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Influence of the examination on the functional state of the organism of schoolboys

The work is devoted to an estimation of influence of the adverse ecological factors on a functional pressure of
schoolboys CNS of the at passing an examination. Object of research the pupils of average comprehensive
schools of. Karaganda city living in various on an ecological situation areas. Is revealed, that negative ecolog-
ical conditions of a residence have on different influence on a functional condition and serviceability CNS
and intimately — vascular of systems in time of stress situation (passing an examination). There are distinc-
tions to a sexual attribute. High nervous and emotional state, which occurs under the influence of stress fac-
tors in extreme conditions can lead to disruption of the mechanisms of homeostasis, and if its effect on the
body is high in intensity, there may be a depletion of reserve capabilities organism. The revealed differences
in the response of the cardiovascular and central nervous systems in boys and girls suggest a higher «mobili-
zation readiness» of the male body for the effects of stress. The female organism reacts to the exam less pro-
nounced, but more prolonged arousal, which may indicate the involvement of the hormonal system in the
body's response to a stressful situation.

Keywords: of influence, ecologia, examination, reaction, organism, process, central nervous system, cardio-
vascular system, adaptation.

The state of health of the child population, its protection and strengthening are a central problem at all
stages of society's transformation, because the health of the young generation is at the basis of the nation's
long-term development.The quality of the environment has a pronounced effect on the formation of indica-
tors of the state of health of the child's body. The state of children's health as an ecopathological problem in
the last decade is the most studied, as there is a tendency to increase the incidence and severity of diseas-
es[1,2].

The study of stress and its consequences is one of the pressing problems of our time. Not only massive
extreme situations are significant stressors, but, at times, quite ordinary phenomena and situations, such as
exams. The busy schedule of the day, a significant amount of training programs, a chronic and prolonged
time deficit necessary for mastering the vast amount of information characteristic of students in modern soci-
ety, act as stressors and can lead to various nervous breakdowns and adaptation disorders [3].

In the situation of the exam, as in any situation that requires the restructuring of the adaptive mecha-
nisms of the organism, the whole gamma of physiological, vegetative, somatic and psychological manifesta-
tions of stress is observed.

Researches to assess the impact of the environment on health, especially children, should primarily fo-
cus not so much on the study of morbidity as on the identification of initial adverse pre-pathological changes
that will fully meet the principles of prevention and will ensure the preservation of health in the conduct of
recreational activities [4].

The purpose of the work: to assess the influence of environmental factors on the functional stress of the
schoolchildren's body under emotional stress.

Materials and methods of the research

Object of the study: students of secondary comprehensive schools in Karaganda. The age of the exam-
ined was 14-15 years. A methodical «copy-pair» approach was used, in which for each unit of observation in
the experimental group, similar units of observation in the control group (by age, social and household indi-
cators) are selected so that the only distinctive feature of the two groups being compared is the zone of resi-
dence. The main group of children lived in the area — Maikuduk, where there is a whole complex of indus-
trial enterprises (school Ne 61), control — the area of the South-East, where there is no prom-enterprises
(school Ne 16). Physiological studies included: 1) measurement of cardiovascular system parameters — sys-
tolic (SAP) and diastolic (DAP) arterial pressure, pulse rate (PR); 2) measurement of the CNS indices — the
critical fusion frequency of light flashes (CFFLF), the time of a simple visual and auditory response (SVR
and SAR). Studies were conducted before and after the exam, as well as during the training period (initial
state).
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Statistical processing of data was carried out using standard and modified packages of statistical pro-
grams [5].

Results and discussion

High nervous and emotional state, which occurs under the influence of stress factors in extreme condi-
tions, as in our example, passing the exam, can lead to disruption of the mechanisms of homeostasis, and if
its effect on the body is high in intensity, there may be a depletion of reserve capabilities organism.

From the analysis of the dynamics of psycho-physiological indicators, it can be seen that in general, all
systems adequately responded to emotional stress. But despite this, different systems have their own peculi-
arities. One such system was the central nervous system. As the analysis of the results showed, the severity
of CNS response to exam stress directly depended on the environmental situation at the place of residence of
schoolchildren, however, this did not everywhere have significant differences.

One of the criteria for the effectiveness of the CNS was the magnitude of the critical frequency of fu-
sion of light flashes. As can be seen from Figure 1, the ecological situation at the place of residence was re-
flected in the dynamics of CFFLF during the exam, and these differences did not have a negative color. In
schoolchildren living in the main district, the values of CFFLF were higher than in control.

Critical fusion frequency of light flashes

initial state before after initial state before after
Boys Girls

DOSouth-East DOMaikuduk

Figure 1. Dynamics of CFFLF in schoolchildren with emotional stress depending on the place of residence

From the analysis of the dynamics of psycho-physiological indicators, it can be seen that in general, all
systems adequately responded to emotional stress. But despite this, different systems have their own peculi-
arities. One such system was the central nervous system. As the analysis of the results showed, the severity
of CNS response to exam stress directly depended on the environmental situation at the place of residence of
schoolchildren, however, this did not everywhere have significant.

The boys had significant differences and the degree of expression of changes in emotional stress was
greater. So, if the boys of the control group did not show significant dynamics, then in the main group these
changes had a pronounced character. At the initial value of CFFLF 28.1+0.5 Hz, the average value before the
exam increased to 31.3+0.84 Hz (p < 0.05), reaching a maximum value after the exam — 32.1+1.34 Hz
(p» <0.05). And if we take into account that CFFLF is a characteristic of the functional state of the central
nervous system, it turns out that in schoolchildren living in the main region, the functional activity of the cor-
tical part of the visual analyzer is much higher than in the control group. CFFLF is a very labile indicator that
varies with mental and physical loads, therefore, the adaptive ability to influence stress factors in the school-
boys of the main group is higher. Girls have significant differences both in the dynamics of passing the ex-
am, so, depending on the place of residence, it is not revealed.

Several excellent results were obtained using reflex responses to sound and light stimuli, and if in the
previous case there was a positive dynamics in the schoolchildren of the main group, then with MWR and
CMR the result was the opposite. And besides, the dynamics in the process of passing the exam had similar
tendencies on the basis of gender and differences in indicators.

So in boys there were significant differences in SVR and SAR between the main and control groups, i.e.
on an ecological basis. The exception was the postexamendation stage at the time of the SVR. In girls, signif-
icant differences were noted only in the initial values (Figs. 2 and 3). On the part of SVR (Fig. 2), the
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schoolchildren of the main group showed an increase in the reaction time in boys in the postexamination pe-
riod, whereas in girls high values occurred already in the pre- and postexecutions periods, although these
differences did not have statistical validity.
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Figure 2. Dynamics of SVR in schoolchildren with emotional stress depending on the place of residence

So, if the boys had a 265.2+8.7 msec initial SVR level, before the exam it remained at the same level —
265.1+14.1 msec, then after the exam it increased to 309.6+20.0 msec (p < 0.05). In the control group, both
in girls and boys, there was a gradual increase in SVR time, which reached statistical certainty in the
postexamination period. At the initial level of SVR in boys, 229.7+10.6 msec (233.1£9.89 msec in girls),
before the examination there was a slight increase — 242.54+5.39 (252.5 +14.7), which reached the maximum
peak after the exam — 304.9+17.6 msec (304.0=17.6, p <0.05).
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Figure 3. Dynamics of SAR in schoolchildren with emotional stress depending on the place of residence

At the time of the latent period of SAR (Fig. 3), the dynamics, depending on the place of residence, had
a slightly different directionality than in the SVR. If at the first there was an increasing increase in the mean
in the dynamics of passing the examination process in both groups studied, then the second indicator (SMR)
had significant distinctive features. Thus, in the schoolboys of the main group, there was a growing increase
in the time of SAR, with minimal values in the initial state (170.0=10.1 msec in boys, 185.4+10.2 in girls)
and maximum in the postexamination period (259.6+£18.5 and 228.1+11.1, respectively, p <0.05). In the
school children of the control group, the maximum values of the SAR time were recorded in the initial state
(in boys — 238.2+12.1 and in girls — 267.8+15.2 msec), the minimum for the pre-examination period
(186.8£11.9 and 221.5£15.9 msec, p < 0.05).
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The time of the reflex to light and sound depends not only on the speed of passage of excitation through
the central formations, but also on the physiological performance of the analyzer itself, its properties. There-
fore, probably, schoolchildren living in the zone of environmental stress, where the largest number of indus-
trial enterprises, vehicles, there is a decrease in the threshold of auditory sensitivity, which was reflected in
the time of SAR.

In this way the unfavorable ecological situation at the place of residence has different effects on the
functional state and efficiency of the central nervous system during the stressful situation (passing the exam).
The schoolchildren in the main district have higher lability of the visual and auditory analyzer, however, the
reflex reactions are much lower, especially manifested when exposed to stress factors. In girls, these mani-
festations are less pronounced than in boys. An additional criterion confirming this assumption can be the
number of reliable shifts observed in schoolchildren during the research. Thus, the total number of reliable
shifts in girls corresponded to 4, while to boys — 7. The number of significant differences between the
groups studied, separated by the ecological sign, also differs significantly — in girls there were only two sig-
nificant differences, while in males -customers — 6.

The level of arterial pressure is one of the leading indicators of hemodynamic adaptation to various
conditions of life. The level of blood pressure is determined mainly by two factors — the amount of blood
injected by the heart into the arterial system per unit time and the resistance that meets the blood flow in the
vessels. Due to the fact that these factors are interrelated and subject to the influence of complex regulatory
mechanisms, the pulse and blood pressure indicators can give the most general impression of the functional
state of the circulatory system. Especially if this factor is emotional stress, to which the cardiovascular reacts
one of the first.

On the part of SAP and DAP, the boys did not experience significant dynamics under the influence of
examination stress. The exception is the boys living in the control area, who had an increase in diastolic
pressure in the postexamination period to 82.7+2.83 mm Hg (at the initial level of 76.7+1.57, p < 0.05). Girls
had a gradual increase in the systolic level and a decrease in diastolic blood pressure during the
postexamination period. And if the decrease in DAP was noted only in the control group, the increase in SAP
was noted in both groups. Significant differences depending on the zone of residence were noted only in the
SAP in the initial state and after the examination. At the same time, the schoolchildren of the main district
had higher blood pressure values than in the control, with the exception of DAP in boys after the examina-
tion, where its level in the control group was higher than in the main group by 5.2 mm Hg (p < 0.05).

Examination stress causes an increase in the tone of the sympathetic nervous system, as evidenced by
an increase in heart rate. In the dynamics of the examination, there are significant differences in the analysis
of their schoolchildren both in terms of gender and in the area of residence. In boys, as such, there was no
significant dynamics in passing the exam, except for a significant difference in the initial PR, in boys in the
main rayon it averaged 81.742.9 beats per minute, while in control it was 72.5+2.74 (p < 0.05) beats per mi-
nute (Fig. 4). This difference explains the presence of reliable shifts in this group when passing the exam.
The girls had a significant increase in PR both before and after the exam. In the main group, the average PR
values were higher than in the control group by an average of 7.2+8.1 bp/min (p < 0.05).
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Figure 4. Dynamics of PR in schoolchildren with emotional stress depending on the place of residence

The studies conducted in the groups formed on the principle of copy-pair, indicate that girls are more
sensitive to the effects of environmental pollution than boys [2].
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In the process of passing the exams, various levels of functional stress of the schoolchildren's organism
were noted. At the same time, more pronounced changes in the direction of increase in the functional strain
of the organism were noted in schoolchildren living in the zone of ecological stress. Sexual characteristics
were also noted — the girls' organism responded more expressively to examination stress, which was charac-
terized by higher values of physiological indicators reflecting the level of functional strain of the organism in
the process of vital activity.

The adaptive-adaptive activity of the whole organism of schoolchildren under the influence of stress-
strain was evaluated, as in the previous chapter, in terms of the mathematical analysis of the heart rhythm. To
assess the state of the body's regulatory systems, in particular, the activity of the sympathetic and parasympa-
thetic parts of the autonomic nervous system, a method of mathematical analysis of the heart rhythm was
widely used. Most authors emphasize the high enough informativeness of the methodology in assessing the
functional state of schoolchildren. Changes in the pulse rate is a universal reaction of the body in response to
any load. And, if the average heart rate reflects the final result of numerous regulatory influences on the cir-
culatory system, then the structure of the heart rhythm, encoded in the sequence of cardiointervals, shows
how this homeostasis was formed, what is the «price» of this adaptation.

Since the value of expectation is a derivative of the pulse rate (PR — 60 mm/sec), the description of its
dynamics is omitted (Table).

Table
Parameters of Regulatory System Activity Index (RSAI) in schoolchildren with exam stress
Parameter Initial Before the exam After the exam
Boys — Maikuduk 5.8+0.59 6.12+0.43 6.78 +0.62
Boys — South-East 4.82+0.39 5.78 £ 0.47 5.96 £ 0.52*
Girls — Maikuduk 5.87+0.45 6.53+0.51 7.13+0.63*
Girls — South-East 4.37+043 4.95+0.34 5.4 +0.48*

Note: * — p <0.05.

Under the influence of pre- and postexamination stress, the schoolchildren have an increase in the am-
plitude of the mode amplitude (AMo). Moreover, it is more pronounced in the post-examination period for
girls living in the zone of ecological stress. Thus, if they had an initial AMo of 46.0+£2.24 % (40.4£2.24 % in
the «clean» one), in the pre-examination period there was an insignificant increase to 50.7+2.1 %
(48.843.69 %, p <0.05), after the examination the average value was 65.7£2.27 % (p <0.05) (in the
«clean» — 50.0+ 3.64 %) (Fig. 5). In boys, large AMo values were observed in a «clean» area. And since
AMO reflects the mobilizing effect of centralizing cardiac rhythm management, consequently, in the girls of
the Maikuduk, the examination process was accompanied by an increase in the influence of the sympathetic
department of the autonomic nervous system. A similar dynamics was observed in the coefficient of varia-
tion (Table).
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Figure 5. Dynamics of AMo in schoolchildren with exam stress

Examination stress causes the stress of regulatory systems, by activating central regulatory mechanisms.
This is evidenced by the dynamics of the stress index (SI), where its phased increase is noted, with the max-
imum values in the post-examination period (Fig. 6). In this case, unlike the previous indices (AMo and CV),
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in this case, high values of SI were for schoolchildren living in the zone of ecological disadvantage, and also
high values of SI were observed in girls.

% / 244
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Figure 6. Dynamics of SI in school children in exam stress

So, if the boys in the Maikuduk, the value of the IN after the exam averaged 220.14+32.4 units.
(193.1 +£34.4 in «clean»), then for girls for this period the average value of IN was 280.3+44.2 units
(244.1 + 28.1). A similar dynamics was noted in the centralization index, which reflects the degree of cen-
tralization of cardiac rhythm management (Table).

In accordance with the evaluation scale of the RSAI, the level of functional stress was estimated:

For boys of the Maikuduk:

— before the exam — the state of overstraining of regulatory systems;

— after the exam — the state of a pronounced overvoltage of regulatory systems.

For boys in the South-East:

— before the exam — the state of overstraining regulatory regulators;

— after the exam — the state of expressed overvoltage of regulatory systems.

For girls of the Maikuduk:

— before the exam — the state of overstraining regulatory regulators;

— after the exam — the state of a pronounced overvoltage of regulatory sytems.

For girls in the South-East:

— before the exam — the state of sharply expressed tension of regulatory systems.

Thus, based on the foregoing, we can draw the following conclusions.

1. The unfavorable environmental situation at the place of residence differently affects the functional
state and performance of the CNS during a stressful situation (passing the exam). The dynamics of systolic
and diastolic pressures, as well as an increase in PR during the exam, reflects a certain degree of mobiliza-
tion of the cardiovascular system to ensure high mental tension.

2. The revealed differences in the response of the cardiovascular and central nervous systems in boys
and girls suggest, apparently, a higher «mobilization readiness» of the male body for the effects of stress.
The female organism reacts to the exam less pronounced, but more prolonged arousal, which may indicate
the involvement of the hormonal system (pituitary-adrenal) in the body's response to a stressful situation —
the exam.
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III.M. HyrymanoBa

OKymbL1ap ar3acblHbIH (PYHKIHOHAJ/BIK KAFAalbIHA
eMTHXAHHBbIH dCepiH Oarajiay

Makajia eMTUXaH Tanchlpy Ke3iHJeri OKYIIbUIApAbH (YHKIMOHANABIK AaybIPTIANBIFbIHA JKaFbIMCBI3
9KOJIOTUSUIBIK (haKTOpIIap/AbIH dCepiH Oaraiayra apHaliFaH. 3epTTey HbICaHbl peTinae Kaparauabl KaaachbIHbIH
SKOJIOTMSUIBIK JKaFJaiibl SpTYpIi aylaHAapbIHAA TYPAThIH Kanmbl OiriM OepeTiH opTa MEKTeH OKYIIbUIAPHI
ansiapl. CTpece Ke3iHae (eMTHUXaH) TYPFBUIBIKTHI XKepiHe OaliIaHbICThI JKaFBIMCBI3 JKOJIOTHSUIBIK JKaFmail
OpTaNbIK XKYHKe KyHeciHiH (YHKIHOHANIBIK jKaFraailbl MEH jKYMBICKAa KaOlIeTTUIIriHe KoHE JKYPEK-TaMbIp
Kyitecine opTypii ocep ereriHmiri Oaiikanmel. COHBIMEH KaTap IKBIHBICTBIK Oenrinepi OoibIHIIA
aliplpMaInbuIbIKTap Oaiikaiapl. TeTeHIIe jkarmainapna crpecc-hakTopiap 9CepiHEH TYBIHIANTBIH KOFapbl
KYHKEK-OMOLIMOHANABIK LIMPBIFY JKaFgaillap TOMEOCTa3 MEXaHM3MICPIiH 3aKbIMIaHyblHA OKeJesi.
OchiHIail ocep ar3ara KapKbIHIbI 00JIca, aF3aHbIH KOCHIMIIA KOJIAWIIbI JKaFJaiiap/blH CapKbUIybl OpBIH
anmazpl. Yiaap MEH Kbl3/iap/ia KaH-TaMbIp JKOHE OPTaJIbIK KYHKe )KYHECIHIH peakiis KOPbIHIa aHBIKTAIFaH
affBIpMaIIBUIBIKTAp KYH3emic ocepiHe yimap ar3achlHAA «YTKBIP MAHBIHABIKKA» OeHiMOiNiriH KepcerTTi.
Ke3aap ar3acel eMTHXaH jkaFaaiiiapbiHa Jici3, Oipak KbI3yMeH KepiHic Tabapl, OHbIH cebebi — Kyiizenic
OpeKeTiHe ar3a peaKUUACHIHbIH TOPMOHAJIBIK JKYHECIHIH KaThICYBI.

Kinm ceo30ep: Garanay, SKOJOTHWs, €eMTHXaH, PEaKLMs, ar3a, OPTAIBIK XKyHKe jKyheci, KaH-TaMbIp XKyiieci,
Oeitimaeny.
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Ouenka BJANSIHUSA IK3aMeHa HA QYHKIMOHAJIbHOE COCTOSTHHE
OpraHu3Ma mKoJbLHUKOB

Pabota nocBsIleHa OLEHKE BIUSHHUS HEraTUBHBIX SKOJIOIMYECKUX (PaKTOpPOB Ha (YHKIMOHAIBLHOE COCTOSIHIE
OpraHu3Ma IUKOJILHUKOB BO BpeMs Odk3aMeHa. OObBEKTOM MCCIEIOBaHUA SBWINCH  LIKOJbHHKH,
HPOXKUBAIOLINE B PA3JIMUYHBIX 110 CTEIIEHN 3KOJIOIMYECKOT0 3arpsi3HeHus paiioHax roposa Kaparanasl. Beiss-
JICHO BJIMSHHE HEOJArONpHUATHONW SKOJIOTHUECKOH CHUTyauuu mpu crpecce (3k3amena) co ctoponsl LIHC u
CEeplIeYHO-COCYAUCTON CHCTEMBI Yy yJaIUXCsl IO MECTY JKHTEIbCTBA. Taioke HaOIIOJaINCh Pa3Indus MO I0-
JIOBOMY IpH3HAKy. BeICOKO€ HEpBHO-IMOLMOHAIBEHOE COCTOSHHE, BO3HHUKAIONIEe MO BO3AEHCTBHEM CTpecc-
(haKTOpOB B SKCTPEMAIBHBIX YCIOBHSAX, MOXET HMPUBECTH K HApYNICHHIO MEXaHH3MOB I'OMEOCTas3a, a eCcli
TIPU 5TOM BO3JICHCTBHE €r0 Ha OpraHu3M OyneT BBICOKUM II0 MHTEHCHUBHOCTH, TO MOXKET BO3HUKHYTbH HCTO-
IIIEHUE PE3EePBHBIX BOSMOXKHOCTEIl OpraHu3Ma. BbIABICHHBIC Pa3iMuUs B PEAKLUH CEPAECYHO-COCYIUCTON M
LIEHTPAJIbHOI HEPBHOW CHCTEM Y MaJIbUMKOB U JIEBOYEK CBUJCTEIBCTBYIOT O 00Jee BHICOKOH «MOOMIM3ALU-
OHHOH T'OTOBHOCTH» MYXCKOT'O OpraHM3Ma Ha BO3zeHcTBHe crpecca. JKeHCKHil OpraHu3M pearupyer Ha 9K-
3aMEeH MEHee BBIPQKCHHBIM, HO 3aT0 OoJee JIUTENIbHBIM BO30YKICHHEM, YTO MOXKET yKa3blBaTh HA BOBJIEYE-
HME TOPMOHAJILHOM CUCTEMbI B PEAKLIMIO OPraHU3Ma Ha CTPECCOPHYIO CUTYALHIO.

Knrouesvie crosa: OIICHKA, OKOJIOTH, SK3aME€H, BO3pacT, p€akiusi, OpraHu3M, pouecc, HeHTpajibHasl HECPBHA
CHUCTCMaA, CEPACHHO-COCYyAUCTasA CUCTEMaA, adallTalus.
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