Copnep>xaHue:

Mage noffpund or type unknown

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 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.

OTAenbHbIM NpeaMeToM cHYuTaeTcsa TpexmepHas (3D) rpaduka, nsyydatowas NpmMeMsl n
MeToAbl MOCTPOEeHNs 06 beMHbIX Moaenen 06bLEKTOB B BUPTYasIbHOM NPoCTpaHCcTBe. Kak
npaBnao, B HEN COYETAlOTCHA BEKTOPHbIN U PacTPOBbIN CNocobbl (hopMUPOBaHNS
n3obpakeHumn.

Ha cTbike KOMMNbIOTEPHbBIX, TEIEBU3NOHHBIX U KWHOTEXHOJIOM NI 3apoanniach 1
CTPeMUTENIbHO Pa3BUBAETCHA CPaBHUTENbHO HOBast 06/1aCTb KOMMbIOTEPHOW rpacmnkum u
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aHMauunn.

3aMeTHOe MeCTO B KOMIMbIOTEPHOW Frpadrke oTBEAEHO pa3BJievyeHUsaM. MNoaBuaoCh aaxe
TaKoe MOoHATUE, Kak MexaHn3M rpadrnyeckoro npeactaBneHns gaHHbix (Graphics
Engine). PbIHOK UrpOBbIX MporpaMm nMeeT 060poT B AECATKU MUINAPAO0B A0/1/1apoB U
4acToO MHULMANN3NPYET O4YepeaHON 3Tan COBEPLUEHCTBOBAHUS rpadnuki 1 aHUMaLnu,

XOTHA KOMMblOTEPHAasa rpaduka Cy>XuUT BCEro b NHCTPYMEHTOM, ee CTPYKTypa 1
MeTo bl OCHOBaHbl Ha NMepefoBbIX OOCTMXKEHUAX PyHAAMEHTaIbHbIX N NPUKIaAHbIX
HayK: MaTeMaTUKN, PU3NKN, XUMun, BUoNorum, CTaTUCTUKK, NPOrPaMMUPOBAHUSA U
MHOXXeCTBa APYrux. 3TO 3aMeYyaHne cnpaseasinBo Kak A1 NPOrpaMMHbIX, Tak N ON4
annapaTHbIX CpenCcTB co3gaHna n o0bpaboTkm nsobpa>keHnn Ha koMnbtoTepe. MNo3ToMy
KOMMbIOTEpHas rpadunka asnaeTcs ogHom n3 Hambonee BypHo pasBMBaOLLNXCH
oTpacsen MHPOPMaATUKN N BO MHOTUX CJIyYasaX BbICTyrnaeT “JIOKOMOTMBOM”, TAHYLLMM 3a
coboi BCIO KOMMNBIOTEPHYO MHOYCTPUIO.

NMoHATHE BUPTYANIbLHOCTH

C 3KpaHOB TeNeBNU30pOB, CO CTPAHMUL, KOMMNbIOTEPHOW U HEKOMMbLIOTEPHOW Mpecchl BCe
Yyalle CAbIWNTCA cyioBocoYeTaHmne "' BupTyasibHaa peasibHOCTb ''. YTO )Xe CKpblBaeTCs
rnog 3TUM MOLHbIM CEerogHs CJiI0oBOM?

B nepByto oyepenb nmeeTcsa B BUAY TpexmepHoe, obbemMHoe n3obpa>keHune (B oTam4dme
OT NCceBOoOTPEXMEPHON FrpatdnKM Ha NJIOCKOCTU) N TPEXMEPHbLIN 3BYK.

OfOHakKo B NOJIHOW Mepe OLWYTUTb BCKO NpeniecTb BUPTYasIbHOW peasibHOCTU MOXXHO
TOJIbKO MPU HaIM4YUKN TAaKUX SJIEMEHTOB, KaK LeTeKTOopbl NepemMeLleHuns, no3sosanume
OTCNEeXMBaATb N3MEHEHNS MOJIOXKEHUS MOJIb30BaTeNSA B YBA3KE C n3obparkeHnem Ha
3KpaHe MOHUTOPa N faTYnUKKU, UKCnpytowne 4encTemsa rnonb3osartens. [1o HegaBHero
BPEMEHWN TaKMe CUCTEMbI MOXKHO OblJ1I0 YBUAETL /INLLb B KPYMHENLLINX B MUPE UFPOBbIX
LeHTpax, a CTOMMOCTb X NpeBblllasia BCe MbIC/IMMble 3Ha4YyeHUsA. Ho BCe MeHAeTCA B
COBpEeMEHHOM MUpPEe KOMMbIOTEPHON TEXHUKN, U B pe3y/ibTaTe NOCTOAHHOIO CHUXXEHUS
LLeH Ha KoMnbloTepHoe obopyaoBaHUE Takne CUCTeMbl CTAaHOBATCA AOCTYMHbIMU N
pPAOO0BbLIM MOJIb30BaTE/IAM HACTOJIbHbLIX KOMMNbIOTEPOB. bosiee Toro, BCce Yyaule
MPON3BOANTENIN U UTPOBOIr0 NPorpamMmMHoro obecneyenmns, n BU3HEC - NPUNOXKEHNN
BCTpauBaloT NMognep>XKy BUPTYasibHOW peasibHOCTU B CBOU CUCTEMbI. A € cepefunHbl 1995
roga NnosiBUIOCb HECKOJIbLKO (hupM, Cneumnannsnpyrowmxca Ha BbiNyCcKe Takoro
nporpamMmmHoro obecnevyeHums.



Cnctembl BUPTYasibHOW peasibHOCTU B coYeTaHuu ¢ MK WNpoKo NCNob3yoTCs cenyac
Ansa passsedeHnn. OHM NpeacTaBnsAOT cobon pasnnyHbie bosiee nam MeHee CNoXKHbIe
yCTPOWNCTBA, pearmpytoline Ha ABMXKEHMUSA NoNb3oBaTens. ECnm HecKonbKo paboTarowmx
CUCTEM BUPTYaJIbHON peanbHOCTM COeAnHNTL, 0bpa3yeTcsa Tak Ha3biBaeMoe obLuiee
KnbepnpoCcTpaHCTBO, rae rnosb3oBaTenn MOryT BCTpPeTUTb Apyr gpyra. Cucrtema
OTCNEeXMBAHNA OBUXKEHNI FOJI0BbI NO3BOSIAET BaM BpoCcnTb B3rnsag B tobyo CTOPOHY
KnbepnpocTpaHCTBa. A 4TO B 3TOM NPOCTPAaHCTBE MOXXHO AeNlaTb U 4YTO C BaMWu
npoOu3onaeT - 3aBUCUT OT UCMOJIb3yEMOWN NMPUKIALHON NPOrpaMMmsl.

HekoTopble BLICOKOKa4YeCTBEHHbIe CUCTEeMbl BUPTYasibHOW peasibHOCTU UCMOJIb3YIOT
cneynasibHble MaHUNYNATOPbl, NOAO0OHbIE MbILWLK U OXKONCTUKY, NepeiBNKEeHUS KOTOPOro
BBEPX M BHU3 UHTEpPNpeTupyeTCs AaT4NKaMn KaK ABUXKEHME Noib30BaTesnid Bnepen v
Ha3ad. 3TO YCTPOWUCTBa Aat0T AOMNOJIHUTE/IbHYIO BO3MOXXHOCTb NnepeaBn>XeHns B
BUPTYaslbHON peasbHOCTU. DNINTapHble CUCTEMbI BUPTYasIbHOW peasibHOCTU npeanaratT
TakXXe cTepeockonuyeckue 3D - nsobpakeHus n cTepeo3ByK, a TakXXe BO3MOXKHOCTb
obLWaTbCa C ApYyruMm rnosib3oBaTeNaMn B e AMHOM KNbepnpoCTpaHCTBE C MOMOLLbIO
BCTPOEHHbIX MUKPO(OHOB. CeroaHsa nyyline apkagHble BUAEOUr pbl MOALEPKNBAIOT
BUPTYaJIbHYIO peasibHOCTb, 4TO NO3BOJISET Urpokam 6opoTbCs He C reHepupyeMbIM
MPOrpamMmon NMPOTUBHUKOM, a OPYr C APYyroM.

MpeaMeTHbIN MUP, OKPYXKAKLWMIN HAC - TPeEXMeEpPHbIN. Hawwn rnasa BoCNpuHMUMatoT
00beKTbl N0 pa3HbIMU yriaMn: ABa He3aBUCUMbIX N306pakeHUs aHann3npyTCs
MO3roM, N B pe3yfibTaTe X conocTtaBneHnsa opmmpyetcsa obpas npegmeTa, ero
npu3HaknM n rnybnHa nobpa>keHnda. PaccTodaHne mexxay rnasamm 4yenoseka obblHHO
cocTaBnseT 6-7 CM, U KOraa 3payvkm cocpefoTaymBaloTCa Ha npegMeTe, NeBbiv U NpaBbIn
rna3 QOKyCMpYyOTCA B 9TOM HarnpaBaeHuUn. B 3aBUCUMOCTKN OT pacCcTosaHUa A0 obbeKkTa
yron o63opa nameHseTcsa. Hawu rnasa n Mo3r aHaJM3upyroT pacCToAHNE, OCHOBbIBAsCb
Ha pasinyum Mmexay nsobpa>keHnsamMm, noJsly4yaemMmbiMn N€BbIM 1 NPaBbiM r1a3oM. 3TO
pasfnyme HasblBalOT NapassiakcoM 3peHuns. IMeHHO C MOMOLLbIO 3TOro adpdekTa u
Co3[al0TCHa TpexMepHble obbeMHble n3obparkeHus.

UcTopusa pasBuTUsa UrpoBomu rpadpukm

Y nrposon 3D rpadmkn, N0 MepKaM pas3BUTUS KOMMbIOTEPHbIX TEXHOIOrMA, AoNras
nctopmsa. OHa yxoguT KOPHSAMW B Te BpeMeHa, Korga nporpaMMuUcCTbl NLWb NblTalnCb
co3aaThb TpeTbe usMmepeHune gna urp. Ha camom xe gene takoe 3D 6onblie 66110
MOXO0>Xe Ha 04eHb cnoXxHoe 2D. NpocTon Nnpumep NPUHLMNOB Takoro "asmxka". Pebpa



BCEro oKpy>kakLero n3obpakatoTca TIMHNAMU OOHOro LuBeTa. boeBas MawunHa
npencraeT B BUAE HECKONIbKUX 3eNeHbiX rpaHen. opbl, npencrtasnsowme cobon
haneknn naHgwagT NpopucoBaHbl C TOW e TWaTeNIbHOCTbIO N TeM xe uBeToM. lNepen
NFPOKOM - NepekpecTbe nNpuuena CTosb XXe NoTpsAcarLwero KayecTBa, HO KpacHOro
uBeTa. B Hebe - 3emnsa: Kpyr B BEPXHEW YaCTW 3KpaHa, pa3aesieHHbI BOrHYTON IMHUEN,
oTceKawen Boobpa>kaemMyto 0CBELLEHHYIO YaCTb OT HE OCBELLEHHON (OHU He
OT/ZIMYalOTCA NOo UBEeTYy APYyr OT Apyra) n obpaliatowlen Hawy naaHeTy B mecsau. Oa, oa!
970 oHa! Bennyanwasa sBorHa Ha JlyHe BO BCEN UCTOPUN KOMMbIOTEPHbIX Urp!
OpurunHanbHas Battlezone, pumeink koTopoin 6bin BbinyLeH HegaBHO. MOANMHHUK Xe
yBugen ceeT B 1980 roay. OH 6bin co3aaH A9 KOMMbIOTEPOB Atari, 1 ABNsSeTCa nepBon
HacTosawen 3D-urpon C BUAOM OT MEPBOro sinuya, NepBbIM TAHKOBbLIM CUMYATOPOM U
NnepBbIM CUMYNATOPOM Kakoun Obl TO HM Bbls10 6oeBON TEXHUKK BOOOLLE.

UrpoBas rpacduka v npuMepbl ee NpUuMeHeHuUs

Co3paHune nrposou rpadmkun, XyaoxectseHHoe opopMieHmne Urpbl - oouH 13
Ba>KHeMNLWnX MOMEHTOB npouecca pa3paboTku. Ha 3To yxoouT neBuHaa gons brogxeta
Urpbl, @ caMa rpaduka B 3Ha4NTEsIbHOW CTeneHn onpenenseT To, YTO Ha3biBaeTCA
«aTMocgepon nrpbl». Kpome Toro, xopowas rpaumka - 3To ewe 1 04HO U3 yCJ10BUIN
yCrnewHbIX NpoAak: BCMOMHUTE BPOCKYI0 peKlaMy B XXypHasiaxX, MOCTPOEHHYIO Ha
peanbHON BHYTPUNTPOBOM rpadhuke, CKPUHWOTHLI B UHTEepHeTe 1 Ha Kopobkax C urpamu.

Boobuie roBops, NOHATUE «UrpoBas rpadmnka» BKAOYaeT B cebsa Tak Ha3blBaeMbIN
KOHLEeNT-apT, TO eCTb 3CKN3bl U HABPOCKK, BO MHOIOM onpegenstoumne To, Kak urpa
OyneT BbIrNaneTb, U COBCTBEHHO KOMMbIOTEPHYIO - BHYTPUUTPOBYIO - rpadmnky. Kak
npaBwIo, XyO4OXXHUKN, 3aHMMatOLWLMECa 3CKM3amMun, paboTatoT B TECHOM COTPYAHUYECTBE C
an3zanHepamm nrpbl. OHWM MOMOralT KOHKPETU3NPOBATb 3aMbiCesi, Co34aBasd Habpockn
repoes 1 gekopauun. NHorga npu 3TOM BbINOJIHAETCA U TPEXMEPHOE MoaeIMpOBaHMeE.
Hdanee B 0eno BCTyNalT KOMMNbIOTEPHbIE XYO0XKHUKN, HENOCPEACTBEHHO 3aHMMaloOLWMeECS
Co3aHMeM nepcoHa>ken (To4yHee roBops, TEKCTYpPaMu, Kak AN ABYXMEPHbIX CNPanToB,
TaK U 415 NOJIMFOHOB, U3 KOTOPbIX COCTOAT 3D-06beKTbI) N MPOPUCOBKY 3a4HUX MNJIAHOB
(Tak Ha3bIBAaEMOIr0o OKPY>XXEeHUA), N XyLOXXHUKU-aHUMATOpPbl (0 HUX peyb NonaeT B
cnepywouien rnaese). B HEKOTOPbIX KOMMAHMAX Ha NMOMOLLb K HAM MPUXoaaT eLe u
cneunanncTbl, OTBeYalLme 3a BCTpanBaHue rpaukn B 4BUXXOK Urpbl.

NMpocTpaHCTBO



TpexmepHoOe NPOCTPaHCTBO B Urpax MMeeT KoOopAMHaTbl N COOTBETCTBYOLWME ocn. Bee,
YTO Mbl BUAUM NN HE BUAUM: OOBbEKTbI CTEHblI NCTOYHUKN CBETA, OCHOBHbIE 3/1EMEHTbI
(cnpanTbl, BOKCENN, MONINIOHbI) - 0bNagaeT KoopAnHaTaMM Pa3HOro poaa.

Camasd rnaBHasa cmcrtemMa KoopauHaT (no4Tm BCcerga ogMHakoBas)- 3TO CUCTeMa
KoopAuHaT, bepywas oT4eT OT BUPTYyasibHON KaMepbl, TO €CTb OTHOCUTENIbHO 3KpaHa.
Yalle BCero ncnosib3yeTcs JIeBOCTOPOHHAS CUCTEMa KoopAMHAT. B TakoM ciiydae To4vka
nepecevyeHns BCex ocen (B KOTOPON BCe KOOpAUHaTbl HyneBblie) byaeT B IEBOM HUXXHEM
yrny skpaHa. Ocb X byaeT yxoanuTb BMNPaBO MO HMXHEMY Kpato. Ocb Y byaeT yxoanTb
BBEpPX Mo npaBoMy Kpato. Ocb Z byaeT yxoamTb Kak 6bl Brinybb. B cnyyae
MPaBOCTOPOHHEN CUCTEMON KOOPAMNHAT, TOYKa nepeceyeHns ocen, COOTBETCTBEHHO,
oyneT cnpasa.

MoCKOJIbKY UrpoBble 06BbEKTblI MOrYyT HaX0AUTbLCA B J1IOOON TOYKEe TpexMepHOro
NPOCTPAHCTBA, Bbl4MCAUTENbHAA MalUMHa onpeadenseT, 4To, COBCTBEHHO, BUAHO
HabnogaTeno. 30ecb onpefenseTcsa HanpasseHne Kamepbl U yron ob3opa. Onsa Toro
4TOObl HE MPOPUCOBbLIBATL BCE, YTO HAXOAUTCSH B HanpaB/aeHUn B3rnsana (41s NoBblLLEHNS
NPon3BOANTENILHOCTU U BO n3bexxaHue ncyepnaHusa pecypcos Z-bygepa) 3agatoTcs
nepenHsAs N 3afHAS oTCeKarLwme nIoCKOCTN. He BbIBOAUTCA Ha 3KPaH TO, 4TO
HaxoOUTCSA K BUPTYasibHOW KaMepe 6m»xe nepegHen oTCeKatowen NJA0CKOCTU 1 Aanblue
3afHeun oTcekatwuwen nnockocTn. C 3TUM ABJIeHMEeM BCe BCTpeYasInCb He pas. B cTapbix
KOPUOOPHbIX BOMHax BpemeH Doom 3To Aenanocb npu noMoLm TbMbl. YCTaHaBMBasiach
rpaHuua, gasablue KOTOPOW BCe BbIN0 MOrpy>XeHo B KpOMELHbIN Mpak. MpucyTcTByeT 3TO
n cenyac. Hanpumep, B Star Wars: Rogue Squadron Hann4yecTByeT TyMaH. B AHEBHbIX
MUCCUAX MPEeKpacHO BUAHO, KaK, BO BpeMs rnosieTa, JJaHawadT BbICTYNaeT u3 bexxeson
nesieHbl HAM HaBCTpeuyy.

Takum obpa3oMm, Ha IKpaHe NoABAAETCHA TOJIbKO TO, YTO HAXOAUTCSA B 30He, NOA0OHON
nupammpe. 3Ta 30Ha onpefensaeTcsa YeTblpbMsa NMPAMbIMU U ABYMSA MAIOCKOCTAMU. U3
Yr/10B 3KpaHa B rnybb cueHbl yXO4AT NpsAMble, KOTOpPbIe MO Mepe yaalleHns OT ero
MOBEPXHOCTU PacxoaAaTCsa B pa3Hble CTOPOHbI. Tak onpenenseTcs, 40 KaKOn OTMETKN
BMpaBo, BJIeBO, BHM3 1 BBepX "BNOUT" BUPTYyasibHasa KaMepa. 3af4HAA oTCeKatloLas
NJIOCKOCTb €CTb CTPOro YCTaHOBJIEHHOE pacCTOsHME, fanlee KOTOPOro o6beKTbl He
BbIBOOATCA Ha 3KpaH. OHa onpegenseT npegensl "Bnammoctun" B rnybmnHy. Haw B3rnag
neprneHanKynsapeH 3Ton nnockocTn. OHa oka3bliBaeTCAa B OCHOBAHUN NMUpaMunabl.
NepenHasa oTceKawwasa NIOCKOCTb HAXOANTCA NPAMO Nepen KaMepowu n oTcekaeT
06beKkTbl, Haxoaswmecsa 6nmxxe Hee K 3KpaHy. Bce, 4TO eCcTb B 3TOM
"NMMpammngononobHon" 30He, NpoeumnpyeTcsa Ha 3KpaH. YTo 6bl onpenennTb KOOPAMHATHI
obbeKTa Ha 3KpaHe, K ero BepLnHam npumMmeHsaeTcsa npeobpasoBaHue, KOTopoe



OTpa)kaeT KoopAMHaTbl TPEXMEPHOro NPOCTPaHCTBa Ha KOOPAMHATLI 3KpaHa.
MNpeobpa3zoBaHMe OCYLLECTBAAETCS C MOMOLLbIO MaTpuULbl pa3MepoM 4x4. B 0ObIYHOM
BapunaHTe, 405 Noay4YeHNsa OBYMEPHbIX BEPLWNHbI Ha 3KpaHe, YMHOXXaeTCHa BEKTOop
TpexMepHbIX KOOpAMHAT B MPOCTPaHCTBE Ha MaTpuuy npeobpasoBaHud. o HegaBHero
BPEMEHUN 3TN BbIYNCSIEHNSA BbIMNOJIHANINCL TOJIBKO Ha MPOrpamMMHOM ypoBHe. KoMnaHuns
AMD pa3spaboTana TexHonormwo 3Dnow!, CyTb KOTOPOW B TOM, 4TO NMPOLLECCOP MOXKET
BbINOJIHATb KOMaHObl MaTPUYHOWN MaTeEMAaTUKK, NMPON3BOLA BblYUCIEHUA C NJlaBatowen
To4ykon no npuHunny SIMD (Single Instruction Multiple Data, ogHa KoMmaHOa MHOro
OAHHbIX), 4TO CyLECTBEHHO YBENNYMNIIO CKOPOCTb Npeobpa3oBaHnin B MporpamMmmax,
NCMOJIb3YOLWNX 3TN KOMaHAbl. Takue urpbl "B3MEeTHYJIMCb" Ha HOBbIN YPOBEHb
NMPOWU3BOANTENBHOCTU B pacyeTax ¢ 3D. BcnomHuM Unreal! "Mporpammka" 6erana Ha
AMD K6-Il nobbicTpee, 4eM Ha "BTOPOM MHe" C TOM Xe 4acToTon. 1189 TOYHOCTU Ha[o
3aMeTUTb, 4TO He HaMHOro bbICTpee, MOCKOJIbKY ornepaunn ¢ NaaBaloLWen TOYKON 13
Habopa x86 y aToro "kamHsa" oT Advanced Micro Devices NCNOJIHANNCL CYLLECTBEHHO
MenJsieHHee, 4eM y Intel'oBckux "Mbicnawmx kpuctannos". OTBeTHbIM WwaroMm Intel, ctano
co3pnaHume aHanora 3Dnow! - 50 komaHA B cocTaBe Streaming SIMD Extentions oT Intel,
npuMeHeHHbIX B Pentium Ill, KoTopble NOAHAIN NPON3BOAUTESIBHOCTb MPOrPaMMHbIX
npeobpa3oBaHni Ha Bosiee BbICOKMIM YPOBEHb, MOCKONbKY Intel, B oTanymm ot AMD, He
CTajla TOponNUTbLCA N caenana Kyna 6onee "MowHy" TexHoMOrnto, "obroHsawLWy"
3Dnow! Mo BcemM BO3MOXXHOCTAM. XaJib, 4TO KOMaHAObl SSE Noka eule He rge He
peann3oBaHbl B Urpax, €C/iM He CYUTATb rpapuyecknx TeCTos, UMUTUPYIOLLNX peasibHYI0
urpy. Ho, 3To BCe - nporpaMMHble pacyeTbl. Ha HUX OpueHTMpPoBaanCb A0 Tex nop, rnoka
kopnopauusa nVIDIA He pa3paboTana rpagunyeckmn npoueccop GeForce 256,
BbIMOJIHAOLWMIN Takne npeobpa3oBaHMsa Ha annapaTHOM ypoBHe. 3To - Hanbonee
3hhekTMBHbIN cNocob Ha CeroAHAWHNN AeHb, OCTaBAAOWMIA No3aamn Bce "copTBepHbIe"
Bbl4ucsieHnsa. Hago npocTto nourpath B Q3 Ha "KapToyke" ¢ Takum "KaMyLlkKoMm", n Torga
ObICTpO 1 6€3 NUWHUX CNoB "AOXOAUT" HAaCKOJIbKO XOpoLla annapaTHas
TpaHcdopmauung.

NMpeobpa3oBaHMa He NPOUCXOAAT caMu no cebe. [1n8 3TOro, a TakxKe A4S ynpaBiaeHus
obbekTaMum NoYTM BCerga NCNosb3yTca perMbl. Ppenm - 3TO ynpaBastoWme rpaHnLbl
obbekTa ¢ npeobpaszoBaHMEM, MPUMEHSEMbBIM KO BCEM €ro MOTOMKaM (HECKOJ/IbKO
3ayMHO, HO rnpoule, U3BUHNTE, He nony4aeTcsd). Ecnm oH npeacrtaBnsgeTca HarnsagHo, To
3To "menaetca" B popMe napannenennnena. Kyb, Kak N3aBeCTHO, TOXXe aBSeTCSH
rnapasinenennnenom, HO C paBHbIMU CTOPOHaMN. BnpoyeM, MHOrve U3 Bac, HaBepHoe,
Bunaenn nsobpaxxeHme ppenma. Te, KTO NOsIb30BaAJICA NporpaMmMamMmm onsa pucosaHus 3D
(3D Studio Max, Ray Dream STUDIO, Light Wave n T.n.) Bugenu HarnsagHoe
npencrtasneHmne 3Toro "asneHns". OHO BbIMOJIHAETCA 19 ynpoweHnsa paboThl



XyOOXHMKa ¢ 06beKkToM 1 n3obparkaeTcsa BCAKUN pa3, Korga obbekT BbigenseTcs.
BbigeneHHbIn 06beKT OKa3biBaeTCA, Kak Obl 3aK/O4YEHHbIM B Napasanenenunene nau
Kybe, y KOTOPOro eCTb TOJIbKO TOHKME rpaHu, KOTOPbIE HE MeLLaloT co3epuaTb 00beKT.

Ynpasnatowmnmm ppermMbl ABASKOTCA MOTOMY, YTO 00bEKT, HAXOA4AWMNNCA BHYTPMU,
HenoABU>XXeH OTHOCUTENbHO cBoero "obpamneHnsa" n OBUXKETCHA TOJIbKO BMecTe C HUM. To
eCTb, NpoLle roeop4, 414 nepemMelteHns obbLekTa Hago NepeMecTuTb ero ppenm.
Bo3HMKaeT BOMPOC: a KaK Ke 4yesioBek byneT wesennTb pykammn? B cny4ae c
MOJINFTOHHOW MOAENbIO 3TO NPONCXOANT creaytowmnm obpasom. dpenmsbl
NMPUCOEANHATCA APYr K APYry No nepapxun. Mogenb 4esoBeka nmeeTt CBOU hpenmMm, ero
pyKa - CBON, MPUBA3aHHbIA K BosblIEMY, @ KUCTb - CBOW. YTO 6bl MOAesNb LeBennia
KUCTbO, LOJIXKHO N3MEHUTBLCA MOJIOXKEHNE COOTBETCTBYOLWEro opemMa OTHOCUTESIbHO
TOro, K KOTOPOMY OH npuBA3aH. MNpn 3TOM NpoucxoguT TpaHchopMaunsa obbekTa, To
€CTb BHECEHME N3MEHEHWNIN B CLLEHY OT KaZpa K Kagpy npu ero nepemMeLlLeHunm,
MacwTabupoBaHUM N BPaLLEHUN.

NMpucoeanHeHHbIe K hpenMy 06BbeKTbl MOryT TPaHCPOPMUPOBATHCA OTHOCUTESIbHO
apyrux openmos. 518 TOro 4To Obl BbIYMNCINTL ABYMEPHbIE KOOPAMHATbLl 06bekTa Ha
3KpaHe, "MawunHa" coMelaeT pe3ysbTaThl NpeobpaszoBaHUn BCEX PpPeNMOB,
PacrosioXXEeHHbIX BbliLe 3TOro obbekTa No nepapxun, n onpepenseT oKoOH4YaTesibHble
npeobpa3oBaHuns obbekTa.

BONbLWMHCTBO rpamyecknx MexaHm3MoB (Uam, NpocTo "ABMXXKOB") No3BonsAOT nlberaTb
N3NWHNX Npeobpa3oBaHU, 3a4epPXKMBAOLLMX NMPOoLEecc onpeaesieHnsa KoOopaAnHaT.
OObIYHO COXpaHAETCs KOMUSa MaTpuLbl UTOrOBOro npeobpasoBaHUsa Ka)kaoro gppenma.
OHa nosy4YyaeTcs YMHOXEHMEM MaTpuL, Bcex ero npeobpasosaHun. B cny4vae, ecnn Bce
BblLLECTOsLWME N0 nepapxmm ppenmbl He N3IMEHUTNCL, NTOroBoe npeobpa3oBaHue
MO>XHO He rnepecynTbiBaTb.

Yawe Bcero, kamepa, Tak Xe, Kak n gpyrve obbeKkTbl, uMeeT cBon hpenM. OHa ToxXe
MOXeT bblITb 06bekTOM TpaHchopMaumun. Bce ppenmbl fo/KHbI ObIThb NPUKpenaeHsbl K
KakoMy nnbo ctapwemy gpenmy. Ha BepLunHe nepapxmm HaxoamTcsa e AUHCTBEHHbIN
hbpenm, KOTOPbIA HN K YeMYy He NMpuKpersieH (Ho BCe NMpUKpernsieHo K HeMy) - hpenm
CueHbl.

CnpaunTbl



Bo BpeMeHa cnpanToBbIX "ABUXKOB" (hpeMbl MPaKTUYECKN HE MPUMEHSATNCL. XOTH
cenyac, Npu NCrnosib30BaHUN CNPANTOB B MOJIMITOHHbIX "OBUXKax", hpenMbl y HUX MOryT
ObITb.

MpenctaBnTb cebe cnpanT MOXXHO KaK MJIOCKYI0 KapPTUHKY B TPEXMEPHOM MPOCTPaHCTBE,
MOBEPHYTYIO IMLLEBOW CTOPOHOW K HabnogaTento. MOHCTp nsobpa>kaetcs Ha 6opom
CMpanToB, HA KOTOPbIX OH "3amne4vaTsieH" B pa3HbIX NoJsioXeHnsax. CnpanTol
nepeMeLlarTCs, MeHAS KOOPANHATLI B TPEXMEPHOM MNPOCTPAHCTBE, MEHSAIOTCA
KapTUHKKU, n3obparkatoLme MOHCTPa B HY>XHON To4ke. Mpu npnbnmxeHun K
HabnogaTento, NPOCTPAHCTBEHHbIE KOOPANHATLI MOHCTPA MEHSAIOTCA B COOTBETCTBUM
CUCTEMON KoopAauHaT "ABUXKKA", Npnbnmxxaa nepcoHa)ka. MeHAOTCHA U 3KPaHHbIe
KoopAuHaTbl Mo ocn Z. C npmnbnmxeHnem, nsobpaxeHme npoTUBHMUKa MacliTabupyeTcs B
00/IbLUYIO CTOPOHY, 3aMN0JIHAA O4HOM TOYeK CrpanTa HEeCKOJIbKO TOYEeK 3KpaHa, a C
yOaneHneMm - B MeHbLUY, TaK YTO Ha OOHY 3KPAHHYIO TOYKY NPUXOAUTCS HECKOJIbKO "C
NOBEPXHOCTWN NepcoHaxka" (Mx uBeTa cMewmBatoTCca). MNpu o4eHb CUABHOM NPUBAVXKEHUN
noasnseTca apPeKT Npm KOTOPOM MOHCTP NyraeT Hac He TOJIbKO KJlblIkaMu, lWnnaMmu u
npoYnMmu aTpubyTamm ero nepcoHbl, HO N FTUFAHTCKUMWU MPAMOYIOJIbHUKaMU Ha CBOEN
NOBEPXHOCTN.

Kpome Toro, y CnpanToBbiXx 06beKTOB HabnogaeTcs ABMXKEHME PbIBKaMU. ITO
MPOUCXOOUNT OTTOr0, 4TO BCE NOCTPOEHO MO NPUHUMNY MynbTdUIbLMa: ogHa dasa
(mnono)xeHme nepcoHa)ka, n30b6parkeHHOoe 0AHOWN MIOCKON KapPTUHKOW) CMEHAEeTCS APYrown
ha30M, KaKk CMEHSIOTCA pUCoBaHHbIE Kaapbl. Mexxay AByMs pa3aMm eCTb y4acTo
OBWXKEHNS, KOTOPbIA MPOCTO He oTobparkaeTcs.

PopooHavYanbHUK xaHpa 3D Action (ecnn He cynTaTb Wolfstein3D, KoTopbin b1 He
AOCTaTOYHO NONyNApeH ANa Takoro Apibika), Doom 6bin cnpanTtoBbiM. OOHAKO CTEHLI B
ero "aBmxke" otobpakanncb 06bI4YHbIM TEKCTYPHBLIM METOA0M, O KOTOpPOM byaeT
pacckasaHo no3xe. CnpantoBbiMun 6b1IM BCe 3D-nrpbl BbinyweHHble 0o Quake.

Bokcenu

MnkKcenb - 3TO TOYKA Ha MJIOCKOCTU, @ BOKCEJIb - B MPOCTPaHCTBE. B 3TOM nx
reoMmeTpuyeckoe pasnnymne. Bokcesnb nMeeT CBOW LUBET KN, 0ObIYHO (€Cn ABMXKOK
HEenJoXxown), pearnpyeT Ha OCBELLEHNE ero U3MEeHEHUEM.

Ha ocHoBe Bokcenen pa3paboTaHo MHOro "aABM»XKoB". CaMble 3anoMnHaoWmMecs - cepus
Voxel Space, pa3paboTtaHHasa NovalLogic. HoBenwmnm n3 HUX nogaep>xmBaeT annapaTHble



YCKOPUTENN NPUN HAJIOXKEHUWN NOJIMITOHOB, TO €CTb MMeeT MNOJINFOHHO-BOKCEJIbHYI0
OCHOBY. HM4TO He MewaeT "OABMXXKY" COBMeLLaTb NOJINIOHbI, BOKCESIN U CNpanTbl. bonee
TOro B 60/IbLUMHCTBE BOKCE/IbHbIX MEXAHM3MOB €CTb M TEKCTYpbI(Hanpumep, Ha CTEeHaX,
Ha 6oeBbIX MawmnHax n T.4.). Novalogic ropgnTcsa 3TmM, NOTOMY 4TO BOKCENU
HaKJM1a4blBalOTCA NPOrpaMMHO, a NMOJIMFOHbI C OTPUCOBAHHBLIMU MJIOCKUMUN KAapPTUHKaMWN
BOKCeJIbHbIX Y4aCTKOB Kajpa - annapaTHO.

O6bI4HO Ha OCHOBE BOKCeNeN NPUHATO CTPOUTb OBMXKKM aBMAaCUMYISTOPOB N KBECTOB. B
c/ly4ae C aBMacumynaTopamMm BOKCeIM MoMoraloT CMOoLeIMpoBaTh NaHALWadT 3eMHON
NOBEepPXHOCTWU. HaknagbiBaTb NOJIMIOHbI B KOJINYECTBE, OCTAaTOYHOM A5 M1agKOCTH
NoBepPXHOCTU 6b1S10 Bbl O4EHb PACTOYNTENIBHO MO OTHOLLUEHUIO K BbIYUCTNTE/IbHbLIM
pecypcam "MalmnHbl", TaK KakK y Ka>X[40ro noJinroHa MMeTCa He TOJIbKO CBOWU
NPOCTPaHCTBEHHble KOOPAWHATbLI, HO U BEPLUNHBI, FTPaHW, TEKCTYPbl, HA KOTOPbIX €CTb
TO4YKkM (Tekcenn). Bce ato TpebyeT orpoMHOro Kosimy4ecTBa Bbl4ncieHnn. CpaBHUTENbHO
npoLue NPUMeHATb NOJIMTOHbI, TaM, r4e MOXXHO AeflaTb A0BOJIbHO MJOCKNE, B HYXKHbIX
MeCTax NOBEPXHOCTN, 06BbEKThI U HaKNaAbiBaTb HA HUX TEKCTYPbI, HA KOTOPbIX Y>Ke eCTb
MHOIO TOYeK. DTO YMeHbLUIaeT KOJINYeCTBO 3aTpaymBaeMbIX BblYUCINTENbHbBIX PeCYypPCoB,
KOTOpble Mpn NCMOJIb30BaHUN BOKCeNen TpebyoTca Ha nepecyeT KoOoOpAMHAT Ka>Kgon
TOYKM B NPOCTPaHCTBE.

Pe3ynbTaT TakoB, 4TO NPV MOLAEJIMPOBAHUN FTagKnUx I'IOBerHOCTeVI NCMoJib3yloTCA
NMOJINTOHbI, a Npn MoAeJINpPoBaHNN n3rnbatomxcs (HaanlMep, J'IaH,EI,LLIaqf)TOB) - BOKCeJIN.

Bokcenn ecTb He TOJIbKO B CMMYyNSATOpax, HO U B KBecTax. Hanpumep, "asuxkun" ot Blade
Runner u Sanitarium (B pycckon Bepcum LLinsapmnym) MoryT noxsacTaTbCs BOKCENbHbIMU
rnepcoHa>kamu.

Y BOoKCeNnen eCTb OAWH CyLLEeCTBEHHbIN HEQOCTATOK. HO 3ak/to4aeTcs B TOM, OH
3aKJIl04aeTCs B TOM, YTO OHM He MoryT obpabaTbiBaTbCs annapaTHo. Mpu Bcex
TeHOeHUMA nepexoga OT NPOrpaMMHON peanusaumm rpadukn K arnnapaTHOM, 40 CUX NOp
He NpuayMaHo annapaTypbl, KOTopasa Morsa 6bl paboTaTb C BokCcensiMu. HUKTO 13
NPOVN3BOAUTENEN BbIYNCANTENIbHON TEXHUKWN Oa)Ke He MNblITaeTCs 3aHUMATbCS 3TUM
BOMNPOCOM. ArnapaTHas peanusauns nosIMroHHOW TpexMepHom rpadukn goLia oo
nepenayn BnageoannapaType Taknx pyHKUMA Kak TpaHChopMaLmna 1 oCBELLEHNE, a B
BOKCe/IbHOW rpachuke BCe, Tak XKe Kak U paHblue, obpabaTbiBaeTCsa LLeHTpasibHbIM
NpPOLLECCOPOM 3a CYET ero YHMBepcCasbHbIX BbIYHNCANTENbHbLIX KOMaHA.

Mpobnema B ToM, 4TO Ana 06paboTkM Bokcenen TpebyeTca MHOro onepauuni c
naaBaloWMUMN TOYKAMK, ropa3ao 6osblie, YeM Npu pacyeTax C NOJINroHaMu. A,



N3roTaB/MBaTb AOPOron MmMKponpoueccop ansa rpadukm 6oisio 6bl He LenecoobpasHo.
Mo3ToMYy, LesIoYnNC/IeEHHbIe pacdeTbl N0 HAJIOXKEHUIO TEKCTYP Y LEeHTPasibHOro
npoueccopa "oTHANN" ewe nasHO. [1o3>)Xe 3To caenasanm CoO MHOTUMN APYrUMU
pyHKUMamMun. B 1999 roay noaBuUANCL TakKme TEXHOJIOMMKU, UCMOJIb3Ys KOTOpble COBCEM
HeOoporo caenaTb YCTPOWCTBO A1 BblHECNIEHNI C M1aBatoLWEen TOYKON B rparu4eckom
npoueccope. Ero n coenann B nVIDIA GeForce 256. HO, K COXasleHNIo, Ja)Ke MOLLHOCTH
TaKoro yCTpoOMCTBa, Kakoe co3falla 3Ta Koprnopauus B "BuaeoKaMHe", He4oCTaTO4YHO
05 pac4yeToB C BoKcesaMU. NNoToMYy 1 He co3aHa 0 CUX NOP KOHCTPYKLUUSA,
npoussoasLlasn onepayum ¢ HUMN Ha annapaTHOM YpPOBHe.

MONNIOHbI

CnpanTbl U BOKCENN - 3TO HEOTbEMJIEMAA YacCTb coBpeMeHHoM 3D-rpadukm, HO Yaule
BCEro oHa OCHOBbIBAETCA Ha NoJMroHax. MoNnroHsl Brepsblie NOABMINCL B TOM BUAE, B
KOTOPOM Mbl MPUBbLIKJIN NX BOCNPUHUMATb, B "Xntosenwen" nrpe, ogHom ms ny4uwmnx 3D-
Action cBoero spemMeHu (a, BO3MOXXHO M BCeX BpeMeH), BenimkoM Quake. Ero "oBu>xok"
MOl HaK/NaAblBaTb HEBEPOATHOE NO TeM BpeMEHaM KoJIM4eCTBO TeKCTyp. Bce "renmepsbl”
Obin "B Woke". Kakon pbiBOK B rpadpmke! PaHblUe TEKCTYpPbl HakaAblBaanUCb TOJIbKO Ha
CTEeHbl B YNOMSHYTbIX BbllLE KOPUAOPHLIX BOMHax BpeMeH Doom. A B Quake KaxxabIn
MOHCTP OKa3aJiCa NOKPbIT MHOXKECTBOM TakKUX PUCYHKOB. "MOHCTPATHUK" CTan
TPpeXMepPHbIM, N ero y4acTHUKK Bonblue He "aeprannuck"” Npu pe3kom CMeHe 3apaHee
MPOPUCOBaHHbIX ha3 (C 3TOro MOMEHTa MEePCOHAXXM Urp C XOpoLIMN ABUXKKaMK obpenn
COBCTBEHHbIE MOBEPXHOCTU). NMPOTUBHUK B 3TOM X1UTE MO MJaBHO NOBOPa4YnNBaTbCA
rnepen Hamum, MNOTOMY 4YTO B Ka)XKOM HOBOM Kagpe MOXXHO 6bls10 nmepecynTaTb ero
TEeKyLLYo Mo3uunto, KoTopas He bblsla 3apaHee OTPUCOBAHHBIM "MYNbTUMIMKALNOHHBIM"
CrnpanTomMm, a bblna pe3ysbTaToOM AUHAMUNYECKOr0o NepeMeLLeHns, He OrpaHNYEHHOro
TeCHbIMU paMKaMu as. lNnaBHoe OBMXKEHMEe U3 KaZpa B Kaap pagosano rnas. Ho segb
WHOYCTPUSA 2JIEKTPOHHbIX pa3Bfie4eHNN He CTOUT Ha MecTe. KaXxabl AeHb
npuayMbiBaeTCsa 4YTO-TO HOBOE, peasindyeTcs B OAHOM U3 rpaayLwmx "Asn>xKos", nocne
4yero Mbl CMOXXeM HabngaTb 3Ty CBEXENnpuayMaHHY TEXHOI0rMYeCcKyto 0CobeHHOCTb B
peasibHO BOMJIOWEHHbIX B XXU3Hb Urpax.

MonnroHHasa TEXHONOr NS Co34aHNAa TPEXMEPHON rpaukmM Ha CerogHAWHUN OeHb
ABNIAETCSA CaMOW pa3BUTON MU NPOOOJIKAET NporpeccupoBaTb C HEBEPOSTHON CKOPOCThLIO.
"OBUMXKN" CMEHAKTCSA OANH OPYrUM, N, KaXKObll pa3, Mbl MOXKEM cO3epLaTb boraTble
BO3MOXXHOCTM HOBOI0 rpadpMyeckoro MexaHusma. 1o aTon NpuyYmMHe B TEPMUHOIOT NN,
CBSA3aHHOW C HaJI0XKEHWEM MOJZINTOHOB MOSABUJIOCH (M NOABAAETCSA MOCTOAHHO) MHOIO



HOBbIX CJ10B. BONBWNHCTBO U3 HUX, KpoMe PYHKLNIN rpaPnyecKnx MexaHM3mMoB,
o0603Ha4aloT aHaNOrM4YHble BO3MOXKHOCTW annapaTypbl ansa 3D-rpadpukn.

[0 pa3bsACHEHUSA TaKNX TEPMUHOB KakK BuUnmMHenHasa, TpuanHenHasa, aHM3o0TponHas
dunbTpauns, MUN-MINMNUHT U MHOTUX UHBLIX, CieqyeT 00bACHUTbL TPY NepBOHaYabHbIX
C/10Ba, KacaloLwmxcs nonmroHHon 3D-rpadumnkn. 3T1o - TeKCTypa, Tekcenb U, COBCTBEHHO,
MOJINFOH. He 3Has 3Ha4YeHUn 3TUX TepMUHOB, Becnosie3Ho NOHATbL 4YTO-1MbOo nHoe.

MonuroH - 370 abCTpakTHasa reomeTpuyeckasa urypa, Ha KOTOpPOM OCHOBbIBAETCSA
obcyxoaemasi pa3HOBMAHOCTb rpacukun. NMoanroH, Belpakasacb "abcontoTHO pyccKnmm"
C/I0BaMW, - 3TO MHOIOYroJIbHUK. TO €CTb Y 3TON puUrypbl MoXxeT 6biTb Tpu 1 Bosee yrnos.
B rpacdhmke y noanroHa - Tpu yrsa no Ton npuynHe, 410 Bosibluee KONMYECTBO YrjloB He
MPUHOCUT MOJIb3bl, HO "NOXXNpPaeT" BblYUCUTENIbHbIE peCcypCbl Hawero ">xene3Horo
apyra". KoHe4Ho, ecnun rpagmka obpabaTbiBaeTCA Ha annapaTHOM YpPOBHE, TO HUKaKuMe
pacnpegensemMble pecypCbl He 3aTPayYMBalOTCA, HO rpanveckmmn npoueccop (Mam nx
Habop) [omKeH bbITb Boslee COBEPLUEHHBLIM M MOLLHbIM. PeasibHO Xe B TepMUHaX
MPOrpaMMmMCTOB, NOJINTOH - 3TO reoMeTpPUYeCKUn NPUMUTUB, TO eCTb NpocTenwlas

dgurypa.

MoNroH, Kak CKka3aHo Bbile, abcTpakTeH. OH HEe UMeeT BHEeLIHEero Bmaa - 3To akT, HO
Torga cam cobon HanpalwmBaeTCs BOMNPOC, @ 4TO XXe Mbl BUAMM Ha 3KpaHe? [pocTo, Ha
Ka>XAbIW MOINMIOH "HaTArmBaeTca" TeKCcTypa. TEKCTYpa - HM YTO UHOE, KaK OBbIYHbIN
pPacTpOBbIN (T.€. TOYEYHbIN) PUCYHOK, NMOKPbIBAOLMNIA MNOBEPXHOCTb MNOJINITOHA U
npuaatowmnn emy onpeneneHHsin Bna. PUCyHOK MaclwiTabupyeTcs, noBopaymMBaeTCs U
LLBET €ro To4yek (Tekcenemn) nepeHoCcnTCa Ha 3KpaH. Npu yoaneHnm pucyHka oT 3KpaHa
(To eCTb Npn yBEANYEHNN 3HAYEHMSA MO OCU Z) NPONCXOAUT YMEHbLUEHME 3HAYEHUNS
pacTpa. Mpn Npnbnam>xeHnm NPoNCXoanT yBenn4eHmne pacTpa, N OH, Tak XXe, Kak 1N B
c/ly4ae COo CTapbiMu CNpanToBbIMK "OABMXKKaMN", NyraeT HAaC OrPOMHbIMU TEKCEeNAMN,
"3aKpbIBaOLWMMUN" MO HECKOJIBKO NMUKcesien (ToYeK Ha MNJIOCKOW MOBEPXHOCTU 3KpaHa).

Ho Quake He ocTancsa B TakoM Buae - nosasunacb ero ocobas sepcma GLQuake,
ocHoBbIBalowWasncsa Ha pabote 3D-yckopuTtenen "yepes" nHTeppenc NnpuknagHoro
nporpammmpoBaHnsa OpenGL. B Hen Dbl NpUMEHeHbI HoBeWLne (B Te BpeMeHa)
TexHosormm: anba cMeweHne, BunMHenHasa punbTpaumsa, MUN-M3INMNUHE, ObIMKa U
MHoOroe apyroe. KoHe4yHo, B BesInkoM Q (To4Hee cka3aTb - GLQ) 6bin10 peann3oBaHo
MHOro "KpacmsocTten", Ho ewe 6onblUe X oKkasanocb B Q2.



3aKJso4yeHue

Bce obnactm npumeHeHuns - byab TO MHXXEHEpPHasa U Hay4Has, bBusHec n NCKyccTBoO -
ABNAIOTCA Chepon NpMMeHEHUA KOMNbIOTEPHON rpadmnkn. Bo3pacTatowmn noteHumnan
MK n nx rpomagHoe 4ncno - nopsgka 100 mmnnmoHoB - obecneymBaeT cobnasHUTENLHYIO
6a3y O519 KannTaJIoBJIOXKEHUN 1N poCTa. Hen3BeCcTHO Kak 40JIro NpoaJIMTbCA TEHOEHU NS
yOBOEHMNSA KannTasioB/IOXKEHNIN, 0CO6EHHO Mo BO3AENCTBMEM LIEH, OOHAKO OXUAAeTCS
ycTtondmeoe 10% exxerogHoe rnosbilieHVe B nocaenywouime 5 ner.

CerofiHa 0cobeHHO npuBaeKaTebHbl AJ151 UHBECTOPOB KOMMNAaHUKW, Creumnann3npyomnecs
Ha rpadryecknx nHTepdencax nonb3oBaTtens, 06 bEKTHO-OPUEHTUPOBAHHbIX
nporpamMmMax, BUPTYanbHOW peasibHOCTU N NMPOorpaMMHOM obecnedyeHnn napannienbHbiX
npoueccos. Mbl BCTYNaem B HOBYHO 3MOXY PacCLUMPEHUS MONHOMOYNIA Fpaduyeckmx
CUCTEM NPU ABMXKEHMN MO NHPOOPMALMOHHOW CynepMarncTpanu.



