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Peghepam—Yy nauiii po6oTi po3riasiHYTI raJyKeTd KOMMAaHi, 1110 € TOJIOBHUMHU MPeICTABHUKAMH TEXHOJIOTIl 3MilaH ol
peajibHocTi. 3xilicHeHO MOPiBHAHHS TeXHOJIOTii Ta BU3HAYeHO iX BiAMiHHOCTI fIK y TeXHiYHOMY BHKOHAHHI Tak i y cdepi
3acTocyBaHHs. BUKOHAHO MOPIBHAHHA TeXHIYHUX XapaKTePHCTHK Ta BH3HAYeHO c(epy 3aCTOCYBAHHA JJIs KOMKHOIO i3
NpeACTABHUKIB i3 ypaxyBaHHSIM MOXKJIUBOCTell Ta MiATPUMKH NPOrpaMHOro 3ade3nedyeHnsi. 3a3HauyeHo, IO y NMOPiBHIHHI
3 TeXHOJIOTi€I0 BipTYyaIbHOI peabHOCTI, 3MillIaHA PeaIbHICTh J03B0JISI€ JOMOBHIOBATH peajbHMil cBiT M pPOBUM HANOB-

HCHHAM, 0e3 BTPAT 30POBOIro KOHTAKTY 3 OTOYECHHAM.

Knrouoei cnosa — 3smimana peansuicme, gipmyanstna peansnicms, HoloLens, Meta 2, Magic Leap One.

I. Bcryn

Bararo pokiB mronel IikaBWiIa MOXIIUBICTH CTBO-
PEHHSI TEXHOJIOT1H, 110 T03BOJIATH (Di3WMYHUM 1 1T POBUM
00’ €KTaM B3a€MOJISATH y peanbHOMY daci. TakuM 9HHOM
YTBOPWJINCH [EKUIbKAa HANpSMKIB Yy TEXHOJIOTIYHOMY
3nilicHerH] 1iei Metn. OqHAMH 13 HAlOLTBII TpOrpecuB-
HUX € BipTyaJIbHa Ta 3MillIaHa peanbHicTs [1].

BipryanpHa peanbHICTb, B3a€MOMIIOYM 3 OpraHaMH
YyTTS JIOAWHU Yepe3 MIOJIOM Ta CHemiadbHI PYKaBUYKH,
MIEPEHOCUTh KOPHUCTyBada y CTBOPECHUH TEXHIYHUMU
3acob0aMu cBiT. TaKuM YMHOM BIAHIMAIOYM MOKJIMBICTH
KOHTAaKTYBaTU i3 peallbHUM CBITOM dYepe3 30pOBY CHC-
Temy[2].

3Mimana peajbHICTh I0AA€ 10 PEATbHOTO CBITY M-
pOBE HAIIOBHEHHS, ITOEAHYIOUH HOTrO y peallbHOMY Yaci.
300paxkeHHs, SKe MPOEKTYEThCS HAa €KpaHH, IO 3HAXO-
IUTHCS TIEpel ounMa, abo Moxe OyTH BHKOpHCTaHa MPo-
eKIliffHa cucTeMa, CIPUIMAaETRCS SIK TOJIorpama, 1o B3a-
€MOJIi€ 3 TIpeIMETaMHt, He JINIITAF0YH MOXIIHBOCTI CIIPHIA-
MaTH CBiT ouuma [3].

Sxmo pik ToMy, NpsSMHX KOHKYpeHTiB Microsoft
HoloLens y obmacTi 3MimraHoi peanpbHOCTI Maibke He
OyIi0, Ta BJK€ CHOTOJHI ITf0 JIAHKY 3aIllOBHIOIOTH BHPOO-
HUKH PI3HAX KOMIAHIiH 31 CBOiMH TapkeTamu [4].

Mera 11i€i poO0TH — MOPIBHAHHS MPUCTPOIB, IO KOH-
KYPYIOTh MiXX c000!0 y cepi 3Mimanoi pearbHOCTI, Ta

HaJaHHS PEeKOMEHIAWid s BUOOpYy ix cdep 3actocy-
BaHHS.

11. MICROSOFT HOLOLENS

Microsoft HoloLens — e nepmii aBTOHOMHUI TOJ10-
rpadiuHUi KOMIT I0TEp, 110 J03BOJISIE MOEAHATH IU(PO-
BHIi KOHTEHT Ta rOJIOTPaMH 3 CBITOM Y PEKUMI peaibHOTO
qacy.

CrTBOpeHHs 3MilIaHOi peabHOCTI BiNOyBaeThCs 3a
JIOTIOMOT'OF0 TaK 3BaHOTO “iHEpHiHOr0 BUMipIOBAJIEHOTO
670Ka”, M0 BKIIOYAaE B cede aKcelepoMeTp, TipocKom
1 MarHITOMETp Ta YOTHPU KaMepHu CKaHyBaHHS TTHOWHHY,
TI0 /1Bi 3 KOXKHOT'O OOKY.

Puc. 1 3ouimmiii Burisg Microsoft HoloLence
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Puc. 2 TIpoekiiist pi3HUX CUCTEM JIFOJMHU

Ha expann 300pakeHHSI BUBOAATH PiJKOKPHCTANIYHI
MIPOEKTOPH, 31 CIiBBiAHOMIEHHAM cTopiH 16:9, siKi Bupo-
OHUK Ha3MBA€ “CBITIOBMMH JBUTYHAMH ’, IO (OPMYIOTH
300paXKeHHsI, SIKE IIPOXOMUTH dYepe3 Bi3yallizylouy
OIITHKY, XBUJEBI “‘combiner”’, mpUCTpill, MO MOENHYE
MIPOEKIII0 Ta 300paKEHHSI PEaIbHOTO CBITY Ta AU(paK-
wiitHi pemniTky. JIiH3M MalOTh TPW IIapH — JJISI CHHBOTO
3€JIEHOT0 T2 YePBOHOT0 KOJILOPIB, KOXKEH 3 SIKMX Ma€ CBOI
TUQpaKIifHI BIACTHBOCTI.

HoloLens renepye GiHOypanbHHI 3BYK, IIO IMITye
HaIpsIM 3BYKY, YTBOPEHOT0 IIU()POBOIO TOIOrpaMoro [5].

CucremHe 3a0e3niedeHHs 0a3yeThCst Ha 32-po3psaHiil
omnepaniiHiii cucremi Windows Holographic. 3a ckany-
BaHHS 300pa)keHHs BiIIOBia€ CHCTEMA, IO peai3oBaHa
Ha TtexHomorii Kinect. Hms mporo aBi mapm kamep,
Y KOXHIH 3 IKHX € OfHA KaMepa TIIHOWHH, IO CKIaaa-
€ThcA 3 1H(PAYEPBOHOTO MPOEKTOPA, IIOEIHAHOTO
3 MoHOXpoMHOI0O CMOS maTpuIero, KoIp0poBa Kamepa
Ta MIKpO()OHHA PEIIiTKA.

[HdppadepBOHUl MaTUYUK CKIAga€ KapTy 3 KOIBOPO-
BOTO TPAIi€HTY: Bill OiJI0ro KOMbpopy (HaMOImKdi mpes-
METH) 0 CHHBOTO (HalBiIIaICHIIII TIPEIMETH).

I'010BHOO TTEepeBaroro JaHOTO NPy € TTO€THAHHS
IU(pPOBOTO CBITY 3 TIHCHUM y PEeXHMI peasbHOTO Yacy,
TOOTO y peaslbHOMY CBITi, U CIIPUHHATTS JIFOTUHH 3 SIB-
TS€ThCS TU(POBE HATIOBHEHHSL.

OCHOBHUMH HANpsIMKaM{ BHKOPHCTAHHS TEXHOJOTIT
HoloLens €:

e JleMOHCTparisi CKIaJHAX MAaKeTiB Ta KOHCTPYKIIH
y Macmta0i i mBuake BigHOBIEHHA 3D Mopmenei i3 pi3-
HUX TPOTPaM.

Puc. 3 3oBuimmiii Burisg Meta 2

Puc. 4 Bukopucranus Meta 2 /i BUBYCHHS OyJ0BU CEpALS

e OnepaTuBHE MiAKIIOUSHHS 3@ JIOIIOMOIOIO0 OKYIISIPIB
orepaTopa CIyXOM MiATPUMKH, PU BUKOHAHHI poOOTH
Y BiIJaJICHUX MiCIIfX.

o VIIOCKOHAJICHHS POOOTH IMOMIIEHCHKUX. MOXIIUBICTh
BHUKOPUCTOBYBaTH LU(POBI Mapkepu Ta 3D maketn Ha
MICIIi 3JI0YHMHY, BIATBOPEHHS KapTHHU HOIH, IPSIMHI 10-
CTYM 10 ycix 0a3, 1o 3’€HaHI MEpeKero.

o OHJaifH BiICO-ypPOKH — NAIOTh HOBI MOXIIUBOCTI ISt
JUCTAHIIHHOTO HaBYaHHA CTYAEHTIB 3 PI3HUX KpaiH
cBiTY. MuTTeBHil nOCTYI 70 Oyab-IKOTO BUKJIAAada, Ta
PO3MOBa y PEKUMI PEATBHOI0 Yacy Terep peabHi.

e MenuuyHa — BiATBOPIOBAHHS MOBHOIIHHUX TOJIOrpa-
(IYHUX MaKeTiB, HANPUKIAL: Xipyprd BUKOPHUCTOBYIOTH
TPUBHUMIpHI aHATOMIYHI TOJOTpaMy, MO0 IUIAaHYBATH
cKJIamHi omeparii [6], a TAKOXK JOIMOMAaraoTh Mali€eHTaM
OTPUMATH YITKY KApTHHY Ta Kpallle PO3YMITH aHATOMIO
Tina puc.2.

III. META2

Meta 2 — me apyre IOKOJNiHHS OKYispiB Meta, 1o
NIpU3HAuYeHi 11 PO3POOHMKIB TporpaMHoro 3abesrme-
YEHHS, TaK 3BaHUH ITPEACTABHUK HOBUX THUITIB KOMIT I0Te-
pauX iHTepdeiiciB (puc.3). Bonn minennyrorses mo MK
3aMiCTh MOHITOpY, Bi3yaJi3ylouu JBOBUMIpHI Ta TPHUBH-
MIpHI JIaHi SIK TOJIOrpaMu, sSIKi MOXKHA 3aKpiMUTH y BUOpa-
HOMY MiCIli y IpOCTOpi, KepyBaHHS SKUX MOXKHA 3/iHcC-
HIOBAaTH SIK 32 JIONIOM OO0 MUIIII 3 KJIaBiaTyporo, Tak i3a
JIOTIOMOT'OFO JKECTIB Ta TOJIOCOBUX KoMaH[ [7].

3 GOKy TEXHIYHOTO BUKOHAHHS, IIi OKYIISIPH CXOXI1 Ha
HoloLens, ane na BigMiHy BiJ HUX, A7 IX pOOOTH OKYJIsI-
piB  HeoOximHO 3’emHanns mo 11K, mo mpamoe ma OC
Windows 8 a6o 10, npu npomy cam IIK noBunen matn
BHCOKI TEXHIYHI XapaKTEPUCTUKU, IO € HEIOTIKOM
y nopiBusHHI 3 HoloLens. [Ipote, Meta 2 mMae mmpmmit
KYT orjsiny, mo ckiagae 90 rpamyci, Ta OiIbIne po3Iu-
PEHHS €KpaHiB I KOKHOTO oka — 2560x% 1440, Ta MoXx-
JIMBE KOPUCTYBaHHS 31 3BUYaiHUMHU OKyJsipaMu. s Bin-
CTEXYBaHHS PYXY Ta HOJOKEHHS y IPOCTOPi BUKOPUCTO-
BYETHCS MAaCHB CEHCOpIB, MO BKIIIOYAE MIECTHBICHOBY
IMU (Inertial Measurement Unit). 3a 3Byk BimmoBigae
BOyJOBaHA cHCcTeMa KiCTKOBOI MPOBiAHOCTI 3 4 OuHAMI-
kamu [8].

3’eqnanns 3 [1K ta mepemaua 300pakeHHs BigOyBa-
etbes 3a moromororo HDMI a6o DisplayPort. V sikocti
KOpHCTYBallbkoro  iHTepdeiicy  BHcTymae  BiacHa
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po3pobka Tpadiunoro iHTepdericy Meta. OcHOBHUM
HEJIOTIKOM JTaHOT'O IPHJIay € Te, IO AJIsl HOro BUKOpHC-
TaHHI HeoOXimHe mix’ exnanas 10 [1K, ToroTo okynsapu He
MOXYTb BHUKOPHCTOBYBATUCS SK OKPEMHH NPHUCTpIM.
Takox OO OCHOBHHMX HEIOJIKIB MO)KHA BIJIHECTH HEBE-
UKy miaTpuMKky Windows-miporpam, Ha JaHWH MOMEHT
e Microsoft Office, Adobe Creative Suite i Spotify.

IV. MAGIC LEAP ONE

Magic Leap One (puc. 4) — okysipy 3MilIIaHOI peaib-
HOCTi, OCHOBHMI KOHKypeHT HoloLens 3i 30inbrieHnm
KYTOM OIJISITy T TOKPAIICHOI CHCTEMOIO BiJCTEKEHHS
TIOJIO’KEHHS PYK, Ta 3 Ourbmroro Baprictio. IIpencrasise
C00O00 TIPHUCTPIH, IO CKIANAETHCSA 13 TPHOX YACTHH: BIIa-
cHe okyispiB (Magic Leap Lightwear), mynpra-xKoHTpO-
nepa (Magic Leap One Control), Ta 6yoky, B skuii BOy-
JIOBAHO LEHTPATBHUHA Ta TpadiuyHuil MIPOLECOpH Ta aKy-
mymatop (Magic Leap One Lightpack). Oxynsipu i xepy-
F0umii OJIOK 3’ €qHYIOTBCA MiXk coboro gepe3 USB type-C.
Magic Leap One mpaiitoe Ha BIacHIN onepariiHii cuc-
teMi LuminOS. TlepeBaramu TaHOTO IPUCTPOIO € TE, IO
JUTST HOTO BUKOPHCTAaHHA HE MOTPiOHE M0maTKoBe 3°€l-
HauHg 10 11K, Bin cam HiOu miHi [1K, sxe MoxkHa 3aKpi-
IIUTH Y BIACHOMY KapMasi [9].

Jlia BiACTEXKEHHS MIPOCTOPY y IIOIOMi BOYIOBaHO
CEHCOPH Ta KaMEpH Ta KOPEKTHOI B3aEMOJIi roorpam i3
pearbHUM CBITOM, JIH3M HAa SKi MPOEKTYEThCA 300pa-
JKeHHsI, HAJIAIITOBYIOThCS 1HIUBiAyanbHO. [IpucTpiit Mmae
3D ayniocucrema Spatial Audoi, aBosnepHUit mpomecop
NVIDIA Parker SOC Ta momomixkuuii porecop ARM
Cortex A57, 8 rirabaiiT orepaTHBHOI ITaM SITi Ta BiZeOKa-
pra NVIDIA Pascal. Takox npucyTHi 6e31pOTOBi iHTEp-
¢eiicu Wi-Fi ta Bluetooth. OcHOBHUM HeqONIKOM
JIAHOTO TIPUCTPOIO € Maja KiJbKICTh MPOrpam, 1o Horo
HiATPUMYIOTH, IO TOB ' 3aHO 3 BUKOPHCTAHHSAM BIIACHOT
orepariitoi cucremu. Ha naHuit MOMEHT JOCTYIIHI TaKi
nporpamu : Project Create, Avatar Chat, Helio, Ténandi,
Screens, Gallery, Invaders, mo 3meHiye chepu iHoro
Bukopuctanns [10].

Ha ocHOBI fgaHOro aHanizy, MOXXHa BHIUTUTH chepu
3aCTOCYBAaHHSl Uil KOXKHOrO 3 mpwiaiiB. HaiiGinbin
LIMPOKOr0 BUKOPUCTAHHS Ha Januit MomenT € HoloLens,
TOMY 1110 TIPAIO€ HA OJIHIH 13 Bapialiil onepauiiiHol cuc-
temu Windows, 1110 J03BOJISIE KOPUCTYBATHCh yCiMa 3BH-
YHUMH T[pOrpaMaMH y PEKUMI 3MIIIAHOI PEaNbHOCTI.
BukopucranHs MOXIHBE y pi3HHX cepax, K JiKapsMu
i 4ac mpoBeieHHs abo MiArOTOBKH JIO Omeparlii, Tak
i po3poOHHMKAaMHU OyIb-SKMX TrpadiuHUX eJNEeMEHTIB,
IU3aliHepaMH Ta apXiTeKTOpaMH.

Meta 2 Ha naHuil MOMEHT, MOXKe OyTH BUKOpHCTaHA
cymicHo i3 makeramu Microsoft Office, Adobe Creative
Suite i Spotify . Xoua cnucok nporpam Ha JaHUH MOMEHT
€ 0OMEXEHUM, Ta BXKe 3apa3 MPUCTPid MOXKHA BUKOpHC-
TOBYBATH Ul CTBOPEHHSI MAaKeTiB Ta PI3HUX KOHCTPYK-
uiit. A miarpumka Adobe Creative Suite 103Bossie CTBO-
pIOBaTH MEIaKOHTEHT 1 BiJipa3y 3MilllyBaTH HOro i3 pea-
JIGHUM CBITOM.

Ha nmanmit moment Magic Leap One, BpaxoByrouu
MiATPUMKY HEBEIIUKOI KiJIBKOCTI POrpaMHOro 3adesre-
YeHHS, J03BOJISIE BIAIUTOBYBATH OHJAWH KOH(epeHmii
MiX KOPHCTYBayaMH IPHUCTPOIO Y OyAb-sAKOMY Micli

y CBITI. KOHCTpYIOBAaTH BiacHuMil cBiT uepe3 Project
Create, KepyBaTH CTBOPEHHMH CIEMEHTAMH, Ta OpraHi-
30BYBaTH B32EMOJIII0 Mi>K HUMH.

Pe3yabTaTi MOPIBHSIHHS TEXHIYHHX XapaKTEPHCTHK
NpWIJIaZiB HABEJECHO y Tabumui 1.

Puc. 7 3acrocyBanns HolloLens mis po3yMiHHS PO3HOBCIOKEHHS
3BYKY

Puc.8 3acrocyBanHs Meta 2 Ui meperyisifly CTBOPEHHOTO MAakeTy
IPOEKTY
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TABML 1 — ITOPIBHSHHSA TEXHIYHUX XAPAKTEPUCTUK

Kpurepiii HoloLens Meta 2 Magic Leap One
Onepauiiina cucmema Windows Holographic Cywmicra i3 nesiumu Windows LuminOS
IporpaMaMu
Po3dinvna 30amuicms expany 1268x720 2560x1440 2560x1440
Kym oznsady 30 90 50
3syk binoypanpHuit KicTkoBa IpOBiIHICTh binoypanpHuit
Ipoyecop Intel Atom X5-Z8100 - NVIDIA Parker SOC
Bideoxapma HoloLens Graphics - NVIDIA Pascal
Onepamusgna nam amo, I'o 2 - 8
Kopcmkuit ouck, I'o 95 - 64
Kbesop i inmepdbeiicu Wi-fi Ta Bluetooth - Wi-fi Ta Bluetooth
Aemonomuicms, 200 5,5 - 3
TTEPEJIIK TIOCUJIAHB
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HoloLens Ta Magic Leap One € He3aneXHUMH IIPUCT-
posiMuy, 1110 € 6e3nocepeiHbOI0 epeBaroro nepen Meta 2.
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Peghepam—B nannoii paéore paccMOTpeHbI raIKeTbl KOMIAHMIA, ABISIONIMXCS I[JIABHBIMU MPEICTABUTEISIMH TEXHO-
JIOTHH CMeIIaHHOMH peaJIbHOCTH. Hponeneﬂo CpaBHEHUE TEeXHOJIOTHI 1 ornpeaejJaeHbl UX pa3jiniud, Kak B T XHUYECKOM HC-
MOJIHEHUH, TaK U B cepe npumeHenusi. OcyuiecTBiIeHre CPABHEHNS TEXHUYECKUX XapPaKTEPUCTHK U ompenesieHa cdepa
NpUMEHEHHsT LIS KAK/I0r0 U3 YCTPOICTB C y4eTOM BO3MOKHOCTEH ¥ MOUIEPKKH NPOorpaMMHoro obecnedenusi. OTMedeHo,
4YTO MO CPABHEHHUIO C TeXHOJIOrH el BﬂpTyaJ’leOi‘l Pe€ajJJbHOCTH, CMCIIAHHAA PEAJIbHOCTD MO3BOJIACT J0NOJIHATH peaﬂbﬂblﬁ
MHUP HU(PPOBHIM HANIOJHEHHEM, (e3 M0Teph 3PUTEIHLHOI0 KOHTAKTA ¢ OKPY:KAIOIUMH.

Knrouesvie cnosa — cmewmannan peanvnocms; eupmyanwvhasn peanvhocms; HoloLens; Meta 2; Magic Leap One.
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Abstract—In this article, discusses the gadgets of companies that are the main representatives of the technology of mixed
reality. Comparison of technologies was carried out and their differences were determined both in technical design and in
the field of application. Comparison of technical specifications and the scope of application for each of the representatives,
taking into account the capabilities and support of the software. Microsoft HoloLens was the first working representative of
mixed reality. Due to the fact that he worked on the operating system of Windows Holographic, he received the widest
application, as far as this personal computer is attached to your head. You can identify the scope of application for each of
the devices. The most widely used at the moment is HoloLens, because it works on one variation of the Windows operating
system, which allows you to use all commonly used programs in mixed reality mode. Use is available in all areas where
necessary from the use of doctors during or during the preparation of the operation, and for the developers of any graphic
elements, designers and architects. It supports a full set of programs running on this platform. Meta 2 is a device, to work
with which it is necessary to have a sufficiently powerful personal computer, as far as the device itself is used as a monitor,
only in mixed reality. Meta 2 for the moment, can be used in conjunction with Microsoft Office, Adobe Creative Suite, and
Spotify. Although the list of applications is currently limited, it can now be used to create layouts and designs. And Adobe
Creative Suite support allows you to use them to create media content and instantly mix it with the real world. Magic Leap
One is very similar to Microsoft HoloLens, also an independent device that does not require additional connection to a PC.
Magic Leap One - At the moment, with the support of a small amount of software, this device allows you to arrange online
conferences between the users of Magic Leap One anywhere in the world. Allows you to design your own world through
Project Create, manage the created elements, and organize the interaction between them. At the moment, it has limited
scope due to small software, due to the use of its own operating system. It is noted that compared to the technology of virtual
reality, mixed reality allows you to complement the real world with digital content, without loss of visual contact with others.

Key words — Mixed reality; HoloLens; Meta 2; Magic Leap One.
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