B PA3PABOTKA IPOTPAMMHOT'O OBECIIEYEHUS 1 UH)KEHEPUSI 3HAHUI W

YK 004.9, 004.41/.42, 004.43
Ceiitnyp A.M., Hoii J1.[1., Hypanun M./.

MesxayHapoIHbI YHUBEPCUTET MH(DOPMAITMOHHBIX TeXHOJIOTHH, AnMatel, Kazaxcran
Hayunsiii pykoBoautens: Jlaitneko E.A.

YEJOBEKO-KOMIBIOTEPHOE B3AMMOJENCTBHUE C HCIIOJIb30BAHUEM
KOHTPOJUIEPA IBUKEHUSA LEAP MOTION

AnHoTauusi. CTaThs TMOCBSAIIEHA pPa3pabOTKE MPUIIOKEHHUS BUPTYaTbHOH peaTbHOCTH,
MIO3BOJISIIOIIEH MCIIONIBb30BAaTh IIEPCOHAIBHBIM KOMIIBIOTED KaK MapKepHyl HOocKy. B kauecTtBe
ycrpoiictBa BP ucnonp3yercst konTposuiep asmxenus Leap Motion, mpuHIUT JeHCTBUS KOTOPOTO
OCHOBBIBACTCS Ha 3axBaTe ABW)KECHHUS PYK Ul 4YEJIOBEKO-KOMIIBIOTEPHOIO B3auMMOJEHcCTBUS. B
CTaTb€ IPEACTABICHO IPHIIOKEHUE, KOTOPOE IO3BOJSAET OTCICKUBATh KapaHIall, PY4YKy HIIU
KHCTOUYKY, TO €CTh JIIOOOW NpPOAONrOBaTBIA MpeaMeT, NOXOXHMH Ha pyuky. OTciexuBaHue
MIO3BOJISIET PUCOBATh MM IMCaTh B BO3JyXe, HE KacasChb JKpaHa, TO €CTh 0e3 (usnueckoro
BO3JeHcTBUS Ha uTo-nubo0. IIpuBeNeHbI OCHOBHBIE B3aUMOACUCTBUS C INPWIOKEHUEM U
XapaKTepUCTUKU TECTUPOBAHUSA  IIOJIB30BAaTEIbCKOIO  IMPOCTPAHCTBA, a TaKKe ONMCaHA
HETOCPECTBEHHAs paboTa MPHIIOKEHHMS.

KiroueBble ciioBa: BUpTyasibHas peanbHOCTb, Leap Motion, nmporpaMMHOe MNpUIIOKEHUE,
oOyuenue, JavaScript, Python.

Beenenue

BupryaneHas peansHocTh (BP) monpasymeBaer cumyinupyeMyro cpeny, B3aMMOJEHCTBHUE C
KOTOpPOMl  OCYIIECTBISIETCS IMOCPEJICTBOM  CIEHUAIbHOIO  amllapaTHOr0O M MPOrpaMMHOIO
o0ecrieyeHrs, Ha OCHOBE CHUTHAJIOB, IOJIy4aeMbIX UEJIOBEKOM uyepe3 opranbl uyscTB [1,2].
BupryanbHOl peanbHOCTH XapaKTepHbl CBOICTBA WMHTEPAKTUBHOCTH U HMMEPCUBHOCTH, 4YTO
MIO/Ipa3yMeBAcT IMOJIHOE MOTPYKEHHUE IMOJIb30BATENs] B BUPTYAJIbHYIO CPELy U aBTOHOMHOCTB, TO
ecTb He3aBucuMocTh BP oT peanbHoro mupa [2].

Ha cerogHsamHMi [€Hb TEXHOJOTMS BUPTYaJIbHON pEAJBHOCTH HAlIa TIPUMEHEHUE BO
MHOTHUX c(epax AedaTeIbHOCTH YeloBedYecTBa. B MenuiHae MoJenupyeMble XUpypruueckie cpe/ibl
BUPTYaJIbHON PEabHOCTH CIIYXaT cpeaoi 3(pPpeKTUBHOro 00y4eHuUs U MPOBEACHUS XUPYPTUUECKUX
onepaiuii [3, 4]. KoHuenmnus BeIMUCIUTEIBHOW XMPYPIHMM IO3BOJISIET MOJAEIUPOBATH CIIOKHbBIE
CTPYKTYpbl B pexxume 3/ ,uro olnerdaer ruiaHupoBaHME U TpoBeneHue mpoueayp [5]. Kpome
IJIJAHUPOBaHUs onepannii BP ncnosb3yroTcss HEMOCPEICTBEHHO MTPHU BBIIIOJIHEHUH CAMHX OIIEPALIHiA,
TaK Bpaud MOTYT JIETKO 00pamaTbcs K HE0OX0IMMOMY MaTepuaity OBICTPO, TOCTYITHO U O€30MacHO
[6].

BupryaneHas peasbHOCTh TpUMeEHsieTCs i OOy4eHHs BO MHOTUX OTpacisix, TIJe
9KCIUTyaTalusl peajbHbIX YCTPOWCTB M MEXAaHUW3MOB CBs3aHa C TOBBIIIEHHBIM PHCKOM JIMOO C
OONBIIMMM 3aTpaTaMH, MpPEJOCTaBiIAsd MpU ITOM ydamumcs Oojee Oe3omacHylo pabouyro
00CTaHOBKY JUIsl IOJy4YeHUs! HaBbIKOB. CIIOCOOBI BHEAPEHUS TEXHOJIOTHH BUPTYaJIbHON peatbHOCTH
M3YYaIOTCsl B CaMBIX Pa3HbIX yueOHbIX 3aBeleHHsX [7]. Tak, HampuMep KOCMHUYECKOE areHTCTBO
NASA, B pe3ynbTare HECKOJBKUX JIET HCCIEIO0BaHUN ycreurHo ucrnosb3dyeT BP s mororoBku
KOCMOHABTOB [8].

BP Ttaxke oxazanach mosesHa JUIsl MpenojiaBaresiedl TEeXHUYECKUX CIEeHUalbHOCTEH M HX
CTyZieHTOB. B mepByto odepenp Oiaronaps BO3MOKHOCTH 3aMEHBI JOPOTOCTOSIIET0 000PYAOBaHUS
€ro BHPTYalIbHBIM CHMYJATOPOM. OIHMM H3 BaXKHBIX DJIEMEHTOB SBIIACTCS B3aUMOJCHCTBUE
ydaluxcs C TPEXMEPHBIMM MOJEISAMH, KOTOpPbIE TOYHO pEarupyroT Ha BBOJHBIE JIaHHBIE,
Oylaromapsi MMUTAIIMW, TMOBTOPSIONIEH PEaKIUI0 peajbHbIX OOBEKTOB. Takoil JOMOJHUTEIHHBIN
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MHCTPYMEHT 00eCIeunBaeT MOIb30BATENsI HEOOXOAMMBIM OIBITOM IS IOHUMAHUS CIIOKHBIX TEM U
paboTHI C peaTbHBIMU yCTaHOBKaMH [9].

Ouenp yacto BP ucnonb3yercs B pa3BieKaTeNbHOW WHAYCTPHH, OCOOCHHO B BUJICOUTPAX U
kuHO. llepBble rapHUTYypbl BHUPTYy&JIbHOW pEaJbHOCTH, JOCTYIIHBIE UIMPOKOMY KpYry
MOJIb30BaTesIeH, ObUTM BBIMYIIEHBl KOMITAHUSAMH I10 MPOU3BOJCTBY BUACOUTD B Haudaye-CeperHe
1990-x ronos. Ho, naunnas ¢ 2010-x rogos, Oculus (Rift), HTC (Vive) u Sony (PlayStation VR)
BBIYCTUJIM TapHUTYpPHI emie Ooyiee JOCTYIHBIC, IOJIOKHWB HAdalo HOBOH BOJHE pa3pabdOTKu
npuiioxenui [10].

Takum 06pa3oM, TEXHOJOTHH BUPTYAIBHOM pEabHOCTH MPEACTABIAIOT cO00M ele OAuH mar
K HOBBIM OTKPBITHAM U IPUMEHEHUSIM.

Bcemupnas mnaHaeMus IOBIMsUIA Ha OYepeNHOM BceIuleck HMHTepeca kK BP. B cBsasu c
BBIHYKJICHHBIM TIEpPEXOJOM Ha JUCTAHLIUOHHBIA pPEXUM pPabOTHl OCTPO BCTal BOIpoc 00
WCIOJIb30BAHUN MHCTPYMEHTOB JUIsl OHJIaH oO0yueHus. Ha cerogHsmHuil AeHb JTUIMPYIOLIUMU
wiargopmamu sBisitotrcss Microsoft Teams, Zoom, Skype u T.n1. Janable miatopmbl UMEIOT
OonpmIod (YHKIMOHAN Il OpraHu3alMyd JAUCTAHIHMOHHBIX 3aHATHH. OJHAKO BKIIOYCHUE
texHosoruu BP no3Bomnser cnenarh 00ydeHue 6osiee sKUBbIM U MPUOINKEHHBIM K PEaTbHOCTH.

Cratpss moOCBslIlleHAa pa3padOTKe MPHIOKEHUS BUPTYalIbHOW pPEAJTbHOCTH, IO3BOJISAIOLIEE
HCIIO0JIb30BaTh IEPCOHAIbHBIA KOMIIBIOTEP KAaK MapKepHYr JO0cKy. B kadectBe ycrtpoiictBa BP
UCIOJNIb3YeTCsl KOHTposuiep nBmwxkeHus Leap Motion, npuHIMN AHCTBUS KOTOPOTO OCHOBBIBAETCS
Ha 3axBaTe JABWXKEHUSA PYK I YEIOBEKO-KOMIIBIOTEPHOro B3aumonenctsus. [lewcrBue Leap
Motion orpaHu4eHo TpeXMEpHOW 00JacThiO MOJB30BATENLCKOrO mpoctpaHcTBa [11]. O6macts
neiictBus ycrpoiictBa omnpeaenstor UK nuonel, msnyuaronme cBer K pabouyemy MPOCTPAHCTBY
(Pucynoxk 1). Ilpu HaxoXaAeHUU PYKU B TaHHOM 00JacTU OTpa)KEHHBIE Tyuu cBeTa nomnanat B UK
KaMepbl KOHTPOJUIEPa, MOCJe Yero 3axBaueHHOE crepeorpaduyeckoe n300pakeHHe mepenaeTcs K
IpOrpaMMHOMY 00paboTUHKy KOHTposuepa. [lociie anropuTMbl KOMIBIOTEPHOT'O 3PEHUS BBIICISAIOT
KOHTYpBl PYK 4Y€JIOBEKa, TEM CAMbIM OIpEAENss IMOJIOKEHHUS] U KOOPJIMHATHI MajibleB, KOCTEH U
3aICThS.
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Pucynox 1 — Ipunyun pabomur koumpoanepa osudxcenus Leap Motion (Ultraleap) [11]
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Bbiio pa3zpaboTaHo mpUIIOKEHHE, KOTOPOE MO3BOJIICT OTCIICKHUBATh KapaHAAll, PYydKy WU
KHACTOYKY, TO €CTh JIIOOOH MpOMOJTOBAaThIH MpEaAMET, MOXOKHH Ha pydky. OTciexuBaHHe
MO3BOJISICT PUCOBATh WJIM IHCAaTh B BO3JyXe, HE Kacasch JKpaHa, TO eCThb 0e3 (usmyeckoro
BO3/ICHCTBUS HA 4TO-TM00. OTCISKHBAHUE MPOUCXOTUT C MTOMOIIBIO KOHTpOJIepa ABMKeHuUs Leap
Motion. Ilpunoxenue ObUIO pa3pabOTaHO C HCIOJIB30BAaHUEM S3BIKOB IPOrPAMMHPOBAHUS
JavaScript, kak ocHOBHasi GpOHT 4acTh, ¥ Python, kak cepBepHas 4acTb.

B3aumopelicTBue ¢ NpUIIOKEHHEM IOKa3aHO Ha pucyHKe 2. [loib30Barenb MHIIET KaKyHO-
aubo mH(pOpPMaIUIO, 3aTeM Ha CepBepe MPOUCXOIUT 00pabOTKa 3ampoca B PEXHMME PeaTbHOTO
BPEMEHH TOCPEJACTBOM TEXHOJIOTUU ajax W OUOJIOTEKH jquery C MOCIEAYIOIUM OTOOpaKeHHEM
JIAHHBIX HA SKpPaHEe KOMITbIOTEpa.

2 3
o ‘o

Pucynox 2 — Use case diagram

PaboTta mpuioXeHHus COCTOUT M3 TPeX OCHOBHBIX ATAIOB: IMOJb30BaTEIb BBOAMUT JAaHHBIE C
MIOMOIIBIO KOHTPOJIIEPA, OHU 00pabaThIBalOTCSl HA CTOPOHE CepBepa M BBIBOAATCS Ha dKpaH. Ho Ha
Jenie KakIbld M3 3TaloB COCTOMT M3 cy03TamoB. Tak, HampuMep MpH BBOJAE JAHHBIX CO3JAeTCs
KapTUHKA, KOTOpasi 3aTeM KOAMPYeTCs IJIs OTHPaBKM Ha cepsep. [lajee mpoucxXoquT pasjeseHue
JAHHBIX Ha MH(OpMaTHBHBIE M HA JaHHbIE caMoro M300paxeHus. IIpoucxoaur nexoaupoBaHHE
n3o0paxeHuss u ero pacmudposka. Ilponecc pacmm@poBKH CHMBOJIOB ObLI peanu3oBaH C
MIOMOIIIbI0O METOZOB MAIIMHHOTO OO0y4YeHus: Merox k-Ommwxkaimumx cocepeld M cBepTOYHAs
HEWPOHHAS CETh.

Pucynok 3 — Ckpunuwiom paspabomanno2o npunoxicenus

International Journal of Information and Communication Technologies, Speacial Issue, March, 2021

57



B PA3PABOTKA IPOTPAMMHOT'O OBECIIEYEHUS 1 UH)KEHEPUSI 3HAHUI W

Ha pucynke 3 mnpuBefeH CKpHHIIOT pabOThl pa3pabOTaHHOTO NpuiIoXkeHus. Ilpu sTom
CIIEyeT 3aMETHTh, YTO HANKCaHWe WHQPOPMALUU MPOUCXOIUT B BO3AyXxe 0e3 (QHU3NYEcKOro
KOHTaKTa ¢ 3KpaHOM KoMmmbioTepa. HTepdeiic MpuiioKeHus MpeCTaBiIsIeT co00l Oenblii 3KpaH,
npoctyto html cTpanuily, 00JIer4aronIyr0 TECTUPOBAHHKE.

3akir0ueHue

Jannrast paboTa MO3BOJIET 3aKIIOYUTH, YTO Oy/IyIllee TEXHOJOTHUH B MX COBMEHIEHUU. Tak,
HamnpuMep, B3aMMOJCHCTBUE YEJIOBEKa M KOMIIBIOTEpAa MOXKET OBITh YJIYYIICHO COYCTaHHEM
METOJIOB MAaIIMHHOTO 00y4eHus, ycTpoiictBa BP u BeO-cepBHuCOB. JTO AenaeT KoMmbloTep Oosee
BOCIIPUMMYHUBBIM K TOTPEOHOCTSIM TOJIB30BATEIICH Il OCYINISCTBICHHUS HOBBIX 3ajay, YTO OBLIO
MIPOJIEMOHCTPUPOBAHO B MPWIOKCHUH C UCTOJIH30BAHUEM YCTPOHCTBA BUPTYAIBHONH PEaTbHOCTH
Leap Motion.

Paboma evinonnena npu ¢punancosoti noooepicxke KH MOH PK no npoecpamme epanmoso2o
Qunancuposarnus Hayunvix ucciedosanuil Ha 2020-2022 22., epanm NeAP08857146.
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Leap motion Ko3rajbIc KOHTPOJLIEPiH KOJAaHA OTHIPHII,
ajlaM — KOMIIbIOTEPJIK 63apa dpeKeTTecy

AngaTna. Makana KeKe KOMIBIOTEP/i MapKep TaKTachl PETiHJE MaijanaHyra MYMKIHIIK
OepeTiH BHPTyalIbl IIBIHIBIK KOCHIMIIACHIH jKacayra apHanFaH. VR Kypburrbichl peringe Leap
Motion KO3FabIC KOHTPOJUIEP1 KOJIJAHBLIAIbI, OHBIH YMBIC TIPUHIIHITI a/1aM-KOMIBIOTEPIIIK ©3apa
OpeKeTTeCy VIIH KOJ KO3FaIbICBIH YCTayFa Heri3nenreH. Makaiaga KapbhIHIAIITHI, KalaMIbl
HEMece MIETKAHBI, SFHU KajlaMFa YKcac Ke3 KeJNreH Y3bIH 3aTThl OakbUlayFa MYMKIHAIK OepeTiH
KochIMIlIa Oap. bakpuiay skpaHfa KOJI TUTi30€CTCH, SFHH €IITeHere (DU3HMKalbIK ocep CTIECTEH,
ayajia CypeT calyFa HeMece jkazyra MYMKIHAIK Oepeni. KockIMIIaMeH HETi3Ti e3apa opeKeTTecynep
KOHE TaiilalaHyIbl KSHICTITIH TECTUIey cHIaTTaMaliapbl, COHBIMEH KaTap KOCBHIMINIAHBIH TiKelen
YKYMBICHI CUTIATTAJIFaH.

Tyiiin ce3mgep: BupTyanasl HIBIHABIK, Leap Motion, OargapiamainblK jkacakrama, OifiMm,
JavaScript, python.
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Human-computer interaction using the Leap motion motion controller

Abstract. The article is devoted to the development of a virtual reality application that allows
you to use a personal computer as a marker board. As a VR device, the Leap Motion motion
controller is used, the principle of operation of which is based on the capture of hand movements
for human-computer interaction. The article presents an application that allows you to track a
pencil, pen or brush, that is, any oblong object that looks like a pen. Tracking allows you to draw or
write in the air without touching the screen, that is, without physically affecting anything. The main
interactions with the application and the characteristics of testing the user space are given, as well
as the direct operation of the application is described.

Key words: virtual reality, Leap Motion, software application, education, JavaScript, python
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RESEARCH AND ANALYSIS OF THE CONSEQUENCES OF CHANGES IN THE
CLOUD COVER OF THE CLIMATE OF KAZAKHSTAN

Abstract. The problem of climate change in recent years has become one of the most pressing
environmental issues discussed in the scientific world. In recent years, the understanding of the
possible environmental and social consequences of global warming already observed and expected
in the future has grown markedly around the world. It became obvious that there was a need to
develop a strategy for adaptation to the upcoming changes in each region, which would take into
account simultaneously the expected climate changes in it, both the response to global changes and
the specifics of the economy in a particular territory.

Keywords: climate, weather forecast, temperature, ecology, circulation index, meteorology

Introduction

The problem of climate change in recent years has become one of the most pressing
environmental issues discussed in the scientific world. In recent years, the understanding of the
possible environmental and social consequences of global warming already observed and expected
in the future has grown markedly around the world. It became obvious that there was a need to
develop a strategy for adaptation to the upcoming changes in each region, which would take into
account simultaneously the expected climate changes in it, both the response to global changes and
the specifics of the economy in a particular territory.

Most researchers believe that the higher the level of industrialization, the smaller the
percentage of losses from climate change. Thus, countries where agriculture plays a large role in the
state's economy will suffer. The economy of Kazakhstan, having an industrial-agrarian orientation,
where the raw material component plays an important stabilizing role, still strongly depends on the
state of the agricultural sector. Despite the fact that the main grain production of the Republic is
concentrated in the zone of risky agriculture in Northern Kazakhstan, the country fully provides
itself with grain and other products and, in addition, grain is an important export commodity. The
Republic's agriculture provides it with strategic food security.
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