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ABSTRACT

The results of the study of body composition parameters using bioimpedance analysis of representatives of the youth age period of 14-19 years
are presented. The obtained data of bioimpedance analysis for this age category are in satisfactory agreement with the literature data. It is
determined that the intracellular liquid of individuals, related to the total volume of liquid in it, increases with age of the individual. It has been
suggested that the amount of intracellular liquid relative to the total liquid increases due to an increase in the number of cells (since tissue
growth occurs due to active cell division) as well as decrease in the number of extracellular liquid, most often caused by an increase in fatty
tissue for this age group. This pattern is observed for female and male contingent of the studied. The distributions of relative intracellular liquid
depend on age and change from approximately uniform in adolescent to normal in youthful age. The specific basal metabolism is increasing
for males between the ages of 14 and 19, which is explained by the increasing secretion of hormones of the anterior pituitary (somatotropic
hormone or growth hormone). The hormone causes a pronounced acceleration of linear growth and, as a result, an increase in the specific
basal metabolism in the puberty, especially in males.

AHHOTaIsA

ITpuBeneHsl pe3y/IbTaThl MCCIENOBAHNS IIAPaMEeTPOB COCTAaBa Te/la METOAOM OMOMMIIeJAHCHOTO aHA/MN3a y IpefiCTaBUTesIell IIOPOCTKOBOTO 1
IOHOIIIECKOTO BO3PACTHBIX IepuonoB 14-19 mer. IlonmydyeHHble COOCTBEHHBIE [AHHbIE OMOMMITEZAHCHOTO aHAANM3a HAaHHOV BO3PACTHO
KaTeropuyl yHOBTIETBOPUTENBHO COITIACYIOTCA C /MuTeparypHbiMu. OTpefiesieHO, YTO BHYTPMK/IETOYHAs Macca OMONOIMYecKMX OOBEKTOB,
OTHeCeHHas K 001jeMy 00'beMy >KUKOCTM B HeM, PacTeT C yBelIMYeHMeM Bo3pacTa 00beKTa. BpickasaHO MpeNIonoXKeHye, YTo KOMM4YeCTBO
BHYTPMK/IETOYHOJ >KMAKOCTY IO OTHOIIEHMIO K 00IIeil XUAKOCTY B pacCMaTpUBaeMOll BO3PACTHON TPYIIe BO3pacTaeT 3a CYeT YBeIMdeHNs
KOJIMYeCTBa CaMMX K/IeTOK (IIOCKOJIBKY POCT TKaHeil IMPOMCXORUT 3a CYeT aKTMBHOTO Jie/IeHMs KJIeTOK), a TakKe 6/1arofaps yMeHbIICHUIO
KONMMYECTBA BHEKJIETOYHOM >KMIKOCTY, HPUYMHON KOTOPOTO dYallle BCEro SABIAETCA YBeNMdYeHNMe KOMMYecTBa J>KMPOBON TKaHM. ITa
3aKOHOMEPHOCTb HAOIIOfaeTcsl KakK JJIA JKEeHCKOTO, TaK M MY)XCKOTO KOHTMHTeHTa JCCIefyeMbIX. Pacmpefie/leHNss OTHOCUTENIbHOI
BHYTPUK/IETOYHOM >XUAKOCTY CYI[ECTBEHHO 3aBUCAT OT BO3PACTHOI KAaTErOPMM M M3MEHAITCA OT IPUONUSUTEIBHO PaBHOMEPHOTO B
HO/IPOCTKOBOM BO3pacTe /10 HOPMATbHOTO B IOHOIIECKOM. Y/Ie/IbHbII OCHOBHOI OOMEH JIA JIMI] MY>KCKOTO II0/Ia B Bo3pacTte OT 14 mo 19 et
HapacTaeT, 4To 00bSICHIETCS HapacTalLell CeKpelyell TOpPMOHa IepefHeit Koy rumnodusa (COMaTOTPOITHOTO TOPMOHA MM TOPMOH pocTa). B
ny6epTaTHOM Ilepuofie, B 0COOEHHOCTH Y JIML] MY>KCKOTO II071a, OH BBI3BIBA€T BBIPR)KEHHOE YCKOPEHME NMHETHOTO POCTa M, KaK CJIefiCTBIE,
HOBBIIIIEHME Y/IeNIbHOTO OCHOBHOTO OOMeHa.
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1. Introduction

All currently used methods for assessing the component
composition of the body are classified into reference
methods, laboratory and field ones [1-2]. The reference
methods include multicomponent models, computerized
tomography (CT), magnetic resonance imaging procedure
(MRI). Laboratory methods consist of dual energy X-ray
absorptiometry, densitometry, hydrometry, ultrasonic
investigation (ultrasound), three-dimensional scanning.
Field methods include anthropometry, bioimpedansometry,
determination of body mass index. Anthropometric
methods are the simplest and most affordable methods
based on changes in the morphometric parameters of the
body. Based on these indicators the method of calculating
body mass index (BMI) or the Kettle index, is used to assess
excess or underweight. However, the BMI indicator is the
only a factual sign of the presence of excess or underweight,
without giving a qualitative assessment of the body
components. For this reason, the biophysical method of
studying the component composition of the body, founded
in 1880, gained great popularity. W. Thomson, who studied
the resistance of tissues of individuals , proposed the
method. He suggested that in addition to the general
resistance inherent in the body, it is possible to determine
the resistance of its individual components. The electric
resistance of biological tissues which called bioelectric
impedance, and the method itself is called the bioimpedance
analysis method. The total impedance value includes two
components: the active resistance (or tissue inherent
resistance) and reactance, characterized by a shift in the
phase of the current relative to the voltage due to the
capacitive properties of cell membranes. The total water
content in the body is calculated by the value of active
resistance. The high conductivity of water is due to the
presence of electrolytes in it. The values of the main
metabolism and active cell mass, namely the mass of muscles
and internal organs are calculated by the magnitude of the
reactive component of the impedance. The advantages of the
method are low cost and availability, the absence of
radiation exposure, the ability to conduct studies in
dynamics, as well as the non-invasiveness of the method and
the ability to perform in the field.

Currently, the bioimpedance analysis method is used in a
wide range from examining the parameters of the human
body condition, including medical aspects [1-5] to attempts
to determine the biological age of an individual and the
nutritional status [6-8]. A number of literature reviews [7-
11] present an analysis of modern literature regarding the
potential of the bioimpedance method in assessing of the
human body composition.

The bioimpedance analysis method (BIA) based on
measuring the electric conductivity of biological tissues,
allows to evaluate the morphological and physiological
parameters of the body in a wide range. In the BIA the active
and reactive resistance of the body (or its segments) are

measured at frequencies from 5 to 500 kHz. Using the
numerical values of the obtained resistances in combination
with anthropometric data (mass, height, gender and age of
the individual), such characteristics of the individual
composition as fat, cell and musculoskeletal mass, volume
and distribution of extra- and intracellular liquid in the body
are calculated [1]. A special equipment called a
bioimpedance meter is used to conduct BIA. Currently, BIA
is successfully used by physichians of various specialties
(nutritionists,  endocrinologists,  cardiologists,  sports
medicine and etc.) in their practice [11].

The bioimpedance measurements show that there are
significant differences in the composition of the human
body, depending on the age and gender [1, 6, 8, 11]. It has
been established that for women in the range from youthful
to old age, fat mass monotonously increases, however, its
decrease is noted at senile age [1]. The proportion of lean
mass and its individual components (musculoskeletal, total
liquid volume, intracellular and extracellular liquid)
simultaneously decrease with an increase in fatty tissue in
the body. The lean mass is up to 80% of body weight in
adolescent and youthful categories of women (16-20 years
old), and its decline starts from the first period of adulthood
(21-35 years old), and it becomes less on 10% in the second
adulthood (36-60 years old) than in adolescence. A complete
decrease in lean mass from youthful to old age is 15%.

The study of the dynamics of body parameters in children
is of particular relevance for dynamic monitoring of the
development of the body [8, 12, 13, 16, 18]. The results of
studies conducted by anthropologists and pediatricians show
the possibility of using BIA in child anthropology, starting at
the age of 10. One of the directions of modern research is the
study of body composition in youth age periods [5, 14, 18,
19], when the formation of the main parameters of the
human body occurs. The puberty occuring during this stage
is a process of changes in the body of adolescents, as a result
of which they become adults and able to continue the
generation. Despite individual differences, the average
pubertal period begins at 12-14 years and ends at 18-20
years. Puberty is triggered by signals from the brain through
the pituitary-hypothalamus system to the gonadotropic
hormones, testes and ovaries. The gonadotropic produce
various hormones that stimulate the growth and
development of the brain, bones, muscles, skin, and
reproductive organs in response to these signals. The growth
of the tubular bones of the skeleton accelerates in the first
half of puberty and ends completely with the completion of
puberty. Prior to puberty, differences in the structure of the
body of a girls and boys are reduced exclusively to primary
sexual characteristics. The significant differences in the size,
shape, composition and function of many structures and
systems of the body are related to secondary sexual
characteristics during the period of puberty. For a given age
period (14-19 years), the physical development takes place in
human ontogenesis, which is considered as a dynamic
process of growth (increase in length and body mass,
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development of organs and body systems, etc.) and
biological maturation of a given individual. The
development process of morphological and functional
properties of the organism (growth rate, mass gain, a certain
sequence of increase in various parts of the body and their
proportions, as well as the maturation of various organs and
systems at a certain stage of development) are mainly
programmed by hereditary mechanisms and implemented
according to a certain plan optimal living conditions.
Physical development reflects the processes of growth and
development of the organism at certain stages of postnatal
ontogenesis  (individual  development), ~when the
transformation of the genotypic potential into phenotypic
manifestations most clearly occurs. First of all, the human
body is biological, organic and natural body, which is
characterized by the term “physical condition” or “state of
morphofunctional development”. The main parameters,
properties and qualities of the biological organization of
human include the type of constitution (or physique),
morphofunctional organization and motor skills.

An analysis of the literature data [5, 14, 18, 19] shows that
currently there is sufficient quantitative material for the
measured parameters of the bodies of individuals in
adolescence and youth age. It has been also stated that these
parameters for adolescents and youths are different
depending on nationality and place of residence. This
indicates the need for a detailed analysis of the accumulated
experimental data. This paper analyzes the features of the
development and formation of the basic parameters of a
person and energy characteristics for people from the age of
14 to 19.

The aim of research is to determine differences in changes
of parameters of the human body composition for
representatives of the youth age period.

Interest to this age category of individuals is that
significant differences in the size, shape, composition and
function of many structures and systems of the human body
are formed at this age. The hypothalamic-pituitary system of
the body that produces somatotropic hormone is responsible
for these processes. It is in childhood and adolescence
somatotropic hormone (or growth hormone) causes an
acceleration of linear (in length) growth. This is due to the
growth of the tubular bones of the skeleton. Somatotropin
secretion gradually decreases with age. It reaches minimum
values at the elderly and second period of mature age.
Maximum values are reached during puberty in adolescents.
This phenomenon is accompanied by an acceleration of
metabolism, and as a result, the active growth of tissues due
to cell division.

2. Material and Methods

Volunteers Volunteers of adolescent (school) and youth
(junior students) age periods from 14 to 19 years old have
been involved in this study. Volunteers were divided into
three age groups: 1) adolescent - 14-15 years old, 2) first

Table 1 | The composition of the volunteers. CocraB BbIGOpKM
MCCIEyeMBbIX /I,

Number of
Age, years Gender Total, man
participants, man

F 40

14-1 7

> M 36 6

F 52

16-17 M 48 100
F 61

18-19 M 61 122

youthful - 16-17 years, 3) second youthful - 18-19 years old.
Written consents to the bioimpedance analysis were
obtained from each volunteer (the age group 18-19 years) or
from their parents (the age group 14-17 years).

Table 1 presents the age and gender composition of the
volunteers.

The studies were conducted by bioimpedance analysis
using the MEDASS ABC-01 body water balance analyzer
with the software «Sport» [20]. BIA is based on measuring
the body's electric resistance (impedance) using a bio-
impedance analyzer [1, 2, 15, 16]. In this case, two pairs of
disposable bioadhesive electrodes are used in the «arm -
trunk - leg» circuit with a probing sinusoidal current of
constant frequency and low power (not more than 500-800
HA). Measurements were performed for each volunteer
twice. An electric current, depending on the frequency of the
probing signal, flows both around the cell (at low
frequencies) and through them (at high frequencies). In the
used analyzer, the probe signal is supplied at 2 frequencies:
fi = 5 kHz and f, = 50 kHz. It is believed that at the first
frequency, the current passes only through the extracellular
liquid (analogue of direct current), at the second frequency,
the current passes through both the extracellular and
intracellular liquids. The main parameters (fatty mass (FM),
lean mass (LM) - body mass without fat, musculoskeletal
mass (MSM) and active cell mass (ACM), as well as the total
water volume (TWYV) differentiated into intracellular liquid
(IL) and extracellular liquid) are determined based on the
measured active and reactive resistances of a person using
also anthropometric data. In addition, data on the energy
balance of an individual (the basal metabolism (BM) and the
specific basal metabolism (SBM)) are given. As a rule [1, 17,
21], regression equations are used to determine the
composition of a individual . Regression equations include
the anthropometric and electric parameters of the
individual . For example, to determine the total water
volume in the body mywy one have to use the regression
formula [21, 25, 27] in the form:

2
a,L

My =112—+412M+a3t+A+a4
50

Equation 1

where L - the height of the person, Rs;, - the active
resistance at a frequency of 50 kHz, M — mass of the person,
t — age, the value of A is determined by the gender of the
volunteer.
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Table 2 | Electric indicators for humans of different age and gender groups. dnexTpmyeckye moKasateny y IuL, PasHbIX

II0/IOBO3PAaCTHBIX IPYTIIL.

Age, j» degree R;, Om X, Om
Gender , . . Ry, Om
years own literary own literary own literary
14-15 F 6+1 7+1 673+ 75 680 + 80 74+ 11 70 £ 11 756 £ 79
M 7+1 7x1 556 + 54 540 £ 70 677 64+7 634 £ 55
16-17 F 6+1 7+1 653 + 64 655+ 75 70 £ 8 68 £ 11 736 £ 71
M 7+1 7+1 530 £ 70 530+ 70 659 637 615+ 78
18-19 F 6+1 7+1 670 £ 71 640 + 80 759 67 £ 11 760 £ 79
M 71 71 560 + 52 520 + 80 69x7 62+8 646 £ 58
The constants a; in the regression equation (1) are ®CR; .
Equation 4

determined empirically. To select the constants a;, the
component of the individual is measured in other ways (for
example, the dilution method [1] is used to determine the
numerical value of the total body liquid mass) and the same
component is compared in the form of equation (1). In this
case, the desired constants ai are determined by minimizing
the error.

Equation (1) can be represented through the electric
characteristics and anthropometric data of the human body.
In this case, it becomes equivalent to the equation:

14
My, =a, —+a,p,V +at+ 4

e

Equation 1*

where V - the volume of the body, p, - the resistivity of the
body, pr - density.

It is believed that one of the main indicators characterizing
the state of a individual is the phase angle ¢ [6, 7, 13, 22].
The phase angle characterizes the phase shift of the
alternating current relative to voltage, its values characterize
the degree of fitness and endurance of the body, the
functional state of the cells and the intensity of metabolism.
The phase angle ¢ is determined from the ratio:

@ = arctg % Equation 2

where X, - reactive, R - active resistance, which are defined
for the three-parameter model in the form [21]:

p_ Rt @' C'RR (R +R)
1+ (oC(R, + R))’

Equation 3

‘" 1+@'C*(R, + R’

where C - total capacity of cell membranes, R; and R, -
active components of the resistance of intra-and
extracellular liquids.

The table processor Microsoft Office Excel 2007 and the
statistical package “Statistica for Windows” 6.0 were used for
statistical processing of the results. A control on normal
(Gaussian) distribution was carried out using the Shapiro-
Wilk W-test. It was believed that with the analyzed
distribution does not differ from normal. If the distribution
corresponded to the normal one, then the arithmetic mean
and standard deviation were determined for the measured
parameter: .(X) + o.

3. Results and Discussion

The active resistance at the frequency of 5 kHz (R,), the
active and reactive components of the impedance at a
frequency of 50 kHz (R; , X.) and the phase angle (¢) were
determined as a result of bioimpedance studies. The
numerical values of the presented parameters are given in
Table 2 in comparison with the literature data [21].

As can be seen from table 2, the phase angles for the
gender and age categories are generally consistent with the
data [22]. Active and reactive resistances monotonously fall
with an increase in height and their insignificant growth is
observed for the age group of 18-19 years in the conducted
study.

Regression-coupling equations allow to determine the
main parameters of the human body and are compiled based
on electric characteristics with known anthropometric
parameters. The data analyzed for the considered age and

Table 3 | Parameters of body composition in individuals of different age and gender groups. ITapameTpsI cocTaBa Tefa y Nl PasHbIX

II0/I0OBO3PaCTHBIX I'PYTIIL.

A Gend my /My, % BM, kcal/day SBM, kcal/(day*m?) / o
8¢ years ender own literary [17] own literary [24] own literary [17] M/ Mrwy, 7o
14-15 F 55+4 56+ 3 1305 + 100 1250 + 100 820 £ 53 845 + 30 0,56 + 0,01
M 58+3 55+3 1573 + 152 1420 £ 110 867 + 39 910 £ 30 0,59 + 0,01
16-17 F 55+2 57+4 1460 + 184 1300 + 100 818 £ 38 835+ 35 0,57 £ 0,01
M 58 +2 56+ 3 1677 £ 116 1560 + 110 868 £ 41 920 £ 40 0,6 £ 0,1
1819 F 5542 57+4 1351486 1380+100 814 +41 830 + 40 0,57 + 0,01
M 50+2 58+3 1675 + 104 1700 = 120 880 + 40 930 + 40 0,60 = 0,01
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2

Figure 1 | Distributions by fat mass (a) and natural logarithm of
phase angle (b) for adolescents 14-15 years old: 1 - teenage girls, 2 -
teenage boys. Pacnpenenenuss mo >KupoBoit Macce (a) u
HaTypalbHOMY sorapudmy ¢dasosoro yria (6) ania nogpocTkos 14-15
et: 1 — 1eBOYKM-TIOAPOCTKY, 2 — Ma/IbYMKI-TIOPOCTKI
nmaboparopuu TioMeHCKOT 06/1acTu.

gender categories in the present work are presented in Table
3.

The figure 1 shows the distribution of body fat mass,
referred to the mass of the body and from the natural
logarithm of the phase angle. In the given data, NO indicates
the total number of investigated individuals (teenage boys or
girls), and N the number of investigated, related to the
interval of relative fat mass indicated in the figure 1.

As follows from the processing of experimental data, the
measurement results can be described by a normal
distribution, which can be considered as the evidence of the
reliability of the sample. The shifts of the maxima for the
presented distributions also correspond to known literature
data. It should be noted that distributions are similar for
other age and gender categories. There is a high correlation
between the relative cell mass (table 3) and the phase angle.
The relationship between them is:

Mzo.ﬂn(p

Equation 5
My

The figure 2 shows the mass distribution of intracellular
liquid, referred to the total volume of the liquid phase in the
human body. Such data are not presented in the available

04

02

0.

mi
02 mTWV% 4 35
a) )

Figure 2 | Distribution of intracellular liquid (IL), related to the total
water volume (TWYV) in the body: a) — females: 1 — 14-15 years; 2 -
18-19 years old; 3 — 16-17 years old; b) — males: 1 — 14-15 years; 2 -
18-19 years old. Pacupenenenus mo kimerounoit >xkupkoctu (KXK),
OTHECeHHOI1 K obuieMy BogHOMY 06beMy (OBO) B opranmsme: a) —
JIMIA )KEHCKOro moyna: 1 — 14-15 yet; 2 — 18-19 nert; 3 - 16-17 net; 6) —
JIMIIA MY>KCKOTo nona: 1 — 14-15 ner; 2 — 18-19 ner.

N N
N, '2\/_0
ese 030
015 4 015
2 kcal B
oe S0 keal
RS day 57T day
760 785 8l0 4835 860 4385 30‘; * 335 830 8}5 9("0 * 92‘j

a)
Figure 3 | Distributions by specific basal metabolism: a) - females: 1
- 16-17  years  old; 2 - 18-19  years  old;
b) - males: 1 — 14-15 years; 2 — 18-19 years old. Pacnipepienenns mo
YAeTbHOMY OCHOBHOMY 00OMeHY: a) — /IuIla >KeHCKOro mona: 1 — 16-17
net; 2 — 18-19 net; 6) — mina My>kckoro mona: 1 — 14-15 ner; 2 - 18-
19 ner.
literature. In general, it is considered [23-28] that the mass
percentage of intracellular liquid is 60% of the total mass of
the liquid and depends on the age and gender of the
individual.

The data presented on the figure 2 confirm the integral
fact, however it follows that during the period from 14 to 19
years, the average relative intracellular liquid also increases
from 57.5% to 60.5%. At the same time, the type of
distribution for different age and gender categories also
changes significantly. If uniform distributions over relative
ACM are characteristic for 14-15 years of age, then it
assumes the form of a normal distribution for 18-19 years of
age. Perhaps, the reason is the pubertal period and the
corresponding processes of active growth. There are
currently no published data about the interconnection of
intracellular liquid with age-related changes, but it can be
assumed that the amount of intracellular liquid relative to
the total liquid. The total liquid may increase during this
period due to two mechanisms: 1) an increase in the number
of cells, since tissue growth occurs due to active cell division;
2) a decrease of the amount of extracellular liquid, the cause
of which is most often an increase in the amount of fatty
tissue, because fatty tissue is little hydrated and there is a
direct relation (the higher the number of fat cells themselves,
the lower the total body liquid). This pattern is observed for
both female and male contingent of the studied.

The figure 3 shows the dependence of the relative number
of the studied volunteers from the energy characteristics of a
human (SBM). As follows from the literature data (table 3),
this characteristic should slowly decrease with increasing
age. The obtained experimental data for the female category
confirm this fact; however, a contradiction is obtained for
the males. The SBM value also increases with age for the
given age group.

To explain this phenomenon, it is necessary to investigate
the ratio:

BM

SBM = T Equation 6

where S - the body surface area of the individual .
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The ACM is associated with the LM ratio (5). Since the
phase angle varies insignificantly for the studied age
categories, it is obvious that the change in ACM will be
determined by the change in the lean mass of the individual ,
which also increases with age. The BM is associated with an
active cell mass ratio:.. It follows that, since ACM is
increasing, the energy released by a person per unit of time
will also increase.

As follows from relation (6), the SBM is determined by
two competing values: the growing values of BM and the
growing surface square of the body of the individual ,
defined by the Du Bois formula:

m*L

3600

S (m?) = 0.007184*m ¥ *L73 ot S (m?) = Equation 7

where m - is body mass (kg), L - is height (cm).

Calculations of absolute values of S by both formulas
coincide with a sufficiently high degree of accuracy. The
values of BM and the body surface square of individuals (S)
are presented in Table 4.

As follows from table 4, the average mass for the age group
of 18-19 years is less than at the age of 16-17 years, while the
average growth values exceed. This leads to the fact that the
average values of body surface square of categories 16-17-
young men exceed the same parameter for 18-19 year olds.
This determines the contradictions between the SBM data
presented in the literature and the obtained values of the
specific basic exchange in our own studies.

4. Concluding Remarks

The intracellular liquid of individuals referred to the total
volume of liquid in it depends on the age of the individual .
An increase in relative intracellular liquid is observed in the
period from 14 to 19 years. It is assumed that the amount of
intracellular liquid relative to the total liquid during this
period may increase due to an increase in the number of
cells themselves, since tissue growth occurs due to active cell
division; and also due to a decrease in the amount of
extracellular liquid, the cause of which is most often an
increase in the amount of fatty tissue, since fatty tissue is a
little hydrated. This pattern is observed for both female and
male contingent of the studied.

The specific basal metabolism for males increases between
the ages of 14 and 19, which can be explained by the
increasing secretion of the anterior pituitary hormone

(growth hormone) in this category of studied. It causes a
marked acceleration of growth in the puberty, especially in
males, what confirms the numerous literature data, and,
therefore, the reliability of the bioimpedance analysis
method in assessing the component composition of the
body.

The results of the study can be used to simulate the ways of
correction of the components of the body composition and
the biophysical parameters of the body based on the
identified relationships between them. The possibility of
using indicators such as phase angle, active cell mass, specific
basal metabolism as indicators of the body's functional state
of cells in adolescent and youthful age groups becomes
apparent.

The revealed interconnections between the indicators can
be used in educational institutions with the aim of
monitoring the functional state of the organism of persons
of adolescent and youthful age by creating and updating the
database.

3akmroueHne

OtHoueHne 00bEéMAa  BHYTPUMK/IETOYHON  >KMIKOCTH
Omomornuecknx o6beKTOB K 001ieMy 00beMy XXUIKOCTU B
HUX 3aBUCUT OT Bo3pacra. B mepmopm or 14 pgo 19 ner
Ha0oflaeTcA  POCT OTHOCHUTEIbHON  BHYTPUK/IETOYHOI
SKUIKOCTU. IIpenmnonaraercs, 4TO KOJIMYIECTBO
BHYTPMKJICTOYHOM J>KMIKOCTM IO OTHOLICHMIO K OOIIeit
JKUIKOCTY MIMEHHO B 9TOT IIEPMOJ, MOXKET YBE/IMIMBATbCA 3a
CYeT yBeIMYEHUA KOMMYECTBA CaMMUX KJIETOK, TaK KaK pOCT
TKaHell IIPOMCXOANUT 3a CYET aKTMBHOIO Je/IeHNA K/IEeTOK; a
TaKoKe O7arofaps yMeHbLUIEHNIO KOINYeCTBAa BHEK/IETOYHON
JKMJOKOCTY, IIPUYMHON KOTOPOTO 4Yallle BCETO SABJIAETCA
yBeIMYEHME KOMMYECTBA >KMPOBOM TKAaHM, ITOCKOIBKY
JKMPOBast TKaHb Majo U paTVpPOBaHA. IlanHas
3aKOHOMEPHOCTb HaO/MI0faeTcs Kak i >KEHCKOTO, TaK U
MY>XCKOTO KOHTUHI€HTA UCC/IElyEeMBbIX.

YHenbHBII OCHOBHOI OOMeH [IA JIMII MY>XCKOTO IO/Ia B
BoO3pacTe oT 14 mo 19 ner HapacTaeT, 4TO MOXXHO 00'BACHUTD
HapacTaloUIVM BbIJIe/IEH/EM VMMEHHO Y [IaHHOM KaTeropumn
UCCTlefyeMbIX TOpPMOHa IepefHeil fgomu  rumodusa
(coMaTOTpONHBII TOPMOH W/IM TOPMOH pOCTA), TaK Kak
UMEHHO B IIy0epTaTHOM IIepuofie, a, OCOOEHHO, Yy JIUI]
MY>XCKOTO II07Ia, OH BbI3bIBAET BBIPAXXEHHOE YCKOpEHME
JMHeHOTo (B JUIMHY) POCTa U, KaK CIefiCTBUe, IOBBIIICHIE
VEEIbHOTO  OCHOBHOTO OOMeHa, 4YTO IOATBEep>KHaeT
MHOTOYMC/IEHHbIE JIMTEpATypHble [IaHHBbIE, a, 3HAYUT, U

Table 4 | Parameters for calculating the energy characteristics and their values. ITapameTpbl [yIsi pacueToB SHEPreTHIECKUX

XapaKTEepUCTUK U X 3HAYEHUA

Age, years Mass, m, kg Height, L, cm
14-15 63+9 178 £7
16-17 729 181 +4
18-19 70 + 8 182+7

S (m?) BM, kcal/day SBM,
1,8 £0,1 1573 £ 152 867 + 39
1,9+0,1 1532 + 198 868 + 41
1,9+0,1 1675 +£ 104 880 + 40
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DOCTOBEpHOCTh MeTOfa OMOMMITeTaHCHOTO
OIleHK€e KOMIIOHEHTHOTO COCTaBa Teja.

PesynmpTaThl McClIeNoOBaHUA MOTYT OBITh MCIIONb30BAHBI
g MORENMPOBAHMUA IyTell KOPPEeKLUM IIOKasaTesei
KOMIIOHEHTHOTO ~ COCTaBa Tema U OMOPU3MYECKUX
[OKasaTejieil Tejla Ha OCHOBE BbIABJIEHHBIX B3aMIMOCBS3€il
Mexay Humyu. CTaHOBUTCA OYEBMIHON BO3MOXXHOCTD
UCTIONIb30BAHNUS TaKMX IOKasareneil, Kak (hasoBblil YTOII,
aKTVBHasl KJIETOYHAas Macca, YHe/bHBII OCHOBHOI 0OMeH
KaK IOKasareseil (YHKIMOHAIBHOTO COCTOSIHUS KIIETOK Y
HOZPOCTKOBOI ¥ FOHOIIECKOJI BO3PACTHBIX TPYIIIL.

BrisiB/IeHHbIe B3aMMOCBSI3M MEX[Y IIOKa3aTe/lsAMU MOTYT
OBITh JCIIONIb30BaHBI B Y4eOHBIX 3aBeEHMAX C IL[e/IbIO
MOHUTOPUHIA (YHKLIMOHATBHOTO COCTOSIHMS OpraHM3Ma
JIAI, TIOAPOCTKOBOTO M IOHOIIECKOTO BO3pacTa IIyTeM
CO3[jaHMsl, MEPUOAMIECKOTO IOIOMHEHUS ¥ OOHOBIEHMs
6a3pl JaHHBIX.

aHa/Iim3a B
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