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The cardiovascular system's key role in ensuring an athlete's physical performance is the adaptation of which to
various types of physical exertion is one of the leading issues of adaptation in sports of higher achievements and
health-improving motor activity. The specifics of changes in the work of the heart and blood vessels under a mixed
load mode are not sufficiently covered in the special scientific literature, therefore the purpose of the work was to
study the specifics of changes in central hemodynamics during the early recovery period after stato-dynamic exer-
cise.

In the study, 34 male adolescents were examined, divided into three groups — group 1 (11 young bodybuilders),
group 2 (11 people engaged in fitness) and group 3 (12 untrained people). The static-dynamic loading mode was
modeled by repeatedly alternately holding on to the static dynamometer DS-500 for 15 seconds at the effort level of
50% and 25% of the maximum effort. Registration of indicators of cardiovascular activity was carried out using the
computerized diagnostic complex "Cardio+" (Ukraine).

Young bodybuilders in a state of rest differ in a greater degree of training and adaptation of the cardiovascular
system than persons engaged in fitness and untrained young men. The circulatory system of bodybuilders and ex-
ercisers shows the opposite response to a mixed exercise regimen—in bodybuilders, it responds to static-dynamic
exercise as a dynamic exercise regimen, while young exercisers show a response type of response to static mode
of exercises. That is, the reaction of the circulatory system to a mixed load regime coincides with the response to
the type of exercise for which the body is least trained. The circulatory system of bodybuilders is characterized by
a greater degree of efficiency of the heart and blood vessels than that of untrained individuals and young people

engaged in fitness.
Key words: stato-dynamic load, circulatory system.

Connection of the publication with planned re-
search works. The work is a fragment of the research
work of the Department of Medical and Biological Sci-
ences of the National University of Ukraine on Physical
Education and Sport “Influence of exogenous and en-
dogenous factors on the course of adaptive reactions
of the body to physical exertion of various intensities”
(state registration number 012U108187).

Introduction. One of the leading systems in im-
plementing and limiting the body’s physical capacity
is the cardiovascular system, and the peculiarities of
its adaptive reactions to various modes of physical
exertion are one of the key problematic issues of ad-
aptation in sports [1-3]. Modern directions of health-
improving motor activity, as well as sports of higher
achievements, are characterized by a significant in-
tensification of the duration, intensity and volume of
muscle work [4-6], which can cause the appearance
and development of such pre-pathological and patho-
logical changes in the activity of the heart and blood
vessels as arrhythmias, hypertrophic cardiomyopathy,
myocarditis, myocardial dystrophy, etc. [7, 8]. Without
considering the functional aspects of the adaptation of
the circulatory system, the above conditions can cause
deaths during sports [9, 10].

The regular physical exertion of static, dynamic
and mixed regimes leads to specific adaptive changes
in executive organs and mechanisms of regulation of
the circulatory system, resulting in remodeling of the
heart, changes in its pumping function and hemody-

namic indicators [11, 12]. Assessment of the charac-
teristics of changes in heart function and the reaction
of central hemodynamics to the combination of a com-
plex of strength loads with endurance exercises (stato-
dynamic load) is the optimal approach for determining
an adequate type of physical activity. Inadequate cov-
erage of this issue requires modern science to conduct
more detailed comparative studies of the impact of
various kinds of loads on the indicators of the circula-
tory system.

The study aims to determine the characteristics of
changes in heart function and central hemodynamics
during the early recovery period after stato-dynamic
physical exertion.

Object and research methods. In the study, 34
practically healthy young men (21 years old) without
bad habits were examined, who were divided into 3
groups —group 1 (11 young men engaged in bodybuild-
ing), group 2 (11 people engaged in fitness) and group
3 (12 untrained persons). Young men with a normo-
tonic circulatory system response to physical exertion
were included in the examined groups.

The study was conducted by international norms
of bioethics and the legislation of Ukraine. Each of
the subjects received information about the purpose,
means and procedure of conducting the study and
gave written consent to participate in the study. The
research was conducted in the morning, after at least
15 minutes of passive rest, after the examinee arrived
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at the laboratory to eliminate potential
stressful effects on the activity of the cir-
culatory system.

In all groups examined, before the

Table 1 — Changes in indicators of heart function
and central hemodynamics during the early recovery
period after stato-dynamic exercise in group 1

s with b eynami s 90, he | oo ot [ ey e e s 2 2
maximum arbitrary static force was de- |Heartrate, bp/s | 740,85 | 76,6+0,8* | 754+1,7* | 74,8+1,5 | 74,5:1,0
termined using a static dynamometer [sy m 85,4+3,0 | 110,7+2,3* | 93,4+1,9* | 88,7+1,9* | 85,8+2,9
DS-500, the level of effort corresponding [ mi/m? 43,843,5 | 56,9456* | 48,1+4,6% | 45,6+3,8 | 44,0434
to the level of 50% and 25% of the maxi- ¢ \/min/m? 3,2103 | 4,4804* | 3,6:04* | 34:0,3 | 3,3%0,2
mum sjcatlc fqrce was noted. The static- CMI, kg*m/m? 4,240,3 6,2+0,5* 5,0+0,4*% 45+0,3* | 4,240,3
dynamic loading mode was modeled by ['g\y,“u /o 56,2¢3,9 | 80,4t6,5* | 66,4+52% | 60,4+3,6% | 56,7+3,9
repeatedly holding 50% and 25% effort 2"/ 329,4+12,9 | 443,3+14,5* | 406,6+16,1% [370,4+15,9*% 334,9+13,2
:jei\C’:!;:erIfS csaerfjci’g\‘j:écﬁgf:ig\?{t‘y‘)u; SBP, mmHg. Art. | 119,7+2,2 | 130,4+4,2% | 128,1+4,4* | 123,6+3,8 | 120,7+1,9
carried out using the computerized diag. |92P-MMHe-Art | 77,9149 | 864:3,8* | 84,4141% | 80,6156 | 77,9149
nostic complex “Cardio+” (Ukraine). The |PBP.MmHg.Art | 41,7:4.4 | a4,0+4,5* | 437457 | 43,0462 | 42,9+3,9
following indicators of central hemody- |MdBRmmHgArt] 91,8+36 | 101,1+33* | 99:32* [ 949341 | 92,1437
namics were evaluated — heart rate (HR), | MBV. //min 6,310,24 | 8,5+0,2* | 7,1+0,2* | 6,6£0,2* | 6,40,2
stroke volume (SV), stroke index (SI), | SPR.co 28,5¢3,1 | 23,6:2,9* | 27,2¢32 | 27,8%3,3 | 28,3t2,9
cardiac index (Cl), cardiac minute index |TPR, dyn*s/cm® [1163,3+59,2/954,4+31,7* [1125,2+46,1*[1143,9+41,9]1153,7456,7

(CMI), capacitive ejection velocity (CEV),
volumetric flow rate (VFR) minute blood
volume (MBV), specific peripheral resist-
ance (SPR), total peripheral resistance (TPR), as well as
blood pressure — systolic (sBP), diastolic (dBP), pulse
(pBP) , medium-dynamic (mdBP).

Statistical data processing was carried out using
the IBM SPSS Statistics program (version 26) using
non-parametric methods for evaluating the obtained
results.

Research results and their discussion. The aver-
age values of indicators of heart function and central
hemodynamics of the examined persons before stato-
dynamic physical exertion, as well as during the early
recovery period after it, are shown in tables 1-3. As can
be seen from tables 1-3, individuals of group 1 have
the lowest heart rate (74 bpm) compared to represent-
atives of group 2 (81.17 bpm on average) and group 3
(85.41 bpm on average). The observed phenomenon
of physiological bradycardia indicates a greater degree
of myocardial training in bodybuilders compared to un-
trained individuals and those who practice fitness. Im-
mediately after SDL, a slight increase in heart rate was
recorded in the examined groups 1 and 3 (by 3.46% in
group 1, by 6.63% in group 3, p<0.05), with a gradual
return to the initial state.
In contrast to them, imme-
diately after stato-dynam-

Notes: Here and then — *reliably compared to the value before the SDL of the own group;
Areliably compared to the similar indicator of group 1; #reliably compared to the similar
indicator of group 2.

persons engaged in bodybuilding by 25.4 ml, and in un-
trained persons by 7.5 ml (all — with p<0.05 ). As in the
case of heart rate, in subjects practicing fitness, SDL led
to a decrease in SV by 4.0 ml (p<0.05). The decrease in
SV immediately after SDL in people who are engaged
in fitness can be explained by the fact that due to the
static component of the exercises, there is compres-
sion of the veins, followed by a significant decrease
in the venous outflow. The further increase of SV is a
consequence of the realization of the Anrep phenom-
enon when compression of the veins disappears, and
SV increases compensatory. The absence of an initial
decrease in SV in the bodybuilders can be explained by
their training for static exercises and, as a result, the
presence of many shunting vessels.

Similar changes are also inherent for the Sl indica-
tor, which in individuals of group 1 increased reliably
by 13.1 ml/m?; an increase in this parameter by 3.8 ml/
m? (p<0.05) was recorded in group 3 individuals. On
the other hand, in individuals of group 2, Sl initially de-
creased by 2.1 ml (p<0.05) immediately after SDL, and
after 1 min increased by 2.96 ml, with a gradual return
to initial values. The opposite fluctuations of SV explain

Table 2 — Changes in indicators of heart function and central hemodynamics dur-
ing the early recovery period after stato-dynamic exercise in group 2

ic exercise, a decrease in

Indicator Before SDL Immediately | After 1 min. | After 2 min. | After 3 min.
heart rate by an average of after the SDL | after SDL after SDL after SDL
3.7 bpm (4.58%, p<0.05) |Heart rate, bp/s 81,2¢1,5" | 77,5¢1,0% | 86,614 | 84,4+1,1n* | 81,9+0,47*
was recorded in individu- [sy, mi 68,2+2,00 | 64,2¢1,77 | 7824150 | 737+1,9n* | 69,5+1,6
als of group 2, followed [g), mi/m: 35,82,70 | 33,742,6" | 38,842,8"* | 3724250 | 36,5:2,9"
by an increase 1 min after ¢ |/min/m? 2,9£0,2% 2,61£0,2% 3,6£0,3* 3,3£0,2* 3,0£0,2%
the exercise on average ey g*m/m? 3,7:0,4" | 4,42:0,3"* | 51:0,4* 4,40,4* 3,90,41
byt9 SC{ m;: af‘dd? gtradua; SWI, g*m/m? 459+4,3" | 50,6+3,7"* | 58,9¢4,47* | 52,5:4,10* | 47,5:4,3
;Eeuirnr}tiaol st:tg‘a fltcear gr;\?n VFR, ml/s 293,1#7,10 | 275,3+6,6"* | 336,248,3" | 319,3+7,2°* [ 301,1%6,9"
After stato-dvnammic exer. |SBP-mmHg. Art. 120,32,9 | 142,9+6,4*A | 134,3:4,5% | 1271£2,7* | 121,424
dises y dBP, mmHg. Art 77,123,9 | 89,3:35* | 86,7+24* | 81,7:3,7* | 786124

The marked trend of LPBP.mmHg. Art 43,133,8 | 53,6:80*" | 476:4,4* | 454336 | 429+2,7
changes in the work of the | MdBRMMHg. Art 91,532 | 107,1¥2,7*A | 102,6:2,5*" | 96,9+2,9* | 92,9+2,9
. P i * * *
heart is also characteristic |MBY, I/min 55:02° | 50:01" | 6802 | 6202 | 57:020
. . . N A A A
of the SV indicator, which | SPR.co 31,742,50 | 41,34,1 29,0+2,4 29,8+2,10 | 31,2425
increased against SDL in |TPR, dyn*s/cm® 1325,2462,4%|1724,0£66,1°*[1213,1+35,4"%| 1247,4£56,2"* | 1305,8+41,17
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Table 3 — Changes in indicators of heart function and central hemodynamics
during the early recovery period after stato-dynamic exercise in group 3

The same trend
characterizes the dy-

Indicator Before SDL Immediately after|After 1 min. after| After 2 min. After 3 min, | Namics of Fhe VFR in-

the SDL SDL after SDL after SDL dicator as in the case
Heartrate, bp/s | 85,443,404 91,143,60#* 88,9+3,80* 87,243,604 86,2¢3,3n | of changes in HR, SV,
SV, ml 56,1+4,6/ 63,5+4,6M* 60,8+4,8M 5g,8+4.8M | 56,8t46n% | Cl and Cl parameters,
sl, mi/m2 28,615,0M | 32,445,40 31,0852 | 29952 | 28,9¢5,1% | I-., in individuals of
Cl, I/min/m2 2,4+0,5° 2,9+0,5M* 2,8+0,5M 2,6£0,5M 2,5¢0,5n% | 8roups 1and3, VFRin-
CMI, kg*m/m2 3,140,5M 4,2+0,7M* 3,840,774 3,5+0,6M* 3,2:0,50 | creases reliably imme-
SWI, g*m/m2 36,2+5,3Mt 46,317,1M* | 42,8+6,9* | 40,146,3M 376e5 7 | diately after SDL (by
VFR, ml/s 267,745,1M | 318,2+18,1N* | 302,3+14,274* | 287,4+10,8N* | 272,148,674 113'9 mll/s In-group
sBP, mmHg. Art. | 120,3+2,8 135,445, 7* 131,1+4,9* 128,145,3* 124,443,2 —)’intogrzussge(rbixégﬁé
dBP, mmHg. Art | 76,4+6,8 86,045,7* 82,5+4,6* 79,8+5,8 77,546,6 ml/s) with a gradual
pBP, mmHg. Art | 43,9+7,6 49,4+9,8* 48,6+8,6%A 48,4+9,5 46,9+7,0 return to initial values.
mdBP,mmHg.Art|  91,0+4,6 102,543,4%# 98,7+2,4%# 95,9+3,4* 93146 | The marked increase
MBV, I/min 4,8+0,4M 5,8+0,5M* 5,440,504+ 5,1+0,5M 49t05M | in VER is due to an
SPR, co 38,547,7M 35,8+6,3M* 36,946,9M 37,847,504 38,5:7,7" | increase in SV imme-
TPR, dyn*s/cms [1534,1180,5M[1425,7+134,8"4* [ 1469,8+136,9° [ 1507,2£161,1M 1536,3£176,5°| diately after SDL and

the noted features of Sl changes in different groups im-
mediately after the SNL — it increases in bodybuilders
and untrained individuals, and in people engaged in
fitness — it decreases due to a decrease in the venous
return of blood to the heart caused by compression of
the large veins during the static component of the SNL.

One of the criteria for dividing people according
to the type of hemodynamics is the cardiac index, ac-
cording to which the hypokinetic type with low cardiac
index values (CI<2.75 I/min/m?) is distinguished, in
contrast to the hyperkinetic type, which is character-
ized by Cl values higher than 3.49 |/min/m2. With aver-
age values, the kind of blood circulation is interpreted
as eukinetic. According to the initial Cl values of the
persons examined by us, we can state that untrained
persons belong to the hypokinetic type of hemody-
namics (average value of Cl 2.44 |/min/m?), and per-
sons engaged in bodybuilding and fitness, respectively,
to the eukinetic type (average values Cl 3.24 and 2.91
I/min/m?, respectively). Immediately after SDL, the
cardiac index was characterized by a significant in-
crease in individuals of group 1, which amounted to
1.12 I/min/m? (p<0.05), to a lesser extent, but also a
reliably determined parameter increased in untrained
individuals by 0.51 |/min/m?2. As in the case of the pre-
vious indicators, the value of Cl in persons engaged in
fitness decreased compared to the value of the initial
state — from 2.9 to 2.6 |/min/m? (p<0.05), with a sub-
sequent increase to the level of 3.6 |/min/m? (p<0.05)
and a gradual return to the initial state.

Indicators such as the index of minute work of the
heart and the index of the heart’s percussive work
show a tendency to a reliable increase immediately
after SDL with a gradual return to the initial param-
eters in individuals of all three examined groups. CMI
immediately after SDL significantly increased in body-
builders (by 47.8%), least in fitness (by 18.8%), and in
untrained individuals by 36.5%. The SWI indicator is
characterized by the same trend, which immediately
after SDL increased to the greatest extent in people of
group 1 —by 43.1%, in people of group 2 —by 10.1%, in
representatives of group 3 — by 27.9% (all from <0.05).
After an initial SDL-induced increase, CMI| and SWI
gradually returned to baseline values in all subjects by
3 min post-exercise.

a decrease in ejection
time due to an increase in HR. In contrast to groups 1
and 3, in people of group 2, on the contrary, the VFR
parameter decreases by 17.8 ml/s (p<0.05), followed
by an increase after 1 min and a gradual return to ini-
tial values within 3 min. The reported decrease in VFR
in exercisers is due to an initial decrease in SV and an
increase in ejection time. In general, the VFR indicator
in people of group 2, as in the case of the HR, SV, SI,
and Cl parameters, shows tendencies towards changes
characteristic of the reaction of the blood circulation
system of the mentioned persons to the physical load
of a static nature, shown by us earlier.

All measured blood pressure indicators (sBP, dBP,
pBP, mdBP) in the subjects of all three groups were
characterized by a unidirectional nature of changes
— immediately after SDL, they showed a tendency to
increase, followed by restoration of the initial state val-
ues within 3 minutes. Only the degree of marked pres-
sure fluctuations differed depending on the group. Al-
though all the examined individuals are characterized
by a normotonic reaction of the circulatory system, in
the case of SDL, no group recorded a decrease in dBP
immediately after SDL, which indicates the predomi-
nant influence of the static component of the specified
load regime on the reaction of blood vessels.

The analysis of central hemodynamic indicators
showed that the MBV parameter experienced the
most significant fluctuations in individuals of group
1, which immediately after SDL increased by 2.16 I/
min (by 34.2%, p<0.05), the parameter that was de-
termined to a lesser extent increased in individuals of
group 3 and amounted to 1.0 | (increase immediately
after SDL by 20.9%, p<0.05). A significant increase in
MBYV in bodybuilders is explained by a significant rise
in SV immediately after SDL and, in general, resembles
the reaction of the circulatory system of these individ-
uals to dynamic load, which was shown by us earlier.
In Group 2 subjects, MBV decreased by 0.56 |/min im-
mediately after SDL and then increased significantly to
6.77 |/min, followed by a return to baseline. The re-
duction in MBV in exercisers is a consequence of the
decrease in HR and SV caused by the static component
of SDL. The subsequent increase in MBV is compensa-
tory and is explained by the increase in both HR and SV
after cessation of exercise.
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The peculiarities of SPR and TPR parameters are the
fact that they are also distinguished by opposite trends
in individuals of groups 1 and 3 (significant decrease
immediately after SDL followed by recovery within 3
min), in contrast to representatives of group 2 (signifi-
cant increase immediately after exercise, followed by
falling below baseline 1 min after SDL, followed by a
gradual return to baseline. The recorded features of
SPR and TPR changes are consequences of SV changes
caused by static or dynamic components of SDL.

Summing up all of the above, it is worth noting
that the persons examined by us, who are engaged in
bodybuilding, are distinguished by a greater degree of
training, the adaptation of the cardiovascular system,
as evidenced by the presence of physiological brady-
cardia, increased SV, VFR, CMI, SWI, etc. The circulato-
ry response of group 1 individuals to SDL generally re-
sembles that in response to dynamic loading, to which
bodybuilders are less adapted than exercisers. In turn,
the representatives of group 2 occupy an intermediate
position regarding the indicators of the cardiovascular
system in the initial state, which indicates that they are
more adapted to physical exercises than untrained in-
dividuals but less adapted than bodybuilders. The cir-
culatory system of persons engaged in fitness to SDL
is generally reminiscent of that in response to a static
load, to which these individuals are less adapted than
to a load in a dynamic mode.

Conclusions.

1. In their initial state, representatives of group 1
(who are engaged in bodybuilding) differ in a greater
degree of training and adaptation of the cardiovascular
system than persons involved in fitness and untrained
young men.

2. The circulatory system of the examined persons
reacts to the stato-dynamic (mixed) load regime in
the same way as to the type of exercises to which the
representatives of the specified groups are the least
adapted — the cardiovascular system of young body-
builders and untrained persons reacts to the stato-dy-
namic loads as to a dynamic mode of exercise, while
young men engaged in fitness demonstrate a response
to mixed training as a static mode of practice.

3. Untrained individuals are characterized by a hy-
pokinetic type of hemodynamics, in contrast to young
bodybuilders and people of the same age engaged in
fitness, who have a eukinetic type of blood circulation.

4. The reaction of the cardiovascular system of
young bodybuilders to a mixed regimen of exercises in-
dicates a greater degree of efficiency of the heart and
central hemodynamics than in untrained individuals
and young men engaged in fitness.

Prospects for further research. It is planned to
investigate the peculiarities of changes in peripheral
hemodynamics of persons of different qualifications of
sports representatives with a predominant manifesta-
tion of endurance.
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OCOBJIMBOCTI 3MIH POEOTU CEPLIA | LLEHTPA/IbHOT TEMOAUHAMIKW Y NEPIOA, PAHHLOTO BIAHOB/EH-
HA nicnqa CTATO-AUHAMIMHOIO ®I13U4YHOIo0 HABAHTAXKEHHA

Mantora C. C., Jlyk’aHuesa . B., BakyHoBcbKuii 0. M.

Pe3stome. CyyacHUI CnopT BULUMX AOCATHEHb, TAaK CAMO fAK i 034,0pPOBYa PYXOBa aKTUBHICTb, XapaKTepPMU3yHTbCA
3Ha4HoOM0 iHTeHcMiKaLielo TPUBANOCTI, IHTEHCMBHOCTI Ta 06cAriB M’A30B0T PO6OTH, LLLO MOXKE CMPUUYNHUTK NOABY Ta
PO3BUTOK NepeanaTonoriyHmX i MAaTONOrYHUX 3MiH AiANbHOCTI cepua Ta cyauH. BoHM, B CBOKO Yepry, MOXKyTb CTaTh
NPUYMHOK CMEPTENbHUX BUNAZKIB MPU HEONTUMAIbHUX HABAHTAXKEHHAX B CNOPTi. PerynapHi Gpi3anyHi HaBaHTaXKeH-
HA NPU3BOAATL A0 creyndiyHMX afanTUBHUX Nepebyaos B cMcTeMi KpOBOOGiry, HacNiZAKOM YOro € 3MiHM HarHiTanb-
HOI PYHKU,T cepua | PyHKLiOHYBAHHA KPOBOHOCHUX CyAMUH.

Meta pocnigeHHA — BU3HAYeHHA ocobamBocTeld 3MiH poboTn cepus Ta LLeHTPaAbHOI reMOogMHAMIKM B ne-
piog paHHbLOro BiAHOBAEHHA MiciA CTaTo-AMHAMIYHOrO ¢i3MYHOro HaBaHTa)KeHHs. Hamu 6yno obctexkeHo 3
rpynu toHakis- 6ogibingepu (1 rpyna), Ti, Aki 3alimatotbesa diTHecom (2 rpyna), HeTpeHoBaHi ocobu (3 rpyna). Pe-
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€CTpaL,ito MoKasHuKiB gianbHocTi CCC go Ta nicna cTato-AMHAMIYHOrO HaBaHTaXKEHHA MPOBOAMAN 32 JONOMOrOH0
KOMM'0TEPU30BAHOIO AiarHOCTUYHOTO Komnaekcy «Kapgio+» (YKkpaiHa).

O6cTekeHi Hamu ocobu-60aibingepn BiApPiI3HAOTLCA BinbWMM CTyNneHem TPeHOBAHOCTI, aganTalii cepueso-
CYAMHHOI CMCTeMM, NPO LLLO CBiAYaTb HaABHICTb disionoriuHol bpaguKapaii, 36inbleHni yaapHuii o6’em, 06’emHa
WBWUAKICTb BUTHAHHA, @ TAKOX IHAEKCU yAapHOi Ta XBUNMHHOIT poboTn cepus. Peakuis cuctemm Kposoobiry 6oa,i-
6ingepis Ha 3MilWlaHMIA TMN BNpPaB HaraZye Taky y BiANoOBiAb Ha AMHaMIYHE HaBaHTaXKeHHsA, A0 sKoro boaibinaepu
a[anToBaHi MEHLLOK Mipoto, HiX 0cobu, saKi 3aiMmatoTbea diTHecom. B cBoto Yepry, cucTtema KpoBoobiry ocib, ki
3almatoTbca GpiTHecom, BignoBiga€E Ha 3MilLAHUIN PEXKMM HaBaHTaXKeHHA iAeHTMYHO A0 TAaKOBOI Ha CTaTUYHe HaBaH-
TaXKEHHS, 40 AKOro 03Ha4YeHi 0cobmn MeHLW afanToBaHi, HiX 40 AMHAMIYHMX BNpaB. TaKoX NpeacTaBHUKKU 2 rpynu
3alMatoTb MNPOMIXKHE MOJIOKEHHA LLOAO MOKA3HUKIB cepLeBo-CyAMHHOT CUCTEMM Y BUXIAHOMY CTaHi, WO CBig4YnTb
npo Te, Lo BOHU € HiNblW afanToBaHUMM 40 Gi3UYHUX BMNPAB, HiXK HETPEHOBAHI 0COOU, ane MeHL aAanToBaHi, Hix
6opibinaepu.

KntouoBi cnoBa: cTaTo-gMHaMIYHe HaBaHTaXKeHHA, CMCTeEMa KPoBOObiry.

FEATURES OF CHANGES IN THE WORK OF THE HEART AND CENTRAL HEMODYNAMICS DURING THE PERIOD OF
EARLY RECOVERY AFTER STATO-DYNAMIC PHYSICAL EXERCISE

Malyuga S. S., Lukyantseva H. V., Bakunovsky O. M.

Abstract. Modern high-achieving sports, as well as recreational motor activities, are characterized by a signifi-
cant intensification of the duration, intensity and volume of muscle work, which can cause the appearance and
development of pre-pathological and pathological changes in the activity of the heart and blood vessels. They, in
turn, can become the cause of fatal accidents with suboptimal loads in sports. Regular physical exertion leads to
specific adaptive changes in the circulatory system, resulting in changes in the pumping function of the heart and
the functioning of blood vessels.

The purpose of the study is to study the characteristics of changes in heart function and central hemodynamics
in the period of early recovery after stato-dynamic physical exertion. We examined 3 groups of young bodybuilders
(group 1), those engaged in fitness (group 2), untrained individuals (group 3). Registration of indicators of cardiovas-
cular activity before and after static-dynamic exercise was carried out using the computerized diagnostic complex
“Cardio+” (Ukraine).

The bodybuilders examined by us are distinguished by a greater degree of training and adaptation of the cardio-
vascular system, which is evidenced by the presence of physiological bradycardia, increased stroke volume, volu-
metric ejection velocity, as well as indexes of the heart’s stroke and minute work. The response of the circulatory
system of bodybuilders to a mixed type of exercise resembles that in response to a dynamic load, to which body-
builders are less adapted than individuals engaged in fitness. In turn, the circulatory system of people engaged in
fitness responds to a mixed load mode identically to that of a static load, to which these individuals are less adapted
than to dynamic exercises. Also, the representatives of the 2nd group occupy an intermediate position regarding the
indicators of the cardiovascular system in the initial state, which indicates that they are more adapted to physical
exercises than untrained individuals, but less adapted than bodybuilders.

Key words: stato-dynamic load, circulatory system.
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OCOB/INBOCTI 3MIH POEOTU CEPLA | LEHTPA/IbHOI TEMOAUHAMIKU
Y NEPIOA PAHHBLOIO BIAHOBJIEHHA
nicna CtTATo-AUMHAMIYHOIO ®13U4YHOINo HABAHTAXKEHHA

HauioHanbHui1 yHiBepcuteT disnyHOro BuxoBaHHsa i cnopty YKpaiHu (m. Kuis, YkpaiHa)
lukjantseva@gmail.com

Knwovosy ponb y 3abe3neyeHHi i3uvyHOi npauye3damHocmi cCnopmcmeHa € cepuyeso-cyOuHHA cucmema,
MpUCMOoCy8aHHSA AKOI 00 pi3HUX 8UOi8 (hi3UYHUX HABAHMAMN(EHb € OOHUM 3 MPOBIOHUX MUMAHb adanmauii y cropmi
suuwux 0ocsizHeHb ma o0300posdyili pyxoeoi akmusHocmi. Ocobausocmi 3miH pobomu cepys ma KpOBOHOCHUX
CYyOUH HQO 3MiWaHUli pexum HasaHMaxeHHs HedoCMamHbo 8UCBIMAEHO y crieyianbHili HayKosili nimepamypi,
momy memoto pobomu 6ysn0 0ocnioreHHs ocobausocmeli 3MiH UeHMpPanbHOI 2eMOOUHAMIKU 8 epiod PaHHbO20
8i0OHOB/1eHHSA ic/as cmamo-0UHAMIYHO20 (hi3UYHO20 HABAHMAMEHHS.

B OocnidnceHHi byno obcmexeHo 34 ocobu 4oso0si4oi cmami HOHAUbKo20 8iKYy, po3rodineHi Ha 3 epynu —
epyna 1 (11 roHakis-600i6indepis), epyna 2 (11 ocib, ski 3alimaromecsa gpimHecom) i epyna 3 (12 HempeHoO8AHUX
0ci6). Cmamo-0uHamiyHuli pexcum HaB8AHMUAXEHHA MOOENt08AAU KilbKapa3oeuM MoYyep208uM ympUMAaHHAM HA
cmaHogomy ouHamomempi C-500 npomszom 15 ceKyHO pieHsa 3ycinb 50% ma 25% 8i0 MakcumasibHo20 3yCinns.
Peecmpauyito nokasHukie disneHocmi CCC nposodusau 3a 00NOMO200 KoM tomepu308aHo20 0ia2HOCMUYHO20
komnnekcy «Kapdio+» (YkpaiHa).

tOHaKu-600i6indepu y cmaHi criokotro 8idpi3HAOMbCA binbwWum cmyneHem mpeHosaHocmi i adanmauii cepyeso-
CYOUHHOI cucmemu, Hixc ocobu, sKi 3alimaromeca imHecom ma HempeHo8aHI OHAKU. Cucmema Kposoobizy
600i6indepis ma ocib, Aki 3alimaromecsa pimHecom, 0eMoHCMpPye npomusnexcHull mun 8ionosidi Ha 3miwaHul
pexum HasaHmMax)eHHs — y 600ibindepie 80HA peazye Ha cMAMO-OUHAMIYHI HABAHMAMEHHA AK Ha OUHAMIYHUU
pexum 8npas, 8 moli Yac AK IOHAKU, AKi 3aliMmaromscs imHecom, deMoHCmMpyoms 8i0rnoegidb 3a murnom peaxyii
Ha cmamuyHuli pexcum enpas. Tobmo, peakuis cucmemu Kpogoobiey HA 3MiWAHULU perum HABAHMAMEHHSA
36iecaembcs 3 8i0M08i000 Ha moli 8ud 8npas, 00 K020 Op2aHi3M HalimeHw mpeHosaHul. Cucmema Kposoobizy
600i6indepis 8iOpizHAEMbCA binbwWUM cmyrneHem egpeKmusHOCMi pobomu cepusd ma KPOBOHOCHUX CYOUH, HiX y

HempeHOB8aHUX 0Ci6 ma toHAKI8, AKi 3alimaromecs ¢himHecom.
Knrouosi cnosa: cmamo-0uHamidyHe HOBAHMAMXEHHSA, cucmema Kpogoobizy.

38’A30K ny6nikauili 3 nNAaHOBMMM HAYKOBO-
pocnighumn  poboramu. Pobota € dparmeHTOm
HAyKOBO-A0C/IAHOI poboTM Kadeapn meamko-6io-

NOTiYHUX Ancumnnid HauioHanbHoro yHisepcutety oi-
3MYHOrO BMXOBAHHA i cnopTy YKpaiHn «Bnane eKk3oreH-
HUX Ta eHgoreHHUX GakTopiB Ha nNepebir aganTauiiHUx
peakuilt opraHiamy A0 ¢Gi3VYHUX HaBaHTaXKeHb Pi3HOI
iHTEHCMBHOCTI» (LepKaBHUI pPeECTpaLiiHUA  HOoMep
012U108187).

Bctyn. OfHi€o 3 HalbiNbL NPOBIAHMX CUCTEM Y pe-
anizauii Ta NimiTyBaHHi i3MYHOI NpauesgaTHoOCT op-
raHiamy € cepueBO-CyAMHHA cucTema, a 0cobamBoCTi i
NPUCTOCYBaNbHUX PeaKLin A0 Pi3HUX pexumis ¢isny-
HUX HaBaHTa*KeHb NPeACTaBAAOTb COOOI0 OfHE 3 KAt0-
YyoBMX NpobaemHux NuUTaHb aganTtauii y cnopti [1-3].
CyyacHi HanpAMK 0340POBYOI PyXOBOI AaKTUMBHOCTI, TaK
Camo, K i CNOPT BULLUX AOCATHEHb, XapPaKTepU3yTbCA
3HAYHOM iHTEHCUIKaLiEl TPMBANOCTI, iIHTEHCUMBHOCTI
Ta obcAris m’A3080i poboTH [4-6], WO MOXKe CNPUYUHU-
TV NOABY Ta PO3BUTOK TaKMX NepeanaToNoriyHux i naTo-
JIOTIYHMX 3MiH AiANbHOCTI cepuAa Ta CYAMH, AK apuUTMiIi,
rineptpodiyHa Kapaiomionartia, MiokapanTn, anctpodin
Miokapaa Towo [7, 8]. be3 BpaxyBaHHA GYyHKLIOHAAbHUX
acrnekKTiB afanTaljii cuctemn KpoBoobiry BuLLeHaBeaeHi
CTaHW MOXKYTb CTAaTU MPUYMHOIO CMEPTE/IbHUX BUMALKIB
npu 3aHAaTTAX cnoptom [9, 10].

PerynapHi ¢isnyHi HaBaHTaXKeHHA CTAaTUYHOrO, Au-
HAMIYHOTrO Ta 3MILLAHOrO PeXUMIB NPU3BOAATL A0 cre-
UM IYHMX a4anTMBHUX 3MiH BUKOHABYMX OpraHiB i mexa-

Hi3miB perynauii cuctemm KpoBoobiry, HaCNiAKOM HOro €
pemogentoBaHHA cepua, 3MiHM MOro HacocHOoiI QYHKLUT
Ta NOKasHMKiB remoguHamiku [11, 12]. OuiHKa ocobnu-
BOCTel 3MiH pob0oTK cepus Ta peaKLii LeHTpanbHOI re-
MOAMHAMIKM Ha NOEAHAHHA KOMMAEKCY CUI0BMX HaBaH-
TaXeHb 3 BNpaBaMu Ha BUTPUBAICTb (CTaTo-AUHAMIYHE
HaBaHTaXKEHHA) € ONTUMA/IbHUM NiAXOAO0M A5 BU3Ha-
YeHHS aAeKBaTHOro pisHoBMAy @i3NYHOI aKTUBHOCTI.
HepocTaTHe BUCBITIEHHA 03HAYeHOT NPob1eMaTUKKN BU-
Marae Bif, Cy4acHOI HayKK Binbl 4OKNAAHUX NOPIBHANb-
HUX AOCNIAKEHb BNANBY PISHUX BUAIB HAaBaHTaXKeHb Ha
NMOKa3HWKM AifANbHOCTI CMCTEMM KPOBOODiry.

MeTta pocnipgyeHHA — BM3HAYeHHA ocobnuBocTei
3MiH pob0oTK cepuA Ta LEHTPasibHOI reMmoauHaMIKM B
nepioa paHHbOro BiAHOB/IEHHA MiCNA CTAaTO-AMHAMIYHO-
ro ¢i3MYHOro HaBaHTAXKEHHS.

O6’ekT i meTogu AocnigXKeHHA. B pochigKeHHi
6yno obcTerkeHo 34 NpakTUYHO 340POBUX OCI6 4ONO0BI-
yoi cTaTi oHaubKoro BiKy (21 pik) 6e3 WKiaIMBuUX 38BM-
YOK, sIKi 6yn posnogineHi Ha 3 rpynu —rpyna 1 (11 toHa-
KiB, AIKi 3alimatoTbes bogibinguHrom), rpyna 2 (11 oci6b,
AKi 3amatoTbea GiTHecom) i rpyna 3 (12 HeTpeHoBaHMX
ocib). [o rpyn obcTexkeHUx 6ynn BKAOYEHI OHAKKM 3
HOPMOTOHIYHMM TUMOM peaKLiii cMcTeMmn KPoBOOBIry Ha
bi3nyHe HaBaHTaXeHHs.

LocnigeHHA NpoBeaeHo BiANOBIAHO 40 MiKHApOA-
HUX HOpM BioeTUKM i 3aKoHOAaBCTBA YKpaiHU. KoxKeH 3
ob6cTeXyBaHUX OTpMMaB iHGOPMALLiKDO CTOCOBHO METH,
3acobiB Ta NOPAAKY NPOBeAEHHA AOCNIAKEHHA | HAAaB
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Tabnuuysa 1 — 3miHa NnokasHUKiIB poboTH cepus i LeHTPaNbHOI
remoauHamiku B nepioa paHHbOrO BiAHOB/EHHA Nicaa cTaTo-

AWHAMIYHOrO HaBaHTaXKeHHsA B rpyni 1

Hul onip (MNO), 3aranbHuii Nnepudepmny-
HuI onip (3M0), a TakoX apTepianbHUi
TUCK — CUCTONIYHMIA (CAT), miacToniyHui

(BAT), nynbcosuit (NAT), cepeaHbO-AMHa-

Npumitku: TyT i Hagani — *gocTOBIPHO NOPIBHAHO 3 3HaYeHHAM Ao CAH BnacHoi rpynu;
AfQOCT NOPIBHAHO 3 aHANOTYHMM MOKa3HWKOM rpynu 1; # AOCT NOPIBHAHO 3 aHANOTYHUM

NoKa3HUKOM rpynu 2.

NUCbMOBY 3roZy Ha y4acTb Y AOCAigKeHHI. JocnigxKeH-
HA MPOBOAUAWN BPaHLi, MiHIMym Yyepe3 15 xBuAWH na-
CUBHOTO BiAMOYMHKY Nicaa NpnbyTTa 0bCTeXKyBaHOro A0
nabopatopii 3 MeTolo HiBENOBaHHA MOTEHLiAHMX CTpe-
COBUX BM/IMBIB Ha AiA/IbHICTb CUCTEMM KPOBOOGiry.

Y obcTexkeHux BCix rpyn A0 NpoBeAeHHA npobu 3
CTaTo-AMHAMIYHMM HaBaHTaxkeHHAM (CAH) BM3Havanu
MaKCMMaJibHy [OBiJIbHY CTAHOBY CW/y 32 AOMOMOrOHO
cTaHoBoro guHamometpa [C-500, sigmiyann piseHb
3ycunns, Ake Bignosigano pisHio 50% Ta 25% Big mak-
CMManbHOI CTaHOBOI cnan. CTaTo-AMHAMIYHUIA pPeXuUm
HaBaHTAXXEHHA MOAENIOBANN KiZIbKapa3oBMM NoYepro-
BUM YTPUMAHHAM npoTArom 15 ceKkyHA piBHA 3ycuab
50% Ta 25%. Peectpauito nokasHukis gianbHocti CCC
NpPOBOAMAM 33 AOMOMOrOK KOMM'lOTepPU30BaHOro Aia-
FHOCTMYHOrO Komnnekcy «Kapgio+» (YkpaiHa). OuiHto-
Ba/IN HACTYMHI NOKA3HUKN LEHTPANbHOI reMogMHAMIKM
— YacToTy cepueBuMx ckopouyeHb (YCC), yaapHuii 06’em
(YO), yoapHuii iHaekc (Y1), cepuesuit inaekc (Cl), iHaeKkc
XBUIMHHOI poboTu cepusa (IXPC), iHaekc yaapHoi pobo-
1 cepua (IYPC), o6’emHy wBnakictb BurHaHHA (OLLB),
XBUANHHUI 06’em Kposi (XOK), nutomnin nepudepmy-

Tabnuua 2 — 3miHa NOKa3HUKIB po60Tu cepus i LeHTpaIbHOT reMmoauHaMiKu
B NepioA, paHHbOro BiAHOBNEHHA NicNA CTaTO-A4UHAMIYHOTO

HaBaHTaXXeHHA B rpyni 2

nicnal 4 1xs. |4 2xs. |4 XB.
MOKasHUK Ao CAH OAp?:ﬁH “ n?ca?cuH n?cpﬁ: COH n?ff?: éCI,H MiuHMiA (COAT).
ycc, ya/c 74+0,85 | 76,6+0,8* | 754+17* | 74,815 | 74,5:1,0 CTaTMCTMUHY 06pO6Ky AaHWX nmpose-
YO, mn 85,4+3,0 | 110,7+2,3* | 93,4+1,9* | 88,7¢1,9* | 85,8+2,9 | A€HO 33 foNomoroto nporpamu IBM SPSS
YI, mn/m? 43,8435 | 56,9t5,6* | 48,1t46* | 456%3,8 | 44,0¢3,4 | Statistics (epcia 26) 3 BUKOPUCTAHHAM
Cl, n/xs/m? 3,2:0,3 | 4,4+0,4* | 3,6:04* | 34%0,3 | 3,3:0,2 | HEMapaMeTpuUuHUX METOAB OLiHKM OTPU-
IXPC, Kr*m/m? 4,2+0,3 | 6,2+0,5* | 50+0,4* | 4,5:t0,3* | 4,2+t0,3 | MaHUXPE3yNbTaTIB. )
IVPC, r*m/m? 56,243,9 | 80,4+6,5* | 66,4+52*% | 60,4+3,6% | 56,7+3,9 Pesynbratu gocnipxeHHs Ta ix obro-
OLUB, mn/c 329,4412,9 | 443,3514,5% | 406,6£16,1* [370,4£15,9%| 334,0113,2| BOPEHHA. CEPE/HI 3HAUEHHA NOKASHMKIB
CAT, MM pT. cT. | 119,742,2 | 130,4+4,2* | 128,1+4,4* | 123,6+3,8 | 120,7+1,9 poboti cepua i uenTpanbHoi remoau-
HaMIKUN 06CTe)KeHMX OC|6 A0 CTaTo-Aun-
AAT, MM pT. CT | 77,9449 | 86,4+3,8*% | 84,4t41* | 80,6456 | 77,9+4,9 : .
HaMIYHOTO ¢|3V|‘-IHOF0 HaBaHTa*XeHHA, a
nAT wwpr.cr | 41,7:44 | 44,0545 | a37:57% | 43,0462 | 429539 | o o o non o on oo
caAT,mwpr.cr | 91,8:36 | 101,1¢3,3% | 09:32% [ 94,9%41 | 92,1437 | uonch oL ot o g niax 1.3, Ak
XOK, n/xs 6,3+0,24 8,5+0,2* 7,1+0,2* 6,6%0,2* 6,4+0,2 BUAHO 3 Tabanub 1-3, y oci6 1 rpynu 3a-
nno, yo 28,5631 | 23,6:2,9* | 27,2832 | 27,8+3,3 | 28,3429 | peccrpoBaHo Haiimenuwe sHauenHs YCC
3M0, ain*c/cm® [1163,3¢59,2954,4+31,7* [1125,2+46,1%[1143,9+41,91153,7456,7] (74 cx/x8) nopiBHAHO 3 NPeACTABHUKAMM

rpynu 2 (B cepeaHbomy 81,17 ck/xB) Ta
rpynu 3 (B cepegHbomy 85,41 ck/xB). O3-
HayeHe ABuLLe disionoriyHoi bpagmkapaii
CBiAYNTb NPO BiNbLIKIA CTYNiHb TPEHOBAHOCTI MioKapay
y ocib, sKi 3alimatoTbea 60aibinanMHrom, nopiBHAHO 3
HETPEeHOBAHMMM 0COBaMM Ta TUMM, XTO MPAKTUKYE 3a-
HATTA PiTHecom. Oapasy nicna CAH y obcTexkeHux 1 Ta
3 rpyn 6yn0 3adikcoBaHO He3HauyHe 3pocTaHHA YCC (Ha
3,46% B rpyni 1, Ha 6,63% B rpyni 3, p<0,05), 3 nocTyno-
BMM MOBEPHEHHAM NO BUXigHOrO cTaHy. Ha BigmiHy Big,
HUX, B OCi6 rpynu 2 oapasy nicia cTaTo-AWHAMIYHOro
HaBaHTaXXeHHs 3adikcoBaHO 3meHLleHHA YCC B cepea-
HbOMY Ha 3,7 cK/xB (4,58%, p<0,05), 3 HacTynHUM 3pocC-
TaHHAM Yepe3 1 xB NicnA HaBaHTaXKEHHA B cepeHbOMY
Ha 9 CK/XB i NOCTYNOBMM NOBEPHEHHAM 0 NOKa3HMKIB
BUXIZHOro CTaHy 4vepe3 3 XB MNicnA CTaTO-AMHAMIYHUX
BMpas.

O3HauyeHa TeHAeHLUiA 3MiH y poboTi cepus € xapak-
TEPHOIO TAaKOXK 418 NOKasHUKa YO, Akuii 3pic Ha Tai CAH
y ocib, aki 3aimatoTbes 6ogibinanHrom, Ha 25,4 ma, a
Yy HeTpeHoBaHMx 0cib — Ha 7,5 mn (yce — 3 p<0,05). Tak
camo, sk iy BunagKy YCC, y ocib, AKi NpakTUKYOTb 3aHAT-
Ta ¢pitHecom, CAH npusseno go ameHweHHa YO Ha 4,0
mn (p<0,05). 3meHweHHa YO oapasy nicaa CAH y ocib,
AKi 3alimatoTbea GiTHecom,
MOXe MOACHIOBATUCA TUM
¢daKkTOM, WO BHACNIOOK
CTAaTUYHOTO  KOMMOHEHTY

BMpaB CNOCTepiraeTbeca ne-

noKasHuk Ao CAH Oﬂpacm o :?523333' i éﬁ: Jions caﬁf{ PETUCKAHHA BEH 3 HacTyn-
ycc, ya/c 81,2415 | 77,5t1,0* | 86,6+1,4M* | 84,4+11n* | 81,9+0,4r* | HUM CYTTEBUM 3HUMKEHHAM
YO, mn 68,242,00 | 64,2+1,7°% | 78,2+1,50% | 73,7+1,9"* | 69,5¢+1,67 | BEHO3HOTO BIATOKY. Mo-
VI, Ma/m? 35,842,780 | 33,7+2,6M | 38,8+2,8M | 372+2,50 | 36,5+2,9n | Adjblie 3pocTaHHA YO e
Cl, n/x8/m? 2,9t0,2" | 2,61+0,2A 3,6+0,3* 3,3+0,2* 3,010,2¢ | Hacniakom peanisauii de-
IXPC, Kr*m/m? 3,740,4n | 4,4240,3M* 5,1+0,4* 4,4+0,4* 3,0:0,4n | HOMeHa AHpena, Kou ne-
IYPC, r*m/m? 4594430 | 50,6+3,7* | 5894447 | 52,5+¢418% | 47,5¢43n | PETUCKAHHA BEH SHWKaeE |
OLLB, mn/c 29316710 | 275,3£6,6°% | 336,2¢8,3"* | 319,357,200 | 301,146,901 | YO KOMNEHCATOPHO 36i/b-
CAT, MM pT. CT. 120,3+2,9 | 142,9t6,4*A | 134,3+4,5% | 127,142,7*" | 121,4+2,4 l'fayTiT;’Bcg}O z'ﬁ:fu']';::ﬂ r;%
AAT, MM pT. CT 77,1#3,9 | 89,3%+3,5% | 86,7+2,4* | 81,7+3,7* 786124 | o G oniBingepis moxe
nAT, MM pT. CT 43,143,8 | 53,6+8,0%" | 47,6+4,4* 45,443,6 42,9427 | 100 oBaTHCR T TpeHOBa-
CaAT, MM pT. CT 91,5632 | 1071%2,7*" | 102,6+2,5* | 969:29* | 92,9829 | yicry no cratmumux snpas,
XOK, n/xs 5,540,21 5,0+0,14 6,8:0.20 | 62802 | 57802 | 0u o chinon — wanewicTio
nno, yo 31,7:2,50 | 41,3:410* | 29,0:24* | 29,8:2,1% | 31282,5" | ganuoi kinbkocTi wyHTyIO-
3M0, ain*c/cm 1325,2+62,41[1724,0£66,1°*[1213,1+35,41*[1247,4+56,2/*[1305,8+41, 1| yyyx cyauth.
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AHasnoriyHin xapak-
Tep 3MiH € NpuTamaH-

Tabauusa 3 — 3miHa NoKa3HUKIB Pob0TU cepLs i LieHTPaNbHOI reMmoguHaMiKK B
nepioA, paHHbOrO BiAHOB/IEHHA NiCNA CTAaTO-AUHAMIYHOrO HaBaHTaXXeHHA B rpyni 3

HVM TakoX ANA NOKas- Oppasy nicna [Yepes 1xB. nicnal Yepes 2 xs. Yepes 3 xB.
HUKa VI, AKMit y oci6 1 |  MOKasHuK Ao CAH COH COH nicas CAH nicna CAH
rpynn JOCTOBIPHO 3pic |ycc, ya/c 85,443,404 91,1+3,6M* 88,9+3,81* 87,243,604 86,243,304
Ha 13,1 mn/m% y ocib [yo, mn 56,1+4,6M 63,5t4,60* 60,814,804 58,814,804 56,814,604
3 rpynn 3adikcoBaHO [y|, ma/m? 28,645,074 32,445,40% 31,05,2M 29,95, 204 28,945,104
36iNbWeEHHA LUbOTO Na- || n/xs/m? 2,4+0,57 2,9+0,5M* 2,8+0,5 M 2,6+0,5M 2,5+0,5M
pameTpa Ha 3,8 MA/M* [1xpC wr*m/m? 3,1+0,5M 4,2+0,7M* 3,8+0,7M* 3,5+0,6 M* 3,240,5"
(p<0,05).  Hatomictb, [ypc r*m/me 36,0453M | 46,3+7,1M* | 42,8t6,9M* | 40,146,3M | 37,657
y oci6 2 rpynu Y1 ¢no- 518 wn/c 267,745,1M | 318,2+18,1M* | 302,3+14,27#* | 287,4+10,8M* | 272,1+8,6M
HaTKy 3MEHWMBCA HA | AT i pr. cT. 120,342,8 135,445,7* 131,1+4,9* 128,1+5,3* 124,443,2
2,1 mn (p<0,05) 0APA3Y [ AT 1w pr. o1 76,446,8 86,0£5,7* 82,5+4,6* 79,845,8 77,546,6
nicna CAH, a wepes 1 1 00 n 43,9476 49,4+9,8% 48,6+8,6%A 48,4+9,5 46,9+7,0
X8 36INbWMBCA Ha 2,96 1 T o1 0146 102,5+3,4*# 98,7+2,4%# 95,9+3,4* 93,1+4,6
M2, '3 MOCTYNOBUAM MO~y ™ e 4,840,404 5,8+0,50* 5,440,504 5,1+0,5M 4,9+0,5M4
zizii:ﬂzrb'ﬂga::jéﬂ} nno, yo 38,547,704 35,8+6,3M* 36,9+6,9M 37,847,504 38,5477
e 3M0, gin*c/cm  |1534,1+180,5M| 1425,7+134,8M* | 1469,8+136,97| 1507,24161, 14 |1536,3£176,50#

ocobamsocTi 3miH Yl B

Pi3HMX rpynax NoACHIo-

OTbCA NPOTUNEXHUMM KonnBaHHAMM YO ogpasy nicns
CAH —y 6oaibinaepis i HeTpeHoBaHUX OCib BiH 3pocCTaE,
a y ocib, AKi 3alimatoTbCa PITHECOM — 3HUMKYETLCA BHA-
CNiAOK 3MEHLUEeHHA BEHO3HOro NOBEPHEHHA KpOoBi A0
cepuAa, CNPUYMHEHOTO MNEepPEeTUCKaHHAM BEIMKUX BEH
Npu BUKOHAHHI CTaTUYHOro KomnoHeHTy CAH.

OpHWUM 3 KpUTepiiB po3noainy ntogen BignosigHoO Ao
TUNY FeMOAMHAMIKM € CEPLLEBUI IHAEKC, 3MiAHO 3 AKUM
BUAINAIOTb FNOKIHETUYHUIA TUMN 3 HU3bKUMW 3HAYEHHA-
mu cepuesoro iHaekcy (Cl<2,75 n/xs/m?), Ha BigmiHy Big,
rinepKiHETUYHOTO, AKNI XapaKTePU3YETLCSA 3HAYEHHAMM
Cl Buuie 3a 3,49 n/x8/m2. MNpu cepeaHix 3Ha4YEHHAX TUN
KpoBOObGiry TpakTyloTb fIK eyKiHeTUYHWA. 3rigHo 3 BU-
XiAHMMM 3HaYeHHAMU Cl obcTerkeHMx Hamm ocib ao-
3BO/IAKOTL CTBEPAKYBATH, LLLO HETPEHOBaHi 0cobu Hane-
»aTb A0 FiNOKIHETUYHOrO TUMNY reMoANHaMIKM (cepeaHe
3HaueHHa Cl 2,44 n/xs/m?), a ocobu, aKi 3aimaloTbea
6oaibinanHrom Ta ¢iTHecom, BiANOBIAHO — A0 eyKiHe-
TMYHOro TMny (cepeaHi 3HadyeHHs Cl 3,24 ta 2,91 n/xs/
m2BianosigHo). Oapasy nicns CAH noKasHUK cepLeBoro
iHAEKCY XapaKTepU3YETbCA CYTTEBMM 3POCTaHHAM B OCib
rpynu 1, axke cknano 1,12 n/xs/m? (p<0,05), B meHwomy
CTyNeHi, asie TaKoX AOCTOBIPHO O3HAYEeHWI napameTp
3pic y HeTpeHoBaHMX oci6 — Ha 0,51 n/xB/Mm?2. Tak camo,
AK Y BMMAAKy nonepeaHix MoKasHWKiB, 3HavyeHHA Cl y
ocib, sKi 3almatoTbea GiITHECOM, 3HU3UAOCA NOPIBHAHO
3i 3HaYeHHAM BMXiAHOrO cTaHy — 3 2,9 g0 2,6 i1/xs/m?
(p<0,05), 3 HacTynHMM 36inblIeHHAM 40 piBHA 3,6 n/xB/
m? (p<0,05) i NnoCTynoBMM MOBEPHEHHAM 10 BUXiAHOTO
CTaHy.

TaKi NOKa3HUKMK, AK iHAEKC XBUAMHHOIT poboTu cepusa
Ta iHAEKC yaapHoi poboTn cepus, AeMOHCTPYIOTb TeH-
OEHLi0 A0 AOCTOBIPHOrO 3pOCTaHHA oapasy nicna COH
3 MOCTYMOBMM NOBEPHEHHAM 0 BUXiAHMUX NapameTpiB y
ocib Bcix Tpbox 06cTexKeHuMX rpyn. Halibinblwow mipoto
IXPC ogpasy nicnsa CAH gocTosipHOo 36inblumBes y ocib,
AKi 3aMmatoTbea 6oaibinguHrom (Ha 47,8%), HalimeH-
Lot Mipoto — y ocib, AkKi 3arimatoTbca diTHecom (Ha
18,8%), y HeTpeHOoBaHMX 0cib — Ha 36,5%. Takoo camoto
TeHAEHLIEID XapaKTepU3YeTbCA MOKasHUK IYPC, akui
oapasy nicns CAH HanbinbLiow mipoto 3picy ocib rpynu
1—-Ha 43,1%, y oci6 rpynu 2 — Ha 10,1%, y npeacTaBHuU-
KiB rpynu 3 —27,9% (yce — 3 p<0,05). Micns noyaTtkoBOro
3pOCTaHHS, ke byno cnpuumHeHo CAH, nokasHukm IXPC

Ta YIPC nocTynoBoro noBepTaanca A0 BUXigHWX 3Ha4YeHb
Yy BCix 0bcTexkeHUx ocib Yyepes 3 XB Nic/1A HaBaHTaXKeHHA.

OuHamika nokasHmka OLUB xapakTepusyeTbca
TAKOK CaMO TEHAEHLE, AK Y BUMNAZKY 3MiH napame-
TpiB YCC, YO, VI Ta Cl, 10670, y 0oci6 1 Ta 3 rpyn OLUB
[AOCTOBipHO 3pocTae oapasy nicns CAH (Ha 113,9 mn/c
B rpyni 1), meHwoto mipoto —y rpyni 3 (Ha 50,6 mn/c)
3 MOCTYNOBMM MOBEPHEHHAM [0 BUXIAHWX 3HAYeHb.
O3HayeHe 36inbweHHA OLLUB NOACHIOETLCA 3POCTAHHAM
YO opgpasy nicna CAH, a TakoX 3MeHLEeHHAM Yacy BU-
rHaHHA BHACNigoK 3pocTtaHHa YCC. Ha BigmiHy Big, rpyn
1Ta 3, yocib rpynu 2 napametp OLLUB HaBnaku, 3meHLLy-
€TbcA Ha 17,8 mn/c (p<0,05), 3 HAaCTyNMHUM 3POCTaHHAM
yepe3 1 xB Ta MOCTYNOBMM MOBEPHEHHAM [0 BUXiQHUX
3HauyeHb npoTtarom 3 xB. 3adikcoBaHe 3HMKeHHs OLLB
y 0cCib, AKi 3alimatoTbecst GiTHECOM, MOACHIOETHCA NOYaT-
KOBMM 3MeHLWweHHAM YO i 3pOoCTaHHAM 4Yacy BUTHAHHA
KpoBi. B uinomy, nokasHuk OLLB y ocib 2 rpynu, aK i Bu-
nagky napametpis YCC, YO, VI 1a Cl, 4eMOHCTPYE TEH-
OeHLUT 40 3MiH, BNaCTMBUX peakLii cuctemm KpoBoobiry
03HaYyeHux ocib Ha isnyHe HaBaHTaXKEeHHA CTaTUYHOTO
XapaKTepy, MOKa3aHe HaMK paHile.

Yci BUMipsiHi NOKa3HUKKM apTepiasbHOro TUCKY (CAT,
OAT, nAT, cpoAT) y obcTexkeHux ocib Bcix Tpbox rpyn
Bi43HauyaNMCA OOHOHAMNPABAEHMM XapaKTEPOM 3MiH
— ogpa3sy nicna COH aemoHCTpyBann TeHAEHUilO [0
3pOCTAHHA 3 HACTYMHUM BiAHOBNEHHAM 3Ha4yeHb BW-
XigHOro ctaHy npotarom 3 xB. BigpisHanuca nuwe cry-
NiHb O3HAYeHMX KOJIMBAHb TWUCKY 3a/71€XKHO BiA rpynu.
He gmBnaumcb Ha TOM ¢aKT, Wo yci obcTexeHi ocobum
XapaKTepU3yHTbCA HOPMOTOHIYHOIO peaKLieto cucTemm
Kposoobiry, y Bunaaky CAH B *kogHiv rpyni He 3adikco-
BaHO 3meHwWweHHA aAT ogpa3sy nicna CAH, wo BKasye Ha
nepeBaXHUI BMJIMB CTAaTUYHOTO KOMMOHEHTY O3Haye-
HOTO PEeXUMY HaBaHTAXKEHHA Ha PeaKL,ito KPOBOHOCHMUX
CYOVH.

AHani3 NoKasHMKIB LEeHTPasIbHOI reMoguHaMiKM 3a-
CBiAYMB, WO HalbINbLUMX KONMMBAHb 3a3HaB NapameTp
XOK y oci6 rpynu 1, sknin ogpasy nicna CAH 3pic Ha
2,16 n/xs (Ha 34,2%, p<0,05), MmeHLIOK MipOlo 03Haue-
HUI napameTp 36inbwmecea y ocib rpynu 3 i cknas 1,0 n
(3pocTaHHsa ogpasy nicns COAH Ha 20,9%, p<0,05). 3Ha-
YyHe 3pocTaHHA XOK y 60a4ibingepis NosACHIOETbCA CyT-
TeBUM 36inbweHHAM YO ogpasy nicns COH i B yinomy,
Haragye peakLito cuctemu KpoBoobiry o3HavyeHux ocib
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Ha AMHaMiYHe HaBaHTaXKeHHs, ke ByN0 NOKa3aHo Hamu
paHiwe. Y ocib rpynu 2 XOK 3HM3uBca Ha 0,56 n/x8 oa-
pasy nicns CAH, a noTim 3Ha4HO 3pic A0 piBHA 6,77 n/xB
i3 HACTYMHUM NOBEPHEHHAM 0 BUXiAHOTO CTaHy. 3MeH-
weHHA XOK y ocib, Aki 3aimatoTbea GiTHECOM, € Hacnia-
Kom 3meHweHHA YCC ta YO, BMKAMKAHMM CTaTUYHUM
komnoHeHTom CAH. Moganbwe 3poctaHHA XOK mae
KOMNEHCATOPHMI XapaKTep i NOACHIOETbCA 3POCTAHHAM
AK YCC, Tak i YO nicna npunmMHEHHA HaBaHTaXKeHHA.

Ocobnueoctamu napametpis MMNO Ta 3MO € ToM
baKT, WO BOHW TaKOX BUPI3HAOTBCA MPOTUAEKHUMM
TeHAeHUiamn y ocib 1 i 3 rpynu (gocToBipHe 3MeH-
WweHHA ogpasy nicna COH 3 HaCTynHMM BiAHOBNIEHHAM
npoTarom 3 xB), Ha BiAMIHY Bif, NpeACTaBHUKIB rpynu 2
(3HauHe 3pocTaHHA ogpasy NicnA HaBaHTAXKEHHS, 3 Ha-
CTYMHUM MAZIHHAM HUXKYe BUXigHOro CTaHy Yepes 1 xB
nicna CAH, noTim —nocTtynose NOBepPHEHHA A0 BUXiAHO-
ro cTaHy. 3apeecTtpoBaHi ocobnumsocTi 3miH MMO i 3MO
€ Hacnigkamum 3miH YO, CnpuUYMHEHUX CTaTUYHUM abo
OVHaMIYHUM KOMNoHeHTamu COH.

Migsogayn nNiACYMOK YyCbOMY BULLEHaBeLEHOMY,
BAPTO 3a3HAuYUTK, WO obCTeXeHi Hamu ocobu, Ak 3a-
Mmatotbest 604ibingmMHrom, BigpisHAOTbLCA 6GinbluMm
CTyneHem TPEeHOBAHOCTI, aganTauii cepueBo-CygMHHOI
CUCTEMM, NPO WO CBiAYaTb HAABHICTb disionoriyHoi 6pa-
AVKapaii, 36inbwennit YO, OLUB, IXPC, IYPC Towo. Peak-
Lis cuctemun Kposoobiry ocib rpynu 1 Ha CAH B uinomy
Haragye Taky y BiANOBiAb HAa AMHAMIYHE HaBaHTAXKeH-
HSA, 00 AKoro 6oaibingepun aganToBaHi MEHLLOK Mipoto,
Hi’K ocobu, AKi 3alimatoTbes diTHecom. B cBoto yepry,
NpPeaCcTaBHUKM FPynu 2 3aliMatoTb MPOMIXKHE MONONKEH-
HA WOA0 NOKA3HMKIB CepueBoO-CYyaMHHOI CUCTEMU Y BU-
XiZAHOMY CTaHi, WO CBiAYMTb MPO Te, WO BOHU € BinbL
aganToBaHUMKM A0 i3MYHMX BNpaB, HiXK HETpeHOBaHi

ocobu, ane MeHL aganToBaHi, HiXK boaibinaepu. Peak-
Lis cuctemum KpoBoobiry ocib, siki 3alimatoTbea GpiTHecom
Ha CAH, B uinomy Haragye Taky y BignoBigb Ha CTaTUyHe
HaBaHTAXKEHHSA, A0 AKOro 03Ha4YeHi 0cobu MeHLW agan-
TOBQHI, HI’>K 10 HABAHTAXEHHA Y ANHAMIYHOMY PEXUMI.

BucHoBKM.

1. NpeactaBHUKK 1 rpynu (Aki 3aiMmatoTbea 604i6in-
OVHIOM), Y BUXiAHOMY CTaHi Bigpi3HAOTbCA 6inblwnm
CTyneHem TPeHOBaHOCTI i aganTauii cepueBo-CyanHHOI
CUCTEMMU, HiXK 0CObOM, AKi 3alMatoTbeca iTHECOM Ta He-
TPEHOBaHI OHAKM.

2. Cuctema KpoBoobiry obcTexkeHuMx ocib pearye Ha
CTaTO-AMHAMIYHUI (3MilAHWIA) PEXKMM HaBaHTaXKEHHS
TaK Camo, AK Ha TOW TWM BNpaB, A0 AKOro NpeacTaBHU-
KM O3HaYeHWX rpyn HalMeHLW aJanToBaHi — cepueso-
CyAMHHA cucTema loHakiB-60aibinaepis Ta HeTpeHo-
BaHMX 0OCib pearye Ha CcTaTo-gMHaMiYHi HaBaHTaXKeHHA
AK HAa AMHAMIYHUIA PEeXMM BMpaB, B TOM Yac K IOHAKM,
AKi 3alimatoTbcA GiITHECOM, AEMOHCTPYIOTb peakKLito Ha
3MillaHi BNpaBu K HA CTAaTUYHUIN peXXnm di3UYHOro Ha-
BaHTa)KEHHA.

3. HeTpeHoBaHi 0cobu xapaKTepum3yoTbCs rinoKiHe-
TUYHUM TUMOM FreMOAMHAMIKM, HA BiAMIHY BiJ, lOHAKiB-
bopaibinaepis Ta 0cib TOro ¥ BiKy, AKi 3aiMatoTbcA QiTHe-
COM, B AKMX 3adiKCOBAHO eyKIHETUUYHMI TN KPOBOODiry.

4. PeaKuja cepueBO-CYAMHHOI CUCTEMU tOHaKiB-60-
Aibingepis Ha 3MillaHUIA peXMm BMpas CBiAYUTL MPO
6inblmnii cTyniHb epeKTMBHOCTI poboTn cepuAa Ta LeH-
Tpa/ibHOI rEMOANHAMMUKMN, HixK Y HETPEeHOoBaHMX 0ocib Ta
IOHaKiB, AKi 3aimatoTbcA diTHECOM.

MepcnekTnBM NoAanblunX gocnigxeHb. [naHyeTb-
ca AocnianuTu ocobamsocCTi 3miH nepudepuyHoi remo-
AMHaMiKuM ocib pi3Hoi KBanidiKaLyii npeacTaBHUKIB BUAIB
CNopTy 3 NepeBa*kKHMM NPOABOM BUTPUBAIOCTI.
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OCOBJ/IBOCTI 3MIH POBOTU CEPLA | LEHTPA/IbBHOI TEMOAUHAMIKW Y NEPIOA PAHHBbOIO BIAHOB/IEH-
HA nicnAa CTATO-AMHAMIYMHOIO ®I3U4YHOIo0 HABAHTAXKEHHA

Mantora C. C., /lyk’aHuesa I. B., BakyHoBCbKuii O. M.

Pe3tome. CyyacHUIA CNOPT BULLMX AOCATHEHDb, TaK CaMO fAK i 0340pOBYa PYXOBA aKTUBHICTb, XapaKTepm3yoTbCA
3HaYHO iHTeHcKiKaLlieo TPMBANOCTI, iIHTEHCMBHOCTI Ta 06cAriB M’A30B0T POBOTH, LLLO MOKE CMPUUYNHUTY NOSBY Ta
PO3BUTOK NepeanaTonoriyHmX i MAaToONOrYHUX 3MiH AiANbHOCTI cepuA Ta cyauH. BoHM, B CBOO Yepry, MOXKyTb CTaTh
NPUUYNHOK CMepPTENbHUX BUMALKIB MPUM HEONTUMANbHUX HAaBAHTAXKEHHAX B CNOpPTi. PerynsapHi ¢isnyHi HaBaHTaXKeH-
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HA NPU3BOAATL 40 cneundiyHMx aganTUBHUX Nepebynos B cMCTEMi KPOBOOBIry, HACNIAKOM YOO € 3MiHW HarHiTaNb-
HOI PYHKU,i cepua | GYHKLIOHYBAHHA KPOBOHOCHUX CYAMH.

Meta AocnigeHHA — BU3HAYeHHA 0cobamBocTel 3MiH poboTU cepua Ta LLeHTPaAbHOI reMogMHAMIKM B ne-
pioA paHHbOrO BiAHOBNAEHHS MiCAA CTAaTO-AMHAMIYHOrO ¢i3MYHOro HaBaHTaXKeHHs. Hamu 6yno obcTexkeHo 3
rpynu toHakiB- 6o4ibingepu (1 rpyna), Ti, aKki 3alimatoTbesa diTHecom (2 rpyna), HeTpeHoBaHi ocobu (3 rpyna). Pe-
€CTpaLito NokasHuKiB aianbHocti CCC oo Ta nicna cTato-AMHAMIYHOIO HaBaHTAXXEHHA NPOBOAM/IM 32 AOMOMOrOH
KOMMN'I0TEPMU30BAHOrO AiarHOCTUYHOTO Komnaekcy «Kapgio+» (YkpaiHa).

Ob6cTerkeHi Hamu ocobu-60aibingepn BiapiI3HAIOTLCA BinbWMM CTyNeHem TPEeHOBAHOCTI, aganTauii cepueso-
CYAMHHOI CMCTEMM, NPO LLO CBiAYaTb HAABHICTb disionoriyHoi bpaguKapaii, 36inbweHnin yaapHuii o6’em, 06’emHa
WBWUAKICTb BUTHAHHA, @ TAKOX IHAEKCK yAapHOi Ta XBUMHHOT poboTn cepus. Peakuis cuctemm Kposoobiry 6oai-
6ingepis Ha 3milaHMiA TMN BNPaB Harafye Taky Yy BiAMNOBiAb Ha AMHAMIYHE HaBaHTaXKeHHA, A0 fKoro boaibinaepu
aflanToBaHi MEHLLIOK MipOoto, HiX 0cobu, AKi 3aimatoTbes diTHecom. B cBOtO Yepry, cuctema KpoBoobiry ocib, aki
3almatoTbca GpiTHeCOM, BiANOBiAAE HA 3MiLLAHWNI PEXKMM HaBaHTaXKeHHA iAEeHTMYHO A0 TAaKOBOI Ha CTaTUYHE HaBaH-
TaXKEHHSA, 40 AKOro 03Ha4YeHi 0cobM MeHLW afanToBaHi, HiXX A0 AMHAMIYHUX BNpaB. TaKoX NPeACTaBHUKKM 2 rpynu
3aliMatloTb NMPOMIKHE MONIOMKEHHA WOA0 NMOKAa3HUKIB CepLeBO-CYAMHHOT CUCTEMM Y BUXIAHOMY CTaHi, WO CBiAYUTD
npo Te, WO BOHM € Hifibll afanToBaHMMM A0 Gi3UYHMX BMPAB, HiXK HETPEHOBAHI 0CO6M, ane MeHL aAanToBaHi, HixK
6oaibinaepu.

Kntouosi cnoBa: cTaTo-AMHaMiYHe HaBaHTaXKEHHSA, cCMCTEeMa KPOBOObiry.

FEATURES OF CHANGES IN THE WORK OF THE HEART AND CENTRAL HEMODYNAMICS DURING THE PERIOD OF
EARLY RECOVERY AFTER STATO-DYNAMIC PHYSICAL EXERCISE

Malyuga S. S., Lukyantseva H. V., Bakunovsky O. M.

Abstract. Modern high-achieving sports, as well as recreational motor activities, are characterized by a signifi-
cant intensification of the duration, intensity and volume of muscle work, which can cause the appearance and
development of pre-pathological and pathological changes in the activity of the heart and blood vessels. They, in
turn, can become the cause of fatal accidents with suboptimal loads in sports. Regular physical exertion leads to
specific adaptive changes in the circulatory system, resulting in changes in the pumping function of the heart and
the functioning of blood vessels.

The purpose of the study is to study the characteristics of changes in heart function and central hemodynamics
in the period of early recovery after stato-dynamic physical exertion. We examined 3 groups of young bodybuilders
(group 1), those engaged in fitness (group 2), untrained individuals (group 3). Registration of indicators of cardiovas-
cular activity before and after static-dynamic exercise was carried out using the computerized diagnostic complex
“Cardio+” (Ukraine).

The bodybuilders examined by us are distinguished by a greater degree of training and adaptation of the cardio-
vascular system, which is evidenced by the presence of physiological bradycardia, increased stroke volume, volu-
metric ejection velocity, as well as indexes of the heart’s stroke and minute work. The response of the circulatory
system of bodybuilders to a mixed type of exercise resembles that in response to a dynamic load, to which body-
builders are less adapted than individuals engaged in fitness. In turn, the circulatory system of people engaged in
fitness responds to a mixed load mode identically to that of a static load, to which these individuals are less adapted
than to dynamic exercises. Also, the representatives of the 2nd group occupy an intermediate position regarding the
indicators of the cardiovascular system in the initial state, which indicates that they are more adapted to physical
exercises than untrained individuals, but less adapted than bodybuilders.

Key words: stato-dynamic load, circulatory system.
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