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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, Ecology, Health,

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 look
forward to articles on the problems

of the functioning of biological systems
(including the human body), biodiversity
protection of the environment,

as well as healthy human nutrition

and technological processes.

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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COSMARIUM TAXICHONDRIFORME EICHLER & GUTWINSKI 1895 -
THE FOURTH RECORD OF A RARE DESMID (ZYGNEMATOPHYCEAE, STREPTOPHYTA)
IN CHERNIHIV POLESIE

T

IOpin KapneHko, Onbra Mexen, CBiTiaHa KupieHko

COSMARIUM TAXICHONDRIFORME EICHLER & GUTWINSKI 1895 -
YETBEPTA 3HAXIAKA PIAKICHUX JECMIAIEBUX
(ZYGNEMATOPHYCEAE, STREPTOPHYTA) HA YEPHIT'IBCBbKOMY II0OJIICCI

DOI: 10.58407/bht.2.24.1

ABSTRACT

Purpose. Adding new distribution and microphotographs of a rare taxon of the genus Cosmarium found in a small
pond in Chernihiv Polesie. Review of the history of this taxon study in Ukraine and its taxonomy, infraspecific taxa
characters are compared discussed.

Methodology. The new locality of C. taxichondriforme is situated at the border of the landscape reserve of national
significance "Zamglai" that is one of the largest eutrophic swamps in the Chernihiv Polesie.

During the field research of the Zamglai bog complex, algal samples were collected from a small pond (2000 m?2)
situated along the road to Hrybova Rudnia village from route E95, at the distance of 1,8 km village and 0.8 km from the
route. The samples were fixed with 4 % formalin for further study in laboratory conditions; pH and electrical conductivity
of water were measured with a portable pH and conductivity meter. Microscopic examination of the samples was carried
out using a light microscope equipped with a camera for taking microphotos. Identification manuals and monographs of
the leading Ukrainian (Palamar-Mordvintseva, 1986, 2005) and European desmidiologists (Lenzenweger, 1999) were
used for species identification. The iconotype provided in the original description of the newly recorded taxon (Eichler
&Gutwinski, 1895) was used.

Scientific novelty. The fourth record in the Ukrainian desmidioflora and a new locality in Chernihiv Polesie of a
rare taxon from the genus Cosmarium is documented. Previously it was discovered 26 years ago (Palamar-Mordvitseva
& Shindanovina, 1998) in Soseske bog nearby Olyshivka village Chernihiv rayon and oblast. This is the first publication
of Ukrainian cells microphotographs.

Conclusions. All records of this taxon in Ukraine are in Chernihiv Polesie. We hope this publication will provide
good illustrative and informative basis for further findings of C. taxichondriforme in other regions of Ukraine. Sampling
small water bodies should not be neglected.

Keywords: Desmidiaceae, Chernihiv Polesie, small water bodies

AHOTALIA

MeTa po6oTu. Pinkicuuii TakcoH pony Cosmarium, 3HalileHUN B MaJieHbKill Bogoimi YepHiriBcbkoro [osices.
Orzsp icTopii BUBYEHHS LIbOTO TaKCOHY B YKpaiHi Ta MOro CUCTeMaTHKH, PO3IJ/IAHYTa NMOPiBHAJbHA XapaKTepUCTHKaA
BHYTpIIIHbOBUA0BUX TaKCOHIB. [IpeacTaBsieHi MikpodoTorpadii Ta HOBUH JloKaNiTET HOTO PO3MOBCIOPKEHHS.

MeToposorisa. HoBui snokasitet C. taxichondriforme, po3TamioBaHUN Ha KOPJOHI JlaHAMAPTHOrO 3aKa3HUKA
3araJibHO/Iep>KaBHOTO 3HAUYEeHHs «3aMrJiaii», 0 € OAHUM 3 Halbinbnx Ha YepHiriBcekomy [louticci eBTpodpHUX GOJTIT.

B xoAi npoBeieHHS eKClIeAULiHHUX J0CiIKeHb 60JI0THOT'0 KOMIIJIEKTY «3aMrJiaii» 6y/iy BifjiopaHi anbroJsoriyui
3pa3ku B MasieHbKil BogoimMi (2000 M2), mo po3TamoBaHa B3/0BXK A0pory, o 3’eHye Tpacy E95 3 cesom 'pubosa
PynHsa. 3pasku 6yJiu 3adikcoBaHi 4 %-HuUM GopMasiHOM JiJIs1 TOAAJbIIOrO JOC/IX)KeHHS Y JJabopaTOpHUX yMoBax. pH
Ta eJIEKTPONPOBiAHICTH BOAY BU3HAYAIM MOPTATUBHUM IPUJIaIoM. MiKpocKomiuHe AoC/i/pKeHHS TPo6 3/iHCHIOBAIOCh
3a JI0TIOMOTOI0 CBIiTJIOBOTO MiKpocKomy, o6JiafiHaHoTo ¢oTokaMepow aas Mikpodorodikcanii. BusHayHuku Tta
MoHorpadii mnpoBignux ykpaiHcbkux (Ilamamap-MopaBinneBa, 1986, 2005) Ta eBpomeicbKuUx AecMifiosioriB
(Lenzenweger, 1999) BUKOPHUCTOBYBaJMCh [JIsI BU3HAUYeHHsI BU/IiB. BUKOpHUCTOBYBa/M iKOHOTHI BUAY 3 MEPBICHOTO
Moro ony6JsikyBaHHs (Eichler &Gutwinski, 1895).
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HaykoBa HoBu3Ha. YeTBepTa 3Haxifjka B YKpaiHi pigkicHoro takcoHy pony Cosmarium, oCTaHHs Iy6JiiKanis
6ysia 26 pokiB Tomy Hasaj (Palamar-Mordvitseva & Shindanovina, 1998) pns 6osiota CoceHcbke, mO6GIM3Y cesa
OsinmiBka YepHiriBcbkoro paiony, YepHiriBcbkoi o6Jacti. Lle mepumia my6Jikaris MikpodoTorpadiil ykpaiHCbKHUX

kiituH C. taxichondreforme.

BucHoBKM. Bci ony6./1ikoBaHi 3HaxiJIK1 faHOTO TakcoHa B YKpaiHi B JIiBo6epexxHomy [losicci. Maemo Hazito, 1110
JaHa ny6Jiikallis, 110 MiCTUTb JO6pUH iMtocTpaTUBHUK Ta iHGOPMATHBHUM MaTepiajd HAJACTb MOMXJIMBICTb JJis
noJaJbIINX 3Haxifok C. taxichondriforme B iHIIUX perioHax Ykpainu. MasieHbKi BOLOMMU He MOXKHA OMHUHATH yBaromw.

Kiro4oBi ciioBa: Desmidiaceae, manenbki Bogoiimuy, YepHiriscoke Iosices

Introduction

Cosmarium taxichondriforme Eichler &
Gutwinski was first introduced by two Polish
authors Bogumir Eichler and Roman Gutwinski
(Eichler & Gutwinski, 1894) under the name
Cosmarium pseudotaxichondrum Eichler &
Gutwinski 1884: 240, no fig. Later authors
apparently realized existence of C. pseudo-
taxichondrum Nordstedt 1878: 20, pl. 2: fig 5,
and in (Eichler & Gutwinski, 1895) changed
name to C. taxichondriforme Eichler & Gutwinski
1895: 169, pl. 1V: fig. 23. This taxon was found at
the environs of Miedzyrzec town (now
Miedzyrzec Podlaski town in Poland, in Bielsko-
Biala County, Lublin Voivodeship). This region
belongs to Polesie and is situated in its western
part. This town is situated at the distance of 70
km from the border of Ukraine.

In Ukraine this taxon was first recorded by
Rayevska in 1950 in Rybne Lake situated in the
environs of Kyiv city in the North-Eastern part.
There are no drawings of this taxon but the
author indicated the dimensions of the Ukrainian
material: length 36-40 pm, width 36-40 um,
isthmus 10-11.5 um, thickness 22-24 um.

Next record dates back to 1953 by the
same author and about the same locality
(Frolova-Raevskaya, 1953). It is in fact the
summary of the Rybne Lake algoflora study: in
total 318 species and 48 infraspecific taxa of
algae were found in this lake, from them
89 species and 12 infraspecific taxa of desmids
were recorded.

This publication does not provide any
drawings or cells description as well.

In 1981 G.M. Palamar-Mordintseva introdu-
ced a new genus Pachyphorium Palamar-
Mordvintseva (1981:223) and the next
publication on this taxon in Ukraine (Palamar-
Mordvintseva, 1982) was under the name of
Pachyphorium taxichondriforme (Eichler &
Gutwinski) Palamar-Mordvintseva. In this
publication the author provides diagnosis of this
taxon and the dimensions: length 31-41.5 pm,
width 31-47 pum, isthmus 10-15 um, thickness
17-22 pm. There are also two drawings: one
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after West & West, 1905, plate LVI, fig. 8 and
another is original (Palamar-Mordvintseva,
1982, p. 502, plate 133, fig. 6). New exact locality
in Ukraine is not specified, only noted: small
bogs, Ukraine, Kyiv region (also in Leningrad
and Pskov regions of Russian Federation, and
Latvia). In (Palamar-Mordvintseva, 1986) the
same information on this species was published
with indication of distribution in Ukraine in
Left-Bank Polesie (Kiev region).

The new locality of C. taxichondriforme in
Ukraine was added in 1998 (Palamar-Mordvint-
seva & Shindanovina, 1998) in Sosenske bog
within Sosenskyj hydrological reserve in
Chernihiv region. The authors did not provide
neither dimension nor drawing of this taxon.

So far in Ukraine there were published
three localities and one drawing of this species
with face and apical views with no reference to
a locality (see Fig.3 for the first drawings of this
taxon in Poland and Ukraine).

According to the modern taxonomy and
nomenclature of the Conjugatophyceae, genus
Pachyphorium Palamar-Mordvintseva is not
accepted taxonomically (Guiry 2013) and we
still consider this alga within the genus
Cosmarium Corda.

In this paper the authors report on a new
geographical record for this scarce desmid
species.

Materials and methods

Locality:

The new locality of C. taxichondriforme is
situated at the border of the landscape reserve
of national significance “Zamglai” that is one of
the largest eutrophic swamps in the Chernihiv
Polesie. A small pond (2000 m2) situated along
the road to Hrybova Rudnia village from route
E95, at the distance of 1,8 km village and 0,8 km
from the route (Chernihiv district, Ripky region,
Ukraine, 51°56'12.6"N, 31°03'01.7"E).

The algal samples were collected in August
2018, at water temperature of 21.5°C, pH 7.5,
conductivity 33-35 puS/cm. Figure 1 shows the
location of the pond.
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Hrybova Rudnia
village

Fig.1. Google Maps view of the location of the sampling site

Ecological variables were measured with
EZODO 8200M pocket multimeter (EZODO,
Taiwan). Identification was done based on
R. Lenzenweger’s Desmidiaceenflora von Oster-
reich (1999), and Palamar-Mordvintseva (1986).

Microphotographs were made with a
Canon EOS 1000D digital camera.

Results and discussion

This taxon was not very frequent in
samples. It can be easily identified by the basal
angular wall thickening and its deep undulated
sinus that is closed for 1/3 of its length nearby
isthmus and further slightly open for the rest its

length. The basal angles are thickened. This
taxon has a central chloroplast with one
pyrenoid. The dimensions of our observed cell
(1 cell was measured) are bigger than those of
Eichler & Gutwinski (1895) but within the
dimensions indicated by Rayevska (1950) and
Palamar-Mordvintseva (1982, 1986). C. taxi-
chondriforme dimensions measured by different
authors presented in Table 1.

The general outline of the cells with face,
side and apical views and a face view of the live
cell are presented in microphotographs at Fig. 2.

Table 1
Dimensions of Cosmarium taxichondriforme Eichler & Gutwinski 1894
cells as measured by different authors
Dimensional Ouro(;illlr?:::l 4 Eichler & Rayevska Palamar-
P . Gutwinski (1895), (1950), Rybne Mordvintseva
features Hrybova Rudnia,
- pm Lake, pm (1982, 1986), pwm
Length 41.7 31-32-29-34-35 36-40 31-41.5
Breadth 38.9 31-34-31-0-34 36-40 31-47
Thickness 23.6 17-18-17-20-20 22-24 17-22
Isthmus 14.0 11-10-11-0-11 10-11.5 10-15
Length /
breadth ratio 1.07 0.94-1.04 1.0 0.88-1.0
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20 MKM

Fig. 3. Microphotographs of Cosmarium taxichondriforme Eichler & Gutwinski 1895. Front)
view (A), lateral view (B), apical view (C), live cell outline (D)

Generally, 5 infraspecifix taxa (varieties)
of C. taxichondriforme including type one are
known to date (Eichler & Gutwinski 1895;
Gronblad 1960; Krieger & Gerloff 1962; Coesel
1979, 1991). Morphologically our cell is different
from var. depressum Eichler & Gutwinski in size
(last one is much smaller - 20-26 pm long,
23-24 ym wide, isthmus 6-7 um, thickness
15-17 um) and in shape (its semicells viewed
from the front and from the side are dorsally
truncated and therefore quite depressed).

C. taxichondriforme var. planipes Gronblad
characterized by linear median constriction and
well distinguished in this feature from our
specimen. The vertical view of those two algae
is similar (Gronblad 1960: figs. 56, 57).

C. taxichondriforme var. skujae Krieger &
Gerloff was described by Krieger & Gerloff
(1962) based on Skuja (1928) and Allorge &
Lefevre (1925) descriptions and drawings. It is
slightly similar to our specimen in dimensions
(42-52 ym long, 40-47 pm wide, thickness
25-30 um, isthmus 14-18 um, but distinctly
different from our algae in having longer cells,
slightly rounded protracted basal angles,
heavily convex and slightly truncated apex
(Krieger & Gerloff, 1962: 33, plate 10, fig. 2 a-b).

12

C. taxichondriforme var. nudum (Turner)
Coesel 1991: 58 (basionym: C. taxichondrum
Lundell var. nudum Turner 1892: 60, pl.8: fig.
64; synonym: C. taxichondriforme var. nudum
(Turner) Coesel, nom. inval. 1979: 392, nomen)
also similar to our specimen in general shape of
the cell but very significant distinguishing
features of this variety include two pyrenoids
per semicell instead of one in our specimen.

All previous comparisons with descriptions
of C. taxichondriforme infraspecific taxa known
to date give us clear confidence what our speci-
men belongs to the type variety of Cosmarium
taxichondriforme Eichler & Gutwinski. Main
morphological characteristics of this taxon are:
quite large cell dimensions, undulated sinus,
one pyrenoid in each semicell, and charach-
teristic outline of the semicell. Eichler &
Gutwinski (1895: 169) in protologue of this
species indicated shape of the cell as “in aspect
frontali, habitu Cosmarii taxichondri Lund. var.
nudi Turner”, which is almost circular in outline
(Turner 1893: 60, pl. VIII, fig. 64). The same,
almost circular or semicircular (to trapeziform),
slightly depressed shape of the cells mentioned
in Coesel (1991) and depicted in Krieger &
Gerloff (1962: pl. 10, fig. 1a).



Biota. Human. Technology. 2024. No 2

Electronic edition

In Palamar-Mordvintseva (1982, 1986)
original drawings of this species shows very
strong trapeziform cell outline with practically
flat or even truncate apex (Fig. 3 A). Such shape
of the cells is different from the shape shown by
drawings of Eichler & Gutwinski (1895) (Fig. 3
B). As known (Palamar-Mordvintseva, 2005: 5),
main systematic characteristics which plays
significant role in identification of desmids are:

shape of the cells, sinus structure, cell wall
patterns and chloroplast shape and architecture.
Based on this axiom, we can assume what
Cosmarium taxichondriforme Eichler & Gutwinski
sensu Palamar-Mordvintseva may be a new, not
yet described variety of this species. Detailed
studies of the cell morphology of intraspecific
taxa of this species are important to confirm this
assumption.

23. %o, _

b

c s E D
N ) 1

Fig. 3. Original drawings of Cosmarium taxichondriforme Eichler & Gutwinski 1895:

by Palamar-Mordvintseva, 1986, p. 260, plate 59,
fig 6 (A) and by Eichler & Gutwinski, 1895, plate IV, fig.23 (B)

Conclusions

Our publication is the fourth documenta-
tion of Cosmarium taxichondriforme Eichler &
Gutwinski 1895 in Ukraine. All these four
records refer to the Left-bank Polesie (part of
the Ukrainian Polesie situated on the left bank
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of Dnipro river). Our publication provides the
first light microscope images as well as updated
dimensions of Ukrainian population of this
interesting species. We also hope that future
findings of this taxon will bring light to better
understanding of Cosmarium taxichondriforme
and its infraspecific taxa.
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Jlina Kapmu3oBa

AHAJII3 AAIBEHTUBHOI ®PAKIIII ®JIOPU 3AIIJIABU PIUKU JHIIIPO
B ME)XAX ITIBHIYHOTI'O CTEI1IY

ST~

Lina Karmyzova

ANALYSIS OF THE ALIEN FRACTION OF THE FLORA
OF FLOODPLAIN OF THE DNIPRO RIVER IN THE BOUNDARIES
OF THE NORTHERN STEPPE

DOI: 10.58407/bht.2.24.2

AHOTAIIA

MeTa po60TH. AHasi3 aZiBeHTUBHOI ppakuii pi0pu CyJMHHUX POCIHH 3alJIaBU BEJMKOI pidku cy6apu/iHOI 30HU
EBponu.

MeToposoris. /lociaipkeHHs NMPOBOJUJINCS METOJAaMU MOPiBHAJbHOI GJIOPUCTHUKY, 30MpaHHs, repbapusalii,
BU3HaueHHs BU/IB. [Ipy BUBYeHi ¢pJiopu BOZ0MM BUKOPUCTOBYBaIUCS Celia/ibHi rijpo6oTaniuni meToau. HazBu BuAiB
JfocuimkeHol ¢uiopu nozsaHo 3a Mosyakin & Fedoronchuk (1999). Anasi3z afBeHTHUBHOI $pakiil mpoBesieHO 32 YacOM
3aHeceHHs — apxeodiTH, HeodiTH, CTynmeHeM HaTypaJsildamii - CIOHTaHHI, HATypasi30BaHi, 32 CIOCOG0OM 3aHECEeHHS —
kceHoOiTH Ta eprasiodiTu. B ocHoBi aHani3y noknageHo kiaacudikauiro Kopracs (Kornés, 1968).

HaykoBa HOBU3HA. Brnepiue npoBejjeHO LiJIiICHY XapaKTEpPUCTHUKY CYy4aCHOTO CTaHy Ta CKJI3aZEeHO KOHCIEKT
aZBeHTUBHOI ¢ppakiii cyyacHoi Giopu cyUHHUX POCJIUH 3am1aBu piuku JIHinpo B Mexax [liBHiuHoro CTeny. [IpoBesieHO
11 aHaJ1i3 32 4aCOM 3aHOCY Ta CTyIleHeM HaTypaJisarii.

BHCHOBKHM. Y pe3y/bTaTi NIPOBeJLEHOTO JOCi)KeHHS BCTAHOBJIEHO, 1110 aZlBEHTUBHA {Jiopa CyJMHHUX POCINH
3amiaBu piuku JlHinpo B Mexax [liBHiuHOro Cremy XapaKTepu3yeThCsl 3HAYHOIO KiJbKiCTIO a/iBeHTIiB - 175 BujiB, y
MOPiBHSIHHI 3 a/iBeHTUBHOI0 ¢pakuiero ¢sopu IliBHiunoro Crenosoro [IpugHinpos’ss - 357 BuaiB (Baranovski et al.,
2023). e cBifunTh PO 3HAYHUH aHTPOIMOreHHO-KJIiIMaTUYHUH BIJIMB HAa POCJUHHUM TOKPUB JJaHOTO perioHy. 3a 4yacoM
3aHeCeHHs Ha JJOCJIi/PKEHY TEPHUTOPII0 aJIOXTOHHUHN eJIeMEHT PO3I0/iseHo Ha JiBi rpynu: apxeoditu - 65 BuziB (37,2 %)
Ta Heoditn - 110 BuAiB (62,8 %). 3a cTyneHeM HaTypasisauii BUAM po3nojiieHi TaKUM YMHOM: HATypaJi3oBaHi
apxeoditu - 53 Buzau (30,2 %), HatypasizoBaHi HeodiTu - 58 BuziB (33,1 %), cnonTanHi apxeoditu - 12 Buzis (6,8 %),
CNOHTaHHI HeodiTn - 52 Bugu (29,7 %). Cepen npegcrtaBseHol GJopu aJjBeHTUBHOI Qpaklii NepBUHHUN apeas
6inbIIOCTI BUAIB — cepei3eMHOMOPCbKUH - 43 Buau (24,6 %), asificbkuil — 41 Bug (23,4 %) Ta niBHiYHOAMepPUKaHCbKUAN

- 37 BugiB (11,1 %). IHmi BujgM MarTb HACTYNHUH NEPBUHHHUH apeas: €Bponeilcbkuil - 14 Buzis (8 %),
cepe/l3eMHOMODPCbKO-ipaHO-TypaHCbKUM - 12 BuziB (6,9 %), ipaHo-TypaHcbkuit - 11 BugiB (6,3 %),
niBjeHHOaMepuKaHcbkud - 9 BuZAiB (5,1 %) apean HeBigomoro mnoxomkeHHs1 - 6 BuziB (3,4 %) Ta apean

aHTpomnoreHHoro noxojxeHHs - 2 Bugu (1,1 %). 3a cnocob6oM 3aHeceHHs y ckJaji ¢pJopyU CYyTTEBO NMepeBaKaloTh
KceHOPiTH.

Kiio4oBi cioBa: uyxopiaHi BUAM, fosvHa piuku JlHinpo, apxeodit, HeodiT, aHTponoreHHa TpaHcdopmaliis,
CyAWHHI BUAY, PpakIiiHKuH aHai3

ABSTRACT

Objective. Analysis of the adventitious fraction the vascular plant flora of the floodplain a major river in the
subarid zone of Europe.

Methodology. The research was carried out by methods of comparative floristics, collection, herbarization, and
species identification. Special hydrobotanical methods were used to study the flora of water bodies. Species names of the
studied flora are given after Mosyakin & Fedoronchuk (1999). The analysis of the adventitious fraction was carried out
according to the time of introduction - archaeophytes, neophytes, the degree of naturalization - spontaneous, naturalized,
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and the method of introduction - xenophytes and ergasophytes. The analysis is based on the classification of Kornas
(1968).

Scientific novelty. For the first time, a holistic characterization of the current state and a synopsis of the
adventitious fraction within the modern flora vascular plants of the Dnipro River floodplain within the Northern Steppe
was carried out. It was analyzed by the time of introduction and the degree of naturalization.

Conclusions. As a result of the study, it was found that the adventitious flora the vascular plants of the Dnipro
River floodplain within the Northern Steppe is characterized by a significant number of adventitious species - 175
species, compared to the adventitious fraction of the flora of the Northern Steppe Dnipro region - 357 species
(Baranovski et al., 2023). This indicates a significant anthropogenic and climatic impact on the vegetation of this region.
According to the time of introduction to the studied area, the allochthonous element is divided into two groups:
archaeophytes - 65 species (37.2 %) and neophytes - 110 species (62.8 %). According to the degree of naturalization,
the species are distributed as follows: naturalized archaeophytes - 53 species (30.2 %), naturalized neophytes - 58
species (33.1 %), spontaneous archaeophytes - 12 species (6.8 %), spontaneous neophytes - 52 species (29.7 %). Among
the flora of the adventitious fraction, the primary habitat of most species is Mediterranean - 43 species (24.6 %), Asian -
41 species (23.4 %) and North American - 37 species (19.8 %). The remaining species have the following primary
habitats: European - 14 species (8 %), Mediterranean-Iranian-Turanian - 12 species (6.9 %), Iranian-Turanian - 11
species (6.3 %), South American - 9 species (5.1 %), area of unknown origin - 6 species (3.4 %), and anthropogenic origin
- 2 species (1.1 %). Xenophytes significantly prevail in the flora by the method of introduction.

Key words: alien species, Dnipro river valley, archaeophyte, neophyte, anthropogenic transformation, vascular
species, fractional analysis

ITocraHOoBKa IpOOAEMU Marepiaau Ta METOAM AOCAIAYKEHB

AHTpONOreHHUH BIVIMB Ta CTPiMKi 3MiHHU JlocnimxeHHS TPOBOAUINCA TPAJULIIMTHUMU
KJIMaTy aKTUBYIOTb IPOHUKHEHHS HOBHUX MeToZaMu MOPiBHAJIBHOL bJiopucTUKH
aIBEHTUBHUX BHUJIB Ta NOCUJIIOKTH iHBAa3UB- (Serebryakov, 1964). Ha3Bu BuAiB mnojaHi 3a
HiCTb BXe icHyrouux. Taki 3MiHH € 3arpo3oro odininHuUM A1 YKpainu 3BefieHHsIM (Mosyakin &
36epekeHHI0 NpuUpojaHoI ¢yopu Ta ¢ayHHU. Fedoronchuk, 1999). [Ipu BuB4YeHi ¢pJiopu Boj0HM

JlocnifpkeHHd npouecy 6iosoriYyHUX iHBa3iH, K BUKOPUCTOBYBAJIMCS CllelliaJibHi TiIpo60TaHivHi
00'eKkTiB TI/7100aJibHUX 3MiH, TNOTPEOYIOTH MeTtou (Katanskaya, 1981). AHasi3 aZiBEeHTHBHOI
yHpaBJ/iHHSA Ta KOHTPOJIIO, YSBJEHHS 3arpos dpakuil npoBeJjeHO 3a YacoM 3aHECEHHS -

6iosioriyHux iHBa3ii 3 MeTOI IX HPOrHO3y- apxeodity, HeodiTH, cTyneHeM HaTypasisanii -
BaHHA. COHTaHHI, HatypasiizoBaHi (Richardson, 2000),
[Ipo6aema ¢iToiHBa3iil rocTpo CTOITh B 3a Crnocob6boM 3aHeceHHsT - KceHOQiTHM Ta
YkpaiHi, ge Buau ¢Jyiopyu afJBEHTUBHUX POCJIHH epraziodpiTu. B ocHOBi aHanizy mnokIafeHO
ckaagawTb noHaxd 20 % 3arasbHOi Quiopw. kiacudikanito Kopnacsa (Kornas, 1968).

Halbinpmuii HeraTUBHUU BIIJIUB iHBa3ifHUX

. o : : PesyabTaTh T2 ix 06roBOpeHHA
BU/JiB Ha Oilopi3HOMaHITTA BiAYyBaeTbcsa B

perioHax, Jie IPUPOAHUI POCAMHHUI MOKPHUB AzfBeHTHBHA O¢pakuis (JopH  BeJHKOI
fyxe ¢parmenTosanuit (Protopopova &  Piuku (p. /lninpo) npejcrapiena 175 Busnamu
Shevera, 2019). CYJUHHUX POCJHH, sKi BiHOCATBbCA [0

®dJiopa 3am1aB BiJpi3HAETbCA HaMGiIBII 45 popuH. Hait6inbiia KiibKicTb BUAIB BijMiua-
3HayHUM ¢iTtopisHoMaHiTTAM (Schindler et al,, €TbCSI Yy poAuHax Asteraceae (40 BupiB),
2016). Ane 3aBAsIKY pi3HOMAHITTIO 6ioTOMIB Ta Brassicaceae (20 BuaiB), Poaceae (40 BuAiB) Ta
pisHMX  HUIAXIB  (BOAHHI,  Ha3eMHHIA) Rosaceae (10 BupiB). ¥ ck/aaji aJjBEHTHUBHOI
NPOHUKHEHHsS BUAIB, aJBeHTH3aLis Tepuropii ~ $/I0pM  3ammaBu  /JlHinpa  mepeBaXaioTh
Ta aKBaTOPiM 3al/IaBHUX JAHAIIAPTIB TaKOX OJHOPIYHUKH, fKI CK/IafialoTh 48 % (84 BupM)
Jy>Ke 3Ha4yHa. (Ta6u. 1).
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Tatauys 1
BupmoBui cky1ag anBeHTHMBHOI ppaKiii ¢pyropm cyaAMHHMX POCTIMH
3ariaBu piuku [IHinpo B Mexkax IliBHiuHOrO CTermmry
HaTypa- CIIOH-
= ,E Ai3oBaHI TaHHIL
Ne Bu g E 3 E S E S
3/1'[ AN B ME€KaxX POAI/IH g E & —‘é‘-q 'I: -.é: 'I:
& | & | §|%|¢8|%
= LB B8
x «
Liliopsida
1. Alliaceae
Allium sativum L. Per As *
5 Cyperaceae
" | Juncellus serotinus (Rottb.) Clarke Per As +
3 Araceae
) Pistia stratiotes L. Ann SA +
4 Hydrocharitaceae
) Elodea canadensis Michx. Per NA +
5. Vallisneria spiralis L. Per As +
6 Poaceae
" | Anisantha sterilis (L.) Nevski Ann MIT +
7. Anisantha tectorum (L.) Nevsli Ann MIT +
8. Apera spica-venti (L.) Beauv. Ann ? +
9. Cenchrus longispinus (Hack.) Fernald Ann NA +
10. | Digitaria aegyptica (Retz.) Willd. Ann As +
11. | Digitaria sanguinalis (L.) Scop. Ann As +
12. | Echinochloa crusgalli (L.) Beauv. Ann As +
13. | Eragrostis minor Host Ann E +
14. | Hordeum leporinum Link. Ann M +
15. |Hordeum murinum L Ann M +
16. | Setaria glauca (L.) Beauv. Ann As +
17. | Setaria verticillata (L.) H. B. Ann As +
18. | Setaria viridis (L.) Beauv. Ann MIT +
19. | Tragus racemosus (L.) AlL Ann M +
20. | Zizania latifolia Stapf. Per As +
71 Typhaceae
" | Typha laxmannii Lepech. Per As +
Magnoliopsida
22. | Aceraceae
Acer nequndo L. il Al *
23. | Acer pseudoplatanus L. Arb NA +
24. | Acer saccharinum L. Arb NA +
25 Amaranthaceae
" | Amaranthus albus L. Ann NA +
26. | Amaranthus blitum L. Ann E +
27. | Amaranthus blitoides S. Wats. Ann NA +
28. | Amaranthus caudatus L. Ann SA +
29. | Amaranthus cruentus L. Ann SA +
30. | Amaranthus retroflexus L. Ann NA +
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HaTypa- CIIOH-
'5-‘ )E A130BaH1 TAHH1
<
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© = ¥ | 8| % | 8
& = £ =
31. | Cotinus coggygria Scop. Fr M +
32. | Rhus typhina L. Arb NA +
13 Apiaceae
" | Aethusa cynapium L. Bien E +
34. | Bupleurum rotundifolium L. Ann MIT +
35. | Conium maculatum L. Bien MIT +
36. | Levisticum officinale W.D.J. Koch Per As +
37 Apocynaceae
" | Vinca minor L. Per M +
38 Asclepiadaceae
" | Asclepias syriaca L. Per NA +
39 Asteraceae
" | Ambrosia artemisifolia L. Ann NA +
40. | Ambrosia trifida L. Ann NA +
41. | Anthemis cotula L. Ann M +
42. | Artemisia absinthium L. Per IT +
43. | Artemisia annua L. Ann As +
44. | Artemisia dracunculus L. Per As +
45. | Artemisia tournefortiana Rchnb. Ann As +
46. | Aster novae-angliae L. Per NA +
47. | Aster salignusWilld. Per NA +
48. | Calendula officinalis L. Ann M +
49. | Carduus acanthoides L. Bien M +
50. | Carduus nutans L. Bien M +
51. | Centaurea cyanus L. Bien M +
52. | Centaurea diffusa Lam. Bien MIT +
53. | Cichorium inthybus L. Per MIT +
54. | Coniza canadensis (L.) Crong. Bien NA +
55. | Cosmos bipinnatus Cav. Ann NA +
56. | Gailardia pulchella Foug. Ann NA +
57. | Galinsoga urticulata (Kunth) Benth Ann SA +
58. | Galinsoga parviflora Cav. Ann SA +
59. | Iva xanthiifolia (Nutt.) Ann NA +
60. | Lactuca serriola Torner Bien MIT +
61. | Lepidotheca suaveolens (Pursh) Nutt. Ann NA +
62. | Matricaria recutita L. Ann E +
63. | Onopordum acanthium L. Bien M +
64. | Petasites spurius (Retz.) Rchb. Per E +
65. | Phalacroloma annuum (L.) Dumort. Bien NA +
66. | Senecio vulgaris L. Ann As +
67. | Solidago canadensis L. Per NA +
68. | Sonchus oleraceus L. Ann M +
69. | Tripleurospermum inodorum (L.) Sch. Bien As +
70. | Xantium albinum (Widd.) H. Scholtz Ann E +
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71. | Xantium californicum Greene Ann NA +
72. | Xantium spinosum L. Ann SA +
73. | Xantium strumarium L. Ann IT +
74 Boraginaceae
" | Anchusa officinalis L. Bien M +
75. | Buglossoides arvensis (L.) LM. Johnst. Ann MIT
76. | Cynoglossum officinale L. Ann M
77. | Lappula squarrosa (Retz.) Dumort. Bien MIT +
78. | Myosotis arvensis (L.) Hill Ann MIT +
79 Brassicaceae .
" | Brassica nigra (L.) W.J. Koch Ann M
80. | Bunias orientalis L. Bien M +
81. | Camelina sylvestris Wallr. Bien ? +
82. | Capsella bursa-pastoris (L.) Medik. Ann ? +
83. | Cardaria draba (L.) Desv. Per E +
84. | Descurainia sophia (L.) Webb et Plantl Ann IT +
85. | Diplotaxis muralis (L.) DC. Bien E +
86. | Diplotaxis tenuifolia (L.) DC. Per M +
87. | Erysimum cheiranthoides L. Bien ? +
88. | Lepidium ruderale L. Bien IT +
89. | Lobularia maritima (L.) Desv. Ann NA + +
90. | Microthlaspi perfoliata (L.) F. K.Meyer Ann IT +
91. | Sinapis alba L. Ann MIT +
92. | Sisymbrium loeselii L. Bien M +
93. | Thiaspi arvense L. Ann IT +
o4 Caesalpiniaceae
" | Gleditschia triacanthos L. Arb NA +
95 Cannabaceae
" | Cannabis ruderalis Janisch. Ann As +
9% Caprifoliaceae
" | Lonicera tatarica L. Fr As i
97. | Sambucus racemosa L. Fr E +
98 Caryophyllaceae
" | Saponaria officinalis L. Per M *
99 Chenopodiaceae
" | Atriplex prostrata Boucher Ann M *
100. | Atriplex sagittata Borkh Ann IT +
101. | Atriplex tatarica L. Ann M +
102. | Chenopodium polyspermum L. Ann ? +
103. | Kochia scoparia (L.) Schrad. Ann IT +
104. | Polycnemum arvense L. Ann M +
105. Cucur'bitaceae
Bryonia alba L. Per M +
106. | Echinocystis lobata (Michx.) Torr. et Gray Ann NA +
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107 Cuscutaceae

" | Cuscuta campestris Yunck. Ann NA +
108 Elaeagnaceae

" | Elaeagnus angustifolia L. Arb M g
109. | Hippophae rhamnoides L. Arb EAs +
110 Fabaceae

" | Amorpha fruticosa L. Fr NA g
111. | Caragana arborescens Lam Fr As +
112. | Lathyrus tuberosus L. Per IT +
113. | Medicago sativa L. Per As +
114. | Robinia pseudacacia L. Arb NA +
115. | Vicia angustifolia Reichard Ann M +
116. | Vicia hirsuta (L.) S.F. Grag Ann M +
117. | Vicia pannonica Crantz Ann M +
118. | Vicia tetrasperma (L.) Schreb. Ann M +
119. | Vicia villosa Roth. Ar:rllBi As +
190, | Fumariaceae "

Fumaria officinalis L. Ann M
121. | Fumaria schleicheri Soy.-Willem. Ann IT +
122 Onagraceae .

" | Oenothera biennis L. Bien NA +
123. | Oenothera renneri H. Scholz. Bien E +
104 Orobanchaceae .

" | Orobanche cumana Wallr. Bien As +
125. | Phelipanche arenaria (Borkh.) Walp. Bien E +
126. | Pheliplanche ramosa (L.) Pomel. Ann As +
127 Oxalidaceae .

" | Xanthoxalis corniculata (L.) Small Bien SA +
128. | Xanthoxalis dillenii (Jacq.) Holub Per NA +
129. | Xanthoxalis stricta L. (L.) Small Bien As +
130 Papaveraceae

" | Papaver dubium L. Ann M i
131. | Papaver rhoeas L. Ann M +
130 Polygonaceae

" | Fallopia convolvulus (L.) A.Love Ann As i
133 Reynoutria sachalinensis (F.Schmidt ex Per As .

" | Maxim.) Nakai
134. | Rumex longifolius DC. Per ? +
135. | Rumex patientia L. subsp. orientaliscDanser Per M +
136. | Rumex patientia L. Per M +
137 Portulacaceae

" | Portulaca oleracea L. Ann IT +
138 Primula}ceae

" | Anagallis arvensis L. Ann M +
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139 Ranun'culaceae
" | Clematis vitalba L. Fr M +
140. | Consolida regalis S.F. Gray Ann M +
141. | Nigella arvensis L. Ann E +
140 Resedaceae
Reseda lutea L. Ann M +
143 Rosacgae
" | Armeniaca vulgaris Lam. Arb As +
144. | Cerasus tomentosa (Tumb.) Wall. Fr As +
145. | Cerasus vulgaris Mill. Arb As +
146. | Malus domestica Borkh. Per As +
147. | Prunus mahaleb L. Arb E +
148. | Prunus serotina Ehrh. Per NA +
149. | Prunus virginiana L. Per NA +
150. | Prunus divaricata Ledeb. Arb As +
151. | Prunus domestica L. Per As +
152. | Prunus insititia L. Fr As +
153, Rul?iaceae -
Galium spurium L. Ann ANT +
154 Salicaceae
" | Populus deltoides Marsh. Arb NA +
155. | Populus x canadensis Moench Arb NA +
156. | Salix fragilis L. Arb As +
157 Scrophulariaceae
" | Veronica opaca Fr. Ann ANT +
158. | Veronica persica Poir. Ann As +
159. | Veronica polita Fries Bien M +
160. | Veronica triphyllos L. Bien As +
161 Si'marubaceae
" | Ailanthus altissima (Mill.) Swingle Arb As +
162 Solanaceae
" | Datura stramonium L. Ann As +
163. | Lycium barbatum L. Fr As +
164. | Lycopersicon esculenthum Mill. Ann SA +
165. | Nicandra physaloides (L.) P. Gaern. Ann SA +
166. | Solanum nigrum L. Ann E +
167 Ulmaceae
" | Celtis occidentalis L. Arb NA +
168. | Ulmus pumila L. Arb As +
Urticaceae
1691 Urtica urens 1. Ann M *
170 Valer'ianaceae .
" | Valerianella locusta (L.) Laterr. Bien M +
171. | Verbenaceae Per M .
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Verbena officinalis L.
179 Vitaceae
" | Partenocissus quinquefolia (L.) Planch. Fr NA n
173. | Vitis labrusca L. Fr NA +
174. | Vitis vinifera L. Fr M +
175 Zygophyllaceae
" | Tribulus terrestris L. Ann M +

YmoBHI no3HaueHHa: biomopdn: Ann (Annuus) — oaHopiunmk; Bien (Biennis) — ABopiuHMK;
Per (Perennis) — 6araropiunmnk; SFr (Suffrutex) — mamiskymr; Fr (Frutex) — xym; Arb (Arbor) — aepeso.
Mirpoeaement: E — eBpomnelicbkuii, As — asilicekmii, M — cepeasemHomopcekuii, IT — ipaHo-
TypPaHCBKHUI, A — amepukaHchkuii, NA — mmiBHiYHOAMEPUKAHCHEKHUN, SA — IiBAEHHOAMEPUKAHCHKHUH,
Af — appukancekuii, ANT — aHTPOIIOI€HHOI'O IIOXOAYKEHHA, ? — BUA HEBIAOMOI'O ITIOXOAKEHHH.

Cepepn npejicTaBsieHoi puiopu aiBEHTUBHOI
dpakiii nepBUHHUN apeaJs 6i1bIIOCTI BUAIB —
cepei3eMHOMOPCbKUNA - 43 Buau (24,6 %),
asiicbkuil - 41Bug (23,4 %) Ta niBHiUHO-
amepukaHcbku# — 37 BuaiB (11,1 %).

[HIIi BUAM MalOTh HACTYTHUYM IEPBUHHUM
apeast: eBponelcbkui - 14 BuAiB (8 %), cepen-
3eMHOMOPCBKO-ipaHO-TypaHCbKUU - 12 BUZAIB
(6,9 %), ipano-typancbkuii - 11 BugiB (6,3 %),
niBJleHHoaMepukKaHCbKUi - 9 BuaiB (5,1 %)
apeas HeBiOMOro MOXO/XXeHHS - 6 BUJIB
(3,4%) Ta apean aHTPONOTEHHOrO MOXO[-
*keHHA - 2 Buau (1,1 %).

3a yacoM 3aHeCeHHsI Ha [JOCJ]iJKeHYy
TEPUTOPIl0 Ta aKBATOPit0 apxeodiTH CKIAJAIOTh
65 Bugu (37,2%), HeodiTn - 110 BuAiB
(62,8 %). 3a crymeHeM HaTypaJjisanii BUJU
pos3mnofijieHi TakKUM YWHOM: HaTypaJsi3oBaHi
apxeoditu - 53 BuziB (30,2 %), HaTypasni3oBaHi
Heoditn - 58 BugiB (33,1 %), cnoHTaHHI

apxeoditn - 12 Buzis (6,8 %), cmoHTaHHI
HeodiTu - 52 BUaM (29,7 %).

3a crnoco6oM 3aHeCeHHs y CKIaji ¢pJyiopu
CYTTEBO IMepeBaXKalOTh KCeHodiTHU Ta eprasio-
diTu.

Bucuosku

B pesysbTaTi NpoBeeHOro AOC/IiKEHHSA
3allJIlaBU BeJIMKOI piykU B Mexax [liBHiYHOTO
CTeny BCTaHOBJIEHO, 1110 a/IBEHTUBHA QpakLis
¢dsiopu 3ansaBu piuku /lHinpo HapaxoBye 175
BU/JIB CYJAUHHUX pOCJWH. bisbwicTe BUAIB
MalTb Cepeil3eMHOMOPCbKUM  IEPBUHHUU
apeasl. 3a 4yacoM 3aHeCEHHH Ha JOCJi[KeHY
TEPUTOpPil0 Ta aKBaTOpil0 OiJAbIIICTL BHUZAIB
CKJIaJIal0Th HaTypasi3oBaHi HeoQiTHU. AZIBEHTHU-
3alid 3anJiaBy piyky /[HINpo Tpoxu MeHIla 3a
aZiBeHTU3allil0 TepuTOpii CTEnoBOi 30HU
Ykpainu (Protopopova, 1991), asne € 3arposa ii
NiBUILEHHA Yy 3B'I3Ky i3 mOporpecyro4um
AHTPOIOT€HHO-KJIIMaTUYHUM BIIJIMBOM.

3asBa iHcTHTYLINHOI peBisiiiHoi pasu / Institutional Review Board Statement

He 3acTocoByeThbcs / Not applicable.

3asBa npo indopmosany 3roay / Informed Consent Statement

He 3actocoByeTbcst / Not applicable.
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METAJIEBI HAHOYACTMHKU TA AHTUBIOTUKMN:
BAJIOPU3AIIISI CMHEPTETUYHOI B3BAEMO/II TA MEPCIIEKTUBY BUKOPUCTAHHS

T~

Liudmyla Khrokalo, Daria Sulyma

METAL NANOPARTICLES AND ANTIBIOTICS: VALORIZATION
OF SYNERGISTIC INTERACTION AND APPLICATION PROSPECTS

DOI: 10.58407 /bht.2.24.3

AHOTAIIA

AHTHOIOTUKOPE3UCTEHTHICTD CTaJIa IJ1I06aJbHOI0 MPO6JIEMOL0, 0 BUHHUKJIA BHACJIIIOK €BOJTIOI[IMHUX MeXaHi3MiB
ajanTarnii MikpoopraHiaMiB. ¥ 3B'I3Ky 3 MM INOCTiHHO BUHHUKA€E HEOOXiJHICTh MOLIYKY HOBITHIX pillleHb, TAaKUX fK
p0o3po6Ka HOBUX NpenapaTiB ab0 BCTaHOBJIEHHS] CUHEPTreTUYHUX B3aEMO/iH.

MeTa Amoc/ixKeHb: KPUTHYHUM aHaJIi3 Cy4yacHUX My6JiKalid y HanpsMKy aHTUMIiKpo6HOI il HaHOYAaCTUHOK
MeTaJliB, BUIPOOOBYBaHHSA IXHbOI aKTUBHOCTI ¥ KOMOiHALifIX 3 aHTUOIOTUKAaMHU Pi3HUX KJIACIB i, K HACAIZ0K, OLliHKa
CAHepreTU4YHOI B3aEMOJII.

MeToposorisa. Po3risHyTo aHTH6aKTepiaIbHUN MeXaHi3M /ii HAHOYAaCTHHOK Pi3HUX MeTaJiB Ta IX OKCHUJAIB,
6ioMesiMYHe 3aCTOCYBaHHS, MOTEHLIMHY TOKCUYHICTb Ta MeTOAU oJepkaHHs. [IpoaHasizoBaHO i cMCTeMaTH30BaHO
Cy4acHi KJlacu aHTHUGiOTHKIB, BKJIIOUAIOYH K 3araJibHOBXHUBaHi, Tak i By3bKocneniaaizoBaHi rpyny, 30KpemMa Taki, 110
oZiep:KaHi MeToJaMu TeHHoI iHxeHepii. Po3riisHyTO 0co061MBOCTI 6y/J0BU MOJIEKYJI [IilOUUX PEYOBUH aHTHUOIOTUKIB 3
byHKIiOHaZIBHUMM TpynaMu aToMiB, fIKi 3a6e3medyroTbh MexaHi3MH IX aHTHGakTepianbpHoi fii. [IpoaHasnizoBaHO
iHHOBaIilHI M X011 10 CHHTE3Y CUCTEM «aHTHUOI0TUK-MeTaseBa HU» i BUiIeHO YOTUPHU OCHOBHI ClTOCO6U 0/leprKaHHSA
TaKUX KOMILJIEKCIB.

HaykoBa HoBHu3Ha. [IpoaHasizoBaHo po60yi rinoTe3u mio/i0 NosiCHeHHsI MeXaHi3My CHHepreTHYHOi B3aemoii HY
Ta aHTUO6IOTUKIB pi3HUX KJaciB. [Ioka3aHo, 1[0 CUHEPTEeTUUHUN edeKT BUHUKAE 32 PAXyHOK 30i/bIIeHHS TPOHUKHOCTI
KJITUHHUX CTiHOK i MeMOpaH, MiJBUIIEHOI JIOKaJbHOI KOHI[eHTpalil ioHiB MeTasiB y IUTOM/Ia3Mi Ta CHOJIy4YeHHS
KOMILJIEKCIB «aHTUGi0THK-MeTaneBa HU» 3 HYK/JI€ITHOBUMU KUCJIOTAMU GAKTEPii.

BucHoBkM. OfepxaHi pe3y/sbTaTU MalOTh MEePCIEKTUBY 3aCTOCYBAaHHS B KJIIHIYHIA MpaKTHULi [JisT PO3BUTKY
HOBUX MeTOAiB Tepamii Ta 60poTb6U 3 aHTUOGIOTHKOpe3ncTeHTHICTI0. CHOPMYIbOBAHO BUCHOBKH IL[O/0 BUMOT [0
CTBOpPEHHS KOMIIJIEKCHUX JIIKapCbKUX 3ac006iB «aHTHOioTMK-MeTaeBa HU». O4iKyeTbcs, 1110 BCTAHOBJIEHUH CHHEPri3M
npu3Besie [0 3HIMKEHHS e(PEeKTUBHHUX /103, a OTXE, 3MEHUIEHHS TOKCHYHOCTi, i HebGakaHUX MNO6GIiYHUX edeKTiB
iHOBaLlilTHOT'O KOMILJIEKCY.

Kno4o0Bi c/10Ba: MeTasieBi HAHOYACTUHKY, aHTUOIOTUKY, aHTH6AaKTepiasibHA [isl, aHTHOGIOTUKOPE3UCTEHTHICTD,
CHHepreTU4YHa B3aEMOJis

ABSTRACT

Antibiotic resistance has become a global problem arising from the evolutionary adaptation mechanisms of
microorganisms. As a result, there is a constant need to find new solutions, such as developing new drugs or establishing
synergistic interactions.

Purpose of the work: critical analysis of research paper in the direction of metal nanosystems antimicrobial
actions, testing their activity in combinations with different antibiotics, and as a result, synergistic action assessment.

Methodology. Present paper reviews the antibacterial mechanism of action of various metals and their oxides
nanoparticles, their biomedical applications, toxity potential and methods of NP synthesis. It analyzes and systematizes
modern classes of antibiotics, including both commonly used and special groups obtained by genetic engineering. The
structural features of the antibiotic molecules with functional atom groups that ensure their antibacterial mechanisms
are also reviewed. Innovative approaches to the synthesis of «antibiotic-metal NP» systems are analyzed, and four main
methods of obtaining such complexes are highlighted.
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Scientific novelty. Hypotheses explaining the mechanism of synergistic interaction between NPs and antibiotics
of different classes have been analysed. It is shown that the synergistic effect arises from the increased permeability of
cell walls and membranes, the enhanced local concentration of metal ions in the cytoplasm, and the conjugation of

«antibiotic-metal NP» complexes with bacterial nucleic acids.

Conclusions.The obtained results hold promise for clinical practice in developing new therapeutic methods and
combating antibiotic resistance. Conclusions regarding the main requirements for creating complex «antibiotic-metal
NP» pharmaceuticals are formulated. It is expected that the established synergism will lead to a reduction in effective
doses, which will in turn reduce toxicity and undesirable side effects of the innovative complex.

Key words: metal nanoparticles, antibiotics, antibacterial action, antibiotic resistance, synergistic interaction

ITocranoBka mpobaeMu: aHTHOIOTHKO-
PE3UCTEHTHICTB Ta MIAXOAH AO ii ITOAOAQHHA

[Ipo6sieMa aHTHUOIOTHKOPE3UCTEHTHOCTI
€ IJ100aJIbHUM BUKJIMKOM Y cpepi MeIMLIUHY Ta
rpoMaZiCbKOro 3/10pOB’sl. fIBUllle BUHUKAE, KOJIHU
MiKpOOpraHiaMu HabOyBalTb CTIMKOCTi A0 Jii
aHTUOIOTHUKIB, fIKi paHille epeKTUBHO iX 3HU-
myBaju. OCHOBHUMM NPUYMHAMHU € HaJAMipHe
Ta HEKOHTPOJIbOBaHE BUKOPUCTAHHS aHTUOIO-
TUKIB Yy MeJULIMHI, BeTepHUHapil Ta CiJIbCbKOMY
roCcrofapcTBi, a TaKOX HeJOTPUMaHHA
pekoMeHJallii 1040 J03yBaHHS i TPUBAJIOCTI
JikyBaHH4. KpiM Toro, maTtoreHHi opraHisamMmu
MOXYTb Ilepe/ilaBaTH HallaJKaM BUPOOJIeHI
reHu pesucTeHTHoOcTi. HepocraTHili piBeHb
ririeHn Ta HeedeKTUBHe VYIpaBJiHHA ¥
JIIKapHAX CHPUAITb IOLIMPEHHIO pe3uc-
TeHTHUX mWTaMiB. Hackorogui BOO3 o3Hauyu1a
HOBI LITaMU 6aKTepil SIK MaTOreHHi BUCOKOTO
pu3suky -tak 3BaHi ESKAPEE-natorenu. Hassa
rpyny € abpeBiaTypolo, L0 BKJOYAE Meplli
JiTepu pomoBuX HasB: Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas
aeruginosa, Enterobacter spp., Escherichia coli
(Fanoro & Oluwafemi, 2020).

Y Tou ke 4yac MONyJApHUM HANPAMKOM
HAyKOBOTO Ta TEXHOJIOTIYHOro mporpecy
XXI cTosiTTa € CTBOpEHHA HaHOMaTepiaJliB 3
NOKpAIlleHUMH BJIACTUBOCTSAMH, AKI 3HAUIIN
YUCJIEHH] 3aCTOCYBAaHHA B eJIEKTPOHIL, XiMil Ta
XiMiUHIM TexHoJIOoTil, eKoJiorii, CiJIbCbKOMY
rocnoZapcTBi, ¢apmakosorii Ta MeaUIUHI
(Shabatina, 2023). B meauuHiii cdepi HaHO-
MaTepiaJli BUKOPUCTOBYIOTb [JJd KJIIHIYHUX
aHaJsi3iB, Mar”HiTHOrO pO3JiJIeHHA Ta 30HAY-
BaHHS MaKpOMOJIEKYJI, IX BBaXXAKOThb MepCIeK-
TUBHUMU areHTamMd /[Jil MarHiTHO-pe30-
HaHCHOI ToMorpadii, Hoci MU Ta BeKTOpaMH B
Cy4aCHUX CHUCTeMaxX JO0CTaBKH JIiKiB. YucesbHI
JOCJIPKEeHHA NiATBepJpKyHTb, L0 HaHO-
pPO3MipHUH piBeHb JUCHOEPCHOCTI MiABUILYE
aHTHUOaKTepiaJbHy aKTHUBHICTb CIOJIYK CpibJia,
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30JI0Ta, Mifi, OKCUAY UMHKY, LUPKOHiO Ta
TUTaHy (Salata, 2004).

MeTO0 po6GOTHU € Or/fAJ Ta KPUTUUYHHUU
aHaJli3 Cy4yaCHUX JOCJiKeHb, 10 CTOCYHThCH
aHTHUMIKPOOHOI /il HAHOCKMCTEM MeTaJliB Ta ix
OKCHU/iB, BUIPOOOBYBAaHHS IXHiX BJIaCTUBOCTEMN
y KOMOiHaIlisgX 3 aHTU6i0OTUKAMU

Buxaaa ocHoBHOro Mmartepiaay. AHTH-
MIKpOOHA AiA HAHOCHCTEM MeETAAIB Ta ix
OKCHAIB

Cepep MeTasieBMX MaTepiaJsliB MarHiTHi Ta
6s1aropoZiHi MeTa/id HaWyacTille BUKOPHUCTO-
BYIOTb B TeXHOJIOTisIX. MarhHiTHi MeTaJsieBi
esemeHTH, Taki 9k Fe, Co i Ni, maroTb fABa
30BHIilIHI eJIeKTPOHU Ha 4s-opbiTani Ta
HeHacuyeHy 3d-eseKTpoHHY 000/0HKY. Li
XapaKTePUCTUKU 3a6e3MeuyloTh IM yHiKaJ/bHi
¢i3uKo-xiMiuHi BJIaCTUBOCTI, 30KpeMa CIelu-
¢iyHi MarHiTHI Ta KaTasiTH4YHI BJIAaCTHUBOCTI.
bnaroposHi MeTand, A0 AKUX HaJeXaTb
4d-metanu (Ag, Ru, Rh, Pd) i 5d-meTanu (Au, Pt),
BiZjI3Ha4YalOTbCA OiNbII CKJIAJHOK €eJIeKTPOH-
HOIO CTpyKTypow. lle pmae iM mnepeBaru B
rajaysqax KaTaJi3y Ta ONTUYHOTO JeTeKTyBaHHA
Ha OCHOBI IIOBEPXHEBOr'O IJIA3MOHHOI'O pe30-
HaHcy. [loegHaHHA MarHiTHUX i 6J1arOpoHUX
MeTaJsliB Ma€ OCOGJIMBY NPUKJIAAHY LiHHICTb,
OCKIJIbKM [103BOJISIE CTBOPIOBATHU HOBi 6araTo-
dyHKIiOHa/IbHI 6iMeTasliYHi HAHOCTPYKTYPH.

3aB/sAKM BiJMiHHUM aHTHOGaKTepiaIbHUM
BJIACTMBOCTSM 1 BHCOKIM IHUTOMIH ILJIOIIi
noBepxHi, HaHoyacTuHku (HY) marniTHuX i
6/1aropoIHMX MeTaJliB ILUPOKO JOCTIKYIOThCS
K aHTUMIKpOOHi 3aco6u, 3a6e3mne4youn HOBI
pilieHHs1 B o6JjacTi Ae3iHdekuii Ta 3He3apa-
*keHHS. Ocob6/IMBiCcTI0O aHTUMiKpOOHOi Aii HY Ha
BiZMiHY BiJl aHTHOIOTUKIB € iXHS HeceJleKTUB-
HiCTb Ta HecneyuQiyHicTh, TOOTO 3JaTHICTH
BpakaTu OinblicTh BUAIB i wTamiB Mikpo-
OpraHi3aMiB, a 3Ha4yHe CIiBBiJHOLIEHHSA IJIOLLi
NOBEpXHi /10 06’eMy cpusi€ 6iibll ePpeKTUBHIN
Jlii. Y3arasbHeHa iHdopMaliss npo pisHOMa-
HiTHI MeTasieBi HAaHOCUCTEMM HaBeJeHa VY
Tabsauni 1.



Biota. Human.

Technology. 2024. No 2

Electronic edition

MeTtaneBi HaHOMaTepianu,
ixHi BJIaCTMBOCTI Ta ODioMeauvIHe 3acTOCyBaHHS

Tabauys

. Bcranosaeni Oco6AuBi BAACTHBOCTI,
hileTzies MeXaHI3MHI AQHI IIIOAO 3acrocyBaHHA locuaamrs
HY ; - ; ye Ha AlTeparypy
aHTHMIKPOOHOI Ail TOKCHAYHOCTI
Ilepes's3yBaapHnin .
hF/)IaTe i};m AAsST Sondi &
ome aupiﬁHMX - Salopek-Sondi,
ToxcnuHicTh Ta Fz)l,ia 6eTI/I‘IHI;I 2004;
BUBIAbHEHIX 1OHIB CTOLIL: TTOKDILTTS Pal et al, 2007;
Ag; AT I\I/Ie I/I‘IIDHI/IX Huh & Kwon,
ITopyiennsa [IposiBAAIOTE TOMIPHO A A . 2011;
. . . . . B TOMY 4MCAi Ay
Ag KAITMHHOI CTIHKM i TOKCUYHY AilO, 34aTHi ) Panacek et al
. CTOMAaTOAOTIYHIX
AgO MeTaboAIYHIIX A0 HaKOIIMYEeHHSI, .. 2018;
. . IIPUCTPOIB,
Ipo1iecis A0Ope BUBUYeHi KOHCEPBAHTI A4 Salas-Orozco
IMomkoaxenns AHK P et al, 2019;
eHAO0TpaxeaAbHUX ) .
YTBOpeHH:sI aKTMBHIX TOVBOK: Bishoyi et al,
¢opm kucHio (ADPK) PYOOR; 2022;
IOpTaTUBHI
diarTpu A2s BOAY; Hasoon et al,
p ' 2024
AHTUCEIITUKU
PyiinyBaHH:A
KAITUHHMX MeMOpaH
B pe3yAbTaTi ITomipHOTOKCIYHI.
€AeKTPOCTaTUYHOL @PoTOTEpMIYHO CTiVIKi. Huh & Kwon,
B3a€MOAil Ta Hesaaexxni Bia AOK . . 2011;
. . AHTUMiKpOOHI D
IIPUTHIYEeHH ST MeXaHi3MU Ail poOAsITH sacoBm Maleki Dizaj,
AT®a3m i 3HIDKEHHST | 1X O14BII Oe3IIeYHIM I . S. et all, 2015;
. . dotoTeparris
TpaHCMeMOpaHHOIO AAST KAITUH CCABITiB. Patra & Baek,
Au . IY criekTpom;
IOTeHITiaay, Bcranosaena ) 2015;
. AOIIOMIiXKHEe . .
MOAY AL CUHepreTn4Ha . . Nishanthi,
. AIKYBaHHSI ITiCAS
€H3VIMAaTUYHIX B3a€EMOAIs 3 . .. 2019;
. . Ba>KKIX iHQeKIIin ;
IIPOLIECiB, KaHaMilJMHOM, Shabatina et al,
IIPUTHIYeHH: pudaminyHOM Ta 2023
3B’ sI3yBaHH: CTPEeNTOMILITHOM.
cyOoAMHMITE
pubocomu 3 TPHK
Oaep>xaHi MeTOg0M
3e1€HOTO CMHTe3y Ha
OCHOBIi €KCTPaKTiB
ITocnaena
POCAVH TIOKa3aAu .
KaTaAiTH4YHa
YT1BOopenusa ADK, BIICOKY OaKTepULINAHY A
. . . aAKTUBHICTD 1
IOpYIIIeHH Aito Ha Bacillus subtilis. . Duan & Wang,
. . . .. CeAeKTUBHICTb.
KAITUMHHOI CTIHKH 1 CrabpHMIT BiAHOBHUK Y . 2013;
. . . . AHTUCcenITIYHI
bimerazesi MeMOpaH. 6ioaorigyHmx Fanoro &
Ipenaparu .
Ag-Au [IpornosyeTncs eKCTpaKTax CIIPUIE Oluwafemi,
IIMPOKOTO CIIeKTPY
nomkoaxenHs AHK | mBuAKOMY yTBOPeHHIO ; 2020
. . ail. IlepciexTyBHi
Ta IIpolleciB Ay>Xe cTabiAbHUX
. AAsl CTBOPEHH:I
TPpaHCASII 9acTOK PO3MipoMm .
. MOAYAiB 4451
Mmenie 30 M. Bapiantu ..
AOCTaBKMU AiKiB
HaHOCTPYKTYp: AApO-
000/10HKa, TaHTeAb,
CI1AaB.
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. BcranoBaeni Oco6AuBi BAACTHBOCTI,
blETz e MeXaHi3MHu AQAHI IIIOAO 3acrocyBaHHA Moc e
HY c o : ye Ha AiTeparypy
AHTUMIKPOOHOI Aif TOKCHAYHOCTI
Bcranosaena
. OakTepiocTaTiyHa Aist
PyiinysanH: .
KA TUHLOT CTUHKIL Ha S. aureus, E. coli.
.. He 3adikcoBana rocrpa . Staszek et all.
Oakrepiit, ; IlepcriexTusHi aa5
IIMTOTOKCUYHICTH Ha 2014;
Pt IepeIKoAKaHH ) BUKOPMCTaHH: B
e KyAbTypax KAITUH o Chlumsky,
arperariii MikpoOHMX . TapreHTHil Teparrii
. . aoavHM (pidpobaactu 2021
KAITUH i yTBOpeHHs .
. . i KepaTMHOLIUTHU
OioraiBkm . L
IIKipY, eriTeAin
HUPKOBMX KaHAAbBIIiB)
Bcranosaena
DakrepiocTaTyHa Ais
Ha S. aureus, E. coli,
Salmonella enterica,
[Tomkoa>KeHHs Listeria monocytogenes | AHTHOaKTepiaabHi Staszek et all
KAITMHHOI CTIHKI He 3adikcoBaHa roctpa 3aco0mu. 2014 i
Pd (BUTIiK LIMTOTOKCUYHICTD Ha biabmm edexTuBHi, Chlums’k
BHYTPillIHbOKAITVH- KyAbTypax KAiTUH aae MeHII 2021 yr
HOTO BMICTY) aoauHn (pidpodaacty | BuBUeHMII, HixX Pt
1 KepaTMHOLIUTI
IIKipY, emiTeAin
HUPKOBMX KaHAABIIiB)
Cu?" mBMAKO
OKVICHIOIOTBCSI Ha
nositpi, Tomy HY
CUHTE3YIOTb Y
IIPUCYTHOCTI ITOAiMepiB
(xiTosaHy, 1oaiBiHia-
ipoAiAOHY TOIIO) Ta
cypdakxraHTiB
eTUATPUMETIA
YTBopennsa APK. al\(/IL([)Hi y g oMi) 51K
BusiabHeHH: 10HIB ora GiillisaTIZ) iBAHe Maleki Dizaj,
Cu BUSIBUAN TOKCPI/III'HiCTI) 2014,
ITomkoaxeHHs . AHTHOaKTepiaabHi Usman, 2013;
Cu . M AO KyAbTyPU KAITUH
KAITMHHOI CTiHK; ) 3aco0u. Kaur et al,
CuO , Hela. AxtusHi ]
3B’sI3yBaHHs 3 . AocaiagxKy€eThes 2019;
BigHOCHO S. aureus (B s
PpepmenTaMm TOMY 9ICA] MeTUIIVALH Shabatina et al,
bakTepiit Y 2023)
pesucrentHoro (MRS),
B. subtilis, P. aeruginosa,
Salmonella choleraesuis,
Candida albicans, E. coli
Ta Enterococcus faecalis.
Bcranosaena cunep-
reTM4yHa B3a€MOAIs 3
epUTPOMIIIVIHOM,
a3sUTPOMILIMHOM i
HOP(]A0KCAITHOM
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. BcranoBaeni Oco6AuBi BAACTHBOCTI,
blETz e MeXaHi3MHu AQAHI IIIOAO 3acrocyBaHHA Moc e
HY c o : ye Ha AiTeparypy
AHTUMIKPOOHOI Aif TOKCHAYHOCTI
YTBOpepeHH:1 HY B xoMmOiHarii 3
CyIIepOKCHAY Ha Hi3uHOM 1 ZnO
IOBepXHi HAHOYaCTOK BUSABIAY CUABHY
i AOK. PopmyBaHH: OakTepUIIUAHY AiT0
AY>KHOTO npotu E.coli i AHTHOaKTepiaabHi Jin, 2011;
MgO cepeJOBUIIA 3a Salmonella sp., mo 3aco0u. Male’ki Dizla'
paxyHOK B3a€Moail 30iabIITyBajach AocAiAKy€eThCsA 2014 )
MgO 3 Bogo10. 3a4€>KHO Bij
ITormkoa>xeHHs KOHIIeHTpaLiil.
H6iomemOpaH, biapmm epexrnsHi
ITpoaykysanusa APK npotu I'* Gakrepiii
BcranoBaena
TeHTOKCUYHICTB,
eeKTUBHUII B
¢orokarasiTaHMX
mpollecax, CTiliKi 40 . . . 1.
[Tpoayxysanus APK poriecax, A AHTHOaKTepiaabHi Haghighi,
: YO, B KOMIIAEKCI 3 . .
i IIepeKkmcHe . KOCMeTUYHi 2013; Maleki
. ... aHTUOIOTMKaMI ..
TiO: OKVICHEHHSI AlITiAiB; . 3aco0m, crucTeMum Dizaj, 2014;
edexTyBHI mpoTH . .
I'Torrko gk eHHst . L OUMIIIEHHSI BOAY i Shabatina et
KAITMHHIX MeMOpaH PUSULL RS G LY IIOBITPSI al., 2023
p S.aureus (MRSA) p 7
AKTVBHI IPOTHU HITaMiB
C. albicans B Tomy uncai
CTiIKUX A0
¢ aykonazoay
BHyTpilIHbOKAITMHH BUSIBILALL /likyBaAbHi KpeMu
€ HaKOIIMYEHHSI; . . i Ma3i; 0OpobOka Huang et al,
HakTepiocTaTUIHY AiIO
ITorkoa>xeHHst MeANYHOro ob.1aa- 2008; Huh &
. nupotu Streptococcus .
KAITUHHIX MeMOpaH . HaHHs1; piAVHA AA5 Kwon, 2011,
ZnO agalactiae , S. aureus, E. A
Bupo6umnirrso H202 faccalis, E. coli, P rnoaockanss pora, | Maleki Dizaj,
Ta AOK S IAacTupi Ta 2014; Shabatina
. . Aeruginosa, , g
BuBiabpHeHH:I i0HIB L. repes’ s13yBaAbHUNI et at, 2023
5 Campylobacter jejuni .
Zn* MaTepiaa
ITiacnaena
. MeTaA0M .
PyitHyBaHHs . Stratakis et al,
. A . dpayopecnenmis
KAITUMHHOI CTIHKU 3a ToxcuuHicTh He 2009;
Al (Al20s) AA5 AeTeKTyBaHH:
Ay>Ke BeAUKIX BCTAHOBJEHa . Huh & Kwon,
» Hiomo.a€eKya, CTBO-
KoHIeHTpanin HY 2011;
PEeHH:I CyJacHUX
HioceHcoOpiB
ITepcnexTnBHi
3aBASIKN
BiocymicHOCTi i
BusBaena .
. aHTHOaKTepiaAbHI . .
LUTOTOKCUYHICTH 40 Ezhilarasi et al
. M BAACTUBOCTSIM;
. . KyABTYP KAITUH y 2016;
NiO A0CAIAXKYETHCS . . edeKTUBHIII . .
AIOAVIHU: €IIiTeA110 . Ezhilarasi et al
. ¢orokaraaizarop
AVIXaAbBHUX IIASIXIB i . 2018
.. IpU BUAAAEHHI
PaKky MO/A0OYHOI 321031 .
OpraHigyHMX
OapBHUKIB 31
CTiYHOI BOAU
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Mexanismu aHTUMIKpOOHOI All HY

HY 3paTHi B3aeMofisiTU OJHOYAaCHO 3
KiJIbKOMa MillleHsIMU B KJIITUHax GakTepii Ta
rpubiB: KJITMHHI CTIHKM Ta MeMOpaHy,
depmenTy, ainigy, JAHK Ta nmaasmigy, mo
yCKJIaJHIOE (GOpPMyBaHHS PE3IUCTEHTHOCTI Y
MIKpOOpraHisMiB. BaX/IMBUM 4YHWHHUKOM €

dbopmyBaHHsa ADPK i BinbHUX pajuKaJliB, 110 3
OJJHOTO OOKY 3HHUIIYE MIiKpOOpraHiamMu, aje
pasoM 3 IUM 3abe3neyye TOKCUYHICTb [0
MaKpOOpraHizmy. Y3arajibHeHUH BILJIUB
HAHOCUCTEM Ha MIKpPOOpPraHi3sMM CXeMaTU4YHO
[I0Ka3aHo Ha puc. 1.

Bujiienus ionis merasis

HY meTasiB Ta
OKCHIIB MeTAaJiB

N

TTpOHHKHEHHA BCepeHHy / 7
GakTepiit 3a MEXaHI3MOM
oGropraHas, cm——
BHBLTbHEHHA 10HIB Ta J
A®DK BeepeHH] KIITHHH. g
3YMOB/ICHHA BHY TPIIIHIX
MOIIKOUKEHb.

Me™ Me™ Me™ Me™
Men+ Men0 Men.

3B'A3YBAHHA TIIIB i
docdoniniaip KITHHA, MO
3YMOBITIOE MIABHILEHY
HOPOHHKHICTH

B3aemozis i3 GlikaMu

GaKkTepiaTbHHX CTIHOK. AKa
NPHIBOIHTE J0 MOPYIICHHA
: npouecis GoTOCHHTE3Y 1 JHXAHHA

N\ BB Ha NPOTOHHHII

MeMOpaHHHI TpaHCIOPT

Tlepdopamia memOpann

Vrsopenua ADK:

[MomkoukeHEA G10MONEKY 1 CTPYKTYP OpraHel. ATONTo3.
nomkoukeHHA JTHK 1 npHrHivyeHHA cHHTe3y GLIKa

Puc. 1. basosi mexanizmu anTHOAKTEPiasABHOI Ali HAHOCHCTEM METAAIB

(Shabatina et al., 2023)

Haiikpaie BuB4enuii Bins HY cpi6aa. Ix
Jli1 Ha NOKpPUBMU OaKTepil nepeznbdbadyae yTBO-
peHHa Ag*', AKi eJIeKTPOCTaTU4YHO IPUTATY-
I0TbCA [0 HeraTUBHO 3apAJpKeHOro Liapy
JinonoJsicaxapuzay. KaTioHHM TakoX MOXKYyTb
B3a€EMO/IiAATH 3 6i/IKaMU MeMOpaH, KOBaJIEHTHO
cnosy4yarouuch 3 SH-rpynamMu nucrteiny, a6o
JiATA Ha IMi3aZjoJIbHYy TIpyny TCiCTUAMHY 3a
TUIIOM eJIeKTPOodibHO-HYKJIeodinbHOTO 3aMi-

4 um

Puc. 2. TEM (A, B) ra CEM (C, D)
300paykenHa kaituH E. coli
HeoOpobaenux (A, C)

Ta 00p0ob6AreHux (B, D) Ag HU

LIeHHSA. YTBOpEeHi B pe3yJibTaTi TaKoi B3aEMOJII
CIOJIYKU ab0 KOMILJIEKCH 3/1aTHI iHAKTUBYBAaTH
aKTUBHI LIeHTPU GiJIKOBUX MoJIeKyJ. PyliHiBHa
nisg Ag HY Ha nokpuBHU 6aKTepiil 06pe MOMiTHa
Ha MikpodoTorpadisx 3 TpaHcMmiciiiHoro (TEM)
Ta ckaHywo4doro (CEM) eyleKTpOHHUX MIiKpoO-
CKOIiB HaBeJieHa Ha pucyHkax 2 i 3 (Fanoro &
Oluwafemi, 2020).

1 pm 1 pm

Puc. 3. TEM (A, B) ra CEM (C, D)
300pakeHHA KAaiTuH L. monocytogenes
HeoOpobaenux (A, C)

T2 00pobaeHux (B, D) Ag HU
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®opMyBaHHAA OKCUJATUBHOIO CTpeCy K
MexaHi3M aHTUMikpo6Hoi aii HY wmeTtanis
3acJyroBy€e 0cob6JMBOr0 06roBopeHHs. Cxema-
TUYHO NPOLLEC MOXKHA PO3IJIALAATH HACTYIIHUM
YUHOM: MOJIEKYJIIPHUM KHCEHb 3aXOILJIIOE
eJIEKTPOH, TeHEePYE CynepoKCH/-aHiOH, B3aEMOJII€
3 MOJIeKyJlaM4 BOJM, i, B pe3yJsbTaTi BifibyBa-

H,O/OH"
- H,0 + h*—~ « OH + H*

OH + h* -~ « OH

*0; =—> H,0,

+OH —> H,0,

€TbCA TOTJIMHAHHA eJIeKTPOHIB 3 BOJAM Ta
TipOKCUIbHUX 10HIB. BHUPOOGHUIITBO TaKHX

A®K iHLyKye OKHCHIOBaJbHUM cTpec i
NPU3BOAUTL AK [0 MOLIKOJXKEHHA KJITUHHOI
MeM6paHM, TaK 1 IlepepuBa€ TPAHCIOPT

eJIEKTPOHIB B MITOXOH/ZpisAX (puc. 4).

H,O,"Q' - ‘OHOW‘

*OH

APK (axTusHi popmu
KHCHIO) BOHBAIOTH
faxTepiaabHY KIITHHY

Puc. 4. Mexanism okcupaaTUBHOTO cTpecy (Ambaye et al., 2021)

TpeTiM 3afBJIeHUM MeXaHi3MOM aHTH-
6akTepiasbHoi fii HY, € mnpoHUKHeHHs B
cepejMHY KJIITUHM, BHUBIJIbHEHHA KaTIiOHIB
MeTaJliB Ta IX B3a€EMOJlisd 3 eceHIiaJIbLHUMH
cnonykamu. Ilicis pyillHyBaHHS MeMOpaHU
3aBJASKU HAHOPO3Mipy YaCTUHKM NPOHUKAIOTh
B LIMTOIJIa3My, Jie B3aEMOJIIOTH 3i CIIOJIYKaMH,
10 MicTaTh cipky (6inku) Ta dpocdop (6inkwy,
JHK), 1110 npU3BOAUTb /0 JTi3UCY KITITHUH.

TexHOAOTrii BUTOTOBACHHA HAHOCHUCTEM
MeTaAIB

HaHocucTteMu MOXXyTb 6YTH CUHTE30BaHi
pi3HOMaHITHUMH MeToZaMH (puc.5), ski
MOXKHa 00’€lHATU Y [IBi TPyNU 3a NPUHLUIOM
YTBOPEHHSI: «3HU3Y-BrOpy» Ta «3rOPU-BHU3»
(Duan, S. 2013; Wang, R., Salas-Orozco et al, 2019;
Mukherji et al, 2019). YacTo MeTon, oepkaHHSA
BIJIMBAa€E Ha popMy HaHOKJIaAcTepiB. Tak, cepen

32

HY cpi6sia BUAiNATE HacTynHi popmu: chepy,
CTPWXKHIi, OpyCKH, IJIACTUHH, KiJIbLA, KyoOH,
npusmy, 3ipku touo_(Puc. 6).

Cnocib «3Hu3y-Bropy» nepejbadae Hapo-
1lyBaHHA 1IapiB Ha MoJieKyJly a6o ioH. [lo boro
cnocoby HaznexaTrb ¢i3uKo-xiMiuHi, XiMiyHi
MeTOoJU Ta 6iosIoTiyHi MeTOoAH, TaKi K BUIIapo-
BYBaHHA-KOHJleHCcalid, XIMiYHe O0Ca/pKeHHH,
OKUCHIOBaJIbHO-BiJHOBJIIOBAJIbHI peaxuii.
XiMi4HI MeTOAU 3 BUKOPUCTAHHAM OKUCHO-
BiJHOBHUX peaKLjii € HaWNOUIMPEHIIIUMH,
OCKIJIBKU  MalTb  IMOPiBHAHO  HEBUCOKY
BapTIiCTh i migBUIleHUN BUXiJ npoAykrty. i
NpOBeJEHHS TaKOro TMpolecy HeoOXiAHi
HAaCTYIIHI peareHTH: COJI-IIPeKypCcopy MeTaJliB,
BiHOBHUKU (TeTpabopaT HATpilo, IUTPaAT
HaTpilo, 0JIi0JI, N,N-gumeTundopmamifg,
TOI10), CTabisizaTopu/6JI0KY0Yi areHTH.


https://www.sciencedirect.com/topics/materials-science/electron-transfer
https://www.sciencedirect.com/topics/materials-science/electron-transfer
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CHHTES HAHOYACTHHOK

Migxig
"Iropu-BHA3"

DiznyHI
METOOH

MexaHMHSNERGES NONMEHSHHA
HwiHS TREENSHHA

POSMMMNSHHA
TopulyHaNEISpHE SOMALR

POENHNHEANEHRA Niponis
AaposonsHlE niponks

~

Puc. 5. PisHOMaHITHICTE MeTOAIB cuHTe3y HU

Hauokyon

»

Hanonpusmu

HanocTpiasi
Hanobpvexn

Hanoaporn

Puc. 6. Pisui ¢popmu Ag HU (Mukhetii et al., 2019)
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CrabinizaTopu € BaxX/IMBUMU HaKTOpaMH
AJ1 YHUKHeHHA arsioMepanii HY, iHkoau B ix
AKOCTI BUKOPUCTOBYIOTh [IOBEPXHEBO-aKTHUBHI
pedoBUHU. HacborozHi nonysisipHMMU € METOAU
oznepxaHHA HY 6e3 BUKOpUCTaHHA TOKCUYHUX
i TMOTEeHLiHHO TOKCUYHUX PEYOBHUH, {Ki
00’€JHYIOTb IiJi HA3BOI «3eJIEeHUH CUHTE3Y, 1110
€ 0COOJIMBO aKTyaJbHUM JJs1 6ioMeJUYHOr0
3aCTOCYBaHHA. 3eJIeHUH CUHTe3 4acTo Nepej-
0ayae BMKOPHUCTAaHHA POCJAWHHUX €KCTPAKTiB
abo IHIIMX NPUPOJHUX PEYOBUH B SKOCTI
BiZJHOBHUKIB i CTabi/i3yl0uUnX areHTiB, 3aBJAsKHU
BMICTy OpraHi4YHMX KHCJAOT (B TOMY 4YMCJi
KeTOKUCJIOT), mnoJideHosiB, (aBoHOIAIB Ta
KaTeXiHiB, noJjicaxapu/iB, CKJIaJHUX OiNKiB (B
TOMYy 4uCJi depMeHTIiB), AKi 37aTHi BiJHOB-
JIIOBAaTH I0OHU MeTaJiB 3 pPO34YUHIB coJsied. Jlo
KJIACUYHOrO 6iocHHTe3y (BapiaHT 3eJIeHOTO
CUHTEe3y) HaJeXXUTb BUKOPUCTAaHHS HAaTUBHUX
NPUPOJHUX PEUYOBUH, KYJAbTYp KJIITUH MIKpO- i
MaKpoopraHi3MiB. BUKOpUCTAaHHA NPUPOJHUX
eKCTPaKTIB ABJISIE COOO0 CBOEPiHE MOEAHAHHSA
xiMiuHOro i 6i0/10riYHOr0 CUHTE3Y.

Crnocib «3ropu-BHU3» Mepejibavyae AUCIep-
ryBaHHS KpyINHilIUX Gppakiiil 1o HAHOPO3MipiB
aucnepcHoi ¢pasu. Croau HasexaTb ¢i3uyHi Ta
¢$i3uKo-xiMiuHi MeTO U, TaKi AK MexaHOXiMiuHe
No/piOHEeHHs, eJIeKTPOoepo3isi, Ooca/KeHHS 3
razoBoi ¢asy, eJeKTPOHHO-IPOMEHEBa JITo-
rpadis Towo. Iliff yac MexaHiYHOr O KyJ1bOBOTO
dpe3yBaHHS MOPOLIOK MiAAAITh MeXaHiuHiN
06po061i B KPUTUYHUX YMOBAx /Jisl YTBOPEHHS
HY. /lyi1 MexaHOXIMIYHOT'O CUHTE3Y BUKOPUCTO-
BYIOTb MJIMH Ta BiJJHOBHUK [Ji NpPOBEAEHHS
KiHI|eBOI XiMi4HOI peakiiil 3a KIMHAaTHOI TeMIle-
patypu. Ilix yac s1a3epHOl absALil NOTYKHUU
IIPOMiHb CTBOPIOE IMIYJIBCH, 1110 BUKJIHUKAIOTH
HarpiBaHHA 0 TeMIlIepaTypU KUIIIHHA Y IeBHIN
TOUlli, B fIKid Bif0yBa€TbC BUIAPOBYBaHHS,
afiabaTHe po3umMpeHHs Ta KoHjAeHcanis HY.
MeTojs, JAeToHaLiMiHOTO CUHTE3y/JpOTOBOTO
BUOYXy 3aCHOBAHO Ha CTBOPEHHI iMIyJIbCy, 1110
reHepye eJIeKTpOMarHiTHe I10Jle HaBKOJIO
ZApoTy i yTpumye Horo uizicHuM. Kosu mose
3HUKaeE, ApiT po3nagaerbca Ha HY. Ilig yac
OCa/>KeHHA 3 MapoBoi ¢a3u MeTaJsl NonepesHbO
BUIIAPOBYIOTh B KaMepi 3 iHEpTHMM ra3oM B
KPUTUYHUX YMOBAX, a JlaJli ra3 KOHJEHCYEThCA
3 yrBopeHHaM HY.

Po3ryiiHeMo TUIIOBI IPUK/IAAU OZiepKaHHA
HAHOCHCTeM 6JIaropoJHUX MeTaJliB cpibJia Ta
3os0Ta. /Jljig CHHTE3y HaHOYAcTOK CpibJa
BUKOPUCTOBYIOTb IPEKYPCOP — pO3BeAEeHUH
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po34ynH AgNO3, /1 XiMIYHOTO METOAY B AKOCTI
Bi/JlHOBHMKA 3aCTOCOBYKOTb PO3YUHU TJIIOKO3H,
e€TUJIEHTJIIKOJII0, HaTPik TeTpabopaTy, y IKOCTi
CTabisi3aTopiB - NoJiBiHi/IALlETAT, 0JIeaT HATPIlo,
nojiBiHinniposigon (Fanoro & Oluwafemi,
2020; Sondi & Salopek-Sondi, 2004). ns1 cuH-
Te3y Ag HY ¢isuyHuMM MeTOZ0M 3aCTOCOBYIOTh
TepMiyHe pO3KJIaZlaHHA Ta BUIIAPOBYBAaHHA, a
[l 610J10TIYHOTO0 MeTOZy BUKOPUCTOBYIOThb
POCJMHHI €eKCTpakKTH, 60akTepii, BOJOpOCTI,
miaicHsABl i aApixaxkoBi rpubu. i cuHTE3y
HAaHOCUMCTEM 30JI0TAa XiMiYHUM  METOJ0M
BUKOPHUCTOBYIOTb fK IIpEeKypcop pO34YUH
HAuCl4, Ta BifHOBHUKU: Ti/JpOT€H TETPAXJIOP-
okynpar III Terparigpar, TpuHaTpil LUTpar,
TioJlI0BaHUH XiTO3aH, iHO3UTOJITEeKCaKic-
docohat. [na cuntesy AuHY ¢isuyHuM Ta
$i3UKO-XiMiYHUM METOJIOM 3aCTOCOBYIOTbH Y-
ONMpPOMiHEHHs y KOMOiHalil 3 BiAHOBHUKaMU
(IMIMOHHA KMCJIOTA, LETUJTPUMETUIAMOHIN);
JJIs1 6i0J10TiYHOTO COCOO6Y BHUKOPUCTOBYIOTH

POCJMHHI  eKCTpaKTH, TIpubu, OakTepii,
BogopocTi (Patra & Baek, 2015).
OcHoBHI KAaCcH aHTHOIOTHKIB Ta

MEXaHi3MH iXHBOI Ail Ha MiKpOOpraHi3MHI

MepguuuHa 3 30-x pokiB XX cTopidyus
BUKOPUCTOBYE AaHTHUOIOTUKKM y 60pOTHOI 3
pisHOMaHITHUMU iHekniAsMU Ta mnpodinak-
TUYHO IMiJ; Yac XipypriyHUX BTpyYaHb. ICHyeE
JleKijibka migxoaiB o kiaacudikaiii aHTH-
6ioTUKiB, 0oJlHAaK HaMlyacTiue iX rpynymoTb 3a
XIMIYHOIO CTPYKTypoOlO, MexaHi3MOM JAii Ta
CIIEKTPOM  MIKpOOpraHi3MiB, SKUX BOHHU
3HUILYIOTh. ICTOpUYHO NeplIMMH, AKi OyJu
YCIIIIHO BUKOPUCTAHI, 1 JaJu BeJWYe3HUH
npopuB B cepeauHi XX cTopiyusi y 60poThOi 3
iHpeKLiHHUMK 3axBOPIOBAaHHAMM Ta Hicjs-
onepaniiHMMU HarHOEHHSAMMU Oy GeTasak-
TaMHI MeHIUWJIHOBOrO pdAAy Ta aMiHo-
rJaiko3uAiHi (CcTpenToMineToBi) aHTHUOGIOTHUKM.
Hacworogni  BijoMo  HabGaraTto  Oijblie
creliajlisoBaHUX AHTUMIKpPOOHUX PEYOBUH 3
PI3HUMM MeXaHi3MaMM [il Ta CeJIeKTUBHICTIO
o naroreHiB. Hwxye HaBeneHO oruadapj
HaAWOi/MbII MOIIMPEHUX AaHTHUOIOTHKIB, 110
HasexaTb o 15 rpyn (Bambeke et al, 2010;
Overview, 2024).

. bema-nakmamHi aHTUGIOTUKU Y CBOIM
CTPYKTYpi MicTATh B-/1akTaMHe Kijble (puc. 7,
Bijli/leHe YyepBOHUM).
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Puc. 7. 3araapHa cTpyKTypHa GyAOBa HAWOIiABII ITOMIMPEHHUX B-AAKTAMHUX aHTUOI0THKIB:
1 — meninuAainiB, 2 — 1edpasocnopuHiB

Jlo rpynu HasexxaTh npenapaTy: NeHIYUuaiHU
(meninuain G, aMOKCUIMJIH, aMOiLUJIH,
MeTULUIIH) yedasocnopuHu (uedaneKcuH,
nedTpiakcoH, nedpypokcuMm, nedenim), kapba-
neHemu (imineHeM, MeponeHeM, epTaleHeM),
MoOHOo6akmamu (a3TpeoHaM). MexaHi3amoM pii €
iHribyBaHHS CUHTe3y KJITUHHOI CTiHKU
6akTepiil npu popMyBaHHI MypeiHOBOTO LIApY,
a camMe B Micui ¢opMyBaHHSI NENTHUAHOTO
3B’I3Ky MiXK TepMiHasibHUM D-ajiaHiHOM Ta
NeHTarJilMHOM, UJISXOM BIJIMBY Ha GepMeHT
TpaHcnenTtuasy. JlecrtabinizoBaHa KJ/iTHHHA
CTiHKa He 3/aTHa BUTPUMATH OCMOTUYHUH
TUCK 1 pYHHYETbCS, 110 BejAe A0 3arubeui
MikpoopraHiaMy. /laHi aHTHO6IOTHKM Oijbll

epeKTHBHO 3HULIYIOTh ['* 6akTepiil. [leHinWAiHA
MaloTh JOBTY iCTOPil0 3aCTOCyBaHH4, 3a Lle} yac
6akTepii eBOJIIOI[iOHYBa/IM i HAOY/U 3[JaTHOCTI
CUHTe3yBaTU [-1akTaMasy - GepMeHT, LI0

CTPYKTYypi

pyiiHye [-71aKTaMHe Kiablle B

MOJIEKYJIM aHTUOIOTUKY, BUBOJASYM HOro 3
nany. ledanocnopuHu € CTIRKIIIMMHU, OCKIJIBKU
MalThb /iBa pafuKanu (puc 7.), ki 3axulal0Th
JlakTaMHe Kinble. Kapb6anenemu edeKTHBHO
3HULIYIOTh [~ eHTepobaKTepil, BHU/KO NPOHU-
Kalo4M 4yepes3 30BHIIIHI0O MeMOpaHy, 6JI0KyOTb
CHUHTe3 NMeNTUAOIIIKaHy, IPX YOMY IIOCTaHTHU-
6ioTnyHui epekT TpuBae g0 10 rox (Bambeke
etal, 2010; Overview, 2024).

II. AMiHO2/1iKO3UOdU BKJIIOYAIOTh MPUPOAHI
(omeprkaHi 3 rpubiB cTpenTOMileTiB) Ta HaMiB-
CMHTETUYHI cnoaykd. /lo Irpynu HajlexaTb
reHTaMillMH, aMiKaliH, TOOpaMilliH, CTPenTo-
MILIUH. B cTpyKTypi MOJIeKyJ1M aMiHOTJIIKO3U/IiB €
aMiHOLYKpH, CIOJIy4yeHi 3 LecCTUKapObOHOBUM
arJikoHOM. ArJIIKOH B MOJIEKYJ CTpenTo-
MinuHy (puc. 8) npeficTaBJeHUN CTPENTUANHOM,
a 'y iHUX - 2-ge30kcu-D-ctpentaminoM. Kpim
TOro, aMIiHOIJIIKO3UJAM BIJAPI3HAKTBCA 3a
KIJIBKICTIO aMiHOILyKPOBUX pparMeHTiB.
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Puc. 8. CrpykrypHa (popMyAsa MOAEKYAH CTPEIITOMIITUHY
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MexaHi3aMOM  aHTHOakTepiasibHOI Al
aMiHOTIJIIKO3U/IiB € MOPYLIEHHS CUHTEe3Y OiJIKy B
KJIITUHAaX 6aKkTepiil. AHTUOIOTUK 3B’SI3y€EThCA 3
Masioro (30S) cyb6oauHMIIEI0 PUOOCOMHM, NPHU
[IbOMY MOPYLIYETbCA 3UUTYBaHHA iHPpopMauii 3
iPHK, 3akiHuyeTbcsi TpaHcasLisgs i pubocoma
BiJ'€IHYETHCA Bij 1ie He CPOPMOBAHOrO GisKa.
YTBopeHi JedeKTHI 6iKM 3yNUHAKTH PICT i
PO3MHOXEHHS MIKpPOOpraHi3sMiB. AMIiHOTIJIIKO-
3uu epeKTUBHI NPOTH [~ aepobHUX 6aKTepiH,
IX 3aCTOCOBYIOTb [Jid JIIKYBaHHA CEIICUCIB,

iHpekIil AuXaNbHUX UISAXIB, IKipH, KiCTOK Ta
Tyb6epkyabo3y (Overview, 2024).

[1I. AMiHOKyMapuHu - cy4acHi aHTHOIOTHKY,
IIpOJYKOBaHI LITaMaMU Streptomyces, B OCTaHHI
POKM MNEpeTBOPUJIMCL Ha MOJEJIbHYy CUCTEMY
CTBOPEHHSI HOBUX aHTHUOIOTHUKIB MeToJaMu
reHeTUYHOI iHXeHepil. Axpo MosieKyu cKiaja-
€TbCA 3 3-aMiHO-4,7-AUTIPOKCUKYMAapUHOBOIO
KiJbld, fKe TMOB'A3aHe, i3 LYKpoM y 7-My
M0JIO’KEHHI Ta MOXiAHUM 6E€H30MHOI KUCJIOTH Y
3-My noJsiokeHHi (puc. 9). [lo rpynu HaJjexxaTb
HOBOOIOLIMH, KJIOPO6iOLUH i KyMepMilKH.

OH

Puc. 9. CrpykrypHa popmyaa HOBOOGionUHy

3a MexaHi3MOM aHTHUOaKTepiaJbHOI Ail
BOHM € NMOTY>KHUMHU iHribaTopamu [AHK-ripasu.
Marwuu BUCOKY adiHHiICTb A0 B-cyboauHui
11boro GpepMeHTY, 3B’A3yI0Thb MOro (KOHKYPYIOUYH
3 AT®) i npurHivyytoTh cynnepckpyuyBanHs JHK
(Heide, 2009; Overview, 2024).

IV. Makposidu - k1ac aHTUOI0THKIB, OCHOBY
MOJIEKYJ SIKUX CkJazae 14, 15 abo 16 uyneHHe

MaKpOILMKJIiYHE JJAKTOHHE (MaKpoJli/iHe) KiJblie,
CcrojiydeHe 3 BYIJIEBOJHUMMHU 3aJMIIKaMU
(puc. 10). Po3pi3HAIOTb NPUPOAHI, TPOAYLIEHT —
Streptomyces erythreus (epUTpOMIlLIUH, OJIeaH/0-
Mil[UH, cllipaMil|UH, MileKaMilluH, J>)KO3aMill1H,
pokiTaMiuMH) i HamiBCUHTETUYHi (a3UTpo-
MIIMH, KJApUTPOMILMH, POKCUTPOMILMUH,
TeJITPOMIl[UH).

Puc. 10. CrpykrypHa popmyasa epuTpoMilmHy

Makpouiiiu BUSIBASAIOTh 6AKTEPIOCTaTUUHY
Jlito, iHribyo4yd cUHTe3 6iJiKa LJISXOM 3B'S3y-
BaHHA 3 50S cyGOAUHUISAMH PHUOOCOMH,
npurHivyroudu cuHTe3 PHK, npu yoMmy fitoTh Ha
OyAb-aKid cTazAil puOOCOMANBHOTO ILIUKJY.
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MakpoJsiiy JeMOHCTPYIOTh MPOJIOHIOBAaHUU
NOCTAaHTUOIOTUYHUIN Ta MOMipHUM iMyHOMOAY-
JIIOIYUN eeKT.


https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D0%B1%D1%96%D0%BE%D1%82%D0%B8%D0%BA%D0%B8
https://uk.wikipedia.org/w/index.php?title=%D0%9C%D0%B0%D0%BA%D1%80%D0%BE%D0%BB%D1%96%D0%B4%D0%BD%D0%B5_%D0%BA%D1%96%D0%BB%D1%8C%D1%86%D0%B5&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%90%D0%B7%D0%B8%D1%82%D1%80%D0%BE%D0%BC%D1%96%D1%86%D0%B8%D0%BD
https://uk.wikipedia.org/wiki/%D0%90%D0%B7%D0%B8%D1%82%D1%80%D0%BE%D0%BC%D1%96%D1%86%D0%B8%D0%BD
https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%80%D0%B8%D1%82%D1%80%D0%BE%D0%BC%D1%96%D1%86%D0%B8%D0%BD
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BB%D1%96%D1%82%D1%80%D0%BE%D0%BC%D1%96%D1%86%D0%B8%D0%BD
https://uk.wikipedia.org/wiki/%D0%A0%D0%9D%D0%9A
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V. TempayukaiHu - IHAPOKOBXKWUBaHI rpyny HaJjexaTb TETPALUKIIH, JOKCULUKIIIH,
aHTHUOIOTHKU IUPOKOT0 CIIEKTPY Ail, [0 AiI0TH MiHOLMKJIIH. MaloTb MexaHi3M Aii moai6HUH 10
nepeBaXKHO 6OakTepiocTaTU4HO. B  0CHOBI aMiHOIJIIKO3U/IB, a caMe crnoJyy4arTbesd 3 30S
XIMIYHOI  CTPYKTYypd MOJIEKYJId -  A4pO cy6oUHMLEI0 pUOOCOMH, MOPYLIYIOYHA CUHTE3

OKTariipoHadTaleHy, 1110 ABJsIE COO00 YOTUPHU 6inky (Overview, 2024).
CroJlyyeHi wmectu4aeHHi nukiau (puc. 11). Jo

Puc. 11. CrpykrypHa popMyAa TeTpaUKAIiHY

VI. XiHos1i0HU / piyopxiHo0HU (munpo- XiHOJIOHOM JIpyroro TnokoJiiHHa (puc. 12).
daokcanyH, JieBodpJIOKCAIUH, MOKCUDJIOK- [Hri6ytoTh penJikaniro 6akTtepiasbHoi JHK 3a
calluH, HOpQJIOKCAllMH) — GaKTEePULUHI aHTHU- paxyHOK pyWHyBaHHAA eH3uMiB: JIHK-mouti-
OI0TMKM ILIMPOKOTO CIHEKTpy [Ail, epeKTUBHI Mmepasu, JIHK-ripasau Ta Tomoizomepas, ski
npotu ['* i - GakTepiil. MoJsiekysn MarTb pospizarots JHK psi1 yTBOpeHHS BTOPUHHOI
OILMKJIIYHY HITPOTE€HBMICHY CTPYKTYpy fAApa, cTpykTypu. ®epmentu BuBiIbHAWTL [JHK 3

KapOOHIJIbHI TPYNHU i NPaKTUYHO yCi MIiCTATb OJHO- Ta [BOJIAHLIIOBUMU PO3PUBAMH, LIO
dayop. llunpodJiokcauMH - oJWH 3 HAUOIAbII NpU3BOAUTb [0 3arubesi OGakTepiajsbHOI
NOIIMPEHUX aHTUOIOTUKIB B CBiTi, € ¢uyop- KJIITHHH.
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Puc. 12. CrpykrypHa popmysa munpodAOKCAITUHY

VIL. CyavgpaHinamioni aHTUOIOTHKH - TaKOX aHTHUCYJOMHI, NpoTHU3amnajbHi, aHTH-
CUHTETHYHi 6aKTepioCcTaTU4HI MmpenapaTy, 110 ricramiHHi Ta npoTuaiabetuyHi jaiku. Cepep
MiCcTATb cyJbdoHaMiHy rpyny i edeKTUBHI aHTUOIOTUKIB  BifloMi  cysbdamMeToKcazo0J
npotu ['*i - 6akTepiit (puc. 13). Cepef cnekTpy (4yacTo MOENHYEWTH 3 TPUMETONPUMOM Mif
3aco6iB, Mo MicTATb cysabdaMiHy rpyny e€ Ha3BOI0 KO-TPUMOKCaA30.1), cy/ibdacaia3rH.
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Puc. 13. CrpykrypHa popMysa MOAEKYAU CyAB(PAMETOKCA30AA
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MexaHi3aMOM aHTHUOaKTepiajibHOI [ii €
NpPUTHIYEHHSI CUHTE3Y NoNepeJHUKIB dpoJieBoi
KUCA0TH (BiTaMiH B9) B kjiTHUHaxX GakTepii.
AHTUOIOTMKM [il0OTB Ha JAUTiAponTepoar-
CUHTEeTa3y, sika HeoOXi/iHA KJIITHHAM GaKTepin
JJ poOCTy, I Lie NpU3BOAUTH [0 3YINHUHKU
npouecy. JlroavHa ofepxye QpoJslieBy KUCJIOTY 3
pPOCIMHHOIO DXelo i Hamli ¢depMeHTHI cucteMu
34aTHI g0 1i 3acBOEHHA, Ha BiAMIHY Bif
MikpoopraHisMiB. OiHakK, Ipo6J1eMOI0 3aCTOCY-
BaHHA CyJsbaHiJaMiJHUX @penapaTiB s
JIOJUHU € Te, L0 BOHU € CTPYKTYPHUMHU
aHasoramu [IABK (mapamaMiHO6eH30MHOI
KUCJIOTHU) | TpuBajie NPUHHATTA CyJabdaHii-

“SNH o)
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aMiZiiB MoXke BMKJIMKATU eHJOreHHUW aBiTa-
MiHO03 32 (0JIIEBOI0 KUCTOTOMO.

VIII. I'nikonenmudu - Kjac aHTUOIOTUKIB
MiKpOOGHOT'0 NOXOA>KEHHS, 1110 3 XiMiUHOI TOYKH
30py SABJSIOTb COO0K0 TJIIKO3WJIbOBaHI MoOJIi-
LUKJIIYHI HeprubocoMasibHI nentuau (puc. 14).
Jlo naHoi rpynu HaJiexaThb IpenapaTi: BaHKO-
MIl|MH, TEMKOIJIaHiH, TeJaBallH, paMOIlJIaHiH,
JleKoIyiaHiH. [Hribye CMHTEe3 KJIITUHHOI CTiHKH.
3B’s3yeTbCcd 3 AiJIIHKOW auuj-D-anania-D-
aJlaHiHy, 3amo6iraloyd [J0/laBaHHK HOBUX
OJUHMLb [0 TMOoNepeJHUKA NeNTHUAOTJIIKaHY.
AxTuBHI npoTu ['* 6aKTepiN.

Puc. 14. CrpykrypHa popMyAsa BAHKOMIIIIHY

IX. J/linkozamiou KJIaC MNPUPOAHUX
O6aKTepioCTaTUUHUX AaHTHUOIOTUKIB, 1[0 BUPOO-
JISIOThCS cTpenToMinieTamMu. Jlo ckiay GyHKIio-
HaJ/IBHUX IPYIl MOJIEKYJI BXOAUTB MipoJIiJUHOBE

\// s,

KiJble, MEeNTUAHUN 3BA30K, reKco3a i MeTu-
Tiorpymna. /Jlo rpynu HajlexaTb KJiHAAMILMH
(puc. 15), ninkoMiLuH, DipJiMilUH.
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Puc. 15. CrpykrypHa popMyAa AiIHKOMIITIHY

MexaHisM aHTubGaKTepiasbHOI Al
iHrioyBaHHS CcUHTe3y OakTepiaJbHUX OiJNKiB
usgxoM aii Ha 50S cy6oguHULI0 prUbGOCOMU
(Spizek & Rezanka, 2017).

X. Okca301i10uHOHU — BiAHOCHO HOBA rpymna
CUHTEeTHYHUX aHTHOIOTHKIB, aKTUBHI 1mozgo I'*
6akTepiii, B TOMy 4YHCJI MeTULUJIIHpPE3UC-

38

TeHTHUX (MRS) Ta BaHKOMILIUH pe3UCTEHTHUX
ctadisokokiB. B cTpykTypi MoJiekyqu €
2-0KCa30J1i/IOHOBE SIp0 — NATUYJIEHHUHA OKCUTeH
Ta HITPOTeH BMiCHUH IreTepOLUKJI, CIIOJIyYeHUH
3 KapOOHiJNbHOI rpynoto. Jlo Ki1acy HajleXaTb
HacTynHi mnpemnapaTu: JjaiHe3osif (puc. 16),
TeaU30JIi.
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Puc. 16. CrpykrypHa popmyaa AiHE30AiAQ

[IpurHiyyoThb CHHTe3 6iJiKa Ha paHHIH
cTazii, 3B’A3y0ThCA N06/IM3y NMeNTUAUITPAHC-
depasu y A-neHTpi pubOCOMU i NepemKon-
»)KalTb po3MilleHH0 aMmiHoayua-TPHK. Takum
YUHOM He YTBOPIOETbCA pUOOCOMaTbHUU
KOMILJIEKC, 1110 B HopMi aconitoe TPHK, MPHK Ta
50 S-cyb6oauHUILII0 pUOOCOMM.

XI. [loninenmudu — aHTUGIOTUKYU IPUPOJ-
HOTO MOXO/KEeHHSI, MalOThb OOMEXEeHHS 1100
3aCTOCyBaHHS. 3 XIMIYHOI TOYKHU 30pY ABJIATH
co00l0 MOEAHAHHA aMiHOKHCJOT 3a pPaxXyHOK

HO

o
W‘
i) o

H\
n° po NN
AY /
N N
9 0
H
N o H N
\ AY
| o N H
N\
H

KapOOKCUJIbHOI 1 aMiHOrpyn 3 yTBOpPEHHSM
nentTuAaHUX 3B g3kiB (puc.17). [Jlo kjacy
HaJleXkaThb NpenapaTu: NoJIiMiKCUH B, KoslicTUH
(monimikcuH E), 6auuTpanvH, aKTUHOMILMH.
JliloTb  mepeBakHO MNpoTH [~  GakTepill.
bisbmicTe mnpenapaTiB A0BOJII TOKCHYHI 3a
[IepopaJIbHOI0 Ta CUCTEMHOI'0 3aCTOCYBAaHH4,
ajle iX MOXXHA HAHOCUTUM HaA IKipy A4
JIIKyBaHHS BUPA30K i 3anajsieHb, aKTUHOMIL|UH-
D BHUKOPHUCTOBYIOTb NMpPU TApreHTHIW Tepamii

paxy.
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Puc.17. CrpykrypHa popmyaa Garurpamuny

MexaHizaMOM aHTHG6aKTepiaJbHOI [ii €
pyHHYBaHHSI  MeMOpaH Ta  MOpPYLIEHHS
TPAHCIIOPTY NOoNepeJHUKIB NEeNTULOTIKaHy 3
UTOIJIAa3MHU 0 KJAiTUHHOI cTinku (Falagas et
al, 2005)

XII. CmpenmoepamiHu - KJjacc aHTHbGio-
THKIB, 1110 CK/IaIal0ThCA 3 CyMillli JBOX pe4OBUH —
CTpPenTorpaMiHiB Ipynu A, Akl € NoJiiHeHacu-
YeHMMU MaKpOJIAaKTOHAMH, I cTpenTorpamiHiB
rpynu B, 10 npeAcTaBasiloTh CO60I0 IUKJIIUHI
rekcazencunentuad. KoXeH 3 KOMIIOHEHTIB
OKpeMO BHSBJISIE NMOMipHY OGaKTepioCTaTUUYHY
aKTUBHICTb, 3B’A3yl0YUCh i3 BeJukow 50S
pubocoMasibHOIO Cyb6oauHHULIEl0 6GakTepii. B
pe3yJsbTaTi 6JIOKYETbCSA TPaAHCALS, a CUHED-
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reTU4YHa Jjis NPU3BOJAUTH [0 OAKTEPULUJHOI
aKTUBHOCTI. /lo rpynu HaJjexaTb IpenapaTu
XIHYIPUCTUH, MNPUCTUHAMILMH, CUHEPLUL.
Oco6siMBO aKTUBHI mnpoTu ['* OGakTepii,
BKJIOYHO 3 BHUCOKOPE3UCTEHTHUMH MaTo-
reHamMu, TakuMu sk MRS cradinokoku abo
pe3uCTEHTHI S. pneumoniae Ta eHTEPOKOKH
(Mast &Wohlleben, 2014).

XIIl. PugpamniyuHu - rpymna NpPUPOHUX
(mpoayueHT — Amycolatopsis rifamycinica) a6o
HaNiBCUHTETUYHUX AHTUOIOTUKIB, epeKTUBHI
npotu ['* i pesakux [~ 6akTepil, BUCTYNalwTh
KJIFOUOBUM KOMITOHEHTOM MPOTUTYOEPKYJIbO3HOI
Tepanii. /Jlo kJjacy HajexaTb puUdaMIilluH
(puc. 18), pudabyTuH, pudaneHTHH.
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Puc. 18. CrpykrypHa popmyaa pudamminuay SV

Pudamninyuu MarTh yHiKaJlbHUN Mexa-
Hi3M fii. 3a paxyHOK BHCOKOI adiHHOCTI A0
6akTepianbHoi JIHK-3anexxH0i PHKM-nostimepasu
BOHU 3B’A3yI0Th ILiell ¢depMeHT i omocepen-
KOBAaHO 3yNUHAKTb CHHTE3 OaKTepiaJbHUX
6is1kiB. [I[penapaTu He BUABJIAIOTh IlepexXpecHoi
PE3UCTEHTHOCTI 3 IHIIMMHU aHTUO6IOTUKAMU [IPU
KJIiHIYHOMYy  3acTtocyBaHHi. OpHak, cami
pudaMillMHU CTPaXKAATh BiJi IOCUTh BUCOKOI
PE3UCTEHTHOCTI, TOMY IX BUKOPUCTOBYIOTbL B
KOMOiHauil 3 IHIIMMU aHTUOaKTepiaJbHUMU
npenapaTtamu (Campbell et al, 2001).

XIV. Jlesomiyemun (xsopamMmdeHikoa) -
NPUPOJHUUN aHTUOIOTHUK 3 KJacy aMpeHiKoJiB
(cTpykTypa MOJIEKYJIU MICTUTb 0e30JIbHe

KiJIblle, JIBi TiIpOKCUJIbHI Tpyny, NENTHUAHUUN
3BfI30K | JABa aTOMHU XJIOpPY), MNPOAYLEHTOM
BUCTYNAa€ IPYHTOBa OakTepisd Streptomyces
venezuelae. Jlo rpynu HaJjexaTb: xJopamoe-
HikoJ1 (s1ieBoMilleTUH) (puc. 19), 1eBoMilleTUHY
cteapaT (eyJieBOMILleTUH), JIeBOMILlETHHY
CYKLUMHAT PO3YMHHUU (xs0pouup C), cuHTO-
MillMH. € 6aKTepioCTaTUYHUM AHTUOIOTHUKOM
IIMPOKOro CHekTpy Aii, akTUBHUM Jjgo [+
(ctadinokokn Ta cTpenTokoku) i [~ KokiB
(TOHOKOKH, MEHIHIOKOKH), €eHTepobaKTepii,
pUKeTCiH, crnipoxeT i HaBiThb JAesKUX BipyCiB.
[IpenapaTy akTUBHI BiIJHOCHO IITaMiB, CTINKUX
Jl0 TeHiUWJIiHy, CTpenTOMilUHY, cyJbdaHija-
aMifiB.

OH OH

Cl

HN
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O

Puc. 19. CrpykrypHa popmysa XxAopaMpeHiKOAy.

MexaHi3M aHTHOakTepiasbHOI Jii MoB’sa-
3aHUM 3 NOPYIIEHHAM CUHTe3y Oi/IKiB, HIJISIX0M
BBy Ha 50S cy6oauHUI0 pubGOCOM.
XnopaMdeHiKo iICTOPUYHO BUKOPUCTOBYBAJIU
JUIsl JIIKyBaHHS IIMPOKOTO CHEKTpPYy iHdekiH,
BiZ, MeHIHTITY 0 yepeBHOro Tudy. Ha xasp,
cepio3Hi Mo6iyHi epekTH, 30KpeMa BIJIMB Ha
YTBOPEHHS KJITHH KpPOBi, O0OMEXHUJU HOro
KJIIHIYHY poOJib. AHEeMisl, BUKJIMKaHa TPUBAJIUM
npurioMoM  xJjopaMmdeHikony  nepejbavae
pylHYBaHHSl ~ MITOXOH/piaJIbHUX pUGOCOM
reMONoeTUYHUX CTOBOYPOBUX KJITHH KiCTKO-
BOTO MO3Ky, BHUKJMKalw4Yud OOOpOTHe [030-
3aJie)kHe npurHiyeHHd. Ilicna npunyvHeHHSA
npuiioMy xjaopaM@eHikosy NpoAyKIis KIITHUH
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KpoBi npuxoguTb B HOpMy. lleii MexaHi3M
niikpecawe cxoxictb Mk 70S pubocomamu
6akTtepiit (30S - mana i 50S Besnuka cy6onu-
HULi) Ta pubocomamu 70S y MITOXOHApPISIX
goauHu  (Bambeke et al, 2010; Overview,
2024).

XV. Himpoimida3oau - kaac aHTHOaKTe-
piasibHUX 3ac06iB, 1[0 BKJIOYAE METPOHiZa301
(puc. 20) i TuHiAa301. PopMyJIv COJNYK MICATb
a30MillMHOBE SJpPO - iMi3aZj0JIbHUU HEHACH-
YeHUH reTepOLMKII, CII0JIyYeHUH 3 HITPOrpyIo0.
[IpenapaT¥ BUKOPUCTOBYIOTb [Jis1 JIIKyBaHHS
['* i - aHaepob6HUX OGakTepiaJbHUX iHPEKIiH,
NpPOTO30MHUX iHPeKLil (Hanpukaaz, 1saM6J1i03
i TprxOoMOHia3), KMIIKOBOTO i MO3aKUILIKOBOTO


https://en.wikipedia.org/wiki/Enzyme_inhibitor
https://en.wikipedia.org/wiki/Enzyme_inhibitor
https://compendium.com.ua/dec/268197/
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aMmebia3dy, 6akTepiaJbHOro BariHO3y, a TaKO0X
Aas  xipypriyHoi npodinaktuku. I[lomwupeni
no6iuHi edeKTH BK/IKWYAIOTb IIJIYHKOBO-

KUUIKOBI pO3/1alu Ta BIJIMB Ha LeHTPaJbHY
HEPBOBY CUCTEMY.

N
L Vg
N

OH

o

Puc. 20. MeTponizapsoa

HiTpoimizazosn MawTb O6GaKTepULUJHY
Jito, momkoMKyTh MikpobHy JHK Ta npurHi-
YYIOTh TPAHCKPHUMLiI0 LIJISXOM CIOJYyYeHHS 3
PHK-nosiimepasoto (Patel & Beteck, 2021).

XVI. ®y3zudanu (dy3ugoBa KucjaoTa) -
CTepOIJHUN aHTHUOIOTUK (MICTUTb LIMKJIOTIEHTAH-
nepriipodpeHaHTpeHOBe  A4p0 -  puc. 21)
NPUPOJHOTrO MOXOJKEHHS (IPOAYLeHT IpUbOK
Fuzidium coccineum), SKUH BUKOPHCTOBYIOThb
JUISl TepopasIbHOTO, MapeHTepaJbHOTO Ta

HO"

MICLEBOTO  3aCTOCyBaHHA. Mae NOTYXHY
6aKTepiocTaTUYHY /[lit0, iHTiOy€ TpaHC/I0Kallito
nentuauaoBoi TPHK 3 P-uenTpy no A-uieHTpy
pubocomHy, 3anobiraouu gucolniianii KOMIaEKCy
MiX ryaHosugodochaToM i pubOCOMOIO, 1110
NPU3BOJAUTH [0 NMPUIUHEHHA eJIOHTralii moJi-
nenTuAHoro JaHmoxkka. /Jlo  ¢ysuzoBoi

KHUCJOTH YyTJaUBI ['* MikpoopraHiamu: ctadisio-
KOKU (B ToMy umciai MRS), cTpenTokoku i
KJIOCTPUAIIL.

Puc 21. CrpykrypHa popmyaa py3HAOBOI KHUCAOTH

CymicHa Aia agTHGioTHKIB i HU

3a ocTaHHi poKM Kpalle 6ysja BUBYEHa
B3aemozia HY 3 [-sakTaMHMMHM 1 aMiHo-
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[JIIKO3MJAHUKKA aHTHOIOTMKAaMM, HATOMICTb
HalilMeHUI BHUBYeHi noJjinentuiy, Qys3uzaHu,
JIIHKO3aMiZi1 Ta aMiHOKyMapuHH (puc. 22).


https://uk.wikipedia.org/w/index.php?title=Fusidium_coccineum&action=edit&redlink=1
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Puc. 22. KiAbKiCTBE AOCAIAYKEHD 32 KAACOM aHTHOIOTHUKIB, KOH’ FOroBauux Merasiuanmu HU

(Overview, 2024)

Po3yMiHHS 0c06JIMBOCTEN MexaHi3MiB
aHTUOaKTepia/bHOI il aHTUOIOTHKIB € HA/I3BU-
4YyalHO BaXK/IMBUM, OCKiJIbKH ix noeaHaHHs 3 HY
JI03BOJISIE 3alyCTUTHU PYHMHYBAaHHA KJITHUH
MIKpOOpraHiaMiB 3a pi3HUMU HaNpPAMKaAMU
OZIHOYACHO, 3abe3neyyryd iX TrapaHTOBaHe
3HULeHHd. Tak, Hanpukiaaz, HY Moxe
JIOCTaBJIITA aHTUOIOTUK y CKJIaZi XesaaTy [0
NOBEPXHi KJITHUHH, NPU LbOMY IMOJIETIUTH
NPOHUKHICTh KJITHHHOI CTiHKH i MeMG6GpaHHU
JJI1 aHTHOioTHMKa. AGO HaBIaKH, aHTHOIOTHUK
NOKpalWUTh neHeprpayito HY y kiaiTuHy
6akTtepil. Jlia HY w™oxe iHribyBatu pairo
6akTepianibHUX GepMeHTIB (Hanpukaaza, [3-
JlakTaMa3Hd Ta KapbaleHeMasH, 1110 PYHUHYIOTb
aHTUOiOTUKM) 1 B pe3ysbTaTi, 3amobirTu ix
pyyHyBaHHI0. HY MOXyTb BHABATHU KaTasi-
TUYHY aKTUBHICTb, BIUIMBAaOYM Ha aHTHU-

MaTOqg A

MeTOon B

Cine meTany

DyHKUIioOHaAnisoBaHa
NoBEpPXHA MEeTaneBux
HY

BigHOBHUK

6akTepiaJbHy [lil0 Ta KOHLEHTpaLil0 aHTUOi0-
THUKa. flK [OKa3a/i NpoBeJeHI JOCJi[XKeHHs,
aMMiUuIiH Ji€ Ha KIITUHHY CTiHKY, [J03BO-
Jdawodu npoHukHytd Ag HY B puromnasmy
naToreHHUX MikpoopraHiamiB Haemophilus
influenzae Ta Streptococcus pyogenes, a caM
KoMIIeKkCc amninuiaiH-AgHY cnosyyaeTbca 3
JAHK i mepemko/kae 1i po3Kpy4dyBaHHIO, 110
NPU3BOAUTL A0 3arubesii MiKpoOHUX KJITHH.
Takuit kommiekc ammiguiaiH-AgHY  6yJ0
3alpONOHOBAHO /10 BUKOPUCTAHHA B MeJJUL| 1 HI
B AKOCTiI KOHCepBaHTa JJi eHJOoTpaxealbHUX
Tpy6ok (Hasoon et al, 2024).

CrHTe3yBaTH KOMILJIEKCU MeTasiyHi HY -
aHTHUO6I0THMK MOXKHa YoTpuMa crnocob6amu (Huh
& Kwon, 2011; Shabatina et al, 2023; Hasoon et
al, 2024), o cxeMaTH4YHO NMOKa3aHO Ha puc. 23.
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Puc. 23. MeToAH yTBOpEHHA KOH’IOraTy aHTHOioTHKA Ta MeTaaiuanx HU
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B Metoxi A MertasniyHi HY cuHTE3ywOTH
OKpeMo, a MOTIM 3MillylTb 3 pPO3YMHOM
aHTUOioTHKa 3 ¢IKCOBAaHMMHU IapaMeTpaMu
(Temnepatypa, pH Towmo) ymoB. lle Haibinb1
nomvMpeHud i nonynapHur Meton. Ulnax b
nepenbadyae XiMiyHHM ab60 KOMOGiHOBaHUHU (3
BUKOPUCTAaHHSAAM  POCJMHHHUX  €KCTPaKTiB)
cuHTe3 MeTaliyHuX HY 3a npucyTHOCTI aHTH-
0i0THKa, AKMH B OKpeMHUX BUIIa/IKaX MOXe OyTH
BiJHOBHUKOM, Ta Gi/IbLI CUJIbHOI'O BiJHOBHHKA.
Hactynuuii, MeToj B, nepegbayae noyaTKOBUH
cuHTe3 MeTasiuHuxX HY, ix noganbiia ¢pyHkKiio-
HaJsi3allig (TiosiaMu, KApOOHOBHMU KHUCJIOTaMH,
bochinamu gucysnbdinamy, amiHamy, HITpH-
JaMM) 1 HacTynHUM eTanoM 3’€JHAaHHA 3
aHTubiotukoM. Meton I' mepepb6adae cuHTE3
MeTasiyHux HY nwigxom xiMiyHoro BiJgHOB-
JIEHHSl 3 COJIeH, KOJIM y SIKOCTi BiJITHOBHHKa
BUCTYNIa€E caM aHTUOIOTUK (HaANpUKJAJ,
TeTPaLUKJIiHHA, MAaKpOJIiAu 260 IJIiIKONEeNnTUIH).

CuHepreTuyHuii BIAUB aHTHOIOTHKA i
HAaHOYACTOK METAAIB

BaXJIMBMM aprymMeHTOM, ILIO TNOACHIOE
MiBUIIEHHS AKTHUBHOCTI aHTHUOIOTHKIB Tif
Aiero HY meTautis, € rinotesa mjo040 yTBOpeHHA
cneyudiyHOoro Komiuiekcy «MmetaseBa HY -
MoOJIeKyJia JIIKapCbKOTO 3acoby». 3ampoIoHO-
BaHO KiJibKa MOACHEHb CUHEPriYHOr'0 BILIUBY,
KoJM GakTepii TMHyJMd BiA Ail KOMIJIEKCY
IIBU/IIe | IOBHille, HDK NpU OKpeMin Ail
aHTtub6ioTukiB i HY y cniBpo3mipHux ajs

KOPEKTHOTO  TNOPiBHAHHS  KOHIlEHTpalisix
(Agreles et al., 2022).
Bysio pgociaipkeHO CyMicHUW  BIJIUB

aMIIiUJIiHY, KaHaMillMHy, epUTPOMILMHY Ta
xaopaMdeHikoany 3a npucytHocti AgHY Ha
KyJbTypax OakTepii S. aureus, Micrococcus
luteus, S. typhi Ta E. coli. ABTOpY NpUNYyCKAIOTh,
110 CUHepPreTUYHUH eQPeKT CIpUYMHEHUH
peakli€lo 3B’I3yBaHHS MiX TiZJpOKCUIBHUMU
Ta aMiHOTpyInaMu aHTHU6I0TUKIB i HAHOCPi6GJIOM
uaxoM xesiatyBaHHd. Knacrepu AgHY cranu
OTO4YEHi MOJIEKYJIaMU aHTUOIOTUKIB. Y BUNIaJ Ky
aMIiLuWJIiHy, WOro BIJIUB MNPU3BOAUTH [0
PYVHYBaHHS KJITUHHOI CTIHKHU | IDOHUKHEHHS
HY B nuromsnazmy 6akrtepih. Kpim Toro,
JOCJIIJHUKHU PO3TJIALAA T MOXJIMBICTb BIJIUBY
koMIuiekcy «AgHY-amninuiain» Ha JTHK Ta PHK
(Fayaz, 2010).

[HIII JOCHiAHUMKYM BCTAaHOBUJIA CUHepre-
THyHUU edpekt AgHY B kKommiekci 3
HAaCTYIHHMHU aHTHUOIOTMKAaMHU: €HOKCAaLUHOM,
KaHaMiLlMHOM, HEOMIIJMUHOM i TeTpaluKJiHOM
npoTtu Salmonella sp. 1 NOsICHEHHSI aBTOpH
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3allpONOHYBAJIA YOTUPUCTYNIHYACTUN MeXaHi3M
YTBOPEHHSA CKJIAQJHOTO BIKPUTOIO KOMILJIEKCY.
CnoyaTKy MOJIEKYJIM aHTHUOIOTUKIB cHoJy-
yatoTb 3 AgHY B kKoMmjekcw, NOOTIM i
KOMILJIEKCH 3B'A3yI0ThCs 3 6akTepietwo. [Ipuen-
HaHi /10 6aKTepil KOMIJIEKCH BUBIJIbHAIOTb Ag*
6inbiie, Hixk Ag-HY 3a Tux camux ymoB. Takum
YMHOM BHHHKA€ JIOKAJbHA BHUCOKA KOHLEHT-
pauis Ag* 06ing mnoBepxHi 6akTepii, ioHHU
PYWHYIOTH MOKPUBU | NMPOHUKAKTH B LUTO-
Ja3My, MOIIKO/PKYIOUM OiJIKM i HYKJIEIHOBI
kucsaoTu 6aktepid (Deng et al, 2016).

CHMHTEe30BaHO MeTaJIOKOMIJIEKCH Ledik-
cumy 3 Cu(ll), Zn(II), CA(II), Fe(Ill) Ta Ni(II).
[IpoBejeHO  eJIEKTPOHHI CHEKTpaJbHI Ta
UMKJIIYHI BOJIbTaMIIEPOMETPUYHI JOCTII2KEHHA
B3aeMo/il komIuiekciB MetasiB 3 IHK Tumyca
TendaTU. Pe3ysbTaTh CBig4aTh Mpo Te, L0
KOMILJIEKCU MOXyTb 3B’sa3yBaThcad 3 /JIHK
nisxoM BOyaoByBaHHA. Kommaekcu Cu(ll),
Zn(Il), Cd (II) i Ni(Il) va CEMi nokazanu
KBaJIpaTHyY IJIaHapHy reometpito. Kommekc
Fe(Ill) 6yB HaWbisbll aKTHBHUM 1 MaB
OKTaeApU4yHy reoMmeTpio. ¥Yci KOMILIEKCU
NOKa3aJu [lelll0 BHUIYy aHTUMIKpOOHY aKTHUB-
HiCTb, HiXXK YMCTUH npenapat uedikcuM mij yac
TeCTyBaHHA Ha S. aureus, E. coli, K. pneumoniae,
Proteus vulgaris i P. aeruginosa Ta NJiCHABUX
rpubiB Aspergillus niger, Rhizopus stolonifer,
Aspergillus flavus, Rhizoctonia bataicola Ta
C. albicans (Pillai & Latha, 2016).

[HOI0}0 BaroMor NPUYMHOK [JI1 BUKO-
puctaHHa MeTaseBux HY pasom 3 aHTUGiOTH-
KaMHU € BCTAHOBJIEHA JeKHMMH JOCAiJHUKAMU
MOXJIUBICTb CTBOPEHHSl IHOBALliIMHUX CUCTEM
Ui/1IbOBOI AOCTaBKU JIiKiB. lgesda mnoJssrae y
Moaudikauii MertaseBux HY mnosiMmepHuM
HNOKPUTTAM ab0 PyHKILioHai3aLii BinoBijHO
10 XapaKTEePUCTUK peLenTOopiB Ha IMOBEPXHI
Mikpo6Hoi kiaiTuHu. Tak, HY giokcuay cpi6ga
Ta TUTAHY, IOKPUTI MOJIMOJIOYHOK KUCJIOTOIO,
Oysn po3pobJsieHi A/ LiJBOBOI [OCTaBKH
Hopdokcanuuy i TeHokcukamy (Salahuddin et
al,, 2021). HanocucteMu 30s10Ta, GyHKIiOHATI-
30BaHi CUPOBAaTKOBUM a/bOyMiHOM, OyJu
BUKOPUCTAHI JJ1d aZipecHol JJOCTaBKU TeTpa-
LUKJIHY, OKCUTETpaLUKJ/JiHy Ta poJiiTeTpa-
LMKJIiHY. ATbOYMiHU CHPOBAaTKHU KPOBi, Maloyu
cneuudiyHi calTU 3B’sI3yBaHHSA 3 JIiKApCbKUM
3aco6aMy, NpU LbOMY BUKOHYIOTb KJIACHYHY
TPaHCNOPTHY PYHKIiI0, a CHEeKTpasbHa aKTUB-
HICTb HAHOKJACTepiB 30/10Ta [JO3BOJIUTH
3a6e3Me4YuTyH MNOCTIMHUKA MOHITOPUHT 30HU
JikyBaHHs (Meena & Kishore, 2021).
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BucuoBok CTaJM [0 HUX CTiMkUMU. Kpim Toro, HOBI
aHTUOaKTepia/JbHi cMCTEMU MOBHHHI BiANOBI-
JlaTU BHMOTaM aZipecHOl JOCTaBKHU I KOHTPO-
JIbOBAHOTO BUBIJIbHEHHA MOJIEKYJ JIiKiB.
[lepen6adyaeThbcs, 1110 BCTAHOBJIEHUHM CUHEPTi3M
0OYMOBUTb B  MOAAJbIIOMY  3HWKEHHS
epeKTUBHHUX [103 i, BiANOBIIHO, TOKCUYHOCTI
pasoM 3 HebaXaHUMHU MOOIYHUMHU edeKTaMU
000X CKJIaZJOBUX KOMIIJIEKCY: IK aHTUOIOTHKIB,
Tak i HaHo4YacTUHOK. MeTasieBi HY MeTabo.i-
3yI0TbhCA OPraHi3MOM JIIOAWHU CYTTEBO JOBlIE,
HDDK OpraHiuHi MoJieKyJd aHTHOIOTHKIB, 110
TaK0XX BaXXJIMBO [/ JOCSATHEHHS1 CTiMKUX
TepaneBTUYHUX ePeKTiB.

Ha cboropHi nepen focaifHUKaMU CTOITh
3aB/laHHSA CTBOPUTH aHTHUOAKTepiaJibHI Npena-
paTH HOBOTO NOKOJIIHHA. BpaxoBylo4u cy4acHi
BUMOT'M, TPUBAJICTb PO3POOKU Ta peecTpaLii
JIiIKapChbKHUX IMpenapariB, HOBi 3ac06M MawTb
3a6e3Me4YuTd BKpall MNOBiJibHE BHUHUKHEHHS
PE3UCTEHTHOCTI Yy MNaTOreHHUX MiKpoopra-
Hi3MiB. Haxkasib, mOBHA BiICYTHICTb PE3UCTEHT-
HOCTI HEMOXJIMBa, 00 BOHa € NPUPOAHUM
eBOJILIMHUM npouecoM. [loefHaHHA MeTase-
Bux HY i aHTH6iOTUUYHUX NpenapaTiB 36epirae
3/IaTHICTb OCTAHHIX 3HUIIYBAaTH OakTepii, AKi

3asBa incruryniiizoi pesisiiinoi paau / Institutional Review Board Statement
He 3actocoByeTbcs / Not applicable.

3asBa npo ingopmosany 3roay / Informed Consent Statement
He 3actocoByeTbcs / Not applicable.
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OCOBJIMBOCTI BMJOBOI'O PISBHOMAHITTSA OUKJIOIIOIAHMX KOIIEIIO/,
IIPVPOJHO-3AINOBIIHUX OB’EKTIB YKPATHCHKOTI'O ITOJIICCA

T~

Liudmyla Gaponova

FEATURES OF SPECIES DIVERSITY OF CYCLOPOID COPEPODS
IN NATURE RESERVES OF UKRAINIAN POLESIE

DOI: 10.58407 /bht.2.24.4

AHOTAIIA

MeTa po60TH. BuBYeHHS BU0BOr0 Pi3HOMAaHITTS I[UKJIONOIJHUX KOMEMNO/| y BOJOWUMAaxX MPUPOJHO-3aM0BIAHUX
00’€KTIiB 3 pi3HUM OXOPOHHHM CTATyCOM Ta NPOBeJeHHSA MOPIBHSAJBHOI'O aHaJi3y BHUJOBOIO CKJIaZy LMKJIOMNIA Ta iX
KOMIIJIEKCIB B 03epax B Mexax NpUpoHO-3anoBigHux ¢oHAiB ([13P) Ta 3a ix MexxamMHu.

MeToposorisa. MaTepian 36upanu npotsarom 2014-2021 pokiB 3 6epe3Hs no Jsucronag y Bogoimax [13® Ha
TepuTopii KuiBcbkoro ta Yepnirisebkoro [losiccs. Iy nopiBHAHHS, BUKOPUCTOBYBaBCS MaTepiaJ, AKUW Bifbupaau 3
o3ep micta Kuesa B 2013-2016 poxax. [Ipo6u Bigbupanyu masxoM 3MHUBY 3 POCJAMHHOCTI, BUIy4eHOI 3 BOJLOMMH Ta
¢dinbTpalielo BoAU 3a JOMOMOrOI0 MJAHKTOHHOI CiTKU. BupoBy ifeHTudikaniro nukaonis mpoBOAUIM Ha KUBUX
06’eKTax, abo roTyBaJiv IpenapaTH B IVIiIlepHHi, BAKOPUCTOBYIOYH OCHOBHI po60TH 1o 1i#i rpyni (Monchenko, 1974; Lee
et al.,, 2005; Gaponova & Holynska, 2022). /lnsg nopiBHAHHSA 03ep 32 BUAOBUM CKJIAJIOM I[UKJIOMNIL BUKOPUCTOBYBAIH
iepapxiuHUM KJacTepHUI aHa/i3 Ha OCHOBI BiZICOTKY HEY3TO/IX)KEHOCTI.

HaykoBa HoBU3HA. HaBezieHO pe3yibTaTH JOC/iP)KEHb BUOBOT0 Pi3HOMaHITTA LUKJI0MIA BogoUM KuiBcbKkoro
Ta YepHiriscvkoro [losiccs. [IpoBeseHo NOPiBHANMBHUN aHai3 KOMILJIEKCIB BU/IB LIUKJIONIJ 03ep Ha TepuTopii [13P Ta
M. KueBa.

BucHoBkM. [locnimkeHi 06'exktu [13® xapakTepu3ylTbCs 3HAaYHUM BHJOBHUM pi3HOMAHITTAM LUKJOMIZA -
3apeectpoBaHo 27 i3 Bifomux A Ykpaincekoro Ilosicca 49 BuAiB, Ta HasiBHicTIO piakicHuxX BuUAiB (Eucyclops
denticulatus, Paracyclops affinis Ta Paracyclops poppei).

B pe3ysibTaTi NOPIiBHAJBHOI'O aHasi3y 06yJ0 BHUSBJEHO, 1[0 03epa 06'ekTiB [13® xapakTepusyrThbCA OiNbIIUM
BUJIOBUM DI3HOMaHITTAM LUKJOMNIL y MOpiBHAHHI 3 o03epamMu M. KueBa. Takox BIiJMiHHICTIO € He3Ha4Ha
npezctaBseHicTb (1-2 BUM) abo BiACyTHICTb y MiCbKHX 03epax BH/IB, 1110 HajleXaTh 0 03€PHO-PiYKOBOI0 Ta 03€PHO-
CTaBKOBOI'0 KOMILJIEKCIB.

OT>e, HaBe/leHi BUIIe JaHi CBiAYaTh MPO Te, 0 AOCJiIKeHi MPUPOL0-0XOPOHHI 06'EKTHU € I[IHHUMH 00'€KTaMU
PUPO/HO-3aM0BiJHOr0 QOH/AY i He 3BaXkalouM Ha Te, 1110 MalOTh PiI3HUI OXOPOHHUH CTATYyC, 3a6e3Me4uy0Th 36epeKeHHs
BH/IOBOTO Pi3HOMaHITTS BECJOHOTMX PAKONOJi6GHMX, 0COGJIMBO PiAKICHUX BH/IB, 2 OTXKe BUCTYIAIOTh pe3epBaTaMu
6iopisHOMaHITTS.

KiiouoBi ciioBa: 6iopisHomaHniTTs, piakicHi Buan, Copepoda, Cyclopidae, mpupogHo-3anoBigHu# GoH[,

ABSTRACT

Purpose of the work. To study the species diversity of cyclopoid copepods of protected areas with different
protection status, and to conduct a comparative analysis of the species composition of cyclopids and their species
complexes of lakes within and outside the protected areas.

Methodology. The material was collected over 2014-2021 from March to November in protected areas in Kyiv
and Chernihiv Polesie. For comparison, the material collected in the lakes of Kyiv city over 2013-2016 was used. Samples
were collected by washing from macrophytes removed from the water bodies and by filtering the water using a plankton
net. Species identification of cyclopids was carried out on live specimens or preparatums in glycerol, using the main
works on this group (Monchenko, 1974; Lee et al., 2005; Gaponova & Holynska, 2022). Hierarchical cluster analysis based
on the percentage of disagreement value in cyclopid species composition was used to compare the lakes.
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Scientific novelty. The results of the cyclopid species diversity study in the water bodies of Kyiv and Chernihiv
Polesie are presented. A comparative analysis of the cyclopid species complexes in lakes on the territory of the protected

areas and the city of Kyiv has been carried out.

Conclusions. The studied protected areas are characterized by a significant species diversity of cyclopoid
copepods - 27 of 49 species known for Ukrainian Polesie were recorded, and the presence of rare species (Eucyclops

denticulatus, Paracyclops affinis and Paracyclops poppei).

The comparative analysis demonstrated that the lakes of the protected areas are characterized by a higher species
diversity of cyclopids compared to the lakes of Kyiv city. They are also differed by a low representation (1-2 species) or
absence of species belonging to the lake-river and lake-pond complexes in urban lakes.

Thus, the above data indicate that the studied protected areas are valuable objects of the nature reserve fund and,
regardless of their protection status, provide the conservation of species diversity of cyclopoid copepods, especially rare

species, and therefore serve as biodiversity reserves.

Key words: biodiversity, rare species, Copepoda, Cyclopidae, protected areas

Beryn

P03BUTOK JII0ICHKOTO CYCIIJIBCTBA IOPYLLYE
6iosioriuHy piBHOBaAry cepenoBHuila i 3anob6irtu
IbOMY HEMOXJHMBO 0€3 HayKOBO OOIPYHTO-
BAaHOrO BTpPYy4YyaHHS B MNpUpoAy 1 po3poOKuU
ONTUMAJIbHOT'O CIIiBBiHOIIEHHA MPUPOLHOIO
cepenoBulia i TpaHchopmoBaHoro (Sheliah-
Sosonko, 1973). HaykoBuii migxia A0 oXopoHU
BUAiB ¢siopu i dayHU mnosasrae B OOGIPYHTO-
BaHOMY BiZioopi BUJIB POCJUH i TBAapHH, IO
NiJAJATal0Th  OXOpPOHI, CTBOPEHHI CUCTEMU
3anoBiHUX OO6’€KTIB i MJIaHyBaHHI opraHisa-
LiMHUX  3axoiB. /JliAZbHICTB NPUPOJHO-
3al0BIIHUX YCTAHOB B Ileplly 4Yepry cupsamo-
BaHa Ha 306epeXeHHs1 MPUPOAHUX Miclb
ICHyBaHHA BM/IB, 110 MiJAral0OTb OXOPOHI.
Oco6sMBO 1l BaXJMBO /[ 6e3XpebeTHUX
TBapuH, OXOpPOHA fKWUX YacTO 3BOJUTLCH [0
OXOpPOHHU 6i0TOMiB, B AIKUX BOHU TPAMJISOTHCS.
BoaHouyac npoBeseHHs1 6i0J10TiYHOrO0 MOHITO-
PUHTY 06’€KTIiB NPUPOAHO-3aNI0BiAHOTO GOHAY
(IT13®) € BaKJIMBUM i1 BUPillleHHS MHUTAHHS
PO IX penpe3eHTaTUBHICTb.

bBiopizHoMaHITTA MIPUPOJLOOXOPOHHUX
TepuTopit KuiBcbkoro Ta YepHiriBcbkoro
[Tosiccs BUBYEHO HemocTaTHbO. OCOOGUBO 1ie
CTOCYETbCA TipOOIOHTIB, TaKUX SK IHUKJO-
noiJHi komemnoau, siki € APiGHUMM Ta MOTpe-
OyI0Tb NPOBeJEHHS ClleljialbHUX JOC/i/P)KEHb.
Tak, y po6oTi npucBsdeHiil /leCHIHCbKOMY
ekosiorivHoMy  kopuzopy (Kostiushyn &
Prekrasna, 2010), ae HajJaHa 3arajbHa
iHpopMalisa npo 6e3xpebeTHUX TBApUH, JlaHi
1110/10 3ra/laHol Ipyny TBapuH BiACYTHI.

MeTo0 HalIOro AOCAiP)KeHHS € BUBYEHHA
BUJ0BOTO pPi3BHOMaAHITTHA LIMKJI0MNOiIHUX
konenoy, (Copepoda, Cyclopoidae, Cyclopidae)
Boz10MM [13® 3 pi3HUM OXOPOHHUM CTATyCOM Ta
NpOBeJleHHA OPiBHAJIBHOT'0O aHaJIi3y BULOBOTO
CKJIQly LMKJIOII/ Ta IX KOMIIJIEKCIB B 03epax B
Mexax [13® ta 3a ix Mmexxamu. llg iHpopmalida €
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OCHOBOK [IJI1 MOHITOPUHIOBUX JOCJIPKEHb
6i0pi3HOMAHITTA BOJOMM, fIKi CIPUAIOTH BUSIB-
JIEHHI0O HOBUX MiClle3HaX0/»KeHb PiAKICHUX 1
3HUKAK4YHUX BU/IB Ta € B&XKJIHWBUMU A/ OLLiIHKH
CTaHy 306epeXeHOCTi MomyJsliil i po3poOKu
3aX0/AiB AJid iX OXOPOHM.

Marepiaau Ta METOAM AOCAIAJKEHHSA

Martepian 36upanu npotsirom 2014-2021
POKiB 3 6epe3Hs 1o JiMcTonaj y BogorMax [13®
3 pi3HUM OXOPOHHUM CTATyCOM Ha TepUTOpil
Kuiscbkoro ta YepHiriscbkoro [losticca: nicoBui
3aKa3HUMK MiclieBoro 3HadyeHHa  «PubHe»
(komanka, 50°28'09.2"N 30°42'24.8"E), 3aKa3HUK
3arajibHO/Zlep>KaBHOro 3HayeHHd «JliCHUKu»
(p- CiBepka, 03.lllanapHs, TUM4acoBi BeCHsHI
BOJOMMH, BiJibXoOBi 6oJsiota, 50°17'03.8"N
30°33'36.9"E), rizposioriyHa nam’siTka-npupou
«03epo MarictpaTrcbke» (03. MaricTpaTchbKe,
51°28'26.2"N  31°20'12.6"E), 6o0TaHiuyHU}
3aKa3HUK MICLLeBOro 3HayeHHd «Ypouwulje
BesonHsa» (03. be3osHs, CTpyMOK, TUM4YacoBi
kastoxi, 50°18'32.1"N 30°29'38.1"E).

Jnd  TOpiBHAHHHA, BUKOPUCTOBYBAaBCH
MarepiaJj, BifjibpaHuii B o3epax micrta Kuesa
(03. HoppaHceke, 50°29'37.9"N 30°30'09.7"E;

03. MiHcbKe, 50°31'08.6"N 30°28'22.0"E;
03. HmxHilt Teab6in, 50°25'08.2"N 30°36'08.6"E;
03. Oneyenb, 50°30'58.0"N  30°28'22.0"E;

03. Pegbkino, 50°32'44.3"N 30°28'52.7"E) B
2013-2016 poxkax.

[Ipo6bu BigOUpanu UIAXOM 3MHUBY 3
POCJMHHOCTI, BWJIy4YeHOI 3 BOJOWMH, Ta
dinpTpaniero BoAM 3a [JIONOMOTOK MJaHK-
TOHHOI ciTkH (Gaponova, 2016). YacTuHY 3 HUX
¢ikcyBanu 40 %-HUM po34YHHOM (QopMasiHy
abo 70-96 %-HUM pPO3YMHOM €TUJOBOTO
CIIMPTY, A JedAKi BUBYaJM In Vvivo. Bugosy
inenTHdikanilo UMKJIOMIA NPOBOAMJIM HA
KMUBUX 06’€KTax abo roTyBa/iM IpenapaTd B
rainepuHi (Dussart & Defaye, 2001).
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JocnijpkeHHA 3paskKiB NpPOBOAWIUA 3a
JonoMoroto MikpockoniB: Olympus BX-51 3
DIC-koHTpacToM Ta poTokameporo, SZM-45T2 Ta
Bresser BioScience. /ljis1 BU3HauYeHHsI LIMKJ/OMI/
KOPHCTYBa/IUCSI OCHOBHUMHU PO6GOTaMU MO LiH
rpyni (Monchenko, 1974; Lee et al, 2005;
Gaponova & Holynska, 2022). Ha3Bu BuzaiB
HaBeJeHi 3rifHo World Directory of Crustacea
Copepoda of Inland Waters. Cyclopiformes.
(Dussart & Defaye, 2006).

11 OpIBHAHHA 03€ep 3a BUJOBUM CKJIa-
JIOM IJUKJIOMi/J, BAKOPUCTOBYBaJIM i€epapXiuyHUMN
KJACTepHUM aHa/li3 HA OCHOBI BIiJCOTKY
Hey3ro/KeHOCTI, JieHJporpaMy OyJayBaju 3a
MeToZoM noBHoro 3aB’A3Ky (Chugaievska &
Kovtun, 2022).

Pe3yapTaTh Ta iX 0OrOBOpeHHA

Bupose pizHomaHiTTa nukiaoniyg 3.
B pgocnimxenux Bomodmax [I13®  6yso
3apeecTpoBaHO 27 BU/IiB BECJOHOTHX pPaKo-
noaioHux. lle cknagae 55 % BUAOBOro cKIaay
Ykpaincekoro Ilosiccs1, gnsa gkoro BigoMo 49
BUAiB nukionia (Monchenko, 1974; Shevtsova
& Huleikova, 2005; Gromova et al., 2019).
Takox Oysio BusiBJeHO 3 i3 6 BigoMux s
MOJIICBKUX BOJOWM PiIKICHUX BU/IiB IUKJIOMIiJ —
Eucyclops  denticulatus  (Graeter, 1903),
Paracyclops affinis (Sars, 1863) ta Paracyclops
poppei (Rehberg 1880).

Ak 3a3Hava€eThCA B JIiTEepaTypHUX JKepe-
Jnax, Paracyclops poppei Xo4 i Mae WUPOKUM
apeaJ, aJse € pigkicHuM BuioM (Sovinskii, 1888,
Monchenko, 1974). HalixapakTepHillUMU
MIiCLAMU iICHYBaHHA [|bOT0 BUAY € PI3HOMAHITHI
6oJsioTa, 3a00/104eHi YacTUHU CTaBKiB i o3ep.
Takox Paracyclops poppei 6yB BigMiueHUN y
nputokax p. [Ipun’aTti (Gromova et al.,, 2019).
Hamu BiH BUSIBEeHMU B KOMNaHIi 3aka3HUKa
«Pubne» (Gaponova, 2016).

[Hmuit Bunxg - Paracyclops affinis, 3a
JiTepaTypHUMU [JAaHUMHU BUSIBJIEHUU JIMlIe B
JeKux Micuax p./lHinpa Ta HOro NpUTOK;
3yCTpIYaETHCA PiJKO, MepeBaXXHO B piyKax Ta
BesIMKUX o3epax (Monchenko, 1974). Paracyclops
affinis 6yB 3apeecTpoBaHui HaMH B 03. lllanaphs,
a TaKoX padime B  03. MaricTpaTcbke
(Gaponova, 2019).

Bup, Eucyclops denticulatus 3a niTepaTyp-
HHMM JJAaHHUMU BifiMiyaBca B YKpaiHi pifKo, a
Juist KuiBcbKoi 06Js1acTi 3apeecTpoBaHUM JinIle
B JedKUX BOJOMMax o06JiacTi i OKOJIHIb
M. KueBa (Monchenko, 1962, Monchenko,
1974). Hamu 6yB 3HaiieHud B 03. llanaphs
3aKka3HuMKa JIiCHUKM, a TakoX, paHilie, B
craBkax napky ®eocdanis (Gaponova, 2014).

51

HaBezeHi Bullle AaHi CBigYaTh Npo Te, 110
nocaimkedi 06’ektu [13P, He 3BaXkaro4M Ha Te,
110 MaKTb pI3HUU OXOPOHHHUM CTATYC, €
iHHUMU O00’€KTaMM MPHUPOJHO-3aMOBiJHOTO
bOoHAY, OCKIJIbBKU XapaKTepU3yThCsl 3HAYHUM
BUJOBUM pi3HOMAHITTAM LAKJIOIII, I
HaABHICTIO PiAKICHUX BUJIB.

IlopiBHAJIBHMMA  aHa/i3  BHUAOBOroO
CKJIaAy UMKJIONiJ AOCIiJ)KeHUX BOJOWM B
mexax I[I3® Ta 3a ix Mexkamu. O3epa €
TUIIOBUMHU BOJOMMaMU SIK i1 ypOaHi30BaHUX
nanamadTiB, Tak i Tepurtopin II3® Ta €
HaWOI/NbLI MOIIMPEHUMHU cepef; LOCJIiIKEHUX
HaMU TUIIB BOJOUWM. 3arajioM B JOCJiIKEHUX
o3epax BuABJeHO 20 BUJIB LUKJIONIA. 3a
kjaacudikauiero B.I. MoHyenko (Monchenko,
1974), 3apeecTpoBaHi BUAU BigHOCATHCA 10 6
KOMILJIEKCIB: 03epHO-piukoBi — 6 BuaiB (Cyclops
vicinus vicinus Uljanin, 1875, Eucyclops macrurus
(G.O. Sars, 1863), Eucyclops speratus (Lilljeborg,
1901), Paracyclops affinis, Paracyclops fimbriatus
fimbriatus (Fischer, 1853), Thermocyclops oitho-
noides (G.O. Sars, 1863)), 03epHO-CTaBKOBi -
5BugiB (Cyclops kikuchii Smirnov, 1932,
Eucyclops denticulatus, Eucyclops macruroides
macruroides (Lilljeborg, 1901), Microcyclops
varicans varicans (G.0. Sars, 1863), Thermo-
cyclops crassus (Fischer, 1853)), eBpuTonHi -
4 Bugn  (Eucyclops  serrulatus  serrulatus
(Fischer, 1851), Macrocyclops albidus (Jurine,
1820), Megacyclops viridis viridis (Jurine, 1820),
Mesocyclops leuckarti (Claus, 1857)), kommiekc
BHU/IiB, 1[0 HaceJSIOTb BOJOMMHM 3 HHU3BKUM
3HaueHHAM pH - 2 Bugu (Cryptocyclops bicolor
bicolor (G.O. Sars, 1863), Macrocyclops fuscus
(Jurine, 1820)), ™emKkaHl[i MepeCcUXaAYUX
BojoM - 1Bupa (Acanthocyclops vernalis
(Fischer, 1853)), 6osa0THi - 1 Bug (Ectocyclops
phaleratus phaleratus (Koch, 1838)).

3a AOIIOMOTOK KJIaCTEpHOIro aHaJIiBy HaM#H
NpOBeJleHO MOPiBHSHHSA 03ep Ha TepuTopii 06’€KTIB
[M3® Ta o03ep M. KueBa 3a BHUJOBUM CKJIAZOM
quKIonifZ. Ik BUAHO 3 leHAporpamu (puc. 1), ozepa
PO3AIMINCA HA ABaA KJIAaCTepH.

[lepmmit  knactep 00’egHye  03epa
06'exktiB  [I3® Ta o03.HwxkHii TeabobiH.
KinbkicTh BUAIB y LUX 03epax € Ppi3HOI 1
CTaHOBUTH 14 BHUJIB - B 03. MarictpaTchbKe,
11 BuaiB - 03. llanapHus, 8 BuAiB - 03. be3oaHs
Ta 6 BUJAIB - 03. HmxkHili TenbbiH. B Mexax
NepUIOTO KJIacTepy MOKHA BUJIMTH IPy1y, 10
BKJIIOYa€ 03. Marictparcbke Ta 03. [llanapHs,
SIKi XapaKTepu3yTbCs HAaUOUIbIIUM BU0BUM
PiI3BHOMAHITTAM UMKJONIJ Ta HaWOiJIbILIOK
NpeJjCTaBJEHICTI0O BU/IB, L0 HaJeXaTb [0
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o3epHo-piukoBoro (5BuUAIB) Ta o03epHO-
ctaBkoBoro (5 BuAiB) koMmmiekciB. B o3epi
MaricTpaTcbkoMy B yrpynoBaHHI 3a y4acTo
paecty (Potamogeton sp.), psicku (Lemna sp.) Ta
canbBiHil (Salvinia natans) BigMidyeHa oJHa
3Haxigka  Buay  Ectocyclops  phaleratus
phaleratus. Xo4ya BiH BifjHeCeHUW OO0 BU/IB
00JIOTHOTO KOMILJIEKCY, aJle, fK 3a3Ha4da€
B. 1. Monyenko (Monchenko, 1974), moxe
TPaNJIATUCA B 3a00/104€HUX YaCTUHAX CTaBKIB i
o3ep. Y Apyriu rpyii o3ep LbOro KJjaacTepy, 110
BKJIIOYa€ 03. bezogHa Ta o3. HmxkHil Tenb6iH,
Oi/bII MpeACTaBJIEHUMH € BUAU €BPUTOIHOTO
KOMILJIEKCY — 3 BUJH, B TOM 4Yac K BUABJIEHO

Jiulle 2 BUJAM O3€pHO-piuKOBOTO Ta 1 BU[,
03epHO-CTaBKOBOT0 KoMIuiekciB. Kpim Toro, B
03. be3ogHa 3apeectpoBaHi 2 BuUAM, 11O
HaceJI0Tb BOJOWMHM 3 HU3bKHMM 3HAauy€HHAM
pH. HaneBHe ne ToMy, 10 faHe 03epo BiJHO-
CUTbCA [0 3alJlaBHUX BOJOMM, IO MawThb
0O0MeXeHUH BOJI00OMIiH 3 pycsoM. Ak BiA3Ha-
yeHo B po6oti (Karpova & Sereda, 2001), y
TaKUMX BOJOMMAxX BiJICYTHICTb MOCTiHHOIO
3B’AA3Ky 3 pYCJIOBOK CHUCTEMOIO PIiYKU CIIpUSAE

03. Maricrparcke

o3. llamapua

02. bezoana

03. Huxuii Teawbin

o3. HopaaHceke

0z. Peaskino

02. Minceke

02. OneyeHE

HAaKONIMYEHHI0O OpraHiYHUX pe4YOBUH, 3aMy-
JICHHI0O BOJIOMMHM 1 PpO3BUTKY IpOLeCiB
3a60/104yBaHHS.
Complete Linkage
Percent disagreement
0.1 0,2 0,3 0.4 0,5 0,6 0,7 0,8

0,0

Linkage Distance

Puc. 1. Aemaporpama BiAMiHHOCTEH Mi>k 03epaMm Meramoaicy 3a mexxamu I13®
Ta o3epamu 00’exTiB [13D 32 BHUAOBUM CKAAAOM ITHKAOITIA

Jpyruu kiaactep yTBOPIOE pellTa MiCbKUX
03ep, 110 3HaxoAATbcA 3a Mexxamu [13P. Kinb-
KiCTb BUJIiB B HUX € He3HaYHOl0 - 3-4 BuUAu. B
0o3epax, L0 BXOAATb Y [pyrUud KJACTep,
npejcTaB/eHi BUAA eBPUTONHOrO (3 BUAM) Ta
03epHO-piuKoBOTro (3 BHU/AU) KOMILJIEKCIB, B TON
yac K BUJMU 03€pPHO-CTAaBKOBOI'0O KOMILJIIEKCY
BiZicyTHI. Takox B 03. HopaaHcbKe 3apeecTpo-
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BaHul Cryptocyclops bicolor bicolor, saxuu
BIIHOCUTBCA [0 KOMILJIEKCY BUJIB LIMKJIOMIJ,
1110 HACeJSATh BOAONMH 3 HU3bKUM 3HAYEHHSAM
pH. B 03. PegbKiHO BHUSIBJIEHWH NpeACTaBHUK
KOMILJIEKCY BHU/IB, IPUYPOUYEHUX 10 Iepecuxa-
I0YUX BoJlouM — Acanthocyclops vernalis.

B pesysbTaTi NOpPIBHAJIBHOTO aHasi3y
O6ysio BUsIBJIEHO, L0 o3epa o06'ektiB 13D
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XapaKTePU3YIOThCA OUBIIMM BUJJOBUM pPi3HO-
MaHITTAM LUKJIONIJ Yy NMOPiBHAHHI 3 03epaMu
M. KueBa. [IpoTe OCHOBHOW BIAMIHHICTIO MiX
HUMM € BiJCYyTHICTb Y MiICbKUX 03epax YaCTUHHU
BU/iB, 1110 Ha/eXaThb /10 03epHO-PIiYKOBOro Ta
03epHO-CTaBKOBOI'0 KOMILJIEKCiB. Buau eBpurt-
onHoro komiuiekcy (Megacyclops viridis viridis,
Mesocyclops leuckarti, Macrocyclops albidus,
Eucyclops serrulatus serrulatus) BUsIBJIeHi SIK B
o3epax Ha TepuTopii 06’exTiB [13®P, Tak i mMicTa
Kuesa.

Bucuosxku

Hocnimxeni o6'ektu [13® xapakTepu-
3yIOTbCA 3HAaYHUM BHUJO0BUM pPi3HOMAHITTAM
LIUKJIOINIJ — 3apeecTpoBaHoO 27 i3 BijOMUX JJis
Ykpaincbkoro [losicca 49 BuAiB, Ta HasgsBHICTIO
piakichux BuaiB  (Eucyclops denticulatus,
Paracyclops affinis Ta Paracyclops poppei).

B pesysibTaTi nopiBHAJILHOTO aHaMi3y 6yJ10
BUSBJIEHO, 1110 03epa 06'ekTiB [13® xapakTepu-
3yIOTbCA OiIbIIMM BUJOBUM pPi3HOMAHITTAM
LMKJIONIJ y NMOpPiBHAHHI 3 03epaMu M. KueBa.
TakoXK BIAMIHHICTIO € He3HayHa IMpeACTaB-
JieHicTb (1-2 BuAM) ab60 BiACYTHICTD Y MiCbKUX
o3epax BM/iB, LI0 HaJeXxaTb [0 O03epHO-
Pi4KOBOr0O Ta 03€pHO-CTABKOBOT'0 KOMILJIEKCIB.

OTxe HaBeJZeHi BUle [aHl CBiA4YaTh MpO
Te, 10 AOCIiAKeHI MPUPO/I0-0XOPOHHI 06'€KTH
€ LiIHHMMHU 00'€KTaMU NPUPOJHO-3alI0BIAHOTO
doHAy i He 3BaXKar04M Ha Te, 1110 MaloTh Pi3HUH
OXOPOHHHMU CTaTyC, 3a0€3Me4y0Th 30epeKeHHs
BUJIOBOTO Pi3HOMaHITTA BECJOHOIMX paKoIlo-
JIIOHUX, 0COOJIMBO pIiJIKICHUX BH/IiB, a OTXe
BUCTYNAlOTh pe3epBaTaMu 6i0pi3HOMAHITTS.

3asBa incruryniiizoi pesisiiinoi paau / Institutional Review Board Statement

ExcnepumeHTanbHi npoueaypu 6yau cxBajieHi KomiTeTom 3 6ioeTuku HauionasnbHoro

yHiBepcuTeTy «YepHIriBCbKMHM  KOJIeriym»

iMmeHi

T.I. llleBuenka (N° mnpoTokoay: 4,

15 TpaBHs 2024 p., YepHiriB, YkpaiHa) / The experimental procedures were approved by the
Bioethics Committee of T.H. Shevchenko National University “Chernihiv Colehium” (Protocol

Number: 4, 15 May 2024, Chernihiv, Ukraine).

3asBa npo ingopmosany 3roay / Informed Consent Statement

He 3acTocoByeThbcs / Not applicable.
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TersiHa Mopo3oBa

O®EHOTUIITIYHA IIVJTACTUYHICTDb TRIFOLIUM REPENS L.
AK IHOPOPMATUBHA THAUMKATOPHA O3HAKA EKO®PITOMOHITOPUHIY

T~

Tetiana Morozova

PHENOTYPIC PLASTICITY TRIFOLIUM REPENS L.
AS AN INFORMATIVE INDICATOR SIGN OF ECOPHYTOMONITORING

DOI: 10.58407 /bht.2.24.5

AHOTAIIA

MeTta po6oTH. [lopiBHAJBHUN aHasli3 BHYTPIIIHbO- i MDKMOOMYyJ/ALiMHOI MiHJMBOCTI JIOKaJbHUX MOMYJIALIN
Trifolium repens 3a MaJIlOHKOM «CHBOI» IIJIIMHU Ha JINCTKY POCJIMH y Pi3HUX €KOJIOTIYHUX YMOBaX.

MeTogoJ10ria fociif)xeHb 6a3yBasaci Ha KaMepaJbHUX Ta MOJbOBUX JOCAIIKeHHAX, MaTepiaau 3i6paHo i3
BUKOPDUCTAHHSAM Teo00TaHIYHUX MeTO/iB. AHa/i3 reHeTHYHOro mnoJsiMop¢isaMy Ta iHAMBILyasbHOI MiHJIMBOCTI
IIPOBO/JIMJIM 33 3ara/IbHONPUUHATUMU MEeTOAUKAMHU.

HaykoBa HoBu3Ha. 3jilicHeHO aHaui3 nosimMopdiamy nonynasanii T. repens y pisHOQYHKIiOHAJBHUX 30HAX
yp6oekocucteMu. BctaHOBIeHO MOpdOreHeTUYHY OZHOPIAHICTD, 3 nepeBaxkaHHAM ¢enotunis O, A ta C y npupogHUx
nonyJsniax. [HAykoBaHa cepefjoBUIleM GeHOTUNIYHA IJIACTUYHICTh MOXKe O6YyTH KPUTUUHUM KOMIIOHEHTOM peaklii Ha
3MiHy cepefioBuIa. MexaHi3M 36epexeHHs noJiMop¢izMy B ypbocepeoBHUlLlli 00YMOBJIEHUH aJJalTUBHUMHU epeKTaMHU
HaAJOMiHYBaHHS, KOJM B MomyJsnil 36epiraloTbcs pi3Hi ajesi 3aBAsAKU 06asJlaHCYIOUOMY [JA060pY, 110 CHPUSE
reTepo3UroTHOCTI. TepUTOpiAM i3 BUCOKUM aHTPONOTE€HHHUM HaBaHTAXXEHHAM BJIACTMBA TaKa Pi3SHOMaHITHICTb
¢denotumni: A" Ta BHC. ¥ cenuTeO6HUX 30Hax nepeBakae ¢peHotun BY, a B iHaycTpianbHuX — BHC, 110 MOXKe cayryBaTu
IHAVKaILiMHOI0 03HAKOI0.

BusiBsieHi BiiMiHHOCTI B 6ioMaci cTe6es Ta IMCTKIB y pi3HUX €KOCUCTEeMax: arpoKyJIbTYpHi Ta leBacTOBAHi 30HU
MaloTh Halb6iabLly 6ioMacy, a JiydHa eKOCUCTeMa BUPI3HAETbCSA HAWOGIJbIIMMM 3HAaYeHHSMU BUCOTHU KBITKOHOCA Ta
yepenika 6iomMacu ctebes Ta JUCTKIB, ajle HAWMEHIIOW KiJIbKICTIO JIMCTKIB. 3MEHIIEHHS JiaMeTpa, Macu CyLBIiTTs Ta
KiJIbKOCTI KBiTOK B CyLBITTi € HecrenuivyHOO peakKli€l0 Ha aHTPONOTeHHUU BIIJIUB, 3 MAKCUMaJIbHUM BiZIXUJIEHHSM
CTiIHKOCT] PO3BUTKY KOHIOIIMHU B 30Hi BUTOIITYBaHHS.

BucHoBkHM. [locrimkeno nosiMopdism nonyssaniii T. repens MeTO0M KiJIbKiICHOT'0O MiAPaxyHKY HEOJLHOPIJHOCTI
NonyJsALii 3a HafABHICTIO Ta PI3HOMAHITTSAM «CHUBOI» IJIAMU Ha JiMcTKax. [IpoaHanizoBaHo ¢opMy MaJilOHKA, YaCTOTY
nosiBy GeHOTHIIIB, BiZI3HAUEHO HAsABHICTh POC/IMH 3 yHIKaJbHUMHU GpeHOTHUNIaMH (MaTIOHOK {HIIOI0 KOJIbOPY, JTUCTKH 3 4
i 6isble TUCcTOYKaMU). BcTaHOBJIEHO BiAMIHHICTD 32 YaCTOTOIO TPAIJIIHHSA T€HOTUMIB y pi3HOPYHKIIOHATIbHUX 30HAX,
BifiMiueHa 3aJIeXXHICTb CTyNeHs TreTeporeHHOCTI momy/fAuidl Bif BiKy Ta BUJAY aHTPOINOTEHHOTO HaBaHTAXKEHHS.
BusiBieHo 10 ¢eHOTHNIYHUX KJaciB, MiHIMasbHA KiJIbKICTh pisHOMaHITHUX QeHIB cKkJasa - 4, 10 BKa3ye Ha pi3HUU
cTyniHb MopdoreHeTHYHOrO noJiMopdizmy.

Kinw4yoBi caoBa: pedepenTHi Buau, nosimopdisam mnonyasanidd, ¢eHoTumn, «cipa masgMa», TeHEeTUYHUU
nosaimMmopoisM, iHAEKC YacTOTH TpanissHHS $eHiB, MHOXXUHHUH ajiei3M

ABSTRACT

Purpose of the work. Comparative analysis of intra- and interpopulation variability of Trifolium repens L. by the
pattern of a «grey» spot on the leaf of plants in different environmental conditions.

Methodology. The research was based on office and field research, the materials were collected using by means
of geobotanic method. The analysis of genetic polymorphism and individual variability was carried out according by using
generally accepted methodologies.

Scientific novelty. The analysis of polymorphism of T. repens populations was carried out.in multifunctional zones
of urban ecosystems. Morphogenetic homogeneity was established, with a predominance of phenotypes O, A and C in
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natural populations. Environment-induced phenotypic plasticity may be a critical component of the response to
environmental change. The mechanism of conservation of polymorphism in the urboenvironment is due to the adaptive
effects of overdominance, when different alleles are preserved in the population due to balancing selection, which favors
heterozygosity. Territories with high anthropogenic load are characterized by the following variety with phenotypes: AH
and BHC. In residential zones, the BH phenotype predominance in population, and in industrial zones - BHC, which can
serve as an indicator.

Differences in the biomass of stems and leaves in different ecosystems were found: agrocultural and devastic zones
have the highest biomass, and the meadow ecosystem is distinguished by the highest values of the height of the peduncle
and petiole of the biomass of stems and leaves, but the smallest number of leaves. A decrease in the diameter, weight of
the inflorescence and the number of flowers in the inflorescence is a non-specific reaction to anthropogenic influence,
with the maximum deviation of the stability of clover development in the trampling zone.

Conclusions. The polymorphism of T. repens populations was investigated by the method of quantitative
calculation of heterogeneity of populations by the presence and diversity of the “gray” spot on the leaves. The shape of
the pattern shape and phenotype frequency of phenotypes were analyzed, the presence of plants with unique phenotypes
(a pattern of a different color, leaves with 4 or more leaflets) was noted. A difference in the frequency of occurrence of
genotypes in multifunctional zones has been established, the dependence of the degree of heterogeneity of populations
on age was noted and the type of anthropogenic load. Ten phenotypic classes were identified, the minimum number of
various phenophiles was 4, which indicates different degrees of morphogenetic polymorphism.

Key words: reference species, population polymophysm, phenotype, gray spot, genetic polymorphism, phenoid
frequency index, multiple allelism

ITocranoBka mpobaemu T. repens - reTepo3UroTHUM ajoTeTpa-
IJIOIJHUM BU/J i3 BUCOKHUM CTyIllEHEM ayTKpO-
cunry (Tashiro et. al, 2010), ne 6araTopiyHa
60060Ba poCJUHA, POCTE B perioHax 3 IOMipHUM
KJiMaTOM i Ma€ BHCOKMH MOTeHLian {gK
JleKkopaTUBHa pocauHa. ExosioriyHa oco6.u-
BiCTbh BUAY — afanTalisi 0 abiOTUYHUX YMOB, B
TOMY 4YMCJIi eKCTpeMaJibHHUX, CTiHKIiCTb [0
MexXaHIYHUX MOIIKO/KeHb, 30KpeMa, BUTOITY-
BaHHS, 1110 CIIPUSE NOIMPEHHIO HAa MMOPYLIEHUX
TEPUTOPIfAX, B POCJAMHHUX yrPYNOBaHHAX i
BIJINBOM IHTEHCUBHUX AHTPOIIOT€HHHUX
yuHHUKIB. T.repens pobpe aJanTyeTbCs [0
AHTPOIIOTEHHOIO0 HaBaHTAXXeHHd, XapaKTepu-
3y€ETbCA IMPOKUM Jianla30HOM TOJIEPAHTHOCTI
70 pAAy abioTuuHUx YyUHHUKIB (Hirano, 2005;
Helgadottir et al., 2007), ofiHaK He BUTPUMYE
KOHKYpeHLIl 3 iHIIMMU BUJAaMHU, B IPUPOJHUX
yrpynoBaHHAX JJis Hel OiJblII ypasJHUBUM €
LLeHOTUYHUU cTpec. Ha mopymeHux ainsgaHKax
KOHIOIIMHA Ipe/CcTaBJeHa O0COOMHAMU HaciH-
HEBOTO MOXO/P)KEHHSI TeHeTaMU (BereTaTUBHO-
pyxoMa XKUTTeEBa ¢opMa); B HeENOpyLIEHUX
[[eHO3aX - BHUJOBXEHUMH IIJIariOTPONHUMU
[IaroHaMy, IO HapoCTalTb 3a pPaXyHOK
BEpPXiBKOBOI MEpUCTEMHU | aKTUBHO YTBOPHOKOTh
nasyuHi 6i4Hi maroHu. JIMCTKU TpidyacTi, Ha
NOBEPXHi HasABHi 6iyBaTi CMy»XKH y BHUIJIAAI
poMO6OMNOAIiGHOTO MaTIOHKA — «CU3a ILJIsIMa.

Ex0QITOMOHITOPUHI 3YMOBJIIOE MOLIYK
pepepeHTHUX BUZIB, SIKI MOXYTb CJAYXKUTH
IHAUKaTOpaMyd 3MiH y [AoBKiIi. LlikaBuMu
06'eKTaMU MOXXYThb OyTH He JIMLIE PiAKicHI, ane
¥ nomurpeHi Buau. KOHTHHYya/IbHICTD, IIMPOKA
LeHOTUYHA aMILIiTyZa, EeBPUTONHICTh - Ui
HNOHATTA J06pe XapaKTepU3yTb 0COOJIMBOCTI
CUHAHTPONHMUX BUJiB. MU cipobyBa/v OLLiHUTH
MOXJIUBICTb BUKopUcTaHHA Trifolium repens,
K yHiBepcaJbHOro G6ioiHAgukaTopa. Bubip
00’€KTa AOCAiIKEeHHS 00YMOBJIEHHUUN THUM, 110
T. repens, BiAmnoBizae 6araTboM BHUMOraM
ineasbHOro OGioiHgukaTopa. lle TUNOBUU
npeACcTaBHUK GJIOpU OCesul, MOB'I3aHUX 3
JIIOIUHOIO, XapaKTepu3yeTbCs BUCOKOIO
YHUCEJIBHICTIO B €KOTOIaX, 3HaxOJUTbCA Ha
OAHIA TepuTOpil MPOTAroM 6GaraThbOX POKIB i
JIETKO MiAJa€Tbcd 360py, WBUAKO 3MiHIOE
deHOodasu NpoTAroM BereTaliliHOrO CE30HY.

BuB4YeHHIO IIPUPOJAHUX HNONyJIALIN
T. repens npucBsaveHi fgocaigxkeHHsa J.L. Brew-
baker, A. Cresswell, R.S. Hamilton, P.P. BanieBa,
H.B. I'noTtoBa, JI.H. /lenncosoi, I.LE. KamyaToBoi,
M.IO. Kynpianosoi, C.H. Jlesunbkoro, B.l. Haxa-
eBoi, /I.b. OpsiuHcbkoro, I.I'. CokosioBoi, H. Xox,
H.H. lapwurinoi, I1.4. llIBapiiMaHa Ta iH., B AKUX
HaBOJUTLCA aHaJIi3 IPOCTOPOBOI, BiKOBOI CTPYK-
TYPU NMONYJISALIN, XapaKTepU3yETbCA €KO0JIOr0-
reHeTUYHa Ta MDKINONYJIAL[IMHA MIHJMUBICTD 3a Marepiaan Ta METOAM AOCAIAKEHHA
03HAKO «CHBOI» IUISIMU Ha JIMCTKY, BKa3yETbCS
Ha HasBHICTb 3aJIeXXHOCTi cTyneHsl (eHOTHU-
miyHoi Ta TEeHOTUNIYHOI PiI3HOMAHITHOCTI
nonyssAnin T. repens 3a AaHOK O3HAKOW BiJ
PiBHS aHTPONOTreHHOr0 HaBaHTAXKEHHS.

JlociipKeHHA TPOBOJAMJIM B €KOTOIIYHUX
eJleMEHTapHUX NOMYJISALifX, 110 NPeCTaBASI0Th
yIrpyHNOBaHHS LEHONONyJsLid y NOoJi6HUX
€KOJIOTO-IJeHOTUYHUX YMOBaxX, BpPaxOBYHOYH
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MoppoMeTpUYHI U KiJIbKICHI OKa3HUKU
iHauBigyanbHol  MiHAUBOCTI T.repens Ta
JaH aapTHO-QYHKIIOHa/IbHE 30HYBaHHS ypoOo-
ekocucteMu (Pynenko, 2008). Ha TepuTopii
KOXXHOI pisHOQYHKLiOHa/NbHOI 30HU (MapKH,
NyCTUIA, [ABOpPH, y36iuusd aBTOMarictpaJsiey,
aBTO3alpaBHI CTaHLil, KOTeJIbHi, 3aBOJy,
cMiTTe3BasMIa) ob6cTexxeHo 15 peHpomiso-
BaHUX JIJITHOK PO3MipoM 2X3 M 3 NOKPUTTAM
T. repens o 85-90 %. [IpupoaHy nomnyJianisa Ha
JlyKax 3a MeXaMH MicTa 6paji 3a KOHTpPOJIb.
JlucTtku 36upanu y Apyrid gekazi yepBHA (y
nepio; MAKCUMaJIbHOT'O PO3BUTKY BereTaTUBHOI
YacTUHU Ta MaCOBOTO LBIiTiHHS) Tak, 100 3
OJIHI€] POCJUHU OpaTH JIUIIE OJIUH JIUCTOK (Ha
BiZicTaHi N'ATU KPOKIB Bij Miclsl monepegHbOT0
360py). IlzenTudikanito MajOHKa «CUBOI»
IVIIMM 3/liMcHIOBa/IM 3a MeToaukoro LT.Ilamo-
HoBoi Ta II.4. IlIBapiMaHa 3 BUKOPUCTAHHAM
tabauni /[Ix. JI. bprobeiikepa. Po3spaxoByBasiu
yacToTy TpanasaHHA ¢peHiB (%).

Jns  KinbKiCHOI OLIHKKM ($EHOTUII0BOTrO
PiI3BHOMAHITTA  NOMNyJsALiNA  3aCTOCOBYBaJIU
ingekc IllenHoHa-Binepa (Shannon-Weiner
index) - MOKa3HUK BHYTPIilIHbOMONMYJIAL[iIHHOTO
pisHOMaHITTA (W) i 4YacTKy piakicHUX ¢eHo-
tuniB (h), 3anpononoBaHi JI. A. JKUBOTOBCbKUM.

S
H= —Z,ﬂpz “In (p:)

S - kinbkicTb pisHUX PeHOTHUNIB y NMOmyJasLii,
pi — YacTKa KOXKHOTr0 peHOTHUIy y MOomyJasLil

Jlnsi po3paxyHKy NoZi6HOCTI MiXK OMyJisi-
LiAMHA BUKOPUCTOBYBaJM iHAeKC Kakkapa, AK
CIiBBiHOIIIEHHS KiJIBKOCTI CHiJIbHUX €JIEMEHTIB
J10 3arajibHoOI KIJIbKOCTI YHIKa/JIbHUX €JIEMEHTIB
Yy MHOXHWHAaX:

J |A N B|
~ |AUB|
|AUB| - KiJbKiCTb yHiKaJbHHUX T€HO-

THIIIB, Ki 3yCTpiyaloThCs B monyJsnisx Aa6o B
(cyMa yHiKkaJIbHUX eJIEMEHTIB 000X MHOHH)

|ANB| - KiabKiCTb eJeMeHTiB, fKi
IIPUCYTHI AK Yy MHOXWHI A, Tak i B MHOXXUHI B
(cninbHI esieMeHTH).

KpuTtepiit ifeHTHYHOCTI =
i=1y/Pi1 " Piz
i=1bin + XLisq Piz — Xi=1+/Pin * Pi2

pi1 Ta pi2 — YaCTOTH I'eHeTUYHUX BapIiaHTIB y
nepLliu i Apyriv nonyasaniax.

PesyapTaTh Ta iX OOTrOBOpEHHA

EKOMOHITOPUHI KOMIIOHEHTIB [0BKiJJIA
Ta eKOCUCTeM MOXKHa 3JiHMCHIOBATHU 3a JO0NO-
Morot $peHOTUNOBUX bioiHguKaTOpiB. OAUH i3
TaKUX NOKa3HUKIB (deH) - e BiATIHOK Oy/b-
KOl O3HaKHW, fKa BiJoOpa)ka€e TeHeTHU4Hi
0COOJIMBOCTI iHUBIZiB. ANbTEpPHATHUBHI 3MiHHU
nposiBy MoOpOJIOTIYHUX O03HAK 0i0JIOTiYHUX
00’€KTIB MOXYTb KiJIbKICHO OI[iHUTH TeTepo-
reHHICTb NonyJiAlik, 0COOJMBOCTI opraHisanii
Ta CTPYKTYPH, piBeHb aHTPOIIOI€HHOT O BIIJIUBY
(Caradus etal., 1993; David et al., 2001; Welham
etall, 2002). CtyniHb peasizanii $eHOTUIIOBOTO
PI3HOMAHITTA CJAYyryE IOKa3HUKOM pIiBHA
COpUATAUBOCTI yMOB cepegoBuuia (Sokolova,
2018).1lig peHoTHUNIYHOIO MJIACTUYHICTIO PO3Yy-
MIIOTb 3[aTHICTb OpraHi3My aZanTyBaTHCAd [0
3MIHHUX yMOB cepegoBuua. IlosiMopdizm
NOMNyJIALIM XapaKTepu3ye BHYTPIIHbO- Ta
MDKBU/IOBY MIiHJIMBICTb, MOXe O0OYMOBJIIO-
BaTUCS NPUPOJHUM 1060pOM ab0 alanTUBHOIO
nepe0Oy/j0BOI0 TeHETHYHOI CTPYKTypuU Y
BIANIOBiAb Ha 3MiIHUM YUHHUKIB cepefoBULIA.
BuyTpimHbononyaanikHuil  nosiMopdiamMm €
OJIHUM i3 NPOABIiB reHEeTUYHOI reTEPOreHHOCTI,
3yMOBJIEHOI ~ 0Oe3lnepepBHUM  MyTalilHUM
npouecoM Ta KOMOiHALiIMU T'e€HETUYHOTO
MaTepiany (KpuxaHoBcbka Ta iH., 2021).

T. repens - baraTopiuHa pocJiMHa 3 CUJIBHO
pO3rajy>keHOK CTPUXKHEBOK KOPEHEBOIO CHUC-
TEeMOI0, 3UMYHYOI PO3eTKO0, YKOPOYEHUMHU
OCHOBHHUMHU Ha/|I3eMHMMHU MaroHaMHu i 6iYHUMU
NOB3YyYUMU BKOPIHEHHMMH I[aroHaMH [JOBXHU-
Hoo o0 10-50cM. JIMCTKM 3 KpYNHUMH
NPUJIMCTKaMy, TpindactocknanHi. T. repens
pocTe Ha piI3HOMAHITHUX I'pyHTaX 3 JOCTaT-
HbOK KIJIbKICTIO MOXUBHHUX PEYOBUH 1 BOIM,
aJie He IIePEHOCUTD HA/IJIUIIKY BOJIOTH, CYXHUX i
CUJIbHOKMCIUX I'pyHTIB. ['eniodirt, 3a cnpusar-
JIMBUX YMOB LIBUJIKO PO3POCTAETLCH 1 yTBOPIOE
3IMKHYTHUM NIOKPUB, BUTICHAKYHU 3 TPABOCTOIO
3J1laku 1 pisHOTpaB’ss. PocTe Ha sykax, cepef
YarapHHKIB, Ha y3JIiCCAX, HA M0JIFX, Ha TOPOAX,
JlOporax.

T. repens xapaKTepHU3y€ETbCSA BeTeTaTUBHO
PYX/JIMBOI KUTTEBOK ¢$OpPMOIO, MpeACcTaB-
JIEHOI0 0COOMHAMU HACiHHEBOT'O MOXO/KEHHS
(reHeTamMu) 1 HallaJjKaMKd BereTaTUBHOIO
PO3MHOXEHHA PI3HOTO CTYINEeHA Ta/ly»KeHHH.
['eHeTH 3ycTpidyalOTbCA Ha AIIAHKAx 3 IOpY-
LIeHWM POCJMHHUM NOKpUBOM. BereraTuBHe
PO3MHOXXE€HHSl CIPUSE YTPUMAHHIO i MOLIM-
PEHHI0 IO BCiM TepuUTOpil, a reHepaTUBHe
PO3MHOK€EHHS, 3aBASKHA MOTY>XHOMY HaCiHHE-
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BOMY 0aHKYy, CJIYXXKUTb JJI1 3aXOIJIEHHS HOBUX
TEPUTOpPIN MpPU MOPYIIEHHI TaM POCJIMHHOTIO
IIOKPHUBY.

Oyinka eeHemu4Ho2o nosaimopgizmy. B
NpupoAHUX nonyadauiax T.repens IiCHYIOTb
OCOOMHH 3 MOBHICTIO 3€JIeHUMHU JIUCTKAMH | 3

«CUBOKO» IUIAMOI, fdKa BiApI3HAETbCA 3a
pO3MillleHHAM, dopmoto, IHTEHCUBHICTIO
nposiBy Ta po3MmipoM. Ha 1i BupakeHicTb

BIJIMBAE BiK, ¢dopMa i BiJHOCHUUK poO3Mip
JYcTKa. HagBHICTb «CUBOI» MJIAMHU HA JIMCTKAX
NoB’si3aHa 3 0COGJIMBOI TPYINOK MHadicajHUX
KJIITHH Me300iny (MeHI BUTATHYTI, TepeBaXKHO
HenpaBuJbHOI QopMH), y SAKUX MeHIa
KIJIBKICTh XJIOpOIJIACTiB, ab0 BOHU BIiJCYTHI
(Han, et al., 2022; Ma et al., 2020).

Opniero 3 ocobsuBoctet T. repens €
nosiiMmopdisaM Ha OCHOBI «cU30i» msaMu. Hass-
HiCTb «CUBOI» IJIIMU NOB’sI3aHa 3 NOPYyLIEHHAM
HOpPMaJIbHOTO PO3BUTKY XJIOpodiny, asesi reHa
V cipus0oTh 3MEHIIEeHHI0 PO3MipiB naJjicafHUX
KJITUH i 30iJIblIEHHIO MPOCTOPY MiK HUMH,
Oisibll paHHiA 3arubesii kaiTUH. CHagKOBHUX
XapaKTep 3pylLleHb JJ0BeJleHO Ha FTeHETUYHOMY
piBHI 3 BUKOpUCTaHHAM MeToZiB [IJIP. Asneui
(moMiHaHTHi/KOJOMiHAHTHI) 4YacTO MaloThb
He4diTKUU peHOTUNIOBUN NPOAB, JHlIEe 6JIU3BKO
10% poc/iH MOKHa OZJHO3HAYHO BiJHECTH /10

vl

O (w) AT (VPVT)

A (W)

BhvBh

B (VPVP)

A (VV)

*ee

BHC (VBth

TOTO YM IHIIOTO TEHETUYHOro THUIY, TOMY
aHaJii3 Moxe OyTH MPOBeJeHHI 3a JOMOMOI 00
YaCcTOTU THUX 4YM IHWKUX ¢$eHoTUNiB. CTyniHb
peasizanii reHoQpOHAY BHUJAY MOXKe CIYKUTH
IHAUKaTOPOM YMOB Cepe0BUILA.

[InaMucCTicTh JIMCTKA TeHeTU4YHO JeTep-
MIHOBaHa, YCNaJKOBYETbCA SK MOHOTeHHa
O3HaKa | BU3HAYAETbCA Cepi€El0 MHOXUHHHUX
aJsiesiel reHy V, siKi mo-pi3HOMY B3aEMO/IiIOTh 3a
CTylleHeM JIOMiHyBaHHs. AJieJib V pelieCUBHa 110
BigHOwmeHHI0 fo V, VH, VB, VBh VP VF VS PizHi
IJIAMM  BiANOBiJal0OTh BIJIMBY BIiANOBIAHUX
anene. Anenb VB pominye Hagz VP, Tomy
MaJIloHKHU y reHotuniB VBVP ta VBVB o HakoBI.
YacTo BOHHU AiI0Th IK HEOMOPOHU i B KOMIIAyH/A]
JlaloTh TNpPOAYKTH 000X asesier (Sokolova,
2018), ToMy y deHOTHUINI 3'ABAAIOTHCS MJISIMH
060X AOMiIHAHTHHUX aJiesiel, 30KpeMa, FeHOTHII
VBy mae peHorun B, a VBhy - penoTun BH, ane
B KoMmmayHAi VBhWWB BuABNSETbCA HOBHUU
MasitoHOK 3 ¢eHoTunom BBH. Jlna 6GisbuiocTi
KOMOiHalli} asiesiedl mpMTaMaHHA CyMicHa Jiifl 3
YyTBOPEHHSIM Ppi3HOMaHITHUX BapiaHTiB. Ha
JIOCJiPKyBaHUX [JiIAHKax 3ycTpidarTbca 10
denoTunis (puc. 1), deHoTUNIOBA PiZHOMAHIT-
HICTb B IPUPOJAHUX YMOBAX MeHILA MOPiBHAHO

3 aHTPOIIOTEHHUMHU.
A"A

VIV

o

E (V°V®)

C (V'V")

Puc. 1. 'omo- i rerepo3nroru (KOMITAyHAU) 32 AA€AAMH T'€HY V

B pociipkeHUx MONyJadnifgXx HapaxoBy-
€Tbcs Big 4 1o 10 denotunis (puc. 2). Jluie B
IHAyCTpia/IbHUX 30HAX 3yCTPIYAETHCA FeHOTHII
VSVS, Anenp VB € ogHUM 3 pifKicHUX, sKi
3yCTPivaroThCs 3 HU3bKOI0 YaCTOTOK TAKOX /10
YUCJIa BiJHOCATBHCS POCJAHWHU 3 TOMO3UTOTHUM
reHotunom VBVB | rereposurotru VBhVP, y
JAOMiHAHTHI aJsiesi Jil0Thb B KOMINAYHJAI, LIO
NpOSIBJASETbCA B (QEHOTHI MasAMaMU 060X

60

asesiiB (moABiMHUMU MJIsIMU ). [lokazaHo cyTTEBY
BiZIMiHHICTb 32 Ki/IbKiCTIO GEeHOTHUIIB Y JOCiA-
KeHUx nonyJsniax (ta6Ju. 1), wo Bigobpakae
pisHOMaHITTA. [HAEKC TmoAiGHOCTI MOXKHaA
pPO3rJISiIaTH SIK YaCTOTY 3arajibHUX GeHOTHUIIB
MaJIlOHKa «CU3UX» IUIIM Yy NONyJsLifX,
OCKIJIbKM MO/1iOHICTh Y HUX BU3HAYAETHCS TUMU
deHoTUNAMH, {Ki € CHOUIBHUMU [ BCiX
nonysasyiu: 0, A, C.
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Puc. 2. Biacorok Tpanasnua ¢penorunis 1. Repens
y pi3HHX AaHAIIA(THO-(PYHKIIIOHAABPHHUX €KOTOIIAX
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Tabauys 1

deHOTUIIOBE Pi3HOMAHITTA T. repens: MOKa3HMK BHYTPilIIHEONOMYJIALITHOTO

pi3HOMaHITTA (p), YacTKa pigkicHMx peHoTHUIIIB (h)

AaHAH{aq)THO . h PikicHi Kiapkictn
dyHKITIOHAABHI © iAKicHI peHOTHIIN s
€KOTOIIN
Ay9IHUIA 05317 | 0,17 | VHVH | VyBhyP 5
R 05272 | 0,18 [ VHVH [ yBhyP 5
0,7336 | 0,07 VHV | VBhYBh 7
0,8114 | 0,0686 VBhYBh | VBYB 8
0,7914 | 0,29 VBhYP VBhyBh | VBYB | yPVP 8
0,7696 | 0,0781 VBhVP | VHV | VBhVBh | VBVB | VPVP 10
S 0,7362 | 0,0667 VBhYP | VHV | VBhYBh | VBVB | VPYP 10
0,6778 | 0,0667 VBhYP | VHV | VBhVBh | VBVB | VPYP 10
0,7127 0
0,6271 0
0,7477 0
CMITTE3BaANUIIIE 0,7922 0,03 VBVB | VPVP 7
0,6415 | 0,06 VBYB Vv 6
o 0,7642 | 0,06 VBYB Vv 7
pexpeantiil 76 7777 170,0398 VBRYP VBhYEL | VBYE Vv 7
0,7062 0 Vv 6
0,809 | 0,087 VHV VBYB Vv | Vsvs 8
fapeTaaE 0,8125 | 0,207 VBhYP VBVE | VPVP | Vv 8
0,7989 0 Vv | Vsvs 6
0,8052 | 0,1256 7
0,7793 | 0,026 VBYB 8
0,7683 | 0,119 VBVB | VPVP | Vv | VSVS 8
xomymikamiii  |-28343 | 0,267 VBVE | VPVP | Vv [ VSVS 8
y 0,818 | 0,088 VBVB Vsys 7
0,7986 | 0,05 VBYB Vsys 8
0,842 0,1 VBVB VSVs 8
0,7073 | 0,132 VBhYP VBhYBh | VBYB 7
arpokyapTypHi | 0,6292 | 0,04 VBVE 6
0,7400 | 0,154 VBhYP VBYB 6
[lopiBHAZIBHUKA aHaJi3 MNacTOpaJibHUX POC/IMHHOCTI pOCTe CYLIJIBHUM KHUJIMMOM

NonyJisiljii MOKas3aB [IOCTaTHI YCTaJIeHICThb
uux nonysasuin. T. repens cepef; psCHOI JIy4HOI

i

MiJAJAETBCA YaCTOMY BUTOIITYBaHHIO. TeHeHLid
pO3MOAINYy YacTOTH TpAIJIAHHA TeHOTHIIIB
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36epiraeTbcda. B iHmMx nonynasuiax T. repens
pocTe CKym4eHHSIMH, BiAMIYa€TbCA 30i/1bLIEHHS
FeHEeTUYHOI Pi3HOMAHITHOCTI, AKI0 B JIYYHUX
eKOCUCTeMax BUSBJEHO 5, y MAaCOBUILHUX -
7 TeHOTHIIIB, TO B CeJIUTEOHUX (MOJIOLI MOomy-
aauii) - 10. Take 36i/blIeHHA JOCATAETHCA 3a
paxyHOK IeHOTHUIIB, 10 TPAIIAKTLCA PiJKO:
pociuHu 3 reHorunoMm VHV TpansgwoTbea 3
4acToToro 1%, renoTunu VBhVBh YPYP 1 VBYB —
3y4acTtoTolo — 2-2,5 %.

BigmiyeHo, 1m0 AiJITHKa 3 MiHiMaJIbHUM
aHTPOIOTeHHUM HaBaHTaXXeHHSAM (/1y4Ha ekocu-
cmema) NposIBJIsIE HAUMEHIy Pi3HOMaHITHICTb
denotuniB. TyT BUABJEHO Julle N'ATb
denoTunis, nepeBaxxae O (6e3 maaMu, vv) 3
yactoTol TpamasHHA 55 % (puc. 1-3). Ha
ApyroMmy Micni 3 4acToTow TpamadHHda 16 %
¢eHotun C (3 masgmor B neHTpi, VPVP). Ile
HalOi/bIl MOWIMpeHi aJsesi, MNPUCYTHI B
NOMyJIALiSIX, TMOB'SA3aHUX CHIJIbBHUM MOXOJ-
YKEHHSM, 3 SKHUX aJjieJib V 3yCTpidyaeTbCsa IO
BCbOMY apeasy. BapTo Bifj3HauuTH, U0 B LiH
eKocHucTeMi He BUSIBJIeHO ¢peHOTUNIB A (MOBHa
nisama, VV), B (nsisima 3 po3puBomM, VBVB) ta BH
(Bucoka 1masAMa 3 po3puBoM, VBhYVER) Yy
nacmopa/sbHUX eKOCUCTeMax TaK0X NepeBaXkae
denoTun O 3 yactoTor TpamasgHHA 42 %, A -
24 % Ta AH (moBHa BHcOKa miisiMa, VEVH) — 13 0,
Cesume6Hi 30HU BiJpi3HANTHCA HaAWOiIbIIOO
pisHOMaHiTHicTI0O PeHoTuniB (9-10). YactoTa

. iHAYCTPI-
ceAnTeOHI AYCTPp

pexpearriiini

KOMYyHiKa-

TpaniaHHA ¢eHoTuny O KosMBaEeTbCA Bif 18,6
00 39,3 %, A-Big 7 no 30 %, AH - Big 6 1o 29 %.
Y pekpeayitiHux 30Hax 4actota ¢eHotuny O
ctaHoBUTh 30,6-54,7 %, A - 16,7-28 % Ta C -
10-17,4 %. IIpoTe cnocTepira€TbCcs 3MeHILEHHSA
pisHoMaHiTHOCTI peHoTUNIB (7), PeHOoTUNH A
Ta BH B lux 30HaX BiACYTHi. Y KOMyHIKayiliHUX
30Hax BUsABJIEHO 8 GeHOTUMIB, i3 NepeBa’kaHHAM
¢denotunis O (20,7-38,7 %), A (16-30 %), AH
(12-25,3 %) ta BHC (6 - 18,6 %). Penorun BH
TaKOX 3yCTpiyaeTbcd B ILUx 30HaX. Cxoxa
cuTyanisa i B IHdycmpiaabHuXx 30HaX, [e
BUSBJIEHO 6-8 ¢eHOTHUMNIB, aje MepeBaXKalThb
denorunu A (12-30 %), AH (10,7-28 %) Ta BHC
(8-17,4 %), a yactora peHotuny O HalHMKYA
(11,3-30 %),. Penotun BH 3ycTpivaeTbcsa auiie
B YepHiBUdaX. Y arpokyJbTyYpHUX 30Hax
¢deHoTun O mae HaiBuly yactoTy - 43,3-57,3
%, ¢enotunu C (12-18,6 %) ta A (7,3-18,6 %).
BincyTtHi ¢eHotunu A (rernorun Vv), AHA Ta E.
[IpakTuyHO [/ BCiX NONy/aALiA BiAMiyeHe
nepeBaxxaHHsl ¢peHoTuny O (vv), 3a BUHATKOM
iHAycTpiasbHOI 30HM - TyT nepeBaxkae AH
(VHVH), Pigme 3yctpivatotbca A (VV) - y
CeJIMTEOHHUX, KOMYyHIKaL[iMHUX Ta peKpealinHux
30Hax Ta C (VPVP) - y arpoKynbTypHHUX, Jy4YHIN
Ta MNacTopaJbHUX 30Hax (puc. 3). Jluwe B
YKUTJIOBUX 30HaX BUABJeHO ¢peHOTHI E (VSVS)
He IpUTaMaHHI IPUPOJHUM NOMYJIALIAM.

arpoKyAb-

MACTOPAaABHI

Puc. 3. IlepeBakaroui ¢peHOTHIIN (TI€PIIi TP ITO3UITIT)
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Jl151 OLlIHKY CTaHy KOMIIOHEHTIB JJOBKIJIJIA
BUKOPHCTOBYBaJIM PO3PAXyHOK iHJ[EKCY CIIiB-
BigHoLeHHs deHOTHUMIB. [l0Ka3aHO, 1110 JHIIe
ABi 3 JOCHiPKeHUX JiSIHOK MaJId HU3bKUU
piBeHb 3a0py/IHEHHS Ta XapaKTepu3yBaJUCs

HUHM 3 BikoM nonyJsdAuii. YcraseHi nonysanii
(iyyni, mactopasbhi) 6inbm ofHOpigHI Ta
CTabi/IbHI, XapaKTepU3YITbCA OiabIlI-MeHII
OJHOPIAHUM CKJI3aZOM, PiAKICHI TeHOTHUIU
VHVH Tta VBVE TpanisfioTbcAd NepeBaXXHO IO

nepudepii nomysauii. Mosozi nonysasanii -
Oi/bII reTeporeHHi, oJHAaK KpiM BiKy Mae€
3HAaYeHHA TaKOX AaHTPOIIOreHHe HaBaHTa-
*KeHHs (puc. 4).

K €J1abKo3abpyAHEeHi, 10 BifHOCUTBbCA [0
NonyJisAlLiv JIYKH Ta AeHaponapkKy. HanBuiun
piBeHb aHTPONOTeHHOr0 HaBaHTAXXEHHA — y
IHAYCTpia/IbHUX Ta KOMYHIKaLiMHUX 30HaX.
BizoMo, 1110 CTYIiHb reTeporeHHOCTI NoB’sA3a-
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Puc. 4. 'enorunu eaemeHTApHUX nonyAsani 7. repens
y Pi3HEX AaHAIIA(THO-(PYHKIIIOHAABHHUX €KOTOIIAX T4 PiBE€Hb 3a0pPyAHEHHA AOBKiAAd,
pO3paxoBaHUIi 32 iIHAEKCOM CIiBBiAHOIIIEHH:A (DEHOTHUIIIB Y ITOIMYyAAIiAX
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Y 6araToBUJOBUX YTPyNOBaHHSX KOHIO-
IIMHA MOe MPUTrHiYyBaTUCA IHIIUMHU BUJAMU,
1110 NPU3BOAUTHL O BUHUKHEHHS CBOEPIAHOL
piBHOBaru: abiOTUYHI YMOBH Kpalli, aJe
LIEeHOTUYHUN CcTpec Oinbll BUpaXKEHUU. Y
3a0pyiHEHUX paliOHaX KOHKYpPEeHLisl NPaKTUYHO
BigcyTHA. Lle npU3BOJUTH [0 TOrO, 110 HEMAE
notpebu 3MiHIOBAaTH BeKTOp Bigbopy. VY
€KO0JIOTIYHO Hamlpy>KeHUX pahoHax 3a BIJIMBY
AHTPONOTeHHHUX YMHHUKIB NPUPOAHUN A006ip i
MyTaliMHUKA TpoLec NPU3BOAATbH [0 PO3LIU-
peHHs HabopiB peHOTHUIIB, 36i/IbILIeHHS YaCTOTH
iX BHHUKHEHHfi Ta [OABU CHelUQPIYHUX.
MexaHi3M 36epexeHHs1 moJiiMopdisMy Moxe
00YMOBJIIOBATHUCS aJalTUBHUMU edeKTaMu
HaJMipHOrO JOMiHYBaHHSA, KOJU B MOMYJALil
36epiraloThcd pi3Hi aseni 3aBAsAKM 6GasiaH-
Cylo4oMy 060Dy, 1110 HaZla€ NepeBary retepo-
3UTOTHUM OCOOMHAM. 3TiZJHO 3 TEOpi€l0 HEWT-
pajiTeTy, 6iAbLIICTh MNOJIMOPPHHUX MOJIEKY-
JIAPDHUX BapiaHTIB CHoOYaTKy MNigJaloTbCd
BIJIMBY MyTallili, a MOTiM reHETUYHOT O Jipeidy,
110 NPU3BOAUTh A0 ¢ikcanii nyux BapiaHTiB. B
NpUpOAHUX Nonyadauiax T. repens cnocrtepira-
€TbCSI MOTHMBYIOUMW Bifbip, CIpsIMOBAaHUM Ha
30iJblIEHHS] YacTOTHM TpaIJISHHA MeBHHUX
reHotunis. lle Moxke 6yTH 3yMOBJIeHe BiAxu-
JIEHHAM BiJi HOPMHU €KOJIOTIYHUX YHUHHUKIB,
TAaKUX $K PpeXUM OCBITJIEHHs, BIiJKPUTICTb
IIPOCTOPY, BOJIOTICTb Ta TeMIlepaTypa MOBITpsA
(IPCC, 2014). Tomy T. repens MO>XHa BUKOPHUC-
TOBYBaTH fIK G€HOTUNOBUU GiOIHAUKATOP A
OLIHKH CTaHY KOMIIOHEHTIB JOBKIJLJIA Ta PiBHA
aHTponore”HHoro BiuBy. (Nicotra et al,, 2010).
deHOTHNOBA MJIACTUYHICTD [103BOJIsIE 3abe31e-
YUTU TEHeTUYHY THYYKICTb MONyJALid Ta
ajanTalio y 3MiHHUX YMOBaxX CepejoBMILA
(Nicotra et al., 2010; 2015; Cooper et al., 2019;
Kelly et al,, 2019; Kooke et al., 2015).

@®eHOTHUNOBE PI3HOMAHITTA NOXOAUTH BiJ,
reHeTUYHOl Ta enireHeTU4YHoiI Bapiarnii. ['eHe-
TUYHa Bapiallii BUHUKAE BHACJIJO0K aJleJIbHUX
pisHOMaHiTHOCTeN y mnocaigoBHocti /JHK
(Medrano et al,, 2014), Toni ik enireHeTU4YHa
Bapianisa - e ¢eHOTHUNOBI 3MiHH, He MOB’s13aHi
3i 3mi"oto nocaigoBHocTi JIHK (Richards, 2006;
Medrano et al, 2014). MetuawoBanHa /[HK
UTO3UHY, K OJWH i3 HaWOiJbll BUBYEHUX
elnireHeTUYHHUX MeXaHi3MiB, MOXe MOJYJIIOBa-
THUCS 3a BIVIMBY cTpecoBUx yMoB (Verhoeven et
al, 2010; 2016) i BniuBaTH Ha €KOJIOTIYHO
Bax/UBI ¢eHoTHUnoBi o3Haku (Cubas et al,
1999; Marfil et al.,, 2009; 2012; Zhan et al., 2013;
Cortijo et al, 2014). EmireHeTu4He pi3HO-

64

MaHITTA B MNPUPOJHUX NONYJALIAX MOXe
BIJIMBAaTU Ha PiI3HOMAHITHICTb YMOB cepeno-
Buila (Lira-Madeiros et al. 2010; Herrera and
Bazaga 2011; Dubin et al. 2015; Richards et al.
2017), a deHoTHNOBaA Bapialisi, COpUYMHEHA
enireHeTUYHMMU 3MiHaMM, MOXKe CJIYXKUTHU
WBUAKUM MeXaHi3MOM ajanTalii A0 3MiH y
cepepoBulli (Gao et al. 2010; Nicotra et al
2015). Y BULIMX POCJUH NOKU MaJIO JOC/Ti[PKEHb
enireHeTUYHUX 3MiH Ta  (PeHOTHUNIYHOI
IJIACTUYHOCTI, CIPUYUHEHUX CepeOBUIIEM,
0CO6JIMBO B IPUPOJHUX YMOBAX.

B siTtepaTtypi HafBHiI JaHi 100 MO3U-
TUBHOTO KOpEeJALMHOTO 3B'A3KYy MiX TreHo-
tunamu vv, VV, VAVH ta BmMicTOM Zn y rpyHTax,
reHotunamu VV, Vv, VHVH T3 BMmicToM Fe,
redoramu VHVH ~ VBhYP 13  Bmictrom Cu
(Antosiewicz, 2000). OpHak, aBTOp HAroJoILyE,
mo Aasd  Bajdiganili  Kopessnii  Heo6xigHO
36I/IBIIMTH BUOIPKY.

[HdusidyanvHa  miHaugicmb  T. repens.
PizHOMaHiTHiICTP MWiAX0AiB O BHMBYEHHS
BHYTPIlIHbOBH/A0BOI MiHJIMBOCTI TpaB THUCTHUX
POCJIUH CTHUMYJIIOE OCOOGJUBUK iHTEpec [0
aHasizy MopdOMeTpUYHHUX O3HaK, L0 €
KJIDYOBUM ajlanTaliiHUM MeXaHi3MOM
poCcIMHHUX opradisMis. Ilig 4yac pociigkeHb
dbeHOTUNIYHOI MIHJMBOCTI POCAMH B MeXax
apeasly [JAOCHIAHUKHA BHUSBWJM, L0 KpaWOBI
MONyJIALl 4acTo BiZIpI3HAIOTHCA Bif
neHTpasbHux (Ibafiez et al., 2021) Bouu mawoTh
MiJBULEHU N noJiimopdism, 3MEHIIEeHHs
po3MipiB Ta KIJIBKICHUX XapaKTEepUCTHUK, a
TaK0 3MiHU B 3B’I3Kax Mi>k HUMH Ta po3Maxy
MIHJIMBOCTI OpraHiB y BereTaTUMBHIX Ta
reHepaTUBHIN cpepax.

Y ceaumebHUX eKoTONaxX cepeiHs AOBXKHHA
KBiTKOHOCIiB cTaHoBUTH 11,84cm (puc.5),
kosuBaryuch Big 10,46 pgo 13,20cM, y
pekpeayiliHux — CloCcTepiraeTbCcsl TPOXH GiJbIa
JIOB)XMHA KBITKOHOCA, i3 cepeHIM 3HaUYeHHSAM
14,34 c™ (3 BapiaTUBHUM Jliana3oHoM Bizg 11,48
fo 15,94 cm). B iHdycmpiaabHux - cepejHE
3Ha4YeHHs ckaagae 12,57 cMm, i Bapiwe Bifg
10,84 cm (6in1sa ximivyHOTO 3aBOAY) A0 15,61 cM
(Me6sieBUM KOMOiHAT). B komyHikayiliHux eko-
TONax cepe/lHE 3HAaYeHHS CTaHOBUTH11,25 cMm
(minimym  9,15cM, makcumym 13,87 cm).
HalBuiiui cepefHi MOKAa3HUK [Jis BUCOTH
KBiTKOHOCa 3aiKCOBAaHO B arpoKyJbTYPHHUX
ekoronax (15,18 cM), npu KoJIMBaHHi BiJ
13,08 cm o 16,41 cM. BapTo Bif3HA4YUTH, 1110
MaKCHMaJibHe 3Ha4yeHHS LbOro IOKa3HUKaA
(17,2 cM) BUABJIEHO Yy POCJHH, 10 POCTYTh y
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JleBaCTOBAaHUX 30HAX, 30KpeMa Mo6Ju3y
CMITTE3BAJIUILI.
JloBKMHa 4epellKa JIKCTKA KOJIMBaJacs

Big 7,71 cm (iHaycTpiasnibHa 30Ha) fo 12,25 cm
(arpokysnbTypHa), y ceaute6Hux - 9,1 cM (npu
Jiana3oHi 6,24-10,26 cM), y pekpeayitiHux 30Hax
BifI3HAYa€eTbC TPOXW Oijbllla  JOBXHHA
yepelika - cepefHE 3HadyeHHa 11,0cm (i3
Bapianietw - Big 9,28 go 13,75 cm). B indycmpi-
a/bHUX €KOTONax CepeJHE 3HAYEeHHS CKJIaJa€
7,71 cm  (HaliMeHLle cepes 3adikcoBaHUX
3HayeHb), 3 Bapianieo Big 6,14 cm (6ina
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ximiyHoro 3aBoay), Ao 9,02cMm (MmebieBuit
KOMOiHaT). ¥ KomyHikayiliHuX 30HaX CepejHE
3HAaYEeHHs AO0CJi/P)KYBaHOTO MOKa3HUKA CTaHO-
BUTb 9,04 cM (MiHiMymM 7,88 cM, MakcumyMm
10,12 cm). Haitbinblie cepelHE 3HA4YEHHS
JIOB)XMHU 4epellka JIMUCTKA BiaMiueHe y
POCJIMH, 110 3POCTAlOTbCS B arpoKyJIbTYPHHUX
30Hax i ctaHoBUTb 12,25 cM, 3 Bapiani€w Bij
10,52 cm g0 14,02 cM. MakcuMaJibHe 3HaYEHHS
boro mnokasHuka (13,24 cM) 3adikcoBaHO y
POCJIUH, 1[0 POCTYTh y A€BAaCTOBAHUX 30HAX.
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OGiomaca crebea, T

Puc. 5. Aesaporpamu inauBiAyassHOI MiHAUBOCTI 7. repens

3 ypaxyBaHHAM AAHAIIA(THO-(PYHKIOHAABHOTO 30HYBAHHA

O3naku T. repens B MeXaxX HOPMH [JJiA
BU/y, aJle IOPiBHAHO 3 JaHUMMU 3 Pi3HUX YACTHUH
oceJivMIla, OTpUMaHi 3HAayeHHA  CYTTEBO
3HWXKEHI J0 HaWHWXYOro piBHA MiHJIMBOCTI.
KpiMm MopdomeTpuuHHUX NapaMeTpiB, TaKOX
aHaJsli3yBaslacd KIJIBKICTb JIUCTKIB Ha OJHIU
pocauHi. CepelHE 3HaUeHHs cepeJUHHOI dpop-
Marii Ha OJHil POCJMHI CTAHOBUJIO 5-6 HITYK.

65

MinimasnbHa cepesiHs 6iomaca suctka (0,08 r)
Ta cte6sa (0,884 r) cnocrepiranacad B KOMy-
HiKalliiHUX 30HaX.

3 MeTol0 ys3araJbHeHHd MpPUJATHOCTI
JlaHoro BUAY JJs GioiHAuKanii npoBeAeHUU
aHaJIi3 BereTaTUBHUX Ta FeHepaTUBHUX CTPYK-
Typ T. repens Ha [iJIAHKax 3 pi3HUMU BUJAMHU
AHTPONOTEHHOr0  HAaBaHTaXeHHA.  AHaJi3
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BereTaTUBHUX Ta TFeHEPATHUBHUX CTPYKTYp B
Pi3HUX 30HAX aHTPONOTEHHOTO BIJIMBY BKa3yeE
Ha 3MiHM B IapaMeTpax BUTPUBAJIOCTI POCJIMH.
B 30Hax 3 aBTOTPpaHCIOPTHUM HaBaHTAKEHHAM
Ta B 30HAaX IHTEHCUBHOIO BUTOITYBaHHHA
CIIOCTEePIraeTbCd 3HWXKEHHA CepejHbOI Macu
JIMCTKIB Ta NaroHis, IJIOLIi JIUCTOBOI IIJIACTUHKH,
a TaKOX JOBXWHU 4YepellKa JUCTKA 1 KBITKO-
Hoca. CkolyBaHHA Ha pPO3AIJIOBUX CMyrax
aBTOJOpIr NIPU3BOAUTD 10 3HMKEHHSA GioMacu
Ta IJIOLLI JIMCTKA, a TAKOX JOBXKHWHU YepellKa
JUCTKa 1 kBiTKOoHOca. lli 3MiHM, HMOBIpHO,
NOB’'A3aHi He 3 3abpyJlHEHHAM [PYHTY Ta
aTMocdepy, a 3 YaCTilIUM CKOLIYBaHHSIM.

KisbKiCTh JIMCTKIB Ha MaroHax B 30Hax
BUTOIITYBAaHHA Ta aBTOTPAHCIOPTHOr'O HaBaH-
TaXXeHHH He CYTTEBO BIiJpPI3HAETbHCA OJHA Bij
O/IHOI, aJie 3HAa4YHO Oi/IbllIa, Hi>XK HA KOHTPOJIbHIN
TepuTopil. lle mnoB’fi3aHO 3 yKOpPOYEHHAM
MIXKBY3J1iB Ta 306JIMKEHHSIM GiUHUX CTPYKTYP
[IaroHiB 3a YMOB IOTipUIeHHA CcepefoBUILA
iCHyBaHHS1. AHaJIOTiYHa 3aJIeXKHICTb CIOCTepi-
FaeETbCd I1JOJO0 KIJbKOCTI KBITKOHOCIB Ha
naroHax. KinbkicTh 6i4HHMX MaroHiB CyTTEBO
Oinbla Ha [JiISHKAaX 3 aBTOTPAHCHOPTHUM
HaBaHTaXXEHHAM, a B IHIIMX 30HAaX 3HAa4YHUX
BiAMiHHOCTEeU He ciocTepiraeTbes. [lopymennsa
B CTabiZIbHOCTI PO3BUTKY, OLiHEHi 3MiHaMu B
iHgekci QuykTyroudol acumeTpii, BUSBJIEHI B
nonysaniax T. repens, Akl NigAalOTbCA IHTEH-
CMBHOMY BHUTOIITYBAaHHIO, Jie iHJAEKC 3Ha4HO
BUIIMH, Hi>K HAa KOHTPOJIbHIM TepUTOpii. Takum
YUHOM, 306i/blIeHHsl iHJeKCcy QJIyKTy40l
acumerpii, MMOBIpHO, MO>KHa BBa)KaTH
cnenypiyHUM iHAMKATOPOM BUTONTYBAaHHS.

3a BIUIMBY aHTPOIOreHHUX YMHHUKIB y
HNONyJ/ALIfAX 36i/AbIIYETbCA YacTOTa MOSBU
cnenudiyHux GeHOTUNIB y pi3HUX BUJIB
pPOCJIMH Ta TBapuH. 30KpeMa, popMa «CUBOTO»
MaJIlOHKa Ha JIMCTKax T. repens Ta 4aCTOTa KOTO
TpamJIAHHA MOXe€ BUKOPHUCTOBYBATHCA fK
iH/MKaTOp 3a6py HEeHHs cepejoBUIIa. IMOBipHO,
JlaHa O3HaKa 4yTJiMBa /10 3a6py/IHEHHS, MTOB’sI-
3aHOr0 3 BUXJIONHMMHU ra3aMu aBTOMOGIJILHOTO

Tpa”HcnopTy. OJHAaK He BapTO BHUKJKYATH
MOXJIMBUW BHECOK Y BUCOKHWH piBEHBb ILIbOTO
[I0OKa3HMKA YUHHUKA IHTEHCUBHOTO MeXaHIYHOI0
NOIIKO/PKEHHS — MOJBIMHOIO CKOLIYBAaHHA Ha
LIUX TEePUTOPIAX, HA BiAMiHYy BiJi 0JHOPA30BOro
Ha KOHTPOJIbHIN TepUTOpil.

BucaoBkHn

MexaHni3M 36epexeHHs nojaiMopdismMy B
ypbocepesoBUllli 00YMOBJIEHUN alalTUBHUMHU
epeKkTaMHy HaAJOMiHYBaHHS, KOJIH B MONYAsLIil
36epiraloTbCsl  pi3Hi asesi 3a  paxyHOK
OasaHcyo4yoro Jo060py, 11O Ja€ I[epeBary
reTepo3UroTHUM 0COOMHaM. Y MPUPOJLHUX
yMoBax nonyaauii  T.repens NpoABJANTb
6inbily  MopdoreHeTUYHY  OJHOPIAHICTbD,
BUSIBJIEHO NepeBakaHHs peHoTUniB O,ATa C. Y
INPUPOJHUX MONYJNALIAX peayi3yeTbCcsa pyLUIil-
HUH Bifbip, cOpssMOBaHUM Ha 30iJblleHHs
YaCcTOTU TpAIUIAHHA OKpeMUX TeHOTHIIIB.
TepuTopiaM i3 BUCOKMM aHTPONOTE€HHUM
HaBaHTAa)XEHHAM BJIaCTMBA TaKa Pi3HOMAHIT-
HicTb peHoTumiB: O, A, AH ta BHC. Y cennTebHUX
30Hax nepeBaxkae ¢pe”orun BH, a B ingycTpi-
aabHux - BHC, mo Moxe ciayryBaTH iHAMKa-
LiHOI0 03HAKOIO.

Hal6inbiioro BHUCOTOI KBITKOHOCA Ta
JIOB)XMHOI0  4Yepellka  XapaKTepU3YyHThCA
T. repens, 110 3pOCTalOTh B arpOKYJIbTYPHUX Ta
JleBaCTOBaHMX 30HaX, HaMobiJblla KiJIbKIiCTh
JIUCTKIB CIIOCTEPIraeTbCA B IHAYCTpia/IbHIN Ta
ceJIUTEOHIN 30HAX; arpokKyJbTYypHa, [€BacTo-
BaHa Ta peKpeaniliHa 30HU XapaKTepU3YIThCA
Halo6ijbIIol 6ioMacor crTebes Ta JIUCTKIB;
JIydHa €KOCHUCTeMa - HaWOIbIIMMU 3HaAYeH-
HSMM BHCOTH KBITKOHOCA, 4yepeuika Giomacu
ctebesn Ta JIUCTKIB, MNpOTe HaKWMEHILIO
KIJIBKICTIO JIMCTKIB. 3MeHILIeHHA [JiameTpa,
MacHy CYUBITTA i KiJIbKOCTI KBITOK B CYLBITTI €
HecrneUQiyHOIW peakli€l0 Ha aHTPOIOreHHe
HaBaHTaXeHHA. MakcuMaJsibHe BiAXUJIEHHS
CTIMKOCTI PO3BHUTKY KOHIOUIMHU CIIOCTepira-
€TbCA B 30HI BUTONITYBAHHA.

3asBa incruryuiiizoi pesisiiinoi paau / Institutional Review Board Statement

He 3acTocoByeThcs / Not applicable.

3asBa npo indopmosany 3roay / Informed Consent Statement

He 3acTocoByeThcs / Not applicable.
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ENVIRONMENTAL CONSEQUENCES OF CLIMATE CHANGE:
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ABSTRACT

The issue of environmental problems is particularly important today. The relevance is determined by the fact that
global challenges arise every day, and global warming causes serious climate change and threatens the disappearance of
the ecosystem.

The purpose of the article is to analyze current trends and consequences of global and regional climate change.

Methodology. A set of general scientific methods (analytical and synthetic hermeneutic, pragmatic, and
generalization techniques) was employed to achieve the research goal and ensure the scientific reliability of the results.

Scientific novelty. The study reveals the main problems of nature management and changes in nature caused by
anthropogenic activities. The importance of the population's counteraction to negative impacts on the planet’s ecosystem
is emphasized. The study examines the main causes of climate change and substantiates the global risks associated with
this phenomenon. The impact of climate change on the economic sector is analyzed. Special attention is paid to the terms
“climate crisis” and “global climate change”. It is found that modern environmental problems include an increase in the
number of wars, ocean pollution, global warming, resource shortages, and others. Each of these problems poses a serious
threat to the development of any state. It is proved that in the context of political instability, Ukraine does not have the
full potential to implement scientifically based balanced measures. The absence of an effective state policy on sustainable
environmental management poses a threat to the economy and environment of Ukraine. It is necessary to find ways to
solve the identified problems and consider promising areas for improving the factors that affect the environment and the
environmental situation in general. Improving the environmental situation will allow Ukraine to rise to a new level in the
global ranking.

The conclusions state that climate change threatens not only the economic and environmental security of the
state, but also national security in general.

Key words: impact on ecosystems, emission reduction, resource conservation, green energy, alternative energy sources,
habitat loss, climate change policy, health risks, socio-economic impacts

AHOTALIA

[IuTaHHA eKOJIOTIYHHUX MPOO6JEM CbOTOJAHI € 0COGJMBO BaXKJIMBUM. AKTYaJbHICTh BHU3HAYAETbCA THUM, LIO
r7106a/IbHi BUKJIMKY MTOCTATh IO/HSA, a TJI06a/bHe MOTEIUTIHHS CIPUYHHSIE CepH03HI KJIIMaTUYHI 3MiHU Ta 3arpoXKye
3HUKHEHHSM €KOCUCTEMHU.

MeToOI0 CTaTTi € aHa/Ii3 CydyacHUX TeHJEeHIid Ta MOTeHI[iIHHUX HACJIiJKiB rJ1I06aJbHOI Ta perioHaJbHOI 3MiHU
KJAiMaTy WIJISXOM BHBYEHHS 3MiH TeMIepaTypu B pi3HUX perioHax YKpaiHH, OLiHKM ajJanTaliiHUX 3axXojiB,
po3pobsieHUX B YKpaiHi, Ta HalaHHS METOAUYHUX PeKOMeHJallill.

MeTogosioris. /[yiss oCATHEHHs MOCTaBJIEHOI METH AOCJIPKeHHsI Ta 3a0e3ledyeHHs] HayKOBOI JOCTOBipHOCTI
pe3y/bTaTiB 3acTOCOBAHO Habip 3arajJbHOHAYKOBUX MeTOZiB (aHa/JiTUYHUX | CUHTETUYHUX TE€PMEHEeBTUYHUX,
MparMaTUYHUX i y3araJbHIO0YUX TPUHOMIB).

HaykoBa HOBHU3Ha. Y JOC/Ii/P)KeHHI PO3KPUTO OCHOBHI NMP0o6JeMU NIPUPOJJOKOPUCTYBAHHS Ta 3MiHU Y IPUPOJ],
BUKJIMKaHI aHTPOINIOTeHHOI0 Aifl/IbHICTIO. [liIKpecjeHo BaX/IMBICTh Y NPOTHU/AII HaceJeHH 1[0/10 HeTaTUBHUM BILJINBaM
Ha €KOCHUCTeMY IJIaHETH. Y JIOC/i/PKEHH] PO3TJISHYTO OCHOBHI MPUYMHU 3MiHM KJIIMaTy Ta 06IPYHTOBAHO TJ00aJIbHI
PU3UKH, NTOB’sA3aHi 3 UM siBULeM. [I[poaHai30BaHO BIJIUB KJIMaTUYHUX 3MiH HA eKOHOMIYHUH cekTop. OKpeMy yBary
NpUJieHO TepMiHAM «KJiMaTH4YHAa KpH3a» Ta «rJjobasbHa 3MiHAa KjaiMaTy». BusiBieHo, mo cydacHi ekoJioriuxi
npo6JIeEMU BKJIIOYAIOTh 3pOCTAHHSA KiJIbKOCTI BOEH, 3a06pY/IHEHHS OKeaHiB, IrJI06aibHe MOTEJIiHHS, HecTadya pecypciB Ta
inwi. KoxxHa i3 M npo6JieM CTaHOBUTb Cepi03HY 3arpo3y /s pO3BUTKY Oy Ab-sIKOI Jlep>KaBHU.
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JloBeJieHO, 1110 32 YMOB MOJIITUYHOI HECTAbIJIbHOCTI YKpaiHa He Ma€ MOBHOTO MOTeHLialy AJs BIPOBAa/PKEHHS
HAyKOBO OOIPYHTOBaHMUX 306a/JaHCOBAaHUX 3axoAiB. BifcyTHicTb edekTHBHOI [Aep:kaBHOI MOJITHUKHA 1100
36a/1aHCOBAaHOTO NPUPOJLOKOPUCTYBAaHHS CTAHOBUTH 3arpo3y eKOHOMili Ta AoBKiaI0 YkpaiHu. HeobxifHo 3HaiTH
IIJIIXWM PO3B’sI3aHHS BUJIJIEHUX MPOOGJEM Ta PO3IJISHYTH NEPCHeKTHBHI HAaNpsSMHU MOKpalleHHS YUHHUKIB, ki
BIUIMBAIOTb Ha HABKOJIMUIHE CepeJioBHILe I eKOJIOTIYHy cHTyalil 3arajsoM. [lokpalleHHA eKOJIOTIYHOI cHTyalil
I03BOJIUTh YKpaiHi NiAHATHCS HA HOBUHM piBEHb Y CBITOBOMY PEUTHHTY.

Y BUCHOBKAaX 3a3HaueHo, 1[0 3MiHU KJIIMaTy 3arpOXKy€ He JIMIIEe eKOHOMIYHIN Ta eKoJIoriyHil 6e3melyi gepKaBH,
a ¥ HalioHaJIbHiN 6e3Ielli B L[iJIoMY.

Kio4oBi c/1oBa: BIVIMB Ha €KOCHCTEeMH, 3MeHIIeHHSI BUKW/iB, KOHCEpBAIlisi pecypciB, 3ejieHa eHepreTHKa,
aJIbTepHATUBHI JKepeJsa eHeprii, BTpaTa cepe/0BUIL, iCHYBaHHS, MOJITUKA KJIIMaTUYHUX 3MiH, pU3UKH [JIJIs1 3/0POB’s,
COliaJIbHO-EKOHOMIYHIi BIIJIMBU

Basok et al. (2021) examine the adap-
tation of the population to climate change and
Global climate change is one of the most  ¢learly describe the factors of global warming,
serious environmental challenges facing Drakohrust (2022) explores the deep inequa-
humanity. The International Center for Climate lities in our world by analyzing one of the most
Research estimates that temperatures will rise devastating consequences of climate change for
by 2-5 degrees Celsius over the next 100 years. people - forced migration. Climate change is the
This rate of global warming will cause defining crisis of our time, and its effects
significant climate change and threaten the  (jisproportionately affect vulnerable groups in
extinction of various ecosystems. Serious society, including those fleeing war and
climate change is already happening today. persecution.
Citizens of all countries must acknowledge that Drakohrust and Martsenko (2022) discuss
humanity has no right to use the earth’s  the need to understand the impact of climate
atmosphere for pollution. Without immediate change on migration processes, emphasizing
action, stopping global climate change will  the timely management of migration caused by
become impossible, and future generations will  climate change. They analyze the factors causing
face life-threatening conditions on Earth. climate change, including solar flares, storms,
Climate change has emerged as a critical  solar winds, and the eccentricity of the Earth's
global challenge and a top priority on the  orbjt (natural factors), as well as environmental
international agenda in the 21st century. From pollution and global warming caused by
a scientific perspective, this issue is  greenhouse gases (anthropogenic factors),
interdisciplinary and complex, encompassing  which leads to melting glaciers, rising sea levels,
key environmental, economic and social aspects and changes in animal populations and habitats.
of sustainable development. Timely and Osadchii (2021) examines Ukraine’s
preventive adaptation measures can yield  (limate program as the foundation for a
substantial benefits by reducing the risks and  comprehensive national environmental policy
potential damages associated with weather and on climate change. He also analyzes the main
climate-related impacts, including climate causes and consequences of global warming,
change. Ukraine is already facing challenges in highlighting its negative impacts, particularly
adapting to the current climate and needs to on the fisheries sector.
enhance its capacity to adapt to future climate Sarvas et al. (2023) analyze the socio-
conditions. economic impacts of global climate change on
Many domestic researchers have studied  oyr lives and the global economy. Their study
the environmental consequences of climate  demonstrates that global climate change will
change. In particular, Tolkachova and have significant social and economic conse-
Kononenko (2021) argue that each state faces quences.

issues related to ensuring environmental Tanasienko et al. (2019) consider global
human rights. They note that inefficient use of environmental issues within the national
natural resources and the widespread use of  security system, classifying and analyzing the
environmentally  harmful and  defective  main problems. They argue that the irrational
technologies, substances, and materials cause use of natural resources leads to the depletion
significant anthropogenic disturbances and of mineral resources and could cause a crisis in
technological overload on the planet. the near future. Hazardous production proces-
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ses pollutes the environment and the authors
identify key areas that need to be managed to
protect and restore resources.

Karabinyuk and Markanych (2020)
determined that the current trend in climatic
conditions in Montenegro shows an increase
(by 5-10 %) in average monthly temperature,
maximum temperature, minimum temperature,
precipitation, wind speed, and other climatic
indicators. Tsitsyura (2017) presents the
results of an analysis of changes in climatic
parameters in Ukraine overall and specifically
in the Right-Bank Forest-Steppe region. The
analysis focuses on indicators such as average
daily temperature, precipitation, and thermo-
haline coefficient. The author concludes about
the projected development of climatic pheno-
mena in the study area and their impact on the
efficiency of agriculture and crop production.
Shevchenko (2023) examines the conceptual
elements of climate communication and deter-
mines that climate communication highlighting
that it is a crucial component of climate policy
implementation. This involves raising public
awareness at all levels about global climate
change and climate policy, as well as adaptation
and mitigation measures, in the current context
of global climate change.

The purpose of this study is to analyze
current trends and consequences of global and
regional climate change.

Materials and methods

Due to the complex and multidimensional
nature of the research topic, a set of general
scientific methods was employed to achieve the
research goal and ensure the scientific
reliability of the results. These methods include
analytical and synthetic hermeneutic, pragmatic,
and generalization techniques. The application
of the analytical and synthetic methods allowed
us to determine the current state of the
ecological system in Ukraine. The use of the
hermeneutic method enabled an analysis of the
negative impact of environmental challenges
affecting climate change, particular global
warming. Conclusions, recommendations and
suggestions are based on practical generali-
zation.

Results and discussion

Climate change is driven by disturbances
in the energy balance of the biosphere and its
components, notably natural ecosystems, under
the significant influence of anthropogenic
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factors. Ecosystems function to bind energy and
maintain structural organization, but imbalance
occurs when there is a significant gradient in the
energy reserves of biosphere components.

Today’s global warming is progressing
10 times faster than historical natural pheno-
mena. Scientists increasingly refer to the
situation as a «climate crisis» to emphasize its
severity and the urgent need for action. The
climate crisis, characterized by rising global
average temperatures, necessitates achieving
carbon neutrality and adapting to climate
change by 2050 (Sarvas et al., 2023).

Global climate change presents one of
humanity’s most pressing challenges. Increased
seasonal pollution is expected to lead to more
allergies and asthma. Climate change will
impact crop yield, leading to food shortages, and
disrupt precipitation patterns, increasing the
frequency and intensity of extreme weather
events (Sarvas et al., 2023).

The natural ecosystem's inability to
stabilize leads to external factors displacing
horizontal and vertical energy, causing storms,
cyclones, increased average annual tempera-
tures, and other catastrophic events. When the
system's internal organization cannot withs-
tand external influences, it collapses. The World
Economic Forum’s Global Risks Report
highlights the negative impacts on human
mortality, ecosystem stress, food and water
crises, climate-induced migration, geopolitical
tensions, economic losses, capital market risks,
and trade disruptions.

Rychak and Kizilova (2021) emphasize the
impact of global climate change on air, water,
and soil pollution, increased surface water
salinity, industrial and drinking water quality,
and the frequency of catastrophic events such as
heavy rains, floods, snowfalls, tornadoes, large
fires, and deadly heat waves. These issues
adversely affect everyone.

Climate change is accelerating faster than
previously predicted, manifesting in rising
global temperatures, more frequent natural
disasters, and accelerated polar ice melting
(Osadchii, 2021). Agriculture, closely linked to
climate change, contributes to global warming
by releasing carbon dioxide during land
cultivation. Extreme temperatures, droughts,
and irregular seasonal weather significantly
impact food production and consumption,
reducing nutritional value and food safety.



Biota. Human. Technology. 2024. No 2

Electronic edition

Heat and humidity exacerbate agricultural
challenges by increasing pest activity and the
spread of fungal diseases, releasing dangerous
toxins. As agriculture accounts for 10% of GDP,
improving agricultural production models and
management practices to address climate
change into account.

The primary causes of climate change
include:

1. The Greenhouse effect: this natural
process, which keeps Earth’s average tempe-
rature at +15°C instead of -18°C, has intensified
due to increased greenhouse gas concentrations
from burning fossil fuels since the Industrial
Revolution.

2. Greenhouse gas emissions: Fossil fuel
combustion releases carbon dioxide, increasing
atmospheric CO2 concentrations from 280 ppm
to over 400 ppm in 150 years (Tanasienko et al.,
2019).

Human activities, such as fossil fuel use
and inefficient energy consumption, exacerbate
the greenhouse effect. Excessive greenhouse
gases from power plants, transportation,
agriculture, industry, and forest fires trap solar
heat in the lower atmosphere.

Russia's invasion of Ukraine has exacer-
bated the climate crisis by releasing significant
amounts of CO2 and other greenhouse gases.
The Ministry of Ecology and international
experts estimate at least 33 million tons of
COz2-equivalents have been emitted due to the
war, with potential indirect emissions from
post-war recovery estimated at 48.7 million
tons of CO2-equivalents (Shevchenko, 2023).

In 2019, the European Commission
introduced the “European Economic Direction
with  Environmental Risks” to address
environmental risks in the European economy
(Table 1).

Table 1

Risks of climate change on the ecosystem of Ukraine

(compiled by the author based on data from
Tolkachova & Kononenko (2021), Drakochrust (2022))

Characteristics

Reduced summer rainfall causing water shortages, more floods from high winter rainfall,

Higher winter temperatures reduce crop losses, potential for increased food production
if managed properly, more floods leading to crop losses, increased summer irrigation

Reduced winter heating needs, increased summer cooling needs, decreased efficiency of
electricity generation and distribution, industry must adapt to climate change and invest

Increased deaths from heat, fewer deaths during cold periods, increased surface and
ozone pollution with serious health consequences, changes in disease distribution such

Increased tourism as other regions become less attractive, coastal flooding, erosion, and
saltwater inundation from rising sea levels, impact on forests and important international

Element
Wat .
avet increased frequency of severe droughts.
Food
needs.
Energy
in infrastructure.
Health
as Lyme disease.
Other
ecosystems.

Despite these risks, businesses and insti-
tutions often underestimate the seriousness of
climate change. The global climate system's
change affects the atmosphere, oceans, ice
cover, and land surface, intensifying the
hydrological cycle and leading to extreme
weather events and rising sea levels, causing
soil erosion and flooding. Extreme sea-level
changes, once occurring every 100 years, are
now projected to happen annually by the end of
the century (Shkurat and Tukila, 2021).
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Effective climate communication, awareness,
and public concern about environmental risks
can drive a new green social contract,
influencing political and business life toward
climate-friendly practices. British scientists
cited by Tolkachova and Kononenko (2021)
predict significant impacts on Ukraine’s
economic sector:

Energy Infrastructure: Vulnerable to
climate change, particularly thermal power
plants facing reduced efficiency and water
availability for cooling.
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Infrastructure: Outdated mining infras-
tructure is at risk from extreme weather events
and sea-level rise, threatening coastal areas.

Agriculture and Food Supply: Winter
crop yields may increase, but greater variability
and extreme events pose significant risks.
Ukraine's grain yields lag behind global trends,
with a fourfold difference between potential
and actual yields.

Water Supply and Floods: Summer river
flows could decrease by up to 50 %, leading to
severe droughts and increased flooding,
exacerbating health risks.

In recent years, cases of leptospirosis,
cholera, hepatitis A, and salmonellosis have
been reported in flooded areas of Ukraine. In
general, the issue of rational environmental
management of lake ecosystems is of particular
importance for water conservation. This
problem is especially relevant due to the dry
climate in the steppe zones (Poleva et al.,, 2023).

Inadequate water balance, poorly develo-
ped waterway networks, and insufficient
reservoir areas, as well as adjacent areas where
water quality is deteriorating, exacerbate the
issue. The study of water bodies is one of the
most important priorities in Ukraine.

Sea Level Rise and Coastal Erosion:
Increased erosion and toxic algae outbreaks
threaten Ukraine’s coastline and marine
ecosystems.

1. Tourism: As southern European
regions become less attractive, Ukraine may see
increased tourism.

2. Ecosystems and Biodiversity: Climate
change will exacerbate threats to biodiversity,
leading to species extinction and altering
ecosystems.

3. The flora and fauna of the Carpathians
have already begun to adapt to climate change.
Trees are starting to grow at higher altitudes,
and other species are following suit. The lack of
water will lead to a reduction in forest areas and
a decrease in soil fertility.

4. Human Health: Rising temperatures
and frequent heat waves increase morbidity and
mortality from heat-related illnesses. Poor
water quality will raise the incidence of
bacterial diseases, though warmer winters may
reduce hypothermia deaths. The impact of
climate change in Ukraine, compounded by
military operations, threatens public health,
ecosystems, water and forest resources, and
energy infrastructure. The lack of balanced,
scientifically sound measures and effective state
policy exacerbates these risks, jeopardizing
Ukraine’s economy and environment.

Conclusions and Prospects

The main causes of climate change are the
greenhouse effect, greenhouse gas emissions,
and continuous missile explosions worldwide.
Given Ukraine’s political instability, various
risks impact both the national and global
ecosystems.

There are currently insufficient opportu-
nities to implement balanced and scientifically
sound measures. The absence of an effective
state policy on balanced environmental mana-
gement poses threats to Ukraine’s economy and
environment, with broader implications for
national security. Without substantial interven-
tion, Ukraine risks being sidelined in the global
progression towards sustainable development.
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AHOTAIIA

AHTpoOnoOreHHa JjislJIbHICTb NPOJOBXKYE 311 ICHIOBAaTH 3HAYHU I TUCK HA IPUPOJHI pecypcH, 1110 CTBOPIOE HeabUsKi
npO6JIEMH [IJISI CTAJIOTO PO3BUTKY.

Y cTaTTi po3r/asgaEThcs 6araToacneKTHUN BIJIMB JIIOICHKOI AiIbHOCTI Ha NPUPO/HI pecypcH Ta AOCaiIKYEThCSA
NOIIYK MOJeJiell CTaJoro po3BUTKY. AKTyaJbHICTb i€l TeMHU noJiArae B ii 3HaueHHi A/ r106a/bHOI eKoJoriyHol
piBHOBarwy, coujajJbHO-eKOHOMIYHOI cTabisibHOCTI Ta J06POOYTY HUHIIIHBOTO i MaliBGyTHIX TOKOJIiHb.

MeTo10 JJaHOTO AOC/I/PKEHHSA € aHaJli3 CKJIaJHUX BiJHOCUH MDXXK aHTPOINOTreHHOI [iSJIbHICTI0O Ta NPUPOJHUMU
pecypcamu A1 BU3HaYeHHS epeKTUBHUX CTPATETIH JOCATHEHHS CTAJIOTO PO3BUTKY.

MeToposoria. Y mnpoueci HanvcaHHA po6GOTHU OyJIOo 3JiMCHEHO OrJsJ, Cy4aCHHUX HAYKOBUX [JOCTiKEHb 3
BiZITOBi/IHOI TEMAaTHKH. Y po60Ti 3aCTOCOBAHO HACTYIHI METO/{U: aHaJIi3y, cUCTeMaTH3allil, y3araJibHeHHSs, OPiBHAHHS.

HaykoBa HOBHU3HA. 3aB/Js KM KOMIIJIEKCHOMY BHMBYEHHIO Ta aHajily pO3KpPUBAKTbCAd pi3HI acnekTu
aHTPOIOreHHOTO BIUIMBY Ha NPUPO/IHI pecypcH, 30KpeMa pyHHYBaHHS apeasliB NpoKUBaHHA, 3a0py/JHEHHs, Ha/[MipHa
eKCIJlyaTalid Ta 3MiHa KJiMaTy. Y JOCHi/pKeHHI pO3r/sffaroTbCsd HasfABHI MoOJeJi CTajJoro pPO3BHUTKY, BKJIKYAYHU
eKO0JIOTiYHI TexHoJIoTil, MPUPOJOOXOPOHHI 3aX0AU Ta 3aKOHOJAaBYi paMKH, BUCBIT/IIOIOTHCA iXHI CU/IBHI Ta ciabki
CTOPOHH, a TAKOXK MOTEHIiaJ /I MaclITaOyBaHHS.

Pe3ysbTaTu [NOCTiPKEHHSI HAroJIOIYIOTh Ha HEOOXiAHOCTI MPUUHSATTS IiJMiCHUX MiJXOJiB, 10 TMOEAHYIOTh
eKOJIOTiYHi, coljjajibHi Ta €KOHOMIYHi acmeKTH [ MOM’SKIIEeHHS aHTPOMOTEeHHOTO THUCKY Ta CHPHUSHHS CTaJIOMYy
yIpaBJIiHHIO IPUPOJHUMH pecypcaMu. Po60Ta TakoX pO3KPUBAE BAXKJINBICTb MMM CIIUIIJIIHAPHOTO CIIiBPOGITHUIITBA,
3a/ly4eHHs 3allikaBJeHHUX CTOPIH Ta IJ106aJbHOI clliBOpalli y NpocyBaHHI NOPsSKY JEHHOTO CTaJoro pO3BUTKY.

BucHoBKkM. Ha oCHOBI 1[ux pe3yJsbTaTiB y JOC/Ti)KEeHH] 3p06JieHO BHCHOBOK, 1[0, HE3BAXKAIOYM Ha 3HAYHUU
nporpec y po3yMiHHI Ta BuUpilleHHi NMpo6JieMH BIUVIMBY aHTPOIOTeHHOI JifIbHOCTI Ha NMPUPOJHI pecypcH, s
JIOCAATHEHHS CIIPaBXXHbOI CTaJIOCTi monepey 6arato po6oTu. BoHo HaroJiouye Ha Heo6XiJHOCTI TpaHchopMaLiiHUX
3MiH y Mo/ieJisIX BUPOOGHHUI[TBA, CIIO>KUBAHHS Ta YIPABJIHHS AJIS 3aXUCTY €KOCUCTEM, MiJIBULeHHs IXHbOI CTIHKOCTI Ta
3abe3nevyeHHs PiBHOTO JOCTYIY A0 PecypciB.

Kiwo4oBi cioBa: cTilkuil po3BUTOK, aHTPONOTeHHUH BILUIMUB, €KoJIOriyHa CTiHKicTh, 36epexxeHHs 6Giopi3Ho-
MaHITT$, eKOCUCTEMHI MOCIYTH, 3MiHa KJIiMaTy, BOJHI pecypcH, 3eMJIeKOPUCTYBaHHSI, ByTJIeLeBUH CJTiJT

ABSTRACT

Human activity continues to exert significant pressure on natural resources, creating considerable challenges for
sustainable development. This article examines the multifaceted impact of human activity on natural resources and
explores the search for models of sustainable development. The relevance of this topic lies in its significance for global
ecological balance, socio-economic stability, and the well-being of present and future generations.

The aim of this research is to analyze the complex relationships between anthropogenic activity and natural
resources to identify effective strategies for achieving sustainable development.
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Methodology. In the course of writing this paper, a review of contemporary scientific research on the relevant
topic was conducted. The following methods were applied in the work: analysis, systematization, generalization, and
comparison.

Scientific novelty. Through comprehensive research and analysis, this study reveals various aspects of
anthropogenic impact on natural resources, including habitat destruction, pollution, overexploitation, and climate
change. Existing models of sustainable development are examined, including ecological technologies, conservation
measures, and legislative frameworks, highlighting their strengths and weaknesses, as well as their potential for
scalability.

The research findings emphasize the need for comprehensive approaches that integrate ecological, social, and
economic aspects to mitigate anthropogenic pressures and promote sustainable management of natural resources. The
study also highlights the importance of interdisciplinary collaboration, engagement of stakeholders, and global
cooperation in advancing the sustainable development agenda.

Conclusions. Based on these results, the research concludes that despite significant progress in understanding
and addressing the impact of anthropogenic activities on natural resources, much remains to be done to achieve true
sustainability. It underscores the need for transformative changes in production, consumption, and management models
to protect ecosystems, enhance their resilience, and ensure equitable access to resources.

Key words: sustainable development, anthropogenic impact, ecological resilience, biodiversity conservation,
ecosystem services, climate change, water resources, land use, carbon footprint

Bc HayKOBi Hpaui MNpoAOBXKYKTb HAroJiomy-
. ) BATHU Ha 3arpo3JIMBUX TeMIIaX /:[el‘paﬂaui'l'
AKTyaﬂleCTb TeMH OOC/IIAXKEHHS I10JIAra€e eKOCUCTEM 1 BHCHaKEeHHS pecypciB, COpUYHU-

y BHpIlIeHH] CK/IaHUX [JI06aNbHUX MPOGIIeM, HEHHUX aHTPOIOTEHHOIO AiJIbHICTIO, 30KpeMa
4 ] ] ] " - .

MOB’SI3aHUX i3 MOTipIIEHHSM CTaHY JOBKIJLISA Ta BUPYGKOIO JICiB, HAAMIPHUM BHJIOBOM PUGH Ta

BHCHA)X€HHAM IPHUPOAHMX PECYpCIB, a CaMe: 3a0py/IHEHHAM JIOBKi/LISA. JloC/i/[P)KeHHSI BUCBIT-

BIUVIMBY aHTPOIIOr€HHO1 AIA/IBHOCTI HA IIPUPO/HI JIIOIOTh KaCKaJlHUH BILJIUB HA BTPATy 6Giopi3HO-
Axepejla Ta MNOWYKOM MoJejen CTajloro MaHiTTs, AedinuT BoAM Ta 3MiHY KJiMaTy

po3BUTKY. OCKIJIbKM JIIOACBbKA [JifIJIbHICTh (Kyzym et al., 2023).

IPOAIOBKYE POSIIMPIOBATUCA Ta iHTeHcHQiKy- [IoMiTHOO TEH/IEHIIi€I0 B OCTAHHIX My0JTi-
BaTHCs, BIVIMB Ha IMPUPOJHI pecypcHu CTae Bce KallisiX € 3aCTOCYBaHHS iHTerpOBaHUX MiJIX0/iB
OinblI BilMYyTHUM, NIO3HAYAIOUUCh HA €KOCHC- [0 OLIHKK 6araTOrpaHHMX HACHIAKIB aHTpPO-
TeMax, 6i0pi3HOMaHITTI Ta 3araJibHOMy CTaHi MOreHHOI MAis/IbHOCTL. Y LHUX J0C/TiPKEeHHSX
HaBKOJIMIIHBOIO Cepe/loBMIA Ha IJIaHeTi. IHTerpyroTbcd €KOJIOTI4Hi, coliaJbHO-eKOHO-
YCBiZIOM/IEHHS L[bOrO BILIMBY Ma€ K/KYOBE  wMiyni Ta ynpaBJliHChbKi acleKTH, 106 3aGe3mne-
3HaYeHHs JIsi PO3POOKH epeKTUBHHUX CTpaT- YUTH LiJIiCHE pO3YMiHHS CKJIaJIHUX B3aEMO/IN y
eriii cnpusiHHsA cTasoMy po3BuTKy (Bahorka & NpUPOJHUX cucTeMax JlokaafaloThbCs 3yCUIIA
Yurchenko, 2020). JJId  BU3HA4Ye€HHA KPUTUYHUX I[OpPOTiB, 3a

JlaHe f0C/Ti/XKeHHA J03BOJIAE BUCBITJIMTH  gKyMH eKOCHCTEMaM 3aBJAETbCS HE3BOPOTHA
. ' . ) .
CKJIaAH1 B3d€EMO3B A3KHW MIK aHTPOIIOT€HHOIO HIKOa. ZlOCJ'Ilﬂ,HI/IKI/I BUKOPUCTOBYIOThb Ilepe/i0Bi

AISJIBHICTIO Ta IPUPOJHUMU pecypcaMy, MoKa- MeTOJ 1 MO/ieJIIOBAaHHS Ta eMIIipUYHI criocTepe-
3aTHU pi3Hi cnoco6H, B Ki Jit0/ICbKa AiJIbHICTD JKEHHSI JUISI BUBHAYEHHsI KJYOBUX MOMEHTIB,
CIpusie eKcriyartauii pecypcis, 3a6py/iHEHHIO 1[0 AOMOMAararThb IOJiTHKAM Ta 3aljikaBJIEHUM
Ta PyHHYBAaHHIO Cepe/jOBUIL iCHYBaHHs. AHaJI- CTOPOHAaM BYAaCHO BXWUTH 3axX0AiB i
3y104u I_.[i B3a€EMO3B’AA3KH, MOHA BCTAHOBUTH 3amoGiraHHsi  €KOJIOTiYHOMY  pyHHYBaHHIO
KJII0OYOBI YMHHUKHU Jlerpajauii JoBKijjisg Ta (Omelchuk, 2023).
chopmysiroBaTH 1LisecnpsAMOBaHI 3aX0AH AJA [HTerpaiiss HOBITHIX TEXHOJIOTiHM, TaKHX
MOM'SIKIIIEHHSI 1XHiX HeraTMBHUX HaC/JiJKiB AK JUCTaHI[iliHe 30HAyBaHHS, WTYYHHH iHTe-
(Melnychenko et al,, 2023). JIEKT i 6J10K4YelH, 06i1s€ MOKPAIIUTH CTpaTerii
AHTpomnoreHHa JisiJibHiICTb, 6e3MepeyHo, MOHITOPMHTY Ta yHpaBJiHHA NPUPOJHUMH
3MiHuIa CTPYKTYypy HPHUPOAHUX pe_cuypciB: pecypcamu. Lli iHHOBalii J03BOJIAIOTH 36UpaTH,
CTBOPUBIIM 3HA4YHI BUKJIUKU [JisT CTiMKOCTI aHasli3yBaTH Ta NPUIMATH DIlleHHS B PEXUMI
ekocucreM i f06pob6yty Jofeid. HewjonasHi peasibHOTO dYacy, CIOPUSYA NPOAKTUBHOMY
JloCJiIKeHHs Ta nyo6Jikanil cnpsMoBaHi Ha 36epeXKeHHI0 Ta CTaJOMY BHKOPHUCTAHHIO
BceGiuHe PO3YMiHHSA LMX BIIMBIB, & TAKOX Ha  pecypcip (Shpakova, 2020). Hessaxatoun Ha
PO3pOGKY MOJesIel CTa/oro PO3BUTKY. JIOCATHEHHs] B HAayKOBOMY BUBYEHHI, 3a/M1la-

I0TbCHI HEBUPIillleHI NMUTAHHA W0A0 BTiJIeHHA
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pe3yJbTaTiB AoC]ai>keHb B epeKTUBHI MoJi-
TUYHI 3axoAu Ta pepopmu BpsiayBaHHsA. Cepen
BUKJIMKIB — 60poTbba 3 0COOMCTHMHU iHTEpe-
caMH, COpPUSHHS MiXKCeKTOpaJibHiW chmiBmpaui
Ta 3abe3MeyeHHsl CIPaBeJJIMBOTO PO3MOAiLY
BUTO/Y | HABaHTaXXeHHH
[lolmMpeHHd yCHIIIHUX IiHIgIaTUB  3i
CTaJIOr0 PO3BUTKY 3aJIMIIAETHCA KJIHYOBUM
npiopurteToM. HaykoBLi BHUCTyHmawTbh 3a
BiATBOpIOBaHi Mojesii Ta TpaHcPopMalliiHi
HIAXW, 1o 3abe3neuyloTbhb OajaHC Mix
€KOJIOTIYHOIO I[IJIICHICTIO Ta METO COLiaJIbHO-
€KOHOMIYHOTr0 po3BUTKY. OJHAK 3a/IMIAK0ThCA
MUTAHHS 100 MacCIITab0BaHOCTi, MOGiTi3amil
pecypciB Ta aJalTUBHOCTI pilleHb y Ppi3HUX
KoHTeKcTax (Zamula & Shavurska, 2023).
MixaucuuniiHapHa chniBnpans Ta 06MiH
3HAaHHAMU MaKThb BaXJWBe 3HA4YEeHHA [JJIs
BUpIlleHHS1 CKJIQJHUX MNpo6JieM aHTpPONOTeH-
HOI'0 BIIMBY Ha IPUPOJHI pecypcu. IHTerpoBaHi
JOCHIJHULbKI  CTPYKTypU Ta maaTPOpMHU
CIIPUAIOTH [iaJIoTy MiXX HAayKOBUAMH, IOJIITHU-
KaMH, IpaKTUKaMH Ta MIiCLLleBUMU IrpOMaZilaMH,
CTUMYJIIOKOYU IHHOBAllii Ta B3aEMHe HaBYaHHA.
[ligBUILEHHS CTIMKOCTI Ta BIpOBaAKeHHS
CTpaTerii aZanTUBHOrO YIpaBJiHHA MalTb
BUpilllaJibHe 3Ha4eHHH /14 [I0J0JIaHHA HEBU3-
HAUYeHOCTi Ta HemepejbadyyBaHUX HACIIJKIB,
NOB'SI3aHUX i3 AHTPONOTeHHOI JAisJIbHICTIO.
OCHOBHMMHU NpHHIMIIAMU 3a06e3MevYeHHsl CTa-
JIOCTi CUCTEM NIPUPOJHUX PECYPCIB € THYYKICTB,
HaBYaHHS Ha OCHOBI 3BOPOTHOr0 3B’fI3Ky Ta
CIIPUAHHA PO3BUTKY aJAlTUBHUX CTPYKTYpP
ynpaBJjinHA (Ryzhova & Pavlyuk, 2023).
MeTol0 cTaTTi € aHaJdi3 CKJagHUuX
BiZJHOCUH MiXX aHTPOINOTeHHOK JifJIbHICTIO Ta
NPUPOJAHUMHU pecypcaMUd [Jid BU3HAYEHHH
epeKTUBHUX CTpaTeril [JOCATHEHHS CTajoro
PO3BUTKY.

Martepiaal i METOAU AOCAIAYKEHHA

[HbopManiliHOIO  6a300  AOCJIIKEHb
CTaJld HAYKOBI [JOCHI/PKeHHA BiTYU3HAHUX
BUEHHUX Ta CTATUCTUYHUHN MaTepiaJl.

HaykoBO10 OCHOBOIO AOCJi/P)KEHHA CTaau
npani BITYU3HAHUX BYEHHUX 3 JOCJIJPKYBaHOI
npo6semMu (Azarov & Kharlamova, 2020;
Zinchuk et al., 2022).

Jl1s focArHeHHS1 MeTH Ta IoCTaBJeHHUX
3aBJlaHb JOCJHi/P)KeHHs1 OyJI0 BHUKOPHUCTAHO
KOMILJIEKC MeTOJiB HAayKOBOTO IMi3HAaHHA, a
came: JJid BUBYEHHd Ta Yy3araJbHeHHA
TEOPETUYHUX TI0JIO)KEHb 3 06paHoi TeMH,
OOIPYHTYBaHHsS BHCHOBKIB - aHaJi3, s
BU/IiIJIEHH CYTTEBUX O3HAK Ta BJIACTUBOCTEH
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JlOCJIi/I>KyBaHUX B, GOPMYJIIOBaHHS MOHSATH
Ta KaTeropiil - abcTparyBaHHS, MOPiBHAJIbHO-
aHaJITUYHUKA MeTOoJ, - /il TMOPIiBHSAAHHSA Ta
3icTaB/ieHHS1 Pi3HUX KOHIUENLiH, MiAXoJiB A0
BUpiLIeHHA Npo6JsieM iHAYKLiA Ta AefyKLisd. Y
CBOK 4Yepry [JJid y3araJbHeHHs Ta JIOTIYHOI'O
BUBEJleHHS HOBUX 3HaHb - IHAYKTHBHUH Ta
JlelyKTUBHUM MeToAu. | HacaMmKiHenb, nAJs
JOCTiPKeHHAA 00’€KTa K LiJIicCHOI cUCTEMH 3
ypaxyBaHHSIM HMOTO BHYTPIilIHIX Ta 30BHIillIHiX
3B’I3KiB - CHCTEMHUH Iiaxis.

Pe3yabpTaT AOCAIA’KEHHSA TA X 0OroBO-
peHHA

AHTpONOreHHUM BIUIUB Ha NpPUPOJHI
pecypcH € oiHi€I0 3 HAWBAXJIUBIIIKX MPo6IEM
CY4aCHOCTi, 110 OXOIJIIOE IIUPOKHUH CHEKTp
JIACBKOI  OiFJIbHOCTI, $fKa BIJIMBAE Ha
€KOCHUCTEMU IJIAaHETU Ta PecypcH, dAKi BOHU
3abe3neuyoTb. llell BIJIMB NpPOSIBASETHCH Y
pi3HUX $popMax, KOKHa 3 IKUX Ma€ CBOI 0CO06-
JIMBOCTI Ta HacJaiAKU. Po3yMiHHA MacuTabiB i
pe3yJbTaTiB LbOr0 BIUIMBY Ma€ KJKY0Be
3HAYeHHS 151 pO3pOOKHU epeKTUBHUX CTpATEriu
Horo moM'sKiieHHs1 Ta 3abe3MneyeHHs1 CTaJl0ro
BUKOPUCTAHHA pecypciB Halol IJIAaHETH.
OCHOBHI HanpsAMHU aHTPOIIOTEHHOIO BILJIUB Ha
HaBKOJIUIIHE CepefloBMILEe IOKas3aHi Ha
pucyHky 1 (puc. 1).

OfHUM i3 OCHOBHMX BH/IIB aHTPOIIO-
FeHHOI'0 BIUIMBY Ha IPUPOJAHI pecypcu €
BUPYOyBaHHA JiciB. Jlicy, 1110 € BaXKJIMBUMHU 1151
36epexxeHHs1 0iOpi3BHOMAHITTS, NOrJIMHAHHSA
BYIJIELI}0O Ta peryJBaHHA KJIMaTy, 3HUILY-
I0TbCS i3 3arposjiMBOI0 ILIBU/AKICTIO, 11106
3BIJIBHUTU Micue JJd CiJIbCbKOTO TIOCHo-
JlapcTBa, ypbaHizanii Ta NpoMHUCI0BOI AislJib-
HocTi. Taka MacoBe BHUpYyOyBaHHSI JIiciB
NpU3BOJUThL [0 3HUKHEHHs 6ioTomiB, eposii
[PYHTIB, IOpPYLIEHHA BOAHUX LUKJIB i BTpAaTU
6iopisHOMaHITTS.

[HII010 3HAYHOIO0 NMPO6JIEMOIO € HAJIMipHA
eKcCIIyaTalis pUOHUX 1| MOPCBKUX pecypciB.
Hectani mnpakTuku pubaabCTBa, 3yMOBJIEHI
3pOCTaHHAM  MONUTY 1  TEXHOJIOTIYHOIO
nporpecy, Npyu3BeJr 10 BUCHAXKEHHS1 PUOHUX
3amnaciB, MOLIKO/KeHHSI MOPCbKUX 6ioTomiB i
3arpoXKylOTb  KUTTELISJIBHOCTI  MiJIbIOHIB
JIoJled, sKi 3ajexaTb Bij pubanbcTBa SK
JKepeJia icHyBaHHS i goxoAy. 3a06pyAHEeHHS 3
NPOMHCJIOBUX i MOOYTOBHUX JX)KepeJs MOCUJIIOE
JlerpaZialilc  MOPCbKUX €KOCUCTeM, CIIPUYH-
HAIO4YM eBTpodikalito, pylHYBaHHS 6i0TOMIB i
TOKCUYHE 3a0pyJHEHHSI.
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BupoOHUIITBO Ta HIPOMICAOBICTh

A4

CiabchKe TOCII04apCcTBO

N2

JKura0Bo-KOMVHaAbHE rOCII0AaPCTBO

A4

Tpancriopt

N2

Iudpacrpvkrvpa

N2

Biamouunox ta Tvpusm

N2

InavcrpiaapHa ekcriavaTaris

N2

Kondaikru ta BiviHn

Puc.1. OcHoBHI A’KepeAa aHTPOIIOTE€HHOI'O BIIAUBY Ha IIPUPOAHI pecypcu
(A>xepeao: BAacHA PO3pobOKa aBTOPIB)

Jerpazauia 3emesnb, 30KpeMa epo3id
I'PYHTIB, ONyCTEeJIIOBAHHA Ta 3aCOJIEHHH, € Lie
OJIHUM HACJiJKOM aHTPOIOTEeHHOI AifJIbHOCTI,
Takoi fIK HeCTiliKe CiJIbCbKe TrOoCnojapcTBo,
HaJMipHUM BUINAC XyA00M Ta HepalioHaJbHe
BUKOPUCTAaHHA 3eMeJIbHUX pecypciB. L
IpoLeCH INOTipWIYIOTb POAIOYICTH ['PYHTIB,
3HWXYIOTb IPOAYKTUBHICTb CiJIbCHKOTO T'OCIO-
JlapCTBa Ta MOCUJIIOIOTh IPO/I0BOJIbYY HEOE3NEKY
y He3axUILeHUX perioHax.

Moaudikalis BoAHUX 06'€KTIB ILIJISIXOM
CHOpyJKeHHsl rpebesib, Bi/jBeleHHS BOJU Ta
3abpy/ZjHEHHSI CTBOPIOE /10/IaTKOBI BHUKJIMKH B
rajaysi ynpasJliHHA NPUPOJAHUMHU pecypcaMH.
[pebsi mnopymywThb PpidYKOBI eKOCUCTEMHY,
NepelKo/PKalTh Mirparii pubu Ta 3MiHIOIOTH
TiJpOJIOTIYHUU peXHM, L0 NPU3BOAUTH [0
BIJIUBY Ha fIKICTb BOJY, IIepeHECEHHS HAaHOCIB
Ta PO3BUTOK 3allJlaB BHU3 3a Tedi€lo. 3abpya-
HEHHS NPOMUCIOBUMHU I CLIBCBKOTOCIOAAP-
CbKMMH CTOKaMHM Ta MICbKHMMHM BigxoaamMu
NPU3BOUTH 10 MOAJbIIOL Jerpajalil npicHo-
BOJJHUX €KOCHCTEeM, NMOPYILIYIOYM IXHIO €KOJIO-
riYHY LiTICHICTB i 3arpoXKyrouu 3/{0pOB'10 JII0eH.

Yp6anizalisi Ta po3BUTOK iHQpaCTPyKTypH
3JIMCHIOIOTb 3HAaYHUW THUCK Ha NPUPOJHI
pecypcH, U010 NPU3BOAUTL [0 PYWUHYBaHHA
apeaJiiB MpOKWUBaHHSA, BTPAaTHU 6i0pi3HOMAHITTS
Ta 306i/blIeHHs 3abpyJHeHHs. Po3mMnpeHHS
MiCbKMX TEPUTOPiN 3a6HUpaE BaXKJUBI 3eMJii Ta
pecypcy, BUTICHAE [OUKY IPUPOAY, CIPHUSAE
3a0py/iHEHHIO MOBITPSl Ta BOJH, MOCUJIIOIYHU
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Jlerpajialio J0BKiJJISA Ta PU3UKU [ 3/I0POB'S
HaceJIeHHS.

Hacnigky aHTpoOmoreHHoro BIJIMBY Ha
NPUPOJHI pecypcH € pisHOGIYHUMU. PisHOBU U
BIJIMBY Ta iX HaCJAiAKW omucaHi y Tabauni 1.
BTpaTa 6iopi3HOMaHITTS, COpUYMHEHA PYHUHY-
BaHHSIM Ta ¢parMeHTali€l0 cepejoBUL iCHY-
BaHH#, 3arpoye CTabiJIbHOCTI eKocHucTeM Ta
IIOCJYT, U0 BOHM HAaJaloTb, 30KpeMa 3alu-
JIEHHI0, 60pOoThOi 3i LIKiJHUKAMU Ta KPyrooobiry
IIO)KUBHUX PEYOBUH. 3MiHaA KJiMaTy, CIpUYU-
HeHa BUKHUJAMU [TAPHUKOBUX ra3iB BHACJILOK
BUPYOKM  JIiCiB, cHa/sloBaHH BUKOMHOTIO
[aJiBa Ta NPOMHUCIOBUX INPOLECIB, MOCUJIIOE
TUCK Ha JOBKIJJIA, NPU3BOAAYM [0 3MiHU
pexXuMy oImajiBs, NiJABUILEHHA PiBHA Mopd Ta
eKcTpeMasibHUX norogHux sBull (Ryzhova &
Pavlyuk, 2023).

Jlerpazanisa npupoJHUX PeCypCiB 3HUKYE
CTIMKICTh €KOCUCTeM i CTaBUTb MiJi 3arposy
Oe3neky Jwjed, sKi 3ajexaTb BiJj HUX fK
JoKepeJsl DXi, BojAM, 3ac00iB /10 iCHYBaHHSl Ta
KYyJIbTYpPHOI inenTudikarnii. Hakyacrime
JIUCTIPONOPLiHHUN BIJIUB BiZl4yBalOTh Ha COO6i
colliaJIbHO He3axMIlleHi Ta Bpa3JIuBi BEpPCTBU
HaceJIeHH#, 1110 [TI0CUJIKOE COLia/IbHY HEPIBHICTb
i MpU3BOAUTH 10 3arocTpeHHs1 KOHQJIIKTIB 3a
0O6MeXeHi pPUPO/IHi pecypcH.

Hanpuknag, ujono Ykpainu, To y Tabui 2,
[I0Ka3aHO JUHaMIKy Ta CTaTUCTUKY aHTPOIO-
FeHHOTO BIJIMBY Ha IPUPOJHI pecypcu YKpalHU
y 2019-2023 poxkax.
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Tatauys 1

Hacnigku BIJIMBY aHTPOIIOTeHHOI AisiJIbHOCTI Ha IPUPOOHi pecypcy Ta CTaH eKOCUCTeM
(d>xeperto: BlacHa po3po0Ka aBTOpiB)

Tun BriAuBy

Hacaiaxku

3abpyAHeHH: BOAHUX pecypciB
XiMIYHMMH peYOBMHAMU

3arposza A4s1 BOAHUX €KOCHCTeM, 3HUINEeHHs pMOHMX 3allacis,
OTPY€HH:I BOAHMX OpraHi3MiB, 0OOMe>KeHHsI AOCTYIy 40 IIMTHOI BOAU

Buxnau mxkiagansux pedosuH y

3abpyaHeHH:I MOBITps, HETaTVBHMUIA BIIAMB Ha >KMBMX iCTOT Ta iXHE

TIOBITPs

340POB'sl, KAIMaTU4Hi 3MiHI, KMCAOTHI A0IITi

3abpyaHeHH: IPYHTIB XiMiYHUMU
pedoBMHaAMU

Brpata

TBapUH

PpOAIOYOCTi,
MIPOAYKTiB XapuyBaHHs, HETaTMBHMII BIIAMB Ha 340pPOB's Al0JAei i

3MeHIIIeHHsI BPOXKalHOCTi, 3a0pyAHeHH:

3miHa aaHAIIIApTY

Brpata npuposnmx wmicup icHyBaHHS, 3aTOILA€HHS TePUTOPIl,
€po3isl, BHUIIeHH: XXUTTEBOTO cepeJoBuIlia

Brpara 6GiopisHOMaHITT:

ITopyiieHHs ekocucTeM, BTpaTa BUAiB, HOPYILIEHHs peryAsTOPHUX
(pyHKIIiIT HABKOAUIIIHBOTO CepeJOBUIIa

Briaus BiviHm

BUAIB

3arposa A4s pi3HOMaHITHOCTI POPM SKUTTsI, 3HUIIEHH: IIPUPOAHIX
pecypciB, 3MEHIIEHHs CTiJIKOCTI eKOCHCTeM, 3arpo3a BU>KMBaHH:I

Tatauys 2

[duHaMiKka aHTPOIIOTeHHOTO BIIMBY Ha IPpUpOaHi pecypcu Ykpaiam y 2019 - 2023 poxax
(3a maEMMM [eprkaBHOI CJIy>KOM cTaTMCTMKM YKpaiHM)

IToxasuuxu 2019 2020 2021 2022 2023
Buxuau 3abpyAHIOIOUNX PeYOBUH, TUC. T 2,785 2,650 2,600 2,450 2,400
BI/IKOpI/ICTaHH}I BOAHIIX pecypciB, MAH M3 12,500 13,200 12,100 11,900 11,700
Buxuau napuukosux rasis, Mau T CO, 210 205 200 195 190
/lico3aroTiBasi, TuC. M3 7,500 7,300 7,200 7,100 7,000
BukopucraHH: 3eMeABHIX PeCypCiB, TIC. Ta 40,000 | 39,800 | 39,600 | 38400 | 39,200
BurpaTu enepropecypcis, MAH T H.€. 20 88 87 85 83
YTBOpeHH:I TBepAMX ITOOYTOBMX BiAXOAIB, MAH T 11 11,2 113 11,5 11,7

AHanisyo4u TabIMIIo 2, MOKHA TOO6AUYUTH
3araJibHy TeHJEHIIiI0 [0 3HWXeHHA aHTpOoIo-
TeHHOI0 BIJIMBY Ha IPUPOJHI pecypcH YKpainu
y 2019-2023 pokax. Bukuau 3a6pyHIOIOUYHUX
pe4YyoBUH 3MeHIUAMCA 3 2,785 Tuc. ToHHy 2019
poui go 2,400 Ttwc. ToHH y 2023 poui. Le
CBIJYMTH NpPO INOCTYNOBE MOKpPAlLleHHA CTaHy
atMochepHOro NOBITps, IMOBIpHO 3aBASIKU
BIIPOBa/PKEHHIO  HOBHX  TeXHOJIOTIH  abo
IIOCUJIEHHIO €KOJIOTIYHOI'0 KOHTPOJIIO.

BukopuctaHHs BOJHUX peCypCiB TaKOX
suusuoca 3 12,500 man M3 y 2019 poui go
11,700 mun mM® y 2023 poui. lle moxe 6yTu
HacJiAKOM 6ib11 epeKTUBHOT'O BUKOPUCTAHHSA
BOJIHUX pecypcCiB, a TAKOXK 3HMXKEHHS IIPOMHUC-
JIOBOTO BHUPOOHUITBA BHACJILOK AKTHUBHUX
0O0MOBUX JiH.
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BUKWM MapHUKOBUX ra3iB 3MEHIIMUJINCA
3 210 msaH ToHH CO; y 2019 poui go 190 muH
TOHH CO, y 2023 pouj. lle cBig4uTh pO 3aX04U
110/10 3MEHUIeHHd BIUJIUBY Ha 3MiHY KJiMary,
MOXXJIMBO, Yepe3 BIPOBA/PKEHHS BiJHOBJIIO-
BaHUX /Kepesa eHeprii a6o migBUIIEHHS
eHeproepeKTUBHOCTI.

JlicozaroTiBnist 3Menmmacs 3 7,500 tuc. M3
y 2019 poui zo 7,000 tuc. M® y 2023 poui, 10 Moke
BKa3yBaTU Ha 3MeEHLIEHHS1 BUPYOKHU JiiciB abo
MOKpallleHHS yIIpaBJIiHHA JIICOBUMHU PeCypCaMH.

BUKopUCTaHHA  3eMeJIbHUX pecypcCiB
Takox 3Hu3us0cd 3 40,000 Tuc. ray 2019 poui

fo 39,200 tuc.ra y 2023 poni, wmwo Moxe
CBIIYUTH MNpO 3MeHILIEeHHs pPO3IIHUPEeHHs
CiJIbCBKOTOCIOAAPChKUX ab0 MPOMHMCI0OBUX
TEpPUTOPIH.
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BuTtpatu eHepropecypciB 3HU3UJIUCA 3
90 muiH ToHH HadTekBiBaseHTy ¥y 2019 poui g0
83 Ms1H ToHH HadTekBiBasieHTy Y 2023 pouj, 1110
BKa3y€ Ha NiJIBUILEHHA eHeproepeKTHBHOCTI
Ta 3MEHIIEHHS 3aJIEeXKHOCTI BiJi BUKOIMHHUX
BM/IiB I1aJIMBA.

YTBOpeHHS TBepAUX NOOYTOBUX BiAXO/IB,
HaBIakKy, 3pocsio 3 11 My ToHH y 2019 poui o
11,7 man ToHH y 2023 pouj, 10 BKa3ye Ha
3pOCTaHHS KiJIbKOCTI BigX0/iB, iKe MOXKe OyTU
NoB’si3aHe 3 Ni/|BUILLEHHSAM PiBHS CHOKHMBaHHS.

Takum yuHOM, Tabuuus 2 BifobOpaxkae
MOCTYIOBe MOKpallleHHAd eKOJIOTIYHOI CUTYyallil
B YKpaiHi, ajle TaKOX BKa3y€e Ha HEOOXiJIHiCTb
NoJaJbliuX 3ycuab y cbepi ynpaBiiHHA
BiZIXOlaMH.

Jlns BupilleHHa npo6JieM, NOB’A3aHUX i3
AHTPOINIOTEHHUM  BIUJIMBOM HA NPUPOJLHI
pecypcH, MoTPibHI CKOOPAUHOBAHI 3yCUJLIS Ha
JIOKaJIbHOMY, HallioHaJIbHOMY Ta IJ1I00aJIbHOMY
piBHsAX. CTpaTerii cTajJoro ynpasJiiHHS pecyp-
caMMd T[OBUHHI iHTerpyBaTHM €eKOJIOTi4H],
€KOHOMIYHI Ta coljiaJibHi aclneKkTH, CIOPHUATHU
iHiljjaTUBaM 3 OXOpPOHU Ta BiJHOBJIEHHHA
IPUPOJHUX pPecypciB, a TaK0X pO3BUBATHU
NapTHEPCTBO MDK Y4YaCHUKaMM 3 pi3HUX
cektopiB (Bahorka & Yurchenko, 2020).

Jep>xaBHi 3ax0/114, 30KpeMa HOPMATUBHO-
npaBoBa 6a3a, EKOHOMIiYHi CTUMYJIM Ta KaMIaHil
3 iHpopMyBaHHA TpPOMaJICbKOCTI MalOTh
BaX/IUBe 3HA4YeHHA [JId CHPUAHHA BiANO-
BifJa/IbHOMY BUKOPHUCTAaHHIO pecypcCiB, 3MeH-
IIeHHI BigXoZiB i 3abpyZiHeHHs, a TaKOX
nepexoay A0 6i/bIll CTaJoro Cnocoo6y »KUTTSA Ta
BUPOOHUYUX NPOLECIB.

OJHUM i3 TOJIOBHUX HaCJiJKiB JII0JICbKOI
JIAJIBHOCTI Ha NpPUPOJLHI pecypcyd € BTparTa
eKoCcuCcTeMHUX mnocayr. Ekocucremu 3abe3re-
YYIOTh LIMPOKHUM CHEKTP MOC/IYT, HEOOXiHUX
Uil J006poOyTy JIIOJUHM, 30KpeMa YHCTe
NOBITPA 1 BOAY, pOAI0Yi IPYHTH, peryt0BaHHA
KJIIMaTy, KyJbTYpHi Ta peKpeaLilHI MOXJIU-
BoCTi. [I[poTe aHTponoreHHi nNopyeHHs, Taki 1K
BUPYOYBaHHA JIiCiB, 3a6py/IHEHHS Ta Jerpajauis
apeaJiiB, CTaBJATDb NiJ 3arpo3y 34aTHICTb €KO-
CUCTEM HaJaBaTU Ui NOCJYTH, W0 HEraTUBHO
BIUIMBAE HA CTaH JOBKILJIAA, €KOHOMIYHY
NPOAYKTUBHICTB Ta CTIMKICTh CyCIiJILCTBA.

BoiHO-60J10THI yTifiii BUKOHYIOTH BaX-
JUBY OQYHKIIiI0 OYHUILEHHS BOJH, BUJAISIOUYU
3a0py/AHIOBa4i Ta ocajiy, 110 MOKPALIYE SAKICTh
BOJAU [UJI1 TUTTH, CLIbCbKOrOCIOAAPCHKUX
notpe6 Ta pekpealniiHOr0 BHUKOPHUCTAHHS.
Hanpuknaa, 1,000 rekrapiB BoJHO-00JI0THUX
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yrigb MoxyTb ouuiyBaTtu A0 1,000,000 ky6o-
MeTpiB BOJAMA HaA [JeHb, 10 CTAaHOBUTH
365,000,000 kybomeTpiB Ha pik. BapricTb
IITY4YHOrO OYUlleHHsA 1 KyboMeTpa BOJAU B
OUYMCHHUX CHOPYAAx CTAaHOBUTb MPUOJIU3HO
0.50 nonapis CIIA, ToMy piuHa eKOHOMisl Bif
NPUPOAHOTO OYUIIEHHS BOJHO-00JIOTHUMU
YrigisiMy CTAaHOBUTD 06J1M3bKO 182.5 MinblOHIB
fosaapiB CIIA. Ilg onjiHKa NiAKpecJ€e eKOHO-
MiUHy BHUrOAY BiJi 30epeXeHHs MNPUPOJHHUX
eKOCHCTeM, sIKi 3a06e3Me4Yy0Th 3HAa4YHi eKOCUC-
TE€MHI IOCIYTH.

Tak, BUpyOyBaHHS JIiCiB He JIM1lI€e IPHU3BO-
JUTb J0 BTpaTU O6i0TOMIB Ta 3MEHIIEHHS
6i0pi3HOMaHITTS, aJjle 1 BHUKYE 3aTHICTb JIiCiB
MOTJIMHATH BYTJIEKUCJIUU I'a3, IKUH € OCHOBHUM
YUHHUKOM 3MiHM KjaiMaTy. [lopylieHHda Byrie-
IeBOr0 LUKJIYy 3eMJi MOCUJIIE TJobasbHe
NOTEeIJIIHHA, 10 NPU3BOAUTH [0 YaCTIilIUX i
)KOPCTKIIIMX MOTOJAHUX SBUILL, 3MIHA PEXUMY
onaziB i miBYILEHHA PiBHA MOPS, 3 TO4A/IbIIMM
KaCKaJjHUM BIJINBOM Ha €eKOCUMCTEMU Ta
HaceJIeHHS B YyCbOMY CBITI.

Tak camo perpajauia NpiCHUX BOJHUX
pecypciB yepe3 3a6py/HEHHS, HAAMipHHUM BH/10-
OyTOK i 3HMII|eHHs 6i0TOMIB CTABUTD IiJ 3arpo3y
AKICTb 1 JOCTYNHICTh BOAY, MiAAAK0YU PUSUKY
CTaH BOJHUX €EKOCUCTEM i KUTTELAIAJBHICTb
MiJIbUOHIB JIIOIEeH, IKi 3aJ1eXKaTh BiJl piyoK, 03ep
i BOJHO-00JIOTHUX YTifib fIK JpKepes MUTHOI
BO/IY, 3pOILIEeHHS, pubOJIOBJi Ta TPAHCIOPTY

Jlo TOro » aHTpPOINOTeHHHWH BIJIMB Ha
IIPUPOJHI pecypcu MOe IMOCU/I0BATH COLia/IbHY
HEepiBHICTb 1 NPU3BOAUTH [0 3aroCTpPeHHHA
KOHQUJIIKTIB 3a JOCTYT A0 AePilluTHUX pecypciB
Ta KOHTPOJIb HaJ, HUMU. ¥ 6araTboX perioHax
COLlia/IbHO He3axMIleHl Ta BpasJiuBI BepCTBU
HaceJIeHHs1 HECYTb Ha cO0i TOJIOBHHUM BaHTaX
Jlerpajauil 0BKiJJIfA, 3a3HAI04YM HENTPOMOPLiMHO
BHCOKUX PU3UKIB i TPY/IHOLIiB Uepe3 0OMeKeHU
JIOCTYNl [0 aJbTEepPHAaTUBHUX 3ac00iB A0 icHy-
BaHHSI, HEPO3BUHEHY IHPPACTPYKTypy Ta obMe-
YKEHICTb MOXJIMBOCTEH /1J1s1 MOJIITUYHOTO BIJIUBY.

Hanpuksiaz, eTHiYHI HApOAM Ta ceJia, AKi
3aJieXKaTh Bij JIiCiB, pidOK 1 TpaAuIiMHUX
METO/AIB BeJleHHA CiJIbCbKOr'0 TOCIOZApCTBa,
4YacTO 3a3HATb BHUTICHEHHS, 3axOIJIEHHS
3eMeJib 1| BTpATH KYJbTYPHOI CHAJAIIMHU B
pe3yJsibTaTi peasisanii MacmITaOHUX MPOEKTIB
PO3BUTKY, KOMEPLIHHOI0 CUJIbCBKOTO TOCIO-
JlapCcTBa Ta BUJ0OYBHUX rajiy3eil NpPOMMCJIO-
BocTi. lle He suiIe pyiiHye MicueBi 3acobu 10
icHyBaHHSI Ta MpPOJOBOJIbYY Oe3leKy, ajge M
nocaabJ/0€e coljajJbHy 3TypTOBAaHICTh, KYJb-
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TYpPHY IIEHTUYHICTh Ta TpPaJULiNHI cUCTeMHU
3HaHb, 10 € BAXXJUBHUMHU [JI CTAJIOr0 yIpaB-
JIIHHS pecypcaMM Ta CTiMKOCTi rpoMal.

BopgHoyac HaciiKM aHTPONOTE€HHOTO
BIJIMBY Ha IPUPO/IHI peCypCcHU He 0OMEXYI0ThCS
TIJIBKYA €KOJIOTIYHUMHU Ta COLiaJ/IbHUMH aclek-
TaMHy, aJie ¥ MalOThb TaKOXX EKOHOMIYHi HaC/liIKH.
HepauioHanbHa ekcrlyaTalidg pecypciB Ta
Jerpazauia 40BKIJIJIA NPU3BOAATH 0 3HAYHUX
€KOHOMIYHMX BTpaT, 30KpeMa [0 3HWXKEeHHH
NPOAYKTHUBHOCTI, 36i/IbllIeHHS BUTPAT Ha 0XO-
pPOHY 3/10pOB’sl Ta 3HWXKEHHSA KOHKYPEHTOCIpO-
MOXHOCTI Ha cBiToBUX puHKax (Filipov, 2019).

Hanpuknaza, noripmeHHa  pojlO40CTi
IPYHTIB 1 BTpaTa ClLIbCbKOI'OCIOAAPCHKOTO
6i0pi3HOMaHITTSI HeEraTUBHO BIJIMBAIOTb Ha
NpPOJIOBOJIbYY 0Oe3MeKy Ta MNPOAYKTUBHICTb
CIJIbCBKOI'0 TOCINOAAPCTBA, NPU3BOAAYU [0
AediuuTy Npoa0BOJbCTBA, BOJATUJIBHOCTI I[iH i
3pOCTaHHA  3aJIeXXHOCTi  Bif  30BHILIHIX
dakTopiB BUPOOHUITBA, TAKUX K J0OpUBaA Ta
NeCTULIMAY, 110 CUJIbHilLle MOTripllye eKOCUC-
TeMU i 36i/bllye PU3UKU AJ8 JOBKUIIA Ta
3/10pOB’sl HaceJIeHHs].

BTpara ciibcbKkorocnoaapcbKoro 6iopisHo-
MaHITTd, dKa BKJIYa€E 3MiHM y CiBO3MiHaX,
MOHOKYJIbTYPY Ta IHTEHCUBHE 3€MJIEKOPHUCTY-
BaHH$, 3HAYHO NOTIpUIYE eKOCUCTEMU. 3MiHa
CiBO3MIH 1 3MeEHIIeHHA KIJIbKOCTI KYJbTYyp
3HWXKYE NPUPOJHUN KOHTPOJIb 32 LIKITHUKAMHU
i xBopob6aMy, cripusie epo3ii IpyHTIB Ta BHUCHa-
KeHHI0 3eMJili. MOHOKy/IbTypa NMPU3BOAUTE [0
BUCHa>XeHHS I'PYHTIB, 30i/IbIlIeHHS 3a/1€KHOCTI
Bifi XiMiYHUX AOOPHUB i MECTULU/AIB, POOJIIYU
CiJIbCbKOT'OCIIOAAPChKi CUCTEMHU OiJiblll Bpa3Jiu-
BMMH [0 LIKiIAHUKIB i XBOpo6. IHTeHCHBHe
3eMJIEKOPUCTYBaHHA 3HUINYE CcepeoBUILA
icHyBaHHd JJig UKol ¢Jiopu i dayHH, 3HUKYE
3alUJIeHHd Ta IPUPOJIHe PeryJl0BaHHsA BOJHUX
pecypciB. Lle Bce 3HMXKYE pPOAIOYICTb I'PYHTIB,
NiJIBUIIYE BUKOPUCTAHHA NeCTULUAIB, CIpU-
YHUHAE epo3il0 I'PYHTIB, 3HUXKYE 3allUJIeHHA Ta
NpPU3BOJUTb [0 BOJHOIrO 3abpyAHEHHS, 110
HeraTUBHO BILJIMBA€ Ha JIOBKIJLISA Ta 3/10pOB’s
HaceJIeHHS.

Tak camo BUCHa>KeHHSI pUOHHUX 3anaciB i
Jlerpajallii MOpPCbKHUX 6i0TOMIB He JiUIle
3arpoXy0Thb JKepesaM iCHYBaHHSI pubasoK i
npubepeXHUX CIJIBHOT, ajie ¥ MiJipuBalOTh
€KOHOMIYHY CIPOMOXHICTb pHUbOaJbCTBA Ta
NOB'SI3aHUX i3 HUM rajiy3ei, 10 NpU3BOJUTD J10
BTpPAT A0XO/iB, BUTICHEHHS PO6GOYMX MicIlb i
coliaJIbHUX HerapasZis.
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CTasMi pO3BUTOK — TEPMIiH, BBEJEHUH Y
1987 poui y 3Biti Bpynariang BcecBiTHBOI
KOMIcCii 3 HaBKOJIMIIHLOTO cepefoBHUINA Ta
pPO3BUTKY - O3Haya€ 3aJ0BOJIEHHA MOTped
CbOrOZleHHA 6e3 IIKOAM [ 34aTHOCTI
MaWOyTHIX TMOKOJIiHb 3aJ0BOJIbHATU CBOI
BaacHi norpe6u. [lo cyTi, ctanuii po3BUTOK
nparHe JOCATTA 6aJlaHCy MiXK €KOHOMIYHUM
3pOCTaHHAM, COLiaJIbHOI0 CIpPaBeAJIMBICTIO Ta
3aXMCTOM JOBKi/IA. BiH migKpecatoe B3aemMo-
3aJIEXKHICTh €KOHOMIYHOI, coljiaJbHOI Ta
€KOJIOTIYHOI CHUCTEM 1 BU3HAE, 110 PO3BUTOK
NOBYHEH 3/iMCHIOBAaTUCA 3 YpaxyBaHHAM LUX
B3a€M03B'a3KiB (Zamula & Shavurska, 2023).

Y npar"HeHHi [0 CTaJloro poO3BUTKY
3’ABUJIMCA Pi3HI MoJesi Ta MiAX0AH, KOXKHa 3
SIKMX Ma€ BJIACHI aKLleHTH Ta cTparerii. OfgHier0
3 TaKuMX MoJesiell € LUKJiYHa eKOHOMiKa, 110
Ma€ Ha MeTi MiHiMi3yBaTHU BiAXOAU Ta MaAKCHU-
MaJIbHO e(peKTUBHO BUKOPUCTOBYBAaTU PeCypCH,
CIIPUSAIOYM TepepoOlli, MOBTOPHOMY BHUKOpHC-
TAaHHIO Ta BiIHOBJIEHHIO HAa POTUBAry Tpajau-
LiMHUM JIIHIHHUM MOJleJiiM BHPOOHHUIITBA Ta
CHOKMBAHHA. 3aBASAKHU TOMY, L0 MaTepiasy Ta
IPOJYKTH BUKOPUCTOBYIOTHCA IKOMOTA 0BIIIE,
LUPKYJIIpHAa EKOHOMIKa 3MeHIlIY€E BUCHAXKEeHHHA
pecypciB i 3abpy/lHEHHSI [JOBKUIJIS, a TaKOX
CTBOPIOE HOBI EKOHOMIYHi MOXJ/IUBOCTI.

[HIIa Mojesb - eKoJioriYHa eKOHOMIKa,
o0 MNiAJa€e CyMHIBYy TpaAULilHI €KOHOMiYHi
NapajyUrMy, iHTerpyro4y eKoJIOTi4Hi NPpUHLUIIU
B eKOHOMIYHY Teopito Ta IpakTUKy. Harosoniye
Ha 06MEeXeHOCTi pecypciB i BaX/JIMBOCTI JOTpHU-
MaHH$ €KOJIOTI4HOI LIiJIICHOCTI B poLeci Npuin-
HATTS €KOHOMIYHUX pilleHb. BoHa BUCTynae 3a
MOJIITUKY 1 NPAKTUKY, AKI HAZAOTh NIPIOPUTET
€KOJIOTIYHIN CTIMKOCTI Ta coliaJibHIN cripaBes-
JIMBOCTI OPsAJ 3 EKOHOMIYHUM 3POCTaHHAM

[HIMK niaxig /[0 CTajJoro poO3BUTKY,
0COGJIMBO B KOHTEKCTI yNpaBJliHHA NPUPOJ-
HUMHU pecypcaMH, NpejCTaBJIANTb IPOEKTHU
iHTerpoBaHoro 30epeXeHHS Ta PO3BUTKY
(ICDPs). ICDP mparHyTb y3roguTH HpPUPOJAO-
OXOPOHHI LiJi 3 MOoTpe6aMu Ta MparHeHHsIMU
TEepUTOPiaJIbHUX IPOMaA/], iIHTErpyro4u NNPUPOL0-
OXOPOHHI IHIIliJaTUBU 3 NPOEKTAMH PO3BUTKY
rpomaz. llingaxom 3asmydeHHa MicLieBoi rpoMaj-
CbKOCTI 0 TIPOLIECIB NPUUHATTS pillleHb Ta
BUpIllleHHS IXHiX coljja/IbHO-eKOHOMIYHUX PO6-
sieM ICDP cipusitoTh ik 36epexeHHI0 JJ0BKiJI,
TaK i NiABULIEHHIO OOPOOYTY Jt0AeM.

ArpoekoJiorisi IPOIOHYE e 0JHY MOZeJb
CTaJIOro PO3BUTKY, 30KpeMa y cdepi CiibCbKOTo
rocrogapctBa. Cnvparwyucb Ha MOPUHIUNU
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€KO0JIOTi], arpoeKoJiorid nparHe OnTUMi3yBaTU
CIIBCBKOTOCIIOJAPChbKI  cUCTeMM, IMITyr4u
IpUPOAHI €KOCUCTEMM Ta IOKpalLyH4Hu
6iopi3HOMaHITTSI, CTaH IPYHTIB i CTiHKiCTb
ekocructeM. Hazjarwouu npiopuTeT eKOJIOTIYHIN
CTiMKOCTI HaJi KOPOTKOCTPOKOBUM IiZBUILEH-
HAM NIPOAYKTHUBHOCTI, arpOeKoJIOTisl NPOINOHYE
LiJicCHUM migxif, A0 BUPOOGHUITBA NPOJAYKTIB
XapuyyBaHH$, 10 MOXe NiATPUMYyBaTH AK CTaH
JLOBKIJIJISl, TaK 1 MIPOA0BOJIbYY Oe3MeKY.

OLiHI0I0YM CTabi/IbHICTh MOJIeJIeN CTaJIOro
PO3BUTKY, CJIiJi BpaxOBYBaTH JIeKiJIbKa KpUTEPIIB.
ExosioriyHa cTiliKicTb € QyHAaMeHTaJbHUM
KpUTepieM, W10 OXOIUIKE Taki ¢dakTopH, fK
epeKTUBHICTb BUKOPUCTAHHS PeCcypciB, piBeHb
3a0pyJHeHHsI Ta 30epekeHHs  O6iopi3HO-
MaHiTTd. Mopgesni, WO HaZaWTb MpPiOPUTET
30epeXeHHI0 Ta BiJHOBJEHHIO NPUPOJHHUX
€KOCHUCTEeM, MAKTh OiJIbllle MOXKJIWBOCTEN Oy TH
CTabIbHUMHU B JJOBFOCTPOKOBIM NePCIEKTHUBI.

CoujiasibHa piBHICTB € 1ije OIHUM Ba>K/IMBUM
KPUTEPIEM, OCKIJIbKU CTaJIMA PO3BUTOK IOBUHEH
BpPaxOBYBaTH MOTPeOU Ta iHTepecH BCiX YJeHiB
CyCHiJIbCTBa, 0COOJMBO Bpa3/IMBUX i He3axu-
HeHUX rpyn. Mojeti, 1110 ClipUsilOTh COLlia/IbHIN
iHTerpanii, piBHOCTI Ta CcHpaBeJJUBOCTi, 3
6i1b11010 MMOBIPHICTIO CIIPUATUMYTh
coliaJibHiN cTabi/IbHOCTI Ta CTIHKOCTI.

EKOHOMIYHa KUTTE3JATHICTb TEX Mae€
BaXK/IUBE 3HAYE€HHA, OCKIJIbKU MOJeJIi CTaJoro
PO3BUTKY  IOBUHHI oyTH €KOHOMIYHO
OOIPYHTOBAaHMMHU 1 3JaTHUMU TeHepyBaTHU
JlOCTaTHIA o06cAr pecypciB A NiATPUMKHU
MOTOYHOI iMIIeMeHTalil. Mozeui, 1[0 CIIPUSAIOTH
eKOHOMIYHIi  auBepcudikanii, MicueBomMy
€KOHOMIYHOMY pO3BHUTKY Ta CIpaBeAJUBOMY
po3mnoaisy pecypciB, MalOThb Oijibllle MOXJIU-
BOCTeM OyTH eKOHOMIYHO CTabi/IbHUMU.

Jlo TOro x Ayxe BaX/IMBOW € CTIHMKICTb
MoOJleJIe CTaJIoTO PO3BUTKY [0 30BHIIIHIX
MOTPSICIHb | HEBU3HAYeHOCTeH. AKi BK/IOYaTh
CHYYKICTb, aJlalITUBHICTb Ta cTparerii
yIpaBJiHHA PU3MKaMM, Kpalje MiAroTOBJIEHI
10 IPOTUCTOSAHHA HECNOAiBaHUM BUKJIMKAM Ta
36epexeHHs CTabi/IbHOCTI B yaci.

11 fOCSATHEHHS CTaJIoro PO3BUTKY OyJIv
po3po6JieHi pi3Hi MeToAM BU3HAYEHHSI MoJiesieit
CTaAJIOTO PO3BUTKY, AKI MOXYTb CHPAMYBAaTH
NOJIITUKY, 6i3HeC-NPaKTUKY Ta CyCHiJIbHY OBe-
JIHKy [0 Oijnbll y3ro/»KeHUX BiJHOCHUH i3
HaBKOJIMIIHIM  cepenoBullieM. lleHTpanbHe
Miclle y LMX MeTOJax 3aMMalTb NPUHLMIU
MO/IeJII0BAaHHA Ta aHaJli3y BIJIMBY Ha IPUPOAHI
pecypcH, BUKOpPUCTaHHS iHQopMaliiHUX TEXHO-
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JIOTIH Y [OC/iIKEeHHAX | IPUUHATTA CUHepre-
TUYHOTO MiIXOAY /10 BUPillleHHS MPOO6JieM.

MogenoBaHHA Ta aHasli3 BIIMBY Ha
IIPUPOJHI pecypcu € OCHOBHUMHU IHCTPYMEH-
TaMM Ha ULUIAXY [JO CTaJoTO PO3BUTKY.
BukopucToByro4u MaTeMaTU4yHI  MozeJ,
CUMYJIALII Ta METOAU aHali3y JaHUX, HAYKOBLi
Ta pO3POOHUKH CTPATETiM OTPUMYIOTD YSIBJIEHHS
PO CKJ3JHY B3a€EMOJII0 MDX JIIOACHKOIO
JiI/IbHICTIO Ta eKOJIOTiYHUMHU cucTeMaMu. lli
MoJieJli J03BOJIAIOTh OI[iHUTH eKOJIOTiYHHH
CJIil pi3HUX rajsy3ed NPOMHUCIOBOCTI, MiCTO-
OyAiBHUX MPOEKTIB Ta AiIJIbHOCTI 3 BUAOOYTKY
KOPDHUCHHUX KONaJHUH. 3a JOINOMOIOI aHali3y
CLieHapiiB ynpaBJiHLi MOXYTb JOCHAIAUTH Pi3HI
BapiaHTH MOJIITUKM Ta iXHi MOTEeHI[iMHI HAC/IIIKU
JUIA  BUKOPUCTAHHA IPUPOJHUX pPecypcis,
6iopi3HOMaHITTA Ta cTaHy ekocucTteM. Jlo Toro
K Cy4acHi MeTOJH, TaKi AK OLjiHKa KUTTEBOTO
LUKJY, JO3BOJIAIOTh KIJIBKICHO OL[IHUTH BILJIUB
Ha [OBKLJIA MNPOTATOM YCbOTO XHUTTEBOTO
UKy NPOAYKTIB i MOCJAYT, 10 COPUSIE NMPUN-
HATTIO OOIPYHTOBAHUX pillleHb i BUABJIEHHIO
MOXXJINBOCTEM /11 BJOCKOHAJIEHHS.

Bukopucranss iHpopMaliiHUX TEXHOJIOTiHN
3poOUJI0 CHpaBXHI peBoJOLil0 y cdepi
JOCJHIPKEHb  CTaJIOTO PO3BUTKY, HAJAABIIU
NOTY>KHI iHCTpyMeHTH AJ1 360py, aHasli3y Ta
nepejadi fgaHux. [IporpamHe 3a6e3neyeHHs
reorpadiyHrx iHpOpMaLiMHUX CUCTEM [J03BOJISIE
JloCAifHUKaM KapTorpadyBaTh Ta Bi3yasisy-
BaTH /[laHi IpO HaBKOJIMIIHE CepeoBULILE,
MOJIETLIYIOYM MPOCTOPOBUM aHaJIi3 Ta i/lEeHTU-
¢ikanilo 30H eKoJsoriyHoi 3HauyuocTi abo
BpPa3JIMBOCTI. TexHoJsiorii  gMcTaHI[iHHOTO
30HJlyBaHH{, 30KpeMa CYNyTHUKOBI 3HIMKHU 1
6e3niJioTHI JiTasbHI amapaTd, JalOTb 3MOTY
OTPUMATH BaXKJIMBY iHPoOpMalilo Npo 3MiHU Y
3eMJIEKOPUCTYBaHHi, BUpPYOKy JIiciB i BTpaTty
apeasiiB INpPOXHBAaHHA Ha BeJMKUX Treorpa-
¢iunnx TepuTopiax. [lomIMpeHHS CEHCOPHUX
Mepexx 1 npuctpoiB IHTepHeTy peded yMOX-
JIUBJIOE MOHITOPUHI MNapaMeTpiB [JOBKiJIA,
TaKUX fAK fAKICTb NOBITpA 1 BOAU, B peXUMI
peasbHOrO0 4acy, MiATPUMYIHOYU CHUCTEMU
PaHHbLOrO  IONEepeJPKeHHd PO  BUIAJKHU
3a6pyAHeHHs Ta iHQOpPMYy0YH MpPO CTpaTerii
alallTUBHOTO YIIPaBJIiHHA.

[IpoTe cnpaBxHiM nmoTeHuian iHdopma-
LIMHUX TEXHOJIOTIU y JAOCHIPKEHHAX CTaJIoro
PO3BUTKY MOJISATAE He JiMlIe Y 360pi AaHUX, aJie
M y IX iHTerpauil 3 nepeJOBMMHU aHAJITUYHUMHU
MeTOoJaMU. AJITOPUTMHU MAILIMHHOTO HaBYaHH4,
HallpUKJ/I3J, MOXYTb aHaJi3yBaTH BeJIUKI
MacCHUBHU JJlaHUX, 11106 BUSBUTHU 3aKOHOMIipHOCTI,
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TeHJeHLil Ta kopessdnil, ki MOXyTb OyTH
HEOYeBUJHUMU JJid  JOCHAIJHUKA-JIIOAUHMU.
BUKOpPHCTOBY0OYM 1ii MOXKJIUBOCTI, BY€H] 31aTHI
pO3pO6JATA MPOTHO3HI MoAesi A TaKux
ABUIL, K HACJAIAKWA 3MiHM KJaiMaTy, 3MiHU B
po3noaisi BUAIB 1 JAOCTYIHICTH pecypciB 3a
pi3HUX cueHapiiB. TakoX MeTOAU WITYYHOTO
IHTeJIEKTY MOXXYTbhb ONTUMI3yBaTU CTpaTerii
po3mo/iay Ta ynpaBJiHHA pecypcaMH, JoIoOMa-
raroyv MakCuMi3yBaTH ePEeKTHUBHICTb i MiHiMi-
3yBaTH BIIXOAM B TAKUX CEKTOpaX, AK eHep-
reTUKa, TPAHCIOPT i CIbCbKE rocnojapcTBo.
MoJIMBO, HaWNepCNeKTHUBHIIIUKA LIJISAX
0 TOUIYKy MoJesJeu CTajJoro pO3BUTKY
NOJIATAE Y NPUUHATTI CHHEPTeTUYHOT O MiAXO0AY
Jlo BUpilleHHs npobJieM. 3aMicTb TOro, 106
po3rad4aTy coliiaJibHi, EKOHOMIYHI Ta eKO0JIo-
riyHi BUKJMKHU SIK OKpeMi mpobJieMu, IjijicHa
nepcrneKTBa BU3HAE iXHIM B3aEMO3B'A30K i
LIYKa€ iHTerpoBaHi pilleHHd, AKI CTOCYIOTbCA
JleKiJIbKOX BHUMIipiB oaHouyacHo. lledt miaxif
BTIJIEHUHM Yy TaKMX KOHLENLIFX, K UPKYJIspHa
€KOHOMIiKa, 10 Ma€ Ha MeTi BIiJOKpPEMHUTHU
€KOHOMIYHe 3pOCTaHHA BiJ CIOXWBaHHA
pecypciB LIJIAXOM IJIaHYBaHHSA BiJXO0/iB, CIIpU-
SHHA pecypcoePeKTUBHOCTI Ta CTBOPEHHS
CUCTeM i3 3aMKHYTHUM LHUKJOM. AHaJIOTi4HO,
KOHIIEINLiA eKOCUCTEMHOro yInpaBJliHHA Haro-
JIOIIYE Ha BaXKJIMBOCTi 36epekeHHsS i BiHOB-
JIeHH TPUPOJHUX EKOCHUCTEM fAK OCHOBU
CTAJIOTO PO3BUTKY, BU3HAKYU IXHIO POJIb Yy
Ha/laHHI OCHOBHUX IOCJYI, TaKHUX fK 4YMUCTA
BOJla, peryJiloBaHHA KJiMaTy i 306epeXeHHs
6iopisHomaHniTTs (Azarov & Kharlamova, 2020).
B O0CHOBI CHHeEpPreTUYHOro MiAXOAY €
BU3HaHHA TOTO, U0 CTAJIUA PO3BUTOK HE MOXKe
OyTH JOCATHYTUW TOYKOBUMM BTPYyYAaHHSIMH
abo i30/1bOBaHUMM 3ycuIsIMU. HaToMicTh BiH
BUMarae cChiBmpani Ta MapTHEpCTBA MK
y4aCHUKaMHU 3 JIep>KaBHOrO  yIpaBJIiHHSA,
IIPOMHUCJIOBOCTI, TPOMaZAHCbKOI'0 CyCIIJIbCTBA
Ta aKaJeMi4yHUX KiJ, COUparwyucb Ha
Pi3HOMAaHITHI IepCNeKTUBHY, JOCBiJl Ta peCypcCH.
baratocTtopoHHi iHinjaTuBY, Taki gk Lial
CTaJIOT0 PO3BUTKY, 3abe3neuyloTb 3arajbHy
OCHOBY JJi [iH, COPSAMOBYKOYHM 3yCUJIJIS Ha
BUpillleHHSI ~ B3a€EMOINOB'S3aHUX  MPOO6JIEM,
Hanpukaaja, OifHicTb, HepiBHicCTb, 3MiHa
KJIiIMaTy Ta Jerpagayisa ekocucrteM. Cipuda04u
Jliajiory, o6MiHy 3HAaHHSIMH Ta KOJIEKTHBHHUM

JisgM, i iHigiaTUBM MawTb Ha  MeTi
KaTajidyBaTu TpaHcpopMaliiiHi 3MiHM Ha
IIAXy [JA0 OuIbll CTaJoro Ta CTiKKOTO

MaibyTHboro a4 Bcix (Levkivska et al.,, 2022).
YcnilHe BOpoBa/KEHHS MOJiesIel cTaoro
€KOJIOTIYHOTO PO3BUTKY IMOCiZla€ BaKIuBe

85

3Ha4YeHHs [J1s1 30epeKeHHs1 Hallol MJIaHETH Ta
l06po6yTy MaWOyTHIX MNOKOJIiHb. Y pi3HUX
rajyssx i perioHax iCHyl0OTb CKpaBi IpUKJIaaU
TOTO, IK Oi3Hec, BjaJla Ta rpoMajy BIPOBaZ-
KYIOTb CTa/li NPaKTUKU [JI1 TOM'SIKIIEHHS
HaCJHiAKIB Jerpajanii JOBKiJIA, OZHOYACHO
CIpUAKYMA €eKOHOMIYHOMYy 3pocTtaHHo. Lli
3pa3KU IeMOHCTPYOTh iIHHOBALiMHI MigX0a4 Ta
MiIKpeCaI0Th ePEeKTUBHICTb cTpareriu
CTaJIOTO PO3BUTKY.

B eHepreTU4HOMY CEKTOPI BiJHOBJIIOBAHI
JoKepeJsia eHeprii ocTaHHIM 4acoM Haby/u
3Ha4yHOro nowupeHHs. Taki KpaiHu, gk [laHisg
Ta lcimanpida, JocArayd 3Ha4YyHUX YCHOIiXiB y
BUKOPHUCTAHHI BITPOBOI Ta TreoTepMaJlbHOI
eHepril, BiANOBIAHO, AJi 3a/[0BOJIEHHA 3HAYHOI
YaCTUHU CBOiX eHepreTUYHHUX NoTpeb. JlaHis,
HalpUKJIaJ, CTajla CBIiTOBUM JiepoM y
BiTpoeHepreTulli: BiTporeHepaTopu 3abe3lie-
yy10Th NoHa/ 40 % nonuTy Ha eJleKTpOeHeprito
B KpaiHi. Tak camMo 6araTi reorepmaJbHi
pecypcu Icnanpii go3BosiMand id BUPOOJIATH
Maike 100 % enekTpoeHeprii 3 BigHOBJIIO-
BaHUX /pKepeJs, 3MEHIIMBIIMA 3aJIeXKHICTh BiJ
BUKOIIHUX BU/JIB ITa/IMBa | 3HAYHO CKOPOTUBLIU
BUKH/IU BYTJIELIO.

Y TpaHcnopTHiM ramysi mnepexig o
eJIeKTpOMOOis1iB 3MiHMB mnpaBuja rpu. Taki
koMnaHii, sk Tesla, 3pobusu peBoJOILil0 B
aBTOMOOIJIbBHOMY CEKTOpi, BUNIyCKalOYH BUCOKO-
NPOAYKTUBHI eJ1IeKTPOMOOGiJi, 1110 32a6€31e4y0Th
MOOIJIIBHICTD i3 HY/JBOBUM pIiBHEM BHKU/IB.
Takox MicTa Mo BCbOMY CBIiTY iHBECTYHOTb Yy
CTaJi CHUCTEMHM TIPOMAJACBKOTO TPaHCIOPTY.
Hanpuknaz, Kyputu6a (Bpasunisi) Bifoma cBo€to
CUCTEMOI0 IIBUJKICHOTO aBTOOYCHOTO TpaHC-
nopTy, fika epeKTUBHO NepPeBO3UTh MiJIbUOHU
MacaXXWpiB ILOAHA, MIHIMI3yIOYU 3aTOpPU Ta
3abpyaHenHs (Ryzhakova etal., 2019).

CisibcbKe rocnoiapCTBO TeX € NPUKJIAL0M
YCIIIIHOTO BIPOBA/PKEHHS CTaJMX IMPaKTHUK.
KoHnenuia arpoekoJiorii, 10 HaroJoumye Ha
6iopisHOMaHITTi, 306epeeHHI NPUPOJHUX
pecypciB Ta IKOCTi IPyHTIB, HabpaJsia 06epTiB. Y
TaKUX perioHax, ik Appuka Ha NiBJeHb BiJ
Caxapy, NpOEKTH, L0 NPONArywTh arpoJico-
MeJliopallitfo, He JiMlle MigBULIUIN IPOJO-
BOJIbYY Oe31eKy, ajie 1 Bi/ITHOBUJIM JlerpaioBaHi
3emJsi Ta 36epersiu 6iopisHoMaHITTA. Takox
IHiLiaTUBU 3 IPOCYBaHHA OPraHiYHOIo 3eMJie-
po6cTBa Ta CTAJIOr0 YNpaBJliHHA 3eMeJIbHUMU
pecypcaMy JaJii NO3UTHUBHI pe3ysJbTaTH B
pPi3HHUX YaCTHUHAX CBITY, 3MEHUIWBIIA BUKOPUC-
TaHHS XiMiKaTiB Ta 306epirmu poAodicTb IPYHTIB.
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Y wMicbkoMy OyAiBHULTBI iHiLliaTUBHU
3esieHOTO0  OyAiBHUITBA HAOyBawTb yce
6isbIoro posnoscromxeHHs (Shpakova, 2020).
Micta, sik BaukyBep (Kanapa), 3anpoBaauiu
»KOPCTKI CTaHAAPTH 3€JIeHOT'0 OYAiBHUIITBA, 1[0
NpU3BeJIO 10 3BeJleHHSl eHeproepeKTUBHUX Ta
€KOJIOTIYHO 4YHUCTUX crnopya. Taki 6yjisii
OCHallleHi COHTYHUMHU NaHesIMH, ePEKTUBHOIO
i3oJid1li€10 Ta cMcTeMaMM 360py J101110BOI BOIH,
1110 3HAaYHO 3MEHINYE CIOXKUBAHHA eHeprii Ta
ByrJeneBul ciif (Azarov & Kharlamova, 2020).

TypuctuyHa iHAYCTpig TakKoX 3ampoBa-
JWJa CTaji NPaKTHUKH, 106 MiHiMi3yBaTH CBiH
BIUIMB Ha HAaBKOJIMIIHE cepejoBulle. Taki
kpainy, gk Kocra-Pika, no3uiioHyoTh cebe y
HalpsIMi €KoJIOTiYHOTo Typu3My, 36epirawydu
CBOI NMPUpPOJHI apeasy i BOLHOYAC 3aJ0BOJIb-
HSAIOYU NOTPeOU TYpHUCTIB, IKi IparHyTh OTPHU-
MaTU [OCBiJi NepebyBaHHA B He3alMaHOMY
NPUPOJHOMY cepeAoBULIi. [HiLiaTUBU cTasoro
TYpU3My 30CepeiKeHi Ha NMPUPOL00XOPOHHHUX
3ax0/laX, 3aJly4yeHHi rpoMaJiCbKOCTI Ta BiJIoO-
BiZlaJIbHUX TYPUCTUYHUX IPAKTHUKAX, 1110 3a6e3-
NeyyrTb 6a/JaHC M)XK €eKOHOMIYHOI BHUTOJ010
Ta 36epeKeHHAM J0OBKIJLIA.

KoHuenuifs UUpPKyJSpHOI €KOHOMIiKHU
HabyJia NOUIMPEHHS B Pi3HUX raay3sx NPOMUC-
JIOBOCTi, CHpUSIIOYM MiJBHUILEHHIO e(peKTUB-
HOCTI BUKOPUCTAHHA PeCcypciB Ta 3MeHIIEHHIO
BiaxoaiB (Dereiy et al., 2021). Taki koMnaHii ik
Interface (cBiTOBUH BUPOOHUK KUJIMMIB)
3anpoBaJiUJIM BHUPOOHUYI MNpOIECH i3 3aMK-
HYTUM LIMKJIOM, Jie IPOAYKILid NpU3HadyeHa A5
nepepo6KH Ta MOBTOPHOTO BHUKOPHCTAHHS,
MiHiIMi3yrO4H¥ YTBOPEHHH BiXO/iB TA BIJIMB HA
noBkinig (Zinchuk et al.,, 2022).

AHaniz edeKTHUBHOCTI UMUX Moesel
CTaJIOTO PO3BUTKY CBIJUUTH PO NEPCIEKTUBHI
pe3yabTaTh. CKOpOYeHHS BUKUJIB NApHU-
KOBUX rasiB, NOKpallleHHA AKOCTiI NOBITpA Ta
BOJM, 30epexeHHs  OiOpi3HOMaHITTA Ta
NiJBUIIEHHA CTIMKOCTI 0 3MiHU KJIiMaTy - 1e
JIivile JiedKi 3 noMiTHUX nepeBar. Ha goarok,
6araTo 3 UMX IHILiaTHB CTUMYyJIIOBaJIU
€KOHOMIiYHe 3pOCTaHHSA, CTBOPUJINA MOXJIUBOCTI
JJid IpaleBJIaliTyBaHHA Ta MiABULAJIU AKICTb
YKUTTS TPOMa/, 1[0 6epyTh Yy HUX y4aCTh.

BucHoBKu i nepcekTuBu

AHTpomoreHHa  [JiJIbBHICTb  YUHMUTH
CYTTEBUW BIUIUB Ha MPUPOAHI pecypcy,
CTBOPHOIOYU 3HAYHI BUKJIMKU AJI1 JOCATHEHHS
CTaJoro po3BUTKYy. PisHoMaHiTHI Jopmu
aHTPONOTEHHOr0 BIJIMBY, TaKi fIK BUpYyOy-
BaHHA JIiCiB, HaZiMipHa eKcIlJlyaTallisi pUOHHUX i
MOPCBKUX pecypciB, Jerpajanisg 3eMeJb,
Moaudikalis BOJHUX 06'€KTiB, ypbaHisalis Ta
pPO3BUTOK IHQPACTPYKTYpH, 3HA4YHO BILJIU-
BalOTb Ha €KOCUCTEMU IIJIaHETH Ta PeCypcCH, AKi
BOHU 3a6e3mnevyloTb. /i1 MOM'AKIIEHHS LUX
BIJIMBIB HEOOXiJHO poO3po6JATH epeKTUBHI
cTpareri], 110 MOESHYIOTH €KOJIOTi4Hi,
colliaJIbHi Ta eKOHOMIYHI aCIeKTH.

[Ipo6sieMa aHTPONOreHHOr0 BIJIMBY Ha
NPUPOJHI pecypcu BUMara€e KOMIIJIEKCHOI'O
HNiAXoAy, SKWM BKJIKYAE MIKIUCLUIIIHAPHY
CliBOpalio, 3ajJydeHHd 3alijikaBJeHUX CTOpiH
Ta rJobasbHy chiBnpaint. HesBakawouu Ha
3HAaYHUM Nporpec y po3yMiHHI Ta BUPILIEHHI
npo6JieMH, HeobOXiAHI TpaHcPopMallikiHi 3MiHU
B MOJesiIX BUPOOHHUIITBA, CHOKHMBAHHA Ta
yIpaBJiHHA [Jd 3aXUCTy €KOCHUCTeM, MiJBU-
IIeHHA IXHbOi CTiHKOCTI Ta 3abe3mnedyeHHA
PiBHOTO 4OCTYIY A0 PECYpPCiB.

BaXJIMBUM € IHTerpyBaHHs HOBITHIX
TEXHOJIOTiN, TaKUX fK JUCTaHLiliHe 30HAY-
BaHH{, IITYYHUH iHTeJIeKT i GJIOKYelH, [And

NOKpallleHHd CTpaTerii MOHITOPUHIY Ta
yIpaBJiHHA NPUPOAHUMHU pecypcaMu. Lli
iHHOBalii [A03BOJIAIOTH 3AiMCHIOBATU 30ip,

aHaJi3 Ta MNPUUHATTA pilleHb y peXuMi
peasbHOro 4acy, CIpPUAKYUA INPOAKTUBHOMY
30epeXeHHI0 Ta CTaJIoOMy BUKOPUCTAHHIO
pecypciB. OHaK 3a/IMIIAI0TbCS BUKJIWUKY, TIOB'SI-
3aHi 3 BTiJIEHHAM pe3yJbTaTiB JOCHiIXKEeHb Yy
NOJIITUYHI 3aX0AU Ta pepOpMH ypaBJliHHSL.
AKIeHTY€eTbCA yBara Ha HeOOXiJHOCTi
aJlallTUBHOTO  YNpaBJiHHA, 110 BpPaxOBYE
HEeBU3HAYeHICThb Ta HenepeJ0adyBaHi HacaigKu
aHTponoreHHol AiganabHocTi. [IpyuHUMIK THYY-
KOCTi, HABYaHHSI Ha OCHOBi 3BOPOTHOTO 3B'A3KY
Ta COPUAHHSA PO3BUTKY alallITUBHUX CTPYKTYP
yHpaBJiHHS € KJIYOBUMM [1/i1 3abe3nedyeHHs
CTIMKOCTI CHCTeM NPUPOJHUX PECYPCIB.

3asBa incruryniiinoi pesisiiinoi paau / Institutional Review Board Statement
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IHTET'PAIIIS BIOTEXHOJIOTIN ¥V IUPKYJIAPHY EKOHOMIKY
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INTEGRATION OF BIOTECHNOLOGY INTO THE CIRCULAR ECONOMY
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AHOTAIIA

MeTta. Y cTaTTi NiJKpec/JI0ETbCA BaXKJIUBICTb AOCJiIKeHHS 4epe3 ePeKTUBHICTb Ta penpe3eHTAaTHUBHICTb
iHTerpanil 6ioTexHOJ/IOrH B LUPKYISIPHY €KOHOMIKY, OCKiJIbKM BOHHM 3a06€e31e4yoTh peasidallilo HesiHiHHOTO migxonay,
SKWU crpUsi€ JOAATKOBOMY NPUOYTKY i 3aXUILa€ JOBKIJIJIA Bijl €KOJIOTIYHUX KaTacTpod.

MeTogosiorisa. BukopucTadi MeToAu BKI/IIOYAKOTh: a) Oiogerpajzauiro Ta 6iopo3k/iajjaHHs i3 3acCTOCyBaHHSIM
6ioMaTepiasiB, TaKUX sIK OpraHiyHi Bigxo/1, 6ionosiMepu Ta 6ionaacTHK, 1[0 BUBYAIOThCS 32 JOMOMOTOK0 6ioXiMiuHHX
TecTiB, Mac-cneKTpoMeTpii Ta MoJIeKyJIApHO-6iosoriuHMX MeTo/iB; 6) 6iocuHTe3 Ta GionepepoOKy i3 BUKOPUCTAHHAM
YKMBUX OPraHi3MiB, TaKUX K 6aKTepii, rpruOU Ta BOJOPOCTI, 10 NiAJal0ThCs TeHeTUYHIN Moaudikalil s migBuIeHHS
iX IpOAYKTHUBHOCTI Ta CTilKOCTi; B) 6iopeMe/iaLito g focipKkeHHS 6ioMaTepiasiB i MikpoopraHismis, 1[0 0OYHLIYIOTh
3abpy/iHeH] [iJITHKH, BUKOPHUCTOBYIOYM BHCOKOe(pEKTHBHY piJJUHHY XpoMmaTorpagiilo Ta MOJIEKYJspPHO-TeHEeTHYH]
MeToAu [iJig OLiHKU edeKTUBHOCTI Ta eKoJioriyHoi Ge3neky; I') GioiHKeHepilo, siKa BKJIIOYAE BUCOKONPOAYKTUBHI
MEeTO/IU peJlaTyBaHHS reHOMY.

HaykoBa HoBu3HA. CTprkHeBi 3acasiy QyHKI[iOHYBAaHHA LUPKYJSPHOI €KOHOMIKH BKJIIOYAIOTh BiJ[HOBJIIO-
BaHICTb (peMOHT Ta MOBTOPHe BUKOPHUCTAHHS NPOAYKTIB), AudepeHUianio (BUbip MaTepiasiB, po3kaaj, AKUX €
IIBU/IINM i 6€31eYHIINM), eK0JIOTi3M (BUKOPHUCTAHHS JPKepesl «IMCTOI» eHepril, o miBUILYIOTh CTIHKICTBb cucTeM) i
KyJIbTYypOJIOTi3M (MOLIMPEHHS €KOJIOTiYHOI MapaJurMu AJ1s1 3MiHU CII0XKHUBYOI MOBEJ[iHKU).

BucHoBKM. [HTerpaniss 6i0TeXHOJIOTIH B IUPKYJSPHY €KOHOMIKY Ma€ OCOGJMBY BaXJ/IMBICTb Y KOHTEKCTI
MOTOYHOI eKOoJIOTiuHOi cuTyalii Ta HeoOXiHOCTI BNpPOBAa/KEeHHsI HeJIiHIHHOI eKOHOMIKH, sika BiJloBifmae cydacHin
KyJbTypi cnoxxuBaHHS. OCHOBHUMHU NMEePCHEeKTUBAMU € YJIOCKOHAJIeHHs iCHYIOYHUX MeTOJiB, iHHOBaLilHi pilleHHs Ta
MibkaucuumiHapHi migxogu. Illomasnbini gociimkeHHsS MawTb OyTH 30CepemKeHi Ha BAOCKOHAJIEHHI MpoleciB
6iomerpajanii Ta BIpoBaJpKeHHI HOBUX MaTepiasiB, 10 cnpusTUMe iHTeHcudikauili B3aeMogii MiX HAyKOBHMU
yCTAaHOBAMH, INPOMUC/JAOBUMHM KOMIIAHIAMHM Ta IHIUIMMM Yy4YacHUKaMW. bioTexHoJsOTil B KOHTEKCTI LUPKYJIAPHOI
€KOHOMIKM MaWwTh 3HAYHUH TMOTEHIiaJ] AJI1 CTaJOr0 PO3BUTKY, 3aXWUCTy JOBKI/ISA Ta iHTeHcHOiKalil HayKoOBOro
nporpecy uepe3 po3po6Ky HOBUX METO/I0JIOTIH, TEXHIK Ta iHTErpaTUBHUX HAYKOBUX MPOEKTIB.

Kinrwo4oBi csoBa: 6ioTexHoJsioril, LMUpKyJsipHa eKOHOMika, JiHiiHA eKOHOMika, HeJsiHiiHAa eKOHOMiKa,
6iopemepiarnisi, 6iocuHTe3, 6ioAerpaanis, 6iopo3kaazanHs, 6ionepepobka, bioiHKeHepis

ABSTRACT

Objective. The article emphasises the importance of the study because of the effectiveness and representativeness
of the integration of biotechnology into the circular economy, as it provides a non-linear approach that promotes
additional profits and protects the environment from environmental disasters.

Methodology. The methods used include: a) biodegradation and biodecomposition using biomaterials such as
organic waste, biopolymers and bioplastics, which are studied using biochemical tests, mass spectrometry and molecular
biological methods; b) biosynthesis and biorefining using living organisms such as bacteria, fungi and algae, which are
genetically modified to increase their productivity and sustainability; c) bioremediation for the study of biomaterials and
microorganisms that clean up contaminated sites, using high-performance liquid chromatography and molecular genetic
methods to assess efficacy and environmental safety; d) bioengineering, which includes high-throughput genome editing
methods.

Scientific novelty. The core principles of the circular economy include renewability (repair and reuse of
products), differentiation (selection of materials whose decomposition is faster and safer), environmentalism (use of
clean energy sources that increase the sustainability of systems) and culturalism (spreading the environmental paradigm
to change consumer behaviour).

Conclusions. The integration of biotechnology into the circular economy is of particular importance in the context
of the current environmental situation and the need to introduce a non-linear economy that meets the modern culture of
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consumption. The main prospects are the improvement of existing methods, innovative solutions and interdisciplinary
approaches. Further research should focus on improving biodegradation processes and introducing new materials, which
will help to intensify interaction between academic institutions, industrial companies and other stakeholders.
Biotechnology in the context of the circular economy has significant potential for sustainable development,
environmental protection, and intensification of scientific progress through the development of new methodologies,

techniques, and integrative research projects.

Key words: biotechnology, circular economy, linear economy, nonlinear economy, bioremediation, biosynthesis,

biodegradation, bio-processing, bioengineering

Beryn

[Ipo6siema iHTerpanii 6ioTexHoOJIOTIH Yy
LUPKYJAPHY €KOHOMIKYy € J0BOJIi LIUPOKOIO,
OCKIJIbKHY il AMHaMiKa KOpeJl€ 3 AUDKUTANI-
3ilHMMU nponiecaMy (30KpeMa — 3 eKCTpamnoJis-
L[i€X0 MaTeMaTUYHOI [TapajurMHU 10 T'YMaHITapHUX
JOCII/PKEHb, TEHJEHIIAMU 0 KyMYJIOBAaHHSA B
Cy4aCHUX HayKOBHUX JIOCJIIPKEHHAX (K r'yMaHi-
TapHUX, TaK i NPUPOJHUYHKX) iHOpMaLiNHUX
TexHoJsiorih Touo). CBOEW Yeprorw, OCTaHHI
JimMiToBaHi ¥ JeTepMiHOBaHI crenudikoro
LUPKYJIAPHOI E€KOHOMIKH, dKa € aJIbTepHa-
TUBHOI €KOHOMIYHOI MOJeJijilo, 6a30BaHOI0
Ha aKTyaJizalnil NeBHUX 3aMKHYTUX LUKJIB B
npoliecax BUPOOGHUIITBA, 06iry Ta CoXMBaHHSA
(Circular economy model, 2024).

BioTexHoJiorii NpoiyKTUBHI K penpe3eH-
TAaTUBHI 11010 BULe3a3HAYE€HOr'0 BUAY €KOHO-
MiKH, OCKIJIbKA BOHU JJ03BOJIAIOThH peasi3yBaTH
NOKJIaJIeHUH y HIW HeJIIHIMHUK niaxiZ. OcTaHHIN
BiZIpi3HAETHCA Bij KJIACUYHOTO JIIHIKHOTO, JJ14
SKOrO0 MNPUTAMaHHUU HE3aMKHEHUW LUKJ, y
MeXaxX fKOro BUKOPUCTAHHA NPOAYKTY Mae€
NeBHY eTamnHiCTb («NpubaHHS - BUKOPHUC-
TaHHS - yTUJi3alisg»). HaToMicTb [upkKyasipHa
€KOHOMIKa aKTyaJsi3ye IHIIWKA mifgxij, npoay-
KYI4HM OTPUMaHHS J]0/JaTKOBOI'0 NPUOYTKY (Ha
Bi/IMiHY BiJ «0/JHOPA30BOr0» BUIII€3a3HAYEHOT0).

TakuM YMHOM, y Mexax LUPKYJIAPHOI
€KOHOMIKH aKTyasi30BaHO TaKl leTepMiHaHTHU:
a) 8i0H081108A/1bHICMb — MOXJIUBICTb PEMOHTY
¥ IOBTOPHOIO BUKOPHUCTAHHSA HaBITH micjad
3aBeplleHHs 3allJIaHOBAaHOI'0 TEPMiHY NpUAAT-
HOCTi; 6) AugepeHyiayisi - BUABISETHCA Y MiAGOPi
JJI1 BUKOPUCTAaHHA TUX MaTepiasiB, po3Kaaf
AKUX OyJe Oe3neyHUM JJisi HaBKOJIMUIHBOIO
cepeZioBUIIA; B) €K0.10213M - BUKOPHUCTAHHSA
JKepeJsl «4UCTOI» eHepril, AKi, CBOEI 4Yeprolo,
JO3BOJISIIOTh IiJABUILUTH CTiMKiCTb CUCTEM Ta
3HU3UTH 3aJIEXKHICTBD BiJl peCYpCHUX KOJIUBAHb;
T) KY/1bmypo.102i3M — TPOAYKYBAaHHS PO3BUTKY
TeMaTUYHUX HOPM, PYXiB, i1e0JIOTiH TOI0, AKI
KyJbTUBYIOTb BUJIO3MIiHY CIHOKHMBAILbKOI MOBeE-
JIHKU: OpeHJM 3aMiCTh NPHU/0aHHS, CHIJIBHOTO
BUKOPUCTAHHS 3aMiCThb OJHOOCIOHOI0 TOILO.
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HeonHo3Ha4yHicTh, CaMOOYTHICTB Ta 0CO6-
JIMBa JlMHaMika QYHKIIiOHYBaHHS aHaJ1i30BaHO1
npo6JieMaTUKA pelpe3eHTOBaHa Yy HU3ILI
JIOCJIi/P)KEHDb, ¥ IKMX BHBYEHO II MOOYTyBaHHS.
Tak, BUIe3a3HaYeHAa HOBA KyJbTypa CIOXU-
BaHH4 sICKpaBo BUCBiTJieHa y npaui Abdullah et
al. (2024), y gkii aBTOpHU penpe3eHTYIThb
KOHIIeMNI11il0 CMJIbBHOTO BUPOOGHUIITBA bioeHeprii 3
Bi/JHOBJIEHHAM JOBKIJIJIf, aHaJ/Ii3yI0YU HU3KY 11
TpacbopMaliiHux 3MiH. BueHi B6ayarwTb
peaJsiizaliif0 OCTaHHBLOI y iZiel iHTerpoBaHOro
BO/IOPOCTEBO-0JIIHHONAJbLMOBOT0 6Gionepepoo6-
HOTO 3aBOJY fIK eKOHOMIYHO e(peKTHUBHOTrO Ta
iHHOBAIiMHOTO pillleHHs AJi1s1 BUPillleHHs NPoo6-
JIEMU B3a€EMO3B’SI3Ky MiX KJIiMaTOM, eHepri€lo,
NPOZLOBOJBLCTBOM,  BOJOW,  LUPKYJIAPHOIO
€KOHOMIKOI0 Ta CTaJIUM BUPOOHUIITBOM €Heprii,
a TaK0X po3poOKOI0 6GiONPOAYKTIB.

be3snocepeHbO NEepCHEeKTUBU IHTerparil
6i0TexHO/10TiH 1[0J[0 TOOYTYBAaHHS LIMPKYJISIPHOI
eKOHOMIKU mpejcTaByeHo y npani (Begum et
al, 2024). Y Hili aBTOpU CTBEPAXKYIOTb, 110
nepexij Bij BUllle3a3HA4YeHOI JIiHIMHOI MoAesi
€KOHOMIKM [0  LMPKYyJApPHOI  3acBiA4yeE
NPOAYKTUBHICTL BUKOPUCTAHHSI 6iorazoBux
YCTAaHOBOK Ta OionmepepoOGHUX 3aBOJIB Yy
JIOBTOCTPOKOBIW mepcrneKTUBi. BueHi migkpec-
JIIOKOTh, 1110 aKTyasli3allifg 0CTaHHbOI I03HaYeHa
nepeTBOPEeHHs1 BiAX0JiB Ha 6ioeHeprilo,
6iomo6prBa Ta iHIII MNPOAYKTH 3 [J0JAHOIO
BapTiCTIO 3 METOK IX CHPOBMHHOI aKTyaJsii3aLil
y IPOMUCI0BOCTI.

Singh et al. (2024) penpe3eHTYIOTb CBOE
PO3yMIHHA LUPKYJAPHOI €KOHOMIKM fAK LiiJic-
HOT'O MiAX0A4y, CIPSAMOBAHOrO Ha CTBOPEHHS
cTilikol Ta BigHOBJIIOBAaHOI €KOHOMIiYHOI
CUCTEMHM, fAKa MiHIMI3ye BIiAXOAH, CHpUAE
epeKTUBHOMY BHUKOPUCTAHHIO pecypciB Ta
30epeXeHHI0 HaBKOJIMIIHbOTO CepejoBULIA.
BiaTak, Ha AyMKy aBTOpiB, 6ioTexHoOJiOTis
NPOAYKTUBHA 1040 BUKOPUCTAHHSA KOPUCHHUX
MiKpo6iB, cTaBlIM QyHJaMEHTAJbHUM MiX0A0M
0 PO3BUTKY LUUPKYJAPHOI E€KOHOMIKH.
Jloc/liAHUKKM BUBYAIOTh, IK KOPUCHI MiKpoOH,
OTpPHMaHi 3a J0MMOMOTr 0K TOYHOI 6i0TeXHOJI0Ti],
BiZlirpaloTh KJIIOYOBY poOJib y TpaHcpopMalii
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pPi3HUX CEKTOPiB €KOHOMIKHU, IPOCYBAKYU CTaJli
NpPAaKTHUKM,  MNOKpaLlyl4iu BUKOPUCTAHHA
pecypciB Ta cHpusilo4d OiJbll CTIKKOMY Ta
€KOJIOTIYHOMY MalOyTHbOMY.

[lix kyTom IHAycTpii 4.0 penpe3eHTYIOTh
Duong Thi Binh et al. (2024) ananizoBany
npo6JyieMaTHKY: TaK, aBTOPaMH 3/iiCHEHO KOMII-
JIeKCHUW orJadaj Jjitepatypu (1998-2023 pp.,,
232 npaui), 110 BUSABUB CTPUXKHEBI TeHJEHIIii,
JIAKYHU B HadABHUX JOCJHiJXKeHHAX. BuyeHi
CTBEP/PKYIOTh, 110 pe3yJbTaTOM BUIle3a3Ha-
YEHOro CTaJjia po3poOKa BCEOCTKHOI TEOPETUUHOI
6asu paaa  Iaaycrtpii 4.0, cnpsMoBaHOI Ha
CIPUAHHA CTaJIOCTI B MeXaxX LUPKYJAPHOI
€KOHOMIKH, 1110 OXOIJIIOE eKOHOMIYHi, collianbHi
Ta €KOJIOTiYHI BUMipH. JlocaiiHUKKU mHigKpec-
JIIOIOTh, 1[0 BHIlle3a3HaYyeHa po6OTa 3acBivuye
3pOCTAalOYMM €eHTy3ia3M I0A0 BUKOPHUCTAHHS
iHcTpyMeHTiB IHaycTpii 4.0 (IHTepHeT peuew,
6JI0KY€elH TOI110) /I/Is1 IOKpallleHHs Yy paBJIiHHSA
AKICTI0O B ollepaniax LUPKYJAPHOro JIAHIIOra
II0CTaBOK.

BUK/JIMKK Ta MOMXJIMBOCTI MofeJi 6io-
LUPKYJIAPHO-3€eJIeHOI eKOHOMIKM L0J0 aKTya-
Jizalil y aprapHoMy CeKTOpi BHUCBITJIEHO VY
npaui (Jaroenkietkajorn et al., 2024) ABTopwu
poO3rJIAZaTh TeOopil, KOHUeNnuii, migxoayd Ta
IHCTPYMEHTH OLIHKHU CTAJIOCTI, 1110 iHTerpyroTh
NPOAYKTH 3 [JOJAHOI0 BAPTICTIO, IKi Jie)KaTh B
OCHOBI BUIe3a3Ha4YeHOoi Mogesi. BueHi penpe-
3€eHTYI0Th CAMOOYTHICTb aKTyaJii3alii JoCTiKy-
BaHOI MoJiesi L0J0 ClJbCHKOrOCIOJapChbKUX
JIAHLIYOTIB J0aHOI BapTOCTi, @ TaKOX BUCBIT-
JIOIOTh PO3pP006JIEHY HUMHU CUCTEMY OILIiHKHU
CTaJIOTO PO3BUTKY. [lOCHIAHUKHA aKLEHTYIOThb
yBary Ha IOTeHLiaJl ClJIbCbKOTOCIOAAPChKUX
JIQHIIIOTIB J10/laHOI BapTOCTi, AIKUU MOXKe OYTH
MOCUJIEHUNW 3a J0NOMOrol KOHIenlii 6iope-
dbiHaHCYBaHHS.

O6roBopeHHs MexaHi3My OiopeMeaiauii
CTIiYHUX BOJ, WKIpAHOI MPOMUCIOBOCTI Ha
OCHOBI MoJeJli LUPKYJAPHOI €KOHOMIKU fK
cTpaTeril OYMUIEHHA NpeJcTaBJieHe Yy Impali
(Montalvo-Romero et al., 2024). Y anasnizoBaHii
npali aBTOpHY aKLEeHTYKTh yBary Ha TOMY, L0
3a0py/AHEeHHS, CIPUYUHEHe CKUJAMH CTiYHHX
BOJ| LUIKipAHOI MNPOMHUCJIOBOCTI, CIPUYHUHAE
pi3Hi 3aXBOPIOBAHHA Ta HETATUBHO BILJIMBAE HA
bsopy 1 JayHy. Bueni npeacTaBisAOTH
biopemejialjito 6i0TEXHOJIOTIYHUM MigX0A0M,
3/laTHUM YCYHYTH TOKCHU4YHI 3a6py/HIOBaui,
HaCJiIKOM 1[bOTO € HaJaHHA IepeBarv
BUIlle3a3HAaYeHMM IpolecaM Iepes, IHIIUMU,
OCKIJIbKU BOHM € JAPYKHIMU Ta HEIHBa3UBHUMU
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g JOBKLLIA. loCaiJHUKY NiAKPeCAI0Th, L0
came OiopeMejianisgs € cTpaTerielo, ska
JI03BOJISIE BiZJHOBJIIOBATU OYMILEHY BOAY [JJIA
pPi3HUX LiJIed, aKLEeHTyo4Yu Ha II copsamo-
BaHOCTI Ha ynpaBJiiHHA TOKCUYHUMU pE4OBHU-
HaMH Ta 3a0py/IHIOI0YMMH NPOLIEeCAMMHU.

[Iponecy ®imepa-Tpommna (zani - PT),
AKMU TpaHcPopMye Byriaag, 6iomacy ab6o
NPUPOAHHUU ra3 Ha PiAKi ByrJieBOJHI LIJISXOM
YyTBOPEHHA CHUHTe3-ra3y Ta KaTaJiTU4YHOI
KOHBepcil npucBa4yeHo npauw (Moreroa et al,
2024). Y Hill aBTOpPU A0CAIKYOTh MOTEHLial
MoJeJi LUPKYJASAPHOI eKOHOMIKUA AK CTpaTeril
CTaAJIOTO yINpaBJiHHA CTiYHUMH BOJAMMU [Jid
MOBO/»KeHHSA 3i cTiyHuMu BogaMu PT. Bueni
BUBYAlOTh MeJIIOpaTUBHI 3axoAu JJsd MOAO-
JIAaHHSA 0OMeXXeHb 0/JHOT'0 MeTOoAYy 6i0JIoriYHOro0
OUMIEeHHS1 - aHaepoOGHOro 36po/>KYBaHHSA
CTIiYHHX BOJ, - IIJIAXOM BHUBYEHHS KOMOiHaIii
Jl0JlaBaHHA TO0XMBHUX pEYOBUH, MiKpo6io-
JoriyHoro 36aradyeHHs1 Ta 36aradyeHHsa 3a
paxyHOK iHTerpauii BigxoJiB, OTpUMaHHUX 3
IHIIMX NPOMMCJIOBUX CEKTOPIB, K KJIHYOBUX
JUI BIPOBaPKEHHA MO e/II0OBAaHHA LUPKYIAPHOI
€KOHOMIKH B OIiHIli BapTOCTi cTiYHUX BoJ DT.

AHani3 rnuboKoro BIJIMBY 3a0pyAHEHHS
BOJIM Ha €KOCUCTEMM Ta 3J0POB’S JIIOJUHH, A
TaK0X BUBYEHHS IHHOBALiIMHUX CTpaTeriu A4
epEeKTUBHOTO  OYHMILEeHHS  CTiYHUX  BOJ
npezacrtaBieHo y npaui (Trivedi et al,, 2024). ¥
aHaJsli30BaHiM mpali aBTOPW 3a3HA4yarTh, 10
TpaJMUIL[iMHI MeTOAY OYMILEeHHs, Xo04a |
obMexeHi, CTBOPWOIOTb  HIAIPYHTA  Ajd
0OTrOBOpPEHHSI HOBITHIX TEXHOJIOTiH, TaKUX SIK
MeTaJ/IOOpraHiyHi KapKacH, Jy>KHO-aKTUBOBaHI
MaTepiasy, MoJeKyJspHa Oiosoria Ta ¢iTto-
peMepiauia. BueHi migKpec/aw0Th, L0 BUlle-
3a3HayeHi HOBATOPCbKiI MiAX0AU O6ILSAITH
€KOHOMIYHO e(deKTHUBHe, €KOJIOTIYHO 4YHCTe
OYULIEHHA CTiYHUX BOJ y TOEAHAHHI 3
BUJIYYEHHAM LIiHHUX CHOOJyK. JlocaigHUKU
aKLeHTYIOTh yBary Ha TOMY, L0 iHTerpanis ux
pillleHb Y IPAKTHUKY CIIPUSAE CTBOPEHHIO IUPKY-
JIIpHOi 6i0EKOHOMiKM, ONTHMi3allii BUKOpPHC-
TaHHf peCcypcCiB Ta 3MeHIUEHHI BIJIMBY Ha
JOBKLIA. TakuM 4MHOM, g Npald penpes3eH-
TaTUBHA W00 LJIAXY A0 CTAJIOT0 3MEHIIeHHH
3abpy/IHeHHS BOAY Ta MaKCUMi3allil pecypciB y
CBITI, 1[0 CTPIMKO pO3BUBAETHCH.

BuBYEeHHSI MOXXJIMBOCTEHM BUKOPHUCTAHHSA
MiHepaJibHUX CyOCTpaTiB, SIKi JIMIIAKOTbLCA Y
ripcbKUX Mopo/iax micss MpoleciB 6ioekcTpakiiii,
U1l BUPOLIYBaHHA CiJIbCbKOTOCIOAAPCbKUX
KyJIbTYp npezcTaBjeHo y npani (Sobral et al,,
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2024). ABTOpU 3a3HAYAIOTh, 10 TaKi 3aJUIIKH
€ MPUPOJHUM METOJIOM YJAOOpEHHS, y MexKax
SKOr'0 BiZj0yBa€TbCA 30i/7blIEHHA BUKOPUCTO-
BYBaHHUX MOXXUBHUX PEYOBHH, HEOOXIJHUX [JIS
BUPOOHHUIITBA MNPOAYKTIB XapyyBaHHS, Y
I'PYHTAaX, BUCHA)KEHUX BUBITPIOBaHHAM,/ BUJIY-
rOBYBaHHSIM ab0 HEBiJMOBiAHKWM Ta iHTEHCUB-
HUM BHUKOPHUCTAHHSIM XIMIYHUX [J00OpUB, He
BIJIMBAIOYU Ha OasiaHC A0BKiLg. JocnigHuku
MiIKPEC/0I0Th, 1110 iCHY€E MoTpeba B TEXHOJIOTI1
BIIHOBJIEHHA eJIeMEHTIB 3 eJIEKTPOHHOIO
OpYyXTy, BpPaxXxOBYIOUHM, 110 JiesIKi 3 HUX TaKOX
BUKODPUCTOBYIOTbCA fAK MIKpoeJeMeHTH [Jid
JIIOAWMHY, 0COGJMBO 3 OIJIAAy Ha KOPOTKHUU
TEPMiH CJyXKO0U Cy4acHOTO eJIeKTPOHHOIO
o6J1a/ITHaHHS.

Po3rssi aHanizoBaHoi mpo6JsieMaTUKU Y
po3pi3li HAHOTEXHOJIOTIH, fIKi PEBOJIKOLiOHI-
3YIOTb CUJIBCBKOTOCHOAAPCHKI Ta XapyoBi
BiZIX0U y c/1abOPO3BUHEHUX KpaiHaX 3aBJsKHU
3aCTOCYBaHHIO IPUHILUIIIB CTAJIOTO CiJIbCBKOT'O
rocroapcTBa Ta LUPKYJAAPHOI EKOHOMIKH,
npeacrtaBaeHo y npani (Preethi et al., 2024).
ABTOpHY KpPUTHYHO OLIHIOKOTH 34aTHICTb HAHO-
TEXHOJIOTIM BUpIillyBaTU NOpob6JieMH YIIpaB-
JIIHHA CIJIbCBKOTOCNOJapCbKUMU BiX0JaMU Ta
BUKOPUCTAHHAM pecypciB. BueHi CTBepKylOTh,
1110 3aB/JSIKU CBOIM HAaHOPO3MIipHiN cnenudivyHii
iHkeHepii  HaHoOTexHoJiorii  3a6e3Me4YylThb
3HaYyHe NifBuleHHS ePpeKTUBHOCTI MepepooKu
BiaxoziB. Tak, 3a JOIIOMOror HaHOMaTepiadiB i
HAHONPUCTPOIB MOHAa CTBOPIOBATH Cy4acHi
JaTYUKU [ MOHITOPUHIY CLIbCbKOIOCIIO-
JapCbKUX IIpoLeciB y peaJbHOMY  4aci,
OonTUMi3alil pecypciB i 3MeHIIEeHHA BiJXO0JiB.
HaToMicTb HaHOKaTas1i3aTOPHU TaKOX [lepeTBO-
pIOIOTh OpraHiuHi BilxoAuW Ha 6GiomaJuBO Ta
CIOJIYKHY Ha 610JI0Ti4YHIM OCHOBI, MiATpUMYyI0O4YH
LUPKYJAPHY EKOHOMIKY.

BuBueHHs LiHU npojaxy OiomajsvMBa Ha
OCHOBi fKoOCTi (cTabi/ibHOCTI, ePeKTHUBHOCTI
NOIJIMHAHHA BYIJIELI0 Ta BMICTY BaXKHUX
MeTaJiB 110J0 aHaJi3y YMUCTOl TemnepiliHbOI
BapTocTi (gasi - YTB), niHu 6e336UTKOBOCTI
npoJiaxky NPOAYKTY Ta LIiHU 06pOOGKU ocajy)
BUKopucTaHi y npani 0'Boyle, Mohamed, & Li
(2024) pns  BU3HAYEHHS NpPUOYTKOBOCTI
CIIJIBHOrO MipoJii3y MOpPiBHAHO 3 IMipoJizom
Juiie ocajy cTiyHux Boj (gani - OCB) #
TpaAuLiiHUMHU MeToAaMH O0OpoOKU. BueHi
BUBYAKOTb LIiHU NpoaxKy 6ionasnuBa Ha OCHOBI
dakocTi (cTabisibHOCTi, ePEKTUBHOCTI MOTJ/H-
HaHHSI BYTJIEI[I0 Ta BMICTy BaKKHX MeTaJiB),
daki Oysnu ouiHeHi Ha piBHI 2,24, 1,44 Ta
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0,98 CAD/xkr il 5 bionmasiuBa BUCOKO-,
cepeHbO- TA HU3BKOCOPTHUX COpTiB. Jlocaia-
HUKU NiJKpeca0Th, L0 LiHA Ha OCTAaHHE,
po3paxoBaHi Ha OCHOBiI MOro BHINOI TeEMNJO-
TBOPHOI 3/JaTHOCTI 6iomasvBa Ta JU3eJbHOIO
naJsuBa, ¥ konuBaaucs Big 0,80 go 1,22 CAD/kr.
[loka3oBo, 1110 THpca Ta NilleHUYHa cojoMa Oy/iv
00paHi K CHpOBHMHA /Il CHIJIbHOIO MipoJ1i3y 3
YOTHPMa CHiBBIAHOILIEHHSIMH 3MilyBaHHsA (20,
40, 60 Ta 80 mac. %). [[pukMeTHO, 1110, Ha AYMKY
aBTOpIB, aHa/i3 4YYTJUBOCTI IOKa3aB 3aJiex-
HICTb €KOHOMIYHMX MOKa3HUKIB BiJi pUHKOBOI
BapTOCTi 6iorasy Ta 6iomaJyiMBa, L0 3aCBiJ4Yye
penpe3eHTAaTUBHICTb  aHa/li30BaHOI  Mpani
1110/10 €KOHOMIYHOI'0 aHaJli3y TaKoro miaxony i
NOrJIMOMB PO3YyMiHHSI MOTEHIia/ly CIiJIbHOTO
niposiisy /1 BUpPOOHULTBA OiomajivMBa Ta
6iorazy, mpomoHywO4YM iHHOBALilHI pillleHHS
JUUIS1 €KOJIOTIYHUX pobJieM yTuaizanii OCB.

OTxe, aHasi3 icTopiorpadii 3 mocaimpky-
BaHOI Npo6JieMaTUKKU CTATTi 3acBiJYMB camo-
OYTHICTb Mpolecy aKkTyaJisalil 6ioTexHoJoTiN
y LUUPKYJSIPHIA eKOHOMilli, BapiaTUBHICTb
niAX0A4iB, METO/IB, NIPAaKTUK TOLLO, BUABUBIIIY,
THUM He MeHIl, ii JIaKyHi30BaHiCTbh. 30KpeMa,
He3Ba)Kal04yU Ha aKTyaJIbHICTb 6i0TEXHOJIOTIN y
KOHTEKCTi MOOyTyBaHHS LUPKYJISIPHOI €KOHO-
MiK{ BiI3HAYMMO HAABHICTb HU3KU NPOraJvuH
(3okpeMa, 1040 MeTOJOJIOTiI Ta IHCTpyMEH-
Tapito). OcTaHHE MOSICHIOBAaHE B KOHTEKCTI
HEYCTaJIEHOCTi MPUPOAY MOOYTYBaHHS GioTex-
HOJIOTIH, 1110, CBOEK 4Yeprow, NpoAYyKy€e NPHUH-
LMIIOBY BIJKPUTICTb MNPaKTUKU IX BUKOPUC-
TaHHA. BuuiesasHayeHe, NpUPOLHO, BU3HAYAE
COpPSMOBAHICTh Halloi pobOTH Ha y3arasb-
HeHHS MigXoJiB /10 aHaJli30oBaHOI MpobJieMa-
TUKM LI0J0 BUOYJAOBYBaHHA ii aHazizy U
MEeTO/I0JI0TiI.

Memoro cTaTTi € BUBYEHHS MOXJIMBOCTEHN
Ta nepeBar iHTerpauii 6ioTexHosoTil Yy
LUPKYJAPHY €KOHOMIiKy 3 MeTOI CTBOPEHHA
cTajoro Ta e(peKTUBHOIO BUKOPHUCTAHHA
pecypciB i 3MeHIIeHHS HEraTUBHOTO BIJIUBY Ha
HaBKOJIMIIHE cepepoBulle. [inome3ow -
iHTerpauiss 6i0TeXHOJIOTI Yy LUPKYJSIPHY
€KOHOMIiKYy MO>Ke CIPUATH 3HUXKEHHIO BiIXO/iB,
ONTUMIi3allil BHUKOPUCTAHHA pecypciB Ta
CTBOPEHHIO HOBUX IPOAYKTIB Ta MaTepiasiB 3
BUKOPUCTAHHSM 6ioJioriyHUX mpoleciB. Buiie-
3a3HayeHe MOXKe OYTHU JOCATHYTO IIJISIXOM
BUKOPUCTAHHS MIKpOOpraHiamiB [Jid mnepe-
pob6KH BiaxoJiB, 6i0/1I0riYHOr0 BHUPOOHHUIITBA
CUPOBMHM Ta OiomoJiiMepiB, a TaKOX
3aCcTOCyBaHHS OioiHXKeHepil A/ MOKpalleHHs
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IpoLeciB  BiJHOBJIEHHA Ta
pecypciB y 3aMKHYTOMY LIMKJII.

BUKOPHUCTAaHHA

Martepiaau i METOAU AOCAIAYKEHHA

[lobyTyBaHHS Cy4acHOro CBITy JeTepMi-
HOBaHe HHU3KOK €eKOJIOTIYHUX MpobJseM ¢
0O6MeKeHb pecypCcHOI 6a3y, BUPilIeHHAM IKUX €
HMpKyJasApHa ekoHoMika (Circular economy
model, 2024). OctaHHAA penpe3eHTOBaHa fK
IepClieKTUBHA IMapajuUrMa, y Mexax (Kol
MOXJIMBe peajibHe 3MeHIIEeHHd BiAXOAIB i3
napajieJibHOK ONTHUMI3alLi€l0 BUKOPUCTAHHA
pecypciB. bioTexHoJs0rii BUCTynalOTh HaWUNpO-
JYKTUBHIIIAM iHHOBAL[iMHUM iHCTpyMeHTapieM
peaJizanii 0CTaHHBOI, 0 NPOAYKYE aKTyaJlb-
HiCTb BUBYEHHSI CAaMOOYTHOCTI iX iHTerpauii y ii
Mexax. [Ipy UbOMYy CTpUKHEBHUMHU BixaMu
BMII€3a3HAYE€HOI0 NPOLeCy € TaKi MaTepianiu 1
MeTO/HU:

1. biodeepadayia Ta  6i0p03KAA0AHHSA
NO03HauyeHi BUKOPUCTAHHAM HU3KU OioMaTe-
pianiB (opraHiuHuX BiZAxoziB, 6ionoJiMepiB Ta
6iom1acTUKM), 1110 AOCAIIKYIOTH 32 J0OIIOMOT 010
OioxiMiYHMX TecTiB, Mac-clieKTpoMeTpii Ta
MOJIEKY/ISIPHO-0i0JIOTIYHUX  METOJIB  TOLLO.
OcTtaHHI MNOK/JIMKaHI BU3HAYUTU CKJI3J Ta
IIBU/IKICTb EBHUX peakLiil (Y [bOMy BUNAJKY —
IIBU/IKICTb pO3KJIaZly aHa/i30BaHUX MaTepiaJiB)
(Abdullah et al., 2024)

2. biocunmes 1 6ionepepobka, y npoueci
AKUX 3a/[ifHO LIHWPOKUKA CIHEKTP >KUBHUX
opratisMiB (6akTepil, rpubH Ta BOAOPOCTi), AKi
Y3BUYAEHO BUKOPUCTOBYWOTb [l BUPOO-
HUITBa 6ionasinBa. CBOEIO 4eproto, Taki Mikpo-
opraHiaMu 3/1€6i/Ib1IOr0 3a3HAIOTh FT€HETUYHOI
Moudikauii 3a/114 NiiBUILEHHS IX TPOAYKTUB-
HOCTI, @ TaKOX CTiMKOCTi /10 NeBHUX (3a3BUYal,
cTpecoBux) ymoB (Begum et al.,, 2024).

3. biopemediayisi, BUKOPUCTOBYBaHa AJIs
BUBUYEHHsl GioMaTepiasiB Ta MikpoopraHiamiB
PI3HOMAHITHOI NPUPOAH, AKI 3[aTHI OYMILY-
BaTU 3abpyaHeHi AinsgHku. Cepes HaMMOLIU-
peHIlnX MeTOoJiB JOCHiP)KEHHA — aHaJiTUYHI
(BucokoedekTUBHA pifKicHa xpomaTorpadis
Ta HHU3KA MOJIEKYJSAPHO-TEHETUYHUX, HAKI
JloloMaralTh BHU3HAuYaTH e(QeKTHUBHICTb Ta
€KOJIOTIYHY 6e3mnexy BUILIe3a3HaYEeHUX
npoueciB (Montalvo-Romero et al, 2024;
Moreroa et al,, 2024; Trivedi et al.,, 2024).

4. BioiHiceHepis, y MexXax AKOl 3aJilI0I0Thb
BUCOKONPOAYKTUBHI  MeTOAW  TeHeTU4HOIl
IHKeHepil, MOKJIMKaHI NpOoAyKyBaTH OpraHi3MU
3 NOKpaLleHMMH BJIaCTUBOCTAMU. MeTo010TiA
po6OTH BKJIIOYAE METO/IU pelaryBaHHs FeHOMY
(mo nmpuknagy, CRISPR-Cas9), ski 03BOJISAIOTh
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BIJIMBATU Ha F€eHETUYHUU CKJIAJ, OPTaHi3MiB 3
METOK HaOyTTsd HUMH [0JAaHOI KOPUCTI B
KOHTEKCTI LMPKYJIsApHOI ekoHOMiKU (Montalvo-
Romero et al., 2024; Sobral et al., 2024).
BuniesasHayeHe 3acBifyye ILIMPOKUM
CIEKTpP CTBOPEHHS EKOJIOTIYHUX CTIMKUX Ta
epEeKTUBHUX CUCTEM BUKOPUCTAHHS pPeCypCiB y
MeXkax akKTyaJsizanil 6i0TeXHOJIOri y LUpKy-
JIIPHIA eKoHoMili. 30KpeMa, MOBHUTbCA MPO
eKCIIOHeHTHe  3pOCTaHHfA  IiHHOBaLil y
BUII€3a3HAY€eHiN raysi, 110 NPOAYKYE MOTPedY
y BUPOOJIEHHI 0COGJMBOr0 MeXaHi3My BILJIUBY

Ha CTaJIiCTb Ta €eKOJIOTIYHUM  6GaJaHC
rJ100a/1bHOI EKOHOMIKH.
[IpupogHo, 10 Yy BUIEe3a3HAYEHOMY

CTPpUKHEBY PpOJIb BifirpaloTh Marepiaau i
MeTOJU JOCJi/KeHHs], SIKi € BUM3HayaJIbHUMH
040 Takux iHiuiaTtus. Tak, cekTp 3acTocy-
BaHHA OCTaHHIX BapilOETbCA BiJ aHasi3y
CKJIaZly MaTepiaJiiB 10 p0O3BUTKY iHHOBAI[iHHUX
TEXHOJIOTi OionepepoOKU TOILO, 1110, CBOEIO
4yeprow, NpoAyKye BUPOOJeHHS ePeKTUBHUX,
pecypcoEMHHUX Ta CTIMKHUX pilleHb I0JA0
Cy4acCHOI eKO0JIOT14HOI KpU3H.

TAa  iX

PesyapTaTH = AOCAIAKEHHSA

0o0roBopeHHA

AHanizoBaHa nmpo6JsieMaTHKa 3aKOHOMIpPHO
NPOJYKYE aKTya/lbHICTb OOGrOBOPEHHSI TaKUX
I10JIOKEHD:

1. Camob6ymuicmb akmyanizayii 6iomexHo-
Ja02itl wodo 6iodeepadayii eidxodis. Jlochin-
)KEHHA pelpe3eHTAaTUBHI 1100 IepClHeKTUB
6ioTexHOJIOTIH B KOHTEKCTi TpaHcpopmalin
OpraHiyHuX BifiXo/iB (Ci/IbCbKOrOCMnojapChbKUX
3a/IMIIKIB, Xap4yOBHX Bi/IX0JliB) Ha KOPHUCHI
npoAyKTU (6ionmanuBo, GiomosiMepu Ta opra-
HiuHi f06puBa). [lepioio yeprow, 06roBopeHHs
BHILe3a3HA4YEHOr0 BKJIFOYAE BpaxyBaHHA
nepeBar akTyaJsiszaunii 6ioTexHosiorii mopis-
HSHO 3 TPAJMULIHHUMH MeTOJlaMU MepepoOKHU
BiZiXo/1iB (cnasitoBaHHS, CMiTTE3BAIHUIIA).

Sobral et al. (2024) 3ayBaxyioTh, 110
OCTaHHIM 4YacOM eJIeKTPOHHI BiIX0JU MOXYTb
MICTHUTH JECATKU Pi3HUX eJIEMEHTIB, TAKUX fAK
He6JIaropoiHi MeTasid, JJOPOTOI[iHHI MeTaJslH,
piiko3eMeJibHI Ta AefKi BaKKi MeTasu. BueHi
penpe3eHTYIOTh MOXJIUBI HIJIAXU BUJIYYeHHS/
nepepoObKU IUX MeTaliB W NiJIKpPec/JTb
aKTyaJIbHICTb 6GiOTEXHOJIOTIYHOTO MiAXOAY SIK

epeKTUBHOro Ccrnocoby mnepepobKU TaKHUX
BiX0ZiB, a TaKoX 6araTbox IHIIUX, IO
CKUJIAIOTBbCS B HABKOJIMIIHE CepefoBUIILE,

OCKIJIbKM TNPUPOJHI pecypcu [OOCTYIHI B
HaBKOJIMIIHbOMY cepeJloBULli i MOXyTb OYyTH
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BUKOPUCTaHI 6e3 0COOJMBUX BUTpAT, K, [0
NpUKIaAy, y BUINAaJKy 3 OaraTbMa MiKpo-
OopraHizMaMH.

HaTtomicTtb Abdullah et al. (2024) anaui-
3yI0Th pi3Hi TUNU GioMacu OJiMHOI NajJbMU Ta
CTiYHHUX BOJ, MJIMHIB, a TaKO> TEXHOJIOril
Bi/JHOBJIEHHSI HABKOJIMIIHbOI'O Cepe/lOBUIIA 3a
JIOIIOMOr 010 KoreHepaljii 4yucToi/6ioeHeprii Ha
OCHOBi 6iogu3sesisi, 6GioeTaHoJy, GiomMeTaHYy,
6ioBO/IHIO, OioMacJsia Ta aBialifiHOTO GiomarBa
3 BUKOPHMCTAHHAM HaKONM4YyBayiB eHepril Ta
CyllepKOHZeHCaTopiB. ABTOpU NPUAIIAIOTH
0COOJIMBY yBary nepeTBOPeHHIO 6ioMacu Ta
CTOKIB y 6ionoJsiiMmepy, rpadeH, 6i0KOMIO3UTH
Ta MXene, a TakoX y 6i0XiMi4yHi pe4OBUHHU Ta
JJ1s1 bioMeMYHUX 3aCTOCYBaHb. BueHi geTaJi-
30BaHO pO3IJAJAITh BAXJIUBICTb BUKOPHUC-
TaHHSA 3€JIEeHUX Ta €eKOJIOTIYHO YMCTHX
npoiieciB. Y cBoili mpalli BOHM NPONOHYIOTh
€KOHOMIYHe iHTerpoBaHe BUPOIYBaHHA BOJ0-
pocTeid y NOPOMUCIOBUX yMOBax (30KpeMma,
ONIMHUX TNaJbM) [JAJs 3aCTOCyBaHHA B
aKBaKyJIbTypi 3 IHK/JIIO3MBHHUMU IporpamMaMu
PO3BUTKY I'pOMaji, 3aCHOBaHUMHU Ha Pinocodii
HEESBA, mo, Ha ix JyMKy, CyroJIoOCHO
rJ100aJIbHUM LIiJISIM CTaJ10T0 PO3BUTKY.

2. EpexkmusHa axkmyanizayis Mmikpoopaa-
HI3Mi8 ma 2eHemuYHo-Mo0u@piko8aHUX Op2aHi3Mie.
[losiirae y BUKOpPUCTAaHHI IeHeTUYHOI MOJH-
¢dikanii 3aa/a8 mMokpalleHHS HU3KW BJIACTHU-
BOCTEW MiKpOOpTaHi3MiB 3 METOIO MiJiBUILEHHS
ePpeKTUBHOCTI 00pobKM 6GioMacu Ta BiJXOJiB.
O6roBopeHHsI MOXXe BKJIOYATH aKTyaJsli3alilo
HU3KA EeTUYHUX Ta €eKOJIOTIYHUX aCIEeKTiB
BUKOPUCTAHHSI  TF€HETUYHO-MOAUPIKOBAHUX
NPOAYKTIB 3 ypaxyBaHHfIM CIleKTpa ix
KopeJislii 3 JOBKIJIJISIM Ta 3/I0POB’SIM JIIOIEH.

Begum et al. (2024) BuCBITIIOIOTH
ONTHUMaJIbHE Ta BiZIOBifjla/IbHE BUKOPUCTAHHA
pecypciB i po3po6Ky TeXHOJIOTiH BiAMOBIIHO 1,0
nizxony 3R (Reduce, Reuse, and Recycle).
OcraHHE, Ha IX AYMKY, CyrOJIOCHO €KCIIOHEHT-
HOMY 3pOCTaHHIO piBHA TMepepoOKH Ta
NOBTOPHOTO BUKOPUCTAaHHA BIiJXOJIB, sKe
HabOJIMXKAE CUCTEMY [0 KOHIeN il [UPKYASAPHOI
€KOHOMIKH, 110 € MeHII MWIKiAJUBOW [Jis
JIOBKi/IA 1 mpubyTkoBiumow. I[lpu npomy
aBTOpU IiJKPECJI0Th, 10 Ha CbOTOJHI
UPKYJISIpHA eKOHOMiKa Bce lije nepebyBa€ Ha
eTani CTaHOBJIEHHS, HaACJiJKOM 4YOro Micle
6ioTexHOJIOTIN y 1IIbOMY MPOLECI € HECTaTUM.
30kpeMa, NpoAyKLis 6i0ra3oBUX yCTAaHOBOK Ta
6iopereHepalliiHUX 3aBO/IiB 3HAM/le CBiM MIIsAX
Ha CBITOBOMYy PUHKY B HauOJiMk4i poku. Tak,
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THYYKICTb cucTeM OioMeTaHyBaHHs/6iomepe-
pPOOGHUX 3aBOJAIB Ta iX 3/]JaTHICTb MepepobIATU
pi3HOMaHITHY CHpPOBUHY (OpraHiyHy) [AJs
BUPOOHHMIITBA IIMPOKOr0 CHEKTpa NPOAYKTIB
3abe3neuye poJib 0iOra3oBUX YCTAaHOBOK Ta

O6iomepepoOHUX 3aBOJIB Y LMPKYJSAPHIU
€KOHOMIII|.
3.3acmocysaHHsi ~ HaHomexHos02Iil Yy

MmedxHcax biomexHoso02IYHUX docaidxceHsb. Ilepc-
IIeKTUBHICTb  BUILE3a3HAYEHOTrO0  HalpAMy
3aCcBijYeHA HU3KOI IepeBar 3acTOCyBaHHA
HaHoMaTepiaaiB 040 KaTaJiTUYHUX BJIACTU-
BOCTEMN Ta CTAbi/IbHOCTI 6iOXiMiYHUX MPOLIECIB.
O6GroBopeHHs I1bOTO HAMpSMY pelnpe3eHTa-
THBHe 1110/|0 BpaXyBaHHS reHe3U NOTeHLiNHUX
pU3UKIB Ta InepeBar BUKOPUCTAHHA HAHO-
MarepiasiB y 6i0TEXHOJIOTIUHUX JIOCTiIPKEHHSX, a
TaKOX IX BIJIMBY Ha JOBKIJLIA.

B. Preethi et al. (2024) ¢okycyroTbcs Ha
TOYHOMY 3eMJIEPOOCTBI 3 BHUKOPUCTAHHAM
HAaHOTEXHOJIOTIH, fiKe MiABUIIYE BPOXKaWHICTb
CLJIbCBKOT'OCIIOAAPCHKUX KYJIBTYD, 3MEHIIYIOYHU
Npd UbOMYy BHUTpAaTH pecypciB. BueHi
CTBEP/KYIOThb, L0 LiJIbOBI Ta peryJbOBaHi
TeXHOJIOTii HAHOPO3MipHOI0 BHECEHHS JOOPUB
I nmecTUUAIB 3MEHIIYIOTh BIJIUB Ha HaBKO-
JIMIIHE CepeJloBULIE K ONMTUMI3yIOTbh BUKOPHUC-
TaHHS TNOXXWUBHUX pPEYOBUH. 30KpeMa, HaHO-
CEHCOPU B CiJIbCBKOTOCHOAAPCBKUX CUCTEMax
3abe3neuy0Th MNPUHHATTSA pillleHb 100
CTaJIOTO BeJleHHH ClJIbCBKOTO IroCnofapcTBa Ha
OCHOBI JaHuX. TakUM YMHOM, KpUTHUYHA OL[iHKA
penpe3eHTaTHBHA LIOAO0 BiANOBIAAJBHOIO Ta
IHKJIIO3MBHOTO  BIIPOBA/PKEHHA HAHOTEXHO-
JIOTIM y KpaiHaX, L]0 pPO3BHUBAKTBLCA, Ta IX
COllia/IbHO-eKOHOMIYHUX HacaiAKiB. Y mnpari
3alpONOHOBAHO CTpaTeriyHy IHTerpaliro HaHo-
TeXHOJIOTii B arpapHUM CeKTop 6iAHUX KpaiH
JUIS1 pEBOJIIOIIMHOI TepepoOKHU BiJIX0/1iB, MiABU-
1eHHs eQEeKTUBHOCTI BUKOPUCTAHHS pecypciB
Ta BIPOBAa/PKEHHA JUPKYJIAPHOI EKOHOMIKH.

Oxkpim Toro, Duong Thi Binh et al. (2024)
penpe3eHTy0Th HU3KY aJlallTUBHUX CTpaTerin
BUlle3a3HavyeHol [HaycTpii 4.0, 4Ki cipsgMoBaHi
Ha JIOCATHEHHS LiJIICHUX I[iJleh CTaJioro pos-
BUTKY B LIUPKYJIAPHIN eKOHOMIL, MiZIKpeC/II004U
HaCJIAKYA AJ19 NMOJQJIbLIMX HAyKOBUX HOCJIiJ-
)KeHb y LiM AWMHaMi4yHIiX raaysi. BueHi 3a3Ha-
YalwTb, W0 33/ CIOPUAHHA AUAJPKUTAJi3aLii
yIpaBJiHHA AKICTIO JIAHUIOTIB  IOCTaBOK,
3aliiKaBJieHi CTOPOHU I|bOT0 JIAHII0ra TOBUHHI
[IpoaHaJii3yBaTU NpPOTaJMHU B JOCHIPKEHHAX 1
PO3pPOOUTH MPAKTHUYHI MJIaHU BIPOBA/KEHHS,
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BUKOPHCTOBYIOYM OKpeCJeHy MeTO0/0JIOTiIo,
BH3HaAYMBIIH Il OCHOBHI, CTa/Jli KOMIOHEHTH.

4. Cneyugpika cmeopeHHs1 6iokoMno3umis
ma 6iomamepianis. Jlocnii)keHHS 3aCBiAYYIOTh
nepeBaru BUKOpPUCTAaHHA OIOKOMIO3UTIB Ta
6ioMaTepiasiB, 10 NPOAYKYE 3MEHIIEHHS
3aJIeXKHOCTI BiJj HEOOOPOOHUX pecypcCiB Ta, fK
HAaCJII0K, CHOPUAE PO3BUTKY LUPKYJAPHOI
eKoHOMiku. OGroBOpeHHs aKTyasli3ye nepeBaru
BUKODHUCTAHHA BHIe3a3HAaYeHUX MaTepiasiB
NOPiBHAHO 3 Y3BUYAEHUMHU II0JiMepaMUu 3
CBOEPiAHMM BIJIMBOM Ha 3/I0pOB’Sl JilOJIEH Ta
JOBKIJIJIS.

Jaroenkietkajorn et al. (2024) 3a3Ha4yaroTh,
1110 BUIlle3a3Ha4YeHa TexXHoJioris (biopediHaHCy-
BaHHSI) CTAaHOBUTb CEPUO3HY MNpoOJieMYy AJis
BUPOOHUIITBA NPOJAYKTIB 3 J0/IaHOI0 BapTIiCTIO
Ta IHBECTULIMHUX BUTpAT. BueHi aKLeHTYOTh
yBary Ha TOMYy, ULI0 TE€XHIYHUHW PO3BUTOK
npoueciB 306opy Ta 30epiraHHfl, a TaKOX
yhnpaBJiHHA JOTICTUKOIO € MPIOPUTETHUM [JIs
HaJIeXKHOTO ynpaBJiiHHA. [loCaiAHUKY NijKpec-
JIIOIOTh, 1[0 po3pobJieHa CHUCTeMa OIiHKHU
CTaJIOTO PO3BUTKY BKJIIOYA€E TPU IHCTPYMEHTHU
(o1iHKa >KMTTEBOTO LIMKJIY, OI[iHKA COLiaJIbHOTO
KUTTEBOTO LUKJY Ta aHalli3 BUTPAT i BUTO[),
AKI OXOIIJIIOIOTH YCi BUMIPH CTA/IOr0 PO3BUTKY.
XapaKTepHO, 1110 BUIle3a3Ha4YeHi iIHCTPyMEHTH
JOJATKOBO MiATPUMYIOTHCA NPUPOLOOPIEHTO-
BaHUMM pilleHHAM, aHaJi30M MaTepiaJbHUX
IIOTOKIB Ta €KOJIOTIYHUM CJIiJ0M AJi PO3TAALY
NUTaHb 30epeKeHHs] eKOCUCTEMU, BUBHAYEHHS
NpiOpUTETHOCTI pecypciB Ta 0OMeXeHHs
€KO0JIOTTYHOI'0 IOTeHLia/1y BiNOBIAHO.

Bule3asHayeHi pe3yJbTaTU aKTyaslbHi
1110/10 1X 3Ha4Y€HHH /I PO3BUTKY LIUPKYJIAPHOI
€KOHOMIKH, CTaJIoT0 BUKOPHUCTAHHA pecypciB
Ta MiHiMi3alii HeraTUBHOTO BIJIMBY Ha
HaBKOJIMIIHE cepepoBulle. OKpiM TOro, MOXHa
PO3IJIAHYTU MOXJIMBI HanpAMU MOJAJbIIMX
JOC/I/PKEHDb Ta aKTyaJsli3allilo WX TeXHOJIOTIr
Ha NpPaKTHILL.

BucHoBKU Ta HepcneKTUBA

Otxe, iHTerpaiis 6ioTexHoJOTiH V
UUPKYJSIDHY €KOHOMIKy Ma€  0COOJIMBY
3HAYYLIiCTh I10J0 AaKTyaJIbHOI €eKOJIOTIYHOI
cuTyalii, 1oTpebu y HeJliHIMHIN eKOHOMIlli, 1110
penpe3eHTy€E Cy4acHY KyJIbTYpy CIOXHMBaHHS.
Tak, mpoBefeHe JOCHIPKEHHS MiATBEpAUJIO
NnoTeHIias1 6i0TeXHOJIOTiIK 1[0JI0 CTBOPEHHS
CTaJIOTO BHUKOPUCTAHHA pecypciB Ta 3MeH-
LIeHHI HeraTUBHOI'O BIJIMBY Ha [JOBKIJLIA.
[IpyupoaHO, 1O TOJIOBHUMHU IMepClHeKTUBAMU
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BUI1€3a3HAYEHOI'0 € YJOCKOHaJIeHHS HasBHUX
MeTO/iB Ta TEXHOJIOTiH, eKCIOHEHTHe BIPOBa/-
KeHHS IHHOBALIMHUX pillleHb, HeCTaHJAPTHUX
MiZIXOAiB TOLLO V IPAKTUKY.

OcTaHHE NpPOAYKOBAaHO, He3BaXKak4iW Ha
JOCATHYTI yCHiXU, HU3KOI HAaABHUX BUKJIMKIB,
notpeb TOIIO, SIKi BUAO3MIHIOIOTBHCS 3 YacoM.
Tak, nopaaplli JAOCJiJKeHHS aHaJi30BaHOI
npo6JieMaTUKU JOLiJIbHO 30CEPESUTH, OKPiM
BMII€3a3HAYEHOI MeTOJ0JIOTrii Ta TeXHOJIOrI],
Ha BJIOCKOHAJIEHHI NpoleciB 6iogerpagauii 1
BIIPOBA/P)KEHHI HOBUX MaTepiasiB y NPAKTUKY
po6oTu. lle, nepuior yeprow, MOXKHa JOCATTU
iHTeHcUiKalli€o B3aeEMoJii MiXK HAayKOBHUMH
yCTAaHOBaMH, NMPOMHUCJOBUMHA KOMIIAHISIMU Ta
IHIIMMHY yYaCHUKAMHU.

Takuii miaxis OyZe NPOAYKTUBHUM,
OCKIJIbKM JWHAMiYHMW OOMiH 3HaHHSMH Ta
pecypcaMy [03BOJIMTb NMPUCKOPUTH BIPOBA/-
>)KEHHsl IHHOBALiMHUX pillleHb, BWHAWJEHHS
HOBUX MaTepiaJiB Ta HECTaHAAPTHUX MiAXOiB.
CBOE€M 4epromw, BUllje3a3Ha4yeHe CTBOPUTD HOBI
po6oyi Micusg i 3MEHUIUTb 3aJeXHICTb Bif
HEeOOOpOTHUX pecypciB Ta CTHUMYJIOBAaTHMeE
iHHOBATUBHICTb bOTO EKOHOMIYHOI'O CEKTOPA.
OkpiM TOro, Taki mpoiecyd NnokKpauaTrhb SAKiCTb
JOBKIJIJIA  IIJISAXOM  3MEHIIEHHS  BUKH/IB
BUPOOHHIITBA, HACJAIKOM 4YOro CTaHe Bce
MeHIlIa KiJIbKiCTb €KO0JIOTIYHUX KaTacTpod.

BigTak, akTyasisaulis 6ioTexHOJIOTIH
11010 LUPKYJSAPHOI €eKOHOMIKM Ma€ 3HA4YHUU
IIOTEHIiaJl B KOHTEKCTI CTaJIOTO PO3BHUTKY,
30epekeHHS HAaBKOJIMIIHBOT'O CepeJloBHUIlA Ta
iHTeHcudikalii reHe3u Hayku 3arasoM. [lepiioro
4Yeprow, OCTaHHIO BOAYaEMO y po3pobii HOBOI
cy4yacHoi, 06a30BaHOi Ha OCTaHHIX JocJij-
»KeHHSX 1 31,00yTKax, MeTO/10JI0Tii, TeXHiKax, a
TaKOX IHTerpaTUBHUX HayKOBUX NIPOEKTAX, AKI
Jl03BOJIATH Y MDKIpeAMETHOMY KJIK4Yi J0CJi-
JIUTHU Ty YU Ty IpO6JIEMY.

BuinesazHaueHud migxig Jgo mMopedti
LUPKYJAPHOI E€KOHOMIKU MOXKe JONOMOITHU
M0/10JIaTH €KOJIOTiuHi mpo6JieMH, MOB’s3aHi 3
CTIYHUMM BOJIaMH, OCKiJIbKH BiH CIIPUSE CIiJb-
HOMY BUKOPUCTAHHIO, IOBTOPHOMY BHKOPHC-
TaHHIO Ta nepepobui pecypciB. TakKUM YHUHOM,
NPUHLUIU LUPKYJAPHOI €KOHOMIKHA NPOAYK-
TUBHI /11 IOKpAllleHHA BiZJHOBJIEHHA pecypcCiB,
nepepo6KU Ta chiBrpali 3 iHIUMH MPOMUC-
JIOBUMH CeKTOpaMHU (CiibCbKe TrocCrnoAapcTBo,
ripHM4o06yBHA MPOMMUCIOBICTH) Ta 3MEH-
LIeHHd IXHbOrO BIUJIKBY Ha HAaBKOJIAIIHE
cepeZ0OBUILE, 1110 MIATBEPAXKY€E BUILe3a3HAYEHY
rimoresy.
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DOI: 10.58407 /bht.2.24.9

ABSTRACT

Purpose: The multifaceted nature of male infertility requires innovative approaches, leading researchers to
explore the potential of phytotherapy to improve reproductive health. Phytotherapy offers a promising prospect for
individuals seeking alternative treatments for male infertility, harnessing the natural therapeutic properties of plant-
based compounds. The aim of this work is to investigate the efficacy and mechanisms of action of phytotherapy as a
promising alternative treatment for male infertility. Through a comprehensive review of existing literature and clinical
trials, this research aims to elucidate the potential benefits of phytotherapeutic interventions in improving sperm quality,
enhancing reproductive parameters and addressing the underlying causes of male infertility.

Methodology. We conducted a comprehensive literature search using electronic databases including PubMed,
Scopus, Web of Science and Google Scholar. The search was conducted from 1970 to 2024, with no language restrictions.
The following keywords and combinations of keywords were used: “phytotherapy”, “male infertility”, “herbal medicine”,
“plant extracts”, “natural remedies” and “herbal supplements”. In addition, relevant articles were identified through
manual searches of the reference lists of the retrieved trials and review articles. Articles were included if they met the
following criteria: (1) original research articles, systematic reviews, meta-analyses and clinical trials investigating the
efficacy of phytotherapy in the treatment of male infertility; (2) studies reporting outcomes related to sperm quality,
reproductive hormones, semen parameters or fertility outcomes; (3) human studies involving adult men diagnosed with
infertility or subfertility; (4) studies published in peer-reviewed journals.

Scientific novelty. While conventional treatments for male infertility often focus on hormonal therapies, surgery
or assisted reproductive techniques, this manuscript highlights the potential of phytotherapy as an alternative approach.
By exploring natural remedies derived from medicinal plants, this manuscript offers new insights into complementary
strategies for the treatment of male infertility. The emphasis on alternative treatments reflects a growing interest in
holistic and integrative approaches to reproductive medicine. In addition to discussing the broader concept of
phytotherapy, this manuscript examines the efficacy of specific phytochemicals in the treatment of male infertility. By
focusing on individual compounds and their pharmacological effects, this manuscript advances our understanding of the
bioactive constituents responsible for the therapeutic effects of medicinal plants. This targeted approach allows for a
more nuanced evaluation of phytotherapeutic interventions and facilitates the identification of potential drug candidates.

Conclusions. The use of various medicinal plants with benefits for male reproductive health was discussed,
including Tribulus terrestris, Apium graveolens, Withania somnifera, Cornus mas, Fumaria parviflora, Phoenix dactylifera
and many others, was discussed. The mechanisms by which these herbal remedies may exert their effects on sperm
quality, reproductive hormones and overall fertility were also demonstrated. The role of plants as adjunctive therapies
to address underlying conditions associated with male infertility, such as oxidative stress, inflammation and hormonal
imbalances, was discussed. Although promising, clinical evidence for the efficacy of herbal treatments for male infertility
remains limited, highlighting the need for further well-designed clinical trials and studies. Nevertheless, the integration
of medicinal plants into comprehensive fertility care protocols offers a promising avenue for improving male
reproductive health outcomes and warrants further exploration.

Key words: herbal medicine, male infertility, medicinal plants, phytotherapy, reproductive hormones, sperm
quality
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AHOTAIIA

MeTta: baraTocTopoHHs1 mpuUpoja 4Yo0JOBiYoro 6e3mJiAAs BUMAara€ iHHOBALiMHUX NiJX0AiB, 10 CIOHYKAE
JOCHiIHUKIB [0 BUBYEHHS MoTeHIjany ¢itoTepamii A/ MOKpaleHHs PenpoAyKTHUBHOTO 370poB’sa. diToTepamis
NPOTNIOHYE 6araToo6ilsaYy NePCIeKTUBY AJs JIJeH, K IyKaloTh aJbTepPHATHUBHI METOAM JIIKyBaHHS 40JIOBIi4OTO
6e3MiJ/isl, BUKOPUCTOBYIOYM MPUPOJIHI TepaneBTUYHI BJIACTUBOCTI POCAMHHHUX CIHOJyK. MeTow 1iei cTtaTTi €
npeJiCTaBJEHHS JOCAIKeHb ePeKTUBHOCTI Ta MexaHi3MiB fii ¢iToTepamii ik mepcrneKTUBHOTO aJbTEePHATUBHOTO
JIIKyBaHHS 40JI0Bidyoro 6e3maif/sa. 3aBAsKd BCe6iYHOMY OTVISIAY iCHYOUOI JiTepaTypy Ta KJIAIHIYHUX BUIIPOOYBAHL 1ie
JOCTiPKEHHSI MAa€ Ha MeTi 3’sCyBaTH MOTeHINiHHI mepeBaru ¢iTOTepaneBTUYHHUX BTPYy4YaHb Y MOKpAIl[eHHI SKOCTI
CIEepMH, peIPOAYKTHUBHUX [TapaMeTpPiB Ta yCYHEHHI OCHOBHUX MPHUYMH Y0JI0BIYOT0 6e3MIiaasL.

MeTogosiorid. My mnpoBesd KOMILJIEKCHUM MOLIYK JiTepaTypyd 3a JONOMOTOI0 eJeKTPOHHUX 0a3 JaHUX,
BKJItOUaroyu PubMed, Scopus, Web of Science i Google Scholar. [Touryk BiBcsi 3 1970 no 2024 pik, 6e3 MOBHUX 0OGMeXeHb.
BuKOpUCTOBYBaJIMCS HACTYIHI KJIIOYOBI cJ0Ba Ta iX MOEAHAHHSA: «diToTepamisy, «4oJoBide 6e3Mmaiasa», «pOCAUHHI
eKCTPaKTU», «IPUPOAHI 3ac06U» Ta «TpaB’sHi Jo6aBKu». KpiM Toro, BiAnoBiHI cTaTTi 6y/1M BU3HAUEHI IJIIXOM HOIIYKY
B CIIMCKax MOCUJIaHb Ha OTPUMAaHI JOCJHI[PKeHHS Ta oradazoBi cTaTTi. CTaTTi BK/IOYAIMCA B OrJAJ, AKIO BOHHU
BiimoBifasmu TakuM KpuTepisaM: (1) opuriHajabHi AOCAIAHULBKI CTATTi, CHCTEMATHUYHI OTJIAIU, MeTa-aHaJli31 Ta KJIiHIYHI
BUIIPOOYBaAHHS, 1[0 JOCTIKYIOTh eGeKTUBHICTb iToTeparii B likyBaHHI YosoBidoro 6e3maigs; (2) gocaiiKkeHHs, 1[0
NOBiIOMJIAAIIOTH NP0 pe3yJ/bTaTH, NOB'sI3aHi 3 AKICTIO ciepMU, penpoAYKTUBHHMHU FOPMOHAMH, MapaMeTpaMu CIepMU
a6o pe3ysbTaTaMu GepTUIBbHOCTI; (3) AOCIiIKeHHS Ha JIIOAAX 33 YYaCTIO JOPOC/IUX Y0JIOBIKiB 3 A;larHO30M 6e3rians
a6o 3HmxKeHHs GepTUIbHOCTI; (4) focaiKkeHHs, ony6JiKOBaHi B pelleH30BaHUX Ky pHaJlax.

HaykoBa HOBHM3HA. Y TOH 4ac sk 3BUYalHi MeTOU JiKyBaHHA 40J0BIi4YOro 6e3MJiA/As 4acTo 30cepeKeHi Ha
rOpMOHaJIbHIM Tepamii, Xipypril a6o AOMOMDKHHX PENpPOAYKTUBHUX METOJaX, Il OTJISJIOBA CTATTS IiJKPECIIOE
noTeHujias ¢iToTepanii K aApTepHATUBHOTO NiAxoAy. JocaifKyiouu NpUpoAHi KOMIIOHEHTH, OTPUMaHi 3 JliKapCbKUX
POC/IHH, IISl CTATTSC MPOMOHYE HOBE YSIBJIEHHS PO 0JIaTKOBI cTpaTerii iiKkyBaHHS 40/10Bi40r0 6e3mmiaasa. AKLeHT Ha
a/JbTepHAaTUBHUX MeTO/iax JiKyBaHHS Bifjo6pakae 3pocTarouuil iHTepec [0 LiJiCHUX Ta iHTerpaTUBHUX MiJAX0AiB [0
penpoaykTUBHOI MeAuNMHU. OKpiM 06roBopeHHs mupuioi KoHuenuii ¢iToTepamnii, y 1iii cTaTTi po3riasjaeTbcs
epeKTUBHICTb KOHKPETHUX BH/IiB POCJYH y JIIKyBaHHI 40JI0Bi4OT0 6e31IiAs5. 30cepePKy0Ynch Ha OKPEMUX CIIOJIyKaX
Ta ixHiX ¢apmakosoriunux edekTax, L CTAaTTA [OKpallye Halle po3yMiHHA 6i0aKTUBHUX KOMIIOHEHTIB,
BiIMOBiJa/IbHUX 32 TepaNeBTUYHUN ePeKT JIiKapChbKUX pocanH. Taku# misiecnpssMoBaHUHN MiAXiJ| JO3BOJISE MPOBOAUTH
6ipl1 AeTanbHY OLHKY ¢iTOoTepanmeBTUYHUX BTpPy4aHb i moJseriuye igeHTuUdikalilo MOTeHUiMHUX HpenapariB-
KaH/W/1aTiB.

BUCHOBKHM. Y 11i#i cTaTTi 06rOoBOPEeHO BUKOPUCTAHHS Pi3HUX JIIKaPChbKUX POCJMH, SKi MPOSBAAITh NOTEHIiaI B
JIiKyBaHHI 4oJioBiuoro 6e3muiajas, B ToMy uuciai Tribulus terrestris, Apium graveolens, Withania somnifera, Cornus mas,
Fumaria parviflora, Phoenix dactylifera Ta 6araTto iHmux. ByJio TakoX IpoJieMOHCTPOBAHO MeXaHi3MH, 3a JI0NOMOT 00
SIKUX 1l pOCJMHU MOXYTb BIJIMBAaTU Ha SIKICTb ClIepMH, peNPOAYKTUBHI TOPMOHHU Ta 3arajbHy GepTUJBHICTB. Byso
00TOBOpPEHO POJIb POCJUH SIK JOMOMIXKHOI Tepamii A/ JiKyBaHHS OCHOBHHUX 3aXBOPIOBaHb, MOB’'SI3aHUX 3 YOJIOBIUUM
0e3rIigIsIM, TaKUX SK OKHCHIOBAJbHUU CTpec, 3amaJieHHs Ta TOpMOHaJbHUN aAucbasaHc. He3Baxkawuw Ha
6aratoobiusioyi, K/aiHIYHI J0Ka3u edeKTHUBHOCTI JIKyBaHHS TpaBaMM 4YOJIOBIiYOTrO Oe3MJifJsd, MNifKpecaeTbcs
HeOoOXiHICTh MOZANbIINX A06pe CIVIAHOBAaHUX KJIIHIYHUX BUNPOOYBaHb i AociimkeHb. TUM He MeHI, iHTerparis
JIIKapCbKHUX POCJIMH Y KOMIIJIEKCHI TPOTOKOJIM MOHITOPUHTY 3a GepTUJIbHICTIO IPONOHYE 6araToobingodui nigxisa ais
MOKpaIlleHHS Pe3y/IbTaTiB Y0JIOBIiYOr0 penpoAYKTHBHOTO 3[J0POB’sl Ta BUMAraE Mo/JaIbIINX J10C/i/KEHb.

Kio4oBi cioBa: jikapcbKi poC/aMHM, PENpoAyKTHBHI ropMoHHU, iToTepamis, yosioBide 6Ge3maians, sKiCTb
CcriepMu

Infertility is a medical condition characterised
by the inability of a sexually active couple to

Male infertility is becoming an increasingly ~ conceive after one year or more of regular
serious medical problem, although the unprotected intercourse (or six months for
mechanism of its onset remains poorly  women over 35) (Thonneau et al., 1991). In the
understood. Male reproductive dysfunction  |ast decade, the role of oxidative stress in sperm
affects approximately half of infertile couples quality has received increased attention and is
worldwide (Assidi, 2022). Male infertility is a estimated to be a problem in 25-87 % of male
multifactorial syndrome involving a wide range  infertility cases (Smits et al, 2020). In this
of disorders, a symptom of many different article we will look at male infertility as one of
pathological conditions affecting both the  the growing problems of the current generation.

Introduction

reproductive and other systems of the body: Unfavourable demographic indicators,
endocrine, nervous, circulatory and immune. with a stable negative rate of natural population
Many factors, including the environment, growth in recent decades, have forced specia-
genetics, age and comorbidities, contribute to lists in various fields (geneticists, morpho-
impaired sperm function (Kaminski etal, 2020;  ]ogjsts, immunologists, endocrinologists, gynae-

Baszynski et al., 2022; Szymanski et al.,, 2024).
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cologists and urologists) to turn to the analysis
of factors affecting fertility, among which
infertility occupies an important place.
Infertility affects an estimated 15 % of couples
worldwide, or 48.5 million couples. Men are
found to be solely responsible for 20-30 % of
infertility cases and contribute to 50 % of cases
overall. However, this figure does not accurately
represent all regions of the world (Agarwal et
al,, 2015). According to statistics, the frequency
of infertile marriages ranges from 8 to 29 % in
many countries around the world. In Europe,
about 10% of married couples suffer from
infertility, in the USA 15 % and in Canada 17 %
(Sallmén et al., 2006).

Male infertility is a growing concern
within the medical community and represents a
significant challenge to reproductive health. The
prevalence of this condition is increasing,
signalling an urgent need for comprehensive
research and proactive intervention strategies
(Assidi, 2022). Addressing male infertility
requires a multifaceted approach that includes
both medical treatments and lifestyle changes.
As we face this escalating medical problem,
collaboration between healthcare professionals,
researchers and those affected by infertility is
essential to effectively address this pressing
public health issue (Kaminski et al., 2020;
Baszynski et al., 2022; Szymanski et al., 2024).

The growing body of evidence supporting
the efficacy of phytotherapy in improving sperm
quality and reproductive parameters highlights
its potential as a valuable alternative treatment
for male infertility. Given the limitations and
side effects associated with conventional
treatments, the study of phytotherapy as an
alternative approach to male infertility is
gaining traction. This paper aims to investigate
the efficacy and mechanisms of action of
phytotherapy as a promising alternative
treatment for male infertility. Through a
comprehensive review of existing literature and
clinical trials, this research aims to elucidate the

potential  benefits of  phytotherapeutic
interventions in improving sperm quality,
enhancing reproductive parameters and

addressing the underlying causes of male
infertility. In addition, this study aims to identify
key phytochemicals and botanical extracts with
promising therapeutic properties, paving the
way for the development of nature-based
therapies to complement existing treatments
for male infertility.
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Materials and methods

We conducted a comprehensive literature
search using electronic databases including
PubMed, Scopus, Web of Science and Google
Scholar. The search was conducted from 1970 to
2024, with no language restrictions. The
following keywords and combinations of
keywords were used: “phytotherapy”, “male
infertility”, “herbal medicine”, “plant extracts”,
“natural remedies” and “herbal supplements”.
In addition, relevant articles were identified
through manual searches of the reference lists
of the retrieved trials and review articles.

Articles were included if they met the
following criteria: (1) original research articles,
systematic reviews, meta-analyses and clinical
trials investigating the efficacy of phytotherapy
in the treatment of male infertility; (2) studies
reporting outcomes related to sperm quality,
reproductive hormones, semen parameters or
fertility outcomes; (3) human studies involving
adult men diagnosed with infertility or
subfertility; (4) studies published in peer-
reviewed journals.

Analysis of modern research

Causes ofinfertility and traditional medical
approaches to their elimination

The overall incidence of male factor
infertility is estimated to be between 2.5 % and
12 %. In North America, the incidence of male
factor infertility is 4.5-6 %, in Australia it is
9 % and in Eastern Europe it can be as high as
8-12 % (Agarwal et al,, 2015). In the French
population, the prevalence of male factor
infertility was 20 %. In the French population,
20 % of all infertility cases were exclusively
due to male factors (Agarwal et al,, 2015), in
Western Siberia 6.4 % (Philippov et al., 1998)
and in Nigeria 42.4 % (Ikechebelu etal., 2003).
The prevalence of infertility varies, with male
infertility being less epidemiologically
documented in developing countries.

Biologically, male infertility is related to
disorders in the male reproductive system that
prevent the successful conception of a child.
Here are some of the biological aspects of male
infertility (Fig. 1):

v Sperm quantity and quality: Too
few sperm or poor sperm quality (for example,
the inability of sperm to move properly or
abnormalities in their structure) can cause
infertility;
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v Abnormalities of the
reproductive system: Structural abnormalities
in the organs of the reproductive system, such
as birth defects, inflammation or injury, can
interfere with the normal process of conception;

v Hormonal disorders: Disorders in
the levels of hormones such as gonadotropins,
testosterone and others can affect spermato-
genesis and the function of the reproductive
organs;

v Ejaculation problems: Absent or
disturbed ejaculation can result in sperm not
being released into the female reproductive

system;
v Genetic factors: Some cases of
male infertility may be due to genetic

abnormalities that affect sperm production or
function.
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Fig. 1. An overview of the most common causes of male infertility

According to WHO recommendations
(2000), 16 main nosologies have been
identified, each including up to several dozen
specific pathogenetic factors; 4 of the 16
diagnoses are descriptive, without indicating
the true cause: idiopathic oligo-, astheno-,
terato- and azoospermia. Most of the
"idiopathic" forms are genetically determined
and associated with mutations and polymer-
phisms of many genes: sperm development is
regulated by more than 2000 genes, only 230 of
which are located on the Y chromosome (WHO,
2000; Nuti and Krausz, 2008).
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The causes of male infertility fall into three
main categories: pre-testicular, testicular and
post-testicular.  Pre-testicular  causes  of
infertility include extragonadal endocrine
disorders such as hypothalamic, pituitary or
adrenal disorders that affect spermatogenesis
(Wong et al,, 1978). Pretesticular causes include
hypogonadotropic  hypogonadism, erectile
dysfunction or coital abnormalities such as
retrograde ejaculation, anejaculation, genetic
factors and chromosomal abnormalities (Barak
and Baker, 2016).

Hypogonadotropic hypogonadism (HH), a
less common aetiology compared to other
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causes of male infertility, is caused by
insufficient secretion of gonadotropin-releasing
hormone (GnRH) and/or folliculotropic
hormone (FSH) and luteinising hormone (LH)
(Oates, 2012). These deficiencies result in
impaired androgen secretion and spermato-
genesis. HH can be caused by congenital GnRH
deficiency, haemochromatosis, genetic disorders,
pituitary and hypothalamic tumours, hormonal
disorders or medication. In addition, systemic
conditions such as chronic diseases, nutritional
deficiencies and obesity have been reported as
causes of HH (Swee and Quinton, 2019).
Testicular disorders include tumours,
orchiectomy, primitive testicular dysfunction,
cryptorchidism and atrophic testes. Varicocele
is associated with male infertility, most likely
due to impaired testicular thermoregulation as
a result of disruption of the thermoregulatory
mechanism of the pampiniform venous plexus
(Stillman, 1982). Epididymal dysfunction may
be caused by in utero fetal exposure to
estrogens, various drugs and chemical toxins,
epididymal cysts, spermatoceles with or
without surgery, epididymitis and may also be

idiopathic (Hikim et al, 2000). Acquired
testicular failure may result from trauma,
torsion of the testis, orchitis, exogenous factors
(e.g. drugs, systemic diseases, varicocele) or
surgery that damages the vascular structure of
the testis. Varicoceles are present in about 15 %
of men in the general population and about
4 0% of men with male infertility (Oates, 2012).
Post-testicular failure, often called obstructive
azoospermia, is caused by either ejaculatory
dysfunction or obstruction of sperm transport.
This form of male infertility is less common than
non-obstructive azoospermia, but occurs in
around 40 % of men with azoospermia. The
obstruction can occur in the epididymis, vas
deferens or vas deferens and can be either
acquired or congenital (Oates, 2012).

It's important to note that male infertility
is often multifactorial, with several factors
contributing to reduced fertility. A thorough
evaluation by a healthcare provider specializing
in male reproductive health, such as a urologist
or reproductive endocrinologist, is essential to
identify the underlying causes of infertility and
develop an appropriate treatment plan (Fig. 2).
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Prior to surgical sperm retrieval, men with
azoospermia are usually prescribed replace-
ment therapy with gonadotropins and antiestro-
gens, such as selective estrogen receptor
modulators (SERMs) and aromatase inhibitors
(Corona and Giovanni, 2015). In infertile men
with hypogonadotropic hypogonadism (HH)
due to lack of hypothalamic secretion (e.g.
Kallmann syndrome), gonadotropin-releasing
hormone (GnRH) administration replaces the
GnRH deficiency. This is done by stimulating the
release of FSH and LH from the anterior
pituitary. Four months after the start of therapy,
GnRH stimulates spermatogenesis very well. In
about 85 % of patients, pulsatile GnRH therapy
induces spermatogenesis (Blumenfeld et al,
1988). Gonadotropins are used to treat male
infertility in men with pituitary insufficiency
such as pituitary adenoma and systemic
diseases such as haemochromatosis and
sarcoidosis. Advances in laboratory technology
have made human chorionic gonadotropin (rec-
hCG), FSH (rec-hFSH) and LH (rec-hLH) more
effective. Most studies show that gonadotropins
induce spermatogenesis in about 80 % of men
(Miyagawa et al., 2005).

Dopamine agonists are indicated for the
treatment of infertility and pituitary tumours.
Cabergoline is preferred because of its efficacy
in normalizing prolactin levels and reducing
tumour size (Webster et al, 1992). Selective
estrogen receptor modulators (SERMs) are
compounds that act as agonists or antagonists of
estrogen receptors. SERMs such as clomiphene
citrate (CC), tamoxifen and toremifene have
been used in women to treat breast cancer and
osteoporosis, but their use in men for
hypogonadism and infertility is currently
prohibited. A meta-analysis showed that the use
of estrogen antagonists is associated with a
significant increase in pregnancy rate, sperm
concentration and sperm motility percentage
(Chua etal., 2013).

Infertility in men with high levels of
reactive oxygen species (ROS) in seminal fluid
has been linked to sperm dysfunction and DNA
damage. Taking antioxidant supplements has
been suggested to improve sperm function and
DNA integrity, but most studies are not
randomized controlled trials. The benefits of
antioxidants may be limited to certain patient
groups. Pharmaceutical companies produce and
sell specific combinations of antioxidants, but
trials have not found significant improvements
in sperm parameters or pregnancy rates. A
systematic review of 17 randomized trials
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found that sperm quality or pregnancy rates
improved in 82 % of cases after taking antioxi-
dants. However, there are no specific recom-
mendations for the use of antioxidants in the
treatment of male infertility and the use of these
drugs is purely empirical (Rolf et al., 1999).

It's important to note that the appropriate
treatment approach for male infertility depends
on the underlying cause, the severity of the
condition and individual patient factors. A
comprehensive assessment by a healthcare
provider specializing in male reproductive
health is essential to determine the most
appropriate treatment plan for each individual
or couple facing infertility. In the search for
safer and more accessible treatments, research
into phytotherapy offers hope to those
struggling with male infertility and highlights
the importance of holistic approaches to
reproductive health.

The use of plants in the prevention and
treatment of male infertility

Traditional and alternative medicine is
becoming an increasingly popular way of
treating health conditions. This opens up a
powerful new potential for traditional and
alternative medicine to develop new drug
combinations with fewer side effects (Timalsina
et al, 2021). Herbal preparations have long
been used in the complex treatment of
functional sexual disorders. When sexual
function is impaired due to neurohumoral
disorders, there is a significant decrease in
libido with preserved erection and normal
ejaculation in some patients and inadequate
sexual desire in others. A significant group of
sexual disorders is based on mental disorders,
often associated with interpersonal relations-
hips between partners and primarily mani-
fested by erectile dysfunction (Miroshnikov,
2005). In the treatment of these conditions, it is
necessary to prescribe herbal preparations to
suppress anxiety, fear and tension, relieve
neurotic reactions and relax the spinal and
extraspinal centers of erection and ejaculation.
Prescribing these drugs can be useful for
increasing the body’s defenses, its immune
responses, as well as for eliminating the
inflammatory process of the prostate gland and
stimulating all components of the copulatory
cycle: neurohumoral (libido), mental, erectile,
ejaculatory (orgasmic) (Miroshnikov, 2005).
Many medicinal plants have attracted attention
for their potential role in improving male
fertility (Fig. 3).
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Fig. 3. The use of plants in the treatment of male infertility

It's important to note that while herbs
offer potential benefits in the prevention and
treatment of male infertility, more research is
needed to fully understand their mechanisms of
action, efficacy and safety. It's also advisable to
consult a healthcare professional before incur-
porating herbal remedies into a fertility
regimen.

Tackweed (Tribulus terrestris L.)

Tribestan, a non-hormonal drug, has been
used successfully in clinical practice for 30 years
to treat certain forms of male fertility disorders,
erectile dysfunction, neurovegetative and neuro-
psychic manifestations of menopausal and post-
castration syndromes, and hypercholestero-
laemia (Protich et al, 1983; Dimitrov et al,,
1987; Ismail et al.,, 2014; Spivak et al., 2018).
The active ingredient, which contains
furastanol-type steroidal saponins, is extracted

from the aerial part of the ubiquitous perennial
plant Tribulus terrestris (Fig. 4). T. terrestris is
rich in steroidal saponins, particularly
protodioscin and its derivatives. These saponins
are thought to be responsible for many of the
plant's pharmacological effects, including its
purported benefits for male fertility. Steroidal
saponins are used as raw materials in the
manufacture of steroid hormones. The two
predominant furastanol bigcosides in T. terrestris,
protodioscin and protogracilin, have been
tested as Dbiologically pure substances.
Protodioscin is believed to be metabolised in the
body to dehydroepiandrosterone, which has
beneficial effects on erectile function, immunity,
cell membrane integrity and cholesterol meta-
bolism. Other saponins found in T. terrestris
extract are thought to modulate the effects of
protodioscin (Santos et al., 2019; Sanagoo et al,,
2019).

Fig. 4. Perennial plant Tribulus terrestris L. (https:/ /podlaskiogrod.pl/)
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The therapeutic effects of the drug include
increased libido, improved quality of erections,
increased sperm count and motility, increased
serum levels of certain hormones and reduced
blood cholesterol levels. Clinical studies have
investigated the efficacy of Tribestan in the
treatment of oligoasthenozoospermia. Ejaculate
volume was within normal limits in all patients
before treatment. It did not change after
treatment with Tribestan. After treatment with
this drug, there was an increase in the number
of sperm in 1 ml of semen (not statistically
significant) and an increase in sperm motility
(statistically significant). In patients who had
undergone surgery for varicocele, treatment
with Tribestan led to an increase in sperm
motility, and other sperm parameters improved
insignificantly. In the third and fourth groups
(patients with chronic prostatitis and chronic
epididymitis), the researchers did not observe a
statistically significant improvement in sperm
parameters during Tribestan therapy (Protich
etal.,, 1983).

Tribestan is currently a topical drug for
the treatment of certain fertility disorders and

sexual dysfunction in men. Tribestan has the
most noticeable effect on sperm quality,
significantly increasing sperm motility and, to a
lesser extent, their number and ejaculate
volume. Prescription of the drug leads to
improved erection quality and increased libido.
Tribestan does not interfere with the
physiological mechanisms of hormonal
regulation. Long-term experience with the drug
and the results of clinical studies show that
there is no increase in the concentration of
hormones in the blood above physiological
norms. Tribestan has no contraindications and
is a relatively safe drug - no serious side effects
have been observed during its prescription. The
undoubted above-mentioned advantages of the
drug determine the possibility of its further
successful use both independently and as a part
of complex therapy (Popov, 2011).

Ashwagandha
Dunal)

Ashwagandha (Withania somnifera, WS) is
one of the most widely used herbal remedies for
sexual dysfunction and infertility (Fig. 5).

(Withania sommnifera

L)

Fig. 5. Ashwagandha (Withania somnifera (L.) Dunal) (https://bananalicious.pl/)

Dried mature roots of WS are widely used
as an anti-stress agent, an aphrodisiac, and for
the treatment of impotence and infertility
(Kulkarni and Dhir, 2008; Ahmad et al., 2010;
Mahdi et al., 2011; Durg et al., 2015, 2018). This
plant is known to contain more than 80 types of
phytochemicals, including steroidal and non-
steroidal alkaloids, steroidal lactones and
saponins, isopelleterin, anaferin, anagigrin,
hygrin, cuscohygrin, tropin, pseudotropin,
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sonanin, ashwagandha, sophaferines, sonanin,
pseudovitanin, somnin, somniferin, somni-
ferinin, 3-tropylthigloate, uanin, uazomin, vis
uaferin A and sitoindosides from all these
components have been crucial in the treatment
of WS (Mishra et al, 2000). The active
constituents of WS root extract are steroidal
lactones with ergostane, including withanone,
withaferin, withanolides, withanolide C, sito-
indosides and about 0.2 % alkaloids (Durg et al.,
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2015, 2018; Kulkarni and Dhir, 2008, Mirjalili et
al., 2009). Extracts of WS fruits, leaves, stems
and especially roots improve sperm quality
indicators such as motility and quantity in men,
and also reduce the effects of chemical toxins on
the gonads of men and women. WS can also
enhance folliculogenesis and spermatogenesis,
improve the balance of LH, FSH and testo-
sterone, and increase gonadal weight in both
sexes (Nirupama and Yajurvedi, 2015). In the
male reproductive system, WS is thought to
promote enzyme activity, alter oxidative stress
and prevent cell apoptosis by providing metal
ions (Shukla et al, 2011). WS root extracts
induce alanine transaminase activity, which
increases alanine content in seminal fluid,
leading to a decrease in oxidative stress index
and improved sperm quality (Gupta et al,
2013).

Experimental studies have shown that an
aqueous extract of WS induces testicular
development and spermatogenesis in immature
Wistar rats and affects seminiferous tubules and
folliculogenesis to induce puberty in immature
female rats (Al-Qarawi et al, 2000; Abdel-
Magied et al., 2001). Oral administration of high
concentrations of WS root extract to healthy
women has been shown to improve sexual
function (Dongre et al,, 2015). In addition, WS
root extract showed significant activity in the
treatment of libido disorders, sexual activity
and penile erectile dysfunction in rats
(Ilayperuma et al,, 2002; Sahin et al., 2016).

Clinical studies of WS root extract have
demonstrated its activity against psychogenic
erectile dysfunction, improvement of sperm
count and hormonal profile, and oxidative stress
in infertile men (Ahmad et al,, 2010; Mahdi et al,,
2011; Shukla et al., 2011; Ambiye et al., 2013;
Gupta et al, 2013). Bhattarai and colleagues
demonstrated that a methanolic extract of WS
releases  gonadotropin-releasing hormone
(GnRH) by acting on gamma-aminobutyric acid
(GABA)-A receptors, leading to puberty and
fertility in mice (Bhattarai et al., 2010). WS has
been shown to improve reproductive function
in many ways. WS extract reduced infertility in
male subjects by improving semen quality,
which was proposed to be due to increased
enzymatic activity in seminal plasma and
reduced oxidative stress. WS extract also
improved LH and FSH balance, leading to
folliculogenesis and increased gonadal weight,
although some animal studies had concluded
that WS had reversible spermicidal and
infertilising effects in male subjects (Nasimi
Doost Azgomi et al.,, 2018).

Celeriac (Apium graveolens L.)

Different parts of this plant (Fig. 6) have a
wide range of biological, pharmacological and
therapeutic effects, including anti-rheumatic,
sedative, hypotensive, antifungal, analgesic,
anti-inflammatory, detoxifying, antispasmodic,
antibacterial, anti-contractile and anti-epileptic
(Kooti et al., 2014).
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Fig. 6. Celeriac (Apium graveolens L.) (https:/ /www.drogadonatury.pl/)

One study showed that celery has a
protective effect on the testes against sodium
valproate (Hamza and Amin, 2007) and
di(2-ethylhexyl) phthalate (Madkour, 2014).
Studies have shown that celery protects testes
from functional and structural damage and
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sperm from toxicity induced by atrazine
(Abarikwu et al., 2012) and quinine sulphate
(Farombi et al., 2012). Kooti and co-workers
(2014) investigated the effects of a hydro-
alcoholic extract of celery on the histological
characteristics of the testes and the number of
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sex cells in male rats. There was a significant
increase in the number of sperm, Sertoli cells
and primary spermatocytes in the groups that
received the extract, but no structural changes
were observed in the groups. It appears that
celery increases spermatogenesis in male rats,
but has no destructive effects on testicular
tissue (Kooti et al.,, 2014).

Cornelian cherry (Cornus mas L.)

Cornelian cherry is a fruit-bearing shrub
or small tree native to Europe and parts of Asia.
It is prized not only for its culinary uses, but
also for its potential health benefits. The
Cornelian cherry is rich in various antio-
xidants, including phenolic compounds,
flavonoids and anthocyanins. Some studies
suggest that the Cornelian cherry may have
anti-inflammatory properties, which could
help to alleviate inflammation-related condi-
tions such as arthritis and inflammatory bowel
disease (Gastot et al.,, 2013; Dinda et al.,, 2016).
In addition, consumption of the Cornelian
cherry may have a positive effect on
cardiovascular health. The antioxidants found
in the fruit may help lower cholesterol levels,

thereby reduce blood pressure and improve
blood vessel function, reducing the risk of
heart disease (Hosseinpour et al., 2017; Szot et
al, 2024). The high fibre content of the
Cornelian cherry may promote digestive
health by supporting regular bowel move-
ments and preventing constipation. It may also
have a prebiotic effect, promoting the growth
of beneficial gut bacteria (Hosseinpour-
Jaghdani et al., 2017; Haghani et al.,, 2021).
Studies have suggested that Cornelian cherry
extract may have protective effects on the
liver, potentially reducing liver damage caused
by toxins or disease (Sangsefidi et al.,, 2021).
Some research suggests that the bioactive
compounds in Cornelian cherry may have anti-
cancer properties. These compounds may
inhibit the growth of cancer cells and induce
apoptosis (programmed cell death) in cancer
cells, although more research is needed to
confirm these effects (Yousefi et al, 2015;
Radbeh et al.,, 2020). C. mas fruit (Fig. 7) is used
to treat inflammation, stomach pain and
cramps, diarrhoea, various skin infections,
intestinal parasites and haemorrhoids (Zarei
and Shahrooz, 2019).

Fig. 7. Cornelian cherry (Cornus mas L.) (https://cornusmas.eu/)

It was found that C. mas fruit extract
reduced cellular atrophy by controlling the use
of lipid and carbohydrate-based energy substrates
via provoking the testicular antioxidant status.
Cornelian cherry fruit extract, as an antioxidant
compound, could reduce cellular degeneration,
reduce inflammation and upregulate testicular
antioxidant status. Cornelian cherry fruit
extract plays a role in reducing oxidative stress
by increasing total antioxidant capacity. It can
be concluded that this extract may protect the
reproductive organs from the side effects of
methotrexate, a folicacid antagonist (Zarei etal,,
2014).
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Satureja khuzistanica Jamzad

Satureja khuzistanica is a plant endemic to
the southern part of Iran (Fig. 8).

Its fame is due to its medicinal use as an
analgesic and antiseptic in folk medicine, due to
the essential oil it contains. Recent studies have
shown significant antioxidant, antidiabetic,
antihyperlipidemic and reproductive stimu-
lating effects of oral administration of
S. khuzestanica to rats (Safarnavadeh and
Rastegarpanah, 2011).
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Fig. 8. Satureja khuzistanica Jamzad. (https://uhrohmuh.com/)

Treatment of male Wistar and albino rats
with essential oil from aerial parts of S.
khuzestanica (75, 150, 225 mg/kg/day for 45
days and 225 mg/kg/day for 28 days, orally)
resulted in significant improvement in potency,
fertility, fertility index and litter size and a
significant reduction in post-implantation loss.
S khuzestanica essential oil protects the
reproductive system from cyclophosphamide

toxicity through its antioxidant potential and
androgenic activity (Haeri et al, 2006;
Rezvanfar et al., 2008).

Fineleaf fumitory, fine-leaved fumitory or
Indian fumitory (Fumaria parviflora Lam.)

Fumaria parviflora is a herbaceous plant
that grows in many parts of Iran, the Indo-
Pakistani subcontinent and Turkey (Fig. 9).

Fig. 9. Indian fumitory (Fumaria parviflora Lam.)
(https:/ /www.maltawildplants.com/)

The aerial parts of F. parviflora have been
traditionally used in Iranian folk medicine for
liver and biliary disorders and dermatological
disorders such as scabies, eczema and acne, and
as an antiscorbutic, anti-bronchitis, diuretic,
expectorant, antipyretic, diaphoretic, appetite
stimulant and antineoplastic (Dorostghoal et al,,
2014). F. parviflora has been shown to have a
positive effect on spermatogenesis in male rats
(Heydari Nasrabadi et al., 2012). Phytochemical
analysis of some plants of the genus Fumaria
including F. parviflora has revealed the presence
of isoquinoline alkaloids namely protopine,
cryptopine, sinactine, stylopine, bicuculline,
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adlumine, parfumine, fumariline, fumaro-
phycine, fumaritine, dihydrofumariline,
perfumidine and dihydrosanguirine (Suau et al,,
2002). The results of Dorostghoal and
co-workers (2014) showed that ethanolic
extract of F. parviflora leaves has the potential
to restore reproductive suppression associated
with lead exposure and to prevent lead-induced
testicular toxicity in male Wistar rats.

Date palm (Phoenix dactylifera L.)

P. dactylifera pollen (Fig. 10) is used as a
traditional herbal remedy for male infertility.
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In ancient times, this pollen was used in
traditional Egyptian medicine to improve and
restore male fertility (Fallahi et al., 2015; Abdi
et al., 2017). In addition, the use of P. dactylifera
pollen suspension helps to improve sperm
count, motility and morphology and also causes
a concomitant increase in testicular and
epididymal weight. This is because it contains
estradiol and flavonoid components that have a
positive effect on sperm quality (Malviya et al.,
2011). Research has shown that P. dactylifera
pollen can stimulate the gonads (Ishurd and
Kennedy, 2005). Palm pollen increases spermato-
genesis and DNA production by improving
sperm motility and morphology (Sanocka and
Kurpisz, 2004). Palmitic acid and stearic acid
found in date palm pollen inhibit the enzyme
S5a-reductase, so less testosterone is converted
to dihydrotestosterone, which subsequently
increases blood testosterone levels (Alvarez et
al,, 1987).

2 i o
Fig. 10. Date palm (Phoenix dactylifera L.) (https://www.gardenia.net/)

Nigerian Walnut (Plukenetia conophora
Miill Arg.)

P. conophora (Fig. 11) is a rich source of
polyphenols, which are naturally occurring
antioxidants that have recently attracted
considerable attention for the prevention of
oxidative stress-related diseases such as cancer,
cardiovascular disease, degenerative diseases
and infertility. The antioxidant properties, ROS
scavenging and modulation of cellular function
of flavonoids account for the majority of their
pharmacological activity (Olaniyan et al., 2018).
In 2018, Olaniyan et al. (2018) evaluated the
effects of Plukenetia conophora (PC) and 4H-
pyran-4-one 2,3-dihydro-3,5-dihydroxy-6-methyl
(DDMP) on Wistar rats with cadmium chloride-
induced testicular damage. Significant increases
in sperm count, motility and viability were
observed in the PC-treated groups. Levels of
malondialdehyde (MDA) and nitric oxide were
significantly reduced. Significant increases in
antioxidant enzymes, proton pump and testo-
sterone were observed in the treated groups.

Fig. 11. Nigerian walnut (Plukenetia conophora Mill. Arg.) (https://pfaf.org/)
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Other plants

The study by Olaniyan and co-workers
(2021) aimed to investigate the effect of Cocos
nucifera L. oil on lead acetate-induced repro-
ductive toxicity in male Wistar rats. C. nucifera
oil reduced the adverse effects of lead acetate in
male Wistar rats, which may be due to its
polyphenol content and antioxidant properties.
The role of an aqueous extract of Adansonia
digitata L. against cadmium chloride-induced
testicular damage in Wistar rats was evaluated
by Dare and co-workers (2021). The group
treated with cadmium chloride plus A. digitata
caused a significant decrease in MDA levels with
a significant increase in antioxidant activity and
biochemical enzymes. The aqueous extract of
A. digitata seems to have a curative effect on
cadmium chloride-induced testicular damage.
This may be due to the presence of a
polyphenolic compound (Dare et al, 2021).
Garcinia kola Heckel and vitamin E show liver
protection against oxygen free radicals
produced by lead ions by maintaining the tissue
integrity of rat testes (Dare et al., 2014). The use
of ginger (Zingiber officinale Roscoe) and
cinnamon (Cinnamomum verum J.Presl) in
diabetic rats significantly improved the
deleterious effects of oxidative stress on
spermatogenesis and fertility parameters
compared to ginger and cinnamon alone. It
appears that the antioxidant content of herbs
can be dramatically increased when used in
combination (Khaki etal., 2014). Yamamoto and
co-workers (2017) investigated the effects of
tomato juice consumption on seminal plasma
lycopene levels and sperm parameters in infer-
tile men and found that regular consumption of
tomato juice appeared to improve sperm
motility in infertile patients. Also, alcoholic
extract of Nigella sativa L. seeds, especially at
higher doses, could increase fertility potential,
luteinising hormone (LH) and testosterone
concentrations in male rats (Parandin et al,
2012). Alpinia officinarum Hance, a traditional
medicine, may be effective in improving sperm
morphology and sperm count in idiopathic
infertility without causing adverse effects
(Kolangi et al., 2019). Sadeghzadeh and co-
workers (2020) investigated the antioxidant
effects of Ceratonia siliqua L. extract on
ameliorating cyclophosphamide (CP)-induced
toxicity on spermatogenesis and showed that
Ceratonia extract could significantly prevent the
adverse effects of CP on sperm motility, mean
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tissue MDA levels, serum total antioxidants and
testosterone.

Africa is renowned for its pharmaco-
logically rich herbs. For many centuries, many
African tribes have used herbal infusions to
treat and prevent disease, and infertility was no
exception. Plants from the families: Fabaceae
(16.9 %, 29 species), Euphorbiaceae (7.0 %,
12 species), Asteraceae (5.8%, 10 species),
Apocynaceae, Rubiaceae (5.3 %, 9 species each)
and Capparaceae (4.7 %, 8 species). In ethno-
botanical studies conducted in Ethiopia (Kareru
et al., 2006) and South Africa (Mariuki, 2011),
species from these botanical families were
recognised as having aphrodisiac and fertility
potential. Plants such as Abrus precatorius L.,
Allium sativum L., Cola acuminata (P.Beauv.)
Schott & Endl., Combretum hereroense Schinz,
Mondia whitei (Hook.(f.) Skeels, Plumbago
zeylanica L., Ricinus communis L. and Syzygium
guineense (Willd.) DC. are traditionally used to
treat infertility and erectile dysfunction in South
Africa, Ghana (Kyarimpa et al., 2023), Came-
roon, Guinea and Gabon (Muthee, 2011). Some
species (Cadaba glandulosa Forssk., Cadaba
farinosa Forssk., Combretum illairii Engl.,
Hoslundia opposita Vahl and Allophylus pervillei
Blume) have been used to treat both female and
male infertility, making them good candidates
for further study of their biological activities
(Table 1).

Clinical studies on the pharmacological
properties of these plants have shown the
following results (Tungmunnithum et al., 2018).
The Zingiber officinale plant showed in a
randomised, double-blind, placebo-controlled
trial that sperm DNA fragmentation in infertile
men was reduced by oral administration of 500
mg/powder for three months. In recent studies,
Whitania somnifera root, Alpinia officinarum,
Nigella sativa seeds, tomato, Ceratonia siliqua
capsules, Y virilin, Manix capsules and Trada-
fertil tablets have shown successful results in
the treatment of idiopathic male infertility
(Roozbeh et al., 2021). Oral Ashwagandha root
has been shown to inhibit lipid peroxidation,
improve sperm count and motility, and regulate
reproductive hormone levels. However, the
molecular mechanisms of these effects have not
yet been elucidated (Sengupta et al., 2018).
Numerous antioxidants such as vitamin C,
vitamin E, glutathione and coenzyme Q10 have
also been shown to be effective in treating male
infertility (Sinclair, 2000).
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Table 1

Most commonly used plant species for the treatment of infertility
in men and women in the East African Community countries

Medicinal plants Parts Method of Route of Treatment group
used preparation administration (country)
Spathodea campanulata Bark Decoction Oral use Men (Uganda)
P.Beauv., is commonly known
as the African tulip tree
Cadaba glandulosa Forssk. Roots Decoction Oral, half a glass | Women and men
a day for 5 days (Kenya)
Cadaba farinosa Forssk. Roots Decoction Oral, half a glass | Women and men
a day for 3 days (Kenya)
Combretum illairii Engl. Root A decoction Oral, one glassa | Women and men
bark used with day for 7 days (Kenya)
Grewia tenax
(Forssk.) Fiori
for men
Hoslundia opposita Vahl Leaves Decoction Oral, 2-3 timesa | Women and men
day for 14 days (Kenya)
Allophylus pervillei Blume Roots Decoction Oral, one glassa | Women and men
day for 7 days (Kenya)

When considering the use of medicinal
plants and bioactive phytochemicals in the
treatment of male infertility, it's important to
evaluate their potential side effects and toxicity.
While natural remedies can offer therapeutic
benefits, they can also pose risks, especially
when taken in large quantities or without
proper supervision. Some plants, such as Abrus
precatorius L. (roots, leaves and seeds), are
known to contain highly toxic compounds
(abrin, precatorin and hypaphorin). It can be
speculated that formulating products using
more than one plant or plant part, or with the
addition of excipients, may be a way of masking
the toxicity of medicinal plants (Kuete, 2018).
WS may cause reversible spermicidal and
fertilising effects in males and delayed puberty
in both sexes; this may be related to the dose,
method of preparation, excipients and duration
of use (Ilayperuma et al.,, 2002). Four plants
(Abrus precatorius, Catha edulis (Vahl) Endl,
Cannabis sativa L. and Cryptolepis nigrescens
(Wennberg) L.Joubert & Bruyns) are highly
toxic and their use may cause adverse effects
(Table 2).

Future research should focus on
elucidating the underlying mechanisms of
action of phytotherapeutic interventions in
male infertility. This includes investigating the

113

effects of phytochemicals on sperm production,
motility, morphology and fertility, as well as
their influence on reproductive hormone levels
and signaling pathways. Understanding the
molecular mechanisms by which medicinal
plants exert their effects will provide valuable
insights into their potential therapeutic targets
and facilitate the development of targeted
interventions (Ahmadian et al., 2022). Large-
scale, well-designed clinical trials are needed to
provide robust evidence on the efficacy and
safety of phytotherapy in male infertility. Future
studies should use rigorous methods, including
randomized controlled trials with adequate
sample sizes, placebo controls and long-term
follow-up, to evaluate the therapeutic effects of
medicinal plants on male reproductive
outcomes. In addition, systematic reviews and
meta-analyses should be conducted to
synthesize existing evidence and inform
evidence-based practice in phytotherapeutic
interventions for male infertility. Furthermore,
the development of personalised treatment
approaches is essential to optimize the efficacy
of phytotherapy in male infertility. Tailoring
herbal remedies to individual patient charac-
teristics, including age, underlying health
conditions, genetic predisposition and lifestyle
factors, can improve treatment outcomes and
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minimize the risk of adverse effects. In addition,
integrating phytotherapy with conventional
fertility  treatments, such as assisted
reproductive techniques and lifestyle changes,
can provide synergistic benefits and improve
overall patient care.

In conclusion, advancing research in
phytotherapy for male infertility requires a

multifaceted approach that includes mecha-
nistic studies, standardization efforts, clinical
trials, personalized medicine strategies and
educational initiatives. By addressing these
perspectives, we can harness the full potential
of medicinal plants as alternative treatments for
male infertility and improve the reproductive
health outcomes of affected individuals.

Table 2
Toxicological profile of plants with reported efficacy used
in the treatment of infertility
Plants Toxicity reports References
Abrus precatorius L., The seeds contain abrin and toxalbumin, the lethal dose | (Qian et al., 2022)
commonly known as for humans being 0.1-1 pg/kg. Poisoning is
jequirity bean or rosary | characterised by severe vomiting and abdominal pain,
pea bloody diarrhoea, convulsions, sensory changes with
depression of the central nervous system
Onion (Allium cepa L.) Oral administration of extracts to mice at doses of 250 | (Bastaki et al., 2021;
and 500 mg/kg/day for 30-90 days produced no visible | Elattar et al., 2024)
signs of toxicity. An oral dose of 30 g/kg/day for 30 days
caused  hypothermia, tachypnea, tachycardia,
piloerection and polyuria in treated mice
Garlic (Allium sativum L.) | Onion extract caused mild changes in mice at a dose of | (Rauf et al., 2022)
300 mg/kg, indicating its relative safety
Hemp (Cannabis sativa L.) | Cannabidiol (the main non-psychotropic component of | (Huestis et al., 2019;
this species) in extracts of this species is potentially | Gorelick, 2023)

toxic by inhibiting hepatic drug metabolism, altering
cell viability in vitro, reducing fertilisation capacity,
and reducing the activity of a-glycoprotein and other
drug transporters

Khat or qat (Catha edulis

Raw khat can damage the liver and kidneys, altering

(Al-Hebshi and

(Vahl) Endl.) levels of liver enzymes, urea, creatinine and | Skaug, 2005;
electrolytes needed for liver and kidney function Engidawork, 2017)
Kigelia africana (Lam.) Low to moderate toxicity (Bello et al., 2016)

Benth., commonly
known as sausage tree

Sesame, also called benne
or gingelly

The ethanolic extract showed low toxicity at a
concentration of 500 mg/kg body weight

(Mili et al., 2021)

Ginger (Zingiber officinale
Roscoe)

The extract was not toxic at a concentration of 5,000
mg/kg body weight

(Gholami-
Ahangaran et al,
2021)

Conclusions

phytotherapy

in the treatment of male

Male infertility is a significant challenge to
reproductive health and requires the explo-
ration of alternative therapeutic approaches
beyond conventional treatments. This review
has provided insights into the potential role of
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infertility.

The available evidence suggests that
phytotherapy is a promising natural comple-
mentary therapy for male infertility. Studies
have reported beneficial effects of some herbal
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supplements on sperm quality, reproductive
hormone levels, semen parameters and fertility
outcomes in men with infertility. In addition,
medicinal plants and bioactive phytochemicals
have shown potential for improving male
reproductive health through various
mechanisms of action.

The growing body of research highlights
the need for continued investigation of
phytotherapy as a complementary approach to
the management of male infertility. Future
studies should focus on conducting well-
designed clinical trials with larger sample sizes,

periods to determine the efficacy, safety and
optimal dosing regimens of phytotherapeutic
interventions.

In conclusion, while phytotherapy shows
promise as an alternative treatment for male
infertility, more rigorous research is needed to
validate its clinical utility and elucidate its
mechanisms of action. Collaboration between
researchers, healthcare providers and
traditional practitioners is essential to improve
our understanding of phytotherapeutic
interventions and optimise their integration
into comprehensive fertility care protocols.

standardized protocols and longer follow-up
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KOMIIVZIEKCHUM AHAJII3 TEMATOJIOI'TYHMX ITIOKA3HUKIB
XBOPHUX HA COVID-19
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ABSTRACT

MeTo10 po60TH 6yJ10 BUSIBUTH 3HAUEHHS reMaToJIOTiYHUX TapaMeTpiB, iKi BKa3yl0Th Ha KTUIIOBY» Ta «aTUIIOBY»
IMyHHI BiZnoBizi opraHismy sro4uHU Ha Aito Bipycy SARS-CoV-2.

MeToposoris. B ocHOBY Jocui/pKkeHHs MOKJIafieHi pe3y/ibTaTH J1abopaTOpHOI AiarHOCTHUKH, NMPOBeJeHO]I Ha
OCHOBi BHUKOPHUCTAHHS aBTOMAaTHUYHOIr'0 remMartoJiorigyHoro aHasizatopa BC-6000 MINDRAY na 6a3i KomyHasbHOTO
[TliznpuemcrBa «OJiekcaHApiBCbKa KJIiHIYHA JliKapHA MicTa KreBa» /11 KOHTPOJIbHOI Ta 40C/IIJpKYBaHOI TPYIIU — XBOPUX,
JUIST SIKUX KJIIHIYHO BCTaHOBJIeHO AiarHos «Covid-19, cepefHiit cTyniHb TSXKKOCTI».

HaykoBa HoBu3Ha. [lofanbiioro po3BUTKY HabyJi0 0GIPYHTYBaHHSA 6ioXiMiuHUX HpoleciB, ki BifobpaxaloTb
imynHi BignoBizgi opranismy sroauHu Ha Airo Bipycy SARS-CoV-2, sikuii cnpudnHsie KopoHaBipycHy xBopo6y Covid-19.

BucHoBKkM. Cepes 6ios10rivHMX MapKepiB «TUIIOBOI iMyHHOI BifjmoBi/ii» opraniamy xBopux Ha Covid-19 o6paHo:
36i/bllIeHHS MOPIBHAHO 3 pedepeHTHUMU 3HaueHHSIMU piBHA JjelkouuTiB WBC (seiikonuTtos), rpanyioquTiB GRA,
3MeHIIeHHs piBHA jgiMdouuTiB LYM (1iMmdoneHnis), mo cynpoBomKyeTbcst HelTpodinbo3oM. Ha ocHOBI oiep:kaHuX
pe3yJIbTaTiB cepej, YiIeHIB LOC/iKyBaHOI I'PYNH BUSIBJIEHO YMOBHY «I'PYNY PU3UKY», [ AKUX KJIHIYHO JiKapsaMU
BCTaHOBJIeHUH AiarHo3 «Covid-19, cepeiHil CTYIiHb TSXKKOCTi», MalOTb «aTUIIOBY iMyHHY Bi/|ITOBi/ib» OpraHiaMy Ha Jiit0
Bipycy SARS-CoV-2: piBHi sneiikonutiB WBC, niMmdonutis LYM, rpanysonuTiB GRA 3HaxoAu/IMCsl TepeBakKHO B MeKax
pedepeHTHUX 3HAaYeHb ab0 HAGJIMMKEHI 10 HUKHbOI Mexi pedpepeHTHUX 3HAYeHb. BU3HayeHo [0AaTKOBI GiosoriuHi
MapKepH, siKki BKa3yl0Thb Ha «aTUIIOBY iIMyHHY BiZjOBi/ib» OpraHiaMy Ha kopoHaBipycHy iHdekuito Covid-19: ogHakoBUH
piBeHb KoHIeHTpanuii 1imbouuTiB (LYM) Ta HeliTpodiniB Ha JielikouuTapHii ricrorpami WBC; 3MeHIIeHHS TOPiBHAHO
3 pedepeHTHUMHU 3HAYEHHSIMU cepefHbOro 06’eMy eputpouutiB (MCV) Ta cepegHboro BMicTy reMorsio6iHy B
eputpouuti (MCH), mo o6yMoB/II0€E BUHHUKHEHHS MIKpOLUTO3Y, € MifCTaBOIO JJs MOSBU aHeMil; po3MUpeHHs
epuTpouuTapHoi KpuBoi Ha ricrorpami RBC, icHyBaHHf [ABOX mHiKiB BKa3ylOTb Ha HEOJHOPIAHICTb pO3MipiB
€PUTPOLMTIB, 1110 CIPUYHHSAE 3MiHU B TOMe0CTasi 3aJ1i3a Ta NopyLIeHHsI epUTPOIOe3y; 3MeHIIEeHHs PiBHS TPOMOGOKPUTY
(PCT) Bkasye Ha BUCOKy HMOBIipHiCTb TpoM6GolLUTONEHI]; HassBHICTb Ha TpoMmbGouuTapHii ricrorpami PLT, ska He
3aKiH4Yy€eTbCS Ha 6a3WCHIiN JiHii, APi6HUX «3y6UacTUX BEPIIMH» CBIJYUTDH PO MOKJIMBY arperauilo TPoMGOIUTIB Ta ix
3[laTHICTb YTBOPIOBATH KPOB'sIHI 3TYCTKHU.

Kirouosgi ciioBa: Covid-19, remaToJsioriudi mokasHuku, BC-6000 MINDRAY

AHOTALIA

Purpose of the work. To reveal the values of hematological parameters that indicate “typical” and “atypical”
immune responses of the human body to the effect of the SARS-CoV-2 virus.

Methodology. The research is based on the results of laboratory diagnostics conducted on the basis of the
automatic hematology analyzer VS-6000 MINDRAY on the basis of the Municipal Enterprise “Olexandriv Clinical Hospital
of the City of Kyiv” for the control group and the research group - patients for whom clinically established the diagnosis
"Covid-19, medium degree of severity".

Scientific novelty. The substantiation of biochemical processes that reflect the immune response of the human
body to the action of the SARS-CoV-2 virus, which causes the coronavirus disease Covid-19, has gained further
development.

Conclusions. Among the biological markers of the “typical immune response” of the body of patients with Covid-
19, the following were selected: an increase compared to the reference values in the level of WBC leukocytes
(leukocytosis), GRA granulocytes, a decrease in the level of LYM lymphocytes (lymphopenia), accompanied by
neutrophilia. Based on the obtained results, a conditional “risk group” was identified among the members of the research
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group, for whom doctors clinically diagnosed “Covid-19, medium degree of severity”, have an “atypical immune response”
of the body to the effect of the SARS-CoV-2 virus: the levels of WBC leukocytes, LYM lymphocytes, and GRA granulocytes
were mainly within the reference values or close to the lower limit of the reference values. Additional biological markers

T«

were identified that indicate the body's

atypical immune response” to the Covid-19 coronavirus infection: the same level

of concentration of lymphocytes (LYM) and neutrophils on the WBC leukocyte histogram; a decrease compared to the
reference values of the average volume of erythrocytes (MCV) and the average content of hemoglobin in an erythrocyte
(MCH), which causes the occurrence of microcytosis, is the basis for the appearance of anemia; expansion of the
erythrocyte curve on the RBC histogram, the existence of two peaks indicate heterogeneity of erythrocyte sizes, which
causes changes in iron homeostasis and disruption of erythropoiesis; a decrease in the level of thrombocrit (PCT)
indicates a high probability of thrombocytopenia; the presence of small “jagged peaks” on the PLT platelet histogram,
which does not end at the baseline, indicates the possible aggregation of platelets and their ability to form blood clots.

Key words: Covid-19, hematological parameters, BC-6000 MINDRAY

ITocranoBKa MpoOAEMU

Cy4acHi gocigxeHHs y raaysi 6iosiorii Ta
MeJMIIMHU NMPOJOBXKYIOTh BUBYATH MpobJieMa-
TUKY BIUIMBY KOpoHaBipycHoi iHpekiil Covid-19
Ha OpraHi3M JIIOJWHH, HE3BAXKAK4YH Ha Te, 110
MMHYB 3HAaYHMM 4ac Mic/as crnajaxy naHjeMii
(2019 pik). Taka 3alikaBJ/ieHICTb HayKOBIIiB
0O0yMOBJIEHA pSAAOM MpPUYHH, cepej, SAKHUX:
II0CE30HHUM NposiB 3axBoploBaHHA Ha Covid-
19 cepep HacesleHHS, BUHUKHEHHS Y XBOPHX
HEBPOJIOTIYHUX  YCKJAJHEeHb, IOpYyLIeHHA
KOTHITUBHUX OVHKIiH Ha eTami oAy»XaHHS
(Al-Aly & Rosen, 2024); nerkuil mnepeo6ir
3axBOPIOBAHHA Y JjiTel (HEMOBJIAT) NOPiIBHAHO
i3 OpOC/IUMH, a TAKOXK MOXJIWUBICTH BeEpTHU-
KajibHOI nepeznaui iHdekuii (Melnyk et al,
2021); npo<B mic/is 3aXBOPIOBaHHS YpaXKeHHS
cepls, HUPOK 3 PO3BUTKOM TI'OCTPOI HUPKOBOI
HeJIOCTaTHOCTi, MosiBAa BTOPUHHOI iHeKIil
(Jiang et al., 2020) Towujo. Ockinbku edeKTUB-
HICTb JIIKyBaHHSI KOpOHaBipycHoi iHeKii
6e3nocepeiHbO NOB’sI3aHa i3 J1aGOPATOPHOIO
JIarHOCTUKOI - 3arajJlbHUM aHasli3oM KpOBI
(3AK), To BHKOpUCTaHHS Cy4yacHHX aBTOMa-
TAUYHUX [eMaTOoJIOTIYHUX aHaJi3aTopiB HaJae€
MOXJIMBICTh He JIWIIE IOPIBHATH OJepKaHi
pe3yJsibTaT 3 pedepeHTHUMU 3HAYEeHHSAMHY, a U
CIpPOrHO3yBaTHU IHepebdir 3axBOpHOBaHHA Ta

Woro Mox/auBi Hacaigku. ToMy mnocTae
npobsiema: $Ki TeMaToOJIOTiUHI MOKa3HUKU
xBopux Ha Covid-19 BijobpaxkaloTb iMyHHY

BIANOBiAb OpraHiaMy JIIOAVMHU Ha KOpPOHa-
BipycHy iH¢ekuio. 3a3HayeHa mpobJseMa
NnoB’si3aHa 3 OOIPYHTYBaHHSM BiJNOBiAHUX
6ioxiMiyHMX mpoleciB, fAKi BifOyBarOTbCA B
OpraHisMi JIlOAMHY Mij BIJIKBOM Bipycy SARS-
CoV-2. BignoBigHo mema po6omu mojsirae y
BUABJIEHHI 3HA4YeHHH reMaToJIOTIYHUX
napaMeTpiB, AKi BKa3ylOTb Ha «TUIIOBY» Ta
«aTUIIOBY»  IMYHHI  BIANOBiZI  OopraHismy
JIIOAVHU Ha fito Bipycy SARS-CoV-2.
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Martepiaau Ta METOAM AOCAIAYKEHB

06’ekTOM JlOC/aiPKEHHS 00paHO mapa-
MeTpU KpOBI JIIOAWHM, MiCJd BIUIMBY Ha
opraHiaMm kopoHaBipycHoi iHdekuii Covid-19,
cepef ikux piBeHb: Jeiikonutis (WBC), niMmdo-
uuTiB (LYM), moHouuTiB (MON), rpaHy/IolUTiB

(GRA), eputpouutiB (RBC), remorsobiny
(HGB), remaTokputy (HCT), cepeiHboro o6’emy
eputpouutiB  (MCV), cepeaHbOro BMIicCTy

remorJio6iny B eputponuTti (MCH), cepegHboro
BMICTy TreMoOrJIoOiHy B epUTPOIUTApPHIK Maci
(MCHC), HeopHOpigHOCTI YepBOHUX KJITHH
(RDW), cepegnboro o06’eMy TpoOMOOLMTIB
(MPV); anizouuto3y Ttpombouutie  (PDV);
TpoMm60okpuTy (PCT); abcositoTHOro BMIcCTy
TpoMbouuTiB (PLT) Touo. /Jlnd BHUBYEHHS
BKa3aHUX NapaMeTpiB 0OpaHO KOMILJIEKCHUH
MeTOoJ, aHa/li3y ricrorpaM, ojJep:XaHUX Ha
OCHOBI BUKOPUCTAHHSI aBTOMaTUYHOI'0 reMaTo-
JoriyHoro asaJsizaropa BC-6000 MINDRAY.
JlabopaTopHa JjiarHOCTUKa NpoBeJeHa Ha 6asi
KomynanbHoro IlignpuemctrBa (KII) «Osek-
CaHApiBCbKa KJIiHIYHA JiikapHda MicTa Kuea».
Jlis BUOOpPY KiJIBKOCTI 0cCib, gKUX Tpeba
00CTeXUTH, 11106 3 iMoBipHicTIO p = 0,95 Mo>kHa
OyJio CTBEP/PKYBaTH, 10 TOXUOKHU pe3ybTaTiB
JlocaipKkeHHS He epeBUInyoTh 5 % (p = 0,05),

t*pq
o6yncaroBasu N=——,1ep=q=0,05t=0,95,
P
2
n= W =74. 3rigHo 3 BUGipKOIO

cbopMoBaHO 2 rpynu 4oJioBikiB BikoM Big 17
70 24 pokiB: 37 oci6 koHTposibHOI rpynu (KT')
Ta 37 oci6 pocaimpkyBanoi rpynu (AI). XKinok
no ckiaagy KI' ta Il He o6upasiy, BpaxoByro4Hr
BikoBI ropMmoHaJsibHi 3MiHu. Ynenu KI' ta [II" He
Ma/Id  XpPOHIYHHUX 3axXBOPIOBAaHb CeplieBo-
CYZAMHHOI CUCTeMH, LIKIJVIMBUX 3BHUYOK, IOIle-
pe/iHix lemnJieHb BaKinuMHOW npoTu Covid-19.

Jlo ckaany KI' 6yso o06paHO CTyJAeHTIB
HauioHanbHOTO  MeAWYHOIO  YHIBEpCUTETY
imeni 0.0. boromosbya (M. KuiB), daki He
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xBopisiu Ha Covid-19 Ta He MaJiu CKapr Ha CTaH
310poB’s. Jlo ckinagy Al BXoAWIM NALiEHTH, AKi
nepebyBajJd Ha CTallioHAPHOMY JIiKyBaHHI
MMHEBMOHII Yy NYJbMOHOJIOTIYHOMY BifJiJIeHHI
KII «OstekcaHapiBCcbKa KJiHIYHA JiKapHA MicTa
KueBa», a5 ikux 6y/10 KJAiHIYHO BCTaHOBJIEHO
AiarHos «Covid-19, cepe/iHil CTYNiHb TSXKKOCTI»,
Ta fAKI He MaJli CyNyTHIX 3axBOPIOBAHb.
JocnipKeHHA NpOBOAUIIOCH Y BiAIOBIAHOCTI 0
KonBeHnii Pagu €Bponu «llpo 3axuct mnpas
JIOJUHU 1 JIIOACBKOI TigHOCTI B 3B’A3KYy 3
3aCTOCYBaHHSM AOCSAATHEHb 6ioJiorii Ta Meau-
uuHu: KoHBeHIis mnpo mnpaBa JIWAUHA Ta
6iomeguiny (ETS Ne 164)» Big 04.04.1997 p,, i
['esibCiHCBKOI feknapalii BcecBiTHBOI MeA4HOI
acoujianii (2008 p.).

11 mepeBipKU IOCTOBIPHOCTI Ta NOAAHHSA
KiHLIeBUX pe3yJbTaTiB X, =X t o, po3nojia
O3HaK aHaJ/i3yBaBcAd 3a 3aKoHOM ['ayca 3 ypaxy-
BaHHSAM CepeJHbOT0 apUPMETUYHOTO [Jif

Habopy 3HaueHb X, Ta CTAHAAPTHOrO BiJXW-
JieHHd on. OLliHKa CTaTUCTUYHOI 3HAYYL[OCTI Ta

nepeBipka HasgBHOCTI pi3Huni Mix KI' ta AT
npoBoauaachk 3a U-kputepieM ManHa-YitHi (KT
ni1=37; Al' nz = 28 (nepiwa nigrpyna) abo nz = 9
(apyra nigrpymna)):
n,-(n, +1

- (2x ) Y (1)
Jle Nx — KIJIBKICTB 0Ci6 y rpy1i 3 6iJIbLI0I0 CyMOIO
paHriB, Tx — 6isibL1a 3 BOX pAHT'OBUX CYM.

BignoBigHo chopMyJIbOBAHO TakKi

rinote3u: Ho - piBeHb 03Haku y Bubopui 1 He
BiZIpi3HAETHCA Bif, piBHA O3HAKW y BUOOpLI 2;
Hi - piBeHb 03Haku y Bubopui 1 BiAMiHHUH Bij,
piBHA O3HAKHU y BUOOPL 2.

U emp: (nl ’ nz) + T

PesyabTaT AOCAIAKEHHA

[ uneniB II' 6ysi0 BCTAHOBJIEHO, 10
reMaToJIOTIYHI  ricrorpaMu Ha  IOYaATKY
3aXBOPIOBAaHHS MalOTh /[ilBA BH/JAMU: piBeHb
HeWTpodiniB nepeBakae piBeHb JiMQOIHUTIB
(puc. 1); piBeHb niMmdouuTiB Ta HeUTpodiiB
OJlHAaKOBUH (pHuc. 2).
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Puc.1. I'emaToaoriuni nokasauku xsoporo Nel (waena Al') Ha moyaTKy 3aXBOprOBaHHH,
OA€pP>KaHi Ha OCHOBi aBTOMaTHYHOrO aHaaizaropa BC-6000 MINDRAY
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Puc.2. I'emaToaoriuni nmokazauku xsoporo Ne2 (uaena Al') Ha To9aTKy 3aXBOPIOBAHHA,
OA€pPrKaHi Ha OCHOBi aBTOMaTHYHOrO aHaAizaropa BC-6000 MINDRAY
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BignoBigHo 6ys0 cdopmoBaHO cepej,
yneHiB ' (37 oci6) aBi miarpynu: nepuma -
28 0cib, A1 AKUX XapaKTepHUW MepPIIUA BUJ,
reMaToJsIoriyHux ricrorpam (puc. 1); apyra -
9 0cib, AN AKUX XapaKTepHUM Jpyrui BU/,
reMaToJIOTiYHUX rictorpam (puc. 2). AHazis
oJilep>KaHUX pe3yabTaTiB A wieHiB KI' ta A
noTpebye BpaxyBaHHS OCHOBHHUX eTaliB
KPOBOTBOPEHHs, BiANOBiAHUX O6ioXiMiYHUX
NPOIECiB, AKi MPU LbOMY BiI0OYBalOTbCs, Ta iX
NOpPIBHAHHA i3 BIANOBIAHMMHU TricTOrpaMaMH.
ABTomaTtnyHuM aHanizatop BC-6000 MINDRAY
pO3ApPYKOBY€E MOPYyY i3 OJepKaHUMHU 3HAYEH-
HAMM TeMaTOJIOTIYHUX IOKa3HUKIB XBOpPOIo
nerkouutapsy WBC, eputpounutapHy RBC,

TpoMbouutapHy PLT ricrorpamu, a Takox
CcXeMaTU4Hi AiarpaMy, Ha SIKUX BifjoGpaXkeHO
Jliana3oHu pedepeHTHUX 3Ha4veHb (cepefHs
YacTUHA JiiarpaMHu), Ta BiNoBigHI cxeMaTU4Hi
NIO3HAaYeHHA oJiep>kaHuxX pe3ysabTaTiB: WBC,
LYM, MON, GRA Touio. 3a niacymkamu Jiabopa-
TopHOI AiarHocTuku g4 KI' ta ' ogepxaHo
cepesHi 3HaueHHA (C3) paA JeMKOLUTAPHUX
(Tabus. 1), epuTpounuTapHux (TabJ. 2), TpoMbO-
UUTapHUX (TabJ1. 3) MOKA3HUKIB.

[lopafok 1X po3MillleHHA Ta OJWHULI
BUMiptoBaHHA (OB) BigmoBigawTb NopAjKy
NOKa3HUKIB, 3a3HaueHOMYy Ha  OJIaHKy
pe3yJbTaTiB.

Tabauysa 1
JIevikonMTapHi NOKa3HMKM CTaHYy KpPOBi
wieniB KI' ta T (p<0,05)
IToxaszuuk C3 aan C3 Aas mepiroi C3 aas Apyroi Aiamrazon
craHy Kposi / KT (37 ocib) miarpynm A’ miarpynu AT pedepeHTHHX
OB (28 ocib) (9 ocib) 3HAYEHb
WBC (109%/a) 9,02+0,72 13,02+0,78 5,15+£0,41 (5,00-11,60)
LYM (10% ) 3,21%0,29 0,98+0,06 1,74+0,14 (1,30-4,00)
MON (109 a) 0,62+0,04 1,52+0,01 0,51+0,04 (0,30-1,00)
GRA (10%/a) 6,23+0,34 12,56x1,01 3,07+0,28 (2,40-7,60)
LYM (%) 26,31+2,37 8,35+0,67 31,10+1,86 (19,10-48,50)
MON (%) 8,35+0,67 5,45+0,38 5,30£0,42 (4,50-12,10)
GRA (%) 61,24+5,51 86,70+6,07 63,60+5,09 (43,60-73,40)
PCT (%) 0,24+0,01 0,22+0,01 0,10+0,01 (0,16-0,36)
MPV (pa) 9,32+0,02 8,05+0,58 9,18+0,73 (8,30-12,10)
P-LCR (%) 38,10+3,43 36,20%3,26 40,63+2,84 (37,80-43,60)
P-LCC (10%2a) 72,14£5,77 58,12£4,65 32,18£2,25 (55,00-139,00)
PDW (%) 27,34+191 21,28+1,70 36,34+3,27 (25,30-53,80)
Tabnuys 2
EpurpounrapHi I0OKa3sHMKM cTaHY KPOBi
wieniB KI ta [IT (p<0,05)
IToxasauk c3 C3 aas mepmroi C3 aas Apyroi Aianazon
craHy Kposi / . miarpym AT miarpymm AT pedepenTHHIX
KT (37 oci0) . .
OB (28 ocib) (9 ocib) 3HAYEHb
RBC (10%2/a) 4,21+0,21 5,12+0,35 4,18+0,39 (3,79-5,78)
HGB (r/a) 128,01£11,52 147,10+11,77 119,50+8,36 (115,00-173,00)
HCT (%) 36,23+2,89 39,71+3,57 38,29+2,68 (34,00-53,90)
MCV (pa) 86,12+6,03 76,24+6,86 78,75+5,51 (84,00-98,00)
MCH (mr) 28,31+£1,98 28,12+1,96 27,23+2,18 (27,50-32,40)
MCHC (1/a) 324,02+29,16 368,21+29,46 346,75+17,34 (317,00-342,00)
RDW (%) 12,21+0,73 16,21£0,81 15,13+1,21 (11,10-14,00)
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Tabauys 3
TpombOonnTapHi nokasHuKkM craHy Kposi wieHiB KI' Ta [IT (p<0,05)
IToka3zuuk c3 C3 aasa mepmoi C3 aas Apyroi Alamaszon
craHy Kposi / . miarpym AT miarpymm AT pedepenTHIX
KTI" (37 oci6) . .
OB (28 ocib) (9 ocib) 3HAYEeHb
292,18+26,29
PLT (10%a) 164,23+14,78 * 131,25%10,50 (156,00-342,00)
PCT (%) 0,24+0,01 0,22+0,01 0,10+0,01 (0,16-0,36)
MPV (pa) 9,32+0,02 8,05+0,58 9,18+0,73 (8,30-12,10)
P-LCR (%) 38,10+£3,43 36,20+3,36 40,63+2,84 (37,80-43,60)
P-LCC (10%/a) 72,14£5,77 58,12+4,65 32,18£2,25 (55,00-139,00)
PDW (%) 27,34+1,91 21,28+1,70 36,34+3,27 (25,30-53,80)

Jnsa o6panoi Bubipku Ukr = 393 gng p <
0,05 a60 Ukr = 341 gasa p < 0,01. AHasoriyHo
o6uucseHo 3a popmyJioro (1) aaa KI'n1 = 37 ta
Apyroi niarpynu /JAI' n2=9 3HadeHHA Uemp 3a
YMOBH, 110 Uemp= 106 JJIAp < 0,05 abo Uemp= 81
qasg p < 0,01. Ockinibkd 064YHC/IeH] 3HAUYEHHS
Uemp OKpeMO [Ji1 KOXHOTO i3 BUMIPAHUX
nokasHukiB cra"y kposi (WBC, LYM, MON
TOL0) 3a3HAauyeHUX BHUOIPOK 3a/J0BOJILHAKOTH
HepiBHICTb Uemp < Ukr, To Ho BigxuasieTbcs i
npuriMaeTbcsd Hi. TakuM 4MHOM, cTaTUCTUYHA
06po6Ka  oJiepXKaHUX  JAHUX  [I03BOJISIE
CTBEP/KYBaTH, 110 3HAaYeHHd JJif Iepluoi Ta
apyroi nigrpyn AT BiapisusawoTbces Big KI'.

[IpoaHasizyeMo pe3yJbTaTH, OJepKaHi
And nepwoi niarpyny . OcHoBHUM npu3Ha-
YeHHSM JiMQOIHUTIB € po3mi3HaBaHHS 4YyXO-
pilHUX aHTUTeHiB Ta GOpMyBaHHS aJaNTHB-
Horo iMyHiTeTy. ETanamu iMmyHHOI BifnoBizi €
po3Mni3HaBaHHA Ta NepepobKa aHTUTEHY,
ceJjiekniga BignoBigHuUX T-KaiTUH Ta B-kiiTuH,
110 CYNPOBO/RKYETHCA MIKK/JIITUHHUMU B3a€EMO-
JAisiMy, uuTtokiHamu, T- 1 B-nimdonutamu
(Sikulina, n.d.). Ockinbku mnig 4vac Aii Ha
opraHi3M jtoauHU Bipycy SARS-CoV-2 Hali6inbIu
NOUIMPEHOI IMYHHOIO BiAmoBiagt («TUoBa
iMyHHa BIJNOBiIb») € 3MeHUIeHHS piBHA
aiMmponuTiB (LYM) mnopiBHSIHO 3 pedepeHT-
HUMHU 3HAYeHHSAMHU (A1 nepuoi niarpynu AT
ctaHoBuThb (0,98 £0,06) x 10° /x), To sikapi-
JIabOpaHTH 06UPAIOTh HOro siK OJUH 3 6ioJio-
riYHUX MapkepiB KopoHaBipycHoi iHdeKLii
Covid-19 (puc.1). 3rigHo 3 pocaifkeHHSIMU
(Niu et al., 2022) 3HmxeHHs KinbkocTi aimMdo-
LUTIB IHOAI CroCTepiraeTbCcAd y MOEAHAHHI i3
TpoMmbOouuToneHiero. Cepes MexaHi3MiB, sKi
CIPUYUHAITDL JiMdoneHito mnixg 4ac aii Ha
OpTaHi3M JIIOJAUHU KOPOHaBipycHOI iHQeKLii
Covid-19, naykoBui (Mahmoodpoor etal., 2022)
BKa3ylOTb Ha ypaXKeHHs JliMpaTUUYHUX OpPTaHiB,
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KICTKOBOI'0O MO3KY, LUTOKIHOBUH IITOPM TOLIO.
3rigHo 3 pocaigpxenHamu (Wenping Zhang et
al., 2020) nimbouunTH BifirparoTh BUpillaJbHY
poJib 'y MiATPUMUI CHUCTEMHOTO IMYHHOIO
6asaHcy: Bipyc SARS-CoV-2 artakye i BOGUBaEe
JiMPOLMTH; Ha PpaHHIM cTagii iHpekuii
B-niMpouuT BUPOOJIAITH aHTUTINAG, AKI
3B’A3yI0TbCS 3 BipycoM i BOMBaKwTb #HoOro, a
T-n1iMpoOUUTH NOIIMHAIOTh YpaXKeHI BipycoMm
KJIITUHH, TOGTO 3MeHIlIEeHHS PiBHS JiMOIUTIB
MOXKe OyTH MOB’SI3aHO 3 aKTUBHOK IMYHHOIO
BIANOBiAJI0 OpraHiaMy; BipyCc BIIJIMBA€E Ha
dyHKLiOHYBaHHSA JiMPaTUYHUX OpraHiB, 110
NIPU3BOAUTL [0 PI3KOro 3HWXEHHA KiJIbKOCTI
jaiMmponuTis; iHTepsedkiH 6 (IL-6) Ta iHwi
npo3amnajbHi LUTOKIHU IHAYKYIOTb amnonTo3
JiMPOUMTIB, 1110 CIPUYUHSE pi3Ke 3MeHIIeHHS
IX KIJIbKOCTi; MOCTiMHe MiABUILEHHS piBHA
MOJIOYHOI KMCJIOTU B KpOBI NPUTHIYYE MIpPOJIi-
depariito 1iMmponuTiB. Bulle3azHayeHi MexaHi3MU1
MOXYTb CIIJIBHO CHPUYUHATHU JIiMPOMEeHilo,
O3HAaKHU KOl IeMOHCTPYE JIeNKOLUTapHa TricTo-
rpama WBC (puc.1): 3MeHIIeHHS1 BepUIMHU
(miky) siMmbouuTiB, 110 BifiMOBiAa€ obacTi Bif
25 ¢n po 82 ¢u, mopiBHSAHO 3 HOPMaJbHUM
po3noAisioM JieMKoLMTiB. HacTynmHUM TUIIOBUM
6ios0TiYHUM MapkepoM iIMyHHOI BifmoBizi
opradiamy Ha BipycHy iHdekuito SARS-CoV-2 €
30isblIeHHsT  piBHA  rpaHyJsouuTiB  (GRA)
NOpIiBHAHO 3 pedepeHTHUMU 3HAYEeHHSIMU:
(12,56 * 1,01) x 10° /n. OckinbKH f03piBaHHS
HeUTpoOiJiB Bi/j0YBa€EThCS B KICTKOBOMY MO3KY,
Jle € nonepeJHUKU HelTpodiniB (mposidepa-
TUBHUU MyJi), MiJ BIJIMBOM 3alaJibHUX IIUTO-
KiHIB 36i/bLIYETbCA IX pe3epB, L0 He TiJbKU
BiZjo6pakae ckyaJHICTh Mepebiry npoiecy, a U
CTBOPIOE JI0/JIATKOBE HaBaHTAXXEHHS Ha PO6OTY
KicTkoBOro Mo3Ky. HeiiTpodinu € Hail6inb1I0I0
rpynoo JeuKouuTiB: cTaHOBAATb 50-75 % BiA
ix 3arajibHOI KisbKOCTIi. JlekouuTapHa ricro-
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rpama WBC (puc.l) mniagTBepAXye 3HauHe
36isiblIeHHsl piBHSA HeuTpodiniB (HeHTpo-
¢inbo3). IpoBiAHUM 6iOJIOTIYHUM MapKepoM,
SIKMA BKa3y€ Ha «THUIOBY iMyHHY BiZIOBiAb»
OpraHi3My JIIOAMHU Ha BipycHy iHdek1ito SARS-
CoV-2 (puc. 1) € 36is1blIeHHS PiBHS JIEUKOLUTIB
(WBC) (13,02 £ 0,78) x 10° /a1 (1eMKOLUTO3).
PesysbTaTty a4 4ieHiB nepuol niarpynu Al
JIabopaTOpHO MiATBEPAUIN «TUIOBY IMYyHHY
BiAMOBiAb» OpraHiaMy Ha [Jil0 KOPOHaBIpyCHOI

inpekuii Covid-19 Ha ocHOBI BKa3aHHUX
6ioJoriYyHUX MapKepiB.

OpHak, 3rilHO TpPOBeJEeHOro HaMH
JOCJIPKEeHHA BUABJIEHO, L0 TakKa IMyHHaA

BIZIMIOBiAb HE € OJHAKOBOIO /14 BCiX XBOPUX HA
Covid-19. [na uyneniB pgpyroi miarpynu /T,
SKMM KJIHIYHO JIiKapsiMU OyJI0 BCTAHOBJIEHO
fiarHo3 «KopoHaBipycHa iHdeknisa Covid-19
CepelHbOro CTYINeHs TSXKKOCTI», Ha I04YaTKy
JIIKyBaHHSl cepeJ/iHi 3HaYeHHsI PiBHIB JieHKo-
nutiB WBC, niMmponutie LYM, rpanysouuTiB
GRA Bigpi3Haauca BiJ 3a3Ha4yeHUX BHUIIE
TUNOBUX O6iosioTiYHUX MapkepiB (puc. 2).
OckisibKHM, 3TiJHO HAYKOBUX JOCJi/KEHb
(Delshad M. etal., 2021), BUBYEeHHS IOKA3HUKIB
3AK Hazae MOXKJIMBOCTI JliKapsiM-1abopaHTaM
He JIMLIe MiATBEPAUTH KJIiHIYHO BCTAHOBJIEHUH
AiarHo3 Covid-19, a ii cnporHo3yBaTH JMHaAMIiKy
3aXBOPIOBAHHS, TO [10SIBA CepeJi XBOPUX TAKUX,
110 MaloTb «aTUNOBY IMyHHY BiZANOBigb»
OpraHi3My Ha JAil0 KOopoHaBipycHoi iHQeKuii
Covid-19, TO6TO yMOBHOI «TpyNU PHUSHUKYY,
notpebye, Ha Hally JAYMKY, BUsSBJIEHHS
JlolaTKOBUX GioMapkepiB, sIKi [03BOJIITh He
JIMLIe BUABUTHU «IIPUXOBAHY» Ai0 Bipycy SARS-
CoV-2 Ha paHHIiX cTazifgx abo «IPHUXOBaHY»
xBopoby Covid-19, a 1 3AiHCHUTU MOHITOPUHT
nepebiry 3axBOploOBaHHSA. 3TiJHO [0CJiKeHb
HaykoBLiB (Panchenko 0. & Zavarzina A., 2020),
3axBoproBaHHA Ha Covid-19 nepepbayae Taki
eTanu: 3apakeHHs, IHKybOaliliHUKA mnepiof
(3-5 nenb), mnosiBa cumntoMmiB (5-7 AeHb),
PO3BUTOK 3axBoptoBaHHA (7-12 feHb), mik
3axBoploBaHHA (12-18 geHb), cnaj; 3aXBoplo-
BaHHA (18-30 geHb), oaykaHHsi Ta ¢opMy-
BaHHA iMyHHOI mnam’aTi (6inbmwe 30 AHIB).
BigmoBigHO aHaJ1i3 reMaTo/J0TiYHHUX OKAa3HUKIB
Ha ocHoBi 3AK 3 ypaxyBaHHfIM OCHOBHHUX Ta
Jl0IaTKOBUX GioMapKepiB, siki BU3HAYAIOTH /[i10
Bipycy SARS-CoV-2 € axkTyaJlbHUM Ha BCiX
eTanax 3axBoproBaHHA. [IpoaHasizyemo [id
yjeHiB gpyroi niarpynu JII' MoxiuBi 6ioxiMivyHi
NpoIecH Ta BiANOBiAHI JIeWKOUTAPHI reMaTo-
JIOTiIYHI MOKa3HUKU: piBeHb JehKouuTiB WBC
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cTaHOBUTHD (5,15 £ 0,41) x 10° /1 - HUKHS MexKa
(mani - H/M) pedepeHTHUX 3HAUYEeHb; PiBEHb
aimbonutie LYM - (1,74 + 0,14) x 10° /oy
HopMi (zmasi - H); piBeHb MoHouuTiB MON -
(0,51£0,04) x10° /n (H); piBeHb rpaHyJIOLUTIB
GRA - (3,07 £ 0,28) x 10° /n (H); yacTka siimpo-
IUTIB cepen iHmMX JeHkouutiB LYM (%) -
(31,10 £ 1,86) % (H); yacTka MOHOILUTIB cepef,
iHmwux serkouutieB MON (%) - (5,30 £ 0,42) %

(H); 4actka rpaHy/oMTIB cepes IHIIKUX
nerkouuTiB GRA (%) - (63,60 * 5,09) % (H).
Jnd  KOMIUIEKCHOrO  aHalli3y oJepaHuX

MOKAa3HHUKIB (TabJ1. 1) Ta NOsICHEHHSI MOXKJIUBUX
IIPUYUH «aTUIIOBOI IMyHHOI BiANIOBiAI» y Y/IeHIB
Apyroi niarpynu /I BUKOPUCTAEMO METO[,
JedkouutapHux ricrorpam (WBC): 3rigHo
O/Iep>KaHOT0 PO3MO/AiNy, KOHIleHTpalis giMdo-
yuTiB (LYM), akum BianoBigae obsaactp Bifg 35
710 90 ¢, Ta KOHLIEHTpalliss HEUTPOodisiB, AKUM
BignmoBigae o6sactb Big 120 po 250 ¢,
NpUOJIU3HO OJHAKOBI, OCKIJIBKU X MAaKCUMYMH
pO3MO0/iay 3HaxX0AAThCSA NIPUOJIU3HO HA OJHOMY
piBHi. Cepen QyHKIiK JiMPOUUTIB — NPUTHI-
YyeHHs Ail 4y»KOpiAHUX KIITUH Ta Oi/IKiB, BipyciB
Ta iHeKUil, BUJIJIEHHS Yy KpPOB aHTHTIJ,
O0/10KyBaHHSl aHTUreHiB. BpaxoBylouwu, 110
nepeBa)KHa KIJIbKICTb JIEMKOUUTApPHUX IOKa3-
HUKIB y 4JeHiB apyroi niarpynu /[I' 3Haxo-
JIUTbCS y Mexax pepepeHTHUX 3Ha4yeHb, TO [J1s
«aTUIIOBOI IMYHHOI BiANOBIZI» XapakTepHa
BiICYTHICTb aKTHBHOI NpOTHUAiIl abo O6JI0Ky-
BaHHA Bipycy SARS-CoV-2. OCKiZIbKM KOHLIEHT-
pauis HeWTpodiniB, Ki BUKOHYIOTb 3aXUCHY
$yHKLi0 B opraHi3Mi, Npu6JU3HO OJHAKOBa i3
KOHLIeHTpali€ J1iMPOIHUTIB, TO aHTUOJIOKY-
BaHHA BipyCy HaJJa€ NOMY «I10/IBIMHUM BIJIbHUHU
ZIOCTYTI» 10 CUCTEMH KPOBOTBOPEHHS.

/i1 1OMOBHEHHS O3HAK Ta MOXJIUBUX
IIPUYMH «aTUIIOBOI IMyHHOI BiANIOBiZi» IpOaHa-
JII3yEMO  epUTPOLMTApHY TricTorpaMmy Ta
BiZimoBifHI remaTosioriyHi MoKa3HUKU (puc. 2)
g 4dieHiB gpyroi migrpynu /[ piBeHb
eputpouuTiB (RBC) (4,18 = 0,39) x 1012 /1 (H),
remorsiobiny (HGB) (119,50 = 8,36) r/an (H/M),
rematokputy (HCT) (38,29 * 2,68) % (H/M),
CepeIHbOr0 BMICTY reMoOr/Io6iHy B €pUTPOLH-
TapHiit maci (MCHC) (346,75 £ 17,34) r/n (Bulie
HOpPMH), HEOJHOPiAHOCTI 4YepBOHUX KJIITUH
(RDW) (15,13 £ 1,21) % (Bu1ue HopMu). CepeHiit
06’eM eputpouuTiB (MCV) (78,75 = 5,51) u,
cepeJHil BMICT reMmorJyiobiHy B epUTPOLHUTI
(MCH) (27,23 £ 2,18) nr MeH1ui 3a pedpepeHTHI
3HaYeHHS. 3MeHIIeHHS CcepeAHbOro 006’eMy
eputponutiB (MCV), ayckonoiioHUX KPOB'THUX
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TiJlelb, 3JaTHUX CTUCKATHUCS Ta 3rUHATUCS TiJ
BIUINBOM MeBHUX (GAaKTOpPiB MO HAWTOHIIUX
Kanijdgpax, CIpPUYUHAE 3MEeHLIeHHH IIoCTa-
YaHHA KUCHIO 10 TKaHMH. Cnocrepiraerbcs
aHI30LUTO3 IepeBaXaloTb EPUTPOLUTH,
MeHIIi 3a po3MipaMu Bijg pedepeHTHUX
3Ha4yeHb. 3MeHlleHHda piBHA MCH Bkasye Ha
3MEeHIIeHHd WIIJIbHOCTI 3allOBHEHHS IeMOrJIO-
6iHoM epuTpouUTiB. [IpU BiACYTHOCTI KOpeKIii
cepeHboro o06’emy eputpouuTiB  (MCV)
PO3BUBAETHCA aHeMid pIi3HUX BUJAIB, 110
HNiATBEPKYIOThH Cy4acHI JOCAiJKeHHS YCKIa-
HeHb y xBopux HA COVID-19 (Trichlib, 2020).
3rifHO 3 NpOBeJEeHUMU HaMHU Iolepen-
HiMu gociifpkeHHAMU (Ivanytska, 2024) Ha
ricrorpamMi  po3LIMpPEHHA EpPUTPOLUTAPHOL
kpuBoi RBC (puc.2) Ta mosiBa ABOX BepILHH
BKa3yIOTb Ha HEOJHOPIAHICTb pO3MipiB epUTpO-
IUTiB. 3a3HAayMMoO, 10 PiBHI TreMorJobiHy
(HGB) Ta rematokputy (HCT), saki Habsmxa-
10Tbcsd 10 H/M pedepeHTHUX 3HAaYeHb, MAlOTh
BaXKJIMBe JiarHocTyBaJibHe 3HadyeHHs COVID-
19. 3rigHO 3 Cy4YaCHUMHU [JOCJaiPKEHHSIMU
(Lippia & Mattiuzzib, 2020) 3HM>XeHHs piBHA
3HaueHHs remorsiobiny (HGB), saxkuii 6epe
y4acTb y TPAHCIOPTI KUCHIO TA BYTJIEKUCJIOTH,
MeTaboJ1i3Mi MOHOOKCHJY a30Ty, a TaKOX
BUKOHYe OydepHi ¢yHKLUii, Bka3ye Ha
nporpecyBaHHs COVID-19. 3MeH1ieHHA piBHA
HGB HaykoBIi MOSICHIOIOTH TUM (GaKTOM, IO
Bipyc SARS-CoV-2 npuaunae [0 MNoBepxHi
reMOINOeTUYHUX KJITHUH 1 T[pPOHUKAE B
KpoBOTBOpHY cucteMy (Wenping Zhang et al,,
2020). PeyoBuHHY, 1110 BUBIJILHATHCS BipycowM,
CIIJIbHO 3MIHIOIOTH IMYHHY peryjaduiro Ta
NPU3BOJAATL [0 AHOMaJIbHOTO TeMONOoeTHUY-
HOT'O MIKpOOTOYEHHS; THUM CaMHUM IIPUTHI-
YyETbCS KPOBOTBOpPHA QYHKILiAA KiCTKOBOTO
MO3Ky, U0 BIUIMBA€E HA KOMIIEHCATOPHY
npoAykuito remorsno6iny (HGB), noctiiine ioro
3HWKEHHS, CHOPUYHUHAE aHeMir. 3rifHo 3
cy4acHUMHU gocnixeHHAMU COVID-19 BUKINKae
3HA4YHi 3MiHU PO3Mipy EpUTPOLUTIB, 3HUKEHHA
piBHa rematokputy (HCT) Ta 36iablieHHs
ammiityau eputponutiB RDW (Russo et al,
2022). AHomaulii epUTPOLUTIB MOXYTb MaTH
KiJIbKa IPUYHMH: 3MIHU B TOMeOoCTa3si 3aJ1i3a, AKi
COIPUYUHAKTh IMOPYIIEHHS epUTpONnoe3y Ta
IPUCKOPEHEe  BUBIJIbBHEHHS  LUPKYJIIIYUX
epUTPOIUTIB; PparMeHTalis 6isikiB, aHoMaJIii
MeTab0J/1i3My JiMifjiB; OKHCIIOBaJbHUU CTpEC,
SIKUM cripusi€ 3MiHeHi MopdoJiorii epUTPOLIUTIB.
[IpoaHasizyeMO reMaTOJIOTi4HI TOKa3HUKHU
JAJd 4eHiB apyroi niarpynu JI' 3 ypaxyBaHHAM
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TpoMb6onuTapHoi ricrorpamu PLT (puc.2): kinb-
kictb TpoM6onuTiB (PLT) (131,25 +10,50)x10° /n
(MeHe HOpMH); piBeHb TpoMbokpuTy (PCT)
(0,10£0,01) % (meHwe HoOpMH); cepelHiN
06’eM Tpomb6onuTiB (MPV) (9,18 = 0,73) ¢ (H);
BifcoTok BesMkux TpoMbonuTiB (P-LCR)
(40,63 £ 2,84) % (H); abcontoTHUI BMICT BeJsu-
kux TpoM6ouuTis (P-LCC) (32,18 = 2,25) x 10° /n
(MeHIlIe HOPMH); WIMPUHA PO3MOJiay TPOM6OO-
UTiB 32 06’'emom (PDW) (36,34 £3,27) % (H).
Ockinbku piBeHb TpoM6okpuTy (PCT) Bifo6pa-
»Ka€ BMICT TPOMOOLUTIB B 00’'€Mi KpOBI, TO IpH
JOro 3MeHLIeHHI Moe BWHHUKAaTU TPOMOO-
LUTONEeHiA abo mopyueHHs (YHKLiOHyBaHHSA
KICTKOBOI'O MO3Ky. 3riJHO 3 IpOBeJeHUMH
HaMM nonepejHiMu gocaifxeHHsAMU (Ivanytska
& Gaidai, 2024) aHaniz TpoOMOOLMTAPHUX
iHZekciB moTpebye BpaxyBaHHS 0COOJIMBOCTEN
iHTepnpeTanii TpPoOoMOOUMUTAPHUX TicTOrpam.
Ockisibku TpoMb6ouuTapHa ricrorpama PLT
(puc. 2) He 3aKiHUyIOTbCA Ha 6a3MCHIiN JiHIl, AK
i y BUNAAKy «TUNOBOI iMyHHOI BiAOBiAi»
opraHisaMmy Ha COVID-19 (puc.1), To 1ie CBiAUMTh
PO MOXJHMBY arperaiiroo TpoM6ouuTiB. IcHy-
BaHHS 3HAYHOI KiJIbKOCTi APiOHUX «3y6UacTUX
BepIIMH» Ha TpPOMOOIMTApHIK ricTorpami
niTBEPKYE 3[,aTHICTb TPOMOOLIUTIB YTBOPIO-
BaTU MIKpOTpoMOU. OCKiJIbKM JIeHKOLUTapHa
ricrorpama WBC He NOYMHAETHCSA HAa 6a3UCHIN
JIiHiI, TO cepeJ NpPUYHWH BiAXUJIEHHA Bij
HOPMaJIbHOTO y PpO3MOJiJly MOXe OyTH
HasIBHICTb 3rycTKiB TpoMbouuTiB PLT.

1 CTaTUCTUYHOI IepeBipKU O epKaHUX
pe3yabTaTiB Ta NiATBEpPKEHHA TOrO, 110
reMaToJIOTIYHI TOKAa3HUKHU [JI YJIeHIB MepIol
niarpynu /A BigMiHHI  Bifg  BifgnoBigHUX
[IOKa3HUKIB fpyrol niarpynu /[AI' BAKOpUCTAHO
U-kputepii ManHa-YiTHi. 3a ¢opmysioro (1)
Jiyis1 BUOipkM ni1 = 28 Ta n2 = 9 o6uyuCIeHO
3HayeHHs Ukr=79 g p < 0,05 a6o Ukr = 59 s
p < 0,01. Ockinbku o64ucaeHi 3HayeHHS Uemp
OKpeMO /Ji1 KOXXHOTO i3 BUMIpSHMX MOKas-
HUKiB cTaHy kpoBi (WBC, LYM, MON Toio0)
3a3Ha4eHUX BUOIPOK 3a/]0BOJIbHSIOTH HeEpiB-
HiCTb Uemp < Ukr, TO Ho BigxuaseTbcs i mnpuriMa-
€Tbcst H1. TaKMM 4YMHOM, CTaTUCTUYHA 06POOKa
O/lep>KaHUX JaHUX [03BOJIIE CTBEPKYyBaTH:
3Ha4YeHHd JJd nepuioi Ta Agpyrol migrpyn A
BiApi3HAOTHCS MiX C06010; 151 YIeHiB nepiioi
niarpynu /JII' xapakTepHa «TUIIOBA IMyHHa
BignoBigb» Ha it Bipycy SARS-CoV-2, pnsa
yieHiB apyroi niarpynu /JII' (yMOBHOI «rpynu
PU3UKY») — «aTUIIOBA iMyHHA BiiMOBiJb».
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Bucuosxku

KommniekcHMM aHasmi3 reMaToJIOTiYHHUX
NoKasHUKiB xBopux Ha COVID-19 posBosiuB
BUABUTU «TUIIOBY IMYHHY BIiANOBigb» Ta
«aTHUIIOBY IMyHHY BiZilIOBi/ib» OpraHi3My Ha Jiito

ricrorpami WBC; 3MeHIIeHHSI MOPIBHAHO 3
pebepeHTHUMU  3HAYEHHSIMU  CEPEAHbLOTO
06'eMy eputponuTtiB (MCV) Ta cepegHboOro
BMicTy remorJio6iny B eputpouuTti (MCH), mo
00yMOBJIIOE BUHUKHEHHSl MIKpOLUTO3y Ta €

miIcTaBol0 [Jid MOABU aHeMil; po3lMpeHHA
epaTpouyTapHoi KpuBoi Ha ricrorpami RBC,
iICHyBaHHA [BOX MiKiB - HeOLHOPIAHICTb
pO3MipiB epUTPOLIUTIB, 10 CHIPUYHUHSAE 3MIHU B
roMeocTtasi 3aJjiza Ta NOpPYUIEHH EpUTpO-
noe3y; 3MeHIleHHd piBHA TpoMbokputy (PCT),
110 0OYMOBJIIOE BHUCOKY WMOBIPHICTb BUHHK-
HEHHS1 TPOMOOLUTOIEHIl; HAsIBHICTb HAa TPOM6O-
yuTapHiu ricrorpami PLT, Aka He 3aKkiHUyeTbCA
Ha 06a3ucHiM JiHil, [JpiOHUX «3yb64yacTux
BEPLIMH» — MOXJIMBA arperarisi TPOMOOLUTIB,
iX 3[aTHICTb yTBOPIOBAaTHM KPOB'SIHI 3TYCTKHU.
Bu3HayeHi HaMU J10JjaTKOBI 6i0J10Ti4HI Mapkepu
[JId «aTUIIOBOI IMYHHOI BiANOBiZi» € BaXXJIU-
BUMH, OCKIJIbKA  [103BOJIAIOTH  BUABUTHU
«IpuxoBaHy» xBopo6y Covid-19.

Bipycy SARS-CoV-2. Cepef 6io10oriyHUX MapKepiB
«TUIIOBOI IMYHHOI BiZiNOBifi» 06paHO: 306i1b-
meHHd piBHA JerkonuTiB WBC, rpaHy/ionuTiB
GRA, 3MeHIIeHHs piBHA JiMmdouuTiB LYM, mo
CYNIPOBOXKYETHCA HEUTPOPinbo30oM. Ha ocHOBI
OJlepKaHUX pe3yJIbTaTiB BUSABJIEHO YMOBHY
«TPYIy PHU3UKY», OJd 4YJEeHIB [KOi KJIHIYHO
BCTaHOBJIeHO JAiarHo3 «Covid-19, cepenHin
CTYIIiHb TAXKOCTI», ajle NPOABJIATb «aTUIIOBY
IMyHHY BiANOBiAb» OpraHiaMy Ha JAilo Bipycy
SARS-CoV-2, Bu3HayeHy HaMW Ha OCHOBI
JlOJJaTKOBUX 6ioJIOTIYHUX MapkKepiB: piBHI
saevikouutiB WBC, nimponutis LYM, rpanysio-
uuTiB GRA 3Haxogu/UCA NepeBaXXHO B MeXax
pedepeHTHUX 3HAYEeHb 200 HabJIkeHi 10 H/M;
OoZlHAaKOBi piBHI KoHUeHTpalii JiMbouUTIiB
(LYM) Ta HeHTpodsiB Ha JeWKOUMUTApPHIiK

3asBa iucruryuiiinoi pesisiitnoi paau / Institutional Review Board Statement

ExkcnepuMeHTanbHi npoueaypu 6Oysau cxBajeHi KowmiteTom 3 6ioeTuku HanioHasbHOro
yHiBepcuTeTy «YepHiriBcbkuih  kosieriym»  imeni  T.I.IlleByenka (N2 mnpoTokoay: 4,
15 tpaBHs 2024 p., YepHiris, Ykpaina) / The experimental procedures were approved by the
Bioethics Committee of T.H. Shevchenko National University “Chernihiv Colehium” (Protocol
Number: 4, 15 May 2024, Chernihiv, Ukraine).

3asBa npo indopmosany 3roay / Informed Consent Statement

I[HpopMoBaHa 3roza Oysia oTpuMaHa Bij yciX ydacHUKIB pocuaimxeHHs / Informed consent was
obtained from all subjects involved in the study.
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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.

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.

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.

Technical requirements for the preparation of the manuscript of the article:

The manuscript should be submitted in *.doc or *.rtf (MSWord) format: font - Times New
Roman, keel - 14, line spacing - 1.5 intervals of the computer standard. Margins: top and bottom -
2 cm, right - 1.5 cm, left - 3 cm. Paragraph - 1.0 cm. Pages are not numbered, text is typed without
hyphens.

Structure of the article:
1. UDC index, with a paragraph indent, in the upper left corner of the first page.
2. The next line is the name and surname of the author(s) in English.

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 «<ABSTRACTY» 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
1,800 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 keywords (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.
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.
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8. Tables, diagrams, figures, diagrams must be author's, not copied from other publications and
numbered. They are placed without a paragraph in the center of the page directly after a link
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. Illustrations are signed from the
bottom aligned with the center.

9. 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.

10. After the main text of the article, a list of references is provided. 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.
ec0.2-41.24 (in Ukrainian)

Txauyk H.B., 3esnena JI.b. bio6e3neka npu ¢popMmyBaHHI PpaxoBUX KOMIIeTeHLil 6akalaBpiB 3
KypciB «Mikpo6ioJioris i BipycoJsiorissi 3 ocHoBaMHU iMyHoJ0rii» Ta «['eHeTHKa». Eko/1021YHI
Hayku. 2022. N22(41). C.141-145. DOI: https://doi.org/10.32846/2306-9716/2022.ec0.2-41.24

11. The following signs are used in the text of the article: quotation marks (« »), apostrophe ('), a
dash (-) instead of a hyphen (-). A colon (:) is placed without a space.

12.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.

137


https://apastyle.apa.org/style-grammar-guidelines/references/examples
https://apastyle.apa.org/style-grammar-guidelines/references/examples
https://msu.edu.ua/library/wp-content/uploads/2019/02/pryklady-oformlennja-bibliohrafichnoho-opysu-zhidno-dstu-8302.pdf
https://doi.org/10.32846/2306-9716/2022.%20eco.2-41.24
https://doi.org/10.32846/2306-9716/2022.%20eco.2-41.24
https://doi.org/10.32846/2306-9716/2022.eco.2-41.24

Biota. Human. Technology. 2024. No 2 Electronic edition

An example of writing the Latin names of taxa and syn taxa in one article:
PLATANUS L. GENUS IN TRANSCARPATHIA

PIJT PLATANUS L. HA 3AKAPITIATTI

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

AHOTALIA

... MbKBU10BUX Ti6puAiB poay Platanus L. ...is Picea abies (L.) Karst.

... Tibpuau pony Platanus ... Picea abies...

... HanexuTb A0 Buay Platanus acerifolia (Aiton) Willd. i mae cTaTycy...

YrpynoBaHHS SJIMHOBHUX JIICIB MPUAHINPOBCHbKOI YacThUHU CxigHoro Ilosicca HanexaTs A0
acouiauit Eu-Piceetum (Cajander 1921) Keilland-Lund 1967 Ta Querco-Piceetum (Matuszkiewicz
1952) Matuszkiewicz et Polakowska 1955 3 coro3y Piceion excelsae Pawtowski et al. 1928 nopsaaky
Piceetalia excelsae Pawtowski et al. 1928 knacy Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al. 1939.

[IpupoaHuit SMMHHUK acoujianii Querco-Piceetum...

Kirouosi cioBa: 3akapnaTTs, poCIMHU-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 «sycamorey, ..., 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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13. After References, information about each author is provided in English:

*First line - Surname, Name [in Ukrainian: Ipi3Bume Im’a] 1[i], position, scientific degree
and academic title (if available), e-mail.

*The next line is the mandatory ORCID of the author (the profile must be filled and open for
public viewing).

*The next line is the author's ResearcherID (if available), the author's Scopus-AuthorID
(if available).

*The next line is an indication of the organization in which the author works.

*The next line is a mandatory indication of the full address of the organization where the author
works, indicating the index and country.

14. At the end of the page, the date it was sent to the editorial office of the magazine is indicated.

The article is accompanied by a list of 2-3 potential reviewers (PhD and/or Doctors of
Sciences who carry out research in a specialty that corresponds to the topic of the material submitted
for publication, and are authors (co-authors) of a total of at least three publications in scientific
publications included in category «A» and/or category «B» of the List of scientific specialized
publications of Ukraine, and /or in foreign publications indexed in the Web of Science Core Collection
and/or Scopus databases for the relevant specialty, published within the last five years) with an
indication of their place of work, scientific interests, ORCID and Google Scholar, e-mail.

Submission, publication and access to published articles are free.
The text of the article and additional materials should be sent by e-mail to the address
lukash2011@ukr.net or bht.journal.nuchc@gmail (indicate the author’s last name in the letter).

EDITORS OF THE JORNAL ARE NOT RESPONSIBLE FOR THE CONTENT OF THE ARTICLES
AND MAY NOT SHARE THE OPINION OF THE AUTHOR!

[i]* Indicate the contribution of the corresponding (1 - first, 2 - second, etc.) author to the

publication choosing from the list: 1) study design, 2) data collection, 3) statistical analysis,
4) manuscript preparation, 5) funds collection.
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3a3HauYeHHSAM MeTO/JiIB JOCJi/P)KEHHS; BUKJIaJ, OCHOBHOTO MaTepiasy [OCJi[>KEHHS 3 OOI'PYHTY-
BaHHSM OTPHUMaHHUX HAYKOBUX Pe3yJIbTATiB; BUCHOBKHU 3 AOC/IPKEHHS 1 IepCNeKTUBU NOAAJbLINX
HayKOBUX PO3BiJI0K.

TekcT cratTi Mae O6yTH peTesbHO MepeBipeHUU i BifjpefaroBaHuil aBTOpoM. CTaTTs, He
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14, BiacTanb Mix psaakamu - 1,5 iHTepBasly KOMII'I0TepHOro cTaHAapTy. [losis: BepxXHE i HUXKHE -
2 cM, mpaBe - 1,5 cM, s1iBe - 3 cm. A63a1; - 1,0 cM. CTOpiHKM He HYMePYIOThCS, TEKCT HAbUpPa€EThCA 6e3
NepeHocCiB.

CTpykKTypa craTTi:
1. Inpexkc Y/IK, 3 a63aLiHMM BiACTYNOM, y BEpXHbOMY JIIBOMY KYTi IlepII0oi CTOPiHKH.
2. HactynHu# psajiok - iM’s1 Ta npi3Buile aBTopa (aBTOPiB) aHIJIiHCbKOK MOBOIO.

3. HactynHuii pss/jok - Ha3Ba CTATTi aHIVIIHCbKOI0, YKPAIHCHKOIO Ta MOJILCHKOIO (IKL[O CTATTS
HalKcaHa IMOJIbCbKOIO MOBOIO) ab0 aHIJIIMCbKOI Ta YKpaiHChKOIO (SKIO CTAaTTs HamMcaHa
YKpaiHCbKOI0 MOBOI0), BEJIMKUMU GyKBaMH, 6€3 a63alHOro BiACTymy, BUpiBHSHO IleHTpoM. Ha3Ba
Ma€ 6yTH KOPOTKOIO (He Gisibiiie 8 ciiB) i Bijlo6paXkaTH 3MiCT CTATTi.

4. HacTynHUH psaJOK - aHOTallid aHIJiHCbKOK0, MNOJbCbKOK (fKILO CTATTA HamucaHa
N0JIbCbKOI) Ta yKpaiHCbKOIO MOBaMHU (i3 3a3HaueHHsAM cioBa «AHOTALIS» BifgnoBigHO0 MOBOIO,
10 LIeHTPY; TEeKCT aHoTallil 3 a63alHUM BiJICTyIIOM, BUPiBHSAHO IIMPUHOI TEKCTY, iHTepBaJ Mix
psakaMyd oauHapHui). 06car - He MeHiie 1800 cuMBoOJIiB 3 mpo6GisiaMu. AHOoTallisd MOBHHHA
MiCTUTH BU/IiJIEH] })KUDHUM TE€KCTOM HACTYMHI CTPYKTYpPHIi eJleMeHTH: MeTa po060TH, METOA0JIOT i,
HayKOBa HOBHU3Ha, BUCHOBKHM.

5. HactynHuil psfok — KJIIO40Bi cjoBa (caoBocnosydyeHHs «K/1lo4oBi c/10Ba» HamiBXXKUPHUM
mpudTOM, ab3alHUHN BiCTYI, BUPIBHSHO IIMPUHOIO TEKCTY, iHTEepBaJ MiXK psAZIKaMU OJJTMHAPHUH ).
He 6isibliie ’ITH KJIIOYOBUX CJIB.

6. Uepe3 psA0K - OCHOBHMM TEKCT CTaTTi BiJIMOBIAHO A0 CTPYKTYPHUX e€JIEMEHTIB:
NMOCTAaHOBKA NP06JieMH, pe3yJibTaTH AOCAIA)KeHHS, BUCHOBKH.

7. Y TeKcTi cTaTTi MaloTh OyTH OCUJIAaHHS Ha BCi /PKepeJia y CIUCKY JIiTepaTypH.
[TocuaHHA HA JiTepaTypHi AKepesa NOJAThCS Y KPYTJIUX AYKKaX 3 BKa3aHHAM Mpi3Buli(a)
aBTopa(iB) y XpOHOJIOTIYHOMY NOPSAAKY, HAPUKJIA/I:

oauH aBTOp - Lukash, 2019;

nBa aBTopu - Tkachuk & Zelena, 2020;

TPHU aBTOPH Ta b6isbiie - Kurmakova et al., 2021.

[TocusiaHHsA Ha BUJJaHHS 6€3 aBTOPiB 3/1iHCHIOETHCSA BiiMOBiHO A0 mpaBua APA cruio.
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8. Tabusuni, cxeMH, pUCYHKH, ZiarpaMu MOBUHHI OyTH aBTOPCbKHMH, a He CKONiIMOBaHUMH 3
iHIIMX BUJIJaHb Ta MPOHyMepoBaHi. Po3MilyroTbcs 6e3 ab3ally B LeHTpi CTOPiHKK 6e3nocepeHbo
MicJisl MOCUJIAaHHS HAa HUX Y TEKCTI CTaTTi a6o Ha HacTynHiK ctopiHui. CioBo «Tabauus» Ta it Homep
NUIIYTHCA 3BepXy BUPIBHAHO CIpaBa, a PAAKOM HWXKYe BHUPIBHAHO LIeHTPOM - Ha3Ba TaOJIUL.
[ntoctpanii (pucyHkH, 6J10K-cxeMH, rpadiku) MOBHHHI OyTHM BUKOHAaHI B OJHOMY 3 rpadiuHux
penakTopiB. PUCYHKM MOXHa NoJaBaTH KOJbOPOBUMHM. B0K-cxeMu Ta pUCYHKHU (MOBUHHI OyTH
3rpymnoBaHi) A0JaTKOBO MOJAAIOTbLCA OKpeMUMHU (ailjlaMU B eJIeKTPOHHOMY BUIJIAZIL. LmtocTpanii
iU CYIOTbCA 3HU3Y BUPIBHAHO LIEHTPOM.

9. ®opmysu Ta OyKkBeHi NO3HaueHHs BeJMYMH HabuparTbcsa y pegaktopi MathType-
Equation i nogaroTbcsa B TeKCTi a6o okpeMoMy psAZAKY 6e3 a63alHOT0 BiZiCTyNy BUPIBHSAHO LIEHTPOM,
HyMepyTbhCa apabCcbKUMU [UPpaMH B KPYTJIUX JyKKaX 3 IPaBOro 60Ky CTOPiHKHU.

10. ITicis OCHOBHOTrO TEKCTY CTAaTTi MOJAETHCS CIUCOK JIiTepaTypu. Y HbOMY MalTb OYTH
JIMILIE Ti JPKepeJia, Ha sIKi 3po6JieHo mocuiaHHe ¥ TeKcTi. CioBo «References» nuiieTbcst BUPiBHSAHO.
Cnucok nocu/aHb Ha JpKepeJsa iHpopManil nofaeTbcs y andaBiTHIN NOCAiILOBHOCTI 3a JJATUHULEIO.
/bxkepena, ki B oOpuriHajsi HamucaHi MOBaMH, Jie BUKOPUCTOBYETbCS JIATUHCbKUK WIPUPT,
N0/]al0ThCSl MOBOIO opuriHaiy, opopmieHoMy 3a APA ctunem. /kepeia, AKi HallMCaHi y OpUriHany
MOBOI0 3 KHUPWJIMYHUM HAMMWCAaHHAM, MOJAITbCA JBOMa ab63alaMU TaKMM YHUHOM: CIOYATKY
nepeKJaJ aHIJIiCbKOK MOBOIO (He TpaHcaiTepanis!), obopmieHuit 3a APA cTuiem i3 3a3Ha4YeHHAM
MOBU BHJAHHSA Y KPYIJIUX AyKKaX, a y Apyromy ab63aii — MoBoto opuriHaay 3a JACTY 8302:2015.
bibaiorpadiuge nocuiIandsa. 3arajbHl DOJI0KEHHS Ta IIPABMJIA CKIIAJAHHS

Hanpuknan:

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., 3enena JI. b. bio6e3neka npu popMyBaHHI paxoBUX KOMIETeHIiil 6akaaBpiB 3
KypciB «Mikpob6ioJsioria i BipycoJsioril 3 ocHoBaMu iMyHoJiorii» Ta «I'eHeTHUKa». EKo/102i4HI HayKu.
2022.N22(41). C. 141-145. DOI: https://doi.org/10.32846/2306-9716/2022.eco0.2-41.24

11.Y TekcTi cTaTTi BXXUBaWOTbCA Taki 3HaKU: Janku - (« »), anoctpod - ('), uepe3 mpoobia
TUpe (-), a He Aedic (-). IBokpanka (:) ctaBUTbCs 6€3 npobiy.

12. CsioBa, CJIOBOCIIOJIyYE€HHS Ta peYeHHS JIATUHChKOI MOBOK Y CTATTi BUAIJIAIOTH KYPCUBOM,
He3aJIe)KHO BiJf MOBM HallMCaHHS CTaTTi.

[Ipuknaau:
... the plant extract was carried out in vitro by the Kirby-Bauer disc...
... € BAXKJIMBUMHU 6ioMapKepaMH in vivo i 6i0MOHITOPUHTY...

Takconu (yci) Ta CHHTaKCOHU POCJIMHHOCTI HABOAATD JIKILE JJATUHCHKOI0 MOBOIO | BUAIIAIOTH
KYpPCHUBOM. 3BUYaHUM WIPUGTOM CJiJ, HABOAUTH aBTOpa(-iB) TAKCOHY UM CUHTAKCOHY 3a MepILoro
3ralyBaHHs y KOXHil CTPYKTYpHiM 4acTHHI cTaTTi (Ha3Bi, aHOTaLifIX Ta KJIOYOBUX CJA0BaX Oy/Ab-
SIKOI0 MOBOI0, BJIaCHe TeKCTi (Tisi) cTaTTi), a Takox Miinycax A0 TabJiulb Ta PUCYHKIB.

AKio y cTaTTi 3rafyoThCca BUAY, AKI HajJleKaThb [0 OJAHOT0 POAY, i MXK LIMMHU 3ra/jlyBaHHAMHU
HeMa€ 3raJlyBaHb BU/IB IHIIUX POJIB, TO NiCJA MepIIOro HallMCaHHA IOBHOI BU0BOI Ha3BU Jasi y
TEeKCTI Ha3By BUAY CJIiJ, [OJABATHU, CKOPOYYIOYM HA3By pOAy A0 Ieplioi JiiTepu 3 Kpamnkor. lle
NpaBUJIO 3aCTOCOBYETHCS Y MexXaxX O0y/ib-KOI CTPYKTYPHOI YaCTUHM CTATTi, @ TaKOX MiJMUCIB 70
TabJIMIb Ta PUCYHKIB.
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[Ipuksiaj HanMCcaHHS JJATUHCbKUX HAa3B TAKCOHIB i CUH TaKCOHIB Y OJHIN 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...

Key words: introduced plants, Picea abies (L.) Karst., Platanus L., Transcarpathia

AHOTALIA

... MbXKBUZ,0BUX TibpuAiB poay Platanus L. ...is Picea abies (L.) Karst.

... Tibpuau pony Platanus ... Picea abies...

... HanexuTb A0 Buay Platanus acerifolia (Aiton) Willd. i mae cTaTycy...

YrpynoBaHHs fIJIMHOBUX JICIB NPUAHINPOBCBKOI 4acTuHU CxigHoro Ilosicca HanexaTb f0
acouianit  Eu-Piceetum (Cajander 1921) Keilland-Lund 1967 Ta Querco-Piceetum
(Matuszkiewicz 1952) Matuszkiewicz et Polakowska 1955 3 coto3y Piceion excelsae Pawtowski
et al. 1928 nopsaaky Piceetalia excelsae Pawtowski et al. 1928 knacy Vaccinio-Piceetea Br.-Bl. in
Br.-Bl. et al. 1939.

[IpupoaHuM ATMHHUK acouianii Querco-Piceetum...

Kirouosi cioBa: 3akapnaTTs, poc/IMHU-IHTpOoAYyLeHTH, 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 «sycamorey, ..., 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...
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13.Tlicnga cnucky JiTepaTypHUX [IKepesl HaJla€TbCs iHPopMallis Npo KOXKHOTrO aBTopa
AHIJIIICBKOI0 MOBOIO:

*[lepmunii psggok - Surname, Name [in Ukrainian: IlpisBume Im’s] 1[i], mocaga, HaykoBUi
CTyIeHb Ta BUeHe 3BaHHA (3a HasABHOCTI), e-mail.

*HactynHuil psanok - o60B’si3koBe 3a3HadyeHHsA ORCID aBtopa (nmpodisb noBUHEH OyTH
3all0OBHEHWH Ta BIIKPUTUH /151 eperyasiiy rpoMaJiCbKOCTI).

*HacTynHuM psifiok — 3a3HayeHHsI ResearcherID aBTopa (3a HasIBHOCTI), 3a3Ha4eHHs Scopus-—
AuthorlD aBTopa (32 HasIBHOCTI).

*HacTynHui psaoK - 3a3Ha4YeHHs opraHisanii, B AKii pawnte aBTop.

*HacTtynHuil psa/iok - 060B’siI3KOBe 3a3HaYe€HHs1 NMOBHOI a/jpecy opraHisalii, y kil mpaijtoe
aBTOP, 3 YKa3aHHAM IHJIEKCYy Ta KpalHHU.

14. Y KiHILi CTOPiHKY BKa3y€EThCA JaTa ii HaiCUJIaHHSA Y peaKIlilo XKypHaJy.

Jlo cTaTTi AOAAETHCA CIMCOK 2-3 NMOTEeHLiiHUX peleH3eHTIiB (KaHAuAaTiB HayK Ta/abo
JOKTOpiB HayK, sKi 3[iMCHIOIOTb [AOCJiIPKEHHS 3a CHeljiaJbHICTIO, 10 BiANOBIJA€E TeMaTHUIli
no/laHoro AJid ny6utikallii MaTepiasy, i € aBTopaMu (CiBaBTOpaMH ) 3arajibHoOO KiJIbKiCTIO HE MeHIlIe
TPbOX MyOJIiKallid y HayKOBUX BUJAHHSAX, BKJIKYEHHUX A0 KaTeropil «A» Ta/abo kateropii «b»
[lepesniky HaykoBuX ¢paxoBUX BUIaHb YKpaiHH, Ta/ab0 y 3aKOp/JOHHUX BU/IAHHSAX, IPOiH/IeKCOBAaHUX
y 6asax manux Web of Science Core Collection Ta/a6o Scopus 3a BiAnoOBiIHOW crHeliaJibHICTIO,
ONpPUJIIOJHEHUX YNPOJOBXK OCTAHHIX M'ATU POKIB) i3 3a3HauYeHHSM iX Micusg poO6OTH, HAYKOBUX
inTepecis, ORCID Ta Google Scholar, e-mail.

IlogaHHA MaTepiaJiiB, ny6JIiKaLis Ta ZOCTyN A0 ONy06/IIKOBaHUX CTaTeil 6€3KOLITOBHO.
TekcT craTTi 1 JOJATKOBI MaTepia/Ju HaJACUJATU eJIeKTPOHHOX IMOUITOK Ha ajpecy
lukash2011@ukr.net a6o bht.journal.nuchc@gmail (y sincTi Bka3zaTu npisBuiie aBTopa).

PEJIAKIIIA KYPHAJIY HE HECE BIJATIOBIJIAJIBHOCTI 3A 3MICT CTATEM TA MOXKE HE
NOAI/IATHU AYMKY ABTOPA!

[i] * BkasaTu BHecok BianoBigHoro (1 - mepuioro, 2 — Jpyroro Toi0) aBTopa y nyoJikarlliro,

o6paBuin 3 mepediky: 1) study design, 2) data collection, 3) statistical analysis, 4) manuscript
preparation, 5) funds collection.
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