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CORRECTION OF PHYSICAL FITNESS OF SENIOR
SCHOOL STUDENTS LIVING IN RADIATION ENVIRONMENT

The deterioration of environmental living conditions has actualized the problem of preserving and strengthening
the health of people. The research aims to study the adaptation capabilities of motor activity of senior school students
living under conditions of radioecological factors’ influence depending on the level of their physical activity, as well as
to study possibilities of their correction by means of health improving physical education. According to the research
results, it has been found that increased motor activity does not always have a positive impact of physical fitness. Not
only low but also the increased physical activity is not adequate for a senior school student’s body. It promotes stress
adaptation mechanisms and functional capabilities reduction. The carried out monitoring detected that only senior
school students having average and above average levels of motor activity have got satisfactory degree of adaptation.
When planning and arranging physical education lessons at school, one should take into account the current status of
students and individual adaptation characteristics to physical exercises. It allows implementing health improving effect
of the lessons as efficiently as possible. The use of health improving physical education means at the lessons of physical
training for senior school students allowed forming a high level of adaptation capabilities and increasing non-specific
body resistance. As a result, it helps to reduce the negative influence of adverse radiation ecological factors.

Keywords: adaptation capabilities, senior school students, adverse radiation ecological conditions, health-
improving physical culture.

Introduction

More than 30 years have already passed from April
26, 1986, since the tragic day of the Chernobyl nuclear
power plant accident, more than one generation of chil-
dren have been raised, though despite this fact, the issue
of unfavorable radiation situation is still relevant for a
number of regions in Belarus, Ukraine, and Russia. This
necessitates the search for effective means of preserving
and strengthening the health of people living in such eco-
logical conditions. And this is of the greatest importance
for children and adolescents who determine the future of
each nation.
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It should be emphasized that not only radiation is an
environmental factor that can worsen the level of people’s
health. Each region has its own socio-economic condi-
tions, forming its own set of environmental factors that
cause a decrease in people’s adaptive capacity and in-
crease in diseases incidence (Kaznacheev, et al., 1980;
Blair, Brodney, 1999). In addition, for school-age chil-
dren, studying is also a factor that provokes health deteri-
oration. Constant “improvement” of the educational pro-
cess, intensification of learning through the use of various
innovative pedagogical technologies — all of these do not
contribute to strengthening and improving the health of
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the younger generation (Mikheienko, 2013; Polka, Kali-
nichenko, 2015, et. al.).

The conducted studies prove that physical exercises
are one of the most comprehensible and effective means
of increasing the adaptive capacity of various ages,
strengthening health and increasing physical well-being
(Artemenkov, 2015; Veselovskaya et al., 2018; Prusik et
al., 2014; Rich, 1991; Wilmore, Costill, 2004). The issue
of greater effectiveness of cyclic (aerobic and anaerobic)
or acyclic (athletic, gymnastic, fitness) exercises, the
degree of their physical and biological (physiological)
effects has been discussed for years (Platonov, 2002;
Smirnov, Dubrovsky, 2002; Wilmore, Costill 2004,
Blaak, 2010; Samuellsson, 2008).

Aim and Tasks

The paper aims to examine adaptive capabilities of
senior school students living in unfavorable radiation
conditions, and the possibility of their improvement by
means of recreational physical culture. At the same time,
the following research tasks are set: to review this issue in
the states with the greatest consequences of the Chernobyl
accident (radioactive contamination); to examine the level
of functional abilities of senior school students living in
radiation conditions; to develop and test methods of cor-
recting physical fitness of senior school students living in
radiation conditions.

Research Methods

At the first stage of the study, we examined the dy-
namics of the adaptive capacity of the circulatory system
(AC) in senior school students in Gomel. A total of 231
senior school students from Gomel took part in the study,
who, according to the results of the data analysis, were
divided into 4 groups, depending on the level of their
motor activity. The first group, with the motor activity
below the average level, included the students of the spe-
cial medical group, who were engaged in special pro-
grams at school. The second group (with average motor
activity) included schoolchildren of the main medical
group engaged 3 times a week in physical education clas-
ses at school. The third group consisted of the students of
the main medical group with motor activity above aver-
age, who, besides classes 3 times a week in physical edu-
cation classes at school, attended various sports sec-
tions/clubs. The fourth group (with a high level of motor
activity) included students of the main medical group
engaged 3 times a week in physical culture lessons at
school, as well as regularly attending sports sections tak-
ing part in competitions and having sports categories
(first-class and second-class sportsmen).

In order to assess the adaptive capabilities of the re-
spondents, we calculated the adaptation capacity accord-
ing to the formula of R.M. Baevsky (Baevsky, Berseneva,
1987): AC=0.011 x HR + 0.014 x SBP + 0.008 x ADD
+0.014 x A +0.009 x BW - 0.009 x H - 0.27, where such
parameters are used: HR — heart rate (bpm), SBP — systol-
ic blood pressure (mmHg), DBP — diastolic blood pres-
sure (mmHg), A — age (full years), BW — body weight
(kg), P — height (cm).
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According to the recommended scale for assessing
physical fitness, adaptation is considered to be satisfacto-
ry at threshold values of AC of not more than 2.1 points;
the tension of adaptation mechanisms is diagnosed with
AC from 2.11 to 3.2 points; unsatisfactory adaptation is
considered at 3.21-4.3 points; and with AC more than
4.31 points, the adaptation failure is noted. An analysis of
the informative value and popular normative scales of this
criterion was made by A.l. Bosenko and co-authors, and it
was suggested that it was not sufficiently developed in the
age and sex aspects (Bosenko et al., 2017).

The assessment of the adaptive capacity of the senior
school students was carried out at the end of each aca-
demic term, four times a year.

The pedagogical experiment was carried out on the
basis of secondary schools No. 51 and No. 11 in Gomel.
98 school students of 11 grades took part in it. They were
divided into 2 groups: 1 group - control (26 boys and 24
girls) and experimental (22 boys and 26 girls). All stu-
dents were assigned to the main medical group and did
not have any abnormalities in their health status.

The experimental technique was based on the opti-
mal combination of the basic (including compulsory theo-
retical knowledge and necessary motor skills) and varia-
tion (which presupposes the use of developed health aero-
bics complexes aimed not only at improving the level of
physical fitness of senior school students, but and also the
improvement of their functional state, the increase of their
adaptive reserves) components in the structure of the
lesson.

The variation component was based on the devel-
oped scheme for distributing the training material for
classes in basic and step aerobics, using its new direc-
tions: funk aerobics (performing free dance movements in
the “hip-hop” style), pump aerobics (power aerobics using
hand weights and rubber expanders), tae-bo (aerobics
with elements of oriental martial arts — wushu,
taekwondo, kickboxing) and aeroboxing (aerobics using
the elements of boxing and karate).

In order to assess the adaptive capabilities of the sen-
ior school students, in addition to the adaptive capacity of
the circulatory system, we calculated the endurance coef-
ficient (EC) and basal metabolism index (BM).

The effectiveness of the cardiovascular system func-
tioning was examined by the value of the endurance fac-
tor, which was calculated according to the Kvas formula
(Kaznacheev et al., 1980): EF = heart rate x 10 / (SBP-
DBP), combines heart rate, SBP and DBP. Normally, EF
= 12 16 relative units, its increase indicates a decrease in
the activity of the cardiovascular system; its decrease
shows its intensification; decrease of EF below 12 units
indicates its significant fatigue.

To estimate the intensity of metabolism and energy
in the body, we used the basal metabolism index, calcu-
lated according to the Reed formula (Smirnov, Dubrov-
sky, 2002): the percentage of deviation of BM = 0.75 x
(HR + PP x 0.74) - 72, where HR is heart rate (bpm), PP -
pulse pressure (mmHg) and 0.75; 0.74; 72 are constants.
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When processing the data obtained, the methods of
mathematical statistics were used (Glantz, 1998; Ivanov,
1990). The results obtained during the study were pro-
cessed on a personal computer using the STATISTICA
software package. We examined the arithmetic mean (X)
and the standard deviation (c). The reliability of the dif-
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ferences between the mean values was determined by
Student’s t-test. The reliability was considered to be sig-
nificant at P <0.05.

Research Results

The received results are presented in figure 1.
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Fig. 1. Dynamics of Adaptation Capacity of the Respondents Living in
Unfavorable Radiation Conditions, with Various Level of Physical Activity, Scores

The obtained data review made it possible to reveal a
number of regularities. Thus, for the respondents belonging
to the groups with an average and above average motor
activity levels, the parameters of the adaptation capacity
throughout the year fluctuate in a very small range (from
2.01+0.19 points in the first academic term to 2.10+0.20
points in the fourth term, and from 1.83+0.18 points to
1.9840.18 points, respectively). At the same time, in the
senior school students belonging to the group with a level of
motor activity below the average, a stable tendency to an
increase in the indicator was revealed throughout the school
year (from 2.15 + 0.13 points in the first term to 2.96 +0.10
points in the fourth term), the statistical significance of the
differences was t = 4.94, p <0.001.

Similar dynamics could be observed in the respond-
ents with a high level of motor activity involved in sports
(qualified sportsmen). The average group value of the
indicator, even in the first term, being already high
(2.5440.11 points), increased even further (up to
3.04+0.14 points) by the end of the academic year, the
statistical significance of the differences in this case is t =
2.81, p <0.01. In our opinion, significant training loads in
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combination with intense studying cause tension of adap-
tation mechanisms and do not contribute to its adequate
formation. This fact is also noted in a number of other
studies (Milyutin et al, 2012; Poborsky, 1997,
Shaykhelislamova, et al., 2013).

Based on the obtained results, an experimental meth-
od for physical education of senior school students living
in unfavorable radiation conditions was designed. The
experimental technique was based on the optimal combi-
nation of the basic (including compulsory theoretical
knowledge and necessary motor skills) and variation
(which presupposes the use of developed health aerobics
complexes aimed not only at improving the level of phys-
ical fitness of senior school students, but and also the
improvement of their functional state, the increase of their
adaptive reserves) components in the structure of the
lesson.

The data analysis before and after its implementation
helped to prove the efficiency of the suggested technique
(Table 1).
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Table 1.

Dynamics of Adaptation Capacity of Senior School Students Living in Unfavorable Radiation Conditions (X+o)

No Indices Grouns Academic year
P 1st term 2" term 3 term 4" term
Boys
. _ CG 2.05£0.11 | 2.07+0.10 | 2.10£0.11 | 2.17+0.12
Circulation system
1 |adaptation capacity, |[EG 2.04+0.09 1.99+0.11 1.9440.10 1.90+0.11
points Reliability of results (t / p) 0.25/>0.05 | 1.89/>0.05 | 3.80/<0.01 | 5.87 / <0.01
Endurance cosfficient. |CC 18.37£1.25 | 18.54+1.34 | 18.42+1.47 | 18.60+1.58
2 | relative units '[EG 18.60£1.54 | 17.55+1.48 | 16.34=1.53 | 15.45+1.67
Reliability of results (t/ p) 0.40/>0.05 | 1.74/>0.05 | 3.46 / <0.01 | 4.83/<0.01
CG 11.12£2.14 | 11.31£2.17 | 11.57£2.34 | 11.82+2.47
3 Paga' y metabolism - 11.8622.19 | 9274241 | 6.1242.39 | 3.42+2.59
Inaex, %o
Reliability of results (t / p) 0.85/>0.05 | 2.22/<0.05 | 5.75/<0.01 | 8.28/<0.01
Girls
. . CG 2.18+0.10 | 220+0.09 | 2.22+0.10 | 2.21+0.12
Circulation system
1 |adaptation  capacity, | EG 2.21£0.13 | 2.10£0.11 | 2.03+0.13 | 1.95+0.14
points —
Reliability of results (t/ p) 0.64/>0.05 | 2.45/<0.05 | 4.04/<0.01 | 4.89/<0.01
Endurance  coefficient. |CC 22.43+1.34 | 21.07+1.47 | 20.26+1.42 | 18.83+1.54
2 | iative units '[EG 22.70+1.42 [ 20.31+1.45 | 18.39£1.48 | 15.77+1.43
Reliability of results (t/ p) 0.47 />0.05 | 1.26/>0.05 | 3.15/<0.01 | 5.01/<0.01
cG 10.78+2.15 | 11.24+2.18 | 11.95£2.26 | 12.61+2.21
3 _baja' y metabolism = 11534221 | 10.1742.24 | 8.0642.27 | 6.23+2.32
Index, %
Reliability of results (t / p) 0.84/>0.05 | 1.18/>0.05 | 3.86/<0.01 | 6.88/<0.01

Thus, according to the results of the adaptation ca-
pacity index, the boys of the control group experienced
stable deterioration of reserve capacities and adaptation
voltage throughout the school year (2.05 £ 0.11, 2.07 +
0.10,2.10 £0.11 and 2.17 + 0.12 points in the 1%, 2", 319,
and 4" terms, respectively).

At the same time, in the experimental group, this in-
dicator was getting improved with each term from 2.04 +
0.09 to 1.90 + 0.11, respectively. An analysis of the ob-
tained data revealed that if in the 1% and 2" quarters the
parameters of the two groups did not have statistically
significant differences, starting from the third quarter the
reliability of the differences at p <0.001 was noted.

In addition, the mean group result of the adaptation ca-
pacity of the boys in the control group (2.17 £ 0.12 points)
found on the basis of the fourth term is estimated as the
tension of the adaptation mechanisms (with a satisfactory
adaptation threshold value of not more than 2.10 points).

A similar trend was also found in the girls. The indica-
tor of the adaptive capacity in the senior students of the con-
trol group gets worsened with each term during the academic
year, and physical exercises performed by the girls of the
experimental group improved this indicator from 2.21 + 0.13
points in the 1% term to 1.95 + 0.14 points in the 4™ term.

At the same time, the mean group values of the indi-
cator of the adaptation capacity shifted from the tension
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of the adaptation mechanisms (threshold values 2.11-3.20
points) to the state of satisfactory adaptation (the thresh-
old value is not more than 2.10 points).

The reliability of the differences between the groups
was as follows: in the 1 term, t = 0.64, p> 0.05; in the 2"
one - t = 2.45, p <0.05; in the 3" one - t = 4.04, p <0.001
and in the 4" one - t = 4.89, p <0.001.

The value of the endurance coefficient as an integral
value that combines the heart rate, systolic and diastolic
pressure, determines the effectiveness of the cardiovascu-
lar system. If the normal endurance coefficient is 16, then
its increase indicates a weakening of the cardiovascular
system, while a decrease — its strengthening.

According to the results of the pedagogical experi-
ment, it was found that in the senior students of the con-
trol group the index of endurance coefficient during the
academic year was almost at the same level (18.37 £ 1.25
- 18.60 = 1.58 conventional units). During the year, the
boys of the experimental group had positive dynamics
from 18.60 + 1.54 to 15.45 + 1.67 conv. units, indicating
an increase in the wellness of the cardiovascular system.
Beginning with the third term, a significant difference
was observed between the parameters of the control and
experimental groups of the respondents (t = 3.46, p <0.01
in the third term and t = 4.83, p <0.001 in the fourth
term).
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In the girls of the control group, the index of endur-
ance during the year tended to improve (22.43 + 1.34
units in the first term - 18.83 + 1.54 units in the fourth
term, respectively), remaining at the level above the line.
The training effect of physical education lessons at school
was more pronounced in the girls of the experimental
group, where this indicator during the year decreased
from 22.70 £ 1.42 to 15.77 = 1.43 conv. units. The relia-
bility of differences between the groups during the school
year was as follows: in the 1% term, t = 0.47, p> 0.05; in
the 2" term, - t = 1.26, p> 0.05; in the 3" one, - t = 3,15, p
<0,01 and in the 4" one - t = 5,01, p <0.001.

Since the values of the endurance coefficient (EC) are
normally 12-16 conv. units, then the shift above the line
indicates a decrease in the activity of the cardiovascular
system, and below — its fatigue. Therefore, in the students of
the control group, there is a weakening of the activity of the
cardiovascular system, which cannot be corrected by the
physical loads used during the school year.

The index of basal metabolism is one of the indicators
of the intensity of metabolism and energy in the body and is
expressed by the amount of energy necessary to maintain life
in a state of complete physical and mental rest, on an empty
stomach, in conditions of thermal comfort.

As our studies have shown, in the boys of the control
group, the percentage of the deviation of basal metabo-
lism during the school year tends to slightly increase with
each term from 11.12 +2.14% to 11.82 + 2.47%, while in
in the experimental group, this indicator significantly
decreased from 11.86 £ 2.19% in the 1% term to 3.42 +
2.59% in the 4" term. The reliability of the difference
between the groups was t = 0.85, p> 0.05; t = 2.22, p
<0.05; t=5.75, p <0.001 and t = 8.28, p <0.001 in the 1%,
2n 31 and 4™ terms, respectively.

In the girls of the control group, this indicator also
tended to increase during the academic year (10.78 +
2.15% in the 1% term, 11.24 + 2.18% in the 2™ term,
11.95 £ 2.26% in the 3™ term, and 12.61 + 2.21% in the
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KOPEKLIS ®I3UYHOI'O CTAHY CTAPIIOKJIACHHUKIB,
AKI MIPOXXNUBAIOTH B EKOPAIIAHIOHHUX YMOBAX
[oripimenHs eKoNOTiYHUX YMOB CEPEIOBHINA TPOKMBAHHS aKTyali3yBalo MpodieMy 30epekeHHs 1 3MIIHEHHS 3710-
poB’st moyie. HaiiOinblie 3Ha4eHHs 1ie Ma€e Jyisl AiTel 1 MUIITKIB, sIKi CKJIAAl0Th IIEPCIIEKTHBHE MaOyTHE KOXHOI Hallii.
MeToro Hocni/DKEHHS € BUBYCHHS a/lanTalliiHIX MOKIIMBOCTEH B 3aJIE)KHOCTI BiJl piBHS PyX0OBOi aKTHBHOCTI CTapIIOKIJIACHHU-
KiB, SIKi TIPO’KMBAIOTh B YMOBax BIUTMBY HECHPHSTIMBHX panioekonoriqﬁnx YMHHUKIB, 8 TAKOXK MOXIIUBOCTI 1X Kopelcui'l' 3
BUKOPHCTAHHSM 3aco0iB 03710pOBYOL ¢iznaHOT KysbTypH. PesymbTaru JIOCTI/PKEHHS CBiT4ath, 10 03710pOBYHI e(beKT mia-
BHIIECHOT PyXOBOT aKTUBHOCTI HE 3aBX/I1 € MO3UTUBHHM 1 3aJICKUTh BiJl Oarathox (akropiB. He TiIbKU HU3bKI, ane 1 miIBu-
1ieHi (i3UdHI HABaHTKEHHS HE € aJICKBaTHUMU I OPTaHi3My CTapIIOKIACHHKIB, CIPUSIIOYN HANPY)KEHHIO aanTaIlifHuX
MEXaHi3MIB 1 3HIKEHHIO (DYHKIIIOHAIBHUX MOXIIMBOCTEH. [IpoBeeHNiT MOHITOPUHT BUSIBUB 33JI0BUIbHY CTYITIHb aJanTaii
JIMIIIE Y CTApIIOKIACHUKIB 13 CEPEIHIM 1 BHIIE CEPEAHBOTO PIBHSAMH PyXOBOi aKTUBHOCTI. Pa3oM 3 THM y HIKOJISIPIB y Tpymi 3
PYXOBOIO aKTHBHICTIO HM)KYE CEPEIHBOIO BIJ[3HAYAETHCSI HANPYTa MEXaHI3MIB aJianTailii, a B y4HIB CTApIINX KJIACIB 3 BHCO-
KOO PYXOBOIO aKTHBHICTIO BHSIBJICHO HE3aJJOBUIbHMI piBeHb amanTarii. [IpoBeneHuii negaroridHuii eKCepuMeHT MOKa3aB,
IO palioOHaJIbHO OPraHi30BaHi 3aHATTSA (HI3MYHUMH BIPABaMH Y 3arajbHOOCBITHIN IIKOJI € JI€BMM 3aCOO0M ITiBHIIICHHS
aJlanTamifHIX MOXKJIMBOCTEH OpraHi3My y9HIB 1 IPO(UIAKTHKN 3aXBOPIOBaHb. Y TOH K€ Yac Ipy IUIaHyBaHHI Ta OpraHizamii
YPOKIB 3 (i3WM9HOI KYIBTYPH B IIKOJI CJIiJ] YpaxOBYBaTH MOTOYHMI CTaH IIKOJBIPIB Ta iHAWBITyaIbHI OCOOIMBOCTI aganTarii
70 (i3MYHUX HaBaHTaXXEHb, 1110 JJO3BOJIMTh MAKCUMAJIBHO €(DEKTHBHO pEalli30BYyBaTH 03J0pOBUM edeKT 3aHATh. Bukopuc-
TaHHS 03I0POBYHX 3aC00IB (PI3UYHOI KyJIBTYpH IJISI YYHIB CTAPIIHX KIIACIB JO3BOIMIO COPMYBATH BUCOKHI PiBEHB ajarTa-
LIHHAX MOXKIMBOCTEH 1 MIZABUIMTH HeCHElM(IYHY PE3UCTEHTHICTh OpraHi3My, LIO, SIK HACHTIJIOK, CIIPUSITHME 3HMKCHHIO
HETaTUBHOTO BIUIMBY HECTIPUATIIMBHUX €KOpPaIiallioHHNX (paKTopiB.
Kniwouoei cnosa: ananrauiiHi MOXXJIMBOCTI, yYHI CTapIIMX KJIAaciB, HECIIPUATIIMBI €KOpadiallioHHI YMOBH, 03[J0POB-
4a (pi3muHa KyJIbTYypa.
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