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Abstract—The effects of daily and weekly academic loads on the psychological and cardio- and hemodynamic 
characteristics of students were analyzed. The self-estimated state of health, activity, and mood were evaluated 
with the use of the HAM (Heallh-Activity-Mood) questionnaire; the introversion and extraversion, neuroti-
cism, and intelligence of the subjects were determined according to Eysenck; and the self-estimate the personal 
anxiety according to Spielberger, was evaluated. The main hemodynamic parameters (heart rate and arterial 
blood pressure) were measured and the systolic and minute blood volumes were calculated. The comparison of 
the dynamics of the parameters studied showed that there were two types of response of the students' cardio-
and hemodynamic parameters to academic load: sympathetic and parasympathetic. The parasympathetic 
response was found to be more adequate because the sympathetic response entailed the risk of overstrain and 
adaptation failure. 
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INTRODUCTION 
Scientific and technological progress has substan-

tially affected population structure. The relative num-
ber of jobs involving mental work has increased. Dif-
ferent types of mental work differ from one another in 
the organization of work, homogeneity of load, and 
degree of nervous and emotional strain. Studying is one 
such type of work. Studying requires efforts of mem-
ory, attention, and reasoning because students are con-
stantly perceiving and processing large amounts of new 
information. Mental work is accompanied by numerous 
functional changes in the nervous, endocrine, cardiovas-
cular, and other systems. University and college students 
form a large group of persons engaged in mental work 
that has some specific features. Published data [1-4] 
indicate that students' mental work is characterized by 
a large, irregular load, which leads to disturbances in 
the regimens of rest and eating. This results in overfa-
tigue and a decrease in the learning capacity expressed 
as a decrease in academic success and may eventually 
cause adaptation failure and pathological changes in the 
body. There is evidence [5,6] that the prevalence rate of 
central nervous system (CNS) disorders and neuro-
genic diseases is high in students. The strain of physio-
logical systems peaks during the examination period 
[3, 4, 7, 8]. However, this period is too short to be the 
only factor determining negative effects on the func-
tional states of students' bodies. 

We analyzed the changes in psychophysiological, 
cardiodynamic, and hemodynamic characteristics caused 
in students by academic load in the daily and weekly 

METHODS 

Thirty female students of the Faculty of Biology of 
Yerevan State University aged 19-20 years were the 
subjects of the study. Integrated psychological testing 
of the subjects was performed preliminarily. Personal 
anxiety was evaluated according to Spielberger; the 
self-estimated state of health, activity, and mood were 
estimated using the HAM questionnaire; a special test 
form was used to determine the subjects' self-esti-
mates; and Eysenck's questionnaire was used to differ-
entiate between extraverts and introverts, estimate the 
degree of neuroticism, and divide the subjects into four 
groups according to the main types of nervous activity 
(choleric, sanguine, phlegmatic, and melancholic tem-
peraments). 

We measured the main cardio- and hemodynamic 
parameters: heart rate (HR); arterial blood pressure (BP), 
including the systolic (BPS), diastolic (BPd), pulse (PP), 
and mean dynamic (MDP) pressures; and respiration 
rate (RR). The BP was measured by the method of 
Korotkoff. Starr's equation was used to calculate I he 
systolic and minute blood volumes (SBV and MBV, 
respectively). 

Electrocardiograms (ECGs) were recorded using 
standard lead I, the subjects sitting with their eyes open 
in a screened half-darkened room. An IBM PC 486 was 
used to record 2.5-min ECGs and process the records. 
A sample of 100 cardiointervals was obtained for each 
subject. The mathematical analysis of HR was per-
formed using variation pulsimetry according to the cri-
teria proposed by Baevskii et al. [9]. For this purpose, 
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we used the Cardio software, developed in the Labora-
tory of Mathematical Simulation of the Nervous Sys-
tem of the Orbeli Institute of Physiology of the National 
Academy of Sciences of Armenia. This software ensured 
automated recording and analysis of R-R intervals and 
construction of cardiointervalograms. The mathematical 
block of the software ensured special processing of the 
cardiointervalograms so that statistical, histographic, 
autocorrelation, and spectral parameters of heart rate 
dynamics were obtained. We calculated the following 
integrated parameters of the cardiac rhythm: amplitude 
of the mode (AMo), mode (Mo), variation range (AX), 
cardiointerval variation coefficient (Vk), strain index (SI), 
autonomic balance index (ABI), regulation adequacy 
index (RAI), and autonomic rhythm index (ARI). The 
functional state of the subjects was studied by calculat-
ing Hildebrandt's index of intersystem relationships (Q). 

Examinations were performed on Mondays and Fri-
days, before classes (8:30 a.m.) and immediately after 
them (3:00 p.m.). 

We performed statistical treatment of the data using 
Student's Г-test with an IBM PC 486. 

RESULTS AND DISCUSSION 

The tests using Eysenck's questionnaire showed that 
60.0 and 40.0% of the subjects were introverts and 
extraverts, respectively. All subjects had a moderate 
degree of neuroticism (under 12 points). Most intro-
verts had a melancholic or choleric temperament; most 
extraverts, a sanguine or phlegmatic temperament with 
a medium intelligence (the IQ varied from 115 to 130). 
The subjects were uniformly distributed with respect to 
personal anxiety (PA): it was moderate (30 < PA < 45) 
in 50.0% of the subjects and high (>45) in the remain-
ing 50.0%. A moderate PA was more typical of extra-
verts and a high PA, of introverts. The self-estimate was 
high (>0.5 points) in 66.7% of the subjects, of which 
introverts and extraverts accounted for 26.7 and 40.0%, 
respectively. In 33.3% of introverts, the self-estimate 
was moderate (<0.5 points). 

The analysis of the mean statistical parameters of 
the normal cardiac rhythm showed that the integrated 
SI was highly dynamic in different subjects. Analysis of 
SI gradations (which we set conventionally) showed 
that this value was normal (<80 arb. units; vagotony) in 
33.4% of subjects, fell into the range of adaptive varia-
tion (80 < SI < 200 arb. units; normotony) in 56.6% of 
subjects, and fell into the range of strain (SI > 200 arb. 
units; sympathicotony) in 10.0% of subjects. The sub-
jects were not redistributed between these groups by 
the end of an academic day or week; changes occurred 
only within the groups. We divided all subjects into two 
groups with respect to the changes in the SI during an 
academic day (from the first to the eighth class). Group I 
(53.3% of subjects) included the subjects whose SI 
decreased by the end of classes compared to its value in 
the morning (the parasympathetic response); group II 

(46.7% of subjects) included the subjects whose SI 
after classes was increased compared to its value in the 
morning (the sympathetic response). Most group I sub-
jects were introverts with moderate self-estimate and 
high PA; most group II subjects were extraverts with 
high self-estimate and moderate PA. 

The mathematical analysis of the changes in the 
integrated parameters of the cardiac rhythm in group I 
showed an increase in the SI by 33.4% by the end of 
classes on Monday compared to this value before 
classes (p < 0.02) due to a decrease in the activity of the 
sympathetic regulation loop (AMo) by 11.8% (p < 
0.02) and an increase in AX and Mo by 22.2 (p < 0.01) 
and 9.0% (p < 0.05), respectively. The ARI, RAI, and 
ABI were decreased by 25.0 (p < 0.02), 18.3 (p < 0.05), 
and 28.0% (p < 0.02), respectively. In analyzing the 
changes caused by the daily academic load on Friday in 
the same group of subjects, the changes in the inte-
grated indices of the cardiac rhythm were seen to be 
somewhat larger than on Monday (Table 1). Note that 
the Sis recorded on Monday and Friday mornings 
(before classes) only slightly differed from each other. 
On Friday, however, the decrease in the SI during 
classes was larger than on Monday. As can be seen in 
Table 1, the activity of the humoral regulation loop 
(Mo) was insignificantly increased after classes on Fri-
day. The HR was decreased by 8 beats/min. We 
observed a marked change in the SI, namely, a decrease 
by 49.8% (p < 0.001) due to a decrease in the activity 
of the sympathetic regulatory loop by 23.8% (p < 
0.001). The parameters ARI, RAI, and ABI were 
decreased by 31.7 (p < 0.01), 29.6 (p < 0.001), and" 
41.9% (p < 0.01), respectively. These changes were 
confirmed by a high variability of the R-R intervals, 
reflected by a 66.7% increase in AX (p < 0.01) and a 
considerable (82.0%) increase in Vk (p < 0.001). 

The changes caused by the daily academic load in 
group I subjects (a decrease in the SI, a high R-R vari-
ability, and an increase in Mo) indicate that the HR con-
trol was decentralized, the parasympathetic tone domi-
nating the autonomic regulatory loop. This is also evi-
denced by an increased autoregression cloud variance 
in scatter plots, increased amplitude of the oscillations 
of R-R intervals around their mean values, and 
increased spectra of high- and medium-frequency 
waves in autocorrelation plots after classes. We also 
observed sinus arrhythmia and pronounced respiratory 
waves in autocorrelation plots, which also indicated the 
domination of cholinergic control mechanisms. 

The hemodynamic parameters displayed similar 
changes over the same interval of time. The HR, BPS, 
BPd, and PP synchronously significantly decreased 
both on Monday and on Friday (Table 2). The MDP was 
decreased less (by 10.7 and 8.02% (p < 0.02 in both 
cases), respectively). It is known that the MDP reflects 
the degree of centralization of circulation control mech-
anisms and summarizes all instantaneous values of the 
pressure throughout one cardiac cycle. Therefore, the 
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Table 1. Changes in the integrated parameters of the cardiac cycle in students under academic load 

Parameter 

Group I Group II 

Parameter Monday Friday Monday Friday Parameter 

before classes after classes before classes after classes before classes after classes before classes after classes 

Mo, s 0.67 ± 0.02 0.73 ± 0.02 0.63 ± 0.02 0.69 ± 0.02 0.68 ± 0.02 0.60 ± 0 . 0 3 0.71 ± 0 . 0 3 0.60 ±0 .02 

p < 0.05 /><0.01 /><0.01 /><0.01 

AMo, % 44.40 ± 1.74 3 9 . 1 8 + 1 . 8 6 50.35 ± 2.05 38.37 + 2.03 37.50 ± 2 . 7 0 51.50 ±4 .69 37.37 ± 1.78 46.50 ± 3 . 1 8 

p < 0.02 p < 0.001 /><0.01 /><0.01 

AX, s ' 0.27 ± 0 . 0 3 0.33 ± 0.04 0.27 ± 0.03 0.45 ± 0.07 0.59 + 0.09 0.27 ± 0.02 0.55 ± 0.09 0.30 ± 0.02 

p <0 .01 /><0 .01 p < 0.001 /><0.001 

SI, arb. units 146.75 ± 16.96 97.70 ± 14.19 146.20 ± 17.57 73.40 ± 9.59 69.67 ± 10.50 157.61 ± 2 6 . 6 79.65 ± 15.39 144.40 ±27 .45 

p < 0.02 p< 0.001 /><0.001 p < 0.05 

ARI, arb. units 6 . 3 9 1 0 . 5 0 4.79 ± 0.45 5.65 ± 0 . 5 2 3.86 + 0.43 3.64 ± 0.42 6.35 ± 0.60 3.63 ± 0 . 5 8 6.25 ± 0.73 

p < 0.02 p < 0 . 0 1 p < 0.001 /><0.001 

RAI, arb. units 68.49 + 4.97 55.93 ± 4.56 81.66 ±4 .71 57.50 + 4.63 59.80 ± 5 . 8 0 84.40 ± 9 . 3 0 48.45 ± 4.20 75.24 ± 3.27 

p < 0.02 p< 0.001 p < 0.02 /><0.001 

ABI, arb. units 188Л4 ± 15.88 135.55 ± 15.34 176.36 ± 18.93 102.41 ± 13.10 99.73 ± 12.80 192.87 ±26 .07 101.00 ± 17.90 181.74 ±25 .20 

p < 0.02 p < 0 . 0 0 1 /><0.001 /><0.01 

Vk 6.87 ± 0.20 8.86 ± 0.94 6.89 ±0 .22 12.54 ± 1.68 15.12 ± 2.30 7.59 ± 0.44 14.18 ± 2 . 3 0 7.12 + 0.34 

p < 0.02 /><0 .001 /><0.001 /><0.001 
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Note: Abbreviations used here and in Table 2 are explained in Methods. 



Table 2. Changes in ihe hemodynamic parameters in students under academic load 

-t. 
O N 

Parameter 

Group I Group II 

Parameter Monday Friday Monday Friday Parameter 

before classes after classes before classes after classes before classes after classes before classes after classes 

HR, beats/min 91.54 ±2 .35 83.50 ±1 .60 95.25 ± 2.29 87.00 ±3.87 88.80 ±3 .80 78.00 ±4 .40 97.80 ± 4.60 83.00 ±4 .02 

p < 0.001 p < 0.05 p < 0.05 p < 0.02 

BPS> mm Hg 117.14 ±3 .13 106.78 ±3 .80 117.51 ±2.78 103.90 ±2.42 106.60 ± 1.66 115.51 ±4 .08 111.80 ± 3.18 125.00 ±4 .28 

p < 0.02 p <0.001 p < 0.05 p < 0.02 

BPd, mm Hg 78.21 ±3 .80 68.20 ±2.65 74.07 ± 1.85 63.63 ± 2.95 69.60 ± 1.33 78.83 ± 3.42 67.01 ±3 .00 81.00 ± 5.10 

/; < 0.02 /><0.001 p < 0.02 p < 0.02 

PP, mm Hg 41.25 ± 2.31 35.02 ± 1.85 46.06 ± 2.36 35.10 ± 1.69 36.00 ± 1.00 44.00 ±2 .52 41.20 ± 1.74 51.61 ±4 .40 

p < 0.02 p < 0.001 /7 <0.01 p < 0.01 

MDP, mm Hg 95.98 ±3.31 84.81 ±2.98 91.27 ±2.05 84.95 ±2.53 84.25 ± 1.63 92.66 ±2 .96 87.51 ±3 .07 98.13 ±4 .26 

p < 0.02 p < 0.02 p < 0.02 p < 0.05 

SBV, ml 63.05 ± 1.83 52.96 ±3.15 67.56 ± 1.39 57.52 ± 1.98 59.78 ± 0.69 63.91 ± 1.38 61.48 ± 3.61 68.82 ± 1.02 

p<0 .01 p< 0.001 p < 0.02 p < 0.05 

MBV , 1/min 5.71 ±0.17 4.96 ±0 .30 6.17 ± 0.19 5.35 ±0.25 4.78 ±0 .30 5.62 ±0 .16 4.51 ±0 .25 6.01 ±0 .34 

p < 0.02 /j < 0.01 p < 0.02 p< 0.001 

Q, units 4.16 ±0.18 5.08 ±0.21 4.51 ±0 .14 4.93 ±0.18 3.65 ± 0.20 4.47 ± 0.30 4.21 ±0 .36 5.35 ± 0.40 

p <0.001 p < 0.05 p < 0.02 p < 0.05 

RR, breaths/min 20.80 ± 0.89 16.51 ±0.54 20.81 ±0 .33 18.25 ±0.48 22.00 ± 0.63 19.02 ± 1.11 22.00 ± 1.70 17.01 ± 1.40 

p< 0.001 p< 0.001 p < 0.02 p < 0.02 
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T a b l e 3. Changes ill the H A M test results in students under aeademic load 

Parameter 
Monday Friday 

Parameter 
before classes after classes before c lasses after с lasses 

Self-estimated state of health 

Activity 

Mood 

H A M (average) 

6 .13 ± 0 . 1 9 

5 .59 ± 0 . 4 3 

5 .88 ± 0 . 2 3 

5 .86 ± 0.25 

5 .12 ± 0 . 2 8 

5.14 ± 0 . 4 0 

5.76 ± 0 . 2 2 

5 .33 ± 1.55 

5 .69 ± 0 . 2 2 

5 .22 ± 0 . 4 2 

5 . 7 0 ± 0 . 1 8 

5 .53 ± 0 . 2 3 ' 

5 .43 ± 0 . 2 6 

5.16 ± 0 . 3 8 

5.43 ± 0 .20 

5 .44 ± 0 .22 

insignificant MDP variation observed in our study indi-
cates that the circulation control mechanisms were rel-
atively stable in the subjects from this group. The 
decrease in SBV and MBV observed after classes both 
on Monday and on Friday was accounted for by a 
decrease in HR and peripheral vascular resistance. The 
observed pattern of changes in the cardio- and hemody-
namic parameters may have been determined by 
fatigue, a decrease in the tone of the autonomic nervous 
system (ANS), and inhibition in the CNS, which 
reflects the physiological response protecting the body 
against overfatigue [3, 4, 10]. This is further confirmed 
by the shift in Hildebrandt's index of intersystem rela-
tionships ( 0 caused by the cardiovascular/respiratory 
imbalance, which was especially pronounced by the end 
of classes on Monday. "Ibe synchronous changes in all 
parameters studied (both hemodynamic and integrated) 
and the intensity of cardiovascular reactions were largely 
determined by the subjects' young age. In elderly per-
sons, these changes are heterochronous [11, 12]. 

In group II, the SI was considerably (126.2%) 
increased after classes compared to its value in the 
morning (p < 0.001). We also observed a simultaneous 
increase in AMo, ARI, RAI, and ABI by 37.3 (p < 0.01), 
74.5 {p < 0.001), 41.1 (p < 0.02), and 93.4% (p < 
0.001). The observed changes indicate that the auto-
nomic balance was shifted towards a marked predomi-
nance of the sympathetic division of the ANS, which is 
known to reflect an increasing centralization of HR 
control and an enhanced modulating effect of the hypo-
thalamus [1, 3 , 4 , 9 , 13]. The domination of the sympa-
thetic tone (an increase in the SI and AMo) was accom-
panied by a decrease in the activities of the humoral and 
parasympathetic control loops by 54.2 (p < 0.001) and 
11.8% (p < 0.01). This was confirmed by the decrease 
in the variation coefficient of R-R intervals by 49.8% 
(p < 0.001) (Table 1). Similar changes were observed 
after classes on Friday. The SI, ARI, ABI, RAI, and 
AMo values were significantly increased compared to 
these parameters before classes by 81.3 (p < 0.05), 72.2 
(p < 0.001), 55.3 (p < 0.001), 79.9 (p < 0.001), and 
24.4% (p < 0.01), respectively, while the variation coef-
ficient decreased by 49.8% (p < 0.001). We observed a 
decreased autoregression cloud variance in scatter 
plots, decreased amplitude of the oscillations of R-R 
intervals around their mean values, and increased spec-
tra of low- and medium-frequency waves in autocorre-

lation plots in group II. However, in contrast to the 
results for group I, the largest changes in the integrated 
parameters were observed after classes on Monday. On 
Friday, the intensity of the functioning of HR control 
mechanisms was somewhat decreased. The observed 
pattern of changes indicates that the reserve capacities 
of the body were mobilized to overcome the academic 
load by the end of classes on Monday, while, by the end 
of week, the reserves were partly exhausted. 

Analysis of the hemodynamic indices of group II 
subjects at the end of classes on Monday and on Friday 
showed a significant decrease in HR by, respectively, 
12.2 О < 0.05) and 15.2% (p < 0.02). The blood pres-
sure and all its components were significantly increased 
by the end of classes both on Monday and on Friday 
(Table 2). A parallel increase in BP and its components 
is known to indicate a good contractile capacity of the 
myocardium [11]. The increase in MBV by the end of 
classes was determined by an increase in SBV because the 
HR tended to decrease in this group. The increase in 
Hildebrandt's coefficient indicates that the cardiac-respi-
ratory relationships became somewhat less coordinated. 

Group П subjects are a risk group because the exces-
sive autonomic component of bodily reactions, repeatedly 
expressed during the academic year, may become a factor 
leading to deviations from the normal state of health. Note 
that the subjects that were included in group П were char-
acterized by a relatively high intelligence. 

The opposite directions of changes in cardio- and 
hemodynamic parameters and integrated HR indices in 
the two groups of subjects agree with published data 
that mental load and emotions may either increase or 
smooth the variation of cardiac rhythm parameters in 
different individuals [3]. 

The decrease in the functional capacities of the body 
during an academic day (from the beginning to the end 
of classes) and an academic week (from Monday to Fri-
day) is also evidenced by the changes in the results of fill-
ing out the HAM questionnaire, which had the same ten-
dency in both groups; their mean values decreased dur-
ing the period from the beginning to the end of classes 
both on Monday and on Friday because of a decrease in 
all components: the self-estimated state of health, activ-
ity, and mood (Table 3). According to published data on 
the functional state of teachers [1], the mean HAM value 
and its components are decreased by the end of a work-
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ing day. This is accompanied by changes in BP 
( ± 4 - 6 m m Hg) and HR (±7-9 beats/min). 

C O N C L U S I O N S 

T h e results ob ta ined a l l ow us to conc lude that every -
day menta l load causes d i f f e ren t l y d i rected changes in 
h e m o d y n a m i c parameters and the mechanisms o f H R 
con t ro l . O u r assumpt ions are con f i rmed by pub l i shed 
data ob ta ined by other researchers s tudy ing the adap-
t i ve capac i ty o f ch i l d ren o f d i f fe rent ages [12, 14]. 
A parasympathet ic response to da i l y and w e e k l y aca-
d e m i c loads is o p t i m a l because a sympathet ic response 
enta i ls the r i sk o f the exhaust ion o f the body 's adapta-
t i o n and compensa to ry potent ia l , w h i c h is ev idenced by 
the pat terns o f the changes repor ted here. 

REFERENCES 

1. Nozdrachev, A .D. and Shcherbatykh, Yu.V., Modern 
Methods o f Functional Studies of the Autonomic Ner-
vous System, Fiziol. Chel., 2001, vol. 27, no. 6, p. 95 
[Hum. Physiol. (Engl. Transl.), vol. 27, no. 6, p. 732]. 

2. Sitdikov, EG. , Shaikhelislamova, M.V., and Valeev, I.R., 
The Effect o f Academic Load and Work Conditions on 
the Sympathoadrenal Function and the Indices o f Heart 
Rhythm Regulation in 17- to 18-Year-Old Girls, Fiziol. 
Chel., 2001, vol. 27, no. 5, p. 60 [Hum. Physiol. (Engl. 
Transl.), vol. 27, no. 5, p. 561]. 

3. Shcherbatykh, Yu.V., Self-Regulation of Autonomic 
Homeostasis in Emotional Stress, Fiziol. Chel., 2000, 
vol. 26, no. 5, p. 151 [Hum. Physiol. (Engl. Transl.), 
vol. 26, no. 5, p. 641]. 

4. Yumatov, E.A., Kuz 'menko, V.A., Badikov, V.I., et al., 
Emotional Stress in Students during Examinations, Fiz-
iol. Chel., 2001, vol. 27, no. 2, p. 104 [Hum. Physiol. 
(Engl. Transl.), vol. 27, no. 2, p. 221]. 

5. Agadzhanyan, N.A. , Ruzhenkova, I.V., Starshinov, Yu.R, 
et al., Characteristics o f Adaptation of the Cardiovascu-
lar System in Adolescents, Fiziol. Chel., 1997, vol. 23, 

no. 1. p. 93 [Hum. Plivsiol. (Ensl. Transl.), vol. 23, no. 1, 
p. 82]. 

6. Sidorov, P.I., Solov'ev, A.G., and Novikova, I .A., Psy-
chosocial Maladaptation of Students wi th Chronic 
Somatic Pathology, Gig. San., 2001, no. 4, p. 46. 

7. Gevorkyan, E.S., Dayan, A.V., Adamyan. Ts.L, et al., 
The Effect o f Exam Stress on Psychophysiological 
Parameters and Heart Rate in Students, Zh. Vvssh. Nervn. 
Deyut., 2003, vol. 53, no. 1, p. 46. 

8. Gevorkyan, E.S., Dayan, A.V., Adamyan, Ts.I., et al., 
Changes in Some Psychophysiological Parameters o f 
Students during Exams, Gig. San., 2002, no. 3, p. 41. 

9. Baevskii, R.M. , K i r i l lov , O.I., and Kl i tskin, S.Z., 
Matematicheskii analiz izmenenii serdechnogo ritma pri 
stresse (Mathematical Analysis of Heart Rate Changes in 
Stress), Moscow: Nauka, 1984. 

10. Vanyushin, Yu.S. and Sitdikov, F.G., Adaptation o f Car-
diac Performance to Physical Exercise of Increasing 
Power in Adolescents, Fiziol. Chel., 2001, vol. 27, no. 2, 
p. 91 [Hum. Physiol. (En«l. Transl.), vol. 27, no. 2, 
p. 210]. 

11. Navakatikyan, A .O. and Kryzhanovskaya, V.V., Vozrast-
naya rabotosposobnost' lits umstvennogo truda (Age-
Related Work ing Capacity o f Persons Engaged in Men-
tal Work), Kiev: Zdorov 'e, 1979. 

12. Rubanovich, V.B., Girenko, L .A. , and Aizman, R.I., 
Characteristics o f the Morphofunct ional Development o f 
7- to 14-Year-Old Boys wi th Different Types of Adapt ive 
Response, Fiziol. Chel., 2003, vol. 29, no. 3, p. 48 [Hum. 
Physiol. (Engl. Transl.), vol. 29, no. 3, p. 301]. 

13. Dotsoev, L.Ya., Usynin, A .M . , Vagner, N.I., et al., Func-
t ional State o f 11- to 12-Year-Old Schoolchildren under 
Condit ions of Intense Academic Load Assessed by Heart 
Rate Variabil i ty, Fiziol. Chel., 2003, vol. 29, no. 4, p. 62 
[Hum. Physiol. (Engl. Transl.), vol. 29, no. 4, p. 444] . 

14. Antropova, M.V. , Kuznetsova, L .M. , Manke, G.G., et al., 
Morphofunct ional Maturat ion of Preschool Chi ldren 
dur ing Early Systematic Education, Fiziol. Chel., 2003, 
vol. 29, no. 3, p. 41 [Hum. Physiol. (Engl. Transl.), 
vol. 29. no. 3, p. 295]. 

H U M A N P H Y S I O L O G Y Vol. 32 No. 4 2006 




