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In nowadays, an important area in medicine is the early preclinical identification of the
parameters deviations from the norm, where mathematical modeling can help, which
should be used to calculate individual linear parameters of internal structures based
on external parameters of the body. The aim of the study was to calculate the individual
total linear measures of the lumbar intervertebral discs in juniors and men of the first
adulthood (17-28 years) in norm. The total size of the each intervertebral discs were
calculated a sum of the anterior-posterior diameter, frontal diameter and vertical sizes
of each lumbar intervertebral discs, which were measured by MRI. The next step was
to calculate the relative proportional nonlinear somato-disc rates (based on body
weight and body length) for each individual examined. Mathematical processing of the
measured parameters and the relative values of the somato-disc relationships was
carried out by the statistical data processing program "STATISTICA 6. 1" using parametric
methods. The correct distribution of the variational series indicators, mean values and
their standard errors were evaluated. Based on relative values the mathematical model
was created to obtain individual values of the total size of the lumbar intervertebral
discs. Subsequently, we compared the measured total discs sizes of the anterior-
posterior, frontal diameters and vertical sizes of the lumbar intervertebral discs with a
mathematically calculated value for each lumbar intervertebral discs. The significant
difference between the mathematically calculated and measured values of the total
intervertebral discs' sizes of the didn't exceed 10%. Determination of the standard
linear dimensions of the intervertebral discs of the lumbar spine using CT and MRI and
comparison with theoretically calculated indices will make it possible to diagnose
early manifestations of the lumbar intervertebral discs pathology.

Keywords: modeling, intervertebral disc, lumbar spine, norm, juniors.

Introduction

More than 200 million people are suffering from
osteoporosis and musculoskeletal system diseases,
according to WHO, occupy 4th place as a cause of disability
and mortality in the world [13]. According to recent statistics
from the International Osteoporosis Foundation, worldwide,
1 in 3 women over the age of 50 years and 1 in 5 men will
experience osteoporotic fractures in their lifetime [25]. The
experts predict an epidemic of osteoporosis, indicating the
aging of the world population [5, 9]. Every fifth inhabitant of
the globe suffers from back pain. In Ukraine chronic
musculoskeletal system is also one of the most frequent
problems [1, 15], and about 3.5 million people really familiar

with the problems of the musculoskeletal system, it's terrible
complications [11, 12], which require continuous long-term
therapy [17, 18]. Degenerative disc diseases are an insidious
illnesses that carefully hiding the other diseases symptoms,
which significantly complicates their diagnosis, especially
in the early stages.

The objective linear anterior-posterior diameter (APD),
frontal diameter (FD) and vertical size (VS) of intervertebral
discs, are not used in medical practice as criteria for
evaluating their deviation from norm. Existing normative
standards of intervertebral discs (IVD) linear sizes can be
find in particular scientific works only and are not widely
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used in medical practice. Thus, a method for evaluating the
partial dimensions of the lumbar VD [6] submits a calculation
of the average values of the IVD sizes without taking into
account their gender differences and individual
anthropometric measures. Setting of relative measures -
the only way to take into account the personal characteristics
of each human body, which makes it possible to estimate
norms or the early-onset pathological alterations [7, 23].

Mathematical models as relative indicators for modeling
of the personal norm as a whole exist [8, 22, 26]. However,
they ensure for the estimation of sagittal and transverse
size only and don't include VD height index, which is a key of
pathological changes expression.

Meanwhile, the multiple supplementary anthropometric
dimensions are difficulty identified and applied, that
significantly restricts their widespread clinical use.

The purpose of the study: based on mathematical
modeling to explore the individual parameters of the total
size of the lumbar IVDs in juniors and men of the first
adulthood (17-28 years) in norm.

Materials and methods

The 74 juniors and men of the first adulthood (17-28
years) without clinical manifestations of spine diseases
were included in observation team. Individual
comprehensive anthropometric investigation was performed
for each research teams' persons and measured general
(body length and body weight) and particular sizes (the
longitudinal, the transverse and the circumference sizes,
and skin-fat folds' thickness); lumbar spine MRI with the
measuring of anterior-posterior diameter, frontal diameter
and vertical size of the lumbar IVD was performed.
Mathematical modelling by determining of the relative
proportional nonlinear somato-disc value (based on body
length and body mass) and calculating the total size of lumbar
IVDs for every single person included in the study was
undertaken. The TS of lumbar IVDs, which calculated as a
sums of the anterior-posterior diameters, frontal diameters
and vertical sizes of the lumbar IVDs and math modeling
obtained dates were compared.

Mathematical processing of the measured parameters
and the relative values of the somato-disc relationships was
carried out by the statistical data processing program
"STATISTICA 6.1" using parametric methods. The correct
distribution of the variational series indicators, mean values
and their standard errors were evaluated. The stepwise
regression analysis method was used to create a
mathematical model and predict the individual dimensions
of the lumbar IVDs in practically healthy juniors and first
adulthood males, depending on the body mass-growth
parameters.

Results

The correlating of the external body measurements and
the parameters of IVDs gives an affirmative answer to the
question about their quantitative rates proportionality.

Nevertheless, the correlations are too common and straight
up, and unconnected with polymorphic structures. A clearer
definition of multiple correlations (covariates) is a regression
analysis that makes it impossible to determine the covariates
of vertebral dimensional data with somatotypes. Regression
analysis more strongly and accurate determines the
proportional interrelations between body parameters and
parameters of IVD.

Creation of the most optimal regression polynomial in
predictability, a number of indicators, and the opportunity of
logic verbal explanation is the major challenge of the
investigation. The dependent variables are the lumbar IVDs
measures (the IVDs total sizes as a sum of linear sizes of the
APD, FD and VS of the lumbar IVDs). Graphical presentations
depict interrelations between the 1VDs total sizes of L-L,
lumbar segments and the weight-length rates with a 95%
confidence interval and show possibility to predict data of 72
from 74 cases in the given limits of reliability (Fig. 1).

The nature of the location is systemic and indicate the
availability of patterns. Scattering diagram of the 1VDs total
sizes of the L-L,, L,-L,, L,-L, lumbar segments and relative
magnitudes of the related mass-growth rate at a 95%
confidence interval, they are possible to predict 72 cases
out of 74 (Fig. 2).

Actually, the interrelation is at a higher level for relative
terms - the relative magnitude of the weight-length rate and
the IVD total size L,-L2 segment (IVD1) from the weight-
length rate (Fig. 3).

Graphical presentations depict interrelations between
the IVDs total sizes of L-L,, L-L,, L,-L, lumbar segments
and the weight-length rates with a 95% confidence interval
and show possibility to predict data of 73 from 74 cases in
the given limits of reliability (Fig. 4).

The direct stepwise regression analysis requires
particularly fulfilling several conditions. Firstly, is the value of
the F-criterion, which must be at least 2.00, and the final
regression polynoms result should have a coefficient of
determination (R?) at least 0.80, it means predictability more

Scatterplot of D1 T+S+Hm against M/H  kg/m
D1 T+S+Hm = 8,3787+0,0358*x; 0,95 Pred.Int.

D1 T+S+Hm

M/H  kg/m

Fig. 1. Scattering diagram of IVD1 total size (L1-L2 segment) and
weight-length rate.
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Scatterplot of D2 T+S+Hm against M/H  kg/m
D2 T+S+Hm = 8,8404+0,0341*x; 0,95 Pred.Int.

D2 T+S+Hm

M/H  kg/m

Scatterplot of D3 T+S+Hm against M/H kg/m
D3 T+S+Hm = 8,904+0,0381*x; 0,95 Pred.Int.

D3 T+S+Hm

MH kg/m

Scatterplot of D4 T+S+Hm against M/H kg/m
D4 T+S+Hm = 9,1372+0,0402*x; 0,95 Pred.Int.
12,0

11,8
11,6
11,4
11,2
11,0

10,8

D4 T+S+Hm

10,6
10,4
10,2

10,0

M/H kg/m

Fig. 2. Scattering diagrams of IVDs (IVD2, IVD3, IVD4) total size
and weight-length rate.

than 80%.

This task requires to determining of the lumbar IVDs
Total sizes of the L,-L, segments in juniors and men of the
first adulthood (17-28 years) in a norm based on the value
of the weight-length rate and includes the preliminary
regression modeling of the relative proportional coefficient
of the weight-length rate per unit length of total sizes IVDs

for the all lumbar IVDs of the L,-L, segments. Determining
the relative proportional nonlinear somato-disc values and
the weight-length rates for each person in norm were
carried out. The regression equations composition and
characteristics for each listed lumbar IVD are summarized
in Tables 1-4.

Coefficient of determination R?, as a quality indicator of
proximity (degree of predictability) is above 80.4%, which
allows predicting dependent variable with the same rate.
The standard error of the regression represents the
average distance of observed values scattering fall from
the regression line, in this case is a 0.165.

According to Table 1, the final regression model is as
follows:

K/S,, = (6,705+0,051*m-3,520*H) (predictability is
80.4%), where (here and thereafter): SD, is the total size of
IVD, in norm (MRI data) in cm; K - weight-length rate (in kg/
m); m - body weight (in kg); H - body length (in meters).

According to Table 2, the final regression model is as
follows:

KIS, = (6,184+0,049*m-3,243*H) (predictability is
84,6%).

According to Table 3, the final regression model is as
follows:

K/SD, = (6,592+0,048*m-3,475"H) (predictability is
87,3%).

According to Table 4, the final regression model is as
follows:

K/SD, = (6,822+0,047*m-3,612*H) (predictability is
86.02%).

F-statistic is a global test to check for model with critical
value 2.42 for number of variations, which in our case, F is
from 91.27 - 152.35 (that is much more than the critical
value, on the basis of which we can assert that the
regression linear polynomial is significant (p <0.000001).
The deviations and predicted values graph demonstrates
the almost linear dependence, so the suggestion of a
normal distribution of errors is complete, that is, the model

Scatterplot of MH/ D1+ against MH  kg/m
MH/ D1+ = 0,5494+0,0882*x; 0,95 Pred.Int.

MH/ D1+

MH kg/m

Fig. 3. Scattering diagram of the relative magnitude of the weight-
length rate and the IVD1 total size from the weight-length rate.
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Scatterplot of MH/ D2+ against MH ~ kg/m Table 1. The final results of direct stepwise regression analysis
MH/ D2+ = 0,4985+0,0855"x; 0,95 Pred.Int. of the relative weight-length rate and the IVD total size L1-L2
segment using the body length and weight juniors and men of the
first adulthood (17-28 years) in norm.

R=0.902 R?=0.813 Adjusted R?=0.804 F(2,42)=91.27 p<0.0000
Standard error of estimation 0,165

Standard

& Ne=74 | BETA| ermor B |S@ndad] 74y | pvale
error B
z BETA
=
Free index 6.705 | 0.831 |8.064 | 0.0000
B°?i3r’":1r)‘gth 0.513| 0075 |-3520| 0514 |6.845 | 0.0000
Bodyweight | 4 5111 0075 | 0.051 | 0003 | 1349 | 0.0000
(in kg)
WH  kg/m Table 2. The final results of direct stepwise regression analysis

of the relative weight-length rate and the IVD total size L2-L3
segment using the body length and weight juniors and men of the
first adulthood (17-28 years) in norm.

R=0.926 R?=0.853 Adjusted R?=0.846 F(2.42)=121.9 p<0.0000
Standard error of estimation 0.138

Scatterplot of MH/ D3+ against M/H  kg/m
MH/ D3+ = 0,5244+0,0828"x; 0,95 Pred.Int.

Standard
Ne=74 | BETA| emor | B S;f:)draéd (71) | p-value
. BETA
8 Free index 6184 | 0.693 |8.926 | 0.0000
=
B°‘(’i3r’]'§:;gth 0503 | 0066 |-3243| 0428 |-7.570| 0.0000
B°‘(’img;gm 1038 | 0.066 |0.049 | 0003 | 1560 |0.0000

Table 3. The final results of direct stepwise regression analysis
of the relative weight-length rate and the IVD total size L3-L4
segment using the body length and weight juniors and men of the
Scatterplot of MH/ D4+ against M/H kg/m first adulthood (17-28 years) in norm.

Y (0 2 O RO B G DI R=0.937 R2=0.879 Adjusted R2=0.873 F(2.42)=152.4 p<0.0000
Standard error of estimation 0.121

30 32 34 36 38 40 42 44 46 48 50 52
MH  kg/m

Standard
Ne=74 | BETA| ermor B S;frrc‘)draBrd t(71) | p-value
BETA
Free index 6592 | 0.607 | 10.84 | 0.0000
%
= Bodylength | 55| 0060 |-3.475| 0376 |-9.244| 0.0000
z (inm)
B°E‘im’§;gm 1.049 | 0.060 | 0.048 | 0.003 |17.39 | 0.0000

Table 4. The final results of direct stepwise regression analysis
of the relative weight-length rate and the IVD total size L4-L5
segment using the body length and weight juniors and men of the
first adulthood (17-28 years) in norm.

M/H kg/m
Fig. 4. Scattering diagram of the weight-length rates relative R=0.9319 R2=0-88f7 Adjusted R*=0.860 F(242)-136.43 p<0.0000
magnitudes and the IVD total size L2-L5 segments (D2, D3, D4) andard error of estimation 7.
from the weight-length rate. Standard
Ne=74 | BETA| emor | B [|SBM9@d| 79y | pvalve
. . . BETA error B
is an appropriate (Fig. 5, 6).
Check the adequacy of regression models was defined Free index 6.822 | 0.627 | 10.87 | 0,0000
in the analysis of differences between the predictive and
. y P . Bodylength | 589 | 0.063 |-3.612| 0388 |[-9.314| 0.000
relative actual parameter values to each other. Obviously (inm)
maximum relative deviations make up generally no more i
N Pg Y Bodyweight | 4 n35 | 0.063 | 0.047 | 0.003 | 16.39 | 0.0000
than 9%. (inkg)
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As the second step of modeling, the further algebraic
converting of the obtained proportions equation to determine
the TS of three linear sizes for each lumbar IVDs in norm
from the values of body weight and length.

Accordingly, after transferring the total sum of linear
dimensions to the left-hand side of the equation, we
obtained the following final results:

SD, = KI/(6,705+0,051*m-3,520*H) * 9%

SD, = K/(6,184+0,049*m-3,243*H) * 9%

SD, = K/(6,592+0,048*m-3,475*H) * 9%

SD, = K/(6,822+0,047*m-3,612*H) 1 9%,

where: SD, - the sum of linear sizes IVD1 in norm (MRI
measurement) in cm;

8D, - sum of linear sizes of IVD1 2 in norm (MRI
measurement) in cm;

SD, - sum of linear sizes of IVD1 3 in norm (MRI
measurement) in cm;

SD, - sum of linear sizes of IVD1 4 in norm (MRI
measurement) in cm;

K - weight-growth rate (in kg / m);

m - body weight (in kg);

H - body growth (in meters).

The modeling is carried out by determining the relative
proportional somato-disc rates based on the weight-growth
rate and the calculation of the TS of the three linear sizes of
personal IVDs of the L,-L, segments in norm for each
specific individual.

The standard error for these models is £5.0%. The
established math models based on stepwise regression
analysis and algebraic proportions transformation allow
us to determine the sum of standard MRIs of the sizes
IVD,, IVD,, IVD, and IVD, of L -L, segments in the norm on
the basis of available in practical medicine anthropometric
method - determination of mass and body length from
further obtaining a relative weight-length rate.

Non-linearity dependence of the amount of the three
standard sizes IVD,, IVD,, IVD, and IVD, in norm and the
weight-length rate is presented in the graphs (Fig. 7, 8).

Residualsvs. Deleted Residuals
Dependent variable: MH/ D1+

0,5

0,4

0,3

0,2

0,1

0,0

Deleted Residuals

-0,1

0,2

0,3

0,4
0,4 03 0,2 0,1 0,0 0,1 0.2 03 0.4 05
Residuals 0,95 Conf.Int.

Fig 5. The scatter plot of the deviations and the predicted values
of the total size lumbar IVD, in norm.

Residuals vs. Deleted Residuals

Dependent variable: MH/ D2+
0,4

0,3

0,2

0,1

0,0

Deleted Residuals

-0,1

-0,2

-0,3
-0,3 -0,2 -0,1 0,0 0,1 0,2 0,3 0,4

0,95 Conf.Int.

Residuals

Residualsvs. Deleted Residuals
Dependent variable: MH/ D3+

0,30

0,25

0,20

0,15

0,10

0,05

0,00

Deleted Residuals

-0,05

-0,10

-0,15

-0,20
-0,20 -0,15 -0,10 -0,05 0,00 0,05 0,10 0,15 0,20 0,25

0,95 Conf.Int.

Residuals

Residuals vs. Deleted Residuals

Dependent variable: MH/ D4+
0,4

0,3

0,2

0,1

0,0

Deleted Residuals

-0,1

-0,2

-0,3
-0,3 0,2 -0,1 0,0 0,1 0,2 0,3

0,95 Conf.Int.

Fig. 6. The scatter plots of the deviations and the predicted values
of the total sizes lumbar IVD,, IVD, IVD, in norm.

Residuals

Most predicted TS lumbar IVDs and the sum of measures
obtained by MRI-morphometric examination does not
significant difference and is within the 9% limit. The
quantitative values of the deviations are presented in the
diagram (Fig. 9).

The common trend of calculated personal measures
is to reduce the range of linear studied parameters and

72

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Danylevych V.P., Guminskyi Yu.Y., Tykholaz V.O., Bezsmertnyi Y.0., Pavlov S.V., Bezsmertna H.V.

Quantile-quantile scatterplot of D1 T+S+Hm against M/H kg/m
D1 T+S+Hm = 5,2013+0,1142*x; 0,95 Pred.Int.
11,0

10,8
10,6
10,4
10,2
10,0

9,8

D1 T+S+Hm

9,6

94

30 32 34 36 38 40 42 44 46 48 50 52
M/H  kg/m

Fig. 7. Non-linear correlation of the TS of lumbar VD1 and weight-
length rate juniors and men of the first adulthood (17-28 years) in
norm.

can reasonably be said, that individual normal ranges are
within £9% of the calculated ones.

Quantile-Quantile Plot of D2 T+S+Hm
Distribution: Normal
D2 T+S+Hm = 10,2241+0,3991*x

0,01 0,05 0,25 0,50 0,75 0,90 0,99
11,4

11,2
11,0
10,8
10,6
10,4
10,2

Observed Value

10,0
9.8
9,6
94

92

Theoretical Quantile

Quantile-Quantile Plot of D3 T+S+Hm
Distribution: Normal
D3 T+S+Hm = 10,447+0,4012*x
0,01 0,05 0,25 0,50 0,75 0,90 0,99

1.4
11,2
11,0
10,8
10,6

10,4

Observed Value

10,2
10,0

98

9,6

Theoretical Quantile

Fig. 8. Non-linear correlations of the TS lumbar IVD2, IVD3, IVD4
and weight-length rate juniors and men of the first adulthood (17-
28 years) in norm.

Quantile-Quantile Plot of D3 T+S+Hm
Distribution: Normal
D3 T+S+Hm = 10,447+0,4012*x

001 005 025 050 075 0,90 0,99
114

11,2
11,0
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10,6

10,4

Observed Value

10,2

10,0

9,8

9,6
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Continue Fig. 8.

Distribution of Raw Predicted Values
Dependent variable: D1 T+S+Hm
— Expected Normal

No of obs
(&)

1

0
91 92 93 94 95 96 97 98 99 100 10,1 10,2 10,3 104 10,5

Fig. 9. Quantitative deviations values of real TS lumbar IVDs
measured by MRI juniors and men of the first adulthood (17-28
years) in norm from the predicted values.

Discussion

The use of the proposed approach allows direct
prognostic evaluation of the total value of standard linear
MRI dimensions of the lumbar IVDs to diagnose early
stages of intervertebral disc disease by MRI and CT scans.

There are examples in the scientific literature of the use
of modeling to calculate the individual parameters of
intervertebral discs and vertebral bodies [2, 3, 10, 19, 21,
26].

The interrelation of such individual factors as gender
and age with linear dimensions of the spine and its’
individual elements has been described, but few studies
have considered the importance of other individual factors:
body length, body weight and other anthropometric dates
[16].

Some researchers noted the low correlation between
anthropometric data and the cross-sectional area (CSA) of
the vertebral endplates, and therefore expressed the
inability to predict the area of the locking plates by
anthropometric parameters; however, clear correlations
were found in the size of the intervertebral discs and the
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vertebral endplates [20].

D. Colombini et al. [4] found that the bone component of
the body mass and wrist diameter had better correlation
with the CSA of the lower lumbar intervertebral discs
compared to the body weight index.

Z. Turk and D. Celan [27] proposed the mean square
value of the width of the wrist, elbow and knee joint
structures with the exception of the ankle diameter at the
bone level to modeling the value of the CSA vertebrae
endplates.

Degeneration of the intervertebral disc is a time-
consuming process with a tendency to progress, so it is
important to diagnose the earliest disc degeneration [24],
including with early changes of the vertebrae endplates [14].

The automated systems programme development for
determining of the linear organs' parameters, among them
intervertebral discs, with minimal staff involvement in data
processing, is a modern, promising method for automated
evaluation of medical images [3, 28].

The analysis of the diagnostic value of the lumbar VD
total sizes modeling is showed high efficiency for detection
of chondrosis and degenerative IVD changes.

The relevance and sensibility of the finding formulas in
patients with various forms of acquired lumbar IVDs
diseases which no abnormalities were detected in terms
of linear parameters of intervertebral discs, calculated by
existing methods. The assurance team was included
juniors and men of the first mature age (17-28 years) with
lumbar back pain, which had previously been diagnosed
with chondrosis and disc degeneration. MRI of the lumbar
spine were performed for respondents and measured the
vertical, sagittal and transverse dimensions of the lumbar
IVD between the bodies L,-L,, L,-L,, L-L,, L,-L.. The
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MATEMATUYHE MOOENOBAHHA IHOMBIOYANIbHUX NAPAMETPIB CYMU PO3MIPIB MDKXPEBLEEBUX OUCKIB
NMONEPEKOBOIO BIAAINY XPEBTA B HOPMI Y FOHAKIB TA YOJOBIKIB MEPLLOIO 3PIJIOI0 BIKY
Hanunesuy B.I1., 'ymiHcbKul f0.1., Tuxonas B.O., BescmepmHul KO.0., lNaenoe C.B., bescmepmHa I".B.

B Haw 4ac eaxnugum HarpsiMKOM 800CKOHaeHHs MeOUUUHU € paHHE OOKIIHIYHe 8Uusi8rieHHs1 8iOXUeHb 8i0 HOPMU, 8 HYOMY MOXe
doroMoemu MameMamuy4He MOOeso8aHHs, Kompe crid sukopucmosyeamu Orsi po3paxyHKy iHOugidyarnbHUX MiHIGHUX napamempis
BHYMPIWHIX CMPYKmMyp Ha OCHO8I 308HIiWHIX napamempie mina. Memoto docnidxeHHs1 6y8 po3paxyHOK 8 HOpMi iHOUBIOyanbHUX
cymapHux miHiGHUX po3mipie Mixxpebuesux Ouckie rnornepekogozo 8iddiny xpebma & roHakie ma 4osiosikie nepuwoeo 3pirnoeo siky (17-
28 pokig). CymapHuti poamip mixxpebuesux Auckie rnornepexkogozo 8iddiny xpebma supaxosysasnu sK CyMy 8UMIPSHUX Mixxpebuesux
duckie nonepekosoeo 8iddiny xpebma: casimanbHO20 PO3MIpy, MOMEPEYHO20 PO3Mipy ma eepmukanbHO20, KOmpi eumiptosanu Ha
MaeHimHOo-pe3oHaHCHUX momozpamax. HacmyrnHum Kpokom 6yrno ob4ucieHHs1 8iOHOCHUX MPOMOPYItHUX HEiHIUHUX coMamo-OuCKO8UX
criiggiOHoweHb (ba3yrombcs Ha Moka3HUKax mMacu ma G08XUHU mina) O KOXHO20 i3 0ocnioxeHux nepcoHanbHo. MamemamuyHy
06pobKy suMIpsiHUX NMapamempie ma 8i0HOCHUX 8e/IU4UH COMamo-0UCKO8UX Crig8iOHOWEHb Npo8odusIu fMpoepamMod cmamucmu4YHoi
06pobku daHux "STATISTICA 6.1" 3a donomoeoro napamempuyHux memodiga. OujiHioeanu npasusibHicmb pPo3nodiny MoKa3HuKie
sapiauiliHoeo psidy, cepedHi 3Ha4eHHs ma ix cmaHOapmHi NoMusnku. Ha ocHosi 8iGHOCHUX noka3HukKig byria cmeopeHa MamemMamuyHa
molesnb 0nsi ompuMaHHs iHOUBIOyanbHUX 8eJIUYUH CyMapHO20 po3mMipy Mixxpebuesux Ouckig nonepekogozo giddiny xpebma. B
rnodanbwomy fposenu ropieHAHHS 8UMIPSIHUX CyMapHUX MOKasHUKI8 cazimanbHO020, MonepedyHo2o ma eepmuKkasibHO20 pOo3Mipis
Mixxpebuyesux OUCKie 3 MameMamu4yHO 8Upaxye8aHOH 8e/IUYUHOI Of151 KOXHO20 MiXxpebuesoeo ducKy nonepekogoeo 8iddiny xpebma.
HocmosipHa pi3HuUUsi mamemamuyHo nepedbadyeHuUx ma 8UMIPSIHUX 8eIUYUH CyMapHUX po3mipie mixxpebuyesux Ouckie He
nepesuuwjysana 10%. BusHayeHHs cmaHOapmHuXx iHIGHUX po3mipie Mixxpebuesux Ouckig nornepexkosozo 8iddiny xpebma 3a A0NoMoeoo
KT i MPT ma nopigHsiHHA 3 meopemuy4yHO po3paxosaHumu fokasHukamu 0o3eonume OiazHocmysamu paHHi rnposieu namosoeii
Mmixxpebuesux Ouckie rmornepekosozo 8iddiny xpebmosoeo cmosbypa.

KnroyoBi cnoBa: modentosaHHs, mixxpebuesuli duck, nonepekosuli 8iddin xpebma, Hopma, HOHaKU.

MATEMATUYECKOE MOOENNPOBAHUE MHOUBUAOYAIbHbLIX MAPAMETPOB CYMMbI PASMEPOB MEXXMNO3BOHKOBbIX
JMNCKOB NOSACHUYHOIO OTAENA NO3BOHOYHUKA B HOPME Y FOHOLLUEW U MY>XXYMH NEPBOIO 3PENIOIO BO3PACTA
HaHuneesuy B.I1., l'ymuHckul 10.4., Tuxona3s B.A., BescmepmHnbili 10.A., Masnoe C.B., Gescmepmnasi I.B.

B Hawe epemsi 8aXXHbIM Harpas/ieHuUeM 8 MeOuUUHe Si8isiemcsi paHHee OOK/TUHUYECKOEe BbISI8NIeHUE OMKIIOHEeHUU om HOPMbI, 8 YeM
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MOXem fnoMoYb Mamemamuyeckoe modenuposaHue, komopoe credyem ucrofb3o8ame Ond pacyema uHOUBUOyarbHbIX NTUHEUHbIX
rnapamempoe 8HympeHHUX CMPYKmyp Ha OCHO8e 8HEeWHUX napamempos mena. Llenbio uccrnedoeaHus 6bi1o paccyumams
uHOuUBUOyarbHble CYyMMapHbIe fTUHelUHbIe pasMepbl MEXN0380HKO8bIX OUCKO8 MOSICHUYHO20 omaoderia o38OHOYHUKa y toHowel u
MYXYUH repeoeo 3penioeo eo3pacma (17-28 nem) e Hopme. CymMMmapHbIl pa3mMep MEXT0380HKOBbIX OUCKO8 MOSCHUYHO20 omodena
MM0380HOYHUKA 8bI4UCISNU KaK CyMMY U3MEPEHHbIX MEXMO380HKO8bIX OUCKO8 MOSICHUYHO20 omdesna Mo380HOYHUKA: caaummaribHO20
paamepa, nonepeyHo2o pa3mepa U 8epmuKaribHO20 pa3mMepos, KOmopble USMEepsi/iu Ha MagHUMHO-Pe30HaHCHbIX momMo2paMmmax.
Cnedyrowum waeom 6bi/10 8bIHUC/IEHUE OMHOCUMEIbHbIX MPONOPUUOHANbHbIX HEeTUHeUHbIX coOMamo-OUCKO8bIX COOMHOWEeHUU
(ocHosbIgaomCs Ha rokazamernsix Macchbl U OnuHbl mesa) Ons Kaxdoeo uccriedyemoeo uHousudyanbHo. Mamemamuydeckyto o6pabomky
U3MEpPEeHHbIX napamempos U OMHOCUME bHbIX 8€IUYUH COMamo-OUCKO8bIX COOMHOWEHUL Mpo8odusu npoepamMmmoli cmamucmuyeckol
obpabomku daHHbix "STATISTICA 6.1" ¢ nomowbio napamempudeckux memodos. OueHusanu npaguslbHOCMb pacrpedeneHus
rnokaszamersiel 8apuayUoHHO20 psida, cpedHuUe 3Ha4yeHuUsi u ux cmaHOapmHble owubku. Ha ocHogse omHocumerbHbIX riokasamenel
bbina cozdaHa Mamemamuyeckasi Modersib 071l NofyYeHUs1 UHOUBUAYarbHbIX 8€/IUYUH CYMMapHO20 pasmepa MEeXMo380HK08bIX OUCKO8
rosiCHU4YHO20 omaAersa Mo380HOYHUKa. B OanbHelweM nposesniu cpasHeHUe U3MEPEHHbIX CyMMapHbIX nokasamesel caaummarbHO20,
M0Mepe’yHo20 U 8epmuUKaibHO20 pa3Mepos MOSCHUYHbIX MO38OHKO8 C MameMamuyecKu paccyumaHHoU 8enuyuHol 0nsi Kkaxdoz20
MeXM0380HOYHO20 OuCKa MOSCHUYHO20 omdesia Mo380HOYHUKA. [JocmosepHas pasHuya MameMmamu4yecku paccyumaHHbIX U
U3MEePEeHHbIX 8e/TUYUH CyMMapHbIX pa3Mepos8 Mexro380HK08bIX duckos He npesbiwana 10%. OnpedeneHue cmaHOapmMHbIX JTUHEUHbIX
pasmepos8 MEXN0380HKO8bIX OUCKO8 MOSICHUYHO20 omaderna no3goHo4YHuka ¢ nomowbto KT u MPT u cpasHeHue ¢ meopemu4yecku
paccyumaHHbIMU foKasamesnamu 1o3gonum duazHoCmupo8ampe paHHUe MPOs8/IeHUs] Namosio2uu MexXm0380HK08bIX OUCKO8
rnosiCHU4YHO20 omadersia NMO38OHOYHO20 cmoriba.

KntoueBble cnoBa: mModesnuposaHue, Mexrno38oHKebIlU OUCK, MOACHUYHLIU omoes no38OHOYHUKa, HOpMa, OHOWU.
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