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DYNAMICS OF SLEEP ARCHITECTURE RESTORATION AND
AUTONOMIC RESPONSES AFTER NIGHTLY WAR-RELATED STRESS

Objective. To investigate neurophysiological patterns of sleep recovery after acute stress and to
evaluate the capabilities of consumer-grade wearable devices for recording microstructural changes in
sleep, using the Xiaomi Smart Band 9 as an example.

Methods. Data from 39 individual sleep cycles recorded over five consecutive nights were analyzed
(Baseline — control night, Night 0 — night of missile attack, Night 1-3 — recovery period). Sleep architecture
and heart rate indicators were assessed using wearable data. Additionally, an exploratory single-case
observation with parallel EEG (Hypnodyne ZMax) recording was performed. Statistical analysis included
RM-ANOVA, Bonferroni post hoc test, Pearson correlation, and event-based metrics (PPV, F1-score,
Cohen’s k).

Originality. The study provides the quantitative evidence of dissociation between REM sleep macro-
and microstructure under real war-related stress conditions. It offers a novel approach for remote sleep
assessment using heart rate dynamics as a proxy for detecting microarousals.

Results. The sleep macrostructure remained relatively stable despite acute stress, whereas REM
sleep showed pronounced fragmentation. Detection of microarousals based on heart rate demonstrated
consistency with EEG and greater informational value of autonomic responses under stress.

Conclusions. Sleep parameter recovery after acute stress follows a delayed, gradual pattern.
Although consumer-grade wearable devices have limitations in estimating absolute sleep parameters, they
can be used to monitor stress-related dynamics and indirectly assess REM-fragmentation.

Keywords: sleep neurophysiology; REM sleep; microarousals; sleep microstructure; autonomic
regulation; wearable devices; post-stress recovery.

Problem statement. Sleep is one of the main integrative mechanisms for maintaining the
physiological homeostasis. It is involved in regulating cellular metabolism, hormonal balance, and
energy balance [1, 2]. Sleep architecture is formed by the complex interaction of homeostatic and
circadian processes, which ensure the alternation of slow and fast sleep stages [3]. Each stage has a
specific functional significance. Slow-wave sleep is associated with somatic recovery, metabolic
regulation, and maintenance of neural plasticity [4], while the REM phase is involved in the
processing of emotional experience and memory consolidation [5]. That is why the stability of the
sleep architecture is an important condition for the normal functioning of the nervous system.
Numerous studies show that sleep is highly sensitive to stressors. Emotional imbalance is
accompanied by changes in the neurophysiological mechanisms of sleep regulation, manifested by
increased short awakenings, fragmented sleep stages, and decreased overall sleep efficiency [5].
It is believed that the key role in these processes is played by the activation of limbic structures,
primarily the amygdala, which maintains increased sympathetic activity even after the stressful
event ends. Such prolonged autonomic activation can change the stability of neural networks
responsible for maintaining sleep [6, 7]. REM sleep is considered particularly sensitive to emotional
stress. This is because REM sleep plays an important role in adaptive responses to stressful
experiences and in the processing of affective information [8, 9]. Accordingly, clinical studies have
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shown that trauma-related conditions, including posttraumatic stress disorder, are associated with
increased REM sleep fragmentation and instability of REM episodes, suggesting disruption of
REM-related regulatory processes [10]. In response to a deficit of REM sleep, the phenomenon of
the so-called REM rebound is sometimes observed - a compensatory increase in the intensity or
frequency of REM episodes in subsequent nights [11].

Under conditions of stress, particularly those associated with war-related threats, sleep
disorders often become persistent with alterations in their structure and quality. Notably, nocturnal
stressors can affect recovery processes during sleep.

In this context, it is important to study how the architecture of sleep disruptions following
such influences and how these alterations relate to the regulation of physiological processes. Of
particular interest are the associations between sleep's structural characteristics and autonomic
activity parameters.

Therefore, the problem lies in clarifying the features of changes in sleep architecture under
acute nocturnal stress and their dynamics during subsequent recovery.

Analysis of recent studies and publications. Sleep disorders are especially often recorded
in populations located in areas of prolonged social or armed conflicts. Under such conditions, the
frequency of insomnia, nightmares, and sleep fragmentation increases significantly, which is often
combined with symptoms of posttraumatic stress disorder [12, 13, 14, 15]. Studies conducted
among the civilian population in war zones show that one of the most characteristic manifestations
is REM sleep disturbance, which is considered an important neurophysiological marker of
emotional maladaptation [9].

After the start of the war in Ukraine, the problem of sleep disorders has become particularly
urgent. According to epidemiological studies, a significant proportion of the population reports
deterioration in sleep quality, increased frequency of night awakenings, and reduced duration of
recovery phases [12, 15]. Similar changes are observed among students living under conditions of
regular air raid alerts and missile attacks [13]. Chronic stress in such conditions can lead to a
gradual destabilization of sleep regulatory mechanisms and affect cognitive performance [3, 6].

At the same time, most studies assess mainly subjective indicators of sleep quality or
symptoms of insomnia, while objective changes in sleep architecture during real stressful events
remain insufficiently studied. The architecture of sleep reflects the complex organization of the
NREM and REM cycles, their duration, sequence, and stability throughout the night. These
parameters may serve as sensitive indicators of impaired neurophysiological regulation under
strong emotional stress [3, 6]. Therefore, the study of changes in sleep architecture after nightly
stressful events can provide a deeper understanding of the nervous system adaptation
mechanisms to extreme conditions.

In recent years, wearable devices have been increasingly used in sleep research. Modern
wearable activity trackers allow recording motor activity and heart rate parameters for extended
periods without significant interference with a person’s usual routine [16, 17]. This makes them
a convenient tool for field observations, when full polysomnography is technically difficult or
not feasible [18].

Highlighting previously unresolved parts of the general problem. Despite the significant
research on the associations between stress and sleep, the dynamics of sleep architecture restoration
after acute stressful events have not been sufficiently studied. Most of the work is based either on
laboratory experiments or on subjective assessments of sleep quality. Data on short-term
neurophysiological changes in the first days after real extreme events, especially in conditions of
threats related to armed conflict, remain limited. Of particular interest is the potential to use
cardiovascular autonomic signals as indicators of microstructural sleep disorders. Short-term
increases in heart rate may accompany microarousals and reflect sympathetic nervous system
activation [21, 22, 23]. However, the possibility of using such reactions as proxy markers of
microarousal during REM sleep has not yet been sufficiently investigated, especially in field
conditions using wearable devices [24].
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In this regard, the study of changes in sleep architecture and related cardiovascular
responses under natural conditions of exposure to intense stressors is of particular importance.

The aim of the study was to analyze the dynamics of sleep architecture on the night of a
war-related stressful event and on subsequent recovery nights, and to assess the potential of
cardiovascular-autonomic signals as proxy markers of sleep microstructural disturbances.

Scientific novelty. The dynamics of sleep recovery following acute nocturnal stress were
assessed using monitoring with wearable activity trackers. The dissociation between relatively stable
REM sleep macroarchitecture and disrupted microstructure was observed under real war-induced stress
conditions. Autonomic responses, particularly heart rate spikes, showed potential as proxy markers of
REM microarousals, with their informative value depending on stress exposure conditions.

Participants and study design. The study involved 20 civilians aged 21-35 years who
resided in Ukraine and were within the potential range of military strikes. The inclusion criteria
were the absence of diagnosed sleep disorders and severe psychiatric illnesses in the medical
history, as well as no regular use of medications that may affect sleep or psychological state (e.g.,
hypnotics, sedatives, antidepressants, or anxiolytics).

The study was conducted as a prospective naturalistic observation. A total of 420 sleep
recordings were collected. Since the occurrence of night-time stressful events, including missile
strikes, drone attacks, and air defense system activity, was unpredictable, only a subset of the
collected data met the criteria for night-time stressful exposure, which led to the selection of 39
individual five-day observation cycles for further analysis. Each participant contributed
multiple observation cycles.

Each cycle included five consecutive nights: a control night (Baseline), the night of the
stressful event (Night 0), and three subsequent recovery nights (Night 1-3).

The stress exposure night was defined based on multiple sources, including participants’
self-reports, official air-raid alerts issued by regional authorities, and verified reports of missile or
drone attacks. In most cases, the event was accompanied by the audible explosions or the operation
of air defense systems in the participants’ city of residence.

Only complete five-day observation cycles containing a single nocturnal attack were
included in the analysis to ensure interpretability of recovery dynamics. Cycles with multiple
attacks were excluded.

Participants followed their usual sleep schedule and were not subjected to any experimental
interventions.

Hardware and monitoring. During sleep, heart rate (photoplethysmography) and motor
activity (accelerometry) were recorded using the Xiaomi Smart Band 9.

The device's photoplethysmographic sensor provided continuous heart rate monitoring,
while the accelerometer assessed motor activity during sleep.

Sleep stage estimation and autonomic responses was performed based on synchronized heart
rate and motor activity data.

Hypothesis-generating naturalistic observation. During the devices' pilot validation,
naturalistic observation was recorded. One participant simultaneously used two sleep monitoring
devices for 5 consecutive nights: the Xiaomi Smart Band 9, a photoplethysmographic wearable
device, and the Hypnodyne ZMax portable EEG system (Hypnodyne Corp., USA).

The second night of the study coincided with an acute stressful event - a massive missile and
drone attack. Despite the discomfort of the EEG headband and the emotional strain, the participant
decided to continue recording his sleep. The next three nights were used to observe the recovery period.

This situation was not experimentally induced; it occurred naturally, so the data obtained are
considered a descriptive single-case observation rather than a controlled experiment or clinical
validation.

The ZMax system provided frontal EEG, triaxial accelerometry, and photoplethysmography
recording. Sleep stages were defined according to the American Academy of Sleep Medicine
(AASM) criteria.
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The naturalistic observations obtained during the devices' validation procedure allowed
evaluation of their performance under conditions of real acute stress. In this case, the heart rate
spikes recorded by the wearable device's photoplethysmographic sensor showed temporal
coherence with EEG-recorded REM sleep microactivations. Although these results are descriptive
and cannot be generalized, they provide a basis for a hypothesis-generating observation regarding
the use of photoplethysmographic signals as indirect markers of microarousals.

Microarousals were identified in EEG recordings according to AASM criteria as abrupt
frequency shifts lasting at least 3 seconds.

Based on photoplethysmographic data from the wearable activity tracker, heart rate spikes
exceeding 15% of the individual's nocturnal median heart rate were identified. Such events were
considered as potential proxy indicators of sleep fragmentation.

Statistical analysis. Statistical analyses were conducted using Statistica 12.0 software.
(StatSoft Inc., USA). Normality was assessed using the Shapiro-Wilk test. Data with a normal
distribution are presented as mean + standard deviation (M + SD).

The dynamics of indicators during the observation period (Baseline-Night 3) were assessed
using repeated-measures analysis of variance (RM-ANOVA with time as a within-subject factor)
with Bonferroni post hoc correction.

The associations between sleep architecture parameters and autonomic regulation indicators
were analyzed using Pearson’s correlation matrices.

Agreement between the two devices under acute stress exposure was assessed using Cohen’s
kappa coefficient. The level of statistical significance was set at p < 0,05.

Ethical aspects. The study was approved by the Ethics Committee of Oles Honchar Dnipro
National University (Dnipro, Ukraine) (protocol No. 4 dated 05/19/2025). All participants provided
written informed consent. Personal data were anonymized in accordance with the Law of Ukraine
"On the Protection of Personal Data".

The study was non-invasive, did not involve interference with participants’ behavior during
air raid alerts, and was conducted in accordance with the Declaration of Helsinki (2013).
Participants were free to withdraw from the study at any time without providing a reason.

Artificial intelligence tools were used exclusively to improve the grammar, clarity, and
coherence of the text. Data analysis, result interpretation, and conclusion formulation were
performed by the authors.

Exploratory single-case observation data analysis. Assessing the consistency of integral
sleep parameters obtained over five consecutive days during naturalistic observation using the
Xiaomi Smart Band 9 and Hypnodyne ZMax in parallel revealed varying levels of coherence
between devices, depending on the metric studied. Table 1 shows the mean values with standard
deviation (M = SD) and mean absolute error (MAE) values.

Table 1
Comparison of sleep architecture parameters
Xiaomi Smart Band 9

Parameter ZMax (M % SD) (M % SD) MAE+ SD
Total sleep time
(TST), min 356,6 + 40,9 367,2 + 36,8 14,2 +£10,9
Duration of deep sleep 113,84 20,5 113,246,1 13,6+ 12,4
(N3), min
Duration of REM 102,0 + 27,2 94,2 + 18,6 17,898
sleep, min
Duration of light sleep
(N1-N2), min 126,0 £ 34,1 160,2 £ 22,2 40,2 £ 20,3
Wake after sleep onset
(WASO), min 13,4+ 13,1 0,6 £0,55 12,8 £ 13,7
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The smallest absolute error was observed for the wake after sleep onset (WASO) parameter;
however, this value was accompanied by a systematic underestimation of wakefulness duration by
the wearable device. According to ZMax, the average WASO was over 13 min, while the Xiaomi
Smart Band 9 almost did not register such episodes, suggesting a limited ability to detect short-term
awakenings.

For the deep sleep duration (N3) parameter, the mean absolute error was 13,6 £ 12,4 min,
one of the smallest among the analyzed sleep stages. Moderate discrepancies were recorded for the
parameters of total sleep duration (TST) and REM sleep. The largest differences were observed in
the total duration of light sleep stages (N1-N2), with an MAE exceeding 40 min.

Event analysis of REM fragmentation. To test the hypothesis that heart rate spikes could
serve as a proxy marker of REM sleep fragmentation, an event analysis was performed. A heart rate
spike was defined as a short-term increase in heart rate of more than 15% above the individual's
average during a REM epoch. Microarousals were identified in EEG recordings collected by the
ZMax system according to AASM criteria.

In total, during the observation period, an average of 28 microarousals were recorded during
REM sleep according to EEG data (ZMax) and 25 cardiovascular reactions (heart rate spikes)
according to Xiaomi Smart Band 9 data.

Event classification matrix. To evaluate the correspondence between heart rate spikes and
EEG-verified microarousals, events within REM sleep epochs were compared. For each REM sleep
epoch, it was determined whether a microarousal was observed from EEG data and whether a heart rate
spike was recorded from Xiaomi Smart Band 9 data. An event classification matrix was constructed.

Four types of results were distinguished: True Positive (TP) — simultaneous registration of
microarousal and heart rate spike (20 events); False Negative (FN) — microarousal without heart
rate response (8 events); False Positive (FP) - heart rate spike without EEG event (5 events); True
Negative (TN) — absence of both events in the REM epoch (15 events).

Based on this classification matrix, the main accuracy indicators of matching heart rate
spikes as a proxy marker of microarousals were calculated.

The positive predictive value (PPV) of the method was 80,0%, while the sensitivity and
specificity were moderate (Sensitivity = 71,4%, Specificity = 75,0%). The overall classification
accuracy was 72,9%, and the harmonic mean of precision and recall (F1-score) was 0,755.

To assess the overall agreement between the methods, Cohen’s kappa coefficient (Cohen’s
K) was calculated based on the event classification matrix in REM epochs. The obtained value of «
~ 0,66 indicates a moderately high level of agreement between the event detection methods.

Dependence of detection on the stress exposure condition. Since cardiovascular reactions
during sleep can vary with the emotional and physiological state of the person, it was further examined
whether the accuracy of heart rate spike detection depends on the physiological context of the night. For
this purpose, microarousals detected from EEG data (ZMax) were distributed across study periods:
baseline night, night of the acute stressful event, and three subsequent nights. For each period, the match
rate (proportion of microarousals accompanied by heart rate spikes) was calculated.

The analysis showed that heart rate spike detection accuracy varied depending on stress
exposure conditions (Table 2).

Table 2
Match rate by study period
Period (TP/I\é?/teCr?tng\?Iax) Detection Characteristics
Baseline 20% (1/5) Low detection of “quiet” microarousals
Night 0 (Attack) 78% (7/9) High sensitivity to acute events
Night 1-3 (Aftereffect) 86% (12/14) Maximum identification accuracy
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During the baseline night, only 1 out of 5 microarousals coincided with a heart rate spike.
During the stress exposure night, such coincidences were observed more frequently, with 7 of 9
microarousals accompanied by autonomic responses. The association between heart rate spikes and
microarousals was highest during the three subsequent nights after the attack, with 12 out of 14
paired events (86%).

These results suggest that heart rate responses preferentially reflect microarousals associated
with emotionally salient events rather than spontaneous microarousals during stable sleep.

Results of the main phase of the study using the Xiaomi Smart Band 9. Table 3 presents the
mean values and standard deviations (Mz SD) of sleep architecture and autonomic parameters derived
from the wearable device data over 39 five-day observation cycles, along with the results of a repeated-
measures analysis of variance (RM-ANOVA) for the time factor. For indicators with a statistically
significant time effect, post hoc comparisons were performed using the Bonferroni correction.

Table 3

Mean values and variability of sleep architecture
and autonomic sleep parameters derived from wearable device data (n = 39 sleep cycles)

Cvele da Baseline Night O Night 1 | Night2 | Night 3 F
ycle day (M£SD) | (M%SD) | (M*SD) | (M+SD) | (M£SD) | (4,152) | P

Total sleep 466,87 419,00 482,77 466,51 | 458,38
duration, min +77,24*° | +69,86° | +92,25% | +71,31*" | +67,322° | 4,7 | 0,001
Duration of deep | 155,56 139,54 156,62 157,82 148,36
sleep (N3), min +25,42%0 | +30,13° +32,61% | +28,27%Y | #31,62*° | 341 | 0,011
Duration of light
sleep (N1-N2), 197,69 171,69 203,28 197,69 194,18
min +45,38% +40,44°" | +50,90° | +38,14% | +36,90*° | 4,54 | 0,002
Duration of REM | 115,08 107,05 | 117,742 | 113,92 116,41
sleep, min 124,36 125,78 9,34 128,45 129,18 1,45 | 0,221
Wake after sleep
onset (WASO), 8,82 10,13 16,69 7,36 6,85
min 114,24 +15,92 128,12 +12,25 +11,95 2,42 0,051
REM episode 9,51 9,31 10,77 10,79 9,03
count, (n) +1,93 +3,03 +3,44 +3,30 +2,98 2,77 0,029
Mean REM
episode duration, | 12,14 12,54 11,85 11,57 13,23
min +3,42 +4,27 +4,50 +3,81 14,32 1,57 0,186
Heart rate spikes, | 3,15 6,03 6,36 7,08 4,10
(n) +1,60° +2 45%¢" | +236°" | +231P" | +193? 47,31 | <0,01
Minimum heart 57,56 57,46 57,72 57,95 57,92
rate, bpm 15,562 16,07 15,34 15,49 +6,00 0,16 | 0,959
Mean heart rate, 68,21 68,79 68,41 69,31 69,08
bpm 16,53 17,28 16,15 +7,43 +7,18 0,40 | 0,805
Maximum heart 79,49 88,92 83,46 82,28 82,31
rate, bpm +8,252 +8,82°" | +10,16%° | +9,14° 19,532 19,48 | <0,01

Notes: * — statistically significant differences (p < 0,05) compared to Baseline.

Letter indices (* ™ ©) reflect the results of multiple comparisons between observation
nights (Post-hoc Bonferroni test). Values with different letters within the same row differ
significantly (p < 0,05).
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Repeated analysis of variance revealed that some sleep architecture parameters varied across
nights. The most pronounced changes concerned the total sleep duration, deep sleep duration, and
light sleep duration.

During the night of the attack, total sleep duration decreased, followed by an increase on the
first night after the event. Similar dynamics were observed for deep sleep duration, which decreased
during the attack night and gradually returned to baseline levels on subsequent nights. Light sleep
showed a slightly different pattern: its duration also decreased during the attack night, but recovered
already on the first post-event night. No significant time effect was found for total REM sleep
duration. The values of this parameter remained relatively stable throughout the observation period.
Similarly, the mean duration of a single REM episode did not differ significantly between nights.

Wake after sleep onset showed only a trend toward change. The highest value was observed
on the first night after the event; however, due to substantial inter-individual variability, the effect
did not reach statistical significance.

The REM episode count varied across observation days, but post-hoc comparisons did not
reveal statistically significant differences between individual nights, suggesting that the overall
organization of REM sleep, as estimated by wearable device, remained relatively stable.

A different pattern of cardiovascular reactivity was observed. The frequency of heart rate
spikes during REM sleep showed a significant time effect. It increased markedly on the attack night
compared to baseline and remained elevated over the following two nights, before returning to
baseline levels on the third night after the event. The minimum and mean heart rates during sleep
remained stable throughout the observation period. In contrast, the maximum heart rate showed
significant changes: it increased during the attack night, remained elevated on subsequent nights,
and gradually declined during the recovery period.

In general, sleep architecture parameters demonstrated moderate, relatively short-term
changes following a stressful event, whereas autonomic responses, particularly heart rate spikes and
maximum heart rate, displayed more pronounced, longer-lasting dynamics.

These findings suggest that, under acute stress conditions, autonomic regulation may serve
as a more sensitive indicator of physiological response than sleep architecture metrics derived from
consumer-grade wearable devices.

In addition, these results are consistent with the event-based analysis, which showed that
heart rate responses during REM sleep are more often associated with microarousals linked to
stressful or emotionally salient events.

Correlations between sleep parameters and cardiovascular regulation. To assess the
dynamics of the associations between sleep architecture and cardiovascular regulation parameters, a
correlation analysis was performed for each study stage. Table 4 shows the Pearson’s correlation
coefficients between sleep architecture parameters and heart rate indicators.

Throughout the observation period, a stable pattern of associations among the main
components of sleep architecture was maintained. Total sleep duration showed strong positive
correlations with both deep and light sleep durations, as well as moderate positive correlations with
REM sleep duration. During REM sleep, characteristic internal associations were maintained: REM
sleep duration was positively correlated with the REM episode count, while the mean duration of
REM episodes showed a stable negative correlation with episode count. Indicators of cardiovascular
regulation also demonstrated high internal consistency across all observation periods: the minimum,
mean, and maximum heart rates showed strong positive correlations with each other.

The most stable correlation structure was observed in the baseline period. In addition to the
expected internal associations between sleep phases, positive correlations were found between the
WASOQO duration and heart rate indicators. During the attack night (Night 0), the overall pattern of
correlations between sleep stages was preserved, whereas associations between sleep parameters and
heart rate measures weakened. In particular, correlations between WASO and heart rate parameters
were no longer significant. During the first two post-event nights (Night 1, Night 2), the correlation
pattern became more pronounced again, with the main changes observed during REM sleep.
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Table 4
Correlation coefficients between sleep parameters
and heart rate variables (n = 39 sleep cycles)

Pair of variables Baseline | Night0 | Night1 | Night2 | Night 3
Duration of deep sleep, min - Minimum 0,04 -0,13 -0,21 -0,18 -0,13
heart rate, bpm
Duration of deep sleep, min - Mean heart 0,11 -0,09 -0,11 -0,32" -0,23
rate, bpm
Duration of REM sleep, min - Minimum -0,23 -0,17 -0,43™ | -0,51™" | -0,35
heart rate, bpm
Duration of REM sleep, min - Mean heart | -0,14 -0,07 -0,30 | -0,517* | -0,30
rate, bpm
Duration of REM sleep, min - Maximum -0,30 -0,17 -0,14 -0,35" -0,24
heart rate, bpm
REM episode count, (n) - Minimum heart 0,13 0,05 0,21 0,01 -0,20
rate, bpm
Mean duration of REM episode, min - -0,37" -0,13 | -0,52™ | -0,18 -0,11
Minimum heart rate, bpm
Duration of awakenings, min - Minimum | 0,63 0,26 0,17 0,57 0,05
heart rate, bpm
Duration of awakenings, min - Mean 0,47 0,21 0,15 0,51 -0,01
heart rate, bpm
Duration of awakenings, min - Maximum 0,27 0,22 0,07 0,46™ 0,13
heart rate, bpm

Note: correlations significance levels: “—p < 0,05; - p <0,01; ™ — p < 0,001.

Marked negative correlations were observed between REM sleep duration and heart rate
parameters. Similar correlations were observed for the mean duration of REM episodes. On the
second night after the event (Night 2), positive correlations between the duration of awakenings and
heart rate indicators were also restored, approaching the baseline pattern. However, this pattern was
associated with a stronger negative correlation between REM sleep and heart rate. On the third
night after the event (Night 3), the correlation structure almost fully recovered to baseline levels.

Overall, the results showed that an acute stressful event was associated with a temporary
weakening of connections between the sleep-regulating systems and cardiovascular activity. Over
the following nights, this interaction gradually returned, with the most pronounced changes in the
correlation structure occurring during REM sleep. This may indicate a special role for REM sleep in
restoring autonomic regulation after stress.

Discussion. During naturalistic observation, the performance of a consumer-grade wearable
device and an EEG system was analyzed in assessing microarousals during REM sleep. Heart rate spikes
recorded with the Xiaomi Smart Band 9 photoplethysmographic sensor showed temporal coherence with
microactivation episodes recorded with EEG data. Although the findings cannot be generalized due to the
lack of a representative sample, they suggest that consumer-grade wearable devices may be useful for
detecting physiologically meaningful responses during REM sleep under acute stress.

Comparison of sleep architecture parameters obtained from the two monitoring systems
under real war-induced stress conditions revealed variable agreement across sleep stages. In
particular, the consumer device showed sufficient accuracy in detecting deep sleep but differed
markedly from the reference system in estimating WASO and light sleep stages (N1-N2). The
observed tendency to classify nocturnal awakening periods as light sleep suggests that wearable
activity device algorithms underestimate the fragmentation indices of sleep's macrostructure.

11
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The sleep architecture dynamics assessed during the main study generally corresponded to
the principles of homeostatic regulation and compensatory recovery. On the night of the extreme
event, total sleep duration decreased, consistent with the known effects of acute stress on the
regulation of the sleep-wake cycle. On subsequent nights, this indicator gradually increased, which
may reflect compensatory prolongation of sleep after disruption of its structure.

Similar dynamics were observed for slow-wave sleep. Deep sleep duration decreased during
the attack night and gradually recovered over subsequent nights. This pattern is consistent with the
concept that slow-wave sleep contributes to the restoration of neural resources and the maintenance
of brain homeostasis.

In contrast, the architecture of REM sleep appeared relatively stable on initial analysis. The
total REM sleep duration did not change significantly during the studied period. The results
obtained may indicate a high adaptive potential of the nervous system and the development of
mechanisms to maintain sleep homeostasis under prolonged war-related stress. At the same time,
significant alterations in REM episode count, alongside a relatively stable total REM duration,
suggest an internal reorganization of this sleep stage. Accordingly, while the macroarchitecture of
REM sleep appears externally stable, processes of destabilization and redistribution of phase cycles
may occur at the microstructural level. A similar dissociation between macro- and microstructure of
sleep has been described in studies analyzing the effects of stress on REM sleep, as well as in works
focused on sleep state misperception in paradoxical insomnia [25, 26]. Accordingly, sleep disorders
in the context of war-induced stress occur mainly at the microstructural level, underscoring the
importance of using highly sensitive methods for quantitative analysis of sleep microarchitecture
rather than relying on standard assessment of temporal parameters alone.

A key component of stress-induced changes observed in this study was autonomic
regulation. Elevations in maximum heart rate and in the frequency of heart rate spikes during REM
sleep may reflect enhanced autonomic reactivity. Such cardiovascular responses are often
associated with brief cortical arousals and transient disruptions in sleep stability [27].

Considering heart rate spikes as proxy markers of microarousals suggests that increased
autonomic reactivity may contribute to microstructural fragmentation of REM sleep even after the
end of direct stress exposure. At the same time, the stability of the minimum heart rate throughout
the entire observation period indicates the preservation of stable autonomic homeostasis. Therefore,
the results obtained indicate a certain dissociation between the basic autonomic tone and the peak
reactivity of the cardiovascular system.

This dissociation was also manifested in the structure of correlations between sleep
parameters and heart rate. In the baseline period, a relatively stable system of correlations was
observed. WASO demonstrated positive correlations with the minimum and mean heart rate
parameters, reflecting coordinated autonomic responses and sleep maintenance.

During acute stress (Night 0), these correlations were significantly weakened. Such
desynchronization may indicate an increased variability of autonomic responses and a temporary
disruption of the usual regulatory connections between the autonomic system and the architecture of sleep.

During the first two post-event nights (Night 1 and Night 2), the correlation structure was
partially rebuilt, with the main changes concentrated in the REM sleep. In particular, negative
correlations were recorded between the duration of REM episodes and heart rate parameters. This
may indicate that increased autonomic activation limits the duration of individual REM cycles and
contributes to their premature interruption. Concurrently, on the second night after the event,
positive correlations between WASO and heart rate re-emerged, suggesting a gradual reintegration
of sleep regulatory processes and autonomic activity. The negative correlation between REM sleep
and WASO during this period reflects the competitive nature of the interaction between sleep
maintenance mechanisms and destabilizing factors. On the third night after the event (Night 3), the
correlation structure almost completely returned to the baseline pattern. This may indicate the
completion of the acute adaptation phase and the gradual restoration of the coordinated work of the
sleep regulation systems and the autonomic nervous system.
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The results obtained are also consistent with modern ideas about the functional role of REM
sleep in the processing of emotional experience and the regulation of stress reactions. A number of
studies have shown that REM sleep is involved in emotional adaptation and recovery from stress.
From this point of view, the detected changes in the REM structure may reflect the active phase of
the neurophysiological adaptation to the experienced stressful impact [3, 6].

However, the study's results should be interpreted in light of certain methodological
limitations. The assessment of sleep architecture was carried out using a consumer wearable device,
whose algorithms may have limited accuracy in determining individual sleep stages and short
episodes of awakening. That is why the interpretation of changes in sleep architecture should be
considered alongside additional indicators, particularly the dynamics of cardiovascular responses.

Overall, the results indicate that, even with the relative stability of the macroarchitecture of
REM sleep after acute stress exposure, significant changes in its microstructure may occur,
reflected in increased autonomic reactivity and in the restructuring of associations between sleep
parameters and heart rate.

Conclusions and future research directions. The restoration of sleep architecture after
acute stress is gradual. The most pronounced instability of parameters is observed during the first
two nights after the event, whereas the correlation structure between sleep indicators and heart rate
returns to baseline pattern only by the third night.

Despite the relative stability of sleep macrostructure, stress is associated with
microstructural alterations, such as REM sleep fragmentation and autonomic desynchronization,
indicating a dissociation between macro- and microarchitectural levels of sleep organization.

The Xiaomi Smart Band 9 wearable activity tracker can be used for longitudinal monitoring
of general sleep trends, but has limitations in detecting WASO, potentially leading to an
underestimation of sleep fragmentation.

Heart rate spikes during REM sleep can serve as proxy markers of microarousals.
The proposed approach demonstrated sufficient agreement with EEG recordings (F1 = 0,755;
Cohen’s k = 0,66), supporting the feasibility of using cardiovascular-autonomic parameters for
indirect evaluation of REM sleep fragmentation.

Future research directions include expanding the sample across demographic groups,
conducting detailed analyses of REM sleep microstructure under chronic stress, and developing
machine-learning-based methods for automated sleep fragmentation detection. Further work
should focus on integrating wearable device data with polysomnography to improve the
accuracy of ambulatory sleep disorder assessment and on establishing a quantitative index of
REM sleep fragmentation based on cardiovascular-autonomic markers derived from wearable
devices.
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AHHAMIKA BI/THOBJIEHHA APXITEKTYPH CHY TA BEI'ETATHBHI
PEAKIIT IC/IA HIYHOT' O BOEHHOI'O CTPECY

Con € KoH08UM MEeXAHIZMOM eMOYitiHol peaynayii ma Heupo@izionoeiunoi adanmayii, npu ybomy
REM-gasza sidiepac nposiony ponv y nepepobyi cmpecosozo 00cgidy. B ymMoeax 60CHHUX KOH@IIKMIG
YUBLTbHE HACENEeHHSI 3A3HAE 20CMPO20 HIYHO20 CMpecy, WO Modce NOpyuwyeamu cmadilbHICMb CHY.
Boonouac 06’ exkmueni oani wodo mikpocmpykmypuux 3min REM-chy 6 npupoOHux ymosax 3amuuaomscs
obMedceHUMU, 0COOTUBO Y BUNAOKAX, KOJIU MAKPOAPXIMEKMYpa CHY 3aIUUAEMbCs GiOHOCHO CABITbHOIO.

Memoro docrioocenus Oyao npoananizysamu Heupo@izionoeiuni 3aKOHOMIPHOCHE 8IOHOBNECHHSL CHY
nicis  20CmMpo20 HIYHO20 Cmpecy mMa OYIHUMU MONCIUGICMb BUKOPUCMAHHA KAPOio8e2emamueHux
NOKA3HUKIG K HENPAMUX MAPKEPI8 MIKPOCMPYKIMYPHUX NOPYULEHb CHY.

s OyiHKU OCHOBHUX CHMPYKMYPHUX MA GeLemamusHuX MNOKA3HUKIG CHY OY10 HpOBedeHO
NPOCNEKMUGHe HAMYPATICIUYHEe OOCTIONCEHHS 3 GUKOPUCIANHAM HOCUMUX NPUCPOI8 0151 0a2amo0eHH020
Mouimopuney chy. Ilpoananizoeano n’smudenHi Yyukau, wjo eKI0UAIU YOHO8Y HiY, HIY cmpecosoi nodii ma
nepioo 6ioHoenenHs. [lisi  nepegipku  iHOpMamueHoCcmi  Kapoio8ecemamusHUx CUSHAN6 6 PAMKAX
O00CTIOHUYBKO2O CNOCHEPENCEHHST 30 OKPEMUM GUNAOKOM OYN0 BUKOPUCMAHO NAPATIETbHY Peecmpayiio 3
nopmamuenoro EEI-cucmemoro.

Bcmanoeneno, wo maxpoapximexmypa REM-cHy, 30kpema 11020 3aeanbHa mpueanicme, 3aiuuiandcs
8I0HOCHO CMADILHOW0 NICAs cmpecosoi nodii, Modi K HA MIKPOCMPYKMYPHOMY pieHi cnocmepicanracs ii
decmabinizayis. OOIPYHMOBAHO MONCIUGICMb SUKOPUCMAHHS KAPOIOBe2emMamueHux peakyill sK NpoKci-
Mapkepie MIKpoapoy3anie, wo eiOKpueac nepcnekmusu OUCMAHYIUHOI OyiHKu @paemenmayii cny 6e3
3aCMOoCy8anHsi NOTICOMHOPADIL.

Buseneno, wo 6i0Ho61eHHA CMPYKMYpU CHY RICAA 20CMPO20 CMpecy MA€ iHepyiiHuti xapakmep:
HAUOIMbWL  BUPAdICEHT NOPYWEHHsT Cnocmepieaiomvbcss Y nepwii 080 HOYL, mMOOi SAK HOpMAnizayis
DYHKYIOHALHUX 83AEMO38 A3KI8 8i0Oysacmvcsa Ha mpemio Hiu. Iliomeepodicerno, wjo Hocumi npucmpoi
MONHCYMb OYMU BUKOPUCMAHI Ol 00820MPUBANIOZ0 MOHIMOPUHSY Be2emaMUEHOI OUHAMIKU CHY, OOHAK
Maroms obmedicents y demexyii HiYHux npooyodicernb. Ompumani pe3yromamu MoXCyms 0ymu 6UKOPUCTAHIL
01151 po3poOKU NIOX00I8 00 PAHHLO2O GUABLEHHS NOPYULEHb CHY, 3YMOBIEHUX CIPECOM.

Knrwouosi cnosa: wetipogizionocis cuy, REM-paza;, mixpoapoyszanu, MIiKpocmpykmypa CcH,
6e2emMamuBHa pe2yiayis, HOCUMI CMApM-mpeKepu, NOCMCmpecose 8i0HOBIeHHS.
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THE ROLE OF PHYSICAL ACTIVITY AND NUTRITION IN THE
FORMATION OF STUDENTS’ PSYCHOPHYSIOLOGICAL
ADAPTATION TO THE EDUCATIONAL PROCESS UNDER CONDITIONS
OF MARTIAL LAW

Relevance. Psychophysiological adaptation (PA) is essential for successful academic achievement
and functioning during chronic stress. This issue is particularly relevant in Ukraine, where students face
martial law conditions, sleep deprivation, poor nutrition, and elevated academic demands. Understanding
how body mass index (BMI), physical activity, and dietary behaviour modulate adaptation is crucial for
developing targeted interventions.

Aim. To determine the relationships between PA and behavioural factors (BMI, physical activity,
dietary patterns) among university students, and to develop practical recommendations for optimising
psychophysiological status during chronic stress.

Materials and Methods. The study involved 76 male university students (38 students of sports
specialities, 38 students of non-sports specialities, aged 17-28 years). PA was assessed using the
computerised programme "Integral Assessment of Human Psychophysiological Adaptation” (CP IAHPA).
Physical activity was evaluated using IPAQ, and dietary behaviour using FFQ. Statistical analysis was
performed using Microsoft Excel 2016.

Results. Students of sports specialities demonstrated significantly higher PA (59.4 £ 2.1 points)
versus students of non-sports specialities (42.8 £ 1.9 points; p <0.05). A statistically significant negative
correlation of moderate strength was found between BMI and PA (r = —0.51, p <0.01). Students with normal
BMI showed higher adaptation levels (32.1% with high PA) compared to those with excess weight (12.5%; p
<0.05). Three risk profiles were identified: low risk (85.5%), moderate risk (8.0%), and high risk (13.2%),
the latter requiring targeted intervention.

Conclusions. Regular physical activity exerts a pronounced protective effect against the development
of maladaptive states. The identified negative association between BMI and PA suggests that weight
management through combined physical activity and dietary normalisation offers significant potential for
psychophysiological improvement. Multidisciplinary interventions including stress management training,
physical activity programmes, nutritional counselling, and psychological support are essential, particularly
during wartime conditions.

Key words: psychophysiological adaptation, body mass index, physical activity, dietary behavior,
chronic stress, stress resistance, martial law.

Introduction. Psychophysiological adaptation (PA) is a complex biopsychological process
encompassing the integrated interaction of neuroendocrine, autonomic, and somatic mechanisms
aimed at ensuring homeostasis and effective functional activity of the organism under conditions of
a changing environment [1, 2]. In the context of students’ educational activity, PA represents a
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dynamic process of adaptation to a complex of stressogenic factors within the academic
environment, including cognitive load, emotional tension, and social demands [1, 2, 3].

However, the contemporary reality of Ukrainian students has qualitatively transformed the
paradigm of understanding PA. Since 2022, following the onset of full-scale Russian aggression,
Ukrainian students have been in a state of persistent chronic stress caused by martial law: constant
threat, frequent air-raid alarms, sounds of explosions, uncertainty about the future, and fear for their
own lives and the lives of their relatives [1, 2]. Such a state of chronic psychological tension is
combined with traditional stressors of the educational process: examinations, assessments, written
reports, an intensive pace of study, and high mental workloads [1, 2, 3].

Thus, there is effectively a superposition of two levels of stress — existential (war-related)
and academic — creating a specific, intense stress situation that negatively affects various systems of
the students’ organism. This leads to the risk of critical depletion of adaptive reserves, sleep
disturbances, the development of maladaptive eating patterns, and a significant decrease in
motivation for physical activity, which destabilises stress resistance in young people [1, 2].

It is known from the literature that regular physical activity modulates adaptive mechanisms
through optimisation of functions within the hypothalamic-pituitary-adrenal (HPA) axis and
metabolic neurotrophic support [4, 5]. Physical activity acts as a powerful factor counteracting the
development of mental disorders and contributes to strengthening stress resistance mechanisms in
students [6]. On the other hand, morphological body factors (body mass, height, circumferences)
and nutritional characteristics (rationality, balance, regimen) are of great importance, as they
directly influence neuroendocrine and emotional regulation of physiological processes [7, 8]. It has
been established that overweight signals low-grade chronic inflammation and adipokine imbalance,
which disrupts the functioning of the prefrontal cortex and activates the amygdala — the centre of
fear and anxiety [8, 9, 10]. The authors emphasise that in students already experiencing stress due to
martial law, overweight further worsens the organism’s ability to cope with it [5, 8, 11].

It has been found that diet quality can modulate the composition of the gut microbiome,
which is involved in regulating the synthesis of neurotransmitters necessary for emotional stability,
cognitive activity, etc. Gazolla J. C., Yoon E. S. and their co-authors emphasise that a diet rich in
ultra-processed foods is associated with emotional instability and may contribute to deterioration of
mental health [12, 13]. This situation may pose significant risks to the health of young people
studying under martial law conditions.

According to scientific studies by Kisiel D. et al., the psychophysiological mechanisms of
student adaptation under chronic stress depend on various behavioural factors, including the level of
physical activity and dietary behaviour [1]. According to studies by Tilov B., Shevchenko S.,
Kokun O. M. et al., a high prevalence of depressive symptoms and anxiety disorders is observed
among students, especially during periods of intensive study [8, 9, 11].

Modern psychophysiology recognises that the adaptive capacity of the organism depends on
a complex of behavioural, individual characteristics and environmental factors [2, 8]. Body mass
index (BMI), level of physical activity, and quality of dietary behaviour are considered modifiable
factors that significantly affect the psychophysiological status of a person and their stress resistance
[7, 10, 11, 14]. The results of studies by Salmon P., Hamer M., Brownley K. demonstrate that
increased BMI correlates with elevated psychological stress and reduced emotional resilience in
young people [4, 5, 6]. Regular physical activity acts as a powerful means of protecting students’
health from stressogenic influences and contributes to the development of their stress resistance [1].
Conversely, a deficiency of physical activity creates conditions for chronic inflammation and the
development of imbalance in the autonomic nervous system, significantly reducing the adaptive
reserves of the organism [12, 13].

Thus, the relevance of studying the relationship between adaptive capacity, morpho-
functional characteristics of the organism, and dietary behaviour is caused by the lack of
comprehensive data and the need to clarify their role in the formation of PA in Ukrainian students
under martial law conditions. Most previous studies have examined these factors in isolation,
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without considering their synergistic influence [1, 2, 3]. Moreover, to date, there are no

differentiated programmes of psychohygiene and health preservation developed with regard to the

specific military-political situation in the country and its psychological, physiological, and social
consequences for the student youth.

Statement of the problem and purpose of the study. The current military situation in
Ukraine has created extreme conditions for the PA of students in relation to learning. Unlike
students studying in peaceful countries who face only traditional academic stress, Ukrainian
students experience its layering with stressogenic factors of martial law, namely:

e constant threat to life and safety manifested by frequent air-raid alarms, explosions, concern for
relatives and friends, uncertainty about the future, loss of stability, and psychological trauma
(loss of life, damage to infrastructure);

e an intensive pace of study in various formats (full-time, part-time, distance, blended),
characterised by high mental loads caused by interruptions or absence of heating and electricity;
difficulties related to access to information and assimilation of educational material. All this
occurs under conditions of competition with peers, uncertainty regarding future employment, and
safety of life in a country at war.

Such layering of influencing factors produces a synergistic effect, where both stress levels
reinforce each other, creating challenges that far exceed the natural adaptive capacities of the organism,
especially after several years of continuous war under conditions of depleted reserves [11, 15].

It has been established that during periods of high psychological tension, students exhibit a
significant increase in depression and anxiety levels [8, 16]. Despite this, the majority of modern
studies consider stress in isolation (either academic or psychosocial), without taking into account
their cumulative combined effect on the psychophysiological status of young individuals. To date,
studies of the interrelationships between physical development characteristics, level of physical
activity, and diet quality — which simultaneously affect adaptive capacity, particularly
psychophysiological adaptation to learning under conditions of dual stress (martial law and
academic load) — are almost absent. It remains unknown which behavioural factors most effectively
protect students from states bordering on maladaptation in such extreme conditions. Furthermore,
the current scientific literature contains virtually no differential (or personalised) health-promoting
programmes designed to support the physical and mental aspects of health and to mitigate the
psychophysiological effects of stressful situations on Ukrainian students living and studying under
the specific conditions of martial law.

The purpose of our research was to determine the role of physical activity and nutrition in
the formation of psychophysiological adaptation of students to the educational process under
martial law conditions.

Research objectives:

o to describe and assess morphological (by BMI), functional (by level of physical activity)
characteristics of the organism and the lifestyle and quality of nutrition of students;

o to perform correlation analysis between indicators of PA, BMI, characteristics of dietary
behaviour, and level of physical activity of students;

« to create and substantiate an empirical risk profile of PA;

o to develop practical recommendations for optimisation of the educational process and
support of students’ PA.

Organisation and methods of the study. The study involved 76 practically healthy male
volunteers — students of higher education at Bohdan Khmelnytskyi National University of Cherkasy
(aged 17-28 years), who were divided into two experimental groups: students of sports specialities
(n = 38) and students of non-sports specialities (n = 38). The group of sports specialities consisted
of students of the Educational and Scientific Institute of Physical Culture, Sport and Health, who
regularly engaged in physical activity (=10 hours per week of organised physical activity). The
group of non-sports specialities included students of faculties of psychology, computer engineering,
intelligent and control systems, as well as the Educational and Scientific Institute of Pedagogical
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Education, Social Work and Arts, who did not engage in systematic professional physical training.
Data collection was carried out during 2024-2025 in the intersession period.

To determine the level of PA, psychophysiological testing was conducted using the author’s
computerised programme “Integral Assessment of Human Psychophysiological Adaptation”
(CP 1AHPA) [15]. The PA index was determined within the range of 30.0—70.0 points and above.
It was assumed that PA > 56.0 points indicated high adaptation, 49.0-55.99 points — average
adaptation, 40.0—48.99 points — low adaptation, < 39.99 points — critically low adaptive reserves.

Anthropometric measurements included height measurement using a Martin stadiometer
(cm) and body mass determination (kg) using medical floor scales (accuracy 0.1 cm and 0.1 kg
respectively). BMI was calculated according to formula 1.

BMI =m/h? 1)
where BMI — body mass index;
m — body mass in kg;
h? — square of height in metres.

BMI (kg/m?) was categorised according to WHO recommendations: underweight (<18.5),
normal weight (18.5-24.9), overweight (25.0-29.9), obesity (>30) [8]. Functional muscle strength
was assessed using hand dynamometry by determining maximum grip strength of the right and left
hands (kg) and back muscle strength (kg).

The nature and intensity of physical activity were assessed using the International Physical
Activity Questionnaire (IPAQ), validated for adults [16]. IPAQ differentiates results into low
(<600 MET-min/week), moderate (600-2999 MET-min/week), and high (>3000 MET-min/week)
physical activity.

Dietary behaviour was assessed using the Food Frequency Questionnaire (FFQ), adapted for
the Ukrainian context, including consumption of fruits, vegetables, whole grains, proteins, as well
as stimulants, processed foods, and sugar-containing products [14].

Statistical analysis was performed using Microsoft Excel 2016 and standard methods of
mathematical statistics. Descriptive statistics included mean (M), standard error (SE), standard
deviation (SD), and range. Data normality was confirmed by the Shapiro—Wilk test. Differences
between independent groups were assessed using Student’s t-test, while qualitative variables were
analysed with the ¥* test. Correlations were determined using Pearson’s coefficient (r) with
significance level (p); correlation strength was classified as weak (|r| = 0.1-0.3), moderate (|r| = 0.3~
0.5), and strong (Jr| > 0.5). Statistical significance was set at p < 0.05. Data are presented as M = SE
(mean value * standard error). All student assessments in this study were conducted in accordance
with the principles of the Declaration of Helsinki (1975, revised 1996-2013). At the time of
examination, participants were practically healthy and provided written informed consent to
participate. The obtained data were used solely for scientific purposes under conditions of full
anonymity and confidentiality.

The results of the study and their discussion. The distribution of higher education
students in both groups by levels of PA that we conducted revealed the existence of significant
differences (Fig. 1). The figure shows that in the group of examined students of sports specialities,
10 of them (which accounted for 26% of the total number of participants in this group) had a high
level of PA, 25 individuals (66%) had a medium level, and 3 students (8%) had a low level. At the
same time, none of the students in this group demonstrated a critically low level of PA.

In contrast, in the group of students of non-sports specialities, only 2 individuals (5%) had a
high level of PA, 15 students (40%) showed a medium level, 16 individuals (42%) had a low level,
and 5 participants (13%) were characterised by a critically low level (p < 0.05). It is possible that
the differences we identified in the distribution of PA levels in favour of better indicators among
athletes can be explained by the positive effect of regular physical activity on their adaptive
mechanisms. Similar results were obtained by Kisiel D., Gazolla J. C., Brownley K. A. [1, 12, 6].
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In addition, Tilov B., Holubnycha L., and Dakanalis A. emphasised that psychosocial determinants,
including activity level, significantly affect adaptive capacity [8, 17, 10].

Furthermore, it was found that students from the group of sports specialities were
characterised by a significantly higher level of PA (59.4 + 2.1 points) compared with students from
the group of non-sports specialities, respectively 42.8 = 1.9 points (p < 0.05).

30

25 Groups of participants by the level of PA
25

20

15

10

.

U

Medium Low Critically low

Number of examined participants
(absolute values)

B students of non-sports specialities
students of sports specialities

Fig. 1. Quantitative distribution of the examined participants by levels of psychophysiological
adaptation (PA); * — significance of differences p < 0.05.

This additionally indicated a substantial positive effect of regular physical activity on the
adaptive capacity of the organism. Our results are consistent with the data of other authors, such as
Gazolla J. C., Salmon P., Hamer M., Yoon E. S., Sabu S. and their co-authors, who emphasised that
physical activity with elements of self-determined motivation significantly improves
psychophysiological status and emotional stress resistance in young people [4, 5, 7, 12, 13].

Thus, it can be assumed that the differences in PA established by us between the examined
groups may indicate optimisation of regulatory mechanisms of the HPA axis and a higher overall
tone in students who regularly engage in physical culture. This enables them to cope more
effectively with chronic stress [4, 12].

It is known from the literature that systematic aerobic training reduces the reactivity of the
HPA axis to stress stimuli and enhances parasympathetic regulation of cardiac activity, which
manifests as lower anxiety and better emotional stability. According to Gazolla J. C. et al., such
mechanisms are ensured through optimisation of neuroendocrine processes and autonomic
regulation [12]. According to Sabu S., systematic physical activity promotes the synthesis of
neurotrophic factors and improves cognitive function under conditions of chronic stress [7].

It should be noted that a large proportion of the examined students from the sports group had
high and medium levels of PA (which amounted to 92.1% of their total number). This confirms that
systematic physical training ensures stable functioning of adaptive mechanisms [3, 9, 11].

At the same time, 7.9% of participants in this group demonstrated a low level of PA. Further
analysis established that this level in these participants was due to their being in a state of
convalescence after a short-term illness or minor injury, or due to personal circumstances that could
temporarily reduce the regularity of their training. This once again emphasises that even in a
physically active population, short-term interruptions in training can result in a noticeable decline in
functional state and the development of maladaptive processes.

At the same time, the examined individuals of non-sports specialities were characterised by
a high proportion of maladapted students: 42.1% had a low level, and 13.2% had a critically low
level of PA. Such a distribution indicates insufficient adaptive mechanisms to stressogenic factors
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among physically untrained students [1, 2, 3]. Our results are consistent with the data of Yoon E. S.,
who emphasised that young people with low physical activity exhibit significantly higher levels of
anxiety and depression, which negatively affects their ability to cope with stress [13]. Thus, a deficit
of physical activity in combination with other negative maladaptive behavioural factors leads to a
pronounced inability to adapt among student youth [4-6, 18].

We analysed BMI and muscle strength indicators in students with different levels of PA
(Table 1). It was found that among students of non-sports specialities there was a clear gradient of
dependence of PA level on BMI. Specifically, as BMI increased, muscle strength indicators
consistently decreased, which has also been emphasised by other authors [8, 10, 14].
Representatives of the sports group demonstrated a qualitatively different profile: even students
with a “low” level of PA by group standards had significantly higher muscle strength and lower
BMI (24.17 + 1.15 kg/m?) than the best-adapted individuals from the non-sports group. This
convincingly demonstrates that systematic motor activity and physical loads provide a
fundamentally higher baseline of both adaptive potential and muscle strength [1, 4]. Yoon E. S,
Salmon P., Hamer M. showed that sufficient muscle strength correlates with neurotrophic factors,
HPA axis functions, and psychological resilience under chronic stress [4, 5, 13].

Table 1.
Indicators of BMI and muscle strength in students with different levels
of psychophysiological adaptation
Indicators High PA Medium PA Low PA Critically
level level level low PA level
Students of non-sports specialities (n = 38)
Numper of examined 5 15 16 5
participants
BMI, kg/m? (M + SE) 21.45+1.52 23.61 +£0.40 25.45 + 0.56 28.34+1.19
Dynamometry: right 3150 £+2.50 | 25.49+099 | 21.83+150 | 18.27+2.05
hand, kg
Eg’”amome”y: lefthand, | 8504230 | 22114096 | 17.92+123 | 15.65+ 188
Dynamometry: back, kg 81.00 + 7.50 62.38 + 3.35 52.47 +5.54 44.21 +6.84
Students of sports specialities (n = 38)

Nurr_]b_er of examined 10 o5 3 B
participants
BMI, kg/m? (M + SE) 20.52 £ 0.48 21.84 +0.65 24.17 £ 1.15 -
Dynamometry: right

38.94+1.72 36.18 + 1.95 28.67 +2.80 -
hand, kg
Egy”amome"y: lefthand, | 26504184 | 33474199 | 26.00+265 -
Dynamometry: back, kg 110.28 £4.95 | 102.06 £ 5.45 78.33£8.12 —

Note: M = SE — mean value + standard error; BMI — body mass index; PA —
psychophysiological adaptation.
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We found that in 3 students of sports specialities with a low level of psychophysiological
adaptation, BMI ranged within 24.17 + 1.15 kg/m? (slight overweight), but according to
dynamometric indicators (28.67 kg for the right hand, 78.33 kg for back strength), they significantly
exceeded even the best-adapted non-athletes (with dynamometric results of 31.50 kg for the right
hand and 81.00 kg for back strength). This fact demonstrates that even in athletes with temporarily
reduced PA, the baseline of physical fitness remains significantly higher than in non-sporting youth.

We analysed BMI in both examined groups, which allowed us to identify clear intergroup
differences. Thus, students of sports specialities were predominantly characterised by normal body
weight. 33 individuals (which accounted for 87% of the group) had normal BMI (18.5-24.9 kg/m?),
while 5 students (13%) were overweight (25.0-29.9 kg/m?). At the same time, no cases of obesity
or underweight were detected in this group. In contrast, in the group of non-sports specialities, the
BMI distribution was less favourable: 23 individuals (61%) had normal body weight (18.5—
24.9 kg/m?), 11 students (29%) were overweight (25.0-29.9 kg/m?), 3 individuals (7%) had obesity
(>30 kg/m?), and 1 student (3%) had underweight (<18.5 kg/m?).

We were interested in how PA levels (from high to critically low) were distributed in the groups
of sports and non-sports specialities with normal BMI, and what the distribution of PA levels was
among students who were overweight. The results of this distribution are presented in Fig. 2.

Participants of sports specialties with Participants of non-sports specialties
BMI within normal range with BMI within normal range
(n = 33 students) (n =23 students)
[3BHAYE

9,00%

[BHAYEH
HAT*
Overweight participants of sports Overweight participants of non-sports
specialties (n = 5 students) specialties (n = 11 students)
[SHAYEH 9.00%

- High level
D Low level

Fig. 2. Distribution of students (%) by PA levels in groups of sports and non-sports
specialities with normal BMI (A) and BMI indicating overweight (B); * — statistical significance of
differences (p < 0.05) within the group compared with overweight participants
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Among students of sports specialities with normal BMI (n = 33), a predominance of a high level
of PA (58%) was established, with no critically low values and a small proportion of individuals with a
low level of adaptive capacity (9%). Overall, such a distribution may indicate a sufficient level of
functional reserves of the organism in athletes, effective regulation of autonomic functions, optimal
cardiovascular system activity, and high neurodynamic balance. It is likely that regular muscular activity
in this group acts as a leading factor in the formation of sufficient adaptation, ensuring economisation of
physiological processes and increased tolerance to mental loads.

Among students of the same group but who were overweight (n = 5), the proportion of
individuals with a high level of PA was only 21%, which was significantly lower compared to
athletes without excess weight (p < 0.05). The dominant level among overweight individuals was
medium PA (60.0%), whereas in athletes with normal BMI this level occurred almost twice as
rarely (p < 0.05). The proportion of individuals with low PA did not exceed 19%. This distribution
is likely due to the fact that overweight created additional load on the cardiorespiratory system,
limiting the efficiency of energy supply for academic activity. At the same time, regular physical
activity partially compensated for the negative impact of increased BMI, preventing the transition to
critically low PA values.

Attention is drawn to the distribution of PA levels in the group of students of non-sports
specialties with normal BMI (n = 23). In this group, a shift of distribution towards medium (48%)
and low (22%) PA levels was observed, and the presence of critically low PA was detected in 4% of
participants. This indicates insufficient mobilisation of adaptive mechanisms in the absence of
systematic physical activity. Despite relatively normal morphometric indicators, functional reserves
of the organism in this group were limited, confirming the leading role of physical activity in
maintaining adaptive potential.

The most pronounced decrease in adaptive capacity was recorded in untrained students who
were overweight (n = 11), where only 9% had a high level of PA, while the proportion of individuals
with low and critically low levels totalled 54.5%. Particularly concerning is the nearly fivefold increase
in the prevalence of critically low PA compared with those with normal BMI (p < 0.05). This
distribution likely indicates depletion of adaptive reserves, possible imbalance of autonomic regulation
towards sympathicotonia, low efficiency of neurohumoral regulation, and impaired stress reactivity.

Thus, our findings convincingly demonstrate that normal body weight is associated with a
high adaptive potential, whereas being overweight has a negative impact on the body’s ability to
cope with chronic stress [8, 9, 14]. According to the findings of Tilov B. et al., the mechanisms
underlying this association include dysregulation of the HPA axis and increased systemic
inflammation, which, in the context of overweight, place additional stress on the body [8]. Studies
by Gazolla, J. C. et al. have shown that obesity and overweight are accompanied by a decline in
cognitive function and emotional stability, which makes it more difficult to cope with academic
stress [12].

To confirm the established links between PA and BMI, we conducted a correlation analysis.
This revealed a statistically significant negative correlation in the average density between BMI and
PA (r =-0.51, p <0.01), (Table 2). This relationship demonstrates that the higher the BMI value,
the lower the body’s ability to adapt to stress, which is consistent with the findings of other
researchers [7, 9, 10]. We are inclined to believe that the mechanisms underlying this negative
correlation may be multifactorial. After all, overweight, especially when caused by the
accumulation of adipose tissue, triggers the activation and unfolding of pro-inflammatory
biochemical cascades and creates an imbalance of adipokines, which disrupts hippocampal
function [8]. It is also known that visceral obesity is associated with dysregulation of the HPA axis
and a persistent elevation of basal cortisol levels [9]. The literature contains evidence suggesting
that obesity causes an imbalance in the regulatory function of the autonomic nervous system, which
significantly reduces the body’s ability to rapidly restore homeostasis [10]. The weak negative
correlations between BMI and dynamometric parameters that we have established are consistent
with the findings of other authors [8, 10, 12]. Thus, according to Dakanalis A. and co-authors,
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sarcopenic obesity is a condition characterised by the accumulation of adipose tissue alongside a
loss of muscle mass, which significantly impairs functional capacity and PA [10].

At the same time, we identified positive correlations between PA and dynamometric
parameters, which were of moderate strength. These correlations confirm the existence of a
fundamental relationship between adaptive capacity and functional muscle strength [12]. According
to the findings of Yoon E. S. and co-authors, strength training positively modulates
psychophysiological markers of stress and improves emotional regulation [13]. Thus, the better the
muscle strength indicators, the higher the level of PA. This confirms the fact that physical condition
and PA are inseparably linked aspects of a person’s overall health [16, 17].

To determine the nature of nutrition (FFQ) and the level of physical activity (IPAQ) among the
groups of students we examined, we analysed the results of the questionnaire survey and identified
significant differences in behavioural factors between them [14, 16]. Thus, in the group of students of
non-sports specialties, only 19% consumed an adequate amount of fruit and vegetables (=5 portions per
day), 61% demonstrated an insufficient level of physical activity (<150 minutes of aerobic activity per
week), and 20% frequently skipped meals during periods of increased stress (p<0.05).

Table 2.
Results of the correlation analysis between BMI, PA,
and muscular strength indicators in the examined groups of higher education students

Indicator 1 Indicator 2 r p n Type of correlation
Students of non-sports specialities
BMI, kg/m?2 PA, points —0.51 | <0.01 | 38 | Moderate negative
BMI, kg/m?2 Dyn.: right hand, kg -0.34 | <0.05 | 38 | Weak negative
BMI, kg/m?2 Dyn.: left hand, kg -0.32 | <0.05 | 38 | Weak negative
BMI, kg/m?2 Dyn.: back, kg —0.36 | <0.05 | 38 | Weak negative
PA, points Dyn.: right hand, kg 0.33 <0.01 | 38 | Moderate positive
PA, points Dyn.: left hand, kg 0.32 <0.01 | 38 | Moderate positive
PA, points Dyn.: back, kg 0.34 <0.01 | 38 | Moderate positive

Students of sports specialities

BMI, kg/m?2 PA, points —0.38 | <0.01 | 38 | Moderate negative
BMI, kg/m2 Dyn.: right hand, kg -0.24 | <0.05 | 38 | Weak negative
BMI, kg/m2 Dyn.: left hand, kg -0.22 | <0.05 | 38 | Weak negative
BMI, kg/m?2 Dyn.: back, kg —0.26 | <0.05 | 38 | Weak negative
PA, points Dyn.: right hand, kg 0.43 <0.01 | 38 | Moderate positive
PA, points Dyn.: left hand, kg 0.41 <0.01 | 38 | Moderate positive
PA, points Dyn.: back, kg 0.45 <0.01 | 38 | Moderate positive

Note: r — Pearson correlation coefficient (0.1-0.3 — weak, 0.3-0.5 — moderate, >0.5 — strong
correlation); p — level of statistical significance; n — number of participants; BMI — body mass
index; PA — psychophysiological adaptation; dyn. — dynamometry.
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At the same time, students of sports specialities who engaged in physical activity >3 times
per week preferred foods with a low glycaemic index, demonstrated higher PA levels, and reported
fewer psychosomatic complaints.

Numerous studies have described the mechanisms underlying the positive effects of physical
activity on PA [4-6, 9, 10, 13]. According to Kisiel D., as well as Sabu S. and their co-authors,
physical activity reduces systemic inflammation and improves cognitive function in individuals
experiencing chronic stress [1, 7]. It is known that regular physical activity promotes the synthesis
of brain-derived neurotrophic factor and enhances neuroplasticity [1, 3]. According to Gazolla J. C.
et al., adequate motivation for physical activity is a key factor in students’ psychophysiological
health [12]. Regarding dietary behaviour, we are inclined to believe that a diet rich in
polysaccharides and antioxidants contributes to the integrity of the blood-brain barrier and supports
a healthy gut microbiome composition [12, 14]. The literature emphasises that adherence to a
balanced diet is associated with a higher level of psychophysiological well-being among students
[8, 10]. Conversely, according to Shevchenko S., stressful conditions often lead to dysregulation of
dietary behaviour and the selection of unhealthy foods, which significantly worsens adaptation [9].

Subsequently, we classified participants from both groups according to their PA levels and
identified three groups: low, medium, and high risk of developing maladaptive reactions.:

1. Low-risk group, comprising individuals with high and medium PA levels (n = 65; 85%).
Representatives of this group demonstrated PA within the range of 49-70 points, indicating
relatively well-functioning adaptive mechanisms [15]. This group included 35 students of sports
specialities (92% of the sports group), who were physically active and adhered to a rational diet,
and 30 students of non-sports specialities (79% of the non-sports group).

2. Medium-risk group, mainly consisting of individuals with low PA levels (n = 6; 8%).
Their PA ranged between 40-48 points, indicating a moderate reduction in adaptive capacity [15].
This group included 3 students of sports specialities (8%) and 3 students of non-sports specialities
(8%). These students required targeted interventions aimed at increasing physical activity and
normalising dietary behaviour.

3. High-risk group, consisting of students with critically low PA levels (n = 10; 13%). These
individuals had PA values <40 points, indicating severe maladaptation and critical depletion of
adaptive reserves [15]. This group consisted exclusively of 10 students of non-sports specialities
(26% of that group). High-risk individuals were characterised by low physical activity, negative
dietary patterns, and the majority were overweight. It is likely that their adaptive mechanisms
exhibit excessive reactivity even to minimal stressors, as reported by several authors [1, 6, 9, 10],
and therefore require comprehensive rehabilitation and psychocorrection. According to Tilov B. et
al., individuals with critically low PA have a significantly increased risk of developing chronic
mental disorders, necessitating multidisciplinary intervention [8].

Our research findings are consistent with the current understanding of the role of physical
activity, dietary behaviour and optimal body weight in shaping students’ physical activity levels in
relation to the learning process under conditions of chronic stress [1, 3, 8, 10, 12, 13, 17]. The
significance of the differences between the sports and non-sports groups (the difference in PA is
16.6 points, indicating that individuals of sports specialties perform 39% better) demonstrates the
profound impact of systematic physical training on psychophysiological functions (p < 0.05).

Particularly noteworthy is the fact that, within the sports group, even students with low
levels of physical activity demonstrated significantly better muscle strength and a lower BMI than
students from the non-sports group with high levels of physical activity. This confirms that basic
physical training provides lasting protection against the threshold beyond which maladaptation
develops [1, 3, 12].

The negative correlation between BMI and PA (r = —0.51) that we have established is
particularly significant, as it indicates that BMI influences adaptation through multiple mechanisms:
metabolic, immune, neuroendocrine and autonomic [4-6, 8, 12, 13]. Comprehensive measures
aimed at optimising body weight through a combination of physical activity and the normalisation
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of dietary behaviour have significant potential for the comprehensive improvement of the

psychophysiological status of students studying under the challenging conditions of martial law.

A particularly worrying finding was the high proportion of students at high risk of
developing maladaptive reactions (13.2% of the total sample, or 26.3% of the non-sports group) and
with critically low levels of PA. The researchers note that uncontrolled chronic stress leads to the
development of cardiovascular diseases and mental disorders. Our findings are consistent with the
literature on the negative impact of chronic stress on the psychophysiological status of young
people [1-3, 9, 17, 18].

It is known from the literature that aerobic physical activity may even lengthen telomeres
and reduce biological ageing in individuals experiencing chronic stress [1]. This confirms the
fundamental importance of integrating physical activity into health preservation programmes. This
is also emphasised by other researchers, whose studies demonstrate the significance of digital
interventions for stress management [3, 17, 18].

Naturally, the studies we conducted and the results obtained cannot fully resolve the
problem of the relationship between morphological characteristics and PA, which requires further
investigation. At the same time, based on the identified findings and established patterns, we
developed a number of practical recommendations that may be implemented in higher education
institutions in order to optimise the level of PA among students in accordance with potential levels
of maladaptation risk.

For students of the low-risk group for psychophysiological disorders, we propose:

e Implementation of comprehensive psychohygiene and stress prevention programmes, including
training in stress resistence and the development of adaptive coping strategies through
regulated physical activity and educational initiatives on healthy nutrition;

e Inclusion of practical modules on emotional regulation and the development of metacognitive
skills in academic curricula;

e Regular monitoring of students’ psychophysiological status using validated computerised methods;

e Ensuring access to sports infrastructure and creating conditions for regular physical activity (at
least 150 minutes of moderate aerobic activity per week).

For students of the medium-risk group, it is advisable to:

e Develop individualised programmes to enhance physical activity with gradual increases in
intensity (starting from 30 minutes of moderate activity three times per week with a gradual
increase to 150 minutes per week);

e Provide individual and group consultations with a dietitian to normalise dietary behaviour;

e Offer recommendations on sleep hygiene (7-8 hours per night at fixed times) and assess sleep
quality;

e Conduct group sessions involving relaxation techniques, breathing exercises, and progressive
muscle relaxation.

For students of the high-risk group, we recommend:

e Implementation of comprehensive rehabilitation programmes under the supervision of a
multidisciplinary team (psychologists, physical rehabilitation specialists, and dietitians);

e Provision of individual psychocorrective and psychotherapeutic sessions (cognitive behavioural
therapy, dialectical behavioural therapy) for the treatment of anxiety disorders and depressive
symptoms;

e Development of adapted physical activity programmes tailored to current physical and mental
condition and potential contraindications;

e Recommendation of protein- and micronutrient-enriched dietary programmes with reduced
intake of processed foods, sugar, and stimulant beverages;

e Use of biofeedback methods, relaxation techniques, and meditative practices (breathing
exercises, progressive muscle relaxation, mindfulness meditation, yoga) to normalise
autonomic responses and reduce baseline activation levels;
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We also recommend providing psychosocial support to learners of all groups and involving

family members and relatives in the rehabilitation process.

1.

Conclusions:
The level of psychophysiological adaptation (PA) in students is the result of an integrated
interaction of neuroendocrine, autonomic, and somatic mechanisms, modulated by behavioural
factors and environmental conditions. Students of sports specialities were characterised by
significantly higher PA levels (59.4 + 2.1 points) compared to the non-sports group (42.8 = 1.9
points; p < 0.05), which convincingly demonstrates the fundamental role of regular physical
activity in shaping adaptive potential. Particularly indicative is the fact that 92.1% of the sports
group demonstrated adequate PA (high and medium levels), whereas only 44.7% of the non-
sports group reached such levels, emphasising the crucial role of systematic physical training.
A statistically significant negative correlation of moderate strength was established between
BMI and PA (r = —0.51, p < 0.01): students with normal BMI (18.5-24.9 kg/m?), regular
physical activity (=150 minutes per week), adequate sleep, and rational nutrition demonstrated
higher stress resistance and more balanced adaptive mechanisms. 32% of students with normal
BMI exhibited high PA levels, whereas only 12% of those who were overweight did so,
indicating a direct relationship between optimal body weight and adaptive capacity.
Students with insufficient physical activity and unbalanced nutrition were characterised by
significantly lower PA levels and demonstrated maladaptive behavioural patterns, including
social avoidance and emotional overeating, whereas individuals with high PA exhibited more
effective coping strategies for chronic stress and better social adaptation, indicating the
critically important role of lifestyle in mental health development.
The distribution of participants according to risk profiles of psychophysiological disorders
revealed three distinct categories: low risk of maladaptation (high and medium PA), medium
risk (low PA), and high risk (critically low PA). Individuals at high risk of maladaptation
require comprehensive psychocorrective interventions, including physical activity programmes,
nutritional normalisation, and psychological support, particularly in the context of wartime
conditions. A critically important observation is that no individual from the sports group fell
into the high-risk category, confirming the protective effect of systematic physical activity
against maladaptive processes.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH
Kisiel D. The role of physical activity in stress management among university students. Modern management
review. 2025. Ne30 (4), P. 29-42. DOI: https://doi.org/10.7862/rz.2025.mmr.21
HOxumenko JI. 1., Xomenko C. M., Koanb K. T. Tlcuxogizionoriuti OCHOBH HaBYAJIBHOI AiSUTBHOCTI 3100yBaYiB BHIIIOL
ocitn Ykpainu. Prospects of Innovative Development in Science and Technology: marepiamn XXVIII mikHap. Hayk.-
nipakT. KoH®. (19-21 gyeps. 2024 p., Gothenburg, Sweden). Gothenburg: International Scientific Unity. C. 30-37.
Restrepo J. E., Bedoya Cardona E. Y., Cuartas Montoya G. P., Cassaretto Bardales M. de los M., Vilela Aleman
Y. P. Academic stress and adaptation to university life: mediation of cognitive-emotional regulation and social
support. Anales de Psicologia. 2023. 39(1), P. 62—71. DOI: https://doi.org/10.6018/analesps.472201
Salmon P. Effects of physical exercise on anxiety, depression, and sensitivity to stress: A unifying theory. Clinical
Psychology Review. 2001. Ne 21(1), P. 33-61.
Hamer M. Taylor A., Steptoe A. The effect of acute aerobic exercise on stress related blood pressure responses:
A systematic review and meta-analysis. Biological Psychology. 2006. Ne 71(2), P. 183-90.
Brownley K. A., et al. Sympathoadrenergic mechanisms in reduced hemodynamic stress responses after exercise.
Medicine & Science in Sports & Exercise. 2003. Ne 35(6), P. 978-86.
Sabu, S., Kisan, R. Effect of relaxation intervention on stress levels and cognitive skills in professional students.
Digital Journal of Clinical Medicine. 2023. Ne5(5), P. 217-231.
Tilov B., Stanchev P., Dimitrova M., Hristamyan M., Makakova-Tilova D. Mapping the Associations Between
Body Mass Index and Key Psychosocial Determinants: Resilience, Perceived Stress, and Emotion Regulation in
Young Adults—A  Cross-Sectional ~ Study.  Healthcare.  2025. Nel3  (23), p. 3150. DOI:
https://doi.org/10.3390/healthcare13233150
[leuenko C. KirowoBi acmekTw IOCTiIPKEHHS ICHXO0(]i3ionoridHol amanTarii MepIioKypCHUKIB. broemens
Kuiscorozo nayionanvnoeo yuieepcumemy imeni Tapaca Ileeuenxa. Ilcuxonozis. 2019. Nel(10), C. 109-112.
DOI: https://doi.org/10.17721/BSP.2019.1(10).28

28


https://doi.org/10.7862/rz.2025.mmr.21
https://doi.org/10.6018/analesps.472201
https://doi.org/10.3390/healthcare13233150
https://doi.org/10.17721/BSP.2019.1(10).28

Cepis «bionoriuni Haykny, 2026

10.

11.

12.

13.

14.

15.

16.

17.
18.
19.

20.

10.

Dakanalis A., Voulgaridou G., Alexatou O., Papadopoulou S.K., Jacovides C., Pritsa A., Chrysafi M., Papacosta E.,
Kapetanou M.G., Tsourouflis G., et al. Overweight and obesity is associated with higher risk of perceived stress and
poor sleep quality in young adults. Medicina. 2024. Ne60, p. 983. DOI: https://doi.org/10.3390/medicina60060983
Kokyn O. M. Ilcuxodiziomoris. — KwuiB : IleHtp HaBwambHOi umitepatpypu, 2006. 184 c. URL:
https://lib.iitta.gov.ua/id/eprint/1608/1/%D0%9A%D0%BEY%D0%BA%D1%83%D0%BD_%D0%9F%D1%81%
D0%B8%D1%85%D0%BE%D1%84%D1%96%D0%B7%D1%96%D0%BE%D0%BB%D0%BE%D0%B3%D1
%96%D1%8F.pdf

Gazolla J. C., Ferreira-Junior J. B., Encarnacdo S., Schneider A. C., Monteiro A. M., Teixeira J. E., Forte P.,
Verbena e Oliveira J. P., Borba D. A., Costa C. M. A., & Vieira C. A. Relationship Between Quality of Life, Level
of Physical Activity, Physical Fitness, and Body Composition on the Academic Performance of High School
Students in an Integrated Educational System. Perceptual and Motor Skills. 2025. Ne 132(6), P. 1351-1372.
DOI: https://doi.org/10.1177/00315125251344404

Yoon, E. S., So, W. Y., Jang, S. Association between perceived psychological stress and exercise behaviors:
A cross-sectional study using the survey of national physical fitness. Life. 2023. Nel3(10), p. 2059.
DOI: https://doi.org/10.3390/1ife13102059

Food Frequency Questionnaire (FFQ). Retrieved from
https://biolincc.nhlbi.nih.gov/media/studies/framoffspring/Forms/Exam%203%20F00d%20Frequency%20Questio
nnaire.pdf?link_time=2018-08-11 23:58:42.966309

Komm’torepHa mporpama «lHTerpajqbHa OIliHKA MCUXO(]i3i0JOriYHO amanTarii JIOIAHW» : CBIAONTBO MPO
peectpariito aBTopchkoro mpasa Ne 139404. Vkpaina : YKPHOIBI, 31.10.2025. Bron. Ne 94. Enextponte
Jokepeno: https://iprop-ua.com/cr/rdysqp4c/ (nata 3sepuenns: 24.02.2026).

International Physical Activity Questionnaire (IPAQ). Retrieved from
https://youthrex.com/wp-content/uploads/2019/10/IPAQ-TM.pdf

Holubnycha L., Matsapura L., Miroshnik L., Hetmanets I., Kovalchuk O., & Khodakovska O. (2022).
Psychophysiological adaptation of international students to learning abroad. International Journal of Innovative
Research and Scientific Studies, 5(1), P. 37—46.

Kosans K. I'., Xomenko C. M., FOxumenko JI. 1. Tlcuxogizionoridyai OCHOBU MOHSITTSI CTPECOCTIMKOCTI JHOIUHU //
Mechanisms of Development of the Scientific and Technical Potential of Modern Society : marepianu XL mixHap.
Hayk.-pakT. kKoH(. (25-27 Bepec. 2024 p., Salzburg, Austria). Salzburg : International Scientific Unity, 2024.
C. 29-31. DOI: https://doi.org/10.70286/isu-25.09.2024.

REFERENCES
Kisiel D. (2025). The role of physical activity in stress management among university students. Modern
Management Review, 30(4), 29-42. doi: https://doi.org/10.7862/rz.2025.mmr.21
Yukhymenko L. I., Khomenko S. M., & Koval K. H. (2024). Psychophysiological foundations of educational
activity of higher education students of Ukraine. In Prospects of Innovative Development in Science and
Technology: Proceedings of the XXVIII International Scientific and Practical Conference (pp. 30-37).
International Scientific Unity.
Restrepo J. E., Bedoya Cardona E. Y., Cuartas Montoya G. P., Cassaretto Bardales M. de los M., & Vilela Aleman
Y. P. (2023). Academic stress and adaptation to university life: Mediation of cognitive-emotional regulation and
social support. Anales de Psicologia, 39(1), 62—71. doi: https://doi.org/10.6018/analesps.472201
Salmon P. (2001). Effects of physical exercise on anxiety, depression, and sensitivity to stress: A unifying theory.
Clinical Psychology Review, 21(1), P. 33-61. https://doi.org/10.1016/s0272-7358(99)00032-x
Hamer M. Taylor A., Steptoe A. (2006).The effect of acute aerobic exercise on stress related blood pressure
responses: A systematic review and meta-analysis, Biological Psychology. 71(2), 183-90.
https://doi.org/10.1016/].biopsycho.2005.04.004
Brownley K. A, et al. (2003). Sympathoadrenergic mechanisms in reduced hemodynamic stress responses after exercise.
Medicine & Science in Sports & Exercise, 35(6), 978-86. https://doi.org/10.1249/01.MSS.0000069335.12756.1B
Sabu, S., Kisan, R. (2023). Effect of relaxation intervention on stress levels and cognitive skills in professional
students. Digital Journal of Clinical Medicine, 5(5), 217-231. https://doi.org/10.55691/2582-3868.1172
Tilov B., Stanchev P., Dimitrova M., Hristamyan, M., & Makakova-Tilova D. (2025). Mapping the associations
between body mass index and key psychosocial determinants: Resilience, perceived stress, and emotion regulation
in young adults—A cross-sectional study. Healthcare, 13(23), 3150. doi:
https://doi.org/10.3390/healthcare13233150
Shevchenko, S. (2019). Key aspects of the study of psychophysiological adaptation of first-year students. Bulletin
of Taras Shevchenko National University of Kyiv. Psychology, 1(10), 109-112. doi:
https://doi.org/10.17721/BSP.2019.1(10).28 (in Ukr.)
Dakanalis A., Voulgaridou G., Alexatou O., Papadopoulou S.K., Jacovides C., Pritsa A., Chrysafi M., Papacosta
E., Kapetanou M.G., Tsourouflis G., et al. Overweight and obesity is associated with higher risk of perceived
stress and poor sleep quality in  young adults. Medicina. 2024. 60, 983. doi:
https://doi.org/10.3390/medicina60060983

29


https://doi.org/10.3390/medicina60060983
https://lib.iitta.gov.ua/id/eprint/1608/1/%D0%9A%D0%BE%D0%BA%D1%83%D0%BD_%D0%9F%D1%81%D0%B8%D1%85%D0%BE%D1%84%D1%96%D0%B7%D1%96%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F.pdf
https://lib.iitta.gov.ua/id/eprint/1608/1/%D0%9A%D0%BE%D0%BA%D1%83%D0%BD_%D0%9F%D1%81%D0%B8%D1%85%D0%BE%D1%84%D1%96%D0%B7%D1%96%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F.pdf
https://lib.iitta.gov.ua/id/eprint/1608/1/%D0%9A%D0%BE%D0%BA%D1%83%D0%BD_%D0%9F%D1%81%D0%B8%D1%85%D0%BE%D1%84%D1%96%D0%B7%D1%96%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F.pdf
https://doi.org/10.1177/00315125251344404
https://doi.org/10.3390/life13102059
https://biolincc.nhlbi.nih.gov/media/studies/framoffspring/Forms/Exam%203%20Food%20Frequency%20Questionnaire.pdf?link_time=2018-08-11_23:58:42.966309
https://biolincc.nhlbi.nih.gov/media/studies/framoffspring/Forms/Exam%203%20Food%20Frequency%20Questionnaire.pdf?link_time=2018-08-11_23:58:42.966309
https://youthrex.com/wp-content/uploads/2019/10/IPAQ-TM.pdf
https://doi.org/10.70286/isu-25.09.2024
https://doi.org/10.7862/rz.2025.mmr.21
https://doi.org/10.6018/analesps.472201
https://doi.org/10.1016/s0272-7358(99)00032-x
https://doi.org/10.1016/j.biopsycho.2005.04.004
https://doi.org/10.1249/01.MSS.0000069335.12756.1B
https://doi.org/10.55691/2582-3868.1172
https://doi.org/10.3390/healthcare13233150
https://doi.org/10.17721/BSP.2019.1(10).28
https://doi.org/10.3390/medicina60060983

ISSN 2076-5835. Bicuuk UYepkacwskoro yHiBepcutery. 2026. Nel

11. Kokun, O. M. (2006). Psykhofiziolohiia [Psychophysiology]. Kyiv: Tsentr navchalnoi literatury. Retrieved from
https://lib.iitta.gov.ua/id/eprint/1608/1/%D0%9A%D0%BEY%D0%BA%D1%83%D0%BD_%D0%9F%D1%81%
D0%B8%D1%85%D0%BE%D1%84%D1%96%D0%B7%D1%96%D0%BE%D0%BB%D0%BE%D0%B3%D1
%96%D1%8F.pdf (in Ukr.)

12. Gazolla J. C., Ferreira-Junior J. B., Encarnacdo S. Schneider A. C., Monteiro A. M. Teixeira, J. E. Forte P.,
Verbena e Oliveira J. P., Borba D. A., Costa C. M. A., & Vieira C. A. (2025). Relationship between quality of life,
level of physical activity, physical fitness, and body composition on the academic performance of high school
students in an integrated educational system. Perceptual and Motor Skills, 132(6), 1351-1372. doi:
https://doi.org/10.1177/00315125251344404

13. Yoon, E. S., So, W. Y., Jang, S. Association between perceived psychological stress and exercise behaviors: A
cross-sectional study using the survey of national physical fitness. Life. 2023. Nel3(10), 2059. doi:
https://doi.org/10.3390/1ife13102059

14. Food Frequency Questionnaire (FFQ). Retrieved from https://biolincc.nhlbi.nih.gov/media/studies/framoffspring
[Forms/Exam%203%20Fo00d%20Frequency%20Questionnaire.pdf?link_time=2018-08-11 23:58:42.966309

15. Komputerna prohrama "Intehralna otsinka psykhofiziolohichnoi adaptatsii liudyny" [Computer program "Integral
Assessment of Human Psychophysiological Adaptation™]: Svidotstvo pro reiestratsiyu avtorskoho prava No.
139404. Ukraine: UKRNII, October 31, 2025. Bulletin No. 94. Retrieved from https://iprop-ua.com/cr/rdysqp4c/

16. International Physical Activity Questionnaire (IPAQ). Retrieved from  https://youthrex.com/wp-
content/uploads/2019/10/IPAQ-TM.pdf

17. Holubnycha L., Matsapura, L., Miroshnik, L., Hetmanets, I., Kovalchuk, O., Khodakovska, O. (2022).
Psychophysiological adaptation of international students to learning abroad. International Journal of Innovative
Research and Scientific Studies, 5(1), 37-46. https://doi.org/10.53894/ijirss.v5i1.359

18. Koval K. H., Khomenko, S. M., & Yukhymenko, L. I. (2024). Psychophysiological foundations of the concept of
human stress resistance. In Mechanisms of Development of the Scientific and Technical Potential of Modern
Society: Proceedings of the XL International Scientific and Practical Conference (pp. 29-31). International
Scientific Unity. doi: https://doi.org/10.70286/isu-25.09.2024 (in Ukr.)

Koeanw K. I'., Xomenxo C. M., IOxumenxo JI. 1.

POJIb OIBHYHOI  AKTHBHOCTI TA XAPUYYBAHHA Y  @®OPMYBAHHI
IICHXO®I3I0JIOTTIHOI ATAIITAIIII CTYAEHTIB /10 HABYAJIBHOT O ITPOIIECY B YMOBAX
BOEHHOI'O CTAHY

Memoro docnidoicennay 6y10 6CMAHOBIEHHA 83AEMO38 3Ki8 Midc TIA ma nosedinkosuMu YUHHUKAMU
(IMT, ¢izuuna axkmusnicms, 0coOIUBOCME XAPUOBOL NOBEOIHKU) Y CMYOCHMCbKOL MONOOI ma po3pobiients
NPAKMUYHUX PEKOMEHOAYili W00 ONMUMI3ayii ncuxoiziono2iuHo2o cmamy 8 yMosax XpoHiunozo cmpecy. Y
00CHI0NHCEHHT 835U YUaAcb 76 npakmu4Ho 300posux 3000yeauie suwuyoi oceimu Yepkacbko2o HAYIOHANLHO2O
yuigepcumemy imeni Bozoana XmenvHuyvkoeo gikom 17-28 pokie (wonosivoi cmami): 38 cmyoenmie HHI
@izuunoi kyremypu, cnopmy i 300p0o8’s pI3HUX CHOpMUSHUX cheyianbHocmel ma 38 cmydenmis
Gaxynomemis ncuxonoeii ma 0OUUCTIOBANILHOI MEXHIKU, [HMENeKMYANbHUX MA YAPAGIAYUX CUcmeM, d
maxkooxc HHI nedazoziunoi oceéimu, coyianvnoi pobomu i mucmeymea HeCNOPMUGHUX CNeyiaibHOCHel.

Y pesynomami docnioscenns suaeneno sanexcuicms 114 6io IMT, pisna ¢izuunoi akmuenocmi ma
AKocmi  Xap4oeoi  nosedinku.  Bcmawoeneno,  wjo  cmydewmu  CHOpMUBHUX — CheyianbHOCHel
xapaxmepu3zyeanucs 3HauHo euwum pienem 114 (59.4 + 2.1 6anis) nopieHAHO 3i cmyOeHmamu HeCnOPMUSHUX
cneyianvnocmeil (42.8 = 1.9 6anis; p < 0.05). Bcmanosieno He2amugHy Kopenayito cepeOHboi wintbHocmi
misie IMT ma pisnem [IA (r = —0.51, p < 0.01), axa cgioyums npo me, wjo KOHMPOIb MACU MILA WAAXOM
NOEOHAHHSA (DI3UYHOI AKMUBHOCMI MA HOPMANI3AYIL XAPUy8aHHA MAE 3HAYHULL NOMEHYIAN OA5 NOJINUIEHHS
ncuxogisionociynoco cmany. Cmydenmu 3 nopmanvium IMT manu euwi noxasnuxu 114 (32% 3 eucoxum
pisnem I14) nopisusano 3 ocobamu 3 Haonuukogow macoro minra (12%,; p < 0.05). Budineno mpu npogini
PUsUKY po3sumky oezadanmayii: nuzvkuti (85.5%), nomipuuii (8.0%) ma eucokuii (13.2%), npedcmasnuxu
K020 NOMPeOYIOMb 3ACMOCYB8AHHS KOPEKYIIHUX 3AX00I8.

Ob61pynmogano, wo KOMNJIEKCHI MIDCOUCYUNTITHAPHI 3aX00U, AKI GKII0UAIOMb MpeHiHeu 3i cmpec-
MEHeOIHCMEHMY, Npocpamu  Qi3uyHol axmueHocmi, OI€MONO2IYHe KOHCYIbIMYBAHHA MA NCUXONO2IUHY
nIOMPUMKY, € 0COONUBO HEODXIOHUMU 8 YMOBAX BOEHHO20 CIAHY.

Knrouoei cnosa: ncuxoghizionoeiyna adanmayis, inoekc macu ming, QizuuHa akmueHicmo, Xapyosd
Nn06eJIHKA, XPOHIYHUL CIMpec, CIMPecOCMIUKICMb, 60EHHULL CMAH.
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BIIJIUB TUMYACOBOI OKJIIO31i HUXKHIX KIHIIIBOK
HA HEHTPAJIBHY 'EMOJIUHAMIKY ATJIETIB

Anomauia.. Ocmaunimu poxamu 3HAYHO20 NOWUPEHHS HAOYIU MemoOuKu MmumM4acoBoi OK03ii
HUDICHIX KIHYIBOK, SKI BUKOPUCIOBYIOMbCS SK Y MPEHY8ANbHOMY npoyeci, max i 6 peabinimayiinux
npocpamax cnopmcmenis. Boonouac numarnHs xapaxkmepy ma Cmyneust Yux smin y amiemis 8 3a1edcHOCmi
810 IHMEHCUBHOCMI BNIUBIE 3ATUMUATOMBCS HEOOCAMHbLO GUBYEHUMU, d Pe3VIbINamU HABHUX 00CIIONCEHD €
cynepeunusumy. QOcobausoi axmyanvHocmi Hadysae HeOOXIOHICMb BU3HAYEHHS Oe3neuHocmi ma
eheKmusHOCmi MUM4AcoB80i OKI03ii O CNOPMCMENIB, OCKIIbKU HAOMIpHe HABAHMAICEHHS HA Cepyeso-
CYOUHHY cucmemy Moxce Nnpu3sooumu 00 pO3GUMKY (QYHKYIOHANbHUX NOPYUIeHb [  3HUNCEHHS
De3VIbIMaAmuUGHOCHII.

Bumiprosanuns 30iticniosanu na 30 uonosixax eikom 18-25 poxie - cmydenmax izKyabKypHo-
cnopmuenux cneyianizayii. OKIIO3MUHI 6NAUGU GUKOHYBALU HA CHMESHAX MAHNCeMOol 011 SUMIPIOGAHHS
apmepianbro2o mucky wupuroro 200 mm ynpooossic 3 xeunun. Inmencusnicmo nepuio2o éniugy cKiaoanid
pisensv diacmoniunozo mucky + 50 mm pm.cm.; 0pyeozo - pigeHb cucmoniyno2o mucky + 50 mm pm.cm.
Toxasnuku yenmpanbHoi 2eMoOUHAMIKU PeECmpy8an peocpaghiuHum MemoOOoM.

Ax senozna max i apmepianvHa OKNI03isl HUNCHIX KIHYIBOK 8 OCHOBHOMY CHPUUUHALA 3HUNCECHHS B8CIX
NOKA3HUKIE apmMepiaibHO20 MUCKY, W0 MAL0 MpPUuedry niciadito. Biomiueni 6uUCOKI MIdNCIHOUBIOYANbHI
BIOMIHHOCMI 5K Y (DOHOBUX PIBHSX YOAPHO20 IHOEKCY ma cepyeso2o IHOeKcy, IX peakmueHOCmI Nicis
6eHO3HOI ma apmepianbHol  OKAI03Il Yy cmyoeHmie  (Di3KYIbMYpPHO-CHOPMUGHUX — CReyialbHOCHEL.
Kposonanosnenns opearnie epyoHoi Kiimku 30L1bULYBANIOCH 8 MPUBALUL Nepiod Hacy NICAA apmepianbHOi
OKJII031i HUICHIX KIHYIBOK.

Ilepcnexmugu nodanvuux O00CAiONHCEHb 80AUAIOMbCSA Y 3 ACYBAHHI THOUBIOVAILHUX 0COOAUBOCHEl
PeaKmueHOCmi NOKA3HUKIB YEHMPALbHOI 2eMOOUHAMIKY 30 PI3HUX 2padayiil OKII031l HUNCHIX KIHYIBOK.

Knrouosi cnoea: yenmpanioha 2eMOOUHAMIKA, OKMIO3IsL HUJICHIX KIHYIBOK, (DYHKYIOHANIbHUU CMAH,
amiemu

ITocTaHoBKa NMUTAHHA. AKTYaJbHICTb JOCHIIPKEHHS 3YMOBJIEHA 3pPOCTAIOUUM IHTEPECOM
cydacHoi (i3iojorii 10 MeXaHi3MIB ajanTaiii cepleBO-CYJMHHOT CUCTEMH CIIOPTCMEHIB Ta 0ci0
pI3HOTO BIKY Ta CTaTi /0 HECTaHIAPTHMX (pizionoriyHux BIIMBIB [1]. Y cnopTuBHIM MeauuuHi Ta
¢i3ionorii 0cOONMBY yBary MNPHAUISIIOTh BUBYEHHIO LIEHTPAJIbHOI T'€MOJMHAMIKH SK OJHOTO 3
KJIIOYOBUX MOKAa3HHUKIB (PYHKI[IOHATHHOTO CTaHy OpPraHi3My aTJIeTiB, 110 BHU3HA4Ya€e €(PEKTUBHICTDH
KpOBOOOIr'y, piBeHb MPaLE3JaTHOCTI Ta aJanTaliiiHi pe3epBU CEpLEBO-CYIUHHOI CHCTEMH.
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OcTaHHIMH pOKaMH 3HAYHOTO MOLIMPEHHS HAOYIM METOJIUKM THMYAacOBOI OKJIIO3ii HIDKHIX
KIHI[IBOK, $SKi BHUKOPHCTOBYIOTbCS SIK y TPEHYBAJBHOMY HpOIECi, Tak 1 B peaOuLmiTamiifHux
nporpamax croptcMeHiB [2, 3]. BogHouac nmuTaHHSA XapakTepy Ta CTYNEHS X 3MiH y aTjeTiB B
3aJIeKHOCTI BiJl IHTEHCHBHOCTI BIUIMBIB 3aJIMINAIOTHCS HEAOCTATHHO BHUBUCHHMH, a PE3YJIbTaTH
HAsIBHUX JIOCI/KEHD € CYNEePEUINBUMH.

Oco0nmBoi aKkTyanpHOCTI HAa0yBae HEOOXITHICTh BU3HAYCHHS OC3MEYHOCTI Ta e(PeKTHBHOCTI
TUMYaCOBOi OKIIFO3il /Uil CHOPTCMEHIB, OCKUIBKH HaJIMipHE HABAHTA)XEHHS Ha CEPLIEBO-CYAWHHY
CHCTEMY MOXE TPU3BOAUTH 1O PO3BUTKY (YHKIIOHAIPHUX TMOPYIIEHb 1 3HIKCHHS
pe3yabTaTUBHOCTI. J{OCTI/DKEHHS BIUIMBY THMYACOBOI OKIIIO31i HIDKHIX KIiHIIIBOK Ha IEHTPAJIbHY
reMOJMHAMIKY JI03BOJIUTh MOTJIMOMTH YSIBICHHS MPO aJanTalliifHi MEXaHi3MH OpraHi3My aTJeTiB,
ONITUMI3yBaTH TPEHYBAIBHUH MPOIIEC Ta YIOCKOHAIUTH 3aCO0M KOHTPOIIIO (DYHKIIOHAIBHOTO CTaHy
CIIOPTCMEHIB.

TakuM 4YMHOM, BUBYEHHS BIUIMBY TUMYAacOBOI OKIIIO31i HWKHIX KIHI[IBOK Ha LEHTPaIbHY
reMOJMHAMIKY aTJIETIB € CBOEYACHUM 1 MAa€ BAXKJIMBE TEOPETHYHE Ta MPAKTHYHE 3HAYCHHS IS
¢131010T11 CIOPTY, CIIOPTUBHOI MEAUIIMHU T CUCTEMH MIATOTOBKH aTJIETIB.

AHaji3 ocraHHiX JgochailxkeHb i nyoOaikamii. PeakTuBHa rimepeMis  IIMPOKO
BUKOPHUCTOBYETHCS ISl IOCTIHKEHHSI MaKpOCYIMHHOI - PO3IIUPEHHS, OMOCEPEIKOBAHE MMOTOKOM Ta
MIKPOCYAMHHOT - TECT Ha OKJIIO31I0 CYAMH 3a IOTIOMOT'00 OJMKHBOI 1H()pauepBOHOT CIIEKTPOCKOTIT
¢ynkiii. Rasica L e.a. [4] oTpuMaHi cymepewinBi pe3yabTaTH IIOA0 BIAMIHHOCTEH y pe3ysbTaTax
pPEaKTUBHOI Tinepemii, moB's13aHUX 3 piBHEM (DI3BUYHOT MIATOTOBKHU Ta CTaTTIO. BTIM B mocmimkeHH1
Giovanna M. e.a. [5] moka3aHo, mO TiKOBa aepoOHA TIOTY)KHICTh, TPHUBAJICTh BIIPaB,
MaKCHMAaJTLHUH HAKOIMYEHUH Ae(IUT KUCHIO Ta CIIOKHUBAHHS KUCHIO MMOKPAIIUJINCS ITiJ] 9ac BIIPaB
3 HaAMaKCUMAaJbHOIO IMOCTIHHOK IHTEHCHUBHICTIO ITICIIS IIECTH CEAHCIB OKJIFO31l HYKHIX KIHI[IBOK.
Onnak KOMOIHOBaHUH TIMOKCHYHHKA CTpec ab0 YacTKOBE OKIIIO3id HE MPHU3BEIH J0 IMOAAIBIIOTO
30UTBIIIEHHST TIKOBOI aepoOHOI MOTYKHOCTI. MeTaHaniz JjiTeparypu [6] TakoX HagaB TOMIpHI
JIOKa3W TOTro, IO IMEMIYHE MPEKOHIUIIIOBAHHS HE TOKpaIlye aepoOHYy 3JaTHICTh 3T0POBHUX
JOPOCIHX, aje CHpHse 30UThIIEHHIO Yacy J0 BHCHAaKCHHs il 4yac aepoOHUX BmIpaB. Pe3ympTaTn
OKJTIO31T HIDKHIX KIHITIBOK y CIIOPTCMEHIB 3ajJeXalld HE TUIBKM Bif il mapameTpiB, a 1 BiA MIUPUHU
OKJIO31iHOT MamkeTu [7]. OTke pe3ylbTaTH BIUIMBY OKIIIO31i HUXKHIX KIHI[IBOK y CIHOPTCMEHIB
3aJIe’KaTh Bix Oaratbox (hakTOPIB 1 HE 3aBXKAM OTHOCTIPSIMOBAHI.

PasoM 3 muM mokazaHo, IO IMIEMIYHE MPEKOHIUIIIIOBAaHHS MOXE CYTTEBO BIUIMHYTH Ha
CHPUUHATTSA OOJIFO Ta MIABUIIATH 30Yy/UIMBICTh KOPTUKOCIIHAJIBLHOTO TPAKTY I Yac TOBUILHUX
ckopoueHb [8]. Lle mMoke BKa3yBaTh HE TUIbKM Ha BIUIMB IIhbOTO TECTYy Ha KPOBOOOIr, ajie W Ha
JISUTBHICTh BET€TaTMBHOT HEPBOBOI CHCTeMH. BTiIM 3HalijieHe TUIBKA OJHE JOCILKEeHHS [9] B
KOTPOMY Yy JIOCHigaxX Ha MUIIAX JOBEIEHO, 110 OKIIO31s KIHI[IBOK MOB'A3aHa 31 3MIHAMH aKTUBHOCTI
BEreTaTHUBHOI HEPBOBOi CHCTEMHU (YacTOTa CEpIEBUX CKOpoYeHb, KpoBoTik, BCP) ta nerkum
IIIEMIYHUM CTPECOM MiOKap/a, 10 CIPHUs€e KapAiOMPOTEKIIii.

CydacHuif  CHOpPT BHCOKMX JOCSTHEHb  XapaKTEpU3YEThCS  IMOCTIMHMM  TOLIYKOM
IHHOBAIIMHUX METOJIB 1HTeHCHU(IKalil TPEHYBaJIBLHOTO MPOLIECY Ta MPUCKOPEHHS BiIHOBICHHS.
OpHMM 13 TaKMX METOIB, 110 Ha0yB 3HAYHOI MOMYJSPHOCTI OCTAHHIMU POKAMHU, € TPEHYBAHHS 3
obomexeHHsM kpoBoToky (Blood Flow Restriction Training, BFRT) abo BuKOpUCTaHHS AUCTAIBHOT
OKJTIO31i ISl CTUMYJIAIIT afanTaniiHaux Mmexanizmis [10].

ToMy akTyanbHUM € JOCTIIKEHHS BIUIMBY THMYACOBOi OKJIIO31i HIDKHIX KIHI[IBOK Ha
MOKa3HUKH LIEHTPAIbHOT FeMOJMHAMIKHU sIKI B1IOOpaXkaroTh HE TUIBKM OCOOJIMBOCTI 3MiH TOHYCY
BETeTAaTHUBHOI HEPBOBOI CHCTEMH, aje i (DyHKIIIOHYBAaHHS CEPILIEBO-CYTUHHOT CUCTEMH B IILIOMY.

Mera. 3’scyBaT 0COOIMBOCTI MOKA3HUKIB LIEHTPAIbHOI T€MOJUHAMIKU MPHU PI3HUX PIBHAX
THMYACOBOT OKJIFO311 HIDKHIX KIHIIIBOK Y CTYJEHTIB (QI3KyJbTYPHO-CIIOPTUBHHUX CIEIIaTbHOCTEH.

Metoaun nocaizxennsi. BumiproBanns 3ailicHioBanu Ha 30 vosoBikax BikoMm 18-25 pokiB -
CTyIeHTax (i3KyJIbKYpHO-CIOPTUBHUX crerianizamiii Yepkacbkoro HalliOHAILHOTO YHIBEPCUTETY
iMeH1 bornana XMenpbHHUIIBKOTO 3 JOTPUMAaHHSIM OCHOBHUX 0i0eTHYHUX MoJokeHb KonBeHii Pagu
€Bponu Tpo MpaBa JOAUHU Ta OloMemaunuHy, ['enbciHCHKOT Aekiapariii BececBiTHROT MeanyHOT
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acorarii mpo eTUYHi MPUHIIUITY TPOBEACHHS HAYKOBUX MEIUYHUX JOCII/DKEHB 32 YUaCTIO JIFOJUHU
(1994-2008 pp.), a Takox Hakasy MO3 Ykpainu Ne 690 Bix 23 Bepecus 2009 poky.

Bci BoHM 32 TaHUMM MEIUYHOTO 0OCTEKEHHs OYJIM 3I0pOBi, HE MaJI TOCTPUX Ta XPOHIYHUX
3aXBOPIOBaHb.

Croyatky Ha Ta TPyOHY KIITKY OOCTEXKYBAaHOTO HaKIAJalu eJIeKTpoau peorpada,
BUMIPIOBATIM apTepiaibHUil THCK. Ilicast BiANOYMHKY B TOJIOXKEHHI JIEKAYU TOPU30HTAIBHO
yapoAoBK 5-10 XBWIMH 3AIHCHIOBATM JBOXBWJIMHHY PEECTPAIII0 PEOrpaMy TPYAHOI KIITKH.
BumiproBanns nosroproaiu 3 1-1, 10-1 ta 20-1 XBHIMHAX ITIiCIISI TPUITMHEHHS OKITIO31MHUX BIUTUBIB.

OxuTr031iiH1 BIUTMBH BHKOHYBQJIM HAa CTETHAX MAH)XETOIO JJIsi BUMIPIOBAHHS apTepiallIbHOTO
TUCKY mupruHOI0 200 MM YIpOJOBX 3 XBHJIMH. IHTEHCHBHICTH MEPIIOTO BIUIMBY (BEHO3HA OKIIO31S
— B) cknagana piBeHb miacTOMYHOTO TUCKY (ATxiacr) + 50 MM pr.cT.; apyroro (aprepiaibHa
OKI031s1 — A) - piBeHb CUCTOIIYHOTO TUCKY (AT cuer) + 50 MM pT.CT.

Cuctronmiuanii (ATcuer) Ta miacTOMUHUM (AT xiacr) apTepiayIbHUN THCK BUMIPIOBAIA 3a
nonomororo ToHomerpa KoportkoBa (Reiker, Germany). Cepenniit aprepianbauii THCK (AT cep)
po3paxoByBasim  3a  Qopmyinoro  Xikema. JIus  OIIHKKM  TEeMOJWHAMIYHMX  ITOKa3HUKIB
BUKOPDHUCTOBYBJIM  TPAaHCTOpAaKallbHYy  TETPANOJSAPHY  IMIENAHCHY  peoruieTusMorpadito.
PeomeTrsmorpamy rpyaHo1 KIIiTKHA peectpyBanu Ha peorpadi XAl-medica standard (XAI-medica,
XapkiB, VYkpaina). 3a curHaimamu JudepeHuiiioBaHOi peorpaMu TpyAHOI KIIITKA — Ta
eJIeKTpOKapiorpaMu B MporpaMmi IbOT0 pO3pOOHMKA pPO3paXOBYBaIM HACTYMHI MOKa3HUKU
IEHTPATHLHOT TEMOTHHAMIKH.

Tpusamicts iHTepBany RR (t-RR) — BificTaHb MK HaWBUIIUME TiTSTHKaMU 3i011iB R cycimHix
KapAl0iHTEepBaiB.

Vnapuauit iHgexkc (YI) 3Haxoawnu NUIAXOM MOAUTY YAApHOTO 00’€éMy KpOBI Ha TUIONLY
MOBEPXHI Tina. Y aapHuii 06’eM po3paxoByBaiu 3a MeToioM Kubichek .

CepueBnit ingexc (CI) 3HaX0IuaM NUISXOM TOJLTY XBHJIMHHOTO 00’€MYy KpOB1 Ha ILUIOIILY
MMOBEPXHI Tina.

3 MOKa3HMKIB KapaioJAWHAMIKU OIHIOBAaIM HACTymHi: TpuBamicts (a3u BUTHAHHSA (T surn),
TpuBaicTh (ha3u HanpyKeHHS (T wanp), 00’ €MHY MIBHIKICTH cepiieBoro Bukuay (OIIB).

Kpim 1mporo po3paxoByBajau piBeHb KPOBOHAIOBHEHHs opradiB rpyaHoi kiaitku (KHII) sk
BITHOILIEHHSI KBaJpaTy BIACTaHI MDK T'PYIHUMHU €JIEKTpoJaMu peorpada 10 eIeKTPUYHOTO ONOpY
TPYAHOT KJTITKH.

CraTUCTHYHUI aHali3 OaHUX 3OIACHIOBAIXA 3a noromoror tabmuips FExcel-2003 Ta
nporpamu Statistica for Windows 12 (Statsoft Inc., Tulsa, USA). IlepeBipKy HOpMaJbHOCTI
pPO3MOJIUTY JOCHIPKYBAaHUX IIOKA3HUKIB MPOBOJMIM 3a KpurepieM 2. [l mnapamerpudHoOi
CTaTUCTUKH PO3paxoByBaiu cepenHe apudmernyne (M), craHmapTHy MOXHOKY BHOIPKOBOTO
cepennboro (m). Biporiguicts BiaMinHOCTEH oriHOBanu 3a F-kpurepiem Fisher [11].

Pe3yabTaT Ta ix o6roBopenHs. [loka3HUKHM apTepiaibHOTO THUCKY B CHOKOI Jiexadd Ta
TICJIST OKJTIO31MHUX BIUIMBIB y BUMIPIOBAHUX MPEACTaBIICHI B Ta0II.

Tadauusa
[Tokazuuku aprepianbHOro TUCKY (M£M) y cTyAeHTIB Pi3KyIbTYPHO-CIOPTUBHUX CIIELIAIBHOCTEM
TICJISE TUMYACOBOT OKITIO31i HMKHIX KiHIIBOK (B — iHTeHCUBHICTD AT jacrt50 MM pT.CT.;
A - ATcuert50 MM pT.cT.)

YMoBH ATcucr, MM PT.CT. AT giacr, MM PT.CT. ATcep, MM PT.CT.
CIOKIH 128,33+1,71 74,56+1,74 92,48+1,57
B 1 xB 125,96+1,72 71,81+1,44 89,86+1,44
B 10 xB 125,37+1,39 69,78+1,37* 88,31+1,23*
B 20 xB 124,41+1,59* 69,74+1,54* 87,96+1,40*
Alxs 124,56+1,46* 69,15+1,53* 87,62+1,28*
Al10 xB 123,70+1,43* 69,81+1,45* 87,73+1,28*
A 20 xB 124,26+1,38* 70,81+1,52* 88,63+1,37*

[Tpumitka. * - p<0,05 B mopiBHSAHHI 3 pIBHEM Y CITOKO1
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B crani cokoo CUCTONIYHMI apTepiaibHUI THCK OyB AEUI0 MiABHILEHUH B MOPIBHIHHI 3
3araJIbHOTIPUMHATAME HOpPMaMH JUIsi Takoro BiKy. [lonmiOHa 3akOHOMIpHICTH XapakTepHa s
CIOPTCMEHIB, 110 BUKOHYIOTh 3HaYHI 00’€MHU TpeHYBAJIbHUX HABaHTAXCHb Oyia BiIMiueHAa HaMH
panimre [12].

[Ticnst mepmroro oximo3iiiHOr0 BruMBY 10 XBWIMH HE BiOyBajgoCh 3pYHIEHHS IHOTO
MOKa3HUKa y MOPIBHAHHI 3 (JOHOM 1 TUTbKH Ha 20-i XBWJIMHI BIJHOBJICHHS CIIOCTEPIraiy BipoTigHe
30UTBIICHHST 3HW)KCHHS HOTO pIiBHSA. 3MEHIICHHS iacTOJIIYHOTO Ta CEPEeIHLOTO apTepiabHOTO
TUCKY peecTpyBaiu Bke Ha 10-if XxBuimHI micast BeHO3HOT okuro3ii. Ilicis apyroro BIUIMBY, IO
CYNPOBOJIKYBABCSl MEPEKUMAaHHAM apTepiid, ynpoaoBx Bcix 20 XBHIMH peecTparmii BigOyBajaoch
3MEHIICHHS 110 BiIHOMIEHHIO /10 (POHY BCIiX MOKAa3HUKIB apTEPialbHOTO THCKY.

AHaJi3 peakTUBHOCTI LIX [TOKa3HUKIB HE BUSBUB BIIMIHHOCTEN y aMIUTITY/Al 3MIH MiX 1-M Ta 2-
M BIUTMBaMH 32 BUHATKOM pi3HUIG y 3HIKeHHI ATcep Ha 1-if xBunmmHI micas nepmioro (-2,62+0,9 Mm
pr.cT) Ta apyroro (-4.86+1,20 mm pr.cT., P<0,05). LliikoM HMOBIPHO 11€ MOXe€ MOSCHYBaTUCh BUCOKOIO
JIEBIAaHTHICTIO PEAaKIiii apTepiabHOTO TUCKY Yy PI3HHUX CHOPTCMEHIB. ApTepiaibHa OKIIIO3IT MOXKeE
BUKJIMKATH OUIBIY PEAKIIF0 CHCTEMHOIO apTepilalbHOTO THUCKY OJIpa3y * MICIs 11 MPUIHMHEHHSL.

Takum 4MHOM SIK BEHO3HA TaK 1 apTepialibHa OKJIIO3is B OCHOBHOMY CIIPHYMHSIIA 3HWKEHHS
BCIX MOKa3HUKIB apTepIaIbHOTO TUCKY, LII0 MaJIO TPUBAY MICISIAIIO.

[Toka3HUKK CepIEeBOr0 BUKWIY TIpU EKCIEPUMEHTAIBHUX BIUTUBaX BIPOTITHO HE
3MiHIOBaJIMCh. Pa3oM 3 uMm Oynu BigMI4€H1 BUCOKI MDKIHAMBIIyallbHI BIIMIHHOCTI SIK Y (JOHOBUX
piBHsAx YI ta CI, Tak 1 B iX pEakTUBHOCTI Mics BEHO3HOI Ta apTepiajibHOi OKIro3ii. Takoxk He
3HANJIEHO BIIMIHHOCTEH y PIBHSAX Ta PEAKTUBHOCTI TPUBAIOCTI (pa3 HaNpy>KEHHs Ta BUTHAHHS.

Btim anani3 mBUAKOCTI BUTHAHHS KPOBI 3 CEP/Ils MOKa3aB, IO €W MOKa3HUK 3pOCTaB Ha
20-#1 xBunuHI micas KokHOi okmo3ii (puc. 1). Ile moxke OyTm SK HACHIIKOM PO3IIUPEHHS
nepudepiiHuX CYJUH TaK 1 3SMEHIIIEHHSIM YaCTOTH CEPIIEBUX CKOPOYCHb.

340
320 -

300 -

|
N |

240 -

mn/c

220

200

CroKin B1 xB B10 xB B20 xB A1 xB A10 xB A20 xB

Puc. 1. PiBH1 06’ eMHOT IIBUAKOCTI ceprieBoro BUKUAY (M+m) y cTyneHTiB
(G13KyJIBTYpHO-CHOPTUBHHUX CIEIIaTbHOCTEH B CIIOKOT JIeKauM Ta IMICJIs THMYACOBOI OKITIO31{
HWKHIX KIHUIBOK (B — iHTeHCUBHICTD AT sjacrt50 MM pT.CT.; A — ATcnert50 MM pT.CT.).

* — p<0,05 B nopiBHAHHI 3 (HOHOM

3MIHM KpPOBOHANOBHEHHsSI OpraHiB TpyaHOI KIITKH MpHU NPOBE/ICHHI  BIUIUBIB
XapaKTepU3yBaJUCh HACTYITHUM (pHC. 2).
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Puc. 2. PiBHI KpOBOHAIIOBHEHHSI OPTaHiB TPYAHOIT KINITKHA (M£M) y cTyeHTiB
(G 13KYIBTYPHO-CIIOPTUBHUX CIIELIaTbHOCTEN B CIIOKOT JIEYKauM Ta MicIIsi THMYAacOBOi OKIIIO31i
HIWKHIX KiHIIBOK (B — iHTeHCUBHICTD AT sjacit50 MM pT.CT.; A — ATcuert50 MM pT.CT.).
* — p<0,05 B mopiBHSAHHI 3 HOHOM

CratucTuuHO 3HAYYIKUM Oysi0 30UThIIEHHS IIHOTO TMOKAa3HWKA B TMOPIBHSAHHI 3 (D)OHOM Ha

10-#1 Ta 20-i xBuUaWMHAX TMicas aprepianbHOi okmro3ii. PeaktuBricth KHII BiporigHo BwuIoio
Ha 10-i XBUIMHI TICHI apTepianbHOT OKITI031i HiK Ha 10-# XBUIIMHI TIC/IST BEHO3HOI.

Takum 4yMHOM K BEHO3HA TaK 1 apTepiajibHa OKIIO31S MPU3BOJAWIM JO CYTTEBUX 3MIH

LEHTPATbHOI FTeMOJMHAMIKH, 1II0 MAJIA MMTUPOKUH MDKITUBIAYaTbHUNA PO3KHI,

1.

2.

BucHoBku
Sx BeHO3Ha TaK 1 apTepiagbHa OKJIIO31S HIDKHIX KIHIIBOK, B OCHOBHOMY, CIPHYHMHSIIA
3HM)KEHHS BCIX TIOKA3HUKIB apTePialIbHOTO TUCKY, IO MaJIO TPUBATY MICIISIIIIO.
Biamideni BUCOKI MDKIHIUBIIyaJIbHI BIIMIHHOCTI K y ()OHOBUX PIBHSIX YAAPHOTO 1HIEKCY Ta
CEPIICBOTO IHJEKCY, iX PEaKTUBHOCTI MICJIS BEHO3HOI Ta apTepialibHOiI OKI03ii Y CTYACHTIB
(G13KYIBTYPHO-CIIOPTUBHUX CHELiaTbHOCTEH.
KpoBonamnoBHeHHs1 OopraHiB TpyaHOI KIITKH 30UTHIIYBAJIOCH B TPUBAJIMM MepioJ 4acy Micist
apTepiaabHOT OKJII0311 HYDKHIX KIHITIBOK.

IlepcnekTHBH NOJAJIBIIHX JOCHiAKeHb. BOauaroTbcs y 3’dCcyBaHHI IHAWBITYaJIbHHX

0COOJIMBOCTEH PEaKTHMBHOCTI IMOKA3HMUKIB IEHTPAIBHOI I'EMOJMHAMIKY 33 PI3HUX Tpajallid oKiIro3ii
HIDKHIX KIHI[IBOK.
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Stanislav Kovalenko, Ivan Dziunyk, Petro Gunko, Roman Tsyhannyk.
THE EFFECT OF TEMPORARY OCCLUSION OF THE LOWER LIMBS ON THE CENTRAL

HEMODYNAMICS OF ATHLETES

Introduction. In recent years, methods of temporary occlusion of the lower limbs have become

increasingly widespread and are used both in the training process and in rehabilitation programs for
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athletes. At the same time, the nature and extent of these changes in athletes depending on the intensity of the
interventions remain insufficiently studied, and the results of existing studies are contradictory. The need to
determine the safety and effectiveness of temporary occlusion for athletes is of particular relevance, since
excessive stress on the cardiovascular system may lead to the development of functional disorders and
reduced performance.

Objective. To determine the characteristics of central hemodynamic parameters under different
levels of temporary lower limb occlusion in students specializing in physical culture and sports

Methods of the study. Measurements were conducted on 30 male students aged 18-25 years
specializing in physical culture and sports. Occlusion was applied to the thighs using a 200 mm-wide blood
pressure cuff for 3 minutes. The intensity of the first intervention corresponded to the level of diastolic blood
pressure + 50 mmHg; the second intervention corresponded to the level of systolic blood pressure + 50
mmHg. Central hemodynamic parameters were recorded using the rheographic method.

Main results of the study. Both venous and arterial occlusion of the lower limbs generally caused a
decrease in all blood pressure parameters, with a prolonged aftereffect. High interindividual differences
were observed both in the baseline levels of stroke index and cardiac index and in their reactivity after
venous and arterial occlusion among students specializing in physical culture and sports. Blood filling of the
thoracic organs increased for a prolonged period after arterial occlusion of the lower limbs.

Scientific novelty of the study results. For the first time, a comparative analysis of the effects of short-
term venous and arterial occlusion on the functional state of hemodynamics in students specializing in
physical culture and sports was carried out.

Conclusions and specific suggestions of the author. Prospects for further research lie in clarifying
the individual characteristics of central hemodynamic parameter reactivity under different gradations of
lower limb occlusion.

Keywords: central hemodynamics;, lower limb occlusion; functional status; athletes
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IHAUBIAYAJIbHI OCOBJUBOCTI B3AEMO/IIi CTATOKIHETUYHOI
CTIMKOCTI 3 TUIIOJIOTTYHUMU BJACTUBOCTSMMU HEPBOBUX
INPOLECIB B OHTOI'EHE3I OCIB 3 PI3HOIO PYXOBOIO AKTUBHICTIO

Mema Oocniorycennn — 3’51c08y6amu  0COOIUBOCMI B3AEMOOIL PECYIAMOPHUX XAPAKMEPUCTIUK
CMAamoKiHemuyHoi cmitikocmi 3 iHOUBIOYATbHO MUNOAOSTHHUMYU BAACUBOCHAMU HEPBOBUX NPOYecié 8
OHmozene3i 0cib 3 Pi3HOI0 PYX080I0 AKMUBHICTNIO.

Mamepianu ma memoou. Y Oimeil, nionimkie, HaKie ma ocib 3pinozo 8ixy 6i0 7 0o 22 poxis, aKi
cucmemamuyno saumanuce cnopmom (N=187) ma ix oomonimxie ne cnopmcmenie (N=148) nposoounu
00CHI0JHCEHHST CMAMOKIHEMUYHOI CMIUKOCMI 3a NOKAZHUKOM OO08XCUHU MPAECKMOPII KONUBAHHA YEHMPY
mucky cmonu (Length) wa cmitxiii i necmitikiii naamgopmi cmabinoepagpa «MIID| cmabinoepagh-1».
Kowmn’tomepnorw cucmemoro «/liaenocm-1» y obcmedcysanux 6usHawaiy iHOUBIOYAIbHI MUNON02IUHI
81ACMUBOCMI 3DIBHOBAJICEHOCHI Hepsoaux npoyecie (3HII).

Pezynomamu  docnioycennn. Jloseoeno, wo 3HII sidicpac eadxciusy pecyisimopHy poib Y
dopmysanni  iHOUBIOYaANbHUX peaxyili cmamoxiHemuyHoi cmitikocmi 6 oHmozeHe3i. DYHKYIOHATbHA
83AEMOOISI  CMAMOKIHEMUYHOL CMILIKOCME 3 MUNOLOSTYHUMU  GIACMUBOCIIAMU HEPBOBUX NPOUECie 6
onmozenesi oimet, niONIMKI6, IOHAKIE ma 0Ci6 3pino2o 6iKky NOCMYNOB0 NOCUNIOBANIACH MA 3HAXOOUNLACD
V 3anedxdcHocmi 8i0 CKAAOHOCMI BUKOHAHHA 3A60AHHA YMPUMAHHA PIBHO8A2U MA PYX080I
akmuenocmi oocmedicysanux. Y wnaxie 19-20 ma ocio 3pinoeo eixy 21-22 pokieé oocaioxcysami
NOKA3HUKU MUNOJO02TYHUX 6IACMUBOCEl HEPBOBUX NPOYECI8 Ma CMAMOKIHemuyHoi QyHkyii oyiu
BUWI MA 8UABNEHO OLIbLW MICHUL NPOSAE PYHKYIOHAILHOT 63AEMO0IT, Hidc y dimetl 7-8 ma nionimkie
11-12 pokie. V cnopmemenis 3 nuscue 3a cepeoniti pisenv 3HII nokasnuxu Length 6yau cmamucmuuno
3Hauyuje euwji (CMamoKiHemMUuyHa CMIUKICMb HUNCYA), HIXHC Y 00CMexCcy8aHux 3 cepeOHim ma euue 3d
cepedHili piseHb 0ocnidxcysanoi munonoziunoi enacmusocmi. Koeghiyienmu xopenayii niomeepounu
HasAeHicMb [HMe2pamugHUx npoyecié munonocivnux eracmusocmei 3HII 3 pecynamoprumu @yuxyismu
cmamoxinemuunoi  cmitikocmi  Length obcmesicysanux na Hecmitikiui niamgopmi cmabinoepagha.
Bszaemoois 3HIT ma Length na cmabineri niamgopmi cmabinoepagha byna siocymmus.

Bucnoeku. Pezyromamu ceiouams, wjo inmezpamueni npoyecu 3HII y 3aemo0ii 3 pecynamoprumu
MEXAHIZMAMU CMAMOKIHEMUYHOI CMItIKocmi 8 oHmozenesi dimetl, NIOAIMKI8, 1OHAKI6 Ma 0CiO 3pinozo GiKy
3HAX00SMbCA ) 3ANeHCHOCHI 8i0 DIGHA PYX0B0I AKMUBHOCHI 0OCMENCYBAHUX MA CKAAOHOCMI BUKOHAHHSA
3A680aHHS YMPUMAHHS PDIBHOBALM.

Kntouoei cnosa: onmoeenes, cmamokiHemuuHa CMIUKiCMb, 3Pi6HOBANCEHICMb HEPBOBUX NPOUECIS,
Qizuuna akmusHicmeo.

IlepeaxymoBu nocaifzkeHHsi. 3’sCyBany, 1O M 4ac CIOPTUBHOI TISUIBHOCTI PEryisaTOpHI
IpPOIECH Y MO3KY Ta IHJMBIIyaJbHO-TUIOJOITYHI BJIACTUBOCTI OCHOBHHUX HEpPBOBHX IPOLECIB
MOXYTh BCTAQHOBJIIOBATH (DYHKIIOHAIBHUN 3B’A30K 3 PEryJsATOPHUMH XapaKTepUCTUKAMHU
CTaTOKIHETUYHOI CTifKOCTi. VY JiTepaTypi BIAMIYAETbCA SK IOCHUJIEHHS, Tak 1 mHocialOieHHs
B3aEMOJIIT PETYASATOPHUX MPOILECIB CTATOKIHETHYHOI CTIMKOCTI 3 1HIWBIMyadbHO-THIOJOTIUHUMU
BrnactuBoctaMu 3HIL. [Tpunyctuny, mo iHauBiAyanbHi 0cOOIMBOCTI POPMYBAHHS CTaTOKIHETHYHOT
CTIHKOCTI B OHTOT€HE31 MOXXYTh OyTH OOYMOBJIEHI '€HETHUYHO JETEPMIHOBAHUMH THIIOJIOTTYHUMHU
BJIACTUBOCTSMHU HEPBOBHX MPOLIECIB Ta PIBHEM PYXOBOi aKTUBHOCTI.

AxTyanbHicTb. B miteparypi nmokaszano, 1mo npouec 6aratopigyHoi (i3uyHOi MIrOTOBKH Y
CHOPTI BiIOyBa€ThCs MapaleabHO i3 OHTOTEHETHUYHMM pPO3BUTKOM CIIOpTCMEHa. Y poboTax
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0araTboX MOCHIJHHUKIB OMUCAHO PI3HI CTOPOHH MPOLECY IMIATOTOBKH OPraHi3My JI0 CIeialbHUX
¢i3uuHMX HaBaHTaxeHb [1-4]. OcoOnmMBOi yBarm 3aciayroBylOTh NHTaHHS (HOpMYyBaHHS
CTaTOKIHETUYHOI CTIHKOCTI y cOpTCMeHiB [5, 6]. Ane Oararo muTaHb Iii€l MpoOIEMaTHKHU Ie HE
pO3KpuTi Ta MOTPeOYIOTh MOAANBIIMX JOCIIHKCHb. 30KpeMa, HAA3BUYANHO BAXKIUBUM €
JNOCTIDKEHHST 0COOJIMBOCTEH (OpPMYBaHHS CTAaTOKIHETHYHOI CTIHKOCTI Ta iX MEXaHI3MIB B
oHToreHe3l. He 3aBeplIeHNMHU 3aMHMIIAIOTHCS MUTAHHS (GOPMYBAHHS CTATOKIHETUYHOI CTIMKOCTI y
0Ci0 pI3HOTO BIKY YIPOJOBX JOBTOTPHUBAJIOi HANPYXKEHOI TPEHYBAIBHOI Ta 3MaraJbHOi POOOTH.
BincyTHi 3HaHHS TPO POJb IHAWBIMYaTbHO-THIIOJOTIYHUX BIACTUBOCTEH HEPBOBUX IPOLECIB Y
peamizailii CTaTOKIHETHYHOI CTIMKOCTI OCi0 3 PI3HOIO pPyXOBOK akTHBHICTIO. lloTpedyroTh
JNOCTI/DKEHHST Ta TIOSICHEHHS TUTAHHS B3a€MOJIii CTAaTOKIHETHYHOI CTIHKOCTI 3 IHAWBIIyaJIbHO
TUTIOJIOTTYHUMU BJIACTUBOCTSIMH HEPBOBHX IMPOIIECIB 0C10 3 PI3HOIO PyXOBOIO aKTHUBHICTIO.

[lpunyctuiy, mo y AiTed, NIIITKIB, IOHAKiB Ta OcCi0 3puIOro BiKy, LI0 3aHMarOThCA Yy
CIOPTUBHUX CEKI[AX CTAaTOKIHETHYHA CTIMKICTh MOKE OyTHM BHIA, HDK Yy I1X OJIHOJITKIB, IO
CIIOPTOM He 3aiiMaroThcsl. Tako Hamaranuch HaJaTH J0Ka3W TOTo, IO T€HETUYHO JETEPMIHOBaH1
TUIIOJIOTIYHI BJIACTHBOCTI HEPBOBUX NPOLECIB Takl sK (yHKIIOHAJbHA PYXJIMBICTh, CHJIA Ta
3pIBHOBAXEHICTh 3B’s3aHI1, a pyXOBa AKTHUBHICTh MOXE BHOCHUTH KOPEKTHBH Yy (GOpMyBaHHS
CTaTOKIHETUYHOI (DYHKI[Ii B OHTOT€HE31.

Tomy MeTol0 [OCTIKEHHS OYyl0 BHU3HAYUTH OCOOIMBOCTI B3a€MOJIl 1HAMBIIYaTbHUX
TUTIOJIOTIYHUX BJIACTHBOCTEH OCHOBHUX HEPBOBHX IPOIIECIB 3 PErYISATOPHUMH XapaKTEPUCTUKAMU
CTATOKIHETUYHO1 CTIMKOCTI MITEH, MiUTITKIB, FOHAKIB Ta OCIO 3pUIOTO BIKY 3 PI3HOI PYXOBOIO
AKTUBHICTIO.

HeoOxinHo Oyn0 BCTAaHOBUTH 3aKOHOMIPHOCTI Ta OCOOJMBOCTI 3B'A3KY IHTErpaTHUBHUX
GyHKIIA 1HIMBINYaThHO-THUIOJOTTYIHUMHU BJIACTUBOCTSIMH HEPBOBHUX IPOIECIB 3 PETYIATOPHUMH
XapaKTEPUCTHKAMU CTAaTOKIHETHYHOI CTIMKOCT1 MIT€H, MIAJIITKIB, IOHAKIB Ta OCI0 3pLIOTO BIKYy 3
PI3HOIO PYXOBOIO aKTUBHICTIO.

MeToau Ta oprasizamia gocjigkeHHsi. [ BupimieHHS TOCTaBJeHO1  3ajadi
BUKOPHUCTOBYBAJIM KOMIT IOTEpHUN cTabUT0aHaIi3aTop 3 010J0TTYHUM 3BOPOTHIM 3B’si3koM «MITDI
crabimorpad-1» Ta KomoTepHUN HEUpOAMHAMIYHHN KoMIUIeKC «JliarHocT-1M» nmist mociimKeHHs
THUIIOJIOTTYHUX BJIACTUBOCTEN HEPBOBUX MPOIIECIB.

B xoxi mocmipkeHHs CTaTOKIHETHMYHOI CTIHKOCTI OOCTEKYBaHWM MIITPUMYBAB 3PY4YHY
BEPTUKaIbHY 103y, cTosiun Ha 1uatdopmi (40%40 cm). CTaTOKIHETHYHY CTIHKICTh OIIHIOBAIH
3a MOKA3HUKOM JIOBXXKMHHM TPA€eKTOpii KoiMBaHHS LeHTpy Tucky cromu (Length, mm). Cromu
JNOCIIKYBAHUX 3HAXOJUIIUCS B 3pYYHOMY IOJIOXKEHHI, NMPU I[bOMY BOHH OyJIU PO3TOPHYTI IO
BIIHOIIIEHHIO OJUH JO OJHOTO Ha KYT 20°, a m’SATKM BifmajeHi Ha BiAcTaHb 6 CM. OJHA BiX
oaHoi. Jns pmochimKeHHs 3MiH KOJHMBaHb Tila JIIOAWHU TPOBOJAUIN AOCHIIUKEHHS Ha
HecTabunpHiN mnaTdopmi ctabiorpada. ng nuporo Ha miIarGopMmy Kiajdud HOPOJIOH TOBIIMHOIO
100 mn, a Ha HbOro gouieyky (40x40 cm), 3 HAKIEEHUMHU MiTKaMu I cTonu. JlochmimKeHHS
CTATOKIHETUYHOI CTIMKOCTI MPOBOAMIIM Yy AITEH, MiANITKIB, IOHAKIB Ta AOpPOCIUX 7-22 pOKiB
cnopTcMmeHnax (N=187), mo cucreMaTu4yHo 3aiiManuck GyrOOIOM Ta iX OJHOJITKIB, SIKI CHOPTOM
He 3aiimanuch (N=148).

[TounHanu pocHi/KeHHS 3 BHU3HAYEHHS YTPUMAaHHS BEPTUKAIBHOI IO3M CTOSIYM Ha
crabuipHi 1uatdopmi crabutorpaga. IloTiM mepexonunu 0 HecTaOUIbHOI IUIaTGOPMHU.
PeectpyBanu mnepeminieHHs 3arajgbHoro ueHtpy macu (3LIM) y cuctemi KoOpAMHATH y pi3HI
MOMEHTH 4acy, IO BiOWBa€ OCOOTUBOCTI CTaTOKIHETMYHOI CTIMKOCTI SIK OCHOBH KOJIMBAaJbHUX
IpOIEeCiB TiIa TOCIIIKyBaHUX. BUKOHYBanu JiBa TeCTH Ha piBHOBary: 1 — BepTHKaJlbHA CTiiiKa Ha
CTiHKiH ratgopMi crabinorpada i 2 — BepTUKalbHa CTiiKa Ha HeCTiiKil uaTdopmi ctabizorpada.
Tectu ¢ikcyBamucs no 60 c. AHaini3 31iCHIOBAIN 3a MOKa3HUKaMU 3MmimeHHs 3L{M cron Ha onopy
y CEKTOpax MPOCTOPOBOI OLIHKK CXEMHU Tila BIJHOCHO BEPTHKAJIBHOTO MOJIOXKEHHA. BusHauanu
JIOBXKUHY TPAa€eKTOPii KonMBaHHsA HeHTpy TUCKY (Length, mm).

Busnauenns 3piBHOBakeHOcTi HepBoBux mporueciB (3HII) mnepexbauano peectpamiro
TOYHOCTI peakiiii Ha pyXoMui 00’€KT, 110 PyXaeTbCs 3 PIBHOMIPHOIO MIBHJKICTIO. MOMEHT pyxy
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00’€KTy 3ala€TbCsl NMPOTpamMoOI0 Ha KOI'10Tepi. [HTepBam MDK MyckamMu 00 €KTy 3MIHIOETBCSA Y
mamazoui 0,5-2,5¢ 3a 3aKkOHOM BHIIAOKOBHX 4YHCEN. Peakiil0 BBaXaJld TOYHOIO KOJIHU
00CTe)KyBaHUI 3yNUHIB PYyXOMHUH 00’€KT 3yHNMHSB Bin Mapkepa B mexax +£10 mc, abo TouHe
cHiBnaaiHHA 00’€kTy 3 MapkepoM. Skmo ¢ikcarlis pyxomMoro o0’€KTy MpOBEACHA TepeadacHo,
T0OTO TepeBuInye BennmunHy — 10 Mc, TO BiIMI4aeThCcs HEepeBaKaHHS TaJIbMIBHOTO TIPOLECY, 1,
HaBMaKH, KO (iKcalis pyXxoMoro 00’e€KTy MpOBEAeHA i3 3ami3HEHHAM 1 nepeBuurye +10 mc, To
BIIMIUa€TbCs TepeBakaHHS Tmporecy 30ymkeHHs. B mimomy mpo 3HII cymunm mo 3aranbHii
KUTBKOCTI MPaBWIIBHUX BIANOBIZEH 1 CIIBBITHOIICHHS MEPEAYaCHHUX Ta PEaKIiid 3 3ami3HEHHSIM 3
ypaxyBaHHSM CEpeIHIX BEIMYMH BCiX BigxwieHb y Mc [7, 8]. Ouiaky 3HII pobunm mo cymapHiii
BEJIMYUHI peakiliif, M0 BUIEPEHKAIN YU 3alli3HIOBAUCh. UMM MEHIAa CyMa BiIXHIIEHb PYXOBHX
peaxuiii (B Mc), TuM Buie piBeHb 3HII.

CTaTUCTUYHUN aHajai3 JaHuxX 3aiiMcHIoOBanM 3a gomomororo Tabmuib Excel-2003 Tta
nporpamu Statistica for Windows 12 (Statsoft Inc., Tulsa, USA). IlepeBipky HOpManbHOCTI
PO3MOJIUTY AOCIIKYBAHUX IOKAa3HUKIB IMPOBOJWIM 3a KpuTepieM y2. Po3paxoByBanu: cepeaHe
3HaueHHs MokKa3HUKIB (M), BenuuMHy cepeaHboi apu(MeTHyHOi MOXHOKM (+m), cepeaHe
KBaJpaTUuHe BiAXWIEHHs (G), koediunieHT Bapiauii (CV), a Takoxx meaiany ta 1 1 3 kBapTuli
(Me [25%; 75%]). [y BUOIpOK 3 HEHOPMAIBHUM PO3MOILIIOM, KPUTEPIi TOCTOBIPHOCTI BinkokcoHa
(mapui mnopiBHsAHHS) abo Mana-VYiTHi (HOpIBHSHHS He3aJleXXHUX BHOIpoK). BiporigHicTh
BiIMIHHOCTEH owiHIoBanu 3a F-kputepiem Fisher ta xputepiem Binkokcona. Kopensuiiinuii anani3
npoBoamiM 3 jgomomoroio koedimienty Ilipcona (r) ta Croipmena (Spearman rank correlation
coefficient) i Bu3Havanu H0oBipunii piBeHb Kopesalii Ha piBHI p<0,05 [9].

PesyabTraTn nociigaxeHHsi. 3aBIaHHS BKIIOYAIO JOBUIBHUN KOHTpPOJIb BEPTUKAIBLHOTO
MOJIOYKEHHSI Tijla CTOS'YM Ha CTaOUIbHINM Ta HECTiiKii maardopmi crabdizorpada. Busnaganu Length
y JdiTeH, MmIIITKIB, IOHaKiB Ta OCI0 3puIOro BiKy Ta 3’ICOBYBAJIM Y4YacTh IHAMBIAYaJbHO-
tunoyiorivaux BiactuBocted I[HC y MexaHiamax perynsiii CTaTOKIHETHYHOI CTIHKOCTI 0ci0
pi3HOTO BIKY 32 yMoBH pizHoro piBHsa 3HII ta hi3myHOT aKTHBHOCT!.

OckiTbKH paHillle HaMH OYJI0 JOBEICHO, IO HEHPOIWHAMIYHI 1HAWBITYaJbHO-THITOJIOTTYHI
BJIACTUBOCT1 (PYHKIIIOHATIHHOT PYXJIMBOCTI, CHJIM Ta 3pIBHOBAKEHOCT1 HEPBOBHUX IPOIIECIB € TEHETUYHO
JICTEPMIHOBAaHUMH BJIACTUBOCTSAMH TO II€ JaJI0 HaM ITJCTaBH IIPUITYCTHIIH, IO 1HIUBIIyalbHI Bapiamii
JOCITIDKYBaHUX TMOKa3HUKIB crabimorpadii Length mamy 3HaunwMii CTaTHCTUYHHI PO3KUI Ta MOTIIH
Oyt 00YMOBIIEHI caMe IHAMBIAyaIbHUMHU THIIOJIOTIYHMMH BJIaCTHBOCTSIMHU HepBoBoi cucrtemu [10, 11].
HaiiGinpini koedimientu Bapianii CV (%) Oynau BCTaHOBJEHI 3a MOKA3HUKOM JOBXKHUHH TPAEKTOPIil
KOJIMBaHHS IIeHTPY TUCKY Length (y mianazoni Big 46 % no 88 %).

ExcniepuMeHTaabHO MU HaMarajluch BCTAHOBUTU 3B’SI30K I1HIMBIAYaJbHO-THUIIOJOTTYHUX
BaactuBocreii 3HII oOcTekyBaHMX 3 XapaKTEpHUCTHKAMHM CTaTOKIHETHYHOI criiikocti Length
00CTe)KYBaHUX pPI3HOTO BIKYy Ta PYXOBOI akTHBHOCTI. Tomy y rpymax CHOPTCMEHIB Ta He
CIIOPTCMEHIB TIPOBENHM PO3paxyHKH KOe(DIIEHTY KOpesAalii Ta BU3HAYWIM JIOBIPYMH pIBEHBb
3HAYyYIIOCT] CTAaTUCTUYHOI TinoTe3u Mk nokasHukamu 3HIT ta Length mia koxxHOT BikoBOT rpymnu
OKpeMo, 110 OyJIM OTpUMaHi Ha cTaOUIbHIN 1aTdopmi ctadbitorpada.

Pesynpratu anamizy kopensuii, mo Oynu Bu3HadyeHi Mk mokasHukamu 3HII ta Length y
rpynax CHOPTCMEHIB Ta HE CIIOPTCMEHIB PI3HOrO BIKYy Ha CTidkild minatdopmi cradinorpaga
npecTaBieHi y Tadmummi 1.

Pe3synpTati KOpENALIMHOTO aHamizy, 1[0 HaBeAeHI y Taliu. | He BUSABWIM CTaTUCTUYHO
3Ha4yIoro 3B’A3Ky MK nepeMminHumHu 3HII Ta moka3zHMKamMu JOBXKHMHU TPAEKTOPIi KOJMBAHHS
LEHTPY TUCKY B KOJHIN BIKOBIM Ipymi, sIK y 00CTEXKYBaHUX CIIOPTCMEHIB, TaK 1 HE CHOPTCMEHIB.
3 nmokasnukamu Length ta 3HIT y He cmopTcMeHIB pi3HUX BiKOBHX TPYIl HE BUSIBHIMA CTATUCTHYHO
3Hauymoi kopemnsuii. Koedimientn xopensmii Oynu Hama3BuyaitHo Hu3bki (r = -0,04 - 0,32) Ta
BKa3yBalll Ha BIACYTHICTh 3B’S3Ky MDK LIMMHU NEPEMIHHUMHU. AHAJOTIYHI pe3yabTaTh KOPEJALil
orpumani ;s 3HIT i Length y BikoBux rpymax cnoprcmeniB ne r = -0,31 - 0,33. Hamenewi
koedimientn kopemsuii Mmbk 3HIT ta Length Ta noBipumii piBeHb CTaTHCTUYHOI 3HAYYIIOCTI
BKa3yIOTh Ha BIJICYTHICTb 3B 43Ky MDK EPEMIHHUMH PsiIaMU JIOCIKYBaHUX O3HAK.
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Tabanus 1.
Koedimientn kopesiii () Ta 10Bip4YHid piBeHb CTATUCTUYHOT 3HAUYHIOCTI ()
Mk nokazHukamu Length Ta 3HII y cnopTcMeHiB Ta HE CHOPTCMEHIB Pi3HOTO BIKY
Ha CTiliKiil atdopmi ctabimorpada
[pynu BikoBi rpynu, poku
OOcrexyBanux  [7-8 9-10 |11-12 (13-14 (15-16 |17-18 |19-20 21-22

r -0,09 |0,18 |-0,04 |-0,28 |0,32 0,17 -0,14 0,13
p |0,072 0,088 [0,093 [0,075 |0,065 | 0,073 | 0,083 0,092
r 006 |-0,31 (0,11 (0,33 |0,32 0,22 -0,21 0,31
p |0,074 10,067 [0,085 |0,056 |0,053 | 0,071 | 0,073 0,059

He cnoprcmenun

Cnoprcmenu

Vike 111 pe3yapTaTH, Ha Hally 1yMKY, € eKCIIEpUMEHTAIbHUM J0Ka30M TOTO, 1[0 PETYIATOPHI
(GYHKIIT CTAaTOKIHETUYHOI CTIMKOCTI HE 3B’S13aH1 3 BJIACTMBOCTSIMU OCHOBHHMX HEPBOBMX IPOLECIB,
skumu € 3HIT.

Jlyia miATBEpAKEHHST HasBHOCTI 3B’A3KIB HEHPOJMHAMIYHUX, 1HAWBIIYaTIbHO-THIOJOTTYHUX
BJIACTUBOCTEH OCHOBHUX HEPBOBUX IPOLECIB 3 MOKA3HUKAMHU CTATOKIHETUYHOI CTIHKOCTI Y BIKOBUX
rpynax Ha CTiKiid miuaTdopMi crabulorpada, MU MPOBENIM aHAJI3 BIPOTITHOCTI PI3HULL CEPEIHIX
BenmunH Length y oOctexyBanux 3 pisaum piaem 3HII. J{ns mporo roHaKiB ciopTcMeHiB (N=43)
Ta 1X OJHOJITKH He cropTcMeHiB (N=47) 15-16 pokiB METOJOM CHUTMalbHUX BiIXWJICHb MOIUTHAINA
Ha TP TPYIHU: 3 BUCOKUM, cepenHiM 1 Hu3bkuM piBHeM 3HII. 1t K0KHOT rpynu MU BUPaxoOBYBaJIH
Me 3HadyeHHs MOKa3HUKIB cTabumorpadii Length Ta BcTaHOBMIOBANIM CTATUCTUYHO 3HAYYII PI3HUIT
MOMDK TPy OOCTEXKYBaHHUX 3 PI3BHUMHU TpafamlisiMd THIOJOTTYHUX BJIACTUBOCTEH HEPBOBOL
cucTeMd. MK IMMU TpylaMy IIPOBENH MOPIBHAHHS CEpeaHiX 3HadeHb aoBkuuu Length. Iudposi
3Ha4YeHHs cTabimorpadii 3a MOKa3HMKOM JIOBKUHHU TPAEKTOPIi KOJIMBaHHS IIEHTPY TUCKY Length, Mm
nopiBHIOBaH 117151 KoxkHOT rpyru 3HIT okpemo (Ta6:1.2).

Tabnuus 2.
JloBKuHA TPAEKTOPIi KOJUBAHHS IICHTPY THCKY (MM) Ha CTiHKii miaTdopmi
y 00CTeXKyBaHUX FOHAKIB criopTcMeHiB (N=43) Ta He ciopTcMeHiB (N=47) 3 pisHuMU piBHeM 3HIIT

) . .. . . Biporignicts
HOCJ’III[}KYBaHl PiBHI1 3P1IBHOBAXXCHOCT1 HEPBOBUX ITPOLIECIB piSHI/IHi P
Py H C B H-C, H-B, C-B

548,7 523,1 529,3 _ _
He cropremenn | v/g0 5. 579 91 | [473,6: 563,2] | [491,4: 543,5] | 2078 0.065; 0,056
533,6 514,6 511,4

CnopTrcMeHu 0,068; 0,057; 0,076

[484,6; 558,5] | [476,1;533,8] | [487,2; 538,5]

Ipumimxa: B — eucokuii, C — cepeonitl, H — HusvKuii pisenb munono2iunoi é1acmueocmi

Tak, B koxHif 13 BuaiteHux rpyn 3a piBHAMU 3HII NOpIBHSAHHS TMOKAa3HUKIB JOBXHHH
TPa€eKTOpPii KOJHMBAaHHS LEHTPY THUCKY, SKI OTpMMaHi Ha CTilKiil miatdopmi crabinorpada y He
CIIOPTCMEHIB HE BMSBWJIO CTaTUCTHMYHO 3Hauymux pizHunp (p>0,05). Lle Bka3ye Ha BIICYTHICTb
CTaTHCTHYHO 3HAYYIIMX BiIMiHHOCTE# Length momixk rpyr 3 HU3bKOIO, cepeiHboro Ta Brcokoro 3HIT.

VY rpymax 3 HH3bKOI, CEpEIHBOIO Ta BHCOKOIO 3pIBHOBAXKEHICTIO HEPBOBHUX IPOLECIB
noka3Huk Length y cmoprcmeHiB Ha craOinbHil miardopmi crabinorpagda TakoX HE MaB
CTaTUCTHYHO 3HAYyIUX BigMminHOCTEH (p>0,05).

OTxe, HaBeleHI pe3ylbTaTH MOXYTh OyTH JOKa30M IpO BIJICYTHICTh 3B’SI3KYy MIK
MOKa3HUKaMM cTalutorpadii, 0 XapaKTepU3ylOTh CTATOKIHETHYHY CTIMKICTh Ha CTaOUIbHIM
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wiatpopMi 3 THUIOJOTIYHUMHU BIIACTMBOCTSAMM HepBOBHX ImporeciB. Ilokasuuku crabimorpadii,
Length na criiikiii mmaTdomi crabinorpada He Malu CTaTUCTUYHO 3HAYYIIMX PI3HHULB ab0 Oyiu
BiZICYTHI y rpynax oci6 3 pizoro 3HII Ta pyXxoBOI0 aKTHBHICTIO.

JlJis oCIiKEHHS POJii 3pIBHOBAKEHOCTI HEPBOBUX IMPOIIECIB Y OCTYpaTbHOMY KOHTPOJI 3a
YMOBH 3MiHH M’S30BO-CyrJ1000BO1 adepeHTariii Ta yTOYHEHHS 3B’S3KIB BIACTHBOCTEH OCHOBHHX
HEPBOBUX TPOIIECIB 3 MOKA3HUKAMHU CTATOKIHETUYHOI CTIHKOCTI MM TPOBENN KOPEILIMHAN aHami3
pesyabrariB gociimkenns 3HIT 1 Length na HecrabinbHii maardopmi ctadiorpada o0CTeKyBaHHX
PI3HOTO BIKY Ta pyXOBOi aKTUBHOCTI (TadI. 3).

Tabnuns 3.
Koedirient kopessiii () Ta 10Bip4YHii piBeHb CTATUCTUYHOT 3HAUYIIOCTI ()
Mk nokazHukamu Length ta 3HII y cnopTcMeHiB Ta HE CIOPTCMEHIB PI3HOTO BIKY
Ha HECTINKIi ruiardopmi ctabutorpada

I'pyru BikoBi rpynu, poku
00cTeXyBaHUX

7-8 9-10 | 11-12 |13-14|15-16| 17-18 | 19-20 | 21-22
r 0,14 -0,21 (0,29 0,28 |0,31 (0,29 0,33 0,31

He cnoprcmenu
p 10,087 0,067 [0,055 0,058 (0,045 | 0,053 | 0,045 | 0,042

r 10,26 0,18 0,37 (0,34 |0,32 | 0,36 |041 |0,43

Cnoprcmenu
p 0,084 0,063 (0,036 0,041 (0,043 | 0,041 |0,033 | 0,035

Tpumimxa: sxcuprum eudineni 3Hauywi Kopensyii

Pesynbraru, mo HaBeaeHi y Ta0i. 3 BUSABUIM CTATUCTUYHO 3HAYYIN KOCS(IIEHTH KOPEIAIii
mik nmepeminaumu 3HIT ta Length y He cmopremeniB crapiux BikoBux rpyn 15-16, 19-20 ta 21-22
poku (r = 0,31 - 0,33). Buxoauts, 1o HaBeaeHi KoeillieHTH KOPEIAIil MK [IMMHA O3HAKaMHU Ta
CTATUCTUYHOT 3HAYYIIOCTI JOBIPYMH PIBEHb JOBOJUTH HASBHICTH 3B 53Ky MDK IEPEMIHHUMH
psiIaMu JOCIIDKYyBaHUX O3Hak. 3 mokasHukoMm Length ta 3HIT y He cnopTcMeHIB BIKOBUX IpyIl
aireit 7-8, 9-10, mimnitkiB 11-12, 13-14, ta ronakiB 17-18 poKiB CTAaTUCTHYHO 3HAYYIOT KOPEIAIIil
Ha HecTikid miardopmi crabinorpada He BusBuiau. KoedimieHTn kopemsmii Oylu HU3BKUMHU
(r=-0,21 - 0,29). lle BkazyBayii Ha BIACYTHICTh 3B’A3KY MK JOCIHKYBAHUMU MOKa3HUKAMHU Y LIUX
BIKOBHX I'pyIax 00CTeKyBaHUX.

VY rpyni cnopTCMeHIB BCTaHOBHWJIM HAsIBHICTh OUIbII IIUIBHOIO KOPEJSALIAHOTO 3B’S3KYy Y
OUTBIIOCTI BIKOBUX Tpyln. MDK JOCHIKYBaHMMH BJIACTUBOCTSIMH HepBoBuxX mnpoueciB 3HII ta
crabutorpadiunuMu mokazHukamu Length y cmopTcMmeHiB BCTaHOBJEHI J0Bipdl Koe(ili€eHTH
Kopensiil. Y crmoprcMmeniB 0yB BeraHoBieHmid 38’130k 3HIT ta Length y rpymax mimmitkis 11-12,
13-14, ronakiB 15-16, 17-18, ta oci6 3pimoro Biky 19-20 i 21-22 pokiB (r = 0,32 - 0,43). Lle
BKa3yBaJlO Ha HAasBHICTh 3B 3Ky MDK JOCHIIKYBAHUMHU BIJIACTHBOCTSAMM cTalinorpadii Ta
3pIBHOBAKEHICTIO HEPBOBUX IpOLECIB. Ajle MDK MOKAa3HMKaMM JOBXXKHUHHM TPAEKTOPIi KOJIMBAHHS
LEHTPY TUCKY Ta CWJIOI HEPBOBUX IpOLECIB Yy BIKOBMX TIpymax jireil 7-8 ta 9-10 pokiB
CTaTUCTMYHO 3HAUYyHIoi KOpesslii y CIOpPTCMEHIB Ha HeCTiHkii muiardopmi crtabinorpada He
BcraHoBWIM. Koedinientn kopemsauii Oynu Husbkumu (r = 0,18 - 0,26). Lle Bka3zyBanu Ha
BIJICYTHICTb 3B 13Ky MK UMM O3HaKaMH y JiTeH, 1110 BiABIAYBalIU CHOPTHBHI CEKIIil.

CraTucTHYHO 3Ha4ylll BiAMIHHOCTI TNoka3HHMKIB Length Mu BusBMIM, SK IpaBUJIO, Ha
HecTikii miardopmi crabunorpada y KpalHIX Tpynax 3 BUCOKMM Ta HU3bkuM piBHem 3HIIL
IToxazuuku crabinorpadii Length y rpymi 3 Bucokum 3HII Oynu craTUCTUYHO 3HAYYyIE HYDKYL, HDK
y TPYIi 3 HU3bKUMHU 3HAUEHHSIMH JIOCITI/DKYBAHOT THIIOJIOTTYHOT BIACTUBOCTI (Talm. 4).
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Tabanus 4.
JloBXHMHA TPA€EKTOPil KOJMBAHHS HEHTPY THCKY (MM) Ha HECTiHKil rutatdopmi
y 00CTe)KYBaHUX FOHAKIB criopTcMeHiB (N=43) Ta He ciopTcMeHiB (N=47)
3 pI3HUMH pPIBHEM 3pPIBHOBAXEHOCTI HEPBOBUX MPOIIECIB

Craructuana
Jocmimkysani PiBHI 3piBHOBaXEHOCT1 HEPBOBUX IPOIIECIB SHAUYICTD
© pI3HHUIIL, P
pynu
H C B H-C, H-B, C-B

762,1 741,6 717,3 ) i
He cnopremennt | 1743 5. 783 17 | [694,2; 768,1] | [683.2; 756,2] | 2083 0.034; 0,066

653,1 628,4 601,5 i i
Criopremenn | a1 6. 558.5] | [476,1; 533,8] | [487,2;538,5] | 0048: 0,037 0,056

Ipumimka: ocupHum 6udieni CmamucmudHo 3Hauywyi pizHuyi mixc B — eucoxum,

C — cepeonim ma H — Hu3bKuM pieHem munoao2iyHux e1acmueocmei

[TopiBHSHHS TMOKAa3HUKIB TIOBXWHU TPAEKTOPIi KOJMBAHHS IEHTPY THUCKY, sIKI OTpUMaHi Ha
HecTiKiN mnaTdopmi crabiorpada y He cropreMmeHiB 3 pisHoro 3HII, Bka3yloTh Ha BIJCYTHICTh
BIIMIHHOCTEW MOMDK I'pyl 3 HU3bKOIO Ta cepeanboro 3HII, a Takoxk 1 MK 3HaUEHHSIMHU y TpyHax
oOcTexyBaHUX 3 cepeHboro Ta BUcokoro 3HII (tabun. 4). Tak, skmo y rpymi ocid 3 Huzbkoro 3HIT
Length cranoBuna 762,1 [743,5; 783,1], a B rpymi 3 cependim piBHem 3HIT meit mokasHuk y
cepenHboMy JopiBHIOBaB 741,6 [694,2; 768,1] To MK HUMH CTaTUCTHYHO 3HAUYIIOI PI3HUII HE
BusBuH (p = 0,083). Cxoxi pe3yapTaTH OTPUMAJIH 1 TiJ] Yac 3icTaBJIeHHS pe3ynbTaTiB Length y He
CIIOPTCMEHIB I TPYNH 3 cepenHboro Ta BUcokoro 3HII. BukoHaHHsS aHAIOTIYHOTO 3aBIAHHS 3
yTpUMaHHS MOCTAaBH Ha HECTIHKIM omopi ctadinorpada mokasaio, o cepeaHiii mokaznuk Length y
rpyni 3 Bucokoro rpanariero 3HII mopiBaioBaB 717,3 [683,2; 756,2] 1 CTaTUCTHYHO 3HAYYIIUX
BIIMIHHOCTEH MDK HUMHU He Oyno BctaHoBieHo (p = 0,066). CratucTuuHO 3HAYYIIl BIAMIHHOCTI
MDK CEepeHIMM 3HAYEHHSMH y JIBOX Ipynax OOCTE)KEHHX 3 HU3BKOIO Ta BHCOKOIO rpaaamiero 3HII
Oynu cratrctuuno 3Hauymi (p = 0,034). OrpumaHi pe3yabTaTH BKa3ylOTh Ha HASBHICTH 3B’SI3KY
MDK JOCIHIDKYBaHUMH BJIACTUBOCTSMH cTabitorpadii Ta 3piBHOBAKEHICTIO HEPBOBUX MPOIIECIB.

VY rpyni cnopTcMeHIB Ha HecTiikid rmiatdopMmi crabimorpada MK crabutorpadiaHUMEI
nokazHukamu Length ta tumonoriyaumu BiaacTuBOCTIMHU HepBoBHX mporeci 3HIT otpumanu aero
iHmi pe3ynprati. CTaTUCTUYHUM aHaJIi3 pi3HUIb 3HaueHb Length y rpymax 00CcTeKyBaHUX 3 HU3BKHM
Ta cepeaniM piBHeM 3HII noka3aB HassBHICTh 3HAYYIIMX PI3HHIIb MK ITAMH TPyIIaMu 00CTEXKYBaHUX
(p = 0,048), a Takoxx MK TpymamMH 3 HHU3BKOIO Ta BHCOKOIO JIOCHIIXKYBAHOIO THIIOJIOTTYHOIO
BIACTUBICTIO HepBOBUX mporeciB (p = 0,037). Lli pe3ynpTaTu € JOKa30M HAsBHOCTI 3B’SI3Ky MDK
JOCIIHKYBAaHUMH MEpeMIiHHUMHE cTabitorpadii Ta 3piBHOBaXEHICTIO HEPBOBUX IPOIIECIB.

OOroBopenHsi pe3yabTaTiB. Y JOCHIKEHI BCTAaHOBJIEHO, II0 B OHTOT€HE31 B3a€MOJIis
tunosioriyaux BruactuBoctei 3HII Ta crarokiHeTHYHOI CTIMKOCTI SIK y rpynax IiTei, MiUTITKIB,
IOHAKIB Ta 0Ci0 3pLIOro BiKy 3 Pi3HOI PYXOBOIO aKTHUBHICTIO IMOCTYIOBO IMiABUIYETHCS. Y HOHAKIB
19-20 Ta oci6 3pinoro Biky 21-22 pokiB IOCHIIKYBaHI MOKA3HUKH TUIOJOTTYHUX BJIACTHBOCTEH
HEPBOBHUX MPOIIECIB Ta PETyIATOPHUX XAPAKTEPUCTHUK CTATOKIHETUYHOI (YHKIT Oyau BUIIMMH i
XapaKTepU3yBalIuCh BUCOKHM piBHeM (yHKIioHambHOT B3aemoii 3HIT ta Length, nix y miteit 7-8
ta myiTkiB 11-12 pokie. IMmoBipHO, y miTeil Ta MNAMITKIB Ie HE 3aBepuieHui Mopdo-
(GyHKIIOHATBPHUN PO3BUTOK JOCTIHKYBAaHUX THUIONOTiYHUX BiactuBocted 3HII Ta HemockoHana
B3a€EMO/IisI BIIACTUBOCTSIMU CTaTOKIHETMYHOT (PYHKIIIT 3 MOTOPHUMH 1 CEHCOPHUMHU CHUCTEMAaMH, 10
3aJTy4aroThCs JI0 MiATpUMaHHs piBHOBaru [12, 13].

BikoBa aunamMika (pyHKIIIOHAIBHOT B3a€EMOJIl CTATOKIHETUYHOI CTIHKOCTI 3 THUIOJOTTYHUMU
BIIACTHBOCTSMH HEPBOBHUX TMPOIECIB B OHTOTEHE31 3HAXOAWJIAch Y 3aJIEKHOCTI Bil PYyXOBOi
AKTUBHOCTI OGCTC)KyBaHI/IX VY BikOBHX rpynax MIJUTITKIB, FOHAKIB Ta 0Ci0 3pLI0ro BiKy CIOPTCMEHIB
MOKa3HUKHM CTATOKIHETHYHOI CTiiikocTi 1 xopemnsii 3 3HII Oyma Buma, HDK y iX OJHOJITKIB He
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CIIOPTCMEHIB. 3a CBIIYEHHSIMU JOCIITHUKIB TOKa3HUKU CTATOKIHETHMYHOI CTIMKOCTI 3a1eKaau Bif
o0csTy pyX0BOi aKTHBHOCTI, KUIBKOCTI Ta XapakTepy (i3MYHUX BIIPaB CIPSIMOBAHUX HA PO3BUTOK
Ta YJIOCKOHAJICHHS PI3HUX CUCTEM, III0 MATPUMYIOTh (QYHKIIIT yrpuMaHHs noctasu [14, 15].

Hamni pe3ynbraty mokasasm, 0 BiKOBa AWHAMIKa (DyHKIIOHATBHOT B3aEMO/IIT CTaTOKIHETHYHOT
CTIHKOCTI 3 THITOJIOTIYHAMH BIIACTUBOCTSMH HEPBOBHUX TIPOIIECIB B OHTOTEHE31 3HAXOIMIACh Y
3aJIKHOCT] BiJ] CKJIQJHOCTI BUKOHAHHS 3aBJaHHS. BCTaHOBIICHO pi3HY B3a€EMOJIIO THUIOJOTIYHUX
BiactuBoctedt 3HII 3 iHaMBiIZyanbHHIMH XapaKTEPUCTUKAMH CTaTOKIHETHYHOI criiikocTi Length.
3a yMOBM BHWIKOHAHHS 3aBIaHHs YTPHMaHHS pPIBHOBard Ha HECTIMKIA tuiaTtdopmi crabimorpada y
rpynax MiITKIB, FOHAKiB Ta 0Ci0 3puUIoro BIKy CIIOPTCMEHIB Ta HE CIOPTCMEHIB BCTAHOBIIIH
CTaTHCTHYHO 3HAYYINI KOopensii gocnipkyBanoi BractuBocti 3HIT 3 moka3HHKaMU CTaTOKIHETHYHOT
critikocti Length. Kpim Toro, y rpynax cnoprcMeHiB 3 Hux4e 3a cepenHiil piBenb 3HII mokasnuku
Length 6ynu craTrcTHYHO 3HauyIle BUILIMMU (CTaTOKIHETUYHA CTIAKICTh HMXKYA), HDK Y 00CTEKYBaHUX
3 CepelHIM Ta BHUIIE 3a CEpPEeIHIA piBEHb JOCIIKYBAHOT TUMOJOTIYHOI BIACTUBOCTI. Buxomsunm 3
HaBEJICHUX BUINE PE3YJbTATIB Ta JITEPATypHUX AaHUX BII3HAYa€MO, II0 TECT HA HECTIMKINA omopi
crabuiorpada € OUIbII CKJIAQJHUM JUIi CEHCOMOTOPHOI IHTErpallii 1 peai3yeTbcsi 34 YMOBU CKJIaIHOL
ceHcoMOTOpHOI 1HTerpauii [14, 16]. Ha nHamy nymKy namas 30poBOi, NpOIPIOPELIENTHBHOI Ta
BeCTHOYJISIPHOI CHCTEM He cTabuTbHA miat(opma CTBOPIOE A0JaTKOBE ad)epeHTHE CyriIo00BO-M S30B1
HaBaHTAKEHHS, L0 3HWKYE IHTErpaTUBHY aKTUBHICTH 0Aa30BUX Ta 3alyda€e BUILl F€HHO-PETYNIATOPHI
BractuBocTi 3HIT 10 MexaHI3MIB peryisiii cTaTOKIHETHYHOI CcTikocTi. Ilimkpecnnmo, 1o 3 TOYKH
30py CHCTeMHO-eBoMoNiiHOI Teopii [17] nelpodiziomoriuni BractuBocTi 3HIT marore meHmmwmii
HEHpOod310JIOTIYHNX peCypc, HDK 0a30B1 PEryISATOPHI MEXaHI3MH CTATOKIHETHYHO! CTIMKOCTI, IO €
€BOJIIOLIIHO CTapili Ta MaroTh OutblMi Helpodizionoriuauii peseps [18]. Kpim Toro, HaBeneHi
pe3yNIbTaTH MOXYTh CBIQUHTH, IO 3a [HX YMOB B poOOTI MOTOPHHX, CEHCOPHHX CHCTEM Ta
TEHOPETYIATOpHUX MexaH13MIB Bummx BiaautiB [ITHC, sxi 3amyueni mo GpopmyBanHsa (QyHKIIOHAIEHOT
CHCTEMH CTaTOKIHETMYHOI CTIMKOCTI Mae wicue acoriatBHa iHTepdepenmis [19, 20]. Maemo
CHUTYAIIl0, KOJIM HAKJIaJaHHSI Ha CHCTEMY PEryJisllii piBHOBarud IOJATKOBOTO (haKTOpy, HECTaOUIbHOT
1aTOpMH, MPUBOIUTH JI0 3HHKEHHS YCIIITHOCTI BAKOHAHHS 3aBIaHHS.

OT1xe, OTpUMaHi pe3yaIbTaTH MOXKYTh CIYTYBAaTH JI0Ka30M ICHYBaHHS 3B s3Ky CTaOLIOTpadiuHux
MMOKa3HUKIB 33 YMOBM BHKOHAHHS 3aBJaHHS yTPUMAaHHS pPIBHOBArM Ha HECTIHKINA IutatdopMmi 3
IHAMBITyanbHO-THIIONIOTIYHAMU  BiactuBocTssMu  [[HC.  Takwii  3B’SI30K  MATBEPHKYETHCS
KOPEJAIIMHUAM aHaIi30M MK JTOCIIPKYBaHUMH IepeMiHHuMH (koedimienT kopemsiii Length 3 3HIT Ha
HecTaOuTbHIN Mardopmi cradinorpada y roHakiB crioprcMeHiB gopiBaioBaB 0,32 (p=0,043), a y rpymi
He criopteMeHiB — 0,031, (p=0,045)), a Takokx HasIBHICTIO CTAaTUCTUYHO 3HAYYILE HIDKYMX IMOKA3HUKIB
Length (cTarokiHeTHYHA CTIMKICTH BHINA) y OOCTEKYBaHUX 3 BHCOKHM Ta BHIIE 3a CEpPEIHIN PIBEHb
nocnimpkyBaHoi Tumnosnoriyaoi BractuBocti 3HIT Ha Hecriiikiii miardopmi crabinorpada. B3aemomis
3HII ta Length Ha crabinbHiii miatdopmi cradbinorpada Oyna BiICyTHS.

Otxe, pesynbratn crabiutorpadiuaux npociaimkenp Ta 3HII BusBmiIM pi3HI BapiaHTH
iHTEerpamii y B3aEMOJIl PEryJsaTOPHUX XapaKTEPUCTUK CTATOKIHETMYHOI (YHKIIT yTpUMaHHS
pIBHOBAru 3 HEHPOAMHAMIYHOI CHCTEMHU MO3KY. [HTerpaTHBHI IPOIIECH MO3KY 32 YMOBH BUKOHAHHS
MOTOPHHX 3aBJaHb 3HAXOWINCS y 3aJI€KaTh BiJl BIKy 00CT€XKYBaHHUX, YMOB YTPUMAaHHs PIBHOBAaru
Ha cTaOUIbHINA Ta HecTabUIbHIN TuIaThOpMI Ta ydacTi PeryasTOPHUX 1HAMBINYaIbHO-TUIOJIOTTYHIX
BJIACTUBOCTEN HEPBOBOI CUCTEMU.

TakuMm 4MHOM, BaXJIMBUM PE3YJIHTaTOM IIOTO JOCIIHKEHHS € Te, [0 MU BCTAHOBUIIU Pi3HI
BapiaHTH IHTerpauii (pyHKI[IOHAIbHOT B3a€MOJIIT PETYIATOPHUX XapaKTEPUCTUK CTATOKIHETHYHOT
CTIMKOCTI 3 HEHUpOAMHAMIYHUMH IHAWBIAYATbHO-TUIIOJOTTYHUMH BIIACTUBOCTSIMH HEHpoMepex
MO3Ky. BusiBUIHM, SK MiABUILEHHS, TaK 1 3HWKEHHS YCIHINIHOCTI BUKOHAHHS 3aBIaHHS yTPUMAaHHSI
piBHOBaru sK Ha CTaOUIBHIM, Tak 1 HecTabuTpHIA mmaTdopmi cradutorpada. IligBureHHS
pe3yAbTaTUBHOCTI 3aBJaHHs, YTPUMaHHsS PIBHOBAru Ta CTATOKIHETHYHOI CTIHKOCTiI Ha cTalilbHIN
mwiatdopmi BiIOyBaJIoCh 0€3 T0JaTKOBOTO 3alydeHHs MEXaHI3MIB Perylsllii, 10 HaleKaTh J0
IHAMBiAyaJIbHO THUMOJOTIYHUX BJIACTUBOCTEN HEPBOBOI cucTeMH. TOMl SIK BUKOHAHHS 3aBJaHHS Ha
HECTIMKIN Omopi CympoOBOKYBAIOCH AKTHBHUM 3aly4EHHSIM PETYISITOPHUX MEXaHI3MIB SKUMH €
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TeHETHYHO JETCPMIHOBAHI 1HIWBIAYaTbHO THIIOJIOTIYHUX BIACTHBOCTEH HEPBOBOI CHCTEMH, IO
MIIBUIIYBAJIO YCHIIIHICTh BAKOHAHHS 3aBAAHHS YTPUMaHHs PIBHOBATH.

BucHoBku

1. OOrpyHTOBaHO Ta €KCIIEPUMEHTAIBHO JOBEICHO TOJIOXKEHHS MPO POJb IHAMBiIyaIbHO-
TUTIOJIOTIYHIX, HEWPOJMHAMIYHAX BIIACTHBOCTEH OCHOBHMX HEPBOBHX TMpOILECB y (GopMyBaHHI
CTaTOKIHETUYHOI CTIKOCT1 B OHTOTEHE3I.

2. 3pIBHOB@XCHICTh HEPBOBUX IMPOIECIB BIJIrpa€ BAXKIUBY PETYISATOPHY pOJb Yy
dbopMyBaHHI IHAWBITYAIBHUX PEAKI[i CTATOKIHETHYHOT CTIMKOCTI B OHTOTEHE31, III0 3HAXOATHCS Y
3aJIeKHOCTI BiJl TUIIOJIOTIYHUX BJIACTUBOCTEH OCHOBHHMX HEPBOBHX IPOILECIB, BIKY OOCTE)KYBAaHHUX,
PIBHSL PYXOBOi aKTUBHOCTI Ta CKJIaIHOCT1 BUKOHAHHS 3aBJAaHHs yTPUMaHHS pIBHOBAry.

3. DyHKIIOHAIEHA B3a€EMOJIIS CTATOKIHETUYHOI CTIKOCTI 3 TUTIOJIOTIYHUMHU BIIACTUBOCTSIMU
HEPBOBHUX MPOIIECIB B OHTOTEHE31 JITeH, MJUTITKIB, FOHAKIB Ta 0Cl0 3puToro BIKY Bix 7 10 22 POKIB
MOCTYIIOBO IMIJBHINYBANTACh 1 3HAXOJWJIACh Yy 3aJICKHOCTI BiJI CKJIQJHOCTI BUKOHAHHS 3aBIaHHS
YTpUMaHHS PIBHOBArd Ta pyXoBOi aKTUBHOCTI 00cTexkyBaHUX. Y 10HaKIB 19-20 Ta 0¢ib 3pisioro BIKYy
21-22 pokiB JOCTIDKYBaHi MMOKA3HUKHU THUIOJOTIYHUX BJIACTHBOCTEH OCHOBHHMX HEPBOBUX IPOIICCIB
Ta CTAaTOKIHETHYHOI (yHKIT OyiaM BHUII Ta BUSBJICHO OUIBII TICHHA TPOSB (YHKI[IOHATBHO
B3a€MOJIi, HDK y fiTed 7-8 Ta miyriTkiB 11-12 pokis.

3. Y BCIX AOCHDKYBaHMX BIKOBHUX TpyNax CIIOPTCMEHIB YTPUMaHHS BEPTHKAILHOTO
MOJIOKEHHSI TUIA 32 YMOBH HecTaOUIbHOT MmuaTgopMu ctaduiorpada xapakTepu3yBajlocs HIKIUMHU
3HadeHHsAMHU Length (cratokiHeTnuHa CTIMKICTD BHINA), HDK Y IX OJHOJITKIB HE CIOPTCMEHIB.

4. BukoHaHHS 3aBJaHHSA Ha pIBHOBary Ha HecTaOUThHINM 1mmaTdopmi crabimorpada
XapaKTepU3yeTbcs OUIbII HHU3BKUM MOTOPHMM aBTOMAaTH3MOM Ta BHMAarajo 3allydeHHS 10
PETYIATOPHUX MEXaHI3MI TE€HETUYHO [I€TepMIHOBAHUX BIJIACTUBOCTEH OCHOBHMX HEPBOBHX
nporeciB 3HII, Hikx 3aBmanHs Ha cTaOUTBHIN TUTATGOPMI.

5. Pe3ympTaTi cTaTTi MOXYTh OYTH BHKOPHCTaHI IS MPOTHOCTHYHOI OI[IHKH CIIOPTHBHOT
TISUTBHOCTI Ta peabiriTallii ocid 3 AedIiUTOM pIBHOBAru, OPTONEINYHUX Ta HEHPOIETeHEPATUBHUX
3aXBOPIOBaHb.
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Kozhemiako T.V.

INDIVIDUAL CHARACTERISTICS OF THE |INTERACTION BETWEEN
STATOKINETIC STABILITY AND THE TYPOLOGICAL PROPERTIES OF NERVOUS
PROCESSES IN THE ONTOGENESIS OF INDIVIDUALS WITH DIFFERENT LEVELS OF
MOTOR ACTIVITY

The aim of the study is to investigate the interaction between the regulatory characteristics of
statokinetic stability and the individual typological properties of neural processes during the ontogenesis of
individuals with varying levels of physical activity.

Materials and methods. In children, adolescents, young adults, and adults aged 7 to 22 years who
regularly engaged in sports (n=187) and their non-athlete peers (n=148), a study of statokinetic stability
was conducted using the indicator of the length of the trajectory of the foot pressure center’s oscillation
(Length) on a stable and unstable platform of the “MPFI Stabilograph-1"" stabilograph. The “Diagnost-1"
computer system was used to determine the individual typological characteristics of the balance of nervous
processes (BNP) in the subjects.

Research findings. It has been demonstrated that BNP plays an important regulatory role in the
formation of individual statokinetic stability responses during ontogenesis. The functional interaction
between statokinetic stability and the typological properties of neural processes during the ontogenesis of
children, adolescents, young adults, and adults gradually intensified and depended on the complexity of the
balance maintenance task and the motor activity of the subjects. In young adults aged 19-20 and adults aged
21-22, the examined indicators of the typological properties of neural processes and statokinetic function
were higher, and a closer manifestation of functional interaction was observed than in children aged 7-8
and adolescents aged 11-12. In athletes with below-average levels of BNP, Length indicators were
statistically significantly higher (statokinetic stability was lower) than in subjects with average and above-
average levels of the studied typological property. Correlation coefficients confirmed the presence of
integrative processes between the typological properties of BNP and the regulatory functions of statokinetic
stability (Length) in subjects on the unstable platform of the stabilograph. There was no interaction between
BNP and Length on the stable platform of the stabilograph.

Conclusions. The results indicate that the integrative processes of the central nervous system, in
interaction with the regulatory mechanisms of statokinetic stability during the ontogenesis of children,
adolescents, young adults, and adults, depend on the level of physical activity of the subjects and the
complexity of the balance task.

Keywords: ontogenesis, statokinetic stability, balance of nervous processes, physical activity.
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ACUMETPISI HEUPOHHOI MEPEXKI IEPEPOBKH OBPA3HOI
TA BEPBAJIbBHOI IH®OPMAIII B PEXKUMI GO/NO-GO/GO

Anomauis. [locniodcenns npucesiuere npooaemi YHKYIoOHAAbHOI acumempii HelpOHHUX Mepedic ma
ix nepemeopenns i3 cmamuunoco mecmyeanns iz sakpumum yukiom (Closed loop system) y ounamiunuii
cmpec-mecm (Dynamic stress-test). V' jonaxie 16-17 pokie npaznyau wnadamu OOKA3U HASAEHOCHL
@yHKyionanvbHoi acumempii HeUpOHHUX Mepedc Y OUHAMIYHOMY meCcmi 3 NOCHYNO80 3POCHAY0I0
weuoKicmio npeo s1811eHHs cueHanie ma peaxyii rieoro (JOL) ma npasoro (QOR) pyxoro, a makooic 2inbmieHo2o
cuenany (N0-4o). [ocrioocenns nposedene nHa 45 rwnaxax 16-17 pokie 3 6UKOPUCMAHHAM KOMN TOMeEPHOL
cucmemu «/fiaenocm-1My. Jloeedeno, wjo (yHkyionanvna acumempis HeUPOHHUX Mepedlc, a MAK0odIC YaACOo8L
xapakmepucmuku ougepenyirosanns y napaouemi ¢oL/N0-go/goR  smaxodamuca y sanedxcnocmi  6i0
MOOAnNbHOCHI (00pA3HUX YU 8ePOANbHUX) CUSHANI8 MA WeUOKocmi ix nped aenenns. Y ounaxie 16-17 poxie
weuokicmo eukoHanus 3aedarns goL/N0-go/goR 6yna euwa na obpasni, nixe na eepbanvhi cuenanu. Jlis
6epOANbHUX CUSHATIB BUABIEHO CMAMUCIMUYHO 3HAYYWe NepesadCAHHA NiBONIBKYIbHOI (YyHKYIOHANbHOL
acumempii minoku Ha weuokocmi 30 ma 60 cuen/xs., moodi K 011 00PA3HUX CUSHANIE MAKA ACUMEMPIs
HeUpoHHUX Mepedxc Oyia 6i0cymHA. B paszi niosuwjeHHs weuokocmi 6UKOHAHHA 3a80anHa 0o 90 ma
120 cuen./x6 Ons 06pasHux i 6epOANLHUX CUCHANIE ACUMEMPIS HEUPOHHUX MEPEelC MAaKoxic Oyaa 6i0cymHsl.
Hocniooxcenna nHaoae 000amkosy iHGOpMaYilo CMOCOBHO acumempii HEUPOHHUX Mepedc, WO Jexcamsb 8
OcHO8I npoyecig 30y0dxcenHs ma eanbmyeanusa. (O2080pHOEMbCA NUMAHHA YY4ACMi PISHUX MeXaHizmie
nepepobku ingopmayii' y pescumi go/no-go/go.

Knrouoei cnosa: acumempis; napaouema g0/no-go/go, weudkicmo peaxyii; MoOaIbHICb CUSHATB.

BitunsHsaHi Ta 3apyOiKHI HayKOBIlI BCTAHOBWJIM 3aKOHOMIPHOCTI acUMETpii HEWPOHHHX
Mepex y JroAed 3a pi3HUX yMOB HisibHOCTI [1, 2]. Haitwacrime mist JOCHiIKEHHS acUMeETpii
BUKOPHUCTOBYBAJIM METOJAUKY Ipe’sBJICHHs iH(OpMaLl y pexuMi JBYXCTUMYIBHOTO TeCcTy g0/no-
go [3]. OcHoBHa HaykoBa mpoOJieMa MOJISraE y MexaHi3Max rajlbMIiBHOIO KOHTPOJIO Ta 3[aTHOCTI
MO3KY MPUTHIYYBAaTH IMITYJIbCHBHI peakilii Ha KOPUCTH ILilecrnpsiMoBaHoi fil [4]. BBaxkaerbcs, mo
HEWPOHHUI KOMIOHEHT 3aBJaHHs J0/N0-g0 y KOTHITUBHII HeiflpoHayIli BifoOpaxae He TUTbKU came
rajJlbMyBaHHsS, CKUIBKM BIICTEXEHHS KOH(IIKTY MDK  OYIKYBaHOIO  peakliero («go») Ta
HEOOXIMHICTIO 3ynmUHUTHCS («no-go»). ToMy TecT i3 3aBmaHHsAM (O/N0-JO BUKOPUCTOBYBAIH 1 Y
KTHIYHAX gocmipkeHHsx [5]. JlediluT KOTHITMBHOTO KOHTPOJIIO Ta TajbMiBHA THUCHYHKIIS,
30KpeMa, MOB’sI3aHi 3 TAKUMM KIIHIYHUMM CTaHaMH, SIK CHUHJpOM AedinuTy yBaru [6], yepemnHo-
MO3KOBa TpaBMa [7] Ta mm3odpeHis [8]. B mux AOCTHKEHHS TpParHyiad 3pO3yMITH MEXaHi3MU
KOTHITUBHUX JUCQYHKIIIN Ta 35CyaBTH POJIb aCHMETPii HepOHHUX Mepex [9].

Mogens Oinbll CKIaIHUX IHGOpMaLIHHUX 3aBJaHb 3 HepepoOku iHopmamii pi3HOI
CKJIaJIHOCTI, III0 BUMArae MoCTIHOTO MepeKIIOYeHHs MPOIEeCiB yBaru, HEHPOHHUX MEpEeX JIiBO1 Ta
npaBoi MIiBKyni MO3Ky Ta o00poOku curHaimiB y mnam’sti Makapeakom M. B. [10] 0Oys
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3alpOIIOHOBAHUN TPHOXCTUMYIIBHHI TecT audepeHIifoBanHs iHpopmanii B pexumi goL/no-
go/goR. Byno mokazaHo, 1o augepeHIiloBaHHS CUTHANIB y pexuMi goL/N0-go/goR Bkirouae He
TUIbKK 30y/UIMB1 cUTHaNMM (O, Ha sKi Tpeba HiaTH, ayie 1 raapMiBHI NO-JO, Ha sSKi pearyBaTH HE
notpidHo [10, 11]. ¥ TakoMy pa3i MM MaeMO CHTYallil0, KOJIM 0OMABA CUTHAIN KOHKYPYIOTb OJHH 3
OJIHUM. YCIIIIHICTh TPAMIOIY0i (YHKI[IOHATBLHOI CHUCTEMH [ISUTBHOCTI Oy/ieé BU3HAYAETHCS
MIBUJKICTIO PyXy NPOIECiB 30Yy/KEHHS MO0 HEHpPOHHIM Mepexi, SKi 3MararoTbCs i3 IIBUAKICTIO
ranpMyBaHHs. HeoOXigHO 3a3Ha4uTH 1 Te, 1m0 nepepodka iHdopmarii y pexkumi gol/no-go/goR,
KpiM 30yAJIMBOTO Ta TaJbMIBHOTO TIPOIIECY BHMara€ Bi OOCTEXKYBAaHOTO IMI€ 1 HIBUAKOTO
MEePeKIIoYeHHsT 30y/DKEHHS 3 CHTHAIIB IS JIIBOI PYKHM Ha PYXOBHHM aKT NpPaBOIO PYKOIO 1,
nasnaku [10]. € Bci migcraBd aymMaTH, 10 3ampOIIOHOBAHA TPHOXCTHMYJIbHA Mapagurma
pearyBaHHS Ha CHTHaJIM Pi3HOT MOJAIBHOCTI Ta MOOYAOBHU MpPOrpaMH PYyXOBOi BIAMOBIAI Oyre
dbopmyBaTH pi3HI HEWMPOHHI MeEpeXl Ta TMPOSBISATH OCOOJMBOCTI B3aEMOJII0 MDK HHMHU.
JlocnipkeHHsT TOKa3ylooTh, IO Npu nepepodil BepOanbHOI 1H(pOpMallii KUIbKICTh MOMMIOK IS
niBoi pyku (goL) moske Oyt BUIOIO, HDK JUIs TIpaBoi (JOR), 0coOIMBO MpU BUCOKIM IIBUIKOCTI
nojaui curHaniB (60-90 3a xB.) [12]. Omxe, NMiABUINEHHS TEMITy IOJAdi CHUTHATIB Bele MO
3pOCTaHHS KUIBKOCT1 NMOMHUJIOK 4epe3 (OpMYBaHHS YHEPEKEHOI BIANOBIAl, KOJIM Yy HEHPOHHUX
Mepexax MO3KY MOUYMHAa€e aBTOMAaTHYHO (POPMYBATHCh peaKilis Ha HacTynHuN ctumyi [12].

[luTaHHS Ha SKI MU 3BEpHYJIM yBary CTOCYIOTbCS, MEpEeBaXHO, (PYHKIIOHAIbHOI acuMeTpil
HEHPOHHUX MepexX SKI XapakTepHi Ui 3aKpUTOro ILMKIY TecTyBaHHS. Toal sK mporec
nepeTBopeHHs (PyHKIIOHAIbHOT HEMPOHHOT MEPEXi 13 CTATUYHOTO TUITY TECTYBaHHS y AMHAMIYHUI
CTpec-TeCT, KOJU CUTHAJIM PI3HOT MOJAIBHOCTI Ta CKJIAJAHOCTI OyAyTh Mpen sIBISATUCS y PEXKUMI 3
MOCTYITOBUM 3pPOCTaHHSIM MHIBUAKOCTI TOKHIIO HE MOCIDKCHHWH. 3alHIIarOThCs BIAKPUTHMH Ta
HE35ICOBAHMMM THTAaHHS  (QYHKI[IOHATHHOT acUMeETpii HEHPOHHUX MEpPEekK 3a YMOBH
nudepeHIIifoBaHHs CUTHAIB Pi3HOT MOJAIBHOCTI y pexxumi §oL/n0-go/goR. V monepenHix podoTtax
HaMu OyJI0 BCTAHOBJICHO, IO TepepoOka ckiIaaHoi iH(opMarii pi3HOT MOJATBLHOCTI y PEXUMI
miudepenmiroBannas goL/no-go/goR xapakrepusyeThest pisHUMH (GYHKIIOHATBHUMHE Mepe0ya0BaMu
y B3aeMOil HEWPOHHUX MeEpek MO3Ky. ToMmy rmocranga mpobjemMa IOCTIIUTH OCOOIHBOCTI
(yHKIIOHATBHOT acUMETpii HEHPOHHUX MEpPEeX MO3KOBOI MJiSUTBHOCTI 32 YMOBU TEPEpOOKH
MOCTYIIOBO 3POCTar0u0i MBUAKOCTI 1HMopMaIlii B mapaaurmi golL/no-go/goR, 1mo € akTyanbHUM ISt
010JI0T1YHOT Ta MEIMYHOT HAYKH.

[TincymoByrOUM pe3yabTaTH aHaTi3y JOCIKYBaHOI TpoOaeMu HEOOXITHO 3BEpHYTH yBary
Ha Te, IO B pa3l AOCIIKEHHS acUMETpii HEHPOHHUX MepeX BUKOPHUCTOBYIOTHCS 30pOBI CUTHAIU
SK1 MPOXOJIATh BiAOIp Ta Pi3HI MEPETBOPEHHS y CEHCOPHIN, BepOabHIl, MEPLUENTHBHO-MOTOPHIH,
JIOTTYHIN, YaCOBUX Ta MPOCTOPOBHX MiacucTemMax 1 omeparuBHOI mam’sati [13]. Tlokaszano, mo i
MiCUCTEMU MaroTh YIiTKYy MiBKyJeBY naTepanizauito [12]. Bigomo, mo mpocTtopoBa miacucTeMa
OLTBIN JIaTepalli3oBaHa JI0 HEHMPOHHOI Mepeski MpaBoi MIBKYIMI, TOl sSIK BepbaibHa — 10 JiBoi [12,
13]. Pesymbratu acumeTpii Ta B3aeMoil 000X HEHMPOHHMX MepeX MpU OOpoOIl PIZHUX THUITIB
iHbopMallii 3aTUIIAETbCd MaJlo JOCHIKEHUMU. ToMy y MOCHIDKEHHI MM HaMmaraiuch HaJlaTh
JI0Ka3u HAsSBHOCTI YU BIJCYTHOCTI JlaTepaii3aiii Ta B3aeMOii HEUPOHHUX MEPEXK y TUHAMIYHOMY
TECTI 3 MOCTYNOBUM 3POCTAHHSM IMIBUAKOCTI AU(EpPEHIIFOBaHHS CUTHATIB PI3HOI MOJAJIBHOCTI y
pexumi goL/no-go/goR.

Merta po0oTu — 3’sicyBaTH 0COOIMBOCTI (PYHKIIOHAIBHOI acUMETpii HEMPOHHUX MEpex 3a
YMOBH TiepepoOKH iH(popMallii pi3HOT MOIATBHOCTI Y pexkumi audepeniiroanus gol/no-go/goR.

Metoauka aociigxennsi. Y 46 ronakiB 16-17 pokiB (cepenniit Bik 16,4+1,1 poku) Ha
KOMIT'T0TepHOMY TpucTpoi «/liarHocT-1M» B «ONTUMAanbHOMY PEXHUMID» MPOBETH IOCTIIKEHHS
YaCOBHX XapaKTePUCTHUK peakilii AudepeHIlitoBaHHs IBOX 3 TPOX MOJIPA3HUKIB Y TPHOXCTUMYIbHII
napagaurmi goL/no-go/goR [3, 11]. OOGcrexxyBaHi BUKOHYBaJM 2 EKCIICPUMEHTAJIbHI 3aBJaHHI.
[lepmie 3aBmaHHsS CKJIaJalioch 3 BHM3HAYeHHs dacy peakuii y pexumi goL/no-go/goR Ha
reoMeTpuyHi (Girypu OKpeMo JUid JIiBOi Ta MpaBoi pykKH. MU BUKOPUCTAIU HEUPOQi3i0J0TTdHUI
TECT 3 BUMAAKOBUM 1 piBHOBapianTHUM (1o 33 %) mpexn’sBneHHsM ctuMyniB GO (BiAmoBigb
noTpiOHa) 1 KOHIUIIOHYIOUMH CTHMya NO-QJO (BiamoBiZe He moTpiOHa). OOcTeKyBaHOMY
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MPONOHYBAJIHM Ha MOSBY (QIrypu «KBaapaT» IIBHIKO HATHCHYTH IMAJIBIEM IPaBOi PyKH Ha MpPaBy
kHOTIKY (goR). IlosiBa ¢irypu «kojo» BUMaraia IIBUAKOI peakilii JIiBOIO PYKOIO Ha JIBY KHOIKY
(goL). Ha TpuKyTHUK — TaJbMIBHUN CUTHAJ 00CTEXXYBaHWW HE HATHCKaB Ha KHOMNKH (no-go). Tect
OyB CIIpsIMOBaHHMI Ha BU3HAUEHHS HIBHJIKOCTI YaCOBHX XapaKTEPUCTHK peakiii goL/no-go/goR min
9ac MOCTYIOBOTO MiIBUIIICHHS IIBUAKOCTI Ipe’ aBJIeHHs 00pa3Hux curnamis Big 30 mo 60, 90 1 120
CUTHAJIB 32 | XBUIHHY.

Jlpyre 3aBnaHHs Oyno moOymoBaHe sIK i1 mepie, ane Oyiau mpe’ sBiieHi BepOaibHi CUTHAIH.
OOcTexyBaHUM, y BIIMOBIAHOCTI 10 IHCTPYKIIii, BAKOHYBaB 3aBJaHHS y pexxumi gol/no-go/goR.
[Ipu mosiBi Ha eKpaHi PI3HMX CIIiB 3 3HAYCHSMHU «TBApPUH» OOCTEXKYBAaHUI IIBHIKO HATHUCKaB
naybleM MpaBoi PyKH Ha MpaBy KHONKY (gOR), Ha BHIM «pOCIMHW» — JIBOIO PYKOIO Ha IIBY
KHOIIKY (goL), a mpu npex’iBJIeH1 «IPEeaMETIB» — rajlbMIBHHUI NMOIPAa3HUK — HE HATUCKaB YKOJIHOT 13
KHOMOK (no-go). Tect OyB cCHpsMOBaHMI Ha BHU3HAYEHHS MIBHJIKOCTI YaCOBHX XapaKTEPUCTHK
peaxkirii golL/no-go/goR mix yac mocTynoBOro MiABUINEHHS IBUJKOCTI Mpe’ sIBJICHHS BepOaTbHUX
curHaiis Bif 30 g0 60, 90 1 120 curnamnis 3a 1 XBuinHYy.

Ycporo o0cTexyBaH1 IMOCHIIOBHO BHUKOHYBalIM JBa TecTH. I[lopsnok mojadi CUTHAJIB
BapitoBaBcs 1 OyB BHMMAJIKOBUM. EKCHO3MIA 1 ay3d MDK CYCITHIMU CUTHajJaMH 3MIHIOBAJINUCH Y
mexax 0,5-1,9 c. Yac npexa’siBneHHS KOXKHO1 cepii OyB He3MiHHUH 1 TpuBaB 30 cexyHa. Buznavyanu
cepeaHii yac mBHUAKOCTI peakiii gol/no-go/goR s mpaBoi Ta JiBOT pykH, okpeMo Ha (irypH i
BepOanbHi curHanmu. CTaTHCTUYHHK aHai3 JaHWX TPOBOAMBCA 3 BHUKOPUCTAHHSIM IIPOTPaM
Statgraphics, Microsoft Excel.

Pe3yabTaTH qociigxeHHs Ta ix 00roBopeHHsi. Y 1oHakiB 16-17 pokiB i 9ac mepepoOKu
iHpopMmarlii y TphOXCTUMYIbHOMY pexumi goL/Nn0-go/goR  Bu3Hauamu TOKA3HUKH, IO
XapaKTepHU3yIOTh MIBUJKICHI peakilii AudepeHIiitoBaHHs Ha TIpe1 IBICHHS 00pa3HuX 1 BepOaIbHUX
CUTHAIIB TMiJ Yac TOCTYNOBOTO IIJIBHINCHHS IIBUIKOCTI Mpen siBIeHHS IHGOpMaIlli B pekuMIi
«HaB’si3aHor0 put™my» Big 30 mo 60, 90 i 120 curHamiB 3a XBWIMHY. 3a pe3yJabTaTaMu, SKI MU
OTpHUMAJIH TiJ] Yac TOCTYMOBOTO MiaBUIEeHH mBUAKOCTI (Big 30 1o 120 moap/xB) mpen’ siBJICHHS Ta
mudepenmitoBanus  ¢Giryp y pexumi goL/no-go/goR BusBWIM 3araibHy 3aKOHOMIPHICTH —
MIBHUJIKICTh PeaKIIii MiABUIIYBAIACh, @ Yac peakilii 3MeHIryBaBcs (Tadi. 1).

Ta6auus 1.
HIBuakicte peakuii (Me (Q2s — Q75) Mc. ay1st TiBOT i MPaBOi PYKH IIiJT 9ac IMOCTYIIOBOIO I IBUIIIEHHS
MIBUAKOCTI IIpe ABJICHHS F€OMETPUYIHMX (PIiryp Ta ciiiB B pexumi goL/no-go/goR

Bu curiany Yac peaxitii, (Me(Q2zs — Q7s) mc.
Pyl dirypu Cnosa
mlf:;;;;b goL goR goL goR
30 321,7 318,5 580,0 534,2
[371,7; 409,1] [371,7; 409,7] [567,2; 601,8] * [243,5; 283,4]
60 272,3 263,6 504,6 474,5
[261,2; 283,7] * [254,1; 272,5] * [496,2; 519,3]** [456,5; 489,1] *
90 244.6 2475 387,7 379,4
[236,1; 251,2] * [236,2; 256,8] [371,7; 409,7] [378,6; 413,9] *
120 234,6 236,9 327,9 325,4
[227,5; 242,3] [263,5; 282,7] [313,5; 341,7] * [314,3; 338,9] *
[Ipumitka: * — craTUCTMYHA 3HAUYYIIICTh PI3HMIb IIBUAKOCTI peakii Ha pi3HUX

IBUIKOCTAX Ta ¥ — Ipe’iBjieHHs 06pasHuX i BepOalbHUX CUTHAIIB IS 11iBOi Ta mpaBoi pyku

MortopHa BiINOBiIb Ha CUTHaJIM EOR KopoTmIi, IO CBITYUTH MPO aKTHUBI3aIlil0 poOOTH
niBoi miBkyni. Ilim dac mepepoOku BepOanbHOi iHopmamii y pexumi gol/no-go/goR Ha
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mBUAKOCTI 90 1 120 curH./XB HE BUSBWIM CTAaTUCTUYHO 3HAYYIIOT PI3HUII Yy MIBUAKOCTI peaKilii
st 1iBoi Ta mpasoi pyku (p > 0,05). JleranpHuii aHamiz mokas3a, IO CEHCOMOTOPHI peaxiii
MPaBOI0 PYKOIO 3JIHCHIOBANUCS MIBUAIIE, HDK JiBOIO. Taka 3aKOHOMIpPHICTH 30epiranacs Ha
mBuaKocTi npexa’siiueHHs 30 1 60 cura./xB. Ha mBuakocti 90 Ta 120 curH./XB. pyxoBa BilMOBiIb
npaBoi pyku 30irajmacs 3 peakuiero JiBoi pyku, abo 6y11a Ha 5,4 mc Oimpmoro. Paszom 3i
CKOPOYEHHSIM 4acy CEHCOMOTOPHOI peakilii criocTepiraiu 1 3MeHIICHHS TPYMOBOi BapiabeabHOCTi
3Ha4YeHb, HA [0 BKa3yBalu MOKa3HMKM & Ta CV, mo MoOXe CBIIYUTH MpO BUIIHUN PIBEHb
oprasizaiii HeHpOHHOT Mepexi.

OTmxe, HaBeJIeH] Pe3yJIbTATH CBIAUATh PO 3aJICKHICTh ACUMETPii HEHPOHHUX MEPEXK Ta Yacy
CEHCOMOTOPHOI peakiii BiJ MIBHUIKOCTI Tpexd’sBIeHHS iH(popMaIii Ta MOIaTbHOCTI CHUTHAJIB.
[ligBuIIeHHsT MIBUIKOCTI Mpea sSBICHHS T'€OMETpPUYHMX (Iryp CKOpOUye Yac CEHCOMOTOPHOI
peaxiiii 1 HIBeJIIOE aCUMETPII0 Ta JiaTepiali3aliio MiBKYJIb. Y B3a€EMO/Ii HEHPOHHUX MEPEX JIIBOI Ta
MpaBoi MiBKYJI1 M yac AudepeHIiitoBaHHa 00pa3HUX CUTHANIB Y pexkuMi goL/no-go/goR acumerpis
Ta Jjarepaiizalliss HeHpOHHUX Mepex Oyna BiICyTHs. Y pa3l npelsBieHHs BepOanbHOi iHpopMallii
MU BUSIBUWIM pI3HI BapiaHTH acUMETpli HEHPOHHUX MEpEeX Yy 3aleKHOCTI BiJ IMIBUAKOCTI
MpeAsBICHHST Ta MojaiabHOCTI 1H(Gopmalii. Ha Huspkiii mBuakocti By 30 1 1o 60 curnamis 3a
XBWJIMHY MajH CIIpaBy 3 BUPAKEHOIO aCUMETPIEI0 HEHMPOHHMX Mepexk JIBOi Ta MpaBoi MIBKYI1
MO03Ky. OCKUIbKH IIBUIKICTh peakiii A mpaBoi pyku Oyna BHIA, TO Tpeda AymaTd, 110 Y LbOMY
pa3i MM MaeMoO CHpaBy 3 JOMIHAHTOIO JIBOMIBKYJEBOT HEHPOHHOT Mepexi 1 1HTepdepeHIiero
HEUPOHHOI Mepexi y mpaBiii miBKyjl. Bpasi, Koim HaBaHTaXEHS 3pOCTAI0O O MaKCHUMaIbHOI
LIBUKOCTI MpeAsBIeHHs Noapa3HuKiB y TeMili 90 ta 120 curHaiiB 3a XBWIMHY AOMIHaHTHHM CTaH
Ta acuMeTpii HEHPOHHHUX MepeK MO3Ky 3MIHIOBaBCS Ha Y3rojpkKeHy ix B3aemonioo. ILle
MIATBEPIKYETHCS TUM, 10 OYJIM BiICYTHI CTATUCTUYHO 3HAYYIII PI3HMINI JJIS IIBUIKOCTI PEaKIii
niBoi — goL Ta mpaBoi goR pyku (p>0.05).

B pesynbTari aHanisy IOCHIIKEHHS MOXHA KOHCTaTyBaTH, IO TECTYBaHHS y CTaTUYHOMY
HaBaHTAXKEHHI MPEJABIIsIE BUCOKI BUMOTH JIO IIBUIKICHUX XapaKTEPUCTHK MEPLENTHBHO-MOTOPHUX
HEUPOHHUX MEPEXk 1 iX YaCOBHX XapaKTepUCTHUK. Toxai K y TecTi 3 BepOAJbHUMH CUTHAJIaMH B
opranizamii (yHKIIIOHAIBHOI CHCTEMH IISIIBHOCTI KPIM YaCOBHX XapaKTEPUCTUK MiABHUIIYIOTHCS
BHUMOTH JI0 IIPOCTOPOBHX BIIACTUBOCTEH HEHPOHHHUX MEPEX MO3KY. 3a3HAYUMO, 1110 Y TUHAMIYHOMY
TECTi 3 MOCTYIOBHUM IMiABHUILECHHIM IIBHIKOCTI MPeasBiIeHHs iHdopMarllii y pexxumi gol/no-go/goR
MH MAa€eMO CIIpaBy 3 IHTETPOBAHOIO B3a€MOJII€I0 YACOBUX, 1 IPOCTOPOBUX BIACTUBOCTEN HEMPOHHUX
Mepex. 3 JITepaTypu 4YacTKOBO BioMI MeXaHi3M oOpoOku iHdopmallii y HEHpPOHHUX Mepexax
MO3KYy B peXuMi §0/N0-go, M0 ONMUCYE CKJIAAHICTh B3a€EMOJII PI3HMX MUISHOK MO3KY. Jlis
YCIIIIHOTO BUKOHAHHS 3aBJaHHSA MO30K 3aJIydae po3ralykKeHy Mepexy (pOHTaIbHUX Ta TIM SHUX
oOnacteil. IlpaBy HMXKHIO JIOOOBY 3BUBUHY BBaXKAIOTh KJIIOYOBUM LEHTPOM TIallbMIBHOI'O
koHTpoutto [5]. BoHa BidmoBizae 3a 3ymWHKY B)KE MiArOTOBJIEHOI MOTOPHOI mporpamu. Tomi sik
MIpeMOTOpHA 00JaCTh BiAIrpae KPUTUUHY POJib Y BUOOpi Mixk fiero goL un goR Ta yrpumanusm no-
go Bim mei [14]. BBakaroTh, MOMIKOMKCHHS I[i€l 30HM MPHU3BOIATH IO BEIMKOI KUIBKOCTI
IIOMUJIKOBMX HaTHCKaHb. JlopconarepainbHa npedpoHTalbHA Mepexa KOpU MNpuilMae ydacTb 1
NiATpUMYe poOody mam’sTh Ta NpaBUia BUKOHAHHsS 3aBJaHHSA, THCHYTH QOL sumie Ha ciioBa
«TBapuHW» 4u QOR Ha «pociauHu». HellpoHHI CTpYKTYypH NHEepeAHbOi MOSICHOI KOPH MOHITOPSATH
KOH(ITIKTH MDK OakaHHSM HaTUCHYTH JOL/QOR Ta HeoOXimHiCTIO 3ymMHUTH NO-QO, a TaKoX
peectpye nomiikoBi peakiii [5]. CyOranamiuyHe sApo BUKOHYE POJIb «IIBHIKOTO raibMa». BoHO
OTPUMY€E CUTHAJIM Bil KOPU HAIpPSMY, IO JI03BOJISIE MUTTEBO 3YMHMHUTH BCi MOTOPHI MPOLIECH Y
KPUTHYHINA cuTyallii. Mk HEpOHHOIO MEpEeXer0 KOpU Ta 6a3aJbHUMM T'aHTIIISIMHM, BCTAHOBIIOETHCS
B3a€MO/Iisl, 1110 J103BOJIsIE BUOMPATH MOTPIOHMN pyXxoBUM akT abo mpurHidyBatu ioro [15]. Tpeba
JAyMaTH, 110 B pa3i NPUNHATTS pillIeHHS Y HEHPOHHUX CHCTEMaX MO3KY BUHUKA€ KOHKYPEHIIis st
peakmii QO sKa aKTUBYETbCS OJHHUM THIOM J0(aMiHOBUX PpELENTOpiB, SKi MOCHUIAIOThH
30ymKyBallbHI CUTHAIHM 10 KOPH, IO TOJIETIIye BUKOHAHHSA A1l [16]. B pasi mosBu curHairy N0-go
aKTHBYIOTBCS IHII PELIETITOPH, 1110 MPUTHIUYIOTh HeOakaHy peakilito. BBakaioTh, 1110 TPUTHIYEHHS
peakiii N0-J0 € OUTbII CUJIBHIIINM CHUTHAJIOM, HDK BUKOHaHHA (0. [loTpiOHui OuThII MOTYXHIN
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CHTHAJI BiJl HEHPOHHUX MEPEX KOpPH, 100 MOJI0JIaTH NPUPOIHIN akTUBaliitHuil Gap'ep [17].

Omxe, MH TOKa3ayu, MO Mig Yac o0poOku iHdopmalii y pexumi goL/no-go/goR y
HEHPOHHUX MeEpeKax BUHHKAIOTh CKJIQJHI MEXaHi3aWm IMPOCTOPOBOI Ta YacOBOI B3a€MOJIi Bif
peakiii akTuBalii 0OJHUX HEWPOHHUX MEpPEeX 10 TraJbMyBaHHS iHIMX. /leTanbHuil aHami3 Hammx
pe3ybTaTiB MOKa3aB, M0 KiTbKa 001acTel MO3KY YTBOPIOIOTh HEHPOHHY MEPEXy KOTHITHBHOTO
KOHTPOJIO, HEOOXImHY /Uil BUKOHAHHS 3aBIaHHs gol/no-go/goR. 3 yckiaJeHHSIM 3aBAaHHS
[UIAXOM IABUINEHHS TEMITy TIEsSBJICHHS CHUTHATIB Ta TEpPXOay Big OOp3HUX OO peakuii Ha
BepOabHI CHTHAIM, 3pOCTAa€ B3a€EMOJIiS J0 MaKCHMalIbHOI CHHXOPOHI3aIlii HEHpOMEpexK JIBOi Ta
mpaBoi miBKymi Ha mBHAKOCTI 90 Ta 120 CUTH./XB. 10 JECHHXOPOHI3aIli aKTHBHOCTI Ta IOSBU
¢byHkuioHanpHOT acuMeTpii Ha mBUAKOCTI 30-60 cCUTHANIB 32 XBUIIMHY.

Takum YMHOM, y I[OMY JOCHI/DKEHHI MU HaJaldu JOJATKOBI JOKa3W B3a€EMOJIIT PI3HHUX
HEHPOHHUX MEPEX Y TUHAMIYHOMY TECT1 3 HOCTYIOBHUM 3POCTAHHSIM IIBUIKOCTI JU(PEPEHIIFOBaHHS
CHTHAJIIB Pi3HOT MOJAIbHOCTI y pexumi goL/n0-go/goR. PesynbpraTté MOXKyTh OyTH BHKOPHCTaHi
JUIE  TIPOTHOCTUYHOT OINIHKK MOXIIMBOCTEH JISUTBHOCTI JIIOAWHU B yMOBaxX CKJIaTHHUX
1HGOpMaLlIiHUX HaBaHTa)KE€Hb Ta CIPUATH KpAIIOMy PO3YMIHHIO HE JHIIE IUCHYHKI[IOHATBHUX
CXeM, 110 JIeKaTh B OCHOBI HEHpOMEpEKEBUX pO371a/liB, a M HAJATU yABIEHHS IPO 3acO0M Ta THI
peabiniTarii, KUl Moke OyTH ePEeKTUBHUM JJIsl YCYHEHHS TUCHYHKITIH.

BucHoBku

1. JloBeneno, mo y roHakiB 16—17 pokiB 3a ymMoBH mepepoOku iHpopMalii y mapaaurmi
goL/no-go/goR  (dyHKIiOHANIEHA acHUMETPiss HEHPOHHUX MEPEeK MO3Ky, a TaKOX IIBHUIKICHI
CEHCOMOTOPHI peakKilii 3HaXOJAThCS B 3aJEKHOCTI BiJl MOJAIBHOCTI CHTHAJIB Ta IIBUIKOCTI
TIpe’ IBJICHHS] CUTHATIB.

2. llIBuaxicTe BUKOHAHHS 3aBAaHb OyJjia BUIA HAa oOpa3Hi, HDK Ha BepOanbHI curHanu. J{ms
BepOAbHUX CUTHAJIIB BUSBJICHO MEPEBaKaHHS JTIBOMIBKYJIEBOT (DYHKITIOHAIIBHOT aCUMETPii TUIBKH
Ha mBUAKOCTI mpen siBieHHs 30 Tta 60 curH./xB. IlIBUAKICHI XapaKTEPUCTUKH PYXOBUX pEaKIlil
Oynu BUIIII JJ1s1 TIpaBoi pyku goR, Hix niBoi goL.

3. V 1oHaKiB acUMETpis HEHPOHHUX MEPEX BIICYTHS 3a YMOBH NP sIBJICHHS BepOaTbHUX
curHaimiB Ha BUCOKiM mBuakocti (90 Ta 120 curH./xB) 1 cmabo BUpaxeHa IS 3aBAaHb 3
BHUKOPHUCTAHHAM Qiryp.

4. Pe3ynbTaTi Ta METOJMKA JOCIIKEHHS MOXYTh OyTH BHKOPHCTaHa Jis POTHOCTUYHOI
OIIHKH MOXJIMBOCTEH MISTILHOCTI JIFOAMHU B YMOBaX CKJIAIHUX 1H(GOPMAIITHUX HABAaHTAKEHb.
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Lyzohub V. S., Bezkopylnuy O.0., Koval Y. V.

ASYMMETRY OF THE NEURAL NETWORK OF PROCESSING VISUAL AND VERBAL
INFORMATION IN THE GO/NO-GO/GO MODE

Introduction. The study is devoted to the problem of functional asymmetry of neural networks and
their transformation from static closed loop testing (Closed loop system) to dynamic stress-test (Dynamic
stress-test).

Purpose. In young men aged 16-17, we sought to provide evidence of the presence of functional
asymmetry of neural networks in a dynamic test with gradually increasing speed of presentation of signals
and reactions with the left (goL) and right (goR) hands, as well as a no-go signal.

Methods. The study was conducted on 45 young men aged 16-17 using the computer system
"Diagnost-1M".

Results. It was proven that the functional asymmetry of neural networks, as well as the temporal
characteristics of differentiation in the goL/no-go/goR paradigm, depend on the modality (figurative or
verbal) of signals and the speed of their presentation. In 16-17 year old boys, the speed of performing the
goL/no-go/goR task was higher for figurative than for verbal signals. For verbal signals, a statistically
significant predominance of left-hemisphere functional asymmetry was found only at speeds of 30 and 60
signals/min, while for figurative signals such asymmetry of neural networks was absent. When the task speed
was increased to 90 and 120 signals/min for figurative and verbal signals, the asymmetry of neural networks
was also absent.

Conclusions. The study provides additional information regarding the asymmetry of neural networks
underlying the processes of excitation and inhibition. The question of the participation of different
information processing mechanisms in the go/no-go/go mode is discussed.

Keywords: asymmetry; go/no-go/go paradigm; reaction speed; signal modality.
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TJIIOTEH-ACOIIVMOBAHI IIOPYIIEHHS:
MVYJIUbTUIUCIHUIIJIIHAPHA THTET'PALISA CYYACHUX YSABJIEHD

Beryn. [omen-acoyitiosani posznadu Habyeaiomes 3pocmaryo20 HAYKOB020 Mda KIIHIYHO20
SHAUEeHHS Y 36 A3KY 3 NIOGUWEHHAM iX NOWUPEHOCI MA WUPOKUM 3ACMOCY8AHHAM De32110MeH08Ux Jiem
no3a Mexcamu YimKo GU3HAYEHUX MeOUdHUX noxazauv. /lo yiei epynu Harexcamov yeniaxis, anrepeisi Ha
nuleHuYl0o ma HeyemiaKiuHa yymiugicms 00 2NIOMeHY, AKI, He38axiCcaryu HA CHiTbHUU Oi€eMUYHuUll
mpuzep, Cymmeso GIOpI3HAMbCA 3A emiON02i€ln, NAMO2eHe30M, IMYHHUMU MeXaHiZMamMu ma
KATHIYHUMU NPOABAMU.

Mera. V3acanvnumu cyuaci mMiscOUCYunIiHapHi yasieHus npo OiOXiMiuMi, IMYHONO2IUHT ma KAiHIuHI
acnekmu 210MeH-AcoYiuo8aHUX po3nadie, a MaKodlc OKPeCIumu Kuo4o6i npobiremu ix OiacHocmuku ma
HYMPUMUBHO20 MEHEONCMEHNTY.

OcHOBHa 4YacTHMHA. Y OaHOMYy HApPAMUGHOMY 02101 pPO32NAHYMO OCHOSHI CMPYKMYPHO-
YHKYIOHAbHI XapaKmepucmuKy 2iiomeHy K KOMIAEKCY NPONAMIHIG | 2I0MeNinis, 1020 pe3ucmeHmHicme
00 NPOMEOAIMUYHO20 2IOPOTIZY, A MAKONC POIb IMYHOSEHHUX NEeNMudie y 3anycKy Namoio2iuHux peaxkyi.
Hemanvno npoananizosano namocenmes yeniaxii Ak T-KIIMUHHO-0NOCEPEOKOBAHO20  ABMOIMYHHOZO
3axeoprosants 3 gupadicenoro acoyiayiero 3 HLA, a makoowc mexanizmu IgE-onocepedxosanoi anepeii na
NUWEHUYI0 Ma CYYACHY KOHYenyilo HeyemiakiiHoi uymaugocmi 00 2uomeHy GiOnosioHo 00 Kpumepiis
Canepno. Ocobaugy ysacy npudineno mpyonowsam ougepenyitinoi diaeHocmuxuy, Memaboriunum Hacriokam
2NIOMEH-ACOYTOBAnUX PO3NAJi6 T NOMEHYIIHUM PUSUKAM, NO8 A3AHUM i3 HEOOTPYHMOBAHUM OOMPUMAHHAM
bezentomenosux diem.
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BucHoBkHU. [7romen-acoyitiosani po3nadu € 2emepo2eHHOl0 2SpPYnol CMAHI8 i3  PisHUMU
IMYHONAMO2EHEMUYHUMU MEXAHIZMAMU, WO NOMPedYIomb CMAHOAPMU308AHO20 O0IAZHOCMUYHO20 HIOX0OY
ma iHOUBIOyanizoeanux Hympumuerux cmpameeiti. Ilooanbuii 0ocniodxcenns maomes Oymu CnpsimMo8ani Ha
i0enmudhixayio cneyuiunux Oiomapxepie ma YMOUHEHHS 00820CMPOKOGUX MeMAbONIUHUX HACTIOKI6
2TIIOMEH-00MeNCYBANbHUX OIEM.

KurouoBi ciioBa: enromen, yeniaxis, anepeiss Ha NUEHUYIO, HeYeriaKitiHa yymaugicms 00 2H0MmeHy,
bezenomenosa diema, mpaeieHHsl.

IMocTanoBka npodJemu. [IpobiemaTrKa riOTEH-aCOMIHOBAaHHUX MOPYIICHh Ha0ya 3HAYHO1
AKTyaJIbHOCT1 Yy 3B 513Ky 31 3pOCTaHHSM iX MOIIMPEHOCTI Ta MOMYJISPHU3AIIEI0 OS3TITIOTEHOBUX JIIET
mo3a MeXaMH MEIWYHHUX I0Ka3aHb. 3 ypaxyBaHHSIM JaHHUX IPO MOUIMPEHICTh OKpeMux (opm
TJIFOTEH-ACOIIMOBAaHUX MOPYIIEHD Y 3araibHIM momyssiii (temiakist ~1 %, HenemakiiiHa 9yTIuBICTh
10 rmoteHy — 10 6 %) [1, 2, 3], y Hu3I[i poOIT BHUCIOBIIOETHCSA MPUITYIICHHS MO0 MOTEHIIIIHO
nmoAioHOro abo JAENI0 BUIIOTO PIBHS MOIIMPEHOCTI LIMX CTaHIB cepel] (Pi3MYHO aKTUBHUX OCIO.
BonHouac Taki OLIHKM MaloTh IMEPEBAaXHO HENPSIMHUM XapakTep 1 HE MIATBEPIKEH1 BEITUKUMU
eM11eMI0JIOTTYHUMU JTocHKeHHsAMU. HeBuacHa giarHocTrka abo BIACYTHICTh aJ€KBATHOT KOPEKIIiT
LMX CTaHIB AacoLIIOIOThCS 3 ManbaOCOpPOIIEI0 MIKPOEIEMEHTIB, XPOHIYHMM €HEepreTHYHUM
nebinuToM 1 3HIWKEHHsIM (iBUYHOI mpane3gatHocTi. BogHodac 3pocTae  MOIIMPEHICTH
OE3MIIIOTEHOBUX JIET cepesl 0ci0 0e3 MiATBEPHKEHUX TIIFOTEH-aCOIIHOBaHUX pO3JadiB, mo Gopmye
HOBl HYTPILIOJIOTIYHI pHU3UKU. be3miicTaBHE BUKIIOYEHHS TJIIOTEHBMICHMX HPOJYKTIB MOXE
MIPU3BOAUTH IO BTOPUHHUX HYTPIEHTHUX Ne(IINTIB, 30KpeMa 3alli3a, Kalbllilo, BITaMiHIB Irpynu B i
XapyOBUX BOJIOKOH, JI0 HEAJEKBAaTHOTO €HEpPro3ade3redyeHHs] Ta HETaTUBHUX 3MIH (DI3UYHOTO W
TICUXOEMOIIIHHOTO CTaHy [4, 5, 6].

[Tormpu 3pocTaHHs KUTBKOCT1 JOCIHIKEHb, HAYKOBI YSBIICHHS IIOJO BIUIUBY TJIFOTEH-
acoIIMOBAaHUX TOPYIICHb 3AJIUIIAIOTHCS (PparMeHTapHUMU. bimbmiicte myOumikaiiid 0a3yeTbcsl Ha
3arajibHOTIOMYJIAIINHUX BUOIpKax abo 30cepekeHa Ha IefiaKii, TOl sIK ajJeprii Ha MIICHUITIO Ta
HeleiakiifHa YyTIUBICTh 10 TIIOTEHY BHBYECHI 3HAYHO MEHIOI0 Mipoto. HasBHI poOoTH cydacHHX
HayKOBIIIB TIEPEBAXKHO AaKIEHTYIOTh YBary Ha TMOIIMPEHOCTI CaMOIHIMIHOBaHUX OE3TIIIOTEHOBHUX
JET, 3JIMIIAI0YH 11032 (POKYCOM MeTabouH1 Ta (GYHKI[IOHAIBHI HACTIIKA TPUBAJIOTO OOMEKEHHS
IJIFOTEHY, a TaKOX MUTaHHS ONTHUMI3allii HyTpieHTHoro Oamancy [1, 2, 4, 7, 8]. Y BiruusHsAHIN
HayKOBi JiTeparypi 1 mnpobjemMa TakoX BHUCBITIICHA (PparMEHTApHO: TEpeBakaloTh pPOOOTH,
MPUCBSIYCHI 3araiIbHUM acTeKTaM TJIOTCHOBHX OUIKIB 1 XapyoBHX ajeprid, TOJI sIK HeIleliaKiiHa
YYTJIMBICTh A0 TJIIOTEHY Ta HYTPILIOJOTIYHA MIATPUMKA 3aJUIIAIOTHCS MPAKTUYHO HEBUBUCHHMHU,
10 OOIPYHTOBYE HEOOX1THICTh MOATBIITUX KOMIUIEKCHUX JOCIIIIKEHb.

Mera — y3aragpHUTH CyYacHI MDKJAMCHMIUTIHAPHI YSABICHHS IIOAO OIOXIMIYHHX,
IMYHOJIOTIYHUX 1 KIIHIYHUX AacCMeKTIB TIIOTEH-acOLIHOBAHUX IOPYIIEHb, a TaKOX OKPECIUTH
aKTyalibH1 IPOOJIEMHU JIarHOCTUKH Ta HYTPIIOJIOTIYHOT KOPEKITii.

Metoau nociigkeHHsi. Y Mexax MiIFOTOBKU JAHOTO HAPATUBHOTO OISy OyIo 3/1iHCHEHO
LUIeCIpSIMOBAaHUN MOMIYK 1 Bin0ip HAYKOBHX JDKEpEN, MPUCBAYCHHUX TIIIOTEH-ACcOIIIIOBaHUM
MOPYILIEHHSM, iX MaTOreHe3y, KIIHIYHUM IpOosSiBaM Ta HYTPILIOJIOTITYHUM acleKTaM MEHEIKMEHTY.
[Tomryk mitepaTypu TpPOBOAMBCS Yy MPOBITHUX MDKHAPOJHUX HAyKOMETPUYHUX Oazax HaHHUX,
3okpema PubMed, Scopus, Web of Science, a takox y BiikpuTux eneKTpoHHUX pecypcax (Google
Scholar). YacoBuii nepion 0XOIMJIeHHs JKepen CTaHOBHB HepeBaxkHo octanHi 10—15 pokis (2010-
2025 pp.), 13 BKIIOYEHHSAM KJIACMYHUX (QYHIAMEHTAIbHUX IHpalb, L0 MalOTh BHU3HAYalbHE
3Ha4YeHHs A1 GOPMYBaHHS Cy4acHUX YSIBJIEHB PO MpoOiemMy.

[Tomyk 37ificHIOBaNM 13 3aCTOCYBAaHHAM KOMOIHAII KJIIOYOBHUX CJIIB AHIJIIMCHKOIO Ta
yKkpaiHcbkoro MoBamu: “gluten-related disorders”, “celiac disease”, “non-celiac gluten
sensitivity”, “wheat allergy”, “gluten metabolism”, “HLA-DQ2/DQ8”, “gluten-free diet”,
«TTIOTEH-ACOI[IIOBaHI MOPYIICHHS», «IIeNiaKis», «HeleliakiiHa YyTIUBICTh A0 TIIOTEHYY,
«anepris Ha mmeHuuoo». Jlo aHamizy BKIOYanM NyOnmikamii aHTIHCHKOIO Ta YKpaiHChKOIO
MOBaMH, II0 MICTUJIN Pe3yiIbTaTH KIIHIYHUX, EKCIEPUMEHTAIBHUX 1 OIVISA0BUX JOCIIIKEHb, a
TAKOX MeTaaHalli3u Ta MDKHApOJHI KOHCEHCYyCHI HokKyMmMeHTH. Kpwurepismu Bigbopy Oymnu
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HAayKOBa PEJIEBAHTHICTh, METOJOJIOTIUYHA SKICTh 1 BIAMOBIIHICTH TEMAaTHIll OTJAIy. 3arajioMm
Oyno mpoanamizoBano moHan 250 mkepen, i3 AKUX 10 (IHATBHOTO CIHMCKY BKIIOYEHO 77
HaWOUIBII pENeBaHTHUX MyOJiKaliid, mo BimoOpaxaloTh cydacHUM cran mpobmemu. Curin
3a3HAYUTH, 10, 3 OTJAAY HAa HAPATUBHUM XapakTep OTJALYy, AOCIIDKEHHS He mepeadayano
3acTocyBaHHs (hopMmaiizoBaHUX Tporeayp cucrematuyHoro Bimbopy (PRISMA), oxnak Oymo
3MIHCHEHO 3 JOTPUMAaHHAM MPUHIUIIB PENpe3eHTaTUBHOCTI Ta HAYKOBOI OOTPYHTOBAHOCTI
JDKEpesbHOT 0a3u.

OcHoBHa vacTtuHa. Bioximiuni Ta mnarodisiosioriuni acmekTu 3acBO€HHA LJII0TeHy.
Hemiakis € ofHMM I3 HalilaBHINIC ONMCAHMX 3aXBOPIOBAaHb TPABHOI CHCTEMH, MOB’SI3aHUX 13
HETIePEHOCHMICTIO OIKIiB 37TaKOBUX KyNIbTYp, HACAMIIEPE ITIOTEHY. 11 BUHHKHEHHS TIOB’A3yIOTh 3
MEPEeX00M JIIOJICTBA JI0 3€MJIEPOOCTBA B HEOJIITi, KOJH MIICHUI cTana 0a30BUM KOMITIOHEHTOM
pariony. Ilepuii onucu ritoTeHoBoi eHTeponarii Hanexats Apereto 3 Kanmnazgokii (II cT. H.e.), skuii
oxapaktepuzyBaB Morbus coeliacus sk XpOHIYHE 3aXBOPIOBaHHS 3 JIAPEEI0, METEOPHU3MOM 1
BUCHaXXEHHSM [9]. YIIpoI0BX TPUBAJIOTO Yacy LEJIaKiio po3rIIsIaiy sK Hecnenu(iyHe NopyLUIeHHS
¢yHk1ii TpaBHOTrO TpakTy. Jlnme Hanpukinii XIX ct. S. Gee cucremaTn3yBaB il KJIIHIYHI IPOSIBU Y
JITEH Ta HAroJIOCUB Ha 3HAYEHHI Jl€TOTepanii.

BupimaneHuii BHECOK y BCTAHOBJIEHHS POJII MIIEHHUI SIK €TIOJOrIYHOTO YWHHUKA 3pOOUB
W. Dicke y cepenuni XX cT., cnocrepiralodu MOKpAIlIEHHs CTaHy XBOpHUX y mepioa aediuuty
xnmibonpoaykTiB. Ilomanmbii HOCTIHKEHHS TO3BOJIWIM OTHUCATH XapaKTepHI MOPQOJOTIdHI 3MIHU
CIM30BO1 OOOJIOHKM TOHKOI KHIIKH Ta 3allpOBAJUTH OIOTNCII0 SK METOJ MIarHOCTHKU. PO3BUTOK
CEpOJIOTIYHUX TECTIB 1 BHUABJIEHHSA CHEIU(PIUHUX ayTOAHTUTUI HampuKiHII XX CT. CYTTEBO
PO3MIMPWIN YSIBJICHHS TIPO TOIIMPEHICTh IeiaKii, BKIIOYHO 3 ii JaTCHTHUMHU Ta CYOKIIHIYHUMHU
dbopmamu [9]. ETionorito meniakii TpaJMIIfHO MOB’SI3yIOTh 3 IMYHOJIOTIYHOIO HETIEPEHOCHMICTIO
TJIIOTEHY, OJHAK Hapa3i ONMUCaHO KuUlbKa (OpPM TIIOTEH-ACOIIMOBAaHUX TMOPYIICHb, IO HE
BIJIMOB1IAl0Th KPUTEPISIM KJIACUYHOT IeITiaKii.

['mroTen € ckmamHuM OUTKOBHUM KOMIUIEKCOM, SIKUM (OPMYETHCS B €HIOCTEPMI 3E€pPHIBKH
MIIEHUIIl 1 CIIOPITHEHUX 3JIAKOBUX KYJAbTYp (KHTA, STUYMEHIO, TPUTHKAJIE) 1 3 XIMIYHOTO TOTJISAY
SIBJISIE COOOIO CYMIII 3amacHUX OUIKIB — TuriaauHIB 1 rmroTeHiHiB. [licns rigpararnii GopornHa 1mi
OTKK (GOPMYIOTH €JIAaCTHYHY MATPHUIIO, IO BH3HAYA€ PEOJIOTIYHI BJIIACTMBOCTI TiCTa Ta HOTO
3matHICTh yrpumyBatu ra3 [10, 11]. buiku riaroTeHy Hanexarh IEPeBaXKHO J0 MPOJIAMIHOBOTO THITY
Ta XapaKTepU3YIOThCS BHCOKHM YMICTOM MpOJIiHY W TiyramiHoBoi kuciaotu (mo 40 — 45 %
amiHokucioTHoro ckiany) [10, 11, 12]. BigmosimHo mo kmacudikarii T.B. Osborne, mmenuyni
OUIKM TIOAUIAIOTh Ha adbOyMiHM, TJIOOYITiHM, MPOJIAMIHM Ta TJIOTEIIHU, TPH ILOMY came
npoJiaminu (TJIiaIMHK) 1 TIIFOTENNHA (TII0TeH1HNn) GOopMYIOTh ritoTeH [12, 13].

I'miaguau — 116 MOHOMIpPHI OUTKK 3 MOJEKYIsIpHOI0 Macoro 28-55 k/la, mo 3abe3neuyroTh
B’SI3KICTh 1 PO3TSHKHICTh TIIIOTEHOBOTO KOMIUIEKCY; iX MOAUISIOTH Ha o-, -, Y- Ta o-¢pakiii.
[IponiH-riayraMiHOBI JAUISSHKH —THiaAuHIB  (QOPMYIOTH  B-CTPYKTYpH, 3YMOBIIIOIOYHM HHU3BKY
PO3YHHHICTh OUIKIB 1 BUCTYNAIOYM OCHOBHUMH AQHTUT€HHUMH JI€TEpMIHAHTAMU MpH LeJiaKii;
KIIFOYOBUM IMYHOT€HHUM (hparMeHTOM BBaXKaeThes 33-MepHuit nentun o2-rmiaauny [14, 15].

['mroTeHiHu TpenCcTaBiIeH] BUCOKOMOJIEKYIIpHUMU TosiiMepHUME Outkamu (>100 x/la), mo
CKJIaJIAl0ThCs 3 BUCOKO- Ta HU3bKOMOJIEKYsipHUX cyooauHuis (HMW-GS 1 LMW-GS), 3’ ennanux
mucynbigHuME MicTKaMd. Came BOHM BU3HAYAIOTh €IACTUYHICTh 1 MEXaHIYHY MIIHICTh TiCTa
3aB/IsKU (pOpMyBaHHIO TPUBUMIpPHOT OikoBoi citku [10, 14 — 18].

TakuM UYWMHOM, TJIIOTEH € TETEePOreHHOI CHCTEMOIO0 TiaJuHIB 1 TIIOTEHIHIB,
CHIBBITHOIIEHHSI SKUX BHU3HAYAa€ TEXHOJIOTIYHI BJIACTUBOCTI 3€pHOBUX MPOAYKTiB. BomgHouac
MPOJIAMIHOB1 KOMIIOHEHTHU TJIIOTEHY JEMOHCTPYIOTh BHCOKY PE3HCTEHTHICTH JI0 MPOTEOIITHYHOTO
riIpoii3y B LUIYHKOBO-KUIIKOBOMY TpPakKTi, IIO 3YMOBJEHO BHCOKMM BMICTOM IMIpOJIHY Ta
riyTaminy, naedinuToM He3aMIHHMX aMIHOKHCIOT 1 3JaTHICTIO JO JeaMilyBaHHS 3a y4acTi
TKaHUHHOT TPaHCTIIyTaMiHa31 - IEHTPAJIBHOTO MEXaHi3My marorenesy memiakii [10, 16, 17, 18, 19].
i MoJeKymsIpHiI 0COOIMBOCTI BU3HAYAIOTH POJIb MNIIOTEHY HE JIMIIE K Xap4OBOTO KOMIIOHEHTA, a i
SK TpUrepa IMyHOIATOJOTTYHUX PeaKLiil y TeHETUYHO CXUJIBHUX OCi0.

57



ISSN 2076-5835. Bicuuk UYepkacwskoro yHiBepcutery. 2026. Nel

[lepeTpaBieHHs TIIOTEHOBUX OUIKIB B OpraHi3Mi JIOJUHU € 6araTopiBHEBUM IPOLIECOM,
10 BKJIIOYAE MOCITINOBHI CTaAil TiApoi3y 3a ydacTi ¢pepMmMeHTiB nmentugHoro oominy [20, 21].
Ha BigmiHy Big OUIBIIOCTI POCTMHHUX OUIKIB, TIIaJUHU Ta TIIOTCHIHH XapaKTEepU3YIOThCA
BHCOKMM YMICTOM TpOJiHY # TJIyTaMiHy, IO 3YMOBJIIOE iX HH3BKY YYTJIHMBICTH [0
MPOTEOITHYHOT il Ta 3HAYHUK naTodizionoriunuii moreniian [22, 23]. [lepBunHUit rigpomriz y
NUTYHKY 3JIMCHIOETHCS TETICUHOM, SIKMWA PO3MICTUTIOE TENTHUIHI 3B S3KH MDK apoOMaTHYHUMU
aMIHOKHCIIOTaMH, OJHAK NpPOJIH- 1 TiayTaMiH-30aradeHi AUISHKA TIIaJUHIB 3aJHIIAIOTHCS
pesuctentaumu [21, 24]. Tloganpmie nepeTpaBieHHs BiIOyBa€ThCsl B JABAHAIIATUNANIA KHIIII
3a y4acTi MaHKPEATHYHHUX TPOTea3 - TPUIICUHY, XIMOTPHUIICHHY, €JIacTa3| Ta KapOOKCUTICTITH 1a3
[20, 11, 19, 25]. Bucokwuii BMICT MpOJIIHOBHX 3aJMINKIB, a TaKOX CTaOUIbHI -cmipaibHi U
B-cknagyacTi JOMEHM, YKpPINJEH1 BOJHEBUMHU Ta JUCYNb(QIIHUMHU 3B’sI3KaMU, OOMEXYIOTb
JNOCTyN (EepMEHTIB 0 MENTHUIHMUX 3B’SA3KIB, 110 NPU3BOAUTH /10 YAaCTKOBOI'O TipoJii3y Oijika.
YHacai0K 1bOr0 B MPOCBITI TOHKOT KUIIKKM HAKOMHUYYIOTHCS IMYHOTEHHI MENTUIA JOBXHUHOIO
15-50 amiHOKHUCIOT, cepel AKX HalOUIbI BUBYEHUM € 33-MepHUIl pparMeHT a2-raiaguny [22,
23, 26]. OcraroyHi eTanmu TiApoNi3y 3IIHCHIOIOTHCA (PEPMEHTAMH M[ITOYKOBOT OOJAMIBKH
EHTEPOIUTIB, OJHAK 1X aKTHUBHICTh MIOJO MPOJIH-BMICHUX MENTHUIIB € oOMexeHoto [10, 24].
YacTuHa TIIOTEHOBUX (parMeHTiB 30epira€ IMYyHOTE€HHICTb, J0Ja€ KUIIKOBUI Oap’ep 1
PO3MI3HAETHCS  aHTHUTEH-TIPE3CHTYBAIbHUMH KiIiTHHaMu 3  ekcrpecieio  HLA-DQ2/DQ8,
HIL1I0I0YM ayTOIMyHHUH Kackan [24, 25, 26, 27].

Pe3ucTeHTHICT, 1MX TENTHUIB [0 Jerpajaiii 3yMOBJIEHAa HHU3bKOK KaTaJTITUYHOIO
€(EeKTUBHICTIO CEPUHOBHUX 1 METAJOINpOTea3 MIOAO 3B’A3KIB 3a y4dacTi HpPOJIIHY, KU CTBOPIOE
KOH(popMaIiiHi 0OMeKeHHS B ToJiinentuaHomy janiory [10, 27, 28]. JlomaTkoBO iIMyHOT€HHICTh
MIJICUTIOETHCS JIeaMilyBaHHSM TJYTaMIHOBUX 3aJMINKIB I/ €0 TKAaHUHHOI TpaHCTIyTaMiHa3M,
mo migBuiye adinHicts nmentuais 10 HLA-DQ2/DQS i € KIr040BHM MEXaHI3MOM IaTOTEHE3Y
nemiakii [27, 28]. Takum 4YMHOM, TOE€IHAHHS PE3UCTEHTHOCTI A0 (PEPMEHTATHBHOTO TiIPOJIi3Y,
CTaOUTbHUX B-CTPYKTYP 1 cenupiyHuX IMYHOTEHHUX MOTHBIB BU3HAYAE POJIb TJIIOTEHY K TPUTEpa
3aMaIbHUX 1 ayTOIMYHHHX pEakilii y TEHEeTHYHO CXWIbHUX o0ci0. BoaHouac y 310poBHX
THAWBITYYMIB OUIBIIICTh TIIFOTEHOBHUX IMENTH/IIB €IIMIHYEThCS 0€3 HACHIJIKIB, 110 MIKPECTIOE POh
IHTAKTHOTO KUIITKOBOTO Oap’€py Ta MEXaHI3MIB IMyHHOI TOJICPaHTHOCTI.

I'moren-aconiioBaHi mopymeHHsi: kjaacu@ikamis, nmaToreHes, KJIiHIYHI 0CO0JUBOCTI.
I'moren-acouiiioBani MOPYIIEHHS OXOIUIIOIOTh IIHUPOKHM CIEKTp MAaToJIOrid, OB SA3aHUX 13
HECIIPUUHATTIM OUIKOBMX KOMIIOHEHTIB 3JIAKOBUX KYJIbTYp, Hacamriepen miieHuri. Pi3Hi dopmu
[IIOTEH-1HAYKOBAHUX PO3JIaiB BUSABIAIOTH Y npubauszno 10 % nacenenns. Lemiakis, sk HalOUIbIIT
JOCTIIKEHa Ta KIIHIYHO 3Hauyia (opMa uX MOpyIIeHb, peecTpyeThes y 0nu3bko 1 % momymsiii.

Jlo Tpymnu TIIOTEH-acoLIHOBaHUX MOPYIIEHb BITHOCSITH TPU OCHOBHI HO30JIOTIL: IIeNiaKito,
aJleprif0 Ha NIICHUIIO 1 HEeleNiakiiHy TII0TEHOBY YYTJIMBICTh. 3a OCTaHHI JBa NECATHIITTA Y
OLTBIIOCTI KpaiH CBITY BIA3HAUYEHO 3HAYHE 3POCTAaHHS 3aXBOPIOBAHOCTI HA 111 cTaHu. Taka AuHaMika
0OyMOBITIOETBCSI HU3KOK UWHHHUKIB, cepel SAKHUX: TpaHchopmallis XapyoBOi TMOBETIHKH Ta
XapakTepy palioHy, TEXHOJOTTYH1 3MIHM y BUPOOHHUIITBI MIIEHUYHOTO OOPOIIHA, BILTUB (DaKTOPIB
HABKOJIUIIIHBOTO CEPEIOBUIA, & TAKOXK 3POCTAaHHS PIBHS KIIHIYHOT HACTOPOKEHOCTI, JOCTYIHICTh
CEpPOJIOTIYHOTO CKPHUHIHTY Ta BIOCKOHATICHHS JIarHOCTHYHUX KPUTEPIiB.

Heniakis  (TMIOTEHYYTIMBAa EHTEPONATis, TJIOTEHOBA HEAOCTaTHICTh, aBTOIMYHHA
TJIIOTEHOBA EHTEpOMNarig) — 1€ XPOHIYHE ayTOIMyHHE 3aXBOPIOBAHHA TOHKOI KHIIKH, IO
PO3BUBAETHCS Y BIAMOBIIb HA HAIXOKEHHS 3 XapUOBUMU MPOIYKTaMU TTIOTEHY (MIepeBaKHO HOTO
NpoJaMiHOBOI (ppakiii) y reHeTMyHo cxXuiapHUX oci0. [laToreHe3 moB’s3aHUN 3 MOPYIIEHHSIM
TOJIEPAHTHOCTI JI0 TJIFOTEHBMICHUX OLIKiB, 10 MPU3BOAUTH O aKTHUBAIl SK BPOJKEHOTrO, TaK i
Ha0yTOro IMYHITETY 3 MOAANBIINM PO3BUTKOM XPOHIYHOTO 3amalieHHsl CIM30BOi OOOIOHKH TOHKOT
KUIIKY Ta aTpodiero ii Bopcunok [29, 30]. KiiHidHO nemiakis MoXe MpOSIBISATUCS MEPCUCTYIOUMMHU
JiapesMu, 3AyTTSIM KHBOTA, BTPATOI0 MacH Tilla, a TAKOXK MO3aKUIITKOBUMH cuMnToMamu. [lemiakis
K IMYHO3QJIe’)KHA EHTEpOIaTisi BU3HAYAETHCS T€HETUYHOK CXHIBHICTIO: moHan 90 % XBopux €
Hocisimu aneneir HLA-DQ2 a6o HLA-DQS, mo KoayloTh MOJEKYTH TOJOBHOTO KOMILIEKCY
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ricrocymicHocti knacy II. Ponb enireHeTHYHUX 1 IHITUX YUHHHUKIB TaKOK BU3HAETHCS Ba)KIMBOIO
JUI peanizaiii imyHHo1 BinmoBimi [31, 32].

Cepennst rnobanpHa TOMIMPEHICTh CEPOMO3UTUBHOCTI IO IeJiaKii CTAaHOBUTH OJM3BKO
1,4 %, Toni K TICTOJNOTIYHO MiATBEpUKEHUH fiarHo3 - npubmmsno 0,7 % [33]. [loka3HUKH iICTOTHO
BapIIOIOTh MDK PETIOHAMH 3aJISKHO BiJ] T€HETHYHUX, COIIATBHO-CKOHOMIUYHUX 1 JIarHOCTHYHUX
yrHHUKIB. HaiiBuiy cepono3utuBHICTh BinmzHaueHo B A3ii (1,8 %) Ta IliBnenniit Amepurti (1,3 %),
poTe yactoTa Mopdooriunoro miarsepmkeHHs Tyt Hwk4a (0,6 % 1 0,4 %). [33]. Takwuii po3pus
MDK CEpOJIOTIYHUMH Ta TICTOJOTIYHUMH MOKa3HUKAMH MOXe OyTH 3yMOBIICHUI HU3KOIO YHHHUKIB,
BKJTIOYAIOYM HEIarHOCTOBAaHI BUIAJIKU, OCOOIMBOCTI UYTIUBOCTI Ta CIENU(ITHOCTI CEPOIOTTHHUX
TECTIB, HAasBHICTb CEpPOHETATHBHHX (OpPM [emiakii, a TaKoX pi3HUA pIiBEHb JOCTYITHOCTI
€H/IOCKOIIYHOI JiarHocTUKU. Y €Bpomi Ta ABcTpanii npu ceponosutuBHocti 1,3 — 1,4 %
TICTOJIOTIYHO MiATBEp/pKeHa memiakis csarae 0,8 %, IMOBIpHO 3aBASKH Kpalliil JiarHOCTUIl. Y
[TiBHIUHIN AMepuIli 11 MOKa3HUKH CTAaHOBIATH 1,4 % 1 0,5 %, Toai sik B Adpulli BOHU HIKYI 3a
cepeaHbOCBITOBL. OTXe, CEpONO3UTHBHICTE HE 3aBXKAM KOPENIOE 3 TICTOMIATBEPIKEHHSAM 1
noTpedye IHTEepIpeTallii 3 ypaxyBaHHAM EMIKOHTEKCTY Ta SIKOCT1 J1arHOCTUKH [33].

VY cTpykTypi BUNAJKIB IieiaKii BCe YacTille JOMIHYIOTh aTUIIOBI KJIIHIUHI (OpMH, 30KpeMa
CyOKJIIHIYHI BapiaHTH, MIPH SKUX BIACYTHI KJIACHYH1 CUMIITOMH MaibaOcopOllii, a KJIiHIYHA KapTHHA
BHU3HAYAETHCS TMO3aKUIIKOBUMM TmposiBamu [34, 35]. ¥V Takux mnamieHTiB BIACYTHI KJIacH4H1
CUMIITOMHU MaibabCcopOIIii (miapesi, cTeaTopesi, BTpaTa Macu Tila), a MEepPeBaKAIOTh MO3aKUIITKOBI
MPOSsIBU: 3aii30/edinuTHA aHeMis, apTO3HUI CTOMATUT, TepreTU(HOPMHUN JTEPMATUT, OCTECOTICHIS
ab0 0CTEOomopo3, 3aTPUMKa POCTY Ta CTaTEBOTO JIO3pIBaHHS, OE3MUIIAAs, €HIOKPUHOMATII (30KpeMa
nykpoBuii aiadet 1 tumny) [35, 36, 37]. V 3B’53Ky 3 LIUM, 32 BIZICYTHOCTI TUIIOBOT KJIIHIYHOT KAPTUHU
Ta 00 €KTUBHUX KHUIIKOBUX CHMMTOMIB OOCTEXEHHS 3 MPUBOJIY IIEiaKii 4acTO HE MPOBOJIUTHCS.
Otxe, KIHOYOBUM (HAaKTOPOM TMOKPAIIEHHS TIarHOCTUKHU 3aJIUIIAEThCS ITIBUICHHS 00I3HAHOCTI
JIKapiB IIOJ0 PI3HOMAHITHOCTI MPOSBIB 3aXBOPIOBAHHS, PO3IIMPEHHS CKPUHIHTOBUX IMpOTpaM Ta
MPOBEACHHS 0araToIEHTPOBHUX EMiAEMIOJIOTIYHUX JTOCIIIKEHb.

[IpoBigHy ponp y peamizaimii TEHETHMYHOI CXHJIBHOCTI JO IIeJakii Bigirpae cucrema
rOJIOBHOTO KOMIUIEKCY rictocymicHocti jroauan — HLA (Human Leukocyte Antigen) [31, 38],
reHd sKoi 3a0e3leuyioTh po3Mi3HAaBaHHA Ta Mpe3eHTauito aHTureHis. Cymepiokyc HLA
JIOKAJII30BaHUI Ha KOPOTKOMY Iuiedi xpoMocomu 6 (6p21) 1 oxorurtoe 0;1u3pK0 3,6 MITH Tap OCHOB,
BKJIFOYAIOYM IIICTh TEHIB TpaHCIUIAHTAIliHOT cymicHOCTI Ta monan 130 reHiB, 3alyd4eHHX A0
perymsnii imyHHoi BiamoBiai [31, 39, 40]. KimtouoBe 3HaueHHS y MaTtoreHesi mesiakii MaloTh TeHH
HLA-DQA1 ta HLA-DQBI, mo koayrots Monekymun HLA-DQ2 i HLA-DQ8: mpubmuzao 90%
xBopux MmaroTh HLA-DQ2, 5-8% - HLA-DQS8, ~2-3% ceponeraruBHOi memiakii 0e3 1ux
ramtotumiB [31, 32, 41]. BogHouyac HasBHICTh IUX ajieliB HE Ma€ CaMOCTIMHOI JiarHOCTUYHOT
miHHOCTI, OockiUtbku DQ2 BusBnsgerscs y 25-30 % 3aranpHOi momynsmii, TOAlI K KIIHIYHO
MaHi(ecTHa 1eliakis po3BuBaeTbes nuiie y 2-3 % HociiB [32, 41, 42]. Lle cBim4UTh OpO CYTTEBY
pOJIb €MIreHeTUYHUX 1 CepeIOBUIHUX YMHHUKIB Yy peanizauii 3axBoptoBanHa. Monekynu HLA-
DQ2/DQ8, exkcnpecoBaHi Ha aHTUIEH-TPE3CHTYBAJbHUX KIITHMHAX, MAalOTh CIOPIIHEHICTH 0
JieaMiIOBaHUX TJIFOTEHOBHX MENTH/IIB Ta Mpe3eHTy0Th 1Xx CD4* T-kiitnHam lamina propria.

KntouoBy posib y peanizaniii maToJIOTIYHOTO KackKaay NpW Lediakii BiJgirpae TKaHWHHA
TpaHcrinyraminasza 2 tuny (tTG2) — pepmenT, o kaTanizye aeaMigyBaHHs [VIFOTEHOBHUX IMENTHIB
[IJIIXOM TEePETBOPEHHS 3aJUILKIB TIIyTaMiHy Ha riyramatu [43, 44]. YHacninok uiei Mmoaudikamii
3poctae adinHicTh nenTuaiB A0 Mojekyn HLA-DQ2/DQS8 Tta ixHs imyHoreHHicts. CdopmoBaHi
IMYHOJIOMIHAHTHI KOMIUIeKCH akTHBY0Th CD4" T-mim¢porutu lamina propria ciu30Boi 060I0HKH
TOHKOI KHIIKH, IO CYIPOBOJDKYEThCS cekperiero mnpo3ananbHuX LUTOKIHIB (IFN-y, TNF-a),
iHaykuiero ayroantutin 10 tTG2 ta anonrozom eHreponutis [40, 41].

HasBricte HLA-renotunie DQ2 a6o DQ8 e HeoOximHOIO, alle HEAOCTaTHBOIO YMOBOIO
PO3BUTKY LEJiaKii: y 3arajJbHiil mOmynswii 1i ramioTunu BusBisiiorbea y 30—40 % oci0, Tonai sk
KJIiHIYHA MaHidecTallis 3aXBOpIOBaHHS cnocTepiraerbes numie y 1-2 % HociiB. Lle cBimuuTh mpo
BUpIMIATBHY POJIb JOAATKOBHX TpUrepiB (iHQEKIiHHUX areHTiB, 3MiH KHIIKOBOi MIKpOOIOTH,
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0COOIMBOCTEH XapuyBaHHS B PAHHBOMY BiIll, XpPOHIYHOTO CTpECY, HYTPITUBHUX JE(ILUTIB TOIIO)
[31, 41, 42]. Y ubomy xoHTekcTi HLA-THIIYyBaHHS Ma€e BaXJIMBE J1IarHOCTUYHE 3HAYCHHS, OCOOJINBO
IIpU aTUNIOBUX (popMax 3aXBOPIOBAHHS a00 CYMHIBHHX CEpPOJIOTIYHUX 1 TICTOJIOTTYHHUX pe3ylbTaTax,
OCKUIBKH BiACYTHICTH aneniB DQ2/DQ8 mpakTuyHo BUKIIOUAE Lemiakito [32, 38, 41].

[laTorene3 memiakii 3yMOBJIGHWH aJaNTUBHOIO IMYHHOIO BIJNOBIANI0O Ha TPOJIH-
TJIyTaMIiHBMICHI TIENITUM TJIiaJJMHY, SKi OPOSIBIISIOTh PE3UCTEHTHICT 10 mpoTeonidy [42, 43, 44].
VY TreHeTHYHO CXWIBHHX OcCi0 X neamimyBanHs min niero tTG2 minBumlye CHOpiTHEHICTH 0
HLA-DQ2/DQ8 i copuunnsie aktuBamito CD4* T-mimbporurie [44, 45]. Ile cympoBOmKYeThCS
cekpeniero mpo3amanbHuX MHUTOKIHIB (IFN-y, TNF-a, IL-21), ymKOKEHHSM emiTenilo Ta
nponykiiero ayroantutin no tTG2, emmomizito i rmaguny [46, 47, 48]. IMmyHHa BignoBimp €
antureHcnenudiaaoro, HLA-3anexunoro ta Bignosigae IV tuny rinepuyrnusocti [32, 49, 50].

3ananeHHs JOKaII3YeTbCs Y CIM30BINA OOOJOHIII TOHKOI KHILKH, MPU3BOJSYM 10 aTpodil
BOPCHHOK, IMOPYIIeHHs 6ap’epHOi QyHKIIIT Ta ManmsadbcopOitii [49, 50, 51]. KimogoBum MexaHi3MOM
MIPOrpeCcyBaHHs € MIJIBMILEHHS MPOHUKHOCTI EMITENII0 4Yepe3 30HYJIMH-3JIEKHY JAecTaduIi3allio
MDKKJIITHHHAX KOHTAKTIB 1 TPAHCIIOKAIIiI0 IMyHOTEHHMX MeNnTHiB y lamina propria [52 - 56]

Atpodis BOpPCHMHOK € MOP(QOJOTIYHUM TMPOSBOM  IMYHO3QJIEKHOTO  YIIKODKEHHS
EHTEPOLMTIB 1 XapaKTepHOIO O3HAKOI IIeJiaKii XapaKTEepHOK O3HAKOIO IeNiakii y KOHTEKCT1
CEPOTIO3UTHBHOCTI Ta KIIHIYHHX cuMmnToMmiB [51, 56, 57]. V cam3o0Biii 000JIOHII BiI3HAYAETHCS
iH}LIbTpalis IMyHHHMH KIITHHAMH Ta akTWBallis nuToTokcmuHux CD8* T-mimpouutiB i
MPUPOJHUX KUIEpiB, 10 CIHPUYMHSE aroONTO3 EHTEPOLUTIB, YKOPOYEHHSI KPUNT 1 MOPYLICHHS
npoumidepartii emitenito [57, 58]. Ili 3MiHM TpHU3BOAATH 1O MalbaOCOPOIlli 3 MOPYIIECHHSIM
BCMOKTYBaHHsSI OUIKIB, JIMIJIB, >KUPOPO3YMHHUX BITaMiHIB 1 MIKpoeleMeHTIB. EHTepouuTn npu
1[bOMY BHCTYIAIOTh HE JIMILIE CTPYKTYPHUMH, @ i aKTUBHUMH y4YaCHUKaMHU IMYHOIIATOTEHE3y, a iX
VIIKOPKCHHS BU3Ha4Ya€ MOPGOPYHKITIOHATHHY OCHOBY Ta KJIIHIYH1 TPOSIBA 3aXBOPIOBAHHS.

Auteprisi Ha nmenuno: IgE-onocepenkoBani peakuii, BinminHocTi Bix nesiakii. Anepris
Ha TIIICHHIIO — 1€ MAaTOJOTIYHUN CTaH, 3yMOBJICHMM MEXaHI3MaMH TiMepYyTIMBOCTI HETAHOTO
TUIYy, B OCHOBI SKOTO JIGKUTb aKTHBAIlil TyMOpajdbHOI JIAHKM IMYHITETY 3a Yy4acTio
imynornooOyniniB kmacy E (IgE) [59, 60]. ITaTosoriuda peakifisi BHHUKAE y T€HECTHYHO CXHIBHHX
0ci0 y BiIMOBi> Ha OUIKOBI KOMIIOHEHTH IIICHHUIll — MEPEBAKHO ANbOYMIHU W TJIOOY/IiHU, piaiie
ITIaJIMHA Ta TIIOTEHIHH, SIKi BAKOHYIOTh POJIb XapuoBUX ayiepreHis [60, 61].

[Ticns mepBHHHOTO KOHTAaKTy 3 AHTUTCHOM Y CEHCHOLTI30BaHOTO iHAMBIAA (HOPMYETHCS
IgE-3anexHa iMyHHa BiINOBIb, IO CYNMPOBOKYEThCS (ikcarliero crnenudiuanx |gE-anTuTin Ha
MeMOpaHax OMacHCTHX KIITUH (MacToumTiB) i 6a3oduriB [59, 62, 63]. [loBTOpHE HAAXOKEHHS
OUIKIB TIIEHWIl TPHU3BOJUTH 1O JErPaHyNAMlii IWUX KITHH 13 BHUBUIBHCHHSIM MeEIIaTOpiB —
ricraMiny, TPUITa3u, JEUKOTPIEHIB 1 Mpo3amalbHUX IUTOKIHIB, SKi OOYMOBIIOIOTH PO3BUTOK
KJIIHIYHOT CHUMIITOMATHUKH: IIKIpHOT (KpOIMB’SHKA, AHTIOHEBPOTHYHHHN HAOPSK), pecripaTopHOi
(6ponxocmasm), racTpoiHTeCTUHAIBHOI (a00MiHaTBHUN OlTb, HYZO0Ta, Aiapes) [59, 62]. ¥V Tsxkux
BHIAJKaX MOJKJIMBAa T'€HEpalli3oBaHa pEaKIlisl 3a THUIOM aHadigakcii, BKIIOYHO 3 (PESHOMEHOM
(G13MYHOTO HaBaHTAXKEHHS-1HIyKOBaHOI aHad1aKcCii, acoliiioBaHO 3 miieHuIero [62, 64].

IMyHONOriUHI MeXaHI3MH aneprii Ha MIIEHHII0 CYTTEBO BIOPI3HSAIOTHCSA Bil MAaTOTEHE3Y
nenmiakii. ¥ mepriomMy BUIAAKY KIIOUOBY pojib Bifirpae |gE-omocepeakoBaHa rinepyyTiinBiCTh
HEeraifHOro THILy, TOJ1 K LeiaKisi € T-KIITHHHO-0MOCepeAKOBAHO0 ayTOIMyHHOIO narosorieto 1V
tuny. KiiHiyHMH mepebir aneprii XapakTepu3yeTbcs TOCTPUM IIOYATKOM 1 IMOSBOIO CHMITOMIB
IPOTATOM XBMJIMH ab0 TOAMH MICJIsS KOHTAaKTy 3 aJlepreHoM, TOJi SK IeJliaKisi pPO3BUBAETHCS
MIOCTYIIOBO 1 Ma€ XpOHIYHUN XapakTep. Mopdosoriuydi 3MiHM €HTEPOLUTIB HE € XapaKTePHUMU IS
aJieprii Ha MIIEHUII0, OCKUIBKY MOLIKO/KEHHS 3yMOBJIEHE CUCTEMHOIO JII€l0 MeIaTopiB aneprii, a
He Oe3mocepeiHIM ypaKeHHSIM €HTePOLUTIB a00 6ap’epHOT (PyHKI[IT KUIIKH.

JliarHocTHKa ajeprii Ha MIIEHULI0 IPYHTYEThCS Ha BUsABJICHHI crienudiunux IQE-antutin y
CHpOBATILI KpoBi a0 MPOBEJECHHI LIKIPHUX MNPIK-TECTIB 3 €KCTpakTamH anepreHy. JliarHocTuka
Heniakii BKJIIOYA€ BU3HAYEHHS AyTOAHTHTUI JI0 TKAaHMHHOI TpaHCIUIyTaMiHasW, €HIOMI3il0 Ta
[UIIaJJUHOBUX MENTUAIB 13 MOJANBIIO MOP(HOIOTIYHO BepH(IKAIlIEI0 32 JaHUMHU OIl0TICii CIM30BOT
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000JIOHKM TOHKOI KMIIKKA. Ha BinmMiHy Bif memiakii, o nmotpedye AOBIYHOT OE3IIIIOTEHOBOI JTIETH,
IgE-omocepenkoBana anepris y miTeli MOXe 3 4acoM perpecyBatu abo OyTH KOHTPOJIHOBAHOIO 3a
JOTIOMOTO¥0 aliepreHcnenupiaaoi imynoreparii [62, 64]. TakuM 9MHOM, X04a aJepris Ha MIICHUILIIO
Ta IeJiaKis OB sA3aHi 3 HENePEHOCUMICTIO OUTKOBUX KOMITIOHEHTIB 3JIaKOBUX KYJIbTYp, BOHU MAlOTh
MPUHIMIIOBO BiIMIHHI NMAaTOTEHETHYHI MEXaHI3MH, IMYHOJIOTIUHY crienudiky, KIIHIYHI TpOsSBU Ta
nikyBanbHi crpaterii. Lle 3ymoBmoe HeOOXigHICTH UiTKOT AudepeHIianbHOi JIarHOCTHKU Ta
IHIMB1TyaJIi30BaHOTO MiAXOAY B KITIHIYHIN TPAKTHIIL.

Heneniakiiina yyriauBicTs 10 rimoreny. [lopsn i3 KIacCHYHOIO EIaKi€0 Ta alepriero Ha
MIIICHUITI0, Hapa3l BUOKPEMITIOIOTh HelleliakiiHy 9ymmBicTh A0 riaroteny (HUal). ¥V 2015 p. 6ymo
3anponionoBanHo CanepHcbki kputepii (Salerno criteria), ski Ha CbOTOJHI PO3TJIAAAIOTHCSA SIK
HaWOUTBII CTPYKTYPOBAHHMM 1 MIMPOKO BUKOPUCTOBYBAHUU MIAXIA JO TIArHOCTHKU HEIETIaKIHHOT
YYTJIIMBOCTI JI0 IJIIOTEHY, OJHAK iX 3aCTOCYBAaHHS HE € YHIBEpCaJIbHHUM, a JIarHOCTUYHI MIX0IU JI0
[OTO CTaHy 3aJUIIAIOTHCA MPEAMETOM TMOJATBIINX HAYKOBUX AUCKycii [65]. Ha BimMiny Bin
ueniakii, HUal' He cynmpoBOIKYETbCSI TUITOBUMHU MOPQOJIOTIYHUMHU 3MIHAMHU CIM30BOT 0OOJOHKHU
KUIIKA ab0 CEepoJIOriYHUMHU MapKepamu, 110 TpUBAJIUN Yac YCKIAJHIOBAIO Ii 1AEHTU(IKAIIIO.
Heuitkicts HO30510T1YHOT Kacu@ikallii, BIACYTHICTh crielu(iyHUX OloMapKepiB 1 FeTepOTeHHICTh
KIIIHIYHUX MPOSBIB YCKIAHIOIOTh nudepeHiiiny aiarnoctuxy HUnal'.

TunoBumu cuMnromamu € aOAOMIHANBHUM JAUCKOMQOPT, 3AYyTTA JKHMBOTA, HECTIHKI
BUIIOPOKHEHHSI, @ TAKOK MO3aKUILIKOBI MPOSIBU — IOJIOBHUM OL1b, apTpairii, acTeHisl, KOTHITUBHA
muchyHKIris Tomo [66, 67]. Ha BinMiHy Bij memniakii, ciim30Ba 000JOHKA KUIIKHM 3a3BUYail HE 3a3HAE
aTpo(UHUX 3MIH, a pIBHI ayTOAHTUTUI [0 TKAHWHHOI TpPAaHCIUIyTaMiHa3d Ta EHJIOMI3iI0
3aJIMINAIOTECS B MeXax KOHTpoJio [68, 69, 70]. BoaHowyac y YacTHHM TAII€HTIB BUSABIISIOTHCS
AQHTHUTLIA 70 TIOTeHY Kiacy IgG, mo CBIqYUTh MPO 3aJTydeHHS MEXaHI3MIB BPOKEHOTO IMYHITETY
no natorenesy HUal. CywyacHi qoCIiDKEHHS pO3MIUPIOITH naTodizionoriyny xounemnmito HUal',
BKJIFOYAIOYM TIMEPUYYTIUBICTh 10 IHIIMX KOMIIOHEHTIB MIICHHMII, 30KpeMa IHTi0ITOpIB aMinasu-
tpunicuny (ATIl) ta FODMAPs [71, 72, 73]. 11i cosyku 31aTHI IHAYKYBaTH CUMIITOMH, TIOT10H1 110
CUHJPOMY IIOJIPA3HEHOTO KHWIEYHUKA, IO 3yMOBIIOE JTUCKYCIIO IIOJ0 JOIUIBHOCTI TepMiHa
«TJIIOTEHOBA YYTJIMBICTHY, OCKUTBKU IIFOTEH MOYKe OyTH HE €IMHUM MaTOT€HETUYHUM YHHHUKOM.

Ha i 3poctanHs momyssipHOCTI O€3MIIFOTEHOBOT IIETH B 3arajibHIN MOMYIIAIIT CIIOCTEPIraeThes
TEHJICHITII 7O CaMOIHIIIHOBAHOTO OOMEXKCHHS TJIFOTCHBMICHMX TMPOJYKTIB 0€3 TOIMepeaHbol
JIarHOCTUYHO1 BepudiKallii, Mo Hece PU3UKH HYTPIEHTHOTO ACDIUTY, 3HMKEHHS SKOCT1 KUTTSA Ta
(hopMyBaHHSI OPTOPEKCUYHUX PO3JIAIB XapuoBoi moBemiHku [74, 75]. BogHouac y yactuHm ocid 6e3
nemakii ado aneprii (hikCyeTbesl peasibHa KIiHIYHA BINOBIIL HA BUKIIOYCHHS TJIFOTEHY 3 PaIlioHYy, IO
CBIIYMTHh TPO HASBHICTb OO0 €KTHMBHHX OIOJIOTTYHMX MEXaHI3MIB, sIKi TOTPEOYIOTh IOAAIBIIOTO
MOJIEKYIISIPHOTO MiATBepKeHHs [67, 74, 75]. Ilonpu BiICYTHICTH KOHCEHCYCY IIOJIO €TIOJNOTII, YiITKO1
knacudikaiii Ta cneuupiuHuX 6ioMapKepiB, HelleiakiiHa YyTJIMBICTh J0 TIIOTEHY PO3IIISIA€ThCs SK
KTIHIYHO 3HAYYIIMHA CTaH, IO BHU3HAETHCS Y CydyacHI MeOWYHIA NpakTUIll, Xo4a il cTaryc sK
CaMOCTIMHOT HO30JIOTTYHOT OJTMHUIII 3aJIMIIAE€THCS PEIMETOM HAYKOBUX TUCKYCii [67, 74, 76, 77].

[TincymoByroun, BBa)kKaeMO 3a TOTpIOHE 3a3HAYUTH, IO JO TIIOTEH-aCOLIHOBAHUX
MOpYILIEHb HaJeXaTh TPU OCHOBHI KIIHIYHI (opmH: Ienmiakis, ajeprisi Ha TNIICHUII0 Ta
HelleniakiiiHa 9yTIuBICTh O ToTeHy. He3Baxkaroun Ha BIIMIHHOCTI B MATOT€HE31, IMYHOJIOTTUHIN
BIAMOBIAI Ta MOP(OJOTIYHUX XapaKTePUCTHUKAX, MpPOSBU IUX CTaHIB MOXYTb YacTKOBO
neperuHatucs. OCHOBHI BIAMIHHOCTI MDK TpboMa (OpMaMy TIIIIOTEH-ACOLIHOBAaHMX MHOPYIIEHb
y3aranbHeHo y Tabnuui 1. Y3aranmpHioouM HaBeleHi B TaOnuui 1 AaHi, CiiJ MIJKPECIHUTH, 10
KJIIHIYHI IPOSBU Ta MeTa0O0JIIUYHI HACHIJKU TPbOX OCHOBHUX (POPM TIIIOTEH-ACOLIHOBAHUX PO3JIaIiB
3YMOBJIEH] IPUHLUIIOBO PI3HUMU MATOTEHETUYHUMHU MEXaHI3MaMH.

[emiakiss XapakTepU3yeTbCsl HANUOUIBII BUPAXKEHUM CHCTEMHHMM BIUIMBOM, 3 BHCOKHUM
PU3UKOM PO3BUTKY XPOHIYHOTO CHHIAPOMY MajbaOcopOlii, aBTOIMyHHUX ypaKeHb IHIIUX OpraHiB
Ta BTOPUHHUX Je(IUTIB. AJNeprii Ha MIICHULI0 Ma€ NepeBaXHO TOCTPUM mepedir, 3 MOKIMBUMHU
aHa(pUTaKTUYHUMM PEaKLisAMH, aje 3a3BHYail He CYNPOBOKYETbCS TPUBAIMUMH META0OIIYHUMHU
posnagamu. HenenmiakiiiHa 9yTIUBICTH 10 TJIIOTEHY, HE3BAXKAIOUM HA BIICYTHICTh CTPYKTYPHHUX
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MOIIKO/KEHb CIIM30BOi 000JOHKN KHIIKIBHUKA, 3aJUIIAETHCS CTAHOM, 1[0 MOJKE 3HAYHO BILTUBATH
Ha SKICTh XUTTA. OnHak ueil eHoMeH J0Ci He Mae ycTalleHuX OloMapkepiB, a maTto(izioyoridHi
MeXaHi3MH Ta J0Broctpokosi Hacaiaku HYUnal' moTpeOyroTh 1moAanbuoro BUBYCHHS.

Tab6anus 1.
[opiBHSHHS TPHOX (HOPM TITIOTEH-ACOLIHOBAHUX MOPYIICHb
Kpurepiii Heniaxis AJieprisi Ha NMIIEHUII0 Heneniakiitna
YYTJUBICTH /10 IIIOTEHY
Tun imynHoi | AzanTuBHa, IgE-onocepenkoBana | MIMOBipHO, BpoKeHuit

peakuii nepeBaxxao CD4* (meraiina) abo IMyHITET, 6€3 ayTOAHTHTLI
T-KkniTHHHA, KJIITHHHA
ayToIMyHHa (ynmoBiTbHEHA)
rinep4YyTIUBICTb
Imynnuii AytoimyHHa BianoBiab |lgE-onocepenkoBana | IMoBipHO BpokeHa
MeXaHizM (HLA-DQ2/DQs8, a00 KJIITHHHA IMyHHa BiJIIOBI/Ib, O€3
aktuBauig T-KIITUH)  |TINepUYyTIUBICTH ABTOAHTUTLI
IMarorenernuna |ExTeporuTy, kumkoBi |MactoruTu 1 6a3odum | KumkoBuii emirenii,
MillleHb BOPCHHKH; TKAHMHHA  |B LIKIPi, AMXAITbHHUX MiKpo0i0oTa, peHenTopu
TpaHCTJIyTaMmiHa3a HUIfgXax 1 MJTyHKOBO- | BPOHKEHOTO IMYHITETY
KHUIIKOBOMY TPaKTi (TLR), xumkoBuit 0ap’ep
CepoJgioriuna  |Ilo3urnBHa Herarusna HeraruBHa a0 mo3uTHBHI
AiarHOCTHKA IgG no rmaguny (He
crienuiui)
Kuainiuni XpoHiyHa Jiapes, Kponus’siHka, 3ayTTs, OUTh Y )KHBOTI,
CHMIITOMHU BTpaTa MacH, 30yTTs, |OpoHXOCHa3M, Hy10Ta, |3MIHH BUIOPO>KHEHHS,
O11b, BTOMA anadinakcis, OUTb y «MO3KOBHH TyMaH,
JKUBOTI BTOMA
IMosnBa Bincrpouena (nHi — ['ocTpa (xBUIMHU — 3a3Buvail yepes3 KiTbKa
CHMIITOMIB THIKHI) TOJIFHH ) TOJMH — JI0 JO0Uu
Metaooaiuni |['imonporeinemis, BincyTHi, sKio MosknuBuit nedinut
HACJTIIKHA nediuT 3anisa, YHHUKATH TPUTEPiB MIKpOHYTPI€HTIB
Kanblio, BiT. B12, D,
OCTEONEHIA
Komopo6innicTs |LlykpoBuii giabert 1 [Hmi aneprii (actma, MosknuBu 3B’ 30K 13

(CymyTHi cTaHM) |TUIy, TUPEOIINUT, JEpPMaTUT) CIIK, ¢pyHKIIOHATBHUMH
ayTOIMYHHI T'€lIaTUTH po3nagamu
IMinTBepmxennst |Ceponoris + 6ioncis | Llxipui mpoOwu, Buxmrouenns CD 1 WA,
AiarLosy cnenudiuni IgE, BiamoBigs Ha BI'/I,

MIPOBOKAIIIHI TECTH

npoBokaiiis (Salerno
criteria)

OEe3rIII0TEHOBA Jl€Ta

ToaepantHicTh B |BincyTHs Moske 3HUKaTH 3 BIKOM | Moe 3MIHIOBaTHCS 3
JIATHHCTBI BIKOM a00 3aJIeKHO Bif
JIO3U TJIFOTEHY
JlikyBaHHs IToxurreBa YCcyHeHHs MIIeHu], InnuBinyansHe

1HO/1 eJTiMiHAaIlIiiHa
miera 3
AHTUTICTAMIHHUMH
3aco0amMu

0OMeKEHHS IJII0TEHY,
3a3BHYail THMYacOBE

HaykoBuii craryc

Jlo6pe BUBUEHA, 3
YITKUMHU KPUTEPISIMH,

JloOpe omnucana B
KOHTEKCTI aJieprojorii

KiiniyHo BH3HAHa, aje
6e3 crieudiuHuX
MapkepiB Ta Kiaacuikamii
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BucHoBku

I'moTen-acouifioBani MOPYIIEHHSI € TETEPOTEHHOIO TPYIOI0 IMYHO3aJICKHUX CTaHiB, IO
BKJIIOUAIOTh I[EJTIaKil0, ajepriro Ha NIICHUII0 Ta HENeNakKiiiHy YyTJIHMBICTH IO TIIOTEHY. 3a
CHUIPHOTO TpUTepa — OUIKIB TJIIOTEHOBOIO KOMILJIEKCY — IIi TATOJIOTii CYTTEBO PI3HATHCA 3a
MAaTOreHETHYHUMH MEXaHI13MaMH, IMYHOJIOTIYHIM TpodijeM 1 mposiBaMu. 3pOCTaHHS HOIIMPEHOCTI,
HAsSBHICTh CYOKIIIHIYHUX (OpPM 1 MOTEHIIHHI MeTaOOIYHI HACTIIKA 3YMOBIIOIOTHh aKTyalbHICTh
KOMIUIEKCHOTO TJTHOOKOTO BUBYCHHS TNIIOTEH-UYTJIMBHUX CTaHIB.

IlepcnekTHBM MNOJANBIIMX AOCTIIKeHb IMOJATAIOTH Y TOMIHOJIEHOMY BHBYEHHI
naTo(i3ioNIOTIYHUX ~ MEXaHI3MIB  TJIFOTEH-acOIiiOBaHUX TOPYIIEHb, TMOMIYKY CHenupiqHuX
OloMapkepiB, CTaHIAPTU3AIil JIATHOCTUYHHUX IIIXOJIB, a TaKOX OI[HII JOBrOCTPOKOBUX
MeTa0OIIYHUX HACIIIKIB OOMEXYyBaJbHUX JI€T 1 ONTHUMI3alli HYTPITUBHOTO MEHEIKMEHTY.
OxpeMy HayKOBY Ta MPAaKTHYHY 3HAYYIIICTh Ma€ BHUBUYCHHS TIIIOTEH-aCOLIHOBAHUX TOPYIICHb Y
MONYJSIISIX 13 NIABUINEHUM pIBHEM (I3MUHOT aKTHUBHOCTI, IO 3YMOBJEHO CHEUU(PIYHUMU
BUMOTaMH JI0 HYTPITUBHOIO 3a0€3MeuUeHHs, PU3HKOM AE(PIIUTHUX CTaHIB 1 BIUIMBOM JIETUYHUX
oOMeXeHb Ha Mpale31aTHICTb.
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Lukyantseva H. V., Pastukhova V. A., Ansheles A. O., Krasnova S. P., Khmelnytska Yu. K.,
Skorobogatov A. M., Sosnovsky V. V.

GLUTEN-RELATED DISORDERS: A MULTIDISCIPLINARY INTEGRATION OF CURRENT
CONCEPTS

Introduction. Gluten-related disorders are gaining increasing scientific and clinical relevance due to
their rising prevalence and the widespread adoption of gluten-free diets beyond clearly defined medical
indications. This group includes celiac disease, wheat allergy, and non-celiac gluten sensitivity, which,
despite sharing a common dietary trigger, differ substantially in etiology, pathogenesis, immune
mechanisms, and clinical manifestations.

Goal. To summarize current interdisciplinary perspectives on the biochemical, immunological, and
clinical aspects of gluten-related disorders, and to outline key challenges in diagnosis and nutritional
management.

Main part. This narrative review examines the principal structural and functional characteristics of
gluten as a complex of prolamins and glutelins, its resistance to proteolytic hydrolysis, and the role of
immunogenic peptides in triggering pathological responses. The pathogenesis of celiac disease is analyzed
in detail as a T-cell-mediated autoimmune disorder with a strong HLA association, alongside the
mechanisms of IgE-mediated wheat allergy and the contemporary concept of non-celiac gluten sensitivity in
accordance with the Salerno criteria. Particular attention is given to differential diagnostic challenges,
metabolic consequences of gluten-related disorders, and the potential risks associated with unjustified
adherence to gluten-free diets.

Conclusions. Gluten-related disorders constitute a heterogeneous group of conditions with distinct
immunopathogenetic mechanisms that require a standardized diagnostic approach and individualized
nutritional strategies. Future research should focus on identifying specific biomarkers and clarifying the
long-term metabolic consequences of gluten-restricted diets.

Keywords: gluten, celiac disease, wheat allergy, non-celiac gluten sensitivity, gluten-free diet,
digestion.
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EHTPONIS HOBEJAITHKOBUX PEAKIIN TA ®YHKIIIOHAJBHA
OPT'AHIBALIS IEHTPAJIBHOI HEPBOBOI CUCTEMH

Anomauyyia. CencomomopHi pearkyii IT0OUHY HA NOBMOPIOBAHT CIMUMYIIU He € HE3ANIEHCHUMU. YacC pearkyii
MA€E GHYMPIWHIO CMPYKMYPY, Wo HopmMyembcss nid 6NIUBOM Y6dcu, HeUpOOUHAMIYHOL cmabitbHocmi ma
KOSHIMUBHO20 HABAHMAIICEHHA. Y 36 513K 3 YUM UACO8I PAOU MONCHA PO32TA0AMU K OUHAMIUHY CUCTHEMY.

Memoto Odocniddcenus 6y10 3ACMOCY8aAHHA eHMPONIUHO20 AHANI3Y YACY NPOCMOI CeHCOMOMOPHOT
peakyii.  [locnidocennss  nposoounuca Ha  0azi  Yeprxacvkoco  HayioHAnbHO20 — YHigepcumemy
im. b. Xuenvnuywvkoeo. B nux nputinsaiu yuacme 80 ocib eikom 6i0 17 0o 75 pokie. Busnauenns uacy npocmoi
30P080-MOMOPHOI pearyii nposoounocs 3a memoouxoro Maxapenxa M.B. (1999). Eumponis obuucniosanacs
HaA 0CHO8I duckpemnoi Shannon entropy, 3acmoco8anoi 00 2icmozpam po3nooiny 4acy peaxyii.

Bcmanoeneno, wo enmponisi He 3600umbcsi 00 CepeOHbO20 3HAYEHHA YU 6aApiamMusHOCmi, d
8i0o0Opadicac d00AmMKO8I XapaKmepucmuku po3nooiLy, No8 s3aui 3 U020 CMPYKMYPHOIO HeBU3HAUEHICMIO.
Lle niomeepoocyemocs 8i0CYmMHICMIO 3ANEHCHOCE MIJIC eHMPONIEI0 ma cepeoHiM uYacom peakyii abo
Koe@iyicnmom sapiayii.

Knrouoei cnosa: cencomomopmi peaxyii, yeHMpaibHa HEpeosa cucmemd, eHmponisa, OUCUNAMUBHI
CMpPYKMYypU, peakyiini npoyecu, dcumMempis, OHMO2eHes3.

IMocTanoBka npodsemu. [1IBUIKICTh CEHCOMOTOPHOT peakilii Ta CTaOUILHICTh 1l BUKOHAHHS
€ BRXJIMBHMHU TOKa3HHKaMU (YHKIIOHAJBHOTO CTaHy HeHTpaibHO1 HepBoBoi cuctemu (L[HC).
Cepenniit uyac peaknii (RT) mae nume 3aranpHe ysSBICHHS NMPO poOOTYy CHCTEMH, TOMI SK
BapiaOeNIbHICTh PeaKI[ii — KOJWBAHHS BiJ BIAMOBIAI JO BIAMOBiAI - 3HAYHO TOYHIIIE BigoOpaxkae
pIBEHb yBarw, KOHTPOJIO Ta HeHpoauHaMIYHOI cTabuIbHOCTI. IlingBUIIIeHa HEPIBHOMIPHICTh Yy Yaci
peaxIrii Mo)Ke CBITYUTH MPO BTOMY, 3HMIKEHHS KOHIICHTpAIlii Y1 HECTIMKICTh HEPBOBHUX IMPOIICCIB.

Jiss  po3yMiHHS I1MX KOJIMBaHb BAXKJIMBO BpPaXOBYBAaTH TIOHATTS OPraHi30BaHOCTI
¢yukuionansHoi cucremMu [[HC. OpranizoBana cucTeMa MpaIioe BIOPSIKOBAHO Ta Y3TOJHKEHO:
peaxiiii ctaloTh nepeadadyyBaHUMU, a BUKOHAHHS 3aB/IaHb — CTAaOUIbHUM. SIKIIIO % OpraHi30BaHICTh
3MEHILYEThCS, y MOBEIIHKOBUX BIIMOBIIASIX 3pOCTA€ XaOTUYHICTD, 3 ABISAIOTHCS BUMAAKOBI 3001 Ta
HEPIBHOMIPHICTb.

OpHuM 13 CcydacHUX CHOCOOIB KUTBKICHO OMUCATH Il 3MIHM € BUKOPHUCTAHHS EHTPOMIl —
MOKa3HHUKa, SIKUH BigoOpaxkae CTYNIHb CKJIAIHOCTI a00 HEBM3HAYEHOCTI B POoOOTI cucremu. Y
ncuxodi310J0rii eHTPONiMHNN aHalli3 3aCTOCOBYIOTh JUIsl OLIIHKM TOT'O, HACKUIBKH BIOPSIKOBAaHUMHU
a00 XaOTWYHHUMHU € HelpodiziosnoriuHi npouecu. [linBuieHHs ab0 3HMKEHHS €HTPOTIii B 4aCOBUX
psnax peakuiii Moke BkasyBaTHu Ha 3MiHy ctany LIHC Ta ii 31aTHOCTI HiITpUMyBaTH CTIMKICTD 1
KOHTpOJIB [1, 2].

AHaJji3 ocranHix myOJikaniii. CydacHi gocnimkeHHs (i3ionorii cBiayaTh, M0 AUMHAMIKA
KHUBUX CHCTEM HE € Hi IMOBHICTIO PEryJspHOI0, HI MOBHICTIO BHUIAAKOBOIO. Bimomi poGotu
Goldberger A.L. [5] Ta Lipsitz L.A. [9] chopmyBamu KOHIEMI(O, 3TiTHO 3 SKOK 3I0POBI
(iziosoriuni cucTeMn IEMOHCTPYIOTH “OpraHi3oBaHy CKIaAHIiCTh”. MeThcs npo GararomaciurabHi
¢bnykTyarii, CTpyKTypoBaH1 B3a€MOJIi MDK IMiJCHCTEMaMH Ta ONTUMAaJbHE CIIIBBITHOLICHHS MDK
MOPSAZKOM 1 BapiaOesIbHICTIO.
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3HIKEHHS CKJIQIHOCTi, TOOTO pyXx y OiK HaJAMIpHOI peryaspHOCTI a0 HAAMIPHOTO Xaocy,
pO3IISINAETbCA K O3HAKa 3HWKEHHS (YHKUIOHATBHOI ananTHBHOCTI. Tak, 3a JaHUMH
Goldberger A. L. [5], naTtonoriuHi cTaHd MOB’S3YIOTHCS 3 JIErPaJallield HOPMaIbHOI ()paKTaIbHO-
iepapxiuHoi CTpykTypu (izionoriaaux mporeciB. JIiHINHI, HAAMIPHO PEryJIspHI CHTHAIH — TaK
camo, SIK 1 HeCTaOUIbHI XaOTHYHI — CBITYaTh MPO BTPATY 3JATHOCTI CUCTEMH €(DEKTHBHO pearyBaTH
Ha 3MiHY YMOB.

[TonsiTTs Opra”izoBaHoCTI y (i310JI0Tii pO3IIIAIAETHCS K XapaKTEPUCTHKA, IO BiJoOpakae
3IATHICTh CUCTEMH MiATPUMYBATH Y3TO/DKEHY, CTPYKTYPOBaHY Ta CTIMKY poOOTY IpU OJTHOYACHOMY
30epekeHHI HeoOximHoro piBHsA rHy4dkocTi. Ha BimmiHy Bix mexaniunux cuctem, LIHC He
GYHKIIOHYE B PEXHMI ifieadbHOI PErysipHOCTI: 1l HOpMmainbHa poOoTa mependavyae HasBHICTDH
MOMIPHUX CTOXaCTUYHUX KOJIUBaHb, K1 3a0€31eUyI0Th a/lanTallito.

VY Mexax Teopil CKJIAJHOCTI OPraHi30BaHICTh MPOSIBISIETHCS Yy CTAOUILHOCTI MAaTEpHIB
(1310J10T1UHOT aKTUBHOCT1, MOCIIAOBHOCT1 peaKI(iif Ha CTUMYII 1 3[aTHOCT1 CUCTEMU MPUTHIUYBaTU
BUMAJKOB1 (piykTyariii, 30epiraloun CTpyKTypoBaHy BapiaOenbHICTh. OntumanbHa pobota [IHC
nepenbdavyae HASBHICTh TOMIPHOI PI3HOMAHITHOCTI CHTHAIIB, IO TMO€EAHYE CTAOUIBHICTH 1
THYYKICTh. 3 MO3UIIIA HEMPOHAYKH IIe 03Havae, mo ontumaibHa podota [IHC xapakrepusyerbes
MOMIPHOIO, CTPYKTYPHOIO DPI3HOMAHITHICTIO CHUTHAIIB, IO JIO3BOJIIE CHCTEM1 OyTH BOJHOYAC
cTtabimpHOI0 Ta amantuBHOMO [1]. Konm cuctema Hanro BHOpsAKOBaHA ab0 HAATO XaOTHUYHA,
OpraHi30BaHICTh 3HUKYETHCS.

OpraHi3M JIIOJIMHU € BIAKPUTOIO HEPIBHOBAXKHOIO O10JIOTIYHOIO CUCTEMOIO, sIKa (PYHKIIOHYE
3a pPaxyHOK IOCTIHHOTO eHepreTuyHoro oOmiHy. KosiMBaHHS MOKa3HUKIB peaklifHOTO dacy,
BapIaTMBHOCTI CEPILIEBOTO PUTMY UM THIIHUX MCUXO(]i310JIOTTYHUX MTapaMeTPiB MOXKYTh PO3IJISIIATUCS
SIK TIPOSIBU (DITYKTYaIlild Y CKIIAHIN PETYISITOPHIA CUCTEMI.

3MIHM EHTPOMKWHUX XapaKTEPUCTUK YaCOBHX PSAIB Yy IbOMY BHIIQAKy MOJKHA
IHTEPIPETYBATH SK MapKEPH MEPEX0JIiB MUK pekuMaMu (PYHKIIIOHYBAHHS PETYIATOPHUX CHCTEM 1
3MIHM CTymeHs ixHbO1 Yy3romkeHocTi [7, 8]. 30kpema, EHTpOIINHHI TOKa3HUKH MOXYTh
BiIOOpaKaTu: Tmepexim MK BITHOCHO CTaOUTbHUMH peXUMaMu (YHKIIOHYBaHHS;, 3pOCTaHHS a0o
3HI)KEHHS HECTIMKOCTI peryJssiii y mporieci BUKOHAHHS 3aBIaHHS; 3MIHY PiBHS (PYHKI[IOHAIBHOT
oprasizailii CHCTEMH; 3CyB MK HaJMIPHOIO BIIOPSAKOBAHICTIO Ta JIE30praHi3aIli€o.

Omxe, y CBITJI1 Teopil TUCUIATUBHUX CTPYKTYp [7] €HTpOIis MOXKE PO3TJISAATUCS HE JUIIE
SK TIOKa3HUK XaOoTH3allli MpOIeciB, a K IHAUKATOP JUHAMIYHOTO OallaHCy MK CTaOUIBHICTIO Ta
aJIalITUBHOI0 TIepe0yq0BOI0 (PYHKLIOHAIBHUX cHCTeM opraHidsmy. Lle cTBoproe TeopeTuuHe
MIIPYHTS JJIA 3aCTOCYBaHHS CHTPOIIMHUX METPUK Yy JOCTIKEHHSIX (YHKIIOHAJBLHOTO CTaHY
IIEHTPAIIbHOT HEPBOBOI CUCTEMU.

VY npocmimxenni Fitousi D. [4] mokazaHo, 10 KyMYJISTHBHA 3aJIMILIKOBA €HTPOMIisS JT03BOJISIE
OLIIHUTU HEBU3HAYEHICTh PO3MOLUTIB Yacy peakiii Ta BimoOpaxkae (GopMy po3nojaily, HOro acuMeTpiro
Ta BHYTPIIIHIO CTPYKTYpY. Lle migKkpeciioe, 0 eHTporis MOBEIIHKOBUX JIaHHUX € 1H()OPMATUBHOIO HE
JIUIIE II0JI0 IIBUIAKOCTI pearyBaHHs, aje i 010 CKIIaHOCTi IPOLIECIB MEPEepPOOKH CTUMYITY.

Poborta Iglesias-Martinez M. E. ta iH. [6] mpoaeMoHCTpyBaia, 110 4acOBi PSIM CCHCOMOTOPHHX
peakliliii MaloTh BUPaKEHY CEepiiHYy OpraHizalliio, a CleKTpalbHa eHTPOIis 3[JaTHA KUTbKICHO OTMMCYBaTH
CTYIIHb Y3TO/PKEHOCT1 YM XaOTUYHOCTI i€l AMHAMIKHA. 3MIHM €HTPOIIil MPOTATOM BUKOHAHHS 3aBJIaHHS
BiI00pa’KaroTh 3MI1HU KOTHITUBHOTO HABAaHTA)KEHHS Ta MPOLIECIB PErYIIALi yBaru.

JHocmimkenass BrownJ.W. Ta i [3] mnokaszano, 1m0 eHTpOmis MOXe BHCTYIATH
XapaKTEePUCTUKOIO HE JIMIIIE MMOBEAIHKOBOTO BUXOTY, a M 1HPOpMaIiiHOT CTPYKTYpH CaMOro 3aB/IaHHS,
BU3HAYAI0UM HEHPOHHI BUTPATU CUCTEMH KOTHITUBHOTO KOHTPOJIIO. AKTHBAIlisl BIAMOBIIHMX MO3KOBHX
MepeX MOJIYNIOEThCS piBHEM 1H(OpPMaliiiHOT HEBM3HAUEHOCTI, 110 CBIIYUTH NPO B3aEMO3B’SI30K
EHTPOIIil, Yacy peaxilii Ta Hepo(yHKIIOHATEHIX MEXaH13MIB BUOODY.

KopekTHIiCTh €HTpPOMIHHUX OI[IHOK 3aJIeKUTh B YITKOTO BH3HAYECHHS METPUKH, HAICKHOT
SKOCTI JJaHUX Ta BIIMOBIIHOT aHATITHYHO1 ITpoueaypH. KoxeH Tun eHTpomii, KyMyJIsTUBHA 3aJIHIIIKOBA,
CIIeKTpajibHa 4 iH(opMalliiiHa, BitoOpaxae pi3Hi aCleKTH CTPYKTYPU PEaKIIHHOIO MpoLecy Ta MOXe
BUKOPHUCTOBYBATHCS JUIS IOCHIKEHHS CIEU(DIYHMX BIACTUBOCTEH BapiabenbHOCTI.
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3acTocyBaHHS ~ CHTPOIIMHUX  IOKA3HUKIB  MOTpedye  JOCTaTHbOTO  OOCATY  JIaHHMX,
CTAHJAPTU30BaHOI OOPOOKH pEaKUidHWX PsAIB Ta KOHTPOJIO 30BHIIIHIX YMOB, SIKi BIUIMBAIOTH Ha
JMHAMIKy pearyBaHHs. ETany miAroTOBKY JaHWX, OYMIICHHS BiJ apTe(akTiB, BUOOPY NEPETBOPEHH Ta
CaMOro PO3paxyHKy eHTpoIIii (GOPMYIOTh OCHOBY JUIsl HAJIIHOTO Ta BiATBOproBaHOro aHaizy [10].

[HTepnperamiss eHTpONIMHUX pe3yibTaTiB Mae Oa3yBaTHCS Ha 3arajbHii KOHIEMIIi
OpraHi3oBaHOi CKJIAJHOCTI: HAJAMIPHA PEryJspHICTh TaK caMo, SIK i HaJMIpHAa XaOTHYHICTb, MOXKE
CUTHAJI3yBaTH PO OOMEKEHHS aJalTHBHUX MOXKIMBOCTSH (yHKIIOHAThHUX cucteM. [lomipHa,
CTPYKTypOBaHa CHTPOMIS BigoOpakae 30alaHCOBAHUUN CTaH, Y SKOMY TOEIHYIOTHCS THYYKICTH 1
CTaOUIBHICTh peaKIiiHOT TISITHHOCTI.

VY3aranpHIOIOYM, EHTPOIMIHHUI aHaji3 4acy CEHCOMOTOPHOI peakiii € MepCIeKTHBHUM
IHCTPYMEHTOM JIOCIIKEHHSI (DYHKIIOHAJIbHOTO CTaHy LEHTPaJbHOI HEpPBOBOI cHCTEMU. BiH
J03BOJISIE  OIIHIOBATU HE JIMINE IIBUAKICTh pearyBaHHs, ajié W BHYTPINIHIO OpraHizaiiio,
BapiaOeNbHICTh Ta JOUHAMIUYHY pIBHOBAry mpoieciB nepepoOku iHpopmanii. Taki migxoau
(hopMyIOTh METOJOJIOTIYHY OCHOBY JUIS TOJMANBIIUX €MIIPUYHUX JOCIIIKEHb 1 MOTINOIEHOTO
PO3YMIHHSI CTPYKTYPHHX XapaKTePUCTHK MOBEAIHKOBUX peakilii [11].

EnTponiiiHi MOKasHUKM €  TEpCHEeKTUBHUMHU  JUId  aHaji3y  IOBEIIHKOBUX 1
HEHUPO(I310JOTIYHUX TPOIECIB 3aBIAJKH CBOIA 3JaTHOCTI BimoOpakaTh OaraTOKOMIIOHEHTHY,
CTPYKTYypOBaHy U JWHaMI4YHy TIpUpPOJY CEHCOMOTOpPHHUX peakuid. EHtpomis, sk Mipa
HEBU3HAUEHOCTI Ta CKJIAJHOCTI, MOXE CIyryBaTH IHAWKATOPOM OPraHI30BAHOCTI pPEaKIIMHUX
MIPOLIECIB, YYTJIMBO PEaryouu Ha 3MIHU CTaHy CUCTEMU Ta IMapaMeTpiB 3aB/IaHHS.

MeTta aocaizkeHHsI — BCTAHOBUTH MOJKJIMBICTh 3aCTOCYBAaHHS €HTPOMINHOTO aHaji3y dacy
MIPOCTOT CEHCOMOTOPHOT peakxiii JyIst AOCTIKEHHS (PYHKI[IOHAIBHOTO CTaHy LIEHTPaJIbHOT HEPBOBOL
CUCTEMH.

Opranizaunisa Ta metoau aocaizkeHHs. JlocaipkeHHs TpoBomIKcs Ha 6a31 UepkacbKoro
HaIllOHAJTBHOTO yHiBepcuTeTy iM. b. XMenbHumpkoro. B Hux npuiinsim ydacts 80 ocid BikOM Bin
17 no 75 pokiB. BuzHaueHHs 4acy mpocToi 30pOBO-MOTOPHOT peakKilii MPOBOMIOCS 32 METOIUKOIO
Makapenka M.B. (1999).

Ilepen mpoBeAEHHSM CTaTUCTHYHOTO Ta CHTPOMIMHOTO aHAi3y YacoBHUX PSIIiB
CEHCOMOTOPHOI peakiii Oyyio 3AICHEHO TMoNepeaHI0 oOpoOKy JaHUX, CIPSIMOBAaHY HA YCYHEHHS
apredakxTiB Ta 3a0€3MeYeHHsT KOPEKTHOCTI MOAAJIBIINX PO3PaXyHKIB.

Ha nepmomy erani 10 ananizy BKIIOYATHCA JIMILE 3HAYEHHS 4acy peakilii, 110 HaJlexaTb J0
¢iziosorivHO OOrpyHTOBaHOTO miana3zoHy. Peakitii 3 TpuBaicTio MeHmie 100 MC po3risganucs sk
nepeaJacHi abo BUIAIKOB1 BIAMOBIII, SIKI HE BiOOpaXaroTh TOBHOIIIHHOTO CEHCOMOTOPHOTO TPOIIECY.
3naueHHs noHaa 700 Mc IHTEpIpETyBAUCS K TOTEHITIHHI TPOSBU BTPATH yBaru, 3aTPUMKH BiIIOBII1
a00 TeXHIYHUX MOXUOOK. Y 3B’SI3KY 3 1M 3a3HaueH1 3HAUEHHS BUKITIOYAIUCS 3 TIOJAIBIIOTO aHANi3Y.

Ha npyromy erami 3acTocoByBaBCsl poOaCTHUI METOJ BUSIBICHHS CTATUCTUYHUX BUKHJIIB Ha
OCHOBI MemianHOTo abcomtoTHoro BigxuieHHs (Median Absolute Deviation, MAD). Jljis KOKHOTO
Habopy peakiliii obumncioBanacs Meaiana Ta MAD, micig 4oro Asisi KOXXKHOTO 3HaYEHHS BU3HAYABCS
MOAU(IKOBAHUM Z-TIOKa3HUK. 3HA4YEHHS, Ui SKUX aOCOJIOTHE 3HAYEHHS IBbOTO MOKA3HUKA
MIEPEBUILYBAJIO TOPOTOBE 3HAUEHHS 3.5, BBOKAINCS CTATUCTUYHUMU BUKUIAMH Ta BUiTydanucs. Ha
BIIMIHY Bil KJIIACHYHMX METOJIB, IO 0a3yIOThCS Ha CEPEeIHHOMY Ta CTaHIAPTHOMY BiIXWUIIECHHI,
MAD-niaxif € CTIfKUM O aCHMETPUYHUX PO3MOJILTIB, XapaKTePHUX IS 4Yacy peaxilii.

VY pe3ynabTari ABOETANHOI MpOLEAYpU OYMIIEHHA (opMyBaBcs (iHaIbHUM HaOip JaHMX,
SIKUI BUKOPUCTOBYBABCS JJISl MOJANBIIOTO aHamizy. Takuil miaxiA J03BOJISE€ MIHIMI3yBaTH BILTUB
BUIIAIKOBUX a00 He(i310JOTYHUX 3HAYEeHb 1 3a0e3medye OUIbII KOPEKTHY OLIHKY BapiaOeabHOCTI
Ta CTPYKTYpPH YaCOBHX PSAIIB PEaKIii.

Entpomis oGuucmioBanacs Ha OCHOBI JuckpeTrHoi Shannon entropy, 3acTocoBaHOi 10
ricrorpaMm posmnojainy vacy peakmii [12]. Hns xoxxkHoro Tecty 3HaueHHs RT rpymyBammcs B
iHTepBanu 3a mpaBuioM CTepjpkeca, MICHs YOr0 PO3PAXOBYBAIKCS MMOBIPHOCTI MOTPAIUISTHHS Y
BIJINOBIJIHI IHTEpBAJIM Ta OOYHUCIIOBAIacs EHTPOIsA K Mipa HEBU3HAYEHOCTI po3moiiny. Takum
YHHOM, SHTPOTIS BitoOpakae He JIHIE PO3KU]l 3HAYEHb, ajle i iXHIO CTPYKTYPHY OpraHi3ailiro.
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Pe3yabTaTH 10ciigKeHHs Ta iX 00roBopenHs. [licis 3acTocyBaHHS IPOIEAYPHU OUHIIICHHS
Oyno cOpMOBaHO y3arajJbHEHMH MAacUB JaHUX Ta BH3HAUEHO YOTHUPU BIKOBI TPYNHU MO POKaX:
17-18, 19-44,45-60 ta 61-75.

AHai3 po3noIiliB OUHIIEHUX 3HAUEHB Yacy Peakilii mpeCcTaBiIeHo Ha puc. 1.

Po3nogin o4ynieHnx 3Ha4YeHb Yacy peakLii 3a BIKOBUMW rpynamu

BikoBa rpyna
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Puc. 1. Po3noain ouniieHnx 3Ha4€Hb 4acy MPOCTOi 30pPOBO-MOTOPHOT peaKIlii
3a BIKOBUMHU TPyIIaMH

INicrorpamu mokasyroTh, 10 PO3MOIUT Yacy peakilii B yCciX BIKOBHUX Tpylax Ma€ Moai0Hy
3arajibHy (OopMy: OCHOBHA Maca 3HaueHb 30cepe/LKeHa B Jiama3zoHi npubiauzno 200-300 wmc.
BonHouac cnoctepiraerbcsi BUpakeHa MPaBOCTOPOHHS aCUMETPIsl, [0 MPOSIBISETHCS Y HASBHOCTI
JIOBTOTO «XBOCTa» MOBUIbHHUX peakiliii. Taka CTpyKTypa € TUIOBOIO JIi CEHCOMOTOPHUX JAaHUX 1
B1I0Opakae MOOJUHOKI 3aTPUMKH, TOB’s3aH1 31 3MiHAMHU yBarum ab0 KOPOTKOYACHUMH 3005IMU Y
MpolLieci pearyBaHHs.

[Ipn mopiBHSHHI BIKOBUX TPy MPOCTEKYEThCS TEHACHINS O IOCTYIOBOIO 3MIIICHHS
PO3MOILTY BIIPaBo 31 30UIbIIEHHSAM BiKy. Y rpyimi 17—18 pokiB po3mo/iu € OUIbII KOHIEHTPOBAHUM,
13 BITHOCHO BY3bKHMM Jialla30HOM 3HaueHb. Y rpymax 19-44 ta 45-60 pokiB dopma po3monury
3aNUIIAE€THCSA MOAIOHOI0, OJIHAK CIIOCTEPIraeThCs HE3HAUHE PO3IMIMPEHHS Ta 30UIBIICHHS YacTKU
MOBUIBHIIMX peakuid. HaiOunpin BupakeHi 3MIHM XapakTepHi mias rpynu 61-75 pokis, nae
PO3MOJIUT € MIUPIIUM 1 Ma€ 3HAYHO JOBIIWH MPaBHM XBICT, IO CBIMYUTH MPO 3POCTAHHS YaCTOTH
MOBUTBHUX PEaKITii.

JloaTKOBO BapiaTHBHICTh Yacy peakilii 3a BIKOBUMHU IpyNaMH IpPEICTaBICHO Yy BUIIIAIL
boxplot-miarpamu (puc. 2).

Boxplot-anani3 minTBeprKye OTpUMaHi CIOCTEPEKEHHS Ha PIBHI OMMCOBUX XapaKTEPUCTHUK.
MeniaHHMi 9ac peakiii 3pocTae 3 BIKOM, IPUYOMY HaOUIbII MOMITHUN HIPUPICT CIIOCTEPIraeThes y
cTapiliii BIKOBiM rpymi. OJHOYacHO 30UIBIIYETHCS MDKKBAPTHIBHUI po3Max, IO BKa3ye Ha
MIABUIICHHS BapiaTUBHOCTI peakiliid. KuTbKICTh Ta aMIUIiTy1a BUKUIIB TaKOXK 3POCTAIOTh 13 BIKOM,
0co0aMBO y rpyni 61—75 pokiB, A€ CHOCTEPIraeThCsl 3HAYHA KUIBKICTh MOBUIBHHUX peakIii, o
BUXOJIAThH 32 MEX1 OCHOBHOTO Jlialla3oHy.

Takum yMHOM, YK€ Ha PiBHI pO3MOJUIEHOTO aHaJi3y MOXHa 3pOOMTH BUCHOBOK, III0 BIKOBI
3MIHM Yacy CEHCOMOTOPHOI peakiii NpOSBISIOTbCSA HE JHIIEe Y 30UIbIIEHH] CepeIHbOTO 3HAUCHHS,
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ayie W y 3MiHI CTPYKTYpH BapiaOelbHOCTI. 31 3pOCTaHHSAM BIKY PEaKIifHUI TPOIEC CTa€ MEHII
CTaOUTPHUM, IO BiZOOpPAXAETHCS Yy PO3MIMPEHHI PO3MOJALLY Ta TMOSBI OUIBII BUPAKEHUX
MPAaBOCTOPOHHIX XBOCTiB. L{i 0COOAMBOCTI CTBOPIOIOTH HIAIPYHTS Ui MOJANBIIOTO aHalizy i3
BUKOPUCTaHHAM KUIbKICHUX IMOKa3HUKIB BapiaTUBHOCTI Ta EHTPOIIHHUX XapaKTEPUCTHUK.

BapiaTWBHICTb OYULLEHOrO Yacy peakLil 3a BikOBUMU rpynamMu
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Puc. 2. BapiaTuBHICTh OYHIIIEHOTO YaCy peakilii 3a BIKOBUMHU I'PyIaMH.

[Ticns anamizy ¢opMu po3MOAUTYy HACTYMTHHUM €TaroM Oyjlo BH3HAYCHHS KUTBKICHUX
XapaKTePUCTHUK Yacy CEHCOMOTOPHOI PeaKIlii 3a JIOTIOMOTOK0 OIMTMCOBHUX CTATUCTHYHHMX MOKA3HUKIB.
Lle no3Bosie hopMamnizyBaT COCTEPEKyBaH1 BIIMIHHOCTI MK BIKOBUMU I'pylaMH Ta OLIHUTH K
LEHTpaJIbH1 TEHEHII1], TaK 1 BApIaTUBHICTb peakliifHOoro mpouecy (puc. 3).

OnNWCoBi CTATUCTUHHI NOKA3HMKN Yacy peakuii 3a BiKoBMMIA rpynamMu

CepepnHiin yac peakui KoedpiujieHT Bapiauii IHTepnepUeHTUILHWMIA po3Max
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Puc. 3. OnucoBi cTaTUCTUYHI MOKA3HUKU Yacy peakilii 3a BIKOBUMH I'pylaMu.

Cepenniii yac peaxiii IeMOHCTPY€E 3arajbHy TEHAEHIIIO J0 3pOCTaHHS 3 BIKOM. Y Tpymnax
17-18 Tta 19-44 pokiB 3HaueHHsa (247,74 mc Ta 241,95 McC) CTaTUCTHUYHO JOCTOBIPHUX
BiMiHHOCTeH He MawoTh (p>0,05), mo BKa3dye Ha BITHOCHY CTaOUIBHICTH CEHCOMOTOPHOL
MIBUJIKOCTI B MoJiojloMy Biui. Y rpymi 45-60 pOKiB CHOCTEpIraeThCsi IMOMIpHE 3POCTaHHS
cepeIHbOTo 3HauyeHHs (256,72 mc), Toai K y rpymi 61—75 pokiB BitOyBa€eTbcs pi3KHii CTPUOOK 110
348,40 mc, 1110 CBITYUTH PO CYTTEBE YHNOBUIBHEHHS pEaKIifHUX MPOLECiB (JOCTOBIPHI BIAMIHHOCTI
3 monepenHiMu rpynamu (p<0,05)).
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Bomnouac koedirient Bapiamii (CV), sikuii BimoOpakae BITHOCHY BapiaTUBHICTh, IEMOHCTPYE
11e OUTBII BUpaKEH] BIKOBI BIIMIHHOCTL. Y MoJoAmuX rpynax 3HadeHHs CV cTaHOBIATH Onu3bKo 15—
18%, 110 BiATIOBiNA€ BITHOCHO CTAOUIBHOMY XapakTepy peakiiil. Y crapmiiii rpymi (6175 pokiB) CV
3poctae 10 27,65%, 1m0 BKa3ye Ha 3HAYHE 30UIBIICHHS PO3KUIY 3HAYCHb BITHOCHO CEPEIHBOTO Ta,
BIIMOBITHO, HA 3HIDKEHHS CTAOUTLHOCTI CEHCOMOTOPHOTO KOHTPOJTIO.

Inrepnepuentunbanii po3max (P90-P10) miaTBepmkye mro TeHaeHniro. Y rpymax 17-18 ta
1944 pokiB BiH craHOBUTH 86,0 Mc Ta 92,0 MC BiAMOBITHO, IO BiANOBiNa€ BITHOCHO BY3HKOMY
Jiama3oHy OCHOBHOI Macu peakiiid. Y rpymi 45—60 pokiB 1ieit mokasHuk 3poctae 10 104,4 mc, Toi
K y Tpymni 61-75 pokiB BiH moaBoroersest (206,2 MC), MO CBITYUTH MPO CYTTEBE PO3MIMPEHHS
PO3MOJIUTY Ta HASIBHICTH OUTBIII BUPAKECHUX BIIXHIICHb.

[Tpu monaTkoBOMY MOPIBHSHHS CEPEIHBOTO Ta MEIIaHHOTO Yacy peakilii OyJIo BCTaHOBIIEHO,
IO B yCiX BIKOBHX TpyINax CEpeiHe 3HAUCHHs MEPEBHINY€E MEIiaHy, IO MATBEPIKYE HASIBHICTh
MIPaBOCTOPOHHBOT aCHMETPii, BUABIEHOI Ha MIONIEPEAHFOMY eTari aHaiizy. HaiiOinpma pisHALS Mix
CepelHIM 1 MeJiaHOr crocrepiraerbes y rpymi 61-75 poxki (348,40 mc mpotu 318,0 mc), 1o
CBIUUTH TIPO CYTTEBUH BIUIMB IMOBUTHBHHUX PEAKI[iH HA CTPYKTYPY PO3TOILTY.

[Toxa3HUKK acUMETPii TaKOX MiATBEPUKYIOTH 111 BACHOBKHU: y Tpynax 19-44, 45-60 Tta 61—
75 pokiB cmoctepiraeTbesi mo3utuBHa acumetpis (1,57; 1,14 ta 1,46 BiqnmoBigHO), IO BKa3ye Ha
HasBHICTH JIOBTOTO MPaBOTO XBOCTa. BuHsATKOM € rpyma 17-18 pokiB, A€ 3Ha4YEHHS acUMETpii €
He3HavyHO Bix eMHUM (—0,42), 0 MoXe OyTH TMOB’S3aHO 3 OCOOMBOCTSIMU BUOIPKH 200 MEHIIOIO
KUTBKICTIO CIIOCTEPEKEHb.

TakuM 4YHHOM, pE3yJbTaTH OIHMCOBOTO CTATHCTUYHOTO aHANI3y Y3TO/DKYIOTBCS 3
MOTIEPEAHIMH  CTIOCTEPEKEHHSIMH Ha PIBHI PO3MOAUIIB 1 O3BOJAIOTH 3pOOUTH  OUTBII
(dhopmai3oBaHN BUCHOBOK: BIKOB1 3MIHM 4acy CEHCOMOTOPHOI peakilii MPOSIBISIOTHCS HE JIUIIE Y
30UTBIIIEHH] CEPEJHBOTO 3HAYEHHS, A€ W y CYTTEBOMY 3POCTAaHHI BapiaTHUBHOCTI Ta acHMeETpii
posnoxiny. Ile cBigUuTh Mpo Te, MO 3 BIKOM PEaKIIHHUN MPOIEC CTa€ MEHI CTAOLTLHUM 1 OUTBIII
YYTIUBUM JIO BUITAJKOBHX BiIXUJICHb.

Ha nmonepennpomy etari 0ys10 moka3aHo, 10 KJIACHYHI CTATUCTUYHI MTOKA3HUKHU J03BOJISIIOTH
OTMCATH LEHTpPaJIbHy TEHJCHIIII0 Ta BapIaTUBHICTh 4Yacy CEHCOMOTOPHOI peakilii. OmHak Taki
METPHUKH, SK CepelHE€ 3HAUYeHHA Ta Koe(ilieHT Bapiallii, HE BpPaxOBYIOTb IOBHY CTPYKTYpPY
po3nojly 1 He BiZOOpaXkaloTh CTYNIHb HEBHU3HAYEHOCTI ab0 «pO3MOPOIIEHOCT» 3HAYEHb.
VY 3B’s3Ky 3 IMM JOLUIBHUM € 3aCTOCYBaHHS €HTPOMIMHOTO MiIXOMy, SIKHH JI03BOJISIE OLIIHUTH
CKJIQJIHICTh Ta OPraHi30BaHICTh peakIifHOTO mpollecy. Pe3ynbraTi aHaiizy eHTpOIii 3a BIKOBUMHU
rpynamMu HaBeJIEHO Ha puc. 4.

EHTponia Yacy peakuii 3a BiIKOBUMUW rpynamMu
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Puc. 4. EnTpomnist yacy npocToi 30poBO-MOTOPHOI peakilii 32 BIKOBUMH I'PyIaMHu.
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Cnocrepiranocs MocTyrnoBe 3pOCTaHHs EHTPOITIi 31 30UIbIIEHHAM BIKY: Bix 2,285 6it y rpymi
17-18 pokiB o 2,543 6it y rpymi 6175 pokis. Lle cBiquuTh IO T€, MO PO3MOJIUT Yacy peakilii y
CTapIIUX TpyHax € OUIbII «PO3MHUTHM» 1 MEHII mependauyBaHMM. BojgHoyac pi3HUIS MDK
MOJIOJIIIMMU Ta CEPEIHIMH TPYIaMH € BiJHOCHO HEBEJHKOIO, 110 BKAa3ye Ha MOCTYIOBUH XapakTep
3MiH, i3 HAHOUTBIT BUPKEHUM €()EKTOM Y CTAPIIOMY BiIli.

JUis  OIiHKK 3B’SI3Ky CHTPOMil 3 KIACHYHHMH TIOKa3HUKaMu OYyJIo MpOoaHaTi30BaHO
3aJISKHICTh EHTPOIIIi Biff CEpeTHHOTO Yacy peakuii (puc. 5).

3B'A30K MiXK cepenHiM RT Ta eHTponi€to
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Puc. 5. 38’430k MK cepelHIM 4acoOM PeaKilii Ta eHTPOITIEI0.

3 rpadika BuUOHO, IO MK cepeaHiM 3HadeHHSIM RT Ta eHTpomiero BiACyTHs
(GbyHKITIOHATbHA 3QJICKHICTh. TOYKH YTBOPIOIOTH PO3CisHE TMoJie O€3 YITKO BUPAKEHOT JIHIMHOT
cTpykTypH. Lle o3Hauae, 1m0 eHTpomis He 3BOAMTHCA 0 CEPEIHBOTO Yacy peakuii i BimoOpaxae
IHII1 acmeKTH po3moAily. 30KpeMa, Hpu OJU3bKUX 3HaueHHsAX cepeaHboro RT MoxyTs
criocTepiraTucs pi3Hi piBHI €HTPOIi, IO CBIAYMUTH MPO BIAMIHHOCTI y BHYTPILIHIA CTPYKTYpi
Bapiarin.

AHajoriyHui aHaii3 Ui KoedimieHTa Bapiaiii mpeacraBieHo Ha puc. 6. Xoua mik CV Ta
EHTPOIIIEI0 CIOCTEPIraeThCsl MEBHA TEHJCHLIS JI0 3pOCTaHHS, 3aJlEXKHICTh TakoXk He3HauHa. Lle
BKa3ye Ha Te, IO EHTPOMis YacTKOBO IOB’sA3aHa 3 BapiaTMBHICTIO, ajleé HE € 1i NpAMUM
€KBIBAJIEHTOM. TaKuM YMHOM, EHTPOIIs HaJla€e I0JaTKOBY 1H(OPMAILit0 PO PO3MOALT Yacy peaKilii,
sIKa He TIOBHICTIO B1I0Opa)aeThCs KIIACHYHUMU CTAaTUCTUYHUMHU MOKAa3HUKAMHU.

OTpumaHi pe3ynbTaTH MA03BOJISIIOTH IHTEPIPETYBAaTH EHTPOMII0 SIK TOKAa3HUK CTYMEHS
OpraHi30BaHOCTI CEHCOMOTOpPHOI cucTeMu. Hukui 3HaueHHs eHTpomii XapakTepHi Ui OUIbII
CTaOUTPHUX 1 MepeadauyBaHUX peakIifHUX MPOLECIB, TOJl SK 3pOCTaHHS €HTPOMil CBIAYUTH MPO
MIABUIICHHS HEBU3HAYCHOCTI Ta 3HWXKEHHS opraHizoBaHocti [4, 11]. BusBneHa TeHaeHIis 0
30UTBIIEHHS EHTPOIMii 3 BIKOM Y3TODKYEThCS 3 MOMEpPEAHIMU pe3yabTaTaMU Ta MiITBEPIKYE
rinoTe3y Mpo BIKOBE 3pOCTaHHS BapiaTUBHOCTI Ta CKJIaJHOCTI peakIifHUX MPOLECIB.
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3B'A30K MiXK BapiaTUBHICTIO Ta eHTPONIEl0
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Puc. 6. 3B’430K MK BapiaTUBHICTIO Ta EHTPOIIIETO.

Ha 3aBepmansHOMY eTarmi eMITipuyHOTO aHalizy Oyio 37IHCHEHO y3aralbHEHHS OTPUMAaHHUX
pe3ynbTaTiB 3 METOI0 I1X IHTeprpeTanii y KOHTEKCTi Teopii OpraHi3oBaHOCTI Ta CKJIAIHOCTI
¢dbyHKIIOHATBHUX cUCTeM. JIJIs IIbOTO KIIFOYOBI MOKA3HMKH Yacy CEHCOMOTOPHOI peakiiii Oymu
MPUBEICHI 0 HOPMAaII30BAaHOTO BUTJIAIY, IO JIO3BOJIMIJIO TIOPIBHATH IXHIO JTUHAMIKY HE3QJICKHO
BiJl OMHUI BUMIipIOBaHHS (puc.7).

Y3ara/sibHeHa BiKOBa gWHaMiKa NOKa3HWUKIB Yacy peakuii
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Puc. 7. Y3aranpHeHa BikoBa IMHaMiKa MOKa3HUKIB 4acy MPOCTOi 30pOBO-MOTOPHOI peaKIii
y BIKOBUX I'pyIax.
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SIk BUITHO 3 puUC. 7, yC1 pO3IIISIHYTI OKa3HHUKH, CepesiHiil yac peakiii, koediieHT Bapiaii,
IHTEPIIEPICHTUILHUN po3MaxX Ta SHTPOIIs, IEMOHCTPYIOTh Y3rOJDKEHY TEHJCHIIIIO 0 3POCTaHHS 3
BikoM. [Ipu boMy 3MiHM MarOTh HENIHIMHMNA XapaKTep: Y MOJOIIINX Ta CEPEIHIX BIKOBUX Ipymnax
MOKa3HUKH 3MIHIOIOTHCS BITHOCHO MOBUIBRHO, TOAIL K y rpymi 61—75 pokiB criocTepiraerbesi piskuit
CTpUOOK 32 BCIMa METPUKAMH.

Lle#i pe3ynbTar CBiqUUTH MPO TE, MO BIKOBI 3MIHM CEHCOMOTOPHOI PEaKIlil HEe 3BOMATHCS
JIMIIE JI0 TIOCTYIIOBOTO YNOBUTbHEHHS. HaBmaku, KiIro4oBUM (PaKTOPOM € 3pOCTaHHS BapiaTUBHOCTI
Ta HECTAOUTLHOCTI peakiiifHoro mporecy. lLle maTBepIKyeThCs OTHOYACHUM 30UTBIICHHSM
KoedimienTa Bapiallil Ta IHTEPHEPLIEHTUIHHOTO PO3Maxy, IO BKa3ye€ Ha PO3MHUPEHHS Hiana3zoHy
3HAa4YeHb Ta 3POCTAHHS POJIi BUITAJKOBHUX BiIXHUIICHb.

Oco6nuBYy yBary npuBepTac JUHAMIKA €HTPOI], iKa TEMOHCTPY€E HANOUTBII TOCIIIOBHE Ta
MOHOTOHHE 3pOCTaHHs cepesl ycix noka3HukiB. Ha BiiMiHy Bia cepenHboro yacy peakuii ta CV, siki
MOXKYTb 3MIHIOBAaTUCSl HEPIBHOMIPHO, EHTPOIIIS Bi10OpaXkae 3arajbHy CTPYKTYPHY HEBU3HAUEHICTh
posnoxiny. Ile o3Hauae, 1m0 3 BIKOM peaKIIMHUI TMPOIEC CTa€ HE JIMINE MOBUIBHIMIAM 1 OUIBII
BaplaTUBHUM, ajie i MEHII OPraHi30BaHUM Y IUIOMY.

TakuM 4YMHOM, OTpHUMaHl pe3yNbTaTH JO03BOJSAIOTH IHTEPHIPETYBAaTH BIKOB1 3MIHM Yacy
CEHCOMOTOPHOI peakiii K TMposiB 3HIWKEHHS (YHKIIOHATBHOI OpPraHI30BaHOCTI CHUCTEMH.
VY MonoAmux BIKOBUX TpyIHax peaxilii € OUIbIN CTAOUTbHUMU Ta Tiepen0auyBaHUMHU, IO BIIMOBIIA€
HIOKYMM 3HAQUYEHHSAM EHTPOIi. Y CTapliuX rpynax CrocTepiraeTbcsl MiABUIIEHHS HEBU3HAUEHOCTI
Ta 3pOCTaHHSA POJII BUIMAIKOBHX (HAKTOPIB, MMIO BiMOOpa)kaeThCsi y 30UTBIIEHH]1 EHTPOIi Ta
BapIaTMBHOCTI. Y3TO/DKEHICTh 3MIH pI3HMX [OKa3HUKIB Ta IX BIAMOBIOHICTE TEOPETUYHUM
YSIBJICHHSIM PO OPTaHI30BaHy CKJIAJHICTh CBIAYaTh MPO JOULUIbHICTh BUKOPUCTAHHS €HTPOIMIHHOTO
X0y JUIsl aHaIi3y CEHCOMOTOpHHUX TiporieciB [3, 4, 8]. EnTpormis B 1aHOMy KOHTEKCT1 BUCTYIIA€
SIK IHTErPaIbHUM TIOKA3HHK, IO JOTIOBHIOE KIIACHMYHI CTaTUCTUYHI METPUKH Ta JO3BOJISE OLIBII
MTOBHO OXapaKTepU3yBaTh (PYHKIIIOHAIILHUI CTaH CUCTEMH.

BucHoBku

1. Byno 3pilicHEHO aHaji3 4acy CEHCOMOTOPHOI peakilii i3 BUKOPUCTAHHSIM SK KJIACHYHUX
CTATUCTUYHUX MMOKA3HUKIB, TaK 1 EHTPOIMHOTO aHAJI3Y.

2. Cnoctepirajiocst 3pOCTaHHS CEPEAHBOT0 Yacy peakilii 3 BIKOM, OJIHAK OUIbII CYTTEBUMH
Oynu 3MiHM BapiatmBHOCTI. [loka3HukM koedilieHTa Bapiaimii Ta IHTEPIEPIEHTUILHOTO PO3Maxy
JEMOHCTPYBAJIU PO3IIMPEHHS Jlialla30HY 3HaY€Hb 1 30UTbIIIEHHS HECTAOUTPHOCT1 PEaKIIii.

3. Posmozinu 4yacy peakuii Manau NPaBOCTOPOHHIO AaCHUMETPil0, fKa IOCWIOBaiacs y
CTapUIMX BIKOBHX TpyIax, U0 CBITYUTH PO 3pOCTaHHS YaCTOTH MOBUILHUX PEAKIii.

4. 3HavyeHHs eHTPOIIIi Yacy peakilii 3pocTaliv i3 BIKOM Ta MaJld OUIBII MOCTII0OBHY TUHAMIKY
MOPIBHSHO 3 KJIACUYHUMHU CTATUCTUYHUMHU MMOKA3HUKAMH.

5. BcraHoBsieHO, 110 €HTpOMis HE 3BOJMTHCS JI0 CEPENIHBOIO 3HAUYEHHS YHM BaplaTHBHOCTI, a
BiZloOparkae J01aTKOB1 XapaKTEePUCTUKU PO3IOALTY, TIOB’s3aH1 3 HOTO CTPYKTYPHOIO HEBU3HAYCHICTIO.

6. BusznaueHo, mo BIKOBI 3MIHM CEHCOMOTOPHOI peakiiii MpOSBIAIOTHCS HE JHIe Yy ii
YIOBUIbHEHHI, ajie i y 3HMKeHH1 CTaOUTFHOCTI Ta OpraHi30BaHOCTI PEaKIIHOTO MPOIIECY.

7. BikoBe 3poCTaHHS EHTpPOIl Mo)ke OYyTH IHTepHpeTOBaHE SK MOKa3HUK IiIBUIICHHS
HEBU3HAUYEHOCTI Ta 3MEHIICHHS BIOPSIKOBAHOCTI (PYHKIIIOHYBaHHS CEHCOMOTOPHOI CUCTEMH.

IlepcnexkTHBAa MOAANBIIUX JAOCTII:KeHb MOXXe OyTH CIIpsIMOBaHA Ha PO3LIUPEHHS BUOIPKU
00CTe)XyBaHUX, BKIIIOUEHHS PI3HUX THUIIB CEHCOMOTOPHUX TECTIB, a TAKOXX 3aCTOCYBAaHHS OiTbIII
CKJIAJJHUX METOMIB €HTPOMiHHOTo aHamizy. Lle 103BOJUTH YTOUHHUTH OTpUMAaHi 3aKOHOMIPHOCTI Ta
NOTJIMOUTH PO3YMIHHS B3a€MO3B’SI3KYy MK BapiaTUBHICTIO, EHTPOIIIEIO Ta (PYHKI[IOHATBHUM CTAaHOM
LIEHTPAJIILHOT HEPBOBOI CUCTEMMU.
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Petrenko Yu. O., Severynchuk V. M.
ENTROPY OF BEHAVIORAL REACTIONS AND FUNCTIONAL ORGANIZATION

OF THE CENTRAL NERVOUS SYSTEM

Introduction. Sensorimotor reactions to repeated stimuli are not independent; reaction time

possesses an internal structure formed under the influence of attention, neurodynamic stability, and
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cognitive load. Therefore, time series can be viewed as dynamic systems where healthy physiological systems
demonstrate "organized complexity”. A decrease in complexity—moving toward excessive regularity or
excessive chaos—is seen as a sign of reduced functional adaptability. In light of the theory of dissipative
structures, entropy can be considered an indicator of the dynamic balance between stability and the adaptive
restructuring of functional systems.

The purpose of the study was to investigate the possibility of using entropy analysis of simple
sensorimotor reaction time to study the functional state of the central nervous system

Methods. The study was conducted at Bohdan Khmelnytsky National University of Cherkasy with 80
participants aged 17 to 75. Simple visual-motor reaction time was determined using the Makarenko method.
Data preprocessing included removing reactions outside the 100-700 ms range and applying the Median
Absolute Deviation (MAD) method to eliminate statistical outliers. Entropy was calculated based on discrete
Shannon entropy applied to reaction time distribution histograms, with RT values grouped into intervals
using Sturges' rule.

Results. It was found that as age increases, the average reaction time grows, but changes in
variability are more significant. The coefficient of variation and interpercentile range (P90-P10)
demonstrate an expansion of the value range and increased instability, especially in the 61-75 age group.
Entropy values also increased with age, from 2.285 bits in the 17-18 group to 2.543 bits in the 61-75 group.
Analysis revealed no functional dependence between entropy and mean reaction time or coefficient of
variation, confirming that entropy reflects unique characteristics of distribution related to structural
uncertainty. Generalized age dynamics show that while all metrics (Mean RT, CV, P90-P10, Entropy)
increase with age, entropy demonstrates the most consistent and monotonic growth.

Originality. For the first time, an integral approach combining classical statistical metrics with
Shannon entropy was applied to sensorimotor reaction time series across a wide age range to quantify the
degree of organization of the central nervous system. The study demonstrates that entropy serves as an
independent indicator of the "organized complexity” of behavioral responses that classical statistics cannot
fully capture.

Conclusion. The introduction of entropy analysis allows for a deeper assessment of the functional
state of the CNS beyond simple speed metrics. Age-related changes in sensorimotor reactions manifest not
only as slowing but as a decrease in the stability and organization of the reaction process. Increased entropy
in older age groups indicates higher uncertainty and reduced order in the functioning of the sensorimotor
system, reflecting a decline in functional organization.

Keywords: sensorimotor reactions, central nervous system, entropy, dissipative structures, reaction
processes, asymmetry, ontogenesis.
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®YHKIIOHYBAHHS LEHTPAJBHOI HEPBOBOI CUCTEMU
TA OCOBJIMBOCTI PO3YMOBOI MPALIE3IATHOCTI
CTYJAEHTIB PI3HUX CHELIAJBHOCTEM

Anomayin. Y cmammi po32ns0aiomvcs 0coOUBOCMI 6NAUBY HABUANbHO2O HABAHMAIICEHHS HA
ncuxogizionocivnuii  cman  cmyoewmie  pisnux  cneyiambhocmeu  “‘Cneyianvnoi  oceéimu’:
“Opmonedacocika” ma “Jloconedisn”. Mamepianu ma memoou. Jociiodxncysaiucs nOKA3HUKU
po3ymosoi npayezoamuocmi ma yuxyionaronoeo cmany IHC cmyodenmis Opy2oKypchHuxis, o
BUBHAYATUCS 30 MeMOOUKOIO KOpeKmypHux npobd 6 mooughixayii I pomoaxa M.C. Busuanucsa noxasnuxu
WeUOKOCmi ma AKoCcmi KopekmypHoi pobomu, 3a AKUMU NPOBOOULACH [HOUBIOYANbHA IHMe2palbHd
OYIHKA PIi6HA pO3YMOB0I Npaye30amHoCmi KOMCHO20 cmyoeHma. [[ia KOXCHOI 3 2pyn 6upaxosyeascs
Koe@iyicum cniggiOHOWEHHS SUNAOKI8 BUCOKUX | HU3bKUX [HMESPANbHUX OYIHOK [ NpOOYKIMUGHICHb
pobomu  konexmugy. Pezynomamu. 3acanom, o06csz [ CKIAOHICMb HABYUANLHO20 Mamepiany
8i0n08i0aOmb NCUXOPIZI0N02ITYHUM MONCIUBOCMAM 000X 2pYn CMYOeHmis, HA WO 6KA3AAU NO3UMUBHI
Koegiyiecumu npooykmusnocmi koaekmusie (I1>1). Ilpome, xoua cneyianizayii "Jloconedia" ma
"Opmoneodazocika" mnanexcamv 00 o00niei eany3i - "Cneyianvnoi oceimu”, piznuti xapaxmep
HABAHMAdICEHHA Ma pi3Ha cneyuixa oc8imHbO-npoQecitiHux Npocpam 3YMO8II0I0Mb GIOMIHHOCMI Y
@dyukyionanvril 30amHoCmi  YeHMPAlbHOI Hep8oeoi cucmemu adanmysamucsi 00 HABUALIbLHO2O
HABAHMAIICEHHA: 01 CIMYOeHmig-0pmonedazoz2ie xapaKxmepHa euua weuoKicms nepepooku iHgopmayii
ma 3a2anbHa npooyKmusHicms po3ymoeoi pooomu (p<0,05), 3ymosiena cneyu@ikoio HAGYAHHA 3 BULUM
PYX08UM KOMHOHEHMOM, y CMYOeHmig-1020nedis 3a@ikco8ano 6uwy KOHYEHMpayirn yeazu npomseom
OHA. Bucnoeok. /locniodxcents OUHAMIYHUX NOKASHUKIG (DYHKYIOHALHO20 CMAHY YeHMPATbHOI HEPBOB8OT
cucmemu (L{HC) 0o036015€ He minbku 30iCHUMU KOMNIEKCHULL MOHIMOPUHe adanmayii cmyoenmis 0o
HABUALHO20 HABAHMAIICEHHA, a U BUCMYNAE NPeOUKMOpoM ixuboi nodanvuioi npogeciinoi
nPUOAMHOCMI.

Kntouoei cnosa: cmyoenmu, yeHmMpaibHa HEPEOBA cucmemda, QYHKYIOHYBAHHS, pPO3YMO8A
npaye3oamuicms, cneyiaibHa oceima.

[TocTanoBka mpobiaemu. BaxiIuBUM YMHHUKOM, IO BIUTUBa€ Ha €(EKTUBHICTh HABYAHHS €
CIPUMHATTSA 1 3aCBO€HHS iHPOopManii. MiciieM po3TailyBaHHs LIEHTPIB CIPUHHATTS, YIPABIIHHS Ta
CBIZIOMOI JIAJIBHOCTI € KOpa TOJIOBHOTO MO3KY, 1 PO3yMOBA Mpare3JaTHICTh, MPSMO KOPEIIOIUHN 3
YCHINTHICTIO HABYaHHS, [O3BOJISIE OI[IHUTH HACKUIbKM HaBUYAJIbHE HAaBAHTAXXEHHS BIANOBITaE
(GYHKIIOHATBHUM Ta OCOOMCTICHUM MOXUIMBOCTSAM cTyAeHTiB [1,4,11]. V 3B’A3Ky 3 IIUM BUHHKA€e
noTpeba B JOCHIHKEHH] AMHAMIKU TaKMX IMCUXO(]i3I0JIOTIYHUX TMOKA3HUKIB, K TMaMm’siTh, yBara,
IIBUKICTh TiepepoOku iHdopmallii, B mpoiieci HaBUaHHS CTYACHTIB cremianbHoCcTi «CremianbHa
OCBiTa», 4epe3 BUCOKY ICUXOEMOIIIHY HAaPY>KEHICTh IXHbOT Mail0yTHBOT Ipodecii.
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AHani3 ocCTaHHIX JAOCHKEeHb 1 myOusikamid. PoOGora B ramys3i cmemiaJbHOi OCBITH
(moromenisi, oprormemarorika, CypJaoleaarorika, oJjiro@peHrenarorika) BHUMAara€ MO€JIHAHHS
MEeBHUX ICHUXOEMOIIWHUX SKOCTEH (emmaTis, CTPECOCTIHKICTh Ta BUTPUMKA, TOJEPAHTHICTH
TOIIO) Ta KOTHITMBHUX 1 BOJBOBUX SKOCTEH (CHOCTEPEKIUBICTh, THYUYKICTH MUCIICHHS,
TePIUIAYICTh), HEOOXIIHUX SIK MiJ Yac HaBYaHHA, TaK 1 B MOJANbINiA mpodeciiiHiil aismbHOCTI
[6,9]. CyuacHa cremianbHa OCBiTa TPUMAETHCS HA MOEJAHAHHI TaK 3BAHUX «M’SKHX HABUYOK
(soft skills) Ta rmubokoi HaykoBoi 6a3u [7]. Amke KOXKHA JUTHHA 3 OCOOJIMBUMH OCBITHIMHU
noTpebaMu Mae YHIKJIBHHH TEMI PO3BUTKY, 1 I€ CTae MIATPYHTAM JUIsi  pO3pPOOKH
iHauBigyansHoi mporpamu po3BUTKy (II1P). Oxpim mporo chnemianbHUN mMemaror mae OyTH
TOTOBMM MHUTTEBO 3MIHHTH IUIaH poOOTH, SKIIO AWTHHA HE HJe Ha KOHTAKT, ab0 HE B 3MO3i
OBOJIOAITH TIEBHHUMH HaBHYKaMH, [EPETBOPUBINM TEPANEBTUYHI 3aHATTA Ha Tpy. TOX
miArotoBka (axisis nepegdavyae ranO0Ke BUBUCHHS HE JIMIIE MEJIaroriki, a i OCHOB aHATOMIT 3
¢13ionoriero. Ile BuMarae roToBHOCTI 10 Oe3MepepBHOTO HaBYaHHS NMPOTArOM BClel Kap’epw,
aJKe METOJUKHU IMOCTIMHO OHOBIIOIOTHCS [5,10].

OTxe, akTyaJIbHUM € BUBUCHHSI IUTaHb, IK caMe 00OpaHui Mpodiib HaBYaHHS 31 CIEL1aIbHOT
OCBITH BIUIMBA€ Ha MaM'dATh, yBary Ta 3arajiloM Ha pO3yMOBY Ipale3[aTHICTb CTYAEHTIB PI3HHUX
cnemianizanii. I HaBmaku, siki came ncuxodi3ioNoriyHi 0CoOIMBOCTI JIIOJUHU B HANOUIbIIIN Mipi
CHPUATUMYTh €(DEeKTUBHOMY 3aCBOEHHIO CTyJE€HTaMH y400BOro Marepiaidy B 0OpaHiil ramysi, amxe
pI3HI cCIeNiaJbHOCTI MAalOTh pI3HUI TUN HABaHTa)XCHHA. BHBUEHHS BIUIMBY HaBYaJbHOTO
HaBaHTaXXEHHS Ha McHUxo(]izionoriyHi (yHKIIi CTYAEHTIB PI3HUX MPOQUIIB JT03BOJUTH BYACHO
BUSIBJISITU PU3UKA BTOMH/IIEPEBTOMH, HEBPOTH3allil, BHUCHAXEHHS Ta ONTUMI3YBaTH OCBITHIN
nporiec st 30epekeHHs 3/I0POB'S CTYACHTCHKOT MOJIO/II.

06’ekm  Oocniddcenns:  TICUXOQI3I0OTIYHI  OCOOJMBOCTI  adamTarii CTYACHTIB 10
cnenu(IYHUX YMOB OCBITHHOTO CEPEIOBHUIIA.

Ilpeomem Oocniddicenns: MUHAMIKA TOKA3HUKIB PO3YMOBOI Mpaie3gaTHOCT (IIBUIKOCTI
nepepoOku iH(opmMmarii, SKOCTI POOOTH/TOYHOCTI, MPOAYKTHBHOCTI), 3aJeXKHO Bim Mpodiato
HaBYaHHsI CTY/CHTIB.

Memoto poGoTu Oyn0 BUSABIEHHS OCOOJIMBOCTEH BIUIMBY HaBYAJbHOTO HABAaHTAXXEHHS Ha
ncuxodi3i0J0TIYHUNA CTaH CTYIEHTIB 31 choemiaabHocTi “A6 CrhermianbHa OCBiTa”, a TaKOX
MOPIBHSHHS TUHAMIKHM MOKA3HUKIB iX pO3yMOBOI IMpale3 aTHOCTI B MPOIECI HABYAHHS Ha PI3HUX
cnerianizamigx — “Jloronexais” ta “Opromnenarorika’.

3aBAaHHS TOCIIKEHHS:

1. Jocmimutu 3mian gynkiionanpHoro crany [IHC cryaeHTiB-JoroneaiB Ta opToIearoris
Ha 00OpaHUX CMEeNiaIbHOCTAX.

2. B TOpIBHSAJIBHOMY acHEeKTi OLIHUTH HAasBHICTh O3HAK BTOMH a00 HEBpOTH3alii y
CTYIEHTIB 000X TpyIl, y 3B’s13KY 13 mpodeciiiHoio crenudikoro X HaBYaHHS.

3. BusHauutu Ti fSBUIIA, 110 BIUIMBAIOTH Ha €(EKTUBHICTH PO3YMOBOi Mpale3JaTHOCTI B
PI3HUX CTYAEHTCHKUX KOJIEKTHBAX.

Opranizamis Ta MeToau nociimkeHHs. Jns mocnimkeHHs Oynu oOpaHi Tpymu CTYIEHTIB
JIPYrOKYpCHUKIB, SIKi HABUAIKCS HA CIOPIAHEHUX CHelliali3allisixX B MeKax OJHOI creniaabHoCcTi A6
“CnenianbHa ocBita”: cryaentd HHI ¢isnunoi kynbTypu, copty i 310poB’s cremianizanii A6.03
“Optonenarorika” (24 oci6) ta cryaentd HHI neparoriuynoi ocBitH, couiaqpHOI pobOTH 1
mucrenTBa crnerianizaii A6.01 “Jloronemnis™ (22 oci0).

HocnimpkenHs ¢yHkuionansHoro crany IHC mnpoBogunucs B cepequHi Apyroro
CEMECTpY HaBYaHHS 32 METOJMKOIO KOPEKTYpPHHMX HpoO0 3a JiTepHUMH TabauusMu AH¢piMoBa.
TecTyBaHHS 3/1liCHIOBAIOCS LIICTh pa3iB — HAa MMOYATKy Ta B KiHIII HABYAJbHOTO THXKHS: TPUUI B
BIBTOPOK (JIeHb HaMBUINOI Mpale31aTHOCTI) Mepe] Meplioko Napoko, Ha MoYaTKy Apyroi napu Ta
Micis 4eTBEepTOi Mapu) 1 TpuUUi B I ATHHIIO (I€Hb 3HIKEHHS MPAaIe3JaTHOCTI) B 1ACHTUYHI
roJIMHU. Bu3Hauanuch MOKA3HUKM IIBHJAKOCTI Ta SKOCTI KOPEKTYpHOI poOOTH KOKHOTO
CTYIEHTa, 3 MOJAJbIIUM BHU3HAYCHHSIM NPOAYKTHMBHOCTI HOro poOOTH Ta 3arajoM BCHOTO
KOJICKTUBY.
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[Toka3zHUK MBUAKOCTI mepepoOku iHpopMamii (KUTbKICHUN MOKa3HUK), 10 BU3HAYAB TEMII
poboTH Ta oOcsr 30poBoi iHGOpPMAIlii, IKY CTYACHT 3MIr OTPAI[IOBATH, BU3HAYABCS 32 (POPMYIIOIO:
AN 1

ne: A — IBUAKICTh (KUIBKICTh 3HAKIB 32 OAMHMINO Yacy); N — 3aranbHa KUIBKICTb
NEeperasiHyTUX 3HaKiB; t — yac poboTH (y cekyHaax ado XBUJIMHAX: B JAHOMY BUMAJIKY

BUKOPUCTOBYBABCS JIBOX XBUJIMHHUN YaCOBHI MPOMDKOK).

[Toka3zHUK SKOCTI poOOTH XapaKTepU3ye TOYHICTh BUKOHAHHA POOOTH Ta 3IATHICTH [0
KOHLIEHTpALii:

P=nIm, oo 2
ne: P — skicte poOOTH (TOYHICTB); N - KUIBKICTh MPAaBHJIBHO 3aKPECIICHUX 3HAKiB; M - 3arajibHa
KUIBKICTh 3HAKIB, SIK1 HOTPIOHO OYJO 3aKpeCIUTH (Ha NEepPEeryIsHyTI YaCTHHI TEKCTY).

3a CHIBBIIHOIIEHHSM SKICHUX Ta KUIbKICHUX IOKa3HUKIB INPOBOJWIACH IHIAUBIAYyalbHA
IHTerpajibHa ouiHKa ¢QyHkuioHansHOro ctany L{HC okpemoro ctyaeHta — Koe(illieHT po3yMOBOiL
MIPOJIYKTUBHOCTI, 1110 € IHTErpajJbHUM MOKa3HUKOM, 1110 TO€AHYE 1 MIBUJKICTH, 1 KICTb pOOOTH Ta
JI03BOJISIE€ TIOPIBHIOBATH PE3YJAbTaTH Y CTYJEHTIB PI3HUX TPyl (cHerianizaiii):

Q=NXP, 3
ne: Q — xoedimieHT TPOAYKTHBHOCTI (eeKTuBHICTE poboTH; yMm./0a.); N — 3araibHa KiTbKIiCTh
MEPETNIAHYTHX JIiTep; P — mMoKa3HUK TOYHOCTI (IUB. popmyity 2).

3 ypaxyBaHHSM CHIBBIJHOLIEHHS KUIbKICHUX 1 IKICHUX XapaKT€PUCTUK, OLIHKA KOPEKTYpPHOT
po0OOTH CTYJAEHTIB AUTUIINCS HA IT’ATh Tpyn (BiIMiHHO, 70OpE, 3aI0BUTLHO, HE3aI0BUTHHO, ITOTAHO).
Jani oOcTexxyBaH1 MOKa3HUKU PO3MOJUISIIMCS Ha TPU OCHOBHMX pIBHI, OO €JHYIOUM KpaiHi
pe3ynbraTi: | — BigMiHHI 1 100p1 MOKa3HUKU 00’enHyBanucs y cupustiusi; Il — He3amoBUIbHI 1
MoraHl TMOKa3HWKW o0 ’emHyBanmvcs y Hectpusatiausi; III — 3agoBiTbHI, SK cepenHl 3HAYCHHS,
3QIMIIATUCSA HE3MIHHOIO TPYMow. Takwil po3MOJaUT HaJaB MOMKJIMBICTH 3a CITIBBITHOIICHHSIM
CHPUATIUBUX 1 HECHPUITIUBUX PE3yIbTAaTIB BUPAXyBaTU MPOAYKTHUBHICTH POOOTH KOJEKTHBY B
nitomy (ym./on.):

[M=CIVHIL ..o 4
ne: Il — nmponykTuBHICTH KonekTuBY (yMm./ox.); CII — cmpustnuBi mnokasnuku (%); HIT —
HecHpUsTIuBI HoKa3HUkH (%).

CTaTHUCTMYHUN aHaNi3 [AAaHWUX 3IOIACHIOBAIIM 34 AomoMoror Tabdmumbs Excel-2003 Tta
nporpamu Statistica for Windows 12. Otpumani B X0l AOCHIIPKCHb JIaH1 MOMAaaid IiJ 3aKOH
HOPMaJIBHOTO PpO3MOJTYy, 1Mo mepeBipsuiock Merogom lamipo-Yinki. [nsg  3’sacyBaHHS
BIIMIHHOCTEH Yy CEepeIHIX IOKa3HUKAaX IMOPIBHIOBAaHUX TPyl BUKOPHUCTOBYBABCS [-KpuTepiid
CTrI0f€EHTA.

Pesynbratu gociimkeHHs Ta o0roBopeHHsa. OOpoOka MepBUHHUX PE3YIbTATIB KOPEKTYPHUX
npo0 y CTyIEHTIB, IO HaBYAIOThCS 3a cremianbHicTio «CreniaibHa OCBiTa», ajle 3a PI3HUMH
ocBiTHiMu mnporpamamu (A6.01 “Jloromemis” 1 A6.03 “Opromenarorika”) mnokaszana, L0 Y
CTYICHTIB CIIOPTUBHO-TIENAroriyHOr0 MpoduUII0 HEpBOBA CUCTEMa 3/aTHAa OOpOOIATH OUTbLINI
MOTIK iH(OpMaIlii, HbK y CTYyIeHTIB 'yMaHiTapHO-TieAaroriyHoro mnpodutto (p< 0,05):

- KUIBKICTb MEpersHyTUX MailOyTHIMU “OpTorenaroraMu’ 3HaKiB CTaHOBUTH 442,73+4,47 3paHKy
10 3aHATh, 479,62+6,19 3HakiB Ha moyatky apyroi nmapu ta 410,25+4,43 3HaKiB Mmici YeTBEPTOL
napu;

- KUIBKICTh MEpEerNIIHYTHX MailOyTHIMH “Joromenamu’ 3HaKiB cTaHOBUTH 413,95+4,19 no 3aHsTh,
422,67+5,30 3HakiB B mepioJl HaWBUIOI Mpare3faTHOCTI (movartok apyroi mapu), 407,15+4,90
3HAKIB MICIIA 3aKIHUEHHS HAaBYAJIbHUX 3aHSTh.

[IpoBeneni  MOCHiIKEHHS  TOYHOCTI BUKOHAaHHS poOOTH BKa3alud Ha  TEBHUU
"KOMIEHCATOPHUH eeKT", 10 MPOSABIAETHCS Y BUILIN CTIHKOCTI yBaru y CTYJIEHTIB-JIOTONEIB, SIKi
nomyckanu B cepeanpomy 3,41+0,52 — 4,61+0,61 mnomuiok, HATOMICT CTYIACHTAMH-
opronenaroramu npunyckanocs 6,43+0,45 — 8,61+0,57 nomunok.

XapakTep MOMHUIIOK B 00CTEKYBAaHUX TPYyIax BUPI3HABCS THM, IO 37€OUTHIIOTO MPOSBIISBCS
y IPOIyCKax CUMBOJIIB y "opTomnenaroris” i B 3aMiHi CX0’KHX CUMBOJIIB y "'Joromnesis".
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ToOto "opronenaroru" NparoOTh Y BACOKOMY TEMITi, aJie MOXKYTh IPHITYCKATHCS TOMUIIOK/
MPOITYCKIB 4epe3 IMMYIbCUBHICT a00 3aHAATO MIBHJKE TEPEMUKAHHS YBarw, 0 MOXe OyTu
XapakTepHUM ISl CTYAEHTIB, 10 oOpanu iHCTUTYT (i3uuHoi KynbTypu. HaBuanus “moromenis"
nependadae OUTBII BUCOKY KOHIIGHTpALil0 Ha AeTanix (poHemH, apTHKYIsLis, OpiOHI rpadiuHi
€IIEMEHTH), 1 IXHS HEpPBOBAa CHUCTEMa 4YACTIIIe HAJAIITOBAHA HAa CTPATETil0 «SIKICTh TIOHAJ
mBuKicTEY [9,10]. BoHu mpalioroTh MOBLIbHIIIE, PETENbHIIIE, M0 MIHIMI3y€e KUTBKICTh MPOMYCKIB
9H TOMHJIOK.

[HTerpanpHi MOKAa3HWKKM PO3YMOBOI MPANE3NaTHOCTI Ha NPOTS31 TIKHSA JAJId  3MOTY
MOPIBHATH PiBHI BUKOHAHHS KOPEKTYPHOI POOOTH CTYIIEHTIB.

Taoaumsa Ne 1.

Hunamika @yHkuionansHoro crany [{HC nin BiiimBoM HaBuanbHOIO HaBaHTAKEHHS

OIIIT "OpTtonenarorika" (P£m)
Pesynbpratn 110 3aHATH nepen 2-oro naporo | micis 4-oi napu
BigmiaHo 7,17+1,44 16,2+2,06*# 8,66%1,95
Jlobpe 30,73£2,5 25,23+2,42 24,6112 .4
3a10BUILHO 39,25+2,73 35,71+2,67 42.67+2,73
Heszanosimpuo | 19,11+2,32 21,98+2,28 22,81+2.3
[Torauo 3,74+1,06 0,88+0,76 1,25+1,15
OIIII "Jloromenis™ (P£m)
Pesynbratn 10 3auath (P£m) | mepen 2-o10 maporo | micis 4-oi mapu
BigmigHO 4.05+1,1 9,66+1,65* 6,85+1,41
Jlobpe 21,17+2,45 28,09+2,61 26,48+2,46
3a/10BUIBHO 45,79+2,78 30,52+2,57** 38,01+2,71*
HesanoBineno | 23,38+2,16 26,43+2,33 19,9412 23
[Torano 5,61+1,28 5,3+1,25# 8,72+1,97#
[Mpumitku: * — CTaTHCTUYHO 3HAYYINI PI3HHIN MOKA3HUKIB (30LTbIICHHS/3MEHIIICHHS)

BIIPOJIOBK [JIHS, Y 3pIBHSHHI 3 TToniepeaHiM, Ha piBHI p< 0,05; ** Ha piBui p< 0,01;

# — CTaTUCTUYHO 3HAYYIIa PI3HUIS BIAMOBITHUX MOKA3HUKIB Y MOPIBHIOBAHHUX Ipymnax (p<
0,05).

Sk BunHO 13 Tabmuui Ne 1, oOuzBi rpynu AeMOHCTPYIOTh SIBHILE “‘BIpallbOBYBaHHS Mepea
2-010 MapoIo:

-y "opronemaroriB" 3poCTaHHS BiIMIHHUX MOKa3HUKIB 3 7,17%1,44% no 16,2+2,06% (p<0,05) i
TEHJICHIIISI 10 3MEHIIICHHS He3aJOBUTFHUX 1 TOTaHUX PE3YNIbTaTIB;

-y "moromexiB" BaroMe 3HWKEHHS 3aJI0BUIBHUX TMOKa3HHUKIB 3 45,7942 78% no 30,52+2,57%
(p<0,01) Ha kopucTh miaBHIICHHS BiqMinHuX 3 4,05%1,1% 10 9,66£1,65% (p<0,05).

Ockinbku mepiog JApyroi mapu s 000X CreliadbHOCTed BHUSBUBCS YacoM IIKY
Mpare3aaTHOCTI, HOTo BapTO BUKOPUCTOBYBATH I BUKOHAHHS HAWCKIIAAHIIINX 3aBJIaHb, BBEJICHHS
KOHIIETITyaThbHO HOBUX 1 CKJIAIHUX TeM, SIK1 TOTPeOYIOTh TIMOOKOTO aHami3y.

3arajapHOI0 CIUTFHOIO PUCOI0 B 0OCTEXKYBAHUX IPYIMax € HAPOCTAHHS BTOMH O KiHIS 4-01
napu, MpoTe XapakTep 3MiH PO3yMOBOT Ipale31aTHOCTI BiAPi3HIEThCS:
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- Ha crnenianbHOCTi "OpTomnenarorika” 1€eMOHCTPY€ETHCS NOTYKHIIINN MOOLTI3aIiHUN migiioM, —
CTyZIeHTH MaroTh Maiixke 40% BiIMIHHHX 1 JOOpUX pe3yNbTaTiB HAa MOYATKy HaBYAJIBLHOTO IHS
(BigmoBinHo, 7,1741,44% Tta 30,73+2,5%) Ta B cepemuni mHs (BiamosigHo, 16,2+2,06% i
25,23+2,42%), 1110 3HWKYETHCS JI0 KIiHI[S HABYAJIbHUX 3aHSATh;

- CTYICHTHU-JIOTONEIHU BiIPI3HSIOTHCS OUTBIION CTaOUIBHICTIO B KaTeropii "mobpe™ Ta BiAMIHHO,
aJie MaroTh BUIIWH, MOPIBHSAHO 3 "opronemaroramu” (p<0,05), piBeHb HEraTUBHUX MOKA3HHKIB
("morano" 5,3+1,25% mnpotru 0,88%0,76% B cepemuni aHs i He3amoBiIbHO 8,72+1,97% i
1,25+1,15% wnanpukinni aas). OTXKE CTYISHTH-JOTONEAM JEMOHCTPYIOTH O3HAKH OUIbII
rIMOOKOT BTOMH Tmicisi 4-0i mapw, MmO MOXE CBITYATH MpPO BHILY MCHUXOEMOIHHY
HanpyxkeHicTe abo cradmi amanraniitai mexanismu [{HC. Ha Hamry myMKy OTpUMaHHS TaKHX
pe3yNbTaTIB MOSICHIOEThCS JIEKUIbKOMa (PakTOopamu, MOB'SI3aHUMU 31 crieln(IKOI0 HaBUaHHS Ta
npodeciitHoi miaroroBku mux rpym. Cryaentu iHcTuTyTy (iskynsTypu (“Opromenarorika')
MalOTh BHILY MIOACHHY pPYXOBY aKTHUBHICTb, a SK BIJOMO, peryJsIpHI HaBaHTaXKCHHS
MOKPAIIYIOTh ~ KPOBOOOIr 'y MO3Ky, HAcCHYylOTh WOTO KHCHEM Ta CTUMYIIOIOThH
HEHPOIIaCTUYHICTh, IO TPSMO KOPEIOE 3 BHCOKOK pPO3YMOBOIO TIpAIle3/IaTHICTIO Ta
mBHaKicTIO peakiii [3,8]. ¥ crynmeHTiB rymanirapaoro mpodimo “Jloromenis" BTOMa TpH
OJIHOMAHITHI# poOOTI 3 CHUMBOJIAMH MOK€ HACTyMaTH IIBUAILIE Yepe3 MEHIIY 3arajibHy
BUTPHUBATICTH HEPBOBOI CUCTEMH.

JInst meskoro CHpOINeHHS CHpUHMaHHS MaTrepialy 1 MOJalbIIoro MmoOyaoBU “‘mpodimto
Mpale3AaTHOCTI” KOJEKTUBY (TPYyMu) I'SITh TPYH OI[IHOK KOPEKTypHOi poOoTH (BIAMIHHO, JOOpeE,
3aJI0BUIbHO, HE3aJ0BUIbHO, MOTaHo) Oynau o0’€HAHI B TPH: CIPUSATIMBI pe3yabTaTH (BIAMIHHI 1
no0pi), 3aM0BUTHHI, HECHPHUATIMBI (HE3aJOBUIHHI 1 moraHi). 3a 3BEIEHOI0 TaOJIUIEI0, MOXHA
BH3HAYUTH CIUTHHI Ta BIAMIHHI PHCH PO3MOJLTY Pe3yJbTaTiB KOPEKTYPHOI poOOTH, a OTXKE CTaHy
PO3YyMOBOT MpaIe34aTHOCTI BIIPOIOBK HABUAIBHOTO JHS CTYJEHTIB criemiabHocTi A6 "CrerianpHa
ocita" (Tabum. 2).

Taoaumsa Ne 2.
CriBBiTHOIIIEHHS IHTETPATBLHUX XapakTepucTuk crany [{HC
CTyneHTiB crerianbHocTi A6 "CreniaibHa ocBita"
YrpynoBaHHI iHTErpalibHI MOKa3HUKU KOPEKTYPHOT pOoOOTH
[Toka3Huku 10 3aHATh (P+m) | nepen 2-oto naporo (P+m) | micis 4-oi mapu (P+m)
OIIIT "Optonenarorika"
CIIPUSTIINBI 37,90+2,43## 41,43+2,44 33,27+2,33
3aJI0BUIbHI 38,34+2,02 39,91+2,04# 21,76+1,71
HECIIPUATINBI 22,85+1,74 22,85+1,74 24,06+1,76
Cueransaicts "Jloronemis"

CIPUATINBI 25,22+1,84 37,75+2,54 33,33+2,48
3aJI0BUIbHI 45,7912, 78# 30,52+2 57 38,0142, 71##
HECTIPUSTIUBI 28,99+1,93 31,73+2,51# 28,66+1,93

[TpumiTka: # - cTaTUCTUYHO 3HAUYIIa PI3HUII NPU MOPIBHAHHI BIAMOBITHUX MOKA3HUKIB B
oOcTexxyBaHuX rpymnax Ha piBHi p < 0,05; ## - na pisni p < 0,01.

AHamni3 IHTErpaJbHUX IOKAa3HUKIB KOPEKTYpPHOi pPOOOTH [O3BOJSE OI[HUTH JUHAMIKY
HEPBOBUX IMPOILECIB, IX CHIYy Ta CTIHKICTH B KOJEKTHUBI MPOTATOM HaByaJbHOTO JHs. CHUIBHOIO
MO3UTUBHOIO PHCOI0 B OOCTE)KYBaHMX IpyNax € BUIIN BIICOTOK CHPUSATIMBUX a00 3aJ0BUIBHUX
peakiiii (30,52+2,57% - 45,79+2,78%) Ta HMXKYMH HECTPUATIUBUX pe3ynabTariB (22,85+1,74% -
31,73+2,51%) B mepmiii TONOBWHI MAHs, IO BKa3ye Ha II€ HE pPO3TpPaueHUN MOTEHIIIaT
Npare3/1aTHOCTI CTY/ICHTIB y IpyroMy miBpiudi HaBuaHHs (puc. 1). Bizcotok HecnpusaTauBux poOit
MICIIS 3aHATh HE Ma€ BUPAXXEHOI TEHJICHLi 0 MiJABMIIEHHS, IO TaKOX MiATBEPIKYE €(PEKTUBHY
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anantanito [THC cryneHTiB 10 HaBYaJIbHOrO HAaBaHTaKEHHS. ToMy mapaneiabHO MOXHA 3pOOHTH
BHCHOBOK, III0 HABYAJIbHE HABAHTA)XCHHS HE BHUCYBA€ MIABHILEHUX BUMOT 10 (YHKIIOHATHHOTO
CTaHy HEPBOBOI CHCTEMH, OCKUIbKM MEpeBaXKHA OUIBINICTh CTYICHTIB CHPOMOXKHI MiATPUMYBATH
CTaJMi piBEHb HIBUAKOCTI mepepoOku iHdopmarlii Ta SKOCTI poOOTH (TOYHOCTI Ta KOHIICHTpAIIii)
IIpY BUKOHAHHI 3aBAaHb J0 KiHI 4-1 mapu.

100,00 -

10,00

1.00

IO 3aHATE  ITOYATOK 2-1  KiHells 4-01 IO 3aHATE  [OYATOK 2-1  KiHellb 4-01
mapH mapH mapH mapH
OpTonenarorika Jloromenis

0,10 -

CIIPHATINEL samoeinpHi ) HecnpusaTnnei =TI

Puc.1. ITpodine po3ymoBOi mpare3naTHOCTI CTYIeHTIB cremianbHocTel "Opromnenarorika' i
"Jloromenis" MPOTATOM HABYAIBHOTO JIHA: # - CTATUCTUYHO 3HAYYINA PI3HUIIS TIPH MMOPIBHSHHL
BIJIMOBIIHUX TTOKAa3HUKIB B 00CTEXyBaHUX rpynax Ha piBHI p < 0,05; ## - Ha piBai p < 0,01.

[linTBep/UKEHHSAM IILOTO CIAYXHUTh 1 3arajbHUM Toka3HWK mnpame3gatHocti (I1) ob6ox
CTYJIEHTCbKUX KOJEKTUBIB. [[71s1 OIIHKM 3arajbHOTO CTaHy KOJIEKTHBY BHPAXOBYETHCS KOCQIIIEHT
MpOAYKTUBHOCTI (mepeBaru) — II, KOTpwidi BH3HAYA€THCS BIIHOMICHHSM BIAMIHHHUX Ta J00pHX
pe3yibTaTiB 10 HeratuBHUX Ta moranux (mpu II > 1 — xapakrtep IOKa3HUKIB pPO3yMOBOL
MPAE3JaTHOCTI KOJIGKTUBY BBAXKAETHCS TIO3UTUBHIM ).

Tak, B TrTpymi "Opromenarorika" KoeQIilliEHTH NPae3qaTHOCTI BIPOJOBXK BCHOTO
HABYAJBHOTO JIHSA € BHIIUMH 33 OJUHHIO (HaragaemMo, M0 KpUTUYHUU piBeHb [I<1), Xoua i
BIJIMIYA€ThCS JOCUTh BUPAKCHUH MPOIIEC BTOMHU B TPYIIi, IO MPOCTEKYETHCSA 3a MEPEPO3INOALIOM
«CTIPUATIUBHUX» Ta «3aI0BUILHUX» CTaHIB (Tadi. 2, puc. 1).

3aranoM, 3rigHO KOe(]illieHTIB MepeBaru, pO3YMOBY Mpale3laTHICTh CTYJCHTIB-
OpTOIEAAroriB. MOKHa BBa)KaTH TO3UTHBHOKO Ta JOCUTh BHCOKOK, 3 BHUPOKECHHM MOMEHTOM
nigiiomy piBHg Ha 2-iii mapi (I1=1,66—1,81—1,38 ym./ox.). KosieKTHB CTyAEHTIB-JIOTOTE/IIB
JEMOHCTPY€E SN0 3HIKEHY IMpalle3IaTHICTh Ha 1movatky HaBuaibHoro jaHs ([1=0,87 ym./on.), mio
3MIHIOETBCSI KJIACHYHUM “‘BrpaipoByBaHHsM B cepeauni aus (I1=1,19 ym./ox.) i 306epirae
NPOIYKTUBHICTH [0 3aBepiieHHs HaBuyanbHoro aus (I1=1,16 ym./ox.).

TakuMm yuHOM, BUILA NPOAYKTUBHICTH IHTEIEKTYalbHOI poOOTH CTYIEHTIB CIHEIiaJbHOCTI
"Opronenarorika" (IHCTUTYT (Pi3MUHOT KyJIBTYpH, CIOPTY 1 3/I0pOB’sl) MOPIBHSAHO 31 CTYAEHTaMH
cneriansHocTi "Jloromenis" (IHCTUTYT menmaroriyHoi OCBITH, COIlaIbHOT POOOTH 1 MHCTENTBA),
3yMOBJIEHa CHUCTEMAaTMYHUMM (I3UYHUMH HABAaHTAKEHHSMHU, SIKI € HEBIJJ €MHOIO YaCTHUHOIO
MIATOTOBKU CTYAEHTIB B JAaHOMY IHCTUTYTI. AJUKe peryiasipHi (i3uuHi BIpaBU MependadyaroTh
PO3BUTOK MIBUAKOI peakilii, mo 3abe3neuye iM IepeBary B 3aBJaHHAX, MOTPeOyIOUHMX BHCOKOI
MIBUAKOCTI mepepoOku iHpopMmarii. JloJaTKOBUM UYMHHMKOM BHCTYHA€ TMpenuKilis BHOOpY
CMELIANbHOCTI: Traiy3i, MoB's13aHi 3 (PI3UYHOI0 KYJNbTYpOIO, YacTille OOMparoTh aKTHUBHI JIOAH, 3
BHUPaKEHOIO PEAKTUBHICTIO.
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Ha BigMiny Big opronenaroris, MaifOyTHi JIOrOIen MPaLO0Th MOBUIBHIIIE, alle YBaXKHIIIIE,
IO € TaKOX CIenu(iuHO0 0COOIMBICTIO HABYAJIbHOI MiATOTOBKM (haxiBuiB. Buma sikicte pobotu
CTyzeHTIB crnerniaabHocTi "Jloroneaisa" BUpa)KaeThbCs BUIIMMU MMOKA3HUKAMU TOYHOCTI BUKOHAHHS
3apaanb (p<0,05), mo mepemdavae BUCOKY KOHIICHTpPAIlF0 Ha JACTalsIX, - HEOOXiTHY SIKICTh IS
oOpanoi mpodecii.

[Ipu BUBUYEHHI PEKUMY KUTTEASUIBHOCTI CTYJEHTIB JAPYTOKYPCHHUKIB, 3BEpTAa€ yBary IyxKe
HU3BKHUI PIBEHb PYXOBOI1 aKTHBHOCTI CTY/ICHTIB -JIOTOTEIIB, SIKMi ckinamae 121,64 + 17,22 — 148,73
pe3ybTaTH He € (parMeHTAPHUMH, OCKUTBKH B AocuimkeHHsX ['omouenko O.1., au3pky PA mamu
omm3bko 40% pecrionnentiB [1]. Ha Binminy Bix ocranHix, cnenudika HaBuanus B8 HHH ¢izuunoi
KyJIbTypu 3abe3nedye y CTYJIEHTIB-OPTONEAaroriB OUIbIY BIAMOBIAHICTE PYXOBOI aKTUBHOCTI
¢d13i0J0TO-TIri€EHIYHUM HOpMaM, ckiaBim 236,34 £ 18,16 — 253,62 + 18,48 xB./mody (p<0,01), mo
3a0e3neuye Onu3bko 84% Bin Tiri€eHIYHOI HOPMHU. AKTHBAIld KpPOBOOOIry B MpOIECi PyXOBOi
aKTUBHOCTI MIABUIIY€E NIBUIKICTh HEMPOAMHAMIYHHUX MPOLECIB, 1110 M CIIOCTEPIraeThes y CTYIACHTIB-
opromenaroris (BuIlla MIBHUJIKICTh MepepoOku iHpopmarii). Tox ponab (I3UYHOI KyIbTYypH Yy
(dhopmyBaHH1 370pOB’Sl JIIOAMHU BHUHSITKOBA, 1 TOMY B CIOCOO1 KUTTS CTYACHTIB Ma€ IMOCUIUTHUCS
yBara Jio pyXoBOoi aKTUBHOCTI, SIK 3ac00y 30€peKeHHS pO3yMOBOI MpaIe3aaTHOCTI.

BucHoBku

1. Xoua crmemianizanii "Jloromenis" ta "Opronemarorika" HaleXaTh 0 OJHIET Tamy3i
"CreuianpHol OCBITH", PI3HMH XapaKTep HaBUaJbHOTO HABaHTA)XEHHA Ta pi3Ha croenudika
OCBITHBO-TIPO(ECIITHMX MpOorpaM 3yMOBIIOIOTH BIAMIHHOCTI Yy JAWHaMIll MOKa3HHUKIB PO3yMOBOT
Mparne3/1aTHOCTI BMIPOJOBX HaBUYaJIBHOTO 1HSA. 30Kpema, y MaioyTtHix oprtomnenaroris (HHI
(1BUYHOT KYJIBTYPH) CIIOCTEPIralOThCsl BUII MOKa3HUKH IIBUIKOCTI OmMpalioBaHHs iHdopmMarlii Ta
3arajilbHO1 MPOJIYKTHUBHOCTI, Tomi sK it cryaeHTiB-moronenis (HHI memaroriunoi ocBith)
XapaKTEPHOI € CTaOUIBHICTh SAKICHUX XapaKTepUCTUK BUKOHAHHS 3aBlaHb. Taki BiIMIHHOCTI
0JTHOYACHO 3yMOBJICHI CITen(iKOI0 HaBUYAHHS Ta PI3HOIO (PI3MYHOIO0 aKTUBHICTIO.

2. PesynmpTaTH JOCHIDKEHH JOBOASTH JOUUIBHICTE MOHITOPHHTY HEHPOJMHAMIYHUX
MOKa3HUKIB IS 1meHTUdiKkalii cTaHiB Je3amanTallli Ta BTOMU 3/100yBadiB OCBITH Ta Bepudikarrii
palllOHaTBHOCTI CTPYKTYpU ¥ 3MICTYy HaBYalbHMX IUIaHiB. BojHouac, XapakTepusyrouu
ncuxodi3i0J0TIYHUN  TOTEHINa]l CTYJAEHTIB, BHCTYINAIOTh MNPEAUKTOPOM iXHBOT ITOJAIBIIOL
npodeciitHOT IPUAATHOCTI B TIEBHIM ramysi.

IlepcnekTHBY MOAAJBIINX JAOCTiIAKeHb. J[MCKYCIHHUMHU 3aIUIIAIOTHCS BUBUCHHS MUTAHb
B3a€MO3B’SI3Ky OOCSTY pyXOBOi aKTUBHOCTI 3 (DYHKIIIOHAJIbHOIO 3JIaTHICTIO HEPBOBOI CHUCTEMU
MIPUCTOCOBYBATHUCS IO BUCOKMX BUMOT HaBuaHHs y BH3, ockinbku 3a0e3nedeHHs ONTUMAIbHOI il
BEJTMYMHHU € HEOOXIHOIO YMOBOIO 30€peKeHHs pO3yMOBO1 MPaE3JaTHOCTI CTYAEHTCHKOT MOJIO/I1.
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Svietlova O., Pakushyna L., Savytska O.
FUNCTIONING OF THE CENTRAL NERVOUS SYSTEM AND FEATURES OF MENTAL

PERFORMANCE OF STUDENTS OF VARIOUS SPECIALTIE

Abstract. The article is devoted to the study of functional changes in the central nervous system

under the influence of academic workload in students of two specializations, “Speech Therapy” and
“Orthopedagogy” within the specialty A6 “Special Education”.

Materials and Methods. The study, conducted in the middle of the second semester, involved students

of the Educational and Scientific Institute of Physical Culture, Sports and Health specializing in A6.03
“Orthopedagogy” (24 participants), and students of the Educational and Scientific Institute of Pedagogical
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Education, Social Work and Art specializing in A6.01 “Speech Therapy” (22 participants). Indicators of the
functional state of the central nervous system (CNS) were assessed using the proofreading test method
modified by M. S. Grombach. Testing was conducted before the beginning of the first class, at the beginning
of the second class, and at the end of the fourth class twice a week (Tuesday and Friday). Average indicators
of the speed and quality of proofreading performance were determined. Based on the ratio of qualitative and
guantitative indicators, an individual integral assessment of the level of mental performance of each student
and the group as a whole was carried out. For each group, the coefficient representing the ratio of cases
with high and low integral assessments was calculated.

Results. The study established that the volume and complexity of the educational material
corresponded to the psychophysiological capabilities of students in both groups. This is evidenced by the
relatively stable dynamics of intellectual work productivity indicators throughout the academic day (P =
1.66 a.u. —1.38 a.u. and P = 0.87 a.u. — 1.16 a.u.). However, the daily dynamics of psychophysiological
indicators among students of related specializations differed significantly. Students specializing in A6.03
“Orthopedagogy” demonstrated a higher speed of information processing (p < 0.05 —p < 0.01). This may
be explained by their higher level of motor activity, which stimulates brain neuroplasticity. In contrast,
students specializing in A6.01 “Speech Therapy” demonstrated better qualitative indicators throughout the
academic day than the Orthopedagogy students (p < 0.05). This suggests a high level of concentration on
details associated with the specific nature of their training.

Conclusions. Monitoring neurodynamic indicators makes it possible not only to diagnose fatigue
states and assess the adequacy of academic workload, but also to use these indicators as criteria for
evaluating psychophysiological potential and predicting students’ professional aptitude.

Keywords: students; central nervous system, functioning; mental performance, special education.
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OCOBJIUBOCTI ®I3UMYHOI AKTUBHOCTI ®YTBEOJIICTIB
Y PIBHUX HIBUIAKICHUX PEXKUMAX BIT'Y

Anomauin. YV ¢ymobonicmis nio uac ogiyiinux icop ma y mpenyeaibHOMy HPOYeci O0CIIONCYBAIU
ocobnusocmi - Qizuunoi axmueHocmi y  pisHUX WEUOKICHUX pedcumax. Mamepianu ma memoou.
Y 36 pymobonicmis (six: 24,72+0,82 poxu, spicm: 181,1+0,01 cm, maca mina: 73,95+1,15 ke, mpenysanvruii
gik: 17,50 £ 0,82 poky), sxi epanu 6 O0OHIll KOMAHOI, 6U3HAYAIU PYX08y axmusHicmv y 46 mamuax
Yemnionamy Yzbexucmany (Ilpem'ep nica), xyoxa Yzbexucmany ma Jlieca yemnionie (AFC). Yucno
cnocmepedicenv cmanosuno N=317. Ananizysanu yuacmo @ymoéonicmis y 30ipnux ceoix kpain (30 epasyie —
83,3 %) ma nayionanvroi 36ipnoi (17 ocio6 — 47,2 %). Pezynemamu ompumani nuuie y noivo8ux 2pasyis.
Dymboaicmu manu spamu y cmapmosomy ckiaoi, i we samintogamucs 00 Kinys epu. Cucmemoro mpexiney
Catapult Vector X7 ma S7 sumiprosanu 0osxcurny oucmanyii (S, m), axy pymboricmu npobicanu y pizHux
weuokicnux pexcumax. Pesynomamu. Cepeous oucmanyis ¢izuunoi akmuenocmi 3a mamuy (S) cmanosuna —
10301,54+120,64 m. Jucmanyis, npoiidena 3a nepuwiuti maim, OYia APAKMUYHO MAKOIN0, SK I Y Opyeomy:
5164,55466,82 m. ma 5136,99+60,55 m. (p=0,509). V pesxcumi 6icy ma Huzvkii weuoxkocmi (LIRI)
OJucmanyis Ooopieniosara — 3533,8£139,40 m. Disuuna axmuenicme LIRI y nepwomy maimi b6yra —
1731,6£70,6 m. cmamucmuyno 3nayywe menwa, Hioe — 1802,1469,Im. y opyeomy (p<0,001). V nuzvko
inmencushiu 30ni (LIR2) 3a epy epaeyi npobicanu — 3722,60 + 72,51 m. Cmamucmuuno 3Hauyywy 6inbuly
Jucmanyilo npobicanru epasyi y nepuiomy mavimi — 1885,90+38,98 m., nioie y opyeomy 1836,70+£37,09 m.
(p=0,040). Ananiz npotidenoi ducmanyii 6 pescumi aepobroeo 6icy (R) pymoéonicmu noxkaszanu pezynomam —
2031,07+111,27 m. IlopisHAauHA 30 maumamu 6UAGUAU CMAMUCTIUYHO 3HAYYWY OLIbWy OUCMAHYII0 Y
nepuwiomy maumi 1038,72+62,02, nisc y 992,35+£50,98 y opyeomy (p=0,047). Ananiz pyxoeoi axmugnocmi
¢dymbonicmig y 30mi sucoxowsuoxichozo 6iecy (HSR) ma cnpunmy (SD) suseus cmamucmuuno 3Hauywyi
giominnocmi mide matmamu (p<0,05). Pesynomamu @isuunoi axmuenocmi 3a 2py y 3oui HSR 6ynu —
765,27442,72 m., a y SD 172,98+11,50 m. Ilopiguanusa maxcumanbHoi iHOUBIOyanvHoi weuokocmi 6icy
8UABUNO, WO BOHA Y Oinbuiocmi epasyis (64%) 6yna euwa y mperysanoHomy npoyeci. I pasyis, sxi docaenu
Makcumanvrol weuokocmi 6icy 6 iepax, sk npasuio, y nepwomy matmi (67%). Bucnosku. [lpeocmasneni
pe3yibmamy ma mexHon02isi MOHIMopuney (QizuyHoi akmusHocmi pymoonicmie y pizHux pesicumax oOicy
003607151€ NIAHYBAMU MPEHYBANbHY MA 3MA2AIbHY OifIbHICMb 3 YPAXYBAHHAM IHOUBIOVANILHOZO DIGHS
PYX080I aKMUGHOCHI 2pAsYIs.

Knrouoei cnosa: ¢izuuna axmueuicms, weUOKicmb nepemiwjenus, cucmema mpekiney, GPS,
MAKCUMATbHA WBUOKICTD.

AxTyanbHictb. @yT00NI — € HE NuIlle MOMYJIAPHUMA, a ¥ OJUH i3 TEXHOJIOTTYHHUX BHUJIIB
cnopty. bararo cy4acHHUX TEXHOJIOTii BUKOPHCTOBYIOThCS y (hyTOOII, IO JOMOMArae rpaBLsM 1
TpeHepaM Yy JOCSITHEHHI MaKCHMalbHOI MPOJAYKTHBHOCTI y TpEHYBaJbHOMY Ipoleci Ta Irpax.
CyyacHi TEXHOJIOTIYHI 1HHOBaIil MPOKIAJAIOTh HUIAX A0 HOBOi epu ¢(yrbomy. I'paBii maroTh
MOJKJIMBICTh KOHTPOJIIOBAaTH TPEHYBaJIbHE HABAHTAXXEHHS, a TPEHEPU OTPUMYBATH iH(OpMaLil0 Ha
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OCHOBI OHJIAWH JIaHUX JUISl IOKPAIICHHS NPUIHATTSA pillieHb Y Tpi Ta TpeHyBaibHOMY mporeci. Kpim
TOr0, MEIUYHUIN IMEepPCOHAT Ma€ NOCTYN 10 iH(opMmamii st MOHITOPUHTY 3a (YHKIIOHAJIBHUM
CTaHOM Ta 3/I0pOB’AM TpaBIliB. TeXHOJOrYHi IHHOBAIII], 1[I0 3aCTOCOBYIOTHCA Yy CyYaCHUX YMOBaX,
MOKpPAIIYIOTh CaMy TIpy Ta JOTOMaraioTh KOMaHJaM OTPUMAaTH KOHKYPEHTHY IepeBary Haj
oroHeHTamu Ha moJi [13].

3a3HauuMo, 0 32 OCTaHHi POKU y (QyTOOJi CYTTEBO 3pOCIM BUMOTH JIO CIIITHUX TPaBIIiB,
BHACIIZIOK YOTO BUHMKIA MOTpeba B onTuUMizamii (i3MYHMX HABaHTXEHb I Yac MiATOTOBKH JO
MardiB. PiBeHb pyXxOBOT aKTUBHOCTI TPaBIlB y (yTOOJII HalyacTillie BUPIIIYe pe3ysibTar MatdiB [22].
Haii6inpin BakiuBi (pakTopy, 10 BIUTMBAIOTh Ha €(PEKTHBHICTH I'PaBIIB € 3/IaTHICTH O TMOBTOPHHUX
CIIPUHTIB Ta IIBUAKICTH BiIHOBJICHHS ITiC/IS1 BAKOHAHHS IrPOBHX 3aBJaHb BHCOKOT IHTEHCUBHOCTI [26].

Ha cydacHomy ertami po3BUTKY (yTOOJy MOHITOPMHT (PI3MYHOI aKTUBHOCTI TpaBIiB €
MOIIMPEHOI0 Ta JIETKO JOCTYITHOK TexXHoJjorielo pociaiypkenns. Oo6mamnanns GPS-cuctem Ta
MPUCTPOI, 110 BHUKOPUCTOBYIOTH Ui BIACTEXKEHHS, Ta 300py AaHMX Mpo (I3UUHY AKTUBHICTh
TpaBIIiB IMiJ] 4ac TpeHyBaHb 1 3Maraub [32]. Lli mpucTpoi MOKYTh BUMIPIOBATH MPOMICHY BiJICTaHb,
IIBUJIKICTh, TPUCKOPEHHS, YaCTOTY CEpIEBMX CKOPOYEHb, TEIUIOBY KapTy IEepecyBaHHs Ta IHIII
napaMeTpy, IO JO3BOJISIE TpPEeHEepaM OLIHIOBATH MPOJIYKTUBHICTh TpaBLiB Ta po3po0isITH
IHAMBIAyaJlbH1 TpPEeHYBaHHS JUIsl KOXXKHOro 3 HUX. KpiM 1bOro, TpeHep MOXe BHU3HAUUTH,
IHAMBIAYyalbH1 (QYHKIIOHAIBHUM MOXJIMBOCTI CIIOPTCMEHIB Ta PO3YMITH JOUUIBHICTH HOTO
BUKOPHUCTAHHS Ha Tl M IHIIIN MO3HUIIIT a00 00paHiil TaKTHII B KOHKPETHil Tpi [4].

Bin MoHiTOpUHTY QI3UYHOT aKTUBHOCTI TPaBLIB /10 aHAJI3y TE€XHIKO-TAKTUUYHUX KOMaHIHUX
B3aEMOJII Ta MTY4IHOTO iHTeIekTy GPS-cHcTeMH Ha/laoTh KOMaHIaM Ta TPaBIIM HOBI criocoon
MIABUIIEHHS 1X MPOAYKTHBHOCTL. HOBI Te€XHOJOrII, 110 MIMPOKO BUKOPHUCTOBYIOTHCA y (PyTOOII,
BIUIMBAIOTh HE JIMIE Ha CIOCIO BEACHHS TPHU 1l TAKTUYHHI aHAI3 MO XOJy MaTdy Ta MoOyaoBYy
TPEHYBAIBHOTO Tpoliecy y Gyrbouri, ane i Ha miadip rpaBiliB y KOMaHIy Ta CKJIaay Ha KOHKPETHY
rpy. Tpenep, ¢opmye ONTHUMaIbHUHA CKJIaJl Ta BUOMpAE TAKTUUHY CXeMy Trpu. BiH TOBHHEH
PO3YMITH, YU 3MOXYTh (HyTOOICTH BUKOHATH TMOCTABJICHE iM TaKTHYHE 3aBJaHHs, BUXOJSYHU 3 iX
IHAUBITyaATbHUX (DI3UYHUX Ta QYHKIIOHATHHUX MOXIUBOCTeH. CydacH1 TEXHOJIOTIi JOTIOMararTh
TpeHepaM BU3HAYUTH PE3yJIbTATUBHICTH TPABIIIB y XOJ1 MaTdiB Ta MOKPAIIUTH €()EKTUBHICTH
TpEeHYBaJIbHOTO Tnporuecy [27].

B ninomy, crpareris oninku (isudHOI migrorosiaeHocTi GyrodoiicTiB 3a gornomororo GPS-
CHUCTEMH € UIIMPOKO BHKOPHCTOBYBaHMM MeTonoM. Taka TexHozoris y ¢yr0oni 103BoJsie
OLIIHIOBAaTH BIAICTaHb Y PI3HMX Jlarna3oHax MIBUAKOCTEH, CEpeiHI0 MIBUAKICTb Ta MaKCUMAaJbHY
KUIBKICTh CIPUHTIB JUIsl KOKHOTO CIIOPTCMEHA ITiJT Yac irop Ta TpeHyBansb [9]. Bimomo, 1m0 3a maT4
¢dbytbomicT B cepenHpoMy noJiae Bim — 9 1o 13,5 km [5, 23]. Onnak yepe3 HEPIBHOMIPHHM XapaKTep
Ipu 3arajbHa IMpoiiieHa BIICTaHb € JIOCUTh IOBEPXOBUM METOJOM OLIHKM  (hi3MuHOI
Mpalne3AaTHOCTI TpaBliB mifg 4yac maTdy [1]. BuHukae HEOOXigHICTH BpaxOBYBaTH KIIbKICTh Ta
4acTOTy BUCOKOIIBHUJKICHOTO OIry Ta IHIIMX Aii, TaKuX SIK IPUCKOPEHHsS Ta raJbMyBaHHS, IO
BUKOHYIOTBCS TPABISIMU 3 MAaKCUMAaJIbHOIO IHTEHCUBHICTIO.

HIBUAKICTE CHPUHTY € OJHUM 13 HAWBAKIUBIIIMX KOMIIOHEHTIB Cy4acHOro ¢Gyroomy,
OCKITbKM BOHa 0Oe3mocepeqHhO BIUIMBAE€ Ha KIIOYOBI I'POBI MOMEHTH, TaKi SIK MOKJIMBOCTI JUIf
B3STTS BOPIT Ta 37iCHEHHA 000poHHUX i [15]. Tum He MeHI, 3BUYaiiHI BUIKICHI TPEHYBaHHS
IPOTATOM CE30HY YacTo JaroTh MiHIManbHI edektu [13, 16]. MakcumanbHa MBUIKICTh YacTO HE
OepeThbes 10 yBard B KOMaHIHMUX BUJAX CHOPTY yepe3 OUIbII KOPOTKI BiICTaH1 B irpax. Aje Moxe
3allpONOHYBATH 0araTo mepeBar CIOPTCMEHaM KOMaHAHOro BuAy crnopTy. HaifGinemr BiporigHum
MIAXOA0M JUIS TPABIIIB € YacTi HOBTOPEHHs cipuHTY [14].

Mu npumyckaemo: 1) mo pe3ynpTaTH Oiry y pi3HHX HIBHAKICHUX pexuMax y opiriifHuX
irpax, MK TaiiMaMu OyIyTh BIAPI3HATHCS; 2) MakCUMallbHA IIBUAKICTH OIry y OUIBIIOCTI IpaBIliB
Oyze mposBIATUCS Mif yac oQIiliifHKUX irop, a HE B X0Jli TPEHYBAJIbHUX 3aHATh.

Mera pobGotu — 3’scyBaTd 0COOMUBOCTI (BI3UUYHOT AKTUBHOCTI (hyTOOJICTIB y pI3HHX
MIBUJKICHUX PEXHMAax IiJ Yac TPEHYBAJbHUX 3aHATH 1 OQIIIHHUX Irop Ta MOPIBHATH OTpUMaHi
JIaH1 3 TOKa3HUKaMHM MPOBIAHUX (PyTOOIBHUX JIIT CBITY.
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Marepianm Ta MeTOAM AOCTIIKeHHA. B EKCIepMMEHTI B3sUIM Yy4acTh 36 EIITHUX
¢dyroouictiB ([Ipem’ep mira Y36ekucrany, cesonu 2022-24 pp). HocmimkeHHs Oynw cXBalieHi
KOMicCi€lo 3 010MeANYHOT €TUKH, a 00CTEXKYBaH1 O3HAHOMIICHI 3 METOIO JOCTI/PKEHHS Ta Jajii 3TO/Y.
ExcnepumeHnTanpbHuid TUTaH TiependadaB MPOBEACHHS JOCHIPKEHHS B OQIUIHHUX IrpOBHX
3MarajJlbHUX YMOBax Ta IIiJl Yac HaBYaJIbHO-TPEHYBAJIBHOTO Tporecy. s Bcix oOcTexKyBaHHX
JTOTPUMYBAIIUCS €MHOTO PEKUMY AOCHIIpKEeHHs. [lopsiz i3 KOMIUIEKCHOIO OLIHKOIO O(IliifHUX irop
JIOCTIDKYBaJIM  (DI3UYHY AaKTUBHICTh y PI3HMX IIBUAKICHUX peKuMax. Bu3Havanu 3Ha4YeHHs
MPOWICHOT JUCTAHIIIl B MIBHIKICHUX pexuMax: 30HH mBuakocti 0-2 m/c — 0-7,2 km/rox (xoan0a,
walking), 2-4 m/c — 7,2 - 14,4 km/rox — Gir 4-5,5 m/c Tta 14,4 - 19,8 km/roa) — aepoOHuit Oir
(running), 5,5-7 m/c — 19,8 - 25,2 xm/ron — mBuukicaui Oir (high-speed running), cnpunT
(sprinting) — > 25,2 kM/roJ1 BCTaHOBJICHI B aHAJIOTTYHKUX HocmimkeHHsx [20, 28].

JlaHl mpo 30BHILIHE HABAHTAXKEHHS 30Mpaad 3 BUKOPHUCTAHHSAM CHUCTEMH TIJI00AIBHOTO
nosutionyBanus (GPS) (Catapult Sports, MensOypH, ABCTpaiis) 13 4aCTOTOI TUCKpETH3aIlii —
10 I'n. Koxen ywyacHuk HOcuB GPS-mpuctpiii MK JomaTkaMu y >KHIJIETi, 0 HIUIBHO OO0JIsAraB
Tymny0. JlaHi 3aBaHTa)XyBaJIM Ta 30epirajiv y €JIeKTPOHHINA TaOIHIIL.

VY ¢yrOosticTiB, BU3HAYaIM OCHOBHI AHTPONOMETPHUYHI Ta CTATUCTHYHI MOKAa3HUKHU: BIK,
3pict (M), Bara (Kr), TepMiH 3aHATTA PyrOosIOoM (p.), OIiHIOBATM KBadi(iKaIlio Ta OMUTYBAIU: YU
3aiy4yaBcs J0 irop 30IpHUX CBOIX KpaiH.

HocnimxenHs ¢G13UyHOI aKTUBHOCTI (PyTOONICTIB y TMOJBOBUX YMOBax MPOBOJWIM 3a
nonomoroto cucreM TpekiHry Catapult Vector X7 ta S7 min yac KaJleHJapHUX ITOp Y YEMITIOHATI
V36ekucrany 3 ¢yroony, Kyoka kpainm ta irop Jlirm uyemmioniB AFC. Busnawanmu mpoiineHy
BIJICTaHb Y IIBUJIKICHUX peXHUMax (S, M), Ky QyTOOIICTH A0JaNU B IIJIOMY 3a TPy Ta B KOXKHOMY
TaliMi OKpEeMO Ta JWCTaHIi y pi3HUX mBHAKICHUX pexxumax: V1 (LIRI), V2 (LIR2), V3 (R), V4
(HSR), V5 (SD). 3a momomororo 6a3u manux (cloud) cucremm Tpekinry «Catapulty Vector ta
nporpamHoro 3abesnedeHHs koHcoib OpenField (Bepcit 3.11.0) Bu3Hauanm iHAWUBiTyabHI
MaKCHMYMH IIBHAKOCTI JUIsl y4acHHKIiB eKCIIepUMeHTy. 1i (ikcyBaam Iix yac BCiX TpeHYBaHb i
oQIIIHHUX 1rop.

st oOpoOKkM pe3ynbTaTiB AOCTIHKEHHS OyB 3aCTOCOBAHMM CTAaTUCTHUYHUN aHai3, IO
BXOJMTH JIO MPOTPAMHOTO MaKeTy «aHami3 gaHux» Microsoft® Excel® 2019. [TepeBipky qaHux Ha
HOPMAJIBHICTh PO3MOALUTY MPOBOJAWINA 3 BUKOPUCTaHHAM KpuTepito «Shapiro-Wilk test», skuii €
Halie(PEKTUBHIIIUM KPUTEPIEM MEPEBIPKH TIMOTE3W I0JI0 HAICKHOCTI BHOIPKH 10 HOPMAIBHOTO
3aKOoHYy po3noAity. [laHi, mo migmanyd Mig 3aKOH HOPMAIBHOTO PO3MOAUTY, TMPEACTaBJICHI K
CepelnHi 3HAYeHHS Ta TNOXuOKa cepeaHboro apudmernyHoro (Mzm). PiBeHb cTaTUCTHYHOT
3HauymocTi npuiimManu sk p<0,05 [19].

PesyabraTn fpociigxkeHHsi. Y 1mepio NPOBEIACHHS KaJCHIAPHUX Irop y ueMIioHAaTi
V36ekucrany 3 ¢yrbony cezoHiB 2022, 2023 ta 2024 p. mociuiKyBaau 3arajbHy Ta CHELaJbHY
¢i3UyHy Tpale3aTHICTh Y MOJbOBUX YMOBaxX. Bu3Hayanu 3arainbHy AMCTAHIIIO Ta JUCTAHIIIO Y
PI3HHMX MIBUAKICHUX pexkumax. s mocmikeHHs ¢i3MuHOT aKkTUBHOCTI Ta Mpare31aTHOCTI ITiT 9ac
IpU BUKOPHCTOBYBaIM cucTteMu TpekiHry «Catapulty Vector X7 ta S7. 3a ueli wac komanzaa
nposena 46 irop.

3a pesyabTaTaMu JOCHIKEHHS (I3UYHOT AaKTHMBHOCTI B IOJBOBUX YMOBAaX, CEPEIHS
JMCTaHIlisA, Ky JoJanu rpaBii 3a rpy, ckiana — 10 301,54 + 120,64 M., a yac Tpu CTaHOBUB —
99:09 xB. Pe3ynbratn nocnimkeHHs Qpi3MUHOT aKTUBHOCTI (PyTOOJIICTIB y PI3HUX PYXOBHX peKUMax
i1 9ac irop mpejacTasieHi y Tadmumi 1.

3arajpHa AUCTAHINS, Y IEPIIOMY TaiiMi, sIKy JOJIalu rpaBil, cTaHoBuIa — 5164,55 + 66,82 m
1 Oysia MpakTUYHO AHAJOTIYHOIO JIpyromy Taitmy — 5 136,99 + 60,55 M npu BOMY CTaTUCTHYHO
3HaYUMOI pi3HUIlI HaMu He BUsBiIeHO (p=0,509).

[TopiBHSAHHS pe3ynbTaTiB Pi3MUHOT aKTUBHOCTI (hyTOOIIICTIB B yMOBaX irpoBOi AisNIBHOCTI B
pexxumi 6iry LIR1 mibk mepmum — 1731,68+70,62 m 1 apyrum — 1802,14+69,18 m TaiimamMu Hamu
OyJI0 BUSIBJIIEHO CTAaTUCTHYHO 3Hauyy pizHuo p<0,001.
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Ta6auus 1
JloBxuHa auctaHiii (S, M), 3a Tpy Ta B pi3HUX MBUIKICHUX PEKUMaX
(n=317)
[IBHUIIKICHI PEKUMH
Jocrimkysani LIR1 LIR2 R HSR SD
oo Barpy | Vel BL Tot | Vel B2 Tot | Vel B3 Tot | Vel B4 Tot | Vel B Tot
Dist (0-7,2 |Dist, (7,21 —|Dist (14,41 —|Dist (19,81 —| Dist (>25,21
km/ron) |14,4 km/ron)| 19,8 km/ron) 25,2 km/Toa),| KM/TOJN)
3a rpy
S 10301,54 + 3533,81+ | 372260+ | 2031,07+ | 76527 + 172,98 +
M 120,64 139,40 72,51 111,27 42,72 11,50
1-# Taiim
S 516455+ 173168+ | 188590+ | 1038,72+ | 384,05+ 89,37
M 66,82 70,62 38,98 62,02 23,06 6,08
2-1 Taiim
S 5136,99+| 1802,14+ | 1836,70+ | 992,35+ 381,22 + 83,61 +
M 60,55 69,18 37,09 50,98 20,95 6,17
t-Test:
Paired Two
Sample for| p 0,509 0,001 0,040 0,047 0,795 0,182
Means -
P(T<=t)

Pesynbratn i3uuHOT akTHBHOCTI (QyTOOTICTIB B yMOBaX irpoBOi AISUTBHOCTI B peKUMI OIry
LIR2 mokasamy CTaTHCTHUYHO 3HAYYIIl BiAMIHHOCTI MDK Taiimamu p=0,040. YV mnepmomy Taitmi
rpasit gonanu — 1885,90+38,98 metpiB ta 1836,70+£37,09 MeTpiB BIAMOBIAHO Y IPYrOMY TalMi.

AHaji3 mpolIeHo1 UCTaHIIil y mBHUAKICHOMY pexuMi — R mbk nepmum (1038,72+62,0 M)
ta apyruMm (992,35+50,9 M) TaiiMamu BUSBUB CTaTUCTUYHO 3Hauymli pizauIli (p=0,047). I'pasii
npoOirany OUTBITY TUCTAHIIIIO B IEPIIOMY TalMi HIK Y JPYTOMY.

Cepenni 3Ha4eHHS I10JI0JIAHOT MUCTaHIl (GyTOOIICTAaMU KOMaHIU Yy HMIBUJIKICHOMY pPEXHUMI
HSR He BUSBWMIM CTaTUCTUYHO 3HAYYIIMX BiAMIHHOCTeH Mk mepmuM — 384,05+23,06 M i1
apyrum — 381,22+20,9 m taitmamu (p=0,795).

Amnani3 pe3ynabTatu Oiry y HIBUAKICHOMY pexkuMmi cipuHTy SD, Mk nepmum —89,37+6,08 m
1 gpyrum (83,614 6,17 M) TaliMaMu He BUSBHMB CTaTUCTHYHO 3HAYYIIMX BIIMIHHOCTEH MpoiiieHol
¢byroosictamu aucranuii (p=0,182).

Onniero 3 ocobmuBocTel IpoBeAeHHS uyemmioHaty Y30ekucrany, KyOka kpaiHu Ta
odiniitanx mbkaapoanux (AFC) irop € TpuBanicTs irop (Tadmn. 2).

AHani3 pe3ynbTariB JOCII)KEHb BUSBUB 3HAUYIIl BIAMIHHOCTI Y MOJOJIaHH1 AUCTAHINI Y
HU3bKO MBHAKICHUX pekumax — LIR1 ta LIR2. Jlns BuUsBIEHHS NPUYMHHU TaKUX BIIMIHHOCTEM,
MU J0JAaTKOBO MpoaHali3yBajdd 4Yac TPUBAIOCTI TPH B MEPIIOMY Ta APYroMy TailMax y BCIX
IIBUAKICHUX peXMMax. B X0l aHamidy BCTaHOBHWIIHM, IO B CEpeIHbOMY IPYTHil TaiiM MaB
TPUBAJIICTh HAa 3 XBWIMHHU Oulbllle, HDK mepumuil. I sk BUIHO 3 pe3ynbTaTiB B Tabiauui 2, 1
pi3HMLIS Tpumnagae Ha mBHUAKICHUN pexum — LIR1 i cranoBuB — 2,16 xB., (1,58%). PizHumi B
TpuBasIoCTi Ipu B pexumi — LIR2 BusBuia HaBmaku Oulblly TpUBANICTh B 1 TaiiMi, ajie He Tyxe
cyrteBy — 0,29 xB., y 2 Taiimi, mo Bianosigano — 0,73%. B Bucoko mBuakicanx pexumax — HSR
ta SD, TpuBaiicts rpu Oyna maibxke ogHakoBoro — 1,21 xB. ta 1,19 xB. s pexxumy HSR nani
nokasHuku cranouin — 0,22 xB. Ta 0,21 xB. BignosigHo mis pexumy — SD MIBUAKICHUN pPeXUM
R, moka3zaB Tpoxu OUIbIIY TPUBATICT B MepiiomMy Taitmi — 4,5 xB Ta 4,3 XB BIIMOBIAHO Y IPYroMy
(0,74%).
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Tabamnus 2
AbcomoTHa (XB.) Ta BigHOCHA (%) TPUBAIICTH I'pU
y PI3HUX MIBHJIKICHUX PEXKUMAX
HocmipkyBaHi 3a rpy HIBUAKICHI peKUMHU
TIOKA3HUKH LIRL | LIR2 | R | HSR | sD
3a rpy
Yac rpu, xB 99:09 62:58 24:56 09:04 02:40 00:42
% Bix
3arajbHO1 100 34,92 36,35 19,66 7,40 1,67
JMCTAHIIT
1-#1 Taiim
Yac rpwm, xB. 48,01 29:48 12:55 04:55 01:21 00:22
% Bix
3arajlbHO1 100 33,95 36,91 20,02 7,39 1,73
JMCTAHIIIT
2-11 Talim
Yac rpwm, xB. 51:08 32:04 12:26 04:39 01:19 00:21
% Bix
3arajbHO1 100 35,53 36,18 19,28 7,39 1,62
JMCTaHIII]

OTpumaHi pe3yabTaTH TPUBAJIOCTI TPH Y PI3HUX PEKUMaxX OIry MU 3TPYIYBaIu Il HU3BKO
mBujkicai (LIR 1+ LIR 2) ta BucoxomBuakicHi pexumu (VHIR, HSR+SD), ta mposenn
CTaTUCTUYHUH aHami3 (Tab. 3).

Tabnuus 3
[Ipoiinena nucraniis Gyrooricramu (S, M) y HU3bKO
Ta BUCOKO IIBUJIKICHMX PEXHMaXxX Y MOPIBHIHHI MK TaMaMH
. [Ipoiinena nucraHiis, M
Taiimu
TD LIR 1+2 R VHIR
1 5164,55 3617,58 1038,72 473,42
" + 66,82 + 93,45 + 62,02 * 26,45
> i 5136,99 3638,84 992,35 464,83
" + 60,55 +88,07 +50,98 + 25,39
t-Test: Paired
Two Sample | | 0,509 0,385 0,047 0,478
for Means —
P(T<=t)

[IpencraBneni pe3ynbTaTH BKa3ylOTh Ha BIACYTHICTh Oylb-SKHX ICTOTHUX BiAMIHHOCTEH
obcsary pyxoBoi aktuBHOCTI (TD), B pexumi Oiry 3 Hu3pkoro mBuakictio (LIRI+LIR2), i
BucokouBuakicHoMy pexumi VHIR (HSR + SD) mix Taiimamu. Jluime 3a nmoka3HUKaMH irpoBoi
aKTUBHOCTI (yTOOJIICTIB KOMAaHIAW Y IIBUIKICHOMY pexuMi — R Oyiao0 BHSBICHO CTaTUCTHYHO
3HAYYLIy pi3HUIO MK Taimamu (p = 0,047).

OcCoONMUBICTIO OTPUMAHUX pe3yJAbTaTiB € Te, II0 TNOPIBHAHHSA TIOKAa3HUKIB Yy HHU3BKO
mBuaKicHuX pexkumax LIR1 Ta LIR2 mix TaliMaMu MU BHSIBIUIA CYTT€B1 CTATUCTUYHI BIAMIHHOCTI.
Bpasi 00’eqHaHHS 1BOX MIBHAKICHUX PEXHUMIB B OJIMH, CTATUCTUYHO 3HAYYIIUX BIAMIHHOCTEH Mik
TalilMaMu He BUSBIICHO.
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JocnimkeHHs IHAUBIAYaTbHOT T KOMaHIHOT MAaKCUMaIbHOI IBUIKOCTI OIr'y TpaBIliB, MiCIe
il mposIBY Ta yac 1i€i aKTUBHOCTI IIpe/CTaBJeHi B Tabnuii 4.

3a Bech mepiof excriepuMenTty (30 MicsIiB), HABYAIbHO-TPEHYBAJILHOTO MPOLIECY Pa3oM 3
KOHTPOJIbHUMH Ta OQIIIHHUMHU irpaMu, MM BHU3HAUMIM CEPEIHIO IHIMBIAyaJlbHY Ta KOMAaHIHY
MaKCUMaJIbHY IIBHUJKICTh. BCTaHOBMIIM, 110 MOKa3HUKH aOCOJIFOTHOI MIBUIKOCTI OIr'y CTAaHOBHIIM —
32,18+0,19 km/ron. IlokazHuKM IHAMBIAYaTbHOI MAaKCUMAIBHOI MIBUIKOCTI I Yac TPEHYBAJIbHUX
3aHATh craHoBWM — 31,94+0,2 xm/rox, iXx memoHcTpyBanmu 64% rpaBuiB, mo Opaiu y4acTb B
excriepuMeHTi. Toxai SK BIAMOBIMHI TOKA3HWKH IHIUBIAyadhbHOI Ta KOMAHJIHOI MaKCHMAaJIbHOT
MBUAKOCTI odiniHuX irop craHoBwin — 31,56+0,2 km/ron. Taky IIBHAKICTH AEMOHCTPYBAId —
36% rpaBiiB, MO Opaal y4acTh y JOCTIIHKCHHSX.

Tabauus 4
Cepenns HAMBITyaJIbHA Ta KOMaHHA MaKCUMaJIbHA
HIBUJIKICTD OIry (KM/TOT)

t-Test: Paired
o —— Tpenypan 11— 2 i Two Sample for
IMOKA3HUKHA EDyeRoTEY Hi IFige TalM TalM Means — (T<=t)
1 Ta 2 Talimu
Cepenns ta
IHAWB1aYyaJIbHA 32’18 31,94 31,56 31,33 30,68 0.005
MaKCHMabHa +0.19 +0,21 +0,21 +0,22 +0,23 :
IIBUJIKICTD,
KM/TOJI
36 %
0 9 9
% 100 64 (100%) 67 % 33 %

[TopiBHsAHHS, HAWBIAYaTbHOI MaKCHMaJIbHOI IMIBHAKOCTI Oiry B o(imifHHX irpax Ta MiK
TaliMaMy ToKa3anu, o — 67% rpaBLiB JOCITINM MAaKCUMaJIbHY IIBUJIKICTH B irpax, y Mepuomy
taiimi — 31,33+0,2 km/ron. Y npyromy tavimi mist 33% rpaBiiiB Oysia BCTaHOBJIEHA MaKCHMalbHa
mBuiKicTh Ha piBHI — 30,68+0,23 km/ron. AnHami3 pe3yiabTaTiB MOKa3aB CTATUCTUYHO 3HAUYIII
PI3HHMII y TIPOSBI MAaKCUMaIbHOT MBUAKOCTI Mk Taiimamu (p=0,005).

Pe3ynbratu ekcnepuMeHTy WUI0J0 BUSBICHHS MaKCUMAIbHOI 1HAMBIAYalIbHOI HIBUIKOCT1
MOKa3aaM, IO Yy OUIBIIOCTI BUITAJKIB 1HAMBIAyaJbHAa MaKCUMajbHA IIBHJKICTH Oyja IOCATHYTA
IPaBISIMU B XOJ1 TPEHYBAJIbHUX 3aHATh. BUIlll MPOsIBY 1HAWBINYyaIbHOT MAaKCUMAIbHOT IIBUKOCTI B
X011 opiniiHUX irop BimOyBaBcs piflle, 1 K MPaBUIIO, Y OUTHIIOCTI BUNIAAKIB y MEPIIOMY TaiiMi.

Oo6roBopenns: pesyasbrariB. [IpencraBieni pe3yabTaTi AOCHIIKEHb (PI3SUYHOT aKTUBHOCTI
(GyTOOIIICTIB 3 PI3HOI0 IHTEHCHBHICTIO Oiry Ta BU3HAUYEHO 3HAYEHHS CEPEIHBOI /Ui KOMaHIU Ta
IHAMBiAyaJIbHI MAaKCUMaJbH1 3HAYEHHSI IIBUKOCTI.

3 puc. 1 BUAHO, 110 BCTAHOBJICHI CTATUCTUYHO 3HAUYIL PI3HUIN Y MOAOJAHHI TUCTAHIIIT 3a
TPy Yy PI3HHX IIBHJAKICHHX PEXKHUMax MDK pI3BHMMH TaiiMamu. BiporigHi BiAMiHHOCTI NOKAa3HUKIB
cnioctepiranucs B pexxumax LIR1 1 LIR2, a Takox B pexxumi Oiry R.

Jlnist Hac He 30BCIM 3p0o3yMija Taka 0COOMUBICTh pe3yabTaTy Oiry B pekumax LIR1 1 LIR2.
Ha nam nornsg — e HamioHanbHa (CepeHbO a3iaTChKa) OCOOMUBICTH MPOBEICHHS YEMITIOHATY,
0COOJIMBICTIO SIKOTO € MEHTaJbHa IMepeBara Haj cymepHukoM. KoMaHma, mio JOCHiKYIOThCS, €
OaraTopa3oBUM YEMIIIOHOM KpaiHM, HEJOOIIHKA CYNEpHUKa, OCOOJMBOCTI CYAAIBCTBA, BEIHKI
3aTpUMKHM B MaTyax y 3B'A3Ky 3 BHKOpHUCTaHHsIM VAR, yacom modaTky MaruiB, >KapKuil KiiMmart.
Ockinbku 6araTo aBTOpiB y cBOiX poborax [3, 8, 11], 10BOATH, 0 30HM HU3BKUX MIBUAKOCTEH
HE MAalOTh ICTOTHOTO BIUIMBY Ha pe3yinbTatd MaTtuiB [21], Mu mpumyckaemo, mo Bci IIi
BIIMIHHOCTI € ocoOiuBUMHU GakTopamMu y ¢(yrbomi mporo perioHy. bimbmie Toro, koiam mu
3rpynyBaTH pyxoBi pexxuMu HM3bKUX mBuakocteid LIR1 i LIR2 B oauH, cTaTUCTUYHO 3HAYYIIO1
PI3HHUII MK TaiiMaM¥u HaMU HE BUSBIEHO.

95



ISSN 2076-5835. Bicuuk UYepkacwskoro yHiBepcutery. 2026. Nel

=0,040

2000 =0,001 r

P
1800 T il I
T

N

1200

7
/

O 1st half @A 2st half

600
400
200

Distance covered, m

LIR1 LI R HSR SD

Puc. 1. Pe3ynpTaT noioanHs AMCTaHIII] 32 TPY Y PI3HUX MIBUAKICHUX PEKUMaxX Ta MDK TaliMaMu

['pynyBaHHS OKa3HUKIB PyXOBUX pekuMiB HU3bKUX mBHUIKocTeil LIR1 1 LIR2 B ogun, He
BKa3aJ10 Ha HAsBHICTh CTATUCTHUYHO 3HAUYIIMX PI3HULB MDK PI3HUMH TaliMaMu Mij] yac oQIiiHUX
irop. BiporigHi BIAMIHHOCTI y MOJOJIaHHI JUCTAHII I'PaBIsIMU y PI3HUX TaiiMax Oyiu BUSBIIEHI
TUIBKU B HIBUAKICHOMY pexumi R.

Buxozasuu 3 nporo, Mu MOXXeMO 3pOOUTH IMPUIYIIEHHS, 10 30UIbIIEHHS 4acy Ha CIPUSHHS
YAOCKOHAJIGHHS  CIemiadbHOi  BUTpHBajocTi (pexxum ©Oiry R — 30Ha  3MimaHoro
eHepro3ade3neyeHHs) y TpeHYBaIbHOMY MPOIIEC — MOKE CYTTEBO BIUIMBATH Ha pe3yabTaT KOMaHIU
y 3MaraHHsXx.

B xoni ekciepuMeHTy BU3HAYMIIM MaKCUMAaJIbHY IIBUIKICTh Oiry. Pe3ynbTaTu mpeacraBieHi
Ha PUCYHKY 2.
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Puc. 2. Pe3ynpTat MakCUMalibHY IIBHJIKICTh OITY Y pi3HUX TaiimMax

Sk OaumMo 3 niarpaMmu, IO IHAMBiAyaJbHY MaKCHUMalbHY IIBHJIKICTh TI'paBILi 3a3BHYaii
BUSBIISIOTh Yy MepimioMmy TaiMi rpu. lle mporHo3oBaHO, Xoua TpeTHHA TpaBIliB CIIPOMOTIAcs
MPOSIBUTH CBOIO IHAMBiTyalbHY MaKCHMAalbHY HIBHJAKICTH Yy Jpyromy TaiiMi. Ha micme Ta uac

96



Cepis «bionoriuni Haykny, 2026

MPOSIBYy MaKCHUMaJbHOI IIBHJKOCTI BIUIMBAIOTH TaKi (DaKTOPH, SK TAKTHKA T'PU, CIOKET PO3BUTKY
I'pH, TAKTHKA TPU KOMaHM CYIPOTHUBHHKA, 1HAWBINyaTbHUA ONOHEHT 1 T. 1. Tak camo, B OUTBIIOCTI
BHITAJIKIB MAaKCHUMaJIbHA 1HIUBITyallbHA MIBUKICTD MPOSIBISETHCS TPABISIME B IPOIIECI TPEHYBAHHSI,
a He B o¢iumifiHux irpax. Y TpeHyBaJbHOMY IMpOIECi 3a3BHYail MOJICTIOITHCS CKIAIHINI Y
¢i3UYHOMY IIJTaHI IrpoOBi emi30u, HK BOHU MOXYTh OyTH HacmpaBii B irpax. Tum camMum BOHH
MOTHBYIOTb I'PaBLiB BUSBIISITH MAaKCUMAJIbHY IHIUBIAYaJIbHY HIBHIKICTb.

IBunkicHa BUTPUBAIICTh HaWpeTeNbHINIe BHBYEHA (i3MUHA BIACTHUBICTH y (yTOOITI.
Xoya 3pocTa€ BH3HAHHS TOro, MO0 HE Jumie (pi3UYHI SKOCTI, BIUIMBAIOTH HAa IMO3UTHBHHIM
pesyaprar y ¢yrbéoni [12]. HIBuAKICTh TepeMillleHb Yy Ipi HE € YHIKaJIbHOK sKicTI0. Ha
NepeiHiid MiIaH BUXOJWUTH TaKi MOHATTA SK IIBHIKICTh T'PH, MBHUAKICTH IrPOBUX €Mi30IiB Ta
HIBUJIKICTh IPUMHSATTS PIIIEHb.

VYV nocnimkennsx [14], Oynu cucteMatn3oBaHI JaHi PI3HUX aBTOPIB IMOJIO TOJOJAHHS
muctaHii 'y BucokomBuakicHux pexkumax HSR, SD, VHIR (HSR+ SD). Mu posumupunu 1o
CUCTEMaTH3aIlito, J0OABUBIIH JIaH1 OCTAHHIX JTOCTIKEHb (Ta0IHIs S).

BusBunu, mo rTpaBii uemmioHaTy Y30€KHMCTaHy TOCTYyHalThes Jmiie (yTdosictaMm
aHrmiiicekoi [Ipem'ep-iru Ta CyTTeBO BUIEPEIKAIOTH HIII JITH.

Tadoauus 5
Bumoru no 6iry Ha Bucokiit mBuakocti (HSR, SD, VHIR, m)
y MaT4ax JJis elTHUX (yTO0JIICTIB
JlocmimKkeHHs TecroBani Jrira HSR SD VHIR (HSR+ SD)
Dalen et al. 2019 Enitanii HopBespkwii 153 747
Stevens et al, 2017 Epepuzisi 738
Hinepnanau
Baptista et al. 2018 Enitanit HopBesbkuii 744
Kelly et al. 2020 ITpem'ep-nira 620
Carling et al. 2016 Jira 1 587 | 184 771
DpaH1is
EnitHuit
Modric et al. 2019 XOPBAaTChKHI 462 156 618
YeMIIOHAT
Anderson et al. 2016 ITpem'ep-nira 706 295 1001
Lyzohub V., et al. 2021 Hpeep-sira 551,3 | 1556 706,9
Ykpainu
[lomicsyHuMiA 3BIT
N ° 68 dpyrdonbHOi 06cepBaTopii CIES — 734,0
»)koBTeHb 2021 p.
2024 pik ( @%ihﬂ?;ﬁsp) 765,27 | 172,98 938,25

3 HaBeJEGHUX pe3yJabTaTiB BUAHO, IO OJHUM 3 (AKTOpiB, SKUH MOXKe BIUIMHYTH Ha
MOKpAIIEHHsI Pe3yJbTaTiB IrPOBOi MISIIBHOCTI MOXKe OyTH KOpEKLis TPEHYBAJIBHOTO IpPOLECY Y
HampsIMKy PO3BUTKY IIBHJAKICHOTO Oiry (3MillaHa 30Ha €HEpro3ade3nedyeHHs) 3 MOJabIIUM
MO/ITIOBAaHHAM IFPOBUX CUTYaIlil IbOrO KOMIIOHEHTY.

BucHoBku
1. BwuzHauunu Qi3UUHY aKTHBHICT €TITHUX (YTOOMICTIB y PI3HUX IIBUIKICHUX pPEeKUMaX.
PesynpTaTi HagaroThb MOXJIMBICTH BUKOPUCTOBYBATHUCH Y SIKOCTI MapKepiB JJIsi TPEHYBaJIbHUX
Iporpam Ta aHaiizy irpoBoi akTUBHOCTI ¢yTOomicTiB. IlinTBep/yKeH1 BUCOKI BUMOTH JI0 TPaBIB Y
PI3HUX IBHUIKICHUX peXHUMax Oiry mij yac opimiitHux irop.
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2. JloBeJeHO BUCOKUHN PiBEHBb MIATOTOBKU TPABIB y MIBUAKICHUX Ta BUCOKOMIBHIKICHHX
pexxumax. TpeHepchKki KOJEKTHBH MOBHMHHI 3a0e3redyBaTd a/leKBaTHY (I3UYHY CTUMYJISIIIO
MIBUKICHUX PEKUMIB ITiJ] 4aC TPEHYBAIILHOTO TIPOIIECY.

3. Ortpumani pe3yinbTaTH BKa3ylOThb Ha Te€, M0 BHIII TOKAa3HUKH IHIUBITyaTbHOT
MaKCHMAaJIbHOI IIBU/IKICTh TPaBIli 3a3BUYall BUSBISAIOTH Y MepioMy Taimi rpu (67%), i mume 33%
IpaBIiB CIIPOMOTJIAcS MPOSBUTH CBOIO IHAMBINyalbHY MAaKCUMAJIbHY MIBUIKICTD Y IPYTOMY TaiMi.

4. Pe3symbraTH CHOPHUSIOTH OUThII TIMOOKOMY pO3YMIHHIO 0COOMMBOCTEH (pi3UUHOT
aKTHUBHOCTI ()yTOOJICTIB I Yyac MaT4iB Ta MPOMOHYIOTh MPAKTUYHI pEKOMEHMAIIl 3 YIpPaBIiHHS
TPEHYBAJILHUM Ta 3MarajbHAM MIPOIIECOM.

Hopsika. J[sxyemo BciM cniBpoOiTHuKaM Ta rpaBisiMm DK «Ilaxrakop» M. TamkeHT 3a
KOHCYJIbTAIlll Ta JOTIOMOTY NPU BUKOHAHH1 €KCIIEPUMEHTAIbHOT pOOOTH.
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Shpaniuk V. V., Siyanov U. V., Pustovalov V. O.

FEATURES OF FOOTBALL PLAYERS’ PHYSICAL ACTIVITY IN DIFFERENT
RUNNING SPEED ZONES

Abstract. The characteristics of physical activity in different speed zones were studied in football
players during official matches and within the training process. Materials and Methods. The study involved
36 football players (age: 24,7+0,82 years; height: 181,1+0,01 cm; body mass: 73,9+1,1 kg; training
experience: 17,5+0,8 years) who played for the same team. Their locomotor activity was analyzed across 46
matches of the Uzbekistan Championship (Premier League), the Uzbekistan Cup, and the AFC Champions
League. The total number of observations was n = 317. Participation in national teams was also analyzed
(30 players — 83,3%) and senior national teams (17 players — 47,2%). Results were obtained only for
outfield players. All players were required to be in the starting lineup and complete the full match without
substitution. The Catapult Vector X7 and S7 tracking systems were used to measure the distance (S, m)
covered by players in different speed zones. Results. The average total distance covered per match (S) was
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10301,5+ 120,6 m. The distance covered in the first half was nearly identical to that in the second half:
5164,5+66,82 m and 5136,9+60,5 m, respectively (p = 0,509). In the low-intensity running zone (LIR1), the
distance was 3533,8+139,4 m. Physical activity in LIR1 during the first half (1731,6 +£70,6 m) was
statistically significantly lower than in the second half (1802,1x 69,1m; p<0,001). In the low-intensity zone
(LIR2), players covered 3722,60 +£72.51 m per match. A statistically significantly greater distance was
covered in the first half (1885,90+38,9 m) compared to the second half (1836,7+ 37,09 m; p = 0,040).
Analysis of the distance covered in the aerobic running zone (R) showed a value of 2031,07£111,2 m.
Comparison between halves revealed a statistically significantly greater distance in the first half (1038,7+
62,02 m) than in the second half (992,3+£50,9 m; p = 0,047). Analysis of players’ locomotor activity in the
high-speed running (HSR) and sprint distance (SD) zones revealed statistically significant differences
between halves (p<0,05). The total distance covered per match in the HSR zone was 765,2+ 42,7 m, and in
the SD zone 172,98+ 11,5 m.

Comparison of maximum individual running speed showed that for the majority of players (64%), it
was higher during training. Players who reached their maximum running speed in matches typically did so
in the first half (67%).

Conclusions. The presented results and the technology for monitoring football players’ physical
activity across different running speed zones enable the planning of training and competitive activities with
consideration of individual levels of players’ locomotor activity.

Keywords: physical activity, movement speed, tracking system, GPS, maximum speed.
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xomn tomepnoi cucmemu |, [iaenocm-1"". Pesynomamu. Ha emani nonepeonvoi 6a3060i nioecomoeku cmau
BecemamueHoOi  pe2ynayii  y  IOHUX —aKpoOamis  XapakmepuzyemvCsa NEPeBadCaHHsM  NApACUMNAMUYHOL
AKmMuHOCHI, Wo C8I0UUMb NPO OOCMAMHIO A0AnmMayito 00 MPeHyBaAIbHUX HABAHMANCEHb HA emani nonepeonbol
nideomosxu. B motl dice yac y HuX GiOMINAEMbC CMAH NOMIPHOL HANpY2u peynamopHux CUCmeM, Koau O
adanmayii 00 I3UYHUX HEAHMAICEHb OP2AHI3MYy ROMPIOHI 000AMKO8I (DYHKYIOHAIbHI pe3epeu. 3HauenHs
JAMEHMHUX Nepiodis NPocmoi i CKIAOHOI 30P0BO-MOMOPHUX PeaKyill Yac MOMOpHOL peaxyii i yenmpaibHoi
00pobKU iH(hOpMaYii' y IOHUX CNOpPMCMEHI8 8i0n08ioaroms 8ikosiu Hopmi. B moii sce uac cepedni pieni @PHII i
CHII 3naxooambcs 6 0ianazoni HU3bKUX 3HAYEHb | OOPIBHI0IMb 8I0N06iOH0 57 cueH./xs. i 47 %. Buseneni 32
cepednix i 11 cunbHUx KOpenayiHux 36 A3Ki8 MIdHC NOKA3HUKAMU B8e2emamueH020 3a0e3nedeHHs. Cepyesozo
pummy ma ncuxogizionoeiunumu peaxyismu. Haasnicme cepeoHix i cunbHux 36'a3Kie misw ncuxogizionociunumu
ma pummoxapoiozpagiuHuMy NOKA3HUKAMU CEIOYUMb NPO (OPMYBAHHA Y IOHUX CHOPMICMEHIE 8)ce HA emani
nonepeoHvoi 6a3080i Ni020MosKU cheyuiyHoi BYHKYIOHATBHOT cucmemu, 8iON0GIOAIbHUX 3a adanmayito 00
HanpysceHoi M’s13080i disnvHocmi 6 akpobamuyi. BucHoeku. Y 1onux cnopmcemeHis exce na emani nonepeoHboi
0azo060i niocomosku 6i0Oysacmvcs Qopmysanus cheyudiunoi QyHKYIOHATbHOI cucmemu, 6iOnogioanbHoi 3a
adanmayito 00 Hanpyx#ceHoi M’513060i OisitbHocmi 6 akpobamuyi. Komniexcha oyinka HeupoOUHAMIYHUX i
BE2eMAMUBHUX NOKAZHUKIE MOXCe OYMU BUKOPUCIAHA OISl IHOUBIOYAIbHO20 MOHIMOPUHZY CIMAHY CNOPIMCMEHIS |
KOpeKYii mpeHy8anbHo20 npoyecy 3 Memoio onmumizayii adanmayii 0o QizuyHux HABAHMAICEHD.

Knrouosi cnoea: axpobamu, adanmayis, cucmema (DYHKYIOHANbHA, GecemamusHe 3aOe3neyeHHs
cepyego2o pummy, yHKYii ncuxoqiziono2iuHi.

Beryn. Ilpouec apamramii A0 HampyKeHOI M’A30BOi  AISUIBHOCTI  XapaKTepU3YEThCS
HasBHICTIO MeBHUX eTamiB [5]. Ha 1ux etanax BUHUKAIOTh MepexinHi pyHKIIOHATbHI CTaHU, B SIKUX
(bopMyeTbcs B3a€EMO3B 130K BIAMIOBIAHUX CUCTEM OpraHi3my, 110 3a0e3neuyloTh pyXxoBi QyHKIII, K
pe3yabTaT JisIbHOCTI B JaHOMy Buii cropty [1]. dyHKIiOHaJIBHUN CTaH JIOAMHU B yMOBax
HanpyKeHoi M’s30BOi CKJIAJA€ThCs 3 PI3HUX CKIAJOBUX 1 XapaKTEpPU3YeThCS B yMOBaX BHMCOKOL
IHTEHCUBHOCTI (PI3MYHMX HABAHTA)XEHb MIIBUIIEHUMH BUMOTAaMH JI0 BET€TaTMBHOTO 3a0e3MeueHHs
HelipoanHaMiYHUX Ta ncuxodizionoriyHux ¢yHkuid [9]. AHamiz cyyacHHX JTOCTIIKEHb B Taiy3i
¢i3ioy0Tii CHOPTY Ta CIOPTUBHOI MEIMIMHU CBITUUTh, IO OUIBIIICTH POOIT, MPHUCBIUEHUX
CIOPTHUBHIN TeMaTHIIi, CTOCYIOTHCSI OKPEMHX XapaKTePUCTUK (DYHKIIOHATILHOTO CTaHy CIIOPTCMEHIB
B Pi3HUX YMOBaX TPEHYBaJIbHOI Ta 3MaraibHOi TisutbHOCTI [12].
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Opnnak, B 0araThbOX IOCHDKEHHSX BIJCYTHI IHTErpaibHi KpUTepii (yHKIIOHAJIBHOTO, I,
30KpeMa, TICX0(i3i0JIOTYHOTO CTaHy CHOPTCMEHIB 33 pe3ylibTaTaMU KOMIUJICKCHOI OIiHKU. Tomy
CTae  OYEBHUJHMM  HEOOXIJHICTh  KOMIUIEKCHOTO  JOCIDKEHHS  HEeWpodi3ionorivyHux,
HEHpOJAMHAMIYHUX Ta y4acTi MEXaHI3MIB aBTOHOMHOI HEpBOBOI CUCTEMH 1 iX B3a€MOJIi 32 YMOBH
nepepoOku iHdopMarlii pi3HOT MOIATHHOCTI Ta CKIJIAHOCTI.

Mera. [IpoBecTr KOMITJIEKCHY OLIHKY HEHpPOJWHAMIYHHMX 1 BET€TATUBHUX TOKA3HUKIB JUIS
BUsABY Tmcuxo(izionoriunux i HelpodizionoriyHux ocoOnmMBOCTEH IOHMX akpoOaTiB Ha erami
norepenHpoi 6a30BOT MiArOTOBKH.

Metoau gociimkenns. O0cTexxeHo 8 IOHUX CIOPTCMEHIB BikoM Bin 7 1o 13 pokiB (7 miByar i
1 xyomenip), AKi cHeniami3yroTbes B akpoOaruili. Bei ciopTrcMenn nepeOyBaroTh Ha eTarli MoNepeJHbOT
0a30B0i1 MAroTOBKU. J[OCTKEHHS IPOBOAMIIOCH Ha 06a31 CIOPTUBHOTO KITy0y «AcroStudioy.

Kapaiopurmorpaduuni gociaikeHHs] TPOBOAWINCH 32 JONOMOIOI0 MPOTrPaMHO-arapaTHOTo
komiuiekcy  «[apmonis/Opakym» (AC  Ne95334  Big 14.01.2020 p., AC Ne47857 Bin
18.02.2013 p.) [10]. Peectpamis  kapmioputmorpamu (KPI'). mnpoBommiacs y MOJOXKEHHI
00CTEeXYBAaHOTO JIeXKaul Ha CIIMHI IIPU CIOKIHHOMY JUXaHH1 Ticis 5-10 XBUINH BIANOYHHKY.

BumiproBaHHs cTaHy CHCTEMH BETe€TaTUBHOI PETYISINli cepisl BiIOyBaJoCS B JIEKAUOMY
MIOJIOXKEH], IPOTATOM IT’SITH XBWJIMH. [loka3aHHS 3HIMAIHCh 32 JOMTOMOTOI0 YOTHPHOX EJIEKTPOIIB,
SKI KPUNWINCh Ha JIiBE Ta TMpaBe 3aIl’sCTs, Ta JIBY Ta TMpaBy TroMulKy. Po3paxoByBammcs
CTaTUCTUYHI XapaKTEPUCTUKH JUHAMIYHOTO Psy KapAiOiHTEpBalliB: MaTeMaTH4HE OYIKyBaHHS
muHamiyHoro psiny (RRNN); crammapTHe BiaXuieHHs HOpMalbHUX BenuuuH R-R iHTepBaniB
(SDNN); xoedimient Bapiarii (CV); gyacTka nmocninoBHux R-R iHTEpBaiiB, BIIMIHHICTh MK SIKUMH
nepesuirye 50 mc (pNNS50, %).

[Ipu cnexTpasibHOMY aHaii31 BU3HAYAJIUCSA MOTYXXHOCTI CIEKTpa y HACTYITHUX Jlana3oHax:
HagnoButbHUK  mianma3od  (VLF); nmiamazon HusbkowactrotHux xBwiby (LF); miamazon
BucokouactoTHUX XBWIb (HF). Takox po3paxoByBamucs: 3araiibHa MOTYXHICTH crektpa (TP),
BIIHOCHE 3HAYCHHS MOTY)KHOCTI XBWJIb y mianma3oHi Hu3bkux (Lfnu), Bucokmx wuactor (Hfnu),
BUPKECHUX B HOpMaJTi30BaHUX OAWHUILX; criBBinHOmeHHs LF/HF [6].

Jlnst BuBYeHHS iH(OpMaIiiHOT opranizaiii pyHKI[IOHAIFHOT CHCTEMH, SKa BIAMOBIAAIbHA 32
aJanTariio 10 HalpyXeHOi M’ 30BO1 AISUTBHOCTI, OyJI0 BU3HAUYEHO PIBEHb CKJIAIHOCTI CHCTEMH 32
3HAQYCHHSM il MAaKCUMAaJIbHOT EHTPOTTII.

[HAMBIAYaTEHO-TUIIOJIOTIUHI XapaKTEPUCTUKU BUIIOT HEPBOBOT MISTILHOCTI Ta CEHCOMOTOPHI
peakiii  (HeHpOAWHAMIYHI  BJIACTUBOCTI) CIIOPTCMEHIB  JOCTIKYBAJIMCh 3a  JOIMIOMOTOIO
KOMIT FOTEpHOI cUCcTeMHU ,,JliarHocT-1". Bu3Hauanu MBHAKOCTI MPOCTHUX CEHCOMOTOPHUX PEaKIIii
(IT3MP) Ha 30pOBi MOJApPa3HHUKH, IMIBUIKOCTI CKIATHUX CEHCOMTOPHHUX PEAKIl 32 MOKa3HHUKAMHU
JaTEHTHUX TEPioiB peakilii Bubopy oauoro i3 Tppox (PB 1-3) i aBox i3 Tppox curnaiis (PB 2-3)
cUrHaiuiB. B pexxumi 3BOpOTHROTO 3B 513Ky BU3Hauana piBeHb PyHKIioHANBHOT pyxinuBocTi (OPHIT)
1 cunmy HepBoBux nporecis (CHII), B pexxumi HaB’43aHOTO PUTMY — YpPIBHOBA)KEHICTh HEPBOBHUX
nporueciB (PPO) Ta kinpKkicTh yAapiB B TENIHT-TECTI.

Cratuctuny oOpoOKy pe3ynbTaTiB 3A1MCHIOBANM 3a JOMOMOIOI MakeTy mporpamu |IBM
SPSS Statistics [11]. Ockinbku OTpHMaHi MOKa3HWKIB Mald HEHOPMAIbHHH PO3IMOJIiI, TO BOHH
OIUCYBAIUCh ME/IaHOI0 Ta IHTEPKBAPTHIBLHUM po3MaxoM (25-i i 75-# npouentuii) [12].

PesyabTaTn fgociaimkenb, Ta ix oOroBopeHHs. B Tabmuui 1 HaBeneHi pe3ynpTaTd
BapiallifHOrO0 Ta CHEKTPaJbHOTO aHajli3y BapiabeIbHOCTI CepLEBOr0 PUTMY, L0 BiIOOpaXkaroTh
CTaH aBTOHOMHOI peryysuii CepLeBO-CYANHHOI CHUCTEMU Yy IOHMX CIIOPTCMEHIB Ha eTarli
nornepeHboi 6a30BOT MiArOTOBKH.

VY IOHHMX CIIOPTCMEHIB Ha €eTarli HomnepeaHboi 0a30BOi MIATOTOBKU CIIOCTEPIraeThCs CepeiHi
3HaUeHHS HJEKCY cTpecy (iHaekcy HampyxkeHHs) Ha piBHI 112 (36,5; 198), mo BinmoBigae BepxHiit
Mmesxi Hopmu (80-150 o). Y Bkymi 31 3HMkeHHMHU 3HaUYeHHIME SDNN — 73.6 mc (47,2; 101,0) 1 pNNS50
— 21,5 % (7,00; 52,75) (mopmu Biamosigao 100-160 mc u 25-50 %) 11e MOXKe CBITYUTH PO MOKIIMBY
HasBHICTh Y LUX CIOPTCMEHIB MCHXOEMOILIHHOTO CTpeCy, MO’ s3aHOT0, HANpPUKIAM, 3 XBUIIOBAHHIM
niepe;; 00CTEKEHHIM, a00 BTOMH MICTsl TPEHYBaHb 3 IHTEeHCUBHUMHM (DI3UYHUMU HaBAaHTaKEHHSIMHU.
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Taoauusa 1.

[Toxa3HuKM BapialiifiHOTO Ta CIEKTPAIILHOTO aHalli3y BapiabelbHOCTI CEpIIEBOTO PUTMY

y IOHHMX aKpoOaTiB Ha eTaIli nonepeaHpoi 6a3oBoi niaroropku (N = 8

[Tokazuux Meniana Minimym Maxkcumym
(1-, 3 xBapTHITi)
Yactora cepueBux ckopoueHb (HCC), 84 74 97
YII./XB (76,2; 91)
Cepenne xkBagpatnyHe BiaxuwieHHS RR- 69.5 47 109
inrepBaiiB (SDNN), mc (47,2; 101,0)
Innexc nanpyxenns (IH), ym. ox. 112 25 262
(36,5; 198)
3aranbHuil piBeHb OioeHepretuku (TP), 2627 594 4992
Mc/T'1 (712,2; 4112,4)
Jlyxe Hu3bkouactoTHH ciektp (VLF), mc? 381 116 1550
(189,3; 706,2)
Hussko wactotauii cnextp (LF), mc?/T'1 451 104 1799
(221,9; 1305,8)
Bucoxowactotauii crextp (HF), mc?/T'y 1008 254 3305
(292,4; 2230,5)
BigHocHe 3HaYeHHS TOTYXHOCTI XBUJIb 42 8 64
Hu3bpKoi yacrotu (LFNU), ym. ox. (23,5; 51,3)
BinmHocHe 3HA4YEeHHS OTY>KHOCTI XBHJTb 58 36 92
Bucokoi yactotu (HFNU), ym. ox. (48,7; 76,5)
BincoTok cycigHix Kap1ioiHTEpBaIiB, 110 21,50 4,00 59,00
BIJIPI3HSAIOTHCS OJIUH BiJl OJJHOTO OLTBII HiXK (7,00; 52,75)
Ha 50 mc (PNN50), %
Bereratusnuii 6anancl (LF/HF) 0,74 0,09 1,75
(0,32; 1,08)
Bererarunuii 6ananc2 (IBP) 151 43 329
(54,2; 298,0)
dyHKIIOHATBHUHN cTaH 32 baeBchkum 35 2,0 7,0
(ITAPC) (2,25; 6,00)
Enrpormis (Hm) 0,74 0,59 0,84
(0,64; 0,82)

Le minrBepmkye 3nauenns [IAPC — 3.5 oxa. (2,25; 6,00), sike BKa3ye Ha CTaH MOMIPHOT HANIPYTH
PETYISTOPHUX CHCTEM, KOJIM JUIsl afanTarii 10 (i3MYHIX HABAHTAXKEHb OpPraHizMy MoTpiOH1 J0AATKOB1
¢byHKIIOHATBH] pe3epBU. Taki cTaHM BUHUKAIOThH Y TPOIIEC] aanTallii 40 CHOPTUBHOIL JisITBHOCTI, IPU
eMOILIIHHOMY CTpeci ab0 MpH BIUTUBAX IHTEHCHUBHUX (DI3MYHUX HABaHTaXKeHb [8].

VY Toii jxe yac MOKa3HUKH CIIEKTPAIbHOTO aHali3y BapiabenbHOCTI ceprieBoro purmy (TP, LF,
LFn, HF, HFn, LF/HF) i 3Hauenns inaekcy BereratuBHoi piBHoBark (IBP) y roHuHX akpoOatiB Ha
eTari MmomnepeHbo1 MIATOTOBKH CBIMYAaTh MPO 30aTaHCOBAHICTh MEXaHI3MIB BaryCHO-CHUMIIATHYHOTO
TOHYCY B YMOBax ajanTallii 7o HampyxeHoi M’s30Boi AisnmpHOCTL. [Ipu 1mpoMmy, crmocrepiraerbes
OJIHOYACHE YIMOBUIBHEHHS aKTUBAIlil CUMIIATUYHOTO Ta MapacUMIATHYHOTO BIIAUTIB BEreTaTUBHOL
HEPBOBO1 CHCTEMH 3 ACSKHM MepeBaKaHHIM aKTHMBHOCTI BaryCHUX BILIABIB, 110 BimoOpaikae A00py
a/IaTiTaIliio 10 Hampy>KeHOi M’ s130BO1 AiSUTBHOCTI [6].

3HaveHHss MakcuManbHOi eHTpomii (Hm) cuctemu mnepepoOku iH(opMarii Ta cucremMu
BEreTAaTUBHOTO 3a0€3MeUeHHs] PUTMY Ceplll Yy FOHUX aKpoOaTiB Ha eTami MOMepeIHbOI MiATOTOBKH
BKa3zye Ha cepeiHi piBeHb oOpraHi3aiii sK cucreMH mepepoOku iHdopmarii, Tak 1 cuUCTeMHU
BEreTaTUBHOI PEryislii pUTMy cepls, SKa 3 TJBUIIEHHSM aJaNTOBAHOCTI CIIOPTCMEHIB Oyne
3poctaru (Tabmn. 1) [5].
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JIOCSTHEHHSI BHUCOKHMX pe3yJAbTaTiB y CHOPTI 3a0e3nedyeTrbcss HE TUIBKA (Pi3SHUHUM
PO3BHUTKOM, (i3HUHOIO MIATOTOBJICHICTIO CIIOPTCMEHIB, IX MOTHBAIII€I0, ajle 3aJeKUTh 1 Bil CTaHy
IHIMBIyalbHAX XapaKTEPUCTHK MCUX0(Di310JI0TIYHUX (PYHKLIH, (i310JOTIYHOI0 OCHOBOIO SKHX €
TEHETHYHO JICTEPMIHOBaHI1 0COOJIMBOCTI BUIIIOi HEPBOBOT AisUIBHOCTI [ 7].

B Tabmuii 2 npencraBieHo 3HaUYCHHS MOKA3HHUKIB MCHXO0(]i310JI0TTYHIX MMOKA3HUKIB Y FOHUX
aKpoOaTiB Ha eTari morepexHbOi MArOTOBKU. AHAJI3 pe3ylbTaTiB CBIIYUTH MPO TE, IO 3HAUYCHHSA
JATEHTHHX TEPIoJIiB MPOCTOT 1 CKIaJHOT 30pOBO-MOTOPHUX peakiliif, yac MOTOpHOI peakii (MMP) i
IEHTpaTbHOI 00poOKH iHPOopMarltii (MI1ou) y IOHUX CIIOPTCMEHIB HA €Talli MOEePEAHbOI MIATOTOBKU
BIJINIOBIIAfOTH BIKOBIH HOPMI.

Tabanus 2.
HeiipoauannamiuHi MoKa3HUKH
y IOHHMX aKpoOaTiB Ha eTaIli nmornepeaHpo1 6a30801 miaroroku (N = 8)

[Toka3Huk Meniana Minimym | Makcumym
(1-, 3 xBapTHII)

JlaTenTHUHN TEpio] MPOCTOI 30POBO-MOTOPHOI peaKIlii, 318 232 427
Mmc, (M_TI3MP (257; 360)
Yac MOTOpHOI peakiiii, MC 159 118 210
(MMP_II3MP) (126; 195)
JlaTenTHUH TIEpiO] CKIAAHOT 30pOBO-MOTOPHOT peaKIlii 415 324 484
BHOOPY 0JI0TO i3 TPHOX MOpa3HuKiB, Mc (M_PB1) (367; 479)
Yac MoTopHOI peaxirii, MC 170 107 209
(MMP_PB1) % (118; 178)
Yac mueHtpanmpHOi  00poOkm  iHpopmariil, Mc 115 65,05 169,84
(Mmou_PBI1) (94; 137)
JlaTenTHUH TIepio CKIAAHOT 30pOBO-MOTOPHOT peaKIlii 525 438 585
BHOOPY JBOX 13 TPbOX NoJipa3HuKiB, Mc (M_PB2) (462; 567)
Yac MoTopHOI peakirii, MC 174 126 267
(MMP_PB2) % (141; 206)
Yac mueHtpanmpHOi  00poOkm  iHbopMmalii2, Mc 184 90 352
(Mmou_PB2) (153; 251)
OyHKIIOHATPHA PYXJIUBICTH HEPBOBHX  IPOILIECIB, 57 31 78
curt./xs (M_®PHIT) (46,0; 71,2)
Cuiia HepBOBHX IIPOIIECIB, 47 46 48
KUIbK.TIOM., % (M_CHIT) (45,5; 47,8)
BpiBHOBaxeHICTh Touni, % (T) 10 0 30
HEPBOBHX IIPOIIECiB, %o (2,5; 17,5)

Bunepemnx., % (B) 50 30 90

(42,5; 70)
3ani3HoB., % (3) 30 0 60
(22,5; 47,5)
Cp_BinxijgeHb_peakilis Ha 00’€ekT, 1m0 pyxaetbes (PPO) 34,6 22,5 110,7
(27; 66)

KinbkicTb_ynapiB_Tem 126 113 149
TECT (119; 139)

B Toii xe yac cepenni piBHi ®PHII i CHII 3HaxonsaTecs B Aiama3oHi HU3bKUX 3HAYEHB 1
JOPIBHIOIOTH BIAMOBIAHO 57 curH./xB 147 %.
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@®PHII posrisimaeTbesi K MIBUIKICTh MOIIMPEHHS HEPBOBHX IPOIECIB, iX ippaniaimii Ta
koHnentpanii. ®PHII Bu3Hawae mBuaKicTs mepepoOku iH(poOpMaIii Ta MIBUAKICTh NPUHHATTS
pimenns. ko OPHIT auxue 50 curs./xB., To piBens ®PHII BBaxaeTbcst HU3bKHM [5].

CHII BusnHawanu 3a cymor moMwiok (y %), siki Oynu JOMyIIeHi Mmix 4ac BHKOHAHHS
MOCTYIIOBO HAPOCTAIOUOTO HABAHTAKCHHS. BBaka€Tbes, IO YMM MEHIIE MMOMIJIOK, TUM BHUIIHUN
piseas CHIIL. 47 % Binnosinae Hu3koMy piBHIO (> 34%).

MOKIHBO TOSICHEHHSAM IUX pPE3ylbTaTiB € BUCOKAa HANPYXEHICTh IMCUX0(i3i0I0TIIHOT
perymsiii y FOHUX CIIOPTCMEHIB, SIKE MPOSIBISIETHCS B HASBHOCTI 30y/KEHHSI HEPBOBHUX IMTPOIIECIB.

[TinTBEepIKEHHAM LIOTO MOXXYTh OyTH JaHi, SIKi OTpUMaHi NMpH MpoBeneHi TecTy «Peakis
Ha 00'ekT, MmO pyxaerbcs» (Tabn. 2). Y IOHUX CHOPTCMEHIB MPOIEHTHE CHIBBiTHOIICHHS
BUIEPE/KAIOUMX PEaKIii MepeBUIILYBAIO TaKOB1 JUIsl TOYHHUX 1 3ai3HIOBAJILHUX PEaKIIii, 1110 MOXe
CBITYUTH MPO 30YyHKEHICTh HEPBOBUX IMPOIECIB, TMOB'I3aHUX 31 CHPOOOI0 JOCITTH BHCOKHX
pe3yJIbTaTiB y TOYHOCTI Ta CTaOUIBHOCTI peakilii Ha pyxomHuii 00'exT [5].

Jlnst  BuUsIBIEHHS  OCOOJHMBOCTEH  B3a€EMHOTO  BIUIMBY  (DYHKI[IOHQJIBHOTO  Ta
NcuX0(1310JI0TTYHOTO CTaHy CIIOPTCMEHIB OYyJlO BUKOPHCTAHO KOPENALINHUN aHali3 3B'A3KIB MDK
MOKa3HUKaMHM TCUXO(i3i0oJoriyHuX (yHKIIA 1 BapiallifHOrO Ta CIEKTPaJIbHOTO aHali3y
BapiabeIbHOCTI cepIieBOro putMmy (Tad. 3).

Tabmauus 3.
3HaueHHs KoediieHTiB Kopemsii CrnipMeHa MK MOKa3HUKaMH MCUX0]i310J0TTHHUX
(GyHKIIIH 1 BapiallifHOTO Ta CIIEKTPAIIbHOTO aHalli3y BapiaOelbHOCTI CEpLEBOIO PUTMY

y IOHUX akpoOariB Ha eTari nonepeHboi 6a30Boi miarotoBku (N = 8)

IToka3nuku YCC. |SDNN| IH [PNN50|LF/HF| IBP | Hm |VLF |VLF| HF |[TIAPC
M_II3MP ,595 | -,563 |,381| -,619 | ,143 | ,214 |-,707|-,333|-,333|-,381| ,036
rs ,120 | ,146 |,352| ,102 | ,736 | ,610 |,050 |,420 |,420|,352 | ,932
MMPc ,286 | -,347 | ,214 | -,429 | 0,000 | ,071 |-,635|-,190(-,190(-,262| ,206
rs 493 | ,399 |,610| ,289 | 1,000,867 |,091|,651|,651|,531| ,624

M _PBI1 -,262 | ,168 |-429| ,167 | ,119 |-452|,072|-,119|,262|,095| ,400
rs 531 | ,691 |,289| ,693 | ,779 | ,260 |,866 |,779|,531|,823 | ,326
MMP_ms PBI1 ,548 | -, 731 | 595| -,786 | ,167 | ,500 |-,563|-,714|-,595|-,595| -,327
rs ,160 | ,040 |,120| ,021 | ,693 | ,207 |,146|,047|,120|,120| ,429
Mruon_PBI -,643 | /563 |-,762| ,595 | ,286 |-,738|,599 |,190,619|,238 | ,424
rs ,086 | ,146 |,028| ,120 | ,493 |,037 |,117|,651|,102|,570| ,295

M PB2 -,238 | -,132 | ,357| -,238 | -,143 | ,452 | ,347 |-,667|-,571|-,238]| -,533
rs ,570 | ,756 |,385| ,570 | ,736 | ,260 |,399|,071|,139|,570| ,173
MMP_PB2 452 | -,683 | 524 | - 714 | ,238 | ,429 |-,419|-,738|-,571|-,619] -,291
rs ,260 | ,062 |,183| ,047 | ,570 |,289 |,301|,037|,139|,102 | ,484
Muou_ PB2 -595| ,323 |-,167| ,310 | ,024 (0,000|,778 |-,214|,024 | ,048 | -,352
rs ,120 | ,435 |,693| ,456 | ,955 |1,000(,023|,610|,955|,911| ,393
M_CHII ,071 | -,431 | 548 | -,476 | -,190 | ,619 |-,311|-,476|-,476|-,405| -,485
rs ,867 | ,286 |,160| ,233 | ,651 | ,102 |,453|,233|,233|,320| ,223
M_®PHII -,310 | ,455 |-,095| ,286 | -,500 (0,000,252 |,238|,024 |,524| -,073
rs 456 | ,257 |,823| ,493 | ,207 |1,000|,548|,570|,955|,183 | ,864
PPO -429 | 132 |-,238| ,119 | -,119 |-,167|,275 |-,429|-,071|,071| ,145

rs ,289 | ,756 |,570| ,779 | ,779 |,693 |,509 |,289 |,867|,867 | ,731

T ,358 | -,328 | ,370 | -,294 | -,332 | ,281 |-,540|-,013|-,409|-,077| ,215

rs ,385 | ,428 |,366| ,480 | ,422 | ,500 |,168|,976 |,315|,857 | ,610

B -,614 | ,093 |,049| ,086 | -233 |,196 |,587 |-,602|-,405|-,098| -,225

rs ,106 | ,827 |,908 | ,840 | ,578 | ,641|,126|,115|,319|,817 | ,592
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IIponoB:keHHs Tadaui 3.

ITokaznuku YCC .|SDNN| IH |PNN50O|LF/HF| IBP | Hm |VLF|VLF| HF |TIAPC
3 ,293 | ,245 |-,439| ,268 | ,439 |-512|-,110|,708|,781|,268 | ,199
rs ,482 | /558 |,276| ,520 | ,276 | ,194 |,795]|,050 |,022|,520 | ,637
K-tb_ynapis ,262 | -,168 | ,429| -,167 | -,119 | ,452 |-,072|,119 |-,262|-,095| -,400
TEMII_TECT
rs 531 | ,691 |,289| ,693 | ,779 |,260 |,866|,779|,531|,823 | ,326

[TpumiTka: IS — CTyHiHb JOCTOBIPHOCTI; YEPBOHUM KOJIBOPOM IMO3HAYECHI CepeHi MO CHIIL
3B’SI3KH, YOPHUM — CHIIBbHI

Amnaini3 oTpuMaHuX pe3ynabTaTiB BUsBUB cepeaHi (=0,50) 1 cuuibHi (>0,70) xopensuiiiHi
3B'SI3KM MDK HEMpOAMHAMIYHMMH Ta PUTMOKapAiorpadiyHUMH MOKa3HUKaMH, L0 CBiAYaTh PO
B3a€MO/III0 (PYHKIIIOHATIBHOTO Ta MCUX0(}I310JI0TUHOTO CTaHIB CIIOPTCMEHIB.

VY IOHHX CIOPTCMEHIB Ha €Tamll MoNepeaHboi 0a30BOi MIATOTOBKM crocrepiranucs 32
cepenHix 1 11 cunbHUX KOPENsAUIHUX 3B'SI3KIB MDK HEMpPOJMHAMIYHUMHU BIIACTUBOCTSMHM 1 CTAHOM
BEreTaTUBHOI PEryJIsllii cepLeBoro purMmy (puc. 1).

35
30
15
20
15
10
5
0
CHIBEI Kope Tsmiin Cepelnl KopeTamiimel
iR ] IR S IKH

Puc. 1. KinpkicTh cepeaHix 1 CHIBHHX KOPETIMIMHUX 3B’SA3KIB MDK IOKa3HUKAMH
ncuxodiziooriyHux QyHKIIA 1 BaplamifHOTO Ta CHEKTPaJbHOTO aHajlily BapiabebHOCTI
CEepLIEBOT0 PUTMY Y IOHUX aKpo0OaTiB Ha eTari nmonepeaHbo1 0a30BOi MiArOTOBKH

HasBHicTs cepenHix i CUWJIBHUX 3B'A3KIB MDK HEWPOAMHAMIYHUMH Ta
puTMOKapaiorpagiuHUMU  MOKAa3HUKaMU CBIAYUTh MPO TOCTylmoBe (OpPMYyBaHHS Ha eTalli
nonepeaHboi 6a30BOi MIATOTOBKU y IOHUX CIOPTCMEHIB crenudiyHol (PyHKIIOHAIBHOI CHCTEMH,
BIJINOBIAATIFHOT 32 aJaNTaIliio 10 HAPY>KEHOT M S30B0Oi AISITBHOCTI B aKpOOATHIIL.

[lonanpme B mporeci ajanTanii yacTka CepeAHiX MO CHII 3B’S3KIB TpaHC(OPMYeEThCS B
cuIbHI a00 B ci1abki, a00 3HUKHE. 32 PaxyHOK B)K€ ICHY4YMX 1 OSIB1 HOBUX CHJIBHUX 3B’SI3KIB 3pOCTE
JIeTepMIHOBAHICTh OpraHizalii sK CUCTeMH INepepoOku iH(opmallii, Tak 1 CUCTEMH BEreTaTHBHOT
peryisiii puTMy ceplis, sIKi cTaHyTh KOMIIOHEHTaMHM MaiOyTHbOI crienudiqHoi (yHKIIOHAIBHOT
CUCTEMH, BiAMOBINATLHOT 32 aJanTaIlilo 10 HaMpYXeHOi M S30B0O1 AiSUIBHOCTI B akpoOaTHIli. 3riiHO
Teopii PYHKIIOHATBHUX CUCTEM Y pa3i HEJOCTATHOCTI OTPUMAHOIO pe3yabTaTy B MpoLeci afganTarii
BiZIOYBA€ThCS CTUMYJIOBAaHHS AaKTHBYIOUMX MEXaHI3MiB, BHHMKAa€ aKTHBHA peopraHizaiis
KOMIIOHEHTIB, CTBOPIOETHCS 3MiHA KUIBKOCTI 1 XapakTepy KOpelsUifHMX 3B’A3KIB (CTYyNEHIB
cBOOOJIM) MDK JIFOYMMH KOMIIOHEHTaMH 1, HapemITi, Micias JEKUIBKOX «mpo0 1 MOMUIOK»
3HAaXOJMUTHCS LIIKOM JOCTaTHIA MPHUCTOCYBAJIbHUM pe3ynabTar. TakuM YMHOM, (YHKIIOHAIHHOIO
CHCTEMOIO MO’KHA HAa3BaTH TUIbKM KOMILJIEKC TaKUX BHOIPKOBO 3aJyd4e€HUX KOMIIOHEHTIB, Y SKHUX
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B3a€MOBITHOCHHU HAOyBalOTh XapaKTepy B3a€MOJii KOMIIOHEHTIB JJsl OTPUMAaHHS KOHKPETHOTO
KOPUCHOTO pe3yabTary [2].

BucHoBku

1. V 1oHHX CHOpPTCMEHIB Ha eTami HomepeaHboi 0a30BOi MIATOTOBKH CTaH BETETATHBHOI
perymnsiii XapakTepu3yeThCsl MEPEBAKAHHIM MMAPACHMIIATUYHOT aKTHBHOCTI, MIO CBITYHUTH IIPO
JOCTaTHIO aJaNTaIlilo 10 TPeHYBAIbHUX HABAHTAXKEHB HA €TaIll MONEPEIHBOI IMrOTOBKU. B TOM ke
9Yac y HHUX BIJMIYA€THCS CTAaH MOMIPHOI HANPYTW PETYIATOPHUX CHCTEM, KOJIM JUIS aJanTamii 10
(GI3UYHMX HBAaHTAKEHBb OPraHi3My MOTPiOHI 101aTKOBI (PYHKITIOHANBHI pe3epPBH.

2. 3HaueHHs JIATCHTHUX TIEPIOJIB MPOCTOi 1 CKIAJHOI 30pPOBO-MOTOPHHX pEakKIliii dvac
MOTOPHOI peakiii 1 HeHTpaabHO1 00poOKM 1H(OpMaIlil y IOHUX CIIOPTCMEHIB Ha eTarll NOoNepeIHbOi
MIATOTOBKHU BIANOBIAAIOTH BiKOBIM HOpMi. B Toit e yac cepenni piBH1 @PHII 1 CHII 3naxonatecs
B Jllaria30H1 HU3bKUX 3HAYEHb 1 TOPIBHIOIOTH BIAMOBITHO 57 cUTH./XB. 147 %.

3. BusBneni 32 cepennix i 11 cHIIBHUX KOPENSIIHHUX 3B’SI3KIB MDK HEHPOJMHAMIYHUMH 1
puTMOKapaiorpadgiyHUMUA TIOKa3HUKaMu. HasBHICTh CcepefHIX Ta CHUJIBHUX 3B'SI3KIB  MDK
HEHpPOJMHAMIYHUMU BJIACTUBOCTSIMHU 1 CTAHOM BET€TaTUBHOI PEryIsIlii CeplieBOro puTMy CBIUUTH
nmpo QopMyBaHHS y IOHHX CHOPTCMEHIB B)X€ Ha €Tami MOMepeaHhoi 0a30BOi MIATOTOBKH
cnenudiuaoi (GyHKIIOHATBHOI CUCTEMH, BIIMOBIMATBHOI 3a aJamnTalliio J0 HAampy>KeHOi M S30BO1
JISUTBHOCTI B aKpOOaTHIIL.

4. KoMmmiekcHa OIllHKa HEMpOJAMHAMIYHMX 1 BEreTaTUBHUX IIOKAa3HHUKIB MOXe OyTu
BUKOPHUCTAaHA Ul 1HAMBIAYadbHOTO MOHITOPUHTY CTaHy CIOPTCMEHIB 1 KOPEKIii TPEeHYBaJIbHOIO
MPOIIECY 3 METO ONTUMI3AIlil aganTarii 70 (GI3UYHUX HABAHTAXKEHb.
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Shpenkov I. O., llyin V. M.

NEURODYNAMICAL PROPERTIES AND STATE OF THE AUTONOMOUS
NERVOUS SYSTEM IN YOUNG ACROBATS AT THE STAGE OF PRELIMINARY BASIC
TRAINING

The process of adaptation to intense muscular activity is characterized by the presence of certain
stages. At these stages, transitional functional states arise, in which the relationship of the relevant body
systems that provide motor functions is formed as a result of activity in this type of sport. The functional state
of a person in conditions of intense muscular activity consists of various components and is characterized in
conditions of high intensity of physical exertion by increased requirements for the vegetative support of
neurodynamic and psychophysiological functions. Purpose. To conduct a comprehensive assessment of
neurodynamic and vegetative indicators to identify psychophysiological and neurophysiological features of
young acrobats at the stage of preliminary basic training. Research methods. 8 young athletes aged 7 to 13
years, specializing in acrobatics, were examined. Cardiorhythmographic studies were conducted using the
software and hardware complex "Harmony". Individual typological characteristics of higher nervous
activity and neurodynamic properties of athletes were studied using the computer system "Diagnost-1".
Results. In young athletes at the stage of preliminary basic training, the state of vegetative regulation in
young acrobats is characterized by the predominance of parasympathetic activity, which indicates sufficient
adaptation to training loads at the stage of preliminary training. At the same time, they have a state of
moderate tension of regulatory systems, when additional functional reserves are required for adaptation to
physical loads of the body. The values of the latent periods of simple and complex visual-motor reactions, the
time of motor reaction and central information processing in young athletes correspond to the age norm. At
the same time, the average levels of FRNP and SNP are in the range of low values and are equal to 57
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signals/min and 47%, respectively. 32 medium and 11 strong correlations were found between the indicators
of vegetative support of the heart rate and psychophysiological reactions. The presence of medium and
strong correlations between psychophysiological and rhythmocardiographic indicators indicates the
formation of a specific functional system in young athletes, responsible for adaptation to intense muscular
activity in acrobatics, already at the stage of preliminary basic training. Conclusions. In young athletes,
already at the stage of preliminary basic training, a specific functional system is formed, responsible for
adaptation to intense muscular activity in acrobatics. A comprehensive assessment of neurodynamic and
vegetative indicators can be used for individual monitoring of the condition of athletes and correction of the
training process in order to optimize adaptation to physical exertion.

Keywords: young acrobats, adaptation, functional system, vegetative support of the heart rate,
psychophysiological functions.
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MOP®O-METPUYHI XAPAKTEPUCTHUKHU ITOPOKHUCTHUX BEH
TA OCOBJUBOCTI IX TEMOJUHAMIKHU B PI3HUX ®A3AX
JTUXAJBHOI'O LUKJTY 3AJEXKHO BIJI PIBHA ®I3UYHOI
AKTUBHOCTI TA TUITY KOHCTUTYULII JIOJUHHA

Anomauia. Busuanu mopgo-mempuuni NOKA3HUKU NOPOMCHUCMUX 6eH Ma ocodausocmi ix
2EMOOUHAMIKU Y PI3HUX (DaA3ax OUXATbHO20 YUKILY 3ANEeHCHO 6I0 PIGHS (DI3uuHOI aKmueHoCmi ma muny
KOHcmumyyii. memoodom yiempaseykoeoi oonnepoepagii (Y3). Ilposedenns Y3 nopooxcnucmux eew
00380IUN0 BI3YANI3Y8AMU CIPYKIMYPY HAUOLIGUIUX BEHO3HUX Macicmpaneil Opeanizmy TOOUHU, KilbKiCHO
sUBHAYUMU IX po3mipu, oyinumu ix eemoounamixy. Ha menep naykosi eioomocmi npo KOHCMUMYYIOHATbHI
ocobausocmi  008xCUHU, wupunu (Oiamempy) ma 2cemoounamixu eepxnvoi (BIIB) i mnuoicnvoi (HIIB)
NOPOJICHUCIUX 6€H, OMPUMAani 3a 0onomozoilo Y3/ ¢ manouucenvhumu. Buxoounu 3 moeo, wo pisens
Qi3uyHOl aKmMuUBHOCMI BNAUBAE HA A0ANMAYII0 OP2aHiZMY, 1 30KpeMa Ha 6eHO3HY cucmemy. Pazom i3 mum,
acnekm no 6USYEHHIO XAPAKMEPUCMUK 0Y008U Ma (DYHKYIi NOPOXCHUCMUX 6eH N100ell 3 PIZHUM MUNnom
KoHCmumyyii, wo 6e0ymuv He 00HAKOBULL 3a PYXIUBICIIO CHOCIO JHCUMMSL € GUHEHUM HeOOCMAMHbO.

Memorw pobomu 0Oyno 3’sacysamHsa ocobnusocmel MOpho-MempuduHux ma  QDYHKYIOHANbHUX
NOKA3HUKIE NOPONCHUCUX GeH Jr00el 3 pI3HUMU KOHCMUmMyyiamu mina ma @Qi3uuHolo aKmueHicmio
memooom V3. [na yvoeo anapamom yaiempassykosoi donnepoepaghii Siemens Juniper Acuson (USA)
BUBHAYAIU NO3008JICHI ma Oiamempanvui napamempu BIIB i HIIB, a maxodc euaeiiiu ix
KOHCmMUmyyionaneHi ocobnugocmi y 42-x uonogikis-eononmepis gixom 6io 19 0o 27 poxis, éazoro 6io 57 0o
90 xe, 3pocmom 6i0 157 0o 193 cm, oxonom epyownoi knimxu 6i0 86 0o 115 cm ma inoexcom macu mina 8io
18,5 00 26,4 ke/m? ki 6enu pi3Hutl 3a pieHem Qi3uuHoOi akmueHocmi cnocio scumms. Y ecix obcmedxcysanux
OyIU 8IOCYMHI 3AX680PIOBANHS CEPYEBO-CYOUHHOI CUCEMU Ma CYNYMHI X80poOU, GOHU XAPAKMEPUIYEAUCD
HopManbHum  QisuyHum  posgumkom. Ompumani paxmuuni Oaui 00poOAATIU MEMOOOM B8apiayiuHoi
cmamucmuxu nakemom npoepam Microsoft Excel 2019.

Haiibinowi no3006sicHi napamempu HOPO’CHUCMUX GE€H BCMAHOBIEHO ) YONO08IKI8 ACMEeHIUHOT
KOHcmumyyii mina, a y npedCmasHuKié 2inepcmeHiuHoi nepesadcaouumu 6UABUIUCH OiaMempantbHi po3mipu
(p=0,05). Dbinvwiicmv u40N06IKI6 3 HOPMOCMEHIYHOIO KOHCIMUMYYIEIO XAPAKMepu3yeanach CcepeoHimu
KIMbKICHUMU 3HaueHHAMU Oosdcunu i Oiamempy BIIB i HIIB. Awuaniz xpusux PW-donaepocpadhii suseus
3anexcHicms hasHocmi Kpo8OMOKY 6i0 OUXANLHO20 YUKTLY 8 000X 8eHAX. 3POCMAHHS UWBUOKOCMI HA 8OUXY i
CNOGINbHEHHA HA BUOUXY, 3 Nepesadicanusam piens nynvcayii' y BIIB. Boonouac, acmanosneno, wo He3anexncHo
8i0 KOHCmMumyyii mina a00uHy, OlamMempanbHi Napamempu NOPOICHUCIUX 8eH OYIU OOCMOBIPHO DiTbUUMU
YV YON0BIKI8, KL 8elU aKMueHull cnocio scumms. Buwuil pisens ¢izuunoi akmusnocmi (P@A) nozumueno
KOpenosas 3 GUCOKUMU AMUAIMYOaMU CUCMONIYHOI ma pPesepcHOi X8Ulb, GeIUKOI0 WIOWUHOI0 mind, a
makooic Oinvuumu posmipamu Oiamempy HIIB wuesanesxcno 6i0 ¢hasu ouxansnozo yuxny (p<0,05). ¥V
obcmedxcysanux 3 HuUsbkuM PDA susngneno dinvuwiuil indexc macu mina, HatMeHwi diamempu Ma2icmpanbHUX
BEHO3HUX CYOUH, AKI MAAU ROMIMHY CXUAbHICMb 00 cnadanus nio uac ¢aszu eouxy (p<0,05). Ompumani
pe3yIbmamu Moxcyms Oymu Kopuchumu y ¢izionozii, meouyuni ma cnopmi 015 npoeedeHHs. npogecitinoi
opienmayii ma 6i000py, PpPO3POOKU HOUBIOYANLHUX MPEHYBANbHUX NPOSPAM, 300p08 a30epieaiouux
MpacKmopiti, npoyeodyp MOHIMOPUHSY CIMAH) 300P08 5.
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Kniouosi cnosa: éepxusi i HUICHS NOPOANCHUCIT 8eHU, MOPGOMEMPIs, 2eMOOUHAMIKA, YIbIMPA3BYKOBE
00CAI0JHCEH S, QONAEpopaPisn, KOHCMUmyyis miia, QisudHa aKmueHicmy, OUXAHHSL

IMocTaHoBKa NMUTaHHA. BUBUEHHS KOHCTHTYLIOHAIBHUX OCOOIMBOCTEH JIOMMHU 3 PI3HUM
piBHEM (pi3MYHOI aKTHBHOCTI Ta iX 3B’S3Ky 3 MOPQOJOTi€I0 MOPOKHUCTHX BEH € aKTyaJbHHM
HanpssiMoM  (izionorii, CMOpPTHBHOI MEAMIMHU Ta Kapniojiorii. Bu3HaHo, 1m0 po3TamryBaHHS
KPOBOHOCHUX CYAHMH, IX pO3TaIy)KEHICTh, JiaMeTp 1 TOBHIMHA CTIHOK € Ba)JIMBUMH
MOPQOJIOTIYHUMHU OCOOTMBOCTSIMH, BiJl SKHX 3aJIEKUTh TOMEOCTa3 Ta CTaH 3J0POB’S JIFOJAWHU B
nUIOMYy. AHATOMIYHI XapaKTEPUCTUKM KPOBOHOCHOI CHCTEMH BIUIMBAIOTh HAa IIBUIKICTH
MPOTIKAHHA T€MOJMHAMIYHUX MPOIECIB, pPyX METaOONiTiB, TPAHCHOPTYBAaHHS IWXAIbHUX Ta3iB 1
MOXXMBHUX PEUOBHMH N0 opraHiB i TkanuH [10]. V BuUmaaky BY3bKOCTI CYJMHHU 4M ii HaIMipHOTO
aHOMAaJIbHOTO BUTHMHY CTBOPIOEThCS HeOe3leKka TIeMOJAMHAaMIIl, fKa 3arpoXye pi3HOPITHUMHU
MeTa0OJIYHUMH TIOPYIIEHHSIMH X 1O YTBOPEHHS HE3BOPOTHUX YIIKOJKEHb PI3HUX CTPYKTYP
opraizmy. [H100 npob6aemMoro, 1110 BUHUKAE NPU NOPYLUIEHH] PO3MOAUTY Ta JOCTaBKH KPOB1, MOXeE
OyTH pU3UK YTBOPEHHS TpPOMOIB, IKU MOB’sI3aHUH 3 ACSIKUMU 0COOIMBOCTAMU Oy/noBU BeH. ToHKa
CTIHKa CylMHHU a0o0 ii maToJOriYHE 3BY)KEHHS CTAlOTh MPUYMHAMM MIABUILEHHS THCKY Yy HiM, 110
30uTbIlye HaBaHTakeHHs Ha cepre [15]. CnabkicTh BEHO3HOI CTIHKM BHACTIIOK HHU3BKOT
€IACTHYHOCTI CIIPHsIE YTBOPEHHIO PO3UIMPEHb MiaMeTpy CYIWHU, HACHIAKH SKHX MOXYTh
MIPOSIBISITHCS.  3alTaMOPOYCHHSIMH, IIYMOM Vy ByXaX, IMPOBOKYBaTH HIBHJIKY BTOMY, XPOHIYHUH
TOJIOBHUM OUTb, BUKIMKAaTH 3acToi KpoBl Ta HaOpsku. buipme Ttoro, aHomanii y po0OorTi
MOPO’KHUCTUX BEH 3/1aTHI CIPUYMHIOBATH CEPHO3HI PO3Iaau Y PYHKIIIOHYBAaHHI BCbOI'O OpPraHizMy,
OCKUTBKH MPU3BOISATH J0 TEMOCTa3y Ta MOB’s3aHi 3 MPSIMOIO 3arPO30F0 IS KUTTSL.

Bepxus (BIIB) ta mHwkas (HIIB) mopoxHucTi BeHM € HAHOUIBIIUMHU BEHO3HUMH
MaricTpaJiiMi OpraHi3My JIOJAWHH, MPU3HAYEHHS SKUX MOJArae y MOBEPHEHHI JAEOKCUTE€HOBAHOI
KpoBi 10 cepus Bix oprauiB i Tkanud [11]. Ipu 3maBmoBanni BIIB, 10 cayKHTh KOJCKTOPOM IS
KpOBI, SIKa HaJXOUTh BiJ TOJIOBH, BEPXHIX KIHI[IBOK 1 CTIHOK TPYIHOI KJIITKH Ta YaCTKOBO Y€PEBHOT
MOPOYKHUHM, PO3BHBAETHCSA CHHApoOM Iiiei Berw [25, 27]. Bin xapakrepusyerbcs HaOpSIKOM
00MHMYYs, K, 33ayX00, POLUIUPEHHSIM TPYIHUX BEH, YCKIAJIHEHHSIM MO3KOBOTO BinTOKy [28].
[Tix yac mopymens kpoBoToKy y HIIB, 110 BiAMOBiabHA 3a MOBEPHEHHS KPOBi 3 HUKHIX KIHITIBOK
Ta OpraHiB 4YepeBHOi 1 Ta30BOi MOPOXKHUH, BiMOYBAIOTHCS 3HAYHI HAKOMHWYEHHS PIIUH Yy IHUX
Bigainax. CTUCHEHHsSI CyAMHM 3[aTHE BUKIIMKATHU Pi3Ke 3HIKEHHS THUCKY Ta CIAOKICTh CepleBOi
JISTTBHOCTI BHACIIOK Ae(DilUTy MPUTOKY KpOBi 10 cepis [23].

Omxe, HOpMaibHa aHATOMIsI KPOBOHOCHHX CYJIHH, 1 30KpeMa MOPOKHUCTUX BEH, IETEPMIHYE
reMOJUHAaMIKy, CIyrye T[OTEHIIaJIOM 3J0pOB’S JIIOAWHU, a BHBYEHHS IHIUBIAYyaJbHUX
MOP(QOJIOTIYHUX BapiaHTIB MaricTpalbHUX BEHO3HUX CYAUH € BAXKIUBUM SAK OIS PO3YMIHHS
oco0nMBoCTEH TpoTikaHHs (i310I0TTYHUX MPOIECIB B HUX, TAK 1 MOUIYKY HAIIHUX 11arHOCTUYHUX
KpUTEPIiB PO3BUTKY HU3KU MATOJIOTTYHUX CTaHIB Ta 3aXBOPIOBAHb.

AHAJIi3 ocTaHHIX [gociaizkeHb i myOuaikamiii. 3’scyBaHHS eTioNOrii Ta mNaTOreHe3y
3aXBOPIOBaHb, MOB’A3aHUX 3 MOP(HO-(PYHKITIOHATEHUMHU OCOOJIIMBOCTSAMU BEHO3HOT CUCTEMH JIFOJMHU
BITHOCATH JI0 CKJIQJHUX aKTyalbHUX MpoOieM cydacHoi ¢iziosnorii Ta meaunuau [21]. HeoOxinHicTh
ii BUpilIEHHS OOyMOBJIEHE CTAOUIBHUM 3pPOCTAHHSIM YHCEIBHOCTI XBOPHX, 30UIBIICHHSIM YacTOTH
BUSIBJICHHS] HOBHX BHUIAJKIB Ta BUCOKHM PH3MKOM PO3BUTKY IHBaJHOCTI BHACTIZOK 3aXBOPIOBaHb
BeHO3HHUX cyauH [26]. Ha temep Oins 20% HaceneHHs rutaHeTw Manu (ab0 MaioTh) MOPYIIEHHS
3JI0pOB’sl, COPUYMHEH] BEHO3HOI CUMITOMATHKOK. BUeHI 3aHENOKO€H]1 BETUKOIO YaCTKOKO JIFOJEH,
SK1 MOBIIOMIISITH TIPO MPOOJIEMH 3 BEHaMH, OCOOIMBO HMXKHIX KIHIIIBOK, IO 3MYCHJIO 1X 3BEpTATUCS
3a MeIM4HO0 Jonomororo. Cepes BXXKUX HACIIKIB 3aXBOPIOBaHb BEH: TPOQIuH1 BUpa3KH, HAOPSKH,
ceplieBa HEJJOCTATHICTh, AKi 3aIlyCKarOTh MaTOJOTIYHUN JIAHIIIOT, 110 MPHU3BOAMUTH JI0 HEMOKIMBOCTI
HOPMAJILHOTO BEICHHS KUTTA Ta AISUTBHOCTI, 3arp0oKye PO3BUTKOM MATOJOTTYHHUX CTaHIB ab0 cMepTi
BHACIIIOK TpoMOo3y uM TpoMOoemOomii. bimbiiicts poOIT gaHOi MpoOIeMaTHKU MPUCBIYEHO
BUBYEHHIO (Di3ioJiorii BEHO3HOrO MOBEpHEHHS KpoBi g0 cepus [20, 22]. 3rigHo pe3ynabTariB
JOCITIIKEHb, BEHO3HA CUCTEMa 3HAXOUTHCS Mijl MOCTIHUM BIUIMBOM 3€MHOT'O TPaBITAIlifHOTO MOJIS:
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IIpU BEPTHKAIBHOMY IIOJIOKEHHI Tijla HANPSMOK CUJIM TSDKIHHS PO3TAIlIOBYETHCSI MIPOTU Tedii KPOBI,
10 BUMara€ BMHUKaHHS IEHTPaJIbHUX (B3a€MOJiS Ceplld, JEreHiB, aiagparmMu) i nepupepuaHux
PETYIATOPHUX MEXaHi3MiB (BEHO3HI CyJMHM, HAaBKOJMIIHI TKAaHMHM, M SI30BO-BEHO3HA mMomma). Y
TOPU30HTAILHOMY TIOJIOKEHHI TMO3UTHBHUN THCK KPOBI Y BEHO3HIH cHcTeMi (@K J0 BEHO3HHUX
KalUISIPHUX CITOK), SKWH 3a0e3redye BEHO3HE IOBEPHCHHS B yMOBAax CIIOKOK, 3aJICKUTHh BiJ
BUTHaHHS KpPOBI 3 JIIBOTO IIUTYHOYKA Ta y HOpMi gocsrae 12-15 mwm pr.ct. [11]. He menm BaxximuBoro
3HAYEHHsI aBTOPH HAJAIOTh JOCTI/PKEHHIO «3aCMOKTYIOUOD» CHIIM CepleBuX ckopodyeHb. Came BOHa
CTIPSIMOBYE TIOTIK KPOBi 3 MOPOKHUCTHUX BEH JI0 TPABOTO HepeacepAs (Pa3oM 3 TUXAIbHAMHU PyXaMHu
niadparmu Ta 3MiHAMH 00’ €MIB JIET€HIB IIUISTXOM 3MEHIIEHHS BHYTPITHBO-TPYAHOTO THCKY B YMOBax
Buuxy). Lli mpomecu BinOyBarOTbCS MICHS CHCTONM HUTYHOYKIB Ha (POHI CYTTEBOTO 3HIDKEHHS
tucky [14]. JlocmigHUKH BiIMIYalOTh BEJIWKE 3HAUYEHHS ISTIBHOCTI M’S30BO-BEHO3HOT TOMIIH, IO
3a0e3meuye BIAMOBITHE IO YMOB iICHYBaHHSI BEHO3HE TTOBEpHEHHs KpoBi 110 cepus [3]. Lleit mexanizm
nependavyae akTUBHY ydacTh M’si3iB, (hacIliii B y3roJpKeHHI poOOTH TJIMOOKHX 1 MOBEPXHEBHUX BEH.
Komnpecisi, sika CTBOPIOETbCA MiJ] Yac CKOPOYEHHS M A31B, MIJBHUIILYE THUCK, FOJOBHUM YHHOM, Yy
INIMOOKHUX BEHaxX Ta «IPOIITOBXye» KpoB A0 cepls. PoOoTra Takoro M’si30BOr0 HAcoCy MOXKe
30utbIyBaTi THCK 70 280-300 MM. pT.cT. BogHoYac, po3cinabieHHsl BUKIMKAE HOTO 3HUKEHHS, 110
CYIPOBOJIKYETHCSI PyXOM KpoBi (uepe3 nepdopaHTHI BEHH) /10 TNTMOOKUMX BEHO3HUX CyIOuH [24].
HaykoB11i HaroyouryrTh Ha BaXKIMBOCTI IOCTIKEHHS PO3MIpiB MOpoXHUCTHX BeH (ocobmrso HIIB),
0 € KPUTUYHO BAKJIMBUM Yy MEAWIMHI, OCKUIBKU IIi BEHH € «I3€pKajJOM» BOJIEMIUHOTO CTaHy
OpraHizaMy 3a KUIbKICTIO PIIUHHM, 110 MICTUTHCS B cyauHax. Came oriHka po3Mipis aiametpy HIIB Ta
X 3MiH MiJ] Yac 1HCIIpalii MOBITPs JI03BOJISE BUSIBUTH HAJUTUIIOK PIIMHU B OpraHi3mi abo ii HecTauy
Ta MPUMHSITH PIIIEHHS LIOJI0 3aCTOCYBaHHS 1H(Y31iHOT Tepamii (Mpu3HauYeHHs KpanenabHHlb) [16].
Benuke miarHocTHuHE 3HAYEHHS Y BW3HAYCHHI CEPIIEBOi HEIOCTATHOCTI BIAIrpae 1 BpaxyBaHHS
po3mipiB miamerpy HIIB. Moro 36inbimennst (ke Moxke OyTH CTaGLIBHHM IIif Yac aKTy BIAUXY) Y
0araThb0X BUITQJIKaX MOXE BKa3yBaTH Ha PO3TOPTaHHS 3aCTIMHMX SBHII, ICHYBaHHS HAAMIPHOTO TUCKY
y npaBoMy nepenacepai [15]. Kpim Toro, MopdomMeTpist HOPOKHUCTUX BEH JT03BOJISIE IIBUIKO BUSBUTH
MPUYMHN TIMOBOJEMIYHOTO YM KapJIOTEHHOTO IIOKY, SIK KPUTUYHHX CTaHIB y (YHKI[IOHYBaHHI
CEepLEBO-CYIMHHOI cUCTeMH [3], pU3UKU PO3BUTKY YCKJIAJHEHb NPU MOPYUICHHSIX POOOTH HUPOK,
cepist, sIKi BMHUKAIOTh BHACHIIOK ICHYBaHHs aTHiii OymoBH 4u (yHKIIi BEHO3HUX cyauH [9],
BCTAaHOBUTH MICI X 3BY)KEHHs, ICHYBaHHS TpPOMOIB y KpOB’SIHOMY pYCIi, IO 3aBaKalOTh
HOpMaJIbHOMY KpPOBOTOKY [20].

SIK B1IOMO, KOXKHA JIFO/IMHA XapaKTEPU3YEThCS MEBHOIO KOHCTUTYIIEIO (COMATOTHIIOM), SIKUI
31€OUTBIIIOTO € TEHETHYHO 00YMOBJICHUM. KOHCTUTYIIIS TTa BIUIMBA€E Ha OOMIH PEYOBHH, MPOTIOPIIiT
TiIa, BiMOOpaXaeTbcsi B TiH YW IHINIA CXWJIBHOCTI JO HAKONMUYCHHS JKAPOBOI TKaHWHH,
(GYHKIIIOHYBaHHI OMOPHO-PYXOBOTO amapary Touio. SIK MOKa3HHK, IO XapaKTePU3YEThCS MEBHOIO
CTAJIICTIO, KOHCTHUTYIIiS NMPHYETHA 10 (OpMyBaHHS OCHOBU (DI3MUHOI CTPYKTYpH, sika MOxke (3a
OUTbIIICTIO KJacuikalliil) MPOSIBIATUCS ACTEHIYHUM (XYAOPJISIBUH COMAaTOTHUI, €KTOMOpdis),
HOPMOCTCHIYHUM (aTJIeTHYHA, HOPMAJIbHUH COMATOTHII, Me30MOpP(dis) UM TINEPCTCHIYHUM
(TKHIYHUHA TUM, TY4HUH comaroTwuil, enaoMopdis) tunamu [1]. Ha ceorogni inauBinyaabHi Mopdo-
METPUYHI MOKA3HUKHU MOPOKHUCTHX BEH Ul BU3HAUYECHHS BOJEMIYHOTO CTATyCy JIFOJMHH Ta OLIHKU
TUCKY B ii mpaBoMy mepeacepi € KIIOYOBUMHM, OCOOIMBO Ti, IO BH3Ha4deHI MeTofoM Y3/, sxuii
JI03BOJISI€ TOYHO Bi3yalli3yBaTH MPAKTUYHO BCe BEHO3HE pyciio Bi BeH cronu a0 HIIB Ta BeH ronosu
i1 mui o BIIB. 3aBnsaku edexry [omnepa, mo nexuts B OCHOBI Y3/, 4iTKO BUSIBISIEThCS AUHAMIKA
YaCTOTH 3BYKOBOTO CHUTHAITy, SIKHH B1IOMBA€ThCs Bifl (OPMEHUX eleMeHTIB KpoBi. Iliq yac ouiHku
poOOTH BEH BENMHMKOrO JiaMeTpy OCOOJMBO IIIHHUM € JOCTIIKEHHS CIOHTaHHOI (aHTerpaHoi)
TeMOJIMHAMIKH, 1110 JAa€ MOXJIMBICTh OI[IHUTH 3B’SI30K PyXY KpOB1 3 JUXaIbHUMU pyXaMHU IpyIHOI
KJITKH TiJ1 4ac BIUXY 1 BUIUXY y pearabHoMy 4aci [8]. Taki pe3ynbTaTu BiirpatoTh MPOBiIHY POJb Y
JIarHOCTYBaHH1 MPHYUH, 1110 TPOBOKYIOTh XPOHIYHY BEHO3HY HECTauy, OKII0311 BeH, OI[IHUTH K CTaH
CTIHOK BEHO3HOi CYIMHHM, TaK 1 JLUIBHICTh CEepLEBO-CYIMHHOI CHCTEMU B IJIOMYy. ABTOpHU
MIKPECTIO0Th, 0 JOCIHDKEHHS SK (DYHKLIIOHAIBHUX, TaK 1 MOPQOJOTTYHUX XapaKTepHUCTHK
CUCTEMHU KPOBOOOITY, MpOBe/IeHI Ha OCHOBI KOHCTUTYI[IOHAJIHHOTO THIIOJIOTTYHOTO MIAXOIy MOXE
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JONOMOTTH OTPUMATH BAaXJIUBI Pe3yNlbTaTH, sKi OyIyTh KOPUCHUMH B 00nacTi BIKOBOi (hi3ioJorii,
CTIOPTUBHOI (Hi310JI0T1{, MEAUIIMHH, €KOJIOTil Tomo. [IpakTHYHUIT acTIeKT TaKUX Pe3yJbTaTiB 3AaTHUI
CTIPHUSTH CTBOPEHHIO IHHOBaLiid y cdepli HaBYaHHS, TPEHYBAHHS, JIKYBaHHA Ta NPOQLIAKTUKA
CepIIEBO-CYJHHHUX 3aXBOPIOBaHb, 10 MOKYTh OyTH MOB’SI3aHUMHU 3 IEBHUMHU KOHCTUTYIIOHAIBHUMHU
ocoOmuBocTsMu JroauHu [4, 5, 6]. ABTOpH MNOBIIOMIIAIOTH, L0 THII KOHCTUTYIIl JIOAWHH €
CBOEpPIIHUM TPHCTOCYBAJBHUM BapiaHTOM ICHYBaHHS JIO YMOB CEpEIOBHINA 3 YHIKAJIHHOIO

KOMOiHaIiEr0 MOP(OIOTIYHNX Ta (HYHKIIIOHATLHUX OCOOJMBOCTEH, MO HAIllJIeHa Ha 3a0e3redeHHs

CTaJOCTI BHYTPIMHBOrO cepepoBumia [2]. IlimkpeciaroeTsCs, IO NPUCTOCYBAIBHI MOXKIMBOCTI

JIIOIMHM JI0 PI3HUX (DAKTOPIB Ta YMHHHUKIB BEIMKOIO0 MIPOTO 3aJIe’KaTh Bi/l CEPILIEBO-CYIMHHOT CUCTEMHU

[11]. He BukimroyeHo, IO BpaxyBaHHS KOHCTHTYLIOHATBHOTO THITYy, 3 TNPHTaMaHHUMH HOMY

BIIMOBIAHUX aJIaNTallliHUX CTpaTerii BIDKWBaHHA (BUPOOJEHHI THI KPOBOOOIry, MeEXaHI3MH

peryasuii poOoTH ceplis, Baro-pocToBl MOKAa3HUKH, pO3MIpHU IUIOLII Tila YU 1HAEKCY MacH), MOXKYTb

CTaTW BAXJIMBUMHU MPOTHOCTUYHHMMHU KPUTEPLIMH BUOOpPY palllOHATbHOI TAKTHKH JIarHOCTHUKH,

JKyBaHHS, pealutiTallii 41 npoQiIaKTUKH XBOPOO.

Binomo, mo miamerpu six BIIB, tak 1 HIIB neMOHCTpYIOTh CHIIBHY KOPEJSIliIO 3 TUIONICIO
noBepxHi Tina [22]. B mocoikeHHAX 1HIINX aBTOPIB VI MAILIEHTIB 3 BEITUKOIO Ta MAJIOO TUIOMIEIO
TiJa HaBITh IPOIIOHYETHCS BUKOPHUCTOBYBATH Pi3H1 MOPOTOBI 3HAYEHHSI JllaMeTpa MOPOKHUCTUX BEH
uyn Bu3Hauvatu giamerp HIIB muisxom pospaxysanus iHmekcy macu tina (IMT) [12, 13]. Pasom i3
THUM, Takl JOCHKEHHS € PO3PI3HEHHMH, MPHUCBSIYEHUMU OKPEMHM aclieKTaM BUBYEHHS Oy/l0BU
MaricTpaJlbHUX CyJIUH 1 HE CTBOPIOIOTH 3arajibHO1 KAPTUHU y PO3YMIHH1 3B’ SI3KY MK KOHCTHUTYIIIEIO
Tina, MOpP(QOJIOTIEI0 MOPOKHUCTUX BEH Ta piBHEM (i3MuHOi akTUBHOCTI JoguHu. Ha Temep
MPaKTUYHO BIIICYTHS MOPIBHsUIbHA XapaKTepUCTUKA OyIOBU TMOPONKHUCTUX BEH y JIOAEH, SKi
BEIYTh HE OJHAKOBHMH 3a (DI3MYHOIO aKTHUBHICTIO CMOCIO JKHUTTS Ta BITHOCSATHCA 1O PI3HUX THITIB
KOHCTHTYIIIi TU1a. Y HAYKOBIiH JiTeparypi € 00OMasib BIIOMOCTEH CTOCOBHO TOTO, HACKLIBKH MOpdo-
METPUYHI PO3MIPH MOPOKHUCTUX BEH BIANOBIAAIOTh IEBHOMY COMAaTHYHOMY THUIY (KOHCTHUTYIIiT).
BuBueHHsT Takux 0COOJMBOCTEH O3BOJUTH TOJIMIIUATHA IPOTHO3YBAaHHs Tepediry MpoIiecis,
CIPOCTUTh BUSIBJICHHS MEXKI PEAKTUBHOCTI OpraHi3My, CHpPUSATHME IUIAHYBAaHHIO TAaKTHUK
TpEeHYBaHHs, JTIKyBaHHS YW peaditiTallii, o 1 akTyari3yBajao Hall MOIIyK.

MeTo10 1aHO0i po00TH OYI0 3’CYBaTH KOHCTUTYIIIOHAIBHI OCOOIMBOCTI OPOKHUCTUX BEH
JOJIeH, 0 BEAYTh PI3HUH 3a (PI3MYHOIO AKTHBHICTIO CIIOCIO JKHTTS METOJIOM YIIBTPa3BYKOBOi
noruieporpadii. OCHOBHI 3aBIaHHS MOJISATAIIN V:

v/ BU3HAYEHHI NO3J0BXHIX Ta AiamerpanbHux posmipis BIIB i HIIB;

v\ BHiYEHHI KOHCTUTYLIOHAILHHUX OCOOIMBOCTEH IOCHIMKYBAaHUX MOP(O-METPUYHUX Ta
(yHKIIOHATBPHUX TOKAa3HUKIB MOPOKHUCTUX BeH (y rpaBiTallifHOMY ITOJIOKEHHI JIe)Kadyd Ha
CIIHHI);

v BUSBIICHHI BiMiHHOCTEH MK nmokasHukamu BIIB i HIIB irosieii 3 pisHUM THIIOM KOHCTHTYIN|
Ta piBHEM (PI3UYHOT AKTUBHOCTI;

v\ BCTaHOBJIEHHI 3B’S3KiB  MDK  (Di3MYHOIO  aKTHBHICTIO Ta  MOP()O-METPUYHUMH 1
reMOAMHAMIYHUMHU NTOKa3HUKAMH ITOPOKHUCTUX BEH.

Opranizanis Ta mMeroau aociaimkenHs. JlocmimkenHs npoBoguwiuck y KomyHampHOMY
HEKOMepLiiHOMYy miaAnpueMcTBl «Yepkacbkuil oOmacHUil KapjionoriyHuii neHTp Yepkachbkoi
oOmacHoi panu». Ob6cTexyBanu 42-0X MPAaKTUYHO 3/70POBUX YOJIOBIKIB-BOJIOHTEpIB BikoMm 19-27
POKIB, K1 311HCHIOBAJIM MOHITOPUHT CTaHy 3/10pPOB’s Ta HE MaJli BUMAJIKIB CEPLIEBUX 3aXBOPIOBAHb,
BEJM Pi3HUH 32 (PI3UYHOIO0 AKTUBHICTIO CHOCIO JKUTTSL.

VY BIANOBIAHOCTI O MOCTaBJIEHOT METH Ta 3aBJaHb BUBYAJIM MOP(HOMETPUUHI O0COOIMBOCTI
oynosu BIIB i HIIB meromom VY3/I-nomneporpacgii amaparom mpodeciiHoro kiacy Siemens
Juniper Acuson (USA) i3 cektopansHuMu natunkamu. [[ns BumiptoBanus niamerpy BIIB (dBIIB,
Kpi3b cympacrepHanbhe BikHO) Ta HIIH (dHIIB, y cyOkcudoinansHOMy BIKHI HiJ MEYOTNOAIOHUM
BIJPOCTKOM B cariTajJbHiil IUIOIIMHI, JEl0 MpaBOpyd BiA CepeiHbOi JIiHII >KMBOTA, /€ BEHA
HaiiMeHIe mignaeThest AedopMalii Bil TUCKY AaTyvKa) MPOBOIAMIM iX Bi3yanizauiro Ha 1-2 cm
NPOKCUMANIBHIIIE BiJ Micus BHAAIHHSA KOXKHOI 3 BEH Yy IpaBe Iepeacepis B IMOJOXKEHHI
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00CTe)KyBaHUX JIS)Kayl Ha COUHI. J[aTuuK TpUMany 4iTKO mapaielbHO OCi CYAMHU Ul YHUKHEHHS
3aHIDKEHHS pealibHUX JjaiamMeTpiB. Jlisi BuMiproBaHHS N0310BXHBOro po3mipy BIIB (IBIIB)
BUKOPHUCTOBYBAJIM CYyNpacTepHaIbHE BIKHO (i3 BCTAHOBJICHHSM JaTYMKa Yy IMpaBiil HaJKIIOUAYHINA
AMII 31 CHOPAMYBaHHAM NPOMIHS BHHU3 Y CEPENOCTIHHS Ui Bi3yamizamii MICIsl 3IUTTS
IUIEYOTOJIOBHUX BEH) Ta IMapacTepHalbHE BIKHO (31 BCTAHOBIICHHSM JaT4yMKa crpaBa y 1-2
MDKpebep’i s Bi3yamizamii cepeqHbpOi Ta AWCTANBHOI YacTWH BEHHM N0 ii BHAAIHHSA y TpaBe
nepecep/isl) HANpHKIHI CroKiiiHOTO Buauxy. [To3moexHii posmip HIIB (IHIIB) omintoBamu Bix
MICIIsl BIAIIHHS Yy TpaBe mepexacepas no Oidypkamii kiryOOBHX BEH 3a TpbOMa CETMEHTAMHU:
PETPOIIEYiHKOBOMY, IiIEYIHKOBOMY Ta iH(papeHaIbHOMY (HI)KYe HUPKOBHX BEH). 3aCTOCOBYBAIIN
TpaHCTOpakanbHUi (pazoBaHmii (cekropanbHuii) matuuk (2,5-5 MI'm), mo OyB HamineHwii Ha
ribuny 10-15 cm, MaB HU3BKUI QUIBTP CTIHKH Ta (POKYC Ha piBHI MicIsl BUMiptoBaHHs. DikcyBamn
pe3yibTaTH CKaHYBAaHHS 3 OLIHKOI MOp(GO-METPUYHUX 3HAUYEHb IPOCBITY BEH Ta TOBIIMHM iX
CTIHKHM. 3alycH BUKOHYBAJM SIK IiJ{ Yyac CHOKIHHOTO auxaHHA ((a3u BIuXy 1 BUAMXY), Tak 1 10-
CeKyHIHUX emizoaiB. Busznauanum makcumanbHi miamerpu BIIB 1 HIIB nHanpukinii crokidHOTO
BuanXy (Dmax) Ta MiHIManeHi JiaMeTpu Ha miKy rmbokoro BauXy (Dmin). s omiHkm
HeHTpaitbHoro BeHo3Horo TUcKy (LIBT) Busnawanu inexc konadyBanHs (1K) Ha 0CHOBI BUMipSIHUX
noka3uukiB giamerpis HIIB y da3ax Bauxy Ta Buauxy [18]:
IK = ((Dmax — Dmin) / Dmax) * 100%.

AmnanizyBanu kpuBi PW-nonneporpadii nis BusHaueHHs (azHOCTi moToKiB KpoBi y BIIB 1
HIIH: S (cuctomniuny), D (niacroniuny), A (peBepcuBHY), V (IlepexiaHy).

Hosxuny tina (L, cM) BUMipioBaau aHTporioMeTpoM MapTiHa y MOJIOKEHHI CTOSYM, KOJHU
rojioBa 00CTeKyBaHOTO BinmoBifana GppaHKPypTChKii ropusoHTaii. Macy Tuta (M, Kr) BU3HaYaIu
MenuyHuMU Baramu 3 TouHicTo 10 100 rpam. Oxin rpymnoi wiitkm (OI'K, cM) Bu3Hauamu
CAaHTUMETPOBOIO CTPIYKOIO (PO3TAIIOBYBAIW 3331y I HWKHIMA KyTaMH JIOMATOK, CIEpeay IO
HIKHBOMY Kparo cockiB). Busnauanu miornny mosepxHi tina (ITIIT) [7]:

TIIIT (M?) = 0,000975482*3pict(cm)>% * para (xr)*4®.

[naexc macu Tita pospaxoByBanu 3a ¢popmynor: IMT =M / H2, ne IMT — ingexc macu Tina,
M — maca Tinma y kr, H2 — kBagpar pocty Tuta y M. Y BignmoBimHOCTI A0 pekoMenmaiii BOO3
BBaxkamu, mo IMT <185 BkasyBaB Ha pgediumr macu, 18,6-24,9 — HOpmaidbHy Macy,
25,0-29,9 — maummkoBy Bary, >30 — oxupiaas (>30) [19].

Tunm KoOHCTHTYIIi TiTa OOCTE)KYBaHMX BCTAHOBIIOBAIM 3a BEIWYMHOIO  IHICKCY
[Miase (IIT), [1]: IIT=L — (P + T), ne L — noBxwuna tina (cMm), P — maca Ttina (kr), T — okin rpyaHol
KTk Ha BUAuXy (cm). Ilpwmitmamm, mo IIT > 30 BiamoBimaB acTEHIYHOMY THIY KOHCTHUTYIIil
(XynopisiBHi COMATOTHII, 3 MEPEBaKaHHSM IO3/I0BXKHIX PO3MIpIB Tijla, CTPYHKOIO, I'PALMIBHOIO
oynoBoro). IIT y mexax 10-30 Bka3yBaB Ha HOPMOCTEHIYHHMM THUIl KOHCTHUTYIII (aTieTuyHa OynoBa
TLIa, HOPMa, 110 XapaKTepU3YeThCs MPONOPLIHHICTIO, PO3BUHYTOIO M s30BOt0 cucteMoro). IIT < 10
CBIZUMB PO TiMEPCTEHIYHUI TUIT KOHCTUTYIIT (MIKHIYHUN COMATOTHI, Ty4HE TUIO 3 epeBaKaHHAM
MIOTIEPEYHUX aHTPOIIOMETPUYHHX MMOKA3HHUKIB).

BuBueHHs pyxiMBOCTI crmocoOy >KUTTS MPOBOAMIM 3a JomoMoroto ankeryBaHHs IPAQ
(Long Form), omiHka BpaxoByBaja HIOTH)KHEBY (Di3MYHY aKTHBHICTH y 4-x cdepax kutts (Ha
po6oTi, BIOMa, MiJ Yac mepecyBaHHs Ta Ha j03BiLt) [17]. dust ouiHku piBHS (Hi3HYHOT aKTUBHOCTI
(P®A) pospaxoByBaiu OJUHHINO MeTaboigHOTO ekBiBaieHTy (MET XB./THXIeHb) 3a (HOPMYJIOLO:
MET = (xoediuieHT) * (XB Ha JeHb) * (XB. Ha TWXKIEHB), Ae KoediuieHT s xoasou = 3,3 MET,
nomipHi HaBaHTaxeHHS = 4,0 MET, intencuBHi HaBantaxeHHs = §,0 MET. 3rimno meTtonuku:
Husbka POA - xonu cymapue 3HaueHHss MET menme aHixk 600, cepeiHs — KOJIM BOHA BiANOBigana
600-3000 MET, a Bucoka — y Bunasaky oOuisme Hik 3000 MET.

Bci pocnikeHHs TPOBOIUIIH MICHIS OTPUMAHHS 0COOMCTOT MUCHMOBOT 3r0/IM OOCTEKYBAHUX Y
BIJIMIOBITHOCTI /10 HOpM O10€THKH 3 O0OB’S3KOBMM JOTpUMaHHsIM monoxkeHb MO3 VYkpainu Big
13.03.2006, Ne 66 1 I'enbcincbkoi Hekmapanii (1975, miznimi penakiii 19962013 pp.). Orpumani
pe3ynbTaTi 0OpOOJISUIM METOAOM BapiallifHO cTaTMCTHKM 3a makeroM mporpam Microsoft Excel
2019. AnanizoBaHa HamH BHOIpKa BiIOBifajda 3aKOHY HOPMaJILHOTO po3mo ity 3a TectoM llamipo-
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Binka. Kopemsuiiitnuii ananiz 3aificaroBamu 3a [lipconom. JloCTOBIpHICTH 3MiH 1 BIIMIHHOCTEH MiX
JOCIIPKYBaHUMU TIOKa3HUKAMH OIlIHIOBaM 3a t-kputepieM CrhiofeHTa. B3aemMo3B’s3ku MK
JOCIIKYBaHUMHU TIOKa3HIUKaMH OL[IHIOBAJIH 32 JIOTIOMOTOI0 KoedinienTta kopessuii [Tipcona.
Pe3yabTaTn Ta 06rosopenHs. CepeqHi 3HaUe€HHS MO3I0BXKHIX po3MipiB Ta aiamerpis BIIB
ta HITH Bciei BuOipkn 00CTe)KyBaHHX, OTPUMAHHUX Yy IMOJIOKEHHI TLTA JIS)Ka4d HA CIUHI B PI3HUX
(hazax IUXaTpHOTO IUKITY TTOKa3aHo y Tabm. 1.
Tabamnus 1.

Mopdo-MeTpuiHi TOKa3HUKH MOPOKHUCTUX BEH 00CTEKYBAHIX
y pi3HHUX (a3ax JUXAIBHOTO IUKITY

ITopoxxHucra Tossxuna (I, om) Jiamertp y pisaux azax auxaiapHoro nukiy (d, cm)
BC€Ha BAUX BHIUX aIltHOC
BIIB 6,81 + 1,62 0,72+0,18™ 1,74 + 0,10 1,31+0,09
HIIB 20,93 + 3,12 1,33+0,12" 2,45+0,11 2,53 +0,13

[Ipumirka. * — Biporiguicts BiaMinHOCTEH p<0,05, ** —p<0,01 BigHOCHO BUAUXY.

3 meil BuHO, mo nokasuuku IBIIB ta IHIIB y cepeanbomy Bimmosimgamu Mexam Big 6 10 20 cm.
MaxkcumaineHi 1 MiHiManeHi 3HadyenHs it IBIIB csaramm, Bimmosimmo 5,2 ta 8,5 oM, mms IHIIB
BianoBinHO 17,8 Ta 24,1 cM. AKTH BIMXY Ta BUAMXY HE CYTTEBO BIUIMBAIM Ha MO3A0BXKHI PO3MIpU
CYJIMH BHACIJIOK X TomorpadivHOro nojoxeHHs. Sk BigoMo, noyatok BIIB anaTomivHO MoOB’si3aHMii 3
MICIIEM 3JIUTTSI TPaBOi 1 JIIBOT TJIEYOTOJIOBHUX BEH, a 3aKIHUEHHSI — 13 BIIQIaHHAM Yy TpaBe Tepeaceps.
s HIIB miciieM moyaTKy € 3J7MTTS MPaBoi 1 JIBOI 3araibkHUX KIYOOBUX BEH, IO BIIOYBA€ThCs Ha
piBHI 4-5 TOTIEpEKOBUX XPEOIIiB, ITICISI YOTO BOHA IMTHIMAETHCS Bropy Ta BIAJA€ B TpaBe Mepeceps
ceprst [9]. OckiuTbkM 3rajaHi TOYKHA JUISI KOXKHOI 3 TMOPOKHHUCTHX BEH MAalOTh YITKY OpPIEHTAIli0
BITHOCHO CKEJIETY Ta PO3TaIllyBaHHS CEpIls, TO TIOB3JOBXHI PO3MIPH IUX CYAWH TPAKTHYHO HE
3MIHIOIOTBCS T Yac AMXAIbHUX IUKIB. OmyckaHHsa miadparMu min dac rimOOKOro BIUXY 3/IaTHE
nemro 3mictuty HIIB, ane gaktruno po3mip 3anuiaBcs He3MiHHUM. [lomaneiine BuBueHHS MOPQOIoTii
MOPOKHUCTHX BEH ITiJ] Yac BAWMXY 1 BUAMXY BKa3aJl0 HA YITKI 3MIHM iX JIaMeTpaibHUX PO3MIPIB Y
pBHUX ¢azax auxambHOro IwuKIy (Tadm 1). Dmax Ha Bauxy Ta Bumuxy y HIIB nopiBHroBaym,
BimmoBimHO 1,4+0,1 Ta 2,5+£0,1. Dmin Ha BAMXY Ta BUAMXY JUIA IIi€] ) TMOPOKHUCTOI BEHH CKIIAIH
omu3pko 1,2120,1 Ta 2,35+0,1 BignmoBigHO. ¥ BIIB Dmax 3MiHIOBaBCS y cepennbomy Bin 0,9+0,1 Ha
Bruxy 10 1,84+0,1 Ha Bunuxy. Tak, Dmin Ha BAuxy Ta Buauxy s BIIB BapitoBamm y mexxax 0,54+0, 1
ta 1,64+0,1 BimnmoBimHo. Cmia 3a3HauuTH, MO (PI3I0JIOTTYHO MIK TJIUOOKOTO BIAMXY CIPUYMHIOBAB
CTPIMKHH PO3BUTOK HETAaTUBHOTO TUCKY y TPYIOHIN KIITI, SKUHA CIY)KUB TOTY)KHUM MEXaHI3MOM
«3aCMOKTYBaHH:s» KpoBi y cepre. Yepe3 ne aiamerpu BIIB i1 HIIB 3ByxyBamuch (konaOyBaiu).
Ocob6nrBO BUpa3HO Take 3BYXKeHHsS Aiamerpy aemoHcTpyBaiga HIIB. Tak, pisHuMI MDK cepeaHiMu
3HaueHHsMu dHIIB min yac Bauxy i BUAMXY ckiana y cepeanbomy, omuspko 1,02+0,14 cm (p<0,01),
toi sik 3MiHK y dBIIB y pi3Hux ¢azax quxansHOro MUKy BindyBamuck y mexkax 0,62+0,1 cm (p<0,05),
mo 6ymn y 1,6 pasiB Menmmmu. MMoBipHO, Taki BinMiHHOCTI y komabysammi mbx HIIB i BIIB
OB ’S13aH1 3 TUM, 110 OCTaHHS, TiJ] Yac BAUXY, KOPCTKO 3adikcoBaHa y cepenocTinti [ 18].

3 nmitepaTypu Bimomo, 10 fgiarHoctuka crtany HIIB € kiouoBoro Ans BU3HAYEHHS
BOJIEMIYHOTO CTaTyCy (HAallOBHEHHS CYAWH PIIMHOI0) Ta TUCKY B MpaBoMy nepencepi [3, 16]. Jlns
OIIHKH IIeHTpaibHOTO BeHO3HOTO THCKY (LIBT) Mu mpoBenu Bu3Ha4YeHHs iHAEKCY KOiaOyBaHHS
(IK) Ha ocHOBI BUMipsiHUX Noka3HUKIB HiameTpiB HIIB y ¢a3ax Bauxy 1 BUANXY Ta MpoaHali3yBallu
fioro. Po3paxynok IK HIIB o6ctexxyBanux 3riiHo 3adikcoBaHUX HaMU Dmax 1 Dmin mia yac Bauxy
Ta BUAMXY BCTAHOBUB MOTO BENUYHHY Onn3bko 51%. Y KiIiHILI TPUIHATO, O KUTBKICHI 3HAUYEHHS
nopmu st IK HIIB 3a3Buuait popiBHioroTs 4n Oumbimi 3a 50% [18]. OTpumani HaMHU HUISIXOM
pPO3paxyHKy HOro 3HadeHHs, A OOCTeKYBAaHOTO HaMHM KOHTHHIEHTY, BKa3yBalldi HAa HOPMAJIbHY
peakiiio aaHoi cyAuHHU y pi3Hi (a3u nuxanHs. binbme Toro, ockimbku Dmin OyB Ha BuUAMXY B
obcrexxyBanux MeHImM (1,84 cm) 3a rpannuHy Mexxy Hopmu (2,1 cM), a piBeHb ii konaOyBaHHS OyB
y Mexax 51%, To MoxxHa KoHcTaTyBaTH, 110 LIBT BianosizaB Hu3pkoMy a60 HOPMAJIBLHOMY THCKY B
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npaBux Bigauiax cepus (npubmuszno 0-5 mm.pr.ct.). [lo Toro », Taka BHCOKa KOJIAIICOBAHICTh
CYIMHH € CBIIYEHHSM TOTO, IO B OpraHi3aMi OOCTeXyBaHMX OYyJlO BiJCYTHE IMEpPEBAHTAXCHHS
pinuHoMO (rimepBosiemii). Tak, HIIB 6inpmocti 00CTeKyBaHUX aKTHBHO CHajaliach Ha BJAWXY, IO
OyJI0 BIIMIHHOIO TPOTHOCTHYHOIO O3HAKOK POOOTH CepIeBO-CYAMHHOI cucTeMu. SIK Bimomo,
HopMaibHa remoauHamika y HIIB i BIIB, ski Ge3mocepelHbO BIANAIOTh Yy MpaBe Mepeucepas Ta
MAaIOTh MYJIbCYIOUUI XapakTep Tedii (31e0u1pmoro 3-(ha3Huii), AEeMOHCTPYE 3MIHU THCKY B IIPABOMY
nepecep/Ii mix 9ac cucTo i miactosm cepus [7]. [ToposkHUCTI BeHH y MICISX BIAJAAHHS Y TIPaBe
nepeacepis MaloTh HAWOUTBITY MIBUAKICTE KPOBOTOKY, SIKA CTBOPIOETHCS OE3MOCEPEHBO POOOTOIO
cepIisl Ta 3MiHAMH THUCKY B TPYIHIM KIITII MiJ yac nuxaiabHUX (a3. Pyxu cepis i rpyaHOi KIITKH
MPUYETHI 0 MOSBH "3BOPOTHUX XBHJIB', SIKI OOYMOBIIIOIOTH MEBHY TypOyJIEHTHICTh Tedii KpOBi B
MICIISIX BIIAJIAHHS y CepIle, 10 JESSIKOI0 Mipoto 30ypro€ 1i TaMiHapHy (CIOKiiHY) Teuito.

Mu nposenu ananiz kpuBux PW-gomneporpagii oOcTexxyBaHUX Ui OIIHKU (a3HOCTI
MIOTOKIB KPOB1 y 000X MOPOXKHUCTUX BEHaX B LIIOMY (puc. 1).
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Puc. 1. Jlonmeporpamu mopoKHUCTUX BEH 00CTEKYBaHHUX.

Haii0inpi miku XBUJIb TOPOKHUCTHX BEH OOCTE)KYBAaHUX, SIKI OyJIM CHpSMOBaHi 10 cepis,
BCTAaHOBJIEHI Ul S-XBHJIb y BiMOBilb HA CHCTOINY iX MITyHOUKiB. IX aMmiiTyna BkasyBana Ha Te,
10 poOoTa «IIPUCMOKTYBAJILHOTO» MEXaHI3My IIPAaBOro Nepefcepns, SKUH CIpalbOBYBaB I 4ac
3MIIIEHHS TE€peICepAHO-IIITYHOUKOBOI MEPETUHKM BHHU3, LIUIKOM JIOCTaTHBO 3a0e3leuyBaB pyx
KpOBi 3 MOPOYKHUCTUX BEH JI0 CepIisl, MO BiamoBigasio Hopwmi [15]. BuBuenns crnpsimyBanus D-
XBWIb (SIK1 y BCIX 0OCTEeKyBaHMX OyJM JEII0 MEHIIMMU 32 S-XBHIII) BKa3ajo Ha pO3TAlIyBaHHS iX
BEKTOPY JI0 Ceplis, 110 CBIIYMIIO PO NACUBHUN PyX KPOBI 3 MOPOKHUCTUX BEH yepe3 nepeacepas y
IpaBUH IUTYHOYOK ITiJ] 4aC paHHbOI J1aCTOJIM BHACIIIOK BIIKPUTTS TPUCTYJIKOBOIO KJIAaHy Ta il
rpajiieHTa TUCKY, 10 BIAMOBIAAIO HOPMI.

3rilHO JaHUX JITEpaTypH, Y 3[I0POBUX YOJOBIKIB D-XBUIIs 3a3BUYall Ma€ HIXKYY aMILTITYy
3a cuctoiiuHy [1]. AHami3 peBepcHUBHOrO pPyXy KpoBi (3a A-XBWISAMH) IOKa3aB, IO BOHHU
3/1e01IBIIOT0 Mald HEBEIUKY aMILIITyAy, OylIM KOPOTKHMH Ta CIPSIMOBAaHUMHM Bia cepis (TOOTO
Ha3ajJ y BEHH), BioOpakarouu Mepiojl CHCTOJIM mepeacepib. Bimomo, mo mijg 4ac CKOpPOYEHHs
nepezcep/s, MEeBHA YacTWHA KPOBI 3aBXAM BUIITOBXYEThCS Ha3aJl y IMOPOXXHUCTI BEHH, IO
BBaXkaeTbcss HopMoto [11]. HocnimkeHHs V-XBUIb 00CTEXYBaHUX (K BIOOpaKeHHs MEepeXiJHOTO
nepioay MK XBWIAMHU S 1 D) He BUABUIIO BIIXWIEHb Y iX npupoi. 1i XBuiii BiAMOBiaIM MOMEHTY
MaKCHUMaJIbHOTO HallOBHEHHS Nepeicep s, 10 NMepeaye BIAKPUTTIO TPUKYCHIIAIbHOTO KiIanaHa.

Y mopanbmioMy MU PO3TJSIHYAH OCOONMBOCTI T€MOAWHAMIKA 332 TIOTOKaMH KPOBI MM 4ac
KO’KHOT (ha3u auxansHoro nukity y BIIB 1 HITH (puc. 2). BctanoBieHo, 110 XapakTep reMOMHAMIKH 32
MOTOKaMHM KpOBI B 000X BeHax 3ajiekaB BiJ (a3 BAuMXy 1 BHAMXY Ta NPOSBISUIOCH, BIANOBIIHO,
3pOCTAHHSAM IIBUJAKOCTI HAa BIWXY 1 CIIOBUIBHEHHSM Tedii KpoBI Ha BHUIMXY. [IOpIBHSHHSA piBHA
myJbcalii y HOpO’KHUCTHX BEHaX 00CTeXKyBaHUX BKa3ao Ha Te, o y BIIB Bin OyB nemio OutbImmm.
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Puc. 2. JlonnepiBChKi 3HIMKH 3aIlTUCIB XBWJIb Y BeXHIN (A)
Ta HWKHIN (B) MOPOKHUCTUX BEHAX i Yac AUXATbHOTO ITUKITY.

Ile moxe Oyru moB’s3aHe sIK 3 OMKUMM MiciieM postamryBanHs BIIB mo ceprs, Tak i 3
BIJICYTHICTIO Ha HET 0OMEXYIOUOT0 «IeMI(hepHOTO» BIUIMBY YEPEBHOTO TUCKY. OTXe, ICHYBaHHS Ha
kpuBux PW-momneporpadii BIIB 1 HIIB oGcrexyBanux S ta D-XBuib BKazyBajio Ha HOPMAaJIbHY
€JIaCTUYHICTh KaMmep cepls, a aMIUIiTyAaa A-XBWUJI CBiAYMJIA MPO JOCTATHIO CHIIy CKOPOYEHHS
npaBoro mepencepas. TakuM 4YWHOM, BHUSIBJICHA (a3HICTh MOTOKY KpPOBI Yy MOPOKHUCTHX BEHAX
00CTe)KYBaHUX JEMOHCTpyBaja HOPMaJIbHUN Tiepedir TreMOJMHAMIKU, BIACYTHICTh CEpIIEBOT
HEJOCTAaTHOCTI YA CTUCHEHHS BEH.

VY BiMOBIZHOCTI 10 TTOCTABJICHUX B pOOOTI 3aB/IaHb, MH MPOBEIN PO3MOJLT 0OCTEKYBAHHX
3a TUIIAMH KOHCTHUTYIIII TiJ1a 3a MOKa3HUKaMu aHTpornomerpii Ta IMT (tabu. 2).

Taoanusa 2.
IToka3HUKH aHTPOMIOMETPIi 0OCTEKYBAHHUX PI3HUX TUIIB KOHCTUTYIIIH (Min-Max)
... | Jopxxuna Tina, L Okin rpyaHoi Innexc macu
Tun xoneTHTyIT (cm) Maca, P(xr) kiitkn, T (cMm) tina, IMT (y.o0.)
AcTeHIYHUN >185,0 65.0 — 75,9 92,0 -110,0 18,5-22,9
Hopmocteniunuit | 176,0 — 184,9 76,0 — 90,0 101,0 - 107,5 20,0- 25,5
INimepcTeniunuii 165,0 - 175,9 >90,1 >110,1 21,9-26,4

Sk BUIHO 3 Tabnuili, A7 BCcTaHOBJIEHUX mapameTpiB L, P ta T Tina o6crexyBaHUX pi3HHX
koHcTUTyLIH IMT konuBaBcs y Mexax Bif 18 10 26 y.o. Pa3zoM 13 TuM, Hally yBary NpuBepHYIO Te,
10 MpHU OAHOMY 1 ToMy Xk mnokasHuky IMT (Hanpuknan, 22 y.0.), TilepcTeHIKU 3 MIHIMaIbHUMHU
sHaueHHssMH T (y 110 cm) Burmsganu OUTBII aTIETUYHO, TOMAI SK AaCTEHIKH 31 CXOXKHUMH
AHTPOTIOMETPUYHUMH TMOKa3HUKAMH 1HOJI MOIJIM MaTH BUIJIAJ JIIOJMHHU 13 3aliBOIO MiALIKIPHOIO
XKHUPOBOIO KiIiTKOBUMHOW. Hac 3amikaBwim mapamerpu BIIB 1 HIIB y oOctexyBaHux 3 pi3HUM
THUIIOM KOHCTHUTYIIII.
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Ha cporogni y moctymHid HaMm Jiteparypi Oymo 3HaiieHo oOManbs poOiT, B SKHX Ou
CHeLiaTbHO  3aCTOCOBYBAJM  METOJ  IOPIBHSUIBHOTO  BHMBUYEHHS  MOpP(o-METpUYHHMX  Ta
¢dyskmionanpHux napamerpie BIIB 1 HIIB, Busnaueni meromom VY3]l y BiAmoBigHOCTI 10
KOHCTHUTYILIi Tila Ta crocoOy >XKuTTs. BogHodac, € BiTOMOCTI BITHOCHO iCHYBaHHS 3B’SI3KY MDK
niamerpom HIIB Ta pgeskuMu aHTPONOMETPUYHMMH po3Mipamu Tima [16]. [leski aBTOpH
MOBITOMJISIIOTE TIPO KOPEJALII0 MDK MakcMManbHUM giamerpom BIIB i Baroro, ane BifCYyTHICTB
CTaTUCTHYHO 3HAYYHIOTO 3B 513Ky MDK IEHTPAJbHUM BEHO3HHM THCKOM y MaricTpajlbHHUX BEHaX Ta
BikoM ab6o posmipamu Tima [30]. Tomy Mu mpoBenH po3MOAUT OOCTEKYBAHUX 32 BEIUIHHOIO
innekcy Ilimpe (II1) Ha acTreHiYHWA, HOPMOCTEHIYHMH Ta TIMEPCTEHIYHUI TUMHM KOHCTHTYII Ta
3MICHUJIM MTOPIBHSUIBHUHN aHaji3 MOP(O-METPUIHUX TOKA3HHUKIB IX MOPOKHUCTHX BeH (Tad. 3).

Ta0auns 3.

[Toxa3HMKH TOBKHHU Ta JilaMeTPIiB BEPXHBOT 1 HUKHBOI MOPOKHUCTUX BEH 0OCTEKYBAHUX Y PI3HUX
(hazax IMXaTbHOTO LUKITY 3aJI€KHO Bl TUITY KOHCTUTYLI Ti1a

Mopdo-meTpryHi MOKa3HUKU MOPOKHUCTUX BEH Y PI3BHUX
dazax quxaapHOTO IUKITY (CM)
Tun xoHCcTUTYIIT BIIB HIIB
JiameTp JiameTp
JIOBIHHEA (BOMX/BUIUX) FIOBIHHA (BAMX/BUIMX)
L x 0,77+0,21°/ x 0,52 +0,08"/
aCTCHIYHUI 7,68 +0,75 1724023 22,75+ 1,23 153 +0,10"
L 0,92+0,21/ 0,79 +0,09/
HOPMOCTCHIYHUH 6,13+ 0,71 1,03+ 0,22 19,83+1,12 1,88 + 0,11
. L 2,14 + 0,20/ 1,82+0,11/
TiMepCTCHIYHUMA 4,59 + 0,60 2.65 + 0,24 16,91 £ 0,91 2214013

[Tpumirka. * — BiporigHicTh BimminHOcTel p<0,05 BiIHOCHO TIMEPCTEHIYHOTO THITY.

BcranoBneHo, 1m0 o00cTe)XyBaHI 3 aCTEHIYHMM THIIOM KOHCTHTYIIT XapaKTepPU3yBAIHChH
JIOCTOBIPHO OUTBIIMMU PO3MIPaMH TO3JIOBKHIX PO3MIpPIB 000X mopokHUCTUX BeH (p<0,05), o,
HWMOBIPHO, BIIMOBIAATI0 BEIMKIA 3arayibHiid JOBXKWHI X TPYIHOI KIITKU TOPIBHSHO 3 TMpeACTaBHUKAMU
IHIIKUX THITB, 0cOOMKMBO rinepcreniunoro. Tak, pisuuis mbk IBIIB i IHIIB y o6cTexxyBaHnx KpaiiHix
KOHCTUTYIIIMHUX THWIIB CKiIajgana, BimmosimHo, 44,4% Tta 25,7% Ha KOpPHCTh acTeHIKiB. ABTOpHU
BIIMIYAIOTh, 1O OUIbIIA JOBXKHHA MOPOKHUCTHX BEH 3 MEHIIMM KYTOM BIAJ@HHS y BEPTUKAIHHO
pO3TaIllOBaHe ceplie MpUTaMaHHa JIIOASAM 3 BUCOKMMH POCTOBUMH JIaHUMH, 110 Y BEJHUKIM MIpi CIIpUsie
HAJIKHOMY BEHO3HOMY IOBEpPHEHHIO KpoBi [16]. OOcTexyBaHi HOPMOCTEHIYHOTO COMATOTHITY
XapakTepU3yBAIKHCh MPOMDKHUMH PO3MIpaMH TIOPIBHSHO 1HIIMX JBOX TUIIB. BogHOYAC, y IpecTaBHUKIB
ACTEHIYHOTO TUITY KOHCTUTYIII] BUSBICHO HAalIMEHIII cepe/iHi pO3MipH JiaMeTpiB 000X MOPOKHUCTUX BEH
K y (a3i BIUXY, TaK 1 BUAUXY (Ha HIKHIA Mexi HOpMH) 3 Dmin, BimoBigno, 0,56 ta 1,49 cm.

3MiHM JlaMeTpalbHUX PO3MIPiB MOPOKHUCTUX BEH, 3a(DiKCOBAHMX Tl YaC BIUXY 1 BUIUXY
00cTexXyBaHUX KpalHIX KOHCTHTYI[IOHATLHUX TUIIIB IMOKa3aHO HAa pHcC. 3. J[MHaMika qiameTpaibHUX
po3MipiB 000X BEHO3HMX MariCTpajJbHUX CyIUH Mix 4ac (a3 BAUXY 1 BUAMXY B 0OCTEKYBaHHX
riepCTeHIYHOTO THUIy KOHCTUTYIII Oylla MEHII BHPa)K€HOIO MOPIBHAHO TakKoi y MpeACTaBHUKIB
acTeHiunoro tumy (Ha 36,0% y BIIB Ta Ha 48,4% y HIIB). VMoBipHO, mo rimepcTeHiunuii THII
KOHCTUTYIi (0COOIMBO MepeBa’kaHHs IIMPOTHUX PO3MIPIB HAJ MOB3IOBXKHIMU y OyA0BI rpynHOT
KJIITKM) COPHUSB MEHIUIM JUXalbHIA eKCKypCii, [0 MPOSBISIOCS MOPIBHIHO HEBEIUKUMHU 3MIHAMHU
JiaMeTpa MOPOKHUCTUX BEH.

VY nitepatypi 3ycTpiuaroThCsl CXOX1 JaHi, ki oTpuManu ¥ iHmi aBropu [29]. Takox, ciin
3a3HAYMTH, 110 BUSABJIEHE HAMU 3HAYHO MEHIIIE CIIa/IiHHS JlaMeTpa MaricTpajJbHUX BEHO3HUX CYIUH
Ha BJAUXY BITHOCHO (pa3u BHUIMXY y OOCTEKYBaHUX TilE€PCTEHIYHOT KOHCTHUTYLII Tila MOPIBHAHO
MPEJCTaBHUKIB aCTEHIYHOI TUIOOYZOBM MOTIJIO BKa3yBaTW HA BUCOKY HMOBIPHICTH PO3BUTKY Y
MEepPUINX BUCOKOTO THCKY Y IpaBoMy mepejacepi. AJke BiIOMO, 110 HEBUCOKA CTYIIHb CIaJaHHI
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(menma Hix 50%) € HEraTUBHUM MPOTHOCTUYHUM MOKa3HHMKOM BEHO3HOT'O MOBEPHEHHS KPOBI Ta
BUHHKHEHHSI YCKJIaJJHEHb CEpLEBOT AisuibHOCTI [14].
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Puc. 3. Pi3Huus niaMeTpiB BEpXHbOI Ta HUPKHBOT MOPOKHUCTUX BEH MK (pazaMu TUXaibHOTO
LUKy 00CTE€KYBAHUX 3 ACTEHIUYHOIO Ta TMepCTEHIYHOI KOHCTUTYIIEIO TilA.

[IpencTaBHUKM 3 HOPMOCTEHIYHOIO KOHCTHUTYIIIEIO Tijia 3/€0UIBIIOTO XapaKTepU3yBaJIUCh
niaMeTpamMu 000X MOPOKHUCTHX BEH, 10 HAOIMKAIHUCH 10 CEPEIHIX MTPOMIKHUX 3HAYCHb BIJHOCHO
IHIIMX COMATOTHIIB Ta Mij Yac AMXAIbHOIO LUKIY NEMOHCTPYBAJIM YITKO BHpaXkKeH1 BiJMNOBIJIHI
3MIHM y MEKax HOPMH.

Y nopanbmioMy MU PO3TJISHYJIM TE€MOJWHAMIKY IMOPOKHUCTUX BEH OOCTEXKYBaHUX 3
ACTEHIYHOIO, HOPMOCTEHIYHOIO Ta TIMEPCTeHIYHOI THUIAMH KOHCTHUTYII 3a KPUBUMH
noruteporpadii (puc. 4).
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Puc. 4. JlonnepiBcbKi 3HIMKA XBWIb Y BerHiﬁ (A) Ta HWKHIN (B) TOPOKHUCTUX BEHAX JIOJIEH
3 PI3HOIO KOHCTUTYIIIEIO Tia.
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[MopiBasiuas nomieporpam BIIB i HIIB BusBuio, mo y BCiX BUAUICHUX HaMHu
COMATOTHIIIB ITydbcamis (aMIuliTyna xBuib) y BIIB BisyamisyBamacek uirkime. MmosipHo, e
IIOB’S13aHO 3 THUM, IO LI BEHa Mae OnM)k4e po3TamyBaHHs 10 cepusd. Boanouac, y HIIB
reMoJMHaMIKa CHJIBHINIE 3ajexana Bix nponecy nuxanus. [1in yac $a3u BOuXy mpuCMOKTYIOUYA
CWJIa TPYIHOI KIITKM mocuioBana xBuii S Tta D (mo BigoOpakayno 30iIbLIEHHS IIBHUIKOCTI
teuii). Ha Buamxy cmocTepiranacsi MpoTHJIEKHA peakilis - MBHUIKICTh MOTOKY 3HHXKYBaJach,
oTke (a3HICTh cTaBajia MEHII BUPAKEHOI0. 3 puc. 4 BUAHO, IO Yy 0OCTE)KYBAHUX 3 ACTCHIYHUM
THTIOM KOHCTHUTYIII MyJbcalis Oyiia HAaBUIIOO 3 YITKO BUPAKECHUMH XBIIAMH S Ta D. Pa3owm i3
THM, 3aBISKH BEPTHKATHHO PO3TANIOBAHOMY CEPI[I0, BEHO3HE TTOBEPHEHHS BHUSBIISUIO TEHICHIIIO
710 GinbIn AuHAMIYHOT Teuii. IMOBIpHO, Ha Iie BILIMBAB K MEHIIMil AiaMeTp CYIHH, TaK i OilbII
BIIUYTHUN BIUIMB nuxaHHs. PeTporpagHa A - XBMJIS y aCTEHIKIB BHACIIJOK 3MIH TPYAHOTO
TUCKY BHUSIBUJIACh TaKOX OUIbII BHPA3HINIOW MOPIBHSHO 3 IHIIUMU COMATOTHNAMH. 3
OTPUMAaHUX HAMHU 3alHCiB JOTJepa IMOMITHO, IO Y OOCTeXYBaHHX 3 TINEPCTCHIYHOIO
KOHCTUTYII€I0 (SIKI MaJM IIHPOKY TPYyAHY KIITKY, BHUCOKE pO3TalllyBaHHsS JAiapparMu Ta
TOPU30HTAJIbHE PO3MIIIEHHS cepls) (iKCyBaBcs OUIbII MOJOTMHA XBUJIBOBHUM CIEKTp, a cami
XBUJII HE MaJld YITKOTO po3MexyBaHHs. [IopiBHSAHO 3 acTeHIKaMH, Ga3u S — XBUJIb OyJIu MEHII
BUPOKEHUMH, a KpPOBOTIK XapaKTepHU3yBaBCS MOHOTOHHICTIO Ta HHU3BKOIO MIBUJKICTIO.
BonHouac, cxunsgemMoch 10 OyMKH, 10 HE JMBJISYHUCH HAa HEBUCOKY (HA HUXKHIA MeX1 HOPMH)
nynbcanilo (To0TO aMIUNITYQy XBWJIb), MIBUIKICTH KPOBOTOKY y TINEPCTEHIKIB Oyia OuIbII
CTaOUIPHOIO Ta MOTJIa MeHIIe 3aiexaru Big auxaHHs (ocobmuBo y HIIB) [20]. HopmocTteniku
JEMOHCTPYBAJIM YITKUI XBUJIbOBHI CIIEKTP: XBUJISA S XapakTepu3yBalach OUTBIION aMIUTITYI0I0
nopiBHAHO XxBuJi D. VYV mepeBaxHoi OUIbmMIOCTI OOCTEXKYBAaHWUX IIBHAKICTH KpPOBOTOKY
BiAMOBiMasia HOpPMI, IO IIUIKOM 3a0e3meuyBajio TOBEPHEHHS KpOBI, SKE BIAOYBaJoch ¥y
BIIMOBITHOCTI 10 CEPIIEBOTO IHKITY.

Mu npoaHainizyBaau HUMOBIPHICTh ICHYBaHHS 3B’s3KIB MK piBHEM (DI3MYHOI aKTUBHOCTI, Ta
Mop¢ho-GYHKITIOHATPHUMH TIOKa3HUKAaMU TIOPOKHUCTHX BEH, BUABJICHHX Y3/[ B 00CTeXyBaHHMX 3
PI3HUM THIIOM KOHCTHUTYIIII (pHc. 5).

BUCOKUI
PDOA

[ 1
AwmitiTyna XBUJIb Dmax HIIB [II1T
Sta A R=0,35 R =10,36
R=0,38

HUBBKUI )

PDOA

1 1
K Dmin BIIH T2 ) IMT
R=-037 HIIB R=-043
R=035-041

Puc. 5. Kopensauii Mbk festkuMu MOp(o-(PYHKI[IOHATBHUMHU XapaKTEPUCTUKAMHU 00CTEKYBAaHUX
PI3HUX THITIB KOHCTHUTYLII Ta piBHEM X (Pi3MYHOT AKTUBHOCTI.
[TpumiTKu: HABOAATHCS TUIBKU BIPOTiIHI 3B’ sI3KM Ha piBHI He MeHmIe p<0,05.
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Bcranosneno, mo Bucokuii PDPA kopemoBaB 3 OUIBIIMMH aMIUTITyJaMH CHCTOJIYHOI Ta
PEBEPCHOT XBHJIb, BEJTMKOIO TUIOLIOKO TUTa Ta 3HauHUM JiamerpoM HIIB y Bci asu AuxanbHOTO HUKITY
(HaBiTh mix yac amuoe) (p<0,05). VIMOBIpHO, IO TakHil 3B'S30K y OOCTEKYBAHMX, SIKi PEryJISpHO
BIIBIIyBaJIM CHOPTUBHI CEKIIii, 3aiiMannCh (I3UYHOIO Mpariero, 6araTto XOAWIH IMIIIKA TOIIO CBITYMB
PO BUPOOJICHUH T BIUIMBOM (DI3MYHOTO HABAHTAXKEHHS PsIJI IPUCTOCYBaHb. BOHM CIIpSIMOBYBaMCh
Ha HEOOXiIHICTh BEHO3HOIO CHCTEMOIO TPAHCIIOPTYBATH 3HAYHI 3BOPOTHI 00'€MH KpOBI, CHJIBbHIIIE
CKOPOYEHHS Iepeicepb, Kpally eIacTUYHICTh BEHO3HUX CTIHOK IS ITATPHUMKA HOPMAJIBHOTO THCKY Y
NpaBUX BiAUIAX cepisl s 3a0€3MeUeHHS MEXaH3MY «3aCMOKTYBaHHs» KpoBi. Cxoxi gaHi mMu
3HAWIIUTA Y JIITePATypi, AKi Oy OTpUMaHi Mpu 0OCTEKEHHI CIIOPTCMEHOK 1 HE CHOPTMEHOK. ABTOpH
BUSBIUIH, 10 po3Mipu HIIB (sik o 1oBHHI, Tak 1 mmpuHi) Oyiny OUTBIIUMH y THX, SIKI TPEHYBAJIHCS HA
BUTpUBATICTE [12]. Jlemo HIMi KOpesiiHuI MaTepH MU BCTAHOBIJIM Y OOCTEXKYBAHUX, SIKI BEJH
MaJIOAKTUBHUM c1ocid >KUTTs. BiH Bka3syBaB Ha c(hopMOBaHI HETaTUBHI 3B'I3KM MDK HU3bKUM PDA Ta
BermkuM IMT, MiHIMaTbHUMHU JiaMeTpaMu 000X TMOPOKHUCTHX BEH, SIKI JIEMOHCTPYBAIA BHUCOKY
CXWJIBHICTB JI0 KoJ1aOyBaHHs min yac azu Bauxy (p<0,05).

OTxe, Hamll pe3ylnbTaTH JOBOMASATH, IO HE3ICKHO BIA KOHCTUTYIII TuIa JIFOJWHH,
JiaMeTpalbH1 MapaMeTpu MOPOKHUCTUX BEH 3alieXKaTh BiJ] piBHA (PI3MUHOT aKTUBHOCTI Ta COCOOY
KUTTS. Brcoka (pi3MuHa akTUBHICTb CTBOPIOE YMOBHU JJIsi aKTUBHOI POOOTH M'I30BOT MOMIIH, SIKa
MO)KE€ KOMIIEHCYBaTH BEJHMKY JIOBXKMHY CYAHWH Yy aCTEHIKIB, II0 BKpail Ba)KJIMBO JJISl aJIEKBATHOTO
noBepHeHHa KpoBi o0 cepus uepe3 HIIB. Ilpumyckaemo, mo Hu3bka ¢i3uyHa aKTUBHICTH 3a
aCTeHIYHOT KOHCTHUTYIIli TL1a MOKE€ CTBOPIOBATHM PHU3UKH JJIsl CYIMHHOTO TOHYCY BHACIIZIOK
LIBUJKOT BTPATH TEIJIa Ta rpaBiTalifiHOTO cTazy KpoBi. CTOCOBHO BIUIMBY (Di3MYHOT aKTUBHOCTI Ha
(GYHKIIOHAJIBHICTh TOPOKHUCTUX BEH y JIOJEH 3 TINEPCTEHIYHOI0 KOHCTUTYIIIEIO, CXHIIIEMOCS /10
IOYMKH, 110 KOPOTIIUH IIJISAX CYJMHHM MOXe€ MOJIETIIYBATH HIBUAKE IIOBEPHEHHS KPOBI JI0 CEepLs M1
yac HaBaHTaXEHb. 3TiTHO OTPUMAHUX HAMHU Pe3yJIbTaTiB, CHUCTEeMaTWyHa (i3MYHA AKTHBHICTH
crpusie OUTBIIINA AWJIATAI] BEH, 10 Y TIMEPCTEHUKIB MOXE JI0JaTKOBO MOKPAIIUTH AJANTAIlI0 iX
CYIMHHOI CHUCTEMHU JI0 3HAYHOTO 00'eMy IUPKYIIOIY0i KpoBi. BBakaemo, mo 3a Hu3pKOoro POA
ICHy€e BHCOKa MMOBIPHICTh 3HAYHOTO PU3HUKY I HNIUPOKUX BEH T'yMEPCTEHIKA, SKI MOXKYTh CTaTH
PUTIIHUMHU Ta CTBOPUTH HEraTUBHI IEPEIyMOBH Ul PO3BUTKY XPOHIYHOTO BEHO3HOI'O 3aCTOIO.

BucHoBkH
1. Anani3z kpuBux PW-nomneporpadii BUSBUB 3aJISKHICTh XapaKTepy reMOJUHAMIKA B 000X

BEHaX 3a (Pa3HICTIO MOTOKY KPOBI 3aJIEKHO BiJl BAUXY 1 BUAUXY, BIIMOBIIHO, 3pOCTAHHS IIIBUIKOCTI

1 CHOBUTBHEHHS Tedii KpOBi 3 mepeBakaHHAM piBHA mynbcailii y BIIB. Ilix yac riambokoro Bauxy

KoJlabyBaHHS AiaMeTpy y Outbinii Mipi nposiBisuioch y HIIB mixk y BIIB.

2. BcraHoBieHO, IO HE 3aJI€KHO Bifl THUNY KOHCTUTYLII remonuHamika y BIIB mae gitky

Mynbcalio y Bei pasu auxansHoro 1ukiy, ane y HIIB Bona Oyna OuibIl MOMITHOO.

3. BuBueHHs Mop¢o-METpPUYHHUX [apaMeTpiB MMOPOKHUCTUX BEH Ta IOKA3HUKIB IX
reMOJAMHAMIKH BUSIBUIIO:

- JIOCTOBIpHO OuIbIII PO3MIPH TO3J0BXKHIX pPO3MIpiB 000X mOpokHHCTHX BeH (p<0,05) Ta
OJIHOYACHO HaMMEHIl cepeqHi po3Mipu iX AlaMeTpiB ympoAOBXK (a3 AMXAIbHOTO ILHUKIY B
00CTEeKyBaHUX AaCTEHIYHOTO THUITy KOHCTUTYLIi MOPIBHSAHO 3 Tilep- Ta HOPMOCTEHIYHHM.
VY gomieporpamax acTEHIKIB NpPEBATIOBAIM YITKO BHPAXXKEHI CHCTONIYHI, MIacTOJNIYHI Ta
PEBEpCUBHI XBUJI1 y BIAMOBIIb HAa 3MIHU IPYAHOTO TUCKY;

- MEHII BUPaXEHY JMHAMIKY JiaMeTpalbHUX PO3MIpiB 000X BEHO3HHUX MAriCTpajibHUX CYIUH Mif
yac (a3 BAUXY 1 BUIUXY B 00CTEKYBaHUX TIEPCTEHIYHOIO TUITY KOHCTUTYILI{ MOPIBHSAHO TaKO1 y
IPEJCTaBHUKIB aCTEHIYHOrO TUMy. JlomieporpaMu reMonHaMiKi B 000X MOPOKHUCTHX BEHAX
repPCTEHUKIB XapaKTepU3yBAJIUCh MEHIIOK aMILUTITYA0K XBHJIb, MOHOTOHHICTIO Ta HU3BKOIO
mBHAKICTIO, 10 y HITB maio 3anexano Big (a3 quxaibHOTO LUKITY;

- ICHyBaHHs NPOMDKHMX 3HAu€Hb JOBXWHHU, LIUPUHHU JlaMeTpiB 000X TMOPOKHUCTHX BEH Yy
HOPMOCTEHMKIB TiJl 4Yac AWXalbHOTO LUKIY BIAHOCHO IHIIMX coMaToTHmiB. Jlomieporpamu
XapaKTepU3yBAIUCh YITKHUM XBHJIBOBUM CIIEKTPOM Y MeXaX HOPMH.
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4. BCTaHOBJIEHO 3B’A30K MK (PI3MUHOIO aKTUBHICTIO Ta JIESIKUMH MOpP(HO-METPHUYHHMH Ta
reMOJAMHAMIYHUMH MTOKa3HUKaMH 00cTexxyBaHuX. Bumuii POA mo3uTHBHO KOPETIOBaB 3 BACOKUMHU
aMIUTITy/IaMHA CHCTOJIIYHOI Ta PEBEPCHOI XBWJIb, BEJMKOK) IUIOIMIMHOIO TLIA, a TAKOXK OUTBITMMH
po3mipamu miametrpy HIIB Hesanexno Bix (asu auxampHoro UKy (p<0,05). Y obcrexyBaHux 3
HU3bkUM PDA BusiBneno Oinbmmii IMT, HaliMeHIn niaMeTpu MaricTpalbHUX BEHO3HUX CY/AWH, SIKi
MaJIi TIOMITHY CXHJIBHICTB JIO CHajanHs g 4ac ¢as3u Bauxy (p<0,05).

5. OTpuMaHi pe3yabTaTd MOXYTh OyTH KOPUCHMMHU y (Pi3i0J0Til Ta METUIHMHI JUTS OLIHKA
CTaHy BEHO3HOTO pycia, NPO(QUIAKTHKK CEpLEBO-CYIMHHUX 3aBXBOPIOBAaHb, Yy CIOPTHUBHIN
opieHTaIlii, po3po0ui IHANBIAyaTbHUX TPEHYBAIBHUX MPOTPaM, 3[J0POB’SA30epiralodnx TPAeKTOPIi
Ta BIIMOBIIHUX MPOLEAYP MOHITOPHHTY CTaHY 3I0POB’l.

IlepcnexkTuBM MOAAJBIINX JOCTiAAKeHb BOAuaeMO Yy TMPOBEAECHHI OLIHKA MoOpdo-
(yHKIIOHAJTBHUX OCOOJIIMBOCTEN MOPOKHUCTUX BEH B PI3HUX MPOEKUINHUX MOJIOKEHHAX Tila Mij
9ac AUXATHHOTO ITHKITY.
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Liliia Yukhymenko, Volodymyr Kozak.

MORPHOMETRIC CHARACTERISTICS OF THE VENA CAVAE AND THEIR
HAEMODYNAMIC FEATURES DURING DIFFERENT PHASES OF THE RESPIRATORY CYCLE
DEPENDING ON PHYSICAL ACTIVITY LEVEL AND BODY CONSTITUTION TYPE

Introduction. The study investigated morphometric parameters of the superior and inferior vena
cava (SVC and IVC) and their haemodynamic features during different phases of the respiratory cycle
according to physical activity level and body constitution using Doppler ultrasonography. Ultrasound
imaging enabled visualisation of the major venous trunks, quantitative assessment of their dimensions, and
evaluation of venous haemodynamics. Data regarding constitutional differences in vena cava morphology
and haemodynamics remain limited. Since physical activity substantially affects adaptive mechanisms and
venous circulation, studying vena cava structure and function in individuals with different somatotypes and
activity levels is of considerable scientific interest.

Objective. To determine morphometric and functional characteristics of the vena cavae in
individuals with different body constitution types and physical activity levels using ultrasonography.

Methods. Ultrasound Doppler examination was performed using a Siemens Juniper Acuson system
(USA). Longitudinal and diametrical parameters of the SVC and IVC were assessed in 42 healthy male
volunteers aged 19-27 years with different physical activity levels. Body weight ranged from 57 to 90 kg,
height from 157 to 193 cm, chest circumference from 86 to 115 cm, and BMI from 18.5 to 26.4 kg/m2. All
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participants had normal physical development and no cardiovascular or concomitant diseases. Data were
processed using variation statistics in Microsoft Excel 2019.

Main Results. The greatest longitudinal vena cava dimensions were found in asthenic individuals,
whereas hypersthenic participants demonstrated significantly larger diameters (p<0.05). Normosthenic
subjects showed intermediate values. PW Doppler analysis revealed respiratory-dependent haemodynamic
changes in both veins, with increased blood flow velocity during inspiration and reduced flow during
expiration, while pulsation predominated in the SVC. Regardless of body constitution, physically active men
demonstrated significantly larger vena cava diameters than less active participants.

Scientific Novelty. In the supine position, Doppler curves demonstrated specific morphometric and
haemodynamic changes in different respiratory phases. During deep inspiration, diameter collapse was
more pronounced in the IVC than in the SVC. SVC haemodynamics remained independent of body
constitution and preserved distinct pulsation throughout all respiratory phases. Physical activity
significantly influenced morphometric and functional vena cava parameters and showed different
correlations across somatotypes.

Conclusions. PW Doppler analysis confirmed respiratory-phase dependence of haemodynamics in
both vena cavae, characterised by accelerated blood flow during inspiration and reduced velocity during
expiration, with greater pulsation in the SVC. Asthenic individuals demonstrated significantly greater
longitudinal dimensions and smaller diameters of both vena cavae (p<0.05), accompanied by pronounced
systolic, diastolic, and reverse Doppler waves. Hypersthenic participants showed reduced respiratory-
related diameter variability and lower-amplitude haemodynamic waves, particularly in the IVC.
Normosthenic individuals demonstrated intermediate morphometric parameters and normal wave patterns.
Higher physical activity positively correlated with greater systolic and reverse wave amplitudes, larger body
surface area, and increased IVC diameter irrespective of respiratory phase (p<0.05). Low physical activity
was associated with higher BMI, smaller venous diameters, and greater inspiratory collapse. The findings
may be useful in physiology, medicine, cardiovascular prevention, sports medicine, and the development of
individualised training and health-monitoring programmes.

Keywords: superior vena cava, inferior vena cava, morphometry, haemodynamics, ultrasonography,
Doppler sonography, body constitution, physical activity, respiration.
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BIIOMOCTI ITPO ABTOPIB

Anmenec AnHa OJexcaHapiBHa — 37100yBadyka BHUIIOI OCBITH, Kadenpa MeauyHOi Oioyorii i
CIOPTHUBHOI AieToorii HanioHansHOTO yHiBEpCcUTETa (DI3UYHOTO BUXOBAHHS 1 CIIOPTY YKpaiHu

Be3konuiabuuii Onexkcanap OgekcaHapoBUY — 1. NeA. H., JOLUEHT, Kadenpa Teopii, METOANKH
¢i3uyHOTO BHXOBaHHs, YepKkachbKuil HAllIOHANBHUN YHIBEpCUTET iMeHI bormana XMenbHUIIBKOTO

I'yubko Ilerpo MukogaiioBud — J0UEHT Kadeapu CHOPTUBHUXAUCIUIUIIH, YepKachbKuid
HaI[IOHAJILHUHN YHIBEpPCHUTET iMeHI bornana XMeIbHHUIIBKOTO

/3ronuk IBan CepriitoBuu — acnipant, kadeapa anaromii, ¢iziosorii Ta ¢pizuyHoi peaburirarii,
UYepkacbkuil HalllOHAILHUN yHIBEpcUTET IMeH1 boraana XMeapHUIBKOTO

Libin Bonogumup MukonaitoBuu — HamionanbHuii yHiBepcUTET (I3MUYHOTO BUXOBAHHS 1 CIIOPTY
VYkpainu, MibKHapoAHUI IIEHTP aCTPOHOMIYHUX T4 MEIUKO-010JIOTTHHUX JTOCITIKEHb

KoBanenko CranicaaB OJiekcaHAPOBHY — JOKTOp OIOJIOTIYHUX Hayk, mpodecop, kadeapa
CHOPTUBHUX TUCIUILIIH, Yepkacbkuil HallloHAIbHUN yHIBepcuTeT iMeH1 borjana XMenpHUIIBKOTO

KoBaab Karepuna TI'enagiiBHa — acmipant, Uepkacbkuil HalllOHaJbHUN YHIBEPCUTET IMEHI
borpana XmMenpHUIIBKOTO

KoBaaw HOain BiraaiiBHa — Bukiiagay, HaykoBo-mocaigauii iHCTUTYT ¢iziomorii im. M. bocoro,
Uepkachkuii HaIllOHAILHUM YHIBEpCUTET iMeH1 bormana XMeapHUIIBKOTO

Koxemsiko Tersina BosionumupiBHa — kanauaar Oi0JIOTIYHHX HAyK, JTOICHT, Kadeapa aHATOMIi,
¢dizioyorii Ta ¢izmuHoi peabimiramii, Yepkackkuii HalllOHAIBHUK YyHIBEpCUTET iMeHI bormana
XMeJIBLHUIIBKOTO

Ko3zak Bogomumup BikTopoBuu — acmipant, Uepkacbkuii HaIllOHAIBHUI YHIBEPCUTET IMEHI
bormana XMenpHUIIEKOTO

KpacnoBa Cgitsnana IlaBjiBHa — K.MEI.H., JOLEHT, JOLEHT Kadeapu MeauyHoi Oiosorii i
crnopTuBHOI aieTosiorii HarioHanbHOTO YHIBepcuTeTa (HDi3MYHOTO BUXOBAHHS 1 CIIOPTY YKpaiHU

JInzory6 Bosogumup CepriiioBuy — 1.6.H., mpodecop, aupexkrop HaykoBo-10cHiIHOTO IHCTUTYTY
¢izionorii im. M. bocoro, Uepkachkuii HallioHaIbHUH YHIBepcuTeT iMeH1 bormana XmMenbHUIIBKOTO

Jlyk’sinueBa I'anmna BoaogumupiBaa — 1.6.H., mpodecop, npodecop kadbeapu meanyHoi 6i010rii
1 cmopTuBHO1 AieTonorii HanioHanbHOTO yHIBepcUTETa (PI3MYHOTO BUXOBAHHS 1 CIIOPTY YKpaiHu

Makymmua Jliogmuiaa 3uHoBiiBHA — cTapmiuii BHKiIagad kadeapu MOYaTKOBOI 1 CHEIialbHOT
ocBiTH YepkachbKkoro HalllOHATBHOTO YHIBepcUTETY iMeH1 boriana XMeabHUIIBKOTO

ITactyxoBa BikTopis AHaToaiiBHa — 1.M.H., npodecop, 3aB. Kadeapu Meau4Hoi Oiosorii i
CIOPTUBHOI AieTosorii HanioHambHOTO yHIBEpcUTeTa (DI3UYHOTO BUXOBAHHS 1 CIOPTY YKpaiHu

Ilerpenxko IOpiii OuaekciiioBuy — xkaHaugaT OIONOTIYHMX HAyK, JAOLEHT, YepKkachbKuit
HaIllOHAIBHUH yHIBepcHUTET iMeH1 b. XMenpHUIbKoro

IlycroBasoB Biraniii OJiekcaHapoBuy — KaHIUIAT HAyK 3 (i3MYHOTO BUXOBAHHS Ta CIOPTY,
JOLEHT, Kadeapa CHOPTUBHUX irop, Yepkacbkuil  HalliOHAJIBHMHA  YHIBEPCHTET IMEHI
Bornana XmenbHuIpKoro, kadeapa cnopTUBHUX irop. M. Uepkacu, Ykpaina
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CaBunbka Ouena CepriiBHa — BukiIagad kadeapu Mo4aTkoBoi i cienianbHoi 0cBiTH YepKachbKoro
HAI[IOHAJILHOTO YHIBepcHuTeTy iMeHi bormana XMenpbHHUIIBKOTO

CgetriioBa Ouiena JImutpiBHa — KaHauaar OIlOJOTIYHMX HAyK, AOLEHT, Kadeapa aHaToMii,
¢i3ionorii Ta ¢izumyHoi peabimiTamii, Yepkacbkuii HaliOHAJBFHUI yHiBepcHTeT iMeHi bormana
XMEBHUIIBKOTO

CeBepunoBcbka OJgiena BiktopiBHa — nokrop Oionoriyamx Hayk, npodecop [IHIIpOBCEKOTO
HaIlOHAIBHOTO yHiBepcuTeTy iMeHi Onecst 'oHuapa

CeBepunuyk BuaaguciaaB MwuxaiijioBuu — acnipant, Yepkacbkuil HalllOHAJbHUN YHIBEPCUTET
imeH1 bornana XmenbHUIIBKOTO

Cisnos IOpiii BacuiaboBuu — tpenep pyrodonbHoro kiny0y «Ilaxtakop», Tamkent, Y30ekucran

CxopoboratoB Anapiii MukonaifoBuu — 1.men.H., npodecop, npodecop kadeapu MeauLuHU
rojyioBu Ta mui, [TpuBaTHMii 3aKknan Bumoi ocBitn «Akagemis JJo6poOyr»

CocHoBcbknii Bosogumup BosogumupoBuu — nokrop ¢itocodii 3 6iosorii, Bukiaaay kadpeapu
MeM4YHO1 010J10Tii 1 copTUBHOI AieTonorii HanionanbHOro yHiBepcutera (i3MYHOTO BUXOBAHHS 1
CropTy YKpainu

XmenbHunbka Qi KocrsiHTHHIBHA — K.H. 3 (13. BHUX., JOIEHT, MOIEHT Kadeapu MeIaudHOl
Oiogorii 1 cnoptuBHOI nierosorii HamionanpHOTO yHIBepcuTeTa (PI3MYHOTO BHXOBAHHS 1 CIIOPTY
VYkpainu

Xomenko Cepriii MukoaaiioBu4 — KaHAWAAT OIOJOTIYHMUX HAyK, JOILEHT, Kadeapa aHaTOMIi,
¢diziosorii Ta ¢izmuHoi peabimitamii, Uepkacbkuii HaIlOHAILHUNA YHIBepcuTeT iMeHi bormana
XMeJIBLHUIIBKOTO

Hurannnk Poman AmHartougiiioBuY — BuKkiIagad kadeapu anaTowmii, (iziosorii ta ¢(izsudHOT
peaburirarii, Yepkacbkuii HalllOHATBHUHN yHIBepcUTeT iMeH1 bornana XMenbHHUIIBKOTO

YepuoseBcbkuii bornan OuieroBuu — acmipant kadenpu 6ioximii Ta ¢iziosorii JJHIIPOBCHKOTO
HallioHaJILHOTO yHiBepcuTeTy iMeHi Onecs ['onvapa

HInaniok Bitaniii BacuaboBuu — nokrop ¢dinocodii, aunmom UEFA Pro, Llentp ninen3zyBaHHS,
YAO®, Vkpaina

HInenkoB s OnexcanapoBuy — HarionansHuil yHiBepcUTET (PI3SUMHOTO BUXOBAHHS 1 CIIOPTY
Ykpainu

IOxumenko Jlinisn IBaniBHa — gokTOpka OloJNOriYHMX Hayk, npodecop kadenpu aHaTomii,

¢3iosorii  Ta  QizuuHoi peabimitanii, Yepkacbkuil HallIOHAJBHUM  YHIBEPCUTET IMEHI
b. XmenbHUIBKOTO
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	РОЛЬ ФІЗИЧНОЇ АКТИВНОСТІ ТА ХАРЧУВАННЯ У ФОРМУВАННІ ПСИХОФІЗІОЛОГІЧНОЇ АДАПТАЦІЇ СТУДЕНТІВ ДО НАВЧАЛЬНОГО ПРОЦЕСУ В УМОВАХ ВОЄННОГО СТАНУ
	Метою дослідженняч було встановлення взаємозв’язків між ПА та поведінковими чинниками (ІМТ, фізична активність, особливості харчової поведінки) у студентської молоді та розроблення практичних рекомендацій щодо оптимізації психофізіологічного стану в у...
	У результаті дослідження виявлено залежність ПА від ІМТ, рівня фізичної активності та якості харчової поведінки. Встановлено, що студенти спортивних спеціальностей характеризувалися значно вищим рівнем ПА (59.4 ± 2.1 балів) порівняно зі студентами нес...
	Обґрунтовано, що комплексні міждисциплінарні заходи, які включають тренінги зі стрес-менеджменту, програми фізичної активності, дієтологічне консультування та психологічну підтримку, є особливо необхідними в умовах воєнного стану.
	Ключові слова: психофізіологічна адаптація, індекс маси тіла, фізична активність, харчова поведінка, хронічний стрес, стресостійкість, воєнний стан.
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	THE EFFECT OF TEMPORARY OCCLUSION OF THE LOWER LIMBS ON THE CENTRAL HEMODYNAMICS OF ATHLETES
	Introduction. In recent years, methods of temporary occlusion of the lower limbs have become increasingly widespread and are used both in the training process and in rehabilitation programs for athletes. At the same time, the nature and extent of thes...
	Objective. To determine the characteristics of central hemodynamic parameters under different levels of temporary lower limb occlusion in students specializing in physical culture and sports
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	Main results of the study. Both venous and arterial occlusion of the lower limbs generally caused a decrease in all blood pressure parameters, with a prolonged aftereffect. High interindividual differences were observed both in the baseline levels of ...
	Scientific novelty of the study results. For the first time, a comparative analysis of the effects of short-term venous and arterial occlusion on the functional state of hemodynamics in students specializing in physical culture and sports was carried ...
	Conclusions and specific suggestions of the author. Prospects for further research lie in clarifying the individual characteristics of central hemodynamic parameter reactivity under different gradations of lower limb occlusion.
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	МОРФО-МЕТРИЧНІ ХАРАКТЕРИСТИКИ ПОРОЖНИСТИХ ВЕН  ТА ОСОБЛИВОСТІ ЇХ ГЕМОДИНАМІКИ В РІЗНИХ ФАЗАХ ДИХАЛЬНОГО ЦИКЛУ ЗАЛЕЖНО ВІД РІВНЯ ФІЗИЧНОЇ АКТИВНОСТІ ТА ТИПУ КОНСТИТУЦІЇ ЛЮДИНИ
	Анотація. Вивчали морфо-метричні показники порожнистих вен та особливості їх гемодинаміки  у різних фазах дихального циклу залежно від рівня фізичної активності та типу конституції методом ультразвукової доплерографії (УЗД). Проведення УЗД порожнистих...
	Метою роботи було з’ясування особливостей морфо-метричних та функціональних показників порожнистих вен людей з різними конституціями тіла та фізичною активністю методом УЗД. Для цього апаратом ультразвукової доплерографії Siemens Juniper Acuson (USA) ...
	Найбільші поздовжні параметри порожнистих вен встановлено у чоловіків астенічної конституції тіла, а у представників гіперстенічної переважаючими виявились діаметральні розміри (р≤0,05). Більшість чоловіків з нормостенічною конституцією характеризувал...
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	Рис. 1. Доплерограми порожнистих вен обстежуваних.
	Рис. 2. Доплерівські знімки записів хвиль у вехній (А)  та нижній (Б) порожнистих венах під час дихального циклу.
	Показники довжини та діаметрів верхньої і нижньої порожнистих вен обстежуваних у різних фазах дихального циклу залежно від типу конституції тіла
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	Рис. 5. Кореляції між деякими морфо-функціональними характеристиками обстежуваних різних типів конституції та рівнем їх фізичної активності.  Примітки: наводяться тільки вірогідні зв’язки на рівні не менше р<0,05.
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