CNOPTUBHA MEANLUMUHA / SPORT MEDICINE

DOI 10.29254/2077-4214-2026-1-180-569-577
UDC 612.135:796.015.132-053.6
Korman Sh.-A. S., Lukyantseva H. V.

SPECIFIC FEATURES OF THE EFFECT OF DOSED PHYSICAL EXERCISE
ON BLOOD MICROCIRCULATION PARAMETERS IN YOUNG MALES DEPENDING

ON AGE AND LEVEL OF TRAINING
National University on Physical Education and Sports of Ukraine (Kyiv, Ukraine)
lukjantseva@gmail.com

The microcirculatory system plays a key role in supporting the trophic function of the circulatory system. During
adolescence, a period marked by ongoing morphofunctional maturation, the adaptation of microcirculatory param-
eters to physical exercise is of particular importance for the development of physical performance and is considered
one of the critical factors in athletic success. Purpose is to determine the specific effects of dosed physical exercise
(DPE) on blood microcirculation parameters in young males depending on age and level of physical fitness. The study
involved 106 young males aged 18-21 years, including both trained athletes and untrained students. Laser Doppler
flowmetry was used to assess the dynamics of vascular perfusion indicators: microcirculation parameter (MP), stan-
dard deviation (SD), coefficient of variation (Kv), microcirculatory efficiency index (MEI), active (ARM) and passive
(PRM) regulatory mechanisms of blood flow. In untrained individuals with low baseline MP values, DPE resulted in
increased perfusion activity and blood flow variability, indicating the activation of compensatory mechanisms. In
contrast, in those with high initial MP values, signs of vascular maladaptation were observed in some cases. Trained
participants demonstrated more stable and structured microcirculatory responses, with features of functional econ-
omization and more balanced and effective involvement of both active and passive regulatory mechanisms of he-

modynamics.

The microcirculatory response to physical exercise in young males is significantly influenced by age-related and
functional characteristics of the organism, supporting the need for an individualized approach to training.
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Connection of the publication with planned re-
search work.

This study was conducted within the framework of
the research project of NUUPESU “Influence of exoge-
nous and endogenous factors on the course of adaptive
reactions of the organism to physical loads of varying in-
tensity” (state registration number 012U108187).

Introduction.

The microcirculatory component of hemodynamics
is an essential part of the circulatory system, ensuring
the trophic function and maintaining the stability of
the internal environment. The adequacy of tissue met-
abolic supply depends on the efficiency of transcapillary
exchange [1, 2, 3], while its disturbances may serve as
early markers of maladaptive processes [3, 4]. Therefore,
optimizing microcirculation is considered one of the key
challenges of modern physiology. Physical exercise sig-
nificantly affects blood flow within the microcirculatory
bed: moderate-intensity activity improves tissue per-
fusion and gas exchange [5, 6], whereas excessive or
non-physiological loading — especially in untrained indi-
viduals — may lead to hypoperfusion, impaired vascular
regulation, and persistent microvascular dysfunction
[6, 7].

Adolescence represents a critical period for the for-
mation of stable types of vascular reactivity that influ-
ence future physical performance [8, 9]. However, data
regarding age-specific features of perfusion responses in
young males with varying training levels remain limited.
Literature suggests significant variability in microcircu-
latory responses to muscular work: trained individuals
typically display signs of functional economization [10,
11], whereas in untrained peers, adaptive changes tend
to be less pronounced or even maladaptive [11, 12].
Most studies to date focus on general perfusion indices,
while the mechanisms of modulation — both active (neu-

rogenic, myogenic) and passive (cardiac and respiratory
components) — remain poorly understood.

In this context, the application of laser Doppler
flowmetry (LDF) appears promising. This sensitive and
non-invasive technique allows for quantitative and spec-
tral assessment of microcirculation in dynamics. Com-
bining LDF with dosed physical exercise enables a dif-
ferentiated evaluation of vascular reactivity depending
on age and training level, thus justifying the relevance
of studying microcirculatory responses in young males
under standardized muscular loading.

The aim of the study.

To determine the specific effects of dosed physical
exercise on blood microcirculation parameters in young
males depending on age and level of physical fitness.

Object and research methods.

The study involved 106 young males aged 18 to 21
years, including both trained individuals (track and field
athletes, candidates for Master of Sport; hereinafter
referred to as athletes) and those without systemat-
ic sports training (hereinafter referred to as students).
The assessment of age-specific features was conducted
within a cross-sectional design; therefore, the identified
differences are intergroup in nature and reflect the func-
tional state of individuals at the time of examination.
Participants were divided into age groups (table 1).

All examinations were conducted in accordance with
the principles of bioethics, the provisions of the Dec-
laration of Helsinki (2000, 2008), EU Directive 86/609,
and the Council of Europe Convention ETS No. 164. The
assessment of athletes was carried out within the frame-
work of their scheduled training process in accordance
with national regulations, including the Model Regula-
tion on Olympic Training Centers (2007) and the Olym-
pic Training Strategy (Law No. 77-VIIl dated 28.12.2014).
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Participation of both students and athletes was volun-
tary and based on signed written informed consent.

Table 1 - Distribution of participants
by age and training level

age group students (n) athletes (n)
Age 18 16 20
Age 19 10 14
Age 20 10 10
Age 21 16 10

The dosed physical exercise (DPE) protocol involved
cycling on an Ergoselect 100 ergometer (Ergoline GmbH,
Ukraine) at a cadence of 170 rpm for 2 minutes, with au-
tomatic blood pressure monitoring. Blood microcircula-
tion (BMC) was assessed in trained and untrained young
males using laser Doppler flowmetry (LDF) with a BLF 21
device (Transonic System Inc., USA). Sensors were placed
on the ventral surface of the distal phalanx of the fourth
finger. Signal recording was performed after a 10-min-
ute thermal adaptation period (ambient temperature
22-24 °C). Movement-related artifacts were eliminated
visually and via signal variability control. For analysis,
60-second stationary segments were selected. Data
processing followed the manufacturer’s methodological

Table 2 — Dynamics of microcirculation parameters

in untrained participants

guidelines. The LDF method is based on detecting chang-
es in the properties of laser light as it passes through
tissue, allowing assessment of perfusion in both superfi-
cial and deeper vascular structures. Since perfusion has
a stochastic nature, its analysis employed mathematical
tools from the theory of random processes.

The study analyzed the following key microcircula-
tion parameters: — microcirculation parameter (MP),
reflecting an integrated measure of tissue blood flow as
a function of erythrocyte concentration and their mean
velocity in the measurement volume; standard deviation
(SD), indicating temporal variability of perfusion; coeffi-
cient of variation (Kv), characterizing the contribution of
vasomotor regulation to microcirculatory control; micro-
circulatory efficiency index (MEI), reflecting the balance
between active and passive regulation mechanisms;
active regulation mechanism of blood flow (ARM), rep-
resenting the relative contribution of vascular wall tone
and neurogenic control; passive regulation mechanism
of blood flow (PRM), reflecting the contribution of
fluctuations synchronized with cardiac and respiratory
rhythms.

Despite the relatively small sample size in each
group (10-16 participants), which formally corresponds
to the criteria for small samples, parametric statistical
methods were applied. This decision was justified by the
preliminary assessment of data distribution using the
Shapiro—Wilk test, which revealed
no statistically significant deviations
from normality. In addition, homo-

Para- |\ 1 subgroup, |l subgroup,| Alsub (Il subgroup,|ll subgroup,| Allsub | geneity of variances was confirmed
meters | 8¢ | baseline post-load group baseline | post-load | group | by Levene’s test, supporting the
18 1.7+0.3 6.242.1 +4.5 12.3+1.8 | 17.3+3.4 | +5.0* | methodological appropriateness of
mp. | 19 | 37:11 | 6.0:20 23 | 243t26 | 175¢38 | —6.8* | USing parametric methods, includ-
0 " ing Student’s t-test.
-u. 20 | 2.1#0.8 4.0+1.1 +1.9 16.5+¢2.1 | 15.24¢2.2 | -1.3 Research results and their dis-
21 | 6.9+1.2 | 12.7+25 +5.8 16.6+2.3 | 14.2#1.3 | -2.4 | cussion.
18 | 0.83£0.03 | 1.50£0.04 | +0.67* | 1.04:0.02 | 0.62£0.01 | —0.42* Previous studies [13, 14] sub-
19 | 0.94%0.03 | 1.75+0.03 0.81* | 2.25%0.06 | 2.18+0.04 | —0.07 stantiated the rationale for dividing
SD, g b +0. i o - participants within each age group
p.u. 20 | 1.37+0.05 | 2.91+0.05 | +1.54* | 1.99+0.04 | 1.80+0.03 | —0.19* | into two subgroups based on base-
21 | 1.9240.03 | 0.95:0.04 | -0.97* | 2.76+0.08 | 2.00+0.04 | —0.76* | line MP values. The first subgroup
18 |100.7410.8 | 49.6+3.5 | -51.1* | 8.0+1.5%** | 2.8+1.7* | -52* 'ncmded.md'v'duals with MP val-
ues ranging from 0.5 to 10 perfu-
Kv. % 19 25.4+3.7 33.1+2.8 +7.7 12.242.2*%* | 18.2+1.5* +6.0* sion units (p'u'), Wh||e the Second
, /0 . .
20 | 64.1+4.5 | 80.6+6.3 +16.5 |12.4+1.3%* | 18.3+2.6* | +5.9* | subgroup included those with MP
21 | 884253 | 144t12 | —740* | 5.6£2.0% | 19.542.1% | +13.9+ | Values from 12 to 25 p.u. Our cur-
rent findings confirmed the validity
* . epe .
18 | 1.6+0.3 | 1.53+0.06 | —0.07 1.6:0.8 | 1.46£0.09*| -0.14 | of this classification, as both the
MEI, 19 | 3.1+0.2 | 1.80%0.07 | -1.3* 2.310.4** | 2.28+0.21* | —0.02 | absolute values and the dynamics
% 20 | 23:02 |227:004 | -003 | 1.8t0.5%* |1.56:0.06*| -0.24 | Of other microcirculation parame-
" . " PP ters differed significantly between
21 | 2.5#0.3 | 2.49+0.05 | -0.01 22406 |19980.09%| ~021 | tpece subgroups (tables 2 and 3).
18 | 2.000.03 | 0.14+0.02 | -1.86* [2.26+0.05**|0.23+0.02* | -2.03* | As shown in tables 2 and 3, the
ARM. | 19 | 0.0840.02 | 0.130.01 | +0.05 [0.18+0.04**0.20+0.03* | +0.02 | results of the present study also
! demonstrated pronounced age-
a.u. 20 | 1.02#0.02 | 0.10£0.02 | —-0.92* |1.17+0.05* | 0.17+0.03* | —1.00* . S
and fitness-related variability in the
21 | 0.10+0.01 | 0.10+0.01 0.00 0.14+0.03* | 0.16+0.02* | +0.02 microcirculatory system’s response
18 | 0.39:0.04 | 0.53+0.03 | +0.14 |0.32+0.03* |0.61£0.03* | +0.29* | to dosed physical exercise (DPE)
pRM. | 19 | 0242003 | 042£002 | +0.18 | 0.2740.05 | 0.31£0.02% | +0.04 | 2MON8 young males of different
au ages and levels of training. In each
20 | 0.34£0.01 | 0.39£0.02 | +0.05 |0.39+0.03* | 0.46£0.02* | +0.07 | a0e group, both among untrained
21 | 0.32%0.02 | 0.31+0.02 -0.01 0.31+0.02 |0.40+0.02* | +0.09* | students and trained athletes, sig-

Notes: hereinafter referred to as.*p<0.05 compared to the baseline
subgroup; ** p<0.05 compared to the value of Subgroup I.

nificant inter-subgroup differences
in baseline values of the microcir-

value of the respective
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culation parameter (MP) were ob-
served. This allowed participants to

Table 3 — Dynamics of microcirculation parameters

in trained participants

be classified into two subgroups: with

. . Para- Age I subgroup, | I subgroup,| Alsub |ll subgroup,|ll subgroup,|A Il sub
low (Subgroup 1) and fe'lath?W high |meters “8€| baseline post-load group baseline | post-load | group
(Subgroup I1) levels of microcirculato- 18 | 17.9+2.4 | 24521 +6.6 17.942.6 | 24.5t32 | +6.6
ry activity.

In the group of untrained indi- [mp, | 19 | 10.0+17 | 17.0+14 +7.0 15.8+3.2%* | 20.8+2.2* | +5.0
viduals (table 2), a predominant in- [P-U- | 20 | 6.7+1.5 24.0+1.4 +17.3 18.0£2.2*%* | 18.3+3.6* | +0.3
crease in MP in response to DPE was 21 | 9.9+1.8 | 13.2¢13 | +33  |20.9+2.9** | 14.0+1.1 | -6.9
recorded among representatives of s/ " " " . N ;
gr |, indicating activation of perfusion 18 | 1.22+0.04 | 2.20£0.03 | +0.98 1.22+0.05 | 2.2040.02 | +0.98
mechanisms in subjects with initial- |sp, | 19 | 0.84+0.04 | 2.06:0.04 | +1.22* |1.74+0.08**| 0.97+0.02 | -0.77*
ly |0V\|’D tissue blood ﬂOW-ImlcontfaSt; P-U. | 20 | 1.52¢0.06 | 2.23+0.05 | +0.71* [1.92+0.04**| 1.75+0.04 | —0.17*
in Subgroup Il — particularly among

+ + - + *% + * *
those aged 19, 20, and 21 years — a 21 | 1.14+0.05 | 1.12+0.02 0.02  [2.07+0.09%*| 5.76+1.09* | +3.69
decrease or minimal change in MP fol- 18 7.0+1.3 10.01£2.4 +3.0 7.0+1.4 10.0£2.0 +3.0
lowing DPE was observed, which may 19 | 8.4+1.3 | 14.243.0 +5.8 | 10.241.7%*% | 6.1#1.2% | —4.1*
. . . . . KV, Ay
indicate limited functional reserve or | 20 | 25.5¢2.4 | 111208 | -144* |106:1.6%*| 8.1:1.1* | -2.5
early signs of maladaptation.

The standard deviation (SD), re- 21 | 12115 | 13.4+2.6 +1.3 9.9+1.7** | 40.2+4.4* | +30.3*
flecting temporal variability of perfu- 18 | 1.9+0.3 | 2.00+0.04 +0.1 1.9+0.7 | 2.00£0.02 | +0.1
sion, tended to increase in most cases | [ 19 | 14:05 |251:005 | +11* | 1.8£0.8** |2.01£0.02* | +0.2
in Subgroup | regardless of age, sug- % " ” " "
gesting enhanced reactivity of the mi- 20 | 2.9+0.4 | 2.00£0.03 | -0.9 2.1+0.6%* |1.3740.02* | —0.7
crovascular bed in response to mus- 21 | 2.7#0.3 | 1.68+0.04 -1.0* 1.5+0.8** |3.00+£0.05* | +1.5*
cular activity. In contrast, in Subgroup 18 | 0.18+0.02 | 0.140.01 | -0.04 | 0.18+0.05 | 0.14£0.04 | —0.04
I, a reduction in SD was recorded in

ARM. | 19 | 0.41£0.03 | 0.0840.01 | -0.33* |0.10£0.05**| 0.14+0.03* | +0.04
some cases (notably at ages 18 and ,
21), indicating suppression of physio- a.u. 20 | 0.09+0.01 | 0.12+0.01 +0.03 0.11+0.03 | 0.19+0.04* | +0.08*
logical perfusion variability. 21 | 0.1740.02 | 0.20£0.03 | +0.03  |0.11+0.04**| 0.09+0.02* | —0.02

The coefficient of variation (Kv), 18 | 0.42:0.04 | 0.39+0.05 | -0.03 | 0.420.02 | 0.39+0.02 | -0.03
as an indicator of vasomotor control,
showed both positive and negative |prm, | 19 | 0.31x0.03 | 0.32£0.04 | +0.01 | 0.32:0.04 | 0.42£0.02* | +0.10*
dynamics. Among students aged 18 |a.u. | 20 | 0.27+0.05 | 0.41+0.06 | +0.14* |0.39+0.04**| 0.55+0.03* | +0.16*
and 21in Subgroup |, a sharp decrease 21 | 0.41+0.04 | 0.43:0.04 | +0.02  |0.58+0.06**| 0.23+0.02* | —0.35*

in Kv (-51.1% and -74.0%, respective-
ly) was observed after DPE, suggest-
ing depletion of active regulation components. In Sub-
group ll, there was a general trend toward moderate Kv
increase, although interpreting such changes requires
consideration of the microcirculatory efficiency index. In
most cases, the MEI declined slightly after DPE in both
subgroups, which may indicate preservation of the over-
all regulatory balance. However, in 18- and 19-year-old
students in Subgroup Il, this decrease reached statistical
significance, suggesting potential early functional desta-
bilization and warranting further analysis.

Analysis of the active regulatory mechanism of blood
flow (ARM) revealed a marked decrease in its contribu-
tion after exercise across both subgroups and all age
groups (except for 19- and 21-year-olds, where changes
were minimal or positive). This may reflect a reduction in
the role of neurogenic and myogenic components in vas-
cular wall response to DPE. At the same time, the passive
regulatory mechanism (PRM) showed consistently posi-
tive dynamics — its relative contribution increased after
exercise in nearly all groups, indicating activation of the
cardio-respiratory component in perfusion modulation.

In trained young males (table 3), the microcirculato-
ry responses were more stable and demonstrated fea-
tures of functional economization. In the vast majority
of cases, a moderate or significant increase in the mi-
crocirculation parameter (MP) was observed after mus-
cular activity, especially in Subgroup |, indicating a suf-
ficient reserve capacity of the microcirculatory system.

The highest AMP values were recorded in 20-year-old
athletes (+17.3 p.u.). The standard deviation (SD) also in-
creased in most athletes, reflecting enhanced microvas-
cular reactivity. The coefficient of variation (Kv) demon-
strated variable trends; however, a sharp increase in Kv
(+30.3%) was noted in 21-year-old athletes from Sub-
group I, which may reflect a compensatory vascular re-
sponse in trained individuals.

The dynamics of the microcirculatory efficiency index
(MEI) and the active regulatory mechanism (ARM) were
less contrasting in athletes compared to untrained par-
ticipants; in most cases, these indices remained within
physiological limits, without signs of maladaptation.
Meanwhile, an increase in the passive regulatory mech-
anism (PRM) was observed across all groups except the
21-year-olds, where a paradoxical response was record-
ed — a decrease in PRM against the background of in-
creasing Kv and SD.

The data confirm that the functional response of the
microcirculatory system to DPE in young males is both
age- and fitness-dependent. In untrained individuals
with initially low perfusion levels, a pronounced increase
in MP and blood flow variability was observed after exer-
cise, reflecting activation of regulatory reserves. In con-
trast, in individuals with high baseline MP, the response
was often blunted or even maladaptive, indicating pos-
sible depletion of regulatory capacity or instability of
perfusion control. In athletes, responses were more
structured and stable, with evidence of functional econ-
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omization and a balanced contribution of both active
and passive regulatory mechanisms.

Notably, no sharply negative post-exercise changes
were observed in trained individuals, which may suggest
a well-developed neurogenic and vasomotor adaptation
system. In contrast, signs of potential dysregulation were
seen in older students, including reduced active regula-
tion on the background of relatively increased passive
modulation — a possible early marker of impaired vascu-
lar tone under insufficient training stimuli.

Overall, the revealed heterogeneity of perfusion re-
sponses and modulation indices supports previous find-
ings [1, 5, 10, 13] concerning the diverse reactivity of the
microvascular system depending on the level of physical
fitness. This underlines the necessity of a personalized
approach to exercise prescription during youth, taking
into account the individual microcirculatory profile. In
this context, laser Doppler flowmetry parameters may
be informative not only for evaluating adaptation effec-
tiveness but also for early detection of functional strain
or maladaptation of the microvascular bed.

Conclusions.

1. The microcirculatory response to dosed physical
exercise in young males is influenced by both age and

DOI 10.29254/2077-4214-2026-1-180-569-577
YOK 612.135:796.015.132-053.6
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level of physical fitness. The most pronounced adaptive
changes were observed in younger participants with low
baseline perfusion, whereas older individuals with high-
er initial values showed less consistent responses, occa-
sionally with signs of maladaptation.

2. In untrained individuals with low microcirculatory
baseline values, a positive dynamic in perfusion param-
eters was recorded, indicating the involvement of com-
pensatory mechanisms in response to muscular activity.

3. Trained young males exhibited signs of functional
economization, vascular stability, and preserved regu-
latory efficiency, particularly due to a balanced involve-
ment of active and passive components.

4. The findings support the rationale for a person-
alized approach to exercise dosing during adolescence,
based on the individual microcirculatory profile.

Prospects for further research.

Further studies are planned to include parameters
of cardiac and respiratory variability as modulatory fac-
tors of microcirculation, as well as to analyze long-term
changes under micro-, meso-, and macro-cycle training
conditions.

OCOB/INBOCTI BM/IMBY AO30BAHOIO ®13M4HOIo0 HABAHTAXKEHHA
HA NAPAMETPU MIKPOUUPKYNALII KPOBI OHAKIB 3ANEXHO BIA, BIKY
TA PIBHA TPEHOBAHOCTI

HauioHanbHuii yHiBepcuTeT $pisnuHOro BUXoBaHHA i cnopty YKpaiHu (m. Kuis, YKpaiHa)
lukjantseva@gmail.com

MiKkpoyupKynamopHa cucmema 8idi2pae Kawo4osy posnb y 3abesneyeHHi mpoghiyHoi yHKUIi Kposoobizy. Y
IOHAUbLKOMY 8iUi, KOIU Mpusae MophoPyHKYioOHAbHE 003pieaHHSA, adanmauis napamempie MiKpouupKynayii 0o
hi3uyHUX 8rnpas Mae ocobsause 3Ha4YeHHSA 018 hopPMyBaAHHSA i3uyHOI Npaye3damHocMi i € 00HUM 3 8U3HAYAbHUX
¢akmopie crnopmueHoi ycniwHocmi. Mema — eu3Hayumu ocobsausocmi erausy 00308aH020 Qi3UYHO20
HasaHmaxceHHa (APH) Ha napamempu MiIKpOUUPKYAAUIT Kpo8i oHAKIe 3a71eXHO 8i0 8iKy ma pigHa mpeHosaHocmi.
ObcmexceHo 106 oHaKie mpeHoB8aHUX (CopmcmeHie) i HempeHOBAHUX OHAKI8 (cmydeHmig) sikom 18-21 pik.
Memodom na3zepHoi donnepiecobKoi ghnoymempii oyiHeHo OUHAMIKY MOKA3HUKIi8 cyOUHHOI nepghysii - napamemp
MiKpouyupkynauii (NMM), cepedHbokeadpamuyHe 8ioxuneHHsA (CKB), koegpiuieHm sapiauii (Kv), iHO0ekc epekmusHocmi
MiKkpouyupkynauii (IEM), akmueHuli (AMPK) i nacusHuli (MMPK) mexaHizamu peaynsyii Kpoeomoky. Y HempeHo8aHUX
IOHAKI8 i3 HU3bKUMU 1o4amKosumu 3HayeHHAMU MM nicas A®H 3agikcosaHo 3pocmaHHsA nepgpy3iliHoi akmusHocmi
ma sapiabenbHocmi Kpo8omoKy. Ha npomusazy ubomy, y 0cib 3 8UCOKUMU MOYAMKOBUMU 3Ha4YeHHAMU [TM y OesaKux
8UNAOKaX 8UAB/AEHO 03HAKU CYyOUHHOI 0e3adanmadujii. ¥ mpeHo8aHuX y4acHUKI8 peaKuii MiKpoyupKynayii 6yau binow
cmabinbHUMU ma cMpPyKMypoeaHUMU, 3 03HAKAMU (PyHKUIOHA/bHOI ekoHoMmi3ayii ma 6inbw 36a1aHCO8AHO20 i
eheKmueHo20 3a1y4YeHHA GKMUBHUX i MacUsHUX MexaHizmie peaynauii nepigpepuyHoi 2eMoOUHAMIKU.

Bikogi ma @yHKYioHasnbHi 0cobnusocmi Op2aHi3Ma HHAKI8 3HAYHOK MIpPOoK 8MaAUBAHOMb HA XApaKmep
MIKPOYUPKYAAMOPHOI 8i0r0eidi Ha (hi3uyHe HABAHMAMEHHS, W0 Nidmeepoxcye AoyinbHicme iHOUBIOYani308aHO20
nioxody 00 mpeHy8aabHO20 MPOYECY.

Knro4oei cnosa: MiKpoyupKynayis, isuuHe HaBAHMAXEHHSA, KPOBOHOCHI CyOUHU, 8iK, MpeHOB8aHIcCMb.

38’A30K nyb6aiKauii 3 Nn1aHOBMMMU HAayKOBO-A0CNIA-
HUMK poboTamu.

JocnigKeHHA BMKOHAHO B MeXax HayKoBO-AOCNiA-
HoT po60TM HYDBCY «BninMB €K30reHHUX Ta EHA0TEHHUX
UMHHUMKIB Ha nepebir aganTauiMHUX peaKui opraHis-
My A0 i3MYHMX HaBaHTaXKeHb PI3HOI iIHTEHCUBHOCTI»
(Homep aeprkaBHOI peecTpauii 012U108187).

Bctyn.

MiKpOUMPKYNATOPHA IaHKA reMOANHAMIKM € BaXKn-
BOIO CK/1Iaf0BOK KpoBOOGIry, Lo 3abe3snedye TpodiuHy

OYHKUIO Ta NigTPUMYE CTanicTb BHYTPILWHbOrO cepe-
noBuwwa. AaeKkBaTHiCTb meTaboniyHoro 3abesneyeHHn
TKQHWH BU3HAYaETbCA eDEKTUBHICTIO TPAHCKaNINAPHOro
06MmiHy [1, 2, 3], a Oro NOPYLIEHHA MOXKYTb C/yryBaTu
paHHIiMKM Mapkepamn gesagantauii [3, 4]. OnTumisa-
LiA MiIKpOUMPKyNALii — ogHe 3 NPIOPUTETHUX CYHACHMUX
3aBAaHb cy4yacHoi ¢isionorii. PisnyHi BNpasu iCTOTHO
BMN/IMBAlOTb Ha CTAH KPOBOTOKY BcepeauHi Mikpouup-
KYNIATOPHOrO pycna: 3a MNOMIPHOI iHTEHCMBHOCTI BOHM
CNpUAOTbL NOKpalleHHIo nepdysii Ta rasoobmiHy [5, 6], a
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HaaMipHi abo HedizionoriyHi — MoXKyTb NPM3BOANTM A0
rinonepoysii, nopyweHHA CYyAnHHOI perynauii Ta cTinkmnx
MIKPOCYANHHWUX PO3/1aAis, 0c06MBO Y HETPEHOBAHMX
ocib6 [6, 7].

Mepioa, tOHaLUBLKOTO BiKY € KPUTUUHUM ana dopmy-
BaHHA TUNIB CYyAMHHOI PEAKTUBHOCTI, AKi BNAMBAKOTbL Ha
noganbly npauesgatHictb [8, 9]. MpoTe AaHi woao Bi-
KoBUX ocobnmnsocTen nepdysiliHoi BignoBiAi y toHaKiB 3
pi3HMM piBHEM TPEHOBAHOCTI 3a/MLIAOTHCA HeAoCTaT-
HbO BUCBITAEHMMMW. JliTepaTypa CBigYMTL NPO BapiaTMB-
HiCTb MiKPOLMPKYAATOPHMX peakKLiin Ha m’sa3oBy poboTy:
Yy CMOPTCMEHIB nepesBaKatoTb O3HAKU GYHKLiIOHANbHOI
eKoHoMi3au,i [10, 11], Toai sk y HETPEeHOBaHWUX — aganTa-
LilMHi 3MiHM MeHL BMpaXKeHi abo aesaganTtusHi [11, 12].
BinbwicTb AOCNiAXKEHb 30CcepenyKyrTbCA Ha 3arasibHil
nepoysii, xoua MUBMHHI MexaHi3mn moaynauii 3anumwa-
I0TbCA MAIOAOCNIAXKEHUMMU.

Y 38’A3KY 3 UMM AOUIIBHUM € 3aCTOCYBaHHA Nasep-
HoT aonsepiscbKoi proymeTpii (JIAP) — yyTAnBOrO HeiH-
Ba3MBHOINO MeToAy Ki/IbKiCHOI Ta CMeKTPasbHOI OLiHKK
MiKpoUuMpRynayii y anHamiui. NoeaHanHa N4P i3 go-
30BaHUMM Gi3UYHMMK BNPaBaMmn CTBOPHOE MOXKIUBOCTI
ana andepeHLUiioBaHOro aHanisy CyAMHHOI peakTus-
HOCTI 3a/71€)KHO Bif, BiKy Ta piBHA TpeHoBaHOCTI. Lle Bu-
3HAYaE aKTYaNbHICTb BUBYEHHA 3MiH MiKPOLMPKYNATOP-
HWX NAPaAMETPIB Yy OHAKIB B YMOBax CTaHAAPTU30BaAHOI
m’s30B0i poboTu.

MeTa gocnigKeHHs.

Bu3HaunTM 0cobamBoOCTI BNAMBY A030BaHOrO ¢i3ny-
HOTO HaBaAHTAXKEHHA Ha MapameTpu MIKPOUMPKyAALIT
KPOBI tOHAKIB 3a/1€XHO Bif, BiKy Ta PiBHA TPEHOBAHOCTI.

O6’eKT i meTOaM AOCNIAXKEHHA.

Y pocnipyKeHHi B3aam ydactb 106 toHaKiB BiKOm Bif,
18 0o 21 poKy, cepen AKUX Bynn AK TpeHoBaHi ocobu
(nerkoatnetTn-kaHANZATM Y MAWCTPU CNOPTY; Hagani
— CrMopTCMeHHU), Tak i ocobu 6e3 cuctematuyHoi cnop-
TUBHOI NigrotoBKKM (Hagani — ctyaeHTn). OuiHKa BiKOBUX
0co6MBOCTEN NPOBOAUNACH Y MEMNKAX KPOC-CEKLINHOro
Av3aliHy, BignoBigHO, BUABNEHI BigMIHHOCTI MatoTb Mi-
YKIPYnoBUit, a He NO340B}KHIN XapaKTep i BigobpaxKatoTb
0C06MBOCTi PYHKLIOHA/IbHOTO CTaHy OCib pi3HOro Biky
Ha MOMEHT A0CNiAKeHHA. YUyacHUKiB 6yo po3noaineHo
Ha BiKoBi rpynu (Ta6bn. 1).

Tabnuua 1 — Po3nopgin o6crexxeHnx
3a BiKOM Ta piBHEeM TPeHOBaHOCTi

BikoBa rpyna CtyaeHTH (n) CnopTtcmeHwu (n)
18 pokis 16 20
19 pokis 10 14
20 pokis 10 10
21 pik 16 10

Yci 0b6CTeKeHHA npoBoAUAN BiAMNOBIAHO 4O BUMOT
b6ioeTnkmM, nonoxkeHb lenbciHcbKoi Aeknapauii (2000
p., 2008 p.), Anpektnen 86/609 EC Ta KoHseHUii Paan
€sponun ETS No 164. O6CTe)KeHHs CnopTCMEHIB 3Mil-
CHIOBANM B MeXax MJIaHOBOro TPeHyBa/IbHOTO npoLecy
3riAHO 3 HaAUiOHAaNbHMMW HOPMATMBAMM, 30Kpema Tu-
NMOBUM MOJIONKEHHAM MPO LLEeHTPU ONiMNIACBKOI nigro-
ToBKM (2007 p.) Ta CTpaTerieto onimnincbKoi NiaAroToBKM
(3akoH Ne 77-VIII Big 28.12.2014 p.). YyacTb CTYAEHTIB i
cnopTcMmeHiB 6yna 406pOoBiNbHOK — 33 YMOBM NignucaH-
HSA NMCbMOBOIT iHGOPMOBAHOI 3roau.

[o3oBaHe ¢i3nyHe HaBaHTaxkeHHa (APH) cTBOplO-
Basn Ha Benoeprometpi Ergoselect 100 (Ergoline GmbH,
YKpaiHa) 3 aBTOMaTUYHUM BUMiPIHOBaHHAM apTepia/ibHO-
ro TUCKy, Npu YacToTi obepTtaHHa 170 06/xB npoTarom
2 xBUAWH. OuiHlOBaHHA MiKpoumpKyaauii Kposi (MLUK)
Yy TPEHOBAHWX Ta HETPEHOBAHWX IOHAKIB 3AiMCHIOBaNN
MeToA0oM NasepHoi gonaepiscbkoi daoymetpii (14P) 3
BMKOPUCTAHHAM anapata BLF 21 (Transonic System Inc.,
CLUA). OaTuMKyM BCTaHOB/IOBA/NM Ha BEHTPasbHy MoO-
BEPXHIO ANCTanbHOI danaHrm IV nanbus KUCTI. PeecTpa-
uito curHany nposoannu nicna 10-xBUAMHHOT aganTauii
obcTexyBaHUX A0 TemnepaTypHoro pexumy (22-24 °C).
ApTedakTi, NoB’A3aHi 3 pyxamu, ycyBanu Bisya/ibHO Ta
33 AOMNOMOrOH0 KOHTPO/IO BapiabenbHoOCTi curHany. Ans
aHanisy Biabupanu 60-cermeHTHi CTalioHapHI AiNAHKK.
O6pobKy AaHMX 34iliCHIOBAAMU BiANOBIAHO A0 MeToAMNY-
HUX pekomeHaaLin BupobHuKa. Metog, /14D rpyHTYETb-
CA Ha peEeCTpauii 3MiH XapaKTepUCTUK Na3epHOro npo-
MEHA MPU NPOXOANKEHHI Kpi3b TKAHWHM, WO [03BONAE
OUiHMTK Nepdy3ito AK Y NOBEPXHEBMX, TaK i Yy MMUBLWNX
CYANHHMX CTPYKTypax. OCKinbku BennynHa nepdysii mae
CTOXaCTUYHUI XapaKTep, aa ii aHani3y 3acTocoByBanu
MaTeMaTUYHWUIM anapaT Teopii BUNaAKOBMX NPOLLECIB.

Y Mmerxkax AoCniarKeHHA NPoaHani30BaHO TaKi OCHOB-
Hi NapameTpy MIKPOUMPKYAALI: napameTp miKpouup-
Kynauii (MM, Bigobpakae iHTerpanbHy XapaKTepUCcTURy
TKAQHMHHOTO KPOBOTOKY fIK OYHKLilO Big KOHUEHTpauii
epuTpoumTIB Y AoCNiaKyBaHOMY 06’emi Ta ix cepegHbOI
WBWAKOCTI); cepeagHboOKBagpaTuyHe BiaxuneHHa (CKB,
NoKasHWK YacoBoi BapiabenbHocTi nepodysii); KoediuieHT
Bapiauii (Kv, xapakTepusye y4acTb Ba30OMOTOPHOrO KOM-
NMOHEHTY B perynasau,ii MikpouMpKRynsauii); iHaekc edpekTms-
HOCTi MmikpoumpKynsauii (IEM, BU3Ha4ae cnisBigHOLWEHHA
MiX aKTUBHMMMW Ta MNACMBHUMM MEXAHI3MaMK perynauii
KPOBOTOKY); aKTUBHUI MexaHi3m perynsuii KpoBOTOKY
(AMPK, BigHOCHMI BHECOK CYAWHHOI CTiHKM Ta Helpo-
reHHoi perynsauii); nacMBHUIA MexaHi3m perynaLii Kposo-
TOKy (MMPK, BifHOCHUWI BHECOK KONMBAHb, CUHXPOHI30-
BaHWX i3 cepueBo-gnxanbHUMKU PUTMaMm).

MonpuTe, Wo obcar BMGipKK B rpynax ctaHosme 10-16
ocib, Wwo popmanbHO BiANOBIAAE KPUTEPIAM MANUX BU-
6ipOoK, ANA CTaTUCTUYHOTO aHani3y Byan 3acTocoBaHi me-
TOAM NAPAMETPUYHOI CTAaTUCTUKK. Lle 0BymoBAEHO TUM,
WO nonepegHA OLiHKA po3noainy AoCAigxKyBaHUX No-
KasHUKiB (i3 BMKOpUCTAHHAM KpuTepito Lanipo-Yinka)
He BMABMAA CTaTUCTUYHO 3HAYYLLMX BiAXUAEHb Big, HOp-
MaNibHOrO pOo3MnoAiny. 3 ypaxyBaHHAM LbOrO, @ TaKOX
roMOreHHOCTI Aucnepcii (nepesipeHo Kputepiem Jlese-
Ha), 3aCTOCYBaHHA NapaMeTpPUUYHKX MeToAiB (t-Kputepiii
CTblogeHTa) 6y/10 METOA0N0MYHO OBFPYHTOBAHUM.

Pe3ynbTati pocinaKeHHsA 1a ix 06roBopeHHs.

Y nonepegHix pobotax [13, 14] 6yno obrpyHTOBaHO
OOUiNbHICTb Moginy obcTexkeHnx ocib KOXHOI BiKOBOI
rpynu Ha Agi NiArpynn 3anexKHo Big, BUXiIAHMX 3HAaYeHb
NOKa3HMKa MiKpoumpKyaauii. o nepwoi nigrpynu Big-
HECeHOo 0cCib, Y AKMX BENMYMHM LLbOrO MOKA3HUKa nepe-
6yBanu B mexax 0,5-10 nepoysinHux ogmHmub (nd. oa.),
ToAi AK y Apyriv niarpyni 3HayeHHA MM KonmnBanuca Big,
12 po 25 nd. oa. MNoganbwi Hawi JocnigKeHHA nig-
TBEPAWIM OOIPYHTOBAHICTb TAKOTrO PO3MOAiNY, OCKiNbKM
abCo/IOTHI 3HaYeHHsA Ta AMHaMIiKa iHLWKMX MapameTpis
MIKPOLMPKYANALIT y 3a3HAaYeHUX BIKOBMX nigrpynax cyT-
TEBO pi3HMAuUcA (Tabnuui 2, 3). Ak BuaHO 3 Tabanui 2 3,
pe3ynbTatv NeACcTaBNeHOro A0CNiIAXEHHA TaKOXK 3acBig-
YWUNIM BUPANKEHY BIKOBY Ta PYHKLiOHaIbHY BapiaTUBHICTb
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peakuiit mikpoumpRyaauii Ha dPH y toHakiB pisHOro BiKy
i cTyneHAa TpeHoBaHOCTI. Y KOXHil1 BiKOBIl rpyni sik cepes,
HeTpeHOBaAHMWX CTYAEHTIB, TaK i cepes, CnopTCMeHiB bynn
BUABJMIEHI CYTTEBI MiXKNiArpynoBsi BiAMIHHOCTI 3a BUXig-
HUMW 3HAYEHHAMM MapameTpa Mikpoumpkynauii (MM),
L0 4,03BONIMNO KAacudiKyBaTK yY4aCHUKIB Ha Niarpynu 3
HU3bKKM (1) Ta BiaHOCHO BMCOKMM (II) piBHEM Mikpouup-
KYNATOPHOI aKTUBHOCTI.

Y rpyni HeTpeHoBaHMX ocib (Tabn. 2) cnocTepirano-
cA nepeBaxkHe 3pocTaHHA M vy Bignosigb Ha APH y
NpeAcTaBHMKIB | Niarpynu, Wo ceig4YMTb NPO aKTMBALLit0
nepdysiiHMX MexaHiamiB y ocib i3 NOYaTKOBO HU3bKUM
piBHEM TKAaHMHHOIO KPOBOTOKY. Y TOW e yac, y Il nig-
rpyni Aeskux BikoBMx Kateropilt (ocobnanso y 19-, 20- Ta
21-piyHKX) Big3Ha4Yanoca 3HM¥KEHHA abo MiHiManbHi Ko-
nunsaHHA MM nicna APH, wo moxe iHTepnpeTyBaTUCh AK
03HaKa obmexeHoi ¢yHKLiOHanbHOI pe3epBHOCTI abo
NOYATKOBUX NPOABIB Ae3aganTaLii.

MoKkasHMK CKB, AKM XapaKTepusye 4acoBy Bapia-
6enbHicTb nepdysii, MaB TeHAEHLI0 A0 3POCTaHHA Yy
6inblUOCTi BMMAAKiB y npeacTaBHUKIB | niarpynu He-
3a/1eXKHO BiA BiKy. Le cBigumMTb npo nigsuieHHA pe-
AKTMBHOCTI MIKPOLMPKYNATOPHOrO pycna y Bignosiab
Ha mAzoBy poboTy. Hatomictb y Il nigrpyni B okpemmx
BMMNagKax (y 18- Ta 21-piyHnX) BiA3HAYANOCA 3HUKEHHA

Tabnanusa 2 — fiInHamika NOKA3HUKIB MiKpOLMUPKynALii

HeTpeHOoBaHUX 0cib

CKB sk 03HaKa npurHiyeHHa ¢isionoriyHoi BapiabenbHo-
CTi MiKpOLMpPRyAAL,i.

Kv AK iHOMKaTOp Ba3OMOTOPHOrO KOHTPOJO, BUAB-
NAB K NO3UTUBHY, TaK | HEraTUBHY AMHAMIKY. Y CTyaeH-
TiB 18 Ta 21 pokis B | niarpyni nicna A®H cnocTtepiranocs
pi3Ke 3HUXKeHHA Kv (-51,1% i —74,0% BignosigHo), wo
MOKe CBiAYMTWN NPO BUCHAXKEHHA aKTUBHOTO KOMMOHEH-
Ty perynauii. Y Il niarpyni B Wisnomy cnocrepiranaca TeH-
OeHuia 00 NoOMipHOro 3pocTaHHA Kv, ogHaK iHTepnpeTa-
Lia TaKMX 3MiH noTpebye BpaxyBaHHA AaHux npo IEM.
IHaeKc edeKTUBHOCTI MiKpouupkyaauii (IEM) y 6inbLio-
CTi BMNaAKiB 3HMKyBasca nicna APH B obox niarpynax,
OHaK CTYMiHb 3HUKEHHA 6yB HE3HAYHMM, WO CBiAUYNTD
npo 36epeKeHHA 3aranbHoro 6anaHcy perynsTopHUx
mexaHiamis. Btim, y 18- Ta 19-piuHux ctygeHTis Il niarpy-
nu 3HWKeHHA |IEM pocarano CTaTUCTUYHOI 3HAYYLLLOCTI,
wo notpebye NofanbLLIOro aHanisy.

AHaniz AMPK (aKTMBHOro mexaHiamy perynauii Kpo-
BOTOKY) MOKAa3aB CYTTEBE 3HUMKEHHSA MOro piBHA nicns
HaBaHTaXeHHA B 060X Migrpynax i B ycix BiKOBUX rpynax
(Kpim 19-i 21-pivHKX, Ae 3MiHM ByIU MiHIManbHMMKM abo
No3snTMBHUMM). Lle cBigYNTb NPO 3MEHLIEHHA PONi Helt-
POreHHOro Ta MiOreHHOrO KOMMOHEHTIB y peaKLiii CyanH-
HoT cTiHKM nicna A®H. Y Tol ke yac, MMPK (nacusHui
MexaHi3m) BUABMB MO3UTUBHY LUHAMIKY — 3POCTaHHA
MOro YacTKM MiCNA HaBaHTAXKEHHA MalKe B yCiX rpy-
nax, Wo CBiAYMTb NPO aKTUBI3aL,it0
CepueBoO-ANXaNbHOrO KOMMOHEHTA
nepoysinHoi moaynauii.

In/r, . Il n/r, . Y TpeHoBaHuX toHakis (Tabn. 3)
Mapa- | oo | gigenin | L /EMIEnA |y e | axigrni |1 MTRIEAR | e | peakuii MiKpOLMPKYAATOPHOI cHc-

meTp APH APH . .
cTaH cTaH Temun 6ynm Binbw cTabinbHUMKM Ta
18 | 1.7+0.3 6.2+2.1 +4.5 12.3+1.8 | 17.3#3.4 | +5.0%* | BMABAAAM O3HaAKM YHKLiOHaNbHOI
nm 19 | 3.7¢#1.1 6.0£2.0 +2.3 243126 | 17.5¢3.8 | —6.g* | CKOHOMI3auii. ¥ nepesaxHii binb-
n O, LOCTI BMNaAKIiB BIA3HA4YanocAa no-
-0. 20 | 2.1+0.8 4.0+1.1 +1.9 16.5¢2.1 | 152422 | -13 | visue abo sHauHe 3poctadHs MM
21 6.9+1.2 12.742.5 +5.8 16.6+2.3 14.2+1.3 -2.4 nicns akTMBHOI MsA30BOI poboTw,
18 | 0.830.03 | 1.50:0.04 | +0.67* | 1.04:0.02 | 0.6240.01 | —0.42* | 0CO6/MBOY NpeACTaBHUKIB | Niarpy-
19 | 0.94+0.03 | 1.75+0.03 0.81* | 2.2540.06 | 2.18:0.04 | —0.07 | /v 'O CBiAUMTE NPO AOCTATHINA pe-
CKB, s et B it o i 3epB MiKpouMpKyaALji. Mpu Lbomy
n.o. 20 | 1.37+0.05 | 2.91+0.05 | +1.54* | 1.99+0.04 | 1.80+0.03 | —0.19* | enuunnn AMM 6yam HaibinbLK-
21 | 1.92¢0.03 | 0.95£0.04 | -0.97* | 2.76£0.08 | 2.00£0.04 | —0.76* | M1 Yy 20-pi4HWX cropTcmeHis (40
+ . o4.). i
18 |1007610.8 | 49.653.5 | —51.1* | 8.0e1.5% | 2.8:17% | —so* | *17,3 9. o). CKBy cnoprcmenis
TAKOX Y 6inbLocTi BUNagKiB 3po-
Kv. % 19 25.4+3.7 33.1+2.8 +7.7 12.242.2*%* | 18.2+1.5* +6.0* CTas, Wo y3rop|).|.(ye'rbcﬂ 3 ni,ﬂ,BVlLLl,eH'
, /0 . . .
20 | 64.1+4.5 | 80.6%6.3 +16.5 | 12.4+1.3** | 18.3+2.6* | +5.9* | HAM MIKPOCYAMHHOI PEeaKTUBHOCTI.
21 | 88.4¢53 | 14.4#12 | —74.0* | 5.62.0%* | 19.5:2.1% | +13.9* | KV 3MIHIOBaBCA PISHOCMPAMOBAHO,
" ofHaK y 21-piyHux cnoptcmeHis Il
18 | 1.6+0.3 | 1.53+0.06 | —0.07 16£0.8 |1.46£0.09*| —0.14 | ninrpvim Gyno 3achiKCcoBaHO piske
IEM, 19 3.1+0.2 1.80+0.07 -1.3* 2.3+0.4** |2.284+0.21* | —-0.02 | 3pPOCTaHHA BEANYMHUN LbOro napa-
% 20 | 23t02 | 227t004 | -003 | 1.8+0.5** |1.56+0.06* | —0.24 | MeTpa (+30,3%), wo moxe Byt
" . " 0 0or MapKepoM KOMMNEHCaTOPHOI peak-

21 | 2.5¢0.3 | 2.49+0.05 | -0.01 22406 |19980.09%| ~021 | | iiy rhepioBanmx oci6.

18 | 2.00+0.03 | 0.14+0.02 | -1.86* [2.26+0.05**| 0.23+0.02* | —2.03* OuHamika IEM Ta AMPK vy
AMPK | 19 | 0.08£0.02 | 0.1320.01 | +0.05 [0.1840.04**|0.20£0.03* | +0.02 | CMOPTCMeHiB Byna MeHW KoHTpacT-
BiAH. . . . + | HOMO, HiX y HeTeHOBaHWX: y 6inb-
oa. 20 | 1.02+0.02 | 0.10£0.02 | -0.92 1.17+0.05* | 0.17+0.03* | —1.00 . N >
LWOCTI BMNAAKIB LI MOKAa3HUKU 3MI-
21 0.10£0.01 | 0.10+0.01 0.00 0.14+0.03* | 0.16+0.02* | +0.02 HIOBa/INCA B MeXKax ¢i3ionorqu0ro
18 | 0.39+0.04 | 0.53+0.03 +0.14 |0.32+0.03* | 0.61+0.03* | +0.29* | Kopuaopy, 6e3 o3Hak Ae3aganTaliii.
MMPK | 19 | 0.2420.03 | 0.42¢0.02 | +018 | 0.2740.05 |0.3120.02* | +0.04 | DOAHO4AC npupict MNMPK cnocrepi-
BigH. " " raBca y BCiX rpynax, okpim 21-piy-
oa. 20 | 0.34:0.01 | 0.39£0.02 | +0.05 |0.39£0.03* | 0.46£0.02* | +0.07 | Ly ne mana micLie NapadoKcanbHa
21 | 0.32+0.02 | 0.31+0.02 -0.01 0.31+0.02 | 0.40+0.02* | +0.09* | BigNOBiAb 3i 3HMKEHHAM NMACUBHO-

Npumitku: TyT i Hagani *p<0,05 NOPIBHAHO 3 BUXIAHWM 3HAYEHHAM BignoBiaHOI migrpynu; **

p<0,05 NopiBHAHO i3 3HAYEHHAM nigrpynu |.

ro MexaHiamy Ha ¢oHi 3pocTaHHs Kv
i CKB.
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OTpuMaHi paHi nigTBEpPAKYOTH,
Wwo ¢yHKUioOHanbHa BIiANOBIAb Mi-

Tabnuusa 3 — IMHamiKa NOKa3HUKIB MiKpoLUpPKyAALLii

TPeHOBaHUX ocib

KPOUMPKRYNATOPHOro pycna Ha APH y Napa- In/r, I n/r nicas Il n/r, Tl
IOHaKIB € BIKOBO- Ta QYHKLIOHANBbHO | yary | BiK | BUXiAHMIA | =0 o)y Alnfr | euxipuwii | = Cp g | BNN/E
3aNexHolo0. Y HeTpeHoBaHMX ocib i3 CLEL] Grat
HUZLKAMM BUXIZHMMM TOKA3HUKaMM 18 | 17.942.4 | 24.5+2.1 +6.6 17.9+2.6 | 24.5¢3.2 | +6.6
nepoysii cnocTepiraeTbca BUpaxKeHe nvm, | 19| 10.0:17 17.0£1.4 +7.0 15.8+3.2%* | 20.84+2.2* | +5.0
3pocTaHHa MM 1a BapiabenbHOCTiKpO- n.o. [0 [ 67415 | 24.041.4 | +17.3 | 18.0£2.2%%| 18.343.6* | +0.3
BOTORY, WO CBIAUNTS MPO aKTMBALIio 21| 9.9+1.8 | 13.2¢#1.3 +3.3  |20.9+2.9%* | 14.0#1.1 | -6.9
pes3epBiB  MIKPOCYAUHHOI perynsuii.
HaToMiCTb y OCi6 i3 BUCOKMMM noyaT- 18 | 1.22+0.04 | 2.20£0.03 | +0.98* | 1.22+0.05 | 2.20£0.02 | +0.98*
KoBMMM 3HadeHHAMM M AnHAMIKa | yp | 19 | 0.84£0.04 | 2.06:0.04 | +1.22* [1.74+0.08**| 0.97£0.02 | -0.77*
HaCTo € 3rNakeHot0 abo HaBiTb A33- |n.o. |50 | 1.5240.06 | 2.2340.05 | +0.71* |1.92:0.04**| 1.75:0.04 | -0.17*
AaNTUBHOIO, WO BKAa3yeE Ha BUYEPNAH-
HA pEryNATopHOro noTeHujany a6o 21 | 1.14#0.05 | 1.124¢0.02 | -0.02  [2.07+0.09**| 5.76+1.09* | +3.69*
HecTabinbHicTb Nnepdy3iMHOro KOHTP- 18 | 7.0+1.3 10.0£2.4 +3.0 7.0t1.4 10.0£2.0 | +3.0
onto. Y CnopTcMeHiB peakuii manu o |19] 84#13 | 142430 +5.8 | 10.2¢1.7%* | 6.1£1.2*% | —4.1*
Ginbw ctabineHnid i crpykTypoBakuii | Kv, % 20 | 25.5¢2.4 | 11.1:0.8 | -14.4* |10.6+1.6**| 8.1+1.1* | -2.5
XapaKTep, 3 03HaKamu QyHKLiOHaN b-
HOI eKOHOMI3aLi, WO NPOABAANOCA 21| 12.1#15 | 13.442.6 +1.3 9.9+1.7** | 40.2+4.4% | +30.3*
rapMOHIMHOMY CMiBBIAHOLWEHHI MiX 18 | 1.9+0.3 | 2.00+0.04 +0.1 1.9+0.7 | 2.00£0.02 | +0.1
aKTUBHMMM Ta MACMBHUMN MeXaHis- lem, | 19| 14$05 |25120.05 | +1.1* | 1.80.8** | 2.0120.02%| +0.2
MaMu peryraLl. % 20 | 2.9+0.4 | 2.00+0.03 | -0.9% | 2.1+0.6** |1.37+0.02* | —0.7*
OcobnunBoi yBaryM 3acnyrosye Te,
O cepen, TPeHOBaHMUX ocib He d)iKCY- 21 2.7+0.3 1.681£0.04 -1.0* 1.5+0.8** |3.00+0.05* | +1.5*
BaNoOCsA Pi3KO HeraTMBHWUX 3MiH nicas 18 | 0.1840.02 | 0.14+0.01 | -0.04 | 0.18+0.05 | 0.14+0.04 | —0.04
A®H, Wo mose cBia4NTM NPO cPOP- | AMPK| 19 | 0.41£0.03 | 0.08£0.01 | —0.33* |0.10£0.05%% 0.1420.03* | +0.04
MOBaHy CUCTEMY HEWUPOreHHOIl Ta Ba- | BigH.
30MOTOpHOI aganTauii. BoaHouac y |oa. | 20 | 0.09t0.01 | 0.120.01 | +0.03 | 0.11#0.03 | 0.19+0.04* | +0.08*
CTY[EHTIB CTapLIMX BIKOBMX rpyn crno- 21 | 0.17#0.02 | 0.20+0.03 | +0.03  [0.11+0.04**| 0.09+0.02* | —0.02
CTepiranncA MmapKkepu MOTeHUiMHOT 18 | 0.42£0.04 | 0.39£0.05 | -0.03 | 0.420.02 | 0.39£0.02 | —0.03
ANCPETYNALIT = SHKEHHA aKTUBHOTO I nvpk (16 [ (314003 | 0.3240.04 +0.01 0.32%0.04 |0.42+0.02* | +0.10*
KOMMOHEHTY perynauii Ha Tni BigHOC- |gian.
HOTO 3POCTaHHA NACMBHOTO, WO MOMe |oa. | 20 | 0.27¢0.05 | 0.41+0.06 | +0.14* |0.39+0.04**| 0.55+0.03* | +0.16*
OyTN paHHIM NPEANKTOPOM MOpPYLUEH- 21 | 0.41+£0.04 | 0.43+0.04 +0.02  |0.58+0.06**| 0.23+0.02* | —0.35*

HA CYAWHHOro TOHYCy Npu HeaocTaT-
HbOMY TPEHYBa/IbHOMY BMNJ/IMBI.

3arafiom BWsAB/IEHA HEOAHOPIAHICTb nepdysiliHol
Bi4NOBIAI Ta MOKAa3HMKIB MogynAauii MiKpoumpKynauii
niaTBEPAKYE AaHi nonepegHix pgocnigxeHb [1, 5, 10,
13] woao pisHOCNPAMOBaHOI peaKLil MiKpoCyaAUHHOT
CUCTEMU 3aNEXKHO Bif piBHA ¢i3nyHOi nigrotoBku. Lle
CBigYMTb Npo HeobxigHicTb nepcoHidikoBaHOro nigxo-
4y 00 Gi3nyYHMX BNpaB Y MOIOAOMY Billi 3 ypaxyBaHHAM
iHAMBIAYanbHOTrO MiKpoUMpKynaTopHoro npodinto. MNo-
Ka3HWMKKW nasepHoi gonsiepiBcbKoi ¢paoymeTpii B LbOMy
KOHTEKCTi MOXYTb BYTV iIHGOPMATUBHUMU He e ans
OLiHKM edeKTUBHOCTI afanTauii, ane M g8 PaHHbOrO
BUAB/MEHHA O3HaK (YHKLIOHANbHOIO Hanpy»KeHHA abo
Ae3aganTauii MiKpocyanHHoOro pycna.

BucHOBKM.

1. BCTAaHOBANEHO, WO peaKLuia MiKpOUMPKYNATOPHOrO
pycna Ha gos3oBaHe ¢i3nyHe HaBaHTA*KEHHA Y HOHaKiB
3a/1IEKNUTb AK Bif, BiKY, TaK i Big, piBHA Pi3nyHOI nigrotos-
KW. Halibinblw BupaxkeHi aganTtauiiiHi 3pyLeHHs cnocTe-
piraanca y MoioAWnX YYacHMUKIB 3 HU3bKMM BUXiOHUM
piBHem nepdysii, ToAi K y CTapLUMX FOHAKIB 3 BUCOKMMM

NMoYaTKOBMMM MOKa3HUKaMW peakuia 6yna meHw oaHo-
piZHOIO 11 Yacom BUABNANA O3HAKM Ae3ajanTauii.

2. Y HEeTpeHOBaHMX OCiO 3 HU3bKMM BUXiAHUM piB-
HEM MIKPOUMPKYNALIi BUABNEHO NO3UTUBHY AMHAMIKY
nepdysiiHMX NapameTpis, WO CBIAYUTbL NPO BKAOYEHHSA
KOMMEHCATOPHUX MEXaHi3MiB y BiAMOBiAb HAa m’A30BYy
pobory.

3. Y TpeHOBaHWX IOHAKIB CMOCTEpIrannca O3HaKu
dYHKUiOHanbHOI eKoHoMmi3awii, cTabinbHOCTI CyaMHHOI
peakujii Ta 36epexeHHs edeKTUBHOCTI pPerynaTopHux
MexaHi3MmiB, 30Kpema 3a paxyHoK 36an1aHCOBaHOI yYacTi
AKTMBHOTO i MACMBHOIO KOMMOHEHTIB.

4. OTpuMmaHi AaHi NiaTBEPAKYIOTb AOUINbHICTD Nep-
COHani30BaHOro niaxody A0 A03yBaHHA $isMYHOro Ha-
BaHTA)KEHHA B IOHALUBbKOMY Bili 3 ypaxyBaHHAM iHAWBI-
AyasbHOrO MIKPOLMPKYNATOPHOTo npodinto.

MepcnekTMBM NOAANbLUNX AOCNIAMKEHD.

MnaHyeTbCA PO3LWNPEHHA AOCAIAXKEHHA 3 BKIKOYEH-
HAM NapameTpiB CepLLEBOi Ta pecnipaTopHoi Bapiabenb-
HOCTi AK Mogayntoumx GakTopiB MiKpouMpKRyaauii, a
TaKOX aHani3oM J0BroCTPOKOBUX 3MiH 32 YMOB TPEHY-
Ba/IbHUX MiKPO-, Me30- i MaKPOLMKAIB.
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OCOBJ/IBOCTI BN/IUBY A0O30BAHOIO ®I3UYHOIrO0 HABAHTAXKEHHA HA MAPAMETPU MIKPOLUPKYNALLIT
KPOBI FOHAKIB 3ANIEXKHO BIA BIKY TA PIBHA TPEHOBAHOCTI

KopmaH LW.-A. C., lyk’aHuesa I. B.

Pestome. Y nepiog, 3aBeplueHHs BionoriyHoro Ao3piBaHHA opraHiamy ¢opmMyrTbCA CTani MeXaHi3MKU CYAUHHOI
pPeaKkTUBHOCTI, 30Kpema Ha piBHi MikpounpKrynsauii. Came Lei eTan po3BUTKY Ma€E BaXK/IMBe 3HAYEHHA ANA MalibyT-
HbOI NpaLe3AaTHOCTI Ta afanTauiMHOro NoTeHLiany cepueBo-CyaMHHOI cuctemu. Bigomo, wo ¢isnyHi Bnpasu cnpwm-
AOTb AKTMBALLT TKAHWHHOIO KPOBOTOKY, MPOTE XapaKTeP MIKPOUMPKYNATOPHOI BiANOBIAI CYTTEBO BapitOE 3a/1€KHO
BifZ, BUXiAHOro GyHKLIOHA/bHOIO CTaHy, BiKy Ta CTyneHs TPeHOBAHOCTI iHAMBIAA. He3BaxKatoum Ha Le, MUTAaHHA BiKo-
BMX BiAMIHHOCTEN peaKLii MIKpOLMPKRYAALIi y OHaKiB Ha Qi3WYHi CTUMYAM AOCi BUBYEHE HeAO0CTaTHbO, 0cO6/1MBO B
aCMeKTi PO3MNOAiNy aKTUBHMX | MACUBHMX MEXaHi3MiB perynauii.

MeToto pob0oTK byno BM3HAUYEHHS 0COBANBOCTEN MIKPOLMPKYAATOPHOI BiANoBiAi Ha Ao30BaHe diznyHe HaBaH-
TarkeHHsA (ODH) y toHakKiB Bikom 18-21 piK i3 pisHMM piBHEM i3MUHOI NiArOTOBKW. Y AOCANIAMKEHHI B3aAKM yyacTb 106
FOHaKiB, AKMX MEeTOL40M /la3epHOi AoNNepiBCbKOT poymeTpii obcTekeHo A0 Ta NiciA BUKOHAHHA KOPOTKOTPUBANOTO
CTaHAAPTHOTO HAaBaHTa*KEHHA Ha BesioepromeTpi. [poaHanizoBaHO OCHOBHI NapameTpu nepdysii Ta NOKa3HUKK pe-
rynaTopHmx mexaHiamis (MM, CKB, Kv, IEM, AMPK, MMPK). 3aneHo Big, BUXigHMX 3Ha4YeHb MM y4acHUKK AoaaTKo-
BO pO3MoAineHi Ha Agi NiIArPYynn: 3 HU3bKOIO Ta BiAHOCHO BUCOKOK MIKPOLIMPKYAATOPHO aKTUBHICTHO.

Pe3ynbTaTti 3acBiAUMAM, WO Y HETPEHOBAHMX OCib i3 HU3bKMMM MOYATKOBMMM NOKasHMKamm MM cnocTepiraeTbea
BMpaXKeHe 3p0CTaHHA nepdysii 1 BapiabenbHoCTi KpoBoToKy nicna APH, wo cBiaYMTb NPO aKTUBALLil0 pe3epBHUX
MeXxaHi3MmiB. Y ToM Xe yac, y nigrpynax 3 BACOKMMM NOYATKOBMMM 3HaYeHHAMM [TM y paai BUNaaKis BUABNEHO O3Ha-
KM Ae3aganTauii. Y TpeHOBaHUX oHaKiB peakLii 6ynm 6inblu cTabinbHMMM, 3 NepeBarkaHHAM 03HaK PYHKLiIOHA/bHOI
eKOoHOMiI3aLii Ta 36epekeHHAM epeKTUBHOCTI perynauii.

TaknMM YMHOM, BiKOBI Ta PYHKLIOHANbHI YNHHUKM 3HAYHOIO MiPOIO BM3HAYalOTb XapaKTep CyAMHHOI peakuii mi-
KPOUMPKYAATOPHOT cMCTEMM Ha di3MYHe HaBaHTaxKeHHA. OTpUMaHi pe3ynbTaTh NiATBEPAXKYOTb AOLIIbHICTb Nepco-
HipikoBaHoro nigxoay 4o NobyaoBM TPEHYBANbHOIO NPOLLECY B FOHALLLKOMY Billi, 3 ypaxXyBaHHAM iHAMBIAYyaNbHOrO
MiKPOUMPKYNATOPHOrO Npodisto Ta pesepsy CyAMHHOI aganTau,ii.

Kntouosi cnosa: mikpoumpKynauia, GisnyHe HaBaHTaXKeHHsA, KPOBOHOCHI CYAWHW, BiK, TPEHOBAHICTb.

SPECIFIC FEATURES OF THE EFFECT OF DOSED PHYSICAL EXERCISE ON BLOOD MICROCIRCULATION PARAMETERS
IN YOUNG MALES DEPENDING ON AGE AND LEVEL OF TRAINING

Korman Sh.-A. S., Lukyantseva H. V.

Abstract. During the final stage of biological maturation, stable mechanisms of vascular reactivity are formed,
particularly at the level of the microcirculatory system. This developmental period is crucial for shaping future
physical performance and the adaptive potential of the cardiovascular system. While it is well established that
physical activity stimulates tissue blood flow, the nature of the microcirculatory response varies significantly
depending on the individual’s baseline functional state, age, and level of training. However, the issue of age-related
differences in microcirculatory responses to physical stimuli in young males remains insufficiently studied, especially
regarding the contribution of active and passive regulatory mechanisms.

The aim of this study was to determine the specific features of the microcirculatory response to dosed physical
exercise (DPE) in young males aged 18-21 years with varying levels of physical fitness. A total of 106 participants
underwent laser Doppler flowmetry before and after a short-term standardized load on a cycle ergometer. Key
perfusion parameters and regulatory indices were analyzed (MP, SD, Kv, MEI, ARM, PRM). Based on baseline MP
values, participants were additionally divided into subgroups with low and relatively high microcirculatory activity.
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The findings revealed a pronounced increase in perfusion and blood flow variability after DPE in untrained
individuals with initially low MP, indicating the activation of reserve mechanisms. In contrast, signs of maladaptation
were observed in subgroups with higher baseline MP. Trained participants demonstrated more stable responses,
characterized by features of functional economization and preservation of regulatory efficiency. Thus, age and
functional status significantly influence the vascular response of the microcirculatory system to physical exercise.
The results support the rationale for a personalized approach to exercise prescription in youth, taking into account
the individual microcirculatory profile and vascular adaptation reserve.

Key words: microcirculation, physical exercise, blood vessels, age, physical fitness.
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BASELINE BODY COMPOSITION PROFILE OF ESPORTS ATHLETES BASED
ON BIOELECTRICAL IMPEDANCE ANALYSIS

National University on Physical Education and Sports of Ukraine (Kyiv, Ukraine)
yaroslavsvirin@gmail.com

Esports has evolved from a recreational digital activity into a structured competitive discipline characterized by
high cognitive demands, intensive training routines, and prolonged sedentary engagement. Such conditions combine
substantial neurocognitive load with limited physical activity and may contribute to the formation of specific mor-
phofunctional characteristics in esports athletes. Nevertheless, studies focusing on instrumental assessment of body
composition in this population remain relatively limited. The aim of the study was to characterize the baseline body
composition profile of male esports athletes using bioimpedance analysis and to evaluate the relationship between
body mass index and body composition parameters. The study included 12 male esports players aged 24-32 years.
Anthropometric assessment comprised body height, body mass, and body mass index (BMI). Body composition was
evaluated using bioelectrical impedance analysis (Tanita BC-731). The assessed parameters included body fat per-
centage, muscle mass, visceral fat level, total body water, basal metabolic rate, metabolic age. Considerable interin-
dividual variability was observed in BMI (26.4-46.4 kg/m?), body fat percentage (23.3-45.3%), and visceral fat level
(5.5-20.5 units). Stratification using the BMI threshold of 30 kg/m? demonstrated that participants with BMI 230 kg/
m? had higher levels of body fat, visceral fat, and metabolic age. Correlation analysis revealed a positive association
of BMI with visceral fat and metabolic age and a negative association with total body water. Male esports athletes
demonstrated pronounced phenotypic heterogeneity in body composition, particularly in adiposity indicators. Bio-
electrical impedance analysis may serve as a useful tool for baseline screening and personalization of nutritional and
lifestyle interventions.

Key words: esports, body composition, bioelectrical impedance analysis, morphocompositional characteristics,
body mass index.
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