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Abstract. The greater omentum is one organ that can accumulate a large amount of adipose tissue. Adipose tis-
sue plays a key role in the local immune response and contains a population of multipotent mesenchymal stem cells.
The greater omentum contains mainly white adipose tissue. White adipocytes usually have one large lipid droplet
that occupies most of the cell and relatively few mitochondria. The primary function of the white fat of the greater
omentum is to store and release energy in response to changes in systemic energy levels. In addition, white adipose
tissue is an important endocrine organ that produces hormones and biologically active substances called adipokines
and regulates many physiological processes.

The aim of the work — summarize the existing scientific data on the morphofunctional features of adipose tissue
of the greater omentum and its role in the development of obesity and type 2 diabetes.

Adipokines play important roles in regulating whole-body metabolism, including promoting insulin sensitivity, in-
sulin resistance, and inflammation. Dysfunction of adipokines, lipokines and their ratio plays an important role in the
development of obesity and type 2 diabetes. Obesity and type 2 diabetes are two diseases that in most cases share
metabolic abnormalities; however, there are also differences. The development of obesity and associated metabolic
disorders is facilitated by the plasticity of adipose tissue. According to some data, the growth of adipose tissue and
changes in metabolic processes in it can be influenced by the level of vascularization of adipose tissue. However,
recent studies show that in obese patients, the number of capillaries in visceral adipose tissue is reduced compared
to non-obese individuals, and the degree of vascularization was almost the same regardless of the degree of obesity
or changes in the metabolic profile. Morphologically, patients with obesity and type 2 diabetes have a significant
increase in the size of adipocytes in visceral adipose tissue, but the changes that occur in adipose tissue are not the
result of prolonged hyperglycemia and may be associated with genetic or epigenetic factors of patients. In obesity,
the increase in adipose tissue occurs due to hypertrophy and hyperplasia, which explains the relative decrease in the
number of vessels in adipose tissue.
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Several factors determine high performance in sports of higher achievements, the main ones of which are the
peculiarities of physical load, the construction of the training process, the functional reserves of the athletes' bodies,
etc. The effectiveness of sports activity is reflected in the form of certain reactive and adaptive changes in functional
systems that make the most significant contribution to achieving sports results, including the blood circulation sys-
tem. It is known from the literature that the long-term adaptation of the executive organs of the circulatory system
after regular exposure to sports loads manifests itself in the form of changes in the morphological and physiological
parameters of its executive organs, which, together with the adaptation of the mechanisms of regulation of the
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circulatory system, allows the athlete to increase the functional reserves of the body. Excessive physical exertion in
the conditions of training or competitive activity is accompanied by the maximum strain on the compensatory and
adaptive capabilities of the cardiovascular system, which can result in dysfunctional disorders of the heart or blood
vessels, which actualizes the need to reveal the deep mechanisms of changes in the circulatory system in the condi-

tions of sports activities.

The article describes the salient features of long-term adaptive changes in the circulatory system and central
hemodynamic parameters in strength sports athletes. The work describes the distinctive features of the electro-
morphological and functional remodelling of the heart, as well as the properties of the main parameters of central
and peripheral hemodynamics, which are typical for strength athletes.

Key words: circulatory system, hemodynamics, physical load, adaptation.

Connection of the publication with planned re-
search works.

The presented work is a fragment of the scientific
topic of the hypoxia department of Bogomoletz Insti-
tute of Physiology of NAS of Ukraine, “Biophysical and
molecular genetic mechanisms of regulation of physi-
ological and pathological processes” (state registration
number 0116U004470, 2017-2023).

Introduction.

Many factors determine the effect of regular physical
exercises on the body of athletes, the leading of which is
the mode of exercise, its intensity and direction. Reac-
tive and adaptive changes under the influence of train-
ing loads are ensured thanks to forming new functional
systems. The effectiveness of sports activities ultimately
depends on their integrative activity [1, 2]. At the same
time, the specificity of adaptation is manifested in those
organs and organ systems that contribute most signifi-
cantly to a sports result [3, 4]. Adaptive changes in these
systems, collectively complementing each other, deter-
mine the cumulative effect of training. The processes of
formation of long-term adaptation to physical exertion
represent a dynamic unity of quantitative transforma-
tions, which are combined with qualitative changes [5,
6].

One of the leading functional systems, which to
some extent can limit the effectiveness of an athlete’s
body, is the circulatory system. Long-term adaptation of
the executive organs of the cardiovascular system in re-
sponse to the regular impact of physical exertion is man-
ifested by a change in the morphological and physiologi-
cal parameters of its executive organs, which, together
with the adaptation of the mechanisms of regulation of
the circulatory system, allows the athlete to increase
the functional reserves of the body [6].

The desire of representatives of strength sports to
achieve the best result is accompanied by the maximum
realization of all functional reserves of the athlete’s
body, including compensatory and adaptive capabilities
of the cardiovascular system. In the improper construc-
tion of the training process, an inadequately selected
regime and the performance of physical exercises, pow-
erful sports loads can cause the development of certain
pre-pathological or even pathological changes in the ac-
tivity of the heart and blood vessels. In turn, these dys-
functional disorders increase the risk of life-threatening
conditions and can lead to sudden cardiac arrest of an
athlete [6, 7]. In order to optimally control the adapta-
tion processes of athletes in strength sports, compre-
hensive control of the activity of the cardiovascular sys-
tem is necessary, which acutely actualizes the need for a
more detailed study of the problems of heart remodel-
ling and the hemodynamic system in strength athletes.

The aim of the study.

To find out the peculiarities of adaptive changes in
the circulatory system and parameters of central hemo-
dynamics in strength sports athletes.

Main part.

The assessment of parameters that serve as criteria
for adapting the circulatory system to physical exercises
of a particular orientation contributes to more rational
planning of the volume and intensity of training loads.
In addition, it allows the assessment of the degree of
recovery of the athlete and thus to individualize the
training process to improve its efficiency [8, 9]. Under
physical exertion conditions, the functional circulatory
system’s final adaptive result is a blood flow level ad-
equate to the metabolic demand. At the same time, in
long-term adaptation to regular physical exercises, this
type of interaction of cardio-hemodynamic parameters
is formed, which best ensures the achievement of the
optimal adaptive effect [10]. The most frequently used
criteria for assessing athletes’ functional state include
heart parameters, which directly reflect the level of the
athlete’s readiness to perform a particular load or indi-
cate the level of recovery after performing it. Regular
physical exertion leads to the occurrence of electro-
morphological remodelling of the heart, which is com-
bined with specific functional changes (“athletic heart”)
[10, 11]. Anatomical remodelling of the myocardium,
in particular, an increase in the size and volume of the
heart chambers and an increase in the thickness of the
left ventricular wall with preserved systolic and diastol-
ic functions, are classic signs of an athlete’s heart [12,
13]. With high-intensity static and low-dynamic loads in
strength athletes, morphostructural adaptive changes
of the heart are manifested by an increase in the thick-
ness of the left ventricular wall and the thickness of the
interventricular septum without a significant increase in
the size of the cavities of the heart chambers [14, 15]. It
distinguishes athletes whose training structure is domi-
nated by static exercises with a predominant manifesta-
tion of strength from representatives of dynamic sports,
for whom an increase in the cavity of the left ventricle
is more characteristic [16]. An increase in the thickness
of the defined chamber of the heart in strength athletes
leads to an increase in the mass of the left ventricle and
its physiological diameter. At the same time, its end-di-
astolic volume either does not differ from the norm or
is slightly increased (the so-called model of concentric
hypertrophy, B-type) [17, 18].

The occurrence of concentric hypertrophy under
the influence of strength exercises is associated with
overloading the heart with blood pressure, the effect
of mechanical stress, metabolic stress caused by train-
ing, etc. [19, 20]. A change in the degree of mechani-
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cal stress is the driving force behind the hypertrophic
transformation of muscle tissue, which activates intra-
cellular signalling pathways with the participation of
serine/threonine protein kinase (mTOR), mitogen-acti-
vated protein kinase (MAPK), calcineurin, etc. [21-23].
In regulating the synthesis processes of structural pro-
teins, which determine the hypertrophic transforma-
tion of muscle tissue and myocardium during strength
training, a large role also belongs to the modulation of
gene expression and the synthesis of miRNA [24, 25].
Due to the mechanosensitivity of myocytes, multiple
repetitions of mechanical impact help to increase the
biosynthesis of contractile proteins indirectly through
messenger ribonucleic acids (mRNA) and miRNA [19,
25]. MiRNAs are non-coding fragments. However, they
serve as post-transcriptional regulators of gene transla-
tion and, accordingly, are one of the leading factors of
muscle hypertrophy under systematic strength training.

The peculiarities of sports activities are reflected not
only in the morphological structure of the heart but also
in the parameters of intracardiac and central hemody-
namics. Adaptation of the body to physical exertion is
primarily determined by the increase in the functional
activity of executive organs and mechanisms of regula-
tion of the circulatory system, which can be manifested
in the modulation of the heart rate (HR), the pumping
capacity of the heart, the characteristics of conductivity
and excitability [26, 27]. The value of the heart rate (HR)
of persons engaged in such sports as bodybuilding and
powerlifting depends on the experience of sports. The
heart rate of novice athletes (experience of 1-2 years)
does not differ from that of untrained persons. With
increasing sportsmanship, its value may decrease [28].
However, the marked decrease in automaticity of the si-
noatrial node is not as powerful as in endurance sports
athletes. Accordingly, it cannot be interpreted as classic
bradycardia of training. This physiological phenomenon
is a manifestation of adaptation to regular physical exer-
tion and may be associated with increased parasympa-
thetic influences on the 1st order pacemaker [29, 30].

The value of one of the integral indicators of the
contractility of the myocardium - the stroke volume of
blood (SV) - in strength athletes is increased compared
to untrained individuals and, just as in the case of heart
rate, depends on the duration of sports experience. The
increase in the value of SV in the first years of strength
sports may be explained by the fact that at the stage
of initial specialization, physical exercises are performed
to a greater extent in a dynamic mode with moderate
intensity [31]. Under such conditions of muscle activity,
there is an increase in the contractility of the myocar-
dium, an increase in the circulating blood volume (CBV),
and venous return of blood to the heart with a simulta-
neous decrease in total peripheral resistance (TPR) [32,
33]. In addition, high SV values in strength athletes may
be due to an increase in the diastolic filling of the heart
and a more complete release of it during systole. SV reg-
ulation in strength sports athletes is related to the activ-
ity of humoral factors and the central regulation contour
- suprasegmental structures and the sympathetic divi-
sion of the autonomic nervous system.

Systematic training in bodybuilding and powerlifting
leads to an increase in cardiac output (CO), which, under
conditions of physiological bradycardia and an increase
in cardiac output is one of the criteria for saving heart

resources. Strength athletes have another manifesta-
tion of functional remodelling of the heart - a decrease
in the sensitivity of the myocardium to sympatho-adre-
nal influences [34]. However, with the use of anabolic
steroids or the wrong construction of the training pro-
cess in strength athletes, the degree of sympathetic
modulation of the functioning of the heart and blood
vessels increases, and the sensitivity of the executive
organs of the circulatory system to the influence of cat-
echolamines increases [35-37]. As a result of all of the
above, representatives of strength sports may develop
a steady increase in blood pressure parameters at rest
to the upper limits of the norm. In some cases, arterial
hypertension, hypercoagulation, etc., may occur.

Heart rate variability (HRV) is one of the integral in-
dicators of the body’s adaptation to physical exertion
[38]. At the same time, in the initial stages of long-term
adaptation, the nature of muscle loads may not cause
specific changes in HRV indicators. They are found in
highly qualified athletes. Violation of vegetative regu-
lation leads, as a rule, to a decrease in the adaptation
capabilities of the body and deterioration of physical
performance indicators [39].

One of the important parameters of hemodynamics
is the value of the total peripheral vascular resistance
to blood flow (TPR), which is slightly reduced in repre-
sentatives of athletic gymnastics at rest compared to
untrained individuals [40]. The marked decrease in the
value of TPR depends on the experience of sports activ-
ity. Its basis can be adaptive neurohumoral regulatory
influences and corresponding morphofunctional chang-
es - the resistance of vessels to blood flow can decrease
due to an increase in the capillary bed. The dominant
regulatory influence on the state of blood vessels can be
the local effects of metabolites, which prevail over the
action of central sympatho-adrenal factors.

Blood pressure parameters in strength athletes ei-
ther do not differ from the average statistical norm or
are slightly elevated. A significant increase in blood
pressure can be observed in athletes with considerable
experience in such sports as bodybuilding, powerlifting
and other types of athletic gymnastics. The reason for
this phenomenon may be the fact that these types of
sports under conditions of regularly repeated muscle
tension cause a potent activation of the pressor de-
partment of the hemodynamic centre, as a result of
which powerful sympatho-adrenal effects lead to the
occurrence of positive inotropic effect, narrowing of
resistance vessels, and, accordingly - to an increase in
blood pressure [41-43]. In addition, the increased value
of cardiac output at rest against the background of re-
duced TPR and increased volume of muscle mass, the
volume of circulating blood with an increase in the force
of heart contractions can also contribute to the rise in
arterial pressure.

Peculiarities of sports activities and the specific body
structure of strength athletes determine the variability
of peripheral hemodynamic indicators. Thus, compared
to athletes, the amplitude of the systolic wave, the
time of the descending part and the rheographic wave,
as well as the average speed of rapid blood filling, the
tone of arteries of different diameters, the time of slow
blood filling and the ascending part of the rheogram are
significantly lower in wrestlers than in athletes [44]. For
athletes of sports with a predominant manifestation of
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endurance, hemodynamic shifts in response to physical
exertion are performed mainly at the regional level and
in a shorter time interval. In people who train with a
strength bias, approximately the same adaptive changes
are observed in the circulatory system’s central and pe-
ripheral links. This group’s recovery period is more ex-
tended than athletes’ [45].

Summarizing all of the above, we consider it neces-
sary to note that the specifics of power sports determine
the nature of adaptive shifts in the circulatory system
at the morphological, functional, metabolic, and regu-
latory levels. Anatomical and physiological remodelling
of the heart in strength athletes, together with changes
in several indicators of central and peripheral hemody-
namics, contribute to generating a large and stable car-
diac output and ensuring increased oxygen extraction
from the blood to adapt the body to active muscle work.

Conclusions.

The formation of long-term adaptation of the cir-
culatory system to physical exertion is a dynamic unity
of quantitative and qualitative transformations, which
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manifests itself in changes in morphological and physi-
ological parameters of executive organs and regulatory
mechanisms. Regular power loads lead to the occur-
rence of electro-morphological remodelling of the heart,
which is combined with certain functional changes (an
increase in the thickness of the left ventricular wall and
the thickness of the interventricular septum without a
significant increase in the size of the left ventricular cav-
ity). At the same time, the end-diastolic blood volume in
strength athletes either does not differ from the norm
or is slightly increased. The peculiarities of sports activi-
ties are reflected not only in the morphological struc-
ture of the heart but also in the parameters of central
and peripheral hemodynamics.

Prospects for further research.

In future work, an in-depth study of the deep mo-
lecular mechanisms of adaptive changes in the cardio-
respiratory system during various recovery periods after
physical exertion is planned.

Y/luzozyb B. C., Po3oea K. B., >*bakyHoeacbkuli O. M., *OniliHuk T. M., 3[y6uHceka C. M.

AJANTALIMAHI 3MIHU CUCTEMU KPOBOOGITY Y CNOPTCMEHIB
cunosux suaiB CNoOPTyY

"YepKacbKUi HaLiOHANbHUIA YHiBepcuTeT imeHi borgaHa XmenbHuubKoro (M. Yepkacu, YkpaiHa)
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Bucoka pesynsmamusHicme y crnopmi 8uljux OOCA2HEeHb BU3HAYAEMbLCA HU3KOK YUHHUKIB, OCHOBHUMU
ceped AKUX € ocobnusocmi hi3u4Ho20 HABAHMAM EeHHA, nobydosa MpeHys8asabHO20 MPOYECY, (YHKYIOHAMNbHI
pe3epsu opeaHismy crnopmcmeHie mouwjo. EgpekmusHicme crnopmusHoi OianbHocmi gidbusaemeoca y 8u2nAa0i
MesHUX PeakmueHUX i a0anmMueHUX 3MiH PYHKYIOHANbHUX cucmeM, AKi 8HOcAMb Halibinbw 3HaYyyuuli 8HECOK
y 00CA2HEHHA CopMUBHO20 pe3ysabmamy, 8 momy 4ucai — cucmemu Kposoobizy. 3 nimepamypu gidomo, wo
doszompusana adanmauia 8UKOHABYUX Op2aHie cucmemu Kposoobizy nicna pe2ysnapHo20 8nausy CropmusHUX
HOBAHMAM(EHb MPOABAAEMbLCA Yy 8U21A0i 3MiH MOpP@onoiyHUX | pisionoziyHUx napamempis ii 8UKOHOBYUX
OpaaHis, W0 Pasom 3 MPUCMOCYBAHHAM MeXAHI3Mie pe2ysnto8aHHA anapamy Kposoobicy 00380/58€ ciopmcmMmeHy
36inbwiumu yHKUioHanbHI pe3epsu op2aHizmy. HaOMipHIi ¢i3udHi HABAHMAXKEHHA 8 yMOBaAX MPeHy8as1bHOI abo
3MQa2asbHOI QifiAbHOCMI CYyrnpPoB8OOXYOMbCA MAKCUMAAbHUM HAMPYHEHHAM KOMMNeHCamopHO-npucmocysanbHux
moxcausocmell cepyeso-cyOUHHOI cucmemu, HACAIOKOM 4020 MOMCYyMb cmamu OUCQYHKYIOHAAbHI po3nadu
cepua abo KPOBOHOCHUX CYOUH, W0 aKmMyarizye HeobxiOHicmos po3kpummas 2nubUHHUX MexaHi3mie 3MiH cucmemu
Kposoobizy 8 ymosax criopmugHoi dissneHocmi.

B npedcmasneHilicmammi onucaHi npukmemmi pucu 0og2ompusanux adanmauiliHux 3MmiH cucmemu Kposoobiay
i napamempis yeHmMpasnsLHOIi 2eMoOUHAMIKU Y CriopmcMeHis cunosux sudis crropmy. B pobomi auknadeHo 8iOMiHHI
ocobusocmi enekKmpo-mopehono2iyHo20 i hyHKYIOHAbHO20 PEMOOENOBAHHA CEPUA, O MAKOX XApPaAKMepHi 014
cus108UX amsemis 81aCMUB0OCMI OCHOBHUX MAPaMempie YUeHMpaabHoI i nepugepuyHoi 2eMoOUHAMIKU.

Knrouosi cnoea: cucmema Kposoobizy, 2eMOOUHAMIKA, (hi3u4He HaBAHMAX(EHHSA, a0anmayis.

38’A30K nyb6aikauii 3 nhnaHoBMMM HAyKOBO-goOCNig-
HUMU poboTamu.

MpepctaBneHa poboTa € GpparmeHTOM HayKoBOi Te-
MaTUKK Bigainy rinokcii IHcTuTyTy ¢isionorii im. 0.0.
Boromonbua HAH YkpaiHu «BiodisnyHi Ta monekynap-
HO-TEHETMYHI MexaHi3mu perynauii ¢isionoriyHnx Ta
NaTo/IoriYHMX NpoueciB» (Homep AeprKaBHOI peecTpaui
0116U004470, 2017-2023 p.).

Bcryn.

Bnave perynapHux ¢i3vyHMX BMpaB Ha OpraHiam
CMOPTCMEHIB BU3HAYAETbCA baraTbma dpaKkTopamu, npo-

BiZAHUMM 3 AKUX € PEXMM HaBaHTAXKEHHA, MOro iHTeH-
CUBHICTb | CNPAMOBAHICTb. PEaKTUBHI | aAanTUBHI 3MiHU
nif4 BNAMBOM TPEHYBa/ibHUX HaBaHTa)KeHb 3abesneuy-
IOTbCA 3aBAAKM POPMYBAHHIO HOBUX OYHKLiOHANbHUX
CUCTeM, Bif, iIHTErPaTMBHOI AiANLHOCTI AKMX Y KiHLLEeBOMY
NigCyMKy 3anexutb ePeKTUBHICTb CNOPTUBHOI Aiasb-
HocTi [1, 2]. CneumdivHicTb aganTau,ii nposaBAAETbCA NPU
LbOMY B TUX OpraHax i cMcTemax OpraHiB, AKi BHOCATb
HalbiNbLW 3HAYYLWMIN BHECOK Y AIOCATHEHHA CMOPTUBHO-
ro pesynoraty [3, 4]. A@anTauinHi 3MiHWX Y LLUX cUCTEMAX,
CYMapHO [I0MOBHIOKYN OHA OAHY, 3YMOB/IIOKOTb KyMy-
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NATUBHUI edeKT TpeHyBaHHA. pouecn popmyBaHHA
[OBroTpMBaaoi aganTauii Ao ¢isMUYHUX HaBaHTaXKeHb
npeacTaBAAlTb CO6OK AMHAMIYHY EAHICTb KiNbKiCHMX
nepeTBopeHb, AKi MOEAHYIOTLCA 3 AKICHUMM 3MiHamK [5,
6].

OpHieto 3 NPoBiAHUX GYHKLIOHANbHUX CUCTEM, AKA
NeBHOIO MIPOI MOXKe JliMiTyBaTM edeKTUBHICTb opra-
Hi3My CNOPTCMEHa, € cucTema KpoBoobiry. JosroTpu-
Basa afanTaLia BUKOHABYMX OpraHiB cepueBo-CyanHHOT
cUCTEMM Y BiANOBIAb Ha perynapHUn BNAnB GisMUYHNUX
HaBaHTaXeHb MNPOABAAETLCA 3MIHOO MOPPONOTiYHMX
i disionoriyHnx napameTpis ii BUKOHABYMX OpraHis, WO
pasoM 3 MNPUCTOCYBAHHAM MeXaHi3MIiB pery/ioBaHHA
anapaTty KpoBoobiry [03B0OAAE CNOPTCMEHY 36inbLINTH
dyHKUioHaNbHI pe3epBu opraHismy [6].

MparHeHHA nNpeAacTaBHMKIB CUMIOBUX BUAIB Cnop-
TY [AOCATTM HAMKPALLOro pe3ynbTaTy CYMpPOBOANKYETb-
CA MaKCMMasbHOW peanisauieto ycix GyHKLiOHaNbHUX
pe3epBiB OpraHiamy atnera, B TOMy YUCAi - KOMMEHCca-
TOPHO-MPUCTOCYBAJIbBHUX MOK/IMBOCTEN CEpPLEBO-CY-
OVHHOI cucTeMn. B ymoBax HenpasuabHOI nobyanosu
TPEeHyBa/IbHOro MpoLecy, HeagekBaTHOro nigibpaHoro
pPeXMMY i BUKOHAHHA i3MYHMX BNpaB, MOTYXHi crop-
TUBHI HaBaHTaXEHHA MOXYTb CMPUYUHUTU PO3BUTOK
neBHWUX MepeanaTonoriyHmMx abo HaeiTb MATONOrIYHMX
3MiH AiANbHOCTI cepuA i KPOBOHOCHUX CyauH. B csoto
yepry, o3HayeHi ANcHyHKLiIOHaAbHI po3naaun NigBuLLy-
I0Tb PU3NK BUHUKHEHHA XUTTE3ArPOXKYBAIbHUX CTAHIB i
MOKYTb NPU3BECTU A0 PAaNTOBOI 3yNUHKM CepLA CnopTC-
meHa [6, 7]. 3 MeTo ONTMMaNbHOTO KOHTPOO Haj,
npouecammn aganTtaLii CMOPTCMEHIB Y CMIOBUX BMAOAX
cnopTty HeobxiaHWin BcebiyHMI KOHTPOAb AiANbHOCTI
CepLeBO-CYAUHHOI CUCTEMM, WO TOCTPO aKTyasi3ye
HeobXiAHICTb 6iNbl AOKNAAHOrO BUBYEHHS Npobnema-
TUKM 0cOBMBOCTEN PEeMOAENIOBAHHA cepua i cucTemm
remogMHaMiK1 y CUI0BUX aT/EeTIB.

Merta gocnigeHHs.

3’AcyBaTM 0COBNMBOCTI afanTauiiHUX 3MiH CUCTEMM
KpoBoobiry i napameTpis LEHTPANbHOI reMOANHAMIKM Y
CNOPTCMEHIB CU/I0BMX BUAIB CNOPTY.

OcHOBHa YacTUHa.

OuiHKa napameTpiB, AKi CAyXKaTb KpuTepiamum agan-
Tauii cuctemm KpoBoobiry Ao ¢isMyHMX BNpaB MeBHOI
CNPAMOBAHOCTI, cnpuAe 6inbWw pauioHanbHOMY NaaHy-
BaHHI0 06cAriB Ta iIHTEHCMBHOCTI TPEHYBA/IbHUX HaBaH-
TaxkeHb. Kpim TOro, ue [03BONIAE OUiHIOBATU CTYMiHb
BiAHOB/IEHHA aT/eTa, i TaKMM YMHOM, iHAUBIAYaNi3yBa-
TW TPEHYBaNbHUI NPOLLEC 3 METOK MOKPALLEHHA MOro
edpekTmBHOCTI [8, 9]. 3a ymOBU i3UUYHUX HABAHTAXKEHDb
KIHLEBMM MPUCTOCYBa/IbHUM Pe3ynbTaToM  yHKLio-
Ha/IbHOI CUCTEMM KPOBOODbIry € aAeKkBaTHUI meTaboniy-
HOMY 3anuTy piBeHb KPOBOTOKY. [Mpn LbOMy B npoue-
ci TpuBanoi aganTauii 4o perynapHux ¢isMYHUX BNpas
GOPMYETLCA TaKMIM TUMN B3aEMOAIT Kapaio-remoanHamiy-
HUX NapameTpiB, AKMI HalKpawWmMm YMHOM 3abe3neyye
[OCATHEHHA ONTMMA/IbHOIO MPUCTOCYBANbHOTO edeKTy
[10]. Ao HalyacTilwe 3acTOCOBYBAHUX KPUTEPIIB OLLIHKM
bYHKLIOHaNIbHOMO CTaHy CNOPTCMEHIB BiAHOCATL Napa-
MeTpKu poboTu cepus, sKi besnocepeaHbo Bigobparka-
I0Tb PiBEHb FOTOBHOCTI CMOPTCMEHA 10 BUKOHAHHA TOro
YW iHWOro HaBaHTaXeHHAa abo cBigYaTb MpPO piBeHb
BiAHOBNEHHA nicna ii BMKOHaHHA. PerynapHi cmnosi
HaBaHTaXXEHHA NPU3BOAATb A0 BUHWKHEHHA €/IeKTpo-
MOPdOIOFYHOr0 PeMoaeNtoBaHHA cepLa, AKe NOEAHY-
€TbCA 3 NEBHUMM YHKLIOHANbHUMM 3MiHAMK («crop-

TMBHe cepue») [10, 11]. AHaTOMiYHE pemoaentoBaHHA
MioKapaa, 30Kpema, 36i/blieHHs po3mipis Ta 06’emis
Kamep cepus, 36inbleHHA TOBLMHKN CTIHKWU NiBOTO WAY-
HOYKa 3i 36epeKeHMMWU CUCTONIYHOK i AiaCTONIYHO
OYHKLUIAMW € KNACMYHMMKM O3HAKaMW cepusa CropTc-
meHa [12, 13]. Mpu BUCOKOIHTEHCMBHUX CTAaTUYHUX Ta
HU3bKOAMHAMIYHUX HABAHTAXKEHHAX Y CU/IOBUX ATNETiB
MOpPGOCTPYKTYPHI afanTUBHI 3MiHU cepLA NPOABAAIOTb-
€A 36iNblUEHHAM TOBLMHW CTIHKM NiBOTO LUYHOYKA Ta
TOBLLMHM MiXKLUJYHOUYKOBOI Neperopoakun 6e3 3HayHoro
36iNbLLEHHS PO3MipiB MOPOXKHMH Kamep cepug [14, 15].
Lle Bigpi3HAE CNOPTCMEHIB, B CTPYKTYpi TPeHyBaNbHOI
NiAroTOBKM AKMX NepPeBaXKaloTb CTaTUYHI BNPaBK 3 nepe-
BaYXHUM NPOABOM CU/IY BiZ, NPeACTaBHUKIB AUHAMIYHUX
BUAIB COPTY, AN AKUX BiNbll XapaKTepHUM € 36i/b-
LWEHHA MOPOXKHMHM NiBOro WAYHOUYKa [16]. 3pocTaHHA
TOBLUMHM O3HAYEHOI Kamepu cepua y CUNOBUX aTIEeTIB
npu3BoauTb A0 36inblUEeHHA MacK NiBOrO WJAYHOYKA i
nmoro ¢isionoriyHoro nonepeyHuKa, B TO Yac AK 1oro
KiHUEeBO-AjacToNiYHNM 06’em abo He BigpI3HAETbCA Big,
HOpMHK, abo € He3HayHo 36inbweHnm (T. 3B. MoAenb
KOHLEeHTpMYHOI rinepTpodii, B-tnn) [17, 18].

BUHMKHEHHA KOHLEHTPUYHOI rinepTpodii B ymoBax
BN/INBY CUIOBMX BNPaB NOB’A3aHE 3 MepeBaHTANKEHHAM
cepua TUCKOM KpoBi, epeKToMm MexaHiYHOT Hanpyru,
MeTaboNiYHUM CTPECOM, BUKIMKAHUM TPEHYBaHHSA-
Mu Towwo [19, 20]. 3miHa cTyneHa mexaHi4yHOi Hanpyru
€ pywinHoo cunoto rinepTpodiuyHoi TpaHchopmauii
M’A30BOI TKAHWMHW, AKA AKTUBYE BHYTPILWHbOKAITUHHI
CUTHA/bHI WAAXM 3a y4acTi CepuH/TPEoHiIHOBOI npoTe-
iHKiHa3n (MTOR), MiTOreH-akTMBOBAHOI NPOTEIHKiHa-
3n (MAPK), KanbumHeBpuHy Towo [21-23]. B perynauii
NPOLECiB CUHTE3y CTPYKTYPHUX BinKiB, AKi BU3HAYaOTb
rinepTpodiyHi nepeTBOpeHHsA M’A30B0T TKAHWH | MiOKap-
4y NMpY CUN0BUX TPEHYBAHHAX, BE/IMKA PO/b HAEXKNUTb
TaKOX MOAYNALIT ekcnpecii reHis i cuHTesy mikpoPHK
[24, 25]. 3aBOAKM MexaHOUYYTAMBOCTI MiouuTiB baraTo-
pa3oBe MOBTOPEHHA MeXaHiYHOI BMAMBY CNpUAE Mo-
CUNEHHI0O BioCMHTE3y CKopoTaMBMX BinKiB onocepea-
KOBAHO yepe3 mMeceHAKepHi PUOOHYKNEIHOBI KMUC/IO0TH
(MRNA) i mikpoPHK (miRNA) [19, 25]. MikpoPHK € He-
Kogytounmmn dparmeHTaMm, BTIM, BOHW CAYTytOTb MOCT-
TPAHCKPUMNLIAHUMW PEFYIATOPaMM reHHOT TPaHCAALIT, i,
BiAMNOBIAHO — OAHWUMM 3 MPOBIAHUX YNHHMKIB M’'A30BOI
rineptpodii 32 YMOBM CUCTEMATUYHUX CUNOBUX TPEHY-
BaHHAX.

Ocob11BOCTi CMOPTUBHOI Aif/IbHOCTI BigbMBatoTbCA
He finwe Ha MopdOOoTiYHIN CTPYKTYpI cepus, a 1 BNAn-
BalOTb Ha MapameTpu BHYTPILLHbOCEPLEBOI | LeHTpanb-
HOI remoAnHaMIKK. AganTauis opraHiamy go ¢isMyHoro
HaBaHTaXEHHA 3HAYHOK MiPOHO BU3HAYAETLCA 3POCTAH-
HAM (YHKLiOHANbHOT aKTUBHOCTI BMKOHABYMX OpPraHis
i MexaHi3miB perynsauii cuctemMmn KpoBoobiry, Lo MoKe
NpPOABAATUCA Y MOAYANALTi YHaCTOTU CepLLeBUX CKOPOUYEHb
(4CC), HarHiTanbHOI 34aTHOCTI cepuA, XapaKTePUCTUK
nposigHocTi i 36yannsocTi [26, 27]. BeanunHa yactotu
cepueBux ckopoyeHb (YCC) y ocib, aki 3alimatoTbes Ta-
KMMU BUAAMM CIOPTY, AK 604i6inguHr i nayepnidTuHr,
3HaX0AMTbCA B 3aNEXKHOCTI Bif, CTaXKy 3aHATb CMOPTOM.
YCC atneTiB-noyatKiBLiB (CTaxk 3aHATb 1-2 poOKM) He
BiApi3HAETLCA Big, Takoi y HETPEHOBaHMX 0Cib, 332 yMOBMU
3POCTaHHSA CNOPTUBHOI MaCTEPHOCTI il BEIMYMHA MOXKe
3MmeHwyBaTucs [28]. BTim, 03HaYeHe 3HUMKEHHS aBToMa-
Til CiHO-aTpiaIbHOro BYy3/1a HE € TAKMM MOTYKHUM, AK Y
CNOPTCMEHIB BUAY CMOPTY Ha BUTPUBANICTb, BigNoBigHO,
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MOro He MOKHa TPaKTyBaTW AK KNacuuHy bpaaukapaito
TpeHoBaHocTi. O3HauyeHe o¢isionoriyHe fABMULLE € MpPO-
ABOM aganTauii Ao perynapHux QisMyHMX HaBaHTaXKeHb
i MOXe ByTV NOB’A3aHO 3 MOCUJIEHUMM MapacUMnaTUY-
HMMW BNAMBAMU Ha Bogil putmy 1 nopsaky [29, 30].

BennunHa ofHOro 3 iHTEerpasbHUX MOKA3HUKIB CKO-
poyyBanbHOI 34aTHOCTI MioKapaa - yaapHoro ob’emy
KpoBi (YOK) - y cnnoBux atneTis € 36iNbEHOM0 NOPiBHA-
HO 3 HETPEHOBAHMMW 0CObamM i TaK camo, IK y BUNaZKy
YCC, 3anexuTb Bif, TPMBANOCTI CMNOPTUBHOIO AOCBiAYy.
MoxnnBo, 3pocTaHHA BennunHu YOK B nepLui poKku 3a-
HATb CUJIOBUMW BUOAMMU CMOPTY MOACHIOETLCA TUM, LLO
Ha eTani no4aTKoBOI creujianisay,ii ¢isnyHi BNpasu Bu-
KOHYIOTbCA B Bi/bWin Mipi Yy AMHAMIYHOMY pexumi, 3
NOMipHOtO iHTeHCcUBHICTIO [31]. 3a TaKMX YMOB M’130BOI
OiANbHOCTI BigbyBa€eTbCA MOCUIEHHSA CKOpPOYyBasbHOI
3[4aTHOCTI MioKapaa, 3pocCTaHHA 06’emy LMpPKyNtoYOi
Kposi (OLLK), BeHO3HOro noBepHeHHs KpoBi 40 cepus 3
OAHOYACHUM 3HUXKEHHAM 3arafibHoro nepudepuyHoro
onopy (3M0) [32, 33]. Kpim Toro, BUCOKi BeandnHmn YOK
Yy CUNOBUX ATNETIB MOXKYTb OyTN 06ymoBeHi 36inblueH-
HAM [iacTONIYHOI HAaMOBHIOBAHOCTI cepuA i MOBHIWMM
MOro 3BifIbHEHHAM nNig, Yac cuctonu. Perynauis YOK y
CMOPTCMEHIB CUIOBUX BUAIB CMOPTY NOB’A3aHa 3 aKTUB-
HiCTIO rymopasibHUX GaKTopiB Ta LEHTPASIbHOTO KOHTYPY
perynauii — HaacermeHTapHMX CTPYKTYP Ta CUMMATUYHO-
ro BigAiny aBTOHOMHOI HEPBOBOI CUCTEMMN.

CuctemaTuuHi 3aHATTA 6o0aibingiHrom, nayepnid-
TUHTOM NPU3BOAATb A0 3POCTAHHA XBUAMHHOIO 06’emy
KpoBi (XOK), wo 3a ymoB ¢isionoriuHoi bpagmKkapaji i
36iNbLIEHHA 06CcAry cepueBoro BUKMAY € OAHUM 3 KpU-
TepiiB eKoHOoMi3au,ii pecypcis cepua. CMnoBUM aTaeTam
B/1ACTUBI LWe 0AMH NPoAB GYHKLIOHANbHOIO pemoaento-
BaHHA CepUA - 3HUMKEHHA YYTANMBOCTI MiOKapAy 40 CUM-
naTo-agpeHanosux Bnaunsis [34]. BTim, npu 3actocyBaH-
Hi aHaboniYHUX cTepoiais abo HenpaBUbHIN NObYyAOBI
TPEeHyBa/IbHOTo NPOLECy Y CUNOBUX aTNeTiB 3pPOCTAE CTY-
NiHb CMMNaTUYHOT Mmoaynauii GyHKLiIOHYBaHHA cepus i
KPOBOHOCHUX CYAWMH, 30iMblUYETHCA YYTAMBICTb BUKO-
HaBUYMX OPraHiB cMCTEMM KPOBOODIry A0 BNMBY KaTexo-
naminis [35-37]. Hacnigkom ycboro BuLLE3a3HauYeHoro y
NpeACTaBHUKIB CUIOBUX BUAiIB CNOPTY MOXKYTb PO3BU-
HYTUCA CTiliKe 36i/blueHHA napameTpiB apTepiasibHOro
TUCKY B CTaHi CMOKOK A0 BEPXHiIX MEX HOPMU, B OKpe-
MUX BUMAZKaX MOXe BMHWKATK apTepiasibHa rinepTeH-
3is1, rinepkoarynAyisa Towo.

OpHWM i3 iHTerpasbHMX MOKA3HWKIB adanTauii op-
raHiamy o ¢isMyHMX HaBaHTaXeHb € BapiabesibHicTb
putmy cepusa (BPC) [38]. Mpu LbomMy Ha MOYaTKOBMX
CTagisx OOBroTpMBasOl aganTauil xapaktep mM’A30BMX
HaBaHTaXKeHb MOXe He BUKAMKATU crneundivHMX 3miH
noKasHukis BPC, BOHW BUABNAIOTLCSA Y BUCOKOKBaNidi-
KOBaHMX CNOPTCMeEHIB. MopyLlieHHA BereTaTUBHOI pery-
nauii Bege, AK NpPaBUNO, A0 3HUMKEHHA aganTauinHuX
MOX/IMBOCTEM OpraHiamy Ta MOTipLeHHA MOKa3HMUKIB
¢disnyHoi npauesgatHocTi [39].

OpHi€ 3 BaXXIMBUX NapameTpiB reMoAMHAMIKN €
BE/IMYMHA 3arasibHOro nepudepryHoro onopy CcyauH
TOKy Kposi (3M0), AKa y NpeACcTaBHUKIB aTAETUYHOI Tim-
HACTUKM B CTaHi CMOKOK € AeL0 3HUXKEHOI MOPIBHAHO
3 HeTpeHoBaHMMU ocobamu [40]. O3HayYeHe 3MeHLLEH-
HA BennumHu 3MNO0 3aneXnTb Big, CTaxKy CNOPTUBHOI Aij-
ANbHOCTI. Moro nigrpyHTAM MOXYTb 6YTWM afanTUBHI
HEpPBOBO-TYMOpPasibHI perynatopHi BNAMBK i BiANOBIgHI
mopdodyHKLiOHANbHI 3MiHM - ONip CyAUH NOTOKY KPOBi

MOXKE 3HMXKYBaTUCA BHAC/AIAOK 36inblueHHA Kaninap-
HOro pycna. [JomiHyto4YMM perynaTopHMM BMIMBOM Ha
CTaH KPOBOHOCHMX CYAMH MPU LbOMY MOXKYTb ByTH Mmic-
uesi epekTn meTaboniTie, AKi NepesBaKaloTb Hag Ai€to
LLeHTPa/IbHUX CUMNATO-aAPEHAIOBUMUX YNHHUKIB.

MapameTpu apTepiabHOrO TUCKY Y CUIOBUX AT/ETIB
abo He BIiApI3HAOTLCA BiA CepeaHbO-CTATUCTUYHON
HopmM, abo € He3sHayHo nigsuweHumu. CyTTeBe 3po-
cTaHHA AT MOXKe cnocTepiratuca y atieTiB 3i 3Hau-
HMM [OOCBiJOM 3aHATTA TakKUMW BUAAMW  CNOPTY,
AK 604i6ianHr, nayepnipTMHr Ta iHWWMMKM BUAAMMU
ATNETUYHOI TiIMHACTMKK. [IpUYMHOKO LbOro ABMLLA
MoXKe OyTh ToW ¢aKT, WO O3HaYyeHi BMAM CrOpTy B
YMOBAX PeryifapHMX MOBTOPIOBAHUX M'A30BUX Hampy-
YKEHHAX BUK/JMKAKOTb MOTYXKHY aKTMBALiD MPecopHo-
ro Bigainy remognMHamiyHOro LLEHTPY, BHACNILOK 4Oro
NOTYXHi CMMNaTO-aAPeHaNoBi BNIMBU NPU3BOAATb A0
BUHUKHEHHA MO3UTUBHOIO iHOTPOMHOTO edeKTy, 3BY-
XEHHA CyAuH onopy, i, BiANOBIAHO — A0 3POCTaHHA
apTepianbHoro TucKy [41-43]. Kpim Toro, 36inblueHa
B CTaHi CMOKOK Be/IMYMHA CEepueBOro BWMKUAY Ha TAi
3HMKeHoro 3MO0 i nigBuweHoro obcary m’a3oBoi macu
06’eM LMPKY/OOYO0T KPOBi NpY 3pOCTaHHi CUAKM cepLe-
BWX CKOPOYEHb TAKOM MOXYTb CMPUATU MiABULLEHHIO
TUCKY B apTepiax.

Ocob611BOCTi CNOPTUBHOI AiANbHOCTI i cneundiyHoil
6ynoBuM Tina CMNOBMX aTNeTiB BM3Ha4YaloTb Bapiabesb-
HICTb NOKa3HMKiB nepudepuryHoi remognuHamiku. Tak, y
60pUiB NOPIBHAHO 3 /lerkoaT/ieTamn OOCTOBIPHO MEeH-
WMMW € amMnAiTyAa CUCTONIYHOI XBUAI, YaC HU3XiQHOI
YacTUHM i peorpadivyHOi XBWAI, @ TAaKOXK cepeaHA WBUA-
KiCTb LUBUAKOTO KPOBOHANOBHEHHA, TOHYC apTepil pis-
HOro AgiameTpa, 4ac MOBINIbHOTO KPOBOHAMOBHEHHA i
BUCXiAHOI YacTUHWU peorpamun [44]. [na cropTCMeHiB
BMAiB CNOPTY 3 NepeBaXHUM MPOABOM BUTPUBAJIOCTI
reMoAnHaMIYHI 3pyLlleHHA y BianoBiab Ha ¢i3MyHe Ha-
BaHTAYXEHHA 34iMCHIOIOTbCA NepeBaXKHO Ha perioHapHo-
MYy piBHi Ta y 6i/bLL KOPOTKKUIA YacoBUiM iHTepBan. B ocib,
AKI TPEHYITbCA 3 CUJIOBUMM YXMIOM, CNOCTEpiratoTbcA
NpubN3HO OAHAKOBI aAanTaLiMHI 3MiHM AK LUEeHTpab-
HOI, TaK i NnepudepryHOi NaHOK CcMCTEMU KPOBOODIry.
BiaHOBAOBaNbHUI Nepios ANA Li€i rpynu TpMBanilWmi,
NopiBHAHO 3 flerkoatnetTamm [45].

MiacymoByloum yce BULLEBUKIALEHE, BBAXKAaEMO 33
noTpibHe 3ayBaxuTW, WO cneundika CUIOBUX BUAIB
CMOPTY BM3HAYA€E XapaKTep afanTauiiHMX 3pyleHb B
cucTeMi KpoBoobiry Ha mopdonoriyHomy, GyHKLIOHaNb-
HOMY, meTaboniyHoMy i perynaTopHomy piBHAX. AHaTo-
mo-disionoriyHe pemogentoBaHHA Cepua y CUIOBUX aT-
NeTiB PA3oM 3i 3SMiHAMM HU3KM NOKA3HUKIB LEeHTPANbHOI
i nepudepunyHoOi remoamnHamiKM cnpuatoTb reHepalii Be-
JINKOTO i CTIMKOro cepueBoro BUKMAY Ta 3abe3nevyoTb
NOCUIEHHA BUIYYEHHA KUCHIO 3 KPOBI 3 METO MPUCTO-
CyBaHHA OpraHiaMmy A0 akTMBHOI M’A30B01 poboTu.

BUCHOBKM.

dopmyBaHHA [OBroTpMBaNOi aganTtauii cuctemu
KpoBoobiry A0 isMYHUX HaBaHTaXKeHb MNpPeacTaBAsE
06010 AMHAMIYHY EAHICTb KiNIbKICHUX i AKICHMX NepeTBo-
PEHb, WO NPOABAAETLCA Y BUMNAAI 3MiHU Mmopdonoriy-
HUX Ta }i3ioN0riYHMX NapameTpPiB BUKOHABYMX OPraHiB i
MexaHi3miB perynauii. PerynapHi cunosi HaBaHTaXKeHHA
nNpu3BOAATb 40 BUHUKHEHHA e1eKTPo-MopdoioriYyHoro
pemoentoBaHHA cepuA, AKe MOEAHYETbCA 3 NEBHUMMU
dYHKUiOHaNbHUMM  3MiHaMK  (36iNblUEHHA TOBLLMHU
CTiHKM NiBOrO LWNYHOYKA Ta TOBLUMHN MiXKLUIYHOYKOBOI
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neperopoakn 6e3 3Ha4yHoro 36inblUeHHA PO3MipiB NO-  OTb HA NAPAMETPU LLEHTPaANbHOI i nepudepuyHoOi remo-
POXKHWHK NiBOTO LWAYyHO4YKa). Obcar KiHueBo-giactoniy-  AUHAMIKK. )
HOro 06’eMy KpoBi y CMN0BUX aTNeTiB NpU Lbomy abo He MepcnekTnan nopanbliMx AOCAIAKEHD.

- . 6 6i Y nopanbwini poboTi NnaHyeTbcA nornvbneHe Bu-
BIAPISHAETLCA BIJ, HOPMU, 30O € HESHAUHO SDINBLIEHUM.  guaping mMBUHHUX MONEKYNAPHWX MEXaHi3MiB ajan-

Ocob6nMBOCTI CNOPTUBHOI AisNILHOCTI BIAOMBAIOTLCA HE  TauiliHWUX 3MiH KapAiO-pecnipaTopHOi CUCTEMM B Pi3Hi
Anwe Ha MopdOOriYHI CTPYKTYpi cepuna, a M BNAKMBa-  nepiogum BiAHOBAEHHS Nicaa GpisMYHOro HaBaHTaXKeHHA.
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ADANTALIAHI 3MIHWU CUCTEMM KPOBOOBITY Y CMNOPTCMEHIB CUIOBUX BUAIB CMIOPTY

Nu3sory6 B. C., Po3osa K. B., bakyHoBcbKuii 0. M., OnitHuk T. M., Qly6nHcbKa C.M.

Pe3stome. AHani3 i oLiHKa KpUTepiiB aganTauii cuctemm KpoBoobiry A0 Gi3nyHUX BNpas cnpuae Hinbll paLioHanb-
HOMY MJIaHyBaHHIO 06CATiB i IHTEHCMBHOCTI CMOPTUBHMX HAaBAHTAXKEHb, @ TAKOXK A03BONAE OLLHUTU CTyNiHb BiAHOB-
JIEHHA CNOPTCMEHa i iHAMBIAYyanizyBaTH TpeHyBaibHUI NPOLEC 3 METOH NMOKPALLEHHA MOr0 ePpEeKTUBHOCTI.

Mpu Gi3NYHMX HaBaHTaXKEHHAX KIHLEBMM MPUCTOCYBA/IbHUM Pe3ynbTaTOM CUCTEMU KPOBOOBIry € piBeHb Kpo-
BOTOKY, af,eKBaTHWI BUMOram opraHiamy. Mpotarom agantauii Ao perynsapHux ¢isnuHux snpas GopmyeTbca TUN
B3aEMOLT KapAio-reMoAnHaMIYHUX NapameTpiB, AKMUIA HaMKpaLWmMm YMHOM 3abe3neydye fOCATHEHHA ONTUMAbHO-
ro NPUCTOCYBaNbHOTO epeKTY, AKi NPU3BOAATL A0 BUHUKHEHHA eNeKkTPo-MopdONoriYHOro peMoae/toBaHHA cepLs,
AKe MNOEAHYETLCA 3 NeBHUMM QYHKLiOHANbHUMM 3MiHAMUK (KCMOPTUBHE cepue»). AHaTOMIYHE pemoae/toBaHHA Mi-
OKapZaa, 30Kpema, 36inblieHHA po3mipiB Ta 06’emi Kamep cepld, 36iN1blEHHA TOBLUMHKU CTIHKW NIBOTO LW/YHOUKA 3i
36eperKeHNMM CUCTONIYHOI i AiacTONIYHO PYHKLIAMM € KNACUYHMMM O3HAKaMM CepLA aTieTiB B CUOBUX BUAAX
cnopTy. BUHMKHEHHA KOHUEHTPUYHOI rinepTpodii y LMX CNOPTCMEHIB CMPUYNHIOETLCA PETYIAPHUM NepeBaHTaXKeH-
HSAM Ccepus TUCKOM KPOBi, epeKTOM MexaHidHoi Hanpyru, metaboniyHum cTpecom Touo. OcobanBOCTi CNOPTUBHOI
AiANbHOCTI BiAOMBAIOTLCA He ivwe Ha MOPdOOriYHIN CTPYKTYpi cepua, a M BNAMBAKOTb HA NAapPaMeTpPU BHYTPILLHbO-
cepLeBoi i LeHTpaAbHOI remoguHaMikv. AganTauia opraHismy A0 GisMYHOro HaBaHTAXKEeHHA 3HAYHOIO MipOIO BU3HA-
YaETbCA 3POCTaHHAM PYHKLIOHANbHOT aKTMBHOCTI BUKOHABUYMX OPraHiB i mexaHi3miB perynsadii cuctemu Kposoobiry,
IO MOXKe NPOABAATUCA Y MOAYAALLT YaCTOTM CepLeBuX CKOPOUYEHb, HArHITa/IbHOI 34aTHOCTI CepLA, XapaKTEPUCTUK
nposigHocTi i 36yannsocTi.

AHaTomo-¢isioNoriyHe pemoaentoBaHHA cepua y CUN0BMX aT/IeTiB Pa3om 3i 3MiHAMM HU3KKW NapaMeTpiB remoau-
HaMiKM CNpUALOTb reHepaLLii BEIMKOrO i CTIMKOro cepL.eBoro BUKMAY Ta 3abe3neuyoTb NOCUAEHHA BUYYEHHA KMCHIO
3 KPOBi 3 METOIO NPUCTOCYBAHHA OpraHiaMy A0 aKTMBHOI M’'A30B0T poboTu.

KntouoBi cnoBa: cuctema KpoBoobiry, remogmMHamiKa, ¢GisuHe HaBaHTaXKeHHS, aganTauis.

ADAPTIVE CHANGES OF THE CIRCULATORY SYSTEM IN STRENGTH SPORTS ATHLETES

Lizogub V. S., Rozova K. V., Bakunovskyi O. M., Oliinyk T. M., Dubynska S. M.

Abstract. The analysis and evaluation of the criteria for the adaptation of the circulatory system to physical
exercises contributes to a more rational planning of the volume and intensity of sports loads, as well as allows to
assess the degree of recovery of the athlete and individualize the training process in order to improve its effectiveness.

During physical exertion, the final adaptive result of the circulatory system is the level of blood flow adequate to
the body’s requirements. During adaptation to regular physical exercises, a type of interaction of cardio-hemodynamic
parameters is formed, which best ensures the achievement of an optimal adaptive effect, which leads to the
emergence of electro-morphological remodeling of the heart, which is combined with certain functional changes
(«sports heart»). Anatomical remodeling of the myocardium, in particular, an increase in the size and volume of the
chambers of the heart, an increase in the thickness of the left ventricular wall with preserved systolic and diastolic
functions are classic signs of the heart of athletes in strength sports. The occurrence of concentric hypertrophy
in these athletes is caused by regular overloading of the heart by blood pressure, the effect of mechanical stress,
metabolic stress, etc. The peculiarities of sports activities are reflected not only on the morphological structure
of the heart, but also affect the parameters of intracardiac and central hemodynamics. The body’s adaptation to
physical exertion is largely determined by the increase in the functional activity of the executive organs and the
mechanisms of regulation of the circulatory system, which can be manifested in the modulation of the heart rate,
the pumping capacity of the heart, the characteristics of conductivity and excitability.
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Anatomical and physiological remodeling of the heart in strength athletes, together with changes in a number of
hemodynamic parameters, contribute to the generation of a large and stable cardiac output and ensure increased
extraction of oxygen from the blood in order to adapt the body to active muscle work.

Key words: circulatory system, hemodynamics, physical load, adaptation.
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ASYMMETRY AS A COMMON-BIOLOGICAL LAW, UMSA AND PSMU PHYSIOLOGY CHAIR

CONTRIBUTION IN ASYMMETRY AND HANDEDNESS STUDY
Poltava State Medical University (Poltava, Ukraine)
kokovskja@gmail.com

There is no doubt that asymmetry indeed can be considered as a real common-biological law, realizing its regula-
tive action both in alive and in non-alive nature. The term “pathological asymmetries” involves abundant asymme-
tries, the ones observed under pathological conditions. There exist “a syndrome of lefty”, one can differentiate “left
diseases” met only in left-handed people; one can say and write about pathologies met only at mixed handedness or
ambidextrism. Right-handers are tended to have own problems with health. There are diseases peculiarities in left-
handers and right-handers. UMSA Physiology chair teachers contributed much in discovering the “right” and “left”
types of blood system reactions in symmetrical vascular regions in the animals and people. Varieties in charge and
erythrocytes number were claimed as the most contributive factors defining “right” and “left” type of blood reac-
tion. Cellular and molecular levels of asymmetry as well as tissular, organic, systemic, organismic, population-species
(which expression best and comfortable for assessing represents sinistrality or left-handedness) and biospheric found
detailed description in this article. Doubtly, asymmetry represents very important factor of adaptation to change-
able and pathological conditions and should be known well by the specialists of various branches of theoretical and
applied Biology and Medicine. Our chair teachers and students of the students’ scientific group contributed much
into asymmetry and typological aspects study both under physiological and pathological conditions, describing their
importance in Biology, Physiology, Dentistry and other branches of theoretical and applied Science; the authors ana-
lyzed some results received in their article.

Key words: asymmetry, International students, typologies, left-handedness.
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Introduction.

There exist common-biological laws characteristic
only for alive or non-alive nature as well as those char-
actering both. Asymmetry belongs to such universal
laws finding its expression at alive matter all organiza-
tional levels beginning from the molecular (only left-
folded aminoacids, for example, L-arginine are useful in
nature but can be L-arginine is an effective medication
for prevention of endothelial dysfunction, a predictor of
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