Copnep>xaHue:

Mage noffpund or type unknown

BBEOEHWE

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 onepauMOHHbIX CUCTEM.

CywecTByeT cneumnanbHasa obnacTb MHPOPMATMKK, U3yYHatowasa MeToabl U CpeacTBa
co3aaHna n 06paboTkm n3obparkeHnim ¢ NOMOLLLLIO NPOrpaMMHoO-annapaTHbIX
BbIYMCINTENIbHbIX KOMMJIEKCOB, - KOMMblOTEPHas rpadpmka. OHa oxBaTbIBaeT BCE BUAbI U
dhopMbl NpeacTaBneHnsa n3obpa>keHnim, 4OCTYMHbIX AN8 BOCAPUATUSA YenoBekoM nmbo Ha
dKpaHe MoHuTOopa, Mbo B BUAE KOMUM Ha BHeWHeEM HocuTene (bymara, KUHOMNEHKa,
TKaHb 1 nNpoYee). be3 KoMNblOTEpPHON rpaUKN HEBO3IMOXKHO NpPeaCcTaBUTb cebe He
TOJIbKO KOMMbIOTEPHBbIN, HO N 0ObIYHbLIN, BMOJIHE MaTepuasibHbi MUP. Busyanmsauuns
OAaHHbIX HAXOOUT NPUMEHEHNE B CaMbIX Pa3HbIX Chepax YesloBe4eCKoN AeATeNbHOCTU.
Ona npumepa Ha3zoBeM MeanumnHy (KoMnbloTepHas ToMorpadusa), Hay4YHble
nccnenoBaHmsa (BU3yanmsaunmsa CTPOEHUS BELLECTBA, BEKTOPHbIX NOJIEN N OPYTNX
OAHHbIX), MOOENNPOBaHME TKaHEN N ofexxAbl, ONbITHO-KOHCTPYKTOPCKME pa3paboTku.

B 3aBMcMMOCTM OT criocoba popMmpoBaHmS N306parKeHNn KOMMbIOTEPHYIO FpadmKy
NPUHSATO NoApa3fensiTh Ha PAacTPOBYHO, BEKTOPHYIO N (hPaKTANIbHYIO.

nasa 1. BUpTyanbHOCTb

Nnasa 1.1. NoHATUEe BUPTYaJZIbHOCTHU


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

C 3KpaHOB TesIeBM30pOB, CO CTPAHUL, KOMMbIOTEPHON N HEKOMIMbIOTEPHON Npecchbl BCe
Yyalle CAbIWNTCA cyioBoCoYeTaHMe "' BUpTyasibHaa peajibHOCTb ''. YTO »Xe CKpblBaeTCsa
rnog 3TUM MOOHbLIM CerogHs ci0BoOM?

B nepByto oyepenb MMeeTCs B BUAY TpexmepHoe, obbemMHoe nsobpakeHue (B oTanymne
OT NceBOOTPEXMEPHOW rpaPuKM Ha MJIOCKOCTN) U TPEXMEPHbIN 3BYK.

OfOHaKo B NOJIHOW Mepe OLWYTUTb BCKO NpenecTb BUPTYasIbHOW peasibHOCTU MOXKHO
TOJIbKO MPWN HaIM4YUKN TaKUX DJIEMEHTOB, KaK LEeTeKTOopbl NepeMeLleHuns, Nno3sosganume
OTCNEeXNBaTb NU3MEHEHMNSA NOJIOXKEHWSA NOJIb30BaTENS B YBA3KE C M306pakeHneM Ha
3KpaHe MOHUTOpPa N JaTynku, PUKcnpytowine 0encTemsa nosab3osaTtens. [1o HegasHero
BPEMEHUN TaKme CUCTEMbI MOXKHO Obls1I0 YBNAETL JINLb B KPYMHENLLINX B MUPE UFPOBbIX
LLeHTpax, a CTOMMOCTb UX MpeBbILLafia BCE MbIC/INMbIE 3Ha4YeHUA. Ho Bce MeHsAeTCs B
COBPEMEHHOM MUPE KOMMbIOTEPHON TEXHUKN, U B pe3ysibTaTe NOCTOAHHOI0 CHUXXEHUS
LLeH Ha KoMMnbloTepHoe obopyaoBaHMe Takne CUCTEMbI CTAaHOBATCSA AOCTYMHbIMU N
PSA4OBbIM NOJIb30BaTE/IAM HACTOJIbHbIX KOMMbIOTEPOB. boniee Toro, Bce Halle
MPOMN3BOANTENIN U UTPOBOIro NporpamMmMHoro obecnevyeHuns, n BU3HeC - NPUNOXKEHUN
BCTpamMBaloT NOALAEPXKKY BUPTYasibHOW peasibHOCTN B CBOU CUCTEMbI. A C cepeanHbl 1995
rofa rnosiBUIOCb HECKOJIbKO hUpM, Creunaan3npyowmxcs Ha BbliMyCKe Takoro
nporpamMmMmHoro obecnevyeHus.

CncTeMbl BUPTyasibHOM peasnbHOCTWN B codeTaHumn ¢ MK WMpoKo NCcnosb3yTca cenyac
Ansa passsedeHnn. OHM NpeacTaBnsAoT cobon pasnnyHbie bosee nanm MeHee CNoXKHbIe
yCTPONCTBA, pearnpytowimne Ha ABMKeHns nonb3oBaTtens. Ecnm Heckonbko paboTatoLwmx
CUCTEM BUPTYasibHOM peanibHOCTM COeanHnTb, obpa3yeTcs Tak Ha3biBaemMoe obuiee
KnbepnpocTpaHCTBO, rae rnosb3oBaTenNn MOryT BCTPETUTb Apyr gpyra. Cucrema
OTCNEXXNBAHNA OBUXXEHWIN 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 peasibHOCTU UCMOMb3YIOT
cneynasnbHble MaHUNYASTOPbI, NOA0OHbIE MbILLN U AXKONCTUKY, NEPEnBNIKEHNSA KOTOPOro
BBEPX U BHMU3 NHTepPNpeTUpyeTCcs AaTYMKaMn Kak OBUMXKEHME MoJib30BaTeNsa BNepesa n
Ha3ad. OTO YCTPONCTBA AAlOT AOMNOJIHNTESIbHYIO BO3MOXXHOCTb NepeaBuXeHns B
BUPTYasibHOMN peasibHOCTU. DINTapPHble CUCTEMbI BUPTYasIbHOWM peasibHOCTM npepnaratoT
Tak)xe cTepeockonuyeckune 3D - n3o0bpa)keHns U CTePeo3BYK, @ Tak>XXe BO3MOXKHOCTb
obulaTbCa C ApYrMMn Nosb3oBaTeNsaMmn B egUHOM KnbepnpoCcTpaHCTBE C MOMOLLbIO
BCTPOEHHbIX MUKPOdOHOB. CeroaHs nyyline apkaaHble BUAEOUT pbl MOAAEPKNBAIOT
BUPTYasIbHYO peasibHOCTb, YTO NO3BOJISIET UTPOKaM BOPOTLCS HEe C FreHepPUpPYyEMbIM



NpPOrpaMMon NPOTUBHUKOM, a APYr C APYroM.

NMpeaMeTHbIN MUP, OKPYXKAKLMIN HAC - TPeEXMeEpPHbIN. Hawwn rnasa BoCNpuHMUMatoT
00beKTbl N0 pa3HbIMU yriaMn: ABa He3aBUCUMbIX N3006pakeHUs aHann3npyTCs
MO3roM, N B pe3dyfibTaTe X conocTtaBneHmns opmmpyetcsa obpas npegmeTa, ero
npu3HaknM n rnybnHa nobpa>keHnda. PaccTogaHne mexxay rnasamm 4yenoseka obblHHO
cocCTaBnseT 6-7 CM, U KOraa 3payvkmy cocpefoTaymBaloTCA Ha npegMeTe, NeBbiv U NMpaBbIn
rna3 QOKyCUpyloTCa B 3TOM HarnpaBaeHUn. B 3aBUCUMOCTN OT pacCcTosaHUS A0 obbeKkTa
yron o63opa nameHseTcsa. Hawu rnasa n Mo3r aHaJM3upyroT pacCToAHNE, OCHOBbIBasCb
Ha pasinyum Mmexay nsobpa>keHnsamMm, nosly4yaemMmbiMn NeBbIM 1 NPaBbiM r1a3oM. 3TO
pasfnyme HasblBalOT NapassiakcoM 3peHuns. IMeHHO C MOMOLLbIO 3TOro adpdekTa u
Co34al0TCHa TpexMepHble obbeMHble n3obpakeHus.

NnaBa 1.2. UrpoBasa rpadmka u npuMepsbl ee
npuMeHeHus

Co3paHune nrposou rpamkm, XyaoxectseHHoe opopMaeHne Urpbl - OoouH 13
Ba>KHeNLWnX MOMEHTOB npouecca pa3paboTku. Ha 3To yxoonTt neBuHaa gons brogxeTa
nUrpbl, a cama rpamka B 3Ha4YUTENIbHOW CTeNneHn onpenenseT To, YTO Ha3blBaeTCH
«aTMocgepon urpbl». KpoMe Toro, xopowuas rpaduka - 3To eLie n 0gHO 13 yCJ10BUN
yCrewHbIX NpoAak: BCMOMHUTe BPOCKYI0 peklaMy B XXypHasiax, MOCTPOEHHYIO Ha
peasibHOW BHYTPUUITPOBON rpaduke, CKPUHLWOThI B IHTepHeTe n Ha Kopobkax Cc urpamu.

Boobuie roBops, NOHATUE «MrpoBast rpacuka» BKJOYaeT B cebsl Tak Ha3blBaeMbll
KOHLIeNT-apT, TO eCTb 3CKMU3bl 1 HABPOCKKN, BO MHOIOM ornpegensiowme To, Kak urpa
6yneT BbIrNsigeTb, U COBCTBEHHO KOMMbIOTEPHYIO - BHYTPUUIPOBYIO - Fpadunky. Kak
NpaBuIo, XyA0XKHUNKW, 3aHUMaOLWNECS 3CKM3aMn, paboTatoT B TECHOM COTPYAHUYECTBE C
AvsanHepamm urpbl. OHM NOMOratT KOHKPETU3NPOBaTb 3aMbiCesl, co3aaBast Habpockun
repoes 1 Aekopauuin. IHorga npu 3TOM BbINOJIHAETCA U TPEXMepHOoe MoAesIMpoBaHme.
llanee B 0eno BCTYNaloT KOMMbIOTEPHbIE XYA0XHUKW, HEMNOCPEACTBEHHO 3aHMMaloLWMecs
CO3[@aHNEM MepPCoHa)Ken (ToYHee roBopsi, TEKCTYpPaMU, Kak N5 ABYXMEPHbIX CMPanToB,
TakK 1 415 NOJINTOHOB, N3 KOTOPbIX COCTOSAT 3D-06beKThbI) N MPOPUCOBKY 3a4HUX MJIaHOB
(Tak Ha3bIBaeMOro OKPY>XeHU1S), U Xy OOXKHUKN-aHUMATOpPbl (0 HUX peyvyb NONAeT B
cnenywullen rnaee). B HEKOTOPbIX KOMMAHUAX Ha MOMOLLb K HUM MPUXOAST eLle u
CcneumnanncThbl, 0TBEYatlLLMe 3a BCTPanBaHme rpaduky B ABUXKOK Urpbl.

1. lNMpocTpaHCcTBO



2. CnpawnTsbl
3. Bokcenn
4. MNonnroH.bl

NMpocTpaHCTBO

TpexmepHoe NPOCTPaHCTBO B Urpax MMeeT KOOpAUHATbl M COOTBETCTBYOLWME ocn. Bee,
4YTO Mbl BUAUM WU HE BUAUM: 0OBbEKTbI CTEHbI NCTOYHUKK CBETA, OCHOBHbIE 3/1EMEHTbI
(cnpanTbl, BOKCENW, NONUIOHLI) - 0bnafgaeT KoopaAMHaTaMmM pa3HOro poaa.

CaMasd rnaBHas cuctemMa KoopAuHaT (NoYTM BCcerga ogMHakoBas)- 3TO cucTeMa
KoopauHaT, bepyLuias oTY4eT OT BUPTYaJiIbHON KaMepbl, TO €CTb OTHOCUTE/IbHO 3KpaHa.
Yalle BCcero ncnosb3yeTcs IEBOCTOPOHHAS CUCTEMA KOOpAMHAT. B TakoM criiy4ae To4ka
nepece4vyeHus Bcex ocen (B KOTOPOM BCe KOOPAUHATLI HyneBble) byaeT B 1IEBOM HUXKHEM
yrny skpaHa. Ocb X bygeT yxoauTb BMpaBo Mo HMXHeMy Kpato. Ocb Y byaeT yxoaunTb
BBEpPX Mo npaBoMy Kpato. Ocb Z byaeT yxoamTb Kak 6bl Brinybb. B cnyyae
NPaBOCTOPOHHEN CUCTEMOW KOOPAUHAT, TOYKA NepeceyeHns ocen, COOTBETCTBEHHO,
oyneT cnpasa.

MOCKONbKY NUrpoBble 06BEKTLI MOIYT HAaXO0AUTbLCA B JIIOOON TOYKE TPEXMEPHOr0
MPOCTPaAHCTBA, BbIYMCANTEIbHAA MallWHa onpenenseT, 4To, cCobCTBEHHO, BUOHO
HabngaTeno. 30ecb onpenenseTca HanpasaeHne kKamepbl U yron ob3opa.

CnpanThbl

Bo BpemMeHa cnpanToBbIX "OBMXKOB" (hpenMbl MPaKTUYECKN HE MPUMEHSATUCE. XOTS
cenyac, Npu NCrnosb30BaHUN CNPANTOB B MOJIMITOHHbLIX "OBUXKax", hperMbl y HUX MOryT
ObITh.

MpenctaBuTb cebe cnpanT MOXXHO KaK MJIOCKYIO KAapPTMHKY B TPEXMEPHOM MPOCTPaHCTBE,
MOBEPHYTYIO INLIEBON CTOPOHOM K HabnogaTento. MoHCTp nsobparkaetcs Ha 6opom
CMNpanToB, Ha KOTOPbIX OH "3anedaT/ieH" B pa3HbiX NoNoXeHnsax. CnpanTol
rnepemMeLarTCcs, MEHASA KOOPANHATLI B TPEXMEPHOM MNPOCTPAaHCTBE, MEHSAITCSA
KapTUHKK, n3obparkatoLime MOHCTPa B HY)XHOW Touke. MNpu npmnbavxeHun K
HabngaTento, NPOCTPaHCTBEHHbLIE KOOPANHATbLI MOHCTPA MEHAIOTCA B COOTBETCTBUN
CUCTEMON KOOpAUHAT "ABMXKKa", npnbnmxkaa nepcoHaka. MeHAITCA N SKpaHHbIe
KoopAauHaTbl Mo ocn Z. C npmnbnmxeHnem, nobpaxeHme npoTuBHUKa MacwiTabupyeTtcsa B



00/IbLUYIO CTOPOHY, 3aMN0JIHAA O4HOM TOYeK CrpanTa HEeCKOJIbKO TOYEK 3KpaHa, a C
yOaneHneMm - B MeHbLUYI, TaK YTO Ha OOHY 3KPAHHYIO TOYKY NPUXOAUTCHA HECKOJIbKO "C
NOBEPXHOCTN NepcoHaka" (Mx uBeTa cMewmBatoTCca). MNpu o4eHb CUABHOM NPUBAVXKEHUN
nosiBNAeTCA 3(pPeKT Npu KOTOPOM MOHCTP NyraeT HacC He TOJIbKO KJlblIKkaMu, lmnnaMm mn
NpoYMMuM aTpnbyTamMm ero NepPCcoHbl, HO U TUFAHTCKUMU NPAMOYTOJIbHUKaMM Ha CBOEN
NOBEPXHOCTN.

Kpome Toro, y cnpanToBbiXx 06beKTOB HabnogaeTcs ABUXKEHME pPbIBKaMU. ITO
MPONCXOANT OTTOr0, 4TO BCE NOCTPOEHO MO NMPUHUUNY MynbTdUAbMa: oaHa da3a
(mono)xeHme nepcoHa)ka, n30bpakeHHOe 0AHOWN MJIOCKON KapTUHKOW) CMEeHAEeTCa APYrown
a30M, Kak CMEHSIOTCA pUCoBaHHbIE Kaapbl. Mexxay AByMS pa3amMm eCTb y4acTo
OBVKEHNS, KOTOPbIA MPOCTO He oTobparkaeTcs.

PopooHavYanbHUK xaHpa 3D Action (ecnn He cynTaTb Wolfstein3D, KoTopbin b1 He
AOCTaTOYHO NONyNsapeH Ans Takoro Apabika), Doom 6bin cnpanTtoBbiM. OOHAKO CTEHLI B
ero "asmxke" otobpakanncb 06bIYHbIM TEKCTYPHBLIM METOA40M, O KOTOpOM byaeT
paccka3aHo no3xxe. CnpanTtoBbiMK Oblin BCe 3D-urpbl BbinyLweHHble Ao Quake.

Bokcenu

NMnkKcesnb - 3TO TOYKA Ha MJIOCKOCTU, @ BOKCEJIb - B MPOCTPaHCTBE. B 3TOM nx
reoMmeTpuyeckoe pasnnyme. Bokcesnb nmeeT CBOM UBET 1N, 0ObIYHO (€Cn ABUXKOK
HEenJIoXown), pearnpyeT Ha OCBELLEHNE ero U3MEeHEHUEM.

Ha ocHoBe Bokcenen pa3paboTaHo MHOro "ABM»XKoB". CaMble 3anoMnHatoWmMecs - cepus
Voxel Space, pa3paboTtaHHasa NovalLogic. HoBenwmnm n3 HUX nogaep>xmBaeT annapaTHble
YCKOPUTENN NPUN HAJIOXKEHUU NOJINITOHOB, TO €CTb MMeeT MNOJINFOHHO-BOKCEJIbHYI0
OCHOBY. HMYTO He MewaeT "ABMXKY" coBMeLLlaTb NMOJINITOHbI, BOKCENN U cnpanTbl. bonee
TOro B 60/IbLLUMHCTBE BOKCEJ/IbHbIX MEXAHM3MOB €CTb U TEKCTYpbI(Hanpumep, Ha CTEHaX,
Ha 6oeBbIX MawmnHax n T.4.). Novalogic ropgnTcsa 3TmM, NOTOMY 4TO BOKCENN
HaKJMa4blBalOTCA NPOrpaMMHO, a NMOJIMFOHbI C OTPUCOBAHHBLIMU MJIOCKUMN KAaPTUHKaMWN
BOKCeJIbHbIX Y4aCTKOB KaZpa - annapaTHO.

MONUIroOHBbI

CnpanTbl 1 BOKCENWN - 3TO HEOTbEMJIEMAs YaCcTb COBPEMEHHOM 3D-rpachnkm, HO Yalle
BCEro oOHa OCHOBbIBAETCS Ha NosMroHax. MoanroHbl BNepBblie MOSBUINCL B TOM BUAE, B



KOTOPOM Mbl MPUBLIKJIN UX BOCNPUHMMATb, B "XuToBenwen" urpe, ogHoM 13 nyywmnx 3D-
Action cBoero spemMeHu (a, BO3MOXXHO 1 BCeX BpeMeH), BeqimkoM Quake. Ero "oBu>xok"
MOl HakJ/laAblBaTb HEBEPOSATHOE MO TEM BPEMEHaM KOJIM4YeCTBO TeKCTyp. Bce "renmepsbl”
Obinn "B Woke". Kakon pbiBOK B rpadmke! PaHblle TEKCTYpPbl HakaAbiBaanUCb TO/IbKO Ha
CTeHbl B YNOMSAHYTbIX Bbllle KOPUAOPHbIX BOMHax BpeMeH Doom. A B Quake Ka)kabli
MOHCTP OKa3aJiCa NOKPbIT MHOXKECTBOM TakKuUX PUCYHKOB. "MOHCTPATHUK" CTan
TPeXMEpPHbIM, N ero y4aCTHUKK Bonblue He "aepranmcek” npu pe3konm CMeHe 3apaHee
NPOPUNCOBaHHBIX (ha3 (C 3TOro MOMEHTa NEePCOHaXN Urp C XOpoLMMN OBNXXKamMu obpenu
cobcTBEeHHble MOBepXHOCTK). MPOTUBHUK B 3TOM XUTE MOI MNJIaBHO NOBOPAYMBaTbCH
nepen HamMmum, NOTOMY YTO B Ka>KOM HOBOM KaZpe MOXHO Oblf1o nepecHynTaTb €ro
TeKyLLYyo Mo3uunto, KoTopas He Dblsla 3apaHee OTPUCOBAHHLIM "MYNbTUMIMKALNOHHbBIM"
CrpanTomMm, a bblna pe3ysibTaToOM AUHAMNYECKOro rnepemMeLLeHns, He orpaHNYeHHOoro
TeCcHbIMU paMKaMu as. lNnaBHoe ABMXKEeHMe U3 KaZpa B KaAap pafosaso rnas. Ho segb
WHOYCTPUA 3NEKTPOHHbIX pa3B/lie4eHNN He CTOUT Ha MecTe. KaXkabln OeHb
npnaymMblBaeTCa YTO-TO HOBOE, peasin3yeTcs B OOHOM M3 rpagyLwmnx "oBuxKos", nocne
4yero Mbl CMOXXEM HabnaaTb 3Ty CBEXENPUAYMAHHYIO TEXHONOMMYeCKYy 0COOEeHHOCTb B
peasibHO BOMJIOWEHHbIX B XXWU3Hb Urpax.

MNoNMroHHasa TEXHONOrMA CO34aHNA TPEXMEPHON rpauKn Ha CerofHAWHUN OeHb
AIBNIAETCA CaMOW pa3BUTOM N NPOAOJ/KaeT NPorpeccupoBaTbh C HEBEPOATHON CKOPOCThIO.
"OBMXXKN" CMEHATCA OAUH APYrUM, U, KaXKAblA pa3, Mbl MOXKEM co3epuaTb boraTbie
BO3MOX>XHOCTU HOBOIro rpaunyeckoro mexaHmsma. 1o aTon npmymHe B TEPMUHOJIOT NN,
CBSAA3aHHOW C HaJIOXKEHMEM MOJINTOHOB NOSABUJIOCH (M NOSABNAETCSA NOCTOAHHO) MHOIO
HOBbIX C/10B. BONBWMNHCTBO U3 HUX, KpoMe PYHKL NN rpanyecKnx MexaHM3mMoB,
0603Ha4valoT aHaNorn4YHble BO3MOXKHOCTMK annapaTypbl ana 3D-rpadpukn.

[0 pa3bsACHEHUSA TaKNX TEPMUHOB KakK BunmHenHasa, TpuanHenHasa, aHM3o0TponHas
dunbTpauns, MUN-M3NMNUHIT U MHOTUX UHBLIX, CleqyeT 06bACHUTbL TPY NepBOHaYabHbIX
CJ/10Ba, KacaloLwmxcs nonmroHHon 3D-rpadumnkn. 3T1o - TeKCTypa, Tekcenb U, COBCTBEHHO,
MOINIFOH. He 3Has 3HaYeHun 3TUX TepMUHOB, Becnosie3Ho NOHATbL 4YTO-1MbOo nHoe.

MonnroH - 3To abCcTpakTHaga reomeTpuyeckasa urypa, Ha KOTOPOM OCHOBLIBaAETCH
obcyxpaemasa pasHOBMAHOCTb rpadukun. NoanroH, Beipakasacb "abCcontoTHO pycCKumMn"
C/I0OBaMWU, - 3TO MHOIOYroJIbHUK. TO €CTb y 3TON puUrypbl MoXXeT bbiTb Tpu 1 Bosee yrnos.
B rpachmke y noanroHa - Tpu yrsia no Ton npuynHe, 410 Bosibluee KONMYECTBO YrjloB He
MPUHOCUT MOJIb3bl, HO "MOXXMpPaeT" BblYUCNTESIbHbIE peCypCbl HaLLero "»xese3sHoro
apyra". KoHe4Ho, ecnun rpagmka obpabaTbiBaeTCA Ha annapaTHOM YPOBHE, TO HUKaKuMe
pacnpenensemMble pecypcbl He 3aTpadvYnBalOTCs, HO Frpadpmyeckuin npoueccop (Unm nx
Habop) gosmkeH 6biThb 60Nee coBepLUEHHbIM N MOLLHbIM. PeanbHO XXe B TepMUHax



MPOrpPaMMmMCTOB, NOJINTOH - 3TO reOMeTPUYeCKUn NPMMUTUB, TO eCTb NpocTenLlas
durypa.

MoNNroH, Kak CKasaHo Bbiwe, abcTpakTeH. OH He NMeeT BHELWHEero Buaa - 3To (GakT, HO
TOorga cam cobonm HampallmBaeTCs BOMNPOC, @ YTO XKe Mbl BUAUM Ha 3KpaHe? NMpocTo, Ha
Ka)XAObl MOSIMIOH "HaTAarmBaeTca" TeKCTypa. TEeKCTypa - HU 4TO UHOE, KaK 00blIYHbIN
pPacTpPoOBbIN (T.€. TOYEYHbIN) PUCYHOK, MOKPbIBAKOLWNA NOBEPXHOCTb MOJINFOHA U
npuaatowmnn emy onpeneneHHsin Bna. PUCyHOK MacwiTabupyeTcs, NOBOpayYMBaeTCs U
LLBET €ro To4ekK (Tekcenen) nepeHoCnTCA Ha 3KpaH. [Npu yoaneHnn pucyHka oT 3KpaHa
(TO eCTb NMpn yBeNNYEHNN 3HAYEHUSA MO OCU Z) NPONCXOAUT YMEHbLUeHNe 3Ha4YeHuns
pacTpa. Mpn Npnban>XeHnm NPoONCXoanT yBeNn4eHmne pactpa, N OH, Tak XXe, Kak N B
cJslydae CO CTapbIMM CNPanTOBbIMMK "OBUXKKaMKU", MyraeT HAaC OFPOMHbIMU TEKCENAMMU,
"3aKpbIBaOLWMMKN" MO HECKOJILKO NMUKCesien (ToYeK Ha MNJIOCKOW MOBEPXHOCTU 3KpPaHa).

Ho Quake He ocTancsa B TakoM Bupae - nosieuiacb ero ocobasa sepcma GLQuake,
OCHOBbIBalLWasacs Ha paboTte 3D-yckopuTtenen "4yepes" nHTepdenc NpukaagHoro
nporpammmpoBaHmsa OpenGL. B Hen 6bian NpMMeHeHbl HoBenwmne (B Te BpeMeHa)
TexXHOornmn: anba cMeweHne, buaMHenHasa punbTpaumsa, MUN-M3INMNUHE, ObIMKa N
MHoOroe apyroe. KoHe4yHo, B Be/IMKOM Q (To4Hee cka3aTb - GLQ) 6b110 peann3oBaHo
MHOro "KpacmsocTten", Ho euwe 6onblUue X okasanocb B Q2.

SAKNMIOYEHUE

Bce obnactm npumeHeHuns - byab TO MHXXEHEepHasa U Hay4YHas, BusHec n NCKycCcTBO -
ABNATCA Cchepon NPUMEHEHUSA KOMMbIOTEPHON rpadmnkn. Bo3pacTamowmn noTeHumnan
MK 1 nx rpomagHoe 4ncso - nopsaagka 100 MmunnmoHos - obecneynBaeT cobnasHUTENbHYIO
a3y A9 KannTanloBNOXKEHUA U pOCTa. Hen3BeCcTHO Kak 400 NpoaJIMTbCa TEHOEHL NS
yOBOEHUSA KannTanoBAoXXeHUN, o0cobeHHO noj BO3AENCTBUEM LIEH, OOHAKO OXUAAeTCs
ycTtonymeoe 10% exxerogHoe nosbilleHMe B nocaenywowme 5 net.

CerogHsi ocobeHHO NpuBAeKaTebHbl OJ19 MHBECTOPOB KOMMAaHUK, Cneumanm3npyowmnecs
Ha rpaduyeckux nHTepdencax nosib3oatens, 06 bEKTHO-OPMEHTUPOBAHHbIX
nporpamMmax, BUpTyasibHON peanbHOCTU N NporpaMMHoM obecneyeHumn napanfesnbHblX
npoLueccoB. Mbl BCTYNMaem B HOBYIO 3MOXY pPacCLUMPEHUS MONHOMOYNN Fpadnyeckmx
CUCTEM NpU ABUXXEHUN MO MHPOPMALMOHHON CynepMaruncTpanu.
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