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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

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

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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ной мощностью. НФП и СП чаще наблюдались у борцов, что 
диктует необходимость дальнейшего изучения и регулярного 
медицинского контроля.

Авторы статьи предполагают, что продолжительный дис-
баланс между выработкой оксидантов и антиоксидантной 
защитой за счет ослабления антиоксидантной мощности, 
по всей вероятности, является причиной развития синдрома 
перетренировки у спортсменов высокого класса. 

reziume

sportsmenebSi gadawvrTnis sindromsa da oqsi-
daciur stress Soris kavSiris dadgena SratSi oq-
sidanturi da antioqsidanturi statusis SefasebiT 

T. qajaia, l. masxulia, k. WeliZe, v. axalkaci, 
T. mWedliZe 

Tbilisis saxelmwifo samedicino universiteti, 
saqarTvelo

kvlevis mizans warmoadgenda sportsmenebSi 
gadawvrTnis sindromsa da oqsidaciur stress 
Soris kavSiris dadgena SratSi oqsidanturi da 
antioqsidanturi statusis SefasebiT. arafunqci-
uri gadaZabvis (afg)/gadawvrTnis sindromis (gws) 
mqone 43 sportsmenisa da sakontrolo jgufis 
(sj) sportsmenTa (40 sportsmeni afg/gws-s gareSe) 
sisxlis SratSi ganisazRvra Jangbadis diakron-
reaqciuli naerTebi (d-ROMs) da biologiuri 
antioqsidanturi potenciali (BAP), oqsidaciuri 
stresis arseboba da xarisxi Sefasda BAP/d-ROMs 
sinjebis Sedegebis SefardebiT. sabaziso monace-

mebi Segrovda sportsmenTa orive jgufSi - afg/
gws-s mqone da sj, Semdeg igive monacemebi Segrovda 
afg/gws-s mqone sportsmenebSi 28-dRiani dasvenebis 
Semdeg, xolo sportsmenebSi gws-s savaraudo di-
agnoziT – damatebiT orTviani dasvenebis Semdeg.
Kkvlevis Sedegebma aCvena, rom d-ROMs sabaziso 
maCvenebeli ufro maRalia afg/gws-s mqone sport-
smenebSi vidre sportsmenebSi afg/gws-s gareSe, 
antioqsidanturi potenciali sarwmunod ufro 
maRali iyo sakontrolo jgufSi, vidre afg/
gws-s mqone sportsmenebSi. 28-dRiani dasvenebis 
Semdeg sarwmunod Semcirda d-ROM maCvenebeli 
rogorc afg-s, ise gws-s jgufebSi. afg-s mqone 
sportsmenebSi, amasTanave, moxda antioqsidanturi 
statusis normalizeba. samTviani dasvenebis Sede-
gad gaumjobesda gws-s mqone sportsmenTa oqsi-
daciuri statusi, ramac miaRwia normis farglebs, 
Tumca antioqsidanturi statusi sarwmunod ar 
gaumjobesda, rac gamovlinda BAP-is subnor-
maluri maCvenebliT da BAP/d-ROM-is Semcire-
biT. aRniSnuli Sedegebi miuTiTebs gazrdil 
oqsidaciur stresze gadawvrTnis dros, rac 
Jangbadis reaqciuli naerTebis warmoqmnasa da 
antioqsidantur potencials Soris arsebuli 
disbalansis Sedegia. 
savaraudoa, rom xangrZlivi disbalansi oqsidan-

tebis warmoqmnasa da antioqsidantur potencials 
Soris, antioqsidanturi simZlavris Sesustebis 
xarjze, SesaZlebelia gadawvrTnis mizezi iyos 
maRali kvalifikaciis sportsmenebSi. afg da 
gws ufro xSirad gamovlinda moWidaveebSi, rac 
momavalSi Seswavlas da regularul samedicino 
monitorirebas moiTxovs. 

ADAPTIVE CHANGES OF THE HEMODYNAMICS PARAMETERS 
IN ATHLETES TRAINING TO DEVELOP STABILITY 

1Koziy T., 2Topcii M.

1Kherson State University; 2South Ukrainian National Pedagogical University named after K.D. Ushinsky, Odessa, Ukraine

The work is a fragment of research work “Restoration of health 
of people of different age groups by physical therapy and applica-
tion of the newest technologies of healing”, the state registration 
number 0117U001766 and “Adaptation of children and youth to 
educational and physical activity (boys 17–22 years old)”, state 
registration number 0114U007158.

The importance of studying the adaptive changes in the body of 
athletes under the influence of physical activity can not be overesti-
mated, since, on the one hand, the level of adaptation determines the 
sporting result, and on the other – the state of health of the athlete. In 
accordance with the generally accepted concept of P. M. Baevsky, the 
cardiovascular system (CS) is an indicator of the adaptive capacity 
of a holistic organism, so blood circulation indicators are considered 
to be essential in evaluating the athlete›s health [10, 15]. The high 
level of functional ability of the cardiovascular system characterizes 
the high level of physical health and physical performance of the 
body, since blood circulation plays an important role in meeting the 
increased metabolic rate caused by intense muscular activity [18].

Monitoring for hemodynamic parameters is of particular 
importance for adolescent athletes, since the puberty period is 
characterized by the heterochronous physical development, which 
consists in the accelerated development of the musculoskeletal 
system and lagging maturation of the circulatory system [8,16]. 
Systematic inadequate exercise in the exercise can lead to over-
exertion of the circulatory system and manifest fatal arrhythmias, 
which sometimes lead to the sudden death of athletes and sports-
men, especially adolescence, or heart failure in the distant period 
after the end of exercise [19,21,23]. Consequently, hemodynamic 
control in athletes and sportsmen of different age and sex groups 
is very important in the planning, organization and correction of 
the training process.

The purpose of the study was to identify adaptive changes in 
the parameters of systemic hemodynamics of adolescent athletes 
who train on the development of endurance during one calendar 
year. To achieve the goal, the following tasks are set: 1) to allocate 
athletes to groups by age, gender, grade and somatotype; 2) to 
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calculate and estimate the indicators of adaptive capacity and to 
determine the level of cardiovascular performance by Ruffie’s 
breakdown in each group of athletes; 3) to investigate the type 
of hemodynamic reaction of athletes with different discharges on 
the aerobic load of the test by Leutunov.

Material and methods. The examination of athletes was held 
in March-April 2015–2016 during scheduled medical examina-
tions based on the Kherson Regional Center for Health and Sport 
Medicine. The study was attended by 29 athletes of adolescence 
who were engaged in sections on sport orienteering and athlet-
ics based on Children’s and Youth Sports School and at general 
education schools of Kherson and Kherson region. All athletes 
were grouped by age, gender, and qualification. The first age 
group included 12 persons 11–12 years old, in the second group 
were adolescents aged 13–14 years in the number of 6 people, and 
in the third group – 11 people 15–16 years old. By sex, athletes 
distributed almost equally – 15 girls and 14 boys. According 
to the level of sports qualification three groups were received: 
athletes from the 3rd and 2nd youth grades (8 persons); athletes 
from the 1st youth and 2nd adult disciples (16 people); athletes 
with 1 adult level (5 people).

In order to achieve this goal and to perform the tasks, the data 
of the anthropometric measurements and their annual dynamics, 
namely, mass, body length, standing chest, chest circumference 
(CC), were analyzed first of all. The obtained data allowed cal-
culating the strength index of the body structure (Pine’s index) 
of athletes by the following formula [13]:

PI=H–(W+OGKv),
where PI – Pine’s index; H – the length of the body standing 

(cm); W – body weight (kg); OGKv – circumference of the chest 
in the exhalation phase (cm).

Criteria for evaluating Pine’s index: ≤ 10.9 – very solid body 
structure; 11.0–15.9 – solid body structure; 16.0–20.9 – harmonic 
body structure; 21.0–25.9 – average body structure; 26.0–30.9 – 
weak body structure; ≥ 31 – very weak body structure. The Pine’s 
index value ≥ 30 was evaluated as asthenic type of the body 
structure, from 10 to 30, normostenic, and ≤ 10 – hypersthenic.

After evaluating the physical development of all athletes, 
they were divided into groups according to their types of body 
structures, and for each group separately, the level of functional 
state of the cardiovascular system according to the indicator of 
adaptive potential (AP) and by means of functional tests with me-
tered physical activity were determined for each group separately.

Adaptation potential was calculated according to the following 
formula [3,12,20]:

AP=0,011×HR+0,014×SBP+0,008×DBP+0,009×M-
0,009×P+0,014×B-0,273,

where HR is the heart rate (beats / min); B – age (full years); 
SBP and DBP – systolic and diastolic blood pressure (mm Hg); 
M – body weight (kg); P – the length of the body standing (cm).

Attributing athletes to one or another class of functional states 

was performed on the following scale of adaptive potential values 
(in balls): < 2.60 – satisfactory adaptation; 2.60–3.09 – voltage 
of adaptation mechanisms; 3.10–3.59 – poor adaptation; ≥ 3.60 
– breakdown of adaptation.

The assessment of the cardiovascular performance of athletes 
was carried out with the help of Ruffie’s test, which consisted of 
performing metered physical activity. At first, the patient, who 
was in the position lying on the back, was determined by heart 
rate in a state of rest for 15 s. Then he performed 30 sit-ups for 
45 seconds. Immediately after the completion of the load, the 
test subject lay down, and he recalculated the heart rate for the 
first and last 15 with the 1 st minute of the recovery period. The 
results of the loading test were evaluated according to the Ruffie’s 
index (RI), which was calculated according to the formula [5]:

RI=[4×(P1+P2+P3)-200]/10,
where P1 – heart rate for 15 s in the state of functional rest; 

P2 – heart rate for the first 15 s after loading; P3 – heart rate for 
the last 15 with 1 st minute of recovery.

The Ruffie’s index score was measured by the index (condi-
tional units): 0.1–3.0 – good working capacity; 3.1–6.0 – average 
working capacity; 6.1–9.0 – satisfactory performance; 9.1–15.0 
– unsatisfactory working capacity.

To determine the type of hemodynamic response in athletes, a 
test of Letunov with an endurance load (2-minute run in place) was 
used. Athlete after 2–3 minutes of rest was determined pulse and 
arterial pressure in sitting position. Then the subject performed 
the work on «endurance», after which he was sitting in position 
for the first 5 minutes. The recovery was measured by heart rate 
and blood pressure in the following order: for the first 10 sec, the 
heart rate was determined, and the blood pressure was measured 
over the next 50 sec at each minute of recovery [2,13].

Depending on the direction and degree of severity of changes 
in the values of heart rate and BP, distinguish 5 types of reac-
tion of the cardiovascular system to the load [1]: normontonic, 
hypertonic, hypotonic, dystonic, stepwise. In the norm, after 
exercise stress, systolic blood pressure (SBP) rises by 40–60 mm 
Hg, diastolic blood pressure (DBP) decreases by 20–40 mm Hg, 
pulse pressure (PP) increases by 100–120 %, heart rate increases 
by 100–120 %. Restitution is evaluated as satisfactory, if the heart 
rate and blood pressure return to the baseline at the last minute 
of recovery; as good – 1 minute before the end of the recovery 
period, as excellent – 2 minutes before the end of recovery.

The obtained research material was processed by means of 
parametric statistics using the Excel 2007 computer program. The 
following indices were calculated: M – average mathematical, 
± m – error of the average mathematical. The reliability of the 
differences between the dynamic indicators was determined by 
the Student’s t-distribution for the related samples.

Results and their discussion. The nature of the changes in 
the Piney index (PI) for athletes engaged in athletics and sports 
orienteering is shown in Table 1.

Table 1. Dynamics of the Peine Index indexes (units of units) of athletes-orienteers and athletes during one calendaryear (M±m)

Indexes
Durability of body type 2015 2016 t p

Very strong body type (< 10,9) (n=3) 5,7±0,4 5,2±0,5 0,8 >0,05
Strong body type (11,0–15,9) (n=4) 14,3±0,5 13,5±0,6 2,5 >0,05

Harmonious body type (16,0–20,9) (n=5) 20,3±0,5 18,7±1,8 0,7 >0,05
Middle durability body type (21,0–25,9) (n=3) 23,3±1,5 20,3±1,1 2,1 >0,05
Weak durability body type (26,0–30,9) (n=6) 28,7±0,4 23,9±1,7 5,6 <0,05
Very weak durability body type (> 31) (n=8) 36,6±1,7 34,9±0,8 1,5 >0,05
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It was shown that 3 very strong physical developments (PD) 
had 3 teenagers, whose Piney index did not significantly change 
during the year. A solid body structure was observed in 4 athletes, 
whose PI has decreased significantly for the year. A harmonious 
physical development was detected in 5 adolescents. The average 
level of physical developments was determined only in 3 people, 
who showed an annual dynamics in the direction of harmoniza-
tion of the body. The weakness of the physical developments 
is established in 6 adolescents, but a significant decrease in the 
Piney index shows the transformation of their physical develop-
ments to an average level. A very weak physical development was 
observed in 8 athletes, whose Piney index also declined in a year, 
although unreliable. In general, the indicators of the Piney index 
of surveyed athletes revealed a tendency to decrease during the 
year, indicating the harmonizing effect of aerobic stress on the 
physical developments.

By the values of the Pine’s index, the somatotypes of athletes 
(Fig. 1) were determined, among which the normosthenic type 
of body structure (18 persons – 62 %) predominated, 3 athletes 
(10 %) had a hypersensical body structure, and 8 persons (28 %) 
were asthenics. During the year, this distribution has not changed.

Fig. 1. Distribution of athletes-orienteers and athletes accord-
ing to their somatotypes

The predominance of asthenics and normostenics among in-
vestigated athletes can be explained by the fact that these types 
of body structures determine the aerobic type of energy supply 
for athletes-orienteers and athletes [11].

At the next stage of the study, indicators of the adaptive capacity 
of the circulatory system for each group of athletes are calculated, 
depending on their age, sex, athletic qualification and type of 
body structure (Table 2).

It was shown that the average adaptive potential of all the exam-
ined adolescents, who are trained for the development of aerobic 
endurance and the average performance of the adaptive potential 
of athletes of certain groups, corresponded to a satisfactory level, 
which indicates the sufficient and high functional capabilities of 
their body. Among athletes of all ages, the qualitative higher score 
of the adaptive potential was at its lowest value by adolescents 
aged 15–16 years. At the same time, the adaptive potential did not 
find links with the sex and the level of qualification of athletes, as 
indicated by the absence of a difference between the performance 
of boys and girls and between athletes of different levels. Among 
persons with different somatotypes, adaptive potential was higher 
in the normosthenic group. In addition, the adaptive potential of 
13–14 year old athletes and people with asthenic body building 
showed a tendency to improve, as evidenced by a slight decrease in 
the value of the indicator during the year. In the rest of the athletes, 
the adaptive potential rate in the year deteriorated qualitatively, 
that is, the value of the adaptive potential was slightly higher, but 
the dynamic difference in average figures was not statistically sig-
nificant. The most pronounced increase in the size of the adaptive 
potential and, consequently, it’s more severe deterioration during 
the year was observed in the hypertensives, indicating a tendency 
to the possible strain of adaptation mechanisms.

The obtained results are consistent with the data of the litera-
ture [4,14], which testify to the presence of a reliable connection 
between the somatotype and the state of the circulatory apparatus 
and indicate a tendency to reduce the adaptive capacity of the 
cardiovascular system in individuals with a hypersensitive so-
matotype. The manifestation of the tendency to decrease the level 
of adaptive potential during the year, albeit unreliable, may be due 
to the simultaneous increase in total body size and the formation 
of the circulatory system of adolescents whose maturation does 
not have time to increase body mass [16].

Next, the results of the functional test of Ruffie’s (Table 3) were 
analyzed, which examined the performance of the heart muscle of 
athletes, which is the leading indicator of the functional state of 
the organism as a whole and the adaptation of the cardiovascular 
system to physical activity. It was established that the cardiac 
performance of all surveyed athletes corresponded to a satisfactory 
level, but after one year improved to the average level, as indicated 
by a significant decrease in the average index of the Ruffie’s index. 
It was also shown that, among different-age athletes, a higher 
level of cardiovascular performance was reported by adolescents 

Table 2. Indicator dynamics (M ± m) of adaptive potential of athletes-orienteers and athletes during one calendar year
Indexes

Groups 2015 2016 Dynamics t

All sportsmen (n=29) 1,6±0,1 1,7±0,1 +0,1 1,8
11–12 years old (n=12) 1,6±0,1 1,8±0,2 +0,2 1,7
13–14 years old (n=6) 1,7±0,1 1,6±0,1 -0,1 0,7
15–16 years old (n=11) 1,5±0,2 1,7±0,1 +0,2 0,7
Girls (n=15) 1,6±0,1 1,7±0,1 +0,1 1,2
Boys (n=14) 1,6±0,1 1,7±0,1 +0,1 1,6
ІІІ і ІІ youth grades (n=8) 1,6±0,1 1,7±0,1 +0,1 1,2
І youth and ІІ adult grades (n=16) 1,6±0,1 1,7±0,1 +0,1 0,3
І adult grade (n=5) 1,6±0,1 1,7±0,0 +0,1 0,8
Normosthenics (n=18) 1,5±0,1 1,7±0,1 +0,2 1,9
Asthenics (n=8) 1,7±0,1 1,6±0,1 -0,1 0,4
Hypersthenics (n=3) 1,7±0,1 2,0±0,4 +0,3 1,1

 p>0,05
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aged 15–16, with a Ruffie’s index of which corresponded to an 
average level and significantly decreased that is, improved during 
the year. Indicators of Ruffie’s index in adolescents aged 11–12 
and 13–14 corresponded to a satisfactory level of cardiovascular 
performance, but during the year in a group of 11–12 year old 
athletes, these indicators did not go up to a qualitatively higher 
level, although there was some decrease in them, in contrast to 
older people’s Ruffie’s index, in which the index of functional 
capacity of the heart during the year decreased and became con-
sistent with the average level.

The obtained results can be explained by the morphological and 
functional immaturity of the cardiovascular system, as well as the 
incomplete formation of regulatory mechanisms for adaptation 
of the heart and blood vessels in adolescents 11–14 years, as also 
indicated by a number of authors [17,22,24], which indicate that 
the parameters of systemic hemodynamics that provide muscle 
work, are quantitatively smaller in athletes of younger adolescents 
than in older adolescents. Therefore, the circulatory system of 
11–14-year-old athletes responds to the load less economically, 
thereby causing lower adaptive capabilities of their cardiovascular 
system than at the age of 15-16 years.

There was no significant difference between the average indica-
tors of the Ruffie’s index of different-sex athletes and their annual 
dynamics. The efficiency of the heart corresponded to a satisfactory 
level, both for girls and for boys, and improved over the course of 
the year to an average level. The Ruffie’s index of athletes of dif-
ferent qualifications was qualitatively higher in the group of people 
with the first adult grade, but after a year athletes of lower grades 
also significantly improved their result of performing a sample with 
metered physical activity to the average level of cardiovascular 
performance. Among people with different types of body building, 
the highest level of cardiovascular function was found in the normos-
thenic group, which corresponded to the average level of Ruffie’s 
index and during the year it significantly decreased, that is, it became 
qualitatively higher. Athletes with asthenic and hypersensitive type 
of body building had a satisfactory level of myocardial performance. 
In addition, the decrease in their Ruffie’s index indicators during the 
year did not show a true dynamics.

Consequently, the more senior, more qualified and harmoni-
ously compiled were athletes, the lower the value of the index of 
Ruffie’s index, which indicates a higher functional ability of their 
myocardium to withstand short-term intense stress. At the same 
time, the sharpest intergroup difference in the indicators of Ruffie’s 

index was detected among athletes of different discharges, which 
may be due to a stronger relationship of cardiac performance with 
the level of qualification and special training of athletes trained 
in the development of endurance.

To test the assumption that the level of adaptation possibilities 
of cardiovascular system of athletes was determined by the level 
of their qualification, the results of the test of Letutov (endurance 
stage – 2-minute running on site) were analyzed separately for the 
categories of persons having different sports discharges (Fig. 2).

Fig. 2. Hemodynamic indices of athletes-orienteers and athletes 
of different qualifications during the trial of Letunov

While comparing the hemodynamic indices of athletes of dif-
ferent skill levels during the trial of Letutun, it was established 
that the heart rate index of all examined athletes in the state of 
functional rest corresponded to the median age, but the lowest 
heart rate was found in athletes and adult grade, which indicates 
a more pronounced long-term adaptation of the cardiovascular 
system in the group more skilled athletes. During the year, this 
indicator has shifted towards a decrease in all 11–16 year-old 
athletes. The heart rate of athletes in the first minute of the recov-
ery period moderately increased, but athletes from the 3rd and 
1st grade youths had the highest pulse rate. A year later, athletes 
experienced an increase in heart rate after dosage loading, but the 
more skilled athletes, on the contrary, have increased, indicating 
a greater rate of deployment of their urgent adaptive reactions of 
the cardiovascular system. 

Table 3. Indicator dynamics (M±m) of the Rufi index (units of units) of athletes-orienteers and athletes during one calendar year
Indexes

Groups 2015 2016 Dynamics t p

All sportsmen (n=29) 6,6±0,2 5,7±0,3 -0,9 3,8 <0,05
11–12 years old (n=12) 7,7±0,7 6,8±0,8 -0,9 1,4 >0,05
13–14 years old (n=6) 6,1±0,4 5,6±0,3 -0,5 2,5 >0,05
15–16 years old (n=11) 6,0±0,3 4,9±0,7 -1,1 3,7 <0,05

Girls (n=15) 6,8±0,5 5,9±0,4 -0,9 2,1 >0,05
Boys (n=14) 6,6±0,7 5,7±0,5 -0,9 1,9 >0,05

ІІІ і ІІ youth grades (n=8) 7,3±0,5 5,8±0,1 -1,5 3,3 <0,05
І youth and ІІ adult grades (n=16) 6,4±0,3 5,7±0,3 -0,7 2,7 <0,05

І adult grade (n=5) 5,2±0,5 4,2±0,8 -1,0 1,5 >0,05
Normosthenics (n=18) 5,7±0,5 4,7±0,4 -1,0 3,2 <0,05

Asthenics (n=8) 7,3±0,8 6,5±0,6 -0,8 0,9 >0,05
Hypersthenics (n=3) 7,1±0,8 6,6±0,7 -0,5 0,7 >0,05
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Medium-group indices of the systolic blood pressure rest of all 
11–16-year-old athletes fitted in the age range, but at the lower 
limit the systolic blood pressure was attended by athletes with 1 
youth and 2nd adult grades, and at the upper limit of the norm – 
systolic blood pressure of athletes and adult category. During the 
year, this hemodynamic rate increased slightly with more skilled 
athletes, while for persons with the 3rd and 2nd youth grades, 
the systolic blood pressure remained unchanged. Immediately 
after the endurance exercise, the systolic blood pressure were 
moderate and almost uniform (in absolute terms, by about 10 
mm Hg) increased in all investigated athletes, but in percentage 
terms this gain was somewhat lower for athletes and adults. The 
annual dynamics of the growth rate of the systolic blood pres-
sure (%) immediately after the completion of the sample was 
multi-directional, namely, there was no change in athletes of the 
third and the second youth categories, athletes with an I and adult 
grades, the growth rate of sistolic blood pressure increased some-
what, while athletes and youth and II adults discharges increase 
sistolic blood pressure, on the contrary, declined.

The relatively small growth rates of systolic blood pressure 
and heart rate are explained by the fact that the proposed aerobic 
endurance load in this study was habitual for athletes-orienteers 
and athletes and therefore did not cause a more pronounced urgent 
adaptive response.

Diastolic blood pressure rest in athletes of 11–16 years cor-
responded to normal age and during the year it did not change at 
all with people from ІІІ and II youth grades, in contrast to more 
qualified athletes, where this indicator slightly increased during 
the year. Immediately after loading, GAT adequately decreased 
by 10 mm Hg in all investigated athletes, but according to the 
relative indicator, the most significant changes were registered in 
the group of persons having both youthful and second adult grades. 
During the year, the rate of reaction of diastolic blood pressure 
in % of load revealed some negative dynamics in the persons of 
the higher sports levels, in the group of less skilled athletes, this 
indicator was stable.

Pulse pressure athletes in a state of rest were within the limits of 
normative indicators, but more distinct difference between systolic 
blood pressure and diastolic blood pressure had more qualified 
athletes. In addition, in these adolescents, there was a tendency 
to increase the resting distance during the year, while those who 
had the 3rd and 2nd youth grades did not change this indicator. 
At the first minute of recovery, pulse pressure showed moderate 
increases in all 11–16 year-old athletes, but the most pronounced 
changes were observed in less skilled athletes. In this group, the 
rate of growth of pulse pressure during the year has not changed, 
and in the rest of the adolescents, this figure has decreased, with 
a more pronounced negative dynamics in individuals who had 
and adult sports rank.

Indicators for the recovery of hemodynamic parameters in all 
investigated athletes were evaluated as «excellent», but the fastest 
recovery of heart rate and blood pressure was recorded at athletes 
and adult category. That is, it can be assumed that the level of 
adaptation of cardiovascular system to aerobic load in athletes in 
this group is higher than that of athletes of lower levels, due to 
different levels of their special trenirovannosti. This assumption 
is confirmed by the rate of recovery of pulse and blood pressure 
after such a load, executed in a year, namely, in people of higher 
discharges, time indicators significantly decreased, in contrast to 
the restitution of less skilled athletes, which remained stable and 
significantly more during the year.

Consequently, the revealed character of hemodynamic changes 
in orienteering athletes and sportsmen in response to the metered 

physical load corresponded to the normotonic type of reaction of 
the cardiovascular system. The analyzed results of the test with 
endurance stress are consistent with the data of literature [1,6,9], 
which shows that in normal exercise, the cardiovascular system 
reacts with an increase in heart rate and systolic blood pressure 
due to an increase in the strength of cardiac contractions, and a 
decrease in diastolic blood pressure, since decreases peripheral 
resistance arterioles, which provides an increase in the amount 
of blood to working muscles. Correspondingly, pulse pressure 
is increased. All indicators return to the rest level in the normal 
range of 3–5 minutes. Moreover, the higher the adaptance of the 
athlete to a certain load, the faster the heart rate and blood pres-
sure are restored [7].

Conclusions.
1. Athletes-orienteers and athletes had a satisfactory level of 

adaptive potential of the blood circulation system, indicating that 
they had sufficient and high functional capabilities of their body, 
but the hypersteins showed a tendency towards the stress of the 
mechanisms of adaptation of the cardiovascular system.

2. The efficiency of the heart according to the Ruffie’s index 
in the surveyed athletes corresponded to satisfactory and average 
levels and was higher in older, more skilled and harmoniously 
drawn athletes, indicating a higher ability of their cardiac muscle 
to withstand short-term loads of high intensity.

3. All investigated athletes found the normotonic type of 
cardiovascular system reaction on the dosage stress tolerance, 
as evidenced by unidirectional changes in heart rate and systolic 
blood pressure in the direction of their moderate increase, and an 
adequate reduction in the level of diastolic blood pressure during 
the recovery. That is, the adaptation of their circulatory system to 
loads was carried out by increasing pulse pressure with moderate 
increase in heart rate. Complete recovery of hemodynamic param-
eters occurred within 1–2 minutes after the completion of the test.

Prospects for further research may be related to the definition 
of adaptive responses from other visceral systems to athletes of 
strength and aerobic orientation.
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SUMMARY

ADAPTIVE CHANGES OF THE HEMODYNAMICS PA-
RAMETERS IN ATHLETES TRAINING TO DEVELOP 
STABILITY 

1Koziy T., 2Topcii M.

1Kherson State University; 2South Ukrainian National Pedagogi-
cal University named after K.D. Ushinsky, Odessa, Ukraine

The purpose of the study was to identify adaptive changes in 
the parameters of systemic hemodynamics of adolescent athletes 
which train to development of stability during one year. All ath-
letes were divided into groups by age, sex, sports qualification and 
body type. For each group of athletes the indices of the adapta-
tion potential were calculated and the level of cardiac efficiency 
by the Ruthier index and the type of hemodynamic response to 
aerobic load by Letunov test were determined. All the examined 
athletes had a satisfactory level of the adaptive potential of the 
circulatory system, but athletes from the hypersthenic type of 
constitution had large indicators of the adaptive potential, which 
indicated a tendency to strain adaptation mechanisms. Index 
indicators Ruthier corresponded to the average and satisfactory 
levels of efficiency of the heart of athletes. More senior and quali-
fied athletes had a higher level of functional performance of the 
myocardium. In addition, all athletes have identified a normotonic 
type of hemodynamic response to aerobic exercise, as evidenced 
by a moderate increase in the heart rate and systolic blood pres-
sure and an adequate decrease in diastolic pressure immediately 
after the performance of the functional test. Complete recovery 
of hemodynamics occurred during the first two minutes of the 
restitution period.

The revealed adaptive changes in parameters of hemodynamics 
of the athletes in conditions of functional rest and under the influ-
ence of dosed physical activity indicate a high level of functional 
capabilities of their organism.

Keywords: adaptive changes, parameters of hemodynamics, 
athletes, endurance.

РЕЗЮМЕ

АДАПТАЦИОННЫЕ ИЗМЕНЕНИЯ ПАРАМЕТРОВ 
ГЕМОДИНАМИКИ СПОРТСМЕНОВ, КОТОРЫЕ ТРЕ-
НИРУЮТСЯ НА РАЗВИТИЕ ВЫНОСЛИВОСТИ

1Козий Т.П., 2Топчий М.С.

1Херсонский государственный университет; 2Государствен-
ное учреждение «Южноукраинский национальный педагоги-
ческий университет им. К.Д. Ушинского», Одесса, Украина

Целью исследования явилось определение адаптационных 
изменений параметров системной гемодинамики спортсме-
нов подросткового возраста, которые тренируются на разви-
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тие выносливости в течение одного года. Спортсмены были 
разделены на группы с учетом возраста, пола, спортивной 
квалификации и типа телосложения. Для каждой группы 
спортсменов рассчитаны показатели адаптационного по-
тенциала и определен уровень работоспособности сердца по 
индексу Руфье и тип гемодинамической реакции на аэробную 
нагрузку по пробе Летунова. Все обследованные спортсме-
ны имели удовлетворительный уровень адаптационного 
потенциала системы кровообращения, однако спортсмены 
с гиперстеническим типом телосложения имели высокие  
показатели адаптационного потенциала, что указывает на 
тенденцию к напряжению механизмов адаптации. Показатели 
индекса Руфье соответствовали среднему и удовлетвори-
тельному уровням работоспособности сердца спортсменов. 

Старшие и квалифицированные спортсмены имели более 
высокий уровень функциональной производительности 
миокарда. Все спортсмены выявили нормотонический тип 
гемодинамической реакции на аэробную нагрузку, о чем 
свидетельствует умеренное увеличение частоты сердечных 
сокращений и систолического артериального давления и 
адекватное снижение диастолического давления сразу после 
выполнения функциональной пробы. Полное восстановление 
гемодинамики происходило в течение первых двух минут 
периода реституции. Таким образом, выявленные адаптаци-
онные изменения параметров гемодинамики спортсменов в 
условиях функционального покоя и под влиянием дозиро-
ванной физической нагрузки указывают на высокий уровень 
функциональных возможностей их организма. 

reziume

gamZleobis ganviTarebis trenirebiT dakavebuli 
sportsmenebis hemodinamikis parametrebis adaptaciuri cvlilebebi

1t. kozi, 2m. topCi 

1xersonis saxelmwifo universiteti; 
2samxreT ukrainis k. uSinskis sax. erovnuli pedagogiuri universiteti, odesa, ukraina

kvlevis mizans warmoadgenda sistemuri hemo-
dinamikis adaptaciuri SesaZleblobebis Sefaseba 
mozardi asakis sportsmenebSi, romlebic erTi 
wlis ganmavlobaSi varjiSobdnen gamZleobis 
ganviTarebaze. 
asakis, sqesis, sportuli kvalifikaciis da 

sxeulis aRnagobis tipis mixedviT sportsmenebi 
dayofili iyo jgufebad. TiToeuli jgufisaTvis 
xdeboda adaptaciuri potencialis maCveneblebis 
gamoTvala; rufies indeqsiT  ganisazRvra  gulis 
Sromisunarianobis done,  letunovis sinjiT ki 
– hemodinamikuri reaqciis tipi aerobul dat-
virTvaze. yvela gamokvleul sportsmens hqonda 
sisxlis mimoqcevis sistemis adaptaciuri poten-
cialis damakmayofilebeli done,  sportsmenebs 
sxeulis hipersTeniuli tipiT aReniSnaT adap-
taciuri potencialis ufro maRali maCveneblebi, 
rac miuTiTebs adaptaciuri meqanizmebis daZabvis 

tendenciaze. rufies indeqsis maCveneblebi Seesaba-
meboda sportsmenTa gulis Sromisunarianobis 
saSualo da damakmayofilebel dones. asakiT 
ufros da ufro kvalificiur sportsmenebs hqon-
daT miokardiumis  funqciuri warmadobis ufro 
maRali done. yvela sportsmeni xasiaTdeboda 
hemodinamikuri reaqciis normotonuli tipiT 
aerobul datvirTvaze, razec miuTiTebs  gulis 
cemis sixSiris, sistoluri arteriuli wnevis zo-
mieri mateba da diastoluri arteriuli wnevis 
adekvaturi Semcireba funqciuri sinjis das-
rulebisTanave. hemodinamika srulad aRdgeboda 
restituciis periodis pirveli ori wuTis gan-
mavlobaSi. amrigad,  sportsmenebis hemodinamikis 
parametrebis adaptaciuri cvlilebebi funqciuri 
mosvenebis da dozirebuli fizikuri datvirTvis  
pirobebSi miuTiTebs maTi organizmis funqciuri 
SesaZleblobebis maRal doneze.
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Neurodevelopmental disorders are disabilities that are asso-
ciated with the functioning of the brain and cause impairment 
in learning, language, or behavior areas. Neurodevelopmental 
disorders in children include attention-deficit/hyperactivity dis-
order (ADHD), autism, learning disabilities, mental retardation, 
impairments in vision and hearing etc. Among these conditions, 
ADHD and learning disabilities had the greatest prevalence [12]. 
The incidence of ADHD among the school age children is about 

6-10% and persists into adulthood in about 30–50% of cases [11]. 
The prevalence of specific learning disorders across the academic 
domains of reading, writing and mathematics is 5%-15% among 
school age children across different languages and cultures (DSM 
V, The Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM-5); the 2013 update to the American Psychi-
atric Association’s (APA) classification and diagnostic tool). The 
exact statistics for those conditions in Georgian population is not 


