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BBepneHue

MNpencTaBneHne faHHbIX HA MOHUTOPE KOMMbIOTEpPa B rpadu4yeckom Bnae srnepsble 6b1s10
peann3oBaHo B cepegnHe 50-x rogos ans 6onbinx 3BM, NpMMeHSABLUNXCA B HAY4YHbIX U
BOEHHbIX nccsenosaHumsax. C tex nop rpaguyeckmm cnocob otobpa>keHnsa faHHbIX cTan
HeoTbeMeMON NPUHAONEXHOCTbLIO MOAABAOWEr0 YMCa KOMMbIOTEPHbIX CUCTEM, B
0Cc06eHHOCTN NepCcoHanbHbIX. padnyeckmnn nHTepgenc Nnosib3oBaTens cerogHs
ABNAETCA CTaH4apToOM “Ae-thakTo” aasa nporpamMMHoro obecneyeHmsa pasHbiX KNaccos,
Ha4YMHasa C onepaumMOHHbIX CUCTEM

KoMnbioTepHana rpacduka (Takxe MallHHasA rpaduka) — obnacTb OeATeNbHOCTH, B
KOTOPOI KOMMbIOTEPLI HAPSAAY CO CNeunasibHbIM MPOorpaMMHbIM obecneyeHnem
NCNOJIb3YIOTCS B KAYeCTBE UHCTPYMEHTa Kak A/ co34aHus (CMHTe3a) u
penakTUpoBaHUA N3obpakeHni, Tak 1 AN oundpPoBKN BU3YyasibHOM MHMOpMaLmu,
NoJly4eHHOW N3 peasibHOro Mupa, C Luenbto AanbHenwen eé o06paboTkm U xpaHeHus.

CywecTByeT cneumnanbHasa obnacTb MHPOPMATMKK, U3yYHatowasa MeToabl U CpeacTBa
co3aaHna n 06paboTkm n3obparkeHnim ¢ NOMOLLLIO NPOrpaMMHoO-annapaTHbIX
BbIYMCINTENIbHbIX KOMIMJIEKCOB, - KOMMblOTEPHas rpadpruka. OHa oxBaTbIBaeT BCE BUAbI U
dopMbl NpeacTaBneHnsa n3obpa>keHnim, 4OCTYMHbIX AN8 BOCAPUATUSA YenoBekoMm nmbo Ha
dKpaHe MOHuTOopa, Mbo B BUAE KOMUN Ha BHeWHeEM HocuTene (bymara, KUHOMNEHKa,
TKaHb 1 npo4ee). be3 KOMMNbIOTEPHON FpahnKn HEBO3MOXKHO NpencTaBnTb cebe He
TOJIbKO KOMMbIOTEPHDbIN, HO 1 0ObIYHLIN, BNOJIHE MaTepuasibHbIn MUP. Bnlyanmsauymsa
OaHHbIX HAXOOUT NPUMEHEHNE B CaMbIX Pa3HbIX Chepax YesloBe4eCKon AeAaTeNbHOCTU.
Ona npumepa Ha3zoBeEM MeaunuUMHy (KoMnbloTepHas ToMorpadus), Hay4YHble
nccnenoBaHns (BU3yanm3aunmsa CTPOEHUS BELLECTBA, BEKTOPHbIX MNOJIEN N OPYTNX
OAHHbIX), MOOENNPOBaHME TKaAHEN N o4exXObl, ONbITHO-KOHCTPYKTOPCKME pa3paboTku.

B 3aBMCMMOCTM OT criocoba popMMpoBaHMS N306pa>KeHNn KOMMbIOTEPHYIO FpadurKy
NPUHATO NMoApasaenssTb Ha PAacCTPOBYO, BEKTOPHYIO U dpaKTasbHYIO.


https://www.evkova.org/#evkova

OTAenbHbIM NPeaMeToM cYMTaeTcs TpexmepHas (3D) rpaduka, nsyyatouwas npmuemMs n
MeTobl MOCTPOEeHNs 06beMHbIX Moaeniet 06bEKTOB B BUPTYasibHOM NpocTpaHcTBe. Kak
npaBuIo, B HEN CPYETATCSA BEKTOPHbLIN 1 pacTpo 06b| (hopMUpoBaHUSA
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n3obpakeHumn.

PacTpoBasn- nsobpaxeHue, npeacrtasnsiouiee cobon ceTky (Mo3anky) nukcenem —
LLBETHbIX TO4YeK (0ObIYHO MPSIMOYro/ibHbIX) Ha MOHUTOPE, ByMare u opyrux
oTobpakaloLmx yCTPONCTBaxX.

BekTOpHbIN- crocob npencrtasaeHns o6bLEKTOB 1 n30bpakeHnin (popmaT onmcaHms)

B KOMMbIOTEPHOM rpadmke, OCHOBAHHbLIN Ha MaTEMAaTUYECKOM OMUCAHUN 3IEMEHTAPHBbIX
reoMeTpuyecknx o6 bekToB, 06bIYHO Ha3biBa€MbIX MPUMUTUBAMU, TAKNX KaK: TOYKMU,
NNHNW, CNNanHbI, KpuBble be3sbe, KpYyrn n OKPY>KHOCTU, MHOIOYrOJIbHUKN.

[MoHATNEe BNPTYasIbHOCTU

BupTtyanbHasa rpadumka- pasgen KOMMNbOTEPHON rpaukuy, NOCBALLEHHbIM MeTo4aM
co3aaHng nobpakeHnn nnm Bnaeo NyTém MoaenpoBaHmna o0 bEMHBLIX 06BHEKTOB
B TPEXMEPHOM MPOCTPAHCTBE.

C 3KpaHOB TesieBM30pOB, CO CTPAHUL, KOMMNbIOTEPHON U HEKOMMbIOTEPHON Npecchbl BCe
Yyalule CAbILNTCSA C/ioBOCOYeTaHme "" BUpTyasibHada peasibHOCTbL "". YTO )Ke CKpblBaeTCH
noa 3TUM MOAHbLIM CerofHs CJI0BOM?

N3y4eHne OCHOBHbIX BO3MOXXHOCTEN CO34aHNA TpeXMepHbIX 06bEeKTOB B NporpamMmme
OpenGL, MeToaMKa HaNOXXEeHNSA TEeKCTYp. MexaHU3M noakatyeHns oubnmorek.
Co3naHuve NMoBepxHOCTU NaHAawadgTa. Peannsaumsa opueHTUPOBAHNA Ha MOBEPXHOCTMU.
N3meHeHne noBepxHOCTU NaHawWwadgTa.

Mopenn MmawmnmHHon rpamkm CNCTeMbl MalMHHON rpadukm oTobparkatoT oTpaboTaHHYIO
MHOPMaLIMIO O NpoLeccax nam obbekTax B BUAE CUMHTE3UPOBAHHOIO 0TOOpa)keHns Ha



3KpaHe gucnses uan pyron sKpaHHOM NJIOCKOCTMW.

CncTeMbl BUpTyasbHOW peasnbHOCTWN B codeTaHumn ¢ MK WnpoKo NCcnosb3yTca cenyac
ansa passsedeHnn. OHM NpeacTaBnsAoT cobon pasnnyHbie bosiee nanm MeHee CNoXHbIe
yCTPONCTBA, pearnpytowimne Ha ABMKeHUs nonb3oBaTtens. Ecnm Heckonbko paboTatoLwmx
CUCTEM BUPTYasibHOMN peanibHOCTM COeanHNTb, obpa3yeTcs Tak Ha3biBaemMoe obuiee
KnbepnpocTpaHCTBO, rae rnosib3oBaTenNn MOryT BCTPETUTb Apyr gpyra. Cucrema
OTCNIEXXNBAHNA OBUMXXEHWIN rON0BbI MO3BONAET BaM BpoCUTb B3rnsag B sitobyto CTOPOHY
KnbepnpocTpaHCcTBa. A 4TO B 3TOM NPOCTPAHCTBE MOXXHO AeflaTb U 4YTO C BaMWu
MPON30ONAET - 3aBUCUT OT UCMOJIb3yeMOW NMPUKIALHON NPOrpamMMmbl.

HekoTopble BbICOKOKa4YeCTBEHHbIE CUCTEMbI BUPTYasibHOW peasibHOCTUN UCMOMb3YIOT
cneuuranbHbie MaHUNYSTOPbI, MOA0OHbIE MbILLM U AXXONCTUKY, NepeaBmXeHNs KOTOPoro
BBEPX M BHM3 MHTEPNPETUPYETCHA AaTYNKAMU KaK ABUXKEHME MOJIb30BaTeNs BNeped u
Ha3ad. 9TO YCTPOWCTBA AAl0T AOMNOJIHUTENIbHYO BO3MOXKHOCTb MepenBuXeHuns B
BUPTYasIbHOM peasibHOCTU. DNUTAPHbIE CUCTEMbI BUPTYasIbHOM peasibHOCTU NpegnaratoT
Takxxe cTepeockonuyeckune 3D - n3obpa)keHuns U CTePeO3BYK, @ TakXXe BO3MOXKHOCTb
obulaTbCa C ApPYrMMM Nosib3oBaTeNaMnN B e4UHOM KnbepnpoCTpaHCTBE C MOMOLLbIO
BCTPOEHHbIX MUKPOGOHOB. CeroaHs ny4yline apkagHble BUAEOUrpbl NOAAEpP)XNBAOT
BUPTYaJIbHYIO PEasIbHOCTb, YTO MO3BONSAET UTPOKaM BOPOTLCS HE C FeEHEPUPYEMBIM
NporpaMMon NPOTUBHUKOM, @ APYr C APYroMm.

NMpeoMeTHbIN MNP, OKPY>XalOLWNA HAC - TPEXMEpPHbIN. Halwun rnasa BOCNpUHUMAOT
00beKTbl N0 pa3HbIMU yriaMn: AiBa HE3aBUCUMbIX N306pakeHns aHann3npyTcs
MO3roMm, 1 B pe3yJsibTaTe Ux conoctassieHns popmupyetcs obpas npegmeTa, ero
npusHaku n rnybmnHa niobpa>keHns. PaccTossHne Mexxay rjiasamu 4yenoseka obbI4HO
coCTaBnseT 6-7 CM, U KOraa 3padvkm cocpenoTaymBaloTCA Ha npegmMeTe, NeBbiv U NMpaBbIn
rna3 QoOKyCUpYyOTCA B 3TOM HanpasaeHUn. B 3aBUCUMOCTN OT pacCcTosaHUS A0 obbeKkTa
yron o63opa nameHseTcsa. Hawum rnasa n Mo3r aHaJM3upyroT pacCTOAHNE, OCHOBbLIBAsCb
Ha pasinyum mexay nsobpa>keHnsamMm, nojsly4yaemMmbiMn NeBbIM N NPaBbiM r1a3oM. 3TO
pasfinyme HasblBalOT NapassiakcoM 3peHuns. IMeHHO C MOMOLLbIO 3TOro adpdekTa u
Co3al0TCa TpexMepHble obbeMHble n3obpakeHus.

UcTopusa pa3sBuTUa UrpoBou rpadpukm

Y nrposoii 3D rpacukin, No MEPKaM pPasBUTUS KOMMbIOTEPHbLIX TEXHOIOMNI, AoNras
nctopus. OHa yxXoaUT KOPHAMU B T€ BpeMeHa, Kora NporpaMMuCTbl JINLb NbITanuch
CO3MaThb TPeTbe n3MepeHue ansa urp. Ha camom xe gene Takoe 3D 6onbLue 6bis10



MOX0>Xe Ha 04YeHb CoXXHOoe 2D. MNpocTon NnpuMep NPUHLMMOB Takoro "aABmxka". Pebpa
BCEro okpy»xatouiero nsobpaxkatTcsa IMHNAMM OAHOro LuBeTa. boeBas MalunHa
npeacTaeT B BUAE HECKOJIbKUX 3e/1eHbIX rpaHen. [opbl, npeacTasnsowme cobon
haneknin naHgwagT NpoprucoBaHbl C TOW e TWaTe/IbHOCTbIO 1 TeM xe uBeToM. lNepen
WFPOKOM - NepeKkpecTbe npuuena CToJb Xe NoTpsacalLwero kayectesa, Ho KpacHoro
uBeTa. B Hebe - 3emMna: Kpyr B BepxXHen 4acTu 3KpaHa, pa3fesieHHbIN BOrHYTOW JIMHWEN,
oTceKkatowen BoobparkaeMyto OCBELLEHHYO YaCTb OT HE OCBELLEHHON (OHWN He
OT/INYAOTCA MO LBETY APYr OT Apyra) n obpawatrowen Hawy naaHeTy B mecsau. da, pa!l
970 oHa! Bennyanwasn sBorvHa Ha JlyHe BO BCEN UCTOPUN KOMMbIOTEPHbIX Urp!
OpurunHanbHas Battlezone, pumeink koTopoin 6bin BbinyLeH HegasHO. MOAMHHUK Xe
yBupen ceet B 1980 roay. OH 6611 co3naH ons KoMmnbloTepos Atari, n ABnseTca nepson
HacToswen 3D-nrpon c BMOOM OT NEPBOro SnLa, NePBbIM TAHKOBbLIM CUMYJISTOPOM U
nepBbiM CUMYNATOPOM Kakoin 6bl TO HX Bbi10 60eBON TEXHUKM BOOOLLE.

Co3paHue nrpoBon rpaukun, XxyaoxectseHHoe opopMaeHne nrpbl - OAUH U3
Ba>KHENLLNX MOMEHTOB rnpouecca pa3paboTkn. Ha 3To yxoauT nbBUHasA gonsa brogxeTa
NUrpbl, @ cama rpadumka B 3Ha4YUTESIbHOW CTENEeHN onpenenseT To, YTO Ha3blBaeTCH
«aTMochepon urpbl». Kpome Toro, xopowas rpaduka - 3To ewe 1 o4HO 13 yC10BUNA
yCneuwHbIX Npoga>k: BCNOMHUTE DPOCKYI0 peksiaMy B XXYpHasiax, MOCTPOEHHYIO Ha
peasibHON BHYTPUUITPOBON rpadnke, CKPMHLWIOThLI B IHTepHeTe n Ha KopobKax C urpamu.

Boobuie roBops, NOHATUE «UrpoBas rpadmnka» BkAOYaeT B cebsa Tak Ha3blBAaeMbIN
KOHLEeNT-apT, TO eCTb 3CKN3bl U HABPOCKK, BO MHOIOM onpegenstoume To, Kak urpa
OyneT BbIrnaneTb, U COBCTBEHHO KOMMbIOTEPHYIO - BHYTPUUTPOBYIO - rpadnky. Kak
npaBwIo, XyO4OXKHUKN, 3aHMMatoLLMECa 3CKM3amMun, paboTatoT B TECHOM COTPYAHMUYECTBe C
an3zanHepamm nrpbl. OHM MOMOralT KOHKPETU3NPOBATb 3aMbiCesi, Co34aBasd Habpockn
repoes 1 gekopauun. NHorga npu 3TOM BbINOJIHAETCA U TPEXMEPHOE MoAeSIMPOBaHME.
danee B 0eno BCTynakT KOMMNbIOTEPHbIE XYOO0XHUKN, HEMOCPEACTBEHHO 3aHMMaKOLWMecs
Co3aHMeM NepcoHa>ken (To4YHee roBops, TEKCTYpPaMU, Kak AN ABYXMEPHbIX CNPanToOB,
TaK U 418 NOJIMFOHOB, U3 KOTOPbIX COCTOAT 3D-06beKTbI) N MPOPUCOBKY 3a4HUX MNJAHOB
(TaK Ha3bIBAEMOIr0 OKPY>XXEHUA), U XYLOXKHUKU-aHUMATOpPbl (0 HUX peyb NonaeT B
cnenytowen rnase). B HEKOTOPbIX KOMMaHUAX Ha NOMOLLLb K HAM NPUXO4AT eule v
cneunanncTbl, OTBeYalLlme 3a BCTpanBaHue rpaukn B 4BUXXKOK Urpbl.

TpexMepHOe NPOCTPaHCTBO B UTPax MUMeeT KOOPAMHATbI 1 COOTBETCTBYOWME ocu. Bee,
YTO Mbl BUAUM WU HE BUOUM: 0OBbEKTbI CTEHbl MICTOYHUKWN CBETA, OCHOBHbIE 3J1IEMEHTHI
(cnpanTbl, BOKCENN, NOJINIOHbI) - 0bNagaeT KoopAMHaTaMM pa3HOro poaa.



Camas rnaBHas cucteMa KoopaAuHaT (MoyYTu BCcerga oamMHakoBas)- 3To cMcteMa
KoopAuHaT, 6epyLlas oT4eT OT BUPTYasibHON KaMepbl, TO €CTb OTHOCUTESIbHO dKpaHa.
Yalle BCcero ncnosb3lyeTcs JIEBOCTOPOHHASA CUCTEMaA KooOpAMHaT. B TakoM criiyvae To4ka
nepecevyeHns BCex ocen (B KOTOPOW BCe KOOpAUHATLI HyeBble) byaeT B JIEBOM HUXXHEM
yrny s3kpaHa. Ocb X bygeT yxoauTb BMpaBo Mo HMXHeMy Kpat. Ocb Y byneT yxoauTb
BBEpX MNo npasomMy Kpato. Ocb Z byneTt yxoamTb Kak 6bl Brnybs. B cnyyae
NPaBOCTOPOHHEN CNCTEMON KOOPAUHAT, TOYKA nepecevyeHns ocen, COOTBETCTBEHHO,
oyneT cnpasa.

NMOCKONbKY NrpoBbie 06BHEKTbI MOIYT HAaXO0AMUTbLCA B OOON TOUYKE TPEXMEPHOro
MPOCTPAaHCTBA, BblYUCANTENbLHAA MallMHa onpenenseT, 4To, CO6CTBEHHO, BUOHO
HabnwgaTento. 3gecb onpenensaeTcs HanpasaeHne Kamepsl U yron ob3opa. [na Toro
4TObObI HE MPOPUNCOBbLIBATL BCE, YTO HAXOAUTCA B HanpaBaeHUn B3rnaaa (415 nosblilLLeHUS
MpPon3BOANTENILHOCTU U BO n3bexxaHme ncyepnaHuna pecypcos Z-bydgepa) 3agatoTcs
nepenHasa N 3afiHAS oTCeKatoLwme nNJIoCKoCTN. He BbIBOAMUTCA Ha 3KpPaH TO, 4TO
HaXOAUTCS K BUPTYasibHOW KaMepe bamxe nepegHen oTCEKAOLWEN MAOCKOCTN N Aanblue
3a4Hen oTcekatoLwen naockocTn. C 3TUM ABJIEHNEM BCE BCTPEYaINCb He pa3. B cTapbix
KOpMAOOPHbLIX BOMHax BpeMeH Doom 3To Aenasocb Npu NomMowm TbMbl. YCTaHaBAMBaNacCb
rpaHuua, gasablue KOTOPOW BCe ObIIO MOrpy>XeHO B KPOMELLUHbIN MpaK. MpucyTcTBYyeT 3TO
n cenyvac. Hanpumep, B Star Wars: Rogue Squadron HanmyecTtsyeT TyMaH. B AHEBHbIX
MNCCUAX MPEKPACcHO BUAHO, KaK, BO BpeMs noseTa, naHawadT BbiICTynaeT u3 6exxeson
rneseHbl HAM HaBCTpeYy.

3aKJiloueHue

B 3aKk/l04eHUKN, XO4YETCs CKa3aTb, YTO CeroaHs 0cobeHHo npuBneKaTesbHbl OJ1s
WHBECTOPOB KOMMaHWN, cneunannsvpytowmnecs Ha rpamnieckmux nHTepgencax
nosb3oBaTesisi, 06 beEKTHO-OPUEHTMPOBAHHbLIX MPOrpaMMax, BUPTyasibHOW peanbHOCTU U
nporpaMmMHoM obecrnevyeHnn napanesbHbiX NPOLLECCOB. Mbl BCTYMAaeM B HOBYIO 3MOXY
pacLIMpeHnst MOJIHOMOYUIA rpaddMyecKnUX CUCTEM NPU ABUXKEHMN MO NHHOPMALMOHHOWN
cynepMarunctpanu.

VCTOYHMKM nUuTepaTypsbl

Bukunegus, https://vuzlit.ru/988151/prostranstvo



