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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: The aim of this study was to examine the
influence of higher nervous activity (HNA) types on heart rate
variability (HRV) parameters in athletes after physical exertion.
The primary objective was to identify the relationship between
HNA types and the body's adaptive capacity, as well as to assess
stress resilience and recovery efficiency.

Material and Method: The study involved 144 male athletes
aged 17-20 years (mean age: 18.5 = 1.5 years) engaged in
football and track and field. Participants were classified into
groups based on their higher nervous activity (HNA) types
using the Eysenck Personality Questionnaire (EPQ) and the
"Psychotest" software, categorizing them as sanguine, choleric,
phlegmatic, or melancholic. Six heart rate variability (HRV)
parameters (RMSSD, SDNN, LF/HF, TP, pNN50, HF) were
analyzed before and after the Cooper test (12-minute run) using
the "Biomouse" hardware-software complex and the specialized
"Varicard-2.51" program.

Results: The study revealed significant differences in the
cardiovascular system's response to physical exertion among
athletes with different higher nervous activity (HNA) types
(p<0.05). Sanguine individuals exhibited a moderate decrease
in RMSSD, SDNN, and TP, indicating balanced regulation
of sympathetic and parasympathetic activity. Phlegmatic
individuals showed minimal changes, confirming their high
adaptive reserves and resilience to physical stress. In contrast,
choleric and melancholic individuals demonstrated a significant
reduction in RMSSD, SDNN, and TP, along with an increase
in LF/HF, suggesting predominant sympathetic activity and
heightened regulatory system strain.

These findings highlight greater stress resilience and better
adaptive capacities in sanguine and phlegmatic individuals,
whereas choleric and melancholic athletes exhibit reduced
adaptive potential. Furthermore, following the Cooper test,
choleric and melancholic individuals displayed changes
characteristic of sympathetic nervous system activation,
including an increase in LF/HF and a decrease in pNN50
(p<0.01). These results emphasize the importance of considering
HNA types when designing individualized training and recovery
programs.

Conclusion: The results demonstrate the influence of higher
nervous activity (HNA) types on adaptation to physical exertion,
emphasizing the importance of a personalized approach to
training and recovery programs. This is crucial for enhancing
athletic performance and preventing overload and burnout.

Key words. Higher nervous activity, heart rate variability,
adaptation, recovery, athletes, stress resilience, individualized
approach.
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Introduction.

According to various studies, the prevalence of sports injuries
and professional burnout among athletes ranges from 20% to
40% [1,2-9]. A survey conducted by the SuperJob portal in 2023
found that one in eight athletes (13%) reported experiencing
severe fatigue, while 45% of respondents noted symptoms
of such a condition [7]. The International Classification of
Diseases, 11th Revision (ICD-11), includes disorders related
to professional burnout and chronic stress, which significantly
affect athletes' performance and recovery [5]. These conditions
are characterized by physical and emotional exhaustion,
reduced motivation, and decreased productivity, making them
particularly relevant for athletes exposed to intense physical and
psychological stress [10,11].

Systematic reviews indicate that under conditions of high
competition and significant physical exertion, one-third of
athletes experience a wide range of psychological and behavioral
issues [12]. Athletes are more prone to professional burnout and
psychological disorders compared to other population groups
[6,8]. Additionally, genetic factors and the type of higher nervous
activity (HNA) play a crucial role in the body's adaptation to
stress, recovery processes, and the risk of injuries and burnout
[2,13,14]. However, the impact of HNA and genetic factors on
these processes remains insufficiently studied, highlighting the
need for further research to improve diagnosis and prevention
strategies [3,15].

Types of higher nervous activity (HNA) are a key factor in the
body's adaptation to physical exertion and stressful situations
[4]. Individual HNA characteristics determine cardiovascular
and nervous system responses to training loads, making them
an important aspect of sports medicine [13]. The body's reaction
to physical activity is reflected in heart rate variability (HRV)
parameters, which assess the balance between the sympathetic
and parasympathetic nervous systems [1,2].

HRYV serves as a universal marker of adaptive potential
and stress resilience: high HRV values indicate effective
recovery and strong functional reserves, whereas low values
suggest physiological strain and the need for longer recovery
periods [7,6]. Given the critical role of individual HNA traits
in adaptation to physical and psychological stress, this study
aimed to examine the relationship between HNA types and
HRYV parameters in athletes. Special attention was given to
evaluating the body's adaptive capacity and recovery rate, which
are essential for developing personalized training, recovery
strategies, and preventing professional burnout [4,5,12].

Methodology.

The study involved 144 male athletes aged 17-20 years
(mean age: 18.5 £ 1.5 years) who regularly engaged in football
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or track and field at the Samarkand Sports School. The first
group included 69 football players, while the second group
consisted of 75 track and field athletes. All participants held
either a second- or third-class sports ranking. The inclusion
criteria were regular sports training for at least three years, age
between 17 and 20 years, possession of a second- or third-class
sports ranking, and absence of significant injuries or illnesses
within six months prior to the study. The exclusion criteria
included the presence of chronic cardiovascular, nervous, or
respiratory system diseases, use of medications affecting heart
rate variability (HRV), contraindications to physical activity,
and failure to comply with pre-test preparation guidelines such
as food or caffeine intake within two hours before testing. To
minimize subjectivity in the classification of higher nervous
activity (HNA) types, a comprehensive approach was applied,
incorporating standardized psychological methods and
computer-based programs. The primary tool for assessing HNA
type was the Eysenck Personality Questionnaire (EPQ), which
has high reliability in identifying key personality traits such as
extraversion, introversion, and neuroticism, which were used
to classify participants as sanguine, choleric, phlegmatic, or
melancholic. Additionally, the "Psychotest" program was used
to interpret the results. The system automatically processed EPQ
questionnaire data and ensured an objective classification of
participants by HNA type. The program also included additional
modules for assessing emotional stability and reactivity,
refining the psychophysiological profile of each participant.
Based on the test results, participants were categorized into
four groups: sanguine, choleric, phlegmatic, and melancholic.
The obtained data were reviewed by an expert panel consisting
of a psychologist and a physiologist, eliminating classification
errors and ensuring high accuracy. For the assessment of heart
rate variability (HRV), the "Biomouse" hardware-software
complex (NeuroLab, Russia) was used. To evaluate functional
status, HRV parameters included RMSSD, SDNN, LF/HF,
TP, pNN50, and HF, as they serve as key indicators of the
autonomic nervous system (ANS) function, which regulates
the cardiovascular system and is responsible for the body's
adaptation to physical and psycho-emotional stress.

RMSSD (Root Mean Square of Successive Differences)
reflects parasympathetic nervous system activity and the body's
recovery capacity. Low RMSSD values may indicate increased
sympathetic nervous system activity and stress, while high
values suggest good recovery levels (normal range: 25-50 ms).

SDNN (Standard Deviation of NN Intervals) evaluates overall
heart rate variability and serves as a marker of the body's
adaptive capacity. High SDNN values indicate good functional
status and recovery ability, whereas low values may suggest
reduced adaptive reserves (normal range: 75—130 ms).

LF/HF (Low Frequency to High Frequency Ratio) represents
the balance between low-frequency (LF) and high-frequency
(HF) components of heart rate variability, reflecting the
autonomic balance between sympathetic and parasympathetic
activity. Values above 2.0 indicate predominant sympathetic
activity, which may signal stress (normal range: 1.2-2.8).

TP (Total Power) represents the overall autonomic nervous
system activity and the body's energy reserves. High TP values
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indicate good recovery and strong adaptive capacity, whereas
low values may suggest depletion of these reserves (normal
range: 2300-3800 ms?).

pNNSO (Percentage of successive NN intervals differing by
more than 50 ms) demonstrates the degree of parasympathetic
nervous system activity and the body's recovery ability after
physical exertion. High values indicate good recovery potential,
while low values may reflect increased stress levels (normal
range: 12-35%).

HF (High Frequency Power) reflects parasympathetic nervous
system activity, particularly in relation to respiratory function.
High HF values indicate good recovery and low stress levels
(normal range: 400—750 ms?).

To assess physical endurance and adaptive capacity in athletes
with different types of higher nervous activity (HNA), the
Cooper test was used. This test allowed for the analysis of
physiological parameter changes, such as heart rate variability
(HRYV), under the influence of intense physical exertion and
during the recovery period. All participants performed the test on
a 400-meter rubberized running track in the morning (between
8:00 and 10:00) to minimize the impact of circadian fluctuations
in physiological parameters. The ambient temperature was
maintained between 18-22°C, with no precipitation or strong
wind.

Before the test, participants completed a 10-minute warm-up,
which included light jogging and stretching, to prevent injuries
and adapt the cardiovascular system to exertion. During the test,
athletes ran at maximum speed for 12 minutes, and the total
distance covered was recorded. After completing the test, each
participant remained in a seated position for five minutes, during
which HRV parameters were measured. The test conditions
were standardized for all participants, minimizing the influence
of external factors. This approach ensured consistency in
testing conditions, allowing for a valid comparison of HRV
parameters among athletes with different HNA types. The
Cooper test served as a key tool for analyzing physical
endurance, autonomic regulation, and recovery, enabling a
deeper understanding of athletes' adaptive mechanisms based
on their psychophysiological characteristics.

Statistical Analysis.

The statistical analysis of the study data is presented as means
and standard deviations (M+m). The chosen statistical methods
align with the research objectives and adhere to international
standards: the Shapiro—-Wilk test was used to assess the
normality of data distribution, the paired t-test was applied
for pre- and post-Cooper test comparisons in cases of normal
distribution, the Wilcoxon signed-rank test was employed for
dependent samples with non-normal distribution, and ANOVA
was conducted to compare groups based on types of higher
nervous activity (HNA). A p-value of <0.05 was considered
statistically significant.

Results.

The distribution of study participants by HNA types is shown
in table 1.

Studies show (Table 1) that the majority of participants in the
study belong to the sanguine type, both among football players



Table 1. Distribution of study participants by types of Higher Nervous Activity (HNA).

Track and field athletes

Type of HNA Total number of participants (%) Football players (number) (%) (number) (%)
Sanguines 59 (40,97) 28 (40,6) 31 (41,3)
Cholerics 41 (28,47) 20 (29,0) 21 (28,0)
Phlegmatics 29 (20,14) 15 (21,7) 14 (18,7)
Melancholics 15 (10,42) 6 (8,7) 9 (12,0)

Total 144 (100) 69(100) 75(100)

Table 2. Heart Rate Variability (HRV) Indicators in Athletes with Different Types of Higher Nervous Activity (HNA) Before and After the Cooper

Test.
Type of HNA HRYV Indicators g\?[t:':;z);l"est
RMSSD (mc) 45+6
SDNN (mc) 120+£10
Sanguines LF/HF 1.3£0.2
(n=59) TP (mc?) 3700+500
pNNS50 (%) 3046
HF (mc?) 700+90
RMSSD (mc) 5047
SDNN (mc) 130+12
Phlegmatics LF/HF 1.2+0.1
(n=29) TP (mc?) 38004520
pNNS50 (%) 3547
HF (mc?) 750+95
RMSSD (mc) 3845
SDNN (mc) 110+9
Cholerics LF/HF 1.7£0.3
(N=41) TP (mc?) 32004400
pNNSO0 (%) 2045
HF (mc?) 600+80
RMSSD (mc) 3244
SDNN (mc) 90+6
Melancholics LE/HF 2.24+0.3
(n=15) TP (mc?) 3000+450
pNNS50 (%) 1844
HF (mc?) 470+80

?I\f[t:igg; st Change (%) p-value
40+5 -11% <0.05
110+8 -8% <0.05
1.6+0.3 +23% <0.05
3400+450 -8% <0.05
25+5 -17% <0.05
650+80 -7% <0.05
47+6 -6% <0.01
125+10 -4% <0.01
1.4+0.2 +17% <0.01
36004500 -5% <0.01
30+6 -14% <0.01
700+90 -1% <0.01
30+4 -21% <0.01
95+8 -14% <0.01
2.1+0.4 +24% <0.01
2700+350 -16% <0.01
15+4 -25% <0.01
500+70 -17% <0.01
2543 -22% <0.01
75+5 -17% <0.01
2.8+0.4 +27% <0.01
2300400 -23% <0.01
1243 -33% <0.01
400£70 -15% <0.01

Notes: Min—Max values for indicators: RMSSD: 25-50 ms, SDNN: 75—130 ms, LF/HF: 1.2-2.8, TP: 2300-3800 ms? pNN50: 12-35%, HF:
400-750 ms> Percentage change values are calculated as the relative change before and after the Cooper test.

and track and field athletes. Out of 144 participants, 40.97% (59
individuals) were classified as sanguine, including 40.6% (28
individuals) from the football group and 41.3% (31 individuals)
from the track and field group. This confirms that sanguine
individuals, due to their high extraversion and low neuroticism,
demonstrate a strong adaptation to physical exertion, making
them more inclined to engage in sports. Sanguine individuals
typically exhibit high motivation and energy levels, which
may explain their dominance in both athlete groups. Choleric
individuals accounted for 28.47% of all participants, slightly
lower than the proportion of sanguine athletes. Among football
players, 29.0% (20 individuals) were classified as choleric,
while in the track and field group, this figure was 28.0% (21
individuals). The characteristics of cholerics, such as high
neuroticism and strong goal orientation, may explain their
participation in high-energy-demanding sports like football and
track and field. Phlegmatic individuals comprised 20.14% (29
individuals) of the participants and were present in both athlete
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groups. However, their proportion was slightly higher among
football players (21.7%) than among track and field athletes
(18.7%), which could be attributed to their more composed
and methodical approach to training. Melancholic individuals
formed the smallest group among all HNA types, representing
10.42% (15 individuals). Among football players, melancholics
constituted 8.7% (6 individuals), whereas in the track and field
group, they accounted for 12.0% (9 individuals). Melancholics
generally exhibit higher levels of neuroticism, which may
explain their lower inclination toward intensive physical
activities. However, their presence in both athlete groups
confirms that even individuals of this HNA type can participate
in sports despite their heightened sensitivity to stress.

Thus, the study results indicate that sanguine individuals are
the most prevalent among football players and track and field
athletes, likely due to their tendency for active participation in
physical activities and strong adaptability to physical exertion.

The Cooper test was accompanied by moderate changes in



all heart rate parameters among athletes with different types
of higher nervous activity (HNA). This is likely due to the
individual psychophysiological response to physical exertion
characteristic of each HNA type. The obtained results emphasize
the importance of considering HNA types when assessing
adaptive capacity and developing training programs.

The analysis of heart rate variability (HRV) parameters in
athletes with different types of higher nervous activity (HNA)
before and after the Cooper test is presented in Table 2.

After completing the Cooper test, RMSSD decreased by 11%
(p<0.05) in sanguine individuals, reflecting moderate tension
in parasympathetic regulation. In phlegmatic individuals,
the indicator decreased by 6% (p<0.01) while remaining at a
high level. In choleric and melancholic individuals, RMSSD
significantly decreased by 21% (p<0.01) and 22% (p<0.01),
respectively, indicating pronounced strain and dominance of
sympathetic activity. Sanguine and phlegmatic individuals
exhibited a reduction in SDNN by 8% (p<0.05) and 4% (p<0.01),
respectively, reflecting a slight decrease in overall heart rate
variability. In choleric individuals, SDNN decreased by 14%
(p<0.01), and in melancholic individuals by 17% (p<0.01),
indicating significant strain on adaptive mechanisms. The LF/
HEF ratio increased by 23% (p<0.05) in sanguine individuals and
by 17% (p<0.01) in phlegmatic individuals, while remaining
within normal limits. In choleric and melancholic individuals,
LF/HF increased by 24% (p<0.01) and 27% (p<0.01),
respectively, indicating a dominance of sympathetic activity
after exertion. Total power (TP) decreased by 8% (p<0.05)
in sanguine individuals and by 5% (p<0.01) in phlegmatic
individuals, reflecting a moderate reduction in energy reserves.
In choleric individuals, TP decreased by 16% (p<0.01), and in
melancholic individuals by 23% (p<0.01), indicating significant
depletion of adaptive resources. The pNN50 indicator decreased
by 17% (p<0.05) in sanguine individuals and by 14% (p<0.01)
in phlegmatic individuals, while remaining relatively high. In
choleric and melancholic individuals, the decrease was 25%
(p<0.01) and 33% (p<0.01), respectively, indicating a significant
reduction in parasympathetic activity. HF decreased by 7%
(p<0.05 and p<0.01, respectively) in sanguine and phlegmatic
individuals, indicating a moderate decline in parasympathetic
activity. In choleric individuals, HF decreased by 17% (p<0.01),
and in melancholic individuals by 15% (p<0.01), reflecting a
pronounced weakening of parasympathetic regulation after
exertion.

Thus, the most significant changes in HRV parameters after
the Cooper test were observed in choleric and melancholic
individuals, indicating high tension in adaptive mechanisms and
a dominance of sympathetic activity. Sanguine and phlegmatic
individuals demonstrated more stable parameters, suggesting
greater resilience to physical exertion and more effective heart
rate regulation.

Discussion.

Differences in physiological responses to physical exertion
are associated with the regulation of heart rate. Sanguine and
phlegmatic athletes exhibit a balanced interaction between
sympathetic and parasympathetic activity, which contributes to
greater stress resilience. In contrast, choleric and melancholic
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athletes experience a predominance of sympathetic activity,
leading to increased strain on regulatory mechanisms, reduced
heart rate variability (HRV), and prolonged recovery time.

The results of the Cooper test confirmed significant differences
in the adaptive capacities of athletes depending on autonomic
nervous system (ANS) type. In sanguine individuals, a
moderate decrease in RMSSD, SDNN, and TP was observed
after physical exertion, indicating high regulatory system
resilience and rapid recovery due to the balanced interplay
of sympathetic and parasympathetic activity. Phlegmatic
athletes showed minimal changes in RMSSD, SDNN, and
TP, reflecting a high level of stability and strong adaptive
reserves, characteristic of their temperament. Conversely,
choleric athletes demonstrated a marked decline in RMSSD
and SDNN, combined with an increase in LF/HF, indicating
sympathetic dominance and heightened regulatory system
strain. This confirms their tendency to exhibit pronounced stress
reactions to physical exertion, necessitating additional recovery
interventions to maintain physiological balance. In melancholic
athletes, a reduction in RMSSD and TP, along with a significant
increase in LF/HF, confirms limited adaptive reserves and a
dominance of sympathetic activity. These findings indicate the
need for extended recovery periods and the development of
individualized training approaches tailored to their physiological
characteristics. Analysis of the results suggests that physical
exertion in athletes with a less balanced nervous system leads
to dysregulation of heart rate control mechanisms. This may be
explained by the reduced ability of the central nervous system
(CNS) to effectively manage the balance between sympathetic
and parasympathetic activity.

Studies conducted in other countries report similar findings.
In the study by Villareal et al. (2021), a comparison of adaptive
capacities in athletes with different HNA types demonstrated
that individuals with higher RMSSD and SDNN values exhibit
superior recovery abilities. This aligns with our findings for
sanguine and phlegmatic athletes, who maintained relatively
high RMSSD and SDNN values after the Cooper test,
confirming a well-balanced interplay between sympathetic
and parasympathetic activity, facilitating faster recovery.
Conversely, the research by Smith et al. (2020) highlights a
decrease in RMSSD and SDNN in athletes with less balanced
nervous system regulation, which is consistent with the patterns
observed in choleric and melancholic athletes in our study.

Sympathetic Dominance in Choleric and Melancholic
Athletes.

In our study, choleric and melancholic athletes exhibited
a significant increase in LF/HF following physical exertion,
indicating a dominance of sympathetic activity and heightened
strain on adaptive mechanisms. Wang et al. (2022) report that
elevated sympathetic activity is associated with prolonged
recovery time and an increased risk of overtraining, which
aligns with our findings.

Role of Psychoemotional Resilience.

Research by Malik et al. (2019) highlights that stress
resilience and low anxiety levels contribute to more efficient
heart rate regulation. In our study, sanguine and phlegmatic
athletes generally demonstrated more stable psychoemotional



regulation, as evidenced by their consistent HRV parameters,
reinforcing their greater physiological adaptability to stress and
recovery efficiency.

Practical Implications for sports medicine.

Personalization of training programs — the findings emphasize
the necessity of considering individual HNA characteristics
in training program development. Extended recovery for
sympathetically dominant athletes - choleric and melancholic
athletes require longer recovery periods and reduced training
intensity to prevent excessive autonomic strain. Standard
training approaches for adaptive athletes - sanguine and
phlegmatic athletes can adhere to standard training protocols,
as their adaptive reserves allow them to sustain high-intensity
loads with more efficient recovery.

The findings of this study have practical significance not
only for optimizing training programs but also for preventing
sports burnout, which is a critical issue in both professional and
amateur sports. Burnout syndrome is characterized by chronic
physical and emotional exhaustion, decreased motivation, and
a decline in athletic performance, which are associated with
autonomic nervous system (ANS) imbalance, impaired recovery
mechanisms, and high levels of chronic stress.

HRYV as an Objective Marker of Burnout Susceptibility.

The study demonstrated that athletes with different types of
higher nervous activity (HNA) respond differently to physical
exertion, as evidenced by changes in heart rate variability
(HRYV) parameters after the Cooper test.

Identified physiological patterns and their association with
burnout risk: Sanguine and phlegmatic athletes exhibit moderate
reductions in RMSSD, SDNN, and TP post-exercise, with rapid
recovery, indicating high adaptive reserves and a lower risk of
burnout. Choleric and melancholic athletes show a significant
decline in RMSSD and SDNN, alongside a sharp increase in
LF/HF, indicating dominance of sympathetic activity, increased
autonomic system load, and delayed recovery. These findings
confirm that HRV indicators can serve as predictors of burnout
risk, as their changes reflect the level of adaptive stress on
the body. Athletes with pronounced sympathetic dominance
(cholerics and melancholics) require more rigorous monitoring
of training loads and recovery strategies.

Development of personalized burnout prevention strategies.

Based on the study results, individualized approaches to
training processes and recovery can be proposed: HRV
monitoring in training programs — pegular assessment of
RMSSD, SDNN, and LF/HF to detect early signs of ANS
imbalance, allowing for timely adjustments in training loads
and minimizing stress overload; regulation of training volumes
- choleric and melancholic athletes require reduced training
intensity during high-stress periods (e.g., pre-competition
phases) due to their more vulnerable adaptive mechanisms;
implementation of active recovery strategies - incorporating
breathing techniques, meditation, and HRV-based training to
normalize HRV parameters and mitigate the effects of chronic
stress personalized psychophysiological preparation programs
- psychological training, cognitive-behavioral therapy (CBT),
and self-regulation techniques can reduce anxiety levels, which
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is particularly crucial for melancholic athletes.
Significance of the Study for Burnout Prevention in Sports.

The results of this study confirm that considering individual
characteristics of higher nervous activity (HNA) and heart
rate variability (HRV) parameters enables the identification of
athletes prone to emotional exhaustion and overtraining. The
implementation of a personalized approach to training loads
tailored to different HNA types enhances training efficiency.
Using HRV as an objective marker of burnout risk allows
for better control over stress-induced overload, while the
development of comprehensive recovery programs aims to
optimize adaptive mechanisms and prevent chronic fatigue.
Thus, this study demonstrates that HRV analysis combined with
HNA assessment enables the development of individualized
burnout prevention strategies. The findings confirm that athletes
with heightened sympathetic activity are more susceptible to
stress-induced exhaustion, necessitating a tailored approach to
training, recovery, and psychological support. These insights can
be utilized to optimize sports training and prevent professional
burnout in athletes.

Integration of HRV Data into Athlete Monitoring.

Utilizing HRV as a marker provides an objective assessment of
an athlete's functional state. International studies, such as Heart
Math Institute (2020), confirm that regular HRV monitoring
enables real-time adjustments to training loads, thereby
enhancing training efficiency and optimizing performance.

Future Research Perspectives.

Further research is required with larger sample sizes,
incorporating athletes from various sports and age groups.
Additionally, it is crucial to examine the impact of factors such
as sleep patterns, nutrition, and psychological preparation on
adaptive processes in athletes with different types of higher
nervous activity (HNA). Thus, the findings of this study
emphasize the importance of integrating psychophysiological
data into sports medicine. Considering individual HNA
characteristics not only improves athletes' adaptation to training
loads but also facilitates the development of personalized
training and recovery strategies, thereby reducing the risk of
injuries and overtraining.

Potential Limitations and Sources of Error.

For a deeper understanding of the relationship between HNA
types and adaptive processes, future studies should involve larger
cohorts and employ diverse psychophysiological assessment
methods. Moreover, it is essential to consider psychological
factors such as anxiety levels and stress resilience, which
significantly influence athletes' adaptive capacities.

Conclusion.

The obtained results demonstrate the impact of higher nervous
activity (HNA) types on adaptation to physical exertion,
emphasizing the importance of a personalized approach to
training and recovery. This is crucial for enhancing athletic
performance and preventing overload and burnout.
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AHHOTAIIUA

WupuBuayaiabHble  0CO0OEHHOCTH  BbICHIEH  HepBHOI
JNeITeJIbHOCTH KaK (PAKTOp aJanTallyu M BOCCTAHOBJICHUS
CepAeYHO-COCYAUCTOM CHCTEMbI Yy CHOPTCMEHOB
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Beenenne: Ilenpio IaHHOTO HCCIENOBAaHUSA OBUIO HM3YYHTh
BIMSHHE THIIOB BBICHIEH HepBHOW pesrensHOocTH (BHJI)
Ha TOKa3aTenu BapHalenpHOCTH cepraedHoro putma (BCP)
y CHOPTCMEHOB Tmocie ¢uzndeckor Harpy3ku. OCHOBHOH
3amadyeil OBIJIO BBIABUTH B3aMMOCBSI3b MEXIy THIIAMU
BH/l v apantaiilMOHHBIMM BO3MOXKHOCTSIMA OpraHu3Ma, a
TaK)Ke OLEHHUTh CTPECCOYCTOHYUBOCTh U IPPEKTUBHOCTH
BOCCTaHOBJICHUSI.

MaTtepuanbsl M MeTOAbI: B mccnenoBaHny NpuHSUIM yyacThe
144 cnoptcmena My>kckoro noja B Bo3pacte 17-20 et (cpeqauit
Bo3pacT 18,5 £ 1,5 ner), 3anumaromuxcs GpyroosIoM U JErKoi
aTJIeTUKON. YUYacTHUKH ObLIM KiacCH(UIMPOBAHBI 110 THIIAM
BeICIIel HepBHOW nestenbHOCTH (BHJI) ¢ mcnonms3oBaHuem
ompocHuka Aizenka (EPQ) u mporpammsl «llcuxorect» Ha
IPYIIIbI: CAHTBUHUKH, XOJIEPUKH, (PIIETMATHKU U METIAHXOJIUKH.
boumn mpoananm3upoBaHbl 6 TOKa3aTenedl BapuabenbHOCTH
cepaeunoro putma (BCP) (RMSSD, SDNN, LF/HF, TP, pNN50,
HF) no u mocne Bemonnenus tecta Kymepa (12-MuHyTHBIN
6er) c HCTIOJIb30BaHUEM anmapaTHO-IIPOrPaMMHOTO
KoMIUIiekca «Biomouse» M crienuanu3upoBaHHOI IPOrpaMMBbl
«Bapukapa-2.51».

PesyabraTel: lccinenoBaHue MOKazajlo 3HAYUTEbHbIC
pa3Iuyus B PpeakIUH CepACYHO-COCYIHCTOM CHCTEMBI Ha
¢u3nyecKyl0 Harpy3Ky Yy CIHOPTCMEHOB C pa3jIMYHbIMHU
tunamu  BHJ[ (p<0,05). Y caHrBuHHKOB HabIIOOaIOCh
ymepenHnoe cHmwkenne RMSSD, SDNN u TP, uto yka3siBaer

Ha CcOalaHCUPOBAaHHOE pPETyJIMPOBAaHUE  CUMIIATHYECKON
U TapacUMIIaTHYeCKOM  aKTUBHOCTH. Y  (hJIerMaTHKOB
W3MEHEHHs ObUIM MHHHMAJbHBIMH, 4YTO MOJTBEPXKIAET

HUX BBICOKME aJaNTallMOHHbIE PE3E€pPBbl U YCTOMYMBOCTh K
¢u3nyeckuM Harpy3kam. Y XOJIEPUKOB M MEJNaHXOJIHKOB
HaOmomanoch 3HauuTeabHOoe cHkeHHe RMSSD, SDNN wu
TP, a rtawke yBenmunuenue LF/HF, 4ro cBuaerenbcTByeT o
mpeobIafaHu CHUMITATHYECKOW aKTHBHOCTH W HANPSKCHHUU
PETYJIATOPHBIX CHCTEM. OTH JaHHBIE IOAYEPKUBAIOT Oojee
BBICOKYIO CTPECCOYCTOWYMBOCTh W JIyYIIME aJalTalliOHHbIE
CIIOCOOHOCTH Y CAaHTBHHUKOB M (PJIETMATHUKOB, B TO BpEMsI KaKk
y XOJIEPUKOB M MEJAaHXOJUKOB HAONIOMAIOTCS CHU)KCHHBIC
ajanTUBHBIE BO3MOXHOCTH. Kpome Toro, mocie tecrta Kynepa
XOJIEPUKH U MEJIAHXOJIMKH [10Ka3aJIu U3MEHEHMS], XapaKTEPHbIE
JUIsl aKTUBallMM CHUMIIATUYECKOW HEPBHOM CHUCTEMBI, TaKue
kak nosbimieane LF/HF u camwkenne pNN50 (p<0,01). Otun
pe3ynbTaThl NOAYEPKUBAIOT BaKHOCTh yuera Tunos BH/I npu
pa3paboTKke WHIMBHIYaTH3HPOBAHHBIX TPEHUPOBOYHBIX H
BOCCTAHOBUTENBHBIX IIPOTPAMM.

3akarouenue: Pe3ynbTaThl JEMOHCTPHPYIOT BIHMSHHUE THIIOB
BH/I na apmanrtanuio kK (u3uueckoil Harpyske, MOAYEPKHBas
Ba)KHOCTb IIEPCOHAIM3UPOBAHHOI0 IOAX0A K TPEHUPOBOYHBIM
U BOCCTAaHOBUTENBHBIM IpOrpaMMaM. JTO HMMEET KIII0YeBOE
3HAUEHUE JJ TIOBBIIIEHHUS CHOPTUBHBIX pE3YyJbTaTOB U
NIPENOTBPALLEHUS IIEPErPY30K U BBITOPaHUSL.
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