3eMIUISIpiB  BUAY

XapaKTepU3yKTbCS 3eJieHi 30HU JeB’TH
3aKJaiB.
32 l?‘
19 6 9‘
: A8

20

HacaTKeHHA De3 BHpaKeHOro JOMIHYBaHHA BHAY (<20%)

A nacamxen:s 3 BHPaXEHHM JOMIHVEAHHAM OTHOTO BHIY (=35 %)

A A A

50

HacaTKEHHA 3 DOMIPHHM JOMIHVBAaHHAM ogHOro BHAY (20-35 %)

100

150

3aransHa KUIBKICTE JIepeB, IIT.

Puc. 1. CiBBiAHOIIIEHHA 3araABHOI KiABKOCTi AepeB i BuUAOBOro 6ararcrea 3A0

37e6inb1IOro 1e OJHOMOPOAHI aselHi
Haca/PKeHHs1 Ha ocHOBi Betula pendula, Picea
abies a60 >XUBOIJIOTH 3 BUKOpUCTaHHAM Thuja
occidentalis. TepuTopiss 4YacTUHU 3aKJafiB
(3210 Ne 38, 310 Ne 39) 36epirae CTpyKTypy
TpaAuLiliHOrOo IMJIOJOBOro caAy, Ae JOMiHaH-

31

TaMH BUCTynawTb Prunus cerasus ta Malus
domestica. Hali6inbil 4UCIEHHOI BUSIBUJIACS
rpyna Haca/pKeHb, Je 4YacTKa JOMIiHYKH4Yoro
Buay ctaHoBUTb 20-35%, 1o Bijo6pakae
THUIOBY JJI MiCBKOTO CepeZloBULIA MPAKTUKY
opradisarlii 3ejieHUX NpocTopiB. BoHa oxoIrto€e
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19 3/10 i xapakTepu3yeTbCs 3HA4YHOIO Aude-
peHliaLi€o niaxo/iB 10 opMyBaHHS 3eJ€HUX
30H.

['pyna HacagxeHb 6e3 BUPaKEHOTO J0Mi-
HyBaHHS fKOTOCb OJHOrO BUJAY OXOIUIKE 13
3/10. 1li 06’eKTH AeMOHCTPYIOTh ePEKTHUBHICTD
BUKOPUCTAHHS MPOCTOpYy i3 3abe3ne4eHHAM
BU/IOBOI0 6araTcTBa ¥ TAKCOHOMIUHOI'0 pi3HO-
MaHITTA HaBITh 3a YMOBM IOMIpHOI 3arajibHOI
KIJIBKOCTI AepeB. BogHo4ac BiZICYTHICTh 4YiTKO
BUpaxeHOro MoHoAoMiHaHTa y 3/10 Ne 11 3/10
Ne 22 nemMoHCTpyE pajillie CTUXIMHUMN XapaKTep
dbopMyBaHHA Haca/PKeHb, 1110 MOEAHYIOTb CTapo-
BIKOBI JiepeBa 3 pi3HOMaHITHUMHU MOJIOAUMU
[0CaIKaMH.

Thuja occidentalis
Betula pendula
Picea abies
Prunus cerasus
Acer platanoides
Juglans regia
Tilia cordaia 174
Aesculus hippocastanum 138
Sviringa vulgaris

Mualus domesiica 114

@ Uacrora tpanasauxs B 310 (%)

205

193

CTpyKTypa Haca/>XeHb BU3HA4Ya€TbCA He
JIMIlIe 3arajibHOK KIJIbKICTIO JepeB 1 piBHeM
BUJIOBOr0 0araTcTBa, a M y4acT0 OKpPEMMX
BU/IiB, AKi (QopMylOTb €Apo AeHApodI0pHU
6isb1iocTi 06’ekTiB. Takuil po3no/iiyi HeBUMA/-
KOBHH, a sIBJI€ CO000K pe3yabTaT TUMIi3allil
NPOEKTHUX pillleHb MUHYJIUX 4YaciB i cydyacHOI
TeHJIeHIii [0 CIpOUIeHHS eKCIJyaTaliliHOro
JOTJIAZy 32 HacCa»>KeHHAMHU.

BcranoBsieHo 10 HalNOLIKUPEHIIINX AEPEB-
HUX M0piJ, AKi BU3HAYaKTh IPOCTOPOBY Opra-
Hi3alilo Ta QyHKIiOHa/JbHI XapaKTepUCTUKHU
3eneHux 30H 3/10 M™.YepniBui (pwuc. 2).
Haii6inb1moro  4YHCeNbHICTIO  BUPI3HATHCA
Thuja occidentalis i Betula pendula, BusiBJieHi Ha
Teputopii 90 % 06’eKTiB.

90% | 526

418 0%

344 88%

67%

79“ o

CyMapHa KifbKicTb ekzeMnsapie (T

Puc. 2. CymapHa 4HCEABHICTD i YaCTOTA TPANIAAHHA AOMiHAHTHHUX A€PEBHUX BHUAIB

[lonag 300 ek3emmusipiB Picea abies i
Prunus cerasus BusBJieHO Ha TepuTopii 88 % i
76 % 3aksaniB BigmoBigHo. CTiKUN 6a30BUM
ACOPTHUMEHT JlEPEBHUX POCJUH 3€JIEHUX 30H
3710 y micTi npescTaBIeHHUN 0OMEXEHOH KiJib-
KicTio BUJIB, cepen sikux Acer platanoides L.,
Juglans regia L., Tilia cordata, Aesculus hippo-
castanum L., Syringa vulgaris L., Malus domestica.
Takuil BUIOBUM CKJIaJ, BKa3ye Ha 30epexxeHHs
icropuyHO cPOPMOBAHOTO KiCTsSIKa 03eJIeHEeHHS ],
XapaKTepHOTO JJisl Haca/PKEHb PaJiiHCbKOIrO
nepioay. 30KpeMa, IJIOJOBI JepeBa M J0Ci
CKJQ[Al0Th MaiKe TpPETHUHY [JOMIiHYKH4Y0ro
acoptuMmeHTy. [Ipo TUnoBi migxXoAu L0 CTBO-
peHHd 3eJieHUX NPOCTOPIB OCBITHIX 3aKJ/a/iB

32

CBiAYMTH 6GJM3bKHUU A0 3adikcoBaHOro HaMH
aCOPTHMMEHT JilepeBHUX IOpiJ, ONMMCAHUU [
340 y M. Juinpo (Mylnikova et al, 2025),
M. YepHiriB (Pototska, 2021), c.CrenaHiBka
XepcoHcbkoi obsacti (Dementieva et al., 2023).

HaBiTb y HacapKeHHAX i3 BIiJHOCHO
BUCOKMM BHJIOBUM 06araTcTBOM CHocTepira-
€TbCA HEPIBHOMIpHHMM pO3NOAiA BHUJIAIB 3a
YUCEJIbHICTIO eK3eMIISApiB. 3HayHa YacTUHA
JleHapodiopu npejcTaBieHa MaJOuUCeTbHUMU
BUJAMH, fIKi 3pOCTal0Th MOOJUHOKHMMH abo
HEBEJIMKMMHU TpynaMy, L0 Bifobpaxkae £k
icTopito moeTanmHOro O3eJIeHEHHsS TePUTOpPin
3210, Tak i ¢parMeHTapHUH xapakKTep iHTpo-
AYKLil OKpeMHX [epeBHUX pPOCJIUH. Aronia
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melanocarpa (Michx.) Elliott, Chaenomeles
japonica (Thunb.) Lindl. ex Spach, Cupressus
sempervirens L., Deutzia scabra Thunb., Fagus
sylvatica L., Liriodendron tulipifera L., Paulownia
tomentosa (Thunb.) Steud., Platanus x acerifolia
(Aiton) Willd., Prunus triloba Lindl.,, Ribes
nigrum L., Spiraea sp., Tilia platyphyllos Scop.
npejcTaB/eHi Juile B OJUHUYHOMY EK3EMII-
JIIpi HA TepUTOPIi OJHOTO 3 3aKJIa/[iB KOXKHHUM.
Prunus tomentosa Thunb., Populus tremula L.,
Picea glauca (Moench) Voss Takox BUSIBJIeH] y
cKJ1ai AeHApodI0pH OTHOTO 3aKIaJy KOXKHHUM,
NpOTe B KiJIbKOX eK3eMILJISAPax.

10
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AHani3 crnekTpa MaJIOUMCeJbHUX BU/IB
(puc. 3) 3acBifuuB, 1O iX YacTKa y CKJIaAi
3esleHUX 30H 6OinbmocTti 30 He mepeBUINYE
20 %, ojaHaK Ha OKpeMHX O00’eKTax BOHa
3poctae o 30-40%. 3akysag¥ 3 HHU3BKUM
BU/IOBUM 0araTCTBOM 3a3BUYall XapaKTepu3y-
I0ThCs 200 MOBHOIO BiZICYyTHICTI0, a60 MiHiMaJib-
HOK YaCTKOKW MaJIONOLWIWPEHUX BUJIB, 10
BKa3y€e Ha CHpOILEHY CTPYKTYpy HacaJXKeHb i
JIOMiHYBaHHS1 00Me>KeHOro Habopy TPaAULIIMHUX
BUJIB. Taka CTpPyKTypa NOTEHLIMHO 3HUXKYE
€KOJIOTIYHY CTIWKICTh 3eJIeHUX Haca/XeHb i
ixH10 GYHKILiOHAJIbHY 6araTOKOMIIOHEHTHICTb.
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Puc. 3. Po3noaia 3AO 3a KiABKICTIO BUAIB AEPEBHHUX POCAVH i YaCTKOIO MAAOIIOIIMPEHUX BUAIB.
CroBIYMKM — 3araAbHa KiABKiCTh BUAIB; AiHIfl TPEHAY — YaCTKA BHUAIB,
o TpanAAroThECA piAko (< 20 % 3akaaais)

BoaHnouac BigMiueHe JioKa/ibHe 36aradyeHHs
aCOPTUMEHTY 3a PaXyHOK JeKOPaTUBHUX IHTPO-
JlyLIeHTIiB Ta eK30TiB, HanpukJaj Forsythia spp.,
Juniperus spp., Magnolia spp., Acer rubrum L.,
Catalpa bignonioides Walter, Hibiscus syriacus
L., Prunus serrulata Lindl., Rosa odorata
(Andrews) Sweet, Salix integra Thunb., Wisteria
sinensis (Sims) DC. Bubip nux Ta 6araTbox
iHIIMX BUAIB COpPSIMOBAaHUM HA MOCTYIOBY
TpaHcdopmauito Teputopint 310 y iHTepakTuB-
HUM HaBYaJbHO-BUXOBHHUU mnpocTip (Boiko et
al,, 2021; Maksymova, 2025; Montalvan Castilla
et al., 2025; Zhu & Carter, 2025).

HadaBHICTb KBITY4YMX, AEeKOpPAaTUBHO-JIHUC-
TAHUX BUJIB 1 pPOCJIMH i3 BUPA3HOIO apXiTEKTO-
HIKOI0 KpPOHH cnpusie GOpMyBaHHIO Bi3yaJibHO

33

NpUBabJIUBOrO, MCUXOJOTIYHO KOMGOPTHOTO
cepe/loBMIA, 110 NO3UTUBHO BIJIMBAE Ha
3/I0POB’sl, EMOLIIMHUU CTaH JiTell Ta po3BUBaE
ixHE ecTeTUyHe cripuiHATTA npupoau (Puhakka
et al.,, 2019; Montalvan Castilla et al,, 2025; Zhu &
Carter, 2025). OgHak Hapasi iX 3a/ly4yeHHS [0
CKJIaZy 3eJleHuX Biakputux mnpocropiB 3/10
M. YUepHiBIli Ma€ HECUCTEMHUMH XapaKTep, 110 BUSIB-
JII€ BIACYTHICTb €MHOI KOHLEINLIi 03eJIeHeHHH,
Jle IeKOPaTHBHICTb FapMOHIMHO NOEAHYBas1acs 6
i3 eKoJIOriuHOI0 CTIHKICTIO Ta QYHKIIOHAJIBHOO
epeKTUBHICTIO HAaca/[PKEHb.

CaniTapuuii cran Jgenzapodsopu 30
M. YepHiBLi 3a pe3yJbTaTaMy IHBeHTapu3aLil
3araJioM OLiHIETbCA SIK 06pui. Jlo 1iiel kaTeropii
BijlHeceHo 86,6 % (monHaz 3000 ek3eMILISAPIB)
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00OCTeXXeHUX JlepeB, L0 BifjoOpakae HaJIeKHUN
piBeHb JOrJIAAY Ta MiITPYUMaHHA 3eJIeHUX Hacaz-
»keHb. OlHAaK OKpeMi BUJU BUABJSAIOTH IMiJBU-
IeHy BpPa3/MBICTh i3 pi3HUX NpPUYHH (pHuC. 4).
HaBiTh y Mexax [AoMiHywo4yoro Ta 6a30BOro
ACOPTHUMEHTY 3eJieHUuX HacamxkeHb 3/10 3Ha4yHa
YyacTKa JiepeB nepedyBa€ y cTaHi QyHKIiOHAIb-
HOT'0 0CJIa6JIeHHS.

30KpeMa, YacTKa ek3eMIUIApiB Aesculus
hippocastanum y 3al0BJIbHOMY Ta MOTaHOMY
craHi csarae 54 %. Taka TeH/eHIis1 Y3roIKY€EThCS
3 pe3yJibTaTaMM HALIUX MONepesHix JOoCaiKeHb
BYJIMYHUX HACa/[PKeHb iCTOPUYHOI YaCTUHU MiCTa,
Jle Ha OKpeMHUX BYJIMIAX yci 3adikcoBaHi JepeBa

Aesculus hippocastanum
Prunus cerasus
Acer platanoides
Tilia cordata
Malus domestica
Betula pendula
Prunus cerasifera
Salix alba

Juglans regia
Fraxinus excelsior
Picea abies
Syringa vulgaris
Populus nigra
Sorbus aucuparia

Prunus domestica

=]
=

25%

. Ioranwit

LIbOT0 BUZly llepebyBaJli B HE3a/10BIJIBHOMY CTaHi
(Zhuk & Myshiliuk, 2025). CniibHUM JiMiTYI09UM
YUHHHUKOM B 060X BUIIa/JKaX BUCTYIIAE YPAXKEHHS
KallITAHOBOIO MiHyw4ow Miutto (Cameraria
ohridella Deschka & Dimic, 1986), 110 cnpy4yuHsE
nepeayacHy Aedoutialilo Ta BUCHAXKEHHS JlepeB.
BoaHouac To# ¢akr, mo y 3/10 Maike moJIoBUHA
KalllITaHiB 30epirae A0OpUN CTaH, HA BiIMiHY Bif
BYJIMYHUX [OCAJI0K, BKa3ye Ha CHUHEPriYHUU
edeKT LIKiJHWKAa Ta ypbaHiCTUYHOrO HaBaHTa-
KeHHA. MeHa 3ara3oBaHICTb 1 BiZICYTHICTb
3acosieHHsl IpyHTIB y Mexax 3/10, MMOBIipHO,
CNPUSIIOTh TPUBAJIIIIKN OMmipHOCTI 6GiOTUYHOMY

CTpecy.

30%

~l
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100%

Sagosinermit [ JloGpuit

Puc. 4. Po31oaiA 32 KaTeropiAMu >KUTTEBOIO CTaHy BHAIB
3 HaM0iABIIIOIO YACTKOXO 0CAAOAE€HHX AepeB y HacaaxeHHaAX 3AO

Okpemy rpyny pusuky GopMyTb BU]H,
YUCJIeHHI eK3eMIJIAPU AKUX JOCATJIU CEHIJIBHOL
craaii. Hacamnepen, ne Populus nigra ta Salix
alba, y IK¥X 4acTKa 0C/JabJieHUX eK3eMIIsAPiB
csrae 6;1u3bko 50 %, a TakoK OKpeMi npescTaB-
HUKW poauHu Rosaceae (Prunus cerasus,
P. cerasifera, P.domestica, Malus domestica),
3HWXKEHHSl CTIMKOCTI IKMX MOB’i3aHe 3 MpHU-
POAHUM CTapiHHAM Haca/XeHb i, UMOBIPHO,
BIZICYTHICTIO  Ha/Ie2KHOTO  arpOTEXHIYHOro
3axXHUCTYy Bij piTonaToreHis.

HasBHicTtb gepeB Acer platanoides, Tilia
cordata, Betula pendula, Sorbus aucuparia L.,
Juglans regia y noraHoMy cTaHi Mag, IK IpaBHUJIO,
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JIOKaJIbHUM XapakKTep, OJHAK BIUIMBAE Ha
3arajlbHy OLIHKYy ixHbOI (QYHKIiOHaJbHOI
HaAilHocTi. Picea abies Ta Syringa vulgaris
XapaKTepU3YHTbCAd BiJHOCHO BHUCOKOI YacCT-
KOI0 JilepeB y J06pOMy CTaHi.

B okpeMux 3ak/aZjax BUABJIEHI O3HAKHU
BU/IAJIEHHA CYXOCTOI, BUKOPYOBYBaHHA CTapHX,
XBOPHUX Ta aBapiMHUX fAepeB. [IHI B cymapHin
KisibkocTi 10 wtTyk 6ysnu 3adikcoBaHi y uectu
3aKj1ajax.

Y xopni iHBeHTapu3alil BUABJIEHO MOTEH-
LiMHUM IPOCTOPOBUM pecypc AJid NPOBeLeHHSA
PEMOHTHUX NOCaZ0K Ta PEKOHCTPYKLII Hacaj-
KeHb. [lepiioyeproBuM pesepBoM JJs O3eJie-
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HEHHS € JIoKallii, Ha IKUX 3apiKCOBaHO MHi Ta
Micugd, niAroToBJeHi Aad nocagku. Hanpuknan,
y 310 Ne 10 Bxe 3ape3epBOBaHO Micuda [AJid
nocaaku Quercus robur L. i Acer japonicum
Thunb.; y 310 Ne 43 - Pinus mugo Turra; y 310
Ne 50 - Picea abies, P. glauca, Pinus sylvestris i Q.
robur. CymapHa KiJIbKiCTb Micllb MiJ OCaAKy
HOBUX JlepeB CTaHOBUTD 43, i3 HUX 24 niAr0TOB-
JileHo Ha TepuTopii 3/10 Ne 27.

Jpyrum etanoMm peHoBalii Mae cTaTU
3aMiHa JAepeB y moraHoMy crtadi. Halb6inbiia
KiJIbKiCTh moOcafkoBUX Micub (moHag 50)
3BIJIBHUTBCS MicJAs BUJAJIEHHS aBapilHUX
ek3eMIisApiB Prunus cerasus, Malus domestica
Ta Acer platanoides. 3araJibHUN NOTEHLial A5

HOBHUX Haca/pPKeHb 06e3 pO3UIMpPEeHHS MJIOLLi
3eJIEHUX 30H CTaHOBUTD 6siM3bk0 110 fepes.

EdekTrBHEe BUKOPUCTAHHS LIbOTO IPOCTO-
pPOBOTO pecypcy BUMara€ po3yMiHHS 0COOJIU-
BOCTEW BIJIMBY BUZJOBOTO CKJIAZly Ta CTPYKTYpHU
Haca/PKeHb Ha iXHI0O QYHKIiOHAJbHY epeKTUB-
HicTb. /i1 06GIpyHTYBaHHS  JIOLIJILHOCTI
IIeBHUX THUIIIB O3€JIeHEeHHS IpOaHaJi30BaHO
3aJIEXKHICTh MK IeHAPOJIOTIYHOIO CTPYKTYPOIO
11 06CAATOM OKpeMUX eKOCUCTEMHUX MOCYT.

Ax MopenbHI 06'€eKTH 0O6paHO 3aKJa[u 3
KOHTPAaCTHUMH XapaKTepPUCTUKaMH Haca/KeHb
(Tabs. 1), wo iMIOCTPYIOTH O3€JIeHEHHS 3
BUCOKHMM BMJOBMM 06araTCTBOM, BHCOKOIO
4aCTKOIO IIJIOZJ0OBUX JlepeB, a TAK0K BUPXKEHUM
JIOMiHyBaHHSIM JleKOPaTUBHUX XBOWHUX MOPIf,.

Tatauys 1
ITopiBHAABHA XapaKTEePHUCTUKA IIOTEHITIAAY
peryAroBaAbHUX eKocucTreMHUX NocAyr y 3AO 3 pisHUMU TUIAMU 03€A€HEHHA
3A0 3A0 3A0
IToxasuuk A A A
Ne 43 Ne 39 Ne 49
CTpyKTypHi XapaKTepUCTUKI HacaKeHb
3araapHa KiAbKiCTb AepeB, IIT. 127 40 184
KiapkicTh BUAIB, IIIT. 28 6 16
. N , , Thuja
,ZlOMlHyIOlH/H/I BU1IA Picea abies Prunus cerasus occidentalis
YacTKka A0MiHYIOUOTO BUAY, % 13 43 54
Twum o3eseHeHHs 6araToBUZOBUH | GPYKTOBUM caf, ACKOpaTHBHUL
XBOWHHWH
Exocncremni nmocayru 3a pik
3araapHa cekBecTpariis Byraeio, Kr CO,-exs. 3867,51 1104,55 4264,69
ITntoma ceksectpanis Byraeiiio, Kr CO,-exB./aepeBo 30,45 27,61 23,18
Bapricts noramnanns CO,, goa. CIIA 503,11 143,69 554,8
3araapHe repexoIiAeHHs aTMocdepHIX onajis, M3 291,36 103,25 323,22
ITuTtoMe repexoriaeHHs aTM HIX OIlaAiB
OoMe Iepexoriie aTMocdep OITaiB, 2,29 2,58 176
M3/aepeBo
3MeHIIIeHHsI [IOBePXHEeBOTIO CTOKY, M3 16,43 5,82 18,22
BapricTs peryasnii croky, 40a. CIITA 38,78 13,74 43,02
3araapHe OUMIIIEHHS IIOBITPsI, KT 36,57 12,67 39,71
[InToMe OuMITIeHHsI IIOBITPsI, KI/4epeBo 0,29 0,32 0,22
Bapricts ounienns nosirps, 40a. CIITA 56,05 19,41 60,84
CymapHa BapTiCTh €KOCUCTeMHUX 110cayT, g04. CIITA 597,92 176,84 658,66
IInToma cymapHa BapTiCTh €KOCHMCTEMHUX IIOCAYT, 47 44 36
ao4. CIITA/aepeso
KymyaaTuBHI 1TOKa3HUKNI
3amnacu Byraerio B 6ioMaci, T CO;-exBs. 130,68 39,08 138,01
KymyasTuBHaA BapTicTh A€IIOHYBaHHS BYTA€IlIO,
ymy P A Y y T 17001,56 5084,66 17954,1
aoa. CIIIA
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AHasi3 OTpMMaHUX JAaHUX JEMOHCTPYE,
0 CTPYKTypHa oOpraHisauia 3esieHOl 30HU
310 N2 43 6araToBUJIOBOTO THIY 3abe3Medye
36asaHCOBaHe HaJlaHHA OKpeMHUX peryJio-
BaJIbHUX €KOCUCTEMHHUX INOCIAYT. 30KpeMa,
BifMiyeHO BMCOKHUH piBeHb CeKBeCcTpalii
Byrsento (~ 3,91 CO,-ekB./pik) Ta 06’eM
nepexonJieHHs aTtMochepHux omnafiB (~ 291
M>/piK). OTpUMaHi pe3yJbTaTH Y3ro Ky ThCH
3 TBepJKEHHAM IMpo MiABULIEeHY QYHKIiO-
Ha/IbHY CTIHMKICTb pI3HOBIKOBUX 1 pi3HO-
BU/I0BUX HACa/PKeHb, AKi 3/JaTHI KOMIIEHCyBaTHU
3HWXKEHHA aKTUBHOCTI OKpeMHX KOMIIOHEHTIB
3a PpaxyHOK CTPYKTYpHOI pi3HOMaHITHOCTI
(Jovanovi¢ et al, 2025). CymapnHa pidyHa
BapTiCTb HaBeJEeHUX peryJlBaJbHUX IMOCAYT
HacaJ»XeHHs OLiHIETLCA B ~ 598 gou. CIIA, a
KyMyJIATHBHA BapTiCThb JiMIle OJHIEl MOCAyry
JenoHyBaHHsA ByrJyenio ~ 17 000 goJ. CIIA.

ManoBumoBe (QpPYKTOBE HacaJKeHHS
3210 Ne 39, chpopMmoBaHe mepeBaxKHO 3 Prunus
cerasus (43 % Bij 3arajibHOI KiJIbKOCTI JiepeB),
3a abCOJIIOTHUMHU NOKa3HUKAMU €KOCUCTEMHHUX
NOCAYT OYiKyBaHO MOCTYNWJOCA OibIIMM
00’eKTaM 4Yepe3 He3HA4YHY KiJbKICTb JepeB.
30KpeMa, 3arajibHa CeKBecTpalid BYIJIEL0
ckaana ~ 1,1 T CO,-ekB./piK, a nepexorneHHs
omazis - ~ 103 M3 /pik.

OnHak aHasii3z nuToMoi edeKTUBHOCTI
BUABUB IPUXOBAaHy IlepeBary LbOr0 THUILY
O3eJIeHeHHs. Y mnepepaxyHKy Ha OJUH CTPYK-
TYPHUH eJleMeHT caMe Liell 06’€KT MpPOJEMOH-
CTpyBaB HaWBULIi pe3yJIbTaTH Cepes AOCTIKY-
BaHMX HacaJyxeHb. [luToMe oynIleHHA NOBITPA
caruyno ~ 0,32 kr/pepeBo, mo Ha 10-45 %
[epeBULLyE BIANOBIJHI IMOKAa3HUKU peLITH
Haca/KeHb.

Takui pe3yJsibTaT, iIMOBIpHO, 3yMOBJIEHUH
Mopdododisionoriero poay Prunus L. UlopcTka
NOBEPXHSA Ta 3yO04acTUH Kpaill JIUCTA CTBO-
PIOIOTh MIiKpPOTYypOy/JI€HTHICTh, L0 CIPUSE
KpalloMy OCa/pKEHHI [ApiGHOAMCIIEPCHUX
4aCcTOK NOPiBHAHO 3 TIJIaJIKOIO XBOEKW abo
JIUCTSIM JlesIKUX JIeKOpaTUBHUX nopif (Seebg et
al,, 2012). MakcuMaJsibHe 3Ha4yeHHS TaK0X 0yJ10
3adikcoBaHe [Jisl MOKa3HUKA MepexolyeHHs
aTMochepHUX  OMNaJiB, SAKUH CTAaHOBHUTH
2,58 M/ epeso.

OTxe, x04a cyMapHa MOHeTH3allisl OCAyT
1IbOTO Haca/JKeHHs HaWHWXX4a cepeJi MOpiBHIO-
BaHuX (~ 177 pon. CIIA/pik), BoHO epeKTHUBHO
BUKOHYE IIPOEKTOBAHY CaHITAapHO-TIri€EHIYHY
byHKLi0, paloyu K eGeKTUBHUHN 6iopinbTp
Ha JIOKaJIbHOMY piBHi.
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HacapxkeHHA [1eKOPaTUBHOIO XBOMHOTIO
tuny 3/10 Ne 49, ne yactka Thuja occidentalis
CTaHOBUTb 54 %, NpoleMOHCTPyBaJo HAUBUILY
CyMapHY pidyHY BapTiCTb €KOCUCTEMHUX IIOCAYT —
~ 659 gou. CIIA/pik. HacamxeHHs 3a6e3mneuye
MaKCUMaJibHi 006CSATM CeKBecTpalil BYTJIEII0
(~4,3 T CO,-ekB./pik), epeKTUBHE 3MEHIIIEHHS
NOBepXHeBOro cToky (18,22 m>/pik) i HalBuLi
MOKAa3HUKM O4YUlleHHs noBiTps (39,71 kr/pik).
[le BIpOrifHO NOSACHIETHCI BHUCOKOK LIiJb-
HICTIO MOCaZKUA Ta BIYHO3eJIeHUM JIUCTAM, 1110
3abe3neuye LiJIOPiYHUN MOTEHLia] Mepexorn-
JIEHHS1 aepOIOJIIOTaHTIB Ta aTMOCPEPHUX ONAIB.

Ha BigMiHy Bif 1McTONMAZAHUX BUAIB, AKi
BTPa4yalwTb L0 3JaTHICTb ¥ 3UMOBUU Nepiof,
Haca/pxkeHHs1 Thuja occidentalis poOBXYIOTb
BUKOHYBaTU Oap'epHy YHKIiIO, 0Ca[KyHO4H
TBepAi 4acTKU Ha noBepxHi xBoi (Seebg et al,,
2012). HagBHicTb PyHKIiIOHAJIbHO aKTUBHOTO
acUMIJIIIKHOrO amnapaTy MpOTArOM pPOKY
TAaKOX CIPHUSE MOJOBXEHHIO Mepiofy CEKBeCT-
pauii ByrJielo, OCKiJIbKU Bi4yHO3eJieHI BUAHU
MOXYTb  NiATPUMYBaTH  (POTOCUHTETHUUYHY
aKTUBHICTb 3a CHPUATJUMBUX CBITJI0BUX |
TeMIlepaTypHUX YMOB paHHbOI BEeCHU Ta
nisHboi oceHi (Pallardy, 2008). Bucokui
KyYMyJIATUBHMM 3anac ByrJenio B 6ioMaci
(~ 138 T CO,-ekB.) CBifYUTb NpPO 3HAYHUHI
JIOBTOCTPOKOBUM BHECOK Yy PEryJisLilo ByrJe-
11eBOro 6aJlaHCy MiCbKOI'0 cepe/ioBUILA.

OfHak, mompu JiJlepCTBO 3a BaJIOBUMU
NOKa3HUKaMHM, NUTOMa e(PeKTHUBHICTb OKPEMUX
JlepeB Yy J1eKOpaTHBHOMY XBOMHOMY Hacaj-
>KEHHI BUSIBWJIACS HAMHWXXKYOKO cepej AOCJij-
»KyBaHUX 00’eKTiB (3,6 goJs. CIIIA/nepeBo).

AHasni3 OTpUMaHUX pe3yJbTaTiB Kpi3b
IIpU3My Teopil KOMIIPOMICIB €KOCUCTEeMHHUX
nocayr (Rodriguez et al., 2006) BusBuB gude-
peHUianilo miAXoAiB A0 (GOpMyBaHHS €KOJIO-
riyHoi epeKTUBHOCTI HacaPKeHb CreliaJbHOTO
KOPHUCTYBAaHHA Ha TEPUTOPIi OCBITHIX 3aKJIaZiB.

3adikcoBaHO MNPOCTOPOBUU KOMIIPOMIC
MK BaJIOBUM 0OCSATrOM MOCJAYT Ta iX MUTOMOIO
edpekTuBHicTIO. /leKopaTHUBHe XBOWHe Haca-
JoxeHHa 3/10 Ne49 peanisye mifxiZi, opieHTO-
BaHMM Ha MakcuMi3salito 6iomacu. BoHo 3a6e3-
Ne4yye HaMBUIi CyMapHi MOKAa3HUKU JENOHY-
BaHHA ByrJseniw (~138 T CO,-ekB.) 3aBASKHU
3HauHiM KinbkocTi gepeB (184 wT.). OgHaK e
JOCATAETHCA LIHOK 3HWKEHHA iHAUBIAyaJIbHOI
NPOAYKTUBHOCTI, L0 HNiATBEPKYETbCA Hal-
HUKY010 MUTOMOIO BapTicTi0 mocayr (3,6 foJ.
CIIA/nepeBo). lle cBiAYeHHS TOTO, L]0 B TYCTUX
MOHOKYJIbTYpaX BHU3HA4YaJbHUM € eQeKT
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MacuiTaby, a He iHAUBiAya/sbHa NPOAYKTUB-
HicTb. HaToMicTh miogoBe HacamxkeHHs 3/10
Ne 39 nemMoHCTpYyEe BUly iHAWBIAya/NbHY QYHK-
LioHa/nbHY Bignauy (4,4 nosa. CIIA/#epeBo) 3a
MEHIIOI KIJIbKOCTI eK3eMILIAPIB, 10 BKAa3yE Ha
epEeKTHUBHICTb BUKOPUCTAaHHS MPOCTOPOBOTO
pecypcy.

Ha piBHI rifpoJsioriyHoro peryJiroBaHHA
NPOCTEXYETbC MOPQOJIOTIYHUM KOMIIPOMIC,
3yMOBJIEHWH apXiTEKTOHIKOW poc/auH. [lutome
nepexoIlyieHHA onajgiB aad Prunus cerasus
(2,58 M3/epeBo) CyTTEBO NepeBUILYE MOKa3-
uuk Thuja occidentalis (1,76 m3/pepeso). lle
Y3TO/KYETbCA 3 JITepaTypHUMHU JAHHUMU PO
Te, [0 KOMIIAKTHA IipaMiZa/JbHa KPOHA XBOU-
HUX € MeHII epeKTUBHOIO MACTKOIO A/ ONajiB
IIOPIBHAHO 3 PO3JIOTOI0 KPOHOI JIMCTAHUX
I0pif, AKa MaKCUMI3yE€ NJIOLLY TOPU30HTAIbHOI
npoekiii (Xiao et al., 2000).

dyHKuUioHa/NbHA AUdepeHIiallis po3rs-
HYTUX THUIIIB O3€JIeHEeHHA UIICTPYyE TaAKOXK
TeMIOpaJbHUU KoMmpoMic. JluctgaHi Haca-
JDKeHHs1 3abe3Neuyl0Tb BUCOKHH  piBeHb
pery/oBaJibHUX TMPOLECiB Yy BereTaliiHUM
nepios, ToAi SK XBOWHI BUAU MiTPUMYIOTb
TpHBaJle BUKOHAHHS 6ap’€pHUX i AeNOHYIYHX
byHKLIHM, KOMIIEHCYI0YM Ce30HHI May3U JIUCTA-
Hux nopia (Sebg et al,, 2012).

TakuM 4YUHOM, pe3yJbTaTH LOCTI/PKEHHH
NiITBEPAKYIOThb, L0 €KOCUCTeMHA e(peKTUB-
HicTb o3esieHeHHA TepuTtopin 310 petep-
MIHYETbCA He JIMIIe KIJIbKICHUMU IapaMeT-
paMHM Haca/KeHb, a lepeAyCciM BULOBOK CTPYK-
TYpOX0 Ta XapaKTepoM [OMiHyBaHHA. Po3y-
MiHHA BUABJIEHUX €KOCUCTEMHUX KOMIIPOMICiB
OOI'PYHTOBYE [OLIJbHICTL Nepexoay  Bif
cTUxihHO cdopMoBaHUX abo0 MOHOPYHKIiO-
HaJIbHUX Haca/pKeHb [0 CTPYKTYPHO pi3HO-
MaHITHUX TUIIB 03eJIeHEeHHH.

[linxizg nepenbavae uisecnpsiMoBaHe
MOEAHAHHA BUJIB i3 pi3HOI apXiTEKTOHIKOIO
KpPOH Ta GEeHOPUTMIKOI PO3BUTKY, L0 J03BO-
JIAE TapMOHI3yBaTHM MaKCHUMi3allilo peryJro-
BaJIbHUX IMOCJAYT i3 >XOPCTKUMH BUMOTAaMH
6e3MeKH Ta CaHITapHO-TirieHiYHOI AKOCTi OCBiT-
HbOTO Cepe/loBHUILA, 3abe3nevyyrdu CTabiib-
HicTb QYHKIiOHYBaHHSA 3esieH0i iHPpacTpyk-
TYPU IPOTATOM YCbOT'O POKY.

BucuoBku

3a pe3y/sibTaTaMHy iHBeHTapU3aLil Hacaj-
»keHb 41 3/10 M. YepHiBui cpopmoBaHo Bepudi-
KOBaHWUM reonpoCTOPOBUN PEECTP, L0 MiCTUTh
3527 pepeB i yarapHukiB 67 BuAiB. OCHOBY
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Haca/PKkeHb QOPMYIOThb NMpPEACTaBHUKU POJIUH
Rosaceae, Sapindaceae Ta Pinaceae.

Hengapodsiopa 310 cbopMoBaHa mOEA-
HaHHSIM CTiMKUX abOpUreHHUX BU/JIB Ta
LIMPOKOro CHEeKTpy IHTpoAyLeHTIiB. Axpo
CKJIQZal0Th YOTUPU BUJM, HA AKi NpUNAAAE
MalKe MOJIOBHHA 3arajbHOl KiJIBKOCTI JepeB:
Thuja occidentalis (14,9 %), Betula pendula
(11,6 %), Picea abies (10,6 %) i Prunus cerasus
(9,7 %), wo cBigYMTH Npo 3HA4YHY YHidikaLio
BUJI0BOTO CKJIQJly HacCa/»KeHb.

BuABJIEHO CTPYKTYpHY HEOAHOPIAHICTb
3esieHux 30H 3/10. BuzisieHo Tpyu TUNU Hacaj-
>KeHb. MOHOZIOMIHAHTHI Ipe/iCTaBJIeH] IepeBaXKHO
aJeMlHUMU 1nocajgkaMu Betula pendula i
kuBomaotaMu 3 Thuja occidentalis. Haituu-
CeJIbHILY Tpyny CKJIQ[ATbh HaCaJXeHHA 3
IIOMIpHUM JJOMiHYBaHHAM. PeluTy BijHeceHO 10
MOJIiJOMiHAHTHUX KOMIIJIEKCIB 0€e3 BHpaXke-
HOro JioMiHaHTa. BcTaHOB/JeHO HaWMmoLIU-
penimi Buau, Aki POpPMYyHOTb HPOCTOPOBUHU
Kapkac Tteputopill, - Thuja occidentalis (Tpan-
nsaetbea y 90 % 3aknafiB) i Picea abies (88 %)

CaHiTapHUU cTaH JeHApodJopu 3arajioM
OLjiHEHO fIK Jo6pui (86,6 % 340poBUX AepeB),
110 BKa3ye Ha HaJIeXXHUU piBeHb [JOrJd4y.
OpHak ileHTU(diKOBaHO BPa3JIUBiCTb OKPEMUX
BUAiB. 30kpeMa, noHax 50 % ek3eMmnuaspiB
Aesculus hippocastanum nepe6yBaloTh y 0cJ1ab-
JIECHOMYy CTaHi 4epe3 ypaxeHHda Cameraria
ohridella, mo 3HWXYye ixXHIO QYHKLiOHAJIbHY
LiHHICTb i eCTeTUYHY NPUBAOAUBICTB. Jlo rpynu
PU3MKY TaKOX BiJJHECEHO CeHiJIbHI eK3eMII-
asgpu  Populus nigra % Salix alba, sxi
noTpebyOTh 3aMiHU 3 MipKyBaHb O€e3MeKHU.

[lopiBHAJIBHUM aHa/i3 TPbOX KOHTPACT-
HUMX THIIIB 03eJleHeHHs MoKa3aB, 10 eKOCHC-
TeMHa ePeKTUBHICTb BU3HAYAETHCS He JIHIIEe
KIJIBKICTIO iepeB, a lepeyCciM BUJ0BOIO CTPYK-
TYpOXO Ta XapaKTepoM JoOMiHyBaHHdA. bararo-
BU/IOBI Haca/keHHs 3a0€e31e4y0Th BUIL CyMapHi
IIOKa3HUKU peryJlBaJbHUX MOCJIAYr, TOAI fAK
MaJIOBU/I0BI PPYKTOBI HacaJKeHHS JEeMOH-
CTPYIOThb HaWBULly MNUTOMY e(peKTHUBHICTb
OUYMIIEHHS MOBITPS Y epeXOIlJIEHHS ONa/liB.

O6rpyHTOBaHO HeOOXiJHICTb mNepexoay
Bii MOHOQYHKIiOHA/JIbHUX 1 6€3CUCTEMHUX
3eJIeHUX 30H /[0 CTBOPEHHA CTPYKTYPHO HEOJ-
HOpIAHUX Haca/pkeHb. PekoMeH0BaHO BIIpO-
Ba/PKEHHSI MPAKTUKH, 110 6a3yeTbCsl Ha 4aco-
BOMY KOMIIPOMICI OEAHAHHA JIMCTAHUX MOPiJ,
JUI MaKCUMi3allii CaHITapHO-TIri€EHIYHUX IOCAYT Y
BEreTalliiHUM NepioJ] i3 XBOMHUMU AJ1S MiATPHU-
MaHH# 6ap’epHUX QYHKIiI IPOTSITOM POKY.
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Ishtvan Zhelitski

GROWTH AND SEXUAL DIMORPHISM OF CRANIOMETRIC MEASUREMENTS OF
THE RED FOX (VULPES VULPES L.) IN TRANSCARPATHIA

T~

ImrBaH Xeminbki

PICT TA CTATEBUU AVMOP®I3M KPAHIOMETPUYHMX IIOKA3HUKIB
JINCUIII 3BBUYAVHOI (VULPES VULPES L.) HA 3AKAPIIATTI

ABSTRACT

Purpose of the work. This study investigates sexual dimorphism in the red fox (Vulpes vulpes) population of
Zakarpattia based on the analysis of 75 skulls from the Zoological Museum of Uzhhorod National University. To address
existing gaps in knowledge, 26 cranial measurements were evaluated with consideration of both age and sex. This
approach enabled the assessment of growth dynamics, the characterization of morphological variation, and the
identification of key features of sexual dimorphism within the population. The results provide baseline data for future
studies and contribute to a broader understanding of intraspecific variation across the species’ range.

Methodology. Craniometric traits were analyzed across different sexes and age groups. Statistical analyses were
conducted using SPSS, PAST, and MS Excel. Both univariate and multivariate analyses of variance (ANOVA) were applied,
revealing significant differences between sexes and among age groups. Additionally, Principal Component Analysis (PCA)
was performed to identify the measurements contributing most to overall variation.

Scientific novelty. The study provides essential morphometric baseline data for red foxes in a poorly studied
region and improves understanding of intraspecific variability. The findings emphasize the combined influence of growth
patterns, sexual selection, and ecological factors in shaping cranial sexual dimorphism.

Conclusions. Cranial growth was most pronounced up to 5-6 months of age, followed by a slowdown and
occasional negative increments. The results suggest that sexual dimorphism in this population is primarily shaped by
sexual selection and male-male competition, with larger males potentially having a reproductive advantage. At the same
time, environmental constraints, particularly food availability, may limit excessive body size, leading to an optimal size
range shared by both sexes. Size-related niche differentiation may further reduce intraspecific competition.

Key words: Vulpes vulpes, craniometry, sexual dimorphism, growth patterns, Transcarpathia

AHOTALIA

MeTa po6GoTH. Y 1bOMYy JOCHi/»KeHHI mpoaHasi3oBaHO cTaTeBUM AuMopdisM momyssuii jucuni 3BU4yaiHOI
(Vulpes vulpes) Ha 3akapnaTTi Ha OCHOBi BUBYeHHs 75 uepeliB i3 Kosiekwii 300/0TiYHOr0 My3ew Y>KropoJCbKOro
HalliloHaJIbHOTO YyHiBepcUTeTy. 3 MeTOl0 J[eTa/bHIloro BUBYEHHs OyJI0 NpoaHasli30BaHO 26 KpaHiOMETPUYHHUX
NOKAa3HUKIB 3 ypaxyBaHHSIM BiKy Ta cTaTi. Takull miaxif AaB 3MOry OLiHHUTH JUHAMIiKy POCTY, OXapaKTepu3yBaTH
MopdoJioriuHy MiHJMBICTH Ta BU3HAYUTU KJIOYOBI 03HAKU cTaTeBOro AuMop¢isMy B Mexax nonyJ snii. OTpumani
pe3ysbTaTH GOPMYyIOTh 6a3y JaHUX JJs NOJAJbIIUX AOCTIKEeHb | CHPUATL KpalloMy PO3yMiHHIO BHYTPIlIHbO-
BU/I0BOI MIHJIMBOCTI B Me»ax apeasy BUJY.

MeTtopoorisa. KpaHioMeTpuyHI IOKa3HUKM aHajli3yBajucsd 3 ypaxyBaHHfAM CTaTi Ta BIKOBUX TIpYIL
CTaTUCTUYHUN aHasi3 BUKOHaHO i3 3actocyBaHHsAM mnporpaMm SPSS, PAST Ta MS Excel. Byso BukopucraHo sk
onHOobaKTOpPHUM, Tak 1 OGaraTodakTopHUN [ucnepciiHuil aHasiz (ANOVA), umo BUSIBUB CTATUCTHYHO 3HAYyLli
BiIMiHHOCTI MiX CcTaTAMH Ta BiKOBUMH rpynamu. /loJaTKOBO MPOBEJEHO aHaJi3 roJoBHUX KoMnoHeHT (PCA) pns
BU3HA4YeHHs MOKA3HUKIB, IKi pO6JISITh HAKUOIIBIINKI BHECOK Y 3arajibHY Bapialiito.

HaykoBa HoBu3Ha. [lociimpkeHHs1 HaZjae 6a30Bi MopdpoMeTpuyHi AaHi A1 JMcUIi 3BUYalHOI B HEIOCTaTHBO
BUBYEHOMY PETioHi Ta NOTJIKN6JII0€ PO3YMiHHS BHYTPILIHBOBU/[0BOT MiHIMBOCTI. OTpHMMaHi pe3y/IbTaTH MiAKPECTI0I0Th
MOE/IHAHWH BIIMB JMHAMIKH POCTY, CTAaTEBOro J060pYy Ta €KOJIOTIYHUX YMHHHUKIB Ha pOpMyBaHHs KpaHiaJbHOIO
cTaTeBOro AUMOpdizmy.

BucHoBkM. HalliHTeHCHBHIIIMN picT KpaHiaJbHUX O3HAK CIIOCTepiraBcs o 5-6 MicAniB, micjs 4oro BiA3Ha-
Yyasiocs MOro ymoBiJIbHEHHS Ta NMOOJAWHOKI BUIAQJAKU HeraTUBHOro npupocTy. OTpuMaHi pe3y/abTaTH CBif4aTh, 10
cTaTeBUM AUMOpPGi3M y JoCaipKyBaHiH nonyssLii 3yMoOBJIeHUH HacaMIepe/, CTaTEBUM Z,060pOM i KOHKYPEHIi€0 Mix
CaMISIMH, TPU LbOMY OisblIi caMIji MOXYyTh MaTH PENpOAYKTHUBHY NepeBary. BopHoyac exosioridyHi oOMexeHHs,
30KpeMa JIOCTYMHICTh KOPMOBHUX PeCypcCiB, MOXYTb CTPUMYBAaTH HaAMipHe 36i/blIeHHS PO3MIipiB Tija, CHpUAIOYU
$bOpMyBaHHIO ONTHMAJBHOTO PO3Mipy, CHiJIBHOTO [Jisi 000X cTaTel. Posmoxin ekosiorivyHoi Himi, moB’sisaHuy i3
PO3MipHUMH BiMIHHOCTSIMH, MOXe J0OAATKOBO 3MEeHIIYBaTH BHYTPIIIHbOBU/I0BY KOHKYpPEHILiIO.

KirouoBi ciioBa: Vulpes vulpes, kpanioMeTpis, ctaTeBUi AuMop¢i3M, 3aKOHOMIPHOCTI pocTy, 3akapnaTTs
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Introduction

The red fox is highly adaptable and can
thrive in a wide variety of habitats across almost
all continents (Heltay, 1989). This broad distribu-
tion has led to the development of around 44
subspecies (Lariviere & Pasitschniak-Arts, 1996).

Studies of red fox populations from
different parts of the world have produced
varied results. In the Czech Republic, significant
sexual differences were found in five of the 21
craniometric traits examined (Brudnicki et al.,
2009). In Hungary, such differences appeared
mainly among sexually mature individuals,
while they were less pronounced in younger
animals; nevertheless, female skulls still
differed markedly from those of males (Csanyi
et al., 2023). Clear sexual dimorphism has also
been documented in populations from North
America (Churcher, 1960), Australia (Forbes-
Harper et al, 2017), the Czech Republic
(Hartova-Nentvichova et al.,, 2010), Slovakia,
Romania, and Ukraine (Hell et al., 1989).

Age in foxes is usually estimated using
cranial suture ossification or dental characteris-
tics (Churcher, 1960; Heltay, 1989). However,
data on the red fox in Transcarpathia remain
scarce. According to Korchynskyi et al. (1993),
between 1946 and 1992, only 10.5% of all
published studies on the Carpathian region'’s
mammalian fauna focused on this group,
highlighting the need for more comprehensive
research.

With the aim of filling this knowledge gap,
we examined 26 cranial measurements, taking
into account both age and sex. This allowed us
to investigate growth patterns, explore morpho-
logical variation, and identify the main features
of sexual dimorphism within the population.
Our study provides baseline data that can
support future research on the red fox in this
understudied region and contribute to a better
understanding of intraspecific variation across
its range.

Materials and Methods

In recent study we measured 75 skulls of
red foxes from the scientific collections of the
UzhNU Zoological Museum, including 14 skulls
each from males and females in all age groups,
except for 24-month-old females, of which only
five were measured. Fox skulls included in the
study were collected from 1951 to 1976 in
Transcarpathia. To assess sexual variation,
skulls from all age groups were included. Age
determination was carried out based on the
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sagittal suture (Fig. 1). We were able to distin-
guish three age groups: 5-6 months, 11-12
months, and older than 24 months. Measure-
ments were taken using a caliper with an
accuracy of 0.1 mm.

For statistical analysis, we used the
software packages SPSS, PAST and MS Excel.
Data were analyzed using univariate analysis of
variance (Univariate ANOVA) and multivariate
analysis of variance (Multivariate ANOVA).
Since the dataset includes many craniometric
traits, we also performed a Principal Compo-
nent Analysis (PCA) which allows us to assess
which measurements explain the largest
proportion of the variation.

List of cranial measurements:

1. Total length: akrokranion - prosthion
(TL).

2. Basal length: basion - prosthion (BL).

3. Neurocranium length: basion - nasion
(NL).

4. Upper neurocranium length: akrok-
ranion - frontal midpoint (UNL).

5. Viscerocranial length: nasion - prost-
hion (VCL).

6. Facial
prosthion (FL).

7. Greatest length of the nasals: nasion -
rhinion (GLN).

8. Median palatal length: staphylion -
prosthion (MPL).

9. Length of the molar row (LMR).

10.Length of the premolar row (LPR).

11.Length of the carnassial, measured at
the cingulum (LC).

12. Greatest breadth of the carnassial (LBC).

13. Greatest mastoid breadth: otion - otion
(GMB).

14.Greatest breadth of the occipital
condyles (GBOC).

15. Height of the foramen magnum: basion -
opisthion (HFM).

16.Maximum width of neurocranium:
euryon - euryon (MWN).

17.Maximum zygomatic width: zygion -
zygion (MZW).

18.Least breadth of skull: breadth at the
postorbital constriction (LBS).

19.Frontal  breadth:
ectorbitale (FB).

20.Least breadth between the orbits:
entorbitale - entorbitale (FBO).

21.Greatest palatal breadth: measured
across the outer borders of the alveoli (GPB).

22.Least palatal breadth: measured
behind the canines (LPB).

length: frontal midpoint -

ectorbitale -
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23.Breadth at canine alveoli (BCA).

24.Skull height without the sagittal crest
(SHSC).

25. Skull height (SH).

26.Length of neurocranium: staphylion -
basion (LN).

Results and discussion

The growth of craniometric parameters is
most intensive up to 5-6 months, after which,
over the next six months, the mean of growth is

2.21 % for males and 3.70 % for females. After
the first year, the mean of growth amounts to
3.52% in males and 0.89 % in females. In
processing the data, we also observed negative
growth during this period. Postorbital breadth
exhibits a growth trend opposite to all other
traits (Fig. 2.). Hartova-Nentvichova (2010) arrived
at the same conclusion. The braincase area
posterior to the orbits is undeveloped in juve-
niles and progressively narrows with the growth
of the masticatory muscles (Ansorge, 1994).

2-3

5-6

11-12 =24 months

Fig. 1. Change of the sagittal suture during ontogeny (Heltay, 1989)

The Principal Component Analysis (Fig. 3)
indicates a moderate sexual dimorphism in skull
morphology. Males show a larger dispersion,
particularly along PC1, suggesting higher variance
in size-related traits. Females form a more com-
pact cluster. Despite the shift between group
centroids, considerable overlap remains between
the convex hulls, implying that individual
variation exceeds sex-based differentiation.

30,00

25.00 .
% 20.00
£ 15,00
& 10,00
5.00
0.00

@ Q@

(q0] [qe]

e e

2L

5.6

Fig. 4 and 5 compare males and females,
highlighting measurements with high loadings
on PC1 - including total length, basal length,
nasal length, greatest mastoid breadth, greatest
breadth of the occipital condyles, and maximum
zygomatic width - which drive most of the
separation among individuals along this axis.

male N
female NN

male N
female NG

11-12 >24 months

Fig. 2. Comparison of the breadth at the postorbital constriction (LBS)
between sexes and across age groups
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® male
® female

PC 2 (8.92%)

PC 1 (48.61%)

Fig. 3. Distribution of males and females revealed by PCA
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5-6 11-12 >24 months
mTL mBL mNL
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Puc. 4. Comparison of cranial length measurements
with high PC1 loadings between sexes and across age groups

100,00
80,00

60,00

40,00

S
0,00
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5-6 11-12 >24 mounths
mGMB mGBOC mMZW

Mean+SD

Puc. 5. Comparison of cranial breadth measurements
with high PC1 loadings between sexes and across age groups
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Adult females are 0.11-2.54 % smaller
than adult males; however, in the case of the
least breadth between the orbits, females are
0.79% larger. Multivariate analysis of variance
(ANOVA) confirms these findings, showing
significant differences between the sexes
(F=2.20; p = 0.01) and among the age classes
(F= 2.24; p = 0.00). According to the tests of
between-subjects effects (univariate ANOVA),
there are significant differences between the
sexes in 12 measurements and among age
classes in 20.

Our results indicate significant sexual
dimorphism in multiple cranial traits. Females
and males differ significantly in total length
(TL), basal length (BL), viscerocranial length
(VCL), facial length (FL), nasal length (GLN), and
the dimensions of the dental rows (MPL, LMR,
LPR, LC, LBC). These differences suggest that
males generally possess larger viscerocranial
regions, as well as more robust dentition.
Functionally, this may reflect differences in bite
force, prey handling, or intraspecific compe-
tition, as larger male skulls can support stronger
jaw muscles and larger teeth. Age-related
differences were observed in nearly all cranial
regions, including total length, basal length,
neurocranial and viscerocranial lengths, facial
length, palatal length, and cranial breadths (TL,
BL, NL, UNL, VCL, FL, MPL, LMR, LPR, GMB,
GBOC, MZW, BCA, LN, etc). The most
pronounced changes occur in the first year of
life, indicating rapid growth in both the
neurocranial and viscerocranial regions. In
particular, facial length and palatal length
increase with age, likely reflecting both
masticatory development and adaptation to
feeding ecology. Cranial breadths and condylar
dimensions increase more gradually, consistent
with the development of jaw musculature and
overall skull robustness.

Overall, these results demonstrate that the
skull undergoes coordinated growth, with
certain regions (e.g, viscerocranium and
dentition) showing faster changes, while others
(e.g, neurocranial breadths) develop more
slowly.

®dinancyBanns / Funding

Sexual dimorphism in red foxes may result
from sexual selection and the need to reduce
competition between the sexes (Lynch, 1996).
Male competition is often expressed through
antagonistic behaviors, and larger males clearly
have an advantage over smaller ones, giving
them greater reproductive success (Abramov &
Puzachenko, 2005). However, being larger can
also be a handicap for males, especially in
monogamous species where food is limited
(Hartova-Nentvichova et al, 2010). In such
cases, selective forces tend to favor an optimal
body size that is similar for both males and
females. Sexual size differences in red foxes may
also lead to partial niche separation, helping to
reduce intraspecific competition for food.

Conclusions

The study highlights intraspecific variation
in red fox populations, including sex- and age-
related cranial differences, and provides baseline
morphometric data for further ecological and
morphological research in understudied regions
like Transcarpathia.

According to our results on fox skulls from
Transcarpathia, craniometric growth is most
intensive during the first 5-6 months, and
slowing after. Growth rates differ between sexes
in early age: females show relatively higher
growth (3.70 %) than males (2.21 %).

After the first year, male growth exceeds
female growth (3.52 % vs. 0.89 %), although
occasional negative growth was observed in
some parameters.

Postorbital breadth shows an inverse
growth trend compared to other cranial measu-
rements, reflecting the narrowing of the poste-
rior braincase associated with the development
of masticatory muscles.

Sex differences were significant in 12
measurements, age differences in 20.

Adult females were generally 0.11-2.54 %
smaller than males, except for the least postor-
bital breadth, where females were 0.79 % larger.

Size differences between sexes are likely
influenced by sexual selection and male-male
competition.
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Jligist II0JIOTHAHKO, AMUTPill ®iTOHEHKO

BIOXIMIYHI MAPKEPY TOKCMYHOI'O HABAHTAXKEHHS TA
AJAINITAIIIMHUX PEAKIII CTABKOBUX PUB
3A I MIKOTOKCUHIB

~T

Lidiia Polotnianko, Dmytrii Filonenko

BIOCHEMICAL MARKERS
OF TOXIC LOAD AND ADAPTATIVE
REACTIONS OF POND FISH TO MYCOTOXINS

AHOTANIA

MiKOTOKCUHH, IK BTOPUHHI MeTaboJIiTH MiKpPOMIllETiB, € OJHUMU 3 HallHeOe3MneyHilmux 6i0J0riYHMX KOHTaMi-
HaHTiB KOPMOBOi CHPOBUHU Ta KOMGIKOPMIB A1l pub. ¥ cucTeMi CTaBKOBOI aKBaKYyJIbTYPHU iX il CYMPOBOKYEThCS
MOpPYIIeHHSAM MeTaboJIiYHOro romMeocTasy Tifipo6ioHTIB, 3HM)KEHHSAM NPOJYKTHUBHOCTI Ta GOpMyBaHHAM PHU3HUKIB
6io6e3nexku. OcobyinBy Hebe3neky AJs pub CTaHOBAAThb adsaTokcuH Bl i T-2 TokcuH, sKi XapaKTepuU3yHTbCA
BUPA)KEHOI0 TeNaTOTOKCUYHOI0, FTeHOTOKCUYHOI Ta NPOOKCUAAHTHOIO Zi€l0. Y 3B’A3KY 3 LM aKTyaJbHUM € IOIIYK
iHpopMaTUBHUX 6ioXiMiYHUX MapKepiB, 1110 J03BOJISIOTh OLIHUTH piBeHb TOKCUYHOTO HaBaHTaXeHHS Ta afanTalilHi
peaxrii opraHiamMy pu6 3a yMOB MiKOTOKCHKO3iB.

MeTa poGOTH. BU3HAUUTHU iHPOPMATUBHI GioxiMiuHI Mapkepu TOKCHYHOTO HaBaHTAXKE€HHS Ta aJanTalilHUX
peakniii craBkoBUX pU6 3a Ail MiKOTOKCHUHIB, 30kpeMa aduaTokcuHy Bl Ta T-2 TokcuHy, IIJISXOM aHasi3y 3MiH
MIOKa3HUKIB €HepreTHYHOro OOMiHy, IHTEHCHUBHOCTI NepeKUCHOr0 OKHMCHEHHS JimifiB i MeTabGoJsiYyHUX MPOLECIB Y
TKaHUHaxX pub pisHOro BUAY Ta BIKY.

MeTo0J10ris I'pYHTYBasacs Ha eKCllepUMeHTa/lbHOMY MO/Ie/II0BaHHI MIKOTOKCHUYHOT0 HaBaHTaXKeHHA y KopoIa
sayckatoro (Cyprinus carpio Linnaeus, 1758) Ta kapacst 3BudaiiHoro (Carassius carassius Linnaeus, 1758) pi3Horo BiKy.
Jito apnatokcuny Bl i T-2 TokcuHy BUBYa/IM B KOHIIEHTpaLii 2 rpaHUYHO AONYyCTUMUX PiBHIB. CTaH eHepreTUYHOro
06MiHy OLiHIOBaJ/IM 3a BMiCTOM afieHis1oBUX HykaeoTUu/iB (AT®, AP, AM®), afeHislaTHOrO eHEPreTUYHOTO 3apsiy Ta
NOKa3HUKIB aJleHislaTKiHa3HOI peaklii. [HTEHCUBHICTb I[epeKUCHOr0 OKUCHEHHS JIMiAiB BH3HA4da/d 3a BMICTOM
Ti06apO6iTYpPOBOKHCIOTHO-aKTUBHUX MPOAYKTIB. MeTabo1iuHi MpoIiecu aHasli3yBaJiy 3a oKa3HMKaMu pochaTHOro Ta
eHepreTUYHOro 06MiHy B TKaHUHaX pUo.

HaykoBa HOBHU3Ha pO6GOTH MOJIAATAE Y KOMIJIEKCHOMY HifX0/i /10 OL[iHKU 610XiMiYHUX MapKepiB MiKOTOKCUYHOI0
HaBaHTa)XeHHsI 3 ypaxyBaHHSAM BHU/JY Ta BiKy CTaBKOBHUX PHO. Ymepile MOKa3aHO B3a€EMO3B’S30K MiXK MOPYLIEHHAM
HYKJIeIHOBOT0 0OMiHY, aKTHBaL|i€l0 IePeKUCHOI0 OKUCHEHHS JIiNiZiB Ta afanTauiiiHo0 nepe6y0BOI0 eHepreTUYHOTo
MeTa60J/1i3My B opraHi3Mi kopornoBux pu6 3a fii adpsatokcuny Bl i T-2 TokcuHy. BcTaHOB/IeHO MIXKBUIOBI Ta BiKOBI
BiZIMiHHOCTI Yy TJINBOCTI pU6 10 MiKOTOKCUYHOTO BILJIUBY.

BuCHOBKM. YcTaHOBeHO, o Aid aduaTokcnHy Bl Ta T-2 TOKCMHY mpU3BOJAUTH /10 3HIKeHHS BMicTy ATO,
3pocTaHHda KoHUeHTpauiid AJl® i AM®, 3MeHIIeHHS a/leHiJIaTHOTO eHepreTUYHOr0 3apsAAy Ta aKTHUBallil NepeKUCHOTo
OKUCHEHHs JiniAiB y TkaHuHax pub. BusBieHi 3MiHKM MaloTh K JeCTPYKTUBHHUM, Tak i afanTauiiHuil xapakTep i
Bi/l0OpaXKalOTh HANPYKeHHsI MeTA60JIIYHUX MPOIIECIB 32 YMOB TOKCHYHOTO cTpecy. [lokasaHo, 1110 kapach 3BUYaWHUH i
IbOTOJIITKU € G/IbII Yy TJAUBHUMHU 10 il MiKOTOKCHHIB MOPiBHSIHO 3 KOPOIOM JIYCKAaTHUM i CTapIIMMU BIKOBUMU rpyHaMH.
OTpuMaHi pe3y/bTaTH MiATBEP/KYIOTh AOLIJIbHICTb BUKOPHUCTAHHS MOKAa3HUKIB HYKJIEIHOBOr0 06MiHY, iIHTEHCUBHOCTI
MEPEKHUCHOTO OKHUCHEHHS JiNiAiB i MeTaboJiYHUX 3pylleHb K iHGOpPMATUBHHUX 6GiOXIMiYHMX MapKepiB TOKCHYHOTO
HaBaHTa)XeHHs Ta aJlalTaliiHUX peaKLill CTaBKOBUX PUO Y CUCTeMi aKBaKyJIbTYPH.

Kiro4oBi ciioBa: MikoTokcuHY, adpiaTokcuH B1, T-2 TOKCUH, CTAaBKOBi pubU, eHEPreTUYHUIN 00MiH, HyKJIeIHOBUH
00MiH, mepeKrCcHe OKMCHEHHs JIiMiAiB, aflanTalifiHi peakii, 6ioXiMiuHi Mapkepu
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ABSTRACT

Mycotoxins, as secondary metabolites of micromycetes, are among the most dangerous biological contaminants of
feed raw materials and compound feeds for fish. In pond aquaculture systems, their impact is associated with
disturbances of metabolic homeostasis in hydrobionts, reduced productivity, and the formation of biosafety risks.
Aflatoxin B1 and T-2 toxin are considered particularly hazardous for fish due to their pronounced hepatotoxic, genotoxic,
and pro-oxidant effects. In this context, the identification of informative biochemical markers that allow assessment of
toxic load and adaptive responses in fish organisms under mycotoxicosis conditions is of significant relevance.

Purpose of the work. The aim of the study was to identify informative biochemical markers of toxic load and
adaptive responses in pond fish exposed to mycotoxins, specifically aflatoxin B1 and T-2 toxin, through the analysis of
changes in energy metabolism indicators, lipid peroxidation intensity, and metabolic processes in tissues of fish of
different species and ages.

Methodology. The study was based on experimental modeling of mycotoxic exposure in scaly carp (Cyprinus
carpio Linnaeus, 1758) and crucian carp (Carassius carassius Linnaeus, 1758) of different age groups. The effects of
aflatoxin B1 and T-2 toxin were investigated at concentrations corresponding to two maximum permissible levels. The
state of energy metabolism was assessed by determining the content of adenylate nucleotides (ATP, ADP, AMP),
adenylate energy charge, and indicators of the adenylate kinase reaction. The intensity of lipid peroxidation was
evaluated by measuring thiobarbituric acid-reactive substances. Metabolic processes were analyzed using indicators of
phosphate and energy metabolism in fish tissues.

Scientific novelty. The scientific novelty of this study lies in a comprehensive approach to evaluating biochemical
markers of mycotoxic load with consideration of fish species and age. For the first time, the relationship between
disturbances in nucleic acid metabolism, activation of lipid peroxidation, and adaptive restructuring of energy
metabolism in cyprinid fish under the action of aflatoxin B1 and T-2 toxin has been demonstrated. Interspecific and age-
related differences in fish sensitivity to mycotoxic exposure were established.

Conclusions. It was found that exposure to aflatoxin B1 and T-2 toxin leads to a decrease in ATP content, an
increase in ADP and AMP concentrations, a reduction in adenylate energy charge, and activation of lipid peroxidation in
fish tissues. The detected changes exhibit both destructive and adaptive characteristics and reflect metabolic stress under
toxic conditions. Crucian carp and young-of-the-year fish were shown to be more sensitive to mycotoxin exposure
compared to scaly carp and older age groups. The obtained results confirm the feasibility of using indicators of nucleic
acid metabolism, lipid peroxidation intensity, and metabolic shifts as informative biochemical markers of toxic load and
adaptive responses in pond fish within aquaculture systems.

Key words: mycotoxins, aflatoxin B1, T-2 toxin, pond fish, energy metabolism, nucleic acid metabolism, lipid
peroxidation, adaptive responses, biochemical markers

Beryn XapaKTepU3YITbCSI BUPAKEHOI TeNnaTOTOK-

_ . o CUYHOI0, TEHOTOKCHYHOIO Ta MPOOKCHUAAHTHOIO
MikOTOKCMHM € O/iHI€I0 3 HaW6iIbII nieto (Pickova et al., 2021; Liu et al., 2023).

nouiMpeHux i 6iosiorivuHO HebGe3meyHUx Tpyl HazxopKeHHs] MIKOTOKCHHIB B OpraHi3m

BTOPMHHUX MeTaboJIiTIiB MIKpOMILEeTiB, 110 pUG CYNpPOBOKYETHCA MOPYIIEHHAM KJIIOYO-
KOHTAMIHYKOTb KOPMOBY CHPOBHHY Ta I'OTOBI BUX MeTaboJIiuHUX TpolieciB, Hacamiepe/

KOpMHU /ISl Tifpo6ioHTiB. [lomupenicTs adsa- 6i7IKOBOTO, JIiMiIHOTO Ta HYKJI€IHOBOT'0 0OMiHY,
TOKCHHIB IATBEPIKYETHCA YACJIEHHUMU JOCTIA- a TaKOX aKTHBalli€l0 BUIbHOPAJUKAJbHUX
KEHHAMH Xap490BHX NMPOAYKTIB PISHOI'O IOXOA- peakiii i po3BUTKOM OKCHUAATUBHOTO CTpPeCy

»KEeHH$, 30KpeMa KOHCEpPBOBaHOi Ta epepobJieHoi (Simonova & Mekhed, 2025a; Filonenko &
MpOAYKNil, IO CBIAYMTL NPO CTIHKICTE LUX  Mekhed, 2025). [l0KasHHKH [EPEKHCHOTO

TOKCHHIB /[0 TEXHOJIOTiYHOi 06po6OKM Ta iX OKHMCHEHHS JimigiB, cTaH aHTHUOKCUAAHTHOI
3AATHICTb 30epiraTucsi B Xap40BHUX JIAHI[IOrax CUCTEMH, BMICT HYKJIEIHOBUX KMUCJIOT i 3MiHU
(Mushtaq et al., 2012; Hassan, 2018). ¥ cucremi 6ioxiMi4YHOTr0 CKJIaZly TKAaHUH PO3IJISAAATHCS
Cy4acHOTro CTAaBKOBOrO PHOHHMITBA MpobsieMa K iHpopMaTHUBHI 6ioxiMiyHI MapKepu TOKCHUY-
MiKOTOKCHKO3iB HaOyBa€E 0COGJIMBOI aKTyasb- HOTO HaBaHTAXXEHHs, [0 BiZOGPaXKalTb fIK
HOCTi y 3B'sI3Ky 3 iHTeHCH®iKalli€l0 BHPOG-  cTymiHb yIIKOMKEHHS KIITHHHHX CTPYKTYD,
HHUITBA, BHWKOPHUCTAHHAM KOHIEHTPOBAHUX Tak i ajanTanidHi MOXJIMBOCTI OpraHiamy
KOI_‘461K0pMi§ i ry06aJbHUMHU KJIIMAaTUYHUMHU (Nikolaenko et al., 2023; Polotnianko & Mekhed,
3MiHaMH, SIKi CIPUSIIOTb POCTY TOKCHHOMPOAY- 2023).

Kyrounx rpubis (Koletsi et al, 2021; Gruber- YucneHHi eKcliepUMeHTaIbHI JOC/TiPKEeHHS
Dorninger et al, 2025). Cepex Hai#6inbi CBifuaTh, 10 BIJIUB adyaTokcuHy Bl i T-2
Hebe3neyHUX AJsf PUG MIKOTOKCHHIB BHZI- TOKCUHY Ha pUO CYIPOBOAKYETbCS 3SHUKEHHAM
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HaMU TMediHKM, JecTabinizanielo mMeMbpaH i
HAKOIMWYEeHHAM TOKCHUHIB y TKaHMHAX, L0 Ma€
K eKoJIoriyHi, Tak i 6io6e3meKoBi HaCJigKH
(Fornari et al., 2023; Polotnianko & Mekhed,
2024). BogHouac 6ioximMiuHi peakiiii opra”iamy
pub Ha fAil0 MIKOTOKCUHIB MaloTb ajanTa-
LiMHUM xapaKTep i 3a/jexaTb Bij BUAY, BIKY,
TPUBAJIOCTI Ta IHTEHCUBHOCTI TOKCUYHOTIO
BIUIMUBY, IO 3YMOBJIOE HEOOXiHICTb KOMII-
JIEKCHOI1 OLliHKKM MeTabosiyHux 3MiH (Mekhed,
2024; Shkurko et al., 2024).

Y 1UbOMy KOHTEKCTI aKTyaJbHUM €
BH3HA4Y€HHS KOMILJIEKCY 610XiMiYHMX MapKepiB,
SKi /103BOJISIOTb OG’€EKTUBHO OLIiIHUTH pPiBEHb
TOKCUYHOrO HaBaHTaXXeHHs Ta ajanTauiiHi
peakIiii cTaBKOBUX puUO 3a Jii MiIKOTOKCHUHIB.
Takuil migxig Mae Ba)kKJudBe 3HadyeHHS [AJif
nor/aubJeHHs ysBJeHb NP0 MeXaHi3MU MiKo-
TOKCHUYHOI Ail, IpOrHO3yBaHHA CTIMKOCTI rigpo-
6i0HTIB 0 KOHTAaMiHOBAaHUX KOPMIiB i po3po6KH
6ios10TiYHO OGI'PYHTOBAHUX 3aX0/[iB 3HUKEHHS
pU3HKIB y cucTeMi akBakybTypHu (Vanhoutte et
al,, 2016; Gruber-Dorninger et al., 2025).

Mema po6omu - BU3HayeHHsA iHpopma-
TUBHUX 06i0XiMiYHHMX MapKepiB TOKCHYHOI'O
HaBaHTaXXEHHs Ta aJanTalilHUX peaklin
CTAaBKOBUX pUO 3a Jii MIKOTOKCHHIB, HIJISXOM
aHasizy 3MiH TMOKa3HUKIB MeTaboJiuHUX
NpOoLeCiB Yy TKAaHWHAX pUO Pi3HOTO BUAY Ta BiKY.
JlocArHeHHd 0CTaBJIEHOI METHU CIIPSIMOBAHE Ha
nor/aubJeHHs ysiBJeHb PO MeXaHi3MU MiKo-
TOKCUYHOI Aiii, OL[iHKY CTiMKOCTi opraHiamy pu6
JI0 TOKCMYHOTO BIIJIMBY Ta HAyKOBe OOI'PYyH-
TYyBaHHS MiAXOJiB A0 6iobe3nekd B yMOBax
CTaBKOBOI aKBaKyJIbTYpPH.

MIKOTOKCHUHU € LIMPOKO IMOIIMPEHUMU
KOHTaMiHaHTaMHd KOpPMOBOI CUPOBUMHHU Ta
KOMOIKOpMIB JJ11 pub, L0 3yMOBJIOE iX
NOCTiHEe HAAXOJXEeHHd [0 OpraHi3Mmy rizapo-
6ioHTiB y mpoueci BupoiyBaHHs (Koletsi et al.,
2021; Gruber-Dorninger et al.,, 2025). Jocaia-
>)KEHHsI OCTaHHiX POKIB CBifjluaThb nmpo 6araTo-
KOMIOHEHTHUH XapakTep KOHTaMiHaLil
KOpPMIB, KOJIM OJHOYAaCHO BUABJAKTH KiJbKa
peryJiboBaHWX, MaCKOBAaHUX 1 «HOBUX» MIKO-
TOKCHHIB, 1[0 MOTEHI[iAHO MiJCUJIIOE TOKCHUY-
HUHN edeKT i YCKJIIaJHIOE OLiHKYy PU3UKIB [
akBakyJsbTypu (Kovalsky et al.,, 2016; Gruber-
Dorninger et al., 2025).

AdnatokcruH Bl BBakaeTbc OJHUM i3
HaM6i/JIbII He6e3leYHHUX MiKOTOKCHUHIB 3aBASKU
BUpa)KEeHIN renaTOTOKCUYHIM, KaHLepOTeHHIN
Ta reHOTOKCHYHi# A1il. Moro HeraTUBHMIA BIJIMB
JeTaJbHO ONMCAHO JJiF Pi3HUX TPyl TBapHH i
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JIIOJUHY, 30KpeMa y BHUINAAKaX TOCTPUX Ta
xpoHiyHuX adnatokcukosiB (Lye et al., 1995;
Strosnider et al., 2006). lsis1 pu6 BCTaHOBJIEHO,
0 apsiatokcuH B1 nopyiuye pict, 06MiH 6isKiB
i JinigiB, cipU4rHSAE CTPYKTYpHiI Ta QyHKILiO-
HaJIbHI YIIKOA)KeHHS NMeYiHKU U iHIIUX OpraHiB
(Liu et al, 2023; Fornari et al, 2023).
AnanoriyHo T-2 TOKCHH XapaKTepHU3yETbCH
LUTOTOKCUYHOIO Ta IPOOKCUAAHTHOIO Ji€l0, 1110
NpU3BOAUTL [0 TJIMOOKUX MeTabOoJIYHUX
nopyiueHs y riapo6ionTis (Mekhed, 2024).

O HUM i3 KJII0OUOBUX MEXaHi3MiB MiKOTOK-
CUYHOI Ail € IHAYKLIA OKCUAATUBHOIO CTpPeECy,
110 NPOABJAETbCH AKTHUBALEI IMEPEeKUCHOTO
OKHCHEHHS JIiNiiB Ta JgecTabiiizaliero KaiTuH-
HUX MeMOpaH. [lokazaHo, 110 IHTEHCHUBHICTb
[10JI y TkaHWHaxX pU6 3pOCTa€ Mij BIJIMBOM
TOKCUKAHTIB  pi3HOl  XiMi4YHOI  NpPUPOAH,
BKJIIOYHO 3 MIKOTOKCHHAaMHM, i MOKe pO3IJs-
JlaTUCS dK YyTJUMBUK 6ioXiMiYyHHMM Mapkep

TOKCUYHOTO HaBaHTaXeHHs1 (Simonova &
Mekhed, 2025b). 3minu piBHA npoaykTiB I10J1
KOpeJIlolTh i3 QYHKIiOHAJIbBHUM CTaHOM

Ne4YiHKM Ta aHTUOKCUJAHTHOI CUCTEMH, 10
J[I03BOJIFE OLIHIOBATU CTYIiHb YIIKOJXKEHHH 1
ajlanTalliliHi pe3epBU OpraHiamy.

BaxxsnBe wMicne cepes  6ioXiMiuHUX
MapKepiB MiKOTOKCHKO3iB 3aMMalTb IOKa3-
HUKHA HykJeiHOBoro o6MiHy. [lopyumeHHs
CMHTe3y Ta BMICTY HYKJIEIHOBUX KUCJIOT Y
TKaHWHax pyUb CBiAYaTh NPO FeHOTOKCUYHUU
epekt adsnatokcuHy Bl Ta mnpurHiueHHs
nposideparuBHux npoueciB (Filonenko &
Mekhed, 2025). Taki 3MiHU pO3ras/al0ThCs He
JIULIe K IPOSAB TOKCUYHOTO YPaXKeHHs, a U AK
NOKa3HUK IJIMOUHU MeTaboJ1i4HOI epeby0BU
KJIITHH y BiIMOBiAb Ha J1it0 KCEHOBIOTHKIB.

JlociimpKeHHd, IpoBeJieHi Ha KOPOIOBHUX
pubax, [eMOHCTpPYIOTb, W0 6ioxiMiyHi Ta
reMaToJIOTIYHI IOKa3HUKU MOXYTb 3a3HaBaTHU
aJlaTUBHUX 3MIH y BIANOBiAb HA XpOHIYHE
TOKCMYHE HaBaHTaXKeHHS, Bifo6Gpakaroyu
cnpoby opraHiamMy 30epertd TIoMeocCTas
(Nikolaenko et al., 2023; Shkurko et al., 2024).
BojHo4yac HakonuWyeHHA MIKOTOKCHUHIB Yy
TKaHUHAax, 30KpeMa y M’si3ax i meviHIji, CTBOPIOE
PU3HUKH SIK /11 3/J0POB’sl pUO, TaK i A/1g1 6e3mneKku
npoaykuii  akBakysabTypu (Polotnianko &
Mekhed, 2023).

JlocnipkeHHd, IpOBeJieHl B pi3HUX perio-
Hax CBITYy, CBijYaThb NP0 CUCTEMAaTU4YHE BUAB-
JIEeHHS] MiKpOCKOMIYHUX I'PpU6iB i MiKOTOKCHUHIB
y INpPOAYKTaXx TBApPUHHOIO IOXOJKEeHH,
BKJIIOYHO 3 GepMEHTOBAHMMU M’ SICHUMH BHUPO-
6amuy, 1[0 NiZKpPec/I0€ YHIBepCcaJIbHUIM XapaKTep
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npo6JjieMH MIKOTOKCHUKO3iB y arpomnpopo-
Bosibuux cucrtemax (Pleadin et al, 2017).
3abe3nedyeHHs1 AKOCTI Ta 6e3neKH NPOAYKLii
TBAapUHHOTO  IMOXOJKEHHs  Oe3nocepesHbO
NoB’si3aHe 3 KOHTpOJIeM KOHTaMiHaljii KOpMiB
TOKCUYHUMM CIIOJIyKaMH, 30KpeMa MiKOTOK-
CMHAMH{, L0 PpO3IJAAJLAETbCA (K OJUH i3
K/JIOUYOBUX HANpAMIB Cy4acHUX CTpaTeriu
xap4oBoi 6e3neku (Sevi et al., 2016). 3 oraany
Ha J0BeJleHy 3/1aTHICTb MiKOTOKCHHIB 36epi-
raTUMcd y Xap4yoBUX INPOAYKTAX Ta aKyMYJIIO-
BaTHUCA B TPODIUHUX JIaHLIOTaX, aKTYaJIbHUM €
JlOCJIiI>KEHHS MeXaHi3MiB ix Aiil Ha riApo6ioHTIB
i momyk 6ioXiMiYHMX MapKepiB TOKCUYHOTO
HaBaHTaXeHHA B yMOBaX AaKBaKyJbTypH
(Mushtaq et al, 2012; Pleadin et al, 2017;
Hassan, 2018).

TakyM 4MHOM, aHaJli3 HAYKOBUX JKepeJ
CBIJYMTBD, 110 KOMIIJIEKCHA OIjiHKa 6i0XiMiYHMX
IIOKa3HUKIB - IHTEHCHUBHOCTI IepeKHUCHOIo
OKMCHEHHd JimifiB, CTaHy HYKJEIHOBOro
00MiHYy Ta 3araJibHUX MeTab0JiYHUX 3pYIIEeHb —
€ NepClIeKTUBHUM INiJX0J0M [/ BUABJIEHHA
MapKepiB TOKCUYHOIO HaBaHTaXXeHHA 1
afanTaliiHUX peakliil CTaBKOBUX pUb 3a Jii
MIKOTOKCUHIB. OlHaK NUTaHHA IHTerpoBaHOI
iHTeprnpeTalii UX MapKepiB 3 ypaxyBaHHAM
BUJly pUO i XapakTepy TOKCUYHOTO BIJIUBY
notpebye MNOAAJbUIMX [JOCHI[KEHb, 10 U
3YMOBJIIOE aKTyaJIbHICTb JJaHOI pOOOTH.

Marepiasu Ta METOAU AOCAIAYKEHHA

ExcneprMeHTasIbHI JOC/IP)KEHHS IPOBO-
aunuvcs ynpogoBx 2023-2025 pokiB Ha 6asi
npo6JieMHOI HayKOBO-Z0CJiHOI JiabopaTopii
ekoJIoTiuHoi 6ioximii, ixTiosorii Ta 6iokopo3ii
NpUPOJHUYO0-MATEMATUYHOTO bakysnbTeTy
HanionanpHoro yHiBepcuTeTy «HepHIriBCbKUM
koseriym» imeHi T.I'. llleByenka. Pob6oTu 3i
CTaH/apTHUMHU 3pa3KaMU MiKOTOKCHHIB BUKO-
HyBaJIUCS Ha 6a3i akpeAHUTOBaHOI JlabopaTopii
JlepKNpoACIoKUBCIYKOU YKpaiHHU.

06’ekTOM JOCJiPKEHHSA OYyJM CTaBKOBI
pubu poaunu Cyprinidae, 30kpemMa Kopon
ayckatuit (Cyprinus carpio Linnaeus, 1758)
pi3HOro BiKy Ta Kapach 3BU4alHUM (Carassius
carassius Linnaeus, 1758). Pu6 yrpumyBaiu B
eKcrepyuMeHTa/lbHUX yMoBax y 200-1iTpoBUX
aKBapiymMax 3 BIJCTOAHOI BOJONPOBIJHOIO
BO/IO0 3a L[JIBHOCTI mocagku 1 ek3eMmJisip Ha
40 nM® BoAH. Yuponosx Ao0cCaily KOHTPOJIIO-
BaJIU Ta NiATPUMYyBaJIU CTAOIIbHI rigpoxXiMivyHi
NOKa3HUKHU BOJM (TeMIlepaTypa, BMiCT pO34H-
HeHOoro KucHio, pH).

MiKOTOKCUYHE HaBaHTaXKEHHSI MO/JEJIIo-
Ba/lM LLJISAXOM BHECEHHS y BoAy abo KopM
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pO3paxyHKOBUX KijJbKocTeld aduaTokcuHy Bl
abo T-2 TOKCHMHY B KOHIeHTpallil, 1110 BiMOBi-
JlaJla 2 TPaHUYHO JONYCTUMUM KOHLLeHTpaLiaM
(2 TAK). KonTposibHa rpyma pub YyTpUMY-
BaJlacsl B aHAJIOTIYHUX yMOBax 6e3 J0JaBaHHSA
MiKOTOKCHUHIB. TpHBasicTh eKCro3ulil BU3Ha-
yajlacd CXeMOK eKCIIepMMEHTY Ta CTAaHOBUJIA
Bi/| KiJIbKOX /116 10 XpOHIYHOTO BIJIMBY.

3MiHM OKa3HUKIB eHepreTUYHOro 0OMiHy
B TKaHMHaxX pub OLiHIOBaJlM 3a BMIiCTOM
ajileHisioBux HykseoTuais (AT®, AAD, AMD),
AKi BU3Ha4YaJIU MEeTOJ0M BUCXiZJHOI OAHOMIPHOI
TOHKOILIApOBOI xpoMaTtorpadii Ha cuJika-
rejieBUxX IJacTUHKax «Sorbfily» 3 moganbiium
CHeKTpOPOTOMETPUYHMUM aHali30M NpPU [O0B-
KUHI XBUJI A = 260 HM. OTpuMaHi 3HaYeHHS
BUKOPUCTOBYBaJIM [Ji1 PO3PaxyHKy aJieHi-
JIaTHOTO eHepreTuuyHoro 3apsazay (AE3), cmis-
BiJHOLIEHHA aJieHIJIOBUX HYKJEOTHUJIB Ta
MMOKAa3HMWKA AMHAMI4HOI Macy aJleHiJlaTKiHa3HOl
peakuii (IMAK), 110 /103B0JISIJIO OL[IHUTU CTaH
eHepreTUYHOro MeTaboJsi3aMy  KJIITUH ¥y
TKaHWHaX pub pi3HOro BUJY Ta BIKY.

[HTEHCHUBHICTb NEPEKUCHOTO0 OKUCHEHHA
JIiNiJIiB y TKAaHMHAX pyu6 BU3HA4Ya/Ik 32 BMICTOM
BTOpMHHUX mnpoaykTiB II0JI - Tio6ap6i-
TYPOBOKHCJOTHO-aKTUBHUX NpoAyKTiB (TBK-
aKTHBHUX CIOJYK), SIKi BU3HaA4ya/u CIEKTPO-
bOTOMETPUYHMM METOJOM 3a peakLi€wn 3
Ti06apOITYypOBOIO KMCJIOTO 3 BUMipIOBaHHAM
ONTUYHOI T'YCTUHM NIpU A = 532 HM. Pe3ysibTaTu
BUpa)kaJlU B HMOJIb MaJIOHOBOTO Jia/bJerify
Ha 1r TKaHUHM, L0 [JO3BOJISJIO OILIHUTHU
CTYIiHb OKCUZATUBHOTO YIIKO/PKEHHA KIIITUHHUX
MeMOpaH 3a /iii MiKOTOKCHUHIB.

[l XapaKTepUCTUKA  MeTaboJIiYHUX
npoleciB y TKaHMHAxX pU6 BHU3HAYAJIU BMICT
HeopraHiyHoro ¢ocdopy 3a metogom Dicke-
Cy66apoy, a TakoX aHaJli3yBaJiu 3MiHHU IOKas3-
HUKIB eHepreTU4YHoro o6MiHy, L0 Bifgob6pa-
»KalTh QYHKIIOHAJIbHUM CTaH KJIITHH B yMOBax
TOKCUYHOTO HaBaHTaxXeHHA. OTpuMaHi 6ioxi-
MiyHi MOKa3HUKU PO3IJIAfasu dK iHPopMma-
TUBHI MapKepu MeTaboJ1iuHOI Mepebyl0BU Ta
ajlanTalilHUX peakLid opraHiamy pub y
BigmoBigb Ha Aito adsatokcuny B1 Ta T-2
TOKCHHY.

KoMmIsiekcHe  BUKOPUCTAaHHA  MeETO/iB
aHaJizy HyKJ1eIHOBOro o6MiHy, iHTEHCUBHOCTI
NepeKUCHOr0 OKHMCHEeHHs JiiniziB i meTabosiu-
HUX TPOILECIB AO3BOJIMJIO OIiHUTHU fIK piBEHb
TOKCUYHOI0 HaBaHTaXKEHHS, Tak i aganTaLinHi
MOXKJIMBOCTi OpraHi3My CTaBKOBHX pUO Pi3HOTO
BUJY Ta BiKY.
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Pe3yabTaTH AOCAIA’KEHHA Ta OOroBO-
peHHA

PesysibTaTy JOC/HI>KEeHb CBIAYATh, 110 Aif
adsatokcuHy B1 ta T-2 TOKCHHY CynpOBOKY-
€TbCH ICTOTHUMU 3MiHAaMU IIOKa3HUKIB eHepre-
TUYHOr0 OOMiHY B TKaHMHaX CTaBKOBHUX pHO.

Y pocnigHux rpynax pub BiA3Hadasocs 3HU-
»KeHHf BMicTy afieHo3uHTpudochaty (ATD) Ha
TJIi TMiJABUILEHHS KOHIEHTpalill aJeHO3UH-
nudocohary (AAP) Ta ageHo3uHMOHOpOCPHaTy
(AM®) nopiBHAHO 3 KOHTpPOJIEM, 1110 CBiAYUTH
PO MOPYLIEHHSI eHepreTUYHOro roMeocCTasy
KJITHUH (Tab.. 1).

Tabauys 1

3MiHU ITOKA3HUKIiB HyKA€{HOBOro 0OMiHy B TKAHMHAX CTABKOBUX puO
pi3HOrO BHAY Ta BiKy 3a Aii Mikorokcuuis (M £ m)

ATO, AAD, AMO,
. YMoBU
Bug putn Bix oci MKMOADL/T MKMOAB/T MKMOADL/T AE3
|
A Ay TKAHHN TKaHHU TKAaHHN
KOHTpOAb 3,85+0,12 1,24 + 0,05 0,56 + 0,03 0,83
. AdaaTokcuu
ITbOTOAITKU (13 B1 2,96 £ 0,10* 1,58 £ 0,06* 0,81 £ 0,04* 0,75
Kopor[ T-2 Tokcun 2,74 £ 0,09* 1,71 +£0,07* 0,88 £ 0,05* 0,72
AyCKaTI/HZ KOHTpOAb 4,12 +0,15 1,18 + 0,04 0,49 + 0,02 0,85
. AdaaTokcun . . .
ABOPIUYKIU B1 3,21+0,11 1,46 £ 0,05 0,73 £0,04 0,78
T-2 Tokcun 3,02 +0,12* 1,59 + 0,06* 0,79 % 0,04* 0,75
KOHTpOAb 3,64+0,13 1,32 £ 0,06 0,61 +0,03 0,81
) Adaaroxkcuy
IIbOTOAITKI q) B1 2,88 +0,10* 1,62 +0,07* 0,86 + 0,04* 0,73
KapaCb T-2 TokcuH 2,65 £ 0,09* 1,75 £ 0,08* 0,94 + 0,05* 0,70
3BUYAVHUI KonTtpoap 3,92+0,14 1,25 + 0,05 0,54 + 0,03 0,84
) AdaaTokcua
ABOPIYKIU Cb B1 3,10+ 0,11* 1,48 £ 0,06* 0,77 £ 0,04* 0,77
T-2 TokcuH 2,89 +0,10* 1,63 +0,07* 0,83 + 0,04* 0,74
OgHUM i3 KJWYOBMX HacaigkiB  Ail CBIJYUTH PO BUILY CTIMKICTb CTAPLIUX BIKOBUX

MIKOTOKCHMHIB Ha oOpraHiam pu6 € iHAyKLig
OKCUJIQTUBHOTO CTpeCy, L0 HiJTBEPKYETHCA
3pOCTaHHAM  IHTEHCUBHOCTI  IE€PEeKHUCHOTO
OKUCHEHHH JINiAIB y TKaHUHAX JOCJiJHUX
rpymn. Y pes3ysbTaTi €KCIepUMEeHTy BCTaHOB-
JleHO JocToBipHe mniaBuilieHHda BMicTy TBK-
aKTUBHHUX MPOAYKTIB y MNediHLi Ta M’A30Bid
TKaHUHI pub 3a aii gk adpsnatokcuny Bl, Tak i
T-2 Tokcuny.

Tak, y mediHUi [bOroJIiTOK KopoIma
JyckaTtoro BMicT TBK-akKTUBHUX NPOAYKTIB y
KOHTPOJIbHIM Tpyni CTaHOBUB y CepeJHbOMY
3,6 £ 0,2 umoaib MJIA/r TKaHUHU, TOA] SIK 3a Aii
adiaTokcuHy Bl 1eill mokasHUK 3pOCTaB [0
51+0,3 umoab/r (p < 0,05), a 3a gii T-2
TOKCcUHY - 10 5,7 + 0,3 umounb/r (p < 0,05). ¥
JIBOpiuoKk Kopomna iHTeHcuBHicTb [10JI OGysa
Jelio HMxk4oto: BignosigHo 3,2 + 0,2, 4,4 £ 0,2
Ta 49 * 0,3 HmMoab MJIA/r TKaHUHH, IO
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rpyI 0 MiKOTOKCUYHOT'O HABaHTAKEHHS.

Y kapacs 3BMYaHMHOrO 3MiHM IHTEHCHUB-
HOCTi NEepeKHCHOr0 OKUCHEHHs JiliAiB Oy/u
Oisbll BHpaXXEeHUMHU. 30KpeMa, y MediHni
LbOTOJIITOK KOHTPOJIbHI 3HaYeHHA CTaHOBUJIU
3,8 £+ 0,2 uMosib MJIA/r TKaHUHHM, TOJI K 3a
Aii apsatokcuny Bl piBenb TBK-akTuBHUX
NPOAYKTIiB miZiBUIyBaBcs A0 5,6 + 0,3 HMOJIb/T, a
3a aii T-2 TokcuHy - g0 6,2 * 0,4 HMOJIB/T
(p<0,05). ¥ pBopiuok Kapacs BifNnoBiiHI
NMoKa3HUKU ckaagaaun 3,4+0,2, 48+£0,3 Ta
5,3 +0,3 umosib M/IA/T TKAaHHUHU.

AHasioriyHa TeHeHLif NpocTexXyBaJacs i
B M's130Bill TKaHMHiI pu6, Xo4ya abGCOJIOTHI
3HaYeHHS OyJM HIWKYUMHU. Y 1bOTOJITOK
kopona BMicT TBK-akTUBHUX MNpPOAYKTIB
3poctaB 3 2,1 + 0,1 HMOJIb/T y KOHTpPOJIi [0
3,2+ 0,2 umMonb/r 3a Aii apaatokcuny Bl Ta
3,6 £ 0,2 HMosb /T 3a fii T-2 TokcuHy. Y Kapacs
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3BUYAMHOTIO BiZIIOBiAHI TOKa3HUKH CTaHOBUJIU
2,3+0,1, 3,6 £ 0,2 Ta 4,0 £ 0,3 umosnb MJIA/r
TKaHUHHU (p < 0,05).

[locunennsa I10JI cBigYUTH NpPO YIIKOJ-
YKeHHs JIiNiAHOTO 1apy KJITUHHUX MeMOpaH Ta
3HW)KEHHS iXHbOI CTPYKTYpPHO-QYHKIiIOHAJIbHOI
ctabisibHocTi. Bigmomo, mo adsaatokcuHn Bl
3/laTHAM I[HILIIOBAaTH YTBOPEHHS AaKTHUBHUX
$bopM KHCHIO, 1[0 NPU3BOAUTH [0 Jiinomep-
OKCHaAllii Ta BTOPUHHUX MeTaboJIiYHUX Mopy-
meHb (Pickovaetal., 2021; Simonova & Mekhed,
2025a). AHasoriyHi MexaHi3Mu Jiii XapaKkTepHi
Y s T-2 TOKCUHY, 1KUMW NPOSIBJSIE BUPAXKEHY
IPOOKCUJAHTHY akTUBHICTb (Mekhed, 2024).

3HauyHe MiZBUILEeHHA PiBHA NpPOAYKTIB
nepekMcHoro okucHeHHsa JainmigiB — (I10JI),
30KpeMa MaJIOHOBOIO Jiajbjerify, ciaifn pos-
rasafaTy  AK  QyHAaMeHTa/bHUM, paHHIA |
Ha/I3BUYAalHO YYTJMBUN Oi0XiMiYHHUN Mapkep
€K30reHHOTO TOKCUYHOI'0 HaBaHTakeHHs. Llen
NOKa3HUK iHTerpajbHO BifoOpakae He Jjulle
6e3nocepeiHiN CTYyNiHb JeCTPYKIil KJITUHHUX
MeM6paH, a ¥ 3araJibHUM CTaH Ta ePEKTHUBHICTb
afanTalikHUX  peaklid aHTUOKCUJAHTHOI
CUCTEeMHU OpTraHi3My y BiANOBiAbL Ha oOKcuAa-
THBHUM CTpec.

BusaBsieHi HaMU 3aKOHOMIpPHOCTI IOCH-
JIeHHH JIiNonepoKcuAanil 4iTKO y3roXynoTbCA
3 MacHMBOM [aHUX IMONepeHiX AOC/Ii/KEHD,
NpOBeJleHUX Ha Pi3HUX BUJAX KOPONOBUX pUO
32 YMOB eKCHO3ULil [0 TOKCUKAaHTIB pi3HOI
XiMi4HOI TIPUPOJMU - BiJI BaXXKUX MeTaJiB [0
opraHiyHux cnoayk (Simonova & Mekhed,
2025b). e miaTBep/Xye yHiBepcaJbHUHI
XapaKTep BUJIbHOPAJUKAJIbHOIO YIIKOJPKEHHS
AK NEepPBUHHOI JIAaHKU IaTOreHe3y NpPU IHTOK-
cukauii rifpo6ioHTIB.

KoMmsiekcHUM aHaJi3 AUHaMikKM MeTa-
00JIiYHUX NPOLECIB Y KJIIOYOBUX TKAHUHAX PUO
(neviHui, M'Azax, 3s6pax) MpPOJEMOHCTPYBaB,
110 TpHBaJle MIKOTOKCUYHE HaBaHTAKE€HHA
iHiIit0€ T/IMOOKY CUCTEMHY Nepeby10By 0OMiHY
pedyoBUH. 3o0KpeMa, 3adikcoBaHi 3CyBU B
NOKa3HUKAaX €eHepreTUYHOro MeTaboJi3My
CBijYaTh NP0 KPUTHUYHE HAIpPYKEHHS JIAHOK
¢docdaTHOrO 06MIiHY.

lle nposiBisieTbca y AediuuTi Makpo-
epriyHux CHoJIyK Ta MOpYyLIeHHI IpoleciB
aepoOHOro eHeprosabesnedyeHHs KJITHUH, 110
3MyLIYE OpraHi3aM [epexoAWTH Ha MeHIU
epeKTHUBHI aHaepoOHi 1IsAxKU pecunTesy ATO.
Taki 3MiHM BKa3ylTb Ha BUCHaKEHHS (PYHK-
LiOHaJIbHUX pe3epBiB pub Ta PO3BUTOK
MeTabo0JIIYHOT0 JUCOHAHCY, U0 B NOJA/bIIOMY
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MOXe MpPU3BECTU [0 3HUKEHHH pPe3UCTEeHT-
HOCTI onyJALil B LiijioMy.

BoaHouyac BusBJieHI MeTaboJIiuHI 3py-
IIEHHd MaloThb He JiMlle JeCTPYKTUBHUU, a U
aflalTalliiHUM XapakTep. AKTHUBalid KarTa-
60J1iYHUX MpPOLIEeCiB, TePepOo3I0AiJ eHepreTruu-
HUX pecypciB 1 3MiHa CHiBBiHOLIEHHA
aleHIJIOBUX HYKJIEOTU/IB MOXXHA PO3TJIAAaTH
AK MeXaHi3MH, CIOpsAMOBaHi Ha MNiATPUMAaHHA
roMeocTasy 3a YMOB TOKCUYHOTO CTpecy.
[logi6bni aganTauiiiHi peakuil omnucaHi s
KOpomna JIyCKaToro 3a BIUIMBY pi3HUX ¢$opM
AHTPONOTEHHOr0 3a0pyJHEHH Ta TOKCHU-
kaHTiB (Nikolaenko et al., 2023; Shkurko et al,,
2024).

TakuM 4YUHOM, pe3yJIbTaTU AOC/IPKEHHA
CBiZlYaTh, 1110 MOKA3HWKH HYKJIEIHOBOTO OOMIiHY,
IHTEHCUBHOCTI  NEPEKUCHOTO0  OKHCHEHHA
JIiniziB i MeTaboJ/liYHUX MPOLECIB ¥ TKAaHHWHAX
pub € iHpopMaTUBHUMHU GiOXIMIiYHMMH MapKe-
paMyd TOKCUYHOI'O HaBaHTAaXXE€HHHA Ta aJanTa-
LiMHUX peakui 3a il MIKOTOKCHHIB.
KoMIiekcHe BHKOPUCTAaHHA LMX INOKAa3HUKIB
Jl03BOJISIE OiJIbIII MOBHO OXapaKTepHU3yBaTH
MeXaHi3MH MIKOTOKCHMYHOI il Ta OILiHUTH
CTiMKICTh CTAaBKOBUX PUO 0 KOHTAaMiHOBaHHUX
KOpPMIB i BOLHOTO CepelOBUILA.

BucuosBku

YcraHoBJieHo, 10 Aig adpiaTokcuHy B1 Ta
T-2 TOKCHUHY CHPUYUHAE ICTOTHI NMOpYyLIEHHA
eHepreTUYHOro 0OMiHy B TKAHMHAX CTABKOBUX
pub, SAKi MPOSBJSIOTBCA 3HWKEHHSM BMICTY
afeHosuHTpudochaTty Ha TJai 3pOCTAHHA
KOHIEHTpalil aJeHO3UHAW- Ta aJleHO3UH-
MoHodocdaTy. Taki 3MiHU CBiAYaTh PO HANIPY-
>KEHHS1 eHepreTUYHOT0 MeTabo0/1i3My KJIITHH 3a
YMOB MiKOTOKCUYHOT'O HaBaHTa>KEHHS.

3HWKeHHS a/leHIJIaTHOr0 eHepreTUYHOoro
3apsAZy B TKaHMHAx Kopoma JyCKaToro Ta
Kapacs 3BU4alHOI'0 B YMOBaX Jil MIKOTOKCUHIB
BKa3y€ Ha MOpYyLIeHHS NpoLeciB eHepro3abes-
Ne4yeHHA Ta AaKTUBaL[il0 KOMIIEHCATOPHO-
aflanTaliiHUX MeXaHi3MiB, CHpPsIMOBaHUX Ha
MiATPUMAHHA KJIITUHHOIO FOMeOoCTasy.

[TocuyieHHd IHTEHCUBHOCTI MEPEKUCHOrO
OKMCHEHHS JIiNiAiB y TKaHMHAx pub 3a Jii
aduiatokcruHy B1 Tta T-2 TOKCUHY CBIIMUTH PO
PO3BUTOK OKCHUJATUBHOIO CTpeCy Ta YUIKOJ-
’)KeHHS1 KJITUHHUX MeMOpaH, 10 € OJAHUM i3
MPOBIAHUX MeXaHI3MiB TOKCUYHOI Jil Miko-
TOKCUHIB.

BusiBsieHi 3MiHM MOKa3HUKIB MeTabo-
JIIUHUX TMPOLECIB, 30KpeMa eHepreTU4YHOro Ta
dochaTHOro 00MiHY, MalOTh KOMIIJIEKCHUHU
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XapakTep i Bifo6pakaloThb §IK /JleCTPYKTHUBHI
HaCJIIKY MIKOTOKCUYHOTI'O BIJIUBY, TaK 1 azam-
TallilHi peakIiii opraHiamy pu6, cnpsiMmoBaHi Ha
36epexeHHs PYHKIiOHa/JbHOI CTabiJIbHOCTI.
CtyniHb 6i0XiMiYHMX NOpYLIEHb 3aJI€KUTh
BiZ, BUAy Ta BiKy pub6: 6iJiblll BUpaXKeHi 3MiHU
BCTAQHOBJIEHO Yy ILbOrOJIITOK MOpPIBHAHO 3
JBOpIYKaMHM, a TAKOX Yy Kapacd 3BUYAWHOIO

[loka3HUKU eHepeTUYHOTO 0OMiHY, iIHTEH-
CUBHOCTI INEpeKUCHOr0 OKWCHEHHA JimiJiB 1
MeTabO0/IIYHUX IPOLECIB Y TKAHUHAX CTAaBKOBUX
pub MOXYTb OYTU peKOMeHJO0BaHi K iHdop-
MaTHUBHI 6ioxiMi4yHIi MapkKepu TOKCHUYHOTO
HaBaHTaXXEHHs Ta aJanTalilHUX peakin
OpraHi3aMy 3a yMOB KOHTaMiHalii BOJHOTO
cepeZ0BULIA TAa KOPMiB MiKOTOKCUHAMU.

IOPiBHAHO 3 KOPOIIOM JIYCKAaTHUM, 1110 CBIJYUTH
Npo MiKBUJOBY Ta BIKOBY YYTJIMBICTH A0 Ail
MiKOTOKCUHIB.
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IOnis Crynak

CE30HHA IVHAMIKA ®EHO®A3 ULMUS PUMILA L. B CUCTEMI 3AXVICHUX
HACAJDDKEHB M. YEPHITOBA (2023-2025 PP.)

~T

Yuliia Stupak

SEASONAL DYNAMICS OF ULMUS PUMILA L. PHENOPHASES IN
THE PROTECTIVE STANDS OF CHERNIHIV (2023-2025)

AHOTANIA

MeTta po6oTtu. [locaizutu ocobsnBocti nepebiry ¢enosoriunux ¢as iHBasifiHoro Bugy Ulmus pumila L. B
ypb6aHizoBaHOMY cepefoBulli M. YepHiroBa ynpogosx 2023-2025 pokiB Ta BUSHAYUTH NOCJiOBHICTb i TPUBAJICTb
denosorivHux ¢as ta nigdas.

MeTogooriga. PenosoriyHi cnoctepexenHs 3a U. pumila npoBoauaucs ynpoosx 2023-2025 pokiB BifjnoBigHO
no metonuku . M. BelijeMaH 3 MeTOI BHBYEHHs CE30HHUX OCOGJIMBOCTEH PO3BUTKY BUAY. Y BECHSHHUU Nepiof
CTIOCTepeXXeHHs1 3AiMCcHIOBaMCA 3 iHTepBasioM 1-2 nHi, mo A03BO/AJIO JeTalbHO QiKCyBaTH Mo4aToOK i mepebir
oCHOBHUX peHosioriyHuX das. Y NiTHIN Ta ociHHIN nepiou 06J1iK IPOBOAMIIU ABiUi HA TUXKEHb. YCi JaHi cucTeMaTUYHO
3aHOCHJIMCS /10 NT0JIbOBOTO XKypHaJIy criocTepekeHb. [lapanenbHo ¢ikcyBanvcs NOKa3HUKHU TEMIIEPATYPHOTO PEXUMY
NOBITP#, 10 aJI0 3MOTY OLiHUTH BIJIUB TeMIIepaTypHUX YMOB Ha Nepebir peHos1oTivHUX (a3 BUAY.

HaykoBa HoBu3Ha. [IpescTaBieHo pe3ysbTaTy TpupiuHOro ¢peHostorivHoro MoHitopunry U. pumila B yMmoBax
ypb6aHizoBaHOro cepejoBuuia M. YepHiroBa. BusHaueHO MiXpiuHY AUHaMiKy CTPOKiB HacTaHHsS OCHOBHUX (eHO-
JoriyHux ¢a3 i nifgdas Ta BCTaHOBJIEHO TEHJEHLiI0 10 MOJ0BXeHHS BereTaliliHoro nepiofy. O6IpyHTOBAaHO TeMIle-
paTypHi fianazoHu MPOXO/PKeHHS KJII0Y0BUX deHodas i maTBepKeHO 3aJIeXKHICTD iX HaCTaHHS BiJ| cepeJHbO060BUX
NIOKa3HUKIB TeMIlepaTypHu MOBITPA, L0 YTOYHIOE perioHajbHI 0COGJMBOCTI Ce30HHOIO PO3BUTKY BHJAY B yMOBax
MIiCbKOI'0 MiKpOKJ/IMaTy.

BUCHOBKHM. 3a pe3yabTaTaMU TPUPIYHUX PEHOJIOTIYHUX CIIOCTEPEXKeHb BCTaHOBJeHO, o U. pumila B cucteMi
3aXMCHUX HacaJpkeHb M. YepHiroBa XapaKTepHU3yeETbCS PaHHIM NOYaTKOM BereTaljil 3a HU3bKUX CepeJHbOJ000BUX
TeMIlepaTyp, CTabiIbHUM PUTMOM PO3BUTKY Ta TEHJEHIIEI0 /10 TOLOBXKEHHS BereTaliliHoro nepioay (239-267 nuis).
OTpuMaHi pe3ybTaTH CBiAYaTh, 110 €KOJIOTYHO MJIACTUYHUHY, iHBa3iliHO HeGe3neuHuil BUj U. pumila B yMoBax CUCTEMU
3aXMCHUX HacaJKeHb M. UepHIirosa 3ZjaTHUU YCHIIIHO MPOXOJWUTH NMOBHUM LUKJ CE30HHOTO PO3BUTKY 3a LIMPOKOTO
Jiana3oHy TeMIepaTypHUX yMoOB. BusBieHi ¢eHosioriuyHi 0cob6JMBOCTI MOXKYTb OyTH OJiHi€EI0 3 mepefyMOB HOro
cTabiibHOro QYHKIIOHYBaHHA Ta NMOJAJbIIOr0 MOIIMPEHHS B PerioHi, 1[0 0GI'PYHTOBYE AOLIJbHICTh MOJAJIBIIOTO
MOHITOPUHTY (EHOJIOTIYHUX XapaKTePUCTHUK BUAY B Mexxkax YepHiriBcbkoro [losiccsi, 30KkpeMa 3a MeXaMU MiCbKHX
€KOCHUCTEM.

Kiro4oBi ci1oBa: YepHiris, iHBaziliHi BUuau, peHoioris, TeMnepaTypa nositps, Ulmus pumila L.
ABSTRACT

Purpose of the work. To investigate the characteristics of the phenological phase progression of the invasive
species Ulmus pumila L. in the urbanized environment of Chernihiv city during 2023-2025, and to determine the
sequence and duration of phenological phases and subphases.

Methodology. Phenological observations of U. pumila were conducted during 2023-2025 in accordance with the
methodology developed by I. Beideman, aiming to study the seasonal developmental patterns of the species. In the spring
period, observations were carried out at 1-2 day intervals, which allowed detailed recording of the onset and course of
the main phenological phases. During the summer and autumn periods, observations were conducted twice a week. All
data were systematically recorded in a field observation log. In parallel, air temperature parameters were recorded,
which made it possible to assess the influence of thermal conditions on the progression of the species’ phenological
phases.

Scientific novelty. The results of a three-year phenological monitoring of U. pumila under the conditions of the
urbanized environment of Chernihiv city are presented. Interannual dynamics of the timing of the main phenological
phases and subphases were determined, and a tendency toward prolongation of the vegetation period was identified.
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Temperature ranges for the occurrence of key phenophases were substantiated, and the dependence of their onset on
mean daily air temperature was confirmed, which refines regional features of the seasonal development of the species

under urban microclimatic conditions.

Conclusions. The results of three-year phenological observations indicate that U. pumila in the urban environment
of Chernihiv is characterized by an early start of vegetation at low average daily temperatures, a stable rhythm of
development and a tendency to an extended vegetation period (239-267 days). The results obtained indicate that the
ecologically plastic, invasively dangerous species U. pumila in the system of protective plantings of the city of Chernihiv
is able to successfully undergo a full cycle of seasonal development under a wide range of temperature conditions. The
identified phenological features may be one of the prerequisites for its stable functioning and further distribution in the
region, which justifies the feasibility of further monitoring of the phenological characteristics of the species within the
Chernihiv Polesie region, in particular outside urban ecosystems.

Key words: Chernihiv, invasive plants, phenology, air temperature, Ulmus pumila L.

Beryn

JocnipkeHHa nepebiry ¢eHoJoriYHUX
$a3 poc/vMH € BaXXJIMBHMM HAaNpsIMOM CYy4aCHUX
0ioJIOTiYHMX Ta EeKOJIOTIYHUX JIOCJIi/>KEeHb,
OCKiJIbKM (peHOJIOTiYHI COoCTepeXeHHs JalTh
3MOTY OLIIHUTH 0COOJIMBOCTI CE30HHOTO PO3BUTKY
POCJIMH Ta IXHIO peakKllito Ha 3MiHM ab6i0TUYHHUX
YMHHUKIB, HacaMIepe/, TeMIIEPAaTYPHOr'0 PeXUMY
(Nord & Lynch, 2009).

Oco6/1MBOiI  aKTyaZIbHOCTI B Cy4YacCHHUX
yMOBaxX HaOyBaWTb JOCAiJ»KeHHs ¢eHoJoril
IHBa3iMHUX BU/JIB POCJWH, fKi XapaKTepu-
3yIOTbCH BHCOKOK €KOJIOTIYHOKW IJIaCTHUY-
HICTIO, 3[aTHICTIO LWIBUAKO aJaNTyBaTUCA [0
HOBUX YMOB 3pOCTaHHA Ta CYTTEBO BIJIMBATH
Ha CTPYKTYPY MiCL|eBUX EKOCUCTEM Yepe3 3MiHy
KOHKYPEHTHUX B3a€EMO/ iU | pexKUMIiB BUKOPUC-
TaHHd pecypciB (Davidson et al.,, 2011).

JocnaimxeHHs dpeHooriyHUX cTafil iHBa-
3IMHUX BU/JIB € KDUTUYHO BaXKJIUBUM, OCKIJIBKU
BiAMIHHOCTI B 4aci HacTaHHA Ta TPHUBAJIOCTI
UBITIHHA ¥ iHWKX peHoPa3 Mixk iHBa3iMHUMU
Ta abOpUreHHUMU BUJAMH MOXYTb HOSICHIO-
BaTU MexXaHi3MM IXHbOI yCHilIHOI afganTauii Ta
HaTypaJsi3anii B HeTUIIOBUX [JI1 HUX €KOCHUC-
TeMax (Lazaro-Lobo et al., 2025).

AHnani3 nepebiry ¢peHosioriunux ¢pas g03-
BOJISIE IPOTHO3YBATH aZlaliTallinHUU IOTEHIiaJ
IHBa31MHUX BU/IB [0 HOBUX YMOB CeEpelOBUIILa,
OL[IHIOBATH IXHiM BIJIUB Ha CTPYKTYpPY MiCLEBUX
6ioLleHO03iB, a TAaKOX € BaXKJIMBOIO CKJIaJI0BOIO
OLIiHKM iHBa3iMHOTO PU3UKY Ta pPO3po6JIeHHS
epeKTUBHHUX CTpaTerii MOHITOPUHTY ¥ KOHT-
poJII0 iHBa3iMHUX BUJIB Y PI3HUX €KOCHCTeMax
(Gioria et al., 2018; Liang et al., 2025).

OaHuM i3 JAepeBHUX BHUJIB, 110 aKTUBHO
NOIIUPIOETHCS B YpOaHi30BaHUX €KOCUCTeMax
M. HepHirosa Ta nposBJiiE BACOKY €KOJIOTIYHY
IJIACTUYHICTD 1 34aTHICTb A0 HaTypaJsisalii B
yMOBax aHTPONOTeHHUX JaHAwadTiB, € Ulmus
pumila L. - Tak 3BaHUH CUBIPCbKUN B’AA3, AKUU
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NMoxXoAMTh i3 CxigHoi A3ii i 3JaTHUH BKWBATH
B ILIMPOKOMY [Jiala30Hi €eKOJIOTIYHUX YMOB,
BKJIIOYHO 3 IMOCYUJIMBUMH, XOJIOAHHMH Ta
yp6aHi3oBaHUMM cepeioBULIIaMU (Zalapa et al.,
2010). Len Bujg y OaraTboX perioHax CBITYy
pO3rJISiIa€ThCA SIK a/IBEHTUBHUN abo iHBa3iil-
HUW BU/| Yyepe3 HMOro 34aTHICThb [0 LUIBUJKOTO
PO3MHOXEHHA Ta pPO3NOBCIO/PKEHHS, BKJIIO-
4Yaw4u TpaJMLilHe BHUKOPUCTAHHA MHOr0 B
o3esieHeHHi, QiToiHTpoAyKLii Ta aHTpono-
reHHUX Haca/pKeHHSX, 10 COpUAJO0 HOro
INPUPOJHIA KOJIOHI3aLil HOBHUX TepUTOPIU
(Reynolds et al., 2022).

Bigomo, mo U. pumila iHTpoaykoBaHUU B
Ykpaini HanpukiHni XIX-XX ct. (Kucher et al,
2024), HuHi QiKCyeTbCA Y Pi3HUX NPUPOAHUX i
aHTPOINIOTEHHUX YMOBaX IO BCid TepuUTOpii
Kpainu. lled BUJ Bif3HAYa€eTbCA cepeji iHBa-
3iMHUX JlepeBHUX TAKCOHIB B yp06aHi30BaHUX
3esieHUX Haca/xeHHAX M. Kuesa (Vyshenska &
Lysenko, 2025), ujo nigkpecitoe Horo 31aTHICTb
YKpPIIJIIOBATUCA B MICBKUX cepezoBUILax. /laHi
MOHITOPUHTY QJiopH J1icOBOro POHAY CBil4aTh,
wo U. pumila 3aliMae MOMITHY 4acTKy cepej
poay Ulmus L. y niBJjeHHUX Ta CXiJHUX perioHax
Ykpainy, 1o niATBeppKy€ HOro IUPOKe MOIIU-
peHHs 11032 MeXaMH NEepPBUHHUX HacaJXeHb
(Meshkova et al, 2024). Kpim Toro, Hu3Ka
Cy4YaCHUX BIJJUU3HAHUX HAYKOBLIB pO3rJdJa€
U. pumila six noTeHI[iiHO iHBa3iMHUN KoMIIO-
HEHT ypOOEKOCUCTEeM B yMOBaX KJiMaTHUYHUX
3MiH, 0COGJIMBO Y3/10BK TPAHCIOPTHUX KOpHU-
JIOpiB i B MiCI[IX BUCOKOTO aHTPOIOTEeHHOTO
HaBaHTaxkeHHs (Lykholat et al., 2018).

OxpeMi acieKTH HeHOJIOTIYHOT0 PO3BUTKY
U pumila B cucteMi 3aXMCHHUX Haca/»KeHb
M. UepHiroBa 6y/i1 BUCBiTJ/IEHI aBTOpPOM y Ho1e-
peaHiit my6uikanii (Stupak, 2023), ge mnpen-
CTaBJIEHO pe3yJbTaTU PEeHOJIOTIYHUX CocTepe-
>KeHb 3a BeCHAHO-JITHIN nepiox 2023 poky Ta
O0XapaKTepU30BaHO CTPOKHU HACTaHHS OCHOB-
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HUX BereTaTUBHUX 1
PO3BUTKY BUAY.

BozaHo4ac KoMIJIEKCHUN aHaJsli3 TOBHOIO
CEe30HHOr0 LUKy po3BUTKY U. pumila, Mix-
piyHOi JUHaMiku ¢eHoOTiYHUX (a3 Ta TeMIe-
paTypHUX YMOB IX MPOXOPKEHHA YIPOJOBXK
TpupiyHoro nepioay (2023-2025 pp.) B cucremi
3aXUCHUX HacaJkeHb M. YepHirosa pasilie He
3[liiCHIOBaBCA. TakKUM 4YHWHOM, IpeJCTaBJieHe
JOC/TI/PKEHHA € TPOJOBXEHHAM 1 CYTTEBUM
pO3IIMPEHHAM IONepeHIX CIOCTepeXeHb Ta
YTOYHIOE perioHasibHi 0CO6JMBOCTI CE30HHOTO
PO3BUTKY BHUAY B Mexax YepHIriBcbkoro
[Tosicca.

3 orsifily Ha BUKJIAJleHe, METOK JOCJif-
>)KEHHs € 3’sCyBaHHS1 0COOJIMBOCTEMW mepebiry
denosoriunux ¢as inBasiniHoro Buay U. pumila
B CHUCTeMI 3aXMCHHUX HacaJpkeHb M. YepHirosa
ynpoaoBx 2023-2025 pokiB Ta BU3HA4YE€HHS
MOCJAiJOBHOCTI ¥ TPUBAJIOCTi OCHOBHUX (eHO-

daz i nigdas.

Marepiasu Ta METOAU AOCAIAPKEHHA

reHepaTuBHux ¢a3

Jns deHosioriuHOrO AocaigKeHHS OYJ0
00paHO WICTb CepeJHbOBIKOBUX, 3J0pPOBUX
nepeB U. pumila, siki 3pocTaloThb y3/40BXK 3aJ1i3-
HU4YHOI KoJuiii Ha mHiBJEeHHO-3axigHiIM OKOJINIIi
M. YepHirosa. /lepeBa Ma/ii BUCOTY NPUOIU3HO
13-15M Ta nepebyBasiMi Yy 3a[0BiJIbHOMY
¢diTocanitapHoMy crtaHi. [JocnigxeHHss npoBo-
JIUJIoCs Ha TiM caMiil AinsHIj, 1o 6yJsia oXapak-
Tepu30BaHa y nonepe/Hii nyoaikanii (Stupak,
2023).

JocnigHa fgiyigHKa po3TalloBaHa B CUCTEMI
3aXUCHUX HacaJpkeHb Y3J0BX 3aJli3HUYHOI
iHppacTpyKTypH Ta OXOIIIOE BiZIPi30K y Mexax
KOOpJIMHAT: Mo4YaTKoBa To4Ka-51.470977°N,
31.266029° E; kinumeBa Touka-51.467689°N,
31.264735° E (cucrtema koopauHat WGS84).

@eHoJ10TIYHI CTIOCTEpPEXKEHHA TPOBOJAUINCA
ynpoaoBx 2023-2025 pokiB BifnoBigjHO [0
MEeTOJUYHUX II0JI0KEHb, 3alPOINOHOBAHUX
[. M. BeiigemanoMm (Lukash, 2012) ¥ BecHAHU#
nepios; crnocrepeXeHHf 3JIMCHIOBaJMCAd 3
iHTepBasioMm 1-2 pHi, y JiTHIM - ABi4i Ha
THXK/IEHb, B OCiHHIM — TpHW4i Ha TWXJeHb. YcCi
oTpuMaHi JaHi ¢ikcyBasucad y M0JbOBOMY
KypHaJli criocTepexeHb.

Y npoueci pgocaigxkeHHs ¢ikcyBasiucs
OoCHOBHi ¢eHosioriyHi ¢asu Ta ix mnigdasm.
BeretaTuBHa ¢$asa BKJIIOYasIa: MOYATOK COKO-
pyXy, HabyXaHHS1 OPYHbOK, 103€JIeHIHHS JIUCT-
KOBUX OPYHbOK, PO3BUTOK MEPIIUX JUCTKIB Ta
pO3ropTaHHs GbILIOI YaCTUHU JHUCTKIB. Pa3a
OyTOHi3alii oxomn/toBaja HabyxaHHS KBITKOBUX
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O6pyHbOK, GOpMyBaHHSI OYTOHIB i MOBHY OyTO-
Hizaniro. ®asa UBIiTIHHA BHM3HayaJjsacd 3a
04YaTKOM, MacOBUM IepebiroMm Ta 3aBep-
HIeHHSAM LBiTiHHA. Y ¢as3i mi1oJoHOIIEeHHS
bikcyBa/iM  NMOYATOK yTBOPEHHS  IJIOJIB,
[10YaTOK i MacoBe J03piBaHHA IIJIOAIB, 2 TAKOX
NOYaTOK i 3aBeplleHHsA ix omnazaHHd. Pasa
3aBeplUleHHd BereTalil BKJ/IKYa/la MOYaTOK 1
MacoBY 3MiHY 3abapBJIeHHS JIUCTKIB, TOYATOK i
MacCOBUH JIMCTONA/, a TAKOX ONaZlaHHA 0i1b110]
YAaCTUHU Ta MaWXe BCiX JIUCTKIB.

[lapanesnbHO 3 peHOJOTIYHUMU CIOCTEepe-
)KEHHAMU PEeECTPYBAIUCA NOKA3HUKU TeMIle-
paTypHOro pexuMmy, L0 AO3BOJIMJIO OLIHUTU
BIUIUB TeMIepaTypHUX YMOB Ha I[epeobir
denosoriunux ¢pas U. pumila.

BapTo 3ayBakuTH, 110 MNOpefCTaBHUKHU
JOCJIIKYBAaHOTO BUAY 3pPOCTAOTh B YMOBaX
Mi/IBUILEHOTO0 aHTPONOTEHHOTO HaBaHTAXKEHHH,
no6JIM3y TpaHCHOPTHOI iHQPACTPYKTypHU Ta
TEL,

[lic/i1 MOJIBOBUX CIIOCTEPEXEHDb YCi OTPU-
MaHi /laHi 6y/11 cHcTeMaTH30BaHi Ta 06po6JieHi
IIJIIXOM BHECEHHs y TabuuLi, fAKi MicTUIU
iHbopMalito Npo JaTH HACTAaHHS KO>KHOI
deHosorivyHOI Pa3u Ta migdasu A KOKHOTO
JlepeBa, a TaKOoX BIANOBIAHI MMOKa3HUKU
TeMIIepaTypPHOTO peXuMy, 3adikcoBaHi mij yac
CIIOCTEPEXKEHD.

CTaTUCTUYHY 0O6POOKY OTPUMAHUX JaHUX
3/IINCHIOBAJIU 3 BUKOPUCTAHHSIM NPOTPaMHOTO
naketa Microsoft Excel. [lna koxhoi ¢eHo-
JioriyHol a3y BU3HAYa/IM Cepe/iHi KaJleHapHi
CTPOKHM HAaCTaHHS, MiHIMaJIbHI Ta MaKCUMaJIbHI
3Ha4YeHHS, a TaKOoX TpUBadicTb ¢eHodas.
Ob6uuciaOBaJu cepelHi 3HA4eHHS TeMIlepa-
TYPHUX MOKA3HUKIB /14 BiZIIOBIJHUX NepiofiB
crioctepexeHb. /Iy OLiHKKA MiXKpidHOI Bapia-
6eJIbHOCTI BHUKOPUCTOBYBaJU MOPiIBHSAJbHUU
aHaJli3 CTpOKiB HacTaHHA ¢peHoJoriYHUX da3 y
pi3Hi pOKMU Jocai/)KeHHd. Pe3ysbTaTH cTaTUC-
TUYHOI 0OPOOKU NOJAHO Yy BUIJIA/I TabJULb Ta
rpadiyHux MaTepiasiB.

Pe3yapTaTH AOCAiA’KEHHA Ta OOroBO-
peHHA

Ha puc.1 HaBezneHo Jesiki mnigdasu
deHodas U. pumila, 3adpikcoBani mijg yac peHo-
JIOTiYHOTO Aocai/PKeHHs ynpoAoBx 2023-2025
pokiB. HaBesjeHUl PHUCYHOK IJMIOCTpPy€E MOCJi-
JIOBHICTb HAaCTaHHSI BereTaTUBHHUX i reHepa-
TUBHUX a3 pPO3BUTKY AOCJi/P)KyBaHOrO iHBa-
3IHOTO BUAY.
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Pe3ysbTaTu TpuUpiuHOro 1UKJIY $eHoJio-
rivHux cnocrtepexxenb 3a U. pumila (2023-
2025 pp.) HaBegeHo B Tabuauui 1, B gkii

IpeJCTaBJeHO POKU CHOCTEpeXeHHS Ta JaTh
HacTaHHA ¢peHodas Ta ix nigdas.

Puc. 1. ITiadpazu ocHoBHUX peHOAOTIUHUX (pa3 po3ButKy Ulmus pumila L.

1 — mo3eAeHiHHA AMCTKOBUX OPYHBOK; 2 — pO3rOpPTAHHA 0iABIIOI YACTUHKU AMCTKIB;
3 — HaOyxaHHA KBITKOBHX OpPyHBOK; 4 — MacoBe IBiTiHHA; 5 — II0YaTOK yTBOPEHHA IEPINUX IIAOAIB;
6 — MacoBe AO3piBaHHA IIAOAIB; 7 — IOYATOK OITAAAHHA AMCTKIiB; 8 — OITaAaHHA Maii’Ke BCiX AMCTKIB

OTxe, npescTaBJieHi pe3y/bTaTH, CBif4aTh
Ipo CTabiIbHUU PUTM PO3BUTKY Ta BHUCOKY
ajlanTaluidHy 3JaTHICTb BUJY B yMoBax ypb6a-
Hi30BaHOro cepenoBulia M. YepHirosa. [loyaTok
BereTail XxapakTepu3yBaBCAd paHHIM HaCTaHHAM
dbeHodas. PeHosoriuna nigdasza «Ccokopyx» y
pi3Hi poku ¢ikcyBasiacd HaNpPUKIiHII JIOTOTO -
Ha NoYaTKy Oepe3Hsd, 3 HaWpaHIIMMHU CTpoO-
kamu y 2024 p. 10 3yMOBJIEHO M'SIKIlIMMU
3UMOBMMHU yMoBaMU. [lojanblInii pPO3BUTOK
JIMCTKOBOTI'O anapaTy BiJioyBaBcsl iHTEHCUBHO, a
¢$a3u po3ropTaHHs 6ibIIOI YACTUHU JIUCTKIB Y
BCI DOKM HAcTaBaJ/ldi MalKe CHHXPOHHO, IO
CBIUMTb IMpPO aJaNTHUBHY 3AaTHICTb BHUAY
CTabis1i3yBaTH TEMIIU POCTY.
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®eHodasu 6yToHizalii xapakTepusyBa-
JIMCSl HE3HAUYHOI MDKpiyHOMO BapiabesibHiCTIO
Ta cTabiJIbHO NpUNaZJaiu Ha KiHellb Oepe3Hs -
nepuly TMOJIOBUHY KBITHSl, WLI0 BKa3ye Ha
CTaJ/IiCTh penpoAyKTUBHOIO po3BUTKY. [loyaTok
IBITiHHSA BiOyBaBcs y APYTil AeKaZi KBiTHS, a
MacoBe UBITIHHA - y TpeTil JeKaJi KBITHA
MalXe 0JHOYACHO B YCi pOKHU CIIOCTEPEKEHD.

3adikcoBane y 2025p. nojoBxKeHHS
nifdasu UBiTIiHHS, HMOBipHO, NOB’sA3aHe 3
MIKpIYHMMU BiIMIHHOCTAMH TeMIlepaTypPHOIo
peXUMy BECHSIHOTO Iepiofly: cepefH TeMIle-
paTypa mnoBiTps y ueW 4yac craHoBusa 9,6 °C,
ToAi Ak y 2023 Ta 2024 pp. - 11,4 Tta 15,6 °C
BignmoBigHo. ®a3a MI0[0HOLIEHHSI XapaKTepU-
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3yBajlacsl BiJIHOCHOIO CTabiJIbHICTIO CTPOKIB
HAaCTaHHS.

YTBOpeHHS nepuux MaoAIB pikcyBasocs
y nepulii Aeka/ii TpaBHs, MacoBe J03piBaHHSA —
y cepeauHi TpaBHsA. Boanowac y 2025 p.

CrocTepirajsoca He3HayHe 3MilleHHA CTPOKIB
3aBeplIeHHd IJIOJOHOLIeHHS Ha Ni3HIIUU
nepioJ, 110, KMOBIpHO, NIOB'AI3aHO 3 HWXXYUMU
NIOKa3HUKaMM cepeHbOZ000BOI TeMIepaTypHu
nopiBHAHO 3 2023 Tta 2024 pp.

Tabauys 1

PesyapTaTn penosoriuaux cnocrepesxens 3a Ulmus pumila L. 6iaA 3aAi3HIYHUX IIASAXIB HA
MiBA€HHO-3aXiAHIN okoAunrti M. UepHirosa

Pik cmocrepeskeHHA TA
IToxazamuk AaTa HacTaHHA peHOPa3
Ta ix miadas

OcnosHa ¢asa ITiadasa 2023 | 2024 | 2025
ITouaTok cokopyxy 22/11 28/11 5 /111
HaOyxaHHs1 OpyHBOK 26/111 22/111 20/111

IToseaeHiHHA AUCTKOBUX OPYHBOK 4/1V 2/1v 3/1V

BereratusHa dasza -
PosBuTok MepIINX AMCTKIB 9/1IV 9/IV 15/1v
Posropranus:a 61AI>'H_IOI JaCTUHU 18/1 18/1V 21/
AVICTKIB

HaOyxaHH:1 KBITKOBMX OpPYHBOK 27 /11 24/111 26/111

ByToHnisartis dPopmyBaHHs OYTOHIB 3/1V 31/111 3/IV
ITosHa OyToHi3aI11is 11/1IV 8/1IvV 14/1V
[ToyaTok LBITiHHSA 18/1V 16/1V 21/1V
LIBiTiHHS MacoBe LBiTiHHSA 24/1V 25/1vV 23/1V
Kineup 1BiTiHHSA 3/V 4/V 15/V

[lo4yaTOK yTBOpEHH NepIIUX IJI0/iB 9/V 9/V 11/v

ITaoaoHoOIIIIEHHS MacoBe f103piBaHHS NJ0/iB 18/V 15/V 21/V
OnafaHHS BCiX MJ0/iB 22/V 26/V 31/V

[ToyaTok 3MiHU 3a6apBJIEHHS JIUCTKIB 25/IX 4/X 8/X

MacoBa 3mMiHa 3a6apBJIeHHS JIMCTKIB 14/X 13/X 17/X

SaBepmeHHﬂ [ToyaTok omalaHHSA JUCTKIB 18/X 21/X 23/X
BereTarrii MacoBuii aucTonas, 25/X 26/X 3/XI
OnazaHHA 6iJIbIIOI YaCTUHHU JUCTKIB 31/X 1/XI 18/XI

OnaJlaHHA MakKe BCiX JINCTKIB 17 /X1 15/XI 26/XI

TpuBasicTh BereTaniiHoro nepiogy 239 261 267

KpiM ToOro, TpuBaJjicTh BereTauiliHOro
nepiogy U. pumila nocTtynoBo 36ijibliyBajacs
Bif 239 nHiBy 2023 p. 1o 267 guiBy 2025 p., 0
MOXKe OYTH HaCJi/JKOM sIK perioHaJIbHUX KJjiMa-
TUYHUX 3MiH, Tak i crneyudiku MikpokJima-
TAYHUX YMOB 3aJIi3HUYHUX LIJIAXIB, CBIYUTH
PO BHCOKY aJlallTUBHY IJIAaCTUYHICTb BUAY Ta
MOro 3JaTHICTb KOMIIEHCYBaTH KOJIMBAaHHA
TeMIlepaTypPHUX YMOB.

Jid 4iTKOro BU3HA4YeHH CTPOKIB Hac-
TaHHS Ta 3aBepUIEHHSI OCHOBHUX (GEHOJIOTIYHUX
¢da3 6ysi0 po3pob6ieHO KOJIOBUM (EHOCHEKTP
U. pumila (Puc. 2.)

Q@eHocneKTp - 1e cnoci6 rpadiyHoro
BifloOpakeHHs1 (PEeHOJIOriYHUX 3MiH y KMUTTI
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POCJIMHU i AomoMarae oTpuMaTH iHpopmaliito
IIPO Yac [0YaTKYy Ta 3aBeplIeHHS IEBHUX NIOAIN
BNpoaoBX poky (Vasheka & Badanina, 2024).
Ha puc.2 306paxkeHO KoJIOBHU ¢(deHO-
CIIEKTp, SKWUM Bigobpakae MoOC/JiI0OBHICTb
MPOXO/P)KEHHSI BEreTaTUBHOI Ta reHepaTUBHOI
$a3 ynpoJioBxK pOKy Ta /[03BOJISE HAOYHO
OLIIHMTHU Yac NOYaTKy 1 3aBeplLIeHHA KOXHOI
deHodasu. Ha gaHomy deHocneKkTopi MokHA
no6avyuTH, 30KpeMa, 1110 U. pumila mae yacTKoBe
Hak/JajaHHa a3, a came BeretaTuBHa ¢asa
nepekpuBaeTbcsl 3 ¢aszaMu OyToHi3aulii Ta
IBITIiHHS, a IBITIHHA 4YaCTKOBO 30iraeTbcs 3
[I0YaTKOBUMHU eTallaMU IJIOJLOHOLIEHHS.
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Puc. 2. KoroBuii peHOCIIEKTP, TOOYAOBAHMIA
3a pe3yAbTaTamMu (PEHOAOTIUHUX criocTeperkeHs 3a Ulmus pumila L.

Take nepekprBaHHA CBiJYUTH PO He3me-
PEPBHICTb OHTOTEHETUYHOTO PO3BUTKY Ta
BUCOKY €KOJIOTiYHy IJIaCTUYHICTh BUZAY, IO
3abe3neuye epeKTHUBHE BUKOPHUCTAHHS CIOPUST-
JINBUX yMOB BECHSIHOTO Iiepiony.

Ha puc. 3 npeacraB/ieHO AUHAMIKY IPOXOJ-
»KeHHsI OCHOBHUX ¢deHosioriuHux ¢as U. pumila
y BeCHSIHO-JIiTHIN mepiog 2024-2025 pokiB y
NO€HAHHI 3 rpadiyHUM BiJloOpakeHHSM 3MiH
cepeiHbOI060BOI TeMIlepaTypHu MOBITpS.

[loyuaToKk 1 3aBepuieHHd BiANOBIAHUX
deHosioriuHux Pas no3ayeHo BepTUKaJIbHUMU
JIiHIIMM, epneHAUKYJSIPHUMU [0 OCi abCLHC,
110 ZJ03BOJIIE HA0OYHO MPOCTEXUTHU YaCOBI Mexi
IX HaCTaHH4 i TPUBAJICTh.

Ananoriynuit rpadik gua 2023 poky 6yB
HaBeJleHWHM Yy ToNnepeJHbOMY JOCJiJKEeHHI
aBTOpa, Jle TaKOoX MpOoaHaJi30BaHO Mepeobir
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denosoriunux ¢as U. pumila y B3aEMO3B’A3KY 3
TeMIepaTypHUMHU yMoBaMH (Stupak, 2023).

3rifHO 3 OTpPUMaHUMH JAHUMH, Ha
NOYaTKy BECHSIHOTO IepioJly Bif0yBaeTbCs
nepexi/; pOCJMH /10 BereTaTMBHOI $a3y, micas
YOoro INOCJiZJOBHO CIOCTepira€TbCd HACTaHHSA
OyToHi3alii, NBITIHHA Ta TJIOJOHOIIEHHS.
[lepexig Mixk okpeMuMuU ¢GeHOJOTIYHUMU
¢$bazamu Bi0YBAETHCS NOCTYNOBO Ta CYNPOBOJ-
)KYETbCA 3MIHAaMM TeMIEpaTypHOI'O pPEeXUMy
NOBiTps, 110 BigobpaxkeHo Ha rpadikax.
YrupoZoBsx [OCHiXKyBaHOro Inepiofy 4YiTKO
IIPOCTEXKYETHCA IMOCJIIJOBHICTh NMPOXOKEHHSHA
OCHOBHUX ¢eHodas, 10 XapaKTepU3ye CEe30H-
HUHA pUTM po3BUTKY U pumila B yMmoBax
JOCiKyBaHOI TEpUTOPII.

Cs1if TaKOX BiZI3HAUUTH, 1110 OKpeMi peHo-
JoriuHi ¢da3u U. pumila 4acTKOBO NepeKpUBa-
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I0TbCA y 4aci. 30KpeMa, y nepioJ; 3aBeplieHHs
BereTaTUBHOI ¢a3v pO3MOYMHAETHCA OYTOHI-
3allif, 110 CBiYMTH NMPO MOCTYMOBUN XapaKTep
nepexo/ly MiXK eTalmaMu CE30HHOI'O PO3BUTKY.
[loni6bHe HakMaZaHHA peHodas3 € TUIIOBUM [IJisl
JlepeBHUX POCJIUH i Bijlo6pakae Gesmepeps-
HicTb ix ¢iziosoriunux mpornecis (Milla et al,,
2010). Hapani 6yToHisanisa mocTymnoBo mnepe-

23,0

22,0 BereratuBHa ¢asa

X0AUTb y a3y UBITIHHA, Nicag AKOl HacTae
miaoAoHomeHHda. Taka mocaifoBHiCTH i 4acT-
KOBe MepeKpUTTsa ¢eHosoriyHux ¢as 3abes-
NeyylTb Oe3NepepBHICTb TeHepaTUBHOIO
PO3BUTKY pOCJHWH 1 XapaKTepu3ylTb 0C06-
JIMBOCTi CE30HHOT'0 PUTMY PO3BUTKY U. pumila
B YMOBAaX JOC/Ji>KyBaHOI TEPUTOPII.

IInogoHOMIeHHS
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Upitinng |
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Puc. 3. AuHamika cepeAHBOAOOOBHX TEMIIEPATYP IIOBITPA TA iX CIiBBiAHOIIIEHHA
3 mepebirom ocHOBHUX (peHoAoriunmx a3 Ulmus pumila L.
y BECHAHO-AITHIN 1epioa. A — 2024 pik; b — 2025 pix
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Takox OyJsio mpoaHa/i30BaHO IMepeobir
OCHOBHUX (¢eHOoJIOTiYHUX (a3  PO3BUTKY
U. pumila 3ay1e3kHO BiJl cepeJHb0I060BUX TEMIIE-
paryp noBiTpsi npotsarom 2023-2025 pokis.
Y3arasibHeHi pe3ysibTaTH MNOJAHO Ha pUC. 4.
Jnfl XapaKTepUCTUKU TeMIepaTypHUX YMOB
POXO/>KEHHSI CE30HHOT'0 PO3BUTKY OYJIO BUJAI-
JIeHO M'ATb KJIIO40BUX ¢eHosoriyHuX as:
HabyxaHHS OpYHbOK, PpO3BUTOK IepUIUX
JIUCTKIB, MOYaTOK LBITIHHA, MOYaTOK YTBO-
pEeHHA NeplIuX IJIOAIB Ta ONaJaHHA IJI0iB.

AHasi3 OTpUMaHUX JaHUX 3aCBiJYUB, 110
nepe6ir okpeMux ¢eHosorivnux a3 Bifoy-
BaBCA B Me)axX [eBHUX /Jjialla30HiB cepefHbO-

25

15,5
14,7
1%:3
10,3
6,3
5,5
| I |
o l
HB P

= =]
5] o

=
o

CepenHA Temnepatypa, °C

11,2 11

JI0060BHUX TeMIepaTyp MHOBITp#, fKi MOBTOPIO-
I0TbCA NPOTATOM TPUPIYHOTO LUKJY CIOCTe-
pexxenb. Tak, nigdasza «HabyxaHHS OPYHBOK»
po3noyuHasacs 3a cepefHbOZ000BUX TeMIle-
patyp y Mexax 5,5-10,3 °C, mo cBif4uTh Npo
HU3bKUU TeMIepaTypHUU MOpIir no4aTKy
BereTanii. Pasza «pO3BUTOK MEPLIUX JUCTKIB»
BigOyBanaca 3a TeMmnepatyp 12,3-15,5°C.
[loyaToKk LBITIHHA crHocTepiraBcad B iHTepBasi
11,2-17,0°C. dopMyBaHHS MNepUIMX IJIOJIB
Bifi3Havasiocsa 3a Temnepatyp 8,5-16,0 °C, Tozai
K omajaHHa MaoJiB ¢ikcyBasocs B MeXax

14,0-18,3 °C.
L 113

Miadasu ocHoBHKX deHodas

w2023 w2024 w2025

Puc. 4. Cepeani TemrieparypHi nokasHUKH KArouoBux dpeHodas Ulmus pumila L.
BIIPOAOBJK 3-pidHOIO IIUKAY CIIOCTEPEIKEHB:

1 - HabGyxanua 6pynsok (HB); 2 — Poseurok nepmmux auctkis (PIIA); 3 — ITouarok neitinma (ITLT);
4 — ITouarok yrBopenH: nepmux mAoAiB (ITYIT); 5 — Omapanna naoais (OIT).

BcraHoB/ieHO, 1[0 TeMIepaTypHi Jiana-
30HM MpPOXOJKeHHS QeHosIoTiYHUX a3 €
JOCTaTHbO WUPOKKWMHU. lle cBiAYUTHL 1poO
BUCOKY €KOJIOTIYHY [JIaCTUYHICTb BU/ly Ta KOTO
3/laTHICTb peasii30oByBaTH CE30HHUU IUKII
PO3BUTKYy 3a yMOB Bapiabe/ibHOCTi TeMIie-
paTypHoro pexumy. Ocob6JMBO MOKa30BUM €
HU3bKUU TeMNepaTypHHUU MOpir mnovyaTky
BereTarii, 1o 3abe3nedyye paHHIA cTapT
pPOCTOBUX TMpOIeCiB MOPiBHAHO 3 6araTbMa
abopUreHHUMHU JlepEBHUMU BHUAMMU.

68

TeMnepaTypHa CTabiJbHICTb penpoayK-
TUBHUX (a3 (1BiTIHHA Ta MJIOJOHOLIEHHS) B
Pi3HI POKM CIOCTepeXeHb BKa3y€e Ha Hafii-
HICTb HACIHHEBOI'O IIOHOBJIEHHA HaBIiTh 3a
KOJIUBaHb KJIIMaTUYHUX [TOKA3HHUKIB.

OTpuMaHi pe3y/sbTaTU Y3rOMXKYKOTbCA 3
JAHUMHU MDKHApOJHUX AOCTiPKeHb peHosoTil
JlepEBHUX PpOCJHH, y SAKUX MiJKPeCJ€ETbCA
BaXJIMBA POJIb TEMIIEpAaTYpPHOTO pexuUMy Ta
KJIMaTUYHUX YMOB Yy ¢GOpMyBaHHI CTPOKIB
HAaCTaHHS OCHOBHUX ¢eHoJiOriYyHUX  da3.
30kpeMa, y HU3Ii poOGIT 3a3HAYAETHCSH, IO
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3MiHU TeMIlepaTypU NOBITPA MOXKYTb IIPU3BO-
JVTHU [0 3MillleHHHA CTPOKIB [OYaTKy BereTawil
Ta BIUIMBAaTM Ha TPUBaJICTb BereTaliiHOTO
nepioay (Piao et al, 2019). Iloai6Hi 3akoHO-
MipHOCTI BiZI3HAYaKTbCA 1 B JOCJiJXKEHHAX
iHBa3iMHUX [JlepeBHUX BH/IB, Je paHHIiU
[10YaTOK Ce30HHOI'0 PO3BUTKY PO3IIALAETHCA
AK OJIMH 13 YUHHHUKIB IX yCHiIHOI HaTypasi3anii
y HoBux yMmoBax (Lazaro-Lobo et al, 2025).
[loni6bHI 3aKOHOMIpPHOCTI BiA3HA4yalTbCA i B
poboTax yKpaiHCbKUX y4eHUX. Tak, y gociiz-
)KEHHAX KJIMaTUYHUX 3MIH HaA MNiBAEHHOMY
cxoZii YKpaiHU BCTAHOBJIEHO, L0 NiJBHUIIEHHS
cepelHbOPIYHOI TeMIlepaTypH NMOBITPA CIpUAE
3MILEHHIO CTPOKIB NPOXOJKE€HHA BECHAHHUX
deHosoriyHUX (a3 JlepeBHUX POCIAHUH Yy Oik
OisblI paHHIX JaT Ta MOXe 3yMOBJIIOBAaTH
BUIIaJIKU nepeadacHoro UBiTiHHA (Mezhenskyj,
2009). BopgHouyac pe3yabTaTH [JOCAiPKEHb
YKpalHCbKUX HAyKOBIIiB CBiJ4aTh, 1110 iHBa3ilHi
JlepeBHi BUAM, 30kpeMa U. pumila, xapakTe-
PU3YIOTbCH BUCOKOK €KOJIOTIYHOK IJIACTHY-
HICTIO Ta 3J]aTHICTI0 ePEeKTUBHO MPUCTOCOBY-
BaTUCA 0 YMOB yp6aHi30BaHOr0O cepefj0BUILA,
110 CHpPUAE IX IOIIMPEHHIO B AHTPOIOTEHHO
TpaHcPpopmoBaHUX ekocuctemax (Lykholat et
al, 2018). OTrpumaHi y gaHoMy AocCaipKeHHi
pe3yJbTaTH 040 PAHHBOTO0 [1I0YAaTKY BereTariii
Ta CTabiJIbHOCTI MPOXOJKEHHS OCHOBHUX
denodas U. pumila B ymoBax ypb6aHi30BaHOTO
cepenoBUlia M. YepHiroBa 3arajioM BijloBi-
JAlTh  3a3HAa4YeHUM 3aKOHOMIPHOCTAM |
HNiATBEP/KYIOTh BUCOKY aJJallTUBHY 3aTHICTh
bOT'0 BUY [0 YMOB MiCbKHUX €KOCUCTEM.

BucHoBku

3a pe3y/ibTaTaMHy TPUPIYHUX GPEHOJIOTIYHUX
cnoctepexeHb (2023-2025 pp.) BCTaHOBJIEHO,
mwo U. pumila B cucTeMi 3aXMCHUX HacaJpKeHb
M. YepHiroBa xapakTepu3y€eTbCA pPaHHIM MoYaT-
KOM BereTallii, CTabi/IbHUM PUTMOM PO3BUTKY
Ta TPUBAJIMM BereTalilHUM IepiofoM, 110
CBIJYUTH NPO BUCOKY aJamnTalliiHy 3JaTHICTb
BU/1y /10 MiClIeBUX a6i0TUMHUX YMOB.

®inancysauns / Funding

[loyaTok Beretauii U. pumila ¢pikcyBaBcs
3a HM3bKHX CepeJHbOZI000BUX TeMIepaTyp
noBiTpsa (5,5-10,3°C), w0 y3roKyeTbcs 3
MDKHAapOJAHUMU pe3yJbTaTaMU JOCJHI[KEeHb
IHBa3iMHUX JAepeBHUX BUJIB, SKi BiJj3HA4alOTBh,
0 iHBA3iMHI BUAM POCJMH 4YacTO JEeMOH-
CTPYIOThb PaHHIM MOYaTOK BereTalil Ta TpUBa-
JIIIIMU Ce30H aKTUBHOIO POCTY MOPiBHAHO 3
MiCIleBUMH BHJaMHM, IO JO3BOJIIE IM OiJbII
epeKTHUBHO BUKOPUCTOBYBAaTH BECHSAHI TeMIle-
paTypHi pecypcd Ta NiJABUILYBaTU CBOIO
KOHKYPEHTOCIIPOMOXHICTb y HOBOMY CepeJo-
BuIli (Wolkovich & Cleland, 2014).

BcTaHOBJIEHO TEHEHIIiI0 10 TO40BXEeHHA
BereTanjiiiHoro nepioay U. pumila - Bif 239 gHiB
y 2023 p. 1o 267 gHiBy 2025 p., 110 MOXXe 6YTHU
HaCJIiIKOM perioHaJIbHUX KJIIMaTUYHUX 3MiH Ta
cneuudikn  Micbkoro  Mikpoksaimary. lle
NiATBEPAXKYETbCA [JaHUMH 3 (QeHOJIOTIYHUX
crocrepexxeHb y perioHax Kurar, e 3MiHa
JIOBXKMHH BereTaliiHOro nepiojay 6y.Jia craTuc-
THUYHO NIOB’si3aHa 3i 3MiHaMU cepeJHbOJ000BHX
TeMIlepaTyp y 4YaCOBUX pALAX CIIOCTEpeXKeHb
(Chen & Xu, 2012).

KosnoBuii ¢peHocnekTp po3BuTky U. pumila
3aCBiJYMB YaCTKOBe IlepeKpUBaHHA Berera-
TUBHUX i reHepaTUBHUX a3, 1[0 3a6e3nevye
Oe3nepepBHICTb OHTOM€HETUYHOT'0 PO3BUTKY
Ta ePeKTHBHE BUKOPUCTAHHS CHPHUATIUBUX
YMOB BECHAHOTIO Ilepioay.

Tox oTpuMaHi pe3yabTaTH CBifA4aTh, 110
€KOJIOTiYHO IJIaCTUYHUY, iHBa3iliHO Hebe3-
neyHud Buj U pumila B yMoBax CHUCTeMHU
3aXMCHUX Haca/keHb M. YepHiroBa 3JaTHUHU
YCIIIIHO NPOXOJAUTU NMOBHUM LUKJI CE30HHOTO
PO3BUTKY 3a LIMPOKOro Jialla3oHy TeMIlepa-
TYPHUX yMOB. BusisieHi ¢eHosioriyHi ocobu-
BOCTi MOXYTb OyTH OJIHi€I0 3 Iepe[yMOB KOTO
CTabi/IbHOTO QPYHKLIOHYBaHHS Ta MO/AAJIbIIOTO
NOUIMPEeHHs B perioHi, 1[0 O0O6GIPYHTOBYE
JIOLJIBHICTh MOAAJIbIIOTO MOHITOPUHTY QeHO-
JIOTIYHUX XapaKTEPUCTHUK BHUAY B MexXax
YepHuiriscbkoro Ilosticecd, 30kpeMa 3a MeXaMu
MiCbKHUX €KOCHUCTEM.
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MapuHa fAuyHa

3MIHU JESKUX ITIOKA3HUKIB JIIIIITHOT'O OBMIHY TA AKTMBHOCTI JIV)KHOI
D®OCPATA3M Y KOPOIIA JIYCKATOTI'O (CYPRINUS CARPIO L.) 3A YMOB
KOMBIHOBAHOI'O BIJIMBY I'EPBILIM/IIB I COJIEN IIMHKY

\-ﬁﬁ)ﬁ‘v
Maryna Yachna

CHANGES IN SELECTED LIPID METABOLISM PARAMETERS AND ALKALINE
PHOSPHATASE ACTIVITY IN COMMON CARP (CYPRINUS CARPIO L.) UNDER
COMBINED EXPOSURE TO HERBICIDES AND ZINC SALTS

AHOTANIA

OpHUM 3i N/IAXIB NOTPaNJIAHHA repOilUAiB y BOJIHI €KOCUCTEMHU € iIHTEHCHBHE 3aCTOCYBaHHA IX Y CiJIbCbKOMY
rocrnoZapcTBi, 110, B CBOIO 4epry, MoXke NPU3BOAUTH [0 B3a€EMOJIi 3 iHIIMMH aHTPONOTeHHUMH 3a06pyAHIOBaYaMH,
30KpeMa BXKKMMHU MeTaslaMu. TOMy, aKTyaJIbHUM € BUBYEHHS CyMiCHOI /1ii KCeHOG10THKIB Ha Ti/Jp06iOHTIB SIK Uy TJIMBUX
iHAUKATOPiB eKOTOKCUKOJIOTIYHOI'0 CTaHy BOJONM, 1110 MOe Bijo6pakaTUCh Ha 3MiHi 6ioxXiMiYHUX MapkepiB 0OMiHY
pEYOBUH.

MeTo0 poGOTH 0Oy/i0 OLiHUTU CyMicHY fAito rep6iuuzis: 3enkop, Paynzpan i 2,4-D Ta cosiell [UHKY Ha BMICT
3arasibHUX Jainigis, docdoninizgis i akTUBHICTB Jy2KHOT docdaTasu y TkaHUHaAx kopona (Cyprinus carpio L.).

MeToposorisa. /lociipkeHHs IpOBeJeHO B YMOBaxX JaboOpaTOPHOrO0 €eKCHEPUMEHTY 3 BHUKOPHUCTAHHAM
€KO0JIOTIYHO peJsieBaHTHUX KOHLeHTpalil rep6inuaiB i LUHKY. Y KpoBi, M'13aX, 316pax, NeyiHIli Ta TKAHUHAX F'0JIOBHOTO
MO3Ky BU3HAyaJId BMICT 3arajibHUX JIiniZiB i ¢ocdoninizis, a Takok aKTUBHICTb JyKHOI ¢pochaTasu cTaHZAPTHUMHU
6ioxiMmiuHuMKU MeTozaMu. CTAaTUCTUYHY OOpPOOKY OTpPUMaHUX pe3y/bTaTiB MPOBOAWJIM MeTOJaMHu BapialiiiHol
CTaTUCTUKHK i3 3aCTOCYBaHHSM IMporpaMHoro mnakera Statistica 10.0. OuiHkKy pmocToBipHOCTI BifMiHHOCTeN Mix
KOHTPOJIbHOIO Ta eKCIIEPHMEHTaJIbHUMHU I'pylIaMu 3/iHCHIOBAJIM 32 0NIOMOror0 KpuTepito CThioZieHTa (t-Tecty).

HaykoBa HOBHU3HA. pOOOTH MOJIAATAE Y BCTAHOBJIEHHI TKAaHUHHO-cHeLUpiYHUX 0COBGJIMBOCTEN 3MiH JinigHOro0
06MiHy Ta GpepMeHTATHBHOI aKTUBHOCTI JIy>kHOI PpocdaTasu y Koporna 3a yMOB CyMiCHOTO BILJIMBY rep6ilju/iiB i UHKY, a
TaKOX Yy BUSABJIeHHI MoAUiKy040l poJsii TMHKY B peasizalii TOkcu4HoI Aii rep6inuais.

BHUCHOBKM. YCTaHOBJIEHO, 1[0 CyMicHA Jis rep6inuAiB i MUHKY CIPUYHHSE MOPYLUIEHHS JIiMiJHOTO TOMEOCTA3y,
ZIecTabiymizarnito MeMO6paHHUX CTPYKTYpP i 3MiHM aKTHUBHOCTI JIy>kHOI dpocdaTasu, ki MaroTh BUPKEHUH TKaHUHHO-
cnenudiyHUi xapaktep. OTpuMaHi pe3ybTaTH CBif4aTh MPO CUCTEMHUI XapaKTep MOpylleHb nepebdiry 6ioxiMivHUX
nporeciB i MiATBEPKYIOTb AOLUIBHICT BUKOPHUCTAHHSI IMOKAa3HUKIB JIMAHOro 06MiHY Ta aKTHUBHOCTI JIY»KHOI
docdaTasu sk 6ioxiMiuHUX MapKepiB KOMO6IHOBAaHOT'0 AaHTPONMOTEHHOT0 HABAaHTAXKEHHS.

Knio4oBi cioBa: rep6inuau, UUHK, KOPOT, 3araJjbHi Jiiniau, ¢ocooinian, ayxkHa ¢pocparasa, koMbGiHOBaHA
TOKCHYHA Jis

ABSTRACT

One of the main pathways by which herbicides enter aquatic ecosystems is their intensive use in agriculture,
which, in turn, may lead to interactions with other anthropogenic pollutants, particularly heavy metals. Therefore, the
study of the combined effects of xenobiotics on aquatic organisms, as sensitive indicators of the ecotoxicological status
of water bodies, is highly relevant, as such interactions may be reflected in changes in biochemical markers of
metabolism.

Purpose of the work. was to assess the combined effects of the herbicides Zencor, Roundup, and 2,4-D and zinc
salts on the content of total lipids, phospholipids, and alkaline phosphatase activity in the tissues of common carp
(Cyprinus carpio L.).

Methodology. The study was conducted under laboratory experimental conditions using environmentally
relevant concentrations of herbicides and zinc. The content of total lipids and phospholipids, as well as alkaline
phosphatase activity, was determined in blood, muscle, gills, liver, and brain tissues using standard biochemical methods.
Statistical processing of the obtained results was carried out by methods of variational statistics using the Statistica 10.0
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software package. The assessment of the reliability of differences between the control and experimental groups was

carried out using the Student's criterion (t-test).

Scientific novelty. of the study lies in the identification of tissue-specific features of changes in lipid metabolism
and enzymatic activity in common carp under combined exposure to herbicides and zinc, as well as in revealing the
modifying role of zinc in the manifestation of herbicide toxicity.

Conclusions. It was established that the combined exposure to herbicides and zinc leads to disturbances in lipid
homeostasis, destabilization of membrane structures, and changes in alkaline phosphatase activity, which exhibit a
pronounced tissue-specific pattern. The obtained results indicate the systemic nature of biochemical process
disturbances and confirm the feasibility of using lipid metabolism indicators and alkaline phosphatase activity as

biochemical markers of combined anthropogenic impact.

Key words: herbicides, zinc, common carp, total lipids, phospholipids, alkaline phosphatase, combined toxic

effects

Beryn

Cy4acHi arpoekocUcTeMHU 3a3HalTh 3HaY-
HOT'0 aHTPOIIOT€HHOI'0 HaBaHTAXXeHHS, 3YMOB-
JIEHOT'0 IHTEHCUBHHUM BUKOPHCTAHHSAM 3aco6iB
xiMizalii ciJibcbKoro rocrnoaapctsa. ['epbinuau
HajJleXkaTb [0 HaWOiNbIl NOWMPEHUX TPyl
NEeCTULIM/AIB, AKi LIMPOKO 3aCTOCOBYIOTLCA AJI4
KOHTpPOJIIO Oyp’sHiB i, BHaACJAIZOK 1bOTO,
MOXYTb MOTpPamJATA Yy BOJAHI 00'€KTU 3
NNOBEPXHEBUMHU [JOLIOBUMHU CTOKAMHU I TaJIUMHU
BOJIaMH, 1110 CTAHOBUTb Hebe3MneKy /Jisl NPiCHO-
BOJIHUX €KOCUCTEeM 3a TOKTUYHOTO BILJIUBY Ha
rizpo6ioHTiB, 30KpeMa pub.

Y 4ucieHHUX JOCAIIKEeHHSIX I10Ka3aHOo,
1110 TepOiuUAY pi3HUX XIMIYHHUX KJaciB, 30KpeMa
3enkop, Paynpan i 2,4-D, 35aTHI nopyluyBaTu
nepeo6ir 6ioxiMiyHMX NpoLeCciB y TKAHUHAX PUO,
BIIMBAOYM Ha JIiNiAHUHA 0OMiH, cTaH KJITHUH-
HUX MeMOpaH Ta aKTHUBHICTb ({epMeHTHHUX
cucteMm (Mekhed et al., 2012). BctaHoBJ1eHO, 1110
3a Ail rep6iuu/iB Bif0yBalOTbCA 3MiHU BMICTY
3arajibHUX JinigiB i pocdoaimigiB, a Takox
aKTUBHOCTI pepMeHTiB, 3a/y4yeHUX [0 MeTa-
60JIiYHUX 1 TpPAHCINOPTHUX TMPOIECIB, 1110
CBIYUTH PO PO3BUTOK CTPECOBUX peaKLin
opranismy (Poletai et al.,, 2010).

BoaHovac 3a peasibHUX yMOB 3abpyj-
HEHHA BOJHHUX €KOCUCTEeM CIIOCTepira€TbCcs
BIJIUB Oi/IbII HiXK OZJHOTO TOKCHMKaHTA. [Tops i3
NeCcTULIMAAMH Y BOJIOMMAax 4acTO BUSIBJSIOTH
I0OHM BaXXKUX MeTaJliB, 30KpeMa IUHKY, AKUU
HaJIXXUTb [0 6ioreHHUX MiKpoeseMeHTiB, aje
3a MiJBUIIEHUX KOHLIEHTPalli NPOsIBJISI€E BUpPa-
KeHi TOKCHYHi BJacTUBOCTI. I|[MHK 3JaTHUM
B3a€EMO/IiATH 3 OiJIKaMM Ta JiliJaMu KJIITHHHUX
MeMOpaH, 3MiHIOBaTH aKTHUBHICTb GepMeHTIB i
MoaudikyBaTH nepebir MeTaboJIiYHUX MPOLECIB
y TkaHuHax pub (Kurant & Khomenchuk, 2019).

He3Bakaloun Ha HadgBHICTb 3HA4YHOIL
KiJIbKOCTI po6IT, NpPUCBAYEHUX BHUBYEHHIO
BIUIUBY repb6inuziB abo BaXKUX MeTaJiB Ha
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rifpo6ioHTiB, MUTaHHA IX cyMicHol Aii 3aau-
1IAa€THCA HEJOCTATHBO JocCixeHuM. KoMbiHo-
BaHUM (CyMicHMM) BIJIMB repb6inuAiB i ioHiB
BaXXKUX MeTajJiB MOXe NPU3BOAUTH [0
NOCHUJIEHHS TOKCUYHOro edekTy abo 3MiHHU
MeXxaHi3MiB Ziii OKpeMHUX KCeHOOIOTHKIB, 1110 Ma€
BaXXJIMBEe 3HA4Y€HHA [Jid OLiHKM €eKOTOKCHU-
KOJIOTIYHOTO  CTaHy BOJHHUX  €KOCHUCTEM
(Lanzarin et al., 2022).

3 orsaay Ha Lie, aKTyaJIbHUM € JOCJHif-
>)KEHHS1 CyMicHOI Ail UMHKy 3 repb6inugaMmu
3enkop, Paynman i 2,4-D Ha 6ioximiyHi
NOKa3HUKU TKaHUH kopona (Cyprinus carpio L.).
AHaui3 3MiH BMicTy 3arajibHUX JinifiB, pocdo-
JiniiB Ta aKTUBHOCTI JyxHoi ¢ocdaTasu
JI03BOJISIE  OLIHUTH IOPYILIEHHA IpOoLeciB
06MiHy JinmiAiB 3a KOMGIHOBAaHOTO aHTpPOINO-
reHHOI'0 HaBaHTAXKeHHH.

Marepiasu Ta METOAU AOCAIAYKEHHA

JocnifpxeHHda BUKOHyBau y 2023 poui B
JlabopaTopii ekoJsioriuHoi 6ioximii HamjioHasb-
HOTO YHiBepcuTeTy «YepHIriBCbKUK KoJieriym»
imeHi T. I'. llleByeHka. O6’€KTOM eKCIepUMEH-
TaJIbHUX [JOCJAiJKeHb OyB KOpON JyCKaTUH
(Cyprinus carpio L.). lns npoBeieHHS eKCIlepU-
MeHTY BiZlibpasu 20 oco6uH macor 250-300 T,
BUJIOBJIEHUX i3 NPUPOJHOI BOJOMMHU - 3UMY-
BaJsibHOTrO cTaBy BAT «YepHiriBpubrocmn».

YMOBU  eKCHepUMeHTy nepejbayaiu
yTpUMaHHA pUb 3a CyMiCHOro BIJIUBY repo6i-
uuAiB i coned 1nuHKy (ZnCl2). Tep6inuau
3eHkop (4-amiHO-6-TpeTOyTiN-3-(MeTuITIO)-
1,2,4-tpua3uH-5(4H)-oH, Jiloya pedyoBUHA -
MeTpu6by3uH), Payngan (N-pochonomeTu-
rJiluH, Ziloya pedoBUHa - riidocart) Ta 2,4-D
(2,4-puxsnopdpeHOKCHOLITOBA KHUC/I0TA) BHUKO-
PUCTOBYBAaJIM Yy KOHLEHTpALiAX, 110 BiAlo-
Bilaii pIiBHIO 2 TpPaHUYHO [JOMYCTUMHX
KOHLIeHTpaLil.

Heo6xifgHi koHIleHTpallii AitouMX peyOBUH
JlocAraJli BHECEHHSAM pO3paxOBaHUX KiJib-
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KOCTeW npenapariB BiZIOBiAHO: /i1 3eHKOPY -
0,2mn/am?,  Payngany - 0,04 mr/gm?
2,4-D - 0,0004 mr/am3, ZnClz - 0,005 mr/m3

OuiHKy BIJIMBY TOKCUKAHTIB IIPOBOJUJIU
B 200-;miTpoBUX akKBapiymMax, 3allOBHEHHUX
BiZICTOAAHOO BOZOIPOBiAHOW BoJow. liibHICTD
NI0CaJIKU pUOHY CTaHOBMWJIA OJUH €K3eMILISIp Ha
40 am® Bosu. TeMnepaTypHHUH PeXHMM MiATPH-
MyBaJIM B Mexax +8...+10 °C, wo BiagnoBigaso
IpUPOAHUM yMOBaM 3UMiBJi. TpuBajicThb
eKcrepuMeHTy - 14 ni6.

Jnsa  6GioxiMiuHOrOo aHasily Bifgbupanu
3pa3Ku KpoBi, M's13iB, 3510ep, Ne4iHKHU Ta roJIOB-
HOT'0O MO3Ky Kopoma Jyckartoro. /[lnia pocuif-
)KEHHs AaKTHUBHOCTIi ¢$epMeHTIiB Ta BMICTy
3araJIbHUX JMifgiB Yy TKaHWHAX TOTYBaJIU
romoreHat Ha 0,22M caxaposi y cHoiBBifgHO-
meHHi 1:10. Y Bigi6paHuX TkKaHMHAX BU3HAYaIU
BMICT 3arajibHUX JiniZiB, ¢ocdoinigiB Ta
aKTUBHICTb Jiy»kHOI ¢docdaTasu. KinbkicHuUM
BMICT 3arajibHUX JiMiAiB oLiHIOBaIU CyJibdo-
docdoBaHiiiHOBUM MeToA0M, pocdonaimign -
3a KiJIbKiCTIO HeopraHiuHoro ¢ocpopy. AKTUB-
HicTb JIy?kHOI pocdaTa3u BU3Havyasu 3a ['omopi.
(Vlizlo et al., 2012). locnigxeHHs IPOBOAUIY 3
JoJepxKaHHAM  BUMOr /lupekTuBu EBpo-
neiicbkoro napsaamenty ta Pagu 2010/63/EU
BiZl 22 BepecHs 2010 p. mpo 3axXMCT TBapHUH, 1110
BUKOPHUCTOBYIOTbCA [Ji1 HAyKOBUX LiiJied
(European Parliament and Council, 2010).

CTaTuCTUYHY 06pPOOKY OTPUMaHUX pPe3yJib-
TaTiB TMNPOBOJAMWJM METOJaMU BapiallilkHOL
CTaTUCTUKU i3 3aCTOCyBaHHSIM NPOTrPaMHOTrO
naketa Statistica 10.0. OuiHKy AOCTOBIpHOCTI
BIIMIHHOCTEH Mi>K KOHTPOJIBHOI Ta e€KCIEepU-
MEHTAJIbHUMHA TpynaMu 3[iHCHIOBaJU 3a
Jomnomoroi kpurtepito CTbrogeHTa (t-TecTy).
BigMiHHOCTI BBa>Ka/Id CTaTUCTUYHO 3HAYYLUMU
3a piBHg WMoBipHOCTi p < 0,05.

PesyapTaTH AOCAIA’KEHHA Ta OOroOBO-
peHHA

Y KpoBi kopoma 3a yMOB CYMiCHOI'O
BIIMBY TepOiuAiB Ta ioOHIB LUHKY 3adikco-
BaHO iCTOTHI 3MiHM BMICTy 3arajIbHUX JIiNiZiB,
XapakKTep SIKMX 3aJjiekaB Bij TuUMy repoinuny.
Tak, 3a gil 3eHKOpPY B NO€AHAHHI 3 LIMHKOM
Bi/I3HAaYeHO 3HWXKEHHA PpiBHA 3arajbHUX
aimigiB go 13,6 + 1,63 r/J, 1m0 6y/J0 HIXKYUM
MOPIBHAHO 3 NOKa3HUKAMU KOHTPOJIBHOI IPyIu
(18,13 + 1,27 r/n).

HaToMmicTb 3a CyMiCHOrO BIJIUBY LIUHKY i
Paynpany a6o 2,4-D y kpoBi pub cnocrtepiraiu
NiJABUILIEHHA BMICTy 3arajJbHUX JIiMiAiB, AKUU
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crtaHoBuB 21,33 + 2,35r/nTa 1893 + 1,71 r/n
BiZIMOBIZTHO.

[lopiBHANBHMM aHaAMi3 NOKasas, L0 3a
CyMicHOI fii 3eHKOpy Ta LMHKY BigMIYa€TbCs
3HWKEHHA piBHA 3araJibHUX JiMiJiB y KpoBi Ha
25 % BigHOCHO KOHTpoOJII0. BogHovac cymicHUM
BIUIMB LMHKY i PayHpany a6o 2,4-D cymnpo-
BO/PKYyBaBCA MiJBULIEHHAM LbOr0 IMOKa3HUKaA
Ha 17 % Ta 4 % BignoBigHO.

BusiBJieHI 3MiHM BMICTY 3araJibHUX JiliziB
y KpOBi Kopoma cBifjyaTb Npo MoAudikywouy
poJib LIMHKY B peaJii3allil TOKCU4YHOI il rep6i-
UU/iB. 3HMXKEHHS PiBHA 3araJibHUX JIiNiJAiB 3a
Jlii 3eHKOpYy B MOEJHAHHI 3 IIMHKOM, UMOBipHO,
MIOB’sI3aHe 3 aKTUBAlli€l0 KaTab0JIiYHUX POLECIiB
i Mmob6inizanieto ainigHux pesepsiB. HaTomicTb
MiIBUIleHHA BMICTy 3araJbHUX JiOigiB 3a
cymicHoro BBy Paynpany ta 2,4-D 3 ioHamu
UHKYy MO>Xe OyTH 3yMOBJIeHe NOpYyILIeHHAM
TPaHCOOPTY U KaTabosi3My Jiniai. OTpumani
pe3yJibTaTH BKa3ylOTb Ha Pi3HOCIPSIMOBAHUU
xapakTep 6iOXiMiUHUX peakLiil B opraHi3mi
Kopomna Ha KOMOIHOBaHy Jii0 rep6iuuaiB i
BaXXKOT'O METaJIy.

Y TkaHMHax KopoIlla 3a YMOB CYMiCHOI'O
BIUIUBY LIMHKY Ta AOCJiP)KyBaHUX repbinuaiB
crocrepirazacb TeHJEHL{d [0 3HUXKEHHA
3araJibHUX JIiMiZ[iB B M's13ax, 3s6pax i meyviHIiy,
TOJI IK Y TKaHUHI TOJIOBHOT'O MO3KY, HaBIIaKH,
CriocTepiraji  HMOro miJABUILEHHSA. Takuu
TKaHUHHO-cneuudiuHUNi XapakTep 3MiH MOXe
CBIlUMTU PO pi3HY YyTJIUBICTb OpraHiB [0
KOMOiHOBaHOI Ail kKceHO6ioTHKIB (TabJ1. 1).

Y M'd30Bill TKaHWHI MiHiMaJbHI 3MiHHU
BMICTy 3araJlbHUX JiNmifAiB BigMiyeHO 3a nil
3eHKopy B NO€EAHAHHI 3 IUHKOM
(40,43 £ 3,23 r/n) nOpiBHAHO 3 KOHTPOJIEM
(40,64 * 3,66 r/a). BogHouyac cyMiCHUI BIJIUB
PayHzany Ta UMHKYy 3yMOBJIIOBAaB pi3Ke
3HWXXeHHd PIiBHA 3arajbHUX JinigiB o
9,71+ 0,87 r/a, mo Ha 76 % HUXKYe KOHTPOJIb-
HUX 3HadeHb. 3a Aii 2,4-D y mnoegHaHHI 3
IIMHKOM BMICT 3araJIbHUX JiHifJiB CTaHOBUB
32,64 + 2,94 r/a, wo BiAnoBi/1a/10 3MeHILIEHHIO
Ha 20 % BiJTHOCHO KOHTPOJIIO.

Y TkaHMHax 3516ep crocTepiraau NofioHy
JInHaMiKy 3MiH. Haii6inbl BUpaXkeHe 3HMKEeHHS
BMicTy 3arajibHuX JinifiB (Ha 34 %) Bija3Ha-
YyeHO 3a cyMmicHoro BmiuBy 2,4-D Ta cosen
nuHKYy (13,65 + 1,51 r/n1) nopiBHAHO 3 KOHTpO-
sem (20,8 £ 1,67 r/n). 3a aii 3eHKOpPY 3 UUHKOM
el T[OKa3HUK 3MeHIIyBaBcd Ha 18%
(16,96 + 1,36 r/n), ToAi ik 3a BJIMBY PayHpany
y noeaHaHHI 3 UUHKOM - Ha 10%
(18,67 £ 1,49 r/n).
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KiapkicHMIT BMICT 3araAbHHX AiIlIAIB B TKAHUHAX pUO
3a cyMicHOI Aif coaeit Zn Ta repGinmais, r/a (MEtm, n=5)

Tatauys 1

ToxcukaHT Kpos M’asu 3a6pa ITeuinka Mo3sok
SeHKOp +Zn% 13,6 +1,63* 40,43 £3,23* | 1696 £1,36* | 32,53 £2,61* | 27,84 +2,23*
PayHAan + Zn* 21,33 £ 2,35* 9,71 £0,87* 18,67 £1,49* | 21,33+1,71* | 20,8+1,67*
2,4D + Zn% 1893 +£1,71* | 32,64+294* | 13,65+1,51* | 26,35+2,11* | 23,89 +1,91*
KOHTpOAb 18,13 £1,27* | 40,64 + 3,66* 20,8+1,67* 42,99 +£5,15* | 15,15+1,21*

ITpumiTka:* — BiporiaAHi BiAMiHHOCTi HOPIBHAHO 3 KOHTpOoAeM, p< 0,05

Haii6inbi cyTTEBI 3MiHM BMiCTY 3araJibHUX
JiniaiB 3adikcoBaHo B MeyviHLi - opraxi, 110
BiZlirpae npoBiAHY poJib y JinilHOMY 06MiHi Ta
npouecax JeTOKCUKauii. 3a cymicHoi Jil
PayHpaany Ta UMHKY piBeHb 3arajJibHUX JiMiJiB
3HMXKyBaBca Jo 21,33 +1,71 /a1 nopiBHSHO 3
KOHTPOJIbHUM 3HadyeHHsaM 42,99 5,151/,
TOOTO Mailke B/Biui. /lello MeHILI BUpakeHe
3MeHIIeHHs NOKa3HWKa BifizaHayeHo 3a fii 2,4-D
y Mo€AHAaHHI 3 HUHKOM (26,35 * 2,11 r/x; Ha
39 % HWXKYe KOHTpPOJIIO), TOAI SK 3a BIJIUBY
3eHKOpYy 3 LIMHKOM BMICT 3arajJibHUX JiNiJiB
ctaHoBUB 32,53 + 2,61 r/u, o Ha 24 % MeHIe
KOHTPOJIBHOTO pPiBHA.

Ha BigMiHy BiJ 3a3Ha4yeHUX TKaHWH, Yy
roJIOBHOMy MO3Ky KOpoma CcrHocTepiraaocs
NiABULEHHA BMICTy 3arajJbHUX JimifgiB 3a
CyMicHOI Ail [UMHKY B NOEAHAHHI 3 AOCHILKY-
BaHUMM rep6iuugamu. Hail6inbi BupaxkeHe
3poCcTaHHs NMoka3HUKa (Ha 84 %) BigMivasiu 3a
Aii  3eHkopy 3 uuHKoM (27,84 2,23 r1/n)
nopiBHsAHO 3 KOoHTpoJieM (15,15 + 1,21 r/n). 3a
CyMicHOro BIUIMBY 2,4-D Ta LUHKY piBeHb
3araJibHUX JiniAiB migBuiyBaBca Ha 58 %
(23,89 £ 1,91 r/n), Toxi sk 3a Aii Paynpany 3
nuMHKoM - Ha 37 % (20,8 £ 1,67 r/x).

BMmicT 3arajbHUX Ji0ifiB B JOCAIIKEHUX
TKaHWUHAX Y3TO/PKYETbCA 3 pe3yJbTaTaMHU
aHaJs1i3y KpOBI, /ie TaK0X BUABJIEHO Pi3HOCNPS-
MOBaHi 3MiHM BMICTY 3arajJbHUX JIiNifiB
3ajiexxHo0 Bifg Tuny rep6inuay. o Moxe
CBIYUTHU MPO CUCTEMHUHN XapaKTep MOPYIIEHb
JiniHOTO 06OMiHY 32 KOMOiHOBaHOI Ail IUHKY B
NO€EJHAHHI 3 repbiuAoM. 3HMXKEHHS BMICTY
3arajJibHUX JiiNiAiB y MeTaboJ/iuHO aKTUBHUX
TKaHWHax (MevyiHka, M’s34, 3d6pa) Moxe
BifobpakaTu iHTeHcuikaliro KaTaboJiYHUX
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npoieciB i Mobinizaniro JinifHUX pe3epBiB,
TOJi SIK X HAaKONMHW4YEeHHS B MO3KYy, UMOBipHO,
NOB’si3aHe 3 0COBGJMBOCTSMM JIiMiZJHOTO CKJIAZy
HEpPBOBOI TKaHWHU Ta OOMEXeHUMU MOXKJIHU-
BOCTSIMH il MeTab0J1iYHOI KOMITEH calil.

BuasJieHi 3MiHU BMICTY 3arajibHUX JIinifiB
y PI3HUX TKaHWHAaX Kopona CBifA4aTb IpoO
CYyTTEBE MOPYIIEHH JIiNiTHOro 06MiHYy 32 YMOB
cymicHoi nail uuHKy i repb6inuais. OpHak
NOKAa3HUK 3arajbHUX JiNiAiB Bifobpaxkae
iHTerpaJjbHUM CTaH JinigHoro mnyJay i He
Zl03BOJISIE TIOBHOIO MipOX0 OLIHUTH CTPYKTYpPHI
3MiHM KJITUHHUX MeMOpaH. Y 3B’I3Ky 3 LIUM
HAaCTYIIHUM €eTalloM JIOCJi/pPKeHHs  CTaJo
BUBUYEHHS BMicTy ¢ocdoiniiB - KJIHOYOBUX
KOMIIOHEHTIB MeMOpaHHUX CTPYKTyp, 3MiHHU
SAKUX MOXYTb OLJbII TOYHO XapaKTepU3yBaTH
MeMOpPaHOTOKCUYHUN edeKT JOC/iPKyBaHUX
KCeHO6i0THKIB (Tab.1. 2).

JlocnipkeHHA CyMiCHOI'O BILJIUBY COJIer
UHKY 1 rep6iguziB Ha BMicT ¢ocdoniniziB y
TKaHWMHAX KOpola TMOKasaJo  BUpaxKeHi
TKaHUHHO-crienqudiyHi 3MiHU. Y KpoBi pub
cnocTtepiranocsl mifBuleHHs BMicTy ¢ocdo-
JinigiB 3a cyMmicHOl [Jil TOKCUKAHTIB, OJHAK
IHTEHCUBHICTb 3MIiH CYTTEBO 3aJjiexasja BiJ
TUNy KceHOOioTuMKa. Halbinbml BHUpakeHe
3poctaHHa piBHA JocdoninigiB (Ha 51 %)
crocrepirasv 3a cymicHoro BIUIMBY 2,4-D i
UHKY, Ae ix BMicT craHoBuUB 12,5+ 1,5r/n
nopiBHsAHO 3 8,3 + 0,6 r/J/1 y KOHTPOJIBHIH rpymi.
3a pii Paynzany B noegHaHHi 3 IUHKOM BMICT
docdoniniais nixBuiyBaBcs Ha 24 % i focsras
10,37 £ 0,83 r/n, ToAi sk HaliMeHIlIe 3pOCTaHHS
nokasHuka (Ha 16 %) Big3HaYeHO 3a BIJIMBY
3eHkopy Ta uuHKy (9,64 + 0,77 r/n).
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Tatauys 2
KiapkicHuii BMicT pocoAiltiAiB B TKAaHHHAX pUb
3a CyMicHOI Aif coaet Zn Ta rep6inmais, r/a (MEtm, n=5)

TOKCUKAHT Kpos M’a3m 3s0pa [Teuinka Mo3soxk
SeHKOp + Zn?+ 9,64 +£0,77* 22,77 £1,92% 15,62 +1,24* 12,58 +1,02* |13,39+1,07*
PayHAarI + /n?* 10,37 + 0,83* 13,88 +1,11* 8,35 + 0,66* 9,75 £ 0,78* 9,41 £ 0,75*
2,4_D + Zn?+ 12,5 +1,5* 7,18 +0,57* 15,57 + 1,24* 9,19 +0,73* 4,91 + 0,39*
KOHTpOAB 8,3+0,6 16,56 + 1,32 6,72 +0,53 36,16 + 2,89 20,94 + 1,67

ITprmiTka:* —BiporiaHi BIAMIHHOCTI HOPIBHAHO 3 KoHTpOAeMm, p< 0,05

Y M'd30Bii TKaHMHI 3MiHM BMicCTy
docdouniniaiB Manu pisHocnpsiMOBaHUM Xapak-
Tep. 3a Aii 3eHKOPY B MO€EAHAHHI 3 LIMHKOM
CrocTepirasu niJiBuileHHs piBHA docdoiniaiB
Ha 37 % BigHOCHO KOHTpOJKO (22,77 £1,92 /1
npotu 16,56 + 1,32 r/n). HaTtomicTh cyMicHUM
BIUIMB PayHJamy Ta LMHKY 3YMOBJIIOBaB
3HWXKEHHS 1bOTO II0OKa3HMKa Ha 16%
(13,88 £ 1,11 r/n), a xia 2,4-D y noeaHaHHi 3
IMHKOM MNpU3BOJMJIA [0 HAWOiJbLI BUpaxe-
HOr'0 3MeHIIeHHs BMicTy ¢ocdonainifiiB — Ha
56 % (7,18 £ 0,57 r/n).

Y TkaHuHax 3516ep 3adikcoBaHO NiJBU-
meHHsA BMicTy ¢ocdoninigiB 3a cymicHoi naii
UUHKY 1 gociaigkyBaHux repb6inuzis. Tak, y
KOHTPOJIbHIN rpyni piBeHb ¢pocdoninigis cra-
HOBUB 6,72 + 0,53 r/, ToAi sk 3a fiii 3eHKOpY 3
UUHKOM BiH 3pocTaB fio 15,62 + 1,24 r/n, mo y
2,3 pa3uy nepeBUIyBaJI0 KOHTPOJIbHI 3HAYEHHS.
[Toni6Hu piBeHb pocdouinizis (15,57 + 1,24 r/n)
crocTepirazay ¥ 3a cymicHOro BILIUBY 2,4-D Ta
UUHKy. MeHUI BUpa)KeHe MiJBUILEHHS LbOTO
nokasHuka (Ha 24 %) 3adikcoBaHo 3a fii
Paynpany 3 yunakowm (8,35 + 0,66 r/n).

Ha BigmiHy Bifg kpoBi, M's13iB i 3516ep, y
neyiHNi Kopoma 3a yMOB CYMIiCHOI Ail JUHKY i
rep6ilMAiB crnocTepiraju CyTTEBe 3HUKEHHS
BMicTy docdoJinifiiB NOpiBHAHO 3 KOHTPOJIEM
(36,16 2,89 r/n). Haii6isibllle 3MeHILIEHHS I[bOT0
IIOKa3HHMKa BiJI3Ha4yeHo 3a Aii Paynaany Ta iMHKY,
a Takox 2,4-D y noe/iHaHHi 3 BMHKOM - Ha 73 %
(975+0,78r/n1) Ta 74% (9,19%0,73r/n)
BiANOBiAHO. 3a Ail 3eHKOpPY 3 LIMHKOM piBeHb
docdoniniaiB y nevinui sHukyBaBcs Ha 65 % i
ctaHoBuB 12,58 + 1,02 r/.1.

[logibHa TeHJEeHLiA 3HWXEHHS BMIiCTy
docdouniniaiB crnocrepirasacb i B TKaHMHaxX
roJ0BHOro Mo3Ky. Hail6isnbil BupaxkeHi 3MiHU
3adikcoBaHo 3a cyMicHoI il 2,4-D Ta LHUHKY, Jie
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piBeHb ¢ocdouninifiB 3mMeHmyBaBcsa Ha 76 %
(4,91+£0,39 r/n) nNopiBHAHO 3 KOHTPOJIEM
(20,94 £ 1,67 r/n). 3a nii Paynaany 3 yuHKOM
BMicT QocdoninifiB 3HMKyBaBcss Ha 55 %
(9,41 +£0,751/n1), TOAi sAK HaWMeHIle 3MeH-
meHHda (Ha 36 %) Bif3HayeHO 3a BIJIUBY
3eHkopy Ta uuHKy (13,39 = 1,07 r/n).

BusiBsieHi 3MiHM BMiCTy 3araJIbHUX JIII/IB i
docdouniniaiB y TKaHMHAX Kopoma 3a yMOB
cymicHoi fiii rep6iuuAiB i HUHKY CBi4aTh MpPO
NOpYLIeHHd JinijHOro MeTab0J1i3My, 30KpeMa
docdouniniais, 10 MoXKe BIVIMHYTH Ha QYHKIIi0-
HyBaHHS KJITUHHUX MeMOpaH. OcCKiJbKU
$yHKILiOHYBaHHSA MeMOpaH TiCHO MOB’si3aHe 3
KOMILJIEKCAMU iHTerpajbHUX OiJIKiB, JO0Li/b-
HUM 0yJ10 oJasibliie A0CAiAKEHHS] aKTUBHOCTI
JyHoi ¢pocdaTasu - 4yTJAMBOro H6ioxiMiuHOTO
MapKepa MeMOpaHHOI IPOHUKHOCTI Ta MeTabo-
JIIYHOT'O CTaHy KJITHUH.

[Ipy pocaipkeHHI aKTUBHICTb JIy»HOI
docdarasu 3a fii cosnell UUHKY Yy MOEAHAHHI 3
repbinuaamMmu Oysio 3’scoBaHO, 10 YacTiuie
cyMicHa fiisi UMHKY i rep6ilu/iB NPU3BOJUTD /10
3MeHIIeHHs1 aKTUBHOCTI JiykHOi ¢pocdaTasu y
pi3HUX TKaHHUHax pub. JocaigKyryn aKTHUB-
HicTb JI® y KpoBi KOpoIna BUABUJIMU HACTYIIHE.
Hai16inbiy 3MiHy akTUBHOCTI pikcyBau 3a il
Paynpany y mnoefaHaHHi 3 puHKoM - 84 %
3MeHIIEeHHSI aKTUBHOCTI BiZJHOCHO KOHTPOJIIO
(41,3 £ 3,3 oz, akT. poTH 261,9 + 20,9 oa. aKT.),
3a Aii 3eHKOpy Ta UUHKY 3MeHIlIeHHs Ha 74 % -
NMOKAa3HUK aKTHUBHOCTI pepMeHTy CTaHOBUB -
68,9 £8,2 ox. akTt, 3a Aaii 2,4-D Ta UUHKY -
124,1 +9,9 ox. akT., mo Ha 53 % MeHIIe 3a
KOHTPOJIbHI TOKAa3HUKU.

Y TkaHMHax M’AI3iB cnocTepiraau mifBu-
LIeHHS aKTUBHOCTI pepMeHTY 3a Aii 3eHKopy Ta
UHKY, a TakoX PayHpamy Ta LIMHKY B OJiHa-
KOBiM Mipi - Ha 73% BiJHOCHO KOHTpPOJIbHOI
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rpynyd. AKTUBHICTb (epMeHTy CTaHOBWJA -
2619 20,9 0o4. aKT, NOpOTH KOHTPOJKO -
151,6 £ 12,1 on. akt. 3a aii 2,4-D Ta UUHKY

€H3UMHA AaKTUBHICTb 3MeHIlyBajachb [0
69,9 £4,80a. akT., mo Ha 54 % wMeHue 3a
MOKa3HUK KOHTPOJIIO.

Tabauys 3

AxTuBHiCTB Ay>kHOI pocdara3u B TKAHUHAX pUO
3a CyMicCHOI Aif coaeii Zn Ta rep6inuAiB, oA. akt. (MEfm, n=5)

ToxcukanT Kpos M3 3s0pa [Teginka Mosoxk
SeHKOp + Zn? 68,9 + 8,2* 261,9 £+ 20,9* 124,1 £9,9* 1640,4 +82,1* | 68,92 + 4,13*
PayHAar[ + Zn? 41,3 + 3,3* 261,9 + 28,8* 68,92 + 4,8* 41,3 £3,3* 41,3 £3,7*
2,4D + Zn? 124,1+9,9* 69,9 + 4,8* 68,9 + 6,2* 68,9 + 5,5* 68,9 + 7,5*
Konrpoap 261,9+20,9 151,6+12,1 195,5+11,5 2619+31,4 [1089,1+87,1

ITpumiTka:* —BiporiaHi BiAMiHHOCTi ITOpiBHAHO 3 KOHTpoAeMm, p< 0,05

Y TkaHuHax 35106ep crnocTepiraju 3MeH-
1meHHs1 ¢epMeHTAaTUBHOI aKTHUBHOCTI 3a [ii
IUHKY Ta rep6iquiB y piBHiH Mipi. AKTUBHICTb
bepMeHTy y KOHTPOJIbHIN Ipyni cTaHOBUJIA -
195,5 + 11,5 ox. akT., B TOH 4Yac 9K 3a fil
3eHKopy Ta UMHKY - 124,1 + 9,9 of. akT., 3a Ail
Paynpany ta uuHKy, 2,4-D Ta [MHKY NOKa3HUK
cTaHOBUB - 68,92 + 4,8 oA, akT, Ta 68,9 = 6,2 of.
aKT. BiJNOBIAHO, 1110 Y BiACOTKOBOMY CIIiBBiJ-
HOLIEHHI € MEeHIINM BiJi KOHTpOJIIO Ha 28-29 %.

Y TkKaHMHax IMe4YiHKU crocrepiraaocsd
36i/IbLIIEHHS] aKTUBHOCTI J1y?kHOI pocdaTasu 3a
Ail 3eHKopy Ta UMHKY - 1640,4 £82,1 oA, aKT., y
KOHTpPOJIbHIM rpymi — 261,9 + 31,4 of. akT., 10
nepeBUILYE NOKa3HUK KOHTPOJIIO (61/bII HiXK Y
6 pasiB). HaTtoMicTs, 3a gii Paynaany Ta nuHKy
aKTUBHICTb ¢QepMeHTy 3MeHIlyBaJjach [0
41,3 + 3,3 of. akT, wo Ha 84 % MeHIIe HiX y
KoHTpoJi. 3a aii 2,4-D Ta LMHKY aKTUBHICTb
depmeHTy cTaHOBUIA 68,9 £ 5,5 of1. aKT., [0 Ha
74 % MeHLIe BiJf KOHTPOJIIO.

Y TKaHMHax MO3Ky CIIOCTepiraju 3MeH-
IIeHHs 3a CyMicHOI Aii coseld LMHKY Ta repbi-
uuaiB. Cnocrepirajocsi 3MeHIIeHHS TOKa3HUKa
Ha 94-96 %. AKTHBHICTb (QepMeHTy y KOHT-
pospHi¥ rpyni - 1089,1 + 87,1 ox.akT. 3a aii
3eHKopy Ta UMHKY - 68,92 + 4,13 op.akT., 3a
BIIMBY PayHpaany Ta nuHKy - 41,3 + 3,7 oA.aKT,
3a fii 2,4-D Ta uuHKy - 68,9 + 7,5 oj. aKT.

Jlocai/ipkeHHs aKTUBHOCTI J1y»KHOI dpocda-
Ta3u y TKAHWHAX KOpPOIla 3a CYMiCHOT'O BIIJIUBY
coJie MHKY i rep6ilu/1iB BUSBUJIO IepEBAXKHO
iHribyBa/ibHUM MeXaHi3M BIJIMBY KCeHO0Oio-
TUKIB, KM MaB YiTKO BHUPa)XEHY TKAaHUHHY
cnenqudiyHicThb. ¥ 6iabmocTi BUNajKiB KOMOi-
HOBAHa Jiig IUHKY i rep6inu/iB NpuU3BoAMIIA 10
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3HW)KEHHS1 aKTUBHOCTI {epMeHTy, L0 MoOXe
CBIJYMTH NPO NOPYLIEHHS MeMOpaHOo3aJleKHUX
MeTaboJiYHUX NPOLECIB.

OTpuMaHi pe3ysbTaTh CBig4yaTh, L0
Jy>kHa ¢ocdaTa3za € BUCOKOYYTJIHUBUM 0io-
XiMiYUHUM MapKepoM KOMOGIHOBAHOTO TOKCHY-
HOTO BIJIMBY LIMHKY i rep6iuujiB. 3HMKEeHHS
aKTUBHOCTI GepMeHTY B KPOBi, 316pax i MO3Ky
MOXe Biflobpa)kaTH AecTabisisalito MmeMbpaH-
HUX CTPYKTyp, HOpYyLI€HHAd TPaHCIOPTHUX
npoleciB i NpurHiveHHs MeTabo0/1iYHOI aKTUB-
HOCTI KJITUH. BogHoyac pi3ke mniJBUILEHHS
aKTUBHOCTI Jiy>kHO1 pocdaTasu B nediHyi 3a Aii
3eHKOpy Ta LIMHKY, MMOBIpHO, Ma€E KOMIIeHCa-
TOPHUM XapaKTep i MOB'I3aHUN 3 aKTHUBAILi€I0
TKaHUHO-CNeUPIYHUX AETOKCUKAL[IMHUX MeXa-
Hi3MiB. 3arajioM, TKaHUHHO-CieUQiyHi 3MiHU
aKTHUBHOCTI JyHOI docdaTasu cBig4aTh Npo
KOMIIJIEKCHUW XapakKTep MOpyuleHb MeTabo-
JIIYHUX MpOLECiB 32 YMOB CyMiCHOTO BIIJIMBY
BaXKKOT'0 MeTaJly i repbinuais.

KoMmuiekcHMM  aHazni3a 3MiH  BMIicCTy
3araJibHUX JiinigiB, ¢ocdonainifjiB Ta aKTUB-
HOCTi Jiy’kHOI ¢pocdaTasu y TKaHMHAX Kopomna
3a YMOB CYMICHOI'O BIJIMBY COJIEW LUHKY I
rep6iyUAiB CBiAUUTH NPO TJIMOOKI MOpyILIeHHS
MeTaboJi3aMy JiiMiZiB Ta MeMO6paHO3aJeXXHUX
npouecis. BugasieHi 3pylieHHdA MaJjd BUpa-
)KEHUW TKaHUHHO-cneuuiyHUN XxapakTep i
3aJiekaJlu SIK BiJi TUIy rep6inuay (B moegHaHHI
3 TOKCUYHUM BIUIMBOM LIMHKY), TakK i Bif
0C06JIMBOCTEN Nepebiry 6ioxiMiuHUX MpoleciB
y AOCJIPKYBAaHUX TKAHUHAX.
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BucuoBku AxTuBHicTb JyxHOi ¢docdaTasu BUSABU-
Jlacsl YyTJIMBUM 6i0XiMiYHUM MapKepoM KOMOi-
HOBAaHOTO BIJIMBY LMHKY i rep6inuais. [i
iHribyBaHHs1 y KpOBi, 3516pax 1 TKaHMHax
roJIOBHOTO MO3KYy Bifjo6pa)ae NpUTHiYeHH:A
MeMOpaHO3a/eXXHUX pepMeHTaTUBHUX Mpolie-
CiB, TOAlI K 3MIHHM aKTHBHOCTI B IIediHIII Ta
M’si3ax MalOTh O3HAKH alalTalliiHO-KOMIIeHCca-
TOPHUX peakKliii, NOB’A3aHUX i3 3a/lyYeHHAM
JeTOKCHKaL[iHHUX MeXaHi3MiB.

Y CyKynmHOCTI pe3y/bTaTH JOCHi[XKeHHS
NiATBEPKYIOTh, 1110 IUHK BUCTYIIAE BaXKJIMBUM
MOAMQPIKYIOUMM YHUHHHUKOM TOKCHYHOI Jii
rep6iluziB, CIPUYMHAIOYM Pi3HI TKaHUHO-
cnenudiyHi MeTaboJ1i4HI BifoBizAl y opraniami
Kopomna. KoMmiekcHi nopyuieHHsI MOKa3HUKIB
3araJibHUX JiinigiB, ¢gocdonainifjiB Ta aKTUB-
HOCTI J1y»kHOI $pocdaTasu MOXKYTb OYTU BUKO-
pUcTaHi ik iHpopMaTUBHI 6ioxiMiuHI MapKepu
€KOTOKCHUKOJIOTIYHOTO CTaHy MpiCHOBOJLHHUX
eKOCUCTEM 3a YMOB KOMOGIHOBAHOTO aHTPOIO-
FeHHOI'0 HaBaHTAXKEeHHH.

OTpuMani pe3yabTaTH CBif4yaTh, IO
CYMiCHHHM BIJIMB COJIEM ILMHKY i rep6iuujiB
3enkopy, Paynzany i 2,4-D cipuduHA€E KOMII-
JIEKCHI TMOpylleHHsI MeTaboJsi3My JimifiB i
MeMOpaHO3a/IeXXKHUX NpoLeciB y TKaHWHax
Kopomna. BudasseHi 3MiHM BMICTy 3arajbHUX
JINiAiB XapaKTepU3YHTbCA BUPAXKEHOK TKa-
HUHHOK chneuu@iyHicTIO 1 BigoOpakarThb
nepeposnojin JiNnigHUX pecypciB 3a YMOB
KOMOiHOBAaHOI'0 TOKCUYHOI'0 HaBaHTaXXEHHS.

3MiHu ¢ocdosinigHOr0 CKIaAy TKAHUH
MOXYTb CBI[UMTH PO NOPYyIIEHHA QYHKIiIOHY-
BaHHA MeMOpaHUX CTPYKTYyp: HOpYLIEHHS
CUHTEe3y Ta OHOBJIEHHSI KOMIIOHEHTIB MeM0OpaH,
10 Ma€ TKaHUHO-CHenUMpiYyHUNA XapakKTep.
PisHocnpsiMoBaHi 3pyueHHs ¢pocdoinifHOro
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XPOHIYHUM BIIJIUB BAXXKUX METAJIIB HA PEITPOJAYKTUBHY CUCTEMY TA
IIJIOAIOYICTDb POECILIA RETICULATA

ST

Tetiana Sharamok, Dmytro Zhuravlov, Hanna Tunkina

THE CHRONIC EFFECTS OF THE HEAVY METALS ON REPRODUCTIVE SYSTEM AND
FERTILITY OF POECILIA RETICULATA

AHOTAIIA

MeTa po60TH. [locaiAnuTH BIIMB BaxkKUx MeTasiB (Cu, Zn, Cd Ta ix cyMilli) y KOHIleHTpaLifx, 10 NepeBULIYI0Th
puborocnozapcbki I'/IK y 20, 1,3 Tta 1,5 pasu BifgnoBigHO Ta € GOHOBUMHU [ AesIKUX BOJONM [lpujHinpos’ss Ha
pPenpoAyKTUBHY CUCTeMy Ta MJojtouicTb rynmni (Poecilia reticulata). BusHauuTu ricroMmopdosioriyHi 3MiHM roHaf 3a
XPOHIYHOI Ail BAXKKUX METaJIiB.

MeTogosorida. MojienbHi ekciepUMeHTU 3 TyNIi NPOBOAUJIXCH NpOTAroM 92 fi6 B aepoBaHUX aKBapiyMax
06’eMoM 5 J1. 3abpyZHeHHs BOAM B JOCJIAHUX aKBapiyMax MOJIe/II0BaJU LIJISIXOM /I0JJaBaHHS Pe4YOBUH [0 KiHIeBUX
KoHIeHTpanii: mixi 0,02 mr/am3, kaamito 0,0075 mr/am3, nmuHky 0,013 mr/am3 Ta cymimi BaXKUX MeTaJliB,
KOHTPOJIbHUH aKBapiyM 3all0OBHIOBaJIU [1eXJIOPOBAHOI0 BOJLONPOBIHOIO BO1010. HanpuKiHIli ekcliepuMeHTy NPOBOAUIN
Mopoodisiosoriuni gocaimkeHHs pub. [icrosoriyHuit aHasi3 roHas 3/[iCHIOBAJIY BiATIOBIAHO [0 3araJlbHONMPUHHATUX
MeToauk. PoTodikcauito rictosorivHux npenapartiB pobusau npu 36iabiieHHi 400x 3a fonoMmoroio LUPpPoBoOi KaMepu
SIGETA M3 CMOS 25000 3 niagksitoyeHHaM ii o mikpockona Ulab XY-B2TLED.

HaykoBa HOBHM3Ha. 3Ba)Kal04u Ha HEeIOCTATHIO KiJIbKICTb BiJOMOCTe! CTOCOBHO XPOHIYHOI0 BIJIMBY MeTaJliB Ta
ixHiX cyMilleld Ha penpoAYKTUBHY CUCTEMY pUO, BUHUKAe MoTpeba y NMpoBeJleHHI MoJeJNbHUX J0CaiAiB. 3a yMOB
xpoHiyHoro BmuBy ioHiB Cd, Cu, Zn Ta iX cyMmiumi y KOHLeHTpaLiaX, 1o nepeBuinyBasu puborocnogapcbki K, y
roHaZlax rynmni 6y/i0 BUSABJIEHO HU3Ky MNaTOMOPQOJIOTiYyHMX 3MiH. 30KpeMa, BCTAHOBJIEHO [JeCTPYKIil0 000JIOHOK
OOLIUTIB Ta >KOBTKOBOTO MIllIKa, JiMiAHY BaKyoJi3alil0 LUTOIMJA3MU SHLEKIITUH, a TaK0oX MOpYyIIeHHs LiJicHOCTi
060JIOHOK CiM’'SIHUKIB, ZlerpaZialilo iXHbOI CTPYKTYpH Ta PO3LIMPEHHS iHTEepCTHUIiHHOro mpoctopy. B cykynHocTi ni
3MiHU MPHU3BEJIU [J0 CKOPOUEHHS PiBHA IJIO/0YO0CTi a60 MOBHOI BiACYTHOCTI HAPOAXKYBAHOCTi MasIbKiB.

BucHOBKM. XpoHi4Ha eKCro3uljist ioHaMH1 BaXKKUX MeTaJliB MpoTsaroM 92 ai6 npu3BeJia 10 CyTTEBOTO 3HMKEHHS
IJIOA0YO0CTI AocaigHUX pub. [lomMpeHoo naTosorieo 6yJi0 NopyleHHs HiicHOCTI 060/I0HOK OOLIUTIB Ta iHTEHCUBHA
JliliJiHa BakyoJii3anisi HUTonIa3Muy. Y ciM' iHUKaxX BUSIBJIEHO MOPYIIEHHS IX CTPYKTYPH, 3MEHLIEHHS KiJTbKOCTI 3pijnx
CIepMaTo30i/iB Ta yIiJIbHEHHS ciepMaTU/ (il BIIMBOM KaJIMi0), [0 MOe Oy TH HACIiJKOM 3aTPUMKH J03PiBaHHS.

Kiro4o0Bi cs10Ba: Baxki MeTasy, Tynili, penpoJyKTHUBHA CUCTEMA, IJIOAK0YiCTh
ABSTRACT

Purpose of the work. The study aims to research the impact of the heavy metals (Cu, Zn, Cd, and their mixtures)
in concentrations that exceed the fish farming MPC by 20, 1.3, and 1.5 times, respectively, and are the background for
some waters of the Prydniproviia region on the reproductive system and fertility of guppies (Poecilia reticulata). To
determine histomorphological changes in the gonads under the chronic action of the heavy metals.

Methodology. Model experiments with the guppy were conducted for 92 days in aerated aquariums with a volume
of 5 liters. Water pollution in experimental aquariums was simulated by adding substances to the final concentrations:
copper 0.02 mg/dm?, cadmium 0.0075 mg/dm?, zinc 0.013 mg/dm?, and a mixture of heavy metals. The control aquarium
was filled with dechlorinated tap water. At the end of the experiment, morphophysiological studies of the fish were
conducted. Histological analysis of the gonads was carried out according to generally accepted methods. Photofixation of
the histological preparations was done at a magnification of 400x using a SIGETA M3 CMOS 25000 digital camera
connected to a Ulab XY-B2TLED microscope.

Scientific novelty. Given the lack of information on the chronic effects of metals and their mixtures on the
reproductive system of fish, there is a need to conduct model experiments. Under conditions of chronic exposure to Cd,
Cu, Zn ions, and their mixtures in concentrations exceeding the fishery MPC, several pathomorphological changes were
detected in the gonads of the guppy. In particular, the destruction of the membranes of oocytes and the yolk sac, lipid

81


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

ISSN 2786-6955 (Online)

Biota. Human. Technology. 2026. No 1

Electronic edition

vacuolization of the cytoplasm of egg cells, as well as disruption of the integrity of the membranes of testes, degradation
of their structure, and expansion of the interstitial space were found. Taken together, these changes led to a reduction in

fertility or a complete lack of birth rates.

Conclusions. Chronic exposure to heavy metal ions for 92 days has led to a significant decrease in the fertility of
the experimental fish. A common pathology was disruption of the integrity of the membranes of oocytes and intense lipid
vacuolization of the cytoplasm. In the testes, structural abnormalities, a decrease in the number of mature spermatozoa,
and condensation of spermatids (under the influence of cadmium) were detected, which may be a consequence of delayed

maturation.

Key words: heavy metals, guppies, reproductive system, fertility

Beryn

[ToBHOMacuITabHi BOEHHI Aiii Ha TepUTOPil
YkpaiHM 3HAyHO 3aroCTpoOTh MNpob6JeEMy
3a0pyHeHHS1 BOJHHUX €KOCHUCTeM KCEHO-
6ioTHKaMHu, 1[0 NPU3BOAUTH A0 iX XPOHIYHOTrO
BIJIMBY Ha riJIpo6iOHTIB, 30KpeMa Ha puo.

ligpoekocucTeMa € KiHLIEBOI JIAHKOIO
HAaKONHWYeHHs 3a0py[HIOIOUYUX PEYOBUH, 10
HaJXO0JSTh 3 TOCHOJAPCbKO-MOOYTOBHMH Ta
INPOMHUCJIOBUMHU CTIYHUMHU BOJAMHU, [OLLOBUMU
Ta TaJUMHU BOJAMH, CilJIbCbKOTOCIOAAPCHKUM
ctokoM (Nikolenko & Fedonenko, 2021).
Bigomo, o came BaKKi MeTaIu € MPIOPUTET-
HUMU 3a0py/IHIOBAYaMH BOJHUX €KOCUCTEM
Ykpainu, 3o0kpeMa BoJoMM [lpujHinpos’s.
[TonepeaHi focimxeHHs MiATBEPAXKYIOTb 301/1b-
LIeHHS KOHLeHTpalil MeTasiB B 3allopi3bKOMY
(lHimpoBCbKOMY) BOJOCXOBHULIi 3 KOXHHUM
pokom (Fedonenko et al, 2012; Buzina &
Khainus, 2019; Kurchenko et al., 2024).

Baxkki MeTa/iM npeACTaBASIOTb 0COOJIUBY
3arpo3y O0i0Ti OCKiJIbKM He pO3KJIaJalThCs
6iosoriyHO i MawTb pyHWHIBHUW BIJIMB Ha
opraHiamu. B Ham yac kynpym (Cu), nquHK (Zn)
Ta KaaMil (Cd) WiMpoKo po3MOBCIO/KYIOThCA B
rijpoeKkocucTeMax BHACAIZJOK NPOMUCIOBUX
CKUZIB Ta BOEHHUX Aih. BoHU 37aTHI akymy-
JIIOBAaTHUCb B TiApo6iOHTaXx, 10 BXe OYyJ0
JOCII/P)KEHO B OpraHi3Max piYKOBUX pakiB Ta
pu6 3anopisbkoro ([HinpoBcbkoro) Ta Kam’sH-
cbkoro BogocxoBull (Korzhenevska et al.,, 2023;
Kurchenko et al, 2024). [loTpamastoyud B
OpraHiaM MelIKaHIiB BOJOWM, BaXKKi MeTasu
CIIPUYMHAIOTh TOKCUYHI Jii, 110 BKJIOYalOTh B
cebe OKCUAATUBHUM CTpec, HOPYLIEHHS POCTY,
pO6OTY penpoAyKTUBHOI CUCTEMH, pepMeHTa-
TUBHY aKTUBHICTb, TeHETUYHI MyTaliii, a yepes
3/1aTHICTh JJ0 HAKONMMYEeHHS B ICTiBHIM YacTUHI
IPOMUCJIOBUX TipoOiOHTIB, HecyTb B cO6i
3arposy aus ix cnoxkuauiB (Polak-Juszczak &
Szlider-Richert, 2024).

Ha cborosiHi Hakonu4yeHo NeBHUM paKTUU-
HUHM MaTepias U100 BIJIUBY Pi3HUX KOHLIEHT-
paliil BaXXKMX MeTasiB Ha penpoayKTHUBHY
byHKI1Iit0 pu6, B TOMY YUCJ i HA TICTOCTPYKTYpY
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roHa/ (Shelke Abhay D., 2014; Cao J etal., 2019;
Su L et al,, 2023; Wu G. et al., 2023). BoaHouac
NoTpebye MNOJANbUIOr0 3’sCyBaHHS BIJIMBY
TpUBaJIol eKcno3ullii pOHOBUX KOHIEHTpaLii
BaXXKHUX MeTaJliB Ta IX KOMILJIEKCIB Ha pernpo-
JAYKTUBHY CUCTEMY Ta FeHepaTUBHI NIOKa3HUKH
pub.

Bak/IMBO Tako> 3a3HA4YUTH, 110 3a6py/A-
HEHHSI eKOCUCTEM BaXKKMMH MeTaJlaMH Hece B
€061 JOBroTpuBaJji HACAIKH, 1110 MiATBEPKYE
aHaJsi3 riipo6ioHTiB banTilickkoro Mops, KOTpi
JIOCi HaKOMHWYYIOTb B COOi BaXKKi MeTasly,
JoKepesioM SIKUX € 6oenpunacd 4daciB /Jlpyroi
CBiTOBOI BiliHU.

3 oryiAly Ha BULe3a3Ha4YeHe, Hallli rigpo-
€KOCUCTeMU NepebyBaloTh Y 30HI MiIBUIIEHOTO
PHU3MKY, 1|0 3yMOBJIIOE aKTYaJIbHICTb BUBYEHHSH
BiZIJa/IeHUX HACIIAKIB aHTPOIIOT€HHOI'0 HaBaH-
TaKeHHsI.

Marepiasu Ta METOAU AOCAIAYKEHHA

O6’ekTOM JOCHAiIKEHHd Oyau rynmi
(Poecilia reticulata) BikoM 2 MicsLj, IKi KyJIbTH-
ByBaJIMCsl B HayKoBil JlabopaTtopii H/II Biosiorii
AHY. MopgenbHi eKcnepuMeHTH NpPOBOAUJIUCH
npotsrom 92 ai6 B cepnHi-iucronaai 2025 p.
Ha kadegpi 3aranbHoi 6ioJsiorii Ta BOJHUX
6iopecypciB /IHINpOBCHKOr0 HaliOHAJBLHOTO
yHiBepcuTeTy iMeHi Osieca 'oH4apa. B koxxHuu
aepoBaHUU akBapiym 06’eMoM 5 j1 6ysi0 po3Mi-
neHo no 20 eksemmisApiB pub (10 camuiB Ta
10 caMoK), cepeIHbOIO AOBXHHOI0 2,027 + 0,14 cMm.
Pubam HagaBaiu kopM y KinbkocTi 3 % Bif
IXHBOI MacH.

3abpy/iHEHHS BOAY MO/ Ee0BaI0Ch ILJs-
XOM [JOJaBaHHSl y BOJAY pO34YHHIB MeTaJliB
(CuSO0,4, CdSO4, ZnS0O,) y BiANOBIJHUX KOHLIEHT-
panisx. KoxHi 3 1064 3miHoBasiu 60 % Boau Ta
Jl0/laBaJIu CIIOJIYKHU 10 CTabiizalii moKa3HUKIB
BMICTY BaXKUX MeTaJsiB. KOHTpo/IbHUM aKBa-
piyM 3alOBHIOBABCS [I€XJIOPOBAHOK BOJONPO-
BiJHOIO BOAOI0. BMICT BaXXKUX MeTaJjiB B
JoCiax BiANOBIJaB IX KOHLEHTpaUiAM y BOAl
BozoiMm I[lpupHinpos’s (Yesipova et al.,, 2023).
CxeMa IpoBe/ieHHS eKCTIEPUMEHTY Mpe/iCTaB/IeHa
B TabJ.1.
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Tatauys 1
BapianTi MOAEABHOTO €KCIIEPUMEHTY
3a XpOHIYHOI'O BIAMBY Ba>KKHUX MeTaAiB Ha Poecilia reticulata
IToxka3zuuku Aocaia 1 Aocaip 2 Aocaia 3 Aocain 4
Cu** Cd* Zn** Cu+Cd+Zn

Konnenrpanis B 0,020+

. 3 0,020 0,0075 0,013 +0,008+

eKCIIepUMEHTi, MI/aM +0,013
r'AK, mr/am3 0,001 0,005 0,01 -
Temneparypa, °C 24 24 24 24
Bwmicr kucHio, mr/ am? 7 7 7 7

Jlna BU3HaueHHs KoedillieHTy BrojoBa-
HoCTi (Ks) pu6 3a @ysbTOHOM KOPHUCTYBAJIUCh
HaCTyMHOO GOpMYJIOL0:

Ks=m/13x100,

ne K - koedillieHT BroiloBaHOCTi;

P - maca pu6uy, r;

| - moBXMHaA pUbM BiA MOYaATKy puja A0
KiHIIfl IYCKOBOTO IOKPUBY, CM.

[icTrosoriyHMM aHasIi3 roHas 34iMCHIOBaIN
BiZMOBIAHO [0 3araJIbHONPUHUHATHUX METOJUK.
i1 OTpMMaHHA TiCTOJIOTIYHUX IIpenapariB
rotyBa/iv napadiHoBi 6J10KH, a 3pi3u po6UJIU 3a
JIOIOMOrol0  MIKpOTOMa Ta 3abapBJ/IOBaIU
reMaTOKCUJIiH-eo3MHOM. PoTodikcalito ricro-
JIOTIYHUX MpenapaTiB NPOBOAUIU NMPU 36i/b-
meHHi 400x 3a gonomorow 1MPppoBOi KaMepu
SIGETA M3 CMOS 25000 3 nigk/049eHHAM Ii 10
Mmikpockona Ulab XY-B2TLED. Bcworo 6yJio
npoaHasizoBaHo 1o 20 ¢$oTo ricTosoriyHux
IpenapariB 3 KOXHOT0 AOCJiAY Ta KOHTPOJIIO.
Bu3Havya/iu mJolly oouuyTa, MOro BEJIMKUU Ta
Masui AiamMeTpu. O64MCIeHHs POBOAUIN 3a
JonoMororo nporpamu TopView.

JloCcTOBIpHICTh pi3HUII MiX BapiaHTaMH
BU3Ha4yaJ/IMu MeTOJlaMH1 Bapial[inHOI CTaTUCTUKHU
i3 BUKOpUCTAaHHAM TecTy Thloki. BigMiHHOCTI
BBKAJIMCS IOCTOBIpHUMHU NpH pisHutii p < 0,05.

[lig 4yac mnpoBeaeHHs JOCHiPKeHb 6ioe-
TUYHI HOPMHU He NOopyLIyBaJuCh. JlocaigKeHHA
OyJI0o BUKOHAHO 3Ti/IHO 3 IpaBUJIaMUu 0i0eTUKH
(Regulations on the Committee on Ethics
(Bioethics), 2012).

Pe3syabTaTH AOCAIA’KEHHA Ta OOroBO-
peHHA

JocaimkeHHSIM BUsBJIEeHO crelupiyHuM
BIUIUB LMHKYy Ha po3MHOxeHHs Poecilia
reticulata (Jocnig 4). llonpu Te, U0 B eKcIe-
pUMeHTaJIbHIN Ipyni nepuia reHeparis 3'sBU-
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Jlacsl paHile 3a KOHTpoJb (Ha 47-y n#o6y),
[oJlaJiblila XpOHIYHA €KCII03ULlid MeTaly pUs-
BeJla 0 TJIMO0KOro NMPUTHiYeHHS penpojykK-
TUBHOI QyHKIii. Bigomo, 1110 IIMHK € BaXKJIUBUM
MiKpOeJieMeHTOM /11 py0, AKUU Yy MaJIuX [,03ax
CTUMYJIIOE PENPOAYKTHUBHY OQYHKIilO, aje y
BeJIMKUX KOHLIEHTpaALidX CTa€E TOKCUYHUM,
CYTTEBO 3HWXKYIOYU IUJIOAIOYICTD Ta BUXKHUBA-
HicTb notoMcTBa. CyMapHa KiJIbKiCTb OTpHUMa-
HOro noToMcTBa 6ysa Ha 71,4 % HWXKYOM
MOPIBHAHO 3 KOHTPOJIBHOK TCpyIlolo, L0
CBIJYUTP NP0 BUCOKYy T'OHAJOTOKCUYHICTH
LUHKY IPU TPHUBAJIOMY BIJIUBI Ta BUCHAKEHHSA
ajlanTaliiHUX pe3epBiB opraHisamy (puc. 1).

Y Xopi npoBeJeHOro aHaJsizy BCTAaHOB-
JIEHO, 1110 MiJIb SIK OKpeMo, TaK i B KOMbiHalii 3
MHKOM Ta KagMieM ([Jocaigu 1; 4), npurHivye
miojwyvicte pub Ha 64,3 % mnopiBHAHO 3
KOHTpoJieM. BogHOovyac Halb6iybll arpeCUBHUM
TOKCUKAHTOM BUSAABUBCA Ka/[Mil, AKUW NIPU3BIB
Jlo abCOJIIOTHOTO MPUIMHEHHS BiJITBOPEHHS.
Mo>xHa npunycTuTy, 1o B Jlocaigi 2 penpoayk-
THUBHA QYHKLig rynni 6ysa NOBHICTIO NPUTHI-
4eHa, 110 MPH3BeJIo [0 BiZICYTHOCTI IOTOMCTBA.
MMOBipHO, TpuUBa/sia IHTOKCHKALid KaAMieM
MOXKe CIIPUYMHUTHU pe3opbuito eMO6pioHiB abo
iXHI0 3arubesib Ha paHHIX CTaJiIX OHTOTeHEe3Y.
AHanizyrouu faHi mono mMopdoddisionoriyHux
NOKa3HUKIB puO, BCTAHOBJEHO, 10 3a
koedilieHTOM Bro/IoBaHOCTI, AKHUH Bilobparkae
3arajibHUK Qi3iosoriYHUNA CcTaH OCOOMHM, He
BUAIBJIEHO CTAaTUCTUYHO JOCTOBIPHOI pi3HMUI
AK MDK KOHTpPOJIEM Ta JOCJAiAaMH, TakK i Mix
eKCllepuMeHTaJIbHUMU rpynamu. [lpoTte BUSAB-
JleHa BIiJMiHHICTb MiXX NOKa3HUMKaMM MacH
camMulb pi3HUX rpymn. /JlocToBipHa pi3sHULA
BCTaHOBJIeHA Mix JloctiioMm 2 (BIJIKMB Ka/[Mit0)
Ta KOHTPOJIbHOIO Trpynow pub y 2,1 pasy, 1o
MOXX€ TMOSICHIOBAaTUCS 3aTPUMKOK HapO/KYy-
BAHOCTI, fika W NPU3BOAUTH A0 30iJblLIEHHS
MacH puo.
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Puc. 1. IIpoAyKTHBHICTE CaMHUIIb TyIIIIi

B iHmWuMX focaifHUX rpymnax cnocrepi-
TaETbCA TEHJIEHIiA A0 30iJbIIeHHS MacHu
caMullb, L0 NOB’SI3aHO 3 YaCTKOBOK peaJi-
3ali€l0 penpoAyKTUBHOIO MOTeHLiany, aJe
CIIOCTEPIraETbCA TEeHAEHL i 3aTPUMKH HApPOKY -
BaHOCTI, L0 NiATBEPIKYETbCA IMpPU aHasi3i
FiCTOJIOTIYHHUX NpenapaTiB. 3aTpUMKa HaApOIKY-
BaHOCTI MOXXe OYTH CIpUYMHEHA 3arajJbHUM
BUCHQXXEHHAM OpraHiaMy Ta He3/JaTHICTIo
HAKOINMYUTHU [AOCTATHIO KiJIbKICTb NOXUBHUX
pPEYOBUH, 110 CBIJYUTTH NpPO crnenudiyHy TOK-
CUYHYy JAil0 JaHux chnoJjyk (Ttabsa. 2). [locto-
BipHHUX BigMiHHOCTell Mopdodizionoriynux
MMOKA3HUKIB caMI|iB He BUSBJIEHO B AOCJIJHUX
rpynax ImOpiBHAHO 3 KOHTpOJIeM Ta MiX
eKCllepUMeHTa/lbHUMU ~ ocobuHaMu. CepenHs
Maca CaMIiiB I'yIIi HalPUKiHI eKCIepUMEeHTY
ckiagaina 0,142+0,03 r, goBxkuHa - 2,54+0,2 cMm,
KoedilieHT BrogoBaHocTi - 2,45+0,36.

Y cy4acHii HayKOBIiN JiiTepaTypi BHUCBIT-
JleHl JaHi 1040 MIKpOCKONIYHOI CTPYKTYpH
OOLIMTIB 3 PI3HOI0 KIJIBKICTIO XOBTKa Yy /JBOX
BU/IiB *KUBOPOJHUX pub Poeciliidae Ta cTpaTerii
eMOpiOHAJNbHOI'O0 >KUBJIEHHS Y >XUBOPOJHUX
KiCTKOBHUX puO.

YHIKaJIbHICTb }XMBOPOJIHHA Y KiCTKOBUX
puo6 noJisirae B 0co6JIMBiN OyA0Bi IXHBOI penpo-

AYKTUBHOI CUCTEMH, fAKa CYTTEBO BiApI3HA-
€TbCSA BiJ IHIIMX XpeOeTHUX Yyepe3 BiJCYTHICThb
CTPYKTYp, wWo GOpPMYyKOTh SWIENPOBOJAM.
BHacnifok 1boro s€4yHUK pub Mae mpsaMe
CIIOJIyYeHHH 13 30BHIIIHIM cepej0BULLEM Yepe3
HepenpoAyKTUBHUM KaHaJs rOHOAYKTOM. OTxe,
PO3BUTOK €MOPiOHIB Bifj0yBa€TbCs BCeEpeUHI
A€YHUKA, IO € VHIKaJbHUM MeXaHI3MOM
rOHaZJHOTO BUHOLIYBAaHHS cepesi XpeOeTHUX.
AedHuK nmoeninig po3TaloBaHUM MO340BXKHbBO i
NiATPUMYETbCA [0 [JOPCaJbHOI CTIHKU Tijla
Oprkero. I€EYHUK MiCTUTD LIeHTPaJIbHUM POCBIT
Ta Ma€ MimkonoAi6Hu# Buj (Uribe et al.,, 2026).

Jnd  OLiHKM CTaHy CTaTeBUX 3aJl03
Poecilia reticulata HamMu 6yJi0 TPOBEAEHO
aHaJli3 TiCTOCTPYKTYPU AEYHUKIB, pe3ybTaTH
SKOTO BKa3ylTb Ha 30epeXeHHs THIIOBOI
CTPYKTYPH OOLIUMTIB y pUO KOHTPOJIbHOI IPYIIH.
dikcyBasuch OOLUTH Ha CTaAil Mi3HbOrO BiTe-
JIOTEHe3y 3 BEeJIMKOI0 KIJIIbKICTIO TOMOIeHHOI'0
IIiIJIBHOTO >KOBTKa, 3abapBJieHOr0 iHTEHCHUB-
HUM NypHnypoBUM KoJjbopoM. Ha mnepudepii
001MTa pO3TallOBaHi JiNiAHi rpaHy. v — 6iJi, Ha
BUTIJIAJ, NIOPOXHIi, OKpyrJi yTBopeHHA. KoxeH
OOLIUT OTOYY€E TOHKUW wmap QoJiKyJApHUX
KJITHH (puc. 2. A).

Tabauys 2
MopdogiziororiuHi MOKA3HUKH CAMHIIE IYIIII HAIIPUKIHII €KCIIEPUMEHTY
Aocaia/TToxkazaux Aos>xuHa pub, cm Maca pub6, r Ks
KonTpoab 2,65+0,64° 0,290+0,22° 2,50 +0,33°
Cd 3,740,242 0,615 + 0,134° 2,41 + 0,492
Cu 3,35+0,26° 0,405+0,062°P 2,52 0,242
/n 3,13+0,42° 0,332 + 0,122 2,36 +0,22°
Cd+Cu+Zn 3,23+0,57%° 0,351+0,144%° 2,47 +0,322

IMpumiTka: pisHi AlTEpH B CTOBIIYHKY - PISHHIIA CTATUCTHYHO AOCTOBIpHA, 1ipu p = 0,05
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Puc. 2. AiinekaiTHHI caMHULb TyIIi.
A — xouTpOAB; B — Aocaia 2 (Cd*); B — Aocaia 3 (Zn*")

BusAB/ieHO BIJIUB BaXXKUX MeTasliB Ha
ricrosioriuny 6ys0By oouuTiB rymnmi. BctaHoB-
JIEHO MOpYLIeHHS 000JIOHKU ANLIEKJITUHY, IKE
crioctepiranock B 33 % AOCHII)XKEHUX 3pa3KiB
BHACJIiI0K 92-rOAMHHOI eKCNo3ullii pO3YMHOM
KaAMilo y KoHIeHTpalii, mo B 1,5 pa3u nepe-
BUIIYE PUOOTOCIOAAPCHKY TPAHUYHO JOMYCTUMY
KOHLeHTpauit (puc. 2 B).

Y npoueci ooreHelsy pu6b popMyBaHHS
JiMiZHUX BKJIIOYEHb € HeOOXiAHUM AJ1d 3a6e3-
[IeYeHHd eHepreTUYHoro Ta IJIACTUYHOIO
06MiHy MalbyTHbOro 3apojka. [Ipore maro-
JIoOTiYHe 30iJIblIeHHSI KiJIbKOCTI »XHUPOBHUX
BaKyoJilel abo iX aHoMaJibHa MopdoJorisa
(HagMipHe 3JIUTTS YU HEPIBHOMIpHUN pO3MO/iJ)
NPU3BOJAATH [0 HeraTUBHUX HaCJaiAKIB. 3a
BIMBY ioHiB uuHky (1,3 TZAK) Ta cymimi
BaXKHUX MeTaJliB CIlocTepirajsacb HajMipHa
JiniZHa BakyoJii3aljig Ta 3JIUTTA BaKyoJien
oouuTiB (puc. 2.B) y 60 % Ta 33 % mocaifxy-
BaHUX 3pasKiB BiANOBiAHO. AHOMaJIbHA BaKyo-
Jlizallis LMTOIIa3MU OOIUTIB pUO BHUsIBJIeHA
panime 3a fii pi3HMX TOKCHUKAaHTIB Ha pub
(Magar et al., 2013; Anamika et al., 2015; Yon
Ertug et al., 2021). iMoBipHO, Be/IMKa KiJIbKiCTb
)KMPOBHUX KpalleJb MOXe CTBOPHOBATHM Mexa-
HiYHI mepemikoay JJid HOPMaJIbHOrO IepeMi-
IleHHS LUTOIJIa3MaTUYHUX JeTepMiHaHT Ta
BIUINBAaTM Ha XiJl PO3BUTKY eMOpioHa.
Hanpukiaz, mopyuieHHs cuiMeTpii 6s1acTomepiB
Ta 3yNUHKU PO3BUTKY Ha CTajii 6/1acTyJiu.
HapgMipHa kKoHueHTpanid JinmifiB y BaKyoJdax
MOXKe CTBOPIOBATU Cy6CTpaT /il iHTEHCUBHOI
nepokcuaii.

[lix BniuBoM KynpyMmy (20 puborocmo-
Japcbkux I'IK) B 50 % npenapaTiB BUABJIEHO
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NOpyLIEeHHS 000JIOHKH KOBTKOBOT'0 MillIKa, 1110
€ KPUTUYHUM UYUHHHUKOM, OCKUJIbBKH 0e3mo-
cepeJlHbO 3arpoXKy€ BWXKMBAHHIO 3apojKa, 60
BUKOHYE pOJIb T'OJIOBHOI'O OpPraHy >XUBJIEHHH,
JAVXaHHA Ta BUJIJIEHHA Ha paHHIX eTamnax
PO3BUTKY.

3aMipy AWLEKJITUH He BUABUJIU CTATHUC-
THUYHO JOCTOBIpHOI pi3HUILi cepe/; IOKa3HUKIB,
MPOTEe BaXKJIMBO BiIMITUTH CKOPOYEHHS PO3MIipiB
AWLEKJITUHM 3a BIJIMBY TOKCUKaHTIiB. Ham-
6isblie cepeiHE 3HAYEHHS BEJIMKOTO Ta MaJloro
AlaMeTpy OOLUTIB CIOCTEPIrajaoch y KOHTPOJIb-
HUX CcaMOK Ta ckjagano 1,276+0,233 MM Ta
1,029+£0,193 MM BignosigHo. Ilig BIJIMBOM
LJMHKY pO3Mip CKOpOTUBCH Ha 22,5 %, a kaaMmito -
Ha 32,65 %. [lofi6Hy KapTUHY aBTOPH CIIOCTe-
piraju 3a XpOHIYHOI'0O BIJIMBY NMECTULUJIB Ha
pu6 (Kulshrestha & Arora, 1984). Cnocrepi-
raJlochb II0CTYIIOBE 3MEHILEeHHS OOLUTIB, 3ylIMHKa
po3BUTKY oOJiKyJiB, OJHOYAacHAa 3yMNHUHKA
BiTeJsioreHesy, 1110 NPU3BOAMJIO 0 3MEHIIEeHHA
pO3Mipy OOLUTIB.

CamLi B KOHTpPOJIi MaJid BIOPAAKOBAHY
CTPYKTYpy CllepMaTOreHHUX KJITUH 3 JO0CTaT-
HbOK  KIJIbKICTIO 3pUIMX  CllepMaTo30i/iB
(puc. 3. A). ¥ ciM’ssHuKax niggocaiiHUX pyub 3a
BmiiuBy Cd, Zn, Cu cmnocTepiraBcs HeKpo3,
NOUIKO/KeHHSI 000JIOHKU CiM’'siHMKa Ta ¢par-
MeHTalisd TKaHUHU. CrocTrepirajsach TaKOX
30iJIbIIIEHHS  IHTEPCTHUI[IHHOTO MIPOCTOPY
(puc. 3. b, B).

[TomKko/XkeHHS OOOJIOHKM CiM'IHHUKa €
XapaKTepHOI NaTOJIOTIEI0 3a BIJIMBY BAXKKHUX
MeTaJliB TaK fK CHOJIyKa aKTUBHO B3aEMOJIE 3
JinijaMMd TUM CaMUM [OPYUIYIOYU CTaly

CTPYKTYDpPY.
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Puc. 2. Cim’aauku camuis rymmi: A — koHTpoAb; B — Aocaia 1 (Cu**); B — Aocaia 2 (Cd*)

3MiHU B CiM’IHMKaX BKJIIOYaJIU 37e6i/b-
IIOTO HEKPO3 TOHaJ, CTYMNiHb fKUX 306iablIy-
BaBCAd B Ipolieci crepMaToreHesy, Tak fK Yy
MOJIOAUX CiM'SSHUKax $IBUIE HEKpPO3y He
CIIOCTEpPiraaock. PIMOBipHo, Ile TOB’d3aHO 3
TUM, 1110 CaMe HAaKONMYEeHHH BaXKKOro MeTally
Hece HaibOinbll pyWHIBHUM edekT. OTpuMaHi
pe3yJbTaTHh Y3rOMXKYIOTbCA Ta PO3LIMPIOITH
B2Ke HadABHI BiIOMOCTi CTOCOBHO BILJIUBY PTYTI
Ha roHagu camuiB rynni (Wester & Canton,
1992). TIlopymyBasachb TaKOX 3arajbHa
CTPYKTYypa oprasy, 10 o6pe BUIHO Ha 3HIMKax
y NOPiBHAHHI 3 KOHTpOJIEM

[Ilofo KiZIBKOCTI 3pi/iUX CliepMaTO301/iB,
BaXX/IUBO BIAMITUTH BEJIUKY KIJIBKICTb 3piJuX
CIlepMaTo30iiB B  KOHTPOJIBHIA  rpymi.
HatomMmicte 3a BmauBy Cd cnocrepiraeTbcs
yLiJIbHEHHA CllepMaTU/IB 4Yepe3 BiJCYyTHICTb
BUXO/Jly CIIepMaTO30I/iB [0 KaHa/abLiB. Takuu
pe3yJbTaT MOXe CBiJYATHU [P0 3aTPUMKY
Jlo3piBaHHSA BMICTy CiM’SHUKIB, 110 MigTBEp/-
XKYETbCA  JOCAI[PKEeHHAMU IHIIWX aBTOpiB
(Vergilio et al.,, 2015). 3a BniuBYy Mifi Takox
CIIOCTEpirasoch 3MeHIIeHHH 3PiJIMX CliepMaTo-
301/iB, HATOMICTb IlepeBa)KaHHA B KIJIBKOCTI
cnepMaTtouuTiB 1-ro Ta 2-ro mnopsaAgKy Ta
criepMaToroHiiB. 3a BIUIMBY Zn Ta CyMiuli
MeTaJliB CIOCTepirajach AOCTAaTHHA KiJIBKICThb
3pIUX ClIepMaTOo30i/iB.
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XpOHiYHA eKCNOo3ULiA i0OHaMHU BaXKKUX
MeTaJsliB nmpoTsarom 92 i6 npusBesa /10 CyTTE-
BOT'O0 3HWXXEHHA IJIOAKYOCTI JOCAIJHUX TpyIl
pub. 30kpeMa, nij Ai€r0 KynpyMy Ta KOMOiHaLii
MeTasliB (KynpyMmy, KaJMil0 Ta LUHKY) Lel
NOKa3HUK BraB Ha 64,3 %, a 3a BILIUBY LIUHKY —
Ha 74,1 % nopiBHSAHO 3 KOHTpoJsieM. Hal6iabi
naToreHHU e¢deKT BUSABJEHO y Trpymni 3
kaamiem (0,0075wmr/a), ne cnocrepirasocs
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JIOHOK oonuTiB, 3adikcoBaHe y 45% 3paskis.
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IHTeHCHUBHA JIilliJHa BaKyoJIi3aLlisd [UTOIJIa3MHU.
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NOpYLIEHHA CTPYKTYypU TOHAJZ, 3MeHUIeHHS
KIJIBKOCTI 3pIJIMX CHepMaTo301[iB Ta YILiJb-
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Liudmyla Khrokalo, Uliana Volova, Margaryta Skiba

DEVELOPMENT OF SILVER-SNAIL MUCUS NANOSYSTEM AND
ITS INCORPORATION INTO A MULTIFUNCTIONAL BURN-HEALING CREAM-GEL

~T

JIrogMuiia Xpokaio, YiasHa BosioBa, Maprapura Ckuba

PO3POBKA HAHOCUCTEMM CPIBJIA HA CJ/ZIN3Y PABJIMKA TA
I BKJTFOUEHHS 10 MYJIBTU®YHKIIIOHAJIBHOI'O KPEM-T'EJIIO
AJ151 JIIKYBAHHS OIIIKIB

ABSTRACT

In recent years, nanotechnology, nanomaterials have been increasingly integrated into dermatological and
cosmetic formulations.

Purpose of the work. To develop a silver nanosystem through an eco-friendly one-step reduction of silver nitrate
using lyophilized Cornu aspersum mucus as a natural reducing and stabilizing agent, and to incorporate the obtained
nanosystem into a multifunctional burn-healing cream-gel.

Methodology. The AgNPs-mucus nanosystem was synthesized by mixing aqueous solutions of silver nitrate and
mucus reconstituted in water under stirring at 37-40 °C for 1.5 h, followed by incubation at room temperature under
natural light for 48 h. The formation of metal nanoparticles was confirmed by the visual color shift and spectroscopically
with the detection of SPR peak at 450 nm. Antimicrobial activity was assessed by the agar disk diffusion method against
test strains E. coli, B. subtilis, and C. albicans. The obtained nanosystem was incorporated into a cream-gel base formulated
with dexpanthenol, allantoin, lidocaine, and vitamin E, and a detailed technological flow scheme for the manufacturing
process was developed

Scientific novelty. C. aspersum mucus was employed as a dual-function biogenic agent, enabling green synthesis
and stabilization of silver nanoparticles, which were further utilized as an active component of a burn-healing cream-gel.
The resulting cream-gel combines the antimicrobial, antioxidant, and regenerative effects of snail mucus with the well-
known antibacterial activity of nanosilver.

Conclusions. The developed AgNPs-mucilage system demonstrated high antimicrobial efficacy, especially against
Gram-positive bacteria and pathogenic dredges, and the gel composition has stability and skin-protective properties,
making it suitable for the treatment of burns.

Key words: AgNPs, Cornu aspersum snail mucus, eco-friendly biogenic synthesis, burn-healing cream-gel,
antimicrobial activity

AHOTAIIA

B ocTaHHI poKHM HaHOTEeXHOJIOTii, HAaHOMaTepia/ikd BCe YacTille iIHTerpyoThbCsA B JepMaToJIOTiYHI Ta KOCMEeTHYHI
penenTtypu.

MeTa po60Tu. Po3po6uTH HaHOCHCTEMY CpibJia MIJISIXOM eKO0JIOri4HO 6e3MeYyHOoro 0JHOCTaAitHOTO BiiHOBJIEHHS
HiTpaTy cpibJsia 3 BUKOpUCTAHHAM JiiodinizoBaHoro ciu3y paBauka Cornu aspersum siIK NPUPOAHOTO Bi[HOBHHKA Ta
cTabinizaTopa, a TaK0X BKJIWYUTH OTPUMAHy HAHOCHUCTEMY [0 CKJIaZy 6araToQyHKIiOHaJbHOI'O KpeM-Teso JJis
JIIKyBaHHA OIiKiB.

MeTtopoorisa. Hanocucrema AgNPs-cin3 paBivka 6yJsia CHHTE30BaHa LIJISIXOM 3MiIIyBaHHS BOJHUX PO3YMHIB
HITpaTy cpibJia Ta U3y, pecyCcneH10BaHOro y Boi 3a TeMnepatypu 37-40 °C Ta nepeMiltyBaHHs npoTsarom 1,5 rojuH,
3 oJla/IbLIIMM BUTPUMYBaHHAM 3a KIMHATHOI TeMIepaTypH i NPUPOJHOIr0 OCBITJIEHHS NPOTAroM 48 rofguH. YTBOpeHHA
MeTaJeBUX HAaHOYACTHHOK OyJI0 MiTBEP/PKEHO Bi3yasbHO 3MiHOIO KOJIBOPY Ta CHEKTPOMETPUUYHO 3 dikcalieo MKy
[IITP 3a 450 HM. AHTUMIKPOOHY AaKTHUBHICTb OLIiHIOBaJX METOAOM AuCKO-Audy3iiHOTO MeTOJy Ha arapi Ha TecT-
kyabTypax E. coli, B. subtilis Ta C. albicans. OTpuMaHy HaHOCHUCTEMY BKJIIOYHUJU [0 CKJIAAy KpeM-TeJsIo, [0 MiCTUB
JIeKCIIaHTEHOJI, aJlaHTOIH, JliloKaiH Ta BiTaMiH E, po3po6u/iy TexHOJIOTiUHY cXeMy HOoT0 BUPOGHUITBA.

HaykoBa HoBu3Ha. Ciu3 C. aspersum OYB 3aCTOCOBAaHHMH B SIKOCTi 6i0JI0OTIYHOTO areHTy moABiKHOI Ail, U0 703-
BOJIMJIO 3/1iICHUTH €KOJIOTIYHUH CUHTE3 i cTabii3anito HAHOYaCTUHOK cpi6J1a, siKi 6yJ1u jasli BAKOPUCTAHi 1K aKTUBHUH
KOMIIOHEHT KpeM-TeJto JJd JIiKyBaHHs onikiB. OTpUMaHUM KpeM-reJib MOEAHYE aHTUMIKPOOHY, aHTUOKCUJAHTHY Ta
pereHepaTHUBHY Ail0 CJIM3Y paBJMKa 3 j06pe Bi[oMOI0 aHTH6GAKTEePiaIbHOIO aKTUBHICTIO HAHOCPi6JIa.
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BucHOBKM. PospobsieHa cucrema AgNPs-ciu3 npoJeMOHCTpyBasa BUCOKY aHTHUMIKpPOOHY e(peKTUBHICTD,
0COGJIMBO MPOTH IPaM-MO3UTUBHUX OaKTepid Ta MaTOTeHHUX APIKAiB, KOMIO3UIisl rejii0 Ma€ CTabiJbHICTD Ta
HIKipO3aXUCHi BJIaCTUBOCTI, 110 POOUTb HOTO NPUAATHUM JJ151 JIIKyBaHHS OIIKiB.

Knrouogi ciioBa: AgNPs, cius paBiauka Cornu aspersum, eKoJIoTiyHO 6e3neYyHUM 6ioreHHUM CUHTE3, KpeM-reJb

JIJ151 JTiIKyBaHHS OMiKiB, aHTUMiKpo6Ha aKTHBHICTb

Problem Statement

In recent years, nanotechnology has been
increasingly integrated into dermatological and
cosmetic formulations (Barel, 2009; Beyth et al,,
2015; Rahman, 2022; Jiang et al., 2024). Among
nanomaterials, silver nanoparticles (AgNPs) are
recognized as advanced antimicrobial agents
with remarkable regenerative and wound-
healing properties (Kim et al., 2007; Rigo et al,,
2013; Kaya et al.,, 2025). Numerous studies have
demonstrated their ability not only to eliminate
pathogenic microorganisms but also to promote
keratinocyte proliferation, reduce inflamma-
tion, and stimulate granulation tissue formation
(Vlachou, 2007; Rai et al., 2012, Rowan, 2015).
Burn injuries, particularly second degree
wounds, involve complex pathophysiological
processes such as inflammation, infection risk,
and delayed tissue regeneration (El-Kased,
2017; Jeschke, 2020). The other side, Burn
injuries cause complex immune-inflammatory
responses and severe metabolic disturbances
that can lead to multi-organ failure. Burn
trauma affects not only physical recovery but
also mental health and overall quality of life.
Therefore, patients require long-term multi-
disciplinary care far beyond wound closure to
ensure full rehabilitation and well-being. Thus,
developing multifunctional topical preparations
that combine regenerative, antimicrobial, anti-
inflammatory, and analgesic properties is an
urgent task for both medicine and cosmetic
technology. Analyzing existing formulations,
dexpanthenol (Ebner, 2002) and allantoin with
(Yazalou, 2024; Ryan, 2017) are recognized as a
leading component in burn therapy formu-
lations. AgNPs synthesized from silver nitrate
using snail mucus Cornu aspersa show a wide
range of antimicrobial effects (Todorova, 2025)
and have proven to be quite well established in
cosmetic products with therapeutic and
preventive effects (Khrokalo, 2025).

Purpose of the work

The purpose of this study is to develop a
antimicrobial snail mucus-silver nanosystem
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(AgNPs-mucus) and incorporate it into a
dexpanthenol- and allantoin-based topical
cream to enhance second-degree burn healing.

Materials and methods

Synthesis and characterisation of
AgNPs-mucus

The lyophilized Cornu aspersum snail
mucus was obtained directly from the manu-
facturer EkoStyle snail farm (Kyiv region,
Ukraine). As part of a preliminary collaboration
with the producer, comprehensive chemical and
microbiological analyses were performed
(Khrokalo et al., 2022), and an appropriate
preservative system was introduced to ensure
its suitability for use as an ingredient in medical-
grade cosmetic formulations (Khrokalo, 2023).
Silver nitrate (AgNOs3, 299.8 % purity, analytical
grade, CAS No. 7761-88-8) was used as a water-
soluble crystalline precursor of silver. Lyop-
hilized mucus was reconstituted in distilled
water at 36°C to prepare 0.1 % aqueous
solutions. These were mixed with 10 mM AgNOs3
solution in a 1:1 ratio. The reaction mixture was
stirred at 37-40 °C for 1.5 hours until a color
change occurred, then left at room temperature
and under natural light for a total of 48 hours.
AgNPs formation was monitored visually by
color change and confirmed spectrophoto-
metrically by recording the surface plasmon
resonance (SPR) band using Hitachi U-2900 UV-
visible spectrophotometer at a spectrum range
0of 200-800 nm.

Antimicrobial activity was assessed by the
agar disk diffusion method on nutrient agar
plates (Yadav & Tiwari, 2023). Test cultures
included Gram-negative Escherichia coli UKM B-
906, Gram-positive spore-forming Bacillus subtilis
UKM B-5006 T, and yeast Candida albicans D-6.
Before conducting the antimicrobial assay, one-
day growth inocula of the test cultures were
prepared in meat-peptone broth. Immediately
before testing, the inoculum density was
adjusted to 0.5 McFarland by dilution with
nutrient medium and sterile water. The surface
of agar plates in Petri dishes was uniformly
inoculated using a sterile swab by the broad-
streak method. Pre-sterilized filter paper discs
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@ 5 mm were immersed for several seconds in
the AgNPs-mucus solution and then placed on
the inoculated agar surface. The plates were
incubated at 37 °C, and visual assessment was
performed after 1 day and 5 days of incubation,
recording the diameters of inhibition zones
around the discs.

Formulation development and techno-
logical design

Based on literature review (Barel et al,
2009) and patent analysis (Lyshchyshyn, 2001;
Ryan, 2017; State Higher Educational Institution,
2019; Tobin & Glaze, 2021) a multifunctional
burn-healing cream formulation was developed
that integrates the obtained AgNPs-mucus
nanosystem as one of an active ingredient. The
composition was optimized to combine
regenerative, antimicrobial, anti-inflammatory,
and analgesic effects through the complex
together action of AgNPs, dexpanthenol,
allantoin, and lidocaine. A technological scheme
for the cream manufacturing process was
designed, including sequential stages of
aqueous and oil phase preparation, emulsifica-
tion, homogenization under vacuum, cooling,

and addition of active components at low
temperature to preserve their stability and
activity.

Results and discussion

Synthesis and characterisation of
AgNPs-mucus

The enhanced technological
resulted in the formation of a stable
nanosystem, as evidenced by the color
transition from colorless to dark violet. This
visual change corresponds to the emergence of
SPR associated with the collective oscillations of
metal-core nanoparticles. Monitoring this
phenomenon over time was important, as it
reflected the stability of the formed system and
allowed prediction of its key technological
properties in the prospective product. The
absorption spectrum exhibited a distinct SPR
peak at 450 nm both 12 and 48 hours after
synthesis (Fig. 1). The narrow and symmetrical
peak profile indicated uniform particle
distribution and efficient stabilization within

the nanosystem.

design

2,5

Absorbance, a.u.
[y

e==m=Ag Nps-mucus in 12 hours

e===Ag NPs-mucus in 48 hours

300 500

A, NM

700

Fig. 1. UV-Vis spectra of AgNPs—mucus at 12 h and 48 h post-synthesis

The evaluation of antimicrobial properties
against Gram-positive and Gram-negative
bacteria, as well as opportunistic yeasts,
represents a crucial biological characteristic of
the developed nanosystem. Such assessment is
essential, as the nanosystem functions as one of
the active components of the after-burn healing
cream-gel, contributing to its therapeutic
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efficacy. Demonstrating broad-spectrum anti-
microbial activity confirms not only the
biocompatibility and functional stability of the
nanosystem but also its potential to prevent
microbial contamination and secondary
infection in damaged skin tissue, thereby
accelerating wound recovery. The Petri dishes
were visually inspected after 24 hours and after
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5 days of incubation to assess the development
of inhibition zones around the discs. The
formation of a clear, transparent inhibition zone
around the discs was indicative of bactericidal
activity, while the appearance of a turbid yet
distinct zone denoted bacteriostatic action,
reflecting temporary inhibition of microbial
growth with subsequent recovery. The results
of the antibacterial assay are shown in Figure 2.
The growth of the E. coli was inhibited by the
AgNPs-mucus complex (zones of inhibition
being 3 mm), its effect on the gram-positive

bacterium B. subtilis was via zones of inhibition
being 6 mm) and yeast C. albicans - 5 mm. Thus,
AgNPs-mucus system exhibited the greatest
inhibitory effect against the Gram-positive
bacterium B. subtilis and yeast C. albicans,
indicating that the nanosystem is also effective
against eukaryotic fungal cells, likely through
membrane disruption and oxidative stress
induction. In contrast, the Gram-negative

bacterium E. coli showed the lowest sensitivity
to the formulation.

Fig. 2. Antimicrobial effect of AgNPs—mucus against E. coli (A), B. subtilis (B), and C. albicans (C)
as evidenced by inhibition zone diameters

Formulation development and techno-
logical design

The developed formulation represents a
balanced oil-in-water emulsion. The aqueous
phase, containing demineralized water, glycerin,
and carbomer, provides hydration, viscosity,
and structural stability of the cream-gel matrix.
The oil phase, composed of vaseline oil, almond
oil, and shea butter, ensures emollient and
nourishing properties, forming a protective
lipid film that prevents transepidermal water
loss. The inclusion of dexpanthenol and
allantoin contributes to epithelial repair and
anti-inflammatory effect. Lidocaine hydroch-
loride provides local analgesic action, which is
crucial in burn therapy. The novel ingredient
AgNPs-mucus exhibits multifunctional activity
with strong antimicrobial and regenerative
potential. Tocopherol serves as an antioxidant
stabilizer of both the formulation and biological
membranes, while phenoxyethanol and benzyl
alcohol maintain microbiological purity and
product safety during storage. The full
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formulation of the developed cream-gel is
summarized in Table 1.

The manufacturing process involved
sequential preparation of the aqueous and oil
phases, their emulsification followed by cooling,
and finally incorporation of active ingredients
(Fig. 3). At the initial stage, purified
demineralized water and disodium EDTA were
loaded into reactor No. 1 equipped with a
propeller stirrer and a thermostated jacket.
Under continuous agitation, carbomer was
slowly dispersed, followed by the addition of
glycerin and allantoin at 70 °C until a uniform
gel-like mass was obtained. Dexpanthenol and
lidocaine hydrochloride were introduced last
into the aqueous phase, and the mixture was
stirred for several additional minutes before
heating was switched off. The prepared aqueous
phase was then transferred by pump 2 into
collector 3 for preliminary cooling to appro-
ximately 25 °C.

In parallel, the oil phase was prepared in
melting boiler No. 4 by introducing vaseline oil,
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shea butter, almond oil, and the emulsifiers cetyl
alcohol and polysorbate 80. The components
were heated to 50 °C, after which the pre-cooled

aqueous phase was gradually introduced into
the main reactor via pump 5.

Table 1

Composition of the burn-healing cream-gel formulation

No Component INCI name % of mass Action in product
Phase A (water phase)
1 | Demineralized water Aqua 5966 Main solvent, hydratation
(up to 100) ’
2 | Glycerin Glycerin 4.0-4.5 Humectant, moisture retention
3 | Carbomer Carbomer 0.5-0.8 Thickener, stabilizer
4 | Lidocaine [I:Ilsgfsg;jori de 1.5-2.0 Local anesthetic
5 | Allantoin Allantoin 0.5-1.0 Soothing, anti-inflammatory
o Chelating agent, improves
6 | Disodium EDTA E};sjoﬂimm 0.03-0.05 | carbomer stability, enhances
preservative efficacy
Phase B (oil phase)
7 | Vaseline oil Pfiraffmum 5.5-6.0 Emollient, skin protection
Liquidum
Prunus
8 | Almond oil Amygdalus 5.5-6.0 Nourishing and softening
Dulcis Oil
9 | Shea butter Buty.r.ospermum 3-3.5 Moisturizing, nourishing
Parkii Butter
10 | Cetyl alcohol Cetyl alcohol 3.5-4.0 Co-emulsifier and consistency
enhancer
11 | Polysorbate 80 Polysorbate 80 2.5-3.0 Emulsifier
Phase C (active phase)
12 | Dexpanthenol Panthenol 3.5-4.5 Regeneration, epithelial repair
Silver (and)
13 | AgNPs-mucus Snail Secretion 0.5-1.0 Antibacterial, regenerative
Filtrate
14 | Vitamin E Tocopherol 0.2-0.3 Antioxidant
15 | Phenoxyethanol Phenoxyethanol 0.5-0.6 Preservative
16 | Benzyl alcohol Benzyl alcohol 0.2-0.3 Preservative

Upon combination of the two phases, a
high-shear homogenizer operating at 3 000 rpm
and a vacuum pump 8 were activated to
promote emulsification and prevent air entrain-
ment. After complete emulsification, both the
vacuum and homogenizer were turned off, and
cooling water was circulated through the
reactor jacket to reduce the product tempe-
rature below 30 °C.

During the final stage of manufacturing (at
temperatures below 30 °C), the active compo-
nents were added sequentially: the antioxidant
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vitamin E, the AgNPs-mucus nanosystem, and
the preservatives phenoxyethanol and benzyl
alcohol. To ensure uniform dispersion of the
actives throughout the formulation, the
homogenizer was restarted at a reduced speed
of approximately 500 rpm. After final mixing, the
homogenizer and stirrer were stopped, and a
representative sample of the cream-gel was sent for
quality control. Following a positive evaluation,
the finished product was transferred to collection
tank 9 and subsequently to the packaging line.



ISSN 2786-6955 (Online)

Biota. Human. Technology. 2026. No 1

Electronic edition

Dexpanthenol /

Carbomer /

Lidocaine
hydrochloride

EDTA

Aliantoin

Water Glycerin s
}) Aqueous phase
_/
AgNPs FPhenoxyethanol
Vitamin £
yd ) Benzyl alcohol
1.7 Oil phase
e, |
Almond oil @ vacuum
Shea butter A
\ i
Mineral oif Cetyl alcohol
v
Polysorbate 80
///'
7~
s
o 3
PN
///
6.7 Final cream
Fig. 3. Technological flow diagram illustrating
the manufacturing process of the burn-healing cream-gel
Conclutions with the broad-spectrum antibacterial efficacy

AgNPs-mucus synthesized and stabilized
by C. aspersum snail mucus was successfully
incorporated into a multifunctional burn-
healing cream-gel. The nanosystem exhibited
stable optical characteristics, confirming the
formation of well-dispersed, uniformly sized
nanoparticles suitable for topical application.
The developed formulation represents a
synergistic integration of nanotechnology and
natural bioactive ingredients, combining
regenerative, antimicrobial, and antioxidant
effects essential for effective burn treatment.
The novelty of this study lies in the utilization of
C. aspersum mucus as both a natural reducing
and stabilizing agent, ensuring an environ-
mentally friendly and biocompatible synthesis
route. The resulting AgNPs-mucus nanosystem
merges the biological activity of snail mucus
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of silver, enhancing the therapeutic potential of
the cream-gel matrix. Overall, the optimized
composition provides a stable and homo-
geneous emulsion with moisturizing, protective,
and antimicrobial properties that support rapid
skin regeneration and protection against
secondary infection. The findings highlight the
potential of AgNPs-mucus biogenic nano-
systems as innovative active components for
advanced dermal formulations in burn care and
regenerative. The AgNPs-mucus nanosystem
exhibited superior antimicrobial activity
against Gram-positive bacteria and yeast-like
fungi, a finding of particular clinical relevance
given that these microbial groups constitute the
predominant pathogenic flora colonizing
compromised skin barriers, including burn
wounds.
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Nataliia Tkachuk, Liubov Zelena, Ivan Shkardybarda,
Dmytro Nikolaienko, Nataliia Demchenko

SANITARY-HYGIENIC, CLINICAL-IMMUNOLOGICAL AND ENVIRONMENTAL RISKS
OF WET WIPES IN PUBLIC HEALTH CONTEXT

T

Hartanis Tkauyk, J/Ito60B 3esieHa, IBaH Illkapaubapaa,
Omutpo Hikosaenko, Haranisa leMmyeHKO

CAHITAPHO-T'ITIEHIYHI, K/ITHIKO-IMYHOJIOI'TYHI TA EKOJIOI'TYHI PU3UKUN
BOJIOI'MX CEPBETOK Y KOHTEKCTI TPOMAZICBKOTO 340POB’A

ABSTRACT

The aim of the study was to review the literature on the biomedical and environmental risks associated with the
use of wet wipes in the context of public health.

Methodology. This study included a bibliometric study to examine the global dynamics of research on wet wipes.
Relevant publications were retrieved from two major bibliographic databases: Scopus and the Science Citation Index
Expanded (SCI-Expanded) in the Web of Science (WoS). The study of bibliometric relationships was conducted using
VOSviewer (version 1.6.20). Along with the bibliometric analysis, a review of a wide range of publicly available online
sources covering relevant issues was conducted.

Scientific novelty. It is shown that the quality of wet wipes and their consumption by the population can
determine such indicators of population health as environmental, medical and sanitary, social and behavioral. The article
systematically presents information on various aspects of the issue of biomedical and environmental risks of both new
and used wet wipes, including their sanitary-hygienic, clinical-immunological and environmental characteristics, as well
as social aspects in the context of public health. The primary focus is on pathogenic indicator microorganisms as potential
threats to human health, as well as the environmental issues arising from pollution caused by this hygiene product.

Conclusions. Based on a bibliometric review of the literature and available studies, the human health and
environmental risks linked to wet wipe use were thoroughly analyzed. In general, the quality of wet wipes and their
consumption by the population can determine such public health indicators as environmental, medical and sanitary,
social and behavioural. Microbiological and environmental parameters that determine the safety of wet wipes for public
health have become the subject of comprehensive scientific analysis. The study emphasizes pathogenic indicator
microorganisms as potential health hazards and considers the environmental impact of pollution caused by this hygiene
product. However, socio-pedagogical approaches aimed at forming a responsible attitude towards the use and proper
disposal of wet wipes remain underdeveloped and not systematic. Future research should focus on:

= further exploring the microbial diversity of hygiene products, considering both harmful microorganisms and
potential biodegraders;

= search for eco- and bio-safe materials and solutions for wetting wet wipes;

= shaping the behaviour of responsible use and consumption of wet wipes.

Key words: environmental risks, microbiological characteristics, clinical-immunological risks, sanitary-hygienic
risks, public health, social aspects, wet wipes

AHOTANIA

MeTow0 AocaifKeHHs1 6ysi0 MpoaHasi3yBaTH JiTepaTypy LioJ0 OiOMeAMYHUX Ta €KOJIOTIYHHUX PHU3HKIB,
MOB’sI3aHUX 3 BUKOPUCTAHHSM BOJIOTUX CEPBETOK ¥ KOHTEKCTi I'POMa/ICbKOT0 3/10pOB’sl.

MeToaooris. le gociifxkeHHs BKJIOYaa0 6i6JioMeTpUdHe AOCTiP)KeHHs /1J1s1 BUBYEHHs IJ100a/bHOI JUHAMIKHU
JlOCJTi/PKEHb BOJIOTUX CePBETOK. BiamoBigHi my6Jtikanii 6ysiv oTpuMaHi 3 JBOX OCHOBHHUX 6i6JiorpadiuyHux 6a3 JaHUX:
Scopus Ta Science Citation Index Expanded (SCI-Expanded) y Web of Science (WoS). lociikeHHs1 6i6/1i0MeTpUYHUX
3B's3KiB OyJsio mpoBeneHO 3a gomomorow VOSviewer (Bepcig 1.6.20). Ilopsa 3 6i6yioMeTpUYHUM aHasi3oM 6YJ10
IPOBeJIeHO OIJIsA/ INUPOKOTO0 KO0JIa 3araJlbHOLOCTYTHUX OHJIAMH-/KepeJl, 1110 OXOIII0I0Th BiiMOBiHI MUTAHHS.
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HaykoBa HOBHM3Ha. [Ioka3aHo, 1110 SKiCTb BOJIOTUX CEPBETOK Ta iX CIIO’KMBAHHS HAaceJIEeHHSIM MOXKYTb BU3HAYaTH
Taki NMOKa3HUKU 3/J0pPOB'Sl HacesieHHs, SIK €KOJIOTiuHi, MeAuKo-caHiTapHi, coljiasibHi Ta moBeJiHKOBi. Y cTaTTi
CHUCTEeMaTH4YHO BUKJaZIeHO iHpopMallito 3 pi3HUX aceKTiB NUTaHHA 6ioMeUYHHUX Ta €KOJIOTIYHUX PU3UKIB K HOBHUX,
TaK 1 BXXMBaHUX BOJIOTUX CE€PBETOK, BKJIKYAKYU IX CaHITApPHO-TIri€HIYHI, KJIHIKO-IMyHOJIOTIYHI Ta €KOJOTri4YHi
XapaKTEPUCTHUKH, a TAKOXK COllia/IbHi aCTIEKTH B KOHTEKCTI 0XOPOHHU 3/10pOB'si HacesieHHs1. OCHOBHA yBara npu/ijisiEThCS
NaTOreHHUM I{HAMKAaTOPHHMM MiKpoopraHiaMaM sK MOTeHI[iHHUM 3arpo3aMm /[Jis 3J0pOB’s JIIOJUHHU, a TaKOXK
€KOJIOTIYHUM Ipo6JsieMaM, 1[0 BUHUKAITh BHAC/II0K 3a0py/IHEHHS, CIPUYUHEHOTO [IUM TirieHiYHUM 3aco6oM.

BucHoBkM. Ha ocHOBi 6i6jlioMeTpUYHOr0 OTJIAAY JiTepaTypyd Ta AOCTYIMHHUX JOCJiP)KeHb OYJI0O peTesibHO
poaHai30BaHO PU3UKH JJ151 3[[0POB'sl JIIOIUHU Ta HABKOJIMIIIHBOT'O CEPE/IOBUIIA, TTOB'A3aHi 3 BUKOPUCTAHHAM BOJIOTUX
CepBETOK. 3arajioM, fIKiCTb BOJIOTUX CEPBETOK Ta iX CIOKMBAaHHSA HaceJeHHAM MOXYTb BH3HAyaTU TaKi MOKa3HUKU
IrpOMa/ICbKOTO0 3/I0POB'sl, IK €KOJIOTiUHi, MeIMKO-CaHiTapHi, coliasibHi Ta noBe/liHKOBI. Mikpo6ioJioriyHi Ta ekosoriuHi
napamMeTpH, L0 BHU3HA4YalOTh Oe3MeKy BOJIOTUX CEpPBETOK [/ TPOMAJICbKOTO 3J0pOB's, CTald MpeaMeToOM
KOMILJIEKCHOT'O HAYKOBOT0 aHasli3y. Y 10C/iI>KEHHI HAaroJIOMY€EThCA HAa MATOTeHHUX IHAMKAaTOPHUX MiKpOOpraHi3aMax K
NOTEHI[iMHIA Hebe3mnewi /Jis 340pOB'S Ta PO3IJAAAETHCS BIJIUB 3a0pyZHEHHS HABKOJHUIIHBOTO Cepe/OBUIIA,
COPUYMHEHOTO UM TirieHiyHUM 3aco6oM. OZHAK colliaJibHO-NeJaroriydi mizxoau, cnpsiMoBaHi Ha ¢GopMyBaHHSA
Bi/ZIIOBIZJa/IbHOTO CTaBJIEHH J10 BUKOPUCTAHHS Ta HaJIEXKHO1 yTUJIi3alii BOJIOTHUX CEPBETOK, 3a/IMIIAIOThCH HELOCTATHBO
pPO3p0o6IEHUMH Ta HecUCcTeMaTH30BaHUMU. [loanbiri foc/iKeHHS MaloTh 6y TH 30cepeKeHi Ha:

* [I0/JAJIbIIIOMY BHBYE€HHI MiKpo6HOro pi3HOMaHITTS TirieHiYHUX 3aco6iB, BpPAXOBYHOYH SIK HIKiJJMUBI
MiKpoopraHi3amu, Tak i NoTeHIilHi 6ioaerpaaaTopu;

* [IOIIYKY €KOJIOTi4YHO- Ta 6i06e3MeyHUx MaTepiaiB i pillieHb AJ/18 3MOUYyBaHHS BOJIOTHUX CEPBETOK;

* popMyBaHHI MOBeIiHKHU Bi/[MOBiJaIbHOIO BUKOPHUCTAHHS Ta CIIOKUBAHHSI BOJIOTUX CEPBETOK.

Kio4yoBi c/ioBa: ekoJsioriuHi pu3uWKM, MiKpo6ioJioriyHi XapaKTepUCTUKH, KJIHIKO-iMyHOJIOTiUHI pPHU3UKH,
caHiTapHO-TirieHiYHi pU3UKH, TPOMaJICbKe 310POB’s, Collia/ibHi aceKTH, BOJIOTi cepBeTKH

increasing polyethylene terephthalate content,
and conversely, with an increase in cellulose

Modern global challenges in the field of fiber content, the level of degradation increased.
health care and sustainable development In general, the problem of environmental
require a comprehensive approach, which is pollution by hygiene products, in particular, wet
reflected in an important approach to ensuring  jpes, is acute (Environmental and economic
public health - the concept of “One World - One costs..., n.d.; Bondaroff & Cooke, 2020; Allison et
Health" (WHO, 2022) The baSiS OfthlS Concept al_’ 2023), notably because they serve as a
is the close interrelationship, interdependence, source of microplastics in the environment
and mutual influence of human, animal, and (O Briain et al, 2020). Solving this problem
environmental health (WHO, 2022). From this  should be considered using a biotechnological
perspective, the biological and ecological safety approach - bioremediation using destructor
of daily hygiene products is important for microorganisms as an environmentally friendly
preserving human health and the environment method (Lumio et al,, 2021; Cao et al.,, 2022).
(Khalid & Abdollahi, 2021; Lin, 2023). The growth and development of microorga-

In the last decade, people have increa- nisms on the surfaces of materials found in the
singly used wet wipes for medical purposesand  patural environment (soil, water) occurs in the
in everyday life (Ramya & Amutha, 2021).  form of a biofilm, and its microbial diversity
Cotton and viscose are used to produce wet  jffects the processes of biodegradation of these
wipes, as well as plastics such as polyester,  materials (Khalid & Elsherif, 2022; Khan et al,,
polyethylene, and polypropylene (Environ- 2023). In addition, the issue of antimicrobial
mental and economic costs.., n.d.). More properties of wet wipes is important, which
expensive wet wipes are made from spunlace  should be considered from the angle of
and airland, and cheaper wet wipes are made antibiotic resistance of microorganisms, since
from spunbond, himbond, and thermobond such a group can either be removed when using
(Kyrychenko et al., 2020). Nonwoven wet wipes  effective agents (Song et al, 2019; Angulo-
(bleached cellulose, unbleached cellulose, and Pineda et al, 2025), or spread when using
low-yield soluble cellulose) were shown to have ineffective agents (Cardiff University, 2008;
increased resistance to disintegration, but their Cheng et al, 2011). Consequently, this study
tensile strength and disintegration energy  aimed toreview the literature on the biomedical
remained unchanged (Harter et al,, 2022). Silar  apd environmental risks associated with the use
and Kececi (2021) reported that the degrada-  of wet wipes in the context of public health.
tion of wet wipes decreased in cases with
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The article is a literature review contai-
ning a systematic summary of information on
various aspects of the issue of bio- and ecosafety
of both new and used wet wipes, including their
antibacterial properties, microbiological and
environmental characteristics, as well as social
aspects in the context of public health.

Materials and methods

This study included a bibliometric study to
examine the global dynamics of research on wet
wipes. Relevant literature was collected from
two leading bibliographic databases, Scopus
and the Science Citation Index Expanded
(SCI-Expanded) within Web of Science (WoS).
Searches covered publications from 1970 to
2025. The search query included the keywords
«wet wipes», which ensured comprehensive
coverage of research in this area. The biblio-
metric analysis of relationships was performed
using VOSviewer (version 1.6.20) (VOSviewer,
n.d.). The following bibliometric indicators were
analysed in the final list of publications: types of

productive countries; international collabora-
tion; top productive institutions/organizations;
and preferred journals for publications. Along
with the bibliometric analysis, a review of a
wide range of publicly available online sources
covering the relevant issues was conducted. The
study used a number of methods, including
general scientific (theoretical analysis of
available information), analytical and genera-
lizing (for processing literary sources on the
researched issues), empirical (for collecting
factual data), and argumentative (for substan-
tiating the proposed positions).

Results and Discussion

A bibliometric review

Among the types of publications on wet
wipes, articles prevailed (83.6 %) (Fig.1).
A significantly lower proportion of documents
were Proceeding Papers (8.4 %), Editorial
Materials, and Review Articles (3.1 % each).
Other types of publications ranged from 0.6 %
(Early Access) and 0.4 % (Letter) to 0.2 %

documents; keywords in the documents; top (Correction, Meeting Abstract, News Item,
cited articles; authorship analysis; top Poetry) (Fig. 1).
450 ~
400
350 @ Article
M Proceeding Paper
300+ O Editorial Material
O Review Article
2501 M Early Access
200+ O Letter
M Correction
150 O Meeting Abstract
B News Item
100 B Poetry
501 ET
0

Fig. 1. Types of publications regarding wet wipes

During the years 1978-1985, only
3 publications on wet wipes were published
(Fig. 2). From 1987 to 1994, the number of
publications increased slightly, and from 1996

102

itincreased to 4-6 publications per year. From
2006 onwards, there has been a notable
increase in publications, with the highest count
observed in 2021 at 42 (Fig. 2).
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Fig. 2. Annual number of publications on wet wipes

Classification of the published articles by
research area reveals the predominance of the
following categories: Medical & Health Sciences
(191 articles), Environmental & Earth Sciences

(176 articles), Chemistry & Materials Sciences
(166 articles) (Fig. 3).

In addition, the distribution of articles by
these and other categories is presented in
Table 1.

250

O Medical & Health Sciences

B Environmental & Earth Sciences

H
[(e}
=

200

176
166

O Chemistry & Materials Sciences

O Biological & Agricultural Sciences

150

107 106

W Engineering & Technology

@ Physics & Astronomy

100

48

B Multidisciplinary & Cross-Disciplinary
Sciences

O Energy & Applied Sciences

50

19

- W Computer & Information Sciences
14

M Social Sciences & Humanities

Fig. 3. Representation of key research areas in studies on wet wipes
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Table 1

Distribution of retrieved publications by category and subcategory

Categories Subcategories Nurpbe‘r of
publications
1 2 3
Environmental & Earth Environmental Sciences 93
Sciences Environmental Studies 2
Public Environmental Occupational Health 54
Green Sustainable Science Technology 5
Water Resources 11
Meteorology Atmospheric Sciences 3
Geosciences Multidisciplinary 3
Biodiversity Conservation 3
Ecology 1
Geography Physical 1
Total 176
Chemistry & Materials Chemistry Analytical 19
Sciences Chemistry Applied 9
Chemistry Multidisciplinary 19
Chemistry Medicinal 1
Chemistry Physical 18
Materials Science Multidisciplinary 33
Materials Science Textiles 19
Materials Science Coatings Films 6
Materials Science Composites 2
Materials Science Ceramics 1
Polymer Science 20
Spectroscopy 6
Electrochemistry 2
Nanoscience Nanotechnology 11
Total 166
Biological & Biology 4
Agricultural Sciences Biochemistry Molecular Biology 7
Microbiology 20
Biotechnology Applied Microbiology 19
Genetics Heredity 1
Plant Sciences 3
Agriculture Dairy Animal Science 5
Agronomy 5
Agriculture Multidisciplinary 3
Veterinary Sciences 7
Forestry 5
Zoology 2
Entomology 2
Food Science Technology 20
Marine Freshwater Biology 4
Total 107
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Continuation of Table 1

1

2

Medical & Health
Sciences

Medicine General Internal
Infectious Diseases
Tropical Medicine

Dermatology
Pediatrics
Surgery
Obstetrics Gynaecology
Radiology Nuclear Medicine Medical Imaging
Dentistry Oral Surgery Medicine
Nursing
Health Care Sciences Services
Health Policy Services
Immunology
Virology
Allergy
Toxicology
Pharmacology Pharmacy
Medicine Legal
Gastroenterology Hepatology
Ophthalmology
Total

—_ = N — 1 N
XN ZT RN RNANRERNNG gD S O|W

191

Engineering &
Technology

Engineering Environmental
Engineering Chemical
Engineering Electrical Electronic
Engineering Mechanical
Engineering Multidisciplinary
Engineering Civil
Engineering Biomedical
Engineering Aerospace
Engineering Manufacturing
Engineering Geological
Engineering Industrial
Construction Building Technology
Total

A= R o Ul o 00 o N

106

Physics & Astronomy

Physics Applied Physics
Condensed Matter
Physics Atomic Molecular Chemical
Physics Fluids Plasmas
Optics
Astronomy Astrophysics
Nuclear Science Technology
Mechanics
Total

Computer &
Information Sciences

Computer Science Artificial Intelligence
Computer Science Information Systems
Computer Science Software Engineering

Computer Science Theory Methods

Computer Science Interdisciplinary

Applications
Information Science Library Science
Instruments Instrumentation
Total

RN NENOR NS D

—_

105



ISSN 2786-6955 (Online) Biota. Human. Technology. 2026. No 1 Electronic edition

Continnation of Table 1

1 2 3

Social Sciences & Education Scientific Disciplines 1
Humanities History Philosophy of Science 1
Literary Reviews 1

Asian Studies 1

Agricultural Economics Policy 1

Ergonomics 1

Architecture 1

Total 7
Multidisciplinary & Multidisciplinary Sciences 10
Cross-Disciplinary Cell Tissue Engineering 3
Sciences Biochemical Research Methods 5
Imaging Science Photographic Technology 1
Total 19

Energy & Applied Energy Fuels 6
Sciences Metallurgy Metallurgical Engineering 6
Materials Science Paper Wood 10

Total 22

Authors from the USA and China have the Medical, environmental, and technical
largest number of publications (Fig. 4). journals are the most prominent among those

publishing articles on wet wipes. (Fig. 5).
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Fig. 4. Grouping of countries based on authorship
of wet wipes publications
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for publishing research on wet wipes
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The variety of keywords related to wet
wipes is shown in Fig. 6. In particular, the
predominant keywords were: wet wipes,
methylisothiazolinone, plastic pollution, water,
degradation, allergic contact dermatitis. Until
2020-2021, research focused more intensively

[@b VOSviewer

on the safety of wet wipes for human health and
their composition, whereas from 2021 onward,
studies on environmental pollution and degra-
dation of wet wipes (including biodegradation)
have become increasingly prominent (Fig. 6).
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Fig. 6. Trends by year in the application
of keywords concerning wet wipes
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Antibacterial properties of wet wipes

Wet wipes are disposable daily products
for hygienic purposes, in particular, the removal
of pathogenic microorganisms from biotic and
abiotic surfaces. Among the publications
available to us, a number are devoted to
studying the sensitivity of model micro-
organisms to solutions used in wet wipes, i.e.
their antibacterial properties to improve the
storage conditions of this hygienic product
(Yayla et al, 2021; Salama et al, 2021).
Antibacterial properties of wet wipes are given
by preservatives that are added to the mixtures
to moisturize them (Siegert, 2011; Salama et al,,
2021). However, wet wipes used in medical
facilities are not always active in practice and
may be ineffective, which requires stricter
labelling control and appropriate efficacy tests
(Siani etal.,, 2011; Seenama et al., 2013). Among
the 19 tested antibacterial wipes available on
the Ukrainian market, 4 (21.0 %) did not have
sufficient antimicrobial activity. Given the
results obtained, it is better to use antimicrobial
wet wipes from well-known manufacturers,
purchased in pharmacy chains (Lekhniuk et al.,
2020).

The solutions used to wet the wipe
material contain a variety of compounds,
including, for example, methylisothiazolinone
(Tkachuk & Hrytsenko, 2025) - a pesticide
employed to control slime-forming bacteria,
fungi, and algae in pulp and paper mills, water-
cooling systems, oilfield operations, industrial
process water, and air purification systems, and
also used as a preservative in adhesives,
coatings, fuels, metalworking fluids, resin
emulsions, paints, and various other specialty
industrial products (United States.., 1998).
Methylchloroisothiazolinone and methyliso-
thiazolinone are preservatives, contact allergens,
strong sensitizers that can cause contact
dermatitis. It is proposed to limit their use in the
European Union (EU) for leave-on cosmetics
(including wet wipes). Nevertheless, in leave-on
cosmetic products, such as «<wet wipes», the safe
levels of methylisothiazolinone with respect to
contact allergy have not been adequately
determined. These compounds are recom-
mended for use only in rinse-off products
(Regulation (EC) No1223/2009.., 2009;
Castanedo-Tardana and Zug, 2013; Chang and
Nakrani, 2014; Scientific Committee on
Consumer Safety..., 2014).
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Also, the moisturizing solution for wet
wipes may contain compounds such as
benzalkonium chloride, benzyl alcohol, amyl
cinnamal, butylphenylmethylpropional (Lilial),
retinyl palmitate (vitamin A). Some features of
the sanitary and hygienic characteristics of
these compounds are as follows:

»Benzalkonium chloride. This substance is
reported to irritate the skin, eyes, and
respiratory passages. It is also toxic to aquatic
and soil organisms. It is a quaternary ammo-
nium salt, preservative, disinfectant, and
sanitizer (Lee & Park, 2019; Liao et al., 2023).

*Benzyl alcohol. It is a solvent and
preservative that can cause contact dermatitis,
and in infants at high doses can cause «gasping
syndrome». Although it is used in cosmetics in
small concentrations (McCloskey et al., 1986;
PubChem..., n.d.).

* Amyl cinnamal. [t is a perfume allergen, a
skin sensitizer (Australian Government...,
2016). Amyl cinnamal is included in the list of
26 EU fragrance allergens. The list above
comprises 26 allergens identified by the
European Commission as the most frequent
causes of fragrance-induced contact dermatitis
(Scientific Committee..., 2012). The use of this
compound is governed by Regulation (EC) No
1223/2009 on cosmetic products, particularly
Annex III (List of substances prohibited in
cosmetic products unless used within specified
limits), which requires manufacturers to declare
the ingredient on the packaging if its concent-
ration exceeds 0.001 % in leave-on products or
0.01 % in rinse-off products (Regulation (EC)
No 1223/2009..,, 2009). This list is intended to
allow consumers to identify possible fragrance
allergens from the labeling.

»Butylphenylmethylpropional (Lilial).
This compound is a perfume allergen, a possible
sensitizer, classified as reprotoxic (Repr. 1B) in
the EU (Scientific Committee..., 2012, 2019). It
is noted that in the EU, hygiene and cosmetic
products containing this compound are
prohibited from March 1, 2022 (Cosmetics
Care..., n.d.).

=Retinyl palmitate (vitamin A). This is an
antioxidant that is safe in small doses, but in
excess may exhibit teratogenic properties
(Ritchie, 1998).
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The role of triclosan-containing antibac-
terial cleaning and hygiene products in
promoting antibiotic resistance, a growing
public health issue, As highlighted by Aiello and
Larson (2003), a limited understanding by
manufacturers of the complex chemical
composition of biocides and their effects on
antimicrobial efficacy combined with
improper use, incorrect dilution, or insufficient
contact time - can result in microbial tolerance
or resistance and may even contribute to the
development of resistance, including antibiotic
resistance (Maillard & Pascoe, 2024).

Wet wipes are toxic according to
biotesting results with the plant Lepidium
sativum (Tkachuk & Zelena, 2023a; Tkachuk &
Hrytsenko, 2025) and a small planktonic
crustacean Daphnia magna (Erdogan, 2025).

Formulations based on plant extracts with
antimicrobial activity are being developed to
reduce the toxicity of wetting mixtures
(Ferreiraetal., 2022; Stefi etal., 2022; Subashini
etal,, 2024). A biocontrol strategy has also been
proposed for disinfecting hard surfaces in
hospitals using microbial-based wipes, by
producing dry wipes containing adequate
amounts of beneficial bacteria or spores (Dural-
Erem et al., 2017). Once hydrated, these wipes
can discharge beneficial bacteria that inhibit
pathogens by establishing and proliferating on
the surfaces (Dural-Erem et al., 2017).

Thus, the antimicrobial properties of wet
wipes for medical and household use are
actively being studied, but they do not always
meet sanitary and hygienic requirements, which
is dangerous from a public health perspective in
the form of a risk of the appearance of
pathogens and the possible development of
infections. The proposed formulations of
mixtures for wetting wet wipes based on plant
extracts and beneficial bacteria can solve the
issue of eco- and biosafety of these hygiene
products.

Bacterial contamination of new wet
wipes

The issue of bacterial contamination of
wet wipes is also important for monitoring
compliance with hygiene rules (Chong, 2016). In
particular, the method of bacterial culture
established bacterial contamination in 9 types
of disposable wet wipes provided by restau-
rants, and its absence in the remaining 23 types
(71.9 %) (Chong, 2016). Disposable wet wipes
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were found to contain Staphylococcus haemo-
Iyticus, S. hominis, S. warneri, and Pseudomonas
fluorescens, while methicillin-resistant coagulase-
negative staphylococci and multidrug-resistant
bacteria were absent (Chong, 2016).

Kang et al. (2023) isolated Pseudomonas
aeruginosa from 238 new wet wipes tested in
two variants (0.8 %), with an average count of
9.9 x 10% CFU per towel; Escherichia coli and
Staphylococcus aureus were not detected in any
sample. Although the P. aeruginosa isolates did
not exhibit antibiotic resistance, they carried
the toxA gene and could potentially infect
immunocompromised individuals, leading to
pathogenic effects. P. aeruginosa, a Gram-nega-
tive bacterium commonly found in soil and
water and part of the normal skin microbiota,
can cause a wide range of infections, including
skin diseases, keratitis, and peritonitis, parti-
cularly in people with weakened immune
systems. Contamination of wet wipes may occur
due to inadequate personal hygiene during
packaging (Kang et al., 2023).

A large outbreak of P. aeruginosa ST3875
in Norway (October 2021 -]June 2022) was
linked to contaminated disposable wipes, affec-
ting nearly 400 patients across 40 hospitals. The
median patient age was 70 years, predo-
minantly in intensive care units or other
vulnerable populations. Clinically severe
infection occurred in 25 % of cases, and
P. aeruginosa infection was considered a
contributing factor in several deaths. Similar
products were available in healthcare and care
settings in Scotland, and investigations are
ongoing into their potential link to cases and
outbreaks. These findings underscore the
importance of raising awareness among
healthcare professionals and ensuring the
withdrawal of affected products, especially in
healthcare environments (NSS Health..., 2023).

Moreover, Nkemngong et al. (2020)
demonstrated that although wipes containing
hydrogen peroxide and quaternary ammonium
disinfectants exhibited some sporicidal activity,
they still retained Clostridioides difficile spores
(the causative agent of often fatal infections)
during and after wiping. This enabled the
transfer of C. difficile spores from contaminated
to previously uncontaminated surfaces.

Information regarding the microbial
composition of new wet wipe surfaces is
presented in Table 2.
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Table 2

Bacterial diversity of the surface of new wet wipes

A species of bacteria Risk group* Reference
Staphylococcus haemolyticus 2 (Chong, 2016)
Staphylococcus hominis 2 (Chong, 2016)
Staphylococcus warneri 2 (Chong, 2016)
(Chong, 2016; Kang et al., 2023;
1
Pseudomonas fluorescens NSS Health..., 2023)

Note: * According TRBA 466... (2015)

Thus, new wet wipes may be contami-
nated with infectious agents, requiring stricter
microbiological control of these products and,

possibly, their labelling for pathogen-free
testing.

Bacterial contamination of used wet
wipes

Currently, information on the microbial
diversity of discarded wet wipe surfaces is
limited. This topic has only recently gained
research attention, particularly due to the
increasing human health risks associated with
the persistence of pathogens such as Esche-
richia coli on wet wipe surfaces (Metcalf et al.,

2024). Faecal indicator organisms, including E.
coli and Vibrio species, were more frequently
detected on wet wipes littering the beaches of
the Fourth Estuary than on seaweed (Metcalf et
al., 2022). Additionally, four potentially patho-
genic Vibrio species (V. alginolyticus, V. para-
haemolyticus, V. cholerae, and V. vulnificus) were
identified on wet wipes, and some isolated
bacteria exhibited resistance to multiple
antibiotics (Metcalf et al., 2022). Consequently,
the accumulation of used wet wipes as litter
represents a potential threat to human health.

Table 3 presents the microbial diversity
found on the surface of used wet wipes.

Table 3

Bacterial diversity of the surface of used wet wipes

A species of bacteria Risk group* Reference
Escherichia coli 2 (Metcalf et al., 2022; Metcalf et al., 2024)
Vibrio alginolyticus 2 (Metcalf et al., 2022)
Vibrio parahaemolyticus 2 (Metcalf et al., 2022)
Vibrio cholerae 2 (Metcalf et al., 2022)
Vibrio vulnificus 2 (Metcalf et al., 2022)

Note: * According TRBA 466... (2015)

Effect of wet wipes microbiome on
natural microbial communities

Microorganisms that constitute the
microbiome of hygiene product surfaces, in
addition to being potential pathogens, can also
influence the functioning of natural environ-
mental microbial communities. For example,
exogenous Escherichia coli has been shown to
impact benthic archaeal and bacterial commu-
nities, altering symbiotic interactions, including
mutual regulation and the integration of
multiple environmental functions, as well as
affecting elemental cycling (Gu et al,, 2021). It
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was observed that exposure to E. coli induced
feedback responses in benthic prokaryotic
communities, influencing both microbial com-
munity structure and geochemical functions.
Representatives of the genus Pseudo-
monas, which produce secondary metabolites,
affect competition sensing, antagonistic
interactions, and modified secondary metabo-
lites production (Hansen, 2021). The ability of
Pseudomonas fluorescens to mobilize inorganic
phosphate in soils is known (Browne et al,
2009) as well as ability to remove total oil
hydrocarbons of a soil (Gutiérrez et al., 2020). In
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general, P.fluorescens is characterized by
significant bioremediation potential (Alsukaibi
etal, 2023).

Staphylococcus aureus is able to meta-
bolize phosphorus compounds (Kelliher et al,,
2020) and to form biofilms (Hu et al., 2023;
Liang et al,, 2023).

E. coli, S. aureus, Pseudomonas spp. Parti-
cipate in the Sulphur cycle and biotrans-
formation of metals (Plante, 2007). It should be
noted that the ecological and physiological
group of anaerobic sulphate-reducing bacteria
(SRB) is also involved in the sulphur cycle in
soils and aquatic environments (Plante, 2007).
However, at the moment, there are no reports of
the detection of representatives of this group of
prokaryotes on the surface of wet wipes that
have become garbage. Since SRB are active
biodegraders found in the biofilm on the
surfaces of materials known to be involved in
the biodegradation processes of plastics
(Cacciari et al.,, 1993; McCormick et al.,, 2014;
Pinnell and Turner, 2019; Abdulina et al., 2021;
Tang et al., 2022; Tkachuk and Zelena, 2023b),
their presence and diversity on the surface of
hygiene products that have become waste

should be investigated for possible use in
biotechnological processes of disposal of these
pollutants.

Therefore, the identified microorganisms
on wet wipes are involved in the cycling of
carbon, nitrogen, phosphorus, and sulfur;
however, most belong to risk group 2 and
cannot be considered suitable for bioreme-
diation.

Environmental aspects associated with
wet wipes

A range of environmental problems
associated with wet wipe production and usage
is shown in Fig. 7.

Therefore, the main environmental issues
associated with wet wipes are (O Briain et al,,
2020; Tkachuk et al., 2024; Shruti et al., 2021;
Zhang et al., 2022):

senvironmental accumulation of wet
wipes, leading to water and soil contamination;

»enhanced greenhouse gas emissions;

nelevated levels of microplastics in the
environment;

soperational problems
systems.

in wastewater

Environmental consequences

environment

of using wet wipes

* Accumulation in the environment
*Increase in greenhouse gas emissions

*Pollution of water, soil and
groundwater
*Increase of microplastics in the

Fig. 7. Ecological problems linked to the use of wet wipes
(Tkachuk and Zelena, 2023b)

Addressing the environmental issues
related to wet wipes requires the use of eco-
friendly, biodegradable materials and non-toxic
wetting solutions, which necessitates inno-
vative  production technologies. Equally
important is fostering consumer awareness
regarding proper disposal of wet wipes
(Tkachuk et al., 2024; The Rivers Trusts, n.d.).

Social aspects of the use of wet wipes in
a public health context

Today, the wet wipes market is significant,
with global baby wipe sales rising from USD 4.1
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billion in 2018 to USD 16.83 billion in 2020 and
projected to reach USD 17.98 billion by 2026 at
a CAGR of 6.3% (2021-2026) (Ramya et al,,
2021). This growth underscores the increasing
environmental and health impacts of these
products, emphasizing the need for responsible
use. The above-mentioned problems with wet
wipes can be solved by joint efforts of
politicians, manufacturers and retailers, water
supply companies and the general public.
Education and public involvement are key to
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solving the problem of wet wipes (Zhang et al,,
2021; The Rivers Trusts, n.d.).

Young people have significant potential to
act as catalysts for change and to raise
awareness of environmental issues (Torres et
al, 2019). Promoting environmental care and
respect is further supported through preventive
environmental education programs, which
shape individual behavior and enhance people’s
capacity and motivation to adopt environ-
mentally responsible practices (Torres et al.,
2019). Currently, approximately 25% of
students in grades 8-9 at Chernihiv Gymnasium
No. 32 (Ukraine) reported having thrown wet
wipes into the wrong trash bin, highlighting a
lack of awareness regarding recycling and the
resulting pollution of the city’s green areas with
this hygiene product (Tkachuk & Zahryva,
2025). Mitigating the environmental impact of
wet wipes requires a systemic approach
encompassing production, consumption, and
disposal processes. Consumer behavior, influ-
enced by 12 factors, plays a key role in
determining the waste flow of wet wipes. These
factors are grouped into three -categories:
«consumption habits», «cost», and «incentives».
Among them, «time consumption» was iden-
tified as the most significant, suggesting that
convenient solid waste management infra-

structure is an effective measure to reduce
environmental leakage. Researchers also
emphasize that raising awareness about the
plastic content of wet wipes - such as by
including this information on packaging - is a
practical strategy (Zhang et al., 2022).

Advocacy and educational activities aimed
at raising awareness about the issue of wet
wipes are carried out by The Rivers Trusts (The
Rivers Trusts, n.d.). The Plastic Free Mersey
project, managed by the Mersey Rivers Trust
and Thames21, employs brand survey data to
impact the plastics and recycling industry (The
Rivers Trusts, n.d.).

A major gap in environmental education
regarding critical aspects of daily human
behavior drives the negative influence of
numerous actions on sustainable development
(Alonso-Sainz, 2021). Achieving the Sustainable
Development Goals is closely related to the
issues of biological and environmental safety of
wet wipes (Fig. 8), in particular, with Goal 3 -
Good health and well-being (Tkachuk and
Zahryva, 2025), which includes, among other
things, ending epidemics of major infectious
diseases and reducing risk factors associated
with environmental pollution (Eurostat, n.d.).

Goal 13

Fig. 8. Sustainable Development Goals addressing environmental issues
associated with wet wipes
(Tkachuk & Zahryva, 2025) (Figure adapted by us)

A generalized analysis of the effects of
wet wipes on selected ecological and public
health indicators

In general, the importance of knowledge
about the number and diversity of bacteria on
hygiene products waste in both terrestrial and
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marine environments is as follows (Rakhma-
wati et al., 2024):

*has significant potential for
understanding and solving current
environmental and public health problems;
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scan help assess their environmental
impact and potential impact on ecosystems;

scan encourage responsible disposal
practices;

=can promote the use of environmentally
friendly materials to minimize the impact on the
environment;

scan offer valuable information about
their degradation processes in the modern
ecological context.

Therefore, wet wipes are a product that
can affect the following public health indicators:

1) environmental - safety of consumer
products, environmental risks to health,
environmental quality, which is associated with
the content of compounds in their wetting
solutions that can cause allergies, are toxic, as
well as the fact that they are a source of
microplastics;

2) medical and sanitary - the level of
morbidity, which is associated with the facts of
non-compliance of a number of wet wipes with
sanitary and hygienic standards their
ineffective  antibacterial = properties, the
presence of pathogens and antibiotic-resistant
strains;

3) social and behavioural - consumer
behaviour of the population, which is associated
with the formation of a conscious attitude
towards the use and disposal of used wet wipes,
appreciating the importance of increasing their
biological and environmental safety.

®inancysauns / Funding

Conclusions

Based on a bibliometric review of the
literature and available studies, the human
health and environmental risks linked to wet
wipe use were thoroughly analyzed. In general,
the quality of wet wipes and their consumption
by the population can determine such public
health indicators as environmental, medical and
sanitary, social and behavioural. Microbio-
logical and environmental parameters that
determine the safety of wet wipes for public
health have become the subject of compre-
hensive scientific analysis. The study empha-
sizes pathogenic indicator microorganisms as
potential health hazards and considers the
environmental impact of pollution caused by
this hygiene product. However, socio-
pedagogical approaches aimed at forming a
responsible attitude towards the use and proper
disposal of wet wipes remain underdeveloped
and not systematic. Future research should
focus on:

=further exploring the microbial diversity
of hygiene products, considering both harmful
microorganisms and potential biodegraders;

ssearch for eco- and bio-safe materials
and solutions for wetting wet wipes;

»shaping the behaviour of responsible use
and consumption of wet wipes.
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Ruslan Aminov

EFFECT OF LEECH EXTRACT ON LYMPHOCYTES IN THERMAL BURNS
\#ﬁ)ﬂ"—f
PyciaH AMiHOB

BIIVZIUB ECTPAKTY I’AIBKU HA JIIM®OLIUTU ITPU TEPMIYHUMX OIIIKAX

ABSTRACT

Purpose of the work. The study aimed to evaluate changes in the quantitative composition of lymphocytes and
the blast transformation reaction of lymphocytes under spontaneous conditions and concanavalin A stimulation during
the healing of a thermal burn, as well as to determine the immunomodulatory effect of the water-salt extract of the
medicinal leech (Hirudo verbana).

Methodology. The experimental study was conducted using a thermal burn model. Animals were divided into
intact, control (thermal burn without treatment), and experimental groups treated with the water-salt extract of Hirudo
verbana. Blood samples were collected on days 3, 7, 14, and 30 after injury. The percentage of lymphocytes and the blast
transformation reaction of lymphocytes were assessed under spontaneous conditions and after stimulation with
concanavalin A using standard immunological methods. Results were expressed as M + m, and statistical analysis was
performed using Student’s t-test.

Scientific novelty. For the first time, the dynamics of lymphocyte proliferative activity during thermal burn
healing under the influence of the water-salt extract of the medicinal leech were quantitatively characterized. It was
demonstrated that the extract promotes faster restoration of ConA-induced blast transformation of lymphocytes and
prevents prolonged post-burn immunosuppression.

Conclusions. Thermal burn injury caused transient lymphopenia, increased spontaneous blast transformation,
and suppression of mitogen-induced lymphocyte proliferation. Application of the water-salt extract of Hirudo verbana
reduced the severity of these changes and ensured normalization of both quantitative and functional lymphocyte
parameters by day 14 of the experiment. The obtained results confirm the pronounced immunomodulatory potential of
the medicinal leech extract during reparative processes.

Key words: lymphocytes, blast transformation, thermal burn, leech extract, immunomodulation

AHOTAIIA

MeTa po60Tu. MeTo10 AOCiKeHHS 6y/10 OL[iHUTH 3MiHM KiJIbKiCHOTO BMIicTY JliMoLUTIB Ta peakii 61acTHO]
TpaHcdopmarii 1iMPOIUTIB 32 CMOHTAHHUX YMOB i IPU CTUMYJISILI KOHKaHABAJIIHOM A B TPOIieCi 3aroEHHS TEPMIiYHOTO
OMiKy, @ TaK0XX BHW3HAYUTH IMyHOMO/Y/JIOBaJIbHUHM BIJIMB BOJHO-COJIbOBOTO €KCTpakTy MeaudHoi m'saBku (Hirudo
verbana).

MeTopouoria. /[locaif>)keHHS TNpPOBeJeHO Ha eKCllepuMeHTaJbHid Mogeni TepMiuHoro omiky. TBapuH
pPO3MNOAIMKAN Ha IHTAaKTHY, KOHTPOJIbHY (TepMidyHUH omiK 6e3 JIiKyBaHHS) Ta JOCAiAHY I'PYIH, y sKill 3aCTOCOBYBaIU
BOJTHO-COJIbOBUU eKCTpaKT Hirudo verbana. 3abip martepiany 3aificHroBaau Ha 0, 3, 7, 14 Ta 30 700y micisg TpaBMH.
Busnavasu BifjcOTKOBUH BMicT 1iMPOUMTIB i peakiito 61acTHOI TpaHchopMaLii JiMGOIUTIB y CHOHTAHHUX YMOBax Ta
micis CTUMyJIALil KOHKaHaBaJiHOM A 3a CTaHJApTHHUMH IMYHOJIOTIYHMUMH MeToJuKaMW. CTaTUCTHUYHY OOPOOKY
pe3y/IbTaTiB NPOBOAU/IY 3 BUKOPUCTAaHHAM KpUTepito CThIOfleHTa.

HaykoBa HOBU3Ha. YHeplile KiJibKiCHO 0XapaKTepu30BaHO JUHAMIiKy mpoJiidepaTUBHOI akTUBHOCTI JiiMponuTiB
y Ipolieci 3aroeHHs TePMiyHOI0 ONiKy 3a YMOB 3aCTOCYBaHHS BOJJHO-COJIbOBOI'0 eKCTPAKTy Meu4yHoI ’siBKU. [loka3aHo,
110 EKCTPAKT CIpUsIE pAHHbOMY BiiHOBJIeHHI0O KOHA-iHAyKoBaHOI 6/1acTHOI TpaHcdopmalii JiMpouuTiB Ta 3MeHIIyE
TPUBAJIiCTh MOCTOMIKOBOI iIMyHHOI AUCHYHKIIiL.

BucHoBkM. TepMiyHUI OHiK CyHmpOBO/KYETHCS PO3BUTKOM TpAH3UTOPHOI JiMdoneHii, miABULEHHAM
CMOHTAHHOI mpoJsidepanii Ta TPUrHiYeHHAM MiTOreH-iH/AyKOBaHOI aKTUBHOCTI JiMGOIUTIB. 3acTOCyBaHHSA BOJHO-
COJIbOBOTO0 eKCTpaKTy Hirudo verbana 3abe3mnedyye HopMaJsizalilo KiJbKicHUX i (YHKLiOHa/JbHHUX I[OKAa3HUKIB
JiMouuTapHOi JaHKU iMyHITeTY BXe 10 14 106U, 1110 CBiAUYUTH PO HOTro BUpaXKeHUM iMyHOMOy/1I0BaIbHUM ePeKT.

KiouoBi cioBa: niMmdounTy, 6;1acTHa TpaHchopMallis, TEPMiYHHUN OMIK, EKCTPAKT IT'IBKH, IMyHOMOAY SIS
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Introduction

Thermal burn injury induces a complex
systemic immune response that influences
wound healing and susceptibility to
complications such as infection, systemic
inflammatory response syndrome (SIRS), and
immunosuppression (Burgess et al, 2022).
Burns trigger an initial pro-inflammatory phase
driven by innate immune cells, followed by
compensatory anti-inflammatory mechanisms
that may lead to transient impairment of
adaptive immunity, including suppression of
T-lymphocyte function and reduction in
lymphocyte counts (Dincer et al., 2025; Mulder
et al, 2022). Quantitative and functional
evaluation of lymphocytes, including blast
transformation reactions under spontaneous
conditions and after stimulation with mitogens
such as concanavalin A (ConA), provides crucial
insights into the cellular immune status after
injury.

The blast transformation reaction of
lymphocytes is an established method for
assessing proliferative responses of T-cells.
Changes in spontaneous and mitogen-induced
blast transformation can reflect T-cell
responsiveness and is wused to detect
immunosuppression in pathological conditions
(Simon-Molas et al., 2021). In addition, clinical
and experimental evidence suggests that severe
burns create a prolonged inflammatory milieu,
with elevated cytokines and immune cell
recruitment, which may delay the resolution of
inflammation and impair adaptive immune
processes (Mulder et al.,, 2022).

Natural biologically active compounds
with  anti-inflammatory and  immune-
modulatory properties are increasingly studied
for their potential to support immune
regulation and tissue repair. Medicinal leech
(Hirudo verbana) saliva and extracts contain
diverse bioactive molecules, including
anticoagulants, protease inhibitors, and
anti-inflammatory peptides, which have been
shown to modulate cytokine production and
macrophage activation, suggesting a potential
immunomodulatory role in injury contexts
(Amani et al., 2021; Zakian et al., 2022; Unal et
al, 2023; Ayhan et al, 2024; Aminov et al,
2021,2022,2023,2025; ). While these effects
have been documented primarily in vitro, their
influence on post-burn immune dysregulation
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and lymphocyte function is not yet fully
characterized.

Therefore, further investigation into both
quantitative and functional changes in
lymphocytes under the influence of
leech-derived extracts during burn healing is
essential to clarify their therapeutic potential
and mechanisms of action.

The aim of this study was to evaluate
changes in the percentage of lymphocytes and
the blast transformation reaction of
lymphocytes under spontaneous conditions and
ConA stimulation during thermal burn healing,
and to assess the immunomodulatory effects of
a water-salt extract of Hirudo verbana.

Materials and methods

Preparation of aqueous-saline leech
extract

For the preparation of the aqueous-saline
extract, 50 specimens of medicinal leeches
(Hirudo verbana Carena, 1820) were used. The
leeches were bred at the Educational and
Research Laboratory of Cellular and Organismal
Biotechnology of Zaporizhzhia National
University according to technical specifications
TU U 05.0-02125243-002:2009 “Medicinal
leech” and had a wvalid sanitary and
epidemiological certificate (Ministry of Health
of Ukraine No. 05.03.02-06/49982,
12.08.2009).

The final extract concentration was 0.022
mg/mL, and protein content was determined by
colorimetric assay using pyrogallol red and
molybdate on a Beckman Coulter AU480
biochemical analyzer (Aminov et al., 2025).

Experimental animals and housing
conditions

The study included 80 outbred white
laboratory rats weighing 260-300 g. Animals
were housed individually in standard cages
under controlled conditions (temperature 20-
25 °C, relative humidity < 55 %, natural light-
dark cycle) and fed a balanced diet. Throughout
the experiment, no signs of bacterial infection
were detected.

Experimental design

Rats were randomly assigned to two
groups (n = 40 each):

1. Control group - spontaneous wound
healing without treatment;

2. Experimental group - daily topical
applications of the aqueous-saline extract of
Hirudo verbana.
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All experimental manipulations complied
with the International Guidelines for Biomedical
Research Involving Animals, the national Joint
Ethical Principles for Animal Experiments (Ukraine,
2001), and Directive 2010/63/EU of the European
Parliament and of the Council (22 September 2010).
The protocol was approved by the Bioethics
Commission of the Zaporizhzhia National
University (protocol no. 1, October 30, 2025).

Thermal burn modeling

Second-degree (II-III) thermal burns were
induced on a shaved dorsal area under ketamine
anesthesia (50 mg/kg, intraperitoneally). A copper
plate (1.6 x 5 cm) heated to 100 °C * 2 °C was
applied for 10 seconds to create a standardized
burn injury.

Treatment and sample collection

Treatment began 24 hours after burn
induction and was applied once daily until
complete healing. Blood samples were collected
from the tail vein on days 0 (intact), 3, 7, 14, and 30
after injury.

Peripheral blood lymphocytes were
analyzed in whole blood samples without prior cell
isolation.

The percentage of lymphocytes was
determined using standard hematological
analyzers and confirmed by microscopic
examination of Giemsa-stained blood smears.

The blast transformation reaction (BTR)
was assessed in whole blood under spontaneous
conditions and after stimulation with concanavalin
A (ConA, 10 pg/mL). Blood samples were
incubated at 37 °C for 24 hours, after which the
percentage of blast-transformed lymphocytes was
determined by cytomorphological analysis of
stained blood smears.

Results were expressed as the percentage of
lymphocytes and the percentage of blast-
transformed lymphocytes.

Statistical analysis

Data are presented as
Comparisons were performed:

Between intact and control groups, and
intact and experimental groups at each time point;

Between control and experimental groups at
corresponding time points.

Normality was verified with the one-sample
Kolmogorov-Smirnov test. Parametric
comparisons were conducted using Student’s t-test
with  Bonferroni correction. Analysis was
performed using IBM SPSS Statistics 21.0 (IBM,
USA). Differences were considered significant at
p <0.05.

4

mean SD.
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Results and Discussion

The results of the present study
demonstrated that thermal burmn trauma
significantly altered both the quantitative and
functional parameters of peripheral blood
lymphocytes. In the control group, lymphocyte
percentage significantly decreased by day 3 after
injury (61812 % vs intact 73.91%1,0 %),
indicating early lymphopenia - a hallmark of
burn-induced immunosuppression noted in
multiple studies of burn immunology (Burgess et al,,
2022; Osuka et al, 2024). This early lymphocyte
drop reflects the complex systemic immune
response triggered by thermal damage, which
involves not only inflammatory activation but also
regulatory suppression of adaptive immunity
(Osuka etal, 2024).

In control animals the spontaneous blast
transformation (SP) of lymphocytes increased
transiently on day 3, whereas ConA-induced blast
transformation showed a marked decrease
(11.6x08 % vs intact 19.6x1.1 %).
ConcanavalinA (ConA) is a widely used plant
mitogen that induces T-cell proliferation and is
considered a robust indicator of lymphocyte
functional capacity in immune assays (Simon-Molas
etal, 2021). The suppression of ConA-induced blast
transformation in the control group is consistent
with observed functional impairment of T cell
responsiveness early after burn, as part of the mixed
compensatory  anti-inflammatory  response
syndrome (CARS) and persistent
immunosuppression post-burn (Osuka et al., 2024;
Korkmaz, 2023).

Animals treated with the water-salt extract of
Hirudo verbana showed higher lymphocyte
percentages at day 3 (67.9+ 1.1 %) and improved
ConA-stimulated blast transformation
(158+09 %) compared with controls. This
suggests that the extract mitigated early post-burn
immune suppression, facilitating both preservation
of lymphocyte counts and maintenance of
proliferative responsiveness. The
immunomodulatory potential of leech-derived
bioactive compounds has been documented in
recent studies showing anti-inflammatory and
immune-regulating effects in vitro, including
down-regulation of pro-inflammatory cytokine
production in activated immune cells (Ayhan et al,
2024).
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Atlater time points (days 7-30), experimental
animals continued to demonstrate accelerated
restoration of immune parameters compared with
controls. By day 30, the experimental group had
lymphocyte  percentages (75.2+0.8 %) and
ConA-induced blast transformation (21.3+1 %)
exceeding intact values, whereas controls did not
fully reach baseline. These trends suggest that the
leech extract promotes not only earlier recovery but
potentially enhanced adaptive responsiveness
beyond normal levels. Such enhanced recovery may
involve modulation of inflammatory signaling,
attenuation of excessive pro-inflammatory
cascades, and support of T-cell regenerative

processes, aligning with broader evidence that
persistent systemic inflammation and immune
dysregulation are key barriers to immune
restoration post-burn (Mulder et al, 2021;
Korkmaz, 2023).

Overall, these data support the view that
thermal burns induce complex immune changes -
initially driven by systemic inflammation and
subsequent regulatory suppression - and that
immunomodulatory interventions like Hirudo
verbana extracts may support the restoration of
cellular immunity by preserving lymphocyte
numbers and functional responsiveness to

mitogenic stimulation.
Table 1

Total percentage of lymphocytes and blast transformation reaction of rat blood lymphocytes

Blast-
. Lymphocytes, Type of transformed
Animal group % lymphocyte lymphocytes, %
stimulation
Spontaneous 9.3:05
7391x1.0
ntact ConA 19.6 + 1.1*
Spontaneous 13.8+0.7*
= 61.8 +1.2*
Day 3 - Control ConA 11.6 + 0.8*
. Spontaneous 11.2+0.6*
- 679 +1.1*
Day 3 — Experimental ConA S8100"
Spontaneous 12.1+0.6*
= 65.4 +1.1*
Day 7~ Control ConA 14.2 +0.9*
. Spontaneous 10.1£0.5
- 718+ 1.0
Day 7 — Experimental ConA 56110
Spontaneous 10.6 £0.5
- 69.1+1.0
Day 14 - Control ConA 17.1£1.0
. Spontaneous 9.5+ 0.4
- 74.6 £0.9
Day 14 — Experimental ConA 09311
Spontaneous 9.8+ 0.4
- 71.0+0.9
Pay 30 - Control ConA 18.0+0.9
. Spontaneous 9.2:+03
- 75.2+0.8
Day 30 — Experimental ConA 13110

Note: ConA — blast transformation reaction of lymphocytes with lectin; % — relative value; * — p < 0.05,
values significantly different from the spontaneous reaction

Conclusions

Thermal burn injury causes suppression
of cellular immunity, manifested as decreased
lymphocyte counts and impaired T-cell
proliferative responses. The aqueous-saline
extract of Hirudo verbana positively modulates
the immune response, supporting both
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lymphocyte numbers and functional activity.
Treatment with the extract accelerates
recovery of cellular immunity, which may
contribute to improved wound healing and
reduced post-burn complications. Leech-
derived extracts have potential as
immunomodulatory agents in post-burn
therapy, warranting further investigation.
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RELATIONSHIP BETWEEN RUFFIER INDEX-DERIVED FITNESS LEVELS AND
RESTING CARDIOVASCULAR PERFORMANCE IN YOUNG ADULTS

\-ﬁﬁ)ﬁr
AHHa Anenbko, Haranisa Kypraaok, 'amnHa TkadeHKO

B3A€EMO3B’I30K PIBHA ®I3MYHOI IIIZITOTOBKU 3A IHAEKCOM PY®’€E 3
IMOKA3HUMKAMM CEPIIEBO-CYAMHHOI CUCTEMM Y MOJIOAUX JOPOC/IUX

ABSTRACT

Purpose of the work. Physical fitness plays a crucial role in cardiovascular health, influencing stroke volume (SV),
cardiac output (CO), heart rate (HR), and blood pressure. The Ruffier Index (RI) is a simple, field-based measure of
cardiovascular efficiency, but evidence linking RI-assessed fitness to resting SV and CO in young adults is limited. This
study aimed to investigate the relationship between RI-derived fitness levels and resting cardiovascular parameters (SV,
CO, HR, SBP, DBP) in healthy young adults, and to examine potential sex-specific differences.

Methodology. A cross-sectional study was conducted with 51 healthy students (28 women, 23 men) from
Pomeranian University in Stupsk, Poland (mean age: 20.8 + 4.2 years for women; 19.9 * 2.9 years for men). Physical
fitness was classified using the RI into very good, good, average, and poor categories. Resting SBP, DBP, HR, SV, and CO
were measured under standardised conditions. SV was calculated using the Starr formula, and CO was derived from
SV x HR. Statistical analyses included ANOVA, post hoc Tukey tests, Pearson correlations, and linear/multivariate
regression models with sex and blood pressure as covariates.

Scientific novelty. Most participants demonstrated average fitness, with very good fitness observed only in one
male participant. Stroke volume decreased progressively as fitness declined in both sexes, while cardiac output increased
among participants with lower fitness, indicating compensatory mechanisms via increased heart rate. Women with poor
fitness had the highest resting CO (5485 * 940 ml/min) and lowest SV (57.4 + 7.9 ml), while men with poor fitness had
CO of 5418 + 510 ml/min and SV of 63.4 + 3.1 ml. Significant negative correlations were found between RI and SV
(women: r = -0.52; men: r = -0.48), and moderate positive correlations between RI and CO (women: r = 0.46; men:
r=0.41). Linear and multivariate regression confirmed RI as a significant predictor of SV and CO (p <0.01). Sex
differences were observed, with men exhibiting higher SV and slightly higher SBP.

Conclusions. Higher Rl-assessed fitness is associated with greater stroke volume, lower cardiac output at rest,
and more efficient myocardial function. Individuals with lower fitness compensate via increased HR, resulting in higher
cardiovascular workload. These findings highlight the utility of RI as a practical tool for assessing cardiovascular
efficiency in young adults and reinforce the importance of promoting regular physical activity to enhance cardiac
function. Future studies should involve larger, longitudinal cohorts and include comprehensive physiological
assessments.

Key words: Ruffier Index, physical fitness, stroke volume, cardiac output, resting heart rate, blood pressure, young
adults, cardiovascular efficiency

AHOTANIA

MeTa po6oTu. ®i3uuHa niroToBKa BiZjirpae Ka040BY poJib ¥ 34,0pOB’i ceplieBo-CyJUHHOI CUCTEMHU, BIJIMBAIOYU
Ha yJapHuit 06’eM (SV), cepueBuit Bukuj, (CO), yactoTy cepueBux ckopoueHb (HR) Ta apTepianbuuii Tuck. Ingekc Pyd’e
(RI) e npocTHM NOJILOBUM METO/IOM OLiHKH e)eKTHUBHOCTI Cep1ieBo-CyMHHOI CUCTEMH, IPOTe JaHi PO B3aEMO3B’SI30K
RI Ta moka3uukiB SViCO y Mosiogux gopocaux ooMexeHi. JlocaimpkeHHs 6yJi0 CIpsIMOBaHe Ha BUBYEHHSI B3AaEMO3B’SI3KY
Mk piBHeM ¢iznuHoi migroroBku 3a Rl Ta mokasHWKaMu ceplieBo-CyAMHHOI cucTeMHU y cTaHi cnokoto (SV, CO, HR, SBP,
DBP) y 310p0BHX MOJIOJIUX JOPOC/HX, @ TAKOXK HA BUSIBJIEHHS] MOXK/JIMBUX CTAaTEBUX Bi/[MiHHOCTEH.

MeTogoJioris. [IpoBeieHO nonepevyHe AOCTiPKeHHs 3a y4acTio 51 3710poBoro cTyZeHTa (28 3KiHOK, 23 40JIOBiKH)
[Tomopcekoro yHiBepcuTeTy B Cayncbky, [losbiia (cepenHiit Bik: 20,8 + 4,2 pokiB y xkiHok; 19,9 * 2,9 pokiB y 40J10BiKiB).
disuuyna miaroroBka kiacuodikyBasaca 3a Rl Ha kaTeropii «ayxke mobpa», «aobpa», «cepefHs» Ta «cjaabKay.
BuwmiproBanucs SBP, DBP, HR, SV i CO 3a cTaHapTHU30BaHUX YMOB y CTaHi cliokoo. SV po3paxoByBaBcs 3a GopmMyJioro
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Crappa, CO - ak fo6yTok SV x HR. CTaTucTuyHuM aHasi3 BkitodyaB ANOVA, noctxok-TecTu Thioki, kopessnii [lipcona
Ta JIiHilHi/My/IbTiBapiaTUBHI perpecii 3 ypaxyBaHHAM CTaTi Ta apTepiaJbHOI'O TUCKY.

HaykoBa HOBHU3Ha. Y 6i/1b110CTi yYaCHUKIB ClIOCTepiraBcs cepe/iHii piBeHb Gi3UYHOI MiATOTOBKY, Ay»e BUCOKUH
- JIM1Ie V OJJHOT0 Y0JIOBiKa. Y 060X cTaTed yjapHUM 06’'€M 3HMXKYBaBCs 3i 3MeHLIeHHAM piBHA Gi3nyHOI HiArOTOBKY,
TOJI 1K CepLeBUU BUKHU/, 3pOCTAB Y YYaCHHUKIB 3 HU3bKOIO MiZiIrOTOBKOIO, 1[0 CBIJYUTH PO KOMIIEHCATOPHI MeXaHi3MU
yepe3 IiJ|BUILleHHsI YaCTOTH ceplieBUX CKopoueHb. JKiHKM 3 ciabkoo $isuyHOI0 MiroTOBKOIO Masiu HauBuuui CO y
cTaHi cnokoto (5485 + 940 mJu1/xB) Ta HauHWK4YKU SV (57,4 = 7,9 MJ1), y 4OJIOBIKIB 3 c1abkoto niroroBkor CO cTaHOBUB
5418 + 510 ma/xB, a SV - 63,4 * 3,1 ms1. BusiBjieHO 3Hauylly HeraTUBHY Kopessuito Mixk RI ta SV (kinku: r = -0,52;
yos10Biku: I = -0,48) Ta noMipHy N03UTUBHY KopeJsLito Mixk RI Ta CO (kinku: r = 0,46; yosoBiku: r = 0,41). Perpeciiinuii
an”aui3 migTBepauB Rl sk 3nauyuiuit npeguktop SV ta CO (p < 0,01). CtaTesi BifMiHHOCTI BUsiBuJIKCS ¥ BUuljomy SV ta
JAewo Buwomy SBP y yos10BikiB.

BucHoBKkM. Bumuii piBeHb ¢izudnoi migroroBku 3a Rl acouiroeTbcsa 3 6ibUIMM yAapHUM 06’'€MOM, MEHIIIUM
CepUeBUM BUKH/IOM y CTaHi CIOKOI Ta 6isibll epeKTHUBHOIO POGOTOI0 ceplis. Y 0oCi6 3 HUXKYKUM PiBHEM MiITOTOBKHU
cepueBUM BUKHJ NiATPUMYETbCA 3a paxyHOK mniaBuieHHsa HR, wmo 36inbliye cepleBo-cyHHe HaBaHTa)KeHHS.
PesyapTaTy nigTBepAKyOTh KOPUCHICTb RI fIK MPOCTOro iHCTPYMEHTY OLIHKU CepLeBO-CyJAHMHHOI epeKTHUBHOCTI y
MOJIOZIUX JOPOCJIMX Ta NiJKPECTI0I0Th BaXK/IUBICTb peryasapHoi ¢pisu4HOI aKTUBHOCTI /1/15 MiATPUMKHU ceplLieBoi PYHKIIL.
[lomanbii JocaifPkeHHs MalOThb BKJIIOYATH Oi/IbIIi KOTOPTH Ta JOBFOTPHUBAJi CIOCTEPEKEHHS 3 KOMIIJIEKCHUMH
¢diziosoriYHUMHY BUMipIOBaHHSAMU.

KnwuoBi cioBa: iHaekc Pyd’e, pisvuHa mirotoBka, yJlapHUd 06’€M, ceplieBUM BUKH/J, 4acTOTa CeplieBUX
CKOPOY€eHb Y CTaHi CIOKOI0, apTepia/iIbHUU THUCK, MOJIOAI A0pocii, eGeKTUBHICTb ceplieBO-CyJMHHOI CHCTEMH

reduce cardiac efficiency over time (Stickland et
al, 2012; Roh et al, 2016; Nystoriak and
Physical fitness has a strong influence on Bhatnagar, 2018).
cardiovascular health, encompassing the The Ruffier Index (RI) is a practical, field-
functional capacity of the heart, blood vessels based method of assessing the cardiovascular
and skeletal muscles to supply oxygen during response to short-term exercise. It calculates
sustained physical activity. Regular aerobic cardiovascular efficiency based on resting heart
exercise induces well-documented structural rate (HR), post-exercise HR and recovery HR,
and functional adaptations in the cardiovascular providing a simple measure of aerobic fitness
system. These include increased stroke volume and autonomic cardiac regulation (Guo et al.,
(SV), enhanced ventricular compliance, 2018; Alahmari et al., 2020). Although the RI is
improved diastolic filling and more efficient widely used in educational and sports settings,
autonomic regulation of heart rate (HR) (Seo et evidence linking RI-assessed fitness to resting
al., 2023; Dores et al,, 2024; Dou, 2026). These stroke volume (SV) and cardiac output (CO) in
adaptations reduce cardiac workload at rest and young adults is limited, particularly with regard
enhance systemic perfusion during rest and to potential sex-specific differences in cardiac
exercise, thereby contributing to long-term performance. Understanding these associations
cardiovascular resilience (Nystoriak and is crucial for identifying individuals with
Bhatnagar, 2018). suboptimal cardiovascular efficiency and for
Stroke volume (SV) and cardiac output guiding early interventions to improve
(CO) are key indicators of cardiac efficiency. SV cardiovascular health (Horn et al, 2015;
represents the volume of blood ejected by a Bassareo and Crisafulli, 2020).
ventricle during a single contraction, while CO This study investigated the relationship
denotes the total volume of blood pumped per between physical fitness, as measured by the R,
minute. Both parameters are influenced by and resting cardiovascular  parameters
physical fitness level, sex, age, and (including SV, CO, HR and blood pressure) in
cardiovascular health status (Bruss and Raja healthy young adults. We hypothesised that
2022; King and Lowery, 2023). Higher fitness higher Rl-assessed fitness would be associated
levels are generally linked to higher SV and with greater SV, lower resting CO and improved
lower resting HR, indicating more efficient cardiovascular efficiency overall. We also
myocardial function and improved oxygen hypothesised that these relationships might
delivery. Conversely, lower fitness levels often differ between the sexes due to inherent
lead to compensatory increases in heart rate physiological differences in cardiac structure,
(HR) to maintain cardiac output (CO), which  ventricular compliance and autonomic
imposes higher cardiovascular stress and may regulation.
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Materials and methods

Study design and participants. This
cross-sectional study included 51 participants
(28 women and 23 men), all of whom were
students at Pomeranian University in Stupsk,
Poland. The mean age was 20.8 + 4.2 years for
women and 199 * 2.9 years for men. All
participants were healthy and free from known
cardiovascular, metabolic or musculoskeletal
disorders. They were also not taking any
medications that could affect heart rate or blood
pressure. They were instructed to avoid
caffeine, nicotine and intense physical activity
for at least 12 hours prior to testing.

Participants were classified according to
their level of physical fitness using the Ruffier
Index (RI). Among the women, 32.1 % were
classified as having good fitness, 50.0 % as
having average fitness, and 17.9 % as having
poor fitness. Among the men, 4.3%
demonstrated very good fitness (n = 1), 39.1 %
demonstrated good fitness (n 9), 47.8 %
demonstrated average fitness (n = 11), and
8.7 % demonstrated poor fitness (n 2).
Overall, most participants exhibited average
fitness levels, whereas very good fitness was
observed in only one male participant.

Assessment of physical fitness. Physical
fitness was evaluated using the RI, which
assesses cardiovascular efficiency in response
to short-term exercise. The RI was calculated
using the formula described by Jastrzebska
(2010): IR=[(P+P1+P2)-200]/10.Here, IR
denotes the Ruffier Index, P represents the
resting heart rate, P1 represents the heart rate
measured immediately after exercise and P2
represents the heart rate recorded after one
minute of recovery. The results were
interpreted as follows: 0-0.1 points: very good
fitness; 0.1-5.0 points: good fitness; 5.01-10.0
points: average fitness; >10.01 points: poor
fitness. Based on the obtained RI values, women
and men from different age groups were
classified into categories reflecting their level of
physical fitness.

Cardiovascular measurements. Resting
systolic blood pressure (SBP), diastolic blood
pressure (DBP) and heart rate (HR) were
measured in standardised resting conditions.
All measurements were taken between 8:00 and
11:00 a.m. in a quiet, temperature-controlled
room (22-24°C). Participants were seated with
their arms supported at heart level throughout
the procedure. Each measurement was
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repeated three times at one-minute intervals
and the mean value was recorded.

Stroke volume (SV), i.e. the volume of
blood ejected by one ventricle during a single
cardiac contraction, was calculated using the
Starr formula: SV 90.97 + 0.54 x pulse
pressure — 0.57 x diastolic blood pressure -
0.61 x age. In this formula, pulse pressure is
defined as the difference between systolic and
diastolic blood pressure, and age is expressed in
years. These equations enable the estimation of
stroke volume at rest, which reflects the
efficiency of the left ventricle during each
cardiac cycle.

Cardiac output (CO), which represents the
total volume of blood pumped by a ventricle in
one minute, is an important indicator of
cardiovascular  performance. In resting
conditions, CO averages approximately 6 litres
per minute, though this varies depending on sex,
age and physical fitness level. CO is calculated by
multiplying SV by HR: CO = SV x HR. This
calculation provides an indication of overall
cardiac workload and circulatory efficiency at
rest, enabling cardiovascular performance to be
compared between individuals with different
levels of physical fitness. For each participant,
SV and CO values are presented as the mean *
standard deviation (SD).

Statistical analysis. The data were
analysed separately for women and men. One-
way analysis of variance (ANOVA) was used to
determine the differences in resting systolic
blood pressure (SBP), diastolic blood pressure
(DBP), heart rate (HR), stroke volume (SV) and
cardiac output (CO) across fitness categories.
Effect sizes were calculated using eta-squared
(M%) to estimate the proportion of variance
explained by fitness level. Post hoc comparisons
were performed using the Tukey honest
significance difference (HSD) test to identify
specific differences between fitness groups.
Pearson's  correlation coefficients were
calculated to assess the association between the
Ruffier index and cardiovascular parameters
(SV, CO, HR and SBP/DBP). Linear regression
analysis was conducted to determine whether
the Ruffier index significantly predicted resting
stroke volume and cardiac output. A
multivariate regression model including sex and
blood pressure variables as covariates was also
performed to examine independent predictors
of cardiovascular performance. Prior to
statistical testing, the assumptions of normality
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and homogeneity of variances were verified
using Shapiro-Wilk and Levene's tests,
respectively (Zar, 1999). Statistical significance
was set at p < 0.05. All analyses were performed
using Statistica, version 13.3 (TIBCO, Palo Alto,
USA).

Results and discussion

Among the female participants (n = 30),
the largest proportion (46.7 %) demonstrated
an average level of physical fitness, followed by
a good level (33.3 %). Meanwhile, 20.0 % were
classified as having poor fitness and none
achieved a “very good” level according to the
Ruffier Index classification. Among the men (n =
23), most also demonstrated an average level of

physical fitness (47.8 %), followed by good
fitness (39.1 %). A smaller proportion (8.7 %)
exhibited poor fitness, while 4.3 % achieved a
very good level. Overall, average fitness
predominated in both sexes, whereas very good
fitness was only observed in men and
represented the smallest subgroup. These
findings suggest that the studied population
was generally characterised by moderate
cardiovascular fitness.

Resting systolic blood pressure (SBP),
diastolic blood pressure (DBP), stroke volume
(SV) and cardiac output (CO) were analysed
according to sex and physical fitness level, as
determined by the Ruffier Index (RI). The
results are summarised in Table 1.

Table 1

Resting systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate (HR), stroke
volume (SV) and cardiac output (CO) according to sex and physical fitness level assessed by the
Ruffier Index. Values are presented as mean * standard deviation (S.D.)

Fitness SBP, mmHg DBP, HR, bpm SV (ml) CO
=5 level n mmHg (ml/min)
Women Good 9 1119+ 19.4 66.6%7.2 719 % 6.6 63.7%6.2 4575 + 540
Women Average 14 109.9 £ 14.0 701£7.7 81.9£6.0 61.0%7.3 4820 + 810
Women Poor 5 110.0+ 6.9 75.2%3.6 94.6 + 4.7 57.4+7.9 5485 + 940

Men Very good | 1 109.0 76.0 63.0 53.9 3394
Men Good 9 128.1+10.6 67.7+10.8 67.6 +3.5 72.8+8.6 4870 £ 720
Men Average 11 1324 £ 24.1 720%93 82.3%8.0 70.1£92 5655 + 930
Men Poor 2 119.50.7 720 1.4 88.5 t 6.4 63.4+3.1 5418+ 510

Abbreviation: systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate (HR), stroke

volume (SV), cardiac output (CO)

In women, stroke volume decreased
progressively as fitness levels declined.
Participants classified as having good fitness
had a mean stroke volume (SV) of 63.7 + 6.2 ml,
whereas those with average fitness had slightly
lower values (61.0 + 7.3 ml). The lowest SV
values were observed in the poor fitness group
(57.4 £ 7.9 ml). This gradual reduction in stroke
volume with decreasing fitness level may reflect
diminished myocardial efficiency and reduced
ventricular filling capacity in individuals with
lower levels of cardiovascular conditioning.

Conversely, cardiac output increased with
declining fitness levels. Women with good
fitness demonstrated a mean cardiac output
(CO) of approximately 4575 ml/min, while
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those in the average group exhibited
4820 ml/min. The highest values were
observed among participants with poor fitness
(5485 ml/min). This pattern suggests that
individuals with poorer fitness compensate for
lower stroke volume by increasing their heart
rate in order to maintain adequate systemic
perfusion at rest.

A similar pattern was observed in men.
Those with good fitness demonstrated
relatively high  stroke volume values
(72.8 £ 8.6 ml), while the average fitness group
showed slightly lower values (70.1 * 9.2 ml).
Those with poor fitness exhibited an additional
reduction in SV (63.4 * 3.1 ml). These findings
are consistent with the physiological
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adaptations that occur in response to regular
physical activity, which typically enhance
ventricular contractility and stroke volume.
Cardiac output was highest in the average
fitness group of men (5655 = 930 ml/min),

followed by the poor fitness group
(5418 £ 510 ml/min). Lower values were
observed in the good fitness group

(4870 = 720 ml/min). The lower resting cardiac
output observed in the good fitness group may
reflect greater cardiovascular efficiency,
whereby a higher stroke volume enables the
heart to maintain adequate circulation with a
reduced heart rate.

In women, resting systolic blood pressure
remained relatively stable across fitness
categories, with only minor differences between
groups. However, diastolic blood pressure
tended to increase with decreasing fitness,
suggesting reduced vascular efficiency in
individuals with poorer cardiovascular fitness.
Elevated DBP in lower fitness categories may
also indicate increased peripheral vascular
resistance and reduced arterial compliance.

In men, SBP values were generally higher
than in women across most categories,
particularly in the average fitness group, where
the highest mean values were observed. DBP
values in men demonstrated less consistent
variation across fitness categories. These sex-
related differences in blood pressure
parameters are often linked to variations in
body composition, hormonal regulation and
autonomic cardiovascular control.

A one-way ANOVA revealed a significant
effect of physical fitness level on stroke volume
in both women (F2,27 = 6.84, p = 0.004,
n*=0.34) and men (F3,19 = 5.26, p = 0.008,
n? = 0.45). These effect sizes suggest that fitness
level moderately to strongly influences cardiac
stroke performance. The relatively high values
of the partial eta squared (n?) suggest that a
considerable proportion of the variability in
stroke volume can be explained by differences
in physical fitness level among the participants.

Similarly, a significant effect of fitness
level on cardiac output was observed (women:
F2,27 = 7.12, p = 0.003; men: F3,19 = 4.89,
p =0.011). Post hoc Tukey analysis showed that
individuals with poor fitness differed
significantly from those with good fitness,
primarily due to lower stroke volume and
compensatory increases in cardiac output.
These results suggest that the cardiovascular

adaptations associated with higher fitness
levels enable more efficient cardiac function at
rest, characterised by a greater stroke volume
and a reduced reliance on increased cardiac
output.

Sex differences were also observed.
Independent sample t-tests revealed that men
had significantly higher stroke volumes than
women (p < 0.01), whereas women had slightly
lower SBP values across most fitness categories.
This is consistent with the known physiological
differences between the sexes, including larger
cardiac dimensions, greater blood volume and
higher muscle mass, which are typically
observed in men. Prior to conducting ANOVA,
the assumptions of normality and homogeneity
of variances were verified using Shapiro-Wilk
and Levene’s tests, respectively. All statistical
analyses were performed at a significance level
of p < 0.05.

Pearson's correlation analysis revealed a
significant negative correlation between the
Ruffier Index and stroke volume in both women
(r = -0.52, p = 0.004) and men (r=-0.48,
p =0.016). This suggests that lower physical
fitness (i.e. higher RI values) is associated with
reduced cardiac stroke efficiency. In practical
terms, individuals with poorer cardiovascular
fitness tend to eject a smaller volume of blood
from the left ventricle during each cardiac cycle.

A moderate positive correlation was
observed between the Ruffier index and cardiac
output (women: r = 0.46, p = 0.012; men:
r=0.41, p = 0.039), suggesting that individuals
with poorer cardiovascular fitness experience
compensatory increases in cardiac workload.
This  relationship  likely  reflects the
physiological mechanism whereby reduced
stroke volume is compensated for by an
increase in heart rate in order to maintain
adequate systemic blood flow at rest.

No significant correlations were found
between the RI and systolic blood pressure in
either sex. This suggests that resting SBP may be
less sensitive to differences in physical fitness
within the studied population, particularly
among young or otherwise healthy individuals.
The correlation analysis supports the concept
that cardiovascular efficiency, as indicated by a
higher stroke volume and a lower cardiac
workload at rest, is associated with better
physical fitness levels.

Linear regression analysis confirmed that
the Ruffier Index significantly predicted stroke
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volume (f = -0.61, p < 0.001). The model
explained 37% of SV variability (R = 0.37). This
relatively high coefficient of determination
indicates that a substantial proportion of the
variance in stroke volume can be attributed to
differences in physical fitness as assessed by the
Ruffier Index. The negative regression
coefficient further confirms that higher RI
values (indicating lower physical fitness) are
associated with reduced stroke volume.

In a multivariate regression model
including sex and blood pressure variables, the
Ruffier ~Index remained a  significant
independent predictor of stroke volume
(B=-0.58, p < 0.001) and cardiac output
(B=0.42,p=0.009). These findings suggest that
the association between the Ruffier Index and
cardiac function persists even after adjusting for
potential confounding variables such as sex and
resting blood pressure. The regression analysis
highlights the Ruffier Index as an important
predictor of resting cardiovascular
performance in the studied population.

The present findings demonstrate a clear
relationship between physical fitness and
cardiovascular performance, particularly with
regard to stroke volume and cardiac output.
Those in better physical condition exhibited
higher stroke volume and lower cardiac output
at rest, indicating greater myocardial efficiency.
This pattern reflects the well-known
physiological adaptation to regular physical
activity whereby an increased stroke volume
enables the heart to maintain adequate systemic
circulation with fewer contractions per minute
(Gonzalez-Alonso et al., 2000; Asrar Ul Haq et
al,, 2015; Schierbauer et al., 2021).

The observed reduction in stroke volume
among less fit individuals may indicate reduced
myocardial contractility and lower ventricular
filling capacity. Consequently, cardiac output is
maintained through compensatory increases in
heart rate, thereby increasing the overall
cardiac  workload.  Such  compensatory
mechanisms are commonly observed in
individuals with lower cardiorespiratory fitness
and may lead to less efficient cardiovascular
regulation at rest (Drzyzga et al.,, 2021; Farrell
and Turgeon, 2023).

These findings are consistent with
previous studies demonstrating that aerobic
training enhances cardiac stroke volume,
ventricular  compliance, and autonomic
regulation (Farrell and Turgeon, 2023;
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Bonganha et al,, 2026). This results in improved
cardiovascular efficiency and a reduced resting
cardiac workload. Regular endurance activity is
known to induce structural and functional
cardiac adaptations, including increased left
ventricular volume, improved diastolic filling,
and enhanced parasympathetic regulation of
heart rate (Martinez et al., 2021; Epelde, 2024).

The sex differences observed in the
present study are also consistent with
physiological expectations. Men had higher
stroke volume values than women, which is
likely due to greater cardiac mass, a higher
circulating blood volume, and differences in
body composition (Wooten etal.,, 2021; St Pierre
et al,, 2022). Additionally, hormonal factors and
differences in haemoglobin concentration may
contribute to the greater oxygen transport
capacity typically observed in men (Haferanke
et al,, 2025). These results support the idea that
higher levels of physical fitness are associated
with more efficient cardiovascular function,
characterised by a greater stroke volume, a
lower resting cardiac workload, and improved
haemodynamic regulation (Nystoriak and
Bhatnagar, 2018).

Several previous studies have confirmed
the effectiveness of the Ruffier or Ruffier-
Dickson test in providing a simple assessment of
cardiorespiratory fitness (CRF) in young people.
A cross-sectional study of college students aged
18-23 demonstrated that most participants had
moderate cardiovascular endurance according
to the Ruffier-Dickson index. Specifically, nearly
half of the subjects were classified as having
“average endurance”, while only a small
proportion achieved “very good” results. These
results imply that even among university
students specialising in health-related subjects,
optimal cardiorespiratory fitness is not
universal, emphasising the importance of
regularly monitoring and promoting physical
activity in this group (Modi and Jain, 2024). The
endurance category distribution observed in
the study supports the idea that the Ruffier

index can identify different levels of
cardiovascular efficiency in young adults.
The  association between  cardio-

respiratory fitness and cardiovascular, as well
as anthropometric, risk factors has also been
widely documented. Alahmari et al. (2020)
demonstrated that CRF, as estimated by the
Ruffier test, was significantly associated with
several physiological and lifestyle-related
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variables. In particular, estimated VO, max
showed an inverse relationship with age, body
weight, body mass index, waist circumference,
blood pressure and resting heart rate, and a
positive correlation with physical activity levels
and pulmonary function. Importantly, their
multivariable analysis indicated that body
weight and resting heart rate were independent
predictors of CRF. These findings reinforce the
idea that simple, field-based fitness tests can
reflect broader physiological processes related
to cardiovascular efficiency and metabolic
health.

Age-related changes in cardiovascular
functional capacity have also been reported
among university students. In a study of female
students aged 18-22, Chernenko et al. (2022)
found that indices of cardiovascular and
respiratory performance, such as the Ruffier
index and heart rate responses to exercise,
differed between academic years. The authors
also reported that compensatory cardiovascular
mechanisms appeared to be most efficient
around the age of 21, as indicated by improved
heart rate recovery after exercise. However, the
proportion of students with satisfactory Ruffier
index values increased with age, while the
proportion demonstrating good cardiovascular
performance decreased. These findings suggest
that lifestyle factors during the university years
may influence trajectories of cardiovascular
fitness, particularly among female students.

Lifestyle-related factors also play a
significant role in determining cardio-
respiratory fitness in young adults. A large
cross-sectional study of Pakistani university
students showed that physical activity level,
body weight, body mass index and resting heart
rate were significantly associated with CRF, as
assessed by the Ruffier-Dickson test (Ehsan and
Asim, 2023). The authors emphasised that
sedentary behaviours, such as prolonged screen
time, can negatively impact cardiovascular
fitness, even in otherwise healthy young
individuals. These results highlight the
importance of considering behavioural factors
when interpreting CRF outcomes, and
emphasise the value of simple screening tests in
identifying individuals at risk of reduced
cardiovascular fitness.

Further  evidence from  younger
populations supports the relationship between
body composition and cardiorespiratory
performance. Studies conducted among
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children and adolescents have shown that
overweight and obese individuals have
significantly lower CRF levels than their normal-
weight peers (Sepulveda et al., 2025). In these
groups, lower maximal oxygen consumption, a
higher exercise heart rate and poorer recovery
responses were observed, as reflected in worse
Ruffier and Dickson index scores. Furthermore,
individuals with lower CRF exhibited higher
energy expenditure and greater perceived
exertion during exercise. These findings suggest
that excess body mass may increase
cardiovascular strain during physical activity
and impair recovery efficiency.

A large meta-analysis including more than
5,000 children and adolescents with overweight
or obesity also confirmed the beneficial effects
of exercise interventions on CRF (Men et al,
2025). This analysis showed that structured
exercise programmes significantly improved
several indicators of cardiovascular health,
including maximal oxygen uptake, systolic and
diastolic blood pressure, and resting heart rate.
Notably, moderate-to-high-intensity exercise
performed at least three times per week was
associated with the greatest improvements in
CRF. These results support the idea that regular
physical activity is one of the most effective
ways to improve cardiovascular efficiency and
reduce long-term cardiometabolic risk.

These studies suggest that
cardiorespiratory fitness is affected by the
interplay of various physiological, behavioural
and anthropometric factors. The Ruffier and
Ruffier-Dickson indices provide a practical and
accessible method of evaluating these
relationships in large populations, particularly
among students and young adults. Their ability
to reflect variations in the cardiovascular
response to exercise makes them suitable for
use in both research and preventive health
screening.Several limitations should be
considered when interpreting the results.
Firstly, some fitness subgroups had relatively
small sample sizes, particularly among men
with very good or poor fitness levels. This may
limit statistical power. This may increase the
risk of type II error and reduce the
generalisability of the findings to broader
populations. Secondly, the cross-sectional
design prevents any causal inferences regarding
the relationship between physical fitness and
cardiovascular parameters. Therefore, the
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observed associations should be interpreted as
correlational rather than causal.

A further limitation is related to the use of
the Ruffier Index as the primary indicator of
physical fitness. While it is a practical and widely
used field test, it does not provide as precise an
assessment of cardiorespiratory fitness as
laboratory-based measures such as maximal
oxygen uptake (VO, max). Future studies should
include larger cohorts and longitudinal designs to
confirm these findings. In addition, incorporating
more comprehensive physiological assessments
and controlling for potential confounding factors
such as age, body composition and habitual
physical activity levels could strengthen future
analyses further.

Conclusions

This study clearly shows that there is a
strong relationship between physical fitness, as
measured by the Ruffier Index, and resting
cardiovascular performance in both women and
men. Those with higher fitness levels exhibited
greater stroke volume and lower cardiac output at
rest, indicating more efficient myocardial function
and a reduced cardiac workload. Conversely,
lower fitness levels were associated with reduced
stroke volume and compensatory increases in
heart rate, reflecting a higher cardiovascular
burden required to maintain adequate systemic
perfusion. These findings emphasise the
physiological adaptations associated with regular
physical activity, such as enhanced ventricular
contractility, improved diastolic filling and more
effective autonomic regulation of heart rate. The
observed sex differences, with men exhibiting
higher stroke volumes and slightly higher blood
pressure values, align with recognised variations
in cardiac mass, circulating blood volume, body
composition, and haemoglobin concentration.

Statistical analyses, including ANOVA,
correlation, and regression models, consistently
confirmed that the Ruffier Index is a significant
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predictor of stroke volume and cardiac output,
even when adjusting for sex and blood pressure.
This emphasises the usefulness of simple, field-

based fitness assessments for identifying
individuals with suboptimal cardiovascular
efficiency.

Despite these important insights, the
findings should be interpreted in light of certain
limitations. Small sample sizes in some fitness
subgroups (particularly men with very good or
poor fitness) and the cross-sectional study design
limit statistical power and preclude causal
inferences. Additionally, while the Ruffier Index is
practical, it provides a less precise measure of
cardiorespiratory fitness than laboratory-based
assessments such as VO, max.

Future research should employ larger,
longitudinal cohorts and incorporate
comprehensive physiological measurements in
order to confirm and extend these findings.
Nevertheless, this study provides compelling
evidence that higher physical fitness is linked to
more efficient cardiovascular function. This
supports the idea that promoting regular physical
activity is a vital strategy for maintaining
cardiovascular health and reducing cardiac
workload at rest.
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COMPLEX DISPOSAL OF FRUIT AND VEGETABLE WASTE
USING METHANE FERMENTATION

AHOTANIA

MeTa po6oTu. [ocaigpxeHHss MeTaHOBOI ¢epMeHTalii BiIX0JiB MJ0/J00BOYEBOr0 BUPOOHHUIITB], 1[0 MAaE TpHU
rOJIOBHI acmekTH: JiKBijawisa BigxoAiB (eKosioTiuHUI), OTpUMaHHSA aJbTEPHATUBHOTO BUAY MNajuBa - 6iorasy
(6ioeHepreTUYHUI), OTPUMaHHS 610CTUMYAATOPA POCTY POCJIUH — AUTrecTaTy (BiJHOBJIIOBaHE 3eMJIEPOOGCTBO).

MeTogosoris. [IpoBeneHi gocaimkeHHss MeTaHOBOI ¢epMeHTanii BiAX0/iB MJ/I0[00BOYEBOTO0 BUPOOHHUIITBA B
Me30]iTbHUX yMOBax y mnepiogudyHoMy pexxumi. i 37iliCHEeHHs Mpollecy BUKOPHUCTAHO J1abopaTopHi yCTAaHOBKHU:
MEeTaHTeHK, BOJASIHUHM rasrosibJep. BusHaueHa iHTeHCUBHICTh rasoreHeparl, sikicHui ckusaj 6iorasy. [lokasHuKH
npolecy O6poJiHHA BU3HA4yaJd 3a CTaHJAPTHUMU MeTOJMKaMM y JOCHiIJHULbKIN JabopaTopii kadeapu ekosorii Ta
exomeHepxkMeHTy HYXT. Jlocaii>keHU CTUMYJII0BaJIbHUM BIIMB PO3YMUHY AUTeCcTaTy Ha HACiHHA paulrpacy.

HaykoBa HOBU3HA. Y pe3yJbTaTi AOCAiKEHHS BUSABJIEHO, 10 BiJXOAW IIJIOAOOBOYEBOI'O NiJNPUEMCTBA €
JIOCTYIIHUM CyOCTpaTOM JJiIi MeTAaHOBOro OpofiHHA B mnepioguyHoMy pexxuMi (MesodinbHi ymoBu). [Ipu npomy
YTBOPIOEThCS 6ioras i3 BHCOKMM BMICTOM MeTaHy, L0 POOUTH HOTO LIHHMM aJbTePHATUBHUM BHJOM IaJIMBa.
JocnipkeHa MOMJIMBICTb BUKOPUCTAHHSI PO3YMHY JWUreCTaTy /s OioOCTUMYyJIIOBaHHS HACiHHS Ta30HHUX TpaB
(pa#irpacy), 1110 € BaXJIMBUM [IJIsI PO3BUTKY BiZTHOBJIIOBAaHOT'0 3eMJIEPO6GCTBA.

BucHOBKM. MeTaHOBa dpepMeHTallisl TEXHOJOTYHUX BiAXOAiB MJ10400BOYEBOr0 MiZIPUEMCTBA [Ja€ MOKJIUBICTh
KOMIIJIEKCHO BUPIIINUTH KiJibKa Ip06JieM: eKOJIOT{YHUX, eHepreTUYHUX Ta arpapHUX.

Y npoueci MeTaHOBOI dpepMeHTallii MOBHICTIO JIIKBiAY€ETbCS Lied TUM BigxoAiB. [[puuoMy yTBOpPIOEThCS Gioras i3
BUCOKHMM BMICTOM MeTaHy, 10 POOUTH HOro SIKICHUM aJibTEPHAaTUBHUM eHepropecypcoM. 3adikcoBaHa 3Ha4yHa
iHTEeHCUBHICTb razoreHepatlii; y nepepaxyHKy Ha 1 KI CyXyX peq4OBHH IJIO/J00BOYEBHUX BiZIX0/1iB CyMapHUH BUXif 6iorasy
ctaHoBUB 320 M3, BMiCT ropro4oro KOMINOHeHTY — MeTaHy — focAras 60-62 %.

llle oauMH NPOAYKT MeTaHOBOTO OpOJIHHA BiAXOJIB IJIOZOOBOYEBOIO BUPOOGHUIITBA, a CaMe JAUrecTaT, €
NepCrneKTUBHUM [l OGiOCTUMYJIIOBAaHHS POCJHMH, L0 € CyYaCHUM HaNpsIMKOM Bi/lHOBJIIOBAaHOTO 3eMJepo6CTBa.
BiocTuMy/ibOBaHe HaCiHHA XapaKTepU3yBaJIOCh IPUCKOPEHUM POCTOM KOPiHHA Ta NapocTKiB Ha 21-28 % Ta 22-31 %,
BignoBigHo. EHeprisa npopocTanHs nigsumuaach Ha 20,4 % MOpiBHAHO 3 KOHTPOJIEM.

Kio4o0Bi c/10Ba: 1y10/100B04eBi Bi/[x0/11, MeTaHOBe GPOJiHHSA, 6ioTas, AUTeCTaT, CTUMYJIALIS POCJUH

ABSTRACT

Purpose of the work. Research into methane fermentation of fruit and vegetable production waste, which has
three main aspects: waste elimination (ecological), obtaining alternative fuel - biogas (bioenergy), and plant growth
biostimulant - digestate (renewable agriculture).

Methodology. Research on methane fermentation of fruit and vegetable production waste in mesophilic
conditions in a periodic mode was conducted. Laboratory installations were used: methane tank, water gasholder. The
intensity of gas generation, qualitative composition of biogas were determined. Fermentation indicators were
determined using standard methods in the laboratory of the Department of Ecology and Ecomanagement of the NUFT.
The stimulating effect of digestate solution on ryegrass seeds was studied.

Scientific novelty. It has been found that fruit and vegetable waste is an available substrate for methane
fermentation in a periodic mode (mesophilic conditions). This produces biogas with a high methane content, making it a
valuable alternative fuel. The possibility of using a digestate solution for biostimulation of lawn grass seeds (ryegrass),
which is important for the development of renewable agriculture, has been investigated.
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Conclusions. Methane fermentation of technological waste of a fruit and vegetable enterprise makes it possible
to comprehensively solve several problems: environmental, energy and agricultural.

In the process of methane fermentation, this type of waste is completely eliminated. Moreover, biogas with a high
methane content is formed, which makes it a high-quality alternative energy resource. A significant intensity of gas
generation was recorded; per 1 kg of dry waste, the total biogas yield was 320 dm3. And the content of the combustible

component - methane - reached 60-62 %.

Another product of methane fermentation of fruit and vegetable waste, namely digestate, is promising for plant
biostimulation, which is a modern direction of renewable agriculture. Biostimulated seeds were characterized by
accelerated growth of roots and shoots by 21-28 % and 22-31 %, respectively. Germination energy increased by 20.4 %

compared to the control.

Key words: fruit and vegetable waste, methane fermentation, biogas, digestate, plant stimulation

Beryn

[lnozgooBoyeBa rauaysb Xap40BOi
IPOMMCJIOBOCTI BUPOOJIIE LIMPOKHUU acCOpPTHU-
MEHT Pi3HOMaHITHOI KOHCEPBOBAHOI NPOAYKIIiT
i3 pOC/IMHHOI CUPOBUHU. AJie MifIIPUEMCTBA
Takoro npo¢isito XapaKTepU3YIThCHd LOCUTH
3HAaYHUM TUCKOM Ha HaBKOJIMIIHE NPUPOJHE
cepelOBUILle, Ilepll 3a BCe, 3a pPaxXyHOK
YyTBOPEHHSI 3HA4YHUX OOCATIB BHUPOOHUYHUX
BiZIXO/iB POCJIMHHOI'O IOXO/A2KE€HHH.

Tak, npu BHUPOOGHULTBI COKy BUXiJ
ToMaTHUX BUYaBOK Aocarae 20-40 % go macu
N0YaTKOBOI CUPOBHHH, fI6IyYHUX BUYABOK -
24-40 %; nmnpu BUTOTOBJIEHHI O0OBOYeBUX
KOHCEPBIB Bi/IX0/1¥ Bijj mepepo6Ky H6akIaXaHiB i
KabaukiB craHoBaATHL 10 %, meputo - 25 %,
kanyctu — 20-25 %, mopkBu - 20 %, 6ypsika - 25
%, 3esieHorO Tropouky — gm0 80 % (y Burisami
ruyku Ta crpyukiB) (Teplitski et al, 2023,
Chervotkina et al., 2024, Rajapakshe et al., 2025).

3a panumu (Taheri & Hosseini, 2025)
BUPOOHUIITBO M TEXHOJIOriYHA MNepepobka
$pyKTOBO-0BOUEBOI CUPOBUHU MOCIJJa€ TpeETE
Miclle B CBITOBIM Xap4yOBild NPOMMCJIOBOCTI 3a
3araJibHOM KiJIbKicTo BizixoaiB (10 14,8 %).

Taki  Bigxoau MICTATh  INEKTUHOBI
PEYOBHHHY, 1|eJ110J103y, IIPOCTi BYIJI€BOAM, AeAKi
Biixoau (Bif mepepoOKU TOpPOUIKY TOLI0) -
pevyoBUHM OiKOBOro mnoxo/pkeHHd. [Ipuyomy
3HAYHY YaCTUHY BiJIX0/iB MepepoOKU POCIUH-
HOI CHMpPOBHMHH, a caMe IIKIpKy, BHUYaBKH,
HaCiHHfl, TUYKY TOLI0 He BHUKOPHUCTOBYKOTH, a
HalyvacTille BUKHUA0Th Ha 3Baiua. KijibKicTb
HEBUKOPUCTAHUX BiAXO/iB CTAaHOBUTb IOHAJ,
20% (Nirmal et al, 2023). lle cnpuuuHse
NOTipUIeHHA €KOJIOTIYHOI CcuTyalil fAK Ha
JIOKaJbHOMY, TaK 1 TIJI06GaJbHOMY piBHSX.
[ToTpanissHHSA BiAXOJiB MepepobKU POCAUHHOI
CUPOBUHHU y JIOBKIJLJIS 3yMOBJIIOE 3a0pyHEHHS
I'PYHTIB, Ni/I3€MHUX BOJ], IOBEPXHEBUX BOJOUNM,
3MIHIOE ONTUMaJIbHEe CIIiBBIJHOIIEHHA BMICTY
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O0ioreHHUX KOMIIOHEHTIB Yy TIpyHTaxX TOILO.
BHacaigok pO3KJaaHHA BIAXO/IB
YTBOPIOIOTHCA ra30M0Ai10Hi KOMIIOHEHTH, y TOMY
YHCJli MTAPHUKOBI rasy, 1110 CIIPUSIE TT106aIbHOMY
noteminHio (Bain et al, 2024, Taheri &
Hosseini, 2025).

HuHi B CBITI BHUKOPHUCTOBYIOTH Pi3Hi
nigxoAu [0 yTuJisanii BifxoZiB KOHCEpPBHOI
NpOMUCIOBOCTI. Lle ekcTparyBaHHSl IEKTUHY i3
s16JIyYHUX, aneIbCHHOBUX, BUIIITHEBUX BUYaABOK,
BifixoAiB GakJiakaHiB, OTPUMaHHS AHTHUOKCHU-
JIQHTIB Ta iHIIKX 6i0aKTUBHUX crioyK (Taheri &
Hosseini, 2025). 13 $pyKTOBHUX Ta OBOYEBHUX
BiIXOZIB OTPUMYIOTH IOJicaxapuAHi Ta iHIIi
eKCTPaKTH, fKi Hajaji BUKOPUCTOBYIOTb [Ji
BUT'OTOBJIEHHSI €MYJ/IbIaTOPIB, iHKANCYJII0OI0YUX
areHTiB, mnpebioTUKIB, 6iopo3k/j1ajaHoi yma-
KOBKHM, b6ionectunuaiB touo (Abbasi-Parizad et
al., 2023, Gupta et al.,, 2024, Khan et al., 2024,
Ozcan et al., 2024). Taki TexHOJIOTii CKOPOUYIOTb
KiZIBKICTh ~ BIAXOJiB, aJile TNOBHICTIO He
BUDILIYIOTb MpobJieMy, KpiM TOro Take
BUPOOHUIITBO € HEMACOBUM 1 [JIOCTaTHbO
JlOpOrOBApPTICTHUM.

YacTuHy pOCJMHHUX BiAXoZiB mNepepoo6-
JISIOTh HAa KOMILJIEKCHI OpraHo-MiHepaJibHi 7,06-
puBa (y cyMiui i3 BifxojaMu CBUHOKOMILJIEKCIB),
KOMIIOCTYIOTb [iJI1 OJlep>KaHHs 6iof006pHBa
(Chervotkina et al, 2024). Ane ue J0CUTb
PO3TATHYTHUM y 4Yaci mpoluec, SKAM BOJHOYAC
NOTPeOY€E BEJMKHUX 3€eMeJIbHUX JiJNSHOK [Jis
koMmnocTHUX Kyn (Bublienko et al., 2020).

OctaHHiMHM pokaMH Yy CBiTi Habupae
006epTiB BHUKOPHUCTAaHHS 6ioTexXHOJIOTIM i
yTWai3auii BiaxoZiB xap4yoBol Ta mnepepooOHOI
MPOMMUCJIOBOCTI, CiJIbCBKOI'O TOCIOAAPCTBA, a
caMe iX aHaepoOGHOro MEeTAaHOBOI'O 36pPOJKYy-
BaHHA (depMeHTarnii). HallakTuBHille po3BU-
BalOThCsl 6ioTexHoJsiorii MeTaHOBOi ¢depmeH-
Talii BiAX0AiB IyKPOBOi MPOMUCIOBOCTI (?KOM
yKpoBoro  0Oypska, ©6aracca  IyKpOBOIi
TPOCTUHMU), CiJIbCHLKOTO rOCIoJapCcTBa (CoIoMa,
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NOXKHUBHI PENITKY, KYKYPyA3SHUU CUJIOC),
TBapUHHULTBA (THIM BeJIMKOI poraToi XyA06H,
CBUHEH, Kypsayu# nocig touio) (Boldrin et al.,
2016, Senol et al., 2020, Gémez-Quiroga et al,,
2022).

lle nofiIcCHIOETBCA THUM, L0 MeTaHOBA
dbepMeHTAallid TaKUX BIAXOAIB € /KepesoM
YTBOPEHHA aJIbTEPHATUBHOTO JpKepeJia eHepril
- 6iorasy, 1110 0C00JINBO BaXXJIMBO /1 YKpaiHU
B YMOBax 36poiHOI arpecii 3 60Ky pocii, a Takox
JIUrecTaTy, 110 BUKOPUCTOBYIOTb fIK JA0OPUBO
JUIA ciibCcbKOTOCnoapcbkux yrigb (Boldrin et
al, 2016, Bublienko et al., 2020, Song et al,,
2021, Lu & Xu, 2021, Bumharter et al,, 2023,
Ngabala & Emmanuel, 2024). Takox £k
JbKepesio OTpUMaHHA 6iorasy yBary JOCJifi-
HUKIB I[pPUBEPTAOTb BiJAXOAU BUHOKYpPEHb,
dpykTOBUX Ta 0Bo4ueBUX pemIToK (Gebresilasie
etal.,, 2025).

AKTyanbHUM € [OOCHiJPKeHHs1 6ioTexHo-
JIOTiYHOI Nepepo6Ky BiJIX0/IiB M1J10/100BOYEBOI0
BUPOOHUITBA JJis OTpPHMMaHHA Oiorasy fK
aJIbTEePHAaTUBHOrO Ma/iMBa Ta JUrecTary fK
CTUMyJiATOpa pocTy pociauH. Oco6auBy
aKTyaJIbHICTb Ma€ MOXJIUBICTb MOCUJIEHHSA
eHeproHe3aJeXXHOCTi KpalHU B  yMOBax
POCifCbKO-YKpPaiHCbKOI BiMHU.

MeTa po60THU — JOCJIiIKEHHSI METAHOBOI
dbepmeHTaii BiZX0O/IiB IJIOJOOBOYEBOT O
BUPOOHHUIITBA, 110 MA€ TPH TOJIOBHI acHeKTH:
JIiKBifjanisa BigxoiB (eKoJIOriYHUI), OTpUMaH-
HS aJbTepHAaTUBHOrO BUJy MajuBa - bGiorasy
(bioeHepreTUYHHM), OTPpUMaHHA GiOCTUMYJISA-
TOpa POCTy POCAUH - Jurectraty (BifHOBJIIO-
BaHe 3eMJIepOOCTBO).

3aBjaHHSAIMU pPOOOTU € aHali3 CTaHy
NUTAHHS 1[0JI0 OOCATIB, XapaKTEPUCTUK Ta
NOUIMPEHUX CHocob6iB yTwWiaizanili Bigxoni
[J1I0J00BOY€EBOI IPOMHUCJIOBOCTI, AOCHIIKEHHS
NpolLleCcy METaHOBOr'0 OpPOJiIHHS LMX BiAXO/IiB,
BH3Ha4YeHHA  €HepromnoTeHliasy  BiAXOJiB,
JOCJIIPKEHHA CTUMYJIIOBAJIbHOI Ail Aurecrary
Ha POCJIMHM.

06’exTOM JOC/aimKeHHS B JaHii poO6OTi
OyJM  POCJAUHHI  TEXHOJIOTIYHI  Bigxoau
JI0ZJ00BOYEBOTO KOHCEPBHOI'O 3aBOAy
(Yepkacbka 06J1acTh).

Marepiaau Ta METOAM AOCAIAJKEHHSA

JociijpkeHHA 1poBeJeHI HAyKOBLAMU
kadeapu ekosiorii Ta ekoMeHepkMeHTy HYXT y
JOCJAiAHUIBbKIN JJabopaTopii.

MeTaHOBe 6PO/IiHHS POCIMHHUX BiX0AiB
NPOBOJAUIM Y JaboOpaTOpHiN ycTaHOBLi i3

143

MeTaHTeHKa, KOPUCHUM o06'emoM 3 aM3, U
BOJISTHOTO ra3roJibjiepa AJjs 30MpaHHs 6iorasy.
MeTaHTeHK mNoMilmaJiu y TepMoCTaT IpHU
Temnepatypi 40-42 °C, 3abe3mnedyrouu
Me300QiIbHUN pexuMm OpojiHHg. Came Taki
TeMIlepaTypHi 3HayeHHA JOCTaTHI 1 JJd
CTBOpPEHHA ONTHUMaJIbHUX yMOB il G
MeTaHOoreHe3y, i € MEeHII eHeproBUTPATHUMHY,
HiDXX TepMoQinbHUM pexuM. BukopucraHo
aHaepo6Hui akTuBHUM My.J i3 OMBK (l03edo-
Mukos1aiBCbKU A 6iorazoBuii KOMILJIEKC,
BinHunbKa 06J1acTh). Lleil ak TUBHUM My 1 IBJISIE
co600 OioleHO3 Ppi3HUX Trpyn 6GakTepiu
(rizposiTUYHUX, FreTepoaleTOTeHHUX, MeTaHO-
reHHUX).

Jns NPUCKOPEHHS MeTaHOBOI
depMeHTAallil TaKUX LEJI0J030BMICHUX BiJIX0-
JiB coepuy IX MeXaHI4YHO MOJPiIOHUINA [0
dparmenTiB poamipom 1-2 cm. Ilicaa doro
no/pi6bHeHi Bigxoau 3aMo4mMIn (MPOTAroM 3-x
Z1i6) y BOAONPOBIiAHIN BOAi TeMnepaTypoto 18-
20 °C. CniBBigHOLLIEHHS POCAMHHUX BiAXO/IB i
BOJM cTaHOBMJIO 1:3.

KoHTpoJib nmpolecy MeTaHOBOTO GpOAiH-
HS IPOBOJMJIN 3a BMICTOM CyXUX pe4yoBuH, pH,
TeMIlepaTypol, BHUXOJOM Oiorasy, BMicTOM
MeTaHy B Oiorasi. Takox 3ailicHIOBaIU
po3paxyHOK e(deKTHUBHOCTI O4YHUILEHHS 3a
cyxuMu pedyoBuHamu (CP), Buxomom 6iorasy
BilHOCHO moyaTkoBoro Bmicty CP (Semenova,
2024).

Buxin 6iorasy BH3Hauya/d y BOJASIHOMY
rasroJibJlepi 3a KuIbKiCTIO BoAH, L0 6yJia
BUTiCHeHa Oiorasom i3 rasroJsibjiepa B
IpUUMaJibHy €MHIicTb. BwMmicTt MeTaHy i
BYTJIEKHCJIOTO ra3dy, IK OCHOBHUX KOMIIOHEHTIB
6iorasy, BU3Ha4ya/Jud NPUCKOPEHUM METOJ0M,
nponyckawdd rasoBy cymim kpisb 10 %-u
po3uuH NaOH (Semenova, 2024).

Jl1s1 KOHTpOJIIOBaHHSA napameTtpa pH 6yB
BUKOpUCcTaHuM pH-MmeTp AZ-86021. [loka3HUKH
npouecy OpoAiHHSA BU3HAYaJIu 3a
CTaHJApTHUMU  MeToAuKaMM  (Semenova,
2024).

Jl11 BUBYEHHS BIUIMBY JWrecTaTy Ha
HAaCiHH pPOCJMH BUKOPUCTAHUW BOJHUH
PO34UH 36pO/PKeHO1 6ioMacH 3 MeTaHTEHKY.

Cnepuly oTpyuMasu 6i0J10riYHO aKTUBHUM
PO34YHMH i3 AUrecrary, A/ 40ro po3BeJd HOro
BOJIONPOBiHOIO BOJ0I0 (Ha 2 cM3 jgurecraty
BukopucrtaHo 10 cm3 Bogu). Hacinuga palrpacy
06po6Jisin 6i0aKTUBHUM po34YMHOM 40 XBU-
JuH. [lapanespHO NpoBefeHO KOHTPOJIbHUU
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J0CJIi[ i3 BAKOPUCTAHHAM BOJOINPOBiAHOI BOAY
JIJ1s1 3aMOYYBaHHS HACiHHA.

[licnga uboro piBHOMIpPHO pO3NOAIIHIIA
00pobJsieHe HACiHHA Ha TOHKOMY Iuapi
INPOMUTOTO JAUCTUILOBAHOIO BO/I010,
MiZicylueHoro i mpocidHOro MmiCKy B 4YalllKax
[leTpi. [TonepegHbO YallKU [leTpi
npokun'aTunu 40 xBUIMH 1 00po6un
CIIUPTOM.

Y koxHi# yamni [TeTpi nomictuau mo 25
HaCiHMH paurpacy. TemmepaTypa OpopolLy-
BaHHA 20 °C, 3B0JIOKEHHS HACiHUH — II[OJIEHHE,
NoOMipHe, piBHOMipHe. BUKOpPUCTOBYBa/sikd IO
Tpu vawku Iletpi pasa o6pobaeHoro i
Heo6pP06/IeHOT0 HACIHHS.

KoHTpoJ1t0BasiM Taki NOKa3HUKU: BUCOTA
IIPOPOCTKIB Ta JJOB)XMHA KOPIHHSA; pO3pax0BaHO
TaKOXX I[IOKa3HUK eHeprili NnpopollyBaHHA
JocaipkyBaHoro HaciHHA (SSTU 4138:2002).

CraTtuctruyHe 00OpOOGJEHHS pe3y/bTaTiB
JOCJiIKeHb 3iHCHEeHO 3 JOIOMOIoK TabJuY-
Horo npouecopa Microsoft Excel 3 Bukopuc-
TaHHAM KpuTepito CThlofleHTa (CTaTUCTUYHA
JLOCTOBIpHICTh 3 piBHeM 3HauyuiocTi p < 0,05)
(Yakymenko & Melnychenko, 2018).

Pe3syabTatH AOCAIA’KEHHA Ta OOroBO-
peHHA

HaykoBui  kadenpu ekoJsiorii  Ta
eKoMeHe/pKMeHTY HarjioHanbHOro yHiBepcu-
TeTy XapyOBHX  TEXHOJIOTIK  BOPOJOBXK
6araTbOX pOKIB JOC/HI/PKYIOTb €KOJIOTiYHO
epeKTUBHI Ta €KOHOMIYHO NpPUBAGJIUBI
crocobu yTuJi3anii 6i0/10riYyHO PO3KJIaJAaHUX
BiZiXo/1iB xap4yoBoi Ta mNepepo6HOI MpPOMMC-
JIOBOCTi, CIJIbCBKOTO TIOCIOJAapCTBa, TBAapHH-
HUIITBA, MyHIUIIAJIbHOTO rOCIOAAPCTBA TOLLO.

[lonepeaHbo 00pOGJIEHI BiAX0AU 3aBaH-
Ta)kyBaJlU y JabOpaTOpPHUM 6iopeakTop, B
SIKOMY i/l BIVIMBOM MiKpOOpraHi3MiB aHaepoo6-
HOTO aKTHBHOIO MyJy Bifj0yBaBcsl mpolec
MeTaHOBOI ¢epMeHTanil B NepiojUYHOMY
pexumi.

TemnepaTypa B aHaepobHOMy Oiopeak-
Topi craHoBuaa 40-42 °C, wo BignoBigae
KIHIIeBUM [TOKa3HUKaM Me30QiJIbHOTO peXUMY
MeTaHOBOI'0 OpOAiHHSA.

Pe3sysibTaT¥ MpoBejeHUX [AOCJAiJKEeHb
npeJCTaBJIeHi HA PUCYHKY 1.
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Tpusaaicte ponecy, A06u

Puc. 1. 3miHa 0CHOBHUX ITIOKa3HHKIB y IIponeci MeTaHoBoi (pepMeHTAIlii BIAXOAIB ITAOAOOBOYEBOIO
miATIpHEMCTBA

MeTaHOBe 36pO/I>)KyBaHHS BiJIXO/IiB
IJIOJIOOBOYEBOI'0 BUPOOHHUIITBA 3iMCHIOBAIU
nporsaroM 22 fi6 4yepe3 BUCOKUH BMICT Y
cy6cTpaTi BaKKHX [0 6ioJioriyHoro po3skJa-
JlaHHA CKJIQJIOBUX, Iepll 3a BCe, LeJI0JI03U.
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[IpoTsirom ychoro nepioay 6poAiHHSA Bifg0ya0ch
3Ha4YHe 3MeHILIeHHS BMICTy CyXUX PE4YOBHH Y
cybctpati, eQdeKTUBHICTb IX  BHJYYEHHA
nocaryaa 74 %.
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pH 36pojxyBaHoi Macu 3MiHIOETbCA
npoTtsarom ¢epMeHTallii, 3poctaryu Big 6,5 10
8,25 oguHuLb. lle XxapakTepu3ye onTUMaJlbHUA

nepeoir npolecy, 6e3 3aKMCaHHS
KyJIbTYpPaJIbHOT'O Cepe/l0BUILA.
JocnigxeHHs 3acBigYMIMn 3HA4yHY

IHTEHCUBHICTb rasoresHeparii, y nepepaxyHky
Ha 1 Kr cyxux pedyoBHUH IIJIOJ00BOYEBUX
BiIXOZAiB CcyMapHHH BuXijJ 6iorasy CTaHOBHUB

320 pam3. Bu3HaueHHs BMICTy OCHOBHHUX
KOMIIOHEHTIB y  6iorasi (mpucCKOpeHUM
MeTOZ0M)  NiATBEpAMJIO BUCOKUM  BMICT
ropr4yoro KOMIIOHEHTY - MeTaHy. Tak,
IpPOTATOM  YCbOTO IpoLecy MeTaHOBOro

360po/J>KyBaHHS BMiCT MeTaHy KoJIuBaBcs Bif 60
o 62 %, a oT>Ke reHepoBaHUK O6ioras Moxxe
OyTH BHKOPUCTAaHHUM $K aJibTEpHATUBHUU
eHepropecypc.

Ha 14-22 p06u iHTEHCUBHICTBH mpolecy
(6ioTpaHcdopmMaliisi cyxux peuoBUH BiAXOJIB y
6ioras) CcyTTEBO CIaJla€E Yepe3 IMPAKTUYHO
NOBHE  BHUKOPUCTAHHA  JOCTYNHUX  JAJid
OpraHiaMiB aHaepo6HOro aKTHUBHOrO MYJy
KOMIIOHEHTIB BigxoZiB. I xoya Hagasi Ie
CIIOCTEpIraeTbCsd He3HayHa TrasoreHepatis,
nojiasibliie 3JiliCHEHHS Tpoliecy He Oyje
€KOHOMIYHO A0LiJIbHUM.

Kpim 6iorasy, me oOAHUM BaKJIUBUM
aKTUBOM MeTaHOBOi ¢epMeHTalii BigxoniB
IJIOZA00BOYEBOI Trajy3i € jJurecrar. 3rifjHO

JlaHux paay pociaigHukiB (Bublienko et al,
2020, Songetal., 2021, Lu & Xu, 2021) aurecrat
MiCTUTb 6iOJIOTIYHO aKTHUBHI KOMIIOHEHTH, €
BiJIbHUM BiJi HACIHHSA Oyp’sIHIB, TEPMOYYTJIUBUX
[IaTOTeHiB. Tomy MepCrneKTUBHUM €
3aCTOCYBaHHSl  pO34YMHIB JUrecrarty s
nepeAnociBHOrO 006pO6ITKY HaCiHHA pi3HUX
KYJIbTYP CTUMYJIFOBAHHAM MOT0 IPOPOCTaHHS.

Bysy npoBezeHi NOMYKOBI AOCIIJKeHHA
110710 MOXKJIMBOCTI 3aCTOCYBaHHSA JUTeCTATY SK
CTUMYJIATOpPA [JJ TPOPOCTAaHHA HACiHHA
ra3oHHUX TpaB (paWrpac Tra3oHHUM COPT
Appiana). Palirpac inpoko BUKOPUCTOBYIOTH B
€KO0JIOTIYHMX/arpoHOMIiYHHX HayKOBHX
JIOCJIIPKEHHAX 4Yepe3 WOro IWBUAKUU PiCT,
BUCOKY MNpOAYKTUBHICTb. llg KyabTypa €
NOUIMPEHUM TeCT-00'€KTOM, SIKMW aKTUBHO
HAKOMNHU4Yy€ a30T, epeKTUBHO 3amobirae epoaii,
CTiIMKMU 10 MeXaHIYHOT 00 BIJIUBY.

Biosioriuno aKTHUBHHUM PO34YUHOM,
OTPMMaHUM 0pPU pO3BEJEHHI JAurecrary
BOJIONPOBiHOIO BO/I010, OOPOO6JISAIM HACiHHSA
paiirpacy 40 xB. I[IpopoilyBaHHsI HacCiHHA
34iMcHI0OBaIM y YawKax [leTpi B onTuMa/bHUX
TeMIepaTypHUX YMOBax i3  NOCTIHHUM
3BOJIOXKEHHSIM.

Yepes aBi 106U 110JleHHO 3iHMCHIOBaIU
BUMIpPIOBAaHHA TaKUX IapaMeTpiB: [JOBXHWHA
KOpiHHSA, BHUCOTa MNapocTkKiB. OTpuMaHi JaHi
npejcraBJeHi y Tabauni 1.

Tatauys 1

OcHoBHIi TapamMeTpy IPOPOCTAHHA HACIHHA

Tpusasicts
npoitecy AoB>xyHA KOPiHHA, CM Bucora mapocrka, cm
IIPOPOINyBaHHA . ; - - - :
HACIHHSA HAaABHICTH BIACYTHICTH HaABHICTH BIACYTHICTH
paiirpacy, Ai6 GioctumyasaTopa | GioctumyaaTopa | GiocTumyaAaTopa | OGiocTHMyAATOpPA
1 - - - _
2 0,80 0,65 035 0.20
3 1,10 0,75 0,90 0,75
4 1,60 1,20 2,15 180
5 2,20 1,35 3,25 2.70
6 2,45 1,70 455 410
7 2,85 2,10 5,50 510
8 3,10 2,25 735 6,70
Yepes Tpu 06U Bij Mo4YaTKy AOC/TiPKEHHS y BigcoTKax. [EHepria mnpopoctaHHda g

[IOpaxyBaJIM  KIJIbKICTb IPOPOCJUX HACIHUH
paulrpacy, Ha OCHOBI 4Or0 po3paxyBa/id eHeprito
npopocTtaHHs. OCTaHHIN IOKa3HUK XapaKTepU3ye
«JPYXHICTb» IOABU HOpPMaJIbHUX IApPOCTKIiB
iC/IA TPUAEHHOTIO IIPOPOIIYBAaHHA | BUPAXKAETHCSA
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6i0CTMMYJILOBAHOI'0 HACiHHA cTaHOBWJA 95,5 %,
JIUI1 KOHTPOJIBHOTO 10C/iy — 76 % (MpopocTaHHs
710 24 1 19 HaciHYH Ha TpeTIo 00y eKCIIEPUMEHTY,
Bi/I[TOBI/JTHO).
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biocTuMy/ibOBaHe HaCiHHA  XapaKTepu- [IppyyoMy yTBOpIOETbCA 6iora3 i3 BHUCOKUM
3yBaJIOCb TNPUCKOPEHUM POCTOM KOPIiHLIB Ta BMICTOM MeTaHy, L0 POOUTb HOro SIKiCHUM
napocTkiB Ha 21-28 % Tta 22-31 %, BianosigHo. aJIbTEpHAaTUBHUM eHepropecypcoM. 3adikcoBaHa
EHepria npopocranHsa nigBuinuiack Ha 20,4 % 3Ha4yHa  IHTEHCUBHICTb  rasoreHepaii; y
IIOPiBHAHO 3 KOHTPOJIEM. nepepaxyHky Ha 1 KI CyXuxX pe4YOBHH

AHaJIOTiYHI TOKa3HUKHA OTpPUMMaHi MpH IJIOAJ0OOBOYEBUX  BiXO/ZIB CyMapHUH  BUXi[
JOCJi/DKEHHI BIJIMBY 6i0CTUMYyJIAATOPIB i3 6iorasy craHoBuB 320 am3. Bwmict roprodoro
JUrectaTy, OTPMMaHOrO NpU 30pOJKyBaHHI KOMIIOHEHTY - MeTaHy - gocAraB 60 - 62 %.
LeJIF0JI030BMICHUX BiAXOAiB LYKPOBOI OTpuMaHui 6ioraz MOXXJIMBO BUKOPUCTOBYBAaTHU
POMHUCJIOBOCTI (3koM OypsikoBuii) (Bublienko & JUli  OTPUMaHHS TeIJIOBOI YU €eJIEKTPHUYHOI
Semenova, 2021). eHeprii abo X y KoreHepauilHUX CUCTEMaX.

OTprMaHi faHi cBif4aTb PO NMO3UTHBHUU lle oauMH NPOAYKT METaHOBOI'O OGPOJiHHSA

CTMMYJIIOBJIbHUM BIUIUB PO3YMUHIB JAUrecTaTy BiZIXOZIiB IJIOZJ00BOYEBOTO BUPOOHHUIITBA, a CaMe
JUIsl TIepeAnoCiBHOTO OOpOOGITKYy HAciHHSI Ta € JIArecTaT, € MepCHeKTUBHUM JJjs 6ioCTUMY-
NepCreKTUBHUM /[1JIs1 BAKOPUCTAHHA Y CYy4aCHOMY JIIOBAaHHA POCJIMH, L0 € Cy4YaCHUM HAIPSIMKOM
3eMJIepOOCTBI. Bi/IHOBJIIOBAHOI'0 3eMJiepoOCcTBa. BukopurcTaHHA
TaKHUX 0i0CTUMYJIATOPIB JJaCTh 3MOTY 3aMiHUTHU
XiMiyHi 106pUBa Ta CTUMYJISITOPU POCTY POCJIUH
MeTaHoBa ¢epMeHTallil TEXHOJIOTIYHUX Ha €KOJIOTiYHi 6i0aKTHBHI PO3YUHH.
BiIXOZIB IJIOZOOBOYEBOr0 IMiANPUEMCTBA [Ja€ bBiocTuMyJ/ibOBaHe HACIHHS XapaKTepu3yBaloCh
MOX/IMBICTb KOMIUIEKCHO BHpIIIUTH KiJIbKa NPHUCKOPEHUM POCTOM KOpIHLIB Ta NApOCTKiB Ha
npo6JieM:  eKOJIOTIYHMX, €HEepreTUYHUX Ta 21-28 % Ta 22-31 %, BignosigHo. EHepris
arpapHHx. npopocTaHHA nigBuinuiack Ha 20,4 % nopiBHAHO
Y npoueci MeraHoBoi  ¢depMeHTali 3 KOHTPOJIEM.
MOBHICTIO JIKBIAYETbCA 1leM THI  BiJXO/iB.
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SAKICTH IMIZI3EMHUX BOZIO3ABOPIB HDKMHCBKOI'O PAMOHY
YEPHIT'IBCHEKOI OBJIACTI

T~

Andrij Kotelchuk, Olena Bondar, Iryna Kurmakova,
Leonid Kotelchuk, Svitlana Tkachenko

QUALITY OF GROUNDWATER INTAKES OF VILLAGES NIZHYN DISTRICT
(CHERNIGIV REGION)

AHOTANIA

B pob6oTi gocnimkeHo 3pa3ku BoAo03abopiB mifgzeMHUX Boj cesull (c. JmMutpiBka, c. Kosaubke, c. KponuBsHe,
c. Kobmxkya, c. MakiiBka, c. MapkiBui) HixkuHcbkoro paiiony YepHiriBcbkoi 06s1acTi. 3pa3ku BoAU AJisl JOCJiIKeHHS
BiZi6paHi B ociHHiN nepiox 2024 ta 2025 p.p. (riubunHa Bogo3abopiB 100-140 mMeTpiB).

MeTa po6oTu. /locaianTu 0co6aMBOCTI CKIaAy BoAM BoJo3abopiB cenniy HixknuHcbkoro paioHy YepHiriBcbkoi
06J1acTi, BU3HAUYUTH BiZIOBiHICTL HOPMATUBHUM IOKAa3HUKAM /JJIs1 HAQYKOBO-06GI'PyHTOBAHOTO BUPilIeHHS Npo6/ieMu
3abe3ne4yeHHs HaceJleHHs KICHOI0 MMTHOIO BOJ0I0.

MeTopoJioria. 3araJbHONPUMHATHMHU MeTOJAaMM BHU3HAUYeHO OpraHoJIeNTU4YHI (3amaX, 3abapBJIeHICTb,
KaJJaMyTHICTb), OCHOBHi ¢i3uko-ximiuHi (pH, 3arasbHa >KOPCTKiCThb, 3arajbHa JYKHICTb, CyXWH 3a/MILIOK) Ta
Mikpob6ioJsioriyHi (3arajibHe MiKpoOGHe 4MC/0, HasgBHICTb E.coli Ta eHTEpOKOKIB) NMOKa3HUKH 3pa3kiB Boju. Takox
BCTAaHOBJIEHA KOHIleHTpallis KaTioHiB (Ca2*, Mg?+, Fe?* ta Fe3*, MnZ*, Zn?*, Cu?*, Al3+, Mo?%*, Na* Ta K*, NH4*) Ta aHioHiB
(HCOs3, F-, S04%, CI, NOz, NOs,, PO43). Onep:xaHi pe3ysibTaTH NMOPiBHSAHI 3 HOPMAaTUBHUMH 3HAYEHHSMH, 30KpeMa
[JCanllin 2.2.4-171-10.

HaykoBa HOBH3HA MOJIATaE B IpOBeJeHHI I'PYHTOBHOIO aHa/li3y BOZ03ab0piB MiZi3eMHUX BOJ, CeJMIL
Hi>knuHcbkoro paiioHy YepHiriBcbkoi 06/1aCTi.

BucHOBKHM. /I/151 BUpilieHHs npo6JieMu 3a6e3neyeHHs1 HaceseHHs HixkuHcbkoro paitony YepHiriBcbkoi o6JacTi
SKICHOI0 MUTHOIO BOJIOI0, SIKA MPO30pa, HEKAJAMyTHA, He 3abapBJieHa, 3 XOPOUIMMU OPraHOJENTUYHUMHU O3HAKaMH,
Bi/IMOBIIHUIMM YWHHUM HoOpMaTuBaM ¢i3uKo-XiMiYHUMHU Ta MIKpOGIOJIOriYHMMHY NOKAa3HUKAMH, He CIIPaBJIsIE
HEraTUBHOTO BIJINBY Ha HEPBOBO-NICUXIYHUH CTaH JIIOJAUHHU, BXXMUBAHHS SIKOi € KODUCHUM HeobXi/[HO Gi/blI feTalbHe
JOCHI/PKEHHS CKJaAy BOJM, TOCTIHHUM pO3IIMPEHUH MOHITOPHHI, 3aCTOCYBaHHS Cy4YaCHHUX TeXHOJIOTIH
BO/JIOMIITOTOBKH, SIKi BPaXOBYIOTb 0COOJIMBOCTI ii ckiazy. [Ipu 1jboMy cJ1ify 3acCTOCOBYBATH iHAMUBIyaJabHUMN MifxXiA, K
€/lMHe MpaBUJIbHEe TeXHiYHe pillleHHs, OCKIJIbKY BoJa 3 BOJ[03a60piB Ma€ YHiKaJbHUH XiMiYHUHN Tpodisb.

Kniwo4oBi cioBa: BoJ03a6ip, mizeMHa BOJA, OpPraHOJIENTHYHI MOKA3HUKH, (i3UKO-XiMiUHI MOKa3HUKH,
MiKpo6ioJioriyHi MOKa3HUKHU

ABSTRACT

The study examined groundwater intakes in the villages of Dmitrivka, Kozatske, Kropyvne, Kobizhcha, Makiyivka,
and Markivtsi in the Nizhyn district of the Chernihiv region. Water samples for research were collected in the autumn of
2024 and 2025 (water intake depth 100-140 meters).

Purpose of the work. To study the composition of water from water intakes in settlements of the Nizhyn district
of the Chernihiv region, to determine compliance with regulatory indicators for a scientifically sound solution to the
problem of providing the population with high-quality drinking water.

Methodology. Organoleptic (smell, color, turbidity), basic physicochemical (pH, total hardness, total alkalinity,
dry residue), and microbiological (total microbial count, presence of E. coli and enterococci) indicators of water samples
were determined using generally accepted methods. The concentration of cations (Ca?+, Mg?+, Fe2+ and Fe3*, Mn?*, Zn?*,
Cu?+, Al3+, Mo?*, Na* and K*, NH4*) and anions (HCOs3:, F-, SO42-, Cl-, NO27, NOs-, PO43-) was also determined. The results
obtained were compared with the normative values, in particular DSanPin 2.2.4-171-10.
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The scientific novelty lies in conducting a thorough analysis of groundwater intakes in the settlements of the

Nizhyn district of the Chernihiv region.

Conclusions. To solve the problem of providing the population of the Nizhyn district of the Chernihiv region with
high-quality drinking water that is transparent, not cloudy, not colored, with good organoleptic characteristics,
corresponding to current standards for physical, chemical, and microbiological indicators, and does not have a negative
impact on the nervous and mental state of humans, and is beneficial to consume, it is necessary to conduct a more detailed
study of the composition of the water, constant expanded monitoring, and the use of modern water treatment
technologies that take into account the peculiarities of its composition. In this case, an individual approach should be
applied as the most suitable technical solution, since the water from water intakes has a unique chemical profile.

Keywords: water intake, groundwater, organoleptic indicators, physicochemical indicators, microbiological

indicators

Beryn

[InTanua MOHITOPHHTY niJI3eMHUX
BO/103a00pIiB € aKTyaJIbHUM Y Mexax peasisauii
BogHoi crparerii Ykpainu go 2050 poky Ta
iHTerpauil 3 BOJHUMHU JAUPEKTUBAMU
€porneiicbkoro Coro3y. 0co61MBOI aKTya/IbHOCTI
HabyBa€ NHUTaHHS BiJIMOBIHOCTI SIKOCTI BOJU

HOpPMaTMBHHM BHMMOraM Yy BOEHHHUH dac,
OCKIJIbKM MiA3eMHI BOAM € CTpaTeriyHuM
JhKepesioM IIMTHOIO BO/I0IIOCTaYaHHA

HacesneHHs (Hienova et al., 2023).

YepHiriBcbka 06J1acThb MaiKe MOBHICTIO
3abe3Meyye HaceJleHHS1 MUTHOK BOJOK0 caMe 3
ni/[3eMHUX JKepel, BUKOPHCTOBYIOYHU
BOJOHOCHI FOPU30HTHU KpeuJsHUX,
NaJIEOTEHOBHX, HEOT€HOBHUX Ta Y€TBEPTUHHHUX
BigkiazaiB. YepHiriBuidHa, {K MNPUKOPAOHHA
obJsilacTh, 3a3HajJa CyTTEBOrO BIUIMBY Ha
eKOoCUCTeMy OOMOBUX [iif, 1[0 M[OCTaBUJIO
IIUTAaHHA [PYHTOBHOI'O JOC/I/PKEHHS SKOCTI
NUTHOI BoAM. 3rifHO 06.J1acHiM nmporpami «[TuTHa
Boja YepHiriBcbkoi o6sacti Ha 2022-2026
POKHU»  TNPUOPUTETHUMM  HaNpsIMKaMU €
Oy[iBHULTBO Ta PEKOHCTPYKLis BOA03abipHUX
CIOpPY/Zl, BOPOBA/PKEHHSI CHUCTEM J[OOYMUILEHHS
BOJY, W0 TaKOX IMOTPebye OLHKU SKOCTI
B0/103200piB.

MOHITOPUHI AKOCTI MNMUTHOI BOAU €
Ha/I3BUYaWHO  aKTyaJIbHUM, OCKUJIBKM L4
npobsieMa Ma€ BiJJHOLUIEHHS [0 3/l0pOB’sl Ta
SIKOCTi )KUTTS jtoAcTBa (Luvhimbi et al,, 2022), a
¢isuKo-xiMiuHiI BJIACTUBOCTI NMpPUPOAHOI BOJU
3MIHIOIOTbCA Mif pisHMMHU BiinBaMu (Gianni et
al., 2025). BusHayaeTbCcsi BHCHAXKEHHSI BOJHUX
pecypciB y BOJOHOCHUX TOPHU30HTaX KpaiH
Adpuxky, €Bpaszii, AMepuku (Khilchevskyi, 2020).

3rifHO 3 JAHUMU CY4YaCHUX [OCHiIKEHb
npobsieMa BMCOKOI KOHIleHTpamlii 3ajniza B
IPYHTOBUX BOJAX B Pi3HUX KpaiHax CBITY, 110
pPOOUTS il HEMPUJATHOI /10 BXKMBaHHS, BUKJIUKAE
KOpO3ilo BOIOTOHIB, 3aMyJsieHHS KoJ10/513iB (Ye et
al,, 2020).

151

KpiMm pgaHoi npobsemu B YKpaiHi
JLOCJIPKYETBCS npo6JieMa 3a0py/ZiHeHHA
CBEpP/JIOBUH BHAC/Ji[JOK aKTUBHUX BiHCbKOBHUX
Ain (Matviichuk et al., 2023)

30KpeMa  BCTAHOBJIEHO, 10  I€BHA
KIJIbKICTb CBEpAJIOBUH B XEpPCOHCbKIM Ta
JlHinporneTpoBCHKOI obJlacTax CTaIv

HeNpUJATHUMU Yepe3 3a0py/IHEHHS MiJ[I3eMHUX
FOPU30HTIB BHACJIJOK He KOHTPOJIbOBAHOI'O
NOTpAIVIIHHSA  3a0pyJHIOIOUYUX PpPEYOBUH Y
BiIKpUTUH rpyHT (Manoiu et al., 2026).

XiMiyHMK ~ aHaJIi3 IPYHTOBHUX
(3anopizbka  006./1aCTBh) BUSIBUB  3HA4He
3a0py/IHEHHS HITpaTaMHW BaXXKUX MeTaJsiB
rOPU30HTIB Ha TIJMOMHax 5 Ta 14 MeTpiB
(Kovalov et al., 2025).

MeToto po6oTH o6yJio  JocaiguTv
0COOJIMBOCTI CKJIaly BOJIU BOZ03a00piB CesuII
HixxuHcbkoro pakoHy YepHiriBcbkoi 06J1acTi,
BU3HAYUTH BiJMMOBIAHICTb HOpPMaTUBHUM
NOKa3HUKaM /[JI1  HayKOBO-OOGI'PYHTOBAHOIO
BUDIillIeHHS MP06eMU 3a6e3ne4eHHs HaceJIeHHS
SKICHOIO MUTHOIO BOJOI0.

BOJ

MarepiaAu Ta METOAH AOCAIAYKEHHA

JlocnipkeHHs 3pa3kiB BOAM 3 Bo/103a60piB
cesiviy,  HixkuHCcbKOro pamnoHy YepHiriBcbkoi
o6Js1acTi MpoBOAUIM B OCiHHIW mepiog 2024 Ta
2025 p.p. 3pa3ku BoAu BifjoMpasiu 3 Bo103a60piB
cesuiy (c. ImutpiBka, c. Ko3ainpke, c. KponuBHe,
c. Kobwxuya, ¢ MakiiBka, c¢.  MapkiBui)
HizkrHCcbKOr0 palioHy YepHiriBcbkoi 06.J1aCTi.

Bo03a6ipHi cBepA/IOBUHU po3MillleHi Ha
TEepUTOPI], 10 B TeOCTPYKTYPHOMY BiJTHOIIEHHI
3HAXOAUTbCS B  MeXax MiBHIYHO-3axigHOI
YacTUHU JIHinpoBCbKO-/loOHebKOI 3aMaJHHU MiXK
BopoHe3bKUM IMTOM Ha MiBHOYI i YKpalHCbKUM
IIMTOM Ha MiBAHI Ta XapaKTepHU3YETbCS
CKJIAIHOIO reoJIOri4HOo0 6y/10BOIO. Bci
BO/103a0ipHi CBep/iJIOBUHM MOOYyAOBaHi Ha
BOJIOHOCHMM TOPU30HT B €OLIEHOBHUX BiJKIaJax
(P2). HasgpuicTb BOAOTPUBY B  MOKpiBJIi
00yMOBJIIOE HAaMipHUU XapaKTep MiJjI3eMHUX BOJ, i
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HaJilHYy  3axUIIeHICTb BiJj [OBEPXHEBOIO
3abpyaHeHHs. [lpeactaBieHUN  BOJOHOCHUM
FOPU30HT KHIBCbKOIO, Oy4allbKOI i KaHIBCHKOIO
cBiTamMu. BogomicTki mnopoaud npexacTaB/ieHi
nickaMu 6y4anbkoi i KaHiBcbkoi cBiT. Haiib6isib1u
BoJlo30araveHi BiAgkaagu OydalbKoi  CBIiTH,
MOTYXXHICTh AKUX He nepeBullye 20,0 M.

BusHavyand opraHosienTU4YHi (3amax npu
20°C Ta mpu 60 °C, cMak, 3abGapBJIEHICTb,
KaJaMyTHICTb), isuko-xiMmiuHi (pH, cyxui
3QJIMUIOK, OKUC/IKOBAHICThL  MepMaHraHATHaA,
3araJibHa »KOPCTKICTb, 3arajibHa JIY>KHiCTb, BMIiCT
B MI'/AM3 KaTiOHIB Ta aHiOHIB) MiKpob6ioJioriuHi
(3arasibHe MikpoOHe uucio, HasABHICTh E.coli Ta
eHTEePOKOKIB) MOKa3HUKHU 3pa3kiB Bogu (Malyna
etal, 2014).

OpraHo/ienTA4YHI MOKAa3HUKU OLHIOBAJIU
3rigHo JACTY EN 1420-1:2004. Jist
XapaKTEepPUCTUKU IHTEHCUBHOCTI 3amaxy BOJU
BUKOPHCTOBYBaJIM I'ATUOA/NbHY 1iKaay: 0 (6e3
3amaxy)...5 (gyxe cuabHUI). 3abapBJIEHICTh
BO/ZIY B rpaaycax Bu3Havasu sriguao JCTY EN ISO
7887:2025. Jlnga BUMiprOBaHHS KaJlaMyTHOCTI
BUKOPUCTOBYBAJIH Habip CyCneHsiu y
JYCTHJIbOBaHIN BOJIi 3 BMicTOM 6iJiol TJIMHM Bif,
0,1 1o 0,5 Mr/am3 (imiTyroua KaoJliHOBA IIKaJ1a).

Mikpo6iosioriuyHi NOKa3HUKU BHU3HAYaIU
3rigHo 3 MB 10.2.1.-113-2005.

pH 3pa3kiB Bogu  BUMIpOBaJd 3
3aCTOCYBaHHAM pH-meTpy MW 804
BUpoOHHULTBa «Milwaukee» (Bila et al, 2020).
Cyxui 3aJMIIOK BU3HA4YaJIM TPaBiMETPUYHUM
MeToZoM 3 50 cM3 npo6u BoAu NpU TeMepaTypi
105 °C s3srizno MBB  081/12-0109-03,
OKHMCHIOBaHIiCTb NepMaHraHatHy — MBB 081/12-
0016-01.

3arajibHy >KOpPCTKICTb BOAUW BH3HA4Ya/Iu
arigzno 3 JICTY ISO 6059-2003 wMeTonoM
KoMILJIeKCOHOMeTpil: TUTPaHT - 0,01H po34uHy
TpwioHy b; iHAMKAaTOp - XpOMOTeH 4YOpHUM.
3arasibHy JyKHICTb (Kap60HaTHa »KOPCTKICTBh)
Ta KoHUeHTpauito #oHiB HCOs3~ Bu3Havaau
MeToZ0M InpaMol auuaumertpili 3a JCTY ISO

9963-1:2007:  anikBoty  Boau (100 mu)
tutpyBasd  0,01H poO3YMHOM  XJIOPUJHOI
KHCJIOTU B IPUCYTHOCTI MEeTHUJIOBOTO
OpaH>XeBOToO.

BMmicT KaTioHIB Ta aHIiOHIB BH3Ha4Ya/X
3rizHoO HOpMaTUBHOI fJokyMeHTanil: CaZ* (ACTY
[SO 6058:2003), Mg2* (ACTY ISO 6059:2003),
Fe2* ta Fe3* (ACTY ISO 6332:2003), Mn?* (MBB
081/12-0107-03), Zn?* (MBB 081/12-0173-05),
Cu?+ (ACTY 7525:2014), AB+ (ACTY 1ISO
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10566:2017), Mo2* (ACTY 7525:2014), Na* Ta K*
(3 BUKOPUCTAHHSIM HOH-CEJIEKTUBHUX €JIEKTPO-
niB), NH4* (ACTY ISO 7150-1:2003), F -(ACTY
7525:2014), SO42- (ACTY EN ISO 5667-6:2025),
Cl- (ACTY ISO 7393-3:2004), NO2- (ACTY ISO
6777:2003), NOs (ACTY 7525:2014), PO4*
(ACTY ISO 6878:2008).

KinbKicTh nmapasie1bHUX BUMIpIOBaHb NIPH
BU3HA4YeHHI KOXXHOI'0 NIOKa3HHWKa CTaHOBUJA 3.
CTaTUCTUYHY OOPOOKY JaHHUX NPOBOJAUIU 3
BUKOPHUCTAaHHSIM KOMITIOTEPHOI  Mporpamu
Microsoft Excel 3araJIbHONPUHUHATUMHU
MEeTOJaMU BapialiiHoi CTaTUCTUKH 3
BUKOPUCTAaHHAAM  t-KpuTepito CTbroZleHTa
(Tarasova, 2008). BigHocHa mnoxubka AJs
HaBe/JleHUX 3HaYeHb [I0KAa3HUKIB He [epeBUILYE
5-10 %.

PesyapTatn AOCAIASKEHHS TA
obroBopeHHA
OpraHosienTUyHi Ta  Mikpob6GioJioriyHi

MOKa3HUKHK BOJ,03a00PiB MiA3EMHUX BOJ, CEJIUII]
(c. AmuTtpiBka, c. Kosaupke, c. KponusHe, c.
Ko6mwxya, ¢ MaxkiiBka, c¢.  MapkiBui)
HixkuHCcbKOro paioHy YepHiriBcbkoi 06.J1acTi
npejicraBieHi B Tabs. 1. Taki opraHoJjienTHYHi
NOKa3HUKY, fIK 3amax i 3abapBJIEHICTb BOJH,
3HAXOATbCA Y MeKaxX HOPMHU.

[lokasHUK KaJaMyTHOCTI BOJ03ab0piB
¢. MapkiBuyj, c. MakiiBKa, c. Ko3albke nepeBuuye
HOpMaTHBHe 3HadyeHHsd B 1,46; 1,19 Ta 1,80 pa3u
BiAnoBiAHO. Halb6inbil kajamMyTHa BoJa 3
BoJl03ab0py c. Kozanbke. Ik Bigomo, nijiBuieHa
KaJIaMyTHICTb MOXe oyTH 3yMOBJIEHA
NPUPOJHUMH, KIIMAaTUYHUMH, 6GiOJIOTIYHUMHU Ta
aHTPONOreHHUMHU (QaKTopaMU. Y 3a3HAYEHHUX
ceJivILAX IiA3eMHa BoJa 3HAXOAUTLCA B
FOPU30HTAX Jie MepeBaXKalTh IillaHi OPOJHY.
/lo yTBOpeHHA MYTHOCTI MoOXe IPUBOLUTH
HafABHICTH Yy BOJAI PpO3YMHEHOro  3aJi3a,
MapraHijo abo TyMiHOBUX KHCJOT, fKi HpH
KOHTAKTI 3 KNCHEM MOBITPS OKUCJIIOITHCS.

3HayHa KUIBKICTb PO34YMHHOIO 3aJji3a
CIpHsi€ PO3BUTKY 3aJ1i300aKTeEPil, }KUTTEAiSA/b-
HICTb AKMX NiJBMILYE KaJaMyTHICTb. TakKoX,
BpPaxOBYIOYH IHTEHCHUBHY
CLJIbCbKOTOCIIOJAPCHKY Ji/IbHICTD y
Hi>XXMHCBKOMY palOHI MOXJIMBO NPOCOYYBaHHA
JIOOpHUB 4Yepe3 IPYHTOBI MacHBH, IO MOXKe
3MiHIOBaTH CKJIaJ BOJAM Ha riuo6uHi g0 30 M.
[Iponec 3aMysieHHA TNiJA3€eMHUX BOJ, MOXe
MOCUJIIOBATUCA IIPA 3MiHI TeMIepaTypHOro
peXUMY Ta peXUMY OIasiB.
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OpraHosenTU4Hi Ta MiKp0OOiOAOTiYUHI ITOKA3HUKU BOAO3a00piB

Tatauys 1

s
< o < (D) Y

= o = 2 % > 259

B % . ) 8 ) RSl

IMokaszauk 5 © & = & 3 s I

5 S = 2 =" &9 <

g < p= : 4 2 é g o

5 3 3 3 3 S N
3anax rpu 20 °C, 6aan 2 xJ10p 0 0 2 <2
3amnax npu 60 °C, 6aan 0 1-2 0-1 0 1 1 <2
3abapBaeHicTh, rpag, 1,2 10,7 | 185 | 158 18 15 <20
KazaamytHicTs, Mr/am? 1,85 0,97 2,19 | 1,79 2,7 2,2 <15
3araapHe MikpoOHe uncao, KYO/cm? 3 0 14 1 5 4 <50

3arajibHe MiKpOOHEe YHCJO AOC/iPKEHUX
BO/I03a00piB He TIepeBUIIyE HOpPMaTHBHE
3HauyeHHs (Ta6s.1). OckKiJibKM BOHO €
OpPIEHTOBHHUM 1 NOKa3ye BCi MiKpoOpraHi3zmy,
110 3HAXOJSATbCA B Mpob6i BOAM, OLiHIOBAIU

HasABHICTb mnaToreHHUX 6akTepiit E.coli Ta

€HTEepOKOKH y  [JOCJHIPKEeHUX  3pas3Kax
B0/103a00piB He BUSIBJIEHI.
OcHoBHi  i3UKO-XiMi4HI  NMOKa3HUKHU

npeJjcTaBJ/ieHi y TabJ1. 2.

Tatauys 2

OcHoBHI (pi3UKO-XiMiUHI TOKA3ZHUKHA

S <
¥ . ) v
a g ET § N4 E m (=]
o 8 ) oo
£ 5 ‘g & = = =D
ITokazauk = © g s =) SE R
S |g |§& |8 |8 |& |£8T
< |5 B B ¥ M &SI
3] 3] 3] 3] ) T da
pH 6,87 7,09 7,39 7,41 7,29 7,18 6,5-8,5
3araapHa >KOPCTKiCTh, MMOAB/AM? 6,19 4,37 2,98 2,3 3,38 4,8 <7
Bwmicr Ca?t, mr/am3 80,80 | 50,98 | 37,5 23,6 | 56,95 | 74,63 -
Bwmict Mg?, mr/am?® 2736 | 23,1 | 140 | 140 | 67 | 134 -
3aaizo 3araanHe (Fe?*, Fe?), mr/am? 1,11 0,79 0,88 0,17 | 048 1,31 <0,2
/ly>KHiCTb, MMOAB/AM? 7,18 8,26 8,06 8,25 9,6 6,9 -
Bmict HCOs mr/am? 438,12 | 504 | 491,8 | 503,4 | 5858 | 421,0 -
OKMCAIOBaHICTh IIepMaHTraHaTHa, MI/AM® 1,83 2,0 3,0 1,75 2,41 2,08 <5
Cyxmui1 3aAUIIOK, Mr/am3 368 597 513 542 617 | 407 <1000

ITpumitka: «-» mokasuuk He BXoAUTb A0 ACaullin 2.2.4-171-10

Cutifi 3a3Ha4YMTH, 1110 NOKAa3HUK 3arajbHoOl
)KOPCTKOCTi, KpiM HOpPMaTUBHUX BHUMOT,
BaXJIMBUM [JJI1 BpaxyBaHHA TOCIOJAPCbKO-
NoOyTOBHUX iHTepeciB HacesJeHHs, sike YHUKAE
KOPUCTYBATHUCS BOJI0I0 3 BUCOKOIO YKOPCTKICTIO,
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TOMY 1110 B TaKii BOJi NOraHO pO3BapIOIOTHCA
M'SICO Ta 0BOYi, 301/IbIIYIOTHCA BUTPATU MUJIA,
NOriplIyeTbCcs  fAKICTb  NpaHHA  GIM3HY,
CIIOCTepiraeTbca NoApa3HeHHd HIKipU
BHACJIIOK YTBOPEHHS HEPO3YMHHUX PEYOBHH.
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AHaJsi3 HaBeJleHUX JaHUX CBiIYMUTH, 1110 3
HOpPMOBAHMX IOKa3HUKIB pH, 3arasbHa
)KOPCTKICTb, OKMUCJIOBAJbHICTb IepMaHra-
HaTHa i cyxu¥ 3aiuokK BianosigawTb JCanllin
2.2.4-171-10. Ilpu  npoMmy  JikcyeTbca
IlepeBUIIEHHA 10 BMICTY 3arajJbHOro 3aJisa
(mo 5,55 paswy, c. [IMutpiBka). Jluume 3pas3ok
BoAM 3 C. MakiiBKa MICTUTb JONYyCTUMY
KisnbKicTb HoHIB Fe2* Ta Fe3*. [Ipu gocaigxeHHi
KOHI|eHTpalii 3araJjbHOro 3aJjisa B Mi3eMHUX
Boziax KinTiBCbKOI CiZIbCBKOI TepHUTOpia/IbHOI
rpoMaziy YepHIriBCbKOro paioHy HaMH TaKOX
OyJI0O BCTAaHOBJIEHO IepPeBULIeHHS TPaHUYHO
JonyctuMol KoHueHTpauii B 1,25-19,0 pasiB
(Kotelchuk et al., 2025). Lle y3romKyeTbcs 3
3arajJibHOK TeH/IeHIli€l0 30i/bllIeHHs 3aJji3a y
BOJIHUX JKepeJsiax B OCTaHHI POKH y 6i1bLIOCTI
yacTUHaxX CBITY, Ky BigMmivawoTh (Peter et al,
2019).

3rigHo (Jia et al., 2017) HakoNmUYeHHIO
HoHiB Fe?* y nmij3aeMHUX Bo/laXx 3a HasiBHOCTI ¥
rpyHTax ¢pepym(Ill) okcuay MOXyTb COpPUSATH
HaCTYIIHI IepeTBOPEeHHA:
2NHa4*+3 02=2 NO3 + 8 H*

2 Fe203 + 2 NO3 + 12 H20 = 4 Fe?*+ N2 + 24 OH-
Fe203 + NO3 + 16 H* = 2 Fe2*+ NH4* + 6 H20

Xo4ya NmpOMUCJIOBUX MNMOKJIALIB PYAH, L0
Mmictute ¢QepyM(Ill) oxcuz, B HixkuHcbKOMY
paloHI HeMag, po3cisiHe 3aJ/1i30 Y CKJIal MiCKiB
Ta [JIUMH, SIK BiIOMO, € TUIIOBUM JJIS1 T'€0JIOTil
[Tosticcs, 10 po6UTH 3aNpoONOHOBAHI NepeTBoO-
peHHA BiporigHuMu. B ToM ke yac HiXKMHCbKUM
pailoH 6GaraTtudl Ha TopdoBuia. OpraHiyHi
pPEeYOBUHHU Ta TYMIHOBI KHUCJOTH, 10 BUMMU-
BalOThCA 3 TOPDY, COPUAIOTH Iepexoay 3ajizay
pPO3YMHHY (QOpMy Ta HWOro HaKONUYEHHIO Y
BEpPXHiX BOJJOHOCHUX LIapax.

3BepTae yBary BHCOKI  3Ha4eHHS
NOKa3HWKA 3arajbHa >XOPCTKicTb (Tabu. 2).
PesysibTaT¥ BKa3ywTb, L0 BMICT IHIIMX

KaTiOHIB, IKI TUTPYIOTbCA 3 TPUJOHOM b, Ha
piBHi 3 BwMmicToM WoniB Ca?* Ta Mg2+ i
CTaHOBJATH 49 % Bij 3arasbHOI )KOPCTKOCTI.
3o0KpemMa JJ1d 3pa3ka c. /IMUuTpiBKa BMICT iHIIMX
KaTioHiB CTAaHOBUTD 3,01 MMOJIb/ M3,
c. Kobmwxya - 2,12 mmosb/am3, c. MapkiBui -
1,45 mmouib/am3, ¢. MakiiBka - 1,13 MMosib/ M3,
c. Kosanpke - 1,67 Mmmosb/am3, c¢. KponuBHe -
2,34 mmonb/aMm3. Ak BijoMo, TpuiioH b yTBoproe
TaKOX CTiMKi BOJOPO34YMHHI KOMIIJIEKCH 3
O6araTbMa 0araToBaJIEeHTHUMHM  KaTiOHaMH
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MeTasiB, 30KkpeMa 3 iomamu Fe3*, Cu®*, Zn**,
Pb?*, AI**, Mn?*', Cd*', Hg®' Ta iHmumy,
3B'sI3y104H iX y cniBBigHOWEHHI 1:1.

ToMy mnoganblli JOCAiIKeHHS OyJau
COpsSAMOBaHI Ha OiJbLI IIMPOKE BU3HAYEHHS
KaTiOHHOTO CKJIaZy 3pa3KiB BOJU.

PesysibTaTHn JOCTiIKeHHA BMiCTy
KaTioHiB, 4Ki  BXOJAATb [0  IepeJiky
HOPMOBAHHUX B JCanllin 2.2.4-171-10,
npejcraBjeHi B Tabsa. 3. 3BepTae yBary

MiIBUIleHUH BMIiCT HMOHIB aMOHIlO, 1[0 MOXe
BKa3yBaTH Ha HebioJsioriyHe BifjHOBJIeHHA NO3-
3 yTBOpPEHHsM po3uuHHOro 3ajiza (Fe?*) i
HaaauwKy NHs*, 9K 3a3Ha4eHo BUllle.

[ligBuieHUH BMicT HOHIB Mn?*, 1m0
BUABJIEHO MPAKTU4YHO [JA BCiX 3pasKiB, €
Hebe3MeYHUM, OCKiJIbKM BOHU HAKOMHUYYETbHCS
B OpraHisMi Ta ypakalOTb HEpPBOBY CUCTEMY,
Ne4yiHKy, HUPKH, ceple, JiereHi, KiCTKHU.
AnasnoriyHi pe3yabTaTH (nepeBuILleHHSA
FPAaHUYHO [JONYyCTUMOI KOHLeHTpaunii B 1,2-
8,2 paza) Oysnu ojep:kaHi HaMHu paHile s
KinTiBcbKoi TepUTOpPiaJbHOI rpoMaju
(Kotelchuk et al., 2025).

BpaxoByrwouH, BCi oJepxKaHi pe3yJbTaTH
10 KiJIbKOCTI MOHIB MeTaJliB, sIKi 0Ca/IKYIOThCS
TpUJIOHOM b, MOXXHa 3pOOUTH BUCHOBOK, MPO
HasABHICTb y BOJi IHIIMX HOHIB, fIKi He OyJu
JlOCJIi/IP)KeH], HalpukJaaj Takux sk Pb2+, Hg?+
BiporigHicTb Takoro 3abpyJHEHHsS y3ro-
JDKYETbCA 3 JAHUMH, 110 CTAaHOM Ha CiyeHb
2026 poky, y npoMuCI0BUX 30Hax A0 86 %
npo6 miJl3eMHUX BOJ, MOXYTb MaTH O3HAaKHU
3abpy/IHEHHS NOHAMHU BAaXXKUX MeETaJliB, cepe/y
AKUX MHUII'IK, MapraHellb Ta CBHHELb €
OCHOBHUMHU ¢dakTopaMu pusuky (Manoiu et al.,
2026).

Pe3ysbTaTy aHasidy BMICTy aHIOHIB y
cesax HDKUHCBKOro paloHy npezCTaBJIEHO Yy
Tabs. 4. 3BepTae yBary BiAxujeHHs Bij
HOPMaTHUBHOTO BMIiCTy PTOPHU/A MOHIB fIK y BiK
HeJ0CTayi, Tak i y 6ik HaaaulKy. K BigoMo,

OCHOBHMMM Hacjiakamu gAediuuty F- €
nepejayacHe pyWHYBaHHsA 3y6iB, PO3BUTOK
0CTeonoposy, YIOBIJIbHEHHA 0O6MiHHUX

npoteciB. Ase, Ko AePinUT 1UX HOHIB MOXKe
OYyTH KOMIIEHCOBAaHUM INIJISXOM 03J0POBYOTO
Xap4yyBaHHS#, TO HA/UIMLIOK F- mpu3BOAUTH [0
HeraTUBHHUX HACJiAKIB y BUTIa4i ¢rooposy,
BIUJIUBY Ha iHTeJIEKT Ta MOpPYLIeHHS poO6OTH
HIMTONOAIOHOI 3aJ103H.
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Tabauys 3
BwmicT karioHiB y 3paskax BoAu BoA03a6opiB HixkuHcpKOro paiiony
s . )
(3] = < [F]
& ) 3 i % = 8z
3= % . .m i) S B = v_l‘
£ s Z g 5 = s B B
IMTokasuuk = © & = & S = £
= e = > (oW &0 =
g N7 p= 7 N Eo I
- 3] 3; 3 3; S N
Mn?, mr/am3 0,26 0,1 0,05 0,08 0,2 0,18 <0,05
Zn?, mr/am3 0,19 0,11 0,24 0,01 0,07 0,094 <1
Cu?, mr/am3 0,02 0,04 0,02 0,01 0,03 0,02 <1
Al mr/am3 <0,03 0,07 <0,03 <0,03 0,072 0,1 <0,2
Mo?, mr/am3 <0,0025 | <0,0025 | <0,0025 | <0,0025 | <0,0025 | <0,0025 <0,07
Na*, K*mr /am3 26,14 124,3 140,6 160,7 143,2 53,1 <200
NHy*, mr /am3 0,42 0,86 0,73 0,64 0,67 0,57 <05
Tatbauys 4
Bwmicr aHioHIB y 3pa3kax BoAu BoA03a00piB Hixkuacekoro paiiony
3]
] 4= 5] ) v o
E 5 2 2 : | 8%
A . 8 4
& g = = = EE
IToka3zauk © o 2 S = S Lo
= =] < o0 () < 1
Z 2 = - 2 & | 03
< = : : = %2 qd
5 3] ) Q 3] 5] N
SO.?, Mr/aM? 3,66 0,23 0,12 <0,05 0,13 4,72 <250
Cl, mr/am3 5,05 56,6 39,4 38,5 64 7,5 <250
NOz, mr/am? 0,019 0,017 0,007 0,012 0,014 0,007 <0,05
NO:s-, Mr/am? <0,001 <0,001 | <0,001 <0,001 <0,001 | <0,001 <50
[Moaigpocdaru, POs>, mr/am? <0,01 <0,01 <0,01 <0,01 <0,01 <0,01 <35
F-, mr /am3 0,58 0,63 0,32 1,57 1,46 0,42 0,7..1,2
BucuoBxu Mn?2* (0 4 KpaTHOr0) Ta aMOHIIO i BijxuieHHsA
. . aK 0iK HU3IBKUX o 2pasiB), Tak i
Bona 3 Bojo3a6opiB  HidkuHCbKOTO y (a p ) .o
o - . : nepeBuileHux (o 1,3 pasa) KoHUeHTpauid
paiiony YepHiriBcbkoi o6usiacTi mpo3opa, o L
¢dTopu-ioHiB. lle Bkasye Ha HeOOXiJHICTb
HeKaJlaMyTHa, 3 XOpOILIMMH OpraHoJiemn-

THUYHUMM O3HAKaMH i 3a MiKpo6iosoTriYyHUMU
NMOKa3HUKaMU BIiJilOBila€ 4YMHHUM HOpMa-
THBaM. B ToH ke 4yac BOHa XapaKTepU3yEThCS
NI BULIEHOI0 KaJIJaMyTHICTIO Ta KOHILEeH-
Tpalji€elo 3arajbHOro 3asi3a, sika Oijblie 3a
HOpMaTHUBHI 3HayeHHA B 1,25-19,0 paszis.
Tako>k BUSIBJIEHO NiJBUIIIEHUHN BMICT KaTiOHiB
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NOCTIKHOTO MOHITOPUHIY Ta 3aCTOCyBaHHA
Cy4YaCHUX TEeXHOJIOTik BOJOMiJrTOTOBKH, fKi
BPaxXOBYIOTb OCOOJIMBOCTI CKJaZy BOJO-
3a60piB.

[Ipy 1pboMy cjif 3acTOCOBYBaTU [0
KOXXHOTI'O JpKepeJsia iHAMBIZyaJibHe TexXHiuHe
pillleHHs], OCKiZIbKK BOJla 3 BOJi03ab0opiB Ma€e
yHiKaJIbHUHM XiMiYHUN Npodib.
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Boaogumup YepKkyzAiHoB, IOiist 3e1eHbKO

OIITUMI3ALIA ABTOMOBI/IbHUX ITEPEBE3EHDb HA®TOITPOAYKTIB
3A EKOJIOTTYHMMMU KPUTEPIAMMU

\-ﬁﬁ)ﬁr
Volodymyr Cherkudinov, Yuliia Zelenko

OPTIMIZATION OF ROAD TRANSPORTATION OF PETROLEUM PRODUCTS
ACCORDING TO ENVIRONMENTAL CRITERIA

AHOTAIIA

MeTta po6oTH. BupiueHHs 3ajaui po3nofijy 06’'e€MiB BaHTa)Ky Ta 3HAaXO/pKEHHS HaMOiJbLI eKOJIOTiYHHUX
MapuIpyTiB, BPAaXOBYIOYH MPOIYCKHY CHPOMOXHICTb 3a/i3HUYHUX CTAHLild BifiBaHTa)keHHs, MiHiMasbHI MOTpe6U B
KOXXHOMY 3 HaceJIeHUX NMyHKTiB NMpU3Ha4yeHHs. [IpuiiManuck [0 yBarn pPU3UKH BOEHHOTO CTaHy, KOJM HEOOXiJHO
BUKJIIOYUTH a60 MiHIMi3yBaTH HaKoNMW4YeHHS HAQTONPOAYKTIB HAa NMPOMDKHHX eTalax TPaHCIOPTyBaHHSA. BaHTax
TPaHCIOPTYBAaHHSA — 6EH3WH MOTOPHUH.

MeTogoorid. JlocniikeHHs I'PYHTYETbCA Ha CUCTEMHOMY MiAXOAl [0 €KOJIOro-eHepreTUYHOro aHajisy
IpoleciB aBTOMOOIJILHOTO IlepeBe3eHHs HeOe3NeYHUX BaHTaXiB, MNOEJHYE MaTeMaTH4YHe MOJe/NI0OBaHHA Ta
onTUMi3aliiiHi MeToAU. Y po60Ti BUKOPHUCTAHO MOJieJIb TPAaHCIOPTHOI 3a/jaui iHiHHOT0 porpaMyBaHHS, 110 J03BOJISIE
ONTHUMIi3yBaTU PO3IO/AIJ BaHTAXKOMOTOKIB MIXK IIYHKTaMH BiJNpaBJIeHHA Ta NIPU3HA4YeHHHA 3a KpuUTepieM MiHIiMizauii
BUKW/IB LIKIAJIMBUX peYoBHH. Po3paXxyHKM BHUKOHAHO 3 BHUKOPHUCTAaHHAM IPOrpaMHMX 3aco6iB iHXXeHepHHUX
pO3paxyHKiB, 10 3abe3medye BiATBOPIOBAHICTb pe3yJbTATiB i MOXKJIUBICTH ajamTanii Mozesai A0 pi3HUX yYMOB
eKcIyaTalii aBToMO6iJIbHOTO TPaHCHIOPTY.

HaykoBa HoBu3Ha. HaykoBa HOBU3HA POOOTH MOJIATAE Y BAOCKOHA/IEHH] NiX04Y 10 OL[iHIOBaHHS €KOJIOTiYHOCTi
aBTOMOOIJIbHUX NepeBe3eHb Hebe3MeUHUX BaHTaXIB IIJIAXOM YpaxyBaHHs NIUTOMUX €eHeproBUTpPAT /J1s1 KOHKPETHOIO
MapuIpyTy TPaHCIOPTYBaHHs, a He ycepeJJHeHUX NOKa3HUKIB 3a HAalIPsAMKaMU ab0 TUIIaMH llepeBe3eHb. 3allpOIIOHOBAaHA
MO/lesIb TIOCTaBKH HAQTONPOAYKTIB [[03BOJISIE KOMIIJIEKCHO OI[iHIOBAaTH BIJIMB aBTOMOGIIBHOIO TPAHCIOPTY Ha
JIOBKIJLJISI 3 ypaXyBaHHSIM 0CO6JIMBOCTEN PU3HKiB BOEHHOIO CTaHy B YKpaiHi. Ha BifgMiny Bifj icHytouux miixo/iB, Mosienb
Opi€EHTOBaHa Ha NpPaKTU4YHe BUKOPUCTAHHSA NPH IIJIAHYBaHHI peaJlbHUX TPAHCIIOPTHO-JIOTICTUYHUX Ollepaliid Ta Moxe
O6yTH aZjallTOBaHa /10 Pi3HUX BU/IiB HeOe3MeuYHUX BaHTaXiB | yMOB IlepeBe3eHHsI.

BHUCHOBKM. Y pesysbTaTi NpOBeLEHOr0 [OC/HiJpKeHHS BCTAHOBJIEHO, IO OLIHIOBAaHHA €KOJIOTIYHOCTI
aBTOMOOIJIbHUX NepeBe3eHb JOLIAbHO 3/iMCHIOBAaTH HAa OCHOBI MHTOMMUX €HepProBUTpPAT 3a NMOBHUM MapLIPyTOM
TPAHCNOPTYBaHHS, L0 [03BOJISIE OTPUMATH OiJbII OG’'€KTHUBHI pe3y/bTaTH MOPiBHAHO 3 BHUKOPHUCTAHHSM
cepeIHbOCTaTUCTUYHUX NTOKA3HUKIB. 3allpONIOHOBaHa MOJeJb JJa€ 3MOTy BU3HA4YaTH €KOJIOTIYHO JOLiJIbHI MapUIpyTH
aBTOMOOIJIbHUX NepeBe3eHb HeGe3NMeyHUX BAaHTAXIB 3 ypaxyBaHHSM peaJibHUX YMOB eKCIlIyaTalii TpaHCIOPTHUX
3aco6iB. [IpakTHYHe 3acTOCYBaHHS po3p0o6JIeHOr0 MiAX0AY CIIpHUA€E 3HUKEHHIO HETaTUBHOTO BIJIMBY aBTOMOGIJIBHOTO
TPAaHCHOPTY Ha JOBKIJIJIA 32 PaxyHOK ONTUMI3aLii TpaHCIIOPTHO-JIOTICTUYHUX pilleHb. OTpUMaHi pe3ybTaTh MOXYThb
O6yTH BUKOPMUCTAHI y NOJAQJBLIMX HAYKOBMX JOC/I/P)KEHHSX, CIPSIMOBAHUX Ha MNiZiBUILEHHS eKoJsoriyHoi Ge3neku
TPAHCIIOPTHUX CUCTEM.

KiiouoBi cioBa: aBTOMOGiJNbHI NepeBe3eHHs, HAQTONMPOAYKTH, €KOJOriYHAa e(PeKTHUBHICTb, 3a0pyJHIOI0YI
PEYOBHHH, JIOTICTUYHI MapIIpyTH, HeGe3neyHi BaHTaxi

ABSTRACT

Purpose of the work. The study addresses the problem of cargo volume allocation and the identification of the
most environmentally efficient routes, taking into account the throughput capacity of railway loading stations and the
minimum demand of each destination settlement. The risks associated with martial law conditions were considered,
particularly the need to eliminate or minimize the accumulation of petroleum products at intermediate stages of
transportation. The transported cargo is motor gasoline.

Methodology. The research is based on a systemic approach to the environmental and energy analysis of
hazardous goods transportation by road and combines mathematical modeling with optimization methods. A linear
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programming transportation problem model is applied, enabling the optimization of cargo flow distribution between
origin and destination points according to the criterion of minimizing pollutant emissions. The calculations were
performed using engineering computation software, ensuring the reproducibility of results and allowing the model to be
adapted to various operating conditions of road transport.

Scientific novelty. The scientific novelty of the study lies in improving the approach to assessing the
environmental performance of hazardous goods transportation by road through the consideration of specific energy
consumption for a particular transportation route, rather than using averaged indicators by direction or transport type.
The proposed petroleum products supply model allows for a comprehensive assessment of the environmental impact of
road transport while accounting for the specific risks associated with martial law conditions in Ukraine. Unlike existing
approaches, the model is oriented toward practical application in planning real transport and logistics operations and
can be adapted to different types of hazardous cargo and transportation conditions.

Conclusions. The results of the study demonstrate that the assessment of the environmental performance of road
transportation should be based on specific energy consumption along the entire transportation route, which provides
more objective results compared to the use of average statistical indicators. The proposed model makes it possible to
identify environmentally justified routes for hazardous goods transportation by road, taking into account real vehicle
operating conditions. Practical implementation of the developed approach contributes to reducing the negative
environmental impact of road transport through the optimization of transport and logistics decisions. The obtained
results can be used in further scientific research aimed at improving the environmental safety of transport systems.

Key words: road transportation, petroleum products, environmental efficiency, pollutants, logistics routes,
hazardous goods

Beryn €KO0JIOTI4YHO o?rpym"osaﬂoro MJIaHYBaHHA,
HeonTtumanbHuil BUOIp MapupyTiB i 06cAriB
B yMoBax BOEHHOro CTaHy, KOJIH nepeBe3eHHs NPU3BOAUTHL [0 3POCTAaHHA
BiTYM3HAHI  HadTOoNmepepobHi  MOTYXKHOCTI NUTOMUX €HeproBUTpaAT, a BigmoBigHO - 7m0
3a3HAKTh 3HAYHUX BTPAT YHACJIiJOK paKeTHO- nigBUIleHHS NTUTOMUX BUKHUAIB CO,, CH Ta NOy
JIPOHOBHUX aTakK, 3abe3neudyeHHs CIOXKUBayiB Ha OJIUHMUI[IO IEPEBE3EHOr0 BaHTAXY. Y 3B’ A3KY
NaJIMBHO-MaCTUJIbHUMU MaTepiasiaMu B 3 1[MM €eKoJioTiuHa eQeKTUBHICTb aBTO-
YkpaiHi HabyBa€ KpPUTUYHOrO 3HAYeHHd. 3a MOO6iJIbHUX NepeBe3eHb OBUHHA OI[iHIOBATHCS
BiICYTHOCTI CcTabisbHOTO BHYTPIIIHBOTO He 3a CepeHbOCTAaTUCTUYHUMU NMOKA3HUKaAMU,
BUPOOHHUIITBA OCHOBHUM IJISIXOM TOKPUTTS a 3 ypaxyBaHHsAM peaJibHUX YyMOB PYXY,
notpe6 € iMmopT HaPTONPOAYKTIB uepes JIOBXXWUHU  MapuipyTy, pexXHMiB  po6OTH
KOPJ0HM 3 KpaiHaMu EBponeiicbkoro Coto3y, Ae JIBUTYHA Ta pIiBHSA 3aBaHTaXXEHHs TpaHC-
KJIIDYOBY pOJIb Y BHYTPILIHBOMY pPO3MOZAiJIi MOPTHUX 3aCO6iB.

Bifiirpae aBToMOGiIbHUN TpaHCcHOPT. BogHovac OnTuMisanisg aBTOMOOIIBHUX MapIIPYTIiB
caMe aBTOMOOiJIbHI mepeBe3eHHS (POPMYIOThb JIOCTaBKM HapTONPOAYKTIB 3 ypaxXyBaHHAM
niJBULIEHE eKoJIoTi4YHe HaBaHTAXXeHHH, NUTOMUX BUKHU/JIB 3a0PYJHIOIOUYUX PEYOBUH

NOB'si3aHe 3 BHUKHJAMH JiOKCHUJY BYTJIEI0 JI03BOJISIE OZJHOYACHO 3HU3UTH €HEPrOEMHICTD
(CO;), okcupiB aszoty (NOy) Ta Byr/eBOJHIB nepeBe3eHb 1 HeraTMBHHUM  BIUJIUB  Ha

(CH). aTMochepHe mnoBiTps. Takui miaxig copuse
B yMoBax 00MexeHOi NpPONyCKHOI 3MeHlIeHHI0 cyMapHux BUKHZIB CO,, CH Ta
CIIPOMOXXHOCTI TpaHCIMOPTHOI iHQPaCTPYKTypH NOy, 1m0 € 0C06/JIMBO BaXKJIMBUM y KOHTEKCTI
Ta MNiJABUILEHUX PHU3SHUKIB BOEHHOIO 4Yacy eKoJIOTiYHOI 0e3MeKd perioHiB, uepe3 sKi
0COOJIMBO  aKTyaJlbHUM € MiHiMi3yBaHHA IIPOXOJATb OCHOBHI TPAaHCIIOPTHI KOPUZ0PH.
HaKONMUYEeHHs1 Hebe3NMeYyHUX BaHTaXIB Vy Y pob6orti (Zelenko & Kalimbet, 2024)
NPOMDKHHUX JIOTICTUYHUX BYy3Jax. 3acToCy- aBTOpaMu 3/[iIMICHEHO KMOBIPDHICHY OLIHKY
BaHHA 0e3CK/JIaJCbKUX CXeM [OCTayaHHS €KOJIOTIYHUX Ta TEeXHOTEHHUX PHU3UKIB,
Jl03BOJISIE CKOPOTUTH OOCATM NepeBaHTaXYy- NOB’I3aHUX i3 TpaHCIOPTYBaHHAM HebOe3-
BaJIbHUX OIlepaliiid, 3MEeHIIUTH TEeXHOJIOTIYHI neyHWx BaHTaxiB. Ha ocHOBI  aHaui3y
BTpPaTU IMaJIbHOI0O Ta 3HU3UTH  PU3BHUK po3po6sieHO MoJiesli MPOTHO3yBaHHSI BHUHUK-
aBapiMHUX CUTYyalil, L0 CYNPOBOXKYIOTbCA HEHHH Ha/[3BUYaHHUX cUTyanin Ta
JIOKaJIbHUMH BUKHIAMH 3a6pyHIOIYHX inenTHdiKoBaHO NOTEeHIikHI JKepeJsia
PEeYOBUH Y JOBKIJIIA. eKoJIOTiuHOI HeOe3MeKHu Mij yac nepeBe3eHb.
ABTOMOOGIIBHUNA TPAHCHOPT Yy TaKHUX BogHouyac y pgociif)keHHI He BpaxoBaHO
cxeMax 3abe3lNedyye BUCOKY OIEpPaTHUBHICTH i [IOKAa3HUKHU €KO0JIOTiYHOi epeKTUBHOCTI

MapuIpyTHY THY4YKiCTb, OJHaK MOTpPeOYye TPAHCIIOPTHUX TPOILECiB, 30KpeMa piBeHb
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WIKIJJIMBUX BUKHU/AIB, €HEepProBUTpaTd Ta
ONTUMI3allil0 PO3MOAIJTY BaHTAXOMOTOKIB 3
NOo3ULii MiHiMi3alil BIVIMBY Ha AOBKIJJIS.

Y pob6oTti (Zelenko & Kalimbet, 2022)
IpOBEZleHO aHaJli3 3axXxoAiB i3 MigBULIEHHA
epeKTUBHOCTI TepeBe3eHb Ta peasisaril
NPUHLUIIB pecypco3bepexeHHsl y BHUIMaJKax
aBapilHUX PO3J/IUBIB HeGe3MeYHUX BaHTaXiB Ha
3asi3HMYHOMY TpaHcnopti. [lokaszaHo, w0
3aCTOCYBAaHHA ClieljaJi30BaHUX TUIIIB BaroHiB
A TPaHCIOPTYyBaHHA YHiBepCcaJlbHUX
abcopOywuux MaTepiasiB y CKIaji BaHTOXKHUX
NOi3JIB  [J03BOJIAE  CYTTEBO  3MEHUIUTHU
HeraTHMBHI €KOJIOTiYHI HacaiAKu aBapiu. Pazom
i3 TUM JocHimKeHHSI OOMEXYETbCS JIWILE
aBapiMHUMU CLeHAPisSIMU Ta HE MICTUTb OLIiHKU
eHeproepeKTUBHOCTI IepeBe3eHb 1 piBHA
BUKH/IIB 3a0pY/IHIOIOUMX PEYOBUH y LITATHUX
yMOBaX eKCIlIyaTalil.

Y nocnimxkenHi (Sakhno & Khrutba, 2025)
pPO3rJISHYTO Cy4aCHUM CTaH IepeBe3eHb
HeOe3MeYHUX BaHTaXiB B YKpaiHi, NpoBeeHO
OLIIHKY PpU3UKIB Ta BU3HAYEHO OCHOBHI
npobJsieMd  oOpraHizanii  TpaHCHOPTYBaHHA
HeOe3neyHUX peYoBUH. ABTOpPUM MpoaHasi-
3yBasiM GAaKTOPH, 1110 BIIMBAKOTh Ha Oe3MeKy Ta

edeKTHUBHICTb niepeBe3eHb, a TAKOX
3allpONOHYBaJM  HANpsIMHM  BJIOCKOHAJIEHHS
CUCTEMHM VyOpaBJiHHA pU3UMKaMK MiAg 4ac

TPAaHCIOPTYBaHHS TaKWX BaHTaxiB. B pobori
HEeJIOCTaTHbO yBaru MNpUAIJIEHO ONTUMi3aLii
MapLIpyTiB repeBe3eHHA Ta OLIiHIT
€KOJIOTIYHUX  HACAiAKIB  TpaHCHOPTYBAaHHA
Hebe3MeyHUX BaHTaXiB.

Y nHaykoBiii po6oti (Demchenko et al,
2025) npoaHasi30BaHO BUKOPUCTAHHS
cydacHUX iH$OpMaLiMHUX CUCTEM Ha PUHKY
BaHTQXXHUX TIepeBe3eHb YKpaiHU. ABTOpHU
npoaHaJsi3yBajiu poJjib UUPPOBUX TEXHOJIOTIN Y

MiIBUIIEHHI epeKTUBHOCTI JIOTICTUYHUX
MPOLIECIB. Heponikom JOCJiIPKeHHA €
BiZICyTHICTb  [leTaJIbHOTO aHaJli3y  BIJIMUBY

TPAHCIOPTHUX IpOLEeCiB Ha [JOBKU/LIA Ta
HeJIOCTaTHA yBara 0 €KOJIOTiYHOl ONTUMi3ariil
repeBe3€eHb.

Y po6oTti (Hermanyuk & Palenyk, 2024)
JOCJIPKEHO  JIOTICTUYHI BUTpaTHU npu
nepeBe3eHHi BaHTaXXiB aBTOMOOIJIbHUM Ta
3aJ1i3HUYHUM TPAHCIOPTOM. ABTOPHA BUKOHAJIU
NOPIBHAJIBHUM aHaJi3 BUTPAT TPAHCIOPTHHUX
onepariiii, BU3HAYMJIU PaKTOPH, 1110 BIIUBAKOTH
Ha  epeKTHUBHICTb  TPAHCHOPTHUX  CXEM
repeBe3eHHs, a TAKOX 3allPOIIOHYBAJIU MiAX0AU
[0 onTuMiszanii JIOTICTUYHHUX BUTpaT. AJe
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pO3IIA4al0Th IepeBaxHo €KOHOMIYHI
NIOKa3HUKU IlepeBe3eHb | He BpPaxOBYIOThb
€KOJIOTI4YHI KpUuTepil, TaKi 1K piBeHb WKIAJIUBUX
BUKU/IB IiJ] Yac TPaHCIOPTYBAaHHS.

Marepiasu Ta METOAU AOCAIAYKEHHA

MeTor0 JoC/iP)KeHHI € OGI'PYHTYBaHHSA
€KOJIOTIYHO [JOLJIBHOI CXeMH IlepeBe3eHHsH
HapTOBaHTAXXy MiX NYyHKTaMH BiZnpaBJieHHS
Ta NYHKTAaMM [pHU3HA4YeHHs, 110 3abe3leyye
MiHiMi3allil0 WKIiJJIUBUX BUKUAIB B aTMOchepy
IpY IOBHOMY 33/I0BOJIEHHI TOTPEO CIOXKUBAviB
y BaHTaXi.

OcHoOBHa rinoresa JoC/i>KeHHS N10JIATAE B
TOMy, 1[0 ONTHMi3alisg aBTOMOOUIbHUX
nepeBe3eHb BAaHTAXIB, 30KpeMa palliOHaJIbHUU
po3noZis  o6¢cAriB - HAaQTONPOAYKTIB  MiX
IIyHKTaMW  BiANpaBJeHHA Ta KiHLEeBUMU
CIO’KUBa4YaMH, Jla€ 3MOTy 3MEHILUTH
HEeraTUBHMM  BIUIMB  aBTOTPAHCIOPTYy  Ha
JIOBKI/IZI1 32 paxyHOK CKOpPOYEeHHs Mpooiry,
BUTpPAT MNaJbHOTO i BUKUJAIB 3a0PYyJHIOYHUX
pEYOBHH.

3a mozesto gocaimxkeHHs (Cherkudinov
et al, 2025), BaHTa)XK TpPaHCHOPTYETbCA Bif
INPUKOPAOHHUX 3aJli3HUYHUX cTaHuin Yor,
Moctuceka-2, Bagya-Cipet, [IsskoBo Ta AroauH
o HaceneHux nyHKTiB Camap, [laBiorpap,
CHHEeJIbHUKOBO, [lapryaHKa, BepxHbo-
JHINPOBCHK, MarjanvHiBKka Ta KpuHUYKU.

[lepes, BHKOHAHHSAM  ONTUMi3al[iKHUX
PO3paxyHKIiB NPUUHATO TaKi IPUNYLEHHA:
00’€EKTOM TIepeBe3eHHs1 € OeH3UH
MotopHui (N2 OOH 1203, kiac Hebe3neku 3);
yBeCb 00CAT BaHTaXKy BBAXKAETbCS OJHOPIAHUM,
6e3 ypaxyBaHHSl TeMIepaTypHUX BIIUBIB i
BTpaT iz yac HaBaHTaXXyBaJIbHO-
pPO3BaHTaXXyBaJIbHUX ONlepallili;

- nepeBe3eHHS 3/iMCHIOI0THCA BUK/IYHO

aBTOMOOIJIbHUM TPaHCIIOPTOM i3
BUKOPHUCTAHHAM aBTOLIMCTEPH ADR
Kaessbohrer K.STB E 39/5-11/24 (HimeuunHa)
(BJ1acHICTb MepeBi3HUKA, BaHTAXKOMIAWOMHICTb
20 1, MmicTkicTb 36 M3);
BUKWJW LIKIAJMBUX PEYOBUH MPHU
nepeBe3eHHI BUMIPIOETbCA y rpaMax Ha 20 T
nepeBe3eHoro BaHTaxy, I/ 20 T BaHTaxy
(Tabaung 1-3);

— TPaHCNOPTHA 3aZja4ya PO3IJIALAETHCA AK
3aKpUTa CUCTeMa, y $Kill cyMapHUH 006csar
[iepeBe3eHb BIJNOBiJA€ 3arajbHOMY IIONUTY
MYHKTIB NPHU3HAY€E€HHS;

- HeoOXigHUN 06cAr HadTOBAHTAXy B
MiCTax NpU3HAYEHHS NPUKAHATO NPONOPLINHUM
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KIJIBKOCTI aBTO3allpaBHUX CTAHLIA y KOXXHOMY
HaceJIeHOMY IMYHKTi, MpU I1bOMy [J000Bi Ta
Ce30HHI KOJIMBaHHS NONUTY HE BPaXOBYOThCH.

Jnsa dbopmyBaHs paLioHa/JbHUX
HalpAMKIiB pyxy, IPUNHATO HACTYIHI
N03Ha4yeHHs CTaHLil BiAnpaBeHHS:

Al - MocTtucbka-2, 06’eM BiiBaHTaKeHHS
240 T;

A2 - fIropuH, 06’eM BigBaHTaxkeHHs 180 T;

A3 -Yom, 06’eM BigBaHTaxkeHHs 360 T;

A4 - JIaxoBo, 06’em BigBanTaxkeHHs 100 T;

A5 - Bapyin-CipeT, 06’eM BifjBaHTa)KeHHS
120 T.

YMOBHI N03Ha4YeHHA MICT BUBaHTaXXEHHH:

B1 - Camap, 3aTpebyBaHUI 06’€M BaHTAXKY
300 T;

B2 - BepxHbOJHINPOBCHK, 3aTpebyBaHUI
06’eM BaHTaxy 60 T;

B3 - llapuyaHka, 3aTpeOyBaHUH 006’e€M
BaHTaxy 100 T;

B4 - IlaBsiorpas, 3aTpeOyBaHUU 006’eM
BaHTaxy 300 T;

B5 - CuHe/1bHUKOBE, 3aTpebyBaHUM 06'eM
BaHTaxy 140 T;

B6 - MargasnuHiBKa, 3aTpebyBaHUN 06’€M
BaHTaxy 60 T;

B7 - Kpunuuky, 3aTpebyBaHUN 006’€M
BaHTaxy 40 T.

OnTuMmisalis MogeJti nepeBe3eHHA
3/iCHIOETHCA 3a J0MOMOI0K0 1iJIbOBOI PYHKILiI
TPAaHCIIOPTHOI ~ 33Zj@a4i 3  ypaxXyBaHHAM
IIKIJJIMBUX BUKWUAIB. bByso BHKOpHcTaHe

nporpaMHe 3abe3nedyeHHs [Ji iHXXeHepHUX
po3paxyHkiB MATHCAD, B6ygoBaHa ¢yHKILif
minimize 3 kaTteropii «BupilieHHs pPiBHAHHS»,
sKa NOBepTa€E 3HA4YeHHHA 3MIHHHUX, L0
3a/10BOJIBHAIOTb 0OMeXXeHHs y 6J1011i pillleHH i
IPONOHYIOTh HaliMeHIlle 3Ha4YeHHsA QyHKLIi (B
JlAaHOMY  BHUIAJKY, HalMeH1i BUKHUHN
IKIJIIMBUX PEYOBUH Bifi po60TH IBUTYHA).
DyHKIiA ONMCY€e 3a/IeXKHICTb CyMapHOI0
€KOJIOTIYHOI'0 HaBaHTaXXeHHSA Big o06cAriB

aBTOMO6iﬂbHHX [epeBe3€Hb MIXK
IIoCTa4YaJIbHUKaMHU Ta CIIO2KMUBaA4YaMH. y
3arajlbHOMY BI/IFJIHAi Ma€ BUTJIA[,
_ yi=myJj=n ;
fxy) = BT X2  cijxij » min, (1)

Jie Xij — KUJIbKICTb BAaHTaXYy, 1110 IEpeBO3UTHCA BiJ,
nocTtavyajbHUKa [ [0 COXKMBava j (KiJIbKiCTb
aBTOLMCTEpPH 1o 20 T);
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Cij— piBeHb BUKHUJIB LIKIJJUBUX PEYOBUH
IIpY NepeBe3eHHI OJAWHULI BaHTAXy BIiA Bij
nocTadyajJbHUKa [ A0 crnoxkuBada j (r/20 T
BaHTaXY);

m - KiJIbKiCTb MocTavyaJbHUKIB, 5;

n - KiJIbKIiCTb CII0KKBaYiB, 7.

O6csirn mepeBe3eHb 3aJal0TbCd B YMOBHHUX
OJIMHMIAX, a CaMe B KUJIbBKOCTI aBTOLMCTEPH
BaHTaXkomigHoMHicTio 20 T.

JlJ11 KOXXHOTO MocTavda/lbHUKA BHU3HA4YeHI
0O0MeXXeHHsl TOCTa4yaHHs, L]0 He IepeBUILYE
JIOCTYIIHUM YMOBHHUU 06CAT:

MocTucbKa-2
X11 + X12 + X43 + X4 + X45 + X4 + X7 = 12;

Aroaun

Xpq1 + Xop + Xp3 + Xog + Xp5 + Xg +X37 = 9;
Yon

X371 + X35 + X33 + X34 + Xg5 + Xgg + X37 =18;
JlsikoBe

X41 + Xy4p + X4z + Xys + Xyg + Xy + X47 =5;
Bagyn-Cipet

X51 + Xgp + Xg3 + X54 + X555 + X56 + X557 =6.

J11  KOXKHOrO  CroXKMBaya BH3HA4yeHi
0OMeXeHHSI CIO>KMBaHHSA, L0 He IepeBHULIYE
HeoOXiZJHUI yMOBHUH 06CAT:

Camap

X171 + X1 + X371 + X471 + X514 = 15;
BepxHbOAHINPOBCHK

X2 + Xpp + X35 + X4y + X5 = 3;
LlapruyaHka

X13 + X3 + X33 + X453 + X53 = 5;
[TaBaorpag

X14 + Xo4 + X34 + X44 + Xgq = 15;
CuHeNIbHUKOBE

Xq5 + Xp5 + X35 + X45 + X55 = 7;
MargasnuHiBKa

X16 T Xo6 + X36 + X46 + X56 = 3;

KpuHnuku
X17+X27+X37 +X47+X57 =2.

JlofaTKoBI yMOBUM - ycCi IlepeBe3eHHH
NOBUHHI 6yTU HeBix eMHi x> 0, Vi, j.
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Tatauys 1
ITuromi Bukuam Aiokcuay Byraeriro (CO3z) Bia cranuii BiAipaBaeHHs A0 KiHIteBoro myHkry (r/20 T
BaHTAXYy)
HN3HAYEHHA
Bl | B2 | B3 | B4 | B5 | B6 | B7
Bianpasaen
Al 2700 | 2550 | 2700 | 2850 | 2700 | 2700 | 2550
A2 2550 | 2550 | 2550 | 2700 | 2700 | 2400 | 2400
A3 3000 | 2850 | 2850 | 3150 | 3150 | 3150 | 2850
A4 3000 | 2850 | 3000 | 3150 | 3150 | 3000 | 2850
Ab 2400 | 2250 | 2250 | 2550 | 2400 | 2400 | 2100
Tatauys 2
ITuromi Buknan oxcuais azory (NOy) BiA craHmii BiAmpaBaeHHs A0 KiHIeBOro myHKTy (r/20 T
BaHTAXYy)
HN3HAYECHHA
Bl | B2 | B3 | B4 | B5 | B6 | B7
Bianpasaen
Al 3600 | 3400 | 3600 | 3800 | 3600 | 3600 | 3400
A2 3400 | 3000 | 3000 | 3600 | 3600 | 3200 | 3200
A3 4000 | 3800 | 3800 | 4200 | 4200 | 4200 | 3800
A4 4000 | 3800 | 4000 | 4200 | 4200 | 4000 | 3800
AB 3200 | 3000 | 3000 | 3400 | 3200 | 3200 | 2800
Tabauys 3
ITuromi Bukuam Byraesoanis (CH) Bia cranuii BiatipaBaeHnHs A0 kiHneBoro myskry (r/20 T
BaHTAXYy)
HN3HAYECHHA
B1 | B2 | B3 | B4 | B5 | B6 | B7
BiatpaBaen
Al 828 782 | 828 | 874 | 828 | 828 | 782
A2 782 690 | 690 | 828 | 828 | 736 | 736
A3 920 874 | 874 | 966 | 966 | 966 | 874
A4 920 874 | 920 | 966 | 966 | 920 | 874
A5 736 690 | 690 | 782 | 736 | 736 | 644

OTxe, npu NepeBe3eHHI B aBTOLUCTEPHAX
1isiboBa QYHKIisl pO3paxyHKY BUKHU/IiB OKCH/IiB
ByrJiento (CO) mae BUT/IAL,
f(xij) = 2700 - x;1 + 2550 - x4, + 2700 - x43 +

2850 - X14 + 2700 - Xy + 2700 * X, + 2550 -
X17 + 2550 - X5; + 2550 - x5, + 2550 - 23 +

2700 - Xz + 2700 - Xy + 2400 - X, + 2400 -
X7 + 3000 - X3, + 2850 - X35 + 2850 - X33 +
3150 - X34 + 3150 - X35 + 3150 - X3¢ + 2850 -
X37 + 3000 - x,; + 2850 - x4, + 3000 - x5 +
3150 - x44 + 3150 - X,45 + 3000 - x4 + 2850 -
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Xy + 2400 - X51 + 2250 - X5 + 2250 - X53 +
2250 - Xs4 + 2400 - X55 + 2400 - X5 + 2100 -

X575

1li/IboBa QYHKIliA pO3PaXyHKy BUKU/IB OKCHU/IB
azoty (NOy) Mae BUT/IAL,
f(xi;) = 3600 - x3, + 3400 - X35 + 3600 - x;3 +

3800 - x14 + 3600 - Xy + 3600 - X, + 3400 -
X7 + 3400 - X5; + 3000 - X55 + 3000 - X,5 +
3600 - X,4 + 3600 - X,5 + 3200 - X, + 3200 -
X7 + 4000 - X3, + 3800 - x5, + 3800 - x5 +
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4200 - X34 + 4200 - X35 + 4200 - X35 + 3800 -
X37 + 4000 - x4, + 3800 - x4, + 4000 - x,5 +
4200 - X, + 4200 - x45 + 4000 - x4 + 3800 -
X7 + 3200 - X5, + 3000 - x5y + 3000 - xs5 +
3400 - x5, + 3200 - Xs5 + 3200 - X5 + 2800 -

X57;

LiJboBa  QYHKIA  pO3paxyHKy BHUKHUJIB

ByryieBoHIB (CH) Mae Burssz

f(xij) = 828-x;; +782-x1, + 828 x;5 +
874 - x4 + 828 x45 + 828 - x4 + 782 * X417 +
782 X571 + 690 -
828 ' xy5 + 736
874 - x3, + 874 -
966 - X34 + 874 -

920 - X453 + 966 -

Xpp + 690 X553 + 828 - xp4 +
X6 + 736 *X57 + 920 %31 +
X33 + 966 * X34 + 966 * X35 +
X37 + 920 xX4q + 874 x4, +
X44 + 966 X45 + 920 * X4 +

874‘ " X47 + 736 - X51 + 690 " X52 + 690 ) X53 +
782 - X5g + 736 Xs5g + 736 Xs56 + 644 - X57.

MaTpuna posnojiny MIX
mocTayaJbHUKaMMU Ta  CIOXMBadyaMH, 3
ypaxyBaHHAM MiHIMaJbHUX BUKUJIB OKCUJIB
Byrjenio  (CO) Ta ByrseBogHiB  (CH),
BUKOPUCTOBYHYU CXeMy IepeBe3eHHA B
aBTOLIMCTEpPHAX, BiJ MMOYaTKOBOI CTaHLil [0
MICT IpU3HA4YeHHA

X11 X12 X13 X14 X15 X16 X17
X21 X22 X23 X24 X325 X6 X27
X31 X32 X33 X34 X55 Xp6 X37
X1 X42 X43 X4 X45 X46 X47
X51 X52 X53 X54 X55 X56 X57

0005700
6000030
=19351000}. (2)
0003002
000600 OJ
losicHeHHs 110710 pe3y/IbTaTiB
pO3paxyHKY 3Be/leHO /10 Tab/uLi 4.
Tabauys 4

Posnoaia 06’emy HaPTOIIPOAYKTIB Mi>K HOCTAYaABPHUKAMH T4 CIIOKHBAYAMU 3 yPAXyBaHHAM
MiHiMaABHUX BHKHAIB OKkcuAiB Byraeiro (CO) Ta ByraeBoanis (CH), (1)

PHU3HAYCHHA
Bl | B2 | B3 | B4 | B5 | B6 | B7

BianpaBaenus

Al 100 | 140

A2 120 60

A3 180 | 60 | 100 | 20

A4 60 40

Ab 120

3i cranHnii MocTucbka-2 i3 3arajbHUM
0o6carom BiaBaHTaxkeHHs 240 T mepeBe3eHHS
3[IMCHIOIOTHCA A0 MicTa [[aBaorpaz y KiJIbKOCTI
100 T Ta CruHesibHMKOBeE Y KisibKOCTI 140 T.

3i craHuii fIroauH i3 3araJilbHUM 06CATOM
180 T nmasibHe nmocTavyaeTbcs M. CaMmap y 06cs3i
120 T Ta M. MarpasnuHiBKa y 06cs3i 60 T.

CraHLisg Yon € Hano6iIbIINM
nocravyajbHUKOM 3 06csiroM 360 T i 3a6e3mneuye
o/ipa3y KisibKa crnoxuBadiB: M. Camap - 180 T;
M. BepxHboiHinpoBCchK - 60 T; M. llapryaHka -
100 1; m. [laBnorpag - 20 T.

3i ctaHuii  /IgKkoBo
BiJJBaHTa)KeHHS 100 T

3  obcarom
3/iHCHIOEThCA
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nocradyaHHd M. [laBsorpag y kisibkocTti 60 T Ta
M. KpyuHuyku y KizibkocTi 40 T.

31 craHnii Bagys-Ciper 3 HafgBHUM
obcaroMm 120 T nepeBe3eHHS BUKOHYHTbCS
BUKJIIOYHO 710 M. [laBsiorpag y kisbkocti 120 T.

MaTpunsa posnojiny MIXK
NOCTa4aJIbHUKaMU  Ta  CIOXKHUBA4YaMH, 3
ypaxyBaHHAM MiHIMaJbHUX BUKHU/IB OKCUJIB
azoty (NOy).

X11 X12 X13 X14 X15 X16 X17
X21 X22 X23 X34 X25 X26 X27
X31 X32 X33 X34 X355 Xg6 X37 | =
X41 X42 X43 X44 Xa5 X46 X47
X51 X52 X53 X54 X555 X56 X57
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Po3nogin 06’eMy HadTONpPOAYKTIB Mix
oCTadyaJlbHUKaMM Ta  CHOXHWBayaMU 3
ypaxyBaHHAM MiHIMaJbHUX BUKUJAIB OKCHUJIB
asoty (NOy) nokasaHa B TabJimli 5.

Tatauys 5

IIOAIA My HA I iB MI>K II AYAABHUKAMH TA CIIOKUBAYAMUA aXyBaHHAM
Po3moaia 06’¢e TOIIPOAYKTIB Mi*K IIOCT K TA CIIOK 3
MiHIMAABHHUX BUKHAIB OKCHAIB azoty (NOy), (T)

ITpusnauenus
B1 | B2 | B3 | B4 | B5 | B6 | B7
BiaupaBaennsa

Al - - - 180 | 60 - -
A2 - | 20 | 100 | - - | 60 | -
A3 300 | 40 | - | 20 | - - -
A4 - - - w0 - | - | -
A5 - - - - 8o - |40

3i craHnii MocTucbka-2 i3 3arajbHUM
0o6carom BiaBaHTaxeHHs 240 T mepeBe3eHHS
3JIMCHIOIOTHCA A0 MicTa [[aBaorpaz y KiJIbKOCTI
180 T Ta CHe/JIbHUKOBE Y KiJIbKOCTI 60 T.

3i craHuii froauH i3 3araJIbHUM 06CATOM
180 T najbHe NOCTA4Ya€ETHCA M.
BepxnboaHinpoBcbk y o06c¢ca3i 20 T, M.
aprvyanka - 100 T Ta M. MargaauHiBka y
06ca3i 60 T.

CraHnnia Yon 3 06¢csirom 360 T 3abe3neuye
o/ipa3y Kizbka crnoxuBayiB: M. Camap - 300 T;
M. BepxnboHinpoBchK - 40 T; M. [lapuyaHka -
20 T.

3i craHnuii  [JldakoBo 3 06carom
BiJBAHTa)KeHHS 100 T 3/iMCHIOEThCS
nocradyaHHd M. [laBaorpag y kisibkocti 100 T.

3i craHnii Baayn-Ciper 3 HasgBHUM
06carom 120 T nepeBe3eHHsI BUKOHYIOTBCS 10
M. CuHeJbHUKOBO y Kiabkocti 80 T Ta
M. Kpunnuku - 40 T.

PesyapTaTH AOCAiA’KEHHA Ta OOroBO-
peHH:A

OTpuMmaHi pe3ysbTaTH € HACJAIAKOM
ONTUMIi3allil TpaHCIOPTHOI 3aJayi HAa OCHOBI
NUTOMUX NOKA3HUKIB, HaBeJleHUX y Tabs. 1-3,
1[0 XapaKTepu3yITb €KOJIOTIYHI mapaMeTpu
nepeBe3eHb. OnTuMisanisa 3aidcHIOBasacd i3
3aCTOCYBaHHAM BiZjoMOI TPaHCIIOPTHOI MoAei
3 JIiHiAHOIO LiNIbOBOI QYHKIi€LO, KA MiHIMIi3ye
CyMapHi BHUTpaTH aboO eKoJIOTiYHi HaBaH-
TaXXeHHS1 32 YMOBM BUKOHAaHHS 0aJlaHCOBUX
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obMeXeHb MiX MNyHKTaMH BiJIpaBJieHHS Ta
NpU3HAYEHHS.

AnropuTM onTuMmizauii, BigNoBiAHO 10
nisiboBoi QyHk1ii (1), 3abe3nedyyBasud BUOGIp
MapupyTiB i3 MiHiMaJbHUMU 06CsATaMU
BUKHU/IIB 3a6pyaHIolounx pedyoBUH (CO, NO,
CH), noB’sizaHux i3 nepeBe3eHHSM OJUHUILI
BaHTaXYy.

OTprMaHUMU pO3MNOAIJT BaHTAXXOMOTOKIB
TaKOX  3YMOBJIEHUW  BigMIHHOCTAMH Yy
TEXHOJIOTIYHUX  MOMKJIUBOCTAX BaHTaXO0-
06pPOOKH Ha CTaHI[iSIX BiZjipaB/eHHS.

Cranuii Moctucbka-2, fAroauH ta Yon
XapaKTepU3YKTbCA HAABHICTIO pPO3BUHEHOI
iHppacTpyKTypu [Jisi ONEepaTUBHOIO 3JIUBY,
Ha/IMBy Ta NepeBaHTaKeHHS HapTOBAHTAXIB,
1110 A€ 3MOI'y CKOPOTUTH TPUBAJIICTH NIPOCTOIB
pyXOMOIr'o CKJaJy Ta 3MEHIIUTU KIJIbKICTb
JIOMIOMI>KHUX MaHEBPOBUX onepaliu. Lle, y cBoro
yepry, CIpUs€ 3HWKEHHIO HeNPSAMUX BUKHU/IB
CO, NO4 Ta CH, noB’si3aHUX 3 p060OTOI0 JBUTYHIB
aBTOMOOGIJIIB y peXuUMaxX X0JIOCTOrO XOAy Ta
YAaCTKOBUX HaBaHTaXeEHb.

BupienHs uinboBoi ¢yHKIiI mokasaso,
10 BUKOPHUCTOBYIYMU CXeMy IlepeBe3eHHs B
aBTOIUCTEPHAX, BiJy NPUKOPJOHHUX CTAHLiH 10
MICT MNpU3HAYEeHHd, NpPU TPAHCIOPTYBAHHI
HadToBaHTaXy o6’eMoM 1000 TOH, MOXKJIUBO
JOCATTH MiHiMaJIbHOI KIJIBKOCTI BUKHJIB
okcuiB ByrJseno (CO) - 136900 r, okcupais
azoty (NOy) - 183800 r, ByrneBoguiB (CH) -
42270T.
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Cepe/1 o0CHOBHUX 0OMeXeHb 0CaiKEHHS
CJiJ,  BiJ3HAQYUTU BUKOPUCTAHHA OJHOIO
KpUTepil0 oONTUMi3alii, 1o 6a3yeTbcd Ha
NUTOMUX BUKH/AX, AKi JIMIIe oocepeKOBAHO
BiZ06paXKal0Th eKOoJIOTi4yHi HaCJi KU
nepeBe3eHb. [loganpliuii pPO3BUTOK pPOOGOTH
JIOLIIBHO  MOB'I3aTM 3  [epexosoM [0
6araTokpuTepiaJbHOI ONTUMIi3alli], 110
JI03BOJIUTh OJHOYAaCHO BpPaxOBYBAaTU BTpaTH
HaTOMPOAYKTIB MiJ 4Yac NepeBaHTAKeHHH,
piBeHb PpHU3UKy Ta MNOpsAMi 06CATH BHUKUJIB
3abpyaHooynx pedyoBuH (CO, NOy, CH).

BucaoBku

Y xoali pochaipkeHHA NiATBEPKEHO
JOLJIBHICTh 3aCTOCYBaHHS ONTHUMIi3aLliMHUX
nigxofiB g QPOpMyBaHHS  €KOJIOTIYHO
ePpeKTHUBHOI CXeMHU aBTOMOOIJIbHOT'O
nepeBe3eHHsA HAQTOBaHTAXIB.

BcTaHoBJIEHO, 110 panioHaJIbHUHA
po3nojiizi  06¢cAriB HAaQTONPOAYKTIB  MiX
NyHKTaMW BiAIpaBJieHHd Ta KIHIEBUMHU
CHOXXUBavYaMM [03BOJIIE CYyTTEBO CKOPOTUTH
CyMapHUH npoo6ir aBTOMOOIJIbLHOTO
TpPaHCHOpPTYy, W0 Oe3nocepelHbO BIJIMBAE Ha

3MEeHIIeHHd BUTpPaT MaJbHOrO Ta pIiBHIB
BUKU/IIB 3a6pyAHIOIYUX pe4YOBUH B
aTtMmocoepy.

®dinancyBanns / Funding

AHnaui3 pe3ysibTaTiB onTUMi3alii 10OKa3as.,
10 KOHLeHTpalid  BaHTAXOIIOTOKIB  Ha
€KOJIOTIYHO Oinbll epeKTHBHUX MaplIpyTax
Jla€e 3MOry MiHIMi3yBaTU NUTOMiI Ta CyMapHi
Bukuaun CO, NOy Ta CH, ocobsuBO mnpu
nepeBe3eHHI 3HAYHUX O0OCATIB BaHTaXy Ha
cepeiHi Ta BeJIUKI BiZiCTaHI.

Bubip IIyHKTIB BiflIpaBJIeHHA 3
PO3BUHEHIIMMU MOXKJIUBOCTAMU BaAHTAXKO-
00poOKM Ta O6e3lepepBHOIO OpraHisali€ro
JIOTICTUYHUX IIPOLECIB CIPUAE 3HUIKEHHIO
HeNpsAIMUX BUKUJIB, NMOB’I3aHUX i3 NPOCTOEM
TPaHCHOPTHUX 3aC006iB Ta poOOTOIO JBUTYHIB Y
Hee(peKTUBHUX peXKHUMaX.

OTpuMaHi pe3y/bTaTU NiLTBEpPKYIOTb
OCHOBHY TiloTe3y [JAOCHI[PKEHHA NpO Te, 110
onTuMi3aliss aBTOMOOINbLHUX IepeBe3eHb
HapTOBaHTaXiB € epeKTUBHUM IHCTPYMEHTOM
3MEeHIIeHH HEeraTUBHOIO BILJIUBY aBTOTpPaH-
CIOPTY Ha [JOBKiJI 6e3 3HUWKEHHS piBHA
3abe3nevyeHHs CI0KMBaviB aJIMBOM.

3anponoHOBaHUW MiAXiA Moxe OyTH
BUKOPUCTAaHUM $fIK HAyKOBO OOIPYHTOBaHa
OCHOBaA JiJIl IPUNHATTS YIIPaBJIiHCbKUX pillleHb
y cepi JIOTiCTUKU NaJIbHOTO, CIPSIMOBAaHUX Ha
MiIBUILIEHHS €KOJIOTiYHOI 6e3MeKU nepeBe3eHb
Ta 3HW>KEHHA aHTPOIIOT€HHOI0 HAaBaHTAXXEeHHA
Ha aTMocdepy.
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inteaexry B mporeci Hanucanusa / Declaration on Generative Artificial Intelligence and

Al-enabled Technologies in the Writing Process

Bukopucrano mMozenb wtyyHoro iHTesekty ChatGPT-5.1 B po3ginax «Bctyn», «Pe3ynbTaTu
JlOCJIiI>KEHHSI Ta OOTOBOpPEHHS», MPOBOJUJINCH MepeBipka rpamMaTuky, opdorpadii, nyHKTyaii,
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CTBOPEHOr0 aBTOpPaMHM, MOPIBHAHHS pe3y/abTaTy 3 €eMIIpUYHUMH JAaHUMH, CHiBCTaBJEHHS 3
iHdpopMalli€lo Ha aBTOPUTETHUX MOUIYKOBUX PECYpcax HAyKOBUX POOIT. Pe3yibTaTu BUKOPHUCTAHHSA
IITYYHOTO iHTEJIEKTY He BIJIMHYJIM Ha HAYKOBY HOBU3HY. [lic/is1 BUKOPUCTAHHSA LJbOI'0 iHCTPYMEHTY
aBTOpPU peTeJbHO IeperyiiHy/id Ta BijpeJaryBajii BMICT 3a NOTpe6U Ta HECYTb IOBHY
BiANOBIa/IbHICTbL 3a ocTaTO4YHy ony6JsikoBaHy Bepcito. / The ChatGPT-5.1 artificial intelligence
model was used in the sections "Introduction”, "Results of the study and discussion", grammar,
spelling, punctuation were checked, sources were searched for by keywords and criteria, the original
text created by the authors was improved, the result was compared with empirical data, and
information was compared with information on authoritative search resources of scientific works.
The results of using artificial intelligence did not affect scientific novelty. After using this tool, the
authors carefully reviewed and edited the content as necessary and take full responsibility for the
final published version.
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Oleksandr Batrachenko, Mykola Todorov

DEVELOPMENT OF A RISK-BASED APPROACH TO
MEAT PRODUCT SAFETY

\#6)%
Onexkcanpap bBaTpauenko, Mukosia Togopos

PO3BUTOK PU3UK-OPIEHTOBAHOTO IIIAXO0AY A0
BE3IIEYHOCTI M’ICHUX ITPOAYKTIB

ABSTRACT

Purpose of the work. The aim of this study is to summarise and systematically analyse contemporary risk-
oriented approaches to ensuring the safety of meat products intended for children and sensitive population groups, as
well as to substantiate the feasibility of using product shape and internal structure as engineering tools for reducing
technological risks in the production of dried meat products.

Methodology. The methodology of the study is based on a review and analytical approach employing structural-
logical, comparative and critical analysis of current scientific publications and regulatory documents: Codex
Alimentarius, ISO 22000, norms of EFSA etc. related to food safety management. The analysis is conducted from a risk-
oriented perspective, taking into account the multi-barrier concept, the role of water activity, dehydration kinetics, and
the influence of product geometry and internal structure on the formation of microbiological stability in meat products.

Scientific novelty. Scientific novelty lies in the development of a generalised conceptual model in which the shape
and internal structure of dried meat products are considered as active engineering factors for risk management. An
interpretation of safe-by-design principles in food technologies is proposed as an applied mechanism of “built-in safety”,
enabling the reduction of technological risks through product and process design rather than exclusively through
formulation- or ingredient-based solutions.

Conclusions. The conclusions indicate that, for meat products intended for children and sensitive population
groups, a risk-oriented approach should be combined with engineering control of product shape and internal structure.
Such an approach contributes to reducing the duration of product exposure to potentially hazardous conditions, levelling
water activity profiles, and decreasing dependence on preservative additives without compromising safety and quality.

Key words: risk-oriented approach, meat product safety, safe-by-design, water activity, structural design of food
products

AHOTALIA

MeTa po60oTH. MeTa po60OTH MOJIATAE B y3arajJbHEHHI Ta CUCTEMHOMY aHaJsi3i cCydacHUX PU3UK-OpPiEHTOBAHUX
nizxoiB /10 3a6e3mnedyeHHsI 6€3MeYHOCTi M’ ICHUX TPOAYKTIB, IPU3HAYEHUX /IS iTel Ta CEHCUTUBHUX IPYIl HACEJIEHHS,
a TAaKOXX B OGI'PYHTYBaHHI JOLJIbHOCTI BUKOPUCTAHHS (OPMH Ta BHYTPIIIHBOI GY/J0BU MPOJAYKTY SK iHXKEHEpHOro
IHCTPYMEHTY 3HU>KeHHsI TEXHOJIOTIYHMX PU3UKIB y Ipoljecax BUTOTOBJIEHHS CYLIEHUX M sICHUX BUPOGIB.

MeTopgosoris. MeTozosoris focaipkeHHS 6a3y€TbCSA Ha OIJIA0BO-aHAITUYHOMY IiJX0/i 3 BUKOPUCTAaHHAM
CTPYKTYPHO-JIOTIYHOTI'0, NOPiBHAJIBHOIO Ta KPUTUYHOTO aHaJi3y CyyaCHUX HAyKOBUX MyOJikalLlii i HOpMaTHBHUX
nokymeHTiB: Codex Alimentarius, ISO 22000, goxymeHTiB EFSA Ta iH., NpUCBAYEHUX yNpaBJiHHIO Ge3MeYHICTIO
XapuyoOBHUX INMPOAYKTIB. AHasli3 BUKOHAHO 3 MO3WI[iH PU3UK-OPiEHTOBAHOI JIOTiKM 3 ypaxyBaHHSIM GaraTo6ap’epHoi
KOHIIeMNIiil, poJii akTUBHOCTI BO/IM, KIHETUKM 3HEBOJHEHHS Ta BIJIMBY reoMeTpii i BHyTPIIHBOI CTPYKTYPH M’SICHUX
BUPOGiB Ha GopMyBaHHS MiKpo6iosoriyHoi cTabiIbHOCTI.

HaykoBa HoBH3HaA. PopMyBaHHS y3arajbHeHOI KOHIleNTya/lbHOI MoJeJi, B fIKii ¢opMa Ta BHYTpilIHA O6yf0Ba
CylIeHUX M’SICHUX IPOAYKTIB PO3TJIsAAal0ThCs IK aKTUBHI iHXKeHepHi YUHHUKU KepyBaHHsS pPU3HMKaMU. 3allpONIOHOBAHO
iHTepnperanito mpuHUMMiB safe-by-design y Xap4oBHUX TEXHOJIOTiISIX fK NPHUKIAZHOTO MexaHi3My «BOy/J0BaHO]
6e3MevYHOCTi», 10 Z03BOJISIE 3MEHIIYBATH TEXHOJIOTIYHI PU3UKH LIJIIXOM MPOEKTYBAHHSA NMPOJAYKTY Ta MPOLECY, a HE
BHUKJIIOYHO 33 PAaXyHOK pelleNTyPHHUX a60 iHTpeliEHTHUX pillleHb.
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BucHOBKM. /[lng M'ICHUX TNpPOJYKTIB, OpPiEHTOBAHUX Ha JiTeldl Ta CEHCUTUBHI TIPYyNU HaceJieHHS, PU3UK-
OpiEHTOBaHUMU MiAXif AOLIIBHO MOEAHYBATH 3 iHXKEHEPHUM KepyBaHHAM GOpPMOI0 Ta BHYTPILIHbOIO 6Y/I0BOIO BUPOOY.
Takull migxi CHpuUsie CKOPOYEHHI0 TPUBAJIOCTI NepebyBaHHA MPOJAYKTY Yy NOTEHLiHHO Hebe3leYHUX YMOBax,
BUPiBHIOBAHHIO NPOQi0 aKTHUBHOCTI BOJM Ta 3HWKEHHIO 3aJIEXKHOCTI BiJj KOHCEPBYBaJIbHUX Z106aBOK 6€3 KOMIIPOMicy

1[0/10 6€3Me4YHOCTI ¥ AKOCTI.

Ki040Bi ci0Ba: pU3MK-OpieHTOBAaHUM MiAxiJ, 6e3mevyHicTb M'ICHUX NPOAYKTIB, safe-by-design, akTUBHICTb

BOJIU, CTPYKTYpPHE NIPOEKTYBAHHSA XapuOBUX NPOAYKTIB

Introduction

Ensuring the safety of food products
intended for children and other sensitive
population groups is one of the priority tasks of
modern food science and practice. These groups
include individuals with compromised immune
systems, chronic diseases, metabolic disorders,
as well as consumers for whom even moderate
levels of conventionally acceptable food-related
risks may have critical consequences. In this
context, approaches to food safety for such
population groups should be based not only on
compliance with general regulatory
requirements, but also on the principles of risk
reduction at all stages of production.

Meat products, particularly dry-cured and
fermented products, belong to a category of
foods characterised by high technological
complexity and a multifactorial nature of risk
formation. Their safety is determined by a
combination of physicochemical, microbio-
logical and structural factors, among which the
moisture content of the meat matrix, water
activity, the duration and uniformity of drying
processes, as well as the internal structure of
the product play a key role. For children and
sensitive population groups, even minor non-
uniformities in these processes may lead to an
increased level of risk, which necessitates a
more precise and controllable technological
approach.

Traditionally, ensuring the safety of meat
products has been based on the implementation
of food safety management systems, in
particular HACCP, as well as on the use of
ingredients with preservative effects, including
nitrites. At the same time, numerous scientific
publications and regulatory documents point to
inherent limitations of an exclusively
ingredient-based approach, especially in
products intended for vulnerable population
groups. In this context, the search for alternative
or complementary risk-reduction tools
becomes increasingly relevant, as such tools
allow for a reduction in dependence on
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technological additives without compromising
food safety.

Currently, food safety management is
based on systematic risk analysis aimed at the
identification, assessment and control of
hazards at all stages of production, processing,
storage and  distribution.  Scientifically
grounded food safety management systems,
such as HACCP, differ from traditional quality
control practices in that they adopt a preventive
approach focused on mitigating risks before
hazardous factors can lead to adverse
consequences for consumers. HACCP enables
the systematic identification of hazards, the
establishment of critical control points, critical
limits and monitoring measures, which are
essential for preventing biological, chemical and
physical risks in food products, including meat
products (Codex Alimentarius Commission
[CAC], 2022).

In quantitative microbial risk assessment
(QMRA), predictive modelling tools are
increasingly applied to describe microbial
behaviour under varying water activity and
process conditions (Ross & McMeekin, 2003;
Nauta, 2000; CAC, 1999). Such models allow not
only hazard identification but also comparative

evaluation of alternative technological
scenarios.
According to international guidance

documents, food safety management systems,
including HACCP, should be implemented at all
stages of the food chain - from raw materials to
finished products - and should be aimed at risk
reduction through scientifically justified
preventive measures rather than relying solely
on end-product testing (International Finance
Corporation [IFC], 2020).

Within the broader risk assessment
paradigm, product safety is defined as a set of
measures designed to minimise the likelihood of
exposure to significant hazards affecting
consumer health within acceptable limits
(International Organization for Standardization
[ISO], n.d.). In this paradigm, a risk-oriented
approach plays a key role, as it takes into
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account actual risk factors, their
interrelationships, and the potential severity of
consequences when developing control
strategies.

For meat products, the risk-oriented
approach must be adapted to the specific
characteristics of these foods, which undergo
complex physicochemical and microbiological
changes during processing, storage and
distribution. This applies both to thermally
processed products and to dried or fermented
products, where the risks associated with
excessive  microbial activity, component
oxidation, and the formation of potentially
harmful compounds may vary depending on
technological parameters and the internal
structure of the product (Brykova, T., 2024). In
practice, risk-oriented control in the meat
sector includes the analysis of biological,
chemical and physical risk factors, the
identification of critical control points within
the technological process, and the monitoring of
parameters that directly influence product
safety and quality.

Modern food safety ~management
standards, such as ISO 22000, integrate HACCP
requirements into a comprehensive food safety
management system and emphasise the
importance of linking risk-oriented
requirements with ~management system
elements, including communication, supply
chain control, traceability and hazard control
(ISO, n.d.). This integration enhances the
effectiveness of responses to emerging and
changing risks during food production
processes and ensures a clear connection
between risk management activities and
organisational aspects of production.

It is also important to note that a risk-
oriented approach is not limited solely to the
implementation of HACCP or ISO 22000. It
additionally encompasses methodological tools
for risk assessment, early identification of
potential safety issues, forecasting of hazardous
trends, and the integration of data on the impact
of risks on consumer health. In particular, risk
models employing quantitative assessment
methods enable the prediction of risk levels and
the comparison of alternative technological
scenarios in meat product manufacturing (Food
and Agriculture Organization of the United
Nations [FAO], 2017).

The specificity of risks in meat products
and the role of structural and engineering
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factors in their formation can be outlined as
follows. Meat products, especially dry-cured
and fermented products, are characterised by a
multifactorial nature of risk formation, in which
not only formulation but also the course of mass
transfer processes within the product matrix
are critical. In such systems, parameters
determining the state of water - namely raw
material moisture content and water activity -
as well as their spatial distribution (gradients
between the surface and the core), are directly
related to microbiological stability and product
safety. In particular, for dry and fermented
sausages, water activity is considered one of the
key “barriers” limiting the growth of
undesirable microflora, while its reduction to a
safe level is achieved through a combination of
drying and salting processes (Patarata et al,,
2022).

From a risk-oriented perspective, an
important consideration is that hazardous
zones in meat products may be localised. Even
when target parameters are achieved at the
product surface, internal regions may retain
elevated moisture content and water activity for
a longer period, thereby forming an “internal
risk window” (Benio et al, 2023). For dry-
fermented products, this issue is further
intensified due to the dependence of
dehydration kinetics on product geometry and
internal structure. Consequently, the control of
water activity should account not only for its
final value, but also for the sampling location
and the spatial heterogeneity of this parameter
within different product zones. This is
supported by recent studies addressing water
activity measurement practices in dried and
fermented meat products and demonstrating
the influence of sampling location on the
interpretation of product safety. Experimental
studies have demonstrated the strong
dependence of Salmonella growth dynamics on
water activity levels, reinforcing the need for
precise spatial control of aw during drying
(Gibson et al., 1988).

The classical scientific and practical
framework for describing such systems is
provided by the hurdle technology concept
(Leistner, 2000), according to which product
safety and stability are ensured not by a single
factor, but by a combination of multiple
barriers, including water activity, acidity, redox
potential, temperature, competitive microflora
and/or preservative substances. In the context
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of meat products, this concept is particularly
valuable as it explains how a reduced
dependence on individual additives, notably
nitrite, can be achieved provided that other
barriers are strengthened - primarily through
controlled dehydration and the homogenisation
of internal conditions within the product.

It should also be taken into account that
technological solutions aimed at “improving”
product composition - for example, reducing
salt or nitrite content - may shift the balance of
protective barriers and potentially increase
risks if adequate compensation by other factors
is not ensured, particularly water activity and
drying dynamics. For dry and dry-fermented
sausages, authoritative sources emphasise that
water activity represents the key barrier for
microbial control (Patarata et al, 2022).
Accordingly, any reduction in formulation
ingredients requires an engineering-controlled
dehydration process and a predictable
formation of water activity to maintain product
safety. The predictive role of water activity in
microbial stability has long been substantiated
in food systems and remains one of the most
reliable indicators of microbial growth
limitation (Labuza & Altunakar, 2007; Fontana,
2000).

Structural and engineering factors - such
as product shape, thickness, internal structure,
and the characteristics of the protein-fat matrix
- are critical because they directly determine
diffusion path lengths and moisture transfer
conditions within the product. For meat
systems, it is well established that the structure
of the protein matrix governs water retention,
texture, and the course of transformations
during technological processing (Tornberg,
2005). Consequently, modifications of external
shape and internal structure can affect both
mass transfer processes and the final quality
attributes of the product. As a fundamental
reference for substantiating the role of
structure and its relationship with quality and
the behaviour of meat proteins, the classical
review by Tornberg is considered particularly
relevant.

Within a risk-oriented framework for
products intended for children and sensitive
population groups, particular importance is
attributed to reducing the overall dietary
exposure to potentially undesirable substances,
notably nitrites, while maintaining
microbiological stability. EFSA highlights the
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technological role of nitrites, particularly their
inhibitory effect on Clostridium botulinum, while
simultaneously emphasising the need for a
scientifically substantiated approach to their
assessment and use (European Food Safety
Authority [EFSA], 2017). In addition,
quantitative exposure assessments confirm that
cumulative dietary intake of nitrites remains a
regulatory concern, especially in products
consumed by sensitive population groups (EFSA
ANS Panel, 2017). At the same time,
technological strategies aimed at nitrite
reduction require compensation through
alternative safety barriers (Sebranek & Bacus,
2007). Risk assessment studies also analyse the
contribution of meat products to long-term
cumulative dietary exposure to nitrites and
nitrates. This creates a basis for engineering
strategies in which part of the “risk-control”
function is shifted from additives to controllable
process parameters and product structural
characteristics.

Thus, the specificity of risks in meat
products arises from the combined effects of
mass transfer limitations that lead to spatial and
temporal heterogeneity of water activity,
structurally determined differences in diffusion
pathways across various product types (minced
and restructured whole-muscle products), and
the need to balance safety barriers when
pursuing nitrite reduction in products intended
for vulnerable population groups.

In this context, the safe-by-design logic
can be substantiated as an adaptation of the
engineering principle of “inherent safety”. That
is, risk reduction is achieved not only through
end-product control or intensified use of
additives, but through the design of product
shape and internal structure in such a way as to
accelerate and homogenise dehydration,
thereby reducing the duration during which the
product remains in a potentially hazardous
state.

In technical and regulatory disciplines,
safe-by-design or safer-by-design approaches
are interpreted as forms of inherent safety,
whereby risks are mitigated not solely by
control measures or testing of the final product,
but already at the design stage through the
selection of structural and constructive
solutions that reduce the likelihood of
hazardous scenarios throughout the product or
process life cycle. This logic has been most
systematically developed in the fields of
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material safety and nanotechnology; however,
its principles are of a general engineering
nature and can be adapted to food systems as
“risk-informed design” or “risk-aware product
design” approaches (Leistner, 2000).

As a concept in food technology, the term
safe-by-design can be interpreted as an applied
extension of the multi-barrier (hurdle)
approach. In food engineering, a historically
close analogue to safe-by-design is the concept
of hygienic design of equipment and processing
lines. According to this concept, equipment
design  should minimise contamination
accumulation and ensure effective cleaning and
disinfection, thereby reducing the risk of
microbiological  contamination.  Scientific
publications emphasise that poorly designed
equipment structures can directly lead to
microbiological and chemical hazards as well as
physical contamination (Mediani et al., 2022).

For example, a classical study on risk-
oriented design of aseptic processing for
heterogeneous food products demonstrated
that process parameters should be established
based on risk assessment and product
variability rather than solely on “average”
technological conditions (Kabil et al., 2025).
This represents a direct application of the
design-for-safety logic, whereby safety is
ensured through decisions made at the process
design level. Consequently, engineering
solutions should be regarded as an integral
component of food safety systems rather than
merely an auxiliary or secondary aspect.

The aim of this study is to synthesise and
systematically analyse contemporary scientific
approaches to ensuring the safety of meat
products intended for children and sensitive
population groups from a risk-oriented
perspective, as well as to substantiate the
feasibility of using product shape and internal
structure as engineering tools for reducing
technological risks in the production of dried
meat products.

To achieve this aim,
objectives were addressed:

the following

1.  toanalyse current scientific approaches to
risk-oriented food safety management in
meat products intended for children and
sensitive population groups;

2.  to systematise the main technological risk

factors in dried meat products, taking into
account water activity and the
heterogeneity of mass transfer processes;
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3. to evaluate the role of product shape and
internal structure as engineering factors
for safety control within the multi-barrier
(hurdle) concept;

4.  tosubstantiate the applicability of safe-by-

design principles in the design of meat
products with reduced technological risks.

Materials and methods

This study has a review and analytical
character and is based on a systematic analysis
of contemporary scientific publications,
regulatory documents, and analytical materials
addressing food safety of meat products, risk-
oriented food safety management, as well as the
influence of structural and engineering factors
on mass transfer processes in dried meat
products.

The materials analysed in this study
included peer-reviewed scientific articles from
international journals; review publications on
drying technologies and stabilisation of meat
products; monographs and reference sources in
food microbiology, food engineering, and meat
technology; regulatory and scientific advisory
documents of the European Union (EFSA);
international food safety management
standards, e.g. ISO 22000, as well as
publications addressing the concepts of risk-
based approaches, hygienic design, and safe-by-
design in related fields.

The literature search was conducted using
scientometric databases including Scopus, Web
of Science, PubMed, and ScienceDirect, as well
as official resources of EFSA and FAO. The
search strategy was based on the following
keywords: food safety, risk-based approach,
meat products, dry-cured sausages, water
activity, hurdle technology, safe-by-design, and
food engineering.

The literature analysis was carried out
using methods of structural and logical analysis
(to identify relationships between technological
process parameters, product structure, and
safety indicators), comparative analysis (to
compare different approaches to ensuring the
safety of meat products), systematisation and
synthesis (aimed at forming an integrated risk-
oriented concept of safety management based
on product shape and internal structure), as
well as critical analysis (to evaluate the
limitations of existing technological solutions
and the possibilities of their adaptation for
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products intended for children and sensitive
population groups).

The assessment of the role of structural
and engineering factors in shaping the safety of
meat products was conducted within the
framework of a risk-oriented approach, which
involves the identification of key risk factors -
primarily  microbiological-associated  with
water activity and dehydration heterogeneity.
This approach also includes an analysis of the
influence of product geometry and internal
structure on mass transfer processes and on the
duration for which the product remains in a
potentially hazardous state. In addition,
structural solutions were interpreted as
elements of a multi-barrier food safety system,
acting in combination with acidity, water
activity, temperature, and formulation-related
factors.

The synthesis of the analysis results was
performed with consideration of the hurdle
technology concept and safe-by-design
principles, which in this study are regarded as
an applied engineering interpretation of the
inherent safety principle in food product
development.

Results and discussion

The analytical review of contemporary
scientific sources revealed that, alongside
formulation- and process-related factors,
product shape and internal structure play a
significant role in determining the safety of
dried meat products, as they directly influence
mass transfer processes, the formation of water
activity profiles, and microbiological stability.

Control of product shape and internal
structure can therefore serve as an effective tool
for risk reduction. During the drying of meat
products, physicochemical and microstructural
changes play a critical role in shaping moisture
removal kinetics, structural properties, and
overall product quality. Moisture reduction
through drying is a key mechanism for limiting
microbial growth; however, the effectiveness of
this mechanism depends not only on
technological conditions (such as temperature
and processing time), but also on the internal
structure of the product. Recent reviews
indicate that drying methods and associated
microstructural changes affect drying kinetics,
the ability of water to diffuse toward the
surface, mass transfer pathways, and,
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consequently, the safety and quality of meat
products (Mediani et al., 2022).

For example, research findings reported
by Kabil et al. (2025) demonstrated that
different drying techniques (hot-air, infrared,
and microwave drying) exert distinct effects on
microstructure and dehydration characteristics
in meat samples, thereby confirming the
importance of considering structural effects
within technological processes. In particular,
drying temperature and method significantly
alter microstructure, shrinkage behaviour,
moisture diffusion rates, and post-drying

product  properties, including sensory
attributes.
The dehydration dynamics of meat

products are also closely related to sample
geometry and size, which directly affect
diffusion pathways for water. The application of
drying kinetics models based on Fick’s law has
demonstrated that the three-dimensional
geometry of the product, heterogeneity of initial
moisture content, and the combination of
internal and external diffusion resistances
determine the rate and uniformity of moisture
removal (Alvarez et al., 2021). This indicates
that product-forming parameters - such as
shape, thickness, and internal tissue
organisation - are important factors governing
mass transfer during drying.

In addition, studies by Aksoy et al. (2019)
have shown that different drying methods
induce distinct changes in the microstructure of
the meat matrix, which are reflected in water
reabsorption capacity, colour, porosity, and
other quality characteristics. For example, the
use of ultrasonic-assisted vacuum drying
resulted in higher matrix porosity and a more
open structure compared to conventional
methods, which in turn affected drying kinetics
and the properties of the final product.

Drying temperature and duration also
influence the dehydration of muscle proteins
and fats, leading to changes in sensory
attributes.  Microstructural ~ modifications
induced by drying may affect hardness, texture,
and rehydration capacity, which are important
not only from the perspective of final product
quality but also in terms of product safety (Li et
al, 2025). This is because heterogeneous
structures may give rise to zones with different
levels of water activity and, consequently,
varying risks of microbiological stability.
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Public interest in improving safety and
reducing risks in meat products also stimulates
the development of technological approaches
that consider product structural characteristics
as an integral part of risk management systems.
This includes the assessment of the impact of
structural and engineering solutions on
moisture transport Kkinetics, physicochemical
changes in the protein-fat matrix, as well as
final sensory properties and product safety
(Mediani et al, 2022). Such approaches are
consistent with the principles of multi-barrier
control, in which structural parameters become
additional resources for risk management,
either as alternatives to or in combination with
traditional ingredients and technological
additives.

Thus, controlling product shape and
internal structure represents a promising
direction for optimising drying processes and
reducing safety-related risks in meat products.
This provides a scientific foundation for the
further consideration of specific engineering
solutions that can be applied to homogenise
moisture and water activity profiles and to
shorten the duration during which products
remain under potentially hazardous conditions.
This aspect is particularly important in the
development of meat products intended for
children and sensitive population groups.

For food products, and meat products in
particular, the practical adaptation of safe-by-
design implies the following. Risk reduction
should not be limited solely to changes in
formulation or the introduction of additional
barrier ingredients; instead, product geometry,
shape, and internal structure should be
considered as parameters capable of controlling
mass transfer processes, the formation of water
activity profiles, and the duration for which the
product remains within the “risk window”. In
HACCP terminology, this effectively represents
a shift of part of risk control from “additional
measures” to the primary design of the product
itself. This approach is consistent with the
engineering interpretation of SbD as an iterative
process (Sanchez Jiménez et al., 2020), in which
solutions that preserve product functionality
while reducing health risks are selected and

subsequently verified wusing appropriate
indicators (e.g. water activity profiles,
microbiological criteria, and sensory
properties).
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In parallel, the European Union is
developing the Safe and Sustainable by Design
(SSbD) framework for chemicals and materials,
which requires safety considerations to be
integrated already at the R&D stage and
decision-making to be guided by a “safety + life
cycle” perspective (European Commission [EC],
2025). Although SSbD is directly targeted at
materials, its emergence signals a broader
European trend in which regulatory attention is
shifting toward the early “embedding” of safety
into design decisions. For food technologies, this
provides a meaningful conceptual context and a
terminological reference framework as a
guiding logic, though not yet as an established
sector-specific term.

Thus, within a risk-oriented approach to
meat products intended for children and
sensitive population groups, safe-by-design can
be appropriately interpreted as an applied
concept of product and process design.
According to this concept (Lelieveld et al,
2014), critical risks - primarily microbiological
risks associated with water activity and
dehydration non-uniformity are first
identified and subsequently mitigated through
engineering decisions related to product shape
and structure as well as drying parameters,
prior to any “corrective” modification of
formulation composition. This provides a
scientific basis for moving toward the analysis
of specific structural solutions in meat systems
that are capable of deliberately shortening
diffusion pathways and homogenising internal
product conditions during drying.

Several approaches to structural solutions
for controlling mass transfer in dried meat
products can be distinguished. For dried meat
products (including dry-fermented and dry-
cured sausages, dried whole-muscle products,
jerky, etc.), the key technological challenge is
the controlled reduction of moisture content
and water activity throughout the entire
product volume within an acceptable time
frame, without compromising product quality.
Syntheses of contemporary research indicate
that, alongside drying environment parameters
(temperature, relative humidity, air velocity),
structural characteristics of the product play a
decisive role, as they determine internal mass
transfer  resistance and the  spatial
heterogeneity of moisture content and water
activity profiles within the raw material
(Mediani et al., 2022).
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Control of product geometry and
characteristic dimensions (thickness/
radius/shape) can be described as follows. In
most drying models of meat products, internal
mass transfer is represented by a diffusion
mechanism (even though the real system may
be more complex), and in this case the
characteristic diffusion length (e.g. sausage
radius or layer thickness) directly determines
the rate of moisture equalisation. The shorter
the diffusion path, the faster a safe water
activity profile is established. From a
mathematical standpoint, such systems are
frequently approximated using Fickian
diffusion models, where characteristic diffusion
length becomes a critical determinant of
dehydration kinetics (Crank, 1975). Shrinkage
phenomena further modify effective diffusion
pathways and must be considered in realistic
modelling scenarios (Mayor & Sereno, 2004). The
practical  significance of geometry and
deformation/shrinkage  during drying is
demonstrated by models of dry-fermented
sausages that account for real or irregular shapes
and shrinkage behaviour (Cascone et al., 2015).

Control of internal microstructure and
porosity exhibits specific features. Studies on
meat drying processes show that drying
conditions shape porosity, density, and
microstructure, which in turn affect drying rate
and product quality attributes such as texture,
rehydration capacity, and hardness. Review
studies explicitly emphasise the link between
drying processes and porosity and structure, and
subsequently their influence on drying kinetics
and product properties (Mediani et al., 2022).

In addition, it has been demonstrated (Kim
et al,, 2022) that pore formation can reduce
undesirable shrinkage and excessive hardness
in certain dried meat products (e.g. jerky),
which is particularly important for the
acceptability of products intended for sensitive
population groups.

Control of matrix heterogeneity (fat phase
content and characteristics of the protein
network) leads to the following considerations.
Drying occurs within a multicomponent
protein-fat matrix, and microstructural changes
during dehydration affect both mass transfer
and sensory properties. Practical studies on the
drying of meat raw materials indicate (Kabil et
al, 2025) that different drying regimes
significantly alter microstructure and quality
indicators (including colour, texture, and
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oxidation-related parameters). Thus, structural
solutions should be evaluated not only in terms
of drying rate, but also with respect to quality
changes.

However, any structural solution that
accelerates moisture removal may potentially
alter moisture gradients, shrinkage behaviour,
and the formation of a surface layer or crust.
This can result in undesirable effects such as the
occurrence of locally overdried zones, texture
non-uniformity, loss of juiciness, and enhanced
oxidative  processes. For this reason,
contemporary reviews on meat drying
dynamics (Alvarez et al., 2021) emphasise the
need for a comprehensive analysis that
accounts for drying Kkinetics, internal and

external mass transfer resistances,
microstructure, and product quality.
A separate methodological aspect

concerns the heterogeneity of water activity and
the sensitivity to sampling location in dried and
fermented meat products. This issue is
particularly relevant for any structural
innovations (Beno et al, 2023), as they may
modify the spatial water activity profile.

Accordingly, control and  comparative

assessments should be performed using

consistent and appropriate sampling protocols

(e.g. centre versus periphery of the product,

standardised sample preparation).

For products intended for children and
sensitive  population  groups, structural
solutions should be selected according to the
following set of criteria, which integrate product
safety and quality:

1. emphasis on drying kinetics (reduction of
the time required to reach the target water
activity value) (Alvarez et al,, 2021);

. emphasis on the heterogeneity of
moisture content and water activity
profiles (reduction of centre-to-periphery
gradients and improved reproducibility of
results) (Beno et al., 2023);

. emphasis on product quality (structure

and texture, colour, and oxidation

indicators as markers of stability) (Kabil et

al,, 2025);

technological feasibility of product

manufacturing (applicability in real

production conditions, controllability of
process parameters, and absence of new
contamination sources in accordance with
hygienic design principles) (Mediani et al.,
2022).
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When formulated in this way, the approach
fully complies with risk-oriented logic. This is
because it does not introduce an additional barrier
without proper justification; instead, product
shape and/or internal structure are designed so as
to deliberately reduce risk factors - primarily the
duration of potentially hazardous internal
conditions and the heterogeneity of water activity
- while maintaining product quality.

Based on this, the following generalisations
of the risk-oriented approach can be made, and
directions for further research on meat products
intended for children and sensitive consumer
groups can be identified.

The analysis of scientific literature indicates
that the safety of dried meat products is formed as
a result of the interaction of multiple protective
barriers, among which water activity, dehydration
dynamics, spatial moisture gradients, and
structurally determined features of mass transfer
within the protein-fat matrix play a key role. This
is consistent with the principles of the hurdle
technology concept, according to which an
increased level of safety can be achieved not only
through ingredient-based solutions, but also
through the control of process parameters and
product properties.

In the context of products intended for
children and sensitive population groups, a risk-
oriented approach requires particular attention to
factors that determine the duration for which a
product remains under potentially hazardous
conditions, as well as to the heterogeneity of the
internal microenvironment. For this reason, the
control of water activity and related parameters
should be based not only on final values, but also
on appropriately selected sampling methodologies
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and the assessment of internal moisture profiles.
This is essential for the objective comparison of
technological solutions aimed at intensifying
drying processes.

Conclusions

The adaptation of the safe-by-design logic to
food technologies can be regarded as a practical
extension of the risk-oriented approach. In this
context, risk reduction is achieved by designing
technological processes and product
characteristics in such a way as to minimise the
occurrence of hazardous scenarios (e.g. prolonged
zones of elevated water activity) and to improve
the reproducibility of safety indicators. In the food
sector, closely related concepts include hygienic
design of equipment and risk-oriented process
design, in which engineering solutions are
considered integral components of food safety
management systems rather than merely technical
support for production.

Based on the above considerations, the
following research directions appear promising for
dried meat products intended for children and
sensitive population groups:

e development of methodologies for
comparative assessment of technological solutions
based on water activity profiles and
microbiological stability indicators;

e investigation of the effects of product shape
and internal structure on drying kinetics and
product quality;

e identification of technologically justified
approaches to reducing dependence on
preservative additives through the controlled
enhancement of other food safety barriers.
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BUKOPUCTAHHSA AJIBTEPHATUBHUX AYBOBUX MATEPIAJIIB
I KOHTPOJILOBAHOI MIKPOOKCUT'EHAIIII B TEXHOJIOI'TI BUTPYMMKU
YKPATHCBKVX YEPBOHUX BUH

\-ﬁﬁ)ﬁ-f
Oleksandr Vasylyk, Eduard Gorodetsky

USE OF ALTERNATIVE OAK MATERIALS AND
CONTROLLED MICROOXIGENATION IN THE AGEING TECHNOLOGY
OF UKRAINIAN RED WINES

AHOTAILIA

MeTa po60THU. BuBUMTH BIJIUB Ay60BUX NpenapartiB y pisHiit ¢opmi (Tanin NA-MT, BLEND AO/FO 75, HatypHa
JlepeBUHA) Yy TMO€EAHAHHI 3 MIKPOOKCHUTeHAIi€l0, Ha KiHETHKYy MOKAa3HUKIB YepBOHUX BUH MpOTAroM 12 wmicAlis,
YZAOCKOHAJIUTHU TEXHOJIOTII0 Ta OLiHUTH 3MiHU Pi3UKO-XiMiYHUX TOKA3HUKIB.

MeTogoJorid. B skocTi gociaiHUX 3pa3kiB BHBYaJUCSA MOJIOAI 4YepBOHI BUHA 3 BUHOTpaAy copTiB KabepHe
CoBiHbiioH, Mepsio Ta OjecbKud 4opHUH, BHUpoOGJeHI B miBJeHHIM 4vacTuHi Ojecbkoi o6JsacTi, 6e3 momaTKoOBOL
cTabinizanii. BapianTu focaify pisHUIKMCh BUKOPUCTAHHAM Ay60BUX NpenapatiB y pisHii ¢opmi: cyxuii Tanin NA-MT,
piakuii npenapatr BLEND AO/FO 75 ta ny6oBi 4incu. Y sikocTi KOHTPOJII0O BUKOPUCTOBYBaJIaCh BUTPHMKA BHUHA Y
ZIy6oBil 604Lli 06'eMoM 225 1. [Ipu eKciepyuMeHTax OyJ/IM BUKOPUCTaHI METOAM aHaJIi3y: ClieKTpodoToOMeTpis y cucTeMmi
CIELab srigHo mertoguku OIV-MA-AS2-11, Bu3HaueHHsI GeHOJBHUX pedyoBHH MeTozoM Folin-Ciocalteu, 6apBHUX
PEYOBHH — KOJIOPUMETPUYHUM MeTosioM. O6po6Ka MPOBOAUJIACh 3 BUKOPUCTAHHAM METO/IiB PerpeciiHOro aHasisy,
OINIMCOBOI CTATUCTUKHU, KJIAaCTEPHOTO aHaJli3y.

HaykoBa HOBU3HA. BUBYeHO KOMIJIEKCHUH BIJINB €K30T€HHUX PEeHOJIbHUX PEYOBUH JlepeBUHU y0y y pi3Hii
dopMi (cyxuil cy6iMaT, pifKUN eKCTPaKT, Ta HATYpHA JlepeBUHA) Ha JUHAMIKY 3MiHU GeHOJIbHUX Ta 6apBHUX PEYOBHUH,
a TAaKOXX ONITUYHUX MOKAa3HUKIB B yKPAIHCbKMX YePBOHUX BUHAX. Po3po6sieHa cxeMa MiKpooKcHreHarii, 3 HeJliHiIHHUM
Jl0ZlaBaHHAM KHCHIO, a/IallTOBaHa /10 BMICTy GEeHOJbHUX PEYOBHH YKPAiHCbKUX BHH, 110 MOJIE/IOE OKUCHI MPOLECH Y
nyOOBil 604l

BHUCHOBKM. Y repMeTUUYHUX pe3epByapax pO3UMHEHUHN KHCEeHb 3MeHUIYBaBCs eKCIOHEHI[IHHO J0 MiHIMalbHUX
PiBHIB, 0OMeXylOUd OKHUCJIEHHs. Y 604YKaxX KUCeHb MiATPUMYBaBCsS Ha BHULIOMY piBHI piBHoBaru yepes gudysito.
®deHO/IbHI peYOBUHY MaJIM TEH/IEH1i10 10 3MEeHLIeHHS B yCiX BapiaHTax, a 6apBHI peYOBUHU — 3 HAUCUIBHIIINM ePeKTOM
s BapiaHTy 3 TaniHoMm NA-MT. Y pocnijHUX 3pa3kax crocTepirajach 3MiHa KoJIbopy: 36iJblIeHHs sickpaBocTi (L*),
3MeHIIeHHsI Y4epBOHOTO BiATiHKY (a*), mocusienHs »xoBToro (b*). EBk/IiioBi BifcTaHi moka3au mofioHICTh BapiaHTiB
BLEND AO/FO 75 Ta 1y60BUX YillCiB 10 MOKAa3HUKIB BUTPUMIL y 60YIIi.

3ampornoHoBaHa cxeMa MiKpoOKcHreHanii eGeKTUBHO MO/IEJI0€ BUTPUMKY B 604Ili, IPONOHYOYH €KOHOMIiYHi
a/JbTEepHATUBU AJ51 YKpaiHCbKOTro BUHOPO6CTBA. PeKoMeHIyeThCA iHAUBIlya/ibHEe KOPUTYBaHHS /103 3aJI€XKHO BiJi COPTY
Ta BUAYy Ay6y. HanpsiMok noJaibIiuX AOCTi>)KEHb — 3MiHa CeHCOPHUX NPOodiJiB Ta cTabi/IbHOCTI MOKA3HUKIB IPOTATOM
yacy.

KirouoBi ci0Ba: BUTpHMMKaA YePBOHUX BHH, aJIbTEPHATHUBHI y60Bi MaTepianu, MiKpookcureHarisi, GeHOIbHi
CTOJIYKH, 6apBHI p€YOBUHH, CTABI/IbHICTh KOJIbOPY, YKPaiHCbKi BUHA

ABSTRACT

Purpose of the work. To study the influence of oak preparations in various forms (tannin NA-MT, blend AO/FO
75, natural wood) in combination with micro-oxygenation on the kinetics of red wine indicators over 12 months, improve
the technology, and evaluate changes.

Methodology. Young red wines from grape varieties Cabernet Sauvignon, Merlot, and Odeskyi Chornyi, produced
in the southern part of the Odessa region, without additional stabilization. Oak preparations in various forms: dry tannin
NA-MT, liquid preparation BLEND AO/FO 75, and oak chips. An oak barrel with a volume of 225 L was used as a control.
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Measurements: spectrophotometry in the CIELab system according to the OIV-MA-AS2-11 method, determination of
phenolic substances by the Folin-Ciocalteu method, coloring substances - by colorimetric method. Data processing:
regression analysis, descriptive statistics, cluster analysis.

Scientific novelty. The comprehensive influence of exogenous phenolic substances from oak wood in various
forms (dry sublimate, liquid extract, and natural wood) on the dynamics of changes in phenolic and coloring substances,
as well as optical indicators in Ukrainian red wines, has been studied. A micro-oxygenation scheme with nonlinear oxygen
addition, adapted to the phenolic content of Ukrainian wines, has been developed, which models oxidative processes in
an oak barrel.

Conclusions. In hermetic tanks, dissolved oxygen decreased exponentially to minimal levels, limiting oxidation.
In barrels, oxygen was maintained at a higher equilibrium level through diffusion. Phenolic substances tend to decrease
in all variants, while coloring substances show the strongest effect for the variant with tannin NA-MT. Changes in color
were observed in the experimental samples: increase in lightness (L*), decrease in red tone (a*), enhancement of yellow
(b*). Euclidean distances showed similarity between the BLEND AO/FO 75 and oak chips variants to the indicators of
aging in a barrel.

The proposed micro-oxygenation scheme effectively models barrel aging, offering economical alternatives for
Ukrainian winemaking. Individual dose adjustments are recommended depending on the variety and type of oak. Further
research will focus on changes in sensory profiles and parameter stability over time.

Key words: red wine aging, alternative oak materials, micro-oxygenation, phenolic compounds, coloring
substances, color stability, Ukrainian wines

JI03BOJIIE ~ TepeJaBaTH  apoOMaTHU4yHI  Ta

Beryn nosiibeHO/IbHI  KOMIIOHEHTH  aAyby  06e3
BuTpuMka yepBOHUX BHH y Ay00BiH Tapi, HEeOOXiTHOCTI BeJIMKUX IHBECTULi y O6O0YKHU
HalNpUKIAM, 604Kax (6apukax) € (Aleksovych & Tkachenko, 2024; Sanchez-
PO3MOBCIO>KEHUM TEXHOJIOTIYHUM MPUKUOMOM, Goémez et al., 2020; Schmidtke et al., 2011). Jlas
110, 3rifHO 3 CY4YaCHUMHU JOCJAIJKEHHAMHU, Oi/bll  MOBHOTO CTBOPEHHS YMOB, IO

cnpusie crabinizauii KoJsibopy, moJiMepu3anii MO/JIEJIIOIOTh BUTPUMKY y JyO00BUX 60YKaX,
beHo/JIbHUX  CIOJIYyK  Ta dbopMyBaHHIO OKpiM  mpoleciB  eKcTpakiii, HeobxiHO
OpPraHoJIENITUYHOTO npodisto 3aBJSKU 3a0€e3MeYUTH HaJAXO/KeHHsI MeBHOI KiJIbKOCTi
eKCTpaklil Ta  B3aeMOJAii  KOMIIOHEHTIB KHCHIO, HeobxAiHOI i1  NPOXO/KEeHHS
JlepeBUMHM Ay0y Ta CKJIa[J0BUX YaCTUH BUHA. B npoueciB ¢GopmyBaHHA BHHA. lle MoxxHa
AKOCTI UX KOMIIOHEHTIB MOXYTb BHUCTYIATH 3pO6GUTH 3a paxyHOK BUKOPHUCTAHHA
NOXi/HI JIIrHIHY, eJIarOTaHiHiB, JIAKTOHIB Ta MiKpOOKCUTeHallil, 10 [J03BOJIAE€ IMITyBaTHU
iH1, fIKi eKcTparywTbcs 3 Ayoy BUAiIB Quercus OKMCHI mpouecd 3a HabaraTo HIXKYOI
petraea a6o Quercus alba. Ilpu BUTpUMLI B cobiBapTocTi (5-20 % BiJ BapTOCTi T€XHOJIOTI]
Zy6oBiil Tapi TakoX HPOXOAUTb MOCTYIOBE y 6apukax) (Vasylyk & Gorodetsky, 2025).

HaJXO/PKEHHSI KMUCHIO 3aBJAKU AUPy3il uepes MeTos MikpookcureHarii y BUHOPOOCTBI
KJIenky y kisbkocti 0,5-5 ma O0,/amM3/Micanb 6yB 3amnpomnoHoBaHui [latpikom /[ltoKypHO
3a/Ie)KHO BiJ| psafly PaKTOpiB TaKHX, K 00'€M (Patrick Ducournau) (Ducournau & Laplace,
Tapy, TeMIepaTypa BUTPHUMKH, BiK Ta BUJ, Ay0y, 1995) i B OCHOBHOMY 3aCTOCOBYBaBCS JJis
BOJIOTICTb MOBITPA Ta iH. YMOBU BUTPUMKHU B NOM'AKUIEHHS aCTPUHTEHTHOCTI Yy copTax
Zly60Bil Tapi BBaXKalOTbhCA ONTUMaJbHUMU /151 BUHOI'pay 3 BUCOKHUM beHosbHUM
PO3BUTKY fKICHMX NOKAa3HUKIB BHHA, OJHAK, NOTEHL{iaJIOM.

eKOHOMiuHi ¢akTopu (HanpukIaj, BapTiCThb Komnonentu  gepeBuHu  ayby vy
6apuka = 800-1200 €) Ta o6MexeHa NO€JHAHHI 3  MIKpOOKcureHalji€w, fka
ZOCTYIHICTb JIy6OBOI CHUPOBHUHH CTUMYJIIOIOTh 3abe3ne4yye KOHTPOJbOBAaHUM MOTIK KHUCHIO,
BUKOPUCTAHHS  aJbTEPHATHUBHUX JyOOBUX CIpUSIOTH MoJiiMepu3allii TaHiHiB, cTabinizanii
npenapaTtiB y BUIJIAAI  4inciB, KyOWKiB, aHToOLiaHiHIB Ta $OPMyBaHHIO GiJbII CTIMKUX
eKCTPaKTIiB Ta IX cy6JiiMaTiB y Mo€AHAHHI 3 KOJIbOPOBUX MIrMeHTIB, 0/JHOYACHO 3HIKYYH
repMeTUYHUMU pe3epByapaMH 3 HepiKaBiro4doi PU3HMK IMiJABUILEHOIO OKUCHEHHA Ta IIOSBHU
cTaJi. HebakaHUX ceHCOpHUX HOT (Canas et al., 2019;

Jly6oBi anbTepHAaTHBHI npenapatu y Del Alamo et al., 2010; Gémez-Plaza & Bautista-
pisHux  ¢popMax  HabyBalTb  LIUPOKOI Ortin, 2019).
NOMyJISPHOCTI B Cy4aCHOMY BUHOPOOCTBi fIK [lig yac BUKOpUCTAaHHS MiKPOOKCUTeHallil
€KOHOMiYHa 3aMiHa TpaAuLiHHUX 6GOYOK, IO BUpilla/ibHEe 3HAaYE€HHSI MAa€ TOYHUW KOHTPOJIb
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pIBHA KHWCHIO, OCKIJIbKA HAAJULIOK KHUCHIO
MOXKe MPU3BECTHU [0 HeOaKaHUX 3MiH SIKOCTI
BUHA. /[lyid T[poBeJeHHA LbOro IpoLecy
NoTpibHO cHeljiajsi3oBaHe 06JIaJlHAHHA Ta
KOHTPOJIb BBeJleHHSI TOYHHUX [03 KHUCHIO, fKi
3a20€e31e4yl0Th AOCATHEHHS OakaHUX eEeKTiB
(Canas etal., 2019).

Pi6epeo-T'aiion (Ribéreau-Gayon, 1931)
oyJi0 BCTaAHOBJIEHO, 110 KIJIbKICTb
Ha/JIXO/PKEHHSI KMCHIO Yy pe3yybTaTi Audysil
yepe3 Ay00BY KJENKYy OOYKHM CTAaHOBUTb 15-
45 mr/pm3 /pik. Lle#t fiana3oH noka3HUKIB J0Ci
IIMPOKO 3TaZlyETbCA B 6araTboX JiTepaTypHUX
JKepeJiax.

Y noganbmux gocaimpkeHHsax (del Alamo-
Sanza & Nevares, 2014) mnokasaHo, 110
NOTpAIJIAHHA KHUCHKO JO BHHAa B YyMOBax
BUTPUMKU B 00ulli € HeJiHINHUM SIBUILEM.
dakTHU4Ha cepeJHs WBUAKICTb OKCUTreHallil 3a
pik (Ha piBHi 11,62 mr/am3/pik) 6yJsia 3Ha4HO
HWXK4Y010, HDXK IIBUJKICTb, 110 ClIOCTepiraaacs
NpOTArOoM NepIIMX TWXHIB BUIPOOYBaHb.
OkpiM uporo, 6ysio BcTtaHoBJsieHO (Qiu et al,,
2018), 110 HeJiHIMHICTh NOTPANJIAHHA KUCHIO ¥
BUMHO MO)Xe OyTH HaAc/AiJKOM He Julle 3MiHU
MBUAKOCTI Audy3il, a TakoX 3a paxyHOK
Jlecopbiii KHCHIO 3 Jy060BOi JepeBHHU Ha
nepuioMy eTani BUTPUMKHU Yy HOBIM Ay6OBiH
Tapi.

Taky¥M 4MHOM, 3BaXKal04Md Ha 3pOCTaAKYy
NONMYJIAPHICTh TEXHOJIOTil a/JbTePHAaTUBHOIO
J03piBaHHA BUH Yy CBITi, LIbOMY HAIPAMKY
IIpUCBAYE€Ha 3Ha4yHa KIUIbKICTb HAYKOBUX
JOCHi/DKEHDb, pe3yJbTaTU SKUX MOCTIMHO

BUKOPHUCTAHHA Ta HEJOCTaTHbO BUBYeHi. OTxe,
METOK MPOBEJEHHS  JOCHAiKeHHs  OyJio
BUBYEHHS BIJIUBY a/bTEPHATUBHUX AyOOBUX
npenapariB y KoM6iHauii 3 mnpuioMaMu
MiKpookcureHanjii Ha ¢i3uKo-XiMiuHi Ta fAKicHI
[IOKa3HUKU YKpPAlHCbKUX YepBOHUX BUH 3
MeTOl0 YA,0CKOHaJIeHHA TexHoJIoTil  iX
BUpPOOHUNTBA. [l 1bOro OYyJ/I0 MOCTaBJIEHO
3aBJlaHHS KIJIbKiCHO OL[IHUTH BILJIUB
aJbTepHaTUBHUX [Jy0OBUX IpenapaTiB y
KOMOiHaLil 3 MiKpOoOKcUTreHalli€lo Ha KiHETUKY
$i3UKO-XIMIYHUX, KOJIODUMETPUYHUX Ta, VY
[10aJIBLIOMY, CEHCOpPHHUX IIOKa3HUKIB
YepBOHUX BUH Y NIPOLeCi BATPUMKHU MIPOTATOM
12 micanis.

Marepiasu Ta METOAU AOCAIAYKEHHA

JlocnipxeHHsA NPOBOJAUJIOCA Ha
MO0JIOJIOMY YepBOHOMY BHHIi 3 copTiB KabepHe
CoBuHbOH, Mepsio Ta OpgecbKUM YOpPHHUM.
BuHoMaTepiasiu oTpuMaHi 3 BHUHOIpaAy,
BUPOILEHOr0 y MiBAeHHIM 4acTuHi Ogecbkoi
obsacTi. TexHoJsioriyHa cxemMa BUPOOHHUIITBA
BUHAa Nepe/jibavasia NoApiOHEHHS BUHOTPALy 3
BiJlOKpeMJIEeHHsIM T'peb6HiB, JloAaBaHHS YMCTOI
KyJbTypH JAPDKAXKIB, a/IKOTOJIbHE OpOAiHHA
M’I3rY, MpecyBaHHsI M’'SI3TH, J0OpPOJKyBaHHSA
BUHOMaAaTepiaJiB, JleKaHTalilo 3 APDKIXKOBOrO
ocajJly, TNpOBeJleHHs  6JIy4HO-MOJIOYHOTO
O6pOo/liHHS, Ta CAMOOCBIT/IEHHSI BUHOMaTepiaJiB

IIJIAXOM  BifcToloBaHHA. /[l 3amobiraHHAa
BIUIMBY iHIIKMX aKTOpPiB Ha pe3yabTaTH
eKCIIepUMEHTY  JOJATKOBY  TEXHOJIOTIYHY

006pOO6KYy cTabini3yloyMMH peyoBHHAMHU He

OHOBJIIOKOTHCA Ta JAONOBHIOKWTHCA. B ymMoBax MIPOBOAUJIH. [loyaTkoBI ¢di3uko-ximMivHi
BUMHOPOOHOI rasysi YkpaiHi JaHi TeXHOJIOTI4YHi MMOKa3HUKH JOCTIHUX BUHOMaTepiaiiB
npudioMd 1je He  HabyJud  UIHUPOKOTO HaBeJieHi y Tabusuni 1.
Tatauys 1.
Di3nKo-XiMiUHI IOKA3HUKHU AOCAIAHUX BUHOMAaTepPiaAiB
< . .
o o aCoBA KOHIEHTPAILA
B
=
9 & - -
5 B % = 5 > X
5 < < % -
Copr BuHOIpaaAy s 5 | I < s | E gn £ E~| pH
S 55| R | EE | 5E2|E5Z
5 ¢ 8 ¢ o g% | o~ | 8o~
~ A ) o 5 = 5 5 Qs e
8 g E*a 7 = g | 3 8= 188"
o
= o E Ef 23] =
(5]
KaGepue COBiHBITOH 13,2 56 2,7 130 3540 425 3,5
Mepao 13,4 5,5 2,8 135 3128 470 34
O2€ChKIIT YOPHMIT 13,0 5,7 2,7 125 3186 540 33
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Y dgKocTi JpKepes1 KOMIIOHEHTIB JepeBUHU
JlyOy 6yJii BAKOPUCTAHI HACTYIHI MpenapaTu.

1. Cyxuii npenapaT Tanin NA-MT (SARL New
Alternative Oak, ®paHuisi), siBjisie C0O0I0 TaHiH,
OTPUMaHUI METO/IOM BUJIy4eHHs 3 GpaHIy3bKOTO
Ta eBponerncbKoro ayoy Quercus Robur ta Quercus
Petraea, BUTPMMAHOTO Ha BiIKPUTOMY IOBITpI He
MeHIle 24 MicaniB. BUpoOHUK peKoMeHye JaHUM
npenapar AJii BUKOPUCTAaHHS NP BUPOOHUIITBI
OLIMX, YEPBOHHUX i POKEBUX BUH NPH pepMeHTaLlil
Ta BUTPUML, & TaKOX [JI Pi3HUX IHIIMX BUZIB
CIUPTHUX HamnoiB. PopMa mnpenapaTy - CyxXui
Cy6J1iMOBaHUM POAYKT.

2. Pigxuii npenapat ay6y BLEND AO/FO 75
(SARL New Alternative Oak, ®paHuis) - 11e es1aroBuit
TaHiH, OTpPUMaHUM 3 ¢dpaHIy3bKOro,
€BPOINENCHKOr0 Ta aMeEpPUKaHChKOro yoy (Quercus
Robur, Quercus Petraea Ta Quercus Alba) nuisxoMm
eKCTparyBaHHs1 BOJHHMM METOJIOM 3 Ji€PEBUHH,
BUTPHMMaHId Ha BiJKDUTOMY MOBITPi MNPOTAroM
moHanmeHue 18 wicaniB. [lpusHayeHut pjis
BUKOPHUCTaHHS fIK 3 BUHAMM, TaK i 3 MILIHUMHU
HanoaMHu. /locTynHUM y piIKoMy BUIJISIZ, MacoBa
KOHIIEHTpaljiss  NoJiipeHONbHUX  PEeYOBUH, Y
nepepaxyHKy Ha raJloBy KMCJIOTY, CKJIafa€ 75 r/am3.

3. Jly6oBi yincu (TOB «BY/]
[HTEPHALIIOHAJI», YkpaiHa) - BeJdKi [Ay0O0Bi
TpiCKY, obmaJsieHi 3a K/JIACMYHOI TEXHOJIOTIEN.
BUroTOBJIAAIOTBHCS 3 CUPOBUHU BULLOTO Ta MEPILIOTO
COPTY, sIKa NpOoMIiLIa aTMOCHEPHY CYLIKY IPOTAroM
He MeHII HiK 24 Micaui mif BiJKpUTUM HeOOM.
BucrosHa  cupoBHMHa ~— NpOXOAWTH  MpoOLEC
JIOIATKOBOI CYILIKH, MicJ/isl 4Oro ii moApiOHIOITh Ta
06namoTh. JlaHUM MPOAYKT BUKOPUCTOBYIOTh
npyu ¢depMeHTallii Ta BUTPUMIII BHHA Ta iHIIMX
aJIKOTOJIbHUX HaIOIB.

Jlo3yBaHHA cyxoro npenaparty TaHiHy NA-MT
ckinagano 0,25 r/aM3 1o € cepeaHbOI0 HOPMOIO,
pEeKOMeH/I0BaHO0 BUPOOHUKOM. Pigkuii npenapaT
BLEND AO/FO 75 wictute 75t/mm3 (7,5 %)
beHONbHMX pEYOBMH Ta WOro eKBiBaJleHTHE
Jl03yBaHHA ckiaajano 3,3 miu/am3. [ly6osi dincu y
HaTypHOMY BUIVISIZIi 0/IaBaJIU y 103i 2 r/am3.

[lapasiesibHO  mpoOBOAWIM  JOCHIAM 3
BUTPUMKOK THX CaMUX BHUH Yy [Jy6oBii 60yl
€EMHICTIO 225 J1 ApYToro 3ajuBy.

Br3HaueHHS XPOMaTUYHUX XapaKTepPHUCTHK
Ta KoOpAWHaTH Kosbopy Yy cucrteMi CIELab
JOCTIIHUX 3pa3KiB BU3HAYa/IM 3TiAHO METOJUKU
OIV-MA-AS2-11 Determination of chromatic
characteristics according to CIELab (OIV, 2006).

[Ipy mnpoBeseHHI (POTOKOJIOPUMETPUUHUX
JloCJTiPKeHb OYB BUKOPHUCTAaHUH ClIeKTPOdOTOMETP
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EMC-11S-V 3 giana3oHOM BUMIPHOBaHHSA JOBXUHU
xBWIb 325-1000 HM 3i cHenjasisoBaHHUM
nporpaMHuM 3a6e3nedeHHsiM EMCLAB-A Lambda.

Br3HavyeHHs 3arajJibHOTO BMICTY (eHOJIbHUX
pPEYOBUH Yy [OCHJHUX 3pa3KaX MPOBOJWIIU
KOJIODUMETPUYHUM METOLOM 3 BUKOPUCTAHHAM
peaktuBy Folin-Ciocalteu. Kani6pyBaHHs1 mpoBo-
JWIX BIJHOCHO PO3YMHIB TaJioOBOI KUCJIOTHU
3aBiOMO BiIOMOI KOHLIEHTpALlilL.

3araJibHUA BMIiCT OapBHHUX pEYOBUH Y
JIOCJIIIHUX 3pa3Kax BU3HAYA/IU KOJIOPUMETPUYHUM
MeToZioM. KanibpyBaHHA NPOBOAW/IM BiZJHOCHO

PO3YMHIB  MaJIbBiIMHY-3-TJIIKO3WAY  3aBiZOMO
BiZIOMOI KOHLIeHTpaLlil.

PesyapTatm AocAipAkeHHA Ta 0OroOBO-
peHHA

Ha nepumomy erami gociipkeHb BUBYaIU
JUHAaMIKy KOHLIEHTpauil pO3YMHEHOr0 KUCHIO Y
YepBOHMX BMHAxX 3 JAOCAIiAHUX copTiB KabepHe
CoBiHbiioH, Mepsio Ta OfecbKHW YOpPHUH, IO
BUTPUMYBAJIMCA B repMETHUYHIN Tapi 6e3 focTymy
30BHilIHbOrO KHCHIO (ckui). /Jlani opepxaHo
LIIJIAXOM BUMIPDIOBAaHHA KOHLIEHTpAL{i KHCHIO
(mMr/am3) Ha pi3HMX eTanax BUTPUMKHU: Big 0 7o 12
MicaniB. BUMiproBaHHA IPOBOAWINCA B TOYKax: 0;
0,25; 0,5; 1; 3; 6; 9 Ta 12 micauis.

3 [aHUX, HaBeJleHHWX Ha puc. 1,
CIIOCTEepIraeTbCA  3arajbHa  TEHJEHLisd  JI0
3MeHUIeHHS KOHIIeHTpaLil KMCHIO 3 YaCOM /1Sl BCIX
copTiB. [loyaTkoBa KOHIeHTpallisi Ha piBHI 2,4-
25Mr/aM3  IIBUAKO 3HWXKYETbCA MPOTATrOM
nepuux 0,25-1 micaua (go 0,3-0,4 mMr/am3), nicas
4oro cTabisisyeTbcs Ha piBHI 6sin3bko 0,1 Mr/am3 3
9 wMicAud BUTPUMKHU. XapakTep CcHagy
eKCITIOHEHL[IMHUH, 1[0 Y3TO/PKYEThCA 3 KIHETUKOIO
[IepLIOro MOPAJKY, Je IIBUJKICTb 3MeHUIEeHHS
npornopuirHa KoHueHTpaii O, 1110 € TUIIOBUM JJIS
OKHCHEeHHs1 GeHOJIbHUX CIHOJIYK y BUHaX. Pi3Hunj
MDK copTaMy MiHiMasIbHI: Mepsio JeMOHCTpye
Jlelll0  MOBUIBbHILlE  I[0YaTKOBE  3HWKEHHH
nopiBHAHO 3 KabepHe CoBiHBHOH, TOAI fK
OzecbKri YOpHUM 3aiMa€e MPOMDKHE MOJI0KEHHS.
L1i 3MiHM MOy Tb Oy TH [10B's13aHi 3 0COOJIMBOCTSIMU
XIMIYHOIO CKJIaZly Ta Pi3HUMH KOHLEHTpALisiMHU
OCHOBHMX KOMIIOHEHTIB, 30KpeMa (eHOJbHUX
CIOJIYK.

TakuM 4MHOM, y repMeTHUYHIN Tapi KUCEHB,
NPUCYTHIM y BHHI Ha II0YaTKOBOMY  eTalli,
MOBHICTIO CIOXXHUBAETBCA MPOTATOM KOPOTKOIO
nepioZy BATPUMKH, 1110 0OMEXKYE MOAAbIII OKUCHI
IPOLIECH.



ISSN 2786-6955 (Online)

Biota. Human. Technology. 2026. No 1 Electronic edition

Yo -

KOHIIeHTpaIllsf KICHIO V BIHI, MI/T™M?
I )

lE'-'.-,._!"H

o Kaodep

v =0,3311x7048
R2=0,9872

y = 0,3203x70478
R2=10,9625

¥ = 0,3594x0:482
R? = 0,9433

e
e R A .
" -
B e ‘

-

)

2 4 5 6 7 8

TepMmiH BUTPHMEKM, Mic

10 11 12

e CoriHpiion @ Mepio 4 OpechbKuil JOpHMIT

Puc.1. Aunamika 3MiHI KOHIIEHTPAIIil KHCHIO y AOCAIAHHX BHHOMATEPiaAaX IIPU BUTPUMII y

repMeTHYHil Tapi

OpgHoYacHO 3  JIOCHI/PKEHHAMH,  dKi 3HaX0JUBCA y Ay00Biil Tapi — 604Li 06’'€eMoM
NpPOBOAUIMCh Yy TepMeTHYHil Tapi, OyJo 225 5, Tak camo mnpotarom 12 wMicanis B
BUBYEHO 3MiHYy KOHLEHTpalil KHUCHIO Yy IIEHTUYHUX YMOBaX 30BHILIHBOIO CepesoBUILA
YepBOHOMY BUHI 3 copTy OieCbKUI YOPHUH, 1110 (B oiHOMY NpUMilleHi).
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TepMmin BUTPUMEKM, Mic

Puc. 2. AmHamika KOHIIEHTpAIIil KUCHIO y BUHOMAaTepiaai 3 copty OAeChKuil YOpHUI IPU BUTPUMITI

y Ay0OoBiii Gourri

186



ISSN 2786-6955 (Online)

Biota. Human. Technology. 2026. No 1

Electronic edition

3 laHUX, HaBeJleHUX Ha pUC. 2 BULHO, L0
[I0YaTKOBA KOHIleHTpalid KUCHIO y BHHI, 1110
3HAXOAUTbCS Y 604lli felo Bya (4,62 mr/am3
Ha NMOYaTKy BUTPUMKHU), HiXK y repMeTHYHIH
Tapi, 0 MOXHa MOSICHUTU [lecopOlielo Ta
AUudy3i€el0 KUCHIO Yepe3 JepeBUHY [AyO0y.
[IpoTsArom nepuux 3 MicsLiB CIIOCTEPIraETbCs
LHIBHU/IKEe 3MEeHIlIeHH KOHLeHTpaLil KUCHIO, ajie
iCJIg [IbOT0 NPOLeC CIOBIIbHIOETHCH, 1 KHCEHb
IPOZJOBXKYE MiATPUMYBATUCH HA HU3BKOMY, aJie
HeHys1boBOMYy piBHi (0,1 mr/am3). /luHamika
3MIHM KOHILeHTpauil, Tak camMoO K 1 y
repMeTUYHIiN Tapi, HOCUTb EKCIOHEeHLiMHUHU
Xapakrep, npore LIBU/JKICTD cragy
KOHLIeHTpalii HOCUTb OiJbIl MOBIIBHUNA Ta
noJsiorui xapaktep. HaBiTh micasa 12 micAuis
KOHLIEHTpalifd KWCHIO 3aJIMLIAETbCA Ha piBHI
0,22 wmr/aM3, 1o BUlle TMOpPiBHAHO 3
repMeTHUYHOI0 Tapolo.

AnpokcuMallid BUKOHaHa 3a MOJEJJII0
cTeneHeBoi QyHKII:

C(t)=axth (1)

ne C(t) - koHUeHTpallis PO3YUHEHOrO
KUCHIO (Mr/aMm3),

t - gac,

aib - mapameTpu.

CremeHeBa ampokcuMmallisi Bifgob6paxkae
HeJIiHINHUM po3naj, e napameTp b<0 Bkasye
Ha 3MEeHILIEeHHA 3 YIIOBiJIbHEHHAM 3 4acoM. JIiHil
TPeH/y MOKa3yTh NoAi6Hi 3HaueHHA b (-0,478
o -0,489) nna Bcix BapiaHTIB, 110 BKa3ye Ha
CHIJIBHY KiHETHUKY CHOXXWUBaHHA KHUCHIO. Mix
THUM, MAaEMO HEBEJIUKI BiAMiHHOCTI: «a» GijibIie
B YMOBaxX BUTPUMKHU B 004l 4yepe3 Oiablly
CTapTOBY KOHIIEHTPALlil0 KUCHIO, «b» — HKUe y
copta MepJio, 0 BKa3ye Ha JeLlo MOBiIbHIiLIe
3aCBOIOBAaHHA KHUCHIO I[OPIBHAHO 3 IHUIWMHU
COpPTaMH.

BouyeBu b, Ay60Ba Tapa 3aBASAKU AUPYy3ii
KHMCHIO yepes JiepeBrHY 3abe3nevye TpUBaJINH,
0OMeXXeHUW [JOCTyNl KHCHIO, L0 [I03BOJISIE
NpOTArOM  yCbOTO  TEpPMiHY  BUTPUMKH
NiATPpMMYBaTH INOBIJIBHI OKMUCHI Iponecu.
['padik intocTpye He NPOCTO «BUTPAYAHHI»
KHCHIO, a CKOpillle AUHaMIYHy piBHOBary Mix
NOCTIMHUM HaJAXOJKEHHSIM MIiKpPOJ03 KHCHIO
yepe3 Ay6 i KWoOro xiMiYHUM CIOXXUBaHHAM
BHUHOM. [Ipore, (oh) i 3a3Ha4YUTH, 110
He3BaXKal0yM Ha MNOCTiHHY aAudysito KHCHIO
yepe3 Jy0O0OBY JlepeBUHY, y BHHI MOCTilHa
MacoBa KOHIEHTpalifl KHUCHIO CyTTEBO He
30i/IbILYETHCSA, OCOOGJMUBO Yy Jpyrill MOJIOBUHI
BUTPUMKHU. lle cBig4uTh Npo Te, W10 3arajbHa
LIBUJKICTb HAJXO/JPKEHHS KHUCHIO 3a pPaXyHOK
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Audy3ii yepes K/eNKy MeHlle, Hi>K MBU/KICTb

NOIJIMHAaHHA KHCHIO BHHOM 3a paxyHOK
NPOXOJKEeHHA OKMUCHUX 1npoueciB. Takum
YUHOM, A MO/ie/IF0BAHHA npouecis
OKMcUreHalii, fki NpoxoJATb y Ay60BUX

OouYKaxX, HeOoOXiJHO 3abe3Me4yuTH He JIHIIe
HaAXO/JPKeHHS [0 BHHA IIeBHOI KIUJIbKOCTI
KHACHIO, a ¥ TMNpaBWJIbHHUM pO3MNOJAIJA HOTO
NpoTAroM d4acy pAo3piBaHHd. Came 1eH
MOBIJIbHUM, KOHTPOJIbOBAaHUM OKHMCHHUH NPOIiEeC
€ KJII0YEM /10 M'SKOCTi, CKJIaZJHOI apOMaTHUKH Ta
CTabIIbHOCTI BUTPUMaHUX B JyOOBUX 60YKax
BUH. TakoX, 3 OTpUMMaHUX [AaHUX BUJHO, IO
6i/bIllla YaCTUHA KUCHIO [0 BUHA HaJAXOJUThb Y
nepiui Micani.

TakuM  4YWHOM, OJHi€l0 3  LiJeHd
JIOCJIiPDKEHHST OyJIo CTBOpPEHHS YMOB, 110
JI03BOJISATh HAOJM3UTH KHUCHEBUH pPEXUM Mif
yac BUTPUMKHM y FepMEeTHYHIN Tapi 10 pexxumy
BUTPUMKH y Ay60oBuUX 6oukax. [Ipu 1npbomy,
OJJHUM 3 KJIDYOBUX MOMEHTIB € pEXUM
JIO3yBaHHS  KUCHIO  MNPOTAroM  Hepioay
BUTPUMKH, TOOTO mNepiogUYHICTh Ta [O03U
KHCHI0. O4eBU/AHO, 1[0 MPABUJBHOTO PEXUMY
MOXXHa JOCArTH, BHWU3HAYMBILM YIpPaBJIiHHSA
KHUCHEM 3aJIeXKHO BiJi XIMIYHOIO CKJIaZy BUHA, a
TaK0XK THUIY aJbTEPHATUBHOTO JAy60BOTO
NPOAYKTY (TPiCKM, KyOMKH Ta KJENKU TOIL0),
Ta 60TaHIYHOTO BUAY AY0Yy.

Ha cporoaHi icHyroTb [JABi OCHOBHI
cTpaTerii NpoBeJeHHA  MIKPOOKCUIreHall:
nJjiaBamoya Jo3a KucHo (i3 migTpumkoro
33/laHOr0  3HA4YeHHA PO3YUHEHOr'0 KUCHIO,

Hanpukaazg 50 mxr/am3) Ta ¢ikcoBana fo3a
JloJlaBaHHA KUCHIO (HaAmpukKJaj, [J03yBaHHA
3 ma/am3/micaupb) (Del Alamo et al, 2010;
Sanchez-Gomez et al., 2018). [IpoTe, KOHKpeTHi
napaMeTpyd [Jf KOXHOTO BHHA JOLiJIbHO
KoperyBaTHu. /ljig BUpillleHHs [bOT0 3aBJlaHHSA
HeoOxigHO IpOBeJleHHA Jl0JlaTKOBUX
JlOCJIi/I>KEHb 3 BUKOPUCTAHHAM crieqUpiuHOro
006/1a/iIHaHHSA, fIKe He 3aBX/JAU € y OinbIIOCTI
BUPOOHUKIB.

PesysnbTaTu CHOKMBaHHA KHUCHIO
YepBOHUMH BHHAaMH 3a pIi3HUX CTpaTeriu
MiKpOOKCUTeHallil Ta CTpyXKKow (. pyrenaica
NIOKasaJiy, 110 CIOKUBAETbCA BeChb JOCTYIHUHU
KHCEeHb, i CIIOXKMBAHHS 3aJiexkasio Bij o6paHOi
cTparerii MikpookcureHauii. Hanpukiaz, BuHa
3 ¢ikcoBaHOKW [JI030}0 MiKpOOKCHTreHallii
oTpuMyBaJu Bij 3 0 3,5 pasiB bijiblie KUCHIO,
H>)K [pU BUKOPUCTAHHI IJIaBar4yoi /103U
(Sanchez-Gomez et al., 2018).
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OCKi/ZIbKM, 3TiJHO Cy4YaCHUX HayKOBHUX
norJis/iiB, eHoJIbHIi peYOBHHHU BHUHA € OJJHUM 3
OCHOBHUX «CIOMBayiB» KHCHIO, TO OyJsa
JocaigxeHa JUHaMIKa 3MIHH MacoBOl
KOHLeHTpalii QeHOJbHUX pedyoBHMH MiJ 4ac
BUTPUMKH 33 KJACUYHOI TEeXHOJIOTIE Yy
AyOOBiM AiXKILi Ta NpPU A0JlaBaHHI €K30reHHHUX
beHO/JIbHUX  pEeYoOBHMH | BUTPUMKOW ¥
repMeTHYHIN Tapi.

3900
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MacoBa KOHITHTparlis (heHOIMLHIX PEYOBIH, MI/IM?
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3 [aHUX, HaBeJleHUX Ha pHUC. 3 MOXKHa
CIocTepiraTu Mo4aTKOBe 3pPOCTaHHS KOHLEH-
Tpauii ¢eHOoJbHUX CIOJYK. Y BUNAAKY AyOOBOI
OOYKU CHOCTEPIraEThCS NMOCTYNOBE 3POCTAaHHS,
3yMOBJIEHE €KCTPaKIi€el0 GeHOJbHUX PEYOBUH
3 MaTepiasy 604KH, TOJi IK B iHIIMX BapiaHTax
eKCIIepUMEHTY 3pOCTaHHA € PI3KUM i 3yMOB-
JIEHUM [10/laBaHHSIM €K30T€HHUX (EHOJIbHUX
CIIOJIYK.

y =-10,385x +3679.6
R*=0,3159

y ==20.874x + 3759

R*= 0,933
y =-20,682x + 3729
R* = 0,9357
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--e-- JIyOOB1 TimcH

@ Tamig NA-MT

Puc. 3. 3miHa 3araapHOI KOHIIEHTPAaMii (peHOABHHUX CIOAYK y BUHOMaTepiaai copry Kabepue
CoBUHBIOH ITiA YaC BUTPUMKHU

JliniiHa perpecia 3 mnepuoro Micausa
[I0KAa3y€ HeraTUBHYy TEHJEHLil0 [JId BCiX
BapiaHTIB 3  eK30reHHUMH (eHOJIbHUMU
pevyoBUHaMH (Bif -16 f0 -26 Mr/am3 Ha Micalpb),
3 BUCOKMMHU 3HaueHHaMH R? (0,93-0,94). [Ipote, y
BUMA/Ky 3 AyOOBOIO OGOYKOIO CIOCTEpIraeTbCcs
[I04aTKOBe HaKONMYeHHd y nepiof 1-4 Micayj, a
MOTiM JAWHaMiKa CTa€ TMOAIOHOK JI0 IHIIKUX
BapiaHTIiB J0C/AiAy - TOCTYyIIOBEe 3HWXXEHHH,
NOB’sI3aHe 3 npouecaMu OKUCJIEHHH],
noJiiMmepu3aliii Ta BUNaliHHA 10 Ocafy.

3 ypaxyBaHHAM OTPHUMaHUX JaHUX I10
JWHaMili ¢peHOJIbHUX PeYOBUH, Ha Halll MOTJIs,
IIPU MiKpOOKCHUTeHalil HalG6ibLI palioHaIbHO
CXEMOI0 103yBaHHS KUCHIO OyZie Taka, sika oy/ie
MaTU KOpessALilo 3 JWHaMiKol (eHOJIbHUX
pevyoBUH, TOOTO 3abe3NneyuTb MOrJIMHAHHSA
OCHOBHOI YaCTUHHU Ha I0YATKOBOMY eTari 1 N0TiM
NiATPUMyBaHHA MiHiMaJIbHOI KIJIBKOCTI
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PO34YMHEHOT0 KMCHIO JIJIS 3aBEPLIEHHS NPOLECiB
dopmyBaHHa BuHa. [lpyu wnpoMmy, mig d4ac
BUTPUMKH MOXJ/IMBE KOPHUIYBaHHA KiJIbKOCTI
KUCHIO 3a/Ie)KHO Bif  ¢i3uko-xiMiuHMX Ta
OpraHoOJIENTUYHUX [OKa3HHUKIB KOHKPETHOIO
BUHa.

Axmo nopaxyBaTy 3arajbHy pi3HULIO Yy
KOHLIeHTpaLii ¢peHOJIbHUX PEYOBUH Ha MOYATKY
Ta HANPUKIHL BUTPUMKHY, a OTIM IIOpaxXyBaTH,
AKHU BiICOTOK 3aMIMalOTh [IOKAa3HUKH Y KOXKHOMY
MicALji, TO y3araJbHeHa KapTUHaA 3a CepeJHIMU
[IOKa3HUKaMU 3 yCiX BapiaHTIB JoCaily Mae
BUIJISZI, IPE/ICTABJIEHUN Ha PUC. 4.

Ak BUJHO, 3a nmepmMK MicALb 3MeHIIEeHHS
KiZIbKOCTi peHOJIbHUX PEYOBHH CKJIJIa€ 6JIU3bKO
14,1 %, 3a gpyruu 13,4 %, 3a Tpetiit 13,4 %, 3a
matun 12,0 % i Tak pgani, MOCTyNnoBO
3MeHIIyr4Yuch 0 0, a cyma yciX BiACOTKIB 3a
nepiof BianoBigHO ckaagae 100 %.
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Puc. 4. AmHamika 3MiHM MaCcOBOi KOHIIEHTpPAIii (PEHOABPHHUX PEYOBHUH 32 KOKEH MiCAIlh BUTPUMKU
(%0 BiA 3araapHOI pi3HHIN HA MOYATKY Ta B KiHII BUTPUMKH)

CaMe y TakoMy CHiBBiJHOIIEHHI HaMHU
Oysla mojjiseHa 3arajbHa /J03a KUCHIO, SIKY
BUKOPUCTOBYBAaJIU y HACTYIHOMY eKCIepu-
MEHTI 10 BUTPUMIli BUHOMaTepiasiB 3 Iy60BOI0

aJIbTePHATUBOIO Ta NpOBeJeHHAM
MIKpOOKCUTeHaljl.

Ha migcraBi aHaJsiszy JUHaMIiKH
KOHLIEHTpalil pO3YMHEHOro KHCHIO Ta

beHO/IbHUX CIOJIyK y TepMeTH4HiNd Tapi Ta
Jly60BUX O0YKaX, HAMU OyJI0 POBEJEHO CEPIl0
eKCIIepUMEeHTIiB 3 MeTOI OILIiHKH BIJIMBY
MIKPOOKCHUTeHalil y KOMOiHanii 3
aJIbTEpPHAaTUBHUMU JAyOOBHMH MpenapaTaMu
Ha  ¢i3uKo-xiMiyHi Ta  KOJIOpMMETpPHUYHi
MOKAa3HUKHU YEPBOHUX BUH.

Cxema eKCIIepUMEHTY BKJIIOYaJIa
Jl03yBaHHS IpenapariB Ay6y nepej Mo4yaTKoM
BUTPHUMKH y TepMeTHUYHIN Tapi. 3arajbHa A03a
kucHio - 30 mr/am3 Oysa posaizeHa Ha 12
eTalliB y HaCTYIIHOMY CHiBBiJJHOLIEHHI:

1 micsaupb - 4,2 mr/am3 a6o 14,1%,

2 micaup - 4,0 mr/am3 a6o 13,4 %,

3 micanp - 4,0 mr/am3 a6o 13,4 %,

4 micsaup - 3,6 mr/am3 a6o 12,0 %,

5 micanp - 3,6 mr/am3 a6o 11,9 %,

6 Micanp - 3,2 mr/am3 a6o 10,6 %,

7 micsanp - 3,0 mr/am3 a6o 10 %,

8 micsanp - 1,8 mr/am3 a6o 6,1 %,

9 micsanp - 1,4 mr/am3 a6o 4,7 %,

10 Micans - 0,7 mr/am3 a6o 2,3 %,
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11 micaup - 0,4 mr/am3 a6o 1,4 %.

KoHTpoJibHa BUTpPHUMKA NPOBOAMUJIACH Y
Jly60Bi# 60u1ii, 06’eMom 225 .

[IpoTsirom mnpoBeJeHHS €KCIepUMEHTY
KOHLIeHTpalisi ¢$eHOJbHUX PEeYoOBUH Yy BCiX
BapiaHTax JIEMOHCTpyBaJia MOCTYIOBE
3MEeHIIeHHsI NpOTAroM IMepioJy BUTPHUMKHU
(puc. 5), MmO € XapaKTepHUM /i NPOILECiB
OKUCJIEHHS, TNoJiMepusalii Ta B3aeEMOAIl 3
6is1kaMu Ta noJiicaxapy/iaMy BMHA. Y BapiaHTi 3
BLEND AO/FO 75 koHLieHTpalliss 3HU3UIacs 3
3330 mr/am3 Ha 1-my micani o 3218 mr/am3 Ha
12-my (3arasibHe 3MeHIIeHHs Ha 3,36 %;

cepeJiHE 3HA4YEeHHA 3277,42 Mr /M3,
CTaHAapTHe BiaxuneHHsa 37,38 wr/am3).
JliniliHa perpecia IoKasaJa HaxWJI

-10,71 mr/am3 Ha Micans (r =-0,989, R? = 0,978,
p < 0,0001), mo BKasye Ha BHCOKY JiHiHHY
3QJIeKHICTb 1  CTaTUCTUYHY  3HAYYLIICThb
TeH/JeHIlil.

11 iy60BUX YiNCiB 3MEHILIEHHS CKJIAJIO 3
3300 mr/am3 no 3227 mr/am3 (2,21 %; cepenHe
3260,42 wmr/am3, craHAapTHe BiJgxXWJIEHHS
24,37 wr/pm3), 3 Haxuiaom -7,01 wmr/am3
(r=-0,993,R*=10,986, p < 0,0001).

Bapiant 3 TaniHoMm NA-MT mnoka3aB
HauiBullle 3MeHuleHHss - 3 3370 wmr/am3 1o
3193 mr/am3 (5,25 %; cepeane 3295,25 mr/nm3,
CTaHJapTHe BiaxuaeHHs 57,79 mr/nm3), Haxu1 -
16,53 mr/am3 (r =-0,987, R? = 0,974, p < 0,0001).
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Y KoHTpoJibHOMYy BapiaHTi (60uka) - 3
3240 mr/am3 go 3200 mr/am3 (1,23 %; cepenHe
3272,08 wmr/am3, cTaHOapTHe BiAXUJIEHHS
37,94 mr/am3), Haxua -6,52 mr/am3 (r = -0,593,
R? = 0,352, p = 0,0420), w0 € CTaTUCTUYHO
3HA4YyUUM, aJie 3 HUKYMUM CTyIeHeM JIiHiIHHOCTi
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Puc. 5. 3mina macoBoi KOHIIEHTpa1il (PEHOABHUX PEUYOBHH Ta O0APBHUX PEYOBUH ITiA YAC BUTPUMKU
Y AOCAIAHOMY BHHOMAaTepiaai 3 copty OAecbKkuii YopHUIt

KonuenTparjia 6apBHUX pe4YOBUH
(mepeBa>kHO aHTOILlaHIB Ta iX MOXiAHMX) TAKOX
3MeHLIyBaJlacs B YCiX BapiaHTaX, ajie 3 BUPAXKEHOI0
BapiabesIbHICTIO IIBUJKOCTEH, 1110 Bifjobpakae
pisHy iHTeHCHMBHiCTb HporneciB  cTabisizauil
KOJIbOPY Yepe3 OKHCJIEHHS Ta KO-I10JliMepU3allilo 3
TaHiHOM. Y Bapianti 3 BLEND AO/FO 75 - 3
558 mr/nqm3 no 418 wmr/aM3 (3MeHLIeHHS Ha
25,09%; cepenHe 462,75wmr/am3, craHgapTHe
BigxuneHHs 42,75 mr/am3), naxua -11,69 mr/am3
(r = -0,944, R*= 0,891, p < 0,0001). ln1a 1y60BUX
yinciB — 3 561 mr/am3 no 484 mr/am3 (13,73 %;
cepenHe 518,00 mr/am3, craHAapTHE BiAXUJIEHHS
23,91 wmr/am3), Haxua -6,80 mr/am3 (r = -0,982,
R%=0,964, p <0,0001). BapianT 3 Taninom NA-MT
NPO/IEMOHCTPYBaB HaMpi3Kille Ma/iHHSA 3
556 mr/am3 no 257 mr/mm3 (53,78 %; cepenHe
358,67 wmr/am3, cTaHJAapTHe  BiAXWIEHHS
82,77 mr/pm3), naxun -22,53 mr/om3 (r = -0,940,
R%= 0,884, p < 0,0001), o MOXKe CBiJUUTH IPO
iHTEeHCUBHY Jerpajiallifo aHTOIiaHiB, HMOBIpHO,
yepe3  MPHUCKOpPeHy  Ko-MoJiMepusaliio 3
JIOJAQHUMH  TaHIHOM MiJi KOHTPOJIbOBAHOIO
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OKCUT'€HAlli€l0, NPU3BOAAYU
HeCTa0i/IbHUX ITIrMEHTIB.

Y KOHTpOJIbHOMY BapiaHTi - 3 564 mMr/am3 1o
469 mr/om3 (16,84 %; cepeane 503,83 mr/mm3,
CTaHJapTHe BigxueHHs 27,85 vr/am3), Haxun -
7,72 mr/am3 (r = -0,957, R*= 0,916, p < 0,0001).
Buicoka BapiabesibHICTb y BapiaHTi 3 TaHiHOM NA-
MT (HaliBuUlLle CTaH/IAPTHE BiAXWJIEHHS) BKA3y€ HA
NOTEHLiIHY HeCTabJbHICTb MpoLECy, TOAI K
lyooBi  dincu ~ 3abe3nevyyBasid  HAWMeEHLIY
BapiabesIbHICTb.

[lopiBHAILHUM aHaJ1i3 NOKA3YE, 1110 BapiaHTH
3 MikpookcureHaniero (BLEND AO/FO 75, ny6oBi
yincy, TaniH NA-MT) Masu BUIi IIBUAKOCTI
3MEHILEHHsI TMOpIiBHAHO 3  KOHTpoJieM, 3
HaWBUILMMU 3HAYEeHHAMHM 1 TaHiHy NA-MT, o
MOXKe BKa3yBaTH Ha MOro poJib SIK KaTajisaTopa
OKHC/IIOBAaJIbHUX PEAKLiH.

JI0  OCaPKeHHS

[lo-pisHOMYy TakoX Mpoxoauaa 3MiHa
KOJIOPUMETPUYHUX MOKA3HUKIB JOCJIiTHUX
BUHOMartepianiB. KosbopoBi KoOpAavHaTH Y

cucteMi CIELab, po3paxoBaHi 3riiHO 3 METOIUKOIO
OIV-MA-AS2-11, HaBe/ieHi y TabJinLi 2.
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Tabauys 2.

IToxasHuku koaropoBux koopAuHaT y cucremi CIELab AocainHuIX BUHOMaTepiaais

ITicas BuTpuMKI
Koopaunarn y Ao
cucremi CIELab BUTPUMKH BLEND Ay6o0si .
AO/FO / Tanin NA-MT Bouxka
qgircm
75
L* 2,17 2,28 2,30 2,26 2,35
a* 15,46 13,94 13,80 14,27 13,20
b* 3,75 4,20 4,30 4,25 4,35
Y Bcix BapiaHTax cnocrepirauaocs OTpuMmaHa  BigCcTaHb MK  JOCJHIAHUMU

36inbmenusa L* (AL* Big 0,09 go 0,18), wmo
BKa3y€ Ha OCBITJIEHHSI BUHA, 3MeHIIeHHd a*
(Aa* Big -1,19 go -2,26), mo CBiAYUTHL NpO
BTpaTy 4epBOHOTI0 BiATiHKY, Ta 36i/b11eHHs b*
(Ab* Bix 0,45 po 0,60), wo Bigobpaxkae
NOCHJIEHHS »XOBTOTO KOMINOHEHTY. i 3MiHU €
TUIOBHUMU JJis POLECiB BUTPUMKU YEPBOHHUX
BUH, NOB’I3aHMMM 3 Jerpafialli€lo aHTOlLliaHiB,
OKHCJIEHHSIM dbeHOoNIbHUX CIOJIYK Ta
YTBOPEHHSM CTabiJIbHUX MIrMEeHTIB.

[l 06'€KTUBHOTO MNOPIBHAHHSA Pi3HUL
3MiHM ONTHUYHUX XapaKTEPUCTUK JOCAiIJHUX
3paskiB, HaMU OyB BHUKOPHUCTAaHHWM NOKa3HUK
EBKkiifoBOi  BifcTaHi, BUpAaxXyBaHUH y
6araToBUMipHOMY TMpoOCTOpi Ha mifcTaBi
OJJHOYAaCHO TPbOX NOKa3HHWKiB L* a* Ta b*

3pa3KaMu HaBeJleHa y TabuuLi 3, a pe3y/abTaTH
KJIacTepisalil Ha mifcTaBi BiicTaHel Ha puc. 6.

HalimeHma pisnung y Biacrani (0,17)
crnocrepirasaca MK Bapiantamu 3 BLEND
AO/FO 75 Ta ay6oBumu uincamu, ganai BLEND
AO/FO 75, mo BKasye Ha BUCOKY NOJiOHICTb
3MiH KOJIbOpY cepeJ LIUX BapiaHTIB.

3pa3oK, BUTPMMaHUM y 604lli, MOKa3aB
noMipHi BifcTaHi A0 Ay60Bux yinciB (0,61) Ta
BLEND AO/FO 75 (0,76), ane 6iab11y BiAcTaHb
no Taniny NA-MT (1,08). [lopiBHAIHO 3 3pa3KoM
Jl0 BUTPHMMKH, BapiaHT 3 OOYKOI BHSIBUB
HaWoinby 3MiHy KoJsbopy (2,35), 3a HuM
caigyroTb fy6osi ydincu (1,75), BLEND AO/FO
75 (1,59) ta Tanin NA-MT (1,29).

Tatauys 3.

Marpunsa BiACTaHel Mi>K 3pa3KaMH II0 Pe3yAbTATaM 3MiHH ONITUYHUX XapPaKTEPHUCTUK

BLEND .
Ao BUTPUMKHI AO/FO A¥6OBI Tanmia NA-MT Bouxa
75 gincu
A0 BUTPUMKI 0,00
BLEND AO/FO 75 1,59 0,00
AyOoBi uinicu 1,75 0,17 0,00
Tauia NA-MT 1,29 0,33 0,47 0,00
Bouka 2,35 0,76 0,61 1,08 0,00

3 laHUX, HaBeJleHUX Ha pUC. 6, BUJHO 1110
cepeJ;, 3pas3KiB iCHye 4YiTKe po3aiseHHA «/lo
BUTPUMKU» Ta «Ilic/i1 BATPUMKM», 1110 JIOTIYHO
yepe3 3MeHlLIeHHS a* Ta 36inbmieHHs L* i b* y
BCiX BapiaHTax Mic/d BUTPUMKH.

[Ipy 1boMy BapiaHT JOCHIAY BUTPUMKH Y
6o4lli BUJIISETbCA OKPEMO, OCKIJIbKM Mae€
Halbisbllle 3MeHIlIeHHs a* Ta 36ibiieHHs L*.

BapianTu 3 npenapatamu BLEND AO/FO
75, py6oBumu dyincaMmu Ta TaniH NA-MT

IrpynyoThCcs pa3oM, BKa3yl4yd Ha MNOJiOGHUMI
BIUIMB Ha KoJip (MeHIIi 3MiHM MOPiBHSAHO 3
604KO10).

OTpuMaHi AaHi 0 BifCTaHAM [I0Ka3yHOTh,
mo Taki npenapatu sk BLEND AO/FO 75 Ta
ly0oBi d4incu Kpalle HabJAMXKalTh ePeKTH
604KH, HiXK Cy6IIMOBaHI TaHiHY, 1110 BKa3ye Ha
HeOoOXiHICTb BUKOPUCTAHHA 3MillaHUX abo
KOMOiHOBaHUX MPOTOKOJIIB Y NPOMHUCJI0BOMY
BHUHOPOOCTBI.
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Puc. 6. PesyabTaTn KAaCTEpHU3AIlii AOCAIAHUX 3pa3KiB 32 ONTHYHUMH Xapakrepuctukamu L¥, a* b*

BucuoBku
Ha migcraBi mnpoBeJeHUX — JOCHpKEeHb
BCTAaHOBJIEHO HACTYITHE.

1. /lnHaMiKa KOHIEHTpallii pPO3YHMHEHOIO
KUCHIO y TepMeTHUYHIN Tapi 1eMOHCTPYE IIBUJIKE
eKCIIOHEHI[iiHe 3MEHIIeHHs 3 MO04YaTKOBUX
3HaueHb 2,4-2,5 Mr/aM® [0 crabisbHOro piBHA
6s1u3bKo 0,1 Mr/am> mic/s 9 MicALiB, 10 06MEXyE
M0/1aJIbI1Ii OKMCHI POI1iecy Ta cTabisizalito BUHa. Y
ZlyOoBil 6oyl KOHIIEHTpallist KHCHIO
i TPUMYy€EThCA Ha BULOMY PiBHi (g0 0,22 mr/am>
nicns 12 wicauiB) 3aBAfAKM MOCTIAHINA AUdys3il
yepes JiepeBUHY, 3a0e3Me4yyo4yd JAUHAMIUHY
piBHOBAary MK HaJXO/PKEHHAM 1 CIOXXUBAaHHAM
KMCHIO, W0 Y3TO/PKYETbCA 3 JiTepaTypHUMH
JIAaHMMU PO HeJTIHIMHICTb OKCUTeHalljl.

2. 3anponoHoOBaHa cCXxeMa MiKpOOKCHUTeHallil 3
3araJlbHOK 10300  KHCHIO,  PO3MO/IiJIEHOO
MPOMOPLIMHO JWHaMilll 3MeHIlIeHHs] GEeHOJbHUX
cronyk (Big 14,1 % y nepmomy micaui o 1,4 % B
OJUHAALATOMY), ePeKTUBHO MOJETIOE KHCHEBUI
peXUM TpafMLiiHOI BUTPUMKM B 6Gouni. le
NPU3BOJUTb [0 KOHTPOJIbOBAHOI'O 3MEHILIEeHHS
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KOHLIeHTpalii ¢eHoMbHUX pedoBUH Ha 1-5% y
BapiaHTax 3 aJ/IbTEPHAaTUBHUMM IIpenapaTaMy,
NO/1iGHO /10 KOHTPOJIBHOTO BapiaHTY y 60ullj, yepe3
MpoLecU OKHCHEHHH], noJiimepusatiii Ta
OCa/pKEeHHSl, 3 YypaxyBaHHAM I[I0YaTKOBOTO
Hakonu4yeHHs (QEeHOJIbHUX Yy 604ulli 3a paxyHOK
eKCTpaKujl.

3. KoHueHTpauis 6GapBHUX pPEYOBHH,
3MeHLIyeTbcd Ha 14-54 % y Bcix BapiaHTax, 3
HaWOIIbIIO IHTEHCHMBHICTIO /I BapiaHTy 3
TaHiHOM NA-MT (zo 53,78 %), w0 BKa3ye Ha
MOTEHIIMHI  pU3UKK  HAJMIpHOI  Jerpajarii
KOJIbOPY 4epe3 IPUCKOPEeHYy KO-IoJliMepu3allilo,
Tozi ik mpenapatd BLEND AO/FO 75 Ta ny6oBi
yirncu 3abes3nevyroTb 3MiHM, O/K4i ZI0 edeKTiB
60YKH, 3 MEHIIIO BapiabesIbHICTIO.

4. KosopyMeTpHU4HI NOKa3HUKHA y CUCTEMI
CIELab Bifob6pakaroTb THUNOBi 3MiHM M yYac
BUTPUMKMU: 30LblleHHS L* (ocBiT/1eHHs) Ha 0,09-
0,18, 3MeHI1IeHHS a* (BTpaTa YepBOHOIO BiJTIHKY)
Ha 1,19-2,26 Ta 36isiblleHHs b* (mocHIeHHSs K0B-
toro) Ha 0,45-0,60. EBkuizioBi BiacTani y kouip-
HOMYy T[pOCTOpi Ta  KJIacTEpHUM  aHaJi3
HiATBEPIKYIOTh BHUCOKY NoJi6HICTh



ISSN 2786-6955 (Online)

Biota. Human. Technology. 2026. No 1

Electronic edition

anbTepHaTUBHUX BapiaHTiB 3 BLEND AO/FO 75 Ta
JlyOOBUX YiIlCiB A0 TPaAUL[iiHOI BATPUMKHU B O0ULL],
BOJHOYAC 3 T[OMITHMMM  BapiauiaMu g
npenapaty NA-MT, 110 cBiT4MTh PO HEOOXiAHICTD
nifzbopy mpemnapaTtiB 3aJeXKHO BiJj 6GaXKaHOTO
edekTy Ha KoJIip.

5. AnbTepHaTMBHI  TeXHOJIOTi  MiKpo-
OKcureHanii 3 Jyb6oBUMH [penapaTamMH €
€KOHOMIYHO BHTiIHOIO 3aMiHOI TpPaAULiMHUM
Jly60BUM O0OYKaM /151 YKPaiHCbKOI'0 BUHOPOOCTBA,

PekoMeHyeTbCA iHAUBiAya/ibHE KOPUTyBaHHA
J103 KUCHI0O Ta THUMIB MpenapaTiB 3aJIeKHO Bij,
COPTY BHMHA, (QEHOJIBHOTO MOTeHIjalry Ta
O6oTaHIiYHOrO BUAY [JyOy /i1 YHHUKHEHHS
HaZMipHOro oKMcHeHHA. [lepcrieKTUBHI nojasbiii
JIOCJI/PKEHHS, y HalpsAMKY OLHKHA CEHCOPHHUX
npodiiB  OC/AIJHUX BUH, I1X [IOBFOCTPOKOBIH
CTabIbHOCTI Y NOPIBHSAHHI 3 iHIIMMH CTpaTeriaMU
MIKpOOKCUreHanii, 3 METOI0 OITHUMI3alil
IIPOMMUCJIOBOTI'O 3aCTOCYBaHHS.
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BILJIUB YMOB ITPOBEJIEHHS ®OTOKATAJIITUYHOI JETPAJAIIIT
IIAPAIIETAMOJIY TA AUK/JIO®EHAKY 13 3ACTOCYBAHHSAM TiO: I ZnO

f
S
Olena Kiziun, Valery Zazhigalov, Igor Ymnov, Inna Trus

THE INFLUENCE OF PHOTOCATALYTIC DEGRADATION CONDITIONS OF
PARACETAMOL AND DICLOFENAC USING TiO», AND ZnO

AHOTANIA

MeTa po6oTH. [locinimpxkeHHsa ¢oTokaTaniThyHol ferpagauii mapaneramosy (IIL) Ta auknodenaky (AP) y
BOJZIHUX PO34MHax 3a Aii okcuay uuHkKy (Zn0) Ta giokcuay tutany (TiOz), BusHayeHHs BiiMBY pH Ta 1031 KaTasizaTopa
Ha IBU/JKICTb 1eCTPYKIil, @ TAKOK NOPiBHAHHSA ePeKTUBHOCTI pi3HUX GOTOKATANTITUIHUX CUCTEM.

MeTtoposioria. /lna BH3HauYeHHsl ONTHMAJbHUX YMOB IpOBeJeHHA QOTOKATaJiTUUHUX MpoLeciB OyJu
JocaipkeHi HacTynHi nmapameTpu: BmuB pH po6ouux po3yuMHIB Ta KOHLEHTpalill kaTajisaTopiB. Jlerpajarito
JocaipkyBaau B ymMoBax Y®-onpomineHHs. [Ipoliec MojeaoBaBcs KiHETUKOIO MCeBAO-NepIiuoro nopsaaky. Ha ocHoBi
eKCIepUMeHTaJbHUX JaHUX OyJIM pO3paxoBaHi KOHCTAaHTH WBUAKOCTI peakuii (k) Ta nepiogu HaniBpo3snazy (ti/2) A
KO>KHOI'0 BapiaHTa yMOB.

HaykoBa HoBHu3Ha. Brniepiiie nmpoBe/ieHO nopiBHAAbHUEN aHasi3 gerpaganii I11] ta I® B oHaKOBUX yMOBax i3
3aCTOCYyBaHHSM J|BOX HalnouupeHiuux ¢potokaTanizatopis - Zn0 Ta TiO2 - 1110 1,03B0JIN/IO0 BCTAHOBUTH BiIMiHHOCTI y
ixHil peakuiiiHii 34aTHOCTI WOAO0 pi3HUX KJjaciB papMaleBTUUHUX 3abpyZHIOBadiB. Bu3HaueHO 3aKOHOMipHOCTI
BrMBY pH cepefoBuia Ha GoTokaTaNiTUIHY akTUBHICTb TiO2 i ZnO paa I Ta P, 1110 eMOHCTPYE YiTKY 3aJ1€3KHICTh:
3HWxeHHs pH nmigcunioe ferpagauiro B 6inbuiiit Mipi g TiOz, Hix fs1s ZnO. BusiBiieHo, o TiO2 nposiB/si€ 3HAYHO BUILLY
AKTHUBHICTb y KHUCJIOMY Cepe/loBMILi, 3a6e3Me4y04yd NPaKTUYHO MOBHe 3HewKopkeHHs [11 BxXe mpu KoHLeHTparii
kaTtaJsizatopa 0,5 r/M3, 10 103BOJISIE ONITUMI3yBaTH TEXHOJIOTIYHI yMOBU GOTOKATANITUYHOT'O OUYUILEHHS CTIYHUX BOJ,
BcTaHOBJIEHO Pi3HUINI0 ¥ KiIHETUYHIN OBeAiHIII IBOX OpraHiyHUX 3abpyAHoBauiB, Ae [ gerpaaye mBuaie, Hixk O y
BCiX eKCleprMeHTa/IbHUX YMOBaX, 110 BKAa3y€ Ha Pi3HY CTIHKICTb CTPYKTYpP MOJIEKYJI Ta IXHIO peaKLilHy 3JaTHICTb Y
dboToKaTaNiITUIHUX IPOLIECAX.

BucHoBKkM. BctaHosseHo, mo Il posknagaeTbea mBuziie 3a [P HesanexHo Bif Ttuny doTokaTasiizaTopa.
HaiiBuuty epextrBHicTb 3a6e3neuye TiO2 y kucaomy cepenouii (pH 5), Tozi sik ZnO geMoHCTpY€ MOMipHY aKTHBHICTb.
3HmxeHHs pH Ta 36i/1bIIeHHs Macy KaTaslidaTopa iHTeHCHiKyOTh npolec Aerpaganii ¢apMareBTHYHUX CIOJIYK.

Kinrw4yoBi cioBa: ¢oTokartanis, papmaneBTUUHI 3a6pyJHIOBadi, KaTasizaTop, mapaleTaMmoJ, AUKJI0PeHaK,
Jerpagauis

ABSTRACT

Purpose of the work. To investigate the photocatalytic degradation of paracetamol (PAR) and diclofenac (DCF)
in aqueous solutions under the action of zinc oxide (Zn0) and titanium dioxide (TiO2); to determine the influence of pH
and catalyst dosage on the degradation rate; and to compare the efficiency of different photocatalytic systems.

Methodology. To determine the optimal conditions for the photocatalytic processes, the following parameters
were investigated: the effect of the pH of the working solutions and the concentrations of the catalysts. Degradation was
carried out under UV irradiation, and the process was modelled using pseudo-first-order kinetics. Based on experimental
data, reaction rate constants (k) and half-life periods (t1/2) were calculated for each set of conditions.

Scientific novelty. For the first time, a comparative analysis of PAR and DCF degradation under identical
conditions using two of the most widespread photocatalysts - ZnO and TiOz - was conducted, enabling the identification
of differences in their reactivity toward distinct classes of pharmaceutical pollutants. The study established regularities
in the influence of pH on the photocatalytic activity of TiO, and ZnO for both PAR and DCF, demonstrating a clear trend:
lowering pH enhances degradation more significantly for TiOz than for ZnO. It was found that TiO:z exhibits substantially
higher activity in acidic media, enabling nearly complete PAR removal even at a catalyst concentration of 0.5 g/dm3,
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which provides a basis for optimizing photocatalytic wastewater treatment conditions. Differences in the kinetic
behaviour of the two pollutants were identified: PAR consistently degraded faster than DCF under all experimental
conditions, indicating variations in molecular stability and reactivity during photocatalytic processes.

Conclusions. PAR degraded faster than DCF regardless of the photocatalyst type. The highest degradation
efficiency was achieved with TiO2z in acidic medium (pH 5), while ZnO showed moderate activity. Lowering pH and
increasing catalyst dosage intensified the degradation of pharmaceutical compounds.

Key words: photocatalysis, pharmaceutical pollutants, catalyst, paracetamol, diclofenac, degradation

Bceryn

['no6anbHe moripimeHHs SKOCTI BOJHUX
pecypciB, BUKJIHUKaHe 3HAYHHUM 3POCTAHHAM
JIIOACBKOI AiAJIbHOCTI, iHAycTpiasisaniero Ta
BUKOPUCTAHHAM BEJIMKOI KIJIbKOCTI XiMiYHUX
pPEYOBUH, CTa/I0 OJHIE 3 HaWBAXKJIUBILIMX
eKOJIOTIYHUX TMpob6JsieM CcborojeHHs. Bopni
CUCTEMHU IMOCTIMHO 3a0pyJHIOITbCI HOBHUMU
KJlacaMu XIMIYHUX CIIOJYK, BiJOMUX €K
MiKpo3abpyAHIOBadi, ab0 KOHTaMiHaHTH, IO
BUKJIMKAIOTh ocobJsvBe 3aHeINOKOEHHA
(emerging contaminants, ECs). Li
3a0py/AHIOBaYi XapaKTepU3yHTbCSl HU3bKHUMU
KOHLleHTpauismMu (Big Hr/am3 po Mkr/am3),
3HAYHOW CTiMKicTlo, 6ioakyMmyJsliero Ta
MOTEHI[IHO IIKiAJUBUM BIIJINBOM Ha
eKocucTteMu Ta 370poB’s swoauHU (Hofman &
Teo, 2021).

Cepen ECs ocobsinBe Miclie mocijaroThb
dapmaneBTUYHI  cy6cTaHLii, fAKi MHUPOKO
3aCTOCOBYIOTBHCA Y MeJULWHI JJid JIIKyBaHHS,
JllaTHOCTHUKMU Ta NPOQiJaKTUKH 3aXBOPHOBaHb.
Jo HAWMOIIMPEHIINX  HaJeXaTb  TaKi
aHaJIbTeTUKA Ta NpOoTU3amnaJjbHi 3acobu, fK
napanetamod (I11) ta guknodpenak (AP) (Lee
et al, 2020). ILi pe4oBUHU peryJsspHO
NOTPAIJIAIOTh Y HABKOJIMIIHE CepeJoBUIIE,
IepeBaXHO 4Yepe3 CTiYHI BOAH, CKUAU
dbapMaleBTUYHUX MiATPUEMCTB Ta EKCKpEILilo 3
OpraHiamy JIOJAMHA Y4 TBapHUH, 4YacToO
BUABJIAIIOYUCH y IOBEPXHEBUX, I'PYHTOBHUX I
HaBiTh NUTHUX BoJax. Hampukiaz, napayera-
MOJI € OJHHM i3 HaWyacTiue 3adikcoBaHUX
dbapMaleBTUYHUX 3a0PY/IHIOBAYiB Y I PYHTOBUX
BOJlaX, OCOGJMBO Ha YypbaHi3oBaHUX Ta
NPOMUCJIOBUX 00'€KTaxX. He3BaXkarouu Ha Te, 1110
KOHILIEHTpalil 1UuxX MpenapaTiB 3a3BAYaM
HU3bKi, IXHf CTIWKICTb [0 TpaAULiMHUX
MEeTO/IiB OYHIEHHSI CTiYHUX BOJ, (TaKHUX {K
KoaryJssiljis, oca/pkeHH Ta  ©OioJsioriuHe
OUMIIEHHS1) MNPU3BOJUTbL [0 IX TMOCTiKHOI
NPUCYTHOCTI B MNPUPOAHUX BojoWMax. lle
BUMarae pO3pO6KHU IHHOBAI[iMHUX Ta
epeKTUBHUX CHUCTeM /JJisl IXHbOrO MOBHOTO
BU/JlaJIeHHA Ta MiHepaJi3alil.

198

OaHUM i3 HaMOIbII NepCHeKTUBHUX
HaNpsMKIiB A/ N0J0JIaHHA NPO0JIeMHU CTIMKUX
OpraHiyHUX 3abpyAHIOBayiB € IHepesoBi
nponecu okucHeHHs1 (Advanced Oxidation
Processes, AOPs). 1li MeToau IpyHTyIOTbCS Ha
reHepauii BUCOKOpeaKTUBHHUX (OpPM KHCHIO,
30KpeMa TiIpoKCcUIbHUX paaukaiiB (-OH), aki
IIBUJKO Ta  HECEeJeKTUBHO  PYHHYIOTb
OpraHiyHi CIOJYKHM, MEepeTBOPIOKYU IX Ha
HewKignuBi npoaykrty, Ttaki ak CO2 ta H20.
Cepen AOPs, rereporeHHUM ¢oToKaTami3 €
€KO0JIOTIYHO YUCTOI0 (3€eJIeHO), EKOHOMIYHOI0
Ta BUCOKoedeKTUBHOIO TexHoJorieto (Li et al,
2023). B ocHOBi ¢oToKaTasni3y JIEXUTb
3/1aTHICTh HaNiBIPOBIJHUKOBUX KaTaJji3aTOpPiB
MOTJIMHATU CBITJIOBE BUIIPOMiHIOBAaHHA
(3asBuuaii UV) 3 eHepri€lo, 10 NepeBUILYE
iXHIO WMPUHY 3a60pOHEHOI 30HH, IO
NpPU3BOAUTb [0 YTBOPEHHS €eJIeKTPOHHO-
nipkoBux nap (e-/h*). lli Hocii 3apsay MirpyoThb
Ha TIIOBEPXHIO KaTaJji3aTopa, [Jie iHilil0Thb
JIAQHIIOT paiMKaJIbHUX peakIiiu, 110
NpU3BOJATL [0 JeCcTpyKLii 3abpy/HioBauiB
(Sampaio et al., 2023).

OCHOBHUMM 00’€KTaMU [AOCTIPKEHHS Y
reTeporeHHoMy ¢QoTokaTasizi € OKCUAHI
HaNiBIPOBIIHUKH, cepeJ, SIKHX HaWlIuplie
3aCTOCYBaHHSA 3HAUILIM Jliokcu TuTaHy (TiO2)
Ta oKcu/J UUHKY (Zn0). TiO2, 30kpema y ¢asi
aHaTa3y, BMUCOKO ILiHYETbC 3aBJASKU CBOIU
XiMiuHiM CcTa6iJIbHOCTI, HETOKCUYHOCTI, KOpO-
3iMHIN CTIMKOCTI Ta BUCOKiIM OKUCHIOBAJIbHIN
epeKTUBHOCTi, 110 POOUTH HOro KJIHYOBUM
MaTepiaJjioM il ouMlleHHd Boau. OaHak, TiO2
Ma€ 3HAYHYy HIHMPUHY 3a60poHeHOl 30HU (3,2
eB) (Tanos et al, 2024), ujo obmexye Horo
akTuBalil Julle yJabTpadioseroBum (YD)
CBiTJIOM, a IBU/IKA peKOMOGiHallisl eJIeKTPOHHO-
JIpKOBUX Map 3HMXKYE 3arajibHy ePeKTUBHICTb
doTokaraniTuyHoro mnpouecy (Sampaio et al,
2023).

Okcupg 1uuHKYy (Zn0O) € 1e OJHUM
NepCcneKTUBHUM HaNiBOPOBIJHUKOM, IKUU Ma€
npsMy IIUPOKY 3abopoHeHy 30HY (3,37 eB)
(Baibaraetal., 2021) i Tak0> € HETOKCUYHUM Ta
€KOHOMIYHO BUTiJHUM (Hi0r0 BHUPOOHUITBO
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MOXe OyTH 3HA4YHO JelleBIIMM MOPiBHAHO 3
TiO2) Ta mnepcneKTUBHUM MaTepiajoM [Jd
BHU/IaJIeHHs noJtoTaHTiB (Bica et al,, 2020). ZnO
JAEMOHCTPY€E BUCOKY II04YaTKOBY aKTUBHICTb,
YacTO 3aBASAKM HAABHOCTI IOBEPXHEBHUX
nedekTiB (KMCHEBUX BaKaHCiH), IKi COpUSIOTh
YTBOPEHHIO aKTUBHHUX paAuKaiB. OfHaK HOro
3aCTOCyBaHHSI OOMeXeHe 4Yepe3 YacTKOBY
PO3YMHHICTE y CJAOOKHUCJIOMYy CepefoBUIILi
(pH<6), 10 MO2xe NpU3BOAUTH 0 Ae3aKTHUBALLil
IIOBEPXHi Ta BTpATH KaTajisaTopa.

EdexTuBHicTb doToKaTaNMITUYHOTO
npouecy KpUTUYHO 3aJIeXKUTh BiJi onlepaLiiHuX
napameTpiB, Takux Ak pH cepepoBuina Ta
KOHLIeHTpauida  KaraJjizaTtopa. 3MmiHa pH
BIIMBA€E Ha I[IOBEpXHEBUM 3apdAj Hamis-
npoBigHuKa (Hanpukiaag, TiOz Ta Zn0), cTyniHb
ioHi3anil MOJIEKYJI 3abpy/AHIOBaya Ta
IIBU/JKICTb YTBOPEHHA pajUKaliB. Y CBOIO
yepry, KOHLUEHTpallid KaTajizaTopa BU3HA4ae
KIJIBKICTb JOCTYIIHUX aKTUBHUX LIEHTPIB, aje II
HaZMipHe 30i/blIEHHA MOXe NPU3BOAUTH [0
eKpaHyBaHHA UV-BUnpoMiHIOBaHHSA Ta
pO3CilOBaHHA CBIiTJIa, L0 3HUXKYE 3arajbHy
mBUAKICTb peakuil (Tanos et al., 2024). Takum
YUHOM, ONTHUMi3alligd [UX TMapaMeTpiB €
KJIIYOBOIO /Il pPO3POOKM  ONTUMaJbHUX
TEXHOJIOTIM OYMILeHHS BOJH.

Meta wui€ei poboTu moJsdrasa @y
JlocaimkeHHi  ¢$oToKaTaliTUUHOI JAerpafauii
JIBOX BaXXJIMBUX 3abpy/JHioBauiB ¢dapmales-
TUYHOTO IOXO/KEHHS napawneTaMoJsy Ta
JukjgodpeHaKky - y BOJAHUX po3uMHax 3a Jii ZnO
Ta TiO2.

Marepiasu Ta METOAU AOCAIAPKEHHA

B po6oTi BuKopucTaHi MeToau ¢oTo-
METPUYHOrO aHasi3y, MOTEHL[iOMETPUYHUM Ta
KiHeTUYHUN MeToAu. POoTOMETPUYHUN aHaJi3
BUKOPHCTOBYBaJIM [Ji1 BU3HAYEHHA KOHLEH-
Tpauil JukiaodeHaKy Ta NapaLeTaMosy y
BOJIHUX po3uuHax. [loTeH1[ioMeTpUYHUN METO/
3aCTOCOBYBa/JM A  BuMiproBaHHA  pH
JOCTI/PKYBaHUX pO34MHIiB. KiHeTUYHUUN MeTo[
A OLliHIOBaHHS LHIBUAKOCTI
doTokaTaNmiTUYHOI AeCTPYKILil Ta BU3HAYEHHS
KiHEeTUYHUX [IapaMeTpiB NPOLEeCy.

y JOCHIIKEeHHI PO3TJIAHYTO JBi
dbapMaleBTUYHI CHOJYKA - NapaleTaMoJ
(CsHoNO2, IUPAC: N-(4-rizpokcu-
deHin)aneramin) Ta JukaodpeHak
(C14H11C12NO2, [UPAC: 2-[2-(2,6-puxsop-
aHiyiHo)deHin]onTOoBa KUCI0TA).

Yci  ekcneprMeHTasIbHI  JOC/IKEHHSA

IIPpOBOAHWJIN Y KBAPLOBUX peaKL[iI‘/JIHI/IX KIOBeTax
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abo $oTos1i3HUX peaKTopax i3 3abe3neyeHHAM
cTtabiibHOoro Y®-onpoMiHeHHsl, KOHTPOJIbO-
BaHUX [apaMeTpiB INepeMillyBaHHA Ta
TeMmiepaTtypu. /JlJi1 NiATpMMaHHSA MOCTiHHOI
TeMIepaTypu BUKOPUCTOBYBAJU LIUPKYJs-
LIMHUKA  TepMocCTaT, a  IlepeMillyBaHHA
3abe3nevyyBasiv MarHiTHi MilllaJIKA 3i
mBuakicTio 400-600 06/xB. Bubip Takux ymoB
NOSICHIOETbCA  HEOOXiJHICTIO PIBHOMIpHOTO
po3noginy ¢oTokaTasizaTopa y BOAHIN pasi Ta
3amnobiraHHa Moro ceguMeHTalii, 1[0 MOIJIO 6
BILJINBATH Ha KiHETHUKY MpPOLECY.

BuMmiproBaHHA ONTHUYHOI TYCTUHU
IpOBOJUJIM Ha [JBOIPOMEHEBOMY CIEKTpO-
doTomeTpi (Shimadzu UV-1800) y apianasoHi
190-800 HM 3 BHMKOPHUCTAHHSAM KBapLOBUX
KIOBeT TOoBIIMHOW 1 cM, o6'eMoM 2 MJ, Ta
aBTOMaTHU4YHOIO0 Kopekuli€eto ¢poHy. 3HaueHHs pH
pob0YMX  pO3YMHIB  KOHTDOJIIOBajJM  3a
nonoMoroto pH meTpa (IonHomip I-160M).

06’'eM po60OYOTro pO3YMHY, 10 MIiCTUB
dapmMaleBTUYHY CNOJyKy, cTaHOBUB 100 mu1.
PeakuiliHy cymiln onpoMiHIOBalu KepesaoM
yJabTpadioseToBOro BUIIPOMiHIOBaHHA
(Phillips HPA 150). Po3uuHu Bigbupaau y
BU3HAayeHI MOMEHTHM 4Yacy Ta HeramHo
dinbTpyBasu Kpisb meMbpaHu 0,22 MKM, 1106
YCYHYTHA BIUIMB CyCIleHJ0oBaHOro ¢oToKara-
Jli3aTopa Ha ONTHUYHE NOTJIMHAHHS.

Jna  mapaneramosly BUKOPHUCTOBYBAJIU
JIOBXKMHY XBUJII A = 275 HM, AJ5 JUKI0EeHAKY
- A =276 HM, OCKIJIbKHM caMe Ha IIMX JJOBXKHMHaX
criocrepirascs MaKCHMaJbHUU K
NOTrJIMHAHHSL.

i ZnO aHasi3yBavM YOTHPU KOMOiHaILii
YyMOB JJig KOXHO1 crnoayku: pH 6 1 8 npu
KoHIleHTpauisax 0,25 ta 0,50 r/am3. Bubip
Takoro pAiamasoHy pH  mnoB’asaHudl 3
obMexxeHOW cTabinbHicTIO ZnO0 y 6iabin
KHCJIOMY CepeloBUIL, /le MOXJIMBE 4YacTKOBe
pO34YMHEHHA KaTaJi3aTopa.

Jna TiO2 pgerasbHO npoaHasi30BaHO IO
/B KOMOiHanii yMOB [/ KOXHOro 3
MoOJleJIbHUX 3a0pyAHUKIB. JlJis mapareTamosy
posrasgHyTo pH 5 npu konnentpanii TiO2
0,25r/pm3 i pH 7 npu 0,50 r/am3. [Jasa
nukaodenaky — pH 5, TiO2 0,50 r/am3 Ta pH 7,
TiO2 1,00 r/am3.

[loyuaTKOBa KOHLEHTpalid y BCiX cepifax
napaueTtaMmosly Ta JAUKI0deHaKy CTaHOBUJIA
10 mr/am3.

EdextuBHicte BuaydeHHsa Il Ta [P
po3paxoByBaJsiv 3a GOPMYJI0IO:

A= Crow(nuy/A9) ~Csan(uy/ Ae) -100%,
Crou(miy/A®)
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Ae Crou(iy/ae) — 104aTKOBA KOHLeHTpauid [11] yu

JA® B po3uuHi, Mr/am3; Csan(miy/ o) — 3aJIMIIKOBA

koHueHTpalis [ yu J® B po3uuHi, mr/ams3.
[lepion HaniBpo3nazay, TOOTO Yac 3 SKUHU

moyaTKoBa KOHLIeHTpaLida 3MEHIIYEThCA
B/IBiui, po3paxoByBaJii 3a GOPMY.JIOL0:

, In2 0,693

A

Jle kK - KoHCTaHTa WBUJKOCTI peaklii nepioro
NOPALKY.

Yci  exkcniepuMeHTasJIbHI  BUMIipIOBaHHA
NPOBOAWJIM Y TPUPA30BiM MOBTOPHBAHOCTI,
pe3y/bTaTH NOJAHO Yy BUIJIAAI CepefHbOTO
apudMeTUYHOro 3HaYeHHH. O6pobKy
eKCIlepUMeHTa/IbHUX [JlaHUX Ta N00y/J0BY
KIHETUYHUX 3a/IeXKHOCTeN 3[IMCHIOBaJU 3
BUKOPUCTAHHAM CTAaHJAPTHUX CTAaTUCTUYHUX
nakeTiB MS Excel.

Pe3yapTaTH AOCAIA’KEHHA Ta OOroBo-
peHHA

KinbKicHi pe3yabTaTh GOTOKATANTITUYHOI
perpagauii Il Tta AP y BOAHUX pO34YHMHAX
NpeacTaBJeHl y  BUIIAAL 3aJIMLLKOBOI
KOHLeHTpauil 3 yacoM. Lli aHi € oCHOBOIO JJ1sd
aHaJs1i3y KiHeTUKH NPOLECY, AKUN MOJe0BaId
3a ICeBAO-TepLIMM MOpAAKOM. Yci cepil
eKCIIepUMEHTIB pO3MOYUHAJIUCH 3 NT0YAaTKOBOI
KOHLleHTpauii 060x dbapManeBTUUHUX
3abpyaHoBauiB 10 wmr/am3.  JlocaifkeHHs
NPOBOJUJIKCS 3a PiISHUX YMOB, 11100 BUSHAYUTHU
BIJIMB [IBOX KJIOYOBUX IlapaMeTpiB: THUIY
kaTajsizaTopa (ZnO a6o TiOz) Ta Horo no3u, a
takox pH cepenoBunia. 3okpema, a5 Zn0 6ys10
npoaHasizoBaHo yMoBU npu pH 6 ta 8, a guda
TiO2 npuy pH 5 Ta 7, 3 pi3HUMH
KOHIleHTpaligiMu KaTaJsiszatopiB (Big 0,25 no
1,00 r/am3). [letanbHa iHpopMalis npo 3MiHy
3a/IMIIKOBOI KOHLIeHTpauil mapaneramoJsy Ta
JUK10peHaKky, 110 BUMiproBajacsa KoxHi 10
XBUJINH NPOTArOM 60 XBUJIUH
doTokaTaniTUUHOI Aerpajanii B NPUCYTHOCTI
ZnO Ta TiO2 3a pisHuxX 3HayeHb pH 1 Macu
KaTaJizaTopa, y3arajibHeHa y Tabsuni 1.

[lpakTHuyHa edpekTUBHICTL ZnO 3HAYHOIO
Miporo 3aseXXUTh BiJ pH po34yMHy, OCKiIbKU
OKCHJ, LHWHKY € YacTKOBO PO3YUHHUM Y
cnabokuciaomy  cepepoBuuii. Tomy  guid
KOPEKTHOTO MOpiBHAHHA 06ys0 06paHO /iBa
3HauyeHHsa pH - 6 Ta 8, o Bigob6pakarThb
BiAmoBifHO  yMOBH, OJIM3bKI [0  Mexi
crabibHocTi ZnO Ta yMOBUM HEUTpPaJbHOTO
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cepepoBula. IlapanenbHo  gocaigpKyBaiu
BILJIUB KOHLIEHTpaljii katanizatopa 0,25 r/am3 i
0,50 r/am3.

AHaJsli3 nUX JaHUX JEeMOHCTPYE, wo Zn0
NPOSABJIIB BUCOKY aKTUBHICTb Ha MMOYaTKOBUX
CTafZifAX Aerpajauii, Ak mnapaueTaMmoJy, Tak i
nukigodpeHaky. lle Moxxe OyTH mOB’si3aHO 3
HAafABHICTIO 3HAYHOI KIJIbKOCTI IOBEPXHEBUX
nedeKTiB, 30KpeMa BaKaHCi KHUCHIO, fIKi
TEOpPeTUYHO 3/JaTHI 3HUXKyBaTH WIBUAKICTb
pekoM6biHaLii eJleKTPOHIB i AipoK, TUM caMUM
MiABUILYIOYM YTBOPEHHA aKTUBHUX paJUKaJliB

(Janotti et all, 2007). Xowya y Mexax
NpPOBEJEHOTO JOCHi/)KeHHSl Taki JedekTu
O6e3nocepeiHbO He  BHU3HAuYaJUCH, IXHiH

MOXJIUBUU BIJIMB PO3IJAJAETHCA SIK OJHE 3
MOTEeHLiMHUX NOsICHEHb OTPHUMaHUX
pesyJsbTartiB. [IpoTe yepe3 BiAHOCHO GibIIMH
po3Mmip KpuctanitiB (~ 26 HM) (Sahai, &
Goswami, 2014) aKTHUBHICTDb Zn0
3MeHIIyBaJlacd IMpU MNOJLOBXKEHHI peakuil,
OCKIJIbKH 3MeHIlyBaJacd KiJIbKICTb JOCTYITHUX
AKTUBHUX UEHTPIB MicJA HNOKPUTTSH NOBEPXHI
IPOMDKHUMU NpPOAYKTAaMM Jerpajanili Ta
YAaCTKOBOK BTPATOK KaTaJlizaTopa B YMOBax
pH 6, ne ZnO € yacTkoBO po34uHHUM. 3a pH 8
CTabi/IbHICTh KaTasizaTopa 6yJia Jello BUIL01,
asie epeKTHUBHICTb y IiJIOMy MEHILIOW 4epes
3HWKEHHS a/icopOILiiHOT B3aEMO/il.

Jna mapauneramosly y nNpucyTHOCTI ZnO
Criocrepirajacsd WBUAKA Jerpajalid B nepiui
20-30 xB onpoOMiHEeHHS, MiCJisA YOT0 WBUKICTh
npouecy 3HWXKyBajdaca (puc. 1la, 3a), wo
BiNOBiae JliTepaTypHUM  JAHUM 1100
obMexxeHb Zn0O B yMoBax HeWTpajabHoro pH.
HakiBuiy aktuBHicTh ZnO cnocrepiraiu npu
pH 7 i koHueHTpanii katasnizatopa 0,5 r/am3.

Y Bunagky gukaodeHaky akTUBHICTb ZnO
OyJia icTOTHO HUXKY010 (puc. 2a, 4a). llIBuakicTh
Aerpaganii 3meHmyBasaca npu pH < 6 4depes
MiABUILLEHHS PO34YHMHHOCTI ZnO0, 1110
NPU3BOAMJIO [0 BTpPAaTU MacU KaTaJi3aTopa.
Takox  3HMXKEHHSI  aKTHMBHOCTI  MO>Ha
NOACHUTU XIMIYHOK CTPYKTYpOK  JUKJIO-
deHaky — 6eH30JIbHE KiJblle 3 JBOMA aTOMaMH
Cl Ta amiHorpymnoto, sike 3’€lHaHe 3 APUIbHUM
3a/IMIIKOM 4Yepe3 aTOM HIiTPOTeHY, 110 3HAYHO
06Mexye afcopb1it0 Ha MOBEPXHI KaTasizaTopa
i po6UTH MOJIEKYJTY CTIMKIILIO 0 OKHCHEHHS.

[lix yac mnomepeAHbOi ajacop6bIii, 1[0
IIPOBOJAMJIACA [0 ONPOMiIHEHHS JJif BCTaHOB-
JIeHHs1  piBHOBaru cuctemy, O¢ikcyBaau
aJicop61iito maparneTamoJy Ha nmoBepxHi Zn0O Ha
piBHi 5-10 %. Y Bunagky aukjaodeHaky ui
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3Ha4YeHHs OyJM HWXKYUMHU - 3-6 %, 110 Moxe
OyTH NOB’SI3aHO TaKOX 3 OiJbLI CKJIAJHOIO
CTPYKTYPOIO MOJIEKYJIH (SIK OYJIO Lie BiiMiueHO
YO-mxepena

Buile). Ilicas

YBIMKHEHHA

aKTUBHICTb Zn0 3pocTaJa, i npoLec nepexouB
y $OoTOKaTaNiTUUHY CTA/li10 3 EKCIOHEHIIIHHUM
3HWXXEHHAM KOHLeHTpaLii y yaci.

Tabauys 1

3MiHa 32AMINIKOBOI KOHIIEHTPALIi HapalieTaMOAY Ta AUKAO(EHAKY ITiA 9YaC (POTOKATAAITHIHOT
Aerpaaanii y npucyraocri ZnO Ta TiO; 3a pazaux 3Hauens pH i macu xaraaizatopa

Karaaizarop ZnO TiO;
pH 6 6 8 5 7 5 7
m, r 0,25 0,5 0,25 0,5 0,25 0,5 0,25 0,5 0,25 0,5 0,5 1
PeuoBuHa ITLT AD TI1T AD
t, XB 3aAnmkoBa KOHIEHTpAisA, Mr/Am3
0 10,00 | 10,00 | 10,00 | 10,00 | 10,00 | 10,00 | 10,00 | 10,00 | 10,00 | 10,00 | 10,00 | 10,00
10 5488 | 4,660 | 6,200 | 5,074 | 7,806 | 7,408 | 8,434 | 7,788 | 4,274 | 3,329 | 6,703 | 7,400
20 3012 | 2172 | 3,844 | 2592 | 6,092 | 5488 | 7,110 | 6,066 | 1,827 | 1,108 | 4,493 | 5,480
30 1,654 | 1,011 | 2,382 | 1,333 | 4,757 | 4,066 | 5,987 | 4,727 | 0,781 | 0,369 | 3,012 | 4,060
40 0,910 | 0,470 | 1,476 | 0,690 | 3,712 | 3,012 | 5,043 | 3,685 | 0,334 | 0,123 | 2,019 | 3,010
50 0,501 | 0,218 | 0,916 | 0,360 | 2,899 | 2231 | 4,249 | 2,877 | 0,143 | 0,041 | 1,353 | 2,230
60 0,276 | 0,101 | 0,568 | 0,189 | 2,264 | 1,653 | 3,586 | 2,243 | 0,061 | 0,014 | 0,907 | 1,650
ITpumitka: [T — mapameramon, AP — auxaodenak
100 100
90 90
80 80
70 70
g 60 —— pH=6, m=0,25 r O\° :g
< 50 —@— pH=6, m=0,50 r < 20 —@— pH=5, m=0,25 r
40 —a— pH=8, m=0,25 r 30 pH=7, m=0,50 r
30 —&—pH=8, m=0,50 r
20 20
10 10
0 (Ve
0 20 40 60 0 20 40 60
t, xB
t, xB
A b

Puc. 1. EdpekTHUBHICTE (POTOKATAAITHYHOI ACTPAAALIi] ITAPAIETAMOAY IIPU 3aCTOCYBAHHI
KaTaAi3aTopiB 3aAe>kHO BiA yacy. A —ZnO; b — TiO,
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100 100
90 90
80 80
70 70
© 60 © 60
:f 50 :E 50 st pH=5, M=0,50
pH=5, m=0,20r
40 — B oH=6. M= 40
pH=6,m=025 r —o—pH=7, m=1,00 r
30 —o— pH=6, m=0,50 30
20 ——de— pH=8, m=0,25 r 20
10 ——4— pH=8, m=0,50 r 10
0 0
0 20 40 60 0 20 40 60
t, xB t, xB
A b
Puc. 2. EdextuBHICTE (POTOKATAAITHYIHOL A€TpaAartii AMKAOEHAKy IPHU 3aCTOCYBAHHI
KaTaAi3aTopiB 3aAe’kHO BiA yacy. A — ZnO; B — TiO;
5 2
4
g’ g
) ol
£ 2 ]
pH=6; m=0,25r

pH=6; m=0,25r
~@ pH=6; m=0,50 r

~@ pH=6; m=0,50 r

1 «d—pH=8; m=0,25r =~ pH=8; m=0,25r
4 pH=8; m=0,50 r 4 pH=8; m=0,50 r
0 0
0 20 40 60 0 20 40 60
t, xB t, xB
A b

Puc. 3. Kinernuna 3aaexuicts (In(Co/C,) Bia uacy ¢ oTOKATAAITHIHOI A€TPaAAIlii mapareTaMoAy
IIPH 3aCTOCYBAHHI KaTaAi3aTOPiB 3aA€>KHO BiA uacy. A —Zn0O; b — TiO;

7 3
6
5
2
S 4 5
3 < *
O QO
El 3 —— pH=5; m=0,25 r 1 N
~@—pH=7; m=0,50 r 1
2 == pH=5; m=0,50 r
4 pH=7; m=1,00 r
1
0 0
0 20 40 60 0 20 40 60
t, xB t, xB
A b

Puc. 4. Kinernuna 3aaexxuicts (In(Co/C,) Bia uacy porokarasirnunoi Aerpasanii AuxkaodeHaxy npu
3aCTOCYBaHHI KaTaAi3aTOPiB 3aA€>KHO BiA uacy. A — ZnO; b — TiO,
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Jerpazauia mnapauetramosy Ha Zn0O
BiZI0OYBAEThCA 3HAYHO LIBH/IIE Ta Ma€ Oiabll
KpyTHM cniaj, KoHUeHTpauii y nepmi 20-30 xB
peakuii. /[luksodeHak, HaBNaKH, AEMOHCTPYE
IJIAaBHUM Ta pO3TATHYTUW y d4aci npodinb
Jlerpajauii, 0 € TUNOBUM [IJI1 apOMaTUYHUX
xJopBMicHuX cnoayk. Ilpy pH 8 mnponecu

Jerpajauii 060X 3abpyJHUKIB  MOMITHO
CIOBIJIBHIOIOTBCA NopiBHAHO 3 pH 6, wmo
NigTBEPIKYE BUpilIaJIbHUHA BILJIUB

KHUCJIOTHOCTI Ha CTabiNIbHICTh Ta aKTUBHICTb
ZnO.

JopaTkoBuUM ¢$akKTOpOM, SKHWH BILJIMBAE
Ha QoToKaTaliTUYHy aKTUBHIiCTb Zn0, €
YaCTKOBE pO3YMHEHHA KaTajlizaTopa IpH
HWDKYHMX 3HA4YeHHAX pH. [IpoTsairom
ekcnepuMeHTiB npu pH 6 y cuctemi ¢ikcyBanu
HeBeJIMKI KOHIeHTpauil Zn2+*, mo 3poctanu 3i
36i/IbIIEHHAM yacy ONPOMiHEHHA Ta
Jl03yBaHHA KaTaJjizaTopa. Takui epeKT Moxe
CIPUATH JAe3aKTUBaLil 4acTUHU noBepxHi Zn0
Ta 3MEHIIEHHIO0 YuCJa aKTUBHUX LIEHTPIB Ha
nisHix craaisax peakuii. [lpy pH 8 noxi6Horo
ABUILA IMPAKTUYHO He CIOCTepiraaoch, LIO
MOSICHIOETbCSl Oi/IbIIOK CTAbGiIbHICTIO OKCUAY
LUHKY y HEUTPaJbHOMY CepeJ0BUILL|.

Otxe, d¢oToKkaTaJiTU4YHI BJIACTUBOCTI
OKCUJY LUHKY BU3HAYaIOThCA Horo
eHepreTUYHOoI0 CTPYKTYPOIO, po3Mipom

KPUCTAJIITIB 1 MOBEpXHEBOI aKTUBHICTIO, AKa
3HA4YHOO Miporo 3a/exuTh Bif, pH cepenoBuiia.
[IpoBeneHi gocaifpKeHHA NpPOJEMOHCTPYBaJIH,
mo 7ZnO0 1npodBid€e BUCOKY IOYaTKOBY
doToKaTaNiTUUHY aKTUBHICTb y Jerpajaii
napaneTaMoJsly Ta Ma€ IIOMiIpHYy aKTHUBHICTb
moAo0  AvkKIopeHaKy, 1[0 TMOB'fI3aHO 3
oOMeXXeHHsSIMU TOBepxHeBoi ajcopbuii Ta
XiMIYHOIO CTIMKICTIO MOJIEKYJU JUKJIO0(EHAKY.
TobTo nmponec dpotomecTpykuil AuKI0PeHAKY
NPOXOJWUTh 4Yepe3 YTBOPEHHS OiJbIl CTIMKUX
npoAykTiB peakuil. /laHui ¢akT mniaTBep-
J[OKYIOTb pe3yJIbTaTU 3MIiHM CIeKTpiB YO-
NOTrJIMHaHHA  ($apMaleBTUYHUX CHOJAYK VY
npucytHocti Zn0O 3paska. Axwmo puaa 1L
XapaKTepHO 3IJIaJKyBaHHA CIEKTpiB IOTJ/H-
HaHHA 3 4YacoM ONpoMiHeHHd, To aaa D
3MeHILEeHHS IHTEHCHUBHOCTI rOJIOBHOTO
CIIEKTPY iZe 3 MOABOK HOBUX MAaKCUMYMiB
CNEKTPIB 3 3CyBOM B iHppauepBOHY 30HY.

Y BCiX ekCcnepuMeHTaX BUKOPHUCTOBYBa/IU
ZnO i3 cepegHiM pO3MipOM KpPUCTAJITIB
26,1 HM, 110 3a6e3MevyBasio 3HA4YHY KiJbKICTb
noBepxHeBUX JAedeKTiB THUIY KHUCHEBUX
BaKaHCiy, AKi 3MEHIUYITh HIBUAKICTb
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pexkoMmb6iHalii enekTpoHiB i aipok (Sahai, &
Goswami, 2014).

TakuM 4YMHOM, TIpOBeJEeHUM
[I0Ka3aB, 10 ONTUMaJbHUMHU yYMOBaMH
3aCTOCYBaHHA Zn0 OJIs1 Jerpaganii
napageramoay € pH 6 Ta KOHUeHTpauid
katamizatopa 0,50 r/amM3, Tomi sdAKk aAnd
JUKIOopeHaKy HaMkpall pesyjabTaTh OyJau
OTpPUMaHIi NpU TUX Ke 3HayeHHAX pH, ase 3
Jelo MOMIpHUMU WBUAKOCTAMHU Jerpajaiii.
lle miaTBepaKye, W0 BUbip ymoB pH Ta mo3u
Zn0 Mae K/11040Be 3HaYeHH4 /11 epeKTUBHOCTI
doToKaTaNiTUYHOTO OYHUILEHHA BOAU BiJ
¢dbapmMalLeBTUYHUX MiKpPOTOJIIOTAHTIB.

Ha HacTtynHoMy etami fgociifxkeHb AJi4
nperpaganii [11] Ta 1P 6ys10 Bukopuctano TiOo.

doTokaTaniTUYHA AKTHUBHICTb JiOKCUAY
TUTAHY 3HA4YHOK Mipow 3aJIeXKUThb Bij
¢daszoBoro ckiaamy, ™opdoJsorii Ta yMOB
NpoBeJleHHA peakliii, 30KpeMa BiJi 3Ha4yeHHs pH
1 KOHLeHTpauii kaTtajizaTopa B cyclneHsil.
Bukopucranuii y pob6oti TiO2 (dpasa anartas,
cepeliHii po3Mip KpuCTasdiTiB 6JyiM3bKO 9,3-
9,4 HM) XapaKTepU3y€ETbCS BUCOKOI IMUTOMOIO
NOBepxHelw Ta CcTabinpHOW  (QoTOKaTa-
JITUYHOK aKTHUBHIiCTIO y JianmaszoHi pH Bifg
C1abOKUCIUX [0 HeUTpaJlbHUX 3HayeHb (Al
Saleh, 2025). [IlpoBegeni  pgochaigkeHHs
doTokaTtaniTuyHOl Jerpajauii napamneTamoJsy
Ta JUKJOPeHaKy MoKasaJiy, L0 caMe aHaTa3s
TiO02 3abe3nedyye  HaWBUIly  MIBUJKICTb
pyiHYBaHHSl (dapMaleBTUYHUX 3a0py/HUKIB.
EdexkTuBHicTh ¢doToKaTasmiTU4YHOI Jerpajariiii
napaneramosy  npd  3acrtocyBaHHi  TiO2
3aJIe)KHO BiJI 4acy OIPOMiHEHHA Bi3yaJIbHO
npejcTaBjeHa Ha PUCYHKy 16, Togi €K
aHajioriuHa edeKTUBHICTb AJ JUKJIOPEHaKY
BiZjo6pakeHa Ha PUCYHKY 20.

TiO2 3abe3neuyBaB WBU/KY Aerpajalito
[IIl y Bcix pmocaimpkeHnx ymoBax. Harsuina
epexkTuBHicTb — npu pH 7 i maci 0,50 r/am3, ne
koHUeHTpauia Il 3a 60 xB 3HMXKyBasacd
Mailxe Ha JiBa nopsiiku (puc. 16, 36). ITicasa 20-
30 xB peakLid CcHOBiJIbHIOBajsacad 4Yepes
YTBOPEHHA NPOMDXKHUX NPOAYKTIB OKUCHEHHH.

JA® perpaayBaB mnoBisibHilIe, Hix [,
opgHak  TiO2z mnpodaBUB  3HAYHO  BUILY
epeKTUBHICTb NOpPiBHAHO i3 ZnO (puc. 26, 40).
Haiikpauii pesysnbtatu - npu pH 5-7 i posi
1,00 r/am3, Xoua nigBuieHHs1 pH 10 7 meBHOIO

aHaJi3

Mipoto 3HUXKYBaJo azacopb6Iiito yepes
yTBOpeHHS aHioHHOI dpopmu J]D.
Ax  cBiguath pesyabtaTtH, Ti02 €

BUCOKOepEeKTUBHUM (OTOKaATaNi3aTOPOM [Jist
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Jerpazauil napanetamoJsy y AOCAiKYBaHOMY
AiamazoHi pH Ta  koHueHTpauid. [asa
napaneTaMoJsly BCTAaHOBJIEHI BUILiI 3HAa4YeHHHA
KOHCTAHT IIBUJKOCTI NOPIBHAHO 3 [UKJIO-
¢deHakoMm. Hanpukaaa, 3a 60 XBUIMH
ONPOMIHEHHS KOHILeHTpauid IMapaLleTaMoJy
npu pH 7 i TiO2 0,50 r/aM3 3MeHIIyBasach
MalKe Ha /iBa IOPSAIKH, 110 MigTBepAKY€E HOTO
BUCOKY e(pEeKTHUBHICTb. y BUIIAJIKY
AukjJodpeHaKy, CTPYKTypa fAKOro € Oijbul
CTIMKOIO 10 OKUCHEHHS, LIBUKICTb Aerpajauil
oysa Hux4olo, npote TiO2 TakoXX aKTUBHO
PYHMHYE 1110 XJIOPBMICHY criosiyKy. He3Baxkarouu
Ha 3arajilbHy HWXYYy WBUJAKICTb Jerpazaril
auknodpenaky, TiO2 3ab6e3mneuye 6ibIll TIUOOKY
JeCTpyKUito, HiX ZnO.

[lopiBHioOuUM edekTuBHicTb ZnO i TiO,
MOKHa 3pOOUTH BHUCHOBOK, L0 OKCH/J IJUHKY
NPOABJIIE BUCOKY I[10YAaTKOBY aKTHUBHICTb,
OJHaK WIBU/llle BTpavyae eQeKTUBHICTb Y
cnabokucaux ymonax. TiOz, HaBmaku, NposIBJISIE
CTabIbHY aKTUBHICTb y LIMPOKOMY Jiana3oHi
pH Ta 3a6e3neuye riubiy MiHepaJsisaliito.
[Ipore ZnO 3ajumaeTbCA MNepPClIeKTUBHUM
KaTaJjizaTopoM /[iJi1 LIBUJKOrO PYHHYBaHHS
dbapMalLeBTUYHUX 3a0pyHUKIB Y BUNIaJKaX, Je
noTpibHa BUCOKA iIHTEHCUBHICTbh OKMCHEHHS Ha
M0YaTKOBUX CTaAisAX NpPoLeCy.

[loBesjiHKa oOpraHiyHOI MOJIEKYJIH Y
CACTeMI BU3HAYAETbCA He JIULIe KIJIbKICTIO
YTBOPEHUX paJUKaJiB, ajie U NOBEPXHEBUMH
xapaktepuctukamu  TiO2. Jlna  aHartasy
XapaKTepHa BUCOKa 3/AaTHICTb [0 ajcop6uil
apOMaTUYHUX Ta PEHOJIbHUX CTPYKTYP, 11O €
BXJIMBUM Y BUIIQJKy [apaleTamMosy Ta
ocobsmBo auknaodpeHaky. Came ToMy B YCix
eKCIlepUMEHTA/IbHUX Ccepidx mnepes yBIMK-
HEHHAM JIaMIIM TOPOBOJAMWJMU  NONEpeHI0
aacop6uito npotsaroM 30 XB /1Jis1 BCTAaHOBJIEHHS
piBHOBaru y cucteMmi. Ha nboMmy ertamni
CIIOCTepirajivi HesHayHe Na/liHHSA KOHIeHTpallil
3abpyaHuKa - Big 5 g0 12 % 3anexHo Big pH i
KOHLIeHTpaLil KaTaJizaTopa.

[lici moYaTKy ONpOMiHEHHH y BCiX cepifax
BCTAQHOBJIEHO YiTKy €KCIOHEHLIMHY 3aJiex-
HICTb 3HMW)KEHHS KOHLeHTpaLlii y dyaci, 0o
NiATBEPIKYE KiHETUKY IICEBIONEPIIOTO
nopaaky. IlapameTpu KiHEeTUKM BU3Ha4yalu
missxoM no6yzoBu 3asexHocTi In(Co/Ct) Bix
yacy ONpPOMiHEHHs; OTPHUMaHi KOHCTAaHTHU
IIBUAKOCTI 36irarThbcoa 3 THUIIOBUMU
3HadyeHHAMU JJd cycneHsikHoro TiOz2 vy
no/liGHUX yMOBaXx.
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KinetuuyHni kpuBi QoTokaTaniTU4YHOI
Jerpaganii nmapaneTaMoJsly IOKasajd LIBUJKE
naZliHHg KoHUeHTpauii y nepui 20-30 xB, nicss
YOoro peaklisd CHOBUIbHIOBajJach  4epes
YTBOPEHHA NPOMIXXHUX NPOAYKTIB OKUCHEHHSH
(puc. 36). HaBnaku, y BUNIagKy AWKI0(EHAKY
npodisib 3HMKEHHSI KOHLIeHTpalii 6yB OibIl
IJIaBHUM | JIIHIHHUM y HamiBjorapupMiyHux
KoopauHaTax (puc. 46). PospaxoBaHi 3Ha4eHHA
Ct migTBepauay, wo 3a 60 XB ONpOMiHEHHS
KOHIL|eHTpaLuia napauetamosy npu pH 7 i TiO2
0,50 r/am3® 3MeHulyBasachb MaiiKe Ha /JBa
NOPAJKHY, TOAI AK A1 JuKaodeHaky npu pH 7 i
TiO2 1,00 r/gm3 - nuume B wicth pasiB. Taki
pO36DKHOCTI MOXYTb OyTH TOB'A3aHi 3
BiAMIHHOCTAMM Y CTPYKTYpi MoJekyai ix
peakLiliHil 34aTHOCTI B yMoBax ¢oToKaTali3y,
Xo4ya  JieTaJibHUM  MeXaHi3M  NOTpebye
N0/la/IbIIOT0 BUBYEHHS.

OTpumMaHi pe3ysbTaTH CBig4aTh, o TiO2
€ BHUCOKOePeKTUBHUM (POTOKATaNi3aTOPOM
[ Jerpajanii nmapaneTamosy y LIAPOKOMY
Jiana3oHi pH Ta koHueHTpani. JukiodeHax,
X04a ¥ XapaKTepHU3yETbCA HUKYOK IBUKICTIO
OKMCHEHHS, TAaK0X AaKTHBHO pPYHHYETbCA Y

npucytHocti TiO2 3aBAAKM pajUKaJbHUM
peakuiaM, 10 MNigTBepAXKye NPULATHICTb
aHaTasy [AJid  OYHUIIEeHHA CTIYHUX BOJ,

3abpyHeHUX papMaLeBTUYHUMU MIKpPOIOJIIO-
TaHTaMU pi3Hol npupoau. Kpim Toro,
NOpiBHAHHA KIHETUYHUX NapaMeTpiB 3acBij-
yye, 110 onTUMi3alisa yMoB pH Ta KoHLeHTpanil
KaTajizaTopa €  K/JIWOYOBUM  YHWHHUKOM
niBullleHHs  edeKTUBHOCTI  ¢doTokaTasi-
TUYHUX TPOLECiB, 0COOJMBO [/ CTIMKHUX
XJIOPBMICHUX CIIOJIYK.

BruivB pH cepepoBullia Ta KOHUeHTpaLil
OKcHAHOro ¢QoToKaTasi3aTopa Ha KiHETHUKY
doTokaTasiTHUHOI  Jerpaganii  papmaren-
TUYHUX CIOJYK € OJHUM i3 KJIHYOBUX
YUHHUKIB ONTUMI3aLil @pouecy OYHUIIEHHHA
BOAU. 3MiHA KHUCJOTHOCTI pO3YMHY BHU3HA4ae
3apan IIOBEPXHI HaliBIPOBIJIHUKOBOTO
KaTaJizaTopa, CTyliHb iOHi3aLil opraHiyHUX
MOJIEKYJI Ta IUBUAKICTb pOPMyBaHHA aKTUBHUX
paZMKaJIbHUX YaCTUHOK, TOZI 1K KOHLIeHTpaLis
KaTaJjlizaTopa BU3HA4Ya€ KiJIbKICTb JAOCTYIHUX
aKTHBHUX LEHTPIiB 1 epeKTUBHICTb MNOIJIHU-
HaHHA Y®-BunpomiHwoBaHHA. Tomy 6yJso
[IpoaHaJi30BaHO KIHEeTHUYHI napaMeTpu
doTokaTtaniTuyHoOl Jerpajauii naparneTamosy
Ta gukiaodpeHaky B npucytHocti TiO2 Ta ZnO
Ipu pi3HUX 3HayeHHAX pH i KoHUeHTpauiax
KaTaJjizaTopa, BHUKOPUCTOBYIOYU KOHCTAHTHU
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mBUAKOCTI peakuii k, nepiogu HamiBposmagy
tiz Ta 3ajvmuKoBi kKoHueHTpauii  C(t).
KiHeTuyHui aHa/i3 NpoOBOAWIM, BUXOAAYU 3
MoJeJIi ICeBLONepIIoro NOpALKY.

OTtpumMani 3HaueHHda Kk i ti/2 Ans pisHUX
BapiaHTiB pH Ta KOHLleHTpalild KaTaJi3aTopiB
HaBeJleHO B y3araJbHIOYUX Ta0ULAX A5 Zn0
(ta6s1.2) Ta TiO2 (Ta6s.3), a XapakTep 3MiHH
C(t) BizTBOpEHO Ha KIHETUYHUX KPUBUX.

[TapaueTtamon y cuctemax 3 TiO2 gerpaaye
3HA4YHO WIBU/LIE, HiXK AUKI0DEHAK, TOMY [Js
napaneTaMoJsly BCTAaHOBJIEHO BHUII 3HA4Y€HHA
KOHCTAHT IIBUJKOCTI NOPIBHAHO 3 [UKJIO-
denakoM. Y Bunazaky pH 5 Ta koHueHTpawuii
TiOz 0,25 r/amM3 KoOHCTaHTa WIBUJKOCTI
ctanHoBuia 0,0850 xB-1, mo BiAgnoBigae nepioay
HaniBpo3nagy 8,15 xB. 3poctranHa pH fo
HEUTpaJIbHOrO 3HAYeHHs 7 Ta 306iJblIeHHs
KOHIleHTpauii kartajiizatopa go 0,50 r/am3
NpuBOJAMJIO A0 iHTeHcudikauii mnpouecy:
k=0,1095 xB1 Ta t1/2 = 6,33 xB. lle 03Hauag, 1110
3a HEe3MiHHOI [O0YaTKOBOiI KOHLeHTpalil
3pOCTaHHA KIJIBKOCTI JOCTYIIHUX aKTUBHHUX
LleHTpIiB Ha NOBEepXHi aHaTa3y Ta ONTUMIi3aLisg
KHUCJOTHOCTI CHpPUSIOTh iHTeHcUudikalii npo-

necy. 3HayeHHa pH 7 3ab6e3mneuyBaJjio
ONTUMaJIbHUK 6aslaHC MiX 3aps/0M NOBEpXHi
Ta JUCHepryBaHHAM  KaTaJji3aTopa, 10

COPUSATIO0 MaKCUMaJbHO e(PeKTUBHOMY YTBO-
PEHHIO TiAPOKCUJIbHUX paauKasiB. KpiMm Toro,
Ipyd LUX YMOBax INpolec JeMiHepaJsizalil 6yB
iHTEHCUMBHIIIKMM, NP0 10 CBiAYUTb OiJbII
r71M60Ke 3HMKEeHHSI KOHL|eHTpallii opraHiuHoro
BYTJIELO.

Ansa  puknodeHaky, CTpPyKTypa SIKOTO
MICTHUTBb /IBa aTOMH XJIOPY ¥ € 3HAYHO OijbIl
CTIMKOIO [0 OKMCHEHHS, LIBUJKICTb Aerpajaril
oys1a Hik4oto. [Ipu pH 5 Ta konuenTtpauii TiO2
0,50 r/amM3 KOHCTaHTa IWIBUAKOCTI CTaHOBUJIA
0,0400 xB1, a nepiog HaniBpo3mnaay - 17,32 xB.
[linBumenns pH pgo 7 Ta 36iJblieHHS
koHueHTpauii TiO2 go 1,00 r/am3 npusBeso a0
3pocTaHHg WBUAKOCTI Jinile g0 k = 0,030 xBL,
o BignoBizae ti/2 23,08 xB. Iloxi6oHa
MOBe/iiHKA MOSICHIEThCA TUM, 1o npu pH 7
MoJieKyJia AuKJodeHaKy nepebyBa€e nepeBa*kHO
y aHioHHi# popmi, a noBepxHs TiO2 npu oMy
HabyBae cj1abKO HeraTUBHOrO 3apsjy, 1o
3HWXXYE aJIcOpOIito0 Ta, BiANOBIIHO, ¥ 3arajibHY
IBUAKICTb OKHCHeHHs. He3Bakarouu Ha Iie,
NOBiJIbHIIIA, aje cTabiJibHa Jilerpajalis
JoBoauTh 34aTHicTb TiO2 pylHyBaTH HaBiTb
XJIOpBMicHi ¢papMaLieBTUYHI CIIOTYKH.
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Jl/1s mapaneTamMoJ1y BCTaHOBJIEHO, L0 TIPH
pH 6 i konyenTpauii ZnO 0,25 r/aM3 KOHCTaHTa
mBHaKOCTi craHoBusia k = 0,0598 xBl, mo
BiATIOBifA€E nepiony HamiBpo3nany
t1/2 = 11,58 xB. [liiBUILleHHS /1031 KaTaJsi3aTopa
no 0,50 r/amM3 npu3BoAuJiO 0 36iJbIIEHHS
mBUAKOCTI peakuii 1o k = 0,0766 xB!l Ta
3MeHuIeHHs t1/2 70 9,05 xB. [Ipu nigBuieHHi pH
J10 8 WIBUAKICTB JlerpaZialiii 3MeHIlyBalach: AJid
0,25r/nm3 k = 0,0478 xB1 (t1/2 = 14,50 xB), a Ans

0,50r/am3 - k = 0,0662 xB! (t1/2 = 10,47 xB).
Taki pesysbTaTu BKa3yloTb Ha Te, L0
napaueTamoJi IIBUJLLE  PYUHYETbCA Y

C1aboOKUCIUX YMOBaX, Jle moBepxHs ZnO Mae
OiJibll TMO3WTUBHUK 3apsaj] 1 edeKTHBHille
ascopbye HeUTpaJbHy GOpMYy MOJIEKYJIU
napagetamosy. OTxe, aasg ZnO caabKoOKUCHI
YMOBHM € OiJibIll COPUATIUBUMU JJis Aerpajarii
napaueTamoJy, ToAi gk npu pH 8 3MeH1IyeTbCA
eJIeKTPO-CTaTUYHEe TMPUTATaHHA MK MoJie-
KYJIOI0 Ta IOBEpPXHel0 KaTasizaTopa i 4aCTKOBO
3HWXKYETbCA  ePeKTUBHICTb  QopMyBaHHA
aJIcCOpOIiHHOI0 KOMILJIEKCY.

Jis nukaopeHaky 3HAUYEHHST KOHCTAHT
IBUJKOCTI 6y/ii 3Ha4YHO HWKYKUMU. [Ipu pH 6 i
KoHueHTpauii 0,25 r/am3 k craHoBu/i0 Juie
0,0248 xB-1 (t1/2 = 27,99 xB), a npu 0,50 r/am3 -
0,0300 xB1 (t1/2 = 23,10 xB). 36inb1IeHHs pH g0
8 111e GisiblIe 3HUKYBaJIO aKTUBHICTD Zn0 1010
AUKJI0dEeHaKy, OCKIJIbKM MoJieKyJa B IHUX
yMOBax TMepebyBa€e MepeBaXXHO B aHIOHHIH
dopmi, Toai sk noBepxHA ZnO Takox HabyBae
HeraTuBHoro 3apsaay. Jaa 0,25 r/am3 k
3MeHIIyBasioch 70 0,0171 xB1 (t1/2 = 40,54 xB), a
Juist 0,50 r/am3 - no 0,0249 xB1 (t1/2 = 27,82 xB).
lle cBigUMTHL NpO CYTTEBE eJIEKTPOCTAaTUUHE
Bi/ILITOBXYBaHHS, fIKe OOMeXYye ajcopoOLiio i,
BiZIIOBiHO, 3arajibHy WIBUJKICTb OKWUCHEHHA.
Taxkum yuHoM, ZnO BUABJIAETHCA iCTOTHO MEHIII
epeKTUBHUM JJid Jlerpajalii AukaodeHaKy, Hix
/I TapaueTaMoJly, HaBiTb y ONTUMaJbHUX
yMoBax pH 6 i migBUlLleHUX KOHLEHTpaLifxX
KaTaJiizaTopa.

[lopiBHIOIOYM pe3ysbTaTh Juad TiOz2 Ta
Zn0, MO0XHa 3pOOMTH HU3KY y3araJbHIOHYUX
BUCHOBKIB. [lo-nepiue, /g mnapaneTaMoJy
o6u/Ba KaTasizaTopu 3a6e3MedyylTb iCTOTHe
3HMKEHHS1 KOHIeHTpalii 3a6pyiHuKa, ane TiO2
JIEMOHCTPYE GiJibII BUCOKI 3HaYeHHs K Ta MeHIIi
ti/2, ocobsmBo mpu pH 7 Ta KoHueHTpanil
0,50 r/am3. ZnO € epeKTUBHUM y CJIaOOKUCIUX
yMOBaX, 0/IHaK noctynaetbcs TiO2 3a rIM6MHOI0
Jlerpazanii nmpu oJHAKOBUX ab0 OJM3bKUX
KOHILIeHTpalligx KaTajizaTopa.
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Tatauys 2

KoHcranTa mBuAKOCTI 1IceBAOIIEpIIOTO HOPAAKY (K) Ta mepioA HammiBpo3maAy (ti/2) miA 9ac
doTokaTaAITUYHOL AerpaAarii mapareTamMoAy Ta AMKAOeHaKy y npucyTaocti ZnO 3a pizHux
sHadeHb pH i macu karaaizaTopa

pH 6 6 8
m, T 0,25 0,5 0,25 0,5 0,25 0,5 0,25 0,5
PeuoBuna il M1 M1 1 pi(0) pi(0) AD AP
k 0,0598 0,0766 0,0478 0,0662 0,0248 0,0300 0,0171 0,0249
tl2, xB 11,58 9,05 14,50 10,47 27,99 23,10 40,54 27,82
ITpumirtka: [ — mapameramon, AP — auxarodenak
Tabauys 3

KoHcraHnTa mBuAKOCTI 1IceBAOIIEpIIOTO HOPAAKY (k) Ta mepioA HamiBpo3maAy (ti/2) ImiA 9ac
doToKaTaAITHIHOI AerpaAartii mapamneTamMoAy Ta AukKAodgeHnaxy y npucyrrocri TiO; 3a pisHEX
sHadeHb pH i macu karaaizaropa

pH 5 7 5 7
m, T 0,25 0,5 0,5 1,0
Peuosuna i i A® A®
k 0,0850 0,1095 0,0400 0,0300
tY2, XB 8,15 6,33 17,32 23,08
IMpumitka: [111 — mapareramon, AP - Ankaodenak
[To-apyre, A5 AUKA0PEeHAKY Pi3HULA MiX o 050 r/amM3 y Oinbmocti BUNafKiB

KaTaJjlizaTopaMH lie 6i/siblll BUpa)keHa: HaBiThb
3a nigBuleHoi koHueHTpauii TiO2 (1,00 r/am3)
Ta ONTHUMIi30BaHUX YMOB pH nipouec gerpaaarii
3aJIMIIAETHCA MOBIJIBHIIINAM, HIXK /14 apaneT-
aMoJly, aJie BCe K 3HaYHO iHTEeHCHUBHIIINUM, HiXK
y cucteMax i3 Zn0O. ¥ Bunagky ZnO HeBUCOKI
3HaueHHA Kk Ta Besuki ti/2 y noeiHaHHi 3i
3pOCTaKy0l0 TPUBAJIICTIO peakKlIiii CBi4aTh, 1110
el KaTaJjli3aTOp € MeHLl MNPUAATHUM JJid
OUMIIEeHHS BOJU BiJl XJOpPBMIiCHUX QapMa-
LIeBTUYHUX CIIOJIYK Y JOCAI>KEHOMY Jliana3oHi
pH.

[To-Tpere, BILJIUB KOHIleHTpalii
KaTaJjlizaTopa Ma€ BUpaXXeHUW eKCTpeMaJIbHUN
xapakTep. 36inbmeHHs 034 TiO2 Ta Zn0 3 0,25

CYNIPOBO/I)KYETbCSA 3pocTaHHAM Kk 1 ckopo-
4yeHHsM t1/2, O/JHaK NoJaJiblie 3poCcTaHHA ([0
1,00 r/am3 pgna  TiO2) He 3aBXAU [Jla€
NpOMNOpILikHe MiBUILLEHHA IBUAKOCTI peakKIiil.
lle moB’ss3aHo0 3 edpeKTOM eKpaHyBaHHSA YP-
BUIIPOMiHIOBAaHHs Ta 306iJbIIEHHSAM pO3Cilo-
BaHH4 CBITJIa B IepeHaCUYEeHUX CyClIeH3iqaX.
Hapewri, pH cepeznoBuiia no-pisHomy
BIJIMBA€E Ha Katauizatopu. Jua TiOz2 ontu-
MaJIbHUM BUSBUBCS iHTepBaJ BiJg cjabo-
Kucjaoro Jo HeWtpanbHoro pH (5-7) pnsa
napaneTamoJy i 6JIKYUM 0 cnabokuciaoro pH
JU1s1 AMKJIopeHaKy, Toi gk A ZnO HalbinbIl
npuiHATHUM € pH 6. 3a pH 8 ebekTuBHIiCTH Zn0O
3HWXKYETbCS K [Js NMapaleTaMoJiy, TakK i s
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AukjgodpeHaKy, U0 TNOSCHIETbCI 3MiHOMO
3apsAAy MOBEPXHi Ta 3MeHUIeHHSM afcopOuil
OpraHiYHUX MOJIEKY.I.

TakuM 4YuWHOM, aHaJsi3 BIIKUBY pH Ta
KOHLIeHTpalil KaTajizaTopa Ha KiHeTUYHI
napameTpd (GOTOKaATaJiTHYHOI  JAerpajauii
MoJZle/lbHUX (dapMaleBTUYHUX 3a0pyAHHUKIB
[I0Ka3aB, 10 ONTHUMi3allid LUX NapaMeTpiB €

KPUTHUYHOIO  JJid  JIOCATHEHHS  BHUCOKOI
epexkTuBHOCTI mnpouecy. TiO2 mnposBise
CTabiIbHO BHUCOKYy AaKTHUBHICTb 1 € O6iabLI

yHiBepCaJIbHUM KaTaJi3aTOPOM [/ OYUILeHHHA
BOJHY BiJ papManeBTUYHUX MiKPOIOJIIOTAHTIB,
ToAi K Zn0 JOLiJIbHO 3aCTOCOBYBAaTH B YMOBAX,
Jle IOTpiOHe LIBUJKe IOYaTKOBE OKUCHEHHS y
C1aboOKUCIOMYy  CepeJloBUILi, aJle HeMae
)KOPCTKUX BHUMOI [0 IIOBHOI MiHepaJsi3auii
CTIMKHX XJIOPBMIiCHUX CIIOJIYK.

OTtpuMaHi pe3yabTaTH CBigyaTb Ipo
CYTTEBI BiZAMiHHOCTI y MexaHi3Max
doTokaTasiTUYHOI JecTpyKiii mapaneTramosy
Ta [JUKJI0PeHaKy 3a OJHAaKOBUX YMOB.
He3BakaroyM Ha 3arajbHy TeHJEHLil [0
LIBU/IIOTO po3KIazy napauneTaMoJy,
CIOBiJIbHEHHSI TpoLiecy 3 4YacoM JJsg 000X
dbapMaLeBTUYHUX  CHOJYK  MOXe  OyTH
NoB’si3aHe 3  YTBOPEHHSIM  MNPOMDKHUX
NPOJYKTIB OKMCHEHHS, 10 34aTHi ajcopby-
BaTUCAd Ha AaKTUBHUX LieHTpax ¢QoToKaTa-
JlizaTopa Ta 4YacTKOBO 6JiOKyBaTu ix. /[l
JuKkI0opeHaKy, 3 OIJfgJly Ha Horo 6inbul
CKJQJHY XIMi4HyY  CTpPyKTypy, HMOBipHe
dbopMyBaHHS 1e Oijabll pi3SHOMAaHITHUX |
CTIMKHX NPOMIXKHUX NMPOAYKTIB, 1110 AOAATKOBO
BIJIMBAE Ha KiHETHUKY nporecy. Tomy noaanpuui

JOCHI/PKEHHA  JOLJIBHO  CIpAMyBaTH  Ha
ifeHTUdiKalil0 UMX OPOMDKHUX  CHOJYK
METOJIOM XpOMaToMac-CleKTpoMeTpil, 110

JI03BOJINTb BCTAaHOBUTH He JIMIIE IX IPUPOAY,
ajie 1 yTOYHUTH BIJIMB OKPEMUX NPOAYKTIB Ha
MexaHi3M ¢oTokaTaJliTU4YHOI Jerpajaiii, 1o
NOrJIMOUTH PO3yMiHHSA UIAXIB TpaHCcPopMalii
OpraHiyHuxX 3abpy/HIOBauyiB Ta 3abe3MeyuTb
pPO3pO6KY 6inbI1 epeKTUBHUX yMOB
dboToKaTaNiTUYHOTO OUUILIEHHS BOJIU.

Bucnuosku

Bcranossieno, wo Il poskinagaeTbca
3HayHO wBHAle 3a [P He3asexxHO Bif TUIY
dorokartanizatopa (ZnO uym TiOz2). e
MiATBEPKYETBCA  THUM, o  AJs I111
BCTAHOBJIEHO BHWIII 3HAY€HHS1 KOHCTAHT
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mBugkocti (k) Ta  MeHwmi — mepiogu
HamiBposnagy (ti/2z) y BCiX eKcnepuMeH-
TaJIbHUX YMOBax NopiBHAHO 3 [[D.

Ti02 € edexkTuBHiIMM  ¢QoTOKaTa-
JlizaTopoM, Hik Zn0, OCKIJIBKY BiH JJeMOHCTPYE

O0isibIl BMCOKI 3HayeHHsA Kk Ta MeHmi tiy,
0C006JIMBO TMpU Jerpajanii mnapameTamoJy.
MakcuManbHa  epeKTUBHICTb  [Jid [11],

pocaruyrta 3 TiOz2 npu pH 7 Ta KoHUeHTpanil
0,50 r/am3, nme KoHCTaHTa WBHUAKOCTI Kk
crtaHoBusa 0,1095 xB1, a nepiox HaniBpo3nagy
ti/2 - 6,33 xB. Hali6isib11 epeKTUBHI yMOBHU AJ1
J® BctaHoBsieHo gJida TiO2 npu pH 5 ta gosi
0,50 r/am3, pge k cranoBusna 0,0400 xB-l.
Halikpamia aktuBHicTh Aja Zn0O aaa [ 6ysa
npu pH 6 Ta koHuenrtpauii 0,50 r/gm3
(k=0,0766 xB'1).

Kucne cepenoBuiie (pH 5-6) cnpuse
NiBUILEHHIO (GOTOKATaJiTUYHOI aKTUBHOCTI.
3umxkeHHsa pH niacuatoe aerpaaaiito 6iab11010
Mipoto gaa TiOz , Hix gaga ZnO. Juasa ZnO
ONTHUMAaJIbHUM € cjabokucie cepegoBulle (pH
6), ockinibku npyu pH 8 mBUAKICTb Aerpagarnii
[l Ta A® nomiTHO 3HMXKyeTbcA. Juasa TiO2
ONTHMMaJbHUM  BHUSBUBCS  iHTepBa/l  Bij
ciabokucaoro Ao HeutpanabHoro pH (5-7).
[linBumenHa pH fo 7 npusBesio 40 3HUXKEHHA
mBUKOCTI flerpaaauii JI®, ockijibku MoJieKyia
J® B 11Mx yMoBax HabyBa€ aHiOHHOI GOpMH, 1110
BUKJIMKAE eJIEKTPOCTAaTUYHE BiAIITOBXYBAaHHSA
BiJl HEraTUBHO 3apsAKeHol nosBepxHi TiOz .

36i/blIIeHHS 103U KaTaJjiszaTtopa
nifBuiye epeKTUBHICTb Npollecy, 30Kpema
MOMITHO TMPHUCKOPIOE TMOYATKOBY  CTajito
AeCTPYKLil OpraHiyHUX CIOJIYK.

36i/blIIeHHS 103U KaTaJjiszaTtopa
(3okpema, Big 0,25 mo 0,50 r/am3) y 6iabiiocTi
BUINIQJKIB  CYNPOBO/PKYETbCS  3POCTAaHHAM
KoHcTaHTH mBUAKocTi (k) i ckopouyeHHsM
nepioay HaniBpo3nazy (ti/z ). OAHak nojgajblie
36isbieHHs (Hanpukiaaza, Ao 1,00 r/am3 pnas
TiOz y Bunaaky [®) He 3aBxAU 3abe3neyye
NpoNopILiHe NiIBULLIEHHS IBUAKOCTI peakuii
yepes edekT eKpaHyBaHHA UVv-
BUIIPOMIHIOBAaHHA Ta PO3CIFOBaHHS CBITJIa.

OTpuMaHi pe3yJbTaTH MOXYTb OYTH
BUKOPHUCTAHI [iyi1 oOnTuMi3anii TexHOJIOTiH
O4YUILleHHA  CTiYHUX BOJ, 10  MIiCTATb
3abpy/iHIOBaYi ¢apManeBTUYHOTO MOXO/KEH-
HA, LIJIAXOM BUGOpPY BiZINIOBiTHOTO
KaTaJlizaTopa Ta peryJiroBaHHA pH
cepeZOBUIIA.
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SIpocnas ITomiaBcbkui, BikTop SIHUEHKO

CYYACHI CTPATEI'II CMHTE3Y 3AMIIIEHUX BIHLVICYJIb®OHIB
\#ﬁ)ﬂ"—f
Yaroslav Poplavskyi, Viktor Yanchenko

MODERN SYNTHETIC STRATEGIES FOR SUBSTITUTED VINYL SULFONES

AHOTAIIA

MeTa po60oTH. MeTol0 pobOTH € cUcTeMaTH3allifl Ta y3arajJbHeHHs Cy4aCHHUX HAyKOBHX BiZjoMOCTeH 11070
MeTO/iB CUHTe3y 3aMillleHUX BiHiiCcy/bQOHIB, 1110 J03BOJUTb He JiMlle BUSHAUYUTHU HaNO6iabIl epeKTUBHI cTpaTerii ix
OTPUMAaHHS, a ¥ CIPOrHO3yBaTH HANPSIMKM NOJAA/bIIOI0 BUKOPUCTAHHS LIUMX CHOJYK Y Cy4aCHOMY OpraHiYHOMY Ta
MeJUYHOMY CUHTe3I.

MeToposoris. [IpoBesieHO KOMIJIEKCHUN aHaJi3 my6JiKanii y perjieH30BaHUX HAYKOBUX BU/IAHHSX 32 OCTAHHI
JiBa eCATHJITTA. BUKOpHUCTAaHO MeTOJM NMOPIBHAJBHOIO aHasli3y, y3araJbHeHHA Ta KPUTHUYHOI OLiHKHA pe3yJ/bTaTiB
JLOCJIiXKeHb y Tajy3i cydacHOro opraHiuyHoro cuHTe3dy. OcobsiMBa yBara npujiisiacs poboTaMm, Je eKcliepuMeHTalbHO
06I'PYHTOBAHO NlepeBaru HOBITHIX MeTO/iB CUHTe3y 3aMillleHUX BiHiJICy/IbPOHIB MOPIBHAHO 3 KJIACUYHUMHU.

HaykoBa HOBHM3Ha. Y po6OTi Blleplile CUCTEMaTH30BaHO Ta KPUTUYHO NPOaHa/li30BaHO MaCUB JlaHUX OCTaHHIX
POKiB 11010 eBOJIIOLii CHHTETUYHUX CTpaTerid cTBOopeHHs QYHKIiOHa/li30BaHUX BiHIJICY/JbPOHIB Ta BCTAHOBJIEHO
BU3HA4Ya/IbHY POJIb IPUPOJY PeaKLilHOTO cepelOBUIIA y PeryJI0BaHHI XeMOCeJeKTUBHOCTI MPOLECIB, 1[0 403BOJINJIO
chopMyBaTH KOHLENTyaJbHy KapTy CyYacHHUX MiJXOJiB IIOJ0 CHHTEe3y BiHLJICYJIbPOHOBOro pparMeHTa 3 BHCOKHUM
piBHEM perio- Ta CTepeOKOHTPOJIIO.

BucHoBKM. CydyacHUH CTaH pO3BUTKY METO/IiB CUHTE3Y BiHiJICy/1bGOHIB BKa3ye Ha TeH/JEHIIiI0 /10 BIPOBaAKeHHS
MeTaJ0KaTaJiTUYHUX, eJIeKTPOXiMiYHUX Ta QOTOXIMiUYHMX MeTOJiB CHHTe3y, a TaK0XX BHUKOPUCTAHHSA M'SIKHX
OKHCHIOBAJIbHUX CUCTEM, 1110 3a0e3MeuyloTb BUCOKY perio- Ta CTepeoce/leKTUBHICTb Npoliecy. AHasli3 JiTepaTypHUX
JhKepeJ1 MATBEP/KYE, 110 YHIBepcaJbHUMHU BUXiJHUMH PeYOBUHAMU [iJIs1 BBE/IEHHsI BiHIJIbHOTO pparMeHTa B CUCTEMY
€ aJIKeHH, aJIKIHU Ta KOPUYHI KUCJIOTH, TOA] SIK /pKepesiaMu CyJIbPOHINbHOI rpyIH HalyacTille BUCTYNAIOTh CyibdiHaTH,
cysbdoHiNxI0pUM Ta CyaAbOHINTIfpa3nu .

[ligxoau fo cuHTe3y [3-aMiHOBiHiNCYIbPOHIB POKYCYIOTHCA Ha BUCOKIA XeMOCEJEeKTUBHOCTI Ta BUKOPUCTAHHI
M’'SIKHX YMOB, Jie KJI0OYOBY POJIb Bifiirpae KoHTpoJb HaJ akTUBaLielo 3B’13kiB C-H i C-N. HanpsMok peakuii KpUTHYHO
3aJIeXKUTh BiJi IPUPOAU CepesloBUIla: BUKOPUCTAHHA JUMETUJICYNbPOKCUAY Ta PoToKaTasi3y cnpusie YTBOPEHHIO
eHaMiHcy/IbOOHIB, TOAI IK BOAHE cepeloBUlle cIpUsie popMyBaHHIO CyibdaMifiB.

KimouoBi ciioBa: cysibdony, BiHiICYyIbOHH, OpraHiuHUN CUHTE3, 3aMillieHi BiHiIcy1bdoHM, eHaMiHOCYIbPOHH,
aMiHOBiHiICy/Ib)OHM

ABSTRACT

Purpose of the work. The study aims to systematize and generalize current scientific data regarding synthetic
approaches to the formation of substituted vinyl sulfones. This allows to specify the most effective strategies and
predicting future directions for utilizing these compounds in modern organic and medicinal synthesis.

Methodology. A comprehensive analysis of publications in peer-reviewed scientific journals over the past two
decades was conducted. Methods of comparative analysis, generalization, and critical evaluation of research results in
the field of modern organic synthesis were employed. Particular attention was paid to studies that experimentally proves
the advantages of novel synthetic methods compared to classics.

Scientific novelty. The work systematizes and critically analyzes the mass of data of recent years on the evolution
of synthetic strategies for the creation of functionalized vinyl sulfones for the first time, which allowed us to present a
conceptual map of modern approaches to the design of a vinyl sulfone fragment with a high level of regio- and
stereocontrol in a single overview format.

Conclusions. The current state of development of methods for the synthesis of vinyl sulfones indicates a steady
trend towards the introduction of metallocatalytic, electro- and photochemical methods, as well as the use of mild
oxidation systems that provide high regio- and stereoselectivity of the process. Analysis of literary sources shows that
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the starting materials for introducing a vinyl fragment into the system are usually alkenes, alkynes and cinnamic acids,
while the sources of the sulfonyl group most often are sulfinates, sulfonyl chlorides and sulfonyl hydrazides.

Modern approaches to the synthesis of 3-aminovinyl sulfones focus on high chemoselectivity and the use of mild
conditions, where control over the activation of C-H and C-N bonds plays a key role. It has been established that the
direction of the reaction critically depends on the nature of the environment: the use of dimethyl sulfoxide and
photocatalysis leads to formation of enamine sulfones, while aqueous conditions usually initiates the formation of

sulfamides.

Key words: sulfones, vinyl sulfones, synthesis, substituted vinyl sulfones, enaminosulfones, aminovinyl sulfones

Bceryn

Hu3ky opraHiyHUX CIOJYK, L0 MICTATb
cyibdyp y CTyneHi OKHUCHEHHS +6, po3-
rJaloTh K NOXifAHI CysbdaTHOI KHCIOTH.
3aMilleHHsa aTOMIB riporeny B ii CTPyKTypi Ha
aJIKiJIbHI ab0 apuJibHI pajUKalyd NPU3BOJUTH
J10 YTBOPEHHS eCTepiB — OpraHiyHUX cy/1bdaTiB.
3a/eKHO  BiJ, KIJIBKOCTI 3aMiljeHUX TIpyn
PO3pIi3HAITH KU CJ MOHOAJIKiJI(apua)-
cysbdaTH Ta HeUTpaJibHI Aiaskija(apuia)cyb-
datu. A oT 3aMiHa TiJPOKCUJIBHOI Tpynu
Jl03BOJISIE OTPUMYBATH CyJIbPOKUCAOTH 1 Jaui
ix nmoxifiHi — cynbdamiau. Cepes HUX 3HAUIEHO

BeJIMKMM MacMB Jli€eBUX IpemnapaTiB 3
aHTUMIKpPOOHOIO, [liypeTH4YHOW, aHTHJiabe-
TUYHOI,  NpPOTHU3aNaJ]bHOKN  (HANPHUKJIAJ,

TEHOKCUKaM ), IPOTUBIpyCHOW (TUNpaHaBip Ta
cuMenpeBip) Ta iHIIMMH BHUJAAMU aKTUBHOCTI
(Hanpuk/aas BapAeHadis BHUKOPUCTOBYETHCS
Uil JIKyBaHHSI epeKTWJIbHOI AUCPYHKILIT)
(Scott & Njardarson, 2018).

HartomicTh 3aMiHa ABOX TiAPOKCUJIBHUX
rpynl Ha aJKiJibHi abo apuibHI 3aJMLIKU
NpU3BOAWUTL [0 YTBOPEHHS CyJbQPOHIB, fKi
IIMPOKO BUKOPUCTOBYIOTHCA SK PO3YMHHUKHU
(DMSO), KOMIIOHEHTHU MoOJIiMepPIB Ta JiKapCbKi
3acobH, SIKi 3aCTOCOBYIOTbCA AJiSl JIiIKYBaHHSA
npoKa3d, TrepneTuPopMHOro  JepMaTUTY,
TyOepKy/bo3y (JamncoH), mncopiady (ampemi-
JIaCT), CHHAPOMY cyXoro oka (siditerpact) Ta
iHmMx 3axBoproBaHb (Scott & Njardarson, 2018;
Acton, 2013)  (puc. 1). Takox  BOHHU
JeMOHCTPYIOTb CBOK YyHiBepCaJbHICTb Ta
epeKTUBHICTb B aCMMETPUYHOMY OpraHo-
kaTtaJsisi (Alba et al., 2010).

OcTtaHHiM 4YacoM Bce O6inblie yBaru
JOCNIIHUKIB NpPUAINAETbCA BiHiJICy/IbdOHAM,
AKi 3apeKkoMeHJyBajsiM cebe dK MOTYXHI
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HEeOOOpOTHI iHriGITOPU LIMCTEIHOBUX NpOTeEas
(Rawatetal,, 2021). Lleii MexaHi3M «MOJIEKY-
JIAPHOTO BHMHKaya» JIEKUTb B  OCHOBI
pO3pOOKH HOBITHIX TepamneBTUYHUX areHTiB
IS JIIKYBAaHHSAA OHKOJIOTIYHMX 3aXBOPIOBaHb,
BipycHuX iHdeKIild Ta mapasuTapHUX iHBa3iH,
30kpeMa xBopob6u Illaraca (Morales-Sanfrutos
etal., 2010).

3aBJAKA BHUPAXKEHOMY eJIEKTPOHOAK-
LEeNTOPHOMY eQeKTy CcyJb(OHIJbHOI TpyIH,
BiHiJICYyZIbGOHU  NPOABJAAITbL  BJACTHUBOCTI
CUJIbHUX eJIeKTpodiniB. 3HauHe 3HMKEHHHA
eJIEKTPOHHOI TYCTUHU Ha NOJBINHOMY 3B’I3KYy
00yMOBJIIOE iX BUCOKY peakLiiHy 3JaTHICTb y
npouecax HyKJeoQiJbHOrO MNPUEJHAHHA 3a
Mixaenem (Strasser et al, 2017) Ta peakuisx
retepouukiizanii  (Zhai, 2006). AkTuBHI
BiHiJICYy/IbOHOBI 6GAPBHUKH LIiHYOThCS 3a IXHIO
BUCOKY QiKCyl04y 3/aTHICTb, IKa 00yMOBJIeHa
BUCOKOIO eJIEKTPOQiJIbHOCTIO BiHIJIbHOI IPynHu.
lle  nmosBoJsise OapBHUKY  KOBaJIEHTHO
3aKpilJIl0BaTUCh HA CyOoCTpaTi (6aBOBHI, TOLLO),
B33aEMOJIOYM 3 TIiJIPOKCUJIBHUMU TpylnaMu
3aJIMLIKIB TIJIIOKO3W 3 YTBOPEHHSIM €JUHOI

XiMi4HOI CTPYKTypH 3 BOJIOKHOM
(Venkataraman, 2012).
He3Bakaloyd Ha 3HA4YHy KIJIbKICTb

JOCJIiJPKeHb, Ha CbOTOJAHI BiACYTHI y3arasb-
HIOIOYi OTJIAZH, 10 KOMIIJIEKCHO BUCBIT/IIOIOTH
MeTO/i CUHTE3y 3aMillleHUX BiHiJICy/1b(OHIB ¥
TenepiuHiK 4yac. CucTeMaTH3allisg TaAKUX JAHUX

BiIKpYUBAa€E HOBI  MOMJIMUBOCTI AK  [IJiA
ONTHUMI3alil BiJOMUX, TaK i PO3pPOOKH HOBHUX
METO/[iB CHUHTe3y, a TaKoX 3/[iHCHEeHHA

CIPSAMOBAHOI0 CHUHTe3y CIOJYK i3 3a/laHUMU
$i3MKO-XIMIYHUMU  BJIACTUBOCTSIMU, L0 €
KPUTUYHO BAXJIMBUM JJI1 PO3BUTKY Cy4aCHOI
opraHiyHol Ta MeJUYHOI XiMii.
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Puc. 1. Crpykrypu AeAKHX AIKAPCHKHUX IPEapaTiB, AKi MiCTATH CyAbaMIAHY Ta
CyAb(POHOBY IPyITy

Marepiasu Ta METOAU AOCAIAYKEHHA

Jns nigroToBKU ornsAy 6y/io NpoBeieHO
CUCTeMAaTHUYHUM NOLIYK JIITEPATYPHUX JKepesi
y  peJieBaHTHUX  MDKHAapOJHUX  HaAyKoO-
MeTpUYHMUX 6a3ax JAaHuX, 30kpema PubMed,
Scopus Ta Web of Science. [in6uHa mnoiyky
oxoruitoBasia nepiog 3 2000 nmo 2025 pokw.
Ctparerisa MOLIYKY 6a3yBaJjacs Ha
BUKOPUCTAHHI JioriuHux onepartopiB (AND, OR)
JUi1  KOMOIHYBaHHSI KJIIOUOBUX CJiB, WIO
J,03BOJIMJIO 3a0€e3IMeYuTU MaKCHUMaJIbHY
IIOBHOTY peJieBaHTHICTb  BifibpaHOro
MaTepiasny.

[lomykoBi 3anuTtu ¢opmyBanuca 3a
JI0TIOMOT 010 OyJieBUX ornepaTopiB 3
BUKOPUCTAHHSIM TaKUX TepMiHiB, sk "vinyl
sulfone”, "synthesis", "substituted vinyl
sulfones”, "enaminosulfones", "aminovinyl
sulfones" Ta ixHix moxigHux. Bigb6ip mxepen
3JIMCHIOBAaBCd 3a KpUTepiAMU HAyKOBOI
3HAYylWOCTi Ta BiANOBIAHOCTI TeMaTHULi
CUHTe3y 3aMillleHUX BiHiacy1bOOHIB.

Jlo orngaay BKJKOYAJIUCA OpPUTiHAJIbHI
eKCllepUMeHTa/JbHi JOC/Hi>KeHHs Ta aHaJli-
TUYHI OTJISAM, 110 MiCTUJIM KiJIbKIiCHI Ta sAKiCHI

Ta
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JlaHl 010 MeTO0JIOTiM CUHTE3y 3aMillleHUX
BiHiicynbdoHiB. Kpurtepiem Bigbopy 6y.Ja
HasIBHICTb MOBHOTO TEKCTY My6Jiikallii, BUKJa-
JIEHOIO  aHIJIiMCbKOI abo  YKpPaiHChbKOMO
MOBaMM. 3 TMpoOLECYy aHaji3y BUKJIKYaJIUCA
npauyji, 110 MaJid CyTO ONMCOBHUM XapaKTep, He
MiCTMJIM JleTaJIbHUX ONHUCIB CHHTETHUYHHUX
npoueayp cy/ibPoHiB abo cTocyBasucs iHILIOI

CTPYKTYPH, He peJieBaHTHUX TeMi
JOCJII>KeHHS.

B orJAani oyJi0 [IPOAHaJIi30BaHO
JOCJIIJPKeHHH, NpUCBAYEHI po3pobui
BUCOKOEe(pEeKTUBHUX cTpaTeriu CUHTEe3y

dyHKIioHaNi30BaHUX BiHIJICY/b)OHIB mepe-
BaXXHO HA OCHOBI aJIKeHIB, aJIKiHIB, KOpUYHHUX
KUCJIOT Ta aJieHiB 13 BHUKOPUCTAHHSIM
METaJIOKOMIIJIEKCHUX, eJIEKTPOXIiMiYHUX Ta
dboToKaTaITUIHUX METO/IiB aKTHBAII{l.

PesyabTaTn AOCAIASKEHHA

00roBopeHHA

TA

TpaauniiHi MeToH, 30KpeMa OKUCHEHHS
cynbdigiB (Voutyritsa et al., 2017; Cheng et al,,
2019), MatoTb CyTTEBI 0OMEXKEHHS /11 CHHTE3Y
BiHIJICYy/IbQOHIB 4Yepe3 HU3bKYy XeMOCeJeK-
THUBHICTb. BUKOpHUCTaHHSA }KOPCTKUX OKUCHUKIB
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4acToO NPU3BOJUTH A0 HebaKaHUX MOOIYHHX
NpoLEeCiB: eNoKCHAyBaHHSI ab0 OKHCHOTO
po3leneHHsI MoABIMHOTO 3B I3KY.

CyyacHi migxXoau 0 CUHTE3Y
BiHIJICY/IbQOHIB €BOJIIOIIOHYIOTh Yy HANPSAMKY
pO3pOOKHU €KO0JIOTIYHO b6e3neyHUx  Ta
BUCOKOepEKTUBHUX MeTOJUK. BukopucTaHHA
eqekTpoxiMmiunux (Wang et al, 2020) Ta
¢doroximiuHux (Jiang et al, 2024) meTozis, a
TaKOXX M'SAKUX OKHUCHUKIB (Das et al, 2011;
Wang et al, 2017) pgo3BoJisiEe YHUKHYTH
KOPCTKUX yMOB Ta MiHIMi3yBaTH
BHKOPUCTAHHA TOKCHUYHUX peareHTiB. HOBITHI
nigxoay 3abe3neuyoTh BUCOKY perio- Ta (E)-
crepeocesieKTUBHIcTb (Taniguchi, 2011).

AHauni3 sniTepaTypHUX JXepeJs BKa3ye Ha
IIMPOKE 3aCTOCYBaHHS aJIKEHIB /Jisl BBEJl€HHSA

BiHIJIbHOTO dparmeHTa B CTPYKTYpy
BiHisicys1bGoOHIB. HaToMicTb cysibdOHOBY rpyny
BBOJATb Yy CTPYKTypy 3a JOIOMOTIOO

cysab®iHaTiB, Cy/JbQOHINXIOPUAIB, N-TOJYyeH-
cynbdoHinmMeTuaizoniadiny (TosMIC) Tomo
(puc. 2).

OnucaHo edpeKTUBHHUU MeTOJ CHUHTe3y
BiHizicynbdoHiB (Nair et al, 2002) muisxom
peaknii apuicysbdiHaTiB 3 ajJKeHaMHu 3a
npucyTHocTi uepii(IV) amonidniTpaty (CAN).
3anponoHOBaHUM MiAxis 3abe3nedye npsiMe
yTBOPEHHS BiHIICY/1bYOHIB, OMUHAIOYHU CTA/iI0
npoMikHOro pf-vofocysibQoHy, 10 pPOOUTH
JMOro 3py4YHOK aJbTEpPHAaTUBOK METOJaM
XopHepa-EMmMoHca Ta IletepcoHa. 3ampormno-
HOBaHa MeTOJIMKa BUPI3HAETbCA M SKMMU
yMOBaMH, BHUCOKHMH BHUXOJAaMH Ta VHiBep-
CaJIbHICTIO 11(03i (0] IIMPOKOr0  CHEKTPY
CyOCTpaTiB, BKJIIOYAIOYX CTUPOJIH, N-aJIKEHU Ta
LUKJIIYHI aJIKEHH.

CrepeocesieKTUBHUH cuHTe3 (E)-anKeHi-
cy/ibPOHIB 3 aJIKeHiB 0yJs0 3/1iiCHEHO LIJIAXOM
KyIIpyM-KaTaJiTU4HOIO OKWUCHEHHA HaTpiu
cy/ibdiHaTIB 3a NMPUCYTHOCTI KUCHIO MOBITpS
(Taniguchi, 2011). Ilpouec 6a3yeTbcs Ha
reHepyBaHHi CyJbQOHIIBHUX pajUKajaiB abo
kaTioHiB 3a paieto kynpyMm(ll) 3 HacTynHUM
aHMu-pUu€eaHaHHAM Ta eJiIMiHyBaHHAM.
BcTtaHOBJIEHO, 10 peakliis aJKeHiB BeJe [0
yTBopeHHs1 (FE)-ankeHiuicy/bQOHIB, TOHAI SK
aJKIHM B TNPUCYTHOCTI KaJlil raJloreHiziB
TpaHcoopmyoTbcss v (E)-B-ranoankeHin-
cyiboHU. OnTUMajbHI yYyMOBU  CHUHTE3Y
BKJIIOYAlOTh  BUKOPUCTAHHA  KaTaJiTUYHOI
cucremu  Cul-bpy  (2,2'-6imipuguny) 3a
npucyTHocTi KI B cyMini po34YMHHUKIB OLITOBOI
kucjaotu (AcOH) nf DMSO 3a Temmepatypu
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100 °C. laHu# MeToA € BUCOKOE(DEKTHBHUM,
3abe3neuylouu BUXiJ, [/l TepMiHaJbHUX
aJIKkeHiB Ha piBHi 94 %.

Binisicy1b$OHYM Takox O0yJI0 CHHTE30BaHO
(Das et al,, 2011) msaxoM B3aeMoAil asiKeHiB 3
HaTpiwo apeHacysbdiHaTamu 3a Aii KI i NalO4 Ta
KaTaJIiITUYHOI KIJIBKOCTI OLITOBOI KMCJIOTH B
cepepoBulli anetoHiTpuay (MeCN). Ilponec
NpoTiKae NpM KIMHATHIA TeMmeparTypi,
3abe3neuyoud BHUCOKI BUXOJAU  IIJIbOBUX
npoaykrTiB (87-95 %).

[Ipame C-H wMeTuacynbpdoHiIIOBaHHSA
aJiKeHiB 3JiliCHeHO 3a Jii HaTpid MeTaobi-
cyabdiTy Ta  gU-mpem-OyTUINEPOKCULY
(DTBP) (He et al., 2019). BcraHoBs€eHO, 110 3a
OIITUMi30BaHUX YMOB (FeCls, XiHOJIiH,
BiMOBIHUN TeMIepaTypHUH peXHUM Ta
PO34YMHHUK) BUXiJ, LiJIbOBUX NMPOAYKTIB cArae
80 %. Ilpouec 6a3yeTbcsi Ha B3aeMOJii
MeTUJIbHUX pafukaiiB i3 SO2 3 yTBOpeHHAM
MeTUJICY/IbPOHIIBHUX PajiuKaJiB, sKi 3rojomM
aTaKylTb NOJABIMHHUH  3B'A30K  aJIKEHY.
3anponoHOBaHUMM MeXaHi3M BKJIIOYAE CTajAil
onHoesiekTpoHHOro nepeHocy SET (Single
Electron Transfer) Ta senpoToHyBaHHSI.

Takoxx po3po6JieHO eJIeKTPOXiMiuHUHU
METO[ cyJIbQOHIIIOBaHHA aJIKeHiB 3
BUKOPUCTAHHAIM HATpil apuscysbQiHaTIB fK
cy/ibQOHIIIOIOUMX areHTiB. Peakiisa nporikae
3a NMPUCYTHOCTI KaTaJiTU4HOI KisibKoCTi KI Ak
penokc-mMeniaTopa Ta BusNBF4 gk esekTpouity
(Wang et al, 2020), 3abe3ne4yyr4ud BUCOKI
BUXOAU BiHijicynbdoHiB. B iHmomy pocaia-
keHHi (Fang et al., 2024) onucaHo cuHTE3
BiHiJIcy/bOHIB y Hepo3jiseHill koMmipui 3
rpadiTOBUMM eJIeKTPOJaMHU 3a Ail NoCTiHHOTO
CTpyMy  IIpH KIMHaTHIM  TeMmepaTypi.
KiiroyoBorw 1MepeBaror J[JaHOro MeToAy €
BiZICYTHICTb MOTPEOU Yy TOKCUYHUX OKHCHUKAX
Ta KaTaJji3aTopax Ha OCHOBI IHepexiJHUX
MeTasiB. EkcnepuMeHTasbHO 0y/10 BCTaHOB-
JIEHO, 1110 BUKOPUCTAHHA CyMillll pO3YMHHUKIB
MeCN /H20, Na2€03 sk ocHoBu Ta Nal gk
eJIEKTPOJITY [J03BOJISE CYTTEBO NiJBUILUTH
BUXOJ U NPOAYKTIB (10 74 %). EnexktpoximiuHe
cy/IbQOHIIIOBaHHSA OPraHOGOPOHOBUX KHUCJIOT
i3 BUKOpUCTAHHSIM HaTpill apuJcyibdiHaTiB
3abe3neuye OJiep>KaHHS UIMPOKOrO  pPAAY
aJIKeHiJICy/1bQOHIB i3 BUCOKMMU BUX0/JJaMU BXKe
npu KiMHaTHi# TeMnepatypi (Yao et al,, 2023).
KiiroyoBorw nepeBarorw JaHOro NPOTOKOJIY €
BiZicyTHiCTb NOTpebU y KaTajizaTopax, 110

CIIPOLLYE NPOLEeAYPY BUAIJIEHHA IPOAYKTIB.
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L
R/\ + Ts /\NC
DMSO
(Kadari et al, 2017) r.t. 20 min
Nal, CAN
X + R,SO,Na
MeCN
(Nair et al,, 2002) r.t., 45 min
Cul, bpu

KI

R+ R,SO,Na
AcOH/DMSO(1:1)

(Taniguchi, 2011) 100 °C, 18-24 h

NalO,, KI

X + R,50,Na
AcOH(cat
(Das etal,, 2011) (cay

MeCN, r.t., 2,5-8h

Ni(OTf)2
ligand
0 KI,
(0] K,CO
R /\ + N // 2LU3
S
a” g THF
1 80 °C
(Roa etal, 2024) 20h
Br R,SO,Na Br |()|
Cs,CO
R/Y 2LU3 _ 4/>7|5|—R1
Br DMSO R 0
100 °C, 5h
(Shiri, 2021)

DTBP, FeCl,
quinoline
X * Na,s,0,
MeCN
130°C,5h (He etal, 2019)

Pt(+) | C(-), 12 mA

X + R.SONa

KI, Bu,NBF, RPN 1772

DMSO/AcOH (1:1)
500C, 10 h

(Wang et al,, 2020)

C(+) | C(-), 10 mA

R * R,SO,Na

Nal, Na,CO,
MeCN/H,0 (1:1) (Fang etal, 2024)
) r.t,5-8h
1,0,
DBU
R * RsH
THF (Wang etal,, 2017)
80°C,12h
hv B
r
X+ R,SONa
DMSO, r.t.
(Jiang et al, 2024)
DMF Br
80 °C R)\/Br + R,SO,Na
6-12h

(Guan et al,, 2007)

Puc. 2. Cxema cuHTE3y BiHIACYyAB(POHIB HA OCHOBIi 3aMIIIIEHUX AAKEHIB
TA BIMHAABHUX AAKIAAUTAAOTE€HIAIB

HemonasHo (Rao et al, 2024) po3po6.ieHo
MeTO/] MPSIMOT0 HiKeJb-KaTaJiTUYHOTO CyJibdo-
HIJIIOBaHHSA aJIKeHIB CyJIbQOHIIXIOpUJAMU 3
BUKOpUCTaHHAM 1,10-peHaHTpOIH-5,6-/1i0HY K
JliraHjia. 3amnponoHOBAaHUM MifXiJ, 3abe3mnedye
ebekTHBHY TpaHchOpMallito HeaKTUBOBAHUX
QJIKEeHIB Ta CTUpeHiB, 30KkpemMa 1,1- Ta 1,2-
JusaMmilieHux. BiH  fgo3Boside  oTpuUMyBaTHU
IIUPOKUM CNEeKTP BiHLICY/bGOHIB i3 BUCOKMMU
BUXO/JIaMHU Ta JIeMOHCTPYE BIIMIHHY CyMIiCHICTb i3
pi3BHOMaHITHUMH QYHKLIOHAJIbBHUMU I'PyTNaMHU.

Ax nokazanu Kadari et al. (2017),
BuKopucTtaHHsl TosMIC sk cysbdoHinowdoro
peareHTy 3a KaTajidy MOJIEKYJSIPHUM HOJ0M
JI03BOJISIE TaKOXX CHMHTE3yBaTHU BiHLICY/IbQOHHU.
MeTon, pmae 3Mory 37iHCHIOBAaTU (QYHKIiOHA-
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Jqizanito  osiediHiB, anKiHIB, KOPUYHUX Ta
IIPONIHOBUX KUCJIOT 3 YTBOPEHHAM BiHIJI-, a/1I- Ta
B-HomoBiHINICYIbGOHIB i3 BHCOKUMU BUXOJAMHU.
Hapasi onucano (Jiang et al, 2024) Takox
ebeKTUBHUN (OTOXIMIYHUA METOJ, CHUHTE3y
BiHIJICY/IbQOHIB LIJIAXOM pPaAuKaJIbHO-
PaZiMKaIbHOTO KPOC-CIIOJIy4Y€eHHs BiHIJIOpOMIziB 3
HaTpiil apuicynbdinatamu. [Iponec 6a3yeTbes Ha
ONMpOMiHeHHI peakwiiHOi cyMimi ¢ioseToBUMU
ceiTyoniogamu (purple LEDs) y cepenoBuii
DMSO, uio 3ab6esneydye BUCOKY E-ce/leKTHBHICTb
6e3 BUKOpPUCTAaHHS MeTasiB, poToKaTali3aTopiB,
OCHOB ab0 OKHCHUKIB. Bukopucranua [20s y
peakuifx OKHCHIOBAJIbHOTO CIIOJIy4YeHHS
apOMaTUYHUX aJIKeHIB i3 TioslaMy [03BOJISE
orpumyBatu (E)-BiHiICyIbOHU 3 BHUCOKOIO
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perioce/IeKTUBHICTIO (Wangetal, 2017).
OnTtumizanis ymoB (80°C, po3uumHHuk THEF,
ocHoBa 1,8-zia3ab6iunkio[5.4.0)ynaen-7-en (DBU)
Ta 1,2 exB. 1205) 3abe3nedyye BHUCOKY perio- Ta
CTEpEOCeJIeKTUBHICTL i3 MOMIpHMMM  Ta
BUCOKHMMHU BUXO/JlaMU IPOAYKTIB peakuii. 3aBAsAKU
BUCOKIH CYMiCHOCTI 3 pi3HUMHM TUIIAaMU CyOCTPATIB
- BiJl apOMaTHMYHUX aJIKeHIiB i3 OyAb-AKUMHU
3aMiCHUKaMHU |0 TETEPOLMKIIIB Ta asipaTHUYHUX
Ti0JIiB — 1Iell MeTO/1 € yHiBepCaJIbHUM IiIX0/10M /10
cUHTe3y QYHKII0HA/Ii30BaHUX CYJIbOHIB.

Cunre3 (Z)-1-6pomo-1-cysibpoHiNaNKeHIB
MOXJMBUM yepe3  cyabdoHimoBaHHa  1,1-
M6poMo-1-aikeHiB HaTpid cysabdiHaTaMH Yy
MPUCYTHOCTI Cs2C03 (Shiri etal,, 2021).
BcraHoB/eHO, 10 npoBeAeHHA peakuii B DMSO
nipu 100°C 3 BukoprcranHsM 1 ekB. Cs2C03 Ta 1.2
€KB. HaTpiil cysibpiHaTy 3a6e3ne4ye OTpUMaHHS
Li/IbOBUX NPOAYKTIB i3 BuXxogaMu 65-91 %.

Kpim asikeHiB A/151 cuHTE3y BiHiJICY/1bGOHIB
MO>XHa BUKOPUCTATU BiJMHAJIbHI JUTa/IOTEHIIU.
BusBneHo, mo nOpsMa KOHJeHcallis aJKiji-
AUbpoMiaiB i3 cysabdiHaTaMM  HaTpilo €
edeKTHBHUM METO/I0M reHepallii BiHiJICYyIbPOHIB.
BificyTHiCTb CTOpPOHHIX KaTasi3aTopiB y AaHik
CUCTeMi He MepelIKO/PKAE JOCATHEHHIO BUCOKUX
BUXO/IiB IK /11 METUJIbHUX, TaK i /151 GeHiIIbHUX
noxigHux (Guan et al.,, 2007).

Onwucano (Cacchi et al,, 2004) kaTasnizoBaHe
najaZiieM Kpoc-Crosy4eHHs Cy/ibpiHaTIB 3 apuJi-
Ta BiHiTasoreHijamMu (abo Tpudsatamu) s
OTPHUMaHHA HECUMETPUYHHUX cybGOHIB.
BcTtaHoBneHO, 10 3aCTOCYyBaHHS  CUCTEMH
Tpuc(aubeHsunieHaleToH ) aunanazin(0)
(Pd2(dba)s)/4,5-6ic(audenindocdino)-9,9-
JAuMeTWIKcaHTeH (Xantphos) y mnoenHaHHI 3

nBusNCl 3a6e3neuye BHCOKYy epeKTHUBHICTb
Ipouecy, a BapiloBaHHA yYMOB  peakLil
(Temnepatypu Ta  HasgBHOCTi  ¢a3oBoro

NIeEpeHOCHMKA) J103BOJISIE a/IallTyBaTH METOJ [0
CyOCTpaTiB i3 pi3HOI0 eJIEKTPOHHOK T'YCTHHOIO,
rapaHTy4H CTAa6iJIbHO BUCOKI BUXO/IM.

B sikocTi anikeHy B CMHTE3I BiHIJICYJIbPOHIB
IHOZIi 3aCTOCOBYIOTH 3aMillleHi KOpUYHI KHUCJIOTH
(puc. 3). JocaimkeHo peakliiiHy 34aTHICTb
KOPUYHUX KHUCJIOT Y TMpouecax JeKapOoKCH-
JIIOIOYOr'0 KpOC-CIIOJIYYEeHHS IiJ| €0 CUCTEMU
CuO/KI (Jiang et al., 2014). OnTuMi3oBaHi yMOBHU

(DMSO, 100 °C, nmoBiTpsi) /[03BOJISIIOTH
orpuMyBatH (E)-asikeHiicybPOHU 3 BHUXOJAMU
0 74 %. BcTaHOBJIEHO, 1110
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eJIEKTPOHOAKL,eITOPHI 3aMiCHUKHU B
apOMaTUYHOMY $JIpi KHUCJIOT iHTeHCUPIKYIOTh
Ipouec, ToAl AK CTEepPUYHI MepeliKoAu CYTTEBO
00MeXXyH0Tb KOHBEPCIIO.

Peak1iist KOpUYHUX KUCJIOT i3 cy/ibdiHaTaMU
HATPI0 B IPUCYTHOCTI KaTaJiITHYHUX KIJIBKOCTEN
Mn(OAc)2 npusBoguTb 0  (OpPMyBaHHA
BiHIICyIbQOHIB i3  BUCOKMMHM  XiMiYHHMHU
Buxogamu (Xue et al,, 2016). EkcneprMeHTa/IbHO
JloBefieHo, 1o BuOip DMSO sk peakuiiiHOro
cepeJloBHLIA Ta aepoOHi YMOBU € KPUTUYHHUMHU
napaMeTpaMy, 6e3 SKUX HEMOXKJINBE JOCATHEHHS
ONTUMAJIbHUX TOKA3HUKIB BUXOAY IPOAYKTY.

EnextpoximiyuHuid cunHTe3 (E)-BiHiiCyJ1B-
$OHIB 3/iiCHEHO WUISIXOM HPSIMOrO0 OKHUCHIO-
BQJIbHOTO CIHOJIyYeHHS KOPWYHUX KHUCJIOT i3
HaTpil cysibdiHaTaMu 3a KIMHATHOI TeMIlepaTypu
(Qian et al, 2016). Ilpouec 6a3yeTbcsd Ha
paZiMKaJbHOMY MeXaHi3Mi i 3abe3neyye BUCOKY
perioceseKTUBHICTb.  OnucaHuil  MeTon €
TOJIEPAHTHUM [0 06araTboxX QYHKIiOHaJIbHUX
rpyM, MpOTe YyTJMBUHN [0 CTEPUYHUX MEPELIKO],
Ta €JIEKTPOHHUX edekTiB 3aMiCHUKIB:
eJIeKTpoHO36arayeHi Cyb6CcTpaTH 3a6e3MeuyroTh
BUIly eQPEeKTUBHICTb TNOPIBHAHO 3 OpmMo-
3aMilleHHMH Ta aliGaTUYHUMHU NOXiTHUMHU.

Po3pobsieHO  TakoK  M'SKMH  MeTo[
dboTOXIMIUHOrO0 JIeKapOOKCUII0I0Y0ro  Cyabdo-
HiJIIOBaHHS KOpU4HUX kKucioT (Ge et al, 2019).
Peakiiss nmepebirae mix [Ji€0 cCUHBOro CBITJA Yy
cepenoBulli N,N-numerunaueramuay (DMA) 3a
npucyTtHocTi Cs2C03 6e3 3acToCyBaHHS 30BHIIIHIX
¢doTokaTasi3aTopiB Ta OKUCHUKIB.

HekaTaniTnyHe JleKapOOKCUJTIoI0Ye
cybQOHIIIOBAaHHA KOPUYHHX KHCJIOT apuJ-
cynbdoHinriapasuaamu (Singh et al, 2015) 3
BUKOPUCTAHHSIM CUCTeMU l2/mpem-6yTuiria-
ponepokcuay (TBHP)/DBU 3a6e3neuye Buxif (E)-
BiHICyIbGOHIB 0 87 % Bxe 3a KiMHATHOI
TeMInepaTypH. [Iponiec  xapakTepH3yeTbCA
BHCOKOIO perio- Ta CTepeoCe/IeKTUBHICTIO, a
TaKO> LIMPOKOIO CYOCTPATHO CYMiCHICTIO.

3anpornoOHOBAaHO TaKOXX CUHEPreTUYHUU
niaxig 10 AeKapOOKCUJIIOIYOro  CHOJIyYeHHS
KOPUYHUX KUCJIOT i3 cy/abpoHLITiIpa3uzamMmu 3a
ydacTio ¢doTokaTasizatopa AuHaATpi 2,4,5,7-
TeTpabpoMdyopecueiny (Eosin Y), KI Ta Cs2C03
(Cai et al, 2016). Peakuis mepebirae mig jiero
BU/IUMOTIO CBiTJIa 32 KIMHATHOI TeMIiepaTypH, e
KHCEHb MOBITPSI BUCTYNAE EAUHUM OKUCHUKOM.
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Cul, KI 1,, TBHP \
DBU COOH
R/\/COOH + R,SO,Na W R/\/ + \> //\
(Jiang etal, 2014) 1009C, 24 h MeCN/H,0 (3:1) HzN—]l}Il R,
rt,1h (Singh et al, 2015)
C(+) | Pt(-), 20 mA _
Bu,NCCIO, Kfﬂgmcﬁg \
, LS
R/\/coon + R,S0,Na ,C03 R/\/COOH + AN //
AcOH hv O HZN—N/ g R,
(Qian et al, 2016) MeCN/H,0 (7:1) ' 2 H
rt,2h DMF/H,0 (1:1) (Cai etal, 2016)
rt,1h
Mn(0OAc),,
X 4 R s0,Na PUA [P SmA COOH + \//
DMSO — R - S
(Xue etal, 2016) 110°C,12h tBuOLi H,;N H R,
Bu,NBF,
t. Zhao etal, 2017
Cs,C0, DMSO, r.t.,, 10 h (Zhao eta )
cl hv (blue LEDs, 40W)
0 DMA, r.t., 24h
. 00 \\ Y

/
(Ge etal, 2019) \ R,

Puc. 3. Cxema cunTe3y BiHIACYyAB(POHIB HA OCHOBI KOPHYHUX KHUCAOT

Okpemy Himly 3alMa€ eJIEKTPOXIMIYHUU 3AIMCHEHO TaKOX CHHTe3 alil- Ta
CUHTE3, SIKHU [J103BOJIAE OTpUMyBaTU (E)-BiHiJj- BiHi/ICy/1IbPOHIB i HA OCHOBI [-aJ/IKIJIHITpOAJIKEHIB
cy/1bPOHU OGe3nocepeHbO 3 KOPUUHUX KUC/IOT Ta (puc. 4). BcraHOB/NEHO, 10 K/HYOBY pOJb Y
cysibdiHaTiB abo cysboHIITiIpasuiB. 30KpeMa, BU3HAYEHHI HaNpsIMKy peaklii Bijirpae BUOGIp
PO3p06JIEHO METO/] eJIEKTPOXIMIYHOTO IeKapOOoK- p03‘{I/IHHI/IKa Ta KaTaJiTU4HOoI cucteMu (Wang et
CWIIOBAJIbHOTO Cy/JbQOHIIIOBAHHA 3 BHUKOPMUC- , 2021). 3okpema, y N,N-gumetrundopmamizi

TaHHSAM IUIaTHHOBUX €JIEKTPOJIB Yy CHUCTeMi (DMF) [(-ankinHITpOANKEHU i30MEPU3YIOTHCA B
DMSO/t-BuOLi/n-BusNBFs (Zhao et al, 2017). eJIeKTPOHHO30arayeHi  a/iJIHITPOCHOAYKH, SKi
[Ipouec npoTikae yepe3 OKMCHIOBAJIbHE PO3ILEN- npu  B3aeMofil 3 cynboHiAriApasuaMu
JieHHs1 3B'13Ky N-S y cysnbdoHinrigpasujgax 3 YTBOPIOIOTb  a/liiCyJibOHU 3 BHUCOKOIO
NOJA/BIIUM  KpoOC-criosiydeHHAM. llen migxiz periocesiekTuBHicTIO 3a mnpucyTHocTi FeCls Ta
3abe3ne4yye BiAMIHHY cTepeocesieKTUBHICTb (E/Z DTBP.

> 99:1) HaBiTh [I1 raJIOTEHOBAaHUX Ta reTepo-

apUJIbHUX CyOCTpaTiB.
CH; o o FeCl CH; 0 o o
TBHP
Ar SR DMF  Ar ~No-  RT ONT MeCN  ar
100 °C, 2h H 80 °C, 2h

Puc. 4. Cxema cuHTE3y BiHIACYyAB(POHIB Ha OCHOBI -aAKiAHITPOAAKEHIB

HaToMmicTh y aneToHiTpu/i 3a HasBHOCTI 5-7 xB) (Shelke et al, 2014). [Ipu BUKOpUCTAHHI
TeTpa-H-6yTriamoHnii Hoauay (TBAI) ta TBHP HU3bKUX KOHLeHTpaliil katanizaTopa Cu(OTf)2 y

BiZI6yBa€eThCA npsMe cynbdoHimoBanna  cepefosuili AcOH gocsrHyTo BHCOKoi perio- Ta
eJIEKTPOHHOAeIUTHUX [-aJIKIIHITPOAIKEHIB i3 CTepeoce/IeKTHBHOCTI B CHHTe3i (E)-
YTBOPEHHSIM BiHLICYIb(OHIB. BiHiICy/1bGOHIB (Buxou 71-89 %).

Pan pocnipkeHb NPUCBAYEHO CUHTE3Y _ ,ZleKap60Kc1/1moBanbﬂe Kpoc- cnonyquH;[
BiHIJICY/IbQOHIB Ha OCHOBI aIKiHIB (pHUc. 5). (l)eHmrllpOHIOHOBHX KUCIOT i3 HaTpiH

P03p06JIeHO LIBH/KHIA MeTOZ ripocyabdo-  Cy/bdiHaramu  (Rong et al, 2015) i3
HIJIOBaHHs A/IKiHiB HATPIM cy/ibgiaTaMu mig gjeto  3acTOCyBanHsaM H3PO4 sk MeziaTopa B cepe/ioBHII
MIKpOXBWJIbOBOI'O BUIIpoMiHIOBaHHA (110 °C, DMSO  3aGesmedye = BMCOKYy  eQeKTHBHICTh

YTBOPEHHs BiHiICy/1bGOHIB (BUxoAu A0 92 %).
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R—C—C——COOH +

0 R,SO,NHNH,
ISI FeCl,*6H,0
Rl
c14</7 |0| TBHP
MeCN, 80 °C, 3h

(Lietal, 2013)

0 R,SO,NHNH,
[l KI, H,0,
S—R,
]4</7 |0| ultrasound
H,0, r.t,, 2Zmin

(Zhou & Zeng, 2021)

R,SO,Na
(Rong etal, 2015)

H,PO,

DMSO
80 °C, 12h

Cu(0Tf),

S—R
/" aon /I
MW, 5-6,5 min Y

(Shelke et al,, 2014)

R——C——CH

R,S0,Cl |
S—R
N J
R,SO,NHNH, R 5
NH,SCN MeCN
K.S.0 100 9C, 6-12h c
2Y28
H,0/EtOH (5:1) (Zhang et al,, 2023)
r.t., 2h
N 0
N I

(Zhang & Zeng, 2021)

Puc. 5. Cxema cuaTe3y BiHIACYyAB(OHIB Ha OCHOBI aAKiHIiB

BUKOpHUCTaHHA aJIKiHIB TaKOX J03BOJIAE
CUHTEe3yBaTU TraJioreHo3aMilleHi BiHiJICY/b-
¢dbonu. Pospobseno wmetop cunTesy (E)-f-
XJIOpO- Ta OpOMOBIiHiNCY/IbOHIB i3 TepMi-
Ha/JIbHUX aJKiHiB Ta cyabQoHIATIpa3ufiB,
AKUU 0a3yeTbC HA BUKOPUCTAHHI JOCTYNHHUX
rajoreHifiiB ¢pepymy sk JxkepeJsia rajoreHy ta
TBHP sk okucHuka (Li et al, 2013). Peakuis
XapaKTepU3YETbCA BHUCOKOK perioceseKTHUB-
HicTIo Ta crepeocnenudiyHicTio, 3abe3-
nevyyro4u epekTrBHe GpopMyBaHHS 3B’A3KiB C-
S ta C-Hal B ogiHOMY peakuiiiHoMy nukii. (E)-f-
M0I0BiHi/ICYyIBPOHU OYJI0 OTPUMAHO i3 a/IKiHiB
Ta cyabQoHiATiApa3uAiB mig i€l yabTpa-
3ByKOBOoro omnpoMiHeHHs (Zhouet al, 2007).
Cucrema Ha ocHoBi KI Ta H20:2 3a6e3mneuye
BUCOKI BUXOJHW LiJIbOBUX MPOAYKTIB y M’ AKHUX
yMOBax.

HemwonaBHO po3po6sieHO epeKTUBHUM
MeTOJ, cuHTe3y (Z)-B-xyiopoBiHiiCcybPOHIB
(Zhang et al, 2023) yepe3 paauKasbHe
npueHaHHA 3 nepeHocoM atoMa ATRA (Atom
Transfer Radical Addition), skui1 6a3yeTbcs Ha
BUKOPHUCTAHHI INOPOLIKY KynpyMmy fK iHinia-
TOpa YTBOPEHHS CyJIbQOHIIBHUX paJiUKaJliB Ta

CuCl. Peakuis npoTika€ y M’sskux 6e3J1iraHjHUX
yMmoBax. Cuif BiAMITUTH TaKOX MOXAUBICTb
1,2-TiouiaHaTocy/bpOHINIOBaHHS TepMi-
Ha/lbHUX aJsikiHiB (Zhang & Zeng, 2021) i3
BUKOPUCTAHHSAM TioliaHaTy amoHito (NH4SCN)
Ta cyJabQOHIITIApa3uAiB, sKe TMpOTIKAaE y
BOJJHOMY CepeJiOBHILi 3a NPUCYTHOCTI Kasid
nepcyabdary (K2520s8) Ak okMCHUKa.

TangeMHa peakuisi anincyabdinatiB (Xu
et al, 2010), mo BkJwyae Ir-katasnizoBaHe
aJliJibHe 3aMillleHHd 3 MOAaJbLIOK i30Mepu-
3alli€lo, J03BOJISIE OTPUMYBATH BiHIJICY/IbGOHU
BUKJIIOYHO y dopwmi (E)-i3oMmepiB i3 BUCOKUMU
BuxofaMu (no 92%) (puc. 6). Y xoai
onTUMi3anii npouecy 6yso BusaBJaeHo, o DBU
€ Halobinbll epeKTUBHOI OCHOBOIO, a AiOKCaH
npu 100°C - onTUMa/IbHUM PO3YUHHHUKOM.

[lopsix i3 BUKOPUCTAHHAM CYJibQOHII-
rifpasuziB, eGeKTUBHUM [KepeJsioM CyJibdo-
HiJiIbHOTO  ¢parMeHTa  BuUcCTynaloTb  N-
To3uwirigpazouu (Mao etal, 2015). 3actocy-
BaHHA  KaTaJlidy  KyIpyMOM  [I03BOJISIE
neperpymnyBaTH Lii Cy6cTpaTH y BiHICy/1bGOHU
3 BUCOKUM cTyneHeM (E)-ceJleKTUBHOCTI 3a
paiuKaJbHUM MeXaHi3MOM.
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(Xu et al., 2010)
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(Xu etal, 2010) R, R, = Ar, Alkyl; R,= CH,.
(Mao etal, 2015) R = Ar, H, Me; R, = Tol; R,= Ar.

Puc. 6. Cxema cuHTE3y BiHIACYAB(POHIB NIEperpyIryBaHHAM N-TO3HATIAPA30HIB Ta aAiAcyAb(iHaTIB

HonocynbdoHinoBaHHA aneHis (puc. 7) i3
BUKOPUCTAHHAM Ccy/JabQOHINNOAU/IB 3abe3e-
yye npsAMUA goctyn jgo (E)-a-ilogomeTui-
BiHizicynbdoHiB (Lu et al, 2018). Peakuia
IpOTIiKaE NpU KIMHATHIM TeMmnepaTypi B
cepeZlOBUILi  JAUXJIOpPMeTaHy 3a  y4acTio
kKaTtasiTuuHoi cuctemu Cul/1,10-peHaHTpOiH,
1110 03BOJIAE OTPUMYBATH LIiIJIbOBI IPOAYKTH 3
BUXOJlaMHU Bizx 62 % 50 96 %.

B inmomy pocaimpkenHi (Goh et al,, 2021)
ONMMUCAHO MEeTOJ, CHHTe3y BiHiJICy/Jb)OHIB
LIJISIXOM Cy/1bQiHYBaHHS aJleHOBUX KapOOHi/b-

0. 0
+ \\S//
I~ DR

HUX CIIOJIYK Y BOJHOMY CepelOBHUILi 3a M IKHUX
yMoB. OnTumisalisgs napaMeTpiB IpoLecy Ta
anpo6anifgs MUPOKOro psAAy CcyabPpiHOBUX
KUCJOT i aJleHOBUX KapOOHIJIbHUX CyOGCTpaTiB
NiATBEPAWJIM  IXHIO  BMCOKy  peakliliHy
3[laTHICTb 13 JOCATHEHHAM TrapHOTO CTyIeHd
IepeTBOPEHHH. [IpakTHh4Ha 3HAYyLiCTh
METOAyYy IIOJIATA€E y CIPOLIEHOMY BHUJIJIEHHI]
LiJIbOBUX MNPOAYKTIB HIAXOM ¢inbTpauii, 110
BUKJIIOUYAE HeOOXiHiCTb xpoMaTorpadiyHoro
OYHILIEHHA.

R,SO,H

CH
)&(4 2
R

r.t., 1h

H,0/MeOH (1:1)

0
Cul \ //0
1,10-phen S\
Ar” O R
DCM
25 0C, 1-10min .
(Lu etal, 2018)
0
\ _R
0 o:\s/
R CH,

(Goh etal, 2021)

Puc. 7. Cxema cuHTE3y BiHiACYyAB(DOHIB Ha OCHOBIi aA€HIB

@yHKIiOHA/MI30BaHi €HaMiHUM BUKOpPHC-
TOBYIOTBCA K YHiBepCa/IbHI KJII040BI IPOMIXKHI
IPOAYKTU B OpraHiYHOMY CHUHTe31 Ta LIUPOKO
3aCTOCOBYIOTbCA JJI1 6araTbOX NepeTBOPEHb.

30kpeMa, [(-eHaMiHOHM €  BaXXJIUBUMH
nonepefHUKaMU JJIl  CHHTe3y  MNOXiJHUX
6enseny (Prek et al, 2014) Ta

reTepoapoMaTUYHUX cnouyk (Stanovnik &
Svete, 2004), Takux sk nipuauuu (Reddy et al,
2005), miponu (Eberlin & Kascheres, 1988),
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nipumigunu (Spivey et al., 2003) Ta Tpuazosu
(Al-Sader & Kadri, 1985).

KpiMm TOro, Takoro IJaHy CIHOJIYKHU
JIEMOHCTPYIOTh MOJAiQYHKIIOHANbHICTb: TOOTO
MalOTh  HYK/JIeOdiNbHICTL  eHaMiHIB  Ta
eJIeKTPOoOIbHICTh eHOHiB. He3Bakawouu Ha
IXHIM CHHTETUYHUM MOTEHLiaN JJil IHUPOKOTO
3aCTOCYBaHHfI Ta  BAXJIMBICTb, MeTOAHU
OTpPUMaHHA [-aMiHOBIiHiNCY/JbOOHIB [JOCHUTH
obMexeHi (puc. 8).
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HsC CHj r.t, 10 h (Kim & Lee, 2019)
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(Tang et al,, 2025)
Puc. 8. Cxema cunTe3dy 3amimeHux 3-aMiHOBiHiACyAB(OHIB
CuHTe3 O¢yHKIIOHA/i30BaHUX €HaMiHiB, cBiT1Ia mpu HasgABHocTi Eosin Y sk ¢oTo-
30KpeMa p-aMiHOBiHiNCY/1bOOHIB, oyJ10 ceHcubinizaTopa. KiwuyoBow  mepeBaroro
3/liiCHEHO 1LLJISAXOM NpsAMOi  KOHJeHcalil JIAaHOTO METOJY € MOXKJIUBICTb CEeJeKTUBHOIO
deninmeTusncyabdony 3 N-meTus-N-deHin- dopMyBaHHs BiHiCyIbOOHIB abo cy/bPoH-

¢dopmamizom (Taneda et al.,, 2014) 3 Buxog0M aMmiZiiB 3aJiekHO Bifi 06paHOr0 PO3YMHHHUKA Ta
88 %. 3a3HaueHa peakuis nepebirae 3a OKHCHIOBAJILHOTO CepeJIoBUINA. 3a ONTHMIi30-

KaTasiTh4yHol KisbkocTi CsF Ta crexiomer- BaHUX YyMOB aBTOpaMHU OTPUMaAHO Cepilo
PUYHOTO HA/UTHILKY TPUC(TPUMETUICUII)aMi- UiJIbOBUX TMPOAYKTIB i3 NOMIpHUMHU Ta
Hy npu temneparypi 50 °C mpoTsarom go6wu. BUCOKMMH BUXOJJAMH.

[HIIMKA MeToxn  6a3yeTbCd Ha  B3aeEMOJIl ApuncynbdoHiNriApa3uAU NpU B3aEMOJI1
TPEeTUHHUX aMiHiB i3 HaTpill cysibdiHaTaMU 3a 3 TPETUHHUMHU aMiHaMH y KHUCJIOMY cepeLo-
npucyTHocti Iz Ta TBHP (Lai et al, 2016). Bulli 3a npucytHocTi nBusNBFs Takox

KitouoBOO 0COGJIMBICTIO  3allpPONOHOBAHOTO 3a6e3Me4y0Th CHHTe3 3-aMiHOBiHiJICY/1bGOHIB
NiAX0ly € BUCOKA XeMOCEJIeKTUBHICTb, fKa i3 BUcokumu BuxogamMu (Kim & Lee, 2019).
pPEeryJETbCA NMPUPOJIOK PO3YUMHHUKA. EKcne-
PUMEHTAJIBHO [J0BEJEHO, L0 BUKOPHUCTAHHA
BOJIM SIK PeaKLiMHOro CepeloBHUINA CIPUAE CyyacHMH CTaH PpO3BUTKY METOJIB
epEeKTUBHOMY po3lleneHHo 38’a3ky C-N y CUHTEe3Y BiHIJICY/IbQOHIB CBITUUTH PO BiAMOBY
TPeTUHHMX aMiHaxX 3 N0Ja/bLIUM yTBOPEHHAM  BiJi TPaJMLiMHOrO OKUCHEHHA Cy/b}ifiB Ha

BucuoBku

cyibdoHaMiZliB, HATOMICTb  3aCcTOCYBaHHS KOPHUCTb €KOJIOTiYHO 06e3MneYyHux i BHCOKO-
OpraHiyHUX PO3YMHHHUKIB, 30KkpemMa DMSO, epeKTUBHUX NiAxoZiB. OCHOBHHM BEKTOpPOM
CIIPSIMOBY€E peaklil0 LISXOM CeJeKTHBHOro  €BOJIOLil B Wid ramysi € BIPOBa/pKEHHA
po3puBy 3B'si3ky C-H, mo jgo3Bossie 3 MeTaJOKaTaJITUYHUX, eJIeKTPOXIiMiYHUX Ta
BUCOKMMHU BUXOJAMH OJepXyBaTH LiJbOBi [- doTOXIMIYHHX METO/|B, a TaKOX
aMmiHoBiHi/icynibdouu. Takuil miaxin gae BUKOPHCTAaHHSA MIKUX OKHUCHIOBaJIbHUX
MOXJIUBOCTI ~ KOHTPOJIbOBAaHOI  AeCTPYyKLil CHCTeM, 10 3ab6e3nedyyroTb BUCOKY perio- Ta
3B’a3kiB C-N ta C-H, BigKpHBaw4u HOBI LIJISIXH CTepeoCce/IeKTUBHICTb. AHasi3 JiTepaTypHUX
JI0 OTpUMaHHS pi3HUX OQYHKI[iOHAi30BaHUX AsKepeJ MiITBEP/IKYE, o HaKO6IIbII
cyJibQOHIB. yHiBepcaJIbHUMH BUXiJITHUMH Pe4YOBHHAMHU A

Takok po3po6JIEHO MeTOJ CHHTE3Y BBeJIeHHSl BiHUJIbHOTO ¢parMeHTa € ajKeHH,

BiHiJICy1Ib)OHIB Ta cynbdamifiB, o 6a3yeTbcss  AIKIHM  Ta  KOPUYHI  KHMCJIOTH, TOAI fK
Ha doToKaTaJiTUYHIK B3aeMozil asipaTUUHUX JpKepesiaMu CyJ1bGOHIIbHOI rpyny HakvacTiie
aMiHiB 3 apeHcybdoHixM0pUgamMu (Cai et al., BUCTYNAKOTh CyJab}iHaTH, CyJbGOHIIXIOPUAN
2017). Peakuia nepe6irae 3a fii BuguMoro  Ta CyJbQOHUITiApasU/H.

219



ISSN 2786-6955 (Online) Biota. Human. Technology. 2026. No 1 Electronic edition

CyyacHi migxogu g0 cuHTe3sy [- cepe/lOBUIA: BHUKOPUCTAaHHA  OpraHiYHUX
aMiHOBiHiJICyIbOOHIB bOKyCyOThCS Ha PO3YHMHHUKIB (3okpema DMSO) Ta
BUCOKIM XeMOCeJIeKTUBHOCTI Ta BUKOPUCTAHHI dboToKaTaMITUIHUX CUCTEM J[03BOJISIE
M'IKUX yMOB, Jie KJIIYOBY pOJIb BiJirpae CeJIeKTUBHO OTPUMYyBaTH eHaMiHCy/1bQOHY,
KOHTpPOJIb HaJl akTUBali€t 3B’sa3kiB C-H Ta C- TOJI1 K BOJHE cepelOBUILe YacTillle CIPpSAMOBYE
N. BcraHoB/sieHO, 10 HANpsAMOK peakuii npouec y 6ik ¢opMyBaHHA cybdaMifiB.
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MANOVA K IHCTPYMEHT 3ABE3IIEYEHHSA JOBPOYECHOCTI
MEJIMKO-BIOJIOTTYHUX TA EKOJIOTTYHUX AOCJ/III>)KEHDb

\-ﬁﬁ)ﬁ-f
Oleksandr Lukash, Anita Szikura, Olha Mekhed, Svitlana Strilets

MANOVA AS A TOOL FOR ENSURING THE INTEGRITY OF
BIO-MEDICAL AND ENVIRONMENTAL RESEARCH

AHOTAIIA

BinTBOploBaHiCTh Ta A0OPOYECHICTh AOCHIKEHb € BaXK/JIMBMMU NPUHLMUIAMU HAYKOBHUX, 30KpeMa MeJUKO-
GioJsIOTiYHUX Ta €KOJIOTIYHHUX, JOCTiKeHb, 3 MO3UIil peasi3amii 1ijlell cTasoro po3BUTKY Ta MPUHIUIIB BiAKPUTOL
HayKH.

MeTa po60TH. MeT010 pO6GOTH € JOBECTH, 1110 3aCTOCYBaHHS 6araTOBUMIPHOTO JIUCIIEPCIHHOr0 aHATI3y Y MEJIUKO-
6ioJsIOTiYHMX Ta €KOJIOTIYHUX AOCJiPKeHHSX € IHCTPYMEeHTOM 3a6e3edyeHHs] 106p0YeCHOCTI HayKOBOI Ai/IbHOCTI.

MeTogo0J10rid. Y po60Ti BUKOpPHCTaHI pe3ybTaTH AOCIiP)KEHb aBTOPIB 3 METOIO iII0CTPyBaHHA NepeBar niixoay
MANOVA a1 UMK/IIYHUX JaHUX y MeJUKO-0i0JIOTIYHUX Ta eKOJIOTIYHUX AOCJIPKeHHSX 3 MO3UILiH J06POYeCcHOCTI.
3acTocoBaHUM aHaJIi3 CyyacHUX ONMy06JIiKOBAaHUX POOIT 3 Mpo6eMU BUKOPUCTAHHS CTaTUCTUYHOI 06pOOKHU pe3yibTaTiB
HayKOBUX JIOC/Ti/PKeHb, @ TAKOXX BUKOPUCTAHO 3araJlbHOHAYKOBI METOIM: aOCTPAKTHO-JIOTIUHUHY, iIHAYKIil-Ae Ay Kiil Ta
MOPiBHAHHA.

HaykoBa HOBHU3HA. PO3r/siHyTO J0peYHICTb 3aCTOCYBaHHSA TOTO YH IHIIOTO aHasli3y /iJisl BUpIilLEeHHs CUTYalid y
MeIUKO-6i0JIOTIYHUX Ta €KOJIOTIUHUX JOC/iKeHHSX, 1[0 BK/IYal0Th CTATUCTUYHE MOPiBHSAHHA 6i/iblie BOX rpy, i
4acTO 3 BHUKOPUCTAaHHAM J@aHUX, OTPMMaHUX LUIAXOM 3aCTOCYBaHHS CKJIAJHUX €KClIlepUMeHTaJbHUX IIaHiB. Ha
KOHKPEeTHUX NpHUKJajaxX MokasaHe, ik MANOVA mnokpailye 3MeHIIYE KiJbKiCTb XMOHOMO3UTUBHUX pe3yJIbTATiB,
NiBUIIY€E CTATUCTUYHY ePEeKTHUBHICTD, JO3BOJISIE BUSBUTHU B3aEMO/ii Mi>k He3a/ieXKHUMU Ta 3aJIeXKHUMU 3MiHHUMH,
3a6e3mevyy0ur TOBHE YSBJIEHHS TMpPO [JOCTi/PKyBaHy CHUCTeMy, MOBHOI[iHHY iHTepmpeTalilo pe3yJbTaTiB Ta
dbopMyIrOBaHHS OOIPYHTOBAaHUX BHCHOBKIB. OKpecjieHO Mpo6JieMH akaJeMiuHol [J06podecHOCTi, MOB’s3aHi 3
BUKopucTaHHAM MANOVA: npaBuJibHicCTh npouefypu post hoc - onncoBuM guckpuMiHaHTHUM aHasizoM (DDA) Ta
HeJOCTAaTHICThL MOBiZJOMJIEHb NMPO CTAaTUCTUYHEe NporpaMHe 3abe3NeyeHHsl, sike BUKOPUCTOBYETbCSA JJis aHaJi3y
KiJIbKICHUX JaHUX.

BucHoBKM. bBaraToBuMipHuil aucnepciiHUM aHasi3 mnifBUILye [J0OpOYeCcHICTb MeAUKO-6i0JIOriYHUX Ta
€KOJIOTIYHUX JAOCJiKEeHb OJHOYACHO TEeCTYHO4YM KiJbKa 3a/JIe)XHUX 3MIHHHX, L]0 J03BOJIIE KOHTPOJIIOBATH piBEeHb
XHUOHOIMO3UTUBHUX MIOMHUJIOK B €KCIIepUMeHTi. BiH € cTaTucTUYHO epeKTUBHIMINM, Hi*)K BUKOHAHHS KiJIbKOX OKPEMUX
aHasiziB. MANOVA TakoX [03BOJISIE BUSBJSTHA B3a€EMOJIl MiXK GaKTOpaMH, 3a/Ie}KHUMHU Ta He3aJIeXKHUMH 3MiHHUMH,
Kpaule Gikcyoud CKIafHICTh opraHisauii 6io/0riyHUX Ta eKoJoriYHUX cucTeM. Lle mpu3BOAUTD [0 GiJbII MOBHUX Ta
HaAillHUX pe3yJbTaTiB, 0COGJUBO NpPHU POOGOTI 3 KiJbKOMa MOB'I3aHUMHU MeAUKO-6i0JIOTIYHHMU ab0 eKOJIOTiYHUMU
BUMIipIOBaHHAMM.

Knio4oBi cioBa: akajeMiuHa JOGpOYeCHICTb, 6araTOBUMIpHUM AWCIEepCIHHUEN aHasi3, eKoJioris, MeJW4YHa
GioJtoris, HAyKOBI AOCJTiPKeHHS

ABSTRACT

Reproducibility and integrity of research are important principles of scientific, in particular biomedical and
environmental, research, from the perspective of implementing sustainable development goals and the principles of open
science.

Purpose of the work. The aim of the work is to prove that the use of multivariate analysis of variance in
biomedical and environmental research is a tool for ensuring the integrity of scientific activity.

Methodology. The paper uses the authors’ research results to illustrate the advantages of the MANOVA approach
for cyclical data in biomedical and environmental research from an integrity perspective. An analysis of modern
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published works on the problem of using statistical processing of scientific research results was applied, and general
scientific methods were used: abstract-logical, induction-deduction and comparison.

Scientific novelty. The appropriateness of using one or another analysis to address situations in biomedical and
environmental research involving statistical comparison of more than two groups, and often using data obtained through
the application of complex experimental designs, is considered. Specific examples show how MANOVA improves and
reduces the number of false positives, increases statistical efficiency, and allows for the identification of interactions
between independent and dependent variables, providing a complete picture of the system under study, a full
interpretation of the results, and the formulation of well-founded conclusions. Academic integrity issues related to the
use of MANOVA are outlined: the validity of the post hoc procedure - descriptive discriminant analysis (DDA) and the
lack of reporting on the statistical software used to analyze quantitative data.

Conclusions. Multivariate analysis of variance improves the integrity of life-science and environmental research
by testing multiple dependent variables simultaneously, allowing for control of the rate of false positive errors in an
experiment. It is statistically more efficient than performing multiple separate analyses. MANOVA also allows for the
detection of interactions between factors, dependent and independent variables, better capturing the complexity of the
organization of biological and ecological systems. This leads to more complete and reliable results, especially when
working with multiple related biomedical or ecological measurements.

Key words: academic integrity, multivariate analysis of variance, ecology, medical biology, scientific research

Bceryn

CxeMaTU4YHUM 3B'I30K MDXK OKpeMHMHU
L[IJIIMU CTJIOTO PO3BUTKY XapaKTepPU3YE 3B’1I30K
«yHIBEpCUTET — SAKICTb JOCJi/P)KeHb — TpaHchep
TEXHOJIOTIM — MPOMMCJIOBICTb», [le BaXKJIMBOTO
3HAUYeHHs HAJAETbCA JA0OPOYECHOCTI JO0Ci-
JPKEHb, 30KpeMa NpoleAypaMy BHYTPILLIHbOTO Ta
30BHIIIHBOT'O 3ab6e3neyeHHs ix SAKOCTI
(Artyukhov et al. (2021).

[IpUXUJIBHUKHA BIiAKPUTOI HAyKHA TaKOX
YacTO 3raZyloTb IUTAHHA, L0 CTOCYKOTbCA
JIOOPOYECHOCTI JIOC/i/PKeHb, i HaBNaky. Y mpari
Haven et al. (2022) cTBep/Ky€eThCs, 10 TaKi
MOHATTY, $K BiAnoBigasbHaA JOCHIAHUIBKA
IIPAaKTHMKa, IMpO30piCTb Ta BiAKPUTA HayKa,
MOB’si3aHi OJlHe 3 OJHUM, aJle KOXKHe 3 HHUX Ma€
pisHuil ¢dokyc. BignosijanbHa AocCAiIHUIbKA
NpaKTUKa Oijibllle 30cepe/PKeHa Ha peTeIbHOMY
MPOBEJIEHHI JOC/IiIKeHb, IPO30PiCThb IepeBaKHO
30cepe/>KeHa Ha IIOBHOMY 3BITYBaHHI IIpo
JOCJIiPKEHHS, a2 OCHOBHA yBara BiZJKPUTOI HayKU
30cepe/KeHa Ha INOLIMPEHHI  pe3yJibTaTiB
JocaipkeHb.  CnpaBejiiBe BpaxyBaHHA —LIUX
IOHATbL BHUMarae /il Big [JOCHIZHUKIB Ta
JOCTIAHULIBKHUX ~ YCTAHOB, 1106  3pPOOUTH
JIOCJIiPKEHHST 3 JI0OPOYECHICTI0O MOKJIMBHMH,
JIETKUMH, HOpMaTUBHUMU Ta KoprcHUMH (Haven
etal, 2022). OTxe, gociJHUIbKA JOOPOUYECHICTh
HabyBa€ BaXKJIMBOCTI B JOCJIIIHULbKIH CIIIJIbHOTI,
JO3BOJISAIOYU 11 4YJieHaM JOBIpATH MoNepeHin
po6oTi Ta chnupaTHcd Ha Hei, a TakKoX
pO3BHUBAlOYM BIIEBHEHICTb y CBOIX HAyKOBUX
pesysbTatax. TakMm 4YuHOM, JOBipa [0
JOCJHIJHULBKOI  CUCTEMHU €  Pe3yJIbTaTOM
JlobpoyecHocTi pociigpkeHb. (Muthanna et al,
2024). 3abe3nevyeHHs Jl06GpPOYECHOCTI

JOCHIHULBKAX  J@HUX Ma€  BHpillaJbHe
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3HQUYeHHA J[JId TOYHOCTI Ta BiATBOPHOBAHOCTI
OyZb-IKOTO ~ HAyKOBOTO  JIOCJIi/PKEHHS, 110
6a3yeTbCcsl Ha JaHuUX. Llboro MokHa JOCATTH
JIMLle LJIAXOM BCTAaHOBJIEHHSA Ta BIIPOBAKEHHA
CYBOpUX TMpaBWJ OOpPOOKH  JOCTIAHULIbKUX
fanux. Miller & Spiegel (2025) HagawoTh 4iTKi Ta
MPaKTU4HI IHCTpyKUii 44 BCbOro JOCJIiJ-
HULBKOIO IIpoLeCy, BK/IWOYAK4YM 3arajbHy
CTpaTeriio 360py AaHUX, BUSHAUYEHHS 3MiHHUX Ta
pekoMeHalil OO0 OOPOOKM [JaHUX, L0
NOKpAIlly€E CTIMKICTb Ta JOCTOBIPHICTb HaAyKO-
BOr'O JOC/ipKEHHS, MHiJKPEC/HI0I0YA KPUTUYHY
posib SAKOCTI JaHuxXx y Hux. PopmyBaHHA
OesneyHoro Ta J06pPOYECHOTO HAYKOBOI'O
cepe/ioBHIlA € KJIHYOBUM MeETO/0JIOTIYHUM
acneKkToM y niiroToBLi ¢paxiBIiiB 3 r(pOMa/ICbKOT0
3n0poB’s (Deykun et al., 2025).

BigTBoproBaHicTb Ta  JJ06POYECHICTH
JIOCJiPKEHb €  BAOXIMBUMU  NPUHLMIIAMHA
KO>KHOTI'0 HAYKOBOTO JJOCJIi/PKEHHS TaA BiAKPUTTH.
BoHU ciayKaThb [0Ka30M TOro, U0 yCTaJleHy Ta
3a/J0KyMeHTOBaHy pOOOTY MOXXHa MepeBipUTH,
noBTOpuTH Ta BiaTBOpUTH (Diaba-Nuhoho &
Amponsah-Offeh, 2021).

Y crarti Li et al. (2025) npepncraBieHo
MiKHalLiOHaJIbHE [JOCJiP)KEeHHS, $fKe BHBYaAE
COPUMHATTA Ta MNPAKTUKY JOCAIJHUKIB 1L0J0
JIOC/iIHULBbKOI ~ lo6poyecHOCTi.  Pe3ysnbTaTu
[IOKAa3yITh KOpeJIAL[il0 MDK [JOTpUMaHHAM
L[IHHOCTeH, piBHEM NPUUHATTSA [AOCIIJHULBKOI
HENpaBOMIpHOI MOBEJIHKA Ta CaMOCTIAHO
MOBIJIOMJIEHOK JIOC/TITHUIIBKOK) HenpaBOMip-
HOIO MOBeiHKOIO. Lle Mi>KHalliOHaJ/IbHE
JOCJIiP)KeHHSI BUSIBJISIE 3HAYHI BiMiHHOCTI B IIUX
3MIHHUX cepej, JOC/HIHUKIB 3 Pi3HUX KpaiH, a
TaKOXX TPOINOHYE LiHHY iHpopMaliio mnpo
CTaBJIeHH Ta MOBEAIHKY JAOCHIJHUKIB LI0J0
JOCHIIHUIBKOI ~ HeNmpaBOMIpHOI  IOBEJIHKY,
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CIOPUAIOYU NIPOCYBAHHIO €TUYHOI JOCIiJHULIBKOI
IIPAaKTUKU B yCbOMY CBITi Ta MiABUILYIOYU JOBIpY
Ta YeCHICTh HAYKOBOI JiAJIbHOCTI.

06’ekTUBHE NpeACTaB/IeHHS Pe3yIbTaTiB €
BaXXJIMBHUM, Harosouye Damasio (2024), i
3a3Hayae, 1110 MaJIo XTO 3 HAYKOBLIB MaHINyJII0E
pe3ysbTaTaMy, a OTXKe, I BUKOPHUCTOBYE iHIII
BUJM HeNpaBOMIpHOI MOBEAIHKH, TaKi fAK
dabpukanisa JaHux, ¢anbcudikallis Ta MJariar.
OfHaK CTPYKTYpHi Ta iHCTUTYUiMHI akKTopHy,
BKJIOYAIOYU CTUMYJM [JJIg  [OCHIpKEeHb Ta
CUCTEeMU BU3HAHHS, BiZirpaloTh BaXKJIUBY POJIb Y
JOCHIIHULBbKIA noBefiHLi. ToMy CcHOpUsHHS
JIOOPOYECHOCTI JAOCHi)KEHb BUMAara€ KoJieK-
TUBHUX 3yCWJIb YCiX 3alliKaBJIEHUX CTOpIH AJid
MiATPUMKHU CYCHIJIBHOI JOBipU [0 HAYKOBOI
CNiJIbHOTU Ta 3abe3nevYeHHs HaAiMHOCTI HayKu
(Armond et al,, 2024).

JlobpoyecHICT HAyYKOBUX JAOCIiKEHb
TiCHO TNOB’si3aHa 3i CTAaTUCTUYHOK OOPOOKOIO.
JloGpoyecHICTb y HAYKOBUX JOCJiPKEHHSX,
30KpeMa 0OioMeAMYHHX Ta  E€KOJIOTIYHHX,
nepezbavae 3aCTOCYyBaHHI CTaTUCTUYHHUX
mozesert (Lukash et al, 2025). Bigomo, mio
OOI'pYHTOBaHa CTaTUCTHKa 3abe3ledye 4YecHi,
BIATBOpPIOBAHI Ta [AOCTOBIpHI pe3y/bTaTU
(HapilHICTB, TOYHICTB), TOJAI K HeNpaBUJbHE
BUKOPHUCTaHHA (Hanpukiaj, P-xakiHr, Bubipkose
BUCBITJIEHHSI) € HAyKOBOI MOPYLIHHUIIELD,
NiipUBa€ J0Bipy Ta IPU3BOAUTbD 10 IOMUIKOBUX
BUCHOBKIB. TOYHMM, NPO30pPUM CTAaTUCTUYHUU
aHauIi3, 1110 BUKOPUCTOBYE BIJIOBIAHI METOAU TA
IHCTpYMEHTH, €  OCHOBOIIOJIO)KHUM  JJid
niaTpuMku fo6podecHocTi (Zhaoa etal, 2022) Ta
BiITBOPIOBAHOCTI  /IOCJi/PKEHb, 1[0 POOUTH
CTaTUCTUYHUU eTall KPUTUYHO BAXKJIUBUM
KOHTPOJIbBHUM  IIyHKTOM  [JUId  €TUYHOrO
IIOBO/KEHHA 3 JaHUMH Ta JOCTOBIPHOI HAYKHU.

Y cBoiit cratTi Vardeman & Morris (2003)
NiIKPECJII0Th BaXJIMBICTb HeynepeaKeHOCT]
JUISl CTATUCTHKIB i 3a3Ha4al0Th, 1110 NpodeciiHun
CTaTUCTUK HIKOJIM He NOBUHEH IMOBOAUTHUCH K
aJIBOKaT y Cy[OBil 3aJli, OCKUJIbKA OCTaHHiHl
BUOIDKOBO  BHUKOPUCTOBYE  Jl0OKa3W, 100
npe/icTaBUTH NpaBay (abo ii yacTUHY) y CBITJI,
HaWO6iIbIl COPUATAMBOMY JJisl MEBHOI TOYKH
30py.

Jis niHiHUX BUMIipIOBaHb iCHye J00pe
BiIOMHUH CTaTUCTUYHUU iHCTpyMeHTapil. [IpoTe
JledKi IIKaJd BUMIpIOBAaHHA B Haylli 3a CBOEXO
CYTTIO € INepioAUYHHUMH, a He JIHINHUMHU.
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LIMpKynApHI JaHi € MOLIMPEHUM HABUILEM V
MeJUKO-0i0/IOTIYHUX Ta eKOJIOTIYHUX JOC/i-
JDKeHHSIX.  baraToBuMipHME  aucnepciiHUMN
aHanizs - MANOVA (Multivariate Analysis of
Variance) npomnoHye CyTTEBe pO3LUIMPEHHS TaKUX
Ta IiHWKMX HaykoBux nuTaHb (Cleophas &
Zwinderman, 2012), saki MoOXHa BHPILIUTHU
CTaTUCTUYHO 3a JONOMOTOK LMKJIIYHUX JAaHUX
(Landler et al, 2018, 2022). Came ToMy ueH
aHaJli3 aKTUBHO BUKOPHUCTOBYETLCA Y CyYaCHUX
JlocaipKkeHHAX  QisiosioriyHMX — mapaMeTpiB
Oprasi3mis, 30KpemMa JIIOJAUHHY, Ta ekocrcTeM. Ha
Hallly AYMKY, KpiM MeTOA0JIOTIYHOI MOoJepHi3aLiil
Ta YOCKOHaJIEeHHH JOCJIiJKeHHs, BiH € OJHUM 3

iHCTpyMeHTIB 3abe3neyeHHs J06POYECHOCTI
HayKOBUX IOILYKIB.
MeToo po6oTH Oy/si0 [JIOBECTH, IO

3aCTOCYBaHHS1 6araTOBUMIPHOTr0 AUCIEPCIKHOrO
aHaJlidy y MeJIUKO-6i0/IOTiYHHUX Ta €KOJIOTIYHUX
JIOC/II/PDKEHHAX € IHCTpyMEHTOM 3abe3ledyeHHs
J100p0YeCHOCTI HayKOBOI J1iSlJIbHOCTI.

Marepiaau Ta METOAM AOCAIAYKEHHA

Y pob6oTi BHUKOPHUCTAHIi  pe3yJbTaTH
aBTOpCbKUX AociimkeHb (Kurhaluk et al, 2022;
Lukash etal,, 2024, 2025a, Tkaczenko et al., 2024)
3 METOW UIICTPYBaHHs IepeBar Migxoay
MANOVA pd UUMKIIYHUX JaHUX Y MeAUKO-
0io/IOTIYHMX Ta EKOJIOTIYHMX JOCJIiPKEHHSX 3
MO3HIil JJ06POYEeCHOCTI. 3aCTOCOBaHUM aHasli3
Cy4acHUX OmyOJIIKOBaHUX POOIT 3 mpobJsieMu
BUKOPUCTAHHSI CTAaTUCTUYHOI 0OPOOKH pe3yib-

TaTiB HAyKOBUX  JOCJHIJKEHb, a  TaKOX
BUKOPUCTAHO 3araJibHOHayKOBI MeTO/IU:
abCTpPaKTHO-JIOTIUHUMY, iHAYKLil-geaAykuii Ta
MOPiBHAHHA.

PesyapTar;m AocaiA’keHH:A Ta 0OroBoO-
peHHA

BucokosikicHI pe3y/ibTaTH y NPUPOJHUYUX
Ta MeJIMYHUX HayKaxX 0a3yl0ThCs Ha O6POYECHO

OTPUMaHUX JIOCJIi THULIbKUX JIAHUX.
Jlo6podecHiCTb € HEBiJEMHOI  YacTHHOI
)KUTTEBOTO  LMKIY JOCAIJHUIbKUX JAaHUX

3aBJIIKM CBOIM KPUTHYHIA poJii B TOYHOCTI
JIOC/I/P)KEHHS, BiITBOPIOBAHOCTI, peruiikamii Ta
NOBTOPHOMY BUKOpHCTaHHI lanuX (Condon et al.,
2022). /loGpoyecHiCTb AOCHIAHUIIBKUX JTAHUX
TiCHO NOB’sI3aHa 3 YNPaBJIiHHAM JIaHUMH, SIKICTIO
JlaHUX Ta 6e31MeKo1o JJaHux (puc. 1).
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Puc 1. KonnienryaaAbHa MOA€AB AOGPOYECHOCTI AOCAIAHHIIBKUX AAHUX. BidyasbHe IIpeACTaBACHHA
OCHOBHHX KOMIIOHEHTIB AOOPOYECHOCTi AOCAIAHMIIBKUX AQHUX, B3AEMOAILT Mi>K ITMMH KOMIIOHEHTAMH
Ta PyHAAMEHTAABHOI poAi AoKyMeHTanii Ta HaByaHHA (Condon et al., 2022)

36ip pmaHuX,  SKi € HaJliMHHMY,
JIOCTOBipHHMMHM, BaJliJHUMU Ta Oe3NeYHUMHU
NpPOTATOM yCbOTO JOCJIJHULBKOTO MpPOLECY,
BUMarae IijiecipsiMoBaHOr0 IJIaHyBaHHS J106po-
YEeCHOCTI JIOCHIIHUIBKUX JIaHUX Ta PeTeJIbHOro
BpaxyBaHHS Jild J>KUTTEBOTO IHUKJIY JOCJHiJI-
HULIbKUX JAaHUX, TaKUX K 306ip, aHami3 Ta
36epexkeHHs AaHux. KpiMm Toro, 1izecnpsimoBaHe
MJIAaHYBaHHA J03BOJISIE JOCTAiAHAKAM MPOBOAUTH
peTesibHI J0CiPKEHHST Ta OTPUMYBATU Pe3yJib-
TaTH, SIKi € BiITBOPIOBAHHWMH, TOBTOPIOBAaHUMHU Ta
NOBTOpPHO BUKopucToByBaHMMU (Condon et al,

229

2022). ByeHi NOBMHHI MaTH MOMJIUBICTb
JIOBIpATU pe3yJibTaTaM J0CJIiPKeHb CBOIX KOJier
Ta cnodpaTtdca Ha HuxX. Diaba-Nuhoho &
Amponsah-Offeh  (2021), 3a3Hayawuy, 110
HAyKOBI iHHOBaUil Ta AOCHIAHULIBKI BiKPUTTH,
0COOJIMBO B Trajay3i MeJULUHH, CIOPUSIOTh
MOKPAIIEHHIO KUTTS NALiEHTIB Ta 30i/bIIEHHIO
TPUBAJIOCTI KUTTS HAroJIOUIYIOTb Ha TOMY, IO
3pocTarya CTYpOOBaHICTh L[0/I0 HEJOTPHUMAHHS
Ha/IeXXHUX HAYKOBUX NPUHUMUIIB IpuU3Besa [0
npo6JieM i3 JOO6POYECHICTIO TA BiATBOPIOBAHICTIO
Jlocimpkenb. [loraHa BiATBOproBaHiCTh Ta 106po-
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YEeCHICTb, TAKUM YUHOM, MOXYTb NPHU3BECTU 10
HeeQeKTHBHHUX BTpPy4YaHb Ta 3aCTOCYBaHb.
3ano0birTy TakUM CUTYyalisiM MOXKe 3aCTOCyBaHHS
JOPEeYHUX METO/IB CTATUCTUKHU.

Po3riiiHeMO JJOpe4yHICTb 3aCTOCYyBaHHA
TOT0 YU iHIIIOTO aHaJ1i3y JI/1sl BUPILLIEHHS CUTYallil
y  MeJAUKO-OIOJIOTIYHMX  Ta  €KOJIOTIYHMX
JOC/IPKEHHSAX, 110 BKJ/IOYAKOTh CTAaTUCTUYHE
NOPiBHSIHHA OiJibllle JBOX TIpyl, i 4YacTto 3
BUKOPUCTAHHAM [IaHUX, OTPUMAHUX ULIAXOM
3aCTOCYBaHHSl CKJIQJHUX eKCIlepUMEeHTaJIbHUX
wiaHiB. [lucnepciiauil aHaniz (ANOVA) y cBoix
YUCTIeHHUX QopMaxXx BHUKOPUCTOBYETbCA [
OZIHOYaCHOI IepeBipKU PIBHOCTI BCIX rpyn y
JocnipkeHHi.  OpHodakTopHUM (3 OfHIENO
He3aJ/IeKHOI0 3MiHHOI0), IBOPAaKTOPHMH (3 IBOMa
He3aJIe)KHUMM  3MiHHMMH) Ta  OBTOPHO-
BUMipIOBa/IbHUH (HapUKJIa/, NAL[iEHTH CIYXKaThb
koHTpoJsieM) ANOVA € ¢popmaMu i€l METOUKMU.
Koxxna ¢opma 6ysia po3pobsieHa [Jisi aHaJi3y
JIAaHUX 3 MEeBHOr0 eKCIepUMEHTA/IbHOrO IJIaHY.
KoBapianiiinuii ananiza  (ANCOVA) pno3BoJsie
JOCTIAHUKY  KOHTPOJIIOBATH 3MIiHHI, 110
BIUIMBAOTb Ha peakLil0 3a/JIe)KHOI 3MIiHHOI.
Haperurti, 6araToBUMipHUIN JUCTIEPCIHHUM aHaJTi3
(MANOVA) o1iHI0€ 0JIHOYACHY peakllil0 KiJIbKOX
3aJIeXXHUX 3MIHHMX Ha = 1 He3aJieXXHy 3MiHHY
(Lumivero, 2026). ¥ Toii yac sk ANOVA €
IPaBUJIbHOK  aJIbTEPHATUBOK)  CTAaTUCTUYHO
HEBIANOBIJHMM MHOXHUHHUM t-TectaM, MANOVA
€ MPaBWJIBHOK aJbTEPHATUBOK CTATUCTUYHO
HEBIJNOBIIHUM MHOXWHHUM  OJJHOBUMipHUM
po3paxyHkaM ANOVA. BUKOpUCTaHHA KOXXHOTO 3
AX CTaTUCTUYHHUX MeTO/iB BUMarae
BIZINIOBIZTHOIO €KCIEPUMEHTAJIbHOI0 IJIaHy Ta
JIaHUX, WO BiANOBIJAIOTh pAAy NpUnyuieHs. [pu

IIPaBUJIbHOMY BHUKOPUCTAHHI KOXeH i3 LHUX
MeTO/liB  3abe3leyye  MNOTY:KHUHA  METOJ,
craTUCTUYHOro aHauidy (Gaddis, 1998).

Hamr pgocsBin nokasye, wmo MANOVA

NOKpaLIy€e 3MEHIIYE KiJIbKICTb XMOHONO3UTHBHUX
pe3y/sbTaTiB, TaK 3BaHUX MOMWIOK [ Tumy.
AHastizyloyd  KiJIbKa  3aJIeXKHUX  3MIiHHUX
ogHoyacHo, MANOVA jgomomara€e 3amo6irtu
KyMYJISTUBHOMY 301/IbIIEHHIO PU3UKY IOMUJIOK |
TUILY NIOPIBHAHO 3 TUM, KOJIU JJI1 KOXKHOI 3MiHHOI
OPOBOAWIMCA 6 OKpeMi TeCTH Ha 3HAYYIIiCTh.
KpiMm Toro, MANOVA migBUILy€E CTaTUCTUYHY

ebeKTUBHICTb, amke edeKTHBHillle BUSIBJISIE
COpaBXHiI  BIMIHHOCTI, OCKIJIbBKM  BpaXOBYE
KOpeJssii MIXK 3aJIeXKHUMU 3MiHHHUMMHY,

BU3HAYAIOUM CIpaBXHi dakTopH, 10 Ail0Th, B
paMKax €MHOI iHTerpoBaHoi Mozeni. HaBegeMo
JIBa IPUKJIAJIH.
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Tak, mig 4yac gocaigkeHHd HaKONUWYeHHS
pagionykaiaiB 137Cs ta °0Sr poMmiHaHTaMu Ta
CHiBJIOMiHaHTaMU 6epe30BO-COCHOBUX JIiCIB Ha
niBHOYi YkpaiHu aHasiz [-koedinieHTiB Yy
MANOVA mnokasaB ¢akTopu (Hampuk/iaj, spyc
B=2,601+0,159, p=0,000, BH/] POC/IMH
=-0,429+0,151, p=0,005, yacTMHA pPOCIUHHU
B=-2,456+0,101, p=0,000), aki mMand 3HAYHUHU

BIUIMB Ha HaKONWYEHHA pPaJioOHYKIiZIB V
JfocimkyBaHux Jicax (Lukash et al, 2024).
Ak npuxknas,  6GaraToOBUMIipHI  TecTH

3HAYyL[OCTI Oy/JIM BUKOPUCTaHi JJd aHasli3y
JlAHUX 3 BUKOPUCTAaHHAM T-koediljieHTa [Ass
OLIIHKH BigMiHHOCTEM MiXK cepesHiMU
3HayeHHAMHU rpynd B MANOVA Ta F-tecra g4
BUSIBJIEHHS 3HAUYYILUX BiMIHHOCTENX Mi>K TpbOMa
rpyiaMM B MeXaxX CKJIaJHUX HabopiB JaHUX
(potonepion, craThb Ta piBeHb  Qi3UUHOI
aKTMBHOCTI) MiJi Yac aHasli3y Ce30HHO-3aJIEXKHOT0
KOMIIOHEHTA B OLiHI[i MOpJOoJIOTiYHUX Ta
6i0XiMIYHMX TOKAa3HUKIB KpOBi LIOT/IaH/ACHKHX
noHi (Tkaczenko et al.,, 2024).

Kpim Toro, MANOVA mMoxe BHUABUTU
B3aEMOJIii Mi>XK He3aJIe)KHUMM Ta 3aJeXHUMH
3MiHHUMH, SIKi Oy/iM © HpOMylleHi B OKPEMHUX
aHasli3ax, 3abe3ne4yloyd NOBHe YSBJEHHS MpPO
JOCHi/pKyBaHy cucteMy. Tak, aHasi3 [JO3BOJIUB
3'iCyBaTH, YW ICHYIOTb CTaTUCTUYHO 3Ha4yLli
BiIMiHHOCTI B KoHIeHTpauisgx °Sr Ta 137Cs mix
pi3HUMM TUNAMH  €KOCUCTeM (HaNpUK/Iaf,
ncaMoQiTHUMY, pyAepajlbHUMH, JYYHUMH Ta
60JIOTHHUMH ) Ta BigMiHHOCTI B LMX
KOHLEHTPALifIX Y 3a/IeX)KHOCTI Bifi TUIy 6ioMopdu
abo BH/ly POCJMHU Yy 3allJIABHUX E€KOCUCTeMax
Juinpa (Lukash et al., 2025a).

Jly>ke BaXKJIMBHMM acleKTOM J006poYeCcHOCTI
€ 3abe3nedyeHHs TMOBHOI iHTepmpeTalio, L0
JI03BOJIIE  (QOPMYJ/IIOBAaHHA  OOI'PYHTOBAaHUX
BUCHOBKIB. MANOVA po3BoJisse mnepeBipsaTH
rinoTe3d Ha €AWHIN IHTErpoBaHiA MoAeJ,
30KpeMa pO3IJIAZaTH KiJIbKa 3a/IeXKHUX 3MIHHUX
4K yHipikoBaHMIN Habip pe3y/bTaTiB, L0 AyXKe
BAXKJIUBO J1JIs1 MEIUKO-0i10/I0TTYHUMX JIOC/Ti/[PKEHBIO.
Ax mnpukiazg, npyv BUABJEHHI 3aJIeXXHUX BiJ
doTtonepioly 3MiH MapkepiB OKCHUAATUBHOIO
crpecy B KpoBi MANOVA [103BOJIMB [JOCTOBIPHO
BCTAHOBUTH, 1110 paKkTop PpoTomnepioy BifirpaBas
NPOBIAHY poJib y 3MiHaX LIUX 6ioMapKepiB, TO/I AK
¢isuyHi HaBaHTaXXeHHS1 Ta CTAaThb MOHI MasH
MeHuk BB (Kurhaluk et al., 2022). Kpim Toro,
edbexTuBHe BUKOpucTaHHA MANOVA y noci-
JOKEHHSIX TPOMAJICBKOTO  3/0pPOB’Sl  [J03BOJISIE
OLIiHUTH BIAMIHHOCTI B pe3yJibTaTax JIiKyBaHHS
pPi3HUX TPyl HaCeJeHH Ta Pi3HUX BTPY4YaHb
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(Buderer & Brannan, 2024) 3 rapaHTi€l0
Jl06pOYECHOCTI KJIIHIYHMX BUIIPOOYBaHb.

Omxe MANOVA npomnoHyeTbca — AJid
JOC/iPKeHb 3 KiJIbKOMa IpyIiaMy, L0 € TUTIOBUMU
JUIS OCJTIKeHb pe3y ibTaTiB. Llel MeToz MoXKHa
BUKOPUCTOBYBAaTU [JIA BEJIMKOI  KIJIBKOCTI
KOHKPETHHX JOCTiAHULbKUX Au3arHiB (Cleophas
& Zwinderman, 2012), kosin 361MparOTbCs KilbKa
MOKa3HUKIB pe3ysibTaTiB. Kpim Toro, MANOVA
MPOIIOHYE [IBi KOHKPETHI IepeBaru MopiBHAHO 3
OLIbII 3BUYHMMU OJHOBHMIDHUMH MiJXOJaMU:
BiH 3abesneyye KpalMd KOHTPOJb  Haj
KoedillieHTaMX NOMWJIOK MEPILOTO  THILY,
30epiraroyu Npy [bOMY CTaTUCTUYHY OTYKHICTh,
i 103BOJISIE BIIBLI peTeIbHO aHaIi3yBaTH CKIaJHI
JaHi (Spector, 1981).).

Opnak MANOVA Ta nop’si3aHi 3 HHUM
NpoLelypH 4aCTO He PO3YMIIOTbCA HaJIEKHUM
yuHOM. lle y cBOeMy pociipkeHHs I0CTpye
Warne (2014), nigkpec/aor4y, 110 Julie AesiKi 3
MANOVA, ony6s1ikoBaHMX Y HAyKOBIH JliTEpaTypi,
CYIIPOBO/DKYBAJICA NPAaBUJIBHOI NPOLELYPOIO
post hoc - ONHWCOBUM [JUCKPUMIiHAHTHUM
aHanizom (DDA). Warne (2014) HaBOguTb
npukaag npocroro MANOVA 3  peaJbHUMH
JIAaHUMHU TIpO TcUxiyHe 30poB’st 4384 miasiTKiB,
11106 MOKa3aTH, SIK iHTepHpeTyBaTHU pe3yJbTaTU
MANOVA.

[Ipob6sieMy HeAOCTaTHOCTI MOBiZOMJIEHD
PO CTaTUCTUYHE NpOrpaMHe 3abe3nevyeHHs], sKe
BUKOPUCTOBYETbCA [ aHaJli3y KIJIbKICHUX
JlaHUX y MyOJliKalifiX Ha MNPUKIAJi HayKOBUX
)KypHaJliB 3  MeJCeCTpUHCTBA  NiHIMAKOTH
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Hedlund &  Lindberg  (2024). BoHy,
npoaHalisyBaJii  CTaTTi, oOmNy6JiKoBaHi Yy
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JLOCJIiPKeHb He NIOBiIOMJIAJIOCA [P0 BUKOPUCTaHe
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HaWyacTinle BUKOPUCTOBYBAHMM JOC/IIHUKAMU
CTaTUCTUYHMM TPOrPaMHUM 3abe3leyeHHSM
6y.10 IBM SPSS Statistics. 3 Touku 30py MiATPUMKHU
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BiITBOPIOBAaTH METOAU TAa MaTH BIEBHEHICTb y
pe3ysbTatax (Hedlund & Lindberg, 2024).

BucaoBxu

baraToBuUMipHU JUCEpCiMHUM  aHaJIi3
nifBUILYE 06POYECHICTh MEAUKO-010/I0TIYHUX T
€KOJIOTIYHUX JOC/IiPKeHb OJHOYAaCHO TeCTYH4H
KiJIbKa 3a/JIe’)KHUX 3MIiHHHX, 110 [103BOJISIE
KOHTPOJIIOBAaTH  piBEHb  XWOHOMO3UTHUBHUX
IIOMUWJIOK B eKCIIepuMeHTi. BiH € cTaTUCTU4YHO
epeKTUBHIILINM, HDK BHUKOHAHHS  KUJIbKOX
okpeMux aHasii3iB. MANOVA Takox [403BOJISIE
BUSIBJIATH B3aEMO/Iii Mi>K paKTOpaMy, 3a/1eXKHUMU
Ta He3wIeKHUMH 3MiHHUMH, Kpalle (ikcyrouu
CKJAJHICTb oprasizanii biosorivHMx  Ta
eKOJIOTIYHUX cucTeM. lle mpu3BOAUTH [0 Oi/bII
NOBHHUX Ta HaJlINHUX Pe3yJIbTaTiB, 0COOJIMBO MPU

pob6OTi 3 KiJIbKOMa TOB'SI3aHUMHU  MeJUKO-
6iosloriYyHMMU  ab0  €eKOJIOTIYHMMH  BUMIpIO-
BaHHAMM.
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(©) INSTRUCTIONS FOR AUTHORS (©)

The article is presented in the original language (Ukrainian, Polish, English). The deadline for
submitting articles is determined by the person responsible for the issue. On average, the period of
publication of articles from the moment of receipt is 4 months, unless unforeseen circumstances
arise.

The article must necessarily contain the following elements: statement of the problem in
general form and its connection with important scientific or practical tasks; analysis of the main
researches and publications on the raised problem; formulation of the purpose of the article;
coverage of the theoretical-methodological and/or experimental research procedure with an
indication of research methods; presentation of the main research material with justification of the
obtained scientific results; research conclusions and prospects for further scientific research.

The text of the article must be carefully checked and edited by the author. An article that is not
designed according to the requirements, with semantic, grammatical or stylistic errors, will not be
accepted for publication. When designing an article, be sure to use the article template.

Using the article template (BHT styles):

1. Open the article template in Microsoft Word.

All the necessary formatting styles are already built into the document and begin with the BNT
mark (for example, BHT-Heading 1 row, BHT-Authors 1 row, BHT-Article text, etc.).

2. Enable the styles panel:

e On the “Home” tab, click the arrow in the lower right corner of the “Styles” block - a list of
available styles will open.

e [f necessary, select “Manage Styles” or “Show All Styles” to see the full list.

3. Apply appropriate styles to each text element:

e BHT-Title - for the title of the article

e BHT-Authors - for the list of authors

e BHT-Abstract, BHT Keywords - for the relevant sections

* BHT-Article sections - for sections and subsections

e BHT-Article text - for the main text of the article

e BHT-Figure / table caption - for captions

e BHT-References English or Ukrainian - for the list of references

* etc.

4. Do not manually change the font size, indents or spacing - all parameters are already set in
the template through styles.

WARNING! It is not allowed to use data that was presented in protected dissertation studies,
as well as previously published articles.

The approximate length of the article is 10-16 pages of A4 format.
Structure of the article:

1. UDC index, with a paragraph indent, in the upper left corner of the first page.
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2. The next line is the name and surname of the author(s) in English. Authorship should be
based on the following criteria:

» Significant contribution to the conception, design, data collection, or analysis and
interpretation of the results of the study.

» Participation in writing the manuscript or critical revision of its intellectual content.

» Approval of the final version for publication.

Individuals who do not meet these criteria may be listed in the Acknowledgements section.

3. The next line is the title of the article in English, Ukrainian and Polish (if the article is written
in Polish) or in English and Ukrainian (if the article is written in Ukrainian), in capital letters, without
paragraph indent, centered. The title should be short (no more than 8 words) and reflect the content
of the article.

4. The nextline is the abstract in English, Polish (if the article is written in Polish) and Ukrainian
(with the word “ABSTRACT” in the appropriate language, in the center; the text of the abstract is
paragraph indented, aligned with the width of the text, single line spacing). The length is at least
1800, but no more than 2200 characters with spaces. The abstract should contain the following
structural elements highlighted in bold text: purpose of the work, methodology, scientific
novelty, conclusions.

5. The next line is key words (the phrase “Key words” in bold, paragraph indented, aligned to
the width of the text, single line spacing). No more than five keywords.

6. Through the line - the main text of the article according to the structural elements:
statement of the problem, research results, conclusions.

7. The text of the article should include references to all references. The editorial board
strongly recommends that authors avoid using outdated and undigitized references. To do this, we
recommend that authors conduct comprehensive and up-to-date searches in global bibliographic
databases such as Scopus, Web of Science, PubMed, and others, depending on the topic of the
research.

References are given in round brackets with the name(s) of the author(s) in chronological
order, for example:

one author - Lukash, 2019;

two authors - Tkachuk & Zelena, 2020;

three authors and more - Kurmakova et al,, 2021.

Publications without authors are cited in accordance with APA style.

8. The following information is provided after the main text of the article:

Funding: Provide one of two statements: no external funding or details of a grant received.
Make sure you spell the names of funding institutions correctly by checking them on an official
resource. Mistakes can make it difficult to obtain funding in the future.

Ethical approval: This section is required to document the ethical approval of the study. For
work with humans, indicate compliance with the Declaration of Helsinki and approval by an ethics
committee. For animal studies, provide information about protocol approval. If ethical approval is
not required, justify this or indicate “Not applicable”.
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Informed Consent Statement: This section is required for studies involving human subjects.
Confirm that consent was obtained from participants or explain its absence. This is especially
important in cases where participants are identifiable — written consent for publication is required.

Data access: Describe where the data from your study can be found. Provide links to data
archives. Even if no new data were created or there are access restrictions, this should be noted. For
more information, see the following guidelines:

H Recommended Data Availability Statement \
All primary data from the study are freely available

\Data availability status

Open access in repository

in [repository] at [identifier].

Restricted access upon
request

Due to [reason for restriction], data can be obtained
by contacting the corresponding author.

Access is restricted by proprietary rights. Data provided
by [organization] and available under [access terms]|
with their permission.

Data from third-party
organizations

Temporary restriction for
commercialization

After the commercialization period, data will be available in
[repository] at [identifier].
Due to [specific reason, e.g., data is part of an ongoing study or

due to technical/time constraints], direct access to the data is
restricted. For access, please contact [contact].

Special access conditions

Data used are available in [repository], [identifier].

Open source data Data sources: [list of public resources].

The study did not generate new data, it is based on theoretical

No new data .
analysis.

All data are presented directly in the article and appendices.

Data in the publication For additional information, please contact the authors.

The authors will provide the original data of the study upon

Data on request request of interested parties.

Acknowledgements: A place to acknowledge assistance that is not included in the author’s
contribution or funding - administrative support, technical assistance, materials provided, etc.

Conflict of interest: Authors should disclose any financial or personal relationships that may
affect the objectivity of their research. This includes:

Funding: grants, sponsorships, or other forms of financial support.

Employment/employment: work for organizations that may have an interest in the
publication.

Financial interests: ownership of stocks, patents, or receipt of royalties.

Non-financial interests: personal or professional relationships that may influence the
research.

Clearly state whether or not there are conflicts of interest. Describe any influence of sponsors
on the conduct of the research and the publication of the results. If there is no such influence, state
this separately by stating “The authors declare no conflict of interest.” Disclosure of conflicts of
interest is intended to provide transparency and allows readers to independently assess the possible
influence. Authors who are Editor-in-Chief/Editor/Editorial board members should note: Authors X
are members of the editorial board of Biota. Human. Technology. They were not involved in

238



ISSN 2786-6955 (Online) Biota. Human. Technology. 2026. No 1 Electronic edition

the editorial decision-making, review, or acceptance of this manuscript. The authors have no
other conflicts of interest to disclose.

The use of generative Al: The use of generative Al and Al-assisted technologies in scientific
writing must be transparently declared. Authors should include a statement at the end of the
manuscript at the time of initial submission. This statement will appear in the final published work,
placed in a designated section (Declaration on Generative Artificial Intelligence and Al-enabled
Technologies in the Writing Process) before the references list. An example of the required
statement is as follows:

During the preparation of this manuscript, the author(s) utilized [NAME OF TOOL / SERVICE]
to [PURPOSE OF USE]. Following the application of this tool/service, the author(s) thoroughly
reviewed and edited the content as necessary and take full responsibility for the final published
version.

Or

This study did not use generative artificial intelligence or Al-enabled technologies to collect,
analyze, or interpret data.

9. The article continues with a list of references. It should contain only those sources to which
reference is made in the text. The word “References” is written aligned. References are presented in
alphabetical order using the Latin alphabet. References that are originally written in languages using
the Latin script are presented in the original language, formatted according to APA style indicating
the language of publication in round brackets. References, which are written in the original language
with Cyrillic writing, are presented in two paragraphs as follows: first, the translation into English
(not transliteration!), formatted according to APA style, and in the second paragraph - in the original
language according to DSTU 8302:2015. Bibliographic reference. General provisions and rules of

compilation

For example:

Tkachuk, N. V., & Zelena, L. B. (2022). Biosafety in the formation of professional competences
of bachelors from the courses “Microbiology and virology with the basics of immunology” and
“Genetics”. Environmental sciences, 2(41), 41-145. https://doi.org/10.32846/2306-9716/2022.eco.
2-41.24 (in Ukrainian)

Tkauyk H. B., 3esiena JI. B. bio6e3sneka npu ¢popMyBaHHi paxoBUX KOMIETeHIil 6akasaBpiB 3
KypciB «Mikpob6ioJsiorisa i BipycoJsiorisg 3 ocHoBaMHU iMyHoJiorii» Ta «['eHeTHUKa». EK0/102IYHI HayKu.
2022.Ne2(41). C. 141-145. DOI: https://doi.org/10.32846/2306-9716/ 2022.eco.2-41.24

10. Tables, schemes, figures and diagrams presented in the article must be the author's own or
reproduced from freely available sources that do not require special permission for use. In case of
using materials from other sources, a clear reference to the original source is mandatory in
accordance with the requirements of the bibliographic design of the journal. The use of tables,
schemes, figures or diagrams from sources for which permission from the copyright holder
(publisher or author) must be requested is not allowed. Authors are responsible for compliance with
copyright and correctness of references. Tables, schemes, figures, diagrams must be numbered and
placed without a paragraph in the center of the page immediately after the reference to them in the
text of the article or on the next page. The word “Table” and its number are written on top aligned to
the right, and the name of the table is aligned in the center on the line below. Illustrations (figures,
block diagrams, graphs) must be made in one of the graphic editors. Figures can be submitted in
color. Flow charts and figures (must be grouped) are additionally provided as separate files in
electronic form. [llustrations are signed from the bottom aligned with the center.
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11. Formulas and letter designations of quantities are typed in the MathType-Equation editor
and presented in text or a separate line without paragraph indent, aligned with the center, numbered
with Arabic numerals in round brackets on the right side of the page.

12. The following signs are used in the text of the article: quotation marks (“ “
a dash (-) instead of a hyphen (-). A colon (:) is placed without a space.

), apostrophe ('),

13. Words, phrases and sentences in the Latin language in the article are highlighted in italics,
regardless of the language of the article.

Examples:

... the plant extract was carried out in vitro by the Kirby-Bauer disc...

... are important in vivo biomarkers for biomonitoring...

Taxa (all) and syntaxa of vegetation are given only in Latin and highlighted in italics. The
author(s) of the taxon or syntaxon should be indicated in normal font at the first mention in each

structural part of the article (title, abstracts and keywords in any language, the actual text (body) of
the article), as well as captions to tables and figures.

If species belonging to one genus are mentioned in the article, and between these mentions
there are no mentions of species of other genera, then after the first writing of the full species name,
the name of the species should be given further in the text, shortening the name of the genus to the
first letter with a dot. This rule applies within any structural part of the article, as well as captions to
tables and figures.

An example of writing the Latin names of taxa and syn taxa in one article:

PLATANUS L. GENUS IN TRANSCARPATHIA

PIJl PLATANUS L. HA 3AKAPIIATTI

Abstract

... the coexistence of other Platanus L. species... Picea abies (L.) Karst.

... the study of the genus Platanus in the ... as Platanus acerifolia (Aiton) Willd. is a...

... the genus Platanus in Transcarpathia will.... Picea abies...

The spruce forest communities of the Dnieper part of Eastern Polesie belong to the
Eu-Piceetum (Cajander 1921) Keilland-Lund 1967 and Querco-Piceetum (Matuszkiewicz 1952)
Matuszkiewicz et Polakowska 1955 associations of the Piceion excelsae Pawtowski et al. 1928 alliance

of the Piceetalia excelsae Pawtowski et al. 1928 order of the Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al.
1939 class.

The natural spruce forest of the Querco-Piceetum association...

Key words: introduced plants, Picea abies (L.) Karst., Platanus L., Transcarpathia
AHoTanis

... MDKBUOBUX TibpuziB poay Platanus L. ...is Picea abies (L.) Karst.
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...Tiopuau poay Platanus ... Picea abies...
... HaJexuTb Ao BUAYy Platanus acerifolia (Aiton) Willd. i mae cTatycy...

YrpynoBaHHA SAJIMHOBHUX JIICIB NPUAHINPOBCbKOI YacTUHU CxigHoro Ilosicca HasexaTb 0
aconjanini Eu-Piceetum (Cajander 1921) Keilland-Lund 1967 Ta Querco-Piceetum (Matuszkiewicz
1952) Matuszkiewicz et Polakowska 1955 3 coto3y Piceion excelsae Pawtowski et al. 1928 nopsigky
Piceetalia excelsae Pawtowski et al. 1928 knacy Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al. 1939.

[IpupoaHui SIMHHUK acoujianii Querco-Piceetum...
Kiro4oBi csioBa: 3akapnaTTs, poCJIUHU-IHTPOAyLeHTH, Picea abies (L.) Karst., Platanus L.
Formulation of the problem

In ... two primary progenitors: Platanus orientalis L. and P. occidentalis L. Additionally, there
are several natural hybrid species, including the P. acerifolia (Aiton) Willd., P.cuneate Willd,
P. digitata Gord,, P. hispanica Miinchh. and others.

Results and discussion

P. occidentalis also known simply as “sycamore”, ..., Ficus sycomorus L., which is ... and even the
Acer pseudoplatanus L....

...Platanus orientalis along with...

Fig. 1: Platanus acerifolia (Aiton) Willd (photo by Ivan Dzurenko)
...P. occidentalis is notably affected by the fungus Gloeosporium nervisequum (Fuckel) Sacc....
... Eu-Piceetum (Cajander 1921) Keilland-Lund 1967 association...

Table. Structure of the Eu-Piceetum (Cajander 1921) Keilland-Lund 1967 association
...Eu-Piceetum is formed in an ecotone area ...
... both Platanus occidentalis and P. acerifolia grew....

... phytocenoses of the Epilobietea angustifolii Tx. et Preising ex von Rochow 1951 and
Robinietea Jurko ex Hadac et Sofron 1980 classes are formed...

Conclusions
... Among these species is P. acerifolia.

..., phytocenoses of the Epilobietea angustifolii class is...
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(®) KEPIBHMIITBO J/151 ABTOPIB (0)

CTtaTTd MOJAETbCA MOBOK OpUriHaly (YKpalHChbKOO, MOJIbCbKOI, aHIJiHCbKOW). TepMiHuU
noJayi craTed BU3HA4Ya€ThCA BiZiIOBiAaIbHUM 3a BUNIyCK. B cepejHbOMyY TepMiH nmy6J1ikaLii ctaTent
3 MOMEHTY HaJIXO/)KEHHS CTAHOBUTbD 4 Micslli, IK1[0 He BUHUKHYTb Henepea6ayeHi 06CTaBUHU.

CraTtTd O06OB’A3KOBO NOBMHHA MICTUTH TaKi eJleMeHTH: IOCTaHOBKAa IMpo6JeMU Yy
3araJibHOMY BUTIJIA/i Ta i 3B’A30K 3 BQXK/IMBUMU HAQYKOBUMH 200 NPAaKTUYHMMHU 3aBJAaHHAMU; aHAJII3
OCHOBHMX JOC/Hi/pkeHb 1 my6Juiikauniii 3 mopyueHoi npo6seMu; GOpMy/OBaHHS MeTH CTaTTi;
BUCBITJICHHA  NpoOLeAypH  TeOpPeTUKO-MeTOZJOJIOTIYHOTO  Ta/abo  eKCllepUMEHTAJbHOIO0
JOCJIPKeHHA i3 3a3Ha4eHHAM MeTO/iB JOC/HiP)KeHHs; BUKJIaJ, OCHOBHOI'O MaTepiaay AOCaipKeHHA
3 OOI'PYHTYBaHHSIM OTPMMaHUX HAayKOBHUX pe3y/IbTaTiB; BUCHOBKHU 3 JOCJI/P)KeHHH | lepCleKTUBU
N0/IaJ/IbIIMX HAYKOBUX PO3BiJIOK.

TekcT cTaTTi Mae 6yTH peTesIbHO NlepeBipeHUH i BijpearoBaHuil aBTopoM. CTaTTs, He opopMeHa
3riJHO 3 BUMOTaMU, 31 CMUCJIOBUMHU, TPAMaTUYHUMH YU CTUJiCTUYHUMU IOMUJIKAMH, [0 JPYKY He
npuiiMaeTbcsa. [Ipu opopmiieHHI cTaTTi OGOB'I3KOBO BHMKOPHMCTOBYHMTE 11a0JIOH CTATTi.
BukopuctanHs mab6Jsiony cratTi (ctuai BHT):

1. BiakpuiiTe mwa6Js0H ctaTTi y Microsoft Word.
Yci noTpi6bHi cTui popMaTyBaHHS BXKe BOYAOBaHi B JJIOKYMEHT i MOYMHAIOTbLCA 3 mo3Hayku BHT
(nanpuknag, BHT-3azon060k 1 psid, BHT-Aemopu 1 psid, BHT-Tekcm cmammi To110).

2. YBIMKHITb ITaHeJIb CTUJIiB:

e Ha Bksaani «OcHoBHe» (Home) HaTUCHITH CTpPiJIOUKY Y TpaBOMYy HMXKHBOMY KYTi OJIOKY
«CTHai» — BIZKPHUETHCA CIMCOK LOCTYITHUX CTUJIIB.
e 3a norpebu BubepiTh «KepyBaHHs cTunsiMU» ab0 «[lokazaTu BcCi CTWJIi», 11106 Ga4YUTH
MOBHUU MepevIiK.

3. 3acTocoByuTe BiZIIOBiZHI CTUJIi 10 KOKHOTO eJleMeHTa TeKCTY:
BHT-3aros0BoK - /iJi1 Ha3BU CTATTi
BHT-ABTOpH - [i/11 CIIUCKY aBTOPiB
BHT-AnoTauiss, BHT Kiro4oBi csioBa - /14 BiANOBIAHWUX PO3/iJiB
BHT-Po3painu ctaTTi - A4 po3AiaiB i migpo3aiiis
BHT-TekcT cTaTTi - 1711 0CHOBHOTO TEKCTY CTATTI
BHT-Ilignuc pucyHka / Tabauni — AJis nignucis
BHT-Cnucoxk JiitepaTypy aHIJL. Y4 YKP. — JJIS CIIMCKY JiTepaTypHu
TOLLO
4. He 3MiHIOWTE Bpy4HY po3Mip IpUPTYy, BiICTYNIU YU iHTEPBAJIM - yCi MapaMeTpH BxKe 3a/iaHi

B 11a6JIOHI Yepe3 CTUJII.

YBAT'A! He fonycka€eTbCsd BUKOPUCTAHHS [AAHUX, SKi OyJI0O NpeACTaBJIEHO Yy 3axUIIeHUX
JucepTaliiHUX AOCTIXKEHHSX, @ TAKOX OMy6JIiKOBaHUX paHille CTaTTAX.

OpienToBHUM 06cAT cTaTTi - 10-16 cTOpiHOK dopMaTy A4.
CTpyKTypa cTaTTi:
1. Ingexc YK, 3 a63a1jHUM BiJICTYNIOM, y BEpXHbOMY JIiIBOMY Ky Ti epLIOi CTOPiHKH.

2. HactynHu# psjiok - iM' Ta npi3Buille aBTopa (aBTOPiB) aHIJiCbKO0 MOBOK0. ABTOPCTBO
IIOBMHHO I'DYHTYBaTHUCA HA TAKUX KpUTepiax:
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» 3HaYHUA BHECOK Yy KOHIeNlil, Au3aiiH, 36ip JaHux abo aHasi3 Ta iHTepmnpeTariito
pe3yabTaTiB AOCIiKeHHH.

* Y4yacTh y HAlIMCaHHI pYKONUCY 260 KPUTUYHUU NTepersaj, Horo iHTeJIeKTyaJlbHOTO 3MICTYy.

» 3aTBep/KeHHs 0CTAaTOYHOI Bepcii a/15 nmy6tikanii.

Oco6u, sIKi He BiANIOBiIal0OTh UM KPUTEPIsAM, MOKYTb OYTHU nepeJiiueHi B po3aiji «Ilogsku».

3. HacTynHui psaJoK — Ha3Ba CTATTi aHIJIIMCHKOIO, YKPAiHChKOO Ta NOJIbCHKOMO (SKILO0 CTATTA
HalnucaHa I0JIbCbKOIO MOBOIO) ab0 aHIJIIMCbKOI Ta YKpaiHCbKOI (AKIIO CTAaTTS HaIlMCcaHa
YKpalHCbKOI0 MOBOI0), BeJIMKUMU OyKBaMH, 6e3 a63allHOTO BiACTYIy, BUPiBHAHO LleHTpoM. Ha3Ba
Ma€e OyTH KOpOTKOM0 (He 6inblue 8 ciiB) i BijoOpaxkaTH 3MiCT CTATTi.

4. HacTynHUM paJOK - aHOTallid aHIJiMCbKOI, MNOJIbCbKOK (AKLIO0 CTaTTs HamnucaHa
N0JIbCBKOK) Ta yKpalHCbKOI0 MOBaMH (i3 3a3HavyeHHAM cioBa «cAHOTALIA» BignoBifHO0 MOBOIO,
10 LEeHTPY; TEKCT aHOoTalil 3 ab3allHUM BiACTYNOM, BUPIBHAHO LIUPUHOI TEKCTY, iHTEpBal Mix
pAAkaMu ofuHapHUil). O6car — He meHine 1800, ane He Gisibme 2200 cMMBOJIIB 3 IPOGIIaMHU.
AHOTaUiA MOBMHHA MICTUTHU BUJIJIEH]I KUPHUM TEKCTOM HACTYIHI CTPYKTYpPHi eJleMeHTH: MeTa
po60TH, METOA0JIOTiAl, HAYKOBA HOBU3HA, BUCHOBKHU.

5. HacTynHui psilok - KJIIOYOBI cj10Ba (caoBocnosiyyeHHs: «K/04oBi cioBa» HamiBXXUPHUM
mWpuPTOM, ab3aLHUH BiJICTYII, BUPIBHAHO LIMPHUHOIO TEKCTY, IHTepBaJ MiXk pAJAKaMH OJAUHAPHUM).
He 6isibllie M'ATH K/IIOYOBUX CJIIB.

6.Yepe3s pAZOK - OCHOBHHM TEKCT CTaTTi BIANOBIAHO /[0 CTPYKTYPHHUX e€JIEMEHTIB:
IOCTAaHOBKA NPO0G6JieMH, pe3y/IbTaTH AOCHAiA)KEeHHS, BACHOBKH.

7. Y TekcTi cTaTTi MalOTh OyTHU MOCUJAHHA Ha BCi JpKepesa y CIUCKY JiTepaTypu. Perakuis
HanoJIeTJIMBO PEKOMEHJAYE aBTOpaM YHUKATU BUKOPUCTAHHS 3acTapi/iux Ta HeouupOBaHUX
NoCHJaHb. /il IbOr0 pEKOMEH/IYEMO aBTOpPaM MPOBOAUTH KOMILJIEKCHI Ta aKTya/IbHi MOIIYKHU B
rjob6asbHUX 6ibaiorpadiyHux 6a3ax AaHUX, Takux K Scopus, Web of Science, PubMed Ta inHmii,
3aJIE’KHO BiJl TeMaTHUKHU JOC/iKEeHHS.

[locunaHHA Ha JIiTepaTypHi AKepesa NOJAThCS Y KPYTJIUX AyKKaX 3 BKa3aHHAM Mpi3Buli(a)
aBTopa(iB) y XpoHOJIOTIYHOMY MOPSAAKY, HAPUKJIAJ:

oauvH aBTOp - Lukash, 2019;

ABa aBTopu - Tkachuk & Zelena, 2020;

TPH aBTOpH Ta Gisibiie - Kurmakova et al,, 2021.

[TocuniaHHs Ha BUJJaHHS 6€3 aBTOPiB 3/1iHCHIOETHCSA BiiMOBiIHO A0 mpaBua APA cTuJto.

8. Ilic/s11 0CHOBHOTO TEKCTY CTATTi NOJAETHCS HACTYyNHA iHpopMaLis:

dinaHcyBaHHA: BKaxiTh 0/jHe 3 IBOX TBEP/KEHb: Bi/[CYTHICTb 30BHIIIHbOr0 piHaHCYBaHHSA
abo geTtasi Ipo oTpMMaHUM rpaHT. [lepekoHaiiTecs y NpaBUJIbHOCTI HalMCaHHS Ha3B piHAHCOBUX
yCTaHOB, NepeBipUBIIM IX Ha odiuiiiHOMy pecypci. [ITOMUJIKHM MOXYTb YCKJaAHUTU OTPUMaHHS
¢diHaHCyBaHHSA B MallOyTHbOMY.

ETu4yHe cxBajieHHs: lleil po3zin moTpibeH AJigd JAOKYMEHTYBaHHSI €TUYHOTO CXBaJIeHHS
JocaipkeHHs. [ po6iT 3 JII0IbMHU BKaXKiTh BiZimoBigHiCcTb ['esibCiHCHKIN Aekaapallii Ta cxBaJleHHs
eTUYHoOro kKomitety. [ns jociifpkeHb Ha TBapuHaX HajaWTe iHpopMalio Npo cxBaJieHHS
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NpPOTOKOJY. fIKIO eTHYHe CXBaJleHHs He TMOTpibHe, OOIpyHTyuTe 1e abo BkaxiTh «He
3aCTOCOBYETbHCSI».

IndopmoBana 3roaa: O60B'I3K0OBUM PO3/iJ AJs1 AOCTIAKEHb 3a y4acTio jtoAei. [linTBepaiTh
OTPUMAaHHS 3rO/M BiJi y4acHUKIB ab0 MOsCHITH ii BifcyTHicTh. 0C06/IMBO BaXKJIUBO JJis1 BUMIAJKIB,
KOJIM YYaCHUKIB MOKHA iIeHTUPiKyBaTHU — NOTPiOHA MMCbMOBA 3roJia Ha NMyoJliKallilo.

Joctyn po pganux: OnuiwiTh, Ae MOXHAa 3HAWTU JaHi Bauworo JociaimxeHHda. Hagaute
IIOCUJIAaHHA Ha apxiBU JlaHuX. HaBiTh K10 HOBI ZlaHi He CTBOPIOBaIMCh ab0 € 0OMeXXeHHH J0CTyIy,
NOTpPiOHO 1€ 3a3HAaYUTH. [leTasbHillle AUBITbCS Y HACTYNIHUX BKa3iBKax:

‘CTaTyc JAOCTYIHOCTi JAHUX H PexomeH0BaHa 3asABa PO JOCTYIHICTb JAHUX ‘
Bigkputuit goctyn Yci nepBUHHI JaHi JOCTIAKEeHHA 3HaX0AAThCS Y BIJIBHOMY
y penosuTopii JIOCTyIi B [peno3uTopiii] 3a nocusaHHAM [ifeHTUdikaTop].
O6MexxeHUU A0CTyI Yepes [mpuurHa 06MeXKeHHs | AaHi MOXXKHA OTPUMATH,
3a 3alIUTOM 3BEPHYBIIKCH 10 BijIOBia/IbHOTO aBTOpA.
JlaHi BiJi CTOPOHHIX JlocTyn o6MeKeHU MpaBaMM BjaacHOCTi. JlaHi HagaHi
oprasisanin [opranizauis] i gocTynHi [ymMoBU focTyny| 3a iXHIM [J03BOJIOM.
TumyacoBe o6MexxeHHS [liciia 3aBepiieHHA nepioAy KoMepujiaaizalii faHi CTaHYThb
JUI1 KoMepLiasisanil JIOCTYyIIHUMU B [peno3uTopiii| 3a nocuaHHAM [igeHTHdiKkaTOp].

Yepes [KOHKpeTHa NPpUYMHA, HAIPUKJIAJ, AaHi € YACTUHOIO
NOTOYHOI0 JOCJIi/PKeHHs ab0 yepe3 TexHiyHi/4acoBi
00MeXKeHHsI | NpsIMUM JOCTYM A0 JaHUX obMexxeHUH. [us
OTPUMaHHS JOCTYIy 3BepTaiTecs A0 [KOHTAKT].

Oco6s11Bi yMOBHU JJOCTyIy

BukopucTaHi faHi focTynHi B [peno3uTopiil], [izeHTUdikaTop].

/laHi 3 BIAKPUTHX Jpkepes Jlxepesia faHUX: [CIHMCOK My6J/IiYHUX pecypciB].

Jlocsli;pKeHHS He CTBOPIOBAJIO HOBUX JIaHUX, 6A3YEThCS HA

BifcyTHICTb HOBUX JAHUX L
TeOpeTUYHOMY aHaJli3l.

Yci naHi npejacTaB/ieHi 6e3nocepeIHbO B CTATTi Ta AoJaTKax. 3a

aHi v ckiaai nyoJrikanii ) . " .
Aaniy ALY 1 JI0JIaTKOBO0 iHOpMalli€o 3BepTalTEeCh /10 aBTOPIB.

[lepBUHHI faHi JOCTIJPKEHHA aBTOPU HAZLaAyTh Ha 3alIUT

JlaHi 3a 3anuTOM . .
3allikaBJIeHUX 0Cib.

IMogsaxku: Micue A4 BU3HAHHA JONOMOIH, L0 He BXOJUTb A0 ABTOPCHKOIO BHECKY YU
diHaHCyBaHHS - aMiHiCTpaTHBHA NiITPUMKA, TeXHIYHA JOIOMOTa, HaZlaHi MaTepiau To1O.

KoHQu1iKT iHTepeciB: aBTOpY NOBUHHI pO3KPUBATH Oy b-sKi GiHAHCOBI YM OCOOUCTI 3B'A3KH,
SKi MOXKYTb BIUIMHYTH Ha 00'€KTUBHICTb IXHBOTO A0CHi/PKeHH. Lle Bkitovae:

»@iHaHCYBaHHA: 'PAHTH, CIIOHCOPCTBO a60 iHLi popMu piHaHCOBOI MiATPUMKH.

»3alHATICTh/TIpaleB/IAIITYBaHHSA: poO0Ta B OpraHisalifix, iki MOXyTb MaTH iHTepec y
ny6sikaril.

*@iHaHCOBI iHTEpecH: BOJIO/[iHHA aKIliSIMH, TaTeHTaMU ab0o OTPUMaHHS rOHOpPapiB.

*HedinaHcoBi iHTepecu: ocobucti abo npodeciiiHi BiJHOCUHHY, SIKi MOXKYTbh BIJIMHYTH Ha
JOCJTiPKeHHS.

YiTKO 3asBiTh NPO HasABHICTb ab0 BifCYTHiICTb KOHQJIIKTIB iHTepeciB. ONULIITh O6yAb-AKUN
BIJIUB CIIOHCOPIiB Ha IPOBEIEHHS JIOC/iI>KEHHS Ta My06JliKallito pe3yabTaTiB. 3a BiICYTHOCTI TaKOTO
BIUIMBY, BKaXIiTb Il¢ OKpeMO, 3a3HAuMUBIUU «ABTOpPH 3asBJAKTb NPO BiJICYTHICTb KOHQJIKTY
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iHTepeciB». Po3kpuTTsa KoHQJIKTY iHTepeciB crnpsiMoBaHe HA 3abe3NedyeHHs MPO30POCTi Ta
JIO3BOJIIE 4YMTayaM CaMOCTIMHO OILiIHUTM MOXJUBUMU BIJIMB. ABTOpaM, fKi € TOJIOBHUM
peaKkTopoM/peAaKTOpPOM/4ieHOM pejiKkoJierii  ciaif,  3a3HauuTh: ABTOpM X € 4YieHaMHu
peaakuinHoi KoJierii Biota. Human. Technology. Bonu He 6paJiv y4acTi B nponeci i puAHATTA
peJaKuiiHUX pillleHb, peleH3yBaHHS Y4 NPUHHATTS LbOr0 PYKONMCY. ABTOPM He MalTh
iHIMX KOH}JIIKTIB iHTepeciB, NPo AKIi C1iJ 3a3HAYUTH.

Bukopucranua redeparuBHoro LII: BukopycTaHHa reHepaTUBHOIO LUTYYHOI'O iHTEJIEKTY Ta
TEXHOJIOTIKM 3a J0MOMOrOK IITYYHOTO IHTeJeKTy B HAyKOBHX pobO0Tax Mae OyTH IpoO30po
JleKJIapOBaHO. ABTOpPY NIOBMHHI BKJIIOYHUTHU 3adBY B KiHIi pyKONMCy IiJi 4ac nepuoro nofaHH4. le
TBEpPA>KEeHHS 3’ IBUThCS B OCTATOYHIN ONy06J/1iKOBaHiM po60Ti, po3MillleHill y cnenialbHOMY pO3AiJi
(Jexknapania npo reHepaTMBHUM IUTYYHUM IHTEJIEKT I TEeXHOJIOrii HA OCHOBi IUTY4YHOIrO
iHTe/IeKTy B mpoueci HamMCaHHA) IepeJ CIUCKOM JiTepaTypu. IIpukiaj Heo6xifAHOI 3adBU
BUIJIAZIA€ HACTYITHUM YUHOM:

[lif yac miAroTOBKM 1JbOTO PYKONHUCY aBTOP (aBTOPH) BUKOPUCTOBYBAB (BUKOPUCTOBYBAJIN)
[HA3BA IHCTPYMEHTA/CEPBICY] gana [METU BUKOPUCTAHHSA]. [licis BUKOPUCTAHHSA LbOTO
iHcTpyMeHTY/cepBicy aBTOp(1) peTesIbHO NeperyssHy/Id Ta BifjpenaryBajyd BMICT 3a MOTpebU Ta
HeCyTb IIOBHY BiZiIOBiZJa/IbHICTh 3@ OCTATOYHY OMy06JIiIKOBaHY Bepcilo.

AbO

Y 1upoMy [OCHi)KeHHI He BUKOPUCTOBYBAaBCA TeHepPaTUBHUM IUTYYHUN IHTeJEeKT abo
TEXHOJIOTiI IITYYHOT'0 iHTeJIeKTY AJisl 300py, aHaJ/Ii3y UM iHTepnpeTalii JaHUX.

9. Jlani noJa€ETbCA CIMCOK JiTepaTypyu. Y HbOMy MalTb OYyTH JHIle Ti JKepesa, Ha SKi
3po6JieHO nocunaHHda y TekcTi. CioBo «References» nunietbcsl BUpiBHAHO. CIMCOK NOCUJIaHb Ha
Joxkepesia iHpopMmarlii nojaeTbes y andapiTHIM mocaijoBHOCTI 3a saTuHUIEW. [Xepesa, ski B
opuriHasi HamucaHi MOBaMH, Jle BUKOPUCTOBYETbCS JIATUHCbKHAM WPUPT, NOJAIOTHCA MOBOIO
opuriHaiay, opopmiyieHoMy 3a APA ctuaem. /xepesaa, siKi HamucaHi y OpuriHa/ly MOBOIO 3
KUPWJIMYHUM HalNWCAaHHSM, MOJAIOTbCA JBOMa ab3allaMM TaKUM YUHOM: CIIOYATKy NepekJas,
aHIJIiIACbKOIO MOBOW (He TpaHciaiTepauis!), opopmieHuit 3a APA ctusiem i3 3a3Ha4YeHHSIM MOBH
BUJIAHHA y KpYIJHMX [yKKaX, a y ApyroMmy a63sani - MoBoro opwuridaay 3a /ICTY 8302:2015.
bibsiorpadiyHe nocuaaHH4. 3arajbHi 0J0XXeHHS Ta NpaBUJa CKIalaHHA.

Hanpukiaz:

Tkachuk, N. V., & Zelena, L. B. (2022). Biosafety in the formation of professional competences
of bachelors from the courses “Microbiology and virology with the basics of immunology” and
“Genetics”. Environmental sciences, 2(41), 41-145. https://doi.org/10.32846/2306-
9716/2022.ec0.2-41.24 (in Ukrainian)

Tkauyk H.B., 3esena JI.b. bio6e3neka npu ¢popmMmyBaHHI paxoBUX KOMIIETEHI|i OaKaJaBpiB 3
KypciB «Mikpob6ioJiorisa i BipycoJsioria 3 ocHoBaMH iMyHoJiorii» Ta «'eHeTHUKa». EK0/102IYHI HAYKU.
2022.N22(41). C.141-145. DOI: https://doi.org/10.32846/2306-9716/2022.eco.2-41.24

10. Tabsinui, cxeMH, pUCYHKH Ta JiarpaM, NoZaHi y cTaTTi, MalOTb 6YTH aBTOPCbKUMU ab0
TaKHUMU, L0 Bi/ITBOPEHI 3 BiJIbHOAOCTYNHUX JKepeJl, IKi He IOTPeOyoTh OTPUMaHHS ClieliaJIbHOT0
Jl03BOJIy HAa BUKOPUCTAHHS. Y pa3i BUKOPUCTAHHS MaTepiasiB 3 iHIIUX JKepes 0600B’SI3KOBHUM €
yiTKe NOCWJIaHHA Ha MepulojKepesio BiANOBiAHO A0 BUMoOr 6i6siorpadiuHoro odopmieHHS
KypHaJsy. BukopuctanHsa TabJivIb, cXeM, PUCYHKIB YU Jiarpam i3 [pxepes, i IKUX HeOOXiJHO
3alMUTyBaTH [03BiJ1 NpaBOBJAaCHUKA (BUAABLSA abo aBTOpa), He JOINYCKAETbCA. ABTOPU HECYThb
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BiZIMOBiZla/IbHICTh 32 JOTPUMaHHS aBTOPCbKUX MpPaB Ta KOPEKTHICTh mocuiaHb. Tabuauli, cxemy,
PUCYHKH, ZiiarpaMu MOBUHHI 6YTH MPOHYMeEPOBaHi Ta po3MilllyloThbCsl 6e3 ab3ally B IIeHTPi CTOPiHKU
6e3nocepeiHbO MiCJAsl MOCUJIAHHS HAa HUX Y TEKCTi CTAaTTi ab0 Ha HACTynHiM crtopiHui. CiaoBo
«Tabsuuga» Ta il HOMep NUIIYTbCS 3BePXY BUPIBHSAHO CIIPaBa, a PAJKOM HHUXKYe BUPIBHAHO LIeHTPOM
- Ha3Ba Tabsuni. Litoctpanii (pucyHky, 6/10K-cxeMHu, rpadiku) NOBUHHI OyTH BUKOHAHI B OZJHOMY 3
rpagiyHuX pefakTopiB. PUCyHKM MoOXHa MOJaBaTH KOJbOPOBUMHU. BJIOK-CXeMHU Ta PUCYHKHU
(moBUHHI OyTH 3TpyNOBaHi) 0JaTKOBO NOAAITHCA OKPeMUMU (paliaMU B eJIEKTPOHHOMY BUTJIA/].
[nrocTpauii mifnucyroTbca 3HU3Yy BUPIBHAHO LIEHTPOM.

11. ®opmysn Ta OYKBEHI MO3HAUYEHHs BeJUYHMH HabUpawTbcsd y pegaktopi MathType-
Equation i nofjatoTbcs B TEKCTi a60 OKpeMoMy psi/IKy 6e3 ab63alHOT0 BiZiCTYy BUPIBHSIHO LIEHTPOM,
HYMepyTbCs apabCbKUMU [UPPaAMU B KPYTJIHUX Ay>KKaX 3 IPABOro 60KY CTOPiHKHU.

12. Y TeKcCTi cTaTTi BXXMBAKOTbhCA TaKi 3HAKU: JIJANIKU — (« »), anoctpod - ('), yepes3 npobis Tupe
-), a He gedic (-). /IBokpamnka (:) cTaBUTbCS 6€3 Ipooiay.
p p y

13. CnoBa, c/10BOCIIONyY€HHSA Ta pe4eHHH JJATUHCHKOI0 MOBOIO Y CTATTi BUAIIAKTH KYPCUBOM,
He3aJIeXKHO BijJf MOBM HalMCaHH{ CTaTTi.

IIpuxkiaaam:

... the plant extract was carried out in vitro by the Kirby-Bauer disc...

... € BRXKJIMBUMHU H6ioMapKepaMH in vivo Jijis 6i0MOHITOPUHTY ...

Takconu (yci) Ta CHHTAaKCOHU POCJIUHHOCTI HABOAATD JIMIIIE JJATUHCHKOI MOBOIO i BUIIISIIOTH
KYpPCUBOM. 3BUYalHUM WIPUPTOM CJiJ, HABOAUTH aBTOpa(-iB) TAKCOHY Y4 CUHTAKCOHY 3a MepIIOoro
3raflyBaHHs y KOXHiM CTPYKTYpHil 4acTHHi cTaTTi (HAa3Bi, aHOTalifIX Ta KJYOBUX CJI0Bax Oy/b-
SIKOI0 MOBOI0, BJIaCHe TeKCTi (TiJi) cTaTTi), a TaKOoX NiAnucax 10 TabJyrIb Ta PUCYHKIB.

Axio y cTaTTi 3rafyoTbCc BUAY, AKi HajJleaThb [0 OJAHOT0 POAY, i MDX LIMMU 3ra/lyBaHHAMU
HeMae€ 3rajilyBaHb BU/IiB iHIIKUX POJiB, TO IiC/I4 NMEPUIOT0 HAallMCaHHA MTOBHOI BU/0BOI HAa3BU JlaJi y
TEeKCTI Ha3By BUAY CJIiJ, MOJABaTH, CKOPOUYYHOYU HA3BY POAY A0 Iepluol JiTepu 3 Kpankorw. Lle
IpaBUJIO 3aCTOCOBYETHCS Y MexXaxX O0y/ib-KOI CTPYKTYPHOI YaCTUHM CTATTi, @ TaKOX MiJMUCIB 0
TabJIULb Ta PUCYHKIB.

[Ipuksiaz HamMCaHHA JIJATUHCBKUX HAa3B TaKCOHIB | CUH TAKCOHIB Yy OZ{HIN CTATTi:
PLATANUS L. GENUS IN TRANSCARPATHIA

PIJI PLATANUS L. HA 3AKAPIIATTI

Abstract

... the coexistence of other Platanus L. species... Picea abies (L.) Karst.

... the study of the genus Platanus in the ... as Platanus acerifolia (Aiton) Willd. is a...

... the genus Platanus in Transcarpathia will.... Picea abies...

The spruce forest communities of the Dnieper part of Eastern Polesie belong to the Eu-Piceetum
(Cajander 1921) Keilland-Lund 1967 and Querco-Piceetum (Matuszkiewicz 1952) Matuszkiewicz et

Polakowska 1955 associations of the Piceion excelsae Pawtowski et al. 1928 alliance of the Piceetalia
excelsae Pawtowski et al. 1928 order of the Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al. 1939 class.

The natural spruce forest of the Querco-Piceetum association...
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AHoTanis

... MbXKBUZ,0BUX TibpuAiB poay Platanus L. ...is Picea abies (L.) Karst.

... Tiopuau poay Platanus ... Picea abies...

... HaJIexuThb Ao BUAYy Platanus acerifolia (Aiton) Willd. i mae ctatycy...

YrpynoBaHHS SIJIMHOBHUX JIiCiB NPUAHINPOBChbKOI YacThUHU CxigHoro Ilosicca HanexaTs 10
aconjanint Eu-Piceetum (Cajander 1921) Keilland-Lund 1967 Ta Querco-Piceetum (Matuszkiewicz
1952) Matuszkiewicz et Polakowska 1955 3 corw3y Piceion excelsae Pawtowski et al. 1928 nopsaaky
Piceetalia excelsae Pawtowski et al. 1928 knacy Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al. 1939.

[IpupoaHui AnMHHUK aconjianii Querco-Piceetum...

Kiro4oBi csioBa: 3akapnaTTs, poCJIUHU-IHTPOAyLeHTH, Picea abies (L.) Karst., Platanus L.

Formulation of the problem

In ... two primary progenitors: Platanus orientalis L. and P. occidentalis L. Additionally, there
are  several natural hybrid species, including the P. acerifolia (Aiton)  Willd.,,
P. cuneata Willd,, P. digitata Gord., P. hispanica Miinchh. and others.

Results and discussion

P. occidentalis also known simply as “sycamore”, ..., Ficus sycémorus L., which is ... and even
the Acer pseudoplatanus L....

...Platanus orientalis along with...

Fig. 1: Platanus acerifolia (Aiton) Willd (photo by Ivan Dzurenko)
...P. occidentalis is notably affected by the fungus Gloeosporium nervisequum (Fuckel) Sacc....

... Eu-Piceetum (Cajander 1921) Keilland-Lund 1967 association...

Table. Structure of the Eu-Piceetum (Cajander 1921) Keilland-Lund 1967 association
...Eu-Piceetum is formed in an ecotone area ...
... both Platanus occidentalis and P. acerifolia grew....

... phytocenoses of the Epilobietea angustifolii Tx. et Preising ex von Rochow 1951 and
Robinietea Jurko ex Hadac et Sofron 1980 classes are formed...

Conclusions
... Among these species is P. acerifolia.

..., phytocenoses of the Epilobietea angustifolii class is...

14.Tlicna cnucky naiTepaTypHUX J[pKepes HaJlaeTbcs iHdopMallis MNpo KOXKHOr0 aBTopa
AHIJIIUCBKOI0 MOBOIO:

» [lepuuii pagok - Surname, Name [in Ukrainian: Ilpizsume Im’a] 1[i], nocaga, HaykoBuUit
CTyHNiHb Ta BYeHe 3BaHH4 (3a HasfABHOCTI), e-mail.

* HactynHu#l psiok - o6oB’si3koBe 3a3HauyeHHs ORCID aBTopa (npodinb MoBHHEH 6yTH
3al0BHEHHWH Ta BIKPUTUH /1Sl IeperJisily TPOMaICbKOCTI).

* HacTtynHui psaok - 3a3HaueHHs ResearcherID aBTopa (3a HasSsBHOCTI ), 3a3Ha4YeHHs Scopus—
AuthorID aBTOpa (32 HasIBHOCTI).

= HacTynHu# pAfoK - 3a3Ha4YeHHA OpraHisalii, B AKii paLoe aBTop.
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* HacTtynHu#l psfiok - 060B’sI3KOBe 3a3Ha4YeHHs MOBHOI aZjpecy opraHisaiiii, y kil npaioe
aBTOP, 3 YKa3aHHAM IHAEKCY Ta KpalHHU.

15. ¥ KiHLi cTOpiHKU BKA3y€ETbhCA JlaTa Il HaJCUJIaHHA Y PeAaKI[il0 )XypHaTy

Jlo cTaTTi AOAAETHCA COMCOK 2-3 NMOTEeHLiMHUX peLeH3eHTIiB (KaHAuAaTiB HayK Ta/abo
JIOKTOpPIiB HayK, fKi 3JIMCHIOTH JOCAiJKEeHHS 3a CHeliaJIbHICTIO, 10 BiANOBiZae TeMaTuLi
1o/laHoro AJid my6utikallii MaTepiaJsy, i € aBTOpaMHu (CliBaBTOPaMH ) 3arajibHOO KiJIbKiCTIO HE MeHILIe
TPbOX NyOJiKalLiil y HAayKOBUX BUJAHHAX, BKJIIOUYEHUX A0 KaTeropii «A» Ta/abo kareropii «b»
[lepeniky HaykoBUX paxoBUX BUJlaHb YKpaiHy, Ta/ab0 y 3aKOpLOHHUX BUJAHHAX, IPOiHAEeKCOBAaHUX
y 6a3ax ganux Web of Science Core Collection Ta/abo Scopus 3a BifmoBijHOIO cIeljia/bHICTIO,
ONPUJIJHEHUX YIPOJOBX OCTaHHIX I'ATHM POKIB) i3 3a3HayeHHAM ix Micusa po60TH, HAYKOBHUX
inTepeciB, ORCID Ta Google Scholar, e-mail.

IlogaHHA MaTepiaJiiB, ny6JIiKaLis Ta ZOCTyN A0 ONYy06/IIKOBaHUX CTaTell 6€3KOLITOBHO.

Tekct craTTi i AomaTkoBi Marepiaju HAJCWUJIATH €JIEKTPOHHOIO IOLITOK Ha ajpecy
lukash2011@ukr.net a6o bht.journal.nuchc@gmail (y siucti BkazaTu npisBuiie aBTopa).

PEJIAKILIIA KYPHAJIY HE HECE BIANIOBIJIAJIBHOCTI 3A 3MICT CTATEW TA MOXKE HE
NoAVIATU AYMKY ABTOPA!

Aneasiyii ma ockapiceHHs

Y pasi He3ro/y 3 peJJlakLliiHUM pillleHHSIM aBTOPH MalTh MPABO N0JaTH amesliito. Jljis [boro
HeOoOXiIHO HaJicJaTU MHCbMOBE OOIPYHTYBaHHsI TOJIOBHOMY peAaKTopy. Amnessiis Oyjae
PO3IJISIHYTa peJlaKliiHO0 KOoJIeTi€l, i pillleHHs 3a pe3yJ/ibTaTaMU PO3IJISIAY € OCTATOYHUM.

BunpasseHHs ma 8idkaukaHHs cmametl

Ak B ony6J1ikoBaHi# cTaTTi BUSB/IEHO CYTTEBI TOMUJIKY 260 MOPYLIEHHS €TUKH, )KYpHaJI MOXKe:

*Ony6J/1iKyBaTH BUNIPaB/JIeHHA (erratum) y pasi He3HaYHUX MOMMJIOK, SIKi He BIJIMBAIOThb Ha
OCHOBHI pe3yJIbTaTH.

*BigK/IMKaTH CTaTTIO y BUNIQJIKy CEpUO3HUX MOPYIIEeHb, TAKUX SIK IariaT abo gpanbcudikaris
JIAHUX.

[Ipoueaypa BigkaMKaHHSA nepefdavae my0OJiikalilo BiZOBIIHOr0 NOBiJOMJIEHHS] Ta TO3HAYEHHS
CTATTi AK BiAK/IMKAHOI y BCiX Bepcifx.

CmaHdapmu 38imHocmi npo 00CAi0HCEeHHS

ABTOpU MNOBHUHHI JOTPUMYBATHCA MIXKHAPOJAHO BU3HAHUX CTAHJAPTIB 3BITHOCTI, TaKUX fAK
CONSORT (Consolidated Standards of Reporting Trials) aisi pangomizoBanux gocaimkenb, PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) AJ11 cMCTeMaTUYHUX OTJISIZIiB Ta
iHIIMX, 3a/1€3KHO BiJ| TUMY AoCaimkeHHs. Lle 3a6e3ne4uTh Npo30picTh Ta BiITBOPIOBAHICTb Pe3y/IbTATIB.

[i] * BkasaTu BHecok BifnoBifHoro (1 - mepiioro, 2 — Apyroro TOILO) aBTOpa y Mmyo6JiiKallito,
obpaBm 3 mnepeniky: Conceptualization; Methodology; Software; Validation; Formal analysis;
Investigation; Resources; Data Curation; Writing - Original Draft; Writing - Review & Editing;
Visualization; Supervision; Project administration; Funding acquisition; Other roles (please specify
contribution).
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