MinicTepcTBO OCBITH | HayKH YKpaiHH
HauioHaAbHUH yHiBepcuTe Gi3MUHOr0O BUXOBAHHSA i CNOPTY YKPAIHH

3BIPHUK TE3 AONOBIAEN

XV MbkHapoaHOI KOHdepeHLil
MOAOAUX BueHUX «Monoab
Ta OAiIMNIUCbKUU pyX»



VK: 796.032-053.81(063)
bK 75.4(0)90k.51431
M 75

Monop Ta oniMmidcekuil pyx: 30ipHUK Te3 ponoBiaeld XV MibkHapoHoi KOH(epeHIii MoI01ux
BUeHHX, 16 Bepecus 2022 poky [Enexrponnmii pecypc]. — K., 2022, — 138 c.

VY 30ipHUKY NPeICTaBIICH] T€3H 3 AKTyaJIbHUX IUTAaHb: IPABOBI, OpraHi3alliifHi, COIliaJIbHi, €KOJIOTT4HI
Ta €eKOHOMIUHI aCIIEKTH Cy4aCHOTO CIIOPTY, OJIIMITIHChKa OCBITa: COLIAIbHO-(PLI0CO(CHKI, ICTOPHYHI,
MICUXOJIOTIYHI Ta TMEAaroriyHi acmeKTH, aKTyaJbHI MPOOJIEeMH Cy4acHOI CIIOPTHUBHOI IiArOTOBKH,
MEIUKO-010JIOTIYHI aCMEeKTH OJIMIIMCHKOTO CIIOPTY, MEPeNoBi MPAaKTUKK Ta IHHOBAIii Cy4acHOI
CHOPTUBHOI MEIMIIMHY, (i3UYHA Teparis Ta eproTepanisi, Teopist 1 IpakTHKa CIOPTY AJIS BCIX.
Martepianu 30ipHHUKA TNPEACTaBISIOTh TEOPETUYHMM 1 MPAKTUYHUM IHTEpeC Uil JTOKTOPAHTIB,
acmipaHTiB, 3100yBauiB CTyNeHIB OakajlaBpa Ta MaricTpa, TPEHEpiB, CIIOPTCMEHIB, BUKJIAJayiB,
HayKOBO-TIE€JAaroriYHUX MpaliBHUKIB, CTYJEHTIB.

Peoakuitina xonezia:

Apexosa T. O., criemiaiicT BiIAUTy CydacHUX 010710 TEUHUX TEXHOJIOT 1M
baiipaunnii O. B., k.(i3.BuX. 1 ciopTy, TOLEHT
BboGpornuk B. 1., 1.¢i3.Bux. i cnopry, mpodecop
Bbopucora O. B., n.¢i3.Bux. 1 ciopty, mpodecop
bynrakosa T. M., k.nes.H.

Bacunienko M. M., n.nes.H., mpodecop

lamamiit B. B., x.mez.H., mpodecop
INonuapenko €.B., k.¢13.BUX. 1 COPTY, AOIEHT
I'onuapora H. M., 1.¢13.BuX. 1 copTy, TOIEHT
I'openko 3.A., x.61071.HayK

Hsaenko A. FO., a.¢i3.Bux. i copty, npodecop
Kamry6a B. O., a.¢i3.Bux. i ciopty, npodecop
Koryr 1. O., n.¢i3.Bux. 1 ciopTy, JOIEHT
Kopo6eiinikos I'. B., x1.61011.H., mpodecop
Kponusawuipka T. A., k.(i3.BUX. 1 CIOPTY, TOIEHT
Kpynesuu T. FO., a.¢i3.Bux. i ciopty, npodecop
Jlazapera O. b., 1.¢i3.Bux. i copry, npodecop
Mapuenko O. 1O., n.¢i3.Bux. i ciopty, mpodecop
Miuyna IO. I1., 1.¢i3.Bux. i ciopty, mpodecop
Mocerad M. O., K.IICUXOJI.H., JIOLIIEHT

Omnemko B. I'., n.¢i3.Bux. i cnopty, nmpodecop
[TactyxoBa B. A., n.men.H., nmpodecop
[Terposceka T. B., k.nmen.H., mpodecop

[Tpuitmak M. M., K.}i3.BUX. 1 CIOPTY, AOLUEHT
PycanoBa O. M., k.(bi3.BuX. 1 CIOPTY, AOLEHT
Paguenko JI. O., x.¢i3.BUX. 1 CHOPTY, JOLIEHT
Camamin 0. M, k.. H., JOICHT

CoponoBuu I. M., k.¢i3.Bux. 1 ciopty
Oytopuuit C. M., A.}i3.Bux. i copty, npodecop
Munkapyk O. A., 1.¢i3.BuX. 1 criopty, mpodecop
Hlyrosa C. €., k.}i3.BUX. 1 CHIOPTY, TOLEHT

Te3u npoiium nepeBipKy 3 BAKOPUCTaHHAM cepBicy momyky muariaty Unicheck.

PexomengoBano Buenoro panorw HanionanbHoro yHiBepcurery (i3H4HOIro BHXOBAHHS |
cnopty Ykpainu, nporokos Ne 1 Bix 16. 09. 2022 p.



4

JUMAPEHKO H. OJIMIIIMCBKA OCBITA V 3AKJIAJIAX JIOUIKIJIbHOI OCBITHU $IK
I[MTPOBJIEMA HAYKOBUX JOCIIII)KEHb 34

OHNYSTYI A, OHNYSTAK., FLANAGAN A. COUBERTEN OLYMPISM — FUNDAMENTALS AND
PRESENT 36

NEPEJEPIHI B. BUJATHI IIOCTATI YKPATHCHKOI'O CITOPTY: BIKTOP UYKAPIH —
100 PI4YYA 38

PO3JLJ 111
AKTYAJILHI MTPOBJIEMHU CYYACHOI CHOPTUBHOI MIJITOTOBKU

NAGORNA V., LORENZETTI S., MYTKO A. PROBLEMS OF MODERN SPORT
PREPARATION OF ELITE ATHLETES TAKING INTO ACCOUNT THE PECULIARITIES OF
SEXUAL DIMORPHISM 40

OBERHOFER K., ACHERMANN B., MYTKO A., NAGORNA V., LORENZETTI S.
DIGITAL TWIN: RECENT ADVANCES IN DIGITAL TECHNOLOGIES FOR MONITORING
STRENGTH TRAINING PERFORMANCE 42

AHJIPIEHKO A., IIMHKAPYK O. OLIHKA MOP®OJIOITTYHHUX XAPAKTEPUCTUK
KBAJII®IKOBAHUNX CITOPTCMEHOK VY UEPJILIAEHI'Y ITPU IIIAT'OTOBLI 10 I'OJIOBHUX
3MAT'AHb 44

BOPUCOBA O., HATOPHA B., IIEPETATBKO A., MUTBKO A. OIITUMI3ALIA
IHTEI'PAJIBHOI TTIJITOTOBKK 10 YEMITIOHATY €BPOIIA 3 TTYJIY BUILSIPJIUCTIB 3
I[TOPYIIEHHAMM OITOPHO-PYXOBOI'O AITAPATY 46

BEA BIH, JIAYEHKO A. HAIIPAMHU BJIOCKOHAJIEHHS ®YHKIIIOHAJIBHUX
MOXJIMBOCTEM ®YTBOJIICTIB BIKOBOI KATET'OPIi U19 48

BUCOYIHA H., MOJIOYKO A. PO3BUTOK XIHOYOI'O BOKCY B CBITI: VX A0
MDKHAPOJHOI'O BUSHAHHA TA AKTYAJIBHI ITPOBJIEMU ITIAI'OTOBKHA 50

JTOBIrOJAbKO H., ITYEHKO A. ©OPMYBAHHS CIIELIIAJII3OBAHOI CIIPSIMOBAHOCTI
®YHKIIOHAJIBHOI MIATOTOBKU CIIOPTCMEHIB BUCOKOI'O KJIACY 52

KOJIECHIK 1., CAJISIMIH 0., PEJJOPYYK C., KYIIEHKO T. TOUYHICTb PEAKLIII HA
PYXOMUU OB'€KT IOHUX TIMHACTIB VY 3B’S3KY 3 PIBHEM 3ATAJIbHOI TA
CIIELIIAJIBHOI ®I13MYHOI IMIITOTOBJIEHOCTI 54

KOC P., YJIAH A. PAHHI [IOYATOK 3AHSTH CIIOPTOM SIK ®AKTOP OMOJIO[PKEHH S
®YTBOJIY 56



42

DIGITAL TWIN: RECENT ADVANCES IN DIGITAL TECHNOLOGIES FOR
MONITORING STRENGTH TRAINING PERFORMANCE

Katja Oberhofer, Basil Achermann, Mytko Artur, Nagorna Viktoriia, Lorenzetti Silvio
Swiss Federal Institute of Sport Magglingen, Switzerland

Introduction. Digital technologies in sports biomechanics have opened opportunities to assess
musculoskeletal function during different activities and give recommendations on best training design
to ensure safety and efficiency of functional outcomes®. Yet, the successful translation of digital
technologies from biomechanics research to the strength training-specific setting remains highly
compromised because of two key challenges: Firstly, digital human models commonly represent a
standardised musculoskeletal physique, crudely scaled to individual subjects. Available techniques to
fit standardised digital models to individual subjects depend on costly, high-resolution medical image
data, or are computationally too complex for widespread use. Secondly, wireless technologiesto
capture motion data outside the research lab as input for driving the digital models remain lacking.
While commercially available wireless technologies in smartwatches or smartphones are successfully
used to monitor aerobic activities, their application to strength training requires more careful choice
of technology and sophisticated algorithms to process the available data.

The purpose of the work. The goal of the project ‘DigitalTwin’ at the Swiss Federal Institute
of Sport Magglingen (SFISM) is to advance digital technologies in sports biomechanics for
personalized application to the strength training-specific setting. New opportunities are emerging that
make use of 3D surface scanning technologies for convenient, subject-specific body shape analysis
outside the research setting.

Methods of research. The proposed advancement of digital technologies by means of 3D body
surface scanning and wireless motion capture has tremendous potential to contribute towards global
efforts in sports science of the ‘Digital Human Twin’, as well as ‘Healthy Aging’ as core priority both
nationally and internationally. Worldwide, there has been a growing need to effectively train muscular
strength and joint stability, avoid overloading, as well as assist in the recovery from injury. The
opportunity to use personalised digital human models to assess musculoskeletal physique and strength
may not only help physiotherapists, coaches and athletes to track strength training progress, but also
provide an educational and motivational tool to ensure correct and continuous adherence to training
guidelines. Here a key stone in the project is the further development of the app that allows tracking
of the strength training units including number of repetitions, range of motion and load. By combining
the results from imaging, modelling and an intervention study, it will be possible to predict the muscle
adaptation and fatigue. The ultimate vision of the project ‘DigitalTwin’ at the SFISM is to efficiently
develop and monitor personalised strength training interventions based on subject-specific
biomechanical analysis for application to the standard clinical, sports, athlete sports, fitness and health
care practice.

Results. Indeed, we could demonstrate the feasibility of fitting a standardised digital human
model to 3D body surface data for subject-specific analysis of musculoskeletal physique. In parallel,
we validated the accuracy of an iOS workout analysis application for the Apple Watch Sport to
capture motion data in the strength-training specific setting®. Exercise recognition and repetition
count were found to be feasible using the i0OS app; yet, further investigations are needed to derive the
one repetition maximum as the most valid indicator of dynamic strength. Due to the fact that musculo
skeletal modelling during strength training is rather robust®, it is clearly possible to use such
computational approaches to compare # and design strength training exercises.
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Conclusions. The use of new technologies and methods is always challenging. A proper
validation and testing for a specific setting is required. For the project “Digital Twin”, we will work
on the combination of the different technologies.

Forthcoming research is directed towards validating subject-specific fitting algorithms in
computer vision for scaling standardised digital human models to 3D body surface data, as well as
exploring advanced machine learning algorithms in the field of artificial intelligence to process the
motion data from smartwatches or smartphones.

Reference

1. Paoli A, Moro T, Lorenzetti S, Seiler J, Luthy F, Gross M, Roggio F, Chaabene Helmi,
Musumeci G. (2020). Editorial: The JFMK Club Series: Resistance Training. Journal of Funtional
Morphology and Kinesiology. DOI:10.3390/JFMK5010025.

2. Oberhofer K, Erni R, Sayers M, Huber K, Lithy F, Lorenzetti S. (2021). Validation of a smart
watch-based workout analysis application in exercise recognition, repetition count and prediction of
1RM in the strength training-specific setting. Sports, doi:10.3390/sports9090118

3. Schellenberg F, Taylor W, R, Jonkers I, Lorenzetti S. (2017). Robustness of kinematic
weighting and scaling concepts for musculoskeletal simulation. Computer Methods in Biomechanics
and Biomedical Engineering, 20, 720-729.

4. Schellenberg F, Taylor W, R, Lorenzetti. (2017). Towards evidence based strength training:
a comparison of muscle forces during deadlifts, goodmornings and split squats. BMC Sports Science,
Medicine and Rehabilitation, 9, 13.



