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CONTRIBUTION TO FAUNA OF SAPROXYLIC ROVE BEETLES
(COLEOPTERA: STAPHYLINIDAE) IN CONIFEROUS FORESTS
OF THE CARPATHIAN NATIONAL NATURE PARK

Saproxylic beetles are insects that depend on dead and decaying wood for at least part
of their lifecycle and play an important ecological roles in European ecosystems. Together
with fungi, they contribute to the destruction of deadwood as well as are involved in
decomposition processes and the recycling of nutrients in natural ecosystems. The family
rove beetles Staphylinidae is one of the largest families of beetles. Many species of the
family Staphylinidae are characterized by high abundance, a clear allocation to certain
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natural habitats, and the ability to respond sensitively to changes in the environment,
which allows them to be used as objects for bioindication of environmental pollution
processes and monitoring of ecosystems. The aim of the study is to investigate the
diversity of saproxylic beetles (Coleoptera, Staphylinidae) in primeval fir forest of the
Carpathian National Nature Park. The report is based on the results of observations and
collections which were conducted in coniferous forests of the Carpathian National Nature
Park in 2023-2024. All traps were set up and operated yearly during the vegetation
season from early April to late September. The community of saproxylic rove beetles
collected in coniferous forests of the Carpathian National Nature Park is characterized by
a high level of faunal diversity. The fauna of saproxylic rove beetles accounts for 217
species, of which 127 species are obligate or facultative saproxylic. The community of
rove beetles collected in coniferous forests of the Carpathian National Nature Park is
characterized by a high level of faunal diversity. The result of our research is a section of
the composition of the beetle community at a certain stage of forest succession. In the
future, these data can be used by researchers to assess other territories, in particular with
the aim of forming proposals for rational sustainable forest use, which Ukrainian forestry
is gradually moving towards. The presented taxonomic list does not claim to be
comprehensive, but it serves as a basis for further inventorying and monitoring the
diversity of saproxylic beetles, as well as maintaining a cadastre of natural complexes in
the Carpathian National Nature Park

Key words: Coleoptera, Staphylinidae, saproxylic species, coniferous forests, fauna.

Introduction. Rove beetes (Coleoptera: Staphylinidae) is one of the largest families
of beetles; to date, the world fauna comprises more than 66,928 species belonging to 35
subfamilies and 4038 genera [10]. More than 1,300 species are known in the fauna of
Ukraine [12].

A number of progressive adaptive features has led to the emergence of specialized
forms that successfully coexist with other animals, living in caves, burrows of mammals,
nests of birds and social insects. Most larvae and adults of rove beetles are non-specialized
predators that feed on a variety of invertebrates, acting as their natural regulators [13]. There
are significantly fewer mycophages and saprophages among them; the first feed on the
parts of fruit body and fungal spores [2, 5], while the second ones — on plant and animal
remnants taking an active part in soil formation processes and in a natural cycle of matter
[13]. Many rove beetles are characterized by high abundance, clear habitat allocation and
the ability to respond sensitively to environmental changes. These features allow them to
be used as indicators of environmental pollution and for ecosystem monitoring as well [3].

Saproxylic beetles are insects that depend on dead and decaying wood for at least
part of their lifecycle and play an important ecological roles in European biocenozis [1].
Together with fungi, they contribute to the destruction of deadwood and are involved in
decomposition processes and the recycling of nutrients in natural ecosystems. They interact
with other organisms such as mites, nematodes, bacteria, and fungi, assisting in their
dispersal across the landscape. They also provide an important food source for birds and
mammals. The conservation of beetles that depend on dying or dead wood, has received a
great deal of attention in many parts of the world in recent years. Human activities such as
urbanization and logging, and their results, e.g. global warming, destroy natural ecosystems
and threaten rare species [1].

The precise number of saproxylic beetle species is not known, but in Europe without
doubt there are several thousands of saproxylic species [8, 9]. Beetle species inhabiting
decaying wood are dependent on specific tree species, light and moisture regimes, wood
decay stage, microorganisms, and other factors [1]. Saproxylic beetles have important
interactions with other organisms which are significant for ecosystem and economy [8].

Materials and methods. The report is based on the results of observations and
collections of Yu.B. Motruk, V.I. Diedus, and M.V. Chumak which were conducted in the
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coniferous forests of the Carpathian National Nature Park in 2023—2024. All traps were set
up and operated yearly during the vegetation season from early April to late September [4].
The current taxonomic status, nomenclature, and general distribution of the species follow
A. Newton [10]. The geographical coordinates of localities and places of collecting are given
according to www.google.com/maps/. Identification to species was carried out using a
binocular magnifier MBS-10. If necessary, the mandibles, genitalia, and other parts of the
beetles’ bodies were dissected and fixed using thin dissecting needles. Sometimes the
material was clarified by boiling or holding in a 10% NaOH solution. After that, the organs
were placed in a fixing solution for long-term storage. Canadian balsam or Euparal was
used as a fixative.

Study area. The Carpathian National Nature Park (hereinafter referred to as the
Carpathian NNP) is the first and one of the largest national nature parks in Ukraine. Its
territory stretches 55 km from north to south and 20 km from west to east. The majority of
the park’s territory is located within the absolute altitudes of 500 to 2000 m above sea level.
The highest point of Ukraine, the top of Mount Hoverla (2061 m above sea level) is located
within the Park. The park is located in the highest and most interesting sector of the Gorgany
massif in terms of geography. The main part of its territory covers the upper reaches of the
Prut River and its tributaries, as well as the Chornyi Cheremosh River basin. The most
important objects of the park’s protection are natural forest, subalpine and alpine
biogeocenoses of Chornohora, relict Pinus cembra stands preserved on the rocky placers
of the Chornohora and Gorgany massifs, alpine landscapes with glacial holes, ramparts and
lakes of glacial origin, valuable botanical, geological, and morphological monuments. The
most valuable areas of the park were protected even before it was declared the National
Nature Park. However, various forms of anthropogenic impact have taken place over a large
area, resulting in significant transformations in the natural structure of the vegetation cover [6].
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Fig. 1. General view of research plots and general view of the combined window
traps.

Section of an old-aged spruce forest (Fig. 2.1). It is located on a south-eastern
slope, at an altitude of 975 m above sea level, in the unit 10, quarter 22 of the Pidlisnivskyi
Nature Research Department, Carpathian National Nature Park, near the village of
Mykulychyn. Coordinates of the section: 48.357647 N, 24.634125 E. The section is located
on well-drained, medium- and high-humus mountain-forest brown soils with a high organic
content. The age of the plantations is approximately 110 years. The tree stand is
characterized by horizontal crown closure and consists of 100% Picea abies, with some
Abies alba, Fagus sylvatica, and Betula pendula. The undergrowth is well developed and
consists of Abies alba (60%) and Picea abies (40%), which is due to the higher shade
tolerance of Abies alba, allowing it to successfully regenerate under the forest canopy. The
undergrowth is about 30 years old, up to 3 m high, with a total density of about 1000 trees/ha.
The understory consists of Rubus sp., Rhamnus cathartica, and young Picea abies. The
herbaceous cover includes Dryopteris filix-mas, Oxalis acetosella, and mosses of the
genera Pleurozium and Hylocomium. This composition is characteristic of the moist and
undisturbed spruce forests of the Ukrainian Carpathians, which contributes to the formation
of a unique microclimate and a large number of microhabitats.

Section of a middle-aged spruce forest (Fig. 2.2). It is located on a southwestern
slope at an altitude of 820 m above sea level, in the unit 5, quarter 11 of the Pidlisnivskyi
Nature Research Department, Carpathian National Nature Park, near the village of
Mykulychyn. Coordinates of the section: 48.378711 N, 24.601081 E. The section is located
on acidic brown soils, with significant development of larch-spruce type litter. The age of the
plantations is about 60 years. The plantations are represented by a pure stand of Picea
abies (100%), without accompanying species. The undergrowth is fragmented, mainly
consisting of young Picea abies. The understory includes Rubus idaeus, Rubus fruticosus,
Juniperus communis as well as typical shade-loving species, including Oxalis acetosella
and Dryopteris austriaca. The dense canopy closure, limited access to sunlight, and large
amount of dead wood, represented mainly by branches and scattered fallen tree trunks,
create conditions for the development of many species of saproxylic insects that colonize
dead wood at various stages of its decomposition.
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Fig. 2. Location of the study area in fir forest of the Carpathian NNP: 1 — section of
an old-growth spruce forest; 2 — section of a middle-aged spruce forest; 3 — section of a
middle-aged spruce forest; 4 — section of an old-aged fir forest; 5 — section of a middle-
aged managed fir forest; 6 — section of an old-aged non-managed fir primeval forest or
forest; 7 — section of a middle-aged managed spruce forest.

Section with a drying old-aged spruce forest (Fig. 2.3). It is located on a south-
eastern slope, at an altitude of 715 m above sea level, in the unit 5, quarter 11 of the
Yamnianskyi Nature Research Department, Carpathian National Nature Park, near the
village of Mykulychyn. Coordinates of the section: 48.412419 E, 24.589156 E. The section
is located on predominantly humus-brown soils with reduced acidity. The age of the
plantings is about 100 years. The tree stand is represented by Picea abies (90%) and Abies
alba (10%), with a small admixture of Fagus sylvatica. The undergrowth consists of
Calamagrostis arundinacea, Calluna vulgaris, and young tree seedlings. Increased light
under the forest canopy actively promotes the renewal of Abies alba and Fagus sylvatica.
Within the site, the forest is severely damaged by Ips typographus, which has led to the
death of a significant number of trees, resulting in the accumulation of large amounts of
dead wood, dry wood, brushwood, and fallen trees. In some microareas with a higher
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degree of degradation, the undergrowth is dominated by grassy patches, including Rumex
acetosa and Galium mollugo. The section is of great importance as a habitat for saproxylic
insects that colonize dead wood in the middle and late stages of decomposition.

Section of an old-aged fir forest (Fig. 2.4) is located on a western slope at an
altitude of 760 m above sea level, in units 30 and 31, quarter 13 of the Pidlisnivskyi Nature
Research Department, Carpathian National Nature Park, near the village of Mykulychyn.
Coordinates of the section: 48.384000 N, 24.613367 E. The section is located on slightly
acidic and deep brown soils with a well-formed humus horizon. The section is represented
by reference old-growth fir forests, almost 190 years old. The forest stand consists almost
exclusively of Abies alba (100%), with occasional Picea abies and Fagus sylvatica. The
pure fir composition is exceptional for the region and indicates the high natural value of the
site. The undergrowth is well developed, consisting mainly of young trees around 30 years
old, with a ratio of Abies alba (80%) to Picea abies and Fagus sylvatica (20%). The average
height of the undergrowth is around 4 meters, and its density is high. The understory is
represented by phytocenoses typical of fir forests, including Corylus avellana, Juniperus
communis, and Sambucus nigra. The total undergrowth density is approximately 0.1. The
grass cover within the site is rich and consists of shade-loving plant species, including
Brachythecium ssp., Plagiomnium ssp., Asarum europaeum, and Symphytum officinale.
The site is rich in standing and fallen dead wood at various stages of decomposition,
providing favorable conditions for the development of a wide range of saproxylic insects.
The biotope is unique in terms of its naturalness and is an important reference model for
research on old-aged forests in the Ukrainian Carpathians.

Section of a middle-aged managed fir forest (Fig. 2.5). It is located on a slope of
medium steepness, north-western exposure, at an altitude of 835 m above sea level, in the
unit 19, quarter 20 of the Pidlisnivskyi Nature Research Department, Carpathian National
Nature Park, near the village of Mykulychyn. Coordinates of the section: 48.372464 N,
24.636042 E. The section is located on mountain-forest brown soils with a well-drained,
slightly acidic soil profile. The age of the plantations is about 100 years. The tree stand is
characterized by horizontal closure with uneven density, creating a mosaic structure of the
vertical profile, and is represented by mixed coniferous and broad-leaved species, with a
predominance of Abies alba (90%), with an admixture of Picea abies (10%) and a few Fagus
sylvatica. In some parts of the section, there is a decrease in closure, which promotes light
penetration into the lower tiers and stimulates the formation of undergrowth. The
undergrowth is represented by a well-developed generation of young trees, formed mainly
by Abies alba (60%), Picea abies (20%), and Fagus sylvatica (20%). The age of the
undergrowth is about 25 years, the average height is 3 m, and the density is approximately
2,000 trees/ha, which indicates that the forest is actively regenerating. In areas with low
canopy cover, the undergrowth forms local clumps among the herbaceous vegetation. The
understory consists of Rubus sp., Rhamnus cathartica, and young Picea abies. Its closure
is about 0.1, which indicates weak development of the understory in conditions of dense
light deficiency. The herbaceous cover is represented by Oxalis acetosella, Dryopteris filix-
mas, and mosses of the genera Pleurozium and Hylocomium.

Section of old-aged non-managed fir primeval forest or forest (Fig. 2.6). It is
located on a south-facing slope at an altitude of 975 m above sea level, in the unit 2, quarter
6 of the Yablunytskyi Nature Research Department, Carpathian National Nature Park, near
the village of Tatariv. Coordinates of the section: 48.349783 N, 24.544597 E. The section is
located on soils typical for the southern slopes in the upper mountain belt of the Eastern
Carpathians and is represented by mountain-forest slightly acidic brown soils with a well-
drained profile, high humus content, and medium stoniness. The basis of the spruce
primeval forest, which is about 170 years old, is Abies alba (100%) with a small admixture
of Betula pendula, in the form of single trees or lighting groups, mainly on the periphery of
the forest. The density of the plantation is uneven, which determines the mosaic structure
of the canopy and variable lighting conditions in the ground layer. The undergrowth,
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approximately 40 years old, is quite dense and well developed, consisting mainly of Picea
abies (70%) and Abies alba (30%), with an average height of up to 8 meters and a density
of approximately 1,500 trees/ha. This structure indicates active natural regeneration under
conditions of gradual thinning of the main tree layer. The undergrowth is poorly developed
but has an important structural component in the form of berry bushes. Clumps of Vaccinium
muyrtillus bushes grow sporadically across the section, covering approximately 20% of the
area. Oxalis acetosella is found in the shaded parts of the section as well as Pleurozium
schreberi and Hylocomium splendens mosses, the presence of which indicates stable
humid conditions in the environment.

Section of a middle-aged managed spruce forest (Fig. 2.7). It is located on a
southwestern slope at an altitude of 1,000 meters above sea level, in the unit 20, quarter 3
of the Yablunytskyi Nature Research Department, Carpathian National Nature Park, near
the village of Yablunytsia. Coordinates of the section: 48.353317 N, 24.513503 E. The
section is located on slightly acidic brown soils of the mountain-forest type, well-drained soils
with a high content of organic matter, where characteristic flora of shade-loving and
mesophytic species as well as a stable microclimate usually form. The age of the plantations
is about 80 years. The forest stand is characterized by horizontal canopy closure and
uneven density, with Picea abies (100%) predominating and constituting the bulk of the
forest stand, with a small admixture of Betula pendula, which grows mainly in glades or in
lighted areas. The undergrowth is fragmented, consisting mainly of young Picea abies
individuals, which occur singly or in small clusters. Abies alba is found in shaded areas,
indicating the natural dynamics of forest regeneration and a potential change in the
dominant species in the future. The understory is not particularly diverse, but there are
characteristic representatives of mesophytic and shade-loving flora, including Rubus idaeus,
Rubus fruticosus, Oxalis acetosella, Asarum europaeum as well as isolated Dryopteris and
Hylocomium splendens, Pleurozium schreberi, which form a continuous cover in the lower tier.

Results and discussion. As a result of research and analysis of the collected
material, it was found that the family of staphylinid beetles in the coniferous forests of the
Carpathian National Nature Park is represented by 217 species [7], of which 102 species
(Table 1) are obligate saproxylic organisms [10]. The vast majority of saproxylic rove beetles
do not feed directly on dead wood but they use dead wood at various stages of
decomposition as wintering sites or places where beetles pupate and then emerge as
adults. In most cases, these are representatives of the genera Lordithon, Olisthaerus,
Phloeocharis, Scaphidium, Scaphisoma, and Syntomium. The complex of cortical species
are unspecialized predators that hunt insect larvae and other invertebrates that live under
the bark of trees. These are representatives of the genera Cyphea, Dadobia, Dinaraea,
Euryusa, Phloeopora, Silusa, Leptusa, Oligota, Anomognathus, Ischnoglossa, Haploglossa,
Placusa, Phloeonomus, Phloeostiba, and Atrecus. The entire complex of mycetobiont
species is associated with various xylotrophic fungi, such as representatives of the genera
Agaricochara and Gyrophaena, whose larvae and adults feed on fungal spores while
remaining constantly on the surface of the fruiting body. There are also species of the
genera Megarthrus Oxyporus, Proteinus, Scaphidium, Scaphisoma, and Sepedophilus,
whose larvae and adults feed on basidiom particles, sometimes gnawing passages in them.
The group of mycetobionts also includes species in which one of the stages of ontogenesis
is associated with fungi, or which are found in fungi, acting as predators (genera Bolitochara
and Lordithon). In addition, 25 species identified are facultative saproxylic (Table 1), which
use dead wood as shelter or a place where they hunt for insect larvae and other
invertebrates that develop in dead wood or xylotrophic fungi.

13



Haykosi 3anucku. bionorivni Haykun. 2025. Ne 3

Table 1
Species composition of saproxylic rove beetles in coniferous forests
of the Carpathian National Nature Park
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(Erichson, 1839)
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Placusa complanata
Erichson, 1839 Sx | ob “| ]| 10
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Hapalaraea pygmaea | B B _ B
(Paykull, 1800) Sx | ob ! !
Omalium rivulare (Paykull,
1789) Sx [ob| = [ = | 1 9 1 - 4 15
Phloeonomus punctipennis
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Euplectus signatus
(Reichenbach, 1816) Sx fob| 8 | — | 1| 11] 820 1] 49
Bibloporus bicolor (Denny, L B B 3
1825) Sx |ob]| 1 2 3
Bibloporus mayeti
Guillebeau, 1888 SxoJob| T -] - -] -] -] -1
Bibloporus minutus Raffray, 33 | 21
1915 Sx |ob| 73| — [ 11 [189] 92 7 0 912
Bibloplectus tenebrosus
(Reitter, 1881) Sx ob| — | - | - |17 ol il
Trimium carpathicum
Saulcy, 1875 Sx |ob| - | - | — |208] 38| 6 - | 252
Trimium minimum Dodero,
1900 Sx |ob]| 1 - =-1-1 - - - 1
Plectophloeus fischeri
(Aubé, 1833) Sx fobl = - -2 | -]~ 2
Plectophloeus nitidus
(Fairmaire, 1858) Sx fobj — | - - |8 1] -1 129
Plectophloeus nubigena
(Reitter, 1877) Sx fobj = - -3 |- | -| -3
Brachygluta trigonoprocta L B B B B
(Ganglbauer, 1895) Sx | ob 1 1
Bryaxis frivaldszkyi (Reitter, sx |lob| 3 1 21151 & 8 1 36
1887)
Bryaxis nigripennis (Aubé, | B B
1844) Sx |ob]| 1 10| 1 12
Bryaxis viertli (Reitter, 1882) | Sx |[ob| — - - 1 - — - 1
Scaphidium
quadrimaculatum Sx 1 1 6 2 6 2 - 18
A.G.Olivier, 1790
Scaphisoma agaricinum
(Linnaeus, 1758) Sx fobj - - - |- |- |4 |48
Scaphisoma assimile
Erichson, 1845 Sx |obf — | - -2 -] 1] 1] 4
Scaphisoma boleti (Panzer,
1793) Sx |ob]| 1 - =11 - - - 2
Scaphisoma boreale
(Lundblad, 1952) Sx fobj — | 11612 -]-|-|28
Scaphisoma inopinatum
(L&bl, 1967) Sx |ob| 2 | - | = [ 1 1 1 - 5
Scaphisoma limbatum
Erichson, 1845 SxoJob| = | 1] —] - -]
Scaphisoma subalpinum
Reitter, 1881 Sx jobf 2124 -]-]-]|239
Cephennium carpathicum
Saulcy, 1878 Sx fob| = - - -] -1
Euconnus denticornis
(P.W.J.Mdller & Kunze, Sx |ob| - | - |- -] - 1 - 1
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Eutheia linearis Mulsant &
Rey, 1861 Sx |ob - =12 - - - 2
Neuraphes elongatulus
(P.W.J.Miiller & Kunze, Sx |ob - -1 - 2 3 1 6
1822)
Scydmoraphes minutus
(Chaudoir, 1845) Sx | ob - - 1
Stenichnus bicolor (Denny,
1825) Sx |ob - =-1-1 - 4 4
Stenichnus carpathicus
Lokay, 1921 Sx | ob -] -18]2]|¢8
Stenichnus godarti
(Latreille, 1806) Sx | ob ol el L e el
Bisnius fimetarius
(Gravenhorst, 1802) Ed/Sx | fc - {310 13| 7 7 42
Gabrius exspectatus
Smetana, 1952 Sx | ob 1 E i B B 4
Quedius cinctus (Paykull,
1790) Sx |ob - | 3| - 1 - 4 8
Quedius fumatus
(Stephens, 1833) Ed/Sx | f T1-14]2 - T 7
Quedius humeralis
Stephens, 1832 Ed/Sx | f L e 1
Quedius lateralis
(Gravenhorst, 1802) Ed/Sx| fc i 1
%’seg’“““c’d“'“s Erichson, | £y | fe 3|11 |26]| 10| 31|33]| 116
Quedius mesomelinus
(Marsham, 1802) Ed/Sx | fc - -1 - 3 6 2 12
Quedius paradisianus
(Heer, 1839) Ed/Sx | fc 1 4 |15 | 8 2 |14 | 46
Quedius truncicola
Fairmaire & Laboulbéne, Sx |ob -1 -1 - - 1 - 1
1856
Quedionuchus plagiatus
(Mannerheim, 1843) Sx | ob ol i L e e e
Sepedophilus immaculatus
(Stephens, 1832) Sx | ob ol B e e e e
Sepedophilus littoreus
(Linnaeus, 1758) Sx | ob ol L O e e e
Sepedophilus testaceus
(Fabricius, 1792) Sx | ob ol B e e e e
Tachinus corticinus
Gravenhorst, 1802 Ea/Sx | f SN e e B e 3
Tachinus humeralis
Gravenhorst, 1802 Ea/Sx | fe 2 41 B 1 - °
Tachinus laticollis
Gravenhorst, 1802 Ea/Sx | fe N N 1 - 1
Tachinus lignorum Ed/Sx | fc L _ _ 3 1

(Linnaeus, 1758)

18




HAYKOBI 3BAMNUCKM HAY im. M. TOronA

v
23 | o
So |
o = .
Species ,?,'g § | | mi{mwvi| v | v|wv 'It'ol
T8 (< a
g2 |5
@ g
Tachinus pallipes
(Gravenhorst, 1806) Ed/Sx| fc | 4 2 - 113113 ] 3 13 | 48
Tachinus proximus Kraatz,
1855 EdSx|fc| - | = | = | - 4 - - 4
Tachinus rufipennis
Gyllenhal, 1810 BdSxffe| - - | - |2 |- |- |~-| 2
Tachinus subterraneus
(Linnaeus, 1758) e B e T e e e e e
Atrecus affinis (Paykull,
1789) Sx |ob| - | - | - 1| - - - 2 2
Atrecus pilicornis (Paykull, |
1790) Sx |ob| 4 5 3 8 9 29
Othius crassus
Motschulsky, 1858 BdiSxffe| - 2| - |- | - |~ |~| 2
Othius subuliformis
Stephens, 1833 BdiSx(fc| - | 65| 2| -| - ||~ 7
- . ) 50/2150/7137/3|71/9(54/38|55/86|47/5| 128/
Total (species*/specimens): %! 3losl|57] 5 1 99 | 3089

Note: Ed — edaphic or edaphicolous species; Sx — saproxylic species; fc — facultative
saproxylic species; ob — obligate saproxylic species; | — section of an old-growth spruce forest;
Il — section of a middle-aged spruce forest; Ill — section of a middle-aged spruce forest; IV —
section of an old-aged fir forest; V — section of a middle-aged managed fir forest; VI — section of
an old-aged non-managed fir primeval forest or forest; VIl — section of a middle-aged managed
spruce forest.
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A0 ®AYHU CANMPOKCUNOBIOHTHUX XYKIB-CTA®ITIHIA
(COLEOPTERA: STAPHYLINIDAE) XBOUHUX NICIB
KAPMATCbKOIo HALIOHANBHOIO NMPUPOAHOIO MNMAPKY

CanpokcunobioHMHi XyKu — ue KoMaxu, siKi Ha pi3HuUx cmadisx Xummegoz2o UUKITY
3anexamp 6i0 Mepmeoi ma 2HUrHOi depesuHU ma eidigparomb 8aXIlUBY EKOJo2iHHYy
porb y bioueHo3ax €eporiu. Pa3om i3 gpubamu 60HU eucmynarome 8 posii decmpyKmopie
mepmeoi depesuHuU, a makox bepymb ydacmb y npouyecax IpyHmMoOymeopeHHs ma
Kpya00bigy peuosuH 6 npupodi. PoOuHa Xykig-cmaabiniHio € o0Hieto 3 Halbinbuiux poOuH
Xykie. bazamo eudie poduHu Staphylinidae xapakmepu3syrombCsi 8UCOKOK YUCEeSlb-
Hicmito, Yimkum po3rodirioM Ha nesHi MpupoOHi cepedosulya iCHys8aHHs ma 30amHicmio
4ymiiueo peaayeamu Ha 3MiHU 8 HaBKOMUWHBbOMY cepedosulyi, o 00380s15i€ BUKOPUC-
mosysamu ix sk o6’ekmu 0ns 6ioiHOuKauji npouecie 3abpyOHEeHHS HaBKOMUWHBL020
cepedosulya ma MoHimopuHay ekocucmem. Memoro JOCTiOKEeHHS € BUBHYEHHS Pi3HOMa-
HIMms1 canpokcunobioHMHUX XyKie-crmagbiniiHid xeolHuUX nicie Kapriamcekoeo Haujo-
HanbHO20 rpupodHo20 mnapKy. Pykonuc 6a3yembcsi Ha pe3ynbmamax HayKosux
criocmepexeHb ma 360pis, posedeHuUX y X8OUHUX slicax KaprnamcbKo2o HauioHabHO20
rpupodHoeo napky y 2023—-2024 pokax. Yci 6ap ‘epHi nacmku abo rionimpanu ecrmaHos-
Josanucss ma rnpautosanu 0ea POKU MOCHirb, MPOomsiecoM 8ecemauiliHoeao CEe30HY 3
roYamky KeimHsi 00 KiHUsi 8epecHSsl. YepyrogaHHs canpoKcunobioHMHUX xykKig-cmacbi-
NiHIO, 3i6paHux y xeoUHUX ricax KapramcbKoeo HauioHarnbHO20 MpupoOHO20 MapKy,
XapakmepusyembCsi BUCOKUM PigHeEM 8UO08020 pidHOMaHImmsi. @ayHa canpoKCUbHUX
XKyKig-cmacbiniHio Hanidye 217 sudis, 3 skux 127 € obniczamHumu abo ¢hakynbmamus-
HUMU canpokcunibHUMU gudamu. Pe3ynismamom Hawio2o OOCiOKEHHS € 3pi3 pi3HO-
MaHHImmSs yepynosaHHb rpedcmasHuUKie poOUHU Ha NeeHUX emanax /1icogoi cykyecii. Y
maltbymHbomy Ui 0aHi MoXymb Oymu eukopucmani 0ocriOHUKamu 0151 OUIHKU PieHsT
36epexeHocmi iHWUX mepumopill, 30Kkpema 3 Memoto ¢hopMy8aHHs MPono3uyit uodo
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pauioHanbHO20 Ccmasnoz0o JliCoOKopUCmMyeaHHsl, 00 Y020 [0CmYyrno8o pPyXaembCsi
yKpaiHcbKe nicoge eocriodapcmeo. pedcmaessieHuti makCOHOMIYHUL CrUCOK He rpe-
meHAye Ha r1ogHomy, asne € 0CHOB8o0 Or1s NodarbWol iHeeHmapu3auii ma MoHimopuHay
pi3HOMaHImms carnpoKcunobioHMHUX meepOOKPUIIUX, a MaKoX eedeHHsI Kadacmpy
rpupodHux Komrnekcie HIM «Kapramckudi».

Knrodoei cniosa: XKyku-cmacgbiniHiou, canpokcunobioHmHmHi 8udu, X80UHi riicu, ¢ghayHa.

Cmamms Haditiwna 04.09.2025 poky
PeueHsist Haditiwna 22.09.2025 poky
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BMNUB NEPEQNOCIBHOI OEPOBKU HACIHHA KOMBIHALISIMU
METABOMIYHO AKTUBHUX PEYOBWH HA PICT LIYKPOBOI KYKYPY131

[ns nidsuweHHs epoxaliHocmi ma 6iofio2iyHOI MPodyKmMuU8HOCMI UyKposoi KyKypyd3u
mpuearomb aKmueHi NowyKU egeKmuUBHUX agpomexHOroeiHHUX 3axodie, 30Kpema
3acmocyeaHHsi pisHUX munie 6iocmumyrnamopie, 30amHux nidsuulysamu cmilkicmb
pocnuH 0o Oii cmpecosux YUHHUKI8 | nokpawysamu picm. OOHUM i3 nepcrekmueHuUxX
rioxo0ie Ub020 HanpsIMKy € 8UKOPUCMaHHs MemaboriiyHO akmugHUX peqosuH. Norbosi
oocnidxXeHHs ennugy Uux pedyosuH ma ix KombiHauili Ha Mopgho2eHe3 UyKpPOBOi KyKy-
pyd3u NpoeoduUNUCs Ha Mepumopii Hag4arbHO-00CiOHOI agpobiocmaHuii HixkuHCcbKo20
OepxagHoeo yHieepcumemy imeHi Mukonu lozons. Y 0Oocnidi eukopucmosysanu
HaciHHs KyKypyd3u copmy CrioKkyca, sike neped sucieom 06pobrisiiu po3duHaMmu makux
memabonidyHO akmueHUX crionyk: cynbtham maeHito (MgSQO,), ybixiHoH-10, eimamiH E,
MemioHiH ma napaokcubeH3oliHa kucrioma (MOBK). EgexkmusHicmb yux crionyk
susyarnu y cknadi makux kombiHauid: eimamiH E + yb6ixiHoH-10; eimamiH E + MemioHiH +
[1OBK; simamiH E + memioHiH + NOBK + maeHit cynbgham (MgSO,).

OuiHKy eghekmusHocmi docridx)yeaHuX npenapamig Mpo8edeHO 3a KOMI/IEKCOM maKux
OKa3HUKi8: Maca CUpOi pe4yo8UHU Had3eMHOI ma rid3eMHOI YacmuH, O08XKUHa KOPEHI8 i
razoHie, rnowa Jiucmkoeoi nosepxHi. Bidbip rpob 30ilicHo8aru Ha OCHOBHUX ¢hasax
OHmMozeHe3y: 3-5 nucmekie, sUKUOaHHSI 80710Mi, MOJIOYHa ma rio8Ha Cmuariicme.
HaliegbekmusHiwioro 3a mMacoro cupoi peq4osuHU nazoHie byria KombiHauisi y ckriadi
eimamiH E + memioHiH + INOBK + MgSO,, sika nepesuwjuna 3Ha4eHHs1 y KOHMPO-i Ha
44,3% y cbasi nosHoi cmuariocmi. Y hasi sukudaHHs 80r10mi Usi XX KoMbiHauis cripusina
306inbWEHHI0 Macu cupoi peqdoBUHU KopeHie Ha 54,3%, a nnowji nucmkie — Ha 7,4% y
ropigHsiHHI 3 KoHmposnem. Hamomicme y6ixiHoH-10 y noedHaHHi 3 eimamiHom E, He
3abesneyqus icmomHozo ripupocmy biomacu i 8 oOKpemux surnadkax Mag MeHWuUl ernug
MOPIGHSIHO 3 KOHMPOJIEM.

Takum YuHOM, ecmaHoereHo OouinibHicmb 3acmocyeaHHsi KoMbiHaujii memabosniyHO
aKmueHUX pe4yosuH y cknadi eimamiH E + memioHiH + lNNOBK + MgS O, dns nepedrocigHor
06pobKU HaciHHA UyKposoi KyKypyd3u copmy Criokyca. Take noedHaHHs cripusie
MOKpaWeHHIo pocmy, po3sUMKy ¢hOmMOCUHMemuU4YHo20 anapamy ma 3a2allbHo20
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Hakonu4eHHs1 biomacu, wo € nepedymMosoto MidsuUEeHHS 8poxaliHocmi AOCTiOKy8aHOI
Kyribmypu.

Knrouosi criosa: uykposa Kykypydsa, eimamiH E, memioHiH, ybixiHoH-10, napaokcubeH-
3ouHa kucrioma, MgSQO,, 6iomaca, picm, nnowa nucmka, MopGghoOMEeMPUYHI MOKa3HUKU.

Betyn. Llykposa kykypyasa (Zea mays convar. saccharata) € LiHHOIO OBOYEBOIO
KyNnbTYpOI0, L0 XapakTepusyeTbCA BUCOKUMU CMAKOBMMMK BMAcTUBOCTSAMU Ta 3HAYHOMO
NOXMBHOO LiiHHICTIO. [1nsa 3abe3neyeHHs hopMyBaHHsi CTabinbHOro BpoXako BaXKNUBUM €
aKTUBHWUW PIiCT Ta PO3BUTOK POCIIMH Ha NOYaTKOBUX eTanax oHToreHedy. OgHuM i3 ecbekTus-
HUX arpoTEXHIYHUX 3axoniB, SIKMM CrpUSiE MiABULLEHHIO XXUTTE3LATHOCTI NMPOPOCTKIB i
CTIMKOCTI 0 Al HecnpuaTnMBKX (bakTopiB, € nepeanocisHa obpobka HaciHHA BionoriyHo
aKTMBHUMUN pedoBuHamu [1, 2].

AKTyanbHICTb MPOBEAEHOr0 LOCHIMHKEHHS 3yMOBMIEHa HeOobXigHICTIO onTuMisauil
BMKOPUCTAHHS KOMOIHALI TakuxX peyvoBUH 3 ypaxyBaHHAM 6ionoriyHux ocobnmsBocTen
KynbTypu, da3 ii po3BUTKY Ta BMMMBY abiOTMYHMX YMHHUKIB cepedoBuLla. Y HayKoOBil
nitepaTtypi BUCBITIIEHO MO3WUTUBHUIA BMSMB Pi3HMX TPyn OIOMOrYHO aKTUBHUX CMOMyK —
30KpeMa perynsiropis pocty, aMiHOKMUCIOT, MIKpOENEeMEHTIB, 'YMIHOBMX PEYOBUH i MiKpobio-
NOriYHNX NpenapariB — Ha NOKA3HMKN CXOXKOCTI HACIHHS Ta MmopdporeHes pocnuH. BogHodac
OinbLUICTb fOCNiopKEHb 30CepepKeHa NepeBaXkHO Ha 3epHOBUX hopMax KyKypyasn abo Ha
iHLLMX CiNbCLKOrocnoAapChkmx KynbTypax, ToAi sk cneyndika popmyBaHHA NPOAYKTUBHOMO
noTeHLiany LlyKpoBOi KyKypy3u BUBYeHa HegocTaTtHbo. OcobnmnBo akTyansHUM 3anuiua-
€TbCS NOPIBHANBHUI aHani3 ePEKTUBHOCTI KOMOIHOBAHOI Aiil METaboiYHO aKTUBHMX CMOSYK
Ha bopMyBaHHS NiA3eMHOI Ta HAA3eMHOI YaCTWUH PoCnuH [3].

CyyacHa cuctema MiHepanbHOro 1 6iOnOriYHOro XMBMEHHS Mae BpaxoByBaTh
piBeHb NPUPOAHOI POAKYOCTI FPYHTIB, KMiMaTU4YHi OCOBNMBOCTI perioHy Ta TEXHOMOTiYHI
0CcoBNMMBOCTI BUPOLLYYBaHHS KyrnbTypu. OcoGnvBoOi HayKOBOI yBaru 3acriyroBylOTb pedo-
BVMHW, 30aTHI HE NUWLIE aKTUBI3yBaTU PO3BUTOK KOPEHEBOI CUCTEMMW, are W niaBuLLyBaTh
3aranbHy CTPEeCOCTIMKICTb POCNMNH A0 BIOTUYHKMX i abioTUYHUX hakTopiB, WO B NiACYMKY
crpusie OPMyBaHHIO MOBHOLIHHOMO Ta NPOAYKTMBHOrO ctebnoctoto. [1o Takmx peyoBUH
HanexaTb MeTaboniyHO aKTVMBHI CMOSYKM MPUPOOHOrO MOXOKEHHS], 30KpeMa BiTaMiH E,
y6ixiHOH-10, MeTioHiH, napaokcnbeHsomnHa kucnota (MOBK) Ta cynbdat marhito (MgSO,),
SKi BifirpaloTb BaXXNMBY Porib Y perynsuii obmiHy pe4oBuMH, aHTMOKCMOAHTHOMY 3aXMCTi, a
TaKoX Y CUHTE3i (DITOrOPMOHIB i CTPYKTYPHUX KOMMOHEHTIB KNiTUH. IX BUKOPUCTaHHS Y
nepeanocisHii 06pobLi HaCIHHA PO3rNAaaeTbCs K NEPCNEKTUBHUN NPUAOM NiOBULLEHHS
NPOAYKTUBHOCTI LIYKPOBOI KyKYpY[3W 3a paxyHOK MOKpaLLeHHs MO4aTKOBOro POCTy Ta
PO3BUTKY POCHUH [2-4].

MeTolo gocnimKkeHHA Oyno BCTaHOBUTK BNMB KOMOIHALM GiONOrYHO aKTMBHUX
PEYOBUH Ha PICT MiA3eMHOI Ta HaA3eMHOI YacTUH LYKPOBOI KyKYpYyA3u Ha pisHMX eTanax
OHTOreHe3y Ta BUSIBITEHHS HanbinbLL ePeKTUBHMX NOEHaHb A8 NepeanociBHOI 06podku
HacCiHHS.

MeTtoponoria gocnimkeHHs. [locnimkeHHa npoBoaunocs y 2024 poui Ha TepuTopil
HaBYanbHO JocnigHoi arpobiocTaHuii HiKMHCBKOro OepKaBHOro YHIBEPCUTETY iMEHI
Mwkonu Norons (YepHiriscbka 0611., YkpaiHa). O6’ekToM JOCTigKEHHS By POCIIMHU KYKY-
pyasu uykpoBoi copTy Cnokyca Ha pisHux pasax po3sutky. lNepen BUCIBOM HacCiHHs
06pobnanm koMBiHaLisMM MeTaboniuHO aKTUBHUX PEYOBUH, cepen skux bynu: BitamiH E,
yOixiHOH-10, MeTioHiH, napaokcnbeHsonHa kucrota (MOBK) Ta MgSO.,.

HocniopkyBaHi pe4oBMHM BUKOPUCTOBYBAM Y CKIagi Taknx KOMOiHaLin:

1. BitamiH E + y6ixiHoH-10.

2. BitamiH E + meTioHiH + MNMOBK.

3. BitamiH E + meTioHiH + NOBK + MgSQO,.

K KOHTPOMbHUI BapiaHT BUKOPUCTOBYBanM HaciHHSA, 06pobrieHe AUCTUNLOBAHOK
BoZOl0. [Ons ouiHKM edeKTUBHOCTI koMbBiHauin aocnigxyBaHUX MeTaboniyHO akTUBHUX
crionyk 6yno 3actocoBaHo npenapat Bumnen-2.
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Bumnen-2 — ue perynatop pocTy MPUPOAHO-CUHTETUYHOIO MOXOMMKEHHS 3 KOH-
TaAKTHO-CUCTEMHOIO [i€l0, SIKUA BUKOPUCTOBYHOTb AN NepeanociBHOI 0OpOOKM HAaCiHHS.
loro 0CHOBHI BMACcTVBOCTI BKMKOYAKOThL CTUMYITIOBAHHS! POCTOBYX MPOLIECIB | (DOTOCUHTESY,
perynioBaHHa TpaHcnipauii Ta iHTEHCMBHOCTI MOrMWHAaHHS MiHepanbHUX efleMeHTIB.
MpenapaTt TakoX cnpusie NPOPOCTaHHIO HAaCiHHS Ta POCTy BeretatuBHWX opradis. [o
cknagy npenapaty Bumnen-2 Bxogatb GaratoaTtomHi CnvpTK, KapOOHOBI M TyMiHOBI
kucnoTn. Moro 3acTocoBytoTb Ans 06pobKM HACIHHA OBOYEBMX KyMNbTYP, COHSLLHMKY Ta
3epHOBUX KynbTyp. Pobounii po3unH npenapaty rotyBanu 3rigHo 3 iHCTpykuieto: 10 mn
npenapaty posunHanu y 0,5 n Boan, Micna 4Yoro HaciHHA 3amModyBann y LibOMY PO34MHi
nNpoTArom 2 roavH [5, 6].

MNMepenociBHy 06pO6KY HACIHHSA LLyKPOBOI KYKYPYA3u MeTaboniyHO akTUBHUMM peYo-
BMHaMW 34iMCHIOBaNM LUMSIXOM 3aMOYyBaHHS Yy BOOHUX PO34MHaxX MPOTAroM 2 roauH npu
Temnepatypi 20+2 °C. Ticna obpobkM HaciHHS BuciBanuM 6e3nocepedHbo y IPYHT Ha
JocnigHux AingHKax ekcnepumMeHTanbHOro nond. Yci BapiaHTn gocnigy BupoLlyBanu 3a
OHAKOBUX arpoTexHiYHUX yMoB, 6e3 [oAaTKOBOro BHECEHHHA MiHepanbHuUX A06puB Ta
3POLLEHHS, LLIO 403BOJIASIO OLHUTY BMNMB Nnu1wwe cpaktopy 06pobku [7, 8].

OuiHKY pocTy Ha3eMHOI Ta nig3eMHOT YacTHU 3aiicHIoBanu y dasax 3-5 NUcCTkis,
BMKWAAHHS BOOTi, MOSIOYHOI CTUIMOCTI Ta NOBHOI CTUIMOCTI. BUMiptoBanu HacTymHi MOKa3HWKU:

e CepefHs KinbKiCTb KOpeHiB

e CepeiHs OBXMHa KOpeHs,

e CepeHs AOBXMHA Hag3eMHOl YaCcTuHM,

e cepeiHs NroLLa NUCTKOBOI NNaCTUHKM,

e CepeHsa Maca CUpOI peYOBMHU KOPEHS,

e CepenHsa Maca CUpOoi PpeYOBUHW NaroHa.

OBpoOKy OTpMMaHKX pe3ynbTaTiB NPOBOAUIIN i3 BUKOPUCTAHHSIM METOoAiB MaTema-
TWUYHOI CTaTUCTUKM 3 BU3HAYEHHAM OOCTOBIPHOCTI BigMIHHOCTEN MiXK BapiaHTaMu Ha piBHi
p <0.05 [8].

Pe3ynbTaTti gocnigkeHb Ta iXx 06roBopeHHs1. 3 METOIO OLLIHKM BNNM1BY KOMBIHALLIN
MeTaboni4YHO aKTMBHMX PEYOBUH Ha PIiCT LIYKPOBOI KyKypyasn copTy Criokyca Gyro npose-
[eHo MophOMETPUYHI BUMIPIOBaAHHS Ha Pi3HNX eTanax oHToreHesy. OTpyuMaHi pesynsTtatu
[al0Tb 3MOry KOMMMEKCHO OLHUTU €PEKTUBHICTb KOXHOIO 3 JOCHiPKYBaHUX BapiaHTIB.

3a pesynbTatamu JocnimkeHb y dasi 3-5 NUCTKIB Hawkpal pesynbTatu Oynum
BiOMiYeHi y BapiaHTi 06pobkM HaciHHS kombiHaujieto 3 BiTamiHy E + meTioHiH + MNMOBK +
MgSO, (Tabnuuga 1). Y uboMy BapiaHTi KinbKiCTb KOpeHiB carana 12,95 wr., wo Ha 20,5%
nepeBuLLYE 3HAYEHHST KOHTPOIHO. [JOBXNHA KOPEHeBOI cucTemun ctaHosuna 73,28 cm, Wwo
Ha 14,04% GinbLue, HiX y KOHTPONi, @ Maca cnpoi pevoBuHU kopeHis — 0,419 r npotm 0,337
I KOHTPOMbLHOIO BapiaHTy. Y LibOMY X BapiaHTi cpikcyBanacs i HanbinbLUua JOBXMHA NaroHiB
Ta nnoLa nNMCTKOBOI NNACTUHKK, LLIO NepeBULLLYBanM KOHTPOIbHI 3Ha4YEeHHs BiAMOBIAHO Ha
3,05 cm Ta 14,9 cm?®. Maca cupoi peyoBMHM MNaroHiB ctaHoBura 4,86 r, WO TaKox
nepeBuLLLYBano KOHTPOSbHI 3HaYeHHs Ha 0,76 T.

Tabnuusa 1
Brinue komb6iHayili Mema6osliyHO akmueHuUX pe4oeUH Ha Mopgbogbiziosno2iyHi
MOKa3HUKU POCIIUH YyKpPOoeoi KyKypyd3u copmy Criokyca y ¢hasi 3-5 nucmekie

KinbkicTs || JoBxXuHa Mace‘i [oBxunHa Maca cupol Mnowa
. . . Cupoi . PEYOBUHM
BapiaHT KOPEHIB || KOpeHiB naroHis i nncTKa
() (cm) pevoBUHU (om) naroHis (r) (W)
KopeHiB (r)
10,75+ || 64,26 + 0,337 + 32,14 + 114,23 +
Kokmpore 0,54 3,21 0,017 161 |+12£021) 5o,
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KinbkicTs || [JoBXMHa Mace'i. [oBxuHa Maca cvpoi Mnowa
. . . CVpOi . PEYOBUHMN
BapiaHT KOPEHIB || KopeHiB naroHis . nncTKa
() (om) pPEYOBUHN (om) naroHie (r) (ow?)
KOpeHiB (r)
BIT.' .E + 8,95+ 43,91*1 0,365 * 33,54 3,82 +0,19* 95,93*1
yOixiHOH-10 0,45 2,20 0,018 1,68 4,80
BiT. E +
eTioHiH + 9,45+ 49,58+ || 0,377 30,33 3.98 + 0.16* 92,44 +
MOBK 0,47 2,48 0,019 1,52 4,62
BiT. E +
METIOHiH + 12,95+ || 73,28+ || 0,419 35,19 ¢ 486+ 0.24* 129,09 £
MOBK + MgSO, 0,65 3,66 0,021 1,76 6,45
11,35+ || 68,11+ || 0,391 % 32,85 ¢ L 119,45 +
Bumnen-2 057 | 341 | 0,020* 164 ||484E024) 547

MpumiTka: * — pi3HMLA AOCTOBIPHA NOPIBHSAHO 3 KOHTporeMm, p < 0,05

Y hasi BUKMaaHHs BOSOTi HavieeKTUBHILLIO Takox Byna koMbiHauisa 3 BiTamiHy E
+ meTioHiH + NOBK + MgSO, (Tabnumus 2). Y uboMy BapiaHTi cepeaHsi JOBXNHA KOPEHIB
carana 238,7 cm, wo mamke Ha 85 cm Oinblue 3a 3Ha4yeHHs y koHTponi. Maca cupoi
peYoBUHM KOpeHiB cTaHoBMna 3,92 1, ToAi sk y KoHTponi — 2,54 r, a maca naroHis — 51,15,
wo Ha 17,54 r Binblue, HPK Y KOHTPOSIbBHOMY BapiaHTi. 3Ha4YHO BULLMMK Bynn i MOKA3HMKM
nnowi NMcTkoBoi MnacTnHkM (1201,4 cm?) Ta goBxuHM naroHiB (110,1 cm) NopiBHSAHO 3
KOHTpornem. BapiaHT 3 BitamiHoM E + yBixiHoHOM-10, He3Baxkatoum Ha 36inbLUEHHST KiNbKOCTi
KopeHiB (21,85 wWIT.), Noka3aB 3MEHLUEHHS OOBXUHU kopeHiB (143,9 cMm) Ta macu cupoi
peyoBUHM NaroHiB (34,82 r) NOpIiBHAHO 3 iHLLIMMW OOCMIZHUMW BapiaHTaMm.

Tabnuusa 2
Bninue kom6iHayili Mema6osiiyHO akmueHuUX pe4o8UH Ha Mopgbogbizioso2iyHi
MoKa3HUKU POCJIUH UyKpoeoi KyKypyd3u copmy Crniokyca y ¢ha3i eukudaHHsi

eosiomi

Maca Maca
. cupoi OB- cupoi || Mnowa
KinbkicTs || JoBxuHa P A P W
. . . peyo- XMHa || peyoBu- | NMCTKa
BapiaHT KOpEHIB || KOpeHiB . 5
BMHW || MAroHis HM (c™m?)

(wr.) (cm)

KopeHiB || (cm) naroHis

() ()

15,25+ || 1539+ || 2,54+ ||102,3 | 33,61+ | 11188+

KoHTporb 0,76 7,69 0,127 || 5,11 1,68 55,94

21,85+ || 1439+ || 237+ [[106,3+| 34,82+ ||1003,3 +

Bit. E + y6ixiHoH-10 1,09* 7,20 0,12 5,31 1,74 50,16*

Bit. E + meTioHiH + 1510+ || 1721+ || 294+ | 108,3+| 37,71+ ||1004,1 +
MNOBK 0,76 8,60* 0,15* 5,42 1,89* 50,20*
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Maca Maca
KinbkicTs || JoBXuHa cvpol flos- cvpol Mrowa
. . . pevo- XVHa || pe4oBu- || nucTka
BapiaHT KOPEHIB || KOpeHiB .
BUHWN naroHiB HK (cw?)
(wr.) (cm) . .
KOPEHIB (cm) naroHiB
(r) (r
BiT. E + mMeTioHiH + 21,35+ || 2387 + 3,92+ 110,11+ 51,15+ ||1201,4 +
MOBK + MgSO, 1,07* 11,93* 0,20* 5,50 2,56* 60,07
BuMnen-2 16,32+ || 1614+ 290+ |[105,1+| 40,81+ (/11319
0,82 8,07 0,15 5,25 2,04* 56,60

MpumiTka: * — pi3HMLA AOCTOBIPHA NOPIBHSAHO 3 KOHTporeMm, p < 0,05

Y @asi MOMOYHOI CTUrMOCTI HaMBWLLi MNOKA3HUKM TakoX MpPOAEMOHCTpyBana
koMbiHauis i3 MgSO,, (Tabnvuga 3). MNMpu LUbOMy KiNbKIiCTb KOpeHiB 3pocna o 24,5 wr., ix
JoBXuHa — 0o 267,8 cm, a Maca — 40 4,63 T, WO 3HAaYHO NepeBULLYE KOHTPOSTbHI 3HAYEHHS!.
HomxunHa naroHiB y LiboMy BapiaHTi cknana 133,1 cm, a nnoLia NUCTKOBOI MNAaCTUHKK —
1450,3 cM?, WO CBIigYMTb MPO BMCOKY iHTEHCUBHICTb (POTOCUHTETUYHUX MpoueciB. Maca
CVIPOi PEYOBMHU NaroHiB Takox Oyna HamBuULLIOK i cTaHoBMIa 56,15 r. Y dasi BukugaHHs
BOMOTi Us koMBiHaUis cnpusana 36inbleHHI0 Macu CUpoi PeYOBUHM KOpeHiB Ha 54,3%, a
nnowi NMcTkiB — Ha 7,4% Yy MOPIBHSIHHI 3 KOHTPONEM. Y CBO Yepry, POCIMHN BapiaHTy 3
0BpOBKOK HaCiHHA BiTamiHOM E + yBixiHOH-10 Manu gewo HWwkYi pesynbTaTu: AOBXMHA
kopeHiB — 118,5 cMm, Maca cupoi peyoBuHM naroHiB — 42,19 r, o Mamke Ha 25% meHLue,
HiXX y BapiaHTi kombiHauii 3 MgSO,.

Tabnuua 3
Bnnue kom6iHauiti Mema6osiivHO akmueHuUx pe4o8UH Ha Mopgbogbiziosno2iyHi
MoKa3HUKU POCJIUH YYKPOBOoi KyKypyOd3u copmy Crniokyca
y ¢hasi mosro4yHOi cmuanocmi

KinbkicTs || JoBxmMHa <|\:/||/|a? [osxuHa ||Maca cupoi|| Mnowa
BapiaHT KOPEHIB || KOpeHiB P NaroHiB || peyYoBUHM || nMCTKa
(wt.) (cm) PEHOBMHM (cm) naroHis (r) (cw?)
' KOpeHiB ()
KoHTDON 1756+ || 1705+ || 3,526 + 1152 + 38,21+ 1250,8 +
P 0,88 8,52 0,18 5,76 1,91 62,54
Bit. E+y6ixiHoH- || 19,17+ || 1185+ | 2,185 119,0 £ 42,19 13314+
10 0,96 5,92* 0,11* 5,95 2,11* 66,57
Bit. E + meTioHiH || 17,10+ || 190,6 + 3,63+ 120,8 + 43,25 + 1350,4 +
+ MNOBK 0,86 9,563* 0,18 6,04 2,16* 67,52
Bit. E + meTioHiH || 24,50+ || 267,8 + 4,63 + 1331+ 56,15 + 1450,3 +
+ MNOBK + MgSO,| 1,23* 13,39* 0,23* 6,66* 2,81* 72,52*
BUMNEn-2 18,57+ || 1874+ | 3,501+ 118,1+ 48,62 + 1261,2 +
0,93 9,37* 0,18 5,90 243" 63,06

MpumiTka: * — pi3HMLA AOCTOBIPHA NOPIBHAHO 3 KOHTporeMm, p < 0,05

Ha 3aBepLuanbHOMY eTani oHToreHe3y koMOiHauist 3 BiTamiHy E + meTioHiH + NOBK
+ MgSO, 3abesneunna Harkpalli pes3ynbTaTM 3a BCiMa MokasHukamu (Tabnuusa 4).
[omxunHa KopeHiB y LpOMYy BapiaHTi carana 278,1 cM, Maca Cupoi peyoBUHU KOPEHIB —
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5,051, goBXnHa naroHiB — 127,2 cm, nnotLla NMCTKoBOI NnacTuHkn — 1596,4 cm?, a maca
CUPOI peqoBUHM NaroHiB — 61,1 r. YCi Ui NOKasHMKN 3HAYHO MNEPEBULLYIOTbL 3HAYEHHSI
KOHTPOSIbHOrO BapiaHTy. Tak, Hampuknag, 3a Macol CUpPOi Pe4YOBWMHM MaroHiB BKa3aHa
KOMGiHaLlisi nepeBULLMIIa 3HAYEHHS KOHTPOMLHOrO BapiaHTy Ha 44,3%.

IHWi BapiaHTK 3acTocyBaHHs KOMOGIHaUiM MeTaboniyHO aKTUBHUX PEYOBUMH AN
00pobKM HaciHHA nepeg BUCIBOM MOCTYManucs 3HAYEHHsSIM OTPUMaHUM Yy BapiaHTi
3acTocyBaHHs kombiHauii 3 BiTamiHy E + meTioHiH + MOBK + MgSO,, 3okpema obpobka
HaciHHA kombiHauieto 3 BiTaMiHOM E + ybixiHOH-10 nokasana 3Ha4yHO HWXYi pesynbTaTy.
Ane usa kombiHauis edeKkTMBHO BrinMBara Ha 36inblUeHHST MoKa3HMKa KifbKOCTi KOPEHiB 40
31,21 WT., iHWIi NOKa3HMKN 3anuLWanmcs HKYMMMU, HX y BinbLLIOCTI BapiaHTiIB.

Tabnuusn 4
Brninue kom6iHauili Mema6osliyHO akmueHuUX pe4o8UH Ha Mopgbogbizioso2iyHi
MOKa3HUKU POCIIUH UyKPOoeoi KyKypyd3u copmy Crnokyca y ¢ha3i noeHoi cmuasocmi

Maca
. Maca .
KinbkicTs || JoBxmHa Mool HoBxunHa cunpol Mnowa
BapiaHT KOpEHIB || KOpeHiB P NnaroHiB ||peyvoBMHU|| fMCTKa
PEYOBUHM .
(wr.) (cm) . (cm) naroHiBs (cm?)
KopeHiB (r)
()
KoHTDOMS 19,13+ || 181,5% 3,03 1243+ | 42,35+ | 1351,37
P 0,96 9,08 0,15 6,22 212 || +67,57
Bit. E + vBixiHon-10 31,21+ || 1350+ 3,57+ 1229+ | 44,78+ || 138947
=T 156* | 6,75* | 018" 6,14 224 | +69,47

Bit. E + meTioHiH + || 18,20+ || 249,8 417 £ 124,56+ | 48,04 + || 1409,30
NOBK 0,91 12,49* 0,21* 6,22 2,40* || £70,47

Bit. E + meTioHiH + || 27,756+ || 2781+ 5,05+ 1272+ || 61,10+ || 1596,35
MNOBK + MgSO, 1,39* 13,91* 0,25* 6,36 3,05 ||+79,82*

21,55+ | 2380+ 3,78+ 126,5+ | 45,50+ || 1389,90
1,08 11,90* 0,19* 6,33 2,27* || £69,50

MpumiTka: * — pi3HMLA AOCTOBIPHA NOPIBHSAHO 3 KOHTporeMm, p < 0,05

Bumnen-2

Omxe, oTpumaHi pesynbTaTv JOChigKeHb cBigYaTh Npo Te, Lo caMe KoMbiHaLis 3
BiTamiHy E + meTioHiH + MNMOBK + MgSO,, 3abe3neunna HavBuWLLj NOKA3HUKN POCTY POCIVH
SIK Ha paHHbOMY, TaK i Ha Mi3HBOMY eTanax oHToreHesy. Taka e)eKTUBHICTb MOSICHIETLCA
CVHEPriYHOI [JEI0 KOMMOHEHTIB KOMMMEKCY, KOXEH 3 SIKMX BUKOHYE BaxnuBy disionoro-
OioximiyHy dbyHKUito. Bigomo, Wwo BiTamiH E BuCTynae sk MOTYXHWW aHTUOKCUOAHT,
cTabiniayoun KniTMHHI MeMbpaH/ Ta 3axuLaioun oOpraHenu, 30Kpema xJioponnacTtu, Bif
YLUKO)KEHHSA aKTUBHUMM (DOPMaMU KMUCHIO, LLIO OCOBNMBO BaXKIUBO Nif, Yac NPopOCTaHHSA
HaCiHHA Ta aKTUBHOrO NOAiny KmiTuH, 3abesnedvyloun 36epexeHHs yHKUiOHanbHOI
aKTUBHOCTI (DOTOCUHTETMYHOrO arnapaty. MeTioHiH — cipkoBMicHa amiHokucroTa, 6epe
yyacTb Y cuHTe3i 6inkiB, hiTOropMoHiB i noniamiHiB. Lii pe4oBrHU perynioTb picT i noain
KNiTUH, TUM CaMMM CTUMYIIOKTb PO3BUTOK HAaA3EeMHOI i Mig3eMHOI YaCTUH POCIUH,
CMpUSIFOYU KpaLLLOMY YKOPIHEHHIO Ta POCTY NaroHiB. [NapaokcmbeH30oHa KUCoTa, Sk aHarnor
NPUPOLHUX (DITOFOPMOHIB, 30KpEMa ayKCUHIB, NiABULLYE IHTEHCUBHICTb POCTY KOPEHEBOI
cuctemn, 36iNbLUYOYM MOMMMHANbHY 34aTHICTb KOPEHIB Ta MoKpallylun BOAHe |
MiHeparbHe XuBneHHs. MarHin cynbart Bigirpae Kno4oBy porb Y OTOCUHTESI, aKTUBYE
depMeHTH, Lo BepyTb y4acTb B EHEPreTUYHOMY OOMIiHI Ta CMHTESI BINKIB i MOro HasiBHICTb
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cnpusie BinbLU akTUBHOMY PO3BUTKY NMCTKOBOI NOBEPXHI Ta 3aranbHOMY NpUpocTy Giomacu
pocrnuH [1-4].

BucHoBKW. TakvM YMHOM, 3aCTOCYBaHHS KOMBIHALiT MeTaboniYHO akTUBHWUX peYo-
BWH Yy cknagi BiTamiHy E + MeTioHiH + napaokcnbeHsonHa kucrnota + MgSO, Moxe po3rns-
Aatncs §K NepcrneKkTBHUA eneMeHT arpoTeXHONOrii BUPOLLYBaHHSA LIYKPOBOI KyKypyA3w
copty Cnokyca. YnpoooBx Yycix a3 OHTOreHesy usl KOMOiHauia cronyk ctabinbHo
3abesneyyBana HamBuLLi MOKA3HWKN POCTY HAA3eMHOI Ta Nig3eMHOI YacTuH: crnocTepira-
nocs icToTHe 36inbLUEeHHS JOBXUHM Ta Mack CUPOT peHOBUHN KOPEHEBOT CUCTEMMU, JOBXUHU
naroHis, NSIOLLi NIMCTKIB Ta 3aranbHOi CMPOI Mack Hag3eMHOT YaCTUHU POCIINH.

OTpumaHi pe3ynbTaTv OOUINLHO BUKOpUCTaTK AN (hOpMYBaHHSA afanTMBHUX CXeM
0BpOoBKM HaCiHHA LYKPOBOI KYyKYpya3wW 3 ypaxyBaHHsM CTpecoBMX (DaKTopiB AOBKIMMs.
Mopanblui gocnimkeHHss MaloTb GyTM CNpsIMOBaHi Ha BU3HAYEHHS BMNMBY 3a3HAYeHUX
PEYOBUH Ha MOKA3HWKN YPOXaMHOCTI, SKICTb NPOAYKUil Ta €eKOHOMIYHY edeKTUBHICTb
TEXHOIOTII.
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THE EFFECT OF PRE-SOWING SEED TREATMENT
WITH COMBINATIONS OF METABOLICALLY ACTIVE SUBSTANCES
ON THE GROWTH OF SWEET CORN

In modermn agricultural production, effective methods for increasing the yield and biological
productivity of sweet corn are being actively explored, particularly through the use of
biostimulants that enhance plant resistance to stress factors and stimulate growth. One
ofthe promising approaches is the use of metabolically active substances. To assess their
impact on plant morphogenesis, a field experiment was conducted at the Research and
Training Agro-biostation of Mykola Gogol Nizhyn State University.

The aim of the study was to determine the effectiveness of pre-sowing seed treatment of
sweet corn (cv. Spokusa) with metabolically active substances and their combinations for
stimulating growth processes, developing the photosynthetic apparatus, and increasing
the overall productivity of the crop.

In the experiment, seeds of the Spokusa variety were treated before sowing with solutions
of magnesium sulfate (MgSO,), ubiquinone-10, vitamin E, methionine, para-
aminobenzoic acid (PABA), and their combinations: vitamin E + ubiquinone-10; vitamin E
+ methionine + PABA; vitamin E + methionine + PABA + MgSQ,. The control variant
involved seeds treated with distilled water; for comparison, the commercial product
Vympel-2 was used. Sampling was carried out at the following growth stages: 3-5 leaves,
tasseling, milk ripeness, and full ripeness. Morphometric parameters were evaluated,
including fresh weight of aboveground and underground parts, shoot and root length, and
leaf surface area.
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The highest efficiency was observed with the combination of vitamin E + methionine +
PABA + MgSO.,. At full ripeness, this treatment increased the fresh weight of shoots by
44.3% compared to the control; at tasseling stage, root biomass increased by 54.3%, and
leaf area exceeded the control by 7.4%. Whereas the combination of ubiquinone-10 and
vitamin E did not demonstrate a beneficial effect and in some cases even reduced
biomass accumulation.

Scientific novelty lies in the first-time investigation of the complex effect of new
combinations of metabolically active substances on the growth and development of sweet
com (cv. Spokusa) under the conditions of the Left-Bank Forest-Steppe of Ukraine.
Practical significance of the obtained results is the confirmation of the effectiveness of pre-
sowing seed treatment with a combination of vitamin E, methionine, PABA, and MgSO,
as an efficient agrotechnical approach that enhances growth processes, promotes the
development of the leaf apparatus, and contributes to biomass accumulation, which
ultimately serves as a prerequisite for increased crop yield.

Key words: sweet corn, vitamin E, methionine, ubiquinone-10, paraoxybenzoic acid,
MgSO,, biomass, growth, leaf area, morphometric parameters.
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BB AEPOMOJIIOTAHTIB MPUMATICTPAINBbHUX TEPUTOPIN
HA AKTUBHICTb AHTUOKCUOAHTHUX ®EPMEHTIB
BEFETATUBHUX OPIAHIB OEPHOYTBOPIOIOYUX TPAB

LepHoymeoprorodi sudu mpas, wo 3pocmaroms y himoueHo3ax npoMuciosux 30H ma
83008 asmomagzicmpariel, 3a3Haromb XPOHIYHO20 6riugy aepornonrmaHmie, Wo
pu3sodume 00 MOPYWeHHsT MemaboriiyHUX MPOUECie POCIUHHO20 Op2aHi3My i Moxe
MPOSIBIAMUCH Y 3HUXEHHI adanmueHo20 nomeHuyjasny sudis. Y eidnosidb Ha cmpecosi
YUHHUKU aKkmueyemscsi aHmuokcudaHmHa hepMeHmamueHa cucmema, 30KpeMa
Kamarnasa ma nepokcuda3sa, ki HelUmparnisytomb akmueHi ¢hopmu KucHo. Memoro
OocridxKeHHs1 6yro 8U3HaYeHHsT aKkmugHOCMi aHMUoKcuGaHMHUX ¢hepMeHmis, a came
kamanasu (K® 1.11.1.6.) ma nepokcudasu (K®.1.11.1.7), Ha pi3HUx emanax oHmoze-
He3y pocnuH 0n1s1 oUiHKU cmitikocmi gudie depHOymeopHooHUX mpas 8 ymosax ypbaHiso-
8aHo20 cepedosuluya 3a erugy sukudie asmompaHcriopmy 8 Mm.[Hinpo. O6’ekmamu
docnidxeHb b6ynu nupiti nos3yqul (Elytrigia répens (L.) Nevski.) ma muwili 3eneHuli
(Setaria viridis (L.) Beauv.). BcmaHosneHo, wo e 8epHoymeopioroHux pocnuH Elytrigia
répens ma Setaria viridis, criocmepieanocb 00CMOBIPHe MIOBULUEHHS aKmueHOCMi
Kamarna3u ma nepokcuda3u y eeeemamusgHUX opaaHax 3a eriugy aeporiosomadmis.
BusierieHo nocuneHHs1 akmueHoCcmi kamarsna3su ropieHSIHO 3 KOHMpPosieM 8idrnoeiOHo Ha
16-46 % e nucmkax i 10-49 % e KopeHsix (nupiti noe3y4udl) ma Ha 23-70 % e nucmkax i
Ha 20-68 % e kKopeHsix (Muwil 3eneHuli). B xodi oHmMoeeHe3y 3apeecmposaHo
iHmeHcudpikauito akmueHocmi rnepokcudasu y fucmkax | KOopeHsix O0CrioxysaHuX
pociuH: 8 ¢hasy eipaiHinbHy nupit noesy4uti (35 % i 25 %), muwit 3eneHut (65,5 % i
50 %); 8 2eHepamusHy ¢pa3y nupiti nosdyyuti (35,5 % i 49,5 %), muwiti 3eneHuti (67,5 %
i 56,5 %), 8 cybceHinbHy chady nupit nosdyyuli (46 % i 38,5 %), muwidi 3eneHuti (59,5 %
i 49 %). Halieuwj 3Ha4yeHHs1 ¢hepMeHmamueHOi akmueHOCmi criocmepiearomscsi y
pocrniuH Ha docnidHit dinsHui 6ina [MS3. [lokasHuku akmueHocmi Kamanasu ma
repokcuda3su € saxueumu Or1si MOHIMOPUH2Yy cmaHy OepHOYMeOPoYUX POCIUH Y
cmpecosux ymoeax U ix cmilikocmi 0o ernnuey 3abpyOHeHHsT roeimps 8 MiCbKOMY
cepedosuwli. BusiereHi 3MiHU akmueHocmi kKamarna3u ma repokcudasu MoxXyms 6ymu
suKopucmaHi sik HaliliHi 6iomapkepu Orisi OUIHKU pieHsT 3abpyOHEeHHST MiCbKo20 cepedo-
suwa ma eKonoaiqHoi cmiltikocmi POCAUHHUX y2pyrnoeaHb. 36irbleHHsT akmueHoCmi
aHmMuUoKcudaHMHUX ¢hepMeHmMI8 € 0OHUM i3 KITIOHOBUX MexaHi3mie adanmavuii pocriuH 00
XPOHIYHO20 8rnusy aHmMporogeHHUxX ¢hakmopie. MakcumaribHi 3Ha4eHHS aKmugHocmi
ghepmeHmie chikcyrombcsi y CybCeHinibHUX 0COBUH, WO MIOKPECIIHE 8aXXIuUeiCmb aHmu-
oKcudaHMHO20 3axucmy Ha Mi3HiX emarnax po3sumky. Halbinbwi eidMiHHOCMI MK
KOHMPOibHUMU ma OOCTIOHUMU POCIUHaMU criocmepi2aromesCs y AUCmKax, Wo Moxe
B6ymu riog’a3aHo 3 iHMEeHCUBHILIUM 8riIU8OM aepOorioftomaHmie Ha JIUCMKO8Y NMOBEPXHIO.
Pesynbmamu QocnidxeHHs1 nidmeepdxyrome OouinbHicmb eukopucmarHsi Elytrigia
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repens (L.) Nevski ma Setaria viridis (L.) Beauv sk iHOukamopHux eudie 0Ons
MOHImMopuHay cmaHy ypbogimoueHoasie.

Knrodoei criosa: depHoymeopioroui mpasu, Elytrigia répens, Setaria viridis, aHmuokcu-
OaHmHa cucmema, Kamarsna3sa, rnepokcudasa, aeporomomaHmu.

Bctyn. B cyyacHux ymoBax IiHTEHCMBHOIMO TEXHOrEHHOro HaBaHTaXEeHHS Ha
[OOBKINNst BUBYEHHS afanTauiiHUX MexaHi3aMiB POCMWH, WO 3pOCTaloTh B ypbaHizoBaHOMY
cepenoBuLj, NpMBepTae ocobnuBy yeary. OgHieto 3 KIFYOBKMX PN POCIUH, Lo BigirpatoTb
BaXNUBY porb Yy cTabinisauii rpyHTy, copmyBaHHi MikpoknimMaTty Ta nigTpUMaHHi
€KOroriyHoi piBHOBarun, € aepHoyTeopiotodi Buam [2, 3, 15]. Baposx aBTomarictpanen Ui
POCIIMHMN MOCTINHO 3a3HaloTb XPOHIYHOro BMNAMBY aepOMoOSIOTaHTIB, i aBTOTPaHCNOPT €
OOHVM i3 TONOBHMX MKepen 3abpyaHeHHs1 MOBITPSA B MiCbkoMy cepepoBuLli. [1o cknagy
aBTOTPaHCMOPTHUX BukMAiB Bxoaatb okeuanm asoty (NO, NO,), okcuam cipku (SOy),
Byrnekucnuin ras (CO;), yagHun ras (CO) neTki opraHiyHi Cnonyku, caxa, numn Ta Baxki
metarmm (Pb, Cd, Zn, Cu) [2, 15]. Lli pe4yoBMHM MatoTb BUCOKY peakuiiHy 30aTHICTb
MPOHMKATM B POCIUHHI TKAHWHW, BUKIMKaKO4M MOPAOSIOriyYHi 3MiHW (3MEHLUEHHST MIOLLj
NCTKOBOI NoBepxHi, AedopmMaLllii MUCTKIB, BKOPOYEHHS NaroHiB Ta KOPEHEBOI cuctemu),
NOpYyLUEHHsT pi3ionoriYHNx-6ioxiMmidHUX MnpoLeciB (NPUrHiYeHHST (POTOCMHTE3Y, CUHTE3Y
OinkiB, ByrneBoaiB Ta ninigis, HagMipHe YTBOPEHHS akTMBHUX ¢hopM KUCHIO). Lle, B CBOMO
yepry, 3HUXKYE afanTMBHUI NOTEHLian BUAiB, BNNMBAE Ha 30aTHICTb 0 CAMOBIAHOBIIEHHSA
[1, 14, 17].

3MiHM y Mmopdho-pizionoriyHOMY CTaHi Ta MeTaboniami EPHOYTBOPHOKOUYNX POCITUH
MOXe MPU3BOAUNTU OO0 TpaHCcopMalLlii CTPYKTYPU (OITOLLEHO3Y, 3HDKEHHS BIOpI3HOMAHITTS
Ta MopyLleHHs YHKUIOHYBaAHHA ekocucTeMu 3aranoM. Hacnigkv BnnuBy BUKMAIB
aBTOTPAHCMOPTY Ha MOPAOCTPYKTYPY Ta MeTaboni3M POCIVH 3anexaTb Bif KOHLEeHTpaLil
TOKCUYHUX PEeYOBUH i TpuBanocTi gil. [JepHOoyTBOpIooYi TpaBu, 3aBOdKW BrIaCTUBOCTI 0O
LLIBUAKOrO BIAHOBMEHHSI MEXaHIYHO MOLLUKOMKEHMX OiNSHOK Ta CTINKOCTi 40 IHTEHCMBHOMO
BMKOPUCTAHHS, € BaXMNWBUM €ErNeMEHTOM MICbKOrO O3€MNeHEeHHs, LU0 BWKOHYE HU3KY
€KOMOriYHUX, eCTETUYHMX Ta coLianbHMX dOYHKLN, Ta 3aCTOCOBYIOTECS A9 O3ENEHEHHS He
TiMbKM MapkiB, CKBepiB, a N TEXHOTEHHO MOPYLUEHNX TepuTOpil, 30kpema y36i4 gopir,
NPOMUCIIOBUX 30H [3, 6]. BukopuctaHHs B naHawadTHOMY AM3aiiHi Ta 6riaroycTpoi MiCbKux
TEPUTOPIV OEePHOYTBOPIOKYNX POCIINH Bigirpae 3Ha4YHy posib B MOKPaLLEHHI SKOCTi NoBITPS,
3HWKEHHI TemnepaTypu MOBITPs, WO MNO3UTUBHO BMNMBAE Ha (POPMYBaHHA MiCbKOroO
Mikpoknimarty, B perynsiii BogHoro 6anaHcy ta 36epexeHHi 6iopisHOMaHITTSA.

[Ons 306epexeHHs (OYHKLOHANbHOCTI POCIIMHHOIO OpraHisMy i MigTpyMaHHs
roMeocTasy 3a HeraTMBHOIO BMIMBY YMOB MICbKOrO CepefoBMLLa SK 3axMCHa peakuis
aKTUBYIOTBCS A0AATKOBI MEXaHi3Mu1 perynsiuii, 30kpema aHTUoKCUaaHTHa oepMeHTaTuBHa
cuctema (KaTanasa, nepokcuaasa Ta cynepokcupaumcmytasa) [2, 13, 14]. MNigsuweHHa
aktuBHocTi CO[] 3a fii aepoTexHOreHHOro 3abpyaHEHHs NPU3BOAWTL OO HAKOMUYEHHS B
POCNMHHOMY OpraHi3mi Mepokcuy BOAOHIO, SKUA € TOKCUYHOK CrOMYKOK | HeraTUMBHO
BrnuBae Ha MetabonivHi npouecu. OCHOBHUMMK chepMeHTamMu, ki 3HeLkogkyoTb H202 B
KniTMHax, € katanasa i nepokcugasa. Lli eHsumMu npautoloTb y Apyrii fiHii 3axucTy Big,
OKUCHIOBANbLHOro ctpecy. Katanasa € ogHMM 3 HanakKTUBHILLMX OEPMEHTIB Y POCINHAX.
Bigomo, 110 BUCOKa aKTMBHICTb KaTanasn CBiAYUTb MPO MiABULLIEHY CTINKICTb POCNNH A0
ctpecoBux ymoB [13, 14]. Ha BigmiHy Big nepokcupas, Len depMeHT He noTpedye
BiIHOBNEHOro cybCTpaTy AN aKTUBHOCTI. SHWPKEHHS aKTUBHOCTI KaTanasu Npu3BoauTb A0
YTBOPEHHSA peakLiiHO arpecuBHOro iHiliatopa MNOJ1 — rigpokcunbHOro pagukany — i Moxe
Oyt OiarHOCTUYHOK O3HAKOK YYTMAMBOCTI POCIMH [0 aHTPOMOreHHWX HaBaHTaxeHb [12,
17]. Bucoka akTuBHICTb Nepokcmaasun, 9K i kaTanasu, € aganTUBHOK BiMNOBIAAK Ha Aito
CcTpecoBux dakTopiB B ymoBax YypbaHi3oBaHOro cepefosuLla, CrpsIMOBAHOK Ha
36epexeHHsa KMITUHHOI LinicHOCTi Ta 3abe3neyeHHsl XXWUTTE3OAaTHOCTI pocnuH. Tomy,
aKTyanbHUM € JOCHIIKEHHS aHTUOKCMOAHTHUX (hepPMEHTIB Y AEPHOYTBOPIOKOYMX Tpas nig
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BMSIMBOM aepornoroTaHTIB, L0 A03BONUTL rNmbLUe 3po3yMiTh MexaHiMun iXHbOI aganTauii
Ta po3pobuTu Nigxoam Ao 36epeXKeHHs1 eKOrorvyHOI CTabinbHOCTI ypbaHi30BaHUX TEPUTOPIN.

Omxe, MeTo AOCHIMKEHHA Oyno BMBYUTU OWHAMIKy akTUBHOCTI (DEPMEHTIB
aHTMOKCMOAHTHOI CMCTEMU KaTanasu Ta Nnepokcmaasuv 3a BrnrvBy aepononoTaHTiB MicTa y
BEreTaTMBHMX OpraHax AepHOYTBOPOKUMX POCIMH Ha Pi3HUX eTanax OHTOreHesy.

Marepianu Ta MeTtoau gocnimkeHHs. O6’ekTamu JocnigpkeHHs Bynv 4epHOYTBO-
ptotodi Tpaew nupin noeayuun (Elytrigia répens (L.) Nevski) Ta muwin 3enenunn (Setaria
viridis (L.) Beauv.) Ha pi3HUX eTanax OHTOreHeay: y BipriHiIbHOMY, reHepaTMBHOMY Ta
cyOceHinbHOMY BiKOBUX cTaHax. [ocnigHi 3pasku 6ynu Bigibpani B micTi [Hinpo 6ins
[HINpOBCLKOrO MeTanyprivHOro 3aBogy Ta Ha npocnekTi b. XmenbHUubKoro. KOHTPObHI
3pasku pocnuH Bigbupanu Ha Teputopil 6oTaHiuHoro cagy OHY. AKTUBHICTb aHTUOKCU-
JaHTHMX bepMeHTIB kaTanasum Ta nepokcuaasy BiasHadanu 3a 3arafbHOMPUAHATUMM
MeToauKamMu B TPUPa30Bin MOBTOPHOCTI [8].

Ona opepxaHHs ¢hepMeHTHOro npenapaTty HaBaXKy POCHWHHOI TkaHuHW 0,1 r
posTvpanu y nopuensHosin ctynui 3 0,2 M auetatHoro 6ycdepy pH 5,4. OnepxaHui
romoreHaT nicna 30 xB HacTotoBaHHs LeHTpudyrysanu npotarom 20 xs8 npu 15000 g npu
4 C. CynepHaTaHT nepeMiCTunn B YUCTi Cyxi NpoBipKM, NOMILLLEHi B CTakaHu i3 NbOA0M, 1
Jani BUKOpUCTOBYBanu Npu NpoBeAEHHI peakui.

Insa Bu3HauyeHHs1 aktuBHoCTi nepokenaasn (KO.1.11.1.7) dpikcyBanu 3amiHy onTUYHOT
rYCTUHW peakuinHol cyMmilli 3a gosxuHu xsuni 490 M. [lo cknagy peakuinHoi cymiwi 0,2 mn
pocnuHHoro ekctpakTy, 0,8 mn 0,2 M auetaTtHoro 6ydepy pH 5,4 Ta 1 mn 6eH3nanHy. [ns
3anycky bepMeHTaTUBHOI peakuii B gocnigHy kioBeTy gogasanu 1 mn 1 % po3uuHy
nepokcuay BOAHIO i oapasdy NnovmMHany BUMIpOBaHHS OMTUYHOI YCTUHM NPWY JOBXMWHI XBUSi
490 HM NPOTArOM XBUMNMHK 3 IHTEPBANoM B 5 C HanNpOTWN KOHTPOIbLHOI Npobu, sika MicTuna
1 mn aueTaTtHoro 6ydepy 3amiCTb NepPoKCUaY BOOHHO.

AKTMBHICTb kaTanasu (K@ 1.11.1.6) BM3Ha4anu poTOMETPMYHO 3a JOBXUHW XBUTi
410 HM B peakuinHin cymiwi 3 0,2 mn cynepHataHty, 0,1 % H202i 4 % monibaaTy amoHito.
Llem meTon rpyHTYeETbCS Ha YTBOPEHHI CTIMKOro 3abapBrneHOro KOMMMEKCY nepokcuay
BOZHIO 3 CONAMM MOMiOAeHy, IHTEHCUBHICTb 3abapBreHHs1 3anexuTb Bif kinbkocTi H202 y
OOCTHiAKyBaHOMY PO34UHI.

OTpumaHi pesynbTaTv OOCHiMKEHHS 0Bpobnsnu 3a OOMOMOro CTaTUCTUYHOTO
nporpamMHoro 3abesneyeHHs Statistica 7.1 StatSoft.

Pe3ynbTaTu Ta ix o6roBopeHHs. [poBeaeHi JocnimkeHHs No hepmeHTy KaTanasa
B NUCTKax i kopeHsix Elytrigia repens panu 3Mory BCTaHOBWUTM BUCOKMW PiBEHb MOro
aKTUBHOCTI Yy BCIX OOCNigKyBaHWX BapiaHTax. fAK BMAHO i3 AaHWX puc. 1, aKTUBHICTb
KaTanasu y BereTaTMBHMX OpraHax nupito noB3y4yoro 3 BigidpaHux npod 6ina QM3 Ha
noyaTky oHToreHesy niasuileHi Ha 25 i 20 % BIAHOCHO KOHTPOMbHMX POCAMH. Y POCIUH,
3ibpaHux 3 y36ivusa npocnekty b. XMenbHNULILKOrO akTUBHICTb KaTanasu 36inbLlueHa nuile
Ha 16 % (nucTku) i 10 % (KopeHi).

JInctku

MMOJIBL/T HABAXKKH XB
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Puc. 1. Bnnue aepornositomaHmie Ha akmueHicmb kKamasia3u y ee2zemamueHUX opa2aHax
Elytrigia repens (L.) Nevski: |- 6omcad [JHY (koHmpons), Il - npocnekm b.
XmenbHuuybkoeo, lll - M3, v — eipeiHinbHull, g — 2eHepamueHuUl ma
SS — cybceHinbHull 8ikoei cmaHu

Ona pocnuH Elytrigia repens B nepion, nepexony 40 reHepaTtuBHOI dha3n po3BUTKY
aKTUBHICTb (pepMEeHTY 3pocTarna NOpIiBHSAHO 3 NonepeaHiM eTanoM B NUCTKaxX-KOPEeHsIX 3
KOHTPOIbHOT AingHKkn Ha 36-31 %, y BeretatmBHUX opraHax pocnuH 3 ainaHku Il i Il — Ha
46-44 i 49-48 %.

Mpn nNOpiBHAHHI KOHTPONIO i gocnigy 3adikcoBaHO iHTEHcudikalis kaTanasHoi
akTmBHOCTI Ha 25 i 20 % y nncTkax i kopeHsix 0COBWH, siki 3pocTaloTb Ha npocnekTi b.
XmenbHuupkoro n 37 i 33 % — y BeretatMBHMX opraHax pocnuH 3 MS3.

BcTyn pocnvH nupito NoB3y4oro y cyOceHinbHy a3y Big3HA4YeHO He3HaYHUM
3HWKEHHSIM aKTUBHOCTI €H3MMY BiHOCHO nonepeaHboi hasn po3BUTKY B CeEpeaHbOMY Ha
5-12 %. Ane aKkTMBHICTb KaTana3u y BereTaTtMBHUX opraHax Elytrigia repens 3
MOHITOPUHIOBUX AiNsIHOK AOCTOBIPHO 30iNnbLUEHa MNOPIBHAHO 3 KOHTPOSIbHUMMW POCIMHAMM
Ha 35-25 % (npocnekT b. XmenbHuubkoro) Ta 49-39 % (AM3 ).

Y nuctkax i kopeHsix Setaria viridis BipriHinbHOro nepiogy B 3abpyaHeHOMY
NPOMUCNOBMMK BUKMAAMM Ta BMXIOMaMyM aBTOTPAHCMOPTY ITOLEHO3i aKTUBHICTb
KaTanasu 36irnbLlleHa BiHOCHO POCINH KOHTPOSBHOMO goitoueHo3y Ha 23-42 % i 20-33 %
(puc. 2).
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Puc. 2. Bnnue aeponontomaHmie Ha akmueHicms Kamasna3u y ee2emamueHux op2aHax
Setaria viridis (L.) Beauv.: : | - 6omcad HY (koHmposns), Il - npocnekm b.
XmenbHuubkoezo, lll - M3, v — eipeiHinbHul, g — 2eHepamueHul
ma ss — cybceHinbHuli eikosi cmaHu

Hapani (reHepaTnBHWIA CTaH) aKTUBHICTb (DepMEHTY 3pocTara BigHOCHO nonepea-
HbOT pasn y koHTponi Ha 33 %, a y gocnigi — 51-55 %. [na pocnvH MULLIiKO 3eNeHoro, SKi
3pocTatoTb Ha AingHui |l (npocnekt b. XMenbHULBLKOrO) akTuBaLis dhepMeHTy cTaHoBUNa
40 i 31 % Buwe koHTposo. OcobuHK, 3ibpaHi Ha ainaHui Il (AM3) Big3HauMnMCb BULLIMMU
3HaYEeHHsIMU akTUBHOCTI: 60-55 %.

Y cybceHinbHWUIn nepio, oHToreHesy TeHAeHUiss A0 nepebinblUeHHst KOHTPOSbHOro
piBHs1 36epiranacbk Ha 50-70 % B Hag3eMHin maci Setaria viridis i 42-68 % B nig3eMHUX
opraHax B ycix AocnigHux itoLeHo3ax.

BigsHaveHe B HalloOMy AOCHiMKEHHI 36iNbLUEHHS aKTUBHOCTI kaTtanasu B NUCTKax i
KOPEHSAX AEePHOYTBOPHOKYMX TPAB Ha BCiX eTanax OHTOreHesy, NoB’aA3aHo i3 CTiNKICTHO JaHWX
BMAIB OO XPOHIYHOrO BMSAIMBY aBTOTPAHCMOPTHUX BUKMAIB HA OKUCHO-BIOHOBHI MpoLecw.
Ockinbku BiQOMO, LLO CTilKi POCNMHHI OpraHiaMu MatoTb BinbLL BUCOKI PiBHI 1 aKTUBHOCTI
hepMeHTIB-aHTUOKCUAAHTIB, TOBTO eeKTUBHILLY cucTemMy 3axucTy, To pocnuHu Elytrigia
repens (L.) Nevski Ta Setaria viridis (L.) Beauv., nposiBnsoTb CTIMKICT 4O YMOB CBOrO
icHyBaHHs [2, 13].

Takum YMHOM, OAHMM 3 MeXaHi3MiB afanTaLii 4OCNIAKYBaHUX POCANH 4O XPOHIYHOT
Oil aHTponoreHHUX ghakTopiB MICbKOro cepenoBuLla M. [JHINPO € iHTeHcudikauis yHKLio-
HYyBaHHS KaTanasHoi aKTMBHOCTI, CMPSMOBaHOI Ha e(PEKTUBHE 3HELLIKODKEHHS nepokcuay
BO/IHIO, LLIO YTBOPIOETLCA B peakLii, sky katanizye CO[.

BpaxoByoun BaxnUBICTb MepokcuaasvM B MEXaHiami agantauil pocnvH OO PisHUX
BMAIB CTPECY, MW BMBYaIN aKTVBHICTb MEPOKCMAA3N B OHTOreHesi 4epHOYTBOPIOYMX TPaB
Elytrigia repens Ta Setaria viridis, Wo 3pocTatoTb B hiToLeHo3ax Micta [Hinpo.

AK BUOHO 3 prC.3, aKTUBHICTb NEPOKCMAA3N JIUCTKIB | KOPEHIB KOHTPOSbHUX POCINH
nMpito MOB3Y4Oro Y BIPriHiNbHY hady oHToreHesy ckragana 24,42 i 20,24 ym.o4./r HaBaXKu
XB. Y pOCnuH, 3ibpaHux Ha TepuTopii npocnekTy b. XMenbHULBKOro Lie NOKa3HUK CTaHOBUB
31,751 24,2 ym.op./r HaBaxku xB. (Ha 30 i 20 % BuLle 3a koHTponb). [Ina ocobuH Elytrigia
repens 3 ainsHkm OM3 Bia3HayeHO HaMBWLLj 3HaYeHHs1 akTUBHOCTI hepmeHTy 35,4 i 27,32
yM.oA./r HaBaxku XB. (Ha 45 i 35 % BULLE KOHTPOSbHUX 3HAYEHD).

Mpu nepexopdi Bi4 BIpPriHiNbHOrO CTaHy A0 reHepaTMBHOIO AMHAMika aKTMBHOCTI
nepokcuaasn y BereTatmBHUX opraHax nupito NoB3y4oro 3 pisHMX JOCTiMKYBaHUX parioHax
Oyna cnpsimoBaHa B 6ik iHTeHcudikauii. Tak, B IMCTKax i KOPEHSAX 3 KOHTPOSbHOI AiNsHKN
CTUMYMSALLS aKTUBHOCTI eH3uMy cTaHoBuna 7-15 %, a 3 gocnigHnX AinsgHoOK iToLEeHo3iB Ha
16-25i 15-22 %.
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Puc. 3. AkmueHicmb nepokcuda3u eecemamueHux op2aHie Elytrigia repens (L.)
Nevski: 3 aHmponoz2eHHuUx ¢pimoueHoasie: | — 6omcad [HY (koumpons), Il - npocnekm
B. XmenbHuybkoeo, Ill — M3, v — gipaiHinbHull, g — 2eHepamueHuli ma ss —
cy6ceHinbHuli sikosi cmaHu

Mpn NOpiBHSAHHI KOHTPOMIO i gocnigy 3adpikcoBaHO CTUMYNALD NepoKCUAa3HO!
aktvmBHoCTi Ha 40 i 55 % y nncTkax Nupito MOB3y40ro, kUi 3pocTae Ha ginsHkax || (npocnexT
B. XmenbHuupskoro) i lll (OM3), y kopeHsx — Ha 31 i 44 % BignosigHo.

CybceHinbHUn eTan OHTOreHesy BiA3Ha4YaeTbCs MofanblUMM 36inNbLUEHHS aKTuB-
HOCTi €H3UMY BiJHOCHO nonepeaHbol hasu po3BuTKY. [1pn LbOMY aKTUBHICTb NEpOKCUaasmn
y BeretaTMBHuX opraHax Elytrigia repens 3 MOHITOPUHIOBUX AiNSHOK JOCTOBIPHO 36inbLueHa
MOPIBHSHO 3 KOHTPOMbHUMM pocnMHamu Ha 42 i 35 % (npocnekT b. XmenbHuupKoro) Ta 50
i42 % (OAM3).

Y nucTtkax BipriHiNbHUX pocnuH Setaria viridis diToLeHOo3iB, 3abpyaHEHNX BUXMO-
namMu aBTOTPaHCNOPTY i MPOMUCIIOBMMU aeponontoTaHTaMy aKTUBHICTb MepoKcMaasu
nepeBuLLyBana KOHTPOmnbHUI piBeHb Ha 50 i 71 % BignNoBigHO. Y KOpeHsIX Ha oMYy eTani
OHTOreHe3y akTUBHICTb (hbepMeHTy OyB A0OCTOBIpHO 30inbieHnm Ha 40 i 60 %.

Moganblie NigBULWEHHS aKTMBHOCTI MepokcuMaasn 3adiikCoBaHO Yy reHepaTuBHY
CTafito OHTOreHe3y MuLLIlo 3eneHoro y nuctkax Ha 60-75 %, kopeHsax — 51-62 %.

MakcmmanbHi 3Ha4YeHHsi IpUTaMaHHi PoCnnMHaM y CyBCeHinbHOMY cTaHi. [pu Lubomy
piBEHb aKTUBHOCTI Nepokcuaasu 30inbleHnin Ha 54-65 y Hag3emHux i 43-55 % nig3emHumx
opraHax (puc. 4).
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Puc. 4. AkmueHicmb nepokcuda3u eezcemamueHuUx op2aHie Setaria viridis (L.)
Beauv. 3 aumponozeHHux ¢himouyeHosia: | - 6omcad JHY (koHmpornb),
Il — npocnekm b. XmenbHuuybkoeo, Il — M3, v — gipeiHinbHuUU,
g — 2eHepamueHul ma ss — cybceHinbHul 8ikoei cmaHu

YM.OJI./T HABKKU XB

Omxe, NigBULLEHHST aKTUBHOCTI (hepMEHTY NepoKCKaasmn CrocTepiraeTbCsa NPOTAromM
YCiX eTaniB OHTOreHesy OEepHOYTBOPIOYUX POCHMH, HEe3anexXHo Big MiICLS 3pOCTaHHS,
npoTe Hambinbll BUCOKMI piBEHb aKTMBHOCTI hepMeEHTY 3adiikcoBaHO Yy CyBCeHinbHOMY
BIKOBOMY CTaHi. [MOpPIBHAHO 3 KOHTPONBHUMM 3pa3kamMu Big3HaYeHO iHTeHCUdiKaLito doep-
MEHTaTMBHOI aKTUBHOCTI 3a XPOHIYHOI il aepOonontoTaHTIB.

3MiHa aKTMBHOCTI (PepMEHTIB aHTMOKCUAAHTHOrO 3axMCTy, a came NigBULLEHHSI
aKTMBHOCTI KaTanasu Ta nepokcuaasu, Ha BCiX eTanax po3BUTKY AEePHOYTBOPIOKOUMNX TpaB
Elytrigia repens (L.) Nevski Ta Setaria viridis (L.) Beauv € ogHUM i3 MexaHi3MiB CTIKOCTI
POCHWH A0 HECMPUATIMBUX (haKTOPIB MICLKOro cepeoBuLLla, ocobnmeo 4o 3abpyaHEHHS
MOBITPS BUKMAAMW aBTOTpaHCMopTy. PesynbTaTt OCNigKEeHHA aKTUBHOCTI aHTMOKCUAAHT-
HUX (PEepMeHTIB B yMOBax MOCUIIEHOrO aHTPOMOreHHOrO0 HaBaHTaXKEHHS CBigyYaTb Mpo
BMCOKMI CTYNiHb adanTauiiHUX MOXITMBOCTEN NUPI0 MOB3Y4Oro Ta MULLIO 3ereHoro, Ta
MOXYTb OYTW BMKOPUCTaHI AN OLiHKW KOMMEKCHOro BMMUBY CTPECOBUX (DAKTOPIB Ha
poCnvHK B ypbodpiToLieHO3ax.

BucHoBKkuW. Y gocnigkyBaHux gepHOYyTBOpIoouKX 3rakie Elytrigia repens (L.) Nevski
Ta Setaria viridis (L.) Beauv 3aghikcoBaHO A4OCTOBIpPHE MiABULLEHHS aKTUBHOCTI KaTanasu Ta
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nepokcuaasu y BeretTatMBHMX OpraHax nig BNAvMBOM aeporonoTaHTiB MICbKOro cepefo-
BMLIA. Haibinblle 3poCTaHHS aKTMBHOCTI (hepMEHTIB CMOCTepiraeTbCA y POCIUH, LLO
3pOCTaloTb Ha TEPUTOPIAX i3 NiABULLIEHNM piBHEM 3abpyaHeHHs (OMS3), wo ceigunTb Npo
IXHIO 3aaTHICTb A0 eeKTMBHOI aHTUMOKCUAAHTHOI BianoBiai. Ha Bcix eTanax oHToreHesy
(BipriHiNbHWIA, reHepaTUBHWUWA, CYBCEHINbHWUI) akTUBHICTL KaTanasu Ta nepokcmaasun y
OOCHiAHNX POCIVH NEePEBMLLYE KOHTPOITbHI 3HAYEHHS, LLIO BKa3ye Ha 30epeXXeHHs BUCOKOro
PiBHA 3aXMCHMX MeEXaHi3MiB MpPOTArOM YCbOro OHTOreHesy. MakcumanbHi 3HayYeHHsi
aKTUBHOCTI (hepMeHTIB DIKCYOTLCH Y CYBCEHINbHMX OCOBUH, LLO MiAKPECMOE BAXKIUBICTb
AHTMOKCMOAHTHOrO 3aXUCTY Ha Mi3HIX eTanax po3BUTKY. HanbinbLui BiAMIHHOCTI MK KOHT-
PONbHUMM Ta OOCAIAHUMM POCINMHAMK CMOCTEPIralTbCs Yy JIUCTKaX, WO Moxe 6yTu
MOB’A3aHO 3 IHTEHCMBHILLMM BMMBOM aeponositoTaHTIB Ha NNCTKOBY MOBEPXHIO.

BcraHoBneHo, Lo y BeretaTnBHMX opraHax Elytrigia repens (L.) Nevski Ta Setaria
viridis (L.) Beauv, siki 3a3HatoTb BNvMBY aepornontoTaHTiB, ikCyBanm AOCTOBIPHE NOCUMEH-
HS aKTMBHOCTI KaTanasu BignosigHo Ha 16-46 i 10-49 % (nuctku i kopeHi) Ta 23-70 i 20-
68 %. Lle cBiguMTb nNpo akTMBaLito BHYTPILLIHBOKMITUHHUX MPOLIECIB  3HELLKOIKEHHS
MOJEKYN NepoKcuay BOOHIO 3a y4acTio JaHoro oepmeHTy. B xoai oHToreHesy 3apeecTtpo-
BaHO iHTeHcUcpikaLlito aKkTMBHOCTI MepoKcuaasn y nUCTKax i KOpeHsiX AOoChimpKyBaHWX
pocnuH: B ¢pasy BipriHinbHy nupin nos3yunin (35 i 25 %), muwwin 3enexHun (65,5 i 50 %); B
reHepatuBHy pasy nupii nosayumn (35,5 i 49,5 %), muwin 3eneHun (67,5 i 56,5 %); B
cybceHinbHy dasy nupivi noB3yunii (46 i 38,5 %), muwwin 3enexuii (59,5 i 49 %).

BuagneHi 3MiHM akTUBHOCTI kaTarnasu Ta nepokcuaasun MoxyTb 6yTu BUKOPUCTaHI SK
HagiviHi Giomapkepu Ons OUiHKK PiBHS 3a0pyaHEHHST MICLKOrO CepefioBuLLA Ta €KOMOTiYHOI
CTIKOCTi POCITMHHUX YrpynoBaHb. 36inbLUEHHS aKTUBHOCTi aHTUOKCUAAHTHUX (PEPMEHTIB €
OOHMM i3 KIMOYOBMX MexaHi3MiB aganTaLlii pOCNNH 40 XPOHIYHOrO BMMMBY aHTPOMOrEeHHUX
dakTopiB.

Pesynbtatv pocnimxeHHs NioTBEpMKYOTb AOUINbHICTE BUKOPUCTaHHS  Elytrigia
repens (L.) Nevski Ta Setaria viridis (L.) Beauv sik iHAMKaTOPHUX BUAIB A4S MOHITOPUHIY
CTaHy ypbocpiToLieHo3iB.
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INFLUENCE OF AEROPOLLUTANS OF ATTRACTANT TERRITOTIES
ON THE ACTIVITY OF ANTIOXIDANT ENZYMES
OF VEGETATIVE ORGANS OF DEGRADING GRASSES

Phytocenoses of urban areas and industrial zones are chronically affected by air
pollutants, a significant part of which is emissions from motor vehicles. Sod-forming plant
species are an integral and important component of urbophytocenoses, therefore it is
important to study the stability and adaptive potential of these species in the conditions of
the urban environment. Under conditions of air pollution, the metabolic reactions of the
plant organism are disrupted, plants are exposed fo oxidative stress, therefore, in
response, the antioxidant enzyme system is activated, in particular catalase and
peroxidase, which neutralize reactive oxygen species. The aim of the study was to
determine the activity of catalase and peroxidase in the vegetative organs of sod-forming
grasses at different stages of ontogenesis under the influence of air pollution in the urban
environment in the city of Dnipro. The objects of research were couch grass (Elytrigia
répens (L.) Nevski.) and green foxtail (Setaria viridis (L.) Beauv.). It was established that
in the sod-forming plants Elytrigia répens and Setaria viridis, a significant increase in the
activity of catalase and peroxidase was observed in vegetative organs under the influence
of air pollutants compared to the control in both leaves and roots. Elytrigia répens catalase
activity increased by 16-46 % in leaves and by 10-49 % in roots. An increase in peroxidase
activity was observed at all stages of ontogenesis, but the highest values were recorded
at the subsenile stage, 46% in leaves and 38.5% in roots. For the Setaria viridis, there
was also an increase in the activity of enzymes in the experimental areas, catalase by 23-
70% in leaves and 20-68% in roots, and a significant increase in peroxidase activity in all
phases of development, especially in the generative phase by 67.5% and 56.5%,
respectively, in leaves and roots. Indicators of catalase and peroxidase activity are
important for monitoring the state of sod-forming plants under stressful conditions and
their resistance to the effects of air pollution in the urban environment.

The maximum enzyme activity values are recorded in subsenile individuals, which
emphasises the importance of antioxidant protection in the later stages of development.
The greatest differences between control and experimental plants are observed in the
leaves, which may be due to the more intense impact of air pollutants on the leaf surface.
The results of the study confirm the feasibility of using Elytrigia repens (L.) Nevski and
Setaria viridis (L.) Beauv as indicator species for monitoring the state of urban phytocenoses.
Key words: sod-forming grasses, Elytrigia répens, Setaria viridis, antioxidant system,
catalase, peroxidase, air pollutants.
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WINTER WHEAT (TRITICUM AESTIVUML.) CELL CULTURES
AS A MODEL SYSTEM FOR STUDYING

Random changes, especially stress, cause plants to undergo significant metabolic and
structural modifications. Most of these are adaptive responses that make the organism
more suited to new conditions. Salinisation is the most harmful abiotic stress. In the case
of severe stress, the effectiveness of the genotype’s vital functions becomes apparent
over a long period of time. Cell culture allows us to avoid problems: physiological,
biochemical, and other changes that occurred due to the stressor. The aim of this study
was to analyse the content of free proline and protein in different cell cultures of wheat
varieties subjected to prolonged osmotic stress. However, the accumulation of this
osmolyte alone cannot serve as an indicator of successful adaptation. Under conditions
of severe stress, which significantly limits the availability of external trophic and energy
resources, proline can act as a reserve source of nitrogen and carbon. Therefore, the Pro
pool in cells subjected to prolonged stress can change significantly. When studying the
dynamics of changes in wheat plants, we found that the level of proline in callus cells in
the Volodarka variety decreased as stress pressure increased, and the synchronous
decrease in amino acid content during prolonged salt stress in the Zolotokolos and
Smuglyanka varieties was 18.3 + 3.4% and 21.4 + 4.6%, respectively. In wheat, reserve
proteins (gliadin and glutenin) belong to this category of proteins. In wheat grains, they
account for 75-85% of the total protein composition; the gliadin/glutenin ratio depends on
the specific variety or genotype of the plant. In addition, these proteins are rich in arginine
and glutamine. The remaining part of the endosperm proteins consists of albumins and
globulins, many of which have enzymatic activity. We observed a significant depletion of
the protein pool, independent of the type of salinity. Since glutenin is also enriched with
proline, the increase in the content of this amino acid in cells during salinisation could be
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the result of their hydrolysis. Indirect evidence of this may be the decrease in osmolyte
content on the 25th day. The progressive decline in glutenin reserves led to a decrease
in proline.

Key words: salinisation, proline, protein, winter wheat, cell selection.

Introduction. For successful life activity, plants, as attached organisms, must
continuously adapt to dynamic (often critical) environmental factors. Changes (deterioration)
in living conditions are no longer local problems; they have become global. They also affect
Ukraine [2, 15]. The forecasts are not encouraging. Natural abiotic stresses are significantly
modified/intensified by the introduction of by-products of industrial activity. Local changes in
the environment are becoming ecological disasters. There is a growing need for forms that
are characterised by a high level of complex resistance to abiotic stresses. In this regard,
there is a need to improve biological technologies aimed at obtaining resistant (adaptive)
genotypes [4, 5].

A special place in the development of this problem is occupied by It is and will remain
the main component of the diet of most of the world’s population. Significant human and
material resources are spent on obtaining wheat varieties with improved stress resistance,
yield and grain quality. It is obvious that macrostructural changes, as well as general integral
indicators (growth, productivity), depend on the activity of cellular physiological and
biochemical reactions [2, 15]. Wheat is also a valuable food product for humans, can be
used as animal feed, is processed in the production of starch and ethanol, and is of interest
as a potential source of technical biofuel. Areas of genetic improvement of wheat grain
quality cover all of the above-mentioned industries.

In addition to scientific development, other pressing issues are also included, namely:
resistance to biotic and abiotic stresses [3, 14].

In vitro culture provides unique opportunities for studying cellular-level reactions. The
approaches used in this process will allow for the selection of cells with altered metabolism.
Such cell variants can become the starting material for the search and isolation of genes
associated with specific sections of metabolic chains. They will be the subject of further
manipulations aimed at obtaining regenerants [15, 16]. It is extremely important to conduct
a comparative study of the cell line and the regenerant plant, which will reveal the expression
of the new characteristic in the whole plant. This will allow the polymorphism of new forms
to be identified, primarily by adaptive traits [17, 18].

Optimisation of the standard protocol is ensured by continuous dynamic monitoring
of cell metabolism. When studying the dynamics of changes in free proline and protein in
wheat varieties, we found that under stressful conditions, some of these substances are first
transferred to the tissues that are directly affected by the stressor. In our opinion, such a
redistribution of the protective compound may contribute to the prolongation of the viability
of genotypes. Cell culture excludes this physiological reaction. In this case, the level of
proline and protein is the result of the interaction of the synthesis, transport and catabolism
systems.

The aim of this study was to analyse the content of free proline and protein in
different cell cultures of wheat varieties subjected to prolonged osmotic stress. Methods and
materials. For the study, wheat varieties selected by the Institute of Plant Physiology and
Genetics of the National Academy of Sciences of Ukraine, Volodarka, Smuglyanka,
Zolotokolosa, which are included in the National Register of Variety Standards [19], were
selected. Callus was induced from sterile plant sprouts, which was grown over 4 passages
to obtain the required amount of biomass on Hamburg B5 medium [20]. In the experiment,
the callus was exposed to sulphate-chloride (sea water salt) and sulphate salting at a
concentration of 20.0 g/l. According to the literature [14-16], this concentration creates
severe salt stress. The resulting callus was divided vertically and transferred to a fresh
medium in equal parts. The variants were kept under salinity conditions during a standard
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passage (30 days). During this time, under normal conditions, cell cultures go through all
stages of development.

The proline content was determined using a standard method [7]. Protein was
determined using the Lowry method [8]. The data were obtained in three replicates, and
statistical processing was performed using standard methods of variational statistics with
the use of Microsoft Excel. The difference between the data was considered significant at
p<0.05.

Results and discussion. The in vitro system ensures standardisation of cultivation
conditions. Under severe stress, both physiological and genetic responses of the studied
organism are revealed. This makes it possible to distinguish between general and specific
characteristics of the organism. A convenient criterion is the amino acid proline (Pro) [1, 13].

Diagram 1 shows the levels of free Pro in cell cultures of wheat of different genotypes,
measured on the 15th day of the experiment. By this time, under normal conditions, the
culture is in a stage of stationary growth, when genotypic characteristics are maximally
revealed. Under unfavourable conditions, physiological adaptation reactions may occur
during this time, rather than primary stress-induced responses.
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Pro, mg\g fresgh substance

20 -

0 T T T T T 1
Volodarka Zolotokolosa Smuglyanka

Cell cultures

Fig. 1. Free proline content in cell cultures of Volodarka, Zolotokolos and Smuglyanka
wheat varieties cultivated under normal conditions and under salt stress.

The diagram shows that the level of amino acids in cells decreased as stress
pressure increased. At the same time, the type of salinity did not affect the decrease. In both
cases, the decrease was ~ 20 %. A similar effect was observed in other genotypes. The
synchronous decrease in amino acid content during prolonged salt stress in the Zolotokolos
and Smuglyanka varieties was 18.3 £ 3.4 % and 21.4 £ 4.6 %, respectively. Salinisation is
one of the most aggressive stress factors, as its damaging effect is the result of the
combination of osmotic, ionic and oxidative stresses. The accumulation of free Pro in cells
is aimed at compensating for pathological changes [6, 10, 11]. However, the accumulation
of this osmolite alone cannot serve as an indicator of successful adaptation. Under
conditions of severe stress, which significantly limits the availability of external trophic and
energy resources, proline can act as a reserve source of nitrogen and carbon. Therefore,
the Pro pool in cells exposed to prolonged stress can change significantly.

Figure 2 shows the free Pro content in wheat culture cells (genotype Volodarka) at
the initial and final stages of testing on a salt background.
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Fig. 2. Free proline content in callus cells of Volodarka wheat variety cultivated under
salt stress

Other authors who have studied this parameter also point to the priority of dynamic
indicators [9, 12]. Thus, in callus cultures of barley of a number of salt-tolerant genotypes,
the amino acid content in cells increased, stabilised, or decreased with increasing cultivation
duration. The author believes that this is how the proline-forming ability of genotypes is
realised. In our opinion, a high level of cellular Pro does not guarantee the viability of the
organism, since its accumulation can occur not only as a result of increased synthesis, but
also as a result of the degradation of proline-enriched proteins [1, 16].

In wheat, reserve proteins (gliadin and glutenin) belong to this category of proteins.
In wheat grains, they account for 75-85% of the total protein composition; the gliadin/glutenin
ratio depends on the specific variety or genotype of the plant. In addition, these proteins are
rich in arginine and glutamine. The remaining part of the endosperm proteins consists of
albumins and globulins, many of which have enzymatic activity. However, viable cell culture
differs qualitatively from grain. Under normal conditions, callus biomass increases as a
result of active dynamic metabolism. Under severe stress (salinisation), metabolism
decreases, and prolonged exposure may result in cell death due to the destruction of cell
structures [13, 17, 18].

Since the experiment showed that callus cultivation on a salt medium was
accompanied by an increase in Pro content, electrophoresis of gliadin and glutenin fractions
was performed as possible sources of amino acids. The analysis revealed a number of
phenomena. First, the extract lacked the gliadin fraction, which, at first glance, could indicate
their hydrolysis.

Gliadin, especially w-gliadin, consists almost entirely of repeating glutamine and
proline residues [18]. However, from our point of view, this was a reflection of the properties
(reactions) of the cell culture as a research object, since it was observed regardless of
genotype and cultivation conditions. The influence of the in vitro system, which affects the
nature of intracellular metabolism, cannot be ruled out either. In any case, according to our
assumption, this event was not the cause of the increase in proline levels. Electrophoretic
analysis of glutenins was also performed. Figure 3 shows the culture indicators on the 25th day.

A significant depletion of the protein pool was observed, regardless of the type of
salinity. Since glutenins are also enriched with proline, the increase in the content of this
amino acid in cells during salinity could be a consequence of their hydrolysis. Indirect
evidence of this may be the decrease in osmolyte content on day 25.
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Fig. 3. Electrophoresis of wheat callus glutenin fractions; 25th day; 1,2 — Volodarka
genotype; 3,4 — Zolotokolos genotype; 5-10 — Smuglyanka genotype; 1 — 6 normal conditions;
7,8 — sea water salts; 9,10 — sodium sulphate

The progressive decline in glutenin reserves led to a decrease in proline. The
response of a cell culture to prolonged exposure to any stress can be manifested both in
the form of stress-induced pathologies and in reactions associated with maintaining the
viability of the system. In our case, in wheat culture, salinisation caused synchronous events
of proline content increase and a decrease in the total glutenin pool. This phenomenon is
also characteristic of intact plants; such targeted metabolism ensures the stress resistance
of young seedlings. In wheat cell culture subjected to prolonged exposure to salt, the
consumption of reserve proteins ensures the protection/preservation of physiologically
necessary cell compartments. Thus, in our opinion, the observed reactions were a
manifestation of the culture’s adaptation to stressful conditions. This was evidenced by the
resumption of callus growth when transferred to normal conditions in the next passage.
However, the relative increase in callus biomass (a classic indicator of cell culture growth
and development) in this case was significantly lower than that recorded for cells that did
not experience stress. This may support the assumption that further continuation of the
stress exposure could have led to a lethal outcome.

Conclusions. Testing of cell cultures of the wheat varieties we studied, obtained
from varieties under conditions of prolonged salinisation, showed dynamic development of
proline and protein in the adaptive responses of the cell population.
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KNITUHHI KYNbTYPU O3UMOI MWEHULI (TRITICUM AESTIVUM L.)
AK MOAENbHA CUCTEMA ANA BUBYEHHA
ONHAMIYHOIO METABONI3MY IHOUKATOPIB

Bunadkoei 3miHU, 0cobrueo cmpecu pociiuHU OeMOHCMPYMb icmomHi MemabortiyHi
ma cmpykmypHi moducpikauii. lNepeeaxkHa ix yacmuHa € adarnmueHUMU peaKuisiMu, sKi
pobname opzaHiam binbw rMpucmocogaHuM 00 HOBUX YMO8. 3acosieHHs1 € Halbinbuwi
WKOOOYUHHUMU abiomuyHumMu cmpecamu. Y sunadky Oii )KopcmKo20 cmpecy eghekmus-
Hicmb XXummeoisisibHOCMI 2eHOMUIY cmae 04Ye8UOHOK Yepe3 mpuganul NPOMIKOK
vacy. KnimunHa Kynbmypa 90380r15ie yHUKHymu ripobriem: ¢bizionoaiyHi, bioximidHi, ma
iHWi 3miHu, sKi 8i06Yynuck Ha dito cmpecopa. Memotro GaHoeo docridxeHHs1 bys aHarni3
amicmy 8irbHo20 rnponiHy ma 6ifky y pi3HUX KNIMUHHUX KyJlbmyp copmig nueHuUuj, sKi
niddasanu mpuganum ocMomu4HUM cmpecam. OOHaK, Hakornu4YeHHs1 OaHo20 ocMorima,
came o cobi, we He MOXe CIyUmu roKasHUKOM ycniwHoi aBanmauji. B ymoeax xop-
CMKO20 cmpecy, icmomHo obmexye 0ocmyriHiCMb 308HiWHIX MPOIYHUX | eHepaemuy-
HUX pecypcis, NPoriiH MOXe sucmynamu pe3epsHUM OXXepesioM azomy i gyaneyro. Tomy
nyn Pro e knimuHax, wo niddarombcs Oiif mpusaso2o cmpecy, MOXe iCmomHo
3MiHO8amMUuCH.

51



Haykosi 3anucku. Bionoriyni Hayku. 2025. Ne 3

52

lpu docnidxeHHi OuHaMIiKu 3MiH 8 poCiiuHax MWeEeHUUi MU ecmaHo8usu, WO pieeHb
nponiHy 8 KnimuHax Karmrocy y copmy Borodapka 3HU3UBCS 8 MPOUEeCi MOCUMEeHHS
CmMpecoso20 MUCKY, a CUHXPOHHe criadaHHs1 3Micmy aMiHOKUCIIomu rpu mpueanomy
CO/IbOBOMY Cmpeci y Kynbmypu copmig 3onomokonoca ma CmyerisHKa CKiario,
8i0roeidHo 18,3 + 3,4% i 21,4 + 4,6%.

Y nweruyj, 0o kameeopii makux npomeiHie siOHocsMbcs 3anacHi 6inku (2niaduH i
eM1IoMmeHiH). Y 3epHi rnuweHuyj oHU cmaxoensime 75-85% 3azanbHo20 nMpomeiHo8o2o
cknady; rpu UbOMY Criie8iOHOWEHHST arliaOuH/2rIriomeHiH 3anexumps 6i0 KOHKPemHo20
copmy qu eeHomury pocnuHu. Kpim moeo, ui b6inku 6azami apeiHiHoM i 2rymamiHOM.
Hacmuna, wo s3anuwurnacs 6irnkie eHdocriepmy 00800UMbCs Ha anbOyMiHU i 2r106yriiHU,
b6azamo 3 sKux Marome hepMeHMHOI aKmUHICMIO.

Hamu crniocmepizarnocs icmomHe eucHaxkeHHs1 6irIkogoeo riyry, He3anexHe e6i0 murly
3aconeHHs. Tak 5K aromeHiH makox 36azadyeHi nposiiHOM, Mo 3p0CmaHHs1 eMicmy ujer
amiHoKucriomu 8 KiimuHax rpu 3acofieHHi Moerio 6ymu Hacriiokom ix 2i0ponisy.
Henpsmum ceidyeHHsiM Moxke Bymu 3HUXEHHS 3micmy ocmonimy Ha 25-y 0oby. Npoepe-
cyroya criad pesepsy ertomeHiHie npueoduria o 3MEeHWeHHs MPOosuHa.

Knroyosi crioga: 3aconeHHs, nposiiH, NpomeiH, MnueHUYss 03uMa, KiimuHHa CerneKuis.

Cmamms Haditiwna 04.09.2025 poky
PeueHs3ist Haditiwna 17.09.2025 poky
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NMOKA3HUKN AHTUOKCUOAHTHOIO 3AXUCTY TA PO3BUTKY 3AMAJIBHOI
PEKLIIT MPU XPOHIYHIA CEPLIEBIN HEQOCTATHOCTI

Ha cb0200Hi 3axe0prosaHHs cepueso-cyOUHHOI cucmemu 3almaroms rpoeiOHy Mo3uuito
ceped npuyuH cMepmHocmi. XpoHidHa cepyesa HedocmamHicmes (XCH) € nowupeHum
Hacniokom kapdiomemaboridHUX 3axe80pto8aHb | 3Ha4YHUM ¢haKmopoM PU3UKYy CMeEpMm-
Hocmi 8i0 cepueso-cyOuHHUX namoriozil. Lle 3axeoprosaHHsI XapaKmepusyembCsi
XPOHIYHUM 3ananbHum ripoyecom. OOHaK XPOHIYHi 3anarbHi cmaHu, Wo criocmepiea-
tombcs npu XCH, moxymb ennueamu Ha ckiad i 3a2arnbHi (yHKUT aHmuokcudaHmHor
cucmemu Kposi. Y nauieHmie 3 XCH e cmadii dekomneHcauji criocmepieaemscsi 3Ha4yHe
3HUXEHHS akmueHocmi napaokcoHasu-1 Ha 62,5 % y ropiGHsIHHI 3 KOHMPOIbHOK
epyroto 8 cmadil, wjo npu3eodums A0 HaKOMUYEHHSI OKUCHEHUX rlinonpomeiHie HU3bKoI
winsHocmi i midsuUWEHHs1 POoOyKMI8 MepeKUCHO20 OKUCHEHHS ninidie. AKmueHicmb
Mienorniepokcudasu 8 kpoei naujeHmie 3 XCH e cmadisix dekomrieHcauii ma KomneHcaui
3pocrna y 1,5 pasie y MopieHsIHHI 3 KOHMPO/IbLHOK 2pYrior, WO rnopywye 38’430K 3
ghepmMeHmMoM | ninonpomeiHamMu 8UCOKOI WinbHOCMI. 3MiHU 8 akmueHOCMI rapaoKco-
Hasu-1 i mienonepokcudasu MoXymb Oymu npedukmopamu 3ananbHoi peakuii ma
amepocKIepomu4YHoO20 rpouecy, a makox 0OoroMazamu 8 OUiHUi eghekmusHocmi
nikyeaHHs1. [ocrniOxeHHs rnokasasno, wo emicm uepyrionna3miHy 8 Kpoei naujeHmig 3
OexkomneHcosaHoto XCH 3Hu3uecsi Ha 15,9%, a y nauieHmie 3 XCH e cmadii komrieHcauji
Ha 16,6% 6 nopieHsiHHI 3 KOHMPOITLHOKO 2PYIIOK, U0 8Ka3YE Ha Lio2o posib Y namoeeHesi
cepuesoi HedocmamHocmi. BoOHoyvac, emicm C-peakmueHo20 rpomeiHa y naujieHmig 3
OekomreHcogaHor XCH 3HaqHo nidsuwieHull (y 1,5 pasig) MopieHIHO 3 KOHMPOIbHOK
epyroto, Wo ceiduume fpo aKmueHe 3arnaseHHs1 8 cepueso-CyOuHHIt cucmemi. Bmicm
8iOHOBITIEHO20 2/TymamioHy 8 Kposi y nauieHmie 3 XCH e cmadii OekomreHcauii 3HU3U-
nace Ha 23,4%, a e naujeHmie 3 XCH e cmadii komneHcauii — Ha 18,9% riopieHsiHO 3
KOHMPOJIIbHOK 2pyrioo, WO €8i04UMb PO HasiBHICMb 3arnasieHHs, a maKkoxX criocmepiaa-
embCsl Mid8UWEHHsT okcudamueHo20 cmpecy 4Yepe3 30ifbUEeHHS akmueHUX ¢hopm
KucHro. [lokasHuku LLIOE e kposi xiHoK, xeopux Ha XCH & cmadii komneHcauii ma
OeKkomrieHcauii 3Haxo0simbCs 8 MexXax peghbepeHmMHUX 3HaqYeHb. [ToKa3HUKU KiflbKocmi
niedkouyumis 8 Kposi nauieHmig 3 XCH e cmadii 0ekomneHcauii ma KomrieHcaujii, makox,
3Haxo0umbCsl 8 Mexax pechepeHmHUX 3HaYeHsb.

Knroyosi crnoga: xpoHidHa cepuesa HedocmamHicmb, 8i0HOBHUU e51ymamioH, napoKcu-
Ha3a-1, mienionepokcuHa3sa, yepysonnasmiH, C-peakmueHUl rnpomeiH.

BeTtyn. XpoHiyHa cepueBa HegocTaTHicTb (XCH) mae 3HayvHe coujanbHe 3HaYeHHs
Yepe3 BUCOKY MOLUMPEHICTb cepep HacereHHs, Lo 3pocTae 3 BIKOM, a TakoX 4epes
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HECMNPUATNMBUA NPOrHO3 | 3HaYHi EKOHOMIYHi BUTpaTM Ha nikyBaHHA. 3a OaHuMK
HaLioHanbHMX pPEeecTpiB €BPOMENCBbKMX KpaiH, nowwmpeHicTe XCH cepen popocnmx
konuBaeTbes Big 1 0o 5%, a cepeg ocib ctapwe 65 pokis gocsirae 10% [1]. Hessaxaroum
Ha JOCArHEHHS B NiKyBaHHI, piBEHb 3aXBOPIOBAHOCTi Ta CMEPTHOCTI 3aMMLLIAETHCS BUCOKUM:
6nun3bko 80% uvonosikiB i 70% >XIHOK NnoMupaloTb NPOTAroM 8 POKIB MiCNsi NepBUHHOIO
JiarHosy.

Brnnsbko aBox TpeTnH Bunaakies XCH BUHMKaOTE Yepes ilemiyHy xBopoby ceplis,
sKa BUABNAeTbCAa Y 64% xBopux. OKpiM LIbOro, BaXrnmMBrM acnekToM € cepLieBo-CyauHHa
KOMOpOGIgHICTb, WO Moxe sk noripwysaty nepebir XCH, Tak i 6yt npuymHoto i nporpe-
CyBaHH4 [2].

KntouoBumM hakTopom po3BUTKY MeTabonNiyHOro CMHAPOMY € NOPYLLUEHHS MinigHOro
0OMiHY, O MOXe MPU3BOAMTU 4O 3aXBOPHOBAHbL CEPLEBO-CYAMHHOI CUCTEMM, TiNepTEH3il
Ta arepockneposy. [1poTe mexaHiamu perynsuii ninigHoro obmiHy B cepLi 3anuwatTbCs
ManoAoCnimKeHNMN, a FeHETUYHI (hbaKTopu, LLO BNNNBaOTb HA PO3BUTOK (PYHKLLIOHAMNBHMX
i CTPYKTYPHUX MOpyLUeHb, OOCi He BMBYEHi. BigsHavaeTbCs, WO nNOpylweHHss oBMiHy
ninonpoTeiHiB, 30Kpema MiaBULLEHWI PiBEHb TPUIMILEPUAIB Ta 3HWKEHWNI piBEHb XOnecTe-
pvHY, ninonpoTeiHiB Bucokol winbHocTi (JINBLY) Yacto 3ycTpidaloTbes y nauieHTiB i3
KapgiomeTtaboniyHumM pusmkom [3].

MeTa pgocnigxeHb. [locnianTn NoKa3HMKM aHTUOKCUAAHTHOIO 3aXUCTY Ta PO3BUTKY
3ananbeHOl peakLii 3a XpOHIYHOI cepLeBoi He4OCTaTHOCTI.

MeToaun Ta opraHisauis gocnimkeHb. JocnimkeHHs npoBogunmuck Ha 6asi KHI
«KopocTeHcbka LeHTpanbHa micbka nikapHs» KMP (m. KopocteHb XKnutommpcebkoi oonacri).
Y pocnimkeHHs 6yno BKOYeHO 96 MaujieHTiB 3 XPOHIYHOK CEPLEBOID HEAOCTATHICTHO
(XCH) Bikom Big 40 go 75 pokiB obox ctatein. Cepen gocnigxysaHux 6yno 70 4onosikis
(72,9 %) Ta 26 xiHoK (27 %). 'pyny koHTponto cknaganu 30 NpakTU4HO 340POBKX OCI6
BignoBigHoro Biky Ta ctarti. [loyaTkoM cnocTepeXxeHHs1 BBaXanu Aaty nepBUHHOI rocnita-
nizauii (nepiog aekomneHcadii). dpyre pocnigkeHHa BUKOHyBanocb 4depe3 7-10 aHiB
(nepiog koMneHcadii).

KniHiyHWiA aiarHo3 BCTaHOBMIOBABCA Y BiOMOBIAHOCTI A0 YMHHUX PeKoMeHAaLin
€BpONENCLKOr0 TOBApMCTBA KAapAionorie Ha OCHOBI 300py aHaMHECTUYHUX [OaHuX,
disnkansHOro obCTexeHHs, AaHuX nabopaTopHO-IHCTPYMEHTanbHUX MeTOAIB 0BCTeXeH-
HSA: 3aranbHOKIIHIMHMX aHanisiB, exokapaiorpadii, enekrpokapaiorpadii.

KpuTepisimun BKtOYeHHS nauieHTiB y gocnimkeHHsa 6ynu: 1) Bik Big 40 go 75 pokis;
2) HasisHicTb XCH lIA-Ill cTagii 3a kputepiamm M. [1. Ctpaxecka — B. X. BacuneHka Ta
YKkpaiHCbkoro HaykoBoro ToBapucTaa kapgiornoris; 3) |-V ®K XCH signosigHo fo kputepiis
Heto-Mopkebkoi Acouiauii cepust (NYHA); 4) HasiBHICTb CMCTORNIYHOT AMCAYHKLT (BenMumHa
dpakuii Buknay 45 % Ta HwK4e 3a JaHUMK exokapgiorpadii) [6, 7].

AKTVBHICTb NapaokcoHa3u-1 Bu3Hayanu 3a KinekicTio cybcTtpaTy (cheHinauerary),
LLIO BMKOPUCTOBYETLCA Nig Yac GioxiMiYHOI B3aeMogii, sSiky BUMIpIOBanv Ha OOBXWHI XBUITi
270 Hm. MNornrHaHHs Bupakanu B kU/n [8].

AKTVBHICTb Mi€nonepokcuaasn BuU3HA4YanM 3a OKUCHMIEHHSIM  XPOMOFEHHOro
cybctparty 3,3-aMmMeToKCubeH3nanHy nig vac GioximMidHOI B3aeMogii, siky BUMIptoBanu Ha
DoBxXuHI xBurni 460 HM npoTsarom 8 xB npu 23 °C. Y KOHTPONbHUX 3pas3kax AOAAaTKOBO
nopasanu 4-(amiHobeH30in)rigpasua sk iHribiTop Mienonepokcmaasun. Peakuito 3anyckanu
[oaaBaHHaM cybeTparty (nepokemay). MornuHanHsa Bupaxanu B mOa/n [8].

IMyHOTYPOIOAMMETPUYHMM METOAOM Ha aBTOMAaTUYHOMY BiOXiMiMHOMY aHanisaTopi
«Biosystems A25» (IcnaHis) BU3Ha4anun BMiCT BUCOKOYYTNMBOro C- peakTuBHOro npoteiHa
B KpPOBi 3 BUKOPUCTaHHAM BignoBigHoI TecT-cucteMmu. KinbKicTb NenkouunTis BUMIptoBanu 3
BMKOPUCTAHHSIM aBTOMATUYHOIO remMaTorioriyHoro aHarnisatopa Mindray BC-E30s. LLIOE
BMU3Ha4anu metogom BecteprpeHa [9].

PiBeHb uepynonnasmiHy B cupoBaTLi KpOBi BuM3Hayanu 3a mMeTtogom PagiHa 3
BMKOPUCTaHHSIM Habopy peakTuBiB goipmn «PeareHT» 3rigHo 3 IHCTPYKLIEL.
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MeTton PagiHa ons Bu3HadeHHs1 LepynonnasmiHy 6a3yeTtbcst Ha dhepMeHTaTUBHIN
peakuii oKMcneHHs cybeTpaty (M-deHinengiamiHy) uepynonnasmMiHoOM y CUpOBaTLi KPOB.
PesynbtaT BUMIpHOETECA (DOTOMETPUYHO 3a IHTEHCMBHICTIO 3abapBrieHHS1 MPOOYKTY
peakuii, a aKTMBHICTb LiepynonnasmiHy (OKUCoBanbHa akTUBHICTb) NepepaxoByeTbCs Ha
noro BMIcT [25].

BmicT BigHOBREHOro rnyTaTioHy Bu3Ha4alTb B GesremornobiHoBoMy dinbTpari
KpPOBI 3a gonomoroto peaktnea Enmana [25].

PoboTa BukoHaHa Yy BignoBiaHOCTI 40 GiOETUYHNX HOPM 3 AOTPUMAHHSAM BiAMNOBIAHUX
npyHUmnie enbCiHCBbKOI Aeknapadii npaB noavHn, KoHeeHuii pagyn €Bpony npo npaea
NOAMHY | BiomeanUMHM Ta BIONOBIOHMX 3aKOHIB YKpaiHu [4, 5].

CraTucTuyHMiA aHani3 NpoBoAMBCS 3 BUKOPUCTaHHAM nporpamu Statistica 12. [Ans
nepesipkM HOpMarbHOro po3noginy BukopuctoByBaBcs Kputepii Lanipo-Yinka, Konmoro-
poBa-CmipHoBa i3 nonpaskoto Jlinniedopca. CtatuctnyHy obpobKy NpoBOAMIN 3 BUKO-
puctanHaM t-kputepito CTblogeHTa. PisHuuto BBaxkanu goctosipHoto npu p<0,05.

Pe3ynbTaty po6oTn Ta ix 06roBopeHHs. [locnimpkeHHs1 nokasanu, Wwo y KpOBi
nauieHTiB 3 XPOHIYHOIO CepLIeBO HEAOCTATHICTIO B CTagil AeKoMneHcauil cnocTepiraeTbcs
3HAYHE 3HWKEHHS1 aKTUBHOCTI napaokcoHasu-1 Ha 62,5 % Yy NOpIBHSIHHI 3 KOHTPOSIbHO
rpynoto (Tabn. 1). NapaokcoHasa-1, rigponiayroun nepokcuam ninigis, CNpUSe 3SMEHLLEHHIO
OKMCHEHHS ninonpoTeiHiB HM3bkoi WinbHocTi (JIMHLL,), iHribytoun GiocMHTE3 XonecTepuHy
Ta CTUMYTOKUM BUXiS XONECTepuHy 3 Makpodaris, wo nos’sizaHo 3 JIMNBLL,. Lle 3anobirae
HaKOMUYEHHIO XOnecTepuHy i okcucTeponiB y kniTuHax. [JoaatkoBo, napaokcoHasa-1
3axuwae cami JIMNBL Big HagMipHOT nepokcuaadil ninigis i, pasom 3 iHWKUMK acoLinosa-
HUMK Oinkamn Ta pepMeHTamn, BU3Ha4Yae aHTUOKCUAAHTHI, NpoTU3anarnbHi Ta aHTuare-
poreHHi BnactmeocTi JIMNBLL. 3HwkeHHA apunecTepasHoi akTUMBHOCTI MapaokcoHasun-1
BiaGyBaeTbCA Ha (OOHI NiIABULLEHHS BMICTY NPOAYKTIB MEPEKUCHOro okucHeHHs ninigis [10,
11] (tabn. 1).

Tabnuus 1
Moka3Hukn (pyHKLIOHYBaHHS aHTUOKCUAAHTHOI CUCTEMM Ta PO3BUTKY 3ananbHOl
peakuii y nauieHTiB 3 XCH Ta npaktuyHo 3aopoBux nrogen

KoHTponb XCH XCH
(nekomneHcauis) (komneHcauis)
1 2 3 4

AKTMBHICTb NapaoKkcoHa3u-1, 581+1,22 2,18 £0,19* 211 +0,21*
kU/n
AKTUBHICTb 0,0024 + 0,0035 + 0,0004* 0,0036 + 0,0004*
Mienonepokcnaasu, 0,0005
yMm.o4./xB
BwmicT BigHOBREHOIO 6,75+0,79 5,17 £0,25* 5,48 +0,32*
rnyTaTioHy, MMOnb/I
BmicT uepynonnasminy, mr/n 23,62 + 3,21 19,88 + 1,80 19,70 + 2,07
C-peakTnBHWUI NPOTEIH, MI/n 3,70 £ 0,35 547 +0,67* 5,13 +0,43*
(pedbepeHTHi 3HaYeHHss — oo
5 mr/n)
LOE, YOIOBIKN 5,14 £ 0,62 10,11 £1,78* 11,12 £ 2,07*
mm/rog | (pedepeHTHI

3HayeHHs — 1-10

Mm/rog)

XKiHKM 6,87 £ 0,48 11,28 £1,78* 12,74 £ 1,47*

(pedbepeHTHi

3HayeHHs — 3-15

MMm/rog)
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lMpodoexeHHs mabnuyi

1 2 3 4
TNewkounTtn, x10°/n 7,03+0,42 8,12 +0,51* 8,36 +0,47*
(pedbepeHTHi 3HaYeHHs — 4-
10 x 10°/n)

MpumiTka: * — pisHWLA AOCTOBIPHA NOPIBHSHO 3 KOHTPOMbLHO rpynoto (p < 0,05).

[ocnimkeHHs1 BUSABMIK, WO akTUMBHICTb Mienonepokeugasn (MIMO) y kposi y nauieH-
TiB 3 XCH B cTagisix gekoMneHcauii Ta koMmneHcauji 3pocna y 1,5 pasiB y NopiBHsIHHI 3
KOHTpOrbHoto rpynoto. Lle niaguwieHHs aktusHocTti MIMNO cBiguntb Npo HasiBHICTL 3ananb-
HOI peakuii. ¥ kpoBoobiry MINO yTBOpHOE KOMMIEKC 3 MapaoKCOHa30t-1, fka 4acTKOBO
iHribye ii aktuBHicTb. OgHak, MIMO Moxe iHaKTMBYyBaTM MapaokCoHa3y-1, OKUCIIOKYM
3annLWoK TUPO3UHY-71, LLO NpM3BOAUTL A0 MOPYLUEHHS 3B’A3KYy MK depmeHToM i JITIBLL
[15]. Nig ywac aktuBauii MO yTBOPIOIOTECA aKTUBHI POPMU KUCHIO, SIKi MOXYTb 3aBadaTu
WwKoOM Makpomornekynam i ninonpoteiHam. Konm mienonepokcupasa 3B’siI3yeTbCA 3
eHAoTenNIEM i aKTUBYETLCS, Lie MOXEe NPU3BECTU A0 FTIOKaNbHOro 3aroCTpeHHs 3ananeHHs B
cyavHax. 3MiHM B akTMBHOCTI napaokcoHasun-1 i MINO moxyTb crnyryBatu npeaukropamm
aKTMBHOCTI 3ananbHOl peakLii 3a y4acTio HEUTPOMINBHUX NIENKOUUTIB | aTepOoCKepoTny-
HOro NpoLiecy, a TakoX gonomMaratv B ouiHUi edbeKTMBHOCTI NikyBaHHSA [12].

JocnimpkeHHs BUABMUMO, WO BMICT BiAHOBMEHOrO rNyTaTioHy B KPOBi y MauieHTIB 3
XPOHIYHOK CEpPLIEBOI0 HEOOCTATHICTIO B CTafji AekomneHcauii 3Hu3unacb Ha 23,4%, a B
nauieHTiB 3 XCH B cTagii komneHcauii — Ha 18,9% nopiBHAHO 3 KOHTPOIBHO rpynoto. [MNpu
XPOHIYHIN cepLeBii HeAOCTaTHOCTI CNOCTEPIraETbCA PO3BUTOK OKCMAATMBHOMO CTPECY, LLO
BUKINMKaHWIA 30iMNbLUEHHSM YTBOPEHHSI aKTMBHUX hOPM KMCHIO. BigHoBHMI rnyTaTioH Bepe
y4yacTb B HeMTpanisauii BinbHUX pagukanis, TakuMx siK Cynepokcua Ta Nepokcua BOAHIO, Lo
3anobirae yLIKOMKEHHS KNITUH cepud Ta eHaoTenito [16, 17].

3’coBaHo, WO BMICT LepynonnasmiHy B KpOBi MauieHTiB 3 AeKOMNEHCOBaHO
XPOHIYHOK HEeOOCTaTHICTIO 3HM3MBCA Ha 15,9%, a y nauieHTiB 3 XCH B cTagji komneHcaui
Ha 16,6% B MOPIBHSHHI 3 KOHTPOMBLHO rPyrnoto. Liepynonna3smiH — Lie rmikonpoTeiH, SKin
Bepe yyacTb B rocTpiil cTagii 3ananeHHs, okCcuaaTMBHOMY CTpeci Ta MeTaboni3mi 3anisa
3aBAsKM MOro doepooKcuaasHii aktTuBHoCTI. LiepynonnasmiH Moxe akTuByBaTW CUrHanbHi
LMSXKW, NOB’'A3aHi 3 iLeMielo Ta riNoKCielo, SKi € XxapaKTepHUMK Ans CepLeBoi HegocTaT-
HocTi. XCH yacTo cynpoBOMKYETHCS HU3BbKOIHTEHCUBHUM XPOHIYHWMM 3ananeHHsM, Lo
MOXe MOSICHIOBATU NiABULLIEHHS PiBHSA LiepyrionnaamiHy. Vloro npookcuaaHTHa akTUBHICTb,
K doeppokcmaasHoro epmMeHTy B MeTaboniaMi 3anisa, TakoXK MOXe CrpUSATY OKMUCITHOBaslb-
HOMY CTpecy B CepLIeBO-CYANHHIN CUCTEMI, LLO Lie Binblue NOCUMIOE YLLKOMKEHHS cepList
[18, 19]. UepynonnasmiH MOXe Ai9TW SK aHTUOKCUAAHT, ane 3a NeBHUX YMOB MOXe MaTu
1 NPOOKCUAAHTHI BNacTMBOCTI [26] .

C-peaktuBHui npotein (CPI1) Bigirpae BaknMBY porb MpU XPOHIYHIA cepLeBil
HeOCTaTHOCTI, BUCTYNakoum K MapKep 3ananeHHs Ta iHOuKkaTop NpOrHO3y 3aXBOPIOBAHHS.
XCH cynpoBOMKYETHCS XPOHIYHMM 3ananeHHsM, SiKe YLUKOKY€E CTiHKM CYAWH i cepLeBun
M's13. C-peaKkTUBHUI NPOTEIH BigobpaXkae aKTMBHICTb LibOro 3ananbHoro npouecy [13, 14].

B pesynbTaTi npoBeAeHOro AOCHiMKEHHS BUSBMEHO, WO piBeHb C-peakTuBHOro
npoTeiHa y KpoBi MauieHTiB 3 AEKOMNEHCOBAHOK XPOHIYHOK CEpLIEBOD HEOOCTaTHICTIO
36inbwenun B 1,5 pasis, a y nauieHTiB 3 XCH B cTagii komneHcauii — B 1,4 pasie B NOpPIBHSIHI
3 KOHTPOSBHOIO rpynoto. Lle cBigunTb Npo BUCOKMI CTYNEHb 3ananeHHsa cepLeBo-CyaNHHOT
cuctemn [20, 21].

LWenakicte ocigaHHs eputpoumnTie (LLOE) € ogHMM i3 ronoBHUX NabopaTopHUX
MOKa3HWKIB, SIKUA MOXE BUKOPUCTOBYBATUCA AN BU3HAYEHHS PiBHS 3anarieHHsi, B TOMY
ymMcni NPY XPOHIYHIM cepLeBin HeaocTaTHOCTI [22, 23, 24].

OTpuMaHi gaHi gocnimpkeHHs WBuakocTi ociganHa eputpouunTie (LLUOE) B KpOBi
YOmOoBIKiB NMpu KoMneHcoBaHin XCH nokasyloTb nigBuLeHHs NokasHukiB B 2,1 pasn, a y
yonosikiB 3 XCH B cTagii gekomneHcauii — 1,9 pasiB B NOPIiBHSHI 3 KOHTPOMNBHOKO rPYMoL0.
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Kpim Toro, pesynbtatn LUOE B KkpoBi xiHOK, xBopux Ha XCH B craaii komneHcauii Ta
JeKoMreHcalii 3HaxogdaTbCs B Mexax pedepeHTHUX 3HaueHb.

MoKa3HWKM KiNbKOCTi NTeNKOLMTIB B KpOBI NauieHTiB 3 XCH B cTagjii aekomneHcalii Ta
KOMMeHcaLlji, TakoX, 3HaXOAUTbCSA B Mexax pehepeHTHNX 3HaYEHb.

BucHoBku. [locnimkeHHa nokasanu, wo y xeopux Ha XCH BigbyBatoTbcs Baromi
3MiHK BIOXiMIYHMX MOKA3HUKIB KPOBI, SIKi CBiAYaTh MPO HASIBHICTb 3amnarneHHs Ta OkcuaaTuBe-
Horo cTpecy. 3okpema, 3adhiKCOBaHO 3HUXKEHHSI aKTUBHOCTI NapaokcoHasu-1 B KpOBi XBOPUX
Ha XCH B cTagil gekomneHcauii B MOPIBHSAHI 3 KOHTPOSIBHOK TPYroto, WO Moxe 6yTu
MOB’A3aHO 3 MOPYLUEHHsIM MeTaboniaMy MinonpoTeiHiB i MiABULWEHMM PU3MKOM PO3BUTKY
aTepockneposy. Y nauieHtiB 3 XCH B cTagii gekomneHcalii 3Ha4HO 3pocra akTUBHICTb
MiE€NONEPOKCMAA3N Y MOPIBHSHHI 3 KOHTPOMBLHOK MPYMOL0, LLO MOB’A3aHOo il B3aEMogieto 3
NnapaoKCoHa30t0-1, OKUCIIEHHAM JINOMPOTEIHIB Ta MOCUIIEHHSIM JTOKanbHOro CYAUHHOro
3ananeHHsa. Taki 3MiHM MOXYTb BUCTYyMNaTu npegukropamm HeUTpogifibHO-ONocepeaKko-
BaHOI 3ananbHOI BiAnoB.iaj i nporpecyBaHHs aTepocKneposy. SHKEHHS PiBHS BigHOBNEHO-
ro rnyTtaTioHy B KpoBi y nauieHTis 3 XCH B cTagii aekoMneHcauii  cBiaunTb Npo NiaBULLIEHNIA
OKCUOATUBHUI CTPEC, WO 3YMOBEHWI HAAMIPHUM YTBOPEHHAM aKTUBHUX (OOPM KUCHIO Ta
3HKEHHSAM aKTUBHOCTI aHTMOKCUAAHTHOMO 3aXUCTY KNITUH cepus 1 eHaoTenito. BogHovac
3MEHLLUEHHS KOHLIEHTpaLlil Lepynonna3smiHy B KpoBi nauieHTiB 3 XCH Bka3sye Ha Moro y4acTtb
y natoreHesi cepueBOi HeQOCTaTHOCTI, OCKIfbKM Liei FMiKONPOTEIH Mae 3Ha4YeHHs ans
3ananbHUX npouecis Ta obmiHy 3anisa. lNMigBuLLeHHs piBHs C-peakTUBHOro Ginka B KpOBi
naLieHTIB 3 XPOHIYHOK CepLEeBO HeAOCTAaTHICTIO B CTafil AekoMneHcalii niaTBepmkye
HaABHICTb aKTMBHOro 3anasneHHs. MMiaBuLLEeHHS WBMAKOCTI OCidaHHSA epuTpoLmTiB Y KPOBI
yonogikie 3 XCH B cTagji komneHcalii B NOPIBHSHI 3 KOHTPOSIBHOK MPYMO0 CBigYMTb MPOo
cvctemHe 3anarneHHs. MNokasHukm LLOE B kpoBi xiHOK, XxBopux Ha XCH B cTtagji komneH-
caujii Ta gekomneHcauii 3HaxoaUTLCS B Mexax peepeHTHMX 3HaYEHb.

OTpyMaHi gaHi MOXHa 3acTOCOBYBATM [OJ19 MOHITOPUHIY CTaHy nauieHTiB i3
CepLieBO0 HEJOCTATHICTIO Ta OLHKM ebeKTUBHOCTI Tepanii. Noka3HMKM akTUBHOCTI napa-
okcoHasu-1, uepynonna3miny, piBHs C-peaktneHoro 6inka ta LUOE mMoxyTb BUCTynaTtu
iHpopmaTMBHUMKM Biomapkepamu, O 403BOMAOTb OLHIOBATW IHTEHCUMBHICTb 3anarbHUX
npoueciB Ta pu3MK ycknagHeHb. Lle noBoaMTb HeobXigHICTE KOMMIEKCHOro nigxody A0
nikyBaHHsa nauieHTiB i3 XCH, sKkvMi BKMOYae KOHTPOMb 3ananeHHst Ta 3MEHLUEHHS
OKCMAOATVBHOTO CTPECY.
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INDICATORS OF ANTIOXIDANT PROTECTION AND DEVELOPMENT
OF INFLAMMATORY RESPONSE IN CHRONIC HEART FAILURE

At present, cardiovascular diseases occupy a leading position among the causes of
mortality. Chronic heart failure (CHF) is a common consequence of cardiometabolic
disorders and a major risk factor for death from cardiovascular pathologies. This condition
is characterized by a chronic inflammatory process. However, the persistent inflammatory
states observed in CHF can affect both the composition and overall functioning of the
blood antioxidant system.

In patients with decompensated CHF, a significant 62,5 % decrease in paraoxonase-1
activity was observed compared to the control group, which leads to the accumulation of
oxidized low-density lipoproteins (LDL) and an increase in lipid peroxidation products. The
activity of myeloperoxidase in the blood of patients with CHF in both decompensated and
compensated stages increased 1,5 times compared to the control, disrupting its
interaction with the enzyme and high-density lipoproteins (HDL). Changes in
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paraoxonase-1 and myeloperoxidase activity may serve as predictors of inflammatory
reactions and atherosclerotic progression, as well as indicators for evaluating treatment
effectiveness.

The study revealed that ceruloplasmin levels in the blood of patients with decompensated
CHF decreased by 15,9%, and in those with compensated CHF by 16.6 %, compared to
the control group, indicating its role in the pathogenesis of heart failure. At the same time,
the concentration of C-reactive protein in patients with decompensated CHF increased
1,5 times relative fto the control, reflecting active inflammation within the cardiovascular
system.

The content of reduced glutathione in the blood of patients with decompensated CHF
decreased by 23,4 %, and by 18,9 % in those with compensated CHF compared fo the
control, indicating the presence of inflammation and an increase in oxidative stress due to
elevated levels of reactive oxygen species.

The erythrocyte sedimentation rate (ESR) in women with compensated and
decompensated CHF remained within reference ranges. Similarly, leukocyte counts in the
blood of patients with both compensated and decompensated CHF were within normal
limits.

Key words: chronic heart failure, reduced glutathione, paroxinase-1, myeloperoxinase,
ceruloplasmin, C-reactive protein.
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AHTUBAKTEPIANIbHA TEPANISA HA OCHOBI CUHEPTI3MY Y OITEW
3 CENCUCOM, BUKITUKAHUM MYJIbTUPESUCTEHTHUMWU OPIr'AHI3MAMMU

AHmumikpobHa peaucmeHmHicmb (AMP) € 0dHieto 3 Halbinblwux 3aspo3 cyvacHil
anobarbHil cucmemi 0XopoHU 300p08’s, WO 8uMazae mepmiHoaux Oill SIK Ha HauioHarlb-
HOMY, maK i Ha MiKHapPOOHOMY pieHsIX. ToWUpPEeHHsT My ibmupe3ucmeHmMHOI epamHe-
eamueHoi ¢briopu 3Ha4yHO YycKalHIE Be0eHHsI HGQYEeKUiUHUX X80pob, 3oKkpema y
8i00ineHHsIX iHMeHcueHoOI mepanii, 0e naujeHmu Yacmo rnepebysarome y KPUMUYHOMY
cmakHi, nompebyroyu eucokoeghekmueHoi ma weudkoi aHmubakmepianbHOI meparii.
AkmyanbHicme npobriemu 3pocmae Ha mii obmexeHoi docmyrnHoOCMi CydYacHUX
aHmubakmepianbHUX rperapamie 8 OKpeMux KpaiHax, 30kpema 8 YKpaiHi, a makox
yepe3 3pocmaHHsl Hucrna iHgbekuil, peaucmeHmHux 00 kapbareHemis, KOrMiCmuHy,
uecgbarnocriopuHie ma kombiHauiti 3-nakmamie 3 iHaibimopamu B-nakmama3s. Memoro
Ubo2o 0ocriidxeHHs1 6yno ouiHUMU egheKkmuBHICMb 3acmocy8aHHs CUHEPaiYHUX
KombiHauili aHmubakmepianbHUX rperapamie y IiKy8aHHi Cercucy, 6UKIUKaHO20
Myribmupe3ucmeHmHor ¢hrioporo, y Gimeli pi3Ho20 8iKy, siKi nepebysanu y 6i0dineHHi
iHmeHcusHoi mepanii HACJT «Oxmamoumy. [ocnidxeHHs eknrovano aHaniz 10
KriHiYHUX sunadkie y naujeHmig eikom eid 1 micsiusi 00 17 pokie, wo Haditiwnu y 8aXKoOMy
cmaHi 3 nidmeepdxXeHUM CenmuyHUM [POUEeCcoM, CrPUYUHEHUM namo2eHamu 3
MHOXUHHOHO JlikapcbKoto cmitikicrmito. [o docnidxeHHs ysitiwiu sK naujeHmu Xipypeid-
HO20, mak i comamuy4Ho20 rpogbinto. Bei eunadku cynposodxysanucs bakmepionoaid-
HUM 8USIBIIEHHAIM Myrbmupe3ucmeHmHux 36y0HuKigs, ceped sikux domiHysaru Klebsiella
pneumoniae, Pseudomonas aeruginosa ma Acinetobacter baumannii. [rsi ausHa4eHHs1
onmumarnbHoi KombiHaujii aHmubiomukie 6yr10 3acmocogaHo MemooO epPexpecHo20
mecmyeaHHs1 (cross-testing) ma KinbKicHi MemoOu OUiHKU in Vitro cuHepeiyHoi
akmusHocmi aHmubakmepianbHUX 3acobis. Y npoueci 0ocrnidxeHHs1 Oynu eusieneHi
Oekinbka eghekmueHuUx KombiHaujli, 30Kpema: KonicmuH + mi2eyukriH, gpocchomiyuH +
KoricmuH, imineHem + ¢hocghomiyuH, azmpeoHam + uegpmasudum/asibakmam, mMepo-
reHem + mieeUUKITiH, KOMICMUH + pughbamriyuH mouwio. Y KOXHOMY KIliHIYHOMY 8urnadKy
rpu3HadyeHHs1 nikysaHHs1 6a3ysarniocsi Ha pesyfibmamax mecmyeaHHs 4Yymausocmi
36y0HUKi8 00 CcuHepaidyHUX KOoMbiHauil, wo 0ano 3Moey YHUKHYmMU HeegheKmueHoi
emMripuyHoi meparnii ma weudko Aocsemu no3umueHoi uHamiku. Criocmepieanocs
0ocmosipHe 3HUXEeHHS1 pieHie C-peakmueHO20 binka, npoKanbUUMOHIHY ma iHmep-
nelKiHy-6, wo ceid4ump fNpo 3MEeHWEeHHS CUCMEeMHO20 3anasbHo20 rpouecy. Hanpuk-
nad, y sunadky nauieHma 3 Acinetobacter baumannii ma Pseudomonas aeruginosa ricrisi
3acmocyeaHHs KoMbiHauii MeporneHeMy 3 mieeyuKiniHoM 8i03Havanocs 3HUxeHHs I1-6 3
848 na/mn 0o 69.08 na/mn, a npokanbyumoHiH — 3 89.19 He/mn 0o 0.43 He/mn. B iHWux
surnadkax KombiHaujii KoricmuHy 3 miceyukiiHom abo meporieHemom 3abeaneyunu
rnosumusHy KiiHiYHy OuHaMiKy 3 HOpManisaujero pieHie 3ananbHUX Mapkepie i
roKpaweHHsIM 3a2asibHo20 cmaHy naujeHmis. OmpumaHi pe3yibmamu ceid4ams rpo
rnepesazu nioxody 0o aHmubakmepianbHOI mepariii Ha OCHO8i mecmyeaHHs1 CUHepell,
ocobnueo 8 ymosax, Konu aHmubakmepiarnbHi npenapamu 8usienstombCs Heegbekmus-
HUMU Yepe3 8UCOKUl piseHb pe3ucmeHmHocmi. Memoduka nidbopy aHmubakmepiasis-
HOI meparniii 3 ypaxyeaHHsIM CuHepeidHoi Oif 0o3gonisie midsuwumu egekmueHicme
nikyeaHHsi. Taki OaHi € HeobOXiOHOK CK1adoeot Oris paujoHarbHO20 [PU3SHAYEHHS
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aHmubiomukie y KniHiYHIt npakmuuyi, ocobnueo npu 8e0eHHi Kpumu4HO xeopux dimed 3
MSDKKUMU  IHGDeKUIUHUMU  yCKITaOHEHHSIMU. Y 8UCHOBKY, pe3ysibmamu OOCIiOXeHHS

demoHcmpyromb ouinbHicmb 3acmocysaHHs nidxodie, 3aCHO8aHUX Ha CuHepeidHil Oif

aHmubakmepianbHUX rperapamie, y IiKy8aHHi My/ibmupe3ucCmeHmHuUX iHgekuit y
dimeli. BukopucmaHHs makux MemoOuK € 0CobsIU80 akmyaribHUM 8 yMo8ax 0bMeXeHUX
pecypcie, konu Hemae 0ocmyry 00 cydacHUx Oopo208apmMiCHUX aHmubiomuckis,
peKomeHA08aHUX MiXKHapPOOHUMU rPOMOKoIamu.

Knrouosi crioga: cericuc, Myrbmupe3ucmeHmHi opaaHiamu, aHmubakmepianbHa pe3u-
cmeHmHicmb, CUHepaidyHa Oisl, MPoKanbyumoHiH, C-peakmusHutl bifiok, nedkoyumu.

BcTyn. BiicbkoBi KOHGMIKTK, Taki 9K B YKpaiHi, € BaXXNnBMM hakTopomM, LLIO crnpusie
PO3BUTKY PE3NCTEHTHOCTI OO0 aHTMMIKPOOHMX mnpenapaTiB. Pu3uk iHMikyBaHHA paH i
BaXNMBICTb CYBOPUX TMEHIMHUX 3aXOA4iB ANs 3MEHLUEHHS! MOro BUHWKHEHHS Ta Hacnigkis
nobpe Bigomi. Pe3ncTeHTHICTb A0 aHTUMIKpOGHMX npenapatiB po3BMBAETLCH, KOMU
BakTepii, Bipycu, rpmbku Ta napasutn MyTyoTb abo HabyBatoTb reHeTUYHOro MaTepiany Big
iHLUMX opraHi3miB i Ginblle He pearyloTb Ha NiKyBaHHS, 3PELUTOK MEepPETBOPHOIOYUCH Ha
OpraHi3mMn 3 MHOXXWUHHOIO NIKApChKOK CTIKICTIO. AHTUMIKPOOHa Pe3UCTEHTHICTb € OAHIELD 3
HanBaXKNMBILLMX rnobanbHMX npobnem oxopoHu 3aopos’s [1]. Y 3B.iTi BepxoBHoro komicapa
Opranizauii O6’egHaHnx Hauii y cnpaBax 6ikeHuiB npo rnodanbHi TeHaeHuii 3a 2022 pik
OUjiHI0ETbCA, WO Mavke 110 minbioHiB nogen (>1:74 HaceneHHsi CBiTy) Oyny NpUMycoBO
nepemillieHi B Mexax CBOEI KpaiH1 NoxomKkeHHa abo A0 CyCiaHixX KpaiH y BCbOMY CBiITi [2].
Bucoka yacTota TpaBMaTUYHMX YLLKOMKEHDb KICTOK Ta M'AKUX TKaHWH Y NMOAEN, SKi 3a3Hanm
TpaBM, BMMarae XipypriyHOro BTPYYaHHS 3 KOHTPOMK MOLIKOMKEHb, SKe 4YacTo MpOBO-
OnTbCA B 3aKknagax, Ae BiACyTHI 3BMYariHi 3aco0U KOHTPOIO iHGEKLIN, Lo NpU3BOAnTb 40
nerworo 3abpyaHeHHs paH OpraHiamMamy HaBKOMMWLLHBOrO cepeaosuLla. [ns BupiLLEHHS
LUUX NpobneMm MeauyHi npauiBHUKA BUKOPUCTOBYIOTb aHTMDIOTMKM LUMPOKOrO CNEKTPY Aii,
WO TaKoX MOxe 30iMblUMTU PO3BUTOK AHTUMIKPOOHOI pe3nCTeHTHOCTI. HauioHanbHa
cuUCTEMA CrOCTEPEXEHHSA 3@ MYNbTUPE3UCTEHTHVMM 3axBOptOBaHHAMK Yy HigepnaHaax
noBsigomMuna nNpo 58 nauieHTiB, AKi HELLLOAABHO NOAOPOXKYBanNu 3 YKpaiHu, 3 SKUX NofoBuHa
HeLLloAaBHO KOHTaKTyBana 3 fikapHeto B YKpaiHi 40 Noi34KK, WO pastode KOHTPacTYe 3 IXHIM
OOBOEHHMM  OOCBIAOM, KOMW XOOHWUX MYNbTUPE3UCTEHTHUX MikpoopraHiamis (MPM),
noB’dA3aHKX 3 noi3gkamun 4o YkpaiHu, He 6yno suseneHo [3]. Y HigepnaHgax nosigomns-
nocs Npo 3pocTaHHsA KinbkocTi idonATie Klebsiella pneumoniae 3 MP3, ski npoaykytoTb
NDM-1 a6o NDM-1/OXA-4820 [4,5].

"pamMHeraTmBHi opraHiaMmm 3 MHOXUHHOLO NiKapCbKO CTINKICTIO, BKIKOYaun Ti, WO
CTiKi 0O KOMICTUHY, Liedigepokony Ta HOBMX KOMOIHAUiM iHribiTopie B-rnaktamiB Ta [B-
naktamas, CTBOPIOKOTb 3HaYHi TPYOQHOLL B JiKyBaHHI iH(peKLUi, noB’sisaHux 3 60oBMMU
nopaHeHHsaMK, y nauieHTiB B YKpaiHi Ta TuX, XTO ByB penaTpinoBaHuii B iHLWWI KpaiHu [3].
CkoTT ManeTT pa3om 3 criBaBTOpaMm onvcanu KniHiYH1iA BUNagok nikyBaHHA 35-piuHoro
yonogika y nuctonagi 2022 poky nicnsi nopaHeHHs MiBoi roMinku, nig vYac 6onoBux ain B
YkpaiHi. Mlomy HeraiiHo 6yno nposeaeHo onepaLiito 3 KOHTPOSTIO NOLUKOMKEHb Y MICLIEBOMY
NnonbOBOMY LUMWUTaNi Ta HeramHo TPaHCMOPTOBAHO A0 TPaBMATOMOMYHOro LUAMTanto
TPETUHHOrO piBHA Yy Benukin BpuTaHii, Wo B1UMarano petesnibHOro OYULLEHHS iHIKOBaHMX
KICTOK Ta M'SikMX TKaHWH. BbakTepianbHa KynbTypa rHOt Ta KicTok Buginuna Klebsiella
pneumoniae, WO NPOAYKYE MeTano-B-naktamasHi  kapbaneHemasn Hbto-[eni,
Acinetobacter baumanii Ta Enterococcus faecalis. TeCcTyBaHHS Ha YyTNUBICTb BUSIBUIIO
OpraHi3mMn 3 BUCOKOH CTIMKICTIO O MHOXMHHUX NiKapCbkmx 3aco0iB. MovaTkoBe NiKyBaHHS
BKIOYano kombiHaLlilo BHYTPILLHBEOBEHHOrO Liedigepokony (1 r koxHi 8 roguH), docgo-
MiLUMHY (8 T KOXHi 8 roamn), TanreuukniHy (200 mr HeranHo, noTiM 100 Mr KOXHi 12 roauH),
amikaumHy (15 mr/kr HeramHo) Ta BaHKOMIUMHY (2 T KOXHi 8 roauvH Ana nigTpyUMKu
MiHiManbHoro piBHa 15—20 mr/n). MNauieHT He nepeHocuB TareUmkniH y Lin aosi. Yepes
Opak BapiaHTiB nikyBaHHS MOro pexxum Byno nepesedeHo Ha Lediaepokon (2 r KoxHi 6

63



Haykosi 3anucku. Bionoriyni Hayku. 2025. Ne 3

roauvH), epasauukrid (100 mr koxHi 12 roguH), amikaumH (15 Mr/kr HerarHo) Ta KonicTuH (3
000 000 oamHuLb KoXHI 8 roguH) [6]. BapTo 3ayBaxnTu, WO aHTMOaKTepianbHi npenaparu,
BMKOPUCTaHHI Koneramu y BenvkoGpuTanii, € gyxe 4oporoBapTiCHUMU, YacTUHA 3 HUX He
3apeecTpoBaHa B YKpaiHi i € He JOCTYNHOI ANs BUKOPUCTaHHS.

Brepwe B YkpaiHi 6yna pospobneHa KymynsatuBHa aHTubioTukorpama [7]. Ons
Escherichia coli 66% Ta 69% isonsTis 6ynu yyTnMerMmM 40 LedTasnanmy Ta LedTprnakcoHy
BignoBsiaHo, Npu uboMy npoaykuis ESBL 6yna niareepaxeHa y 28% isonaTtis. Maiixe BCi
i3onsaTn (99%) 6ynu yytnvemMMmM 0o meponeHemy. 3 isonsTis E. coli, wo npogykytoTe ESBL,
AKi MPONLLINN TECTYBaHHS Ha YyTNMBICTb A0 KOMicTuHY ( n = 25), 100% manu MiHimansHy
iHriBytouy koHUeHTpauito (MIK) <2 mr/n. Ha npotusary usomy, ansa Klebsiella pneumoniae
26% Ta 27% isonaTtiB 6ynun YyTnuBuMK o uedTasnaumy Ta LedTpUakcoHy BignoBigHo,
npu upomy npoaykuid ESBL 6yna niatBepmxeHa y 31% isonstis. binbwe nonosuHn (59%)
i3onaTiB Oynu yyTnMBUMKW OO0 MeponeHemy. 3 izondATtiB K. pneumoniae, CTiRKUX [0
KapbaneHeMiB , SiKi IPONLLNN JOAATKOBE TECTYBaHHA Ha YyTnueicTb ( N = 60), 59% manu
MiHIMarnbHy iHriByro4y KOHLEHTpaLio KONICTUHY <2 mr/n, i nuwe 38% 6ynu yyTtnnsnumu 4o
uedrasmanmy/asibakramy. [Ana Pseudomonas aeruginosa nuwe 53% i3onAtie 6ynn vy-
TnMBMMK 00 MeponeHemy, 85% — no astpeoHamy, a 100% manu MiHiManbHy iHribytouy
koHueHTpauito (MIK) konicty <2 mr/n. 3 Tux kapbGaneHem-pe3nUCTEHTHUX i30NATiB, SAKi
NPOVILLIM A0OATKOBE TECTYBAHHS Ha YyTnuBICTb ( N = 64), nuwe 12% 6ynn yyTnmBmumn 4o
uedprasmaumy/asibakramy. AHanoriyHo, ana Acinetobacter spp. nuwe 37% isonsTis 6ynu
YyTNMBMUMK OO MeporneHemy. YyTnueicTb A0 amniumniHy/cynbbaktamy Takox 6yna
HM3bKO — 45%. Npodbink YyTnMBOCTI Ana kapbaneHem-pe3ncTeHTHUX Acinetobacter spp.
OyB 0COONMBO HM3BbKMM, MPUYOMY FMLLE KOMICTMH 36epir 4OCTOBIpHY aKTUBHICTBL in Vitro
npoTY LBOro poay [7].

Komicia 3 po3pobku pekomeHaauin €Bponencbkoro TOBapuCTBa KIHIYHOI MiKpo-
Oionorii Ta iHdekuiHnx 3axeoptoBaHb (ESCMID) wopno nikyBaHHs1 iHOEKLNA, CIPUYNMHEHNX
rpaMHeraTMBHUMMK BaKkTepisMM 3 MHOXWUHHOIKO NIKApPCbKOK CTIMKICTIO pO3rfsiHyna okasu
[ONS KOXKHOrO NaToreHy, KpUTUYHO OLLHMBLLN iCHYIOMI OCTIMKEHHSA Ta HaJanu TepaneBTUYHI
pekomeHaaLii ans Bubopy aHTMbakTepianbHoi Tepanii y nauieHTis 3 MPM [8]. Y naujieHTiB
3 KPC (kapbaneHem cTiikummn) npenapatamm BUOOPY MOXyTb ByTK cydacHi iHribiTop3aa-
XuieHi kapbaneHemun; 3 OXA-48- uedbrasigim-asibaktam, MBL — uedigepokon. Ak
3a3Havanoch BULLIE AaHi NpenapaTy ayXe JOpOoroBapTiCHI Ta He JOCTYMHI B YKpaiHi. ToMmy
BM3HAYEHHS1 CMHEPTiYHOI Aji aHTMbakTepianbHMX npenapariB Aae MOXIMBICTb BU3HAYUTU
koMGiHaLiT npenapaTiB ANg nikyBaHHS NawuieHTiB 3 cencrncom, BuknmkaHoro MPM.

MeTa poboTn — gocnianTn epeKkTUBHICTb BUKOPUCTAHHA CUHEPTiYHOI Aii aHTnbak-
TepianbHMX NpenapaTiB y paH4oMi30BaHOi BUOIPKM NaLieHTIB i3 cerncrucom, 00yMOBNEHUM
MYNbTUPE3UCTEHTHO (OIIOPOIO.

Metoan Ta opraHisadis gocnimkeHb. [locnimkeHHss npoBogunuck Ha 6asi
BiaaineHHs iHteHcmeHoi Tepanii HACJ1 «Oxmataut» MO3 Ykpainn. [Jo Bubipku yeinwno 10
nauieHTiB BikoM Big 1 micaua oo 17 pokiB, NaLieHTH XipypriYHOro Ta coMaTtu4Horo Npodqinto,
Y KPUTUYHOMY CTaHi 3 nNigTBEPIKEHUM CEnTUYHMM  NPOLECOM,  CrPUYUMHEHUM
MYINbTUPE3UCTEHTHOI OIIOPOt0, — Nepen NpU3HaYeHHsIM aHTUbaKTepianbHOI Tepanii Ha
OCHOBI CyHeprivYHoI Aii Ta Ha 1 dooHi. JocnigpkeHHs nposoamnock 3 1 xoBTHA 2023 p. no
TenepeLLHin yac.

KniHiyHMIA pjarHo3 BCTaAHOBMIOBABCA HA OCHOBI KNiHIYHOI KapTuUHW, 360py aHam-
HECTUYHUX OaHuX, i3nKanbHOro 0BCTEeXeHHS, AaHuX NabopaTopHO-IHCTPYMEHTaNbHUX
MeTOAiB OBCTEXEHHS: 3aranbHOKMIHIYHUX aHanisiB, MOKa3HWKIB MapKepiB 3ananeHHs,
pe3ynbTaTiB 6akTepionoriYHMX AOCTiMKEHb.

PoboTa BMKOHaHa Y BiAnNoBIgHOCTI 40 GIOETUYHUX HOPM i3 JOTPUMAHHAM BIiOMOBIA-
HUX NpUHUMNIB [MenbCiHCLKOI Aekrnapalii npae noguHu, KoHBeHLii pagy €Bponu npo npaea
nognHn | GiomeamumHn Ta BigNOBIAHUX 3akoHiB Ykpainu [9, 10].

PesynbTatm pgocnigkeHb Ta ix obroBopeHHs. auieHT 1. 3a pesynbTatamu
BakTepionoriyHoro gocnigpkeHHss Mokpotu — K. pneumonia MBL. [evikounTtn (J1)
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21.8-109/n, C-peakTneHUin 6inok (CPB) 98.7 mr/n (Hopma < 6 mr/n), npokansumToHiH (MKT)
0.106 Hr/mn (Hopma 0.020—0.046 Hr/mn). MNpr3HaYeHo KoniCTUH. BpaxoBytoum BaXkKni CTaH
nauieHTa Ta MOXNMBE MOTPWEHHSA CTaHy, AnS MPUAHATTA PileHHS MPOo MOCUIEHHS
aHTMbBakTepianbHOI Tepanili — MeTo40OM NepexpecHOro TeCTYBaHHA BUSIBIIEHA CUHEprivyHa
nisa Ab: TireuukniH+konictMH, docoMiLUMH+KONICTUH, iMineHeM+docdoMmilLmH, asTpeo-
Ham+uedTasnamm/aBidbaktam. Ha komOGiHauii TiraumkniHy 3 KOMICTMHOM BigMiYaeTbcs
nosutueHa avHawmika. J113.3-109/n, CPB 6.4 Hr/mn.

MaujeHT 2. 3a pesynbTatamm OakTepionoriYyHoOro AOCHIMKEHHA MoKpoTn — K.
pneumonia MBL. JT1 13.3-109/n, CPB (117.9) 42.11 mr/n, NKT 0.17 Hr/mn. 11 8.45-109/n,
CPBE 21 wmr/n, MKT 0.148 Hr/mn. lNpusHadeHo MepoHem-+umnpodriokcauuH. MeTtogom
nepexpecHoro TecTyBaHHS BUsIBNeHa cuHepriyvHa Aais AB: imineHem+konicTuH, imine-
HeM+TireUmkIiH, TireumkniH+KonicTuH, docdoMiunH+konicTMH. Metogom cniBBigHOLLEHb
BMSIBIEHA CUWHEpriYyHa pfjs: asTpeoHam+uedTasngmm/aBidaktam. BpaxoBytoum cTpiMke
NOripLUIEeHHs CTaHy Npu3HaveHo: asTpeoHamM+uedTasmanm/asibakram. J1 8.45-109/n, CPB
21 mr/n, NKT 0.148 Hr/mn.

MaujeHT 3. 3a pesynbTatammn 6aKTepioNnoriYHOro AOCHiMKEHHS MaTepiany 3 paHu —
A. baumanii, P. aureginosa. J18.5-109/n, CPE 251.8 mr/n, MNKT 89.19 Hr/mn, iHTepnerikiH 6
(IN6) 848 nr/mn (Hopma < 7.0). KinbkicHuM MeTOoOOM BusiBNeHa cuHepriyHa fis Ab:
MeponeHem+TireuukniH. [pusHayeHo: meponeHemM+Tireumknid. J1 16.1-109/n, CPB 138.7
mr/n, MKT 0.43 wr/mn, 1116 69.08 nr/mn.

MaujeHT 4. 3a pesynbTatammu OakTepionoriyHoOro AOCNIMKEHHA MOKpoTn — K.
pneumonia. J1 12.2-109/n, CPB 182.2 mr/n, NMKT 15.3 Hr/mn. Metogom nepexpecHoro
TecTyBaHHA BusSBNeHa cuHepriyHa Aia AB: konicTuH+TireuukniH. lMNpusHaveHo: koric-
TUH+Tireumknid. J1 8.5-109/n, CPB 7.58 mr/n, MNKT 0.5 Hr/mn.

MauieHT 5. 3a pesynbTatamu 6akTepionoriyHoro AocrimpKeHHs BpOHX0-anbBeo-
nspHoro naeaxy — K. pneumonia. 11 13.2-109/n, CPB 13.2 mr/n. MeTogom nepexpecHoro
TECTyBaHHA BusBNeHa cuHepriyHa Aia Ab: konicTuH+TireumkniH. Mpu3HadeHo: konic-
TuH+Tireumknid. J1 10.4-109/n, CPB HeraTMBHWIA.

MaujeHT 6. 3a pesynbTatamym OakTEpioONoriYHOro  AOCHIMKEHHS  BpPOHXO-
anbBeonspHOro naeaxy, cedi — K. pneumonia. J1 38.2.-109/n, CPB 246.4 mr/n. NKT 2.42
Hr/Mn. MeTooom nepexpecHoro TecTyBaHHSA BusiBNeHa cuHeprivHa fia Ab: uedra-
sigim/aBidaktam + astpeoHam. [lpusHayeHo: uedTasigiM/aBibakTam + as3TpeoHam.
J118.8:109/n, CPB 45.3 mr/n. MKT 0.8 Hr/mn.

MauieHT 7. B3a pesynbTatamm 6akTepionoriyHOro AOCHiMKEHHs MaTepiany 3
OKIO3iNHOI NoB’sI3kM — P. aureginosa. J1 24.7-109/n, CPB 316.8 mr/n, MNMKT 43.5 Hr/mn, 1116
160.6 nr/mn. AkicHMM MeToooOM BUsiBNEHa CuHepriyvHa pfis Ab: asTtpeoHam+umnpo-
dnokcaumH, asTpeoHam+aMikauuH, asTpeoHam+TiraumkniH. [lpusHaveHo: asTpeo-
Ham+Tirauuknin J15.6-109/n, CPB 32 mr/n, MKT 1.46 Hr/mn, 1116 18 nr/mn.

MaujeHT 8. 3a pesynbTatamu OGaKTEPIONOMNYHOrO OOCNISKEHHS MOKPOTU —
K. pneumonia. 1N 27.3.-109/n, CPB 268 wmr/n. MNMKT 12.4 Hr/mn. MeTtogoMm nepexpecHoro
TECTyBaHHS BUsiIBNEeHa cuHepridHa ais Ab: konicTuH+pudhamniumH, KonicTUH+TIrauuKiH.
MpusHayeHo: konicTuH+Tiraumknid. J1 14.5-109/n, CPB 26.7 mr/n. MKT 0.43 Hr/mn.

MaujeHT 9. 3a pesynbTatamu 6GaKTEPIONOrYHOTO AOCHIMKEHHS NiKBOPY —
K. pneumonia. J1 36.7.-109/n, CPB 167.4 mr/n. MKT 21.5 Hr/mn. MeTogom nepexpecHoro
TEeCTyBaHHS BUsBMNeHa cuHepriyHa ais Ab: konicTuH+pudamniumH, KonicTuH+MeponeHem.
MpusHayeHo: konictnH+MmeponeHem. J18.8-109/n, CPB 43.8 mr/n. MKT 0.153 Hr/mn.

Mauient 10. 3a pesynbTatamu 6akTepionoriyHOro AOCHIAXEHHS MOKPOTU —
K. pneumonia. 11 24.9.-109/n, CPB 187.6 mr/n. MNKT 5.4 Hr/mn. MeTogomM nepexpecHoro
TecTyBaHHA BWsIBNeHa cuHeprivHa pgis Ab: MeponeHem+TiraumkniH. [pusHaveHo:
MeponeHem+Tirauuknid. J112.4-109/n, CPB 18 mr/n. MNKT 0.4 Hr/mn.

BucHoBku. [TpeBantoloyoo MynbTUPE3NCTEHTHO (Priopoto Y BigAiNeHH: iHTeHCKB-
Hoi Tepanii € wTtamu K. pneumonia. 3rigHO NPUHUMNIB NPU3HaYeHHs aHTUbakTepianbHOI
Tepanil: cnoyatky emnipyyHa Tepanid; nepernsg depes 24-48 rog. BignosigHO A0
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pesynbTaTiB 6ak. NOCiBIB i CTaHy NaujieHTa; B pasi NoripleHHs cTaHy nauieHTa 3a yMOBU
iH(piKyBaHHs1 MyNbTUPE3NCTEHTHOK (DITIOPOI0 HEOOXIAHO MaTW Pe3epBHUIN BapiaHT aHTU-
DakTepianbHOI Tepanii, 3rigHO CMHEpPriYHOI Aii. MeToauka CMHeprivHoI Aii € NepCneKTMBHOK
Ta Moxe 3anobiratm nigsueHH0 netanbHocTi. OTpumaHi pesynbTatn 6e3ymoBHO
noTpebyloTb NPOAOBXKEHHST AOCNIMKEHHs edPEKTUBHOCTI aHTUbakTepianbHOI Tepanii Ha
OCHOBI CUHepri3my.
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ANTIBACTETERIAL THERAPY BASED ON SYNERGY IN CHILDREN
WITH SEPSIS CAUSED BY MULTIDRUG RESISTANT ORGANISMS

Antimicrobial resistance (AMR) is one of the greatest threats to the modern global health
system, demanding urgent action both nationally and internationally. The spread of
multidrug -resistant Gram -negative flora significantly complicates the management of
infectious diseases, particularly in intensive care units where patients are often critically ill
and require highly effective and rapid antibiotic therapy. The relevance of the problem is
further increased by limited access to modern antibacterial agents in some countries—
especially in Ukraine—as well as by the rising incidence of infections resistant to
carbapenems, colistin, cephalosporins, and (3-lactam/3-lactamase inhibitor combinations.
The aim of this study was fo assess the efficacy of synergistic combinations of
antibacterial agents in treating sepsis caused by multidrug -resistant flora in children of
various ages admitted to the intensive care unit of the National Children’s Specialized
Hospital «Okhmatdyt». The study included an analysis of 10 clinical cases of patients
aged from 1 month to 17 years, who arrived in critical condition with confirmed septic
processes caused by pathogens exhibiting multiple drug resistance. Both surgical and
somatic patients were included. In all cases, bacteriological testing revealed multidrug -
resistant pathogens, predominated by Klebsiella pneumoniae, Pseudomonas
aeruginosa, and Acinetobacter baumannii. To determine the optimal antibiotic
combinations, the cross -testing method (cross -testing) and quantitative in vitro methods
of assessing synergistic activity of antibacterial agents were used. During the study,
several effective combinations were identified, including colistin + tigecycline, fosfomycin
+ colistin, imipenem + fosfomycin, aztreonam + ceftazidime/avibactam, meropenem +
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tigecycline, and colistin + rifampicin. In each clinical case, the therapeutic regimen was
based on the sensitivity test results of the isolates to the synergistic combinations, allowing
avoidance of ineffective empirical therapy and achieving a rapid positive dynamic. A
significant decrease in levels of inflammatory biomarkers—C -reactive protein, procalcitonin,
and interleukin -6—was observed, indicating a reduction in systemic inflammatory response.
For example, in the case of a patient with Acinetobacter baumannii and Pseudomonas
aeruginosa, following the application of meropenem plus tigecycline, IL -6 decreased from
848 pg/mL to 69.08 pg/mL, and procalcitonin dropped from 89.19 ng/mL to 0.43ng/mL. In
other cases, combinations of colistin with tigecycline or meropenem also provided positive
clinical courses, normalization of inflammatory markers, and improvement in overall
patient condition. The results obtained indicate advantages of the therapeutic approach
based on assessment of synergistic action of antibiotics, especially under conditions in
which standard antibacterial agents prove ineffective due to high levels of pathogen
resistance. The method of selecting antibiotic therapy considering synergy enhances
treatment efficacy. Such data are an essential component for rational prescribing of
antibiotics in clinical practice, particularly in managing critically ill children suffering from
severe infectious complications. In conclusion, the study results demonstrate the
advisability of applying approaches founded on synergistic action of antibacterial agents
in treating multidrug -resistant infections in children. Use of such methodologies is
especially relevant in resource -limited environments where access to modermn, costly
antibiotics recommended by international protocols is lacking.

Key words: Sepsis, multidrug-resistant organisms, antimicrobial resistance, synergistic
effect, procalcitonin, C-reactive protein, leukocytes.
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NOKA3HWUKN LIEHTPAINBbHOI FEEMOANHAMIKU TA IHTEFTPATUBHUX
FrEMOAUHAMIMHUX IHOEKCIB Y MENAHXOIIKIB TA ®JIEFTMATUKIB

CyyacHa meduko-bionoeiyHa Hayka CripsiMosye c80i OOCIIOKEeHHST Ha BUBYEHHs
CrigsiOHOWEHb fIOKanbHUX ma 3a2alnbHUX Xapakmepucmuk opaaHiamy firoOuHU, a came
PIZHOMaHIMHUM 83aEMO38’513KaM MixK ¢bi3ionoaidHuMu hyHKUisMU ma iHOugidyaribHUMU
ocobnusocmsamu: KoHCmumyujs mina, OisnbHiCmb UeHmparsnsHOi Hepeosoi cucmemu
(mun euwjoi Hepgoeoi disiribHOCMI), WO cmeoproe pyHOameHm Onsl MPO2HO3y8aHHs
adanmauiliHo-KOMIeHcamopHUX peakuili ma peakmusHocmi ¢bizionoaidHux npouyecis,
SKi pomikaome 8 UinicHOMY opaaHiami. Haykosi nybrnikauii ocmaHHiX pokie mMicmsimeb
iHgbopmavujto, sika Xapakmepu3sye 3MiHU 8 MoKa3HUKax UyeHmpasrbHoi 2eMoOuHaMiku
3arnexHo 6i0 KoHcmumyuyii mina, namogizionoaiyHuUxX rnpouecie ma cmatie, adanmauit-
Hux peakuyit. Came mokasHUK OisribHOCMI cepueso-CyOUHHOI cucmemu Ha GOHI
Pi3HOMaHImMHUX bi3ionoaidHux peakuill (¢hiduyHi ma po3yMosi HagaHMaXeHHs, cmaH
OCHOBHUX Hepsosux rpouecis, OidnbHicmb euwjux eiddinie UueHmparnbHoi Hepeosor
cucmemu) sucmynaromb 06 EKMUBHUMU iHOUKamopamu, SiKi xapakmepusyroms adanma-
UitiHI MOXIUBoCMIi ma pe3epsu, a makox cmyriiHb nNpucmoco8aHocmi opaaHiamy 0o Oii
eHOOo2eHHUX ma eK302eHHUX ¢hakmopie cepedosuLya.

Memoro Hawozo docnidXeHHS € NPOBeOeHHS MOPIGHSNbHO20 aHarli3y MOKa3HUKI8 UeHm-
parnibHOI e2eMoOUHaMIKU ma iHmeapamugeHUX 2eMoOUHaMIHHUX IHOeKCI8 y MernaHXorliKie
ma ¢brieamamucis.

B Hawomy OocnidxeHi 835ina y4acmpb 2pyna 60/I0HmMepie 3a2anbHoro Kirbkicmio 90 ocib
(4onosivoi ma xiHo4yoi cmami 51 % ma 49 % 8idrosioHo), cepedHili 8ik SIKUX CmaHo8u8
21,5+1,2 pik. MNepwa epyna 45 ocib 3 menaHxoniyHum murnom BHL, dpyaa epyna 45 ocié
3 ¢prieamamuyHum muriom BH/]. Bci eonnoHmepu Gaganu nucbmosy 3200y Ha y4Yacmb 8
HawomMy oocnidxeHi. Tun euwoi Hepeoeoi disiibHOCMI eu3Hadyasnu 3a O0rNoMO20H
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mecmoeozo-onumysarbHuka. CmaH MoKa3HUKI8 UeHmparsibHOi eeMoOUHaMiKu 8U3Ha-
Yaru 3a maKkumu roka3HuKamu: Yacmoma Ccepuyesux CKOpo4YeHb, CepedHs1 mpusasticmeb
cepuesozo Uukiy, apmepianbHuli muck (cucmoniyHull ma GiacmonivyHud), rynbcosul
muck, cepelHitl apmepiarnbHUl muUcK, CUCMOIIIYHUU 06°eM Kpoei, X8UrUuHHUL 06’eM Kpoei,
CeKyHOHUU ob’em Kpoei, cepuesull iHOEKC, KoegbiyieHm eKOHOMIYHOCMI Kpogoobizy,
rmomy>kHicmes pobomu 11ie020 WirlyHo4YKa cepus, iHOekc PobiHCOHa, eezemamuegHuli
iHOekc Kepdo, 3acanbHuli nepugbepitiHudi orip cyduH. Poboma sukoHysarachk y 8iornosio-
Hocmi 0o bioemuyHUX HOpM 3 OOMPUMaHHSIM 8i0rnoeIOHUX MpuHUUNie [enbCciHCbKOI
Oeknapauji npas noduHu, KoHeeHruii padu €sporiu rnpo npasa firduHu i 6iomeduyuHu ma
8I0roBIOHUX 3aKOHI8 YKpaiHu.

Benu4uHu diacmoniyHo2o apmepianibHO20 mucky, iHOekcy PobiHCOHa ma 3agaribHo20
riepugbepitliHo2o oriopy cyOuH y chbrieamamucie 6yria docmosipHO BiflbUWOK 8 MOPIBHSIHI 3
mesiaHxonikamu Ha 4,8 mm.pm.cm.; 4,56 y.0.; 74 y.0. 8i0r08i0OHO. 3HaYeHHsT X8UITUHHO20
ob’emy Kposi, KoegbiuieHmy eKOHOMIYHOCMI Kpogoobicy ma eezemamueHuli iHOeKc
Kepdo y cpneamamukie 6yriu G0CMOGIPHO MeHWIi 8 rOPIBHSIHI 3 MeriaHXosikaMu Ha
125,5 mr/xs; 261,3 y.0.; 0,5 y.o. 8idrnosiOHo.

®@reamamuku maromp birbLi cmiliKi PyHKUIOHaIbHO-(Yi3i0N0aivyHi peayrnsamopHi cucme-
MU 8 r10pIBHSIHI 3 MesiaHXorliKkaMu, WO MOXe 8Ka3ysamu Ha 8UCOKY pe3UucmeHmHIcmb 00
8riugy eHOO2eHHUX ma eK302eHHUX ¢baKmopie Ha OpeaHi3M 8 rOPIGHSIHHI 3 MesiaH-
Xoriikamu.

Knroyosi _crnosa: mun euwoi Hepeoeoi OisribHOCMI, UeHmpasnbHa 2eMOoOUHaMiIKa,
apmepianbHuti muck, COK, XOK, eemo0uHamiyHi iHOekcu, peaynsayis isnbHocmi cepys,
KOMrieHcamopHi MexaHi3mu adanmauji.

Beryn. CyyacHa Mepguko-6ionoriyHa Hayka CrpsiMOBYe CBOI [AOCHISKEHHS Ha
BMBYEHHS CMiBBIOHOLLEHb FTOKaNbHUX Ta 3arafibHUX XapakTepuCTK OpraHiamy JtoanHu, a
came pPi3HOMaHITHUM B3aEMO3B’A3kaM MK 4idionoriyHUMm oyHKLISIMU Ta iHAMBIAYaNbHUMMN
0COBNMBOCTAMMU: KOHCTUTYLSA TiNa, QiSnbHICTb LEHTPanbHOI HEPBOBOI cUCTEMM (TUMN BULLIOT
HEPBOBOI LiSNIbHOCTI), WO CTBOPKE (yHAAMEHT AN MNPOrHO3yBaHHS aganTauinHo-
KOMMNEHCATOPHNX peakuin Ta peakTUBHOCTI (Pi3ionoriyHMX npouecis, ki NpOTikaloTb B
LinicHomy opraHiami [2; 3; 5; 16].

HaykoBi nybnikauji ocTaHHiIX pokiB MiCTSITb iHOpMaLito, sika XapakTepuaye 3miHu B
noKasHMKax LleHTpanbHOI reMoAMHaMIKM 3anexHO Bi KOHCTUTYLIT Tina, naTtodisionoriyHmx
npoLeciB Ta CTaHiB, aganTtauiiHux peakuin [9; 10; 15].

Came nokasHWK LisiNbHOCTI CepueBO-CYAMHHOI CUCTEMM Ha (POHi PiI3HOMAaHITHUX
QiionorivHnx peakuin (disnyHi Ta po3yMOBi HABAHTaXEHHSI, CTaH OCHOBHUX HEPBOBUX
npoueciB, AIANbHICTL BULLMX BiOAiNiB LEHTpanbHOI HEepPBOBOI CUCTEMW) BUCTYNaKTb
00’EKTMBHUMMU IHOMKATOpPaMMU, SIKi XapakTepusyoTb aganTaLiiHi MOXITMBOCTI Ta pe3epBu, a
TaKoX CTYMiHb NPUCTOCOBAHOCTI OpraHiaMy A0 Ail eHAOreHHUX Ta eK30reHHUx dhakTopis
cepeposuLLa [6].

HocnimpkeHHs B ranysi HopmarnbeHOI Ta NaTonorivyHoi pisionorii BUABMIM NEBHUN
B3aEMO3B'AA30K MK aAanTauinHO-KOMMNEHCATOPHUMUN peakuisMyi OpraHismy Ta Tunamu
BULLLOT HEPBOBOI AisinbHOCTI [4; 14]. JlocnTb rMmMbOoKo BUBYEHI 3MiHM B KiFTbKICHUX Ta SIKICHUX
XapaKTepuUCTUKax KPOBi Ha (POHi PI3BHOMAHITHUX CTPECOBMX peakLiin, 6yno BUSIBNEHO, LU0
KINMbKICTb €pUTPOLMTIB Ta KOHLIEHTpaUis remMorrnobiHy manu KopensuiiHuiA 3B’si30K 3
noKa3HUKamuy CUIM HEPBOBWX NPOLECIB Ta 30yMKEeHHAM | ranbMyBaHHAM TO-6-TO 3anexanm
Big TMNy BULLOT HEPBOBOI AisinbHocTi (BHAO) [4; 14].

BpaxoBytoun BuLLEe BUKNaAeHe MOXXHa 40NyCcTUTY, wo tun BH mae Bnnue He nuwe
NMOKa3HMKWN KPOBI, @ N Ha iHLLi NOKa3HMKN OpraHiaMy B TOMY YUCIi MOKa3HMKN LeHTpanbHOI
reMoMHaMIKW.

Takum YMHOM METOK HaLLIOro AOCHIMKEHHSI € NPOBEAEHHS NOPIBHANBHOrO aHanisy
NMOKa3HWKIB LieHTpanbHOI reMoguHaMIKM Ta iHTerpaTMBHUX FreMOAMHaMIMHUX iHOEKCIB Y
MenaHxonikiB Ta dpnermaTukis.
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MeToau Ta opraHisauia aocnigkeHHs. B HawomMy gocnimkeHi B3ana yyacTb rpyna
BOJIOHTEPIB 3aranbHo KinbkicTio 90 ocib (Yorosivoi Ta iHo4oi ctati 51 % Ta 49 %
BIOMOBIOHO), cepeHin Bik sikmx ctaHoBMB 21,5+1,2 pik. MNMepwa rpyna 45 oci6 3 menaHxo-
niyHnm Tunom BHN, gpyra rpyna 45 oci6 3 dpnermatuyHum tunom BHL. Bei BonoHTepu
[aBanu NCbMOBY 3rofly Ha y4acTb B HALLOMY AOCHIIKEHI.

Twn BUWOI HEepBOBOI AISNbHOCTI BM3HA4YanM 3a AOMNOMOrOK TEeCTOBOro-OMnuTY-
BanbHuka [8; 12]. CtaH NOKa3HWKIB LEHTpanbHOI reMoguHaMiki BU3Hadanm 3a Takumu
nokasHMkamn: 4yactoTa cepueBux ckopodeHb (UCC), cepemHsa TpuBanicTb CepLeBOro
LMKy, apTepianbHui TUCK (CUCTOMIMHWIM Ta AiacTonivyHuiA), nynscouin Tuck (MAT abo I1T),
cepefHin apTepianbHUn TUCK, cucTonivyHMiA o6’em kpoBi (COK), XBUNMMHHMIA 0G’'EM KpOBI
(XOK), cekyHaHun o6’em Kkposi, cepueui iHaekc (Cl), koedilieHT eKOHOMIYHOCTI KPOBO-
06iry (KEK), noTyHicTb poboTu niBoro wnyHouka cepusa (Wnw), ingekc PobiHcona (IP),
BereTatnBHui iHaekc Kepgo (BIK), 3aranbHuii nepudpepininnia onip cyamH (3MM0) [6; 11; 13].

Mynbcosui aptepianbHun Tuck (MAT abo IMT):

MAT=CAT-[AT,

ne, MAT — nynbcoBuiA apTepianbHUW TUCK, MM.pT.CT.; CAT — cuUCTOMIYHUNA
apTepianbHWUiA TUCK, MM pT. cT.; OAT — giacToniyHuii apTepianbHUN TUCK, MM PT. CT.

Cuctoniunnii 06’em kposi (COK) pospaxosysanu 3a dopmynoto Ctappa:

COK=97,7+0,5°NAT-0,6-0AT-0,6°B,

ne, COK — cuctoniyHui o6’em kposi, mn; MNMAT — nynbcoBun apTepianbHUi TUCK,
MM pT.CcT.; AT — giacTonivyHui apTepianbHUn TUCK, MM PT. CT.; B — Bik ntognHn, poku.

XBUNMHHWIA 06’em kpoBOTOKY (XOK) BU3Ha4anm 3a Takoto hopMyrior:

XOK=4CC-COK,

ae, XOK — xBununHHum ob’em kposi, n/xB; YCC — 4actoTa cepueBnx CKOPOYEHD,
ya/xs; COK — cuctoniyHmm o6’em KpoBi, Mr.

KoeiljieHT ekoHOMIYHOCTi cuctemm kpoBoobiry (KEK) po3paxyBanu 3a chopmyroto:

KEK=YCC-IAT,

e, KEK — koediLieHT ekoHOMIYHOCTI kpoBoobiry, y.o.; HCC — yactota cepueBux
CKOpOoYeHb, ya./xB; MAT — nynbcoBuin apTepianbHUA TUCK, MM PT. CT..

BeretaTtneHuin iHaekc Kepao, sikuii po3paxoByBaBcs 3a (hOPMYIoLo:

BIK=(1-0AT/MCC)-100,

ne, BIK — BeretatmBHun inaexkc Kepgo, y.o.; YCC — yacToTa cepueBmx CKOPOYEHb,
ya./xe; OAT — giacTtoniyHuin apTtepianbHUi TUCK, MM PT. CT. IHTepnpeTauiss pe3ynbTartiB
CNMPaETbCA Ha BENUYMHY Ta 3HAK OTPMMYBAHOMO iHAEKCY: «+» BKasye Ha akTuBaLito
CMMNAaTU4YHOI YaCTUHU, «-» BKA3ye Ha aKTMBALilo NnapacMMnaTUYHOI YacTUHN BereTaTuBHOI
HEPBOBOI cCUCTEMU (32 MOAYNEM 3HAYEHHSI BKA3ye Ha CTYMiHb aKTUBALii CKNagoBuX
BEreTaTnBHOI HEPBOBOI CUCTEMN)

Cepuesui inaekc (Cl) pospaxoByBanu 3a (hOpMyroto:

Cl=XOK/(MT0,425-0T0,7250,007184),

ne, Cl — cepueBun iHgekc, n/xe/M2; XOK — XBUNUMHHUIA 06’eM KPOBOTOKY, 1/xB; MT —
Maca Tina, kr; QT — goBxuHa Tina, cm.

CepegHini apTepianbHmn Tuck (CAT) po3paxoByBanu 3a hopMyIioro:

CAT = AT + 0,511AT,

ne, CAT - cepegHin aptepianbHuiA Tuck, MM.pT.cT.; OAT — pgiactoniyHmm
apTepianbHWUiA TUCK, MM.pT.CT.; NAT — nynbcoBun apTepiansHUA TUCK, MM.PT.CT.

BaranbHuii nepudoepiviiui onip (3MNO) po3paxoByBanu 3a hopmysnoko:

3MNO = (CAT+1333+60)/XOK;

ne, 3MNO — 3aranbHui nepudepinHuim onip, y.0.; CAT — cepeaHin apTepianbHui
TUCK, MM.pT.CT.; XOK — XBUNMHHWIA 00’€M KPOBI, 1/XB.

IHaekc PobiHcoHa (IP) po3paxoByBanv 3a hopMyrioo:

IP=4CC-CAT/100,

ne, IP —ingekc PobiHcoHa, y.0.; YUCC — yacToTa cepueBrx CKOpodeHb, ya./xs; CAT —
CUCTORIYHWUI apTepianbHUn TUCK, MM pT. CT. [6; 11; 13].
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Onsa sumiptoBaHHa YCC, cucToniyHoro Ta giactonivyHoro Tucky (CAp. Ta JAp.TuCK)
MpoBOAMMN 3a AOMOMOrOK aBTOMaTWYHOrO BUMIpIOBa4a apTepianbHoro Tucky Gamma

control (Benvka bputaHis).

Tabnuus 1

OuiHka ¢hyHKUioHanbHUX pe3epeie cepyeso-cyOUHHOI cucmemu 3a iHOeKkcom
Po6iHcoHa (3a aemopamu Manbueea O. b., Jlaxoseusn J1. O., 2022 pik [11])

IHOekc OuiHka cTany

69 i meHwe | BigmiHHe DyHKUOHaNbHI  pe3epBn CepLEBO-CYANHHOI CUCTEMU Y
BiAMIHHIN cpopmi

70 -84 Hob6pe OyHKUiOHanNbHI pe3epBu CcepLeBO-CYANHHOI CUCTEMU B
HOpPMIi

85-94 CepegHe MoxHa roBoOpuUTM MPO HEeAOCTaTHICTb (PYHKLIOHANBHUX
MOXIMBOCTSIX CEPLIEBO-CYAMHHOI CUCTEMM.

95-110 MoraHe € O03HaKkM NOpYLIEHHS perynauil  OisnbHOCTI  cepueBo-
CYOMHHOI cucTemu.

1111 Oyxe Perynauis  gianbHOCTi  CepueBO-CYAMHHOI  cUCTEMMU

Ginblue noraHe nopyLueHa

Bci BUMiptoBaHHs1 NPOBOAMIMCS TPUYi B CTAaTUCTUYHY 06pobKy Bpanucsa cepeaHbo-
apUPMETHYHI 3HAYEHHS.

CratuctuuHy obpobky maTtepiany 3aivcHioBanu 3 gonomoroto nporpamu Microsoft
Excel.

KoopouHauiio gocnimkeHHs  3gjcHioBanock kadegpoto OGionorii  HikMHCbKoro
AepXaBHoro yHiBepcuteTy imeHi Mukonu orons.

PoboTta BuKOHyBanacb Yy BignoBigHOCTI 00 6i0ETUYHMX HOPM 3 AOTPUMAHHSAM
BiANOBIAHMX NpuHLMNIB [enbCiHCbKOIT Aeknapadii npae noavHn, KoHeeHuii pagu €sponu
npo npasa NoavHY | BiomeanLMHN Ta BiONOBIAHMX 3aKOHIB YkpaiHu [1; 7].

Pe3ynbTatu Ta ix 06roBopeHHsA. Pe3ynbTat Halmx JOCNigKeHb NpeACcTaBreHi B
Tabnuui 2. MokasHmkn COK, XOK, cekyHaHoro o6’emy kpoBi Ta KEK y menaHxonikiB Ta
donermaTukie 6ynm 6inbLui 3a pechepeHTHI 3HaveHHs1. Y donermaTukiB GinbLui 32 pedbepeHTHI
3HaYeHHs1 6YNK NOKa3HMKM CUCTONMIYHOIO apTepianbHOro TUCKY.

[ocToBipHMX BIOMIHHOCTE B MOKa3HWKaxX UeHTpanbHOI remMoavHamiku Ta
iHTErpaTUBHNX reMoAUHaMIYHMX IHAEKCIB MK MenaHxonikamu Ta crermatukamu He 6yno
BMSIBMEHO 3a TakMmu 3HadveHHamu: YCC, cepegHs TpuBanictb cepuesoro uukny, CAp.,
MAT (IT), cepenHin aptepianbHun Tnck, COK, cekyHaHUn 06’em KpOBi, cepLeBuin iHOEKC,
MOTY>KHICTb POBOTKM NIBOrO LUSYHOYKA CepLsi.

Bennunnin OAp. tucky, IP T1a 3O y dnermatukie 6yna [ocToBipHO BinbLuoto B
MOPIBHSIHI 3 MenaHxonikamu Ha 4,8 mm.pT.CT.; 4,5 y.0.; 74 y.o. BignoBiaHo. 3HaveHHs XOK,
KEK Ta BIK y cdornermaTukis 6ynn 4OCTOBIPHO MEHLLI B MOPIBHSAHI 3 MenaHxosnikamu Ha 125,5
mn/xs; 261,3 y.o.; 0,5 y.o. BignoBigHo.

AHanidyloun BiOHOCHI 3MiHW B MNOKa3HUKaX LEHTpanbHOI remMoauHamikm Ta
iHTErpaTUBHUX FEMOOMHAMIYHUX iHOEKCaxX MK NpeAcTaBHUKaMU MeESTaHXOMIYHOro Tuny
BHL, ta donermatnyHmum tvnom BHL, cnig Bigmitnty, wo nokasnukn YCC, CAp., OAp.,
cepeaHbOro apTepianbHOro TUCKy, cepLeBoro iHaekcy, IP, 31O 6ynu 6inbLwi Ha 4,7 %, 2,6
%, 7 %, 5,7 %, 7,4 %, 4 %, 6,5 % BignosigHo.

BigHocHi 3miHM cepeaHboi TpuBanocTi cepueBoro uumkny, MNAT (MT), COK, XOK,
CeKyHAHoro 06’eMy KpoBi, NOTY>KHOCTI poboTK niBoro wnyHouka cepus, KEK, inaekcy Kepao
Bynu MeHLWi y donermaTtukis B MOpiBHAHI 3 MenaHxonikamu Ha 4,3 %, 3,7 %, 4,8 %, 2 %, 2,1
%, 4,9 %, 5,6 %, 12,6 % BignosigHo.
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Tabnuus 2
lMoka3HuUKuU yueHmMpansbHoOi 2eMoOUHaMiKu
ma iHmezpamueHux 2emoluHamiyHux iHOekcie (Mtm)
MokasHukm pedepeHT MenaHxoriku dnermaTukm
YUCC, yo/xs. 50-90 86+4,1 90+4,5
CepegHs TpuBanictb 1,2-0,66 0,7+0,06 0,67+0,04
CepLieBoro Lmkny
CAp.TUCK, MM.pT.CT. 110-120 120,0+£3,4 123,1%1,2
[OAp.TUCK, MM.pPT.CT. 70-80 67,6121 72,35+2,1*
MAT (MT), mm.pT.CT. 40-60 52,43+2,7 50,5+2,22
CepegHint apTepianbHun Tuck | 80,0-100 85,04+2,32 89,91+2,2
COK, mn. 44-60 69,7+1,6 66,32+1,1
XOK, mn. 3a xB. 3000-4000 5994,4+15,9 5868,9+22,6*
CekyHaHun 06’eM KpoBi, 50-66,66 99,91+1,6 97,82+1,1
MJ1.3a C.
Cepuesui ingexc (ClI) - 7,83+0,27 8,41+0,32
W - 1,2340,04 1,17+0,03
KoedilieHT eKOHOMIYHOCTI 2600 4704,57+34,23 4443,28+24 1%
KpoBOoObiry
IHoekc PobiHcoHa - 105,5+3,4 110,04+3,3*
IHaekc Kepoo - -3,910,15 -4,3910,13*
3ro - 1130,8+21,2 1204,8+20,5*

* — AOCTOBIPHICTb 3MiH Mk MenaHxonikamu Ta pnermatukamu, p<0,05.

OTpuMaHi Hamun pesynbTaTh BKasyloTb Ha OesKYy BipOrigHiCTb (yHKUIOHaNbHOro
HaMpyXeHHA B OiAfbHOCTI CepueBO-CYOUHHOI CUCTEMM Ta He3HayHy akTuBauito cumna-
TWUYHOI CKNagoBol BEreTaTMBHOI HEPBOBOI CUCTEMM Y MPEACTaBHUKIB METaHXOoiYHOro TUMy
BHO Ta HasBHOCTI KOMNEHCATOPHWUX peakuin B CYAMHHOMY pYCri, sika MNOMSIKLIYE
yHKUiOHanbHe Ta pisionoriyHe Hanpy)XeHHsS B AisiNbHOCTI. Tak y MenaHxonikiB GinbLue
BUTPaAYaETbCS eHeprii Ans 3abes3neyeHHs KPOBOTOKY MO CYAUHaM, LLO CYMNMPOBOMKYETLCS
NiABULLEHHAM MOTYXHOCTI poBOTM NIBOrO LUMYHOYKA Cepus Ta HEe3Ha4yHOK aKTuBaLiero
BEreTaTMBHOI HEPBOBOI CUCTEMN.

Y pnermatukiB CnocTepiraeTbCa MeHLLi OyHKLiOHanbHi HABaHTaXXeHHA Ha cepLeBo-
CYOVMHHY CWUCTEMY B MOPIBHSAHI 3 MenaHxomnikamy ane € O3Haku (PYHKLiOHaNbLHOro
NopYyLLEHHsI B perynauii AisnbHOCTI cepLs, Ha LLIO BKa3ye 3HauYeHHs iHaekcy PobiHcoHa. [ins
donermaTukie 6yno xapakTepHo Ginblu BUpaXKeHU TOHYC CYQUHHOrO pycra B MOPIBHSHI 3
MesnaHXorikaMu Npo LLO CBIigYUTb BinbLuMiA OMip CYOuH.

TakuM 4YMHOM Yy npeacTaBHWKIB MenaHxoniyHoro tuny BHI npucyTHi o3Haku
GYHKUIOHaNbHOro HanpyXeHHs1 cepueBO-CYOUHHOI cUcTeMM Ta hOPMYBaHHA HE3HaYHUX
KOMMEHCaTOPHMX peakuin CYyOUHHOro pycria, WO OnocepeakoBaHO MOXE BKadyBaTu Ha
3anyyeHHs ajanTauiHO-KOMMNEHCaTOPHUX pe3epBiB OpraHiamy.

BucHoBku. Cnupalouncb Ha OTpMMaHi Hamu pesynbTaTu MOXHa BKasaTu Ha
BipOriaHi 03HaKM OYHKLIOHANbHOro HanpyXeHHs B AianbHOCTI CepueBO-CyaUHHOI cUMcTeMmU
Ta HasABHICTb ajanTauiiHUX NPOsBIB B AiANbHOCTI OpraHiamy 3a MenaHXoniyHUM TUMNoMm
BH/, B nopiBHsAHI 3 pnermatuyHum Tunom BHA.

To-6-To dorermaTnkn MaroTb BinbLU CTilKi YHKLIOHANBHO-I3I0ONOrivHi perynaTopHi
CUCTEMU B NOPIBHSAHI 3 MeNaHXomikamMmu, L0 MOXe BKa3yBaTh Ha BUCOKY PE3UCTEHTHICTb A0
BMUBY €HAONEHHUX Ta €K30reHHNX PaKTOPIB Ha OpraHi3m B MOPIBHAHHI 3 MenaHXornikaMmu.

NMitepatypa
1. lenbciHcbka Aeknapauis BcecBiTHBOI MeamyHOI acouiauii «ETWdHi  npyHUMnn
MeaMyHUX OOChiMpKEeHb 33 Yy4yacTio JNOAMHM Y SKOCTi ob’'ekta [oChigkeHHs». [IHTepHeT].
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INDICATORS OF CENTRAL HEMODYNAMICS AND INTEGRATIVE
HEMODYNAMIC INDEXES IN MELANCHOLICS AND PHLEGMATICS

Modern biomedical science directs its research to the study of the correlations between
local and general characteristics of the human body, namely, various relationships
between physiological functions and individual characteristics: body constitution, activity
ofthe central nervous system (type of higher nervous activity), which creates a foundation
for predicting adaptive and compensatory reactions and reactivity of physiological
processes occurring in the whole organism. Scientific publications of recent years contain
information that characterizes changes in central hemodynamics indicators depending on
body constitution, pathophysiological processes and states, and adaptive reactions.
Modern biomedical science directs its research to the study of the correlations between
local and general characteristics of the human body, namely, various relationships
between physiological functions and individual characteristics: body constitution, activity
of the central nervous system (type of higher nervous activity), which creates a foundation
for predicting adaptive and compensatory reactions and reactivity of physiological
processes occurring in the whole organism. Scientific publications of recent years contain
information that characterizes changes in central hemodynamics indicators depending on
body constitution, pathophysiological processes and states, and adaptive reactions.

The purpose of our study is to conduct a comparative analysis of central hemodynamic
indicators and integrative hemodynamic indices in melancholic and phlegmatic
individuals.

Our study involved a group of volunteers totaling 90 people (male and female 51 % and
49 %, respectively), whose average age was 21.5+1.2 years. The first group consisted of
45 people with a melancholic type of higher nervous activity, the second group consisted
of 45 people with a phlegmatic type of higher nervous activity. All volunteers gave written
consent to participate in our study. The type of higher nervous activity was determined
using a test questionnaire. The state of central hemodynamics was determined by the
following indicators: heart rate, average duration of the cardiac cycle, blood pressure
(systolic and diastolic), pulse pressure, mean arterial pressure, systolic blood volume,
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minute blood volume, second blood volume, cardiac index, circulatory efficiency
coefficient, left ventricular work capacity, Robinson index, Kerdo vegetative index, total
peripheral vascular resistance. The work was performed in accordance with bioethical
standards in compliance with the relevant principles of the Helsinki Declaration of Human
Rights, the Council of Europe Convention on Human Rights and Biomedicine, and
relevant laws of Ukraine.

The values of diastolic blood pressure, Robinson index and total peripheral vascular
resistance in phlegmatics were significantly higher compared to melancholics by
4.8 mmHg; 4.5 u.o.; 74 u.o. respectively. The values of minute blood volume, blood
circulation efficiency coefficient and Kerdo vegetative index in phlegmatics were
significantly lower compared to melancholics by 125.5 mi/min; 261.3 u.o.; 0.5 u.o.
respectively.

Phlegmatics have more stable functional and physiological regulatory systems compared
fo melancholics, which may indicate a high resistance to the effects of endogenous and
exogenous factors on the body compared to melancholics.

Key words: type of higher nervous activity, central hemodynamics, blood pressure,
systolic blood volume, minute blood volume, hemodynamic indices, regulation of cardiac
activity, compensatory adaptation mechanisms.

Cmamms 0o pedakuyii Hadiliwna 08.09.2025 poky
PeueH3iss Ha cmammio Hadiliwna 21.09.2025 poky
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AOANTALUIVHUA NOTEHUIAN 300BYBAUYIB OCBITU
B 3AJIEXXHOCTI BIf} IX CTPECOCTIAKOCTI

B ymoeax siliHu, ouiHka pigHs1 aBanmauitiHoeo rnomeHuiasny 8 3anexHocmi 6i0 cmpeco-
cmilikocmi nepecmae 6ymu cymo HayKogUM iHmMepecoM i cmae npakmu4YHUM iHCmpy-
MeHmom 0Or1s1 36epexxeHHs MCuUxivHoeo 300poe.’si, 3abe3neyeHHs1 0c8imHbOi be3rneku ma
hopMy8aHHs MCUXOI02iHHO CMILIKO20 MOKOIIHHS, sike byde gidbydosysamu YkpaiHy. Y
OaHoMy AOCriOKeHHI MPosedeHO Po320pHymMul aHari3 ¢hisionoeaidHUX i McuxoemMouitiHUX
rokasHukie 3006ysauie oceimu, wio A0380s1siE OUIHUMU iXHIli ¢byHKUiOHanbHUL cmaH ma
pigeHb adanmauii 0o Hag4arbHO20 HaBaHMaXXeHHS 8 yMo8ax 80€HHO20 cmaHy. OCHOBHY
yeaay 6yno npudifieHo 8USIBNIEHHIO 83aEMO38’513Ki8 MK COMamuYHUM rapamempom —
alanmauitiHumM rnomeHujanom i rcuxonoaiyHUMU Xxapakmepucmukamu, 30Kpema cumy-
amueHoK ma 0CcobUCMICHOK MPUBOXHICMIO, @ MaKoX crputiHammsm cmpecy. Takul
nioxi0 dae 3Mo2y KOMI/IEKCHO pOo32risiHymu, siK iHOUgiOyarnbHi peakuii opaaHismy
8idobpaxkaromb 3a2aribHUll pieeHb MCcUXoghi3ionoeiyHOI cmilikocmi y4YHIBCbKOI ma cmy-
OeHmCcbKOl MOMOOI.

Y x00i docnidxeHHs1 su3Ha4yunu 2pyrnu 300bysadie oceimu 3 pi3HUMU adanmauitiHumu
Moxrusocmsamu. 3’sacysaru, wo yMo8U B0EHHO20 CmaHy Cymmeso fozipulytoms rncuxo-
¢bisionoeiyHi xapakmepucmuku Moso0i, CAPUYUHSIIOHYU 3pOCMaHHs eMOUiUHOI Harpyau
ma mpuBoXHOCMI, 3HUXYIOHU egbekmusHicmb adanmauitiHux mexaHiamie. Halibinbw
supaxeHy Kopensuito (p=0,83) sussunu mix adanmauitiHum romeHuianiom (A1) ma
pisHem cyb’ekmueHo20 crpuliHamms cmpecy (PSS-10). BcmaHoeneHi no3umueHi
Kkopensauii (p=0,67-0,74) mix nokasHukamu cumyamuegHoi (STAI-S), ocobucmicHoi (STAI-
T) mpueoxHocmi ma cyb’ekmueHuM criputiHammsim cmpecy (PSS-10), dogodsmb, wo
3pocmaHHs1 060X muriie mpugoxxHocmi eede 00 IHMEHCUBHILIO20 CrpuUliHAMMmSs cmpecy
ma, Ik HacnidoK, 00 Hampy»eHHs NCUXogisionoaiyHoeo cmaHy. 3’sicoeaHo, wo ocobu 3
nidsuweHoro 8pasnusicmio 00 cmpecy Maromb O3HaKU HarpyxXeHHsI peayrnsimopHUX
cucmem i susignsitome HU3bKul Afll.

Ompumati aHi matomp r1o08iliHe 3Ha4YeHHs1: BOHU He JluLLe OMUCYMb MOMOYHUU cmaH
docnidxysaHux epyn, ane U Oawomb 3Mmoey eidcmexumu meHOeHUli y gbopMyeaHHI
adanmauitiHux Moxrueocmeli 3anexHo 6i0 eikosux ocobnusocmel, HagyarbHO20
cepedosulya ma pigHsa mpugsoxHocmi. Lle cnyaye nidrpyHmsm Ona nodansbuio2o
ropigHsINIbHO20 aHanizy ma iGeHmudbikauii Krmo4oeux YUHHUKIB, SIKi eu3Ha4yatomb
cmilikicmb Ao cmpecy 8 KOHmMeKCcMi akmyarbHUX OC8IMHIX 8UKIIUKIE.
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Knroyosi criosa: adanmauitiHuli momeHuias, pieHi mpusoxHocmi, 3006ysadyi oceimu,
B0EHHULI cmaH, ¢byHKUjOHaIbHUL CmaH.

Beryn. BinHa B YkpaiHi cTBoptoe 6e3npeLeeHTHUIN piBEHb CTPECy Ans BCiX BEPCTB
HaceneHHs1, ocobnmeo A 300byBadyiB OCBITH, YA HaBYaNbHWUIA NPOLLEC, COoLlianbHe XUTTS
Ta ocobucta Ge3neka Oynu KapavHanbHO MopylieHi. Oitn Ta Monoab NpUdPOHTOBUX
PEriOHIB MOXYTb MnepexuBatn BTpaTy ONM3bKUX, PYWHYBaHHSA [OOMIBOK, BUMYLLEHE
nepeceneHHs, LWo NPsiMO BNIMBAE Ha IXHi aganTauiiHi MOXIMBOCTI Ta NCUXOMNOMYHNIA CTaH.
MocTinHa 3arpos3a, NOBITPsIHI TpMBOMM Ta HenepeadadyBaHiCTb (POPMYIOTb XPOHIYHWN
CTPEC, SKUIN BUCHaXXye afanTaLiiHi pecypcu opraHiamy.

3paTHicTb  3000yBadiB  OCBITM ajanTyBaTUCA OO HOBMX YMOB (OWCTaHUjnHe
HaBYaHHS!, HABYaHHS B YKPUTTAX: NiA3EeMHMX LUKOMAaX, y XapKoBi — METPOLLKOnax, 3MiHa
KONEKTUBIB) € KPUTUYHOIK Ansi 36epexeHHs1 i3ndHOro i NCUXIYHOro 340POB’Sl, YMOBOK
3anobiraHHs akageMiyHin HeycniwHocTi. OuiHKa aganTauinHOro noTeHUiany i CTpecocTil-
KOCTi [03BOMNSIE BUSIBUTU Cepeq CTYOEHTIB Ta Y4YHIB rpynu pusnKy, sIkKMM HeobxigHa
ncuxosioriyHa, couianeHo-negarorivHa, a, MOXnMBo, MeanyHa nigTpumka.

Y poboTax OCTaHHIX POKIB MiOKPECMETBCS, WO 3MiHa MNCUXOdi3ionorivyHmnX
NMoKasHWKIB CYTTEBO BigobpaxaeTbCst Ha NCUXOi3NYHOMY 300POB’I, BUKNMKaOUN CTPUBKM
apTepianbHOro TUCKy, Taxikapgii, NOPYLEHHs CHY, nosBy 6e3CoHHs, ronosHoro 6onto, a
TaKoX NPM3BOAMTbL 0 3HAYHOro BUCHAXKEHHSA Nicns HaByanbHoro aHsa [1, 2, 4, 5, 9, 11]. Y
HaWMx nornepeaHix AOCMIMKEHHSIX MPOOEMOHCTPOBAHO 3HWKEHHS npoueciB aganTallii,
Hanpy>XeHHs1 perynaTopHMX MexaHi3MiB Ha THi BUCOKOro PiBHSI TPUBOXHOCTI 1151 Y4aCHMKIB
OCBITHBOIO MNPOLIECY PIi3HMX BIKOBUX KaTeropi, HaBYaHHS SKUX 34INCHIOETBCS B
OucTaHuinHomMy doopmarti B yMOBax BOEHHOO CTaHy [7, 8].

Cnig 3ayBaxuTu, WO BilHa MaTumMe AOBroTpuBarni Hacniaku, Sk Ans NCuxiyHoro, Tak
i chisnyHOro 30OpoB’ss ANs Uinoro nokoniHHA. B psaai 3apybikHux pobiT nokasaHo, LWo Y
OiTe BOEHHOro 4acy crnocTepiraeTbCs BigcTaBaHHA y oisndHOMY po3BuTKy [13, 14].
[osrocTpokoBUMK  Hacnigkamu y fiTer, WO nepexunu 30ponHi KOHMNIKTN, BXe Y
[0pOCromy Bili MOXYTb 6YTM MOpPYLLUEHHs] TaKMX MOKa3HWKIB 300pOB’s, SIK iHAEKC Macu
Tina, OXMPIHHSA TOLLO, 3HAYHO YacTile 3'ABMsATLCA OiabeT, CepueBO-CYyAMHHI po3naaw,
LLIO BUKMNWKAIOTb FNEPTOHItO, IHCYNbT ToLo [15-18].

BpaxoBytoun, Wo BiiHa B YkpaiHi TpuBae W A0Ci, 3anuialoTbCa akTyanbHUMU
[OCHNioKEHHs1 cepen Monogi, Wo nepebyBae Ha NPUGPPOHTOBMX TEPUTOPISX, MOKA3HMKIB iX
i3N4HOro Ta NCUXIYHOTO CTaHy.

MeTolo JocnimpkeHHs1 nocTano 3'sicyBaT 3B’s13KM MiXK NOKasHMKamu aganTauiiHoro
noTeHLiany, piBHeM TpmBoXXHOCTi (STAI-S, STAI-T) Ta piBHEM CNPUIAHSTTS CTPECy.

MeToau Ta opraHisauisa gocnimkeHHs. JocniopkeHHsa nposeaeHo npotarom 2024—
2025 HaB4anbHOro poky Ha 6asi TpbOX OCBITHIX YCTAHOB — YHIBEpCUTETY Ta nilueiB micta
XapkoBa, Je HaB4yaHHA uYepe3 cknagHy 6es3nekoBy cuTyalilo NpoBOAUTLCH B
anctaHuinHomy dopmarti.  Bubipky cknanu 134 pecnoHgeHTu, Bikom 16—19 pokiB: 65
cTapLoknacHukis (10-11 knacu) Ta 69 3n0bysadiB NepLIOro Ta Apyroro Kypcis NepLLoro
(6akanaspcbkoro) piBHst ocBiTr XHITY imeHi .C. CkoBopoau. YCi y4acHUKM JOCHIIKEHHS
Opanu y4acTtb JOBPOBINbHO, 3 AOTPMMAHHAM €TUYHMX HOPM i MpaBuIT KOHMIAEHUINHOCTI.
baTtbku ydriBB Aanv NMCbLMOBY 3rofly Ha y4acTb IXHIX giTen B NpoBeAEHOMY AOCHIOKEHHI.

BusHayveHHs1 piBHA apanTauinHoro noteHuiany (All) opraHiamy y pecnoHOeHTIB
3givicHunn 3a gonomoroto Metoamkn P.M. Baescbkoro [6, 10]. Llen nigxia gossonus
NPOBECTW KOMMIEKCHY OLiHKY IXHbOrO (Pi3ionoriYHOro cTaHy, 3oKpemMa nokasHUKIiB cepLeBo-
CYAMHHOI cUCTeMU (apTepianbHOro TUCKY, YacTOTU CepLIEBUX CKOPOYEHb) 3 ypaxXyBaHHAM
3poCTy, Macu Tina, BiKy.

[nsa giarHOCTUKKM PiBHIB TPMBOXHOCTI, SIK MOTOYHOro (cutyaTtmBHoro, STAI-S), Tak i
ctabinbHoro (ocobucticHoro, STAI-T) 3acTtocyBanwu BiANOBIAHI LKanu meToauku M.
CninGeprepa (agantoBaHoi KO. XaHiHnMm), BioomMoi sik LLikana peakTnBHOI Ta 0COBUCTICHOI
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TPUBOXHOCTI [12], ANa Cy6’EKTMBHOMO CMPUNHATTSA CTPECY Y PECMOHAEHTIB — ONUTYBANbHUK
C. KoeHa «CxunbHicTb go ctpecy» (PSS-10) [3].

Cuctematusanilo Ta iHTepnpeTauilo pesynbTaTiB  AOCHiMKEHHS  34iNCHIOBanm
MeTojamMu martemaTtudHol ctatuctuku y nporpami Microsoft Office Excel. lNposognnu
pO3paxyHKu cepeaiHix 3HaveHb — M, cTaHgapTHOro BiaxuneHHs Bubipkn S. [1ns BUSIBNEHHs
B3AEMO3B'A3KIB MK MCMXOMI3IONOriYHUMM  NMapaMeTpamMu  BUKOPUCTanNM  KoedilieHT
paHroBoi kopensuii CnipmeHa (p).

Pe3ynbTaTu gocnigkeHb Ta ix 06roBopeHHs. [ig yac gocnigpkeHHs1 BUSIBMEHO,
LLIO piBEHb aganTauiiHOro NoTeHLjiany BignoBigae «3afoBinbHi aganTtauii» (y 38,5% y4HiB
Ta 42,0% cTygeHTiB) i «HaNpPyXeHHI0 MexaHiamiB aganTauii» (49,2% i 47,8%, BignosigHo)
(tabn. 1). To-6-T0, GinbLuoOCTI AocnimpkyBaHM (88,8% Big 3aranbHOro Yncna) XxapakrepHe
PYHKUOHaNbHE HaMNpPY>XEeHHs1 OpraHiamMy npu 36epexxeHHi Noro pesepsiB.

Tabnuus 1
OuyiHka noka3sHukie adanmayitiHo2o nomenuyiany (All) y pecnondeHmie

YYacHWKN OCBITHLOIO PieHb Al cniBBigHOCHO iHTEpPBanbHUM MeXaM B yM.of,.
npouecy 3apoBinbHa HanpyxeHHs He3agoBinbH 3puB
aganTtauis MEXaHi3miB a aganTauis, aganTaul,
(=2,10), apanTauii (3,21-4,30), (=4,30),
(2,11-3,20),
n M+S n M+S n MzS n M+S
Y4Hi, n= 65 25 | 1,67+ 32 2,88 + 8 4,06 £ - -
0,07 0,09 0,15
CrtyneHTun, n= 69 29 | 1,62+ 33 2,64 + 7 3,86 + - -
0,05 0,08 0,11
3aranbHa KinbKicTb 54 | 164+ 65 276+ | 15 | 397+ - -
PECMNOHAEHTIB, 0,06 0,08 0,12
n=134

Y rpyni 3 «3agoBinebHo0 aganTtauieto» (40,3% pecnoHaeHTiB) cepeHi 3HaYeHHs Al
ctaHosunu 1,61 £ 0,05, Wwo Bignosigae oNTUManbHOMY PiBHIO (OYHKLIOHYBaHHS cepLeBo-
CYAVHHOI cucTemu (amB. Tabn. 1) Takox, Crig 3a3HaunTy, WO HAMYMCESNbHILLOK rpymnoto
CcTana kateropia ocib 3 «HanpyxeHHsM MexaHiamiB agantauii» (48,5% 3pobysaviB i3
3aranbHOro YmMcna AOCHifKyBaHUX), Y SIKUX CepefiHi 3HaYeHHs1 aganTauiiHoro noTeHuiany
cknanm 2,76+0,08, ym.oa. (ave. Tabn. 1).

Hawmwn BctaHoBneHo, wo 11,2% obctexennm (12,3% yuHam 1a 10,2% cTygeHTam)
BNacTuBa «He3afoBiNbHa ajanTtauis» 3 BUCOKUM cepefHiM 3HadyeHHsm Al (3,97 + 0,12,
YM.OA.), (amB. Tabn. 1), WO CBIAYUTL NPO KPUTMYHE HAaMNPY)KEHHS Ta BUCHAXXEHHSI PE3€epBiB
OopraHiamy y AOCHiMKYBaHNX faHOT KaTeropii, a Lie CTBOPIOE 3HAYHWUIN pU3UK 3pmBY aganTtauil
y BignoBiab Ha noganbLumi cTpec. Y BUbipLi pecnoHOeHTIB He BUSIBNEHO BUMNAAKIB «3pUBY
apanTauii» (aue. Tabn. 1), WO BKa3ye Ha BiACYTHICTb rOCTPOro KriHiYHOro Ae3afanTaivi-
HOTO CTaHy.

AHani3youn piBeHb CTPECOBaHOCTI AOCNiAKYBaHMWX, 3'ICOBaHO, LLIO CEpeaHIil piBEHb
CUTyaTUBHOI TPUBOXHOCTI cnocTepiraetbes Y 44,6% y4HiB Ta 49,3% ctygeHTiB (Tabn. 2).
B3arani 47,0% pecnoHgeHTaM i3 3aranbHOro 4mcna AOCHiMKYBaHMX NpUTaMaHHWUN
cepeHili piBeHb CUTYaTUBHOI TPMBOXHOCTI (41,09 £ 0,70, ym.o4.), Lo, BiANOBIAAE NOMIpHIi
eMOLiMHIM Hanpysi, TUNOBOI Ana aganTauinHoro nepioay.
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Tabnuusa 2
Po3nodin 30o6yeayie oceimu
3a nokasHuUkamu cumyamueHoi mpueoxHocmi (STAI-S)

YyacHukm PiBeHb cutyaTmsHoi TpuBoxHocTi STAI-S (B 6anax)
OCBITHBOrO npoLiecy Hwnsbkni, CepegHin, Bucokui,
(< 30 6aniB) (3145 6anis) (= 46 6anis)
n MxS n M+S n MzS
YuHi, n= 65 28,09 £ 29 | 42,46+0,69 | 34 | 56,08+ 1,28
0,34
CrygeHTun, n=69 3 29,01« 34 | 41,78 0,71 32 | 55,82+1,19
0,38
3aranbHa KinbKicTb 5 28,56 = 63 | 41,09+0,70 | 66 | 55,93+1,24
PeCnoHAEHTIB, 0,36
n=134

TakoX BMSIBIEHO, LLIO Mabke MonoBuMHa SocnigkKyBaHux (49,3%) mMaloTb BUCOKUIA
piBeHb TpMBOXHOCTI (55,93 + 1,24, ym.o4.) (ave. Tabn. 2). Cnig 3a3HaunTy, WO Y4HIB 3
BMCOKMM DPIiBHEM TPUBOXHOCTI (52,3%) He3HayHO Binblue, y MOPIBHSAHHI 3i CTygeHTaMu
(46,4%) (av.. Tabn. 2). IMOBIpHO, AaHil rpyni 4OCRIMKYBaAHNX XapaKTepHUI CTaH Bupa-
)KEHOI CMTyaTMBHOI eMoLujinHoi Mobinizauii. Lle ocobnvMBo NOMITHO cepen LUKOMspIB,
MOPIBHAHO 3i CTyOeHTamu, L0 MOXIIMBO KOPEME 3 BIKOBOK Creundiko eMOLNHOro
pearyBaHHs. Xo4a Uel CTaH MOXe CnpuaTyM aganTauii TMMYacoBO, i MOro nepexig y
XPOHIYHY hopMy € 3arpo30t0 4518 NCMXOQi3i0NorivYHOT CTINKOCTI.

MepeBaxHa BinbLuicTb pecnoHaeHTiB (60,4% Big 3aranbHOI KiNbKOCTI AOCHiMKYBa-
HWMX) Mae cepeaHii piBeHb 0COBUCTICHOI TpMBOXHOCTI (42,84 £ 0,82 ym.oa.) (Tabn. 3), wo
Xapakrepuaye iX SK eMOUIMHO YyTNMBUMW Ta 34aTHUMKM LUBUOKO BUKOPUCTOBYBATU
KOMMEeHCcaTOpHI MexaHiaMu 4ns aganTauii.

Tabnuusa 3
Po3nodin 30o06yeayie oceimu
3a nokasHukamu ocobucmicHoi mpueoxHocmi (STAI-T)

Y4yacHuku PiBeHb ocobucTicHoi TpuBoxHocTi STAI-T (B 6anax)
OCBITHBOrO npoLiecy Hwnsbkni, CepegHin, Bucokui,
(< 30 6ani.) (3145 6anis) (= 46 6anis)
M+S n M+S n M+S
Yu4Hi, n= 65 28,54 + 39 | 42,72 +0,81 24 | 56,91+1,29
0,35
CtyneHTu, n= 69 29,02 £ 42 | 4296+0,82 | 23 | 55,82+ 1,19
0,37
3ararnbHa KinbKicTb 28,83 £ 81 | 42,84+0,82 | 47 | 55,93+1,24
PECMNOHAEHTIB, 0,37
n=134

Takox My BigMITUNK, WO Y TpeTUHM obcTexxeHunx (36,9% yuHiB Ta 33,3% cTyaeHTiB)
CNOCTEPIracTbCA BUCOKUA pPiBEHb TPUBOXHOCTI (AuB. Tabn. 3). HasBHICTb BMCOKMX
MOKa3HWKiB 0COBUCTICHOT TPUBOXHOCTI Y 35,1%, i3 3aranbHOi KinbKOCTi 4OCHMKYBaHNX OCI0,
WMOBIPHO, CBIgYMTb MPO PO3BUTOK Y HUX NEPMAHEHTHOrO MOCTIMHOMO TPUBOXHOMO CTaHy,
KU HE NOB’A3aHMIN 3 KOHKPETHUMK OBCTaBUHAMM | MOXe CPUATN TPUBANIOMY eMOLLIHOMY
nepeHanpyxeHHto. OTxe, TpeTUHa yY4aCHUKIB OOCTIMKEHHA Mae NiaBuLLEHY OCOBUCTICHY
TPUBOXHICTb (TPENT-TPUBOXHICTL). MOXIMBO, came Lie CTBOPIOE NiAPYHTS OJ151 3HDKEHHS
NCUXoqi3ionoriYHoI CTIMKOCTI OpraHiaMy npu BNAvBi CTPECOBUX YNHHUKIB.
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[Mpu BU3Ha4YeHHI piBHA CNPUMHATTS CTpecy 3a Lwkanoto PSS-10 y 3no6yBaviB ocBiTU
3 Pi3HOIO KaTeropieto aganTauiiHOro NoTeHujiany HaMmu BUSIBIIEHO, LLIO OCOOM i3 «3a0BiNb-
HOM ajanTauieto» NPOAEMOHCTPYBANM HaMHWKYI MOKa3HMKN €MOLIMHOIO HanpyKeHHs (Y
mexax 18,24—18,67 6anis) (tabn. 4). HaTtomicTb, y pecnoHAeHTiB 3 piBHeM All «HanpyxeH-
HS MexaHi3miB afjanTauii» Ui 3Ha4YeHHs1 3pocTaloTb B Y4HIB Ha 21,4%, y CTyOeHTiB — Ha
20,0%, Wwo cBigunTb NPO NiABULLIEHHST EMOLINHOI 30YANMBOCTI Ta NOCUMEHHS CY0’ EKTUBHOMO
CNPURHATTS CTpecy Y 3a06yBadiB 3 «HanpyXeHHAM MexaHi3miB aganTaii».

Tabnuusn 4
Po3nodin 30o06yeayie oceimu 3a pieHsIMU cnpuliHimmsi cmpecy
3a onumyeasnbHukom PSS-10

PiBeHb PSS -10 PSS -10 3aranbHa BMOipKa
aganTauinHoro YYHi, n=65 CTyOeHTn, n=69 | gocnigxyBaHuX,
noTeHLjany n=134
n M+S, n M+S, n MzS, ym.on.
ym.of,. YM.OZ.
3aposinbHa 25 18,67 £ 29 18,24 54 18,41+1,12
aganTauis 1,15 1,09
HanpyxeHHs 32 | 23,76x1,42 | 33 22,81+ 65 23,42+ 1,38
MEXaHi3miB 1,22
aganTauii
Hes3apgosinbHa 8 31,22+ 1,83 7 31,32+ 15 31,27+ 1,84
apanTauida 1,84

Y rpyni ocib 3 «He3aa0BINbLHOW aganTaLieto» 3adiKCOBaHO MakCUMarnbHi NOKa3HWKU
3a Bcima napameTpamu wkamm PSS-10 (PSS-10=31,27) (ave. Tabn. 4). imosipHo, ue €
O3HAKOK BMPaXXeHOro NCcMxoqisionoriYHOro BUCHaXEHHS!.

Takox cnig BigMITUTK, WO OCOGMMBO BENMKMX PO3BIKHOCTEN B OTPUMAHUX
noKasHWKax 3a PieHSIMU CrpPUUHSAMMS cmpecy 3a onumysarnbHukoM PSS-10 6 y4HiB Ta
CTYAEHTIB BigNoBigHo rpyn 3 pisHuMmun pisHamu All He BusiBneHo. Lle niarBepmxye yHisep-
CarnbHICTb B3AaEMO3B’AA3KY MiX afianTaui€eto, TPUBOXHICTIO Ta CPUNHATTAM CTpecy.

[Ona BCTaAHOBMNEHHs1 B3aEMO3B’A3KIB MK [OCMIMKYBAHUMW  MOKa3HUKAMN  —
apganTauiiium noteHuianom (Al), cutyatmeHo (STAI-S) Ta 0COBUCTICHOK TPUBOXHICTHO
(STAI-T), a TakoX CyD’eKTMBHUM CNpUnHATTAM cTpecy (PSS-10) Hammn npoBeaeHo kope-
nAUiHMA aHanis i3 3actocyBaHHAM MeToay CnipmeHa (p).

OTpvMaHi faHi BKa3ytoTb Ha HAsIBHICTb 3HAYHUX NMO3UTUBHMX KOPENALIHNX 3aB’A3KIB
MK yciMa npoaHanizoBaHMMM BUMIPOBaHMMKU NapamMeTpamu. Hamnbinbll BupakeHa
kopensuia (p=0,83) BusABnNeHa MK apganTauinHMM noTeHuianom (All) Ta piBHem
CY6’EKTUBHOIO CNpUHATTS cTpecy (PSS-10) (Tabn. 5).

Tabnuus 5
KopensyitiHuti aHani3 3e’s3kie mixx All, mpueoxxnicmro (STAI-S, STAI-T)
ma pieHem cniputiHammsi cmpecy (PSS-10)

MokasHukm ApanTtauinHuin PiBeHb PiseHb PiBeHb
noteHuian (AlT) CUTYyaTUBHOI ocobucTicHol CNPUAHATTS
TPUBOXXHOCTI TPUBOXKHOCTI ctpecy (PSS-

(STAI-S) (STAI-T) 10)

Al 1,00 p=0,76 p=0,69 p=0,82

STAI-S p=0,76 1,00 p=0,67 p=0,73

STAI-T p=0,69 p=0,68 1,00 p=0,72

PSS-10 p=0,83 p=0,72 p=0,74 1,00
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Taka BupasHa kopensuia Mixk Al Ta PSS-10, MMOBIpHO CBIig4YnTb, LLO MiABULLIEHHS
Cy0’eKTUBHOIO BiguyTTa CTpecy y 3006yBadviB OCBITU MPSMO NMPOMOPLIAHO MOB’si3aHe 3i
3HWKEHHAM epeKTUBHOCTI aganTauiiHMX MexXaHiamiB Ta (pi3ionorivyHOI CTIMKOCTI opraHiamy.

BcraHoBneHi 3HauHi no3uTtuBHI  kopensuil  (p=0,67-0,74) MK nokasHUKamMu
cutyatusHoi (STAI-S), ocobucticHoi (STAI-T) TpMBOXHOCTI Ta Cy6’EKTUBHUM CIPUAHATTAM
ctpecy (PSS-10) (ouB. Tabn. 5) [OBOAATD, LLO 3pOCTaHHA 060X TMNIB TPMBOXHOCTI BeAe A0
iHTEHCUBHILLIOTO CNPUNHATTS CTPECY Ta, SIK HAacniAoK, 40 HaNpyKeHHS NCUxodisionoriyHoro
ctaHy. OTpumaHi pesynbTati NiaTBEPIKYIOTb B3AaEMOOBYMOBNEHICTb MCMXOEMOLIMHOIO Ta
¢pizionoriyHoOro acnekTiB aganTauinHOro npouecy.

BucHoBku. Takum 4mHOM, 3000yBadi OCBITU 3 BUCOKUMM NOKA3HUKAMM CUTYaTUBHOI
(STAI-S) Ta ocobucTicHoi (STAI-T) TPMBOXHOCTI BinbLL CXUIBHI FOCTPO pearysaTut Ha CTpec
i MalTb MeHWi aganTtauivHi pesepsu. Lle noeHicTio Bignosigae koHuenuil CUCTEMHOI
camoperynsauii, 3rigHo 3 KO MNCUXOEMOLINHE Hanpy>KeHHs Mae NPSAMUA BAAMB Ha (OYHK-
LlioHanbHi MOXNMBOCTI OpraHiamy.
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ADAPTATION POTENTIAL OF STUDENTS IN DEPENDENCE
ON THEIR STRESS RESILIENCE

In the context of war, assessing the level of adaptation potential in relation to stress
resilience is no longer solely a matter of scientific interest; it has become a practical tool
for preserving mental health, ensuring educational safety, and forming a psychologically
resilient generation that will rebuild Ukraine. This study provides a detailed analysis of the
physiological and psycho-emotional indicators of students, allowing for an evaluation of
their functional state and level of adaptation to educational load under martial law.

The main focus was placed on identifying the interrelationships between a somatic
parameter — adaptation potential and psychological characteristics, including state and
trait anxiety (situational and personal), as well as perceived stress. This approach enabled
a comprehensive view of how individual body reactions reflect the overall level of
psychophysiological resilience in school and university youth.

In the course of the study, groups of students with different adaptive capabilities were
identified. It was found that the conditions of martial law significantly worsen the
psychophysiological characteristics of young people, causing an increase in emotional
tension and anxiety and reducing the effectiveness of adaptive mechanisms. The
strongest correlation (p=0,83) was found between the Adaptation Potential (AP) and the
level of Perceived Stress (PSS-10). The established positive correlations (p=0,67-0,74)
between the indicators of state (STAI-S) and trait (STAI-T) anxiety and perceived stress
(PSS-10) likely prove that an increase in both types of anxiety leads to a more intense
perception of stress and, consequently, to psychophysiological strain. It was established
that individuals with increased vulnerability to stress show signs of tension in regulatory
systems and demonstrate a low AP.

The obtained data have a dual significance: they not only characterize the current state
of the studied groups but also allow for tracking trends in the formation of adaptive
capabilities depending on age, learning environment, and anxiety levels. This serves as
a foundation for further comparative analysis and the identification of key factors
determining stress resilience in the context of current educational challenges.

Key words: adaptation potential, anxiety levels, students/learners, martial law, functional state.
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OOCNIIKEHHA MOP®ONNOri YEPEMHUX LLUBIB
3A JOMNOMOIOIO KT A MPT: OrnsAQ NITEPATYPU

Y cmammi nocmaeneHo 3a Memy rpocmeXxumu ocobriu8ocmi CmaHO8/eHHs ma ego-
nirouii 0ocrioxeHb i3 KOMITIOMEPHOI ma Ma2HimHO-Pe30HaHCHOI momoepadbii Onsi
0ocnidxXeHHs1 HopMaribHUX Mopghorioail ma po3eumky YepernHux weig. BcrmaHoerneHo,
wo 8 cepeduHi 1980-x pp. nosisa KOMITOMEPHOI momoepachii cmarna nepesioMHUM
MOMeHmMOM y OOoCriO)eHHI YepenHux weie, rnodonaswiu obMexeHHs cyuHmuepadii
Kicmok ma ycyHysuiu HeobxioHicmb egodumu nauieHmam padioHykniou. Komm’romepHa
momozpacpis weudko nocina micye mexHornoaii 0nsi Halkpauwoi eisyanizauii Kicmxogoi
aHamomii, npome 32000M padiosniozidyHi docnidxeHHs weig 6y10 8U3HaHO HaBNUWKO8UMU
y binbwocmi sunadkie 3ae0siku OOCSZHEHHSIM Y XipypeidHOMY IliKy8aHHI KpaHioCUHOC-
mo3sy. CucmemamuyHi docnidxeHHs 1990-x — noyamky 2000-x pp. ecmarosunu KT sk
3onomutl cmaHOapm eidyanisauyii YyepernHux weie. LLjodo dpyeoeo decsmunimms XXI
cm., yeli nepiod xapakmepu3ysascsi PO3pPObKOI ormumMarbHUX MEeXHIYHUX napamempie
CKaHy8aHHs1 U CMEOPEHHAM repuiux HopmamueHux 6a3 OaHux Ors nediampuyqHoi
fpakmuKu, Wo 3aroeHUIo KpUmuy4Hy rpozanuHy 8 cmaHdapmu3sauii diaeHocmuku. 3
PO3BUMKOM MEXHOs102ill MIKpO-KOMITIOMepPHOI momoepadpii 8i0Kpunucsi Ho8i MOXJ/Iu-
8ocmi QOCriOXeHHST yibmpacmpyKkmypu weig, OCKifibku Oae 3moey 3abesrieyumu
HepyUHieHUU aHarsi3 Ha MIKPOCKOMiYHOMY pigHi. BodHo4ac yce binbuwie 3aHEernoKOEHHs
wodo padiayiliHoe0 HagaHMaXKEHHs1 CMUMY/IH8arno MowyK anbmepHamug y ¢hopmi
MazHimHo-pe3oHaHCHOI momozpadpil, sika Mocmyrnoeo esosItoyioHy8arna 8id eKcriepuMeH-
marsbHO20 Memody A0 KIliHIYHO nputiHAMHo20 0515 diaeHocmuku. OcmaHHi OOCTIOKEeHHS
8Kasyromb Ha me, wo ei0byeaembcs repexio 8i0 8UKITHOYHOE0 8UKOPUCMAaHHST KOMIT -
mepHoi momoepadpii o 36arnaHcogaHo20 niOxody, de MagHImHO-pe3oHaHCcHa momoepa-
obisi po3ansadaembCs siK nepcriekmusHa anbmepHamuea Orisl PyMmUHHO20 CrIOCMepeXeH-
Hs1, ocobrueo e riediampii, wio 8idd3epkaritoe 3a2arnbHy MeHOEHUt0 Cy4acHOi MeOuyuHU
00 MiHimizauii padiayitiHo2o ennusy Ha nauieHmie. 3 iHwoa2o 60Ky, Ha mexi 2010-x i
2020-x pp., criuparoyucs Ha 3006ymku rnonepedHukis, 3a doriomozoro KT i MPT Haykosui
rioyuHaromp OocnidXyeamu repesakHo rnamoroaii yepernHux weis. O2n150 yux fnpaus €
repcrekmueor nodasnbuio20 OOCITIOKEHHS.
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Krnirodoei crioea: KpaHiocKorisi, Yeper, Mopghorioeis, (hisudHa aHMPOMNonoeisi, MagHimHo-
pe3oHaHcHa momoepadbisi, KoM 'romepHa momozpacgbisi, YepenHut Woe.

MNMocTaHoBka npo6nemu. [leTanbHe 3HaHHA HOPMarnbHOT aHaTOMIT LLBIB € OCHOBOIO
ONS [iarHOCTUKU Pi3HOMAaHITHUX aHoMani po3BUTKY 4yepena, BKMYarun KpaHioCUHO-
cto3n. Lle gae 3amory kpallie po3yMiTM MeXaHi3aMu nepeayvyacHoro 3akputTs LIBIB Ta
nnaHyBaTW BiONOBIAHI XipypriyHi BTpy4aHHA. [Jokasn, OTpMMaHi 3a AOMOMOrO ekcrnepu-
MEHTanbHUX AoChimKeHb, CUMYNALIA Ta 3 AOCMIDKEHHS eBontouii, ceigyaTe npo 6ararto-
dakTopHUIA MopdoreHes, NoB’si3aHun 3 PYHKLiAMKU Ta Mopdpornorieto LWBiB. Hessaxaroun
Ha MOIEKYNSAPHI BNvBW, GiomexaHika Yyepena Bifirpae rofloBHy porib SIK B OHTOrEHETUYHIN,
Tak i y ginoreHeTUYHIn avHamiui weiB [4]. OkpiM Toro, po3ymiHHA HoOpMarbHOT Mopdonoril
LUBIB, iX MIKPOCTPYKTYpU, KNITUHHOrO cknagy Ta GioMexaHiyHMX BriacTUBOCTEN Jonomarae
BigPIi3HUTK @oidionorivHi NiHiT WBiB Big4 NaToNorYyHUX 3MiH, 30kpema nepernomis, Ha KT-
CKaHax, Lo Ma€e KpUTUYHE 3HaYeHHs B TpaBMaTosoril [7], HeBigKNagHin, CyooBin MeauUmHi
Ta LenenHo-NMUbOBIN PEKOHCTPYKTUBHIN Xipypril [8]. KomnnekcHuin aHania HaykoBuXx
npaupb, NPUCBSAYEHUX 3aCTOCYBaHHIO B OOCHNIMKEHHI LWBIB Yepena kommn'totepHoi (KT) Ta
MarHiTHo-pe3oHaHcHoi (MPT) Tomorpadii, 3abe3neuntb CTPYKTYPYBaHHS HaKOMUYEHMX
3HaHb i BU3HAYEHHs1 HaNMEePCNEeKTUBHILLMX BEKTOPIB nodanbLumx gocnimpkeHs. Lle, y ceoto
yepry, CnpuATME BAOCKOHAMNEHHIO AiarHOCTUYHMX METOAMK i NiKyBanbHWX cTpaterin, a
TaKoX PO3LUMPUTL HayKoBE PO3YMiHHS aHaTOMO-MOPAIONOMNYHNX XapaKTepUCTUK Ta 3aKo-
HOMIpHOCTEN pO3BUTKY Yepena MoANHM Ha BCiX eTanax OHToreHesy — Big eMOpioHansLHOro
nepiogy A0 CTapOCTi, B TaKOX KOpersiwin Mix MOpPOMETPUYHUMM NapameTpamu LUBIB,
TemMnamum pocTy depena, dopmoto ronoeu (bpaxiuedpanis, gonixouedanis) Ta yHKuio-
HaNbHUMM XapaKTePUCTUKaAMM LieHTparibHOI HEPBOBOI CUCTEMM.

AHani3 nonepegHix gocnimpkeHb. 1. PpacciHaTo n Y. gi Pokko B cTaTTi, NpUcBs-
YeHin icTopii AoCNiMKEHHS YepenHuX LBIB, MODDPKHO 3rafani, WO CYMHIBY, KOTPI BUHUKaNm
npv iHTepnpeTauii CUMHTUIpadii KICTOK, Ta HEOOXIOHICTb BBOANUTU MaLlieHTaM pagioHyKiam
6yno nogonaHo 3 nosisoto KT, sika cTana Havkpalymm inocTpaTtopoM KiCTKOBOI aHaTOMIl.
MpoTe AocnigHWKM MigKpecnunuy, LWo, He3BaXaroum Ha MOXMBICTb OTpMMaTU OOCKOHeNe
300paKeHHS YepenHux LWBIB, AOCATHEHHSI OCTaHHIX POKIB Yy BUBYEHHI KPaHIOCMHOCTO3Y
3pobunu pagionorivyni gocnigykeHHs WBeiB HaanMLKoBMMK B BinbLuocTi Bunagkis [6]. JocuTb
[JoknaaHo 3006yTku nonepeaHukis ouiHunm B ctaTTi @. KotToH, ®. Pouui, b. Bani, K. MNavan,
M. lepwmiep, A. lManxapg-Kocta n [x. ®pomeH [3]. YTim, 3aranom 3gobyTku BYEHMX, KOTPI
pocnimkysanu 3a gonomoroto KT i MPT HopMarnbHi YepenHi LWBK niognHW, He cTasanu
npeaMeToM OKPeMOro ornsaay.

MeTta po6OTU: NPOCTEXNTM OCOBNMBOCTI CTAHOBNEHHSA Ta €BOSIOLiI AOCNIAKEHD i3
3aCTOCYBaHHA KOMMIOTEPHOI Ta MarHiTHO-pe30HaHCHOI Tomorpadii Ans AOCHIIKEHHS
HOpMarnbHUX MOPAONOrii Ta PO3BUTKY YepPENHMX LLBIB NIHOUHN.

Buknag ocHosHoro matepiany. . ®ypya, M. C. b. Eggapac, Y. E. Anbnepc,
B. M. Tpecc, [. K. Owncrteprayt i [. HopMaH nNpucBATUAM CTaTTHO KOMMIEKCHOMY O0CHi-
[PKEHHI0 HopMarbHOi aHaTOMIT YepenHuWX LLIBIB Ta CUHXOHAPO3IB Y NaLiEHTIB Pi3HOro BiKy 3a
pornomoroto KT 3 BUCOKOKO PO3AINbHICTIO, MOTUBYHOUM aKTYyanbHICTb AOCTIMKEHHS TUM, LLIO
TpaaWLiiHi PEHTTEeHIBCbKI 3HIMKW Ta padioHYKMigHEe CKaHyBaHHS HE MOXYTb 3abe3neunTtu
afeKkBaTHe 300paXkeHHs1 LUBIB OCHOBW Yepena, Lo YCKIaaHIE OiarHOCTUKY MaToNOorvHNX
3MiH. ABTOpU NpoaHanidyBanu 150 HopmanbHKX NaLieHTIB BiA HAPOMKEHHA A0 74 pokiB, 3
akmx 50 — monogwi 3a 10 pokiB. BukopuctoByBanucb akcianbHi W kopoHanbHi KT-
CKaHYBaHHSA 3 BUCOKOK PO3MiNbHICTIO, NpY LbOMY HalKpalli pe3ynbTaTn 6yrno oTprmaHo
npuv ToBLUMHI 3pi3iB 1,5 MM nopiBHAHO 3 5 abo 10 mMM. TexHika ckaHyBaHHA nepenbavana
NPOBELEHHS 3Pi3iB NepneHanKynsapHO A0 MAOWMHU LWBa ANS OTPUMaHHA HawmiHdopma-
TUBHILLMX 300paXkeHb. Y OiTel WBKM igeHTUikyBanmcs nerwe nopisHsHO 3 gopocnmmun. Ha
ocobnuBy yBary, Ha AyMKY OOCHiAHUKIB, 3aCNyroBye METOMNIYHWUN LLIOB, SIKUA Y HOPMi 3HUKaE
[0 TpeTboro poKy XuTTd, npote Moxe 36epiratuca y 10% pgopocnux. Y popocnux
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cnoctepiranacs 3HayHa BapiabenbHiCTb Yy 3daTHOCTi igeHTudikyBatm wen Ha KT-
300paKeHHsX. 3aranbHOK 3aKOHOMIPHICTIO € NPOrPECHMBHE 3POCTaHHS KICTKOBOTO 3POLLEH-
HA 3 BIKOM, WO MAPU3BOAMTL A0 MOCTYNOBOIO 3HUKHEHHS BMAMMMKX JiHIM weiB. byno
BM3HAYEHO, LLIO TEXHIYHI MapamMeTpu CKaHyBaHHS TEX BaXKNMBI ANs SKOCTi AiarHoCcTuku. [Ans
YyepeniB AOPOCNMX ONTUMAarbHOK BusBMnacs WwnpuHa eikHa 2000 oanHuLpe XayHcoinaa, a
On1s HOBOHapoMKeHMX i HeMoBnAT — 1200 oguHMLE Yepes MeHLLY MiHepani3aLito KICTKOBUX
CTPYKTYP Yy UbOMY Bili. ABTOpU OOCHIMKEHHA AiNWNn BUCHOBKY, Lo KT 3 BUCOKOH
PO34iNbHICTIO € HaBINbLL IHPOPMATUBHUM | TOYHUM METOAOM AN AeTarnbHOro BUBYEHHS
aHaToMil YepenHux LWBIB, 3HAYHO NepeBepLUYHYN MOXNMBOCTI TPaAMUINHUX PEHTIeHIB-
CbKuX MeToAiB aiarHocTuku [7]. Lle gocnigkeHHa € BaxnmBuMm ns BctaHoBneHHsA KT sk
30M10TOr0 CTaHAApTy Bidyanisauii YepenHux LUBIB, OCKINbKM B HbOMY Byrno cucrematuso-
BaHO TEXHiYHi NapamMeTpu CKaHyBaHHsI 1 BCTAHOBIIEHO BIiKOBI OCOBNMBOCTI Bidyanisauii
weiB. Baxnmeum HaykOBMM BHECKOM € AudbepeHUinoBaHui nigxig Ao HanawTyBaHHS
napameTpis KT 3anexHo Bia BiKy NaujieHTa, Lo 3Ha4YHO NOKPaLLYE AiarHOCTUYHI MOXIMBOCTI
mMeToay. Takox y npavi apryMeHTOBaHO NiAKPECNEeHO KIiHIYHY 3HauyLLiCTb NEPCUCTEHTHOMO
METOMIYHOro WBa sk BapiaHTy Hopmu. BTim, npobnemartuka, [OTMYHA OO BUBYEHHSI
YyepenHux LWBIB 3a gonomoroto KT, He Byna OCHOBHO B AOCHIKEHHAX HA3BaHMX aBToOPIB,
TOX BOHM BinbLue He npuceaYyBanu i nyénikauiin.

. I". Wepik, C. P. byxmaH, P. B. I'yne 1a C. A. lonbAwWTeNnH OUiHWKW 30aTHICTb
MiKPOKOMITHOTEPHOIro TOMOrpadpiyHOro ckaHepa NpPaBWIbHO Biga3epKantoBaTh sIK HOp-
ManbHi, Tak i CUHOCTO30BaHi YeperHi LLBM Ha YNbTPacTPYKTYPHOMY piBHi. [N NOPIBHAHHS
3i 3pisamu Mikpo-KT 6yrno nigrotoBneHo ABa ricToorivHi 3pa3ku KOPOHarbHUX LUBIB, Y34ITi 3
onepadiviHoro martepiany. 3a pgornomorol Mikpo-KT pocrigHukam BAanocs YCnilHO
Bi3yanisyBaTi ogvH HOpMarbHUA i OOUH CMHOCTO30BaHWIN KOPOHAMNbBHWUIA LLOB MOOUHU 1
NPOBECTU KiMnbKiCHWUI aHani3 umx 3paskis. Mikpo-KT BUABMMIOCA BUCOKOTOYHUM METOAOM
Bidyanisauii ONna OUiHIOBaHHS PO3BUTKY 4YepenHuMx LWBIB, 3abesneuyoum TpUBUMIPHY
Bi3yanisaLlito Ha MIKPOCKOMIYHOMY pPiBHI Ta AaruM 3mMory NpoBOAUTY LUBUAKUIA KiNbKICHUIA
aHanis apxiTekTypu KiCTKM 3a KinbkoMa napameTpamMu BUMIPIOBaHb, HEOOCTYMHUX npwu
ricTonoriyHomy aHanisi. NepeBaroto mikpo-KT Oyno Ha3BaHO Te, L0 BOHa 34aTHa Bisyarni-
3yBaTW 3HA4YHO BinbLue 3pisiB, HXK MOXXHA OTPMMaTK 3a 4OMOMOrOH0 FiCTONOTIi, | e MeToa
BMKMIOYAE NIOACHKI MOMWUMKWM Ha faHomy eTani. 3pisav Mikpo-KT cTBOplooTbca 6e3
pyVHyBaHHA 3pa3ka i 6e3 BTpaTM 4M CNOTBOPEHHS BIiATBOPIOBAHWMX AaHuX. 3ararnom
CTPYKTYPHO-OpPIEHTOBAHI 3pi3n 3 Mikpo-KT 6yro BU3HAHO TakMMMU, LLIO B3aEMHO JOMOBHIOIOTb
KNiITUHHO-OPIEHTOBAHI 3pi3n 3 FiCTONOorii B 3aranbHOMY KifbKICHOMY aHanisi YepenHux LUBIB
[14]. B ui npaui npoaeMoHCTPOBaHO PEBOMIOLIMHI MOXNMBOCTI Mikpo-KT Ans BUBYEHHS
YyNbTPaCTPYKTYpU YepenHux WweiB. MeTogororiyHe 3Ha4eHHs poboTu nonsarae B TOMY, LUO
aBTOpY JOBENM NepeBary HepyMHIBHOrO aHanidy Haf TPaguLLHO TCTONOTIELD.

k. BanHuganr, P. E. KipwHep, A.®apni, ®. Paic, k. XaHtep, J1. A. Bitakep i
C.T. baptneTT 3BepHynu yBary Ha Te, LIO METOMYHMIA LUOB B HOPMIi 3pOCTaETLCH B
pPaHHbOMY OUTMHCTBI, TOAI SIK YCi iHLLI YepenHi WBK B HOpMi pobnisTh Lie HabaraTto nisHille
B XKWUTTIi, OOHAK METOMIYHNIA CUHOCTO3 € OAHIE 3 HAMMEHLL MOLMPEHUX chopM KpaHiocu-
HOCTO3Yy. Yepes HeBM3HAYEHICTb Y 4acoBii NOCMAOBHOCTI HOpMarbHOro isionoriyHoro
3pOCTaHHA METOMNIYHOro LWBa AOCAIOHWKX MPUNYCTUNW, WO AiarHoCTUKa MEeTOMiYHOro
CVMHOCTO3Y NnuLle Ha OCHOBI 306paxeHb KT MOxe BUSBUTUCA OMaHN1BO, M NOCTaBunu 3a
METY BU3HAUUTM HOpMarbHY MOCHIAOBHICTb 3pOCTaHHA METOMIYHOrO LWBa Ta OXxapakTe-
pusyBaTu K eHAoKpaHianbHy, Tak i eKToKpaHianbHy mopdpororito wea. AHania KT
CkaHyBaHb 76 nauieHTiB 3 TpaBmamu Y Biui Big 10 gHiB ao 18 micsauiB HagaB HOpMaTUBHI
KpaHiodhaLlianbHi gaHi, ki MOxHa Byno NOPIBHATU 3 aHAMNOMN4YHUMK JaHUMK, OTPUMAaHUMM 3
nepegonepadiiinx KT 30 nauieHTiB, siKi NpouWNKM XipypriyHe nikyBaHHA MEeTOMiYHOro
CVMHOCTO3y. 3poCTaHHA MeToniYHoro wea Oyro 3aBepllieHuM o 6-8 micsAuiB y BCiX
HECVHOCTOTUYHMX Naui€HTiB, 3 MOYaTKOM 3pOCTaHHA LUBa, LU0 MNPOSBMSBCS BXe B 3-
MicA4HOMY BiUi. Byrno BCTaHOBMNEHO, WO 3POCTaHHS MOYMHAETLCHA B LOiNsHUi HasioHa,
NPOrPEeCMBHO NMOLUNPKETLCS Bropy 1 3aBepLUyeThCA Bins nepegHboro Tim'siuka. MNpakTniHo
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[iarHOCTMYHOI0 O3HaKOK MepeayacHOro 3pOCTaHHS LWBa BUSIBMIIACh €HAOKpaHianbHa
MeToMiYHa BUpi3Ka, KoTpa crocTepiranack y 93% nauieHTiB i3 CMHOCTO30M, ane He
criocTepiranacs B XXOAHOMo, B KOO CMHOCTO3Y BUMSIBIIEHO He 6yno. Tox yuyeHi ginwnm
BMCHOBKY, LLLO MOPAOONOriyHi Ta HOPMAaTUBHI KpaHiodaLlianbHi AaHi BCe-Taku AaloTb 3MOory
JiarHocTyBaTM METONIYHUA CMHOCTO3 Ha OCHOBI 306paxeHb KT, oTpumaHux nicns
HOpMarnbHOro nepiogy 3pocTaHHs wBa [16]. B poboTi po3B’sa3yeTbCs BaknmBa KIiHIYHA
npobnema AndepeHLinHOi AiarHOCTUKN MK HOPMarnbHUM  (Di3ioNOriYHMM  3pOCTaHHAM
METONIYHOrO LWBa Ta NaTOMNOMYHNUM CUHOCTO30M. 3aBASAKN TOMY, LLO BYNO OKPEeCneHo YiTki
YacoBi paMK1 HOpMarbHOro 3pocTaHHs (3—8 MicsiLiB), BAANOCS 3aKnacTu HagilHy OCHOBY
0N KMNiHIYHKMX pilleHb. BUCOKY MpakTU4Hy LiHHICTE Onsi 00’€KTUBHOI AjarHOCTMKM Mae
BUSIBMEHHS eHOOKpaHianbHOI METOMIYHOI BUPI3KM SIK O3HaKWU CUHOCTO3Y. [docnigkeHHs
TakoX 3acBigvye BaXMMBICTb ypaxyBaHHSA OWMHAMIYHMX 3MiH nig Yac iHTepnpeTtadii KT-
300paXxeHb.

@. KotTtoH, ®. Pouuj, B. Bani, K. lMNayvan, M. 'epmiep, A. MNanxapa-Kocta 1 k. ®po-
MeH npocnekTuBHo BMBYMNM 150 MPT-3HiMKIB roNOBHOrO MO3KY 340POBUX NpeaCcTaBHUKIB
eBponeoigHoi nonynsuii Bikom 20—49 pokie. [1na Banigauii MeToay Takox 6yro npoBeaeHo
HesanexHi BuMmiptoBaHHA Ha 498 cyxux uyepenax 3a pJornomoroto 3D-guritansepa
Microscribe 3-DX. [Onsa Bcix nauieHTiB BMKOPUCTOBYBaBCS CTaHAAPTHMIW NPOTOKOM, LUO
BKIIOYAB 5 MM caritanbHi cniH-exo T1-3BaXkeHi 300paXKeHHs, akcianbHi nonepeyHi 5 Mm
CriH-exo T2-3Ba)keHi 300paXeHHs1, rpadieHT-exo T2*-3BaxkeHi 300paXkeHHs1 1 rafoniHieBi
TpuBUMIpHI T1-3BaxeHi 306paxxeHHs 3 i30TponHUM Bokcernem 1 mm. OkpiM kpaHioMeTpuy-
HUX TOYOK, SIKMX YYeHi yCnilHO igeHTudpikyBann 11, QocnimpkeHHs 3ocepenKyBanocs Ha
TPbOX OCHOBHMX LUBaX Yepena: KopoHanbHoMY, NisambaonoaibHomy 14 caritanbHomy. byno
BM3HAYEHO, LLO LLIBM 3aBXaM 3'9BMAAIOTLCA 9K YOpHI NiHil (BiacyTHicTe MP-curHany) yepes
KOMNaKTHY CTPYKTYpY KiCTKM, no3baBneHy BogHw. Lle koHTpacTye 3 HopmanbHUM
rinepcurHanom gunnoe (rydo4yacToi KiCTKM) BCepeamHi M NiawKipHOro »Xupy 30BHi. BigcyT-
HiCTb curHany cnocTepiraeTbcs sik Ha T1-, Tak i Ha T2-3BaxxeHuX 306paxeHHsX. LLBu kpalue
Bi3yanisytoTbCsi NPY TOBLLMHI 3pi3y 5 MM NOpPiBHAHO 3 1 MM. [InHamivHuin aHanis 306paxeHb
(cine-loop) aaB 3amory etbeKTMBHO NPOCTEXMTM Xif LWBIB. [JOCHiAHUKM MigKPEeCH N, LWo Ansi
BU3HAYEHHSA KpaHioMeTpuyHMX ToMoK Bregma ta Lambda Ha cepeanHHOMY caritaribHOMY
3pisi cnig BUKOPUCTOBYBAaTM AMHaMIYHUA aHani3 WeiB. Y ocHoBHiIn rpyni (150 naujeHTis 20—
49 pokiB) KOpOHanbHWIA | NAM6gonoAidoHMIA WwBKu B6ynu yeniwHo igeHTudgikoBaHi y 100%
BMNagkiB. Y poswwupeHin rpyni (126 nauieHTiB 20-80 pokiB) SKiCTb Bidyanisauii LUBIB
ouiHloBanacs 3a 4-6anbHoto LKanot: He Bidyanisytotbes B 1 Bunaaky (0,8%) — xiHka 57
pokiB, BaXKo Bidyaniaytotbcs B 31 nauieHTa (24,6%), nerko BidyaniaytoTbcs B 44 naujieHTis
(34,9%) Ta igeanbHo BidyanidytoTeca B 50 nauieHTiB (39,7%). Baxxnuneo 3a3HaunTty, WO
AKICTb Bidyanisauil He kopenioBana 3 BikOM nauieHTiB. MeTton, anpoboBaHui y cTaTTi,
aBTOPY BU3HANN KOPUCHUM AN MnaHyBaHHS HEMPOXIpYpriyHUMX BTPYy4YaHb, OiarHOCTUKM
KPaHiOCMHOCTO3IB Ta iHLUWX NaTONOri YepenHuX LWBIB Y KMiHIYHIN NpaKTULi 3aBASKN BUCOKIN
YacToTi ycnilwHoI Bidyanisadii weis (moHag 99% sunagkis) [3]. Lie gocnimkeHHs 3HavyLle 3
nornsagy po3lMpeHHss Habopy HeiHBasMBHUX METOAIB Bisyanisauil 4YepenHux LUBIB.
[oBeaeHHss MoXXnMBOCTI HaginHoi MPT-giarHocTvku LWBIB 6€3 pafiauiiHOro HaBaHTaXXEeHHS
0cobnMMBO akTyanbHO Mig 4ac poboTu 3 AiTbMu. [1OCTOBIpHICTE MeTody NiOBULLYETHCS
3aBAsKM MOro Banifauii MeTogy Ha BenuKin KinbKOCTi Cyxmx YepeniB. 3aBAsikM BCTaHOB-
NEHHI0 onTUMarnbeHKX TeXHIYHMX NapameTpis MPT Ta BBe4eHHIO CTaHaapTU30BaHOI! LLKanu
OLLiHIOBaHHSA SIKOCTI Bidyanisauii pesynbTtati 40CNiSKEHHS CTal0Tb OCHOBO Ars MOTOYHOrO
KniHiYHOro BUKoOpucTaHHs. OcobnmBO LiHHMM € BUCHOBOK MPO Te, LU0 SKICTb Bidyanisawii
LUBIB Ta BiK 4OCTIiAKYBaHOI NMIOANHN HE MOB’sI3aHi.

K. Kopera, J1. Banga, M. Bauyu, A. LLlepbeHecky Ta J1. MNanariya-baHac noctaBunm
3a MeTy OOCHiMKEHHSA OuiHUTKU 34aTHICTb MIKpo-KT ckaHepa BigasepkantoBatv Mopdo-
NOrit0 HOpMarbHUX | CUHOCTO30BaHMX YePEnHKX LLUBIB Ha YNbTPACTPYKTYPHOMY piBHi. [ns
LibOro BOHW 3i0panu ABa 3pasky KOPOHAIbHUX LUBIB MICIA CXBarieHHs1 €TUYHOI KOMICIT Ta
OTpMMaHHS NIMCbMOBOI 3roaw. MNepLunin 3pasok (5,8x3,9%3,9 MM) — HOpMarbHWUI FNOACHKUIA
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KOpOHarnbHU LIOB Bif 16-MiCS4YHOr0 Xnonyuka, Sk nepeHic HempoxipypriyHy npoweaypy
3 MpMBOAY TPaBMaTU4HOI remaTomu, a gpyrun (11,2x2,4x6,5 mm) — Big 1,5-pivuHoi giBYMHKM
3 HECMHOPOMIYHMM OHOOIMHMM KOPOHArbHUM CUHOCTO30M. 3pasky yCrillHO NpocKaHyBa-
N 3 po3ainbHO 3aaTHICTIO0 30 MKM, LLO Aano 3MOry OTPUMaTH SiK TPUBUMIPHI PEKOHCTPYKUT
KICTKOBMX KyOiB, TaK i ABOBUMIpHI 3pi3v ANns aHanisy. byno susBneHo, Wo B HOpMansHOMY
3pasKy KOPOHasIbHUI LLIOB YiTKO NMPOXOAUTb Yepes Yepen Mk TOBHOH Ta TiM'STHOK KiCTKamu,
a B CMHOCTO30BaHOMY KOpOHarbHUi LoB 6yB Marke NoBHICTIO obniTepoBaHuii. CkaHep
3Mir Hag3BMYaMHO TOYHO BUSIBUTU BIAMIHHOCTI B MIKpPOApXITEKTYpi MK UMMM ABOMa
3paskamu, 0COBNMBO — MOPIBHAHO 3 TPAAMUINHMMM TICTOMOMYHMMM MeTo4amMn. FAKLWO 3
HOPMarbHOro KOPOHArbHOrO LBa BAANOCS OTPUMATK Nnle OAMH NpuaaTHWA ricTONOoriY-
HWIA 3pi3 6e3 apTedakTiB CeKLiOHYBaHHS 3 BOCbMU Hapi3aHuX, To Mikpo-KT 3reHepyBana 16
3pisiB 5,8x3,9x3,9 MM 3 TOro camoro 3paska. Llle Ginblia pisHWUA criocTepiranacb y
CVMHOCTO30BaHOMY 3pa3ky: 10 ricTonoriYHux 3pisie NpoTn nNpndnmaHo 250 mikpo-KT 3pisiB y
NAOLUMHI TICTOMNOrYHOrO CeKLioHyBaHHSA. KinbKiCHWU aHani3 cTtepeonoriyHux napameTpis
BUSIBUB CYTTEBI CTPYKTYPHI BiAMIHHOCTI MK HOpMarnbHUM Ta CMHOCTO30BaHUM LLIBAMMW.
OTmxe, HayKOBLLi AIALLNN BUCHOBKY, LLIO Mikpo-KT ckaHyBaHHsI BigKpuBae HOBI TOPU3OHTM Onst
pO3yMiHHA Bionorii YepenHux LUBIB, eTionorii KpaHIOCUHOCTO3Y Ta PO3BUTKY eDEKTUBHIUX
METOAIB TiKyBaHHS, MPWYOMY € HEPYMHIBHUM MpouecoM Bidyanisauii. [ns kniHivyHoi
NPaKTUKX L TEXHOMOriS Aa€ 3MOry KirnbKiCHO BUMIptOBaTW piBEHb PEMOAENOBaHHS LIBa B
KOXXHOMY 3pasKy M [OMOBHIOE KNITMHHO-OPIEHTOBAHI 3pi3n riCcToOnorii B 3ararbHOMY
KinbkicHOMY aHanisi YepenHux WaeiB. MepcnekTnem 3acTocyBaHHS MIKpo-KT y gocnimKeHHi
OCTaHHIX JOCNIOHVKA BU3HANM Hag3BMYanHO obHaginnmemmm s Gionorii YepenHux LBIB,
KpaHiocMHoCcTOo3y Ta 3ybo-nmuboBux pedopmadii [2]. Lle pobota nigrBepmkye W
PO3LLMPIOE BMCHOBKM MonepeaHix AocnigHukisa npo nepesarn Mikpo-KT, AeMoHCTpytoum
KiNbKiCHY nepeBary mMeToAy Hapj FiCTOMOrielo B OTPMMaHHI iH(popMaTMBHUX 3pi3iB, aaxe
Oyno goBefeHo, WO po3ginbHa 3aaTHiCTe 30 MKM Aae 3Mory BUSIBISITU YNbTPACTPYKTYPHI
3MiHW, HeJOCTyNnHi Ans KMiHiYHOI Bidyanisdauii. MNopiBHANbHWMI aHania HopmarbHOro Ta
CVMHOCTO30BaHOrO LUBIB CTBOPKOE OCHOBY ANsl PO3YMIHHS MOMEKYNAPHUX MeXaHi3MiB
naTonorii, Wo B NepcnekTmsi nigsuLLye epeKTUBHICTb NiKyBaHHS.

JI. A. Mituenn, K. A. Kitni, T. J1. Apmitemk, M. B. KpacHoykyTcbkui, B. k. Pykc, 3
Ornsay Ha Te, WO Ha Yac HanucaHHA iXHbOI Mpali He iCHyBamno CTaHAapTU30BaHKX
HOPMAaTVBHMX 3HAYeHb LUMPWHWN YEpEenHMX LUBIB Y HEMOBIST, Yepes3 Lo pagioriorn npu
iHTepnpeTauii pe3ynbTaTiB OOCTEXEHHS Manu MOoKNagaTUcs MEPEBaXKHO Ha BMACHWUA
[ocBig Ta iHTYiUio, npoBenu MaclutabHe AOOCHiMKEHHS, B SKOMY npoaHanidysanu 483
nauieHTn Big 1 po 395 gHiB XuTTa 3 HOpManbHUMK pesynbTatamu KT ronosu. Bci
obcTexxeHHs 6yno 3 1994 no 2008 pp., Npy LIbOMY CEpeaHil Bik MavujieHTiB cTaHOBMB 96 OHiB.
HocnigHykn peTtenbHO BMMIPIOBanu LUMPWHY cariTarnbHOro Ta KOPOHAarbHUX LWBIB Yy ABOX
aHaTOMIYHUX TOYKax Y MPOKCUMArbHIA i AMCTanbHIN YacTMHaxX BiOHOCHO NepeaHbOro
TiM'siuka. Byno BMABMEHO 4iTKy 3aKOHOMIPHICTb Y 3aKPUTTI YEepenHux LUBIB MPOTArom
MepLUOro POKY XXUTTH. Y HOBOHAPOLXKEHNX CepeHs LUMPWHA cariTanbHOro LWea CTaHoBWMa
5,0 MM y npokcumaneHii YacTuHi Ta 4,6 MM Y AUCTanbHIN, WO Biga3epkanoe NpupoaHy
BIOKPUTICTb LUBIB A58 3abe3nevyeHHs pocTy MO3Ky i aganTauii 4O MOosioroBoro npoLecy.
OpHak yke [o KiHUS NepLloro Micsius »xutTa BigbyBanocs 3BY)XeHHS NpubIM3HO BAOBIMi —
00 2,4 MM NpoKcUManbHo 1 2,6 MM gucTanbHO. AHarnoriyHa gnHamika cnocTepiranack i ans
KOPOHAarnbHUX LUBIB, NPV LIbOMY MpaBui Ta NiBUN JEMOHCTPYBANM CTaTUCTUYHO iAEHTUYHY
LIBMAOKICTb 3aKpUTTA Ha BCiX eTanax po3BuTKY. B HOBOHapPOMKEHUX 1X LUMPUHA CTaHOBMIa
2,5 MM npokcumaneHo Ta 1,5 MM aucTanbHo, a 40 MICSYHOro BiKy 3MeHLyBanach Ao 1,3
MM Ta 1,1 MM BignosigHo. MocTynoBe 3BYXEHHSI TPMBAro NPOTAroM YCbOro NepLLOro PoKy
XUTTA, gocsraoum o 12 micauis sHaveHb 0,8—0,9 mm npokcumarnsHo n 0,5 Mm guctansHo
0118 KOpOHasbHUX LWBIB. HanBaxnmeiLMM BUCHOBKOM JOCHIAXEHHSA CTano BCTAHOBMNEHHS
TOrO, O HaNiHTEHCUBHILLE LUBWN 3aKpUBAIOTLCA CaMe B MEPLUMIA MICSALS XUTTS Ans BCiX
BMMIPIOBaHNX aHATOMIYHUX fokauii. Tak Oyno oTpMMaHo nepLli HaykoBO OOI'pyHTOBaHI
HOPMAaTMBHI 3Ha4YeHHA Ans MOPIBHAHHA Mpu iHTepnpeTauii KT-ckaHiB HeMOBRAT, WO
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KPUTUYHO BaXNUBO MNpW AjarHocTuui AiacTasy LUBIB yHAcnigok TpasM, MigBULLEHOMO
BHYTPILLHBOYEPENHOro TUCKYy abo iHWMx natonoridyHux ctaniB [10]. Lle pocnigpkeHHs
3aMnOBHIOE BaXKMMBY MpoOranuHy B MediaTPU4HIA Henpopagionorii, CTBOPOYM nepLuy
CTaHAapTM3oBaHy 6asy HOpMaTMBHUX AaHWX AN LWUMPUHW YeperHux LUBIB Y HEMOBMAT.
Macwrab pocnimkeHHs 3abesnedvye BUCOKY CTaTUCTMYHY [OOCTOBIPHICTb pesynbTaris.
BusiBneHHs1 3aKOHOMIPHOCTi HARIHTEHCMBHILLOIO 3aKpUTTSA LUBIB B NEPLUMIA MICSLb XXUTTS Mae
dyHOaMeHTanbHe 3HaYeHHs1 Ans PO3yMiHHS HOpPMarbHOrO PO3BUTKY Yepena, a BCTAHOB-
NEHHS1 CUMETPUYHOCTI 3aKPUTTS KOPOHAmNbHUX LUBIB NiATBEPSKYE HOPMArbHICTL PO3BUTKY.
ToX OOCHIMKEHHST CTBOPHOE I'PYHTOBHY 6a3y Ansi 06’'eKTUBHOI A4iarHOCTMKM NaTosOriN.

K. A. Eni, ®. WepiH, H. Tennop, C. P. BatT-Cwmit i C. [x. MongiHr Ha Tni 3pocTaHHs
3aHEMNOKOEHHA LLOAO0 iOHI3ylouMX edekTiB KOMM'ITepHoi Tomorpadii y HemoBnaT
NOCTaBUSN 3a METY BCTAHOBUTM 30BHILLHIM BUFNSA HOPMarbHUX YepenHuX LBIB, TX LUMPUHY
M TOYHICTb ineHTndikauii Ha MPT (B nocnigoBHocTsAX: akcianbHux — T1, T2, STIR (short tau
inversion recovery), kopoHaneHin FLAIR (fluid attenuated inversion recovery), Ta
caritanbHii T1) NpoTarom nepLuoro poky Xutta. KopoHanbHun, caritansHui i naméao-
noAioHun wew ouiHoBanu 5 ekcnepTiB Ha 100 aHOHIMI3oBaHUX MPT-ckaHax HEMOBNAT Bif
1 oo 361 gHsa 3a 3-6anbHoto Lwkanoto. LLnprHy LIBiB BUMIptOBanu, SKLWO BOHW Bynu YiTKO
ineHTudikoBaHi. Byno BuaBneHo 36inblueHHs 3aranbHoro Gany Ans BCIX LWBIB 3 BiKOM.
CepegHs LuMprHa KOpOHarbHOro, caritanbHOro Ta NsMoaonoAidHoro weiB ctaHoBuna 1,2
(CB,0,4),1,4(CB, 0,4) ta 1,3 (CB, 0,3) MM BignoBigHo. He 6yno 3Ha4yLLOI pPi3HMLi B LLMPUHI
WBIB 3anexHo Bia BiKy. BTiM, OCKINbkM 30BHILLHIN BUrMsg YepenHux weiB Ha MPT
NPOSIBMSIETLCH SK 30HA BiACYTHOCTI CUrHamy, siky Moxe OyTu BadKKO 4iTKO BU3HAYMTH,
pocnigHukn BusHanu MPT HeHaginHOW Ans CTaHOAPTHOrO AOCHIOKEHHS B AiarHOCTUL
KpaHiocnHocTo3dy [5]. lNMpaus Baxnmea 3 nornsgy 06’eKTMBHOI OLiHkM obmexeHb MPT y
JiarHocTuLi KpaHiOCMHOCTO3y B HEMOBMAT, MOMPM OYEeBUAHI nepeBarn BiACYTHOCTI
pagiauinHoro BrnnvBy. BusiBneHHs nokpalleHHs Bidyanisauii 3 BiKOM BKa3ye Ha NOTEHLiNHY
kopucHictb MPT y cTapLumx giter. KputuiHe ctaBneHHs aBTopiB 40 MOXIMBOCTEN MeToaY
3anobirae HeobrpyHToBaHOMY BuKopucTaHHio MPT sk anbtepHatusu KT y piarHocTuui
KpaHiOCMHOCTO3Y. ABTOPY NIOKPECOOTb, LLO ANg negiatpuyHoi npaktnku MPT-npoTokonu
cnig Hagani BOOCKOHaroBaTu.

. T'ydonep, M. MNparic, C. KecniHr ouiHunM BuaMMIicTb LWBIB OpbiTK Ta nepuop-
OiTanbHOi obnacTi Ha MynbTUAETEKTOPHIN KT. PeTpocneKTMBHO OLjiHIOBanmcst Mynbtuae-
TekTopHi KT 200 nauieHTiB (127 4onosikiB, 73 XiHku; cepeHin Bik 51,3 poky; giana3oH 6—
92 pokis). ToBLUMHa 3pisiB BapitoBana Big 0,5 Ao 1 Mm, a cTpym Tpy6km Big 25 o 370 MAC,
3anexHo Big nokasaHb anga KT. BuaumicTb LWBIB OLiHIOBanacs 3a 4-6anbHOLo LLKanow Bif,
«He BMOHO» A0 «Jobpe BuaHO». Byno BusiBNeHO Hamkpally BMAMMICTb Anst JTOGHO-
BunuyHoro wea (98%), nobHo-Hocosoro wBa (88,5%) Ta kKnnMHonodibHO-BUNMYHOIO LBA
(71,5%), nicna gkux iLWnm BUNUYHO-BEPXHbOLLENENHWI WOoB (65,8%), CKPOHEBO-BUITUYHNIA
woB (41,8%), nobHo-BepxHboLenenHun WwoB (44,5%) Ta KNMHOMOAIGHO-NOGHWMIA LWOB
(31%). HamnHwkyi nokasHmkn 6yno BusiBneHo ansd nobHo-cnisHoro wea (16,8%) Ta nobHo-
pewitTyactoro waa (1,3%). PeLliTyacTo-BepXHbOLLENENHUIA, CRi3HO-BEPXHbOLLENENHWI Ta
PeLLiTY4aCTO-Cri3HWNI LLBW NPOCTEXNTM He BAANocs. ToX AOCNIOHWKU AN BUCHOBKY, LLO
LLIBU BEPXHbBOI, NTaTeparnbHOi Ta HKHBOT 30H opOiTK Buanmi Ha KT-ckaHax Kpalwle, Hix LLBK
MefianeHoi 30HM opbiTy [8]. Lle gocnimkeHHa Mae npakTuyHe 3HayYeHHs Ans TpaBmaTtosnorii
Ta opbiTanbHoi Xipyprii, CUCTEMATU3YIOUN MOXIMBOCTI 1 OOMEXeHHs Bidyanisauil pisH1x
opbiTanbHUX LWBIB. YHIBEpPCAnbHICTb BUCHOBKIB 3a0e3nevyeTbCsl 3aBASKW LUMPOKOMY
BIKOBOMY [jiana3oHy navjieHTiB.

C. lgpis, k. I". Maren, C. A. PeHaHi, P. AnnaH Ta |. Bnaxoc npuceBaTMnm ctatTio
PEHTreHoNOoriYHin diarHocTuui LWBIB Yepena y AiTen Ta iX BigMIHHOCTAM Bif nepenomis.
Byno BusiBneHo, WO aHaTOMiq LWBIB Yepena y OiTel XapaKTepusyeTbCs 3Ha4yHO Bapia-
BenbHicTio Ta AMHaMIMHUMK 3MiHAMK 3anexHO Bif, Biky. Harnoka3sosilui Bikoi TpaHcdop-
MalLlii 4eMOHCTpYe NambaonoAibHMI LWOB. Y ABOOEHHUX HOBOHAPOMKEHMX BiH Ma€E LUMPUHY
4—7 MM, HeuiTKi kpai Ta MoXe ByTM acCUMETPUYHMM, LLO € HOPMOHD. [10 B-TWKHEBOIO BiKY
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LLIOB 3HAYHO 3BYXKYETLCS, a 40 13 MicALIB MOro kpai HabyBatloTb HiTKO BU3HAYEHMX KOHTYPIB.
MapieTo-macToiganbHU WOB CTaHOBUTL OCOOMMBI AjiarHOCTIYHI TPYAHOLLI Yepe3 nepe-
BaXXHO FOPU3OHTAaNbHWM Xif, WO YCKNaaHKE Noro Bidyaniszauito Ha akcianbHux 3pisax KT i
Kpallle Bi3yanisyeTbCsa Ha caritarnbHUX pedopMaToBaHUX 300paKeHHSAX Ta TPUBUMIPHUX
PEKOHCTPYKLiAX. [MOTUNNYHO-COCKONOAIGHMI LLOB, SIKUIA € HWDKHIM NPOAOBXEHHSAM NsiMB0-
nodiobHoro, TeX AEMOHCTPYe BIKOBi 3MiHM Big NepLIMX OHIB OO0 ABOX POKIB KUTTS.
KnuHonoaibHo-nobHWi WoB Harkpalle BidyaniyBascs y AiTen Ao 6 MicauiB, Konu BiH iwe
LUMPOKMI, Adani BiH 3BYXXYETbCH W MOYMHAE 3apocTaTy, WO 3HAYHO YCKMNagHIE Moro
ineHTudikaujio, MediansHa YacTvHa LWBa 3anvwaeTbCs BiAKPUTOK HaraosLe. [oaaTKoBi
TiM'sIHI WBM Ha 3HIMKax KT MOXyTb nerko imityBat nepenomm, ocobnmBo Npu acumeTpuy-
HOMy po3aTallyBaHHi. OauH i3 0OAATKOBMX NOTUITMYHKX LUBIB — NONEPEYHUN NOTUMNYHUA —
4YacTo 3aKPUBAETBLCSA BHYTPILLHBLOYTPOOHO abo B nepuli AHi xutTd, abo X 40 6 pokiB y
OinbluocTi nauieHTie. JocnimkeHHs 500 cyxux yepeniB nokasano HasiBHICTb LbOro LBa
nvnwe y 3% Bunagkis. Ha akcianbHux 3pisax KT uen WoB BidyanisyeTbcs MefiansHo Bifg
nam6aonoaiGHOro LWBa, TOAI K Ha KOPOHarbHUX pehopMaToBaHMX 300paKEHHSAX — BULLE
Bi, MOTUNMYHO-cockonodibHoro wBa. LLUBM ocHOBM uyepena npencTaBnsloTb OCOLNMBI
JiarHocTnyHi Buknukn. [o 6 micauiB noBHicTio ocudikoByeTbcs 50% nepeaHbL0i OCHOBM
yepena, a oo 24 micauis — 84%. BesiMeHHUI (BHYTPILLHBLO-MOTUNNYHUIA) LLIOB MOXE iMITY-
BaTW MepesioM OCHOBW Yepena y MarneHbKuUX AITeNn, OCKiNbKM 3aKkpuBaeTbCs nuwe o 4
pokiB. LLlogo BOpMIEBMX KICTOK Yy MeXax LUBIB, HayKOBLi NIOKPECNUN, WO KinbKiCTb LMX
kictok noHag 10 MoXe BKasyBaTW Ha naTonorito po3sutky. LLlogo monauHry B wwBax Ta
TiM'siukax, 6yno BMSBIEHO, LLO BiH 3a3BMYal 3HUKAE OO 7-TO OHS MNICNA HAPOMKEHHS 1 He
MOBWHEH NNyTaTtuUcA 3 [ernpeciiHuMKn rnepenomMamMm yepena. 3aranom y4yeHi aiiwnm
BMCHOBKY, WO AndepeHLinHa AiarHoCTUka MK nepenoMamMu Ta LUBamMu 3anuiaeTbCs
OOHWMM 3 HaNCKNagHILLUX 3aBaaHb Yy nNefiaTpudHi HEMPOPEHTIeHONoril, 1 3anponoHyBanm
KpUTEpil PO3pPi3HEHHS, CYTTEBO YTOYHEHI 3aBAAKM 3aCTOCYBaHHIO TOHKowaposoi KT 1
TPUBUMIPHUX PEKOHCTPYKLUIN. Byno 3asHayeHo, WO nepenomMu MaktTb rocTpi, HECKNepo-
TUYHI Kpai Ta MOXYTb poO3ranyXyBaTuUCsl, 34aTHi CAPUYMHATK fiacTa3 LBiB, 4acTo
nepeTrMHaKTb CaMmi LUBU 1 PO3LLMPIOIOTLCS Npu HabnvkeHHi 4o wBea. Baxnmeumun Henpsi-
MUMUW O3HAKaMU € CyMyTHi YLUKOPKEHHS M’SIKUX TKaHWH, BKITKoYaroum rematomu. Ha npotu-
Bary LbOMY, LUBW 3’ AHYIOTHCS 3 iHWIMMU LLIBaMK, @ He NepeTUHatoTb iX, HE CNPUYMHAIOTD
JiacTtasy iHWKX LWBIB, 3@ OKPEMUMWN BUHATKaAMM, BIGHOCHO OOHOPIOHI 3a LUMPUHOO 1 MatoTb
XapaKTEePHU 3Ur3aronodioHnn abo IHTEPAMUTITYIOUNIA BI3EPYHOK 3i CKIIEPOTUHHMMU KpasiMu
[9]. Lle pocnimpkeHHs Mae cyTTeBe KNiHIYHE 3HaYeHHst ANS neaiaTpyuyHOI NPaKTUKK, aaxe
Hagae AOKMagHU anropuTM OUAEPEHLIMHOI 4iarHOCTUKN MK HOpMarbHMMKU aHaTOMIu-
HAMW CTPYKTYpaMu Ta NaToOMNOrYHUMM 3MiHaMK1, LLO KPUTUYHO BaXXNMBO Y HEBIOKNaaHIn
neaiaTpil Npu Nigo3pi Ha YepenHo-mo3koBy TpaBmy. OcobNMBO LHHOK € crucTemaTm3allis
BIKOBMX 3MiH LUBIB 3 KOHKPETHUMW YACOBUMMW pamMKaMu, LLIO Aa€ 3MOTy HafinHO OLjiHioBaTH
HOpMarnbHICTb PO3BUTKY AuTMHW. AHaniz 500 cyxux 4YepeniB MigBuLYyE CTaTUCTUYHY
[OOCTOBIPHICTb BUCHOBKIB.

C. Hikonoea, [1. ToHeBa, I. Neopries, C. XapixaHos, [1. 3natapeea, B. Xapxigekos
Ta H. Ilazapos 3 oragy Ha Te, Lo po3yMiTi MOPAhOSOrito LWBIB | peMoAentoBaHHS Mig yac ix
obniTepauii BaXnMBO AM1S PaHHBOI iarHOCTMKM Ta JliKyBaHHsSI NMepeYacHoro 3akputTs
wBiB, Agocniamnu Mopdonorilo  BiOKpUTMX Ta obnitepoBaHMX LWBIB i nopisHanu 3D-
306paKeHHs, OTpMMaHi 3a JOMOMOroK NMPOMUCIIOBUX Ta MeauyHnx cuctem KT 3 pisHoto
pO34inbHOK 3aaTHICTI0. CerMeHT caritTanbHOro LWBa Cyxmx YepeniB BigoOMOro BiKy Ta cTaTi
©yno npockaHoBaHo 3a gonomoroto npomucnosoi KT-cuctemu Nikon XTH 225. Ton camuin
BiOAin caritanbHOro LWBa CrnocTepiraBcs y nauieHTiB, ki npoxoamnu KT-ckaHyBaHHS
OaratospisoBoto cuctemoto Toshiba Aquilion 64 3 ToBWMHOKW 3pidy 0,5 mm. Ona 3D-
Bi3yanisauii BMKOpMCTOBYBarnocs nporpaMHe 3abesneyeHHss VGStudioMax 2.2. Mopdo-
NOrito LWBIB CrioCTepiranu B KOpoHansHOMY nepepisi Ha nocnigosHux 2D-3pizax. Mikpo-KT
CKaHyBaHHA CyXMX 4YepeniB gano AochigHukam 3Mory pospaxyBaTu MOpOMeTPUYHI
napameTpu W Bi3yanisyBaTy MIKpOapXIiTEKTYpy LBa Ta WMOro peopraHisadito nig yac
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obnitepadii, Ha BigMiHy Big KT-306paxeHHs1 nauieHTis, ge Wweu 6ynu mano nomitHi. Ha
3aBepLianbHUX cTagisx obnitepadii crigM Big KOHTaKTy KICTOK 3HWMKanM, a LUOBHa 30Ha
CTaBana roMOreHHOK CTPYKTYPOIO 3 MNiABULLEHO LiniCHICTIO. ToX MiKpo-KT-CckaHyBaHHS
CYXUX KICTOK aBTOpU BU3HaNW Ai€BMM HEPYMHIBHUM METOOOM Ans  OOCHiIKEHHSA
Mopdpornorii WeiB, 3D-300paXeHHs1 CyxmX KiICTOK — KOPUCHUMM OIS CerMeHTaLlii, apxe Taki
300paXKeHHs cKnagatoTbca 3 ABOX has, TOOTO KiCTKM Ta NoBiTPSA 6e3 iHwnx cknagosmx [11].
B pocnimpkeHHi npoaeMOHCTpOBaHO €BOMoLil0 METOAIB Bidyanisauii B kpaHionorii Big
KniHiYHMX KT 0o NpoMMCnoBuX CMCTEM 3 HAOBMCOKOK PO3ainbHO 34aTHICTHO. [opiBHANL-
HUA aHani3 Pi3HMX CUCTEM Bi3yarnisauil MeTOAOMOrMNYHO 3HaYYLLMI 3aBOSKA LOBEAEHHIO
nepesar Mikpo-KT y getanisauii Mikpoapxitektypu. BaXnmBmm € BHECOK LIbOrO KONEKTUBY
aBTOpIB y PO3yMiHHA obniTepallii LWBIB Ha MIKPOCKOMIYHOMY PiBHi, LLIO MOXe MaTu 3HaYeHHS
0N pO3pOOKM HOBMX MiAXOAIB A0 NiKyBaHHS KPaHIOCUHOCTO3Y.

C. YanuwkaH, K. K. Orys, C. TyHani, M. M. Angyp, b. Epyakmak i M. ®. CaproH
nparHynyM BM3Ha4YMTWN YacToTy i MOPEONOoriyHi OCOBNMBOCTI KNIHIYHO BaXKIUBUX CTPYKTYP
Yyepena, 30Kpema BOPMIEBMX (LUOBHWUX) KICTOK i Bapiauii YepenHux LUBIB Y HaceneHHs
TypeuunHu. KniHiyHe 3Ha4YeHHsI LUMX CTPYKTYP BOHW OOI'pYHTYBanM TUM, WO Ti MOXYTb
YCKNaaHIOBaTH iHTEprpeTaLito peHTreHorpadiyHMX 3HIMKIB NauieHTiB 3 TpaBMamMu ronosu,
60 pagionoram [oOBOAUTLCA NPOBOAMTU AMEPEHLUIHY iarHOCTUKY MDK  LLIOBHUMM
KicTKamu 1 nepenioMaMn. TakoX LLOBHI KICTKM MOXYTb MPU3BOAMTN OO YCKNagHEHb npu
3aHiX | NaTepanbHUX 4OCTYNax 40 YepenHol MOPOXHUHM, TOMY 3HaHHA NPO X HAABHICTb
Ta YacTOTy € BaXNMBUM ANs1 HEMpOXipypriB Ta pagionoris. LLie ofHieto KniHIYHO BaXIMBOHO
CTPYKTYPOI HAYKOBL|i BU3HAYMIN NEPCUCTEHTHUIA METOMIYHUIA WoB, HasBHUN y 0—7,4%
Pi3HMX MOMYMALIA, KOTPUA MOXE NMPU3BOOUTM 4O aHOMAIbHOrO PO3BUTKY JIOOHMX nasyx.
MeTolo gocnimpkeHHss Ha3BaHMX aBTopiB Oyrno BU3HAYUMTU TPUBUMIPHY MOPCONOrio Ta
YacTOTy BCIX UMX KMIHIYHO BaXMBUX CTPYKTYP Y Typeubkin nonyrnsuii 3a AOMOMOroto
mynbTuaetektopHoi KT (MIOKT). Y peTpocnektuBHe AocnimkeHHs Oyno BkrtoveHo 185
nauieHTiB (109 YonoBikiB, 76 >IHOK) BIKOM MOHaA 22 POKW, SKi NPOWLLNN OBOMKEPENbHY
MOKT. MauieHTn 3 icTopieto YepenHo-MO3KOBMX Onepauin i TpaBM Oynu BUKMOYEH 3
pocnigpkeHnst. MOKT-ckaHyBaHHSA npoBoaurocs Ha ckaHepi Somatom Sensation 16, a
KOMIMFOTEPHI TPMBUMIPHI PEKOHCTPYKLi — Ha pobouin cTaHuii Leonardo 3 BUKOPUCTaHHAM
nporpamHoro 3abesneyeHHs Syngo 2007. Pe3ynbTaTi AOCHiAXEHHS nokasanu, LWo cepen
185 naujentiB 6yrno 109 (58,9%) yonoeikie Ta 76 (41,1%) xiHok Big 22 0o 91 poky 3
MegiaHoto 62,7 poky. [NowmpeHiCTb NEPCMCTEHTHOrO METOMIYHOTO WBY cTaHoBuna 8,1%,
npuyoMy U aHaTOMIiYHa Bapiauis YacTiwe cnoctepiranack Yy xiHok (10,5%) nopiBHsAHO 3
yonosikamu (6,4%), xo4a CTaTUCTUYHO 3HAYYLLOI Pi3HML MK cTaTsaMKn He Byno BUsIBNEHO.
Jlambga 6yna mopdbonoriyHo HopmarnbHoto B 174 nauieHTiB (94,1%), Togi sik 11 nauieHTiB
Manu Bapiauii B Ui ginsHui, knacudikoBaHi Ha 5 Tunis (A-E), HanvacTilwmM 3 akmx 6yB Tvn
B. BopwmieBi KicTkv 6yno BUSIBNEHO 3 Pi3HOK0 YacTOTO0 B Pi3HMX foKanisallisx: nuwe B OAHiel
XiHKM B niBOMY MTEpPiOHi, y ogHOro 4Yorosika B 6permi, y 13 nadieHTiB (7%) B npaBomy
actepioHi Ta y 19 nadieHTiB (10,3%) — B niBomy actepioHi. [pn LBOMY CTAaTUCTUYHO
3HaYyLLMX BIAMIHHOCTEN MDK CTaTsAMU He Oyno BUSIBNEHO, SK i 3B'I3KY MK BiKOM Ta
Bapiauismn. Ocobnuey yBary npuBepTae Te, LLIO CriBiCHyBaHHS NapaMeTpiB 0yro BUSBMNEHO
y 14 nauieHTiB, a HaWMOLUMPEHILIO KOMBIHaLiel0 cTano OoAHoYacHe po3TallyBaHHS
BOPMIEBMX KICTOK Y NMpaBOMYy N NIBOMY acTepioHax, KOTpe cnocrepiranochb y 9 nawieHTis.
MopiBHAHHS 3 pesynbTatamu gocnigpkeHHs 302 yepenis XVIII ¢T. nokasano sk nogibHocTi,
TaK i BiAMIHHOCTI, KOTPi MOXYTb MOACHIOBATUCA TUM, LLIO Yepenu, NpeacTaBneHi B My3esx,
He Bi4A3epKaniolTb pearnbHy MNOonynsdito, a TakoX, MOXMMBO, 3a3HaBanu LUTYYHUX
Aedopmadin. 3aranom AOCnimpKEHHS cTano BHECKOM Y PO3YMiHHS CMiBICHYBaHHS Bapiauin
i 4OKa30M TOro, Lo TpUBUMIPHI KT-peKoHCTPYKLUiT € LIHHMM iIHCTPYMEHTOM Ans BUSHAYEHHS
MOPMONOriYHNX XapaKTEPUCTUK in ViVO Ta MOXYTb CTaTuM OCHOBOK Afs noganbLumx
JocnigpkeHb aHaTOMIMHMX BapiaLin yepena [1]. Lie gocnimpkeHHs Haaae KOHKPETHI cTaTunc-
TWYHI Ai@Hi MPO YacTOTY aHaTOMIYHUX BapiaLliii y TypeLbkin nomynauii. Mloro metogonoriyna
MiLHICTb 3abesnevyeHa BENUKO BMOIPKOKD M CydaCHUMKM TEXHOIOrisiMM Bidyanisauii, a
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TaKoX NOPIBHAHHAM i3 gaHumu XVIII cT., Wo Aae 3mory NpoCcTexXuTr eBONtOLLiK0 Mopdonoril
yepena abo MmeToaiB AocnimkeHHsi. CTBOPEHHS MonynsuiiHUX HOpM HeobXigHe ans
a[eKBaTHOI iHTepnpeTaL,i giarHOCTUYHMX 300paXkeHb Y KNiHIYHIN npakTuui. JocnimKeHHs
TaKoX € CBIAEHHS TOro, HACKINbKM BaXMBUMW € E€THIYHI aHaTOMiYHIi ocobnmBocTi ans
nepcoHanisoBaHoi MeauLMHMN.

K. B. Marten, K. Engenis, I'. B. CkonHik, Y. [kammanamagaka, 1. K. KommiH,
M. C.Tosanb, M. 1. CmiT i . AH gnsa Bidyanisauil KiCTOK Yepena B ManeHbKux AiTen Ha
306paxeHHsx, eksiBaneHTHUX KT, npote 6e3 onpoMiHeHHsi MaLieHTiB, 3anporoHyBanm
BUKOPUCTOBYBATW BUCOKOPO3AINbHY LWBMAKY NOCAigoBHICTE MPT 3 HU3bKMM KyTOM Haxuny
n 3onotum Kytom — 3D cTek 3ipkonoaioHmx pagianbHUX 00'€MHMX iHTEepPnosiboBaHMX
306paxeHb 3 3aTpumkoro anxaHHs (GA-VIBE), ska € BHYTPILLHBLO CTiMiKOO O pyXy Ta Mae
MOKPALLEHUA KOHTPACT MiXK KICTKOKO Ta M'SKMMW TKaHuHamu. [o JocnimkeHHs Oyno
3anyyeHo nauieHTiB oo 11 pokis, ki Nporwnn KniHiyHe KT-ckaHyBaHHS rofioBu 3 NpuBoay
KPaHIOCMHOCTO3Y YM iHLWIKMX YepenHux Manbcopmalii. 3D pekoHCTpyoBaHi 306paXeHHs,
CTBOpeHi 3a gonomoroto nocnigosHocTti GA-VIBE MPT Tta ctaHaapTtHoro KT-ckaHyBaHHS,
Oynn paHnOoMmi3oBaHi Ta npedacTaeneHi 3 cninum peueH3eHTam. [na Bcix Habopis
300paxeHb KOXEH peLleH3eHT BiA3HayaB HasABHICTb abo BiACYTHICTb LUECTU OCHOBHUX
YyepenHux LWBIB Ta 3anucyBaB 3a 5-6anbHO0 Wkanoto JlikepTa, Yn pekoMeHayTb BOHU
MOBTOPHE CkaHyBaHHS. 11 nauieHTiB (MegiaHa Biky 1,8 poky) nponwnn MPT nicns kniHiy-
Horo KT-ckaHyBaHHSA ronoBu. Tpoe KNiHILMCTIB NepernsHynmM 300paXeHHs, i NoBigomMunm
npo YiTKy Bidyani3auito obnacten iHTepecy B 99% KT-ornsais ta 96% MPT-orngaais. Mpu
BMKOpUCTaHHi KT sik cTaHgapTy, YyTnmBIiCTb | cneumdivHicTb nocnigoBHocTi GA-VIBE MPT
0N BUSIBINEHHS 3aKpUTTSA LWBIB cTaHoBWUM 97% Ta 96% BignosigHo (n = 198 npounTaHux
wsi). Omke, 6yno BCTaHOBNEHO, WO 3D pekoHCTpynoBaHi 306paXKeHHs 3 BUKOPUCTaHHAM
nocnigoBHocTi GA-VIBE nopiBHsHO 3 KT-ckaHamy CTBOPMNU  KNIHIYHO  MPUAHATHI
300paXKeHHs, 30aTHi BUSIBIISITU YepenHi WBW. [ns LUMPLLIOro KiHIMHOO BUKOPUCTaHHS 6yrno
pPEeKOMeHO0BaHO MOLLYK CroCcobiB CKOPOTUTM Yac CKaHyBaHHS, Kpalle Koperysatu pyxu ta
aBTomaTtum3yBaTu NocTobpobky [12]. PoboTa Mae peBontoLiiH1A NOTeHLian Ang negiatpuy-
HOI MpaKTWKW, apke B HiK, i3 MigKPINAeHHaM chinuMm OMs3anHOM Ta BUKOPUCTaHHAM
CTaHOapPTM30BaHMX LKA OLjHKKW, 3anpornoHoBaHO anbTepHatvBy KT ©e3 ioHM3BHOroO
BMNPOMIiHIOBaHHS1. BUCOKI NOKa3HUKM YYTNMBOCTI 1 cneumdivyHOCTI, AKUX BAANOCS OOCArTY,
3acBiguMNM KIiHIYHY NPUOATHICTL METOAY, L0 OCOBNIMBO BAXKMMBO Mif Yac 3aCTOCYBaHHS
ONS OiarHOCTUKM ManeHbkux aiten. 3 iHworo 60Ky, HeBenvka BubipKka NaLieHTIB ykasye Ha
HeOobBXiAHICTb NoAanbLUOT ONTUMI3aLil NPOTOKONY CKaHyBaHHS.

Ix. Wpepep, K. INnncni, M. BpayH, L. C. MaHanaTi noctaBmnu 3a MeTy AOCHiMKEHHS
ouiHnTK HaginHicTe MPT nopisHAHO 3 KT Ans ouiHK1 YepenHux LWeiB y Aiter. BoHn BuB4anm
mMaTtepianu npo 500 nocnigoBHUX nauieHTiB, ki nponwnu MPT Tta KT 3 iHTepBanom He
BinbLue, Hix 3 micsaui. Bei MPT-gocnigkeHHst nepernsiHyB Herpopagionor-negiatp, KOTpui
BM3HauYaB, 4n Oynu caritanbHui, KOPOHaNbHWI | IAMOA0NOAIGHUIA LUBW BiOKPUTI, 3POLLEHI,
un He Mornm Oyt ouiHeHi BneBHeHo. PesynbTatn MPT nopiBHioBanucs 3a KT gns
BM3HayeHHs TodHoctTi MPT B ouiHioBaHHI wBiB. CepefgHin Bik AocnigpKyBaHUX AiTen
ctaHoBwmB 8,54 poky. CaritanbHuii woB Ha MPT 6yrno BugHo y 72%. Konu caritansHui WoBs
OyB BMAHWIA, MOro MpaBWIbHO ideHTUdiKyBarm B 98% HK 3polleHunii abo BigKpUTUIA.
JlambpononibHuii wos cnocTepirascs y 94,3% i 6yB NpaBUbHO BU3HAYEHWUIA SK BIOKPUTUI
abo 3poueHun y 99,6%. KopoHanbHuii WoB cnocTtepirascst B 66,3% i, konu 6yB BUaHUA,
saBxau (100%) npaBunbHO BU3HauaBcs. VIMoBipHicTb 36iry Mk MPT 1 KT spocTtana 3
BikOM. XMBHO HeraTMBHI Ta NO3UTMBHI pe3ynbTaTh 3anuLLanmcs HU3bKUMU As BCiX BIKOBUX
rpyn. Tox HaykoBLi Bu3Hanu MPT »xuTTe3gaTHUM iHCTPYMEHTOM A1 BUSBIIEHHS YePenHUX
WBIB, 0COGNMBO B TPMBUMIPHIN T1-3BaXkeHin nocnigoBHOCTI. Xova BUAMMICTb LUBIB
noctynaetbcst KT-ckaHyBaHHt0, came MPT-gocnimpkeHHs 6yro 3anpornoHOBaHO SIK YacTUHY
PYTUHHOrO negiatpuyHoro cnoctepexeHHs [15]. Lle maclutabHe gocnimKkeHHs 3 BUCOKMMU
nokasHMKkamm npaBumbHOI igeHTUdikauii Hagae HaginHy goka3oBy Ga3y Ans KriHiYHOro
3actocyBaHHA MPT gns ouiHknm 4yepenHux weiB. OcoGMMBO LiHHUM € BUSIBIIEHHS
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3aneXHOCTi TOYHOCTI AiarHOCTUKM Bif BIKY, LLO Ma€ NpakTUyHe 3Ha4YeHHS ANg nnaHyBaHHS
obcTexeHb. Baxnveum, ocobnmeo B negiatpii, € 6anaHc mixx 6e3nekoto (BiaCyTHICTL pagia-
Lji) 1 gjiarHOCTMYHOK TOYHICTIO, TOX HaZaHi B CTaTTi pekoMeHraalii woao BktoveHHs MPT
B PYTUHHE CMOCTEPEXEHHS MOXYTb CYTTEBO 3MIHWUTM CTaHAAPTU MEAWNYHOT JONOMOMU OiTAM.

X. CacaHi, C. Tiodpekyi n A. lNakcasip NpoBenu peTpocnekTBHe MOPGOMETPUYHE
pocnimkeHHa 182 aiten Ao ABOX pokiB, BUKOpUCToBYOYM KT Ana TOYHOI OLiHKM pO3MIpIB i
TEPMIHIB 3aKpuUTTa nepeaHboro TiM'Ayka. PesynbTatv nokasanu, WO WOro MefiaHHWn
nonepeyvHuin giametp craHoBuB 29,75 MM, nepegHbo-3adHi giametp — 27,25 MM, a
MegiaHHa nnowa craHoBuna 400 mm?. Lli nokasHMKM 4EMOHCTPYOTh 3HAYHY iIHOMBILYANbHY
BapiabenbHiCTb, WO € Hopmot. OcoGnMBO LiKaBUMKU BUSBMITUCS OaHi LWOAO TEPMiHIB
3aKpUTTA NepeHbOro TiM'suka B TypeLbkoi nonynsuii bankaH: nuwe B 1% Aiten TiM's4ko
3aKpUBaETLCH A0 TPbOX MicsALiB, ¥ 38% — Ao 12 micauis, i y 96% — 1o 24 micsauis. Te, wo B
14,3% piten Bikom 19-24 micsaui nepegHe TIM'AYKO 3anuvwianocs BIOKPUTUM, ykasye Ha
MOXINMBICTb HOPMAarnbHOro 3akpUTTA HaBiTb Nicns  ABOpPIYHOro BiKy. [lapanensHo
JocnigHVKM NpoaHanisyBanu AvHaMiKy 3akpuTTa 4depenHux weis. MeToniyHun LioB
BMSIBUBCS TakuM, LU0 3akpuBaeTbcs Hanwswuawe: y 10% giten BiH OyB 3akpuTuin yxe B
nepLi Tpyu micaui xuTts, y 74,3% — y 7-9 micsuis, i y 100% Bunagkis — oo 19-24 micsauis.
IHLLi YepenHi WBK 3aKpMBaOTECSA 3HAYHO Ni3HiLLe: cariTanbHWM LWOB — 3a3BM4an NpubnmsHo
y 22 pOKW, KOPOHanbHUIA — y BrN3bKO 24 pokKiB, a MOTUNMYHMIA Ta NyckyBaTui — y 26 i 60
pOKiB BignoBigHo. byno BUsiBNEHO, WO B TypeLbKoi Nonyrsuii TiM'iUko MOXe 3aKpmMBaTUCs
Jello nisHille MNOpPIBHAHO 3 AEeSKMMU HLIMMKW EeTHIYHUMK rpynamn. TOX 3aranom
OOCHNIIKEHHS1 NIOKPECIOE HEOOXIOHICTb IHOMBIAYaNbHOrO MiAXOA4Y OO0 OUIHKM pPO3BUTKY
OUTUHM Ta BaXIMBICTb YpaxyBaHHS E€THIYHMX OCOBNMBOCTEN MPW BCTAHOBIIEHHI HOPM
di3NYHOro po3BuTKY. Pe3ynbTaTi Takox AEMOHCTPYIOTh, L0 BukopucTaHHA KT 3abesnevye
TOYHILLY MOPMOMETPUYHY OLIHKY MOPIBHAHO 3 TpaguuiHUMK mMeToaamy qisvkarnbHOro
0BCTEXEHHS, WO MOXe ByTVM KOPUCHMM Y CKITaAHUX iarHOCTUYHUX BUnaakax [13]. B npaui
HaaalTbCA KOHKPETHI HOPMaTMBHI MOKa3HWKW ANt OLHKM PO3BUTKY AiTel, 3aCHOBaHi Ha
HadivHIn Ona BUCHOBKIB MPO HOpManbHi Bapiauii ctatuctuyHin 6asi. Baxnuso, wo
JocnigXeHHs1 CNPOCTOBYE AesKi TPaAMLIiNHI YABIEHHS NPO «CTaHOAPTHI» TEPMIHW 3aKpUTTS
TiM'siuKa 1 MICTUTb AoKa3n metogonoridHoi nepeBary KT Hag disvkanbHUM 0OCTEXEHHAM
Y TOYHOCTi BUMipHOBaHb.

BucHoBku. 3 cepeguHm 1980-x pp. KT cTtana nepenoMHMM MOMEHTOM Yy Aochi-
[PKEHHi YepenHux LWBIB, MOAONaBLIM OOMEXEHHS1 cuMHTUrpadii KiCTOK Ta YCyHyBLUM
HeOobXigHICTb BBOAUTM naLlieHTam pagioHyknian. KT wBuako nocina micle TexHororii ans
HalKpaLLol Bi3yanisaLlil KiCTKOBOI aHaTOMii, NpoTe 3roAoM pagionoridHi A0CHiMKEHHS LLIBIB
©Oyrno B13HAHO HAONMLLKOBMMW Yy OinbLLIOCTI BUNaaKiB 3aBAsIKM JOCSATHEHHSIM Y XipypriYyHOMY
nikyBaHHi KpaHiocnHocTody. CuctematuyHi gocnigpkeHHs 1990-x — nodvatky 2000-x pp.
BctaHoBunM KT 4k 3omoTui cTtangapT Bisyanisauii yepenHux wsiB. Loao agpyroro
pecsatunitta XXI cT., Luen nepion xapakreprayBaBcs po3pobKo ONTUMATbHUX TEXHIYHUX
napamMeTpiB CKaHyBaHHS 1 CTBOPEHHSM MepLUMX HOpMAaTUBHMX 6a3 gaHux ans negiatpyd-
HOI MPaKTUKK, L0 3aMOBHUINO KPUTUYHY NporanunHy B CTaHAapTM3aLii giarHOCTUKN.

Po3BuTok MIKpo-KT TexHOMorin Bigkpuve HOBI MOXIMBOCTI OOCHIMKEHHA YynbTpa-
CTPYKTYPW LUBIB, OCKiNbKM @B 3MOry 3a6e3neqnTi HePYWHIBHWIA aHari3 Ha MiKpOCKOMiYHOMY
piBHi. BogHo4ac yce binblLue 3aHENOKOEHHS OO0 pafialinHOro HaBaHTaXKEHHS CTUMYIIO-
Basno nowyk anstepHaTtve y cdopmi MPT, ska nocTynoBo eBontoLioHyBana Big ekcnepu-
MEHTanbHOro MeToay A0 KMiHIYHO NPUAHATHOrO AN 4iarHOCTUKN.

OcTtaHHi gocnimxeHHs BKa3dyloTb Ha Te, Lo BiAByBaeTbCA nepexia, Big BUKITHOYHOrO
BuKkopuctaHHs KT go 36anaHcosaHoro nigxoay, ae MPT po3rnsgaeTbcs sk nepcnekTnBHa
anbTepHaTMBa A5l PYTUHHOIO CMOCTEPEXEHHS, 0COONMBO B neaiaTpii, WO Bigasepkarntoe
3ararnbHy TeHAEHLi0 CydacHOI MeanLmMHN 40 MiHIMi3aLil pagiauiiHOoro BinAvBYy Ha NawieHTIB.

3 iHworo 6oky, Ha mexi 2010-x i 2020-x pp., cnMparymcb Ha 3000yTkM nonepen-
HuKiB, 3a gonomoroto KT i MPT HaykoBLUi NoOYMHaOTb AOCHiMKYBaTN NEPeBaXXHO NaTomnoril
yepenHux weie. Ornsag uux npaub € NepcneKkT1BO NOAArbLLIOrO AOCHIMKEHHS.
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REVIEW OF RESEARCH ON THE EFFECTIVENESS OF MAGNETIC
RESONANCE IMAGING FOR HUMAN SKULL MEASUREMENT

The article aims to trace the establishment and evolution of research using computed
fomography and magnetic resonance imaging for studying the normal morphology and
development of cranial sutures. It was established that in the mid-1980’s, the advent of
computed tomography became a turning point in cranial suture research, overcoming the
limitations of bone scintigraphy and eliminating the need to administer radionuclides to
patients. Computed tomography quickly took its place as the technology for optimal
visualization of bone anatomy; however, radiological examination of sutures was later
recognized as redundant in most cases due to advances in surgical treatment of
craniosynostosis. Systematic studies from the 1990’s to the early 2000’s established CT
as the gold standard for cranial suture imaging. Regarding the second decade of the 21
century, this period was characterized by the development of optimal technical scanning
parameters and the creation of the first normative databases for pediatric practice, which
filled a critical gap in diagnostic standardization. With the development of micro-computed
tomography technology, new opportunities opened up for studying suture ultrastructure,
as it enabled non-destructive analysis at the microscopic level. Simultaneously, growing
concerns about radiation exposure stimulated the search for alternatives in the form of
magnetic resonance imaging, which gradually evolved from an experimental method to a
clinically acceptable one for diagnostics. Recent studies indicate that a transition is
occurring from exclusive use of computed tomography to a balanced approach, where
magnetic resonance imaging is considered a promising alternative for routine monitoring,
especially in pediatrics, reflecting the general trend in modern medicine toward minimizing
radiation exposure to patients. On the other hand, at the tumn of the 2010s and 2020s,
building on the achievements of predecessors, researchers began to predominantly
investigate cranial suture pathologies using CT and MRI. A review of these works
represents a prospect for further research.

Key words: cranioscopy, skull, morphology, physical anthropology, magnetic resonance
imaging, computerized tomography, cranial suture.
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HaykoBux xypHan «Haykosi 3anuckun. bonorivHi Hayku» (HKMHCBbKUIA AepkaBHUN
yHiBepcuTeT imeHi Mukonu Morons)» — Lie HaykoBe BMaaHHS 3 6ionoriyHMX HayK, 3acHOBaHe
y 2023 poui HixvHcbknum aepxaBHuUM yHiBepcuteToM imeHi Mukonu [Morons.

CaigouTtBo npo peectpadito: KB Ne 25398-15338 P Big 20 ciuHsa 2023 p.

MepioanyHicTb: 4 pasu Ha pik.

Ha nigctasi Hakady MiHicTepctBa ocBiTM i Haykum YkpaiHm Ne 582 Big
24.04.2024 (popaTok 2) HaykoBWi XypHan «HaykoBi 3anucku. Bionorivni Haykm» (HikuH-
CbKUI OepXXaBHWUIA YHIBepcUTET iMeHi Mukonu oronst) BHeCEHU OO nepeniky HayKOBUX
c¢haxoBux BuaaHb YkpaiHu (kateropil «b») y ranysi 6ionoriyHmx Hayk (091 «bionoria Ta

Dioximisi»).

3apeectpoBaHuii HaujoHanbHOO pagoto YKpaiHM 3 nuTaHb TenebadveHHs Ta
pagiomoBneHHst (piweHHa Ne 1180, npotokon Ne 13 Big 11.04.2024 p., ineHTudikaTop
megia R30-03790).

Y HayKOBOMY >XypHarli BUCBITMOTLCA aKTyarnbHi MMTaHHA GionoriyHol Hayku.

Pepnakuisi 30ilcHIOE NPUCBOEHHSA KOXXHOMY OMyOrikoBaHOMY MaTepiany MixkHapoa-

Horo umdpoBoro ineHTugikatopa DOI.

Mo dpyky npvimatoTeCs CTaTTi LOKTOPIB HayK, kKaHAMAATIB HayK, MOOANX HayKOB-
uiB (acnipaHTiB, 3000yBaviB), @ TAKOX IHLIMX OCIO, SIKi MalOTb BULLY OCBITY Ta 3aliMatoTbCs
HayKoBOIO AinbHICTI0. Pefakuis 3anvwae 3a cobolo NpaBo Ha peaaryBaHHs i BigXUNeHHs
cTaten. 3a AOCTOBIPHICTb haKTiB, CTAaTUCTUYHMX OAHMX Ta iHWOI iHhopMaLii Bianosigarns-

HicTb Hece aBTop. [Nepeapyk maTtepianis 36ipHVKa [O3BONSETLCS TiNbKM 3 4O3BOMNY aBTOpa

i pegakuii.
PYBPUKU XXYPHATTY
ClIELIAJTIBHICTbB 091 BIOJIOrIs1 TA BIOXIMIS
1. botaHika 2. 3oonoris
3. bioximisi 4. dizionoris pocnvH

5. HopmaneHa Ta natonoriyHa aHaToMmis Ta (isionoris NoanHu | TBapuH

MoBa ny6nikauii: ykpaiHCbka, aHrmincbka.
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BMMOI'M 1O O®OPMJIEHHA TEKCTY PYKOIMUCY

1. ®opmaTt A4; opieHTaLisa — KHUXKKOBa, MaTepianu 36epexeHi Ta NiAroToBneHi y
dopmarti Microsoft Word (*.doc abo *.docx). MNonsa 3 ycix ctopiH — 20 mMm; wpudt — 14,
OCHOBHUI WpndT — Times New Roman, Arial i Courier New 85151 mekcmosux goppaemeHmis;
iHTepBan Mk psakamu — 1,5; BUPIBHIOBAHHSA TEKCTY — MO LUMPWHI; aBTOMaTU4YHa po3CTa-
HOBKa NepeHOCiB — BKIMtoueHa; ab3auHui BincTyn — 1,25 cM; Hymepallist CTOPIHOK — HE BEAETLCS.

2. MantoHkn Ta Tabnuui HeobxigHO nogaeaTy B cTaTTi Ge3nocepenHbO Micns
TEKCTY, ie BOHM 3ragytoTbCsl BneplLue, abo Ha HacTymMHiln cTopiHui. Po3mip wpudTa Tabnuy-
HOro TEeKCTY 3a3BU4Yall Ha 2 MyHKTM MEHLle OCHOBHOro wWpudTy. KinbkicTe Tabnmup,
dopmMyn Ta intocTpauin Mae GyTM MiHIManbHOK Ta AOPEeYHO. PUcyHku i Tabnuui Ha
anbbOMHMX CTOpIHKaxX He NPUAMaOTLCA.

3. HepoaspusHuti npobin (Ctri+Shift+npobinn) cmasumbscsi 0608’93K080.; MiX iHiuiana-
mu ma npissuwem (C. Pycosa); nicna reorpadivyHnx ckopoyeHb (M. KuiB); Mk 3Hakamm
Homepa (Ne) Ta naparpacha i yMcnamu, siki 4O HUX BIOHOCSTBCS; Y MOCUIAHHAX Ha
nitepatypy [14, c. 60]; BcepeauHi TakMx CKOPOYeHb: i T. A., i T. M. TOLWO; MK 8HYMPIUWHbLO-
mekcmosuMU fyHKmamu U iHgbopmaujero, sika tde ricris HUX, MK Jucrnamu U oduHUUSMU
sumipy (20 ke), a makox 0am (XX cm., 2002 p.).

4. TlocunaHHA Ha niTepaTypy NOAAKTLCH Y TEKCTI TiNbKW Yy KBagpaTHUX OyKKax 0O
npuknagy: [1, c. 2], 6ibniorpadiyHmin cnncok y KiHui TekcTy. MNMOoCTOPiHKOBI BMHOCKM Ta
MOCUMNaHHS He JOMYCKalThCS.

5. T. CnaBTivy npuginse yeary npobnemi ¢oopmMyBaHHS MCUXOSONYHOI KynbTypu
HaBWYOK LiNOBOro CnifikyBaHHSA, OBrpyHTOBYE 3MICT Ta yMoBM ii chopmyBaHHs [1, c. 2].
ByeHa BusHavae Taki 0COBNMBOCTI PO3BUTKY MCUXOMOMYHOI KYNbTYpU LifOBOro Crinky-
BaHHS 9K «sIKiCHA XapakTepucTuka notpebu y CrhinkyBaHHI, piBeHb Ti pO3BUTKY, MOTUBU
CriNKyBaHHS, onepavifH1A KOMMOHEHT CNiNKyBaHHS, piBeHb 3HaHb NPO npodecii BizHecy,
TexHika cninkysaHHs» [1; 6, c. 9—10].

6. bibniorpachiuHnin ONMC CMUCKY BUKOPUCTaHUX [DKepen OdOopMIIIOETECH 3
ypaxyBaHHsaM po3pobneHoro B 2015 poui HauioHansHoro ctaHpapty Ykpainn OCTY
8302:2015 «lHcpopmauis Ta gokymeHTauis. BioniorpadiuHe nocunaHHA. 3aranbHi
NOmnoXeHHA Ta npaBuna cknagaxHa» (ACTY 8302:2015 p.).

7. References. Odopmnioetbes BignoBigHo Ao crtaHgapty APA (APA Style
Reference Citations). ABTOp (TpaHcniT), Ha3Ba CTaTTi (TPAHCHIT), Ha3Ba cTaTTi (B KBagpaT-
HUX Oy)KKaxX nepeknaz aHrnicbko MOBOK), HasBa mkepena (TpaHCNIT), BUXiOHI AaHi
(MicTO 3 NO3HAYEHHAM aHMINCHKOK MOBOIO), BUAABHWULTBO (TPAHCHIT).

[na cknageHHs cnvcky 3a ctaHgapTom APA nponoHyemMo cKopucTatucs OOHUM i3
reHepaTopiB nocunatb: https://openscience.in.ua/references.html,
https:/Amww.sciencehunter.net/Services/Bibliography.

Hanpwuknaga:

1. Danchuk, O.V. (2018). Peroksydne okysnennia lipidiv ta aktyvnist systemy
antyoksydantnoho zakhystu v orhanizmi svynei z riznymy typamy vyshchoi nervovoi
diialnosti [Peroxide oxidation of lipids and activation of the antioxidant defense system in the
body of pigs with different types of higher nervous activity]. Candidate’s thesis. Kyiv [in
Ukrainian].

2. Klevets, M.Yu., Manko, V.V. & Halkiv, M.O. (2011). Fiziolohiia liudyny i tvaryn
(fiziolohiia nervovoi, miazovoi i sensornykh system) [Human and animal physiology
(physiology of nervous, muscular and sensory systems)]. Lviv: LNU imeni lvana Franka [in
Ukrainian].

3. TpaHcnimepauyisi iMeH ma rnpissul 3 yKpaiHCbKOI Mo8u 30ilICHIOEMBCS 8iOrN08IOHO
0o eumoe lNoctaHoBu KabiHeTy MiHicTpiB YkpaiHu «[Mpo BnopsaKkyBaHHSA TpaHchiTepawii
YKpaiHCbKoro andpasiTy natnHuuetoy Big 27 civHs 2010 p. Ne 55. hitp://ukrlit.org/transliteratsiia.

4. Pecbepat aHrmincbKo MOBOK Mae 0yTn 0hopMIeHuni 3rigHO MiXKHapOAHUX BUMOT
[0 HaykoBuX BuaaHb i matu: obesar 1800—2000 3HakiB; iHOpMATMBHICTL (HE MICTUTK
3ararnbHUX CIiB); OpUriHanNbHICTL (He BYTW Kanbkok aHoTaLi YKpaiHCbKOK ab0 pOCICHKOH0
MOBOI0); 3MICTOBHICTb (BifoBpaXkaTy ronoBHUIM 3MICT CTaTTi Ta pe3ynbTaTu G0CIOXKEHb),
CTPYKTYPOBaHICTb (HasigHicmb 0008’3K08UX erleMeHmig: MeTa, MeTOAuKa, pesynbTaTu,
HaykoBa HOBM3HA, MPaKTUYHa 3HAYYLLICTb, KIHOYO0BI CII0Ba).

5. O6csr cratTti — 10—25 cTOpiHOK.
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3a docmosipHicmb ¢hakmis, yumam, enacHUX iMeH, 2eozpagiyHUX Ha3e ma iHWUX
gidomocmeli gidriogidarome asmopu rybrikaui.

BignoBiganbHiCTb 3a OOTPUMaHHA akageMidHOiI Oo0OGpo4YecHOCTI nig 4ac
3A0iNCHEHHA OCBITHLO-HAYKOBOI AIANBbHOCTI HEeCYyTb aBTOPU MNoOAaHUX HayKOBUX
ctatei. BignosigHo oo ctatTi 42 3akoHy YkpaiHu «l1po oceimy» (05.09.2017 Ne 2145-
Vill) akapemiyHO [OOOPOYECHICTIO BU3HAYAETBCA CYKYMHICTb €TUYHMX MPUHUMNIB Ta
BM3HAYEHUX 3aKOHOM NpaBur, SKUMM MakoTb KEPYBaTMCS YYaCHUKN OCBITHBOIO NPoLecy nig
Yac HaBYaHHS, BUKITAJAHHSA Ta MPOBAaMKEHHS HAYKOBOI (TBOPYOI) LiSNIBHOCTI 3 METOH
3abesneyeHHs JoBipn A0 pe3ynbTaTiB HaBYaHHA Ta / abo HayKOBUX (TBOPYMX) AOCATHEHD.

HoTpumaHHs akagemivyHoi JOBPOYEeCHOCTI negaroriyHUMK, HayKoBO-NeaaroriyHMMm
Ta HayKOBMMU NpaviBHUKamMu nepeadavae:

- MOCUNaHHA Ha [xepena iHopmalii y pasi BMKOPUCTaHHS igen, po3pobok,
TBEpIKEHb, BijOMOCTEN;

- AOTPUMaHHS HOPM 3aKOHOAaBCTBa MNPO aBTOPCLKE MPaBO i CYMKHI NpaBa;

- HafaHHSa [OCTOBIpHOI iH(bopMaLil NPO MeToaMKM | pes3ynbTaTh OOCHiIKeHb,
[pKepena BUKOpUCTaHoi iHcbopmalii Ta BriacHy negaroridHy (HaykoBO-NeAaroridHy, TBop4y)
OIANbHICTb TOLWO.

MNMopyLwweHHsAM akageMiyHOi 4OOPOYECHOCTI BBAXAETLCA:

- akalemiqHul rnaziam — ONPUITIOAHEHHST (4acTKOBO abo MOBHICTIO) HAayKOBUX
(TBOpYUMX) pe3ynbTaTiB, OTPUMAHMX HLWIMMK OcoBamu, SIK pesynbTaTiB BMacHoro Aochi-
[pKeHHs (TBopYyoCTi) Ta / abo BiATBOPEHHS onybnikoBaHWUX TEKCTIB (ONPUIOgHEHNX TBOPIB
MUCTELTBA) iHLWKX aBTopiB 63 3a3HaYeHHs aBTOPCTBa;

- camoriagiam — ONPUIIOOHEHHST (YacTKOBO abo MOBHICTHO) BaCHMX paHille
onybnikoBaHNX HayKOBMX pe3yrbTaTiB Kk HOBMX HAayKOBUX pe3yrnbTarTis;

- chabpukauis — BUrafyBaHHs faHWX Yn (PaKTiB, L0 BUKOPUCTOBYHOTHCS B OCBITHBOMY
npoueci abo HayKOBUX LOCTIPKEHHSX;

- ghanbcugpikauis — cBigoMa 3MiHa 4M Mogudpikauisa BXe HasiBHUX LaHWUX, LO
CTOCYIOTbCH OCBITHBOTO MPOLIECY UM HAYKOBMX AOCTigKEHb;

- obmMaH — HagaHHA 3aBiQoOMO HenpaeaMBOI iHopMaLlii LWLoao BNAacHOI OCBITHBEOT
(HaykoBOI, TBOPYOI) AiANbHOCTI YM OpraHisadii OCBITHBOro npolecy; dopmamu obmaHy €,
30KpeMa, akageMidHuI nnariat, camonnariat, gabpukallis, anscugikaLis Ta cnMcyBaHHA
TOLLLO.

Pykonvcu, Wo He BiANoBigaloTb BUMOraM, pefakLia He peecTpye 1 He po3rnsaaae 3
MeToto nybnikalii.

YMOBMU OINMNATH

PepakuinHui 36ip ctaHoBUTbL 60 rpuBeHb 3a ogHy CTOpPiHKY. [lo Apyky npunima-
toTbcs cTaTtTi obcarom Big 10 0o 25 ctopiHok. PepakuiiHuii 30ip MOKpuBae BUTpaTW,
NnoB’si3aHi 3 pegaryBaHHsAM CTaTeln, MakeTyBaHHAM Ta ApYKOM XypHany. [NowTtoBa nepe-
CWrnKa >XypHarny aBTopam 3[IMCHIOETbCA Ha Bkas3aHe HUM MoLuToBe BiaAineHHa Hosoi
Motk 3a paxyHOK aBTOpA.

PepakuiiHa konerisi HAyKOBOrO BiCHMKA 3AiNCHIOE BHYTPILLHE aHOHIMHE peLeH3y-
BaHHs Ta nepeBipsie iX Ha nnariat. Y pasi B4anoro npoxoKeHHsi nepeBipkM aBTopam
HaACMNaTLCA PEKBI3NTM Ans onnatu nybnikauinHoro BHeCKy. B iHWOMY Bunagky ctatTs
NMOBEPTaETLCS Ha AOOMPALIOBAHHS.
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HA TII ®OPMYBAHHA AOANTALUIMHOIO CMHOPOMY

LLleB4yeHko Ceprin MukonanoBuu,
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[OouUeHT kadbeapw Gionorii
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AHOTaUis yKpaiHCbKOK MOBOIO.
O6csr: 1800-2000 3HakiB 6e3 Npobinis.
Knroyoei cnoea: 5-10 cniB 4n CrioBOCMONYyY€EHb.

IMMUNOLOGICAL AND BIOCHEMICAL STATUS ON THE BACKGROUND
OF THE FORMATION OF THE ADAPTATION SYNDROME

Shevchenko Serhiy Mykolayovych
Candidate of biological Sciences,
Associate Professor at the Department of Biology
Nizhyn Mykola Gogol State University
shevchenko@gmail.com
orcid.org/
AHOTAaLis1 aHrMiNCbLKOK MOBOIO.
O6car: 1800-2000 3HakiB 6e3 npobinis.
Key words: 5—10 cniB 41 cnoeocnony4eHsb.

PO30TN CTATTI

BcTyn. AKTyanbHiCTb JOCRIOKEHHS, KPUTUYHWI aHani3 nitTepaTypHUX Jykeper 3a TEMOIo CTaTTi.
dopmynoBaHHA METH CTaTTi.

MeToau Ta opraHisauisi JocnimkeHHsi. Onnc cxemm SOCNiIKeHHS, MeToAIB AOCHIMKEHHS, AOTPUMaH-
Hs1 HOpM GioeTuku.

PesynbTtaTty gocnimxeHb Ta ix 06roBopeHHsi.

BrcHOBKM 3 fOCTIgKEHHS Ta NepCneKkTUBIM NOAANbLUIONO AOCNIAKEHHS 3ri4HO MaTepiany, nogaHoMy B
cTaTTi.

Nitepatypa
1. MonbeHko O. O., Carad B. ®., TkaueHko M. M. ®yHoameHTanbHi MexaHiamu Aii okenagy
a30Ty Ha CepLeBO-CYAMHHY CUCTEMY $IK OCHOBW MaTOr€HETMYHOrO MiKyBaHHSA il 3aXBOPHOBaHb.
®izionoaiyHuti xypHarn. 2004. T. 50. Ne 1. C. 11-30.

References
1. Moibenko, O.0., Sahach, V.F., Tkachenko, M.M. (2004). Fundamentalni mekhanizmy dii
oksydu azotu na sertsevo-sudynnu systemu yak osnovy patohenetychnoho likuvannia ii zakhvoriuvan
[Fundamental mechanisms of action of nitric oxide on the cardiovascular system as the basis of
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