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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 ecologs
ical conditions of a residence have on different influence on a functional condition and serviceabilitgm CNS
and intimately — vascular of systems in time of stress situation (passing an examination). There agé 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 ahigher «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 horimonal systéfm in the
body's response to a stressful situation.

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

The state of health of the child population, its protectioneafid 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 ayproneunced effect on the formation of indica-
tors of the state of health of the child's body. The state of children'shealth as an ecopathological problem in
the last decade is the most studied, as there is a tendencydto\increéase 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, buf; atytimest¥quite ordinary phenomena and situations, such as
exams. The busy schedule of the day, a significantjamount of training programs, a chronic and prolonged
time deficit necessary for mastering the yast amoeunt of information characteristic of students in modern soci-
ety, act as stressors and can lead to variousiaervous breakdowns and adaptation disorders [3].

In the situation of the exam, a$§ in any Situation that requires the restructuring of the adaptive mecha-
nisms of the organism, the wholégammayof 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 thestady 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 Bedy under emotional stress.

Materials and methods of the research

Object'afithe study: students of secondary comprehensive schools in Karaganda. The age of the exam-
meddwas 1415 years. A methodical «copy-pair» approach was used, in which for each unit of observation in
thetexperimental group, similar units of observation in the control group (by age, social and household indi-
catorsyare 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

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 hav color. In
schoolchildren living in the main district, the values of CFFLF were higher than in con

Critical fusion frequency of light flashes

initial state before before after

DOSouth-East DOMaikuduk

Figure 1. Dynamics of CFFLF in sc hil th emotional stress depending on the place of residence

systems adequately responded t
arities. One such system wa
of CNS response to exam s ctly depended on the environmental situation at the place of residence of
schoolchildren, howeverfithi t everywhere have significant.

The boys had si nt differences and the degree of expression of changes in emotional stress was
greater. So, if thi
changes had a pronounced character. At the initial value of CFFLF 28.1+0.5 Hz, the average value before the
exam increased 10, 31.3£0.84 Hz (p < 0.05), reaching a maximum value after the exam — 32.1+1.34 Hz
i take into account that CFFLF is a characteristic of the functional state of the central
turns out that in schoolchildren living in the main region, the functional activity of the cor-
isual analyzer is much higher than in the control group. CFFLF is a very labile indicator that
¢s with mental and physical loads, therefore, the adaptive ability to influence stress factors in the school-
of the main group is higher. Girls have significant differences both in the dynamics of passing the ex-
am, s0, 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.

Simple visual response

350 1
300 A
250 A
200 A
150 -
Maikuduk South-East Maikuduk South-Ea:
Boys Girls
Figure 2. Dynamics of SVR in schoolchildren with emotional stress depending o place of residence

So, if the boys had a 265.2+8.7 msec initial SVR level, bde
265.1+£14.1 msec, then after the exam it increased to 309.6+20.0. m
in girls and boys, there was a gradual increase in SVR ti
postexamination period. At the initial level of SVR in boy
before the examination there was a slight increase — 242.
peak after the exam — 304.9+17.6 msec (304.0£17.

exam it remained at the same level —
< 0.05). In the control group, both
ich ‘reached statistical certainty in the
0.6 msec (233.1+9.89 msec in girls),
2.5 £14.7), which reached the maximum

a response
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igure 3. Dynamics of SAR in schoolchildren with emotional stress depending on the place of residence

t 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
number of reliable shifts observed in schoolchildren during the research. Thus, the total nu ble
shifts in girls corresponded to 4, while to boys — 7. The number of significant differe
groups studied, separated by the ecological sign, also differs significantly — in girls there 1g-
nificant differences, while in males -customers — 6.

The level of arterial pressure is one of the leading indicators of hemodynamic : various
conditions of life. The level of blood pressure is determined mainly by two factors punt of blood
injected by the heart into the arterial system per unit time and the resistance that od flow in the
vessels. Due to the fact that these factors are interrelated and subject to th¢ influen ex regulatory
mechanisms, the pulse and blood pressure indicators can give the most, ge on of the functional
state of the circulatory system. Especially if this factor is emotional stress i e cardiovascular reacts

one of the first.
On the part of SAP and DAP, the boys did not experien@i
examination stress. The exception is the boys living in the contr

level of 76.7+1.57, p < 0.05). Girls
had a gradual increase in the systolic level and a dec diastolic blood pressure during the
postexamination period. And if the decrease in DAP was
was noted in both groups. Significant differences dependi
SAP in the initial state and after the examination.
had higher blood pressure values than in the contro
tion, where its level in the control group was highe 18}

Examination stress causes an increas¢ inithe tone of the sympathetic nervous system, as evidenced by
an increase in heart rate. In the dynamij the“examination, there are significant differences in the analysis
of their schoolchildren both in termgyof gender and in the area of residence. In boys, as such, there was no
significant dynamics in passing except for a significant difference in the initial PR, in boys in the
main rayon it averaged 81.7+ per'minute, while in control it was 72.5+2.74 (p < 0.05) beats per mi-
nute (Fig. 4). This differenc€ explaing'the presence of reliable shifts in this group when passing the exam.
The girls had a significant incréasg in PR both before and after the exam. In the main group, the average PR
values were higher th rol group by an average of 7.248.1 bp/min (p < 0.05).

am¢ time, the schoolchildren of the main district
he exception of DAP in boys after the examina-

bp/mine

Maikuduk
South-East

initial state before after initial state before after

Boys Girls

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 thythm. To

culatory system, then the structure of the heart rhythm, encoded in the sequence of cardioi
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 @ ription of its
dynamics is omitted (Table).

Table
Parameters of Regulatory System Activity Index (RSAI) in scho i ith"exam stress
Parameter Initial Beforeghe exam After the exam
Boys — Maikuduk 5.8+£0.59 642+ 6.78 £ 0.62
Boys — South-East 4.82+0.39 5.96 £ 0.52*
Girls — Maikuduk 5.87+£0.45 7.13 +£0.63*
Girls — South-East 437+043 5.4+ 0.48%*

Note: * — p <0.05.

Under the influence of pre- and postexaminati , the schoolchildren have an increase in the am-
plitude of the mode amplitude (AMo). More % is ‘more pronounced in the post-examination period for

girls living in the zone of ecological stressgT ey had an initial AMo of 46.0+£2.24 % (40.4£2.24 % in
the «clean» one), in the pre-exam&) 0d there was an insignificant increase to 50.7£2.1 %
aminati

(48.8£3.69 %, p <0.05), after the on the average value was 65.7+2.27 % (p <0.05) (in the
«clean» — 50.0+ 3.64 %) (Fig. %ﬁ, rge AMo values were observed in a «clean» area. And since
ce

AMO reflects the mobilizing eff alizing cardiac rhythm management, consequently, in the girls of
the Maikuduk, the examina 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). O

bp/min

Maikuduk
South-East

initial state  before after initial state before after

Boys Girls

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.

%
300
200
100
0

initial before after initial before after

state state
Boys Girls
Figure 6. Dynamics of SI in school children in exa ess

(193.1 +£34.4 in «cleany), then for girls for this period the alue of IN was 280.3+44.2 units
(244.1 + 28.1). A similar dynamics was noted in the central ex, which reflects the degree of cen-
tralization of cardiac rhythm management (Table).
In accordance with the evaluation scale of the RSA vel of functional stress was estimated:
For boys of the Maikuduk:
— before the exam — the state of overstraining % atory systems;
— after the exam — the state of a prono pltage of regulatory systems.
For boys in the South-East:
— before the exam — the state of trai
— after the exam — the state of|
For girls of the Maikuduk:

So, if the boys in the Maikuduk, the value of the H‘th e exam averaged 220.14+32.4 units.
e
i d

g regulatory regulators;
xpressed overvoltage of regulatory systems.

training regulatory regulators;
— after the exam — thefstat ronounced overvoltage of regulatory sytems.

the CNS during a stressful situation (passing the exam). The dynamics of systolic
s, as well as an increase in PR during the exam, reflects a certain degree of mobiliza-
tiongef th idvascular system to ensure high mental tension.

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

OxymbL1ap ar3acbiHbIH (YHKIHOHA/BIK KAFAalbIHA
eMTHXAHHBIH dCepiH Oarajiay

Makajia eMTHXaH Tanchlpy Ke3iHJeri OKYIIbUIApIAbIH (YHKIMOHANABIK AaybIPTIAIBIFbIHE  KaEbIMCBI3
9KOJIOTMSUIBIK (haKTOpIIap/IblH dcepiH Oaraiayra apHaliFaH. 3epTTey HbIcaHbl peTinae KaparaHibl KaiachbiHbIH
9KOJIOTHSUIBIK JKaFAaibl opTYpIli ayJaHAapblHAa TYPAThIH Kalmbl OiTiM OepeTiH opTa MeKIem OKYIIBUIapb!
anbiael. CTpece Ke3iHae (eMTHXaH) TYPFBUIBIKTHI XKepiHe OalmaHbICTHI JKarbIMChI3 AKOIQRMSITBIK)KAFAail
OpTaNBIK XKYHKe KYHeCiHIH (YHKIHOHANIBIK jKaFraailbl MEH JKYMBICKAa KaOiIeTTUIIriHe xoHe MypeK~FaMbIp
KyHeciHe opTypai ocep ererinairi Oaiikannpl. COHBIMEH Karap O KbIHBICTBIK OGIHIiiepi OolibIHIIA
aliplpMaInbUIbIKTap Oaiikaiasl. TeTeHIne jkarmainapna crpecc-hakropiap @eepiHeH, TYbIHIANThIH KOFaphl
KYHKEITK-OMOLIMOHANABIK [IMPBIFY JKaFgaillap TOMEOCTa3 MeXaHM3MJICP/IH, 3aKbIMIaHybIHA OKeJe/i.
OchiHIail ocep ar3ara KapKbIHIbI 00Jica, aF3aHbIH KOCHIMIIA KOJIAWIIBI JKaFIaMiap/blH CapKbUIybl OpBIH
anazpl. YJaap MEH KbI3/ap/a KaH-TaMbIp JKOHE OPTAJIbIK KYHKEIKYHCEIHIH peakiis KOpbIHIa aHBIKTAIFaH
afBIPMAIIBUIBIKTAp KYH3emic ocepiHe yimap ar3achlHAA «YTKBIP MAMBIHIBIKKA» OeHiMOiNiriH KepcerTTi.
Ke3aap ar3acel eMTHXaH jKaFaaiiiapbiHa Jici3, Oipak KbI3yMeH KOpiHic Ta@anpl, oHbIH cebebi — Kyiizenic
OpeKeTiHe ar3a peaKUUsACHIHbIH TOPMOHAJIBIK JKYHECIHIH KaThICYbI.

Kinm ce30ep: Garanay, SKOJOTHWs, €eMTHXaH, peakius, aF3a, OPTAMBIK XKyHKe Kyheci, KaH-TaMbIp XKyiieci,
Oeitimaeny.

[ dvinH ytymanosa

Onenka BJINSHHUA JK3aMeHa Ha PYHKIHOHAJIbHOE COCTOSTHHE
optaHu3Ma KOJbHUKOB

Pabota nocpsIeHa oLeHKe BUMsHES HEraTHBHBIX SKOJIOIHYECKUX (aKTOpOB Ha (YHKIMOHAIBLHOE COCTOSIHIE
OpraHu3Ma IUKOJIbHUKOB, BON BpeMmil odk3amMeHa. OOBEKTOM MCCIIEIOBaHHMA SBWINCh  LIKOJBHHKH,
HPOXKUBAIOLINE B PA3JYHBIX 110 CTEIIEHN 3KOJIOTMYECKOro 3arpsi3HeHus paiionax ropoaa Kaparannasl. Beiss-
JICHO BJIMSHHE HEOIArONpYSTHON SKOJIOTHYECKOH CUTyauuu mpu crpecce (3k3amena) co ctoponsl LIHC u
CeplIeYHO-COCY AUCTOMCUCEEME! Y yJaIUXCsl 10 MECTY JKHTENbCTBA. Taioke HaOIIONaINCh Pa3Indus MO I0-
JIOBOMY IPH3HAKY. BEICOKOE HEPBHO-IMOLMOHAIBEHOE COCTOSHHE, BO3HHUKAIOIIEE MO BO3AEHCTBHEM CTpecc-
(haKTOPOB B, SKCIPEMaIBHBIX YCIOBHAX, MOXKET HMPUBECTH K HAPYNICHHIO MEXaHM3MOB I'OMEOCTa3a, a ecli
TIpU STOM BO3HCHCTBHEC €r0 Ha OPTaHMU3M OYZeT BBICOKHM II0 MHTEHCHBHOCTH, TO MOJKET BO3HHKHYTH HUCTO-
IIEHUE PE3ePBHBIX BO3MOXKHOCTEll OpraHu3Ma. BbIABICHHBIC pa3inyus B PEakUUM CEPACYHO-COCYIUCTON U
LIGHTPAIbHOIN HEPBHOW CHCTEM Y MaJIbUMKOB U JIEBOYEK CBUJCTEILCTBYIOT O 00Jee BHICOKOH «MOOMIM3ALH-
OHHOM TOTOBHOCTH» MYXCKOTO OpraHu3Ma Ha BoszeiicTBue crpecca. JKeHCKHi opraHu3M pearupyer Ha 9K-
3aMeH MEHee BBIPKCHHbBIM, HO 3aTO 00JIee AJIHUTENIBHBIM BO3OYKICHHEM, YTO MOXKET yKa3blBaTh Ha BOBJIEYE-
HHUEEOPMOHAIBEHOM CUCTEMBI B PEAKLIMIO OPraHU3Ma Ha CTPECCOPHYIO CUTYALHIO.

Knrouesvie cnosa: OIICHKA, OKOJIOTH, 5K3aM€H, BO3pacCT, p€aKklus, OpralHu3M, pouecc, HeHTpajlibHasd HEPBHAL
CHUCTCMaA, CEPACHHO-COCYyAUCTasA CUCTEMaA, adallTallus.
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