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AnHOoTanusa
B manHO# paboTe aBTOpPHI OMUCHIBAIOT UCTOPHIO JIOTIOJTHEHHON PEayibHOCTH, a TaKXKe eé

MPUMEHUMOCTh B HAYYHOH BHU3yaJIM3allid U BU3YJIBHOW aHaMUTHKE. B xome paboTh
pasbupaeTrcsi BOOPOC TOJB3bl MPUMEHEHUS [IAHHOW TEXHOJIOTHU Uil aHAJIUTHKA,
M3y4alolllero INPOCTPAHCTBEHHYIO CIleHy, a Tak)Ke IIpe/icTaBjieHa IlepefjoBasd OHJIANH-
w1aTdopma Jiisl CO37jaHuA NIPOEKTOB C JIONIOJIHEHHON PeasibHOCThIO, KOTOpPble IPUMEHAIOTCS
B 00pa3oBaTeJIbHBIX IeJIfAX.

Kirouessbie cioBa: /[OIIOJIHEHHAsA peasibHOCTb, HAyYHAsA BU3yaslu3allus, BU3yaslbHas
aHAJIUTHUKA.

1. BBegenue. 00630p paGéorT B 00JaCTH JAONMOJTHEHHOMU
peaJIbHOCTH.

B Hamre Bpems JIIOIM B3aMMOJEHCTBYIOT C OYe€Hb OOJIBIIMMH O0OBbeMaM{ JaHHBIX U
MMEHHO I103TOMYy OOJIBIIMHCTBO TEXHOJIOTHMH HAIpaBJeHbl HAa TO, YTOOBI YIPOCTHUTH
MoJIyuyeHue u Bocnpusitre nHpopmanuu. K moio0HbIM TEXHOJIOTUSIM OTHOCHUTCS TEXHOJIOTHS
«JIOTIOJTHEHHOUN peasIbHOCTU», KPYIHbIE UCCIIEA0BAHUA 0 KOTOPOU BeayTcs ¢ 1967 roga. Cam
TepMUH «JlomoJTHeHHasI peaJIbHOCTh» OBbLI BIIEPBBIE BBEJIEH TOJIBKO B 1990 roay T. Koxemom
[23], uccienoBatesiem kKommaHuu Boeing, Torza oH 0003HAYMII €r0 CIIEAYIOMNM 00pa3oM:
«/IOTIOJIHEHHAasA PeaJIbHOCTh - 3TO TEXHOJIOTUsA, Jaiomiasi BO3MOXKHOCTb BbIBEIEHUS
rpaduueckoii HHGOpPMAIUKM HEINMOCPEJACTBEHHO Ha CeTYaTKy IJla3a ueJioBeKa, C
HCMOJIb30BaHUEM PA3JIUIHBIX TEXHUYECKUX YCTPOUCTB».

ABTOpBI [TAaHHOW CTAThbU CYHUTAIOT, UTO CHUCTEMBI JaomnosHeHHOW peanbHOCcTH (CIIP)
MOKHO paccMaTpuBaTh KaK YaCTHBIM CIydail CUCTEM IIPOCTPAHCTBEHHOTO MOJEJIMPOBAHUA U
BU3yan3anuu. IIpocTpaHCTBEHHOEe MOJeJITMPOBAHME UCIIOJIb3yeTcs NMpU (OPMHUPOBAHUU U
pelaKTUPOBAaHUU IIPOCTPAHCTBEHHOW CIIEHBI, BU3yalu3alus - [UIA €€ HaIJIAJHOTO
npezacrasaenus. Ciemyer oTMeTuTb, 4yTo crnenuduka CJIP 3akiiouaercss B IIUPOKOM
HCIOJIb30BaHUU PAa3HOOOPA3HBIX CJIOXKHBIX BOOOpa)kaeMbIX MaTepUAJIbHBIX U aOCTPAKTHBIX
00BEKTOB IIPOCTPAHCTBEHHBIX CIIEH, a TaKKe IIHUPOKOM HCIIOJIb30BAaHUM OOBIUHBIX H
9K30THUYECKUX aTPUOYTOB BU3YATU3AI[UH TAKUX CIIEH.

Ha pucynke 1 nzobpaskeHa wurocTpamnus ogHoro u3 nmpuMmepos C/IP. Ha Heli BUsiHO, UTO
IUIAHIIIET B KOTOPOM B3aIylleHO CIIeIUaJIbHOE MOOWJIBbHOE NPWIOXKEHWEe, IMPU ITOMOIIH
TEXHOJIOTUH PacCIiO3HaBaHUs M300payKEHUH OTCJIEKMBAET PHUCYHOK, JIEXKAIl[UH Ha CTOJIE, U
HacJIanBaeT BUPTYAJIbHYIO IMPOCTPAHCTBEHHYIO CIIEHY ¢ OOBEKTaMH JAaHHOU CIIEHBI, B BUJIE
3D-Mozenrn  okpecTHOcTed JiidesieBol OalrHW, KOTOpPble OBUIM CMOJIEJTUPOBAaHBI B
crenuajbHOU mporpamMmMme (cM. puc. 1).
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Puc. 1 — Cucrema npoCTpaHCTBEHHOTO MOJIEJIMPOBAHUS U BU3YaIU3aIINU TPOCTPAHCTBEHHOM
CII€HBI, COCTOSAIIEN U3 TPEXMEPHOUN MO/Ie N aOCTPAKTHOTO 0OBEKTA, B BU/IE OKPECTHOCTEH
AiideneBoit balHu, oTOOpaXkE€HHAA ¢ uctosb3oBanuem C/IP.

Ha pucynke 2 uzobparkeHa wutiocTpaius jpyroro npumepa C/AP. Ha Hém BujaHO, 4TO
IUIQHIIIET B KOTOPOM 3amlylleHO CIeNuaJbHOe MOOWJIbHOE MPWIOKEHUEe, MPU ITOMOIIH
TEXHOJIOTUM PACIIO3HABAHUA OOBEKTOB OTCJIEKHUBAET MEXaHHYECKYI0 YCTAaHOBKY, a 3aTeM
HAHOCUT Ha HeE IIPOCTPAHCTBEHHYIO CIIeHy, C BUPTYaJbHBIMU OOBEKTAMU B BHUJE
BUPTYJIBHOTO CJIOS, ITOKA3bIBAIOIIET0 €€ TPAaHUIlbI, a TaKXKe BUPTYyaJIbHBIMU OOBEKTaMU, B
BU/Ie yKaszareJsiel 1 nojnucei 6 cratopos (cM. puc. 2).

Puc. 2 — CucreMa mpoCTpaHCTBEHHOT'O MOJIEJIMPOBAHUS 1 BU3yaIU3allMU IPOCTPAHCTBEHHOM
CII€HBI, COCTOSIIEN U3 TPEXMEPHOUN MO/Ie TN aOCTPAKTHOTO OOBEKTA, B BUJIE 000JI0UKH
YCTAHOBKH, a TAKXKE JIOTIOJTHUTEIbHBIX 00BEKTOB B BUIE YKa3aTeJIEN U ITOAIICEN Ha 6 e€
CTaToOpOB, OTOOpakEHHas ¢ ucnoab3opanueMm CIIP.

YTo KacaeTcs MCTOPUHM TEXHOJIOTHU JOTIOJHEHHOW peaslbHOCTH [Q], TO BIIEpBBIE cama
yJies] HAIOXKEHUs TaHHBIX Ha PeayIbHYIO JKU3Hb JIIO/IEH Yepe3 TEXHOJIOTHYeCKHe YCTPOUCTBa
O6pUIa omucaHa B poMaHe «Macrep-kiao4y» B 1901 roay, oH Obu1 HamucaH JI. ®paHkom
Baymom. B HEM TakuM ycTpOMCTBOM ObLIM 3JIEKTPOHHBIE OUKU. B 1962 romy M. Xeitur
n3o0peTtaeT Sensorama — 5TO CUMYJIATOP CO 3BYKOM, BU3YIbHBIMHU 3¢@deKTaMu U Jaxke
BuOparusaMu. OfHAKO JIaTOU POXKAEHHA JOIMOJHEHHON pealbHOCTH cuyuTaeTcsa 1968 roj,
korga A. CazepisieHs n300pén nuieM «J/[aMOKJIOB Meu», KOTOPBIU MO3UIMOHUPOBAICS KaK
OKHO B BUPTyasIbHbIN Mup. B 1974 rogy M. Kpiorep oTkpsu1 taboparopuio B KOHHEKTHKYTe B
paMKax yYHUBEPCHUTETA, OHA IOJIHOCTHIO ObLJIa MOCBAINIEHA HCKYCCTBEHHON PeaylbHOCTH U
HasplBastach «Videoplace». B 1980 romy 6su1 co3zan EyeTap — 5T0 nuteM MOKa3bIBAIOIINI



BUPTYJIbHYI0 MH(GOPMAIUIO TIepe]T TJIa3aMu I0JIb30BaTess, ero co3man C. MauH. J[aHHBIN
IJIEM CUUTAETCA TMEePBOU (PYHKIIMOHAIBHOU MOJIEJIbI0 TAapPHUTYPHI C JIOMIOJTHEHHOU
peasibHOCTBIO. B 1993 roay ujayT mepBble NMPOOHBIE BHEJAPEHUs B peayibHble aBTOMOOWIH C
TexHosoruel AR u mwiotupyemble cumyssaTopbl oT Loral WDL. B 1998 roay mepsbie
BHEJ/IpEHUS Ha TeJIeBUJIEHUH, T7ie KoMITaHus Sportvision mokassiBaeT Ha MaTue HOJI xénTyio
suauo. B 2000 romy X. Karo cozman mporpammuyto 6mbsmoreky ARToolKit [20]
HCIIOJIH3YEMYIO U B HAIIIU JHU, 3Ta OUOJIMOTEKA MMeeT OTKPBITHIM UCXOAHBIN KOJI. B 3TOT %€
roz Obuia mepBas urpa ¢ AR, koropas HazbiBasicsi AR Quake. IlepBble HCIOIP30BaHUA B
neuatabix CMU Oputn y:ke B 2009 roay oT »kypHana Esquire [19] gy Toro 4ToOmBI
«OKUBUTBH» ODJIOKKY >KypHAJIa, 32 CUET /100aBIeHNs KOMIBIOTEPHOTO CJI04 ¢ BUjieo. Takke B
atom roay ARToolkit [20] 6611 tepeHecen Ha Adobe Flach (FLARTToolKit [21]), Tem cambIiM
komnanus Saqoosha mnepenecia AR B BebO-Opayzep. B 2012 romy kommaHusa us3
Benmkobputanuu Blippar co3maer mepBoe obysauHoe AR mprioskeHue. Bosbiol BKJIaj B
pa3BUTHE OTPACJM U IPHUMEHEHUH JONOJIHEHHOW peajIbHOCTH TaK»Ke BHeECJIa KOMIIaHUS
Volkswagen, co3maB npuwiokeHue Marta B 2013 roay. OHO ITO3BOJISUIO JaBaTh HWHCTPYKITHHU
[0 PEMOHTY /ISl CIENUAJUCTOB ¥ OBUIO HOBATOPCKUM, BIIOCJIEJICTBUM OHO CTaJjIo
MIPUMEHATHCS BO MHOTHX OTpacisax. Bcem usBectHbie ouku Google Glass 6bu11 coO31aHHbBIE B
2014 TOAy W B TOM Ke roxy kommauus Blippar [22] co3pgana mepBylo urpy s HUEX.
Komnanusa Microsoft Besies; 3a Google He 3acraBuia cebs k/1aTh, B 2015 TOAY OHHU CO3/IQJIH
HoloLens — nurem /1onoTHEHHON peaIbHOCTH, KOTOPBIN o6o1ién Google Glass. Takske B aTom
roay B Poccum mosiBiisiercst Acconpanusi TOTIOJTHEHHOU W BUPTYaJIbHOU peasibHOCTH. CamMoM
W3BECTHON WUTPOU B JOMOJHEHHOUN peasibHOCTH B Mupe Obu1a «Pokemon GO [17]», koTopas
ObUIa co3/aHa B 2016 rofy, OHA CHJIbHO U3MEHIJIA CKENTUYECKOEe OTHOIIIEHHE OTpeOuTenen
K WHHOBAIIMOHHBIM TEXHOJIOTUAM. B 2017 romy Apple aHOHCHpoBasia OAWH U3 CAMBIX
MIOMYJIAPHBIX HA CETOAHAIIHUN JeHb mHCTpyMeHTOB — ARKit [16], ¢ momompio KOTOPOTO
CO371al0TC MOOWIbHBIE TPWJIOKEHUS C JOIOJHEHHOH pPeaJbHOCThIO. B 3TOM 3Ke romy
KosnuecTBO mosib3oBaTesieii AR B CIIA gocTurio 37 MHIJIMOHOB 4YeJIOBEK, HEKOTOPbIE
CBA3BIBAIOT 3TO ¢ TeM 4uTo koMmiaHusa IKEA B 3T0 Bpemsa BbillyckaeT npuiaoxeHune 1IKEA
PLACE, koTopoe MeHseT OTpacib PO3HUYHOU TOPropau. OHO TO3BOJISET KIIHMEHTaM
mpoboBaTh BapUAHTHI JOMAIITHEro JieKopa Iepes; MOKynkou. Beises 3a Apple B 2019 romy
Google amnoncupyer ARCore [18] — mepBbIii 1O MOMyJAPHOCTH WHCTPYMEHT JIJist
paspaboruukoB ycrpoiictB Android. Yepesz ARKit [16] u ARCore [18] cozparoTcs
OOJIBIIMHCTBO MIPUJIOKEHUH IONOJTHEHHON PEAIbHOCTH U JI0 HAIIIETO BPEMEHHU.

Baxxno wxiaccudunupoats C/IP, Haubosee XOpOIIO B3TO ONHCAHO B paboTe
«Knaccupuranusa TpUIOKEHUH JAOTOJHEHHOW peanbHOCTH» Makonkmua M.A. [1]
HAIMCAaHHOH B 2020 roay. CHcTeMbI JONTOJTHEHHON PeaTbHOCTH KJIAaCCU(PUITUPYETCH:

1) ITo Tumny npezcraBiaeHusa nHGOpMaLIUN:

e BusyasipHble — HCTOYHHUK HH(pOPMALNU JJI YeJI0BeKa N300pakeHue;

e Ayamo — MCTOYHUK UHPOPMAIINH B BUJIE 3BYKQ;

e AynuoBusyanbHble — 00beJUHEHUE JIBYX IPEIBIAYIINX;

e TekcroBble u rpaduuecKre CUCTEMbI — HCTOUYHUK UHDOPMAIIUU TEKCT

e CeHcopHble — UCTOUHUK NH(POpPMAIIUN BUOpAIUH;

o Tonorpaduueckne — uCTOUHUK NHGOPMALNU ToIorpaduyecKkre n300parKeHus.

2) 1o creneHr MOOMJIBHOCTH:

e CramuoHapHbIe — UX HEJIb3s IEPEMeNIaTh, TaK KaK 3TO MIPUBEIET K ¢6010 paboThI;

e« MoOunpHBIE — BO3MOXKHO IIepeMelaTh 0e3 Kakux-1ubo c60eB paboThI.

3) Ilo crernenn B3auMOJENACTBUS C ITOJIb30BATETIEM:

e ABTOHOMHBIE — 3aJlaya CHCTEMBI B IIPEJOCTABJIEHUHN IIOJb30BATENI0 HY>KHOMU
uHopMmanuy;

e lHTepakTuBHad — 33/ia4ya CUCTEeMbl B aKTUBHOM B3aMMOJIEMICTBUHU C M10JIb30BaTEJIEM,
KOTOPBIY Ha CBOU JIEUCTBHUSA MOJIy4aeT OTBETHI OT CUCTEMBI.

4) Ilo cmnocoby pacmo3HaBaHus Tpurrepa (OOBEKT WM CUTyallUsA 3aIycKarolas
TIOsIBJIEHYE IOTIOJTHEHHOHM PeTbHOCTH) TTOSIBJIEHUS JIOTIOJITHEHHOU PeaylbHOCTH:



« be3 mapkepHas JIONIOJIHEHHAs PeaJIbHOCTh — He TpeOyeTcs HUKAKUX TPUITEPOB
MapKepoB

e MapxkepHas JI0NIOJIHEHHAS PEAIBHOCTD — TpeOyeTcs MapKep TPUITED

e Teomo3uruoHHble — TpPeOYIOTCA CHTHAJIBI CHCTEM mno3uiuoHupoBanus GPS u
aKceyiepoMeTpa JIJ1s1 OIpe/ieJIeHUs YIJIa I0BOPOTAa OTHOCUTEIHHO BEPTUKAIIU U a3UMYT;

e C mnomompio pacrno3HaBaHusi obpasa — Tpebyercss O0OBeKT Tpurrep (JIuI,
n300pakeHue, pykKu U JIIOObIe JIpyTre OOHEKTHI).

Uto xacaercs chep npumenerusi C/IP, To oHu oueHb OOIIHUPHBI, K TpuMepy Pantano [6]
(2014) momuepKWBaeT IIOTEHIIMAJ JIOMOJHEHHOW pPeaJlbHOCTH B IUIaHE 'TPUBJIEYEHHUS
BHUMAaHUA NOTpebUTesel 1 BIUAHUA Ha UX pellleHue o oKynke'. C HeITaBHUM MOsIBJI€HUEM
JIOTIOJTHEHHON peasIbHOCTH U 0OJlarofaps €€ JOCTYIIHOCTH, PO3HUYHBIE TOPTOBIBI CTAIN
[oJjaraTbCsi Ha OTY WHTEPAKTUBHYI0O TEXHOJIOTHIO JJIS TOrO, UTODOBI YJIyYIIUTh
MOKYTIaTeJIbCKUU OIBIT U TOBJUATh Ha IIPOIlecC MPUHATHUA pellleHHuH NOTeHIMaJIbHBIMU
nokymnaresamMu. C OZHOUW CTOPOHBI, WHTEPAKTHUBHBIE TEXHOJOTUH B TOPTOBBIX I[€HTPAX
HCIIOJIB3YIOT CHEIHaJIbHbIE YCTPOHCTBA U IPOrpaMMHOE obecrieueHue i OOBsSCHEHUS,
JEMOHCTPAIIUH U PeKOMeEHAAIUH MpoaAyKIuu. C Apyroil CTOpOHbI, MOOIbHBIE TTPUJIOMKEHHUS
¢ GYHKIUAMU JOMOJHEHHONH peaJibHOCTH MOTYT 3arpy:KaThCsl U YCTAHABJIMBAThCA Ha
IepCOHAJIbHBIE TIOPTATHBHBIE YCTPOWCTBA IOb30Baresiell. Takom oOpa3zoM OHU OyayT
JIOCTYIIHBI B JIT0O0€ BpeMs U B JII0OOM MecTe, U, CIe0BaTETbHO, OyAyT Yallle UCII0Ib30BaThCSA
U IOMOTaTh oJib3oBaTeIaMu. [ToMmuMo /106aBieHrss NHQOPMATUBHOCTU HeJIb351 OTPUIIATh U
wow-3¢h¢eKT, KOTOPhIM HECET JIaHHAs TEXHOJIOTUA. B cuiy cBoell HOBU3HBI, ITOJIb30BATEIU
0oJiee OXOTHO U YaCTO €€ HMCIOJB3YIOT, [0 CPABHEHUIO C IPUBBIYHBIMU TEXHOJIOTUSIMU. B
Hallle BpeMsl, JIOMOJTHEHHAs PeayIbHOCTh IPUMEHAETCS BO MHOTUX 00JIacTAX HAIled KU3HU:
obyueHre, MAapPKETUHIOBble U peKJaMHble KaMIaHUH, COOCTBEHHble WPOAYKTHI C
JIOTIOJTHEHHO! PeaJTbHOCTH B OAHKOBCKOU cdepe U T.JI.

OnTUMaIbHBIMU TPUMEHEHUSAMHU JIOTIOJTHEHHON pPeaJbHOCTH, II0 MHEHHWI0 MHOTHX
aBTOPOB HAY4YHBIX cTaTed [1], ABJAIOTCA MNpPUMEHEHUsA B PO3HUYHOU TOProBje U
KOMMepuecKkou cdepe B I[eJIOM, TJie JIONOJIHEHHAS PeabHOCTh IIUPOKO HCIOJIb3yeTCs I
BUPTYQJIPHON MPUMEPKHU OJEXKIbI, TAK)KE IIHMPOKO HCIIOJIB3YETCs I MPUMEPKU TEXHUKU U
Mebesu B UHTEPbep cBoero momemeHus. OFHAKO HA 3TOM IIPUMEHEHUs TEXHOJIOTHU
ZIOTIOJTHEHHON peIbHOCTH He 3aKaHUYMBAETCA U, Ha HAIll B3IVIAZ, OAHUM W3 MHTEPECHBIX U
paIMOHAIBHBIX ITPUMEHEHUH JaHHOW TEXHOJIOTUH MOXKET OBITh BHEJIpEHHE €€ B IIPOIecC
aHaJIN3a JAHHBIX B BU3YyaJIbHON aHaIuTHKe. Ha TaHHBII MOMEHT, JOCTaTOYHO Mayio paboT
HAIKCaHO B IAHHOU 00J1aCTH, OHAKO TaKOe IPUMeHeHHNe MOKeT OBITh OueHb 3P (PeKTUBHBIM
U B CJIEAYIOIIEN TJIaBe OHU OY/yT ITOZIPOOHO OTIMCAHBI.

2. Yro co0O0O¥M mpeacTraBAdeT BU3yaJIbHAsdA aHAJUTHKA,
JAOCTHU:KEHUA U npodsemsbl. MecTro  TONMOJHEHHOU
peajJIbHOCTH.

Ixeiime Tomac (amepukaHCKUIM yueHBIN) cOpMyJIMpPOBaJl COBOKYIIHOCTh HAEU U
MOHATUN BU3BYAJIBPHON AaHAJUTUKKA B IApaIiTMe peIIeHHs 33/ad aHaju3a JaHHBIX C
HCIIOJIb30BAaHUEM II0//IEP;KUBAIOIIET0 BU3YaJIbHOTO MHTEpaKTHUBHOro uHTepdelica. K
OTHOMY W3 IPUMEPOB BU3yaJbHOU aHAJINTHUKU, HanuboJiee IMIMPOKO PacIpOCTPAaHEHHOU Ha
MPAKTHKE, MOKET SIBJIAAThCS PEIIeHNe B pa3pe3e aHaIu3a JAaHHBIX METO/[aMU BU3yaTU3aI[UH.
OcHOBHOU cMbICT 3TOTO Meroza B ciexayiomeM. O06 0ObeKTe pacCMOTPEHHSA HCXOIHBIM
JAHHBIM CTaBUTbCA B COOTBETCTBHE CTAaTUYeCKOe WJIM JUHAMHYecKoe H300pakeHue
rpaduyeckoe, aHATIU3UPyeMOe BHU3yaJbHO. Pe3ysbTaThl aHaINM3a AAHHBIX TpadUUeCKUX
WHTEPIPETUPYIOTCSA B OTHOIIIEHUH UCXOTHBIX JJAHHBIX U 00BEKTY paccMOTpeHH (CM. puc. 3).
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X HCXOTHEIM TAHHMM

Puc. 3. AHasiu3 JaHHBIX METOZOM BU3yaJIU3AIUU.

Uro Takoe BHUBYAJIbHBIM aHAIN3 TpadUUYECKHX JaHHBIX? BaXKHO OTMETUTH, UYTO
BU3YaJIbHBIA aHAJIN3 UET IOC/IE MIPOCTPAHCTBEHHOTO MOJETMPOBAHUSA HCXOJHBIX JTAHHBIX.
OTO 3HAUUT, YTO I[OJyueHHble wu300pakeHUs Trpaduyeckue NOpeAHA3HAUEHBl JJIA
HCIIOJIb30BAHUA TOJIBKO y/IOOHBIM U €CTeCTBEHHBIM CPEICTBOM IPECTABJIEHUS aHATUTUKY
MIPOCTPAaHCTBEHHOU WHTEPIPEeTAIUN HCXOTHBIX JAHHBIX. HHTepriperarus
MPOCTPAaHCTBEHHOU CI[€HBI IIPEJICTaB/IsAET COOOU PsAJi MPOCTPAHCTBEHHBIX OOBEKTOB (1160
OJIH), KOTOPbIe CTABATCA B COOTBETCTBHUE aHAIM3UPYEMBIM JAaHHBIM HAa, TaK HA3bIBAEMOM,
srame MannuHra. [IpocTpaHCTBEHHas CIleHA aHAIU3UpYyeTcs BU3yatbHO. Ilocie 3TOTO
MIPOMCXOJIUT WHTEPIPETAIUS PE3yJIbTAaTOB K HCXOAHBIM JaHHBIM. MeToJ| BU3yalu3alnuu B
paspe3e MeTOJ aHaju3a JAHHBIX — 5TO OAWH U3 METOAO0B IIPOCTPAHCTBEHHOI'O
MOZIeJIUPOBAHUA JIAHHBIX. JTO JAET BO3MOXKHOCTh HCIIOJIB30BaTh OTPOMHBIE BO3MOKHOCTHU
MPOCTPAaHCTBEHHOTO MBIIUIEHNUSI aHAJUTHKA BO BpeMsA aHAJN3a. B IMMOCIIE/ICTBUU pelleHus
3a7layd QHAINTUK BBIHOCUT CYXK/IEHHSA O CIleHe aHaIuTHKa. Kak ObUIO HANMCAHO BBIIIE,
JIAHHBIE CYKeHUs HHTEPIPETUPYIOTCA aHATUTUKOM K UCXO/IHBIM JaHHBIM. COOTBETCTBEHHO,
opmupyetcs mozaens cyxaeHus 06 o0beKTe pacCMOTpeHUA. B 0CHOBHOM, aHAJIN3 JAHHBIX C
METO/IOM BU3YaJIU3aINU MOXKET ObITh HHTEPAKTUBHBIM, UTEPATUBHBIM U CJIOKHBIM.

BaxkHO 3aMeTUTh, UTO METO/T BU3YaTU3AINU MOKHO HUCIOJIb30BaTh /IS AaHAIN3A JAHHBIX
Pa3HOTO XapaKTepa, K MPUMePY Pa3IMYHBIX SKCIEPUMEHTATbHBIX U TEOPETHIECKUX TaHHBIX
HayYHBIX, KOTOPbIE COCTABJIAIOT CyTh HAYYHOU BU3YyaIH3aIlHH.

COOTBETCTBEHHO, B aHAJIW3€ JAHHBIX METOJOM BHU3YaJIM3AIUU IIEHTPAJIBHOE MECTO
3aHMMAaeT TMPOCTPAHCTBEHHAsA CI[€HA, CTaBAMIAACSA AHAJIUTUKOM K  COOTBETCTBUIO
aHATU3UPYEMBIM HCXOAHBIM JIaHHBIM W BU3YaJbHO aHaIU3upyeMas. Bo Bpems aHaimsa
BU3YaJIbHBIM aHAJITUTHUKOM IIPOCTPAHCTBEHHOU CII€HBI OCYIIIECTBIISAIOTCSA HECKOJIBKO 0A30BBIX
omepanui: aHaJIW3 PaCHOJIOKEHUs B3aUMHOTO JAHHBIX KOMIIOHEHTOB; aHaau3 (HOpMBbI
KOMIIOHEHTOB CII€HbI IIPOCTPAHCTBEHHOW; aHAJIN3 X OTOOPaKeHUs IIBETOBOTO.

OTH omepanuu HUMEIOT KayecTBEHHBIM XapakTep, W JJid HX BBIIOJHEHU
1[eJIecCO00PA3HBIM  SBJISETCS BBEEHHWE B ITPOCTPAHCTBEHHYIO CII€HY JIOMIOJTHUTEIBHBIX
MIPOCTPAaHCTBEHHBIX 00'BEKTOB, HEIIOCPEACTBEHHO HE CBA3AHHBIX C UCXOAHBIMU IAHHBIMU, HO
MO3BOJISIONINX TOBBICUTh Pa3peNIAoNIyI0 CIIOCOOHOCTh aHAIM3a 3TUX HCXOJHBIX JIAHHBIX.
OTU JONOJIHUTETbHBIE ITPOCTPAHCTBEHHBIE OOBEKTHI, KAK U caMa IPOCTPAHCTBEHHAs CIEHA,
MOTYT OBITh KaK CTaTUYECKHUMU, TaK U IPEeJCTaBIIATh cOO0M IPOCTPAHCTBEHHBIE IIpoliecchl. B
COBpeMeHHON HH@OpMaTHKe pe3yJbTaT BBEAEHUS B 3PUTEIbHOE I0Jie MPOCTPAHCTBEHHOMN
CIEHBI U TOJOOHBIX BCIOMOTATEJIBHBIX IIPOCTPAHCTBEHHBIX OOBEKTOB, 34 CUET
TEXHOJIOTUUECKUX YCTPOUCTB (TaKMX, KaKk CMapTdOHBI, MJIAHIIEThI, KOMIBIOTEDPHI) C IIEJIHIO
aHaJIM3a IMPOCTPAHCTBEHHOU CIIEHBI, JIOTIOJTHEHUS CBEIEHUN 00 OKPYKEHUH U WU3MEHEHUS
BOCIIPUATHA OKPYIKAIOIIEd cpeAbl, KaKk ObLJIO OMMCAHO B MpPEABIAYINEH TrjiaBe, Ha3bIBAIOT
JOTIOJITHEHHOHN peaJIbHOCThI0. Ba’KHO OTMETHUTh, UYTO B pe3yJIbTaTe MOJ0OHOTO BBEJEHUS He
TOJIBKO TOSABJISIOTCS HOBBIE JIONOJIHUTEJIbHbIE OOBEKTHI, TAaKHE KaK dJIeMeHThl nHTepdeiica
oTOOpakeHusI MPOCTPAHCTBEHHOM CIIEHBI, HO U U3MEHSETCS BHJ OTOOpaKeHHs CcaMOu
MIPOCTPAHCTBEHHOMH CIIEHBI B I[€JIOM.

C TexHOJIOTHEHN JONOJHEHHON PEJIbHOCTH y AHAJIUTUKA IOABJISAETCS BO3MOXKHOCTD
aQHAJIU3UPOBATH MIPOCTPAHCTBEHHYIO CIIeHy Ha cMapT(dOHAX U IJIaHIIeTax. JTO JieJIaeT aHAJIU3



MPOCTPAHCTBEHHOU CII€HBI 0OoJiee JIOCTYIHBIM JJis OOJIBIIEro YHCia aHAJIUTUKOB. [[aHHBIN
BHUJI OTOOpa)KeHUs MPOCTPAHCTBEHHOHN CIIEHBI BCer/ila MPOUCXOAUT Ha ¢oHe paboTtaromieit
KaMepbl OJIHOTO W3 BBINIEYIIOMSIHYTHIX TEXHOJOTUYECKUX YCTPOHCTB, 3a CYET PabOTHI B
CIEeNAJIbHOM MOOWIBHOM TPWIOXKEHWH, JuOo B Opayzepe. MeHHO IOCTYIHOCTH
WCIIOJIb30BAHUA JIAaHHOTO BHJA OTOOpaKEHUA [JIs IOCJIEAYIOIIero aHajau3a, a TaKkKe
MPUCYTCTBUE JIOTIOJIHUTEIBHBIX OOBEKTOB IPHUCYTCTBYIOIIUX BMECTE IPOCTPAHCTBEHHOU
CI[EHOM TIO3BOJISIOT TOJYYUTh OOOCHOBAaHHBIE PEKOMEHJAIMU IO PAllUOHAIBHOMY
HCIIOJIb30BAHUIO JIOMIOJTHEHHON PeaJIbHOCTU B BU3yaJIbHOU aHAJIUTHKE. Ba)KHO MOHUMATh Ha
JAHHOU CTaQ/INM, WCIIOJIb3yeTCs JI YK€ JIONOJIHEHHAs peaJlbHOCTh B HAIPaBJIEHUAX,
CBA3AHHBIX C HAYYHOU BU3yaIu3alyel U BU3yaJIbHOM aHAJTUTUKOU, WIN HeT.

B pa6ore Mrudang Mathur [8] 1 ocTasibHBIX (2022) ONMUCHIBAIOTCSA MOZEIN JOIIOJTHEHHOMN
peasIbHOCTU MPUMEHUMO K HAYYHON BU3yaIM3allH, OH COOOIIaeT YTO JIaHHAA TEXHOJIOTHA
PeIKO HCIIOJIb3yeTCs B HAYYHON BU3yaIU3al[UM U3-3a TOTO UTO €€ CJIOXKHO CO3/]aBaTh, TAKXKe
OH TIOJYEpPKUBAET, YTO paHee OTCYTCTBOBAIM JOCTYIIHble CpEZICTBA /JJifA CO3JaHUA
JIOTIOJTHEHHON peasbHOCTH. B ciienyromell miaBe 3TOM craThu OyAeT ONMMCAaHA OJiHA M3
JIOCTYITHBIX OHJIAWH-IUIAT)OPM IIPOEKTOB C JIOMOJTHEHHON PEaJIbHOCThIO, KOTOPAs MO3BOJISET
JIETKO CO3/1aBaTh M0JI0OHBIE TPOEKTHI.

B pabore Hammora 1 PomanoBa [10] (2018), xotopas HasbiBaeTcss «3D Bu3yasusaius
apXUTEKTYPBhl U METPUK IIPOrPAMMHOTr0 OOeclieueHus », IOKa3bIBAIOT, KaK IIPeIBAPUTEIBHO
co3zlaHHasA 3D-Mojiesib «IIPOTPAaMMHOTO TOpO/ia» BCTPAMBAaEeTCA B PeaIbHYIO CIIEHY, depe3
TEXHOJIOTUIO JIOTIOJIHEHHOM peaJbHOCTU. ITO IIOKA3bIBa€T BapHAHT TOTO, KaK MOXKHO
YIIPOCTUTh aHAJIN3 MMPOCTPAHCTBEHHOH CIIEHbI AHAJTUTUKY IIPU IIOMOIIH JJAHHOUW TEXHOJIOTHH.

B pabGore BaxpymeBa [7] (2020) omuchIBarOTCSI MOZEIU HPUMEHEHUs JIOIOJHEHHOUN
PEaJIbHOCTU JIJIsl BU3YAJIM3AI[UM HAYYHBIX 3HAHUN OTKPBITOTO apXuBa OWOJIMOTEKHU, TIE
ZOTIOJTHEHHAsT PeaIbHOCTh pacIIupsieT UHOOPMATHBHOCTD MPOCTPAHCTBEHHOU CIIEHBI.

3. Yuacrue B paborax mo wucHnoJdbzopaHuw JIP B
BU3yasibHou aHasutuke B HUAY MUPU 000 "AP Cryauo"

Ha poccuiickom pblHKe JOTOJTHEHHON peayibHOCTU €CTh KOMIIAHUsS MOHOIIOJIHCT Cpeau
OHJIANH-IIAT(QOPM /I CO3AHUSA IPOEKTOB C JOIIOJIHEHHOU PeasIbHOCThIO — 3TO I1aTdopma
Web-AR.Studio [11]. Ona paboTaeT Kak OHJIAIH-KOHCTPYKTOP, HA KOTOPOM JIa’Ke UeJIoBeK 6e3
OIBbITa IPOTPAMMUPOBAHUSA U PabOTHI C TPEXMEpPHOU rpaduKOM CMOXKET CO3/JaTh CBOU
MPOEKT C JIOMIOJIHEHHOU PeaJIbHOCTHIO 32 CUMTAHHBIE MUHYTHI. [Ipr4éM MPOEKTHI MOTYT OBITH
J110001 CI03KHOCTU U paboTaTh Kak yepe3 MOOWIbHOE IPUJIOXKEHUE, TaK U uepe3 Opaysep, TO
ecTb 0e3 MOOWJIBHBIX NPUWIOKeHUU. JlaHHaA oHJIaliH-mIatdopMa ObLIa co37laHa JIBYMs
crygentamu HUAY MHU®U mnostomy oHa ObUia MpeOCTaBjeHA Jjii MarucCTpPaHTOB H
acnupantoB HUAY MU®U 514 ncnosib30BaHUsA B paMKaxX TaKUX AUCHUIUINH Kak « HayuHasa
BUByaIHM3alUsA» U « BudyasibHasi aHAJIUTHUKA».

B xome mnslaHMpyeMbIX 3aHATHM AaCOUPAaHThl W MATrHUCTPAHTHI OyAyT CO3/1aBaTh B
nporpamme «3Ds MAX [13]» TpéxmMepHBIE MOJIEIN HA OCHOBAHUM HAYYHBIX JIAHHBIX U ITOCJIE
atoro 3a cuér miatdopmbl Web-AR.Studio [11] OyayT uHTErprpoBaTh JTaHHBIE MOJEIH B
MIPOEKTHI ¢ JIOMIOJTHEHHON PeasIbHOCThI0. DTO MO3BOJIAET MOJIYUYUTh BO3MOKHOCTD AaHAJIUTUKY
aHATM3UPOBATh UX C JIIOOOTO YCTPOUCTBA, K MPUMeEpPY cMapTOH, IJIAHIIET, HOYTOYK U TaK
nanee. Taxxke mnpu [006aBJeHUMM Ha OHJIAWH-TIATGOpPME JIOMOJHUTEJIBHBIX HKOHOK
uHTepdelica MOXKHO yBeJIUUYUTh UHPOPMATUBHOCTh IIPOCTPAHCTBEHHOU CIIEHBI JIJIA
aHAIUTHKA, KaKk Ha pucyHKe 2. COOTBETCTBYIOIHE PabOThl ACIUPAHTOB U MATUCTPAHTOB
MOTYT HCIOJIb30BaThCs Ha Kadeape «ob1elt Gusuku» Ay o0ydeHus CTY/IEHTOB HadaJIbHBIX
KypcoB. BHeJipeHUs TakuX NPOEKTOB C JOIOJHEHHOU PeaJibHOCTBIO B IPAKTUKyMax IIO
(pr3rKe yBeSTMUUBAIOT BOBJIEUEHHOCTh OOYUAIONUXCSA, KaK CJIeJICTBUE UX MOATOTOBJIEHHOCTD,
a TaK)Ke CKOPOCTh OCO3HaHUA WH@opManuu. BoOBjeUeHHOCTh MpPOEKTa C JIOMOJIHEHHOU
PEaIbHOCTBIO JIOCTUTAeTCA 3a CYET WMHTEPAKTUBHOCTU JIaHHOU TexHOJoruu. CKOpOCTh
OCO3HAHUA MHQOPMAIIUU JIOCTUTAETCS 3a CUYET JOMOJHUTEJIBHOTO HHTepdelica, a Takxke



TPEXMEPHOU BHU3yaJIM3aIlUM, KOTOpasd BOCHPUHUMAETCA Jierde YeM JByXMepHas
nHbopmanua. Jlioau BUAAT MHUD B TPEXMEPHOM IIPE/CTABJIEHUU, IO3TOMY TpPEXMeEPHbIE
00BEKTHI, KOTOpBbIE JIIOAY BHUAAT B JIONOJHEHHON pPeaJbHOCTH TaKKe BOCIPUHUMAIOTCA
OBICTPO M IOHATHO, 110 OTHOIIEHHUIO K IByXMEPHBIM.

Tak>ke IPOBOAUTCA IOCTOSAHHO JIEUCTBYIOIIUN HAYYHBIN ceMUHAp Ha TeMy «BusyanpHas
QHAJIUTUKA W WCIHOJIb30BaHUE TEXHOJIOTMU JOIOJHEHHON PpeaJIbHOCTU /JJjif pelleHus ee
3azilaua». B xo071e KOTOpPOro, yUaCTHUKU CEMUHApa MOTYT YBUJETH Kak Hanbosiee 3pHeKTuBHO
HCMO0JIb30BaTh JAHHYIO TEXHOJIOTHIO JJIS PElleHUs 3a7]a4 « BUBYJIbHOU aHATUTUKU ».

Yto kacaercsi oOmmeld XapaKTepUCTUKU paboOT [0 MCIHOJIb30BAHUIO JOTIOJTHEHHOMN
peasTbHOCTH B 3a7auyax BU3yaJbHOU aHamuTuku B HUAY MHUOU, ¢ ucnosp30BaHHEM
omnaviH-iatdopmbl komnanuu OO0 «AP CTYZIMMO». MOXHO BBIZIEJIUTh CIEKTP 3ajiad,
CBA3AHHBIX C BU3yaIN3aIyend GU3NIECKUX IPOIECCOB U3 J1aOOPATOPHBIX PAbOT CTY/IEHTOB, a
TaKKe UX paboThl ¢ GU3NUECKUMHU yCTAaHOBKAMHU, PACIIOJIOKEHHBIMU B J1A00paTOPUAX 0b1Iel
¢pusuku. Maructpautel u acnupantsl HUAY MUOU cmoryT Bocco3AaTh IMPOLIECCHI U3
METOUUECKUX IEeYaTHBIX JOKYMEHTOB K JIaOOpAaTOpPHBIM paboTaM CTy/IEHTOB, 3a CYET
WCIIOJIb30BAHUS  TEXHOJIOTUU  JIOTIOJTHEHHOM PpEeajibHOCTHU. JTO IO3BOJUT  ObICTpee
BOCIIDUHUMATh U, KaK CJIE[CTBHUE, YCBAWBATh HOBYI0 MH@oOpManuio Juiad cryaeHros HUAY
MUO®U. Tak Kak B JaHHBIM MOMEHT BCE mpejicTaBjieHO B 2D dopmarte, B BUje NeyaTHOU
JNOKyMeHTanuu, ¢ u3obpakeHUsAMHU, a OyzeT mpencraBieHo B 3D ¢opmare uyepe3 AR-
TEXHOJIOTHIO, CO3/IaHHYIO Ha OHJIalH-IaTdopMe.

KacaresibHO OmMcaHUe caMOro OHJIAaHH-KOHCTPYKTOpa, Ha miatgopme Web-AR.Studio
[11] MOKHO cO37]aTh MMPOEKT C JOTIOJTHEHHOUN PeasIbHOCTHIO B TPEX BapHAIUAX pa3MelleHUs
(cm. puc. 4), a UMEHHO: IPWIOKEHU B Opay3epe, MOOHIbHOE MPHUJIOKEHHE U TTPHUJIOKEHHE C
TEXHOJIOTHEeN MTHOBEHHOTO 3amycka. [IpuioxkeHue B Opay3epe paboTtaioT 6e3 CKauyMBaHUA
MOOWJIPHOTO TIPUJIOXKEHUsS, TO €CTh I0JIb30BaTeIb HE TPATUT JIMUHOE BpeMs U MECTO Ha
TeXHUYEeCKOM YCTPOUCTBe, K IpuMepy cMapTdoHe. OJJHAKO €ro MUHYCOM CUUTaeTCs MeHee
CTaOMJIBHBIN QJITOPUTM paclO3HaBAaHUA, KOTOPBIM paboTaeT Me/jieHHee 4YeM B MOOWIBHOM
npwiokeHuu. COOTBETCTBEHHO ILTIOCOM MOOWJIBHOTO WPWJIOXKEHUE SBJAETCA OBICTPHIN
aJITOPUTM, a MHHYCOM HEOOXOAWMOCTh CKAaUMBAHUSA STOTO IpWIoXKeHUs. UTo Kacaercs
MPWJIOXKEHHUSI C MTHOBEHHBIM 3aIlyCKOM OHO OObe/uHseT B cebe IUIIOCHI TEPBBIX JBYX
BapMAHTOB, TO €CTh €ro He HYXKHO CKauWBaTh M OHO HMeeT OUYeHb OBICTPHIA aJTOPUTM
pacrno3HaBaHus. BakHO 3aMeTUTh, YTO pa3Hble THUIBI IIyOJHKAIIMH WMEIT pa3Hoe
MaKCHMaJIbHOE YHCJI0 OJHOBPEMEHHO PAacCIllO3HAaBae€MbIX TPUITEPOB, TaK IIPOEKT C THUIIOM
nmyOsukanuu Opaysep MOXKeT HMeETh TOJBKO /0 O OJHOBPEMEHHO paclo3HaBaeMbIX
n300paKeHN W JI0 1000 OJIHOBPEMEHHO pacmo3HaBaeMblx QR-KOMOB, a TPOEKT B
MOOMJIPHOM TPWIOKEHUH /0 100 OTHOBPEMEHHO paclo3HaBaeMbIXx H300paskeHui. Taxske
MOXKHO BBIOpaTh OJIMH M3 THUIIOB PACIO3HABAHUSA, 3TO MOXKET OBITh pacmo3HaBaHue QR-
KOJIOB, M300pakeHUU win 0e3 MapKepHas TEXHOJIOTUs, KaK B IPHUMepe C MAarHUTHBIMU
MOJIAMU coJieHoua (cM. puc. 9).
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Puc. 4 — Tpu BapuanTa pazmenieHus npoekra Ha ratdopme Web-AR.Studio [11]



Ecsim y Bac BOBHHUKAET BOIIPOC O CO3/IAHUM €r0 MOXKHO 33/1aTh TEXHUYECKOU TMOJAEPIKKE
KJIUKHYB 10 KHOINKe «I[lomMoms», b0 MOCMOTpPeTh JOKYMEHTAIMIO K IIaTgopMe, HaXKaB
KHOIIKY «O0yJeHue».

OTKpBITHE TPOEKTA C JOTOJHEHHON peabHOCTHIO IMpoucxoauT mo QR-kojy, KOTOpBIT
(opmupyeTcss Ha OCHOBAHUM aJIPECHOM CChUIKM JJaHHOTO ITpoekTa. Ha niardopme, B 1eBoM
BepxXHeM YTJIy TJIaBHOU CTPAHUIIBI IPOEKTa, MOXKHO €ro cKavyaTh B JII000M yao0HOM dopMmare:
JPG, SVG, PNG, PDF. IIpu 5TOoM ecjix HCIIOIBb30BAaTh MAaPKEPHYIO TEXHOJIOTHIO JOTIOJTHEHHON
PeaJIbHOCTH MOXKHO CKauaTh y»Ke coBMellleHHBI QR-kox u Tpurrep mpoekra. Tpurrepom
Ha3bIBaeTCs OOBEKT, KOTOPBI MPOBOLHPYET IOSIBJIEHUE JIOMOJHEHHOW pealbHOCTH. K
IIpUMepy, €CJIN UCIO0JIb30BaTh AJITOPUTM PaclO3HAaBaHUA U300pa*KeHUU, TO BHYTPU MPOEKTa
BHU/IEO TIOTOK, IMOJIy4aeMbId ¢ KaMepbl YCTPOMCTBA OyZeT pa3buBaThCs HAa KaZpbl, KOKIABIN
kaap Oyzer obpabaThIBaTbcs U CPAaBHHUBATBCA C 3arpyKeHHBIM H300paKeHHEM Ha
wiatdopme. Eciu Oyzier HalifleHO COBIIaJieHUe, TO Ha MecTe HAWJ[eHHOTO M300paskeHusd
MOABATCA BUPTyaJIbHbIE OOBEKTHI IOTIOJIHEHHOU pPeasbHOCTU, KOTOPBIE CO3/1aJI TT0JIb30BaTEb
Ha 5TOM OHJIAHH-KOHCTPYKTOPE.

I[Ipu wucnonp3oBanuu KoHcTpykTopa «Web-AR.Studio [11]» ectp Takxke psf
BCIIOMOTATeJbHBIX (PYHKIUU JJId YJIydllleHUs KadecTBa B3aMMOJEUCTBUS KOHEUHOTO
MI0JIb30BaTENIsA C MPOEKTOM, a MMEHHO: 1) MEepCOHATM3AIMs MPOEKTa, KOTOopas IT03BOJISET
BBHIOpATh S3BIK IIPOEKTA, JIOMEHHOe WMs IIPOEKTa, 3arpy304YHbIA S5KpaH, JIOTOTHUI; 2)
coOCTBeHHasl cHCTeMa AaHAJIUTUKH, KOTOpasg IO03BOJIAeT coOuUpaTh JIaHHBIE O
[I0JIb30BATEJIbCKOM OIIBITE B3aHWMOJIENCTBUE; 3) BO3MOXKHOCTH OTKJIIOUEHUE TPUITepa
MpOEeKTa uepe3 KHOMKY (QUKCAIUH CI[EHBI TI0 YMOJTYAHHUIO, JJIs TIepeBo/ia THUIIA ITPOEKTa B 6e3
MapKepHBIU, TaHHAs KHOIKA MTOKAa3aHa B BEPXHEW YacTH pUCYHKA 7. [IoMHMO 3TOTO MOXKHO
MOAKIIOYUTh U U3BECTHBIE CHUCTEMbl AaHAJIUTUKU, Takue Kak «fAnmexkc Merpuka [15]» u
«Google Analytics [16]».

B camom pezakTOope MOXKHO BBIOpAaTh OAWH U3 MIAOJOHHBIX BAapPHUAHTOB IIPOEKTOB U
U3MEHUTHh B HEM JIaHHbIEe HA CBOW, JINOO CO37aTh CBOM COOCTBEHHBIN MPOEKT ¢ HyJA. EcTh 2
TUIA pefakTopoB: 2D pemakTop Ay HaunHAOMUX U 3D pemakTop A1 mpodeccHoHaTbHBIX
I0JIb30BaTeseH (CM. puc. 5).
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Puc. 5 — 3D penakrop miatdopmel Web-AR.Studio [11]

B camoMm penakTope Mpu CO3/aHUU ITPOEKTA B MPAaBOM BEPXHEM YTJIy MOKHO 3arpy3HUTh
TPUITED TMPOEKTa, JUOO ecau UuX HECKOJbKO, TO IPUMEHHUTH IIAKETHYIO 3arpysKy,
ITO3BOJISIONIYIO Pa30M IPUMEHHUTH /10 100 U300pa’keHUH B KaueCcTBe TPUTTEPOB.

Uepe3 mnaHeJ b HWHCTPYMEHTOB, PACIOJIOXKEHHYIO B JIEBOM BEpPXHEM YIJIy, MOXKHO
3arpykarb J000H BHUJT OOBEKTOB JOIOJHEHHOW pEaJTbHOCTH, a WMEHHO: ayAauo, TeKCT,



n300pakeHus, BUAEO, BHAeOo ¢ aibpa-kanHasom, 3D mozenu cratudHble, 3D Moxpenu
QHUMUPOBAHHBIE, BCTPOEHHBIE T€OMEeTPUYECKUE OOBEKTBHI.

K npumepy, B pabore Cyber-Physical Museum Exhibits Based on Additive Technologies,
Tangible Interfaces and Scientific Visualization (2019) K. B. Pabununa [24] u ocrajabHbIe
omucaHa u BusdyanuszupoBaHa 3D mozenp ueperna «BoHOOO», CO3MAHHOHN IOCpPEZICTBAM
CKaHUPOBAHUA peayibHOrO yepena 3D-ckanepoMm. OHa MOKeT ObITh UHTETPUPOBAHA B TAHHOU
wiatdopme, kak 3D Moies1h 7718 TOCIIeIyIONIero MPOCMOTpPa B IOTIOJTHEHHOU PeIbHOCTH.

¥ kaxjoro obbeKTa JOTOJHEHHOM pPEeTbHOCTH MOKHO HACTPAWBaTh CBOW (QYHKITUH,
KOTOpBIe OyJIyT BOCIIPOM3BOAUTHCSA NHPH KJIWKE HA JAHHBIA 3jeMeHT. [loMuMoO 3TOrO Yy
00BbEKTOB MOKHO HacTpaumBaTh aHHUMAaIuu. B 3Tol miardopMe MOXKHO U3MEHATh U CaM
nU3aliH O0BEKTOB, UX IIOJIOXKEHHE B IPOCTPAHCTBE, MPO3PAYHOCTDh, I[BET, IOJIOKEHHE Ha
cJ10£1X, a B 3D pezjakTope UBMEHATh TEKCTYPY U pesibed TPEXMePHOU MO/IeH.

Bosiee TOro MOKHO Jja’ke pacCTaBUTh CBET BHYTPU IIPOEKTA, KaK 3TO peajl30BaHA B
nporpammax st 3D mozenupoBanus Blender [12] u «3Ds Max [13]». Mo2kHO BBIOpaTh CBET
caenyloero Tumna: cepudeckuii, HalpaBJIeHHBIN, TOUEUYHbIN, IIPOKEKTOP, OKPYKAIOIINN
(cm. puc. 6).
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Puc. 6 — [Tanesnp uactpymeHToB Ha wiatgopme Web-AR.Studio [11] ¢ Bo3MOKHOCTBIO
BBIOPATH THUII CBETA.

Kak BUiHO U3 pHUCYHKa 6, KaX/1as CIIeHbl pa30MBaeTCA Ha CJIOU, COCTOSAIINE U3 O0BEKTOB
JOTIOJITHEHHOH peasibHOCTU. CaMUX CII€H MOKeT OBITh CKOJIb YTOAHO MHOTO U B 3aBUCUMOCTH
OT TOTO OJIMHAKOBbIe JIU TPUITEPHl HMMEIOT JaHHBbIE CIIEHbl WIW HeT MOTY IOJIy4aTbCs
MPOEKTHI JJi pa3HbIX nesed. Ecau MpoeKT copepKUT OO0JIbIIIoe KOJIUYECTBO TPUITEPOB U
KaXJbIN U3 HUX COZEPKUT CBOIO BUPTYAJIBHYIO CIIEHY, TO 3TO MYJIbTH TPUITEPHBIN IIPOEKT, K
npumepy: Oykier, ajibOOM WU KHUTY C JIOIOJIHEHHOU peasbHOCThIO, KaK/Jas CTpaHUIlA
KOTOPBIX PACIO3HAETCSI 1O OT/IeJIBHOCTH U IPOBOLIUPYeT TOSIBJIEHHE B YCTPOMCTBe
PAa3JIMYHBIX 00BEKTOB JIOMIOJTHEHHON PEaIbHOCTH.

Korza nmosip30BaTes b 3aKOHYNII CO3/IaHUE ITPOEKTA C JIOTIOJIHEHHON PeIbHOCTHIO U XOUET
MIOCMOTPETH pe3yJIbTaT, HEOOXOUMO HaXKaTh HA KHOIKY «[IpocMOTp», KOTOpas HAXO/IUTCS B
IIPaBOM BEPXHEM YTJIy. DTO BBHI30BET COOTBETCTBYIOIEE OKHO IIpeArpocMoTpa ¢ QR-komom u
TpUrTepoM (CM. puc. 7).
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OTCKAHUPYM

Mopackaska: He 3a6yabte ony61MKoBaTh NPOEKT Nnepes NpearnpocMoTpoM

Puc. 7 — IIpeanpocmotp Ha miatgopme Web-AR.Studio [11]

JlaHHBINI KOHCTPYKTOP II03BOJISET CO3/1aBaTh IIPOEKTHI C JIOTIOJIHEHHOU PeasbHOCTHIO, B
KOTOPBIX K IIPUMEPY MOXKHO HCIOJIb30BaTh CBOU roTOBBIE 3D Mozaenu u /106aBIATh K HUM
JOTIOJTHUTEIbHBIE ~ OOBEKTHI  MPOCTPAHCTBEHHOW  CII€HBI,  IIO3BOJISAIONIYI0  JaBaTh
JOTIOJIHUTENBHYI0 nHbopManuio. K npumepy Ha pucyHke 8 nuzobpakeHa aHUMHpoOBaHHAsA 3D
MO/IEJTh CEP/IIIA, C BO3MOXKHOCTBIO KJIMKHYTh HA SKpaHe Ha OJINH U3 BUPTYAJIHHBIX 0OBEKTOB,
HaXOJIAIIUXCA PAZOM C YACTAMHU CepAIlA U MPOYUTATh 33JaUU STON YaCTHU Cep/Ia.

Puc. 8 — TIpoeKT ¢ JI0NOJTHEHHO! PeaTbHOCThIO, CO37JaHHbIN Ha 11aTdhopme Web-AR.Studio
[11], B KOTOpOM ecTh aHUMHPOBaHHasA 3D Mo/1eb cepAlla U AOTIOJTHUTETbHAS TEKCTOBAS
nH@OpMAaIU.



ITO TO YTO CJIeJIaHO Ha JAHHBI MOMEHT, HO ITaTdopMa MPOJOJIKAET Pa3BUBAThCA. B
CKOpOM BpeMeHH, Ha miaTgopMy OyzieT 100aBjieH aJIfTOPUTM pacrio3HaBaHHs ITOBEPXHOCTEH,
a Takke reorpaduyeckas JONOJHEHHAsA PeIbHOCTb, B KOTOPON OOBEKTHI JOMOJHEHHOU
PEaJIbHOCTH TOSBJIAIOTCA B 3aJIaHHBIX KOODPJMHATAX IMHUPOTHI W JOJTOTHL. Takxke Oyzmer
n00aBJIeH VIIPOIEHHBIA BHJ PeNaKTOpa, JAJA MIHOBEHHOTO CO37I[aHUS ITPOEKTOB C
TexHosioruei AR.

Pemnm 3amauy aHajiW3a MATHUTHOTO TMOJS  (PUBHYECKOTO OO0BEKTa METOAOM
BU3YAJIM3ALNHU C UCIIOJIb30BAHHEM TEXHOJIOTHH JIOMIOJIHEHHONW pealbHOCTH, Ha Oa3e OHJIAlH-
wiargopmel Web-AR.Studio [11].

[TocTaHOBKaA 3a/1aUM aHAIN3a HAYYHBIX JIAHHBIX:

HNmeeTca 00BEKT paccMOTpPEHHsA - (PUBWUECKHUI IIPOIEeCC SIBJIEHUS MarHUTHOTO IIOJISI B
cosieHouziax. HaM W3BeCTHBI WCXOJIHbIE JAaHHbIE - HAJUYHE 2-YX MArHUTHBIX IIOJIed, a
MMEHHO BHYTPDEHHee U BHeEIIHee BOKPYT CaMOro coJieHouzja. Tpebyercs IMOJIyYUTh
WHTEPECYIOIINEe aHAJIUTUKA Cy:KAeHUs 00 OObeKTe pacCMOTPEHHA, a MMEHHO MPUHITUIIBI
(pYyHKIIMOHMPOBAHMWA JAHHBIX MATHUTHBIX IIOJIE B COJIEHOHZE, TO €CTh HAaIlpaBJIE€HUA
JIeVICTBUSA JTAaHHBIX MarHUTHBIX I0OJIel. B kauecTBe MeTojia pelleHUs 337laudl B YKa3aHHOU
IIOCTAaHOBKe ObLI BHIOpAH METOJ] BHU3YAJIH3AlMU II0 CPEJCTBAM TEXHOJIOTUH JIOIIOJTHEHHOU
pPEeaJIbHOCTH.

[Tocne 3ajaHus UCXOMHBIX JAHHBIX O MAarHUTHOM ITI0JI€ COJIEHOMA, MOKHO IIPOITyCTHTH
aTan QUIbTPAIIUH UCXOAHBIX TAHHBIX, BBUY TOTO UTO OH He TpebyeTcs, U IePENUTH cpasy Ha
9Tan MAIIIHHTA, HA KOTOPOM HCXOAHBIM JIAHHBIM CTaBATCS B COOTBETCTBHE TPEXMEDHBIE
reoMeTpuyeckre OOBEKTHI C COOTBETCTBYIONIMMHU TpaUUYECKUMH aTpuUOyTaMiu, TO €CTh
OCHOBHBIE 00BeKThl. Ha 3TOM 3Tame ObUI MCIOJIb30BaH 06A30BBIN (QYHKITMOHA IIPOTPAMMBbI
mo 3D mogmenupoBanuio «Blender [12]», B KOTOpoW M ObLI NPOU3BEAEH MOAIIUHT IPH
CO3/IaHUM BUPTYAJbHOH CIIEHBI C COOTBETCTBYIOIIMMHU TPEXMEPHBIMU TI'€OMETPUUECKHUMU
00beKTaMHU, OIMUPAsCh Ha THUIIOBble M300pa’keHUsl IMOJIOOHBIX MPOIIECCOB B YUEOHUKAX II0
(usuke. /laypiiie HAET STAll pEH/IEPUHTA, HA KOTOPOM II0JTydaeM rpaduueckoe n300pakeHue
pe3yJIbTaTOB MOAIIIMHTa B JIOIOJHEHHOH peaJbHOCTH, JJIs 3TOTO0 TPEXMEpPHBIE MOJIEJIH,
MMOJIydeHHbIe Ha MPEABIAYINEM BSTare, HHTETPUPYIOTCA II0 CPeACTBAM ITPOTPAMMHOTO
obecrieuenusi «Web-AR.Studio [11]» B gomosiHeHHyI0 peasbHOCTh. Tak)ke K OCHOBHBIM
o0beKkTaM 100aBJIAIOTCA JIOMOJJHUTEbHbIE OOBEKTHI, UX XapaKTEPHUCTUKH OIMCAHBI HIKE
o7 WTocTparuei. Onucanue mporecca, ObLIO B3ATO U3 JOKYMEHTAIIMH K JIabOpaTOPHBIM
paboTaM IO B3aMMOJEUCTBUIO C coJleHowaamMu. TpéxmepHas MoJeab ObLla co3laHa B
nporpaMMHOM obecrieueHun «Blender [12]». TekcT 1 KapTUHKY OBUTH JT00ABJIEHBI B ITAHETH
WHCTPYMEHTOB, B JIEBOM BepxHeM yriy 2D pemakropa miargopmbel Web-AR.Studio [11] (cm.

puc. 9).

A MOMMNPOEKTbI » ARPROJECT » PEOAKTUPOBAHME AR v

Boo-B0-T®

Cueri AR © - B
N - B
~ New scene
AKTWBHAaA CLUeHa

+ [No6aBUTb CLEHY
Puc. 9 - ITanesns nuerpymeHnToB Ha mwiatgopme Web-AR.Studio [11] ¢ Bo3MoKHOCTBIO
100aBUTh TEKCT, KADTUHKU, a Takxke 3D mozesnn.



Kak uror pesynbrupylomas cieHa Oy/er IpeJicTaBjieHa B BUJIE TPEXMEPHOU MOJIENH C
JIOTIOJTHUTEIbHBIMU ~ OOBEKTaMHU, OTOOPa’KaIoIUMHUCA Ha 5JKPaHAaX TEeXHOJOTUUYECKHUX
yCTpOUCTB (K IIpuMepy cMapTdOHOB, HOYyTOYKOB, ILJIAHIIIETOB U T.J.), Ha ¢OoHe paboTaromei
Kamepsl (cM. puc. 10).

ul LTE @

projects.web-ar.studio

Puc. 10. Pe3ynbTupyromas mpocTpaHCTBEHHAs CIl€HA B JOTIOJITHEHHOUN pPeayIbHOCTH,
COCTOSIIIAsI M3 OCHOBHOTO OObEKTA U JIOTIOJTHUTETHHBIX OO BEKTOB.

[TpocTpaHCTBEHHAsI CIleHAa IIPeCTaBjsAeT COOOH JIOMOJTHEHHYIO pealbHOCTh Ha (oHe
paboTarlineli KaMepbl TEXHOJOTUYECKOTO YCTPOHCTBA, B KOTOPYIO BXOJAT CJIEAYIOIITE
OOBEKTHI:

— OcHoBHOU 00bEKT - aHUMUpOBaHHasA 3D-Mozenb mporiecca (cm. puc. 11 (a)),

— JlomoJsIHUTEeJNIbHBI OOBEKT - BCIOMOraTeJbHAas KapTUHKA C Ha3BaHHEM IIpoliecca
cBepxy (cMm. puc. 11 (0)),

— JIOMOJIHUTEJIbHBIH OOBEKT - BCIIOMOTATeJibHAsi KAapPTHHKA CHHU3Y C TEKCTOBBIM
omrcaHueM mporiecca (cMm. puc. 11 (B)),

— JlomoJIHUTEIbHBI OOBEKT - BCIIOMOTATesbHAsi KapTHHKa WHTepdeiica /il CMEHbI
oceii Bpamenus (X, y, z) 3D-mozesnu (cMm. puc. 11 (1)),



— JomnosHUTENBHBIA OOBEKT - BCIIOMOTATeNIbHAsA KapTUHKA uHTepderica I8 BbI30BA
WHCTPYKIUH T10 YIIpaByeHuto (cM. puc. 11 (1)),

— JlomoJIHUTEIbHBIN O0BEKT - BCIOMOTaTeIbHAA KapTUHKA HHTepdeiica /i pukcanuu
MMPOCTPAaHCTBEHHOU CITeHBI (cM. puc. 11 (e)),

— JlomoJIHUTEeNIbHBIE OOBEKT - BCIOMOraTeJlbHAasA KapTUHKa uHTepdelica i
BKJIIOUEHHUS OITMCAaHUs ITOKAa3aHHOTO COITPOBOXKAeHUs B popmare ayzuo (cM. puc. 11 (€)),

— JlomoyJIHUTENBHBIA OOBEKT - BCIOMOTaTeJIbHAs KAapTUHKA WHTepdelica, A TOTrO
4TOOBl TIOAEJINTHCS IPOEKTOB C JAPYTUMHU IoJib3oBaTenssmMu  (cm. pue. 11 (3K)), 9)
JloroyTHUTETbHBIN OOBEKT - BCIIOMOTaTebHAs KapTHHKAa WHTepdelica a1 Bo3BpaTa Ha
[JIABHYIO CIIeHy ¢ BBIOOpOM (pusmyeckoro mporecca (M. puc. 11 (3)).

©

r)
Puc. 11. OcHoBHBIE (a) U IOMOJHUTEIbHBIE 00BEKTHI (0), (B), (1), (1), (e), (&), (x), (3)
pe3yIbTUPYIOIIEN MPOCTPAHCTBEHHOU CIIEHBI B IOTIOJITHEHHON PEAIbHOCTH.

JlaHHas pe3yJIbTUPYIOIIasi MPOCTPAHCTBEHHAS CI[eHAa IO3BOJISIET AHAJMTUKY ITPOBECTU
BUBYAJIbHBIA QHAJIN3 110 OTHOIIEHHIO K WCXOJHBIM JAaHHBIM, TO €CTh II0 OTHOIIEHHIO K
00bEKTY pacCMOTPEHUA: IBJIEHUIO MAaTHUTHOTO I0JIA B COJIEHOU/IAX.

B ranHOM THIIE TPOEKTA, pe3yIbTUPYIONIas IPOCTPAHCTBEHHAS CIIEHA, B KOTOPYIO BXO/SAT
BUPTYyaJIbHbIE OOBEKTHI JIOTMOJHEHHON peaJibHOCTH OIFICAHHBIE BBIIIE, OTOOpa)kaeTcss Ha
(oHe M300paKeHUs MEpeIaBaeMOro ¢ KaMephl TEXHOJIOTHYECKOTO YCTPOMCTBA aHAJIUTHKA.
3/1ech AaHAJIINTUK AaHAJIU3UPYET BUPTYaJbHBIE MPOIECCHl MOJyUeHHbIE HAa 3Talle MAIIIHNHTA,
KOTOpbIE€ CTPOATCSI B CAMOU JIOTNIOJITHEHHOW peaJibHOCTH Ha 3JTalle peHJiepuHra. Xouercs
3aMeTUTh, UTO B OOJIBIIIMHCTBE CBOEM ITPOEKTHI C JIOTIOJTHEHHOW PEabHOCTHIO TO3BOJISIOT
QHUINTUKY MPU HaBEIEHUU CBOEr0 TEXHOJIOTHYECKOTO YCTPOMCTBA (K MpuUMepy cMapTdOH)



Ha MAaTepUATbHBIH OOBEKT IOJYIUTh JONOJHUTENbHYI HHpOpMamuio O HEM B BHE
MIPOCTPAHCTBEHHOU CIIEHBI, OJTHAKO B HAIIIEM BAapUAHTE MPOEKTA, TO YTO IOSABJIAETCA B BUJIE
BUPTYJIbHBIX OOBEKTOB U €CTh aHAJIW3UpyeMas HaMHU IIPOCTPAaHCTBEHHas clieHa. /laHHasdA
CIleHa, aHUMHUPOBAaHHA Ha 3Talle PeH/IEPUHTA U II03BOJISIET MOHATh AaHAJTUTUKY XO/I JBUKEHUSA
MAarHUTHBIX TI0Jiell (BHYTpEHHEro M BHEIIHEro), a Takke IapajUleJIbHO IIOJYYUTh
JOTIOJTHUTEIbHYI0 HH(OPMAIIUIO B TEKCTOBOM WIH ay/ino ¢popmare. CTOUT OTMETUTD YTO JIJIS
yZio6cTBa MocseyIoiero aHajin3a Ha dTalle MeNIIMHra BHyTPeHHee U BHeIlIHee I10JIs ObLIn
pasjiesieHbl pa3HBIMH [IBeTaMU. BHyTpeHHe MarHUTHOE I10JIe COJIEHOW/Ia UMeeT CHHUH IIBET,
B TO BPeMsI KaK BHEIIIHEE MAarHUTHOE I10JIE COJIEHOU/ 1A UMeEET 3€JIEHBIN IBET. JJaHHBIN TPOEKT
6bLI co371aH HA oHtaH-11aTgopme Web-AR.Studio [11].

4. 3akJII0UeHHue

B xome pmanHON paboOThl, MOXKHO TPUUTH K BBIBOJIAM, UYTO ONTHUMAaJIbHBIMH
IIpUMEHEHUSIMU JOTIOJHEHHON peaylbHOCTH, 110 MHEHUIO MHOTHX aBTOPOB HAYYHBIX CTaTel,
SIBJIAFOTCSI IPUMEHEHUS B PO3HUYHOU TOPTOBJIe U KOMMeEPYECKOU cdepe B IeJI0M, OTHAKO Ha
STOM IMPUMEHEHHUS TEXHOJIOTHU JIOMIOJHEHHOU PEeaJbHOCTH HE 3aKAHYMBAETCS U OJHUM U3
WHTEPECHBIX U PAI[MOHAJIbHBIX IPUMEHEHUN JaHHON TEXHOJIOTUU ABJISIeTCA BHEJPEHUE €€ B
MpOIlecC aHAIN3A JAHHBIX B BU3YaJIbHOUN aHAJINTHKE.

O3HaKOMUBIINCH C paboTaMu BeAyIIUX B JJAHHOU 00JIACTU aBTOPOB, I7i€ OMHCHIBAIOTCS
Mo7ieJii IIpUMeHeHUs JIOMIOJTHEHHON peaJIbHOCTU K HayYHON BU3yaIU3alUU, MOXKHO IPUUTH
K BBIBOJy, YTO JJaHHAsI TEXHOJIOTUs PEIKO HCIIOJIb3yeTCs B HAYYHOU BU3yaJIU3AIUU H3-32
TOTO, YTO €€ CJIOKHO CO37]aBaTh, a TaKXKe IOTOMY YTO paHee OTCYTCTBOBAJIM JIOCTYIIHBIE
CpeJICTBA /I CO3/IaHMSA JOTIOJIHEHHOHN peaslbHOCTH. Takke B paboTax BUAHBI BADUAHTHI TOTO,
KaK MOXXHO YIIPOCTUTDh aHAJIN3 IIPOCTPAHCTBEHHON CIIEHbl aHAJIUTUKY IIPHU MOMOIIY JTaHHOU
TEXHOJIOTUH Ha IIPUMepe BU3YAIM3AlNU HAYYHBIX 3HAHUU OTKPBITOTO apXuBa OHOJIMOTEKH,
I/le JIONIOJIHEHHAsA PEeabHOCTh paclIupseT WHGOPMATUBHOCTH MPOCTPAHCTBEHHOMN CIIEHBI.
JlaHHOe ucciefjoBaHue IMOJTBEPXKJAeT IMOJIb3Y UCIIOJIb30BAHUA TEXHOJIOTUU JIOTIOJIHEHHOU
PeaIbHOCTH /14 TieJIeN U 33/1a4 HAayYHON BU3YyaIU3aI[UuU U BU3YyIbHOU aHAJTUTHKHY.

Omnaita-miatgopma «Web-AR.Studio [11]», koTopas ObliIa omnrcaHa paHee ¢ IPUMEPOM
WCIIOJIb30BAaHUSI B 00pa30BATENbHBIX I€JIAX, SBJISIETCA MPUEMJIEMBIM IPOTPAMMHBIM
WHCTPYMEHTOM /IJII CO37JaHUs ITPOEKTOB C TEXHOJIOTUEN JOTIOJTHEHHON PeaylbHOCTH, KOTOPhIE
Jlajiee MOKET HCII0/Ib30BaTh AaHAJIUTHK JIJIs1 aHATN3a IPOCTPAHCTBEHHOU CIIEHBI.
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Abstract

In this paper, the authors describe the history of augmented reality and its applicability in
scientific visualization and visual analytics. The study explores the benefits of using this
technology for analysts studying spatial scenes and presents an advanced online platform for
creating augmented reality projects used for educational purposes.
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