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BHEOPEHUE TEXHOJIOTMM BUPTYAJIbHOW PEAJIBHOCTU
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CUCTEMATUYECKUUN OB3OP 3APYBEXXHOW JIUTEPATYPbI
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Annomauus

Ienv uccredosanuss — 0606uums onvim enedpenus supmyaronoti pearvocmu (VR) ¢ xauecmee uncmpymenma
obyuenus 0Nl YIYUuleHus: HadblKo8 CROPMCMEH08 U NPeooNeHUs HeOOCAMKO8 MPAOUYUOHHBIX MeM0d08 00yUeHUs.
Bowr nposeden cucmemamuueckuii nouck 6 nauboiee 6AUAMEIbHIX Hayunblx 6aszax dannvix (Scopus, WosS, Google
Scholar) sa nepuod ¢ 2010 no 2022 2. ¢ coomsemcmeuu ¢ 610%-cxemoit PRISMA. U3 995 naiidennvix cmameti 6vt10
omo6pano 30 noaHomexcmosoviX OPULUHALLHBIX NYOIUKAUUU, COOMBETCMBYIOUUX HAUUM KPUMEPUIM BKIIOUEHUS.
8 0630p. Ananusupyemvie nyoauKauuu nocesuervt ucciedosanuio VR na npumepe pasiuunvix 6udoe cnopma (KOManoHo-
UZPOBYLX, UZPOBYLX, UHOUBUOYATDHBLX, SKCMPEMATLHOLY, YUKIUUECKUX), A MAKHCE MEHCOUCUUNTUHAPHBIM UCCLE008AHUSIM
6e3 NPUBA3KU K KOHKPEMHOMY 6UOY CROpMA ONis PEULeHUs. 3a0aY, CBA3AHHBIX ¢ 00YUCHUCM U PA3BUMUEM 08UZAMETLHbIX
HABLIKOB, PUUUECKOU N0020MOBKOL, NCUXOL0ZUUECKOL NOOZ0MOBKOL, AHATUIOM U KOPPeKyuel OBUNCEHUT, CPABHEHUEM
VR u pearvivix ycrosuii, a maxice paspabomioi u mecmuposanuem cucmem. B pesyromame ucciedosanus ommeuen
3HauumenvHoulll pocm npumenenus VR 6 QusKkyromypHo-cnopmueHol 0esmeirsHoCmu, npu smom Hauboiee NonyispHuLm
Mmemodom enedpenus VR sensemcs ucnorvsosanue wiema supmyaivioi pearviocmu (HMD) 6 couemanuu ¢ cucmemoil
saxeama deudncenus. Anaius nayunvlx nyoauxayuii noomeepicoaem nomenyuar VR xax uncmpymenma Ons nogoiuenus
MOMUBAUUYU K CUCTNEMATNUNECKUM 3AHAMUAM 08UZAMENLHOU AKMUBHOCTBIO, HO ONsl WUPOKO20 6HeOpeHus mpebyemcs.
pewenue psda 3a0au; NOBbLUEHUE MOYHOCIU CUCTIEM 3AX6aMA 0BUNCEHUs., PA3PAbOmKa jieekux u apzonomuunvix HMD,

a makce cmandapmusayus Memooux ouenku sppexmuenocmu VR-mpenuposox.

Knioueevie cnosa: nHGOPMAIMOHHO-KOMMYHUKAIIMOHHbBIE TEXHOJIOTHH, VR-TeXHOIOTHY, BUPTYaJbHAsl PEaJbHOCTD,
(bUBKyIBTYPHO-CIIOPTUBHAS IESITETBHOCTD, CITOPTUBHASI MOATOTOBKA, Y4eOHO-TPEHUPOBOYHDIE 3AHSITHSI.
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Abstract

The purpose of the study was to summarize the experience of introducing virtual reality as a learning tool to improve athletes’
skills and overcome the disadvantages of the traditional teaching method. Research methods and organization: a systematic
search was conducted in the most influential scientific databases (Scopus, WoS, Google Scholar) for the period from 2010
to 2022 in accordance with the PRISMA flowchart. Of the 995 articles found, 30 full-text original publications
were selected that met our criteria for inclusion in the review. The analyzed publications were devoted to the study of VR
using the example of team-playing, gaming, individual, extreme, cyclical sports, as well as interdisciplinary research
without reference to a specific sport to solve problems related to learning and developing motor skills, physical fitness,
psychological training, as well as the analysis and correction of movements, comparing VR and real conditions and develop-
ment and testing of systems. As a result of the analysis of scientific publications, a significant increase in the use of VR
in physical education and sports activities has been noted, while the most popular method of introducing VR was the use
of a virtual reality helmet (HMD) in combination with a motion capture system. The results of the study confirm the potential
of VR as a tool to increase motivation for systematic exercise, but widespread adoption requires solving a number of tasks:
improving the accuracy of motion capture systems, developing lightweight and ergonomic HMDs, as well as standardizing

methods for evaluating the effectiveness of VR training.

Keywords: information and communication technologies, VR technologies, virtual reality, physical education and sports
activities, sports training, educational and training sessions.
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BBenenue

NudopmanonHO-KOMMYHUKAIMOHHBIE TEXHOJIOTUH
(UKT) B husmdyeckoM BOCITUTAHUN MOTYT CTaTh ajbTepHa-
TUBOH I/ IPEOJI0JICHNS HEXBATKY TIOMETIEeHIH 1 pacIripe-
HUS apceHaJa IMeIaTOTYECKIX TEXHOJIOTHI B OPTaHU3aIIIX,
peanu3yoIux TporpaMMbl (OU3KYIBTYPHO-CIIOPTUBHON Ha-
npaByieHHOCTH. Pazimanbie MmeTob! ucnosb3oBarmst UKT —
MHTEPHET, TIPOTPaMMHOE 0becTieueHre 1 porpaMMbl MOJIe-
JINPOBAHUS — MOTYT IPENOCTABUTH BO3MOKHOCTH JIJISI TIOJTY-
YeHMs PasHOOOPA3ZHOTO OIIBITA, MIPEOA0JIEBasT OTPAHNIEHIIS
poCTpancTBa 1 BpeMenu [15]. BupryansHasi peaabHOCT
(VR) — ozHa U3 TEXHOJOTHH, CIIOCOOHBIX MPEOAOJETH TO
OoTpaHWYeHHe, TIPEIOCTABIAST YNCICHHOE MOJeTNpPOBaHNe
7 3aXBaTHIBAONIYIO NHTEPAaKTUBHYIO cpexy [4]. OxHako Ham
€111€é TIPEe/ICTONT BBISICHUTH, MOKET JIN BHeApeHne VR pa3su-
BaTh HABBIKM, I HACKOJIbKO addexTnBHA VR 10 cpaBHEHNIO
C IPYTUMHU METOIAMHU, MCIOJIb3yeMBIMU B (DU3KYJIBTYPHO-
CIIOPTUBHOM AesiTesabHOCTH [23].

B mupokom cmbicsie VR ompenesnsgercst kak cpena, B KO-
TOPOIi TI0JIb30BATEN MOTYT ITOTPYKAThCS U PEarupoBaTh Ha
HCKYCCTBEHHYIO CTUMYJISIMIO €CTECTBEHHBIM 06pasoM |6,
16]. VR Ttakske MoxxeT nepeHecTH IOJIb30BaTesel B cpery,
KOTOpasi OOBIYHO HEAOCTYNHA M3-32 BBICOKOH CTOMMOCTHU
0060pyA0BAHUST U HEBO3MOKHOCTH 00€CTIEYnTh GE30TTACHOCTh
TIPU €TO MCTIOJIb30BAHNH, a TaKXKe IPYTUX MPEnATCTBUI [7].
3a mocJseiHre HECKOJBKO JeT QYHKINM M IPenMyIecTBa
TexHOoJoTUH VR CyllecTBeHHO MOBJWSAIN HA MOBBIIIEHNE
KayecTBa MHOTHX acIeKTOB IMOBCETHEBHON KU3HNU [1].

TexHnosornu BUPTYaThbHON PEATBHOCTH HCIIOIB3YIOTCS
[T PENIeHus IMHUPOKOTO CIIEKTpa 33/1a4 B (U3KYIBTYPHO-
CIIOPTUBHOM JESTETHHOCTH, B YaCTHOCTH [IJIsT OOYUEHMsI 1 CO-
BEPIIIEHCTBOBAHUS JBUTATEJIbHBIX JCUCTBUN, TAKTUYECKOHN
noarotoBku u ap. [1]. Tpernupyionie Bo3aelcTBUS SIBJIS-
JOTCS OTHUM M3 MHOTUX TPUMEPOB (PYHKIIUI TEXHOJIOTUI
BUPTYaJIbHOU peasbHOCTU B cepe HU3NIECKON KYTBTYPbI
u cniopra (OKuC). Texuonornu VR B nocsennee pecsrue-
TH€ CTAJIN Yallle NCIIOTh30BATHCS B (DUIKYJIBTYPHOU U CTIOP-
TUBHOH MPaKTHKe, TOMOTas TOJb30BATEISIM aHATH3UPO-
BaTh W YJYYIIaTh CBOW PE3yJbTATHl B M3OPAHHBIX BHUIAX
cropta [5, 29]. IlpumeHeHre TaKUX TEXHOJIOTUN B (hrusmye-
CKOM BOCITUTaHWUM Tak:ke 3(HEKTUBHO yCTPaHIeT HeOCTAT-
KW TPAJUIINOHHBIX METOZIOB TPEHUPOBOK 1 TIPUBHOCUT GOJTb-
11le MHHOBAIWIA, eJTast uX 60Jiee HHTEPaKTUBHBIMHE |26, 27],
a Tak’Ke OKa3bIBAIOT BJIUSIHUE HA TIOBBINICHUE [BUTATEIHHOMN
aKTUBHOCTH TIoJib30Baresieil. VIrpast U TpeHUpysich OIHO-
BPEMEHHO, TI0JIb30BATENU MOTYT YJIYUIIUTh CBOE 37I0POBbE
u dusndeckyo Gopmy, a Takke MOJYIUTh YIAOBOJbCTBUE
ot npouecca [11, 17]. VR-texnonornu npuMeHsioTcs B Ta-
KMX BUJIAX CIIOPTA, Kak (HyT6oI1, 6ackeT601, HACTOMBHBIN TEH-
HIC U JIp.

VR-TeXHOIOTHI MOTYT OBITH PEATN30BAHbI PA3TNIHBIMU
crocobamu B (DU3KYIBTYPHO-CITIOPTUBHOM MEATENHHOCTH,
HaIMpUMep, C MOMOIIBIO0 YCTPOICTB C TOJOBHBIM JHCILIEEM
(HMD) [2, 4, 8, 14], cucteM OTCIEKMBAHUS MTOJOKEHUS
rosioBHl [8] 1 Bupeourp Ha ocHoBe aBukeHust (MBVG). Tex-
Hosorust VR, peanmsoBannas yepe3 MBVG, Takxke mMoxeT
OBITH CIIOCOGOM M3yUeHUsT HA30BBIX TEXHUKO-TAKTHYECKUX
NIENCTBUN /7151 OBJIaZIEHUsT OCHOBaMM Buja criopta [1, 12].

Ognnaxko, npexzae 4eM BHeAPsATh VR B yuebHO-TpeHU-
POBOUHYIO JIEITETBHOCTD CTIOPTCMEHOB, HEOOX0IMMO 0bec-
[EYUTh COOTBETCTBYIOIIYIO I0KasaTebHyto 6a3y. Boiia mpo-
BeJleHa MoJiHoMaciiTabHast cumyJisiiust GyTGoMbHOrO MaTya
B BUPTYAJTBbHOI PEasbHOCTH U OIpe/esieHa olleHKa addek-
TUBHOCTU HA OCHOBE TPEX IYHKTOB: OIIEHKH BUPTYaJlbHOI
cpenst (VEA), gwyscrBa npucyrcrsua (IPQ), a takke xop-
persiiiun VEA w ipucyTceTBus B VR [22].

WccnenoBanue [20] mokasano, 4To MeTOJ JIEMOHCTPA-
1[I BU/IEO C YIPAKXHEHUSIMH ¢ OCHOBHOTO MOHUTOPA MOJKHO
MEPEHOCHTD, HO OH He mojaaérest ob6obmenno. HanmpoTus,
BH/IE0, TIPEICTABJIIEHHOE C HMCIOJIb30BaHMeM VR, mpuBeso
K Gosiee rry6OKOMY MOHMMAHUIO M OOOOIIEHUIO TIpOIIecca
npussaTusa pemennii. Micnonb3oBanne VR B kadecTse mep-
COHAJIIBHOTO TpeHepa Mo 6ackeT6oIy CHocobCTBOBAIO MO-
BBINIECHUIO 9P HEKTUBHOCTH TAKTHYECKUX TPCHUPOBOK [24],
a TaKKe CHIKEHUTO PUCKA TPAaBM Ha yueOHO-TPEHNPOBOUYHBIX
3aHIATUSIX B €CTECTBEHHOM cpefe.

B 1o xe Bpemsa ucmombzoBanme VR Takike momoraer
YMEHBINTH GOJIb ¥ TPAaBMUPOBAHHBIX CITIOPTCMEHOB, YIyU-
IIUTh UX 37I0POBbE U TOAJIEPKUBATH PE3YJIBTATHI HA TOJIK-
Hom yposHre [19]. Cunxponnas pabora ycrpoiicts HMD,
JBICKKa annMannin Manageable Kinematic Motion (MKM)
M CHICTEMBI 3aXBaTa JBUKEHIS MOKET ObITh MOJIe3HA JIJIS 3a-
XBaTa JBUKEHUI MTOJIb30BATENISIM U CIIOPTCMEHAM, a TaKXKe
IU7TST TIPOBENIEHNST aHaIN3a KaskKJON TPYIIIBI MOJIb30BaTeIeit
U CIIOPTCMEHOB, YTOOBI TPEHEPBI MOTJIU AaTh UM 6oJjiee ToU-
Hble PeKOMEH/IAINN TI0 TpUHATHIO pentennii [4]. [Ipumerne-
Hre VR B yue6HO-TPEHHPOBOYHOM TIPOIECCE KAPaTHCTOB
JI0Ka3aJ10 cBOIO 3 (MeKTUBHOCTD [21], HO, KAK MBI MTOJIATAEM,
JUISL TIOJIyYeH st IOCTOBEPHO 3HAYMMOTO BO3JeicTBUst Tpedy-
FOTCSI TOTIOTHUTEBHBIE MCCIEM0BAHNS € GOJIBITEH BHIOOPKOH
CIIOPTCMEHOB.

B apyrom uccienoBanuu, nocssméniom 6eiic6ouy, VR
TakKe 3OEKTUBHO NCIOTB3YeTCs IS COBEPIICHCTBOBAHNS
BOCIIPUATHSI IBVKEHUS TIPH Oere ¥ JIOBJIE Mst4a y UTPOKOB-
aytdunepos [28]. Takske qoKa3ano, 4to u B peréu VR Mo-
JKeT OBITh MCII0JIF30BaH B TIpoIiecce 00yueHust GPOCKY B JIH-
HUIO TIPU KCIIOJIb30BAHUU METO/IA 1[BeTHOTO aHariuda (Me-
ToJ mostydeHus crepeoaddexra — 3D) 1 Mozmean MpUHATHSA
texnosioruiit (TAM), uTo MpuBEJIO K MOBBITIIEHUIO (P HEKTHB-
sHoctu [9]. Pan uccnenoBanmii [30] Takske moaTBepKAAET BO3-
MOKHOCTD TipuMeHeHus V R-TeXHOIOTHY B TPEHUPOBKAX IO
TIJIABAHUIO, OZTHAKO TIOJIOKUTETFHOTO BO3/IEHICTBUS HA BPeMsI
MIPOXOKAEHUS IUCTAHIIUN TIPH YIIPAKHEHUSX 110 rpebiie He
OTMEYEHO, TaK KaK BCEM YYaCTHUKAM UCCIIeNOBaHUs ObLIO
MIPEIIIMCAHO COCPENOTOUNTLCS Ha TeXHUKe IpebJin, a He Ha
BpeMeHU [3].

lna nronmeit ¢ orpaHMYEHHBIME BO3MOXKHOCTSIMU 3710-
poBbst (OB3) Texnosorun VR MOTYT MCITOIb30BaThCS KAk
B a/IalITUBHON (PM3NUECKON KYJIBTYPe U aJIallTUBHOM CIIOPTE,
Tak 1 B peabusiutaruu [13], 6iarogapst uemy OHU MOTYT UC-
TIBITATh BUPTYATBHBIN OITBIT, CXOKHIT C PEATbHBIM MUPOM.

Texnosoruga VR Takke MOXeT UCHOJIb30BATHCS IS
obecrieyeHns: Pa3InyHbIX y4eOHO-TPEHUPOBOYHBIX 3aHATUI
myTeM OOHAPY/KEHUST M aHaIM3a JBUKEHUN Tesla, KOTOPbe
npeobpasyrorcss B BUPTyaubHylo cpeny [2]. Kpome Toro,
OHA MOJKET BJIMTH Ha MOBbIIIIEHNEe WHTEPECca U TOTOBHOCTH
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K TTOCTOSTHHBIM TPEHHPOBKAM B OIPeIeIeHHBIX BUAX CIIOP-
Ta [1, 23].

Hecmotps Ha ycrnex NpUIoKeHUH A1 BBITOJHEHUS YII-
paskHEHUT ¢ ucosb3oBaHueM VR B MMPOKOM criekTpe crop-
TUBHBIX 00JIaCTeil, JIUIb HEKOTOPBIE M3 HUX OKA3BIBAIOTCSI
acddexrunbiMu. Hanpumep, npu nCHOIb30BaHIHN CUMYJIS-
TOpa ToJIb(ha YBEJINUNBAETCS YUCIO PAAMAIbHBIX OMUOOK,
JIOITyCKAeMbIX KaK HOBUYKAMHU, TAK U OIBITHBIMUA UTPOKAMH,
a KOpPeJISIIus MeXX Ty pe3yJibTaTaMy B peaibHOM Mupe u VR
octaérest b ymepernoit [10]. To ke camoe HabJI01a10Ch,
korpa npuMeneHue VR okaszasich HeahHEeKTUBHBIM IS
TPEHUPOBKM Bpatapsi B ranabose [1], mockobKy Bparapio
TpeboBanoch 6oJblie HHPOPMALIUH, YTOOBI TOYHO MPEICKa-
3aTh TPAEKTOPHIO MsYa.

Coueranue nudpPOBBIX U KJIACCUIECKUX TEXHOJIOTUI TIPU
COBEPIIEHCTBOBAHUY JIBUTATEIHHBIX HABBIKOB, PA3BIBAEMBIX
¢ moMo1Ibio VR-TeXHOJIOTHH, TPeTI0I0KUTETbHO TIPUMEHN-
MO B QU3KYJIBTYPHO-CIIOPTHUBHON /e TeTbHOCTH, HO Ha /IaH-
HOM 3Tale TeXHOJOTUYeCKOTo pa3BuTus VR Bpsz u craHeT
3 OEKTUBHBIM CPEICTBOM MTOTOTOBKY TTPOGECCOHATBHBIX
croptcMeHoB [18].

Marepuas U METOIBI HCCJIE/IOBAHUS

B mamnoM nccseroBaHny IPOBOINTCS CUCTEMATHYECKUT
0030p JIMTEPATYPbI € UCIIOJIb30BAHUEM PEKOMEH/IOBAHHBIX DJIe-
MEHTOB OTYETHOCTHU [IJISI CUCTEMATUYECKUX 0630POB U METa-
anammzoB (PRISMA), kak nokasano Ha puc. 1. Ha 6aok-
cxeMe yKazaubl Bce 30 McCae0BaTenbCKx paboT, NCIomb-
30BAHHBIX JIJISI JIAHHOTO 0630pa JIUTEPATyPhl, OT ITalla UjIEH-
TU(DUKAIUY /10 TATA BKIIOYEHUSI.

B npouecce ugentudukauu aBropsl cobpanu 995 co-
OTBETCTBYIOIIMX CTATEl 10 TeMe B HAHOO0JIee BIUSITENbHbIX
HayuHbIX Oazax maHHbBIX (Scopus, WoS, Google Scholar).
Jliist yckopenust mpotiecca uaeHTuduKanu MMu ObLTH UC-
M0JIb30BaHbI CJEIYOIIHe KIUYeBbie ciaoBa: [“virtual reality”
OR “virtual environment” OR “interactive training” OR

(“virtual” AND “reality”) OR (“virtual” AND “environment”)
OR (“interactive” AND “training”)] AND [“motion capture
system” OR (“motion” AND “capture” AND “system”)]
AND [“sports education” OR “sports skill improvement” OR
(“sport” AND “education”) OR (“sport” AND “skill” AND
“improvement”)]. Bce cTarbu, BKITIOUEHHbBIE B KAUeCTBEHHBII
CHHTE3, MCIIOJb3YIOTCSI aBTOPAMHU B KayeCTBE CCBLJIOK JIJIst
MOCTPOEHUS JAaHHOTO 0630pa.

Anammsupyemble TyGIMKAINE MOCBSIIEHBI NCCIET0BA-
Hnio VR Ha mpumMmepe KOMaH/IHO-UTPOBBIX BH/IOB CIIOPTa
(6acker6ou [6, 20, 24], dyrbou [8, 16, 22], per6u [9]), un-
MUBUAYATbHBIX BUAOB (TeHHUC [16], HACTOJBHBIN TEHHUC
[18], rompd, kapare [21], ckanorasanne [12], maasanue [30],
rpebast [3], anmemenTsl Taif-um [11], skourmuposanue [1]),
a TakXKe MEXIUCIUIINHAPHBIX UCCIefoBaHuil 6e3 mpu-
BSI3KM K KOHKPETHOMY BHUy criopta [2, 5, 13, 14, 15, 19, 23,
26, 27, 29] nnsa penieHust 3a1a4, CBSI3aHHBIX € 0OyYEHHEM
U pa3BUTHEM JIBUTATENbHBIX HABLIKOB [1, 7, 14, 20, 24, 26],
(dbusmueckoii moarorokoi [2, 13, 15, 19], ncuxosorndeckoi
nozarotoBkoit 8, 14, 20, 22], a Takke aHAJIN30M U KOPpEK-
el auskeruii [5, 11, 26], cpaBHennem VR u peanbHBIX
yeaoswmii [12, 16, 25, 28] n paspaboTKOil U TeCTUpPOBaHUEM
cucreMm [5, 7, 17, 24, 30].

IToCKOIBbKY TIETBI0 CUCTEMATIYECKOTO 0630pa OBLIO y3-
HaTh Gosibliie 00 3HHEKTUBHOCTH U BO3MOKHOCTSIX BUPTY-
aJIbHOI PEaTbHOCTH KaK MHCTPYMEHTA y4eOHO-TPEHUPOBOY-
HOTO TIPOIlecca, aBTOpaMi O C(hOPMYTMPOBAHDI TPHU HC-
CJIeI0OBATEIbCKUX BOTIPOCA:

Bonpoc 1. Kax mexnonozuu supmyaivnoi peaivHocmu
UCNOTL3YIOMCSL O COBEPULEHCTNBOBARUSL CROPTUBHBIX HA-
8vIK08?

Bonpoc 2. Ymo neobxo0umo yryuwums u npedocmasums
0751 NOBLLUEHUS. MOUHOCU CUCTEMbL 3AX6AMA 0BUNCCHULL
uenogexa?

Bonpoc 3. Hackonvko agpexmusio enedpenue mexno-
JI02ull BUPMYATLHOU PEATbHOCMU 8 NPOUECC COBePULeHCME0-
BaHUS CNOPMUBHDIX HABLIKOB?

CraTbu, MAEHTUPUUMPOBAHHbLIE C MOMOLLIbIO MOKCKa MO KJOYEBLIM C/IOBaM
B 6a3ax AaHHbIX:
Scopus, WoS n Google Scholar (n = 995)

NpeHTndunkaums

OToGpaHHbIe cTaTbK Nocne yaaneHus \

aybnukatoB (n = 941)

OT16op

S YERYER

MonHoTekcToBbIE CTaTbW, npouweagwine
oT60p (N = 45)

ViccnepoBaHms, BKITIOYEHHbIE
B K@YeCTBEHHbI cuHTE3 (n = 35)

BkntoyeHne

)

B Ka4eCTBEeHHbIl cuHTes ( n = 30)

YHUKanbHbIE NCCNen0BaHMS, BKﬂIO'-IEHHble>

MckntoveHHble ctatbn (n = 896):
He Bowenwne B nepuog (n = 466),
He CBSI3aHHble CO CMOPTUBHOM
TpeHupoBkoii (n = 356),

Ha ocHoBaHuuM pedepata (n = 74)

MckoyeHHble cTaTbi,
Kak He COOTBETCTBYIOLLMNE KPUTEPUSAM
BKJIOHYEHUS
B cucTemartudeckmin 063op (n = 10)

Puc. 1. brox-cxema PRISMA
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PeByJII)TaTbI HCCIIE€JOBaHUA U UX 06cymae1—me

CorJ1acHO UCCIIEI0BAHUIO € UCIIOIb30BAHUEM ITIOMCKA 110
KJoueBbIM coBaM: “Sports education”, “Sports skills deve-
lopment”, “Interactive learning”, “Motion capture system”
u “Virtual environment”, u3 urcia HaliIEHHBIX Ty OIUKALIUIA,
II0CJIE OL[EHKK HA COOTBETCTBUE KPUTEPHAM, ObLIN OTOOPAHBI
30 cTareii B CBS3M € UX PEJEBAHTHOCTDHIO U IPUMEHUMOCTBIO
K Hamieil Teme. [lajee IPOBOAWIICS aHAIU3 UMEHHO 9THX
cTareil B COOTBETCTBUM C PaHee MOCTAaBJIEHHBIMU HCCIEN0-
BaTEJbCKUME BOIIPOCAMH.

Kax mexnonozuu eupmyaﬂbuoﬁ peanvHocmu
UCNOJTBLIYIOMCA ona coeepuerncmeosanus
CnopmuBHsvlXx HaevIK0B?

V3yuuB 30 HaydHBIX CcTaTEl, aBTOPbI OOHAPYKUIH, YTO
CHCTEeMBI 3aXBaTa JIBUKEHUS NCIIOIb3YIOTCS JIJIST YTy IeH s
VH/AMBUIyalbHBIX PE3YJIBTaTOB CIIOPTCMEHOB M JJOCTATOUYHO

(D (hEKTUBHBI [JIST TPEHEPOB U KOMaHJ MpU pa3paboTke
JIydiiieii crpaTeruy Win TakTuku [4, 7, 12, 25, 28]. JIpyroii
MOIXO/T K MCIIOJIb30BAHUIO TEXHOJIOTUI KoMITbIoTepHOli VR
B (DU3KYJIBTYPHO-CIIOPTUBHON E€ATENBHOCTH 3aKJII0YAETCS
B IIPOBEJICHUH CPABHUTEIBHOTO aHamu3a [29], uTo momoraeT
3aHMMAIONUMCSI BCECTOPOHHE aHAJMU3UPOBATDH BBITIOJIHSIE-
Mble UMM JBUKeHUs. TexHosorust VR Tak:ke MOKeT cTaTh
UIeJIbHBIM WHCTPYMEHTOM JIJISI JIIO/IEN C OTPaHUYEHHBIMU
BO3MOKHOCTSIMU 37I0POBbBSI, TIO3BOJISISI UM TIOJYYUTDb TIPE.-
cTaBJieHWe O KOHKPETHOM BHJIE CITOPTa, a TakKXe MepcoHa-
JIM3UPOBATH HATPY3KU O3/IOPOBUTETHHBIX 3AHATHH, UCXOAT
13 YPOBHS (PYHKIIMOHATIBHOTO COCTOSIHUSI 3aHUMAIOIIUXCSI
[13, 19]. B ucciemoBaHusiX, OCBEIIEHHBIX B MSATH CTAThsIX,
HCITOJT30BAJINCH AHAJIN3ATOPBI IBYKEHIS, CUCTEMBI 3aXBa-
Ta IBWKEHUST M AJITOPUTMBI OTCJIEKUBAHUS IBUKEHUS JIJIST
c6opa IaHHBIX, HEOOXOAUMBbIX JIJIsI IOCTUKEHUST Pe3yIbraTa

(tabm. 1). Tatmuua 1

CucreMsl 3aXBaTa JBHKEHHUS,
HCHOJb3yeMble B IPUIOKEHHAX BUPTYaJIbHOIH pealbHOCTH
B (PUBKYJIBTYPHO-CIIOPTUBHOM /I€SITENBHOCTH

Anroputm VR

HUcrouynux

Texnonorus VR Ha hoHe pa3BUTHS CEHCOPHBIX TEXHOJIOTHI

[29]

YerpoiicTBo 3aXBarta ABMKEHNS € TIOCTeLYONNM roikmioderneM K rmuiemy VR (HMD) ¢ yasrpasBykoBoit
CUCTEMOH cJieskeHMs uiiu K 1teMy Cave ¢ 3JIeKTPOMAarHUTHON MJIN OTITOJIEKTPOHHON CUCTEMON CJIEsKEHMS

(28]

Armmarmonnsril armkok MKM 17151 co3nanmst BUPTyalbHBIX TIepCOHAXKeN 1 TprMeHeHus TexHoxornu VR
Yepes IJIEM BUPTYAJIbHOM PEATTbHOCTH U CHCTEMY 3aXBaTa JIBUXKEHUSI JIJIsI 3aXBaTa IBUKEHUN UTPOKOB

[4]

ApxuTeKkTypa cucteMbl, BKJovatonias 3D-rpaduky, aHaau3aTop IBUKEHUS U CUCTEMY 3aXBaTa JIBUKEHUS
C MICIIOJIb30BAHUEM COMILIMPOBAHUS U OlLleHKH Iy TH (peam3arust Ha Matlab)

[7]

bopme ¢ ToMoIIbI0 HIKPAHHBIX aBATAPOB

HWcnonbzosanne Xbox One B kauectse Koncomn MBVG aust urpsr B Kinect Sports Rivals Rock Climbing
1 KaMepbl 06HAPYKEHUS IBHKEHUST IJIST OTCIKMBAHUS IBYKEHUH UTPOKA U OTOOPaKEHMSI MX B TpauIecKoi [12]

CoBeplileHCTBOBaHME PABHOBECHS Y 3aHMMAIOIINXCS HA OCHOBE HCIIOJIb30BaHMs TeXHoornn VR [19]

B 3aBucumoctu ot YPOBH:A JOCTOBEPHOCTHU NCIOJIB3YIOTCA UMMEPCHUBHBIC I HECUMMEPCHUBHDBIEC TEXHOJIOTUN VR.
VmMepcuBHast TexHosorus ucnosibsyer HMD, 60JibIii0ii 9KpaH Uiin CHUCTEMY BUIE03aXBaTa. [13]
HeI/IMMepCI/IBHaH TEXHOJIOTUA UCIIOJIb3YET Z[)KOI;ICTI/IK, MBbIIIb NI TAKTUJIbHDBIE yCTpOi/JICTBa

IIPOLEHTA IoMaJITaHnA MAYa U paI[I/IaJIbHOI‘;I OH_[I/I6KI/I

Cucrema 3axBara IBUKeHMs 1 aHUMalMOHHbIH aBukoKk MKM (Manageable Kinetic Motions) as cosnanus
PEATUCTHYHBIX BU3YAJIbHBIX 00pa30B mepcoHaxkeil. [loydeHHbIE PE3yIBTAThl CPABHUBAINCDH C 6301 JaHHBIX
TpaeKTOpuil Mst4a 1 6a30ii JaHHBIX ABIKEHUIT TTpu Gpocke. KOHEUHBIIT pe3yJIbraT OMpeIesisieTcst TyTeM pacyeTa

[25]

Ymo 1e06x00uMo yayruumos u npedocmasumo
0151 NOBBLUEHUSL MOUHOCIU CUCTMEMbL 3AX6AMA
dswicenuii wenosexa?

B xone uccienoBanus aBTOPbI U3YYMJIA HECKOJIBKO ac-
MIEKTOB aJTOPUTMa 3aXBaTa ABMKeH!s. Bo-TiepBhIX, pe3ysib-
TaThl HEKOTOPBIX CIIPABOYHBIX PAGOT MOJKHBI YIUTHIBATHCS
TP pa3paboTKe HOBBIX WIN MOJEPHU3AIINHN CYIIECTBYIONINX
VR-npubopos, B TOM YKcie Ha OCHOBE COBEPIIEHCTBOBAHMS
TOYHOCTU PabOThl CUCTEMbI 3aXBata JABWKeHus. bosee moj-
POGHO U3y4uB (HaKTOPbI, BAUSIONINE HA TOYHOCTD AJITOPUTMA,
ABTOPBI OOHAPYKUIIH, YTO HA TOYHOCTH CUCTEM TPAEKTOPUU
U 3aXBaTa JIBM)KEHUS YeJIOBEKA BJIUSIOT BBICOKOIIPOM3BO-
JIUTEJbHBIN BBIUUCIUTENbHBIN cepBep [24], KOIUYeCTBO
HCIIOJIb3YEMBIX KaMep M KaueCTBO KasKJOW KaMepbl, KOJIU-
4eCTBO MapKepOB U yacToTa BEIGOpKH [8, 18, 26]. B kaskmom
UCCJIeZIOBAaHUY, MCIIOIB3YIONIEM OAWH U TOT K€ METOJ VU

AJITOPUTM, MOAPOOHO OMKUCHIBAETCA 060PYAOBAHIE WU all-
rapaTypa, MCIoJb3yeMas B Pa3HbIx KosmdectBax. [Tomumo
pasimuuii B 060pyJOBaHIM, UCCIEAOBAHUS HE MOTYT ObITh
UIEHTUIHBIMHY, AK€ €CJIU B HUX UCIIOJIb3YETCS OUH U TOT
JKe aJITOPUTM.

Hanpumep, B paborax [5, 7] TexHoIOrMs 3axBaTa JABU-
JKEHWST UCTIOJIb3YETCsT B AaHUMAIIUU, KHHOTIPOU3BOJICTBE UJTH
aHaJIM3e CIIOPTUBHBIX Pe3yIbTaToB. MeToz ObLI 3aMMCTBOBAH
13 MATHUTHOW CHCTEMbI 3aXBaTa U 3aMEHEH Ha ONTHYECKYIO,
obsafamlIyo 60jee BBICOKONH TOYHOCThIO M MUHUMAJIbHBIM
BpeMeHEM OTKJIMKA, YTO KpaiiHe BaKHO I 00paTHOI CBA3U
C TIOJTh30BATEJISIMUA B PEKUME PEAJbHOTO BpeMeHU. XOTs
B Apyrux paborax [1, 4, 12, 25, 28] ucnosb3yercs TOT ke
MeToz (AJITOPUTM, ITPOIECC WU JIOTUKA MOTYT OTJIMYATHCS ),
YTO MOKET TIOBJIMATH Ha BBIGOPKY JAHHBIX U, KAK CJEICTBHE,
Ha TOYHOCTHh KOHEYHBIX PE3YJIBTATOB UCCIEOBAHUS.
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Hacroavio appexmueno enedpenue
MeXHON02Ull BUPMYATILHOU PeATbHOCMU
6 NPoUeCc Co8ePULeHCMB0BAHUSL
CROpMuUBHLIX HABLIKOG?

IbdexTnBHOCTh BHeNpeHUsT VR 3aBUCHT OT YypOBHSA
ombITa ToJTh30Batesieir [22]. Kak m3BecTHO, BUPTYyaIbHAas
cpezia 00BIYHO CO3/aeTCsl yTEeM HOLIEHUS T10JIb30BATEISIMU
VR-mnemoB n1st ucniosibzoBanust VR-nipusioxennii. Bo Bpe-
MST 3aHSITHI JIIOJW JIOJUKHBI IMETH BO3MOXKHOCTD CBOOOTHO
BBITIOJTHATD ABIDKEHNS KOHEYHOCTSIMHU, HO HCIOJIb30BaHUE
VR-11eMoB, 6€3yCJI0BHO, 3aTPY/IHSIET MM OTPAHUYMBAET UX
IBUKeHus. XoTs BHeapeHne VR B yueOHO-TPEHNPOBOYHbIE
3AHSITHS C UCIOJIh30BAHUEM CHCTEMbI 3aXBaTa JIBKEHUS JI0-
Ka3aJ10 MHOJKECTBO ITPEUMYIIECTB KaK /71T CIIOPTCMEHOB, TaK
u 1715t ux koMauz [9, 16, 27, 30], Hesrb3s oTpuIaTh, 4TO peasb-
HOCTb HUKOTJIa He MOKET OBITh 3aMEeHEeHa TEXHOJIOTHEN BUP-
TyanbHO# peanproctu [20, 21]. Takum obpazom, mpobiaema
noBbIIeHNA 3 (PeKTUBHOCTH UCIIoNb30Banusg V R-miemos
B QUBKYJIBTYPHO-CIIOPTUBHON J€SITEIbHOCTH TO-TIPEKHEMY
oCTaeTcs aKTyaJbHON 1 Tpebyiolneit obcysxuaenus. Hampu-
Mep, UCIoIb30BaHue Aucrepcuonnoro anaansa (ANOVA)
JUIST OTIEHKH PAUAIbHBIX OIMHOOK TOKA3aJI0, UTO PE3YIBTATHI
BBITIOJTHEHNS 3a1annii B VR 3Haunrtensho Beiie [10, 17].

C npyroii cTtopoHsl, 61T IpoBeeH 360-TpajyCHbII TecT
BHUPTYaJIbHON PeaTbHOCTH, KOTOPBIN BBISIBUJI HECYTIIECTBEH-
HbIE PE3YJIBTAThl MEKILY Pa3IMYHBIMK BbIGOpKamu rpyi [14].

OmHaxo 3TO MPENnITCTBHE MOXKHO YCTPAaHUTD, CO3/[aB KOH-
cTpyKiuio VR-1ieMoB ¢ HeO0JIbIINM BECOM, YAOOHBIX B HC-
MOJTb30BAHUK BO BPEMST TPEHMPOBOK U 00ECTIEUNBAIONIIX
MOJTB30BATEJISIM IIUPOKUH TOCTYI K JIBUTATEJbHBIM (PYHK-
usaM. ITTomumo mpobieM ¢ GU3NYECKUM COCTOSIHUAEM, CBSI-
3aHHBIX C UCIOJb30BaHNeM V R-1rema, TpeHUPOBKY B BUP-
TYaJIbHON PEATbHOCTH MOTYT OBITh MeHee 3(HEKTUBHBIMI,
€CJIM YYACTHUKHM YaCTO OTBJIEKAIOTCS HA BUPTYAJIbHYIO pe-
AJIBHOCTH M3-32 YPE3MEPHO 3aXBaThIBAIOIINX BIIEYATICHUIL.
Kpome toro, VR-TexHOJIOTHS MOKET OBITH HEPUBBHIYHON
IIsT HEKOTOPBIX JTI0/IEl, TOSTOMY UM OYIeT CITOXKHee CO-
XPaHITh KOHIIEHTPAIMIO Ha 3aHSTHSX, IIPUBBIKAst K HOBOW
TexHosoruu [3].

XO0Tst aBTOPBI KCCEYEMBIX MyOJUKAINI BCE ené oOHa-
PY/KHBAIOT HEKOTOPBIE TIPo6IeMbl Bo BHeApeHnn VR B ¢us-
KYyJIBTYPHO-CIIOPTUBHYIO JIeSITEJIbHOCTD, TPENMYIIECTBa, KO-
TOpbIe MOTYT JIaTh 33JlaHUsI B BUPTYAJbHOI PeabHOCTH,
HeocnopuMbl. VIMMepCUBHAs BUPTYajibHasl PEabHOCTL 06-
NaziaeT GOMBIIMMU BO3MOKHOCTSIMH, YeM TPaAMIHOHHBIE
noaxosel. Hanmpumep, mompsosarenn ¢ OB3 MoryT Tpenu-
POBATHCS € TIOMOIIBIO aBATApa, YTO 3HAYUTEIHHO ONTHMMU-
3UpyeT TPEHUPOBOUHYIO ceccuio |2, 6, 15], u omu momyvyar
VHUKAJIbHBIN OIBIT, KOTOPBIH HEBO3MOXKHO BOCIIPOM3BECTH
C TIOMOIIIBIO TPAANIIMOHHON Moziesn. B rcciesioBanny aBTo-
pos [11] paccmarpuBaetcs ay4ymnii moaxox k¥ VR-Texno-
JiorHy, rjie ObLT IPeCTaBIeH HOBBII METOJI, M JOKA3aHO, YTO
OH MOJKET IIPEB30UTH APYTHE U3BECTHBIE TTOAXODL.

BoiBoasl

B maHHOM WCCIEOBAHUN MBI OTPAHUUIINCH 00CYXIe-
HueM 3GHEeKTUBHOCTH YCHENTHOTO BHEIPEHNS BUPTYATbHOM
peasbHOCTH B (PU3KYIBTYPHO-CIOPTUBHOM I€ATETBHOCTH, €€
[PENMYIIIECTB /TSI TOJIb30BaTesel, TTPOoGJIeM, BOSHUKAIOINX
IIPU BHEJPEHUH, a TaKKe BO3MOKHBIX ITyTeH UX pelleHus.
ITokazano, 4TOo BUpTyasbHAs PeajbHOCTb B criopTe 3(d-
(dexTuBHO paboTaeTr ¢ cUCTeMaMU 3aXBaTa JBUKEHUS JJIsI
cbopa [eHHbIX JAHHBIX, OMHAKO MX TOYHOCTb MOKET ObITh

MOBBIIIEHA 32 CYET YBEIUYEHUST KOJTMIECTBA NCTIOIb3yEMbIX
KaMep, YIy4YIIeHnsT NX Ka4eCTBa U 9aCTOThI IUCKPETH3AIIH,
YTO CYIECTBEHHO BJIMSET HA TOUHOCTH BBIXOAHBIX JAHHBIX.
ABTOpBI psifia MPOAHATM3UPOBAHHBIX CTATEH IPeAIaraioT
NPOU3BOAUTEJSAM TIEPECMOTPETh KOHCTPYKIIHIO IILJIEMOB BUP-
TyaJbHON PEabHOCTH, YTOObI OHU CTA/IM JIerde U yaoOHee,
4TO 0GECIEYNT MOJAL30BATEAM 00JIee MIMPOKUIA AMAa30H
JIBUTATEJIBHBIX BO3MOKOCTE.

Jlumepamypa/References

1. AdolfJ., Ka'n P, Outram B., Kaufmann H., Dolezal J.,
Lhotska” L. Juggling in VR: Advantages of immersive virtual
reality in juggling learning // In: 25" ACM Symposium on
Virtual Reality Software and Technology, 2019. — Pp. 1-5.

2. Ali S.E, Noor S., Azmat S.A., Noor A.U., Siddiqui H.
Virtual reality as a physical training assistant // In: 2017
International Conference on Information and Communica-
tion Technologies (ICICT). — IEEE, 2017. — Pp. 191-196.

3. Arndt S., Perkis A., Voigt-Antons J.N. Using virtual
reality and head-mounted displays to increase performance
in rowing workouts // In: Proceedings of the 1°" interna-
tional workshop on multimedia content analysis in sports,
2018. — Pp. 45-50.

4. Bideau B., Kulpa R., Vignais N., Brault S., Multon E,
Craig C. Virtual reality, a serious game for understanding
performance and training players in sport // IEEE Computer
Graphic Applications, 2010. — No. 30 (2). — Pp. 14-21.

~
By

5. Cannavo™ A, Prattico’ FG., Ministeri G., Lamberti
F. A movement analysis system based on immersive virtual
reality and wearable technology for sport training // In: Pro-
ceedings of the 4™ international conference on virtual reality,
2018. — Pp. 26-31.

6. Concannon B.]J., Esmail S., Roduta R.M. Head-mount-
ed display virtual reality in post-secondary education and
skill training // In: Frontiers in Education. Frontiers Media
SA, 2019. — Vol. 4 (80). — DOTI: 10.3389/feduc.2019.00080

7. Covaci A., Postelnicu C.C., Panfir AN., Talaba D.
A virtual reality simulator for basketball free-throw skills
development // In: Doctoral Conference on Computing,
Electrical and Industrial Systems. — Springer, 2012. —
Pp. 105-112.

8. Craig C.M,, Bastin J., Montagne G. How information
guides movement: Intercepting curved free kicks in soccer //
Human Movement Science. —2011. —No. 30 (5). — Pp. 931-941.

®HLU BHUM®DK



Tpyabl MONOABIX YHEHbIX

81

9. Croft H., Chong A., Wilson B. Virtual reality as-
sessment of rugby lineout there through sematic // Sports
Technology. — 2011. — No. 4 (1-2). — Pp. 2-12.

10. Harris D.J., Buckingham G., Wilson M.R., Brookes
J., Mushtaq F, Mon-Williams M., et al. Exploring senso-
rimotor performance and user experience within a virtual
reality golf simulator // Virtual Reality. — 2021. — No. 25
(3). — Pp. 647-654.

11. Holsman F, Goepfert J.P, Hammer B., Kopp S., Botsch
M. Classification of motor errors to provide real-time feed-
back for sports coaching in virtual reality — A case study in
squats and Tai Chi pushes // Computers & Graphics, 2018. —
Doi.org/10.1016/j.cag.2018.08.003

12. Jenny S.E., Schary D.P. Virtual and “real-life” wall/
rock climbing: Motor movement comparisons and video gam-
ing pedagogical perceptions // Sports Technology, 2015. —
Doi.org/10.1080,/19346182.2015.1118110

13. Kang S., Kang S. The study on the application of
virtual reality in adapted physical education // Cluster
Computing. — 2019. — No. 22 (1). — Pp. 2351-2355.

14. Kittel A., Larkin P., Elsworthy N., Lindsay R.,
Spittle M. Effectiveness of 360 virtual reality and match
broadcast video to improve decision-making skill // Sci-
ence and Medicine in Football. — 2020. — No. 4 (4). —
Pp. 255-262.

15. Lee H.T,, Kim Y.S. The effect of sports VR training for
improving human body composition // EURASIP Journal
on Image and Video Processing, 2018. — Doi.org/10.1186/
$13640-018-0387-2

16. Le Noury P, Buszard T, Reid M., Farrow D. Examin-
ing the representativeness of a virtual reality environment
for simulation of tennis performance // Journal of Sports
Sciences. — 2021. — No. 39 (4). — Pp. 412—-420.

17. Liu H., Wang Z., Mousas C., Kao D. Virtual reality
racket sports: Virtual drills for exercise and training // In:
2020 TEEE International Symposium on Mixed and Aug-
mented Reality (ISMAR). — IEEE, 2020. — Pp. 566—576.

18. Michalski S.C., Szpak A., Saredakis D., Ross T.J.,
Billinghurst M., Loetscher T. Getting your game on: Using
virtual reality to improve real table tennis skills // P1OS
ONE. - 2019. — No. 14 (9). — P. €0222351. — DOI: 10.1371/
journal.pone.0222351

19. Nambi G., Abdelbasset W.K., Elsayed S.H., Alra-
waili S.M., Abodonya A.M., Saleh A.K., Elnegamy T. Com-
parative effects of isokinetic training and virtual reality
training on sports performances in university football players
with chronic low back pain-randomized controlled study //
evidence-based complementary and alternative medicine,
2020. — DOTI: 10.1155/2020,/2981273

20. Page’ C., Bernier PM., Trempe M. Using video
simulations and virtual reality to improve decision-making
skills in basketball // Journal of Sports Sciences. — 2019. —
No. 37 (21). — Pp. 2403-2410.

21. Petri K., Emmermacher P, Danneberg M., Masik S.,
Eckardt F, Weichelt S., et al. Training using virtual real-
ity improves response behavior in karate kumite // Sports
Engineering. — 2019. — No. 22 (1). — DOI: 10.1007 /s12283-
019-0299-0

22. Rojas Ferrer C.D., Shishido H., Kitahara I., Kameda Y.
Read-the-game: System for skill-based visual exploratory
activity assessment with a full body virtual reality soccer
simulation // PIOS ONE. — 2020. — No. 5 (3). — DOL
10.1371 /journal.pone.0230042

23. Stone J.A., Strafford B.W,, North J.S., Toner C.,
Davids K. Effectiveness and efficiency of virtual reality
designs to enhance athlete development: an ecological dy-
namics perspective // Movement & Sport Sciences-Science
& Motricite’. — 2018. — Vol. 102. — Pp. 51-60.

24. Tsai W.L. Personal basketball coach: Tactic training
through wireless virtual reality // In: Proceedings of the
2018 ACM on International Conference on Multimedia
Retrieval, 2018. — Pp. 481—-484.

25. Vignais N., Kulpa R., Craig C., Bideau B. Virtual
thrower versus real goalkeeper: the influence of different
visual conditions on performance // Presence: Teleope-
rators and Virtual Environments. — 2010. — No. 19 (4). —
Pp. 281-290.

26. Yang Y., Meng L. Physical education motion cor-
rection system based on virtual reality technology // Inter-
national Journal of Emerging Technologies in Learning. —
2019. — No. 14 (13). — Pp. 105-116.

27. Yang Y. The innovation of college physical training
is based on computer virtual reality technology // Journal
of Discrete Mathematical Sciences and Cryptography. —
2018. — No. 21 (6). — Pp. 1275-1280.

28. Zaal ET, Bootsma R.J. Virtual reality as a tool for
the study of perception-action: The case of running to catch
fly balls // Presence. — 2011. — No. 20 (1). — Pp. 93—-103.

29. Zhou J. Research on the application of computer
virtual reality technology in college sports training // In:
Journal of Physics: Conference Series. IOP Publishing,
2020. — No. 1648 (2). — P. 022104. — DOTI: 10.1088/1742-
6596,/1648,/2,/022104

30. Zhu X., Kou F. Three-dimensional simulation of
swimming training based on android mobile system and vir-
tual reality technology // Microprocessors and Microsys-
tems. — 2021. — No. 82. — P. 103908. — DOI: 10.1016/j.micpro.
2021.103908

®HLL BHUNOK



