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ectomorphic somatotype (average — 29.39%, of which reliable — 7.87%); the smallest number of relationships was
found in volleyball players of the mesomorphic type (average — 8.33%, of which reliable —4.17%). In volleyball players
of ecto-mesomorphs and mesomorphs, the vast majority of significant relationships between anthropometric and
hemodynamic parameters were directly proportional; in volleyball players of ectomorphic and average intermediate
somatotypes, they were inverse. In volleyball players of all somatotypes, body composition indicators were the tone
indicator of all arteries of the shin were most closely correlated.

Determining the relationships between somatometric and rheovasographic indicators is a theoretical basis for
modeling appropriate indicators of peripheral hemodynamics in female athletes of different constitutional types.
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Morpho-functional parameters of the cardiovascular system, particulary regional hemodynamics, are used to
assess the adaptive capacity of the body and predict sports performance. The aim of the study was to determine
the influence of external body structure indicators on regional blood circulation indicators in the shin in wrestlers of
the mesomorphic somatotype and to build mathematical models to determine the appropriate values of rheovaso-
graphic indicators. 61 athletes from freestyle and Greco-Roman wrestling, lightweight and middleweight categories
participated in the comprehensive examination. To determine rheovasographic parameters of the shin, tetrapolar
rheography was utilozed using a computer diagnostic complex, and anthropometric dimensions were measured
according to the recommendations of P. P. Shaparenko (2000). The scoring of the endomorphic, mesomorphic, and
ectomorphic components of the somatotype was carried out using a calculated modification of the Heath-Carter
method (1990). The results of the study revealed that 40 wrestlers had signs of a mesomorphic type of constitution.
Mathematical modeling was carried out using the certified program “Statistica 5.5” using step by step multivariate
regression analysis. The total influence of 53 anthropo-somatotypological parameters on 18 rheovasographic indi-
cators of the shin in wrestlers of the mesomorphic somatotype was determined. Mathematical models with an accu-
racy of describing rheovasographic parameters (ranging from 62.33% to 97.24%) were constructed for 8 indicators.
The models we have created can provide an opportunity to determine the appropriate values of these parameters of
regional blood circulation in the shin in wrestlers of mesomorphic constitution type using their own anthropometric
dimensions.

Key words: rheovasography of the shin, anthropometry, somatotype, mathematical modeling, regression, wres-
tlers.
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Connection of the publication with planned re-
search works.

The work is a fragment of the planned scientific re-
search work of National Pirogov Memorial Medical Uni-
versity, Vinnytsya “Somato-viscerometric features of the
human body in different periods of ontogenesis” (state
registration number 0121U113772).

Introduction.

Determination of physiological indicators of periph-
eral blood circulation in individuals with certain types of
motor activity, which has a dominant influence on the
development of individual physical qualities, is of great
practical importance for the detection, treatment and
prevention of vascular diseases of the lower extremities
[1, 2, 3]. The importance of determining regional blood
circulation indicators in the formation of scientific and
methodological recommendations in sports medicine is
noted, without denying the importance of assessing the
adaptive capabilities of the body and indicators of cen-
tral hemodynamics [4, 5]. However, even when using ob-
jective methods of studying the state of the peripheral
blood stream, in particular rheovasography, in order to
adequately assess the results obtained, it is necessary to
compare them with similar reference indicators, which
should be based on population, gender and age variabili-
ty of the physiological norm [6-8]. When we consider the
body of an athlete who has been systematically exposed
to specific intense physical exertion for many years, the
variability of cardiovascular system indicators increases
dramatically. And therefore, an urgent question arises:
what value of the indicator should be considered the
norm for an athlete of a particular sport? A practical
solution to this problem may be the use of step by step
regression multivariate analysis, which allows for math-
ematical modeling [9, 10, 11]. The results of recent stud-
ies [12, 13] prove the medical, social, and economic ef-
fectiveness of using mathematical models to determine
individual appropriate values of cardiovascular system
indicators, taking into account the anthropo-somatoty-
pological characteristics of the human body.

The aim of the study.

To determine the influence of external body struc-
ture indicators on regional blood circulation indicators
in the shin in wrestlers of the mesomorphic somatotype
and to build mathematical models to determine the ap-
propriate values of rheovasographic indicators.

Object and research methods.

A comprehensive examination of 61 athletes who
specialized in freestyle and Greco-Roman wrestling and
belonged to the light and middle weight categories was
conducted at the Scientific Research Center of the M.I.
Pirogov VNMU. All wrestlers had high sports ranks (from
the first adult category to masters of sports of Ukraine)
and by age (from 17 to 21 years inclusive) belonged to
the adolescent period of ontogenesis. Despite the fact
that each athlete had at least 3 years of sports experi-
ence, in terms of health they belonged to the group of
practically healthy, because each examined person un-
derwent such instrumental examinations as ultrasound
diagnostics of the heart, major vessels, thyroid gland,
parenchymal organs of the abdominal cavity, kidneys;
spirography, chest radiography, tetrapolar rheocardiog-
raphy. Athletes with health abnormalities were excluded
from further study.

Rheovasographic parameters of the lower leg were
determined on a computer diagnostic complex using
tetrapolar rheography. Anthropometric research was
carried out according to the recommendations of P.
P. Shaparenko [14] with the determination of 3 total
(length, mass, body surface area) and 47 partial dimen-
sions and the use of certified anthropometric equipment.
The scoring of the endomorphic, mesomorphic, and ec-
tomorphic components of the somatotype was carried
out using a calculated modification of the Heath-Carter
method [15]. It was found that 40 wrestlers belonged
to the mesomorphic type of constitution, a feature of
this somatotype is the good development of the mus-
culoskeletal system, as indicated by the circumferences
of individual segments of the limbs and chest and the
transverse dimensions of long tubular bones (the width
of their distal epiphyses).

To perform mathematical modeling of the proper
reovasographic parameters of the shin, a step by step
multivariate regression analysis was performed in the
certified program “Statistica 5.5” in compliance with the
following requirements: coefficient of determination
(R?) >0.60; Fisher’s F-criterion >2.0 and its actual value is
greater than the calculated one [12].

All athletes provided informed consent to participate
in this study. The Bioethics Commission of the National
Pirogov Memorial Medical University, Vinnytsya deter-
mined that the research conducted does not contradict
the basic bioethical norms (protocol Ne 1 from 31 Janu-
ary 2018).

Research results and their discussion.

We determined the total influence of 53 anthro-
po-somatotypological parameters on each of 18 rheova-
sographic indicators of the lower leg based on the step
by step multivariate regression analysis. And at the same
time, it was found that only 8 rheovasographic indicators
of the shin in wrestlers with a mesomorphic somatotype
met the requirements of regression modeling [12], the
main one of which was the predominant determination
(more than 50% of the influence) of the constitutional
characteristics of the organism. The same indicators as
the amplitude of rapid blood filling and the dicrotic index
did not depend at all on the factors of the external struc-
ture of the body, and the duration of the rheographic
wave was only 36.72% determined by these factors, the
time of rapid blood filling had 41.53% of determination,
the amplitude of the incision had 41.15% of determina-
tion, the indicators of the tone of all arteries — 43.12% of
determination, and the tone of large-diameter arteries
—49.94% of determination, therefore it was not justified
to conduct mathematical modeling for them. In addi-
tion, the time of the descending part of the rheogram by
51.69%, the diastolic index by 57.89%, the amplitude of
the diastolic wave by 58.81% depended on factors of the
external structure of the body, but at the same time the
actual value of the Fisher criterion of these indicators
was less than their calculated appropriate value of this
criterion, in addition, most of the coefficients that de-
termined the variability of these rheovasographic indica-
tors were not statistically significant. This was the basis
for refusing to conduct mathematical modeling for these
indicators of peripheral hemodynamics of the shin.

Therefore, let us focus on the practically significant
results of the regression analysis, which made it possible
to determine the appropriate values of 8 parameters of
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the shin rheogram based on the constructed models and
to argue the basis of this modeling.

In wrestlers with a mesomorphic somatotype, the
basicimpedance on the lower leg was 91.91% due to the
total influence of 13 body dimensions, the coefficient of
determination of each of them was reliable, so they were
included in this regression model. In addition, the actual
value (17.06) of the Fisher criterion of this model was
larger compared to its calculated value (14.21), which
was another reason to consider the polynomial we con-
structed as plausible, which was also confirmed by the
results of regression and variance analyses (p<0,001).
The mathematical model looked like this:

Z = 88,06 - 2,77 x SAGDUG + 6,24 x GZPL + 11,71 x LX

+3,71 x SPIN + 6,268 x OBPL - 8,10 x OBPR1 - 3,63 x

PNG + 2,53 x PSG + 5,185 x OBS — 3,69 x GGP — 1,11 x
OBGK1 -0,93 x ATP - 6,97 x EPB

where, here and ahead: Z — baseline impedance of
the shin rheovasogram (Om); SAGDUG — sagittal arc (cm);
GZPL — thickness of the skin-fat fold on the back of the
shoulder (mm); LX — ectomorphic component of the so-
matotype (points); SPIN —iliac spine distance (cm); OBPL
— shoulder girth in a tense state (cm); OBPR1 — upper
arm circumference (cm); PNG — transverse infrathoracic
diameter (cm); PSG — transverse midthoracic diameter
(cm); OBS — foot circumference (cm); GGP — thickness
of the skin-fat fold on the chest (mm); OBGK1 — chest
circumference during inhalation (cm); ATP — finger point
height (cm); EPB — width of the distal femoral epiphysis
(cm).

We found that the time of the ascending part of the
rheovasogram of the lower leg was 97.24% due to the
total influence of body size, the coefficient of determi-
nation of each of them was reliable, so they were includ-
ed in this regression model. In addition, the actual value
(29.14) of the Fisher criterion of this model was larger
compared to its calculated value (19.16), which was an-
other reason to consider the polynomial we constructed
as plausible, which was also confirmed by the results of
regression and variance analyses (p<0,001). The mathe-
matical model looked like this:

A=0,174 - 0,004 x OBT + 0,004 x SAGDUG + 0,003 x
GB - 0,006 x GG + 0,004 x OBS + 0,005 x GGP + 0,014
x OM - 0,005 x ATND + 0,004 ATPL + 0,005 x OBG2+
0,007 x OBPR2- 0,025 x EPPR — 0,006 x OBK — 0,003 x
SHNCH - 0,007 x EPG

where, here and ahead: A — time of the ascending
part of the rheovasogram of the shin (s); OBT — waist cir-
cumference (cm); GB — thickness of the skin-fat fold on
the side (mm); GG — thickness of the skin-fat fold on the
abdomen (mm); OM — bone mass (kg); ATND — supra-
sternal point height (cm); ATPL — acromial point height
(cm); OBG2 — shin circumference (cm); OBPR2 — lower
forearm circumference; EPPR — width of the distal epiph-
ysis of the forearm (cm); OBK — hand circumference
(cm); SHNCH — width of the lower jaw (cm); EPG — width
of the distal epiphysis of the shin (cm).

We found that the time of slow blood filling of the
rheovasogram of the shin was 82.24% due to the total
influence of body size, the coefficient of determination
of each of them was reliable, so they were included
in this regression model. In addition, the actual value
(12.23) of the Fisher criterion of this model was larger
compared to its calculated value (8.87), which was an-
other reason to consider the polynomial we constructed

as plausible, which was also confirmed by the results of
regression and variance analyses (p<0,001). The mathe-
matical model looked like this:

A2 =-0,157 + 0,005 x BSHGL - 0,002 x GGP + 0,003 x
SAGDUG - 0,004 x OBSH + 0,023 x EPPR — 0,008 x EPPL
+ 0,002 x ACR - 0,003 x SHNCH - 0,003 x OBK + 0,001
x ATND

where, here and ahead: A2 — slow blood filling time
rheovasogram (s); BSHGL — greatest width of the head
(cm); OBSH — neck circumference (cm); EPPL — width of
the distal epiphysis of the shoulder (cm); ACR — shoulder
width (cm).

We found that the amplitude time of the systolic
wave of the shin rheovasogram was 79.43% due to the
total influence of body size, the coefficient of determina-
tion of each of them was reliable, so they were included
in this regression model. In addition, the actual value
(15.39) of the Fisher criterion of this model was larger
compared to its calculated value (7.28), which was an-
other reason to consider the polynomial we constructed
as plausible, which was also confirmed by the results of
regression and variance analyses (p<0,001). The mathe-
matical model looked like this:

H1 =0,083 - 0,001 x ACR +0,003 x GGL — 0,001 x OBT +
0,002 x ATPL — 0,004 x OBS — 0,002 x SAGDUG
where, here and ahead: H1-amplitude of the systolic
wave of the shin rheovasogram (Om); GGL — thickness of
the skin-fat fold on the shin (mm).

The variability of the average rate of rapid blood fill-
ing of the shin by 68.54% was due to the total influence
of five body sizes, the coefficient of determination of
each of them was reliable, so they were included in this
regression model. In addition, the actual value (8.69) of
the Fisher criterion of this model was larger compared
to its calculated value (7.28), which was another reason
to consider the polynomial we constructed as plausible,
which was also confirmed by the results of regression
and variance analyses (p<0,001). The mathematical
model looked like this:

H4A1 = 0,853 — 0,021 x GGP +0,017 x GGL + 0,004 x
ATV - 0,018 x SAGDUG + 0,006 x ATP

where, here and ahead: H4A1 — average rapid blood
filling rate (Om/s); ATV — height of the trochanter point
(cm).

We found that the average velocity of slow blood fill-
ing of the shin was 68.13% due to the total influence of
six body dimensions, the coefficient of determination of
each of them was reliable, so they were included in this
regression model. In addition, the actual value (10.34) of
the Fisher criterion of this model was larger compared
to its calculated value (6.29), which was another reason
to consider the polynomial we constructed as plausible,
which was also confirmed by the results of regression
and variance analyses (p<0,001). The mathematical
model looked like this:

H1H4A2 = 0,914 - 0,023 x MX - 0,018 x SAGDUG +
0,017 x GGL + 0,006 x ATPL — 0,009 x ACR — 0,019 x
OBS

where, here and ahead: H1H4A2 — average rate of
slow blood filling (Om/s); MX — mesomorphic compo-
nent of the somatotype (point).

We found that the value of the tone of the arteries
of medium and small diameters of the shin was 92.92%
due to the total influence of fourteen body sizes, the co-
efficient of determination of each of them was reliable,
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so they were included in this regression model. In addi-
tion, the actual value (17.56) of the Fisher criterion of
this model was larger compared to its calculated value
(15.22), which was another reason to consider the poly-
nomial we constructed as plausible, which was also con-
firmed by the results of regression and variance analyses
(p<0,001). The mathematical model looked like this:
A2C =14,79 + 0,618 x BSHGL — 1,312 x FX - 0,399 x
OBK + 0,539 x OBPL1 - 0,197 x OBGK1+ 17,07 x S —
0,225 x OBGK2 + 1,005 x EPG + 0,381 x EPPR - 0,336
x SPIN + 0,222 x PNG - 2,154 x EPPR - 0,053 x OBB —
0,651 x LX

where, here and ahead: A2C — an indicator of the
tone of the arteries of medium and small diameter of
the thigh (%); FX — endomorphic component of the so-
matotype (point); OBPL1 — shoulder girth in a relaxed
state (cm); S — body surface area (m?); OBGK2 — chest
circumference on exhalation (cm); OBB — hip circumfer-
ence (cm).

Most of the coefficients of the model of the ratio
of the tone of the arteries of the shin were significant,
except for the circumference of the lower third of the
leg and the width of the lower epiphysis of the shoulder.
The coefficient of determination of 62.33% determined
the variability of this rheovasographic parameter by the
total influence of eight body sizes. In addition, the actu-
al value (8.27) of the Fisher criterion of this model was
larger compared to its calculated value (5.56), which
was another reason to consider the polynomial we con-
structed as plausible, which was also confirmed by the
results of regression and variance analyses. (p<0,001).
The mathematical model looked like this:

A1A2 = 287,1 + 15,29 x GGP — 3,054 x GGP — 5,365 x
BSHGL - 5,075 x ACR + 6,278 x SHNCH + 17,94 x EPPL —
3,380 x BDLGL + 4,675 x OBG2

where: A1A2 — indicator of the ratio of the tones of
the arteries of the shin (%); BDLGL —greatest length of
head (cm).

Thus, we have proven a significant influence of the
constitutional characteristics of the body of wrestlers of
the mesomorphic somatotype on the variability of indi-
cators of peripheral hemodynamics of the shin.

It is necessary to dwell on the generalized results of
the regression analysis, in particular, the 8 constructed
models included 77 anthropometric dimensions and
components of the somatotype. Girth dimensions had
the most significant influence (27.32% of all 77 param-
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eters presented in the models), they were included in
87.54% of the constructed models. Head dimensions
had a 16.93% occurrence and were included in 100% of
the constructed models, of which 75.00% of the models
had a sagittal head arc. The thickness of skin-fat folds
was 15.63% in relation to other anthropometric compo-
nents of mathematical models and was included in all
constructed models (100%). A highly notable finding was
the influence of craniometric dimensions on the variabil-
ity of all shin parameters, for which mathematical mod-
eling was carried out. In our opinion, the explanation
for this phenomenon is the peculiarity of the wrestlers’
training and competitive activities, in particular the large
number of grabs and head compressions. According to
scientists, the shape of bones in athletes changes under
the influence of increased muscle activity. General adap-
tive changes occur in all bones of the skeleton, and local
ones occur in its parts that are subjected to the greatest
load [16]. In the study by V.O. Khavtur and co-authors
[13], during the modeling of rheographic parameters of
the thigh in ectomorph volleyball players, it was deter-
mined that the models most often included head size,
fat fold thickness, girth and sagittal body dimensions,
and individual components of the somatotype. Thus,
the regression analysis performed makes it possible to
determine the appropriate parameters of peripheral he-
modynamics of a particular wrestler, taking into account
his individual constitutional characteristics.

Conclusions.

1. A significant influence of factors of external body
structure on the variability of peripheral hemodynamic
indicators in the shin in wrestlers with a mesomorphic
somatotype has been established.

2. 8 models were constructed to determine the ap-
propriate rheographic parameters of the shin with R2
determination coefficients from 0.623 to 0.972.

3. Most often, mathematical models of rheovaso-
graphic indicators of the shin included craniometric di-
mensions, namely the sagittal arc, the thickness of the
skin-fat folds, and the girth dimensions of the body.

Prospects for further research.

The results obtained provide the opportunity in the
future to apply aspects of the constitutional approach
to determine the norm of regional hemodynamic indica-
tors in athletes of different ages, genders, somatotypes,
and sports specializations.

Xaniybka 0. M., 2binaw C. M., "AHdpowyk O. B., fyce C. B., 'LlesyuweH B. |.

MATEMATUYHE MOZE/NFOBAHHA NAPAMETPIB PEI'IOHAPHOIO KPOBOOBITY
rOMIJZIKU Y bOPUIB ME3SOMOP®HOIO COMATOTUINY

BiHHULbKMA HaLiOHANbHUIA MegUUYHUIA YHiBepcuTeT im. M. |. Muporosa (m. BiHHMLA, YKpaiHa)
androshchuk1975@gmail.com

Mopdo-pyHKYioOHANbHI  MOKA3HUKU cepuyeso-CyOUHHOI cucmemu, 30Kpema, Pe2iOHAnbHOI 2eMOOHAMIKU,
BUKopucmosytome 078 OYiHKU adanmauyiliHux moxsausocmeli opaaHi3amy i Mpo2HO3y8AHHA CMOPMUBHOI
pe3synbmamueHocmi. Memoto 0ocnioreHHA 6yno susHAYUMU BMaAU8 MOKA3HUKI8 308HIWHbLOI 6ydosu mina Ha
MOKA3HUKU pe2ioHasnbHO20 Kposoobizy Ha eominyi y 6opuyie me3zomopgHozo comamomuny ma nobydysamu
MamemMamuyHi mMmodesi 071 BU3HAYEHHA HAMEHHUX 3HAYeHb Peosa302paidHuUX MOKA3HUKIB. Y KOMMsneKCHOMYy
obcmexceHHi bpaau yyacmes 61 criopmcmeH 3 8ifbHOI Ma epexko-pumcbKoi bopomsbu, nez2Koi i cepedHboi 8a2o8uUx
Kamezopili. [na 8U3HAYEHHA peosa3ozpahiYHUX MapaMempie 20MiAKU BUKOPUCMO8Y8AaAU MempanonapHy
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peoepagito 30 00MOMO20H0 KOMM'tomepHo20 0id2HOCMUYHO20 KOMIAEKCY, AHMPONOMeMPUYHi pPo3mipu
sumiptosanu 3a pekomeHoayiamu [1. . LanapeHka (2000). 6anbHy oyiHKy eHOOMOpPgHO20, Me3omMoppHo20 U
eKmoMopEHO20 KOMIOHeHMi8 comamomury 30iliCHI08a/1U 30 PO3PaxyHKOB0 Modugikayieto memoda Heath-Car-
ter (1990). 3a pe3ynbmamamu 0ocnioreHHs byno suseneHo, wjo 40 6opuie Manu O03HAKU Me30pghHO20 mury
KoHcmumyuyil. MamemamuyHe modento8aHHA 30iliCHI08AAU 3 BUKOPUCMAHHAM CepmughikosaHoi npozpamu
“Statistica 5.5” 30 00MOMO20t0 MOKPOKOB020 HA2aMOGAKMOPHO20 pezpeciliHo2o aHAni3y. BuzHayeHO cymapHuUli
8rsaue 53 aHmpono-comamomunoso2iYHuUx napamempie Ha 18 peosazoepadiyHUX MOKA3HUKIE 20MinKu y bopuis
me3omopgHozo comamomuny. MamemamuyHi mMmodeni 3 MoyHicmio onucy peosaszoepagiyHux napamempis (y
mexax 8i0 62,33% 0o 97,24%) 6ynau nobyoosaHi 0n14 8 NokasHuUKie. Po3pobneHi Hamu modesi moxyme Hadasamu
MOXMIUBICMb BUSHAYAMU HA/EH(HI 3HAYEHHA OaHUX napamempie pe2ioHanbHo20 Kposoobiey Ha eominyi y bopuis

Me30MOopPpHO20 MUy KOHCMUMYUYii 3 8UKOPUCMAHHAM iX 8/1GCHUX AHMPOMOMEMPUYHUX PO3Mipie.
Knrouoei caoea: peosaszoepais 2ominku, aHmporiomempis, comamomuri, Mamemamu4yHe MOOesnt8aHHS,

pezpecis, 6opuyi.

3B’A30K ny6aikauii 3 nnaHoBMMM HayKoBO-goCNig-
HUMK poboTamu.

Pob6oTa € pparmeHTOM NNAHOBOI HAYKOBO-AOCAIAHOI
po60TM BiHHMLbKOIO HauiOHaNbHOrO MeAMYHOro YHi-
Bepcutety im. I.M. MNMuporosa «ComaTto-BicLLEPOMETPUYHI
0cob6MBOCTiI OpraHiaMmy t0AUHM B Pi3Hi Nepioam oHTore-
He3y» (Homep AepraBHOI peecTpauii 0121U113772).

Bcryn.

BusHaueHHA ¢i3ioNnoriyHmMx NoKasHUKIB nepudepuny-
HOro KpoBoobiry B oci6 3 MeBHMMM BUAAMWU PYXOBOI
OiANbHOCTI, AKA MAE AOMiIHAHTHWUIM BMNIMB Ha PO3BUTOK
OKpeMux Gi3aNYHNX AKOCTEN, MAE BE/IMKE NPAKTUYHE 3Ha-
YeHHA A/1A BUABNEHHSA, NiKyBaHHA Ta NpodinakTMKm 3a-
XBOPIOBAHb CyAWH HUMXKHIX KiHLiBOK [1-3]. Big3HayaeTb-
CA Ba*KNMUBICTb BM3HAYEHHA MOKA3HMKIB perioHasbHoOro
KpoBoobiry npu ¢opmyBaHHi HAYKOBO-METOAUYHUX pe-
KOMeHAaUil y CNopTUBHIA MeauLUMHI, He 3anepeyytoumn
i BaXK/IMBICTb 4/1A OLIHKM afanTauiiHUX MOMK/IMBOCTEN
OpraHiamy i MOKa3HMKIB LLeHTPaAbHOT reMoanHamiku [4,
5]. OgHak, HaBiTb BUKOPUCTAHHA 06’EKTUBHUX METOAIB
[OCNiAXKEHHA CTaHy nepudepuyHoOro Kpos’'sHOro pycna,
30Kpema peosasorpadii, 4na Toro wob npoBecTn agek-
BaTHY OLiHKY OfepKaHuX pe3y/bTaTiB HeobxigHO npo-
BECTW X CMiBCTABAIEHHA 3 aHaNOMYHUMKN pedepeHTHUMM
NoKasHMKaMM, SIKi MatoTb 6a3yBaTMCA Ha NONYAALIMHIN,
cTaTeBilt i BikoBi MiHAMBICTb disionoriyHoi Hopmu [6-8].
Konu X Mu po3rnsafaemo opraHism CNoOpTCMEHa, AKUMA
npotaArom 6araTbOX POKiB 3a3HaBaB CUCTEMATUYHOTO
BNAMBY crneundiyHUX IHTEHCMBHUX i3UYHMX HaABaHTa-
eHb, BapiabenbHiCTb MOKa3HUKIB CepLEeBO-CYyAUHHOI
CMCTEMM Pi3KO 36iNblUyeTbCA. | TOMY BUHMKAE HarasbHe
NMUTAHHA: AKE 3HAYEHHs NMOKA3HWMKa BBAXKATWU HOPMOIO
018 CNOPTCMEHa OKpemoro Buay cnopty? MpakTuyHum
BMpilIEHHAM AaHoi npobnemn moxke 6yTM BUKOPU-
CTAQHHA perpeciiHoro NoKpokosoro 6aratodakTopHOro
aHanisy, AKUN Aa€ MOXKAUBICTb A1A NPOBEAEHHA MaTe-
MaTU4HOro mogentoBaHHsa [9, 10, 11]. Pesynbtat go-
CnigsKeHb OCTaHHiX pokis [12, 13] noBOAATb MeAUYHY,
coujanbHy 1 eKOHOMIYHY edEKTUBHICTb BUKOPUCTAHHA
MaTeMaTUYHUX MoAeNen ANA BU3HAYEHHSA iHAMBIAYaNb-
HUX HA/IEXXHUX 3HAYeHb NOKA3HWKIB CepLeBO-CyANHHOT
CMCTEMMW 3 BPaxXyBaHHAM aHTPOMO-COMATOTMMONOMIYHUX
0C06/MBOCTEN OpPraHi3my TOANHMN.

MeTta gocnigKeHHs.

BU3HAUMTM BNAMB MOKA3HMKIB 30BHilIHbOI ByA0BMU
Tina Ha NOKa3HMKKU perioHasbHOro Kposoobiry Ha ro-
minui y 6opuis mesomopdHoro comatotuny Ta nobyay-
BaTM MATeMaTU4YHi MoAeni ANA BU3HAYEHHA HaNeKHUX
3HayeHb peoBasorpadivyHMX NOKa3HUKIB.

O6’eKT i meTOoaM AoCNiAXeHHA.

Y HaykoBo-gocnigHomy ueHTpi BHMY im. M.I. Mu-
poroBa 6yn0 npoBefeHe KOMMIEKCHe ObCTeeHHn
61 cnopTcmeHa, sKi cneujanisyBanucs y BinbHil i rpe-
KO-PUMCbKili 60poTbbi Ta Hanexanu 4o nerkoi i cepen-
HbOI BaroBMx KaTteropii. Bci 6opui manu BMCOKi cnop-
TUBHI po3paam (Big, nepworo AOpPOCaAOro A0 MaMcTpis
cnopTty YKkpaiHu) i 3a Bikom (Big 17 A0 21 poKy BKAKOYHO)
Ha/ieXan [0 HHALbKOro nepiosy oHToreHesy. He 3Ba-
YKalouM Ha Te, L0 KOXKEH CMOPTCMEH He MeHLe 3 pOoKiB
MaB CMOPTMBHOIO CTa)Ky, 33 PiBHEM 30pOB’A Hanexas
00 TPynu MPaKTUYHO 340POBUX, TOMY LLO KOMKHOMY
obcTexkeHomy byno npoBefeHi Taki iHCTPYMEHTasbHi
OOCNIAXEHHA, AK YNbTPa3BYyKOBY [iarHOCTMKY cepugs,
MaricTpasbHUX CyAMH, LUMTONOAIBHOI 331031, NapeHxi-
MATO3HWX OPraHiB YepeBHOI MOPOXKHUHU, HUPOK; Cripo-
rpagito, peHTreHorpaditorpyaHoi KAiTKK, TeTpanonspHy
peokapgiorpagito. CnopTcMeHU 3 BiAXWIEHHAMM Y 340-
pOB’T BiACTOPOHANUCSA Big, NOAANbLIOTO AOCNIAXKEHHA.

PeosasorpadiyHi napameTpu rominkm BM3Ha4yanum Ha
KOMN'IOTEPHOMY ,iarHOCTUYHOMY KOMMNEKCi 3 BUKOPUC-
TaHHAM TeTpanonapHoi peorpadii. AHTponomeTpulHe
OOCNIAXEHHs 3filiCHIOBanM 3a pekomeHgauiamm M. M.
LWanapeHKa [14] i3 BM3HAYeHHAM 3 TOTa/bHUX (OOB-
MHU, Macu, NNoLLi noBepxHi Tina) i 47 napuiaNbHUX
pO3MipiB i BUKOPUCTAHHAM cepTUdIiKOBAHOrO aHTPOMO-
MeTpUYHOro obnagHaHHA. banbHy OUiHKY eHaomopd-
HOro, me3omop¢dHOro 1 eKTOMOPGHHOro KOMMOHEHTIB
COMaTOTUNY 34iNCHI0BANN 32 PO3PaXyHKOBO MoAnNdi-
Kaujieto metoga Heath-Carter [15]. Byno BuaABAeHO, WO
40 6opuiB Hanexanu [0 Me3opdHOro TUMNY KOHCTUTYLLT,
0CObNMBICTb JAHOTO COMATOTUMY € FAPHWIN PO3BMTOK
KICTKOBO-M'A30BOro anaparty, Npo WO BKa3yTb OKPYK-
HOCTi OKpEeMMX CErMeHTIB KiHLiBOK Ta rpyaHOi KNiTKM Ta
nonepeyHi po3mipu A0Brmx TpybuacTmx KicToK (lumpurHa
iX gucTanbHUx enigisis).

[Ona npoBefeHHA MaTeMaTUYHOTO MOAENOBAHHA
HanexHUx peosasorpadiyHNX NapameTpiB roMiNKK BU-
KOPMCTaNN NOKPOKOBUI BaraTopakTopHUIA perpeciiHuni
aHani3 y ceptndikoBaHil nporpami “Statistica 5.5” 3 go-
TPMMaHHAM TaKuUX BUMOT: KoedilieHT aeTepmiHauii (R?)
>0,60; F-kputepiit Piwepa >2,0 i Moro pakTUUHE 3HaYEH-
HA 6inblue 3a po3paxoBaHe [12].

Bci cnoptcmeHn aaBanu iHpopmoBaHy 3rogy AnA
yyacTi y AaHoMy JochifrKeHHi. Komicielo 3 6ioeTuku
BHMY im. M.I. MNMuporosa BU3Ha4eHO, L0 NpOBeAeHe [0-
CNifXeHHA He 3anepeyye OCHOBHUM 6ioeTUYHMM HOp-
mam (npotokon Ne 1 Big 31 ciyHa 2018 p.).
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Pe3ynbTatv gocnigKeHHA Ta ix 06roBopeHHs.

Hamu BM3HayeHO cymapHUil BNaMB 53 aHTpono-co-
MATOTMMNONONIYHMX NAapPaMeTpPiB Ha KoXeH i3 18 peosa-
3orpadiyHMX NOKa3HUKIB rOMiZIKM Ha 6asi npoBeaeHOro
NOKPOKOBOro 6aratoakTopHOro perpecinHoro aHanisy.
| npun LboMy By/10 BCTAHOBNEHO, L0 NnLe 8 peoBa3orpa-
diYHMX NOKA3HMKIB roMisIKKM B 6opLiB 3 Me30MOopPPHUM
COMATOTUMOM BiZNOBIAANN BUMOTaM perpecinHoro mo-
AentoBaHHA [12], ronoBHoOMO i3 AKMX Byna nepesakatoya
netepmiHauia (6inbwe 50% BNAMBY) came KOHCTUTYL,iO-
Ha/IbHUX XapPaKTEPUCTMK OpraHismy. Taki X MOKa3HMKM
AK amnAiTy4a WBUAKOrO KPOBOHAMOBHEHHA Ta AMKPO-
TUYHWUI iHAEKC B3arani He 3aneXKanu Big ¢pakTopiB 30B-
HiWHbOI ByaoBM TiNa, a TpMBanicTb peorpadiyHoi XBUAI
nvwe Ha 36,72% 6yna obymoBneHa agaHUMM GaKTopamu,
Yac WBMAKOro KPOBOHaNoBHeHHA mMaB 41,53% petepmi-
Haujii, amnniTyga iHumM3ypu mana 41,15% petepmiHalii,
NMOKa3HMKKM TOHYCY BCix apTepint — 43,12% petepmiHauii
a TOHycy apTepiit BennKkoro giametpy — 49,94% petep-
MiHauii, Tomy He 6yn0 aprymeHTOBaHMM MPOBEAEHHA
L1151 HAX MATEMATUYHOro mogentoBaHHA. Kpim Toro, yac
HU3XiAHOI YacTMHM peorpammn Ha 51,69%, aiactoniy-
HUI iHOeKc Ha 57,89%, amnnityaa AiactonivyHoi xBuni
Ha 58,81% 3anexanu Bif daKTopiB 30BHILLHbOT 6yA0BM
Tina, ane npu ubomy daKTUYHE 3HaYEHHA KpuTepito Di-
Lwepa AaHMX NOKa3HMKIB Bys10 MeHLWMM 3a iX po3paxyH-
KOBY HaJIeXXHY BENNYMHY [aHOro KpUTEpito, Kpim Toro
6inblicTb KoedilieHTiB, WO BM3HAYaNM BapiabenbHiCTb
OaHuX peoBasorpadiyHMX NOKa3HUKIB, He Byan cTaTuc-
TMYHO 3Hauywumu. Lle 6yno migrpyHTam BigmoBM Big
NpoBeAeHHA MaTeMaTUYHOTO MOAENIOBAHHA ANA AAHUX
NOKa3HMKiB NnepnudepmnyHoi reMognHaMiK1 FOMISIKN.

Tomy 3yNMHMMOCA Ha NPAKTUYHO 3HAYYLLUX pe3y/b-
TaTax perpecinHoro aHanisy, AKi 4anu MOXKAUBICTb BU-
3HAYUTM HaNeXHi 3HayYeHHA 8 napameTpiB peorpamwu
FOMIiJIKM Ha OCHOBI NOBYAOBAHUX MOAENEN Ta APTyMEH-
TyBaTW NiArPyHTA AAHOTO MOAENOBAHHA.

Y 6opuis 3 mesomopPHUM comaToTunom 6asosuii
imnegaHc Ha rominui Ha 91,91% 6yB obymoBneHui
cymapHum Bnameom 13 posmipis Tina, KoediuieHT ae-
TePMiHaLil KOXKHOro 3 HUX ByB BiporigHMM, TOMY BOHMU
YBIMLWAKW A0 AaHOT perpeciiiHoi mogeni. Kpim Toro, dak-
TMYHe 3HaveHHA (17,06) KpuTepito Piwepa uiei moaeni
6yno 6inbwe NOpiBHAHO i3 CBOIM PO3PaxyHKOBMM 3Ha-
YyeHHsMm (14,21), wo 6yno we oaHieto i3 NiAcTaB BBaXKaTh
nobyaoBaHW HaMKU NOMIIHOM BipOrigHMM, WO NiATBEp-
[OKYBaNocA i pesynbtaTaMu perpecinHoro Ta Aucnepcin-
Horo aHanisis (p<0,001). MaTemaTuyHa Mogdenb mana
TaKuUW BUMNAA;

Z =88,06 — 2,77 x SAGDUG + 6,24 x GZPL + 11,71 x LX

+ 3,71 x SPIN + 6,268 x OBPL - 8,10 x OBPR1 - 3,63 x

PNG + 2,53 x PSG + 5,185 x OBS - 3,69 x GGP — 1,11 x
OBGK1 - 0,93 x ATP — 6,97 x EPB

4e, TyT i B noganblwiomy: Z — 6a3oBuit imnegaHc pe-
oBasorpamu rominku (Om); SAGDUG — caritasnibHa ayra
(cm); GZPL — TOBLMHA LWKIPHO-*KMPOBOI CKNAAKM Ha
3a4Hili noBepxHi naeya (Mm); LX — eKTomopdHUI KoM-
NoHeHT comatoTuny (6an); SPIN — mixkocTboBa BifcTaHb
(cm); OBPL — 0bxBaT nseya y HanpyXeHomy CTaHi (cm);
OBPR1 — obxBaT nepeanivya y BepxHili YacTuHi (cm);
PNG — nonepeyHuit HUKHbOTPYAHWUI giameTp (cm); PSG
— nonepeyvyHuii cepeaHbOrpyaHuii giametp (cm); OBS —
obxBaTt ctonu (cm); GGP — TOBLMHA LWKiIPHO-*XMPOBOT
CKNagKku Ha rpyaax (mm); OBGK1 — 06xBaT rpyaHOT KNiT-
KM Ha BAMXy (cm); ATP — B1COTa NanbLEBOi TOUKK (Cm);
EPB — wupwWHa guctanbHoro enidisa crerHa (cm).

Hamu BCTaHOBAEHO, WO Yac BUCXiAHOT YacTUHU pe-
oBasorpamu rominkm Ha 97,24% 6ys obymosneHui
CYMapHMM BM/IMBOM  pPO3MIipiB Tina, KoeodiuieHT ae-
TePMiHaLil KOXKHOFO 3 HMX OyB BiporigHMM, TOMY BOHMU
yBiliWAN Ao gaHoi perpeciiHoi moaeni. Kpim Toro, dpak-
TUYHe 3HayeHHn (29,14) KpuTepito Piwepa uiei moaeni
6yno 6inble NOpiBHAHO i3 CBOIM PO3pPaxyHKOBMM 3Ha-
yeHHAM (19,16), wo 6yno we oaHieto i3 NiACTaB BBAXKaTU
nobya0BaHUI HaMKW MOJIIHOM BipOrigHMM, WO NiaTBEp-
OXKyBanoca i pesynbtaTaMu perpeciiHoro Ta Ancnepcin-
Horo aHanisis (p<0,001). MaTemaTuyHa mogenb Mana
TaKWUM BUMNAA;

A =0,174-0,004 x OBT + 0,004 x SAGDUG + 0,003 x
GB - 0,006 x GG + 0,004 x OBS + 0,005 x GGP + 0,014
x OM - 0,005 x ATND + 0,004 ATPL + 0,005 x OBG2+
0,007 x OBPR2- 0,025 x EPPR - 0,006 x OBK — 0,003 x
SHNCH - 0,007 x EPG

Ae, TyT i B noganbliomy: A — 4ac BUCXigHOI YaCTUHMU
peoBasorpamu rominku (c); OBT — obxsaT Tanii (cm); GB
— TOBLLMHA LWKiIPHO-*KMPOBOI CKNagKM Ha 60Ky (Mmm); GG
— TOBLUMHA LWKIPHO-*KMPOBOI CKNAAZKM Ha YUBOTI (MM);
OM — kicTkoBa maca (kr); ATND — BucoTa HaarpygHuH-
HOI TOUKM (cm); ATPL — BMCOTa aKpOMiaibHOT TOUKK (CM);
OBG2 — 06xBaT roMiZIKW Yy HUXHIM YacTuHi (cm); OBPR2 —
0bxBaT nepeanivyyn y HUKHIM yacTuHi; EPPR — wupuHa
anctanbHoro enigisa nepegnnivyya (cm); OBK — obxeaT
KucTi (cm); SHNCH — winpurHa HUXKHbOT Wwenenu (cm); EPG
— WUMPUHA AUCTaNbHOTO enidisa rominku (cm).

Hamun BCTaHOB/EHO, WO 4Yac MOBISIBHOTO KPOBOHA-
NOBHEHHA PeoBa3orpaMm romisikm Ha 82,24% 6ys oby-
MOB/IEHWI1 CyMapHUM BMAMBOM PO3MipiB Tina, Koedili-
€HT AeTepMiHaL,ii KOXKHOro 3 HUX ByB BiporiAHMM, TOMY
BOHM YBINLWAM A0 AaHOT perpeciitHoi mogeni. Kpim Toro,
dakTUUHe 3HavyeHHn (12,23) kpuTepito Piwepa ujei mo-
aeni 6yno 6inble NOPIBHAHO i3 CBOIM PO3PaxyHKOBUM
3HauyeHHaM (8,87), wo 6yno we oaHieto i3 niacTas BBa-
aTn nobyaoBaHM HAMW MOAIHOM BipOTiAHUM, WO Mia-
TBEPAKYBANOCA i pe3ynbTaTamMu perpecinHoro Ta guc-
nepcitHoro aHanisis (p<0,001). MatematuyHa mogenb
Mana Takun BUTrNs A,

A2 =-0,157 + 0,005 x BSHGL - 0,002 x GGP + 0,003 x
SAGDUG - 0,004 x OBSH + 0,023 x EPPR - 0,008 x EPPL
+ 0,002 x ACR — 0,003 x SHNCH - 0,003 x OBK + 0,001
x ATND

Ae, TyT i B noganbwomy: A2 — 4yac NoBiIbHOTO Kpo-
BOHaMNoBHeHHA peoBasorpamu (c); BSHGL — Halibinblua
WKrpKnHa ronosu (cm); OBSH — obxsat wui (cm); EPPL —
WMpUHa AucTanbHoro enidisa naeyva (cm); ACR — wunpu-
Ha nneyen (cm).

Hamun BCcTaHOBAEHO, WO Yac aMNAITYAn CUCTONIYHOT
XBW/i peoBasorpammn rominkum Ha 79,43% 6ys obymos-
NeHW CyMapHUM BMAMBOM PO3MIpiB Tina, KoediuieHT
OeTepMiHaLLii KOXKHOro 3 HUX BYB BiporigHMM, TOMY BOHU
yBIMWAKW A0 AaHOT perpeciiiHoi mogeni. Kpim Toro, dak-
TUYHe 3HayeHHs (15,39) kpuTepito Piwepa uiei mogeni
6yno 6inblwe NOpiBHAHO i3 CBOIM PO3PaxyHKOBMM 3Ha-
yeHHaMm (7,28), wo 6yno we ofHieto i3 NiacTaB BBaXKaTK
nobyaoBaHWI HaMK NOJIIHOM BipoOrigHMM, WO NiaTBEp-
[XKyBanocA i pesysbTaTamum perpecivHoro Ta gucnepcin-
Horo aHanisis (p<0,001). MaTemaTuyHa mMogdenb mana
TaKuUW BUMNAA;

H1=0,083 - 0,001 x ACR +0,003 x GGL — 0,001 x OBT +
0,002 x ATPL — 0,004 x OBS — 0,002 x SAGDUG

Ae, TyT i B noganbwomy: H1— amnnityga cucrtoniv-
HOT XBUAi peoBasorpamu rominku (Om); GGL — ToBUMHA
LWKIpHO-*KMPOBOT CKNAAKM Ha rominui (mm).
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BapiabenbHicTb cepegHboi LWBWUAKOCTI  LWBMAKOTO
KPOBOHANOBHEHHA rOMiNIKW Ha 68,54% 6yna obymoBsne-
Ha CYMapHMM BMJIMBOM M'ATU PO3MIpiB Tina, KoedilieHT
AeTepmiHaL,ii KOXXHOro 3 HUX 6yB BipoOriAHMM, TOMY BOHMU
yBIMWAK A0 AaHOT perpeciiHoi mogeni. Kpim Toro, dak-
TUYHe 3HayeHHs (8,69) kpuTtepito diwepa uiei mogeni
6yno 6inblwe NopiBHAHO i3 CBOIM PO3PaxXyHKOBUM 3Ha-
yeHHAM (7,28), wo 6yno e oAHieto i3 NiacTas BBaXKaTU
nobyaoBaHUI HamMK NOJIIHOM BiporigHMM, WO NiaTBeEp-
O)KyBanoca i pesynbtaTaMu perpeciiHoro Ta Aucnepcin-
Horo aHanisie (p<0,001). MaTemaTuyHa mogenb mana
TaKuUM BUMNAA;

H4A1 = 0,853 - 0,021 x GGP +0,017 x GGL + 0,004 x
ATV - 0,018 x SAGDUG + 0,006 x ATP

e, TyT i B noganbwomy: H4A1 — cepefHA WBUAKICTb
LUBMAKOTO KpoBsoHanosHeHHs (Om/c); ATV — Bucorta
BEPT/IIOroBoi TOUKM (Cm).

Hamun BCTaHOBNEHO, WO BENYNHA CepeaHbOT WBNA-
KOCTi NOBIi/IbHOrO KPOBOHANOBHEHHA rOMiNIKM Ha 68,13%
6yna 0bymoBneHa CyMapHMM BMIMBOM LIECTM PO3MIpiB
Tina, KoedilieHT AeTepMiHaL|ii KOXHOro 3 HUX ByB Bipo-
rigHMM, TOMy BOHM YBINLWAM A0 AAHOI perpecinHoi mo-
aeni. Kpim Toro, ¢aktuyHe 3HayeHHa (10,34) KpuTepito
diwepa uiei mogeni 6yno Ginble NOPiBHAHO i3 CBOIM
pO3paxyHKOBUM 3HaUYeHHAM (6,29), Lo 6yno Lie ogHieto
i3 nigcrtas BBaXKaTn NobyaoBaHMIA HaMK MONIHOM Bipo-
rigHUM, WO MiATBEPAXKYBasNoCA i pe3ynbTaTaMmu perpe-
ciiHoro Ta aucnepcinHoro aHanisis (p<0,001). MaTema-
TUYHA MOZE/b Masia TaKU BUTNASA,:

H1H4A2 = 0,914 - 0,023 x MX - 0,018 x SAGDUG +
0,017 x GGL + 0,006 x ATPL — 0,009 x ACR - 0,019 x
OBS

ae, Tyt i B noganbwomy: H1IH4A2 — cepeaHa wena-
KiCTb NOBINbHOrO KPOBOHaMNoOBHeHHA (Om/c); MX — me30-
MOPOHUIA KOMMNOHEHT comaToTuny (6an).

Hamu BCTaHOBNEHO, WO BEAMYMHA TOHYCY apTepii
cepeaHboro Ta Masioro giameTpiB rominkm Ha 92,92%
6yna obymoBneHa CyMapHMM BMJIMBOM YOTUPHALLATK
po3MmipiB Tifla, KoedilieHT AeTepMiHaL,ii KOXKHOIO 3 HUX
6yB BiporiZHWM, TOMy BOHW YBIMWAWM [0 AAHOT perpe-
ciiHoi mogeni. Kpim Toro, dakTuyHe 3HaueHHs (17,56)
KpuTepito diwepa uiei mogeni 6yno Hinbwe nopiBHAHO
i3 CBOIM po3paxyHKOBMM 3HauveHHsam (15,22), wo 6yno
LLLe oAHi€El0 i3 NiacTaB BBaXKaTh NobyaoBaHMiA HaMK Noi-
HOM BipOriAHMM, WO NiATBEPAKYBANOCA i pe3ynbTaTamu
perpecinHoro Ta gucnepcitHoro aHanisis (p<0,001). Ma-
TEMATUYHA MOAE/b Mana TakN BUrNAL,:

A2C=14,79 + 0,618 x BSHGL — 1,312 x FX — 0,399 x
OBK + 0,539 x OBPL1 - 0,197 x OBGK1+ 17,07 x S —
0,225 x OBGK2 + 1,005 x EPG + 0,381 x EPPR - 0,336
x SPIN + 0,222 x PNG — 2,154 x EPPR - 0,053 x OBB —
0,651 x LX

ae, TyT i B noganbwomy: A2C — NOKa3HMK TOHyCY ap-
Tepi cepenHbOro Ta Manoro aiameTpy crerHa (%); FX —
eHA0MOPPHUI KOMMOHEHT comaToTuny (6an); OBPL1 —
06xBaT n/sieya y HeHanpy*KeHomMy cTaHi (cm); S — naoua
nosepxHi Tina (mM?); OBGK2 — 06xBaT rpyAHOI KAiTKM Ha
BMAMXy (cm); OBB — 0bxBaT cTerHa (cm).

Binbwicte KoediLieHTIB Moaeni NOKasHMKa CniBBia-
HOLUEHHA TOHYCIB apTepii rominku 6ynn AOCTOBIPHUMM,
33 BUHATKOM 06XBaTy rOMINIKW B HUMKHIA TPETUHI Ta LWK-
PUHKU HUXKHbOTO enidiza nneva. KoedilieHT geTepmiHa-
Lji Ha 62,33% 0bymoB/tOBaB MiHAMBICTb JAaHOIO pPeoBa-
3orpadiyHoro napameTpa CymapHMM BMJIMBOM BOCbMMU
po3mipiB Tifa. Kpim TOoro, ¢paktuuHe 3HaueHHs (8,27)
KpuTepito diwepa uiei mogeni 6yno 6inblwe NopiBHAHO
i3 CBOIM pO3paxyHKOBMM 3Ha4YeHHsMm (5,56), wo byno we

ofHielo i3 nigcTtaB BBaXKaTW NobyaoBaHMI Hamu Moni-
HOM BIpOTigAHWUM, O NiATBEPAKYBANOCA | pe3yibTaTamMu
perpecinHoro Ta gucnepcitHoro aHanisis (p<0,001). Ma-
TeMaTM4yHa MofeNlb Mana Takui BUTAL:

A1A2 =287,1 + 15,29 x GGP - 3,054 x GGP - 5,365 x
BSHGL - 5,075 x ACR + 6,278 x SHNCH + 17,94 x EPPL —
3,380 x BDLGL + 4,675 x OBG2

pe: A1A2 — NnoKasHMK cniBBigHOLWEHHA TOHYCIB apTe-
pii rominku (%); BDLGL — Haibinblua AOBXWHA rON0BM
(cm).

TakKMM YMHOM, HaMM [0BEAEHUI 3HAYYLWMI BNAWB
KOHCTUTYLLIOHa/IbHUX XapPaKTEPUCTUK OpraHiamy 6opLis
Me30MOpPHHOro COMaToTUMNY Ha BapiabenbHICTb NokKas-
HUKiB NepndepuyHOi reMoanHaMIKN FOMINKMU.

HeobxigHO 3ynUHUTUCA Ha y3aranbHeHi pesynbra-
TiB perpeciiHoro aHanisy, 3okpema, o 8 nobyaosa-
HUX Moaenen yBiWwNo 77 aHTPOMOMETPUYHUX PO3MIpIB
i KOMNOHEHTIB comaToTuny. Halbinblu 3HaYyLWMiA BNAWB
Manin 0bxBaTHi po3mipu (27,32% BigHoOCHO BCix 77 napa-
MeTpiB, NPeACTaBNAEeHMUX Y MOAENAX), BOHW Byan y cKnagi
87,54% nobynoBaHux mogeneit. Poamipu ronosu cknaga-
nn 16,93% BiAHOCHO BCiX aHTPOMOMETPUYHUX NAPAMETPIB,
AKi BXOAMAM 00 moaenen i bynn y cknagi ycix nobyaosaHmx
mozenei, i3 Hux y 75,00% mopeneii byna caritanbHa Ayra
ronosu. TOBLUMHW LUKIPHO-KUPOBMUX CKNAAOK CTAaHOBUAN
15,63 % no BiAHOLWEHHIO A0 iHLWWX aHTPOMOMETPUYHNX
CK/IAZ0BUX MaTeMaTUUYHUX Mogenel i byny y cknagi Beix
nobyaosaHux mogeneit (100%). MpusepTae yBary BNAMB
KpaHIOMETPUUYHMX PO3MipiB BapiabenbHicTb ycix napame-
TpiB rominku. Ans skmux 6yno npoBegeHO MateMaTuyHe
MOZentoBaHHA. Ha Haly AymKy, NOACHEHHAM Takoro ¢de-
HOMEHY € 0COBAMBICTb TPEHYBA/IbHO-3MarasibHOI Aisfi/IbHO-
cTi 6opLiB, 30KpeEMa BE/IMKOI Ki/IbKOCTi 3aXBaTiB i CTUCKaHHA
ronosu. Ha gymky HaykoBLjiB opMma KiCTOK y CMOPTCMEHIB
3MIHIOETbCA Mig, BNAMBOM MiABULLEHOT M'130BOI AisIbHOCTI.
3aranbHi aganTauiiHi 3MiHK BigbyBalOTLCA Y BCiX KiCTKax
CKeJsIeTy, a IoKabHi — y MOro Bia4jinax, ki 3a3HatoTb Haii-
6inbluoro HaBaHTaxKeHHsn [16]. Y gocniarkeHHi B.O. XaBTyp
3 cniBaBTopamu [13] nig 4yac moaentoBaHHa peorpadiu-
HMX MapaMeTpiB CTerHa y B0/IelbonicToK ekTomopdis
6y/10 BU3HAYEHO, WO A0 MOAeNei HalyacTilwe BXOAWUIM
TeX PO3Mipu ronoBK, TOBLLMHA KMPOBUX CKAAAOK, 06-
XBaTHI Ta cariTa/ibHi PO3Mipu Tina, OKPemi KOMMNOHEHTU
comaToTuny. TakKMm YMHOM, MPOBEAEHUI PErpecinHuniA
QHanNi3 fa€ MOXK/MUBICTb BU3HAYUTU HANEXKHI MapameTpu
nepndepmnyHoi reMoanHaMiKM KOHKPETHOro cropTcme-
Ha 6opuA 3 BpaxyBaHHAM MOro iHAMBIAYaNbHUX KOHCTU-
TYLIOHANIbHUX XapaKTePUCTUK.

BucHoBKM.

1. BctaHOBAEHMI 3HAYyWMIA BNAMB (aKTOpiB 30B-
HilWHbOI ByA0BM TiNa Ha BapiabesbHICTb NOKa3HMKIB ne-
pudepuyHoi remoaMHaMiKmM Ha rominui y bopuis 3 meso-
MOPPHMUM COMATOTUMOM.

2. byno nobygosaHo 8 moaenei s BU3HAYEHHA
HanexHUx peorpadiyHMx NapameTpis rominku i3 koeodi-
uieHTamu getepmiHauii R?Big 0,623 ao 0,972.

3. HanvacTiwe Ao maTemaTUYHUX MOAENEel peoBa-
30rpadiyHnX MOKa3HMKIB TOMINKM BXOAUAU KpaHiome-
TPUYHI pO3MipK, a caMe cariTanbHa Ayra, TOBLMHA LWKip-
HO-}KUPOBUX CKMaZ0K, 06XBATHI po3mipu Tina.

MepcneKTnBM NoganblIUX JOCNIAXKEHD.

OTpuMmaHi pe3ynbTati AatoTb Y MEPCNEKTUBI MOX/IN-
BiCTb 3aCTOCOBYBATU AaCMEKTU KOHCTUTYLLIOHAIbHOTO Nig-
X0o4y ANA BU3HAYEHHA HOPMM MOKa3HMUKIB perioHanbHOI
reMo4MHaMIKM y CMOPTCMEHIB Pi3HUX BiKYy, CTaTi, cOMa-
TOTUMY, CMOPTMBHOI cheLjiani3auii.
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MATEMATUYHE MOAENIOBAHHA NMAPAMETPIB PEIIOHAPHOIO KPOBOOGITY TOMUIKW Y BOPLIB ME3O-
MOP®HOIo COMATOTUNY

Xaniybka O. M., binaw C. M., AHapouwyk O. B., Aycb C. B., LUeBunweH B. I.

Pe3tome. BM3HauyeHHs NOKa3HMKIB nepudepmnyHOi reMmoanHaMiku BUKOPUCTOBYIOTb A1A OLiHKM adanTauiMHuX
MOMK/IMBOCTEN OpraHiamy i NPOrHo3yBaHHA CNOPTMBHOI Pe3ynbTaTMBHOCTI. MeTo A0CAIAMKEHHS By10 BU3HAUYNTU
BM/IMB NOKa3HMKIB 30BHIilIHbOT BYA0BK TiNla Ha NOKA3HWKU PerioHaNbHOro KpoBoobiry Ha rominui y 6opuis meso-
MopdHOro comatoTmny Ta nobyaysaTv MaTemMaTUYHI MOZENT AN1A BU3HAYEHHA HANeXKHMX 3HAYeHb peosasorpadiy-
HUX NOKa3HMKiB. byno npoBeageHe KomnaekcHe obcTexeHHA 61 cnopTCcMeHa, AKi cnewianisyBanuca y BiNbHin i rpe-
KO-PUMCbKili 60poTbbi Ta Hanexanu 4o erkoi i cepeAHbOT BaroBMX KaTeropii Ta Maan BUCOKUIA piBeHb CNOPTUBHOI
MaMCTepPHOCTI Ta Manu BiK y mekax 17-21 poky. PeoBasorpadiyHi napameTpu romiiku BU3Ha4Yaan Ha Komn'toTepHo-
MY AiarHOCTUYHOMY KOMMIEKCI 3 BUKOPUCTAHHAM TeTpanonapHoi peorpadii, aHTponomeTpUYHi po3mipn BUMiptoBa-
v 3a pekomeHgauiamu M. M. LanapeHka (2000). banbHy OLiHKY eHAOMOPPHOTro, Me3oMopPPHOro i ekTomopdHoro
KOMMOHEHTIB COMaTOTUNY 34iCHIOBAIM 32 PO3paxyHKoBOK Mmoamndikauieto metoay Heath-Carter (1990). byno Bu-
ABNeHO, Wo 40 6opLiB Hanexanu 4o Me3opdHOro TUMY KOHCTUTYLI. [11A NnpoBeAeHHS MaTeEMATUYHOrO MOAE/NMOBaH-
HA y cepTudikoBaHii nporpami “Statistica 5.5” BMKOpPUCTann NOKPOKOBUIA HaratopaKToOpHUI perpeciiHuii aHanis.
BM3HauyeHO cymapHMit BNAMB 53 aHTPOMO-COMATOTUMNONONIYHMX NapameTpiB Ha 18 peoBasorpadiyHMx NOKasHMKIB
rominku y bopuis mesomopdHoro comatotmny. J/ivwe ana 8 i3 HUX 6yam nobyaoBaHi MatemaTUUHi MoAeni 3 TOUHI-
CTIO onucy peoBasorpadivyHnx napameTpiB y mexax Big 62,33% 00 97,24%. [lo mateMaTUyHUX Mmogenen ysiiwno 77
AHTPOMNOMETPUUYHMX PO3MIPIB | KOMNOHEHTIB cOmaToTUNY. HalicyTTEBILWMIM BNAMB Ha BEIMYMHY NOKA3HUKIB nepude-
PUYHOI reMmoaMHaMIKM roMiNKK y 6opuis mesomopdiB mann o0b6xsBaTHi po3mipu Tina (Ha HUX Npunagano 27,32% i3
BCiX iHLWWNX PO3MipiB 30BHIiLLHbOI BYA0BYM TiNa, AKi ByAn B N0bya0BaHMX MaTeMaTUYHMX MOAENAX); PO3MIPU rO1I0BU
(Ha HMX Nnpunagano 16,93% aHTPOMNOMETPUYHMX CKNALOBUX MOLENEN); TOBLUMHA LLKIPHO-KMPOBUX CKNAAO0K (Ha HUX
npunagano 15,63% aHTPONOMETPUYHUX CKNAA0BUX Mogenei). NMobyaosaHi moaeni HanagyTb MOXKAMBICTb BU3Ha-
YEHHA Ha/IeXXHNX 3HaYEeHb LMX NapamMeTpiB perioHaNbHOro KPoBoobiry Ha rominLiy 6opuis mesomopdiB BUKOPUCTO-
BYHOUM iX BIACHI aHTPOMOMETPUYHI PO3MipU.

KntouoBsi cnosa: peosasorpadis romifiku, aHTPONoMeTpisa, COMaTOTUMN, MaTeMaTUYHE MOZAENIOBAHHA, perpecis,
6opui.
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MATHEMATICAL MODELING OF SHIN REGIONAL BLOOD CIRCULATION PARAMETERS IN MESOMORF
SOMATOTYPE WRESTLERS

Khapitska O. P., Bilash S. M., Androshchuk O. V., Dus S. V., Shevchyshen V. I.

Abstract. Determination of peripheral hemodynamic indicators is used to assess the body’s adaptive capabilities
and predict sports performance. The aim of the study was to determine the influence of external body structure
indicators on regional blood circulation indicators in the shin in wrestlers of the mesomorphic somatotype and to
build mathematical models to determine the appropriate values of rheovasographic indicators. A comprehensive
examination was conducted of 61 athletes who specialized in freestyle and Greco-Roman wrestling and belonged to
the light and middle weight categories and had a high level of sportsmanship and were aged between 17-21 years.
Rheovasographic parameters of the lower leg were determined on a computer diagnostic complex using tetrapolar
rheography, anthropometric dimensions were measured according to the recommendations of P. P. Shaparenko
(2000). The scoring of the endomorphic, mesomorphic, and ectomorphic components of the somatotype was car-
ried out using a calculated modification of the Heath-Carter method (1990). It was found that 40 wrestlers belonged
to the mesomorphic type of constitution. To conduct mathematical modeling in the certified program “Statistica
5.5”, step by step multivariate regression analysis was used. The total influence of 53 anthropo-somatotypological
parameters on 18 rheovasographic indicators of the shin in wrestlers of the mesomorphic somatotype was deter-
mined. Mathematical models were only constructed for 8 of them with an accuracy of description of rheovaso-
graphic parameters ranging from 62.33% to 97.24%. The mathematical models included 77 anthropometric dimen-
sions and components of the somatotype. The most significant influence on the values of peripheral hemodynamics
of the shin in mesomorph wrestlers was exerted by the girth dimensions of the body (they accounted for 27.32% of
all other dimensions of the external structure of the body that were in the constructed mathematical models); head
dimensions (they accounted for 16.93% of the anthropometric component models); thickness of skin-fat folds (they
accounted for 15.63% of the anthropometric component models). The constructed models will make it possible to
determine the appropriate values of these parameters of regional blood circulation in the lower leg in mesomorph
wrestlers using their own anthropometric dimensions.

Key words: rheovasography of the shin, anthropometry, somatotype, mathematical modeling, regression, wres-
tlers.
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