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Abstract

Purpose: to reveal the features of the indicators of the orthostatic test in students with different body lengths and
different sport’s specializations, studying in the specialty "Physical education and sports".

Material and methods. The study involved 42 students who play sports at the amateur level. The following research
methods were used in the work: method of analysis of literary sources; method of determining body length; orthostatic
test method; method of determining stroke volume and minute blood volume.

Results. The influence of both factors (body length and sport) on the orthostatic test was significant for the following
data: systolic blood pressure in the vertical position, diastolic blood pressure in the vertical position; change in diastolic
blood pressure when changing body position from horizontal to vertical; Heart rate in vertical and horizontal positions;
change in heart rate during the transition from horizontal to vertical position; stroke volume of blood in the vertical
position; change in the stroke volume of blood during the transition from horizontal to vertical position; all indicators
of minute volume of a blood-groove (p <0,005; p <0,01; p <0,001). The more significant influence of judo and football
classes in comparison with running short and medium distances on the indicators of vegetative-vascular regulation was
determined: the best indicators - in judo, the next place - in football, then - athletes. It was found that students with a
body length of more than 190 cm have difficulty with vegetative-vascular regulation.

Conclusions. To improve the adaptive capacity of vascular regulation to change the position of the body from horizontal
to vertical in tall athletes is effective to use any exercise, but the most effective exercises that activate aerobic and
anaerobic glycolytic energy systems. Also useful are exercises that require frequent transitions from lying down (sitting)
to standing position, as well as changes in the direction of movement.

Key words: orthostatic test, body length, athletes, students
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AHOTANIA

Kpery M., Bopucenko |.B., Ywumaposa B.B., lpuHboBa B.M., Maciu B.B. Ocob6a1BOCTi BeretocyguMHHOI perynsuii
CTypeHTiB — MaiibyTHix daxiBuis 3 ¢pisMUHOro BUXOBaHHA i CNOPTY Pi3HUX CMOPTUMBHMUX cheuianisauiii 3 pisHolO
AOBXUHOIO Tina

MeTa: BMABUTU 0COB/IMBOCTI NMOKA3HWKIB OPTOCTAaTMYHOI Npobu y CTYAEHTIB 3 Pi3HOK [AOBMKMHOW Tina i pisHMX
CMOPTMBHUX CneLjianisauin, AKi HaBYalTbCA 3a cneLiasbHicTIo «PisnyHe BUXOBAHHSA | CNOPT».

Marepian i metogu. B gocnigreHHi B3ann yyactb 42 cTyaeHTa — MaibyTHix daxisuis 3 GpisMUHOro BUXOBAHHA i CnopTy.
B pob6oTi 3acToCOBYyBaNMCb Taki MeToAM AOCAIAXKEHHA: MEeTOA aHani3y NiTepaTypHUX AKepen; MeToA BM3HAYeHHA
OOBXWHU TiNa; MeToa 0pTOCTaTUYHOI NPpobu; meTon po3paxyHKY yaapHoro 06’emy KpoBi Ta XBUIMHHOTO 06’eMy KpoBi.
Pe3synbtatn. Bnaues o060x ¢daKTopis (OOBXWMHA Tina i BMA, CNOPTY) Ha MOKAa3HUKU OPTOCTaTMYHOI Npobu BUABKBCA
OOCTOBIPHUM ANA HACTYMHUX AAHUX: CUCTONIMHUIA apTepianbHUA TUCK Yy BEPTUKANbHOMY NONOXKEHHI, AiacTONIYHMNIA
apTepiasibHUI TUCK Y BEPTUKANIbHOMY NOJIOMKEHHI; 3MiHa AiaCcTo/MiYHOro apTepiasibHOro TUCKY NPY 3MiHi MONOXKEHHS TiNa
3 TOPM30HTANIbHOTO Ha BepTuKanbHe; YCC y BepTUKasNbHOMY Ta FOPWU3OHTAZIbLHOMY MNONOXKEHHAX; 3MiHa YCC npu
nepexosi 3 ropu3oHTaNIbHOIO Y BEPTUKA/IbHE MONOMKEHHA; YAAPHUIA 06CAT KPOBI Y BEPTUKANbHOMY MONOMKEHHI; 3MiHa
yaapHoro obcAry KpoBi Npu nepexogi 3 ropu3oHTaIbHOIO Y BEPTUKaIbHE MNOOMKEHHA; BCE NMOKA3HWKU XBUJMHHOIO
obcary KpoBoToky (p<0,005; p<0,01; p<0,001). BusHayeHo 6inbl CYTTEBMI BNAMB 3aHATb A3l040 Ta ¢yTbONOM Y
NOPIBHAHHI 3 3aHATTAMM 6IrOM Ha KOPOTKI i cepefHi AMCTaHLIT HAa NOKAa3HMKM BEreTOCYAUHHOI peryasauii: Hanninwi
NMOKa3HWKN — y NPeACTaBHUKIB 431040, HAacTynHe micue — y npeacTtaBHukiB ¢ytbony, notim — nerkoaTnetn. BussneHo,
O Y CTYAEHTIB 3 AOBXMHO Tina noHag 190 cm cnocTepiraeTbeca yTpyAHEHHA BEreTOCYAMHHOI perynau,i.

BucHoBKKU. 1A NoAinweHHA aganTauiMHMX MOMK/IMBOCTEN BEreTOCYAWMHHOI perynsauii Ao 3MiHM MOJIOXKEHHSs Tina 3
rOPU3OHTANIbHOTO HA BEPTUKAJIbHE Y BUCOKUX CMOPTCMEHIB epeKTUBHMM € 3aCTOCYBaHHA Byab-AKMX Gi3UYHUX BNpaB,
ane Hanbinbw edeKTUBHI BNpaBK, AKi aKTUBI3yOTb aepobHi Ta aHaepobHi riKoNITUYHI cucTemm eHeprosabesneyeHHs.
TaKOXX KOPUCHUMM € BNPABM, AKi BUMAratoTb YaCcTUX MepexosiB 3 MNOJIOXKEHb /IeXKauu (CMaauM) B MOJIOKEHHA CTOAYM, @
TaKOX 3MiHM HAaMPAMKY PyXiB.

KntouoBi cnoBa: opToCTaTUUHUI TECT, AOBXKMHA TiNa, CNOPTCMEHM, CTYAEHTH

AHHOTALIUA

Kpety M., bopuceHko WU.B., Yumaposa B.B., lpuHeBa B.H., Macuu B.B. Oco6eHHOCTU BeretococygucTtoii perynauum
CTYAEHTOB — 6yaywux cneunanuctoB no ¢usnMyeckomy BOCMAUTAHUIO U CRNOPTY PaA3NUYHBLIX CMOPTUBHbBIX
cneumanusaumii c pasHou aMHOM Tena

LUenb: BbIABUTb OCOBEHHOCTM MOKa3aTesnell OpTOCTaTUYECKOM Npobbl y CTYAEHTOB C Pa3HOM AJIMHOWM Tena M pasHbIX
CMOPTMBHBIX CNeLmanm3aumini, obyyaroLmxca no cneumanbHocTM « PM3nyeckoe BOCNUTAHNE U CNIOPTY.

Martepuan un metoabl. B uccnesoBaHum NpuHAAK yyactve 42 ctygeHta — byaywmnx cneumannctos no ¢pusmyeckomy
BOCMUTAHUIO U cnopTy. B paboTe ncnonb3oBaHbl ciegyowmMe MeToabl UCCAEA0BAHUA: METOA aHaNN3a INTepPaTyPHbIX
WCTOYHUKOB; METOZ OnpeaeneHusa o nHbl TeNa; MeToZ, OpTOCTaTUYECKOM Npobbl; MeToZ pacyéTa yaapHoro obbema m
MWHYTHOrO 06bema KpoBu.

Pe3ynbTatbl. BansHue obounx GpakTopos (AnMHa Tena n B1A, cnopTa) Ha NOKA3aTeNn opTocTaTMUeckon Npobbl okasanca
[OCTOBEPHBIM A/1A CAeAyloWmnX AaHHbIX: CUCTOIMYECKOe apTepuasibHOe AaB/ieHVWEe B BEPTMKAZNbHOM MOJIOXKEHUM,
[LMACTOIMYECKoe apTepuasibHoe [fJaBleHMe B BEPTUKA/JIbHOM  MOJIOMKEHUM; WU3MEHEeHWe AMaCTO/IMYEeCcKoro
apTEPUANbHOTO AABNEHUA MPU U3MEHEHUM TNOJIOKEHMA Tena U3 TFOPU3OHTA/IbHOrO B BepTUKanbHoe YCC B
BEPTUKANbHOM M FTOPU30HTA/IbHOM NOJIOXKEHUAX; M3MeHeHMe YCC npu nepexose U3 ropu3oHTa/IbHOrO B BEPTMKa/IbHOE
NOJIOKEHUE; YAAPHbIV 06BbEM KPOBM B BEPTUKA/IbHOM NOMOXKEHWUU; UISMEHEHWE YAAPHOTO 06beMa KPOBM NPU Nepexose
W3 FOPU30HTANIbHOTO B BEPTUKA/IbHOE MON0XKEHWE; BCe NOKa3aTe/ I MUHYTHOro obbema KpoBoToka (p <0,005; p <0,01;
p <0,001). OnpeneneHobl 6onee CyLLECTBEHHOE BAMUAHME 3aHATUI A31040 U GyTOONOM NO CPaBHEHMIO C 3aHATUAMM Berom
Ha KOPOTKME WU CpeaHWe AUCTaHLMM Ha MOKas3aTeNM BEeretTococyamucTor perynaumun: aydwne rnokasatenm - vy
npeacTaBuTenen A3i[0, cneayrouee Mecto - y npeacrasuteneit ¢yrbony, notom - nerkoaTnetbl. BoiAaBneHo, 4To y
CTYAEHTOB C AANHOW Tena 6onee 190 cm HabaoAaeTcA 3aTpyAHEHWE BEreTOCOCY ANUCTON perynsaumm.

BbiBoAbl. [1nfA yayyweHUa aAanTalMOHHbIX BO3MOXKHOCTEN BEreTOCOCYANCTON Peryaaumm K USMEHEHUIO MONOMKEHUA
Tena ¢ ropu3oHTaNbHOrO Ha BEPTUKA/bHOE B BbICOKMUX CNOPTCMEHOB 3GHEKTUBHO NpUMeHeHUe Nobbix GU3NYECKnX
yrnpa)KHeHW, HO Haumbonee 3ddEKTUBHbIE YMNPAKHEHWA, KOTOPble AKTUBM3UPYIOT a3pobHble M  aHaspobHble
rNMKONUTUYECKME CUCTEMbBI SHeproobecneyeHus. TakxKe Noae3Hbl yNpaxHeHUs, KoTopble TPebyoT YacTbix Nepexoaos
M3 NONIOXKEHUI Nexa (cnan) B NONONKEHUE CTOS, @ TaKKE N3MEHEHWUA HanpaBaeHUs ABUKEHUA.

KnioueBble cnoBa: optoctaTMyeckas npoba, o nHa Tena, CnopTCMeHbl, CTYAEeHTbI
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Introduction

Vegetovascular regulation is one of the main
mechanisms for ensuring the normal functioning of
the body [1-3]. One of the manifestations of
vegetative-vascular regulation is wvasoconstriction
and dilation in response to external influences [4, 5].
One of the simplest and most accessible methods for
determining the quality of vegetative-vascular
regulation is the orthostatic test [6, 7]. The orthostatic
test is based on determining the body's adaptation to
a change in body position from horizontal to vertical
[5-8].

In athletes, the orthostatic test is based on
training-induced changes in the functioning of the
autonomic nervous system [9-10]. The results of the
orthostatic test are influenced by a combination of
such external factors as psychological stress, sleep
guality, latent diseases, changes in environmental
parameters (temperature, altitude), and others [7—
10]. The results of the orthostatic test help to
optimize the training process and prevent fatigue in
athletes [2, 10, 11].

Orthostatic test is performed on the basis of
measurements of heart rate (HR) and blood pressure
[4, 5]. Changes in heart rate and blood pressure
reflect changes in the state of the autonomic nervous
system and cardiovascular system. During this test,
the indicators of heart rate and blood pressure are
measured in the supine position, heart rate in the
standing position. The indicators measured during
the orthostatic test are a reliable criterion for the load
on the autonomic nervous system.

Nazarenko [11] assessed the balance
function in athletes and people who do not go in for
sports before and after an active orthostatic test. The
athletes showed a higher level of balance function in
comparison with the control, which decreased to a
much lesser extent after an active orthostatic test,
which indicates a positive effect of sports on the
stability of the statokinetic system. At the same time,
statistically significant differences in the balance
function between wrestlers and football players
appear after an active orthostatic test. In studies [12]
it was revealed that athletes - basketball players of
taller stature adapt worse to orthostatic load in
comparison with athletes of average and below
average height.

It is also known [12-14] that in people of
high body length, the change in performance during
the transition from horizontal to vertical body
position is more pronounced, because a larger
volume of blood falls sharply to the lower
extremities. This leads to the need for more
pronounced adaptation mechanisms of heart rate and

31

blood pressure. In our previous study [13], the
increase in heart rate in tall people did not differ
significantly from this figure in students of medium
and below average body length. But blood pressure,
both systolic and diastolic, is significantly higher in
tall students compared to others. This fact can be
regarded as a more pronounced adaptive response of
students with a body length above 190 cm from the
cardiovascular system and vascular regulation. These
adaptive responses are not sufficient, because the
magnitude of the shock volume of blood and minute
volume of blood flow in the vertical position in
students of high body length is significantly smaller
compared to students with a body length of 150-175
cm [13, 14].

lordanskaya, Buchina [10] revealed the
features of orthostatic stability in the vegetative
support of the organism's working capacity of highly
qualified athletes. The authors examined a group of
203 people, of whom 109 were men and 94 were
women in two sports, volleyball (104 athletes) and
rowing (99 athletes). The authors have developed a
program and criteria for assessing the operational
diagnosis of the functional state of the autonomic
nervous system, including an orthostatic test with an
assessment of heart rate, blood pressure,
electrocardiogram in terms of monitoring training
and pre-competition loads of the annual training
cycle. The interrelation of the level of orthostatic
stability in the vegetative support of the working
capacity of volleyball players was revealed, taking
into account the growth indicators and the playing
role. In tall volleyball players of diagonal and central
blockers, symptoms of dysadaptation of the
cardiovascular system in response to orthostasis are
more often diagnosed. In the group of rowing
athletes, the relationship between the level of
orthostatic stability with age and gender was
revealed: young men and juniors more often show
symptoms of dysadaptation in response to orthostasis
and extreme physical load on the CONCEPT rowing
ergometer. It was revealed that the speed-power
loads of male rowers are more often reflected in the
appearance of hypertension and hypertensive
reaction in the work "to failure” on the rowing
ergometer. Prompt diagnosis of orthostatic
autonomic stability reveals early symptoms of
cardiovascular overstrain in a timely manner and
serves as a signal for stress correction and recovery.

We [13, 14] found that students with a body
length of more than 190 cm have difficulty with
vegetative-vascular regulation. The effect of body
length on the orthostatic test was also significant for
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the following data: systolic blood pressure in the
vertical position, diastolic blood pressure in the
vertical position; change in diastolic blood pressure
when changing body position from horizontal to
vertical; heart rate in wvertical and horizontal
positions; change in heart rate during the transition
from horizontal to vertical position; stroke volume of
blood in the vertical position; change in stroke
volume of blood during the transition from horizontal
to vertical position; all indicators of minute blood
volume. However, the question of the joint influence
of body length and sports specialization on the
indicators of the orthostatic test has not been
investigated. There was a significant positive
relationship between body length and heart rate c in
horizontal, vertical positions and changes in heart
rate when changing body position from horizontal to
vertical (r = 0.50-0.71). There was also a positive
significant relationship between body length and the
value of systolic pressure in the vertical position (r =
0.72); negative significant relationship between body
length and the value of the stroke volume of blood in
the vertical position (r = -0.65).

However, despite the presence of studies
showing the effect of body length on the indicators
of the orthostatic test in athletes from different sports,
this issue remains open and requires additional
research. Among athletes, a special place is occupied
by students involved in various sports and studying
in the specialty "Physical Education and Sports".
This category of students is especially significant,
since they not only improve their sports skills, but
also must bring knowledge to their students in the
future.

Purpose: to reveal the features of the
indicators of the orthostatic test in students with
different body lengths and different sport’s
specializations, studying in the specialty "Physical
education and sports".

Material and methods
Participants

The study involved 42 students who play
sports at the amateur level. The number of students
with a body length of more than 190 cm was 12
people. The number of students whose body length
was 150-175 cm was 30 people. There were no
students with a body length of 176-189 cm in the
study. This was the basis for the division of students
into such groups according to body length, because it
is known that large values of body length (over 190
cm) negatively affect the adaptation of the
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cardiovascular system in the transition from
horizontal to vertical position.

The study was conducted on the basis of H.S.
Skovoroda  Kharkiv ~ National  Pedagogical

University.
Procedure

The following research methods were used
in the work: method of analysis of literature sources;
method of determining body length; orthostatic test
method; method of determining stroke volume and
minute blood volume; methods of statistical data
processing (comparison of averages by the Student's
method, multivariate analysis of variance and
correlation analysis).

An orthostatic test measures heart rate and
blood pressure. These values are measured in a
horizontal position, then repeat these measurements
in the subject after actively getting up in a vertical
position at the 10th minute [15-18].

A natural reaction to the orthostatic test is an
increase in heart rate. As a result, the minute volume
of blood is slightly reduced. In well-trained athletes,
heart rate is relatively small and ranges from 5 to 15
beats per minute. In young athletes, the reaction may
be more pronounced. Systolic blood pressure either
remains unchanged or even decreases slightly (by 2-
6 mm.Hg); diastolic blood pressure naturally
increases by 10-15% relative to its value in the
horizontal position. If during a 10-minute study the
systolic pressure approaches the initial values, the
diastolic pressure remains elevated. Signs of
orthostatic instability are a sharp drop in blood
pressure and a very large increase in heart rate [9,
12].

Measurements of body length are performed
in a standing position using a vertical height meter.
The person stands on a wooden plane with his back
to the vertical bar, touching her heels, buttocks,
interscapular area with the shoulders set back (head
not resting). The arms should be lowered along the
torso, the abdomen - tightened, the heels - together,
the socks - separately. The position of the head
should be such that the upper edge of the earlobe and
the lower edge of the orbit are in the same horizontal
plane. The movable bar is attached to the head
without pressure, but tightly.

The magnitude of the stroke volume depends
on the force of the heart contraction and the amount
of blood flowing to it during diastole through the
veins. Stroke volume (SV) can be calculated by
Starr's formula [12-14].

The minute blood volume (MBV) is
determined by the stroke volume and heart rate,
depending on the position of the human body, its sex,
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age, fitness, environmental conditions and many
other factors.

Calculate the minute blood volume (MBV)
according to the formula [12]:

MBYV = SV x heart rate.

Statistical analysis

For each indicator, the arithmetic mean,
standard deviation S (standard deviation), error of the
mean (m) and estimation of the probability of
discrepancies in the Student's t-test with the
appropriate level of probability (p) were determined
for groups of students involved in football, track and
field, judo and for groups of students with body
length above average (more than 190 cm) and
average (below average) (150-175 cm). Differences
and relationships were considered reliable at the
significance level p <0.05 [13, 14].

Multivariate analysis of variance was also
used using a general linear model. The dependent
values were heart rate, systolic and diastolic blood
pressure, stroke volume and minute blood flow in
horizontal and vertical positions, as well as the
difference between these indicators in different body

positions. Independent values were body length and
sport. Body length of 150-175 cm was denoted by the
number 1, body length greater than 190 cm was
denoted by the number 2. There were no students
with body length values of 175-190 cm in the study.

We also marked the conditional numbers of
the sports that students were involved in: athletics -
1; football - 2; judo wrestling - 3) [13, 14].

For statistical processing of the obtained data
were used computer programs Microsoft Excel "Data
Analysis" - 2013, SPSS - 17.

Results

Comparison of orthostatic tests of students —
representatives of different sports showed that the
lowest values of heart rate in the horizontal position
and in the vertical position of the body in judo. The
same applies to blood pressure in the horizontal and
vertical position (p <0.001) (Table 1-3). The highest
heart rate and blood pressure in students - athletes.
According to these indicators, footballers occupy an
intermediate place.

Table 1

Comparative characteristics of orthostatic test indicators of students involved in track and field and football

Statistical Indicators

Indicators Kind of sport N = S M ; 0
. track and
Systolic pressure (mm.Hg) . 18 115.67 3.40 0.80
in the horizontal position field >-15 0.000
P football 12 110.00 2.09 0.60
. track and
?xiatlllseizssjlurzgi?z].Hg) field 18 130.67 0.97 0.23 513 0.043
P football 12 129.00 3.13 0.90
. track and
SD\i/:ft;)rI;an;essure (mmHg) field 18 15.00 4.20 0.99 399 0.003
football 12 19.00 1.04 0.30
Diastolic pressure track and
. 18 77.33 5.90 1.39
(mm.Hg.) in the horizontal field 1.48 0.150
position football 12 74.00 6.27 1.81
Diastolic pressure track and
. 18 88.33 3.40 0.80
(mm.Hg.) in the vertical field 9.19 0.000
position football 12 79.00 1.04 0.30
k
Diastolic pressure tra? and 18 11.00 8.27 1.95
Difference (mm.Hg) field 2.23 0.034
8 football 12 5.00 5.22 151
track and
ey
'Ic-lheea\r/te:itczl(bie;:icr)‘r:n )in field 18 69.33 2.11 0.50 3.79 0.001
P football 12 58.00 12.53 3.62
track and
-mint)i 1 1. . 1.32
ottt Thea 10 T 59 12 g g
P football 12 69.50 9.92 2.86
.min-!
Heart rate (beats min") track and 18 5.33 0.49 011  -9.85  0.000
difference field
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football 12 11.50 2.61 0.75
. track and
igzl;sn\;zllun;t:iiin;r? ina field 18 60.27 8.79 2.07 046 0.649
P football 12 61.60 5.85 1.69
. track and
\S/’;rrc;il::lvo:;:?iir(]ml) in the field 18 56.17 4.19 0.99 773 0.000
P football 12 65.60 0.42 0.12
track and
(Sj’?;fc;kreer\]/:;ume (ml) field 18 11.77 3.37 0.79 418 0.000
football 12 6.00 4,18 1.21
Minute blood volume track and
(1-min’) in a horizontal field 18 417 0.55 0.13 1.74 0.093
position football 12 3.64 1.11 0.32
Minute blood volume track and
(1-min!) in the vertical field 18 3.98 0.03 0.01 -3.92 0.001
position football 12 4.56 0.62 0.18
Minute blood volume track and 18 0.51 0.18 0.04
Difference (1-min) field -3.23 0.003
football 12 0.92 0.49 0.14
track and
1 178. 12.24 2.
Body Length field 8 8.33 89 -0.15 0.882
football 12 179.00 11.49 3.32

That is, the adaptive capabilities of the
cardiovascular system and vegetative-vascular
regulation when changing the position of the body
from horizontal to vertical in our study were found in
students who are engaged in judo. This somewhat
contradicts the literature on the best adaptive

capabilities of long- and medium-distance running.
In our study, athletes were representatives of short
and medium distance running. It was found that their
adaptive capacity when changing body position is
significantly lower compared to football and judo.

Table 2

Comparative characteristics of orthostatic test indicators of students engaged in track and field and judo

Indicators Kind of Statistical Indicators
sport N X S M t p
Systolic pressure track and
) 18 115.67 3.40 0.80
(mm.Hg) in the field 6.80 0.000
horizontal position judo 12 105.00 5.22 1.51
Systolic pressure track and
. 18 130.67 0.97 0.23
(mm.Hg) in the vertical field 73.36 0.000
position judo 12 110.00 0.00 0.00
Systolic pressure track and
) 18 15.00 4.20 0.99
(mmHg) field 5.80 0.000
difference judo 12 5.00 5.22 1.51
Diastolic pressure track and
) 18 77.33 5.90 1.39
(mm.Hg.) in the field 3.34 0.002
horizontal position Judo 12 66.00 12.53 3.62
Diastolic pressure track and
. 18 88.33 3.40 0.80
(mm.Hg.) in the field 22.97 0.000
vertical position Judo 12 65.00 1.04 0.30
track and
i i . 18 11.00 8.27 1.95
B:?fjg:czr‘?:;rz | field 0.83 0.415
8 Judo 12 13.00 1.04 0.30
track and
-min’! ) 18 69.33 2.11 0.50
P Judo 12 4850 157 0.45
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track and
.min-1
iHnetahr(': :,Zt:zig?afs?;?n ) field 18 71.33 5.59 1.32 796 0.000
P Judo 12 5950 0.52 0.15
track and
min-! 1 . 4 11
;Iii?;:er:;cs (beats-mint) field 8 5.33 0.49 0 2012 0.000
Judo 12 11.00 1.04 0.30
. track and
E’;r:;l;sn\gllurzosei:ir;\:]) ina field 18 60.27 8.79 2.07 166 0.108
P Judo 12 67.90 16.40 4.73
. track and
tS;;ob:rl/ic;::mss(i?cl))nln field 18 56.17 4.19 0.99 1231 0.000
P Judo 12 7150 1.15 0.33
track and
Z:;;I:r\l/iume (ml) field 18 11.77 3.37 0.79 383 0.001
Judo 12 16.80 3.76 1.09
Minute blood volume track and
1 4.17 . 1
(1-minY) in a horizontal field 8 0-55 0.13 3.22 0.003
position Judo 12 3.32 0.90 0.26
Minute blood volume track and
1 . . .01
(1-min’Y) in the vertical field 8 3.98 0.03 0.0 -22.13 0.000
position Judo 12 4.25 0.03 0.01
Minute blood volume trackand g 0.51 0.18 0.04
Difference (1-min) field 191 0.067
Judo 12 0.94 0.93 0.27
track and
. 18 178.33 12.24 2.89
Body Length field 5.43 0.000
Judo 12 159.00 1.04 0.30

We can explain the results by the fact that
both football and judo are a load of mixed aerobic-
anaerobic orientation, while running short and

medium distances is mainly a job that requires
creatine-phosphate and glycolytic mechanisms of

energy supply.

Table 3

Comparative characteristics of orthostatic test indicators of students involved in football and judo

. Kind of Statistical Indikators
Indikators —
sport N X S m t p
Systolic pressure Football 12 110.00 2.09 0.60
(mm.Hg) in the Judo 12 105.00 5.22 1.51 3.08 0.005
horizontal position
Systolic pressure football 12 129.00 3.13 0.90
(mm.He) in the Judo 12 110.00 0.00 0.00 21.01 0.000
vertical position
i fi Il 12 19. 1.04 .

Systolic pr.essure ootba 9.00 0 0.30 9.11 0.000
(mmHg) difference Judo 12 5.00 5.22 1.51
Diastolic pressure football 12 74.00 6.27 1.81

.Hg.) in th 1.98 0.061
(mm.Hg.) in the Judo 12 66.00 12.53 3.62
horizontal position
Diastolic pressure football 12 79.00 1.04 0.30

.Hg.) in th 32.83 0.000
(mm.Hg.) in the Judo 12 65.00 1.04 0.30
vertical position

i i 12 . .22 1.51

D!astollc pressure football 5.00 5 5 5.0 0.000
Difference (mm.Hg) Judo 12 13.00 1.04 0.30
Heart rate football 12 58.00 12.53 3.62
beats-min?) in th 2.61 0.016
(beats:min) in the judo 12 48.50 1.57 0.45

vertical position
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Heart rate football 12 69.50 9.92 2.86
ts'mint) in th 4 .002
(beats:min”) in the judo 12 59.50 0.52 0.15 3.49 0.00
vertical position
Heart rate football 12 11.50 2.61 0.75
.min-t
(beats:min”) judo 12 11.00 1.04 0.30 0.62 0.544
difference
Stroke volume (ml) in football 12 61.60 5.85 1.69
. . - -1.25 0.223
a horizontal position judo 12 67.90 16.40 4.73
Stroke volume (ml) in football 12 65.60 0.42 0.12
the vertical position judo 12 71.50 1.15 0.33 -16.72 0.000
Stroke volume (ml) football 12 6.00 4.18 1.21
difference judo 12 16.80 3.76 1.09 6.66 0.000
Minute blood volume football 12 3.64 1.11 0.32
1-min7) i 7 442
(min“)ina judo 12 3.32 0.90 0.26 0.78 0
horizontal position
Minute blood volume football 12 4.56 0.62 0.18
1-min’)inth 1.68 0.107
(1:min“) in the judo 12 4.25 0.03 0.01
vertical position
i football 12 0.92 0.49 0.14
Mlnute blood V(.)|L-Jlme o'o a 007 0.944
Difference (1-min™) judo 12 0.94 0.93 0.27
football 12 179.00 11.49 3.32
Body Length 6.01 0.000
ofy Reng judo 12 159.00 1.04 030

Significant influence of both body length and
sport on most indicators of orthostatic test was found
(Table 4). The results of analysis of variance
confirmed the results of comparing the averages of
the Student's t-test. The influence of sport on heart
rate, systolic and diastolic pressure, as well as the
calculated values of stroke volume and minute blood
flow in the supine and standing positions was
significant for almost all indicators (p <0.05; p
<0.001) (Table 4). The only exception is the rate of
stroke blood volume in the horizontal position (p>
0.05) (Table 4). Thus, the analysis of variance
confirmed the results of comparing the means of the
Student's t-test for the best effect on vascular
regulation and the state of the cardiovascular system
in judo. Short and medium distance running by
students at the level of mass discharges has a less
pronounced effect on orthostatic test performance.
Football classes occupy an intermediate place
between judo and athletics in terms of impact on
vascular regulation.

Body length also significantly affects the
indicators of vascular regulation (Table 4). There is a
significant effect of body length on systolic blood
pressure in the standing position, diastolic blood
pressure in the supine and standing positions, heart
rate in the supine and standing positions, stroke blood
volume in the standing position, minute blood flow
in the supine and standing positions (p <0.001 )
(Table 4).
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The influence of both factors (body length
and sport) on the orthostatic test was also significant
for the following data: systolic blood pressure in the
vertical position, diastolic blood pressure in the
vertical position; change in diastolic blood pressure
when changing body position from horizontal to
vertical; Heart rate in vertical and horizontal
positions; change in heart rate during the transition
from horizontal to vertical position; stroke volume of
blood in the vertical position; change in the stroke
volume of blood during the transition from horizontal
to vertical position; all indicators of minute volume
of a blood-groove (p <0.005; p <0.01; p <0.001).

The influence of both factors (body length
and sport) on the orthostatic test was also significant
for the following data: systolic blood pressure in the
vertical position, diastolic blood pressure in the
vertical position; change in diastolic blood pressure
when changing body position from horizontal to
vertical; Heart rate in vertical and horizontal
positions; change in heart rate during the transition
from horizontal to vertical position; stroke volume of
blood in the vertical position; change in the stroke
volume of blood during the transition from horizontal
to vertical position; all indicators of minute volume
of a blood-groove (p <0.005; p <0.01; p <0.001).
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Table 4

Indicators of multivariate analysis of variance of the influence of sport and body length on the orthography
of students (Tests of Between-Subjects Effects)

Tests of Between-Subjects Effects

Type Il

Source Dependent Variable
P Sum of Df Mean F Sig.
Square
Squares
Syst-olllc pressure (mm.Hg) in the horizontal 888.000a 4 999 16.695 0.000
position
Systolic pressure (mm.He) in the 3560.571b 4 890.143 2744.607  0.000
vertical position
Systolic pressure (mmeg) 1280.571c 4 320143 19.742  0.000
difference
Diastolic pressure (mm.Hg.) in the 1373.143d 4 343286 5484  0.001
horizontal position
Diastolic pressure (mm.Hg.) in the 4053.000e 4 1013.25 430922  0.000
vertical position
Diastolic pressure Difference (mm.Hg) 806.143f 4 201.536 6.81 0.000
Heart rate (beats:min™) in the vertical
Corrected position 4994.143g 4 1248.536 1184.508 0.000
Model .min-1) i i
Hea'r'.c rate (beats:min™) in the vertical 2452 286h 4 613.071 92.21 0.000
position
.min-1
Heart rate (beats:min”) 437.571i 4 109.393  269.836  0.000
difference
Stroke volume (ml) in a horizontal position  824.096j 206.024 1.786 0.152
Stroke volume (ml) in the vertical position 1959.673k 489.918 128.314 0.000
Stroke volume (ml) difference 1027.783I 256.946 44.508 0.000
- —
Minute blood volume (1-min”) in 3 19.290m 4 4823 12729  0.000
horizontal position
- —
Minute blood volume (1-min”) in the 6.619n 4 1655 2065344  0.000
vertical position
Minute blood volume Difference (1-min?) 4.7840 4 1.196 4.536 0.004
Systolic pressure (mm.He) in the horizontal 307, 5 1 438703.7 32991.95  0.000
position
Systolic pressure (mm.He) in the 556475 1 556475 1715798  0.000
vertical position
Systolic pressure (mmeg) 6993.204 1 6993.204 431.248  0.000
difference
Diastolic pressure (mm.Hg.) in the 194326.9 1 1943269 3104531  0.000
horizontal position
Diastolic pressure (mm.Hg.) in the 225666.2 1 225666.2 95972.97  0.000
vertical position
Intercept Diastolic pressure Difference (mm.Hg) 3104.92 1 3104.92 104.915 0.000
— -
Heart rate (beats-min™) in the vertical 124863.2 1 124863.2 118460  0.000
position
— -
Hea.rF rate (beats:min) in the vertical 163461 1 163461 24585.6 0.000
position
.min-!
Heart rate (beats'min”) 3048.124 1 3048.124 7518.705  0.000
difference
Stroke volume (ml) in a horizontal position 137842.2 1 137842.2 1194.89 0.000
Stroke volume (ml) in the vertical position 141439 1 141439 37044.27 0.000
Stroke volume (ml) difference 4050.128 1 4050.128 701.567 0.000
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Minute blood volume (1-min”) in a 483.904 1 483.904 1277.286  0.000
horizontal position
. —
Minute blood volume (1-min”) in the 634.008 1 634.008 791360.4  0.000
vertical position
Minute blood volume Difference (1-min?) 21.647 1 21.647 82.09 0.000
Syst_olllc pressure (mm.Hg) in the horizontal 631.75 5 315.875 53,755 0.000
position
Systolic pressure (mm.Hg) in the 2467 2 12335 3803.292  0.000
vertical position
Systolic pressure (mmHg) 945.75 2 472.875  29.161  0.000
difference
Dla§t0|lc press'u.re (mm.Hg.) in the 427 5 213.5 3.411 0.044
horizontal position
Diastolic pressure (mm.Hg.) in the 3172 5 1586 674.506 0.000

vertical position
Diastolic pressure Difference (mm.Hg) 349 2 174.5 5.896 0.006
Heart rate (beats:min™) in the vertical

Kind of position 4441.75 2 2220.875 2106.984 0.000
sport .min-1) i i
p Hea'r'.c rate (beats:-min) in the vertical 1588 5 794 119.423 0.000
position
.min-1
Heart rate (beats:min”) 418.75 2 209.375 516.458  0.000
difference
Stroke volume (ml) in a horizontal position  140.507 2 70.254 0.609 0.549
Stroke volume (ml) in the vertical position  1642.17 2 821.085 215.05 0.000
Stroke volume (ml) difference 636.077 2 318.039 55.091 0.000
- -
Minute blood volume (1-min”) in a 11.741 2 5871 15496  0.000
horizontal position
- .
Minute blood volume (1-min”) in the 2.603 2 1302  1624.679  0.000
vertical position
Minute blood volume Difference (1-min?) 2.996 2 1.498 5.681 0.007
Syst.o.llc pressure (mm.Hg) in the horizontal 15.429 1 15.429 116 0.288
position
Systolic pressure (mm.Hg) in the 42.857 1 42.857 132143 0.000
vertical position
Systolic pressure (mmHg)
. 6.857 1 6.857 0.423 0.520
difference
Diastolic pressure (mm.Hg.) in the 289.714 1 289.714 4628  0.038
horizontal position
Diastolic pressure (mm.Hg.) in the 96.429 1 96.429 41.01 0.000

vertical position

Diastolic pressure Difference (mm.Hg) 51.857 1 51.857 1.752 0.194

Heart rate (beats:min) in the vertical

Body lengthposition 685.714 1 685.714  650.549  0.000
- -
Hea'r‘.c rate (beats:min™) in the vertical 189 1 189 28.427 0.000
position
.min-!
Heartrate (beats:min) 34.714 1 34714 85629  0.000
difference
Stroke volume (ml) in a horizontal position  248.919 1 248.919 2.158 0.150
Stroke volume (ml) in the vertical position 56.679 1 56.679 14.845 0.000
Stroke volume (ml) difference 8.297 1 8.297 1.437 0.238
- —
Minute blood volume (1-min”} in a 6.432 1 6432 16977  0.000
horizontal position
- —
Minute blood volume (1-:min™) in the 5403 1 5 403 999,62 0.000

vertical position
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Minute blood volume Difference (1-min) 0.693 1 0.693 2.63 0.113
Syst'o.llc pressure (mm.Hg) in the horizontal 42857 1 42.857 3223 0.081
position
Systfnllc pre'ss'ure (mm.Hg) in the 84 1 84 259 0.000
vertical position
Systolic pressure (mmtig) 6.857 1 6857 0423  0.520
Difference
Diastolic pressure (mm.Hg.) in the 207.429 1 207.429 3314 0077
horizontal position
DIaS.t0|IC pr('es'sure (mm.Hg.) in the 21 1 21 3.931 0.005
vertical position
Diastolic pressure Difference (mm.Hg) 360.429 1 360.429 12.179 0.001
Kind of Heart rate (beats-min’) in the vertical 1344 1 1344 1275.077 0.000
sport- Body position — .
length Heart rate (beats-min) in the vertical 1296.429 1 1296.429  194.991 0.000
position ) ' ' '
.min-t
Heart rate (beats:min) 51.857 1 51.857  127.914  0.000
Difference
Stroke volume (ml) in a horizontal position  183.639 1 183.639 1.592 0.215
Stroke volume (ml) in the vertical position 92.61 1 92.61 24.255 0.000
Stroke volume (ml) difference 326.469 1 326.469 56.551 0.000
- -
Minute blood volume (1-min”) in a 9.219 1 9219 24334  0.000
horizontal position
Mi I I 1-min) in th
inute blood volume (1-min”) in the 2.46 1 246 3070976  0.000
vertical position
Minute blood volume Difference (1-min) 2.627 1 2.627 9.964 0.003
Syst'o.llc pressure (mm.Hg) in the horizontal 492 37 13.297 i i
position
SystF)Ilc pre'ss.ure (mm.Hg) in the 12 37 0.324 i i
vertical position
SYstollc pressure (mmHg) 600 37 16.216 i i
Difference
D|a§tollc pressyre (mm.Hg.) in the 2316 37 62.595 i i
horizontal position
Dlas.tollc pressure (mm.Hg.) in the g7 37 5351 i i
vertical position
Diastolic pressure Difference (mm.Hg) 1095 37 29.595 - -
- -
Hea.r'.( rate (beats:-min) in the vertical 39 37 1.054 i i
Error position
- -
Hea.r'.( rate (beats:-min) in the vertical 246 37 6.649 i i
position
.mint
erart rate (beats-min?) 15 37 0.405 i i
Difference
Stroke volume (ml) in a horizontal position 4268.31 37 115.36 - -
Stroke volume (ml) in the vertical position 141.27 37 3.818 - -
Stroke volume (ml) difference 213.6 37 5.773 - -
- 0
Mm'ute blood Y(?Iume (I'mint)ina 14.018 37 0.379 i i
horizontal position
- -
Minute blood volume (1:min™) in the 0.03 37 0.001 i i

vertical position

Minute blood volume Difference (1-mint) 9.757 37 0.264 - -

Systolic pressure (mm.Hg) in the horizontal

18862 2 ; ) )
Total  position 51886 4

Systolic pressure (mm.Hg) in the 652344 42 - - -

39



o Health, sport, rehabl‘llFatlo‘n P Z@Zﬁ]
- 3p0poB’s, cnopt, peabinitauin AT N

== 3p0pOBbe, CNOPT, peabunuraumn A3 7(2)

vertical position

Systolic pressure (mmHg)

Difference 9294 42 i i i
Dla§t0|lc press'u.re (mm.Hg.) in the 228384 42 i i i
horizontal position
DIaS.t0|IC prc_es.sure (mm.Hg.) in the 266262 42 i i i
vertical position
Diastolic pressure Difference (mm.Hg) 5982 42 - - -
- -
Hea'r'.c rate (beats:min™) in the vertical 156954 42 i i i
position
- -
Hea'r'.c rate (beats:min) in the vertical 193656 42 i i i
position
.min-!
H_eart rate (beats:mint) 3642 42 i i i
difference
Stroke volume (ml) in a horizontal position 170884.4 42 - - -
Stroke volume (ml) in the vertical position 170086.6 42 - - -
Stroke volume (ml) difference 6851.22 42 - - -
- .
Mln.ute blood Y(?Iume ('mint)ina 631.834 42 i i i
horizontal position
- -
Mln}Jte bIoc')c.I volume (1:min™) in the 756.172 42 i i i
vertical position
Minute blood volume Difference (1-min) 38.022 42 - - -
Syst-olllc pressure (mm.Hg) in the horizontal 1380 a1 i i i
position

Systolic pressure (mm.Hg) in the
vertical position

Systolic pressure (mmHg)
difference

Diastolic pressure (mm.Hg.) in the
horizontal position

Diastolic pressure (mm.Hg.) in the
vertical position

3572.571 41 - - -

1880.571 41 - - -

3689.143 41 - - -

4140 41 - - -

Diastolic pressure Difference (mm.Hg) 1901.143 41 - - -

Heart rate (beats:-min’) in the vertical

Corrected position 5033.143 41 - - -

Total .min1) i i
Heart rate (beats-min™) in the vertical 2698.286 a1 i i i

position
.min-L

H.eart rate (beats-min?) 452571 a1 i i i
difference
Stroke volume (ml) in a horizontal position 5092.406 41 - - -
Stroke volume (ml) in the vertical position 2100.943 41 - - -
Stroke volume (ml) difference 1241.383 41 - - -

- —
Mln.ute blood Y(?Iume ('mint)ina 33.308 a1 i i i
horizontal position

- —
Minute blood volume (1:min) in the 6.648 a1 i i i

vertical position
Minute blood volume Difference (1-mint) 14.541 41 - - -

a. R Squared =0.643 (Adjusted R Squared = 0.605); b. R Squared =0.997 (Adjusted R Squared =0.996); c. R Squared
=0.681 (Adjusted R Squared =0.646); d. R Squared =0.372 (Adjusted R Squared =0.304); e. R Squared =0.979 (Adjusted
R Squared =0.977); f. R Squared =0.424 (Adjusted R Squared =0.362); g. R Squared =0.992 (Adjusted R Squared =0.991);
h. R Squared =0.909 (Adjusted R Squared =0.899); i. R Squared =0.967 (Adjusted R Squared =0.963); j. R Squared =0.162
(Adjusted R Squared =0.071); k. R Squared =0.933 (Adjusted R Squared =0.925); |. R Squared =0.828 (Adjusted R
Squared =0.809); m. R Squared =0.579 (Adjusted R Squared =0.534); n. R Squared =0.996 (Adjusted R Squared =0.995);
0. R Squared =0.329 (Adjusted R Squared =0.256)
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Discussion

The purpose of the work set in this study was
fully confirmed. It has been shown that students who
engage in different sports have different adaptive
capabilities in terms of vascular regulation. It was
also shown that students with a body length greater
than 190 cm have less adaptive capacity for vascular
regulation compared to students of medium and
below average body length.

Our data confirmed the results of other
authors [4, 9, 10], that in athletes orthostatic
instability associated with decreased venous tone
develops relatively rarely. However, when
conducting orthostatic tests, it can sometimes be
detected [12]. Therefore, the use of orthostatic tests
to assess the functional state of the body of athletes
is considered appropriate.

A natural reaction to the orthostatic test is an
increase in heart rate [1, 4, 6]. Due to this, the minute
volume of blood flow is reduced slightly. In well-
trained athletes, heart rate is relatively small and
ranges from 5 to 15 beats * min-1. In young athletes,
the reaction may be more pronounced [9]. Systolic
blood pressure either remains unchanged or even
decreases slightly (by 2-6 mm Hg); diastolic blood
pressure naturally increases by 10-15% relative to its
value in the horizontal position. If during 10 - minute
research systolic pressure approaches initial values,
arterial pressure remains raised.

Signs of orthostatic instability are a sharp
drop in blood pressure and a very large increase in
heart rate [4]. But at the present stage, a simple
assessment of the orthostatic sample according to
heart rate continues to be refined. The fact is that such
a seemingly reliable indicator, which is the increase
in heart rate in the vertical position relative to the
heart rate in the horizontal position, sometimes gives
inaccurate data. This is especially true for athletes
with bradycardia in a horizontal position: their heart
rate can increase by 30-25 beats * minl without any
signs of orthostatic instability. In this regard, it is
recommended to evaluate the orthostatic test on the
basis of the actual heart rate in the vertical position
of the body. If the heart rate does not exceed 89 beats
per minute for 10 minutes, the reaction is considered
normal. A heart rate of 90-95 beats * min-1 indicates
a decrease in orthostatic stability, and a heart rate
exceeding 95 beats ¢ min-1 indicates low resistance
to changes in body position in space, at which
orthostatic collapse is possible. This approach to the
assessment of orthostatic reactions is based on the so-
called principle of invariance, the essence of which
is that under the influence of a perturbing effect, the
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performance of the body's autonomic systems do not
depend (or depend to a small extent) on baseline and
are determined exclusively current needs of the
organism [4, 12].

The response to the orthostatic test improves
under the influence of sports training [10, 11]. And
this applies to all athletes, not just those sports in
which a change of body position is a mandatory
element.

According to the literature [2, 4, 8],
orthostatic hypotension and orthostatic collapse are
abnormal, pathological phenomena. Osadchy [4]
writes that a decrease in systemic blood pressure is
often accompanied by dizziness, blurred vision,
sweating and even loss of conscioushess with a
sudden transition from horizontal (or sitting) to a
vertical position. Physiological effects of this change
in body position are the result of increased
hydrostatic pressure in veins and the arteries of the
lower and lowering - in the vessels of the upper half
of the body and the corresponding redistribution of
blood mass.

Cerebral circulation is protected from
fluctuations in hydrostatic pressure in the vascular
system due to the same pressure of this factor on both
intravascular and extravascular (in the spinal canal)
pressure. Under these conditions, the cerebral tie is
under the control of systemic blood pressure and
therefore a decrease in the latter immediately leads to
a decrease in the arteriovenous gradient

Therefore, despite the presence of nervous
and humoral mechanisms that reduce the resistance
of cerebral vessels and prevent the effects of
oscillations of systemic arterial suppression [4], an
essential factor in maintaining cerebral blood flow is
adequate blood pressure [4].

Thus, in those individuals in whom the
orthostatic is written off above the compensatory
mechanisms can not prevent a significant decrease in
blood pressure, decreased cerebral blood flow, which
causes "fainting" or "unconsciousness" (depending
on the intensity of the above symptoms of cerebral
circulatory disorders). In the scientific literature,
"fainting” (or "syncope", "collapse™) entered as the
most important element of the syndrome, referred to
as "orthostatic hypotension™. This term refers to such
conditions in which the violation of circulatory
homeostasis during a change in body position is the
main pathogenetic mechanism of the disease, and the
main manifestation - low average blood pressure
[4].Thus, we obtained results that confirm the results
of the literature on the difficult vascular regulation of
tall people [12-14]. In addition, these results are
clarified by the fact that a significant increase not
only in diastolic blood pressure, but also systolic, in
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the transition from horizontal to vertical position. But
these changes are insufficient for the adaptation to
changes in body position in tall students was similar
to students whose body length does not exceed the
average.

Based on the results, the following
recommendations can be made: to improve the
adaptive capacity of vascular regulation to change
body position from horizontal to vertical, it is
effective to use any exercise, but the most effective
exercises that activate aerobic and anaerobic
glycolytic energy systems. In addition, exercises that
require frequent transitions from lying down (sitting)
to standing position, as well as changes in the
direction of movement are useful [19, 20].

Conclusions

1. The influence of both factors (body length
and sport) on the orthostatic test was significant for
the following data: systolic blood pressure in the
vertical position, diastolic blood pressure in the
vertical position; change in diastolic blood pressure
when changing body position from horizontal to
vertical; Heart rate in vertical and horizontal
positions; change in heart rate during the transition
from horizontal to vertical position; stroke volume of
blood in the vertical position; change in the stroke
volume of blood during the transition from horizontal
to vertical position; all indicators of minute volume
of a blood-groove (p<0.005; p<0.01; p<0.001).

2. The more significant influence of judo and
football classes in comparison with running short and

medium distances on the indicators of vegetative-
vascular regulation was determined: the best
indicators - in judo, the next place - in football, then
- athletes. It was found that students with a body
length of more than 190 cm have difficulty with
vegetative-vascular regulation. To improve the
adaptive capacity of vascular regulation to change
the position of the body from horizontal to vertical in
tall athletes is effective to use any exercise, but the
most effective exercises that activate aerobic and
anaerobic glycolytic energy systems. Also useful are
exercises that require frequent transitions from lying
down (sitting) to standing position, as well as
changes in the direction of movement.
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