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« bonee 90% cTyoeHTOB
[1C Hbl KQYECTBOM
pacnosHaBaHWA

« 3000+ oLleHOK CTYOeHTOB CO
CpefHeW oLleHKOW "XopoLLo”

Pucynok 2 — Onpoc crynenroB Yausepcurera U”TMO
10 NMpoBeAeHNI0 TPeHUPOBOK Ha miaargpopme FORA VISION

B xone mposenenust onpocoB cpenu 3346 cryneHtoB YHuBepcutrera UTMO,
3anumatomuxca Ha tuargopme FORA VISION, Gonee 90% cTyaeHTOB OCTaiIuCh
JOBOJIbHBI KAY€CTBOM PACIIO3HABAHUS YITPAXKHCHHM U OIICHWIIO 3aHATHS Ha Tu1atopme
FORA VISION Ha «OTIMYHO» U «XOPOILI0», YTO TOBOPUT O MO3UTUBHOM BOCHPHUSITUU
CTYICHTaMH TPOBEACHHS TUCIUIUINHBI «(PU3MUECKasi KyIbTypa» C MPUMEHEHHEM
TEXHOJIOTUH UCKYCCTBEHHOTO MHTEIIJIEKTAa U KOMITBIOTEPHOTO 3pEHUS.
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ARTIFICIAL INTELLIGENCE TECHNOLOGY
FOR DISTANTE EDUCATION IN PHYSICAL TRAINING

Borisova Anastasia Nikolaevna, General Manager in FOR A VISION INTELLECTUAL
SYSTEMS LTDs, aborisova@fora.vision, Russia, Moscow

Volnov Sergey Arsenyevich, 3-d year student in High School of Economic (faculty of computer
science), Russia, Moscow

Abstract. The main directions of using artificial intelligence technologies in the field of sports
training, digital tools used in remote sports, the results of remote training in physical culture using
artificial intelligence technologies are considered.

Keywords: distance physical education classes, artificial intelligence technologies in the field
of physical culture and sports, individual approach to sports
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COBPEMEHHBIE METO/IbI U UTHCTPYMEHTBI
OIITUMMU3AIIUUA ADPOANHAMMUKHU B TPUATIOHE

boponaskun A.1O., Kusaszes M./I., Kazakos A.1O.

Annomayun. B cmamve nokazamo, umo NpoOU380OUMENbLHOCMb 6 MPUAMIOHE C
Pa3peuieHHbIM OPAPMUHEOM MOdICem OblMb VIVHUEHA 34 cYenm a3pOOUHAMUYECKOU ONMUMU3AYUU
nosvl cnopmcemena. boiiu uzyuensvt 08e paziuyHvlx NO3UYULL, U OOHAPYIHCEHO, YMO UBMEHEHUs. MAKO20
KUHEMAMUYECKO20 napamempa, Kax Y20l HAKIOHA CHUHbL, NymeM UCHOb308AHUS NOZUYUU HUNCHESO
Xeama, Modicem CHU3UMb n1owadsb 10006020 conpomusnenusi 00 9,5% u nozgonrum onmumusuposams
PACUemHyI0 MOWHOCMb Ol Noooepaicanus paboueti cpeone ckopocmu Ha 10,1%.

Knrwoueswvie cnosa: mexuuxa nocaoku mpuamioHucmos, niouwadsb poHmanbHou npoeKyuu,
APOOUHAMUKA 8 MPUATITIOHE

BBenenue. B TpuarnoHe BakHYHO pOJb UTPAECT MPABMIBHOE PACIPENCIICHUE
YCUJIMM MEXTy TJIaBaHUEM, BEJIOTOHKOW M OETOM, OTHAKO HauOOJIbIlee 3HAYEHUE IS
a’pOIMHAMHUKH UMEET BEJIIOCUTIEAHbIN 3Tan [ 1, 3]. Jlaxke He3HAYUTEIbHBIE U3MECHEHUS
B MOCAJKE WIM SKUIIMPOBKE MOI'YT CYIIECTBEHHO MOBJIMATH HA a3pOAMHAMHYECKOE
COTIPOTHUBJICHHUE U, KaK CJIEJICTBHE, HA oOmuit pe3ynsrar [4, 5]. B To ske BpeMs Borpoc
ONTUMU3AIMU a’pPOJMHAMHUKHA Ha BEJIO3TAIlE TPHUATIIOHA OCTAETCS HEIOCTAaTOYHO
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M3YUYEHHBIM. YUUTHIBAs, YTO aIPOJUHAMHUECKOE COMPOTUBICHUE UTPACT KIIOYEBYIO
POJIb B IOCTH>KEHUU BBICOKUX CKOPOCTEH Ha BEJIOCUIIEE, TAIbHENIIINE UCCTIEA0BAHUS
B OTOM 00JIacCTM HEOOXOAMMBI [JIsi TIOBBIMICHUS S(PPEKTUBHOCTH BBICTYIUICHHM
CIIOPTCMEHOB [2, 6].

O0beKT uccjieJ0BAHUA: TEXHUKA [TOCAJIKU TPUATIIOHUCTOB.

IIpenmeT ucceqoOBaHUA: BIUSHUE TEXHUKU TMOCAIKH TPHUATIOHUCTOB Ha
IIOMAah (PPOHTATBLHON MPOEKIMM M PACUCTHYIO MOIIHOCTh IJisl MOZJACpKAHUA
CPENHEN CKOPOCTH.

Hear wuccaenoBanusi: pa3pabOTKa TEXHOJOTUM OOYUYEHHsS]  TOCAJIKU
TPUATIIOHUCTOB, HAMIPABJICHHONW HAa ONTUMM3ALIMIO TIJIOMIAIU (PPOHTAIBHOM MPOESKITUH.

Hayunas HoBu3Ha. [IpemyiokeHa TEXHOJIOTUS ONTHUMHU3ALUU a3pOAUHAMUKHU
TPUATIOHKUCTOB, HAIPaBJICHHAs! HA YMEHBIICHUE TUIONIAAN (PPOHTAIBLHON MPOEKIUH,
IyTEM  CHWKEHUSI 3HAUEHMS yIvla  HAKJIOHAa  CIWHbI, OCHOBaHHAas  Ha
WHJIUBUAYAJIU3UPOBAHHOM MOJXO/E K XBaTy pyK Ha pyJe.

Metoabl wucciaenoBanus. COOp JTaHHBIX OCYHIECTBIUICS C  TIOMOIIBIO
anmapaTHO-TPOrpaMMHOTO Komruiekca «Virtual Aerotunnel», Bkitodaromiero B ceost
KaMepy, yCTAHOBJICHHYIO Ha MITATHB TIEPe]] BEIOCHUIIETUCTOM, U (DOH C XPOMaKeeM JIJIst
MCKJIFOUEHUS TUITHUX 00BEKTOB U3 Kajpa. Buaeocbemka npoBoaniack ¢ (hpoHTaIbHOM
CTOPOHBI, UTO TTO3BOJIMIIO OIIEHUTH IJIOIaAb (POHTAIBLHOTO COIPOTHUBIICHUS] CUCTEMBI
«BEJIOCHUIIEUCT-BEJIOCUTIED 3a BbIueTOM PoHa. [lomydeHHbIe BUaecOMaTepralibl 3aTeM
aHAJIM3UPOBAIKCH C MOMOIIBIO CHEIMATN3UPOBAHHOTO MTPOTPAMMHOTO OOECIIeUeHMs,
KOTOPOE CO3[aBajl0 MAaTeMAaTHYECKyl0 MOJENIb JUIsl JallbHEHIIEro aHajan3a
a’pPOJMHAMHUYECKUX XapaKTEPUCTHUK.

Kunemarnueckue mokazatend (HUKCHUPOBATIUCH, TMPU TOMOIIM KOMIIJIEKCa
«Retul», cocrosimero u3 wHGpaKpacHBIX IAATYUKOB, KOTOPHIE KPEMWINCh Ha TEIO
CIIOPTCMEHA, W Kamepbl, paboTaromieli B mHppaKpacHOM crekTpe. s mepemaun
JJAaHHBIX Ha KOMIIbIOTEp wucnoyib3oBajics USB-nepenatunk, a wuHbopmamus o
napamerpax BeJOCHIIe[la WM  BEJIOAProMeTpa colOupajiach C  IMOMOIIBIO
JOTIOJIHUTENBHOTO  yCTpOWcTBA.  BuaeocheMKa  pPETHCTpUpOBANA  JIBUKEHUE
BEJIOCUIIEIUCTA, (PUKCUPYS U3MEHEHHUSI YITIOB B CyCTaBax U MOJIOKEHUS YacTeH Tela B
npoctpancTBe. OOpabOTKOW JaHHBIX MPOXOAWIO B IPOrpaMMHOM 0OOecTeyeHUun
«RETUL», xoTopoe co31aBajio TPEXMEPHYIO MOJENIb CIIOPTCMEHA, MPENOCTaBIISA
nHpOpMaIINIO 0 KHHEMATUKE JBHKEHHUH U YTJIOBBIX XapaKTEPUCTHUKAX CyCTaBOB.

Opranmsanus uccjaegoBanusi. B uccienoBanme npuHsiio ydactue 16
CIIOPTCMEHOB, CIEHHAIN3UPYIOIIUXCS B JUCHUIUIMHE TpUATIOH. 13 Hux10 MyxuuH u
6 JKEHIIVH B Bo3pacTte OT 17 10 25 JIeT U cTakeM 3aHsITUH OT 3 10 5 JeT.

B xome paboThl perucTpupoBalicsl yroj HAKIOHA CHOUHBI B CTAHIAPTHOM
MOJIOKEHUM BEPXHEro XBaTa M XBaTa 3a HIDKHIOIO 4YacTh pyJs C INPUMEHEHHEM
BUJICOAHAIM3A 110 TEXHOJIOTHH 3axBara aBkeHus «Retul» (pucynok 1). [lapammensHo
C TUM IPOBOAMJIACH OIEHKA IO (PPpOHTATBHOM MPOEKIMH C HCMOIb30BAHUEM
cucteMsl «Virtual aerotunnel» (pucyHok 2).
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-0.0348 m?
+1.4 km/h

PucyHnok 2 — Onenka miomaau GpoHTAJIBLHON IPOEKIMHA
C HCIOJIb30BaHUueM cucTeMBbl «Virtual aerotunnel»

Pe3yabTaThl HccJen0BaHHA W HX o0cyxkaeHue. C TOMOIIBIO METOJOB
MaTeMaTU9YEeCKOH CTATUCTUKU TPOBEACH CPABHUTEIBHBIA aHAIHM3 JaHHBIX MEXIY
MO3UIUSIMU BEPXHETO M HUYXKHETO XBara PyJIsl IO IMOKA3aTeIsIM yIila HAKJIOHA CITHHBI,
wiomanad (QPOHTAIBHONH NPOSKIMH W PACYETHOW MOIIHOCTH JUISI IIOJICPIKAHHSI
cpenueit ckopoctu 40 km/g (Tabmuia 1).

Tadmuma 1. — Ilokasareau yria HaK/JIOHA CIOMHBI, IUIOMIAAH (PPOHTAIBLHONW NPOCKINH,
PAcYeTHOM MOIUHOCTH /JIsl IOQAEPKAHUS CpPeIHeil CKOPOCTH B IOJIO)KCHHSIX BEpPXHEro H
HHMKHEr0 XBarTa pyJs

Ne Bepxn. Huxn. xBar | U3MeHeHust
IMokazarenn o JocToBepHOCTH
n/n XBaT pyJid pyJis B %
o t=11,7
1. Vroi HakI0HA CITMHEI 44 +1,1 36 1,3 22,2
npu p <0,05
) S ¢p. moBepxHOCTH. 0,3390 £+ 0,3096 + 95 t=22
) M 0,0021 0,0017 ’ pu p <0,05
MomnocTts npu 40 t=1,8
3. K/, BT 224 £33 203+29 10,1 npu p <0.05

B xoxpe wuccienoBaHus ObLIN Ba(bHKCHpOBaHBI CTaTUCTUYCCKHN 3HAYHUMBIC

u3MeHenus: (t=11,7) B 3Ha4eHUM yIvla HAKJIOHA CIUHBI IPU HUXKHEM XBarTe,
OTHOCHTEIIBHO XBaTa 3a BEpPXHEE IOJIOKEHUS PYIISL.

16




50
48
46
44
42
40
38
36
34
32
30

BepxHuit xBaT pyns HuHUI xBaT pyna

PI/ICYHOK 3 — U3meHeHne yriia HAKJIOHA CIIMHBI B PA3JIMYHBIX XBaTax

[1o uroram uccnenoBanus 3apMKCUPOBAHbI CTATUCTUYECKHU 10CTOBEPHBIE (1=2,2
npu p <0,05) msmenenus Ha 0,0294 M? B muomaau (ppPOHTANIBHOM NPOEKIHMH B
ITOJIO’KEHHUE HUYKHETO XBaTa pyJjisl B CPABHEHUHU C BEPXHUM XBaTOM.

0,4300
0,4100
0,3900
0,3700
0,3500
0,3300
0,3100
0,2900
0,2700
0,2500

———0,4093
3810 ————0,3695

X6330 ,3428

:3120 \(ngnqﬁ 3069

0,2811

—0,2732
—|—0,2598

BepxHuii xBaT pyns HWXHWI xBaT pyna

PucyHok 4 — JluHaMuKa M3MeHEeHU i 1101a 11 (PPOHTAIHLHOM NPOEKIIUH

Y HCIIBLITYEMBIX B pe3yJbTare dJKCIepuMenTa (B M?)

B pesynbrare skcnepuMeHTa HaOmomanoch goctoBepHoe (t=1,8) m3MeHeHUs
MoKa3aTels pacueTHOM MOITHOCTH IS MOJepKaHus cpefaHeil ckopoctu 40 KM/4 B
HIDKHEM U BEPXHEM XBaTe PyJIs.

290

270

250

230

210

190

170

150

—T1—288,0
264,0
—T—254,0
o S p28,5
032
195,5 195,0
182,3
——173,0
——164,0
BepxHuii xBat pyns HuKHWUI xBaT pyna

Pucynok 5 — U3meHeHune moka3areJisi pacdieTHOM MOIIHOCTH ISl MOJIEePKAHMS CpeTHeil
ckopoctH 40 KM/4 IpU XBaTe 3a BepXHee U HUKHee TM0JI0KeHusl XBara pyJs (BT)
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BoiBoabl. JlocTtoBepHoe cHuxkenue (t = 2,2 npu p <0,05) 3HaueHus miomaau
71000BOrO COMPOTUBICHUS Ha 9,5% U yMeHbIIeHHEe MTOKa3aTelsd pacCu€THON MOIIIHOCTH
Ha 20,6 BT, npu koppekuuu napameTpa yriia HakJIOHa CIUHbI MyTeM U3MEHEHUs XBaTa
pPYJIsl B HUKHEE TOJIOKEHHE, CBUIETEIBCTBYET 00 3(h(PEeKTUBHOCTH paccMaTpuBaeMoOi
TEXHOJIOTUU 00yUYEHHUS MOCAIKN TPUATIIOHUCTOB U MEPCIEKTUBAX MCITOJI30BAHHE €€ B
COpEBHOBATEIBHOMN MPAKTHUKE.
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MODERN METHODS AND TOOLS FOR AERODYNAMIC OPTIMIZATION IN TRIATHLON

Borodavkin Alexander Yurevich, postgraduate at the Department of Cycling, Triathlon, and
Golf, Russia, Moscow, Federal State Budget Educational Institution of Higher Education "The
Russian University of Sport "GTSOLIFK", email: alex@bikefit.ru

Knyazev Maxim Dmitrievich, Deputy Head Coach of the Russian Triathlon Federation,
Russia, Moscow

Kazakov Alexander Yurevich, senior lecturer, Russian State Social University, Russia, Moscow

Abstract. The article demonstrates that performance in draft-legal triathlon events can be
improved through aerodynamic optimization of the athlete's posture. Two different positions were
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studied, and it was found that changes in the kinematic parameter of back angle in a lower grip
position can reduce frontal resistance area by up to 9.5% and allow for an optimization of the
calculated power required to maintain average working speed by 10.1%.

Keywords: triathletes' position technique, frontal projection area, aerodynamics in triathlon
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YK 796.093.643.2

HNCITIOJNB3OBAHUME TEJIEMETPUYECKOI'O OBOPYIOBAHUA
(THITA «<MYJIBTUCIHHOPTUBHBIE YACBI FORERUNNER 735XT»)
B TPEHUPOBOYHOM ITPOLHECCE CIIOPTCMEHOB,
CIHEUAJIM3UPYIOIUXCA B TPUATIIOHE

Epmakona K.C., lllapmanosa E./I., ITerpos H.IO.

Annomayua. B Oaunoii cmamve onucan onvim npumeHeHUs MenemMempuyecKo2o
0bopyodosanus (muna «mynemucnopmuensie yacel Forerunner 735XT») 6 mpenupoeounom npoyecce
CNOPMCMEHO08, CReYUAIUUPYIoOWUxcs 6 mpuamioHe, packpulmvl OCHOBHbIE QYHKYUU OAHHO20
yempoiicmea,  no36onAnuwjue  NoeviCUmb  Kauyecmeo MpPeHupo8ouHo20 npoyecca, 3a  cuem
UHOUBUOYATIbLHO2O 003UPOBAHUsL 6€2060U HAZPY3KU CHOPMCMEHA N0 00beMy U UHMEHCUBHOCMU, A
makdice 3a cuem NOGLIUUEHUS UHDOPMAMUBHOCIU NE0A202UYEeCKUX MeCHOo8 UCNONb3YeMblX Ol
OYEHKU YPOGHS NOO2OMOGNEHHOCTU MPUATNTIOHUCINOS.

Knioueevie cnosa: menemempuueckoe 000pyoosanue, MyTbMUCNOPMUBHbBIE — YACH
«Forerunner 735XT», mpenuposounslii npoyecc, mpuamioHucmbl

Breaenne. HecmoTps Ha, TO, 4TO B COBPEMEHHOM MUPE PA3IMUYHbIE CMAPT-YaChl
MMEIOT OTPOMHYI0 NOMYJISIPHOCTb M SIBJISIFOTCS JTOCTYNHBIMU Ui OOJIBIIMHCTBA
CIHOPTCMEHOB, MX NPUMEHEHHE 3a4acTyl0 CBOAUTCS K OaHalbHOMY HW3MEPEHUIO
BpeMeHrn U YUYCC. Tonapko YeTBEpPTh OMPOIIEHHBIX CIEHUAIMCTOB HCIOIB3YIOT B
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