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Abstract

The article explores the fundamental role of viruses as generators of genetic variability and driving
force of macroevolutionary processes in the biosphere. Molecular biological strategies of virus replication
are analyzed within the paradigm of the Baltimore classification, which considers the genome type as
a determinant of transcriptional logic and adaptive potential of viral lineages. Attention is focused on
enzymatic replication systems — RNA-dependent RNA polymerase (RARp) and reverse transcriptase (RT),
devoid of an error correction mechanism. It is proven that the high frequency of incorporation of non-
complementary nucleotides and structural variability due to template changes lead to the formation of
quasispecies — highly dynamic populations of genetically related subvariants, which ensure evolutionary
plasticity and survival of the virus under selective pressure.

The molecular mechanisms of viral genome integration into host cell chromosomes as a basic pathway
of horizontal gene transfer are outlined. Obligate integration of retroviruses mediated by viral integrases
with co-optation of cellular proteins for chromatin navigation are considered, as well as the mechanisms of
lysogeny of temperate bacteriophages, which determine the genetic plasticity of prokaryotes and their
acquisition of new phenotypic traits (in particular, pathogenicity and stress resistance). The phenomenon of
the formation of endogenous viral elements (EVE) because of ancient integrations into eukaryotic germline
cells, which became a substrate for the emergence of new regulatory sequences, is described.

Hypotheses of the origin of viruses are synthesized. The concept of polyphyletic origin is asserted,
according to which different viral classes evolved independently from distinct predecessors (plasmids,
retrotransposons) through horizontal gene transfer, gene loss, and recombination, which makes it impossible
to identify a single common ancestor.

The central aspect of the work is the analysis of the consequences of viral-cellular coevolution through
the mechanism of molecular exaptation — co-optation of viral genes by host organisms to perform new
biological functions. The molecular basis of the formation of morphophysiological structures and immune
mechanisms based on integrated viral sequences is presented. Examples are detailed: fusogenic activity of
retroviral syncytin proteins during placentation; the origin of the neuronal gene Arc, which provides
intercellular communication and synaptic plasticity, from a retrotransposon; the transposon origin of RAG-
recombinase enzymes responsible for somatic recombination of gene segments in the vertebrate adaptive
immune system; the evolution of the CRISPR-Cas adaptive immune system of bacteria from casposons, the
role of endogenous retroviruses in maintaining the pluripotency of embryonic stem cells (HERV-H) and the
functioning of their LTR regions as transcriptional enhancers (MER41). It is argued that viruses are
a critical architectural element in the formation of genomes and the evolutionary complexity of cellular
biological systems.

Keywords: Baltimore classification, virus replication, quasispecies, horizontal gene transfer, endogenous
retroviruses, coevolution, molecular exaptation, origin of viruses, endogenous viral elements, gene
co-optation.
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Introduction

Despite the debatable status of viruses as living
organisms in classical biology, in the context of
evolutionary studies they are considered full
participants in the global exchange of genetic
material [1]. Morphological, ecological or
pathogenetic criteria have traditionally been used to
systematize this diversity. However, in the context
of studying replicative strategies and origin, the
classification proposed by D. Baltimore is of key
importance. The Baltimore classification structures
viruses by the type of nucleic acid of the genome
and the mechanism of synthesis of template RNA.
Each group uses a different molecular strategy for
transferring information from the viral genome to
the cellular translation apparatus. Class I — double-
stranded DNA viruses. The genome is represented
by a double-stranded DNA molecule. mRNA
synthesis occurs on the viral DNA matrix using
cellular or viral DNA-dependent RNA polymerase.
Class II —single-stranded DNA viruses. The genome
contains a single-stranded DNA molecule. Before
transcription begins, cellular DNA polymerases
synthesize a complementary strand. The formed
double-stranded DNA serves as a template for
mRNA synthesis. Class III — double-stranded RNA
viruses. The genome consists of double-stranded
RNA. mRNA synthesis is conducted exclusively by
the viral RNA-dependent RNA polymerase. This
enzyme is structurally part of the virion and is
transported into the cell during infection. Class IV —
positive-sense  single-stranded RNA  viruses
(hereinafter +ssRNA). The genome is represented
by the +ssRNA strand. Viral RNA has the polarity of
cellular mRNA and is directly translated by the host
ribosomes. The primary translation product is the
viral RNA-dependent RNA polymerase, which is
necessary for further genome replication. Class V —
negative-sense  single-stranded RNA  viruses
(hereinafter -ssRNA). The genome contains the
-ssRNA chain. This molecule is not capable of direct
translation. Synthesis of complementary mRNA
catalyzed by viral RNA-dependent RNA
polymerase, which is delivered to the cell in
a complex with the viral genome. Class VI — single-
stranded RNA viruses with reverse transcription.
The genome consists of +ssRNA. Viral reverse
transcriptase synthesizes double-stranded DNA on
the viral RNA template. The synthesized DNA is
integrated into the host cell chromosome in the form
of a provirus. Transcription of mRNA from the
provirus is conducted by cellular RNA polymerases.
Class VII — double-stranded DNA viruses with
reverse transcription. The genome is formed
partially by double-stranded DNA. After penetration

into the cell, the genome is repaired by cellular
enzymes to a full-fledged double-stranded episomes.
Cellular RNA polymerase synthesizes pregenomic
RNA. It simultaneously functions as mRNA and
a template for the synthesis of new viral DNA
genomes by viral reverse transcriptase [2,3].

Each class is an isolated evolutionary strategy
for overcoming cellular barriers. Genome type
rigidly determines the molecular logic of
transcription and replication, which determines the
adaptive potential of a particular viral lineage.

1. Molecular mechanisms of generating
genetic variability

The high rates of evolution and adaptation of
viruses to new environmental conditions or host
immune responses are due to the unique structural
organization of their genomes and the specificity
of their enzymatic replication systems. RNA-
dependent RNA polymerase (RdRp) and reverse
transcriptase (RT) play a significant role in the
generation of genetic diversity of RNA-containing
viruses and retroviruses.

In +ssRNA and -ssRNA viruses, replication is
mediated by a virus-specific enzyme, RNA-
dependent RNA polymerase (RdRp). A fundamental
evolutionary feature of RdRp is the lack (with
rare exceptions, such as coronaviruses) of
3'-5' exonuclease activity, i.e., an error correction
mechanism [4,5]. This leads to a high frequency of
incorporation of non-complementary nucleotides
during the synthesis of new RNA strands. To
compensate for the low fidelity of copying and to
optimize the overall replication cycle, +ssRNA
viruses have evolved the ability to compartmentalize
replication in virus-induced organelles (ROs).
The formation of membrane structures such as
spherules (Flaviviridae), double-membrane vesicles
(Coronaviridae) or tubules (Bunyamwera) serves
a dual evolutionary function: local concentration of
viral polymerases, helicases and template RNA and
spatial isolation of double-stranded replication
intermediates. Since the emergence of double-
stranded RNA in the cytoplasm is identified by
cellular sensors of innate immunity (e.g., RIG-I) as
a foreign molecule, and its membrane isolation is
necessary to prevent premature triggering of the
immune response. a similar strategy of hiding
genetic material is also inherent in large DNA
viruses that form cytoplasmic virus factories [6].

In turn, in non-segmented -ssRNA viruses, the
genome of which is represented by a single
continuous RNA molecule instead of separate
fragments, adaptation to rapid evolution is realized
through  the  mechanism of  competitive
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encapsidation. The synthesized antigen (+ chain) is
instantly covered with the nucleocapsid protein N
directly  during synthesis. During normal
transcription, the polymerase stops at specific
regions of the genome to form individual mRNAs.
The binding of the N protein to the newly synthesized
RNA physically hides these termination signals
from the enzyme. Blocking the signals forces the
polymerase to work in a high-processivity mode —
the enzyme does not detach from the template and
continuously synthesizes a single full-length
genome, maintaining the basic level of mutation
generation [7]. Retroviruses of the Retroviridae
family use a different strategy for generating genetic
diversity, based on RT activity. In addition to the
fact that RT also lacks a repair mechanism and
generates point mutations, the algorithm for
converting sSRNA to dsDNA itself provirus is
a source of structural variability. The process of
reverse transcription requires a complex mechanism
of template changes, the so-called “jumping”. RT
initiates synthesis from a tRNA primer at the primer
binding site (PBS), reaches the 5'-end, after which
the viral RNA region is degraded RNase H. RT then
“jumps” to the 3'-end of the template to continue

Exit

RNA virus

Replication

elongation and form long terminal repeats (LTRs).
When a cell is co-infected with two different strains
of retrovirus, RT can jump between two different
genomic RNA molecules. This is the primary
molecular mechanism ofhomologous recombination
in retroviruses, leading to the instantaneous
emergence of new genetic variants [8,9].

The consequence of the error-prone enzymes
(RdRp and RT) combined with rapid replication
cycles is the impossibility of fixing a single wild-
type genome. Instead, quasispecies are formed —
populations of genetically related mutant variants
of the virus within a single host [10]. The
evolutionary advantage of quasispecies lies in the
transition from individual to collective fitness.
Mutant variants in a population are capable of
complementation. Even lethal or defective
genotypes can be maintained in the pool by proteins
synthesized by other full-fledged virions in the
same cell. The presence of a wide range of
subvariants of the viral genome in the composition
of a quasispecies provides evolutionary plasticity,
allowing the population to instantly adapt to
changes in tropism, the action of antiviral drugs, or
pressure from the host immune system [11].

Viruses with different mutations

Natural selection

within the organism

Fig. 1. Scheme of the formation of quasispecies
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2. Integration mechanisms and horizontal
gene transfer

The ability of viruses to integrate their genetic
material into the chromosomes of host cells is one
of the main mechanisms of horizontal gene transfer
in the biosphere. Depending on the class of viruses,
this process may be an obligate step.

For retroviruses, integration of proviral DNA
into the host genome is a prerequisite for productive
infection. After reverse transcription is completed,
a preintegration complex is formed, the key enzyme
of which is viral integrase. It conducts 3'-processing
of the terminal regions of viral DNA, cleaving two
nucleotides from the 3'-ends of both strands to
create reactive sticky ends [12,13].

An important evolutionary feature of retroviral
integration is its non-randomness: viruses co-opt
cellular proteins to navigate chromatin. The
integrase of human immunodeficiency virus uses
the host factor LEDGF/p75 to direct the provirus to
active transcriptional domains, while the murine
leukemia virus interacts with BET proteins.
Integrase catalyzes a strand transfer reaction, joining
the 3'-ends of viral DNA to the 5'-ends of host DNA,
after which cellular repair systems fill in single-
stranded gaps [12,14].

In prokaryotes, the key agents of horizontal gene
transfer are temperate bacteriophages, capable of
switching between lytic and lysogenic pathways.
The choice of strategy is tightly regulated: the high
stability of the viral protein CII activates the
synthesis of the repressor CI, which blocks lytic
genes and converts the phage into a prophage state.
Physical integration of the phage genome into the
bacterial chromosome is provided by the viral
integrase with the obligatory participation of the
bacterial factors IHF and Fis. In the prophage state,
the viral DNA replicates passively together with the
host genome. Integrated prophages contain genes
that change the phenotype of the bacteria [15-18].
Direct evidence is the acquisition of pathogenicity
by Corynebacterium diphtheriae and Vibrio
cholerae, which produce diphtheria and cholera
toxins exclusively through the expression of genes
within integrated prophages. The balance between
integration and excision provides the bacteria with
dynamic genetic plasticity [19-22].

Unlike retroviruses and temperate phages,
eukaryotic ssDNA viruses (Parvoviridae) usually
do not encode their own integrases and replicate
episomally. However, molecular genetic studies
have recorded numerous traces of their ancient
integration in eukaryotic genomes — endogenous
viral elements (EVEs). These sequences were
formed as a result of the integration of viral genomes

into germline cells with subsequent vertical
inheritance. Their presence became the evolutionary
material for the emergence of new regulatory
sequences and changes in the chromatin architecture
in the host genome [23,24].

Endogenous parvovirus elements have been
identified in vertebrate genomes — integrated
sequences of the rep and cap genes of ancient
parvoviruses, the integration of which occurred
approximately more than 30 million years ago [25].

A modern example of the ability of ssDNA
viruses to integrate into the genome is adeno-
associated virus (AAV), which demonstrates
a unique mechanism of site-specific integration into
the 44AVS1 locus on human chromosome 19 [26].
The process is initiated by the viral Rep protein,
which recognizes the RBS (Rep binding site) and
makes a single-strand break, forming a covalent
bond with the host DNA and releasing the 3'-OH
group. This free end serves as a primer for cellular
polymerases, which copy the viral genome by
template switching [27].

Integration of viral genes into host genomes
provides evolutionary innovations. Sequences that
originally served the infectious cycle of the virus
acquire new functions in eukaryotic organisms.
They become the basis for the formation of new
tissues, transcriptional networks, and immune
systems. a list of key features of multicellular
organisms that arose as a result of horizontal transfer
of viral genes is given in Table 1.

3. Evolution of viruses and theories of their
origin

The origin of viruses is still a matter of debate.
The three main theories of viral origin — the virus
world theory, the gene escape theory, and the cellular
regression theory — cannot fully explain the origin
of the virosphere, as viruses exhibit a huge diversity
of both replicative and morphological, infectious,
and adaptive strategies.

Therefore, it is impossible to trace their single
common ancestor. Accordingly, the theory of the
polyphyletic origin of viruses arises, that is, the
absence of a single common ancestor, analogous to
LUCELLA, the last universal common ancestor, in
cellular organisms [43,44]. The diverse groups of
viruses most likely arose from different ancestors.
ssDNA viruses probably arose several times
independently as chimeras: the replication proteins
were obtained from plasmids, the capsid proteins from
RNA viruses. RNA viruses, Baltimore classes 3-5,
are descended from a common ancestor that had
an RdRp, but horizontal gene transfer, frequent
gene loss or recombination events have divided
them into distinct groups. Reverse transcription
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Table 1
Key features of multicellular organisms that arose as a result of horizontal transfer of viral genes
Feature (property) Biological function of the trait Gene or regu!atory ele.m ent that Virus — gene donor Source
provides a trait
Placentation in mammals Fusion of trophoblast cells to form immune syncytin-1, syncytin-2 Endogenous retroviruses HERV-W, [28]
tolerance to the embryo HERV-FRD (env)
Placentation in skink-like lizards | Fusogenic activity in the placenta of viviparous syncytin-Mab1 (Mab-Envli) Endogenous retrovirus (env) [29]
(Mabuya) lizards
Formation of the myelin sheath | Activation of myelin basic protein (MBP) gene RNLTR12-int (non-coding RNA) Endogenized gammaretrovirus [30]
in vertebrates transcription through binding to SOX10 factor
Synaptic plasticity and memory | Transport of mMRNA between neurons in Are Ty3/ gypsy (gag) family retrotransposon [31]
in tetrapods extracellular vesicles (capsid-like structures)
Adaptive immunity of jawed Catalysis of V(D)J recombination to generate RAGI, RAG2 DNA transposon superfamilies 7ransib [32,33]
vertebrates antibody and T-cell receptor variability (transposase)
Pluripotency of primate Recruitment of coactivator complexes, LTR sequences and long non-coding | Endogenous retrovirus HERV-H [34]
embryonic stem cells prevention of premature cell differentiation RNAs
Adaptation to a starchy diet in Providing novel tissue-specific promoter for AMYI (regulatory region) Retroviral element HERV-E [35]
hominids enzyme overexpression in salivary glands
Immune regulation in humans Regulation of immune response genes through Regulatory area near AIM2 Endogenized gammaretrovirus MER41 [36]
STAT1/IRF1-dependent pathways (enhancer
activity)
Antiviral protection of human Physical blocking of the cellular receptor ASCT2 | Suppressyn (SUPYN) Endogenous retrovirus HERVH4S [37]
cells to prevent infection by exogenous retroviruses
Development of the feto- Trophoblast cell proliferation and differentiation, | PEG10, PEG11/RTLI Endogenized gammaretroviruses [38]
placental complex vascular development, transplantation tolerance
Regulation of development and | Ensuring normal morphogenesis and NIToEVE14 Endogenized toti-like virus (TOEVE) [39]
fertility in insects reproductive function of grasshoppers
(Nilaparvata lugens)
Genomic stability in humans Involvement in cell cycle regulation and EBLN-1, EBLN-2 Endogenized bornavirus [40]
microtubule formation
Resistance to retroviral Blocking the infectious cycle of murine leukemia | FvI Endogenous retrovirus of the ERV-L family [41]
infections in mice virus (MLV) at the post-cell entry stage (gag)
Immunosuppression by parasitic | Delivery of immunosuppressive genes into the Genes of structural proteins of virus- | Polydnaviruses (derived from nudiviruses) [42]

braconid wasps (Braconidae)

caterpillar body to protect the laid parasitoid eggs

like particles
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viruses, Baltimore classes 6—7, have a common
origin from retrotransposons [45]. All three mecha-
nisms have likely occurred in the evolution of
diverse groups of viruses.

4. Coevolution of viruses and their hosts

Since viruses are obligatory intracellular
parasites and require a cell to carry out their genome,
their rate and direction of evolution are directly
dependent on the evolution of the host. The evolution
of other organisms under the influence of positive
selection for resistance to viruses forces them to
adapt to infections. As a result, there is a so-called
“arms race” between the virus and the host.

Although it is generally accepted that 8% of the
human genome is exclusively composed of classical
endogenous retroviruses, the total proportion of
mobile genetic elements of viral origin is as high as
45% [46]. Ancient integration of retroviruses has
provided the molecular basis for the formation of
key morphological structures in vertebrates. For
example, in placental mammals, syncytin proteins
are encoded by the env genes of endogenous
retroviruses. HERV-W and HERV-FRD. These viral
proteins provide fusogenic activity — the fusion of
trophoblast cells with the formation of
syncytiotrophoblast and also form the immune
tolerance of the mother’s body to the embryo. The
formation of the myelin sheath of nerve fibers in
vertebrates depends on the endogenous retroviral
element RNLTR12-int. This sequence is transcribed
into a non-coding RNA, which binds to the
transcription factor SOX10 and specifically triggers
the expression of myelin basic protein (MBP) in
oligodendrocytes [30,47].

Viral and subviral elements determine the
functioning of higher nervous activity through
mechanisms of intercellular communication. The
Arc gene, important for synaptic plasticity, long-term
memory formation and neurocognitive processes in
tetrapods, evolved from a retrotransposon of the
Ty3/gypsy family. The Arc protein has retained the
ability to oligomerize, inherent in viral Gag proteins,
and forms structures homologous to viral capsids.
These capsid-like complexes capture their own
mRNA Arc, transported to synaptic terminals and are
released into the extracellular space as part of
extracellular vesicles. Uptake of these vesicles by
neighboring neurons provides horizontal transfer of
genetic information, which locally modifies synaptic
plasticity without involving the nuclear apparatus of
the recipient cell [31].

The adaptive immunity system of jawed
vertebrates is based on molecular mechanisms
borrowed from mobile genetic elements. The

process of V(D)J recombination, which generates
antibody and T-cell receptor variability, is catalyzed
by the proteins RAG1 and RAG2. These enzymes
are derived from the DNA transposase transposon
superfamilies Transib. Evolutionary transformation
has transformed the “cut and paste” mechanism
characteristic of autonomous transposons into
a regulated process of somatic recombination of
gene segments. Instead of mobilizing its own
genome, the co-opted RAG transposase specifically
recognizes recombination  signal  sequences
(Recombination Signal Sequences — RSS) on host
chromosomes, creating double-stranded DNA
breaks required for the assembly of unique antigen-
recognition receptors [33].

In primates, transcripts of the endogenous
retrovirus HERV-H constitute a significant fraction
of the total RNA pool in embryonic stem cells and
are obligatory for the maintenance of a pluripotency
state. HERV-H long terminal repeats contain
binding sites for key pluripotency factors (OCT4,
SOX2, NANOG) and act as enhancers. Long
noncoding RNAs transcribed from HERV-H loci
serve as molecular scaffolds that recruit coactivator
complexes to specific regions of the genome,
preventing premature cell differentiation [34].

In the hominid lineage, adaptation to a high-
starch diet was accompanied by amplification of the
salivary amylase (AMY1) gene. Integration of the
HERV-E retroviral element near the ancestral AMY1
gene provided a novel tissue — specific promoter
that initiated overexpression of the enzyme directly
in the salivary glands, whereas the original gene
was expressed predominantly in the pancreas. The
presence of multiple homologous retroviral
sequences at this locus triggered unequal crossing
over during meiosis, which ensured an increase in
the number of copies of the AMYI gene in the
human genome [35].

In bacteria, particularly Escherichia coli, the
presence of integrated prophages critically affects
viability and stress resistance. For example, the
deletion of nine cryptic prophages from the
genome E. coli K-12 leads to increased sensitivity
of the bacterium to oxidative stress and the action
of quinolone antibiotics. At the molecular level,
this protection is provided by specific phage
genes: Kil protein, encoded by prophage Rac,
during cellular stress, binds to the bacterial
protein FtsZ and inhibits its polymerization,
thereby blocking cell division and giving the
bacteria time to repair damaged DNA. In the
process of coevolution, a number of protective
mechanisms of viral origin have been formed.
The phenomenon of superinfection exclusion is
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that the already integrated virus expresses surface
or cytoplasmic proteins that physically block host
cell receptors or prevent translocation genome of
secondary viruses [48,49].

CRISPR-Cas system, which provides adaptive
immunity of bacteria against phages, arose through
the co-optation of casposons — self-synthesizing
DNA transposons. The main adaptation enzyme
Casl, which cuts and integrates new viral spacers
into the CRISPR locus, is an evolutionary descendant
of the casposon transposase, which has lost the
ability to move autonomously, but has retained
endonuclease activity for the directed incorporation
of foreign DNA fragments [50].

Conclusions

Viral replication generates fundamental genetic
variability in the biosphere. The constant
accumulation of viral mutations leads to the formation
of quasispecies. Quasispecies ensure continuous
adaptation of the virus to the host’s selective pressure.
The mechanisms of integration of viral genomes into
the genomes of other organisms provide global
horizontal gene transfer. The coevolution of viruses
and hosts is realized through molecular exaptation.
Viral elements are the structural basis for the
emergence of complex aromorphoses. The molecular
logic of viral replication directly determines the
macroevolutionary complexity of cellular organisms.
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MOJIEKYJISIPHI CTPATEI'Ti BIPYCHOI PEIIJIIKAIIT
TA IXHIH BIIJIUB HA EBOJIIOLIIO TEHOMIB KJIITUHHUX OPTAHI3MIB

VY crarTi nochipKeHo GyHIaMEeHTaIbHY POJIb BIpyCiB sIK TeHepaToOpiB FTeHETHYHOT MIHJIMBOCTI Ta PYIIIAHOT
CHJTH MaKpOEBOTIOLIHHKX TIporieciB y Oiocdepi. [IpoananizoBaHO MOJIEKYIIPHO-010JIOTIUHI cTpaTerii peruti-
KaIlil BipyciB y MeKax nmapaJurMu baaTuMopcebkoi kiacugikarii, sska po3nisiaae THII TCHOMY SIK JCTEPMIHAHTY
TPAHCKPHITIIHHOT JIOTIKH Ta aJaNTalliifHOTo MOTEHIIaTy BIpyCHUX JIiHIH. YBary c()oKycoBaHO Ha ()epMeHTa-
TUBHUX cucTemax perntikanii — PHK-3anexwniii PHK-monimepasi (RdRp) Ta 3BopotHiii Tpanckpunrasi (RT),
1030aBJICHUX MEXaHi3My KOPEKIIii TOMIJIOK. JIOBE/IEHO, 110 BUCOKA YaCTOTa IHKOPIIOPAIlii HEKOMILIEMEHTap-
HUX HYKJICOTHIB Ta CTPYKTYpPHA MIHJMBICTh YHACTIJOK 3MIHH MaTpPHUIb MPU3BOIATH JO (OPMYBaHHS
KBa3iBU/IB — BHCOKOJMHAMIUHUX TOMYJSIIA TEHETHYHO CIOPITHEHUX CyOBapiaHTIB, SKi 3a0e3IeuyroTh
CBOJIFOLIHY TUIACTUYHICTD T4 BUKUBAHHSI BIPYCY B yMOBAX CEJIEKTUBHOIO THUCKY.
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OxkpeciieHO MOJIEKYJISIpHI MEXaHI3MH IHTerpallii BipyCHOT0 FeHOMY B XpOMOCOMH KJIITHH-Xa3siB K 0a30-
BHH IIJISIX TOPU30HTAIILHOTO MTEpEeHEeCEeHHs TeHiB. Po3IIsiHYTO 00iraTHy iHTerpariiro peTpoBipyciB, orocepe-
KOBaHY BIPYCHHMH IHTETpa3aMK 3 KOONTAIIEF0 KJIITHHHUX OUIKIB JUTS HABITaIlil [0 XPOMaTHHY, & TAKOK MeXa-
HI3MH JII30TeHiT MOMipHHUX OakTepiodaris, sKi 3yMOBIFOIOTh TCHETUYHY IIACTHYHICTh MPOKAPIOTIB 1 HAOYTTS
HUMH HOBUX ()CHOTHIIOBHX O3HAaK (30KpeMa MaTOreHHOCTI Ta CTIHKOCTI J0 crpeciB). OnucaHo (eHOMEH
YTBOPEHHSI €HIOreHHUX BipycHUX esieMeHTiB (EVE) yHaciiiok ctapojaBHIX iHTErpalliid y KIIITHHHU 3apOIKO-
BOI JIiHIT €yKapiOTiB, 110 CTalli CyOCTPATOM JUIsl BAHUKHEHHS HOBUX PETYJISITOPHUX MOCITIIOBHOCTEH.

Y3arajbHEHO TINOTEe3W MOXO/UKEHHS BipyciB. CTBEP/DKYEThCS KOHIICIIIIS TIOTI(IIETHIHOTO TOXOIKECH-
Hs, 3T1JIHO 3 SIKOYO Pi3HI BIPYCHI KJIaCH €BOJTFOLIIOHYBAIHM HE3aJISKHO BiJl BI/IMIHHUX ITOTICPETHUKIB (TTa3Mi/,
PETPOTPAHCIIO30HIB) YHACTIIOK TOPU30HTAILHOTO TIEPEHECEHHs ITeHIB, BTpaTH TEHIB Ta PEKOMOIHAIIIM,
0 YHEMOXKIIUBITIOE 17ICHTHU(DIKAIIIIO €IMHOTO CIUILHOTO TPEJIKA.

LleHTpaabHUM acteKTOM pOOOTH € aHalli3 HACNIJKIB BIPYyCHO-KIIITHHHOI KOEBOIIOIT Yepe3 MeXaHi3M
MOJIEKYJISIPHOT €K3aITallii — KOOMTAaIlil BIpyCHUX IeHIB OpraHi3MaMHu-Xa3sssIMH JJTsl BAKOHAHHSI HOBHX 01010~
rivaux ¢yHknid. HaBeneno monekynsapHy 6a3y GpopMmyBaHHS MOP(PO(Di3i0M0TiyHUX CTPYKTYP Ta IMYHHHX
MEXaHI3MIB Ha OCHOBI IHTEIPOBAaHUX BIPYCHHX TOCHITOBHOCTEH. JleTanizoBaHo mpukiamu: (y30reHHa
AKTHUBHICTh PETPOBIPYCHUX OUIKIB CHHIIUTHHIB Y MPOIIEC TUTALCHTAIIIT; TOXOKSHHST HEHPOHAIBLHOTO reHa
Are, mo 3a0e3neuye MDKKIITHHHY KOMYHIKAIFO Ta CHHANTHYHY TUTACTHYHICTh, BiJ PETPOTPAHCIIO30HA;
TPaHCIO30HHE NOXO/PKEHHS pepMeHTiB RAG-pekoMOiHa3u, BiIMOBIIAIBHHUX 3a COMATHYHY PEKOMOIHAIIIO
TeHHHX CETMEHTIB y CHCTEMI aJ[allTHBHOTO IMYHITETY XpEOSTHHX; €BOJIOLIISI aJalTHBHOT IMyHHOT CUCTEMHU
6akrepiit CRISPR-Cas Bij kacrmo30HiB; poJib €HAOTCHHUX PETPOBIPYCIB Y MiATPUMAHHI TUTFOPUIIOTEHTHOCTI
eMOpioHaJIbHUX CTOBOYpOBHX KIIiTHH (HERV-H) Ta dyHkuionyBaHHs iXHiX LTR-IIISHOK SIK TpaHCKPHITITIK-
HUX eHxaHcepiB (MER41). OOrpyHTOBaHO, IO BipyCH € KPUTUIHUM apXiTEKTYPHAM €JIEMEHTOM y (hopmy-
BaHHI FT€HOMIB Ta €BOJIIOLIHHOMY YCKJIaTHEHHI KJIITHHHUX O10J0TTUHUX CHCTEM.

Kurouosi cioBa: bantumopcbka kiacudikaiiis, perutikaliisi BipyciB, KBa3iBUIH, TOPU30OHTAIBHE Mepe-
HECCHHS TEHIB, CHJOTCHHI PETPOBIPYCH, KOEBOMIOLIs, MOJICKYISpHA €K3amTallisi, MMOXO)KEHHS BipyCiB,
€HJIOTCHHI BIPYCHI €JIEMEHTH, KOOTTAIlisl TeHIB.
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VARIABILITY OF GLIADIN BLOCKS IN HYBRID DERIVATIVES
OF MIGUSHOVA WHEAT AND COMMON WHEAT

Abstract

The electrophoretic spectra of gliadin components of Triticum miguschovae Zhir., B F, progeny from
crossing Migushova wheat (A A*GGDD) with common wheat varieties Vdala and Panna, winter common
wheat varieties T. aestivum L. (A"A"BBDD) Aurora, Vdala, Leleka, Nikonia, Odeska 267, Panna, Selyanka,
Tira, were studied. Comparison of the electrophoretic spectra of gliadins of the parent plants that were
used to obtain F', hybrids revealed the presence of differences in some components of the spectrum for both
pairs — Migushova wheat x Vdala and Migushova wheat x Panna. For the first crossbreeding combination,
17 components out of 25 were polymorphic for the spectra of the parental plants. For the second
crossbreeding combination, 10 out of 27 were polymorphic. In the gliadin spectra of B, grains,
a combination of parental components was found, which confirms the hybrid origin of B F', grains. In the
spectra of F, grains, polymorphisms that are characteristic for Migushova wheat prevailed. The only
exceptions were components 14 and 24, for which the polymorphism “0”, characteristic of the spectrum
of the Vdala variety, prevailed. Components 7 and 21 were not present in the spectra of parental plants of
both crosses, but they appeared in the electrophoretic spectra of B F, descendants. The version of the
cross-pollination of hybrids T. miguschovae x T. aestivum had to be rejected due to the complete sterility
of such hybrids, known from previous years of work with hybrids of Miguschova wheat and common
wheat. That is, components 7 and 21 are the novelty. For hybrids from the crossing of Miguschova wheat
with the Panna variety, the tendency of the dominance of the spectrum components characteristic for
Miguschova wheat is preserved, although here too there are exceptions: for components 8 and 18, the
polymorphism “1” characterizes Panna and it is most often registered in the spectra of grains. In the
spectra of hybrids from this cross, the newest components 7 and 21 are also present. Component 21 is
found in almost all spectra with rare exceptions. Component 7 is present in the descendants of four out of
six F, hybrids from the crossing of Migushova wheat with Vdala, and among the hybrids with Panna it is
present in the spectra of 11 out of 12 F', hybrids. Other novel components are 26 and 27. They are present
in the spectra of B F, grains, which originated from a single F, plant No. 621. It can be assumed that the
molecular event that resulted in the appearance of novel components in the gliadin spectrum occurred
precisely in this plant. Its F, descendants can be involved in further studies at the level of nucleotide
sequences of gliadin genes to clarify the nature of molecular processes that occur in genomes of hybrid
origin and become the source of the emergence of novel traits.

Keywords: common wheat, Migushova wheat, gliadins, hybrid genome, novel traits.

Introduction cultivated plants, i.e., varieties. Such genes are
Artificial introgressive hybridization is the designed to improve the cultivated species in terms
crossing of individuals belonging to different of selectively important traits. First of all, such traits
biological species. It is widely used in plant are resistance to biotic and abiotic environmental
breeding, in particular, in common wheat, to factors [1,2]. It is believed that the numerous wild
introduce genes of alien origin into the genome of relatives of wheat are an inexhaustible source of
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useful genes, and they can be transferred to the
wheat gene pool through introgressive hybridization
[3—8]. Migushova wheat is an artificially developed
amphidiploid of Militina wheat with the A"A*GG
genome and Tausch aegilops with the DD genome
and differs from common wheat (A"A"BBDD) in
two of the three subgenomes [9]. Its attractive
properties are high protein content in the grain [10]
and resistance to Fusarium wilt [11]. Fusarium wilt
is a cereal disease that is gradually emerging as
a fungal disease of wheat [12—15]. Plants affected
by fusarium wilt do more than just reduce
productivity. They produce grain that is toxic to
humans and animals when consumed [16].
Currently, very limited sources of genetic resistance
to fusarium wilt are known, and one such source is
Migushova wheat [11]. Crossing common wheat
with Migushova wheat is characterized by poor
congruence, as first-generation hybrids are almost
self-sterile and produce kernels with an average
frequency of 0.5 kernels per spike. Fertility is
restored very slowly in subsequent generations.

In recent years, it has been found that so-called
novel traits, i.e. gradations of traits that were not
inherent in any of the cross components, may appear
among the descendants of wide crosses. It has been
suggested that the consequence of introgressive
hybridization is not only the transfer of alien genetic
material to the genome of the recipient cross
component, but also the promotion of genetic
instability of the genome of hybrid origin, which
can be considered the manifestation of novel traits
[17-23]. At what level, genetic or epigenetic, the
expansion of variability occurs remains to be
determined [24-27].

Gliadins are an optimal genetic model on which
the expansion of genetic variability of the hybrid
genome in comparison with the cross components
can be studied. Due to the cluster nature of the
corresponding genes and the presence of six
paralogs/orthologs in the genome [28], gliadins
seem to be a very convenient system for rapid and
inexpensive screening of hybrid progeny to verify
their hybrid origin and possible detection of
genotypes by gliadin genes, the appearance of which
cannot be explained only by the recombination of

the genetic material of the original cross components.
The article presents the results of studying the
gliadin spectra of the progeny of B F, Triticum
miguschovae x T. aestivum to confirm the hybridity
of their genomes. The phenomenon of asymmetric
combination of gliadin spectrum components and
the appearance of new components, relative to the
parental spectra, are analyzed and discussed.

Materials and methods of the study

The source of gliadin proteins was: winter
varieties of common wheat (Triticum aestivum L.,
genome A"A"BBDD) Aurora, Vdala, Leleka, Nikonia,
Odeska 267, Panna, Selyanka, Tira; Migushova
wheat (Triticum miguschovae Zhir.,, genome
A’A’GGDD); seed progeny B F, (hereinafter F,)
from B/F, plants (hereinafter F,) from crossing
Migushova wheat with common wheat varieties and
performing one backcross with common wheat
(Table 1). Four random grains were taken from each
F, plant, and the gliadins isolated from them were
subjected to electrophoretic analysis.

Wheat storage proteins gliadins were isolated
from single dry wheat grains with 70% ethyl alcohol.
Extracted for 1.5 hours, 60 pl of the upper
supernatant phase was taken and evaporated at
60 °C in a dry heat oven for 24 hours. The dry
precipitate was dissolved in 50 pl of 5.5 M urea
solution. Electrophoretic separation of gliadins was
performed in a vertical polyacrylamide gel (PAAG)
according to the Brzezinski method [29]. Gels were
prepared for separation and concentration. For
polymerization of gels, solutions of TEMED and
PSA catalysts were used in an amount of 20 pl and
200 pl, respectively. Samples with extracted gliadins
were added to individual slots of the concentrating
gel in 20 pl. Electrophoretic separation was carried
out from anode to cathode for 7 hours: U =300 V;
I = 15 mA — until entering the gel for separation;
U =300 V; I = 30 mA — until the end of the
electrophoresis process. The glass with the gel sewn
to it was washed with running water and fixed in
a solution with a dye overnight. The zones of gliadin
activity are visualized as dark blue stripes on a light
blue background. Gels with the results of
electrophoresis are suitable for storage and analysis.

Table 1

Origin of the F, hybrids studied

Field numbers of hybrids F,

Hybrid from crossing 7. miguschovae
with a variety of common wheat

401405, 438, 439,1086, 1088, 1090-1094, 1096-1099

Vdala

431, 432, 434437, 441-443, 1077, 1078, 1085

377,379, 381, 383-399, 406416, 418, 419, 421426, 428, 429,

Panna
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The results of electrophoresis were recorded by
describing the electrophoretic spectrum of the
samples in the 1/0 system (component of the
spectrum is present/component is absent). The basis
for the numbering of the components were the
spectra of Migushova wheat, common wheat
varieties Vdala and Panna, whose gliadin spectra
were available on each slide. To standardize the
description, after obtaining the spectra of all
samples, all detected components were numbered
from 1 (the heaviest component) to 27 (the lightest
component). This registration system allows you to
compare any samples by gliadin spectrum without
studying the genetic control of individual
components, since the products of six cluster genes
(GliA1l, GliB1, GliD1, GliA2, GliB2, GliD2) are
separated [28].

Results and discussion

Based on the results of gliadin separation in
PAAG, electrophoretic spectra of gliadin components
were obtained for Miguschovae wheat (Tables 2 and 3,
column 2), common wheat varieties Vdala (Table 2,
column 3) and Panna (Table 3, column 3), and F,
grains from the 7. miguschovae x Vdala (Table 2)
and 7' miguschovae x Panna (Table 3) crosses. The
description of the spectra in Tables 2 and 3 is
presented according to the system 1 (component
present)/0 component absent. Gliadins of hexaploid
wheat are encoded by six genes, two for each of the
three subgenomes, and free combination of these
genes is expected in hybrid plants, since they are
located on different chromosomes, the 1st and
6th homoeologous groups [28]. The initial analysis
consisted of comparing the spectra gliadins isolated
separately from each of the four F, grains from each
F, plant listed in Table 1. This comparison did not
reveal any differences in the gliadin spectra of F,
grains obtained from F, hybrids. Therefore, in
Tables 2 and 3, each F, hybrid is represented by only
one spectrum common to all F, grains.

Further analysis of electrophoretic spectra
consisted in comparing the spectra of F, grains with
the gliadin spectra of the plants that were parents in
the original crosses. Such a comparison revealed
a difference (polymorphism) in some components
of the gliadin spectrum for both crosses: Migushova
wheat x Vdala and Migushova wheat x Panna. In
Tables 2 and 3, the components of the gliadin spectra
by which the parent plants differ are marked in pink.
For the Migushova wheat x Vdala, 17 polymorphic
components out of 24 presented in Table 2 were
found. For the Migushova wheat x Panna, 10 out of
27 were found (Table 3). Characterization of the
gliadin spectra of F, grains by these spectral

components, which differed for the plants of the
initial cross, makes it possible to confirm the hybrid
nature of their genomes: the spectra contain various
combinations of gliadin spectrum components,
polymorphic according to the 1/0 system, which
characterize Migushova wheat and the common
wheat varieties Vdala or Panna, with which it was
pollinated, obtaining F hybrids.

Table 2 shows that the spectra of F, grains are
prevailed by polymorphisms that are characteristic
of Migushova wheat. And this does not depend on
which state “1” or “0” is characteristic of the gliadin
spectrum of Migushova wheat. Therefore, the
established tendency of the asymmetry of the gliadin
spectrum towards the prevalence of components
characteristic of Migushova wheat cannot be
explained simply by the increase in class “1” due to
the entry into it of both homozygotes for this
polymorphism and heterozygotes. An exception
was found: for components 14 and 24, the
polymorphism “0” inherent in the gliadin spectrum
of the Vdala variety prevails.

The tendency of the prevalence of spectrum
components characteristic of Migushova wheat is
also preserved for hybrids from the crossing of
Migushova wheat with the Panna variety. There is
also an exception here: for components 8 and 18 in
the gliadin spectra of grains, polymorphism “1” is
most often recorded, and it characterizes the Panna
spectrum (Table 3). Thus, the asymmetry of hybrids
from the crossing of Migushova wheat as a maternal
component with common wheat varieties as
a parental one according to the morphological
characteristics of the ear, which was revealed
according to the evaluation data of F, hybrids, is
fully confirmed when considering the gliadin spectra
of parental plants and their hybrids.

An important feature of the gliadin spectra of F,
grains is the presence in them of components that
were not present in the spectra of the parent plants,
Migushova wheat and common wheat varieties. In
Tables 2 and 3, the corresponding components are
marked with a green color. These are components 7
and 21, which are recorded in the gliadin spectra of
hybrids of both cross combinations. Component 21
is found in almost all spectra with a few exceptions.
Component 7 is present in the spectra of F, hybrids,
which originate from four of the six F, hybrids taken
for study, from the cross of Migushova wheat with
the Vdala variety. In Tables 2 and 3, the origin of F,
hybrid grains from different F, plants can be seen in
the table headers, top row. For the crossing of wheat
Migushova x Panna hybrids with the newest
component of the gliadin spectrum 7 were derived
from 11 of the 12 F, hybrids taken for study.
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When an illegitimate component (one that should
not have been present judging by the spectra of the
parent plants) appears in the gliadin spectra, an
assumption naturally arises about the possible cross-
pollination of the hybrids during the growing season.
It was to verify this assumption that the gliadin
spectra of common wheat varieties that grew in the
field together with the F, hybrids were studied.
However, although components 7 and 21 are indeed
present in the spectra of some of the varieties studied,
the assumption of cross-pollination had to be
abandoned. Firstly, because of the high frequency of
the presence of these components among the
offspring. This shows that the novel component
appeared in the early hybrid generations (F, and F),
and the hybrids of these generations were grown in
an artificial climate room where no common wheat
varieties except Vdala and Panna were grown.
Secondly, long-term experience in attempts to obtain
hybrids between Migushova wheat and common
wheat varieties shows without any exceptions that it
is very difficult to cross Migushova wheat with
common wheat.

After artificial pollination of emasculated
Migushova wheat flowers with common wheat
pollen, hybrid grains can be obtained with a frequency
of 0.3-0.5 per spike, and not with all common wheat
genotypes. In particular, of the seven (Vdala, Leleka,
Nikonia, Odeska 267, Panna, Selyanka, Tira) varieties
involved in crosses with Migushova wheat, the result
was achieved only for two varieties. Hybrid grains
are characterized by wrinkling (poorly developed
endosperm) and not all of them survive germination.
F, plants remain highly sterile and require
backcrossing, sometimes twice. Therefore, the
appearance in the gliadin spectra of B F, seeds (after
one backcross) of components that are new in
relation to the spectra of the parent plants of the
initial cross should be considered as an example of
a novel trait. The appearance of a novel trait
indicates the course of some molecular processes
that accompany the formation and consolidation of
hybrid genomes. Currently, many molecular
mechanisms are known that could be considered
responsible for the emergence of such novel traits.
Verification of the possibility of participation of
such mechanisms is a matter of further research.
Now we can only assume that this mechanism
worked in the early hybrid generation, which is why
the novel components of the spectrum turned out to
be widespread in almost all F, hybrids.

Other novel components are 26 and 27. They are
clearly visible in the spectra of grains that came
from one F, plant No. 621 of the cross of Migushova
wheat with the Panna variety. It can be assumed that
the molecular event that resulted in the appearance
of novel components in the gliadin spectrum
occurred precisely in this plant. Its F, descendants
can be used for further research at the DNA level
into the nature of molecular processes that occur in
genomes of hybrid origin and become the source of
the emergence of novel traits.

Conclusions

The presence in the gliadin spectra of F, grains
of various combinations of components of the
spectra of Migushova wheat and common wheat
varieties Vdala and Panna, polymorphic according
to the gliadin spectrum description system 1/0,
indicates the hybrid nature of the studied grains.
The gliadin spectra of F, grains were prevailed
by polymorphisms characteristic of Migushova
wheat, which coincides with the phenotypic
asymmetry of F, hybrids according to
morphological features, established during the
cultivation of these plants in the field. The gliadin
spectra of hybrid grains include novel components
that were not present in the spectra of the parent
plants. The frequency of their distribution in
hybrids indicates that the molecular events that led
to their appearance occurred in F —F, hybrids. The
novel components of spectra 26 and 27 arose in the
F, generation. Verification of gliadin spectra allows
identifying hybrid plants, the genome of which can
become the object of further research to establish
the nature and course of molecular events that
occur in genomes of hybrid origin and can serve as
a source of the emergence of new traits.
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Table 2

Description of electrophoretic spectra of gliadin components in PAAG in F, grains of the T miguschovae x Vdala cross combination.

Here and in Table 3, “1” means the presence of a component, “0” — absence.
The first line of the table header indicates the numbers of F, hybrids, the second line - F,
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Table 3

Description of electrophoretic spectra of gliadin components in PAAG in F, grains of the T miguschovae x Panna cross combination
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Table 3 (continued)

oty

Sy

1444

€&y

625

(444

X474

61y

81y

631

91y

Siy

629

1484

ey

(454

884

901

01y

630

601

80¥

LOY

901

euuRq

avaoyosn3iu ;|

Joquinu
juouodwo))

10

11

12
13
14
15
16
17
18
19
20
21

22

23

24
25

26
27




19

V. Plyhun, V. Martynenko, T. Ternovska. Variability of gliadin blocks in hybrid derivatives of Migushova wheat and common wheat

Table 3 (continued)
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MIHJIMBICTH IUTIAJIMHOBUX BJIOKIB ¥ TIBPHIHUX MOXIJTHUX
MIIEHUII MIT'YIIOBOI TA NIIEHUIII M’SIKOI

BuBueHo enexTpodopeTuyHi CieKTpH [iaIMHOBUX KOMIIOHEHTIB 11t Triticum miguschovae Zhir., Halaakis
B lF . BiJI CXpellyBaHHs MieHuI MiryioBoi 3 copramu miieHuii M’sikoi Baana ta [lanHa, 03MMUX COpPTIB IiLie-
nuwi M’sikoi 10 aestivum L. (A"A"BBDD) ABpopa, Brana, Jlenexa, Hikownisi, Onecbka 267, [1anHa, Censiaka, Tipa.
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[opiBHsIHHS  €NEKTPO(GOPETUIYHNX CIEKTPIB DIJUHIB OaThKIBCBKHX POCIHMH, BHKOPHCTaHHUX JUIS
OTpMMaHHs riopuaiB F , BUABKIO HAasBHICTH Pi3HHIII 3a JEAKUMH KOMIIOHEHTAMM CIIEKTpa [y 000X map —
nreHuns MirymmoBoi X Brana ta mirenuns Mirymmooi X [Tansa. [list mepiinoi napu KOMIIOHEHTIB, 10 BHSIBU-
JUCS  TOMMOPOHUMH U CIIEKTPIB  OaThbKIBCBKHX pOCIUH, Oyiao 17 i3 25, ana apyroi mapu —
10 i3 27. Y miiaAMHOBUX CTEKTpax 3epHiBOK B F, BUABHIM MO€IHAHHS KOMITOHEHTIB, IPUTAMAHHUX OaThKiB-
CBKHM POCJIMHAM, 10 Jaiu riopuau F, mo cBiuuTh npo ribpujiHe noxomkeHns sepHisku B F,.

V cnekrpax 3epHiBoK F, ToMiHyroTh nomiMop(i3mMu, BlIacTHBi nmuieHui MirymoBoi. BunsATKOM € jvme
KOMIIOHEHTH 14 124, 3a sIkuMu JToMiHye iomiMopdi3m «0», BlIacTUBUE criekTpy copTy Biana. KommnoHeHTiB 7
Ta 21 y 0aTbKiBCHKUX POCIIHH IIOTO CXPEIyBaHHS He 0yI10, ajie Ha eNIeKTPO(QOPETUIHNX CIIEKTpaX HaIla IKiB
B F, Bonu 3’ aBunmce. Bepciro mpo nepesanunenns riopuis 1. miguschovae x T. aestivum J10BENOCH BiKUHY-
TH Yepe3 TIOBHY CTePHJIBHICTh TAKUX TIOPHUIIIB, BIIOMY 3 TONEPEIHIX POKIB POOOTH 3 TIOpHIAMH TIIICHHIII
MirymoBoi Ta mireHui M’skoi. To6To 7 Ta 21 KOMIIOHEHTH HOBITHI.

Jnis TiOpuiB BiA cXpelyBaHHs TineHuIli MirymoBoi 3 coptoM [laHHa TEHACHITISI JOMiHYBaHHS KOMITO-
HEHTIB CIIEKTPa, BIACTUBUX IMILICHHI MiryIoBoi, 30epira€Tbcsi, Xo4a i TYT TAKOX € BUHSITKH: 32 KOMIIOHEHTa-~
Mu 8 Ta 18 monmiMopdiszm «1» xapakrepusye [laHHy, i came BiH HaliuacTilie peecTpyeThCS B CIIEKTpaxX 3€pHi-
BOK. Y CIIEKTpax TiOpHIiB BiJl I[bOTO CXPEIyBaHHS TAKOK HAsIBHI HOBITHI KoMIIoHeHTH 7 Ta 21. KommoneHT 21
TPAIUIAETHCS IPAKTHYHO Y BCIX CIEKTPAX 3a piaKicCHUME BUHsATKaMU. KOMITOHEHT 7 HasBHUI cepe/] HAIla/KiB
YOTHPBOX 13 mecTH ribpumis F, Bix cxpentysanns nuennii Mirymosoi 3 Boanoro, a cepen riopuis i3 [Tan-
HOIO BiH HassBHUH y criekTpax 11 3 12 ri6puais F,. [nimmumu HOBITHIMM KOMITOHEHTamMu € 26 Ta 27. Bonu HasiBHI
B CIeKTpax 3epHiBok B F,, sxi mimum Bix omniei pocnmnm F, Ne 621. MokHa IIPUITYCTUTH, 10 MOJIEKYJIAPHA
TOJIisI, HACITIZIKOM SIKOT CTajia TIOsiBa HOBITHIX KOMIIOHEHTIB y TIIIQJIMHOBOMY CIIEKTpi, BiIOy/Iacsi came B Iiit
POCITIHHI. Ii mamanku F , MOXyTb OyTH 3ailydeHi i MOJAIbIIMX JOCHIKEHb Ha PiBHI MOCHIJOBHOCTI
HYKJICOTH/IB IIIaUHOBUX TEHIB JUIs 3°sICYBaHHs MUTAHHS IIOA0 MPHUPOAN MOJICKYISIPHUX IPOIECIB, SIKi
BiZIOYBArOTHCS B TEHOMAX TiOPHIHOTO MOXO/KEHHS Ta CTAOTh JDKEPEJIOM BHHUKHEHHS HOBITHIX O3HAK.

KurouoBi ciioBa: mimeHuIs M’sika, niieHutst Mirymosoi, miiaguau, riOpuJHuiA TeHOM, HOBITHI O3HAKH.
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COINFECTION OF AVIAN PATHOGENIC ESCHERICHIA COLI
AND INFECTIOUS BURSAL DISEASE VIRUS
IN BROILER CHICKENS

Abstract

Infectious bursal disease virus (IBDV) is the main immunosuppressive agent in the poultry industry that
stimulates the development of secondary bacterial infection. However, the avian pathogenic E. coli (APEC)
could be a primary agent that induces the development of colibacillosis, nevertheless the absence of
immunosuppression. The depletion of bursa after viral replication is crucial for starting bacterial
dissemination because of devastation of systemic and local humoral immunity. Therefore, the aim of the
work was to investigate the correlation between APEC and IBDV infection in broiler chickens. The bursal
atrophy was observed from 21 days with further level depletion from 60 to 90% at the final stage of
research. Moreover, APEC strains were isolated from birds at 28—-42 days which is correlated with
chronical immunosuppression. All E. coli isolates showed resistance to beta-lactams (amoxicillin,
amoxiclav), tetracyclines, and trimethoprim, highlighting the risk of multidrug-resistant strains. There were
no resistant strains to colistin and florfenicol. The IBDV strains were detected in the bursa of 21, 28 and
35 broilers with Ct level 22.8; 25.8; and 32.2 points, respectively that indicates decreasing the viral load.
Based on partial nucleotide sequences of the VP2 gene, the pathogen was identified as very virulent United
Kingdom 2019 strain. However, analysis of the samples from 42-day-old broilers revealed that the nucleotide
sequence belonged to the vaccine strain.

Therefore, coinfection of APEC and IBDV in broiler chickens enhances immunosuppression, creating
conditions for secondary bacterial infections. The susceptibility to colibacillosis correlates with the stage
of bursal depletion and may persist even during replication of the vaccine strain of IBDV after primary
infection.

Keywords: infectious bursal disease virus (IBDV), Gumboro disease, avian pathogenic E. coli (APEC),

coinfection, colibacillosis, antimicrobial resistance.

Introduction immature B lymphocytes in the bursa of Fabricius

Infectious bursal disease virus (IBDV) is
a leading immunosuppressive agent which is
widely spread all over the world and causes a highly
contagious disease in poultry, also known as
Gumboro disease. To date, this disease is prevalent
in most of the poultry-producing regions of the
world [1,2]. The virus primarily targets and destroys

© O. Nechypurenko, 1. Furtat, D. Dreval, L. Avdeeva, 2026

(BF), leading to severe immunosuppression, which
may lead to high mortality rates in susceptible
chickens, secondary infections including also gut-
associated diseases, which contribute to the
economic losses in the poultry industry, and
reduced efficacy of vaccination against other
pathogens [3,4].
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IBDV belongs to the family Birnaviridae and the
genus Avibirnavirus, with a bi-segmented double-
stranded RNA genome represented by segments
A and B. This virus has two serotypes, namely 1 and 2.
Both serotypes of the IBDV can naturally infect
chicken, turkey, duck, guinea fowl, ostriches.
Although serotype 1 is mostly pathogenic for
chickens. This virus can easily mutate and evolve
into variant strains despite progressive vaccination
strategies. These strains induce subclinical forms
characterized by bursal atrophy, weight loss and
increase in mortality rate because of systemic
colibacillosis. Reemergent infections caused by
antigenic variants of IBDV, can be the reason for
significant losses and high mortality in chickens due
to coinfection with pathogenic strains of Escherichia
coli [2,5]. Avian colibacillosis, caused particularly
by pathogenic variants of E. coli (notably so-called
APEC strains), is one of the most prevalent infectious
diseases affecting domestic, ornamental, and wild
birds. This disease is usually associated with various
predisposing factors (both infectious and non-
infectious). It is widely recognized that infectious
bursal disease virus (IBDV) may be one of the most
important infectious factors contributing to the
development of colibacillosis. Infection of chickens
with infectious bursal disease virus (IBDV) resulted
in a significant increase in their susceptibility to
E. coli. Furthermore, it has been demonstrated that
lymphocytopenia of the bursa of Fabricius is
primarily induced by IBDV. In contrast, a significant
depletion of lymphocytes in both the bursa of
Fabricius and the thymus can also occur during
E. coli infection [6].

Even though in different conditions APEC-strains
could be a primary or secondary pathogen, these
bacteria often cause the death of birds because of
acute septicemia, subacute pericarditis, chronic
respiratory diseases, fibrinous-purulent polyserositis,
airsacculitis, and many other forms. Notably, it has
been established that among the virulence factors
involved in the pathogenesis of colibacillosis, F1
fimbriae adhere to the epithelial cells of the pharyngeal
and tracheal respiratory tracts of chicks; temperature-
sensitive hemagglutinin (TSH) plays a role in the
colonization of the air sacs; the aerobactin iron-
acquisition system enables E. coli to grow under
conditions of low free iron concentration in
physiological fluids; and P fimbriae are critical at
later stages of infection, facilitating adhesion to
internal organs and providing resistance to phago-
cytosis. Moreover, the genetic background can
influence the bacterium’s ability to acquire, maintain,
or express pathogenic traits [7,8]. Nevertheless, the
number of studies focused on the distribution of

pathogenic E. coli strains causing avian diseases, as
well as on the structure and biological characteristics
of the APEC population in broiler production and
the transmission pathways from parent stock to
chicks, remains rather limited. Also, correlation
between Gumboro disease virus and APEC
coinfection and severity of lesions is not completely
investigated. Therefore, the aim of the work was to
investigate the role of avian pathogenic E. coli in
pathological process during bursal disease virus
coinfection in broilers.

Material and methods

The research was conducted on one of the poultry
farms of Vinnytsia region, in which previously was
isolated very virulent Gumboro disease virus. The
broilers were vaccinated regarding standard protocol
and immunized in 1 day with immunocomplex
vaccine against Gumboro disease.

At the age of 21-, 28-, 35- and 42-days dead
birds (n = 9 per group) from one of poultry houses
were examined for the presence of lesions in trachea,
lungs, air sacs, heart, liver, spleen, kidneys, stomach,
small and large intestine, bursa. The degree of
lesions was evaluated from 0 to 3 points: 0 — absent,
1 — mild, 2 — moderate and 3 — severe based on
the presence of fibrine deposition, hemorrhages,
oedema and inflammation [9].

For histological examination, non-frozen
samples without signs of autolysis were taken from
bursa of broilers (n = 6) of mentioned above age.
The size of the samples was 1-2 cm. The selected
material was immediately transferred to 10%
buffered formalin solution for fixation. After that,
samples were cut with blades (thickness of the
section was 3—4 mm, width, and length no more
than 1.5 cm) considering the peculiarities of the
structure and placed in Turboflow plastic cassettes.
Then tested samples were processed using auto-
mated stations regarding standard protocol [10].
After dehydration and paraffinization of the tissues,
the samples were filled with liquid paraffin. At the
next stage, pathological material embedded in
paraffin were sectioned with slice thickness near
5 um. Obtained slides were stained with hematoxylin
and eosin and sealed in Mounting Medium Gue.
The percentage of bursa depletion was further
calculated [11].

For IBDV detection the stamps from the affected
bursa of dead broilers to FTA cards were made. The
collected material was sent to the Hipra Diagnose
laboratory for qPCR and further sequencing of VP2
region based on conventional protocol. A reverse
transcription-polymerase chain reaction (RT-PCR)
test was conducted on all samples, amplifying
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a specific portion of the IBDV genome (VP2 gene).
For positive results, nucleotide sequencing was
performed using the Sanger methodology. The
obtained sequences were then compared with both
IBDV reference strains from Genbank and field
strains [12].

The selection of biological material samples for
further isolation of bacteria was carried out
aseptically from liver, heart and spleen. At the first
stage of isolation of cultures, the samples were
placed in a liquid nutrient medium tryptone soy
broth (TSB, Himedia, India) and cultivated at
a temperature of 37 °C for 24 hours. After that, the
bacteria were sown using the dense lawn technique
on MacConkey diagnostic and differential medium
(McCM, Himedia, India). Isolates of E. coli were
pathogenic if they were isolated from more than two
organs. Bacterial isolates were identified using the
API 20E test system (bioMerieux, France), which
allows for the determination of the main biochemical
diagnostically significant signs, as described in the
article [13]. Also, the ability to produce hemolysins
was identified.

The susceptibility of E. coli isolates to anti-
microbials was determined by the Kirby-Bauer
disk diffusion method on Mueller-Hinton medium
(MHM, Himedia, India) [14]. It was used next
antimicrobial compounds (Oxoid, Holland):
spectinomycin, gentamicin, neomycin, fosfomycin,
amoxicillin, amoxiclav, doxycycline, oxy-
tetracycline, colistin, florfenicol, flumequine,
enrofloxacin, norfloxacin, ciprofloxacin and
trimethoprim. The quality control of antimicrobial
discs and Mueller-Hinton media was determined
using reference strains of the American Type
Culture Collection (ATCC): E. coli ATCC 25922,
Staphylococcus aureus ATCC 25923, Pseudomonas
aeruginosa ATCC 27853 and Enterococcus
faecalis ATCC 29212, which are maintained in the
Ukrainian Collection of Microorganisms of
Zabolotny Institute of Microbiology and Virology
of the National Academy of Sciences of Ukraine,
as described in [15].

Data entry, initial analysis, and figure design
were done using Microsoft Office Excel 2010
(Microsoft Corporation, USA) to generate
figures and run initial analysis as previously
described [13].

Results and discussion

Infectious bursal disease virus (IBDV) causes
a highly contagious disease in young chickens and
is distributed worldwide. VP2 is the major viral
antigen. The VP2 gene contains a hypervariable
region (VP2 HRV). Mutations in this region lead to

the emergence of antigenically different IBDV
strains that nevertheless the vaccination program
could induce severe immunosuppression and
provoke colibacillosis in layers, broilers and
breeders [16]. However, there are no data about
APEC and IBDV coinfection stages and its
correlation. Thus, research on the influence of
immunosuppression on colibacillosis development
can play a crucial role in the bacterial infection
prevention strategy.

It was detected that the decrease of weight gain
of broilers after 14 days of life by 5% compared to
the reference Ross 308 points. After necropsy
investigation, the presence of bursa atrophy was
observed in 21 days. Atrophic lesions in the thymus
and spleen were absent. There were no signs of
fibrin deposition in heart, liver, and spleen. The
respiratory and intestinal systems were without
pathological changes. This state of birds could be
due to the subclinical form of Gumboro disease [2].
It should be noted that in dead birds after
28 days different levels of fibrin deposition were
identified in the mentioned organs that indicates
the development of possible systemic bacterial
infection. The level of lesion varied from 2 to
3 points because of progressive bacterial infection
and organs dysfunction.

Histological examination of bursa explains its
atrophy because of the B-lymphocyte depletion,
the level of which was near 70%, 80%, 80% and
90% in 21, 28, 35 and 42 days, respectively. Also,
there were detected the cystic formation and
inflammation of follicular stroma membrane in
the age of 35-42 days, which indicates the
presence of chronic immunosuppression. There
were no signs of hemorrhages (Fig. 1). However,
such histological changes could be developed
after affection by very virulent or variant strain
of IBDV.

Regarding Nagy et al. the damaging of B-cells
negatively influenced the formation of secretory
immunoglobulins type A, which are important in
the prevention of respiratory and intestinal tract
colonization with APEC strains [17].

After bacteriological investigation APEC was
isolated at the period of 28—42 days. There were
only 5 different strains from dead birds (table). The
bacteria were isolated from internal organs (spleen,
heart and liver) which symbolize the systemic
form of colibacillosis (Table 1). Nevertheless,
despite their standard biochemical profile,
2 isolates of APEC were lactose negative. However,
regarding Kaczmarek et al. [18] there was no
correlation between virulence and lactose
fermentation capacity.
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21-day, depletion 60%

28-day, depletion 80%

35-day, depletion 90% 42-day, depletion 90%

Fig. 1. Lesion evaluation of birds at the age of 21-42 days
(staining by hematoxylin and eosin, magnification x 200)

Table 1
Isolates of E. coli detected in broilers
Features Age categories (days)
Age 21 28 35 42
Number of broilers 6 6 6 6
Number of isolates / pathogenic 0/0 1/1 2/2 2/2

Various studies reported that avian pathogenic
E. coli could be independent of hemolytic activity,
which corresponds with our results. However, some
reports suggested that the ability to produce
hemolysin causes the release of the iron from
erythrocytes which helps in the development of
systemic bacterial infection [19].

It should be noted that APEC strains were
isolated from birds with the highest level of
immunosuppression observed after histological
evaluation. Therefore, the affection by virulent
IBDV strains could induce the development of
bacterial infection.

Antimicrobials are still the main tool for
treatment in poultry farming, nevertheless, ban
tendency in their application. In our research it was
shown that all isolated E. coli were resistant to
amoxicillin and amoxiclav, the group of beta-lactam
antibiotics which inhibit the cell wall synthesis.
Also, we detected a 100% level of resistance to
tetracyclines.

Regarding quinolones it should be noted that
strains detected at the age of 42 days were resistant.
This situation could be developed because of
uncontrolled use of enrofloxacin and ciprofloxacin
from the 1 day. There was no effectiveness of flume-
quine, as antimicrobial from the same group, that can
be explained by cross-resistance formation [20].

Aminoglycosides are the group of antimicrobials
that are widely used in veterinary field [21]. All
isolated APEC were resistant to spectinomycin and
active against gentamicin. However, the Ilast-
mentioned antimicrobial is effective only in gastro-
intestinal tract that exclude its usage during systemic
infection. Nevertheless, progressive adaptation of
APEC the lowest level of resistance was detected to
colistin and florfenicol that is correlated with data
obtained by us in previous studies [13]. However,
colistin as aminoglycosides after application via
drinking water is not adsorbed into the blood.

Veterinarians ~ very often wuse combined
antimicrobials which contain quinolones and
trimethoprim. However, regarding Spencer et al.
data APEC characterized by high resistance to
trimethoprim which could be due to including
upregulation of fol4 expression and mutation of the
binding pocket, leading to the loss of trimethoprim
binding and thus inhibition of activity [22]. In our
research all isolated strains were resistant to
mentioned-above antimicrobial. Therefore, the
application of multicomponent substances could be
not effective against APEC and stimulate the
formation of multidrug resistant bacteria.

It is known that bacteria usually are a secondary
pathogen that finally kill the bird. However, APEC
is due to virulence factors (adhesins, invasins,
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protectins, iron acquisition systems, and toxins) and
high level of resistance regarding Kathayat et al.
could be a primary cause of the disease in broilers,
layers and breeders of different ages [23].

In our case for exclusion of viral load, for instance,
the affection by very virulent IBDV was made PCR
with further sequencing. As previously was described
the histological lesions in bursa were specific for
the development of Gumboro immunosuppressive
disease. Moreover, the virus was detected in different
age periods 21, 28, 35 and 42 days in the level of
Ct22.8;25.8;32.2 and 32.5, respectively. The amount
of viruses was decreasing within age unlike the level
of follicles bursa Fabricii depletion. However, after
sequencing of the genetic material from 21-35 days
broilers it was detected the very virulent strain of
IBDV closely related to the United Kingdom 2019

variant with 95.7-96.1% of homogeneity. And the
oldest broilers characterized by the presence of
vaccine strain nevertheless severe bursa atrophy and
depletion (Fig. 2). Regarding Vishwanatha et al., this
strain of very virulent IBDV characterized by the
presence of hypervariation region in VP1 segment
and induce subclinical form of the disease with
decreasing in broiler performance and chronic
immunosuppression without massive hemorrhages [24].
That could be the predisposing factor for APEC
coinfection that was isolated in 28 days broilers.

The presence of vaccine strain at the bursa
Fabricii of 42 days birds was coincided with severe
atrophy and APEC infection. That indicates the
chronic stage of the disease which progress into
bacterial systemic form nevertheless vaccine virus
isolation.

30-V877 (G7)
24-MG4 (G4)
23-dIBDV(G4)
— 25-TY2 (G4)
17-MB (G3)

21-Avivak (G3)
18-UK661 (G3)
19-DV86 (G3)

20-717_Russia (G3)

22-UnitedKingdom.2019 (G3)
| R1476/1

R1476/3
R1476/4

—— 13-De
1

— 15-Del E (G2)
1

29-ITA02 (G6)

1A (G2)
14-Peru.2019 (G2)

16-Mexico.2019 (G2)
— 28-06M11 (G5)

| 8-D78 (G1

10-Moulthrop (G1)
9-Cuiwt (G1)
11-Faragher (G1)
12-8TC (G1)

1-GUMBOHATCH (G1)
[ 7-2512 (G1)
R1476/2

‘I_f 26-Mexico04M101 (G5)
27-C-278 (G5)

| 3-HipraGumboro-GM97 (G1)
4-228E (G1)
2-HipraGumboro-CH80 (G1)
5-LC75 (G1)

6-Lukert (G1)

0.02

Fig. 2. Phylogenetic tree of field
and reference IBDV strains based on partial nucleotide sequences of the VP2 gene
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Conclusion

Coinfection with avian pathogenic E. coli was
observed mainly between 2842 days of age,
coinciding with peak immunosuppression. Pathogenic
strains were isolated from internal organs (heart, liver,
spleen), indicating systemic colibacillosis. All E. coli
isolates showed resistance to beta-lactams (amoxi-
cillin, amoxiclav), tetracyclines, and trimethoprim,
highlighting the risk of multidrug-resistant strains.
Resistance to quinolones (enrofloxacin, ciprofloxacin,
flumequine) was already detected at 42 days,
suggesting rapid cross-resistance development under

uncontrolled use. However, the lowest resistance
levels were found against colistin and florfenicol.
The findings confirm that IBDV (United Kingdom
2019 strain) acts as a key predisposing factor for
systemic APEC infection, and the combination of
immunosuppression with antimicrobial resistance
poses a major challenge for poultry health
management. Finally, in 42 days there was no
isolation of a very virulent IBDV strain, yet APEC
strains were detected, indicating that bacterial
infection can persist and progress even in the
absence of active viral replication.
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KOIH®EKIIA NATOI'EHHUMMU INTAMAMM ESCHERICHIA COLI
TA BIPYCOM XBOPOBH TAMBOPO B BPOIJIEPIB

Merta. JlocniguTu ponb NaTOreHHO1 A NTaxiB E. coli B MaToNOTiYHOMY Ipomeci i yac KoiH(eKil
BipycoM OypcanbHOi XBopoOu B Opoiinepis. Metoau. JlocmiKeHHS TPOBOIMIN HA OHIH 3 nTaxohadbpuk
13 3aKPUTHM ITUKIIOM BHPOITYBAaHHS MPOTsroM 42 nHiB. /11 OiHIOBaHHS IMAaTONIOTIYHUX 3MiH TPOBOIUIN
PO3THH 3arubimx KypdaT BikoMm 21, 28, 35 1 42 nHi Ta BU3HAYAIM CTYMiHb Ypa)KeHHs OypcH Ha MiacTaBi
pe3yabTariB TiCTOIOTIYHOTO JOCHTIKEHHS. [neHTudikamiro 0akTepid 3MIHCHIOBAIN 13 3aCTOCYBaHHSM
API 20E tecT-cructemu, 3 OI[iHIOBAaHHSIM TeMOi3y. Uy TIUBICTh BUANEHUX 1301ATiB E. coli 1o aHTHOI0TH-
KiB Bu3Hauainu 3a MetonoM KipOi — Bayepa. Buninenus ta izentudikarmito Bipycy xsopodu ['ambGopo
3aificaroBany 3a orromororo 3T-ITJIP Ta momanpioro cekBeHyBaHHs yTBOpEHHX (pparMeHTiB. Pe3yasTaru.
Atpodist Oypen crioctepiranacs 3 21-ro IHS 3 MOAATBIINM 3HIKCHHAM piBHA 3 60 1o 90 % Ha 3aBep-
mabHOMY etarti nociipkeHHs. Kpim toro, mramu APEC Oyno BuainieHo y nraxiB Ha 28—42-ii neHb,
10 KOPEJTFOE 3 XPOHIYHOK IMYHOCYIIPECi€r0. YCi JOCIIKEH] 1305TH E. coli BUSIBUIIHCS PE3UCTEHTHUMHU
Io OeTta-JakTamiB (AMOKCHIIAIIIH, aMOKCHKIIAB), TETPAIUKIIIHIB 1 TPUMETOTIPUMY, IO IMiIKPECITIOE PU3UK
PO3BUTKY IITaMiB i3 MHOXKHHHOIO JIIKAPCHKOIO CTikKicTIO0. CTIHKICTh 7O X1HOJOHIB (€HPO(MIOKCAIINH,
nunpodiaokcanuH, GayMekBiH) Oyi0 BHSBICHO BXe yepe3 42 JHi, 0 CBITYUTH MMPO MBUIKUNA PO3BUTOK
MepexpecHoi pe3UCTEHTHOCTI 32 YMOBHM HEKOHTPOJIBOBAHOTO 3aCTOCYBaHHS. BTiM, HAaHWKY1 PiBHI CTiH-
KOCTi criocTepiraiu oo KoiictuHy Ta (ropdenikony. llltamu IBDV Oyno BusiBieno B Oypci 21, 28
Ta 35 Opoiinepis 3 piBaem Ct 22,8; 25,8 ta 32,2 GaJia BiIOBIAHO, IO CBITYUTH PO 3HWIKEHHS BIPyCHOTO
HaBaHTaXCHHs. 3a pe3yabTaraMyd BH3HAUCHHS YaCTKOBHUX HYKJICOTHJIHHMX MOCHIIIOBHOCTEeH TeHa VP2
30ymHHK OyB iIeHTHU(IKOBAHMM K JTy)Ke BipyJeHTHUH Bipyc, a came mtam United Kingdom 2019. Ongnax
aHaJIi3 3pa3KiB BijJ 42-IeHHUX OpOMIIepiB 3aCBIAUMB, 110 HYKJICOTH/IHA TTOCIIIIOBHICTh HAJICKUTH J10 BaK-
nuHHOTO mTamy. BucHoBku. Koindexuis APEC Ta IBDV y OpoitiepHuX Kypyar MOCHIIOE IMyHOCYTIpe-
Cif0, CTBOPIOIOYH YMOBH JIJIsl BTOPHHHHX OakTepiadbHuX iH(Mekii. CXUIbHICTh 10 KoibakTepio3y Kope-
JIO€ 31 CTaJi€l0 BHCHaXXCHHS OypcaibHOI CYMKH Ta MOXKe 30epiraThcs HaBiTh IiJl 4ac perurikarii
BakIMHHOTO ITamy IBDV micis nepBuHHOTO 1H(IKYyBaHHS.

KuarouoBi cioBa: Bipyc iHdekmiiiHoi OypcanbHoi xBopoou (IBDV), xBopoba I'amGopo, maroreHHa
kuikoBa nanuuka nraxis (APEC), koindexuis, konidakTepios, aHTUMiIKpOOHA Pe3UCTEHTHICTb.
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PO3POBJIEHHS ®JIYOPECHEHTHOI
CEHCOPHOI CUCTEMHM
HA OCHOBI BFIOMIMETUYHUX YUIIIB
JJI1 BUCOKOUYYTJIMUBOI JETEKIIIT
MIKOTOKCHHIB I'PYIIU F2

Pospobreno guyopecyenmny cencopny cucmemy Ha ocHo8i GioMIMEeMUYHUX YUNIG OISl BUHAUEHHS]
mixomoxkcunie epynu F2. Hk cenekmushi cencopti enemenmu UKOPUCMAHO MOJEKVIAPHO-IMAPUHIMOBAH]
nonimepu (MIII), iMmobinizo8ani Ha CKAAHUX RIOKIAOKAX, WO 3a0e3neuye MexaniuHy cmabiibHiCmb CeH-
COPHUX elleMenmi6 [ 8i0MBopPI0GaHicMb analimuyHo2o cuenary. Luxiooodeyun-2,4-ouciopokcubenzoam
(LI/[I'B) — 6e3neunuii ma nepayopecyeHmuuil ananoe MikOmoKkcunis epynu 2 — euxopucmano sik ncesoo-
mampuyio 015 cunmesy mikomoxcun-cenekmuenux MIIT yunie. Ocobaugy yeazy npudineno payioHaibHo-
My niobopy GYHKYIOHATLHUX MOHOMEPIE 011 (POPMYBAHHS CNEeYUDIUHUX CAUIMIE PO3NIZHABAHHS, 30AMHUX
00 epyno-cerekmusHo20 po3niznasanns F2 mixomoxcumnis (K 3eapaienony, max i 1020 0i0102iuHO
akmugHnozo memabonimy a-3eapanenony). Iloxkaszano, wo euxopucmanis pisHuX GYHKYiOHATbHUX MOHO-
mepie — 1-aninninepaszuny (1-AJII), 4-gininnipuouny (4-Bll), 2-ciopoxcuemuimemaxpunamy (I'EMA),
ouemunaminoemuimemaxpuiamy (AEAEM), imaxonoeoi kucnomu (IK), N,N'-memunenobicaxpunamioy
(MbA) ma emunenenikonomemaxpunamepocpamy (EI'MD) — y cniggionowenni ncedomampuysi : QyHx-
yionanvHull monomep 1:4 cymmeeo eniueac Ha cenekmusHicmny i epekmusHicms 36 's3Y8aHHs YLIbOBUX
ananimis. Becmanosneno, wo MIII yunu, cunmes06aHi 3 UKOPUCMAHHAM (QYHKYIOHATbHOZO MOHOMEPA
1-AJITI, demoncmpyioms HatiGuwi 3HAYEHH CEHCOPHO20 BIOZYKY, WO CEIOHUMb NPO (POPMYSaHHs HAli-
Oinb ehekmusHux | cneyupiuHux caiimie 36 '13y6anHsl 0JIs 3eapanieHony ma o020 6i010214HO AKMUBHO20
memabonimy — a-3eapanenony. Pospoonena cencopna niamgopma 3abesneuye guzHaueHsi MikOmoKCUHie
epynu F2 3 medicero eusgnenns 1 mxe/mn ma niniinum ounamivnum oianazonom 1-25 mxe/ma. Iokazano,
wo cmeopeni MIIT yunu xapaxmepuszylomscs 6UCOKOIO CELeKMUBHICMIO 000 YLIbOGUX AHANIMIB 3d BI0-
cymHnocmi nepexpecHol 63aemo0ii 3i cmpykmypuumu ananozamu (175-ecmpaodionom, pezopyunonom i bic-
¢enonom A) ma inwumu gryopecyenmuumu mikomoxcurnamu (oxpamokcurnom A ma agpramoxcurnom Bl).
3anpononosana biomimemuuna ceHcopHa cucmema € nepcneKmugHoI0 0 GUCOKOUYMIUBO2O MA CeleK-
MUBHO20 aHanizy MiKomokcuHie epynu F2 y 3pazkax meapunnux Kopmia i 0ion02iyHux pioun i mosice Oymu
MAKOHC BUKOPUCTIAHA 0TI PAHHBLO2O MOHIMOPUHEY MIKOTMOKCUKO3IS.

KuiouoBi cioBa: MikoToKcHHHM Tpymu F2, 3eapalieHOH, 0-3epaleHON, MOJICKYJISIPHO-IMIIPUHTOBAaHI
noiiMepu, MIIL, cencopHi unnu, GIyopeceHTHA CEHCOPHA CUCTeMa, O10MIMETHYIHA CEHCOPHA CHCTEMA.
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Beryn

[{opi4YHO MIKOTOKCHKO3W CIPUYHHSIOTH OJNH3b-
ko 1,6 MinblioHa cMepTell CUTbCHKOTOCIOAAPCHKUX
TBapHH YHACIIJIOK 3a0pyTHCHHST KOPMiB MiKOTOKCH-
Hami [ 1], a monax 70 % 3paskiB ciILCHKOTOCTIOAAP-
CBHKOI MPOAYKIiT BUSIBIISIOTHCS 3a0pyTHEHUMH MIiKO-
TokcuHamH [2]. KopMu MoKy Th OyTH KOHTaMiHOBaHi
PI3HIMHU MIKOTOKCHHAMH — TOKCHYHIMH CITOJTyKaMHU
BTOPMHHOTO METa0oJi3My, SIKi TPOJYKYIOThCS
MIKPOCKOTIIYHUMH TpuOamMu pomiB Fusarium spp.,
Penicillium spp. ta Aspergillus spp. [3]. Cepen Hux
0COONHMBY 3arpo3y Jjsi pepMepChbKUX TOCIOIapCTB
cTaHoBuTh 3eapanieHoH (30H) — TokcuH rpubiB
pony Fusarium, Mo XapaKTepU3YETHCS BUCOKOIO
TOKCHYHICTIO Ta INUPOKHM PO3IOBCIOIKCHHSIM
Y CUTbCBKOTOCTIONAPCHKIN MpoayKIii [4].

3eapanenon (30H) Halle)KUTH O MIKOTOKCUHIB
rpynu F2 — psity BTopuHHUX MeTaOOIITIB, IO MPO-
OyKyloTbcst Tpubamu pony Fusarium [5]. Xoua
30H € HaWOIBII TOCIIDKCHUM PEICTAaBHUKOM
ui€ei rpynu, y NpUpoAHUX yMOBax Ta B OpraHizMi
TBAapHWH BiH YaCTO CITIBICHYE€ 31 CBOIMH TIOX1THUMH:
a- Ta B-zeapasenonom (a-30J1, B-30JI), a Takox
a- Ta B-zeapananonom (a-3AJ1, B-3AJI) [6]. Bax-
JIMBO, 10 a-3eapasienol (a-30JI), ocHOBHHMIA MeTa-
6oxit 30H y TBapuH, XapaKTepU3YETHCS BUIIOIO
€CTPOreHHOI0 aKTHUBHICTIO mopiBHAHO i3 3O0H,
10 3yMOBJICHO IXHBOI CTPYKTYPHOFO MOII0OHICTIO
no 17B-ecrpaniony [6,7], 1 IPU3BOIUTH IO TIOPY-
IIEHb PETIPOAYKTUBHOI (PYHKITi{, 3HIDKEHHS BIKUBA-
HOCTI eMOpIOHIB Ta IHIIMX MAaToJOTii y TBapuH [8].
HonarkoBo 30H mnposiBisie remaro-, iMyHO- Ta
renotokcuyHi edexru [9]. TepmocTabinbHICTh
30H i #ioro cTifKicTh JI0 TEXHOJOTIYHOI 0OPOOKH
KOPMIB 3YMOBIIIOIOTh HEOOXiJHICTh MOCTIHHOTO
aHATITHYHOTO KOHTpouro [10].

3a pesynabraraMyd INOOAJIbHOTO MOHITOPUHTY
MiKoTOKCcHHIB 2025 poky [11] cymapHa KOHIICH-
Tpauis TOKCUHIB rpynu F2 y kopMax yacTto mepe-
BHIIy€ TPAHUYHO JOMYCTHUMI HOPMH, HABITh SIKIIO
piBEHB 3capajCHOHY 3aJHIIAETHCS B JOIMYCTHMUX
MeXaX, IO YCKJIAJIHIOE OI[IHIOBAaHHS PHU3HKIB,
30KpeMa 4Yepe3 HasBHICTh TaK 3BaHUX «MAacCKOBa-
HUX» Qopm [12]. Lle cTBOproe cepito3Hi TPyIHOIII
JUISL TPaauIIiHUX METOIB aHami3y, OCKUIbKH
JUTsI aJICKBaTHOTO OIIHIOBaHHSI PU3HKIB HEOOX1JIHI
CHUCTEMH, 371aTHI IO BHCOKOCEICKTHBHOI JCTEKIIil
HE TUIBKHM 3€apajieHOHY, a W CHEeIU(pIYHUX Mpe-
CTaBHHUKIB I[i€1 IpyImH, 30KpeMa 0-3eapalieHOIy.

3 ormsay Ha CUHEPri3M TOKCHHIB rpynu F2
Ta KI04oBy poisib a-30J1 Ak Mapkepa MiKOTOKCH-
k03iB [13], akTyadbHUM € CTBOPEHHS METOJIB,
3MATHUX IO CEJEKTHBHOTO BU3HaueHHs sk 30H,
Tak 1 HWoro wmetabomitie [12,14]. Tpamuuiiini
ninxoau, 3okpema BEPX Ta mac-cekrpomerpis,

3a0e3Meuy0Th BUCOKY TOUHICTh aHaJi3y, MPOTe IMOo-
TpeOyIoTh CKJIaJJHOTO 00IaIHAaHHS Ta TPUBAJIOT Mif-
roTOBKH mpoO [15,16]. ¥V 3B’sI3Ky 3 IIMM 3HAYHY
yBary OCTaHHIMH POKaMHU MPUAUISIOTE pO3pOOIICH-
HIO aJIETePHATHBHUX METOJIB, 3/IaTHUX 3a0e3reuy-
BaTu MBUJAKE Ta AOCTYNHC BU3HAYCHHSA TOKCHUHIB
0e3nocepeHbO B TIOIBOBUX 200 BUPOOHUYHUX YMO-
Bax — Oiocencopis [17-19].

[lepcrieKTHBHUM HAMpsSIMOM € CTBOPEHHs 0io-
CEHCOPIB, Y SIKHX K IyTIHBI €JIEMEHTH BUKOPUCTO-
BYIOTh IITY4YHI BUCOKOCEJCKTHBHI pPEUEnTOpU —
MOJIEKYIApHO-iMIpuHTOBaH1 nomimepu (MIIT). Lli
Marepiaii (GOPMYIOThCS B TPUCYTHOCTI MOJIEKY-
JU-MaTpULL, siKa 3a0e31euye yTBOPEHHs crenudid-
HUX CaWTIB pO3Mi3HABaHHSA B IOJIMEPHINA CITII,
KOMIUIEMEHTapHUX JI0 LTbOBOI Cronmyku 3a Qop-
MOFO, PO3MIPOM Ta PO3TalTyBaHHSIM (DYHKI[IOHAb-
Hux rpyn [20]. 3aBasku npomy MIII 3qaTHi cenek-
THBHO PO3IMI3HABaTH Ta 3B’S3yBaTW BIAMOBIIHI
aHAJIITU HAaBiTh y CKJIQAHUX 3pa3kax. Bucoka cra-
OUTBHICTh, BIJHOCHA MPOCTOTA CHHTE3Y, BHCOKa
YyTIUBICTh Ta CEJIEKTUBHICTH POOISTH MOJCKYISIp-
HO-IMITPHUHTOBAaHI TOJIMEpH €()EKTHBHOI aibTep-
HAaTUBOIO OIOJIOTIYHUM CEHCOPHUM EJIEMEHTaM,
SIK-OT aHTHTIJa, peuenTopu un ¢pepmeHTn. Ha Bin-
MiHy Bix Oionoriunux peuentopis, MIII nemon-
CTPYIOTh BUHSTKOBY XIMIUHY Ta TEPMIUHY CTaO1Ib-
HICTb, III0 € KPUTUYHUM (PAKTOPOM AJISI CTBOPEHHS
CEHCOpIB, MPHU3HAYCHUX IS 1103a7a00paToOpHOrO
BUKOPUCTAHHS B MOJIBOBUX yMOBax [21].

Hama naykoBa rpyma mokasana MOMKIIHBICTH
cunrezy MIII y ¢opmi noniMepHuX MeMOpaH A
JIeTeKIl HU3KKM MIKOTOKCUHIB [22,23] Ta I1HIIMX
TOKCHUYHHX CHOJNYK [24]. Byno nmpoaeMoHCTpoBaHoO,
o taki MIIT MmemOpanu MOXyTh OyTH €()EKTHBHO
IHTETpOBaHi B KOHCTPYKIIl (ryopumMeTpuuHuX
Ta KOJOPUMETPHUUYHUX OIOCEHCOPHUX MPHCTPOIB
3aBASKM 3AAaTHOCTI T€HEpyBaTU AHANITUYHUM CHI-
HaJ, KM JIETKO PeECTPYEThes. Taki CeHCOpH Mo-
KyTb 3a0€3MEUNTH MIBUJKE 1 UyTINBE BU3HAYCHHS
TOKCHYHMX CIIOJYK Y 3€PHOBIH CHPOBHHI Ta Xapyo-
BUX npoaykrax. CboronHi 0coOnuBHii iHTEpeC cTa-
HOBHTB PO3POOJICHHS CEHCOPIB, 3/JaTHUX BU3HAYATH
30H Ta #ioro merabomiTu, 30KpemMa o-3eapaieHoll,
IO € BaXIMBHUM IUISI KOMIDICKCHOTO OITIHFOBAHHSI
piBHSI KOHTaMiHalii 3epHOBUX Ta PaHHBOI JliarHOC-
THKH MIKOTOKCHKO3iB. 3 OISy Ha HEOOXiTHICTH
CTBOPEHHSI JUIsl BUSBICHHS MIKOTOKCHHIB rpynu F2
BHCOKOCTaOLTBHUX IMTOPTATUBHUX aHATITUIHUX CHC-
TeM, sIKi MOXXYTb OyTH BHUKOPHCTaHI B IOJIOBHUX
9y BUPOOHMYMX YMOBaX, Yy Il poOOTI 3amporoHO-
BaHO BHKOPHCTOBYBAaTHU SIK UYTJIUBI €IEMEHTU CEH-
copHi yunu — ToHKI TutiBku MIII, iMMoOiTi3oBaHi
Ha CKJISTHUX TOBEPXHSX, SIKi BUPI3HSIIOTHCS HA3BU-
YaifHOI MeXaHIYHOI cTadimbHicTIO [23,25]. Kpim
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TOTO, TAKHMH T1JIX1T 3a0e31euye Kpally BiITBOPIOBa-
HICTh CEHCOpHOro curHaiy. OTXe, MeTOI0 10CJi-
JiKeHHsI Oyi1o po3po0iieHHsT HOBOT (hiryopeciieHTHOT
CEHCOpPHOT CHCTEMH Ha OCHOBI OlOMIMETHYHHX
YUITIB JJIs1 HAJIHHOTO Ta BUCOKOYYTIIMBOTO aHAJI3y
MIKOTOKCHHIB rpynu F2.

Marepiaau Ta MeTOAU TOCTiIZKEHHS

Marepianu. 1-aninminepasun (1-AJII), 4-BiHin-
nipuaud  (4-BIl), 2-rigpoxcueTniaMmeTakpuiaT
(FEMA), nuerunaminoeruimerakpuiar (JIEAEM),
N,N-gumerundopmamin (IAMDA), itakoHOBa Kuc-
nora (IK), N,N" — merunenbicakpuinamin (MBA),
nomnierunenraikons (I[1EIY) 3 MonekynsapHor Macoro
20 000, 3-erunenrmikonpaumerakpwiar (TIT'M-3),
2,2-TMMeTOKCH-2-(peHinaueToQeHoH (kerann),
seapaneHon (30H), a-3eapananon (a-30J1), adma-
TokcuH B1 (ADB1), oxparokcnn A (OxA), icdenon A
(B®A), 17-B-ectpamion Oynmu mpuadaHi B KOMIIaHii
Sigma-Aldrich (Cent-Jlyic, CILIA). Pe3oprmH, abo
m-mariapokcubenson, Oy  mpunbanmii  y  TCI
(SImowist). Erunenrnikonsmerakpunardocdar (ETMD)
oy orpumManuii Bim ABCR GmbH & Co (Kapicpye,
Himeyunna). Ilomierunenrmikons MM 20 000
(TTET" 20 000) Ta Tpu(eTUICHIIIKOb)IUMETAKPUIIAT
Oymu npuabani y Sigma-Aldrich (Cenr-Jlyic, CILIA).
Outiroyperanakpwiatr (OYA) OyB OTpUMaHUI 3T THO
3 omucaHow Metonukoo [26]. Lluknomonmeruii-
2,4-nurinpokcudensoar (LIAI'B) OyB cuHTe30BaHMiA
BIJITIOB1/IHO JI0 paHillle onrucanoro Mmerony [27]. I
peareHTH Oyin nipuaOaHi B Kommanii Sigma-Aldrich
(Cenr-Jlyic, CILIA) Ta BUKOPHCTOBYBaJIUCS 0€3 J10-
JTATKOBOTO OYHIIICHHS.

SIk cxigHI migkmagky i immoOimisarii MITT
1 KOHTPOJILHUX MeMOpaH BUKOPUCTOBYBAIM BiJIIILTi-
(oBaHi Ta MONEPEIHBO HAPi3aHI MPEAMETHI CKEIbIIS
posmipom 13x25.4 mm (ITAT «Cxionpuiiany, Kuie,
VYkpaina).

Cunre3 OioMiMeTHYHHMX YHTIB JJIsl pPoO3Mmi3HA-
BaHHs MikoTokcuHiB rpynu F2. Jnsa cunrezy MIIT
Ta KOHTPOJILHUX MeMOpaH, IMMOOLTI30BaHHUX Ha
CKJITHUX TOBEPXHSIX, BUKOPUCTOBYBAJIM MOHOMEpPHI
CyMIIII, CKJTaJ] SKAX HABEJICHO B TAOJHIIL.

OCHOBY MOJTIMEPHOT CITKHA CTAHOBMJIA CYMIIIT 3111~
BAIOYOro areHra Ta Moau(ikaropa-enactudikaropa
(TT'M-3/OYA) y criBBinHoIeHHi 85 : 15. MoHomepHi
cymimi Takox Mictwm JIM®A SK pO3UMHHUK-
TIOPOYTBOPIOBaY y KimbkocTi 50 mMac.% Bif 3araibHOL
MacH MOHOMEpIB Ta JOJAaTKOBHI MOPOYTBOPIOBAY —
ITEI" (MM 20 000) y xinbkocTi 15 mac.% Bin 3aranb-
HOI Macu MoHoMepiB. Yci kommosuttii MIIT mictunm
TICEBIOMATPHIIIO (IMKITOOMS I APOOSH30aT)
y KUIBKOCTI 5 Mac.% BiJ 3arajgbHOI Macl MOHOMEIB.
Js cuntesy MIIT BukoprcTOByBaiM Taki (pyHKITIO-
HanmbHi MoHoMmepH: JIEAEM, EI'M®, MBA, IK,
1-AJII1, 4-BIl, TEMA y cHiBBiHOIICHHI TCEBIO-
MaTpuIl : (yHKIIOHATBHUNM MOoHOMEp = 1 : 4 (auB.
tabmio). [Himiatop mnomimepu3amii — 2,2-muMe-
Tokcu-2-(eninaneropenon, 0,5 mac.% Bija 3araabpHOI
Macu MOHOMEPIB — JIOJIaBaiid 0e3MoCepeTHbO Tepet
noniMepu3ariero. KoHTponmbHI OlOMIMETHYHI UHITH
CHHTE3yBaJIM 3 TOI CaMOi CyMIIlli MOHOMEPIB, aye 0e3
JIOIaBaHHS TICEBIOMATPHIIL.

Ha mepiromy erami peTesibHO OYMINCHI CKIISHI
cnaiiin posmipom 13%25.4 mm obpodmsim 10 Mk
0,45 % po3unHy 3-METaKPUIOKCHITPOILITPUMET-
okcucunany. IlifrotoBieHi MOHOMEpHi cyMiri
TIOIMEPH3YBAIN MK JIBOMA CKJISTHAMH IITACTHHAMHE
(13%25,4 Mmm), ogHa 3 sIKMX Oynia TMOMEPENHbO aKTU-
BOBaHa, SIK onwvcano Buie. [TomiMepu3saltiro iHiriro-
Bamu omnpoMiHeHHsAM Y®D-ceitiom (A = 365 HM,
3,4 Br/M?) Ta mpoBoamiy nipotsirom 30 XB i1 yJIbTpa-
(bionetooro tammnoro Kd-4M.

CunTtesoBani MIIT 1 KOHTPOJIBHI YUK BiIMHBAJIH
STUJIOBUM CIUPTOM B ekctpakropi Cokcrera npotsi-
roM 8 ToI, IMCJs YOro J0AaTKOBO BIAMHBAJIM B JIHC-
TUJIBOBAHI BOAI MPOTATOM & TOx 3a TeMIeparypu
80 °C, mocriiino mnepeminryrour. Otpumani MIIT
YUY BUCYIITYBaJIH Ta 30epiraiu B KOHBEPTax i3 (hisib-
TPYBAJIBLHOTO Tarepy 3a KIMHATHOI TEMIIEpaTypH.

DnyopuMeTpUYHe BU3HAYEHHSI KOHIEHTPALil
MIKOTOKCHHIB. 3 METOIO KIIbKICHOIO OLIHIOBAHHS
BMICTy MIKOTOKCHHIB 3pa3ku MIII Ta KOHTpOIbHUX
YUIIB 1HKYOYBaJIM B PO3YMHAX, K1 MICTHIIU IIJTHOBI
aHamTH. Jlnd 1bOT0 BUKOPUCTOBYBATIH PO3UHUHH
00’emom 10 M1 13 3a1anuMu KoHIeHTpanismu 30H

Tabnuys
Komno3unuii 6ioMiMeTHYHUX CEHCOPHMX YMIIIB, CeJIEKTUBHUX 10 MiKOTOKCHHIB rpynu F2
Momnowmep / DynkuioHaaLHUI MOHOMeEP

ojtiromep JEAEM IK EI'M® MEBA 1-AJIIT 4-BI1 I'EMA
OM, mr 23,12 16,24 26,23 19,24 15,75 13,08 16,24
LB, mr 10 10 10 10 10 10 10
TIM-3/ 176,88 183,76 173.77 18076 184,92 186,92 183,76
OVA, mr
JAIM®A, Mk 100 100 100 100 100 100 100
TIET, Mr 30 30 30 30 30 30 30
KEeTajb, MI' 0,2 0,2 0,2 0,2 0,2 0,2 0,2
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abo 0-30J1, sxi mictim 10 % arneToHITpUITy s
MiHiMi3anii BIUIMBY HecneuudivyHux riapodoo-
HUX B3aemomii. J[ims moOynoBu KamiOpyBaJlbHUX
3anexHocteid MIIT unnu iHKyOyBanu B MOJAETBHUX
po3unHax (20 MM  Hatpiii-pocharuuii - Oydep,
pH 6,0, 10 % aneronitpuny [27]) 3 pi3HUMHU KOH-
nenTparismu 30H ta a-30J1.

[Ticns iHKyOyBaHHSI CEHCOpHI 4uMmu (hiKCyBaIn
B TpuMadi crniekrpodayopumerpa (Jasco FP-8200,
Snownis). 30ymxeHHs (uyopecueHIii 3A1iCHIOBaIH
3a JIOTIOMOTOX0 KCEHOHOBOT JIaMITH. YC1 BUMIPIOBaH-
HSl MPOBOIWIIM 3a KiMHATHOI Temmeparypu. st
30yIKeHHS (TyOpecCeH T MIKOTOKCUHIB Tpynu F2
YUMH ONpPOMiHIOBaM YD-CBITIOM 13 JTOBKHHOIO
xBWI 320 HM, a CIICKTpU (PIYOpPECICHINT PeecTpy-
Banu B Aiama3oHi 395-650 uM. Makcumym emicii
cniocrepirany npu A = 464 am. OTpruMaHi 3 ToBepX-
HI CCHCOPHMX UHIMIB 3HAYEHHS IHTCHCUBHOCTI
(ryopecieHIlii BUKOPHCTOBYBAIM ISl TTOOYIOBH
KaTi0pyBaJbHUX 3aJE€KHOCTEH CEHCOPHUX BIATYKIB
BiJl KOHIICHTpAIlil MIKOTOKCHHIB y 3pa3Kax.

Pe3ynbraT T2 00rOBOpeHHS

biomiMeTnuHi nosimMepu y hopMi TOHKUX IITIBOK
MOJICKYJISIPHO-IMIIPUHTOBaHUX TomiMepiB  (MIIT),
IMMOO1TI30BaHUX Ha CKISHUX MOBEPXHAX, Oyio
BUKOPHCTAHO SK OCHOBY CEHCOPHOI ILIaTPOpMHU
JUISL BU3HAUCHHS MIiKOTOKCHHIB rpynu F2, 30kpema
3eapaJiecHOHY Ta a-3eapanenony. MIIT 31 mrygyaumu
pEelenTOpHUMH CalTaMH 10 LiJTbOBUX aHAMTITIB

ErM®  1-AlN OEAE
—————

CUHTE3YBaJIM METOIOM PaJMKAILHOI IoJIiMepr3aItii
in situ 3a TpUHIMIIOM (OpPMYBaHHS HAIiBB3aEMO-
MPOHUKHUX MOiMepHUX ciTok [28]. ITix uac cuuTe-
3y OTPUMaHHUH PelenTOpHUN Iap iMMOOLTI3yBaIH
Ha TOBEPXHI IHEPTHUX CKJISTHUX IIIKIAI0K, 0 3a-
Oe3neuye BUCOKY MEXaHIYHY CTaOUIBHICTh Ta Bij-
TBOPIOBAHICTh CEHCOPHOI Iiardopmu. Takuid min-
xig nmae 3Mmory peanizyBatu MIIT six cenekTuBHI
eneMeHTH y (opmari OGioMiMeTHUHUX 4yumiB. Ha
puc. 1 mHaBeneHno (otorpadito 3pazkiB po3poOIeHUX
O1OMIMETHUYHUX YHIIIB I BUSABIEHHS MIKOTOKCH-
HiB rpynu F2, gki sABIAOTH CO0OI0 TOHKI LIapH
MIII, iMmM001Ti30BaHi Ha CKIISTHUX ITiIKJIaIKaX.

Ha nactymHoMy eTari 3a JOMOMOIOK MOJEb-
HUX PO3YMHIB OI[IHIOBAIM 3IaTHICTh OTPHUMaHHUX
CEHCOPHHUX 4MIIIB CEJIEeKTUBHO 3B’si3yBatn 30H
ta 0-30J1 3 Meroro BHOOpPY (YHKIIIOHATBHOTO
MOHOMepa, 1110 3a0e3neuye (HopMyBaHHS HAHOIIBII
e(heKTUBHUX CalTIB po3mi3HaBaHHA. Pesynbrarn
omiHoBaHHA 31arHOCTI F2-cenexkruBHUX OloMiMe-
THYHUX YMITIB J0 PO3Ii3HABAHHS IIJIbOBUX aHAITIB
HaBEJIEHO Ha puc. 2.

[TokazaHo, mo OIOMIMETHUYHI YHIH, OTPUMaHi
3 BHUKOPHUCTAHHAM (DYyHKI[IOHAJBHHUX MOHOMEpIB
JAEAEM, 1-AJII1, ETM® ta TEMA, neMoHCTpYIOTh
edextuBHe 3B’ a3yBanHsA 30H, 1m0 miaTBEpIKYETHCS
BHCOKMMH 3HAUCHHSIMH CEHCOpPHOTO BiAryky. Haro-
micte MIIT unmny, cuHTE30BaHi 3 BUKOPHUCTaHHSIM
4-BII, MBA Ta IK, xapakTepu3yrThCsi HH3BKOIO
3[aTHICTIO JIO0 3B’S3YBaHHS LJIbOBUX aHAJITIB,

4-Br MBA

4

frr TH‘I-HJ!I.'IIII|-_IIII|_1III[IIl|lHII[lII}lIHI]lIIl—Il|HlHLl|||1ﬂ

EEe . 8.9 10

Puc. 1. 30BHiHIi BUII11 610MIMETHYHUX YUIIIB, CEIEKTUBHUX JI0 MIKOTOKCHHIB Tpynu F2
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Puc. 2. 3anexHiCTh CEHCOPHOTO BIATYKY 010MIMETHYHHX YHIIB Bi THIY (QyHKIIOHAIEHOTO MOHOMEDA,
BUKOpHCcTaHOTO 1t cuHTe3y MIII, mix yac BU3HaueHHS MIKOTOKCHHIB rpymu F2
(cipi cToBIUMKY — BiAryku Ha joxaBanHs 1 Mxr/mia 30H;
0111 CTOBITYMKY — CEHCOPHI BIATYKH Ha nofasaHHs 1 MKr/mi o-30J1)
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Puc. 3. KaniOpyBanbHi 3a1e)XHOCTI (IyopecieHTHOT 6i0MiMETHYHOT CEHCOPHOI CHCTEMH
JUTsl BU3HAYEHHST MIKOTOKCHHIB rpymu F2: (@) dyopecnentist 1-AJIII-smicanx MIIT unmis micist iHKyOyBaHHS
B po3unHax i3 30H; (6) dmyopecuennis 1-AJII-smicarnx MIIT unmiB micis iHKyOyBaHHS B po3unHax i3 a-30J1
(1-25 mxr/mu, 20 MM natpiii-pocdaruuii 6ydep, pH 6,0, 10 % aueronitpuiy)
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PO IIO CBiYaTh HU3bKI 200 BiJI'€MHI 3HAYCHHS CEH-
COpHHUX BiArykiB. HalBuini moka3HUKU po3Mi3HaBaH-
Hs1 30H Tta 0-30J1 crioctepirainu st 010MIMETHIHUX
yuriB Ha 0cHOBI MIII, cHHTE30BaHKX 13 BUKOPUCTaH-
HaM (yHKIIOHATEHOTO MOoHOMepa 1-AJIIT (puc. 2).
Ile cBigunTh Npo (GopMyBaHHS CHEHU(PIYHUX CANUTIB
3B’sI3yBaHHs JI0 MIKOTOKCHHIB Tpymu F2. Otxe,
1-AJII1-BmicHi GiomMiMeTH4Hi yuny OyJI0 BUKOpUCTA-
HO SK OCHOBY /I CTBOPEHHS TPYIO-CENCKTUBHOL
CEHCOPHOI TaTopMu Ta JOCIIHKEHO 11 aHATITHYH]
XapaKTePUCTUKH.

OtpumMaHO THMOBI KadiOpyBasbHI 3aJIEXKHOCTI
CEHCOpHHX cucTeM Ha ocHoBi MIIT ywmriB, cHTE30-
BaHMX 13 BHUKOPUCTAHHAM (DYHKIIOHAJIBHOTO MOHO-
Mepa 1-AJII, y Burisizai rpadikiB 3aJIe)KHOCTI 1HTEH-
cuBHOCTI (prryopecuenuii MIII Ta KOHTpOIBbHHX
YUITIB BiJI KOHIIEHTpAIlil TOKCHHY B pO34HHI (pHcC. 3).

SIK BHUIHO 3 OTPUMAaHHUX 3aJie)KHOCTEH (puc. 3),
pO3po0OIICHa CEHCOpPHA CHCTEMa JIEMOHCTPYE e(ek-
THUBHY B3a€MOJIII0 3 I[IILOBUMH aHATITAMH 3aBISKH
chopmoBanuM y ctpykTypi MIIT crierudiuaum pe-
LENTOPHUM caiiTaM 3B’si3yBaHHS. IIpo 1e cBiAIMUTH
CyTT€Ba pi3HUI (DITyOPECIICHTHUX BINTYKIB, 3apee-
cTpoBaHux Ha noBepxHi MIIT Ta KOHTPOIBHUX CEH-
COPHHUX YHITIB.

Bu3HaueHO OCHOBHI aHANITHYHI XapaKTEePUCTUKU
ceHcopHoi mardopmu Ha ocHOBI 1-AJIII-BMicHHX
MIIT yumniB. Mexa BusiBneHHs g 30H 1 a-30J1
CTAaHOBUTEL 1 MKI/MII, @ IIHIAHUN THHAMIYHAN Tiara-
30H — 125 Mxr/mi. OTpumaHi 3HaYeHHS MEXi BUSIB-
JICHHS € HIDKYUMH 32 BCTAHOBJICHI HOPMATHBHI PiBHI
BMICTYy 3€apajeHOHY B Xap4yoBHX HPOJYKTax i KOp-
Max B YkpaiHi [29], IO CBiTYUTHh MpPO MPAKTHUHY
MPUAATHICTh po3po0sIeHoi ceHcopHoi mmarhopMu

o &

80
60

40

CeHcopHuii BIITYK, %

30H

a-30J1  B-ecrpagio.n PesopuuHoa

JUTSL QHATITHYHOTO KOHTPOJTFO MIKOTOKCHHIB rpymu F2.
CTalinbHICTh PO3pO0IEeHUX 610MIMETHYHUX CEHCOP-
HUX YHITIB 32 YMOBH 30epiraHHs 3a KIMHATHOT TeMIIe-
parypu CTaHOBUTH 18 micsIliB.

JIist OLIIHIOBAaHHS CEJIEKTHUBHOCTI PO3pOOICHUX
YyTJIMBUX €JeMeHTiB Ha ocHoBi MIII yumiB mo-
CIJDKYBaJIHM IXHIO B3AEMOJII0 31 CTPYKTYPHHMH
aHaJIOTaMU 3eapajeHOHY Ta 0-3€apaliCHOIy, 30Kpe-
Ma 17B-ectpamionom, Oichenonom A (BDA) Tta
pesopuuHonoM. J[olaTKOBO OLIIHIOBAIHM 3AaTHICTh
CTBOPEHOI CEHCOPHOI CHCTEMHU J0 3B’SI3yBaHHS
IHIINX MIKOTOKCUHIB — admatokcuny Bl (ADBI)
Ta oxparokcuny A (OxA). Pesynbratu 10CIiKeH-
HS CEJIEKTUBHOCTI 010CEHCOPHOT CHCTEMH Ha OCHO-
Bi 1-AJIIT-Bmicaux MIIT ynmiB HaBeeHO Ha pHC. 4.

OTpumaHi pe3yabTaTé CBiI4aTh PO BUCOKY Ce-
JeKTUBHICTE po3pobiienux MIIT yumis momno 30H
ta a-30J1, mo miATBEpPIKYETHCS CYTTEBO BUIUMU
CCHCOPHHMMH BIIT'YKaMH TMOPIBHSHO 3 BIATYKaMu
Ha JJOAIaBaHHS CTPYKTYPHUX aHAJOTIB Ta IHIINX J0-
CJTIJKEHUX MIKOTOKCHHIB (puc. 4). Husbkuii piBeHb
MepexpecHoi B3aeMOJIi1 MiATBEPAKYE e(heKTUBHICTD
c(hopMOBaHUX CIIEIU(PITHNUX CANUTIB IIOI0 PO3ITi3HA-
BaHHS MIKOTOKCHHIB, SIKi Hajiexarb a0 rpynu F2.

3 onisAay Ha 11e, po3po0ieHi O10MIMETHYHI YUTTH
Ha ocHOBI 1-AJIII-BmicHux MIII MoxyTh OyTH BU-
KOPHCTaHi Ui BUCOKOCEIIEKTHBHOTO BU3HAYCHHSI
3eapaJieHOHy B XapyoOBHX MPOAYKTaX 1 KOpMax,
a TaKOXK U1l BUSBJICHHS HOro 010JIOrYHO aKTUBHO-
ro MEeTaboIiTy — 0-3eapajeHoNy B Oi0NIOTiYHUX pi-
IUHAX. 3alpOIIOHOBAHA CEHCOpPHA CHCTEMa 3[aTHa
3a0e3MneunTy MpoCTUil 1 HaAIHHUNM KOHTPOJIb MiKO-
TOKCHHIB rpynu F2 y 3epHOBI# CHpOBHHI Ta Pi3HO-
MaHITHHX XapuOBHUX NPOAYKTaX, a TaKOXK MOXKe

BPA OxA A®B1

Puc. 4. CencopHi Biaryku 6ioMiMeTHYHOI CeHCOpHOI cucteMu Ha ocHOBI MIIT ynmiB y BiamoBigs Ha nogaBanas 30H,
a-30J1, IXHIX CTPYKTypPHUX aHAJIOTIB Ta IHIINX (IyOPECIEHTHUX MIKOTOKCHHIB (KOHIIEHTpALlisl aHATITIB — | MKI/MIT)
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OyTH BUKOPHCTaHAa SIK IHCTPYMEHT MOHITOPHUHTY
Ta PAaHHBOTO BUSIBJICHHS MIKOTOKCHKO3iB. OTpHMaHi
AHAIIITUYHI XapaKTePUCTUKH 3allPOIIOHOBAHOT CEH-
COpHOI MIaTGOpMU B TMOEJHAHHI 3 BHCOKOIO CTa-
OUTHHICTIO T2 MOXITUBICTIO OTPUMAHHS CEHCOPHHX
CJIEMEHTIB y (popMarti ummiB CBiAYATH PO MEPCIHEK-
THUBHICTH IILOTO IMIJXOMYy UL CTBOPEHHSI KOMIIAKT-
HUX CEHCOPHUX NPUCTPOIB, IPUIATHUX AJIA IIBH]I-
KOTO, CEJICKTUBHOTO Ta BIJTBOPIOBAHOTO aHAJI3y
B MOJIBOBUX 1 BUPOOHUYHMX YMOBAX.

BucHoBkHu

VY 1bOMy JIOCITI/PKEHH1 3aIPOITOHOBAHO CEHCOPHY
CHCTEMy Ha OCHOBI MOJICKYISIPHO-IMIPHHTOBAHHUX
nomimepis (MIIT), peanizoBany y hopmari GioMiMeTHY-
HHX YUIIB JUISI BUSBICHHS MIKOTOKCHHIB rpymu F2.
3aBAsKKM Mpenu3iiHoMy Mmiadopy (yHKIIOHANb-
HUX MOHOMEpIB C(hOPMOBAHO CalTH PO3Mi3HABAHHS,
3/71aTHI JIO BUCOKOCEJICKTUBHOT B3a€MOJIiT SIK 13 3eapa-
JICHOHOM, TaK 1 3 HOro 010JI0rYHO aKTUBHUM METa00-
JTOM — 0-3eapaieHosioM. [lokas3aHo, 1110 CEHCOpHi
yumu Ha ocHOBI 1-AJIIT-BmicHux MIIT 3a6e3ne4yroTh

HaviBuily edekTuBHICTH posmizHaBanHs 30H Ta
a-30J1. Po3pobnena GioMiMETHUHA CEHCOPHA CHC-
TeMa Ja€ 3MOTY BH3HAYaTH MIKOTOKCHHH rpymu F2
3 MEYKEIO BUSBIIEHHS | MKI/MJI Ta JIIHIHHUM QUHAMIY-
HUM Jiarma3oHoM 1—25 MKr/MiI. BCTaHOBIICHO BUCOKY
CEJICKTUBHICTh CTBOPEHHX CCHCOPHUX UHIIIB I[O/I0
30H i a-30J1 3a BiACYyTHOCTI MIepeXpeCcHOT B3aeMOIii
31 CTPYKTypHHMH aHaJIOraMu. 3aporoHOBaHa B il
po0OTI GiOMIMETHYHA CEHCOpPHA CHCTEMa Ha OCHOBI
MIIT upmiB Moke 3a0€3MEeUNTH HATIHHUH, BHCOKO-
YYTIUBUA Ta CEJICKTHBHUH KOMIICKCHUH aHai3
MIKOTOKCHHIB rpynu F2 y TBapHHHHUX KopMax Ta 0io-
JIOT1YHHX PiIUHAX.

Ionsixkn

ABTOpU IMPO BASYHI 32 (PIHAHCOBY MiATPUMKY
HamionaneHoMy (oHmy nochikeHb  YKpaiHu
(mpoext Ne 2025.07/0225 «OntuuHi cMapT-ceHCOpH
Ha OCHOBI MOJICKYJISIPHO-IMIIPHHTOBaHUX TOJIME-
piB A7 eKCIpec-BU3HAUCHHS MIKOTOKCHUHIB 1 CKpH-
HYBaHHS TOMYJISAIIA MPH CTBOPEHHI CTIHKHUX 0
(hy3apio3y TE€HOTUIIIB MIIECHUIII» ).
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DEVELOPMENT OF A FLUORESCENT SENSOR SYSTEM
BASED ON BIOMIMETIC CHIPS FOR HIGHLY SENSITIVE DETECTION OF
MYCOTOXINS OF THE F2 GROUP

Abstract

A fluorescent sensing system based on biomimetic chips was developed for the determination of
mycotoxins affiliated to the F2 group. Molecularly imprinted polymers (MIPs) immobilized on glass
substrates were used as selective and highly mechanically-stable sensing elements, ensuring
reproducibility of the analytical signal. Cyclododecyl-2,4-dihydroxybenzoate (CDHB), a safe and non-
fluorescent analogue of the F2 group mycotoxins, was employed as a dummy template for the synthesis
of mycotoxin-selective MIP chips. Functional monomers were rationally selected to generate
recognition sites enabling group-selective detection of the F2 group mycotoxins, including zearalenone
and its biologically active metabolite a-zearalenol. It was demonstrated that the use of different
functional monomers— 1-allylpiperazine (1-ALP), 4-vinylpyridine (4-VP), 2-hydroxyethyl methacrylate
(HEMA), diethylaminoethyl methacrylate (DEAEM), itaconic acid (IA), N,N'-methylenebisacrylamide
(MBA), and ethylene glycol methacrylate phosphate (EGMP) — at a dummy template-to-functional
monomer ratio of 1:4 significantly affects the selectivity and binding efficiency of the target analytes.
It was found that MIP chips synthesized using 1-ALP as the functional monomer exhibited the highest
differential sensor response, indicating the formation of the most efficient and specific binding sites for
zearalenone and its biologically active metabolite a-zearalenol. The developed sensing platform
enables the determination of the F2 group mycotoxins with a limit of detection of 1 pg/mL and a linear
dynamic range of 1-25 pg/mL. The MIP chips demonstrated high selectivity toward the target analytes,
with no cross-reactivity toward structural analogues (17p-estradiol, resorcinol, and bisphenol A) or
other mycotoxins (ochratoxin A and aflatoxin B1). The proposed biomimetic sensing system is
a promising tool for sensitive and selective analysis of mycotoxins affiliated to the F2 group in animal
feed and biological fluids and can be also applied for early monitoring of mycotoxicosis.

Keywords: F2 group mycotoxins, zearalenone, a-zearalenol, molecularly imprinted polymer membranes,
sensor chips, fluorescent sensor system, biomimetic sensor system.
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METABOJITYHUI MPO®LIbL Y CYXHUX MJISIMAX KPOBI
MEPEJIYACHO HAPO/IKEHUX JITEH

LJopoky minvlionu oimetl O 8CbOMY CEIMY HAPOONCYIOMbCA nepeduacto (0o 260 ouis eecmayii). Dizio-
Jlo2iuHa He3pinicmb NepeoudcHo HApoOdICeHUX Oimell YaAcCmo € NPUYUHON NePUHAMANbHOI Namonoeii,
a MaKodiC HeOHaAMAaIbHoOl ma mManoxkosoi cmepmuocmi. B Ykpaini cmepmuicms y yiti epyni oimetl guwa
3a yetl NOKA3HUK ceped OOHOULeHUX HOBOHApoOdceHux. Kpim moeo, eHacniook ¢hizionoziunoi Hespinocmi
6 NepeduacHo HapoOIICeHUX Jimell CHOCMEPI2AEMbCA CYMMEBA BIOMIHHICHb Y MEeMabONiuHOMY Npoiii,
WO 3HAYHO YCKAAOHIOE OIAZHOCTNUKY 3AX60PIOBAHb, V¥ MOMY YUCHI 8POONCEHUX MEMAOONTUHUX NOPYULeHD,
SAKI 00CAIOACYIOMD Y NPOSPAMAX HEOHAMATLHO2O0 CKPUHIHS).

Memorw ybo2o docniodceHHs OYI0 BUABLEHHS GIOMIHHOCMEU Y KOHYEHMPAYIsAX 0esKux amiHOKUCION,
AYUIKAPHIMUHIB, MEMUIMATIOHO80T KUCIOMU MA MEMUTYUMPAMY 8 CYXUX NIAMAX KPO8i OOHOUEHUX HOBO-
HapoOodIceHux ma nepeoudacHo Hapoocenux Oimell pizHoeo mepminy secmayii. Buseireno cmamucmuuno
00CMOGIPHY PI3HUYIO 8 KOHYEHMPAYIAX AMIHOKUCTIOM, AYUIKAPHIMUHIG, MEMUIMAIOHOBOI KUCIOMU Md Me-
MUAYUMPAMY 8 3pa3KaX KPOGi nepeoudacHo HapoOoAceHUX Oimell ma OOHOUWEHUX HOBOHAPOONceHUX 3a H-kpu-
mepiem Kpackenra — Bonnica, t-kpumepiem Cmviodenma ma t-xpumepiem Benua. Busnaueno peghepenmmi
iHmepsanu KOHYeHMpayii MemuIMaioHo80i KUCIOMU 8 CYXUX NAAMAX KPOGi 011 NepedddcHO HaAPOOHCEHUX
dimeti (<36 muoicnie cecmayii) — 0,25—1,88 mxmonv/n; peghepenmui inmepeanu KOHYESHMPAyii Memuayu-
mpamy 6 CyxXux nisamax Kpoei 0ydce nepedyacro Hapoodcenux oimetl (<32 muoichi cecmayii) i nepeduacHo
Hapoodicenux oimeti (32—36 muoicnie cecmayii) — 0,07—0,43 mxmonv/n i 0,05—0,23 mxmonv/n, 6i0n0GIOHO.
Ompumani pezyiomamu 00NOMOAICYMb NIOBUUUMU eDeKMUBHICMb HEOHAMANLHO2O0 CKPUHIHSY CRAOKOBUX
MemaboniyHux nopyuieHv Osi paHHbLOI Ma MOUHOI OiaeHOCMUKU CNAOKOBUX NOPYULeHb OOMIHY peuo8uH
i ceo€UACHOT KOpeKyil GUABTEHOT namono2ii 8 nepeduacHo HapoodCeHux Oimell.

Korouosi ciioBa: aMiHOKI/ICJ'IOTI/I, a]_II/IJ'IKapHiTI/IHI/I, METHUJIMAJIOHOBA KUCJIOTA, METUJIHUTPAT, HCOHATAJIb-
HUH CKpI/IHlHI‘, TaHJCMHa MaC-CHCKTpOMCTpifL

Beryn

3a (i3i0oNOriYHUX YMOB [ITH HapOIKYIOTHCS
B Mekax Bix 36 mo 41 TwkHs recramii (Big 260
710 294 nmHiB micns 3adatTs BignosiaHo) [1]. Iepen-
YacHO HapOJKEHI JITH — 11e HOBOHAPOKEHI, SIKi 3
Ti€l YK 1HIIOI IPUYUHKM HAPOAMIMCS 0 36 THKHSA
recramii. Cepex mepeayacHO HAPOKCHUX Tl
BHUJIUISIOTH IMi3HO HEJOHONICHUX JiTeH (Y Mexax
BiZ 32 10 36 THXKHIB TecTallii) i Iy)Ke nepeadacHo
HApOJKCHUX AiTed (MeHIe Hixk 32 THXKHI TecTallil).

[lepeauacHo HapOMKEHI TITH MAIOTh BUIIMNA PU3UK
CMEpTi y paHHBOMY Billi, Hi>XK HAPOJPKCHI BUACHO.

YV CIIIA y 2020 p. nepea4acHo HApOJHKEHI JTiTH
craHoBwin 10,2 % Big yciX HOBOHAPOHKECHUX,
a CMEpTHICTh TNepeayacHO HapOKCHUX MIiTel
y 4,6 pa3a mepeBHIIyBala CMEPTHICTh 3BUYANHHUX
HOBOHapo/keHuX (4,1 cmepti Ha 1000 Hapomxe-
HuX) [2]. B Ykpaini x 3a qannmu Ha 2021 p. Kinb-
KIiCTh MepeI9acHO HAPOIKEHUX cTaHOBHIA 5,68 %,
a CMEpTHICTh y Wil Tpymi mitedt y 9,56 pasa Buma
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3a IIei OKa3HUK Cepe]] TOHOIICHUX HOBOHAPOIIKE-
Hux (3,54 mpotu 0,37 Ha 100 HOBOHAPOMKEHUX
BiZinoBiHO) [3].

[IpuuuHOIO Takoi BUCOKOI CMEPTHOCTI € (izio-
JIOT1YHA HE3PLIICTh YCIX OPraHiB i CUCTEM Ta (paKTo-
pH, TIOB’s13aHi 3 nUM. Taka HE3piTiCTh NPU3BOAUTH
710 HU3KH YCKIIaIHEHb, SIKi MOXKYTh, 30KpeMa, CIIpH-
YUHATH 3MiHM MeTabonigHoro mpodimo. Hampu-
KJIaJl, HEAOCTATHsI IIOCTHATAIbHA a/IaNTaIlisl JIETCHb
y MepeAvacHO HApOKEHUX JiTeH, BKIIOUHO 13 3a-
TPUMKOIO pe3opOiii (eraabHOI JereHeBol piiuHH,
HE3pUTCTIO JIETEHEBOT TKAHWHU Ta Ae(ilUTOM
Cyp(aKTaHTy, ACOIMIFOETHCS 3 MIIBUIICHUM PU3NKOM
TPAH3UTOPHOTO TaXilTHOE Ta PECHipaTOPHOTrO IH-
CTpecy; FTeMOIMHAMIYHO 3HAYYIIa BIJIKPUTA apTepi-
aJlbHa MPOTOKA MOXE JOJaTKOBO IIOTIpIIyBaTH
pecnipatopuuii ctas [1,4,5].

Eneprernunuii 0OMiH € OHUM i3 HaWBaXKIIUBI-
mux (akTopiB, MO BILTUBAE HA (i310JIOTTYHHHA PO3-
BUTOK TIE€PEIUaCHO HAPOKEHUX JiTeH 1, sIK HaCIi-
JIOK, Ha MeTaboniyauid mpo¢iias KpoBi. BusHaueHo,
0 €HEepPreTHYHI MOTpedH TakuxX JiTei € J0BOIi
HU3BKMMH T4 BIIMOBIAAIOTH MOTpeOaM IUIofa Bij-
MOB1IHOTO TepMiHY rectarii — 24—28 kanopiit Ha Ki-
JIOTpaM Macu JTUTHHU Ha 100y (24—28 kkai/kr/mo0).
Ha noka3sHHK eHepreTH4YHUX MoTped MOXKYTh BIUTH-
BaTH TEPMIH TecTallil JUTHHH, PO3MIp TiJia Ta HOTOo
Maca, TeMIeparypa HAaBKOJIMIIHBOTO CEPEOBUINA,
HaJaHi Xap4yoBi Jo00aBku Tommo [6,7]. YacTkoBO
BUTpPATU EHEprii, MOB’s3aHi 3 TEPMIHOM recTarlii,
MOYKHA TIOSICHUTH O1IbINOK0 (DI3HYHOI0 aKTHBHICTIO
niteit 3 OinpmM TepMmiHoM. Ilpore Taka BigMiH-
HICTh, IMOBIPHO, MaJIO BIULTABATHME Ha PiBEHb METa-
OouiTiB y 3pa3kax KpoBi. OcoOIMBO BaXIUBY POIb
B EHEPreTHYHOMY OOMIiHi, 30KpeMa OeTa-OKUCHEHHI
XKHUPHUX KHUCJIOT, BIIrpaloTh KapHITHUH Ta aIliIKap-
HITUHY. Pe3ynsraToM OeTa-OKHCHEHHS € MPOIYKY-
BaHHs aneTun-CoA Ta mpomnioHin-CoA BHacHiIoK
MOCJIJOBHOTO BiIHIMAaHHS ABOJAHIIONOBUX JIAHOK
KapOOHy 3 alWJIBHOIO JIAHIIOTa Ta BUBUIbHEHHS
monekyn FADH2 ta NADH, sxi Hamami #WayTh
y JUXaJIbHUN JIAHIIOT Ta 320€3MeuyI0Th BUBLUIHHEHHS
ATP. Ile#i mporiec BiIOyBa€ThCS B MATPHUKCI MITO-
XOHJPiH, IPOTE Mepes UM XKHUPHI KUCIOTH HpO-
XOISATh 4Yepe3 JCKiIbKa MepeTBopeHb. OCKUIbKH
anun-KoA He Moxke caMOCTIHHO MPOHUKATH Yepe3
BHYTPIIITHIO MEMOpaHy MITOXOHJIPIiH, 1i TpaHCHOPT
3MIMCHIOETECS 32 YYaCTIO KAPHITUHOBOI CHCTEMH:
YTBOPIOETHCS AIMIKAPHITHH, SKUH NEPEHOCHTHCS
B MaTpHKC 3a JOMOMOTOI0 KapHITHH-AIUIKapHITH-
HOBOI TPAHCIIOKAa3HM 3 ONHOYACHUM BUBLIFHCHHSIM
KapHITHHY B IIUTO30JIb. Y MaTPHUKCI allUIKAPHITUH
3HOBY TEPETBOPIOETHCS Ha ari-KoA.

AIUIKapHITUHU KIACU(DIKYIOTh 3a JOBXHUHOIO
JIAHIIOTa Ta XIMIYHOKO OylnoBOIO. 3aBAsSKH

Ba)XIJIUBIH pOJIi B EHEPreTUIHOMY OOMIiHI TX ITUPOKO
BUKOPUCTOBYIOTb SIK OiOMapKepH B HEOHATAIbHOMY
ckpuHiHTY [7-14]. OKpIiM MOXJIMBHX BIiJIXWUJICHb
BiJl HOPMU B PE3y/bTaTi BPOAKECHOTO 3aXBOPIOBAH-
Hs1, KOHIICHTPAIIT aI[MIIKAPHITHHIB MOXYTh 3aJIeXkKa-
TH Bil Macu JUTUHM Ta TepMiHy recrarii. [Ipumyc-
KaloTh, IO KOHIIEHTpAIliS KApHITHHY B KpPOBI
nepea4acHo HApOPKEHUX AiTel MOoke OyTH 3aHU3b-
KOKO Yepe3 HEHAJIXO/DKEHHS KapHITHHY BiJ Matepi
Ta HU3BKUH piBeHb Y-OyTHpoOeTaiHTigpoKcuIasy,
o Oepe yJacTh y CHHTE31 KapHITHHY [8].

Karabomi3M THpO3HHY € 111 OIHUM METa0O0TIYHUM
IIUIIXOM, III0 B TIepeIUacHoO HapOMKEHUX JiTel € He-
3piiM. BBaxkaeTbes, 1110 B TIepe4acHO HApOIPKEHNX
JUTEH y KIITHHAX, Jie B1I0YBa€ThCsl METa0OIII3M THPO-
3UHY, aKTHBHICTb (DEPMEHTIB THPO3HHAMIHOTpaHC]e-
pa3u Ta OKCHJa3u P-TiIpOKCH(DEHIITPOBUHOTPAIHOT
KUCIIOTH 3HIKeHa. Lle mpu3BoauTh 10 OUIBII YacToro
BUHHUKHCHHSI TPAH3MTOPHOI THPO3WHEMIT B TaKUX
JTeH, sika Ha (hoHi J03piBaHHS AUTHHHU Ta MiJ[BUILICH-
HSl aKTUBHOCTI 3a3Ha4eHWX ()EPMEHTIB IPUXOIUTh
y HopMmy [15].

HeoHarabHMi CKPUHIHT — CYKYIHICTH METOJIIB
JIIarHOCTHKHA METa0OJIIYHUX Ta CHAOKPUHHUX 3aXBO-
PIOBaHb y HOBOHAPOIDKEHUX HiTEH 3 METOIO ITOYATKy
PaHHBOTO JIKyBaHHA. 3TifHO 3 HakazoM MiHicTep-
cTBa OXOpoHH 3710poB’st Ykpainu Bixg 01.10.2021
Ne 2142 «I1po 3abe3nedeHHs] PO3IUPEHOr0 HEOHA-
TaJIBHOTO CKPUHIHTY B VYKpaiHi», 0 Jep»KaBHOI
MPOrpamMu PO3IIMPEHOr0 HEOHATAJIBHOIO CKPUHIHTY
Oyi10 BHeceHO 21 3aXBOprOBaHHS, 15 3 SIKHX € Craj-
KOBHUMH XBOpoOaMu OOMiHYy PpEUOBHH, BKIIFOUHO
3 mIyTapoBoro anuaypieto I Ta Il tumis, MeTniMao-
HOBOKO Ta TPOIIOHOBOK auuaypieto [16]. Koxne
3 IIMX 3aXBOPIOBAHb € HEOE3MEUHUM 1T HOBOHAPO-
JokeHol auTuHHU. Yepe3 MeTaboiuHy HE3pilicTh
PH3UK PO3BUTKY [IMX 3aXBOPIOBAHb UL MEPEIIacHO
HApOPKEHUX JIiTel MoXke OyTH OLTBLIMM, HIXK AJIS J10-
HOIICHUX. | HEBYACHWH TOYATOK JIIKYBaHHS MOXKeE
Oytn (artanpauMm. [lpoTe BH3HAYEHHS HASBHOCTI
BPODKCHUX 3aXBOPIOBAaHb Y HOBOHAPOKEHHX Oe3-
MOCEPE/IHbO 3aJICKUTh Bijl MPAaBHIGHO BH3HAYEHUX
pedepeHTHUX IHTEPBAIB KOHIICHTPAII TOJIOBHUX
MeTaboiTiB — aMIHOKUCIIOT Ta AlWIKApHITHHIB. Bu-
KOpHCTaHHS peepeHTHUX iHTepBaiiB, chopmoBa-
HUX JUIS HOBOHAPOKEHHX 13 TEPMiHOM recrarii
noHa T 36 THXXHIB, € HEPEJIEBAHTHUM JUTS ITEPETIacHO
HApO/DKEHUX JiTeH uepes BKazaHi BUIIE iXHi (i3iono-
Ti9HI 0COOIUBOCTI.

MeTa HbOro J0CJHiIKeHHS] — BU3HAYUTHU pede-
PEHTHI 1HTEpBalX METHJIMAJIOHOBOI KHCJIOTH Ta
METHILUTPATY, 3 ICYBaTH, YU € PI3HUIS MIX MeETa-
OOMIYHUME TIPODUISIMHA KITFOUOBHX JUTSI CKPHHIHTY
MeTaboMITIB y CYXMX IUIIMax KpOBi JTOHOIIEHUX
1 HEJIOHOIICHUX HOBOHAPOIKECHHX.
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Marepianu Ta MeTOAU

JlocmipKeHHST OXOTIHIIO JIeTIepCcoHI(iKoBaHi naHi
oOcresxxeHHs 105 HOBOHAapOKEHUX (32 3r0/1010 OaTh-
KiB), CyXi IUIIMH KpPOBI SKHX HaJIHIumM 0 jabo-
paropii MeauyHOi reHeTuku LleHTpy reHeTHYHOI
JIarHOCTHKHM Ta KITHHHOI iMmyHOTepamii JIHII
«HJCJT “Oxmarautr” MO3 VYkpainn» Jisi mpoBe-
JICHHSI HEOHATAIBHOTO CKpUHIHTY. Byno cdopmora-
HO TPHU TPYIH: TPyHa QyXKe MepeIIacHO HapoKe-
HUX gited (<32 TwkHIB rectamii, 34 JWTHHU),
repeyacHo HapoJpKeHi Jith (32—36 THKHIB recra-
uii, 34 auTuHM), Tpyna KoHTpomlto (>36 THXKHIB
recrauii, 38 npiteit). I'pynu Takox Oyno audepen-
[iflOBaHO 32 TaKUM ITOKA3HUKOM, SIK Bara JTUTHHHU
[IpH HapOJKeHHI (Tabm. 1).

BinnoginHo 1o [Topsiiky ipoBeieHHsT HEOHATAb-
HOTO CKPHHIHTY, 3aTBepmkeHoro Hakazom MO3
Vipainu Ne 2142 Bix 01.10.2021, 3a0ip cyxux misiM
KpoBi BifiOyBaeThbcsl yepe3 48—72 roguHu Mmicliisi Ha-
POIDKEHHSI TUTHHU. Y BUIMAAKY IEpeaYacHO Hapo-
JUKEHUX JiTed 3a0ip MpOBOMATH MICIS JIOCATHEHHS
JIUTUHOFO TTOCTKOHIICTIIIIMHOTO BIiKY 32 THIKHSI recTa-
1ii. JI71st JocIipKeH s BiIOMpaIIy JIUIIE Ti 3pa3Ku, 10
30epiramucs 3a BiamoBinHOT Temmneparypu (4-8 °C).
J7ist IpoBeICHHST BUMIPIOBAaHHS KOHIICHTpALIT alui-
KapHITHHIB Ta aMIHOKHCIOT BHKOPHCTOBYBAJIH
metoq FIA-MS-MS i3 BHyTpIlIHIM CTaHAApTOM,
SIKAM TIOTIEPeTHbO PEKOHCTUTYIUIOBAIH 3a JOIO-
Mororo ekcrpakiiiiHoro Oygepa (Chromsystems,
Germany). [yt ekctpakiiii MeTaboIiTiB BUKOPUCTO-
BYBAJIM 0 OJHOMY JHCKY KpoBi (miamerp 3,2 MM)
Ha 3pa3oK. J1s1 KOHTPOII0 BUKOPHCTOBYBAJIH TI0 OfI-
HOMY CyXOMY JMCKY KpoBi KOHTpousiB Amino Acid,
Acylcarnitines Dried Blood Spot Control Level 1 a2
(Chromsystems, Germany) BinnosigHo. Excrpakiito
3IIMCHEHO 3TiJHO 3 IHCTPYKIIEH BUpoOHMKA. Jlis
BU3HAYEHHsS KOHILIEHTpalii MeTabolNiTIB y 3pa3zkax
3actocoByBasin cucteMy Renata DX Waters (ckma-
JA€ThCS 3 TAHIEMHOIO Mac-criekTpomerpa Waters
XEVO TQD IVD, Binary Solvent Manager VD
ta 3777C Sample Manager IVD). [lns npoBeneHHs
BUMIPIOBaHb KOHIIEHTPAIlIT METHIMATIOHOBOI KHCIIO-
TH Ta METWIIUTPATY BUKOPHUCTOBYBAJIH TaHICMHUI
Mac-criektpomerp Xevo TQ-S micro IVD i3 posmi-
JICHHSIM 3pa3Ka 3a JIOIIOMOTOI0 PiIMHHOI XpoMaTorpa-
¢ii min Bucokum trckoM Acquity UPLC I-clas. Ak

EKCTpaKIiiHui Oydep 3aCTOCOBYBaJIM CyMIlll MeTa-
HOJIy Ta BOJM Y CHiBBifHOMIEHH] | : 1 3 qomaBaHHAM
1 mn BHyTpilmHbOTO cTanaapty (MeTHiManioHOBa
kucnora-D3 (98 %), Cambridge Isotope Laboratories)
ta 0,5 MKJI MypalmHol KACIOTH. SIk MOOUThHI (ha3u
BukopuctoByBaiu: A (0,4 % BomHMIA PO34nH Mypa-
nmHoT kucotr) Ta b (cymin 1 : 1 meraHoiy Ta arero-
HiTpuity). st ekcTpakiiii 3acTOCOBYBaH 1O JIBa CyXi
JIACKH KpoBi (3,2 MM) Ha JIyHKY 7 KaiiOparopis, JBOX
KOHTPOJIB, Ta 3pa3KiB i3 JofaBaHHAM 120 MK ekc-
Tpakuiiinoro 6ydepa ta 10 mxn 50 MM ZnSO,*7H, 0.
Kinnesi npobu anamizysanu B pexxumi MRM Ha Tan-
JIEMHOMY Mac-CIieKTpoMeTpi. Pesynsratn BuUMipro-
BaHb aHaJI3yBanu B mporpami MassLynx s BusiB-
JICHHS TIiKa Ha Xpomarorpami, IO BiJIIOBIIA€E
HITbOBOMY MeTabomiTy. s qociimkeHHs pi3HU-
Ii KOHICHTPAIlIH IIJIbOBHX META0OIITIB MiXK Ipyria-
MH HOBOHAPO/PKEHHUX MOpiBHIOBamu rpymu A i1 b
MDK CO00r0, a TakoK 13 KOHTpoieM. [lomepemnHrbo
KOXKHY O3HAKy B KOXHil IpyIi nepeBipsnau Ha HOp-
MalTbHHUH po3noait Metofom Illamipo — Binka 3a j10-
nomororo mporpamMu  MedCalc. [lns mopiBHSHHS
O3HaK, 10 HE MaJli HOPMAJILHOTO PO3MOALTY X04a O
B OJIHIH 3 IpyIl, 3aCTOCOBYBAJM HeNapaMeTpHYHHI
tect Kpackena — Bomica 3a gomoMororo mporpamMu
PSPP. V pa3i HopMasIbHOTO PO3MOUTY O3HAK B 000X
MOPIBHIOBAHUX Tpyrnax OyJ0 BUKOPHUCTAHO METOJ
T-kputepito, mepes BUKOPHCTAHHSIM SIKOTO TIPOBOIH-
JIM aHaJI3 TPyI Ha PIiBHICTh aucriepciid metomoM Jlis-
HiHTa, HyJIbOBA TIMOTE3a SIKOT CTBEPIXKYE, L0 IUCIIEP-
cii B 000X rpymnax piBHi. Y pasi, SKIIO IeH aHA3
MoKa3yBaB piBeHb 3Hauymiocti >0,05, 3acTocoByBanu
t-xkputepiii CteroneHra, skmo <0,05 — t-kpurepii
Bemua. Jns nocmipkeHHs Koe(illieHTa KOpeJmsiii
MK MeTaboTiTaMi B MEXKaX TPYIl 3aCTOCOBYBATH KO-
edinient Cnipmena B nporpami MedCalc. J{ns rpyn
HEJIOHOIIICHNX JiTe BU3HAUWIM pedepeHTHI piBHI
METHILUTPATy Ta METHIMAJIOHOBOI KuCIoTH (2,5 %
NIEPCEHTWIIb JIsl HUKHBOTO 3HaueHHs Ta 97,5 % nep-
CEHTHJIb JJIsl BEpXHBOTO 3Ha4eHHs) [17].

Pe3ysabTaTn T2 00roBOpeHHs

VY pesyabraTi MPOBEICHHS JTOCHIHKEHHS Ompa-
npoBaHo 105 3paskiB (68 3pa3kiB mepeayacHo
HaApOJDKCHUX JiTel, 37 — KoHTpouto). BusHaueHo
KOHIIEHTpalii TakuX aMiHOKHUCIOT: anaHiH (ala),

Tabnuys 1
XapaKTepuCTHKA I'PYN HOBOHAPOI:KEHHX, OXOIIEHUX J0C/i/TKEeHHIM
KiabkicTh Tep MIH Maca tina Bik
Tpyna iTeit recranii, NPU HAPOIKEHHI, T JTHAX
n THIKHI p p ’ y

Jly>xe HemoHOIIEH] aiTh (rpyma A) 34 <32 640-2320 2-68
Henonomiewi aitu (rpymna b) 34 32-36 1465-3260 1-18
KonTponb 37 >36 25004280 ~2




44 e-ISSN 2663-0613. Haykosi 3anuckun HaYKMA. Bionoris i exonoris. 2026. Tom 9

acrmiapariHoBa kwuciota (aspartic acid), muTpyniH
(cit), tminun (gly), mrytamin (gln), rmyramar (glu)
neitite (leu), opHiTHH (orn), deninananin (phe),
npodiH (pro), Tpuntodat (trp), THPO3UH (tyr), BaiH
(val), aprinin (arg), mertioHiH (met). BumipsiHo
KOHLIEHTPAIII0 METUIMAIIOHOBOI Kuciotu (MMA),
MetumuTpary (MCA) Ta psay anuiKapHITHHIB,
a came: C0, C2, C3, C3DC, C4, C4DC, C40H, Cs,
C5:1, C5DC, C50H, C6, C6DC, C8, C8:1, C10,
C10:1, C10:2, C12, C12:1, Cl4, Cl4:1, Cl4:2,
C140H, Cl1e6, Cl6:1, C16:10H, C16:2, C160H,
C18, C18:1, C18:10H, C18:2, C18:20H, C180H.
J7is mpoBeAeHHsI CTAaTUCTHYHOTO aHAli3y OTpHMa-
HUX PE3yJbTaTiB CHOYATKy MPOAHATI30BAaHO KOXKHY
3 JIOCJIJKYBaHUX TPy HA HOPMaJIbHICTh PO3TOILTY
3a JIOTIOMOTOI0 CTaTUCTUYHOro kputepito Illami-
po — Binmka 11 KOKHOTO 3a3HAUYEHOTO BHINE METa-
6omity. Ilin dyac mepeBipkM Ha HOPMANBHICTb
PO3MOITY BUSBICHO, IO OUIBIICTE METa0OMITIB
PO3MOIIIAETHCS HeHOpMasbHO. [IpoTe yacTrHa Me-
Ta0OJITIB PO3MOAUIAETHCS SIK HOPMAJILHO, TaK 1 He-
HOPMAJIBbHO B PI3HHX Tpymax. Y rpymax A ta b
KUTbKICTh METa0OIITIB, SIKI BIAMOBIAAF0Th HOPMaJh-
HOMY PO3MOJiNy, TopiBHIOBada 14 Ta 18 Biamosiz-
HO. Y IpyIi KOHTPOJIKO KUIBKICTh I[LOTO THITY PO3-
noAimy gopiBHioBama 27. Ilicns mporo 6yno
MIPOBEICHO TOpiBHSAHHS Tpyn A Ta b Ta 000X rpyn
OKpEMO 3 TIpYIIOI0 KOHTpOJto 3a H-kpurepiem
Kpackena — Bosutica. BuzHaueHo, 1110 CTaTUCTHYHO
3HavyIa BigMiHHICTE (p < 0,05) Mik Tpynam#u cro-
CTepiraeThCsl Maike 3a BciMa MeTaboIiTaMH, OKpIM
mrinuay, ¢GeHinananiny, Baminy, C3, C4, Cl10:1,
C14:2 ta C18:20H (tab6mn. 2). OTpuMaHi pe3yJibTaTu
JIMIIIE YACTKOBO 30IiraroThesl 3 pe3ysbTaTaMu J0CHi-
JokeHb Manjioypa Ta MeiiOypra [11,18]. Ha Bigmi-
HY BiJI HAIIOTO JTOCII/PKEHHS, Y AOCHiKeHHI MaH-
JI0ypa Ta iH. He BUSBIICHO PI3HUII MK JJOHOIICHUMH
Ta HEJOHOIIEHUMH AITHbMH 32 TAKUMHU MeTadoJIiTa-
My, sk C5, C6DC, C10, C140H, C160H ra CI18,
MPOTE CIIOCTepiranach pi3HUIIA 32 aJTaHIHOM, TUTPY-
niHoM, (enimananinom, CO, C3,C4, C6 tTa C14[11].
VY nocnimxenHi Meitbypra, Ha BiIMiHy BiJ{ HAaIlIOro
JOCITIJDKEHHSI, He BHSBIICHO PI3HUII MK Trpyrnamu
HepoHomeHux nitedl (32-36 TWkHIB recTarii)
Ta JIOHOIICHUMH JITHbMHU 32 TaKUMH allMJIKAPHITH-
namu, sk C2, C10, C12, Cl14:1, C140H, Cl6,
Cl16:1, C160H, C18 ta C18:1, npoTte Oyna pi3HULSA
3a C0, C4, C6, C8, C8:1 ta C10:1 [18]. Takox y 1o-
cliJuKeHHI MeiiOypra, Ha BiJIMIHY BiJl HAIIOTO
JIOCII/DKEHHS, He BHUSBJICHO PI3HHII MIX IpylnamMu
A (22-31 TmxIeHb TecTallil) Ta KOHTPOJIIO 33 TaKH-
MU almiIKapHiTHHaMmH, sk C8, C8:1, C10, C12, C14,
Cl140H, Cl16, C16:10H, C160H, C18, C18:1
ta CI8:10H [18]. 3a pe3ynbraraMud HaIIOro
JOCII/DKEHHs, B TpPyMax HEIOHONICHUX JIITeH

KOHIICHTpAITiSl allMJIKAPHITHHIB HIDKYA, HDK y TPyIIi
KoHTpoto, 3a BuHsATKOM CO, C5, C6, C8 Ta C8:1.
3aKOpIIOHHI X JIOCIITHUKA OTPUMAH TPOTHIICKHI
pe3ynbTaTy: Il KOHIEHTpAIil BUIIi, HIK Y JOHOIIIe-
Hux giteit [11,18]. 3aranom Harii pe3ynbTaTi BKasy-
I0Th Ha Te, 10 HEJOHOIIEH] iTH CUILHO BiAPI3HS-
IOThCSI B METa0OIYHOMY MPOdiT alMIKApHITHHIB
BiJl JoHOIIEeHUX. [{e MOXKHA MOSICHUTH MapeHTepab-
HHUM Xap9ayBaHHSIM HEJOHOIICHUX HOBOHAPOIKEHHX
Ta MeTabonizmoM 3aranom [7,19]. Takox croctepi-
rajacs BUINA KOHIICHTpAIliss TUPO3WHY B Ipymi b
SK y TIOPIBHSIHHI 3 TPYTNOI0 A, TaK 1 3 TPYyIOI0 KOHT-
pomo. Ilpu 11bOMY pI3HUINI MK pIBHEM THPO3UHY
B CyXHUX IUIIMax KpOBI MIDX TpYIMOI KOHTPOJIO
Ta rpynor A He BusBIeHO. OTpUMaHI pe3yybTaTH
MOXKHA MOSICHUTH (Di310JOTIYHIUMHU OCOONUBOCTAMHU
HEJIOHOIICHUX JITEH: Y HUX Y KIIITHHAX, J¢ BiaOyBa-
€TBCSI META00II3M THPO3UHY, aKTUBHICTh (DEPMEHTY
TUpO3UHaMIHOTpaHchepasn 3HKeHa. JlociiKeHHS
MOKa3yIOTh, 10 TaKi KOHIEHTpallii € TPaH3UTOPHUMHU
[15]. TlopiBHSIHHS KOHIIEHTpAIid METHIMaJIOHOBOT
KHUCJIOTH Ta MCTHUIILIUTPATY MK rpymnamMmu 3a J0IoMo-
roro H-kpurepito Kpackena — Bomrica mokaszano,
10 MK rpynaMu A Ta b HemMae CTaTUCTUYHO 10CTO-
BIPHOT pI3HUIN B KOHIEHTpaIii METHIMAIOHOBOI
kucnotu (p = 0,241), a Takox HEMae Pi3HUII B KOH-
HEHTpaIiAX MK TPyNor b Ta rpynor KOHTPOIO
(p=0,277).

CTaTuCTHYHO JOCTOBIPHY PI3HUIIIO PIBHS METHII-
MAaJIOHOBOI KUCTIOTU B CyXHX IISIMaX KPOB1 BUSIBIICHO
MDK TPYIOI KOHTpOIo Ta rpymoro A (p = 0,021)
(Tabm. 2, puc. 1). Takox BU3HAYEHO, 1110 KOHIIEHTPa-
i METHWINUTPATy BIIPI3HIETbCS MDK TpyHamu
HefoHomeHux aitedt (p < 0,001), mix rpymamu A
Ta koHTpoIto (p < 0,001), Mixk rpynamu b Ta KOHTpO-
mo (p < 0,001) (tadmn. 2, puc. 2). OTpumasni pe3yiib-
TaTH MOXYTh BKa3yBaTH Ha Te, IO JIHCHI pedepeHT-
Hi IHTEpBaNIu MOXYTb Oy TH HEBaTIJTHUMH AJIsI aHATI3Y
JITel 3 paHHIM TEPMIHOM TecTarlii. BianosiaHo BU-
3HauYeHO pe(depeHTHI 3HaueHHs LUX MeTaOoNiTiB
JUTS TPYTI TTePeAYacHO HApODKEHHX JiTer. OCKIIbKH
JIOCTOBIpHOI pi3HMII MK 000Ma IpymaMH HEIOHO-
IICHUX JIITEH He 3HalIeHO, peepeHTHE 3HAUCHHS
KOHIIEHTpAIlil METHIIMaJIOHOBOI KUCIOTH (hopMyBa-
Jock Uit 000x rpyr, a came 0,25-1,88 MKMOJIB/.
OCKUIBKY 32 KOHIIGHTPAIIIE€I0 METUIILUTPATy € JI0C-
TOBIpHA PI3HHUIIS MIXkK FPYyTaMH HEJIOHOIICHUX JiTEH,
Juist 000X BHM3HA4YEHO pi3HI pedepeHTHi rpymu b —
0,05-0,23 mrmonw/it. TIpoTe vepe3 Mairy BHOIPKY
OTpUMaHi HOBi pe()epeHTHI 3HAUCHHS TAKOX MOTpe-
OyroTh TiepeBipku. [1J1s1 aHai3y 3MiH METa0OIIYHOTO
npointo aMiHOKUCIIOT Ta AlIUIKAPHITUHIB Y PI3HUX
JIOCTIJDKYBAaHUX TPyIHax BHKOPHCTAHO KOEQIli€HT
CripmeHa Ta noOynoBaHO Kopejorpamu. Y pesyib-
TaTi MPOBENEHOT POOOTH BUSBICHO BHII PIBHI
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MMA

p
1,8
1,6
1,4
1,2

MKMOJIB/JT

0,8
0,6

0,2
0

= JTH/1 = HJ/I = Konrpons

Puc. 1. [liarpama po3kuay 3Ha4€Hb METHIMAIOHOBOI KUCIOTH
B CYXHX IUIIMax KpoBi ayxe HepoHomeHux maited (JAH/), nemonomenux miteit (H) ta kortpomto; * p < 0,05

MCA
0,45
0,4
0,35
0,3
0,25

MKMOJIB/JT

&
to

0,15
0,1
0,05

m JIH]] m H)] = KonTpons

"

Puc. 2. Jliarpama po3Kkuy 3Ha4CHb METHIIIIUTPATY B CYXHX IUISIMaX KPOBI
nyxe HenoHomenux aiteit (JJH/I), nenonomenux niteit (H) Ta konTpomro; * p < 0,05; ** p < 0,01

Koe(illieHTiB KOPEJIALii MiXk PIBHEM al[UIKAPHITHHIB
y rpynax A ta b opiBHSHO 3 TpyIoI0 KOHTPOITIO.
MorkHa BKa3aTH Ha PI3HUII0 B Koe(ilieHTax
KOpEJIALii PIBHIB aIlMJIKAPHITHHIB y TPyl A MOpiB-
HSIHO 3 rpymnoto b ta xoHTponeMm. Croctepirascs
BHIIHIA PIBEHb CTATUCTHYHO JIOCTOBIPHUX MTO3UTHB-
Hux kopensnid CO 3 psIoM 1HIINX alUIIKapHITHHIB
(C2,C3, C3DC, C40H, C5DC Ta iH.), 9oro HE CIO-
cTepiraeTbes B iHMUX rpynax (puc. 3-5). Lle moxxHa
MOSICHUTH THM, 110 3a0ip KpOBi B TpyIi A MPOBO-
JSTh HE paHille, HK y MOCTKOHIENIIHHOMY Billi
32 TwxkHI. opMysa MmapeHTepabHOTO XapuyBaHHs
[UX HOBOHAPO/KCHUX 3a3BHYA MICTUTH KapHITUH
(CO), mo ¥ mpu3BOIUTH K JO MIJBHIICHHS HOTO

KOHIIGHTpAIi{ B I1a3Mi KpPOBi, TaK 1 A0 30UIbIICHHS
koedirienTa kopensii CripMeHa MK KapHITHHOM
Ta IHIIMMHU aluikapHiTHHaMu [6]. Oxpemo BapTo
HAroJIOCUTH Ha 3HAYHIN KUTbKOCTI HETAaTUBHHUX KOpE-
msiuiit y rpymi b, 30kpema HeraTuBHil Kopensnii kap-
HITHHY Ta JOBTOJIaHITFOTOBHX allMIIKapHITHHIB. Hera-
TUBHI KOpeJALii JOBrOJAHIIOTOBUX AlMIKAPHITHHIB
3 CO y rpymi b MokHA TIOSICHATH KETO30M Ta TIiJI-
BUIICHUM pIBHEM METa0OMi3My KHUPHHUX KHUCIOT
Y HOBOHAPOKEHUX, TIEPEX1JT 10 SIKOTO BiOYBa€ThCS
ofpasy miciist HapopkeHHs [20]. ITinBuienuii piBeHb
JKHPHUX KHUCJIOT IPH3BOIUTUME JI0 OB aKTHBHOTO
X OKMCHEHH Ta, BiIIOBITHO, TIPOIYKYBaHHS JJOBIO-
JIAHIFOTOBUX ~ AlWJIKAPHITHHIB 31 3MCHIICHHIM
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Gly
Leu

Orn
Phe

Aspartic Acid p =0,240
Cit p =0,604
Gln p=0,135
Glu p=0,401

Tabnuys 2
Pe3ynbTaTi cTaTUCTUYHUX NOPIBHAHB PiBHS MeTA00JIITIB y CyXHX IUIAIMAaX KPOBIi
MiK rpynamMu Jy:ke HeJOHOIIEHHUX JiTeli, HeJOHOIEeHNX AiTeil Ta KOHTPOJIIO
IlopiBHsAAHHS
MeraGoutit Jysxe HepoHOWIeH] aiTH — Jysxe HeoHOWIeH] aiTH — Heponomeni nitn —
HeJIOHOIIeHi TiTH KOHTPO.Ib KOHTPOJIb
(acCUMIITOTHYHE 3HAYEHHS P) (acMMIITOTHYHE 3HAYEHHS P) (ACHMITOTHYHE 3HAYEHHS P)

Ala p=0,387 p=0,167

p = 0,462 p=10,468

p=0,147
p=0441

p =0,696

p=0,147
p=0,982

p=0,722

Pro

Trp
Tyr
Val
Arg
Met

CO0

p=0,111
p=0811%

p=0,181

p=0,351
p=0,206 p=0,130

p=0315

p=10,991
p=0,284

p=0,372

C4DC

2 p=0,980 p=0,073

c3 p=0,961 p = 0,306
C3DC p=0,532

C4 p=0713

p=0,818 p=0,945
p=0,927

C8:1
C10

C40H p=0,932

cs p <0,001

Cs:1

C5DC
C50H

C6

C6DC
c8

p=0,305

p=0,743

p =087

p = 0,666
p=0,160

p=0,508

C10:1
C10:2
Cl12

Cl2:1
Cl4

Cl4:1
Cl4:2

p=0,745

p =0,096 p=0,119
p=0,410

p=0,207*
p < 0,069*

C140H
Cl6
Cl6:1
C16:10H
C16:2
C160H
C18
C18:1
C18:10H
C18:2

p=0,515

p=0,257 p=0,785

p=0,138

C18:20H
C180H
MMA
MCA

p=0474 p=0,720
p=0,277

p=0,883

p=0.241

* TTOpiBHAHHSA 3a t-kpHuTepieM CThIOAEHTA.
** OpIBHSAHHSA 3a t-KpUTepieM Berua; 3e/eHnii — CTaTUCTHYHO 3HAYyIA Pi3HULIS.
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KOHIIeHTpallii BiabHOTO KapHiTHHY (CO0), y TOMYy
yucni 4yepes nedinuT depmeHTy y-OyTupoOeTain-
TIPOKCHIIA3H, MO0 MOXKE CIIOCTEpIraTucs B mepes-
yacHO HapomkeHux aiteit [8]. [TopiBHIotouM KOpe-
JIOTPaMH PIBHIB aMIHOKHCJIOT Y PI3HHX Tpymnax
HOBOHAPO/KEHUX, MOXKHA TOMITHUTH, IO OOWIBI
JOCITI/DKYBaHI TPYyHH TEepeayacHO HapOHKEHUX
JiTell BIAPI3HAIOTHCS BiJ TPyNU KOHTPONIO. 3ara-
JIOM B 000X TPYIT IOPIBHSIHO 3 KOHTPOJIEM CITOCTEPi-
Ta€ThCSl MiJBUILCHHS PiBHIB MO3UTHBHUX KOpEISLiif
psimy MeTaloJiTiB, SK-OT allaHiH, BAJIiH, JICWIMH Ta
METIOHIH, 3 ycima iHmmmu Metabostitamu. Takox 3Ha-
4yeHHs KoedimienTa CriipMeHa € OUIbIMM y Tpymi A
MOPIBHAHO 3 TPYHOI0 KOHTpomto (puc. 6 Ta 8).
[ToniOHe migBHINCHHS KOe(DIMi€HTIB KOpEsIii
CroipMeHa B Tpynax HEJOHOILICHUX iTeH MOXKHA
MIOSICHATH TAPEHTEPATEHIM TUIIOM XapayBaHHS a00
(h1310J10TIYHOIO0 OCOOIMBICTIO HEMOHOMICHUX AITEH.
[NopiBHSAHHS KOpeyorpaM TpyHl IMepeadacHO Hapo-
JUKEHUX OITEd MIDXK cOO0O0 IIOKa3ajio IOAIOHICTH
PIBHIB TMO3WUTHBHHX KOPEIAIIH, MEPelOBCIM THX,
0 BiAPI3HSIIMCh B 000X Trpymnax BiJ KOHTPOIO
(puc. 6 Ta 7). [Ipore moka3aHo, 1o piBHI KOPEIIii
BaJiHy 3 JICHIIMHOM, METIOHIHOM, TIIyTaMiHOM,
apriHiHOM, OPHITHHOM Ta IJyTaMarOM € BUIIUMH
B Tpynu A mopiBHsAHO 3 rpymnoto b. I'pyna b mae
BHIII PiBHI KOPEJALi BaNiHY 3 TIIIIMHOM, THPO3H-
HOM, acnapTaroM, METHUILUTPATOM Ta TpI/IHTO(l)a-
HOM TIOPIBHSTHO 3 TPYIION0 A.

BucHoBkHu

OTtpumaHi pe3yabTaTH MOPIBHSHHA METa0O0iu-
HOTO TPOQUIF0 TPYN HEIOHOIICHUX JITed MIiX
cO00I0 Ta TPYINOK KOHTPOJIO IIOKa3ylTh, IO
JIUIIe 3a JIGSKMMH MeTaOoJliTaMH HEMae pPi3HUII

MDK JTOHOIICHHUMH Ta HEAOHOIIEHHMMH MIThbMH. [0
TaKUX META0OJIITIB HajJeKaTh TaKi aMiHOKHCIIOTH,
SIK TIIIWH, (eHIJAIaHIH 1 BaJIiH, Ta allWJIKapHITHHHA
C3, C4, C10:1, C14:2, C18:20H. Taki pesynbraru
€ OYIKyBaHMMH 3 OIVISIy Ha 3Ha4HI (i310J0TIUHI
BIIMIHHOCTI MiX IIUMHU I'PyIaMH 1 HiATBEPAKYIOTh
HaIly TIO3MIIIf0, MO MepPEeIYacHO HAPOKEHI JITH
noTpeOyIOTh OKPEMO BCTAHOBJICHHX PEe(EepPeHTHHUX
3HaueHb. [Ipore BapTO 3a3HAUUTH, IIO TPyHa HEIO-
HOUICHUX JiTeH i3 TepMiHoM recramii 32—-36 THxHiB
HE BIJIPI3HSAETHCS BiJI JIOHOIICHUX JIITEH, HA BIIMIHY
BiJI JyXe HEJIOHOUIEHUX JiTeil, 3a KOHIIEHTpa-
€0 aMIiHOKHUCJIOT, 32 BHWHSATKOM METIOHIHY,
TUPO3UHY Ta Jeiunny. Lle ouikyBaHO, OCKIIBKH 1151
rpymna OauXkdYa 3a TEPMIHOM TecTarlii JI0 BYaCHO
HapoMKeHUX. Y PoOOTI BH3HAUEHO peepeHTHI
IHTEpBaJIM KOHIEHTpAIlii METHJIMaJIOHOBOT KHC-
JOTA Ta METWILUTPATy Ui TPyN Hepea4acHo
HapOJKCHUX JTITCH.

BuUsIBICHO CTaTHCTUYHO MOCTOBIPHY HETaTHB-
Hy kopensnito kapHiTmHy (C0) 3 JIOBroJIaHIIO-
ropumu anunkapaituaamu (C12, C12:1, Cl4:1,
C160H) y rpyIi HETOHOIIICHUX HOBOHAPOJKCHHUX
(32-36 TwxniB). Lli pe3yabraTH MiATBEPIKYIOTH
JIaHl I0JI0 BIUIMBY Ha IIi METaOOJITH 3HIKEHOI
BHACIIIOK ()i31010TI4HOT HE3PITOCTI KOHIEHTpAaIlii
bepmenTy y-Oytupoderainrigpokcunasu [8]. Okpim
I[bOTO, HAIIll JaHI OMOCEPEIKOBAHO MiATBEPAKYIOTh
3HIDKCHHA PIBEHb TUPO3WHAMIHOTpaHC(hepasn B
HaApOJLKEHUX JiTe. MO)KHA PUTTYCTUTH, 11O 1€ He
enuHi pepMeHTH, TeDIIUT SKUX MOXKHA CIIOCTepira-
TH B I1i€1 TPynH HOBOHAPOKeHUX. OTxe, I Mup-
II0OT0 PO3YMIHHS METa0OJIYHUX BIIMIHHOCTEH TIe-
penyacHo Hapo/PKEHUX JiTed MOTpiOHI momanbIn
JIOCIIDKEHHS.
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Puc. 3. PiBHi Kopessitiii MK allMIKapHITHHAMY IPYIIH JyXKe HEIOHOIICHNX AiTel; | — MO3UTHBHA JiHIHHA KOpessiis; -1 — HeraTuBHA JiHIHHA KOPEJISLIis
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Puc. 4. PiBHi Kopernsiuiil MiXk allUIKapHITHHAMYI TPYIH HEAOHOUICHHX AiTei; 1 — mo3uTHBHA JiHiMHA KOpersiis; -1 — HeraTuBHa JIiHIHHA KOPeIIsILis
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Puc. 5. PiBHi Kopernsiniii MK allMiIKapHITHHAMY IPYIH KOHTPOJIIO; 1 — MO3UTHBHA JiHIMHA KOpesiis; -1 — HeraTuBHa JIiHiHHA KOpessiis
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~.0 [ -1 0

‘Ala
Val
Leu
Met
‘Gln 0,594 0,469 0,591
'Arg 0,594 0,566 0,560
Aspartic Acid 0,592 0,448 0,34¢
Trp 0,459 0,538
om 0,527 0,691 0,551 0,585 ;
Cit 0,525 0,408 0,541 0,551 0,466 0467 0,516 0,520
Glu 0,468 0,467 0, 0,416 0,380

Phe
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Gly

| Tyr .3
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< | > | 8|32 |0 | < E §|8 |8 |£| & |8 |¢f

Aspartic Acid

Spearman rank correlation coefficient

Puc. 6. PiBHi Kopessiiiit Midk aMiHOKHCIIOTaMHU TPYIH JyXKe HEJOHOIICHHX AiTel; 1 — MO3NTHBHA JIiHIMHA Kopessiist; -1 — HeraTuBHa JIiHIHHA KOPEJISILis
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+0 I - 0

Ala
Val
Met 0,552
Pro 0,516
Aspartic Acid 0,603 0,506
Cit 0,487 Ms'l 10,579
Trp 0,493 0,560 - 0,451
Gly 0,549 0,496
Leu 0519 0,446 0,554 0,421
0,436 0,595 ) 0,511 _ 0,528
0,448 0,499
0,524 0,523
0,548
0,486

Gln
Glu

o

Aspartic Acid &

Ala
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Met
Pro
Cit
Trp
Gly
Leu
Phe
Tyr
Orn
Arg
GIn
Glu

Spearman rank correlation coefficient

Puc. 7. PiBHi Kopessiiiii MiXk aMiHOKHCIIOTaMU TPYIH HEAOHOLICHHX JiTeit; 1 — mo3uTHBHA NiHilHA KOpensiis; -1 — HeraTuBHa JIiHiiHA KOpessiis
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Val 0,460
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Phe
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Aspartic Acid 0,588 0.484
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Trp
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Leu
Ala
Val
Pro

0,451 0,523
0,480 0,466

e

Phe
Gly

Aspartic Acid

Met

0,506

Cit

Trp

Glu

Tyr

Oorn

GIn

Spearman rank correlation coefficient

Puc. 8. PiBHi Kopemsiiiii Midk aMiHOKHCIIOTaMU TPYIH KOHTPOJIO; | — MO3UTHBHA JiHiiHA KOPeIsiis; -1 — HeraTuBHa JIiHIHA KOpessiiis
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METABOLIC PROFILE IN DRIED BLOOD SPOTS OF PREMATURE INFANTS

Abstract

Premature infants are newborns born before 260 days’ gestation. Every year, millions of children
around the world are born prematurely. In 2020, in the United States, the number of premature infants
was 10.2% of all newborns. In Ukraine, as 0f 2021, this number was 5.68%. The physiological immaturity
of premature children is often the cause of perinatal pathology, as well as neonatal and infant mortality.
Thus, in Ukraine, the mortality rate in this group of children was 9.56 times higher than that among full-
term newborns (3.54 versus 0.37 per 100 newborns, respectively). In addition, due to physiological
immaturity, premature infants have a significant difference in metabolic profile, which significantly
complicates the diagnosis of diseases, including congenital metabolic disorders, during neonatal
screening. The aim of this study was to identify differences in the concentrations of some amino acids,
acylcarnitines, methylmalonic acid and methylcitrate in dried blood spots of full-term newborns and
premature infants of different gestational ages. A statistically significant difference was found in the
concentrations of amino acids, acylcarnitines, methylmalonic acid and methylcitrate in blood samples of
premature infants and full-term newborns according to the Kruskal — Wallis H-test, Student’s t-test and
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Welch’s t-test. Reference intervals for methylmalonic acid concentrations in dried blood spots for
premature infants (<36 weeks of gestation) were determined — 0.25—1.88 pmol/L. Reference intervals for
methylcitrate concentrations in dried blood spots for very premature infants (<32 weeks of gestation) and
premature infants (32—36 weeks of gestation) were determined — 0.07—0.43 pmol/L and 0.05-0.23 umol/L,
respectively. The results obtained will allow increasing the efficiency of neonatal screening for hereditary
metabolic disorders for the purpose of early and accurate diagnosis of hereditary metabolic disorders and
timely correction of the identified pathology in premature infants.

Keywords: amino acids, acylcarnitines, methylmalonic acid, methylcitrate, neonatal screening, tandem
mass spectrometry.
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MOP®OJIOTTYHA BAPIATUBHICTD
YOJIOBIYOI KPAHIOJIOTTYHOI CEPII
XVIII-XIX ct. I3 HOJTABCHKOI 'YBEPHII
BA ITHAMUBIAYAJIBHUMU JTAHUMMU B. I1. AJIEKCEEBA)

M eussnenns baeamvox cnipuux seuwy y mopghonoeii ma pacoeenesi y XIV-XIX cm. eascauso dociui-
oorcysamu pizuunuti mun Homo sapiens. Busuenns anmpononociunozo cxknady nacenennss XVII-XIX cm.
€ BAICTIUBOIO JIAHKOIO 8 OOCIOJCEHHT emHo2ene3y Ha mepenax Yipainu. Kpanionoziuni cepii XVIII-XIX cm.
00YibHO 6600UMU 68 HAYKOBULL 00i2 He Nulie KONCHY OKPeMo, d U Y WUPUOMY KOHMEKCMI pe2ioHAIbHUX
Ma MidCpe2ioHanbHUx NopieHAHb. 30Kpema, 8UHUKAE NPodIeMa YMOYHeHHs. MOPGHOLOSIUHUX XapaKmepuc-
muxk nacenenust Ilonmascokoi eybepnii XVIII-XIX cm. 051 Konkpemuiuioeo susnauenms micys yiei cepii
6 cmpykmypi anmpononoziunoi eapiamugenocmi Cepednvoi HaoOHinpanuunu.

Y ecmammi nasedeno cepeoni oani eubipxu 3 Ilonmascokoi eybepnii XVIII-XIX cm., inousioyanvui oami
saxoi onyonixyeas B. Il. Anekcees, nadano 3azanbHy Xapakmepucmuky Hoa08i4oi Kpanionoziunoi cepii
Ha Ml CyMidCHUX emHiunux epyn Ykpainu ma €8ponu 3a2aiom, 8USHAUEHO 8IOCMAHI MIHC OKpEMUMU cepi-
samu XVI-XIX cm. 3a 00nomoeoro 6a2amosumipno2o KaHOHIYHO20 ma KiacmepHozo ananizy. Yonosiva eu-
6ipka 3 [lonmascokoi eybepHii cknadaemocs 3 22 uepenie. Bemanosneno, wo 3a MOpGhonociunow xapakme-
pucmuxoro ys udipka MIHIMAILHO OPAXIKPAHHA, SUCOMHUL diamemp uepena cepeoHill, 100 wWupoxutl,
00nuUYYs Me302HamHe, Pi3Ko npopinbosane, NOMIPHO WUPOKe, sucoma 1ioeo maia. Opoimu nomMipHo UCOKI,
Hic cepedHbo wupoku. Ilepeniccs ucoxe, Hic UNUHAEMbCA CUTbHO. Bubipka ne € 00Hopiono ma uane-
HCUMb 00 BENUKOL €6PONe0iOHol pacu. Busisneno, wo 6epxubonuybosuli NOKA3HUK, K | WUpuHa ooauyys
00CI0XHCYB8AHOI BUOIPKU, HE BKIAOAEMBCS 8 YEHMPALbHOYKPAIHCLKUL Kpaniono2ivnu mun. Bpaxoeyiouu
cepeoHi KeaopamuyHi 8i0XUnNeHHs KPAHIONO2IYHUX O3HAK MA IXHIX IHOeKCi8, 3p00JIeHO NPUNYULEHHS, WO YO~
nosiya epyna 3 Ilonmascokoi 2ybepnii mopgonoziuno HeoOHopiona 3a ceoim cknaoom. 3a oanumu baeamo-
BUMIPHO20 KAHOHIYHO20 AHAI3Y BUABILEHO K NIBOCHHO-CXIOHUL, MAK | NIGHIYHO-3AXIOHULL HANPM OI0N102iY-
HUX 36’513Ki6 docuiodcysanoi uonogivoi epynu 3 Ilonmagcekoi 2ybephii, nepesasicac opyeuii. Omoice,
ompumaHi pe3ynomamu ceiouams paouie npo Mophon02iuHy HeOOHOPIOHICMb YON08IHOI 2pynu 3 mepumopii
Tlonmascoroi 2ybepuii ma npo ii ckiaouy dionoziuny cmpykmypy.

Karwuosi cioBa: dizumuna antpononoris, KpaHionoris, Mop¢oioriyaa BapiatuBHicTs, Homo sapiens,
AHTPOIIOJIOTIYHA CTPYKTYpa, KpaHIOMETpis, OaraTOBUMIpHUH aHaii3, KJIACTCPHUHN aHaii3, KaHOHIYHHHA
aHai3, eBporneoigna momyJsimist, 6iomoris, X VIII-XIX crt., Ykpaina.

Hocmimkysaru ¢izuanuii Tun Homo sapiens Bax-
JIMBO JUTSI BUSIBJICHHS 0araTbox CHipHHX SBUII Y MOp-
¢ornorii Ta pacorenesi, o Bindymmcs y XIV-XIX cr,,
SIK-OT 3MEHIIICHHSI BUITMHAHHS TTOTUJIHLT, BEJTMKUH KyT
BHUIIMHAHHSA HOCA, BEIUKHUU BiJICOTOK OpaxikpaH-
HUX 4YeperiB. BUBUEHHS aHTPOINOIOTIYHOTO CKIALy

© Honowcenro FO. B., 2026

HaceseHHs X VIII-XIX cT. € BaxIMBOIO JIAHKOIO B J10-
CIIIDKCHHI eTHOTeHe3y Ha TepeHax Ykpainm. Otxe,
kpanionoriyni cepii XVII-XIX cT. nominsHo BBOIM-
TH B HAYKOBUH1 00IT HE JIUIIEe KOXKHY OKPEMO, a i y 1m-
PILIOMY KOHTEKCTI PETiOHATIBHIX Ta MIKPET1I0HATBHIX
TIOPIBHSHBE. 30KpeMa, BUHUKAE TIPo0iieMa YTOIHCHHS
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MOP(OJIOTTYHUX XapaKTepUCTHK HaceneHHs [lonras-
cbkol rybepnii XVIII-XIX cT. A1 KOHKPETHIIIOro
BU3HAYCHHS MICIIS 1€l cepii B CTPYKTYpi aHTPOIIOJIO-
riynoi BapiatuBHOCTI CepeiHpoi HaaaHinpsaHImHY.
MeTa cTaTTi — BBECTH B HAyKOBHI 00Ir cepelHi
nani BuOipku 3 Ilonrascekoi rybephii X VIII-XIX ct.
32 IHIMBIIyaJlbHUMH JaHUMH, SIKI OITyOJKyBaB
B. II. AnexceeB, naTu 3arajbHy XapaKT€pPUCTUKY
YOJIOBIYOi KPaHIOJIOTIUHOT cepil Ha Tl CyMIXXKHHUX
CTHIYHUX Tpyn VYKpaiHH Ta €BPONH 3arajioM,
BH3HAYUTH BIJICTAHI MI)K OKPEMHMHU CEpisMH
XVI-XIX cr. 3a gomomMoror 0araTOBUMipHOTO
KaHOHIYHOTO Ta KJIACTCPHOTO aHai3y.

Marepiau i meTonn

3amydeHo BUOIpKY 3 22 uepeniB, OTPUMaHHUX
YHACIIJIOK Marlepallii TpyIHOTro MaTtepially B Pi3HUX
kminikax Opecu. Konekiist nepeOyBae B My3sei ka-
(benpu HOpMasbHOT aHaToMii OIeChKOr0 MEIUYHOTO
iHcTHTYTY. PeecTpaniiiHi KHUTHM My3€l0 MICTSTb
CBITYCHHS MPO MiCIle HAPOPKCHHS (3aBISKH I[bOMY
BHUOKPEMJICHO OXO/KEHHSI 3 TepuTopii IlonTaBcpkoi
ryOepHii), BIpOCIIOBIIaHHS, CTaTh 1 BiK OKIHHKX [2],
10 KOMIICHCYE e(ilUT KOHTEKCTyanbHOI iH(popMa-
uii. BogHouac marepian notpedye KPUTHIHOTO ITifl-
XOJy B iHTeprpeTalii pe3y/abrariB. OnHe 3 0CHOBHUX
MMUTaHh MAaTeMaTHYHOI CTATHCTHUKHU: SKOIO Mae OyTH
MiHIMaJIbHA KUIBKICTH iH(opMAaIii st OTpUMaHHS
JIOCTaTHbOI CTATUCTHYHO KOPEKTHOI MPaBHIBHOCTI
pesynsrary? JIocTHimHUKKM Ha MpaKTHUIl HaiyacTimie
MAarTh CIPaBy 3 MaJOK BUOIPKOKO, KOJH KUIBKICTh
BapianT Menma 3a 30 [10]. Ak 3a3nauus 1. Tominap,
JUTs (PI3MYHKUX AHTPOTIOJNOTIB aKTyalIbHUMHE TpoOJie-
MaMH € TOraHa 30€pekEHICTh 1 Majia YHCEeNbHICTh
BHOIPKH, Ha OCHOBI aHaJIi3y SIKOT BUOY/IOBYEThCS 3HAY-
Ha YacTHWHA JIOCIIUKEeHHs. Mana KUTbKICTh YeperiB
y Tpymi 3MyIIye IOCTIIHUKA OyTH OOEepEeKHUM
y BUCHOBKaX, 0OMEXyBaTHCS 3iCTaBICHHIM BJIACHUX
pe3yNIbTaTiB 13 TIMOTE3aMH, OTPUMAHUMH B IHIINX
JIOCII/DKEHHAX 1 HaBiTh 1HIIMX JUCUUILTiHAX [41].
OCKIUTbKH JTOCTIKYBaHa cepisi YaCTKOBO PENpe3eH-
TaTHBHA U1 0araTOBUMIPHOTO aHai3y, MaeMO 3a-
3HAQUUTH, MO I[IHHICTh JAaHUX IMOJO IMX 4YeperniB
3pOCTe, SIKIIO BBECTH iX 0 00 ’€qHAHOI BHOIpKH
Cepennboi HammHINPSHIMHAN, a B MOJAIBIIOMY —
YKpaiHI[iB 3arajom.

B 0CHOBI TOCITIPKEHHS JISKUTH MPHHIUT 00’ €K-
TUBHOCTI, BUKOPUCTAHO 3araJlkHOHAyKOBi (aHaii3
1 CHHTe3, IHIYKINS 1 JEMyKIlis), aHTPOIOIOTiuHI
Ta CTATUCTUYHI METOIHU.

Binbrricts yepenis i3 BuOipku onmcas B. 1. bym-
koBnY y mepuriit usepti XX cT. [44,45], Ha Mexi
1960-1970 pp. B. I1. AnekceeB BUMIpSB iX MOBTOP-
HO 32 OHOBIIEHOIO, IIUPIIOI, MEeToauKoI0 [2]. Ha
OCHOBI IIUX EMITIPUYHUX IHIUBIIyaIbHUX JaHHX

aBTOP BHpaxXyBaB CTAH/IAPTHI CTATUCTHYHI TapaMeT-
pH, a came: n — KUIBKICTh BUMAJKIB, M — cepenHs
apudmernyHa BenuunHa, m (M) — moxuoOka cepe-
HBOI apU(PMETHUYHOI, G — CEepefHE KBaApaTHUHE
BIJIXMJICHHS, MS — OXHOKa CepeIHbOr0 KBaIpaTuy-
HOro BizxuneHHs. [i mogano Bmepmre. J{ns inTep-
mperarii JaHuX BHKOPUCTAHO KOMIT IOTEpHI TPO-
rpamu b. O. ta O. I'. Ko3innesux 1991 p., a Takox
nporpamy A. B. I'pomosa 1996 p. Bincrani mix
okpemumu cepisimu XIV—XIX cT. BU3HauaIu 3a J10110-
MOTOI0 0araToBHMIPHOTO KaHOHIYHOTO ¥ Kjactep-
Horo [13] anamnizy.

[1in yac MiXKrpynoBoro 6araTOBUMipHOTO aHaJIi-
3y BUKOPUCTAHO OJWH iHJEKC i 13 KpaHionOriuHuX
03HAK, SKi MalOTh HAWOUIBITY TAKCOHOMIYHY IliH-
HICTB: TPH OCHOBHI JiaMETpPU MO3KOBOi YaCTHHH
gepera, HalMeHIIIa MUpHHA J100a, BUJINIHA IHUPHU-
Ha, BEpXHsA BUCOTA 06.]'[1/1‘{‘{5[, BUCOTaA # mupuHa
HOCa, BUCOTA i IMPUHA OPOITH, KyTH TOPU30HTAIb-
HOro Mpo(igrOBaHHS, CUMOTHUYHHMU IHJEKC 1 KYT
BUIIMHAHHS HOCA.

B 0CcHOBY KpaHi0JIOTYHOT XapaKTePUCTUKH 100ip-
KM TIOKJIaJICHO BIepie oOuucieHi cepemHi apudme-
THYHI PO3MIpIB Ta iHAEKcIB yepeniB (Tadm. 1).

Vnepie ctocoBHO cepii 3 [lonTaBcbkoi ryoepHii
JUTS KUTBKICHOTO OIIHIOBaHHS MipH MPOSIBY MOHT0JI0-
iMHUX pHC BUKOPHCTOBYBAIH TaKi IOKAa3HUKH: 3a-
rajJlbHA 1H/EKC CIUIOLIEHOCTI JIMIBOBOIO CKeneTa
(mauti — CJIC), npeaypukynspHuii (arrio-riepedpatb-
Huit noka3Huk (gani — [1PIT) Ta ymoBHa 4acTKa MOH-
roJoigHoro exeMenTy (nani — YUME). Onuc 1 aHaumi3
JAHUX TPOBOJIWIM BIJMOBIIHO JIO TOKA3HHKIB,
3a sixux 3HadeHHst CJIC menmre 3a 20 i [1OI1 menme
3a 90,6 xapakTepHi Uil «4UCTUX» €BPOIEOI/iB, 3HA-
yennst CJIC Oinpime 3a 80 1 IIDIT Oinpmie 96,8 —
Uit «auctux» MouronoimiB [5,11]. Tapeke CJIC
1 BUIWHAHHS HOCOBHX KICTOK, CIIOCIO CyMapHOTO
BU3HAYEHHS MipH CIUTOLICHOCT] OOINYYS Ta BUITUHAH-
HSl HOCOBHX KicTOK 3amporionyBas I. @. [leberr [11].
@opmyna OasyeTbcss Ha KPAHIONOTIYHMX O3HAKaX
MIEPIIOTO MOPSJIKY, IKAH € HAHAIIHHIITUM KpUTe-
pieM Ui pO3MEKyBaHHS BETUKHX Pac.

Pe3ynbTaTn Ta 00rOBOpEHHS

Bubipka, siky mocmiaus B. I1. Anekcees, y cepen-
HBOMY XapaKTePHU3YEThCS MAJIOI0 JIOBKUHOIO Ta I10-
MIpHOIO IIMPUHOIO Yepera i CKIagaeTbesl 3 ABOX
nonixokpaHHux (i mudpom 390 i 2252), 4oTUpbOX
ME30KpaHHUX Ta 16 OpaxikpaHHUX uepemiB. Y ce-
penHboMy 3a uepenHuM iHaekcom (80,9) BoHa MiHi-
MaJIbHO OpaxikpanHa (Tabn. 1). /loBknHa OCHOBH
yepena Majga (Ha MeXi 3 MOMIPHHMH KaTeropisMu
po3MipiB). Cepesl aHTPOITOJIOTTYHUX XapPAKTECPUCTHK
YepenHuil moka3HuK (abo 1HAEKC) € OHi€I0 3 aude-
PEHIIHHUX 03HAK y pacoBid kiacudikarii [31].
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Tabnuys 1
Cepenni po3mipu ii ingexcu yosoBiuux yepenis XVIII-XIX et. i3 [ToaraBcbkoi rydepnii
(3a inguBinyaasuuvu ganumu B. I1. AnekceeBa)
No 3a Youosiku (3)
Maprinom Osnaku M n s m (M) ms min. max.
1 [To3noBxkHIl niameTp 175,8 22 6,1 1,31 0,93 168,0 186,0
8 [Nomepeunwii giametp 142.5 22 6,1%* 1,29 0,91 128.0 151,0
17 BucorHuii niametp 132,2 22 8,0%* 1,70 1,20 118,0 145,0
5 JloB)KuHa OCHOBHM yepena 99,6 22 5,5% 1,17 0,83 89,0 109,0
9 Haiimenma mmpusa 106a 97,5 22 5,6% 1,20 0,85 89,0 107,0
45 Bunuynuii niametp 131,2 22 4.8 1,03 0,73 120,0 140,0
40 JloB)KHuHA OCHOBH OOTHYYst 98,2 19 49 1,12 0,79 90,0 109,0
48 Bepxust Bucora o0nuyaus 68,9 18 4,0 0,94 0,66 57,0 74,0
43 Bepxus mmprna 00mmyus 105,9 16 4,1* 1,03 0,73 99,0 111,0
46 Cepenss muprHa 00Iuadst 95,8 21 4,7 1,02 0,72 87,0 103,0
55 Bucora Hoca 51,7 20 3,2% 0,71 0,50 47,0 58,0
54 [Hupuna Hoca 24,6 20 2,0% 0,45 0,32 22,0 29,0
51 HIupuna opbiTn 41,7 16 1,8 0,46 0,33 37,5 45,0
52 Bucora op6itu 31,8 21 2,3% 0,51 0,36 29,0 37,5
SC (57) | CumoTnyHa mmpHHa 9,9 21 2,0* 0,43 0,30 7,1 15,4
SS CuMOTHYHA BHCOTA 5,0 21 1,4% 0,30 0,22 23 6,3
DC (49a) | dakpianbHa mupuHa 21,4 20 3,2% 0,71 0,50 16,2 26,0
DS JlakpianpHa BUCOTa 12,7 20 1,5 0,34 0,24 9,7 15,3
FC I'mubuHa iKJI0BOI SIMKH 5.4 20 1,9% 0,43 0,31 -2,5 -10,0
72 KyT 3aranpHOMUIBOBUIA 84,5° 16 3,6* 0,89 0,63 78,0° 89,0°
73 CepeHiii JINIBOBUI KYT 85,2° 20 4.2% 0,94 0,66 78,0° 91,0°
74 Kyt anbBeossipHOi yacTUHU 83,4 16 7,8% 1,96 1,38 70,0° 98,0°
75(1) KyT BunmHanHs Hoca 29,3° 17 5,4% 1,31 0,93 22,0° 39,0°
77 Hazomansipuuii Kyt 139,0° 21 5,0% 1,10 0,78 131,0° 149,0°
P 3UroMakCWISIpHUNA KyT 126,0° 19 5,3 1,22 0,86 119,7° 134,0°
Hannepeniccst 29 16 1,1 0,27 0,19 2,0 5,0
Inpexcu
8:1 UepenHuit 80,9 22 3.4 0,73 0,51 73,6 84,8
17:1 BucorHo-1m10310BKHii 75,2 22 4,1* 0,87 0,61 75,1 79,9
17:8 BucorHo-nonepeunuii 92,8 22 5,0% 1,07 0,76 79,7 102,1
9:8 Jlo6HO-TIONIepeuHmiA 68,4 22 3,2 0,67 0,48 62,3 74,8
45:8 [onepeunwnii pauio-epedpanbHuit 92,1 22 2,7** 0,58 0,41 87,4 95,7
48:17 Beprukanpauii pamio-niepedpanbHuit 51,9 18 3,8% 0,90 0,64 45,6 59,2
9:45 JloOHO-BUIMYHNII 74,3 22 3,5 0,75 0,53 69,5 79,5
40:5 Bununands o0nuyus 97,8 19 4,6* 1,06 0,75 89,6 106,3
48:45 Bepxwiii muiipoBuit 524 17 2,8%* 0,68 0,48 47,5 56,9
54:55 Hocogwmit 47,7 20 4,4* 0,99 0,70 41,4 59,2
DS:DC | JakpianbHuit 60,3 15 10,0* 2,59 1,83 39,9 79,2
SS:SC CuUMOTHYHUIT 51,4 21 14,0* 3,05 2,16 27,4 71,6
52:51 Op0itHuit 76,9 16 6,4% 1,61 1,14 71,3 93,7
M — cepenns apuMeTHIHA BEJIMYNHA; N — KUTBKICTh BUIAJIKIB; G — cepe/iHi KBaapaTHyHi BigxmieHHs; m (M) — moxnoOka
cepenHboi apuPMETHYHOI BETMYMHN; MS — IOXHOKa CepeTHhOTO KBAIPaTHYHOTO BIAXHMIICHHS; * MEpeBHINy€E CTaHIApTHI
BEJINYMHU KBA/IPATUYHOIO BiIXWIICHHS; ** MeHIIe 32 CTaHJapTHI BEIMYMHHU KBAIPATHYHOIO BiIXUIICHHSL.

AOCOIIOTHI pO3MipH BUCOTHOTO JiaMeTpa depe-
na (Big OasioHy) cepemHi. JIoOHA KiCTKa HIMPOKA.
Bunnannit niameTp, BUMipsHUA Ha 22 YOIOBIYMX
yepenax, y cepeaHbomy nomipaud (131,2 mm),
Ha MEXI 3 MaJIUMH KaTeropisiMHu po3MipiB. BepxHs
BHUCOTa 00IMYYsl, BU3Ha4YeHa 3a 18 uepemamu, mo-
Tparusge A0 Majoi Kareropii posmipiB (Ha Mexi
3 momipHumu). [lpm mpoMy BigHOCHAa MIMpHUHA

i BECOTa 0OJIMYYS 32 BEPXHBOIUIILOBUM 1HJIEKCOM
(52,4) xapaktepu3sye oOIMYYS K TTOMIPHO IIHPOKE
(me3eH). 3aranbHui KyT 006muuYst y BuOipii 3 [Tosn-
TaBChbKOI ryOepHii cTaHOBUTH 84,5° 1 BKazye Ha
ME30THaTHICTh. Y d4onoBiuiit cepii 3 IlonraBchkoi
ry0epHii Ha3BaHi KyTH Mam (BimmosimHo 139,0°
i 126,0°), mo cBimuuTh Mpo pizko mpodirroBaHEe
0o0mmyus (tabm. 1).
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Mara BucOoTa i MOMipHa IIHUPUHA OPOIT 3yMOB-
JIFOIOTH Manuit opOiTHUM iHAEKC (BiX MaKCUIO(DPOH-
TabHOI TOUKH — 76,9), aje 3arajoM BiH BKasye
Ha TIOMIpHO BUCOKi op0iTh (Me3okouxis). HocoBuii
OTBIp YOJIOBIYOi cepii XapaKTepH3YEThCS IOMIPHOIO
IIMPUHOI0 Ta BUCOTOI, HOCOBUHU iHIEKC (47,7)
CBIJIYUTH MPO TOMIPHO IMUPOKUH Hic (ME30pHHIs).
PisHOMaHITHI criocoOu BU3HAYMTH BUIIUHAHHS HO-
COBOT JIJISIHKH, Cepell SKUX OCHOBHHUMH € BHMIPIO-
BaHHS KyTiB BUIMMHAHHS HOCA i BUpaXyBaHHS CUMO-
THYHOTO Ta JJAKPI1aJIbHOTO 1HJEKCIB, a TAKOXK OaioBa
XapaKTepUCTHKA MEPEAHbOHOCOBOI OCTI, MOB’sA3aHi
MiXK cO0O0I0 ¥ 3a3BHYAl JIAIOTh Y3TOJKCHI BEITMYH-
HH, ajie MaroTh 1 CAMOCTIiiHE 3HaYeHHs, 00 XapaKTe-
PHU3YIOTh Pi3HI MOP(OIJIOTIYHI €JIEMEHTH IIi€i AIH-
K 00muuus. 3a CBITOBMM MacIITaOOM, 4YOJIOBiYa
cepisi XapaKTepU3yeThCS BEIMKHM BHITHHAHHIM
HOCOBHX KICTOK IIOJ0 JiHii BEpTUKAIBLHOTO Mpoi-
o oboymyust (29,3°), Ha MeKi 3 TOMIPHUMH KaTero-
pistmu posmipiB. Ilepenicest BUCOKe SIK 32 CUMOTHY-
HUM 1HJIEKCOM, TaK 1 3a JaKpiaJbHUM.

3icTaBleHHS KBaJApaTUYHUX BIIXHWIEHb 3a
38 OCHOBHMUMM O3HAKaMM Ta 1HAEKCIB YOJIOBIUYMX
yepeniB 13 [lonraBchkoi ry0OepHii 31 cTaHIapTHUMH
Jla€ 3MOTY 3pOOUTH BHCHOBOK IIPO TIEPECBHIICHHS
CTaHIAPTHUX BEJIUYUH CEPENHBOTO KBAIPATHIHOTO
BiIXWIICHHS 32 25 o3HakamH (65,8 %); 3aHIKSHHS —
3a aBoma o3Hakamu (5,2 %). 1 mgmme 11 o3Hak
CepenHbOKBaIPaTUIHOTO BigxuieHHS (28,9 %)
BKJIQJIAIOTBbCS B CTaHAapTHI Hopmu (Tadm. 1). Ile
CBIJIYMTH MPO TIEBHY HEOTHOPITHICTD cepii.

[1ix gac po3paxyBanns noka3uukis CJIC BusiBu-
Jocst, 1o 4osioBiva cepist 3 IlonaraBcbkoi TyOepHil
XVII-XIX cr. eBponeoinna. 3uauenus CJIC no-
piBHIOE 16,1. 3a CHIBBIHOIICHHSIM JHIIBOBOTO Ta
MO3KOBOTO BiJIIiJIIB BOHA Ma€ €BPONEOiIHI PHUCH
(ITDIT 90,5). 3a BupaxyBanusm YUME Bcranosme-
HO, 110 BIICOTOK y Ipymi Bix eMuuit (—4,41).

Mu Bi3yallbHO 3ICTaBWJIM MK COOOK CHH-
XpoHHI Ta miaxponHi cepii Cepenuboi Hamnwi-
npsiamHEA (Tabdmn. 2): Bumropon, Yurupus, Cy6o-
TiB, MuxaimiBchkuil cobop, sKi omyOmikyBasa
T. O. Pynuu [36,37], KuiBcbka ry0epHis 3a iHIUBI-
nyansHuMu ganumu B. T1. Anekceesa [2], BuGip-
ku — Craiikn 3a Bumipamu 1. JI. [Totexinoi [34]
3 nonoBHeHHsM fanumu FO. B. Jlomkenka mpo pa-
Hillle He BpaxoBaHi yepenu i JIroTeHbka, JKoBHH-
Ho, KwiBcekuit Ilonmin, Yepkacu 3a BUMipamu
10. B. lomxenka [15,16,17,19,20,24,39,46]. Bu-
SIBICHO MIEBHY BiIMIHHICTb ITUX TPYI 32 UEPEITHUM
iHJeKCOM (Talur. 2), OTKe, MiATBEPIKEHO BHUCHO-
Bok I. Jl. IToTexinoi [34] mpo Te, 1m0 NOBHOT MOp-
(hosToTiuHOT TOTOXKHOCTI MK HHMMH Hemae. Jlo
HA3BaHO! O3HAKH MPUEAHYIOThCS BHIMYHHUU [Tia-
MeTp 1 KyT BUIIMHAHHS HOca (Tabd. 2).

Midicepynosuii 6aeamosumipruil ananiz

Jlis BuSIBIEHHA aHAOTiB 30ipHOI 90JI0BIUOi
Kpanionorignoi cepii 3 IlonraBcekoi TyOepHii
XVIII-XIX cT. cepen OaM3bKHX 110 ii Cy4acHOCTI Tpym
ii OyJ10 3ICTABIICHO 3 MIUPOKKM KOJIOM MOPIBHSUTBHUX
matepianis XIV-XIX crt. 31 Cxignoi it LlentpansHoi
€Bpornu Ta BUOIpKOIo 13 3axiHoT €BPOITH 32 I0TIOMO-
OO SIK KAaHOHIYHOTO, TaK 1 knactepHoro [13] Gararo-
BUMIPHOTO aHAJi3y 3 BHKOPHCTAHHSAM IIPOIPaMH
CANON-2,50, 10 sKoro 3amy4anucs YKpaiHCBKi
rpynu: Kamamita 3 Kpumy [38]; M. Uepkacu [46];
M. Yropoa XIV-XVII ct. [23]; JIbBiB (HeomyOiKko-
BaHi JiaHi); 30ipHa cepist 3 Boymni XVII-XIX cr. [21],
Cnoboxanmuaa XVII-XIX c1. [18], YepniroBo-
Cisepimaa XVII-XIX cr. [14], Patnie XIV-XV crt.
[22]; Binauu [8], ykpainmi, moxoBani B [pysii [1];
Craiikn ([34] JlobkeHKO — HeoImyOJiKoBaHi JiaHi);
Jlrorenpka [19]; CrenoBa HammninpsiHmmnHa [25];
M. Onmeca XVII-XIX cr. [3]; MuxaiiniBcbkuii 30510-
ToBepxuil Monactup [37]; Yurupus, Buiropon [36],
Memxuoik [35]; XKoBuuno XVI-XVIII ct. [24].

Binopycu npeacrasieHi TaKUMU cepisMu: 30ipHa
rpyna [3], c. Jlykomub (uneHtp BiteOcbkoi 00i.),
c. IIpycu (uentp Mincbkoi 00m.) [46] Ta BuOipKa
3 [omices XVII-XIX cr. [40].

Pocissrn — 3 Opnosebkoi, Kamysekoi, fApocnas-
cekol TyoepHiit, Cebexa, Crapoi Jlagoru-1 [3]; Cra-
poi Jlanoru-2 [46]; Apocnasns XVII ct. [9]; Hekporo-
151 XV-XVII c1. Ha Teputopii KanmmHcbkoro kpemiis,
poskort Bo3necencrkuii-1 y M. Karmun Tsepcbkoi 0611
[46]; TTepecnapns-3aneceroro XVI-XVII ct.; HoBo-
niBuyoi cnodoau XVI-XVII cr. [23].

Dbxopu — Iopitm (TToputkl, Msxopsl, PD) [48].
Kapemu — Anozepo XVII — movyarox XIX cr. 3 I1iB-
Hiuaoi Kapemii ta kapenu, 30ipHa cepis XVIII-
XX ct. [49,50].

Jlarumm npencrasieni cepisimu XVII-XVIII cr.,
ski nocminuna P. S1. Jlenucosa, Jlelimani (Leimani)
XVII-XVII cr., Iypraitni (Purgaili) XVIII cr.,
Maprunscana XIV-XVII ct. [12]; rpynamu XVIII-
XIX crt., koTpi onpartroas B. I1. Anekcees: narurii-1
(dypOe), natumi-2 (3axiaHi) i matuimi-3 3 Jlynzu [3] Ta
rpymoro XIX cr. 3a I B. 3apuns — Opmanbkanse [28].
Takosx Oyna 3amydeHa rpymna JUToBLIB 13 M. KayHac
(Kaunas) [3].

Cepii ecronui: Orens (Ofepdd) XIV-XVI cr.,
Ka6ina (Kabina kiila) XVII ct.; Koxtia-fpse
(Kohtla-Jdrve) XVII-XVIII ct. [29], Apny [30];
Bapboma (Warbole) XIV-XVII cr; ceno Huyra
(Jouga) B mapadii Anyraryze [29]; ecroHIi
(eestlased) [3].

MonaBann TipencTapieHi BuOipkamu Baparik
(Varatic) Pumxancekoro paitony (XVII-XIX crt.)
1 Crapuii Opxeit (Orheiul Vechi) (XIV-XV ct.) [7].
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Tabruys 2

Cepenni xapakTepucTHKHU NPONopuiii yepena i o0m44si 4os10Biv0i cepii
3 HoaraBcebkoi rydepuii XVIII-XIX cr. y 3icraBiaenni 3 wososiunmu Bubipkamu XVI-XIX cT. 3 Cepennnoi Hapguinpsinmunu

O3Haku 8:1. Uepennmii 45. Buimunmii 48:45. Bepr[ " 77. . < Zm'. 75(1). S8:SC. . 54:55. HocoBwuii
. . . JIMIBOBUH Haszomansipuuii | 3uromakcuiasip- | Kyr Bunnnanns CumoTuHMIT
3a Maptinom iHaeKc aiameTp . . . MOKA3ZHUK
iHaeKc KyT HHUIi KyT HOCa ingexc
[lonraBceka ry0. 5 s o
XVIIXIX cr. 80,9 131,2 52,4 139,0 126,0 293 51,4 477
KuiBcbka ry0. 5 o 5
XVIIXIX cr. 82,1 134,6 50,5 139,9 1274 31,1 54,0 48,8
Bumropox XVII ct. 81,5 135,0 49,8 142,0° 130,1° 30,0° 42,8 473
Craiiku XVII cT.
(HeomyOmikoBaHi 75,2 133,6 51,6 137,4° 127,1° 27,9° 44,5 49,8
JIaHi aBTOpPa CTaTTi)
YUurupun 5 5 o
XVIXVII or. 82,0 138,4 50,2 141,9 129,0 32,4 40,0 49,6
Cy6ori XVII ct. 82,0 138,5 50,6 140,8° 128,8° 30,8° 37,5 50,4
MuxainiBCbKHI o ° o
coGop XV—XVIII cr. 81,4 135,6 51,9 140,8 123,4 31,7 50,2 46,7
YKoBHHMHO ° o o
XVIXVIII ot 80,2 134,6 48,2 135,3 127,8 30,3 46,6 50,1
JIrorenbka o o o
XVILXVIII or. 80,2 132,6 51,7 138,4 127,7 30,6 47,6 49,5
Kuiscokuii [Tomin
(Byi. FOpkiBchka) 79,8 134,2 50,4 136,2° 126,8° 31,1° 48,7 49,0
XVI-XVIII cr.
Yepkacu o o o
XVILXVIII or. 81,3 130,3 50,5 137,8 127,1 29,6 428 49,5
KuiBcbkuit Apcenan o 5 o
XVILXVIII ot 79,8 133,5 51,5 137,6 1249 324 478 47,6
Binoropoaka XVII ct. 80,6 134,5 49,0 135,8° 125,2¢ 25,0° 32,3 48,3
AHJpiTBChKa LIEpKBa ° o °
B Kuesi XVII or. 79,1 135,1 48,1 136,4 128,5 24,5 42,4 54,0
Kuiscoknii [Tomin
(Byi. SIpociaBcbka) 77,3 121,5 52,2 139,8° 126,4° 30,0° 394 47,9
XVI-XVIII cr.
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3anmydanucs TakoXX KapaiMu Ta €Bpei, SKUX J0-
cmiguB B. I1. Anekcees [2]. [Ipo HeBenuKi 0OIIMHA
kapaimiB Jlynpka, ['anmya i JlutBu (KijgbKa COTCHb
oci0) 3ragano B npai B. [I. [suenka [27].

OkpiM TOro, 3aJydasiucs KpPaHIOJIOTIYHI TPYIH
HimuiB: Kenircoepr (Konigsberg) XVII-XIX ct. [6];
Henepunopd (Zellerndorf); Idparidep (Pfeifer); Brop-
temOepr (Wiirttemberg) Ta TroOinreH (Tiibingen) [46].

SBanmyuanues W Taki HapogHocTi 3 Kapkasy:
amxapui [1], Tpy3uHM, BIpMEHHM, IHTYII, auTH,
JIAKIll, XeBCYpH, HOXY1 / 1UKepiiIli, aaureiiii, adbxa-
3H, OCETUHHU [4]; iHTYII 3 TIPCHKUX CKIIEMiB [46].

Bonrapu XVIII-XX ct. nmpencrasieHi Budipka-
mu Puna, baukoso, [Tnosaus ta Codist [32,33].

OTxe, pa3oM 13 JIOCIIKYBaHOK TPYIIO0 110 Oa-
raToBUMIPHOTO KaHOHIYHOTO aHauizy [13] 3amyueHo
86 JOJIOBIYMX KPaHIOJIOTIYHHX cepiit (Tadi. 3).

3a I xanoniuauM BekTopoMm (maini — KB) (34,8 %
3araJbHO1 jaucrepcii) Jonopiva cepist 3 Ilonras-
cekoi rybepnii XVIII-XIX c1. (puc. 1, Tabm. 2)
OTpUMY€E Malli JoaaTHi 3HadeHHs BekTopa (0,354).
3a num KB npocrexyeTthes i OIU3BKICTh JO TPhOX
rpym: 6inopycu 3 Ilomices (0,363), Yepniroo-Ci-
BepmuHa (0,370) ta nakui 3 [liBHiuHoro Kaska3zy
(0,321). Ha posnoain cepiii 3a nepmum KB Haii-
OinbIIIe BIUTMHYIU TaKi O3HAKH: MO3J0BXKHIN Ta MO-
MIEPEYHUH JTlaMETPHU MO3KOBOTO BT, BUITHIHHMA
JiameTp, BUCOTa OOMM4YYsl # HOca, BUCOTa OpOiTH,
3UTOMAaKCHJISIPHHIA KyT OOJMHYYS Ta KyT BHITHHAHHS
Hoca (Tabm. 4).

3a KB 1I (25,2 % 3aranbHOi mucrepcii) mocii-
JDKyBaHA Tpyla OTPUMY€E IMOMIpHI Bif’€MHI 3Ha-
yeHHs1 BekTopa (—0,600). Crioctepiraethbes ii 6io-
joriyHa moaiOHicTh 10 Oimopycis i3 c. Jlykomis
BiTe6cbkoi o0 (auctaniis —0,610), MOCKOBCHKOT
cepii 3 HoBoxiBuuoi cnodoau (muctaniis —0,614)
Ta yKpaiHchKoi 301pHOT BUOipKku 3 BonuHi (—0,635).
OcHOBHI BIAMIHHI O3HAKMA 3a UM KAHOHIYHUM
BEKTOPOM — IIIUPHUHA OPOITH Ta BEPXHS BUCOTA 00-
nuy4s (Taom. 4).

VY mpocropi x KB I Ta KB II ykpainceka rpymna
3 [lontaBchkoi ryOepHil OMUHSAETHCS B HIKHIN IIEH-
TpaJbHIA YacTHHI KOOPJMHATHOTO TIOJS B KOJI
Takux cepill, sk Lenepunopd (Zellerndorf), YepHi-
roBo-CieepinHa Ta Cebex (puc. 1).

3a KB III (22,3 % 3aransHoi qucnepcii) doio-
Biua cepist 3 [lonaTaBchkoi ryOepHii oTpuMye Mali
nonatHi 3HaueHHs Bektopa (0,152). [IpoctexyeTs-
cq 11 meBHA CTATUCTUYHA MOIOHICTH OO BOJIMH-
cekoi rpymu (0,162) Ta nmatmmi i3 JleiimaniB
(Leimani) (0,166). 3a nuM BEeKTOPOM T'pyIH Tiepe-
BaXHO PO3’€HYIOTHCS 32 BHCOTHHM JAiaMETpPOM
MO3KOBOTO BIJIITY, HAMEHIIO IMUPUHOI J100a
Ta MIMPHUHOIO HOca (Tabim. 4). Otxe, KB III Takox
iHQOpPMAaTUBHUH.

Orxe, y npocropi KB I-III ykpainceka nocii-
JUKyBaHa TpyHa OMUHAETbCA B IICHTPI KOOPIAMHAT-
HOTO TIOJIS B KOJI TaKHX YOJIOBIYHMX TPYI: OCETHHH
Tyanbll, 30ipHa cepig 31 CnoOifcbkoi YkpaiHw,
30ipHa BuOipka 3 UepHiroBo-CiBepIinHHU Ta Oi0py-
cu 3 [omices.

MopdonoriuHo MOXKHa BKa3aTH Ha CXOXICTh
cepii 3 IlontaBcbkoi ryOepHil 3 0OceTMHAMU Tyallb-
IFIMH 32 JBOMa O3HaKaMHU: HA30MaIIPHUH 1 3HTO-
MaKCUIApHUN KyTH oOmuuust. 31 30ipHOIO cepiero
Crno0iacekoi Ykpainu ii 00’ € JHYOTh IIUPHUHA YOIIa,
BUCOTa OOIMYYs, BUCOTA i IupuHA HOCA, OpOIT
1 HA30MaJSIPHUI Ta 3UTOMAKCHIISIPHUN KyTH OOJINY-
ust; 3 BUOipKoro 3 UepHiropo-CiBepIuHU — MUpPUHA
qoJja, Hoca, OpOiTH i BUCOTa OpOiTH; 3 OlTopycamu
[Momiccst — mmMpuHA MO3KOBOTO BiJUIiNTy, BHJIHIIb,
HOCa Ta KyT BUINIMHAHHS HOCA.

VY npocropi II-11I KB gocnigxysana rpyna onu-
HWJIACH Y JIBIH IEHTpaIbHINA YaCTHHI KOOPIWHATHO-
ro mojis B Koii Takux cepiit: Cebex, BinHwmis,
HoBopmiBrua cio6oza (puc. 2).

3a KJIacTepHUM OaraTOBUMIPHUM aHANi3oM, J1e
TaKOXK 3aJTyJasIiCh ONMMCAaHI 03HAKH 1 KPaHIOIOT14HI
TPyNH, TibKK Ha 46 Kpoli kactepusarii 3 86 mpo-
CTEXKYETBCS CXOXKICTh JTOCIIKYBAHOT IPYITH 3 MOJI-
JaBcbkolo BHOipkoto Baparik (mucranuis 0,134
13 5,257) — miBIEHHO-3aX1THUHA HAMPSIMOK 3B’SI3KIB.
CrocrepiraeMo MOAIOHICTh 32 TaKUMHU O3HAKAMU:
JTIOBXKHHA MO3KOBOTO BTy, IIIMPHUHA HOCA, OpOiTH,
BHCOTA OPOIT 1 HA30MAJISIPHUI KyT 00NMYYs.

BucHoBkH

1. BecranoBineHo, 1o 3a MOp(oJIOTiYHOI0 Xapak-
TepucTukoro dyonosiua Bubipka XVII-XIX ct.
3 IlontaBchkoi TyOepHii MiHIMAIBHO OpaxiKpaHHA,
BUCOTHIHN JiaMeTp yepemna cepeHii, 100 MMpoKui,
0o0MMYYsT Me30THATHE, Pi3Ko MpodiaboBaHe, TOMIp-
HO MIMpOKe, BUCOTa Horo Mama. OpOiTH MOMipHO
BHCOKI, HIC cepeIHbo mupokuii. [lepenices Bucoke,
HIC BHIIMHAETHCSA CUIbHO. Bubipka He € omHOpia-
HOIO Ta HAJISKUTH JI0 BEJIUKOI €BPOIIEOITHOI pacu.

2. BusiBieHo, 1110 BEpXHBOJIUI[LOBUI MMOKa3HUK,
SK 1 IMUpUHA OONHMYYS JTOCIHIHKYBaHOI BHOIPKH,
HE BKJIQJIAETHCS B [ICHTPAIbHOYKPATHCHKUIN KpaHio-
JIOTTYHUH THII.

3. BpaxoBytouu cepenHi KBaJpaTU4HI BiAXUIICH-
Hsl KpaHIONOTIYHUX O3HAK Ta IXHIX 1HJIEKCIB, OyJI0
3po0JIeHO MPUITYIIIEHHS, 1110 YoJIoBiva rpyma 3 I1on-
TaBCchKOl ryOepHii MOpP(OJOriYHO HEOIHOPIAHA
3a CBOIM CKJIAJIOM.

4. 3a maHuMu 0araTOBHUMIPHOTO KaHOHIYHOTO
aHaJli3y BUSBJICHO SIK MiBJEHHO-CX1IHUH, TaK 1 MiB-
HIYHO-3aXiTHUIH HanpsM O10JOTIYHUX 3B’SI3KIB J10-
CIiJpKyBaHOi 4onoBivoi rpynu 3 IlonraBcbkoi ry-
OepHii, iepeBaxae JAPyTrHid.



Honsicenxo FO. B. Mopgonoriuaa BapiaTHBHICTS 40n10Biu0i kpanionoriynoi cepii XVIII-XIX cr. i3 ITonTaBcbkoi ryOepHii...

63

Tabnuys 3
Jucranuis mik 86 yonoiunmu kpanionoriunumu cepismu XIV-XX ct.
LlenTpoinHi koopaAnHaTH (KAHOHIYHI BEKTOPH)

gn Tpynu IKB | IIKB | IIKB
1. [Tontasceka rydepHis 3a B. I1. AnekceeBum 0,343 -0,572 0,201
2. KuiBcpka rydepHis 3a B. I1. AnexceeBum 0,828 -0,024 0,362
3. | JIeBiB, 30ipHa cepist (cxienu yHiHux-bopkoBchKHX Ha JIM4akiBCbKOMY

L[BHHTapi, ToxoBaHHs Ha CTpuiicbkoMy IBUHTApi), ['annunna 1,068 0,021 0,884
4. 30ipHa cepis 3 UepHiroBo-Cisepuiuau (c. 3amyuske, ypounine Craiikud Bepx,

Yepniris, barypun, JIrobeu, Octep, Bunossis, [1yxis, Porumiii) 0,333 0329 0,397
5. | Vxkropon (3akapnarTs) 1,339 —0,334 0,071
6. Birans (Cx. [oxins) 0,597 -0,628 0,310
7. UYepxkacu (Cepenns HapnHinpsHIuHA) 0,127 -0,314 0,095
8. MuxaiiniBceknii 3omoToBepxuit MoHacTup y Kuesi 0,427 0,154 0,950
9. | Yurupun (Cepenus HagauinpsiHumHa) 0,061 —-0,095 0,374
10. | Bumropon (Cepennst Hagmuinpsiaiaa) -0,093 -0,324 0,056
1| i comie oo G Com. - Birop,
12. | CrenoBa HannuinpsHumaa (30ipHa) —0,133 —0,169 —0,014
13. | Craiiku (Cepenust HangninpsHmumHa) 1,155 —0,334 —0,043
14. | Jlrorenska (Cepenns HapnHinpsHimHa) -0,203 -0,121 0,458
15. | Kuiscekuii [Tonin (Cepenns HagnainpsiHmHa) 0,239 -0,099 0,413
16. | 36ipHa cepis Bonuni 0,564 -0,701 0,285
17. | Vkpaiuui, moxoBasi B ['py3ii, 3a M. . AGnymenimsini 0,401 0,531 0,428
18. | Memxubix (3axigne Ilomims) 0,512 -0,350 0,259
19. | Kamamira (Kpum) 0,585 —0,024 0,445
20. | Oneca (ITpugopHOMOD51) 0,257 0,480 0,325
21. | Xoeuuno (Cepenns HapnuinpsiHinna) 0,634 -1,315 0,207
22. | bonrapu (Punsceknit Monactup) XVII-XX cT. -0,319 0,904 0,286
23. | bonrapu (boukoBchkmii MoHacTHp) X VIII-XX cT. -0,638 0,854 0,138
24. | Boarapu. Codis (BificbkoBuii BUHTap) XX CT. —0,059 0,214 0,240
25. | boarapu. [Tnopaus XVII-XIX ct. —0,383 1,231 -0,351
26. | c. Jlykomnb (ueHTp BiteOcbkoi 0611.), Ginopycu —0,094 —0,574 0,186
27. | Binopycu (ITomiccst) 0,367 -1,833 0,106
28. | c. [Ipycu (uentp MiHcbkoi 0011.), Oitopycu —0,169 —1,424 —-0,092
29. | binopycu (36ipHa) 3a B. I1. AnekceeBum 0,196 0,465 0,409
30. | OpioBcbka Ty0. -0,155 -0,249 0,029
31. | Spocnapib PO —0,467 0,829 1,130
32. | Cebex PO 0,207 —-0,634 0,081
33. | c. Kozino P® -0,153 —1,344 -0,226
34. | Mopiuwu (Toputsr), bropu PO -0,887 -0,715 1,542
35. | Kenircoepr (Konigsberg) —-0,552 0,176 —2,001
36. | LUenepunopd (Zellerndorf) 0,427 —-0,650 —-1,259
37. | Hdaiidep (Pfeifer) -0,104 0,141 —-1,118
38. | Broprembepr (Wiirttemberg) 0,186 -0,291 —-1,756
39. | TroGinreH (Tiibingen) 0,168 —0,265 -1,374
40. | Tepsere (Térvete) natunii -0,593 1,549 0,137
41. | Jleiimawi (Leimani) natuni 0,929 1,162 0,196
42. | Mypraiini (Purgaili), nearpansia yactuHa Binzeme, Vidzeme, nartumi —0,621 0,466 1,036
43. | INocenennst Maprunbcana (I'omsM, castrum Holme) natumi -0,973 0,778 0,062
44. | c. Kabina (Kabina kiila), ectonii -1,037 -0,305 0,133
45. | m. Orens (Otepdd), ecToHI —-1,636 —0,552 —0,639
46. | BapOona (Castrum Warbole) -1,468 0,498 -0,262
47. | Koxna-Spse (Kohtla-Jérve) ectonti —-0,959 0,746 0,314
48. | Apay (Ardu), ecTonmi —-1,480 0,230 0,290
49. | Ecronui (eestlased) -0,740 0,818 -0,133
50. | ®inu (suomalaiset) —0,458 0,311 0,112
51. | Jlarumi-1 (dyp6e, Durbe) 3a B. I1. AnekceeBum -0,421 0,790 -0,465
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i\‘/‘i I'pynu IKB II KB III KB
52. | Jlatummi-2 (3axinni) 3a B. I1. AsekceeBum —0,131 0,755 -0,119
53. | Jlarumi-3 (cxigni gatumi 3 Jlynsu (Ludza) 3a B. I1. AnekceeBum —0,558 0,083 —-0,028
54. | JluroBui (lietuviai) 3a B. I1. AnekceeBum 0,584 —0,116 —1,274
55. | Uityra (Jduga), ecroHmi -1,262 —0,412 —-0,028
56. | Opmanbkanuc (Ormankalns) -0,896 -0,139 -0,763
57. | MorunpHEK Anto3epo Ha miBHIYHOMY Oepesi 03. FOnssipBi, kapenu -0,379 0,268 1,608
58. | Ilepecnapnb-3anecpkuii-1. Hekponons XVI-XVII cT. Yenencekoi nepksu PO —0,369 —0,735 0,152
59. | Ilepecnapnb-3anecbkuii-2. PO -0,890 -0,615 —0,404
60. | Koctpomchka ryd. PO 0,801 0,885 —0,037
61. | SIlpocnaBchka ryd. PO 0,465 0,766 -0,025
62. | Kamy3pka ry0. PO 0,024 0,446 —0,055
63. | Crapmii Opxeit (Orheiul Vechi, Moldova) 0,380 0,040 0,301
64. | c. Baparik (Varatik, Moldova) (pym. Varatic) — Punikancekuii p-o Mosgosu 0,582 0,673 0,526
65. | Amureiini (KaBka3) -0,559 0,265 0,651
66. | Hlancyru (KaBkas) 0,148 0,749 0,406
67. | Abxasu (KaBka3) 1,465 0,007 0,560
68. | Ocernnu nuropui (Kaskas) -0,192 0,379 —0,695
69. | Ocernnn iponni (KaBka3) -0,135 0,259 -0,711
70. | Ocerunn Tyansii (KaBkasz) 0,355 0,428 0,078
71. | Tarymi (KaBka3) 0,453 0,005 —-0,520
72. | lukepiiini / Hoxui (KaBkas) 1,504 -0,662 0,423
73. | Asapui (KaBka3) 1,680 0,327 0,239
74. | Jlakui, etHiuHa rpyna 3 [liBHiuHOTO KaBKkazy 0,283 0,165 —0,567
75. | Xescypu (KaBka3) 0,656 0,920 0,252
76. | I'pyzunu-mriyau (KaBkas) 1,319 0,667 0,340
77. | I'pyzunu-kapraninmi (KaBkasz) 2,151 —0,013 —0,310
78. | Amxapui-1 (KaBka3) 0,684 1,504 -0,368
79. | Bipmenu (KaBka3) 1,656 0,083 0,079
80. | Amxapui-2 (KaBka3z) 3a M. I. AGnymemnimBini 0,567 1,363 -0,359
81. | Iarymmi 3 TipCbKUX CKIIEMIB. 5 ckieniB Outs mocenens Taprim, Erikan, Cari,

L[o;})]i i Myiraﬂ XV-XVIII ct. (KaBka3) ’ 0,996 0,096 0,133
82. | Kapemnn, 3arajibHa cepis (Yixmi, Pempm, KOMH?‘.KOBa, Bokongyapi, 0171 0,769 0316

ITexkaByapi, Typxi, Konnuesyapi, Imarsipsi, Cyiictamo)
83. | €spei, 30ipHa BuOipKa -0,100 0,810 -0,579
84. | Kapaimu 0,993 -0,733 0,092
85. | Hekponons Ha Tepuropii KamuHcbkoro kpemiist, poskon Bo3necencbkuii-1, 0,892 0,489 0,889

Teepcbka 06i1., M. Kamma, PO
86. | HoBoxiBuua crodoga PD —0,759 —0,639 0,199

Tabnuys 4
Enementn nepumx Tprox KB n1s1 86 yostoBiuux rpyn
Osnaku 3 (400BiKkn)
KB 1 KB II KB IIT

1. [To3noBxkHii qiamMeTp -0,614 0,429 —0,221
8. [Nonepeunwuii niameTp 0,636 —0,149 —0,031
17. Bucotuwmii giamerp (b-br) —0,158 —-0,054 0,340
9. HaiiMenma mmpuHa 100a 0,142 0,083 —0,342
45. BunmuuHuii giametp 0,300 -0,073 0,059
48. BepxHs BrcOTa 00IMYYS 0,035 0,275 —0,060
55. Bucora HOCa 0,448 0,373 -0,096
54. Hlupuna HOCA -0,123 0,141 0,381
51. Hlupuna opOiTH 0,225 0,671 0,536
52. Bucora opbitu 0,237 0,056 0,060
77. HazomanspHuii KyT 00au4us -0,366 -0,025 0,297
Zm'. 3UroMakCIIsIpHUHA KyT -0,236 -0,203 0,229
SS:SC. CumoTnyHwMi 0,611 —-0,015 0,013
75(1). Kyt BunuHanHs HOca 0,535 0,321 -0,329
Brecok y 3araneHy aucnepciio (%) 34,812 25,194 22,396
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Puc. 1.* Bubipka XVIII-XIX cr. 3 KuiBcbkoi rybepnii B mpoctopi I ta II KB y nopiBusiaHi 3 85 cepisimu Teputopii €Bpor.
1) Ocerunu puropii; 2) Oinopycu 30ipHa; 3) Anoszepo; 4) Kamyspka ry0.; 5) ocerunm iponmi; 6) Orheiul Vechi;
7) Kanawmira; 8) inrymi; 9) Kuicekuit [lomin; 10) Tibingen; 11) Yurupun; 12) YepniroBo-Ciepunna; 13) Lietuviai;
14) Cebex; 15) Jlykomis; 16) Uepkacu; 17) Bumuropon; 18) Pfeifer
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Puc. 2.* Bubipka XVIII-XIX ct. 3 [TontaBcekoi rybepnii B mpoctopi I ta III KB y mopiBusiHHI 3 85 cepisimu 3 €Bporn.
1) SIpocnasceka ry0.; 2) ocerunnu Tyansli; 3) Orheiul Vechi; 4) Ginopycu 36ipHa; 5) Oneca; 6) UepniroBo-CiBepiunna;
7) Kuiscpkuit [Tomin; 8) Uurupun; 9) Kuiscrka ry6.; 10) HoBomiBuva ciioboxa; 11) Ilepecnapib-3anecekuii-1; 12) BipMeHw;
13) crenoBa Hamnuinpsimmua; 14) OprnoBcbka T1y6.; 15) Bumropon; 16) Vxkropon; 17) Yepkacu; 18) Kabina;
19) ITonrasceka ryod.; 20) Memkuodik; 21) CrodoxaHmmHa

* PucyHKH miarorysana 1o myomikamnii ausaiinepka HOmis Kynpunnpka.
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MORPHOLOGICAL VARIABILITY OF THE MALE CRANIOLOGICAL SERIES
OF THE 18™-19" CENTURIES
FROM THE POLTAVA GOVERNORATE
(BASED ON INDIVIDUAL DATA BY V. P. ALEKSEEYV)

Abstract

The study of the physical type of Homo sapiens is important for identifying several controversial
phenomena in morphology and race genesis that occurred during the 14"-19% centuries. The investigation
of the anthropological composition of the population of the 18"-19" centuries constitutes an essential
component in the study of ethnogenesis in the territory of Ukraine. Therefore, craniological series of the
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18%"—19" centuries should be introduced into scientific circulation not only individually but also within
a broader context of regional and interregional comparisons.

In particular, there arises the need to clarify the morphological characteristics of the population of the
Poltava Governorate of the 18"—19" centuries to determine the place of this series within the structure of
anthropological variability of the Middle Dnipro region more precisely. This article introduces into scholarly
circulation the mean values of a sample from the former Poltava Governorate (18"—-19" centuries), the
individual data of which were published by V. Alekseev. It provides a general characterization of the male
craniological series against the background of neighbouring ethnic groups of Ukraine and Europe as
a whole and determines distances between individual series of the 16"-19" centuries using multivariate
canonical and cluster analysis.

The male sample from the former Poltava Governorate consists of 22 skulls. It has been established
that, according to its morphological characteristics, this sample is minimally brachycranial; the cranial
height is moderate; the forehead is broad; the face is mesognathic, strongly profiled, moderately wide,
and of low height. The orbits are moderately high, and the nose is of medium width. The nasal bridge is
high, and nasal projection is pronounced. The sample is not homogeneous and belongs to the large
Europid (Caucasoid) race.

It has been found that the upper facial index, as well as facial breadth, does not correspond to the Central
Ukrainian craniological type. Considering the standard deviations of craniological traits and their indices, it
is suggested that the male group from the former Poltava Governorate is morphologically heterogeneous.

According to multivariate canonical analysis, both southeastern and northwestern directions of biological
affinities of the studied male group have been identified, with the latter predominating. Thus, the obtained
results rather indicate morphological heterogeneity of the male group from the territory of the former
Poltava Governorate and its complex biological structure.

Keywords: physical anthropology; craniology; morphological variability; Homo sapiens; anthropological
structure; craniometry; multivariate analysis; cluster analysis; canonical analysis; European population;
biology; 18"-19% centuries; Ukraine.
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MOP®OPYHKIIOHAJIBHA XAPAKTEPUCTHUKA
IF’EMOINNOETUYHUX KIIITUH-TIOINEPE/ITHUKIB
PI3HUX TEPMIHIB TECTALI B KYJBTYPI IN VITRO

Busnauenns xapaxmepucmux 6i006 ekmis 015 be3neynoi ma epexmuenoi Kaimunnoi mepanii 3anuuia-
EMbCS KPUMUUHO BANCTUBUM Uepe3 00MeNCeHiCmb OpIYitiHuUX Kpumepiie OYiHIO8AHHS AKOCMI KIITMUHHUX
npenapamis. I'emonoemuuni cmosOyposi KiimuHu eQekmuero AIKYIOmMb YUCIeHHI Namonoeii, a nouyx
i 0emanbHa Xapakmepucmuka aibmepHAMUeHUX 0xcepen Yux KIimun € Ha038UYAUHO aKmyaibHuMu 07
cyuacHoi meouyunu.

Memoto docniddcenns 6yn10 8CMAHOBUMU 3AKOHOMIDHOCTI MOPHODYHKYIOHANLHUX XAPAKMEPUCTIUK
2emonoemuyHux cmogbyposux kaimun (I'CK) ma knimun-nonepeonuxie na panmix emanax emopiozenesy
hemanvHOI neuinKku 6 ymosax in vitro, 30kpema ujo00 ixuvoi nporigepayii, Oughepenyitosanus ma KoioHie-
ymeopioiouoi 30amuocmi. Y 5—11-mudichesux 3pazkax ¢emanvroi newinku U3HAYEHO K008I 3aKOHOMID-
HOCMI PO36UMKY 2eMONOCMUYHUX KAIMUH-NONEPEOHUKIS: CMo8Oyposi ma npo2eHimopHi Kiimuhu 30epiea-
oMb cmabinbHull KOTOHIEYMBOPIOIYULL NOMEHYIAN, B00HOYAC AOCOTIOMHULL 6MICI KOTOHIEYMBOPIOIOUUX
oounuys (KYO) 3pocmac y 18 paszie, a inmezpanbruii NOKA3HUK 30amMHOCMI 00 KOJIOHIEYMBOPEHHS Md NPo-
nigepayii 3pocmae na ~54 % iz cecmayitinum gikom. Busigneno onmoecenemuunuil 3¢y8 KOIOHIEYMBOPEHHSL:
OOMIHY8AHHS epUMPOIOHUX KONOHIU Ha 5-my mudichi (48,0 £ 15,5 npomu 4,8 £ 3,1) i3 nodanvuium niosu-
WeHHAM KITbKOCMI MIEN0TOHUX KONOHIU Ha 11-my muoicni (7,6 £ 5,9), wo sidobpadicae ¢hizionoeiuni npoyecu
2eMONoemuyHo20 003pieants in vivo. Imynoghenomunosuii ananiz 0eMoHCmpye NOMIpHE 3HUINCEHHS YaACHO-
mu CD34°/CD45~ knimun-nonepeonuxis npu 24-kpamuomy 3pocmanni adcomomuoi Kitbkocmi ma cma-
oinonit uacmomi CD34/CD133" kaimun, wo sidobpaxcae cecmayitino 3ymoeiene 003pIeants cyononyis-
yit 31 30epedcentHam a0pa NpUMImueHo20 nyny cmogbyposux xkaimun. Ompumani Oawi céiouams, wo
¢emanvna neuinka ¢ axicnum oxcepenrom I'CK ma xaimun-nonepeonuxis. Bucoxuil nponigpepamuenuii
nomenyian ma 30amuicms 00 CAMOOHOBNEHHS (hemanbHux 2eMONnOemuyHUX KIIMuH-nonepeonuKis, nio-
MEepOdNCeHl OYIHIOBAHHAM IXHbOI PYHKYIOHATLHOT AKMUBHOCHI, PO3UWUPIOIOMb NEPCHeKmueu OJis ehek-
MUBHO20 KATHIYHO20 3ACMOCYBAHHSL 8 Pe2eHEPAMUBHIL MeOUYUHI.

KuarouoBi cioBa: remonoetruni croBOypoBi kiiTiaH (I'CK), reMonoeTuyHi KIITHHU-TIONEPETHUKH,
kosoHieyTBopiotoua oanHuns (KYO), ¢deranbHa medinka, eMOpioreHes3, KOIOHIEYTBOPIOI0YA aKTHBHICTb,
MIPOTOYHA IIUTOMETPIsI, KyJIBTYpa in vitro.

Beryn

deranpHU TEMOIIOE3 y TEUIHIN € KIFYOBHM
€TaroM PO3BHUTKY KPOBOTBOPHOI CHCTEMH, Iif 4ac
skoro ['CK 1 KJIITHHH-TIONIEPEHUKH aKTHBHO

npouniepyroTs, audepeHioTes Ta HOpMyIOTh
OCHOBY JiJIsl (DYHKIIIOHYBaHHS 3p1I0T TeMOIOETHY-
Hoi cuctemu. Ileyinka emOpioHa CTae€ TOJIOBHUM
OpTaHOM KPOBOTBOPECHHS Ha paHHIX eTamax
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PO3BHTKY i BUKOHYE POJIb THMYACOBOI, aJie BUCOKO-
e(eKTUBHOI Hillll A1 eKCMAHCil cTOBOYpOBUX KIIi-
THH. Y Tiepiof mpuOIU3HO 3 5-r0 1o 11-i THXICHD
recraiii BoHa TpaHC()OPMYETbCS 3 MEPBUHHOTO
MICIISl KOJIOHI3aI[i1 MPUMITHBHUX KJIITUH Y CTPYKTY-
pOBaHUN TEeMOMOETHYHUM OpraH, 3AaTHUHA M-
TPUMYBaTH MYJIBTHIIIHIHHE NU(EPEHIIIIOBaHHS Ta
iHTeHCHBHY mpouigeparito, camoonosneHnss 'CK
y KOMIiTOBaH1 KJIiTHHH KpoBi [1-3]. V 1eit yac ¢op-
MYIOThCS CKJIQ/IHI B3a€EMO/Iii MiXK T€MOMIOETUYHUMHU
KIITHHAMHA Ta MIKPOOTOYCHHSM TICYIHKH, SKE
MICTUTh TEMaTOLUTH, CHAOTEialbHI KIITHHH Ta
ME3CHXIMallbHI CTPOMAaJbHI €JIEMEHTH, IO CTBO-
PIOIOTH ONTHUMAbHI YMOBH, 30KpeMa, BHACIIIOK
(hopMyBaHHSl  CIICIIaTi30BAHUX TE€MOIMOCTHYHHX
HIIII 13 YiTKOK MPOCTOPOBO-4ACOBOIO OPraHi3alli€ro
i po3Butky ['CK Ta kmitnH-ioniepeiaukis [4,8].

@opmyBaHHS (ETaTBHOTO TeMONoe3y BinOyBa-
€THCS 32 YITKO KOOPAWHOBAHOIO ITPOCTOPOBO-YACO-
Boto mporpamoto. Ilepmri cnpasxui ['CK BuHMKa-
FOTh Y PETiOHI a0pTO-TOHAI0-Me30He(pOCy, 3BIIKH
BOHM MIIpylOTh [0 TIEYiHKH MNpUOIM3HO Ha
S5-my TtmxkHI Tecramii [5,6]. Ilicns komowizarii
MeYiHKa CTa€ OCHOBHHM OPraHOM TI'eMOIIOE3y, e
BiJIOYyBA€THCSI €KCITOHEHITIITHE 3pOCTaHHs KUTbKOCTI
I'CK ta ¢opmyBaHHS pPI3HOMAHITHUX MOIYNAIii
norepeHuKiB. 111 KIITHHY 3[aTHI 0 epUTPOITHO-
ro, Mi€JOiAHOTO Ta JiM(OITHOTO AU(epeHITiFoBaH-
Hs, 10 3a0e3Ieuye MBHIKE (POPMYBaHHS CHCTEMH
KpoBi emOpiona [3,7]. lo TOro >k MiKpOOTOYEHHS
(beTaIbHOT MEYIHKKM HE JIMIIE MITpUMY€E mpoide-
panito, ane i perymtoe 6ajgaHc MiX CaMOOHOBJICH-
HSM Ta TUEpEHIIFOBAaHHIM KIITHH [4].

[ompu 3Ha4yHMil Iporpec y po3yMiHHI PO3BUTKY
reMoroe3y, MeXaHi3MH, [0 BU3HAYAIOTh CITiBBIIHO-
mieHHs pizHux cyonomymsnit I'CK i kiitun-none-
penHWKiB Ta iXHI (YHKIIIOHAJIBHI BIACTHBOCTI,
3aJUIIAIOTECS  HENOCTATHBO IOCHIHKEHUMH. 31
301IbIICHHSIM TEPMIiHY TecTallil KIITHHHICTH (e-
TalbHOI TEYIHKH 3pOCTa€ EKCIIOHEHLIHHO, OIHAaK
B32€MO3B’SI30K MK KUIbKICHUMH 3MiHAMHU KIITHH
Ta IXHIMH (DYHKI[IOHAJIBHUMH XapaKTePUCTUKaMHU,
a caMe mpoJiepaTHBHOIO 3JIaTHICTIO, KJIOHOTCH-
HHUM ITOTEHI[AJIOM 1 CXHJIBHICTIO JIO JIHIHHOTO -
(bepeHIIitOBaHHS, T0CI BUBYCHO HermoBHICcTO [9,10].
Jeski JOCHiKEHHS CBiUaTh, 110 MPOTATOM PaHHIX
€TaIlB PO3BUTKY BiJOyBAa€ThCSI MOCTYIOBUH Tepe-
X1 BiJ IOMIHYBaHHS NPUMITHBHOTO €PUTPOIIOE3Y
JI0 OLJTBIIT CKJTAJTHOT CHCTEMH MYJIBTHIIIHIHHOTO KPO-
BOTBOPEHHS, 1110 BifoOpakae 3arajibHy Mporpamy
JI03pIBaHHS TeMOIOCTUYHOT crctemu [11].

@etanpni ['CK Ta KIITHHU-TIONEPETHUKYA MAIOTh
HU3KY YHIKQIbHHX OI10JIOTTYHUX BIIACTHBOCTCH, SKi
BiApi3HsoTh ix Binm ['CK mocTHaTtanpHOTO mepiomy.
30KpemMa, BOHM MarOTh MiIBUINCHY TPOTi)epaTHBHY

AKTHUBHICTb, OUIBIITY 3/IaTHICTH JIO CAMOOHOBJICHHS Ta
BHCOKY EKCIIPECiIO T'eHiB, OB S3aHUX 13 peHaparliero
JIHK, aHTHOKCHIAHTHUM 3aXHCTOM Ta KIITHHHUM
Metabomnizmom [6,12]. Lli ocobnmBocTi 3a0e3meuyroTh
IIBHIKE PO3MIUPEHHSI MOMYJISAIT KJIITHH KPOBi, HE00-
XiJIHE JUT IHTEHCUBHOTO pocTy eMOpioHa. Kpim Toro,
¢deranpai ['CK Ta KIITHHU-TIONICPEIHUKH JEMOHCTPY-
I0Th BHUIIy METAa0OiYHYy AKTUBHICTB, BKJIFOYHO 3 MO-
CHJICHOO MITOXOHPIaJIBbHOK (DYHKITIEO Ta OUTBIIO
e(pEKTUBHICTIO KJIITUHHOTO IUKITY, 1[0 CIpPUSE IXHIH
BHCOKII pereHeparuBHii 3nartHocti [1]. Y Mipy po3-
BUTKY (301ITbILICHHS THXKHIB recTallil) Ta MoCTYIOBOro
TICPEHECCHHSI OCHOBHOTO OCEPEIKy T'eMOIOe3y IO
KICTKOBOTO MO3KY IIi BJIaCTUBOCTI 3MIHIOIOTHCA,
0 CYTNPOBO/DKYETHCS 3HIKSHHSIM TpOITi(hepaTHBHOT
AKTHBHOCTI Ta OLIBIIONO CrieliiasTi3alliero KIiTHH [4].

BaxmBuM acniekToM JOCIIDKEHHST TEMOTIOCTHY-
HUX KJIITHH € OI[IHIOBAHHSI IXHHOTO KOJIOHIEYTBOPIOFO-
YOro MOTEHINATY Ta 3MaTHOCTI JI0 (POPMYyBaHHS KOJIO-
Hiil. Came TecT Ha KOJOHIEYTBOPIOIOUY 3aTHICTh
in Vitro BBXaIOTh «30JIOTUM CTaHIAPTOMY JUIS (PyHK-
I[IOHAJIBHOTO OL{IHIOBAHHS KPOBOTBOPHUX KIITHH-
TIOTICPE/IHUKIB Ta IIHPOKO 3aCTOCOBYFOTh JUIS AHAI3Y
ixuporo mudepeHuitoBagbHOrO moteHuiany [7]. Li
METOIM JIal0Th 3MOTY BW3HAUUTH CITiBBITHOIICHHS
PI3HUX THIIIB KOJIOHIH, 30KpeMa epUTPOITHUX, TPaHy-
JIOIUTapHO-MaKpO(araJIbHUX Ta MYJIBTUIOTCHTHHX
MONEPEIHUKIB, 0 BifoOpaxae (QyHKIIOHATIBHY
CTPYKTYPY TEMOIIOCTUYHOI CHCTEMH Ha TNECBHOMY
eTar po3BUTKY.

CyyacHi JIOCTIJDKEHHSI aKTHBHO TIOETHYIOTh
(yHKLIOHATBHI TECTU 3 IMyHO(DEHOTUITYBAHHSIM KJTi-
THH 32 JIOTIOMOTOI0 OararonmapaMeTpHIHOi IPOTOY-
Hoi rurometpii. Mapkepu CD34, CD45 ta CD133
IIUPOKO BUKOPUCTOBYFOTh JIJISI IICHTU(IKALIIT PI3HUX
CTafii pO3BUTKY FéMONOETUYHHX KIIITUH Bi IPHMi-
THBHHX CTOBOYPOBHX J10 OiIbII JrdepeHIiHioBaHuX
nonepennukiB  [10,13].  KomOinoBanuii  aHami3
[IUX MapKepiB Ja€ 3MOry OUIBII TOYHO BH3HAYATH
cyonomyssinii 'CK 1 kiiTHH-TIONIEpeIHUKIB, TXHIN
CTYIIHB 3PIJIOCTI Ta MOTEHINAT IO CAMOOHOBJICHHSI.
KpiMm TOrO, OLiHIOBAaHHS (DYHKLIOHATBHOTO CTaHy
KIJIITHH, BKJIIOYHO 3 MOKa3HUKaMHA METa0OIIYHOI aK-
THUBHOCTI, MEMOpaHHOI IITICHOCTI Ta PiBHEM CIIOH-
TaHHOT aKTUBAIlii, MOJKE CITYTYBAaTH BRXKJIMBHM 1HJIU-
KaTOpOM JKHTTE3AATHOCTI KIITHH 1 NPOTHO3YBaTH
TXHFO TepareBTHYHY e(heKTHBHICTH [14].

3 onIsAAy Ha MEPCHeKTUBU BUKOPUCTAHHS (e-
TaJbHUX TEMONIOSTHYHHX KIIITHH Y pereHepaTHBHIN
MEIMIMHI Ta KIITHHHINA Teparmii, 3pocTae iHTepec
0 JIOCTDKEHHS iXHIX MOp(OoQYHKIIOHATEHUX
XapaKTEepUCTUK HA PaHHIX eTamax po3BuTKy. De-
tanbHi ['CK 1 KIITHHU-TIONIEPETHUKN PO3TIISIAI0Th
SIK TIEPCIICKTUBHE JHKEPEJIO KIITUH IS TPAHCILIAH-
Talii, BHYTPIIIHLOYTPOOHOI Teparii TeHEeTHYHUX
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3aXBOPIOBaHb T4 CTBOPEHHS KJIITHHHUX IMperaparis
HOBOTO MOKOIiHHSA [3,5]. 3aBAsKU BHCOKIH Mpoi-
(bepaTHBHIN 3MaTHOCTI 1 TIOTESHIIATY JIO MYJIBTHIII-
HIITHOT PEKOHCTUTYIIT 1l KJIITHHU € 0COOIUBO MpU-
BaOJMBUMH JUTS KIITHIYHOTO 3aCTOCYBaHHS.

MeTto10 nociipKeHHs1 Oymno 3°siCyBaHHs KOpeisi-
[IAHKUX 3B’SA3KIB MK TEpMiHOM recrtailii Ta Mmopdo-
(DyHKLIOHAIBHUM CTaHOM TEMOINOETHYHUX KIIITHH-
TIOTIEPETHUKIB  (DeTabHOT TeYiHKW. Bu3HaueHHS
napameTpiB IXHbOI IKHUTTEISUTBHOCTI B YMOBax
in vitro (ipoidepairtisi, KOJIOHIEYTBOPEHHS, JIiHIHE
JU(EpeHIIIOBaHHS) € KPUTHYHO BAXKIWBUM JUIS
PO3YMIHHSI OHTOTEHE3y TeMOIIoe3y Ta PO3pOOJICHHS
HOBITHIX O10TEXHOJIOTIYHUX TIiJIXOMIB y pereHepa-
TUBHIN MEIUIMHI.

Marepiaiu Ta MeTOAU A0CTiZKEHHS

Jns AOoCHiKeHHsT BUKOPUCTOBYBAIU CyCIIEH311
KIITHH (peTarpHOT MeYiHKH, BUIIICHUX 3 eMOPIOHIB
monuH Ha S5—11 TWXHAX recTamii, OTpUMaHUX
IICJIsI TNIAHOBOTO TIEPEPUBaHHS BariTHOCTI 3 COIIi-
aNBbHUX TIPUYHH 32 HasIBHOCTI iHHOPMOBaHOT 3ronn
B aKpEIUTOBAHUX 3aKJIaJaX OXOPOHH 3I0pPOB’S.
PoGoty 3 eTanpHUMH TKAHHHAMH MTPOBEACHO Bif-
MOBIJIHO 70 €THYHUX TNPHUHIIMIIIB, 3aTBEPHKEHUX
Komiterom 3 mutans eruku npu Kabineri MinicTpis
VYkpaiHu, METOAWYHHX pekoMeHmaniin «ETuaHi
MUTAHHS Ta HOPMHU IpU PoOOTi 3 eMOpiOHATIBHUMHU
TKaHUHAMHU JFOTUHI» (MIHICTEPCTBO OXOPOHH 3]10-
poB’s Ykpainu, 20.09.2004), HaioHaNbHUX €THY-
HUX Ta MPAaBOBHX CTAHIAPTIB, a TaKOX ITOJOKECHb
lenbcinchKoi aeknaparii [15].

JIst KO)KHOTO TIeCTaliiHOTO THIKHS KJIITHHHI
cycmeH3ii BiIOMpaay BUMAAKOBUM YHHOM i3 Kpio-
0aHKY, Jic BOHH 30epirajucst B piIKOMY a30Ti 32 TEM-
neparypu -196 °C. [lns KoXKHOTO TEpMiHy recramii
Binoupau mo 20 3pa3kiB 00’eMoM 1 MIT 13 KOHIICH-
tpauiero (8,5 £ 3,5) X 10° kIiTHH/MII Ta KUTTE3AT-
HicTIO KmiTHH >90 %. 3pas3ku Oynu mpoTecToBaHi
Ta MiATBEpPKEHI K BiIbHI Bif OaxTepianbHUX,
IpUOKOBHX 1 BIPYCHHUX TAaTOTEHIB, BKIFOYHO 3 HIV-1,
HIV-2, HPV, HBV, HCV, EBV, CMV, HHV-6,
HSV-1/2, Treponema pallidum, BipycoM KpacHyXH,
Parvovirus ~ B19,  Mycoplasma  genitalium,
Toxoplasma  gondii, Chlamydia trachomatis,
Ureaplasma parvum ta Ureaplasma urealyticum.

OniHIOBaHHS KOJIOHIEYTBOPIOKOYOI  37aTHOCTI
Ta nponi)epaTUBHOTO MOTEHLIANy KIITHH (eTanb-
HOT TeYiHKY TPOBOJMIIM BiJIOBITHO JIO 1HCTPYKIT
BUpoOHUKa HaOOpy Human Methylcellulose Complete
Media Kit (R&D Systems, Catalog # HSCO003).
[Ticnst po3MOpPOXKYBaHHS 3pa3KiB KiNbKiCTh KHUTTE-
3MaTHUX KJIITHH BU3HAYaJd METOAOM IPOTOYHOL
ruroMeTpii. 8000 KUTTE3MATHUX KIIITHH, PECYCIEH-
noBauux y Cell Resuspension Solution (R&D

Systems, Catalog # HSC003), BHOcuiau B 1 M
Human Methylcellulose Complete Media Ta BuciBa-
1M y 24-1yHKOBI aHmeTH. KyJIbTHBYyBaHHS POBO-
munn B CO-imky6aropi 3a temneparypu 37 °C,
B armMocdepi 5 % CO, Ta 3a BiZIHOCHOI BOJIOTOCTI
95 % npotarom 14 ni6. udepenuiioBanuii migpa-
XYHOK KOJIOHIH 3miiicHioBann Ha 11-14-ty noOy
KyJIbTUBYBaHHS.

AHani3 IMyHO(EHOTHITY TEeMOMOCTHYHUX KIIi-
TUH y cycneH3ii (eTaapbHOl MEUiHKHM MPOBOIMIN
METOJIOM MPOTOYHOT IUTOMETPIl HA I[HUTOMETPI
CyFlow Space (Sysmex, HimeuunHa) i3 BUKOpHC-
TaHHSM J1a3epiB 13 JIOBKHHAMH XBWIb 488 HM
Ta 635 HM. KnituHHi cycnensii 3abapmroBanu
MOHOKJIOHAJIbHMMH anTuTiiamu, midenumu FITC/PE
1o CD45/CD34 (BD Biosciences, CIIIA), a Takox
antutinamu, midvenumu APC no CD133 (BD
Biosciences, CIIIA). Jlyis OI[iIHIOBAaHHS JKUTTE-
3IaTHOCT1 KJITHH BHKOPHUCTOBYBAJIH IPOTIIIii
Hoaun, Tia30J0BUM OpaHXKEBUH Ta TETpaMETHII-
ponamin eTwiioBui edip. 36ip Ta 00pOOKY MaHUX
37ifCHIOBAITM 3 BUKOPUCTAHHSIM IIPOrpaMHOro 3abe3-
neyenHs: FlowMax 2.9 (Quantum Analysis GmbH,
Himeuuunna).

CrarucTHYHUN aHami3 Oyl0 BUKOHAHO MOBOIO
nporpamysanHsi Python i3 Bukopucranusm 6i0mio-
TeK scipy, statsmodels Ta scikit-learn BigmoBigHO
JI0 3aTaIbHOMPUHHATUX CTaHIApTiB 00poOKH Gioso-
riYHUX MacuBiB Janux. s BuOOpy Mix mapa-
MCTPUYHUMU Ta HCHApaMETPpUYHHUMU MCTOAAMU
3MIACHIOBAIM PETENIbHY TEPEBIPKY PO3MONLTY Ha
HOPMaJIBHICTS 3a lonoMororo TecTis Lllanipo — Binka
ta Konmmoroposa — CmupHOBa.

MiXrpynoBi MOPIBHSHHS MPOBOAMUIH 3 BUKO-
pucTaHHsM jaucrepciiiHoro anamizy (ANOVA)
JUIS HOPMaJIBHO PO3MOAUICHUX JaHUX abo He-
napameTpuyHoro kputepiro Kpackena — Bomica
B IHIINX BHUIIaJKax. Z[.Hf[ KOHTPOJIIO TOMHJIKU MHO-
JKHHHUX TTOPIBHIHB 3aCTOCOBYBAJIM post hoc TecTu
JanHeTTa a60 ManHa — YiTHI 3 KOPEKIIi€I0 4acTo-
™1 xuOHux BusBieHb (FDR). Kopensuilinuii ana-
J1i3 MapHUX 3B’A3KiB MiX NPETUKTOPAMHU Ta IMOKa3-
HukamMu KYO mnpoomwim 3a meronom IlipcoHa,
a JUIs pO3MOALIIB, IO BIAPI3HAIHUCS BiJi HOPMAJIb-
HOTO, JOJAaTKOBO PO3pPaxoByBalil Koe(DillieHTH
panrosoi xopensauii Crnipmena. CTaTUCTUYHO 3HA-
YyIIMMU BBaXKau pe3ynbraru 3a p < 0,05; 3HaueH-
Hs p < 0,10 po3rasnany Sk TEHACHIIIIO, 110 MOTpe-
Oy€e moJabIIoro BUBYCHHS.

Bbyno mnobynoBano Mozeni 6aratodakTopHOT
perpecii METoJIoM HaWMEHIIMX KBajapariB. SIKICTh
MoeIeH OIiHIOBAJIM 32 CKOPUTOBAaHUM KoedillieH-
ToM gerepminanii (R?), 3arajpbHUM piBHEM 3HaUy-
mocTi (p), CTAaHAAPTHOK MOMUIIKOK allpOKCHMALlii
Ta I1arHOCTUKOIO 3aJIMIIKIB.
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PesyabTraTn

VY ipoMy tocimipKeHH1 ipoanarizoBano 140 cyc-
neH3iii (erasbHOi MeuiHkU 3 5-T0 mo 11-i Thx-
JieHb TecTarlii mo 20 cycreH3iil KIiTHH Ha KOXKHHHA
JOCIHIJDKYBaHUM TEPMiH recralii, 1o 1ajao 3MOry
OIIHUTA  MOP(ODYHKITIOHATIBHI ~ XapaKTEPUCTUKU
I'CK Ta wIiTHH-TIONEpPEJHUKIB Ha paHHIX eTanax
eMOpioreHe3y 3aBJsKH IMiAPaxXyHKy KOJIOHIH 3 iJIeH-
TUudiKali€ero iXHIX TUIIB Ta OLIHIOBAHHAM IMyHO(e-
HOTHITY.

AbcontotHi nokazuuku KYO nponemoHcTpy-
BAJIM YITKy 3aJIEKHICTh BiJl T€CTAIIHHOIO BiKY,
36impmyrounchk Big 0,125 + 0,066 x 10 KYO
(nuB. TAONWIIO) HA CYCIEH3II0 Ha 5-My THKHI
10 2,292 + 0,788 x 10° KYO T1a na 11-my TrxHI
(panroBa xopensamis Cuipmena p = 0,743,
p=2,06 x 10-%). ITe 18-kpaTHe 36iIbIICHHS BH-
xony KYO, 3ymoBieHe po3MIUpeHHSIM TeMOoToe-
TUYHOI Hillll, BIJIMOBIIa7I0 POCTY Macu TKaHUHU
(beTanbHOI MEYIHKKM Ta KUIBKOCTI JKUTTE3MATHUX
KJIITHH.

Ha Bigminy Bix 3araneHoro Buxomy KYO, BHy-
TPILIHS KOJIOHIEYTBOPIOIOUa €(EKTUBHICTH HE 3ajle-
’Kanma BiJ recramiiiHoro Biky. [IpomideparnBauii
MOTEHIIiaJl He IGMOHCTPYBAB CTaTHCTUYHO 3HAYYIIO
KOpeJsilii 3 TYKHEM TrecTallil, Mo CBIIYUTH PO
CTabiIbHY MpOoJTiepaTUBHY Ta KOJIOHIEYTBOPIOIOUY
3[ATHICTh TEMOMNOCTHYHHUX KIIITHH-TIONIEPEIHNKIB
ynpoaoBxk 5—11 TxHIB eMOpPiOHAIBHOTO PO3BUTKY.

Junamika kononieytBoperns ['CK 1 kimiTHH-TIO-
MEPETHUKIB 13 (peTanbHOI NEUiHKN B yMOBaX KyJIbTH-
ByBaHHsI in vitro (puc. 1) CBIAYUTH TPO Te, 10, XO4a
3arajibHa KiIbKICTh T€MOIOCTHYHHMX KIITHH-TIOME-
PEIHUKIB CYyTTEBO 3pOCTa€ 31 301UIBIICHHSIM recTa-
LiIHOTO BiKY, IXHI BHYTpIlIHI ()yHKI[IOHATbHI Xapak-
TEPUCTHKH 3AITUINAITHCS CTa0IIbHUMU [4].

VY pas3i KynbTUBYBaHHS in Vifro TeMONOETHUYHI
KJIITHHHU-TIONEPETHUKHU (eTallbHOT MediHKH (hopMy-
I0Th YC1 THUIIH KOJIOHiH (puc. 2) Ta AEMOHCTPYIOTh
BHCOKY KOJIOHIEyTBOPIOKOUY 3JIaTHICTh Ha BCIX Tep-
MiHax recramii, o MiATBEpAXKYE NEPCIEKTUBHICTh
(beranpHOT mevinku sk pxepena ['CK.

Tabnuys

KinbkicHa XapaKTepUCTHKA FeMONOCTUYHHUX KIITHH-NONEPEIHHKIB
HA Pi3HUX TepMiHaX recrauii

Tusknenb recrauii 3aranbHa Kijabkicts KYO (x10°) HponideparuBuuii noreHniag
5-# 0,125 + 0,066 0,660 + 0,205
6-i1 0,238 +0,121 0,751 £ 0,351
7-1 0,392 + 0,203 0,694 + 0,327
8-i 0,559 + 0,204 0,608 + 0,232
9-i 0,927 + 0,326 0,630 + 0,277
10-i 1,729 £ 0,752 0,739 + 0,264
11-it 2,292 + 0,788 0,680 + 0,237
3
25
2
)
Z
o 15
>
&
1
05
0
5 6 7 8 9 10 1

TuxaeHb recrTauii

Puc. 1. lunamika xononieytBopennst 'CK i kimiTuH-nonepe1HuKIB 13 GeTanpHOi mediHKu
B yMOBAX KyJIbTUBYBAHHS i1 Vitro Ha eTanax paHHbOro eMOpioreHesy 3 5-ro mo 11-if TrxaeHs recrauii
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Puc. 2. KonoHii reMONoeTHYHNX KITITHH-TIONEPEHUKIB Y KYIBTYpI in vitro GpeTaabHOI HediHKH:
a — eputpoinHa xononieytBoprotoda onunuist (KVO-E), 6 — rpanynonutapHo-MakpodaraibHa
konoHieyTBoprotoda oguHuL (KYO-I'M), 36. x50. IHBepToBaHMiT MiKpOCKOII

60

CepepHsa KinbKicTb

20

KYO-I
KYO-TEMM
KYO-r'M
KYO-M
KYO-Eo/E
BE®O-E
KYO-E
DKYO

EEEEEEER

TwxaeHb rectauii

Puc. 3. Po3noais TumiB KosioHieyTBOprorounx onuHuik (KYO)
3 5-ro mo 11-i recraniitHuii THXICHB

Kononii KYO-E nominyBanu Ha Bcix recraiiii-
HUX CTaisX, X049a {XHS J4acTKa MOCTYIIOBO 3MEH-
uryBanacs — npuonuszHo 3 44 % Ha 5-My THXKHI
mo 36 % ma 11-my twxui (puc. 3). Ilapanersao
konoHii KYO-I' nemoHcTpyBanu HailOiIbI BUpaxe-
He 3pocTaHHs 3 6,3 % 10 15,4 %, 1mo CBiq4UTh PO
MOCTYIIOBE 3MIIIEHHS reMOoroe3y B OiK TpaHyinomnoe-
3y B Mipy J03piBaHHS (PETaIbHOI T'eMOIOECTHYHOI
cuctemu [16]. Kononii KYO-M nokasanu OijibIi 11o-
MipHe 30utbeHHs 3 2 % 1o 4 %. Taka nuHamika
CBITYUTH NPO TOCTYNOBY JIiHIHHY KOMITOBaHICTb
KITHH y (eTajbHIl TeUiHIli, 10 ONTHMI3y€e TeMO-
MOETUYHUI BUX1 BIAMOBIIHO 10 3pocTarodux (izio-
JIOT1YHMX MOTPEO OpraHi3My, 10 PO3BHBAETHCS [4].

3a J0MOMOror MPOTOYHOI IUTOMETPii BHaA-
JI0Ch TPOJIEMOHCTPYBATH YiTKI iIMyHO(EHOTHIIO-
Bi mpo@ini, 10 3MiHIOBaIUCA 3aJ€XKHO Bif rec-
TaiiHOTO BiKY. Y JOCIIIKCHHI BUIJICHO YOTH-
pu momynsnii 3a iMyHO(EHOTHIIOM, a CcaMe:
npumituBHi 'CK — CD34+/CD45; I'CK 1 kiiTu-
Hu-nonepennuku — CD347/CD133%; panHi kii-
TuHU-TIoniepenuukn — CD34/CD45/CD1337;
KOMITOBaHI IeéMONOETHYHI KJIITUHU-TIONIEPEIHNU-
ku — CD34%/CD45*. BincoTkoBHIA BMICT TOBEPX-
HeBux MapkepiB I'CK 1 kiiTHH-TONEpeIHUKIB
BIJHOCHO 3arajibHOI KUIBKOCTI JKUTTE3LATHUX
KJIITUH Ha PI3HUX TepMiHax rectauii mokasye
YiTKi 3aKOHOMIpHOCTI (puc. 4).
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Puc. 4. BigcorkoBuii BMicT nmoBepxHeBux MapkepiB ['CK i KITiTHH-TIONIEpEeIHNKIB
(BiJHOCHO 3araJibHOI KiTbKOCTI )KUTTE3aTHUX KIIITHH) HA PI3HUX TepMiHaxX recrarii

YacTka IpUMITHBHOT CYOITOITYJISIIT KIITHH-TTOTIe-
pennukie CD347/CD45~ mnokaszana ToMipHe, aje
CTaTUCTHYHO 3HAUYIEe 3HIWKEHHS 3 5,29 + 2,26 %
Ha 5-my TwxHi 10 4,09 = 1,53 % Ha 10-my TroKHi,
MICIIS YOTO CIOCTEPIranocsi MOBTOPHE 3pOCTaHHS
10 5,09 = 1,27 % na 11-my THxHi.

YacTka TNPUMITHBHUX T'€MONOCTHYHHUX KITITHH-
noniepeaukiB CD347/CD45~ neMoHCTpyBaia cTaTuc-
THUYHO 3HAYYIIIE 3HWKCHHS 31 30UThIICHHSM TeCTallii-
HOro BiKy. Taka 3aKOHOMIPHICTb Y3TOIKYETHCS
3 JJAHUMH JITEpaTypH, sIKi CBiT4aTh MPO MIKOBI 3HA-
yenHst CD34* xnitun y nepion 8—10 TxHIB recrarii
3 MOJAJIBIIUM TX 3MeHIeHHsIM [16]. Xoua abcosoTHa
KibKicTh KiTuH CD347/CD45™ 3pocrana, iXHs Bifi-
HOCHA YacTKa 3MEHIITyBaJacsl BHACIHIIOK 3pOCTAIOUNX
TOMYJISALIN JJO3PiBaIOYMX TeMOMTOCTHYHUX KITITHH.

Honysmsiist CD34*/CD133" He neMoHCTpyBaia
CTAaTHCTUYHO 3HAYYIUX 3MiH 3aJE€KHO BiJ recra-
niiHoro BiKy. Taka mpomopiiifiHa cTabiIbHICT
Y3TO[KYETHCS 31 CIIOCTEPEIKCHHIMH, M0 YaCTOTa
CD133" TI'CK/MynbTUIOTEHTHUX TIOMEPEIHUKIB
y QeTanbHii Me4iHIi iCTOTHO HEe BiIPi3HAETHCA
Bl JDKEpeJ MOCTHATabHOTO TEPiofy, IO CBij-
YUTh NPO BIAHOCHO MOCTIMHMUN PO3Mip CIpPaBXK-
HBOTO CTOBOYPOBOKJIITHHHOTO KOMIAPTMEHTY [4].
CrabinpHICTH Li€l moMmymsmii BKa3ye Ha I KpUTHY-
HY Ta TPUBaly POJIb y MIATPUMAaHHI T€MOIOE3y
HIPOTSITOM (PETATBLHOTO PO3BUTKY.

Opaxnist mwropunorenTanx ['CK CD347/CD133*
3a]MIIanacs HaJ3BHYaiHO CTaOLNBHOI IMPOTSTOM
yCciX  TWXKHIB  Tectamii  (cepeaHid  niamazoH

1,56-1,71 %, p = 0,595). AHaJOTiYHO MOITYJISIIis
KOMITOBaHUX KJiTHH-nonepeanukis CD34%/CD45*
HE TIOKa3aJia 3HA4YyIIOro 3B’s3Ky 3 BIKOM TecTarlii
(p=-0,069, p = 0,125), 306epiratoun cTabiIbHY 4acT-
Ky 3,27-4,45 % y nepiox 5—11 TmkHIB recrartii.

CyKyIHO Iii pe3ysbTaTé CBiUaTh MPO TPAEKTO-
pito uepeHIIiFOBaHH s, 32 K0T IPUMITHBHA TOMYJIs-
uist CD347/CD45-, He3Bakatoun Ha 3pOCTaHHs 11 a0-
COJIFOTHOI KUTBKOCTI, MPONOPILIAHO POOUTH MEHIITHNA
BHECOK Y 3araJIbHUi KJIITUHHUI myn y Mipy aude-
PCHIIIIOBAHHS Ta JO3PIBaHHS KOMITOBaHUX KIIITHH-
nonepenHukis [4,16].

VYei 4oTvpH TONyJsAIii JTEMOHCTPYIOTh MPHPICT
3 BIKOM recrarii: abCOIIOTHA KiTbKICTh MPUMITUBHUX
TeMOITOCTUYHUX  CTOBOYPOBHX KIITHH  (pHC. 5)
CD34+/CD45  3pocrae Bin 0,84 x 10° Ha 5-My THKHI
10 19,9 x 10° Ha 11-my TrokHi (24-KparHe 301IbIICH-
Hsl), KiNbKICTh KiiTuH nomymanii CD347/CD133* —
Bim 0,28 x 10 mo 7,7 x 108, paHHiX KIiTHH-TIOIE-
pennukis CD347/CD457/CD133" — Big 0,15 x 10°
10 5,4 x 10°, a KOMITOBaHHUX KJIITHH-TIONICPEIHNKIB
CD34%/CD45" — Bin 0,82 x 10¢ no 22,1 x 10°,

AOCOJIOTHE 3pOCTaHHS HAWOLIbIIE B TOMYJISIIIH
CD34/CD45™ ta CD34/CDA45*, mo Bigobpaxae iH-
TEHCUBHUI PO3BUTOK SIK TIPUMITUBHHX, TaK 1 KOMITO-
BaHUX T'€MOMNOCTUYHMX TMOMYJAIIN MiJl 4ac oHTOre-
He3y (eranbHOl eyiHKH. BrCOKwHii piBeHb eKcIipecii
CD34" ximiTHH y MOHOHYKJIGApHUX KIITHHax (e-
TaJBHOI TICYIHKH, OCOOIUBO B repion 8—11-ro Trk-
HiB recralii, CBiJT4uTh PO 3HAYHUI TeMOMOCTHYHHUI
noTeHigian iiel Tkanuau [16].
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KnituHu (x10°)

TwxaeHs recrauii

—e— CD34+/CD45-

—e— CD34+/CD133+

—e— CD34-/CD45-/CD133+
—e— CD34+/CD45+

Puc. 5. A6comorna kinbkicts ['CK 1 KITITHH-TIONEpETHUKIB HA PI3HUX TEPMiHAX recramii

O0roBopeHHs

OTpuMaHi pe3yJIbTaTi CBi4aTh, IO BIK TecTarlii
€ KIIFOYOBUM JISTEPMIHAHTOM 301UIBIICHHS 3arajibHOl
KUIBKOCTI T€MOIMOETUYHUX  KIITHH-TIONEPEIHUKIB
3aB/ISIKH OJTHOYACHOMY PO3LIMPEHHIO MAaCH TKaHUHU
(eTanpHOI MeYiHKH Ta ii KIIITUHHOCTI, 10 3yMOBITIOE
~18-kparHe 3pocraHHs 3aranpHOro BmicTy KYO
3 5-ro go 1l-ro TmwxHg recraunii. Taka guHaMika
Y3TOKYEThCS 3 KITACHYHUMH YSIBIICHHSIMU TIPO T€MO-
moe3 y (eTanbHill MediHIl, AKUi Jocsarae mKa Mixk
12-M Ta 24-M THXHSIMH, 3 TIOAAIBIION MIrparfie
JI0 KICTKOBOrO MO3KY [2,5]. BusiBneHuii cuiibHMiA
TIPSMHIN KOPEISIiHHAHN 3B’ 130K MiXK TEPMiHOM TecTa-
Uil Ta 3arajJbHOI0 KIUJIBbKICTIO KOJOHIEYTBOPIOIOUMX
onMHHUITE (KoedinieHT panrosoi kopessiii CripmeHa
p = 0,743, p = 2,06x10"*) cBiguuTh mpo Te, MO BiK
recTauii € BU3HAYILHUM YMHHUKOM y (OpMyBaHHI
IyJly TEMOIOETUYHUX KITUH. OTpUMaHi JaHi y3ro-
JUKYFOThCS 3 CYYaCHUMH YSIBJICHHSIMH TIPO €KCITaHCI0
reMOIOETUYHOI Hillll (peTaTbHOI NMewiHKH, sika 3a0e3-
Tievqy€e iHTEHCHBHE 301TBIICHHS MyJTy TEMOITOCTHIHIX
KJIITHH 3aBJSIKH B3a€EMOIIT 3 MIKPOOTOUEHHSIM Ta IPO-
CTOPOBO-4YACOBiH opranizamii Himri [8].

Bonnowac crabutbHICTh Mpoi)epaTHBHOIO I10-
TeHIiay Ta e(peKTHBHOCTI KOJIOHIEYTBOPCHHS BKa-
3y€ Ha Te, 1110 PO3IIUPEHHS Bi10yBa€ETHCS MEPEBAKHO
3aBIKM 30UIBIIEHHIO KITBLKOCTI KJIITHH, a HE 3MiHl
IXHIX (yHKIIOHATBEHUX BiacTuBocTeil. [lomiOHwMi
(dbenomen onmcano ans peranpaux ['CK, siki MaroTh
BUCOKY MpotihepaTuBHy aKTUBHICTb, ajie BITHOCHO
cTabUIbHI (DYHKIIOHABHI TapaMeTpH Ha paHHIX CTa-
nisix po3BUTKy [7,17]. Lle y3romkyeTbes 3 KOHLEN-
i€ «MaciTa0yBaHHs 4Yepe3 EKCIAHCII ITyiTy»,

110 1€ 3MOTY YHUKHYTH NIEPeT4aCHOTO BUCHAKCHHSI
CTOBOYPOBHX KJIITHH.

3menienns yactku CD34%/CD45™ xnituH y 1u-
HaMIIli TecTaIlii BiloOpakae MOCTYIIOBE JIO3PIBaHHS
TeMOMOETUYHOTO KOMIIAPTMEHTY Ta 3CYB y OiK OLIBII
JdepeHiiioBanux nomyssiii. Le Biamosinae Bigo-
MHM MOJIETISIM PO3BUTKY, 3riHO 3 sskumu panHi I'CK,
IO MTOXOJISITH 3 A0PTO-TOHAI0-ME30He(DPOCy, KOIOHI-
3YyI0Th (peTanbHy MEYiHKy, JIe aKTHBHO MPONi(epyroTh
1 TMEPEHITIIOOThCS B JTIHIHHO-KOMITOBaHI KIIITHHHY,
IiCNsl 4Oro MIrpyroTh 10 KiCTKOBOro Mo3Ky [3,10].
OTxe, 3MiHN (DEHOTHITY MOXKYTb BiJIOOpaKaTH SK JIO-
KaJIbHe JU(EPEHIIIOBaHHS, TaK 1 MirpariiHi nporue-
CH MIJK TEMOTIOSTHYHIMH HillIaMH.

Cra0inpaa yactka CD347/CD133* xmiTiH ynpo-
JIOBK YCIX JIOCHTI/PKYBAHUX TEeCTAIliiHUX TEePMIHIB
(1,56-1,71 %; p = 0,595) cBiguuTh Mpo iCHyBaHHS
MEXaHI3MiB, 1[I0 MiATPUMYIOTh Tyl HAWOLTBIIT TPUMi-
tuBHKX ['CK Ha BiIHOCHO cTaniomy piBHi. BomHouac
BapTo 3a3HaunTH, 1o CD133 po3misaatoTs sk Mapkep
cyonomymsiuii npumitiBHUX ['CK 13 BHCOKHM TIOTEH-
IiaJioM caMOoHOBIIeHHsI [13]. BiCyTHICTD 3aJieyHO-
CTi IIbOTO TIOKa3HMKA BiJl TeCTaIifHOTO BiKy BKaszye
Ha Te, MO HAWIPUMITHBHIIIHHA pe3epB CTOBOYpOBUX
KJIITUH 30epirae BiTHOCHO CTAOUIbHY YHCEIIBbHICTH
TIOTIPH 3arajibHe 30UTBIICHHS OpraHa, 1Mo, HMOBIPHO,
Bi100Opaae )KOPCTKE PEryIr0BaHHs 3 00Ky MiKPOOTO-
YeHHsI PeTalbHOT MeYiHKU. BiioMo, o KT THHHI KOM-
MIOHEHTH Hillll, 30KpeMa eH0TelialbHi Ta CTPOMAJIbHI
KJIITHHH, IPOJTYKYIOTh KITFOUOBI PETYJISATOPHI (hakTopn
(SCF ta CXCL12), sixi 3a0e3meuyoTh OanaHc MixK
caMOOHOBIIeHHsIM 1 udepentitoBanasam ['CK [3,18].
Kpim Toro, curnansHi nusixu Notch 1 Wnt Binirparots
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KPUTHYHY POJIb Y MiJATPUMAaHHI PUMITHBHOTO CTaHY
I'CK, Toni six ix aucperysnsuist oB’si3aHa 3 mepeadac-
HUM Jir(pepeHIIFOBAHHIM Ta BUCHAKEHHSIM CTOBOYPO-
Boro mymny [18].

BusiBrieHa IO3UTHBHA KOPEJIALIST MiXK €KCTIPECIERO
CD133 Ta KOJIOHIEyTBOPIOIOYOI0 3aTHICTIO y3TOIKY-
€TbCS 3 JaHUMH TIpO (DYHKIIIOHATBHY 3HAYYIIICTh
nporo mapkepa. CDI133" kIiTMHM JEMOHCTPYIOTH
MIBUIICHUE TIpOMi)epaTHBHUA 1 PETOMyIISIIHHIIA
MOTEHINaN AK y (eTaTbHUX, TaK 1 B MOCTHATAIBHUX
Jokepenax remorioe3y [13], mo miaTBepmKye iHoro
MPUATHICTb SIK KPUTEPIIO BiIOOPY KIIITHH i3 BUCOKOIO
(DYHKIIIOHATEHOKO aKTHBHICTIO.

AmHani3 po3noiTy KOJOHIEyTBOPIOIOYNX OfUHUIIb
MOKa3ye 30epeKeHHsI PIBHS CPUTPOITHUX KOJOHIH
(48,0 £ 15,5 na 5-my TwxHi Ta 43,7 + 18,9 Ha 11-my
THKHI) 32 OJJHOYACHOTO 3POCTaHHS MIEJIOTTHUX KOJIO-
Hiit (34,8 £3,1 o 7,6 £ 5,9). Lle BimoOpasxae iziono-
TYHAN TIepexiJ BiI JIOMIHYBaHHS EPUTPOIIOE3Y
70 (opMyBaHHSI MYIBTHIIHIHHOTO remoroesy [2,3].
Ha panHix eramax po3BuTKy (5—8 THXHIB) (eTasibHa
TIe4iHKa BUKOHYE TIEPEBAXKHO EPUTPONIOCTUUHY (hyHK-
11it0, 3a0e3Meuyour KHCHEB] IOTpeOr eMOpioHa [2,5],
TOZI SIK Ha Mi3HINMX eTanax po3BUTKY (9—11 TwxkHIB)
AKTHBYETBCS TPAHYJIO- T4 MOHOIUTOIOE3, IO OB’
3aHO 3 JO03piBaHHSIM IMyHHOI CUCTEMHU Ta HaOyTTSIM
MYJIBTHUITIHIHHOT KOMITETEHTHOCTI [3].

Omxe, pe3ynbraTi JIeMOHCTPYIOTh, 110 JUIsl PaH-
HBOTO (peTaTbHOTO TEMOIIOE3y XapaKTepHe 30alaH-
COBaHE MOEHAHHS IHTEHCUBHOI EKCIIAHCIT KIIITUHHO-
TO IyJy, MOCTYIOBOTrO ()EHOTHUIIOBOTO JIO3PiBaHHS
Ta cTaOIPHOIO MiIATPUMAHHS MPUMITUBHOI (pakiii
I'CK, 1o 3a6e3mneuye edexTrBHE HOPMYBaHHS reMO-
TOETUYHOI CUCTEMH.

3 MpakTUYHOTO TIOTIIINY, OTPUMaHi Pe3yIBTaTd
MaIOTh 3Ha4YCHHS JUTsl BUOOPY ONTHUMAJIBHOTO /pKeperta
(beTambHUX TEeMOMOCTUYHUX KITHH. [l paHHIX

recTaliifHuX TepMiHIB XapaKTepHa BHIIA potiepa-
THBHA aKTHBHICTh KIIITHH, TOMI SIK IMi3HIiII 3a0e3me-
YYIOTh OUTHINNI a0COTFOTHUI BUX1I KITITHH 31 30epe-
JKEHHSIM IXHIX (DyHKLIOHAIBHUX XapakTepuctuk. Lle
BIJIKpUBAE MOXIIMUBOCTI Ui Ju(epeHIiHoBaHOTO
MAXOY 10 BUKOPHCTAHHS KIIITHH 3aJIeKHO BiJ| KJIi-
HIYHUX TOTPeO.

BucHoBkn

Y oMy JocHipkeHHI (eTanmbHOI MEeYiHKH
5-11 TmwxHIB recramnii BU3HAYEHO OCHOBHI 3aKOHO-
MIpHOCTI PaHHBOTO PO3BUTKY I'€MOIOCTHYHUX KIIi-
tuH-nionepenuukiB: ['CK 1 KIITHHH-TIONEPETHUKH
30epiratoTh CTabiIbHY KOJIOHIEyTBOPIOIOUY AKTUB-
HICTh, BomHOYac abcomoTHud BMicT KYO 3poctae
y 18 pasiB, a iHTerpaJbHHIl MOKAa3HUK 3AaTHOCTI
JIO KOJIOHIEYTBOPEHHS Ta Tponidepalrii 3pocrae Ha
54 % 13 TepMiHOM recrarii.

BusiBIIeHO OHTOT€HETHYHHN 3CYB KOJIOHIEYTBO-
PEHHS: CIIOCTEPIraeThCsl AOMIHYBaHHS E€pPUTPOIN-
HUX KOJIOHIM Ha 5-my TmxkHI (48,0 £ 15,5 nmporn
4,8 £ 3,1) 3 mojaJIbIIUM IiABUIICHHSM KiJTbKOCTI
MI€JOITHUX KoJIOHIH Ha 11-my TwkHI (7,6 £ 5,9),
o BimoOpaxae (izioNoriyHi mporecu reMornoe-
THYHOTO JTO3piBaHHsA in vivo. IMyHO(pEHOTHITYBaH-
HSl mokaszano momipHe 3HmxeHHs CD347/CD45-
MPOTCHITOPHUX KIITHH BOJHOYAC 13 24-KpaTHUM
301bIICHHSIM a0COIIOTHOI KIJBKOCTI, TOMI K
CD34/CD133" kIiTHHH 3alHIIAIOTHCS CTAOUIh-
HHUMH, 110 BioOpaskae recTaliifHo 3yMOBJIEHE 10-
3piBaHHS CyOmoOmyNsmiii 31 30epeKeHHSM spa
MPUMITUBHOTO MyJly CTOBOYPOBUX KIIITHH.

Ili ;maHi MiIKPECTIOTh TEepaneBTUYHUN TO-
TeHIian (eTaTbHUX TeMOMOETHYHUX KIITHH JUIs
pereHepaTHBHUX MPOTOKOJIIB, 3a0€3MeUyrOYl CTaH-
JIApTU30BaHy OCHOBY [JIsl OIIHIOBaHHS iXHBOI
(YHKIIIOHAILHOT TPUIATHOCTI.
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MORPHOFUNCTIONAL CHARACTERIZATION OF
HEMATOPOIETIC PROGENITOR CELLS
FROM DIFFERENT GESTATIONAL STAGES IN IN VITRO CULTURE

Abstract

The characterization of biological materials for safe and effective cell therapy remains critically important
due to the limited official criteria for assessing the quality of cellular products. Hematopoietic stem cells
effectively treat numerous pathologies, and the search for, as well as the detailed characterization of,
alternative sources of these cells is highly relevant for modern medicine.

The aim of this study was to establish the patterns of morphofunctional characteristics of hematopoietic
stem cells and their progenitors at early stages of fetal liver embryogenesis in vitro, specifically regarding
their proliferation, differentiation, and colony-forming capacity. In 5-11-week fetal liver samples, key
developmental patterns of hematopoietic progenitor cells were identified: stem and progenitor cells
maintain a stable clonogenic potential, while the absolute content of colony forming units increases
18-fold, and the integrated potency index rises by ~54% with gestational age. An ontogenetic shift in colony
formation was observed, with erythroid colonies predominating at week 5 (48.0+ 15.5 vs 4.8 +3.1) followed
by an increase in myeloid colonies at week 11 (7.6 + 5.9), reflecting physiological hematopoietic
maturation in vivo. Immunophenotypic analysis demonstrates a moderate decrease in the frequency of
CD34+/CD45 progenitors alongside a 24-fold increase in their absolute number and a stable frequency
of CD347/CD133~ cells, reflecting gestationally driven maturation of subpopulations while maintaining
the core of the primitive stem cell pool. The data obtained indicates that the fetal liver is a high-quality
source of hematopoietic stem cells and their progenitors. The high proliferative potential and self-renewal
capacity of fetal hematopoietic progenitor cells, confirmed by the assessment of their functional
competence, open broad prospects for effective clinical application in regenerative medicine.

Keywords: hematopoietic stem cells, hematopoietic progenitor cells, colony-forming unit, fetal liver,
embryogenesis, colony-forming activity, flow cytometry, in vitro culture.
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OIITUMI3ALIIA YMOB ®OPMYBAHHA
3D-ATPETATIB JJI1 EKCITAHCII
TA KAPAIOMIOTEHHOTI'O IM®EPEHINIIOBAHHA
IHAYKOBAHUX IIVIIOPUITIOTEHTHHUX
CTOBBYPOBUX KJITUH MHAIIII

Koumponwv ¢hizuunux napamempis 3D-aepecamie inOyKo8aHux nalopunomeHmHux cmogoyposux Kii-
mun (ilICK), 30kpema ixHboeo diamempa, € 8axNCIUBUM (DAKMOPOM ONMUMI3AYii npoyecie eKCnaucii
ma cnpamMosano2o oughepenyiroganus. Y yitl pobomi 00CaioxiceHo 6naug nouamrko8oi wirbHocmi nocigy
KIIMuH Ha (hopmyeanus azpeeamis, ixuitl diamemp, MOp@OL02i0, HUMMEZOAMHICb MA eexmusHicmy
ougepenyitosants 6 KapOioMioyumu.

Tokazano HassHicmb NPAMOL 3ANEHCHOCMI MIdHC NOUATNKOBOK KINbKICIO KIIMuH ma oiamempom
azpeeamis, a MaKodlic 6CMAHOBIEHO, WO azpe2amu cepeoHbo20 PO3MIPY MAloms HANOINbW CRPUATNAUG]
Oionozciuni enacmusocmi. Aepecamu, cghpopmosani 3 500 Kaimun, Maiu onmumairbHull diamemp, 8UCOKY
00HOpIOHICMb ma 3abe3neuysanu Haueuwy egexmusHicms kapoiomiocennoi Ooughepenyiayii. Menwii
aspezamu Maau HeOOCMAmHI0 eexmusHicms OugepeHyiro8ants, mooi ax OinbI acpecamiu 0eMOHCMpPY-
8A/IU O3HAKU 3HUICEHHS HCUMMEIOAMHOCMI, WO MOodce OYMuU No8 A3aH0 3 00MeANCeHHAM OUPy3ii KUCHIO
ma NOACUGHUX PEUOBUH.

Ompumani pesyromamu ceiouams, wo azpezamu 3 oiamempom y medxcax npubauszrno 150-300 mxm
3abe3neuyroms ONMUMAIbHI YMOBU O MIJDICKAITMUHKHOI cueHanizayii. Omoice, KOHMpPoOasL diamempa azpe-
2amig € KPUMUYHO BAICTUBUM NAPAMEMPOM 015 niosuwjenns egpekmuenocmi ougepenyirosanns illICK
v Kapoiomioyumu ma cmaunoapmuzayii 3D-kyaemyp.

Kuarouosi caoa: ilICK, 3D-kynbTypa, KIITHHHI arperatd, XiaMeTp arperatiB, KapIiOMiOIUTH,

JTU(EepEHITIFOBAaHHS.

Beryn

[HyKOBaHI TUTFOPUIIOTEHTHI CTOBOYPOBI KIIITHHH
(i[1ICK) € BaxIMBUM 1HCTPYMEHTOM Cy4YacHOI pereHe-
paTHBHOI MEIMIMHY, KITITHHHOT Tepartii, MOJICITFOBaH-
HSl 3aXBOPIOBAHb Ta (DapMaKOIOTIYHOTO CKPHHIHTY
3aBJISIKH IXHIW 37aTHOCTI IO HEOOMEKeHoi rportidepa-
il Ta mudepeHiioBaHHs B pisHi TUNM KiiTuH [1,2].
OmHAM 13 KITFOYOBUX 3aBIaHb iX MPAKTHYHOTO 3aCTO-
CYBaHHS € PO3pOOIeHHA €()eKTUBHUX METO/IB KYJIb-
TUBYBaHHA Ta MacIITaOyBaHHS, sIKi 3a0€3MeUyIOTh
CTaOUIBHICTh IUTIOPUIIOTEHTHOCTI W e(eKTUBHICTH
CHPSIMOBAHOTO JTU(epeHIitoBaHH [3].

© byoaw I B., binvko /[. 1., 2026

TpaauniitHi TBOBUMIpHI KyJIBTYpH MalOTh 00Me-
JKeHY 37IaTHICTh BIATBOPIOBATH (hi310JIOTIYHI YMOBH
TKAaHMHHOTO MiKpooToueHHs. HatoMicTh TpuBnMIp-
Hi CHCTEMH KYIBTHBYBAaHHS NAIOTH 3MOTY Kpamie
MOJICNTIOBaTH MDKKJIITHHHI B3a€MOJii, TpaieHTH
KHACHIO Ta CHUTHAJIBHUX MOJCKYI, SIKi BiHIrparoTh
BaKJIUBY POJIb Y Peryisimii aAndepentiitoBanus [4-6].
Came tomy 3D-kynerypu iIICK BBaXKarOThCS O1TbII
(hi310JI0TTUYHO PETEBAHTHUMH MOJICTISIMU MOPIBHIHO
3 2D-kynbrypamu [7].

OnHMM 13 HAHBXIIMBIMINX MapamMeTpiB 3D-Kyib-
TUBYBaHHS € pPO3MIp KIITHHHUX arperariB, SKHHA
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0e3rocepeIHhO BILTMBAE HA YKUTTE3IATHICTh KITITHH,
ix mpomicepariito Ta HAMPSIMOK U(epeHIitoBaHHS [8].
Bigomo, mo 30UIbIIeHHS JiaMeTpa arperariB IpH-
3BOJIUTH JI0 (DOPMYBAHHS TPAAIEHTIB KHCHIO TA MOp-
(boreHiB yHACTIOK TUQy3iiHUX 0OMexeHb [9]. Byio
MOKa3aHo, II0 TaKi OOMEXKEHHs MOXKYTb CTaBaTh
KPUTHYHUMHU Yy pa3i JOCSTHEHHS arperaramMmu Jiame-
tpa nmonaj 300 mxwm [10]. BogHowac arperati Masaoro
PO3MIpYy MOXKYTh MaTH HEOCTaTHIM piBeHb MIXKKITi-
TUHHHX B3a€MOJIi{, HEOOXiTHUX 1Sl €PeKTUBHOI na-
PaKpUHHOT CHTHAJII3alli1, [0 TAKOXK MOKE 3HHKYBATH
edexruBHicTh AudepentiroBanus [11]. Orxe, onTu-
MaJIHHUH JIIaMeTp arperariB € BaXJIMBUM (HaKTOPOM
3a0e3nedyeHHs OajlaHCy MapaMeTpaMu  KIITHHH
Ta KJIITHHHOIO CHrHasi3ariero [12].

Byrno nmokazaHo, 1110 KOHTPOIBOBaHHUHM PO3MIp arpe-
raTiB Ja€ 3MOT'Y 3HAYHO TTIBUIIMTH BiATBOPIOBAHICTh
Tu(epeHIiIoBaHHS [UTIOPUIIOTEHTHUX KIiTuH [13].
Jnst nudepeHIiroBaHHsS B KapiOMIOIUTAPHOMY Ha-
IpSIMKY HalOLIbII e()eKTUBHUMH 4YacTO € arperaru
CEPEJIHLOTO PO3MIpY, SKi 3a0€3MeUyOTh ONTUMAJIBbHI
YMOBH TPAHCHOPTY MOXUBHUX PEUOBHH [14].

st oTprMaHHSI arperariB KOHTPOIFOBAHOTO PO3-
Mipy MIMPOKO 3aCTOCOBYIOTh MiKPOIYHKOBI CHCTEMH
KyJIBTUBYBaHHS, Y SIKHX MOJKHA (pOPMYBaTH OJHOPII-
Hi arperar i3 3a1aHoi KiIbKOCTi Ki1iTuH [15,16]. Taki
TIIXOAN AFOTh 3MOTY OCHTIKYBAaTH BIUTUB MOYAT-
KOBOI MIITbHOCTI MOCIBY KJIITHH Ha iaMETp arperaris
Ta eheKTUBHICTH 1X nudepeHiioBanas. He3paxaro-
Yy Ha 3HAYHY KiJIBbKICTh JOCHI/PKEHb, ONTHUMAJbHI
napameTpu (pOpMyBaHHsI arperariB MOXyTb BIJIpi3-
HATHCS 3aJIeKHO Bi/l KIITUHHOI JiHIT Ta MPOTOKOIY
JT(epeHIlitoBaHH S, a OTXKe, € MoTpeda B eKCIepH-
MEHTaJbHOMY BHBUeHHi [17].

MeTorw poGoTH OYyJIO JOCTIIUTH BIUIUB MOYAT-
KOBOI HIUTBHOCTI MOCIBY iHIYKOBAaHUX ILIIOPUIIO-
TEHTHHX CTOBOYpOBHX KIITHH Ha (QOpPMYyBaHHS
3D-arperaTiB i3 KOHTPOJBOBAHUM JiaMETPOM
Ta BU3HAYHUTH BIUTMB IXHBOTO PO3MIpY Ha e(EKTHB-
HICTb AU(EPEHIIIIOBaHHS B KapA1OMIOIIUTH.

MeTtonuka

Y po6oti Bukopucrano JiHito ilICK mumi AT25,
oTpuMany 3 (ibpoOracTiB KiHYMKa XBOCTa MUIII
i JTi€ro iHayKyounx dakropis c-myc, KIf4, Sox2,
Oct4, Nanong y naboparopii P. fnima ta A. Meiic-
Hepa (CILA). I'enetruHo Monu(ikoBaHa JiHIS 1H-
JTYKOBaHMX TUTIOPUIIOTEHTHUX CTOBOYPOBUX KITITHUH
eKcrpecyBaiia mypoMiluH-N-areTui-Tpanchepasy
ta IRES-3B’a3anuil 3enenuil (uryopecreHTHUI
npoteid (GFP) nix koHTpoieM kapaiocnenudiaHoro
a-MHC npomoropa. I'enetrnuny moxudikariio yiHii
ilICK Bukonana A. ®arima B naboparopii T. Capiua
(Himeuunna). 3naTHICTh KapJiOMIOIMTIB €KCIIPECY-
Bati GFP min KoHTposeM KapmiocnerudiaHoro

o-MHC npomoropa mana HaMm 3MOTY 3aCTOCYBaTH
METOAU MPOTOYHOI uTodIyopuMeTpii Ta diryope-
CIICHTHOT MIKPOCKOIIii /IS TIepeBipKU e(heKTUBHOC-
Ti IPOIECIB TU(EPEHIIIOBAHHS.

Hemudepenniioai JiHil cTOBOYpOBUX KIITHH
HiATpUMYBaNIK Ha (BifepHUX KIITUHAX, OTPUMAHUX
13 JmiHii Gpidpoodnactie muiri MEF-Neo y xuBHIIbHO-
My CEpEJIOBHII, L0 CKJIAJANOCh i3 CepeloBHIIA
JMEM (Invitrogen, HiMmeuuuna), 10 SKOTO JI0/1aBa-
mu 15 % deransnoi Tenmsuoi cuposarku (DPTC,
Invitrogen, Himeuunna), 1 % He3aMiHHIX aMiHOKHC-
not (Invitrogen, Himeuunna), 50 uM 2-mepkamnro-
eranony (Invitrogen, Himeuuuna) ta 1000 OJ1/mn
LIF (Millipore, CIIIA), a takox G418 (Invitrogen,
Himeuunna). CTOBOYpOBI KIIITHHH TIepeCcaKyBaIn
3 po3paxyHky 0,5%10° KJIITHH y 5 MJI TOBHOTO KH-
BUJIBHOTO cepeloBHIa Ha 6 ¢cM vamiky [letpi 3 mia-
KIaJKor 3 QimepHUX KIITHUH i3 gomaBaHHsM LIF.
[TacasxyBaHHS TTPOBOJIMIIN KOXKHI 2 JOOH.

s Toro mo6 posnoyary npouec qudepeHIio-
BauHs CK, rotyBaim oHOKIITHHHY CyCIIEH31I0 He-
JqudepeHIiiioBaHuX KIITHH. 3 II€10 METOIO Heude-
penmiiioBani komonii i[ICK mnpomuBamu PBS,
monasamu 1 mut 0,05 % Tpuncuny, 3aaumanyd 3a
temneparypu 37 °C y CO,-inkybaropi Ha 5 XB Ta
npu Bix eqHanHi nmoHan 80 % KIITHH iHriOyBasin
JII0 TPUIICHHY CEPEIOBHIIEM TU(EepEHIIFOBAaHHS
3 OTC. Lentpudyrysanmu 4 xB 3a 980 g, BinOupanu
HA/I0CaJI0BY PiJIUHY, MiAPaXOByBaIN KUIBKICTh KITi-
THUH 1 peCyCHEeHyBaJIu.

Jlns nudepeniiroBanHs B rutanmierax Aggre Well
BUKOpHCTOBYBaIM 6x10° KIIITHH y 2 MJI ceperioBH-
ma audepeHiiroBadds. Takuit 00’eM OTHOKIITHH-
HOI CyCHeH31i MOMIIa/IN B KOXKHY JIYHKY IIIaHIIeTa
AggreWell (AggreWell, StemCell Technologies),
KU MICTHB MIKPOJYHKH. 3 KOXHOI Takoi JIyHKH
MoxkHa otpumati jo 1200 ET. KiituHu KynbTHBY-
Bayy B Iianmerax 48 ron y CO,-inky6aropi 3a Tem-
neparypu 37 °C ta 5 % CO,. Cepenonuie aude-
PEHIIIFOBaHHA CKIafanoch i3 cepenosuma IM/IM
(IMDM - Iscove’s modified Dulbecco’s medium,
Invitrogen, Himeuunna), no sxoro goxasaiu 20 %
OTC, 1% HezamiHHUX aMmiHOKHCIOT, 50 uM
2-MepKanToeTaHoILy.

Cnoctepiranmu (GopMyBaHHS arperaTtiB  Ha
2-ry o0y KylbTUBYBaHHS Ta IPOBOJIMIM X miapa-
XYHOK IIiJT CBITIIOBUM MiKPOCKOTIOM. 3JIiHCHIOBA-
7Y 3aMiHy cepeoBuIa AU epeHIiFOBaHHS, TTOTIM
00epeKHO TMepeMilryBaii  eMOpIOiaHI  TiIbIA
B JIyHIIi, IEPEHOCUIIN CYCIICH31I0 arperaris y He-
anrepeHTHi yamku [lerpi 13 cepenoBumiemM aude-
penniroBanns B CO,-iHKy6aTOpi JUIst MOanbIInX
excriepuMeHTiB. CepeloBuUIle KYIETHBYBAHHS 3a-
MiHIOBalu uepes 7 nib, Ha 9-ty mo0y micius ¢op-
MYBaHHS arperaris.
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[1{00 OIIHUTH BIUIMB PI3HUX CKCIIEPUMEHTAIb-
HUX YMOBHU Ha KiHETHUKY POCTY KJIITHH, BiOip mpoo
TIPOBOJIUIIH ITiCTISl KOXKHOT TIOBHOT 3aMiHHU CEPEIOBH-
ma. BinOupanu amikBOTy arperariB OTPUMaHHUX
y MiKpoJTyHKax uianmetiB Aggre Well st mepesip-
KM JKMTTE3NATHOCTI KIITHUH: Ha 2-Ty, 3-Ti0, 4-Ty,
6-1y, 9-1y, 11-1y, 13-TY, 15-Ty 100y €KCIIEpUMEHTY.
Binibpani emMOpioinHi TIIBIS TUCOIIIOBATIH, BUKO-
pucroBytoun 0,25 % TpHIICHHY, 10 CTaHY OJHOKIi-
TUHHOI cycnensii. [ligpaXxyHOK KiJIBKOCTI »XHBHX
KIIITHH TTPOBOJIMIIA B TEMOITUTOMETPI 3a CTaHIapT-
HOIO0 METOJIUKOIO. SIK TeMOLIUTOMETP BUKOPHUCTOBY-
Basyu kamepu Hoiibayepa.

{06 oiHUTH BiIHOBIEHHS KIITHH, TPUOIU3HO
gepe3 24 rof micist KyJI6THBYBaHHS HA HOBUX KYJIb-
TypaJbHMX IUIAHIIETaX BU3HAYAIM BHXiJ arperarii
a00 e(eKTHBHICTh BUCIBY 32 ()OPMYJIOIO:

Edexrusnicts Buciby (%) = N, / N, x 100,

ne N, — 11o4aTkoBa 3arajibHa KilbKiCTh KIIITHH Y MO-
meHT t = 0 rox (h), a N, — 3aranbpHa KiIbKiCTh KIITHH
yepes t = 24 roj miciist KyJbTHBYBaHHS.

Edexrusnicts BuciBy Ha piBHi 100 % cBiguuth
PO Te, 110 BCI BUCISIHI KIIITUHU MTOBTOPHO MPHUKPI-
MUITUCS JI0 TIOBEPXHI KYJIBTYPaIbHUX [UIAHIIETIB.

Arperati 3 JUQEPEHIIIHOBAHUMHU KapaioMio-
uutamu, ski ekcrnpecyBanmu GFP, mucouiroBanu
3 BuxkopuctanusM 0,25 % tpuncuny. OTHOKIITHH-
HYy CyCHEH3il0 Bia]insTpoByBanmu, mo0 mo30aBu-
THCh BiJl arperaris, Ta MPOMHUBAIU PITUHOK IS
BimmuBanHg kniTuH (CellWash, BD, Pharmingen).
[IpoTrouHy HHTOPIYOPUMETPIFO TPOBOIWIH Ha
npotouHoMy 1mmrodayopumerpi FACScan (BD
Pharmingen), npu 1poMy HaOHpaH MOMYJISAII0
3 10000 xmiTMH. AHani3 AaHUX NPOBOJWIM 32
JIOTIOMOTOF0 ~ TIporpamHoro  3abesnedennss FSC
Express 4 Flow Research Edition (De Novo Software,
CIIIA). HasBHiCTh MEPTBUX KIITHH BU3HAYAIN
3 BUKOPUCTAHHSIM 3a0apBICHHS MpOMigieM Hoxu-
noM (Sigma, HiMeuunHa).

Mopdoioriune AOCHiIKeHHs, NPSIMUNA Mif-
pPaxyHOK KIJBKOCTI arperariB Ta MiApaxyHOK
kinpkocti GFP+ kniTuH mpoBoauiIu 3a CTaH-
JapTHAMHM METOIMKaMHU CBITIOBOI Ta (uyope-
CIICHTHOI MiKpOCKOMii. BUKOpUCTOBYBaNIu MiKpo-
ckont Axiovert 10 (ZEISS, Himeuyuunna), 00’ €KTHBH
31 30imbmeHHsaM X 10, x20, x40,

KokeH excriepuMeHT TPOBOIIIIN TPHUi y TPHOX
nostopax. L{udposi naHi aHamisyBagu 3 BUKOpHC-
TaHHSAM TporpamMHoro 3abesmneueHHs Microsoft
Office Excel 2007. JlocToBipHICTh CepeaHiX 3Ha-
YEeHB JBOX CYKYITHOCTEH BH3HAYAIN 33 JJOMIOMOTOFO
t-kputepito CTBIOZCHTA, CTAaTUCTUYHY MAOCTOBIp-
HICTh BU3Ha4Yasu Ha piBHi P < 0,05.

PesyabraTn

Y Hamiit poOoTi 1711 OTPUMaHHS TOMOTCHHHUX arpe-
raTiB 3aCTOCOBaHO crieliaibHi IiaHmern AggreWell,
SIKi MOXKYTh BHUKOPHCTOBYBATHCS IS (POpMYyBaHHS
Ta MOAANBINOrO KYJIETHBYBAHHS KIITUHHUX arperariB
13 pisHUX THIIB KIiTHH, BKIroYHO 3 i[ICK. Kokna
JyHKa TAaKOTO IUIAHIIETa MICTHTh BH3HAYCHY Kib-
KICTh MIKpOyHOK. [licnsi mepeHeceHHs1 CycrieHsii
KJITUH Y KOXKHIM Takiii komipii (opMyeTbes arperar
BHU3HAYEHUX PO3MIPIB 3aJIC)KHO Bijl 33]]aHOT KUTbKOCTI
KJIITUH Yy cycnensil. BUKoOpHUCTaH] TUIQHIIETH Aaid
MOXKJIMBICTh OTPUMATH eMOpIOIIHI TUIBI PI3HOTO
posmipy — Big 250 10 2000 kitiThH.

o0 BU3HAYMTH BIUIMB ITOYATKOBOI MHIUILHOCTI
nociBy Ha (opMmyBaHHs HequdepeHLioBaHUX arpe-
rarip i[ICK, y nmanmern AggreWell Bucisamu 250,
500, 750, 1000 a6o 2000 KITHH Ha MIKPOIYHKY
Ta KyJIETUBYBaJIM Oe3 riepeMilyBanHs (puc. 1).

Crioctepiraiu noctynose (popMyBaHHS KOMIIAKT-
HUX CQEpUYHMX KIITHHHUAX arperariB i3 YiTKUMHA
MeKaMH Ta TEHJCHIIEI0 10 30UIbILIEHHS IXHIX pO3Mi-
piB 13 yacoM. Arperaru Maid 4YiTKi KOHTYpH Ta BiJl-
HOCHO TJIQJIKy TIOBEPXHIO, IO CBIIUUTH MPO IMIUTHHI
MDKKJTITHHHI KOHTaKTH. Ha 2-ry 100y Ky/IETHBYBaHHS
(hopMyBaCs HEBENMKI KOMITAKTHI arperat cepud-
HOi ¢opmu. CepenHiid jiaMeTp arperariB CTaHOBUB
177 £33 p. KnituHHI CTPYKTYPU Mald BUCOKY LT~
HICTh Ta OJIHOPIJIHY MOP(HOJIOTiFO.

Mopdororis arperariB Ha 2-ry 100y KyJIbTHBYBaH-
Hs OyJia KOMITAKTHOIO 3 TIIAJIKOFO Tieprudepiero B ycix
yMOBax, KpiM THX, Je BuciBam 1o 2000 kit
Ha JIYHKY. 3a IIMX YMOB arperati MaJi HeMpaBHIbHY
(bopMy TeMHOTO KOJIbOpY 0€3 "iTKUX KpaiB (puc. 2). Ha
TpeTIo 100y KYJIBTHBYBaHHSI 0araro 3 IMX arperariB
(parMeHTyBaJIMCh, CIOCTEPITad BEIUKY KUIbKICTh
MEPTBUX KJIITHH Y KYJIBTYPaTbHOMY CEPEIOBHIIII.

Byrno BUABIIEHO KOPEISALII0 MiXK OYaTKOBOIO KiJlb-
KICTIO KJIITHH 1 JiaMeTpOM arperatriB Ha 2-Ty o0y
kynstuByBanHs (12 = 0,85; p = 0,09) B arperaris
13 meHICTIO ociBy 250, 500, 750 Ta 1000 kmitua. Ha
HACTYINHY 100y MiCJIi YTBOPEHHS arperariB po3nozii
JliaMeTpiB arperaris OyB JIOBOJI OTHOPITHAM MiX arpe-
ratamu posmipom 500, 750, 1000 xmitun (puc. 3).
[Ipote BusBIEHO Take: MO OUIBIIOK Oyna BHUXiTHA
KUIBKICTh TIOCIBY KJIITHH, TO OUTBIIUMHU OYyIIH pO301XK-
HOCTI MDK TIOBTOPHOCTSMH Ha 3-THO JIOOY KYJBTHBY-
BanHs. Cepennii amiamerp craHoBuB: 148436 1
JUISL arperariB i3 IMOYATKOBOK MIUTBHICTIO TIOCIBY
250 writun, 186 + 54 p ma arperaris i3 500 iiTu,
200 + 68 p s 750 kmituH, 210 + 52 p s 1000 kmi-
TUH Ta 258 = 69 |1 JUTs TOOIMHOKKX arperariB i3 BUXij-
HOIO NIuTbHICTIO mociBy 2000 kititiH. Buxin arperarii,
110 BiI0Opakae BITHOBJIEHHS Ta PO3MHOXKEHHS KITITHH
npuoIM3HO Yepe3 24 rox, nepepuirysas 100 % Bix mo-
YaTKOBOI KUJIBKOCTI B OUIBIIOCTI BUIIA IKIB.
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250 xmiTHH / TyHKY 500 xaiTHH / TyHKY

Puc. 1. Mopdornoris arperaris il[ICK, orpumanux Ha 2-ry 100y KyJIbTHBYBaHHS
B ruianmerax AggreWell

Ha 2-ry 100y KyIpTHBYBaHHS Ha 3-T1r0 100y KyJIbTHBYBaHHS

Puc. 2. Mopdoornoris arperartis i[ICK i3 minbHicTio mociBy 2000 KIITHH Ha MiKPOTYHKY
Ha 2-Ty Ta 3-Tio 100y KyJIbTHBYBaHHS
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250 KITHH / TyHKY

500 KITHH / TYHKY

Puc. 3. Mopdornoris arperaris il[ICK, orpumanux
Ha 3-T10 100y KyJIETUBYBAHHS

Byno gocrmimkeHo JKUTTE3AaTHICT KIITHH arpera-
TIB Ta IMOOJMHOKHX KITITHH Y CEPEIOBHUII KYJIBTHBY-
BaHHS MICNIS 3MiHU KYyJIBTYypaJbHOTO CEpPEeIOBHIIA.
JKurtTteznatHicTh arperaris OyJia BUCOKOIO Y BCIX YMO-
Bax (kpim 2000 KIITHH), TOMI SIK MOOJMHOKI KIIITHHA
B HAJI0CaJIOBIH piIHI Oy HEXKHUTTE3NATHUMH.

31 30iNBIICHHSM TPHBAIOCTI KYJIBTHBYBAaHHS
30LTBIITYBABCS JiaMEeTp arperaris Ta IiIBUIIyBajiacs
CTPYKTypHA CKJIAQIHICTh (puc. 4). Y nesikux arpera-
Tax crocrepirajgacs TEeHJICHIIS 10 (GopMyBaHHS
MEHII IMUTBHUX JUJISHOK, 3MiHa (OpPMH, IO MOXKE
CBITYUTH TIPO ITOYATKOBI IPOIIECH MIPOCTOPOBOI Op-
radizanii kaitiH. [lounnatoun 3 4-1 10O KyJabTUBY-
BaHHS CIIOCTEPIrajocs CTATUCTUIHO 3HAUYIIE 3011b-
IIEHHS JliaMeTpa arperatiB. Arperatu 30epiraiau
chepuuny hopmy, OTHAK CTABAIH OUTBIIT CTPYKTYPHO
OpraHi30BaHUMH. 3TOJIOM BiOYBaJIOCS MOJAIbINE
30LIBIICHHS CepeTHBOTO aiamMeTpa. [Tpu mpoMy Mop-
(ororis arperatiB cTaBaja OiJIbIIl TETEPOTEHHOO.

3a BCIX eKCIIEpPUMEHTAILHUX YMOB JliaMeTp arpe-
rariB 30UTbIyBaBCcs IO 4-1 JOOHM KyJIBTHBYBaHHSI.
CepenHiii miametp arperaris 3poctaB y 1,1-1,4 pa3za
i cranoBuB: 209 £ 48 p (250 wmitun), 210 £ 57 u
(500 kmitun), 257 £ 81 p (750 xmitun), 193 + 42 p
(100 xmitem) Ta 273 + 37 p (2000 kiithH).

KoHIeHTpariist KIiTHH 3arajioM 3pocTaia MpoTs-
TOM TIepiomy KyNTBTHBYBaHHS, X04a CIOCTepiramacs
BapiadenbHICTh MK MOBTOPHOCTSMH. JKuTTE3mMaT-
HICTh TiCJsI TOYATKOBOTO 3HIDKCHHS 3alIHIIANach
>81 %. Haiibunpe 3HmkeHHs Oyno 3a 2000 xmitun/
MIKPOJTYHKY.

Haiibinpime 3pocTaHHS JAiaMeTpa arperaris
Oymo Ha 6-Ty 100y KyJIBTHBYBaHHsS. Arperartu
po3MipoM 250 KIITHH/MIKPOIYHKY 301TbIIMINCH
B 1,4 paza, 500 knituH/1yHKY —y 2,1 pa3sa, 750 kii-
TUH/TyHKY — B 1,7 paza, 1000 kmiTUH/TYHKY —
y 2,2 paza. Ilicas 10-1 100 KyJIETUBYBaHHS CITO-
CTEPIrajJoch MOCTYIOBE YIOBUIBHEHHS 301TbIIIEHHS
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Puc. 4. Po3wmip arperaris y pi3Hy 100y KyJIbTHBYBaHHS,
HPEICTABIICHO SIK JiaMeTp OKPEMHX arperaris

JiameTpa arperaris, a micist 13- 1obu KynbTHBY-
BaHHS — 3MEHIIICHHS JliaMeTpa arperaris.
Mopdororito arperariB JOCHiPKyBaJId TaKOX
y nporeci naudepennitoBanus i[ICK y kapmiomio-
muTy. binemicte arperaTiB 30epiramu chepudny
(dopmy, ipore Oy MeHIT koMmakTHi. [IpoBeneHnit
aHaJi3 IMoKa3aB, MO0 e(eKTUBHICTh NU(EpEeHLio-
BaHHS KapJiOMIOIUTIB CYTTEBO 3aJIS)KHUTh BiJ I10-
4aTKOBOTO PO3Mipy arperariB. HaiiBuiili mokasHUKH
JTU(EpeHITIFOBaHHS MaJli arperard, c(opMoBaHi
13 500 xJIiTHH, TOAI SIK arperata po3Mipom 750 k-
THUH JEMOHCTPYBAJIH JCIIO HIDKUY, ajle TaKOX Bij-
HOCHO BHCOKY e¢(eKkTuBHICTh. BomHouac arperatu
po3mipom 250 ta 1000 KTITHH MaJId 3HAYHO HUXKIY
edexTUBHICTH KapaiomiorenHoi audepenmianii. Ha
13-1y noOy nudepeHiiroBaHHs, KO CIIOCTEePIiraB-
csa MmakcumanbHuii Buxix GFP* kapmiomionwuris,
e(DeKTUBHICTH T epeHITIFOBaHHS arperaris
po3mipom 500 xmituH craHoBwia 2,86 £ 0,3 %,
mo y 8,5 pasa Oiibliie MOPIBHSHO 3 arperaraMu po3-
mipom 250 wiitun (0,34 + 0,02 %) Ta y 4,7 paza
OlmpIlle TMOPIBHAHO 3 arperaraMi  PO3MipoM
1000 kmitun (0,6 + 0,03 %). Arperatu po3Mipom
750 KIIITHH TaKOXK JEMOHCTPYBAIH BIIIHOCHO BUCO-
Ky €(eKTHBHICTh, L0 TEPEBUIILYBAJIO BiJAINOBIIHI
MOKa3HUKW arperariB  po3mipom 250 KJIITHH
y 6,4 paza ta po3mipom 1000 xmitun y 3,6 pasa.
[IpssMe mOpIBHAHHS IOKA3ajo, IIO arperartu
posmipoMm 500 KJIITHH JE€MOHCTPYBald CTaOUIBHO
BHIY €(DEeKTUBHICTH TU(EPEHITIFOBaHHS TTOPIBHSIHO
3 arperataMu posMipoMm 750 KIIITHH, HOPUYOMY
pi3HUI craHoBwia Bix 1,3 pasa Ha 13-Ty n0Oy

1o 1,8 paza Ha 15-ty n00y. 3arasom oTpuMaHi pe-
3yJIBTaTH CBITYATH, 0 (POPMYBaHHSI arperariB Mpu-
6m113HO 3 500 KIIITUH CTBOPIOE HANHOLIBII CIPHUSTIINBI
YMOBH JUTs €(PEKTUBHOTO JTU(EPCHIIIFOBAHHS B Kap-
JIIOMIOIIUTH B YMOBaX BUKOPHUCTAHOTO TIPOTOKOITY.

O0roBopeHHs

OTpumMaHi pe3ynbTaTH IMOKa3alH, [0 T0YaTKoBa
HITBHICTh TIOCIBY KJIITHH BU3HAYA€ JIlaMeTp arpera-
TiB Ta BIUTUBAE Ha e(DEKTUBHICTH TU(EPEHITIFOBAH-
Hs. Arperaty, copmoBani 3 500 KmiTHUH, 1EMOH-
CTpyBaJIM HAWBUIIY €(DEKTHBHICTH Kap.[iOMiOTEHHOT
nudepentianii, o y3rouKy€eThes 3 JaHUMH 1HIINX
JocmkeHs [14,18].

BcraHoBiIeHy 3aJeXKHICTh MOXKHA IOSCHUTH
(hopMyBaHHSM ONTHMAIBHOTO KJIITHHHOTO MIKpO-
OTOYEHHA. ATperati CepeaHbOTO po3Mipy 3abesre-
9y[OTh €(DEeKTHBHY KJIITHHHY CHTHAIII3AIII0 Ta JIO-
ctatHio Judy3ito KucHio [6,19]. Menmri arperaru,
HMOBIpHO, MaJld HEIOCTATHIM piBeHb KIITHHHOI
CHUTHaJI3aI1lii, 1[0 MO0 00MeKyBaTH e(heKTUBHICTD
mudepennitoBanss [11]. IomiOHI pesynsraT Oyiio
OIUCAHO paHille A eMOPiOigHUX TiIeIb Pi3HOTO
po3mipy [18]. 3HmKeHHS epeKTHBHOCTI TUpepeH-
IIFOBaHHS y BEJIMKHX arperarax MO)KHa MOSICHUTH
(hopMyBaHHSAM TITOKCHYHUX 30H 1 HAKOIMYCHHSIM
MmeTabomiTiB [9,20]. Bimomo, 1o 30i1blIeHHS Aia-
METpa arperariB MOXKe MPU3BOJUTH JO TOTIPIICHHS
TPAHCIOPTY KHUCHIO Ta MOXMBHUX pedoBuH [10].
OTpuMaHi pe3ylbTaTH TaKOXK IiJITBEPIKYIOTh,
110 arperaTu B Aiana3oHi npuonusHo 150-300 MM
MOXYTh 3a0e3IeuyBaTH ONTHMAaJbHI YMOBH IS
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mudepentiroanas [14,20]. Ile BinOyBaeThcs 3aB-
JSIKM CTIIPUSITIINBOMY CHIBBIJHOIIEHHIO TUIOMII TO-
BepxHi Jio 00’ emy [12].

BukopucTaHHsS MIKpOJYHKOBHX CHCTEM JaJlo
3MOT'y OTPUMATH arperaté 3 KOHTPOJILOBAHHUM Jia-
METPOM Ta BUCOKOIO BiATBOPIOBAHICTIO PE3y/bTATIB,
IO BIATMOBIJIA€E CyYacHUM Tiaxonam OloiHXeHepii
[15,21].

OOMEeXCHHSAMHU JTOCITI/DKEHHSI € BHKOPUCTAHHS
OJIHI€T KIIITMHHOT JiHIT Ta BIACYTHICTh MOJICKYJISP-
HOTO aHaJi3y CHUTHAIBHMX NUIAXiB. [lomanbimi
JIOCTIDKEHHS MOXKYTh OyTH CIIPSIMOBAaHI Ha aHaNi3
eKkcrpecii MapkepiB JudepeHIitoBaHHS Ta MeTabo-
JIYHUX MapaMeTpiB arperaris.

OTtpumaHi pe3ynbTaTH MalOTh NMPAKTHYHE 3HA-
YECHHSI AJs1 ONTHMI3alil HPOTOKOMIB OTPUMAHHS
KapJiOMIOIMTIB Ta MaclTaOyBaHHS TEXHOJIOT1H
BUPOOHUIITBA KJIITHHHUX NPOAYKTIiB [3,21]. OTxe,
KOHTPOJIb JliaMeTpa arperariB MOXKHa pO3IVISIaTH
SIK KPUTHYHMN MapamMeTp MiJBUIICHHS e(EeKTUB-
HoCTi nqudepentiiroanns i[1CK.

BucHoBkH

VY 1poMy IOCHI/PKEHHI MOKa3aHo, 10 MOYaTKoBa
IIUJIBHICTh TOCIBY 1HJIYKOBAHUX TLTFOPHITOTCHTHUX
CTOBOYpPOBHX KJITHH € BAXJIMBHM (DAaKTOPOM, SKHUI
BU3HaYae (opmysaHHs 3D-arperaris i3 pi3HUM Jiia-
METPOM Ta BIUIMBAE€ Ha €(DEKTUBHICTH iX AUpepeH-
IIFOBaHHsI B KapaiomiorwT. OTpUMaHi pe3yJibTaTH Jie-
MOHCTPYIOTb, 10 arperatu, copmorasi 3 500 KITiTHH,

MaJli HAWOUThII CHpUATIMBI MOPQOJIOTIUHI Mapa-
METpH Ta 3a0e3nedyBaly HalBUILY E(EeKTHUBHICTH
JepeHIOBaHHSI B KapAiOMIiOIMTH.

BcraHoBiieHO, 10 arperatM cepeiHbOro [ia-
MeTpa 3a0e3NeuyroTh ONTUMAbHUIM OallaHC MiX
e(heKTUBHOIO TU(Y3i€I0 KUCHIO Ta IOKUBHUX PEUO-
BHH 1 JJOCTATHIM PiBHEM MIKKIITHHHHUX B3a€MOJIIMH,
HEOOXIAHMX Ui 1HAYKWil AudepeHIiroBaHHS.
MeHmni arperaTd MOXXYTh MaTH HEJIOCTaTHIO KITi-
TUHHY Macy st (OpMyBaHHS €(EKTUBHOTO CHUT-
HAJIBHOTO MIKPOOTOUEHHSI, TOA1 SIK OLIBIII arperaru
MOXYTb MaTH Ju]y3iiiHi 0OMEXKEHHS.

OTpuMaHi pe3yJabTaTH MiJIKPECITIOITh BaXITH-
BICTb KOHTPOJIIO JiaMeTpa KIITHHHHUX arperaris
SIK KPUTUYHOTO TIapameTpa JUIsl MiABUIICHHS Bij-
TBOPIOBAHOCTI Ta €(EKTUBHOCTI AuEpeHIlito-
BanHs 1[ICK. [IpakTiuHe 3Ha4eHHS pOOOTH TOJIS-
ra€ B MOXKJIMBOCTI BUKOPUCTAHHS ONITHMi30BaHHUX
napamMeTpiB (pOpMYBaHHS arperaris il cTaHaap-
THU3alii TPOTOKOJIB OTPUMAHHS KapiOMiOIUTIB,
MacmTa0yBaHHS KJIITHHHUX TEXHOJOTIH Ta 1X 3a-
CTOCYBaHHSI B pPETre€HEpaTUBHIN MEIUINHI, MoJe-
JIOBaHHI 3aXBOPIOBaHb 1 TECTYBaHHI JIIKAPCHKHUX
mpenaparis.

[Tomaemni AOCTIKSHHS MOXKYTh OYyTH CIIPSIMO-
BaHI HAa aHaNI3 MOJEKY/ISIPHUX MEXaHi3MiB BIUIHBY
pO3Mipy arperatiB Ha e¢(EKTHBHICTh TU(EpPEHIIIIO-
BaHHS, a TAaKOXX ONTHMI3alii0 0i0peakTOPHUX CHC-
TEM JUIS MaclTabOBaHOTO OTPUMaHHS (YHKIIIO-
HAJIbHUX Kap/{1OMiOIUTIB.

Cnucok nimepamypu

1. Takahashi K, Yamanaka S. Induction of pluripotent stem cells
from mouse embryonic and adult fibroblast cultures by defined
factors. Cell. 2006;126(4):663-76.doi: 10.1016/j.cell.2006.07.024

2. Yu J, Vodyanik MA, Smuga-Otto K, Antosiewicz-Bourget J,
Frane JL, Tian S, et al. Induced pluripotent stem cell lines
derived from human somatic cells. Science. 2007;318(5858):
1917-20. doi: 10.1126/science. 1151526

3. Aijaz A, Li M, Smith D, Khong D, LeBlon C, Fenton OS, et al.
Bioprocessing strategies for stem cell-based therapeutics. Curr
Opin Biomed Eng. 2018;10:74-81. doi: 10.1016/j.cobme.
2018.11.001

4. Edmondson R, Broglie JJ, Adcock AF, Yang L. Three-
dimensional cell culture systems and their applications in drug
discovery and cell-based biosensors. Assay Drug Dev Technol.
2014;12(4):207-18. doi: 10.1089/adt.2014.573

5. Ravi M, Paramesh V, Kaviya SR, Anuradha E, Solomon FD.
3D cell culture systems: advantages and applications. J Cell
Physiol. 2015;230(1):16-26. doi: 10.1002/jcp.24683

6. Zuppinger C. 3D cardiac cell culture: a critical review of current
technologies and applications. Front Cardiovasc Med.
2019;6:87. doi: 10.3389/fcvm.2019.00087

7. Sart S, Tomasi RF, Amselem G, Baroud CN. Multiscale
cytometry and regulation of 3D cell cultures. Biotechnol Adv.
2017;35(1):47-62. doi: 10.1016/j.biotechadv.2016.11.006

8. Kinney MA, Hookway TA, Wang Y, McDevitt TC. Engineering
three-dimensional stem cell morphogenesis for the development
of tissue models and scalable regenerative therapeutics. Stem
Cell Res. 2016;16(2):341-52. doi: 10.1016/j.s¢r.2016.01.013

9. Correia C, Serra M, Espinha N, Sousa M, Brito C, Burkert K, et al.
Combining hypoxia and 3D culture improves the therapeutic
potential of human pluripotent stem cell-derived cardio-
myocytes. Stem Cell Rev Rep. 2018;14(6):847-59. doi: 10.1007/
$12015-018-9845-z

10. Van Winkle AP, Gates ID, Kallos MS. Mass transfer limitations
in embryoid bodies during human embryonic stem cell
differentiation. Tissue Eng Part A. 2012;18(7-8):807-16.
doi: 10.1089/ten. TEA.2011.0397

11. Bauwens CL, Peerani R, Niebruegge S, Woodhouse KA,
Kumacheva E, Husain M, et al. Control of human embryonic
stem cell colony and aggregate size heterogeneity influences
differentiation trajectories. Stem Cells. 2008;26(9):2300-2310.
doi: 10.1634/stemcells.2008-0293

12. Branco MC, Poch CM, Figueiredo LM. Impact of embryoid
body size on pluripotent stem cell differentiation. Biotechnol
Bioeng. 2020;117(4):1212-22. doi: 10.1002/bit.27279

13. Ungrin MD, Joshi C, Nica A, Bauwens C, Zandstra PW.
Reproducible ultra-high throughput formation of multicellular
aggregates from human pluripotent stem cells. Methods.
2018;101:11-20. doi: 10.1016/j.ymeth.2015.11.010

14. Jiang X, Lian X, Wei K, et al. Maturation of pluripotent stem
cell-derived cardiomyocytes: challenges and strategies. Stem
Cell Res Ther. 2024;15:354. doi: 10.1186/s13287-024-03961-4

15. Nguyen DHT, Stapleton SC, Yang MT, Cha SS, Choi CK,
Galie PA, et al. Biomimetic model to reconstitute angiogenic
sprouting morphogenesis in vitro. J Vis Exp. 2016;(115):54308.
doi: 10.3791/54308



byoaw I B., binvxo /J]. I. Ontumizanist ymoB opmyBaHHS 3D-arperaris Uit eKcIaHcil Ta KapIioMiOTeHHOTO JH(EPEHIIIOBAHHSL. . 87

16. STEMCELL Technologies. AggreWell™400/800 microwell 19. Serra M, Brito C, Correia C, Alves PM. Process engineering of

plates for standardized spheroid formation. Vancouver: human pluripotent stem cells for clinical application. Trends
STEMCELL Technologies; 2021. Biotechnol. 2012;30(6):350-9. doi: 10.1016/j.tibtech.2012.03.003
17. Kempf H, Andree B, Zweigerdt R. Scalable suspension culture 20. Hwang YS, Chung BG, Ortmann D, Hattori N, Moeller HC,
of human pluripotent stem cells. Stem Cell Res. 2015;14(3):353-61. Khademhosseini A. Microwell-mediated control of embryoid
doi: 10.1016/§.5¢r.2015.02.001 body size regulates embryonic stem cell fate. Biomaterials.
18. Hookway TA, Butts JC, Lee E, Tang H, McDevitt TC. Aggregate 2009;30(27):499-507. doi: 10.1016/j.biomaterials.2009.04.026
formation and suspension culture of human pluripotent stem 21. Kropp C, Kempf H, Halloin C, Robles-Diaz D, Franke A,
cells and differentiated progeny. Stem Cell Res. 2016;17(3):581-9. Scheper T, et al. Impact of feeding strategies on scalable
doi: 10.1016/j.s¢r.2016.09.010 expansion of human pluripotent stem cells. Trends Biotechnol.

2017;35(6):514-27. doi: 10.1016/j.tibtech.2017.01.001

G. Budash, D. Bilko
National University of Kyiv-Mohyla Academy (NaUKMA), Kyiv, Ukraine

CONDITION OPTIMIZATION FOR THE FORMATION OF
3D AGGREGATES FOR EXPANSION AND CARDIOMYOGENIC
DIFFERENTIATION OF MOUSE INDUCED PLURIPOTENT STEM CELLS

Abstract

Control of the physical parameters of three-dimensional (3D) aggregates of induced pluripotent stem
cells (iPSCs), particularly their diameter, is a critical factor for optimizing cell expansion and directed
differentiation. In this study, we investigated the effect of initial cell seeding density on aggregate formation,
size distribution, morphology, viability, and efficiency of cardiomyogenic differentiation.

A direct relationship between the initial number of seeded cells and aggregate diameter was demonstrated.
Aggregates of intermediate size exhibited the most favorable biological characteristics. In particular,
aggregates formed from 500 cells showed an optimal diameter, high structural uniformity, and the highest
efficiency of cardiomyocyte differentiation. Smaller aggregates demonstrated reduced differentiation
efficiency, whereas larger aggregates showed decreased viability, which may be associated with limitations
in oxygen and nutrient diffusion.

Our results indicate that aggregates with diameters in the range of approximately 150-300 um provide
optimal conditions for cell—cell interactions and paracrine signaling. These conditions are likely to promote
a balance between sufficient intercellular communication and effective mass transfer. In contrast, insufficient
cell numbers in smaller aggregates may limit signaling interactions, while excessive size may lead to the
formation of hypoxic regions and metabolic stress.

Overall, the findings demonstrate that precise control of aggregate diameter is an important parameter
for improving the efficiency and reproducibility of cardiomyogenic differentiation of mouse iPSCs and for
standardizing 3D culture systems. The use of microwell-based culture platforms enabled the generation of
homogeneous aggregates with controlled dimensions, supporting reproducible differentiation outcomes.

These results may contribute to the optimization of protocols for cardiomyocyte production, scalable
stem cell cultivation, and the development of cell-based technologies for regenerative medicine, disease
modeling, and drug screening

Keywords: iPSCs, 3D culture, cell aggregates, aggregate diameter, cardiomyocytes, differentiation.
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®YHKIIOHAJIbHUHA NOTEHIIAJ KJITHUH-IONEPEJIHUKIB
TA IX 3B’SI130K I3 KJIITHIKO-TEMATOJIOTTYHUM HNEPEBITOM
PN MIEJIOJNCIIVIACTUYHOMY CUHAPOMI

OOnum 13 8ax)cIueux Mexamizmie namocenesy mienrooucniacmuunozo cunopomy (MJ[C) € oucoanamnc
NPO3ANANbHUX YUMOKIHIE Y KICMKOBOMO3KOBOMY MIKPOOMOYECHHI, KU NPU3600UMb 00 3MIH V QYHKYIL 2e-
MONOEMUYHUX CTMOBOYPOBUX KIIMUH. SHayHe micye ceped Hux nocioae inmepnetikin (IL-1), wo b6epe yuacmo
y peaynayii npoaigpepayii, OupepeHyiloeants ma anonmo3sy Kimur Kpogomeophoi cucmemu. Memoio yboeo
docniodicents 6y10 6CMAHOGIEeHHS (DYHKYIOHATbHO20 NOMEHYIATY 2eMONOCMUYHUX KIIMUH-NONEPEOHUKIE
i ix 63aemo36’3xy 3 konyenmpayicio IL-1 y cuposamyi Kposi ma KiiHIKO-eeMamono2iunum nepedicom
vy xeopux na MJ]C, nikoeanux asayumuoOuHoM 3a CMAHOAPMHUM NPOMOKoIoM. Kuiniko-eemamonoeiune
obcmesicennsi npouuina 31 ocoba 3 MC. Busnauanu KineKicms 61ACmMHUX KIIMUH y nepugepuyniii Kpogi
i konyenmpayiro IL-1 y cuposamyi Kposi. Y Kynemypi KAimun Xeopux 00CHOHCY8an KOIOHIE- | Kiacme-
POYMBOPEHHSL 2eMONOeMUYHUX KAIMUH-NONePeOHUKi8 KicmKoo2o Mo3Ky (KM). Ananis pezynomamis docii-
Ootcenv nokasas, wjo 6 nayieumie i3 M/[C PAHBII na mai 3pocmannus konyenmpayii IL-1 ma npoepecysanns
3axeopioeanns 6 Kyiemypi xkuimun KM cnocmepicacmvcsi 3MeHuen s KilbKOCMi HOPMANbHUX KOJIOHIL,
3pocmants Kinbkocmi OpibHUX abo amunosux KOJOHIU, 30iIbUeHHS KIACmepoymeoproiodol 30amuocmi
KIMUH-NONEPeoOHUKie, wo ceiouums npo Oepexm 2emonoe3y Ha pPIiGHI 2eMONOEMUYHUX CHOBDOYPOBGUX
KIIMUH [ K1imuH-nonepeoHuKis.

Kuro4uoBi ciioBa: reMonoeTHyHi CTOBOYpPOBI KIITHHH, FeMOIIOCTHYHI KITITUHU-TIOTICPETHUKH, 3JI0SIKICHA
TpaHcopMmallisi, HecTaOIbHICTh TCHOMY, Mi€JIOIUCIUIACTHYHUN CHHAPOM, a3allUTUINH, KYJIbTypa KIITHH
in vitro.

Beryn

Mienomucruactianmit curapom (MJIC) — e rere-
pOTeHHa TpyTia KIIOHAIBHIX 3aXBOPIOBAHb TEMOITOCTHY-
Ho1 ctoBOypoBoi kiitiau (I'CK), mist sSikux xapakrepHi
LUTOMeHI], Hee(eKTUBHUI reMoroe3 i PU3HK TpaH-
copmartii B roctpuid Mienoimamit neiiko3 (I'MJT) [1,2].
OnHuM 13 BaXJIMBUX MeXaHi3MiB maroreHesy MJIC
€ nucOaaHc Mpo3analbHUX IUTOKIHIB Y KICTKOBO-
MO3KOBOMY MIKPOOTOYCHHI, SIKHH TPH3BOIUTH JIO
3MiH Y (YHKII{ Me3eHXIMaIbHUX CTOBOYPOBUX KJIi-
TuH [3,4]. 3HauHe Micle cepell HUX MOCiiae iHTep-
nevikin (IL-1), sxkuii Oepe yd4acTb y perymsiii

npomidepanii, TU(epeHIioBaHHS Ta aronTo3y Kii-
THH KpPOBOTBOpHOI cuctemu. IL-1 ctumymroe mpo-
JYKII0 BTOPHHHHUX MeEJiaTopiB, SIKI MAlOTh Mi€JIO-
CYNPECHBHHI €(EKT, IO CTA€ BAXIMBAM (HaKTOPOM
MaTOJIOTIYHOTO PEMOJISNIIOBAaHHA Temonoesy [5-7].
XponiuHa aktuBamis IL-1-3aeKHUX CHIHATBHUX
uusixiB (NF-kB, MAPK) i aktuBanis NLRP3-indmna-
MacoMH TpU3BOAATH Ji0 nopyrreHHs ¢ynkiii ['CK
1 KIITHH-TIONEPEHUKIB, CHPUSIOYM PO3BUTKY He-
e(heKTHBHOTO remMornoe3y Ta nporpecysanaro MJIC.
IRAK1 gacto rinepaktusuuii mpu MJIC i niaTpumye
BW)KMBAHHS TIATOJIOTIYHOTO KIIOHY [8-10].
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VY xBopux Ha MJIC 9acto crioctepira€ThbCs miBU-
menHs piBHA IL-1 y cupoarii kposi. [Ipu MJIC
PAHGB I pigenb IL-1 oMipHO MiIBUILCHUH, IIMTOKIH
CTUMYJIIOE TIpostipepartito KIITHH-NONEPEJHUKIB Ta
BOJIHOYAC ITOCHITIOE arlonTo3, GopMyrour Hee(heKTHB-
Huit remonoes [11,12]. V mponeci mporpecyBaHHs
MJIC konnenTpartis IL-1 3Ha4HO 3pocTae, MOCHITFOFO-
YM CUHTE3 1HIIMX Npo3anaibHUX MUTOKIHIB [13]. Boxa-
HOYAC 3MIHIOEThCS OaJlaHC MDK TIpoltidepaliiero Ta
JhepeHIIIFOBaHHSM KITITHH, 1110 KOPEJTFOE 3 MOTIpIIeH-
HSIM TIOKa3HUKIB MeprU(epuIHOi KPOBi Ta 3pOCTaHHIM
piBHs OmactHux kimituH y KM, mo npusBoauTh
1o tpanchopmartii MJIC y I'MJI [14,15].

MeTo10 1ILOTO JOCHTIIKEHHSI OyI0 BCTaHOBJICH-
Hs1 (DYyHKIIIOHAJIBHOTO MOTEHIlIATY TeMOIOSCTHYHUX
KIIITUH-TIONIEPEAHUKIB Ta 1X B3a€MO3B’SI3Ky 3 KOH-
neHTpartiero IL-1 y cupoBartiii KpoBi 1 KIIiHIKO-TeMa-
ToJOriYHUM nepebirom y xBopux Ha MJIC.

Marepiaau Ta METOAU TOCTiIZKEHHS

[IpoanamnizoBano nmani 31 XBOpPOro 3 JiarHO30M
MJIC PAHB 11, i3 wux 17 (54,8 %) 4onoBiKH,
14 (45,1 %) xinku BikoM Bifg 52 mo 79 pOKiB, fKi
nepeOyBaIy Ha JIIKYBAaHHI y BilI1JICHHI 3aXBOPIOBAHb
CHCTEMH KpOBI Ta KOHCYJIBTATHBHINA TOJIKITIHIIl
HepxxaBHoi ycTaHoBM «HallioHanbHUM HayKOBHN
LEHTP paaialliifHOl METUIIMHH, TeMaTOoJIOT1i Ta OHKO-
norii HAMH Vkpaiuu». Bepudikanito aiaraosy
MIPOBEJICHO BIAMOBITHO 710 kpuTepiie BOO3 Mmienoin-
Hux Heorasiit 2008 poxy [16,17]. Ilamientu orpu-
MYBaJIH a3al[UTHINH 33 CTAaHIAPTHUM IMPOTOKOJIOM:
75 Mr/m* neHb; npoTaroMm 7 JHIB, KOXxHI 28 IHIB KO-
PEKIIiI0 03U MPOBOAMIH 3 YPaxXyBaHHIM IeMarolo-
TYHOT TOKCHYHOCTI Ipenapary.

JlocimiKeHHsT BUKOHAHO 3T1JIHO 13 3arajbHO-
HpI/II\/‘IHflTI/IMI/I CTUYHUMU HOpMaMU Ta NPUHIUIIAMU,
BH3HAHUMU [ eIbCIHCHKOIO JeKiapaiiero BeecBiT-
HbOI MEIMYHOI acoliamii, sika mependavyae iHPOp-
MOBAaHY 3r0Jly MAaIli€HTIB HA YY4aCTh Y HAYKOBUX JI0-
ciipkeHHsX. [lalieHTH HamaBanu MUCHMOBY 3TOAY
JUTS TIPOBEJICHHS HAYKOBHUX JIOCITI/DKEHbB 3 TXHIM 010-
JIOTIYHUM MarepiajioM.

PiBenb IL-1 Bu3Hauamm MmetonoM TBepaoda3Ho-
rO aHaJli3y 3a JOTOMOTOI0 aHamizatopa Multiscan
Ascent «Labsystems» i tect-cuctem «Diaclone»
Ta BUMIPIOBAJIH y IT/MIL

Jns BUSBIEHHSI TEMOITOCTHYHHX KIIITHH-TIONE-
PEeIHMKIB y KyIBTYpI in vitro 6yno pocuimxeHo KM
obcTexxeHnx oci6. 3pasku KM posbaemsum doc-
¢araum Oydpepom PBS (Invitrogen, Himeuunna)
y cmiBBigHomeHHi 1 : 3. KiTHHHY cycrieH3ito Bif-
ninsamn uentpudyrysannam (30 xB 3a 750 g) y rpa-
nienti Hystopaque (Sigma-Aldrich, CIIA) miis-
Hictio 1,077 r/mn. BinMuBaHHS KIITHH MPOBOIWIN
neHTpugyryBanasam npotsrom 10 xs (250 g) y PBS;

MpoIelypy MOBTOPIOBaM TpHUi. I1iipaxyHOK Kijb-
KOCTI KJIITUH B OTPUMAHUX CYCIIEH31SIX MPOBOMIH
MICJISL JIOJaBaHHsl TPUIIAHOBOTO CHHBOTO B Kamepi
IopsieBa (ITAO «Cxnonpunan», Ykpaina). Kins-
KICTh KOJIOHIM BH3HaYajaW IIiJi 1HBEPTOBAHUM
MikpockorioM. KonoHii po3ainsiau Ha KOMIIAKTHI,
KOMIIAKTHi 3 «BiHUMKOM», audy3Hi Ta aTHmosi. Ix
BUBUQJIN 3 BUKOPUCTAHHSIM iHBEPTOBAHOTO MiKpO-
ckomna (Zeiss, Himeuunna) 31 30utbmeHHsM %100
1 x200 Ha 12-14-Ty 100y KyIBTUBYBaHHS.
O0paxyHOK pe3yJbTaTiB KyapTuByBaHHS KYO-I'M
1 KnYO-I'M 3niiicuioBanu Ha 12—-14-1y 106y KynbTu-
BYBaHHS 3 BHUKOPHUCTAHHSM IHBEPTOBAHOIO MIKpO-
ckona (Zeiss, Himeuunna) 3i 30inbmenHsm *100.
3a KONOHIIO MpUIMaNK arperatd, 10 CKIamgy SIKHX
Bxoauio nonaxa 40 xmitue [14]. Knitunni arperaru,
10 MiCTHITH BiJl 2 10 40 KJIITHH, BBAXKAIH KilacTepa-
mu. EdexruBHicts kononieytBopeHHs (EKY), sk
KUTBKICTh  KOJIOHIEyTBOpIotounX oauHuip (KYO),
BU3HAYAIIK 3 PO3paxyHKy Ha 1x10° KyasTHBOBaHHX
Mi€JToKapionuTiB. KiTbKICTh KJIaCTEPOyTBOPIOIOUHX
omuuuLb (KnYO) po3yMinu sk KUIBKICTh KITacTepiB
Ha 1x10° ekcrmantoBanux Kiitud [15].
CTaTHCTUYHUM aHaN3 OTPUMAHUX JAHUX BUKO-
HYBAJIH 32 JIOTIOMOTOIO TIPOTPaMHOTO 3a0€3MeUCHHSI
Microsoft Excel. [l nepeBipku BiANOBIAHOCTI eM-
MIPUYHUX PO3IIO/IIIB 3aKOHY HOPMAIBHOTO PO3ITOJIi-
ny 3acTocoByBanu kputepii Konmoroposa Ta Ilipco-
Ha. OnucoBa CTaTUCTUKA U1 KUIBKICHUX TOKA3HUKIB
OXOIUTIOBAJIA PO3PAXYHOK CEPETHBOTO apH(hMeTHU-
HOTO (W), CTaHIAPTHOI MOXMOKH cepesHboro (S ) Ta
CepeIHbOKBAPATUIHOTO BiIXUICHHS (O).

PesyabTraTn

VY pesynbrati MpoBEICHOTO JOCITIIKCHHS BCTa-
HOBJIEeHO, 0 Y 4 (12,9 %) xBopux Ha MJIC PAHB 11,
SIKI JIOCSITVIM TIOBHOT / 9acTKOBOI BIJITOBIJi, BMICT
IL-1 y cuposatui kpoBi 3HU3UBCA B 1,7 pa3a mopis-
HSTHO 3 TMTOKA3HWUKOM JI0 JTiKyBaHHs 14,6 £ 1,2 nir/mu
Ta 24,6 = 3,8 nr/mi, BigmosigHo. BwmicT OmacTtiB
y KM s3HusumBcs B 1,8 pasa (1o JiKyBaHHS
15,3 £0,5 %, micas teparmii 8,5 + 0,5 %) (p < 0,05).
Kimpkicte KYO-I'M 30inbmryBasiace 'y 1,5 pasa
micinst JikyBaHHs, a KinbkicTh KnYO-I'M 3menmry-
Bajachk B 1,7 pasa miciis JOCATHEHHS TTOBHOT / 4acT-
KOBOI1 BiAmoBiAl (auB. Tabnuito) (p < 0,05).

AHaJIi3 pe3yNbTaTiB KYJIbTypaIbHUX JIOCIIKCHb
MOKa3aB, 110 MOPIBHAHO 3 HOPMOIO (38 =+ 3,5 KonoHil
i 11,5 + 1,5 xacrepiB Ha 1x10° eKCIIaHTOBAaHHX
KJTITHH) HalKpamy pe3ynsTaTd OTPHUMAaHO 3 JOCST-
HEHHSIM TTOBHOT / YaCTKOBOT BIJIIIOBI/II HA JIIKYBaHHS
azanuruanHoM. EKY nopiearoBana 28,6 + 2,3 korno-
Hiil. Y 1m0 rpymy yBidnum 4 xBopux. BMmict iHTep-
JelKiHy B CHpOBATLi KpOBi B Ii€l rpynu ocid Bu-
SIBUBCSl HAWMEHIIIMM 1 JTopiBHIOBaB 14,6 + 1,2 mir/mi.
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Tabnuys
DyHKIIOHAJbHA AKTUBHICTH FeMONOEeTUYHHMX KIITHH-TIONEePEHUKIB
(KYO-I'M ta KnYO-I'M) i Bmict IL-1 y pi3ni nepionqu nepediry MJIC PAHB 11
IMoxa3zuuk MJIC PAHBII MJIC PAHB 11 MJIC PAHB 11 M/IC PAHB MJIC PAHB 11
J0 JiKyBaHHSl | IOBHA / 4aCTKOBA cradiaizanisa II BincyTHicTH TpaHnchopmauis
n =31 BiMoBiAL n=12 (38,7 %) | BigmoBigin =19 B I'MJI
n=4 12,9 %) (29,0 %) n=6 (19,3 %)

bractu y KM, % 15,3+0,5 8,5+0,5 132+1,3 17,6 £ 0,9 325+2.8
IL-1, or/mo 24,6 +£3,8 146 +1,2 17,9 +2,1 32,3+2,2 423+54
KYO-I'M x10° . 19,0+ 1,8 28,6 2,3 223+1,2 10,2+0.,5 5,1+£0,5
KnYO-IT'M x10° k1. 26,4+23 153+0,5 27,3+2,8 29,6 + 1,4 443 +3,6

BonmHouac 3a BiACYyTHOCTI BIAMOBIJI B MAIi€HTIB,
siki ctaHoBuIH 29,0 % Bin yciel rpymu oOCTeKeHNX,
EKY nopisutoBana 10,2 + 0,5 koJoHii, 1110 cynpoBo-
JOKYBAJIOCH ITiJIBHINCHHSM KOHIIEHTpAIIIT IHTepIIeHKi-
HY B CHPOBaTIi XBOpUX 10 32,3 + 2,2 ir/mi1.

CuTyalrlis moripiryBajiach y pasi Tpancdopmarrii
B ['MJI, KONy KiNTBKICTh KOJIOHIN 3MEHIIYyBaJlach /10
5,1 £0,5 Ha 1x10° ekcIIIIaHTOBAHUX KJIITHH, TOII K
KOHIIGHTpALIisl iHTepieliKiny csrana 42,3 + 5,4 nr/mi.
30UTBIICHHS KOHIIEHTpAIlii IHTepJICHKIHY B CHPOBAT-
11l KPOB1 CYNIPOBOIKYBANIOCH (POPMYBAHHAM JPiOHIX
a00 aTUIIOBUX KOJIOHIH, siki ctaHoBmin 10,0-26,5 %
KYO-I'M, 1 pi3kuM MiIBUIIEHHSIM KIIACTEPOYTBO-
peHust B KynbTypi (44,3 & 3,6 Ha 1x10° excrutanToBa-
HUX KJIITHH), [0 Y 4 pa3u NEpEeBUIIYBAIO MOKA3HUK
HOpMmH (puc. 1).

VY rpyni xBopux 3i cradinizaniero M/IC PAHB 11
(n=12, 38,7 %) Bincorok OmactiB y KM BusBUBCA
OJIKYHM 10 TIOKa3HHUKA, OTPUMAHOTO 10 JIIKYBaHHS
(13,2+1,3%1a 15,3 +0,5 %, BignosigHo, p < 0,05).

35
-
= £ 30
M-E
=2 25
= £
ggzo
=E 10
2z 3
0

| 2 3 4

Konnenrpartis IL-1 y cupoBariii KpoBi AEMOHCTPY-
Bajia TEHCHIIIIO JIO 3HYDKEHHSI MICIs KypCiB JIKYy-
BaHHS, IPOTE MOKA3HUK CTATUCTUYHO HEIOCTOBIp-
HUH (1uB. Tabnuito). KijbKICTh KOJIOHIH 1 KJTacTepiB
Oyna 3icTaBHa 3 TIOKa3HWKAaMH MAIlIEHTIB 0 JIKY-
BaHHS (JMB. TAOJIHIIIO).

V rpyni xBopux Ha MJIC PAHB II (n=9, 29,0 %),
y SIKMX He OyJI0 BIIMOBI/II HA JIKYBaHHS a3UIIATHIU-
HOM, BifcoTok OnmactiB y KM OyB maiixe mopiOHUM
JIO TOTO, 110 BU3Ha4aM 10 jikyBanHs (15,3 £ 0,5 %
nepen Tepamieto ta 17,6 £ 0,9 % micnst). Konnentpa-
mist IL-1 migumngyBanack y 1,3 pasa mopiBHSIHO 3 10-
Ka3HUKOM JI0 JIiKyBaHHs Ta Oyna y 2,2 pasza BHIIA,
HDK J10 JiKyBaHHs (uB. Tadmuimo) (p < 0,05). Kib-
KiCTh KOJIOHIW 3HMXKYyBasiach B 1,8 pasa MOpiBHSHO
3 TIepi0IOM JI0 JTIKYBaHHs Ta OyJia HIKIOK y 2,8 pasa
y XBOpHUX TPYIIH, SKa J0CSATajga MOBHOI / 4aCTKOBOI
BIJIMOBI/II. 3MaTHICTh JIO KJIACTEPOYTBOPEHHS MaJia
3BOPOTHY TEHJCHIIO. Y TpPYIi XBOPHX, Y SKUX HE
OyJ10 BiJTMIOBIII HA JIIKYBaHHS, KUTBKICTh KJIacTepiB

5 6 7 8 9

Homep 3paska

B KYO

B KnYO

Puc. 1. KonoHieyTBOpeHHS 1 Ki1acTepoyTBOpeHHs B KyabTypi in vitro (KYO-I'M ta KnYO-I'M)
TeMOIOCTUYHUX KITITHH-NONEPETHIKIB y CUTYyaii, KoJi Hemae Bianosiai Ha Tepamiro mpu MJAC PAHB 11
(Biporianicts nopiBusHHSI Mk KYO-I'M ta KnYO-I'M p < 0,05)
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BUSBWIIACH B 1,9 paza OLIBIION, HIK Y TPYII Nalli€H-
TiB, 1[0 JOCSIIa TOBHOI / YacTKOBOI BiIIOBIji
(29,6 = 1,4 Ta 15,3 + 0,5, BianosigHo) (p < 0,05),
1 JopiBHIOBajla MOKA3HHKY XBOPUX A0 JIKyBaHHS
(muB. TaOIUIIHO).

VY nepion Tpancpopmanii M/IC PAHB Iy T'MJI
y rpymi xBopux (19,3 %) BiAcOTOK ONacTHHX KIi-
tuH y KM 3pocraB y 2,1 pasza nopiBHSIHO 3 1oTepa-
MEBTUYHHUM ITOKa3HUKOM Ta OyB y 3,8 pasza BUIIHM
3a noka3Huk xBopux rpynu MJIC PAHB II, siki go-
CATJIM TIOBHOI / 4aCTKOBOT BiJMOBII (MB. TaOJIH-
o) (p < 0,05). Konuentpanis IL-1 y cupoarui
KpOBI TpynH XBOpPHX y Tepiox TpaHchopmariii
y I'MJI B 1,7 pasa mepeBuiyBasa HOro BMICT
y XBOpHX JI0 JIIKyBaHHs Ta y 2,8 pa3a Oyna Oiib-
IIOKO0, HIXK Yy MAI[i€HTIB i3 3aralbHOI0 MO3UTHBHOIO
BIAMOBI IO (pHC. 2).

31aTHICTh 10 YTBOPEHHs KOJIOHIM KIIiTHHAMU-
nonepeaankamu KM xBopux Ha MJIC PAHB II
y nepiox Tpancdopmarnii B I'MJI 3menmryBanacs
B 3,7 pa3a NMOPIBHSHO 3 IHIMIAJILHUM MOKa3HUKOM
Ta B 5,6 pa3a Oysia HIDXKYOIO, HIXK Y TPYIIH XBOPHUX,
SIKI JOCAIIM MOBHOI / 4aCTKOBOI BiAIIOBiAl. YTBO-
PEHHsI KJacTepiB Majlo 3BOPOTHY TEHJCHIIIO
Ta JIEMOHCTpyBajo B 1,6 pa3a BHINMI TOKa3HHUK
3a KIJIBKICTh KJIACTEPIiB Yy KYJIBTYypi KIiTHH-IOIE-
pennukiB KM XxBopux 110 JIiKyBaHHS 1y 2,8 pasa
O11pIIMI 32 KITBKICTH KJIACTEPIB, HIXK Y TPYIi XBO-
pux Ha MJIC PAHB I, sxi gocsiriii moBHOT / yacT-
KOBOI BIIIMOBIII.

OO0roBopenHst

Bionoriuna pons IL-1 momsirae B y4acti B pery-
nSTOpHOMY Tporeci remoroe3y dyepe3 IL-1R1
B aktuBamii NF-kB, p38 MAPK i rinepakrupartii
MYDS8S-IRAK curnanpHOro Kackagy. Baxmusum
€ QaxT, mo el MUTOKIH CTaE JOMIHYIOUYHM Yy pasi
3araneHHs 1 Maibke He moTpioeH y Hopmi [18,19].
Jis MJIC xapakrepHe Hee(eKTHBHE KPOBOTBOPEH-
Hi. Ha ko)KHOMY eTami mporpecyBaHHsS IpoIecy
JOCITI/DKYBaIIM (PYHKI[IOHAJIBHUN TIOTEHIIIAI IeMo-
MOeTUYHUX  CcTOoBOypoBux  kiitHH (KYO-I'M
1 KnYO-I'M) kicTkoBOro Mo3Ky martieHTis [20,21].
AHaJi3 1aHuX T0Ka3aB, 10 B KYJIBTYPI in Vitro po3-
TOPTAEThCS JpaMaTHYHa KapTHHA, KOJIH KUIbKICTh
KOJIOH1H 13 mporpecyBaHHAM MAaTOJIOTIYHOTO MpOoIIe-
Cy CTPIMKO 3HWKYETBCS, 1 HA IIbOMY TJI1 POPMYIOTh-
Cs aTUIOBI KOJIOHII 1 KJacTepH, KUIbKICTb SIKUX
3poctae. OcOONMBO YiTKHIA B3aEMO3B 30K CIIOCTE-
piraetbcst y pasi tpanchopmanii MJAC y I'MIL
VY pesyabrari BUPa3HO MPOCTEKYIOTHCS TOKA3HUKH,
SKi, 3 ypaxyBaHHAM KJIiHIYHOro mepe0iry i jabo-
paropHUX JaHuX Ha pizHUX ctamisx MJC, MoxyTh
CIPUAMATHCS K OAATKOBI IMPOTHOCTHYHI O3HAKH
PO3BUTKY narojorignoro nporecy npu M/IC.

BucHoBku

3rilHO 3 pe3yibTaTaMu IPOBEJIECHOTO J0CIi-
JOKeHHSI, B mamienTiB 13 MJIC HasiBHUI B3a€MO3B’sI-
30K MK KOJIOHIEYyTBOPEHHSM Y KYJBTYpi 1 KOHIEH-
tpamieto IL-1 y cupoBartii kpoBi. Ha i1 3pocTaHHs
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koHIeHTpalii IL-1 Ta mporpecyBaHHs 3aXBOPIOBaH-
Hsl B KyabTypi KM in vitro cnoctepiraerbcst 3MeH-
MICHHS KUTBKOCTI HOPMAJIBHUX KOJIOHIH, 3pOCTaHHS
KIUJTBKOCTI ApiOHMX a00 aTMIOBUX KOJIOHIH, 30171b-
MICHHS KJIACTEPOYTBOPIOOUOT 31aTHOCTI KIIITHH-TIO-
MEepPeHUKIB, 110 CBIAYUTE Mpo AedeKT mponidepa-
uii nmporenitopis. [ligBuimenHs konneHTparii IL-1,

1 3 OIHOYACHUM 3HWKEHHSIM KUIBKOCTI KOJIOHIN
Ta 3pOCTAHHSAM KUIBKOCTI KJIACTEPiB y KyIbTYpi KJli-
THH, CBIIYUTH PO JedeKT remornoesy i Horo pery-
msnii mpu MJIC Ha piBHI TéeMOMOETUYHUX CTOBOY-
POBHX KIITHH 1 KJIITHH-TIONEPEJHUKIB, IO MOXE
CIIyTyBaTH TOJATKOBOIO MPOTHOCTUYHOK O3HAKOIO,
ocobmuBo y pasi tpanchopmanii MJIC PAHB 11
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FUNCTIONAL POTENTIAL OF HEMATOPOIETIC PROGENITOR CELLS AND

THEIR RELATIONSHIP WITH THE CLINICAL-HEMATOLOGICAL COURSE

IN MYELODYSPLASTIC SYNDROME

Abstract
Myelodysplastic syndromes (MDS) represent a diverse spectrum of clonal disorders originating in

hematopoietic stem cells. This group is primarily defined by defective hematopoiesis and peripheral
cytopenias, alongside a significant predisposition for progression toward acute myeloid leukemia. One of
the important mechanisms of myelodysplastic syndrome pathogenesis is the imbalance of proinflammatory
cytokines in the bone marrow microenvironment, which leads to changes in the function of hematopoietic
stem cells. A significant place among them is occupied by interleukin (IL-1), which is involved in the
regulation of proliferation, differentiation, and apoptosis of hematopoietic system cells. The aim of this
study was to establish the functional potential of hematopoietic progenitor cells and their relationship with
the concentration of IL-1 in the blood serum and with the clinical and hematological course in patients with
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MDS, who were treated with azacitidine according to the standard protocol. 31 individuals with MDS
underwent a clinical and hematological examination. The number of blast cells in peripheral blood and the
concentration of IL-1 in blood serum were determined. Colony and cluster formation of hematopoietic bone
marrow progenitor cells was studied in the culture of patients’ cells after 14 days of cultivation. Analysis
was performed under an inverted microscope. Statistical processing of the results obtained was carried out.
Analysis of the results of the studies and their relationship showed that in patients with MDS RAEBII, along
with an increase in the concentration of IL-1 and disease progression, a decrease in the number of normal
colonies, an increase in the number of small or atypical colonies, and an increase in the cluster-forming
ability of progenitor cells are observed in the culture of bone marrow, which indicates a defect in
hematopoiesis at the level of hematopoietic stem and progenitor cells. As a result, distinct patterns emerge
which, when integrated with clinical presentation and stage-specific laboratory findings, hold potential as
supplementary prognostic markers for MDS progression.

Keywords: hematopoietic stem cells, hematopoietic progenitor cells, malignant transformation, genome
instability, myelodysplastic syndrome, cell culture in vitro.
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MOHITOPHUHI I KOHTPOJIb
IHBA3IMHOI'O BUJAY AMBROSIA ARTEMISIIFOLIA L.
B €BPOIII

Y ecmammi nooano pesynomamu ananizy 0CHOBHUX MEMOOi8 MOHIMOPUH2Y Md 3aX00i68 KOHMPOIIO NOWU-
peHus hebesaneuno2o ineasitinoco eudy Ambrosia artemisiifolia L. y eeponeiicbkux kpainax. ¥ meosicax dociui-
0oicenHs nposedero kapmoepagysanms nowupentns Ambrosia artemisiifolia L. 3a donomozoro naameopmu
GBIF, sixa nadae 6iokpumi oami 3 ceocpaghiunoio npug szxoro. 3asanmadsiceni dani npo amoposiio (4001 cno-
cmepedicenns) 6izyanizoeano na mani €sponu. /s oyiniosants weUOKoCmi NOWUpenis 6Uoy npoeeodeHo
nopisusanus eusigienux micyb cmanom Ha 2000 p. ma na 2025 p. y €eponi. [lopisusanus memoodis 6opomvou
3 Ambrosia artemisiifolia L. 30itlicneno na npukaadi wiecmu eeponeticbkux kpain: Aecmpii, Yeopuunu, Cep-
o6ii, Himeuuunu, Xopeamii ma [llsetiyapii. 3aghikcosarno uimky ougepenyiayiio ¢ memoodax 60pomvOU 3 Yum
IHBABIIHUM 8UOOM Y 3a3HAUEHUX Kpainax. Dizuuni memoou 60pomvou GUKOPUCTOBYIOMD Y 8CIX Q0CTIONCe-
HUX €6PONEUCHKUX KPAIHAX, WO CEIOUUMb NPO IXHIO YHIBEPCANbHICTIb MA 3PYUHICMb. XiMIUHI MEmoOu noci-
daroms Opyze micye 3a NOWUPEHICMIO, IX AKMUGHO GUKOPUCMOBYIOMb Y N MU 3 uiecmu Kpaiu (cysope
exonoeiune 3akonodascmeo Lllsetiyapii oomesicye suxopucmanns 2epoiyudis). bionoziuni memoou 60poniv-
Ou € MeHw nowupeHuMy, ix gukopucmosylome auuie 8 Yeopwuni ma Himeuuuni. Obmesicenns nos 'sazame
30 CKAAOHICMIO pO3POONEHHs] Ma 6NPOBAVNCEHHS edheKmugnux 3acobie bionoziunoi 6opomvbu 6 ceponeti-
CHKUX KIIMAMUYHUX YMOBAX, A MAKOIC HEOOXIOHICINIO MPUBANUX 00CAIOMNCeHb OISl 2apanmii ixHbol 6e3nexu
ma eghexmusnocmi. J{ocei0 €8PONEiCbKUX Kpain NOKA3VE, WO HAUYCRIWHIWUMUY € [HIMeSPOBAHL CUCEMU
MOHIMOPUHEY MA KOHMPOTIO, SKi ROEOHYIOMb MPAOUYTUHI NOTbOGT OOCHIONCEHHS 13 CYUACHUMU MEXHONLO02IS-
MU ma 3anyyeHuam spomadcvkocmi. OOHAK 8AHCTUBUMU YUHHUKAMU YCNIX) € AK 3aKOHOO0A8Ye Pe2yNI08aHHs,
3abesnevents QIHAHCYBAHH, MAK I MIJIC2ANY3e6d 83AEMOOIS ma onosiujerts epomadcvrocmi. Toomo nuute
iHmezposanuil nioxio 0acme 3mM02y 0OMeIcuUmu NOOAIbULe NOWUPEHHS AMOPO3iT ma smenwumu it Heeamue-
HULL 8NIUB HA O0BKIILISL, CLIbCbKE 20CHO0APCMBO MA 300P08 "SI HACEeHHSL.

KurouoBi ciioBa: iHBa3iiiHI BUAM poCciuH, Ambrosia artemisiifolia L., MOHITOPUHT, KOHTPOJIb.

Beryn

Bropruennss anBeHTHBHHX BHIIB POCIHH
€ OJIHI€I0 3 HAWOUIBIINX EKOJOTIYHUX 3arpo3 s
O10pI3HOMAHITTSI 1 CTa0TPHOCTI EKOCUCTEM B YMO-
Bax cydacHocTi. Cepen HalW3arpo3IuBIIINX 1HBaA-
31HUX BUIIB ocoOinuBe Mmicue nocimae Ambrosia
artemisiifolia L. (amOpo3ig MOJIMHONKCTA) — arpe-
CUBHUU Oyp’siH TiBHIYHOAMEPHUKAHCBKOTO ITOXO-
JOKEHHSI, SIKHI IIBHIKO PO3MOBCIOKYETHCS TEPHU-
Topieto €BponmM 3a OCTaHHI JACCITHIITTA [2].
[Ipobnema koutpomto Ambrosia artemisiifolia L.
cTalla HaJA3BUYaHO BAXJIMBOIO Ui HALlOHAJIBbHOL

© Buwencoka I. I, Kicenvosa €. C., 2026

0e3meKu eBpONEHChKUX KpaiH y cdepi 6iopi3HOMa-
HITTS ¥ OXOpOHW 310pOB’sS HaceneHHs. HuHimHi
TEMIH IHBa3ii IIbOr0 BUIY MEPEBHUIIYIOTH CIIPO-
MOKHICTh CHCTEM MOHITOPUHTY 1 pearyBaHHS.
Ambrosia artemisiifolia cipudMHse CyTTEBI €KO-
HOMIYHI 30MTKH €BPONEHCHKOMY CLIBCHKOMY TOC-
MOIapPCTBY, ICTOTHO 3HMXKY€E BPOXKAHICTH OCHOB-
HUX KyJIbTYp 1 3aMilly€ MICIIeBI BHJH POCIIHH.
A MUITOK 1i€T POCIMHU MPOBOKYE TIOLIUPEH] ajiep-
TiYHI 3aXBOPIOBAHHS Cepejl HACCIICHHS €BPOTICH-
CHKUX KpaiH i CTAHOBHUTH 3HAYHY MEIMKO-COIIialb-
Hy npobiemy [1].
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CKIIaJIHICTh KOHTPOJIO I[hOTO 1HBA31HHOTO BHUIY
3yMOBJIEHa HOr0 BHCOKOI) €KOJIOTTYHOK TIaCTHY-
HICTIO, BUCOKOIO aJalTUBHICTIO JIO Pi3HOMaHITHUX
KJIIMaTUYHUX YMOB 1 TUIIB IPYHTIB, a TaKOX HEJO-
JKaM{A YUHHUX CHCTEM MOHITOPHHTY § y3TOIKEeH-
HSl A1 MiX eBpomneicbkumu aepxkasamu. Ha kon-
THHEHTAJILHOMY piBHI He c()OpPMOBAaHO IITICHOT
ctparerii OopotsOu 3 Ambrosia artemisiifolia,
0 CIPUYHHSE TOCTIHE pO3MIMpeHHs i1 apeany
1 3pOCTaHHS HEraTMBHOTO BIUIMBY Ha JOBKIJISA
1 3nopoB’st mromuau [4,10]. HasiBHI HamioHalbHI
IIPOrpaMu 3a3BU4ail He CKOOPAMHOBAHI MiXk 00010,
TOMY BHJ BUTBHO PO3MOBCIOIKYETHCS Uepe3 Jep-
*KaBHI KopJoHW. KiiMaTHyHi 3MiHM MiJICHIIOIOThH
AKTYaJIbHICTh TIPOOJIEMH, OCKIJIbKH 3aBJSKH CIIPH-
STTJINBUM YMOBaM BiI0yBa€ThCsl €KCIAHCis aMOpo3il
MTOJIMHOJIMCTOI B TIBHIYHI perionn €Bporu. Moneni
MPOTHO3YBAHHSI IEMOHCTPYIOTh ICTOTHE PO3IIUPEH-
Hs apeajy BUIY B HAWOMWOKYI aecaTriTTs [6,11].

3 omsay Ha 3a3HAYCHE BHINE PO3POOJICHHS
e(PeKTUBHOI CHCTEMH MOHITOPHHTY 1 KOHTPOJIIO
Ambrosia artemisiifolia B €Bpomni € HaJ3BHYaHO
BaXJIMBUM JUISI OXOPOHU O1OpPI3HOMAHITTS KOHTH-
HEHTY, OXOPOHHU 3[I0POB’sI HACEICHHS Ta TapaHTy-
BaHHS IPOJOBOIBUOI OE3IEKH.

O0’eKkTH i MEeTOIM AOCIiKEHHA
VY Mexkax JOCHiKEHHs 3/ilicHeHO KapTorpady-
BaHHSI PO3MOBCIOIKCHHST Ambrosia artemisiifolia

3 BukopuctanHsMm Miarpopmu GBIF, ska nHamae
BIZIKpUTI JaHi 3 reorpadivHOI0 MpUB’SI3K0I0. 3aBaH-
Ta)KeHi JaHi o0 amopo3ii (4001 criocTeperkeHHS)
Bi3yasi30BaHO Ha Mari €BpOIH.

JI1s1 OIIHFOBAaHHSI TEMITIB PO3NOBCIO/DKEHHS BUILY
MIPOBEJICHO MOPIBHSIHHS BUSBJICHUX JIOKAII CTAHOM
Ha 2000 p. Ta Ha 2025 p. Ha TepuTOpii €Bporu. Maru
c(hopMOBaHO Ha OCHOBI reoiH(opmaliitHOro aHai3y
3 HACTYIHOK Bi3yaltizaliero y ¢opmari TerioBoi
Manu. 3aCTOCOBAHO KOJBOPOBY IIKANy I TTO3Ha-
YeHHS I1HTCHCHUBHOCTI PO3TMOBCIOIKCHHS: KOBTHH
KOJip BKa3ye Ha MOOAWHOKI a00 K HecTab1IbHI MOITy-
JISIIIIT, TTOMapaHYeBHiA — CTaNi PO3CEJICHHS, a YepPBO-
HUI KOMIp CHUTHAJI3ye NMPO BUCOKHMN PiBEHb 1HBa3il
3 YTBOPCHHSIM CTaOlLITBHUX, EKOCUCTEMHO Hebe3rey-
HUX OCEpPE/IKiB.

[TopiBHSHHS METO/IIB KOHTPOJIIO aMOpO3ii MMoJTH-
HOJIMCTOT MPOBE/ICHO HA MPUKJIA/I IIECTH €BPOTECH-
ChKHX KpaiH: ABcTpis, YropmuHa, Cep0Ois, Himeu-
yuHa, XopBaris Ta llIBeiinapis.

Pe3ysibTaTn nocaiiskeHHs Ta iX 00roBopeHHs

PosnoBcromkernnst amOpo3ii 3a mepion 3 2000
1o 2025 p. AEMOHCTPYE 3HAYHE PO3LIUPEHHS apeany
BUJy SK Ha MIiBHIY, Tak 1 Ha 3axix €Bpornu. ToOTO
Ha [0YATKy CTOJITTS Oynu okpemi Jokauii Ambrosia
artemisiifolia, epeBaXXxHO B IIEHTPAILHUX 1 CX1THUX
perionax €sponu (puc. 1), a cranom Ha 2025 p. BUA
PO3ITOBCIONMBCST Maike Y BCi KpaiHM KOHTHHCHTY

Finland
Norway
Swerlen :
United
i ~
Ireland Rpefom ey
Poland
Belgium Germany
Ukraine
< : 4
France = Switzerland Austria .
\ Famania
( "'_‘¥‘_/
Italy Bulgaria
Portugal Spain
Turkiye

Puc. 1. lommupenuas Ambrosia artemisiifolia L. B kpainax €Bponu
(3a nanumu GBIF, ctanom Ha 2000 p.)
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Puc. 2. llommupennas Ambrosia artemisiifolia L. B kpainax €Bponu
(3a nanumu GBIF, ctanom Ha 6epesens 2025 p.)

(puc. 2), ane 3 pi3HUM CTYIEHEM iHTEHCUBHOCTI. Lle
CBITYMTBH TIPO HEOOXIHICTH MOJITIIIEHHS CHCTEM MO-
HITOPHHTY Ta ONEPATHBHOTO pearyBaHHsI.

Ha cporomHi amMOpo3isl IMOJMHOIKCTA IITHPOKO
posmnoBcromxeHa B Cxinniit 1 LlentpanbHiit €Bpormi:
3ahikcoBaHO BenwKi miont y ®dpanii, Itanii, mis-
nenHii yactuni [onpmn Ta HiMeuunau, maiike 80 %
OpHOT 3eMJIi B YTOpIIWHI, e TIel Oyp’siH TIepeBaXKHO
TPAIUISETHCS B IOCIBAX COI Ta COHSIIHUKY [8].

Mounitopunr Ambrosia artemisiifolia L.
B €Bponi

IMocriitHuit MOHITOPUHT € BaXJIMBOI BUMOTOIO
JUI €(PEKTUBHOCTI OYJIb-SIKOTO METOIy KOHTPOIIIO.
HaiinonynsipHiiuMu METOaMU MOHITOPHHTY aMO-
PO3i1 MOJMHOIKCTOT € TIOJTHOBI OOCTEIKESHHS 1 KapTO-
rpadyBaHHs, poO0Ta EKCIIEPTHUX IPYIL.

Ha cporomni B €Bpori HasBHI K JepKaBHi
1 HayKOBi NIPOrpaMu MOHITOPUHTY, TaK 1 Mporpamu
3 iHIIIaTHBH BOJIOHTEPIB. L{i mporpamMu MOHITOPHH-
Iy peaji3yloTh y MeXax ypsJIOBUX IPOrpam, mpo-
rpaM MOHITOPHHTY Ta OIVISIB, SKi KOOPJAWHYIOTh
pI3HOMAHITHI CTPYKTYpU 4HM oOprasizamii, abo x
pi3Hi poboui rpynu. Hampukian, y Takux KpaiHax,
sk benbris, Jlanis, Xopsarig, Itamia, ®paniis,
VYropuwna, [Tonbema, Jlarsis, [1IBeitmapis Ta Ykpai-
Ha, HasiBHE IOpUANYHE 3000B’I3aHHS JUI OKPEMHUX
3eMJICBJIACHUKIB 1 TIPEJCTaBHUKIB TPOMaJICHKOCTI
BUKOHYBaTH MOHITOPHUHIOBI 3aXOAW SIK YacCTHHY
3araJbHUX KOHTPOJBHUX Jiit [8].

B inmmux kpainax, sx-or HiMeuunHa, opraxiza-
1ii a00 X 3aIliKaBJICHI BOJOHTEPH CTBOPHIIN POOO-
4l Tpymu, sKi 3AiHCHIOIOTH OOCTEXKEHHS I10]0
HasBHOCTI amMOpo3ii moiauHomucTol [4]. YV Mexax
«bepnincekoi mporpaMu Jiit mpoTH amOpo3ii» op-
raHu 3alHITOCTI B BepriHi mpamtoBain Haa 3aiy-
YEeHHSM 0e3p00ITHUX Ha PUHKY Ipalli, iHil[iI0BaJIH
X y4acTh y MOIIYKY 1 3HUIICHH] aMOPO3ii MOJIMHO-
JUCTOI B MiCTi.

JlocBix pi3HUX €BPOICHCHKUX KpaiH JeMOH-
CTpYeE, 110 Haile(PEeKTUBHIIINMHU € iHTETPOBaHi CHC-
TEMHU MOHITOPHHTY, K1 TOETHYIOTh KIIACHYHI METO-
U TIOJbOBHX JOCII/UKEHb 13 BHUKOPHCTaHHIM
CYy4aCHHMX METO/IB JUCTAHIIIHHOTO 30H]IyBaHHS
1 reoiH(OpPMAIIHHUMU CUCTEMaMH.

Benuky ponb y cydacHOMY MOHITOPHHTY Bii-
TpaloTh CHElialli3oBaHi MOPTajd CIOCTEPEKEeHb
(pikcarrist mepinx MOsB BUAY, 3MIMCHEHHS HATIISTY
Ta 1HIUKALii PO3MOBCIOMKEHHS aMOpo3ii MmonuHO-
JUCTOT), CTBOpPEHI Ui OLIBIIOCTI KpaiH €Bpormw,
Hanpukiaja, OpUTaHCHKI iHiIiaTuBM Springwatch,
Autumnwatch, Ambrosia Scout, mBenckkuii Species
Gateway 1 romgaHicbkuii moprain Qikcariii kapaH-
THHHHX BUIIB [5].

Kontpoas Bupy Ambrosia artemisiifolia L.
B KpaiHax €Bponu

Metomu 1 3axof KOHTPOJIO Imomno Ambrosia
artemisiifolia BU3HA4aIOThCA BiJMOBIAHO O THITY
POCIMHHOTO YTPYNOBaHHS, B SKHX BHSIBICHO
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pociuHy (arpoiToleHO3H, JTUKa TpaB’ IHUCTA POC-
JIUHHICTD, 3€JICHI 30HH HACEJIEHUX MYHKTIB). 3acToO-
CyBaHHS OlOJIOTIYHUX, MEXaHIYHUX 1 XIMIYHHX Me-
TOJIIB KOHTPOJIIO Ma€ 3HA4YH1 BiJIMIHHOCTI B KpaiHax
€porn [10]. Haituacrimme 3raayBaHi eKcriepraMu
3axonu IUIsl 3HUIIECHHST Ambrosia artemisiifolia L.
HaBeJIeHO Ha puc. 3.

Bionoriuni meroau Mano mommpeHi B KpaiHax
€Bponu. Bonu nepenbavyaroTh BIPOBaJKEHHS 200 K
MOCHUJICHHS TPUPOJHOTO KOHTPOIO 1HBa3iiHOTO
BUAY Y GOpMi CHEIU(pIUHUX MMapa3uTiB, MATOTCHIB
1 XmkakiB abo 1e i iHTPOMYKIIiO IHIINX BUIIB POC-
JIVH, SIK1 YCYBaIOTh aMOPO3it0 MOJIMHOIKMCTY B KOHKY-
peHTHil 60poTh0i. ExcriepumenTy, mpoBe/eHi B TeI-
JMYHAX YMOBAaX, MPOAEMOHCTPYBAIM, IO BHCIsHA
KOHKYPEHTHA POCIMHHICTB Oyia Ty»Ke Ji€BOIO B 3HU-
YKEHHI IUTBHOCTI aMOPO3i1 MOJTMHOIMCTOT, BHACIIOK
YOT0 BIAJIOCS YHUKHYTH BUCOKOTO HACIHHEYTBOPCH-
Hs1. TpUBarOTH EKCIIEPUMEHTH 3 ITOCIBOM KOHKYPEHT-
HUX BUJIIB POCIIMH Ha y30iuusx gopir [9].

I3 mwrectu JOCHiPKEHUX €BPOIEHCHKUX KpaiH
(ABctpist, Yropmuna, Cep0is, 1Beinapis, Himeu-
yiHa, XopBaris) 010JOTIYHI METOIU 3aCTOCOBYIOTh
TinbkH y ABOX — HiMeuunHi Ta YropmuHi (puc. 4).

DI3UYHUI METOJI KOHTPOJIIO Tiepeadavae Taki
MexaHiuHi popMH (i3HUHOTO YCYHEHHS POCIUHU
3 TEBHOI MICIIEBOCTI, SIK CKOIIYyBaHHS, MYJIbUY-
BaHHs, CIIAJIFOBAHHS, BUPUBAHHS, BUIIAC TBApUHA-
MH Ta YOpHE IuTacTuKoBe MOKpHUTTS [8]. Bei i
3aX0/IU € PECYpCOEMHHMMH. 3alliKaBleHi CTOPOHH
HE 3aBXKIU MAlOTh TIEPCOHAN UISi BUKOHAHHS TaKoi
poOOTH y BEJIMKHUX MacIITadax.

3axomu (Hi3MYHOTO KOHTPOJIFO MAKOTh IEBHI 0C00-
JIMBOCTI 3acTocyBaHHs. Hampuknan, mo0 3HU3UTH
IIKIUTUBI  e(heKTH aMOpo3il, CKOIIyBaTH MOTPIOHO
y BimnoBimHi ce3oHu. ExcriepTu mepeBakHO CTBEp-
JOKYFOTh, 110 HEOOX1THI MHOYKHHHI Cecii CKOIITyBaHHS,
JI0 TIOYATKy IBITIHHS aMOpo3ii 1 OTiM y BepecHi. Ane
JUTsl OUTHIIOT S(PEKTHBHOCTI CKOIIYBaHHS IOTPIOHO
000B’I3KOBO TIOEHYBATH 3 XIMIYHUMH 3aX0OJIAMH.

MynbayBaHHST (TMOKPUTTS TPYHTY Ta CIisIHIIIB
MYJIBICI0, HAIIPUKIIA[], CIHOM a0 TpaBolo) BigOyBa-
€ThCsI OE3MOCePEIHBO Mepe]l MOYaTKOM JI03PiBaHHS
HACiHHSI, Ha MTOYaTKy BepecHs [4]. Ane 3aid yHUK-
HEHHS BIUTMBY Ha 37I0pOB’S 4epe3 pyxX MHJIKY e
METOJI 3aCTOCOBYIOTh 1 paHilie.

®Di3uYHI METOIW TIONIMPEHI B YCiX JTOCIIHKEHUX
€BPOMEHCHKUX KpaiHax 3aBASKU IXHIH JOCTYITHOCTI,
JIO TOTO ) HEMae MoTpedu B O10JIOTIYHKMX 3acobax
9Y CHELiaIbHUX XIMIUHHUX MPEnapaTax KOHTPOJIIO.

3aranom aHami3 pi3HUX (PI3UYHUX MIIXOMIB IMO-
Kas3ye, 10 CKOIIYBaHHs, MyJIbYyBAHHs Ta BUPUBaH-
Hsl BUKOPUCTOBYIOTh MaiiKe y BCiX KpaiHax sik 6a30-
Bi MexaHiuHI 3axoAd. A OT BHIAC TBapUHAMU
MIPOJEMOHCTPYBAB MEPCIICKTUBHI PE3yIIbTaTH JIHIIE
B ABcTpii, e BiBLIi €()EeKTUBHO MOinanu aMOpo3iro
0e3 mKiATMBUX HachiikiB. CHalroBaHHS 1 YOpHE
IJIaCTUKOBE MOKPUTTA BSaI‘aJ'[i HE BUKOPUCTOBYIOTH
gyepes IXHIO CIeU(IIHICTh Ta 0OMEKEHI MOYKIIUBO-
CTi 3aCTOCYBaHHS Ha BEJIMKHX IJIOLIax (puc. 5).

XiMIYHUIA METOJ 3HHUIIECHHS 3BOJUTHCS IO PO3-
nuieHHs repOinuaiB. Lleit nocraTHbO eQexTUBHUN
METO]] 3aCTOCOBYIOTH JTOBOJII 4YacTo, aje¢ BasKIMBO
ONTHUMAJBHO BUOPATH mpenaparu i yac [7].

HAWYACTILLE 3rALYBAHI EKCMEPTAMU
3AX040u ANnAa 3HNWEHHA AMBROSIA
ARTEMISIIFOLIA L.

O R NWA OGO

111 sasaa

Puc. 3. Haifuacrimie 3ragyBaHi eKCIIepTaMu 3aX0IH
JULSl 3HULLEHHS Ambrosia artemisiifolia L.
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BIO/IOTIYHI METOAW KOHTPOJIIO
AMBROSIAARTEMISIIFOLIA L.
BNPOBAAKEHHA NMPUPOAHUX BOPOTIB
TA KOHKYPYKOUUX POC/IMH 3A KPAIHAMU

Xopsaria
Weenyapis
Himeyuunna
YropwmuHa

Cepbis
AscTpis

0 0,5 1

15 2 25

B BnpoeaaxeHHs abo nocuneHHA npupoaHnx 3acobiB KOHTPONKO TAKUX AK NAPa3vuTy,

XVKaKu, natoreHu

B BukopuCTaHHA KOHKYPYIOHUMX POCNUH Yepe3 Nocis

Puc. 4. Bionoriuni Mmetoau KOHTpOto Ambrosia artemisiifolia L.

®I3UYHI METOAN KOHTPOJIHO AMBROSIA
ARTEMISIIFOLIAL. 3ACTOCYBAHHA
MEXAHIYHOIO TA PYYHOIO BUOANNEHHA
POC/IVH 3A KPAIHAMU

YopHe nnacTukoBe NOKpUTTA
MynbuyBaHHa
CnantoBaHHa

Bunac reapuHamum

Bupusanha
CxowyBaHHS
0 1
B Asctpin M Cepbis M YropwmHa

B HimeyuuHa

M Usenuapis M Xopsaria

Puc. 5. ®izuuni Metoau koHTpOIto Ambrosia artemisiifolia L. y nociipkeHnx kpainax €Bporu

XimiuHi Metoau mommpeni B Xopsarii, Himed-
yuHi, ABcTpii, CepOii Ta YropuiuHi.

AmHati3z MeToMiB KOHTPOIEO Ambrosia artemisiifolia
B IIIICTHOX EBPOTCHCHKHUX KpaiHax 3adiKCyBaB YiTKY
IU(EepeHIlialio Moa0 CrnocobiB 6OpOTEON 3 IUM
iHBa3iiHUM BuJoM (puc. 6). Di3u4HI MeTOIU
KOHTPOJIIO 3aCTOCOBYIOTh B yCiX IIECTH JOCTIIKe-
HUX €BPOIEHUCHKUX KpaiHax, M0 BKa3zye Ha IXHIO
YHIBEepCaIbHICTh 1 3pydHicTh [3]. XiMiuHI MeTOIU

MOCIAfOTh JPYTe MiCIIe 3a MMOMIHPEHICTIO, IX aKTUB-
HO BUKOPHUCTOBYIOTB Y IT’SITH 3 IECTH KpaiH (CyBope
ekosioriuHe 3akoHomaBcTBO IlIBeitmapii oOMexye
BHUKOPHUCTAHHS TepOIiIUIiB).

Bionoriyni MeTOM KOHTPOITIO € MEHIII ITOIIAPEHHU-
MH, X 32CTOCOBYIOTh TUIbKH B YropiuHi Ta HiMeuun-
Hi. Lle moB’s13aHO 31 CKJIAHICTIO PO3POOJICHHS 1 3a-
MPOBA/KCHHS JTIEBUX O10JIOTTYHHUX 3aC001B KOHTPOITIO
B €BPONCHCHKUX KIIMATHYHAX YMOBaX, a TaKOXK
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MOLWWUPEHICTb 3ACTOCYBAHHA METO/IB
KOHTPOJ1HO AMBROSIA ARTEMISIIFOLIAL.B
€BPOMENCBKUX KPAIHAX

3
2
1
0
AscTpi Cep6i
a - |
W Pisnunun meroa 1 1
W Ximiunuia meTon 1 1
W bionoriunuin meTon 0 0

B bionoriunuia meTon

wuHa

B Ximiununia metoa

Yrop

Himeuy Ween Xopea
YuHa uapifa T

1 1 1 1

1 1 0 1

1 1 0 0

B Qisuunuin meton

Puc. 6. [TommpeHicTs 3acTOCyBaHHS METOIB KOHTpOIto Ambrosia artemisiifolia L.
B €BPONEHCHKUX KpaiHax

HEOOXIHICTIO TPUBAIUX JOCTIPKCHb UISI TapaHTy-
BaHHS TXHBOI OE3MeKH 1 e()eKTUBHOCTI.

3arajioM OTpUMaHI pPe3yJabTaTd MOKa3yloTh, L0
e(eKTUBHUI KOHTpONb Ambrosia artemisiifolia
B €BpoMNi I'PYHTYETHCS MEPEBAKHO HA KOMOiHAIii
XIMIYHUX 1 (I3WYHEX METOJIB, TOJI SK OiOJOTIUHI
METOU MOTPeOyIOTh MOJAIBIIOTO PO3BUTKY IS
IIMPOKOTO MPAKTHYHOTO BUKOPUCTAHHS.

BucHoBku

Jns edexrrBHOTO BUpIlIeHHS TIpoOiemu 3 Ambrosia
artemisiifolia moTpiOeH CHCTEMHWH MIiAXIM, SKHMA
MOENHYBaTUME JEPKaBHUN KOHTPOIb, HAYKOBE
3a0e3MevyeHHs, Halle)kHe (iHAHCYBaHHSA Ta IIIe
OLIBIITY 3aJTyUCHICTh IPOMAJICBKOCTI 10 MOHITOPUH-
Ty i KOHTPOITIO IIEOTO HEOE3MEeTHOT0 KapaHTHHHOTO
Oyp’aHy.

OCHOBHHUMH METOJJaMH MOHITOPHHTY aMOpo3ii
B KpaiHax €BpOIH € MONBOBI AOCTIAKEHHS, KapTorpa-
(byBaHHS, CTBOpEHHSI POOOYHMX IPyTI EKCIIEPTIB, pO3P0O0-
JICHHsT ypsimoBHX Tporpam. HaGyBaroTh HOMIMPEHHS
1 HOBITHI TEXHOJIOT1i (JIMCTAHIIIHE 30H TyBaHHSI, CIIe-
iaJTi30BaHi OHJIAMH-TIOPTaNH, pi3HI MOOUIBHI 3aCTO-
CYHKH), BOHH 1CTOTHO 30UIBIIYIOTh PE3YJIBTATHBHICTh
MOHITOPHHTY, CIPUSIOTh 3aJIy4CHHIO TPOMAJICHKOCTI

i Taf0Th 3MOTY IIBHJKO PearyBaTd Ha HOBI BUIAIIKH
BUSIBJICHHSI aMOpO3ii.

[ono metoniB 3HULIICHHS Ambrosia artemisiifolia
MaeMo Taki pe3ynbratd. Cepenl Gi3WYHUX METOIIB
HAWMONIMPEHIIIMMHU € CKOIIYBAaHHS, BUPUBAHHS Ta
MYJIBYYBaHHS (3aBISKA 3pYYIHOCTI i TPOCTOTI BUKO-
HaHHS iX BHKOPHCTOBYIOTH Y BCIX JOCIHIDKCHHUX
KpaiHax). biosoriuyni Meromm (3ay4eHHS KOHKY-
PEHTHOI POCIUHHOCTI a00 X MPUPOJHUX BOPOTIB)
3aCTOCOBYIOTh JIMIIE B JESIKUX KpaiHaX, IOKH
10 BOHU MaloTh oOMexeHy edektuBHicTh. Haitmo-
MIMPEHIIUMHU Malke y BCiX KpaiHax €BpoIu € Xi-
MiYHI METOAM KOHTpOo Ambrosia artemisiifolia.

JlocBi €BpOTICHCHKHUX KpaiH TOKa3ye, 10 Haki-
OLIBII YCIIIMIHUMMU € IHTETPOBaHi CUCTEMU MOHITO-
PUHTY ¥ KOHTPOIIIO, SIKi MOETHYIOTH TPaIUIliiHI
MOJBOBI TOCIIKEHHS 3 CY4aCHUMHU TEXHOJIOTIAMH
1 3QTy9EHHSIM TPOMaJICHKOCTI. BaskiMBUMK YWHHH-
KaMH YCIiXy € sK 3aKOHOJaBYe peryJIrOBaHHS,
(diHaHCYBaHHS, TaKk 1 MIDKCEKTOpajbHA B3a€MOJIis
Ta OIOBIIIEHHS HAceJEHHSA. TOOTO TUIBKU KOMII-
JICKCHHUM MMiJIX1JT JACTh 3MOTY OOMEXKHTH MOJAIIBIIIE
PO3MOBCIOMKEHHS aMOpo3ii Ta 3MEHIIUTH ii Hera-
TUBHHY BIUIMB HA JOBKIUISA, CUTHCEKE TOCTIONAPCTBO
1 3710pOB’sl HACEJICHHS.
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MONITORING AND CONTROL OF THE INVASIVE SPECIES
AMBROSIA ARTEMISIIFOLIA L. IN EUROPE

Abstract

The article presents the results of the analysis of the main methods of monitoring and control measures
for the spread of the dangerous invasive species Ambrosia artemisiifolia L. in European countries. As part
of the study, the distribution of Ambrosia artemisiifolia was mapped using the GBIF platform, which
provides open georeferenced data. The downloaded data on ragweed in the form of 4,001 observations
was visualized on a map of Europe. To assess the rate of spread of the species, a comparison of the
detected locations between 2000 and 2025 in Europe was carried out. A comparison of methods for
controlling ragweed was carried out using the example of six European countries: Austria, Hungary,
Serbia, Germany, Croatia, and Switzerland. The analysis of methods for controlling Ambrosia
artemisiifolia L. in the studied European countries revealed a clear differentiation in the methods used to
combat this invasive species. Thus, physical control methods are used in all studied European countries,
including Serbia, Austria, Hungary, Switzerland, Croatia and Germany, which indicates their versatility
and practical applicability. Chemical methods are in second place in terms of prevalence, they are actively
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used in five of the six countries, except for Switzerland, where strict environmental legislation restricts
the use of herbicides. Biological control methods remain less widespread, as they are used only in
Hungary and Germany. This limitation is due to the complexity of developing and introducing effective
biological control agents in European climatic conditions, as well as the need for long-term research to
guarantee their safety and effectiveness. The experience of European countries shows that the most
successful approaches are integrated monitoring and control systems that combine traditional field
research with modern technologies and public engagement. However, legislative regulation, adequate
funding, intersectoral interaction, and public notification are important factors for success. Therefore,
only an integrated approach will make it possible to limit the further spread of ragweed and reduce its
negative impact on the environment, agriculture, and public health.

Keywords: invasive plant species, Ambrosia artemisiifolia L., monitoring, control.

Submitted 12.03.2026
Accepted 01.04.2026
Published 28.05.2026

Binomocti npo aBTopis

Authors Information

Bumencbka Ipuna IeopriiBHa — kaHuIaT O10JOTIYHUX HAYK, JIOIICHT Kadenpu ekosorii HarionansHOTro
yHiBepcutety «Kneso-Morumnsaepka akageMis» (HaYKMA), Kuis, Ykpaina

Iryna Vyshenska — Candidate of Biological Sciences, Associate Professor at the Environmental Studies
Department of the National University of Kyiv-Mohyla Academy (NaUKMA), Kyiv, Ukraine

https://orcid.org/0000-0002-2075-5705
vyshenska@ukma.edu.ua

KicennoBa €nm3zaBera CepriiBHa — 3100yBauka crynens 6akanaspa 3a OIl «Exomnoris» HamionaasHoro
yHiBepcutety «KueBo-MormnsHebka akajgeMis» (HaYKMA), Kuis, Ykpaina

Yelyzaveta Kiselova — student of the Bachelor’s Program “Ecology” of the National University of Kyiv-
Mohyla Academy (NaUKMA), Kyiv, Ukraine

https://orcid.org/0009-0007-7086-0371
yelyzaveta.kiselova@ukma.edu.ua

(©MOoM

Creative Commons Attribution 4.0 International License (CC BY 4.0)




Hayxosi 3anucku HaYKMA
bionoeis i exonoeis 2026;9:105-119

EKOJIOT'TA

NaUKMA Research Papers
Biology and Ecology 2026;9:105-119

ECOLOGY

DOI: 10.18523/2617-4529.2026.9.105-119
YIK 581.9/582.623

MeabHuk B. 1.
Hamionanpauii 60Taniuyamit caj imeni M. M. ['pumka HAH VYkpainu, Kuis, Ykpaina

B3AEMOJIS JIOJANHU
TA JIICOBUX EKOCUCTEM BOJIMHI
B EPIOJ II PEYI ITOCTIOJINTOI

Ha ocnosi ananizy apxienux mamepianie Jepocasnoi oupexyii nicie y m. Jlyyvky nepiooy Jpyeoi Peui
Tocnonumoi, wjo 36epicaromucs 6 Jepocasnomy apxisi Bonuncbkoi obnacmi, 6Cmano81eHo CMaH Jico8Ux eKo-
cucmem Bonuni Ha moil uac, OUHAMIKY IXHIX 3MiH N0 NIUBOM AHMPONOLEHHUX (PAKMOopie ma 3axo0u uooo
opeaHizayii ix oxoponu. 3Huwenns GONUHCbKUX icié nio yac Ilepuioi c6imogoi 6itinu ma iHMeHCUBHA eKCNILY-
amayis 6 nepioo Jlpyeoi Peui [locnonumoi'y 1918—1939 pp. npuzsenu 0o amenuienns aicucmocmi, deepadayii
JIICOBUX eKOCUCTNeM HA 3HAYHUX NA0WAX, TIKIOayii ma 3aminu 6azamvox 1ico8ux OLISHOK PYXOMUMU NICKAMU,
SKI HACMYRAIU HA NPUNETE TICO8L MACUBU MA CLTbCbKO2OCROOAPCHKI Y2io0st. AHMpono2enHutl 6Nnaue Ha 1ico8i
exocucmemu Bonuni npomsiecom 6azamvox cmonimos npu3eié 00 sHuKHeHHs, pIOKicHux eudie Dictamnus albus,
Helleborus niger, Erythronium dens-canis, Rubus chamaemorus, Arnica montana, Anemone narcissiflora
3 ¢nopu Bonuni ma 0o deepadayii nonynayii pioxichux eudie Daphne cneorum ma Neottianthe cucullata.

Bupybxa nicie ma inmencusne noIOSaArHsA He2AMUSHO GNIAUHYIU HA CIMAH RONYIAYIN He Juule PIOKICHUX,
a u ¢omnosux 6udie gaynu Bonuni. [lonynayii 1ocs, puci ma 2nyxaps ONUHUIUCS NiO 3a2P03010 NOGHO20
SHUKHeHHs. Y Oeporcasnux nicax Boauni 6 yeil nepiod 6yno cmeopero osa bomaniuni 3axaznuxu — Kapnu-
aieka ma Ocmru Ha nieHiuHOMy cx00i cyuachoi Pienencorol obracmi Onisi 0XOpOHU PEniKmogozo 6udy
¢nopu Esponu podoodenopona scosmoeo (Rhododendron luteum Sweet.). J{ns 36epesicenns micyeeoi gpayHnu
0710 0P2aHi308AHO OePIHCABHULL 300102IYHULI DOOPOBULL 3AKAZHUK MA HUZKY 300]I02I4HUX Pe3ep8amis y npu-
eamuux nicax. Buoammni nonvcoxi eueni ma oxopomnyi npupoou Cmanicrae Kynvuuncekuu, Cmauicias
Manxoscvruii, Cmegpan Mayxo ma Braoucnas [laghep po3podunu obrpyumygants po3uwupenus mepexici
3anogionuxie na Bonuni, cmeopennsa Ilonicbko2o HaAYioHANbHO20 NAPKYy ma «0pyeo2o €nnoycmoyHy»
6 Kocmoninvcoxomy nogimi, ane uepes /pyey ceimogy gitiny ma nodin Ionvwi yi nepedosi ioei oxoponu
npupoou He 610 MIiLEHO 8 JHCUMMISL.

Kurouosi ciioBa: apeain, apxiB, BUJI, TIOMYJISIIIisI, POCIHHHICTb, (hiToleHO3, (hayHa, (opa.

Beryn

OpnHier0 3 HaWaKTyaJ bHINIUX EKOJOTTYHHMX
npobseM cydacHOi YKpaiHU € 30epexeHHs Jico-
BHX €KOCHCTEM, SIKi Hellla[HO BUHHUIIYIOTh. Han-
MipHa BUpYOKa JIiciB MPU3BOAUTE 10 TOTAIBHOTO
3HEJIICHEHHS Hamol KpaiHW, HACIIJIKU SKOTO MO-
KyTb OyTu KatacTpo¢iunumu. Jlerpanamnis jico-
BUX EKOCHCTEM BKpail HETaTHBHO BIUIMBA€ Ha
OiojoriyHe Pi3HOMAHITTS, 0COONMBO Ha MOMYINs-
mii pinkicHUX BUAIB. EKoNOTIYHI Ta €KOHOMIYHI
HACJIiAKM BUHUIICHHS yKPalHCBKUX JICIB IIe HE
onineHo. Jlyist 00’€KTHBHOI OIIIHKH CYdYacHOTO

© Menvnux B. I., 2026

AHTPOTIOTEHHOTO BIIMBY Ha JIiCOBI €KOCHUCTEMU
MOTPIOHO 3HATH, SIKMM OyB el BIUTMB y MUHYJII
iCTOpUYHI TEepPioaH.

V Hamux rnonepenHix myomikarisax [1,2] po3mis-
HYTO B3AEMOJII0 JIIOAUHH 1 JICOBUX EKOCHCTEM
B icTopruHOMYy acrekti Bij X VI no mouarky XX cr.
Ha TepuTopii BonuHi — omHOrO 3 HANOIMBIIKX Ji-
CUCTHX PETioHIB YKpaiHu.

Merta gociiikeHb HA HbOMY eTami: BCTaHOB-
JIEHHS B3a€MOJIT MIX JIFOAMHOIO Ta JIICOBUMU €KO-
cucteMaMu Ha TepeHax Bonuni B mepion II Peui
[Mocmomutoi (1918-1939 pp.).
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Marepiaau Ta MeTOAHU J0CTiIZKEHb

Marepianamu JTocitijpkeHb Oylid apXiBHI CIIpaBH
HepxaBHoi aupekiii JiciB y M. JIynbky (pyHKIio-
HyBana y 1925-1939 pp.), sxi 30epiratorscs B Jlep-
»aBHOMY apxiBi Bonmuncekoi obnacti (JJABO). In-
(hopmairisi, o B HUX MiCTUTHCSI, CTOCYEThCS ITUTAHb
BEJICHHs JIICOBOTO TOCIONApCTBA HA TEPHUTOPIl
Bomuni B niepion 11 Peui [TocmonuToi — nepxasw,
sKa icHyBana 'y 1918-1939 pp.

Y JlepxaBHOMYy apXxiBi BonmHChKOiI 00MacTi
(1ABO) 36epenuch yHiKalbHI JOKYMEHTH PO i-
SITBHICTE JIMpeKIii nepkaBHUX JIiciB BomuHCBKOTO
BOEBO/ICTBA. ApXiBHI (POHAM € JOBOJI 3HAYHUMH,
BOHH MICTATh YHIKaJIbHY 1H()OPMAIIIO PO B3aEMO-
JI10 MK JIFOJMHOIO Ta JIICOBUMHU €KOCUCTEMaMH TO-
rodacHoi BoiuHi. B 0cHOBY HamucaHHs IIi€i cTaTTi
MOKJIAJICHO aHaJli3 apXiBHUX MmarepiainiB. [Tocunan-
Hs Ha apXiBHI Marepiajii MOIaHo ITiJ] CKOPOUCHOIO
HazBoto apxiBy JJABO i3 3a3nauenHsiMm (oHLY,
OIMHKCY Ta cripaBu. BUBYEHO Taki apXiBHi ClpaBu:

Hupekuis nep>kaBHuX JjiciB y Jlyupky. epxas-
HUi1 apxiB BonmuHcbkoi 00acTi:

®onn 40, onmc 12, cnpasa 1. 1932 p. Jlucrysan-
HS 3 HQUTICHUIITBAMHU TIPO TIOJTFOBAHHS HA IITyXapiB.

®onn 40, ortuc 13, cnpasa 40. 1932 p. Jlucrysan-
HS 3 HQUTICHUIITBAMHU TIPO TIOJTFOBAHHS HA IITyXapiB.

®ony 40, onuc 13, crpasa 41. 1932-1933 pp.
JluctyBaHHS 3 HaUTICHUIITBAMU PO HASIBHICTH 3aI10-
BIJIHUKIB 1 PO iXHIH CKJIaI.

®onp 40, omuc 13, crpasa 95. 1932-1936 pp.
3BiTH HA/ITICHULITB MIPO PO3BEACHHs O0OPIB Ha TepH-
TOPISIX HA/ITICHUIITB.

®onp 40, ortuc 13, cipasa 110. 1932 p. OcobnuBi
po3nopsipKeHHsT MiHiCTepcTBa 3eMIIepoOCTBa PO
CKJIaJ] 3alI0BIIHUKIB, IHCTPYKIIiS PO 3aIOBiIaHHS.

®onp 40, ormuc 14, cipasa 698. 1933—-1939 pp.
JluctyBaHHS 3 TICHUIITBAMHU TTPO BIAKPUTTS 3aI0Bi/I-
HUKIB, TIPO BUTpPATd Ha 3allOBITHUKUA Ta CIHUCKH
3aI10BiJaHb.

®onp 40, ormc 18, cipasa 32. 1936 p. Bimomocrti
PO KUTBKICTh YOUTHX IITyXapiB.

PesyabraT Ta iX 00roBOpeHHs

JlicoBuii ponn

Ha rtepenax BomnuHi, sika Bimgidinma go I[lois-
cpkoi PecryOuiku, Oyno yTBopeHO BonuHCcbke Boe-
BOJICTBO, IO SIKOTO YBIHIIIM TEPUTOPIi CydacHUX

BonmHcrkoi 1 PiBHeHCBKOT oOmacteit Ta Kpeme-
HEIbKOro paiioHy TepHominbcbkoi 00IacTi, 3 aami-
HICTpaTUBHUM IIeHTpoM y Jlyrbky. Posnopsmken-
M Pagu winicTpiB Ilonbcekoi PecmyOnikn Bifg
16 ciuns 1925 p. y Jlyueky Oyma yrBopena J{upek-
Lis JAepKaBHUX JiciB BoJMHCHEKOTO BO€BOJCTBA,
sIKa OIMIKyBayacs JlicaMu Jep>KaBHOI (opMHU BIac-
HocTi BonuHchkoro BoeBonucTBa, a Takoxk CapHeH-
cpkoro Ta Kaminbs-Kammpcerkoro mositis [Tomicbko-
ro BOe€BOACTBa. [li3Himie Iii MOBITH NpUETHAIH
no Bomuucekoro BoeBoxacTBa: CapHEHCHKHH —
y 1930 p., Kaminp-Kammpceskuii —y 1939 p.

3rijiHo 3 cydacHUM (hizuko-reorpadiuHiM paiio-
HyBaHHSM [3], Teputopiss BoauHCbKOro Bo€BOACTBA
HayIekuTh 10 [lomichkoi (izuko-reorpadiuHoi mpo-
BiHii (Bonuuceke Ta Mane [omicest) 30HM MillTaHUX
JriciB Ta BonuHChKOT BUCOYMHHOT Po3TONBKO-Omins-
Hoi obmacti (KpemeHenpki ropu) 3axigHo- YkpaiH-
CBKOT JIICOCTEIOBOT MPOBIHIIIT 30HU JIICOCTEITY.

Ha cxigaux 3emmax [pyroi Peui Ilocmomuroi
(Kresy wschodnie) nepeBarkaiiu nmpuBaTHI JIiCOBOJIO-
nineg (68 % micomokpuBHOI 1wiomti). Ha aepxaBHi
micu ipuniagano jume 38 % [4]. Taka cama TeHaeH-
11ist Oysa xapakTepHa i it BoaMHCEKOro BO€BOZICTBA.
VY Tabnmuil HaBeleHO CTATHCTHYHI JIaH1 PO JiCOBHIA
(hoHJ ILOTO BOEBOJICTBA PI3HUX POKIB. AHaji3 BKa-
3y€ Ha 3HAYHY TIepeBary 3a IUIOIICIO MPUBATHUX JTICIB
HaJ1 Iep>KaBHUMH 1 CTIMKY TEHJICHIIIIO 10 3HMKEHHS
JicuctocTi BOIMHCHKOrO BOEBOICTBA.

J1115 TOBHOTH KapTHHHU HaBEAEMO JaHi PO TUIOLLY
JTiciB TUX TOBITIB [T0JTiCEKOro BOEBOACTBA, SIKI ITi3HI-
nre ysidmm 10 BonmHebkoro BoeBoxacTsa. [lnoma
miciB  Kaminp-Kammpcbkoro TOBITY — CTaHOBHIJIA
47 322 ra, 3 HUX JiepkaBHi Jiicu — 38 976 ra, mpuBar-
Hi — 8597 ra. JlicucticTh moBiTy craHoBmia 18 %.
ITnoma niciB CapreHcbkoro mosity — 210 200 ra,
3 HUX JepxkaHi Jicu — 110 000 ra, mpuBatHi —
100 200 ra. JlicucticTh 1BOro periony Oyna OAHIE0
3 gaiiBnmmx Ha Bommai — 35 %. JInme KocTomins-
CBHKHIA TIOBIT MaB BHILLY JicUCTICTh — 40,5 %. 3HauyHO
HWKYORO OyJ1a JIICKCTICTh MiBACHHUX MOBITIB BoymH-
cpKoro BoeBojcTBa: Kpemenerskoro (13 %), 3mon-
OyniBcekoro (14 %), ['opixiBceroro Ta JlybeHCEKOTO
(o 9 %) [5,6].

VY nicoBomy ¢oHIi BoiMHCHKOTO BOEBOICTBA
B niepion I Peui [Tocnonutoi, sk i B Ha1 vac, nepe-
BakaJlin XBOWHI Jich. ¥ KoBelbCbKOMY JTICHHIITBI
cocHOBI Jiicu ctaHoBuIH 80 %, ay0oBi Jticu — 15 %.

Tabnuys
Junamika Jicooro ¢ponay BosmmHcskoro BoesoacTsa B nepioa 11 Peui ITocnonuroi
Pik 3aranbna mioma | Ilnoma nepxapuux | Ilnoma mpuBarnux | Jlicucricrs, % Jxepesio
001iKy JiciB, ra JiciB, ra JiciB, ra iHdopmaii
1923 850 522 271786 578 766 28,4 [5]
1928 787 133 213 365 573 766 26 [6]
1930 585 863 254 462 331384 25 [7]
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VY npuBarHux Jicax Onuipkoi opauHamii Pam3u-
BULTIB COCHOBI Jicu ctaHoBwin 60 %, ayOoBi —
25 %, BibxoBi — 10 %, J1ich 3 JOMIHYBaHHSIM THIITHUX
BUJIB aepeB — 5 % [5,6].

Mo Ilepioi criTOBOI BiliHH JTicHCTICTh BomuHi
Oyna gemo Bumow [2]. Ilin vac BiHHM BeTUKOI
IIKOIW JICpKaBHUM 1 TIPUBAaTHUM JIicaM 3aBJiaB
BHBI3 JaepeBHMHHM [0 HimewuwmHM, 3aroTiBis IpoB
JUTS TOTpeO apMii, IepeBHUX MaTepialiB ajis Oy/IiB-
HUITBA ¥ YKPIIJICHHS OPIiT, MOCTIB, OKOMIB [7].

[1ix yac GoiioBuUX J1ilt Oyi10 3pyHHOBAHO U 3HUIIIE-
HO JTICOBI €KOCHCTEMH Ha 3HAYHUX TUiomiax. He BuBe-
3€HI 3QJUINKN 3pyOaHUX JEPEeB CTAM OCEpPEeIKaMH
IHTEHCUBHOTO PO3MHOXKCHHSI KOPOI/iB, SIKi BUHUIIH-
71 6araTo COCHOBHX JIiciB. Bee 11e mpu3Besno 1o 3Hau-
HOTO 3MCHIIEHHS JICHUCTOCTI y BOJMHCBKHX JiC-
HunTBax. Hanpukian, twroma JiciB  CTHPCHKOTO
JICHHUIITBA /10 Biiinm cranosuia 30 520 ra, Tomi sIK
y micisiBoeHH1 poku — 11 497 ra. Jlo Bi¥iHM TuIONIa
niciB KoBenbcrpkoro micuuirsa cradoBuna 21 065 ra,
a B MICIISIBOEHHI POKH JIMIIAIOCH 7769 ra [5].

Jupexiist nep>kaBHUX JIiciB BomMHCBKOTO BO€E-
BOJICTBA MIPOBOJIMJIA TAKCAIIIO BCIX JIEPKABHUX JIICIB,
3aBIsAKM YOMY MOKHA CKJIACTH 3arajlbHC YSBJIICHHS
po TXHil cTaH. 3HaUHA KUJIbKICTh TAKCAI[IMHUX OTTH-
ciB 1 KaprorpadiyHux MaTepiamiB 30epiraerbcs
y ¢onaax JlepkaBHoro apxiBy BoimHCHKOT 00macTi.
L1i MaTepiany CTAaHOBIATH BEIMKY HAYKOBY LIIHHICTB,
OCKUTBKH € TIEPIIOOCHOBOIO ISl BCTAHOBJICHHS 3MIH
JIICOBUX EKOCHUCTEM, SIKi BiJOyBaJIMCh BiJ THX 4aciB
JI0 HAIUX JIHIB.

[IpoBenenHss TakcamiiHUX pOOIT Aano0 3MOTY
BCTaHOBHTH, IO MPOJYKTUBHUX JIICIB Y TOW Yac Ha
Bonuni nummmnock ayxe mano. Kpaii MmacuBu micis
30eperiuchk y PacdaniBchkoMy JTICHHITBI (COCHOBI
micoctann 80-pidHOTO BIKy i3 CEpeiHIM 3amacom
nepeBuHU 450 M*/ra Ha o 872 ra), y Jlynbkomy
Ha/IJTICHUITBI (JyOOBi JIiCOCTaHM 13 CepelHiM 3ara-
com 400 m3/ra Ha o 6646 ra B ypounti /lyouHa).
Binbmia yactuHa icoBoro GoHmy Oyna mpeacTasie-
Ha MaJIOTIPUAATHUMU JJIs €KCIUTyaTamii KpUBUMH Ta
CYUKyBaTHUMU JIepeBOCTaHaMH [5].

VY nepiox 11 Peui [TocrionuToi Temnu excrityara-
1111 BOJIMHCHKHUX JIICIB HE 3HU3WINCH. Le miarBepmkye
iH(popMaris, HaBeneHa B Tabmui. 3 1923 o 1930 p.
JICUCTICTh perioHy 3MeHIIIach i3 28,4 % 1o 25 %.
3a cBimuennsm M. [IBaiinepa [8], Bix mouaTrky He3a-
nexxHocti [onpmi 10 1930 p. mioma BOJTMHCHKUX
miciB 3meHmmiack Ha 109 927 ra (ma 25 %) gepes
BUHHMIICHHS MPUBATHHUX JICIB y MPOILEC] IEepPEeTBO-
PEHHS JIICOBUX YTiJhb Ha OPHI 3eMJIi Ta MACOBHIIA,
HNapTUKY/SILIT JTiCOBUX BOJIOAIHB, TOOTO X momity
Ha OKpeMi JNUISHKH JUIsi CTBOPEHHS HOBHX TOCIIO-
napctB. Sk Bkasye f. MiknameBcbkuii [9], yHaci-
JIOK IIbOTO IUIOIIA TPUBATHHUX JICIB 3MEHIIMIACH

Ha 69217 ra. 3rigHO 3 WOro JaHWMH, Yy Tepioa
Big 1924 mo 1928 p. na Bonuucekomy [lomicei Oyno
Bupy6ano 126 800 ra JiiciB, MepeBaXHO MPUBATHUX,
1, SIK 3ayBa)Kye IMUTOBAHHH aBTOp, MOJCHKA IyIa
cTasia XePTBOKO MOMUTY HA OPHI 3eMJIi.

Ha craH nicoBUX €KOCHUCTEM HETaTHBHO BIUTHHY-
JIM He JIUIIe BUPYOKH JIICIB, a i OCYyIIyBabHI Meio-
pauii Ha [Tomicci. Y nepion Big 1928 o 1934 p. 6yno
ocyireHo 61 780 ra oomit i3 167 000 ra 6010THUX
exocucteM. Le He uile HeraTUBHO BIUIMHYJIO HA 3a-
TaJIbHAN TiPOJIOTTYHUN pekuM OOJIIT, a i MPHU3BEII0
JI0 BUCUXaHHSI IPUJIETIKX J0 HUX JiciB [10].

Excnayaranis 1icoBux ekocucrem

VY 1938 p. B razeri «Janowa Dolinay BuidIiuia rpyH-
TOBHA CTarTA MO JIICOBUHA MPOMHCEIN Ta EKCIOPT Je-
peunn B Koctomuiscekomy moBiTi [11]. Ileit noit
OyB yTBOpenuil y 1925 p., oxorutoBas Teputopito be-
pe3HiBchkoro 1 KocTomiibebkoro panoHiB (iCHyBaIu
10 2020 p.) PiBHeHcbkoi oOnacTi. Lle OyB ofuH 13 Hall-
OLIBII JTiCKHCTHX TIOBITIB y [loJbIii, 3 iHTEHCHBHOIO
eKCILTyaTalli€lo JIICIB 1 PO3BUHYTHM JIICOBHM ITPOMHUC-
nom. Ha 1 ciuns 1938 p. B Heomy Oysio 10 Taprakis,
30kpema B M. Koctormoni onuH i3 HaitOutbmx y IToms-
. Y 1928-1933 pp. 3 Kocromiibcbkoro mogity 0ysio
BuBe3eHo 102 732 ToHHM 00poOneHOI AepeBUHH,
B ToMy umcii 63 359 TOHH CTOSIKIB ISl KPIIJICHHS
maxt, 18 000 TOHH JepeBUHU Uil BUPOOHUIITBA Lie-
mronosd, 13 509 TOHH CHPOBHMHH Uil BUPOOHHIITBA
cipHuKiB, 6415 TouH danepu, 4079 ToHH Tenerpad-
HuX cToBINB, 42 100 TOHH KJIENKW Ta MiIIOHIB IS
0040K, 2811 TOHH >KUBHII, CMOJIH, TEPIICHTHHY. 3a 11
poku Oyio 3arotosiieHo 174 810 ToHH poB.

VY ToroyacHomy KocTominbcbkoMy HOBITI pO3BH-
BasIach MebreBa MPOMHUCIIOBICTb. [1 BUPOOHU TIOBHICTIO
3a7I0BOJTbHSIIN MTOTPEOU MICIIEBOTO HACEIICHHS 1 WIIITH
Ha ekcriopt. Y 1928-1935 pp. 3 noBity Oys10 BUBE3€HO
255 KOMIUIEKTiB MeONiB. IHTEHCHBHO eKCILTyaTyBall
TaKoXK MpuBartHi Jick. B ONMIbKIA OpIuHALT KHS3sI
Paj3uBiina mopiyHO MepepoOssyii B CEpeTHbOMY
60 000 ToHH nmepeBuHH. Ha 0a3i Tapraka KHs3s
. Papzusimia B M. Llymans Oy10 CTBOPEHO JIiCOMMITb-
HUH 3aBOJI, Jie OyJI0 HATArO/KEHO BUPOOHHUIITBO 00PO0-
JICHHX MarepiaiB, 30KkpeMa 0araTbox BUJIIB KAPTOHY,
Ha siKi OyB Benvkui ronut y [obri [6].

Pan3uBiyuin BIAIITOBYBadd TIPAHJIO3HI MOMIO-
BaHHS Ha JIOCIB, IUKUX CBHHEH (3a 3—4 1HI1 BiaCTpi-
JIIOBAJIM JI0 COTHI TBapHH), OJICHIB, prcel. 3Hame-
HUTHA TONbChKUN  XynokHuK HOmian  ®amar
3MaJIFOBaB Ha CBOIX ITOJIOTHAX HAMIIIKABIIII MOMEHTH
[IUX TOJTIOBAHb, SIK 1 Kpacy mpupoan BonmHCBEKOTO
[Momices [12,13].

[TomoBaHHS B JepaBHHUX Jicax BifOyBajocs
3a mineHsismu. 3rigHo 3 gokymentamu [[JABO,
¢. 40, on. 13, cnp. 40; ¢. 40, om. 18, cmp. 35],
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y Bignanennx OcHUIbKOMY, TenkoBuibkomy, Yop-
TOpUiChKOMY JicHUITBaX y 1932 p. Oyno 3100yT0
22 tnyxapi, y 1936 p. — 37. 3Baxarouu Ha pijKic-
HICTb IIbOTO NTAaXa B PETiOHI, CIiJ 3ayBaXWTH,
II0 TOTOYacHE MUCITUBCTBO BKpall HETaTHBHO BILIH-
BaJIO HAa CTaH HOTO MOMYJISLIH.

AHTpONOreHHHUIi BIJIMB Ha OiopisHOMAaHITTS

[HTEHCHBHUI aHTPOMOTeHHWH BIUIMB Ha JIICOBI
exocuctemu BonuHi posnodascs 3amosro o 11 Peui
[Tocronuroi. Bin mpu3BiB He jwIne A0 Ierpanamii
MOMYJISILii 1 POCIMHHUX YTpyNOBaHb, a W JI0 eiMi-
Harii BUIIB 31 ckiamy ¢iopu BomuHi Ta piakicHUX
(iToneHo31B 31 cKiIaay ii POCIUHHOCTI.

[epmmii nocmigauk npupoau Bomuui [abpiensb
Paunncekuit  [14,15] HaBogwB IS OKOJIUIL
M. Octpora Dictamnus albus L., Helleborus niger L.,
Erythronium dens-canis L., 5Kux Hemae y cKiafi
cyvacHoi ¢utopu Bommni. BinmiGansn beccep [16]
B OKOJHIIX M. JlyOpoBUIll BUSBUB MOPOLIKY Rubuis
chamaemorus L., sika 3HUKIIA 31 ckiany ¢uopu Bo-
nuHcbkoro [Tomicest. C. Tonma [17] HaBoguB aj1st BO-
JIorux cocHoBux JiciB Iomicest Arnica montana L., a
P. KoGenn3a [18] BkazyBaB Ha ii 3pocTanHsi Ha Bo-
JIMHCHKINA BrcounHi. [li3Hile HIXTO HE MiATBEPIHB
3pocTaHHA 11bOTo BUay Ha Bonuni. J{ns miei Bucoun-
Hu P. KobGenyza [18] HaBOIMB TakoX PIAKICHUH BUJI
Anemone narcissiflora L. (puc. 1), o migTBepKEHO
Woro repbapHuUMH 300paMu 3 OKOJIMIL C. byau

[ToBuaHChKI, siKi 30epiraroThes B repbapii Bapmas-
cpKoro yHiBepeutety. P. KobGenmza 3ayBakyBas, 1110
BUsIBIICHA HUM Y 1920-X pp. JOKaJIbHA ITOITYJISIIis
Anemone narcissiflora 3aukna Bxe 'y 1930-x pp. [18].

BupyOyBaHHS JIiCiB HEraTMBHO BIUIMHYJIO Ha
CTaH MOMyJIALii penikToBOro BUAY ¢uopu Bomuni
Daphne cneorum L. (puc. 2). Y miteparypi € yHi-
KaJIbH1 CBIJJYEHHS MPO CTAaH HOro MOMyJsIiil y mo-
JChKIA yacTUHI PiBHEHCBHKOT 00JIACTI y cepenuHi
XIX cr. Toxi Daphne cneorum 3pocTaB y 3Ha4HIN
KiTbKOCTI IOONU3y M. PiBHE Ta B PiBHEHCHKOMY T10-
BiTi [2]. Cnix 3ayBakKWTH, IIO MEXi TOMIIIHBOTO
PiBHEHCBHKOTO TIOBITY 301raroThCs 3 MEKaMHU Cydac-
Horo PiBHEHCBKOTO paifoHy. Y Jpyriii mojaoBUHI
XIX —nHanouarky XX cT. Ha TepuTOpii PIBHEHCHKOTO
paiioHy Oyno BUHHIIIEHO MaiiXxe BCi JIicH 4epe3 po3-
IIMPEHHS TUIOII CiJIbCHKOTOCIIONAPChKUX YTiab [2].
Ile He MONIO HE BIUIMHYTH HAa CTaH MOMYJSAIH
Daphne cneorum. 3a nanumMu . TManexa [19,20],
B nepuriif nmomoBuHi XX cT. Ha Tepurtopii PiBHeH-
CBKOTO TMOBITY Oysi0 3a(iKCOBaHO JIHINE YOTUPHU
nokanitetu Daphne cneorum, 1 nuIie B OJHOMY
3 HUX — B OKOJIMLIAX 3ali3HWYHOI crauuii JIr00o-
MHPCBK, /1€ JTUIINBCS HEBUPYOAHUM JIICOBUII MacHB,
BUJ 1€ TPAIUISIBCS AOBOJI 9acTo.

UYepes 3HauHI BUPYOKHU JIICIB BUA CTaB AyXe Pii-
KICHUM Tako)X Ha TepuTopii cydacHoi BommHCBKOT
obmacti. Y mmcti Bix Jlupekuii AepxaBHUX JICIB
y JIynpky 110 KiBepiiiBChbKoro HaJUTiICHHIITBA BKa3aHO,

Puc. 1. Auemona Hapuuconsita (Anemone narcissiflora) —
BUJI, SIKUH 3HUK 31 ckiaay duopu Bomuni y 30-x pokax XX cT.
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110 3 IJIOT0 TePEHY MOJICHKHX JIICIB TUILKU B IIbOMY
JICHULITBI B 3HAUHIN KiTBKOCTI POCTYTh BOBUi SITOU
BOJIMHCBKI (Daphne cneorum), BIIIOMI i1 MiCIICBOIO
Ha3BOIO «JIIOPOBKay. 3 METO0 30epeKeHHs 11i€i poc-
JTUHA JIMpeKIis MpOCUTh HAJUTICHUIITBO OOIyMaTH
BIJIMIOBI/IHI 3aXO/M OXOPOHHW BHIY. «3 HACTaHHIM
BECHH OYKETH 3 KBITIB BOBYHX ST Y BEUKIN KUJTBKO-
CTi IPOJAIOTHCS HA 3aJTI3HUYHKUX BOK3aJlax», — 3a3Ha-
4yeHo B Jucti Bix 24.03.1933 i 3anpornoHOBaHO SIKO-
MOra MIBUJIIC OPraHi3yBaTH OXOPOHY ILOTO BUIY
Ha Boymmni [JIABO, ¢. 40, om. 13, crip. 41].
HanmipHa excrutyararfis JiCOBUX €KOCHCTEM
cTaJia MPUIHMHOIO JIerpajiarlii abo mpu3Besa JIo enimi-
Halii piAKICHUX YHIKaJbHUX JIICOBUX (DITOLIEHO3IB
Bomuni. 3okpema, Harpukinii 1895 p. OyB MOBHICTIO
BupyOaHuii equHuid Ha Bonuni ocTpiBHMI GykoBuUit
Jyic B ypouniii byuuna mo6mu3y cena ['opuabrpa-2
PiBHEHCHKOTO MOBITY uepe3 OyAiBHHUILTBO BiliCEKOBO-
ro noJirony. ¥ 1930-x pokax TyT 3aJIMIIHIOCH 8 JI0-
pocnux Ta 63 Monoxi nepesa Oyka [21,22].
PigkicHUMU 3a CBOE€IO EKOJOI0-LEHOTUYHOIO
INpUPONOI0 € OcTpiBHI smHOBI Jyicu Ilomices —
eKCTpa30HAJIbHI TEMHOXBOWHI YIpYINOBaHHS 11032
MeXaMH TaiiroBoi 30HM. HuHI B Mexxax YKpaiHCBhKO-
ro Ilomiccst BoHW 3aiimaroth twiomty Jume 2000 ra
(0,05 % micoBoro ¢onny Ykpainu). OgHaK y MUHY-
JIOMy IXHSI y4acTh y JicoBomy (oHi Oyia 3HaYHO
BumIo10. JIuie B CTUPChKOMY JTiICHUITBI iXHS 110112
craHopwia 218 ra. OOyMOBJIEHA TPHUPOJIHUMHU

(bakTOpamMu PiIKICHICTh SUTMHOBHX JiiciB Ha [lomicci
MOCHUITIOBAJIACh HETaTHBHKUM BIUTUBOM HA HUX BHUPY-
00K Ta OCyIIyBaJIbHUX MeJioparltiit [5].

HanmipHae BupyOyBaHHSI J1iciB HETaTUBHO BILIH-
HYJIO TaKOX Ha CTaH MOMYJISIiH THIOBUX Jiis Bo-
JIUHI TICOBUX POCIUH, OCKUTBKH HaJIMIpHA EKCTLTY-
aTaifis JICIB TpH3BENa JIO Jerpajarii JiCOBHX
0i101IeHO31B 1 1X 3aMillleHHs 0e3JTICUMHU PyXOMUMU
MiCKaMH.

Binomuii nonmbebkuii 6otanik Cranicias Tosma [17],
onucyrun cBoi mojopoxi BommaCchkEM [lo-
JiccsiM, 3ayBaKyBaB, IO Ha BEJIMYE3HUX TUIONIAX
micu BupyOaHi. [le-He-yje Oynm Jiniie KpuiBi, CyXi,
XBOpi cocHM Ta THutoui nmHi. Ha micusax BupyOox
BUHUKJIM IMIIaHI JIOHH 3 PYXOMHMH ITICKaMH,
K1 3aXONMMJIM MPUJIEINI JiCOBI Ta CLIBCHKOTOCHO-
Jmapcebki yrijas. Timbku B HEAOCTYITHUX, OTOUCHUX
0ooTamMM MicCIsIX 30€periuCh 3aUIIKA 3HAMEHH-
TUX Y MEHYJIOMY Tiynl. «HaBkomno mintyra, mo 3aii-
Mae mupoki obmmpu. Ha wHux myctup. 3 moporu
BUJTHIFOTBCS 30JIOTHCTI MCKOBI TOpOH, 10 HABISIO
ix me nepen Bikamu. TyT HI POCIMHM HisIKOI 3eie-
Hoi. [IpoMiHb COHII Ta CyXiCTh IICKYy BUITHBAIOTh
COKH 3 pociuH... Bin Buapanumi no ImyxiB sikux
Oyzie 4 KiJTOMETpiB, aje JIernie, KaKyTh, o OUTOMY
HuUIsixXy 15 KinoMeTpiB, HiXk 10 TAKOMY 0€3/I0P1KKIO
mi 4... V uiif MicueBocTi 0arato ¢xX0K0oro 3 micKo-
BOIO KpaiHoi Adpuky, 60 i TYT i TaM — yce IiCKH,
1 TaKi CUIyYi, 1110 B HUX KoJieca TPY3HYTh X IO OCI.

Puc. 2. Bosui sironu naxy4i (Daphne cneorum) —
penixroBuii Bua diopu Bonuni
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Komuch TyT, KaXyTh, IIIyMiB COCHOBHII 0ip, 1110 HOTO
OCTaTOYHO 3HUIIEHO 1e B 1891 pouiy, — onucysas
CBOI Bpa)KCHHS BiJ MoA0poki KoBeNbChKHM TIOBi-
ToM y 1930-X pp. cBsilIeHHUK 1 kpae3HaBenpb M. Ty-
yeMChKUH [23].

BupyOxku niciB Ta iHTEHCHBHE MOMIOBAHHS MPH-
3BEJIM JI0 KAaTacTpO(IUHOTO 3HHIICHHS HE JIUIIe
pimkicHux, a i ¢oHoBuX BHUIIB (hayHu Bonuni:
JociB, oyieHiB, BOBKIiB [9]. Ilix wac oOmiky 3BipiB
y 1930-x pp. Oyno 3adikcoBano numie 50 ocobun
JIOCSI 1 JIHIIE CiM 0COOMH pHci. 3ayBaKUMO, 110 He-
3a/10BIO 10 1boro, y 1928 p., B okonuusix M. Mene-
BHYi OyJ10 BOUTO ax Bicim puceit [9,12].

Imymeus Tetrao uragallus L. ctaB pigkicHUM
BHJIOM OpHiTo(ayHn BonnHI B mepimiid MoJIOBUHI
XIX cr. Bxe Toami iioro TokoBHINA BigOyBaJlnCh
y HaliBIAMaJIeHIMX NTyXuX 3aKyTKax [lomices [2].
VY 1920-x pp. miBaeHHaA Mexa reorpadivyHoro mo-
mupeHHs nryms Ha Bomuacbkomy [lomicei 3mi-
CTHJIACh Ha MiBHIY i mpoxoauia mno niHii Koens —
3nonoyHiB. [103a HEero OyJI0 BUSBJICHO JIMIIE OJTHE
ToKOBHIEe MOONMU3y c. Jlrobomupka Ha Manomy
[Momicci. [lorpannvHo-apeasibHi MOMYJISIIT BUITY
Toni Oynu Ha Mexi 3HuKHEeHHs. Y Kocrominbebko-
My HaJUTICHHUITBI Oyn0 3aiKCOBAaHO JIMINE OJIHE
TOKOBHUIIE 1 TPU MiBHI Ha HOMY. Y IlifTyKaHCBKO-
MY HaJUTICHUIITBI OyJ10 BUSIBJICHO JIUIIIEC TPU OCOOH-
HU DIy, ssKUd 10 BiffHM TyT OyB y Oinbmiiif
KutbkocTi. Y nicax B OKOJMULAX MicTeuka Crernanb
Oyso BOUTO 1’s1Th mrymiB [24]. omymsunii rym-
g B OUIBII ITIBHIYHUX MOBiTax BOJMHCHKOrO
Homnices y 1920-x pp. Manu OUIbIITY YHCENbHICTD.
VY HaUTiICHUIITBAX Ha TepuUTOpii cyuacHuX Bapack-
koro Ta CapHeHChKOrO paiioHiB PiBHEHCBKOT
oOmacti (ikcyBaJid BiJi IBOX JIO0 JI€CSITH TOKOBHII
3 YHCENbHICTIO MiBHIB BiJl 4 10 20 0COOMH y KOX-
HOMY. Y JiCOBUX ypouHmax Mix cernamu Cepxis,
Oszepue, Kapacun Ha teputopii cydacHoi BonuH-
cbKkoi 00iacTi Oyno 3adikcoBano y 1925 p. 11 To-
xoBull i 120 miBHIB Ha HUX [24].

3a Takoro CTaHy MOMyJswii DIy Ha BoyinH-
cpkoMy Ilosicci BKpait HeraTUBHO Ha ii YMCENbHICTh
BILIMBAJIM JIIICH31IHI TIOJFOBAHHS, HA SIKUX IOPIY-
HO BiactpimoBanu 22-37 miBHiB [[JABO, ¢. 40,
om. 13, crip. 40; ¢. 40, om. 18, crp. 35].

Oxopona JIicCOBHX eKOCHCTEM

VY 1932 p. MisnictepctBo 3emiepodcera Ilomb-
i HaIICIIaI0 JUPEKI[isAM JAepKaBHUX JIICIB 0CO0-
JIUBI PO3MOPSKEHHS Ta 1HCTPYKLIi 10O CTBO-
peHHs MPUPOAHO-3anoBiaHuX Teputopiit [JJABO,
¢. 40, omn. 13, crp. 10]. 3rigHo 3 TMM JOKYMEHTOM,
JUPEKITiSAM JIep)KaBHUX JIICIB MPOTIOHYBAIH Pa3oM
3 JlepkaBHOIO paJOl0 3 OXOPOHH TPHPOAN
OpTaHi3yBaTH pe3epBaTH Ta IaM SITKH MPHPOIH

B JiepkaBHUX Jicax. [lyis miporo Tpeba Oysio BHITY-
YUTHU 3 JIICOTOCIOAAPCHKOT0 BUKOPUCTAHHS A1ISH-
KM JICIB JIUII CTBOPEHHS MPUPOIHO-3aMOBITHUX
TEpPUTOPill 3 METOI0 30EpeKEHHS B MPUPOTHOMY
CTaH1 JJICOBUX OI10IIEHO31B (JIICOBUX IMYIII), CIIOCTE-
PEKEHHSI 32 CTAHOM TPUPO/IH, MPOBEICHHS HAYKO-
BHUX JOCIIKeHb. KpiM HayKoBO1 IIHHOCTI, Taki
JUISIHKY JIICY CTAQHOBISATH 3HAYHMN IHTEpec 3 AU-
JMAKTHYHOTO Ta ecTeTHYHOro rorsiay. [lpomonysa-
11 OpaTy il OXOPOHY He JIUIIIE JTiCOBi, a i CTemoBi
Ta OOJIOTHI POCIIMHHI yTPYIIOBAHHS.

Byno po3pobneHo cuctemy Kateropiii mpupos-
HO-3aIlOBIIHUX TEPUTOPIH, 1O AKOT BXOJIWUIU Ha-
nioHanbHi napku (parky narodowy), pesepparu
cyBOpoi oxoponu (rezerwaty scisle), pesepBaru
YacTKOBOI OXOpOHM (rezerwaty czesciowy) Ta
nam’siTKM Ipupoau (monumenty przyrody).

HarioHasnpHi mapku — 1e BENUKI MPUPOIHO-3a-
MOB1JTHI TEPUTOPIi, CTBOPEHI 3 METOI OXOPOHH 0i0-
[IEHO31B, HAYKOBUX JIOCII/I)KEHb, & TAKOXK JJISl M-
JIAKTHYHUX, TYPUCTUYHUX Ta PEKpeaIliiHuX IiICH.

PesepBatu  CyBOpOi OXOPOHH CTBOPIOIOTH
JUTS 30epeKEeHHS JTICOBUX O10IIEHO31B Y MPUPOIHO-
My CTaHi Ta iX BUBYEHHS, 0e3 Oyab-IKOTO TOCIIO-
JApCHKOTO BTPYYaHHS.

PesepBartu 4acTKOBOI OXOPOHU Majii CTBOPIOBA-
TH 715 30€pEkKEHHST OKPEMHUX KOMITOHEHTIB JIICOBUX
010I1eHO3IB — yrpyNoOBaHb 13 PIAKICHUMU BUAAMH
JIepeB, KyIIiB Ta TpaB. 30Kpema, JUIsi OXOPOHH Pifl-
KICHUX BH/IIB MOJLCHKOT Gnopu (Pinus cembra L.,
Taxus baccata L., Sorbus torminalis (L.) Crantz)
MPOTIOHYBAM CTBOPIOBATH PE3ePBaTH 110 BCill Kpai-
Hi, a JUIA BUIB, PIAKICHUX MOOIHM3Y MEX CBOIX ape-
amiB (Abies alba Mill., Fagus sylvatica L., Picea
abies (L.) Karst) — nume B TEBHHX perioHax.
ITam’ATKH IPUPOIU IPOMOHYBAIH CTBOPIOBATHU IS
OXOPOHH OKPEMHUX JIEPEeB, CKeJIb, KypPraHiB Ta 1HITHX
HEBEJIMKHUX 00’ €KTIB.

[lepen nmupekmisiMH JepXKaBHUX JICiB  OyJo
MOCTABIICHO 3aBAaHHs y cmiBmpaii 3 JlepKaBHOIO
pamoro 3 OXOPOHH MIPHPOAN MIPOBOIUTH iIHBEHTAPH-
3allil0 IIHHUX Y CO30JIOT1YHOMY acleKTi JiISTHOK
JIiCy, IEPCIIEKTUBHUX UIsi CTBOPCHHS TIPUPOIHO-3a-
MOBIIHUX TEPUTOPIiH, 1 3a0e3medyBaTH iX OXOPOHY.
Ha Toii yac y nepxaBHuX Jjicax BomnwmHi Oyno cTBo-
pEHO TpU TPHUPOAHI pe3epBaTH — 1Ba OOTaHIYHI
Ta 300J0ri4Hui. boraniuni pe3epsatn — Kapruis-
ka (20,54 ra) Ta Octku (10 ra) — Oyno opranizoBaHO
Ha MBHIYHOMY CXOJ1i cy4acHoi PiBHEHCHKOT 001acTi
JUIL OXOPOHHU PENIKTOBOro Buay ¢mopu €Bpomnu
poaoieHApOHa KOBTOrO — Rhododendron luteum
Sweet. (Azalea pontica L.) [25,26] (puc. 3, 4).

[HiiaTopamMu CTBOPEHHS Pe3epPBaTiB ISl 0XOPO-
HU as3anii MoHTilchkoi Ha Bommui Oynau BuaaTHi
nonbCehki Ootaniku Bramucnas [lagep ta Credan
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10WIDU WLk Ostki,dnia & grudnia 1932r. =
da 1 8t, kol. Ostld pow, Jarg¥y, Do
Nr.Zag.2024f Dyrekcji Laséw Pafstwowych
W spr:rezerwatu azalji. w fucku.
Nazg?i%%???%?'z SR T wykonaniu obok wymieniomego polecenia

zawiadamia sig,ze N-two tut.posiada na swym terenie
reperwat Scisty"Azalea pontica'nma pow,l0 ha,
Na powyzszym terenie zgodnie z zarzgdzeniem
6wezesnezo Zarzgdu Okr,L.P,w Lucku,wszelkie uzytko-
i wanie byio zgniechane.Teren ten byt jedynie pozos-
tawionf?%gsgg-przyrodzie z wyeliminowaniem w gra-
Aicach mozliwesci,wpiywu czXoewieka.
NadleSnictwo nie widzi Zadnyeh uwag detyczg-

cej tresci obu zatgeznikéw do pisma ¥.D,L,P,

Puc. 3. JluctyBanus OCTKIBCHKOTO JIICHAITBA 3 JIUpEKLi€r0 qep KaBHUX JiciB y M. JIyIIbKy 11070 CTBOpPEHHS pe3epBary
JUISl OXOPOHH POAOJICHAPOHA K0BTOTO (Rhododendron luteum) na Bonuni ([lepxaBuuit apxiB Bonuncbkoi o6acti)

Puc. 4. PenixroBuii Bux ¢nopu [lomicest ponoaeHapoH KOBTHIA
(Rhododendron luteum)
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Mariko, sIKi BBaKaJIH I}0 PEIIIKTOBY POCIUHY Haii-
KpacuBimow y ¢Giaopi €sponu i 3poOHIN BCE MOXK-
JIUBE JUIs TOTO, MO0 30eperty il B MPUPOIHHUX Mic-
uespocranHsx Ha [lomicci [27,28].

Ha ©Gepesi p. [opusap nobmusy c¢. Kopunn (3a
KiJTbKa KijlomMeTpiB Bix ypouuma SHoBa /[lonmmua
3 BUXoIaMu 0a3anbTiB) y KocTomiabCchKoMy TOBITI
OyB cTBOpeHuil 000poBuii pesepsar. Cronu 3 Ilo-
3HaHi 3aBe3nu 11 kaHajackkux 000piB [23, JTABO,
¢. 40, om. 13, cop. 95;29] (puc. 5).

Byno cTBOpeHO TakoXk pe3epBaTd B MPHUBATHUX
micax Bomuni. Pesepsar Ilycromurn 6inst M. Tyun-
Ha OyB yTBOpeHUi y 1927 p. Iuisl 0XOpOHH BIKOBOI
niopoBu y BononiHHAX rpacda Axapis Ilpymmn-
cekoro [30]. JIBa sicoBi pezepBaru Oynu B OJHIlb-
Kii opauHamii kHsa3sa Snyma PagsuBinma: macus
100-piuHOrO TPabOBOrO 1 BUILXOBOTO JIiCYy 3 OKpe-
MHMH BIKOBUMH JiepeBaMH (Iwiomia 3,5 ra) i MacuB
100-piuHOrO JyOOBOTO Ta BIIBXOBOTO JIicy (IJIO-
ma 1 ra). Kpim Toro, B X BOJOAIHHSAX IJIAHYBaIH
CTBOPHTH III€ OJMH pe3epBaT ISl OXOPOHHU BiKOBOTO
ny6oBoro micy [31].

Kepytrouncer HacTanoBamMu MiHICTepCTBa 3eMiie-
poOctBa, JlepkaBHa AuMpeKiis JiciB BomuHChKOTO
BOEBOJICTBA MMPOBEJa 1HBEHTAPHU3AIII0 YHIKAIBHUX
IPUPOTHHUX 00’ €KTIB 3 METOIO iX MOAAIBIIOrO 3amo0-
Bimauus [JJABO, ¢. 40, on. 9, cnp. 41]. /o Hux
Oys10 3apaxoBaHo OykoBi Jiicu B ypouwini byunna
noousy ¢. [opuHbrpan-2 y PiBHEHCHKOMY TOBITI,
BikOBi JyOm Oins c. Jlunoseup KocTominbebkoro
TOBITY, CTapi Tonou 011151 ¢. 3a00poJib, 3apPOCIi CTe-
noBoi BuiHi (Cerasus fruticosa Pall.) mix cenamu

Topomok Ta 303iB mobimu3y PiBHoro ta B KoBenb-
ChKOMY paioHi, THI31iB’ s 1exexku yopHoro (Ciconia
nigra L.) (puc. 6). ['HI3NIB S IOTO MTaxa 3aciIyro-
ByBaJi0 Ha ocoOmuBy yBary Jlupekiii aep:kaBHHUX
miciB y M. JIynbky. B iHBeHTapHUX CrHCKax Mpo Io-
mupeHHst Jienexu yopHoro B [lonbmii [32] mis Bo-
ymHcbkoro Ilomices HaBeneHo Onmu3bko 50 rHi3mi-
BeJb, OUTBIIICTD 3 SIKMX 3a()IKCYBaNU MPALiBHUKH
JICHUIITB y TpoOIleci IHBEHTapW3allii MPUPOIHUX
00’€KTIB 3 METOI0 IX IMOAAJBIIONO 3aroOBiJaHHS
[AABO, ¢. 40, om. 9, crp. 41].

I3 BuaiB nmpupoaHoi ¢iopu Ha 0COOIMBY yBary
IILOTO BIJIOMCTBa 3aCJyrOBYBaB PEIIKTOBUU BH]I
BOBUl sirogu maxydi (Daphne cneorum). Sk yxe
BKa3zaHo, Jlupekiiis nepaBHUX JIiciB y M. JIyIbKy
3BepHYyJach 10 KiBepIiBCHKOTO JICHUIITBA 3 BUMO-
TOI0 OpraHizailii 3axoiB 1st Horo oxoponu [JJABO,
¢. 4, on. 13, cop. 41].

Bunarni nonbcewki BYeHi-0otaniku C. KymsanH-
cokuit, . IManek, C. Mamxo ta reonor C. Majkos-
CBKHI TaKOXK BUCTYTIANH 3 HAYKOBUMH OOTPYyHTYBaH-
HSIMHA CTBOPEHHSI NPHUPOJHO-3AMOBITHUX TEPUTOPIit
Ha Bommi [19,20,31,33-37].

C. Kynbuuncbkuii [33] 3amponoHyBaB CTBOPUTH
[Tomicekuit HaiOHABHUH TIApK Y Mexupiudi JIbBu
Ta CTBUTrH (Ha MiBHIYHOMY CXOJIi Cy4acHOi PiBHeH-
cpkoi obmacti). Li 3emuti mmomero monan 100 000 ra
Oynu MUCIUBCHKHMHU BOJIOAIHHSIMH KHs3s Kapons
Murxonas Panzusimna. e Oynu sk 60JI0THI, Tak 1 J1i-
COB1 €KOCHUCTEMHU. Y JIICOBOMY ITOKPHUBI EpeBaXKAIIH
COCHOBI JIICH Ha TJIAKOP1 Ta BUTLXOBI JIICH Ha 3ariia-
Bax. Hesenuki miomi 3aiimanu ay0oBi Ta rpad®oBi

Puc. 5. Kaprocxema boGpooro pesepsaty Ha Bonmuucskomy [lomicci
(deprxaBuuii apxiB BonuHcbkoi obmacti)
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Puc. 6. Jlenexa 6imuit (Ciconia ciconia) Ta neneka 4opuuii (Ciconia nigra)

jmicu. MeTol0 CTBOPEHHS! HAalllOHAJIBHOTO MapKy
Ha IUX TepeHax OyJ0 30epeKeHHs IPUPOTHUX €KO-
CHCTEM BiJ| 3aIUIaHOBaHOI Meliopalii, IpoTu sKoi
BHCTYIIAJIH TIPOBIIHI BYeHI exosoru [17,33,34].

Bunarnuii monschkuit 00TaHiK 1 MPUPOIOOXOPO-
Henb Brnagucnas lagep OyB mamkum npruOiaHHKOM
inei ctBopeHHs 11oyichKOTO HaIiOHAIBHOTO MapKy
1 TIPOBOJMB AaKTHBHY pPOOOTY sl ii BTUICHHS
B XKUTTA. SIK Aenerar MiHICTpa pesiriiHux KoHge-
Ccili Ta HAPOJIHOT OCBITH 3 MPUPOJOOXOPOHHHX CIIPAB
BiH 3yCTpi4aBCs 3 BJIACHUKOM 3€Melb IpadoM
PansuBimiom 1 mepekoHyBaB HOro B HEOOXiIHOCTI
CTBOPEHHS HALliOHAJILHOTO MapKy. 3pemTor0, BOHU
JUATIITY TOpo3yMiHHS [34].

Binomuii monbChKUE Teoyor i MPHUPOIO0XOPO-
Herp CranicnaB MankoBebkuid [36,37] 3amponony-
BaB CTBOPHUTH HallloHaNbHMH napk y Kocrominb-
ChKOMY TIOBITI. «KOCTOMUIbCHKHAN TOBIT Ma€e Taki
9yI0BI KPAa€BH/M, IO 3aCIyroBy€ Ha CTBOPEHHS
CBOTO MaJIoro €JUIOYCTOYHCHKOTO TapKy», — ITNCAB
yueHui. TyT reosioriuxi BiJJICIOHEHHS. MalTbOBHUYO
BIIMCYIOTHCS B HABKOJHMINHI JIAHAMAPTH BIKOBUX
miciB. OCHOBY HPOEKTOBAHOTO HAILliOHAIBHOTO
TapKy Majlil CTAHOBHUTH BHUXOJAW HA MTOBEPXHIO YHi-
KaJbHUX BEHI-pU(EHChKUX 0a3aIbTOBUX CTOBIIIB
y BiJnpaiboBaHuX kap’epax SAHoBoi Jlomunwm it be-
pecToBLs Ta JOKeMOPIHChKi IPaHITOBI Ta THECOBI

ckeni B KaHbHOHI p. Ciyu mo6musy cin I'yOkiB Ta
MapuauH. Buennii HaromonryBaB Ha OEpeKIHBOMY
CTaBJICHH] O BUXOAIB Ha MOBEPXHIO 0a3abTOBUX
CTOBITIB y BiJIIIpallbOBaHUX Kap’ €pax i 3alporoHy-
BaB B3ATH iX Mix oXopoHy. «CTapi KaMEHOJIOMHI
noHax [OpHHHIO 3 BENUKUMH AyOaMH Ta CMYyTOIO
Jicy MOHaJ JTyKaMH B3A0OBXK Oepera I'opHHI MalOTh
OyTH TIpeIMeTOM 0COOJIMBOTO TIKITYBaHHS K OJMH
13 HalyapiBHINIMX 3aKyTKiB BoiuHi», — mHucas
C. ManxkoBcekuit [37]. JlocnigHUK BKa3yBaB TaKOX
Ha HEOOXiHICTb 30€peKeHHS B IEPBICHOMY BUIIIS-
I taHamadTiB YHIKAIBHOTO YPOYHIa B KaHBHOHI
p. Ciyd, e Ha TOBEPXHIO BUXOIATh KPUCTAJI4HI
nopou (TpaHiTH, THEWCH, MIrMaTUTH) YKpaiHCHKO-
TO IIMTa B OTOYCHHI BEIMYHUX JIICIB, Jie 3pOCTAIOTh
piakicHi aist [TonmbImi BUaM pociivH, 30KpeMa JieTeH-
JlapHa a3aJis MOHTIHChKa (POJOACHAPOH HKOBTHIA) —
Azalea pontica L. (Rhododendron luteum Sweet.).
C. MankoBcbkuit BipuB y Te, 1o Ha Kocrominb-
IIMHI OyZie CTBOPEHO «Ipyruit €imoycroyn». Lo
17Ie10 II€BO MiATPUMAaB BUAATHHIA BUSHUH Ta IPUPO-
nmooxopoHnens Bragucias [ladep. Sk nenerar Mi-
HiCTepcTBa peiriiiHuX KoH(ecii Ta HapoIHOI OCBi-
TH 3 TIPUPOJIOOXOPOHHUX CIIPAB BiH BiB JIUCTYBaHHS
i meperoBopu 3 MpEACTaBHUKAMU Biaau BoiuH-
CBKOTO BOEBOJICTBA IIIOI0 CTBOPECHHS Pe3epBaTy Hal
CrnyueMm i ofep)kaB 3alleBHEHHS, 110 PETiOHaTbHUN
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YpSI CHPHATHME TPOBEICHHIO IOATBIINX HAyKO-
BHUX JIOCHI/DKEHB 1 peaiizalii 1poro npoekxty. Y Jlep-
JKaBHOMY apXiBi BoiHMHCBHKOT 00macTi 30epirarThes
muctu B. Illadepa 1o BonnHChbKOTo BOEBOIU Ta MpH-
KJIaJIeHH 10 HUX BiouToK mpari C. MaJlkoBChKOTO
[AABO, ¢. 40, on. 14, cp. 698] (puc. 7).

[Tagkum TpUOIYHUKOM CTBOPEHHS pe3epBary
B gonuHi p. Ciiyd OyB TakoX BOJMHCHKUEU OOTaHIiK
Credan Mariko [35], sikuii naB neTanbHy reodoTa-
HIYHY XapaKTEPUCTHKY MPOEKTOBAHOIO pPE3epBaTy
31 CIUCKOM POCIHH 13 135 BWIB, 30KpemMa pijKic-
nux juia [lomices BuniB Scutellaria altissima L.
(emuHe MiCIIE3HAXOIDKEHHSI B TorovyacHid ITombimi)
ta Phegopteris connectilis (Michx.) Watt (Aspidium
phegopteris (L.) Baung). Buenuii HaBOAUTH reoso-
TiuHi, apXEOJIOTiuHI Ta O0TaHIYHI ApryMEHTH Ha KO-
PHCTh CTBOPCHHS pe3epBary.

C. Manko po3misgaB HMPOEKTOBAHUN pe3epBaT
Hax CrmydeM y CHCTEMi 3alpONOHOBAaHOI HUM
Mepexi MPUPOAHO-3AMOBIAHUX TepuTOpiii BomuHi,
JIO SKOi Takok Manu BxoauTw BumneBa lopa mo-
6mmu3y M. PiBHe, AinsHKA KCEpOTEPMIUHOI POCINH-
HOCTI mo0Oiu3y M. Jlylbka, BIKOBHI JHIOBUH JTic
y Bopemenbkomy micHuuTBI Oinsi c. SpocnaBuyi
(cyuacHwmit JlyOeHChbKHit paiioH PiBHeHCHKOI 00ac-
1i), ypounma /JliBoui Ckeni, boxxa Topa Ta ropa
Macnsatun y Kpemenenpkux ropax. Pekomennpartii
C. Mamka 1mono cTBOpeHHs pe3epBary BuiiHesa
lopa rpyHTYBamuCch Ha METATBHUAX JOCITIHKEHHIX
piBHEHCHKOTO GoTanika Moseda IManexa [19,20].

Ypouunie Bumnesa ['opa B okonunsx c. ['opo-
JOK moOmu3y M. PiBHe € onHuUM i3 HaiOiibII
MIBHIYHUX OCEPEJIKiB  CTEMOBOI POCIMHHOCTI
B YkpaiHi 3 nominyBanusam Cerasus fruticosa Pall i
3pOCTaHHSAM PIAKICHUX BUIIB Adonis vernalis L.,
Carex humilis Leyss, Iris hungarica Waldst et Kit.,
Linum flavum L., Stipa capillata L., Stipa pennata L.
Beboro Tyt Oyno 3adikcoBano 33 BUAM CTEMOBUX
pOCIHH.

Takoxx C. Marxko [31] mpomoHyBaB CTBOPUTH
pe3epBar Ha ol 6 ra B ypouuti Yibsau (Julanie)
3a 7 kM Bix Jlynpka moOnu3y omHOMMEHHOT 3aui3-
HUYHOT cTanmii Ha JiHil JIynek — Kisepii. Lle Oynu
YarapHUKOBI 3apOcCiii Ha MicIli BUpyOaHoroy 1926 p.
micy. OcoONMBY CO30JIOTIUHY IIHHICTh CTAHOBWIIH
MOHOJIOMiHaHTHI yrpynoBanHsi Cerasus fruticosa.
Bceboro BueHuni 3adikcyBaB TyT 142 BHIM POCIHH,
30KpeMa PiAKICHI, 3HHKAO4i Ta Majio TMOIIMUpPEHi
Bumu ¢utopu Bomwuni: Adonis vernalis L., Allium
spaerocephalon L., Aster amellus L., Carlina
acaulis L., Euphorbia volhynica Besser ex Racib.,
Linum flavum L., Rosa gallica L. HaiiGinpm
PIAKICHUM BHJIOM IIhOTO YpoOuHIla Oyna opxiges
Neottianthe cucullata L., sixa Bxe Toai Oyna 3HUKa-
FOYMM BUAOM Ha BosuHi.

JlunoBuii yic y Bopemerpkomy JTICHHIITBI Ha
oepesi p. Ctup mixk cenamu bopemenp ta [ligraimi
3aiiMaB ronty 3200 ra, 3 HAX 2 ra — YHCTI JUIOBI
micoctanu. JIumosi micu Ha TepuTOpii TOAINIHBOI
[Tonp1iri Oynu Ha3BHYAHO PiIKICHUMH 1 CTAHOBH-
JI1 BUCOKY IIHHICTh Y (PITOCO30JI0TTYHOMY aCIeKTi.
3rigHo 3 onrcamu C. Marika [31], Aesiki IuIn 10Cs-
rajgy BUCOTH 25 M, cepenHiil niamMeTp cToBOypiB —
40 cm. bararo niepeB MONIKOAMIN MICIEBI CEJISHU:
JACPCBUHY JIUIIKX BUKOPUCTOBYBAJIWU [JiI BUI'OTOB-
JICHHsI sipeM JiIsi poOOYMX BOJIIB, & KOpY — JUIS
noctoniB. Tok CTBOPEHHS pe3epBary JJjisi OXOPOHH
JIUTIOBOTO JIicy B BopemenbkoMy TicHHUITBI Oyio
0COOIHMBO AKTYyaJIbHHM.

Credan Manko [31] naB geraibHy XapakTe-
PHUCTHKY JIICOBOi, BKIFOYHO 3 PiAKICHUMH CKEJIbHO-
nyOOBMMHM JIiCAMH, Ta CTENOBOI POCIMHHOCTI
ocTaHleBux rip Macnstun, boxa Ta J[iBoui Ckeni
B KpemeHnenpkux ropax.

Jesiki 3 omuMcaHUX BUIIE IMPOEKTIB, 30KpeMa
ctBopeHHs [1oJ1ichbKOTO HAIIOHAIBHOTO MAapKy Ta
pesepsaty B nonuHi p. Ctup, Oyau O1U3bKi 10 BTi-
JICHHS B KHUTTS, OJJHAK [[bOMY HE CIIPHUSLIIA IO THY-
Ha oOcTaHOBKa — BiifHa 1 po3main Il Peui [Tocnonu-
TO1. [HIII TEPUTOPIT OTPUMAITH IPUPOIOOXOPOHHHH
CTaTyC y paasHChbKiii a0o B He3asiexHil YKpaiHi.
3okpema, Bumniaesa ['opa ta npuitersi 1o Hel Tepu-
Topii momero 97 ra Bix 1974 p. nepeOyBaroTh mij
OXOPOHOIO SIK OOTaHIYHMIA 3aKa3HHK 3arajbHOep-
KaBHOI'O 3HAYCHHS.

VY 1983 p. Oyiio cTBOpeHO JIaHAMAPTHHIA 3aKa3-
HUK MicuieBoro 3HaueHHs « CokonuHi [opuy (miorma
510 ra) Ta JIiCOBHIA 3aKa3HUK MICIIEBOTO 3HAYCHHS
«binpuakiBecpkuid» (Tuoma 17 ra) ans OXOpoHU
YHIKaJIBHOTO T€OJIOTIYHOTO, O10JIOTIYHOTO Ta JaH[I-
madTHOTO pizHOMaHITTA 1oauHH p. Ciryd. Y 2000 p.
BOHM BBIHIIIM 70 CKJIaJy PETiOHAJIBHOTO JIaH]-
magdTHoro mapky «Hancmyuancekuit», TpHBaOTH
poOOTH TIOJIO BTIJICHHS B JKUTTS MPOEKTY 31 CTBO-
PEeHHsI TYT HaIllOHAJIBHOTO MPUPOAHOTO MApKY.

Ocrannesi ropu boxa, CrpaxoBa Tta /JliBoui
Ckeni yBiliuum a0 ckiaay crBopeHoro y 2009 p.
HAIIOHAJIFHOTO MPHUPOI00XOpOoHHOTO TapKy «Kpe-
MEHEIbKi TOpU».

VY 2022 p. ctBopeHo HamioHanmsHUE NPUPOTHUIA
napk «llyma Paa3usimiay, Mexi SKOro 30iraroThCst
3 MEXaMH MPOEKTOBAHOTO [10TICHKOTrO HAIliOHAb-
Horo mapky. Ha »xanb, Jeski i3 HpOMOHOBaHUX
MOJILCHKUMH BYCHUMHU Ta JIICIBHUKAMH ITi]] OXOPOHY
TepuTopiii gerpaayBanu abo Oynu eniMiHOBaHi
B paJITHCHKHH Tiepio. 30KpeMa, He OyJia peatizoBaHa
iiess OXOPOHH 3aMpPOEKTOBAHOTO IiJl OXOPOHY IIe
1935 p. nmmnoBoro Jicy B bopeMenbkoMy JTiCHUIITBI
[26]. [Ipo ueii micoBuil MacuB Maiike Hemae iH(Op-
Marlii B pajstHCbKil siteparypi. Jlume I'. CepOin [38]
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Puc. 7. Jluct npodecopa Brnanucnasa Hladepa 1o Aupekiii aepaBHUX JiciB y M. JIyIbKy
I1I0/10 CTBOPCHHS HALlIOHAILHOTO MapKy B KaHbiOHI p. Cityd
([lepxaBHuii apxiB Bonmncbkoi 06macTi)
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3ayBaXKuB, 10 «OL1s ¢. bopemiis MITHHIBCHKOTO pa-
HoHy 30epircs nicoBuii mpaiic Ha rutomti 100 ra. Bik
roro csirae 250 pokiBy, 1 BBaXKaB IIEH JIC IIKaBUM
3aTOBITHUKOM 1 MaM’sSITKOI0 MpUpoau. ABTOp wi€l
CTarTi BIJBIAAB IIeH JIICOBUM MACHB HAPHUKIHII
TpaBHs 1987 p. 1 BUABUB, 10 TYT AOMiHYy€ HU3bKO0OO-
HITETHHI TPpabOBO-JIMTIOBHIL JIiC TOPOCIEBOTO MOXO0-
JOKEHHSI 3 JTUIION0, SIKa Ma€ BUIVIS KyIiB. Ti K juy,
0 MalTh BHIVIAJ JIepeB, HEBHCOKI (10 18 ™),
3 BKpail BUKPUBIEHUMH CTOBOYpamHu (CepeHiit fia-
MeTp — 15 cm). Ha rumomi 8,3 ra 'y 1958 p. Oyio 3a-
KJaJieHo AyOoBi Ta JUMoBi KyibTypu. IloTpiOHO 10-
CIIJTUTH CYYaCHHWH CTaH IIMX HACAJKEHb 1 BifiOpaTu
U OXOPOHH JINISTHKY JIiCY, /1€, MOYKJIMBO, BiIHOBH-
JIUCH 1 30€penTUCh JIMTIOBI YIPYOBaHHSI.

Orxe, B pe3yabTari aHTPOIOTEHHOTO THUCKY
OyJI0 3HHUIICHO €IUHHMIA Ha BONWHCHKIN BHUCOYMHI
JIUMOBHH JIiC, BEIMYHUI 1 KpacuBHH. 3ayBaknMo,
o Ha BonmHi OyI10 3HHIIIEHO TaKOXK €MHUN MacuB
OyxoBoro jicy B ypouuii [opuHbrpan moOmu3zy
c. ['opunbrpan-2 B OseKcaHIpiChKOMY JIICHHIITBI
B PiBHEHCBKOMY paiioHi PiBHEHCHKOT 00macTi.

V micnsABOEHHI POKM HA TUIONI 1 ra TyT 3aKiaiu
JIiCOB1 KyNIBTYpH OyKa 3 HaCiHHS MiCIIEBOT PEIPOIyK-
Iii, TaKOXX 30eperuch OKpeMi JepeBa — 3aJUIIKH
OyKOBOTO JIiCy MPUPOAHOTO MOXOMKEHHS. 3a HAIUM
HayKOBMM 0OIpyHTyBaHHsM y 2004 p. TyT OyB CTBO-
peHwuii 6oTaHiuHMH 3aKa3HUK «[ OpHHBIpaI.

B ypounmi Ynbstau (Julania) mobnuzy Jlyneka
3 YHIKQJIBHOIO KCEPOTEPMIUYHOIO POCIMHHICTIO
yepe3 JadHy 3a0ynoBY 3HHUK BUA Neottianthe
cucullata (puc. 8).

BucHoBku

Ha ocHoBi anami3y apxiBHUX MaTepianis [ep-
’kaBHOI iHcmekuii miciB y M. Jlynbky nepioxy
II Peui ITocnonmuToi, siki 30epiratoThest B Jlepxan-
HOMY apxiBi BommHCbKOi 007acTi, BCTAHOBJIEHO
CTaH TOroYacHHMX JIICOBHX eKocHucTeM Bomuui, qu-
HaMiKy iXHIX 3MiH IiJ BIUINBOM aHTPOIIOTCHHUX

BunnienHst BonuHCbKUX JiciB mij 4yac [leprroi
CBITOBOI BiifHM, THTEHCHBHA CKCILUIyaTallisi B Iepioj
II Peui [Tocrionutoi mpu3Beu 10 3MEHILICHHS JIICUCTO-
CTi, Jlerpajallii JiCOBUX €KOCHCTEM Ha 3HAYHHX ILIO-
I1ax, eMMiHaIli Ta 3aMIIeHHsT 0araTboX JIICOBUX MacH-
BIB PyXOMHMH TTICKaMH, SIKI HACTyNaJM Ha MPUJICTITI
JICOBI YPOUHII[A Ta CLTBCHKOTOCHIONAPCHKI YT

AHTPOTIOTCHHUH BIUTMB HA JIICOBI €KOCUCTEMH
Bonuni mpotsarom 0ararbox CTONITh IPHU3BIB
JI0 3HUKHEHHS 31 ckiany ¢uopu BonwmHi pinkic-
HUX BUAIB Dictamnus albus, Helleborus niger,
Erythronium dens-canis, Rubus chamaemorus,
Arnica montana, Anemone narcissiflora Ta 1o
Jerpaaamii nomyysiid piAKicHuX BUIiB Daphne
cneorum T1a Neottianthe cucullata.

Puc. 8. Heorianra xanrtypyBara (Neottianthe cucullata) — Bun, sxuii OyB Ha MEXi 3HUKHEHHS
3 ¢mopu Bonuni B I mon. XX ct., 3auk y Il mon. XX cr.
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Bupy0Oxu miciB Ta iIHTCHCHUBHE MOJFOBaHHSI He-
TaTUBHO BIUIMHYJIW Ha CTaH HOHyJIS[Hiﬁ HEC JIHUIIC
piIKicCHUX, a W (OHOBUX BUIIB (payHu BonwuHi.
[Tix 3arpo3or0 3HUKHEHHS OyiIM MOMYJNSIii J0cs,
pHCi Ta DIyIIIs.

VY nepkaBHUX Jicax Bonuni Oyno cTBOpeHO aBa
OotaniuHi pesepBatn — Kaprwmieka ta OcTku
JUIs1 OXOPOHU POJIOZICHAPOHA KOBTOTO (Rhododendron
luteum), 300moriuHMii 0OOPOBHIA pe3epBaT Ta HU3KY
pe3epBariB y IPUBATHUX JIiCaX.

BuatHi moJbChbKi BUEHI Ta IPUPOAOOXOPOHII
CranicnaB Kynpunmncbkuii, CraniciaB Maikos-
cekuii, Credan Marnko Ta Bianucnas Hladep
OOTPYHTYBaJIM PO3LIUPEHHS MEpeki MpUpoOa-
HO-3allOBIIHUX TEepPUTOpid BonuHi, CcTBOpeHHs
[TonichbkOTO HALIOHAIBHOIO MApKy Ta «IPYroro
€nnoycroyHy» B KoctoninbcbkoMy MOBITI, TpOTE
gyepe3 pyry cBiTOBy BiliHy Ta po3nozin Ilombmi
Ii IepeIoBi MPUPOIOOXOPOHHI ijiel Tak 1 He Oyio
pearnizoBaHo.
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V. Melnyk
M. M. Gryshko National Botanical Garden of the National Academy of Sciences of Ukraine, Kyiv, Ukraine

INTERACTION BETWEEN HUMANS AND FOREST ECOSYSTEMS OF VOLYN
DURING THE PERIOD OF THE II RZECZPOSPOLITA

Abstract

Based on the analysis of archival materials of the State Forest Directorate in Lutsk during the Second
Polish-Lithuanian Commonwealth, which are stored in the State Archives of the Volyn Region, the state of
the forest ecosystems of Volyn at that time, the dynamics of their changes under the influence of anthropogenic
factors, and measures to organize their protection were established. The destruction of Volyn forests during
the First World War and intensive exploitation during the Second Polish-Lithuanian Commonwealth
(IT Rzeczpospolita) in 1918—1939 led to a decrease in forest cover, the degradation of forest ecosystems in
significant areas, the elimination and replacement of many forest areas with shifting sands, which encroached
on adjacent forest tracts and agricultural lands. Anthropogenic impact on the forest ecosystems of Volyn
over many centuries has led to the disappearance of rare species Dictamnus albus, Helleborus niger,
Erythronium dens-canis, Rubus chamaemorus, Arnica montana, Anemone narcissiflora from the flora of
Volyn and to the degradation of populations of rare species Daphne cneorum and Neottianthe cucullata.

Deforestation and intensive hunting have negatively affected the state of populations of not only rare but
also common species of the fauna of Volyn. Populations of elk, lynx, and capercaillie were under threat of
extinction. In the state forests of Volyn, two botanical reserves were created — Karpylivka and Ostky for the
protection of the yellow rhododendron (Rhododendron luteum), as well as a zoological beaver reserve and
a number of reserves in private forests. Prominent Polish scientists and nature conservationists Stanislaw
Kulczynski, Stanistaw Malkowski, Stefan Macko, and Wtadystaw Szafer developed justifications for
expanding the network of nature reserves in Volyn, creating the Polesie National Park and the “second
Yellowstone” in Kostopil County, but World War II and the division of Poland did not allow these advanced
nature conservation ideas to be implemented.

Keywords: range, archive, species, population, vegetation, phytocenosis, fauna, flora.
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IleBunk B. JL.!, lunaep O. 1.2, Yopua I. A}
'KaniBcokuii nmpupoanuii 3anosigauk HHI] «[HcTUTYT 6i0J10TiT Ta MEAUIIHNY

KuiBcbkoro HationanbHoro yHiBepcurety iMeHi Tapaca IlleBuenka, Kani, Uepkacreka 0011., Ykpaina
?Hauionanbuuit 6otaniuanii cax imeri M. M. I'pumika HAH Vipainu, Kuis, Ykpaina

3 VMaHChKHI HaIllOHAIBHUM YHIBEpCHTET, YMaHb, Uepkacbka o0i1., Ykpaina

BUAN CYAUHHUX POCJINH
HA NIBAEHHINA MEXI APEAJIY B HIIN «BIJTIOO3EPCHKU»
(KUIBCBKA 1 YEPKACBKA OBJIACTI): HIOLLIMPEHHSI,
BIOTOIIYHA ITPUYPOYEHICTDH TA OIIIHIOBAHHSA 3AT'PO3

Y emammi npoananizoeano epyny eudis cyounnux pocautn ¢aopu HIIIT «Binoozepcokuily, wo nepe-
oyearomv Ha nigoenHill medici apeary abo nodoausy uei. /[ocriodceHHs BUKOHAHO HA OCHOBI NONbOBUX
obcmedncenv 2022—2025 pp., nimepanypHux 0dicepen, eleKmpoHHUX 6a3 OaHux i 6a2amopiuHux aemopCcbKux
cnocmepedicenv y Cepednvomy Ilpuoninpog’i. Bemanosneno, wo i3 684 abopucennux 6udie napky
62 suou (9,1 %) nanescamo 0o epanuuno-apeanvroi epynu. Cepeo nux nepegasicaioms 60peanvii uou,
a Haubinvbule Micye3pocmans No8 I3aHo 3 6OIOMHUMU, CUPUMU JICOBUMU, IVUHUMU MA THUWUMU 380]100iCe-
Humu diomonamu 60posoi mepacu.

Cepeo oocnidocenux euodig Oinvwicme — 24 (38,7 %) — nanexcamov 0o bopeanvHozo 2eoeremMenmy
@ropu. 3uauno menwie npeocmasneni esponeticoki — 14 (22,6 %), econapxmuuni — 9 (14,5 %) ma espa-
siticoxi — 7 (11,3 %) euou. Lle niokpecnioc excmpasonanvHuii Xxapakmep 3pocmanis 6opeanrbHux 8uoie
na mepumopii HIIIT «binoosepcokuiiy ma Haoac ¢hnopi napxy 3a2anom 3uaunoco 60peaibHo2o xapakme-
py. Cepeo epanuuno-apeanvux 6udié (propu napky nepesaxncaiomsv pociunu 0iomonie, NpuypoyeHux
00 HAOMIPHO YU 00Ope 36010CCHUX ZHUNCEHb DOPOBOT mepacit, 30Kpemd. Me30mpo@OHUX 0COKOBUX, Ud-
eaprukosux ma nicosux oonim (D2; G1.121-122; G1.131), ceimaux, cgixcux ma 60102ux OPiOHOTUCTIS-
HUX CYXOOIIbHUX NICI8 Ha cepednbobazamux ma 6i0Hux niozonucmux rpyumax (G1.123—124) ma ceisxcux
cocnogux nicig senenomoxosux (G2.214). Ceped 6udis yiei exonoeo-yeHomuunoi epynu nepeaicry 0iib-
wicms cmanosasms munogi oopeanvri euou (21). 3Hauno MeHwow KilbKicmio npedcmasieni 201apK-
muuni (5), esponeticoki (4) ma espasiiicoki (2) euou.

Tokaszano, wo 33 euou maromv OXOpOHHUL CMAMYC PI3HO20 PiGHA. /[ nonyiayii y mexncax napxy
BUKOHAHO OYIHIOBAHHS 3a42P03 3d Kpumepiamu, HabaudceHumu 00 nioxodie MiscnapooHnozo corsy oxopo-
Hu npupoou (MCOII). Bemanosneno, wo 13 eudis naneacams 0o kameeopii LC, 32— NT, 10— VU, 2—- EN
i 5 — CR. Hattypaznusiwiumu € nonyasayii 6uois iz 8y36Kor0 Oi0mMOniYHO0 NPUYPOUEHICIIO, MALOI0 YUCeTb-
Hicmio ma ocnabnenum penpooykmueHum 8ionosnennam. Kpumuuny zaeposy (CR) y mexcax napky ecma-
HO8IeHO 014 5 eudis.: Agrimonia pilosa, Lilium martagon, Lycopodium annotinum, Peucedanum cervaria
i Pyrola minor. O0tpynmoeano neoOXiOHICMb JOKATbHUX NPUPOOOOXOPOHHUX 3AX00I6 [ MOHIMOPUHEY
Maxkux nonyiayiu.

KurouoBi ciioBa: 06i0pi3HOMaHITTS, €KOJIOTO-TICHOTHYHI 0coOIHMBOCTI, riopa, Cepenne [TpuaHinpos’s,
OopealibHi BUIU, OXOPOHA.

© Lleguux B. JI., lundep O. I, Yopua I 4., 2026
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Beryn

[Iporpec y po3B’si3aHHi TI00anbHOI TIpobdIeMH
OXOPOHH 010PI3HOMAHITTSI HEMOXJIUBHH 0€3 JT0Ci-
JDKCHHS Ta TPAKTUIHOTO BUPIMICHHS IUX 3aBIAHb
HA KOHKPETHHX TEPHUTOPIAX, HAcaMIIEpea IIO0/0
MOMYJALINA PIAKICHUX BHIIB, 30KpeMa THX, IO
nepeOyBaloTh Ha MeXi apeaiy abo B HOro i30Jb0-
BaHWX 4acTWHax [1]. BumineHHs B perioHambHUX
(itopax rpyn BUAIB, AKi MatOTh noJiOHe reorpadiy-
HE TIOJIOKEHHS MEX TIONIMpEHHS («IBHIYHI»Y —
3 MiBIEHHOIO MEXKEI0 apealy, «IiBACHHI» — 3 MiB-
HIYHOK) MEKEI TOIO), PO3MISHYTO SK OJIWH i3
HanpsaMiB uopucTuyHOro aHamizy [2,3], a came
SIK BAOKPEMJICHHS «CIIPSIMOBYBAJIHUX €IEMEHTIBY»
tdnopu (elementy kierunkowe y [4]). Xoua no ckia-
Iy TaKUX TPYI HEPIIKO BXOAATH BHIH 3 apeanaMu
pI3HUX THUMIB 1 pO3MIipiB, MOMIOHUN MIAXiA € IiH-
HUM, OCKUTBKH JIa€ 3MOTY aKIIGHTYBaTH YyBary
Ha CYTTEBUX pHcax reorpaiqyHoi CBOEPITHOCTI
perioHanbHUX 1 JIOKaNBHUX Quop. JlocmiKeHHs
BH/IIB Ha MeXaxX apeajly HUHI HaOyBalOTh 0COOIH-
BOT aKTYyaJIbHOCTI y 3B’sI3Ky 31 3MiHaMH B ITOBEJIIHIII
BUJIIB Ha TJII MIOOAIBHOI 3MIHM KJIIMaTy, a TaKOX
ITi]T BIUIMBOM aHTPOTIOTeHHHUX YMHHUKIB [S5]. [Tomy-
JIIT Ha MeXax apeany MOXKYTh OyTH JIOKaJIbHO
aJalTOBAHUMU JIO CIeNU(IYHUX YMOB CEpEOBHU-
ma. Came TOMy iXHI T€HOTUIIH, IIOPIBHSAHO 3 MOIY-
JAIISIMA 3 TEHTPAIBHUX YaCTUH apeaiy, MOXKYTh
MaTd BaXJIMBE 3HAYCHHS M1 30CPEIKCHHS BUIY
B TEPiOAM IIBHJKHUX KJIIMAaTHYHUX 3MiH. BTpara
TaKHUX JIOKAJBHO aJalTOBAaHUX KPAaWOBHUX MOIYJIS-
il YHACIIIOK aHTPONOTECHHHX MOPYIIEHb 3HIKYE
MOTEHITia] BUJIIB JI0 BUOKUBAHHS B YMOBaX ManlOyT-
HIX MIBUJKUX 3MiH KiIiMaTy [6].

Jlangmadrauii kommiexe repurtopii HIIT «biso-
03epChKUI» € OaraTHM i CBOEPITHUM 3aBIsSKA (Hop-
MyBaHHIO Ha Tepacax p. Juinpa [7,8]. das HpOTO
XapaKkTepHa HAasSBHICTh 3HAYHUX 3a TUIOMICHO JIiJIsI-
HOK 3 POCIMHHICTIO €KCTPa30HAJIbHOTO (COCHOBI
JCH) Ta IHTPa30HAIBHOTO (0OJIOTa, MPICHOBOHI
BonoiimMu) tumiB [8—11]. Lle 3ymoBitoe 106py npea-
CTaBIICHICTh BIJIOBITHUX TPYN BHIIB POCIHH,
cepel SKUX YAMAJIO TaKhX, IO 3pOCTAIOTh TYT II0-
6mu3y Mexxi abo Oe3nocepeHbOo Ha MiBACHHINH MeXi
CBOTO apeaiy. XapaKTepUCTHKH iX MOMIUPEHHS, 610-
TOIMYHOI MPUYPOYCHOCTI Ta YHCEITHHOCTI MOIYJIs-
111l TOTpeOyI0Th CBOEYACHOTO OIIHIOBAHHSI, SIKE Ma€
CTaTH OCHOBOIO JUTS MTOAAJBIIOT0 MOHITOPHHTY. He
MEHIII BOXKIIUBUM € OI[IHFOBAHHS CyYacHUX 1 TIOTEH-
[MIHHUX 3arpo3 iCHYBAaHHIO IMX MOMYJAIINA. Y KOH-
TEKCTi OCHOBHOT'O MIPU3HAYCHHS MAPKY SIK IPUPOJIO-
OXOPOHHOT TepUTOpii Taki BIJOMOCTI MalOTh
CIIyTYBAaTU MiIIPYHTSIM JJIs1 PO3POOICHHS IIPHPOJIO-
OXOPOHHOT CTpaTerii Ta TUTAHYBaHHS MPaKTHYHHX
3axo/iB 31 30epexeHHs 610pI3HOMAHITTSI.

MeToauka

[TomboBi (hIIOPHUCTHYHI TOCITIHKEHHS Ha TEPUTO-
pii mapKy mMpoBOIWIIM B Pi3HI MEPiOIN BereTaliiHo-
ro cesony 2022-2025 pp. Ilix yac mapmpyTHO-
(hopucTHuHUX 0OCTEX)EeHb (IKCyBalu HASIBHICThH
KOXKHOTO BHJTy B pi3HUX THmax Oioromis [11]. Bio-
TOMIYHY XapaKTEPUCTHKY BHJIB HABEJEHO Ha Iif-
CTaBl JIaHUX TPO XapakTep IXHIX MiCle3pOCTaHb
BUKJIFOYHO B MEXax TEPHUTOPIl MapKy. SIk OCHOBHI
KpUTEpil HAJEKHOCTI JIO MEBHOI TPynu O1OTOIIIB,
0COONMUBO 1JIs1 BUAIB 13 IIMPOKUM E€KOJOTO-1IEHO-
THYHUM J[ialma30HOM, Opalii BUCOKY TOCTIHHICTB
Ta O3HAKH €()EKTUBHOTO PENPOLYKTHBHOIO IIPOLE-
cy B neHonomysmisx. [1ig gac o6miky 3a okpeme
MicHe3pocTaHHs (JIOKaJIITeT) MpUMaIl KOXKHY Mi-
JISTHKY, TPOCTOPOBO BIJIOKPEMJICHY BiJI 1HIIUX HE
MeHII HiXK Ha 100 M, Ha sKii 3pocTanu 0cOOMHU
BiJIMIOB1THOTO BUTY.

OO0’€ekT JOCHKEHHS — BHJIM, HPEACTaBJIeHI
y opi HIIIT «binoo3epchkuiiy Ha MiBICHHIT Mexi
apeairy abo Onmu3bko 0 Hel. Okpemi 3 mHUX BHUJIIB
MalTh OCTpIBHI  MiCIe3pOCTaHHs  (MTOACKYIN
3HUKJI) 1 Jeno miBaeHHine B Mexax CeperHboro
[TpuaHINPOB’s Ta CTEMOBIHN 30Hi, aJe Taki JOKaJiTe-
THU BiJ[IpBaHi BiJl OCHOBHOTO apeaiy. J{Js oriHioBaH-
HSl TCHJICHIIM iXHBOI JAMHAMIKM B PETiOHI BHKO-
PUCTOBYBaIM JIiTEpaTypHi Jkepena [2,12-24],
a TaKkoX JIaHi Mpo IX CydacHe MOIIMPEHHS 3 eNeK-
TpoHHUX 0a3 nanux, 3okpema GBIF (https:/www.
gbif.org/uk/), iNaturalist (https://www.inaturalist.org),
UkrBIN (https://ukrbin.com/). Takox BUKOPHCTAHO
Marepialid BJIaCHUX JIOCHI/DKEHb aBTOPIB Yy Mexax
M. Kui, KuiBcbkoi, KipoBorpacekoi, [TontaBcskoi
ta UYepkacbkoi oOIacTeil YNPOJOBK OCTaHHIX
20 poxiB.

OXOpOHHHUH CTaTyc HABEICHO JUIS BHIIIB, 3aHE-
ceHux 110 oHomieHoro Jlonarka 1 bBepHCbKOi KOH-
BeHHii [25] Ta YepBoHoi kHHMru VYkpainu [26].
PerionanbHO piAKicHI BUAM PO3IVISAAIM B MeE¥Kax
KuiBcbkoi Ta Yepkacbkoi oOnacTeid craHOM Ha
01.01.2026 [11]. Cran 3arpo3 ajsi BUIIB y MexKax
TepuTopii YKpaiHu HaBeIACHO 3a JITepaTypHUMH
JaHumu [27]. OuiHiOBaHHS 3arpo3 iCHYBaHHIO T10-
MyJISIid Ha TEpUTOPil MapKy BUKOHAHO 3TIHO 13
3alPOIOHOBAHUMH  KPHUTEPIIMU  MiXKHaAPOTHOTO
coro3y oxoponu npupomn (IUCN: https://www.
academia.edu/9636926/). Ockinbku Kputepiii A
nependadae HASBHICTh JaHWUX IIIOHAWMEHIIE 32
10 pokiB, y 1bOMY JOCHII/DKEHHI 3aCTOCOBYBaU
muie kputepii B, C 1 D. I1ix yac omiHOBaHHS MOITY-
T BUILKX CIIOPOBUX POCIHUH 3a Kputepiem C2
SK aHAJOTH CTaTeBO3PUIMX OCOOMH PO3IVISIAIIH
0coOuHHM, 1m0 GopMyBasid CrIOpodiIU Ta yCHIlIHO
MPOAYKYBAaJH CIIOPHU. 3a HAsIBHUMH HA CHOTO/IHI J1a-
HUMHU TIPO 111 BUAM Ha TEPUTOPIl MapKy Ha MiacTaBi
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pe3yIbTaTiB y3aralbHEHHS OLIHIOBAHHS CTaHy IO-
OyJAii 11 BCIX PO3MISHYTHX BHJIB BU3HAYECHO
BIJIMOBIJIHI ~ KaTeropii 3arpo3u, 3ampoIOHOBaHI
IUCN [28,29]. dns BuAiB i3 HAMEHIIOK OCTOPO-
roro (kareropisi LC) oriHFOBaHHS 3arp03 Ha TEPHUTO-
pii mapky He NPOBOAMIIH.

Jiis BUSIBIICHHS Ta KJ1acu(ikallii 010TOMIB BUKO-
pucraHo BixnosigHi mkepena [30-32]. Inentudixa-
1i0 310paHuX 3pa3KiB CyIMHHUX POCIUH MPOBOIH-
JI1 B KaMEpaJlbHUX YMOBaX KJIACUYHHUM METOAOM
13 BUKOPHCTaHHSIM JIOCTYITHUX BU3HAYHUKIB 1 (IIo-
pucTHUHUX 3BeqeHsb [§,13]. Jloknaauimie CTpyKTyp-
Hi eJleMeHTH (DI1opH 11X PO3IMOILT MOSICHEHO B IOTIe-
pennix crartax [8,11]. 3pasku ngeskux BUIB
niepeaano jo repbapiie KW i KWHA, a ¢potorpadii
pociuH BuKiIageHo Ha pecypci iNaturalist. Homen-
KJIATypy CYAWHHHX POCIHH HaBEIEHO 3TiTHO 3 pe-
cypcom POWO (https://powo.science.kew.org).

PesynbraTtn

I3 684 abopureHHUX BUWJIIB CYIWHHHX POCIIHH,
Busienenux Ha tepuropii HIIIT «binoo3epcekuii» [§],
62 Bumm (9,1 %) 3pocTaroTh TYT Ha MBICHHIN MeXi
MOUIMPEHHS (AUB. TAOIHIIIO).

3a pesyibpTaTaMy aHaNi3y Cepesl JOCHIHKEHUX
BuJIiB OUTbIIicTh — 24 (38,7 %) — Hanexarh 10 00-
pearpHOTO TEOeNeMEHTY (IOpH. 3HAYHO MEHIIEe
IpeAcTaBieHi eBponeiicski — 14 (22,6 %), romapk-
tiani — 9 (14,5 %) ta eBpasiiiceki — 7 (11,3 %)
Buu. Lle migkpecitoe ekcTpa3soHaIbHUN XapakTep
3pocTaHHs OopeaqbHHX BHIIB Ha TEPHUTOPIi
HIIIT «binoozepcrkuit» Ta Hagae Guopi napky 3ara-
JIOM 3Ha9HOTO OOPEaTHbHOTO XapaKTepy.

Sk BusABHIOCA, cepe] TpaHUYHO-apealbHUX
BHUJIB (PJIOPH TIAPKy IMEPEBAXKAIOTh POCIHHU 0i0-
TOIIiB, IPUYPOUCHUX 10 HAAMIPHO UM JOOpE 3BOIIO-
JKEHUX 3HIDKCHb OOpOBOi TepacH, 30Kpema: Me30-
TpOPHUX OCOKOBUX, YarapHUKOBUX Ta JICOBHUX
oot (D2; G1.121-122; G1.131), cBIT/IMX, CBIKHUX
Ta BOJOTUX JAPIOHONUCTSIHUX CYXOAUIBHUX JIiCiB
Ha cepeHpoOaraTux Ta O1THUX IMi30JUCTHX IPYH-
tax (G1.123—-124) Ta cBi’HUX COCHOBUX JIiCiB 3elie-
HOMOX0BUX (G2.214). 3aranom 1o i€l Tpymnu Haje-
xarb 29 BuniB (46,8 %). Iomynsauii Oinbmiocti
3 HUX, SIK 1 BECh KOMILJICKC O10TOMIB 13 1X 3pOCTaH-
HSIM, CTQHOBIATH €AMHHUM MPOCTIP i3 TMOJICHKOIO
YaCTHHOIO iXHBOTO apeaiy, IO B3IOBXK IOJTHHHU
Juinpa y ¢opmi i30160BaHUX (PPArMEHTIB CATAIOTH
MiBJACHHOT Mexi Jlicoctemny. Cepen BUIIB i€l eKOJIo-
TO-LIEHOTUYHOI TPyNU TEpeBaXxHy OLNBIIICTh CTa-
HOBJIISATH THUIIOB1 OopeabHi Buan (21). 3HAYHO MEH-
IIOK0 KUTBKICTIO TPEACTaBIeHI TrosapkTuyHi (5),
€BpOTICHCHKI (4) Ta eBpa3iiichbKi (2) BUIM.

Jo noOpe ocBiTIEHHX AUISIHOK, a caMme par-
MEHTIB CBIKMX Ta BOJIOTHX JIYK, IO MOJISIH, TAJISIBUH

ta aybosoro pigkomices (E1; E4; G3.111; G3.112)
npuypoueHi micus 3poctanus 19 Buais. [lng Hux
XapaKTepHUH JEM0 IHIIUK CKJIaJ TeOCIEMEHTIB,
30kpemMa 10 BHIIB €BPONEWCHKOTO THUILy apeany,
€BPa3iiCHKOr0 Ta EBPOCUOIPCHKOTO 0 3 BUJIH, €BPO-
MEeHChKO-CePeI3EMHOMOPCHKOTO 1 TONAPKTUYHOTO —
1o 2. JIo IUISIHOK TIHUCTUX ITUPOKOIUCTSIHUX JIICIB
(G1.2), npicHoBomHux BomouM (Cl) Ta pimgkonick
cyxux 6opis i cyoopis (E3; G2.215-216) npuypode-
Hi MICIIE3pOCTaHHA MO 3 BHU/IU.

Craryc OXOpPOHIOBAHHMX BHIIB POCIHH Pi3HOTO
TEPUTOPIaNBEHOIO MacIITaly MatoTh 33 BUIH, B TOMY
YHCIIl 3aHECEHI BUKIIFOYHO J10 OHOBJIeHOro Jlomarka 1
BepHcpkoi koHBeHIIT — 2 Buad, 10 YepBOHOT KHUTH
Vkpainu ta onosneHoro Jlomarka 1 bepHcbkoi koH-
BeHIIT — 2 Buau, A0 YepBoHOI KHMTU YKpaiHH —
3 BUIM, JO CHHCKY OXOPOHIOBAHHX Ha TEPUTOPIi
KuiBchkoi Ta Yepkachkoi obnacteii — 7 BUIB, JINIIE
Ha TepuTopii Yepkacwkkol obnacti — 13 BHIIB, JinIIe
Ha Teputopii KniBcbkoi oOnacti — 6 BUIIB.

3a kareropus3aili€ro 3arpo3 iCHyBaHHIO B YKpaiHi
[27] nna GinbIIOCTI AOCHIMKEHUX HAMH TpaHHY-
Ho-apeansHuX BUAIB (60 (96,8 %)) BCTaHOBIECHO
HaliMeHnry octopory (kareropis LC), mwume
st Liparis loeselii BU3HAHO HUHI CTaH 3arpo3u
suukHeHHs1 (VU) ta nns Aldrovanda vesiculosa —
MOYKJIMBICTh BUHHKHEHHS Takoro ctany (NT).

3a HaIIoIo OIIIHKOI0, I 13 BHIIB, BHECEHUX /10
MepestiKy, y Mexax MapKy HUHI HEMae 3arpo3 iCHy-
BaHHIO, 10 CBITYUTH PO HAJEKHICTh 10 KaTEro-
pii LC (naiimennia octopora). BaximBoro mijncra-
BOIO JUISl TAKOTO BHCHOBKY € T€, 10 HEMA€E MPSIMUX
3arpo3 0OioTomamM, y SKHX 3pPOCTalTh Il BHIH,
a TakoXX HEMae HAaHOMMKYIMX NEPeayMOB Ui BU-
HUKHEHHS TaKHX 3arpo3 B yMOBAaX 3aIllOBiIHOTO pe-
KUMY. BimbIIicTh i3 IUX BUAIB NPEACTABIEHI Ha
TEepUTOPIi TApKy 3HAYHOI KIJIBKICTIO JIOKAJIBHUX
nomyAwii (6amu 1-2; qUB. MOSCHEHHS 10 TaONHII),
XapaKTePU3YOThCS BHCOKOIO MOCTIHHICTIO y BIIAC-
TUBHX iM (DITOIIEHO3aX, 3HAYHOIO YHUCEJIBHICTIO 0CO-
ouH (monayn 1000) Ta 1oOpUMHU TTOKa3HUKAMH Bere-
TaTUBHOTO ¥ TeHEPaTHBHOTO BiAHOBIECHHS. Kpim
TOTO, JIJIsl 0araThboX i3 HUX XapakTePHUH NIMPOKHHA
OI0TOIMYHMM Aiana3oH, SKuii 31e01IbIIOI0 OXOILIIOE
MIEBHY T1Ipo-enadivHO 3yMOBIICHY CEpIt0 IIEHO31B.

[Ie 32 BuauM 31 COUCKY TaKOX Hapasi HE MaroTh
03HaK Oe3MoCepesIHbOT 3arpo3u IXHhOMY 1CHYBaH-
HIO, OJTHAK, HA HANIy JYMKY, X JOIIJILHO BiIHECTH
1o kateropii NT, ToOOTO 10 BHIIB, MOMYJALIT SKUX
nepeOyBaroTh y CTaHi, OMU3bKOMY JI0 3arPO3JIUBOTO.
Jis HUX TaKOX XapaKTEpHI 3arajioM 3aJI0BiTbHI
TMOKAa3HUKU BETCTATUBHOIO YM I'CHEPATUBHOIO Bi[[—
TBOPEHHS, OJIHAK HH3KAa OCOOIMBOCTEH CBIIYUTH
PO MEHIIY CTiMKiCTh MOPIBHSHO 3 BUAAMH KaTETro-
pii LC. Hacamniepen yciM 1M BUJaM BJIACTHBHH
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Tabnuys
Buau ¢aopu HIIII «bisoo3zepebkuiiy, 110 3pocTaloTh Ha NiBAeHHIH Mexi apeany
o . Xapakrep YuceJbHICTH 0COOUH OuinoBaHHs 3arpo3 Kareropis 3arpo3u
. . XOPOHHMIA . . .
Ne Bun TeoesiemenT I'pynu 6iotonis craTve NMOLIMPEHHS 4H¥ BKOPiHEHUX NaroHiB HA TePUTOPIi mapKy ICHYBaHHIO BH1Y
Ty B MapKy (ouiHHa) y mapKy, MWT. 3a KpUTepisaMHU Ha TepuTOpii mapky
1 | Agrimonia pilosa Ledeb. €Bpas. E4 BK 3b 10-20 B2ac(iv)+C1+D CR
2 | Aldrovanda vesiculosa L. MYJIBT. Cl bK, UK 2a 50000-100000 B2ac(iv)+C2b NT
3 | Brachypodium pinnatum (L.) P.Beauv. €Bpas. E4;G1.211, 216 3a 500-1000 B2ab(iii,v) NT
4 | Briza media L. €BPO. El; E2; E4 3b 100-200 B2ab(iii,v) NT
5 | Calamagrostis stricta (Timm) Koeler Oopeai. D2; G1.121-122 1b 500-1000 B2ab(iii) NT
6 | Calla palustris L. Gopeai. G1.131 K4 3a 500-1000 B2b(iii)+D NT
7 | Calluna vulgaris (L.) Hull Gopeai. G1.123-124; G2.214 k! 3a 500-1000 B2b(iii, D NT
8 | Carex appropinquata Schumacher €Bpo. D2; %11' 112311’ 122; la 100000-200000 B2ab(iii) NT
9 | Carex diandra Schrank ronapk. Dz; GGII" 112311‘ 122; K 2a 50000100000 B2ab(iii) NT
10 | Carex hartmaniorum A.Cajander €BPO. D2 3b 10-50 D \48
11 | Carex lasiocarpa Ehth. eBpas. D2; G1.121-122; q la 100000-200000 B2ab(iii)
G1.131 NT
12 | Carex montana L. €BpO. G3.11, 1221;6G1 211, q 2a 50000-100000 LC
13 | Carex rostrata Stokes rojapk. D2; %11 112 31; 122; la 50000-100000 B2ab(iii) NT
14 | Chimaphila umbellata (L.) W.P.C.Barton Gopear. G1'123’G13241;1G2'214; K4 2b 500-1000 B2ab(v)+D NT
Centaurea phrygia subsp. pseudophrygia E4;
15 (C.AMey.) Gugler €BpO-cHO. G3.11. 12 2b 500-1000 B2b(iii)+D NT
16 | Cirsium oleraceum (L.) Scop. €BPO. E4; 3b 50-100 B2b(iii)+C2b+D2 \48
D2; G1.121-122;
17 | Comarum palustre L. Oopeain. G1.131 4 la 100000-200000 B2ab(iii) NT
18 | Drosera rotundifolia L. Gopear. D2; %11’ 112311‘ 122; K 2b 2500-50000 B2ab(iii) NT
19 | Cruciata glabra (L.) Opiz €BpOCHO. El; G1.211, 216 2a 1000020000 LC
20 | Deschampsia cespitosa (L.) P.Beauv. roJjlapkK. El; G1.123-124 2b 5000—-10000 LC
L D2; G1.121-122;
21 | Dryopteris cristata (L.) A.Gray Oopea. G1.123-124: G1.131 K 2b 100-200 B2ab(iii)+ C2b NT
22 | Equisetum sylvaticum L. Oopeai. G1.123-124 2a 5000-10000 C2ab(v) NT
23 | Eriophorum angustifolium Honck. Gopear. D2; GGII' 112311’ 122 K4 2a 5000-10000 B2ab(iii) NT
24 | Eriophorum gracile W.D.J.Koch Oopeai. D2 K4 3b 50-100 D2 VU
25 | Galium odoratum (L.) Scop. €Bpa3. G1.215; G3.11 2a 10002000 LC
26 | Galium rivale (Sm.) Griseb.. €BpO-CHO. El 3b 100-200 B2b(iii)+D NT
27 | Gymnocarpium dryopteris (L.) Newman Gopeai. G1.123-124 K4 2a 1000-2000 B2ab(iii)+ C2b NT
Hieracium murorum subsp. sylvularum gl
28 (Jord. ex Boreau) Zahn €BpO-cepens. El; E4; G1.211, 216 2a 1000-2000 LC
29 | Hypericum montanum L. €BPO. E4 3b 25-50 D2 vu
30 | Juniperus communis L. roJIapK. Gl.2 gé (1}12 214; K 2a 2500-5000 LC
31 | Lilium martagon L. €BpO-cuo. G3.11; G1.215 YK 3b 30-60 B2ab (iii,v), c(iv)+ C2b+D CR
32 | Lathyrus vernus (L.) Bernh. €BPO. G1.215; G3.11 2b 1000-2000 LC
Lo . . D2; G1.121-122; 1000-2000 B2ab(iii,iv,v),
33 | Liparis loeselii (L.) Rich. TOJIapK. Gl.131 BK, UK 2b (Gmusbro 100 y 2025 p.) o(iv)+C2a(iy+D2 VU
34 | Lysimachia thyrsifiora L. ronapk. P L1212 2a 10000-20000 B2ab(ii) NT
35 | Lycopodium annotinum L. Oopea. G1.123-124 UK 3a 100-200 B2ab(v),c(iv)+C2a(i)+D CR
36 | Lycopodium clavatum L. Gopeai. G1.123-124 K4 2a 500-1000 B2ab(iii)+C2b+D EN
37 | Maianthemum bifolium (L.) F.W.Schmidt Oopeai. G112231—612C4}1§ ?11'211’ 2a 10000-20000 LC
38 | Menyanthes trifoliata L. oopeat. D2; (é}ll 11231f 122; K4 la 50000—-100000 B2ab(iii) NT
Melampyrum pratense L. subsp. laciniatum G1.211; G2.214;
39 | (Kosh. & V.J.Zinger) Tzvelev Oopeat. G3.11 fa 50000-100000 Le
40 | Monotropa hypopitys L. TOJIapK. G2.214 3b 5-10 D2 \48)
Omalotheca sylvatica (L.) Sch.Bip. & .
41 F W Schultz rojiapkK. El; E4 2b 100-200 D NT
42 | Orthilia secunda (L.) House Gopear. G1'123‘G13241;1G2'214; q 2a 1000-2000 LC
43 | Pedicularis palustris L. Gopeai. D2; G1.121-122 K 2a 1000-2000 B2ab(iii) NT
44 | Peucedanum cervaria (L.) Moench €BPO-CEPEII3. G3.11-12 3b 10-20 B2c(iv)+C2a(i)+D CR
45 | Peucedanum palustre (L.) Lapeyr. Gopear. D2; GGll' 112311’ 122 1b 1000020000 LC
46 | Potentilla alba L. €Bpa3. G3.11-12 9 2b 1000-2000 B2ac(iv)+C2b NT
Potentilla erecta (L.) G1.123-124; G2.214; T,
47 Racusch. Oopeai. G3.11 2b 1000-2000 B2ab(iii), c(iv) NT
48 | Pyrola minor L. Gopeai. G1.123-124 q 3b 25-50 B2b(v),c(iv)+C2b+D CR
P G1.123-124; G2.214;
49 | Pyrola rotundifolia L. Oopeai. G3.11G1.211,216 2a 2500-5000 LC
50 | Ranunculus lingua L. €Bpa3. D2 q 3b 50-100 D2 VU
51 | Salix aurita L. €BpO. D2; (2}11 112 311_ 122; 2b 50-100 D2 vu
52 | Serratula tinctoria L. €BPO. G1.211, 216 2b 500-1000 B2ab(v),c(iv)+D NT
Silphiodaucus prutenicus (L.) Spalik, El; G1.123-124;
33| Wojew., Banasiak, Piwczyfiski & Reduron €Bpo. G2.214; G3.11 2b 10002000 LC
54 | Selinum carvifolia (L.) L. €BPO. El 2b 500-1000 B2ab(iii) NT
55 | Sparganium natans L. rojapk. Cl K 2a 1000-2000 B2ab(iii)+C2b NT
56 | Succisa pratensis Moench €BpO-cHO. El k! 3b 25-50 B2b(iii)+D2 \48)
57 | Thesium ebracteatum Hayne €BPO. E4 BK 3b 50-100 B2ab(iii)+D2 \48
58 | Tephroseris integrifolia (L.) Holub €Bpas. E4; G3.11-12 k! 2b 100-200 B2ab(v)+C2b NT
59 | Utricularia minor L. Gopeai. Cl YK 3b 100-200 B2ab(iii)c(iv)+C2b NT
60 | Vaccinium myrtillus L. Gopeai. G1.123-124 k! 3a 50-100 B2b(iii)c(iv)+C2b+ D1 EN
61 | Viola canina L. €BPO. G1.123-124; G2.214 3b 100-200 B2ab(iii) NT
62 | Viola rupestris F.W.Schmidt €BPO. E3; G2.215-216 q 3b 100-200 B2ab(iii) NT

Tosicnenns 0o mabnuyi:

Teoenement: «bopean.» — GopeanbHUiL, «ToIapK.» — TOMAPKTUYHHHN, «MYJIBT.» — MYJIBTHPET1I0HATBHHHN, «EBPA3.» — €BPA3IHCHKNUII (TAICOaPKTUYHHI ), «EBPO.» — EBPOIICHCHKHUI, «EBPO-CEPE3.» — EBPONEHCHKO-CEPEI3EMHOMOPCHKHIA,
«€EBPO-CHO.» — EBPOTICHCHKO-CUOIPCHKHI.

Tunu Gioronis: C1 — HempoTouHI Ta MPOTOUHI MpicHI BoxoimMu; D2 — mocriitHo 3BonoxxeHi Topgosi 6omora; G1.121-122 — 3abomoueni ta cupi Gepe3osi jicn Ta pinkomices; G1.131 — BinbxoBi 3a0os04ueHi carHosi
micu Ta pigkomices; G1.215 — TIHUCTI IIMPOKONMCTSHI JicH Ta YarapHUKH Ha Oaratux IpyHTax; G1.123—124 — cBimii cBixki Ta BOJIOTI IpiOHONUCTSAHI CyXONOJbHI JIICH Ha ceperHboOaraTux Ta OiMHUX MiA30JIMCTHX IPYHTAX;
G1.211, 216 — aupnodinehi 1y00Bi Ta MoxiaHi Bix HUX Jicu 6opooi Tepacu; G2.214 — cBixki cocHoBi Jicu 3enenomoxoBi; G3.111; G3.112 — cBixi, CBITIIi COCHOBO-AyOOBI Ta MOXi/Hi BiJl HUX JyOOBI JlicK Ha ceperHbodaraTux
MiA30IUCTHX IpyHTaX; E1 — 371aK0BO-pI3HOTPABHI JIyKH 3 JOCTATHIM 3BOJIOXKEHHSIM (TirpoMe3odinbai); E2 — rydno-cTenoBi yrpymnoBaHHs Ha YopHO3eMax; E4 — raisBuHM Ta y3iicest 3 JOMIHYBaHHSAM TepMO(DLIEHUX TpaB’ THUCTUX
Oararopiunukis; E3 — mimani myctuma; G2.215-216 — cocHOBI pifKostices 3 TOKPUBOM 3 €MireHIX JUIIAHUKIB Ta OCTEITHEHHM TPABOCTOEM Ha ITiCKaXx.

Oxoponnuii craryc: BK — Bun 3 onosienoro Jlonarka 1 bepucebkoi konseHuii; UK — Bu, 3anecennii 1o YepBonoi kuuru Ykpainu; K — Bux oxopousietbest Ha Tepurtopii Kuicbkoi obnacti; U — BUZ OXOPOHSETBCS HA TEPUTOPIT
YeprachKkoi 001acTi.

Xapakrep MOmHMpeHHs: | — Mae BUCOKY MOCTilHICTE (moHag 50 %) y BiIMOBiIHUX IS 3pOCTaHHA 0610TOMAX MapKy; 2 — BUABICHUH y MIECTH i OibIle JoKamiTeTax (MiCIe3pOCTaHHAX), ane Mae MeHIry Hixk 50 % mocTiliHicTh
y THIIOBHUX JUIs 3pOCTaHHs OioTonax; 3 — BUsABIEHUH y nooanHoKHX (1-5) nokaniterax; a) TparusieThes 1 1K aCeKTaTop, 1 sIK CIiBAOMIHAHT YU JJOMIHAHT; b) TPAIUIIETHCS JIMILE SIK aCEKTaTop.
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3HAYHO BYXYM O1O0TOMIYHMMN Jiana3oH (JIWUB. TaOIH-
1110). YacTo 11e BuU, BiZIOMi HUHI JIIIE 3 OHOTO 200
KUTBKOX (JIO TI’SITH) MICLIE3POCTaHb 1 MpPEICTaBIICHI
BIJIHOCHO HEBEJIMKOIO KUIbKicTIO 0coouH (100-200),
AK-0T Briza media, Galium rivale, Omalotheca
sylvatica, Viola canina, V. rupestris. J1o uiei xarero-
pii MM 3apaxOByeMO OUIBIINICTH BUIIB, BACOKOUYTIIU-
BUX JI0 3MiH TiJIPOJIOTIYHOTO PEXUMY Ta OCBITICHO-
CTi B OOJIOTHHX 1 JIydHHMX 010TOMNAX, KHUTTE3IATHICTh
MOMYJSIIIIN SIKUX TOCTYIIOBO 3HMKYETHCS 4epes3 3a-
POCTaHHS BiJIKPUTHX JIJISIHOK, Y TOMY YHCII OOJIIT,
YarapHUKOBO-JTICOBOIO POCIUHHICTIO. J[01aTKOBUM
HETaTHBHUM YHHHUKOM € TICPIOAWYHI 3HIDKCHHS
piBHS BOAY B OOJIOTHOMY MACHBI.

[Momynsmii 10 BUAIB HAa TEPUTOPIT MAPKY CIiJ
posrsigatu sk ypasnui (VU), OCKUIBKH KOXKEH
13 HUAX BIJIOMMIA JIUIIE 3 OJHOTO MiCIIE3POCTaHHS
1 TpeACTaBICHUN HEBEIMKOIO KUIBKICTIO OCOOHMH
(menmie Hixk 100). CriocTepekeHHs 3a IXHIMH MOy~
JSIIISIMU CB14aTh PO HEPETYISAPHUM XapakTep pe-
MIPOIYKTUBHHX MPOIIECIB, 30KpeMa IIBITIHHS Ta TI0-
JoHouieHHs. J1o 1i€ei kaTeropii M BiIHOCMMO TaKOX
Liparis loeselii, He3BaXkaroun Ha BiITHOCHO BHCOKY
YHCENBHICTh HOoro ocobuH, 3adikcoBany y 2023 p.,
oCKiJIbKU Bxke y 2025 p. BoHa pi3Ko 3MEHIIMIACS
1 ctanoBuia He Ounbmre HixK 100 ocoOun. st 6io-
TOMIB, y SIKAX 3pOCTAOTh BHIM IIi€i KaTeropii,
XapaKkTepHi HEraTWBHI TEHACHLi 3MiH, MOB’s3aHi
3 pe3epBaTOreHHO 3YMOBIICHIMH CYKIIECISIMH.

Bucokuil pu3nK 3HMKHEHHS 3 TEPUTOPIl MapKy
(kareropis EN) My BU3HAYMIIK JIAIIIE JUTS 2 BUJIIB —
Lycopodium clavatum i Vaccinium myrtillus. Tlin-
cTaBaMM UIS LbOTO € OOMEKeHa KUIBKICTh IXHIX
MICIIe3pOCTaHb, HHU3bKAa UHCEIbHICTH OCOOUH
1 TOBHA BIJICYTHICTh TPOSIBIB PENPOIYKTHBHOTO
MpOLECy B MOMYJISLIfX.

Kpurnuny 3arposy (CR) y mexax mapky Bcra-
HOBIIGHO Ansi 5 BUIIB: Agrimonia pilosa, Lilium
martagon, Lycopodium annotinum, Peucedanum
cervaria i Pyrola minor. J1as1 iXHIX mOMynsmii xa-
pakTepHi Ti caMi HECTIPUATIUBI O3HAKH, IO W IS
BuiB Kateropii EN, onHak criocTepe:keHHs BIPO-
JIOBX YOTHPHOX OCTAHHIX POKIB BHUSBWJIA TaKOX
JIOBOJI1 4iTKy TEHJICHIIIIO JO CKOPOUEHHSI YHCENIBHO-
cTi ocobuH. Jlis 30epekeHHsI TUX BUIIB MOTPIOHO

B HAHOMMKUI POKU PO3POOHTH il peaizyBaTu CHC-
TEMy 3aXOAiB, CHPSMOBAaHMX Ha BIJHOBICHHS pe-
MPOYKTUBHHX MPOIIECIB y TXHIX MOMYJISIISIX.

BucHoBkH

BupineHHs rpaHn4HO-apeaJbHUX TPYH BUIIB
y CKJIaJIi JIOKAJBHOT (pJIOpH € OTHUM 13 crocoOiB
aHaJizy, IKUI aKIEHTye yBary Ha ii CBOEpPIAHOCTI
Ta 3B’s3Kax 13 ¢uopaMu TPHUICTIUX TEPUTOPIH
4 perioniB. Ha tepuropii HIIII «binoo3epcbkuii»
62 BUIIM CYIUHHHX POCIIMH 3POCTAIOTh HA TIBJICH-
Hill Mexi apeany. IlepeBaskHa OiABLIICTD MOMYIs-
i [UX BHJIB 3pOcTae B 0I0TOMAax, MOB’SI3aHUX
31 CBIXKMMH, BOJIOTUMH Ta 3a00J0U€HUMU i 00BOI-
HEHUMH 3HIDKCHHSIMH OOPOBOT TepacH Ta iX mepu-
depieto, po3TalIOBAHMMHU B TiBHIYHIA YacTUHI
napky. Cepen Hux moHaja mnonoBuHa (33) MaroTh
CTaTyCc OXOPOHIOBAHUX BUJIIB PI3HOTO TEPUTOPialb-
HOTro MaciTaly, 30KpemMa 3aHeCeH1 0 OHOBJICHOTO
Jonarka 1 bepHcbkoi KoHBeHIIT — 4 Buan, 10 Yep-
BOHOI KHUTH YKpaiHU — 5 BUJIIB, IO CITUCKY OXOPO-
HIOBaHMX Ha TepuTopii KuiBcekoi Ta YUepkacbkoi
obmacreld — 26 BHJIB. 3a CTYIEHEM 3arpo3u iCHY-
BaHHIO IXHIX MOMYJISAIIA HAa TEPUTOPIi MapKy BKaza-
HI BUJM po3mnojiieHo 3a kareropismu [UCN [29]:
LC (maiimenma octopora) — 13 Buais, NT (maibke
MiJ] 3arpO30K0, YMOBHM 3pPOCTaHHs OJM3bKI 10 3a-
rpo3iuBoro crany) — 32 Buau, VU (ypasnuBi) —
10 BuaiB, EN (3uukatoui) — 2 Buan, CR (y kputnu-
Hili HeOesmewi) — 5 BumiB. Jleski Buau, siKi He
MalTh OXOPOHHOTO crarycy (Hampukian, Carex
appropinquata,  Hieracium  murorum  subsp.
sylvularum, Hypericum montanum, Peucedanum
palustre, Silphiodaucus prutenicus), y Mexax
HIIIT «binoo3epchkuii» MOTPeOYOTH ONIEPaTUBHUX
3aX0/[iB OXOPOHH Ha JOKalnbHOMY piBHIi. Lli BuH
POCIMH € IHIUKAaTOpaMy IeCTPYKTUBHO-AErpaaa-
HIHHUX TpoleciB MicueBoro piBHA. BiamosigHo
JI0 CydacHOTO 3akoHoJaBcTBa [33], me moTpiOHO
Opatu 70 yBarm miJ 4ac po3pOOJIEHHS IJIaHiB
YIPAaBIIiHHS Ta OXOPOHH, OCOOJIMBO Ha BIAIMOBIN-
HUX IPUPOAOOXOPOHHUX TepUTOpisix. EQexruHuM
TAXOIOM J0 BHSIBICHHS TaKUX BUIIB € TIO€THAHHS
reorpaigHo-0i0TOMIYHOTO Ta MOMYJSILIIHOTO CKpHU-
HIHTy a0OpHUTeHHHUX BUIIB (IIOPH.
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VASCULAR PLANT SPECIES AT THE SOUTHERN LIMIT OF THEIR RANGE
IN THE BILOOZERSKYI NATIONAL NATURE PARK
(KYIV AND CHERKASY OBLASTS):
DISTRIBUTION, HABITAT PREFERENCES, AND THREAT ASSESSMENT

Abstract

The article analyses the group of vascular plant species in the flora of Biloozerskyi National Nature Park
that occur at, or close to, the southern limit of their distribution ranges. The study was based on field surveys
conducted in 2022-2025, literature sources, electronic databases, and the authors’ long-term observations in
the Middle Dnipro natural region. It was established that, out of the 684 native species recorded in the park,
62 species (9.1%) belong to this range-margin group. Among them, boreal species predominate, while the
largest number of localities are associated with mires, wet forests, meadows, and other moist habitats of the
pine-terrace landscape. It is shown that 33 species have conservation status at different levels. For the
populations occurring within the park, threat assessments were conducted using criteria aligned with the
IUCN approach. As a result, 13 species were assigned to the LC category, 32 to NT, 10 to VU, 2 to EN, and
5 to CR. Populations of 10 species in the park should be considered vulnerable (VU), each of which is
known from only one locality and is represented by a small number of individuals (fewer than 100). Only
2 species are considered to be at high risk of extinction within the park (EN) — Lycopodium clavatum and
Vaccinium myrtillus. The reasons for this are the limited number of their localities, the low number of
individuals, and the complete absence of evidence of reproduction in the populations. Critically Endangered
(CR) status within the park was assigned to 5 species: Agrimonia pilosa, Lilium martagon, Lycopodium
annotinum, Peucedanum cervaria, and Pyrola minor. Species that do not have a protected status (e.g. Carex
appropinquata, Hieracium murorum subsp. sylvularum, Hypericum montanum, Peucedanum palustre,
Silphiodaucus prutenicus) within the Biloozersky National Park require urgent protection measures at the
local level. These plant species are indicators of destructive and degradational processes at the local level.
The most vulnerable are populations of species with narrow habitat affinity, low abundance, and weakened
reproductive capacity. The need for local conservation measures and monitoring of such populations is
substantiated.

Keywords: biodiversity, ecological-coenotic features, flora, Middle Dnipro region, boreal species,
conservation.
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ASTRAGALUS DASYANTHUS PALL.
HA TEPUTOPII KIPOBOTPAJCBHKOI OBJIACTI:
MOIIUPEHHS I CTAH MO YJISIINA

Y cmammi nasedeno pezynvmamu O00CHIONCEHHS XOPONOIUHUX T YEHOMUUHUX ocobausocmell ma
onmoeenemuuni cnexmpu nonyusyit Astragalus dasyanthus Pall. y cmenosux yenosax Kiposoepaocwvkoi
obnacmi. Yzaeanvneno gioomocmi npo nowupenns A. dasyanthus y meoicax obnacmi 3a Oanumu 81acHUX
NOALOGUX DOCTIONCEHb, 2epbapHux Gondie Hayionanvhoco b6omaniunozo cady imeni M. M. I'puwuxa HAH
Yrpainu (KWHA) ma Inemumymy 6omanixu imeni M. I'” Xonoonoeo HAH Ykpainu (KW), oanux iNaturalist
ma nimepamyprux odcepen. Ha ocnogi yux oanux ckiaoeno 3a2anbHull CNUCOK 8i00MUX MICYe3HAX00HCEHb
ma cmeopeHo Kapmocxemy NOwupenHs 00Ci0NCy8an020 6udy 6 pe2ioni. 3a pezyibmamamiu 00CAiOdiCen s
CyuacHo20 nowupents na mepumopii oonacmi npoananizosano 147 noxanimemie 6uody, 3 axux 73 —3a oa-
numu iNaturalist, 21 — 3a nimepamypruumu Odxcepenamu, 20 — 3a mamepianamu eepbaprux ¢onois Hayio-
HanbHo2o 6omaniuno2o cady imeni M. M. Ipuwxa HAH Yxpainu (KWHA) ma Incmumymy 6omaniku
imeni M. I Xonoonoeo HAH Yxpainu (KW), 33 —y mesrcax npupoorno-3anosionozo ¢ondy. 3a pezynomamamiu
Kapmozpagiunozo ananizy 3 euxopucmanuam oanux kapmu I13®@ Kiposoepadcvkoi obnacmi, yacmuna
JIOKANIMemie, GUABIEHUX 30 THUUMU OdHCePeraMu, MAKONIC PO3MAUOBAHA HA MEPUMOPISIX NPUPOO0OX0-
POHHUX 00 'ekmie abo nobausy ixuix medxc. Iepbapni 0ani niomeeporiceno HOBUMU 3HAXIOKAMU, U0 C8I0-
yums npo 30epedceHHss udy HA OLIbUWOCMI ICMOPUYHUX Micye3pocmans. Excneouyitini 0ocaiodcenms
nposoounu 05.07.2025 ¢ oxonuyi cena Kanoaypose Kponusnuyvkoco paiiony Kiposoepaocwvkoi obnacmi,
y nepexioHiul 30Hi Midc cmenosoio ma nicocmenogoro 3onamu. IlopisHsanbHull ananiz oHmMo2eHemuyHUx
cnexkmpie 080X ONU3LKO POZMAUIOBAHUX NONYIAYIN NOKA3AE, WO OHIMOSEHEMUYHI CReKMpU CYMMEGO pi3-
HAMbCSL 3A1EHCHO 8I0 YMOB MICYE3POCHANHS, WO NOMPIOHO 8pAX08Y8amu nio wac inmepnpemayii pe3yib-
mamieé monimopuney eudy. Ompumani Oani cymmeso 0ONOSHIOIONb HASAGHI 8iI00OMOCHI NPO NOUWUPEHHS
Astragalus dasyanthus Pall. na mepumopii Kiposoepadcvrol obnacmi ma mMoxicyms SUKOPUCIO8Y8AMUCS
0151 Opeanizayii MOHIMOPUH2Y BIOOMUX MICYE3HAXOOICEHb, BUGUEHHS CIAHY NONYIAYIL [ pO3pOOIeH s pe-
KoMeHOayitl wo0o 30epediceHtst 6Udy, 30Kpema 0OIPYHMYGAHHS PO3UUPEHHSL HASBHUX [ CBOPEHHS HOBUX
00’ exmis npupooHo-3ano8ioH020 honoy.

Kuarwuogi cnoBa: Astragalus dasyanthus Pall., nommpeHHs, Miclie3HaXo/KeHHs, YepBoHa KHUra YKpaiHH,
TIOITYJIALLISl, OHTOTEHETUYHUH CIIEKTP, CTEIl, J1COCTEI, PUPOTHO-3aMIOBITHUN (OH]I.

Beryn

KipoBorpajacbka 00nmacTh po3TallIOBaHA B IIEH-
TpaJibHIA YacTHHI YKpalHW B Mexwupiuui J[Himpa
i IliBnennoro byry, na miBmni IlpuaninpoBcbkoi
BHCOUYWHH, Y 30H1 KOHTAKTY JTICOCTEIIOBHX 1 CTETIOBUX
nanamadTis. [ToBepxHs TepUTOPii — HEPEBAKHO XBH-
JISICTI JIECOBI PIBHUHHM, PO3WICHOBAHI I'yCTOHO Mepe-
XKEI0 PIUKOBUX JOJIMH, OAJOK 1 sIpiB, 1O (POPMYIOTH

© Yuore O. B., 2026

PI3HOMaHITHI €KOTOIH CTENOBOT pocimHHOCTI. Kiti-
MaT pErioHy MOMIpPHO KOHTHHEHTANbHUM, 3 MO€]-
HAHHSM aTIAHTHYHOTO Ta KOHTHHEHTAIEHOTO BILTH-
BiB 1 MNEPIOJUYHMMHU MOCYIUIMBUMHU SIBUIIAMH,
10 BU3HAYAIOTh crielu(iky (HYHKIIOHYBaHHS MPH-
POAHUX CTEHNOBHUX E€KOCUCTEM. Y IPyHTOBOMY IIO-
KpHUBI TEPEeBaKarOTh YOPHO3EMH pPI3HUX THIIIB,
a TEOJIONiYHOI0 OCHOBOI TEPUTOPii € MOopoan
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YKpaiHCHKOTO KPUCTAIYHOTO IIMTA, IO pazoM (op-
MY€ KOMIUIEKC MPHPOTHUX YMOB, CIPHUATIUBHX
JUTs 30epeKeHHS (PParMeHTIB CTENOBOI POCIMHHOCTI,
y CKJIaJi AKX TPAIUBIETCS PAI PIAKICHUX BUIIB
(mopu, 30kpema Astragalus dasyanthus Pall. [1].

BinoMocTi mpo XOpOJIOTiio, €KOJOTiUHy MpH-
YPOUCHICTh Ta CTaH nomynsuid A4. dasyanthus
y Mexax KipoBorpanacekoi o0nacti ¢pparMeHTapHO
HaBEJICHO B HU3II HAyKOBUX Mpanb. [Ipo mommu-
PEHHSI BUJY Ta HEOOX1THICTh HOTO OXOPOHHM 3raja-
HO B po0OTax, MPUCBIYCHUX 30EPEIKCHHIO PiIKic-
HuX BuAiB (opu KipoBorpaamuHu Ta CyMiXHUX
perioHiB [2]. PerioHaibHI CIIUCKH PiAKICHUX BHIIB
JIICOCTENOBOT YACTUHU 00JIACTI, Y SIKUX 3a3HAYCHO
A. dasyanthus, monano B my6umikanii B. Cinenxko [3].
VY JO0CHiIKEHHIX POCIUHHOTO IOKPUBY TPaHIT-
HUX BiJcioHeHb KipoBorpaaliuHu BHJ 3rajaHo
y CKJaJi JIy4HO-CTEIOBUX Ta METPO(ITHUX yrpy-
noBaHb [4]. CHHTAaKCOHOMIYHHI KOHTEKCT YIpyIo-
BaHb 3 ydacTio A. dasyanthus Ha miBaHi [IpaBo-
Oepexxnoro JlicocTeny po3mIsHYyTO B Tpamsx
I. Koporuenko 3i cniBaBropamu [5]. OkpeMi HOBI
JIOKQJITETH PIJKICHUX CTEHOBHMX BHIIIB, 30KpeMa
A. dasyanthus, HaBeIeHO AJs MiBJEHHOI YaCTUHU
Oaceitny p. Cunroxa [6].

B ymoBax iHTeHCHBHOI TpaHC(opMmamnii cTeno-
BUX EKOCHCTEM CHCTeMa MpPUPOTHO-3aMIOBITHOTO
¢donay (I13D) Bimirpae KIrOUOBY poiib Y 30epexeH-
HI TIOMYJISIIIHA P1IKICHUX BHIIB.

3a «Exkonoriunum nacnoptom KipoBorpaacekoi
oOmacrti» 3a 2020-2021 pp. [7,8] Ta miteparypHUMHA
nanumu [9], A. dasyanthus BusiBieHo y 33 00’ exrax
[13®: OoraHiYHI 3aKa3HUKH 3arajbHO/IEPIKABHOTO
3HadyeHHs1 «bormaniBceka Oanka», «bysoBey, «1lro-
nuHa OaJikay, « bokoBEeHBKIBChKA Oaikay, «LLlypxu»;
naHAmapTHANR  3aKa3HUK  3arajbHOACPIKaBHOTO
3Ha4YeHHS «YOpHOTANLTUIBKUIY «BOHHIBCHKHUII»;
nmaHAma(THI  3aKa3HUKH ~ MICIIEBOTO  3HAYCHHS
«3onora Oanka», «JlonuHiBchKO-ITOKPOBCHKHITY,
«Benuka i Mana ckeni», «CyXOBepILOK); 3aralibHO-
300JI0T1YHI 3aKa3HUKH «bparomobiBchka Oakay,
«I'Huna Gankay; 3amoBigHI ypouulna «AHTOHO-
BHYCHKI TOpOM», «Po3muTuii kaminby», «SIcuHyBaTt-
ka», «lllaBmieBa Oanka»; OOTaHIYHI 3aKa3HUKH
MICIIEBOIO 3HaYCHHs «biakuTHuil 1500y, «llimuHay,
«Bacuniceka Oanka», «BepxiB’s KipoBcbkoi
Oanmkm», «Bepxis’ss CutaeBoi Oankn», «KiaBuHa
Oanka», «AHTOHOBHYCHKA Oaika», «biTomiapy,
«Bonosa 6anka», «KpiTyua Oankay, «banka Tpos-
HiBCBbKa», «bpaTrepcbki Bamm», «Po3ay, «banka Oue-
peTsiHa»; OoTaHiuHI mam’sTKU npuponu «KynuHo-
Be», «[lonpoBuli caoky.

HasBHI miTeparypHi Jpkepenia Ta periOHaJbHI
myOmikamii cBiguaTh, IO BIJOMOCTI MpPO Te€o-
rpadiuyde momupeHHs A. dasyanthus y Mexax

KipoBorpajicekoi o6nacti € (parMeHTapHUMHU.
VY 3B’S3Ky 3 LUM CTBOPEHHSI KapTH MOUIMPEHHS
BUY B Mexax KipoBorpaacbkoi o0nacTi Ta xapak-
TEpUCTHKA CTaHy HOTO IEHOMOMYIIALii y JoKasiTe-
Tax, MPUYPOUYECHUX JO MEXi CTENOBOi Ta JIico-
CTEmoOBOi 30H, € HEOOXIAHMMHU MJisi YTOYHECHHS
PETiOHATBHUX XOPOJIOTIYHUX OCOOJTUBOCTEH BHUIY
Ta MUTaHb HOTO OXOPOHH.

Marepianu i meToau

3 METOr BUBUCHHS reorpa)igHOrO MOMTUPECHHS
acTparaity IepCTHUCTOKBITKOBOTO (4. dasyanthus),
sSIKuii BHeceHO 70 YepBoHoi kHuru Ykpainm [10]
K Bpa3nuBui, y Mexax KipoBorpaacbkoi o0nacti
Oysio 37IHCHEHO EKCHEeIUIIMHUN BHI31 Ta KOMII-
JIeKCHUN aHaji3 AaHuX. BukopucToByBanu BiacHi
MOJILOBI JTOCITIJKEHHSI, TipoBeeHi y 2025 p., jite-
parypHi Jkepena, BiIoMi KapTOCXeMHU MOIITUPEHHS
BH/TY, & TAKOXK TepOapHi 3pa3ku 3 KOJEKIii [HCTH-
TyTy 60Taniku imeHi M. I'. Xonognoro HAH Ykpa-
o (KW) ta HarionansHOro OOTaHIYHOTO Cay
iMmeni M. M. I'pumka HAH VYkpainn (KWHA).
OmnpainpoBano 0azu gaHux InodansHOT iHGOpMa-
uiHO1 cuctemu 3 6iopizHomaniTTs [11], iNaturalist
[12] Ta mpoBeneHO aHai3 HAYKOBUX MyOiKarliil.
Ha ocHoBi 310paHux MaTepianiB CKJIQJCHO 3arajb-
HUW TIepeliK JIOKATITETIB Ta KapTy MONIHMPEHHS
BUJY B Mexax oOnacti. Ha3Bu TakCOHIB HaBEECHO
BIJIMTOBIJTHO JIO €JeKTPOHHOT 0a3u nanux Plants of
the World Online (POWO, 2024 — onward) [13].
Onuc  QITOIEHO31B BUKOHAHO 32 METOIHMKOIO
bpayn—bnanke [14]. Yci monboBi mOCHiIKEHHS
3M1HCHEHO 3 JOTPUMAHHIM HOPM O10ETHKH 00
300py pIAKICHHX Ta OXOPOHIOBAaHMX BH[IB pOC-
nuH. KaprorpadyBaHHs TOMMUPEHHS BUAY BHKO-
HaHO TOYKOBMM METOJIOM — HaHECEHHs reorpa-
(IYHEX KOOpPJMHAT BCTAHOBJICHUX JIOKAJITETIB
i3 BHKOPUCTAHHSIM MPOrPAMHOTO 3a0e3MeUCHHS
Google Earth Pro.

Pe3ysibTaTn T2 00roBOpeHHs

Y pe3ynbTari OnparoBaHHs repOapHUX MaTepi-
ajiB, JIITEpaTypHHUX JDKEPeN, BIJIOMOCTEH MI0A0
TepuTopiit mpupoaHo-3anoBigHoro Gouay Kiposo-
rpajicbkol obiacti Ta croctepexkeHb iNaturalist
chopMoOBaHO y3araJbHEHUH CIHUCOK JIOKAJITETiB
A. dasyanthus.

J1st KOX)KHOTO MiCL@3HaXO/PKeHHsI YTOYHEHO
aJIMIHICTPaTUBHY TPUYPOUYCHICTh, TeorpadiuHi
KOOpAWHATU Ta JKEPEJIO IMMOXOIKEHHA [OaHHuX,
IO JIaJI0 3MOTY 3IMCHHUTH aHaji3 Cy4acHOTo Io-
MIUPEeHHd BHUAY B perioHi. Bimomi wmicue3naxo-
JUKeHHS BHIY Ta IXHI KOOpDAWHATH HAaBEICHO
HIDKYE, a IX IPOCTOPOBE PO3MIIIICHHS BifoOpaske-
HO Ha KapTocxemi (puc. 1).
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T'OJIOBAHIBCBKUIA P-H:

bnaeosiwencoxuii p-n: 1. oxoi. c. Benuki TposHu, npaBuil ctenoBui kpyTocxui a0 p. CuHUIS —
48.383, 30.213 (Ilmunep O. 1., Herpamr FO. M., 2025 p.); M. bnaroimeHcbKe: I.-CX. OKOJ., CTCIIOBUI
cxun . ekcr. a0 p. Hosocinmku — 48.3111, 30.2417 (Wunxpep O. 1., Herpam FO. M., 2025 p.) [15];
okoi. ¢. Kam’stauii bpin — 48.246384, 30.173614 (Kysemko A. A., 2019 p.) [16].

Binvwancokuii p-1: c. CuHIOXa — CX. OKOJIL., 3aKa3HUK «YopHoTauumipkuity — 48.1957, 30.8537 (Lun-
nep O. 1., Jlappinenko K. B., Hlupsera /1. B., 2023 p.) [17].

Tatisoponcokuil p-1.: cMT 3aBajis, CX. OKOI., IITYYHUH qyOoBuid rait —48.2191, 30.0511 (Iunagep O. 1.,
Herpam 10. M., 2025 p.) [15].

Tonoeaniecokuil p-n: TJ.-CX. OKOJI. M. bi1aroBiIeHchK, CTEOBUI NMpaBoOiuHMil cxui y gonuHi p. Hoso-
cinku, Heurcnenna nomyJsiist (uamep O. 1., 09.04.2017, KWHA); cx. oxoun. c. Kam’siamii bpin, 6anka
y BepxiB’i goiuuu nputoku p. Cunuui (Iuagep O. 1., 09.08.2010, KWHA); na.-cx. okoin. M. bnarosi-
MICHCHK, CTENIOBUI CXMJI TII. eKcIl. 10 p. HoBociiku, Onmsbko 150 ocobun, Ha nutsai 3015 (Iuaaep O. 1,
18.05.2018, KWHA); c. Tabanoe, crenoBuii cxui (3 1iBoro 00Ky ) noiunu p. Lropyna, 3a 300 m Bif i rupna
(Wuamep O. 1., 15.07.2017, KWHA); cx. okou. c. 3aBais, mrydnuid ayoosuit raii (Ilunmep O. 1.,
25.05.2018, KWHA); Lat/Lon: 48.4919662222, 30.5166568611 (lavrinenkokaterina, 2023 p., iNaturalist);
Lat/Lon: 48.1709453069, 30.4860998225 (oleksandr shynder, 2018 p., iNaturalist); Lat/Lon:
48.3830454603, 30.2125782704 (oleksandr shynder, 2018 p., iNaturalist); Lat/Lon: 48.3110734167,
30.24177 (oleksandr_shynder, 2018 p., iNaturalist); Lat/Lon: 48.4476241727, 30.5560344221 (oleksandr
shynder, 2017 p., iNaturalist); Lat/Lon: 48.3438746104, 30.23087 (oleksandr_shynder, 2017 p., iNaturalist);
Lat/Lon: 48.31134978, 30.2407554878 (oleksandr_shynder, 2017 p., iNaturalist); Lat/Lon: 48.3831824319,
30.2128280873 (oleksandr shynder, 2017 p., iNaturalist); 48.162761, 30.114663 (oleksandr shynder,
2010 p., iNaturalist); cx. okou. c. JlronHroBare, kopinaui cxun no I1. Byry — 48.1705, 30.4841 (1llun-
nep O. L., Herpamr FO. M., 2025 p.) [15]; na. okon., cxun 1o p. Lropyma — 48.4480, 30.5563 (ILlungep O. 1.,
JlaBpinenko K. B., llupsesa /1. B., 2023 p.) [17].

KPOITMBHULIbKUI P-H:

bobpuneyvruii p-u.: Lat/Lon: 48.0972573022, 32.4401679235 (churilovam, 2023 p., iNaturalist); Lat/
Lon: 48.0766113411, 32.2001710833 (oleksandr_shynder, 2021 p., iNaturalist); Lat/Lon: 48.1058305556,
32.1636777778 (oleksandr _shynder, 2021 p., iNaturalist); Lat/Lon: 48.0371894132, 32.1163075037
(oleksandr_shynder, 2021 p., iNaturalist); Lat/Lon: 48.0675972222, 32.3591666667 (dariia_borovyk,
2021 p., iNaturalist); Lat/Lon: 48.0444333333, 32.3424611111 (dariia_borovyk, 2021 p., iNaturalist); Lat/
Lon: 48.0444333333, 32.3424611111 (dariia_borovyk, 2021 p., iNaturalist); Lat/Lon: 48.1059083333,
32.1636305556 (dariia_borovyk, 2021 p., iNaturalist); Lat/Lon: 48.0774055556, 32.1991666667 (dariia_
borovyk, 2021 p., iNaturalist); Lat/Lon: 48.0373111111, 32.1153722222 (dariia_borovyk, 2021 p.,
iNaturalist); Lat/Lon: 48.0380936834, 32.1976441733 (olexiikovalenko, 2009 p., iNaturalist).

Honuncokuii p-n: 6anka 6ins c. Hikidoposka, nyunuit cren (Anapienko T. A., 24.06.1999, KW); Lat/
Lon: 48.2102783333, 32.8463533333 (vkolomiychuk, 2024 p., iNaturalist); Lat/Lon: 48.2059583333,
32.8464083333 (vkolomiychuk, 2024 p., iNaturalist); Lat/Lon: 48.206225, 32.8514283333 (vkolomiychuk,
2024 p., iNaturalist); Lat/Lon: 48.2060666667, 32.851375 (vkolomiychuk, 2024 p., iNaturalist); Lat/Lon:
48.1449308235, 33.0920433998 (Crimnana Curaii naturalist61818, 2021 p., iNaturalist).

3nam aucoxuii p-n.: Lat/Lon: 48.8358878889, 32.7639655833 (kasya_harb, 2024 p., iNaturalist).

Kiposocpaocwvkuii p-n. c. Ipyx6a, kam’si cxuin (Kypeon B. B., 08.08.1975, KW); ¢. OBcsiHuKiBKa, CTe-
noBi cxumi (OctpiBHa IO. 1., 2004 p., KW); c. Beceni bokosenbku, crenoi cxumu (1913 p., KW); ¢. Codiis-
Ka, BUXO/IU TPaHITiB Ta secy, Gopmanis Festucieta valesiaca (Menbnuk B. 1., 29.04.1999, KWHA); c. Ille-
yeHkoBo, crenosi cxwin (Ocrpiha 0. 1., 2004 p., KW); Lat/Lon: 48.6259561997, 32.2458640997
(drabinanata, 2024 p., iNaturalist); Lat/Lon: 48.410992, 32.3103679 (drabinanata, 2025 p., iNaturalist); Lat/
Lon: 48.626667791, 32.2462334287 (drabinanata, 2025 p., iNaturalist); Lat/Lon: 48.4114912, 32.3119808
(drabinanata, 2025 p., iNaturalist); Lat/Lon: 48.4113535997,32.3119001997 (drabinanata, 2025 p., iNaturalist);
Lat/Lon: 48.6343552, 32.2685024 (drabinanata, 2024 p., iNaturalist); Lat/Lon: 48.4184383333, 32.187305
(polinagetman, 2022 p., iNaturalist); okon. c. JIaBpiBka — 48.189169, 32.546961 (Bunoxypos /1. C., 2012 p.);
okod. c. JlaBpiBka — 48.188914, 32.550892 (Bunokypos /. C., 2012 p.); okoi. c. JlaBpiBka — 48.189669,
32.555914 (Bunokypog /1. C., 2012 p.); okomn. c. ['ybiBka —48.282725, 32.455225 (Bunokypos /1. C., 2012 p.);
okod. ¢c. ['y0iBka — 48.287689, 32.452578 (Bunokypos /I. C., 2012 p.); c. I'y0iBka — 48.314407, 32.437335
(Bunokypos /1. C., lllupsesa . B., Moiicienko 1. 1., 2012 p.); okoi. c. [mxenepiska — 48.197536, 32.490594
(Bunokypog /1. C., 2012 p.); okoun. c. Imxkenepiska — 48.193328, 32.448903 (Bunokypos /1. C., 2012 p.);
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okoJ1. ¢. ImkenepiBka — 48.180544, 32.434322 (Bunokypos /1. C., 2012 p.); mix ceramu Harsieka i Jlosy-
Barka — 48.172769, 32.382206 (Bunokypos /1. C., 2012 p.) [18], ypouurie 3noaiicbka 6anka (Mepexko,
Apxkymmna, 2018) [19].

Komnaniiscokuii p-n: Lat/Lon: 48.1609893338, 32.1122175099 mix cenamu CodciiBka Ta JlonuHiBKa
(drabinanata, 2025 p., iNaturalist); Lat/Lon: 48.2982594735, 32.3635604605 (yuri_vovkotrub, 2023 p.,
iNaturalist); Lat/Lon: 48.1724192, 32.3774272 (drabinanata, 2023 p., iNaturalist); Lat/Lon: 48.169280022,
32.3765851773 (oleksandr _shynder, 2021 p., iNaturalist); Lat/Lon: 48.1960555556, 32.4927861111
(dariia_borovyk, 2021 p., iNaturalist); Lat/Lon: 48.1694111111, 32.3754583333 (dariia_borovyk, 2021 p.,
iNaturalist); Lat/Lon: 48.1729083333, 32.35565 (dariia_borovyk, 2021 p., iNaturalist).

Hoszopooxiscokuti p-u.: Lat/Lon: 48.3884019997, 32.4315364997 (drabinanata, 2024 p., iNaturalist);
Lat/Lon: 48.3888541, 32.4334650997 (drabinanata, 2024 p., iNaturalist); Lat/Lon: 48.2971059848,
32.5156447154 (oleksandr shynder, 2021 p., iNaturalist); Lat/Lon: 48.3289423657, 32.5429369265
(oleksandr_shynder, 2021 p., iNaturalist); Lat/Lon: 48.2766805556, 32.4751472222 (dariia_borovyk,
2021 p., iNaturalist).

Onexcanopiscokuu p-un: Lat/Lon: 48.7389557172, 33.0046124994 TlporomnoniBka (demak, 2025 p.,
iNaturalist); Lat/Lon: 48.7399452962, 33.0062823098 IIporonomnieka (demak, 2025 p., iNaturalist).

Yemuniscokuui p-n: Lat/Lon:48.0337156292, 32.551784949 (churilovam, 2023 p., iNaturalist); Lat/
Lon: 48.1887113843, 32.7056430215 (churilovam, 2023 p., iNaturalist); Lat/Lon: 48.2947608403,
32.6009136162 (churilovam, 2023 p., iNaturalist); Lat/Lon: 48.1688303484, 32.9642979448 (churilovam,
2023 p., iNaturalist); Lat/Lon: 48.1682716881, 32.8466724037 (churilovam, 2023 p., iNaturalist); Lat/Lon:
48.1810054493, 32.9327586251 (churilovam, 2023 p., iNaturalist).

HOBOYKPATHCBHKUU P-H:

Hosoykpaincokuii p-n: M. HoBoMupropoa, 3aximHuil Ta cximHuii cxunn Marsieoro sipy (Adanack-
eB J. f., 15.08.1966, KW); oxon. c. Kam’siHKa, 3axigHuii Ta cxignuii cxunim Kam’siHoro sipy (Adanack-
e /1. 5., 17.08.1966, KW); mix cernamu BoiiniBka i HoBoosekcanapiska, BolHIBChbKHIT 3aKa3HHK, TUIAKOP-
na gingaka (K. B. JlaBpinenko, 27.05.2021, KW); Lat/Lon: 48.4605777778, 32.1097194444
(oleksandr_shynder, 26.07.2021, iNaturalist); 3axijHa OkoiuIs c. ['aHHIBKa, CTaBOK «30JI0TE€ 03epoy,
3a nambOoro, JiBuit cxun — 48.150115, 33.083471 (Tpotuep B. B., 2019 p.) [20].

Hosomupeopoocwruii p-n: Lat/Lon: 48.8075369351, 31.6254420206 JIuctonanose (maksym_gavrilyuk,
2025 p., iNaturalist); Lat/Lon: 48.8080549519, 31.6266188398, JluctonagoBe (maksym gavrilyuk,
2025 p., iNaturalist); Lat/Lon: 48.8073883056, 31.6257858056, JIucronanose (lavrinenkokaterina, 2025 p.,
iNaturalist); Lat/Lon: 48.8078231667, 31.6263599167, Jlucromanose (lavrinenkokaterina, 2025 p.,
iNaturalist); Lat/Lon: 48.8078460556, 31.6263961667, Jlucromanose (lavrinenkokaterina, 2025 p.,
iNaturalist); Lat/Lon: 48.8078460556, 31.6264476667 (lavrinenkokaterina, 2025 p., iNaturalist); Lat/Lon:
48.8078765833, 31.6266593889 (lavrinenkokaterina, 2025 p., iNaturalist); Lat/Lon: 48.8078918333,
31.6267146944 (lavrinenkokaterina, 2025 p., iNaturalist); Lat/Lon: 48.807518, 31.6261634722
(lavrinenkokaterina, 2025 p., iNaturalist).

Hobposenuukisecoxuti  p-n: Lat/Lon: 48.2435722222, 31.2341527778 (dariia_borovyk, 2021 p.,
iNaturalist); Lat/Lon: 48.3045611111, 31.3823555556 (dariia_borovyk, 2021 p., iNaturalist); Lat/Lon:
48.2436416667, 31.2345583333 (denysvynokurov, 2021 p., iNaturalist); Lat/Lon: 48.3049694444,
31.3823694444 (denysvynokurov, 2021 p., iNaturalist).

Manosucxiscokuii p-n: Lat/Lon: 48.7294807222, 31.627882 (lavrinenkokaterina, 2023 p., iNaturalist).

OJIEKCAH/IPIMICBKUI P-H:

Onygpiiscvruii p-u: c. KyuesomiBka, cuctema 6anok (OctpisHa 1O. 1., 2004 p., KW); c. JlepuBka, cre-
noBa Oanka (OctpiBHa 1O. 1., 2004 p., KW); c. Kynieromieka, crenopa 6aiika (OctpisHa 1O. 1., 2004 p.,
KW); c. Haua, crenoi cxunu (Octpina O. 1., 2004 p., KW); (Kornpatiok €. M., 26.06.1950, KW).

Csimnosoocvkuil p-n: Lat/Lon: 48.8169117293, 33.191447742 (duke forestman, 2025 p., iNaturalist);
Lat/Lon: 48.972566141, 32.9199537147 (vasyliukl, 2019 p., iNaturalist).

Onexcanopivcokuil p-H: OKOII. ¢. 3BEHUTOPOJIKA, CXHJIH JI0 p. [Hrynens (Mopos 1. 1., 20.08.1978, KWHA);
Lat/Lon: 48.393456, 33.2977819722 (dr_zamoroka, 2024 p., iNaturalist); Lat/Lon: 48.3945767,
33.3225759997 (dr_zamoroka, 2024 p., iNaturalist); Lat/Lon: 48.4983542645, 33.2446879471 (oleksandr
shynder, 2023 p., iNaturalist); Lat/Lon: 48.4984260283, 33.2485427091 (oleksandr shynder, 2023 p.,
iNaturalist); Ha cxin Big c. [omoBkiBka — 48.561310, 33.134195 (Kpacosa O. O., llons I'. H., bapa-
Henp M. O., 2020 p.); c. ITimanuii bpin — 48.586645, 33.182400 (Kpacosa O. O., Illlons I'. H., bapa-
uenb M. O., Kopmmuxkos 1. 1., 2020 p.) [21].
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Ha ocHOBI BCiX JiKepesl CTBOPEHO KapTy IOIIH-
peHHst BUy B Mexkax obnacti. Koopaunatu nokaii-
TETIB 3BIPEHO 3 KapTOK MPUPOIHO-3aMOBIIHOTO
¢donay KipoBorpaacekoi obiacti B po3pi3i TepuTo-
pianbHUX TpoMaj [22] it BCTAHOBIICHHS PO3TaIIly-
BaHHS MICIE3HAXOMHKEHD BITHOCHO 00’ €KTIB.

[ToxnOKa reonpuB’I3KH OKPEMUX KEPET MOXKE
cranoButu 100-500 ™. PesynbTatu cBimuarts,
mo A. dasyanthus y perioHi TparIs€ThCs NepeBaxk-
HO Ha CXWJaxX IMiBACHHOI eKCMO3WIlii, y CKJaji
CIIPaBXKHIX CTEMIB, 1 MOTPeOye MOJATBIIOTO MOHITO-
PHHTY CTaHy HOMyJsLii (puc. 1).

{06 ominuTh craH nomynasiii A. dasyanthus,
05.07.2025 Oyno 37iiiCHEHO eKCTIEAUIIMHNN BHi3/
no Kpomusauipkoro paiiony KipoBorpaachkoi
obmacti (oxonuui c. Kannaypose), nmpaBoOepexoks
p. Kannaypiscbki Bomu. 3a 6otaHiko-reorpadiaHuM
paiioHyBaHHSIM L MICIIEBICTh HAJEKHUTh A0 TEpe-
X1HOT 30HU MI’K CTEIIOBOIO Ta JIICOCTENOBOIO 30HA-
MU. BukoHaHO T€00O0TaHIYHI OMUCH Ta BU3HAUEHO
BIKOBI CIIEKTPH MOMYJISAIINA y JBOX OJM3BKO po3Ta-
HIOBAHMX JIOKANITETaxXx — PIBHMHHIM Ta CHIIOBHX
noBepXxHsx. [lojapOBI JTOCTIKEHHS TMPOBOIWIIH
Ha TIOYaTKy JIMIHS, KOJHM FOBEHUIBHI OCOOMHH
B 000X JIOKAJIITETax BXE MEPEUIILTU 10 IMATypHOTO
Ta BIPTiHIJIBHOTO OHTOI€HETHYHUX CTaHiB, 110 € 3a-
KOHOMIPHHUM SIBUIIIEM JUIS IIbOTO TEpioay Bererarii
y CTETOBHUX 1 TICOCTEIOBUX YMOBAX.

o

| 100 km |

Jlokadgirer Ne 1. Po3zramoBanuii Ha CXWIII TiB-
JICHHOT eKCITO3MIIiT HaJl 3ar1aBoro p. KannaypiBebki
Bomu (48.625956, 32.245864). Ilioma omnwcy:
10 x 10 M (100 M?). 3aranbHe MPOEKTUBHE TTOKPUTTS
TpaBocTol0 cTaHoBUTH 80-85 %, cepenHs BucoTa
50-60 cm. [omynsiisi A.  dasyanthus Hamigye
141 ocobuny. CepemHsi MIUIBHICTh MOMYJISIII CTa-
HOBUTH 1,41 ocobmnu Ha 1 M2 Micue3pocTaHHs
A. dasyanthus y J1y4HO-CTEIIOBOMY YyrpyHOBaHHI
MOKa3aHO Ha pHUC. 2, OKpeMi OCOOWHHM Y CKJaji
LIEHO3Yy — Ha puc. 3.

[IpoekTruBHE MOKPUTTA A. dasyanthus y TpaBOCTOT
craHoBUTh ~5 %. Jlominytots Medicago falcata L.
ta Salvia nemorosa L. Jlo cknamy TpaB’sHOTO TIO-
KpUBY TaKOX BXOAATh: Astragalus onobrychis L.
Festuca valesiaca Schleich. ex Gaudin, Jurinea
cyanoides (L.) Rchb., Bromus inermis Leyss., Bromus
squarrosus L., Poa angustifolia L. FEuphorbia
agraria M.Bieb., Euphorbia saratoi Ardoino, Elymus
repens (L.) Gould, Eryngium campestre L., Achillea
nobilis L., Coronilla varia L., Trifolium arvense L.,
Galium verum L., Veronica steppacea Kotov,
Verbascum lychnitis L., Convolvulus arvensis L.
[Moomuuoko: Artemisia marschalliana Spreng.,
Delphinium consolida L., Gypsophila paniculata L.,
Helichrysum  arenarium (L.) Moench, Poa
trivialis L., Falcaria vulgaris Bernh., Agrimonia
eupatoria L.

YMOBHI NO3Ha4€eHHA

® 33 nadumn iNaturalist
3a gaHumn repbapunx oHgie

®
©  3a niTepaTypHUMK [pKepenamm
®

06 ekt N3P ge HaasHmin Adasyanthus

Puc. 1. Kaprocxema nommpenns 4. dasyanthus y mexax KipoBorpaacekoi obmacTi
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Honynsmist A. dasyanthus Ha CXWIOBIH IJISHII
€ HEIIOBHOYJICHHA: IOBEHIIbHUX OCOOMH HEMaE, iMa-
TypHi craHoBIATh Jumie 0,7 %, BiprinuibHi — 6,3 %,
reHepatuBHi — 82,9 % (puc. 4).

OHTOTCHETHYHHH  CIIEKTP IPaBOCTOPOHHIM,

3 HepeBaKaHHSIM I'€HEepPaTHBHHUX OCOOMH. 3 OISy
Ha Te, M0 OOJIK MPOBEJCHO HAa IOYATKY JIUITHS,
KOJIM CXOJIY [IOTOYHOTO POKY 3a3BHYall BXKE MEPexo-
JIATh JIO IMaTypPHOTO CTaHy, JAy)K€ HU3bKa KIJIBKICTh
IOBEHUIPHHUX Ta IMaTypHUX OCOOMH HE MOXKEe OyTH

MosICHeHa Jiuiie (PeHOJOTIYHUM (PaKTOPOM 1 CBIj-
YUTh PO CJIa0Ke BiTHOBJICHHS MOMYJIALIi, 3yMOBJIe-
HE YMOBAaMH CXHWJIOBOTO MiCII€3pOCTaHHS — IOCHIIE-
HOIO 1HCOJIALIIEI0, MEHIIIOI0 BOJIOTOEMHICTIO IPYHTY
Ta HOro YacTKOBOKO epo3sier. Piske nepeBakaHHS
TeHEPAaTUBHUX OCOOWH 3a MaiiKe MOBHOI BiJICyTHO-
CTI MOJIOZMX BIKOBHMX TPYIT BKa3y€ Ha MOPYIICHHS
CaMOBIATBOPEHHS MOIMYJISLII.

Jlokasiter Ne 2. PigHuHHa ninstHKa (48.625699,
32.245482). Ilnoma omwmcy: 10 x20 m (200 m?).

Puc. 2. Micnespocranus 4. dasyanthus,
oxonung c. Kannaypose

Puc. 3. Ocobunn 4. dasyanthus Pall.
y CKJIajli IIEHO3Y
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Puc. 4. Criektpu OHTOreHETUYHUX CTaHiB Astragalus dasyanthus Pall.
Ha CXWJIOBIH nunsHIi B oo ¢. Kannaypose, HoBoykpaiHcekuii p-H, KipoBorpanaceka o0i.:
j — IOBEHINBHI; v — BIPTiHIIBHI;  — IMATypHi; g — TCHEpaTUBHI
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[IpoexTuBHe mnokputrTs TpaBocroro — 75-80 %.
IIpoextuBHe mokputTa Astragalus dasyanthus —
1-2 %. Uenononymnsuist Astragalus dasyanthus Ha-
nigye 96 0ocoOWH; cepelnHsl UIIbHICTh CTAHOBUTH
0,48 ocobunm Ha 1 M2, YrpyrnoBaHHs HA IJIAKOPHIN
JingHui (puc. 5-6).

Hominantu: Festuca valesiaca Schleich. ex
Gaudin, Medicago falcata L. CniBgomiHaHTH:
Salvia nemorosa L., Jurinea cyanoides (L.) Rchb.,
Galium verum L., Jacobaea Mill. Jlo cknany
TpaB’sIHOTO MOKPHUBY BXOISATH Takox: Helichrysum
arenarium L., Achillea millefolium L., Trifolium
arvense L., Veronica steppacea Kotov, Anchusa
officinalis L., Stachys recta L., Verbascum chaixii
Vill., Convolvulus arvensis L. [loonunoko: Stachys
recta L., Verbascum chaixii Vill., Falcaria vulgaris
Bernh., Plantago urvillei Opiz., Nonea pulla L.,
Agrimonia eupatoria L., Cichorium intybus L.,

Elymus repens L., Elaeagnus angustifolia L.,
Gypsophila paniculata L.

OHTOreHeTUYHUH CTIEKTp TOMYIswii A. dasyanthus
Ha PIBHUHHIN AUITHIY € HEMOBHUM, MPABOCTOPOHHIM:
IOBCHUTLHUX OCOOMH HEMae, IMaTypHi CTaHOBISThH
16,6 %, Biprininsai — 39,5 %, reneparusHi — 43,75 %
(puc. 7).

MaxkcumyM MpHnaaae Ha TeHePaTHBHI OCOOMHH,
IO CBUIYMTH MPO 3pUTHNA CTaH MOMYJALIi, 3HAYHA
9JacTKa IMaTypHUX Ta BipTiHUIBHUX 0cOOMH 3a0e3-
nevye CTaOUTbHE CaMOBIJHOBJICHHS TIOMYJISIIT,
110 € CBITYCHHSM CIIPHUSTIMBHUX €KOJOTTYHUX YMOB
PIBHHHHOTO MICII€3pOCTaHHS: JOCTaTHBOT BOJIOTO-
3a0e31eueHOCTi, MOMIPHOT 1HCOJAIIT Ta BiACYTHO-
CTi epo3iifHUX TporeciB. 3a CyKyMHICTIO MTOKa3HU-
KiB momynauis 4. dasyanthus Ha piBHUHHIHN NisHII
nepeOyBae y CTaOUIBHOMY CTaHI 31 CTaOUIbHUM
MTOHOBIICHHSIM.

Puc. 5. Micuespocranns A. dasyanthus
Y JIy4HO-CTEHOBOMY YIPYIIOBaHHI

Puc. 6. Ocobunu A. dasyanthus
Y CKJIajii IIEHO3Y
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Puc. 7. Criektpu OHTOreHETUYHUX CTaHiB Astragalus dasyanthus Pall.
Ha piBHHHHIN ninsHI B okonmni ¢. Kangaypose, HoBoykpainckkuii p-H, KipoBorpajceka 00i1.:
j — IOBEHINBHI; v — BIpTiHIIBHI;  — IMATypHi; g — TCHEpaTUBHI
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OTxe, IOPIBHIOKOUHN JBa OJIM3BKO PO3TAIIOBaHI
JIOKAJIITETH, TIOMI4€HO, 10 Ha PIBHUHHIN AiSHIIN
A. dasyanthus ycTinIHO TOHOBJIFOETHCS 1 OIS
€ PI3HOBIKOBOIO Ta CTaOLIBHOIO, TOAL SIK HA CXUIIO-
Biif — FOBGHIUJIBHMX Ta IMaTypHHUX OCOOWMH Maixke
HeMae, a TOMYJISIIis MpeCTaBlIeHa MePeBaKHO Te-
HEpaTUBHUMHU POCIMHAMH, IO CBITYHATH PO He-
CIPUSITINBI YMOBU JUI TPOPOCTaHHS HACIHHA
Ta BIKUBAHHS CXOMiB. Lle miaTBepaKye, 110 HaBiTh
HE3Ha4YHI BIAMIHHOCTI B €KCIO3HUI{ Ta KpyTH3HI
CXMJTy 3/1aTHI CyTTEBO BIIMBATH HA IHTCHCHBHICTh
BiJTHOBITIOBAJIBHUX MPOIIECIB 1 BU3HAYATH OHTOTEHE-
TUYHY CTPYKTYPY IOITYJISILIN BHIY.

BucHoBkH

3a pesynsraTamu aHamizy naHux iNaturalist —
73 JnokaiiTeT, 3a JiTeparypHUMH IaHUMH — 21,
repbapHux ¢onaiB HarmioHanbHOro OOTaHIYHOTO
cany imeHi M. M. I'puiika HAH VYipainn (KWHA) -
7 ta Inctutyty GoTaniku imeHi M. I. Xomomguoro
HAH VYkpainu (KW) — 13, a Takox MarepiaiiB npu-
poaHo-3anoBigHOTO (oHmy — 33. 3arajom Ha
teputopii KipoBorpaacbkoi o0nacTi BHUSBICHO Ta
y3arajbHeHO BigomocTi mpo 147 mnokamiTeTis
A. dasyanthus. TepGapui 300pu KWHA Ta KW
MiATBEPIKCHO HOBUMH 3HaXiKaMH 3a JTaHUMHU
iNaturalist, 0 CBiqUUTH TIPO 30EpEKEHHS BUIY

Ha OIJIBIIOCTI ICTOPHYHHUX MICIIE3POCTaHb y Perio-
Hi. 3a pe3ynprataMu KapTorpaiqyHOro aHamizy
13 3any4yeHHsM gaHuX kaptu [13® KipoBorpancekoi
00macTi BCTAHOBJIEHO, IO YacCTHHA JIOKAIITETIB
po3TamroBaHa Ha TEPUTOPISAX MPUPOIOOXOPOHHHX
00’€ekTiB 200 MOpyY i3 IXHIMU MeXaMH, 1110 O0TPYH-
TOBYE JOIUIBHICTh PO3IIMPECHHS HAsSBHUX 1 CTBO-
peHHs HOBUX 00’€kTiB 13D y MicsiX BUSBICHUX
MicIle3HaXo/DKeHb BUIy. I1ig yac ekcremuiitHux
JociKeHb, npoenennx 05.07.2025 na npasoOe-
pexoki p. Kannaypieebki Bomu (KporusHHITBKYH p-H),
BUSIBIIGHO CYTTEBI BiJIMIHHOCTI OHTOT€HETHYHHUX
CIIEKTPIB JIBOX OJU3BKO PO3TANIOBAHHUX MOIYJISIIIN
BHJIy: TIONYJSLis HA PIBHUHHIM AUISHII XapakTe-
pHU3YETHCS CTAOUTBHUM TIOHOBJICHHSIM 1 miepeOyBae
B 3aJIOBUIBHOMY CTaHi, TOAl K HAa CXWJIOBIH Ii-
JISHII CIIOCTEPIraeThcsi Pi3KOo MPaBOCTOPOHHIH
OHTOTCHETUYHHH CHEKTp i3 Maii’ke MOBHOIO Bif-
CYTHICTIO MOJIOZIUX OCOOUH, IO BiJOOpaXae mpHu-
ponHi enadiuHi yMOBH CXMIIOBOTO MiCIE€3pOCTaH-
H1. OTpuMaHi pe3yinbTaTH MOXYTH CIyTYBaTH
HAyKOBUM MIiATPYHTSM JJsi opraHizauii MOHITO-
PHUHTY BITOMHX MicIie3HaX0JKeHb 4. dasyanthus,
po3po0IeHHsT peKoOMeHAAIiid Moo 30epeKeHHs
BHJly Ta OOIPYHTYBaHHS PO3IIUPCHHS MEpexKi
npupoHo-3anoBifHoro pouay Kiposorpaacekoi
obmacrTi.
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ASTRAGALUS DASYANTHUS PALL. IN KIROVOHRAD REGION:
DISTRIBUTION AND POPULATION STATUS

Abstract

The article presents the results of a study on the chorological and coenotic characteristics and
ontogenetic spectra of Astragalus dasyanthus Pall. populations in steppe coenoses of Kirovohrad Oblast.
Information on the distribution of A. dasyanthus within the oblast has been summarized based on original
field surveys, herbarium collections of the M. M. Gryshko National Botanical Garden of the National
Academy of Sciences of Ukraine (KWHA) and the M. G. Kholodny Institute of Botany of the National
Academy of Sciences of Ukraine (KW), iNaturalist data, and published literature. On the basis of these
data, a comprehensive list of known localities was compiled and a distribution map of the studied species
in the region was produced. Analysis of the current distribution across the oblast encompassed
147 localities, of which 73 were sourced from iNaturalist, 21 from the literature, and 33 were located
within the nature reserve fund. Cartographic analysis using the nature reserve fund map of Kirovohrad
Oblast revealed that a portion of the localities identified through other sources are also situated within
existing protected areas or in their immediate vicinity. Herbarium records have been corroborated by new
findings, indicating that the species has been preserved at the majority of its historical sites. Field
expeditions were conducted on 5 July 2025 in Kirovohrad Oblast (Kropyvnytskyi District, vicinity of the
village of Kandaurove, on the right bank of the Kandaurivski Vody River) in the transitional zone between
the steppe and forest-steppe zones. A comparative analysis of the ontogenetic spectra of two closely
situated populations demonstrated that the spectra differ substantially depending on habitat conditions,
which must be taken into account when interpreting species monitoring results. The data obtained
significantly supplement existing knowledge of the distribution of A. dasyanthus in Kirovohrad Oblast
and may be used to organize monitoring of known localities, assess population status, and develop
recommendations for the conservation of the species, including the justification for the expansion of
existing and the establishment of new nature reserve fund objects.

Keywords: Astragalus dasyanthus, distribution, localities, Red Data Book of Ukraine, population,
ontogenetic spectrum, steppe, forest-steppe, nature reserve fund.
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