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BO3MOKHOCTH 3D BU3YAJIN3ALININ
B OTOPUHOJIAPHI'OJIOT'NA C UCII0/Ib3OBAHUEM
TEXHOJIOINU JOIIOJHEHHOU PEAJIBHOCTHU (AR)

YO «Benopycckuil zocydapcmeennoiti meOuyunckutl ynusepcumems’,

OO0 «Dabpuxa unnosayull u peuenuti>’

Texnonozus donoanennou pearvnocmu (AR) — 00HO U3 camvix nepcnexkmueHvlx Hanpasienuil
passumus 6 CO8PeMeHHoOM Mupe. IMa MeXHON02Us NO3BOAAEM UHMEZPUPO8AmMb UHDOPMAUUIO
¢ 00BeKmMamu pedaivbHozo Mupd 6 opme mexcmad, KOMNLIOMEPHOU 2pdpuru, ayouo u uHvLX npeo-
cmasienull 6 pexxume peaviozo epemenu. HUngopmavus npedocmasisemcs noiv3068ameio ¢ UCnolv-
306anueM 04K08, ULLeMO8 OONOIHEHHOU PeaibHOCMU ULU UHOU (POPMbL NPOEUUPOSAHUs 2paduKU
onsi uenosexa. Texnonozuss 0ONOJIHEHHOU PedalbHOCMU NO3BOAIEM PACUUPUMD NOJLI0OEAMETLCKOE
s3aumodeticmeue ¢ okpyxawuiell cpedou. 30pasooxpanenue — Hauboiee BAXHAS U UMEIOUW S
npaxkmuueckoe npumenenue ompaciv 01 UCNOLb308AHUS MEXHOL02UU DONOJHEHHOU PedbHOCTU.
B dannoti cmamove paccmompenvl Haubo.iee NONYAAPHbLE 8 HACMOSUee 8PeMsl GAPUAHMbL NPUMEHE-
HUsl OONOJHEHHOU PeanbHOCU 6 MeOUYUHe U, 8 YACMHOCU, 8 OMOPpUHOLApuUHzoozuu. IIpusede-
HbL npumMepvl cogmecmuou pabomovl xomnanuu Innowise group u xagpedpv 6onresnei yxa, zopaa,
noca Benopycckozo zocydapcmeennozo MeQUUUHCK020 YHUBEPCUMEMA NO NOCMPOCHUN U UIYUEHUIO
3D-modenel nayuenmos ¢ OMOPUHOIAPUNHZOLI02ULECKOU NAMOS02UEU, BO3MOKHOCTNU UCTObI0BAHUS
noayueHHvlx modesel 8 06pazosamesvHoM npouecce 0asi cmydenmos beaopycckozo zocydapcmeen-
H020 MeQUYUHCK020 YyHUsepcumemd. Bredpenue mexnonozuu 0onoiHenHoU peaivHOCmu 6 00pa30-
B8AMENLHOM CezMenme NO3GOJUM YAYUUUND NPOCMPAHCNEEHHOE 80CNPUAMUE HOPMAILHOU U NATNO-
aozuyeckol anamomuu JIOP-opzanos, nogvicums MOMUBAUUIO CIMYOEHMOB8 K U3YUEHUIO aKadeMue-
CKOU QUCYUNIUHDL.

Kawueswvte caosa: donoanennas peaiviocms, 3D modenv, Microsoft HoloLens2, omopunoa-
PUHZONI02USL.
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3D VISUALIZATION CAPABILITIES
IN OTORHINOLARYNGOLOGY USING
AUGMENTED REALITY (AR) TECHNOLOGY

Augmented Reality (AR) technology is one of the most promising areas of development in the modern
world. This technology allows you to integrate information with real-world objects in the form of text,
computer graphics, audio and other representations in real time. Information is provided to the user using
glasses, helmets of augmented reality or another form of projecting graphics for a person. Augmented
reality technology allows you to expand user experience with the environment. Healthcare is the most
important and practical industry for using augmented reality technology. This article discusses
the currently most popular options for using augmented reality in medicine and, in particular,
in otorhinolaryngology. Examples of joint work of the Innowise group company and the Department
of Ear, Throat, Nose Diseases of the Belarusian State Medical University for the construction
and study of 3D models of patients with otorhinolaryngology pathology, the possibility of using
the obtained models in the educational process for students of the Belarusian State Medical University
are given. The introduction of augmented reality technology in the educational segment will improve
the spatial perception of the normal and pathological anatomy, increase students’ motivation to study
academic discipline.

Key words: augmented Reality, 3D Model, Microsoft HoloLens2, otorhinolaryngology.

TeXHOAOFMM BUPTYaAbHOW U AOMOAHEHHOW  UrpaeT Bce OOAbLLYHO POAb B TAOOAAbHOM 3KO-
peanbHOCTH (VR/AR-TEXHOAOTMWN) — KAKOY  HOMMUKE, MOAUTUKE, COLMAAbHbIX OTHOLLEHUSAX.
K NPUHUMNWAABHO HOBOMY YPOBHIO B3auMoAen- B HacToswee Bpems VR/AR-TEXHOAOTMK MOAYYU-
CTBUA YeAnOBeKa C LMOPOBbIM MUPOM, KOTOPbIM AWM Hanbonee cepbe3HOe PasBUTUE Ha PbIHKAX
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pas3BAeUYEHUI M MapKeTuHra. Haubonee nep-
CMEKTUBHBIMU C TOUKWU 3PEHUSA IKOHOMMUYECKO-
ro addpeKkTa ABAAIOTCSH MNPOAYKTbl Ha OCHOBE
VR/AR-TexHOAOTMK B chepe NPOMbILLUAEHHOIO
NPOM3BOACTBA, 00pa3oBaHUA, 3ApPaBOOXpaHe-
HWUS, NOTPEOUTEABCKUX CcepBUCOB. lNepBble no-
NbITKU CO3AAHWUA WHTEPAKTUBHbIX YCTPOMUCTB,
NMO3BOASIIOLLIMX B3aMMOAENCTBOBATb C UMUTUPY-
€MOW PeanbHOCTbIO AU AOMOAHSIOLLUMX pPeanb-
HOCTb HaKAAAbIBAEMOW MHOOPMALMEN, MPEANPU-
HMUMaAMCb elle B Hadyane XX BeKa, camMa KOH-
LenumMst CMeLaHHOM peaAbHOCTHU, SAEMEHTaMMU
koTopon aBastoTca AR n VR B COBPEMEHHOM
NPeACTaBAEHUH, ABASIETCA AOCTAaTOMHO MOAOAOH,
PaBHO KaK U PbIHOK CaMKnX TeXHOAOTMI. U xoTa
MOHATUS U KOHLEMNUMM BUPTYaAbHOW U AOMOA-
HEHHOW PeaAbHOCTU He NpeTepneAn paaruKab-
HbIX U3MeEHEHUI 3a nocaepHne 30 AeT, HO Tex-
HOAOTMW MPOLLUAW 3HAYUTEAbHbIA 3BOAOLIMOH-
HbIM NyTb [1].

TexXHOAOTUIO AOMOAHEHHOM peanbHOCTU (AR)
Ha3bIBatOT OAHOM U3 CaMbIX NEPCMNEKTUBHbIX Chep
UccAepOBaHMA. B Hactosauwee BpemMmsa MNpouc-
XOAUT MEPEXOA M3 TEKCTOBOIro/BU3yaAbHOro 2D
B 3D-BM3yaAbHOE MbILLIAEHWE. AaHHbIM NpoLecc
NMPOUCXOAUT BCAEACTBUE HENPEPBLIBHOIO YBEAU-
yeHMUss MHGOPMALMOHHOIO Notoka. AR-TEXHOAO-
MM NOMOratoT YNPoCTUTb €r0 BOCMNPUATHE, MO-
3BOASIA B3aMMOAENCTBOBATb C HY>XXHOW MHOOP-
Maumen B AOOOM TOUKe, Aenast OKPYXaroLLMI
MUP MHOOPMALMOHHBIM MOHUTOPOM. Ha aAaH-
HblA MOMEHT CYLLECTBYET AOCTATOUHO OOAbLLION
cnekTp obhacten NPUMEHEHUS AOMOAHEHHOWM
peaAbHOCTU. B MeaMumHEe CO3AatoTCA peaAmncTmu-
Hble TPEHaXEepPbl, KOTOPbIE MO3BOASAIOT Bpayam
TPEHUPOBATLCA M MPOBOAUTb XUPYPruveckme
onepauuun. B obnactu obpasoBaHMA co3patoTCA
abCOAOTHO HOBble Y4YebHble WHTEPAKTUBHbIE
nocobus, BUPTYaAbHblE CTEHAbI, MPU MOMOLLM
KOTOPbIX NOABASIETCA BO3MOXHOCTb BU3yaAU3U-
poBaTb AOOOE MOHATWE, @ TaKXe NPOCMOTPETb
n UCCAepOBaTb ero. Ha NnpoTsXKeHUU MHOTUX AET
AOMNOAHEHHAA PEeaAbHOCTb MPUCYTCTBYET B NPO-
MbILUAEHHOCTU. [TpUMeHaeTcss BO MHOMMX npo-
Lueccax - OT CO3A@HUS U3AEAUS U KOHTPOAS
NPOU3BOACTBA AO BHEAPEHWUS U BU3yaAM3aLMK
A@HHbIX [2].
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B meanumHe B HacToslllee BPEMS OAHUM
M3 caMblX MEPCNEKTUBHbIX HanpaBAEHWW Ha-
FASIAHOTO MPEACTABAEHUS aHATOMUUYECKMX CTPYK-
Typ ABASIETCA MCMNOAb30BaHMe 3D MopeAnpoBa-
HuA. Cuctema COBPEMEHHOIO MEAWMLMHCKOro
06pa30BaHUs U BO3MOXHOCTU KAMHUYECKON Me-
AVUMHbBI, B CBA3M C pPaCLUMPEHUEM U UIMEHE-
HMEM MHOOPMALMOHHOM CPeAbl, MOABEPratoTca
AKTUBHOMY BAMSAHWIO HAYYHOrO M TEXHOAOTMYE-
CKOro nporpecca. AN akTyaAu3aLumu 1 NonyAs-
pusauun yuebHoro matepmana, AN yAydLLIEHUS
TOMMUYECKON AMArHOCTUKM MATOAOrMUYECKMX CO-
CTOSIHWI, AASI COBEPLLEHCTBOBAHUSI MPOBOAMMOTO
onepaTMBHOIO A€YeHNsT HEOBXOAMMO UCMOAb30-
BaHWe B MEAMUMHCKOM 00Opa3oBaHUKM U Npak-
TUYECKOM 3APABOOXPAHEHUN COBPEMEHHbIX BUP-
TyaAbHbIX TEXHOAOT WM.

NcrnoAb3oBaHWE TEXHOAOTMA AOMOAHEHHOM
PEaAbHOCTU B OTOPWMHOAAPUHIOAOTUW  UMeEET
TEHAEHLUMIO K NOCTOSAHHOMY pocTy. 10 AaHHbIM
MCCAEAOBaAHMIM Ha AOAKD MATOAOTMKM HOCA U OKOAO-
HOCOBbIX Ma3dyx NPUXOAUAOCL 52,2 % UCCAEAO-
BaHWK1, Hanbonee pacnpocTpaHeHHOM LeAbto AR
6bIAO MHTPaoNepaLMOHHOE PYKOBOACTBO (54,5 %)
C MOCAEAYIOLUUM XMPYPrUYECKUM MAQHUPOBA-
Huem (24,2 %) 1 NpoueAypPHbIM MOAEAMPOBA-
Huem (9,1 %) [3].

AKTMBHO MpUMEHAETCS AaHHasA TEXHOAOMMUSA
n B npouecce npopecCUoHaAbHOM MOATOTOBKM
Bpayen-oTOPUHOAAPUHIOAOTOB. B xoae ucche-
AOBaHUIM BbIA NPOBEAEH aHaAU3 21 cTaTbl, B KO-
TOPbIX COOOLLANOCH O NPUMEHEHUU AGHHOM TEX-
HOAOTUU AASI XUPYPTMK BUCOUHOM KOCTU (N = 12),
9HAOCKOMUYECKOM XUPYPrMM OKOAOHOCOBbIX MNa-
3yx (n = 6) u mupuHrotomumn (n = 3). NMpoBeAeH-
Hble BaAMAALIMOHHbIE UCCAEAOBAHMA NMOKa3aAu
3pPEKTUBHOCTb yuebHOro npouecca. bbin cae-
A@H BbIBOA, O TOM, YTO HECKOAbKO MNAATGOpM
CUMYAATOPOB, 0COBEHHO B 0OAACTU XMPYPrun
BMCOYHOM KOCTU M SHAOCKOMUYECKOM XUPYp-
MU OKOAOHOCOBbIX Ma3dyX, AOCTOMHbI BKAKOYE-
HUA B NporpaMmmbl 06yuyeHus [4].

Mo MHEHWIO aBTOPOB, MCMOAb30BAHUE TEX-
HOAOTMK AOMOAHEHHOW PEaAbHOCTU B MpPaKTW-
YECKOM TMPUMEHEHUM SIBASIETCA OYEHb Mep-
CMNEKTUBHbIM. Bo-nepBbIx, Takol NOAXOA NO3BO-
ASieT 6oaee TOUHO AMArHOCTUPOBAaTb Pa3AMUHbIE
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NaToOAOrMYECKUE NPOLECCHI, YYMTbiBAA aHaTo-
MUUYECKME OCOBEHHOCTU KaXAOr0 KOHKPETHOIO
naumeHTa. Bo-BTOPbIX, UCMOAb30BAHUE TEXHO-
Aorvin 3D npu onepaTtMBHOM A€YEHUU NO3BOAS-
€T OMpepeAnTbC C MUHMMAAbHO TpaBMaTWu-
HbIM OMNepaunOHHbIM AOCTYNOM, CHU3UTb PUCK
KPOBOTEUEHUIN U OCAOXHEHMW B nocaeonepa-
LMOHHOM MepUOoAE. Y)Xe OKONO ABYX AET creuma-
AmcTbl PHIL, TpaBMatoAormmM 1 optoneanun co-
TPYAHMYAOT C KomnaHuen Innowise Group B
06AaCTU AONOAHEHHOM peaAbHOCTU. LleAbto mx
COBMECTHOM paboThl ABASIETCS co3paHme 3D Mo-
AEAM MOBPEXAEHHOIO y4yacTKa CKeneTa, KOTO-
pyt0 Bpay MOXET M3y4aTb, BpallaTb, MaluTabu-
poBaTb, NAAHUPYA TaKMM 06pPa30M XOA NPEACTO-
ALEro onepatMBHOrO  BMeELLATEAbCTBA MU
XUPYPruyecKmum AOCTyN, MUHUMWU3UPYS TpaBMa-
TUYECKOE BO3AEWCTBUE HA MArKME TKaHW. AaH-
Has MOAEAb NMO3BOASIET BUPTYAAbHO BbINMOAHUTb
onepaumto, CONOCTaBUTb OTAOMKM, HaAMETUTb
onepaumoHHbIN AOCTYM, HE MPUYMHAR NALMEHTY
cTpapaHui [5].

B HacTosiLLiee Bpemsa Ha kadeppe 6oNe3HEN
yxa, ropaa, Hoca benopycckoro rocyaapcTBeH-
HOMO MEAMLIMHCKOro YHMBEpPCUTETA COBMECTHO
C KomnaHuen Innowise group NPOBOAUTCA CO-
BMecCTHaa paboTta No NOCTPOEHUO U U3YUYEHUIO
3D mopenen nauMeHTOB C OTOPMHOAAPUHIOAO-
rMYecKor naTororMen. 3Ta HoBeKLasa TEXHOAO-
rMsa NO3BOASIET CO3AaBaTb TPEXMEPHbIE MOAEAU
C MaKCUMaAbHOW AeTaAM3aLMEN aHATOMUYECKMX
06bEKTOB. MeToAnKa BbIBOAA MOAEAWU pa3pabo-
TaHa KomnaHuen B 2017 roay. Ha AaHHbIA MoO-
MEHT TEXHOAOTMUSI NPUMEHSAETCA B TakMX oTpac-
ASIX MEAULMHBI, Kak TPaBMaTOAOIMSA, OHKOAOTUS,
KapAMOXMpyprusl. MAyT akTUBHbIE HayYHbIE UCCAE-
AOBaHUSA MO aKTMBHOMY BHEAPEHWUIO UHPOPMa-
LMOHHbIX MHHOBALMK B MpaKTUYeckoe 3ApaBo-
OXpaHeHue.

Ha ocHOBaHMM A@HHbIX KOMMNbIOTEPHOW TO-
Morpadum KOHKPETHOro naumeHTa (PUcyHoK 1)
co3paérca 3D mopenb (PUCYHOK 2) opraHa
WAW CUCTEM OPraHoB. Aanee OHa NOABepraeTca
06paboTke U MoAUDUKALMK AN YIIPOLLIEHUST BU-
3yanr3aumu. NoAroToBAEHHaa U ONTUMMU3UPOBAH-
Has MOAEAb 3arpyXXaeTtca B OYKU AOMOAHEHHOM
peanbHoCTM Microsoft HoloLens2. [onorpadu-

Hosbie Texnosoruu [l

PucyHok 1. KomnbroTepHaa Tomorpadusa roroBbl
naumMeHTa ¢ MHOPOAHBIM TEAOM MPaBOK
BEPXHEUEAOCTHOM Nasyxu

YeCKMI NPoLEeccop, pasMeLLEHHbIM B Kopnyce
OYKOB, UCMNOABL3YET 28 LMOPOBBLIX CUIHAABHbIX
NPOLIECCOPOB AAS 00PABOTKM U MHTErPaALMK AQH-
HbIX, @ TakXe NPOCTPaHCTBEHHOIO CKaHUpPOBa-
HWSI NOMELLEHWSA, pacrno3HaBaHWs XeCTOB, MOAO-
ca u peun. MNpunoxeHus ana HololLens He moryT
ncnonb3oBatb 6oablie 900 M6 namsaTu, B CAy-
yae NpeBbILEHNS 3TOr0 AMMKUTa paboTta NPUAO-
XeHus npepbiBaetcs. Ontnka HoloLens yctpo-
€Ha O4YeHb CAOXHO, 4YTO 0BYCAOBAEHO HeO6XOo-
AMMOCTbIO HE NMPOCTO BbIBOAWUTb M300paxeHue
Ha 3KpaH, HO €ellé WU MPaBWMAbHO COBMeELLATb
ero ¢ o6bekTaMun peanbHOro mupa. XXMAKOKpUC-
TaAAMUYECKME MPOEKTOPbI CO3AAl0T M30bpaxe-
HWe, KOTOpOoe 3aTeEM MPOXOAUT Yepes BU3yaAu-
3aLMOHHYIO OMTUKY, BOAHOBOA (YCTPOWCTBO, CO-
BMeELLaloLee NPOEKLUMIO U MU30bpaxeHne pe-
aAbHOIO MUpa) U AUGPAKLMOHHBIE PELLETKM.
Oukamu MOXHO ynpaBAATb MPU MOMOLLU Xec-
TOB, FOAOCOM, C UCMOAb30BaHWEM CMNeLranbHO-
ro KAMKepa WA HaxaTuemM KHOMOK [6].
McnoAb3yss OUYKM AOMOAHEHHOM peanbHOC-
™ (AR-04YKM), BOBMOXHO M3MEHATb NOAOXEHUE
n pa3mep co3paHHON MoaeAr. COBMECTUB CO-
3AAaHHOE M300paxXeHWe C peanbHbIM MOAOXE-
HMEM AWMLEBOrO CKeAeTa, Mbl MOXEM Ornpeae-
AUTb @HaATOMUYEeCKMEe OCOOEHHOCTM KaXAOro
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PVIC)/HOK 2. 3D MoAa€eAb rOAOBbI NaUMEHTa C MHOPOAHbLIM TEAOM npaBoﬁ BerHe‘-IeI\IOCTHOﬁ nasyxu

KOHKPETHOro nauueHTa. MNoayyeHHana uHpopma-
LM MO3BOASIET HAM YTOUHWUTb AOKAAM3aLIMIO Na-
TOAOTMUYECKOro npotecca, Bolbpatb boree onTu-
MaAbHbIA OnepauUmoHHbIN AOCTYM, MUHUMWU3UPO-
BaTb TPAaBMaTUUYECKOE BO3AEMCTBUE HA OKpYXa-
tOLUME TKAHW, YMEHBLUWUTb PUCK KPOBOTEUEHUMN
1 NOCAEONEePaLMOHHbIX OCAOXHEHUI.

B HacTosiLee BpemMs BEAETCS TaKXKe akTUBHas
coBMecTHasi paboTa no co3paHunio 3D Katanora
natonornn NOP-opraHos (VOKA Pathology 3D).
MoAyUYEHHbIM NPOAYKT MOXET NPUMEHATLCA B 06pa-
30BaTEAbHOM Npouecce y CTyAeHTOB benopyc-
CKOI0 TFOCYA@PCTBEHHOMO MEAMLIMHCKOIO YHM-
BEpcUTETa BO BPEMS MPAKTUYECKUX 3aHATUM

Ha kadeape 6oAe3Hel yxa, ropAa, Hoca. OH no-
3BOAMT A0OUTBCS Bonee TAyOOKOro M MOAHOrO
BOCMNPUATMA yuebHOro matepuana, NoHUMaHUs
OCHOBHbIX NMaTOreHETUUYECKUX MEXAHU3MOB pa3-
BUTUSI NATOAOTMUYECKMX MPOLECCOB, a TaKXe AO-
NMOAHWUTEABHO MOTMBMPOBATb CTYAEHTOB K M3yue-
HUIO NpeAMeTa.

MpeANOXEHHbIA METOA COBMECTHOIO UCMOAb-
30BaHWUS TPAAMLUMOHHOW AMArHOCTUKU MauMeH-
TOB C TEXHOAOTMEN AOMOAHEHHOM PeanbHOCTU
NMO3BOAAET HArAAHO U HoAee TOUYHO onpepe-
ASiITb AOKaAAU3aLMIO NAaTOAOTMUYECKMX MPOLECCOB
W, COOTBETCTBEHHO, MOBbLILLIAET TOYHOCTb OMe-
PaTUBHOIO A€YEHUS NPU AQHHOM NATOAOTUMN.
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Takum 06pa3om, Mbl BUAMM Pa3BUTUE TEX-
HoAOTMM AR B OTOPMHOAGPUHIOAOTMK MO CAe-
AYHOLLMM HanpaBAEHUSIM:

e 0bOyuyeHue CTyAEHTOB NPOCTPAHCTBEHHOMY
BOCMPUATUIO HOPMAAbHOM W MATOAOTMYECKOM
aHatomuum NOP-opraHos;

* MOAEAMPOBAHUE NATOAOTMUYECKUX COCTOSR-
Hu NOP-opraHos;

e 0TpaboTka NPaKTUYECKUX HaBbIKOB MaHK-
nyAsiunm Ha NOP-opraHax;

* MAAQHUPOBAHUE XUPYPrUUYECKUX BMeELla-
TeAbCTB npu AOP-NaToAOrMK (YTOUHUTb AOKaAU-
3alUMI0 MATOAOTMYECKOro npouecca, BblibpaTb
6onee ONTUMaAbHbIA ONepaLuoOHHbIN AOCTYN,
MWHUMM3NPOBATbL TPAaBMATUUECKOE BO3AEMCTBUE
Ha OKPYXXaroLMe TKaHW, YMEHbLLWTb PUCK KPOBO-
TEYEHUIW U MOCAEONEPALNOHHBIX OCAOXKHEHWUH).
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