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Physiological assessment of adaptive reactions of organism
among gifted schoolchildren

The article gives a physiological assessment of adaptive reactions of organism among gifted schoolchildren.
An increase in growth was observed both among boys and girls. Simultaneously with the increase, the body
weight of adolescents also increases. Muscle strength intensively increases in adolescence. The schoolchil-
dren had significant differences in the level of functional state of the central nervous system. Differences in
the level of functional tension of the central nervous system and mental performance are noted among gifted
schoolchildren, depending on age and sex. Education of the schoolboys changed organisms’ functional condi-
tion and nervous — emotional activity, appreciable exhaustion of the pupils, progressive decrease of service-
ability, cordial — vessel system and central nervous system, energy provisional system in the intensification
educational process conditions. The badly ecological situation has an negative effect for physiological param-
eters and «quality» of health of the living children's population, that in a consequence will be reflected in his
serviceability and illness.

Keywords: adolescent, age, reaction, organism, process, central nervous system, cardiovascular system,
Ruffier index, muscle strength, working capacity, adaptation.

Adolescence is a natural stage in the development of organism, but at the same time, it sharply differs
from all other stages of a person's lifewith its uniqueness and pace. During this period, rapid restructuring
takes place in the activity of all the physiological systems of the body. From the physiological point of view,
the adolescent period is characterized by an increase in the intensity of growth, increased metabolism, in-
creased oxygen consumption, a sharp increase in the activity of the endocrine glands, active assimilatory
processes, pronounced endocrine shifts, processes of morphological and functional differentiation of the
brain and internal organs. A person never grows as intensely as during adolescence, except for the first two
years of his life [1, 2].

In functional terms, the body is extremely unstable and prone to diseases and frustrations. The cardio-
vascular systemundergoes significant changes. The stimulating effect on heart growth is exerted by endo-
crine glands whose activity is sharply activated [3].

Respiratory organs intensively develop during adolescence. The vital capacity of the lungs significantly
increases [4]. Breathing becomes less frequent and deeper. The chest and respiratory muscles develop inten-
sively; along with this the rate of their development is most intense during puberty. The type of breathing is
finally formed in adolescence.

Thus, the body of adolescents on a number of parameters is approaching the level of adults, but the pe-
culiarity of this age, consisting in the relative weakness of the cerebral cortex, the imperfections of the nerv-
ous and humoral regulation, the mobility and instability of the regulation of the autonomic nervous system,
disharmony in the rate of growth of the heart, blood vessels and the body determines the increased sensitivity
of their organism to various influences [4].

The introduction of innovative methods into the process should promote the development of children,
training their body and adapting it to mental and physical stress [4, 5]. The improvement of education must
follow the path that fosters the formation of child's personality, capable of effective adaptation in changing
conditions.

Materials and methods of research

The research was carried out on the basis of the school for gifted children «Daryn» affiliated with the
Karaganda State University named after Ye.A. Buketov. The object of the study is pupils of grades 8—11. All
schoolchildren were also divided into age periods: 14—15 years (pubertal) and 16—17 years (post-pubertal).

Anthropometric studies included: measuring the main indicators of the physical development of
schoolchildren: length, body weight, chest circumference, their centile evaluation were determined; the study
of individual psychological traits of personality according to the method of G.D. Eysenck, definition of per-
sonal anxiety; pulse rate measurement before and after the dosed load, calculation of the Ruffier index, sys-
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tolic (SBP) and diastolic (DBP) blood pressure; mathematical analysis of the heart rhythm according to
R.M. Baevskiy. Physiological studies included: measurement of the indices of functional state of the central
nervous system (simple and complex AMR, VMR, Anfimov table), subjective assessment of state of health,
activity and mood (SAM). To characterize the degree of tension of individual links of the system of neuro-
humoral regulation in the whole organism, the method of mathematical analysis of the heart rhythm (SR) for
RM Baevsky was used.Analysis of vegetovascular reaction is a method to assess the state of regulation
mechanisms of physiological functions in the human and animal organism, in particular, the overall activity
of regulatory mechanisms, neurohumonal regulation of the heart, the relationship between sympathetic and
parasympathetic parts of the autonomic nervous system.

Research results

As the results of the comparative analysis showed, the schoolchildren had significant differences in the
level of functional state of central nervous system in the studied age periods.

Pronounced sexual and age features were noted from the point of view of sensorimotor reactions
(Fig. 1). Thus, the boys in the first age period (14—15 years) showed higher values of VMR and AMR in
comparison with the second age period (16—17 years). In the first age period VMR and AMR among boys
were averaged 254.8 £ 12.5 and 231.0 £ 10.6 msec, and in the second period there was a significant decrease
of 227.0 £ 4.4 and 210.3 £+ 3.9 msec, respectively (p <0.05). Significant differences among girls were noted
only in the time of AMR (in the first age group of AMR — 248.9+ 7.7 msec, in the second —
229.9 + 6.6 msec, p<0.05), significant difference in VMR was noted.
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Figure 1. Level of sensorimotor reactions of schoolchildren depending on age periods

If we take into account the fact that the reaction time depends on many external and internal causes and
reflects the course of many processes in the central nervous system, the observed changes in the magnitude
of the reaction time correspond to the overall effect of interaction of the main processes in the central nerv-
ous system, namely, the inhibitory processes were dominated over excitation among the schoolchildren of
the first age group. The direction of the general equilibrium shift between these processes, as well as the abil-
ity to focus attention to a certain extent, depends on the workload and the degree of fatigue. Consequently,
the mental load in the first age group is higher than in the second, and these processes were more pronounced
among boys than among the girls.

Evaluation of the effectiveness of attention process with the help of correcting tables of Anfimov
showed the presence of significant differences in mental performance among girls (Fig. 2).

Its lower values were noted in the first age period — the number of scanned and found figures (in the
first group, 374.7 £ 10.4 and 36.9 + 1.06 figures, respectively, in the second group — 429.4 + 16.5 and
42.0 £ 1.69 figures, (p <0.05, Fig. 2.). An additional confirmation is the attention index, in the first age group
this indicator had also reliably low values (23.4 + 0.65 units) in comparison with the second (26.8 +0.73
units, Table 1, p <0.05).
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Figure 2. The level of indicators of mental performance among schoolchildren, depending on age

Table 1

The level of functional status of the central nervous system among gifted schoolchildren in different age periods

Indices Boys Girls
14-15 aged 1617 aged 14-15 aged 1617 aged
n=145 n=144 n=143 n=141
Amount of reviewed values 374.8 £28.2 384.5+12.4 3747+ 10.4 4294+ 16.5*
Amount of found values 36.5+2.59 36.5+1.12 36.9 + 1.06 42.0 + 1.69*
Amount of mistakes 2.60 +0.91 2.84+0.49 1.45+0.30 1.91+0.32
Index of attention 23.4+1.76 24,0 +0.78 23.4+0.65 26.8 +0.73*

Note. * — Differences are significant (p<0.05).

Thus, the obtained results indicate that the gifted students have differences in the level of functional
tension of the central nervous system and mental capacity for work, depending on age and sex. Moreover,
boys in the 14-15 age group had a higher level of functional tension of the central nervous system, while
girls of the same age period had low values of mental capacity for work.

The level of state of health, activity and mood among gifted schoolchildren did not have significant dif-
ferences depending on age (Table 2).

Table 2
Level of reactive anxiety and SAM indicators among gifted schoolchildren in different age periods
Indices Boys Girls
1415 aged 16-17 aged 1415 aged 16-17 aged
n=145 n=144 n=143 n=141
State of health 5.22+0.36 546 +0.14 520+0.18 532+0.14
Activity 4.75+0.30 491 +0.15 4.40+0.22 4.75+0.16
Mood 5.72+£0.21 5.74+0.12 5.55+0.17 5.64+0.15

Low mental performance was accompanied by the high values of reactive anxiety level — 39.8 +2.32
units among girls of the first age group, while in the second age group — 34.8 + 1.73 units (p<0.05, Fig. 3).
There were no significant differences in the level of reactive anxiety among the boys.
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Figure 3. Level of reactive anxiety among gifted schoolchildren in different age periods

On the part of indicators that characterize the level of functional state of the cardiovascular system,
there are no significant differences depending on age, except for the pulse rate among girls (Table 3). For
example, in the first age group, the heart rate averaged 84.6 + 1.74 beats per minute, while in the second,
80.2 £ 1.66 beats/min (p<0.05).

Table 3
The level of functional state of the cardiovascular system among gifted schoolchildren in different age periods

Indices Boys Girls
14-15 aged 16-17 aged 14-15 aged 16-17 aged
n=145 n=144 n=143 n=141
SBP 109.6 2.2 111.9+1.5 105.7+ 1.8 109.1+2.1
DBP 71.2 +£2.05 724+1.15 67.3+1.52 68.1 £1.35
Pulse rate 82.5+4.09 79.2+1.70 84.6+1.74 80.2 + 1.66*
Ruffier index 6.75+0.61 6.59 +0.26 8.63+0.39 7.52 £0.35*%

Note. * — Differences are significant (p<0.05).

An evaluation of the intensity of labor according to the pulse rate among schoolgirls of the first age
group showed that it corresponded to the level of «satisfactory», while among schoolgirls of the second age
group the tension corresponded to the level of «good». Among boys, the intensity of labor according by the
pulse rate, according to the quantitative gradation, corresponded to the levels as among the girls, although the
quantitative values of the state of emergency did not have such pronounced differences.

This is also confirmed by the results of assessment of the functional capabilities of organism among
schoolchildren, depending on the age boundaries. As can be seen from Figure 4, the response to the meas-
ured physical load among girls of the first age group is higher than in the second group. The values of the
pulse rate here were higher at all stages of the sample. So, if the initial pulse rate among girls of the first age
group is averaged 84.6 £ 1.74 beats per minute, in the second group — 80.2 £ 1.66 beats/min (p<0.05), after
the emergency load in the first group it increased to 137.7 + 2.4 bpm, while in the second group it increased
to 129.3 £ 2.6 bpm (p<0.05).

Comparison of the average values of the Ruffier index for boys of both age groups, the range of its var-
iability are in the range of satisfactory performance (with the criteria for satisfactory performance of 6—8
standard units, the Ruffier index was in the range of 6.59 %+ 6.75 units) [6]. The level of working capacity
among the girls of the first age group was inadequate (i.e., more than 8 standard units), among girls of the
second age group — satisfactory (Table 3).
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Figure 4. Dynamics of the pulse rate during the exercise test

As the analysis of the regulatory mechanisms of cardiac activity on the basis of mathematical parame-
ters of heart rhythm showed, girls of the first age group have higher reaction intensity, and as a result, the
«physiological value» of the work is higher (Table 4). The boys did not have significant differences. The
higher tension of regulating systems of organism is shown by higher values of A Moreflecting the mobilizing
effect of centralization of cardiac rhythm control, the conditional index of the activity of sympathetic link of
regulation. The average AMO among girls of the first age group was 49.6 £ 3.40 %, while in the second
group it was 41.7 + 2.81 % (p <0.05, Table 4).

Table 4
Level of heart rate variability among gifted schoolchildren in different age periods
Indices Boys Girls
14-15 aged 16-17 aged 14-15 aged 16-17 aged
n=145 n=144 n=143 n=141

Mg.r 764.8+21.3 776.24+15.8 739.3+15.2 780.5+ 17.7*
(0% 7.23+£0.91 7.05+0.35 7.61 +£0.67 7.11+047
Mo 772.6 £27.4 782.2+19.4 733.7 +24.7 779.1 £21.1
Amo 43.8+6.33 40.1 £2.02 49.6 +3.40 41.7+2.81%
AX 286.2 =50.4 302.5+ 14.6 252.6 +27.0 290.5+21.1
TP — S, 3.82+1.19 4.16 +0.46 4.20+0.76 3.63 +£0.46
HF (HFav) — JIB 6.15+£2.51 541+0.71 7.12+1.86 5.37+0.80
LF (LFav) — MBI 11.3£3.64 12.8 +1.53 12.4 +2.28 11.0+1.48
VLF (VLFav)MB2 18.3£4.31 17.9+2.09 16.2 +1.66 12.3 +£1.73*
LF/HF 1.06 £0.19 1.37+0.21 1.05+0.20 0.96+0.13

Note. * — The differences are significant (p <0.05).

Thus, there is a predominance of the sympathetic part of the autonomic nervous system over the para-
sympathetic department.

A high degree of tension of regulatory systems is indicated by high values of the stress index, which
characterizes the degree of predominance of activity of the central regulatory mechanisms over autonomous
ones. An average value of stress indexamong girls was 167.2 + 24.3 units for the first age group, 104.1 +
10.6 units for the second age group (p<0.05).

Analysis of the dynamics of the stress index (Fig. 5) among girls of the first age group showed a sympa-
thetic type of regulation (SI>150 units). Girls of the second age group and boys of both age groups have
normotonic type (SI 60—150 units).
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Figure 5. Level of stress and centralization index, index of activity of regulatory system
among gifted schoolchildren in different age periods

Thus, the index of activity of the regulatory system, obtained by calculation, made it possible to differ-
entiate different degrees of stress in the school's regulatory systems, depending on the age range, with the
exception of 14—15 year old girls with the pronounced level of functional tension of the regulatory systems;
this indicator corresponded to the level of the expressed stress in other groups.
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[II.M. HyrymanoBa, A.E. KazumoBa

JapbIHAbI OKYIIBLIAP aF3aChIHBIH OeiiM/Ie/1y peaKIusiCbIHA
dusunosorusiibiK 0ara oepy

Makaana 1apbsIHIbI OKYLIBIIAp aF3achbIHBIH OelimMeny peaknusicbiHa GU3HOIOTHsUIBIK Oara Gepinai. Ke3nap
MEH YIJapAblH OOWbl MEH CaJMarbIHBIH YJIFAlObl aHbIKTalbl. banamapiplH erTneni Ke3eHiHAe OYIMBIK eT
KYLIiHIH )oFapbl kepcerkimi 3eprrengi. Okyubuiapa opTaislk xyiike xyiicinin (OXK) dyHkiponanapk
JKaFrTalbIHBIH JEHICHiH/AC NOJICNICHTCH albIpMalIbUIbIKTap Tipkendi. Japemasl okymbuiapaa OAOK sxone
oiimay KaOiNeTiHiH (YyHKIMOHANIBIK IIHPBIFY KOPCETKIIITEPiHIH aWBIPMAIIBUIBIKTAPEl JKAChIHA >KOHE
JKBIHBICBIHA OaitmanbIcTel Gonabl. OKy YpIICiHIH KypHeleHyiHe OaiJIaHBICTBI OKBITY OapbICHIHIA OKYIIbLIAp
ar3achIHBIH OpEKeTTIK KYHiHIH e3repicrepi, XYiKe HSMOIMOHAIIBIK OENCEHIUTITIHIH KaXKybl, >KYMBIC
KabinerTinirinig xputnam temeneyi, OXXK jxoHe jkypek-Tamblp KyHECiHIH JKaFbIMCBI3 e3repicTepi maiina
Gonansl. Komaichl3 SKOJNOTHMSUIBIK JKaFiaiap OCbl aylaHnapfa TYpaTblH OaiaiaapiblH  (HU3HOIOTHSIBIK
KOPCETKIIITEPiHE KOHE JCHCAYJIBIK «CallachlHa», KEJCLUIEKTE OJIApJbIH op TYpIi aypyJiapFa IIajJbIFybIHa
JKOHE KYMBIC KaOIIeTTTIIIriHe acep eTei.

Kinm ce30ep: eTKeHIIEK, xKac, peakys, aF3a, OPTAJIBIK )KYHKe KyHeci, KaH-TaMbIp xyieci, Pydrse uanexci,
OYIIIBIK €T KYII, )KYMBICKa KabineTTinik, Oeifimaeny.
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[II.M. HyrymanoBa, A.E. KazumoBa

DOu3noJI0rnYecKas OeHKA MPUCIOCOOUTENbHBIX PEAKIUil OpraHu3Ma
0/IapeHHBbIX KOJbHUKOB

B cratbe naHa (u3HoIOrMUecKas OLEHKa MPUCIIOCOOUTENBHBIX PEAKIMI OpraHu3Ma OJApEHHBIX IIKOJIbHH-
KOB. BBIsBIICHO yBeJIMUeHUE POCTa KaK Y MaIb4YUKOB, TaK U Y AeBo4eK. OJTHOBPEMEHHO C POCTOM YBEJINUHMBa-
eTCsl U Macca TeJsa MOAPOCTKOB. MIHTCHCHBHO pacTeT MbIIEYHAs CHia. Y IIKOJILHUKOB OTMEYAJIHMCh JOCTO-
BEPHBIC PA3JIMYMSA B YPOBHE (YHKIMOHAJIBLHOIO COCTOSHMS LICHTPAIbHOW HEPBHOM CHCTEMBI. Y OJapEHHBIX
LIKOJbHUKOB OTMEYEHbI Pa3yinyus B ypoBHe (yHKIHOHaNbHOro HanpspkeHus [THC u ymcTBeHHOIT paboro-
CHOCOOHOCTH B 3aBUCHIMOCTH OT Bo3pacTta u nona. O0yueHne MKOJIFHUKOB B YCIOBUSAX HHTCHCH(HUIIUPOBAH-
HOTO y4eOHOTO IpoIlecca BBI3BIBAET W3MEHEHUS (YHKIMOHAIBHOIO COCTOSHUS OpraHM3Ma ¥ HEpPBHO-
SMOIMOHAJIFHON aKTUBHOCTH, 3aMETHOE YTOMIICHHE YUaI[UXCsl, IPOTPECCUBHOE CHIKEHHE paboTOCIIOCOOHO-
CTH, HEOIaronpHUsATHEIE N3MEHEHUS B CEPICUHO-COCYAUCTON CHCTEMe, cucTeMe dHeproodecredeHus. Hebma-
TOIPHATHBIE KOJOTHUEeCKUe (haKTOPbl HEraTHBHO BIMSIOT HA (DH3HOJOTMYECKHE MOKA3aTeNM M COCTOSHHE
3[0pOBbs, Ha 3a00JICBaEMOCTb U PAOOTOCIOCOOHOCTD JeTeH, IIPOKUBAIOIINX B 9TUX paliOHAX.

Knrouesvie cnosa: moppocToK, BO3pacT, peakls, OPraHu3M, NPOLIECC, HEHTpaJlbHas HEPBHAS CHCTEMa, Cep-
JIEYHO-COCYAMCTAsA cUcTeMa, nHAeKe Pydre, Mplmeunas cuna, paboTocrocoOHOCTb, afanTarys.
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