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TEMA Ne 1. BBEAEHUE B KOMMNBbIOTEPHYIO NTPADUKY

Omnpeznenenre U OCHOBHBIE 33J]a4ul KOMIBIOTEpHOH rpaduku. O01acTH NpUMEHEHUsI KOMIIBIOTEPHOH rpadu-
Kku. MicTopus pa3BuTHs KOMIBIOTEpHOH Tpaduku. Buasl koMnbroTepHOi rpaduky.

OnpedeneHue u OCHOBHbIe 3a0a4yu KOMIMbIOMepPHOU 2paguku

[Tpu o6paboTke MHDOPMAINH, CBA3aHHONW ¢ U300paKEHHEM Ha MOHUTOPE, IPUHATO BBIIEIATH TPU OCHOB-
HBIX HaNpaBJICHUS: paclio3HaBaHHE 00pa3oB, 00pabOTKy M300paKEHUI U MAIIMHHYIO TPApUKY.

OcHoBHas 3ajaua pacro3HaBaHUsl 00pPa30B COCTOUT B MPEOOPA3OBAHUH YXKE UMEIOIIETOCS U300paskeHHs Ha
(hopMaJIbHO TOHATHBIN S3BIK CUMBOJIOB. Pacnmo3naBanue o0pa3oB WM cucTeMa TexHn4ueckoro 3peHusi (COM-
PUTER VISION) — 5T0 COBOKYITHOCTh METO/IOB, TO3BOJISIFOIUX ITOJIYYUTh ONMMCAHUE U300paKECHUS, TOJJAHHOTO Ha
BXOJI, TOO OTHECTH 3aJlaHHOE M300pakeHHe K HEKOTOPOMY KJIAcCy (Tak IOCTYIAIOT, HAPUMEDP, IPH COPTUPOBKE
noutsl). OnHoii u3 3amau COMPUTER VISION siBisiercst Tak Ha3biBaeMasi CKeJIETU3aLuUsl 0OBEKTOB, IPH KOTOPOI
BOCCTAHABIIMBACTCS HEKasi OCHOBA O0BEKTA, €r0 «CKENEeT».

Oopa6oTka m3odpaxennii IMAGE PROCESSING) paccMaTpuBaet 3a/1a4u B KOTOPBIX U BXOJIHBIC H BbI-
XOJ/IHBIC JJaHHBIC SBISAIOTCS M300pakeHusAMU. Hanpumep, nepenaya n300pakeHus ¢ yCTpaHEHHEM IIyMOB U CXKaTH-
€M JaHHBIX, MIEPEX0]] OT OJTHOTO BHIa M300paxKeHus K Apyromy (OT LIBETHOTO K yepHO—OeIomy) u T.1. Takum obpa-
30M, 10 00pabOTKON M300paKEHUH MOHUMAIOT JEATEILHOCTh HaJl M300paKeHUsIMH (IpeoOpa3oBaHUE U300pake-
Hui). 3agaueil 06paboTKN N300pakeHNN MOKET ObITh KaK YJIy4IlIEHHUE B 3aBUCUMOCTH OT OIIPEJIETICHHOIO KpUTEpUs
(pecraBparys, BOCCTAaHOBJIEHHE), TaK U CIIEHUAIBHOE IPeoOpa3oBaHue, KapIMHAIBHO U3MEHSIONIEe N300PaKEHHSL.

[Tpu 0OpaboTke M300paKeHUH CyIIECTBYET CIEAYIOIINE TPYTIIbI 3a1a4:

I kdposse Qe
COBOXyTHOCTE Torapagm

Boccrarmaerne
Lvajposce -< Kowposaree (ErpepeBHY)

Craroe
TP CIER e

Orpannunmcs paboToil ToiabKO ¢ HHUppoBbIM H300pakeHHeM. LludppoBeie npeobpazoBaHMs MO LETH
peoOpa3oBaHusl MOYKHO pa3euTh Ha J1Ba THUIIA:

— pecraBpanusi M300paxKeHUs] — KOMIICHCHPOBAHHE HUMEIOLIETOCS MCKaKEHUs (HalpuMmep, IIIOXUe
ycnoBUs (POTOCHEMKH);
— yJydlleHHe H300pa’keHUs]l — 1TO HCKaKEHHE H300pakeHUs C IENbl0 YIY4IIeHHUS BHU3YyaJlbHOTO

BOCTIPUATHS WIH JUIs IpeoOpazoBaHus B (opMy, yI0OHYIO Ui AaibHeHe 00paboTKu.

Komnbiorepuass (Mamunnasi) rpagpuka (COMPUTER GRAPHICS) Bocnpou3BOauT H300paKeHHE B
cllyyae, KOTJja UCXO/IHOM sBJsieTcss MH(pOpMaIus Hen300pa3uTeabHoi npupo sl Hampumep, Buzyanuzanus sKcre-
PUMEHTAIBHBIX JTaHHBIX B BHJIE TPAQHUKOB, THCTOTPAMM WIIM TMarpaMM, BBIBOJ HH(OpMAIK Ha SKpaH KOMITbIOTEp-
HBIX UIP, CHHTE3 CIIEH Ha TPEeHaXXepax.

Kommprotepras rpaduka B HacTosmee BpeMs: chopMUpOBasiach Kak Hayka 00 amnrmapaTHOM M IPOTPaMMHOM
o0ecreyeHnu Ui pa3Ho0Opa3HbIX U300paKEHUM OT MPOCTHIX YEPTEXEN IO peaTUCTUYHBIX 00pa30B €CTECTBEHHBIX
00bekToB. KommbloTepHasi rpaduka MCIIONB3yeTCs MOYTH BO BCEX HAYYHBIX M WHXKEHEPHBIX TUCIHIUIMHAX JUIS
HarJsIIHOCTU U BOCTIPUSATHSA, Iepeaayn nHpopmanuu. [Ipumensercs B MeAMLIMHE, pEKIaMHOM OU3HECe, HHIYCTPUU
pasBieueHuil u T. 1. be3 koMmmbroTepHON Tpaduku He 0OXOIUTCS HU OJHA COBpEeMEHHas mporpamma. PaGota Hax
rpadukoii 3anumaet 10 90% pabouero BpeMeHU MPOrpPaMMUCTCKUX KOJIJIEKTUBOB, BBITYCKAIOLIUX ITPOTrPAMMBI Mac-
COBOT'O ITPUMEHEHHS.
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KoHeuHBIM IpPOAYKTOM KOMIBIOTEPHOM IpaUKH sBiISETCS H300paxeHHe. ITO M300pakeHHEe MOXKET HUc-
MIOJIb30BAThCS B PA3IMYHBIX c(epax, HapUMep, OHO MOXKET OBITh TEXHUYECKUM YEPTEIKOM, WILTIOCTPAIHEN ¢ U300-
pa’keHHEM JleTalld B pyKOBOJCTBE M0 3KCIUTyaTallly, IPOCTON JUarpaMMoOM, apXUTEKTYPHBIM BUIOM IpeAronarae-
MO KOHCTPYKILIMHU HJIU MIPOEKTHBIM 33JJaHUEM, PEKIIAMHON MILTIOCTPAIIUEeH WM KaJpoOM U3 MyJIbTQHIbMA.

KomnblotrepHas rpaduka — 3T0 Hayka, IPeIMETOM H3Yy4EHUS KOTOPOH SBJISIETCS CO3/1aHUE, XPAHEHUE U
o0paboTka Mojeneil 1 ux n3odpaxkeHuil ¢ nomompsio IBM, T.e. 3T0 pazznen nHGOPMATHKH, KOTOPBIA 3aHUMAETCS
pobeMaMuy OTYYEeHUs Pa3IMUHbIX U300paxeHni (PUCYHKOB, YepTeKeil, MyJIbTHUILTUKALIMH) HA KOMIIbIOTEPE.

B xomnbroTepHO# Tpaduke paccMaTpUBAIOTCS CIEIYIOIINE 3a/1aUH:

— IpeIcTaBiIeHHE N300paKeHUsl B KOMIIbIOTEPHO rpaduke;

— TOATrOTOBKA M300pa’keHMsI K BU3yalln3allii;

—  CO3/1aHuE U300paKeHUs;

—  OCYILECTBIIECHUE IEHCTBUM C U300paKEHUEM.

[Ton komnbroTepHO# rpaduKoi 0OBIYHO IOHUMAIOT aBTOMATHU3ALIMIO ITPOLECCOB MOATOTOBKH, Ipeodpa3zoBa-
HUS, XpaHEHHUS M BOCTIPOM3BeNeHUs rpadudeckoil nHpopMalmy ¢ MOMOoIIbo Komnbiotepa. [log rpadudeckoii nu-
¢bopmanyeil TOHUMAIOTCs MOJIENTH 0OBbEKTOB U UX N300pakeHusl.

B cnyuae, eciin monp30BaTe b MOXKET YIPABIATh XapaKTEPUCTHKAMH OOBEKTOB, TO TOBOPSIT 00 MHTEPAKTHB-
HOM KOMITBIOTEPHOM rpaduke, T.e. CIOCOOHOCTh KOMIIBIOTEPHOM CHCTEMBI CO34aBaTh I'pauKy U BECTHU TUAJIOT C
4yesloBeKOM. B HacTosiiee BpeMs Moutu Jo0yro NporpaMmy MOKHO CUMTAaTh CUCTEMOM MHTEPAKTUBHOM KOMIIbIO-
TEepHOU rpaduKy.

HNHTepakTHBHAasA KOMIbIOTepHAs rpadguKa — 3TO TaK K€ UCIOJIb30BaHUE KOMIBIOTEPOB JJISl OATOTOBKHU
U BOCIIPOU3BEICHUS U300pa)keHUi, HO IIPU 3TOM I10JIb30BaTE)Ib UMEET BO3MOKHOCTh ONEPAaTHBHO BHOCUTH U3MEHeE-
HUSl B M300pa)k€HHE HEMOCPEICTBEHHO B IIPOLIECCE €r0 BOCIPOU3BEACHHUS, T.€. MPEANONIAracTCcsl BO3SMOXKHOCTD pa-
00TbI ¢ rpauKoOil B pe’KUMe J1ajiora B peajJbHOM MaclITabe BpEMEHH.

WuTepakTuBHas rpaduka npencTaBiseT co00i BaXKHBIN pa3/ien KOMIBIOTEPHOH rpaduku, KOT/ia mojib30Ba-
TeJIb UMEET BO3MOKHOCTh JJMHAMUYECKH YIPABIATh COACPKUMbIM U300paxkeHus, ero popmoii, pasmepom U LBETOM
Ha TIOBEPXHOCTH JIUCIUIES C TOMOUIbI0 MHTEPAKTUBHBIX YCTPOICTB yIIpaBJICHUS.

HcTopuuecku NepBbIMM MHTEPAKTUBHBIMUA CUCTEMAMH CUUTAIOTCS CHCTEMbI ABTOMATH3MPOBAHHOIO IMPO-
extupoBanusi (CAIIP), kotopsie mosiBHIUCH B 60-X rogax. OHU MPEACTaBISIOT COOOH 3HAYMTEIBHBIN ATAIl B 3BO-
JIFOIIMM KOMITBIOTEPOB M POTPaMMHOTr0 o0ecreueHus. B cucteMe MHTEPaKTUBHOM KOMIBIOTEPHOH IpadMKu MOJIb-
30BaTelb BOCIIPUHUMAET Ha JUCILIeE N300paXKeHue, MPeICTaBIsIonIee HEKOTOPbIN CI0KHbBINA 00BEKT, U MOXKET BHO-
CUTb U3MEHEHHUs B OomucaHue (MoJiesib) 00bekTa. TakKuMU U3MEHEHUSIMU MOTYT OBITh Kak BBOJ U pPelaKTUPOBaHHE
OTJIENbHBIX AJIEMEHTOB, TaK M 3a/laHU€ YMCIIOBBIX 3HAYEHUN JIs JIIOObIX MapaMeTpoB, a TaKXKe WHbIE ONepaluu 1o
BBO/1y MH(OpMaIK Ha OCHOBE BOCIIPHUSTHS N300PAKEHUH.

Cucrembl Tuna CAIIP akTMBHO MCHOJB3YIOTCS BO MHOTMX OOJIACTSX, HApUMEP B MAlIMHOCTPOEHUU U
anekTpoHuKe. OqHUMHU U3 nepBbix Obutn co3anbl CAITP 11 mpoeKTHpOBaHUsS CaMOJIETOB, aBTOMOOMIIEH, CHCTEMBbI
Ui pa3paboTKU MUKPOIJIEKTPOHHBIX MHTETPAJIBHBIX CXEM, apXUTEKTYpHbIE CUCTEMBbI. Takue CUCTEMBbl Ha MEPBBIX
nopax (YHKIMOHMPOBAIM Ha JOCTATOYHO OOJNBIIMX KOMIbiOTepax. [IoToM pacnpocTpaHMIOCh HCHOJIb30BAHUE
OBICTPOACHCTBYIONINX KOMITBIOTEPOB CPEIHETO Kiacca ¢ Pa3BUTHIMHU I'paduyecKUMHU BO3MOKHOCTSIMH — rpaduue-
ckux pabouux ctaHuuit. C pocTOM MOIIHOCTEH MepcoHanbHBIX KoMIbloTepoB Bee vamie CAIIP ucnons3oBaiu Ha
JIEIIEBBIX MACCOBBIX KOMITBIOTEpPAX, KOTOPhIE ceyac MMEIOT JOCTaTOYHbIE OBICTPOCHCTBIE U O0BEMBI TAMSTH IS
pELIeHNsT MHOTHX 33a4. JTO IPUBEJIO K IUPOKOMY pacnpocTpaneHuto cuctem CAIIP.

Ceituac cTaHOBSITCS BCe OoJiee Moy sipHbIMU reonH(popmammonnbie cucrembl (I'MC). DTo OTHOCHTENBHO
HOBas Ul MaCCOBBIX I0JIb30BaTeNeil pa3HOBUIHOCTh CUCTEM HMHTEPAaKTUBHOW KOMObIOTepHOU rpaduku. OHM ak-
KyMYJIUPYIOT B ce0e METO/bl U alrOpUTMbl MHOTMX HayK U MH()OPMAIMOHHBIX TE€XHOJOTrHi. Takue cucremsl uc-
MOJIB3YIOT MOCTEeIHUE JOCTHKEHHUSI TEXHOJIOTUI 0a3 TaHHBIX, B HUX 3aJI0’K€HBl MHOTHE METOJIbl U aJTOPUTMBI Ma-
TEMaTUKH, (PU3HUKH, T€0JIe3UH, TOTIOJIOTHH, KapTorpaduu, HaBUTAllMK U, KOHEYHO ke, KoMIbloTepHoH rpaduku. Cu-
cremsl Tuna 'MC 3ayactyto TpeOyIOT 3HaUUTENbHBIX MOITHOCTEH KOMIIbIOTEpA KakK B IJIaHe paboThl ¢ 0a3aMu JaH-
HBIX, TaK M U1 BU3yalld3allid O0BEKTOB, KOTOpPbIE HAXONIATCA HAa MoBepXHOCTH 3emuid. [Ipudem, BU3yaln3aluio
HE00XO0/IMMO JIeJIaTh C pa3IMYHON CTETEHBIO AeTAaNU3aluy — KakK JJIs 3eMJIM B LIEJIOM, TaK U B TPAHULIAX OT/EIbHBIX
y4acTKoB. B Hacrosimee Bpems 3ameTHO cTpemiienue pa3zpadorunkoB ['MIC MOBBICUTH peaTMCcTUYHOCTh U300paxKe-
HUN MTPOCTPAHCTBEHHBIX OOBEKTOB U TEPPUTOPHIA.

Pabora ¢ KOMIBIOTEpHON IpaUKOil — OJHO M3 CaMBIX HOIYJSPHBIX HAIPABICHUH UCIIONB30BAaHUS IEPCO-
HQJIBHOTO KOMIIbIOTEPA, IPUYEM 3aHUMAIOTCS 3TOM pabOTON HE TOJIBKO MPOPECCHOHATIBHBIE XYI0KHUKU U AU3aii-
Hepbl. Ha mo6oM npeanpusiTuy BpeMst 0T BpeMEHU BO3HUKAET HEOOXOJUMOCTb B 110/1a4€ PEKJIaMHBIX OOBSBICHUN B
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ra3eThbl U KypHaJbl, B BBITYCKE PEKIaMHON JINCTOBKM Win Oykiera. MHorna npennpuatus 3aka3blBaloT TaKyloo pa-
00Ty cIielaIbHBIM JU3aHEPCKUM OI0pO MIIM PEKJIAMHBIM areHTCTBaM, HO 4acTo 00XOAATCS COOCTBEHHBIMH CHJIA-
MU U JOCTYITHBIMU IPOTrPAMMHBIMU CPEICTBAMH.

Tunmaneivu st 1r060i [MC sBnsitoTCs Takue onepanuy — BBOJ U PEIaKTUPOBAHUE OOBEKTOB C YUETOM UX
pacIioyioKeHsl Ha NOBEPXHOCTU 3eMiid, (OpMHUPOBaHUE Pa3HOOOPa3HbIX LU(POBBIX MOAENEH, 3anuch B 0a3bl JaH-
HBIX, BBIMIOJIHEHHE Pa3sHOOOPA3HBIX 3alpPOCOB K 0a3aM JaHHBIX. BaXHOW omeparueil sBIsSeTcs aHajiu3 C yu4eToM
IIPOCTPAHCTBEHHBIX, TOMOJIOTMYECKUX OTHOLIEHUH MHOKECTBA OOBEKTOB, PACIOIOKEHHBIX HA HEKOTOPOM TEpPUTO-
pHH.

Ucmopusi pazeumusi KOMnNbLOMepPHoOU (MawuHHOU) epaghuku

KomneloTepHast rpadrika HaCUUTHIBAET B CBOEM Pa3BUTHH HE 0ojiee JecsITKa JIET, a €6 KOMMEPUYECKUM IpH-
JIOKEHUSM — U TOTO MEHbIIe. AHApHec BaH Jlam cunTaercs OJHUM U3 OTIIOB KOMIBIOTEPHOU IpaduKu, a ero KHU-
v — QyHIaMEHTaIbHBIMHA Y4eOHUKAMHU 110 BCEMY CHEKTPY TEXHOJIOTHH, MOJI0XKEHHBIX B OCHOBY MalllMHHOMN rpadu-
ku. Takke B 3T0i oOnactu u3BecTeH AlBIH Ca3epJieH, Ybsi JTOKTOPCKAsl JUCCEPTANHS SIBUIACH TEOPETUUCCKOM
OCHOBOI MalTMHHOU TpaduKH.

Jlo HelaBHEro BpPEMEHHU SKCIIEPUMEHTHPOBAHHE IO MCIIOIB30BAHMIO BO3MOKHOCTEM MHTEPAKTUBHON Ma-
IIMHHON TpaduKu ObUIO MPUBUIIETUEH JIUIIHL HEOOIBIIIOMY KOJUYECTBY CIIELHUATINCTOB, B OCHOBHOM y4Y€HbIC U MH-
YKEHEPBhl, 3aHUMAIOLIUECS] BOIIPOCAMU aBTOMATU3allMM IPOEKTUPOBAHUS, aHAIN3a JAHHBIX U MaTEMaTUYECKOro MO-
nenvpoBaHus. Tenepb jke UccieloBaHue PEeaTbHBIX U BOOOPaKaeMbIX MUPOB Yepe3 «IPU3MY» KOMIBIOTEPOB CTAJIO
JOCTYITHO TOpa3ao 00see LIMPOKOMY KpyTy JIFOeH.

Takoe U3MeHEHNE CUTYaIlH 00YCIOBIEHO HECKOJIbKUMU MpruurnHaMu. [Ipexae Bcero, B pe3yibTaTe pe3koro
YIIy4YIICHUs] COOTHOLICHUSI CTOMMOCTD / TIPOM3BOJUTEIBHOCTD JIJISi HEKOTOPHIX KOMIIOHEHT armapaTypbl KOMITBIOTe-
poB. Kpome Toro, crangapTHoe mporpaMmMHoe obecriedeHre BBICOKOTO YPOBHS Ui TpadUKu CTAIO IMHUPOKOIOCTYII-
HBIM, YTO YIPOULIA€T HAMMCAHWE HOBBIX MPHUKIAIHBIX MIPOrPaMM, IEPEHOCUMBIX C KOMIBIOTEPOB OJIHOTO THIIA Ha
IpyTHeE.

Crnenyromast npu4urHa 00yCIOBIIEHA BIUSHUEM, KOTOPOE AUCIIEN OKa3bIBAalOT Ha KayecTBO MHTepdeiica —
cpezacTBa OOIIEHUSI MEXY YEIOBEKOM M MAaIllMHOW, — obecredrnBas MakCUMallbHble y100CTBa JUISl TOJIb30BATENs.
Hogrle, y100HBIE TS TOTB30BATEIS CUCTEMBI ITOCTPOEHBI B 0cHOBHOM Ha mogxoae WY SIWYG (a60pesuarypa ot
aHrmiickoro BelpakeHust « What you see is what you get» — «4To BUiuTe, TO M UMEETE»), B COOTBETCTBUU C KOTO-
PBIM H300paXkeHHE Ha HKpaHe JOJKHO OBITh KaK MOKHO O0Jiee MOX0KUM Ha TO, KOTOPOE B PE3yJIbTaTe MeYaTaeTCsl.

BonbIIMHCTBO TPaaUIIMOHHBIX MPUIOKEHUH MAalTUHHOW TpaduKu SBISIOTCS OByMEpHbIMH. B mocnemHee
BpEMsI OTMEUAETCs] BO3pACTAIOIINM KOMMEPUYECKUI HHTEPEC K TPEXMEPHBIM NMpuiiokeHusiM. OH BbI3BaH 3HAUUTENb-
HBIM IIPOTPECCOM B PEIIEHUH JIBYX B3aMMOCBSI3aHHBIX MPOOIEM: MOAETMPOBAHUS TPEXMEPHBIX CIIEH U MOCTPOEHUS
KaK MOKHO OoJiee pealucTUYHOro m3odpaxeHus. Hanpumep, B uMutaTropax mnojera oco0oe 3HaAY€HHUE MPUAAETCS
BPEMEHHU peakiMM Ha KOMaH[bl, BBOJAMMbIE MHJIOTOM U MHCTPYKTOpOoM. UTOOBI co3/1aBanach WIUIIO3US IJIABHOTO
JBUKEHMSI, IMUTATOP JOJKEH MOPOKIATh YPE3BBIYAMHO PEATMCTUYHYIO KapTUHY AMHAMUYECKU WM3MEHSIOIIErocs
«MHUpPa» € 4acTOTOM Kak MUHUMYM 30 KaJipoB B CEKYHIY. B MPOTHUBONOIIOKHOCTE 3TOMY M300paXKeHUs, TPUMEHSs e-
MbI€ B peKJiaMe U UHAYCTPHUH Pa3BJICUEHUH, BHIYUCISIOT aBTOHOMHO, HEPEAKO B TEUEHUE YACOB, C LIEJbI0 JOCTUYD
MaKCHMAaJIbHOTO peali3Ma UM MPOU3BECTH CUIIbHOE BIIEYATIICHUE.

Pa3BuTHe kKoMIbIOTEpHOHN IrpaduKu, 0COOEHHO Ha €€ HadalbHBIX ATalax, B MEPBYIO OYepeb CBA3AHO C pa3-
BUTHEM TEXHUYECKHUX CPEJICTB U B 0OCOOEHHOCTH JTUCIIIICEB:

— IIPOU3BOJIBHOE CKAHMPOBAHHUE J1y4a;

—  pacTpoBOE CKaHHUPOBAHUE JIyya;

—  3allOMHUHAloLIe TPYOKH;

— IUIa3MEHHAas MaHelb;

— KUJIKOKPUCTAJUINYECKHUE UHAUKATOPHI;

—  DJIEKTPOJIOMUHHUCIIEHTHBIE NHIANKATOPBI;

—  JIMCIUIEH C DMHUCCHUEH ITOJIEM.

IIpou3BoJibHOE CKAaHMPOBaHMe Jy4a. J{ucruieiiHas rpaduka MosiBUIACh, KaK MONBITKA UCTIONb30BaTh DJICK-
TpoHHOayYeBbie TPYOKH (IJIT) ¢ MpOU3BOIBHBIM CKAHHPOBAHMEM JIyda I BbIBOAA mM300pakeHus n3 DBM. Kak
nuier HeiomeH "no—BunumoMy, rnepBoi MamuHoH, rae DJIT ucnonb3oBanack B KauecTBE yCTPOHUCTBA BBIBO/IA ObI-
na OBM Whirlwind-1 (Yparan—I), uzroroBnennas B 1950r. B MaccauyceTckoM TeXHOJIOTHYECKOM HHCTUTYTE. C
3TOTO SKCIIEPUMEHTA HayaJICs ITal Pa3BUTHsI BEKTOPHBIX AUCILIEEB (IUCIUIEEB C MPOU3BOJIBHBIM CKAHMPOBAHHEM
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Jy4a, kaJummrpaguuyeckux aucmieeB). Ha npodeccronanbHOM xaprone BEKTOPOM Ha3bIBAETCS OTPE30K MPSIMOIL.
Otcrofa ¥ MPOUCXOJUT Ha3BaHUE «BEKTOPHBIN JMCIICH».

ITpu nepemerieHuy Jiyya o 3KpaHy B TOUKE, HA KOTOPYIO HONaJ JyY, BO30YyKAaeTCsl CBEUEHHE JIIOMUHO]O-
pa 3KpaHa. DTO CBEYECHHUE JOCTATOUYHO OBICTPO MPEKPAIIAETCs IPU MEPEMEIICHUH JIy4a B IPYTYIO MO3UIHUIO0 (00BIY-
Hoe Bpems nociuecseueHust — menee 0.1 ¢). [oaromy, 1t Toro 4yTo6s! M300paXKeHne ObUIO MOCTOSSHHO BUAMMBIM,
MPUXOJUTCS €T0 MepeBbIAaBaTh (pereHepupoBarh u3oodpaxenue) 50 umm 25 pa3 B cekynay. HeooxonumocTs nepe-
BbIJIa4X U300pakeHust TpeOyeT COXPaHEHHUs €ro ONUCAHMs B CIELMAIbHO BbIJEICHHON NaMsITH, Ha3bIBaeMOM Mams-
ThIO pereneparnuu. Camo onrcanrue N300paKeHUs Ha3bIBACTCS TUCIICHHBIM (aiiiioM. [IOHATHO, YTO TaKOH AUCILICH
TpeOyeT J0CTaTOYHO OBICTPOro Iporeccopa i 00paboTKU JUCIIeHHOro ¢ailia u ynpaBieHUs NepeMelieHneM
Jy4a 10 dKpaHy.

OOBIUHO cepuitHbIe BEKTOPHBIC AHUCIUICH ycrieBand S0 pa3 B CEKYHIy CTPOUTh TobKo okoio 30004000 ot-
pe3koB. [Ipu GosnbiieM 4rcie OTpe3KoB H300pakeHne HAYMHAET MeplaTh, TaK KaKk OTPE3KH, TOCTPOCHHBIC B HaYalle
OYEpEeHOr0 LIMKJIA, TOJHOCTHIO MOracaloT K TOMY MOMEHTY, KOI/ia OyAyT CTPOUTHCS MOCIIETHUE.

JIpyruM HEeI0CTaTKOM BEKTOPHBIX JMCIUICEB SBISCTCS MAJOE YMCIIO TPpajalil mo sSpkocTH (00braHO 2—4).
bbutn pazpaboTaHbl, HO HE HALUIM IUPOKOro NpUMEHeHus AByX—TpexuserHble DJIT, Takxke oOecrieunBaBIIne HeE-
CKOJIBKO I'paJlaliiii IPKOCTH.

B BEKTOPHBIX JUCIIIESIX JIETKO CTEPETh 000 371eMEHT N300paKeHHsI — JOCTATOYHO IPU OYEPEAHOM IMKIIE
MOCTPOCHHSI YIAIUTh CTUPAEMBIH JIEMEHT U3 JUCIUICHHOTO (haiina.

TekcToBbIN 1UANOr MOAJEPKUBAETCS C TIOMOLIBIO andaBUTHO—LM(POBOI KinaBuatypsl. KocBeHHbIl rpadu-
YEeCKUI TUalor, Kak U BO BCEX OCTAJIbHBIX JUCIUIESIX, OCYLIECTBIISIETCS EPEMELIEHUEM ITepeKpecTus (Kypcopa) 1o
9KpaHy C IMOMOUIbIO T€X WM MHBIX CPEJCTB YIPABICHUS MEPEKPECTHEM — KOOPIMHATHBIX KOJIEC, YIPABIISAIOIIErO
pelyara (mxoiictuka), TpekOosa (IapoBOi pyKOATKH), IJaHImeTa U T.7. OTINYUTENbHON YepTOd BEKTOPHBIX I C-
IUIEEB SBJISETCS BO3MOKHOCTh HEITOCPEACTBEHHOI'O rpa)uyecKoro Auajora, 3aKIoyaronasics B IPOCTOM YKa3aHUU
C IOMOILbIO CBETOBOI'O Iepa 0OBbEKTOB HA IKpaHe (JIMHHMM, CUMBOJIOB U T.1.). {1 3TOro AOCTaTOYHO € IMOMOIIbIO
¢doronuosa onpeAeauTh MOMEHT IPOPUCOBKH M, CIIE€JOBaTeNIbHO, Hayajla CBEYEHUs JIOMUHO(poOpa) 1000l yactu
TpeOyeMoro 31€MeHTa.

I[lepBbie cepuiiHble BEKTOPHBIE TUCIIEH 3a PYyOEKOM MOSIBUIIUCH B KOHIIE 60—X T0/10B.

PacTtpoBoe ckanupoBaHue jay4a. [Iporpecc B TEXHOJIOTMH MUKPOAJIEKTPOHUKH MPHUBEN K TOMY, C Cepeau-
Hbl 70—X roJI0B MOJABIISIIOIIEE PACTIPOCTPAHEHHE MOy YN AUCILIEN C PACTPOBBIM CKAHHPOBAHHUEM JIyYa.

3anomunalmomue Tpyoxu. B xonune 60—x rogos nosiunach 3anomuHaromas JJIT, kotopas cnocobHa no-
CTaTOYHO JUIUTENIbHOE BpeMsl (J10 yaca) IpsMO Ha dKpaHe XpaHUTh MOCTpOeHHOe n3oopakeHue. CrienoBaTeiabHO, He
oOsi3aTenbHa NaMATh PEreHepallii U He HyKeH ObICTPBIN MpOIeccop /sl BBIMOIHEHUS pereHepaluu U300paxeHusl.
Crupanue Ha TaKOM JMCIUIEE BO3MOXHO TOJIBKO Ul BCEil KapTUHKU B 11e70M. CII0)KHOCTh N300paykeHHsI TpaKTHY e-
CKU He orpaHuueHa. Paspenienue, TOCTUTHYTOE Ha JUCIUIESX HA 3allOMHHAIOIIEN TpyOKe, Takoe ke, KaK U Ha BeK-
TOPHBIX Wi BbllIe — 10 4096 ToYek.

TexkcToBBIN AMATIOr TOAACPKHUBACTCS C MOMOUIBIO an(aBUTHO—IM(POBOI KIaBHATypbl, KOCBEHHbIN rpadu-
YEeCKUI TMAJIOT OCYIIECTBIISIETCS MIEPEMEIEHUEM TIEPEKPECTHS MO 3KpaHy OOBIYHO C TTOMOIIBIO KOOPAWHATHBIX KO-
Jec.

[osiBeHne TakuX JUCIUIEEB C OJJHOM CTOPOHBI CIIOCOOCTBOBAJIO IIMPOKOMY PACIIPOCTPAHEHHUIO KOMITBIOTEP-
HOM TpaduKH, ¢ IPYrol CTOPOHBI MPECTABISAIO COOOM OMpEeTICHHBIN perpecc, Tak KaK paclpoCTpaHsiach CpaB-
HUTEIbHO HU3KOKAUYeCTBEHHAs: 1 HU3KOCKOPOCTHAS, HE CIUIIIKOM MHTEPAKTUBHAS TpaduKa.

IIna3mennas ma”eab. B 1966r. Obuta n3o0OpeTeHa 1uia3MeHHasl MaHelb, KOTOPYIO YIPOLIEHHO MOXHO
IIPEICTaBUTh KaK MaTpULly M3 MaJEHbKHUX Pa3HOLBETHBIX HEOHOBBIX JIAMIIOUEK, KaKJash U3 KOTOPBIX BKJIFOYAETCS
HE3aBHCHMO M MOXET CBETUTHCS C PETYINPYEMOIl SIPKOCThIO. SICHO, UTO CUCTEMBI OTKJIOHEHUS HE HYKHO, HE 00s13a-
TeJbHA TAKXKE M MaMsTh PEreHEepaluy, TaK KaK 10 HANPSHKEHUIO Ha JIAMIIOYKE MOYKHO BCETJa ONPEAEIUTh MOPUT
OHa JIU HET, T.€. €CTh WU HET N300pakeHHe B JaHHOU Touke. B ompeneneHHoM cMbIcie 3TH AUCILIEH O0BEAUHSIIOT
B ce0e MHOTHE MOJIE3HbIE CBOMCTBA BEKTOPHBIX M PAaCTPOBBIX ycTpoHCTB. K HemocTaTkaM cieayeT oTHeCTH O0Jb-
IIYI0 CTOMMOCTb, HEIOCTATOYHO BBICOKOE pa3pelleHne 1 00JblIoe HallpshKeHne MuTaHus. B nienom sty qucriien He
HAIIM IIUPOKOTO PacpOCTPAHEHUS.

Kuakokpucraniniyeckue MHAMKATOPBI. J(MCTlen Ha KUJIKOKPHCTALUTMYECKUX WHAMKATOpax padoTaroT
aHAJIOTMYHO MHJMKAaTOpPaM B IEKTPOHHBIX YacaxX, HO, KOHEUHO, N300pakeHNE COCTOUT HE U3 HECKOJIIBKMX CErMEH-
TOB, a U3 OOJIBIIOTO YHCIa OTACIBHO YNPABIAEMBIX TOYEK. DTH JTUCIUICH UMEIOT HaUMEHbIIINE TabapuThl U SHEPro-
notpelieHne, No3TOMY IHUPOKO MCIIOJIB3YIOTCS B TOPTATUBHBIX KOMIIBIOTEPAX HECMOTPSI HA MEHbILIEE pa3pelIeHHUE,
MEHBIIYIO KOHTPACTHOCTh U 3aMETHO OOJIBIIYIO IIEHY, YeM IS pacTpoBbIX aucruieeB Ha DJIT.

6



7

DJIEKTPOJIIOMUHHCIeHTHbIEe HHAUKATOPBI. Hanbosnee BbICOKHE SIPKOCTh, KOHTPACTHOCTb, pabo4Mii Temrie-
paTypHBId AMana3oH ¥ MPOYHOCTh UMEIOT AMCIUIEH Ha AJIEKTPOJIOMUHUCIEHTHBIX MHAWKaTopax. bmaromaps mo-
CTHKEHHUSM B TEXHOJIOTMH OHM CTaJM JOCTYMHHBI JJIsi IPUMEHEHHUSI He TOJIbKO B JJOPOTUX BBICOKOKIJIACCHBIX CHCTE-
Max, HO ¥ B OOIIENPOMBIIIJICHHBIX chcTeMax. PaboTa Takux JHCIIJIeeB OCHOBAaHA HAa CBEYCHUHU JIIOMUHO(OpPA MO
BO3JICHICTBUEM OTHOCHTEIHHO BBICOKOTO NMEPEMEHHOTO HANpsKEHUS, MPUKIIAIbIBAEMOTO K B3aWMHOIEPIEHANKY-
JSIPHBIM HAOOpaM 3JIEKTPOIOB, MEXTy KOTOPBIMU HaXOAUTCS JTIOMUHO(OD.

Jucnien ¢ amuccueid moJiem. J(ucrien Ha 31€KTPOHHO—TYUYEBBIX TPyOKaxX, HECMOTPS Ha UX OTHOCUTEINb-
HYIO JICIIEBU3HY U HIMPOKOE PACIpPOCTPAHEHHE, MEXaHUYECKH HETPOYHBI, TPEOYIOT BHICOKOTO HAIPSDKEHUS MHTA-
HUS, TOTPEOIISIOT OOJBIIYI0 MOUTHOCTh, UMEIOT OOJIbIIIKE radapUThl U OTPAaHUYCHHBIN CPOK CITYXKObI, CBA3aHHBIN C
norepel smMuccuu katogamu. OTHUM U3 METOJIOB YCTPAHEHHUS YKAa3aHHBIX HEAOCTATKOB, SBISETCA CO3JaHHE TUIOC-
KHX JHCILJICEB C SMUCCHUEH MOJIEM C XOJIOHBIX KaTOJOB B BU/I€ CUIIBHO 3a0CTPEHHBIX MUKPOMUTI.

Taxum o6pa3om, ctapToBas B 1950r., komnbroTepHas rpaduka K HaCTOSAIIEMY BPEMEHH IPOILIA MyTh OT K-
30THYECKUX AKCIEPUMEHTOB JI0 OJHOTO M3 BaKHEHININX, BCEIPOHUKAIONIMX UHCTPYMEHTOB COBPEMEHHON I[MBUIIH-
3alli¥, HAYMHAS OT HAYYHBIX MCCIICOBAHHH, aBTOMATU3AIIUHN TIPOCKTUPOBAHUS U U3TOTOBIICHHS, OM3HECA, MEIUIIH-
HBI, 9KOJIOTHH, CPEJCTB MAacCOBOI HHPOPMAIINH, TOCYTa U KOHYAs OBITOBBIM 000PYOBAHHUEM.

OCHOBHBIE JIaTHI:
ITaTta CoObITHE Texnonoruu
1956 [Tepssie skcniepumenTsl bena Jlamocku "oscillons" (CILIA, ¢ 1950r)
u Iepbepra ®panka (I'epmanms). Dta nmata Obiia ompeneneHa Jasia
Reichardt kak Hawamo Kommnberoreproro MckyccTa

1957 [Tomyueno neproe mudposoe nzodbpaxxenue B Hannmonansnom bropo
Crangapros (CILIA)
1958 Cop JI>x0oH YUTHHM UCNOJIB3YET aHAJIOIOBBIA KOMIIBIOTED ISl CO3/1a-
Hus anumaruu (CLIA)
1959 BeicraBka "DkcrnepuMeHTanbHas 3cTeTHka"’ B My3ee Angewandte
Kunst (Bena, ABctpust), noka3 "oscillons" u T.1.
1963 Hsan CazepieHn

[TpoBoauTCS IEPBOE COPEBHOBAHKE 110 KOMITBIOTEPHOMY HCKYCCTBY,
CIIOHCOPOM KOTOPOTO BBICTYNUJ aMmepukaHckuil xypHan Computers and
Automation. B 1965 r. Ero BeiurpeiBaer Maiikn Homn (CILIA) u B 1966
Opaiinep Heiik (I'epmanus).

BbIxoauT B CBET mepBbIi CO3MaHHBIA Ha KOMIbloTepe GuibM I1-
Bapna 3aiieka (Bell labs, CIIIA)

Yapnp3z Kcypu cozmaer cBou TMepBbIE KOMIBIOTEPHBIE PaOOTHI
(CIIA)

npenctasisier Sketchpad —
MporpaMMy Ui WHTEpPaK-
TUBHOH PabOTHl ¢ KOMIIbIO-
TEpHON TpapuKoil Ha KOH-
¢depennuu. PabGota Obuia
Hauata B 1961r. B Macca-
YYCETCKOM  TEeXHOJIOTHUYe-
CKOM MHCTHTYTE.

1965 ITepBas BeicTaBKa IUGpoBoro uckyccrsa B Technische Hochschule
B llITyTrapre oprannzoBanHas ®paiinepom Heitkom, Malikiom Homtom u
Jlxopmxem Hucom (I'epmanus)IlepBast BoicTaBka HU(POBOTO UCKYCCTBA B
CIIA B ranepee Howard Wise B Hoio Mopke. BbITH BBICTABICHBI KOMITbIO-
TepHble paboTel bena [Ixxynca u Maiikia Homnna (CILIA)

Tpu mepBbie 00IIECTBEHHBIE BEICTABKA KOMITBIOTEPHOTO MCKYCCTBA!
5-19 ¢epans, Generative Computergrafik. Georg Nees. Studien—Galerie
des Studium Generale, TH Stuttgart. Otkpsita Makcom bercom (I'epma-
HUS).

624 ampeins, n300pakeHHUs CO3/JaHHBIC C IMOMOIIBI0 KOMITBIOTEpA.
Maiixn Homn, bena Jixync, Howard Wise Gallery, Hsto Mopk (CIIIA).

5-26 Hos6ps, Computergrafik. ®@paiinep Heiix, xopmx Huc. I'a-
nepest Wendelin Niedlich, Itytrapt. Otkpeita Makcom bencom (I'epma-
HUS)
1966 IBM npucyxnaer 3Banue Artist—in—Residence Capy Jlxony YurtHu
1967 DKCIIEPUMEHTHI B MCKYCCTBE M TEXHONIOrHH HauaThl B Hpro Mopke
rpyNIoil XyJIOKHUKOB M TEXHUKOB, BKIIOUas XyAokHuka Robert
Rauschenberg u umxenepa Billy Kluver (CIIIA)
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[Tutep IlepmuTaitn ucnonb3yer rpadudeckyro cucremy B Hprold-
OpPKCKOM TEeXHOJIOTMYECKOM UHCTUTYTE

1968 Cybernetic Serendipity: BricTaBka KOMITBIOTEPHBIX TEXHOJIOTHH H
HCKyCCTBA, B MHCTUTYTE COBPEMEHHOro HcKyccTBa, Jlonmon. Kypupyer
Jlxema Puuapt (mupexrop ICA u aBTop Kommbrorep B MckyccTse).
Mys3eii coBpeMeHHOro HCKyccTBa mpuoOperaer pabory Kcypu
"Hummingbird"
Jlxon JIsucnayn (apxutekrop) u Anan Catknud (muoHep KOMIbIO-
TepHO My3bIKH) co3maroT OomectBo KommbprotepHoro MckyccTBa Kak
nopasnenenue bpuranckoro Kommnerorepaoro O6mecTsa
bpyxnunckuit myseit (CILIA) — skcriepuMeHTHl B IUGPOBOM HCKYC-
CTBE.
1969 SIGGRAPH, Special Interest Group on Computer Graphics cdop-
mupoBatno ¢ nmomornpio ACM (the Association for Computing Machinery).
B 1967r. o unuimaruse Coma Marca u Auapuac Ban Jlama (CIIIA) opra-
nusoBan Special Interest Committee.OcnoBuana CTG (Computer Tech-
nique Group) (Smoxus)
Generative Computer—Grafik my0siukyercs mnepBas IOKTOpCKast
EccepTals Mo KommbiotepHoMy uckycctBy Generative Computer—Grafik
JIxopmxka Huca, mon pykoBoactBomM Makca beHca mpenacraBiieHHYIO B
Yuusepcurere Ultyrrapra.(I'epmanns)
1971 BriepBrie B MHUpe NMPOBOAMTCS IEPCOHANIbHASI BBICTaBKAa pabOT IO
KOMIIBIOTEPHOMY HCKYycCTBY; Mandppen Mop, Myseil coBpeMEHHOTO HC-
kyccTBa, Opanuus, [lapuxk.
['epbept @pornk nybmukyer 'Computer Graphics — Computer Art'
(I'epmanus)
1972— Puuapn llyn co3na-
1973 et SuperPaint, 8Mu GuTHYIO
rpaduyeckyo mporpammy B
UCCIIeI0BATEIbCKOM LIEHTpe
Xerox Palo Alto (CIIA)
1974 ®wibMm "T'onox" INutepa ®@onaca nonyuaer [puz XKropu na Kann-
CKOM (pecTHBalie KMHO 3a Tyulryro anuManuio (Kanana)
L1975 ®pakranel — benya Manaens6po (IBM, CILA)
1976 Pyds JleButt nmybnukyet "Xynoxxuuk u kommeotep" (CILIA)
1979 'Sunstone' anumarus Iaa OmmBuuiepa (NYIT, CIIA)
1980 dupma "Quantel"
npencrasiser Paintbox (Be-
TMKOOpUTAHMS)
1983 JloBug DM paboTtaer
['aponbn Kosn BeictaBisier pabotry AARON B Tate gallery (HOH-B H.aGOPaTOpHH Jvet
1oH, BenmkobpiTanns) Propulsion B Kanudopuuii-
cKkoM TexHOJI0rnyeckoM HH-
CTHTYTE
1984 [Mponan TIEPBEI

komnbioTep Macintosh. Tak
K€ PEKJIAMHBINM POJUK I10-
JTy4aeT Harpaay MexayHa-
poaHOro (hecTUBANA peKJia-

Mbl (pectuBais Clio
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1986 PucoBanme ceerom — JIpBua Xokuu, ['oBapa Xoarkuac, Cap Cunau Tomacc wu  JIkoH
Honan u Jlappu Pusepc npurnamenst Ha BBC anst ucnonszoBanus QantelHoum, pabotas Ha
Paintbox Ha TeneBunenuu. (BemukoOpuTanms) Lucasfilm, mumyTt 24 Out-

Ouau Bapxon ucnonb3yer Amiga Juisi CO3/1aHUsI CBOETO aBTOMOPT-HYK TpadUvecKyro  Ipo-
peta u noprpeta nesuibl Jledopsr Xappu (CIIA) rpammy Photoshop

¢unem "Luxo Jr" Jlxona Jlaccerepa (¢pupma PIXAR) mokazan Ha
koH(pepennuu Siggraph (CIIA)
1988 [TepBbIii MEXIYHAPOAHBIM CHMIIO3UYM IO AJIEKTPOHHOMY HCKYC-
cTBY B I. YTpexT (I'epmanust)

Knunennckast ranepes, BeicTaBka MckycctBo u KommbroTep, T.
Muiicoopoy (BenukoOpuranus)

1989 BricraBka "Electronic Print" B my3ee Arnolfini B r. Bpucrons. Ilox Penus Photoshop s
pykxoBoactBoM Maptuna Paiizepa. (BenukoOpuranus) Macintosh (CIIA)

1992 Iepssiit Digital Salon B Helo—opke (CIIIA)

1995 [TepBas xondepenius no CADE, bpaiiton (BenukoOpuranus)

1997 B Jlonnone otkpoita Collville Place Gallery (BenukoOputanust)

1998 Bonbdranr Jlaiizep ocnoBeiBaeT My3seit Ludposoro Mckyccrpa

O6nacmu npumMeHeHUs1 KOMINbLOMeEPHOU 2paghuku

OO6nacTh NPUMEHEHUsI KOMIIBIOTEPHOU IpadUKU HE OrpaHUYMBAETCS OJHUMH XYJ0XKECTBEHHBIMU 3¢ peKTa-
Mu. Bo Bcex oTpacisx HayKu, TEXHUKH, MEIULIMHBI, B KOMMEPYECKOU U YIIPaBIEHYECKOMN AESITEIbHOCTH UCIIONb3Y-
IOTCSI TIOCTPOEHHBIE C MTOMOIIBIO KOMIIBIOTEPA CXEMBI, IpadUKH, AUarpaMMbl, IpeAHa3HAYSHHbIE JUIsl HAIJIAHOTO
oTtoOpakeHHs pa3HooOpa3Hoil nHpopmanuu. KoHCTpyKTOpHI, pa3pabaTsiBasi HOBbIE MOJIEIH aBTOMOOWIIEH U camo-
JIETOB, MCIIOJIB3YIOT TpEXMEpHbIe Ipaduueckue 00bEKThI, YTOOBI IPEJCTaBUTh OKOHYATENBbHBIA BUJ U3AEIHs. Ap-
XUTEKTOPBI CO3/Ial0T HAa 3KpaHe MOHUTOpA 00bEMHOE N300pakeHHEe 3JaHMsl, U 3TO MO3BOJSET UM YBUIETh, KAaK OHO
BITMIIETCS B JaHAIIADT.

MOo3KHO paccMOTPETH CleAyIoLMe 00I1aCTH TPUMEHEHNS KOMIIBIOTEPHON TpaduKHU.

Hay4ynas rpaguka

[IepBble KOMIBIOTEPBI UCHIOIB30BATNCH JIUIIb JUIS PEIIEHUSI HAYYHBIX M MIPOU3BOJICTBEHHBIX 3a7ad. YToOBI
JydIlle TOHATH MOJyYEHHbIE Pe3yJIbTaThl, IPOU3BOIMWIN UX Tpaduueckyto 00paboTKy, CTpOMIN rpaduKu, AUarpam-
MBI, YEPTEKU PACCUUTAHHBIX KOHCTpYKIMH. [lepBbie rpaduku Ha MalllMHE MOIyYaly B PeKUME CUMBOJIBHOM Ieda-
TH. 3aTeM MOSBWINCH CIIEIMATIbHBIE YCTPOICTBA — rpadornocTponTeNu (IIOTTEPHI) I BHIYEPUUBAHUS YepTEkKeH U
rpadMKOB YEpHWIBHBIM NepoM Ha Oymare. CoBpeMeHHas HayyHas KOMIbIOTepHas rpaduka JaeT BO3MOXKHOCTh
MIPOBOAUTH BHIYMCIUTENIBHbIE SKCIIEPUMEHTBI C HATJISIIHBIM MPECTABIEHUEM UX PE3YJIbTAaTOB.

HesioBas rpapuxa

JlenoBas rpaduka — 00s1acTh KOMIBIOTEPHON TpauKy, NpeJHa3HAueHHAsl JUIsl HalJIAIHOTO MPEACTaBICHUS
pa3NUYHBIX MOKa3zarenel paboThl yupexxaeHuil. [InanoBble moka3zaTenu, OT4eTHAs JOKYMEHTAllUsl, CTAaTUCTHYECKUE
CBOJIKM — BOT OOBEKTHI, /ISl KOTOPHIX C MOMOUIbIO JI€JOBOM IpaUKu CO3AIOTCA WIIIIOCTPATUBHBIE MaTepUalbl.
[TporpammMHBbIe cpeacTBa JeOBOM TpadUKH BKIIOYAIOTCSA B COCTAB 3JEKTPOHHBIX TaOJHII.

Koncrpykropckasi rpaduka

KonctpykTopckas rpaduka ucmnonpzyercs B paboTe HHKEHEPOB—KOHCTPYKTOPOB, apXUTEKTOPOB, N300peTa-
Teje HOBOM TEXHUKHU. DTOT BUJ KOMIIBIOTEPHON rpaduku siBisiercst o0s3arenbHbiM dneMeHToM CAIIP (cuctem
aBTOMaTHU3aluU MpoeKTupoBaHus). CpeacTBaMu KOHCTPYKTOPCKOM IpadMKu MOXKHO IMOJIydaTh Kak IJIOCKHE M300-
pakeHus (IPOEKILINUU, CEUEHUs), TaK U IPOCTPAHCTBEHHBIE TPEXMEPHbIE H300paKEeHNUS.

HNirocrpaTuBHas rpaguka

WnmoctpatuBHas rpaduka — 3TO NMPOU3BOJIBHOE PUCOBAHHUE M YEpUEHUE Ha IKpaHe KomrbioTepa. [lakeTs
WITIOCTPATUBHON TpaQUKH OTHOCATCS K MPUKIAJAHOMY IMpPOrpaMMHOMY oOecreueHHio obmiero HazHaueHus. [Ipo-
cTeHIlne mporpaMMHbIE CPEJICTBA WITIOCTPATUBHOM TpaduKH HA3bIBAIOTCS TpaduIecKUMH peaaKTOpaMHu.

Xyno:xkecTBeHHAs U pexkJaMHas rpaguka

Xyll0’)KeCTBEHHAs! U peKJlaMHas rpaduka — cTaBllasi MOMYJISIPHOW BO MHOroM Ojaronaps TeneBujeHHo. C
MIOMOIIIBI0 KOMITBIOTEPA CO3/AIOTCS PEKJIAMHBIC POJIMKH, MYJIbTQHIEMBI, KOMIBIOTEPHBIE UTPHI, BUACOYPOKH, BH-
neomnpeseHTanuu. ['paduueckue makeTsl Jyist 3THX Lelel TPeOYIOT O0JIBIINX PECYyPCOB KOMIBIOTEPA MO OBICTPOICH-
CTBHIO M MaMATH. OTIMYUTENHFHON OCOOCHHOCTBIO 3THX IpaMUecKUX MMAKETOB SBISIETCS BO3MOMXHOCTH CO3JIaHUS

9
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PEATMCTUYECKUX N300paKeHHUH 1 "IBIKYyIIMXCS KapTUHOK'. [TomydeHne pucyHKOB TpeXMEPHBIX 00BEKTOB, UX TO-
BOPOTBHI, IPUOIMKEHUS, yIaJIeHus, AeopMalui cBA3aHo ¢ OONBIUM 00BeMOM BbruuciieHuil. Ilepenaya ocBerien-
HOCTHU OOBEKTa B 3aBUCUMOCTHU OT IMOJIOKEHUS UCTOYHHMKA CBETA, OT PACIIONIOKEHHUS TeHEH, OT (haKTyphbl MOBEPXHO-
CTH, TPEOYET PacyeToOB, YUUTHIBAIOIINX 3aKOHBI ONTHKH.

OnHUM U3 MEepBBIX U3BECTHBIX (UIBMOB ObLT QUIIbM «3Be3/HbIE BOMHBDY. OH ObUT CO3[aH C MOMOIIBIO CY-
nepkomnbioTepa Cray. DTanbl JaqbHEHIIEro pa3BUTHA KOMIIBIOTEPHOTO KHMHEMaTorpada MOXKHO MPOCIEAUTH I10
TakuM ¢uiabMaM, kak « Tepmunatop-2», «BaBunon 5», u ap. Jlo HegaBHEro BpeMeHU TEXHOJOTHH KOMIThIOTEPHOU
rpadMKy MCHOIB30BATIHUCH A cHend((HEKToOB, CO3MaHUSI M300paKEHUN IK30THUECKUX UYYyTOBHIL, UMUTAIUH CTH-
XUHHBIX OCJICTBUIA M IPYTUX JJIEMEHTOB, KOTOPBIC SBIISTUCH JIUITL (POHOM JIJIsi UTPHI )KUBBIX akTepoB. B 2001 romy
BBIIIIEI HA SKPaHbl TOJTHOMETPaKHBINA KnHO(UIbM «DuHanbHas GaHTa3us», B KOTOPOM BCE, BKIIIOYAsk U300paKeHUs
JIFOJI€H, CHHTE3UPOBAHO KOMITBIOTEPOM — 5KMBBIE AKTEPHI TOJIBKO O3BYYUIIM POJIH 32 KaIPOM.

KoMnbroTepHas anHumanus

KomneioTepHast aHUMaNMs — 3TO MOJTYYEHHE ABIKYIIMXCS M300pa)KeHHil Ha sKpaHe auciuiee. XyJOKHUK
CO3/1a€T Ha DKpaHE PUCYHKE HAuyaJIbHOIO U KOHEYHOTO IOJIOKEHHS JABHKYIIUXCS OOBEKTOB, BCE MPOMEKYTOUHBIE
COCTOSIHHUSI PACCUUTHIBAET U U300pakaeT KOMITBIOTEP, BBIIOJHSISI paCUY€Thl, ONMUPAIOIINECS Ha MaTeMaTHUeCKOe OIH-
caHMe JaHHOrO BHUJa ABMKeHUs. [lonydeHHble pUCYHKH, BBIBOAUMBIE I1OCIE0BATEIBLHO HA SKPaH C ONPEIEICHHON
4acTOTOM, CO3JAI0T UJUTIO3UIO IBIKEHUs. MylbTUMENa — 3TO 00beIUHEHHE BHICOKOKAYECTBEHHOTO M300pakeHUs
Ha JKpaHe KOMIIbIOTEpa CO 3BYKOBBIM COIpOBOXkAeHHEM. Haubosnbiliee pacnpocTpaHeHHE CUCTEMbI MYJIbTUMENNA
MOJIyYUITH B 00J1acTH 00yUeHUsl, peKJIaMbl, Pa3BICUCHUM.

I'paduka s UaTepHera

[TosiBnenue rmobanbHON ceTH MHTEpHET MpUBENO K TOMY, YTO KOMIIbIOTepHas rpaduka cTajia 3aHUMaTh
Ba)XHOE MeCTO B Hel. Bce 0oitbIie COBEPIICHCTBYIOTCS CIIOCOOBI Mepeadun BU3YyalbHON MHPOpMaLuu, pa3padaThl-
BaloTCca OoJiee coBeplleHHbIe rpaduueckue (HopMaThl, OIIYTHMO KelaHWE HCIOJIb30BaTh TPEXMEPHYIO rpaduky,
aHUMAIIHUIO, BECh CIIEKTP MYJIbTUMEANA.

Buabsl koMnbOTEpHON rpadpuku

Paznuuaror Tpu Buaa KOMIbIOTEPHOH rpaduku. DTo pacTpoBas rpaduka, BeKTOpHas rpaduka u ¢gpaxraib-
Has rpaduka. OHM OTIIMYAIOTCS MPUHIMIIAMUA (OPMHUPOBAHUS N300paXKeHHsI IPH 0TOOpaKEHUH Ha SKpaHE MOHUTO-
pa WM Ipu nevaTu Ha Oymare.

PacTpoBblii MeTOx — N300pakeHHe MpeACTaBIseTcs B BUAe Habopa OKpallleHHBIX To4YeK. PacTpoByio rpa-
(GUKy NPUMEHSIOT NP pa3paboTKe 3JIEKTPOHHBIX (MyJIbTUMEIUNHBIX) U NoJaUrpadguueckux mizganuid. Mnmoctpa-
LIMH, BBITIOJTHEHHBIE CPEACTBAMU PACTPOBOM IpadUKH, PEIKO CO3/Ial0T BPYUYHYIO C TOMOUIbIO KOMITBIOTEPHBIX MPO-
rpamM. Yaie Bcero ais 3TOM LEIU MCIONb3YIT OTCKAHUPOBAaHHBIE MIUIIOCTPALMM, IOJTOTOBJIEHHBIE XYI0KHUKA-
Mu, uin ¢otorpadpuu. B nmocneanee BpeMs A BBOJA pacTPOBBIX M300paK€HHI B KOMIbBIOTEP HALLIM IIMPOKOE
pUMeHeHHe UPPoBbIE POTO— U BUIEOKAMEDPHI.

BonbmmHCTBO rpaguueckux pelakTopoB, MpeIHa3HAYEHHBIX JUIsl padO0Thl ¢ PaCTPOBBIMU MILTIOCTPALUSIMH,
OpPHEHTUPOBAHBI HE CTOJIBKO Ha CO3JIaHHe M300paKeHUH, CKOJIBKO Ha UX 00paboTky. B MHTepHETe moka mpuMeHs-
I0TCA TOJIBKO PACTPOBBIE MIITIOCTPALIHH.

BekTOpHBIH MeTO — 3TO METOJ| MIPEACTABICHUS N300pa’KeHHsI B BHJI€ COBOKYITHOCTH OTPE3KOB U JIYT H T.
1. B nanHOM ciyyae BEKTOp — 3TO Ha0Op JaHHBIX, XapaKTEPU3YIOIIUX KaKOH—THO0 OOBEKT.

[IporpammHbIe cpencTBa Ajsi paboOThl ¢ BEKTOPHOM rpadukoil mpeqHa3HayeHbl B MEPBYIO o4epeb AJIs COo-
3/1aHUsl WJUTFOCTPALlMi U B MEHbLIEH cTeneHu i uX o0padoTku. Takue cpencTBa MHUPOKO UCHOIb3YIOT B PEKIaM-
HBIX areHTCTBAaX, JAW3alHEPCKUX OI0po, pelakuusax M u3aarenbcrBax. Ogopmurenbckue paboThl, OCHOBaHHBIE Ha
MPUMEHEHUU PU(PTOB U MPOCTEUIINX FEOMETPUUECKUX AJIEMEHTOB, PELIAlOTCs CPEACTBAMH BEKTOPHOH rpaduku
MHOT0 IIPOILE.

CpaBHuTeNbHAs XapaKTEPUCTHKA PACTPOBOM M BEKTOPHOU rpaduku

Kpurepuii cpaBHeHUs

PactpoBast rpaduka

BekropHas rpaduka

Crioco0 mpejacTaBieHus: H300-
paskeHHs

PactpoBoe m300paxeHue crpo-
UTCSI U3 MHOYKECTBA MTUKCENICH

BexTopHoe wu3o0pakeHue omu-
ChIBa€TCS B BHJE IIOCJIEIOBA-
TEIILHOCTH KOMaH/

[IpencraBienne OOBEKTOB pe-
AIBHOTO MHUPa

PactpoBbie pucynku 3¢dexrun-
HO WCIIONB3YIOTCS Uil TIpen-
CTaBJICHHSI peaJIbHBIX 00pa30B

Bekropnas rpaduka He Mmo3BO-
JASeT TMody4yaTb H300paskeHus
¢dororpaduyeckoro KkauecTna




KaugecTBo
H300paxeHUs

peAaKTUPOBAHUS

[Ipu macmtabupoBaHUU U Bpa-
LIEHUU PaACTPOBBIX KAPTUHOK
BO3HUKAIOT HCKKEHHSI

BekTopHbIe H300payKeHUSI MOTYT
OBITH JIETKO MpeoOpa3zoBaHbl 0e3
IIOTEePU KayecTBa

OcobenHoctu meyatu wu300pa-
HKEHUSI

PactpoBble  pPUCYHKHM  MOIYT
ObITb JIEKO HameyaTaHbl Ha
IIpUHTEpax

BekTopHbIE PUCYHKHM MHOI/IA HE
[eYaTaroTCs WM BBINIAAAT Ha
Oymare He Tak, KaKk XOTeJIO0Ch Obl
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[IporpammubIie cpenacTBa sl paboThl ¢ (ppaKkTaabHON rpaduKol NpeaHa3HAYEHBI NI aBTOMATHYECKOMN
TeHepaIuu u300paKeHUH MyTeM MaTeMaThudecKux pacueroB. Co3mganue (ppakTaIbHON XYH0KECTBEHHOW KOMIIO3H-
[[UU COCTOUT HE B PUCOBAHUU WM OPOPMIIEHUH, & B IPOrPAMMHUPOBAHHH.

O®pakranpHas rpadyka, Kak ¥ BEKTOPHAS — BRIYHCIIsAEMAas, HO OTJIMYACTCS OT HEE TEM, UTO HUKAKHUE OOBEKTHI
B MMaMATH KOMITbIOTEpa He XpaHsaTcs. M300paxkeHne cTpouTes o ypaBHEHHIO (WK [0 CUCTEME YPaBHEHMIA), TOITO-
My HHYETO, KpoMe (OpMYIIbI, XpaHUTh HE HAJIO.

W3menuB ko3 PUIMEHTH B YpaBHEHHH, MOXHO MOJYYUTh COBEPUICHHO APYryo KapTuHY. CrocoOHOCTH
(dbpakTaIbHON TpapuK MOJCITHPOBATH 00PA3bl KUBOU MPUPOIBI BEIYUCIHTEIBHBIM ITyTEM YacTO MUCIOJIB3YIOT IS
aBTOMATUYECKOM reHepaluy HEOOBIYHBIX MILTIOCTPALIUN.

TEMA Ne 2. ANMAPATHOE OBECMNEYEHUE KOMMNbLIOTEPHOWN TPA®UKU

VYcrpoiicTBa BbIBO/IAa rpadUuecKuX M300pakeHUM, UX OCHOBHBIC XapaKTEPUCTUKU. MOHHUTOPHI, Kiaccudu-
Kalusi, IPUHIIUI ACWCTBUS, OCHOBHBIC XapaKTepuCTUKH. Buaeoanantep. [IpuaTepsl, HX K1acCU(pHUKAIHI, OCHOBHBIE
XapaKkTepUCTUKU W MpHHIUI padoTel. [lnoTrreps! (rpadonoctpoutenu). Y cTpoiicTBa BBoAa rpadudeckux u3odpa-
KCHUH, UX OCHOBHBIE XapakTepucTuku. CKaHepsl, KiIaccu(UKalUs U OCHOBHBIC XapaKTePUCTHKH. JuruTaitzepsl.
MaHunynsaTop «Mbllliby», Ha3HadeHue, kiaccuduramus. xoictuku. Tpexbon. Taunansl 1 TpeknoiHThl. CpeacTBa
Jyaiora JJisi CUCTEM BUPTYaJIbHOM peanbHOCTH.

MoHumopsl, knaccughukayusi, npuHyun delicmeausi,

OCHOGBHbIe xapaKmepucmukKu

OnHoil U3 Hanbosee BaXKHBIX COCTABHBIX YacCTeil MEPCOHAILHOTO KOMIIBIOTEpA SIBISETCS €ro BHJIEONOCH-
CTE€Ma, COCTOsALIAs U3 MOHUTOPA U BUAeoaganTepa (0ObIYHO pa3MeIaeMoOro Ha CUCTEMHOM 11are). MoHUTOp mpen-
Ha3HayeH /I OTOOpaXKeHMs Ha PKpaHe TEKCTOBOM M rpaduueckoil MHPOpPMALMHU, BU3YalbHO BOCHPUHUMAEMOMN
II0JIb30BaTEJIEM [IEPCOHAILHOIO KOMIIbIOTEpa. B HacTosIee BpeMs CylecTByeT 0OJIbIIOE pa3HOOOpa3ue TUIIOB MO-
HUTOPOB. VX MOKHO 0XapaKTepHU30BaTh CIEAYIOIMMH OCHOBHBIMU IIPU3HAKAMMU:

ITo pexumy oToOpa’keHHss MOHUTOPBHI AeJIATCH HA:

— Pactpossle nucnien;

— BekTopHBIE THCIUIEN.

B BeKTOPHBIX IHCILIESIX C pereHepanueil n300paxenus Ha 6a3e aeKTpoHHO—ITy4eBoil Tpyoku (DJIT) uc-
MOJIb3YETCS TIOMUHO(OP C OYEHb KOPOTKUM BpEMEHEM TOCTIeCBeUeHUs. Takue TUCIUIeH YacTO Ha3bIBAIOT TUCILIES-
MU C IPOU3BOJIbHBIM CKaHUpOBaHHEM. M3—3a TOro, 4To BpeMs MOCIEeCBEYeHMs JIOMHHOpOpa Majo, H300paxeHue
Ha DJIT 3a cexkyHay AOIKHO MHOTOKPATHO IEPEPUCOBATHCS WM PEr€HEpUpPOBaTHCS. MUHUMAaIbHAs CKOPOCTh pe-
TeHepaluy JI0JKHA COCTaBIIAATh, 10 KpaitHelr mepe, 30 (1/c), a mpennoururensuee 4050 (1/c). CkopocTs perene-
paruu Menbias 30 IpUBOAUT K MEPLIAHUIO H300paKeHUSI.

Kpome DJIT, s BeKTOpHOTO aucIUIes HEOOXOAUM AUCIUICHHBINA Oydep u auctuiedHsiii koHTposep. Jduc-
ieiiHbIi 0ygep — HEMpPEepHIBHBIN y4acTOK MaMsITH, COJEpKaliil BClo HH(OpMAaIINIO, HEOOXOJUMYIO Ui BbIBOJIA
nzobpaxenus Ha DJIT. OyHKuus AMCNJIEHHOr0 KOHTPOJLIepa 3aKII04aeTcsl B TOM, YTOOBI IIUKINYECKH 00padaThl-
BaTh 3Ty MH(OPMALIMIO CO CKOPOCThIO pereHepanuu. CI0XHOCTh PUCYHKA OTpaHUYUBAETCS ABYMs (haKTOpamu —
pasmMepoM AucIieHoro 0ydepa u CKOpOCTbIO KOHTPOJLIEpA.

PacTpoBoe ycTpolcTBO MOKHO pacCMaTpUBaTh Kak MaTPUIly AUCKPETHBIX s4YeeK (TOUeK), Kaxkaas U3 KOTo-
PBIX MOKET OBITH TOJIcBeueHa. Takum 00pa3oM, OHO SIBISETCS TOYSYHO—PUCYIOIIUM yCTpoiicTBOM. HeBo3MorkHO, 32
UCKIIIOYEHUEM CIEIUAIBHBIX CIIy4aeB, HEIOCPEACTBEHHO HAPUCOBATH OTPE30K MPSAMOU U3 OAHOM aapecyeMon TOY-
KM WIM IIUKCEa B MaTpUIIE B APYTYIO aApecyeMylo TOUKy. OTpe30K MOXHO TOJBKO allpOKCUMHUPOBATh MOCIENO0-
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BaTEJIbHOCTSMHU TOYEK (TTMKCEIORB), OJIM3KO JIeKAIINX K peaTbHON TPaeKTOPUHU OTPE3Ka.

OTtpe30K NpsAMON U3 TOUEK MOITYUYUTCS TOJIBKO B CIIy4ae FOPU30HTAIbHBIX, BEPTUKAIbHBIX MJIM PACIIOJIOKEH-
HBIX N0 yTIoM 45 rpaaycoB oTpe3koB. Bee npyrue orpe3ku OyIyT BBITIIAAETh KaK IMOCIEI0BATEILHOCTU CTYTICHEK.
OTO SIBIIEHUE HA3bIBAECTCS JIECCTHHYHBIM 3(p(peKTOM 1K «3a3y0OPeHHOCTBIOY.

Yame Bcero st rpadudeckux ycrpoictB ¢ pactpoBoit DJIT ucnons3yercs Oydep xaapa. Bydep kagpa
MIPEJICTaBISIET COOOM OOJIBINON HETPEPHIBHBIA YYaCTOK MaMATH KOMITbIOTepa. J{s KaKAoW TOYKHM WM MUKCENa B
pacTpe OTBOJUTCS KaKk MUHUMYM OJIMH OWUT NMaMATH. JTa NaMATh Ha3bIBaeTCsl OMTOBOI MJIOCKOCTBIO. /111t KBagpart-
HOTO pactpa pasmepom 512 * 512 tpebyerca 2 18 wmm 262144 6uta namsatu B omHOi 6GuTOBOH muockoctu. M3—3a
TOTO, YTO OUT MaMSATH UMEET TOJBKO JIBa cocTosAHUS (1BomyHOEe 0 miu 1), uMes ogHy OUTOBYIO INIOCKOCTh, MOYKHO
MOJIyYHTh JIMIIb YepHO—Oesioe n3o0paxenne. bUToBast IIOCKOCTh sBISETCA HMU(POBBIM yCTPOHCTBOM, TOT/Ia Kak
pactpoBas DJIT — ananoroBoe yctpoiictBo. [ToaTromy npu cunteiBanuu nHpopmanuu u3 6ydepa kaapa u ee BbIBOJEC
Ha rpaduyeckoe ycTpoicTBO ¢ pacTpoBoit DJIT mH0MKHO MPOUCXOAUTH MpeoOpa3oBaHUe U3 MU(PPOBOIO MPEACTaB-
JICHUS B aHAJIOTOBBIN curHail. Takoe mpeoOpa3oBaHKE BBIMOIHACT IIU(PO—aHATIOTOBBIN Tpeodpa3oBarens (LIAIT).

ITo TMIY 3KpaHa MOHUTOPBI JeJISITCH HAa:

— Hucrmuien Ha ocHoBe DJIT;

—  JKunkokpucramueckue (2KK);

— Ilima3meHnHsble.

Jucnien HA OCHOBe 3J1eKTPOHHO-1Y4eBOH TPYOKH

YToObl MOHATH MPUHIUIBI PAOOTY PACTPOBBIX TUCIUIEEB M BEKTOPHBIX TUCIUIEEB C pEreHepaiucii, Hy:KHO
UMeThb npeacrapjienne o koHcrpykuun IJIT u meTonax co3nanus BUEOU300paKeHUS.

Ha pucynke cxematnuno nokazana JJIT, ucnonszyemas B BUACOMOHUTOPAX.

(I THIIO HSHEETH

e XTDOEEET: Wenmrems MR KTPOFEEET T

doxreHpyT R LIS TOpFEOHTATEHOTD
TEEEE O TEIIO He HELT
!:’ Axon [ ono
J_ J_ monEEodopal

| =

?_[ L* ] MeXTPOMEE 7S —
1T T
/ T
Barom Vo HIOTE T
Be P TR0 AT EHOTD
O TETI0 HE FELT

P, 7. Imeyrporsc-mresas pybra

Kartoa (oTpuiiaTenbHO 3apsHKeHHBINH) HAarpeBaroT JI0 T€X MOp, MOKa BO30YKAEHHBIE SJIEKTPOHBI HE CO3aLyT
pacmupsitonierocsi o0iaka (3JM€KTPOHbBI OTTAJIKUBAIOTCSA IPYT OT JApyra, Tak Kak UMEIOT OJUMHAKOBBIN 3apsn). OTH
3JIEKTPOHBI MPUTATUBAIOTCS K CUJIBHO 3apsSKEHHOMY IOJOKUTEIbHOMY aHOay. Ha BHYTpeHHIOIO CTOPOHY pacuiu-
pennoro konma JJIT nanecen somuHoPop. O61aKO STEKTPOHOB C TTOMOIIBIO JTUH3 GOKYCUPYETCS C Y3KUU, CTPOTO
napajuiebHbII My40K, U Jdy4 JaeT spkoe nsaTHO B neHtpe DJIT. Jlyd oTKIOHSETCS MU MO3ULMOHUPYETCS BIEBO
WM BIIPaBO OT LEHTpa U (WIK) BBILIE WIM HUXKE LEHTPa C MOMOIIBIO0 YCUIUTENeH TOpU30HTAIbHOTO U BEPTUKAIb-
HOTO OTKJIOHEHHS. IMEHHO B JaHHBIII MOMEHT MPOSBIAETCS OTIMYHE BEKTOPHBIX M PACTPOBBIX AucIIieeB. B Bek-
TOPHOM JAMCILIEE AJIEKTPOHHBIN JIyd MOXKET ObITh OTKJIIOHEH HETIOCPEICTBEHHO U3 000N MPOU3BOJIBHOM MO3UIINHU B
T00YyI0 APYTYI0 MPOU3BONIbHYIO Mo3uiuio Ha skpane DJIT (anozne). Ilockonbky moMHUHOPOPHOE MOKPHITHE HAHECE-
HO Ha 7kpaH DJIT CrulomHBIM CIT0EM, B PE3YJIbTATE MOJIyYaeTCs MOYTH HjealibHas mpsiMas. B oTimume ot 3Toro B
pacTpoBOM JHCILIEE JTyY MOXKET OTKJIOHSATHCS TOJIBKO B CTPOTO OIpeNeNIeHHbIe TIO3ULIMU Ha KpaHe, oOpa3yromue
CBOCOOpa3HyI0 MO3aMKy. JTa MO3aWKa COCTaBlsieT BHAeon3oOpaxeHue. JIloMHHODOpPHOE MOKPHITUE HA DKpaHe
pactpoBoii DJIT Toxke HE HEMPEepPBIBHO, a MPEACTABISAET COO0N MHOXKECTBO TECHO PACIOJIOKEHHBIX METhYalIIuX
TOYEK, KyJ]a MOXET IMO3ULIHOHUPOBATHCS JIyd, 00pa3ysi MO3auKy.

JKpaH JKUAKOKpUcTaInYeckoro aucmies (OKK/[) coctout n3 aByX CTEKJISIHHBIX IUIACTUH, MEXY KOTO-
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PBIMHM HaXOJIUTCS Macca, CoAeprKanas KUJKUe KPUCTAIIIbL, KOTOPbIE U3MEHSIOT CBOM ONITUYECKHUE CBOICTBA B 3aBU-
CUMOCTH OT IIPUJIAraeMoro 3JIEKTPUYECKOTo 3apsana. JKuJakue KpucTauisl caMu He cBetarcs, nosromy KK Hyx-
JTAI0TCS B MOJICBETKE WJIM BO BHEIIHEM OCBEILIEHUH.

OcuoBHbIM focTonHCTBOM JKK/I sBNISsIIOTCS MX TabapuThl (3KpaH miockuii). K HemoctaTkaM MOXKHO OTHECTH
HEZ0CTaTOYHOE OBICTPOJICHCTBUE MPU M3MEHEHUH M300pakeHHs Ha SKpaHe, UTO OCOOEHHO 3aMETHO MpU Iepeme-
LIEHUH Kypcopa MBIIIH, a TAKKE 3aBUCUMOCTb PE3KOCTH U SIPKOCTU N300paKEHUsI OT yIJia 3pEHHUS.

AuakokpucTananyeckue IUCIieH

KK — mucrimen o0nagaroT HEOCHOPHUMBIMH MPEUMYIIECTBAMHU IEpe]] KOHKYPUPYIOIIMMHU YCTPOWCTBAMH
OTOOpaKCHHUS:

1. Pa3mepsnl. KK—aucruien oTiauyaroTcss Majio riyOMHOM M HEOOJBIION Maccoil M MOATOMY HX Ooiee
yA00HO mepeMeniaTh U ycTaHaBiIuBaTh, 4eM DJIT-MOHUTOPBI, Y KOTOPBIX pa3Mep B TIIyOuHY MPUOIU3UTENBHO pa-
BEH IIUPUHE.

2. Duepronorpedaenue. XXK—aucriei norpedisieT MEHBIIYIO MOIIHOCTh, yeM DJIT-mMoHuTOp C comocra-
BUMBIMH XapPaKTEPUCTHUKAMH.

3. Yno6crBo s noab3oBarens. B DJIT anekTpoHHbIe Ty4H IpU pa3BepTKe IBHXKYTCS O 3KpaHy, OOHOB-
75151 u300pakeHune. XoTsa B OOJNIBIIMHCTBE CIIy4aeB MOKHO YCTAaHOBUTH TAaKylO 4acTOTY pereHepanuu (4ucio oOHOB-
JICHU SKpaHa AJIEKTPOHHBIMU JTy4YaMH B CEKYH/Y), YTO M300paK€HHE BHITTISAUT CTAOMIBHBIM, HEKOTOPBIE TOIB30-
BaTeNIM BCE e BOCIPHHUMAIOT MEpLaHKe, CIIOCOOHOE BBI3BATh OBICTPOE YTOMJICHHE IJ1a3 M TOJOBHYI0 Oonb. Ha
skpane KXK—aucnnes kaxaplii mukcen au00 BKIIOYEH, TMOO BBIKIIOUEH, TaK YTO MepIlaHue OTCyTcTByeT. Kpome
toro, g DJIT-MOHUTOPOB XapakTEepHO B HEOONIBIIMX KOJIMYECTBAX 3JIEKTpOMAarHuTHoe uziaydyeHue, B JKK-—
MOHUTOPAX TAKOTI'O U3JIyYECHUS HET.

Henocrarok — BeicOKas 11eHa

Eme ogHo noctmxenue, 61aroaaps KOTOpOMY MOXKET MPOU3OUTH CHUYKEHHE IIeH B CKOPOM BpEMEHH, — yCO-
BEpPIUICHCTBOBAHME TEXHOJIOTMM TIaHENeH Ha CYNmepTBHCTHPOBAHHBIX HeMaTH4yeckux Kpucraaiax (dual
supertwist nematic, DSTN). DSTN-nucmien Bcerma Obuta jaeriesie, yeM JKK—ycTpoiicTBa Ha TOHKOMJICHOYHBIX
TPaH3HUCTOPaX, HO HECKOJIbKO yCTynaiu UM 1o kadecTBy: DSTN—nucmien He o6ecneynBaroT TaKOil KOHTPACTHOCTH
1 4yeTkocTH, kKak Marpuulbl TFT, a ux meaneHHas peakuusi IpUBOIUT K MEPLAHUIO U TOSIBJICHUIO NAapa3uTHBIX (TI0-
BTOPHBIX) M300pakeHUI Ha 3KpaHe, 0OCOOCHHO MpU OTOOpaKeHUM IBMXKYLIXcad 00bekToB. OnHako ¢upma Sharp,
KpynHenmui noctaBiiuk DSTN-maneneii, He1aBHO NpoOBea MPEe3eHTAUI0 TaHEIH, B KOTOPOM UCIIOJIb3YETCs pas-
paboranHas ero TexHosoruss HCA (BbICOKOKOHTpAcTHas aJipecaliusi).

HCA-manenn o0ecnednBalOT TaKyr e KOHTPACTHOCTh M300pakeHus, kak TFT—-marpuipl, U moutd He
YCTYNarT UM 10 CKOPOCTH PEaKIMH MpU BOCIpousBeAaeHuu Buaeo. @upma Arithmos pazpabdorana mporeccop BU-
syanuzanuu Uit DSTN-naneneit, KoTopslii O3BOJISIET elie 6osee yaydyIluTh KauecTBO n3o0paxenus. Takum oOpa-
30M, JIJIS TIOJIB30BATENICH, OTpaHUYEHHBIX B cpeacTBax, DSTN—aucmielr MOXeT 0Ka3aThCsi XOPOITUM KOMITPOMHUCC-
HBIM PEILICHUEM.

B XK-nucrnesx yron o630pa He TOJIBKO MaJl, HO U aCHMMETPUYEH: OOBIYHO OH COCTABIISIET 45 rpagycoB 1o
ropusoHTanu u +15...-30 no BepTukanu. M3nyvaronime AUCIUIEH, TAKHME KaK 3JIEKTPOIOMUHECIIEHTHbBIE, MJIa3MeH-
Hble U Ha 0aze DJIT, kak mpaBuio, UMEIOT KOHYC 0030pa oT 80 10 90 o 0b6enm ocsim. XOTsI B mOcTeAHEE BpEMS HA
pBIHKE MosBUIHCH Mozenu JKK—aucmees ¢ yBennueHHbIM yrioMm 063opa 50—60 rpamycos.

[Tpencrasutens Hitachi Tum [latTon (Tim Patton) cuutaer, yto B Tpagunuonnbix KK—nucrnnesx nadmona-
€TCsl 3aBUCHMOCTh KOHTPACTHOCTH U IIBeTa M300paK€HHUs OT yriia 3peHus. DTa mpobdiieMa 000CTpsuiach MO Mepe
yBenuueHus pazmepoB JXKK—aucmnieeB v npuoOpeTeHns UMU ClIOCOOHOCTH BOCIIPOU3BOIUTH OOJIbIIE IIBETOB.

Hitachi npu co3nanuu cBoero HoBoro aucmies SuperTFT Bocmonb3oBanack uHoM TexHomorueit — IPS. Kak
U3BECTHO, B 00bIUHbIX JKK—aucmesx Mosekybl )KUIKOTO KpUCTalsla MEHSIOT CBOIO OPUEHTAINIO C TOPU30HTAJIb-
HOM Ha BEPTUKAIBbHYIO MO/ BO3JIEUCTBUEM 3JIEKTPUUYECKOIO MOJIS, a aIPECYIOUINE SIEKTPOAbl MOMEIIAIOTCS Ha JBE
pacIoioKeHHbIE APYT MPOTHB JApyra CTeKIsHHbIe moutokku. B IPS(in—plane switching) — aucrmiesx, Hao60poT,
MIPOUCXOUT YePEIOBaHUE ABYX YIIOB B TOPU30OHTAIBHOMN TNIOCKOCTH, MPUYEM 00a 3JEKTPOoa HaXOASATCS Ha OJTHOM
U3 MoJyI0KeK. B pe3ynbraTe yron 00630pa, Kak o rOpu30HTAIBLHOM, Tak M 10 BEpTUKaIbHOU ocu gocturaer 70 rpa-
ZyCOB.

IlnasMeHHbIe AHCIIEH

I'azomiasMeHHbIe MOHUTOPBI COCTOST W3 JIBYX IUIACTHH, MEXAY KOTOPBIMM HAXOAMUTCS Ia3oBas CMECh,
CBETAILIASACA MO/ BO3JICUCTBUEM AJIEKTPUUECKUX UMITYJIbCOB. Takre MOHUTOPHI HE UMEIOT HEAOCTATKOB, MPUCYIIUX
KKJI, onHako uX HENb3s UCTOIb30BaTh B IEPEHOCHBIX KOMIBIOTEPAX C AKKYMYJSTOPHBIM U OaTapeiHbIM MUTAHU-
€M, TaK KaK OHU MOTPeOIISIIOT OONBIION TOK.
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Pa3zmep nmo quaroHa/m (paccTosiHUE OT JIEBOI'O HMKHETO /10 IIPAaBOrO BEPXHEro yIJla SKpaHa) MPUBOJIUTCS B
mroitmax. Haubonee pacnpocTpaHeHbl MOHUTOPHI ¢ auaroHansio 14". OxHako paboTath ¢ MOHUTOPOM C JHaroHa-
abto 15" HamMHOrO yno6Hee, a i paboThl ¢ TpapMUeCKUMH MaKeTaMH, U3/1aTeIbCKUMU CUCTEMAMU U CUCTEMaMU
aBTOMATH3MPOBAHHOTO MTPOEKTUPOBAHHS HEOOXOIUMBI MOHUTOPHI C TUAroHaj b0 He MeHbIIe 17";

— TeHeBasi MacKa dKpaHa. EnuHunen n3MepeHus sBIiseTCs pacCTOSIHUE MEXy OTBEPCTUSIMU MACKH B MM.
YeM MeHbIIIE 3TO PACCTOSHUE U YeM OOJIbIlIe OTBEPCTUH, TEM BBIIIE KAUECTBO N300pakeHHsI. DTOT MapaMmeTp 4acTo
OTOXKJIECTBIISIIOT C 3¢PHOM IKPaHa MOHMTOPA, OTHAKO 3TO CIPABEUIMBO HE BO BCEX CIIydasx;

— pa3pelieHue, U3MepSAETCS B MUKceNax (TOUKAX), IOMEIIAIOIINXCS 110 TOPU30HTAIN U BEPTUKAIN BUAUMOMN
4acTH dKpaHa. B HacTosmee Bpemsi Hanbosee pacpocTpaHeHbl MOHUTOPHI ¢ paciupeHueM He Menee 1024*768
IMUKCEIICH;

— KHHeckon. Hanbomnee npeamnoyTuTenbHbl claeayomue Tubl KuaeckoroB: Black Trinitron, Black Matrix u
Black Planar. JlaHHbIE KMHECKOIIBI OY€Hb KOHTPACTHBI, JAIOT OTIMYHOE M300pa’keHHE, OJHAKO UX JFOMHHOGOP
YyBCTBHUTEJECH K CBETY, YTO MOXXET COKPaTHThb CPOK CIy»kObl MoHUTOpa. K ToMy ke mpu paboTe ¢ KOHTPAaCTHBIM
MOHHUTOPOM OBICTpEE YCTAIOT I71a3a;

— noTpedisieMasi MOIIHOCTb. Y MOHUTOPOB C JuaroHanbio 14" nmotpebisemas MOLIHOCTh HE JOJDKHA TIpe-
BbIaTh 60 BT, nHaue noBkIIaeTCsl BEPOATHOCTH TEIIOBOTO NEPErPEBa MOHUTOPA, YTO COKPAILIAET CPOK €ro CIIyXK-
Ob1. Y OoJiee KpyIMHBIX MOHUTOPOB MOTpeOIIsieMasi MOIIHOCTh COOTBETCTBEHHO BBIIIIE;

— aHTUOJIMKOBOE TIOKpBITHE. JIJIs1 IeMIEBBIX MOHUTOPOB UCIOJIB3YIOT ECKOCTPYHHYIO 00pabOTKy MOBEpX-
HOCTH 3KpaHa. [Ipu 3ToM KauecTBO M300paxkeHUs yxyAumaerca. B noporux MOHMTOpax Ha MOBEPXHOCTh 3KpaHa
HAHOCUTCS CIIELMATbHOE XMMHUYECKOE BELIECTBO, 00J1aJatollee aHTUOINKOBBIMU CBOMCTBAMM; — 3al{UTHBIE CBOM-
CTBa MOHMTOpA. B HacTosIee BpeMs: pacipoCTpaHEHbl MOHUTOPBI ¢ HU3KUM ypoBHEM uzinydyeHus (LR—MoHuTopsr).
Omnu otBeyatroT HopMmam crangapra MPRI win MPR 11.

Ilo UBETHOCTH MOHUTOPBI AEIATCS Ha!

— LIBeTHbIE;

— MOoHOXpOMHBIE.

Yactora kaapoB (00bran0 0T 50 1o 100 I'm).

Bce coBpeMeHHBIE aHaTI0TrOBBIE MOHUTOPHI YCIIOBHO MOYKHO Pa3ZIeJINTh Ha CIEAYIOLINE THUIIbL:

— ¢ (pUKCUPOBAHHOW YaCTOTOW pa3BEPTKHU;

— C HECKOJIbKMMHU (PMKCUPOBAHHBIMH YaCTOTAMU;

— Y MHOTOYaCTOTHbIE (MyJIbTUYACTOTHBIE).

My 1bTHYACTOTHBIE MOHUTOPBI 00JIaJal0T CIIOCOOHOCTBIO HACTPAauBaThCs HA MPOU3BOJIbHBIE 3HAUCHUS Ya-
CTOT CHHXPOHM3AIIMK U3 HEKOTOPOT'O 33JJaHHOTO Juara3oHa, Hanpumep, 30—64 kI’ ans ctpounoit u 50-100 I'u quis
KaJpoBoH pa3BepTKu. Pa3paboTunkaMu MOHUTOPOB AaHHOTrO THNa sABisercs ¢pupma NEC. B Ha3BaHuU TakMX MOHHU-
TOPOB MPUCYTCTBYET ci10BO Multisync. DT MOHUTOPBI OTHOCATCS K HanboJjee pacnpoCTpaHEHHOMY THILy MOHMTO-
POB C 3JEKTPOHHO—Ty4eBOI TPYOKOIA.

Buneonuanason (o0br4a0 0T 65 10 200 MI'1).
Buneocurnain:

— Hudposoii;

— AHaJNOroBBbIi.

IMoa undpoBbIMU MOHUTOPAMH TTOHUMAIOTCS YCTPONCTBA OTOOpaXKEHUS 3pUTEIbHON MH(POpPMAIK Ha OC-
HOBE 3JIEKTPOHHO—JTy4eBOH TpyOKH, yrnpaBisgeMoil UPpoBsIMU cxeMaMu. K 1IUPpOBBIM OTHOCATCS MOHOXPOMHBIE
MOHHTOPBI, CHaOKeHHbIe BuAeoanantepamu cranaaptoB MDA u Hercules, nuBernsie RGB—monuTOpsl, npeanasHa-
YeHHBIE I TIOJKIIOUeHHs K BUeoanantepy cranaapra EGA. MoHOXpOMHbBIE MOHUTOPBI CITIOCOOHBI OTOOpakaTh
Ha JKpaHE TOJIbKO TEMHBIE U CBETJIbI€ TOYKH, MHOTJA TOYKM MOTYT pazindarbcsd MHTEHCHBHOCTHbIO. Hercules—
MOHHUTOPBI UMEIOT pasperienue a0 728*348 mukcenos, HeOOnbIINEe TadapuThl U Bec. BIOK pa3BepTKH MOHUTOpA
MOJIy4aeT CUHXPOUMIYJBCHI OT COOTBETCTBYIOLIEro Buaeoaaantepa. RGB—monuTopsl cocobusl oToOpaxkats 16
I[BETOB, OJTHAKO pa3pellleHHe IKpaHa y HUX MeHble, yeM y Hercules—MOHUTOpOB.

DONEeKTPOHHO—JTyueBasi TpyOKa MOHUTOPOB JIaHHOTO THIA YIPABIISIETCS AHAJOTOBBIMHM CUTHAJIAMM IOCTY-
NaIMIKUMHU 0T BUAeoaaanTepa. [IpuHiun paboThl 3JeKTPOHHO—TYyYeBON TPYOKH MOHUTOpPA TAKOM ke, KaK y TeJIeBH-
3MOHHOH TpyOKU. AHAJIOTOBbIE MOHUTOPBI CIIOCOOHBI MOIEPKUBATh paszpenienue ctangapra VGA (640*480) nuk-
CEJIOB U BBILIE.

[Tpoune xapakTepuCcTUKU: (GYHKINHU YIIPABICHHUS PACTPOM, CUCTEMA SHEProcOCPEeKEeHNUs, 3aIUTa OT U3ITyUCHHUS,
BeC, rabapuThl, MOTpedIIsieMasi MOIIHOCTb.
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Budeoadanmep

PaboToii MOHHMTOpPa PYKOBOAMT CIICIMajbHAs IUIAaTa, KOTOPYIO HA3bIBAIOT BHUAE0AaNTepPoM (BUAEOKap-
TOM). BMecTe ¢ MOHUTOPOM BHI€OKapTa CO3/AAa€T BUACONOICUCTEMY IIEPCOHATBLHOTO KOMIbIOTEpa. B nepBbix kom-
MBIOTEPAX BUJCOKAPTHI HE OBLIO.

Buneoanantep uMeer BUA OTAENbHOMN MJIAThl pACIIUPEHHS, KOTOPYIO BCTaBJISIOT B ONpPEAEICHHBINA CIOT Ma-
TepuHCKOM TuIaThl (B coBpeMeHHBIX [IK 310 cmor AGP). Bueoaganrep BeIIOTHSIET (DYHKIIMU BHJICOKOHTPOJLIEPA,
BUJICOTIPOIIECCOPA U BUACONAMSITH.

CdopmupoBanHoe rpaduueckoe H300paXeHne XpaHUTCA BO BHYTPEHHEH MaMsATH BUAe0aJanTepa, KoTopas
HasbIBaeTCs BUAeonaMAThbI0. HeoOxoaumas eMKOCTh BUIEONaMATH 3aBUCUT OT 3aJJaHHOW pa3peliaromieid cnocoo-
HOCTH ¥ TAJHUTPBI [[BETOB, OTOMY JUIsl pabOTHI B PEKHMAax C BBICOKOW pa3pemaroneid cnocoOHOCThIO U TOIHO-
L[BETHOM raMMOil HY»KHO KaKk MO>KHO OoJibIie BuaeonamsTH. Eciu emle HegaBHO TUITMYHBIMU OBLIM BUACOAJANTEePhI
¢ 2-4 MOaiiT BUaEONaMTH, TO YK€ CETOJHs HOPMAJIbHOW CUMTAETCS eMKOCTh B 32-64 Mo6aiit. bonbmmHCTBO co-
BPEMEHHBIX BUICOKAPT 00J1aaeT BOZMOKHOCTIO paclIMpeHus o0beMa BujcomaMaTa 10 128 Moaiit. BugeonaMsrs,
KaK [PaBUJIO, CTPOUTCS HA MUKPOCXEMaxX TUHAMHYECKON MaMsATH C MpOou3BOiIbHBIM ocTynioM (DRAM), obGnanato-
X 60abmKM 00beMoM. Busieonamsth 1ocTymHa rpoiieccopy Kak oObIuHasi OiepaTUBHAS TaMSITh.

OcCHOBHBIE XapaKTEPUCTUKHU:

—  PEXHUM pabOTHI (TEKCTOBBIN U rpad)UUECKHiA);

— BOCIIPOU3BE/ICHUE 1IBETOB (MOHOXPOMHBIN U IIBETHOM);

—  YHUCJIO I[BETOB UJIU YKCJIO MOTYTOHOB (B MOHOXPOMHOM);

— pasperaroniasi criocOOHOCTh (YMCIIO aIpPEeCyEMbIX Ha dKpaHe MOHUTOpA MUKCEIEeH 10 TOPU30HTAIH U IO
BEpTHUKAJIC);

—  Pa3psAIHOCTH IIUHBI TaHHBIX, ONPEIEIISIONasi CKOPOCTh 0OMEHa JTaHHBIMH ¢ CUCTEMHOW IIMHOW U T..

Bakneiimeil xapakTepUCTUKOMN SIBJISIETCS €MKOCTh BHACONAMSTH, OHA OIpeIesieT KOJIMYECTBO XPAaHUMBIX B
MaMSITH TUKCENIeH U UX aTpuOyTOB.

B 3aBucumocTH OT KOIMYECTBAa MOJAEPKMBAEMBIX IIBETOBBIX OTTEHKOB PA3IMYaIOT CIEAYIOIINE PEKUMBI
paboThl BUEOAJAIITEPOB:

— 16 uBeTOB;

— 256 uBeToB;

— High Color (16 6ur);

— True Color (24 6ur);

— True Color (32 6ur).

[TepBonavansao IBM PC Brinyckanucek ¢ yeprno—0enbiM anantepom MDA (Monochrome Display Adapter).
MakcumanbHoe pazpeuieHue coctasisuio 640x350 Touek, rpaguueckue BO3MOKHOCTU OTCYTCTBOBanu. Cremyro-
muM  ObUT TakXke uYepHo—Oenbld Buaeoamantep «l'epkyrnecy, BeimymeHHbI (upmoi Hercules Computer
Technology, Inc. DToT anantep obecneunBaet pazpeumenue 720%350 ¢ rpadpuuecKUMU BO3MOXKHOCTSMHU.

[TepBbim 1BeTHBIM BHuaeoamantepoM ¢upmbl IBM cran CGA (Color Graphics Adapter). Paspemenue ero
Maio (320x%200), usetoB Maino (110 4). MakcumansHoe pa3pemnienue cocrapiseT 640x200.

3arem Obut BeimymieH Buacoanantep EGA — (Enhanced Graphics Adapter). On o0GecrieunBaet pa3perieHue
640%200 mpu 16 nBerax u3 64. MakcumanbHoe paspemieHue 640x350.

[TepBBIM BHEOAJaNITEPOM CO CPAaBHUTENBHO MpuemieMbiMH Xapaktepuctukamu ctal VGA (Video Graphics
Array) ¢ MakcuMalIbHbIM paspemienueM a0 800x600 npu 256 nserax.

3arem pupma IBM paspaborana Buaeoanantep 8514/A, nMeBiiero mapameTpsl 00jee COOTBETCTBYIOIINE
CIIO’KUBIIMMCS TOTpeOHOCTSIM — 1024%768 mpu 256 1BeTax.

[Tocnenusst pazpabotka ¢upmer IBM — Buneoamantep XGA (eXtended Graphics Array) ¢ He caMbIMU CO-
BPEMEHHBIMU BO3MOKHOCTSAMU 1024%768 nipu 256 uBetax. OH Ha ypoBHE peructpoB coBMecTuM ¢ VGA.

Mmuorue gupMbl BbllyckaloT ynyuiieHHble Bepcu VGA noxa HazBanusmu Super VGA u Ultra VGA, HO
o0IIMi CTaHAAPT OTCYTCTBYET.

®upma Texas Instruments npeanoxkuiaa cCTaHAapT Ha MPOrPaMMHBIN nHTEpdelc ¢ MHTEIIEKTyaaIbHbIMU BHU-
Aeoaantepamu, ucrons3yronmmu rpagudyeckue npoueccopsl TMS 340xX (TIGA—crannmapr, Texas Instruments
Graphics Architecture). B nHacTosimiee 3To cambie MonTHbIe BUacoananteps! s IBM PC.

Taxkum 006pa3oM, CyIIECTBYIOT CIEAYIOLINE BUICOKOHTPOILIEPHI:

— Hercules — MmoHOXpOMHBI# rpaduyecKuii aganTep;

— MDA — MOHOXPOMHBIN TUCIUIEHHBIN afanTep;

— MGA — MOHOXpOMHBIN rpaduyecKuil agan-
1
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Tep;

— CGA — uBerHoii rpaduueckuii aganrep;

— EGA — ynyumeHHsIi rpadudecKuii aganrep;

— VGA — Buneorpadudeckuii agantep (Buaeorpaduueckas MaTpHia);

— SVGA - yny4iieHHbIH Buseorpaduueckuil aganrep;

— PGA — npodeccrnonanbhblil rpadudeckuii agantep;

Jnst nmoBeimenust OvicTpoaeiicTBus Tpadudeckux mojacucteM IBM PC BwimyckaroTcs CrieliMalIbHBIE THITBI
azanTepoB — rpaduueckue akcenepatopsl. [ padudeckue akcenepaTopsl COAEpKaT COOCTBEHHBIE MPOLIECCOPHI, KO-
TOpBIE CNIELUATN3UPOBAHbI JUIsl BBINOJIHEHHS IpaduecKux npeoOpa3oBaHuil, MoTOMy H300pakeHHs: oOpabdaTbiBa-
10TCs OBICTpEE, YeM C UCTIOIb30BaHneM yHUBepcaibHoro L{IT II9BM.

Axkceneparopsl, KpOME THUIIA U BO3MOXKHOCTEH Tpaduueckoro mpoueccopa, pa3iIuydaroTcs M0 CIeTyHOLUM
OCHOBHBIM I1apaMeTpam:

— IaMATHIO JUISl COXPAHEHUs U300pakeHni. B HEKOTOPBIX Cilydasx UCIOIb3yeTCsl OObIUHAs IUHAMUYECKas
namsate DRAM, HO 00bI4YHO HCTIONB3YyETCA cHeUaln3upoBaHHas BuaeonamsaTh VRAM;

— HUcHojib3yeMoi mMHOM. B HacTosmee Bpemst 006b14HO0 ncnomab3yercs PCI,;

— IIMPUHOM perucTpoB. Uem mimpe peructp, TeM OOJIbLIEE YUCIO MUKCEIOB MOXKHO 00paboTaTh 3a OJIHY
KomaHy. B Hacrosiee Bpems mupuHa — 64 OuTa.

lMpuHmepsl, ux Knaccugukayusi, OCHO8HbIe XapaKmepucmuku

u npuHyun pabomsoi

[TpunTepsl ABIAIOTCS Hanbojee MOMyJSIPHBIMU YCTPOMCTBaMHU BbIBOAA HMH(GOpPMAIMU Ul MEPCOHATIBHBIX
KOMIIBIOTEPOB.

Ilo TexHONIOrMY NEYaTH NPUHTEPHI MOXKHO Pa3ACIUTh Ha:

— WroJibyaTble (MaTpUYHBIE);

— CTpYyHHBIE,;

— JIa3epHBbIE.

MaTpu4HbIe IPUHTEPHI

MaTpuuHbie NPUHTEPHI J0 MMOCIETHET0 BPEMEHU SIBIISUTUCH OCHOBHBIM CTaHAAPTHBIM YCTPOKWCTBOM BBIBO-
Ja AJs IepCOHANBHBIX KOMITbIOTEPOB, IMOCKOJIBKY CTPYHHBIE MPUHTEPHl paboTalu elle HeyAOBIETBOPUTEIIBHO, a
1I€Ha Ja3epHbIX OblIa JOCTaTOYHO BbICOKA. M B HacTosiiee BpeMs UToJibuaThle IPUHTEPHI IPUMEHSIOTCS 10CTaTOY-
HO 4acTo.

JlocToHCTBa MaTPUUHBIX (UTOJIBYATHIX ) IPUHTEPOB:

—  YIOBIIETBOPUTENbHASI CKOPOCTh NIEYATH;

—  YHHUBEPCAJIbHOCTb, 3aKJIFOYAIOIIASCS B CIOCOOHOCTH paboTaTh C Jt000i Oymaroii;

— HM3Kas CTOUMOCTb II€YaTH.

Uronpuatelil npuHTep GopMUpYET 3HAKU HECKOJIBKUMHU MIOJIKAMU, PACIOJIOKEHHBIMU B FOJIOBKE MIPUHTEPA.
Bymara BTAruBaercsi ¢ IOMOIIBIO Bajla, a MEX1y OyMaroil U rojloBKOW MpUHTEpa paciojiaraeTcst Kpacsias JeHTa.
[Ipu ynape uroiku mo 3Toi JieHTe Ha Oymare ocraeTcs 3aKpameHHbIN ciell. Vroiaku, pacnosokeHHble BHYTPH To-
JIOBKH, OOBIYHO aKTMBHM3HPYIOTCS AJIEKTPOMArHUTHBIM METOJIOM. ['0JI0BKa JABUraeTcs Mo ropU30HTAIBLHON Harpas-
JSIOLIEH 1 ympaBlieTcs IAaroBbIM JBUTaTeseM. Tak Kak HaledyaTaHHbIe 3HAKW BHEIIHE MPEACTaBIIsAI0T cOO0N Mat-
pHILy, @ BOCIPOU3BOJUT 3Ty MATPUILy UIOJIbYATHII PUHTED, TO YACTO €70 HA3bIBAIOT MATPHYHBIM NPUHTEPOM.
Cpenu MaTpUYHBIX PUHTEPOB CYLIECTBYIOT 9—UToJibuaThie U 24—UroJibuathle.

B ronoske 9-uroap4aToro npuHTEpa HAXOAATCA 9 UTONOK, KOTOPHIE, KaK MPABUJIO, PACIIONATraloTCsl BEPTHU-
KaJIbHO B OJUH psij. braronaps ropu3oHTalIbHOMY JBH)KEHUIO TOJIOBKHM MPHUHTEPA U aKTUBU3ALUU OTAEIbHBIX UrO-
JIOK HamneyaTaHHBIM 3HaK oO0pa3yeT Kak Obl MaTpHIly, IPUYEM OTJENbHbIe OYKBbBI, HU(PPHI U 3HAKU «3aJOKEHBD)
BHYTpUY IIPUHTEPA B BHUJI€ OMHAPHBIX KOJIOB.

B 24—uronpb4yaToM npuHTEpEe UCHOIB3YETCS TEXHOJIOTHS MOCIEI0BATEIBHOTO PACIOIOKEHHUS UTOJIOK B J1BA
psaa no 12 mtyk. BenencTBue Toro, 4To UTOJKU B COCETHUX PsAJIaX CABUHYTHI IO BEPTUKAIM, TOUKH Ha pacreyaTke
MEPEKPBIBAIOTCS TAKUM 00pa3oM, YTO UX HEBO3MOXKHO pa3inyuTh. MIMeeTcs: BO3SMOKHOCTh NIEpEeMEICHHsI TOJIOBKU
JBaKIbl M0 OJJHOM M TOM e CTPOKE, YTOOBI 3HAKHU MPOIEYaThIBAINCH €Ille pa3 ¢ HEOOJIbIINM CMelleHneM. Takoe
Ka4yecTBO mevyatu obo3HayarT kak LQ (Letter Quality — MmamnHonucHOEe Ka4ecTBO), B 3TOM PEKHME CKOPOCTh
II€YaTH YMEHBbIIAETCA HE3HAYUTEIbHO, TAK KaK TOJIOBKA I1€YaTaeT IIPY JABM)KEHUU CJI€BA HAIIPABO M CIIPaBa HAJICBO.
N3zroroBurtenn 00bIYHO yKa3bIBAIOT TEOPETUUECKYIO CKOPOCTh MEYaTH, TO €CTh MAaKCUMaJIbHO BO3MOXHYIO CKOPOCTh
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YEPHOBOI'0 PE:KMMa, ITPU 3TOM KAa4eCTBO MEeYaTH HE UrpaeT ponu. LQ-medaTs uid UroyibyaTshlX IPUHTEPOB UTUTCS
nonbiie. Eme gonpmie nedataercs rpaduka, moToMy 4TO MPU 3TOM HAO0Op 3HAKOB HE YMTAETCS M3 BHYTPEHHEHU Ia-
maTi (ROM) npuHTepa, a kaxjas neyaraeMasi Touka JOJDKHA PaCCUUTBIBATHCS.

Enununa n3aMepeHusi CKOpOCTH MedaTd — cps (CUMBOJ B ceKyHAY). Hronpyarbie mpuHTEpHl 000pYy10BaHbI
BHYTpeHHeH namsaThio (0ydepom) no 64 KGaiT u Gosiee, KOTOPBINA MPUHUMAET JIaHHBIE OT TIEPCOHATBLHOTO KOMIThO-
tepa. Mronpyartelii IpUHTEp — MEXaHUUYECKOE YCTPOUCTBO, a pab0oTa MEXaHUYECKHX y3JI0B BCETa COMPOBOXKIAETCS
LIYMOM.

KaudecTBO neyary CUIIBHO 3aBUCUT OT pa3pelleHus NMPUHTepPa, T.€. KOJIMYEeCTBA TOYEK, KOTOPOE I1e4aTacTcs
Ha OJHOM Jroiime — dpi. JlaHHas XapaKTepUCTHKE UIPacT pojib, B OCHOBHOM, ITpU paboTe MpUHTEpa B rpadueckoM

eXHME.

Crpyiinble NPUHTEPbI

[Ipunuun paGoTel CTPYHHBIX NPUHTEPOB HAIIOMUHAET UTOJIbYATHIE IPUHTEPHI. BMECTO UTOJIOK 31€Ch MpH-
MEHSIOTCA TOHKHE COILIA, KOTOPbIE HaXOAATCA B IOJOBKE IPUHTEpA. B 3TON rojoBKe yCTaHOBIIEH pe3epByap ¢
KUJKAMH YEPHWIAMH, KOTOPBIE Yepe3 COIUIA KAK MUKPOYACTHIIBI IEPEHOCATCS HAa MaTepuall HocuTess. Yucio co-
IIeJ1 HAXOJUTCS B IMara3oHe ot 16 1o 64, a uHorga U 0 HECKOJIBKUX COTEH.

JIist XpaHeHusl YEPHWI UCIIONB3YOTCS 1BA METOA!

— TOJIOBKa NpUHTEepa 00bEIUHEHA C Pe3epBYyapoM Ul YEPHWI;, 3aMEHa pe3epByapa C YEpHUJIAMH OJHO-
BPEMEHHO CBs3aHa C 3aMEHOM I'OJIOBKH;

— HUCHOJb3YeTCs OTAEIbHBIN pe3epByap, KOTOPbII uepe3 CUCTEMY KalMUISIPOB 00ECHEeUnBaeT YepHUIAMHU
T'OJIOBKM IIPUHTEpA.

B ocHOBe mpuHLIMIIA JEICTBUSA CTPYUHBIX IPUHTEPOB JIEXKAT:

—  MbE303JIEKTPUUECKUI METOI;

— METOJ ra30BBbIX ITy3bIPEH.

Jns peanuzanyuy Nbe303JeKTPUYECKOr0 METO0AA B KaK/10€ COIUIO YCTAaHOBJIEH IUIOCKMM ITbE30KPUCTAILI,
cBsi3aHHBIM ¢ nuadparmoil. Ilog Bo3aelcTBUEM 3JIEKTPUUYECKOrO TOKA MPOUCXOAUT AeopMalus Mbe303JIEMEHTA.
[Ipu neuaTtu, HaxoAUIMICS B TpyOKe MbE303JEMEHT, CXKUMasi U pazKumas TpyOKy, HaloJHSAET KallWUIIPHYIO CH-
cTeMy yepHuiIaMu. UepHuiia, KOTOpble OTXKMMAIOTCS Ha3a/l, IepeTeKkaoT 00paTHO B pe3epByap, a YepHHIIa, KOTOpbIe
BBIIaBWJINChH HapyKy, 00pa3ytoT Ha Oymare Touku. CTpyiHbIE MPUHTEPHI C UCIOJIB30BAHUEM JAHHON TEXHOJIOTUU
BhInyckatoT Gpupmsl Epson, Brother u np.

Mertoa razoBbix nmy3bipeil 0azupyercs Ha TepMUdeckoi TexHonoruu. Kaxmoe comio o6opynoBaHo Harpe-
BaTEJIbHBIM JIEMEHTOM, KOTOPBIH, IPH MPOIYCKAHUN YEPE3 HETO TOKA, 32 HECKOJIBKO MUKPOCEKYH/]I HAaIPEBAETCS 10
temneparypsl okosio 500 rpaxycoB. Bo3Hukaromue npu pe3koM HarpeBaHUM I'a30Bbl€ My3bIPU CTAPAIOTCS BBITOJK-
HYTb Yepe3 BBIXOJIHOE OTBEPCTHE COIIAa MOPIHIO (KAILIIO0) KUAKUX YEpHUII, KOTOpbIe NepeHocsTes Ha Oymary. [lpu
OTKJIFOYEHUHN TOKA HarpeBaTENIbHBIA JIEMEHT OCTHIBAET, NMAPOBOM IMYy3bIph YMEHBINAETCS, U YEPE3 BXOJHOE OTBEp-
CTHE TIOCTYIAeT HOBas MOpLUs yepHuI. JlaHHas TeXHOIOrus ucnonb3yercs B uznenusx ¢pupm Hewlett-Packard u
Canon.

[[BeTHBIE CTpyHHbIE NIPUHTEPHI UMEIOT 0OJee BBICOKOE KAaueCTBO IMEYaTH MO CPABHEHHUIO C UTOJIbYaThIMU
LBETHBIMH MTPUHTEPAMHU M HEBBICOKYIO CTOMMOCTH I10 CPAaBHEHHIO C Ja3epHbIMU. LiBeTHOEe M300paxeHue noryqa-
eTcs 3a CUET MCIONB30BaHMs (HAJOKEHUS JPYyT Ha Jpyra) YeThIPeX OCHOBHBIX IIBETOB. YPOBEHb IIyMa CTPYHHBIX
MIPUHTEPOB 3HAYUTENLHO HUXKE, YE€M Yy HIOJbYAThIX, IMOCKOJIBKY €ro MCTOYHUKOM SIBIISIETCS TOJIBKO JIBUTaTellb,
YIPaBISAIOLUUI IEPEMELIEHUEM TedaTaronieil ronoBku. I1pyu uepHOBO# neyaTu cKOpocTh CTPYWHOIO MPUHTEpA 3Ha-
YUTENBHO BhIIIE, YeM y urospuyaToro. [lpu neyatu ¢ kauectBoMm LQ ckopocth cocraBusier 3—4 (10 10) crpaHuis! B
MuHyTy. KayecTBO meyaT 3aBHCHT OT KOJHYECTBA COMeJI B MleYaTalolieil roJiloBke — 4eM ux OOoJIblIe, TEM BbI-
e kauectBo. bosbiioe 3HaUueHHe HMeeT Ka4ecTBO M TOJIMHA Oymaru. Beimyckaercs crienuanbHast Oymara Juist
CTPYHHBIX MPUHTEPOB, HO MOKHO TeyaTaTh Ha 0ObIYHON Oymare miuoTHOcThIO OT 60 10 135 r/kB.M. B HekoTOpBIX
MOJIETISIX NIl OBICTPOrO BBICHIXaHMS YEPHWII NMPUMEHSETCS moaorpeB oymaru. Paspemienue cTpyiHbIX NPUHTEPOB
npu nedatu rpapuku coctasnseT ot 300*300 no 720*720 dpi.

OCHOBHOM HEIOCTaTOK CTPYHHOTO MPUHTEPA: BO3MOKHOCTbD 3aChIXaHMsI YEPHUII BHYTPH COIUIA, YTO MPUBOAMT K
HE00XO0/IMMOCTH 3aMEHBI I1€YaTaIoIIeH TOJIOBKH.

JlazepHble NPUHTEPLI

JlazepHble mpuHTEPBI 00ecneunBaOT 00Jiee BBICOKOE KAYECTBO MEYAaTH IO CPABHEHHUIO CO CTPYWHBIMU U
UTOJIbYaTHIMH TpuHTepamMu. OJJHAKO CTOMMOCTb TI€YaTH BBIIIE, OCOOCHHO MPU MCIIOJIb30BAaHUU IIBETHBIX Ja3epHBIX
npuHTepoB. TakuM 00pa3zoMm, s NOIYUYEHHs BBICOKOKAYECTBEHHON UYepHO—0€eol nevaTy 1eaecoo0pa3Ho UCTIONb-
30BaTh JIa3€PHBII MPUHTEP, a JAJS MOJYYCHUs LIBETHOTO M300pa)KCHUs MOKHO HCIIOJIb30BATh I[BETHOM CTPYHHBIN
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IpUHTEP. B nazepHbIX NpuHTEpax UCIONIb3YyeTCs MEXaHU3M NIeuaTH, IPUMEHSIEMBbIN B KCepOoKcax.

OCHOBHBIM 3JIEMEHTOM SIBJISICTCS Bpallaromuiicss 6apaban ajs mepeHoca nu3o0pakeHus: Ha Oymary, mpe-
CTaBJISIOIIMNA COO0M METaJUIMYECKUI LMIMHAP, MOKPHITHI TOHKON MJICHKON (POTONPOBOASAIIETO MOIYIIPOBOIHUKA.
ITo moBepxHOCTH OapabaHa paBHOMEPHO paclpeeNseTcsi CTaTHYeCKUi 3apsia. s 3TOro CiIy>KUT TOHKasi IPOBOJIO-
Ka WJIM CETKa — KOPOHUPYIOLIUI MPOBOA. Bricokoe HampsikeHue, oJJaBaéMO€e Ha 3TOT IIPOBOJL BbI3bIBAET BO3HUK-
HOBEHUE BOKPYT HETO CBETSAIIEHCS MOHU3UPOBAHHOM 00JacTH — KOpoHBI. Jlazep, ynpaisieMblii MUKPOKOHTpPOJLIE-
POM, reHepupyeT TOHKHI CBETOBOM JIyd, OTpa)karoLIHiics OT Bpalllatollerocs 3epkaia. DTOT Jiydy, laaas Ha OapabaH,
M3MEHSET €ro ANIEKTPUUECKUI 3apsaa B Touke najneHus. Takum oOpa3om, Ha OapabaHe BO3HUKAET CKPBHITAas KOIMUS
n3o0paxxenus. [lanee Ha 6apabaH HaHOCUTCS TOHep — MeJbyaiias Kpacsas nbulb. [log geficTBEM cTaTHYECKOTro
3apsiia 3TH MEJKHE YacTUIbl IPUTATHBAIOTCSA K IMOBEPXHOCTH OapabaHa B TOYKAaX, MOJBEPTIIMXCS SKCIIO3UINH, U
bopmupyrOT U300paxeHne. bymara BTAruBaeTcs ¢ MOAAIOLIETO JIOTKA M C IOMOILBIO CUCTEMbI BAJIMKOB IEepeMellia-
ercs k O6apabany. Ilepen Gapabanom Oymare cooOmraercsi ctatndeckuii 3apsia. bymara conpukacaercst ¢ 6apabanom
U TPUTATUBAET, Ojlarofapsi cBoemy 3apsjly, 4aCTUUKH TOHepa oT Oapabana. [l ¢ukcanuu ToHepa Oymara BHOBb
3apsKaeTcs U MPOIYCKAETCsS MEXIY ABYMs pojiukamu ¢ temneparypoil 180 rpamycos. 3atem OapabaH pa3pskaeT-
Csl, OUMINACTCS OT MPWIUIILUX YaCTHUL] U TOTOB Ui HOBOTO mnpoluecca nedatd. @upma OKI Bbimyckaer J1azepHblil
IIPUHTEP, B KOTOPOM BMECTO JIa3epa UCIOJIb3YETCsl HEMOABUKHAS IMO/IHAs CTPOKA, ONMCHIBAIOIIAs HE KaXKIYI0 TOY-
KY, a IIeJIy10 CTPOKY.

B uBeTHOM J1a3epHOM NpHHTepe H300pakeHne GopMHUPYeETCs Ha CBETOYYBCTBUTEILHON (oTonpuemMHoii
JIGHTe I10CJIeI0BATEIbHO JUIsl KaXK10T0 U3 4—X OCHOBHBIX IIBETOB. JIMCT meuyaTaercs 3a 4eThlpe MPOXoAa: UMEITCs
YeThIPE EMKOCTH JUII TOHEPOB M OT JIBYX JI0 YETHIPEX y3JIOB MposiBicHUsA. CXemMa ynpaBJieHHsl BKIIOYAET MpoIiec-
cop, mamsATh OOJIBIIOro 00beMa M MHOIJA, OCOOCHHO NpH (YHKLUHMOHHPOBAHUM B ceTH, BHUHYecTep. CTOMMOCTb
LBETHOTO JIA3€PHOT0 IIPUHTEPA 3HAUUTEIBHO BhIIIE, YEM YEPHO—OEJI0ro, a CKOPOCTh I€YaT — HUXKE.

JlazepHble IPUHTEPHI CO CPEAHUMHU BO3MOXHOCTSIMHU I€4aTatoT 4—8 cTpaHul] B MUHYTY. BbicokonpounsBoau-
TEJIbHBIE CETEBBIC JIA3ePHBIE MTPUHTEPHI MOTYT medarath 10 20 u Oosee cTpaHul] B MUHYTY. [Ipu nmedaTu CIIOKHBIX
rpagu4IecKux N300paKeHU BpeMs IiedaTu OOJIbIIIe.

Pazpemienne o BepTukanu (COOTBETCTBYET Imary 6apabana) coctasisier ot 1/300 mo 1/600 mroiima. Pazpe-
IIEHUE TI0 TOPU30HTAIHN ONpEAESeTCS TOYHOCThIO HaBeIEHHs JIA3ePHOro Jiydya U KOJHMYECTBOM TOYEK B CTPOKE U
COCTaBJISIET, Kak mpaBuiio, oT 1/300 mo 1/1200 mrotima.

JlazepHblif mpuHTEp 00pabaThIBAET LieIble CTPAHHHULIBL, YTO CBS3aHO C OOJBIIUM KOJIMYECTBOM BBIUMCIICHUI.
MuHuManbHbIN 00BEM NaMsITH JIa3epHOTro npuHTepa He MeHee 1 Mo6aiiT. Hanbosnee yacto ucnosnab3yeTcst namsTh OT
2 no 4 Moaiir. LIBeTHble MpUHTEPHI TPeOYIOT Ui pabOoTHI eme 00ibiryto namsTh. [lamMsaTh Ja3epHOro mpuHTEpa
MOKET OBITh YBEJIMYEHA IIyTEM YCTaHOBKH crienuanbHbIX KapT ¢ DRAM wiu SIMM moxaynsmu. bonbmnHcTBO 1a-
3epHBIX IPUHTEPOB MOT'YT IeyataTh Ha Oymare ¢popmara A4, pexe — A3. HekoTopble MpUHTEPHI MOTYT Me€YaTaTh HA
o0eux CTOpOoHax JIMCTa, HO OHU CTOSIT CYIIECTBEHHO JI0POXKE.

lMnommepsi (2paghonocmpoumernu)

ILtorTep (rpadonmocrpouTesib) — 3TO YCTPOWCTBO aBTOMATHYECKOTO IMOCTPOCHUS AMArpaMM WA JIPYTHX
n300pakeHUt Ha Oymare, MiaacTuke, (POTOYYBCTBHUTEILHOM MaTepuaie WIM UHOM HOCHTENE MyTeM YepUeHHs], Tpa-
BHPOBaHUs, (POTOPETUCTPAIIUU I UHBIM CITOCOOOM.

Paznuuaror:

— IuIaHeTHsble rpadgonocrpoutesu it popmara A3 — A2, ¢ pukcanuei 1ucTa dIEKTPOCTATHICCKUM
CHocoO0M ¥ MUIITYIIAM Y3JIOM, IIEPEMEIIAIONUMCS B ABYX KOOPAUHATAX (HA TUIOCKOCTH);

— OapabanHble rpadgonoCTPONTENH C HOCUTENEM, 3aKpPEIIIEMbIM Ha BpalaronieMcs: bapadane;

— PYJIOHHbIE WIH POJUKOBbIE IPa()ONOCTPOUTEIHN C YEPTEKHON TOJIOBKOM, IEpEMENIAONICICS B OJTHOM
HaIpaBJI€HUN TIPH OJHOBPEMEHHOM TEpPEMEIICHUN HOCHUTENS B MEPIEHANKYJSIPHOM eMy HampaieHuu. [llupuna
oymaru ¢opmara Al unu AQ. Takue MIOTTEPHl UCMONB3YIOT PYJIOHBI OyMard JJIMHOW O HECKOJIBKHUX JECSATKOB
METpOB.

[InoTTephl U3roTaBIMBAIOTCS B HANIOJBLHOM U HACTOJbHOM HCIIOJHEHUU.

[To mpuHIUITY MOCTPOCHUS H300pAXKEHUS TTOAPA3ACIAIOTCS Ha!

— sexmopubie epagonocmpoumenu (Co3aa0T H300pakeHUE € MOMOIIBIO MIAPUKOBBIX, MEPbEBBIX PaIHIO0-
rpados, giioMacrepa, kapaHaaiia. B HacTosiee BpemMst MpaKTUYECKH CHSITHI C TTPOU3BOICTRA);

— pacmposvie epaghonocmpoumenu (Hacnenys KOHCTPYKTHBHBIE OCOOEHHOCTH MPHUHTEPOB, CO3JAIOT
M300pakeHUE MMyTEM ITOCTPOYHOTO BOCIIPOU3BEICHNUS).

I[To criocoOy meyatu pacTpoBbie TPadONOCTPOUTENH MOAPA3ISISIFOTCS Ha:
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— anekmpocmamuyeckue TpadOTOCTPOUTENH € IEKTPOCTATHUECKUM IPUHIIUIIOM BOCTIPOU3BEICHHS,

— cmpylinbie TPAPOIOCTPOUTENN, OCHOBAHHBIMH Ha MIPUHIIUIIEG CTPYWHOU MevaTy (BBIIABIMBAHUH KPACSIIE-
r'o BEIeCcTBa uyepes3 coria GopcyHoK);

— n1azepuvie TPaPOnOCTPOUTEH, BOCTIPOU3BOISIINE N300paKEHUE C UCTIONb30BaHUEM JyYa Ja3epa;

— c6emoouoonbvie TPaPONOCTPOUTEIH, OTIUYAIONINECS OT JIA3EPHBIX CIIOCOOOM MEPEHECCHHS N300paKEHUS C
Oapabana Ha Oymary;

— mepmuueckue TpadOIOCTPOUTEIIH;

— MUKpoguibm—niommepot, hpomoniommepsvl ¢ PUKcaUEt N300paKEHUS HA CBETOUYBCTBUTECIILHOM MaTe-
puaie.

OcHOBHBIE KOHCTPYKTHBHBIE U IKCILTyaTallHOHHBIC XapaKTePUCTUKU TpadorocTpouTeneii: popmar Bocmpo-
M3BOJMMOTO M300paKeHUSI—OPUTHHAJA, pa3Mep pad0overo moJis, TOYHOCTh, Pa3pelIeHue pacTPOBBIX rpadomoCTpou-
teneit (00braHO B mepeaenax 300—2500 dpi), ckopoCcTh MPOPUCOBKU WIIM M3TOTOBIICHUS SAMHHIIBI TPOAYKIIHH 3a-
naHHOTO (popmaTa, HATMYKE WM OTCYTCTBHE COOCTBEHHOM mamsTu (Oydepa), mporpaMMHoOe obecrieueHue (apaiBe-
PBI, IPOTPaMMBbI paCTepPU3AINH), HATMIHE CETEBOM muiaTel. HexoTtopele Mojenu rpadornocTponTeneii KOMILIEKTY-
IOTCSl UTU MOTYT OCHAIIATHCSl HACAIKAMH, JOTIOTHSFOIIUMH UX (DYHKIIUSMH CKaHEepa.

BonbmuHCTBO CTPYHHBIX ammapaTtoB oOecreynBaroT nedaTh rpadudeckux gaiinos ¢opmara TIFF, BMP,
PCX.

CkaHepbl, Knaccugukayusi U OCHOBHbIe XapakmepucmuKu

CkaHep 3TO yCTPOHCTBO BBOJ|a B NEPCOHAIbHBIN KOMIBIOTEP L[BETHOTO M YEPHO—OEIOro M300pa’keHus C
OyMmarw, TJICHKY | T.11.

IIpuHOMN JelicTBUA CKaHepa 3aKII0YAeTCsl B MPeoO0pa3oBaHUM ONTUYECKOI'O CUTHAJIA, MOIy4aeMoro IMpu
CKaHHUPOBAHUU M300pa’KE€HUSI CBETOBBIM JIy4OM, B JIEKTPUUYECKUH, a 3aTeM B LU(POBON KO, KOTOPBIH MeperaeTcs
B KOMIIBIOTED.

Ckanepsl pa3JensioT Ha:

— yepHO—O0esible CKaHePbI MOTYT B IIPOCTEHIIIEM Cllyyae pa3anyaTh TOJIBKO J1BAa 3HAUEHUs — YepHoe U Oe-
JI0€, YTO BIIOJIHE JIOCTATOYHO I YTEHUS IITPUXOBOTO Kofa (0oJiee C0okKHbIE CKaHEPhl pa3inyaroT rpaJlalluu cepo-
O LIBETA);

— IBeTHbIe CKaHepbl pabOTAIOT HA MPUHLHUIE CJIOKEHUS LIBETOB, MPU KOTOPOM ILIBETHOE HM300pakeHHE
II0JIy4aeTCsl MyTEM CMEIIEHHs TPEX LBETOB: KPACHOT'O, 3€JIEHOTO M CHUHET0. TEXHHYECKH ITO PEaTU3yeTcs BYMs
criocobamu:

— IIpU CKaHMPOBAHUM LIBETHOW OPUIHMHAJ OCBEIIAETCS HEe OeJbIM CBETOM, a MOCJIEOBAaTEIbHO KPACHBIM,
3eneHbIM M cUHUM. CKaHUPOBAaHME OCYILECTBISETCS U KaXKIOro I[BE€Ta OTAEIbHO, MOJIy4YeHHas HMH(popManus
npeaBapuTesIbHO 00padaThIBAaeTCs U MEPEeacTCs B KOMIBIOTED;

— B IIpollecce CKaHWPOBAHUS LIBETHON OpUTMHAJI OCBEIAeTCsl OEIbIM LBETOM, a OTPAKEHHBIN CBET IMOMa-
naet Ha CCD—matpuiy yepe3 cucTeMy ClelUalbHbIX (QHIBTPOB, pa3jararoliux ero Ha TpU KOMIIOHEHTAa: KPacHBIH,
3eJIeHbIN, CUHUM, KaXKIbI U3 KOTOPBIX YJIaBIMBAETCS CBOUM HA0OpOM (OTORIEMEHTOB.

A Take CKaHepbl IeJSTCS Ha:

— PyuHble ckaHepbl — 3TO OTHOCUTEIBHO HEJOPOTHE YCTPOWCTBAa HEOOJBIIOrO pa3Mepa, YIAOOHBI IS
OIEPATUBHOTO CKAaHUPOBAHUS M300pKEHUH M3 KHHUT M XKypHasoB. lllupuHa momockl ckaHUpOBaHHS OOBIYHO He
npesbimaer 105 mm, cranaaptHoe paspemenue 300-400 dpi. K HegocTtaTkaM pydyHOTo CKaHepa MOKHO OTHECTH
3aBHCHMOCTh Kaue€CTBAa CKAHUPOBAHUsS OT HABBIKOB I0JIb30BATENS U HEBO3MOXHOCTh OJJHOBPEMEHHOI'O CKaHHUPOBa-
HUSI OTHOCHUTEIIBHO OOJIBIITUX H300paKEeHUH.

— B 0Oapa0aHHOM ckaHepe CKaHUpPYEeMbI OpUIMHAJ pacrojaraercs Ha Bpamaromemcs Oapabane. B
HACTOSAIIEE BPEMS UCIOJIb3YIOTCS TOJILKO B TUIOTPa(CKOM MPOU3BOJICTBE.

— B JMCTOBBIX cCKaHepax HOCUTEINb C U300paKEHUEM IPOTATUBACTCS BJOJb JIMHEHKHU, Ha KOTOPOH pacro-
noxxeHbl CCD— anemenTsl. 1luprna n3obpaxeHus Kak mpaBuio cocTaBiseT Gopmar A4, a JyIMHa OrpaHuyeHa BO3-
MO>KHOCTSIMH HCIIOJIb3YE€MOT0 KOMIbIoTepa (ueM Oosblie n300pakeHune, TeM Ooublie pazMep Qaiina, riae XpaHuTcs
ero HudpoBas Konus).

— IlnaHmeTHbIEe CKaHePhI OCYIIECTBISAIOT CKAHUPOBAHUE B aBTOMATUYECKOM pexkuMme. OpuUruHai pacrno-
Jaraetcs B CKaHepe Ha CTEKJISTHHOM JIMCTE, M0/ KOTOPBIM rooBka ureHus ¢ CCD-anemeHTaMu ckaHUpyeT n3o0pa-
’KEHHE TIOCTPOYHO C PABHOMEPHON CKOPOCTHI0. PazMephl CKaHMPYEeMbIX N300paykeHH 3aBUCAT OT pa3Mepa CKaHepa
1 MOTYT JOCTUTATh pa3MepoB OobIoro yeprexxHoro jgucra (A0). CnenuanbHas ciaia—TpHUcTaBKa MO3BOJISIET CKa-
HUPOBATh CJIalJIbl M HEraTUBHBIC TUICHKU. ATapaTHOE pa3pelieHre TUIaHIIeTHBIX ckaHepoB pocturaer 1200 dpi.
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CkaHepbl MOJKIIIOYAIOTCS K TIEPCOHATBHOMY KOMITBIOTEPY 4epe3 CHelHaTbHbIil KOHTPOJIep (s IUIaH-
HIETHBIX CKaHepoB 310 yaie Bcero SCSI kontpoiep). Ckanep Bcerjaa JI0JKeH UMETh COOTBETCTBYIOIINH ApaiiBep,
TaK KaK TOJHKO OIPAaHMUYCHHOE YUCIIO MPOTPAMMHBIX MPHIOKEHUI UMEET BCTPOCHHBIC IpaiBephl IS OOIICHHS C
OIpeIeIEHHBIM KJIaCCOM CKaHEPOB.

Hduaumad3sepsbi

Jlururaiizep npeaHasHavyeH s NpoQecCuoHaNbHBIX rpadudeckux padot. C mOMOIIBIO CIIEIHATBLHOTO TPO-
IpaMMHOI0 00ecliedeHus: OH M03BOJIET NMPeoOpa30BbIBaTh JABMKEHHE PYKH oreparopa B (opMaT BEKTOPHOI rpa-
¢uku. [lepBoHavansHo AuTHTal3ep ObUT pa3paboTaH JUIA MPUIOKEHUH CUCTEM aBTOMATU3UPOBAHHOTO MPOEKTUPO-
BaHUs, TaK KaK B 3TOM Cllyyae HEOOXOJUMO ONpeeNsaTh U 3a7aBaTh TOUHOE 3HAYEHHE KOOPAMHAT OOJIBLIOrO KOJIH-
4yecTBa TOYCK. B oTnuuMe OT MBIIN JUruTai3ep cnocoOeH TOYHO ONpeAesaTh 1 00pabaThiBaTh aOCONIOTHBIE KOOP-
JMHATHI.

Jlururaiizep COCTOWT M3 CIECNUATHLHOTO IJIAHIIIETa SBISIONIETOCS pa0ouyeit TOBEPXHOCTHIO U, KPOME ITOTO,
BBINOJIHAIOLIET0 pa3HOOOpa3Hble (PYHKLUMHU YIPABICHUS COOTBETCTBYIOIIMM IPOTrPaMMHBIM OOECII€YeHHUEM, U CBE-
TOBOTO II€pa WK, Yallle, KpyroBOro Kypcopa, siBJISIOIIKUXCS YCTPOUCTBaMU BBO/Ia HH(OPMALIUH.

OpnHoil U3 pa3HOBUAHOCTEH AuruTaiizepa spisercs rpadpuuecKuii Wiv pucoBaibHblii uIanmer. OH npen-
CTaBIISIeT COOOH IMaHelb, MOJI KOTOPOW pacIioyiodkeHa IEKTPOMarHuTHas pemretka. Eciu mpoBecTr 1o ero moBepx-
HOCTH CIIELUAJIHBIM TIEpOM, TO Ha SKpaHe MOHHUTOpPA MOSBUTCS IITpUX. B IuiaHIeTe peann3zoBaH NpUHIUN abCco-
JIIOTHOTO MO3ULMOHUPOBAHMS: U300paKEHNE, HAPUCOBAHHOE B JIEBOM HIDKHEM YIUIa IUIAHILIETA, OSIBUTCS B JIEBOM
HIDKHEM YIUIy 3KpaHa MOHUTOpa. OOBIYHO PUCOBAJIbHBIE TUIAHIIETHI UMEIOT pa3Mepbl KOBPHUKA JIJIsl MBIILIHU, HO pabo-
Yasi IOBEPXHOCTb HECKOJIbKO MEHBbILIE.

HmeroTes 1uiaHIIeThl, 00JIaAaloNe YyBCTBUTEIBHOCTBIO K HaXHMY, C IOMOLIbIO KOTOPBIX, PEryIupys
Ha)KUM, MO>KHO T10JTy4aTh Ha YKpaHe JIUHUH PA3TUIHON TOIIINHBL.

CrienanpHasl mjaacTMaccoBas IUICHKA, MpujaraeMas K IUIQHILETY, IO3BOJISET KOMHUPOBATh MOAJIOKEHHbIE
10/l Hee n300paXkeHusl Ha OyMaXKHbIX opuruHaiax. [lnaHmeTsl NOAKIIOYAIOTCS K MOCIe10BaTeIbHOMY OPTY Hep-
COHAJIBHOTO KOMIIbIOTEpA.

I'padmueckuil iaHmeT MOXKET UMETh pazIuyHble GopMmaTsl: 0T A2 — uid podecCHnOHaATBHOM J1eATeNbHO-
CTH U MEHbIIIE — JUIst 60JIee IPOCThIX padoT.

Komnanus Immersion pa3paborana yHUKaIbHYI0O MEXaHUYECKYIO TEXHOJIOTHIO OLM(PPOBKH, KOTOpas KOM-
MaKTHa, JOCTYIIHA M JIeTKa B UCMOJb30BaHUH. Kax1oe coemHeHNe UCTIONb3yeT HU(POBbIE ONTUYECKHE AATUUKH,
paboTa KOTOPBIX HE 3aBUCHUT OT JIt0OOTO OTHOCSIErocss K OKPY>KEHUIO BIUSHUS. Pe3ynbraT — yHUBEpcalibHas CH-
cTeMa, KOTopasi MOXKeT paboTaTh MPAKTUYECKH B JII000M cpesie U CKaHUPOBaTh OOBEKTHI U3 JIFOOOr0 MaTepHasa.

Ho xpome 3T0r0, €cTh U Apyrue TEXHOJIOTUN TPEXMEPHOTO CKAHUPOBAHUE:!

— VYIbTpa3ByKOBOE CKaHUPOBAHHUE.

— MarauTHOEe CKaHUPOBAHUE.

— Jla3epHble CKaHEpHI.

W3 Bcex TpexMepHBIX TEXHOJIOTUI CKaHUPOBAHUS, YJAbTPa3BYKOBbIe CHCTEMbI HAMEHEE TOYHBI, HAaTMEHEe
Ha/IeKHBI U HanboJiee BOCIIPUUMYHBBI K T€OMETPUYECKUM HCKaXEHUAM. BeiencTBre Toro, 4To CKOpOCTh 3ByKa 3a-
BHCHUT OT BO3IYIITHOTO JABJICHUS, TEMIIEPATYPHI U APYTHX aTMOCPEPHBIX YCIOBHH, d3PPEKTUBHOCTD YIBTPa3BYKO-
BBIX CHCTEM MOXET U3MEHATHCS BMecTe C 1morojioil. Kpome Toro, oHM BOCIPUUMUHUBEI K paboTe pa3iuyHOro o0opy-
JIOBaHMUSI, JJaskKe IIIyMY JIaMIT THEBHOT'O CBETA.

MarHuTHble TpexMepHble HU(poBbIe Mpeodpa3oBaTeH paboOTaOT HA TOM K€ MPUHIIMIIE, YTO U «yJIbTpa-
3BYKOBBIE CHUCTEMBI», T.€. MCIIOJIB3YIOT MarHuTHOE 1mosie. OHM HEBOCTIPUMMYHMBBI K aTMOC(EPHBIM W3MEHEHHSIM U
OYEHb YYBCTBUTENIbHBI K UCKAXEHUAM OT OJIM3JISKAIIET0 METallla WM MarHUTHBIX MoJIel. MeTalsInuecKue CTybs,
IJ1aThl, KOMIBIOTEPH! WU Jpyroe 000pyJoBaHKe, pa3MelIeHHbIe OJIM3KO OT MarHUTHOTO U(POBOro npeodpa3opa-
TeJs, UCKa3uT NaHHble. KpoMe Toro, Takue CUCTeMBbI HeNb3s HCII0JIb30BaTh Ul OLU(POBKH OOBEKTOB C METaNINUE-
CKUMH YacTsIMHU.

Jlazepnsie ckanepsl B 10—-100 pa3 noposxke, 4eM cUCTEMbI MEXaHHUECKOH o1ndpoBKH, Takue, kak MicroScribe—3D.

CucreMbl, UCHIONB3YIOLIHE Ja3epbl, UMEIOT MHOTO orpaHnueHuil. OOBEKTHI ¢ OTPaKAIOIIMMU I SPKUMHU MOBEPX-

HOCTSIMH, OOJIbIINE OOBEKTHI U OOBEKTHI C BOTHYTHIMHU IIOBEPXHOCTSIMH, KOTOPBIEC 3aTEHSIOT MPSMOH Iy Th JIa3epHO-
ro Jlyya — IJIaBHas MpooJemMa Jyis J1a3epHbIX CUCTEM.

Manunynsmop «Mbiwb»
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Hapsiy ¢ kimaBuaTypoil MBIIIb SIBIISIETCS BAKHEHUIITUM CPEACTBOM BBOJa HHGOpMaIii. B cOBpeMeHHBIX Mpo-
IPaMMHBIX TPOAYKTaX, MMEIOIIMX CIOXKHYIO TpadHuecKyr0 000JI0UKY, MBIIIb SBJISETCS OCHOBHBIM WHCTPYMEHTOM
YIIPABJIEHUS IPOIPAMMON.

[To npyHIMIY 1EHCTBUS MBILIY JEIATCS HA:

—  Mexanuueckue;

—  Onmuxo—-mexanuueckue;

—  Onmuueckue.

[TomaBistoniee YNCIO KOMIBIOTEPHBIX MBIIIEK MCHOIB3YIOT ONTHKO—MeXaHW4YeCKU MPUHIUI KOJIMPOBa-
Hus nepeMeleHus. C MOBEPXHOCTBIO CTOJIA COIPUKACAETCS TSKEINbIM, MOKPBITHIA PE3UHON LIAPUK CPABHUTEIBHO
OospIIOr0 AMaMeTpa. Poiuky, mprkaTeie K TOBEPXHOCTH IIAPHUKA, YCTAHOBJICHBI HA MEPIEHANKYIAPHBIX IPYT ApY-
Iy OCsX ¢ ABYMs AarTyMkamHu. J[aTuumku, npeicTaBistomue coooil onronapsl (CBETOAHMOA—(OTOANON), pacioiara-
IOTCS TIO pa3HbIe CTOPOHBI TUCKOB C mpope3siMu. [1opsaoK, B KOTOPOM OCBEINAIOTCS (POTOUYBCTBUTEIBHBIEC 3JIEMEH-
ThI, OIPEAEIIACT HAIPABICHUE IIEPEMEILEHUS MBIIIH, a YaCTOTa NMPUXOIAIINUX OT HUX UMIIYJIBCOB — CKOPOCTh. XO-
poLIMii MEXaHUYECKUI KOHTAKT C IOBEPXHOCTHIO 00€CIIEUNBAET CIIEUAIbHBIN KOBPUK.

Bonee TOYHOro NO3MLMOHUPOBAHUS Kypcopa MO3BOJISET JOOUTHCA ONTHYeCKasi MbIlb. J[151 Hee UCIOb3Y-
€TCsl ClIeUaNIbHBIN KOBPHUK, Ha MOBEPXHOCTHU KOTOPOI'O HAHECEHA MeJlbyaillliasi CceTKa U3 NepIeHAUKYIISAPHBIX JPYT
JpYTy TEMHBIX U CBETIBIX MOJIOC. PaconoKeHHbIE B HUKHEN 4aCcTH MBIIIM JIBE ONTONAphbl OCBEIIAIOT KOBPUK U IO
YHCITy [1€PECEUEHHBIX NP JBUKEHUU JIMHUI ONPENENSIOT BEIMYMHY U CKOPOCTh HepeMerieHnus. OnTuiyeckue Mbl-
I HE UMEIOT JBIKYIIUXCA YacTed M JIMLIICHbl TAKOI'O MPHUCYLIET0 ONTHKO—MEXAHWYECKUM MBIIIAM HEIOCTATKa,
KaK MepeMeIeHne Kypcopa MbIIIN PhIBKAMH M3—3a 3arpsi3HeHHs Iapuka. Paspemraromas crmocoOHOCTh IpUMEHsie-
MOTO B MBIIIM YCTpOicTBa cuuThiBaHUs koopauHaT coctasiseT 400 dpi (Dot per Inch Todyek Ha mroiim) u BbliIe,
IIPEBOCXO/Is1 aHAJIOTUYHBIE 3HAYEHUS JIJI1 MEXaHUYECKUX YCTPOMUCTB.

JUis onTUManbHOro (PYHKLIMOHUPOBAHMS MBIIIb JOJDKHA MEPEABUraThCs 10 POBHOW MoBepxHOCTHU. Jlydie
BCEro MOJXOAST CHEIHalIbHbIe KOBPUKHU. YKa3aTelb MbIIIM NEPEJBUrAcTCA MO 3KPAaHy CUHXPOHHO C JABM)KEHHUEM
MBILIHN [0 KOBPUKY. Y CTPOMCTBOM BBO/Ia MBIIIN SBJISIFOTCS KHONKH (KJIaBUILIM). BOJBIIMHCTBO MbIIIEH UMEIOT J1Be
KHOIIKH, CYILIECTBYIOT TaKk)K€ 3—X KHOIIOYHBIE MBIIIN U UMEIOLIHE 0O0JIbIIee KOJTUUYECTBO KHOTIOK.

OpaHoli M3 BaXKHBIX XapaKTePUCTHK MBILIHM SBISETCA €€ pa3pelieHue, kotopoe uzMepsercs B dpi. Paspe-
IIEHHE OMpeAesieT MMUHUMAJIbHOE IEepeMEelIeHHe, KOTOPOe CIOocOoOeH MOYYBCTBOBAaTh KOHTPOJUIEP MbIIIH. Yem
Oosble pa3pellieHre, TeM TOYHee MO3ULUOHUPYETCS MBIIIb, TeM ¢ 0ojiee MEIKMMH OOBEKTaMH MOKHO paboTaTh.
HopwmanbHoe paspemienne Mplimu Jexut B guanazone ot 300 go 900 dpi. B ycoBepiieHCTBOBaHHBIX MBbIIIAaX UC-
MOJIB3YIOT NMEepPEeMEHHBIN OamucTHueckuil 3h(HeKkT CKopocTH, 3aKIIOYAIOIIMNICA B TOM, YTO NMPH HEOOJIBIIUX Mepe-
MEIIEHUSIX CKOPOCTh CMEIEHUSI Kypcopa — HeOOoJIbIlasl, a MPU 3HAUYNUTENbHBIX IEPEMEIICHUSIX — CYIIIECTBEHHO yBe-
JMYUBaeTca. JTo Mo3BoiisieT 3P dexTrBHEE paboTaTh B TpaQMUECKUX MakeTax, IJe MPUXOAUTCs 00pabaThiBaTh MeJ-
KM€ JIeTalu.

I[To npunIMy nepenaun nHGOPMALUU MBIIIN AETSATCS Ha!

— ITlocneoosamenvnuie (Serinl Mouse), moaxiatogaeMble K nocienoBaTesnibHoMy nopty COM;

— Ilapannenvuvie (Bus Mouse), HCIONB3YyIOIINE CUCTEMHYIO MUHY. Bus Mouse moakio4yaercss K crenu-
QJIIbHOM KapTe paclliMpeHUsl, BXOSAIIEH B KOMIIJIEKT OCTaBKH MBIIIIH.

IMapaiyenbHble MBIIIM TPEANOYTUTENIEHEE B TEX CHUCTEMAX, I7Ieé K KOMIBIOTEPY TpeOyeTcs: MOIKIIOUUTh
MHOT0 NepUPepuiHbIX YCTPOICTB, 0COOCHHO 3aHMMAIOIIMX MOCIEA0BaTEIbHbIE OPTHI, U IJe KOMIBIOTEP MOJBEP-
’KEeH KOH(IIMKTaM NpepbiBaHui nepudepuitHpix ycrpoiicts (Bus Mouse He nCHOb3yeT NpepbIBaHus).

CymiecTByeT HECKOJIBKO CTaHIapTOB MOCJed0BATEeJbHbIX MbIlel. CaMbIM pacpOCTPaHEHHBIM SIBIISIETCS
cranzapT MS—Mouse. AnbTepHAaTUBHBIMU CTaHAapTaMu sBistoTcs PC—Mouse, ncnosb3yeMblil 411 TPEXKHOMOY-
HBIX MbIIed ¢pupmbl Genius, U peako ucnoiabdyembiit PS/2. MS—Mouse u coBmectumbie ¢ Heit PC—Mouse ans pa-
00TBI TpeOyIOT YCTAaHOBKH COOTBETCTBYIOIIUX JApaiiBepoB. BOIBIIMHCTBO MPOrpaMMHOro oOecTieueHus AJisl IIepco-
HaJbHBIX KOMITBIOTEPOB OpueHTHpOoBaHO HAa MS—Mouse. Ctannapt PS/2 He TpeOyeT nmoakitoueHust 1paiiBepoB.

K 0CHOBHBIM TEHIEHLUSAM pa3BUTHSI COBPEMEHHBIX MBIIIEH MOXHO OTHECTH IOCTENIEHHBINA MEPEX0]] Ha IIH-
Hy USB, a Taxke noucku B 001acT 3prOHOMHYECKUX yCOBepIIeHCTBOBaHUN. K HUM MOXHO oTHecTu OecrpoBoO/I-
Hele (Cordless) My, padoTaronye B paguio— Wi UH(PaKpacCHOM JAMana3oHe BOJH, a TAKXKE MBIIIHN C JOMOJIHU-
TeJbHBIMU KHONKaMu. Hanbosee yauHbIMU PELICHUSAMU SIBISIOTCS HAJMYME MEXAY JBYyMs CTaHIApPTHBIMU KHOII-
kamu koJjiecuka (mbimb Microsoft IntelliMouse) wim kauaromeiics cpenneit kHonku (Mbeimm Genius NetMouse
NetMouse Pro), koTopble HCTIONB3YIOTCS sl OBICTPOIA TPOKPYTKU AoKyMeHTa mog Windows 95/98/NT.

K nambosee W3BECTHBIM MPOU3BOAUTENSIM MBIl oTHOcsATcs kommanuu Genius, Logitech, Microsoft,
Mitsumi u ap.
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Hxoucmuku

JUKOMCTHK SBISIETCS KOOPIMHATHBIM YCTPOMCTBOM BBOAA MH(POPMALMU U HanboJiee 4acTo MPUMEHSETCS B
00J1aCcTH KOMITBIOTEPHBIX UT'P U KOMIBIOTEPHBIX TPEHAKEPOB.
JI>koHCTHKY OBIBAIOT:

— Amnanorosbie (0OBIYHO UCIIOJIB3YIOTCS B KOMITBIOTEPHBIX TPEHAKEPax);

— Uudpossie (B UTPOBBIX KOMIBIOTEPAX).

AHasoroBble JHKOMCTUKU O0eCcreunBaloT 0oJjiee TOYHOE yHpaBIE€HUE, YTO OUYE€Hb BAXKHO ISl MPOTPAMMHBIX
NPUIIOKEHUH, B KOTOPBIX OOBEKTHI JOKHBI TOYHO MO3UIMOHHMpOBaThCsA. i ynoOcTBa pabOThl KOHCTPYKLUS
JOUKOMCTHKA JOJKHA OBITh JOCTAaTOYHO MPOYHOH M YCTOWYMBOM. J[PKOMCTHK MOAKIIOYAIOT K BHEIIHEMY pa3beMy
KapThl paCIIUPEHUS, UMEIOIEH COOTBETCTBYIOLIUHI TIOPT.

Jnst Toro 4toOBbl MOAKIIOYHTH JHKOMCTHK K KOMIIBIOTEPY, HY)XEH WTrpoBod mopT. UrpoBoii mopTt (ujm
ajganrTep) MOXET ObITh PACIIONOKEH HA IUIATE ACHHXPOHHOIO MOCJIEI0BAaTEILHOTO aJjalTepa, Ha IU1aTe MyJIbTUIIOP-
Ta WIK Ha OTJENbHOM miate. IHOT1a UTPOBOM MOPT MOXKET OBITh PACIHOJIO0KEH U Ha CUCTEMHOM IIaTe KOMIIbIOTEPA.

JIKOMCTHK TOAKITIOYAeTCs] K KOMIBIOTEPY Yepe3 UrpoBoi mopT. K ogHOMY UTpOBOMY MOPTY MOXKET OBITH
MOAKJIIOYEHO J1Ba JKoicTHKa. [Ipouienypa nmoakiroueHus JHKOMCTHKA BecbMa MpocTa. Bce yTo Hy»HO — 3TO BCTa-
BUTh pa3beM Ha KOHIIE LIHypa JKOMCTHKA B pa3beM HUIPOBOIO MOpTa. DTOT pa3beM BHEIIHE HAIOMUHAET Pa3beM
MIOCJIEI0BATEIBLHOIO TOPTA, HO UMEET 15 BBIBO/IOB.

Pabora ¢ mxoicTHKOM He TpeOyeT MOAKIIIOUEHUS JOMOIHUTEIBHOro ApaiiBepa. JlocTaTOYHO HACTPOUTH Ba-
Iy UTPOBYIO MPOrPaMMy Ha €ro HCIOJIb30BaHHE. 3aMETUM, UTO JAJIEKO HE BCE UTPHI MOTYT paboTaTh C JKOICTH-
KoM. OOBIYHO 3TO AMYJISITOPHI ITOJIETa HA CAMOJIETaX, BEPTOJIETaX U KOCMUYECKHX KOpaOIsX.

Tpek6on

Tpeko6oa (Trackball) — 3to ycrpoiicTBo BBOAa MH(DOPMALIHN, KOTOPOE MOKHO MPEJCTABUTH B BUIC Iepe-
BEPHYTOH MBIIIN € HIAPUKOM 00JbI1I0Oro pazmepa. IIpuHimn neicTBus U cnocob nepenayu JaHHBIX TpekOosa Takoi
ke, Kak ¥ MbImH. Hanbomnee 9acTo MCIONb3yeTcsl ONTHKO—MEXaHWUYECKHA TIPUHITAIT PETHCTPALUH TTOJIOKEHHS 11a-
puka. [TonkmodyeHne Tpex6oa, Kak IpaBuUio, OCYIIECTBIISIETCS Yepe3 Mocae0BaTebHbIN MOPT.

OCHOBHBIE OTJIMYHS OT MBIIIIH:

— CcTaOMJIBHOCTb MOJIOKEHHUS 3a CUET HEMOABMKHOTO KOPITyCa;

— He Hy’)KHa IUTOIIA/IKa JUIS ABWKEHHS, TaK KaK TO3UIUS KypcOpa PacCUUTHIBACTCS 110 BPAIICHHUIO IApHKA.

[TepBoe ycTpoiicTBO nMomoOHOro THma Oputo pazpaboraHo kommnanued Logitech. MuHHMaTIOpHBIE TPEKOOIIBI
MOJTYYHMITM CHadaJla MIMPOKoe pacrpocTpaHenne B mopraTuBHBIX [IK. BeTpoeHHBIE TPeKOOIBI MOTYT pacroiarathest
B CaMbIX Pa3JIMYHBIX MeCTax KopIyca HOyTOyKa, BHEIIHHE KpemsATCs CHelMalIbHBIM 3aKUMOM, a K UHTepdeicy
MOJIKITIOYat0TCsl KabeseM. bombimoro pacrnpoctpaneHusi B HOyTOyKax TpeKOOJbI He MONyYHIIA U3—3a CBOETO HEJ0-
CTaTKa MOCTENEHHOI0 3arpsi3HeHUs TOBEPXHOCTH IIapa M HAMpaBJIAIOLIMX POJIMKOB, KOTOphIE ObIBAET TPYAHO OUM-
CTUTh W, CIIEZIOBAaTEIbHO, BEPHYTHh TPEKOONYy OBUTYI0 TOYHOCTH. BrociencTBMM WX 3aMEHWIHM TadIajbl U TPeK-
MOWHTHI.

Taynad u mpeknouHm

TpexnoiinT (TrackPoint) — koopiuHaTHOE yCTPOHCTBO, BIEpPBBIE MOsBUBIIEECS B HOyTOyKax IBM, npen-
cTaByisieT co00i MMHMATIOPHBIM JHKOMCTHK C IIEPIIaBOM BEPIIMHOW quamMeTpoM 5—8 MM. TpeKmoHHT pacroyiokeH
Ha KJIaBUAaType MEXAY KJIaBUIIAMH U YIPABISAETCS HAKATUEM MTAJIbLIA.

Taunan (TouchPad) npeacrasnsier co0oi 4yBCTBUTENBHYIO KOHTAKTHYIO IUIONIAJIKY, IBI)KCHHE TAJIbIIA TIO
KOTOPOH BBI3BIBAET MepeMelIeHne Kypcopa. B nmonasistoniemM 60NbITMHCTBE COBPEMEHHBIX HOYTOYKOB IPUMEHSIET-
Csl IMEHHO 3TO yKa3aTeJIbHOE YCTPOMCTBO, HMEIOIEE HE CAMOE BBICOKOE pa3pelleHue, Ho o0agatoiiee caMmon Bbl-
COKOM HaJe)KHOCTBIO U3—3a OTCYTCTBHSI IBUKYILIUXCS YACTEH.

TouchPad mognepxuBaet cinemyrontue mpotokoibl: PS/2; RS-232; ADB — mpoTokoJ1, HCIIOIb3yeMbIH KOMITBIOTE-
pamu cemeiictBa Apple Macintosh.

B xaxmom u3 stux cimydaeB TouchPad momnmep:kuBaeT MHIYCTpPHAIBHBIA CTaHAAPT «mMOUSe» IUTIOC COO0-
CTBEHHBIE, crienuduyeckre, pacIMpeHHble MPOTOKOIbI. [loanepixkka «mouse» 03HAYaeT, YTO, MOJKIIOUYUB K KOM-
neroTepy TouchPad, BbI cpazy MokeTe UCIIOJIB30BaTh €€ KaK OOBIYHYIO «MBIIIKY», 0€3 HHCTAJUIAINKN €€ COOCTBEH-
Horo npaiiBepa. Ilocie 3Toro Bel HHCTAJUIMpPYETE ApaiiBep U MoyyaeTe el Habop JOMOTHUTEIBHBIX BO3MOXKHO-
cTel.
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Hanpaeiimm paszsutrem TouchPad ssisercs TouchWriter — manens TouchPad ¢ moBwiieHHO# 9yBCTBU-
TEJBHOCTBIO, OJJMHAKOBO XOPOLIO paboTaromias Kak ¢ MajableM, TaK M CO CHEIHaIbHON PYyYKOH U Jae ¢ HOTTEM.
OTta maHeNb MO3BOJISET BBOJUTH JIaHHBIC TIPUBBIYHBIM JIJISl UEJIOBEKa 00pa3oM — 3aluchiBas MX py4dkoil. Kpome Toro,
€e MO>KHO HCIIOJIb30BaTh JUIS CO3JaHus IpadUueCcKUX H300paKeHUH WK JJIs1 TIOIUCHIBAaHUS JOKyMEHTOB. JlJist sKe-
JAOIIUX THUCATh KUTAWCKAMHU HeporiudamMu, MOXHO ITOPEKOMEHJOBATh YCTAHOBUTh Ha KOMIIBIOTED IaKeT
QuickStroke, KOTOpPBIIl TO3BOJAUT BBOJUTH HEPOTIIM(BI, HEMOCPEACTBEHHO PUCYS MX Ha naHenu. [Ipuyem nporpam-
Ma, [0 Mepe BBOJIa, MPE/JIAracT rOTOBbIC BAPUAHTHI HEPOTITU(OB.

O06a >TH yCcTpoICTBa MPEANONATAI0T HAIMYUE ONPECIICHHON TPECHUPOBKH JIsl 0OpaIlleHus C HUMH, OJTHAKO
10 HA/IKHOCTH U MaJIorabapUTHOCTH OCTAIOTCSI BHE KOHKYPCHITUH.

Cpedcmea duasioza Onsi cucmem supmyarsibHoOU peaslbHOCMU

B cuctemax BUpTyanbHOH peaslbHOCTH, B OTIMUYUE OT OOBIYHBIX MPUIIOKEHUI KOMITBIOTEPHOM rpaduku, Kak
MPaBUJIO, TPeOYETCsl BBIBOA M BBOJI TPEXMEPHOU KOOPAMHATHON MH(pOpPMAIMHU, KaK JJIS yIIPABJICHUS OJI0KCHUIMHI
CHUHTE3UPYEMbIX OOBEKTOB, TaK U Ul OIpEeJesIeHUs] KOOPAWHAT YacTel Teja oreparopa U HalpaBJiIeHUs €ro B3IJIs-
aa.

Cueiic6o.1. OnHUM U3 MIEPBBIX MOSBUIIOCH YCTPOMCTBO crieiicbon (space ball), mpencrasmistomniee codboit KOH-
CTPYKTUBHOE OOBCIMHEHHE MBIIIKH M HEOOJBIIOro TpekOojaa. MEIIIKa MepeMeaeTcsi onepaTopoM o CTOIy U
obecrieyrBaeT BBOJ JBYX KoopAMHAT. BBo TpeTheil koopAuHaThl oOecrieunBaeTcs BpallleHUEM Iapuka TpekOoia
OOJIBIINM MABLEM PYKH.

JUis MaHUITyTUpOBaHUs 00BEKTaMU B TPEXMEPHOM IPOCTPAHCTBE YACTO UCIOJIb3YETCS TEXHUKA BUPTYyallb-
HOM cdephl. YTpaBiseMblid 00BEKT OKpYyxkaeTcsi (BooOpaxaeMoit) cdepoii. s mepemenienus cepbl HCIOTb3YETCs
MBIIIIb, & BpalleHue cepsl U 3aKII0UEHHOTI0 B Hee 00beKTa 00ecreurBaeTcs BpallleHueM 1apuKa Tpekooa.

Head Mounted Display. B cucremax BUpTyalibHO# peabHOCTH UCIIOIB3YIOTCSl YCTPONUCTBA BBIBO/IA B BUJIC
MOHTHpYeMbIX Ha ronoBe aucruieeB (Head Mounted Display — HMD) ¢ GMHOKYJISIpHBIM BCEHAIIPaBICHHBIM MOHU-
topoM (Binocular Omni—Orientation Monitor — BOOM) co cpencTBaMu oTciekuBaHuUs mojioxenus ronossl (head
tracking) u naxke oTcieXMBaHUEM IOJIOKEHUS Tias3a (eye tracking). DT1o TpeOyetcs st coznanus 3ddekra «imo-
TPY>KEHHS» CO CTEPEOCKOMUYECKUM M300paKEHHEM M ONEPATUBHBIM M3MEHEHHEM CIICHBI TPH TTOBOPOTaX T'OJIOBHI
W/WIN T7a3.

Ucnonszyembie B HMD sxuakokpucTamindyeckue AUCIUIE 0OBIYHO HEBBICOKOTO paszpemieHus (mo 417x277
nukcenoB). CpaBaurte 310 ¢ 1280%1024 1 1600%1200 1711 HACTOIBHBIX CUCTEM WM C pa3pelieHHEeM MOHUTOPOM
it TeneBuaeHus: Beicokor yetkoctu (TBBY) — 1920x1035 u 1920x1135. [TosTomMy BeayTCst HHTEHCHUBHBIE HCCIIE-
JIOBaHUS IO CO3/IaHUIO CPEJCTB OTOOpaKEHUs Ul CUCTEM BUPTYaJIbHOM pealbHOCTH, 00Ja/Ial0IUX BHICOKUM pa3-
peleHreM TpU TPUEMIIEMBIX 3HAYEHUSX DJIEKTPOMArHUTHBIX HaBOAOK. O/HA M3 TaKUX CHUCTEM, HCIOJB3YIOIINX
MUHHATIOPHBIE MOHOXPOMHBIE MPELU3UOHHBIE YJIEKTPOHHbBIE TPYOKH U >KUIAKOKPUCTAJUINYECKHE 3aTBOPHI, oOecIe-
yuBaeT pazpemienne 10 2000x2000. MaTepecHoe pelieHne 3aKkiovaeTcsi B OPMUPOBAHUN U300PAKEHUS JTa3€pOM
HEMOCPEJCTBEHHO Ha CETYaTKEe, HO TU MPEJIOKEHHs ITOKa JAJIEKU 0T KOMMEPUECKOM pean3aiui.

OTcnexxnBaHue TIOJI0KEHUS TOJIOBBI 00ECTIEYMBAETCS TMO0 MEXaHMUYECKUMH PHIYaKHBIMH CHCTEMaMH, JTHO0
KOMILIEKTOM MH(PAKPACHBIX WM SJIEKTPOMArHUTHBIX 1aTYUKOB.

Power Glove, Date Glove, Date Suit. HemocpeacTBeHHBIH BBOJ T€OMETPHUECKONW HH(DOPMAIHH O TOJIOXKE-
HUM YacTel Teja ¢ MOANEPKKOM TaKTUIBHOM M 1aXke CUIIOBOI 0OpaTHOM CBs3M 0OecreunBaeTcs nepyaTkaMu U Ko-
CTIOMaMH JIaHHBIX.

JlemeBas nepyatka nanHeix — Power Glove, ucnonb3yemas Uist UTp, oOecIeurBaeT TOJIBKO YEThIpe YPOBHS
TaHHBIX.

B Gonee ycoBepuieHcTBOBaHHOM nepuatke AaHHbIX Date Glove ¢upmer VPL (cM. puc.) it onpeneneHus
YTJI0B CTHOAHWMsI TTAJIBIIEB HCITONB3YIOTCS ONTHYECKUE BOJOKHA. J[J1s1 oOecrieueHnst TaKTHIIbHOW 00paTHOM CBSI3H HC-
MOJIB3YIOTCS THEBMATUYECKHE aKTUBATOPBI.

bbutn skcneprMeHThl oOecrieueHus! TAKTUIIBHON 00paTHOM CBsI3U 3a cUeT BUOpPALUK TbE30KPHCTAIIIOB.

Bonee TouHbIi BBOJ KOOpAMHATHON MH(OpMAIUK 00ECIIeYnBalOT CUCTEMBI C HCIOJIb30BAaHUEM MEXaHHYe-
CKOTO phlYakHOTo 3k30ckenera pyku (Exos Dexterous Handmaster) u gatumkamu yriioB crubaHus najibleB Ha Oc-
HoBe 3 dexra Xomta. CUCTEMBI C IK30CKETIETOM MO3BOJIIIOT 00ECTICYUTh U CUIIOBYIO OOPATHYIO CBS3b.

bonee mpocToit mpubop, MCIONIB3YIONINI CHIIOBYIO OOpaTHYIO CBsI3b, ObLI pa3paboTtan ¢upmoit Digital u
IpeJCTaBIsieT coO00M PYKOATKY, MOT0OHYIO PYKOSTKE T'a3a B MOTOIMKIIE, KOTOPast MOKET MEHATh CBOE CONIPOTHUBIIC-
HUE CKPYUYUBAHHUIO.

[Ipobnema B obecnieueHNH TaKTHIBHON U CUJIOBOM OOpaTHON CBS3M COCTOUT B TOM, YTO IOJIH30BATENb pea-
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THPYeT Ha BO3JACHCTBHSI M BHOCHT M3MEHEHHs OBICTpPEE, YeM CHCTEMa CMOXKET cpearupoBaTh. J[jis xoporiero omry-
IIeHns] 00BEKTa CHCTeMa TaKTHIILHOW 00paTHOM CBsI3u OJDKHA obecrieunBaTh ckopocTh mopsiaka 100—300 I, uro
MOYTH HA TOPSIOK BBIIIE OOBIYHON CKOPOCTH MEPe3anicy BU3yaIbHONH HH(POPMAIIHH.

IMumxak nanaeix (Date Suit) mo mpuHIUIamM paboTel O100€H MepYaTKe JaHHBIX U OTIHYAETCS TOJBKO KO-
JIMYECTBOM JIATYUKOB.

WoTpoHCTRG

TAKTHALHOE
_ obparioii
CRATH

Haramen waruba

Chnrroscalien

Hanpagissume g

Jlarumg wbco- |
JIKFTHOM THIH- JlEramg
LEE M OPHCH- OTRERCHIA
[TAUHH

Hrrrepieiic-
HE rTLes

Puc. Ilepuamka oannvix ¢pupmor VPL

TEMA Ne 3. NPEOCTABNEHUE T’PAOUYECKUX AAHHBIX

®opmartsl rpaduueckux ¢aitnos. [Tonsrue nBera. 3puUTeNbHBIN anmapaT YeaoBeKa, JJs BOCHPUSATHS LBETA.
ANIUTHUBHBIE M CyOTpaKTUBHBIE I[BETa B KOMIIbIOTepHOU rpaduke. [loHATHE 1IBETOBOI MoJenu U pexxuma. 3aKoH
I'paccmana. IlukcenpHas riyOuHa 1iBeta. YepHo—0Oembiit peskuM. [1omyToOHOBBINA pexxuM. BHIbl 1IBETOBBIX Mojieneit
(RGB, CMYK, HSB, Lab), ux noctouncrsa u Henoctatku. KogupoBanue 1sera.

Popmambl epaghuyeckux ¢pausios

B xoMmmbroTepHO# rpaduke NpUMEHSIOT, 0 MEHbIIEH Mepe, Tpu AecaTka ¢popMaToB (aiioB s XpaHEHUS
n3o0pakeHuii. Ho nmumis 4acTh M3 HUX TMPUMEHSETCS B IMOJABISIONIEM OOJBIIMHCTBE Mporpamm. Kak mpaBuio,
HECOBMECTHUMbIE (hopMaThl UMEIOT (Paifibl pacCTPOBBIX, BEKTOPHBIX, TPEXMEPHBIX M300paKEHUH, XOTS CYIIECTBYIOT
(dbopMartbl, TO3BOJISIONINE XPAHUTH JAaHHBIE Pa3HBIX KjIaccoB. MHOTHE NPUIOKECHUST OPHEHTUPOBAHBI Ha COOCTBEH-
HBIE «crieruduueckue» GopmaTsl, HepeHoC UX (ailioB B Jpyrue MporpaMMbl BBIHYKIA€T UCIIOJIb30BaTh CIIEHUAIb-
HbIE (GUIBTPHI WM SKCIIOPTUPOBATH U300PKEHUS B «CTAHIAPTHBIN» (hopmart.
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TIFF (Tagged Image File Format). ®opmaT mpeaHa3sHaueH Ui XpaHEHHUS PACTPOBBIX H300pakeHHUil BBICO-
Koro kadectBa (pacmmpenue umenu ¢aina .TIF). Ha ceronHsmauii 1eHb SIBISIETCS OJHUM H3 CaMbIX PacrpocTpa-
HEHHBIX U HAJIeKHBIX, €r0 MOJACPKHUBAIOT MpakTHuecku Bce nporpammbl. TIFF sBisercs nydimuM BeIOOpOM IpH
UMIIOPTE pacTpoBOil rpa)MKy B BEKTOPHBIC MPOTPAaMMBbl U M3/aTENbCKUE CUCTeMBI. llpeaycmaTrpuBaer mupoKuit
JIMaIa3oH IBETOBOI'O OXBaTa — OT MOHOXPOMHOTI0 4yepHO—Oenoro 10 moaenu CMYK.

PSD (PhotoShop Document). CoGctBennblit ¢popmat nporpammbl Adobe Photoshop (pacmmpenune nmenn
¢aiina .PSD), onuH u3 HamboJee MOITHBIX MO BO3MOXKHOCTSIM XPaHEHHS PacTpoBOW rpaduueckor MHGOpMAITIH.
[To3BosIsieT 3alIOMUHATh TApaMETPhI CJI0EB, KaHAJIOB, CTENIEHU MPO3pauHOCTH, MHOXeCTBa Macok. [loanepxuBaroT-
csl 48—pa3psanHoe KOAUPOBAHKE 1[BETA, [[BETOICIICHUE U Pa3InYHbIe IBETOBbIE MOed. OCHOBHOM HEIOCTATOK BbI-
paXeH B TOM, YTO OTCYTCTBUE A(PPEKTUBHOTO AITOPUTMA CXKATHSA MHPOPMAIUU MPUBOAUT K OONBIIOMY 00BEMY
(haiinos.

PCX. ®opmat nosiBusics kak ¢popmar XpaHeHHs pacTpoBbIX JaHHBIX nporpammbsl PC PaintBrush ¢upmsr Z—
Soft u sBeTCS OTHUM M3 HanboJiee paclpoCTpaHeHHBIX (pacmupenue nMenu ¢aina .PCX). OTcyTcTBHE BO3MOXK-
HOCTH XPaHHUTh IBETO/ICIICHHBIC H300paKEeHNUsI, HETOCTATOYHOCTh [IBETOBBIX MOJICJICH M APYrUe OrpaHUYEHUS MPH-
BEJIHM K yTpaTe MomyasipHOCTH Gopmarta. B HacTosiiee Bpems cuuTaeTcs ycTapeBIInM.

JPEG (Joint Photographic Experts Group). ®opmat npenHa3sHa4deH AJsl XpaHSHHsT PaCTPOBBIX H300pake-
Hull (pacmmpenue umenu (aiina .JPG). [To3BosseT perynupoBaTh COOTHOIICHUE MEXK/TY CTETICHbIO CxKaTus ¢aiiina u
KayecTBOM H300paxeHus. [IpuMeHsieMble METOABI C)KaTUsl OCHOBAHBI HAa YIAJICHUH «U30BITOYHON» HH(MOpMAIIHH,
no3ToMy (hopMaT peKOMEHIYIOT HCIIOIb30BATh TOJIBKO LIS AIEKTPOHHBIX MyOIUKALIUN.

®opwmar ¢aiina JPEG (O0beaunenHast skcriepTHas rpyma 1o ¢pororpaduu, Ipou3HOCUTCS “mKeiner’”) Obut
paspaboran komnanueit C—Cube Microsystems kak 3G peKTHBHBIH METO XpaHCHUS U300paKEHHIA ¢ OOJIBIION TITy-
OWHOI 1IBeTa, HAIPUMEp, MOTyYaeMbIX MPH CKaHHUPOBaHWUU (poTorpaduii ¢ MHOTOUYHCICHHBIMH €]1Ba yJIOBHMBIMH
orrenkamu 1BeTa. Camoe 6onbinoe otnuune ¢popmata JPEG ot npyrux ¢popmatoB coctout B ToM, 4to B JPEG uc-
MOJIB3YETCSl AJITOPUTM CHKATHsI C IOTEPSIMU HH(OPMAIMH. AJITOPUTM CKaTUsl 03 MOTeph TaK COXpaHseT HHPpopMa-
10 00 M300pakeHUH, YTO PaclakOBaHHOE M300pa’keHHE B TOUHOCTH COOTBETCTBYET opurunainy. [Ipu cxxatuu c
MOTEPSIMU TIPUHOCUTCS B XKEPTBY 4acTh HHPOpMAUU 00 N300paxeHUH, 4TOObI JOCTUYb OOJBIIET0 KO3PPUIUEHTA
cxatus. PacnakoBanHoe uzoOpaxkenne JPEG penko coOTBETCTBYET OpUTHHATY a0COIIOTHO TOYHO, HO OU€Hb 4acTo
9TH pa3INyuUsl CTOJIb HE3HAUUTEIbHBL, YTO UX €7Ba MOXKHO OOHAPYKHUTh.

ITponecc cxatus uzobpaxenus JPEG noctaToyHo Cl0KeH M 4acTo JAJsl TOCTUKEHUS MpUEeMIIEMON MPOM3-
BOAMTEIBLHOCTU TpeOyeT crennaabHON anmnaparypbsl. BHauane n3obpaxenue pa3OuBaercs Ha KBaJpaTHbIe OJIOKH CO
CTOPOHOH pa3MepoM 8 MHUKCENOB. 3aTeM NMPOU3BOAUTCS CHKAaTUE KaKIO0ro OJ0Ka OTJENBHO 3a TPH 1lara.

Koadpdunuent apxupauuu B JPEG moxer usmenstecs B npezenax ot 2 1o 200 pas. llupokoe npumeHneHne
JPEG caepxuBaercsi TeM, YTO OH onepupyeT 24—OuTHBIMU H300pakeHUssMH. [loaTOoMy A TOro, 4TOOBI C IpUEM-
JIEMBIM KaueCTBOM ITOCMOTPETh KapTUHKY Ha OOBIYHOM MOHHUTOpPE B 256—11BETHON ManuTpe, TpedyeTcsi NpuMEHEeHUe
COOTBETCTBYIOIUX AJITOPUTMOB M, CJIEI0OBATEIIBHO, ONpeAelieHHOe BpeMmsa. Kpome Toro, eciau MMeromuecs y Bac
n3o0paxenus, nonyctum, B 8—outHom popmare GIF nepesectu B 24—6utHsbiil JPEG, a motom ob6parao B GIF mis
IIPOCMOTpA, TO MOTEPs KauecTBa MPOU30IIeT ABaX bl TPU 000X MPeoOpazOBaHUSIX.

GIF (Graphics Interchange Format). CranmaptusupoBan B 1987 rogy Kak CpeiCcTBO XpaHEHHS CYKAThIX
n300paxeHuit ¢ GpukcupoBaHHBIM (256) KommuecTBOM 1BeTOB (pacmmpenue umenn Qaiina .GIF). [Tomyuun momy-
nsipHOCTh B IHTepHETE Oaronapst BEICOKO# creneHn ckatus. [locnennsis Bepcus popmara GIF89a mosBossier BbI-
MOJTHATh YEPECCTPOUHYIO 3arpy3Ky M300pa’keHMH M co37aBaTh PUCYHKH C MpO3padyHbIM (poHOM. OrpaHHueHHbIE
BO3MO>XHOCTH IO KOJIMYECTBY IIBETOB 00YCIIOBIMBAIOT €r0 MPUMEHEHNE UCKITIOYUTENLHO B AIEKTPOHHBIX MyOIMKa-
[USX.

PNG (Portable Network Graphics). CpaBuurtensHo HOBBIH (1995 roa) dhopmar xpaHeHHs W300paKeHUit
s ux myonaukanuu B MaTepHere (pacmupenue umenu ¢aina .PNG). [lognepkuBatoTcst Tp THIA H300paKeHUH —
LBETHbIE C MIyOMHON § nim 24 Ourta u yepHo—Oenoe ¢ rpaganueit 256 orTeHKOB ceporo. Cxxartve MHPOpMAIUH
MIPOUCXOJIUT MPAKTUUYECKH 0€3 TOTEPh, MPeTyCMOTpeHbI 254 ypoBHS anb(a—KaHana, YyepecCTpoYHast pa3BepTKa.

WMF (Windows MetaFile). ®opmar xpaHeHHs BEKTOPHBIX H300paKEHUI OINEPAMOHHON CHCTEMBI
Windows (pacmmpenue umenu gaitna .WMF). Ilo onpeneneHuto moajiepXKUBaeTCsi BCEMU MPUIIOKEHUSIMH ITON
cucreMbl. OIHAKO OTCYTCTBUE CPEACTB Ul pabOThl CO CTAaHAAPTU3MPOBAHHBIMU I[BETOBBIMU MAJIUTPAMHU, TPUHS-
THIMH B nonurpaduu, u Ipyrue HeloCTaTKu orpaHuuuBaiot ero npuMeHnenue (WMF nckakaeT 1BeT, HE MOXKET CO-
XPaHATh PsiJi HapaMeTPOB, KOTOPbIE MOTYT OBITh IPHUCBOCHBI 00BbEKTAM B Pa3IMYHBIX BEKTOPHBIX PEAAKTOPAX).

EPS (Encapsulated PostScript). ®opmar omucanus Kak BEKTOPHBIX, TaK M PACTPOBBIX M300pa)KEeHUI Ha
sa3bpike PostScript ¢upmer Adobe, ¢daktuueckom ctaHgapTe B 00JIACTH JONEUYaTHBIX MPOIECCOB U MOJUTpaduu
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(pacuupenue umenu ¢aiina .EPS). Tak xak s3b1k PostScript siBisieTcss yHuBepcalbHbBIM, B (haiijie MOTYT OJTHOBpE-
MEHHO XPaHUTbCS BEKTOPHAsl U pacTpoBas rpaduka, mpuThl, KOHTYPbI 00TpaBKH (MacKu), MapaMmeTpbl KaauOpoB-
K1 00OpyI0BaHus, 1BeToBbIe mpoduian. s oToOpakeHUss Ha dKpaHe BEKTOPHOTO COACPKUMOTO HCIOJIb3YeTCs
dopmar WMF, a pactpoBoro — TIFF. Ho skpannas xonus nauimb B 0OIIMX yepTax 0TOOpaskaeT peaabHOe M300pa-
’KCHHUE, YTO SIBIIICTCSI CYIIECTBEHHBIM HenmoctaTkoMm EPS. JleficTBuTensHOE N300paskeHUEe MOKHO YBHIIETh JIUIIH HA
BBIXOJIC BBIBOJIHOTO YCTPOWCTBA, C MOMOIIBIO CHEHUATBHBIX MPOTpaMM MPOCMOTpa MM TOCie IpeoOpa3oBaHUs
¢aiina B hopmat PDF B npunoxxenusix Acrobat Reader, Acrobat Exchange.

PDF (Portable Document Format). ®opmart omnucanusi JTOKYMEHTOB, pa3paboraHHbii (pupmoit Adobe
(pacmupenue umenu ¢aiina .PDF). XoTs 3ToT popMaT B OCHOBHOM NpeIHA3HAYECH Il XpPaHCHUs JJOKYMEHTA IIeIH-
KOM, €ro BIICUATJIIOIINE BO3MOXHOCTH IO3BOJIIIOT oOecneunTh d()PEKTUBHOE MPEACTABICHUE H300paKCHHIA.
dopmar sBIISETCS anmapaTHO—HE3aBUCHMBM, TIOATOMY BBIBOJ M300paKCHUH JOMYCTHM Ha JIFOOBIX YCTPOWCTBAX —
OT HKpaHa MOHUTOPA 110 (POTOIKCIOHUPYIOLIETO YCTPOHCTBA. MOIIHBIN alrOPUTM CHKATHsI CO CPEACTBAMU YyIIpaBlie-
HUSI UTOTOBBIM pa3pelieHueM N300pakeHUs] 00eCIeunBaeT KOMIAKTHOCTh (DaiJIoB MPH BBICOKOM KauyeCTBE MILTIO-
CTpauui.

BMP (Windows Device Independent Bitmap). ®opmar BMP siBisercst poaubiM ¢popmarom Windows, oH
MOJIICP>)KUBACTCSI BCEMU TpapUUECKUMH pPEIaKTOpaMH, pabOTAONMMK IO/ ee yrpaBieHueM. llpumensiercss amns
XpaHECHHUS PACTPOBBIX U300PAKCHHIA, IPEIHA3HAYCHHBIX JJIs1 UCTIOIBb30BaHus B Windows H, 1o cyTH, OOJIbIlIe HU HA
410 HE npurojieH. CrnocoOeH XpaHUTh Kak MHAEKCUPOBaHHBIN (10 256 1BeToB), Tak 1 RGB—11BeT.

CDR (CorelDRAW Document). ®opMmar U3BECTEH B MPOILIOM HU3KOH YCTOWYMBOCTBIO U IJIOXOW COBME-
CTHMOCTBIO (DaiiyIoB, TeM HE MeHee, moab30BaThcsi CorelDRAW upesBbryaitHo y100HO.

ITonsiTHe LIBETA M €ro XapaKTepPUCTHKH

MpbI cMOTpUM Ha MPEAMETHI U, XapaKTepu3ysl X, TOBOPUM MPUMEPHO CIEAyIolee: OH OOJbIION, MATKHA,
cBetao—ronyboro nsera. Ilpu onucannu yero—aubo B OOJBIIMHCTBE CIIydaeB YIIOMUHAETCS LIBET, TaK KaK OH HECET
OrpoMHO€ KoinuecTBO nHpopmanuu. Ha camom gene teno He UMeeT orpeneiaeHHoro 1Beta. CaMo MoHsATHE LIBETa
TECHO CBS3aHO C T€M, KaK 4eJIOBEK (YeJIOBEUECKUI B3IJIsA]) BOCIIPUHUMAET CBET; MOXHO CKa3aTh, YTO I[BET 3apOxK-
JiaeTcs B IJIasy.

LIBeT — upe3BbIUAliHO ClIOKHAS TpoOIeMa, Kak Juisl PU3NKH, Tak U 1Js (PU3HOJIOTHH, T.K. OH UMEET KakK ICH-
X0(U3NOJIOTHYECKYI0, TaK U (pru3nyeckyro npupony. Bocnpustue nsera 3aBUCHT OT (pU3MUECKUX CBOICTB CBeETa, T.
€. DJIEKTPOMAarHUTHOW 3HEPTUH, OT €ro B3aUMOJECHCTBHS ¢ (PU3NUECKHMHU BEIIECTBAMH, a TAK)KE OT UX MHTEpIIpeTa-
MU 3pUTEIIBHON CUCTEMOM YenoBeKa. J[pyruMu cia0BaMy, IBET MIPEAMETA 3aBUCUT HE TOJIBKO OT CaMOro MpEAMETa,
HO TaKX€ M OT UCTOYHUKA CBETA, OCBEILAIOIIET0 MPEIMET, U OT CUCTEMBI YeJI0BEYECKOro BuaeHus. bonee Toro, on-
HU MIPEIMEThI OTPaXKaroT CBET (J0cKa, Oymara), a Jpyrue ero nmpomyckaror (cTekio, Boja). Eciu moBepxHoCTh, KO-
TOpast OTPA’KAET TOJIBKO CUHUMN CBET, OCBEIAETCSl KPAaCHBIM CBETOM, OHa OYJeT Ka3aTbcs YepHOU. AHAIOIMYHO, ec-
JIM UCTOYHUK 3€JIEHOTO CBETA pacCMAaTPUBAaTh YEPE3 CTEKIIO, NMPOITYCKAOIIEE TOJBKO KPACHBIM CBET, OH TOXE IOKa-
KETCSI YEPHBIM.

CaMBbIM IIPOCTHIM SIBJISIETCS AXPOMATHUYECKHUIl 1[BET, T.€. TAaKOW, KaKoil Mbl BUJAMM Ha HKpaHe 4YepHO—Oenoro
teneBu3opa. [Ipu 3TomM OenbiMH BBITIAIAT 00BEKTHI, aXpoMaTHUeCcKH oTpaxkatouue 6oiee 80% cera 6emoro uc-
TOYHUKA, & YepHbIMU — MeHee 3%. EquHcTBeHHBIM aTpuOyTOM Takoro IBeTa SIBJISIETCS MHTEHCUBHOCTD WJIM KOJIH-
4yecTBO. C HHTEHCHUBHOCTBIO MOYKHO COIOCTABUTH CKAJIIPHYIO BEJIMUYHMHY, OIlpesiessas uepHoe, Kak 0, a 6enoe kax 1.

Ecnn BocrippuHMMaeMblii CBET COJEPKUT JUIMHBI BOJH B IIPOM3BOJIBHBIX HEPABHBIX KOJIMYECTBAX, TO OH
Ha3bIBAETCSI XPOMATHYECKHM.

[Ipu cyOBEKTHBHOM OINMCAaHUM TAKOTO ILIBETa OOBIYHO HMCIOJIB3YIOT TPHU BEJIMUYMHBI: I[BETOBOM TOH, HACHI-
IEHHOCTh M CBETJIOTA. [[BETOBOM TOH MO3BOJISIET pa3inyaTrh IBETA, TAKUE KaK KPACHBIM, 3€JICHBIH, )KEJITHIA U T.1I.
(3TO OCHOBHasl 1IBeTOBas XapakTepucThka). HachbllEHHOCTHh XapaKTepU3yeT YHUCTOTY, T.€. CTENEHb OCIa0JIeHUs
(pa36aByieHus, OCBETICHHUS) JAHHOTO IBETA OEJIBIM CBETOM, W MO3BOJISIET OTJIMYATh PO3OBBIM IBET OT KPAacHOTO,
U3YMPYIHBIA OT SIPKO—3€JIE€HOr0 U T. 1. J[pyruMu cioBaMH, IO HACBIIIEHHOCTH CYJST O TOM, HACKOJIBKO MATKHM
WM pe3KUM KakeTcs 1BeT. CBeT/IoTa oTpakaeT IpecTaBieHre 00 HHTEHCUBHOCTH, Kak 0 (pakTope, He 3aBUCSIIEM
OT IIBETOBOT'0 TOHA M HACBIIIEHHOCTH (MHTEHCUBHOCTD (MOIIIHOCTD) IIBETA).

OOBIYHO BCTpEUarOTCs HE YUCThIE MOHOXPOMAaTUYECKHE LBETa, a UX CMECH. B OCHOBE TPEXKOMIOHEHTHOM
TEOPHUH CBETA JICKUT MPEANOJIOKEHUE O TOM, YTO B LIEHTPAJIBHON YaCTU CETYATKH IJ1a3a HAXOAATCA TPU THIIA YyB-
CTBHUTEJBHBIX K IBETYy KoyiOo4ek. [lepBblii BOCIIpUHUMAET 3€JCHBIN I[BET, BTOPOM — KPAaCHBIN, a TPETHUI — CUHUHN
1BeT. OTHOCHUTEINBbHASL YyBCTBUTENBHOCTD TJ1a3a MAaKCUMaJIbHA JJI 3€JIEHOTO LIBETA 1 MUHUMAaJbHA JUIsl cuHero. Ec-
JIM Ha BCE TPH THIIA KOJIOOYEK BO3ACHUCTBYET OJIMHAKOBBIN YPOBEHb SHEPTETUUYECKOM SPKOCTH, TO CBET Ka)keTcs Oe-
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abM. OnryiieHre 6e0ro BeTa MO>KHO MOJIy4NTh, CMEIINBAs JHOObIE TPH 1IBETA, €CIM HU OJIMH U3 HUX HE ABIsAETCA
JTUHEWHOW KoMOnHaIMen 1ByX Apyrux. Takue 1BeTa Ha3bIBalOT OCHOBHBIMHU.

YenoBeueckuii 171a3 crocodeH pasznuyarh 0koio 350 000 pa3nuduHBIX IIBETOB. DTO YHCJIO TOJYYEHO B pe-
3yJbTaT€ MHOTOYMCIEHHBIX OIBITOB. YeTKO pa3nuuuMsbl npuMepHo 128 1nBeToBbIX TOHOB. Ecnu MeHsieTcs TOJIBKO
HACBIIIEHHOCTh, TO 3pUTEIbHAS CUCTEMA CIIOCOOHA BBIACIHUTDH YK€ HE TaK MHOT'O IIBETOB: Mbl MOXKEM PA3JIMUUTh OT
16 (s xenToro) 1o 23 (111 KpaCHOTO U (PUOJIETOBOT0) TAKKX IIBETOB.

Taxum oOpa3oM, 17151 XapaKTEPUCTHKH 1IBETA HCIIOIb3YIOTCS CIEAYIONe aTpUOYThI:

— IJeemosoit mon. MoXHO onpeIeTUTh TPEOOIaIar0IICH JTMHON BOJIHBI B CIIEKTpe U3mydeHus. [[BeToBoit

TOH I103BOJISIET OTJINYATh OJMH LIBET OT JPYrOro — HaIpUMEp, 3€JEHbINH OT KPACHOIO, )KEJITOr0 U APYTHUX.
—  Apxocms. Onpenensercs dHEPrueil, NHTEHCUBHOCTBIO CBETOBOTO M3IY4YEHHs. BpIpakaeT KOIMUECTBO
BOCIIPUHHUMAEMOTO CBETA.

— Hacvluwennocms Uny 4ucToTa TOHA. BeIpaxaercs mosielt mpucyTcTBus Oenoro 1seta. B uaeansHo uu-
CTOM IBETe MpuMech Oenoro orcyrcrByer. Ecnu, Hanmpumep, K YUCTOMY KpacHOMY LIBETY J00aBUTH B
OIpeIelIeHHON MPONOpLUUHU Oebli LIBET, TO MOJIYUUTCS CBETIIbIM OJ1eTHO-KPACHBIN I[BET.

VYka3aHHble TpU aTpuOyTa MO3BOJISIOT OMKMCATh BCE LIBETA U OTTEHKH. T0, 4TO aTpuOyTOB UMEHHO TpH, SBJIS-
€TCsl OJHUM U3 NIPOSIBIICHUN TPEXMEPHBIX CBOMCTB LIBETA.

BonbmuHCTBO MI0OJEH pa3inuyaroT 1BETa, a T€, KTO 3aHUMAETCsl KOMITBIOTEPHOH TpaduKOH, JTOIKHBI YE€TKO
4yBCTBOBAaTh Pa3HULy HE TOJIBKO B LIBETAX, HO U B TOHYAHIIMX OTTEHKaX. DTO OYEHb BaXHO, TaK KAK MMEHHO LIBET
HeceT B ce0e 0O0JIbIIoe KOJIMYECTBO HH(POPMAITUH, KOTOpask HUIYTh HE YCTYMaeT B BAXKHOCTH HU (opMe, HA Macce,
HU JApYTUM IIapaMeTpaMm, ONPEEIIIOINM KaKI0€ TEIIO.

@®akTOophl, BAUSIOLUIUE HA BHELITHUI BUJI KOHKPETHOIO [IBETA!

— HCTOYHHUK CBETA;

— uHbopManug 00 OKPYKAIOMIKX MPEeIMETaX;

—  Balllu I71a33a;

[IpaBunbHO NO100paHHBIE 1IBETA MOTYT, KaK IPUBJIE€Yb BHUMAHHUE K )KEJIAEMOMY H300pakK€HUIO, TaK U OT-
TOJIKHYTh OT HEro. 3To 0OBACHAETCS TEM, YTO B 3aBUCUMOCTH OT TOT'0, KaKOH LBET BUJIUT YEJIOBEK, Y HErO BO3HU-
KalOT pa3Iu4HbIe SMOIMH, KOTOPBIE [T0ICO3HATENBHO (POPMHUPYIOT NIEPBOE BIIEUATIIEHHUE OT BUJUMOTO OOBEKTA.

L{BeT B KOMIBbIOTEPHOH Tpaduke HyKEeH JUIsl TOTO, UTO:

— OH HeceT B cede omnpeneneHHyo nHpopmanuo 06 odbekTax. Hampumep, J1eToM 1epeBbs 3elI€HbIE, OCEHbIO
— xentble. Ha yepHo—0Oenoit poTorpaduu onpenenuTs Mopy roja NpakTHUECKH HEBO3MOXHO, €CJIM Ha 3TO HE yKa-
3BIBAIOT KaKUE—JINOO0 IPyTrye JOMOTHUTEIbHBIC (PaKTHI.

— IIBET HEOOXOIUM TaKKe JUIsl TOTO, YTOOBI Pa3indyaTh OOBEKTHI.

— C €ro NMOMOIIBI0 MOXKHO BBIBECTH OJIHU YaCTH U300paKEHUs Ha MEPBBIH MJ1aH, IpyTrUe ke YBecTH B (DOH, TO
€CTb aKIICHTUPOBAaTh BHUMAHNUE HA BA)KHOM — KOMITO3ULIHOHHOM — LIEHTPE.

— 0€e3 yBeIM4eHUs pa3Mepa MpH MOMOIIH I[BETa MOXKHO NepeIaTh HEKOTOPbIE I€TaIN N300paKeHUsI.

— B IByMEpHOM rpa¢uke, a MIMEHHO TaKOBYIO Mbl BHJIUM Ha MOHHMTOpE, TaK KaK OH He 00J1a/1aeT TPETbUM U3-
MEpEeHHEM, UMEHHO IIPH [TOMOIIH [IBETa, TOUHEE OTTEHKOB, UMUTHpYETCs (Iepeaercs) 00beM.

— LBET UCHOJB3YETCs Ui MPUBJICUCHUS] BHUMAHUS 3pUTENs], CO3aHUs KPACOYHOTO M MHTEPECHOTO M300pa-
HKEHHUSL.

JIro6oe KOMITbIOTEPHOE M300paKeHHUE XapaKTepU3yeTcs, KpOMe Te€OMETPUUYECKUX Pa3MEepOB M pa3perieHHs
(KOJIMYECTBO TOYEK Ha OJUH JIOHM), MaKCUMaIbHBIM YHCJIOM IIBETOB, KOTOPbIE MOTYT OBITh B HEM HCIIOJIb30BaHBI.
MakcumanabHOe KOJIMYECTBO L[BETOB, KOTOPOE MOXKET OBITh MCIIOJIB30BaHO B N300paKEHUM TaHHOTO THIIA, HA3bIBa-
eTcsl riiyOnHoi nBera. Kpome moJHOIBETHBIX, CYHIECTBYIOT TUIIBI M300pakeHHUH ¢ pa3NTuYHON TTyOMHON 1BEeTa —
yepHO—Oeble IITPUXOBbIE, B OTTEHKAaX CEpOro, ¢ MHIEKCHPOBAHHBIM LIBEeTOM. HekoTopble THUIbI M300pa)KeHUi
MMEIOT OJINHAKOBYIO TITyOMHY 1IBETa, HO Pa3IMYalOTCs MO LIBETOBOI MOJENH.

3pumernbHbIl annapam 4Yesioeeka

Cuctembl oToOpakeHus rpaduyeckoi HHGOPMAIMK BO3ACHCTBYIOT Ha 3pUTEIBHBIN ammapar 4ejioBeKa, mo-
3TOMY C HEOOXOAUMOCTBIO JTOJDKHBI YUUTBHIBATh KaK (PU3UUECKUE, TAK U MCUXO(PU3NOIOTHIECKUE 0COOEHHOCTH 3pe-
HUSL.

Ha puc. moka3zaH nomnepeuHslid pa3Mep IJ1a3HOTo S0JI0Ka YeI0BeKa.
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Caer nomnajaer B I71a3 4epe3 poroBuily U (GOKyCcUpyeTcs XpyCTaIMKOM Ha BHYTPEHHHUH CIIOH Iia3a, Ha3bIBa-
€MBbIi CeTYATKOM.

CeruaTka ry1aza COJIEpPXHT JIBa NIPUHIUIHNAIBHO PA3JIMYHBIX THUMA (OTOPELENTOPOB — MAIOYKH, 00Ja1aro-
II1€ NIMPOKOM CIEKTPaJIbHON KPHUBOM YyBCTBUTEJIBHOCTH, BCJIECICTBUE YETO OHU HE PA3JIMYAlOT JUIMH BOJIH U, Cle-
JI0BaTENIbHO, 1IBETA, U KOJOOUKH, XapaKTepU3YIOILUECs Y3KUMU CIEKTPaIbHbBIMUA KPUBBIMU M I103TOMY 00JIaaoIue
LIBETOBOW YyBCTBUTEJIBHOCTBIO.

Konbouek cymecTByeT TpH TUIA OTIMYAIOLIMXCS (OTOUYBCTBUTENBHBIM HNUIMEHTOM. Konbouku oObIYHO
Ha3bIBAIOT "cCMHUMHU", "3€51eHbIMU" U "KpacHBIMHU" B COOTBETCTBUM C HAUMEHOBAHUEM 1IBETA, JUIsI KOTOPOI'O OHU OII-
TUMaJIbHO YyBCTBUTEJIbHBI.

BriiaBaemoe k0a0049KO# 3HaYCHUE SBISETCS PE3yJIbTaTOM WHTETPUPOBAHUS CHEKTPaIbHON (PYHKIIMH C Be-
COBOM (pyHKIIMEH YyBCTBUTEIHLHOCTH.

CBeTOUYyBCTBUTEIIbHBIEC KIJIETKH, U3BECTHBIC KAaK KOJIOOYKM M MaJOYKH, (POPMUPYIOT CIIOW KIETOK B 3aTHEH
YaCTH CETYATKH.

Konbouku u majgo4xu coaepKar 3pUTEIbHBIC MUTMEHTHI. 3PUTENbHBIC MMTMEHTHI OYE€Hb ITOXO0KH Ha JI00bIe
JpyTHe NMUIMEHTHI, B TOM, YTO OHH IOIVIOLIAIOT CBET U CTEIEHb IOIVIOIIEHUS 3aBUCUT OT JUIMHBI BOJHBI. BaxkHoe
CBOWCTBO 3pUTENIbHBIX MMUTMEHTOB COCTOUT B TOM, YTO KOTJA 3PUTENbHBIA MATMEHT MOTJIOMAET (OTOH CBETA, TO
u3MeHseTcs (popMa MOJIEKYJIBI U B TO XK€ CaMO€ BpeMs IIPOUCXOAUT NepensiayueHue ceera. [ITurmeHT npu sTom us3-
MEHUJICS, U3MEHEHHAs MOJIEKYJIa MTOTJIOLIAET CBET MEHEE XOPOILO YeM MPEXE, T.€. KaK 4acTo IroBOpsT, "oTOennBa-
erca". 3MeHeHne (GopMbl MOJIEKYJIbl U NIEPEU3TyUEHUE SHEPIrUH HEKOTOPBIM, MOKa €lle He BIOJHE SICHBIM 00pa-
30M, HHULIUUPYIOT CBETOUYBCTBUTENIbHYIO KJIETKY K BblJJaU€ CUTHAJIA.
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CBeTO4yBCTBUTEIbHBIC KIETKH, U3BECTHBIE KaK KOJOOUKH M Maloukd, (GOPMUPYIOT CIOW KIETOK B 3aJHEH
JaCTH CECTYATKU.

Konbouku 1 mamouku cofepkaT 3puTeIbHbIC MUTMEHTHI. 3pUTEIbHBIE MUTMEHTHI OYE€Hb MOX0KH Ha JTIF0ObIE
APYru€ NUrMeHThbl, B TOM, YTO OHH IOTJIOIAIOT CBET U CTCIICHBb MOTJIOMICHUA 3aBUCUT OT JJIMHBI BOJIHBI. Baxuoe
CBOMCTBO 3pUTENHHBIX MUTMEHTOB COCTOMT B TOM, YTO KOTJa 3PUTENbHBIM MUTMEHT MOrjiomaeT OToOH CBETa, TO
U3MEHsIeTCa (popMa MOJIEKYJIbl M B TO K€ CaMO€ BpeMsl IPOUCXOIUT NepenusiiyueHre ceera. [IurmeHT npu 3ToM us-
MEHUJICS, U3MEHEHHAsI MOJICKYJIa MOTJIONIAET CBET MEHEE XOPOIIIO YeM MPEkK/Ie, T.€. KaK 9acTo TOBOPAT, "oTOenuBa-
etcs". Mi3mMenenue GopMbl MOJEKYJbI U MEPEU3TyUCHUE SHEPTUU HEKOTOPHIM, ITOKA €lle HE BIIOJHE SICHBIM 00pa-
30M, HHUIIUUPYIOT CBECTOTYBCTBUTCIIbHYIO KJICTKY K BbIJaUC CUTHAJIA.

Nudopmariiss oT CBETOUYBCTBUTEIBHBIX PELENTOPOB (KOIOOYEK M TMajJoueK) IepenaeTcs APYTruM THUIIaM
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KIIETOK, KOTOPbIE COCTMHEHBI MeXIy co0o0ii. CrieruaibHbIe KISTKH MepeaaroT HHQOPMAIHIo B 3pUTEIILHBIA HEPB.
Takum 00pa3oM BOJIOKHO 3PUTENILHOTO HEpBa OOCIY>KMBAET HECKOJIBKO CBETOUYBCTBUTEIBHBIX PELENTOPOB, T.C.
HEKOTOpasi MpeBapuTeIbHas 00paboTka H300paKEHUsT BBITIOIHICTCSI HEMOCPEACTBEHHO B TJ1a3y, KOTOPBIN 110 CYTH
MpeJICTaBIsIeT COOO0H BBIIBUHYTYIO BIIEpE YaCTh MO3Ta.

OO0nacTh ceTyaTK, B KOTOPOH BOJIOKHA 3PUTEIBHOTO HEpBa COOMPAIOTCS BMECTE W BBIXOIST W3 IJa3a, JIH-
IIICHAa CBETOYYBCTBUTEIIBHBIX PEIICTITOPOB U HA3BIBACTCS CIICTIHIM TISITHOM.

Takum 00pa3om, CBET IOJDKCH BHAYaJIe MPOWUTH JIBa CIIOS KIIETOK, IPEXKIIE YeM OH BO3JICHCTBYET Ha KOJIOOY-
KM ¥ Tano4ku. [[puauHbl 411 TaKOro 0OpaTHOTO YCTPOMCTBA CETUYATKH HE MOJHOCTHIO MOHSTHI, HO OJJHO U3 00bsIC-
HEHHI COCTOMT B TOM, YTO PACIIOJIOKEHHE CBETOUYBCTBUTEIIBHBIX KJICTOK B 3a/HEH YaCTH CETYATKU MO3BOJISET JIFO-
O00My Mapa3uTHOMY HETOTJIONMIEHHOMY CBETY IONAcTh Ha KJICTKU HAXOMSIIUECS HEIOCPEACTBEHHO MO3ald CeTYaT-
KH, KOTOPBIE COJICPKAT YEPHBI MUTMEHT — MeJIaHuH. KileTku, conepikaiiue MelaHuH, TAaK)Ke TTOMOTal0T XUMUYe-
CK{ BOCCTaHABJIMBATh CBETOYYBCTBUTEILHBIM BU3yallbHBII MUTMEHT B KOJIOOYKAaX M MaJIOYKAX IMOCIE TOTO, KaK OHU
ObLTM OTOEJICHBI HA CBETY.

HNHTEpecHO OTMETUTH, YTO TPUPOJIAa CO3/alia IENbIH psJl KOHCTpYKIUi riasa. [Ipu 3Tom ria3a y Bcex Imo-
3BOHOYHBIX MTOXOXKH Ha Tjla3a 4YelOBeKa, a Iiia3a y 0eCl03BOHOYHBIX JINOO CIOXKHBIE ((haceTOUHbIC) KaK y HACEKO-
MBIX, JTHOO HEJAOPA3BUTHIC B BHJIC CBETOBYBCTBUTEIILHOTO IMATHA. TOJIBKO Y OCBMHHOTOB TJIa3a YCTPOSHBI KaK y I0-
3BOHOYHBIX, HO CBETOUYBCTBHUTEIIbHBIC KJICTKH HAXOJSATCS HEIIOCPEICTBEHHO HA BHYTPEHHEW MOBEPXHOCTHU TIIa3HO-
ro s0JI0Ka, a He KaK y Hac MO3aJH JIPYTHX CIOEB, 3aHMMAIOLINXCS NPeABapUTEILHON 00pabOTKON M300paKeHHS.
[ToaTOMY, BO3MOKHO, 0COOOTO CMBICTIa B 00PaTHOM PACIOIOXKEHUU KIETOK B CETYaTKE HET. A 3TO MPOCTO OJIUH U3
9KCIIEPUMEHTOB TTPHPOJIBI.

Ljeemoenie Mmodenu u ux euodbl

Hayka o 1niBete — 3T0 JOBOJIBHO CJIO’KHAsI M LIMpOKOMAacITaOHas HayKa, II03TOMY B HEl BpeMsl OT BPEMEHU
CO3/AI0TCsI pa3JIMUYHbIE [IBETOBbIE MOJENU, IPUMEHSAEMbIE B TON J1M00 UHOMN
oOnactu. OHOM U3 TaKUX MOJIENE! U SIBIIETCS IBETOBOM KPYT.

MHOruM H3BECTHO O TOM, YTO CYIIECTBYeT 3 INEpBUYHbBIC IBETA,

N\ KOTOpbIE HEBO3MOXXHO MOJYYMTh U KOTOpbIe 00pa3yloT BCE OCTaJbHBIE.
OcHOBHBIEC LBETA — JTO KENTBIA, KpacHbIM U cuHUM. IIpn cmemmBanun
JKEJITOTO ¢ KPACHBIM IOJY4YaeTCsl OPAHXKEBBIN, CUHETO C JKEITBIM — 3eJle-

’ HBIH, a KPACHOTO ¢ CUHUM — (QuoseToBbiil. Takum 00pazom, MOKHO cocTa-
BUTb KPYT, KOTOPBIH OyzeT coaepxath Bee 1Beta. OH MpeCcTaBiIeH Ha pucC.
U Ha3bIBaeTcs 0O0JbIIUM KPYrom
OcBaibaa. K
Hapsny ¢ kpyrom OcBainb-
Ja ecth eme u Kpyr I'ere, B KoTo-
POM OCHOBHBIE LIBETA PACIIOJIONKE-
HBI B yIJlaX PaBHOCTOPOHHETO Tpe-

YTOJIbHUKA, a JOTIOJIHUTENbHbBIE — B yIilaX NEPEBEPHYTOTO TPEYTOJIbHUKA.

Jpyr HanpoTUB Apyra paclolokKeHbl KOHTPACTHBIE 1IBETA.

Jlng onucaHus M3Ty4aeMOro M OTPaKEHHOT'O I1IBETa MCHOJIb3YIOTCS
pa3Hble MaTeMaTHYECKHE MOJEIM — HBETOBbIe MOJeJH (LBETOBOE IIPO-
CTPAaHCTBO), T.€. — 9TO CIIOCOO OMHCAHUS I[BETA C MOMOIIBIO KOJUIECTBEH-
HBIX XapakTepucTHK. L[BeToBbIE MOAETM MOTYT OBITH anmmapaTHO—
3aBUCMMBbIMH (MX noka 6onbmnHCTBO, RGB 1 CMYK B ux uucne) u an-
napaTHo—He3aBucUMbIMH (Mojenb Lab). B GonbmimHCTBE «CcOBpeMeH-
HBIX» BU3YaJIM3allMOHHBIX MakeToB (Hampumep, B Photoshop) moxxno mpe- 3
00pa3oBbIBaTh N300pAKEHNE U3 OJJHOM IIBETOBOW MOJEIH B APYTYIO.

B uBeroBoii Mojenu (MPOCTPaHCTBE) KaXKJIOMY LIBETY MOXHO IOCTaBUTh B COOTBETCTBUE CTPOrO OIpejie-
JIEHHYIO TOUKYy. B 3TOM citydae niBeToBast MOJieb — 3TO MPOCTO YIPOLIEHHOE FEOMETPUUECKOE IIPEICTaBICHUE, OC-
HOBAHHOE Ha CUCTEME KOOPAMHATHBIX OCEH M MPUHATOro MaciTada.

OCHOBHBIE 1IBETOBBIE MOJIENIHN:

- RGB;

- CMY (Cyan Magenta Yellow);
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- CMYK (Cyan Magenta Yellow Key, mpuuem Key o3HauaeT depHbIii [BET);

- HSB;

- Lab;

- HSV (Hue, Saturation, Value);

- HLS (Hue, Lightness, Saturation);

- | JOpyTHE.

B 1indpoBbIX TEXHOJOTHUAX MCHOJB3YIOTCS, KAK MUHUMYM 4YeThipe, ocHOBHBIX Mojenu: RGB, CMYK, HSB
B pa3NMuHBIX Bapuantax ¥ Lab. B momurpadun ncnonb3yrorcss Takke MHOTOYUCIICHHBIE OMOIMOTEKH IIIAlIeUYHBIX
L[BETOB.

[IBeTa ogHOM MOAENN ABISAIOTCS JONOJHUTEIBHBIMU K LIBETaAM IpYyroi Moaenu. JonoJHUTe IbHbIN HBeT —
LIBET, TOTIOJHSOIINHI JaHHBIN 710 O0eoro. JJomoJHUTENbHBIN JUIsl KPAaCHOTO — TOTy00# (3e7eHBI+CUHUI), TOTTOTHH-
TEIbHBIA JUIsl 3€JIE€HOr0 — IYPHYpHBIH (KpacHbIW+CHHUN), JONOJHUTENbHBIM A CHHEro — KENThld (Kpac-
HBIN+3€JICHBIN) U T.1I.

[lo npuHIMNy NeiCTBUS NepeuncIeHHbIE [IBETOBbIE MOJIEIN MOKHO YCIOBHO Pa3UTh Ha TPU KJlacca:

- amautuBHbie (RGB), ocHOBaHHBIC Ha CIIOKEHUH 1IBETOB;

— cyOtpaktuBHbeie (CMY, CMYK), 0OCHOBY KOTOPBIX COCTABISIET ONEpAlvsl BHIYATAHHS I[BETOB (CyOTpaK-
TUBHBII CHHTE3);

- mnepuenmmonnsie (HSB, HLS, LAB, YCC), 6asupyromumecs Ha BOCIPUSATHH.

AJIUTUBHBIN IIBET IMOJIy4aeTCsi Ha OCHOBE 3aKOHOB I'paccMaHa myTeM COEIMHEHUS JIydel CBeTa pPa3HbIX
I[BETOB. B OCHOBE 3TOTO SIBIICHUS JIEKUT TOT (PaKT, 9TO OONBIIMHCTBO I[BETOB BHUAWMOTO CIIEKTpA MOTYT OBITH TO-
Jy4eHbl MMyTEM CMEIIMBAHUS B PA3IMYHBIX MPOMOPIHUAX TPEX OCHOBHBIX IIBETOBBIX KOMIIOHEHT. DTUMHU KOMIIOHEH-
TaMH, KOTOpPbIC B TEOPUH LIBETA MHOTJIA HA3BIBAIOTCS nepeuuHbiMu 1IBETaMU, SBISIIOTCS KpacHbIN (Red), 3eneHsiii
(Green) u cunwuii (Blue) misera. Ilpu momapHOM CMEIIHBAHUH [T€P—

BUYHBIX I[IBETOB 00pa3yroTcsi emopuunvle 1Beta: roiayooit (Cyan), mypoypusid (Magenta) u sxentsiii (Yellow).
CrnenyeT OTMETHTbh, YTO IEPBUYUHBIC U BTOPUYHBIE I[BETA OTHOCATCA K 6A308bIM 1IBETAM.

bazoevimu 1iBeTaMu HaA3bIBAIOT 1IBETA, C NMOMOIIBI0O KOTOPBIX MOKHO MOJYYHUTh NMPAKTUYECKH BECh CIIEKTP
BUJIUMBIX I[BETOB.

J151 momy4eHust HOBBIX 1IBETOB C TOMOIIbIO aJ/IUTUBHOTO CUHTE3a MOKHO HCIIOIb30BaTh U Pa3INYHbIE KOM-
OMHAIMK U3 JBYX OCHOBHBIX IIBETOB, BAPbUPOBAHUE COCTaBa KOTOPHIX MPUBOIAUT K U3MEHEHUIO Pe3yJIbTUPYIOIIEro
I[BETA.

Takum oOpa3oM, IIBETOBbIE MOJIENHU (LIBETOBOE NMPOCTPAHCTBO) MPEACTABISIIOT CPEACTBA Ul KOHIIENTYasb-
HOTO U KOJIMYECTBEHHOTO ONMKCaHud 1BeTa. [[BeToBOI pexxuM — 3T0 crocod peanusaiiy ONpeaeeHHON IBETOBOM
MOJIETIH B paMKax KOHKPETHOH rpaduieckoi MporpaMMbl.

3akoH paccmaHa (3aKOHbI cMewu8aHUs yeemos)

B GonpmmHCTBE 1IBETOBBIX MOJIENEH Uil OMHMCAHUS 1IBETA UCIIOIB3YETCS TPEXMEpHas CUCTeMa KOOpAUHAT.
Omna o0pa3yeT 1IBETOBOE MPOCTPAHCTBO, B KOTOPOM IIBET MOKHO MPEACTABUTH B BUJE TOUKH C TPeMs KOOpIWHATA-
Mu. J{71s1 onepupoBaHus LIBETOM B TpexmepHoM npoctpaHcTBe T. ['paccman BbiBen Tpu 3akoHa (1853r):

1. IIBeT TpexmepeH — Il €r0 ONMUcaHus HEOOXOAUMBI TP KOMITOHEHTHI. JIt0ObIe YeThIpe 1IBeTa HaXOISATCS B
JINHEMTHON 3aBHUCUMOCTH, XOTSI CYHIECTBYET HEOTPAHUYECHHOE YHUCJIO JIMHEMHO HE3aBUCUMBIX COBOKYIHOCTEW W3
TpeX LIBETOB.

WNHbiMu cioBamu, 11 JIFOOOTO 3aJJaHHOTO I[BETa MOYKHO 3alHMCaTh TaKOE€ I[BETOBOE ypaBHEHHWE, BBIpaXkaro-
1iee JIMHEMHYI0 3aBUCUMOCTD 1IBETOB.

[TepBbIit 3aKOH MOKHO TPaKTOBaTh U B 00OJIee MTUPOKOM CMBICIIE, & UMEHHO, B CMBICIIC TPEXMEPHOCTH IIBETA.
HeoOs3aTensHo AMst OMKCAaHUS [IBETa PUMEHSITH CMECh IPYTUX IIBETOB, MOKHO HCIIOJIL30BATh U PYTHE BEIUYMHBI
— HO UX 00513aTEJIbHO JI0JKHO OBITH TPH.

2. Ecnu B cMecH Tpex IBETOBBIX KOMIIOHEHT OJJHA MEHSETCS HEMPEpPhIBHO, B TO BpeMsl, KaK JBE IPYTHe
OCTArOTCS TTIOCTOSTHHBIMH, IIBET CMECH TAKK€ U3MEHSIETCSI HEMPEPHIBHO.

3. LIBeT cMmecH 3aBUCHUT TOJIBKO OT IIBETOB CMEIIMBAEMBIX KOMIIOHEHT U HE 3aBHCHT OT UX CIIEKTPAJIbHBIX
COCTaBOB.

CMBICI TPETHETO 3aKOHA CTAHOBHUTCS 00Jiee MOHATHBIM, €CJIA YYE€CTh, YTO OJHMH U TOT K€ I[BET (B TOM YHUCIE
W IBET CMEIIMBAEMBIX KOMIIOHEHT) MOJKET OBITh IMOJYUY€H pa3IMuHbIMH criocobamu. Hampumep, cMmemmBaemast
KOMITOHEHTa MOKET OBITh MOJTY4YeHa, B CBOIO OUEPE/lb, CMEIIUBAHUEM JAPYTHX KOMIIOHEHT.
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LHeemoeast MoOennb RGB

OT0 0/1HA U3 HauboJiee paclpoOCTPAHEHHBIX M YacTO UCHOJIb3yeMbIX Mozeneid. OHa npumeHsercs B npuoo-
pax, M3JIy4aloUIiX CBET, TAKUX, HApPUMeEp, KaK MOHUTOPHI, IPOKEKTOPHI, GUIBTPHI U IpyTrUe MOJ00HBIE YCTPOH-
CTBA.

JlanHas iBeTOBasi MoJieNb Oa3upyeTcs Ha TpexX OCHOBHBIX 1BeTax: Red — kpacnom, Green — 3esieHoM u Blue
— cuHeM. Kaxiast u3 BbllIenepevyHCICHHBIX COCTABIISIIOIINX MOXKET BapbupoBaThes B npenenax ot 0 no 255, obpa-
30BBIBas pa3HbIC I[BETA U 00eCHeunBasi, TAKUM 00pa3oM, JOCTYI KO BceM 16 MUUIMOHaM (TIOJTHOE KOJIMYECTBO I[BE-
TOB, IIPEJACTABISACMBIX ATON MOEIBIO paBHO 256*256%256 = 16 777 216.).

Ota Mojenb agauTuBHasA. CI0BO aJUTUBHAS (CIOKEHHE) MOAUYEPKUBAET, UTO I[BET MOJIy4aeTCsl PH CJIO-
KEHUU TOYEK Tpex 0a30BBIX LIBETOB, Ka)KJasi CBOEH SPKOCTH. SIPKOCTh Ka)KA0ro 6a30BOro 1BeTa MOXKET NPUHUMATh
sHadenns ot 0 10 255 (256 3naueHuit), TakuM 06Pa3OM, MOJIEIb TI03BOJIAET KOAUPOBATh 256° umm okono 16,7 min
IIBETOB. DTU TPOWKH 0a30BBIX TOUEK (CBETALIMECS TOUKH) PACIOI0KEHbI OY€Hb OJU3KO APYT K APYTY, TaK 4TO Kax-
nast TPOMKa CIMBACTCS ISl HAC B OOJIBIIYIO TOYKY OIpeIeIeHHOro 1BeTa. UeMm sipue nBeTHasi Touka (KpacHas, 3eie-
Hasi, CUHSs), TeM OOJIbllIee KOJIMYECTBO 3TOr0 L[BETa JOOABUTCS K Pe3yIbTUPYIOLIEH (TpoiHOI) TOUKe.

[Tpu pabore ¢ rpaduueckum penakropom Adobe PhotoShop MokHO BBIOMpATh 1BET, MONarasch He TOIBKO
Ha TOT, YTO MbI BUAUM, HO IIpU HEOOXOJUMOCTH YKa3bIBaTh U HU(PPOBOE 3HAUEHHE, TEM CaMbIM MHOTJa, OCOOCHHO
MIPU BETOKOPPEKIMH, KOHTPOIHPYS MPOIecC padOTHI.

Tadoauma

3HaveHusi HEKOTOPBIX IBETOB B Mojiejin RGB
Ber R G B
Kpacusrii (red) 255 0 0
3enenbiii (green) 0 255 0
Cunutii (blue) 0 0 255
dykcun (Mmagenta) 255 0 255
Tony6oii (Cyan) 0 255 255
Kenterii (yellow) 255 255 0
Benprii (white) 255 255 255
UYepnsiii (black) 0 0 0

JlaHHas LBETOBAs MOJEIb CUUTACTCS AJAMTHBHOM, TO €CTb IIPU YEeIUUEeHUU APKOCMU OMOENbHbIX COCMAG-
JAOWUX Oy0em Y8eruuusamovcsa U APKOCMy pe3yibmupyoueo yéema: eclli CMeIlaTh BCe TPU 1IBETa ¢ MaKCUMallb-
HOW MHTEHCUBHOCTBIO, TO PE3yJIbTaTOM OyZeT Oelblii LBET; HANPOTUB, MPU OTCYTCTBUH BCEX LIBETOB MOIYy4aeTCs
YEPHBIN.

Mogenp sBiseTCs annapaTHO—3aBUCUMOM, Tak Kak 3HaueHHUs 0a30BbIX I[BETOB (a TakXke TOouka Oesoro)
OTIpEIEIISAIOTCSA KaueCTBOM IIPUMEHEHHOTO B MOHUTOpE JroMUHO(Opa. B pe3ynbraTe Ha pa3HbIX MOHUTOPAX OJHO U
TO e M300pakKeHUE BBITIISIUT HEOAUHAKOBO.

Puc. Mogens RGB
Cucrema xoopauHat RGB — ky6 ¢ Hauanom otcuera (0,0,0), COOTBETCTBYIOIIMM YEpHOMY IIBETY (CM.
puc. 0.4.1). Makcumansnoe 3Hauenne RGB — (1,1,1) coorBeTcTBYeT OenoMy IIBETY.
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[Ty prypHEri
Hey

N KenTnrt
R xpacubri
Puc. IIpetoBoii ky6 moaenu RGB
HecoMHEHHBIMU TOCTOMHCTBAMHU JAHHOTO PEXHUMA SBISETCS TO, YTO OH MO3BOJISIET paboTaTh co Bcemu 16
MUJUTMOHAMHM 1IBETOB, 2 HEIOCTATOK COCTOMT B TOM, UTO IIPH BBIBOJEC M300pakKeHMS HA TI€4aTh 4acTh U3 dTUX IIBeE-
TOB TEPSETCS, B OCHOBHOM CaMbI€ SIPKHE M HACHIIICHHBIC, TAK)KE BO3HUKACT MPOOJIeMa ¢ CHHUMU I[BETaMH.
Mopnens RGB — 310 anauTiBHas 1[BETOBasi MOJIENb, KOTOPast UCIOJIb3yeTCsA B YCTPOUCTBAX, pabOTAIOLINX CO
CBETOBBIMHU NTOTOKAMU: CKAHEPbI, MOHUTOPBHI.

Ljeemoeasi MoOennb HSB

3neck 3ariaBHble OYKBbI HE COOTBETCTBYIOT HHUKAKUM IIBETaM, & CUMBOJHM3UPYIOT TOH (IIBET), HACHIIIEH-
HocTh ¥ gpkocTh (Hue Saturation Brightness). Ilpeanoxena B 1978 rony. Bee nBera pacnonaratorcst mo kKpyry, u
Ka)KJIOMY COOTBETCTBYET CBOM I'paayc, TO €CTh Bcero HacuuThiBaeTcs 360 BapuanToB — H onpenensier 4acToTy cBe-
Ta U npuHuMaeT 3Hauenue ot 0 1o 360 rpagycoB (kpacHsblil — 0, sxenTsiil — 60, 3enensiii — 120 rpagycoB U Tak Ja-
nee), T.e. JIFDOOW IBET B HEW OMPEIEIAETCS CBOMM I[BETOM (TOHOM), HACHIIICHHOCTBIO (TO €CTh J00aBICHUEM K
HeMy Oellol KpacKu) U SIPKOCTHIO.

HacplmeHnHoCTh onpesensieT, HaCKOJIbKO SPKO BbIpaKEHHBIM OyneT BbIOpaHHbIi 1BeT. 0 — cepsiif, 100 — ca-
MBI SIPKAH U YUCTBIA U3 BO3MOKHBIX BAPUAHTOB.

[TapameTp sIpKOCTH COOTBETCTBYET OOIIEIPU3HAHHOMY, TO €CTh 0 — 3TO UEpHBI I[BET.

Taxkas 1iBeTOBast MoJieJIb HAMHOTO OeqHee paccMoTpeHHOM paHee RGB, Tak kak mo3BossieT paboTaTh BCEro
JIMIIB C 3 MUJUTMOHAMU 1IBETOB.

OTa MOJenb anmapaTHO—3aBHCHMAasi M HE COOTBETCTBYET BOCHPHUATHIO YEJIOBEUECKOTO IJIa3a, TaK Kak IJia3
BOCIIPMHMMAET CIEKTpalbHbIE IIBETA KaK I[BETa C Pa3HOHM SPKOCThIO (CMHUN KaxkeTcs Oosiee TEMHBIM, 4e€M Kpac-
HbI), a B Mogenu HSB uMm BceMm npunuceiBaercs spkocts 100%.

Hacviwyennocms (Saturation) — sto mapamerp 1BeTa, ONPEACISIOMUN ero 4uctory. OTcyTcTBHE (CEephIX)
npUMecei (YMCTOTa KPUBOM) COOTBETCTBYET NAaHHOMY IapaMeTpy. Y MEHBIICHHE HACHIIEHHOCTH IBETa 03HAYAET
ero pazoenuBanue. L[BeT ¢ yMeHbIIIEHHEM HACHIIIEHHOCTH CTAHOBUTCS MACTENIbHBIM, OJIEKIIBIM, pa3MbIThIM. Ha Mo-
JIeTTM BCe OJTMHAKOBO HACBIIICHHBIC I[BETA PACIIONIATAIOTCS HA KOHIIEHTPUIECKUX OKPYKHOCTSX, T. €. MOXKHO TOBO-
pUTH 00 OAMHAKOBOW HACBHIIIEHHOCTH, HAIPUMEP, 3€JIC€HOT0 U IypPITypHOTO IIBETOB, U YeM OJMKE K LEHTPY Kpyra,
TeM Bce OoJiee pa3OesleHHbIE IBeTa MOJy4aroTcs. B camom 1eHTpe nr000# 1IBET MaKCHMAalbHO pa30enuBaeTcs,
MPOILE TOBOPSI, CTAHOBUTCSI OEJIBIM I[BETOM.

PaboTy ¢ HaCHIIIEHHOCTHIO MOKHO XapaKTEPH30BaTh KaK J00ABICHHE B CIIEKTPAIbHBIN I[BET ONPEIeIICHHO-
ro mpoueHTa 6enoil kpacku. Yem Oosibllie B IIBETE COAEp)KaHUE O€I0ro, TeM HUXKE 3HAUeHUE HACBIIIEHHOCTH, TEM
0oJ1ee GJIEKIJIBIM OH CTAHOBUTCSI.

Apxocme (Brightness) — sTto mapamerp 1BeTa, ONpeaeNsIOMNi OCBEIICHHOCTh MM 3aTEMHEHHOCTh IIBETA.
Ammuntya (BBICOTa) CBETOBOM BOJHBI COOTBETCTBYET ATOMY IMapaMmeTpy. Y MEHBIICHUE SIPKOCTH IBETa O3HAYaeT
ero 3auepHeHue. PaboTy ¢ SIpKOCTBIO MOXKHO XapaKTepu30BaTh KakK J100aBJIeHNE B CIIEKTPAIbHBIN LBET ONpE/IeIeH-
HOTO TIPOIIEHTa YepHOH Kpacku. Uem OoJbllie B IIBETE COAEpIKaHUE YEPHOTO, TEM HUXKE SPKOCTh, TEM Ooliee TeM-
HBIM CTaHOBHTCS IIBET.

Mopens HSB — 3T0 mosib30BaTeNnbCKast BETOBAsI MOJIEb, KOTOpask MO3BOJISET BEIOMPATH IBET TPATUIIMOH-
HBIM CIIOCOOOM.

Modenb CMY (Cyan Magenta Yellow)
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B 3T0it MO/IenT OCHOBHBIC I[BeTa 00pa3yrOTCs MyTeM BBIYUTAHUS U3 OEJIOro I[BETOB OCHOBHBIX aIATHBHBIX
nseroB mouenu RGB.

Puc. I[Tonyuenue mogenu CMY u3z RGB

[[BeTa, ucnonb3yomye Oenblii CBET, BRIYUTAS U3 HEro OMpEC/ICHHbIE YYAaCTKU CIEKTpa Ha3bIBalOTCS CyO-
TpakTuBHBIMH. OCHOBHBIE LIBETA 3TOM MoJeNU: T0oIy0oii (Oenblii MUHYC KpacHBI), GyKCHH (B HEKOTOPBIX KHHUTaxX
€ro Ha3bIBAIOT IMyPHYypPHBIM) (OB MUHYC 3€JICHBINA) U JKEAThIA (OCNbIii MUHYC CHHUN). DTH IBETA SIBJISIOTCS I10-
nurpaduyeckoi TpUanoi U MOTYT OBITH JIETKO BOCHPOM3BEACHHI Monaurpaduyueckumu mMamuHamu. [lpu cMmernenue
IBYX CyOTpaKTHBHBIX IIBETOB pe3yJsibTaT 3aTeMHsieTcs (B moaenu RGB Obuio Haoboport). [lpu HyneBoM 3HaueHUU
BCEX KOMITOHEHT oOpasyercs Oenblii mBer (Oenmass Oymara). DTa MoJeIh MPEACTABISCT OTPAKCHHBIA IIBET, U €€
HA3bIBAIOT MOJIETIBIO CYOTPAKTHUBHBIX OCHOBHBIX IIBETOB. J[aHHAs MOJIe/b SBJISETCS OCHOBHOMW IS MOMUTPapUu U
TaKXKe SBISETCS annapaTHO—3aBUCHMOI.

Puc. Moxens CMY
Cucrema xoopauaar CMY — Tot xe ky0, uro u a1 RGB, Ho ¢ Havanom orcyera B Touke ¢ RGB koopauna-
tami (1,1,1), coorBercTByrOLICH Genomy 1Bety. L[BeToBoit ky6 Monenn CMY nokasas Ha puc. 0.4.2.

Y xenTeri
T, Kpacasri
BE\HE]']I!H’I i ;r_,- T—Iep]_:l]:,]ji
Bpomsritl’ | ‘M mypryprbrii
A ] MHHIA

Puc. 0.4.2: 1{BeToBoii ky06 monenu CMY

Ljeemoeasi MoOenb CMYK

OTo0 eie oHa U3 HauboJee YacTO MCHOIb3YyEMbIX IIBETOBBIX MOJIENEH, HAIEAIINX IIMPOKOE MPUMEHEHHE.
Ona, B oiinume ot aaguTuBHOW RGB, sBisiercs cy0TpakTUBHOI MOJIENbIO.

Mogaens CMYK (Cyan Magenta Yellow Key, npuuem Key o3nauaer 4epHbIi IBET) — SIBISCTCS TaJIbHEH-
muM yiayumenueM mMoaenu CMY u yxe uyeTsipexkaHasibHa. [IockonbKy peanbHble TUIIOTpadCKUe KPAaCKU HMEIOT
MPUMECH, UX I[BET HE COBNAJACT B TOYHOCTH C TEOPETHUECKH PACCUUTAHHBIM TOJNYObIM, KEJITHIM U MypHYpPHBIM.
Oco0eHHO TPYyAHO MOJIYYUTh U3 ITUX Kpacok uepHbii 1BeT. [loaTomy B Mogenu CMYK k Tpuane no6aBisitoT yep-
HbIH 1BeT. [loueMy—T0 B Ha3BaHMU IIBETOBOW MoJeNU 4epHbI 1BeT 3amudpoBan kak K (ot cioBa Key — kitou).
Mopens CMYK sBisieTcst «3MIHAPUYECKON», B OTIIMUME OT TeopeTndeckux moaeneit CMY u RGB. Monens sBius-
€TCs annapaTHO—3aBUCUMOM.

OcHOBHBIE 11BE€TA B CYOTPAaKTUBHON MOJCIIN OTJIMYAIOTCS OT IBETOB ajnutuBHOU. Cyan — romy6oii, Magenta
— mypypHbid, Yellow — sxenteiii. Tak kKak Mpu CMEIICHUU BCEX BBILICTICPEUNCIICHHBIX [IBETOB UACAILHOTO YEPHOTO
HE TMOJIy4YUTCs, TO BBOAUTCS €IE OJWH JONOJHHUTEIbHBIN 1IBET — YEPHBIA, KOTOPBIM MO3BOJSAET JOOMBATHCA OONb-
el TIyOMHBI M UCTIOJIB3YETCs MIPH MeYaTH MPOYNX YEPHBIX (Kak, HapuUMep, OOBIYHBII TEKCT) OOBEKTOB.

I[BeTra B paccmaTprBaeMOl IIBETOBOM MO ObUIM BBIOPAHBI TAKWUMH HE CIIy4ailHO, a M3—3a TOTO0, YTO TO-
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JyOO0H TOTJIONIAET JIUIITh KPACHBIM, IMTyPITYPHBIN — 3€JICHBIHN, )KEIThIH — CHHUM.

B ornuuue oT aAIUTUBHOW MOJENH, T/Ie OTCYTCTBHE I[BETOBBIX COCTABJISIONINX OOpa3yeT YepHBINA IBET, B
CyOTpaKTHUBHOW BCE HA0OOPOT: €CIIM HET OTJEIbHBIX KOMIIOHEHTOB, TO IIBET OEJIbIii, €CIIM OHU BCE MPUCYTCTBYIOT,
TO 00pa3yeTcs TPA3HO—KOPUIHEBBIN, KOTOPHINA AenaeTcst 60j1ee TEMHBIM MPU JOOABICHUH YEPHOU KPACKH, KOTOpast
WCIIONB3YETCS JUIsl 3aTEMHEHUSI U JIPYTUX IOJIy4YaeMbIX LBETOB. IIpy cMemmMBaHUM OTIAENBHBIX LIBETOBBIX COCTAB-
JISFOIIMX MOKHO TMOJIYYUTh CJIETYIOIIUE PE3YJIbTATHI:

Tony6oii + ITyprnypHslid = CUHUN C OTTEHKOM (DHOJIETOBOTO, KOTOPBIM MOKHO YCHJIMTh, HU3MEHUB MIPOTIOP-
LIUUA CMEIIIMBAEMBIX 1IBETOB.

Hypnypusiit + Kenteiii = KpacHbiil. B 3aBUCUMOCTH OT COOTHOIIEHUS BXOIAIIMX B HETO COCTABIIAOIINX OH
MOJKET OBITh MPE0OPa30BaH B OPAHIKEBBII UM PO30OBBIM.

Kenteiit + ["ory6oli = 3eneHbIi, KOTOPBIA MOXKET OBITh MPE0Opa30BaH MPH HUCIIOIB30BAHUN TEX KE MEPBHUY-
HBIX [IBETOB KaK B CAJIATOBbIN, TAK U B U3yMPYIHBIM.

CrnenyeT NOMHUTB, UTO €CJIH Bbl TOTOBUTE H300paKE€HHE K MeYaTH, TO clieAyeT Bce—Taku pabotath ¢ CMYK,
MMOTOMY 4YTO B MPOTHUBHOM CIIy4ae TO, YTO BBl YBHAUTE HA MOHHUTOPE, U TO, UTO MOJy4uTe Ha Oymare, OyJeT OTIu-
4aThCsl HACTOJIBKO CHJIBHO, YTO BC paboTa MOXKET MONUTH HACMapKy.

Mogens CMYK — 3T0 cyOTpakTHBHAsI IIBETOBasi MOJIENb, KOTOpPAsi OMKCHIBACT PEANbHBIE KPACHUTENH, HC-
MOJIb3yeMbI€ B MOJUTPAPUIECKOM MPOU3BOICTBE.

Ljeemoeasi MoOesnb Lab

IIBeroBast momens Lab Obina paspaborana MexmayHapomHoit komuccueir mo oceemieHuio (CIE) ¢ nenbro
MIPEOJI0JIEHUS CYIIECTBEHHBIX HEIOCTAaTKOB BBIIIEU3JI0KEHHBIX MOJIENECH, B YACTHOCTU OHA IpU3BaHa CTaTh ala-
paTHO HE3aBUCUMOM MOJIETBIO M OMPEENATh 1IBeTa 0€3 OrJIsSAKA Ha OCOOCHHOCTH YCTPOMCTBA (CKaHepa, MOHUTOPA,
MIPUHTEPA, I€YaTHOTO CTaHKa U T. 1.).

Takyro MOJENbh MPEANOYUTAIOT B OCHOBHOM MPOQPECCHOHANBI, TaK KaK OH COBMEIIACT JOCTOMHCTBA Kak
CMYK, tak u RGB, a nmenHo obecrednBaeT AOCTYIl KO BCEM I[BETaM, paboTas ¢ JOCTAaTOYHO OOIBIIONW CKOPO-
CTBIO.

Ha Bompoc, mouemy e Takoil MOJIETIBIO MONB3YIOTCS B OCHOBHOM MPO(ECCHOHATbI, MOKHO OTBETHTD JIUIITh
TO, YTO OHA OTJINYAETCS HECKOJIbKO HEOOBIYHBIM W HEMPHUBBIYHBIM MTOCTPOCHUEM, U TOHATH MPUHIIUII €€ JACUCTBUS
IOPOM HECKOJIBKO CJIOKHEE OIMCAHHBIX paHee.

[TocTpoenue 11BeTOB 37eCh, Tak ke kak U B RGB, 0asupyercs Ha ciausHuu Tpex kaHaiaoB. Ha stom, npaBna,
BCE CXOJICTBO 3aKaHYMBAETCA.

Ha3Banue oHa mosyymiia OT CBOouMX 0a30BbIX KommoHeHTOB L, @ u b. Kommonent L Hecer mHOpMAaIuio o
SIPKOCTSIX U300pakeHHsI, a KOMIIOHEHTHI a M b — 0 ero nBerax (T. ¢. a u b — xpomaruueckue kKoMmoHeHTs). Komro-
HEHT a U3MEHSETCS OT 3eJICHOTO JI0 KpacHOro, a b — OT cuHero 10 entoro. SIpKkocTh B 3TOW MOJEIH OTAEICHA OT
[[BETa, YTO YAOOHO ISl peryIUpOBaHUsl KOHTpAcTa, pe3KocTH U T.A4. OqHako, Oyaydn abCTpakTHOM U CHIILHO MaTe-
MaTHU3UPOBAHHOM 3Ta MOJIENTb OCTACTCS TIOKA YTO HEYA00HOM I MPaKTUUECKOU pabOTHI.

[TockonpKy BCe LBTOBBIE MOJENH SIBISIOTCS MAaTEMAaTUYECKUMH, OHM JIETKO KOHBEPTHPYIOTCS OJIHA B APY-
T'YIO 110 POCThIM opMmyiiaM. Takrie KOHBEPTOPBI BCTPOEHBI BO BCe "MPUIIMYHBIE" rpaduuecKue MporpaMMal.

lMepuyenyuoHHbIe Ueemosebie Mmodenu

s nuzaiiHepoB, XyIOKHUKOB U (pOTOrpa)oB OCHOBHBIM WHCTPYMEHTOM WHIMKAIIUU M BOCIIPOU3BEIACHUS
[BETA CIYKHUT TJIa3. DTOT €CTECTBEHHBIN «MHCTPYMEHT» 00J1a/aeT IIBETOBBIM OXBAaTOM, HAMHOTO IMPEBHIIAIOITUM
BO3MOXXHOCTH JIFOOOTO TEXHHUYECKOTO YCTPONCTBa, OyJb TO CKaHEp, MPUHTEP WM (POTOIKCIIOHUPYIOIIEE YCTPOii-
CTBO BBIBOJIA HA IJICHKY.

Kak Oblmo mokazaHO paHee, UCTOJb3yeMble ISl OMHCAHUS TEXHUYECKHX YCTPOMCTB I[BETOBBIE CHUCTEMBI
RGB nu CMYK sBisitoTcst anmaparHo3aBUCUMBIMH. JTO 3HAYUT, YTO BOCIHPOU3BOJMMBIN MU CO34aBAEMbIi C IO-
MOLIBIO HUX LIBET ONPEIAEIAETCS HE TOJIBKO COCTABIISIOIIMMHU MOJEIHU, HO U 3aBUCUT OT XapaKTEPUCTUK YCTPOUCTBA
BBIBOJIA.

Jlyist ycTpaHeHuUs anmapaTHOW 3aBUCMMOCTH OBLIT pa3paboTaH psij TaK Ha3bIBAEMBIX MEPIENIIMOHHBIX (MHAYEe
— UHTYUTHUBHBIX) IIBETOBBIX MOJIENIECH. B MX OCHOBY 3aJ105k€HO pa3/iebHOE ONpe/IeIeHUE IPKOCTH U IIBETHOCTH. Ta-
KO TIOJIX0J] 00EeCTIeYnBaLT P/l MPEUMYIIIECTB:
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—  TI03BOJISIET OOpaIIaThCs C IIBETOM HA MHTYUTUBHO MTOHSTHOM YPOBHE;

—  3HAYUTEIBHO YIPOIIAET MPOOIEeMYy COTIACOBAHUS [IBETOB, TOCKOJIBKY MOCTIE YCTAHOBKY 3HAYCHUS SIPKO-
CTH MOJKHO 3aHSThCSl HACTPOUKOM IIBETA.

[IpoToTUioM BcexX IIBETOBBIX MOJIEJIEH, UCIIONB3YIOIUX KOHILETIIMIO Pa3/IeJICHuUs SIPKOCTH U 1IBETHOCTH, SIB-
nsercs HSV—monens. K npyrum nono6usiM cuctemam otHocstes HSI, HSB, HSL u YUV. O6mwmm my1st HUX sBiisi-
€TCsl TO, YTO I[BET 33J]aCTCSI HE B BUJE CMECU TPEX OCHOBHBIX I[BETOB — KPACHOTO, CHHETO U 3€JI€HOT0, a OIpeaesi-
€TCsl TyTeM YKa3aHUsI IBYX KOMIIOHEHTOB: I[BETHOCTH (IIBETOBOTO TOHA U HACBIIIIEHHOCTH) U SIPKOCTH.

YepHo-6enbIll U NOJIYMOHOBbIU PEXUM

Yepro-benviii pexcum. IT0 OOBIYHBIN YEPHO—OEIBIN PEKUM, KOTOPBINA IMOJTHOCTHIO JIMIIICH IIBETA, B HEM €CTh
TOJILKO O€bIi, YepHBIN U Tpaganuu ceporo. Huuero ocoOeHHO HOBOTO CKa3aTh O JAHHOM IIBETOBOW MOJIEIIN HEBO3-
MO’KHO, TaK KaK OHa COCTOMT M3 OJHOI0 KaHaja, KOTOPbIi MOJHOCTBIO COOTBETCTBYET M300PaKEHUIO U BBITJISIIUT
Kak 00bIuHas yepHo—Oemnas Gortorpadusi.

XyIO’)KHUKU U pa3pabOTYMKU IPOrpaMMHOr0 0OECIeYeHUs] MHOIIa Ha3bIBAlOT 3TOT PEXUM MOHOXPOMHOM
rpaduKoii, pacTpoBo rpaduKo, uiu rpaduKoil ¢ 0HO-

OUMOoBbIM paspeutenuem.

s otoOpaskeHus: yepHO-0€10ro U300pakeHUsl UCHOJIBL3YIOTCSA TOJIBKO JIBAa TUIIA SUYEEK: YepHbIE U Oelble.
[TosToMy 7151 3aIIOMHUHAHMSL KQXJI0T0 NMUKcena Tpedyercs Tojabko 1 OuT namatu komnbroTepa. O01acTsIM UCXOIHO-
ro U300pa)keHHsl, UMEIOUIUM MPOMEKYTOUHbIE OTTEHKH, Ha3HAYarOTCsl YEpHbIE WU Oejble MUKCEINbI, TOCKOJIbKY
Apy-

I'MX OTTEHKOB JUIS 3TO MOJIETH HE MPELYCMOTPEHO.

OTOT PEeKUM MOKHO HCIIOJIb30BaTh JUIsl paboThl C YepHO-0€JIbIMU H300paKEHUSIMHU, MOJTyUYEHHBIMH CKAHU-
pOBaHMEM YEpPHO-OEBIX YEpPTEKEN U IpaBlOp, a TAK)KE MHOTJA IPU BHIBOJE LBETHBIX M300pa)K€HUM Ha YEepHO-
Oenyro meyarth.

THonymonoswuii pescum. Takoil crocod peanmzanuu u300pakeHust 0a3upyeTcst Ha crienu(pUKe BOCTIPHUITHS
1300pakeHHs YeI0BEUECKUM TIJ1a30M, JAJIsi KOTOPOro 00acTh N300pakeHus, 310 HEHHAs! KPYITHBIMU TOYKaMH, ac-
couuupyercs ¢ 0ojiee TEMHBIMM TOHAaMHU U, HA000OpOT, 00IaCTh, 3alOJHEHHAs TOYKAMU MEHBIIEr0 pa3mepa, BOC-
npUHUMaeTcs Kak 6osee ceernas. Pexxum Halftone nognepxkuBaercs 601bIIMHCTBOM IPUHTEPOB.

[TonyTOoHOBBIE M300pa’keHUsI MPEJICTABISIIOT COOONW OJHOOUTOBBIE M300paKEHUSI C HEMPEPBHIBHBIM TOHOM,
KOTOPBIE peaTu3yI0TCs ¢ MOMOILIbI0 KOHITIOMEpaTa mouex pa3Horo pazMepa u GopMmsl.

lnaweyHble yeema

B HekoTOphIX THNAX NOAUrpapuuecKoi MPOIYyKIUHU UCIOJIBb3YIOTCS BCETro JBa—TPH LIBETA, KOTOPbIE Mevyara-
IOTCSI CMECOBBIMU KPacKaMH, KOTOpbIE Ha3bIBAalOTCS IJIAIIEUHBIMU LiBeTaMH (spot colors). B wactHocTH, K Takoi
MPOAYKIMN OTHOCSTCS OJaHKH, BUBUTKH, MPUIJIAIIEHUs, TPalCc—IUCThl U NpoyYas aKUUAEeHTHas npoaykius. Kax-
JIbIH TJTAIIEYHBIM BET penpoylIUPYeTCs ¢ IOMOIIBIO OTJeNbHON NeyaTHOH (pOopMBbI (TUTAIIKH).

Jlns ocyuiecTBIeHUS MeYaTH TaKoi MPOIYKIMK AU3aiHep JO0JDKEH MPEACTaBUTh B TUIIOTPaUIO OTAEIbHbIE
MOJIOCHI OPUTMHAI-MAKETOB C IJIAIIKaMHU Ha KaXKIbIii CMECOBBIN 1IBET M KpecTaMH IMPUBOJAKH U MPUIIOKHUTH 00pa3-
IIBI T[BETA («BBIKPACKWY) JJIST KaXKIOU MOJIOCHI.

Jist Toro uTo0bl YHU(DUIIUPOBATh UCIOIb30BAHNE TAKUX 1IBETOB CO3/AI0T I[BETOBBIE OMOINOTEKH.

B uactHOCTH, M3BecTHas ¢upma Pantone, koTopas siBisieTcs BiIaAeNbleM U pa3pabOTYUKOM OJHOUMEHHOM
O6uOIMOTEeKH, HaYMHANACh C TOro, 4To XUMHUK Jlo—ypeHc I'epOepT co3fal COBOKYNMHOCTh pa3iMYHBIX IIBETOB, CO-
CTaBJIIEMbIX U3 BOCbMHU KPAacoK, M HareuyaTasn alb0oOM ATHX IIBETOB, KaX/IbIil U3 KOTOPBIX UMeN cBoil Homep. C Tex
Mop 3Ta ujes MOoJIy4yusa caMoe IUPOKOE pPa3BUTHE, [IBETOBbIEe OMOIMOTEKH UCIONB3YIOTCS B CaMbIX Pa3HbIX 001a-
CTSIX U B IIEPBYIO OUepe/ib B KOMIIbIOTepHOU rpaduke u nonurpaduu. IlogBunoch MHOXKECTBO APYTUX KOMITAHUM,
BBINTYCKAIOIIKUX JpyTUe CTaHIapTU3MpoBaHHbIE OnOIMoTeku 1BeToB (Hampumep, TRUMATCH SWATCHING
SYSTEM, FOCOLTONE COLOUR SYSTEM, TOYO 88 ColorFinder1050 System u ANPA-COLOR system u T.
).

I{BeroBoit Habop Process Color System Guide oxBateiBaeT 6osiee 3000 11BeTOB, MOTyYaeMbIX TIPH MOJIUTPa-
¢dudeckoii mevyary, ¢ perenTaMu NPOLEHTHOTO COOTHOMIEHHs 16 6a30BbIX BETOB It 1BeTOBOM Moaenn CMYK.

KodupoeaHue ysema. lNanumpa
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Jnst Toro 94TOoOBI KOMITBIOTEP MMET BO3MOXKHOCTH PabOTaTh C I[BETHBIMH HM300paK€HUSIMH, HEOOXOIUMO
MIPEJICTABIIATh [IBETa B BUJEC YMCEN — KOAUPOoBaTh 1BeT. Croco0 KOMWPOBAaHUS 3aBHCHT OT I[BETOBOW MOJETH H
(bopmara YHCIIOBBIX TAHHBIX B KOMITBIOTEPE.

Js mogenu RGB kaxasi U3 KOMIIOHEHT MOXKET MPEACTaBISATHCS YHCIAMHU, OTPAHHYEHHBIMH HEKOTOPHIM
JMaIra3oHOM — Harmpumep, IpoOoHbIME dnciamMu ot 0 10 1 6o nenbiMu uncinaMu ot 0 10 HEKOTOPOTO MaKCHUMallb-
HOTro 3HaueHHs. B HacTosIiee Bpems JOCTaTOYHO pacHpOCTpaHeHHBbIM siBiisieTcst ¢popmar True Color, B kotopom
KakJ1ass KOMIIOHEHTA TpeJICTaBlieHa B BUAE OaiiTa, uTo maeT 256 rpaganuii 1 Kaxaou kommnoHeHThl: R = 0...255,
G =0...255, B = 0...255. KonudecTBO IIBETOB COCTaBIAET 256256256 = 16.7 mun (224).

Takoli crtoco® KoIMpOBaHUS IIBETOB MOXXHO Ha3BaTh KOMIOHEHTHBIM. B KOMITbIOTEpE KOJIBI H300paKeHU I
True Color npexacraBisroTcs B BUe TPOSK 0aNTOB, KO0 yIIaKOBBIBAIOTCS B [UIMHHOE 11€710€ (YeThIpeXOaTHOE) —
32 dura.

[Ipu pabote ¢ M300paKEHUSIMH B CUCTEMaX KOMITBIOTEPHOU TpaUKy 4acTO MPUXOTUTCS UCKATh KOMITPO-
MHUCC MEXTy Ka4eCTBOM HM300pakeHHs (TpeOyeTcs KaKk MOXKHO OOJIbIIE IIBETOB) M PeCypcaMu, HEOOXOIUMBIMHU JIJIst
XpaHEHUsI U BOCIIPOU3BEACHHS N300paKCHHSI, HICUUCISIEMBIMU, HAIIpUMEp, 00beMOM TaMATH (HaJI0 YMEHbBINAThH KO-
JINYECTBO OUT HA MUKCEI).

Kpome Toro, HeKOTOpOE N300paKeHHUE caMmo Mo ceOe MOMKET UCIOL30BaTh OIPAHUUYCHHOE KOJUYECTBO I[BE-
ToB. Hanpumep, as yepueHuss MOKET OBITh JOCTATOYHO JBYX IIBETOB, JUIS YEIIOBEUECKOTO JIMIIA BAYKHBI OTTCHKU
PO30BOTr0, JKEITOTO, IMyPIYPHOT0, KPACHOTO, 3€JICHOTO; a Ui Heba— OTTEHKH Toy0oro u ceporo. B aTux ciyudasx
UCIIOJIb30BaHUE MOJIHOIIBETHOTO KOJAMPOBAHUS IIBETA SIBJISICTCS M30BITOUHBIM.

[Ipu orpaHWuYeHUN KOJMYECTBA IIBETOB HMCIIONB3YIOT MAJUTPY, MPEICTABISIFONIYI0 HA00Op IBETOB, BAKHBIX
IUIsL TaHHOTO M300paxeHus. [laauTpy MOXKHO BOCIPUHMMATh KakK TaOJMIly 1[BETOB. [lanuTpa ycTaHaBIMBaeT B3au-
MOCBSI3b MEX/Ty KOJIOM I[BETa M €r0 KOMIIOHCHTAMHU B BEIOPAHHOM IIBETOBOM MOJICIIH.

KoMmbroTepHbIE BHICOCUCTEMBI OOBIYHO MPEAOCTABJISIOT BO3MOXKHOCTh MPOTPAMMHUCTY YCTaHOBHTH COO-
CTBEHHYIO MAJTUTPY.

Kaxnplii 11BeT W300pa)KeHUs, UCIOI3YIOMIET0 NAUTPY, KOJUPYETCS HMHICKCOM, KOTOPBIH OyIer ompene-
JISITH HOMEP CTPOKH B TabnwmIle maauTpel. [103TOMY Tako# crmoco0d KOAMpPOBaHUS IIBETA HA3BIBAIOT HHAEKCHBIM.

TEMA Ne 4. DPAKTAIIbHAA TrPA®UKA

[lonsTne ¢paxrana u ucTOpUs MOSIBICHUS (PpakTanbHOU rpaduku. [ToHsTHE pa3zMepHOCTH U €€ pacyer.
I'eomerpuueckue (paxransl. Anredpandeckue ¢pakransl. CucteMbl utepupyeMbix ¢GyHKIMiA. CToXxacTHUecKue
¢bpaxTanbl. @pakTaybl ¥ Xaoc.

lMoHsimue ¢bpakmarsia u ucmopus nosiesieHuUs1 ppakmasnbHoOU 2pahuku

Bb1, HaBepHOE, 4acTO BUIETH JIOBOJIBHO XUTPOYMHBIE KApTHUHBI, HA KOTOPHIX HEMOHATHO YTO U300pa)KeHO,
HO BCE€ PaBHO HEOOBIYHOCTH MX (OPM 3aBOpaKMBAET U NMPUKOBbIBaeT BHUMaHMe. Kak MmpaBuio, 3T0 XUTPOYMHBIE
dbopMBI He MojaJaroIuecs, Ka3anoch Obl, KAKOMYy—JIHOO MaTeMaTHYecKoMy ONMMcaHuio. Bbl, k mpumepy, BUAEIH
Y30pBI Ha CTEKJIE MOCIE MOpPO03a WM, K IPUMEPY, XUTPOYMHBIE KIISIKCHI, OCTAaBJICHHBIE HA JTUCTE YEPHUIBHOU py4-
KOH, Tak BOT YTO—TO MOAOOHOE BIOJHE MOXKHO 3alKCaTh B BHJE HEKOTOPOI'O alrOpUTMa, a, CIEAO0BATENbHO, J0-
CTYITHO OOBSCHUTHCS ¢ KOMITbIoTepoM. [1o100HbIe MHOKECTBA Ha3bIBalOT GpaKkTaJbHbIMU. DpaKkTanbl HE MOX0XKH
Ha TPUBBIYHBIE HAM (PUTYPBI, U3BECTHBIE U3 T€OMETPUHU, U CTPOSITCSA OHH I10 OIPEJIeIEHHBIM aITOPUTMaM, a 3TH aJl-
TOPUTMBI C TIOMOIIBI0 KOMITbIOTEPAa MOKHO M300pa3uTh Ha 3KkpaHe. BooO1ie, ecau Bce ciierka ynpocTuTh, TO (ppak-
TaJbl — 3TO HEKOE Mpeodpa3zoBaHNe MHOTOKPATHO MPUMEHEHHOE K UCXOAHOM (urype.

[lepBbie maen ¢GppakTaabHON TeoMETpUH BO3HUKIH B 19 Beke. KaHTOp ¢ MOMOIIBIO MPOCTON PEKYPCUBHOM
(TOBTOPSIFOIIIEHCS ) IPOIISTYPhI IPEBPATHII JTHHHIO B HA0Op HECBSI3aHHBIX TOYCK (Tak Ha3biBaecMmas IIbL1b KaHnTopa).
OH Opan JMHUIO U YIANIAI HEHTPAIbHYIO TPETh U MOCIE 3TOT0 MOBTOPSUI TO KE CaMO€ C OCTABILIMMUCS OTPE3KAMHU.
Ileano HapucoBan ocoObIi B JUHUU (CM. puc). Jlist ee pucoBanus Ileano ncnoab30Bai CIeayOMUN alrOPUTM.
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Ha nepBoM mrare oH Opan npsMyro JIMHUIO U 3aMEHSUT €¢ Ha 9 OTpe3KOB JJMHHOW B 3 pa3a MEHBIICH, 4eM
mHHA uexoaHou nuHuu (Yacte 1 u 2 pucynka 1). Jlamee oH menan TO K€ caMoe€ ¢ KaKIbIM OTPE3KOM ITOJTyYHB-
meiicst muann. Y Tak 10 6eckoHeuHOCTH. E€ YHHKAIBHOCTh B TOM, YTO OHA 3aIOJIHSET BCIO MJIOCKOCTh. Jloka3aHo,
YTO JUIs KaXI0M TOYKM Ha IJIOCKOCTH MOXKHO HAWTH TOUKy, mpuHajuiexaityto nuHuu I[leano. Kpusas Ileano u
nbl1b KaHTopa BeIXOIMIN 32 paMKH OOBIYHBIX T€OMETPHUECKUX 00BEKTOB. OHM HE MMENH YeTKOH pa3MEpHOCTH.
IIe1e KanTopa crpounacs Bpoze Obl HA OCHOBAaHUU OJTHOMEPHOM MPSMOIL, HO COCTOsUIa U3 TOYeK, a Kpubas Ilea-
HO CTpOMJIaCh HA OCHOBAHWHU OJHOMEPHOH JIMHUH, a B Pe3yJibTaTe MOoJIydajach MIIOCKOCTh. Bo MHOTHX npyrux 00-
JACTSIX HAYKU MOSABISIINCH 33a[]aul, PEIIeHHE KOTOPbIX MPUBOIUIO K CTPAHHBIM pe3yJbTaTaM, Ha oJo0ue onucaH-
HbIX (BpoyHOBCKOE ABM>KEHUE, LIEHBI Ha AKIUH).

Brnots 10 20 Beka 110 HAKOIUIEHWE AAHHBIX O TaKMX CTPAHHBIX 00BEKTax, 0€3 Kakoil J1MOO MOMBITKH HX
crcTeMaTH3MpoBaTh. Tak ObLIO, MMOKa 32 HUX HE B3suics benya Manaeab0poT — oTell COBpeMEHHOH (hpakTaabHON
reoMeTpuu u ciosa ¢pakrai. Paboras B IBM marematnyeckuM aHaJIUTUKOM, OH HM3y4all UTyMbI B 3JIEKTPOHHBIX
cXeMax, KOTOpbIe HEBO3MOYKHO OBIIO ONMHUCATh C MOMOIMIBIO CTATUCTHKH. [locTenIeHHO comocTaBuB (akThl, OH MPH-
11eT K OTKPBITHIO HOBOT'O HAIPaBJIEHUSI B MAaTEMaTHUKe — ()PaKTAIbHON TreOMETPHUH.

Cam Manzaens0por BeiBen cioBo fractal or maruHckoro cioBa fractus, uTo o3Ha4yaeT pa3OUTHIN (ITO/IC/ICH-
HBIM Ha yactu). M oHO U3 onpeneneHuil Gppakrana — 3TO reoMeTpudeckas Gurypa, cocTosmias u3 4acTeil 1 KoTopas
MOJET OBITh MOJEJICHAa Ha YacTH, KaXJas W3 KOTOPBIX OYZeT NpEeACTaBISATh YMEHBUICHHYIO KOIMHUIO IIEJOoro (IIo
KpaliHe# Mepe, TPUOIU3UTEIIBHO).

Kax Tonpko Manaeab0poT OTKpbLI NOHATHE (ppaKTaia, 0Ka3anioch, YTO Mbl OyKBaJIbHO OKPY>KEHBI UMHU.
@pakTanbHbl CIMTKA METaJlIa ¥ TOPHBIE MOPOIbl, PpaKTaIbHBI PACIONIOKEHNUE BETBEH, Y30Pbl IUCTHEB, KAHILISP-
Hasl CUCTEMa PAacTEHUM; KPOBEHOCHAsI, HEpBHasl, TUM(paTHUECKasi CUCTEMbl B OpraHU3Max XUBOTHBIX, (PAKTAIbHBI
pedHble 0acceitHbl, TOBEPXHOCTh 00IAKOB, TUHUH MOPCKHUX MOOEPEKUi, TOPHBII penbed...

Urobsl mpenactaBuTh ceOe (¢pakTal MOHAIVSIAHEH pPAcCMOTPUM MpUMEp, MNPUBEACHHBIH B KHUTE
b.Mannens6pora «®pakranabHas reoMeTpHs MPUPOIbl» CTaBIIMK KiaccudyeckuM — «Kakosa anuHa Gepera bpura-
Huu?». OTBET Ha 3TOT BONPOC HE TaK MPOCT, KaK Kaxkercs. Bce 3aBUCUT OT AJIMHBI HHCTPYMEHTA, KOTOPHIM MBI Oy-
1eM nosb3oBathkes. [loMmepus Geper ¢ MOMOIIbI0 KMJIOMETPOBON JIMHEWKH MBI MOJIyYUM KaKyloo—To AIUHY. OaHaKo
MBI [IPOITYCTUM MHOTO HEOOJBIIMX 3aJIMBUYMKOB U MOJIYOCTPOBKOB, KOTOpPBIE MO pa3Mepy HAMHOI'O MEHbILIE Hallen
JUHEWKHU. YMEHBIINUB pa3Mep JMHEHKU 10, CKaXeM, | MeTpa — Mbl Y4YTeM 3TH JeTanu jJa”amadra, U, COOTBET-
CTBEHHO JuIMHa Oepera craHeT Oosnbiue. Ilolinem nanbiie u u3MepuM JIUHY Oepera ¢ MOMOIIbI0 MUJUIMMETPOBOM
JMHEWKH, MBI TYT y4TEM JETalH, KOTopble 0OoJbIlle MUITUMETpa, AI1HA OyneT euie Oosblie. B utore orBeT Ha Ta-
KOH, Ka3aJ0oCch Obl, MPOCTOI BOIIPOC MOXKET MOCTaBUThH B TYNHK KOTO YrOJHO — AnuHa Oepera bputanuu 6eckoneu-
Ha.

OcHOBHOE CBOMCTBO (pakTajioB — camomogodme. J[r000i1 Mukpockonudyeckuii pparMeHT (ppakrana B TOM
WJIM UHOM OTHOLIEHUHU BOCIIPOM3BOAMT €ro INI00aNbHYI0 CTPYKTYpY. B mpocTeiimem ciydae yacTb ¢pakrana mnpej-
CTaBJIIeT COOOM MPOCTO YMEHBIIEHHBIHN LEeNbIi (PppakTa.

OTcro1la OCHOBHOW pelenT MOCTPOeHUs (PaKTaJOB: BO3bMU NMPOCTOW MOTHB M MOBTOPSN €ro, MOCTOSHHO
yMeHbIIasg pa3Mepbl. B KOHIIe KOHIIOB BBIMJIET CTPYKTYpa, BOCIIPOU3BOIAIIAS 3TOT MOTHB BO BCEX MaclITabax.

bepem 0Tpe30k U CpeHIO €ro TPeTh MnepesiaMmbiBaeM 1o yriioM 60 rpaaycoB. 3aTemM MOBTOPSIEM 3Ty OIle-
paruio ¢ K10 M3 4acTel MOTy4YUBIICHCS JIOMAHONW — U TaK A0 OECKOHEUHOCTH. B pe3ynpTaTe MbI MOTYYHM TIPO-
cTedmmii ppakTaa — TPHAAHYIO KPUBYI0, KOTOpyto B 1904 romy oTkpbia MatemaTuk Xeabra ¢gon Kox.
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Ecnu Ha kKaXII0M 11are He TOJbKO YMEHBIIATh OCHOBHON MOTHB, HO TaK)Xe€ CMEIaTh W TIOBOPAYHMBATH €TO,
MOJKHO TIOJIY4YUTh 00Jiee MHTEPECHBIE M PEATMCTUYECKU BBITIISAAIINE 00pa30BaHus, HAPUMED, JIUCT MarOPOTHUKA
WIH JTaXKe TEeIbIe X 3apOCii. A MOKHO TIOCTPOHWTh BEChbMa MPaBAONO00HBIN (ppaKTabHBINA pesibed) MECTHOCTH U
MOKPBITh €€ OUeHb CUMMATUYHBIM JiecoM. B 3D Studio Max, Hanmpumep, JUisl TeHEpaIMK IEPEBLEB UCIIOJIB3YETCs
¢dpakranbHbIil anroputM. M 310 He HCKIIIOYeHHE — OOJIBIIMHCTBO TEKCTYP MECTHOCTH B COBPEMEHHBIX KOMIIBIOTEP-
HBIX UTpax MPeICTaBISAIOT GpakTanbl. ['opbl, Jec u obiaka Ha KapTUHKE — (PpaKTaIbL.

@daiinel GpakTanbHBIX H300pakeHU nMeroT pacmupenue fif. O6sruno (daiinel B Gopmare fif momyuarorces
HECKOJIbKO MeHble (aiiioB B ¢opmare jpg, HO ObiBacT M HaoOopoT. Camoe MHTEpEeCHOe HAauYMHAETCs, €CIU pac-
CMaTpHUBaTh KApTUHKHU CO Bce OONbIIMM yBelndeHueM. daiiibl B popmare jpg MoUTH Cpa3y JEMOHCTPUPYIOT CBOIO
IMCKPETHYIO TPUPOAY — TOSBISETCS MpecsioByTas Jiecenka. A BOT fif Qaiinpl, kak ¥ monoxkeHo ¢pakraiam, ¢ po-
CTOM YBEJIMYCHHUS TTOKA3BIBAIOT BCE HOBYIO CTETICHB JICTAIU3AIIUH CTPYKTYPbhI, COXPAHSIS ICTETUKY N300pakeHUsI.

ITonsiTHe pa3MepHOCTH M ee pacyer

B cBoell NOBCEHEBHOM KU3HU MBI IIOCTOSIHHO BCTPEYAEMCsl ¢ Pa3MEPHOCTAMU. MBI IPUKHUIBIBAEM JUIMHY
JOpOr'H, y3HaeM IJIOUIa b KBAPTUPBI U T.A. DTO MOHATHE BIIOJIHE MHTYUTHUBHO SICHO U, Ka3aJoch Obl, HE TpeOyeT
pasbsicHeHus. JIMHMS MMeeT pa3MepHOCTh 1. DTO O3HAaYaeT, 4To, BHIOPAB TOYKY OTCUETA, MBI MOXKEM JIFO0YIO0 TOUKY
Ha JTOW JIMHUU OINIPEAEIUTH C MOMOILBIO | YKciia — MOJO0KUTEIBHOTO WiIU oTpuLarenbHoro. [Ipudem 3to kacaercs
BCEX JIMHUHM — OKPYXHOCTh, KBaJpat, napadosua u T.1.

PazmepHOCTb 2 03Ha4aeT, 4To JH0OYI0 TOUKY Mbl MOKEM OJJHO3HAYHO OIPENeNuTh AByMs uuciamu. He Hazo
IyMaTh, YTO JABYMEPHBIA — 3HAYUT IJIOCKUH. [ToBepXHOCTH chepsl TOkE JByMEpHA (€€ MOXKHO ONPEAEIHUTH C IO-
MOIIBIO IBYX 3HaYEHUH — YIJIOB HalloJ0OOME IIUPUHBI U TOJITOTHI).

Ecnn cMoTpeTrh ¢ MareMaTH4ecKol TOYKU 3pPEHMs, TO Pa3MEPHOCTb ONpPEAEISETCS CIAEAYIOUUM 00pa3oM:
11 OAHOMEPHBIX O0BEKTOB — YBEJIMYEHHE B JBa Pa3a UX JUHEHHOro pa3Mepa NPUBOAUT K YBEIUUYEHUIO pa3MEpoB
(B 1aHHOM ciyyae JJMHHBI) B /1Ba paza (2°1).

Jlis IByMepHbIX 0OBEKTOB yBEJIMUEHHUE B J[Ba Pa3a JIMHEHHBIX pa3MepoB MPUBOAMT K YBEIHMUEHHUIO pa3Mepa
(Hampumep, TUIOLIA/lb PSIMOYTOJIBHHUKA) B YEThIpE pa3za (2°2).

Jlnis 3—X MepHBIX 00BEKTOB YBEJIWYEHHE JIMHEHHBIX pa3MEPOB B JBa pa3a NPUBOAM K YBEIMUEHHIO 0ObeMa B
BOCeMb pa3 (2"'3) u Tak janee.

Taxum 06pazom, pazMepHOCTb D MOXHO paccUMTaTh UCXO/ U3 3aBUCUMOCTH yBEJIMUEHUS «pa3Mepay 00b-
exTa S oT yBenudeHus JUHEHHbIX pazMepoB L. D=log(S)/log(L). dns nuauu D=log(2)/log(2)=1. Ans miaockoctu
D=log(4)/log(2)=2. Mns o6vema D=log(8)/log(2)=3.

Paccunrtaem pasmepHocTs 115t kpuBoil Ileano. MicxonHast muHUS, COCTOAIIAS U3 TPEX OTPE3KOB JIMHHBI X,
3aMeHsieTcs Ha 9 OTpe3KOB BTpOE MEHbIICH JUIMHHBL. TakuM 00pa3oM, Mpu YBEIMYEHUH MUHUMAJIbHOTO OTpe3ka B 3
pa3a anuHa Beeil tnHuu yBennuuBaercs B 9 pa3 u D=log(9)/log(3)=2 — nByMepHbIil OOBEKT.

Korna pazmepHocTs purypsl noiaydaeMoi U3 Kakux—ToO MPOCTEHIINX 00BEKTOB (OTPE3KOB) OOJIbINE pa3Mep-
HOCTH 3THX 00BEKTOB — MbI UMEEM JIEJIO C (PPAKTAIOM.

reomempuyeckue chpakmarbi

HNMeHHO ¢ HUX W HauyWHAIACh UCTOPHUS (PPAKTATIOB. DTOT THUI (HPAKTATIOB MOTYUAETCS MyTEM MPOCTHIX T€0-
METPUYECKUX MOCTpoeHU. OOBIYHO TIPHU MOCTPOSHUHU ITHX (PAKTATIOB MOCTYNAIOT TaK: OEpPEeTCs «3aTpaBKay — aK-
coMa — HabOp OTPE3KOB, HA OCHOBAHUH KOTOPBIX OYJET CTpOUThCs (hpakTan. Jlanee K 9TOi «3aTrpaBKe» MPUMEHsI-
10T Ha0OP MpaBwII, KOTOPHIN TPeoOpa3yeT ee B KaKyr—In00 reoMeTpruieckyo ¢purypy. Jlamee k kaxaoi 9acT 3TOH
(GuUrypsl TPUMEHSIOT OMATH TOT ke Habop mpaBmwi. C kKaxapM 1marom (urypa OyaeT CTaHOBUTHCS BCE CIOXKHEE U
CJIO)KHEE, ¥ €CJI MBI MPOBEJAEM OCCKOHEYHOE KOJIMYECTBO MPeoOpa30BaHU — MOTYyYUM reoMeTpHuYecKuii ppak-
TaJl.

Paccmotpennas panee kpuBas Ileano siBnsiercs reomerpudeckuM (ppaktaniom. Ha puc. HuKe npuBeeHbI
Ipyrue mpuMepsl reoMeTpudeckux ¢pakranoB (ciea HanpaBo CHexunnka Koxa, Jlucrt, Tpeyronsuuk CepnuHCKO-
rO0).

W3 sTux reomerpudeckux GpakTaloB OYeHb HHTEPECHBIM U TOBOJBHO 3HAMEHUTHIM SIBISETCS — CHEKUHKA
Koxa. Ctpoutcs oHa Ha OCHOBE PaBHOCTOPOHHETO TpeyroibHUKa. Kaxkmas TUHUS KOTOPOro 3aMeHsieTcst Ha 4 Jiu-
HUUW Kaxnaas AmuHHOM B 1/3 ucxomnoit. Takum oOpa3om, ¢ Kaxa0i UTepariei JIMHHA KPUBOW yBEIIMYMBACTCS Ha
TpeTh. U ecm MBI caenmaeM OECKOHEYHOE YMCIIO0 MTEepaluidi — MoiydnM ¢pakTan — cHeXHHKY Koxa GeckoHedHOM
mHHEL [Tomydaercs, uTo Hama 6eCKOHEYHAas KpUBast MOKPHIBAET OTPAHUYCHHYIO TLTOIIA .

PasmepHocts cHexxnHku Koxa (mpw yBenmWueHWM CHEKMHKH B 3 pa3a ee JUIMHAa Bo3pacraeT B 4 pasa)
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D=log(4)/log(3)=1.2619...

J1st mocTpOeHHsI TeOMETPUYECKHX (PPAKTATIOB XOPOIIO MPHUCIIOCOOICHBI Tak Ha3biBaeMble L-Systems. Cytp
3THUX CUCTEM COCTOMT B TOM, YTO MMEETCS ONPEAETICHHBIX HA0Op CHMBOJIOB CUCTEMBI, KaX/IbIii U3 KOTOPBIX 0003Ha-
YaeT onpeesieHHOe IeHCTBIE U Ha0Op MpaBMII MPeoOpa3OBaHMUs CHUMBOJIOB.

Puc. Jlucm
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Puc. Tpeyzonvnux Cepnuncrkozo

Anzebpauyeckue ¢ppakmanbi

Bropast Gospmas rpynma ¢pakranoB — ajredépamdeckue. CBoe Ha3BaHWE OHM IMONYYHIIA 33 TO, YTO HX
CTPOAT, Ha OCHOBE anreOpandeckux (GOpMyJl MHOIZIa BeCbMa MPOCThIX. MeETOJ0B MOJYy4YeHHUs anredpandeckux
¢dpaxTanoB HECKOJIbKO. OJUH U3 METOJIOB MPEACTABIsAET COOON MHOTOKPATHBIN (MTEpallMOHHBIN) pacueT QyHKINUN
Zn+1=f(Zn), rae Z — kOMIUIEKCHOE YHuCIIO, a f Hekast pyHKuusA. PacueT naHHON (QyHKIMU IPOJOIIKAETCS 10 BBINOJI-
HEHUS OIpeNIeIeHHOro ycioBus. 1 koraa 3To ycinoBHe BBINMOIHUTCA — Ha 3KpaH BBIBOAUTCS Touka. [Ipu 3TOM 3Ha-
YyeHus1 GYHKIMU AJIS pa3HBIX TOUYEK KOMIUIEKCHON MIIOCKOCTH MOKET UMETh pa3HOEe MIOBEJICHUE:

— € TEYEHHEM BPEMEHH CTPEMUTCS K OECKOHEUHOCTH.

— cTtpemurcs K 0

— TPUHUMAET HECKOJIbKO (PMKCUPOBAHHBIX 3HAYEHUN U HE BBIXOJIUT 32 UX IPEEIbl.

— MOBEJIEHHE Xa0THYHO, 0e3 KaKUX MO0 TeHACHIU.

UT0o0B! NPOMILTIOCTPUPOBATH anredpanyeckre (ppakraabl 00OpaTUMCS K KJIAaCCUKE — MHOKecTBY MaHaenb0-
pora.

Puc. Muoosicecmseo Manoenvopoma
Jlyist ero mocTpoeHusT HaM He0OXO0 UMbl KOMITJICKCHBIC Yuciia. KOMITIEKCHOE YUCIIO — 3TO YHCIIO, COCTOSIIEE
U3 JIByX 4YacTel — JEeWCTBUTEIBHON M MHUMOM, U 0003HauaeTcsi oHO a+bi. JlelicTBUTENbHAS YacTh a 3TO OOBIYHOE
YKCIIO B HAIlIEM IPEJICTaBICHUH, a bi — MHUMAas YacTh. i — HA3bIBAIOT MHUMOW CIUHUIICH, ITOTOMY, YTO €CIIU MBI
BO3BEJIEM 1 B KBaJpar, TO moryaum —1.
KoMruiekcHbIe 9rciia MOJKHO CKJIaJIbIBaTh, BEIYMTATh, YMHOXATh, JICIUTh, BO3BOJAWTH B CTCIICHb U U3BJICKATh
KOPEHb, HETIb3s TOJIbKO UX CPaBHHUBATh. KOMILIEKCHOE YMCIIO MOKHO M300pa3uTh KaK TOYKY Ha MJIOCKOCTH, Y KOTO-
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poit koopauHaTa X 3TO ACHCTBUTEIbHAS YacTh @, @ Y 3T0 KO3(PGUIIMEHT MPHU MHUMOM YacTH b.

QOyHKIMOHATBHO MHOXKECTBO Manens0poTa onpeaensercss kak Zn+1=Zn*Zn+C. J{is mocTpoeHuss MHOXKe-
cTBa Manaenb0poTa BOCHOIb3yeMcs alropuTMOoM Ha belicuke.

For a=—2 to 2 ' myis Bcex AEUCTBUTENBHBIX a4 OT —2 110 2

For b=—2 to 2 ' qyst Bcex MEUMBIX b oT —2 110 2

C=a+tbi

Z0=0+0i

'TIpuHaISKUT MHOKECTBY MaHens0poTa

Lake=True

'TloBTopsiem 255 pa3 (st pexxuma 256 1IBETOB)

For iteration=1 to 255

Zn=20*Z0+C

TIpoBepuiiu — HEe IPUHAIUICKUT

If abs(Zn)>2 then Lake=False: Exit For

Z0=Zn

Next

'HapucoBanu 4epHyto TOUKY,IpHHaIeKalIyto "o3epy" MannensOpoTa.

If Lake=True Then PutPixel(a,b,BLACK)

' HapucoBayii TOUKY HE MPUHAAIEKAILYI0 MHOXKECTBY WJIH JISXKAIIYI0 Ha TPaHULIE.

Else PutPixel(a, b, iteration)

Next

Next

A Terepb OnMILy IPOrpaMMKy ciioBamu. J{Jist BceX TOYCK Ha KOMIUICKCHOM IJIOCKOCTH B MHTEpBaje OT —2+2i
70 2+21 BBITIOIHSAEM HEKOTOPOE TIOCTATOYHO OOJIBIIOE KOHYeCTBO pa3 Zn=Z0*Z0+C, kaxaslii pa3 nmposepsis adco-
JOTHOE 3HaueHue Zn. Ecnu 310 3HaueHue OoJjblie 2, YTO pUCYEM TOUKY C LIBETOM PaBHBIM HOMEpPY MTEpalllu Ha
KOTOpPOM a0COJIFOTHOE 3HAUYE€HUE IPEBBICUIIO 2, HAUYE PUCYEM TOUKY YepHOro 1Bera. Bce MHOkecTBO Maniens0po-
Ta B IIOJIHOM Kpace y Hac mepej Ia3amu.

UepHbIil IBET B CepeIMHE MOKA3BIBAET, YTO B 3TUX TOUYKAX (PYHKIHUS CTPEMHUTCS K HYIIO — 3TO U €CTh MHO-
skecTBO Maneab0pora. 3a npeaenamMu 3TOro MHOXeCTBa (PyHKIUS CTPEMHUTCS K OECKOHEYHOCTH. A caMoe MHTe-
pecHOe ATO TpaHHIBl MHOKeCTBa. OHM TO M SABISIOTCA (PpakTaibHBIMU. Ha rpaHumax 3Toro MHOXeCTBa (PYHKIHS
BeZIeT ce0sl HelpeICKa3yeMo — XaOTHYHO.

MeHnsis pyHKIMIO, YCIOBHS BBIXOJIa U3 IIUKJIa MOXHO MOIy4aTh Apyrue ¢pakransl. Hanpumep, B3sB BMECTO
BhIpakeHUs1 C=a+bi Belpaxkenue Z0=a+bi, a C mpucBauBaTh MPOU3BOJIbHBIE 3HAYEHHS] MBI TIOJYYHUM MHOKECTBO
Kronma, Toxe KpacuBbIi pakTal.

Jns MHOKecTBa MaHaens0poTa ToXe MPOSBIISIETCS: CaMOIoA00ue.

Cmoxacmu4eckue ppakmarbli
TunuuHbIN OpeACTAaBUTECIIb JAHHOI'O KJIaCcCa akTanoB «Ili1azmax.

Puc. Inasma

st ee mocTpoeHUs: BO3bMEM MPSIMOYTOJIBHUK U JUISI KaXIO0r0 €ro yria onpenenum IBer. Jlaiee Haxoaum
LEHTPAJIbHYIO TOUKY MPSAMOYTOJIbHUKA U PAacCKpallliBaeM €€ B LIBET PaBHBIM cpeHeMy apu(METHUECKOMY LIBETOB
0 yIJIaM MPsIMOYTOJIFHUKA TUTIOC HEKOTOpoe ciiydyaitHoe uncio. Yem Oombliie ciaydaiiHOE YUCIO — TeM Oosiee «pBa-
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HbIM» Oyner pucyHok. Eciu, Hanmpumep, cka3zaTh, YTO IIBET TOYKU 3TO BBICOTA HAJ YPOBHEM MOpS, TO IMOIYYUM
BMECTO IIJIa3MbI — TOPHBIA MaccuB. IMEHHO Ha 3TOM MPUHITUIIE MOJEIUPYIOTCS TOPHI B OOIBIIMHCTBE TIporpamm. C
MOMOIUIBIO ANITOPUTMA, TOXO0XKET0 Ha IJIa3My CTPOMUTCS KapTa BBICOT, K HEl MPUMEHSIIOTCS pa3iuyHble (UIbTPHL,
HAKJIaJbIBAEM TEKCTYPY.

Cucmembl umepupyembix pyHkyuu (IFS — Iterated Function Systems)

Ota rpynna ¢ppakTagoB MOJyduia MUPOKOE pacrnpocTpaHeHue Onaroaaps padoram Maiikaa bapueau u3
TEXHOJIOTUYECKOT0 HHCTUTYTA 1mTata Jxopmkus. OH IbITalIcs KOAUPOBATh U300paKESHHSI C TTIOMOIIBbIO (PpaKTaioB.
3amaTeHToBaB HECKOJIBKO HACH MO KOJUPOBAHUIO H300paKEHHH ¢ MOMOINIbIO (paKTaloB, OH OCHOBaI (UpMY
«Iterated Systemsy, KoTopas 4Yepe3 HEKOTOpOe BpeMsl BBIITYCTHIIA MEPBhIi NpoayKT «Images Incorporated», B koTo-
POM MOXHO OBbLTO H300pakeHUs IEPEBOAUTD U3 PacTpoBOit GopMbl Bo ppakTanbHyto FIF.

OTO MO3BOJISATIO JOOUTHCS BBICOKMX CTeNeHeW cxkaTus. [Ipu HU3KMX CTENeHsX CKaTHsl KauyeCTBO PHCYHKOB
ycrynano kadectBy (opmata JPEG, HO mpu BBICOKMX KapTUHKHU IMOJIydaluch Oojiee KayecTBEHHBIMU. B mrobom
cilydae 3TOT (opmar He MPUKHUICSA, HO pabOThI 110 €ro yCOBEPIIEHCTBOBAHUIO BEAyTCS A0 cux nop. Benp atot dop-
MaT He 3aBHCHUT OT pa3peleHus n3oopaxenus. Tak kak n300pa’keHHe 3aKOIMPOBAHO C OMOIIBIO (POPMYII, TO €ro
MOKHO YBCJIWYHUTH OO JIFOOBIX PasMEpPoOB U IIPU 3TOM 6YI[}IT MOABJIATHECA HOBBIC ACTATIN, 4 HEC IIPOCTO YBCIUYUTCA
pasMep MUKCENEH.

PhotoShep Fractal
' -,

Ecnmu B L—systems (anreOpandeckux (ppakTayiax) pedp IUIa O 3aMEHEe MPSIMON JIMHUH HEKUM TTOJIMTOHOM, TO
B IFS MBI B X0/1€ KaX/10i1 UTepalluy 3aMeHseM HEKHUil MOJIMTOH (KBajpat, TPEYroidbHUK, KpyT) Ha HaOOp MOJUIOHOB,
KKl UX KOTOPBIX MOABEPrHYT adduuHBIM mpeodpazoBanusM. I[lpu adduuHBIX mpeodpazoBaHUAX HCXOIHOE
n300pakeHre MEHseT MaciTal, mapaiesibHO MEePEeHOCUTCS BJIOJb KaX10i M3 ocel W BpallaeTcss Ha HEKOTOPBIN
yTod.

®dpakmarsbl U xaoc
[TonsiTne dpaxTan Hepa3pbIBHO CBA3AHO C MOHATHEM XaocC. Xa0€ — 3TO OTCYTCTBUE MPEICKa3yeMOCTH. Xaoc
BO3HHUKACT B JMHAMUYECKHUX CHUCTEMaX, KOTJa JUId IByX O4YEHb OJM3KUX HAYaJbHBIX 3HAUYEHUI crcTeMa BeAeT cedst
COBEPIIIEHHO MO—pa3HoMy. [IpumMep XaoTHYHOW TUHAMHYECKON CHCTEMBI — MOroja (MeTeoposioru myTaT: «B3max
Kpbl1a 6a0ouku B Texace MpUBOIUT K yparany Bo Diopumue»).
Xopomio TPOWLTIOCTPUPOBATh XAOTHYHOE TIOBEICHHE MOXKHO C IOMOINBIO TakK Ha3zbiBaeMoro logistic
equation Xx=Cc*x(1-x). [Ipuuwio 310 BeIpakeHHEe U3 OMOIOTUH, T.K. 3TO TpyOasi MOJIEIb MOMYJISIMU KHUBOTHBIX. Tak

4



43

BOT IIPU MCCIIEOBAHUHU MOBEJCHUS ATON (PYHKIIMU BBIICHUJIACh MHTEpecHas ee oco0eHHOCTh. Ecnu ¢ — aktop po-
CTa MOIYJIALMY HaXOIUTCA B mpenenax oT 1 1o 3, To yepe3 HeKOTOpOe KOIMYECTBO UTEPALUN OIS CTa0HIn-
3UpPYyeTCS.

[Ipu c=3 nama QyHKUMA pa3aBauBaeTCs — 4Yepe3 ONpPENEICHHOE YUCIO UTepaluil IPUXOJUM K CUTyaluH,
KOTJIa BBICOKAsl TIOIYJISAIUS B OJIMH TOJI CMEHSETCS HU3KOW B CIIEAYIONIMN M 3HAYCHHUE BBIPAKEHHS KaK ObI CKaveT
MCKAY ABYMs 3HAUCHUSMMU.

[Tpu ¢=3.45 oHa pa3BanBaeTCsl CHOBA M y HAC YK€ UMEETCSl YEThIPEXJICTHUH IIUKII.

Hanee npu pocte ¢ GyHKIUS pa3aBanBaeTcs Bce ObicTpee u ObicTpee: npu ¢=3.54, ¢=3.564, c=3.569 ...

U B Touke 3.57 HaunHaeTCs Xaoc. 3HAUCHUS BBIPAKEHUS HE UMEIOT KaKoi JIN0O0 MEePUOTUIHOCTH W CTPYK-
Typbl. Ha pricyHke nzo0paxeHa 3aBUCUMOCTb OBe/IeHUs (PYHKLUU OT BEJIUUYUHBI C.

TEMA Ne 5. PACTPOBAA TPADUKA

PactpoBas rpaduka, obmue ceefeHus. PactpoBble npecTaBieHus n3oopaxenuil. Buasl pactpos. @akTopsl,
BIIHMSIFOIME HA KOJMYECTBO MaMSITH, 3aHUMAeMON PacTpOBBIM H300paxkeHneM. JlOCTOMHCTBA M HETOCTATKH PacTpo-
BOI rpaduku. I'eomeTpuyeckre XapakTepUCTHUKU pacTpa (paspeliaromas CliocoOHOCTb, pa3Mmep pactpa, dopma
nukcenos). KonnuecTBo 1BeTOB pacTpoBoro nzodpaxenus. Cpeacrsa uist paboThl ¢ pacTpOBOM rpaduKoii.

Pacmpoeasi epaghuka, obwue ceedeHust

KomneiotepHoe pacTpoBoe n300pakeHHe NpeACcTaBiseTcs B BUAE NPSIMOYTOJIbHON MaTpHIIbl, KaXKas ssueil-
Ka KOTOPOM NPEJCTaBICHA [IBETHON TOYKOU.

OCHOBOH pacTpOBOIrO TPEICTaBICHUS TpapUKH SBISICTCS MUKCEJb (TOYKA) C ykKazaHueM ee 1Bera. [lpum
ONMCaHUU, HAIlPpUMEpP, KpacHOTro 3Juiumca Ha O6enoM (oHe HEoOXOJUMO yKa3aTh LBET KA OOl TOYKU DJUIMIICA U
¢dona. M3o0paxeHne npeacTaBisieTcss B BUAe OOJIBIIOT0 KOJMYECTBA TOUEK — YeM MX OOJIbIIe, TEM BU3yaJIbHO Kade-
CTBEHHEe M300pakeHue u Oonbine pasmep (aitna. T.e. ogHa M 1ake KapTUHKA MOXKET OBITh MpECTaBIEHA C JIyd-
[IMM WJIN XYAIIUM Ka4e€CTBOM B COOTBETCTBUH C KOJIMUYECTBOM TOUEK HA €IMHUILY JJIUHBI — paspeuternuem (0ObIUHO,
TOYEK Ha JIIONM — dpi WK MTUKCeNel Ha AF0iM — ppi).

PacTtpoBble n300pa’keHHs HATOMUHAIOT JIUCT KJIETYaTol OyMaru, Ha KOTOpOM Jito0ast KJIeTKa 3aKpalieHa JIu-
00 yepHbIM, MO0 OeNbIM LBETOM, 00pa3ys B COBOKYMHOCTH pUCYHOK. IIMKcen — OCHOBHOM 3JI€MEHT pacTpOBBIX
n300pakeHnit. IMEHHO U3 TaKKX 3JEMEHTOB COCTOUT PacTpOBOE M300pakeHHe, T.€. pacTpoBas rpaduka OonuchiBaeT
M300pakeHus ¢ UCTIOIb30BAHUEM LIBETHBIX TOUEK (ITMKCEJIH), PACIIOI0KEHHBIX Ha CETKE.

[Ipu penaktTupoBaHuM pacTpoBoi rpaduku Bel penakTupyere muKcea, a He JUHUU. PactpoBas rpaduka
3aBUCUT OT pa3pelleHUs, TOCKOIbKY MH(OpMAaIMs, ONUCHIBAIOIIAs U300pakeHue, MPUKPEIJICHa K CEeTKE OIpele-
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JeHHOTO pa3mepa. [Ipu perakTupoBaHUM PACTPOBOW TpadHKH, KA4eCTBO €€ MPEACTABICHUS MOXKET H3MECHUThCS. B
YaCTHOCTH, U3MEHEHHE PAa3MEPOB PACTPOBOM TpaHKH MOKET NMPHUBECTH K «PA3IOXMAuMBAaHUIO» KPaeB M300paxke-
HUS, TOCKOJIBKY MTUKCENN OyayT MepepacipenesaThes Ha ceTKe. BIBo pacTpoBoli rpaduiku Ha ycTpoiicTBa ¢ Ooiee
HU3KHUM pa3pelieHueM, YeM pa3perieHre caMoro H300payKeH st, TOHU3UT ero KauyecTBO.

Kpome Toro, kauecTBO XapaKTepH3yeTcs elle U KOJIMYECTBOM I[BETOB U OTTEHKOB, KOTOPBIE MOKET MPHHHU-
MaTh KaXaas To4YKa u300paxkeHus. Uem OONBIIMM KOJIMYECTBOM OTTEHKOB XapaKTEPHU3YETCsl M300pakeHUs, TEM
OoJiblIiee KOJIMYECTBO pa3psiioB Tpedyercs st ux onucanus. KpacHeiid MoxeT ObITh 11BeTOM HOMep 001, a MOKeT u
—00000001. Takum 0Opa3oM, 4eM KauyeCTBEHHEE H300paKeHUE, TeM OoJIbIie pa3mep (aiina.

PactpoBoe mpencraBieHre OOBIYHO UCTONB3YIOT U M300pakeHui (GOTOrpaduvueckoro THIA ¢ OOJBIINM
KOJIMYECTBOM JeTaleld WM OTTeHKOB. K cokaneHuio, MacmrabupoBaHUE TaKMX KapTUHOK B JIIOOYIO CTOPOHY
OOBIYHO YXY/IIAET KauecTBO. [Ipy yMEHbIICHHH KOJIMYECTBA TOUYCK TEPSIFOTCS MEJKHE JeTaiu U JaeGopMupyroTcs
HaanucH (IpaBaa, TO MOXKET OBITh HE TaK 3aMETHO NMPH YMEHBIICHHH BU3YaJIbHBIX Pa3MEpOB CaMOM KapTHHKH —
T.€. COXpaHEeHUU pasperieHus ). Jlo0aBieHre MUKceneld MPUBOAUT K YXY/IIICHHIO PE3KOCTH U SPKOCTH U300paxe-
HUS, T.K. HOBBIM TOYKaM IPUXOJIUTCS JaBaTh OTTEHKH, CPETHIE MEX Ty IBYMs U OoJiee rpaHUYaIllIMHU [[BETAMHU.

C nomo1p0 pacTpoBoil rpaduKu MOKHO OTPa3UTh U MEpeaaTh BCIO raMMy OTTCHKOB M TOHKHUX 3 QEKTOB,
MPUCYIIUX pealbHOMY M300pakeHuo. PactpoBoe nzobpakenue 6mmke K pororpaduu, OHO MO3BOJISET OoIee TOU-
HO BOCIIPOU3BOJIMTH OCHOBHBIE XapaKTEPUCTUKU (OTOrpaduu: OCBEHICHHOCTD, PO3PAYHOCTh U MIIyOUHY PE3KOCTH.

Yarme BCero pacTpoBbie M300paKEHUS MOTYYIAIOT ¢ TIOMOIIBIO CKaHUPOBaHUS GoTorpaduil U APyrux u300-
PaKEHHI, C TOMOIIBIO ITUPPOBON (oTOKaMephl WU IMyTeM "3axBaTa" Kalpa BUACOChEMKHU. PacTpoBbie m300paxe-
HUSI MOKHO TIOJYYHTh M HETIOCPEACTBEHHO B MPOrpaMMax pacTpOBOI MM BEKTOPHOHU rpaduku mytem mpeoOpaso-
BaHUM BEKTOPHBIX H300paKCHUH.

Pacnipoctpanenst popmartsi .tif, .gif, .jpg, .png, .omp, .pcx u ap.

Pacmpoesie npedcmaesnieHusi usobpaxeHul

IInkcen — OCHOBHOM 3JIEMEHT PAaCTPOBBIX N300pakeHUH. IMEHHO U3 TaKUX 3JEMEHTOB COCTOUT PacTpoOBOE
n300paxeHue.

In¢ppoBoe nzodpaxenue — 3T0 COBOKYNHOCTh nuKceneil. Kaxaplil nukcen pactpoBoro n3odpaxeHus xa-
pakTepu3yercs KOOpAMHATaMU X U Y U SIpKOCThI0 V(X,y) (A7 uepHO—OenbIx n3odpaxenuil). [lockoabky muKcenbl
UMEIOT JUCKPETHBIN XapakTep, TO UX KOOPJIUHATHI — 3TO JAUCKPETHbIE BEJIMYMHBI, OOBIYHO LIEJIbIE WIH PALMOHANb-
Hble yucna. B ciydae nBeTHOro M300pakeHMsI, KaKIbli MHUKCENl XapaKTepu3yeTcsl KOOpAUHATAMU X U Y, U TPeMs
SAPKOCTSAMU: SIPKOCTHIO0 KPACHOTO, IPKOCTBIO CUHETO U SIPKOCTHIO 3esieHoro 1BeToB (VR, Ve, V). KomOunupys nan-
HbIE€ TPU 1IBETa MOKHO MOJTYYUTh OOJIbIIOE KOJIMUYECTBO Pa3IMUHbIX OTTEHKOB.

3aMeTHM, 4TO B CIy4ae, €Clid XOTs Obl 0JIHA M3 XapaKTePUCTUK U300pakeHUs HE SBISETCS YUCIOM, TO U300-
pakeHHEe OTHOCHUTCS K BHUIY @HA10206blx. IIprMepamy aHAJIOTOBBIX M300pak€HUN MOTYT CIY>KUTh rajorpambl U
¢dororpaduu. J{is paboThl ¢ TaKUMHU M300paKEHUSAMH CYIIECTBYIOT CIHELMalIbHbIE METO/bl, B YACTHOCTH, ONTHYE-
CKue npeodpazoBaHus. B psne ciiydaeB aHanoroBble H300pakeHUs MEPEBOJAT B LHU(PPOBOI BUA. DTy 3a1ady ocCy-
mectrisier Image Processing.

[[BeT mr000OTO THKCENa PacTPOBOTO M300paKEHUSI 3alIOMHHACTCS C MOMOIBI0 KOMOMHamuu OUToB. Yem
Oosblie OUTOB JUISI ATOTO MCIIOJIB3YETCS, TEM OO0JIbIIIe OTTEHKOB 1IBETOB MOXKHO MOMy4yHTh. 1011 rpaganuio spkoctu
00bryHO oTBOAUTCS 1 Oaift (256 rpamanwmii), mpudem 0 — depHBIN 1BET, a 255 — Oenblil (MakcUMaabHasi MHTEHCHB-
HOCTh). B ciyyae nBeTHOro n300paskeHust OTBOJUTCS MO 0aiiTy Ha rpajjanuu sspKocTeil Bcex Tpex 1BeToB. Bo3Moxk-
HO KOJIMPOBAHUE IpaJalfil IpKOCTU APYTUM KOJIMUYECTBOM OUTOB (4 miu 12), HO yeloBe4YeCKHil r1a3 crnocobeH pas-
JMYaTh TOJBKO 8 OWT rpaganuii Ha KakKIbld LBET, XOTs CHelMalbHas anmaparypa MOXKeT morpeboBaTh M Ooisee
TOYHYIO Tiepenady mBeToB. [[Bera, ommceiBaembie 24 Outamm, obecriednBaroT Oosnee 16 MUIUTMOHOB JOCTYITHBIX
I[BETOB M UX YaCTO Ha3bIBAIOT ECTECTBEHHBIMU IIBETAMH.

B 1nBeTOBBIX manmmTpax KaKIeId MUKCEN omucaH KojoM. [logmepkuBaercst CBs3b STOTO KOja C TaOmHIei
LIBETOB, COCTOALIEN U3 256 sueek. PaspsnHocTh Kaxaoil sueliku— 24 paspsaa. Ha Beixoge kaxaoil sueliku 1o 8
pa3psA0B Ui KPaCHOTO, 3€JIEHOTO U CHHETO I[BETOB.

[[BeTOBOE MPOCTPAHCTBO, 00Opa3zyeMOe HHTEHCHUBHOCTSIMH KPAaCHOTO, 3€JIEHOTO M CHHEro, MpPEICTaBISIOT B
BHJIE 1IBETOBOTO Ky0a (cm. puc. 1.).
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Puc. 1. IietoBoii Ky6
Bepumnsl ky0a A, B, C aBAs10TCS MaKCUMaJIbHBIMU HHTEHCUBHOCTSIMHU 3€JIEHOT0, CUHET0 U KPAacCHOI'O CO-
OTBETCTBEHHO, a TPEYTOJIbHUK, KOTOpbIe OHM 00pa3yloT, Ha3biBaeTcs TpeyrojibsHukoM Ilackans. Ilepumerp sToro
TPEYroJbHUKAa COOTBETCTBYET MAaKCHUMAaJbHO HACBHIUICHHBIM LIBETaM. L[BET MakcHMaibHOW HACBHIIIEHHOCTH COJEp-
KHT BCEr/la TOJIBKO JiB€ KOMIOHEHThl. Ha oTpeske OD HaxoasaTCs OTTEHKH ceporo, npuyeM Toka O COOTBETCTBYET
4epHOMYy, a Touka D Oenomy nsery.

Budbi pacmpos

Pactp — 5TO MOpsI0K pacnoioskeHus To4eK (pacTpoBbIX 2neMeHTOB). Ha puc. 2. uzo0OpaxkeH pactp, 3ie-
MEHTaMH KOTOPOTO SIBIISIFOTCSI KBaJApaThl, TAKOW PACTP HA3bIBAETCS NMPSAMOYIOJbHBIM, UMEHHO TAKUE PaCTphI
HanboJIee YacTo UCIOIb3YHOTCS.

o RS

Ry -oFED
Gy)-orGEERN
B)-oBRLULE

\{ O - S PACETOHN

Puc. 2.
XO0Ts1 BO3MOYKHO HMCIOJIb30BaHUE B KaYeCTBE PAaCTPOBOIO AyieMeHTa (Urypsl Ipyroi Gopmbl: Tpeyroib-
HUKA, IECTUYTOJbHUKA; COOTBETCTBYIOIIETO CIEAYIOUINM TPEOOBAHUSAM:
— Bce (Urypsl 10IKHBI OBITH OJITUHAKOBBIE;
—  JIOJDKHBI IOJTHOCTBIO TMOKPHIBATh IIIOCKOCTh 0€3 Hae3KaHUs U JIBIPOK.
Tak B KauecTBe pacTpOBOrO 3JIEMEHTa BO3MOXKHO HCIIOIb30BaHHE PAaBHOCTOPOHHETO TPEYTOJIbHUKA PHC.
3, IpaBUJIBHOTO IIECTHYTOJIbHUKA (TeKcarapa) puc. 4. MOXKHO CTPOUTH pacTpbl, HCIIOJIb3Ys HENPaBUIbHBIE MHO-
TOYTOJIbHUKH, HO MPAKTUYECKUI CMBICII B ITOI00HBIX pacTpax OTCYTCTBYET.
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Puc. 3. TpeyrosbHblii pactp
PaccMoTpuM criocoObI MOCTPOSHUS JIMHUN B IPSIMOYTOJILHOM M T€KCATOHAITBHOM PacTpe.
1

n
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Puc. 4. «I'excaroHanbHbIi pacTp»
B npsiMoyrosapHOM pacTpe MocTpoeHUe JMHUU OCYLECTBISETCS ABYMS CIIOCOOaMMU:
1) Pesynbrar — BochMuCBs3HAs JuHUA. COCeTHHE MHUKCEIH JIMHUA MOTYT HAXOIUTCS B OJJHOM U3 BOCHMH
BO3MOXHBIX (CM. pucC. 5a) nonoxeHusx. Henoctatok — CIuIIKOM TOHKas JIMHUA IIpH yriie 45°.
2) Pesynbrar — yerbipexcBsi3Has JuHUsA. CoceIHIE MUKCENU JIMHUM MOT'YT HAXOJHUTCS B OJJHOM U3 YEThIPEX
BO3MOXKHBIX (CM. pHC. 50) mosjoxxenusix. Hemoctatok — n30B6ITOUHO TOJICTast TMHUS TIPH yriie 45°.

1

L1

Puc. 5. IloctpoeHune JTMHUYU B IPSIMOYTOJIBHOM PacTpe
B rekcaroHagbHOM pacTpe JTUHUU HIECTUCBA3HBIC (CM. puC. 6) Takhe ITUHUU OoJiee CTaOWIIBHBI MO IIU-
pHUHE, T.€. TUCTIEPCHUs ITUPUHBI TUHUU MEHBIIE, YeM B KBAJPATHOM PacTpe.

1

L
Puc. 6. HOCTpOCHI/IC JINHUU B I'CKCAroHaJIbHOM pacTpe

OpHuM U3 croco0OB OLIEHKH pacTpa SBJSEeTCs Mepefayda 1Mo KaHaly CBSA3M KOAMPOBAHHOIO, C YYETOM HC-
MOJIL3YEMOTO pacTpa, N300paKeHUs C TOCIEAYIONIMM BOCCTAHOBICHHEM M BU3YAIbHBIM aHAIM30M JIOCTHTHYTOTO
KayecTBa. DKCIIEPUMEHTAILHO U MaTeMaTHUECKH J0Ka3aHO, YTO reKcaroHaJIbHBIA pacTp Jydlle, T.K. 00ecreurnBaeT
HaWMEHbIIIee OTKJIOHEHUE OT opuruHaia. Ho pa3Huia He Benuka.

Mooenuposanue zekcazonanvnozo pacmpa. Bo3sMOXHO MOCTPOCHHE T'€KCArOHAJLHOTO pacTpa Ha OCHOBE

4
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KBaaApaTHOTIO. IIJ'I?I OTOr'0 r€KCayroJbHUK MPEACTABIISIIOT B BUC ITPAMOYT'OJIbHUKA.

DaKTOPbI, BJAUAIONIHE HA KOJUYECTBO NAMATH, 3aHMMAaeMOiil pacTPOBBLIM M300pasKeHreM

Daiinibl pacTpoBOi rpaduiKu 3aHUMAIOT OOJBIIOE KOJUYECTBO MAMSITH KOMITbloTepa. HekoTopbie KapTUHKA
3aHUMAIOT OOJIBIION 00bEM MaMATH KU3—3a OOJBIIOTO KOJIMYECTBA MUKCENIOB, JTI0O0N U3 KOTOPHIX 3aHUMAeT HEKOTO-
pyto yacte namstu. HanbosnpIiee BAMsiHEE HA KOJTMYECTBO MAaMITH 3aHUMAeMON pacTPOBBIM H300paKEHHEM OKa3bl-
BarOT TpH (pakTa:

— pasmMep u300pakeHuUs;

— OwuTtoBas ri1yOuWHA LIBETA;

— ¢Qopwmar ¢aiina, UCTIOIB3YyEMOTO ISl XpPaHSHHS H300paKEeHUSI.

CymiectByeT npsiMasi 3aBUCUMOCTb pa3Mepa (aiiina pacTpoBoro nzodpaxenus. Yem 6osbiie B 1300pakeHUn
MTUKCENIOB, TeM Ooiblne pa3mep daiina. Paspemaronias crnocoOHOCTs W300paKeHHs HA BEIMYMHY (paiija HUKaK He
BiusieT. Paspemaromas cnocoOHOCTh 0Ka3biBaeT 3¢ dekT Ha pa3Mep (aiiia TOJbKO MPU CKAaHUPOBAHUH WM PellakK-
TUPOBAHUU U300paXKEHUII.

Cas13b Mex 1y OMTOBOI TTyOMHON U pa3mepoM ¢aiina HerocpeacTBeHHast. UeM Oonbliie OUTOB HCTIOIb3YeTCS
B IMHKCeIe, TeM Oouibie OyaeT daitn. Pasmep ¢aiina pactpoBoi rpadiku CHIIHHO 3aBUCHT OT (hopMaTa BEIOPAHHOTO
Ui XpaHeHus u3o0paxkenus. [Ipy mpounx paBHBIX YCIOBHX, TAKUX KaK pa3Mepbl H300pakeHus u OUToBas r1you-
Ha CYIIECTBEHHOC 3HAUCHUE MMEET cxeMma Ckarus m3o0paxkeHus. Hampumep, BMP ¢aiin mmeer, kak mpaBuio,
OobInne pa3mepsl, o cpaBHeHuto ¢ paitnamu PCX u GIF, kotopsie B cBoto odepens Oonbiie JPEG daiina.

MHorue ¢aiinel n300paxeHnid 00J1a1al0T COOCTBEHHBIMU CXEMaMH C)KaTUsl, TaKKE MOTYT COAEP)KaTh J0-
MIOJIHUTENbHBIE IaHHBIE KPATKOTO OMHUCAaHUs U300paKeHUS ISl IPEABAPUTEIHLHOTO TPOCMOTPA.

HdocmouHcmea u HeAocmamku pacmpoeol 2paghuku

Jocrouncraa:

PactpoBas rpaduka 3¢hekTuBHO npencTaBiseT peanbHble 00pa3bl. PeanbHbI MUP COCTOUT U3 MUJUIUAPIOB
MenbualiinX OOBEKTOB M YEJIOBEYECKHI I1a3 Kak pa3 MPUCHOCOOJEH JUIsl BOCHPUITHS OIPOMHOro Habopa awuc-
KPETHBIX 3JIEMEHTOB, oOpa3yromux npeamersl. Ha cBoeM BbIcIIeM ypoBHE KauecTBa — HM300pa’k€HHE BBITJISIAT
BIIOJIHE pEAIbHO MOJ00HO TOMY, KaK BBIIISAIAT ¢oTorpaduu B CpaBHEHHUU C PUCYHKAMHU. JTO BEPHO TOJBKO IS
OYEHb JIETATM3UPOBAHHBIX M300pakeHUIl, OOBIUHO IMOJydyaeMbIX CKaHupoBaHHeM (oTorpaduii. [Tomumo ecrte-
CTBEHHOT'O BHJIa paCTPOBbIE U300paKEHUsI UMEIOT JApYyrue MPeuMyIlecTBa. Y CTPOWCTBA BbIBOJA, TAKUE KaK Ja3ep-
HbIE€ MPUHTEPHI, s CO3/1aHUS U300pakeHUH HMCIONB3yI0T HaOOphl ToueK. PacTpoBble n300pakeHUsT MOTYT OBITh
OYEHb JIETKO paclevyaraHbl Ha TaKUX MPUHTEpax, IOTOMY YTO KOMIIbIOTEpPAM JIETKO YIPABISATh YCTPOHCTBOM BBIBO-
7a JUIsl IPEACTABIECHUS OTIAENBHBIX ITUKCEJIOB C TOMOLIBIO TOUEK.

HenocraTtkn:

PacTtpoBble H300pakeHus1 3aHMMAIOT OOJIBIIOE KOJIMUECTBO MaMATH. CyIIecTBYeT Tak e mpobiema peak-
THPOBAHUS PACTPOBBIX M300pakKeHMI, TaK Kak OOJIbIINE pacTpOBble M300paKEHUsI 3aHUMAIOT 3HAUUTENbHbIE Mac-
CHBBI IAMSITH, TO JUI obecrieueHust paboThl (YHKIMHA pelakKTHPOBAHUS TAKMX M300paKeHH MOTPEeOISIOTCS TaK ke
3HAYUTENIbHbIE MACCUBBI MAMSITH U JPYTHE PECYPCHI KOMIIBIOTEPA.

O cxxamuu pacmpoeol e2pahuku

WHoraa xapakTepuCTUKU PacTpOBOro M300pakeHUs 3alUChIBalOT B Takol gopme: 1024x768x24. D10 03Ha-
YaeT, 4To IMpHUHA n300pakeHus paBHa 1024 nukcensim, BeicoTa — 768 u riyOuHa 1Bera paBHa 24. 1024x768 — pa-
6ouyee paspernienue i 15 — 17 nroiiMoBbIX MOHUTOPOB. HecnoxkHo noragaThesi, 4TO pa3Mep HEC)KAaTOTo U300paxke-
HUS C TaKUMH mapamerpamu OyneT paBeH 1024*768*24 = 18874368 Oaiit. D10 Gonee 18 merabaiiT — cnuiikom
MHOTO JUIsl OAHON KapTUHKH, OCOOEHHO eclii TpeOyeTcs XpaHUTh HECKOJBKO THICSY TaKUX KapTUHOK — 3TO HE TaK
y>K MHOTO TI0 KOMITBIOTEPHBIM MepkaM. BOT mouemy KOMIBIOTEpHYIO Tpa(uKy UCIOIB3YIOT MOYTH BCETAa B CXKa-
TOM BHJIE.

RLE (Run Length Encoding) — Mmetox cxatusi, 3aKJII0YAIONIUICS B TTOUCKE MOCICIOBATEIBHOCTEH OMHAKO-
BBIX IMHKCEJIEH B CTOYKAX PACTPOBOTO M300paKeHUS («KPACHBIM, KPAaCHBIH, ..., KPACHBII» 3aluChiBaeTCa Kak «N
KpPacHBIX»).
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LZW (Lempel-Ziv—Welch) — 6omee croxHBIN METO, MIIET MOBTOPSIOIIHECS (hpa3sl — OJUHAKOBBIC MOCTIE-
JI0BaTENIbHOCTHU MUKCeNel pa3sHoro nusera. Kaxaoii gpase cTaBUTCS B COOTBETCTBHE HEKOTOPBINA KO, TIPU pacHIn -
poBKe (aityia Ko 3aMernaeTcss UCXOaHOU (ppa3oid.

[Ipu cxxarum daiinos popmata JPEG (c motepeii kauecTBa) n3o0paxxeHne pa3OMBaeTCs HA YYaCTKU 8X8 MUK-
Celiei, M B KaXKJIOM YYacTKe WX 3HAYCHUE YCpeAHseTCs. Y CpeAHEHHOE 3HAaYCHUE PaCIioNiaraeTcsi B JICBOM BEpXHEM
yriay 0JI0Ka, OCTaJIbHOE MECTO 3aHUMAETCsl MEHBIIUMH TI0 IPKOCTH MUKCEIAMU. 3aTeM OOJIBIIMHCTBO MUKCENel 00-
HyJsitores. [lpu pacmmdpoBke HyJeBbIe THKCENU MOJyYalOT OJWHAKOBBIN IBET. 3aT€M K M300paKCHUIO MMPHUMEH si-
etcs anroput™ Xaddmana.

Anroput™m Xaddmana ocHOBaH Ha Teopuu BeposTHOCTH. CHavalia SJIeMEHThl H300paskeHus (TIMKCEIH) Cop-
TUPYIOTCS 110 YaCTOTE BCTPEYAEMOCTH. 3aTE€M M3 HHUX CTPOUTCS KojoBoe nepeBo Xapdmana. Kaxmaomy snementy
COIOCTABIISIETCST KOJIOBOE CiIoBO. [Ipu cTpemiieHnn pasmepa n300pakeHHss K OCCKOHEYHOCTH JOCTUTACTCS MaKCH-
MaJIBHOCTB C)KaTHsl. DTOT ITOPUTM TaK)Ke UCIIONB3YETCS B apXUBATOPaX.

CxxaTtre mpUMEHSIeTCS U U1l BEKTOPHOU TpaduKu, HO 371eCh YK€ HET TaKUX IMPOCTHIX 3aKOHOMEPHOCTEH, TakK
KaK (hopMaThl BEKTOPHBIX (DAHIIOB TOCTATOYHO CHIIBHO PA3JIMYAIOTCS TI0 COJCPIKAHUIO.

Feomempuyeckue xapakmepucmuku pacmpa

Jis pacTpOBBIX M300paXKEHU, COCTOSALIMX M3 TOYEK, OCOOYI0 BaXXHOCTh UMEET MOHITUE pa3peuletiis, Bbi-
paskaroriee KOJIM4eCTBO TOUYEK, MPUXOIANINXCS HA eMUHHIY JIIuHbL. [Ipu 3TOM ciemyer pa3nuyaTs:

—  paspelicHHue OpUruHala;

—  paspelieHne 3KpaHHOTO H300PaKECHHUS;

—  pa3pelicHue NeYaTHOTO H300paKCHUSI.

Paspemienne opurunajia. PasperieHue opurnHaia u3mepsercst B moukax xa owum (dots per inch — dpi) u
3aBHCUT OT TPeOOBAaHUI K KA4eCTBY M300paKeHHs U pa3Mepy daiisia, cnoco0y OIU(PPOBKU U CO3/IaHUS HCXOJIHOU
WILTIOCTpaIu, u3dpanHoMmy ¢opmary ¢aiiia u Apyrum napamerpam. B oOmieM cirydae neiicTByeT MpaBHIIO: YeM
BbIIIE TPeOOBAHUE K KAUECTBY, TEM BBIIIE TOJKHO OBITh pa3pelieHue OpuruHaia.

Pa3pemienne 3xpanHoro uzodpaxenus. [y 3KpaHHBIX KOIUN M300paXKeHUs 2JIIEMEHTApHYIO TOUKY pacT-
pa MPUHATO Ha3bIBaTh nukxcenrom. Pa3mep mukcena BapbUpyeTCs B 3aBUCUMOCTH OT BBIOPAHHOTO 9KPAHHO20 paspe-
wenus (M3 IUana3oHa CTaHIAPTHBIX 3HAYEHUN), pazpeuleHue opueuHala 1 MaciiTad oToOpaskeHHs.

MounwuTtopsl 1 00paboTku n3o0pakeHuit ¢ auaronansio 20-21 mroiiM (mpodeccnoHanbHOro Kiacca), Kak
MPaBUIIO, o0ecreunBaroT CTaHJapTHbHIC SKpaHHbIE paspenieHus 640x480, 800x600,
1024x768,1280x1024,1600x1200,1600x1280, 1920x1200, 1920x1600 Touyek. PaccrosiHue Mexay COCEAHUMHU TOY-
KaMHU JIOMUHO(Opa Yy Ka4eCTBEHHOro MoHUTOpa cocTaiseT 0,22—0,25 mm.

Jis 5KpaHHOM KOIUH JTIOCTATOYHO pasperieHust 72 dpi, A7 pacredaTky Ha [IBETHOM MJIH JIA3€PHOM MPHHTE-
pe 150-200 dpi, nns BeiBoga Ha ¢otodkcnonupytomeM ycrpoiictBe 200-300 dpi. YcraHOBIEHO >MIUPHUECKOE
IIPaBUJIO, YTO MPHU pacliedaTke BeJTUUrMHA pa3pelIeHusl OpuruHana 10JkHa ObITh B 1,5 pasa GoJblle, 4eM aunuamy-
pa pacmpa yCTpOWCTBa BBIBOMA. B cirydae, ecinu TBepaas Komusi Oy/leT yBelIW4YeHa 10 CPaBHEHHIO C OPUTHHAIIOM,
9TH BEJIMYUHBI CIIEyeT YMHOKUTH Ha K03 PUiimeHT macitabupoBaHusl.

Pa3penienne ne4yaTHOro u300pakeHusi U MOHSATHE JUHUATYPBI. Pazmep TOUKH pacTpoBOTO N300paskeHUS
KaK Ha TBepJoi konuu (Oymara, IjeHKa U T. JI.), TaK ¥ Ha SKpaHe 3aBUCUT OT MPUMEHEHHOT'0 METO/a U NMapaMeTPOB
pacmpupoganusi opuruHana. [Ipu pacTpupoBaHUM Ha OPUTHHAT Kak Obl HAKJIabIBACTCS CETKa JIMHUM, TYCHKHA KO-
TOpoi 00pa3yroT stemenm pacmpa. YacToTa CETKH pacTpa U3MEpSeTCsl YUCIOM auHuil Ha owoum (lines per inch —
Ipi) 1 Ha3BIBAaCTCS AUHUAMYPOIL.

Pa3zmep Touku pacTpa paccUMTHIBAETCS AJIS KQKIOTO HJIEMEHTA U 3aBUCUT OT HHTEHCUBHOCTH TOHA B IaHHOU
sueiike. Yem Oosblile MHTEHCUBHOCTD, TEM IIJIOTHEE 3aIOJIHSAETCS 3JIEMEHT pacTpa. To ecTh, eclu B siUeiKy Momnail
a0COJIOTHO YepHBIN I[BET, pa3Mep TOYKU PacTpa COBIAJET C pa3MEepOM 3JIeMeHTa pacTpa. B 3Tom ciydyae roBopAr o
100% 3amomasiemoctH. Jlyis abcomoTHO Oenoro 1Bera 3HadeHue 3amnojHseMocTu coctaBut 0%. Ha mpaktuke 3a-
MOJTHAEMOCTb JIEMEHTA Ha OTIIeYaTKe 0ObIYHO cocTaBisieT oT 3 10 98%. IIpu 3TOoM Bce TOUKHM pacTpa UMEIOT O/1H-
HAKOBYIO ONTHYECKYIO TUIOTHOCTh, B Wjeayie MPHUOIKAIONIYIOCS K aOCOOTHO YepHOMY BeTy. Mmmo3ust Goee
TEMHOT'O TOHA CO3JIaeTCs 32 CYET YBEJIMUCHHs Pa3MEpPOB TOUYEK M, KaK CJIEICTBUE, COKpAIEHHUs MPOOETHHOTO MOoJIs
MEXy HIMHU TIPU OJIMHAKOBOM PACCTOSIHUU MEX[Y IIEHTPaMU 3JIEMEHTOB pacTpa. Takoi MeTo | Ha3bIBAIOT PacTpH-
POBaHHUEM C amnaumyoHou mooynsayuei (AM).

Takum 00pa3oM, pazpemiaronias cnocOOHOCTh XapaKTEPH3YeT PACCTOSTHUE MEKIY COCEIHUMH MUKCEIaMu
(puc. 1.). Pa3pemaroniyto criocOOHOCTh U3MEPSIOT KOJIMYECTBOM IMUKCEIOB Ha eIuHHLY JIuHbl. Hambonee momy-
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JSpHOM enuHuIel u3Mepenus siBisercs dpi (dots per inch) — Kkomu4ecTBO MUKCEIOB B OJHOM JforMe UTHHBI (2.54
cM). He ciemyer oTOKAECTBIATH IIAT ¢ pa3MepaMHu IHUKCEIIOB — pa3Mep MUKCEJIOB MOXKET ObITh PaBeH IIary, a Mo-
’KeT OBbITh KaK MEHbIIIE, TaK U OOJIbIIIC, YEM IIIar.

Pa3mep pactpa 0OBIYHO M3MEPSETCS KOJUYECTBOM IHKCENIOB 110 FOPH30HTAIM U BEPTHUKAIU. MOXHO CKa-
3aTh, YTO JJIs1 KOMITBIOTEPHO# TpaduKu 3a4acTyro HanboJjee yno0eH pacTp ¢ OJAWHAKOBBIM IIArOM JJIsl 00CUX OCEH,
To ecth dpiX = dpiY. D10 yI00HO A1 MHOTUX aJrOPUTMOB BBIBOJIA Tpaduyeckux 00bekToB. MiHaYe — nmpoOIeMsi.
Hanpumep, npu pucoBaHHH OKPYKHOCTH Ha 3KkpaHe muciiies EGA (ycrapesiias MoJiesib KOMITBIOTEPHOM BHICOCH-
CTEMBI, €€ PacTp— MPSIMOYTOJBHBIM, MUKCEIbl PACTSAHYTHI MO BBICOTE, IMO3TOMY Ul M300pa)KEHUs] OKPYKHOCTH
HEO0OXOAMMO I'eHEPUPOBATH JUTHIIC).

01 X max
L1 il
0 —
e —
| ~
B 1/dpiY
Y max] [~
Y -
1/dpiX
Puc. 1. Pactp.

®opmMa NUKCEJO0B pacTpa OMNpeAessercs 0COOEHHOCTAMHU ycTpoiicTBa rpaduyeckoro BeiBoga (puc. 1.2).
Hanpuwmep, nukcensl MOryT uMeTh (opMy HpSMOYTOIBHHMKA MM KBaJpara, KOTOPHIE MO pa3MepaM paBHBI IIary
pacTpa (qucmiei Ha XHUIKUX KpHCTaiax); MUKCeIbl Kpyriioi (hopMbl, KOTOpPBIE 110 pa3MepaM MOTYT U HE PaBHSTh-
cs 1ary pactpa (IIpUHTEpPHI).

l oo Yolo
— ol 1 Yoo
oY Yole
oYl Yolo
] - CeeeO

Puc. 2. npumepsl mokasa 0JIHOTO U TOTO K€ N300paKeHUsI Ha pa3IMUHbIX pacTpax

Humencusnocms mona (Tak Ha3bIBAEMYIO cgemjonty) MPUHATO MOApa3JensaTh Ha 256 ypoHel. bonbiiee
YHCIIO IpaJaliii He BOCHPHUHHUMAETCS 3PEHHUEM 4YeNIOBeKa M SIBJIAETCS M30BITOYHBIM. MeHblee YUCIIO YXy/IIaeT
BOCIIpHUATHE M300pakeHus1 (MUHMMAJIbHO JOMYCTUMBIM JUIsl Ka4eCTBEHHOW IOJIyTOHOBOH WILTIOCTpAIMM MPUHSITO
3Hauenue 150 ypoBHeil). HeTpyaHo moacuutarh, 4To 71 BOCIIPOU3BEACHUS 256 YpOBHEH TOHA JIOCTATOYHO UMETh
pasMep sueiiku pactpa 256 = 16 x 16 Touek.

[Ipu BBIBOIE KOMM M300paKEHUsI HA TIPUHTEPE WU MOJUTpaPuIecKkoM 000py0BaHUM JTUHUATYPY pacTpa
BBIOMPAIOT, UCXO/IS U3 KOMIIPOMHCCA MEXTy TpeOyEeMbIM KaueCTBOM, BO3MOKHOCTSIMU aIllapaTypbl U apaMeTpaMu
MeYaTHBIX MaTepuanoB. /s Ja3epHBIX MPUHTEPOB peKOMeHayeMas TuHuarypa coctasiser 65-100 dpi, s razer-
HOro mpou3BojcTBa — 65-85 dpi, a1 KHMKHO—KYpHATBHOTO — 85-133 dpi, ISt XyT0)KECTBEHHBIX M PEKIaAMHBIX
pabot — 133-300 dpi.

JAunamuyeckuii nuana3od. KadectBo BOCIpOM3BEICHNS TOHOBBIX M300PKEHHN MPHHSITO OLICHUBATH OU-
Hamuueckum ouanazorom (D). ITo onmuyeckas niomHocmy, YACIEHHO paBHAs JECATUYHOMY JIorapudMy BeIUUH-
HbI, 00paTHOH K03 Puyuenmy nponyckanus (s OPUTMHAIOB, paCCMAaTPUBAEMBIX ‘‘Ha MPOCBET’, HAIpUMeEp crail-
TI0B) WJTH K03 puyuenmy ompadzxcenus (A7 IPOUYUX OPUTHHAIIOB, HAIPUMEP HNOJIUTPAYUUECKUX OTIEYATKOB).

s ontryeckux cpej, MpOIyCKAarUIUX CBET, JUHAMUYECKHUI THANa30H JexXUT B npenenax ot 0 go 4. [Ina
MIOBEPXHOCTEH, OTpaXkarolINX CBET, 3HaUCHHE JMHAMUYECKOr0 Juana3zoHa cocrasiseT oT 0 no 2. Yewm Bbllle AUHA-
MUYECKHUI JAMana3oH, TeM OOJbllee YHUCIIO MOJYTOHOB MPHUCYTCTBYET B M300paKEHUU U TEM JIydllle KaueCTBO €ro
BOCTIPUATHS.

B undpoBoM Mupe KOMIBIOTEPHBIX M300paKEHUN TEPMUHOM MHKCENT 0003HAYAIOT HECKOJIBKO Pa3HbIX IMO-
HATHH. ITO MOXET OBITh OTAENbHAs TOYKA AKpaHAa KOMIIBIOTEPA, OTAETbHAs TOYKA HaredaTaHHas Ha JIa3epHOM
MPUHTEPE WK OTIENbHBIN JIEMEHT pacTPOBOTO M300paKeHUsI. DTU MOHATHS HE OJHO U TOXE, I03TOMY YTOObI U3-
0exaTb IMyTaHULBI CJIETyeT Ha3bIBaTh MX CIEAYIOLUIMM 00pa3oM: BUIEO MHUKCEN MPH CChUIKE Ha N300paskeHHe dKpa-
Ha KOMITBIOTEPA; TOYKA MPU CCBUIKE HA OTAEJIBHYIO TOYKY, CO3AaBacMyI0 Ja3epHbIM NMpUHTEpOM. CyIIecTByeT KO-
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3 PUIMEHT NMPAMOYTOTHFHOCTH U300PaKEHHS, KOTOPBIH BBEJICH CIICIHAIIBHO JJIs1 H300paKEHUS KOJIMUECTBA TTHKCE-
JIOB MaTPHIIbl PUCYHKA 10 TOPU30HTAIIN U 10 BEPTUKAJIH.

BosBpamasicb K aHajJOruM C JIMCTOM OyMaru MOKHO 3aMETUThb, YTO JIHOOOH pPacTpOBBIH PUCYHOK HMEET
OIIpEIEIIEHHOE KOJMYECTBO MUKCEJIOB B TOPU30HTAIBHBIX M BEPTUKAIbHBIX pAgax. CyLIEeCTBYIOT CIEIYIOIIUE KO-
aduuenTs psAMoyronbHOCTH T 3kpaHoB: 320x200, 320x240, 600x400, 640x480, 800x600 u ap. DTOT KOI)-
(UIMEHT YacTO Ha3bIBAIOT pa3MepoM u3o0paxkeHus. [IponsBeaenue 3TuX ABYX YUCEN 1aeT 001iee KOTMYECTBO MHK-
CEJIOB N300pakeHusl.

CylIecTByeT TaKkKe Takoe MOHATHE KaK KOA((GUIMEHT MPSIMOYTOJIbHOCTH MUKCENOB. B oTinuue ot ko3 ¢-
¢bunKeHTa NpsAMOYToJIbHOCTH M300paXXeHHUs OH OTHOCHUTCS K PealbHbIM pa3MepaM BHUJEO MUKCENa U SABISIETCS OT-
HOIIICHUEM peaJIbHOM MIMPHHBI K peaabHOi BbicoTe. JlaHHBIA K03 PHUIMEHT 3aBUCUT OT pa3Mepa IUCIUIeS U TeKYy-
IIEr0 pa3peleHus], ¥ MO3TOMY Ha Pa3HbIX KOMIIBIOTEPHBIX CUCTEMax IPUHUMAET pa3jinyHble 3HadyeHus. L{Bet mto-
00ro MHKCela pacTpPOBOTO HM300paKEHUS 3allOMUHAETCS B KOMIBIOTEPE C MOMOIIBI0 KOMOWHAIUu OuTOB. Uem
Oosble OUTOB AJIs1 ATOTO UCIOJIB3YETCs, TEM 00JIbIlIE OTTEHKOB [IBETOB MOKHO MOJY4YUTh. YNCII0 OUTOB, UCTIONbB3Y-
€MBIX KOMITBIOTEPOM JIJIs JIFOOOTO THKCEIIa, Ha3biBacTCs OMTOBOM TiyOnHOM nukcena. Haubomee mpocTtoe pactpo-
BO€ M300pa)kKEHHUE COCTOUT U3 MHUKCEIOB UMEIOIIUX TOJBKO /1Ba BO3MOKHBIX IIBETA YEPHBIA U O€Jbld, U MO3TOMY
M300pakeHMsI, COCTOSIIIUE M3 TTUKCEJIOB 3TOTO BHU/A, HA3BIBAIOTCS OJHOOWTOBBIMH M300pakeHUsAIMH. UHCI0 JOCTYTI-
HBIX 1IBETOB MJIM I'paJaluii Ceporo IBeTa paBHO 2 B CTENEHU PAaBHOM KOJIMYECTBY OUTOB B ITMKCEIIE.

IIBera, ommceiBaecMbie 24 OuTamu, odecriednBarOT 0osee 16 MUIUTMOHOB JOCTYITHBIX IIBETOB M MX YacTO
Ha3bIBAlOT €CTECTBEHHBIMU IIBETaMU. PacTpoBble n300pakeHUs: 00J1aat0T MHOXKECTBOM XapaKTEPUCTHK, KOTOpbIE
JOJDKHBI OBITH OPTraHU30BaHbI M (PUKCUPOBAHBI KOMITBIOTEPOM.

Pa3zmepsl n300pakeHUsI U PacloyIOKEHUE MUKCEIOB B HEM 3TO JIBE€ OCHOBHBIX XapaKTEPUCTUKH, KOTOPbIE
Gaiin pacTpoBBIX H300pKEHUH JOIDKEH COXPAHUTh, YTOOBI CO3/aTh KapTHHKY. Jlaxke ecnu mcnopueHa uHpopMma-
IIUS O IIBETE JI0OOro MUKCeNa U JHObIX IPYTUX XapaKTePUCTUKAX KOMIIBIOTEP BCE PAaBHO CMOXKET BOCCO31aTh BEp-
CHIO PUCYHKa, €clii OyJIeT 3HaTh, KaK paclojoXeHbl Bce ero nukcensl. [Iukcen cam no cede He 001a1aeT HUKAKUM
pa3MepoM, OH BCEro JMIIb 00JIACTh MaMITH KOMIIbIOTEpa, XpaHsmas HHOPMAIMIO O LIBETE, 03TOMY K03 duiu-
€HT IPSAMOYTOJIbBHOCTH U300pakeHUsI HE COOTBETCTBYET HUKAKOM peaabHOW pa3MepHOCTH. 3Has TOJIBbKO K03 duiiu-
€HT MPSIMOYTOJIbHOCTH U300paKEHHsI ¢ HEKOTOPOM pa3pelaroiieil CriocOOHOCTbIO MOKHO OTPENEIUTh HACTOSAIINE
pa3Mepsl pucyHka. [lockonabky pazMepsl H300paKeHHUsT XpaHATCsl OTAEIbHO, UKCEIbl 3aIOMUHAIOTCS OJIUH 32 ApY-
I'MM, KaKk OObIYHBIN OJOK JaHHbIX. KOMIIBIOTEpY HE MPUXOAUTCS COXPaHATh OT/AEIbHbIE MMO3UIMU, OH BCETO JIHIIb
CO3/Ia€T CeTKy MO pa3MepaM 3aJaHHBIM KO3(PPUIMEHTOM HPSIMOYTOJIBHOCTH M300pakeHHUsl, a 3aTe€M 3aIlOJIHIET ee
MIUKCET 38 TTUKCEJIOM.

Konuuecmeo yeemos pacmpogozo uzoopasricenusn

KoJsimyecTBo nBeToB (riyOnHa 1BeTa) — TaKXKe OJHA M3 BaKHEHIIMX XapaKTepucTHK pactpa. KonndectBo
LIBETOB SIBJISIETCS BAKHOM XapaKTEpUCTUKOM [l TI000Tro n300pakeHus, a He TOJIbKO PacTpOBOTO.

Knaccugpumupyem nzo0paxeHust cieIyonum oopa3om:

- JlByxuBerHble (OuHapHble) — 1 OuT Ha nukcen. Cpeau IBYXIBETHBIX Hallle BCErO BCTPEYAOTCS YEPHO—
Oenble U300pakeHusl.

— IlonmyTOHOBBIE — Tpajalliy CEPOTo WK WHOTO 11BeTa. Hampumep, 256 rpamanmii (1 6aifT Ha mUKcen).

- LiBerHble u3oOpaxkenus. Ot 2 OUT Ha nukcen U Bbime. [my6una nBera 16 6ut Ha nmukcen (65 536 use-
toB) nonyumia HazBanue High Color, 24 Out Ha mukcen (16,7 muiH 1BeroB) — True Color. B KoMIbOTEpHBIX
rpadMUecKuX CUCTEMaxX UCHOJB3YIOT U O0JbIIyI0 IIyOuHY 11BeTa — 32, 48 u Gosiee OUT HA UKCEI.

dopmambl pacmpoebix epagudeckux ¢hausos

GIF — dopmar, ncronp3yromuii anroput™ cxatus 6e3 moreps nHPopmanuu LZW. MakcumanbHas TimyOnHa
nBeTa — 8 OuT (256 1BeroB). B HEM Takke ecTh BO3MOXHOCTH 3alMcy aHUMauuu. [loaiepKuBaeT mpo3payHoOCTh
MUKcenell (IByXypoBHEBas — MOJHAas MPO3pavyHOCTb, JUOO MOJHAS HEMpo3padyHoCTh). JlaHHBIN (opmaT MIUPOKO
npumMensiercs npu cozganun Web—crpanun. GIF-(opmat no3BosisieT 3anuceiBaTh H300paKeHUE «Uepe3 CTPOUKY»,
Osaroziaps 4eMy, uMesi TOJIbKO 4acTh (¢ailyia, MOXKHO YBUJIETh N300paXKeHHE LEIUKOM, HO C MEHBILIUM pa3pelieHu-
eM. Ero BBIrOJJHO MPUMEHSATH 7151 H300paXeHUH ¢ MaJlbIM KOJIMYECTBOM IIBETOB U PE3KMMHU IpaHUIAMU (HarpuMep,
JUTSI TEKCTOBBIX N300paKeHHH ).

JPEG (JPG) — dopmaTt, HCHIONB3YIOIINT alTOPUTM CHKATHSI C IIOTEPSIMUA UH(POPMAIHH, KOTOPBIH TO3BOJISET
YMEHBIIUTH pa3Mep ¢aiina B coTHH pa3. [myOuna nBera — 24 6ut. He mognepuBaeTcs mMpo3pavHOCTh MUKCEICH.
[Tpu cunbHOM CXaTHM B 00JaCTU PE3KUX rpaHull nosBisiores nedextsl. @opmar JPEG xopomo npumeHars s
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CKaTHsl MTOJTHOLBETHBIX (oTorpaduii. YuuThiBasi TO, YTO MPHU MOBTOPHOM CHKAaTHHM MPOUCXOIUT AalbHEHIIee yXy -
IIEHUE KayecTBa, pekoMeHayercs coxpanars B JPEG Tonbko koHeuHsbl pe3ynsTat padoTsl. JPEG mmpoko npume-
HseTCs IpU co3iaHuu Web—CcTpaHull, a TaKkKe 17 XpaHeHHs! 00JIbIINX KOJIEKIHUH (hoTorpaduii.

Cpasuenue GIF u JPEG

—  GIF — dopmar ynoGen nipu paboTe ¢ puCOBaHHBIMU KapTUHKAMU;

- JPEG — ¢popmar myurie ucnoiap3oBath Ui XpaHeHus pororpaduilt u n300pakeHuid ¢ OOIBIIUM KOJINYe-
CTBOM IIBETOB;

— JUIA CO3/IaHUS aHUMAIIMH U U300pakeHui ¢ mpo3padnbiM ¢poHom npumensiercs GIF-dopmar.

BMP — sto dopmar rpaduueckoro pegakropa Paint. B HéM He npumensiercst cxkatue. OH XOpOIIO MOAX0-
IMT JUIS XpaHEHHUsI OYeHb MAJICHbKUX M300paKeHUH — TaKUX KaK MKOHKM Ha pabodeM ctoze. bonbmme e ¢aitnbl B
3TOM (opMaTe 3aHMMAIOT CIUIIKOM MHOI'O MECTa.

PNG — pa3pab6oran ¢ nienbio 3ameHuth popmar GIF. Mcnonsiyet anroputm cxarus Deflate 6e3 moteps nH-
dbopmaruu (ycoBepieHcTBoBaHHBIM LZW). MakcumanbHas riayOuna nisera — 48 out. [lognepkuBaer KaHasbl Tpa-
JMEHTHBIX MAacOK Mpo3pavyHocTH (256 ypoBHeil mpo3paunocti). PNG — oTHOCHTENbHO HOBBIH (pOpPMAT, U TIOITOMY
emé He OYeHb pacnpocTpanéH. B ocHoBHOM ucnonb3yercs B Web—ausaiine. K coxxanenuto, gaxe B HEKOTOPBIX CO-
BpPEMEHHBIX Opay3epax (Takux, kak Internet Explorer 6) orcyTcTByeT monaep:xkka npo3paunoctd PNG u mostomy He
peKoMeHayeTcs UCob30BaTh Npo3padnbie PNG uzo0paxenus Ha Web—cTtpanunax.

TIFF — dopmar, cnenuanbHo pa3paOOTaHHBIN U1 CKAHUPOBAHHBIX M300pakeHUil. MOXeT HCIob30BaTh
aropuT™ cxatusi 6e3 norepb uHpopmanuu LZW. [lo3Bonser coxpaHaTe HH(GOPMALMIO O CIIOSIX, LIBETOBBIX MPO-
domax(ICC—npodmisax) u kaHamax macok. Ilogiep:kuBaeT Bce IBETOBbIE MOJICTH. ATITIapaTHO HEe3aBUCUM. Mcmonb-
3yeTcs B M3JIaTENIbCKUX CUCTEMAaxX, a TaKkKe JJIs IepeHoca rpaduueckoi mHGOpMALUU MEXIY Pa3IU4YHbIMU ILIAT-
dbopmamu.

PSD — ¢opmar rpaduueckoro pegaktopa Adobe Photoshop. Mcnonb3yer anroputm cxxkatusi 6e3 moTeps WH-
dopmaruu RLE. [To3Bosier coxpaHsaTh BCO MHPOPMAIIUIO, CO3AaBacMyIo B 3TOU mporpamme. Kpome 3Toro, B CBSI-
34 ¢ nonyisipHocThi0 Photoshop, nanHbI dopmar noaaepKUBaeTcsi MPaKTUYECKH BCEMU COBPEMEHHBIMU PEIaKTO-
pamu KomnbloTepHOU rpaduku. Ero ynoOHO ncmonb30BaTh 7151 COXpaHEHUs IPOMEXKYTOYHOTO pe3yibTaTa Mpu pa-
6ote B Photoshop u pyrux pacTpoBbIX peakTopax.

RIFF — ¢popmart rpaduueckoro pengaxropa Corel Painter. [lo3Bonsier coxpansth Bcio HHGOpMaIUIO, cO3/1a-
BaeMylo B 3Toi nmporpamme. Ero cienyer ucnonb30BaTh A COXpaHEHHS MIPOMEKYTOUHOTO pe3yibTaTta nmpu padore
B Painter.

Maxkec. yncio | Make. 4HMCI0 LBe- Make.  pasmep Metoasl Koxuposanue
®opmar n3o0pakeHus, HECKOJIBKUX
OnT/muKces | TOB CHKATHA N
MUKCceJ n300paKeHuil
BMP 24 16 777 216 65535 X 65535 RLE —
GIF 8 256 65535 X 65535 LZW +
JPEG 24 16 777 216 65535 X 65535 JPEG —
PCX 24 16 777 216 65535 X 65535 RLE —
2147 483 647 x | Deflation (Ba-
PNG 48 281 474 976 710 656 5 147 483 647 pant LZ77) |~
BCETO LZW, RLE u
TIFF 24 16 777 216 4 294 967 295 pyTHe +

Cpedcmea 9nsi pabomsi ¢ pacmpoeol epaghukol

B oOmmpHOM Kilacce mporpamMMm Jiisi 00paboTKH pacTpoBoil rpaduku 0coboe MecTo 3aHMMAaeT MaKeT
Photoshop xommanuu Adobe. CeromHs oH sIBIS€TCS CTaHAAPTOM B KOMIBIOTEPHOW Tpaduke, U BCe Ipyrue mpo-
rpaMMbl HEU3MEHHO CPAaBHUBAIOT UMEHHO C HUM.

['maBHBIC eMeHTHI ynpaBieHus: nmporpammbl Adobe Photoshop cocpemoToueHsl B CTpoke MEHIO M TIAaHEH
HHCTpyMeHTOB. Oco0yI0 TPYIIy COCTABISIOT AUAJIOTOBbIE OKHA — HHCTPYMEHTAIBHBIC TATHTPHI:

— IMaguTpa Kucru ynpapiseT HACTpOUKON mapamMeTpoB MHCTPYMEHTOB pEAaKTUpOBaHus. B pexum pe-
JAKTUPOBAHUS KHUCTH BXOMST MOCJE IBOMHOTO IIeTYKa Ha ee n300paxkenun B nanutpe. lllemdok npu HaxkaToii Kia-
Bume CTRL yHmdTOX)aeT KuCTh. J|BOWHBIM MIETYKOM Ha CBOOOJHOM TOJI€ MAIIUTPHI OTKPBIBAIOT IUAJIOTOBOE OKHO
(dhopMUpOBaHUS HOBOM KHCTH, KOTOpasi aBTOMaTHYECKH TI00ABIISETCS B TAIUTPY.
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— IMaguTpa IlapamMeTpsbl CIyXUT Uil PEAAKTUPOBAHUS CBOMCTB TEKYILIEro MHCTpyMeHTAa. OTKpBITH €€
MO>KHO HE TOJIbKO U3 CTPOKH MEHIO, HO ¥ JIBOMHBIM IIETYKOM Ha 3HAUYKEe MHCTPYMEHTA B MaHEIU MHCTPYMEHTOB.
CocTaB 3J1eMEHTOB YIIPaBICHMS MAIUTPHI 3aBUCUT OT BBIOPAHHOI'O HHCTPYMEHTA.

— Haautpa Uudo obecrieunBaeT MHPOPMALMOHHYIO MOIICPKKY CpPeICTB oToOpakeHus. Ha Hel mpen-
CTaBJICHBI: TEKYI[HE KOOPJUHATHI YKa3aTeJs MBI, pa3Mep TEKyIlel BbIIeIeHHOW 00JacTH, IIBETOBbIE NTapAMETPBI
3JIeMEHTa N300paKEHHS U IPYTHE JaHHBIC.

— IMaautpa HaBurarop no3BoisieT NPOCMOTPETh pa3ivuyHble (PAarMEHThl H300paKEHUS M HU3MEHUTh
MacmTal mpocMoTpa. B okHe manuTpsl moMeneHa MUHUATIOpa H300paXXeHUs C BBIACICHHON 00J1acThI0 TPOCMOTpA.

— IMaautpa CuHTe3 0TOOpa)kaeT 1IBETOBbIE 3HAUEHUS TEKYILIMX I[BETOB NepeaHero miaaHa u ¢oxa. Iloxa-
3YHKH Ha I[BETOBOM JINHEWKE COOTBETCTBYIOIIECH IBETOBOM CUCTEMBI IIO3BOJISIOT PEAAKTUPOBATH 3TH I1APAMETPBI.

— IMaautpa KaTtanor conepxut HabOp JOCTYNHBIX 1[BETOB. Takoil Ha0Op MOKHO 3arpy3uTh U OTPEAAKTH-
poBatb, 1o0aBmsis U ynaiss 1BeTa. [[BeToBoil TOH nepenHero miaHa u GgoHa BEIOUPAIOT U3 cocTaBa Habopa. B craH-
JTAPTHOM KOMILJIEKTE [TOCTaBKU [IPOrpaMMBbI IIPEyCMOTPEHO HECKOJIBKO LIBETOBBIX HAOOPOB, B OCHOBHOM KOMIIAHUU
Pantone.

— Iaautpa Ciou ciyXuT A ypaBiIeHUs] 0TOOpakeHUEM BCEX CIIOEB M300pakeHus, HAauMHasi C CaMoro
BepxHero. Bo3aMoXHO ompenenenne napaMeTpoB CIIOEB, U3MEHEHUE MX MOPSIKA, OMEPALUU CO CIOSAMHU C MMPUMEHeE-
HUEM pa3HbIX METO/IOB.

— HMaautpy Kanaasl uCHIONB3YIOT IS BBIICICHUS, CO3/JaHNA, TyOJUPOBAHHS U yIAJICHUS KaHAJIOB, OTIpe-
JIeJICHUsI X TapaMeTpoB, U3MEHEHUs MOPsJIKa, IPeoOpa3oBaHMs KaHAJIOB B CAMOCTOSATENIbHbIE O0BEKTHI U HOpMU-
POBaHUSI COBMEIIEHHBIX N300paKeHUH U3 HECKOJIBKUX KaHAJIOB.

— IMaautpa KoHTYpBI COIEPKHUT CIMCOK BCEX CO3JaHHBIX KOHTYpoB. IIpu mpeoOpa3oBaHuM KOHTypa B
BBIJICJIEHHYIO 00J1aCTh €r0 UCHOJB3YIOT Uit (JOPMHUPOBAHHUS OOTPABOUYHOTO KOHTYDA.

— IMaautpa Onepanuu 1Mo3BoJise€T CO3/1aBaTh MAKPOKOMAaH/bI — 33/IaHHYIO 11OCIIE€0BATEIbHOCTh Olepa-
Uil ¢ m300pakeHneM. MaKpOKOMaH/Ibl MOYKHO 3aIUCHIBaTh, BBIIOJHAT, PEIAKTHPOBATh, YAAIATh, COXPAHITH B
BHJIE (DaitIoB.

OcoOyto rpynmny NporpaMMHBIX CpPEACTB 00pabOTKM M300pakeHMH NpeAcTaBisioT PUIAbLTPBI. JTO MOJI-
KJII0YaeMble K MporpaMMe MOJYJIH, YacTO TPEThbUX (UPM, MO3BOJISAIOIINE 00padaThIBaTh M300paXKeHHe MO 3a/1laHHO-
My anroputMmy. VlHOT/1a Takue alnropuTMbl OBIBAlOT OYEHB CIIOKHBIMH, 2 OKHO (DMIIBTPa MOXKET UMETh MHOXKECTBO
HacTpauBaeMbIX MapameTpoB. M3 rpynn ¢uiabTpoB nomyisipHbel npoaykTsl cepuil Kai's Power Tools, Alien Skin,
Andromeda u npyrue.

TEMA Ne 6. BEKTOPHAA TPADUKA

Bekrophas rpaduxa. O6bexThl U X arpuOyThl. CTPyKTypa BEKTOPHOM MiIHOCTpanuu. JJOCTOMHCTBA U He-
JocTaTKu BeKTopHOU rpaduku. [Iukcens. butoBas riy6uHa, onpeneneHue 4yuciaa JOCTYMHBIX I[BETOB B KOMIIbIO-
TepHOI rpaduke. DneMeHTbI (00BEKTHI) BEKTOpHOM rpaduku. CpeacTBa 1l CO37aHNs BEKTOPHBIX N300paskeHUM.

BexkmopHasi epaghuka, obuwue ceedeHus

BexTopHas rpaduka onuchiBaeT U300pakeHUs C HCIOIb30BAaHUEM MPSAMBIX U U30THYTHIX JIMHUH, Ha3bIBae-
MBIX BEKTOPaMM, a TaKXKe ITapaMeTpOB, ONMUCHIBAIOIINX [[BETa U pacnonoxenue. Hanpumep, nzodpakeHue 1pesec-
HOTO JiucTa (cM. pHUC. 1.) onmuchIBaeTcs TOUKaMH, Yepe3 KOTOpble MPOXOAMUT JIMHUS, CO3/1aBas TEM CaMbIM KOHTYD
mucta. LBer nucTa 3aaeTcs BETOM KOHTYpa M 00JacT BHYTPH 3TOTO KOHTYpa.
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Puc. 1. Ilpumep BekTOpHO# Tpaduku

B otnuume ot pactpoBoii rpaduky B BEKTOpHOM rpaduke n300paKeHHE CTPOUTCS C TIOMOIIBI0 MaTeMaTHy e-
CKUX OIMCAaHUH OOBEKTOB, OKPYKHOCTEH M JTUHMHA. XOTsSI Ha NEPBbIM B3IJISA 3TO MOKET IIOKa3aThCs CIOKHEE, YeM
HCII0JIb30BaHUE PACTPOBBIX MACCHBOB, HO U1 HEKOTOPBIX BHJIOB M300paXEHUH MCIIONIb30BAHUE MATEMaTHUYECKUX
OIMCaHMH sABJIsIETCs O0JIee MPOCTHIM CIIOCOOOM.

KiroueBbIM MOMEHTOM BEKTOPHOU TpadUKH SBISIETCS TO, YTO OHA MCIIOJIB3YeT KOMOMHAIIMIO KOMITBIOTEP-
HBIX KOMaHJ 1 MaTeMaTH4YeCKUX GOpMyIT JUIsl 00beKTa. DTO NO3BOJSET KOMIBIOTEPHBIM YCTPOMCTBAM BBIUUCIIATE U
MOMENIATh B HY’)KHOM MECTE peajbHbIC TOUKH IPU PUCOBAHUU STHX 00BEKTOB. Takas 0cOOEHHOCTh BEKTOPHOMU rpa-
¢buku naet el psaa NperMyIlecTB epes pacTpoBoi rpaduKoi, HO B TOXKE BpeMs SBJISETCS MPUUMHON ee HeloCTaT-
KOB.

BekTopHyio rpadguky 4acTo Ha3bIBalOT 00bEKTHO—OPHEHTHPOBAHHON rpauKoil WM YepTeKHOW rpa-
¢pukoii. [IpocTeie 0OBEKTHI, TaKUE KaK OKPY>KHOCTH, JIMHUH, c(epbl, KyObl U TOMY NOJOOHOE HA3bIBACTCS MPHMHU-
TUBaMH, U MCIIOJB3YIOTCS MPHU CO3JaHUM OoJiee CIOXKHBIX 00bEKTOB. B BekTOpHOI rpaduke oOBeKThl co3Aat0TCA
MyTeM KOMOMHAIINU Pa3IMYHBIX OOBEKTOB.

JUis co3/laHusi BEKTOPHBIX PUCYHKOB HEOOXOJMMO HMCIIOJIb30BaTh OAMH M3 MHOTOYHCIIEHHBIX MJUIIOCTPALIU-
OHHBIX TAaKETOB. JlOCTOMHCTBO BEKTOPHOH I'paMKH B TOM, YTO OTHCAHUE SIBJISETCS MPOCTHIM M 3aHUMAET MaJlo Ia-
MATH KommbioTepa. OHAKO HEJTOCTaTKOM SIBISIETCA TO, YTO JETaJbHbI BEKTOPHBIA OOBEKT MOXKET OKa3aThCs
CJIMILIKOM CJIOXKHBIM, OH MOKET HAlleyaTraTbCsl HE B TOM BUJE, B KAKOM OXKUJAET IOJIb30BATENb UM HE HalleyaTaeT-
cst BooO111e, €CIM MPUHTEP HEeNPAaBUIbHO MHTEPIIPETUPYET WM HE TIOHUMAET BEKTOPHbIE KOMaH/IbI.

[Ipu pepakTHpOBaHUU JIEMEHTOB BEKTOPHOM IpaMKy U3MEHSIOTCS MapaMeTpbl NPSMbIX U U30THYTBIX JIH-
HUH, ONMUCBHIBAIOIMX (OPMY 3THUX 3JIEMEHTOB. MOXKHO MEPEHOCUTH 3JIEMEHThI, MEHATh UX pa3Mep, GopMy U IIBET,
HO 3TO HE OTPA3UTCS Ha KauecTBE MX BU3YaJbHOTO Ipe/cTaBieHMs. BekTopHas rpaguka He 3aBUCUT OT pasperie-
HUS, T.€. MOJKET OBITh ITOKa3aHa B Pa3HOOOPA3HBIX BBIXOJHBIX YCTPOHCTBAX C pa3IMYHBIM pa3pelieHrueM 0e3 norepu
Ka4ecTBa.

BekTopHOe Npe/CTaBIeHNUE 3aKII0YACTCS B OMMCAHUU 3JIEMEHTOB H300paKEHUSI MaTeMaTHUECKUMHU KPUBBI-
MH C YKa3aHUEM UX LIBETOB M 3aII0JIHSIEMOCTH.

Eme oaHO mpenMyliecTBO — KaueCTBEHHOE MaclITaOupoBaHHE B JIIOOYIO CTOPOHY. YBEJIWYEHHE WIIH
YMEHBIIEHHE 00bEKTOB POU3BOIUTCS YBEITMUEHUEM UIIM YMEHBILIEHMEM COOTBETCTBYIOIINX KOA((UIIMEHTOB B Ma-
TeMaTuueckux gopmynax. K coxaneHuto, BEKTOpHBIA GopMaT CTAHOBUTCS HEBBITOJAHBIM IIPH Iepeiade nu3o0paxe-
HUI ¢ OOJBIIUM KOJIMYECTBOM OTTEHKOB WJIM MEJKHUX JeTaneil (Hanpumep, ¢pororpaduii). Beap kaxplii Menbyuaii-
Ui OJIMK B 3TOM ciiydae OyJeT MpeCTaBISIThCS HE COBOKYITHOCTBIO OJHOIBETHBIX TOUEK, a CIOXKHEeHel MmaTema-
TUYECKOH (hOpMYJION M COBOKYIHOCTBIO TpapUeCKUX MPUMHUTHUBOB, KaX/Ibli U3 KOTOPBIX, SBJISETCS (HOPMYIION.
OT0 NpUBOAMT K yTsbKeneHuto ¢aina. Kpome toro, mepeBo n3odpaxeHusl U3 pacTpoOBOrO B BEKTOPHBIN dopMmar
(manpumep, nporpammoii Adobe Strime Line unmu Corel OCR-TRACE) npuBoANT K HacleIOBaHUIO MOCICIHUM
HEBO3MOXKHOCTH KOPPEKTHOI'O0 MacHITaOUpOBaHUs B OOJbIIYyI0 CTOpOHY. OT yBeNIMUYEHUS JIMHEHHBIX pa3MepoB KO-
JIMYECTBO JIeTalel WM OTTEHKOB Ha €IMHUILY TUIOIAAN OOJIbIIe HE CTAHOBUTCS. DTO OrpaHUYEHUE HAKIIAIbIBACTCS
pa3peleHrneM BBOIHBIX YCTPOUCTB (CKaHepoB, HU(GPOBBIX (poTOoKamep u Aap.).

AnemeHmbI (06LekmbI) 8ekMopHoU epagpuku. O6bLekmbI u ux ampubymaoli

OCHOBHBIM JIOTHYECKUM 3JIEMEHTOM BEKTOPHOU rpadUKH SIBISICTCS T€OMETpPHYECKUi 00BeKT. B kauecTBe
00bEKTa MPUHUMAIOTCS MPOCThIE TeoMeTpHuecKkue (Urypbl (Tak Ha3blBaeMble NMPUMUTHBBI — HPSIMOYTOJBHUK,
OKPY’KHOCTb, DJUIMIIC, JIMHUSA), COCTaBHbIE (DUTYPHI WU PUTYPBI, IOCTPOECHHBIE U3 TPUMHUTHUBOB, I[BETOBBIC 3aJTUBKH,
B TOM YHUCJIC I'PpadUCHTEIL.

BaxxapIM 00BEKTOM BEKTOPHOM rpaduku siBiseTcs cmiaaiH. CruiaifH — 9To KpuBasi, TOCPEICTBOM KOTOPOM
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OMHCBIBACTCS Ta WJIM MHAs reomeTpuueckas (urypa. Ha crimaiinax moctpoensl coBpemenHbie mpud Tl TryeType u
PostScript.

OOBbeKThl BEeKTOPHOU TpaduKu JIETKO TPAHCHOPMHUPYIOTCS U MOIUDUIUPYIOTCS, YTO HE OKA3bIBACT MPAKTHU-
YeCKH HUKAaKOTO BJIMSHHUS Ha KauyecTBO M300paxkeHHs. MacmrabupoBaHue, OBOPOT, UCKPUBICHUE MOTYT OBITH
CBEJICHBI K Tape—TPOilKe 3JIeMEHTapHbIX IPeoOpa3oBaHU HaJl BEKTOPAMH.

Ecnu B pacTpoBoii rpaduke 6a30BbIM 2JIEMEHTOM M300paKEHHS SABISETCS TOUKA, TO B BEKTOPHOU rpaduke —
nuHus. JIMHUS onmuchIBaeTCs MaTeMaTUYeCKU Kak €IUHBbIA OOBEKT, U MOTOMY OOBEM JIaHHBIX AJIS OTOOpaKeHUS
00BEKTa CPEACTBAMU BEKTOPHOH IpadUKH CyIIECTBEHHO MEHbIIIE, YeM B PACTPOBOI rpaduke.

Jlunus — aeMeHTapHbIN 00BEKT BEKTOpHOU rpaduku. Kak u mo00i 00bEKT, TUHUS 00J1a]]a€T CBOMCTBAMMU:
dbopMoii (ripsimasi, KpuBasi), TOJMIIMHOMN, IIBETOM, HAU€pPTaHUEM (CIUIOIIHAS, TYHKTHPHAs). 3aMKHYThIC JIMHUU TIPU-
0o0peTaroT CBOWCTBO 3aroyiHeHus1. OXBaTbIBa€MOE UMH MPOCTPAHCTBO MOKET OBITh 3aIIOJIHEHO APYTUMHU 00BbEKTaMuU
(TeKkcTypsl, KapThl) MM BBIOpaHHBIM 1BeTOM. [IpocTelinas He3aMKHYyTast IMHUS OTpaHUYeHa ABYMSI TOUYKAMH, HMe-
HYEeMbIMU y3JIaMH. ¥Y3JIbl TaKXKE€ UMEIOT CBOMCTBA, MapaMeTphbl KOTOPBIX BIUAIOT HA (GOpPMY KOHIIA JIMHUU U Xapak-
TEp COIpPSDKEHUsI C APYTMMU oObekTamu. Bce mpoune oObEeKThl BEKTOPHOW IpaUKU COCTABISAIOTCS U3 JIMHHM.
Hanpumep, KyO MOXXKHO COCTaBUTh U3 IIECTH CBSI3aHHBIX MPSIMOYTOJIBHUKOB, KXKIBIA U3 KOTOPBIX, B CBOIO OYEpEeib,
00pa3oBaH YETHIPbMSI CB3aHHBIMHU JIMHHUSIMH.

Lleem e eekmopHoU e2paguke

Paznuunble BekTOpHBbIE hopMaThl 001aJat0T PA3IMYHBIMU IBETOBBIMU BO3MOKHOCTsAMU. [Ipocreiimue dop-
MaTbl, KOTOPbIE MOTYT HE COAEP)KaTh BOOOIIE HUKAKOW WH(POPMAIMU O IBETE, HCIOIB3YIOT IBET MO YMOIYAHHIO
TeX YCTPOMCTB, Ha KOTOpPbIE OHU BBIBOAATCA, Ipyrue GopMaThl CIIOCOOHBI COXPAHATH JaHHbIE O MOJIHOM TPUILATH
nByX OutHOM I1BeTe. Kakyro ObI IIBETOBYIO MOJIEh HE MPUMEHSIT Obl BEKTOPHBIN (popmar, Ha pa3mep daiiia oH He
BJIMSIET, KPOME TeX Clly4yaeB, Koraa (ailyl Coep>KUT pacTpoBble 00Opa3bl. B 0ObIYHBIX BEKTOPHBIX 0OBEKTaX 3Haue-
HUE [[BETa OTHOCHUTCS KO BCEMY OOBEKTY B IesioM. L[BeT 00BbeKkTa XpaHUTCA B BHJI€ YACTH €r0 BEKTOPHOTO ONHCA-
Hus. HekoTopble BeKTOpHBIE (aiiibl MOTYT CO3/1aTh PACTPOBBINA ICKU3 N300pKEHUH XPaHAIINXCS B HUX. DTH pacT-
POBBIE KAPTUHKHU, NHOT/]a Ha3bIBa€Mbl€ KPATKUMHU OMHCAHUSIMU M300pakeHNH, OOBIYHO MPEICTABISIOT COOOM 3CKHU-
3bI BEKTOPHBIX PUCYHKOB B 11eJI0M. KpaTkoe onucanue n300paxeHusi, 0COOCHHO MOJIE3HO B CUTYAIUX, KOT/1a BbI HE
XOTUTE OTKPBIBATh BECh (hailil, 4TOOBI MOCMOTPETh, UTO B HEM XPAHUTCS WJIM KOTJa Bbl HE MOXKETE BUIETh BEKTOP-
HBIM PUCYHOK BO BPEMS €r0 UCIIOJIb30BaHUS.

[lepBasi cutyanusi BOZHUKAET, KOTJIa BaM HEOOXOIMMO HaWTH (Daiiyl ¢ MOMOIIBIO OJTHOM W3 MHOTUX CHEI[H-
aJIbHO Pa3pabOTaHHBIX Ul ATOrO mporpamm. Jlias oOjerdeHus: moucka HY>KHOTO BEKTOPHOTo (aiija Takue mpo-
IrpaMMbl MOTYT CUHTBHIBaTh PACTPOBBIM 3CKHU3 M300paKeHHsI U JPYyrue XapaKTepUCTUKH, HAIPUMEp, BEKTOPHBIN
¢dopmar, BpeMs coz/laHusl, OUTOBYIO INTyOMHY N300paXKeHHs U TakK Jlajee.

Bropas cutyanus Bo3HHKAeT, KOrjla B KaKOM—JIMOO M3/aTEIbCKOM IaKeTe MOMEeNIaeTcs Ha CTPaHUIly BEK-
TOpHBIN pUCyHOK. M300paXkeHne, KOTOpoe Bbl YBUAUTE, OyJIET pacTPOBBIM 3CKM30M HACTOSILIEr0 BEKTOPHOIO pH-
CYHKa, Y KOTOPOTO HeJlb3sl U3MEHUTh pa3Mmep, o0pe3aTh WM Kak—To MHaue oOpaboTaTh M300pakeHue. 3a 3CKHU3bI
M300pakeHUs MPUXOIUTCS pacIljlauuBaThCS MaMAThIO, T.K. 3CKH3bI — 3TO pacTPOBasi BEPCHUs PUCYHKOB, a PAaCTPOBBIE
JTaHHBIE MCMOIB3YIOT MHOTO MAMSATH KOMIIBIOTEPA.

Cmpykmypa eeKmopHoU unrcmpayuu.

CrpykTypy 711000i1 BEKTOPHOM MIUTIOCTPALIMU MOXHO MPEACTaBUTh B BUJIE HepapXHUuecKoro gepena. B Takoit
HepapXuy camMa WIUTFOCTPAINsS 3aHMMaeT BEPXHHUH YPOBEHB, a €€ COCTaBHBIC YacTH — OoJiee HU3KHE YPOBHH Hepap-
XHH.

1. Cawmblif BepxHUll nepapXUUeCKUil YpOBEHb 3aHUMAeT cama KapTHHKa, KOTopas 0ObeAUHSIET B CBOEM CO-
cTaBe 00BEKTHI + y3JIbI + JINHUM + 3aJTUBKH.

2. Crnenyromuil ypoBeHb HEPAPXUU — OOBEKTHI, KOTOPBIC MPEICTABIISAIOT CO00M pasHOOOpa3HbIe BEKTOPHBIC
(bopMBL.

3. OOBEKTHl WUTIOCTPALMU COCTOST U3 OJJHOTO WJIM HECKOJIBKUX KOHTYPOB: 3aMKHYTBIX U OTKpPHITHIX. KOH-
TYPOM Ha3bIBaeTCs JIt00asi reoMeTpuyeckast Gurypa, Co3JjaHHasi ¢ IOMOILBIO PUCYIOIIUX HHCTPYMEHTOB BEKTOPHOM
MpOrpaMMBbl U TIPEACTABJIAIONAs COO0H OYepTaHUs TOTO WJIM MHOTO Tpaduieckoro o0bekTa (OKPY>KHOCTH, TPSIMO-
YTOJBHUK U T.I1.). 3AMKHYTBIH KOHTPY — 3TO 3aMKHYTasi KpUBasi, y KOTOpPOH HadallbHAas ¥ KOHEUHAsi TOYKH COBIIa-
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naroT (OKPYXKHOCTh). OTKPBITHIH KOHTYP MMEET YeTKO 0003HAaYEHHBIC KOHIIEBBIC TOUKH (CHHYCOMJAIbHAs JIH-
HUs).

4. Cnenyroomuii ypoBeHb UEPAPXHUH COCTABIIAIOT CETMEHTHI, KOTOPBIE BBHIMOJIHAIOT (PYHKIIUUA KHUPIUYUKOB,
WCIOJIb3YEMBIX ISl TOCTPOCHUST KOHTYPOB. KaK/Iblii KOHTYP MOKET COCTOSITh M3 OJHOTO UM HECKOJIBKUX CETMEH-
ToB. Hauano u KoHell KakJJoro cerMeHTa Ha3bIBAIOTCS y3JIaMH, UM OMOPHBIMH TOYKAMH, IMOCKOJIKY OHHM (PUKCH-
PYIOT TIOJIO)KEHUE CETMEHTA, IPUBS3BIBAS) €T0 K ONpeAeNICHHON MO3UIIUU B KOHTYpe. [lepeMertieHre y3IoBbIX TO-
YeK MPUBOJIUT K MOAU(HUKAIMU CErMEHTOB KOHTYpa M K U3MEHEHHIO ero (opmbl. 3aMKHYTbIEe KOHTYPBI (OpMBI)
UMEIOT CBOMCTBO 3arlOJHEHHSI IIBETOM, TEKCTYPOUW HIIM PACTPOBBIM M300paKEHUEM (KapToil). 3aJiuBKa — 3TO IBET
WJIU y30p, BEIBOJMMBINA B 3aMKHYTOH 00J1aCTH, OTPaHHYECHHON KPHUBOM.

5. Ha camom HW)XHEM YpPOBHE HEpPapXUU PACIIONIOKECHBI y3JIbl U OTPE3KHU JIMHHUMA, COSTMHSIOMNUX MEXIY CO-
60t cocennue y3ibl. JINHUM HApSAAY € y37IaMH BBIMIOJIHSIIOT (DYHKIIMU OCHOBHBIX 3JIEMEHTOB BEKTOPHOTO M300paxe-
HUSL

HocmouHcmea eekmopHoU 2paghuku

Camas cuiibHasi CTOPOHA BEKTOPHOW TpaMKU B TOM, YTO OHA UCIIOJB3YET BCE MPEHMYIIECTBA pa3peliaro-
1Iei crocoOHOCTH JIF000T0 YCTPOUCTBA BBIBO/IA. DTO MO3BOJISIET U3MEHSATh pa3Mepbl BEKTOPHOTO PUCYHKA Oe3 1moTe-
pH ero kauecTBa. BekTopHbIe KOMaHIBI TPOCTO COOOIIAIOT YCTPOWCTBY BBIBOJIA, YTO HEOOXOAMMO HAPHCOBATH 00h-
eKT 3a/IaHHOTO pa3Mepa, MCIOb3ys CTOJIBKO TOYCK CKOJBKO BO3MOXHO. J[pyrumu cioBamu, yem OOJIbIlE TOYEK
CMOXET UCIOJIb30BaTh YCTPOMCTBO BBIBOJA ISl CO3/IaHUSI OOBEKTa, TEM JIydllle OH OyJIeT BBIIVIAACTh. PacTpoBbIii
dopmaT Qaiiza TOYHO ONpPEAEIsIeT, CKOJIBKO HEOOXO0AUMO CO3/aTh MMUKCEJIOB U 3TO KOJIMYECTBO U3MEHSICTCS BMECTE
C paspeniamieii crnocoOHOCThI0 YCTPOHCTBA BhIBOJA. BMECTO 3TOr0 MPOUCXOIUT OJHO U3 JABYX JHOO MPH yBEIH-
YEHUH pa3pelIaroliell ClIOCOOHOCTH, pa3Mep PACTPOBOI OKPYKHOCTH YMEHBIIIACTCS, TAK KaK YMEHBIIIACTCS pa3Mep
TOYKH COCTAaBJISIOIINX MHKCEI; TM00 pa3Mep OKPYKHOCTH OCTAETCSl OJJMHAKOBBIM, HO MIPHHTEPHI C BHICOKOW pa3pe-
IAFOIICH CIIOCOOHOCTHIO MCTIOIB3YIOT OOJIBINE TOUSK NI JTIF000TO MuKcena. BekropHas rpaduka obnamaeT emnie o/1-
HUM Ba)XHBIM MPEUMYIIIECTBOM, 3/IECh MOXHO PEIAaKTUPOBATh OT/ICIbHBIC YACTH PUCYHKA HE OKa3bIBas BIUSHUS Ha
oCTaJIbHbIE, HATIPUMED, €CIIA HY)KHO C/IeaTh OOJIbIIe WK MEHBIIE TOJIBKO OMH 00BEKT Ha HEKOTOPOM H300pake-
HUH, HEOOXOMMO MPOCTO BHIOPATh €r0 U OCYIIECTBUTH 3aayMaHHOe. OOBEKThI Ha PUCYHKE MOTYT MEPEKPhIBATHCS
0e3 BCSKOTO BO3JCHCTBHS APYT Ha Jpyra. BekTopHOe M300pakeHne, He COlepKallee pacTPOBBIX 00BEKTOB, 3aHH-
MaeT OTHOCHTEJIBHO HE OOJIBIIIOE MECTO B MaMSITH KOMITbIOTepa. Jlaxke OYeHb JeTallM3UpPOBaHHBIC BEKTOPHBIC PH-
cyHKH, coctosime u3 1000 00beKTOB, peAKO MPEBHIIIAIOT HECKOJIBKO COTEH KMIIOOAMT.

Henocrarkn BeKTOPHOM rpauku

[Tpupona uzberaer npsiMbix JuHUH. K coxanaeHnto, OHU SBISIOTCS OCHOBHBIMH KOMIIOHEHTAMU BEKTOPHBIX
pUCyHKOB. Jl0 HETaBHEr0 BPEMEHM 3TO 03HAYajo, YTO YAEJIOM BEKTOPHOU Ipaduku OBLIM M300paXKeHUs, KOTOpbIE
HUKOI'ZIa HE CTApaJIMCh BBIIVISIIETH €CTECTBEHHO, HAIPUMEp, ABYXMEPHBIE YEPTEKHM U KPYTrOBBIE JUArpaMMbl, CO-
3/aHHBIe crienraibHbIMU porpamMMamMu CAIIP, nByX U Tpex MepHbIE TEXHUYECKUE WILTIOCTPALMU, CTUIN30BaHHbIE
PUCYHKHU M 3HAUKM, COCTOALIME U3 MPSAMBIX JUHUNA U 00JacTel, 3aKpallleHHbIX OJHOTOHHBIM LIBETOM. BekTopHbIe
PUCYHKH COCTOSIT M3 Pa3IMYHBIX KOMaHJ MOChUIaEMBIX OT KOMIIbIOTEPA K yCTpOicTBaM BbIBOAA (puHTEpY). [IpuH-
TEpbI COJlep>KaT CBOM COOCTBEHHbIE MUKPOIIPOLIECCOPHI, KOTOPbIE HHTEPIPETUPYIOT 3TH KOMAHJIbl U MBITAIOTCA MX
MepeBecTy B TOUKU Ha jucte Oymaru. Horna nz—3a npoOiem CBS3M MEXKIY JIByMS MPOLIeCCOpaMU MPUHTEP HE MO-
KET pacredaTaTh OT/ENbHbIE JeTadl PUCYHKOB. B 3aBUCHMOCTH OT THUITOB IPUHTEPA CIIy4atOTCs MPOOIEMBbI, U Y Bac
MOXET OKa3aThCs YUCTHIN JIUCT OymMaru, YaCTUYHO HaredaTaHHBIM PUCYHOK WIJIH COOOIIEeHHne 00 orroKe.

IIpuMeHeHHe BEKTOPHOM rpauKH

VYcenexu KOMIbIOTEPHBIX TEXHOJIOTHH, TOCTUTHYTHIE B MOCJIEHUE TOAbl, HE OCTABISAIOT MECTa COMHEHUSIM
pu BbIOOpE CIOCOOOB MOMYyYSHHSI, XPAaHEHUS U TIepepaOOTKU JAHHBIX O CIIOKHBIX KOMITJIEKCHBIX TPEXMEPHBIX 00b-
€KTaX, TAaKUX, HalpUMep, KaK MaMATHUKU apXUTEKTYpPbl U apXeOJOTUHU, OOBEKTHI CIIENe0]I0THH U T. 1. HecomHeHHO,
YTO NIPUMEHEHHE KOMIBIOTEPU3ALMH JUIs 3TUX 1IeJIel — JIeJI0 He aleKoro Oyayliero, a y>ke HaCTOSIIEr0 BpEMEHH.
[Tocnennee, kOHEUHO, B OOJIBIION Mepe 3aBUCUT OT KOJIMYECTBA JEHEKHBIX CPEJICTB, BKJIAABIBAEMBIX C 3TOM LIETIBIO.

Hayka u nH:keHepus

Cuctembl CAD/CAM HCTIONB3YIOTCS CETOIHS B PA3IUYHBIX 001ACTIX WHKEHEPHOU KOHCTPYKTOPCKOM Jesi-
TEJIBHOCTU OT MPOEKTUPOBAHUS MUKPOCXEM 10 CO3JaHMsI CaMOJIeTOB. Beyline nHKeHepHble U IPOU3BOICTBEHHBIE
KOMIIaHUH, TaKHe Kak Boeing, B KOHEYHOM cueTe JBUTAIOTCS K MOJHOCTBIO IIM(PPOBOMY NPEICTABICHUIO KOHCTPYK-
LMY CaMOJIETOB.
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ApXUTEKTypa SBISETCS IPYrou BaxxHOU obOnacThio mpuMmenenus 1yt CAD/CAM u coBceM HETaBHO CO3aH-
HBIX cucTteM kiacca walkthrough (mporynku BOKpYyTr MpOEKTHPYEMOTO OOBEKTa € IEbI0 €r0 U3yUYCHUS M OLICHKH).
Takue pupmsl, kak McDonald's, yxe ¢ 1987 rona ucnoap3yOT MalIMHAYIO TpaduKy I apXUTEKTYPHOTO AU3aliHa,
pasMeleH sl MOCaJOYHBIX MECT, TUIAHUPOBAHMS MOMELICHUN U MPOEKTUPOBAHUS KyXOHHOTO oOopynoBanus. EcTb
psia 9 PexTHBIX MpUMEHEHUI BEKTOPHOM rpaduku B 001aCTH IPOEKTUPOBAHUS CTAAMOHOB U IW3aiiHa CHOPTUBHOTO
MHBEHTaps, HOBBIN mapk B bantumope (Baltimore Orioles'Camden Yards Park).

MenaunuHa crana BecbMa MpUBIIEKaTeIbHONU cepoil MpUMEHEHNs KOMIIbIOTEPHOHN rpaduKu, HapuMep: aB-
TOMAaTU3MPOBAHHOE MPOEKTUPOBAHNE WHIUIAHTAHTOB, OCOOCHHO i KOCTEH M CyCTaBOB, MO3BOJISIET MUHUMH3HPO-
BaTh HEOOXOAUMOCTh BHECEHHSI M3MEHEHUI B TEUECHUE OMEpaIliy, YTO COKpallaeT BpeMs NpeObIBaHUs Ha Ollepaliu-
OHHOM CTOJI€ (OYEHb JKEJATENbHbIN pe3yabTaT KaK Julsl MallMeHTa, TaK U Bpadya). AHATOMUYECKUE BEKTOPHbBIE MOJIE-
JIM TaK)K€ HUCIIOJIb3YIOTCSA B MEAUIIMHCKUX UCCIIEIOBAaHUSAX U B XUPYPrHUECKON MPaKTHKE.

Hayunsle 1abopatopuu mpoaoiDKa0T TeHepUpoBaTh HOBBIE UAEU B 00JaCTH BH3yalM3aluu. 3aaada cooo-
IIeCTBa KOMIIBIOTEPHOH Tpa)MKU COCTOUT B CO3/IaHUU YAOOHBIX MHCTPYMEHTOB U 3(PPEKTUBHBIX TEXHOJIOTHM, 1103~
BOJISIFOIIMX MOJIb30BATENSIM IIPOAOKATh HAyYHbIE U3bICKAHUS 32 TPAHUIEH BO3MOXHOTO M 0€3011acHOr0 3KCIEepu-
MmeHTa. Hanpumep ,npoext BuptyansHoro TyHHenss NASA Ames Research Center nepeHOCHT aspoaMHaMUYecKHe
JaHHbIE B MUP BUPTYaJbHOM pEabHOCTH, MHTEPEC K KOTOPOM 3HAYUTENBHO BBIPOC B JEBAHOCTHIE rojbl. NASA
Ames ObUIO OIHUM U3 MHOHEPOB B HCIOIB30BAHUH U PA3BUTUU TEXHOJIOTHH MOTPYKEHUS JIOACH B MHUMYIO peallb-
HocTh. Crnenuanuctel NASA 3aHuManuch pa3paboTKON creluaibHBIX HUJIEMOB U JUCIUIEEB, TPEXMEPHBIX ay1o-
YCTPOMCTB, YHUKAJIBHBIX YCTPOWCTB BBOJA JUIsSl OlEpaTopa M CO3JaHHEM COOTBETCTBYIOIIETO MPOrPaMMHOI0 odec-
neyeHust. BO3HHK psii KOMIIaHUH, 3aHIMAIOIIUXCSl BAPTYAIBHON peanbHOoCThIo, HanpuMep: Fakespace, Cristal River
Engineering u Telepresence Research.

Bce 3T mH)KeHepHBIE M HAay4YHbBIE NMPUMEHEHHsS yOeXIaloT, YTO MHIYCTpHUS MAIIMHHOW rpaduku Hadama
o0ecrieunBaTh MoJIb30BaTeNeii HOBOM TEXHOJIOTHUEH, IPU KOTOPOUM OHU JIEUCTBUTENIBHO YK€ HE 3a00TATCS O TOM, KaK
bopmupyercst H300paKeHNE — UM Ba)KEH pe3yJIbTar.

HckyccTBo, pa3BiieyeHus: U OU3HeC

CornacHo NpoOBEAEHHBIM MHOIO HCCIIEOBaHUM, BIUIOTh 10 Hayajia JAE€BSIHOCTBIX FOJIOB JOXOJbl OT UCIIOJNb-
30BaHMsI BEKTOPHOM IpaMKu B HAyUYHO—MH)KEHEPHBIX MPUIOKEHUAX ObUTM 3HAUMTEIBHO BBIIIE, UM J0XOMbI B 00-
JacTU OM3HEca U IPYyTUX 00JIacTAX, HEMOCPEICTBEHHO HE CBA3AHHBIX ¢ Haykoi. OnHako B 1991 rogy moxossr ObuH
I0JICJIEHBI B PAaBHOW CTENEeHH, a OajlaHC Terepb YCTOMYMBO CABUIAETCS B CTOPOHY HETEXHUYECKUX MPUIIOKEHU. S
cumTaro, 4To K 1998 rogy okoiio AByX TpeTei BCeX JOXOJ0B OT KOMIBIOTEPHOU rpadMKu MOCTYIMUT UMEHHO U3 He-
TEeXHUYEeCKUX oOnacTeil nmpuMeHeHus. HekoTopble U3 3THX MPUMEHEHUH MOJyYMJIM HACTOJBKO IIMPOKOE pacrpo-
CTpaHEHHE, YTO BO3HUKIIM CIIOPHI, HACKOJIBKO OHH JEUCTBUTENIHHO SBIISIOTCS MalIuHHON Tpaduxoit. Hampumep,
MyJbTHUME/Ma BOCIPUHUMAIOT OT/AEIbHO OT MAIIMHHOW IpadMKy, 4TO, OJHAKO, HE TaK, BCIEICTBUE SBHOTO JJOMHU-
HUPOBaHUA rpaUyecKux U300pakeHuH.

"Knaccuueckas" BeKTOpHas rpaduka 10 CHX IOp HCHOJb3YETCsl B pa3lIMYHbIX MPUIOKEHUAX Ou3Heca,
BKJIIOYasi pa3pabOTKy KOHLEMIUHU, TECTUPOBAaHUE U CO3JaHHE HOBBIX IPOAYKTOB, HO OM3HEC TaK)Ke CTal JIUIUPYIO-
UM TOTPEOUTENIEM CHCTEM MYJIbTUMENNA, HapuMep, B 00yueHHH WM MapKeTHHIOBBIX Mpe3eHTauusax. I'paduxa
BCE IIHMPE NMPOHUKAET B OM3HEC — ceroAHs (pakTUUYEeCKH HET IOKYMEHTOB, CO3/IaHHBIX 0€3 MCIIOJIb30BAHUS KaKOT0—
m6o rpaduyeckoro sneMeHTa. COOTBETCTBYIOIIEE MPOrpaMMHOE OOecliedeHne CIelranbHO pa3paboTaHo, YTOObI
MTO3BOJIUTH MOJIb30BATENSIM CKOHLIEHTPUPOBATHCSI OOJIbIIE HA COJIEPIKaHUH, a HEe Ha TpaduIeCKOM HCITOJIHEHUH.

I'psimer Beruieck MCMONIb30BaHMs TpauKy B aHUMALMU, 0COOGHHO B 00JIaCTH MHIYCTpUU pa3BiedeHuid. Ku-
HopmibM CtueHa Crimnbepra "Ilapk FOpckoro nepuona" ycranosmi B 1993 roay HoBeIN cTanAapT ¢poTOpeanuzma
B rpaduke. DTOT GWIBM HE eMHUYHBIN ciydaid npumenenus 3D rpaduku B kuno, u 'omumuBya pacimupser chepy
MCIOJIb30BaHUs CclienraibHbIX 3G (HEKTOB MAITMHHON rpapuKu, ToJIbKO B 1994 rony BBINYCTUB HECKOJIBKO BBICOKO-
xyaoxecTtBeHHbIX (priibMoB: "The Lion King", "The Mask", "True Lies" u "Forrest Gump".

BupryanpHas peallbHOCTh HaXOAMT CBOIO HUIIY B MHJyCTPUU pa3BiIeueHUN U BHIeoUrpax. Yucio BUPTY-
aJIbHBIX Tayiepel M pa3BieKaTelbHbIX MapkoB ObicTpo pacteT. [To moum orenkam 30% (To ectb 144 mupa. noi.)
BCEr0 J0X0Ja OT MCHOJIb30BAaHUS CUCTEM BUPTYaJIbHOW PEaJTbHOCTH OBLIO MOJYYEHO B MPOILJIOM IOy UMEHHO OT
Pa3HOro poja Urp, U J10X0/Ibl OT ITUX NPUMEHEHUH OyIyT pacTH.

Jlaboparopus Media Lab MTU sBisieTcst yHUKaJIBHBIM HCCIEIOBATEIILCKUM LIEHTPOM pa3pabOTKU COBEp-
IIEHHBIX CHCTEM B3auMMOJEHCTBUS "denoBek—kommbioTep". Hanmpumep, cuctema News B npoekte Future ucnomnbsy-
eT TOCJIeTHIE JOCTIKEHHUS B 00JacTU TpaduKH, pEeKOHCTPYKIIMHU 3ByKa U M300pakeHUi, a TakkKe MOJSIUPOBAHUH
pa3aMYHbIX 0OBEKTOB ISl MPEACTABICHUS HOBBIX PE3YyJIbTaTOB MCCIIEOBAHUM M MX MPE3EHTALUU B BHJIE COOTBET-
CTBYIOLIMX TEKCTOB, rpauKu, ayAUO U BUICO.
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BexkmopHasi epagpuka e MlHmepHeme

Hu st koro He cekpeT — ceroansi, 4ToObl HEe 3aTepsAThCS Ha mpocTopax Internet u mpuBieys k cebe BHUMA-
HUE TIOJIb30BaTENICH, HUKAK Helb3sl o0oiTuch 0e3 rpaduueckoro odopmiienus Web—ctpanun u y3noB. OgHaKo
3/1eCh Ha IMyTH pa3pabOTUMKOB BO3HHUKAET Mpobiema: rpapuueckie TeXHOoJIoruu aiasi Web He mocrneBaroT B CBOEM
Pa3BUTHU 32 APYTUMH TEXHOJIOTMSMH, U BO3MOXKHOCTH B IAaHHOM 00JIaCTH OCTAalOTCSI BECbMa OIPaHUYEHHbBIMHU.

B camom nene, aBa Hambosee MOmMyJsApHBIX B HacTosmiee Bpems rpadudeckux dopmara Internet — GIF u
JPEG — sBisroTcs ye JOBOJNIBHO cTapbiMu. KOoHEYHO, HEYJauHBIMU Ha3BaTh MX HHUKAK HEJb3S, BeIb caM (aKT
CTOJIb JUIUTEJIBHOIO UX CYIIECTBOBAHMS — CBUJETENIBCTBO 3TOMY. HO, C Ipyroil CTOpoHsl, BpsAl I MOKHO IOCIO-
PHUTH C TE€M, YTO BO3MOXKHOCTH JTaHHBIX ()OPMATOB HE OTBEUAIOT COBPEMEHHBIM TPEOOBAHMSIM B 00JIaCTH TpaUKH.
Tak, dopmar GIF mognepxuBaeT TOabKO 256—0UTOBBIN 1IBET, a B ciaydae npumeHenus popmara JPEG npu 60mb-
IIOW CTENEHU CXKATHSI CYIIECTBEHHO CHIKAETCS KadecTBO n3o0pakeHusi. Kpome toro, eme B 1995 1. BO3MOXKHOCTH
cBoboaHoro ucnonb3zoBanus GIF okaszanace moj Bompocom, korjaa kommnanuu Unisys, KOTOPOU MPUHAIIICKHUT pea-
JTU30BaHHBIA B 3TOM (opMmate anroputMm cxarus LZW, u CompuServe, pazpaboraBiieii cam Gopmar, coopanuch
B3UMAaTh JJULEH3UOHHBIE OTYUCIICHUS C KaKI0M NpOrpaMMbl, UCIIOJIb3YIOLIEH €ro.

B crnoxuBmieiics cuTyauuu rpynna He3aBUCUMBIX pa3pabOoTUMKOB Internet npuHsIa penieHre o pa3padoTke
(dbopMaTa, KOTOPBII COOTBETCTBOBAJ ObI MU JIaXKe MPEBOCXOIWI 0 cBOMM Bo3MOxkHOCTAM GIF, HO ObUT mipu 3TOM
MPOCTBIM B CO3JaHUM U TOJHOCThEO MOOMIBHBIM. HoBbIN (opmat monyunn nazpanue Portable Network Graphics
(PNG) u 6511 0106pen koncoprmymomM W3C B 1996 1.

®opmar PNG noguepxuBaer 48—0OuToBbIe 1IBETHBIE U 16—OUTOBBIC YepHO—OEIbIe N300paKeHHs U obecre-
gyuBaeT OoJsiee OBICTPYIO UX 3arpy3ky, yem gopmat GIF. OH Takke BKItouaeT B ceOsl HEMaJo TOMOJHUTENBHBIX BO3-
MOXKHOCTEH, Hanpumep anbha—kanais! (alpha channel), mo3Bosisitonyue ycTaHaBIUBATh YPOBEHB MPO3PAYHOCTH TSI
Ka)KJ0ro MHUKCceNa, 1 TaMMa—KOppeKLnoo. MexanusM cxkatusi uzoopaxenus B PNG peanuszoBan Ha 6a3e GpuiabTpos,
MTO3BOJIIIOIIMX ONTUMHU3UPOBATh JaHHBIE IIepe] CKaTheM, U anroputMa LZ77, npumensemoro B ZIP—apxuBaropax.

Opnnaxo, HecMOTpst Ha pan npeumyiiects PNG noka He ynanoch ctath peanpHoM anbrepHatuBoi GIF n
JPEG. Buno#t ToMy ObUIO OTCYTCTBHE MOJAJIEPKKH CO CTOPOHBI pa3padoTunkoB Opay3epoB. IIpaBaa, k cerogusm-
HEeMY JHIO B JaHHOM HaIlpaBJICHUU MTPOM3OIILIN CYIIeCTBEHHbIE cBUTH: HaunHas ¢ Internet Explorer 4.0 u Netscape
Navigator 4.04 nomgnepxka PNG peannzoBana HEmoCpeACTBEHHO B Opoy3epax; /10 3TOro oHa obOecreurBaiach 3a
CUET BCTPAaMBAEMbIX KOMIIOHEHTOB. [I0 MHEHMIO psfa CIENUAINCTOB, BCKOPE MOXHO 0XHJATh IIMPOKOTO PacIpo-
CTpaHEHUsi HOBOro ¢opmara (IOCI€ MacCOBOrO IEpexoja IMOoJIb30BaTelIed Ha IMOCJIEIHUE BEPCUU MOIYJISIPHBIX
Opay3epoB).

Crienyronum 1o MomyJsIpHOCTH pacTpoBbIM opmatoM 11t Web moxkHO Ha3Bath FlashPix, paspaboTanusiii
rpynnoii komnanuii: Kodak, Hewlett—Packard, Microsoft u Live Picture. On 6a3upyetcs Ha npunimunax JPEG—
KOMIIPECCUU, HO COAEPXKHUT PsAJl yCOBEPIIEHCTBOBAHHM, KOTOpBIE MO3BOJSIOT YMEHBIIUTh CTENEHb HMCKa)KEHUs
n300paxeHnit. OCHOBHOE NMPEMMYIIECTBO JJaHHOTO (hopMaTa — MHOTOYpOBHEBasi opranusaius Qaiina. B Hauane 3a-
rpy’aercsi H300pakeHUe ¢ CaMbIM HU3KUM pa3pellieHueM U BIIOCIIEJCTBUH, 110 Mepe HaJI0OHOCTH, MOJIKaunBaETCs
Oonee kauecTBeHHas Bepcusa. Microsoft u3bpana moaupukanuio 3Toro GpopmMara B KaueCTBE OCHOBBI JUII CBOETO
pactpoBoro pemaktopa PhotoDraw 2000, Tak 4To B HemagekoM OyIyIIeM cleAyeT OKHUIATh MOIIEPKKU ero Opay-
3epoM Internet Explorer.

WNuTtepecHoit pazpaboTkoii obmagaeT kommanus Iterated Systems, koTopasi co3gana cBod GopMar Ha OCHOBE
¢dpakransHOil komnpeccun (Fractal Image Format, FIF), a Takxke BbImycTHia nporpamMmy npeoOpa3oBaHusi OCHOB-
HbIX (hopmaroB B FIF u muarune! 11s mpocMoTpa ckaThIX M0 PpaKkTaTIbHOMY alrOpUTMY M300pakKeHUN B OCHOBHBIX
Opay3epax.

K coxanenuro, ¢pakranbHas kommnpeccus, kak U JPEG, umeeT cymecTBeHHbIN HEIOCTATOK: COTJIACHO dTUM
alropuT™MaMm, Ui aHalu3a U300pakeHue Nepes] cKaThueM pa3OMBaeTcs Ha OTAETbHBbIE OJOKH, YTO 3aTPYyAHSET €ro
MMOCTENIEHHYIO TTPOPUCOBKY TIpH 3arpy3ke ¢ Web—caiita.

Haunbonee nepcniekTHBHBIE — pacTpoBble (pOpPMAaThl, OCHOBaHHbIE Ha alropuTMax wavelet—cxarus. B stoit
o0nacTu BeayT pa3pabOTKU MPAaKTHUUECKHU BCE KOMIAHMH, KOTOPbIE 3aHUMAIOTCS CO3/1aHHueM Tpaduyeckux Gopma-
ToB. CaMbIM MHOTOOOECIIaeMbIM siBiisieTcst, Oe3ycioBHo, JPEG 2000. PaboTa Hajg HUM eliie He 3aBepileHa, HO 3asB-
JICHHBIE TTapaMeTphl BIIEYATIISAIOT: 256 KaHAIOB 1IBETA, YTO MO3BOJIUT Gopmary paboTaTh ¢ JIOOBIM I[BETOBBIM IPO-
CTPaHCTBOM U MOJJIEPKUBATh MHOXKECTBO ajb(a—kaHanoB; BcrpanBanue [CC—mpoduiieii; HeorpaHUUEHHOE MOJIe
g MeTafgaHHblX. Ho rimaBHOE mpeumyiecTBo wavelet—TexHOI0run — NOoTOKOBOCTh. Wavelet—T1oTok MOKHO Tipe-
pBaTh B 11000€ BpeMsi, IIPU ITOM U300paKeHHE BCE PABHO BOCIIPOU3BOIMUTCS, TOJIBKO KA4eCTBO €ro Oy/eT 3aBUCETh
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OT KOJINYECTBA 3arpyKEHHBIX 1aHHBIX.

Komnanusa AT&T pazpabortana u coOcTBeHHBIH (opmar Ha ocHoBe wavelet—kommpeccun — DjVu. Ero
rJlaBHasi OCOOEHHOCTh — paclo3HaBaHUE TEKCTa MPU KOMIPECCHM COAEP)KAIMX €ro M300pa)KeHUH U CKaTHe OT-
JEeNBHO IrpauIeckoro U TEKCTOBOro cios. I1o yTBep kIeHHI0 KOMITAaHUHM, OCHOBHBIM ITpeIHa3HaueHHEeM 3Toro (op-
Mara W sBisieTcs myOnukanus B Web ckaHupoBaHHBIX gokymeHToB. Ha caiite AT&T mno aapecy
djvu.research.att.com MOXHO MOTYyYUTHh OECIUIATHBIN TUTArHH A7 TpocMoTpa DjVu —daiinos, a Takxke nemyro 61d-
JMOTEKY, ONyOJIMKOBAHHYIO B 3TOM (opmare.

Kak ObI HM OBLITM XOpOIIH BBILICTIEPEYUCICHHBIE ()OPMATHI, BCEX MX 00BEINHSAET OAMH HEAOCTATOK — PACTP.
Hanpumep, peain3oBaHHbIE C UX OMOLIbIO U300paXKEHUS JOBOJIBHO CIOXKHO MOJU(PHUIIMPOBATH U JJaXkKe MacIlTaOu-
poBats. Kpome TOro, HECMOTpsl Ha MCIIOJIb30BAaHUE PA3IMYHBIX METOJIOB CXKATHs, OHU BCE—TaKd UMEIOT HEMAaJIbIH
pasmep, a CleI0BaTelbHO, 1 OTHOCUTENIBHO OOJIbLIOE BpeMsl 3arpy3ku, uro ains Web—rpaduku sBisercss 0coOeHHO
KPUTHYHBIM.

BekropHas rpaduka ocHoBaHa He Ha XpaHEHUHM MHGOPMALMU O KaXJOM IHKCcele, a Ha KOMaHAax pUCcOBa-
HUS JIMHUHN ¥ 3anoiHeHus ¢opm. Mcnonp3yercs oHA yke JOBOJIBHO JaBHO, HO B OTJIMYME OT TPAJAULMOHHBIX 3a-
MKHYTbIX (popMaToB BeKTOpHBIE popmatsl 1t Web moctpoeHs! Ha 6a3e OTKPBITBIX CTaHAAPTOB, IJIABHBIM 00pa3oM
SI3BIKOB MAapKHPOBKH, B KOTOPBIX JJISI OTIPENICIICHUS TETOB U JPYTUX DJIEMEHTOB MPUMEHSETCS OOBIYHBIA TEKCT, YTO
3HAYUTENIBHO YIPOLIAET MAaHUITYJIMPOBAaHUE CBOMCTBaMHU H300paxkeHuil. [IpenmyiiecTBaMu BEeKTOPHOH rpadMKu Ha
OCHOBE SI3BIKOB MAapPKHPOBKH SIBIISIFOTCS TAaKXKE BO3MOKHOCTH BBIOOpPA, MHIEKCHPOBAHUS M TIOMCKA DJIEMEHTOB M300-
paskeHUs U IPUBS3KH €€ K APYTHM JIEMEHTAM.

OpHaKo rOBOPUTH O MAaCCOBOM BHEJIPEHHUHU BEKTOPHOH rpaduku B Web moka eme paHo, B MEpPBYIO OYepeb
13—3a OTCYTCTBHSI €JMHOr0 (hopmaTa.

Haubonee pacmpocTpaHeHHBIM B JaHHBIH MOMEHT sBJsieTcss ¢opmar, pa3pabOTaHHBIM KOMIAHHEH
Macromedia, — Flash. barogapst cBouM YHHUKaJIbHBIM BO3MOXKHOCTSIM €T0 MOCIIEAHSs (TPEThs) BEPCHS OYEHb OBICT-
po 3aBoeBaina nmonyssipHocTh. Flash 3 moxnepxuBaer annmanuio no keipperimam, MOpGUHT, TPO3pPaYHBIE OOBEKTHI,
TMIIEPCCHUIKY, BCTpaUBaHKUE 3BYKOBBIX U BujeodailnoB. Cpeactsa A €ero co3aHus JOCTATOYHO MPOCTHI B MOJIb30-
BaHUH, XOPOIIO JOKYMEHTHPOBAHBI, TUTATHHBI JJIS1 TPOCMOTPA PACIIPOCTPAHSIOTCS OECIUIaTHO, a pa3Mep BBIXOIHBIX
¢ailnoB kpaitHe Mal.

Ho Bce ero mpenmymiecTBa, K COXaJICHHIO, OJIEKHYT TMepe]] OHUM €IMHCTBEHHBIM HEIOCTATKOM, KOTOPBIN
3acTaBusl Macromedia oTka3aTbcs OT JalbHEHIIeH pa3paboTku gopmara. ITOT HEIOCTATOK — 3aKpPhITOCTb, BEIb
¢aiin Flash — nBonunsiil. Takum 00pa3zom, €ro MOXKHO peJakTUPOBATh TOJIBKO B clieuanbHON nporpamMMme. [loaTo-
My B IIOCJIeIHEE BPEeMs Pa3IMYHBIMU KOMIIAHUSIMH U OpraHU3alUsIMU IPEASIOKEH LeTbli ps/l I3bIKOBBIX (hOPMATOB,
U KOKIbIH U3 HUX NpPETEHIYeT Ha pojib €IMHOTo cTaHjaapra. B uucno takux ¢opmaro BxoaaT Web Schematics,
DrawML, PGML u VML.

Web Schematics mpencraBisier co60i S3bIK THIEPTEKCTOBOW MapKUPOBKH JUISl CO3JaHUs YyepTexeil u aua-
rpamm. Ero pa3paboTuuky moneITaauch co3AaTh aHAIOT (YHKIMHA PUCOBaHMS, CIOIb3YEMBIX B Oa30BbIX Ipaduue-
CKHX CpEACTBAaX CHUCTEM BOCIPOM3BENEHUS JOKYMEHTOB, Takux, kak Adobe FrameMaker u Microsoft Word. Jlan-
HBIH (hopMaT UCOIb3yeT MOAETH peHiepunra u npeacrasienuit HTML u CSS1.

Pedakmupyemasi dsymepHas epaghuka onsi UnmepHema

Microsoft, Hewlett—Packard u tpu ¢bupmsl, crermanusupyiommecs B obmactu I10, npeacraBuim Ha pac-
cmoTpenue koHcopunyma World Wide Web crangapT, npeaHa3HauYeHHBIH A1 peaqu3alii BBICOKOKaueCTBEHHOM
penakTHpyeMon AByMepHOU BeKTOpHOM rpaduku B HTepHeTe.

C momotpio si3bika BeKTopHOU pa3metku (Vector Markup Language — VML) Web—nu3aiinepst cmoryT 6e3
TpyAa pedaKTHPOBATh, BBIPE3aTh W BCTABIATh BEKTOPHBIE M300pakeHUsS B MPUKJIAIHBIC MPOrpaMMbl. Takas BO3-
MO>KHOCTB, 10 MHeHHI0 CtuBa CKIilenoBHYa, MEHEKepa Mo MPoyKTaM Komranuu Microsoft, upe3BelyaiiHO HyXHa
MOJTb30BATEIISIM.

B ornmume ot pactpoBoii rpaduku, mpeactaBisionied coboil m3o0paxkeHus, oOpa3oBaHHBIE MaTpPULIAMH
MTUKCEIIOB, BEKTOPHBIC N300paKEHHSI COCTOSIT U3 JIMHUH, KBAJIPATOB U APYTUX T€OMETPHUIECKUX OOBEKTOB.

J1o cux mop enaroIuM J0NOJHUTh cBOM Web—cTpaHuIibl BEeKTOPHOI TpaduKoii MpUXOAUIOCh MOJIb30BaATh-
cs hopmaTamu pacTpoBbIX n3obOpaxkeHuit, Takux, kak GIF, JPEG u PNG. OnHako yMEHBIIUTh WU YBEIHYUTH UX
pasMepsl, Jaxe pacuIupsis WIK CKUMasi OKHO Opay3epa, He yaBaioch.

bnaronaps VML nu3aiinepst Web—y3710B ¢cMOTYT M3MEHATHh MacmTad BEKTOPHBIX M300pakeHui Ha Web—
CTpaHMIIAX U 3arpy’kaTh rpauKy 3HAUUTEIHHO ObICTpee, YeM H300pakeHHsI B pacTpoBOM (hopMmarte.
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«Bce oTUassHHO HYXIArOTCS B BEKTOPHOM rpaduueckoM dopmare, — ckazan CkienoBud. — OH JeHCTBU-
TenbHO HeoOxoauM. [IporpamMmucTel, paboTarolmye ¢ BEKTOPHOU TpauKoi, MPHIyMbIBAIA XUTPhIE IPUEMBI H CO-
XpaHsUH U300pakeHUs B pacTpoBOM (opmate, 4ToObl 00padaThIBaTh UX TOJDKHBIM 00pa3oM».

dopmar VML nosiBuiics Ha 6a3e si3bika Extensible Markup Language (XML — pacmmpsiemblii si3bIK pa3MeT-
ku), nonosHsroniero HTML. Web—nu3aiinepsl oJydrsid B CBO€ pacropsbkeHue 0oJiee TMOKU MHCTPYMEHT, KOTO-
PBIi TIO3BOJIIET CO3/1aBaTh COOCTBEHHBIE TETH, COOOIIAIOT MPEICTABUTEIN KOMIAHUH.

Bwmecte ¢ Microsoft u HP B korcoprimym W3C ¢ npenyioxkeHueM npuHATh ctanaapt VML oOpaTuimmch KoM-
nanuu AutoDesk, Macromedia u Visio Corp.

OHU MIaHUPYIOT B OYyIyIIeM BBITYCKATh MPOAYKTHI, UCTIONb3ytone VML.

Hanpumep, Microsoft Hamepena mpeaycMOTpeTh BO3MOXKHOCTH paboTsl ¢ VML B Opaysepe Microsoft
Explorer, oneparmonnoii cucreme Windows u odepennoit Bepcuu Microsoft Office, 3asBun CxiiernoBuy.

Oto obecnieunt B3anmoaencTere oprcHoro [10 u nporpamMm Ui POSKTUPOBAHUS U YSPUCHHUS.

B HacTos1ee BpeMs KOMIIaHUU UCTIOJIB3YIOT 7Sl padOThI ¢ BEKTOPHOU IpaduKoi pa3inyHble CTAaHAAPTHI.

Hanpumep, ¢upma Macromedia ucrnonb3yer B CBOEM MHCTPYMEHTAJIBHOM ITaKETE€ BEKTOPHOH rpaduku H
anumanuu Flash coOcTBennsiii opmar BekTopHOM rpaduxu nox Hazsanuem SWF. Komnanus Autodesk B makere
AutoCAD wucnonszyer popmatr DWF.

Kpome toro, 6iaromaps VML monp3oBaTen CMOTYT OTKPBIBATh U PEAAKTHPOBATH H300paKEeHUs, UCTIOIb-
3ys st atoro naket Office wiu B Bune HTML—¢aiina 6e3 morepu kayectsa, 3asBui CKIECIOBHY.

Cpedcmea Onsi co30aHuUsi 8eKMOPHbIX U306pakeHull

B HacTosee Bpems cO31aHO MHOYKECTBO ITAKETOB MILTIOCTPATUBHOM I'pauKH, KOTOPbIE COEPKAT MPOCThIE
B NPUMEHEHUH, PAa3BUThIC U MOIIHBIE HHCTPYMEHTAIBHBIE CPEACTBA BEKTOPHOH TIpadyKy, MpeaHAa3HAYCHHOW KaK
U1 IOJTOTOBKY MaTe€pHaJIOB K I€4aTH, TaK U JUIsl CO3/1aHus cTpaHuLl B MIHTepHeTe.

[TakeTsl BEKTOPHOW WIJIM WILTIOCTPATHBHOM rpaduku Beria OCHOBBIBAIUCH HA 00BbEKTHO—OPHUEHTUPOBAHHOM
M0JIX0/1€, TTO3BOJISIONIEM PHUCOBATh KOHTYPBI OOBEKTOB, @ 3aTEM 3aKpAIINBaTh UX WJIU 3allOJIHATh Y30paMH.

B Microsoft Office npegycMmoTpena nuHelika 3aJaHuii, coieprkalasi MHOYKECTBO BapUaHTOB BbIOOpa i CO-
3JIaHMs PUCYHKOB, JJOTOTHIIOB M TEKCTa MpH paboTe ¢ pa3HbIMU MPUIIOKEHUAMH, a ranepes WordArt npegocTasisier
WHTEPECHBIE U IIBETHBIE CTHIIN TEKCTa, KOTOPBIMU MOXKHO ITOJIE30BATHCS ISl 3aTOJIOBKOB HUJTH SIPITBIKOB.

PenaxTopsl BeKTOpHOI rpaduku:

Corel Draw

[Taket CorelDraw Bcernia mpou3BOIUT CHIIbHOE BliedyaTiienue. B kommuekt ¢pupma Corel Bkiarounia MHOXe-
cTBO mporpamm, B ToM uucie Corel Photo—Paint. HoBblil maker pacnonaraer 0eccriopHO caMbIM MOIIHBIM HHCTPY-
MEHTapHeM Cpelld BCeX Mporpamm 0030pa, a MpH 3TOM 10 CPAaBHEHMIO C MpeablIylieil Bepcueil nurepdeic cran
IpolIe, a THCTPYMEHTAJIbHBIE CPEICTBA PUCOBAHUS U PEAAKTUPOBAHUS y3/10B — Oosiee ruOkumMu. OIHaKoO 4TO Kaca-
eTCsl HOBBIX (DYHKI[MH, B YaCTHOCTH MOJATOTOBKY myOnukaruii s Web, To 3neck CorelDraw ycrymaer CorelXara.

Adobe Illustrator

Corel Xara

CorelXara — ciy’kuT B MepBYIO O4epe/lb /Uil CO3AaHUs rpapuuecKoro M300paKeHUsI Ha CTPAHUIIC 33 OJUH
pa3 u ¢popMHupoBaHUs OJIOKAa TEKCTa 3a OAUH pa3. [IporpamMma mo3BosseT BHIMOIHATH C PUCYHKAMH, I'PaJAUEHTHBIM
3aIlOJTHEHUEM, H300paXKCHUSMHU M TUATIO3UTUBAME TaKWe JACWCTBHUS, O KOTOPBIX BBl MOTJIHM TOJIBKO MEUYTaTh. XOTS
Corel pexnamupyer CorelXara kak gononnenue k CorelDraw 7 mnst coznanus rpadguxu Web, mo cymectBy 6maro-
Japs BBICOKOM MPOU3BOAUTEIBHOCTH, CpeAcTBaM A paboThl ¢ Web u crenuanu3upoBaHHOMY MHCTPYMEHTApPHIO
CorelXara npeBocxonut CorelDraw Bo MHOTMX OTHOIIEHHsX. biarogapss BO3SMOXKHOCTSM MacIITaOMpPOBAaHUS BEK-
TOPHOM TpaduKU U TEKCTypaM PacTPOBBIX M300pakeHUI ABYMEpHbIE OOBEKTHl HAUMHAIOT Bce Oojiee HallOMUHATh
TpeXMepHbIE.

Canvas

[IpiTasic 00bEAIMHUTH BO3MOXHOCTH PHUCOBAHUS, CO3/aHUS PACTPOBBIX M300paKeHUH, PeIaKTUPOBAHUS U
BEpPCTKH CTpAaHHI] B OJIHOHM mporpamme, pupma Deneba Systems pazpabortana maker Canvas, KOTOPBIN, peaqu3ys
MHOTOYHCIICHHbIE (DYHKIMH, HU OJIHY U3 HUX HE MOKET BBITIOJIHHUTH OE3yIPEYHO.

Canvas, npu Bcex 4eCTOIOOMBBIX 3aMbICIaX €ro pa3pabOoTYMKOB, HE MOXKET CUUTAThCS ITOJIHOLIEHHBIM TaKe-
TOM HWJUTIOCTpAaTUBHOM rpaduku. M xota yTBepxaaercs, yto Canvas o0benuHseT B ce0e MHOXKECTBO BO3MOXKHO-
CTe, Ha caMOM [ieJie BaM y’K€ B CaMOM HauaJie oTpedyeTcsl BBIOpaTh THUI JOKYMEHTa, KOTOPBIN Bbl COOMpaeTech
CO3/1aBaTh.
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BaxxHbIM IpeuMyI1ecTBOM MPOrpaMM BEKTOPHON rpadUKH SIBJISETCS pa3BUThIE CPENICTBA MHTETPALIUU U300-
paKEHHI U TEeKCTa, AMHBIA MoaAX0 ] K HUM. [ToaTOMy mporpaMmmbl BEKTOpHOM rpaduky HE3aMEHUMBI B 00J1aCTH TU-
3aliHa, TEXHUYECKOTO PUCOBAHUS, [UI YEPTEKHO—TpapuuecKux U 0pOpMUTEIBCKUX PaOOT.

PacTpoBasi u BekTOpHas rpadguka

Takum 00pa3oM, BEIOOp pacTpPOBOrO MIIM BEKTOPHOTO (popMara 3aBHCUT OT IIeJiei U 3a1a4 paboThl ¢ U300-
pakenneM. Eciau HykHa (oTorpaduyeckas TOYHOCTh IBETONEPEAAYH, TO MPEANOYTUTENbHEE pacTp. JIOroTHIIbI,
CXEMBI, 3JIEMEHTBI 0OpMIICHUS yI00HEEe MPEACTABIATh B BEKTOPHOM (opmare. [IOHITHO, 4TO U B pacTpOBOM H B
BEKTOPHOM IpEJICTaBlIeHNH Trpaduka (Kak ¥ TEKCT) BBIBOASTCS HA SKPaH MOHHTOpPA WM MEYaTHOE YCTPOWCTBO B
BUJIC COBOKYIHOCTH Touek. B MHTepHeTe rpaduka mpencrapisieTcsi B OJJHOM M3 PACTPOBBIX (opMaToB, MOHUMAE-
MBIX Opoy3epaMu 0e3 yCTaHOBKH JONONHUTENbHBIX Moayiei — GIF, JPG, PNG.

Puc. 1. [Ipumep BEKTOPHOTO U paCTPOBOTO U300paskeHUs

be3 momoMHUTENBHBIX TUIArMHOB (JIOTIOTHEHH ) HanboJiee pacpocTpaHeHHbIe OpOy3ephbl TOHUMAIOT TOJIBKO
pactpoBsie ¢opmaTsl — .gif, .jpg u .png (MocneTHUI MoKa Mao pacrpocTpaneH). Ha mepBblil B3I, UCHOIB30Ba-
HUE BEKTOPHBIX PEAAKTOPOB CTAHOBUTCS HEAKTyalbHBIM. OHAKO OOJBIIMHCTBO TAaKUX PEAAKTOPOB 00ECIICUYMBAIOT
skcnoptT B .gif wnn .jpg ¢ BeIOMpaeMbiM Bamu paspemieHueM. A pHCOBAaTh HAYMHAIOUIMM XYAOKHHKAM MPOIIE
MMEHHO B BEKTOPHBIX CPEAax — €CJIM pyKa JPOTHYJA W JIMHHS TONUIA HE Ty/1a, MOJyYUBIIMNCS JIEMEHT JIETKO pe-
naktupyercs. [Ipu prcoBaHue B pacTpOBOM pexxuMe Bbl prckyeTe HemonpaBUMO UCIIOPTUTH (HOH.

N3—3a onmicaHHBIX BBIIIE 0COOCHHOCTEH MPEICTaBICHUS N300paXEeHUS, U KaXKI0TO THIIA IPUXOTUTCS HC-
M0JIb30BaTh OTAENbHBIN IpauuecKuil pedakTop — pacTpOBBIM WINM BeKTOpHbIN. Pazymeercs, y HuUX ecTb oOmiue
94epTHl — BO3MOXKHOCTb OTKPBIBATh U COXPAHSTH (ailyibl B pa3IMUHBIX (popMaTax, NCIOIH30BAHNE HHCTPYMEHTOB C
OJIMHAKOBBIMH Ha3BaHUSAMU (KapaHJall, mepo u T.1.) Win GyHKUUAMHU (BbIAEICHHE, TepeMellleHrne, MacIlTabupoBa-
HUE U T.J.), BBIOUPATh HYKHBIA IIBET MM OTTEHOK... OJJHAKO MPUHIIMITHI PEATH3AINU TPOLIECCOB PUCOBAHUS U pe-
JAKTUPOBAHUS pa3IMYHbI U 00YCIOBIEHBI MPUPOIOH COOTBETCTBYIOIIEr0 (popmata. Tak, eciau B pacTpOBBIX pelak-
TOpaxX TOBOPST O BBIJCICHUH OOBEKTa, TO UMEIOT B BUAY COBOKYITHOCTH TOYEK B BHJE 00JACTH CIIOKHOW (HOPMBI.
ITporecc BbIIETIECHUS OUYEHB YaCTO SIBIISETCS TPYJIOEMKOH M KponoTiauBoi padortoil. [Ipu nmepemerieHnn Takoro Bbl-
TETICHHST TIOSBISIETCA«IBIPKa». B BEKTOPHOM JKe pedakTope OOBEKT IMPEICTABISET COBOKYITHOCTH TpadUIecKux
MPUMHUTHUBOB U JJI €T0 BBIIEICHHS JOCTATOYHO BHIOPATh MBIIIKOM KaXKIBIA U3 HUX. A €CIIM 3TH NMPUMUTHUBBI ObLIH
CTPYIIIPOBAHBI COOTBETCTBYIOLIEH KOMAH/IOM, TO JOCTATOYHO IIEIKHYThY» OAHMH pa3 B JIOOOW W3 TOUEK CIPYIIIH-
poBaHHOTrO 00BeKTa. [lepemenieHre BbIICIEHHOTO 00BhEeKTa 00HAXKAET HUKEIISKAIINE YIIEMEHTHI.

TEMA Ne 7. TPEXMEPHAA T©PADUKA

OcHoBHbIE TIOHATUS TpexMepHOM Tpaduku. O6nacTH NpUMEHEeHUus: TpexmepHoil rpaduku. Ilporpammusbie
cpezacTBa 00pabOTKU TPEXMEPHO rpaduKy.

OCHOBHbIe MOHSIMUSI MpPexMepHoOU 2paghuku

TpexmepHas rpaduka HaluIa MHUPOKOE MPUMEHEHHE B TAKUX 00JIACTAX, KaK HAyYHbIE pacueThbl, HHKEHEPHOE
MIPOEKTUPOBAHKE, KOMIIBIOTEPHOE MOJISTHPOBaHNE (PU3NIECKIX OOBEKTOB.

Jlns co3nanust pealuCTUYHON MOJENU 00bEKTa UCIONb3YIOTCS TeOMETPUUECKHE PUMUTHUBEI (KyO, map, Ko-
HYC U Ip.) U TJIAJKKUE, TaK Ha3blBaeMble CIJIAHHOBBIE MOBEPXHOCTH. BU/ MOBEPXHOCTU OMpEAEIsAeTCs pacloio-
YKEHHOH B MPOCTPAHCTBE CETKOM OMOPHBIX TOUeK. Kakmoil Touke mpucBanBaeTcss K03 GUIMEeHT, BETHIYNHA KOTOPO-
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rO OINpEAeNsieT CTENeHb €€ BIMSHUS Ha YacTh MOBEPXHOCTH, MpoXosiiel BOau3u Touku. OT B3aMMHOI'O paciosio-
KEHHUS TOYCK U BEITMYMHBI KOA(PPUIIMEHTOB 3aBUCUT (OPMA U II1aJKOCTh TOBEPXHOCTH B LIETIOM.

Hedopmarus oObekTa obecrieunBaeTcs MEPEMEIICHUEM KOHTPOJIbHBIX TOYEK, PAaCHOJIOKEHHBIX BOIH3H.
Kaxxnast KOHTpoJIbHAs TOUKA CBsi3aHa C OJMMKAHIIMMHU OMOPHBIMU TOYKAMH, CTEIICHb €€ BIUSHHS Ha HUX OIpeess-
€TCsl YJaJIIEHHOCTbhIO. J[pyroil MeTo Ha3bIBAIOT ceTkol nedopMannu. Bokpyr 00bekTa Wil ero 4acTu pa3MeInaercs
TpeXMepHasi CeTKa, IepeMeleHne JII000H TOUKH KOTOPOH BBI3BIBACT YIPYTYIO e(OopMaIMIO KaK CaMOM CETKH, TaK
U OKPY’KEHHOT'0 00OBEKTa.

Eme ogauM crmocob6oM HoCTpoeHHs OOBEKTOB M3 NMPUMHTHUBOB CIYKUT TBEPAOTEIHBHOE MOJCIMPOBAHHE.
OOBeKThI NpeACTaBICHbl TBEPABIMU TE€JIaMHU, KOTOPbIE IPU B3aUMOACHCTBUU C JPYTMMHU TeJIaMU Pa3iIMYHbIMH CIO-
cobamu (0ObeAMHEHNE, BEIUNTAHNE, CIUSHHAE U JIP.) IPETEPIEBAIOT HEOOXOAUMYIO TpaHC(HOPMAIIHIO.

Bce MHOrOOOpa3ue cBOMCTB B KOMIIBIOTEPHOM MOJIEIUPOBAHUU CBOJIUTCS K BU3yallM3allii MOBEPXHOCTHU, TO
€CTh K pacuery Kod(pQHIMeHTa MPO3pavyHOCTH MOBEPXHOCTH U yIila MPEJOMJICHHUS JIyueil cBeTa Ha IpaHUIle MaTe-
pHuaia u OKpy»aromiero npocrpaHcTsa. CBOCTBa MOBEPXHOCTH OIMKCHIBAIOTCS B CO3/1aBAEMbIX MAacCUBaX TEKCTYD, B
KOTOPBIX COJIEp)KATCs JaHHBIE O CTEIEHH MPO3PAYHOCTH Marepuaia, KOdQQUIMEHTE MPEIOMICHHS, [[BETE B KaXK-
JI0W TOUKe, [[BeTe OJMKa, ero MUPUHE U PE3KOCTH U Jp.

[Tocne 3aBepuIeHUs KOHCTPYUPOBAHUS M BU3yaJH3allMd 0OBEKTa MPUCTYIAIOT ero "0XUBICHHUIO", T.€. 3a/1a-
HUIO NTapaMeTpoB ABMKeHUS. KommbroTepHas aHuManus 0a3upyeTcs Ha KIHOYEeBBIX Kaapax.

[IpuMeHeHre CIIOKHBIX MAaTEMAaTUYECKHX MOJEJCH MO3BOJSET UMHTHPOBATh pa3iuyHble (u3ndeckue 3¢-
(eKThI: B3pBIBbI, 10%K/Ib, CHET, OTOHb, JbIM, TYMaH H JIp.

OCHOBHYIO JIOJIIO PBIHKA NMPOTPAMMHBIX CPEICTB 00pabOTKH TpeXMEpHOW rpadMKy 3aHUMAIOT TPU HaKeTa:
3D Studio Max ¢upmsl Kinetix; Softimage 3D komnanuu Microsoft; Maya, pa3paboTanHas KOHCOPLILYMOM H3-
BecTHBIX Kommanuii (Alias, Wavefront, TDI). Ha cerogusmamii 1eap Maya siBisieTcsi HanOoJiee MmepeIoBbIM IaKe-
TOM B KJIacce CPEJCTB CO3AaHUs U 00pabOTKU TpeXMepHOM rpadKu 1715l IEPCOHATBHBIX KOMIIBIOTEPOB.

TpexmMepHas Tpaduka HalIa MUPOKOE TPUMEHEHHE B TAKUX 00JIACTSIX, KaK HAYYHbIE PacyeThbl, NH)KEHEPHOE
MIPOEKTUPOBAHKE, KOMITBIOTEPHOE MOJIeIHpOBaHue (hru3nueckux o0beKkToB (puc. 3). B kadecTBe nmpumepa paccMoT-
puM HanOoJiee CII0KHBIN BapUAHT TPEXMEPHOTO MOJIEIMPOBAHUS — CO3JaHHE MTOIBHIKHOTO U300pakeHUs PEabHOTO
¢du3nyeckoro Tena.

B ynpomienHoM Buje J1sl IPOCTPAaHCTBEHHOI'O MOJIETIMPOBAaHUS 00BbEKTa TpedyeTcs:

—  CIIPOEKTHPOBATh M CO3/1aTh BUPTYyalbHBIN Kapkac (“ckenet’) oObekTa, Hanbosiee MOJIHO COOTBETCTBYIO-
LI ero peasbHOH QopMme;

—  CIIPOEKTHPOBATh U CO3JaTh BUPTyalIbHbIE MaTepUalbl, 10 (U3NYECKUM CBONCTBAM BHU3yalH3alllH M10XO-
)KHe Ha peajibHbIE;

— TNPUCBOUTH MaTepUalbl Pa3IMYHBIM YaCTSAM IMOBEPXHOCTH 00bEKTa (Ha MpOo(hecCHOHATLHOM KaproHe —
“CIIpPOEKTUPOBATH TEKCTYPhl HA OOBEKT);

— HacTpouTh (U3MYECKHE MapaMeTpbl MPOCTPAHCTBA, B KOTOPOM OyJeT AeicTBoBaTh OOBEKT, — 3a4aTh
OCBEIICHHE, TPaBUTAIIMIO, CBOMCTBA aTMOC(EPHI, CBOMCTBA B3aUMOICUCTBYIOIINX 0OBEKTOB U TTOBEPXHOCTEH;

—  3aJ1aTh TPAEKTOPUU JIBUKEHUS O0BEKTOB;

—  paccuMTaTh Pe3yJbTUPYIOLIYIO IOCIEI0BATEIbHOCTD KaJIpOB;

—  HaJOXXUTh MOBEPXHOCTHBIE 3(h(hEKTHI HA UTOTOBBIN AHUMAITMOHHBIN POJTUK.

Jl1g co3nanus peaTucTUYHOW MOJIENTH 00BEKTa HCTIONIb3YIOT T€OMETPUUECKIE IPUMUTHUBEI (ITPSIMOYTOJIbHUK,
KyO, 11ap, KOHYC U MPOYHe) U IJIaJKue, TaK HAa3bIBAEMBIE CAIAliHOBble NogepXHOocmu. B mocieaHeM ciaydae npume-
HSIOT Yalle BCEro METOJ OUKYOUYeCcKux payuoHaivHulx B-cnaaiinoe na nepasnomepnoii cemxe (NURBS). Bun mo-
BEPXHOCTH TPU ATOM OIPEEIIETCs pacHoI0KEHHON B IPOCTPAHCTBE CETKON OMOPHBIX Tovyek. Kaxknoi Touke mpu-
cBauBaeTcsi Kodp(ULIUEHT, BEIMYMHA KOTOPOrO ONpEENsieT CTEeNEeHb €€ BIUSHUS Ha 4acThb IMOBEPXHOCTH, MPOXO-
msmeit Bomu3u Touku. OT B3aMMHOTO PAcIoOKEeHUsI TOUEK U BEITMYMHBI K03((HUIIMEHTOB 3aBUCUT (popmMa U “Tiaja-
KOCTh”’ IIOBEPXHOCTH B LIEJIOM.

[Tocne popmupoBanus “ckenera” 00bEKTa HEOOXOAUMO MOKPHITH €0 MOBEPXHOCTh MarepuaiamMu. Bece MHO-
roodpasue CBONCTB B KOMIIBIOTEPHOM MOJEIUPOBAHUM CBOJUTCS K BU3yaJIU3alliy OBEPXHOCTH, TO €CTh K pacueTy
KO3 pHIIMEeHTa TPO3PaYHOCTH OBEPXHOCTH U yIJla MPEJIOMIICHHUS JIyyeil CBETa Ha TpaHMIIe MaTepuana U OKpyXa-
IOLLETO TIPOCTPAHCTBA.

3akpacka moBepxHocTeil ocymiectBisiercs merogamu ['ypo (Gouraud) wimm ®onra (Phong). B mepBom city-
Yae I[BET MPUMUTUBA PACCUUTHIBACTCS JIMIIb B €r0 BEPIIMHAX, a 3aTE€M JIMHEHHO MHTEPIOIUPYETCS IO TOBEPXHO-
cti. Bo BTOpoM ciiyyae cTpouTcsi HOpMallb K OOBEKTY B LIEJIOM, €€ BEKTOp MHTEPIIOIUPYETCS MO MOBEPXHOCTU CO-
CTaBJISIOIINX IPUMHUTHUBOB U OCBEIICHNE PACCUUTHIBACTCS ISl KaXKIOM TOUKH.
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CBeT, yXOIsIIUi C MIOBEPXHOCTH B KOHKPETHON TOYKE B CTOPOHY HaOIIOAATEINs, IPEACTABISIET COOOM CyM-
My KOMITOHEHTOB, YMHOXXECHHBIX Ha KOX((HIIMEHT, CBI3aHHBI C MAaTEPHAIOM M IIBETOM IOBEPXHOCTH B JTAHHOH
Touke. K TaKOBBIM KOMIIOHEHTaM OTHOCATCS:

—  CBET, MPHILIEALINHA ¢ 00paTHON CTOPOHBI MOBEPXHOCTH, TO €CTh IpejoMieHHbIN cBeT (Refracted);

—  CBeT, paBHOMEPHO paccenBaeMblii moBepxHOCThIO (Diffuse);

-  3epkainbHO oTpaxeHHbIN cBeT (Reflected);

—  OJIMKH, TO €CTh OTPAKCHHBIN CBET UCTOYHHUKOB (Specular);

— cobctBerHoe cBeueHue nosepxHoctu (Self [llumination).

Crenyromum 3TanoM sBJsieTCsl HallokeHue (“TIpOeKTHpOBaHUE”) TEKCTYP Ha OIPEe/ICHHbIE Y4aCTKU KapKa-
ca oowekTa. [Ipr 3TOM HEOOXOAUMO YUYUTHIBATh UX B3aMMHOE BIHMSHHME Ha IpaHUIAX NPUMHTHUBOB. [IpoexkTupoBa-
HUE MaTepuasoB Ha 0OBEKT — 3aja4a TpyIHO (hopManusyemasi, OHa CPOIHU XY 0KECTBEHHOMY IpoLeccy U Tpedyer
OT UCTIOJIHUTEIS XOTSI Obl MUHUMAJIBHBIX TBOPUYECKUX CIIOCOOHOCTEHA.

[Tocne 3aBeplieHnss KOHCTPYUPOBAHUS U BU3YaAJIM3alMM 00bEKTa IPUCTYNAIOT K €ro “0)KUBJICHHUIO”, TO €CTh
3aJJaHHIO TTapaMeTpoB JABIKeHMs. KommbroTepHas anumanus 0asupyercs Ha KIIOYEBBIX Kajpax. B mepBoMm kaape
O0OBEKT BBICTABJIETCS B UCXOJHOE IoJIoKeHHe. Uepes onpeaeaeHHbI NpoMexyToK (HalpuMep, B BOCbMOM KaJpe)
3aJjaeTCcsl HOBOE IMOJIOKEHUE 00BEKTa M TaK Jajiee 10 KOHEUHOTo MoJiokeHus. [IpoMekyTouHbIe 3HaUeHUsT BBIYHCIIS-
eT Mporpamma Io CIEeUUAJIbHOMY aJroputMy. [Ipy 3TOM HpOMCXOIUT HE MPOCTO JIMHEHHAs annpoKCUMalus, a
TUTABHOE M3MEHEHHE MOJI0KEHHUS OTIOPHBIX TOUEK 00BEKTAa B COOTBETCTBUU C 33JaHHBIMH yCIIOBHSMHU.

OTH yCIIOBHSI ONPEAEISIOTCS Uepapxueil 00beKTOB (TO €CTh 3aKOHAMM MX B3aUMOJCHCTBUS MEXIYy cO00M),
Pa3pelIeHHBIMU TUIOCKOCTSIMH JIBUKCHUS, TPEACTbHBIMA yTIaMHA MOBOPOTOB, BEIIMYMHAMHU YCKOPEHHH U CKOpO-
creil. Takoil MOAX0J1 Ha3bIBAIOT METOAOM UHBEPCHOU KuHemamuku osudcenus. OH XOpouo paboTaeT Npu MOJENH-
POBaHUM MEXaHWYECKHX YCTPOWCTB. B ciydae ¢ mMuTanmei kuBbIX 0OBbEKTOB HCIOJB3YIOT TaK HA3bIBAEMBIC CKe-
nemuvle mooenu. To ecThb, CO34aeTCsl HEKUI KapKac, HOJBM)KHBIM B TOUKAX, XapaKTEPHBIX ISl MOJIEIUPYEMOTO 00b-
eKTa. J[BMKeHus: TOYeK MPOCUNTHIBAIOTCS MPEIBIAYIIMM METOIOM. 3aTeM Ha KapKac HaKJIaIbIBaeTCs 000JI0YKa, CO-
CTOSIIAsl U3 CMOJIEIMPOBAHHBIX MOBEPXHOCTEH, Il KOTOPBIX KapKac sBIsIETCS HAaOOpPOM KOHTPOJIBHBIX TOYEK, TO
€CThb CO3JIAaeTCs KapKkacHas moodenv. KapkacHasi MO/ENb BU3YyaIM3yeTCs HAJOKEHHEM TOBEPXHOCTHBIX TEKCTYp C
yueTOM yCIOBMH ocBelieHus. B xone mepemernieHus o0beKTa MOMy4aeTcsi BechbMa MPaBAONoJ00HAas MMHUTALUS
JBVKEHUH KUBBIX CYIIECTB.

Haubosnee coBepiieHHBIN METO aHMMAIMM 3aK/II0YaeTcs B (PUKCALMU pealbHbIX IBMKEHUH (U3NYECKOTO
o0bekTa. Hampumep, Ha denoBeKe 3aKperuisioT B KOHTPOJIBHBIX TOYKAX SPKHE HCTOYHUKHU CBETAa U CHUMAIOT 3aJlaH-
HOE JIBUKEHHE Ha BUJEO- WJIM KHHOIJICHKY. 3aTeM KOOpPAMHATHI TOUEK 0 KaJpaM NepeBOJAT C IUIEHKU B KOMIIbIO-
TEp ¥ MPUCBAUBAIOT COOTBETCTBYIOIINM OIIOPHBIM TOYKAM KapKacHOW Mozenu. B pe3ynbTare NBMKEHUS HMUTHPY-
€MOro 00beKTa MPAKTUYECKHU HEOTJIMYUMBI OT KHBOT'O MPOTOTHUIIA.

[Ipouecc pacuera peanuCTUYHBIX M300paKEHUM HA3bIBAIOT peroepunzom (BUlyanusanueit). boiabmmHcTBO
COBPEMEHHBIX IPOrpaMM pPEHJIEPUHIa OCHOBAaHbI Ha Memoode obpamuou mpaccuposku iayyeu (Backway Ray
Tracing). [IpumMeHeHHEe CIIOKHBIX MaTEMAaTHYECKUX MOJEJIeH MO3BOJIIET MMHUTUPOBATh Takue ¢u3myueckue 3ddek-
Thl, KaK B3pbIBBI, 10’K/b, OTOHb, JAbIM, TyMaH. [l0o 3aBepIIeHNN peHAepHHra KOMIBIOTEPHYIO TPEXMEPHYIO aHUMa-
ITUIO MCTIOJIB3YIOT JIN0O KaK CaMOCTOSTENbHBIA IPOIYKT, THOO B KAUECTBE OT/IENBHBIX YaCTeH WIIH KaJpOB TOTOBOTO
MPOAYKTA.

Oco0yto 00macTh TPEXMEPHOTO MOJICIMPOBAHUS B PEKUME PEATbHOTO BPEMEHH COCTABISIOT TPEHAKEPHI
TEXHUYECKHUX CPEJICTB — aBTOMOOMIIEH, Cy/10B, JIeTaTEeIbHBIX U KOCMUYECKHX alapaToB. B HUX HE00X0IUMO OUYEHb
TOYHO PEaJTM30BBIBATh TEXHUYECKHE MapaMeTPhl 00OBEKTOB U CBOMCTBA OKpYykaromieh guznueckoi cpensl. B 6omee
MPOCTHIX BapuaHTax, HapUMep NMpH 00yUYeHHH BOXKIACHUIO Ha3€MHBIX TPAHCIOPTHBIX CPEACTB, TPEHAXKEPHl peaslu-
3YIOT Ha TIEPCOHAIBHBIX KOMITBIOTEPAX.

Camble COBEpIICHHBIE Ha CETOJHSAIIHUM JIeHb YCTPOMCTBA CO3AaHbl A1l 00y4eHUs! MUIOTUPOBAHUIO KOCMHU-
4eCKUX Kopaliell M BOSHHBIX JIETATeNFHBIX armapaToB. MoJeIHpOBaHUEM W BU3yaIn3alueil OOBEKTOB B TaKHX
TpeHaXkepax 3aHAThl HECKOJBKO CIEHUAIM3UPOBAHHBIX T'papUUecKuX CTAaHIUM, MOCTPOEHHBIX Ha MouHbIX RISC-
mporeccopax M CKOPOCTHBIX BHEOAIanTepax C almapaTHBIMH YCKOPHTEISIMH TpexmepHou rpadukm. OOriee
yIpaBJIeHUE CUCTEMOM M MPOCUET CLEHAPHEB B3aMMOJEHCTBHS BO3JI0KEHBI Ha CYNEPKOMIBIOTEp, COCTOSIIUN U3
JIECATKOB U COTEH mpoleccopoB. CTOMMOCTbh TaKUX KOMILJICKCOB BBIPAXKAETCs JAECBITU3HAYHBIMH IHU(pamMH, HO UX
IPUMEHEHHE OKYIaeTcsl JOCTATOYHO OBICTPO, TAaK KaK 00yUeHHE Ha peabHbIX almapaTax B JECSITKH pa3 10pOKe.

lNpoezpammHbIe cpedcmea o6pabomku mpexmepHoU epaghuku

Ha nepcoHanpHBIX KOMIBIOTEPAaX OCHOBHYIO JOJIO PHIHKA MPOTPAMMHBIX CPEJICTB OOpAaOOTKU TPEXMEPHOM

6



63

rpaduky 3aHUMAIOT TpHU TakeTa. Dh(PEeKTUBHEH BCero oHM pabOTAIOT HAa CaMbIX MOITHBIX MAaIllWHAX (B ABYX- WJIH
YEeTBIPEXIPOIECCOPHBIX KOoHurypamusx Pentium II/III, Xeon) mox ympaBiieHHEM OIEPAIMOHHOW CHCTEMBI
Windows NT.

[Iporpamma coznanus u 06padotku TpexmepHoil rpaduku 3D Studio Max ¢upmsr Kinetix u3nagaisHo co-
3naBanach it miaatgopmbel Windows. DTOT MakeT cUMTaeTcsi «moynpodeccuoHambHbiM». OTHAKO €ro CpeicTB
BITOJTHE XBaTaeT JJIs pa3pabOTKH KauyeCTBEHHBIX TPEXMEPHBIX M300paKeHUH 00bEKTOB HEXHBOU MPpUpPoabl. OTiH-
YUTEIbHBIMU OCOOCHHOCTSIMH IMaKeTa SIBJISIIOTCS MOJAJIepKKa OOJBIIOro YKcia annapaTHhIX YCKOPUTENEeH Tpexmep-
HOW rpaduKu, MOITHBIE CBETOBBIE A(P(EKTHI, OOJIBIIOE YUCIIO JOMOJHEHUHN, CO3MaHHBIX CTOPOHHUMHU (UPMAMH.
CpaBHuTenbHas HETPEOOBATEIBHOCTD K amllapaTHBIM pecypcaM MO3BOJISIeT paboTaTh Jaxe Ha KOMIIbIOTepax cpe-
HEero ypoBHs. BmecTe ¢ TeM mo cpeactBam mojenupoBaHus ¥ anuMaruu maketr 3D Studio Max ycrtynaer Gonee
Pa3BUTHIM MPOTPAMMHBIM CPEJCTBAM.

[Mporpamma Softimage 3D xommanuu Microsoft n3HayanbHO co3maBaniach g paboumx craHmuin SGI u
JUIIb CPABHUTEILHO HEAaBHO OblIa KOHBEPTHUpPOBaHa oA onepaiuonnyto cucremy Windows NT. [Iporpammy oT-
JTMYaloT OoraThle BO3MOKHOCTH MOJICIMPOBAHUS, HATMYNE OOJBIIOTO YUCIIA PEryIUPYEMbIX (PU3UUECKUX U KUHEe-
MaTtorpaduueckux mapamerpoB. s peHIepuHra MPUMEHSETCs KauyeCTBEHHBIM M JOCTATOYHO OBICTPHIA MOIYIb
Mental Ray. CymiecTByeT MHOKECTBO JIOTIOJHEHHUH, BBITYIIEHHBIX “TPETbUMHU~ (PUpPMaMH, 3HAYUTEIHHO PACIIUPSI-
OIUX (YHKIMH MaKeTa. JTa MporpaMMma CUYUTAeTCsl CTaHIapTOM «Je-(aKkTo» B MHUpE CHEIHAIU3HUPOBAHHBIX T'pa-
¢uueckux cranmmii SGI, a Ha mmatrgopme IBM PC BBINISIIUT HECKOIBKO TSHKEIOBATO M TPEOYET MOIIHBIX armapat-
HBIX PECYPCOB.

Haubonee peBontoniMoHHOM ¢ TOUKY 3peHUs HHTepdelica 1 BO3MOKHOCTEN sABIsieTcs nporpamma Maya, pas-
paboTaHHasi KOHCOPLIMYMOM U3BeCTHBIX kommaHui (Alias, Wavefront, TDI). [Taker cymecTByeT B BapuaHTax Juis
pa3HBIX ONEpanroHHBIX cucTeM, B ToM yncie 1 Windows NT. MucTpymenTapuii Maya cBeieH B YeThIpE TPYTIIIbL:
Animation (anuMmanus), Modeling (MmonenupoBanue), Dynamic (pusudeckoe monenupoBanue), Rendering (Busya-
nmu3anusi). Y A00HBIM HacTpanBaeMblii HHTEP(EIC BBITIOJHEH B COOTBETCTBUHU C COBPEMEHHBIMU TpeboBaHusMuU. Ha
CeroAHSIIHUN NeHb Maya sBisieTcs Haubosiee MmepefoBBIM IMAKETOM B Kjacce CpPeACTB CO3AaHUS M 00paboTKH
TpEeXMEepHOU TpaQyKH U IEPCOHATHHBIX KOMITBIOTEPOB.

TEMA Ne 8. BA3SOBbIE PACTPOBbIE AJIFTOPUTMbI

ANTOpUTM BBIBOJIA NPSIMOM JIMHUHU. AJITOPUTM BBIBOJIA OKPYXHOCTU. AJITOPUTM BBIBOAA AJUIUIICA. AJTO-
PUTMBI BbIBOJA (pUTyp. ANTOPUTMBI 3aKpalIMBaHus (IPOCTEUIIMHA AITOPUTM 3aKpallMBaHUs, BOJHOBOM ajJrOpUTM,
QJITOPUTM 3aKpallliBaHUS JUHUIMH). 3aMl0JIHEHUE NMPSMOYTOJbHUKOB. 3anojHEHUE Kpyra. AJIrOpUTM BbIBOZAA TOJI-
CTOW U IIYHKTUPHOU JIMHUHU.

Aneopumm ebigo0a rnpsiMou fTuHUU

[TockonbKy 3KpaH pacTpOBOIo AMCILIES C 3JIEKTPOHHO-TyueBor TpyOKoii (DJIT) MoxkHO paccMaTpuBaTh Kak
MaTpHUIly JUCKPETHBIX 3JIEMEHTOB (ITMKCEIOB), KAX/bI U3 KOTOPBIX MOXET OBITh MOJCBEYEH, HEJb3sl HEmocpe -
CTBEHHO TPOBECTU OTPE30K M3 OAHOHM TOUKH B Jpyryto. Ilpomecc onpeneneHust MUKCEIOB, HAWIYUIINM 00pazomM
anIpPOKCUMHUPYIOIINX 33JaHHBIM OTPE30K, HAa3bIBACTCA PA3JIOKEHHUEM B pacTp. B coueranun ¢ mporeccom nmocTpoy-
HOW BU3yaJHM3allMK M300pa)keHUsl OH U3BECTEH Kak MmpeoOpa3oBaHue pacTpoOBOM pa3BepTKH. [1Jisi TOPU30OHTANBHBIX,
BEPTUKAIbHBIX U HAKJIOHEHHBIX MOJ yIrioM 45°. 0Tpe3KOB BBHIOOP pacTpOBBIX AJIEMEHTOB oueBHieH. [Ipu mro6oit
JPYyroil OpUEHTAIIUH BHIOpATh HY>KHBIE ITMKCEIIBI TPYIHEE, YTO IMOKA3aHO Ha pucC. 1.

OO6mue TpeOoBaHUS K aIrOpUTMaM BbIYEPUMBAHHS OTPE3KOB cieayrouue: OTpe3Ku IOKHBI BBITJISAEThH
NPSIMBIMH, HAUMHATHCS M 3aKaHUYMBATHCS B 33JJaHHBIX TOYKAX, APKOCTh BJIOJIb OTPE3Ka JOJKHA ObITh MOCTOSHHON U
HE 3aBHUCETh OT JUIMHBI U HAKJIOHA, PUCOBATh HY>KHO OBICTPO.

ITocTostHHAs BAOIB BCETO OTPE3Ka SIPKOCTh JOCTUTACTCS JIUIIb IIPU IPOBEIACHUM TOPU30HTAIbHBIX, BEPTH-
KaJIbHBIX M HAaKJIOHEHHBIX MOJ yIiIoM 45° mpsaMbIX. [[1s Bcex Ipyrux OpHEHTALMM pa3IokKEHUE B pacTp MPUBEIET K
HEPaBHOMEPHOCTH SIPKOCTH, KaK 3TO [TOKa3aHO Ha puc. 1.

B OonbumIMHCTBE anrOpUTMOB BbIUEPUMBAHUS OTPE3KOB ISl YIPOIIEHHs BHIYMCICHUI MCIIOJIb3YeTCs Mola-
roBblii anroput™. [IpuBeaeM npumep nNoJoOHOTO anropuTMa:
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Puc.1.1. Pa3noxenue B pacTp OTpE3KOB IPSIMBbIX.

lNpocmou nowazossklil anzopumm

[IO3ULIHS = HAYAJIO

IIar = npHupalicHue

1. if mo3unus - konern < roynocts then 4
if mo3unu > xouer then 2

if mosunums < xouer then 3

2. MO3UIMA = IIO3ULKS - I1ar

gotol

3. MO3HLMA = MO3ULMs + [ar

gotol

4, finish

Anzopumm bpeseHxema.

Xota anroput™ bpe3enxema Obl1 mepBOHAYaIbHO pa3zpaboTaH i HU(PPOBBIX TpadornocTpouTenieii, OaHaKo
OH B PaBHOM CTETEHH MOJXOJUT JIJIsi UCTIOIB30BaHMS pacTpoBbiMU ycTporictBamu ¢ DJIT. Anroputm BeiOUpaeT or-
TUMaJIbHbIE pacTPOBbIe KOOPAMHATHI JUIs MPECTaBlIeHUs oTpe3ka. B mpouecce paboThl 0JjHa U3 KOOPAMHAT - JH00
X, 1100 y (B 3aBUCHMMOCTH OT YTIJIOBOTrO Ko3(duiirenTa) - u3MeHsercss Ha eAuHuily. Vi3MeHenue npyroit koopau-
HaTbl (Ha 0 win 1) 3aBHCHT OT PacCTOSHUS MEXIY JeHCTBUTENBHBIM MOJI0KEHUEM OTpe3Ka U OMMKaHIIIMU KOOp-
JUHATaMU ceTKU. Takoe paccTOsTHUE Mbl HA30BEM OLIMOKOM.

AJNTOpUTM MOCTPOEH Tak, YTO TpeOyeTcs MPOBEpUTH JMIIb 3HAK 3Toi ommoOku. Ha puc.3.1 3to nmmoctpu-
pyercs JUisl OTpe3Ka B IEPBOM OKTAHTE, T.€. /Ul OTPE3Ka C YIIIOBBIM KO3 PHUIIMEHTOM, JIekKalluM B Auana3one ot 0
1o 1. VI3 pucyHKa MOXHO 3aMETHTb, YTO €CIIU yIiIoBoi ko3 duument orpeska u3 Touku (0,0) 6omnbire, uem 1/2, To
nepeceyeHue ¢ npsMoil x = 1 Gyner pacnosoxkeHo Onmke Kk npsMoit y = 1, ueM k npsamoit y = 0. CregoBareibHo,
Touka pactpa (1,1) nydme annpokcUMHUpyeT XoJ oTpe3ka, ueM Touka (1,0). Ecnu yrioBoit koagduuneHT MeHbIe
1/2, To BepHO oOpaTHOE. IJIs1 YTII0BOro K3QuimenTa, paBHoro 1/2, HeT kakoro 100 MpeanoYTUTENLHOTO BbIOOpA.
B nanHoMm ciydae anroput™ BeIOupaeT Touky (1,1).
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y ¢
(0,1) Y (L1)

Ve =< Ax/iy =<1 (oumtoka ==0)

-

0 == AyfAx =< % (ommdka < 0)

(0,0) (1,0)

ITHI HATH3HP OBATL OIHOKY B — 14
OIHOKa = OIHOKa + Ay/AX

Puc. 3.1. OcHoBHas unes anroputma bpesenxema.
He Bce otpesku npoxoasaT uepe3 Touku pactpa. [loo0Has cutyanus WocTpupyercs puc.3.2, rie oTpe3ok
C TAHT€HCOM YIJIa HakJIoHa 3/8 cHadaja moxXoIuT 4epe3 Touky pactpa (0,0) u mocienoBaTeNbHO MEpecekaeT TpU
nukcena. Takke WUTFOCTPUPYETCS BEIYMCIICHUE OITMOKY IIPH MPEICTABICHUN OTPE3Ka JUCKPETHBIMU MTUKCEIaMHU.

]

/
, (D

0 i 2 3
1
0,5
0 _—]
0.3
-1

Puc.3.2. I'paduk ommbxu B anroputme bpesenxema.

Tak kak >kenareabHO MPOBEPSITHh TOJNBKO 3HAK OUIMOKH, TO OHAa MEPBOHAYAIbHO yCTaHABIUBAETCS PAaBHOM -
1/2. Takum o6pa3om, eciu yriaoBoil koadduimeHT oTpeska 0oJblle WK paBeH 1/2, To BeIWYMHA OLIMOKH B CIIEAY-
rolel Touke pactpa ¢ koopauHaramu (1,0) MokeT ObITh BRIUMCIIEHA KaK

e=e+m

rie M - yriioBoi koadduitneHt. B Hamem ciiyyae npu HavaabHOM 3HAYCHHUHU OIMIMOKY -1/2

e=1/2+3/8=-1/8

Tak kak e OTpULIATENIBHO, OTPE30K NPOUAET HUXKE cepeauHbl nukcena. CieaoBaTenbHO, MUKCEN HAa TOM JKe
CaMOM TOPHU30HTAJIbHOM YPOBHE JIy4Ille aNMPOKCUMHUPYET IOJIO)KEHHUE OTPE3Ka, IO3TOMY ) HE YBEJINYUBACTCS.
AHaJIOTMYHO BBIYUCIISIEM OLINOKY

=-1/8+3/8=1/4
B cienyromel Touke pactpa (2,0). Teneps e MOJOKUTETBLHO, 3HAYUT OTPE30K MPOUICT BBIIIE CPEIHEN TOU-

6
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ku. PacTpoBbiii anemenT (2,1) co crmeayromieil mo BeIUYrMHE KOOPIAMHATON y JydIlle anmpOKCUMUPYET MOJ0KCHHE
orpeska. CreoBatensHo y yBenuuuBaercs Ha 1. [Ipexxae uem paccMaTrpuBaTth CIEAYIONUIUH MHUKCET, HEOOXOAUMO
OTKOPPEKTHPOBATh OMIMOKY BbhlunTaHUuEM U3 Hee 1. meem

e=1/4-1=-3/4

3amMeTHM, 4TO NIePECeUCHIE BEPTHUKAIBLHON MPSIMOM X = 2 ¢ 3a/IaHHBIM OTPE3KOM JICXKHUT Ha 1/4 HYKE IPSAMO
vy = 1. Ecnnxe nepeHecTd oTpe3ok 1/2 BHU3, MBI MOJIyYUM Kak pa3 Belnu4yuHy -3/4. [Ipogomkenue BEIYUCICHUN IS
CJIEYIOIIEro MUKcesa 1aeT

e=-3/4+3/8=-3/8

Tak kak e oTpuLIaTeIbHO, TO Y HE YBeInunuBaeTcs. M3 Bcero ckazaHHOTrO CleAyeT, YTO OIUOKa - 3TO UHTEp-
BaJI, OTCEKAEMBIii [10 OCH ) PACCMATPUBACMBIM OTPE3KOM B KaXKJIOM paCTPOBOM dJIEMEHTE (OTHOCUTEINIBHO -1/2).

[TpuBenem anroputm bpesenxema aJis mepBoro OKTaHTa, T.e. s ciydas 0 =< [y =< [OX.

Anzopumm bpeszenxema paznodcenus ¢ pacmp ompe3Ka 014 nepeo2o OKMaHma

MpeAnoaraeTcsi, 4To KOHIeI oTpe3ka (x1,yl) u (x2,y2) He coBnaiarT

Integer - pynkums npeoOpa3oBaHus B LIEI0E

X, Y, AX, Ay - uenbie

€ - BELIECTBEHHOE

WHUIHAIN3A1HS IEPEMEHHBIX

x=x1

y=yl

AX =Xx2 -x1

Ay =y2 -yl

Muannpanuszanys ¢ nonpaBKoOW Ha OJIOBUHY MUKCENIA

e =Ay/AX - 1/2

HAy4ajJi0 OCHOBHOTI'O IIUKJIa

fori=1to Ax

plot (x,y)

while (e =>0)

y=y+1

e=e-1

end while

X=x+1

e =e+ Ay/Ax

next i

finish

biok-cxema anroputma npuBoautcsa Ha puc.3.3. [Ipumep npuBeneH HUxe.



X X
XX
AXexX-%
Ay <= ¥y2-¥1
e« Ay/Ax —0,5

v

i1

HET

ye—vy+1
e—e+1]

Xe—x+1
e« e+
AviAx

ie—i+1

v

Puc. 3.3. briok-cxema anroputma bpesenxema.

[Tpumep 3.1. Anroput™ bpesenxema.
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PaccmoTpuM otpes3ok nposeneHHblid u3 Touku (0,0) B Touky (5,5). Pa3znoxxenue orpes3ka B pacTp MO ajro-
putMy bpeszenxema npuBOAUT K TAKOMY pPe3yJIbTaTy:

Ha4YaJIbHBIC YCTaHOBKU

Xx=0

y=0

Ox=5

Oy =5

e=1-1/2=1/2

PE3YJIbTaThl pa60TBI IIomaroBoro nmuKJiIa
Plot
(0,0)

1/2

-1/2
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1/2
(11)
-1/2
1/2
(2.2)
-1/2
1/2
3.3)
-1/2
1/2
(4.4)
-1/2
1/2
Pesynbrar mokasan Ha puc.3.4 ¥ COBHAJaeT C OXKHUJIA€MbIM. 3aMETUM, YTO TOYKA pacTpa ¢ KOOpAMHATAMHU
(5,5) He akTHBUpOBaHA. DTy TOUKY MOXKHO aKTHBHUpPOBATh MyTeM M3MeHeHus Iukia for-next Ha 0 to [IX. AKTHBa-
o Touk (0,0) MOKHO YCTpPaHHTB, €CJIA TOCTABUTH orepaTop Plot HemocpeACTBEHHO Tiepe]] CTPOKOM next .

N _

0 1 2 3 4 5

Puc. 3.4. Pesynbrar pabots anroputma bpe3enxema B IepBOM OKTaHTE.
B crnenyronem paszaene onucan oomuit anroput™ bpezenxema.
4. Oommii anroputm bpesenxema.
oL oy Tol Il el Il Bl Il Il Iel G Bl Bl Bl Bl IY Bl Bl R

UtoObI peanm3arus anroputMa bpezenxema ObluTa OJTHON HEOOX0AMMO 00pabaThIBaTh OTPE3KU BO BCEX OK-
TaHTax. Moau(pUKaIMIO JIETKO CeNaTTh, YUUTHIBAs B alTOPUTME HOMEP KBAJpaHTa, B KOTOPOM JISKUT OTPE30K U
ero yrinoBoit kodddurment. Korma abcomroTHas BeMuunHa yriIoBOTO Kod(duiinenta 0obiie 1, y MOCTOSTHHO HU3Me-
HSETCS Ha €AMHUILY, a KpUTepHil ommbKku bpesenxema ucnonbp3yercs Ui NPUHATUS pelIeHns 00 U3MEHEHUH BellH-
yiHbI X. Bb10Op mocTosiHHO n3MeHsitomieiics (Ha +1 umu -1) kooopauHaThl 3aBUCUT OT KBajapaHTa (puc.4.1.). O0mwmii
AJITOPUTM MOXKET ObITh 0(OPMIIEH B CIIEIYIOILEM BHIE:

Oo600wennviit yenovucnennstii anzopumm bpezenxema keaopanmoes

IpeIoaraeTcs, 4To KoHusl orpeska (x1,yl) u (x2,y2) He coBnagaror

BCE IMEPEMEHHBIC CUUTAIOTCS IEITBIMA

Sign - ¢ynknms, Bo3Bpamatomas -1, 0, 1 aus oTpunaTenbHOro, HyJIEBOTO U MOJOKUTEIBHOTO apryMeHTa
COOTBETCTBEHHO

WHUIHAIN3AIHS IEPEMEHHBIX

x=x1

y=yl

AX = abs(x2 - x1)

Ay = abs(y2 - y1)

s1 = Sign(x2 - x1)




s2 = Sign(y2 - y1)
oOMeH 3Ha4ueHi AX U Ay B 3aBHCHMOCTH OT YIJIOBOTO KO3()PUIMEHTa HAKJIOHA OTPEe3Ka
if Ay < Ax then
BpeMm = Ax

AX = Ay

Ay = Bpem
Oobmen = 1

else

Oobmen =0

end if
HHHUIaJIn3aius [Jc HOHpaBKOﬁ Ha ITOJIOBUHY IIHKCCJIa
e =2*Ay - AX
OCHOBHOH ITUKIJI
fori=1to AX
Plot(x,y)

while(e =>0)

if O6men =1 then
X=X+5sl

else

y=y+s2

end if
e=e-2*Ax

end while

if Oomen =1 then
y=y+s2

else

X=x+sl

end if
e=e+2*Ay
next i

finish

[Tpumep 4.1. 06001IeHHBIH anroput™ bpesenxema.
Jliis winTrocTpamuu paccMoTpuM otpe3ok u3 Touku (0,0) B Touky (-8, -4).
HayvaJbHbIE YCTAHOBKH

Xx=0

y=0

AX=8

Ay =4

s1=-1

s2=-1

Oobmen =0

e=0
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Puc.4.1. Pa36op cinyuaeB ans 00001eHHOTO anroputMa bpesenxema.

WEENMHYeEHHE YHa 1

WMEHEBIIEHHE
XHal

WEEMHYUEHHE YHa 1

YEENMHYEHHE
XHal

Y MEHBIIEHHE
XHal

Y MEHBRIIEHHE YHa |

pe3yabTaThl pabOTHI MOMIATOBOTO IIUKJIA

1

Plot e

0
(0,0)

-16

-8
(-1!-1)

0
('2"1)

-16

-8
('3’2)

0
('4!2)

-16

-8
('5"3)

0
('6!'3)

-16

-8
(-7.-4)

0

YEEBNHYUEHHE
XHal

W MEHBIIEHHE YHa |

X y
0 0
0 -1
-1 -1
-2 -1
-2 -2
-3 -2
-4 -2
-4 -3
-5 -3
-6 -3
-6 -4
-7 -4
-8 -4
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& 7 6 5 4 3 2 1 0

o0 -
o0 -
o0 :
X

Puc.4.2. Pesynbrar paboThl 000011I€HHOTO aJiropuT™Ma bpesenxeMa B TpeTheM KBaIpaHTe.
Ha puc. 4.2 npopemonctpupoBaHn pe3ynibrar. CpaBHEHHE ¢ PUC. 2.2 TOKA3bIBACT, UTO PE3YJIbTAThl PAOOTHI
JIBYX aJITOPUTMOB OTIHYAOTCS.
B crnenyromem pazzuene paccMaTpuBaeTcs anropuT™ bpesenxema st reHepauy OKpy>KHOCTH.

AuaroputM bpe3enxema 1151 reHepanu OKPY’KHOCTH.

B pactp HykHO pa3naratb He TOJBKO JIMHEHHbIE, HO U pyrue, 6ojee ciaoxHble GyHKIUU. Pa3zinoxkeHuro Ko-
HUYECKUX CEYCHHH, T. €. OKPY)KHOCTEH, IIUIUIICOB, 1MapadoJ, TuiepOos1, ObIIO MOCBSIIEHO 3HAYUTEILHOE YHCIIO pa-
60T . Haubonbiee BHUMaHKE, pasyMeeTcs, yIelNeHO OKpykHocTH. OnuH u3 Hanbosee 3(p(HEeKTUBHBIX M MPOCTHIX
JUIsl TIOHMMAHHS aJrOPUTMOB T€HEpaluy OKPYKHOCTH NPHUHAUICKUT bpesenxemy . [[nsg Havana 3aMeTuM, 4TO
HE00XO/IMMO CT€HEPUPOBAThH TOJIBKO OJHY BOCBMYIO YacCTh OKPYXHOCTH. OCTalIbHbIE €€ YaCTU MOTYT OBITh HOJTy4Ye-
HBI MOCJIEAOBATEIbHBIMUA OTPAXEHUAMH, KaK 3TO MoKa3aHo Ha puc. 5.1. Eciau crenepupoBan nepBbiit okTanT (0T 0
70 45° IpOTUB 4acOBOM CTPENKHU), TO BTOPOM OKTAaHT MOKHO IOJyUUTh 3€PKAJIbHBIM OTPAKECHUEM OTHOCUTEIBHO
IIPSIMOM y = X, YTO JTa€T B COBOKYITHOCTH IEPBbIN KBaAPaHT. [IepBbIii KBaAPAHT OTPAkKAETCS OTHOCUTEIBHO MPSMOMN
X = 0 17151 mOJTy4eHUs: COOTBETCTBYIOIIEH YaCTH OKPY>KHOCTH BO BTOPOM KBaJpaHTe. BepXHsis MOIyOKpYyKHOCTb OT-
pakaercsi OTHOCUTEIBHO MpsAMoil y = 0 ju1s 3aBepiieHust noctpoenus. Ha puc. 5.1 npuBeneHsl AByMepHbIE MAaTpU-
116l COOTBETCTBYIOIUX IPe0Opa3oBaHUH.

Jl1s BBIBO/IA alrOpUTMa PacCMOTPUM MEPBYIO YETBEPTh OKPYKHOCTH C LIEHTPOM B Haudaje KOOpJIMHAT. 3a-
METHM, 4TO €cIM paboTa aJropuTMa HauMHaeTcs B Touke X = (), ¥ = R, TO NpU T'eHepalui OKPY>KHOCTH 110 4aCOBOM
CTpEJIKE B IEPBOM KBaJIpAHTE y ABJISIETCSI MOHOTOHHO yOBIBaOIIeH QpyHKIIMEH apryMeHTam (puc. 5.2). AHaJIOTHYHO,
€CIIM UCXOJIHOW TouKoi siBisgercst y = 0, x == R, TO npu reHepanuu OKpy>KHOCTH MPOTHB YaCOBOM CTPENIKH X OyAeT
MOHOTOHHO yObIBaroliel pyHkuuel aprymenTa y. B Hamem ciiydyae BeIOMpaeTcs reHepaius o 4acoBOM CTpenke ¢
HadasioM B Touke x = 0, y = R. [Ipennonaraercs, 4To HEHTP OKPYKHOCTH M HayallbHasi TOUYKA HAXOJATCS TOYHO B
TOYKax pacrpa.


http://www.marstu.mari.ru:8100/mmlab/home/kg/Lection5/gen_okr.htm
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Puc. 5.1. 'enepanys noaHOM OKPYKHOCTH U3 AYTH B IEPBOM OKTAHTE.

Jlis mo60# 3aJaHHOM TOYKM Ha OKPYKHOCTHU IIPU F€HEepalMy 110 4YaCOBOU CTPEJIKE CYLIECTBYET TOJIBKO TPH
BO3MOYKHOCTH BBIOPATh CIEIYIOIIUI MUKCEN, HAWITYYITNM 00pa3oM MPHOIMKAIOIMNN OKPYKHOCTD: TOPU30HTAIBHO
BIIPAaBO, MO JUAaroHaJiM BHU3 M BIPaBO, BepTHKaIbHO BHM3. Ha puc. 5.3 3Tu HanpaBneHuss 0003HaYeHbI COOTBET-
CTBEHHO mMH, Mp, My. AJITOpUTM BBIOMPAET MUKCEN, 1151 KOTOPOrO MUHUMAJIEH KBaJApaT PACCTOSIHUS MEXy OJHUM
U3 3TUX MUKCEIO0B U OKPYKHOCTBIO, T. €. MUHUMYM M3

mu = |(xi + 1) + (yi)? -R?

mp = |(xi + 1) + (yi -1)* -R?|

my =|(xi ) + (yi-1)* -R?|

(i, y2) (xi+1,w)
1y
- @
y
F
(0,R) 11
ny
R
(Xi - Vi -1) (Xi +1, ¥ '1)
X
> @
Puc. 5.2. Okpy:XHOCTh B NEPBOM KBaj- Puc.5.3. Bbi0op mukcejl0B B NMepBOM KBaj-
paHre. panre.

Brruncienuss MOKHO yIPOCTUTh, €CIIH 3aMETUTh, YTO B OKPECTHOCTH TOUYKH (X1,Y1,) BO3MOKHBI TOJIBKO MSTh
THIIOB [IEPECEUEHUIN OKPYKHOCTH M CETKM PAacTpa, IPUBEACHHBIX HA pUC. 5.4.
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Puc. 5.4. [lepeceyenune OKpy KHOCTH U CETKHU pacTpa.

PazHoCTh MEXIy KBaJpaTaMu pacCTOSHUN OT LEHTPa OKPYKHOCTH A0 JUAroHaIbHOrO MuKcena (Xi, + 1, yi -
1) 1 OT LeHTpa 10 TOYKH Ha OKpyxkHOCTH R? paBHa

Ai = (xi+1)* + (yi-1)*-R?

Kak u B anroputme bpesenxema [uist oTpeska, Ajsl BEIOOpa COOTBETCTBYIOIIETO MUKCENA KeIaTeIbHO HC-
M0JIb30BaTh TOJBKO 3HAK OIMIMOKH, a HE €€ BEINYNHY.

[Ipu Ai <0 nuaronanpHas Touka (Xi, + 1, yi - 1) HaxXoAUTCA BHYTpH peaibHON OKPYKHOCTH, T. €. 3TO CIy4au
1 nnu 2 Ha puc. 5.4. SIcHO, 4TO B 3TO¥ CUTYyallUH CIeIyeT BbIOpaTh inbo mukcen (Xi, + 1, yi), T. €. mp, JTH0O0 MUKCen
(i, +1,yi- 1), T. . mp. [yis1 3TOr0 CHa4ajaa pacCCMOTPHUM CiIy4ai | U MPOBEPUM Pa3HOCTh KBAJAPATOB PACCTOSHHUI OT
OKPY’KHOCTH JIO TIUKCEJIOB B TOPU30OHTAIHLHOM U AMATrOHAILHOM HANPaBICHUSX:

E = |(xi + 1)+ (yi ) -R% - |(xi + 1)* + (i -1)* -R?

ITpu E < 0 paccrosiHME OT OKPYKHOCTH /0 JUAroHaJIbHOTO IMUKceNa OoJiblle, YeM J0 FOPU30HTAIBHOTO.
Hanporus, ecu E > 0, paccrosiHre 10 TOpU30HTAIBHOTO NIHKCena Oomnbie. Takum o6pazom,

npu E <= 0 BeiOupaem my B (Xi, + 1, yi - 1)

npu E > 0 BetOupaem mp B (xij, + 1, yi - 1)

ITpu E = 0, xorza paccTosiHue OT OKPYKHOCTH JI0 00OUX MUKCEIOB OJJUHAKOBBI, BEIOMpPaeM rOpU30HTATbHBIN

|

miar.

KonnyecTBo BhIYMCICHUN, HEOOXOIUMBIX /ISl OLEHKH BEIUYMHBI E, MOXKHO COKpaTHUTh, €CIIM 3aMETHUTh, YTO
B ciryyae 1

(Xi +1)°+ (yi )*-R*>=0

(xi +1)*+(yi-1)*-R?< 0

TaK KakK JuaroHalbHbIN nukcen (Xi, + 1, yi - 1) Bceraa nexxut BHYTPH OKPY>KHOCTH, a TOPU3OHTAIBHBIN (Xi, +
1, yi ) - BHe ee. Takum oOpa3zoM, E MOXKHO BBIUHCITHUTH 110 popMyJie

E=(xi+1)?+ (yi)? -R? + (xi + 1)? + (i -1)* -R?

JloTioTHEHHE /10 TTIOTHOTO KBajpaTa wieHa (i )% ¢ TOMOIIbI0 106aBICHNS U BRIYUTAHHS - 2Yi + | 1aeT

E=2[(xi + 1)° + (yi-1)*-R?] + 2yi- 1

B xBagpaTHbIX ckOOKaxX CTOUT MO OMpeeNieHn 0 Aj U ero MoJCTaHOBKa

E=2(Aityi)-1

CYILLIECTBEHHO yNPOIIAET BbIpaKEHHE.

PaccmoTpum ciyuait 2 Ha puc. 5.4 U 3aMeTHM, 4TO 371€Ch JOJDKEH OBITh BHIOpPAaH TOPU3OHTAIBHBIN MHUKCEIN
(Xi, + 1, yi), Tak KaK .y sIBISICTCS MOHOTOHHO yObiBatotiei gynkiueit. [IpoBepka kommoHeHT E moka3ssiBaet, 4to

(xi+1)°+ (yi)*-R*<0

(xi+1)*+(yi-1)*-R?< 0

MOCKOJIBKY B CITy4ae 2 TOPU30HTANbHBIN (Xi, + 1, yi) U qUaroHaibHbIH (X, + 1, yi -1) THKCeNbI 1exkaT BHYTPH
okpykHOoCcTH. CrienoBaTenbHO, E < (0, 1 mpu UCTIOIB30BaHUH TOTO K€ CAMOTO KPUTEPHs, UTO U B ciry4ae 1, BrIOUpa-
eTcs mukcen (Xi, + 1, yi).

Ecmu Aij > 0, To nuaronanbHas Touka (Xi, + 1, yi -1) HaXoauTCs BHE OKPY>KHOCTH, T. €. 3TO ciiydan 3 u 4 Ha
puc. 5.4. B naHHO#1 cuTyaluu sICHO, YTO JOJDKEH ObITh BRIOpaH b0 mukcen (Xi, + 1, yi -1), 6o (Xi, , yi -1). AHa-
JIOTUYHO pa300py MpeabIayIIero ciiydyas KpuTepuid BbIOOpa MOKHO MOTYYHUTh, pacCMaTpUBasl CHavdaia ciyd4ail 3 u
IIPOBEPSIS Pa3HOCTh MEXKIY KBaJpaTaMH PacCTOSTHUM OT OKPY>KHOCTH O AMArOHaJbHOTO Mp U BEPTUKAIBHOIO My

7
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MTUKCEJIOB,

1. e E'=(xi+ 1)7 + (yi -1)* -R% - |(x)* + (yi -1)* -R?|

[TpuJE' < 0 paccTrosiHuE OT OKPYKHOCTH JI0 BEPTUKAIBLHOTO MTHUKCcena (Xi, , yi -1) O0JbIIe u clieayeT BhIOpaTh
JUAroHaNbHBIN mar K nukceny (Xi, + 1, yi -1). Hanpotus, B cinyuaeJE' > 0 paccrosinue oT OKpyXKHOCTH A0 AUATO-
HaJIBHOI'O MUKcesa 0OoJIbIIe U CIelyeT BhIOpaTh BEPTUKAIBbHOE ABM)KEHUE K TUKceNy (Xi, , Yi -1). Takum o6pazom,

npu E' <= 0 BeiOupaem mp B (xi +1, , yi -1)

npu E' > 0 BeiOGupaem my B (Xi, , yi -1)

3nech B cirydae E' = 0, T. e. korja paccTosiHUS paBHbI, BEIOpaH AMArOHAIBHBIN IIar.

[TpoBepka komnoHeHT E' moka3bIBaeT, 4To

(i )? + (yi-1)*-R?>=0

(xi +1)°+ (yi-1)*-R*<0

IIOCKOJIBKY JUIS Cllydasi 3 QUaroHalbHbIM IHKcel (Xi+1, yi -1) HaxoauTcsa BHE OKPYKHOCTH, TOT/1a KaK Bep-
TUKAJIBHBIA MMUKCEN (Xi, , Vi -1) JISKAT BHYTPH €. ITO MO3BOJISIET 3anucath E' B Buje

E'= (xi +1)* + (yi -1)*-R* + (xi )* + (i -1)* -R?

JlomoTHeH e /10 TIONTHOTO KBAJpaTa YieHa (Xi)? C TIOMOIIBIO0 J0OaBNeH)s U BEIUMTAHUSA 2Xi + 1 1aer

E'=2[(xi +1)% + (yi -1)> -R?] - 2xi - 1

Hcnonk3oBanue onpeaeneHus Aj MPUBOAUT BBHIPAKEHHUE K BUIY

E'=2(Ai-xi)-1

Teneps, paccmarpuBas ciaydail 4, CHOBa 3aMETHUM, YTO CJICAYET BHIOpATh BEPTHKAIbHBINA MUKCEN (Xi, Vi -1),
TaK KaK y SBISETCS MOHOTOHHO yObIBatome (QyHKIMEW py BO3PACTAHUU X.

[TpoBepka komnoHeHT E' ans ciydast 4 mokassiBaeT, 4To

(xi +1)? + (i -1)* -R* > 0

(xi)? + (yi-1)*-R*>0

MOCKOJIBKY 00a MHUKcesIa HaXOoAATCa BHE OKpY>kHOCTH. CrienoBaTenbHO, E' > 0 1 npu ucnonb30BaHUM KPUTE-
pusi, pa3paboTaHHOTO JUIA Ciay4as 3, MPOMCXOAUT BEPHBIN BBIOOp my.

Ocranoch MpOBEPUTH TOJIBKO CIIy4ail 5 Ha puC. 5.4, KOTOPBINA BCTpEUYaETCs, KOT/1a TMaroHaJIbHBIN TTUKCEN (Xi,
, Vi -1) IeXuT Ha OKpYKHOCTH, T. €. Aj = 0. IIpoBepka kommnoHeHT E noka3piBaeT, 4To

(xi +1)* + (yi)*-R?> 0

(xi +1)? + (yi-1)*-R*=0

CnenoBarenbHo, E > 0 u BeiOMpaeTcss nuaroHanbHbIl nukcen (Xi +1 , yi -1) . AHanornuneiM oOpa3om ore-
HUBaeM KOMIOHEHTHI E' :

(xi +1)* + (yi-1)*-R?=0

(xi +1)? + (yi-1)*-R? <0

u E' <0, uro sBisiercs ycnoBreM BbIOOpa MPaBUILHOTO TWAroHaibHOro mara K (xij +1 , yi -1) . Takum obpa-
30M, cirydail Aj = 0 mogunHAETCS TOMY K€ KpUTeputo, uto U ciydail Aj < 0 unu Ai> 0. [Tonsenem UTor nomy4eHHbIX
pe3yJIbTaTOB:

Ai<O0

E <= 0 BeiOupaem mukcen (X +1, yi ) - My

E > 0 Be1Oupaem nukcen (xi +1 , yi -1) - mp

Ai>0

E' <= 0 BeiOupaem nukcen (xi +1,yi-1) - mp

E' > 0 BeiOupaem nukcen (Xi, yi -1)- my

Ai = 0 BeiOupaem nmkcen (X +1, yi-1) - mp

Jlerko pa3paboTaTh MPOCTHIE PEKYPPEHTHBIE COOTHOIICHUS JUIS peall3alliyl MmomaroBoro anroputma. CHa-
Yaja pacCMOTPUM FOPH30HTAIBHBIN IIAr My K HKceny (Xi + 1, yi). O003Ha4nM 3TO HOBOE MOJIOKEHUE MUKCENa KaK
(1+ 1). Torga koopaMHATEI HOBOTO MUKCENA U 3HaUeHHE Aj paBHBI

Xit1 = Xi+1

Yi+1 =i

Ai+1 = (Xi+1 +1)2 + (Yi+1 -1)2 -RZOA; + 2Xjs1+ 1

AHAaJIOTMYHO KOOPJIMHATHI HOBOT'O MUKCENa U 3HaueHue Aj /uis mara mp K nukceny (Xi + 1, yi -1) TakoBsI:

Xi+1 = Xi +1

Yi+1 = VYi-1

Ai+1 = Ai + 2Xi+1 - 2Yi+1 +2

To ke camoe [yis 1iara my K (Xi, yi -1)
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Xi+1 = Xi

Yit1 = VYi-1

Air1 = Ai - 2yis1 +1

Peanuzanus anropurma bpesenxeMa Ha MCeBIOKOIE IS OKPYKHOCTH ITPUBOJIUTCS HUXKE.
Iowazoewtit anzopumm bpesenxema 01 zenepayuu OKpysHCHOCMU 6 NEPBOM KEAOPAHME
BCE MEPEMEHHBIC - EJIbIC

WHHUIHATA3AHs ICPEMEHHBIX

xi=0

yi=R
Ai=2(1-R)
IIpenen =0
1 Plot (xi, Vi)

if yi <=IIpenen then 4

Brinenenue cinyyvas 1 unu 2, 4 wu 5, win 3

if Aj <0 then 2

if Ai>0then3

if Ai= 0 then 20

omnpezeneHue ciyyas 1 nmm 2

2E=2Ai+2yi-1

if E <=0 then 10

if E> 0 then 20

onpezeneHue ciyyas 4 uim 5

SEO=2Ai+2xi-1

if E <=0 then 20

if E> 0 then 30

BBITNIOJTHEHHE 111arOB

miar K mu

10xi=xj+1

Ai=Ai+ 2xi + 1

gotol

miar mp

20xi=xit1

yi=yitl

Ai = Ait+ 2xi - 2yit 2

gotol

4 finish

[Tepemennas npezena ycTaHaBIMBAETCS B HYJIb 111 OKOHYAaHUS paOOThl aJITOPUTMA Ha TOPU30HTAIILHON OCH,
B pe3ysibTaTe FreHepUpyeTcss OKPY>KHOCTh B MepBOM KBajpaHTe. Eciin Heo0X0oauM UMb OJIMH U3 OKTaHTOB, TO BTO-
POl OKTaHT MOKHO TOJIyYUTh C moMolbio yctanoBku [Ipenen = Integer (R/sqrt(2)), a nepssiii - ¢ MOMOIIBIO OTpa-
KEHHSI BTOPOTO OKTaHTa OTHOCUTEIBHO IpsiMOH y = X (puc. 5.1). biiok-cxema anroputMa npuBoguTcs Ha puc. 5.5.

[Ipumep 5.1. Anroputm bpezenxema 1151 OKpy>KHOCTHIO

PaccmoTpuM OKpy»KHOCTBH pagnycoM 8 C LEHTPOM B Hadaje KOOpAuHAT. ['eHepupyeTcs TOJIBKO INEpBbIN
KBaJIpaHHT.

HavaJbHbIE YCTAHOBKU

x=0

y=8

=2(1-8)=-14

IIpenen =0

[TomaroBoe BINOJIHEHNE OCHOBHOTO IIUKJIA

1 Plot (0,8)

yi > [Ipenen (mpomomKaTh)

i<0goto2

2E000000000DO0000DO00D0OO000000000Ogo to 10

10x=0+1=1



Oi=-14+42+1=-11
gotol

1 Plot (1,8)

yi > [Ipenen (mpoaomKaTh)
i<0goto2
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2E000000000000000000000000000000Ogo to 10

10x=1+1=1
0i=-11+2(2)+1=-6
gotol

1 Plot (2,8)

IIponomxkars

=1
=R
A= 201 - E)
[pemen =10

A
i

Ia

>

Plot (%, %) |

HeT

y=y-l
A=h - 2yt

l

| a=2a+2y-1 |
HaT =
HemT
Ia
X=X -]
¥ h i A=p+Txe
X =x+1
y=y-l

A=A+ 2X+2F+2

l )

Puc. 5.5. biok-cxema nomaroBoro agroputma bpezenxema isi reHepalui OKPY>KHOCTH B TIEPBOM KBaJIpaH-

T€.

Pe3ynbTaThl BeeX TOCHEN0BaTeNbHBIX MPOXOA0B alrOpUTMa CBeJeHbl B Tabmuiyy. CHHCOK MUKCEIOB BbI-
OpannbIx anropurMos coctout u3 (0,8), (1,8), (2,8), (3.7), (4,7), (5,6), (6,5), (7.4), (7.3), (8,2), (8,1), (8,0).

7
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Plot i E E' X 'y
-14 0O 8

(0.8)
-11 -13 0 8

(1.8)
-6 -7 2 8

(2.8)
-12 3 3 7

@3.7)
-3 11 4 7

(4.7)
-3 7 5 6

(5.6)
1 5 6 5

(6.5)
9 -11 7 4

(7.4)
4 3 7 3

(7.3)
18 -7 8 2

(8.2)
17 19 8 1

(8.1)
18 17 8 0

(8.0)

AITOPUTM 3aBEpLICH.
Pe3ynbraThl mokazaHsl Ha puc.5.6. BMECTE € peaJbHON OKPY>KHOCTBIO. AJITOPUTM JIETKO 0000maercs s
JIPYrUX KBaJIpaHTOB WIN OYT OKPY’KHOCTEH.

4 Y Pammyc ORPYVARHOCTH paBeH o
NOOCERUMBAEHMEE [THECE JEH
o S
g 1 S
2 S
S 3 7
- 4 7
5 f
& [ 5
7 4
5 73
g4 S 2
S 1
3 S o
2
1 X
0 P

o1 2 3 4 5 & 7 &8 9 10

Puc. 5.6. Pe3ynbpTaTsl paboThl momaroBoro anropurma bpesenxema reHepanuu oKpy>KHOCTH.

Anzopummbl pacmpoeoll epaghuku

PactpoM Ha3bIBaeTCs MpsIMOYTrOJIbHAs CETKAa TOYEK, (POPMUPYIOMIMX M300pakeHUE HA SKpaHe KOMIbIOTEpa.
Kaxxnas Touka pacTpa XxapakTepu3yeTcsl IByMs TapaMeTpaMu: CBOMM II0JI0’KEHUEM Ha DKpPaHE M CBOUM LIBETOM, €C-

7
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JI1 MOHUTOP LIBETHOM, UJTN CTETIEHBIO IPKOCTH, €CIIM MOHUTOP YepHO-0enblif. [IockobKy pacTpoBbie H300paXKeHUs
COCTOSIT U3 MHOXKECTBA JUCKPETHBIX TOYEK, TO JJIs padOThl C HUMU HEOOXOJAUMEBI CIICIUATBHBIE alrOpUTMbI. Puco-
BaHHE OTpe3Ka MPSMOI JIMHUU - OJHA U3 MPOCTEHUIIUX 3a/1a4 pacTpoBoil rpaduku. CMBICI ee 3aKJII04aeTcsi B BbI-
YHCIICHUU KOOPJIUHAT MTUKCEJIOB, HAXOIAIINXCs BOJIM3HU HETIPEPHIBHBIX OTPE3KOB, JIGKAIINX HA JIBYMEPHOH pacTpo-
BOI1 ceTke.

J—

/’
i O i
.f“'/

1

Puc. 28. Pactepu3zanus orpe3ka npsiMoi JTMHHUH.

Tepmun “niukcen’” odpasoBan oT anriuiickoro pixel (picture element - siemeHT M300pakeHUs1) - TO €CTh
TOYKA Ha YKpaHe. byjieM cunuTath, 4T0 MUKCENBI UMEIOT [EIOUYNCICHHBIE KOOPAMHATHL. Ha mepBbIil B3I KaKeTCs,
9TO 9Ta 3a/1a4a UMEET MPOCTOE perreHue. ITycTh KOHEUHBIE TOUYKH OTPE3Ka MMEIOT IIEI0UNCIICHHBIE KOOPIUHATHI, 1

ypaBHEHHUE INPSIMOM, COAEpIKAIIEH OTPE3OK: y=kx+b He Hapyuiasi OOIIHOCTH, Oy/IeM Tak)Ke CUUTaTh, YTO TaH-
IE€HC YIJIa HaKJIOHA MPAMOi JexuT B npeaeiax ot 0 1o 1. Toraa ajis n300paeHus OTpe3Ka Ha PacTpe J0CTATOYHO
JUIS Beex menbix X , IPMHAUIEKAIMX OTPE3KY, BHIBOAUTH Ha dKPaH TOYKH C KOOpAUHATAMU (XRO L@ On-

HaKO B 3TOM METOJ€ NPUCYTCTBYET ONEPALMSI YMHOKECHUS KX . Xorenocs 661 mMeTh QJIrOpUTM 0€3 YacToro Mc-
MI0JIb30BaHUs ONEPALUU YMHOXEHHUs BEIECTBEHHBIX Yncell. M30aBUThCS OT onepanuy yMHOKEHUSI MOXKHO CIeNy-

FOIIIUM 06pa30M. HOCKOHBKy k: /ﬂ(’ TO OJHH IIar Mo IEeJIOYUCIEHHON CETKE Ha OCH X 6yz[eT COOTBCTCTBOBATH

AX =1 Orcrona MoJyyaeM, 4To y OyZeT yBenn4nBaThCS HA BEIUYHHY k. HrepannonHas mocieaoBareIbHOCTh
BBITJISIUT CIEAYIOIIMM 00pa3oMm:

Xa=% + Ma=H +k

Korma K >1, 10 mar mo X Oy/IeT NPUBOAUTSL K miary mo Y =~ 1 MIOATOMY XuY CJIelyeT IMOMEHATh PO-

JISIMH, TIPHUIaBast Y enuanunoe IIpUpaIleHue, a X OyZIeT yBeIn4uBaThCs Ha Zx:%k—;lék €MHUL. DTOT ajiro-

PHUTM Bce ke He CBOOO/ICH OT OIepalnii ¢ BelleCTBeHHbIMU urcaamMu. Hanbonee u3siHoe pemeHue 3aa4n pacTpo-
BOH pa3BEepPTKH OTPE3KOB MPSMBIX ObLTO HaljeHO bpeserxemoM. B ero anroputMe BooOIe HE HCIIONB3YOTCS OTIe-
paly ¢ BeIIECTBEHHBIMU YHCIIAMH, B TOM YKCJIE ONEPALUN YMHOXKECHHS U JICJICHUS.

s BeiBosia hopmyn anroputma bpezenxema paccmoTpum puc. 29.

Si=(rf1,g+1) /

“"'H; i

|

|

Pia=(r,q) Ti=(rs1,q)

Puc. 29. PucoBanue oTpe3koB IpsAMBbIX 0 MeToLy bpezenxema.

[IycTs Hayalo OTPE3Ka MMEET KOOPIMHATHI (1, yl), a KOHeIl (X2, ¥2), 0603HamM d)¢(>Q_>i,

7
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N

dyﬁ(NQ_y';. He napymas obuiHocTH, OyieM cUuTaTh, 4YTO HAyaJlo OTPEe3Ka COBMAJACT C HA4YaJIOM KOOPAWHAT, U
dx dx [0A] .

npsiMasi UMECT BUJL y= dyX» rae diye Ol Cuuraem uro HauanbHas TouKa Haxoaures ciesa. IlycTs Ha (' - 1)-

M Lare TEKyIUeH TOUKOH oTpeska sABstercss Foa —(r.g BbIGOp cile/Iyomeil TouKH Si wid | i 3aBHCHT OT 3Ha-
Ka Pa3sHOCTH (s—1t). Ecom (S —t)<0, TO F.’=T=€’45k; u torma 1= +H Yiia =VYi, ecou xe (s _t)ZO,
) E%@EIQEJ utorna Xa=>% H Ya=¥ +Hl

d A/ .

fEFﬁ?iééigfzéléigizzi
[TOCKOJIBKY 3HAK dXs—1) copnanaer co 3naxom Pa3sHOCTH (s - t) TO 6yz[eM IPOBEPATH 3HAK BBHIPAKCHUS
d=dE&—t Taxkax N =Xian A= Yi1, 10 GAE L 2
TMycrs na npeapiaymem mare i <0 rorpa (){—){_;,)2( qg_zq_'_zj Ecnu e Ha npeasIyeM
ware 9i 20 1o &) :Q’_@w

Ocranoch Y3HaTb KaK BbIYHCIUTDb dl . Tak xak IIpu 1= 1:

G )=O0, —c—=1ydl

I[anee MMPUBOAUTCA JIMCTUHI TPOLUECAYPHI HAa A3bIKC HaCKaJ'IB, peanmyfomeﬁ AJIrOpUuT™M Bpe3eerMa.

Procedure Bresenham(xl,yl,x2,y2,Color: integer);
var
dx,dy,incrl,incr2,d, x,y,xend: integer;
begin
dx:= ABS (x2-x1);
dy:= Abs(y2-yl);
d:=2*dy-dx; {HauanpbHOe 3BHaueHue njasa d}
incrl:=2*dy; {npupamenue nnsa d<0}
incr2:=2* (dy-dx); {npmupamenue nna d>=0}
if x1>x2 then {HauMHaeM C TOUKM C MEHBIIMM 3HAad. X}
begin
X:1=X2;
yi=y2;
xend:=x1;
end
else
begin
x:=x1;
y:=yl;
xend:=x2;
end;
PutPixel (x,y,Color); {nepBas ToOuka oTpesKa}
While x<xend do
begin
X:=x+1;
if d<0 then
d:=d+incrl {BEHIDMpPaeM HMXHIOKD TOUKY }
else
begin
y:=y+1l;
d:=d+incr2; {BEIOMpPaeM BEPXHKK TOUKyYy, y—-BO3pacTaeT}
end;
PutPixel (x,y,Color);
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end; {while}
end; {procedure}

[lepen Tem, kKak UcClieJOBaTh METOJbI MOJMyUeHHUsT M300pakeHUl OoJsiee CIIOKHBIX, YeM OTPE3KHU MPSIMBbIX,
paccMOTpUM podIeMy, HE3pUMO MPUCYTCTBYIOUIYIO B OOJBIIMHCTBE 3a4a4 KOMIIBIOTEPHOH rpaduku. D1a mpo-
Osiema oTcedeHHst U300paKeHuUs [0 HEKOTOPO# TpaHuIle, HallpUMep, 0 FPaHULIe PKpaHa, WK, B 00IleM ciiydae, He-
KOTOpPOTO MPsIMOYTOJILHOTO OKHA. PaccMOTpuM 3Ty 3ajady NMpUMEHUTENBbHO K OTpe3kaM mpsMbiXx. HekoTopeie u3
HUX ITOJHOCTBIO JIEKAT BHYTPH OOJIACTH SKpaHa, APYTUe ETUKOM BHE €€, a HEKOTOPbIE MIEPECEKa0T I'PaHHILy dKpa-
Ha. [IpaBunpHOE OTOOpa)keHNE OTPE3KOB 03HAYAET HAXOXKICHHUE TOUEK MEePECEUCHUs UX C TPaHUIIeH SKpaHa U pUco-
BaHHUE TOJBKO TEX WX YaCTEH, KOTOPHIE MOMaJaroT Ha 3KpaH. OAMH U3 OYEBHIHBIX CIIOCOOOB OTCEYCHHS OTPE3KOB
COCTOHT B ONPEIECIICHUN TOYEK NepecedeHus] MpsIMOM, ColepiKalleil OTPe30K, ¢ KaKI0M M3 YeThIpeX MPSMBIX, Ha
KOTOPBIX JIEXKAT T'PAaHUIIBI OKHA M MPOBEPKH HE JISKUT JIK XOTS OBl OJJHA TOYKA IepeceueHus Ha rpanuie. B stom
cllydae JIJisl KaXJI0M mapbl CTOpOHA-OTPE30K HEOOXOMMO pellaTh CUCTEMY U3 JIBYX YpaBHEHHUH, UCIOJIb3YA olepa-
UM YMHOKEHUs U aeneHus. [Ipu aTom yao0HO mapaMeTpudeckoe 3a/1aHue MpsiMbIX:

SR AGZ N
I[J'IH te [O’l] 9THU ypaBHeHI/IH onpe,uen}noT TOYKH, HAXOOAIIUCCA Me)KI[y (Xl’ yl) nu (XZ' y2) CHCI_[I/IaJ'IB-

HOM mpoBepku TpeOyeT ciiydaii, Korja OTpe30K MapajiiesieH cTopoHe okHa. [lycTh koopanHaTa X TOUKH mepeceye-
HUS HaleHa, TOTaa

e R A Vo
XX >=>x
PaccmoTrpum anroputm Kosna-Casepienaa i1t OTCEUSHHS OTPE3KOB MPSAMBIX. ITOT AJITOPUTM ITO3BOJISET JIETKO
OTPEIEATh HAXOXKIECHUE OTPE3Ka MOJIHOCTHIO BHYTPHU WJIH TIOJTHOCTHIO CHAPYKH OKHA, M €CITU TaK, TO €r0 MOYKHO
pHUCOBATh UJIM HE PUCOBATH, HE 3200TAICH 00 OTCEUEHUH 10 TPAHUIIE OKHA.
Ji1st paboThI anropuTMa BCs MIIOCKOCTh B KOTOPOH JISKUT OKHO pa30MBaeTCs Ha JAEBATH MOJ00IaCTEN WM KBaIpaH-
TOB, KaK MIOKa3aHo Ha puc. 31.

1001 1000 1010

0101 0100

Puc. 31. Pazonenne Ha mogo0J1acTu B MeTOAE
Kosna-Ca3sepJienaa.

OxHy cooTBeTcTBYeT 00sacTh 0003HaueHHas kogoM 0000. KoHeuHbIM ToUKkaM OTpe3Kka MpUnuchiBaeTcst 4-OMTHBIN
KOJ “BHE/BHYTpM” B 3aBUCHMOCTH OT HAXOXKJCHHS OTpe3Ka B COOTBETCTBYIoLIeH nonobnactu. Kaxnomy outy npu-
CBanBAeTCs 3HaYeHUE | B COOTBETCTBHUM CO CIEAYOIIMM IIPABUIOM.

bur | - Touka HaXOAUTCS BBIIIE OKHA;

but 2 — Touka HaxOIUTCS HIKE OKHA;

bur 3 - Touka HaxoAUTCA CIIpaBa OT OKHA;

bur 4 - Touka HaxOaUTCSA CJIeBa OT OKHA,

Wuaue OuTy mpucBauBaeTcs HyJeBOe 3HaUeHHe. 3HaYCHUs ATUX OUTOB JJIsi KOHEYHBIX TOYEK OTPE3KOB JIETKO OIpe-

JIEJUTH 10 3HaKaM COOTBETCTBYIOLIUX Pa3HOCTEM: (ymax — y) - st 1-ro Oura, (y = Ynmin ) - st 2-To Oura,

8
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(erx - X) - 1uist 3-ro Outa u (X — Xmin ) - st 4-ro 6uta. OTpe3ok pucyercs 0e3 oTceueHus:, TO €CTh IPUHUMA-

eTcs LeIMKoM, eciy 06a kozaa pasabl 0000, win [Kodpl] NN [KO()PZ] = 0000, rae UJIN — GunapHas onepaius.

OTtpe3ok oTOpackiBaeTcsi 6€3 BEIYMCICHUN eciii 00a ero KOHIa HaXxOoIATCs BhIIIE, HUKE, IPaBee WK JieBee OKHa. B
ATHUX CIIyYasiX COOTBETCTBYIOIINE OMTHI B 000X KOJAX PaBHBI 1 M 3TO JIETKO ONPEIEIUTh, YMHOXHB 3TU KOBI IO
ounaproit oneparuu M. Eciou pesynbrar onepamuu M paser 0000, To 0Tpe30K HEIb3sI HU MPUHATH HU OTOPOCUT,
TaK KaK OH MOXET MepeceKaThCcsi ¢ OKHOM. B 3ToM ciydae mpuMeHsieTcs Mocae10BaTesIbHOE Pa3eieHUE OTPE3Ka,
TaK YTO Ha Ka)/IOM Illare KOHeYHasl TOYKa OTpe3Ka ¢ HeHYJIeBbIM KOJOM BHE/BHYTPU 3aMEHSETCS Ha TOUKY, JIeKa-
Y0 Ha CTOPOHE OKHA WJIM Ha MPSMOU cojepxaiieil cTopony. [Ipu 3ToM nopsaok nmepedopa cTOpOH OKHA HE UMEET
3HAYEHUS.

Jlasniee npuBOIUTCS TEKCT MPOIEAYPhI Ha s3bike [lackanb, ¢ 1OBOIBHO U3ALIHON peanu3anueit atoro meroaa. Otpe-
30K 3a1aH ITPaHUYHBIMU Toukamu Pl= (Xl, yl), P2 = (X2, y2), rpaHMIBI OKHA: XMiNn, Xmax, ymin, ymax. Hec-

NOJIB3YIOTCS BBI3OBBI TIporienyp: Accept_Check — BeImosiHseT IPOBEPKY Ha MOJHOE IPUHITHE OTpe3Ka; Re-
ject_Check — Ha mosHbIii OTKa3 OT pucoBaHus oTpe3ka; Outcodes — Bruuciser 4-x OUTOBBIN KO “BHE/BHYTpHU;
SWAP — mensieT MecTaMu KOOPJIUHATHI IBYX TOYEK.

Procedure CLIP(x1,x2,yl,y2,xmin,xmax,ymin, ymax: real);
type
outcode = array[l..4] of boolean;
var
accept, reject,done: boolean;
outcodel, outcode?,
outcode3, outcoded :outcode; {kome BHE/BHYTPMU}

begin
accept:= false;
reject:= false;
done:= false;
repeat

Outcodes (x1,yl,outcodel) ;
Outcodes (x2,y2,outcode?) ;
{npoBepka Ha oTOpaceBaHUE}
reject:=Reject Check (outcodel, outcode2);
if reject then done:= true
else
begin {BOBMOXHO NPUHATME LEJIMKOM }
accept:=Accept Check (outcodel, outcode?) ;
if accept then done:=true
else
begin {paspmenmuTes oOTpPe30K}
{ecnn P1 BHYTpM, TO C nomouesio SWAP cmesaTb CHapyXHu}
if not ((outcodel[l])or (outcodel[2])or
(outcodel[3])or (outcodel[4])) then SWAP;
{renepp Pl mnepememaeTcsa B TOUKY I[IepeceueHusd}
if outcodel[l] then
begin {oTbpocuUTs BEPXHOKO UYACTh}
x1:=x1+ (x2-x1) * (ymax-y1l)/ (y2-y1);
yl:=ymax;
end
else if outcodel[2] then
if outcodel[l] then
begin {oTBpoOCUTL HMWXHIOKD YacCThb }
x1:=x1+ (x2-x1) * (ymin-y1) / (y2-y1);
yl:=ymin;
end



else if outcodel[3] then
begin {oTbpocuTsr NpaBy®w UYaCThb}
yl:i=x1+(y2-y1l)* (ymax-x1)/ (x2-x1);
x1:=xmax;
end
else 1if outcodel[4] then
begin {oTbpocuTres JEBYKH YaCTh}
yl:i=x1+(y2-y1l)* (ymin-x1)/ (x2-x1);
x1:=xmin;
end;
end;
end;
until done;
if accept then
Line (x1,vyl,x2,y2); {HapucoBaTb OTpPE30K}
end; {procedure}
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