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Under the conditions of a dynamic comparison of thigh length, which was carried out on 132 students of higher
education institutions of Bukovyna (the initial study was conducted during September-October 2021, and a repeat
study of the same students in September-October 2022). The main group consisted of 92 (69.7%), and the control
group was 40 (30.30%) students aged 16 to 18.

Students of the main group, in addition to the physical activity that was included in the program of their special-
ity during the year (training, under the control of the coach, took place three times a week, 1.5 hours on average),
attended sections on football, basketball, volleyball and handball. Students of the control group were loaded with
hours of physical education, according to their speciality programs, and additionally did not play sports.

All students underwent an anthropometric study (thigh length) according to the method of P.P. Shaparenka.

A paired t-test (paired-samples t-test) was performed to compare the respondents' indicators during the first and
second measurements a year later.

Statistical analysis of the obtained data was carried out using the licensed program RStudio.

When testing the hypothesis that the average value of the length of the right thigh significantly increased, a
significant increase in the length of the right thigh was found between the first (M=53.870, SD=4.098) and the sec-
ond (M=54.319, SD=4.118) measurements; t(68)=-6.704, p<0.001. The average value of the length of the left thigh
also increased significantly, and there was a significant increase in the length of the left thigh between the first
(M=53.855, SD=4.237) and the second (M=54.478, SD=4.161) measurements; t(68)=-5.328, p<0.001. A comparison
of the length of the thigh in the dynamics after a year; in student-athletes of the main group showed a difference in
the increase of the length of the thigh in 2022 compared to 2021 (+0.48-0.62 cm). According to the comparison of
the left and right thigh during the second measurement of student-athletes, no significant difference in the average
length of the right and left thigh was found (right — 54.31+2.04 cm, left — 54.47+2.04 cm). A significant predictor of
thigh length is height. A model was derived for predicting the length of the right thigh Lr = 0.308 h and the left LI =

0.309 h, where L is the length of the thigh, h is height. The coefficient of determination is 99.8%.
Key words: students, anatomy, thigh length, mathematical model.

Connection of the publication with planned re-
search works.

The work is a fragment of the planned comprehen-
sive research work of the Department of Anatomy, Clini-
cal Anatomy and Operative Surgery and the Department
of Human Anatomy named after M.G. Turkevich of the
Bukovinian State Medical University “Regularities of sex-
age structure and topographic-anatomical transforma-
tions of organs and structures of the body at the pre
— and postnatal stages of ontogenesis. Peculiarities of
perinatal anatomy and embryotopography”, state regis-
tration number 0120U101571.

Introduction.

The ancient Greek philosopher Plato wrote: “People
are born not too similar to each other, their nature is dif-
ferent, and their abilities for this or that matter are also
different. Therefore, everything can be done in large
quantities, better and easier, if you perform some work
following your natural abilities” [1-3].

Individual features of athletes’ body structure sig-
nificantly impact the parameters of the coordination
structure. They are an objective cause of the variability
of the movement system, which should be considered
when correcting the individual model of the structure
of athletes [4-8].

Thus, the diagnosis of individual sports inclination,
and hence the sports orientation supported by it, should

be carried out not as a one-time event but as a step-by-
step process [9-11].

A modern psychologist, K.M. Gurevich, wrote: “In
principle, every person can have any profession (or al-
most any), but the whole point is how much effort and
time it will take. The period of labour activity in a per-
son’s life is limited and unproductive; joyless activity is
not only a personal misfortune - it ultimately affects
the entire society. Therefore, the prediction of profes-
sional suitability and ways of its formation will never
lose its relevance” [12-15].

All these quotes indicate that to achieve success in
sports, it is necessary to select athletes suitable for a
particular type of sport [16-18].

Therefore, there is a need for further determina-
tion of anthropometric parameters for specific sports,
assessed by standardized methods, to ensure optimal
monitoring and prediction for sports selection [19].

In our opinion, the comparison of thigh length in dy-
namics, as a morphological criterion in students of high-
er education institutions, for sports selection and fitness
for specific sports is relevant and requires further study.

The aim of the study.

Dynamic comparison of thigh length in student-ath-
letes, depending on the type of sport, followed by con-
structing a prediction model for sports selection.

Object and research methods.
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The comparison of thigh length in dynamics was
carried out on 132 students of higher education institu-
tions of Bukovyna (the initial study was carried out dur-
ing September-October 2021, and a repeat study of the
same students in September-October 2022). The main
group consists of 92 (69.7%) students of the Faculty of
Physical Culture and Human Health of the Yuri Fedkovich
Chernivtsi National University, and the control group —
40 (30.30%) students of the medical and dental faculties
of the Bukovyna State Medical University. The age of the
students is from 16 to 18 years. Among the students in
the main group, 65 (70.66%) are boys, and 27 (29.34%)
are girls. The control group consists of 21 (52.50%) boys
and 19 (47.50%) girls.

All students of the main group, in addition to physi-
cal exertion, which was included in the program of their
speciality, additionally during the year engaged in the
following sports: football — 46 (50.00%) students, of
which 38 (41.30%) were boys, and 8 (8.70 %) girls; vol-
leyball—19 (20.65%), of which 10 (10.86%) are boys, and
9 (9.78%) are girls; handball — 14 (22.58%), 8 (8.69%) of
them boys and 6 (6.52%) girls; basketball —13 (14.13%),
of which 9 (9.78%) were boys, and 4 (4.34%) were girls
(training was held three times a week under the super-
vision of a coach, 1.5 hours on average). Students of the
control group were loaded with hours of physical educa-
tion, according to their speciality programs, and addi-
tionally did not play sports.

All students were subjected to an anthropometric
study according to the method of P.P. Shaparenka. The
thigh length was determined between the acetabulum
and medial superior tibial points, and a vertical statom-
eter was used to measure height [20].

The Welch test was used to distribute thigh length
in both groups by gender. To compare anthropometric
parameters in the main group, depending on the type of
sport, the Kruskel-Wallis test (non-parametric variance
analysis) was used [21]. The Conover-Iman test was used
to establish for which pairs of age groups there is a sta-
tistical difference in the medians [22]. Welch’s test was
used to distribute the established parameters in both
groups by gender. A paired t-test (paired-samples t-test)
was performed to compare the respondents’ indicators
during the first and second measurements a year later.
Statistical analysis of the obtained data was carried out
using the licensed program RStudio.

The study followed the principles of the Declaration
of Helsinki of the World Medical Association, “Ethical
Principles of Medical Research Involving Human Sub-
jects” (amended in October 2013). Written informed
consent was obtained from all study participants.

Research results and their discussion.

According to the study results, which included the
distribution of the length of the right thigh between the
first measurement and the next one a year later, the
same students of the main group revealed a difference
between the measurements in dynamics (fig. 1).

Average value at the first measurement: [1] 53.86957

Standard deviation (standard deviation) at the first
measurement: [1] 4.097751. Average value at the sec-
ond measurement: [1] 54.31884

Standard deviation during the second measure-
ment: [1] 4.117726

When testing the hypothesis that the average value
of the length of the right thigh has changed significantly,
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Figure 1 — Distribution of thigh length (right)
of respondents by measurement.
a significant difference in the length of the right thigh
was found between the first (M=53.870, SD=4.098) and
the second (M=54.319, SD=4.118) measurements; t
(68)=-6.704, p<0.001.

When testing the hypothesis that the average value
of the length of the right thigh significantly increased, a
significant increase in the length of the right thigh was
found between the first (M=53.870, SD=4.098) and the
second (M=54.319, SD=4.118) measurements; t (68)=
-6.704, p<0.001.

In order to select promising students for the game
(team) sports such as football, volleyball, handball, and
basketball, a mathematical model for predicting the
length of the right thigh was derived: L =0.308 h, where
L, is the length of the right thigh, h is height. The coef-
ficient of determination is 99.8%. Height is a significant
predictor.

The results of the distribution of the left thigh length
of these same students in dynamics after a year also in-
dicate a difference between the measurements (fig. 2).

A significant difference was found in the left thigh
length between the first (M=53.855, SD=4.237) and the
second (M=54.478, SD=4.161) measurements; t (68)=
-5.328, p<0.001.

When testing the hypothesis that the average value
of the length of the left thigh significantly increased, a
significant increase in the length of the left thigh was ob-
served between the first (M=53.855, SD=4.237) and the
second (M=54.478, SD=4.161) measurements; t(68)=
-5.328, p<0.001.

In order to select promising students for the game
(team) sports such as football, volleyball, handball, and
basketball, a mathematical model for predicting the left
thigh length was derived: L, = 0.309 h, where L, is the
length of the left hip, h is height. The coefficient of de-
termination is 99.8%. Height is a significant predictor.

The height of the studied students of the main group
is girls — 169.92+2.03 cm, boys — 178.98+2.03 cm,
where the students who played football had the high-
est height —177.87+£2.03 cm, with of them 176.52+2.03
cm in boys and 172.51+2.03 cm in girls; basketball —
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Figure 2 — Distribution of thigh length (left)
of respondents by measurement.
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177.0042.03 cm, of which 176.85+2.03 cm for boys and
174.51+2.03 cm for girls; volleyball = 175.94+2.03 cm, of
which 175.32+2.03 cm for boys and 174.22+2.03 cm for
girls; handball players had a somewhat shorter length —
175.30+2.03 cm, of which 174.82 +2.03 cm for boys and
174.15 £ 2.03 cm for girls. The height of students in the
control group is 172.25+2.03 cm, of which 179.47+2.03
cm for boys and 164.26+2.03 cm for girls.

Considering that some scientists, who studied the
issue of the sports selection of promising children-
athletes in various sports, concluded that the basis of
the selection of capable and gifted children in sports
practice is based on psychological-pedagogical and mor-
phofunctional characteristics. Hereditary morphological
characteristics were determined, such as the length of
the body, upper and lower limbs, length of the trunk,
shoulder and forearm, width of the shoulders and
pelvis, circumference of the neck, shoulder, forearm,
thighs, lower legs, and body weight. However, there are
almost no works devoted to comparative studies in the
dynamics of thigh length, respectively, certain sports
with the subsequent construction of a model for pre-
dicting their length.

The thigh muscles include three groups of muscles:
anterior, posterior and adductors. The most prominent
of these muscle groups are the anterior muscles, con-
sisting of the four muscles that comprise the quad-
riceps, and the posterior muscles, which include the
hamstrings. These muscles are the body’s powerhouse
and provide short bursts of energy that allow players to
sprint or maintain a steady run while playing. Develop-
ing these muscles will make the player faster and pro-
vide more power for kicking by leg [23].

So, in our opinion, studying thigh parameters in stu-
dent-athletes engaged in game (team) sports requires
further research with the subsequent construction of a
model for predicting sports selection.

Our obtained data indicate that the average value of
the length of the right thigh has significantly changed in
the dynamics after a year of the same students. That is,
a significant difference in the length of the right thigh
was found between the first (M=53.870, SD=4.098) and
the second (M=54.319, SD =4.118) measurements; t
(68)=-6.704, p<0.001 (fig. 1).
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In order to select promising students for the game
(team) sports such as football, volleyball, handball and
basketball, a mathematical model for predicting the
length of the right thigh was derived:

The regression equation is L = 0.308 h, where L is
the length of the right thigh, h is height. The coefficient
of determination is 99.8%. Height is a significant predic-
tor.

A significant difference in the length of the left thigh
was also found between the first (M=53.855, SD=4.237)
and the second (M=54.478, SD=4.161) measurements; t
(68)=-5.328, p<0.001 (fig. 2).

In order to select promising students for the game
(team) sports such as football, volleyball, handball, and
basketball, a mathematical model for predicting the
length of the left thigh was derived:

The regression equation is L = 0.309 h, where L, is
the length of the left thigh, h is height. The coefficient of
determination is 99.8%. Height is a significant predictor.

Therefore, comparing the length of the thigh in
dynamics after a year, as a morphological criterion in
student-athletes of higher educational institutions, for
sports selection and fitness for specific sports are rel-
evant and require further research.

Conclusions.

1. Comparison of thigh length in dynamics after a
year in student-athletes of the main group showed a
difference in the increase of thigh length in 2022 com-
pared to 2021 (+0.48-0.62 cm).

2. According to the comparison of the left and right
thigh during the second measurement of student-ath-
letes, no significant difference in the average length of
the right and left thigh was found (right — 54.31+2.04
cm, left — 54.47+2.04 cm).

3. Height is a significant predictor of hip length.

4. The model for predicting the length of the right
thigh L =0.308*h and the left L = 0.309*h was derived,
where L is the length of the thigh (r-right; I-left), h is
height. The coefficient of determination is 99.8%.

Prospects for further research.

Further study of anthropometric parameters of
student-athletes to solve the problems of selection and
sports orientation.

AOANHAMIYHE NOPIBHAHHA AOBXWUHU CTEFHA Y CTYAEHTIB BYKOBUHU
BYKOBMHCbKUIA AeprKaBHUI MeauUUYHUI yHiBepcUuTeT
Karatsveta@gmail.com

3a yMo8 OUHAMIYHO20 MOPIBHAHHA 008X UHU CmeaHd, ke nposedeHo Ha 132-x cmydeHmax 3akaadie suuof
oceimu bykosuHu (nepsuHHe 00cnioxceHHsA byno 30ilicHeHo 8rMpodosx sepecHA-#oemHsA 2021 poKy, a noemopHe
00cnidnceHHA yux camux cmyodeHmis y sepecHi-woemHi 2022 poky). OcHosHy epyny ckaanu 92 (69,7%) ma
KoHmMposnbsHy — 40 (30,30%) cmydeHmis, gikom 8id 16 do 18 pokis.

CmydeHmu OCHOBHOI epyrnu, OKPiM ¢hi3U4HO20 HABAHMAXEHHS, Ke 8X00U/I0 8 MPo2pamy iXHbOI crneyianbHocmi
8M1P000BHC POKYy 000aMKOB0O (MpPEHYBAHHSA, Mi0 KOHMpPOosaemM mpeHepa npoxodunu 3 pasu Ha muxcdeHs, Mo 1,5
200UHU 8 cepedHboMy) eidgidysanu cekyii 3 ¢pymbony, 6ackembony, eonelibony ma eaHdb6oay. CmydeHmu
KOHMPOsbHOI 2pynu 6yau HABAHMAXEeHi 200UHAMU Pi3KyaAbMYPU, 8i0M0B8IOHO NMPo2pPaMu ixHbOI creyiansHocmi ma
000amKo80 CrIopmom He 3alimasnuce.
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Ycim cmydenmam 6yn0 nposedeHo aHMponoMempuyHe 00CnioHeHHs (0oexcuHa cmeaHa), 30 memodukKoto [1.11.
lanapeHKa.

115 nopieHAHHA MOKA3HUKI8 pecrioHOeHmig nid Yyac nepuio2o 8UMIpPHOBAHHA Ma N08MopPHo20 Yepes pik byno
npogedeHo napHuli t-mecm (t-mecm napHux subipok).

CmamucmuyHuli aHani3 ompumaHux OaHUX NposedeHo 3a 00NOMO20t0 niyeH308aHoi npoepamu RStudio.

Mpu nepesipuyi eirome3u npo me, wWo cepedHE 3HA4YeHHA O0BHCUHU MPABO20 CMeaHa 3HaYuUMo 36inb6wunocs,
8UABMAEHO 3Ha4Yume 30inblWeHHA O08MCUHU Mpaso2o cmezaHa Mixc nepuwium (M=53.870, SD=4.098) ma dpyaum
(M=54.319, SD=4.118) sumiprosaHHAMU, t(68)= -6.704, p<0.001. CepedHE 3HAYEHHA OO0BMUHU /1i8020 CMeaHa
3HAYUMO 36inbWUAOCA MeX, crnocmepieanocas 3Hayume 36inbWEHHA O00BHUHU 71i8020 CMeE2HA MiX nepuwum
(M=53.855, SD=4.237) ma dpyaum (M=54.478, SD=4.161) sumiptosaHHAMU; t(68)= -5.328, p<0.001. lNopigHAHHSA
008}#(UHU CmeaHa 8 OUHAMIliYepe3s piK, y cmydeHmis-CriopmCcMeHi8 OCHOBHOI 2pynu MOKA3as10 Pi3HUYH 3i 36inbUueHHS
doexcuHU cmeaHa 'y 2022 poyi, nopigHaHo i3 2021pokom (+0,48-0,62 cm). 3a nopieHAHHAM 71i8020 i MPA8020 cmezHa
npu Opy20My B8UMIPIOBAHHI cmydeHmis-CriopmMCcMeHie 3Ha4UMOI pPi3HUYi cepedHboi 008X UHU NPaAso2o Ma ie020
cmeaHa He s8useaeHo (npasoao — 54,31+2,04 cm, nigozo — 54,47+2,04 cm). 3Ha4umum NpPeduKmMopom 015 008HUHU
cmeaHa € 3picm. BusedeHo mooesnb 015 Npo2HO3y8aHHA 008MUHU Mpasoz2o cmeaHa Lr = 0, 308 h ma nisoeo LI = 0,

309 h, de L — dosxcuHa cmeeHa, h — picm. KoegiyieHm demepmiHayii cmaHosume 99.8%.
Knrouoei cnoea: cmydeHmu, aHamMoMisi, 008X UHA Cme2Ha, MamemMamu4yHa Mooess.

38’A30K ny6niKauii 3 n1aHOBMMWU HAayKOBO-A0CAIA-
HUMK poboTamu.

PoboTta € ¢pparmeHTOM NNAHOBOT KOMMIEKCHOI Ha-
YKOBO-A0CNiAHOI poboTn Kadeapwn aHaToMii, KAiHiYHOT
aHaToMmii Ta onepaTmBHOI Xipyprii i Kapegpu aHaTomii
noguHn imeHi M.T. TypkeBuuya ByKOBMHCbKOro gep-
YKaBHOTO MeAMYHOro YHiBepcuTeTy «3aKOHOMIPHOCTI
cTaTeBO-BiKOBOI ByA0BM Ta TonorpadoaHaTOMIYHUX ne-
peTBOpPEHb OPraHiB i CTPYKTYp OpraHiamy Ha npe — Ta
NnocTHaTaNbHOMY eTanax oHToreHesy. OcobaunsocTi ne-
puHaTanbHOI aHaTomii Ta embpioTonorpadii», Ne aep-
*KaBHOI peecTpayii 0120U101571.

Bcryn.

[asHborpeubkuit ¢inocod MnatoH, nucas: «Jlroan
HAPOAKYIOTbCA He HAATO CXOMWMMMWU OAWH Ha OAHOrO,
iXxHA npupopa 6yBae pi3Ha, Ta 1 34i6HOCTI fo Tiei um
iHWOT cnpaBu TexK. ToMy MOXKHa 3p06UTU BCE Y BENUKIl
KiNIbKOCTI, Kpalle i nerwe, AKLWO BUMKOHYBATU AKYCb PO-
60Ty BiANOBIAHO A0 CBOIX NPUPOAHMX 3aBaaTKiB» [1-3].

IHauBigyanbHi ocobauBocTi 6ymoBu Tina cnopTc-
MEHIB 3Ai/CHIOITb 3HAYHMI BNUB Ha NapameTpu Ko-
OpPAMHALINHOI CTPYKTYPY | BUABAAIOTLCA 06’EKTUBHOMO
NPUYNHOKO BapPiaTUBHOCTI CUCTEMMU PYXiB, AKI cAig, Bpa-
XOBYBATU NPW KOPeKL|ii iHANBIAYaNbHOI MOAENi CTPYKTY-
pu cnopTcmenis [4-8].

TakKMM  UYMHOM,  LiArHOCTUKY  iHAMBIAYaNbHOI
CMOPTUBHOI CXMJIbHOCTI, @ 3HAUYUTD, i NIATPUMYBAHY HEHO
CNOPTMBHY Opi€HTaLil0, HEOBXiAHO 3A4iMCHIOBATM He AK
pa30Buin 3axia, a AK NOETANHO NMOHOBAKOBAHMWI NpoLec
[9-11].

K.M. lypeBunY, cy4acHUN BYEHWMN-MCUXONOT MUCAB:
«KoKHa NtoanHa B NPUHLMNI MOXKe MaTh byab-aKy npo-
decito (abo malixke byab-AKy), asne BCs cnpaBa B TOMY,
CKiNIbKM Ha ue 3Haaobutbea cun i yacy. Mepioa Tpyao-
BOI aKTUBHOCTI B KUTTi IOAMHN OBMeXeHUI, a Henpo-
OYKTMBHA, 6e3pagicHa AisnbHICTb He nuwe ocobucTe
HelwacTs — BOHa BiAOMBAETbCA 3PELITO0 HAa BCbOMY
cycninbetei. Tomy MNpPOrHo3yBaHHA MpodeciiHoi npwu-
[OATHOCTI Ta WwAsxiB il GOpmMyBaHHA HIKOAW He BTPATUTb
CBOFO aKTya/IbHOro 3Ha4YeHHA» [12-15].

Bci Ui unTaTK CBigYaTb NPO Te, WO ANA AOCATHEHHSA
ycnixy y cnopti HeobxiaHWi Biabip TUX cCnopTCMeHis,
AKI MalOTb NPUAATHICTb KOHKPETHO A/1A NEeBHOro BUAy
cnopty [16-18].

OTke, icHye noTpeba NofanbliOro BU3HAYEHHA aH-
TPONOMETPUYHUX MapameTpiB ANA KOHKPETHUX BUAIB

CNOPTY, OLLIHEHNX CTAHA4APTM30BAHMMKN METOAAMM, LLLOO
3ab6e3neunT onTUMaNbHUA MOHITOPUHT Ta MPOrHO3y-
BaHHA 3 METOlo cnopTMBHOro Biabopy [19].

Ha Hawy AymKy MOPIiBHAHHA [OBXWHW CTerHa B
AVHaMiLi, AK MopPdONOriYHOro KpuTepito y CTyAeHTIB
BULLMX HABYaZIbHUX 3aK/aAiB, 3 METOK CNOPTUBHOIO
Bif60pYy Ta NPMAATHOCTI LWOAO KOHKPETHUX BUAiB Cnop-
Ty € aKTya/IbHOO Ta NOTPebye NOAANbLIOrO BUBYEHHS.

Merta gocnigKeHHs.

OnHamivyHe NOpPIBHAHHA AOBXWHWU CTErHa y CTyAeH-
TiB-CMOPTCMEHIB, 3a/1€KHO Big, BUAY CNOPTY 3 HacTyn-
Hoto NobyaoBOO Moaeni NPOrHO3yBaHHA A/1A CNOPTUB-
Horo Biabopy.

O6’eKT i meTOaM AoCNiAXKEHHA.

MopiBHAHHA AOBXWHWU CTErHa B AWMHaAMIUi Npo-
BeAeHO Ha 132-x cTyaeHTax 3aK1agiB BULLOI OCBITH
ByKOBUHKM (MepBUHHE A[oCNigKeHHs 6yno 3ailicHeHo
BNPOAOBK BepecHA-XKO0BTHA 2021 poKy, a NOBTOPHE A0-
CNiAXEeHHA UMX CaMUX CTYAEHTIB Y BEPECHi-KOBTHi 2022
poky). OcHOBHY rpyny ctaHoOBAATb 92 (69,7%) cTyaeH-
TiB dakynbTeTy Gi3MYHOI KynbTypy Ta 340p0B’A Noau-
HM YepHiBeLbKOro HaLiOHaNbHOIO YHIBEPCUTETY iMeHi
HOpia ®eabkoBMYa, KOHTPObHY — 40 (30,30%) cTyaeHTIB
MEeANYHOrOo Ta CTOMATO/IOrYHOro paKkynbTeTiB byKOBUH-
CbKOrO Ailep*KaBHOro MeAMYHOro yHisepcuteTy. Bik cTy-
OeHTiB cTaHOBUTDL BiA 16 o 18 pokis. Cepep, CTyAeHTIB
OCHOBHOI rpynu 65 (70,66%) toHakis Ta 27 (29,34%) ai-
BYaT. KoHTpoAbHY rpyny ctaHoBAATb 21 (52,50%) toHaK
Ta 19 (47,50%) gisuar.

Bci cTyaeHTM OCHOBHOI rpynu, okpim ¢isnyHoro Ha-
BaHTAXKEHHA, AKE BXOAM/I0 B MPOrpamy iXHbOi cnewianb-
HOCTi 0,0AATKOBO BMPOAOBXK POKY 3aliManuncCb TaKMMU
BMAamum cnopTy: ¢yTbon — 46 (50,00%) CTyAEHTIB, 3 HUX
38 (41,30%) toHakiB Ta 8 (8,70%) aisuaT; Bonenbon —
19 (20,65%), Hux 10 (10,86%) toHakiB Ta 9 (9,78%) Ai-
BYaT; raHabon — 14 (22,58%), Hux 8 (8,69%) oHaKiB Ta 6
(6,52%) pisuat; backet6on — 13 (14,13%), H1X 9 (9,78%)
loHaKiB Ta 4 (4,34%) piBuat, (TpeHyBaHHA, Nif KOHTP-
oNnem TpeHepa Npoxoauan 3 pasu Ha TUXAeHb, no 1,5
roavHu B cepegHbomy). CTYAEHTU KOHTPOJIbHOT rpynu
6yN1 HaBaHTaXeHi rogMHamun GiskynbTypu, BignNoBiaHO
nporpamu iXHboi cnewianbHOCTI Ta 4OAATKOBO CNOPTOM
He 3aiMaInchb.

Ycim cTyaeHTam 6yno npoBefeHo aHTPONOMETPUYHE
pocnigxeHHs, 3a metoaukoto .M. LWanapeHka. [oBXu-
HY CTEerHa BWM3HAYa/IM MiK BEPT/IIOKHOIO Ta Mefiab-
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PucyHok 1 - Posnop_,in AOBXMHU CTerHa (cnpasa)
pecnoHAEeHTIB 32 BUMIPIHOBAHHAM.
HOO BEPXHbOBE/IMKOrOMIZIKOBOIO TOUKAMM, 1A BUMIPY
3pOCTY 3aCTOCOBYBA/IM BEPTMKaNbHUI 3picTomip [20].

[na po3noainy LOBXKMHM cTerHa B 060X rpynax 3a
reH4epom BWMKOPUCTOBYBaaWM TecT Yenua. [nAa nopis-
HAHHA QHTPOMOMETPUYHMX MapaMeTpiB B OCHOBHIM
rpyni 3aneXXHo Big, BMAYy CNOPTYy 3aCTOCOBYBa/IM TecT
Kpackens-Yonnica (HenapameTpuuyHWUI AMCREpCinHWUIA
aHanis) [21]. WWo6 BCTaHOBUTU A/a SKMX came nap Bi-
KOBWX TPyn € CTaTUCTUYHA BIAMIHHICTb MefiaH BMKO-
puctaHo TecT KoHoBepa-lmaHa [22]. Ons posnoginy
BCTQHOB/IEHUX MapamMeTpiB B 060X rpynax 3a reHaAepom
BMKOPWUCTOBYBA/IM TecT Yenua. Jna nopiBHAHHA NokKas-
HUKIB PECNOHAEHTIB Nifg, Yac NepLIOro BUMIPIOBAHHA Ta
NOBTOPHOrO Yepes pik Bys0 NpoBefeHO NapHuUi t-TecT
(t-Tect napHux BMBIPOK). CTaTUCTUYHWUIA aHaNi3 oTpU-
MaHWX SaHUX NPOBELAEHO 33 AOMOMOrOH NiLLeH30BaHOI
nporpamu RStudio.

JocnigeHHA NpoBOAMAOCA 3rigHO 3 NPUHLMNAMM
lenbciHcbKOi aeknapauii CBiTOBOI MeauyHOi acoujiaLil
«ETWYHI 3acagn MmeanyHUX AOCAIAXKEHD, WO CTOCYOTb-
€A MOACbKUX cyb’ekTiB» (3miHEHa B »KOBTHi 2013 pokKy).
MNMucbmoBa iHpopmoBaHa 3roga byna oTpMmaHa Bif, BCix
YYaCHMKIB AOCNIOKEHHSA.

Pe3ynbTatv focnigKeHHA Ta ix 06roBopeHHs.

3a pesynbTaTaMy NPOBEAEHOrO AOCNIAMKEHHSA, siKe
BK/ILOYA/I0 PO3MOAIA AOBXKMHM MPABOro CTErHa MiX
nepwmMm BUMIpPIOBAHHAM Ta HACTYMHUM 4Yepes PiK LmX
CaMuX CTYAEHTIB OCHOBHOI Tpynu BUABNEHA pPi3HMUA
MiXK BUMipIOBaHHAMM B AMHaMiLi (puc. 1).

CepefiHE 3HaYEHHA NpY NepLIOMY BUMIpIOBaHHI: [1]
53.86957

CraHpapTHe BigxuneHHs (standard deviation) npwm
nepwomy BumiptoBaHHi: [1] 4.097751. CepegHe 3Ha4eH-
HA NpKW Apyromy BUMiptoBaHHi: [1] 54.31884

CtaHgapTHe BiaxuneHHsa (standard deviation) npwu
Apyromy BumiptoBaHHi: [1] 4.117726

Mpuv nepesBipui rinoTe3n Npo Te, WO cepeiHe 3Ha4eH-
HS LOBXKMHW NPaBOro CTerHa 3Ha4Mmo 3MiHWAOCA, BUAB-
JIeHa 3HaYMMa Pi3HULA Y OOBXUHI MPABOro CTerHa mix
nepwum (M=53.870, SD=4.098) Ta gpyrum (M=54.319,
SD=4.118) BumiptoBaHHAMY; t (68)=-6.704, p<0.001.
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PUCYHOK 2 — Po3nogin AOBXKUHM cTerHa (3nisa)
PECcnoHAEHTIB 32 BUMIPIOBAHHAM.

Mpu nepesipui rinoTesn nNpo Te, WO CepenHE 3Ha-
YeHHA AOBXWHW NPABOro CTerHa 3HauMmo 36inbLwnio-
€A, BUABNEHO 3HAYMMe 36iNbLUeHHA AO0BXMHM NPaBoro
cTerHa mixk nepwum (M=53.870, SD=4.098) Ta apyrum
(M=54.319, SD=4.118) BumiptoBaHHAMMU; t (68)=-6.704,
p<0.001.

3 meToto BiAHOPY NEepPCneKkTUBHUX CTYAEHTIB B irpo-
Bi (KomaHAHi) BUAM cnopTy Taki, sk ¢pyT6on, Bonebon,
raHabon ta 6acketbon BMBEAEHO MaTeMaTUUHy MO-
OeNb LWoA0 NPOrHO3yBaHHA AOBMMHU NPABOro CTerHa:
L =0, 308 h, ge L— aosKnHa npasoro cTerHa, h — pict.
KoeodiuieHT geTepmiHauii cTaHOBUTb 99.8%. 3HaUMMUM
NpeanKTOPOM € 3picT.

Pe3ynbraTtn npoBeseHOro po3noginy AOBXUHWU Ni-
BOrO CTerHa LMx cammx CTYAEHTIB B AMHAMIL Yepes pik
CBiuaTb TeX MPO Pi3HULIID MiXK BUMiptOBaHHAMM (puc.
2).

Byna BMABNEHA 3HAUYMMa Pi3HMUA Y AOBXKMHI NiBOro
cTerHa mixk nepwum (M=53.855, SD=4.237) Ta apyrum
(M=54.478, SD=4.161) BumiptoBaHHAMM; t (68)= -5.328,
p<0.001.

Mpu nepesipui rinoTesn nNpo Te, WO CepeaHE 3Ha-
YeHHA OO0BXMHU NiBOrO CTErHA 3Ha4YMMO 36inbLumnocs,
crnocTepiranoca 3Haunme 36inblUeHHA LOBXKUHUW NiBOrO
cTerHa mixk nepwum (M=53.855, SD=4.237) Ta apyrum
(M=54.478, SD=4.161) BumiptoBaHHAMMU; t(68)= -5.328,
p<0.001.

3 meToto BiAHOPY NEepPCneKkTUBHUX CTYAEHTIB B irpo-
Bi (KomaHAHi) BUAM cnopTy Taki, sk ¢pyT6on, Bonebon,
raHabon ta 6acketbon BMBEAEHO MATEMATUYHY MO-
OeNb WoA0 NPOrHO3yBaHHA AOBXMHW NiBOTO CTErHa:
L, =0, 309 h, ge L, — nosxuHa nisoro cterHa, h — pict.
KoeodiuieHT geTepmiHauii cTaHOBUTb 99.8%. 3HaUMMUM
NpeanKTOPOM € 3picT.

3picT gocnigKyBaHUX CTYAEHTIB OCHOBHOI rpynu cTa-
HOBUTb: giB4aTa—169,9212,03 cm, toHakmM—178,98+2,03
CM, Ae Halbinbwy AOBXWHY 3pOCTYy Mann CTYAEHTH,
AKi 3alimanucb ¢pytbonom — 177,87+2,03 cm, 3 HUX
176,52+2,03 cm y toHakiB Ta 172,51+2,03 cm y AisyarT;
backetbonom — 177,00+2,03 cm, 3 Hux 176,85+2,03
CM Y tOHakiB Ta 174,514+2,03 cm y aisyaT; Bosieinboiom
— 175,9442,03 cm, 3 Hux 175,3242,03 cm y tOHaKiB Ta
174,22+2,03 cm y 4iByaT; AeWw0 MeHLWy AO0BXUHY Maaun
raHg6onictn — 175,30 +2,03 cm, 3 Hux 174,82+2,03 cm
y OHaKiB Ta 174,15%£2,03 cm y agisyaTt. JOBXMHA 3pOCTYy
CTYAEHTIB KOHTPOAbHOI rpynn cTaHoBUTb — 172,25+2,03
CcMm, 3 HUX — 179,47+2,03 cm y tOHaKiB Ta y AiByata —
164,26%2,03 cm.

bepyuun go yBaru Te, WO AeAKi HAYKOBL,i, AKi BMBYAAN
NMUTaHHA CMOPTMBHOIO BifOOPY NEpPCNeKTUBHUX AiTen-
CNOPTCMEHIB Y Pi3HUX BUAAX CNOPTY, AiALIAN BUCHOBKY,
O OCHOBY Biabopy 34ibHMX Ta ob6aapoBaHuX AiTent y
CMOPTMBHIN NPAKTULI MOKNALEHI AK HA MCUXonoro-ne-
[arorivHi, Tak i mopdodyHKLiOHaNbHI XapaKTePUCTUKM.
Bu3Hayanu cnagkosi MopdonoriyHi 03HaKK, Taki AK 4o-
BMKWMHA TiNa, BEPXHIX i HUXKHIX KiHLiIBOK, [AOBXMHA Tyny-
6a, nneva i nepeannivya, WWMPKUHA NaeY Ta Tasa, OKPYK-
HICTb WMi, Nneya, nepeanaiyya, cTerHa, rominKm, maca
Tina. Npote pobiT, NpUCBAYEHMX Came A0CNIAKEHHAM 3a
NOPIBHAHHAM B AMHAMILi LOBXWHW CTErHa, BiANOBIAHO
NeBHWX BUAIB CNOPTY 3 HACTYNHOO NObYAOBOK Moaeni
NPOrHO3yBaHHSA iX JOBXMHU MaliXKe HEMaAE.

BpaxoBytounm Te, WO M'A3M CTErHa BKJ/KOYAIOTb
TpU rpynu m’sa3iB: nepegHio, 3afH0 Ta aanyKTOpW.
Halbinblw nomiTHO 3 LMX rpyn m’A3iB € NnepeaHi M’A3u,
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AKi CKNaJatTbCA 3 YOTUPLOX M'A3IB, LLLO CKAAAAt0Th KBa-
Apuvuenc, i 3agHi M’'A3K, WO MICTATb MiAKOMIHHY Cyxo-
xunns. Ll m’a3m — ue cuna Tina i 3a6e3nevytoTb KOPOTKI
cnanaxv eHeprii, WO A03BONAOTb rPaBLAM CPUHTYBA-
Tv abo nigTpumyBaTH CTiiKMit Bir nig Yac rpu. PO3BUTOK
Lux M’A3iB 3pobUTb rpaBLA LWBUALIMM, @ TAKOXK HaJacTb
6inbwe cunum ana ypapy Horoto [23].

OTKe, Ha Haly AYMKY came AOC/iAXEeHHA napame-
TpiB CTE€rHa y CTYAEHTIB—CNOPTCMEHIB, AKi 3aiMaloTbCcA
irpoBUMM (KOMAaHAHUMU) BUAAMU CMOPTY MOTPEBYIOTH
nofanblworo AOCAIAXEHHA 3 HacTynHow nobysosoto
MoZeNli NPOrHo3yBaHHA CMOPTMBHOTO Bigbopy.

Hawi oTpumaHi aaHi cBig4yaTb nNpo Te, WO cepea-
HE 3HAYEHHA [OBXWHW MPABOro CTerHa 3HAYMMO 3Mi-
HWNOCA B AMHAMILi vepe3 piK TUX CaMUX CTYLEHTIB,
TO6TO BMABNAEHA 3HAUYMMA PI3HULSA Y AOBXKMHI NPaBoro
cTerHa mixk nepwum (M=53.870, SD=4.098) Ta apyrum
(M=54.319, SD=4.118) BumiptoBaHHAMMU; t (68)=-6.704,
p<0.001 (pwmc. 1).

3 mMeTolo BiAHOpPY NEPCneKTUBHUX CTYAEHTIB B irpo-
Bi (KOMaHAHi) BMAM CNopTy Taki, K ¢pyT6on, Bonebon,
raHa6bon Ta 6acketbon BMBEAEHO MaTEMATUUYHY MOAENb
LLIOA0 NPOrHO3YBAHHA AOBXKMHM NPABOro CTerHa:

PiBHAHHA perpecii mae sumiag: L = 0, 308 h, ne L
— [lOB}XMHa npaBoro cterHa, h — pict. KoeodiuieHT aetep-
MiHauii ctaHoBUTb 99.8%. 3HauMMUM MpPeaguKTOPOM €
3picT.

TaKoX BMABNEHA 3HAYMMA PI3HULA Y AOBXKUHI NiBOrO
cTerHa mixk nepwum (M=53.855, SD=4.237) Ta apyrum
(M=54.478, SD=4.161) BumiptoBaHHAMMU; t (68)=-5.328,
p<0.001 (pumc. 2).

3 mMeTolo BiAHOpY NEepCneKkTUBHUX CTYAEHTIB B irpo-
Bi (KOMaHAHi) BMAM CNoOpTy TaKi, K ¢pyT6on, Bonenbon,

raHa6bon Ta 6acketbon BMBEAEHO MaTEMATUUYHY MOAENb
LLOAO0 NPOrHO3YBAHHA AOBXMHM NIiIBOrO CTErHa:

PiBHAHHA perpecii mae sumag: L = 0, 309 h, ne L
— [IOBXKWMHa NiBoro crterHa, h — pict. KoeoiujieHT aetep-
MiHaujii ctaHOBUTb 99.8%. 3HauMMUM NPeauKToOpoOM €
3picT.

OTKe, pe3ynbTaTh MOPIBHAHHA AOBMWMHWU CTETHA B
OVHamiui yepes piK, AK MopdosoriyHOro Kputepito y
CTYLEHTIB-CNOPTCMEHIB BULLMX HaBYaNbHUX 3aKNaLiB,
3 MEeTO CMOPTMBHOrO BiAbOpy Ta MpMAATHOCTI LWOAO
KOHKPETHWX BUAIB CMOPTY € aKTyaNbHOM Ta noTpebye
NoAaNbLIOrO AOCNIAXKEHHA.

BucHoOBKM.

1. MopiBHAHHA OOBXMHKM CTErHa B AMHaMILi Yepes
PiK, Y CTYA4EHTIB-CMIOPTCMEHiB OCHOBHOI rpynu nokasano
pi3HMLO 3i 36iNblIEHHA A0BXKUHKU cTerHa y 2022 pouij,
nopiBHAHO i3 2021pokom (+0,48-0,62 cm).

2. 3a NOpiBHAHHAM NiBOro i NPaBoOro CTerHa npu
OPYroMmy BMMIPHOBAHHI  CTYAEHTIB-CNOPTCMEHIB  3Ha-
YMMOI Pi3HULi cepeaHbOi AOBXKMHM MPABOro Ta NiBOro
CTerHa He BuaBneHo (npasoro — 54,31+2,04 cm, niBoro
—54,47+2,04 cm).

3. 3HauYMMKMM NPeaMKTOPOM AN AOBXKUHU CTErHa €
3picT.

4. BuBefeHO moaenb A4 NPOrHO3yBaHHA JOBXUHU
npasoro cTerHa L =0, 308*h ta nisoro L, =0, 309*h, ge L
— 0OBXMWHa cTerHa (r-npase; I-nise), h — pict. KoeodiujieHT
AetepMmiHaLii ctaHoBuUTb 99.8%.

MepcnekTMBM NOAANbLUUX [OCNIAMKEHD.

Mopanblie BMBYEHHA aHTPOMOMETPUYHUX Napame-
TpiB CTYAEHTIB-CNOPTCMEHIB ANA BUPILLEHHA 33434 Bia-
60opy Ta CNoOpPTMBHOI OpieHTALI.
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AOUHAMIYHE NOPIBHAHHA AOBXWHU CTEFHA Y CTYAEHTIB BYKOBUHU

Kapareesa C. 1O.

Pestome. 3a yMOB gMHAMIYHOrO NOPIBHAHHA AOBXMHM CTErHa, AKe NpoBeAeHO Ha 132-x CTygeHTax 3aknagis
BULWOT OCBiTU ByKOBMHU (NEpPBUHHE AOCAIAMXKEHHS 6yno 34iMCHEHO BNPOAOBXK BepecHA-KoBTHA 2021 poky, a no-
BTOPHE AOCAIAMKEHHA UMX CAMUX CTYAEHTIB Y BEPECHi-*KOBTHi 2022 pOKy), 3 METOI AMHAMIYHOTO NOPIBHAHHA A0-
BXXMHMW CTErHa y CTYAEHTIB-CMOPTCMEHIB, 3a71€XKHO Bif, BUAY CMOPTY 3 HACTYNHOM NobyA0BOK MOAENi NPOrHo3yBaH-
HA ANA CNOPTUBHOTO Big6opYy.

OcHOBHY rpyny cknanum 92 (69,7%) Ta KoHTponbHY — 40 (30,30%) cTyaeHTiB, Bikom Big, 16 fo 18 pokis, 3 meTolo
OVHAMIYHOrO NOPIBHAHHA AOBXWHW CTErHa Y CTYAEHTIB-CMOPTCMEHIB, 3a1€XXHO Bif, BUAY CNOPTY 3 HAacTyNHOM no-
6yn0BOI0 MoZeNi MPOrHo3yBaHHs A/1a CNOPTUBHOTO Bigbopy.

CTyAeHTU OCHOBHOI rpynu, oKpiMm ¢i3MYHOro HaBaHTAXKEHHS, SIKe BXOAMAO B NMPOrpamy ixHboi cnewiasbHOCTI
BNPOLOBK POKY A0AATKOBO (TPEHYBAHHSA, Mg, KOHTPO/IEM TPpeHepa NPOXoaMAn 3 pasun Ha TUXKAEHb, no 1,5 roamHu
B cepefiHbOoMY) BiZBiAyBanu cekuii 3 ytbony, backetbony, Bonenbony Ta raHgb6ony. CTyaeHTU KOHTPObHOI rpynu
6yNn HaBaHTaXKeHi roanHamum GiskynbTypu, BiANOBIAHO NPOrpamm iXHbOT creLiafbHOCTI Ta LOAATKOBO COPTOM He
3aliManuchb.

Ycim cTyaeHTam 6yno npoBeAeHO aHTPONOMETPUYHE AOCAIAKEHHSA (4OBXKMHA cTerHa), 3a metoaumkoto .M. Wa-
napeHka.

[ns NopiBHAHHA MOKa3HUKIB pecnoHAEHTIB Nig Yac NepLoro BUMiptoBaHHA Ta NOBTOPHOrO Yepes pik byno npo-
BeAeHO napHuit t-tect (t-Tect napHux BnBIpoK).

CTaTUCTUYHUIA aHaNi3 OTPMMAHUX JaHMX NPOBEAEHO 3a A4ONOMOrO NilleH30BaHOoT nporpamum RStudio.

Mpwu nepesipui rinoTesun nNpo Te, WO cepefHE 3HAYEHHA AOBXKMHM NPABOro CTErHa 3Ha4YMMO 36inbluMaoCA, BU-
ABNEHO 3HAYMMe 36iNblLUeHHA AOBXKMHM NPaBOro cTerHa mixk nepwum (M=53.870, SD=4.098) Ta gpyrum (M=54.319,
SD=4.118) BumiptoBaHHAMMU; t(68)= -6.704, p<0.001. CepeaHe 3HAYEHHA AOBXUHU NIBOTO CTErHa 3HAYMMO 36i/b-
LIMAOCA TEXK, CnocTepiranocsa s3Hauyume 36iNblEHHA AOBXUHU NiBOrO cTerHa Mixk nepwmm (M=53.855, SD=4.237) Ta
apyrum (M=54.478, SD=4.161) BumiptoBaHHAMM; t(68)= -5.328, p<0.001. MOPiBHAHHA AOBXUHKU CTETHA B AMHAMILL
yepes piK, y CTyAEeHTIB-CMOPTCMEHIB OCHOBHOI rpynu MOKa3ano Pi3HULIO 3i 36iNblueHHA AOBXUHU cTerHa y 2022
poui, nopisHsAHO i3 2021pokom (+0,48-0,62 cm). 3a NOPIBHAHHAM NiBOrO i MPaBOro CTerHa nNpu Apyromy BUMiptoBaH-
Hi CTyA4EeHTiB-CMOPTCMEHIB 3HAYMMOI Pi3HUL,i cepeaHbOi AOBXUHM MPABOro Ta iBOrO CTerHa He BUsAB/IeHO (NpaBoro —
54,31+2,04 cm, nioro — 54,47+2,04 cm). 3HaYMMUM NPESMKTOPOM AN AOBXKUHK CTETHA € 3picT. BuBegeHo mogenb
417 NPOTHO3YBaHHA A0BMXMHM Npasoro cterHa L =0, 308 h ta nisoro L, = 0, 309 h, fe L — foskuHa cTerHa (r-npase;
I-nige), h — pict. KoediuieHT feTepmiHawii cTaHOBUTL 99.8%.

OT)Ke, Ha Hawy AYMKY MOPIBHAHHA OOBMWHM CTErHA B AMHAMILI, AK MOPPONOTiYHOrO KpUTEPItO Y CTYAEHTIB
BULLMX HAaBYa/bHUX 3aK/IaAiB, 3 METOH CMOPTMBHOIO BiAOOPY Ta NPUAATHOCTI WOAO KOHKPETHUX BUAIB CNOPTY €
aKTyanbHOO Ta NoTpebye NoAaNbLIOrO BUBYEHHS.

KniouyoBi cnosa: cTyaeHTH, aHaTOMIfA, AOBXKMHA CTErHa, MaTeMaTU4yHa MOAEeNb

DYNAMIC COMPARISON THE THIGH LENGTH IN STUDENTS OF BUKOVYNA

Karatieieva S. Yu.

Abstract. Under the conditions of a dynamic comparison of thigh length, which was carried out on 132 students
of higher education institutions of Bukovyna (the initial study was carried out during September-October 2021, and
a repeat study of the same students in September-October 2022), with the aim of dynamic comparison of thigh
length in student-athletes, depending on the type of sport with the subsequent construction of a forecasting model
for sports selection.

The main group consisted of 92 (69.7%) and the control group — 40 (30.30%) students, aged 16 to 18, with the
aim of dynamically comparing the length of the thigh in student-athletes, depending on the type of sport, with the
subsequent construction of a prediction model for sports selection.

Students of the main group, in addition to the physical activity that was included in the program of their specialty
during the year (training, under the control of the coach, took place 3 times a week, 1.5 hours on average), attended
sections on football, basketball, volleyball and handball. Students of the control group were loaded with hours of
physical education, according to the programs of their specialty, and additionally did not play sports.

All students underwent an anthropometric study (thigh length), according to the method of P.P. Shaparenka
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A paired t-test (paired-samples t-test) was performed to compare the respondents’ indicators during the first
measurement and the second one a year later.

Statistical analysis of the obtained data was carried out using the licensed program RStudio.

When testing the hypothesis that the average value of the length of the right thigh significantly increased, a
significant increase in the length of the right thigh was found between the first (M=53.870, SD=4.098) and the
second (M=54.319, SD=4.118) measurements; t(68) = -6.704, p<0.001. The average value of the length of the left
thigh also increased significantly, there was a significant increase in the length of the left thigh between the first
(M=53.855, SD=4.237) and the second (M=54.478, SD=4.161) measurements; t(68) =-5.328, p<0.001. A comparison
of the length of the thigh in the dynamics after a year, in student-athletes of the main group, showed a difference in
the increase of the length of the thigh in 2022, compared to 2021 (+0.48-0.62 cm). According to the comparison of
the left and right thigh during the second measurement of student-athletes, no significant difference in the average
length of the right and left thighs was found (right — 54.31+£2.04 cm, left — 54.47+2.04 cm). A significant predictor
of thigh length is height. A model was derived for predicting the length of the right thigh L = 0.308 h and the left
L,=0.309 h, where L is the length of the thigh (r-right; I-left), h is height. The coefficient of determination is 99.8%.

So, in our opinion, the comparison of thigh length in dynamics, as a morphological criterion in students of higher
educational institutions, for the purpose of sports selection and fitness for specific sports is relevant and requires
further study.

Key words: students, anatomy, thigh length, mathematical model
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