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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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.

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].

HRV 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 
HRV 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 

indicate good recovery and strong adaptive capacity, whereas 
low values may suggest depletion of these reserves (normal 
range: 2300–3800 ms²).

pNN50 (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 ms²).

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 
(HRV), 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 
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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 

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 

Type of HNA Total number of participants (%) Football players (number) (%) Track and field athletes 
(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 1. Distribution of study participants by types of Higher Nervous Activity (HNA).

Type of HNA HRV Indicators Before Test 
(M±SD)

After Test 
(M±SD) Change (%) p-value

Sanguines
(n=59)

RMSSD (мс) 45±6 40±5 -11% <0.05
SDNN (мс) 120±10 110±8 -8% <0.05
LF/HF 1.3±0.2 1.6±0.3 +23% <0.05
TP (мс²) 3700±500 3400±450 -8% <0.05
pNN50 (%) 30±6 25±5 -17% <0.05
HF (мс²) 700±90 650±80 -7% <0.05

Phlegmatics
(n=29)

RMSSD (мс) 50±7 47±6 -6% <0.01
SDNN (мс) 130±12 125±10 -4% <0.01
LF/HF 1.2±0.1 1.4±0.2 +17% <0.01
TP (мс²) 3800±520 3600±500 -5% <0.01
pNN50 (%) 35±7 30±6 -14% <0.01
HF (мс²) 750±95 700±90 -7% <0.01

Cholerics
(N=41)

RMSSD (мс) 38±5 30±4 -21% <0.01
SDNN (мс) 110±9 95±8 -14% <0.01
LF/HF 1.7±0.3 2.1±0.4 +24% <0.01
TP (мс²) 3200±400 2700±350 -16% <0.01
pNN50 (%) 20±5 15±4 -25% <0.01
HF (мс²) 600±80 500±70 -17% <0.01

Melancholics
(n=15)

RMSSD (мс) 32±4 25±3 -22% <0.01
SDNN (мс) 90±6 75±5 -17% <0.01
LF/HF 2.2±0.3 2.8±0.4 +27% <0.01
TP (мс²) 3000±450 2300±400 -23% <0.01
pNN50 (%) 18±4 12±3 -33% <0.01
HF (мс²) 470±80 400±70 -15% <0.01

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

Notes: Min–Max values for indicators: RMSSD: 25–50 ms, SDNN: 75–130 ms, LF/HF: 1.2–2.8, TP: 2300–3800 ms², pNN50: 12–35%, HF: 
400–750 ms². Percentage change values are calculated as the relative change before and after the Cooper test.
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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/
HF 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 

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 
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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.
HRV 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 
(HRV) 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 

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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АННОТАЦИЯ
Индивидуальные особенности высшей нервной 
деятельности как фактор адаптации и восстановления 
сердечно-сосудистой системы у спортсменов

Введение: Целью данного исследования было изучить 
влияние типов высшей нервной деятельности (ВНД) 
на показатели вариабельности сердечного ритма (ВСР) 
у спортсменов после физической нагрузки. Основной 
задачей было выявить взаимосвязь между типами 
ВНД и адаптационными возможностями организма, а 
также оценить стрессоустойчивость и эффективность 
восстановления.
Материалы и методы: В исследовании приняли участие 
144 спортсмена мужского пола в возрасте 17-20 лет (средний 
возраст 18,5 ± 1,5 лет), занимающихся футболом и лёгкой 
атлетикой. Участники были классифицированы по типам 
высшей нервной деятельности (ВНД) с использованием 
опросника Айзенка (EPQ) и программы «Психотест» на 
группы: сангвиники, холерики, флегматики и меланхолики. 
Были проанализированы 6 показателей вариабельности 
сердечного ритма (ВСР) (RMSSD, SDNN, LF/HF, TP, pNN50, 
HF) до и после выполнения теста Купера (12-минутный 
бег) с использованием аппаратно-программного 
комплекса «Biomouse» и специализированной программы 
«Варикард-2.51».

Результаты: Исследование показало значительные 
различия в реакции сердечно-сосудистой системы на 
физическую нагрузку у спортсменов с различными 
типами ВНД (p<0,05). У сангвиников наблюдалось 
умеренное снижение RMSSD, SDNN и TP, что указывает 
на сбалансированное регулирование симпатической 
и парасимпатической активности. У флегматиков 
изменения были минимальными, что подтверждает 
их высокие адаптационные резервы и устойчивость к 
физическим нагрузкам. У холериков и меланхоликов 
наблюдалось значительное снижение RMSSD, SDNN и 
TP, а также увеличение LF/HF, что свидетельствует о 
преобладании симпатической активности и напряжении 
регуляторных систем. Эти данные подчеркивают более 
высокую стрессоустойчивость и лучшие адаптационные 
способности у сангвиников и флегматиков, в то время как 
у холериков и меланхоликов наблюдаются сниженные 
адаптивные возможности. Кроме того, после теста Купера 
холерики и меланхолики показали изменения, характерные 
для активации симпатической нервной системы, такие 
как повышение LF/HF и снижение pNN50 (p<0,01). Эти 
результаты подчеркивают важность учета типов ВНД при 
разработке индивидуализированных тренировочных и 
восстановительных программ.

Заключение: Результаты демонстрируют влияние типов 
ВНД на адаптацию к физической нагрузке, подчеркивая 
важность персонализированного подхода к тренировочным 
и восстановительным программам. Это имеет ключевое 
значение для повышения спортивных результатов и 
предотвращения перегрузок и выгорания.
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