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IJTABA 1. BBEJIEHUE B KOMIIBIOTEPHYIO I' PAOUKY

Komnwiomepuas epaguxa (W mMawunnas epaguxa) — 310 AUCIUIUIAHA, W3Y-
qaromas METOAbl TeHepaluu, MpeoOpa3oBaHud, 0OpaOOTKM W XPAHEHUsA MOneieH
00BEKTOB M UX M300pAXKCHUI CPEACTBAMHU BBIUMCIUTENBHONM TeXHUKH. [lenp HacTos-
IIETO Kypca — 03HAKOMJICHUE CTYACHTOB C OCHOBHBIMU TEHICHIMAMM B OOJIACTH CO3-
JaHUS ¥ UCTIOJIb30BaHMSI METOIOB M CPEICTB PabOTHI C MU(POBHIMU N300PAKCHASIMH.

1.1. Knaccudukanus 3a1a4 KoMnbHOTEPHOH rpaduku

B nacrosimee BpeMsi OCHOBHBIMW HANPaBJIICHUSAMH KOMITBIOTEPHOHN Tpaduku sB-

JSFOTCA:
n300pa3uTeNbHas KOMITBIOTEpHAs rpadrka;
00paboTka M300paxKeHU;
pacro3HaBaHue W300PAKEHUIA;
KOTHATHBHAS KOMITbIOTepHAs rpaduka.

Uszobpazumenvhas komnelomepHas epaghuxa BOCTPOU3BOIUT H300paKCHHUE B
cilydae, KOTJa HWCXOMHOW sBisieTcss WH(pOpMAIus HEWM300pa3UTEIbHOW TPHUPOJIH.
[Ipumepamu SBISIFOTCSA BU3yaIM3allds YKCIEPUMEHTAIBHBIX JTAHHBIX B BUAE rpadu-
KOB, THCTOTPAMM WJIM JHArpamMM, BEIBOI HH(POPMAITUK HA SKPaH KOMITBIOTEPHBIX TP,
CHUHTE3 CIleH Ha TpeHaxkepax (puc. 1.1). OcHOBHBIMEU 3agadamMu HW300pa3UTETHHOM
KOMTIBIOTEPHON TPapUKH ABIIIOTCS:

* MOCTpPOEHHUE rpaduueckoil Moaenu 00bEKTa U TeHepauusa 1Mo Hel n3o0pake-
HUS;

>

* npeoOpa3oBaHUE MOJECTU U U300PAKEHUS.

4B E B E 2 8§

B

=
T

Puc. 1.1. Tlpumepst nu3o0pakeHmid, TOCTPOSHHBIX CPEICTBAMU
n300pa3uTenbHON rpaduku



Obpabomka uzobpaxcenuti (aHII. image processing) pacCMaTpUBaeT 3aJa4yH, B
KOTOPBIX W BXOJHBIC, W BBIXOJHBIC NAHHBIC ABIIAIOTCS m3o0Opaxenusmu. Hampuwmep,
ATO MOTYT OBITH: TIepeaua N300pakeHUA ¢ yCTPAaHECHUEM TITyMOB W CXKaTHEM JTaHHBIX,
MepPexXo/] OT OJHOTO BHIa M300paKeHUS K APYroMy (OT MBETHOTO K YEPHO-OEIOMY) U
T.JO. — cM. puc. 1.2. I{enmpro 00padOTKHU HM300pakeHUH MOXKET ObITh KaK YJIyUIIEHHUE
€ro KauecTBa B 3aBUCHUMOCTH OT ONPEACICHHOTO KpUTEepHs (pecTaBpais, BOCCTa-
HOBJICHHE U T.11.), TaK M CHEIHAIBHOE MPeoOpa3oBaHue, KapIMHAILHO U3MEHSIOIICE
HU300paXeHue.

a) TMHEHHOE KOHTPACTUPOBAHHE 0) moporosast obpaboTka

Puc. 1.2. ITpumepst 00padotTku n3odpaskeHui

Pacnosnasanue usobpasicenuti W mexunuyeckoe spenue (aHDI. computer vision)
— 3TO COBOKYMHOCTh METOJIOB M CPEJICTB, MO3BOJIIONINX IMOJYYHTh (POPMAITbHOE OTTH-
caHHMe M300paKeHUSI W OTHECTH €ro K HekoropoMmy Kiaccy. [Ipumeps! 3amau pacmo-
3HABaHM OOpPA30B. ONTHYECKOE PACIIO3HABAHWE CHMBOJIOB, IITPUX-KOIOB, aBTOMO-
OWJTEHBIX HOMEPOB, JIMII, OTIIEYATKOB TajibieB u T.4. (cM. puc. 1.3 u 1.4). 3agaua pac-
MO3HABAHMS SIBJISICTCS OOPATHOM MO OTHOIICHUIO K BH3YaIH3aI[iH.

Puc. 1.3. 3D-xamepa pukcupyeT CIOMaHHYIO Ay Ha CKOPOCTH 50 km/d
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a) aBTOMOOMJIBHBIE HOMEpa 0) WTPUX-KOBI B) OTIIEYATKH NAJbLIEB

Puc. 1.4. Ilpumepsnl 3a1a4 pacrno3HaBaHusl 00pa3oB

Koenumuenas xomnwlomepuasi epaguxa NPeACcTaBIsieT co00H pa3aesl KOMITBIO-

TepHOW rpadvKu, BU3YATU3UPYIONTNI HaydHBIE a0CTPAKITUHU C TIENTBIO POXKICHUAS HO-

BOT'O HAYYHOI'O 3HAHHA.

[Ipumepamu KOTHUTHBHOM Tpaduku ABIAIOTCA ¢dpakTansl. OCHOBHOE CBOWCTBO

¢dpakramoB — camomnoaooue. JIrob6oi MUKpOCKOTTHUECKH (pparMeHT (hpakTaja B TOH

WA MHOM CTEMEHHW BOCIIPOU3BOAMUT €ro ITI00aIbHYIO CTPYKTYpy. B mpocreiiem ciy-

yae JacTh (ppakTasia mpeacTaBisieT co00M MPOCTO YMEHBITICHHBIN IIEIIBINA (ppaKTal.

bepem oTpe3ok W CpPeAHIO €ro TPETh Te-
penambiBaeM noa ymioMm 60 rpagycoB. 3arem mo-
BTOPAEM ATy OINEPALHUIO ¢ KAKIAOMW U3 4aCTEHN MO-
JYUYHUBIIEHCA JJOMAHOW — U TaK /10 OCCKOHEUHO-
cTh. B pesynsrare Ml NOJy4YuM MPOCTEHIINNA
(dpakran — TpHaAHYIO KPHBYIO, KOTOpyIO B 1904
roay OTKpbT Maremaruk Xenbr (o Kox (cwm.
puc. 1.5).

BoaBImMMHCTBO TEKCTYp MECTHOCTH B COBpE-
MEHHBIX KOMITBIOTEPHBIX Wrpax TMPEACTABISIOT
¢dpaxransi. [opel, nec u obmaka Ha KapTHHKE —
¢dpaxranst (cMm. puc. 1.6).

Puc. 1.5. ®@pakran «cHexxunka Koxa»

Puc. 1.6. [Ipumeps! Pppakraion



B kauecTBe Apyroro mpuMepa KOrHUTHBHOW TpadWKi MOKHO TIPUBECTH CITUPAITh
CranucnaBa Ynama (Ulam). Ecnm pacmiofioxkuTh 1eIbIe YKCIa IO CIIHPaIn (CM. PHC.
1.7,a) m mpocCThIe YKCIIa 3aMEHATH HA YEPHBIC TOYKH, a OCTaJbHbIC — Ha OeJbie, TO Ha
MOJYYSHHOM M300paKEHUH MPOCTHIC YHC/IA MPSHMYIISCTBEHHO PACIONOKATCS Ha
oTpe3kax auaroHasnei (cm. puc. 1.7,6).

37| 36| 35|34 |33 ]|32]31
|17 16[15]1 13 | 30
39118 5| 4 | 3 | 12|29
40119 6 | 1 | 2 [ 11|28
200 % | &) 9 | 10|27
l 21| 22 RS 24 | 25| 26

a) HyMepaLusi TOYeK MIOCKOCTH 0) pacmosIokKeHHe MPOCTHIX YHCEIT

Puc. 1.7. Unmoctpanus cnupanu Yaama

Pe?)y.]'IBTaTOM 9TOT'O OTKPBITHA ABUJICA HOBBIM pa3aci TCOpHUuH YUCCII.

1.2. ObaacTu npuMeHeHNsl KOMNbITEPHO# rpaduxku

CoBpemeHHOE TPUMEHEHNE KOMIBIOTEPHOH Trpadwiky oueHb pazHooOpasHo. /s
KQ)KJI0TO HAMpPAaBJICHUS CO3JAETCs CIENUAIbHOE MPOrpaMMHOE 00ecreueHre, KOTopoe
HAa3BIBAIOT epaghuueckumu npocpammamu i epaguueckumu naxemamu. llpusenem
HanOoJiee TUMUYHBIC W PACIPOCTPAHEHHBIE OONIACTA MPUMEHECHUS KOMIBIOTCPHOM
rpaduky.

Hayunas epagura. IlepBble KOMIIBIOTEPHI UCTIOIB30BAUCH JIMIITD JUTSI PEICHUS
Hay4YHBIX W TIPOU3BOJCTBEHHBIX 3a/1ad. UToOkI JTydliie MOHATH MOJYYSHHBIC PE3yIIbTa-
ThI, TPOU3BOIMITH WX Tpaduueckyro 00padoTKy, cTpown rpadvku, AuarpaMMBbl, dep-
TEXHW PACCUNTAHHBIX KOHCTPyKIwWi. [lepBrie rpadmkn Ha MalWHE MONMYyYad B pe-
KUME CHMBOJIbHOM TeYaTh. 3aTeM MOABWINCH CIEIUAIbHBIC yCTpoHcTBa — Tpadoro-
CTpOUTEIN (TJIOTTEPHI) JUTS BBHIUCPUMBAHUA YEepTEkKel W TpapuKOB UYECPHUIHHBIM
nepom Ha Oymare.

Koncmpyxmopckas epaguxa. Vicnonbsyercs B paboTe MHKEHEPOB-KOHCTPYK-
TOPOB, H300peTaTeNieii HOBOW TEXHUKH. DTOT BU KOMIBIOTEPHOU TpaduKu sIBIISIETCS
00s3aTeIbHBIM JIEMEHTOM cHcTeM apromarm3aruu npoektupoBanus (CAIIP). I'pa-
¢uka B CAIIP mcnonb3yercst Ajis MOATOTOBKH TEXHUYCCKUX YEPTEKEH MPOCKTUPYE-
MBIX YCTPOMCTB.

Jlenosas epaghuxa. Ita 06MaCTh KOMIBIOTEPHOH Trpaduku TpeaHa3HAYEHA IS
CO3/IaHMs WITIOCTPAIIMA, YacTO MCIOJB3YEMBIX B PabOTE Pa3IMUHBIX YUPEKIACHHM.
Yarre Bcero 5T0 pa3AyHbIC BUAB TPAPUKOB U THATPAMM.
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Unmocmpamuenas epaguxa. TlporpaMMHbBIE CPEICTBA WILTIOCTPATUBHOW Tpa-
(hVK¥ TIO3BOJISIFOT YEJIOBEKY HMCTOIB30BaTh KOMIBIOTEP JUTSl TPOM3BOJILHOTO PHUCOBa-
HUA, depucHus. [lakeThl WIITIOCTpaTUBHON rpadiku HE UMEIOT KaKOW-TO OTpenesieH-
HOW MPOU3BOACTBCHHON HAMPaBJIeHHOCTH. [[03TOMY OHU OTHOCATCS K MPUKIAAHOMY
MpOrpaMMHOMY OOecleueHUI0 oO0IIero HasHaueHud. lIpocreliiue nporpamMMHbIe
CPEIICTBA WLTIOCTPATUBHOM rpadiKy HA3BIBAIOTCS TPaPUUeCKUMHU PeIaKTOPaMHu.

Xyoooicecmeennas u pexnamuas epagura. C TOMOITBI0 KOMITBIOTEPA CO3/IAI0TCS
PEKIITAMHBIE POJTMKH, MYIBT(HITIBMBI, KOMITBIOTEPHBIE UTPHI, BUACO- YPOKH, BUACOIPE-
3CHTAIlMM U MHOTOE JApyroe. [ paduueckue makeTsl Ui STHX Tenei TpeOyroT 00ib-
IUX PECYPCOB KOMMbIOTEPA MO OBICTPOJACHCTBUIO U NaMATH. [IpuMepamMu Xya0xKecT-
BEHHOH TpaduKy MOTYT CIIYKUTh TaK)Ke AW3aiH, BEPCTKA, upoBoe (HoTo.

I paghuxa ons Humepnuema. [lossnenue tnobanpHOM cetn HTEpHET IPHUBENO K
TOMY, 4TO KOMIBIOTEPHAs rpadmka cTaja 3aHMMaTh BaXKHOE MECTO B Hel. Bee 0oJb-
I1I€ COBEPIINEHCTBYIOTCS CIOCOOBI Tepenaun BU3yalibHON WH(MOpManmu, pa3padarbi-
BaloTCA Oosiee coBepiieHHbIe rpaduueckue GopMarsl, OIIyTUMO KeJTaHHE UCIIOTb30-
BaTh TPEXMEPHYIO TpaduKy, aHUMAIHIO, BECh CIIEKTP MYJITHMEINA.

1.3. OcHoBHBIe TUNIBI H300pa:keHuii. PacTpoBasi u BekTopHas rpaguka

[udpoBbie n300pakeHUs ASIATCS HA Ba OOJBITUX KIIacca: pacmposvle N 6eK-
mopnvle.

Pacmpossie n300pakeHns] COCTOSAT W3 MO3aWKH TOUYEK, KOTOPAs M HOCHUT Ha3Ba-
Hue pacmp. N3o0paxenne Ha YKpaHe MOHUTOPA WK TEJIEBU30Pa COCTOUT W3 OTACITb-
HBIX 3JIEMEHTOB — TaK Ha3biBaeMbIX nukcenog (ot anrn. PICture Single Element —
AJIEMEHT M300pakeHrs). B oTuue OT reoMeTpuieCcKkoi TOUKH, TTHKCET UMEET OTpe-
neneHayio ¢opmy (KBaapar, KPyT, MECTAUYTONHHUK U T.I1.) U PaA3MEPHI.

PactpoBoe m3o0pakeHHe XapaKTEpU3yeTCsl pa3periecHueM W KOJTMYCCTBOM I[BE-
TOB, KOTOPOE MOXKET MPUHUMATh KaKas TOUKa W300pakeHusd. Paspemenne — 3To Ko-
JUYECTBO TOUYECK HA CAMHMILY JUTHHBI, OOBIYHO TOYEK Ha MIOWM — dpi (aHrn. dot per
inch) WM MAKCEIIOB Ha AIOWUM — ppi (aHTI. pixel per inch).

UeM OOJBITMM KOJMUECTBOM OTTEHKOB XapaKTEPHU3yeTCs W300paKeHHE, TeM
OoJbIIIee KOJIMUECTBO MBOUYHBIX Pa3psiIoB TPeOyeTCs IS UX OnmucaHusd. Takum 00-
pa3oM, 4eM KaueCTBeHHEE N300pakeHre, TeM OoJIbIie pa3mep daiiia.

PactpoBoe mpeacTaBieHne OOBIYHO HCIOIB3YIOT IS M300pakeHui (oTorpa-
(prueckoro Trma ¢ GOJBITAM KOJTMYSCTBOM CTANICH U OTTEHKOB.

Hawubonee pacripocTtpanens! cieayromnme GopMaThl pacTPOBBIX H300paKCHUI:
BMP, PCX, JPG, GIF, TIFF, PNG u ap., onn noapoOHel OyayT pacCMOTPEHBI HHXKE
(B pazaene «Cxarne n300pakKeHHI ).

OCHOBHBIM JIOTHYECKHM DJIEMEHTOM GeKMOpHOU TpapUKH SBISCTCA TCOMETPH-
yeckuii 00beKT. B kauecTBe 00bekTa MPHHNUMAIOTCS MPOCTHIE TEOMETPpUUCCKUE (pury-
pbl (TaKk HA3bBIBACMbBIC MPUMHUTHUBBI — TOYKA, OTPE30K MPSAMON WM KPUBOW JIMHUH,
MPSAMOYTOJIBHHUK, OKPY>KHOCTb, JUIUIC), COCTaBHBIE (DUTYPHI WK (PUTYpHI, OCTPO-
CHHBIC U3 TIPUMHUTHBOB.



JInsg XpaHeHHUs BEKTOPHOTO HM300paXeHWUs B MHaMITH AOCTATOYHO COXPAHATH
JIUIITE KOOPJIMHATHI OCHOBHBIX TOUCK M MAaTeMAaTHUECKYIO (POPMYITY, COTIIACHO KOTOPOMH
HAJI0 TTOCTPOHUTH Ty WM HHYIO Purypy. IMEHHO ITOATOMY BEKTOPHBIC H300paKCHHMS
OTJIUYAIOTCS MAJBIMHU pa3MepaMu (AHIOB B MX MOYKHO CIIOKOMHO MacITaOupOBaTh,
HE 0MAaCasCh, UTO MPHU FTOM MOTEPACTCS KAUECTBO U300PAKEHUA.

Haunbonee pacnpocrpanennbie ¢hopMarhl BEKTOpPHBIX M3o0paxenuii: CDR, EPS,

WMEF, Al u np.

Tabnuual.l. Cpasnenue xapaxmepucmux pacmpogoii u 6eKmopHoi cpaguru

PacTpoBas rpaguxa BekTopnas rpaduxa
EcrecTBeHHOCTD TIpECTaBICHUS Macmradupyrorest 6e3 moTepu KauecTsa,
= (MIMEHHO B TaKOM BUJI€ U300paKEHHUS 3aHUMAIOT HEOOJBIIOH 00BEM MaMSITH MPH
§ (bOpMHUPYIOTCSA B MO3TY YeJIOBEKA). XpaHEHHY,
= KOPPEKTHO OTOOpaKaroTCsl Ha JIFOOBIX YCT-
= pOHCTBax BbIBOAA (MPUHTEPHI, MOHUTOPBI U
T.J.).
= Bonbioi pasmep datina, [IpakTUyeckn HEBO3MOXKHO NOOUTHCS (HOTO-
g IUIOXO MaciTabupyercs, NpU 3TOM | PEATHMCTUYHOCTH.
E BO3MOYKHBI HCKaKEHHSI.
=
CxaHHUpPOBaHHBIE CHUMKH M CHUMKH, [Inakatel M gApyras BBICOKOKOHTPACTHAs
& | MOJyHYEHHBIE C MOMOIIBIO IU(PPOBBIX rpaduka,
2 E ¢doroxamep; TOUHBIE YEPTEKH, APXUTEKTY PHbIC TUIAHE,
2 % PHUICOBaHHBIE KAPTHHBI, HACHIIIIEHHBIE TPaTULOHHBIE JIOTOTUIBI U TEKCTBI C YeT-
\& S | LIBETOBBIMH TOHaMU, KUMH | TJIAAKIMH KPasiMH;
) g KOJUT&KH, PUCYHKH C TPUMEHEHHEM TEKCTOBBIE JOKY MEHTBI.
= | punsTpos u crienydHEKTOB; KOPPEKLs
BETA.

1.4 3putenbHbIii annapar yejl0BeKa

Kak ycrpoen uenoseueckuii ria3? CHapy» U OH 3allUILIECH MTPO3PAYHONR poco6oii
0bonoykoii (pocoguyeil), KOTOpask MOCTOSHHO OMBIBAETCA Clie3aMH (CIE3HON JKUIKO-
cThi0) (cM. puc. 1.8). Jlaxke cambie CypOBBI€ JTIOJU 32 ICHD «ITPOJIUBAIOT» OTPEIEIICH-
HOE KOJIMUECTBO cie3. [y0ke JEKHUT KOJICUKO PAOYICHOU 000NOUKU («PAOYICKUN),
I[BET KOTOPOH W UMEIOT B BHJIY, KOT/Ia TOBOPAT O IBETE I1a3 (cM. puc. 1.9). ¥V ansou-
HOCOB B PaayXHOU 000JIOUKE HET MMUTMEHTA, ¥ MMOSTOMY OHA KPAcHOTO IBETA — M3-3a
MIPOCBEUMBAIOIINX KPOBEHOCHBIX COCYAOB. B a3y pamyxka urpaer posib amadpar-
MBI (hoTOamnmapara.

[Tocpenn pamy>kKku HaXOJUTCSA OTBEPCTHE — 3PAYOK. 3PAuOK MOXKET U3MEHATHCS
B MAMETPE OT 2 70 8 MM, TIPH STOM €TO TIJIOMA/h W, COOTBETCTBEHHO, CBETOBOH IO~
TOK M3MeHA0TCA B 16 pa3. CokpallieHrue 3pauka MPOUCXOIUT 32 5 CEKyH/I, a €ro IMoJ-
HO€ PACIIUPEHUE — 32 5 MUHYT.
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Puc. 1.9. Panyxnas obonouka

Eme ry0Oxke HaXomuTCs Xpycmaiux, KOTOPbIN, Kak JMH3a, COOMpAET Jiyuud B
n3o0pakeHre Ha Tia3HoM jgHe. ActpoHoM H ¢m3uk Morann Kemnep 8 X VII Beke pac-
CMOTpEJT YCTPOMCTBO Mia3a ¢ TOYKU 3peHUs onTuku. OH MOKa3aj, uTO Ha MIa3HOM
nHe opMupyeTcs n3o0pakeHrne OKpyKaromux mpeameTos. [1o 3akoHam onTHKY Ta-
KO€ M300pakeHUe JOJKHO ObITh MEPEBEPHYTHIM. IMEHHO MEPEBEPHYTHIM U BUIUT
MUP HOBOPOXKJACHHBIH MjaneHen. Ho mocTeneHHO MO3r NMpUBBIKAET «MEPEeBOPAYH-
BaTh» M300pakeHre 00paTHO. JIFOOOMBITHO, YTO €C/IM HAACTh YEJIOBEKY OUKH, CTEKJIA
KOTOPBIX CO3/IAt0T MEPEBEPHYTOE «BBEPX HOTAMU» M300paKEHUE, TO CIYCTA HEKOTO-
pO€ BpeMs 3TO U300paKeHUE CTAHET BOCIPUHUMATHLCS KAaK HOPMAJILHOE.

XpycTaauK, CTAaHOBICH TO 0O0JI€€ BBIMYKJIBIM, TO 00Jie€ TIJIOCKUM, MOXKET «HABO-
JIUTh PE3KOCTh» Ha ONMXKHUE U JajbHUE NpeaMeThl. Eciu 3Ta cnocoOHOCTh Hapylia-
€TCA, BOBHUKAIOT COOTBETCTBEHHO JAJIbHO30PKOCTh U ONM30pyKoCTh. biaronapsa xpy-
CTAJIMKY HA TJIa3HOM JHE (DOPMHUPYETCS YMEHBIICHHOE M300PaXCHUE OKPYIKAIOIIETO
Hac MUpa. 37€Ch OHO BOCIIPUHUMAETCS CETUATON 000JI0UKOM 11a3a — cemyamroil.

Cemuamxa — 3TO MHOTOCJIOWHBIN JINCT HEPBHOM TKAHU, YyBCTBUTEJBHOMN K CBE-
Ty, KOTOPBIM BBICTWJIAET BHYTPEHHIOK 33/IHIOK0 4acTh Ma3HOro somoka. Ceruarka
PAcIoJIOKEHA Ha MUTMEHTUPOBAHHON MeMOpaHe, U3BECTHOM KaK NUCMEHMUPOBAHHbLIL
onumenuil cemyamky, KOTOPbli MOmIonaeT 00N CBET, MPOXOMASIINA CKBO3b CET-
YyaTKy. JTO MPEeAOTBpalllaeT 00paTHOE OTPAKEHHE CBETA CKBO3b CETUATKy U HOBOE
pearupoBaHue, YTo, TAKUM 00Pa30oM, HE pa3pelIacT 3PCHUIO PACILIbIBATHCA.
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CBeT MPOHMKAET CKBO3b TIJ1a3 M BHI3BIBACT CIIOKHYIO XUMHUYECKYIO PEAKIHIO B
KJIETKax (POTOPEIENTOPOB CETUATKH, YYBCTBUTEIBHBIX K CBETY (MAIOYKAX U KOIOOY-
Kax), 9TO IPUBOIUT K U3MEeHEeHMIO (yHKIMK Heripora (puc. 1.19).

HEpBHOE
BEONOKHD

. FGHrMMOIHBLIE KA TKM

BHYTPEHHMA
nepenneTeHHbIA
v cnoi
ﬂMBKPMHHb‘IE KENETKEHX

BUnonspHbie

KAeTKH
rOpHM30HTaNbHbIE
L KNEeTKH

BHEIWHWE
nepenieTeHHbie
cAomM

wonfoukem

nano4ykKx

5[ls]s]sTsTelo 8 [6]e]alolalo e ol o aniP o "
Puc. 1.10. Ceruaras o6ojouka riasa

bnarogaps nanouxam Mbl BOCIpHHHMAaeM depHO-0enoe M3o0pakeHne (HOYHOE
3penne). B mnasy denoseka oxono 125 muH. manodek. B majmoukax HaXOaUTCS TIHT-
MEHT — pOOONCUH, HAKAITUBAIOMIHANWCS B HAX B TEMHOTE W BBIIBETAIONIANA HA CBETY.
Bocnpusatue cBera najgoukamMu OOYCIOBJICHO XMMUYECKUMHU PEAKIMAMU MOJ JEHCT-
BHUEM CBETA HA POOONCUH.

Konbouek oxono 6,5 MJIH., UX CYILIECTBYET TPU THUMA, OTJIMYAKOIIMXCA CBETOUYB-
CTBUTENHHBIM TUTMEHTOM. Kombouku 00BIYHO HA3BIBAIOT CUHUMU, 3€I€HbIMU T KPAC-
HblMU, B COOTBETCTBUM C HAUMECHOBAHUEM 1IBETA, K KOTOPOMY OHHM Haum0oJiee 4yBCT-
BUTENIbHBI. KOIOOUKM pearupyroT Ha CBET 3a CUET PEAKLUU HOOONCUHA.

HNuorna BeTpeyaercs oaiibmoHu3M — 4aCTUUHAS [IBETOBAsA CJIENOTa, OJWH U3 BU-
JIOB HApYIICHUA LIBETOBOTO 3pEHUS. ITa OCOOEHHOCTh 3PCHHS BIEPBBIC OMUCAHA B
1794 [x. JlanbTOHOM, KOTOPBIH caMm CTpajgajdl 3TUM HEAOCTarkoM. JlaabTOHHM3M
BCTpeuaeTcs npumMepHo y 8% myxuuH u'y 0,5% xenuun. [Ipu ocnabaenun Bocrpu-
ATUS OJTHOTO U3 IBETOB HACTYMAET YACTUUHAS 1[BETOBAA CJENoTa — ouxpomazus. Ya-
II€ BCEr0 BCTPEUACTCA HEBO3MOXKHOCThH PA3JIMUEHUS KPACHOTO U 3€JICHOTO IIBETOB:
100 3€NICHBINH BOCTIPUHUMACTCA KaK KpacHbBIN (Oeiimepanonust), TiOO KPAcHBIA Kak
3enenbiit (npomarnonusi). CymecTBYIOT CICHAbHBIC TAOMUIEI W300pakeHwnid (Ha-
npumep, maonuyvl Pabkuna), MO3BOJAIONIAE TECTUPOBATH 3PUTEILHBIN anmapar 4e-
JIOBEKA HA HAJIMYME UJIU OTCYTCTBUE I[BETOBBIX HAPYILICHUM.

JlHO Tna3a o0najgaeT U ANueMeHmomM YepHOo2o Y8emd, POilb KOTOPOTO COCTOWT B
MPEJOXPAHEHUH CBETOUYBCTBUTEJIBHOTO aIapara OT YPE3MEPHO CUIIbHBIX CBETOBBIX
paznpaxeHuid. [Ipu OTCYyTCTBUM CBETOBOTO Pa3IpPa’KEHUA 3€PHA 3TOTO MUTMEHTA Ha-
XOJATCSA HA 3aJHEH MOBEPXHOCTH ceTyarku. Ho mpu BO3ACHCTBUM CBETAa HAYMHAETCS
MEPEMEILICHUE 3€PEH HABCTpeUy naaaroneMy cBery. OHU MPOHUKAKOT B CIOM CeTUar-
12



KM M, TOIVIONIAs 3HAUUTENIbHYIO 4acTh CBETOBOM SHEPrUH, 3aCJIOHAIOT MAJOYKA U
KOJIOOUKH OT CBETOBOTO Pa3pakeHUSI.

Ha cetuarke mmeercs 0cod0€ MECTO, €r0 HA3BIBAIOT JHCEIMbIM NSIMHOM. JTa
YaCTh CETUATKU HMMEET B CEPEAMHE HEOOJBINOE IEHTPAIbHOE YIIyOJICHUE — IIEH-
TpajibHYIO AMKY. [lo HanmpaBieHUIO K 3TOMY yIIyOJICHUIO TOJIIIMHA CETUYATKU B XKEJ-
TOM TMATHE YMEHBIIAETCS, UCUE3AI0T TTOUTH BCE MPOMEKYTOUHBIC €€ CIIOM U OCTAIOTCS
MPAKTUYECKUA TOJILKO MAJIOYKHU U KOJIOOUKHU ¢ HEPBHBIMU OKOHUYaHUSMU. B camoill sm-
K€ OTCYTCTBYIOT U MAJIOYKH, TAK YTO B HEH BCE THO BHICTIIAHO TOJBKO KOJIOOUKAMHU.
JlnameTp KeNToro MATHA — OKOJIO 1 MM, a COOTBETCTBYIOIIEE €MY TOJIE 3PCHUS IJ1a3a
— 6-8°. luameTp nieHTpanbHou samku — 0,4 MM, mone 3penns — 1 rpanayc.

B xenToMm naTHe K OONBIIMHCTBY KOJIOOYEK MOAXOAAT OTAC/IbHBIE BOJIOKHA 3pHU-
TEJILHOTO HEpBa. BHE MpEaenoB JKEATOTO MATHA OJHO BOJOKHO 3PUTEILHOTO HEpBA
BCeraa 00CTYKUBAECT 1IEJIbIE TPYIINbI KOJIOOUEK Win najiouek. [1o 3Toil mpuduHe ToJb-
KO B 00JIaCTH SIMKHM M KEJITOTO MATHA IJ1a3 MOXKHO pasjinuarh TOHKHUE AeTtaiu. B oc-
TJIbHBIX MECTAX CETUATKH IEJbIE TPYIIbI 3IEMEHTOB, 3aHUMAOIINX CPABHUTEIIBHO
OONBIIYIO MJIOIIAAb, OJTHOBPEMEHHO MEPEAAOT Pa3aPaKEHUE OJTHOMY HEPBHOMY BO-
JIOKHY, U BOCIIPUHUMAEMas CO3HAHWEM KapTHHA CTAHOBUTCA rpyOOoH, JUIICHHON Je-
TaJEH.

Bceskoe ykiioHeHne n300paXeHusi B CTOPOHY OT SIMKHM BJI€UET 3a CO0OM yMEHb-
HIEHUE YETKOCTH M300paXeHUA, a Koraa U300pakKeHUE CXOAUT C KEITOro MATHA, TO
pasTuUeHUEe MEJKUAX NeTajeil mpeaMeTa coBepiieHHo npekparnaetcs. [lepudepuue-
CKasl 4aCcTh CETUYATKHU CIYKUT B OCHOBHOM ISl ODUCHTUPOBAHUS B TPOCTPAHCTBE.

Pacnpenenenue penenTopoB Ha CETUATKE HEPABHOMEPHO: B OOJIACTH KEJITOTO
IIATHA MPpeoOIaaoT KoIOOUKH, a majodek odeHp Maio. K nepudepun ceruaTku, Ha-
000pOT, YKCIIO KOJIOOUEK YMEHBINAECTCA, M OCTAIOTCA OJHUA TOJIBKO TAJIOUKH.

Mexay XpyCTAIUKOM U CETYATKOM JICXKUT MPO3PAUHOE CHIEKI08UOHOE Melo, TIO-
XOXKEE HA CTY/IEHb.

Nudopmarus oT perienTopos mepeaacTcs B MO3T 10 3PUTEILHOMY HEPBY, CO-
nepxatiemy okojio 800 Thicsu BOIokOH. O0aCTh CETYATKK, B KOTOPOH BOJIOKHA 3pH-
TEJIbHOTO HEPBA COOMPAIOTCA BMECTE M BBIXOJAT W3 IJ1a3a, HA3bIBACTCS ClIeNblM Nsm-
Hom. B o0nacTu cjienoro msaTHa HET HU KOJIOOUEK, HU MaJ0UYeK, U 3TOT YYaCTOK CET-
YaTKA HE 4YYBCTBUTENIEH K cBery. Jumamerp cnemoro nstHa — 1,88 mwm, uto
COOTBETCTBYET MOJIIO 3peHUsA 6°. DTO 3HAYUT, UTO YEJIOBEK C PACCTOAHUS 1 M MOXKET
HE YBUACTh mpeAaMeTa auaMmeTpoM 10 cM, eciu ero u300pakeHHe NMpOoeHUpyeTcs Ha
CJIETIOE MSATHO.

Temnosas aoanmayus. IIpoucxoauT Npu nepexoae oT OOJbIIUX IPKOCTEH K Ma-
aeiM. Eciii B 1123 nepBOHAYaIbHO MOMAAAT APKUM CBET, TO MAJOUKH ObLIM OCJeTUie-
HbI, POJIONICUH BBIIBEJI, YEPHbIH MUTMEHT MPOHUK B CETUYATKY, 3aCJIOHSAS KOJIOOUKHU OT
cBeTa. Eciu BHE3amHO SPKOCTh CBETA 3HAYUTEIBLHO YMEHBIIIUTCS, TO BHAYaJIe PacIu-
pUTCS 3pauyoK. 3aTeM M3 CETUYATKU HAUHET YXOAWTh UYEPHbIA MUTMEHT, POJAONCUH Oy-
JIET BOCCTAHABJIUBATHLCSA, W, KOTJA €T0 HaOepeTcs 0CTaTOYHO, HAYHYT (DYHKITHOHUPO-
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BaTh Najgouku. Tak Kak KOJOOYKH HE UyBCTBUTEIbHBI K CJIA0bIM SPKOCTSAM, TO CHauya-
Ja 171a3 He OyJeT HUYEro pasjinuarh, MOKa HE HAUHET JCHCTBHE HOBBIM MEXaHU3M
3penusi. UyBCTBUTENBHOCTD IV1a3a HOCTUTaeT MAKCUMAJIbHOTO 3HaueHus uepe3 50-60
MUHYT NPeObIBAHUS B TEMHOTE.

Ceemosasn aoanmayus. 1lpouecc mpucnocoOleHus raza npu nepexoae oT Ma-
JIBIX ApKOCTEH K OoJbimuM. [Ipyu 3TOM Upe3BbIYANHO CHUIIBHO MPOUCXOIUT Pa3apaxe-
HUE najiodyek Omarogaps ObICTPOMY Pa3jOKEHHUIO POAOICHHA, OHU «OCTEIUIEHB»; H
JaXe KOJMOOYKH, HE 3alUIIEHHBIE €II¢ 3¢pHAMU UYEPHOrO MUTMEHTA, Pa3ApaKEeHbI
CJIMIIIKOM CHJIbHO. TOJIBKO MO MCTEUEHUH AOCTATOYHOTO BPEMEHU MPHUCIOCOOICHUE
71232 K HOBBIM YCJIOBUAM 3aKaHYMBACTCS, MPEKPAILACTCS HEMPUATHOE YYBCTBO OCJIC-
TJICHUS U T71a3 MPUOOPETAET TTOJIHOE PA3BUTHE BCEX 3PUTENBbHBIX (PyHKITHH. CBETOBAA
ananTauus npogosxkaercs 8-10 MunyT.

1.5. lIpunuuns! ¢popMupoBaHUS LIBETA.
[{BeToBBIEC MOAEIH PACTPOBOI rpaduKu

HaznaueHnue 1iBeTOBOM MOJEIN COCTOUT B TOM, YTOOBI JaTh BO3MOXKHOCTH YA00-
HBIM 00pa30M OMHUCHIBATH IIBETA B MIPe/Ieax HEKOTOPOTO IBETOBOTO OXBATa.

B xoMmmbroTepHO# rpauke KIMEETCsI IBa THIA IBETHBIX OOBEKTOB!

® camocsemsiuyuecs, U3IIydaromue 0ObEKTHI, TAKHE KaK MOHHTOPHI, TNIA3MCHHBIC
MaHEJIN, MaTPHUIIbl CBETOAMOIOB U T.11.;

e Hecamoceemsuuecs: 0ObEKThI, OTPAKAIOIINE WIIH TIPETOMIISIONINE T1a1at0ITAH
Ha HHAX CBET, TAKHE KaK, HAIPUMEP, OTTUCKH Ha Oymare, CBeTO(GHIBTPHI U T.11.

Jlims caMOCBeTAIUXCsI 0OBEKTOB MCIOJIB3YETCS «aaauTHBHOE» (POPMHPOBAHHE
OTTEHKOB, Korma TpedyeMbli IBET (GopMHUPYETCS 32 CUET CMEIICHHS JIyUeH CBETa TPEX
OCHOBHBIX OTTCHKOB I[Be€Ta. B 3TOM ciydae yno0HO MCNOIb30BAHUE MOJENIHN CMEIIe-
uua RGB (ot aurn. Red, Green, Blue — kpacHbIH, 3€NC€HBINA, CHHUN).

JIi1st HecaMOCBETAIMUXCSA 0OBEKTOB HCIIONIB3YETCS «CYOTpPaKTHBHOES» (POPMHPO-
BaHHE OTTCHKOB, OCHOBAHHOE HA BHIUYMTAHMHU M3 O€JIOr0 CBETA ONMPEACICHHBIX JIJIUH
BOJIH. B »TOM ciydae ymoOHO mcmonb3oBanue moxaenu cmemenus CMY (ot anm.
Cyan, Magenta, Yellow — romy0oii, Ty pITypHBIH, XKENTHIH).

Hanbonee yacto B KOMIIBIOTEPHOM Tpaduke uenoiab3ytorcs Mmoaenu RGB, CMY,
YIQ, HSV u HLS.

1.5.1. Ileemosas mooenv RGB

RGB (Red, Green, Blue — xpacHbId, 3€IICHBIH, CHHHI) — ammaparHo-
OPHUCHTUPOBAHHAS MOJEIb, UCIIONb3yeMasl B JUCIIEAX Ul aJANTHBHOTO (hOPMHUPO-
BaHUA OTTEHKOB CaMOCBETAIIUXCS OOBEKTOB (MMHMKCENIOB 3KpaHa). B 1mBeToBoi Mose-
Ji1, MOCTPOCHHON HA OCHOBE KPACHOTO, 3€JICHOTO W CHHETO LIBETOB, UCHOJb3YIOTCS
nekapToBbl koopauHatel. Cuctema koopauaat RGB — ky6 ¢ naganom otcuera (0,0,0),
COOTBETCTBYIONTMM YepHOMY 1BeTY (cM. puc. 1.11). MakcumansHoe 3nauenne RGB —
(1,1,1) coorBerctByeT Genomy 1BeTy. OcHOBHBIE 11BeTa RGB ammuTuBHEI, T.€. HEKO-
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TOPBIH PE3YABTUPYIONTUH TBET MOXXHO TIOJYUHTh IyTEM CIIOKEHUA (CMEIIECHUS) OTI-
PEAEIIEHHBIX KOIMYECTB KAXKI0TO U3 OCHOBHBIX IBETOB.
Ha rnaBHo#l nuaronanu ky0a, oOpa3oBaH-

HOT'O PaBHBIMH KOJIMUECTBAMH Ka)KJIOTO M3 OC- B cummii

HOBHBIX I[BETOB, JIE)KAaT OTTCHKH CEPOro IBETa. ‘ TonyGoit
Yro6Bl ¢ y4eTOM UYBCTBUTEIBHOCTH TJaza K  LIYPHYPHbO T Bomin
pa3HbIM  IBeTaM  KoHBepThpoBath  RGB- ‘Ieamrﬁifi_ ________ G seqenbi
n300pakeHHEe B rpajanuu ceporo (mogoOHO To- S rreat

My, KaK ITIOKQ3bIBAIOTCS IIBETHBIC (PHIIBMBI Ha R xpacrt

YepHO-0eIOM HSKpaHe TENeBU30pa), HAAO BHI- Puc. 1.11. L{geroBoii ky6
MOJIHUTH CIIEAYIOIIEe MPeoOpa3OBaHHME: moznenn RGB

R=G=B=0299R+0,587 G+ 0,114 B.
1.5.2. I]eemosas mooenrb CMY

CMY (Cyan, Magenta, Yellow — rony0oii, TypITypHBIH, KENTHIH) — anmaparHo-
OPHUEHTHUPOBAHHAS MOEITh, MAPOKO MCTOb3yeMas B moymrpaduu s «CyOTpaKkTHB-
HOTO» (POPMHUPOBAHUS OTTCHKOB.

Kaxxnmast 3 Tpex BenwuuH TPOHKH (C, M, Y) YKa3bIBACT, KAKOE€ KOJTMIECTBO OTpe-
JICJICHHOTO TIBETa (JOMOTHUTEIHPHOTO K COOTBETCTBYIOMIEMY OCHOBHOMY) TIO/ICKHUT
HCKJIIOUEHMIO U3 0€10r0 cBeTa, 4yToObl momyunsics upeT D. T.e. ecnu Mbl muiieM, 4To
D = (¢, m, y)cmy, TO IMEETCS B BHIY, YTO IBET /) 00Opa3oBaH MyTEM BBIUMTAHUA W3
Oeoro 1BeTa ¢ SIUHUI KPACHOTO I[BETA (JIOMOJHUTEIHLHOTO K TOJyOOMY), 1 €TAHHIT
3€JICHOTO 1BETA (IOTIOJHUTEIHLHOTO K MyPIYyPHOMY) U ) €AWHMI] CHHETO IBeTa (J10-
MOJTHATEIIFHOTO K KEJITOMY ).

Orcroa HEMOCPeACTBEHHO uMeeM cooTHouieHrue Mexay RGB u CMY cucre-
MaMU:

C 1 R
M|=|1|-1G
Y 1 B

[IpryeM eaUHWYHBIA BEKTOP-CTPOKa B
moaenu RGB — npencrasnenue Oemoro 1ipe-
Ta, a B Moaeau CMY — uepHoro.

Lsera mogeau CMY sBISAIOTCS O0RNOJI-

HumenvHbiMu K 1BeTaMm Mmonaenu RGB, Te.
JOTIOTHAIOMIUMHE UX A0 Oeitoro. Takum 00-

pazom, cuctema koopauHar CMY — 1ot ke
ky0, uto u s RGB, HO mepeBepHyTHIH (CM.
puc. 1.12).

Puc. 1.12. I1eToBoii ky0 mopenu CMY
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[Ipu ocBeneHNM MMM OEITBIM CBETOM B CJI0€ TOy00# Kpacku M3 CHEKTpa
0eJI0TOo 1BETa MOTIOMIACTCA KPAacHas 4acTh, 3aTEM M3 OCTABIIETOCS CBETA B CJIOE MyP-
MYPHOM KPacKHW MOTJIONIACTCs 3eJICHas YacTh CIEKTPa, OTPAKEHHBIH OT MOBEPXHOCTH
OyMard CBET €IIle pa3 MOABEPracTcs MOIVIONICHHUIO, W B PE3YJIbTaTe MBI BHIAM CHHHIA
1Bet (cM. puc. 1.13).

Mapatowmii OTpakeHHbIN
6enblii cBeT CUHWIA cBeT
R GB B

lonybas kpacka] BblunTaercs kpacHblii

rﬂpnﬂ)Hai kpackal BblunMTaeTCA 3eneHbli
Benas 6ymara

Puc. 1.13. I{BeT HecaMOCBeTAIIETOCS] OOBEKTA

PasnoBuaHoCTBEIO 3TOM Moaenu apisercsa moaeiab CMYK, k kotopoit no0aBiieH
yepHbId 1BeT (0T a1, black — uepHbIit).

1.5.3. Ileemosaa mooens YIQ

Mogens YIQ wucmonb3yeTcsa B TEICBU3WOHHBIX TEPEAAIOIIUX CHCTEMax, IMOA-
nepxuBatoiux cranaaptel M-NTSC n M-PAL, v COy>XAT Ui COKpallleHusl mepeaa-
BaGMOM TOJIOCHI YACTOT 3a CUET WCIOJIb30BAHUS MCUXO(PU3HOIOTHICCKIX 0COOESHHO-
cTer 3peHnsa. Kaxaplil BET B HEM 3a0a€TCA ¢ MOMOIIBIK) YCTAHOBKU 3HAYEHUN TPEX
napameTpoB: Y — unmencusnocmu (auri. luminance) m aByx msetHocrten | u Q, mo-
3BOJIAIOIIMX COBMECTHO YMPABJATH CO3/AHUEM I[BETA C TOMOIIBIO 3€JIEHOTO, CUHETO,
KEJITOTO W MYPITyPHOTO 1BETOB. Tak, ycTaHOBKAa MUHUMAabHBIX 3HaueHui [ u Q (0,
0) MPUBOMWT K MOJYUYEHHUIO 3€JICHOTO I[BETA, a YCTAHOBKA WX MAKCHMAaJIbHBIX 3HAYE-
Hui (255,255) maer mypnypubiii nBet. Kaxmas n3 xkommnonent YIQ mMomenun MoxeT
U3MEHATHCS B nuarna3oHe oT 0 mo 255. B ciyuae ucnosiib30BaHHWS MOHOXPOMHOIO
JMCILIES Ha SKpaHe OyAaeT oToOpakeHa TOJIbKO KOMIOHEHTa Y.

IIpeodpazoBanue moaenu RGB B monens YIQ omnpenensercs cieayrommum oopa-
30M:

Y 0,299 0,587 0,114 R
I1=10,596 -0,274 -0322|x|G
0 0211 -0,522 0311 B

Jlst oGparHoro npeoOpa3oBaHUs MPUMEHSIETCA 00OpaTHas MaTpula

R=Y+00956-1+0,623-Q:
G=Y-0272-1-0,648-Q:
B=Y-1,105-1+1,705- Q.
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OnwuceiBas nBera B Mojaenu Y1Q, MOXHO PEIINTh BAXKHYIO MPOOIeMY, CTOAIIYIO
nepea TeICBUICHUEM: JIBa 1[BETA, KOTOPHIE HAIIIM TJa3a BOCIPUHUMAIOT KaK pa3iny-
HbIE€, MOTYT BBIIJISIAETh COBEPIICHHO OAMHAKOBHIMHU IIPH 3alMCH HA BUIACOIJICHKY H
MOCEAYIOMEM TPOCMOTPE HA YEPHO-0EJIOM TEJIEBU3MOHHOM MOHUTOPE. DTOTO MOXK-
HO M30€XKaTh, €CJIM JBYM IIBE€TaM, KOTOPbIE€ CIEAyeT OTIWYaTh APYT OT APyra, mpH-
CBaWBaTh PA3IMYHBIC 3HAYCHHS APKOCTH (BEIWMUHMHBI Y) TaK, YTOOBI 3TH I[BETA H30-
OpaXkanuch ¢ pa3InYHbIMU HMHTCHCUBHOCTSAMM.

Monens YIQ ucnonb3yercs B crangapte JPEG.

1.5.4. I]leemoeaa mooenv HSV (HSB)

IseroBbie moaenu RGB, CMY, YIQ sBnsroTcs anmaparHOo-OpUeHTHPOBAHHBIMH.
B otnuuue ot Hux moxaens HSV opueHTHpoBaHa Ha mosib30Bareia U 00ecCrneynBaeT
BO3MOXXHOCTh SIBHOTO 3adaHms TpeOyemoro orreHka msera. HSV (Hue, Saturation,
Value) — yeemoeoti mon (COOCTBEHHO LIBET), HACHIUfeHHOCHb (TIPOLICHT 100ABICHHON
K I[BETY O€JION Kpacku), sprkocms (MIPOLEHT Ao00aBIeHHON YepHoi kpacku). [Toampo-
CTPAHCTBO, OTIPENIEISIEMOE JTAHHONW MOJICITBIO, — TIEPEBEPHYTHIHA KOHYC (cM. puc. 1.14).

I{BeToBOM TOH H 3amaeTcst yriiom, ot- V — xomriectso ceera (cueniora)
CUHATHIBAEMBIM BOKPYT BEPTHKAIBHOW OCH.
B wactHocTH, 0 — kpacHbI#, 60 — KENThHIH,
120 — 3enenwiit, 180 — rony6oi, 240 — cu- Comii

Huii, 300 — nypnypHbId, T.€. AOINOJHU-
H — mperosoit Ton

TCJIBHBIC IBCTA PACIOIOXKCHBI APYI IIPO-
| § — WACLONEHHOCTL

THB npyra (ommdatorcs Ha 180). 0

"-lep-HLd&

HacpliiieHHOCTE S — 3TO mapamerp
Puc. 1.14. llgerosast monens HSV

I[BETA, OTIPEICIISAIONINN €r0 YACTOTY.

[IBeT ¢ yMEHBIICHHEM HACHIIIICHHOCTH OCBETISAETCA, Kak OyATO K HEMY J00aB-
nstoT Oenmyto kpacky. [Ipu 3Hauennn HaceimenHocTr 0 (B IIEHTPE OCHOBAHWS KOHYCA)
10001 1BET cTaHOBHUTCA OenbiM. 110 Kparo ocHOBaHUs KOHyca Jiekar Hanbosiee Ha-
ChlllICHHBIE 11BEeTa S = 1.

Apxocms V — 3TO mapaMeTp IIBETa, OMPEACIIAIONMNNA €Tr0 3aTeMHEHHOCTb.
YMeHbIIIeHHE SAPKOCTH IBETA O3HAUAET €ro 3auepHeHHE. SPKOCTh pacmlojiokeHa Ha
BEPTUKAJIBHOM ocH KOoHyca, MeHsieTcsa oT 0 qo 1. 3nauenunro V=0 coOTBETCTBYET BEp-
IMHA KOHyca (YEpHBIN 1BET), 3HAUEHUI0 V=1 — OCHOBaHWME KOHYCA;, IBETA MPH STOM
Han0O0JIe€ UHTEHCHUBHBI.

[TpomexxyTouHble 3HaYUeHUA koopauHaThl V npu S=0, T.e. HA OCH KOHYCAa, COOT-
BETCTBYIOT cepbiM LiBeTaM. Eciu S=0, To 3HaueHue orrenka H cuuraercs Heonpene-
JICHHBIM.

AbG6pesuarypa HSV He camas ynotpeOutenbHas s 3ToH Moaenu. B HekoTo-
peIX Tpaduuecknx TPUIOKEeHUsIX mapaMmerp Value («o0beM I1BeTa») Ha3BIBACTCSH
Brightness (anr. spkocts), a Moaenb cooTBeTcTBeHHO HSB.
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1.5.5. I]eemosas mooenv HLS

Monens HLS (Hue, Lightness, Saturation — IB€TOBOH TOH, IPKOCTh, HACHIIIICH-
HOCTBH) Takke 00eCTeunBacT BO3MOXHOCTH SIBHOTO 3aJaHhsl TPeOyeMOro OTTEHKa
1BeTa. JTa MOJICIh BO3HHKACT B pe3yibTare Tpancdopmanmu RGB kyba B aBoiiHOMN
KOHYC, B KOTOPOM YE€PHBIN [BET 3aAA€TCSA BEPIIMHON HUKHETO KOHYCAa M COOTBETCT-
ByeT 3HaueHmio L = 0, Oemblil [IBET MaKCUMAaJIbHONH MHTCHCUBHOCTH 3a4a€TCs BEPIIIH-
HOM BEPXHET0 KOHyCa W COOTBETCTBYET 3HaueHUI0 L=1. MakcuManbHO HHTEHCUBHbBIC
IIBETOBBIE TOHA COOTBETCTBYIOT OCHOBaHHIO KOHYCOB ¢ L=0,5, uT0 HE coBCeM ym0OHO.

L — eceeraota

\jH LBETOBOHE TOH
| §— HACLOIEHHOCTE

Puc. 1.15. llsetoBast mogens HL.S

1.5.6. Ileemoeaa zapmonus

[lBeToBol TOH H, aHaIOTHYHO CHC-
teme HSV, 3amaercs yrmioMm moBoporta.
HacspimmeHHocTs S MeHseTCs B mpeaenax
or 0 mo 1 wm 3amaercsi pacCTOSSTHUEM OT
BEPTUKAJILHOW ocu L (mepneHamKysp-
HOM OCH) B HampaBJeHUW OOKOBOW TIO-
BEPXHOCTH KoHyca. T.e. MakCHMMajbHO
HACHIIICHHBIE IIBETA PACMOjIaraloTcs py
L=0,5, S=1. B obmewm, cucremy HLS
MOXXHO TMPEACTAaBUTh KaK TOJYUYCHHYIO
3 HSV «BeITArHBanmeM» Touku V=1,
S=0, 3anparoreii Oenbiii BET, BBEPX I
oOpa3oBaHWsA BEPXHETO KOHYca (CM. pHC.
1.15).

CoBpeMeHHbIE 1IBETHBIE AUCIUICH W MPUHTEPHI MO3BOJIAIOT MOIYyYaTh ITUPOKUN
nuana3oH 1BeToB. OHU IBETOBBIC COUETAHMS XOPOILIO TAPMOHUPYIOT JAPYT C IPYTOM,
JOPYTHE OKA3bIBAIOTCA B3AMMHO HECOBMECTHUMBIMH.

B teopum mBera 1mBeToBO# Kpyr (CM. pHC.

Puc. 1.16. IIseTroBoli xpyr

1.16) conmepxxut B cebe BCE 1BETA, BUANMBIC YEIIO-
BEKOM, OT (huoNeTOBOro 10 KpacHoro. l[BeroBoi
KpPYT TOKa3biBACT, KaK IIBETA CBA3AHbI MEXIY CO-
OOM, U MO3BOJISIET ONPEACIATh TAPMOHUUYHBIE COUE-
TaHUS ATUX LBETOB. UepHbIN, OeNblil U Cepblil HE
0003HAUEHbI HA I[BETOBOM KpYyre, TaK KakK, CTPOro
TOBOPs, OHU HE SABJISIFOTCA LIBETAMU. DTO HEUTpasb-
HbIE TOHA.

B 1nBeTtoBBIX cxeMax Ha puc. 1.17 mpuBeneHsl
rapMOHHMYHbBIC COUECTAHUA LBETOB: | — nuameTpaib-

HO yAaJieHHas napa; 2,3 — NpeaesibHO YIAJICHHbIC
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napsel; 4 — KJlaccuueckas Tpuaaa; 5 — KoH-
TpacTHas Tpuaaa, ©6 — aHaJOrWYHAs
Tpuana, 7, 8, 9 — deThipe rapMOHUYHO
couetarommxcsa nsera. He crnenyer npu-
MEHSTHh IIBE€TA B PaBHBIX KOJIWYECCTBAX.
Jlyumre cnienars omuH 1BeT (POHOM, a ApY-
rOM — aKIICHTOM Ha HEM.

CH
L
I

Puc. 1.17. 'apMOHHUYHBIE COYETAHUS LIBETOB

1.6. Texnuyeckue cpeacTBa KOMNbITEPHOU rpaduxku
1.6.1. Yempoiicmea é600a 2paghuueckoii unpopmauuu

Jlna BBOMA Tpadmueckoit mHMOPMAIK HCTIONH3YIOTCS:

* MaHUMYJISATOPHI (MBIIIb, TPEKOOJ, HKOMCTHK);

* CEHCOpHAas MaHeb,

* Tpadudeckuii IIAHIIECT,

* CKaHep;

 1udposas ¢porokamepa;

 1udposas BuaCOKaMepa, BeOkamepa 1 Ip.

Mpiuv — Hambonee pacmpoCcTpaHEeH-
HBIM TUTT MaHUTYJISATOPOB (cM. puc. 1.18).
MaHATyIATOPHl OCYIIECTBIISIOT HETOCPE/I-
CTBEHHBIM BBOA WH(OPMAIUHU, YKa3biBas
KypCOPOM Ha SKpaHEe JAUCIUICS KOMAHIY WIIH
MECTO BBOJAA MaHHBIX. HasBaHue «MBITITHY
MaHUTyIATop monmyursi B CrerdopackoM
HCCIIEIOBATEIIbCKOM HHCTUTYTE M3-32 CXO-
KECTH CUTHAJIBHOTO TIPOBOA C XBOCTOM OJHOMMEHHOTO TPHI3yHA.

KauecTBO MBIIIK onpeaenseTcs ee pa3peniamineii crmocoOHOCThIO, KOTOpas W3-
MEPSAETCA YHCIIOM TOUYEK Ha oM — dpi. DTa XapakTepuCcTHKaA OMPEACIAeT, HACKOJIb-

Puc. 1.18. TunnuyHas COBpeMEHHas1 MbILIb

KO TOYHO Kypcop OyJeT MepeABUraThbCs 1Mo SKPaHy.

MpliM pa3nmavaroTes:

® [0 YCTPOMCTBY JaruvKa mepeMerieHns (MEXaHHIeCKUe, ONTOMEXaHNUECKHE,

ONITUYECKHUE);

® KOJIMYECTBY KHOMOK (MBIIIIb UMEET OT OAHOM J0 TpeX U 0ojiee KHOMOK);

e cnocoOy coemMHCHUS (POBOIHBIC W OSCITPOBOIHBIC MBIIIIH).

BecnipoBoaHbIe MBIIIK WCTONB3YIOT AJIA Mepeaaun nHpopManuu nHppakpacHbIi
Jy4 WK PAIAOCUTHAI.

OnTomMexaHN4eCcKas MBIIIb CKOJIB3UT M0 MJIOCKOH MOBEPXHOCTH MIAPUKOM, KOTO-
pBIN TIepeaaeT BpallleHUe Ha JBa MAJICHbKUX AMCKA, PACIOIOKEHHBIEe Tof yriioMm 90°
apyr k apyry. Hebonpmioit ¢oroanoa ocBemaeT 3T TUCKH, a CBETOAMOMA JIOBUT OT-
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PAXKECHHBIN JIy4, 4TO MO3BOJSAET ONPEACIIUTE YIOJl MOBOPOTA M, COOTBETCTBEHHO, TE-
PEMEIIICHUE MBI B TOM WJIM MHOM HampamjieHuu. ONTUYEeCKass MbIIlb TOXE OCHa-
IMeHa CBETOAMOJOM, KOTOPBIH MOJACBEUNBACT MOBEPXHOCTD, U (DOTOAMOAOM, KOTOPBIH
JIOBUT OTPaXeHHbIN cBeT. Crnelain3upoOBaHHbIA NMPOLIECCOP, HAXOMAIIUNICSI BHYTPHU
MBIIIH, AaHATU3UPYET OTPAKECHUE, BBIJICIAET OTACIbHbBIE YUYACTKU M300PAXKEHUA U OIl-
pelenAeT uX NEPEMEIICHUE OTHOCUTEIBHO MPEABIAYIIEr0 CHUMKA.

1pox601 MANO YEM OTIIMYACTCSA OT ONTOMEXAHWUYEMKOW MBIIIK. B CyliHOCTH 3TO
Ta JK€ caMmasl MBIIIb, HO TIEPEBEPHYTAsA «BBEPX HOTAMW», TOUYHEE BBEPX IMIAapoM (CM.
puc. 1.19). Ecnu MBITIKy Haj0 BO3HUTH IO CTOJTy W, TO B TPIKOOJIE HAZO0 TIPOCTO KPY-
THUTh MAJILAMH WIH JIAAOHBIO CaM LIAPUK B Pa3HBIE CTOPOHHI.

B nopraruBHBIX KOMMBIOTEpAX TPAKOOI He-
PEIAKO BCTPAMBAETCS PSAOM C KIaBUATYpOH OO
MPUCTETUBACTCS ¢ OOKY WM CIEPEIU KJIABUATYPhI
KOMITbIOTEpA. Brpodyem, W AJI1 HACTONBHBIX KOM-
MBIOTEPOB BBIMYCKAKOTCS KJIABHATYPbl CO «BCTPO-
€HHbIM TP3KOOJIOM». A B CaMbIX MAJICHBKUX KOM-

Puc. 1.19. TpexGon MBIOTEPAX BMECTO MBIIIKA W TPIKOOJIA WHOTAA KC-
MOJIb3YIOT KPOIIECUHBIH « TAUMOUHTY — HEOOJIbIION
LIBETHOW IITBHIPEK, TOPYALLIMI CPEIX KJIABUII HA KJIABUATYPE, KOTOPBIHA, CIIOBHO
JOKOMCTHK, MOYKHO OTKJIOHATH B PA3HBIE CTOPOHBI.
Jicoiicmux — ycTpoWCTBO BBOAA MH(pOpPMa-

LMW, BBIIOJIHEHHOE B BUJE PYKOATKH YNPABIEHUA,
no ¢opMe HaNmoOMHHAIOIIEH MepeKIoyarenb CKOpo-
cTeil aBTOMOOMJIS WM IUTYpBaJl camosera (CM. puc.
1.20). B OCHOBHOM MKOWCTHK HCHOJb3YETCA IS
KOMITBIOTEPHBIX HWIP, HO HMHOIJA €ro NPUMEHSIOT
KOMITBIOTEPHBIE Xy0KHUKH

Cencopnas nauenb — TOBEPXHOCTb, KOTOpas
MO)KET pacno3HaBaThb MPUKOCHOBEHWA K Hel. Yaine
BCEr0 CEHCOPHBIE NMAHEIN HCIOJB3YIOTCA Ha MOpTa-
THUBHBIX KOMIIbIOTEpax. CEeHCOpHBIE 3KpaHbl yCTOM-

YUBBI K MCXAaHUYCCKHUM BOSI[GfICTBHfIM, arpccCuB-
HBIM CpCAaM M OJHOBPCMCHHO 3alllUINAIOT MOHHTOPD
OT LapalvH, ImomaaaHuAa )KHI[KOCTeﬁ, Ipsa3y, ObLJIK |

KHUpa.
Puc. 1.21. CencopHas nanennb

Ha HOYT6y1<e B HACTOAIICC BPCMA HA PBIHKC MNPCACTABIICHBI

TPHU TEXHOJIOTUU CEHCOPHBIX JIUCILICEB.

1) Pesaucmusgnas. Ilpu kacaHWM SKpaHa MPOUCXOAUT MEXAHWUECKOE 3aMBbIKAHHE
npoBoadiMX cjioeB. KoopArHaThl TOUKK KaCaHUA BBIUMCISIOTCS MO U3MEHEHUIO CO-
MPOTUBJIEHUSA, UBMEPEHHOTO OTHOCUTENIBHO YIJIOB SKpaHa.

20



2) Emxocmuas. Tlpn kacaHum 3KpaHa 3a CUET €MKOCTH PYKH MPOUCXOAUT M3-
MEHEHHE €MKOCTHBIX TOKOB. KOOpAMHATHI TOUKM KAaCaHWA BBIYUCIISIOTCA 0 W3MEHE-
HUIO TOKOB, H3MEPEHHBIX OTHOCUTEIHHO YIJIOB dKpaHa.

3) Ungpppaxpacuas. [lpn kacaHumM SKpaHa TMPOUCXOIUT ONTHUECKOE TPEPHIBA-
HUE TOPU30HTAIBHOTO W BEPTHKAIBHOTO HEBHAUMBIX MH(pPAKPACHBIX Jyuelt. Pemet-
Ka Jiyded opMupyeTcs AByMs JMHEHKaMW MWHHUATIOPHBIX WH(PAKPACHBIX CBETO-
anonoB. HampoTwe kakmod WX STHX JTUMHEEK HAXOMWUTCA JUHEHKa (DOTOACTEKTOPOB.
Jlo HemaBHUX TIOp WH(PAKpacCHAs TEXHOJOTHS OblJIa MaJI0 PacIPOCTPaHEHA U3-32 BHI-
cokoit cebecrouMmocT. OJTHAKO PA3BUTHE MUKPOIIEKTPOHUKHU MPUBEJIO K CHUKEHUIO
IIE€H, YTO TIO3BOJIAJIO MCTIOIB30BaTh 3Ty TEXHOJIOTHIO B CEHCOPHBIX POS-TepMuHanax.

I paghuueckuii nnanwem (W oueumaii-
3ep, ouodocumaiizep, ot anml. digitizer) —
3TO YCTPOUCTBO TS BBOJA PUCYHKOB OT PyKH
HEMOCPENCTBEHHO B KOMIIbIOTEpP. COCTOUT M3
nepa M MIOCKOTO TUIAHINETA, YyYBCTBUTEIHHO-
ro K HaKaTUIO WK OMU30CTH Tepa (CM. pHC.

1.22). Tak:xe MOXET mpUJIaraTbCs CHelHnalb-
N — Puc. 1.22. I'padpudeckuii muaHIier

B coBpemeHHBIX TUTaHIIIETaX OCHOBHOM pabodelt 4acThiO ABJISETCSA CETh U3 MPO-
BOJOB (MJIM TICUATHBIX MPOBOJHUKOB). JTa CETKa UMEET AOCTATOYHO OOJBIION Iiar
(3—6 MM), HO MEXaHW3M PETHUCTPAIAN TIOJIOXKEHHUS Tepa MO3BOJISET MOMYYUTH IIar
CUMTHIBAHWA WH(POPMAITTH HAMHOTO MEHbIIE mara ceTku (1o 100 muHmit Ha MM).

[To mpunIMITy pabOTHl W TEXHOJIOTHHA €CTh Pa3HbIC THUMHI TUIAHINETOB. B sex-
mpocmamudeckux TUTAHIIIETaX PETUCTPUPYETCS JIOKATBbHOEC M3MEHEHWE JJICKTpHUIE-
CKOTO TIOTCHIIMAJIa CETKH MO TepoM. B anexmpomacHummeix mepo W3IIydaeT K-
TPOMArHWTHBIC BOJIHBI, a CETKA CIYXHUT TMpUEeMHUKOM. B 000oWx ciydasx Ha mepo
JOHKHO OBITHh MoAaHo nutanue. Gupma Wacom (aHrin.) co3aana TEXHOJIOTHIO HA OC-
HOBE JIEKTPOMArHUTHOTO PE30HAHCA, KOTOpas He TpeOyeT MUTaHUs A Tepa.

Cranep (aHII. scanner) — yCTPOUCTBO, KOTOPOE, aHATM3UPYS KaKOW-TH00 00b-
eKT (0OBIYHO U300paKEHUE, TEKCT), CO3MacT MU(PPOBYIO KOTHIO U300paKeHUs 00bEK-
Ta. [Tporiecc nomydeHus 3Toi KOMUU Ha3bIBAaeTCs ckanuposanuem. CKaHEephl ObIBAIOT
Pa3JIMUHbIX KOHCTPYKIMNA: PYUHOMN, MJIAHIIETHBIN, OapaOaHHbIN, MPOESKIIMOHHBIH.

PaccMoTpum mipuHITMTT S CTBYS TUTAHIIETHRIX CKAaHEPOB Kak Hanmbosee pacmipo-
cTpaHeHHBIX Mogened (cM. puc. 1.23). Cxkanupyembiii 0OBEKT KJIAAETCS Ha CTEKIIO
TUIaHIIIeTa CKAaHWPYEMOM TMOBEPXHOCTHIO BHW3. [lom cTekyioM pacnosjaraercs moj-
BIDKHAA JIAMTIA, ABMKCHUE KOTOPOU PETYIMPYETCS IIarOBBIM JIBUTATEIIEM.

CBert, oTpaxkeHHBIH OT 00BEKTa, YePE3 CHCTEMY 3epKaJl TIOMANaeT Ha TyBCTBH-
teapHyto Marpuity (anmn. CCD — Couple-Charged Device), nanee —aa ALIll u nepe-
JAETCSA B KOMIIBIOTEP. 3a KaKBIA IIar JABUTATENIs CKAHMPYETCS TMOJIOCKa OOBEKTa.
Bce monocku motoM 00beIMHAIOTCA MPOrPaMMHBIM 00ecIiedeHreM B olI1iee n3oopa-
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xenue. M3zo0paxkenne Bcerna ckanupyerces B ¢popmar RAW, a 3aTtem KOHBEpTHPYETCS
B OOBIUHBIN Tpadudeckmii opmar ¢ MPUMEHEHWEM TEKYIUX HACTPOEK SPKOCTH,
KOHTPACTHOCTH W T. 1. DTa KOHBEPTALMs OCYIIECTBIISIETCS JIMOO B CaMOM CKaHEPE,
MO0 B KOMIBIOTEPE — B 3aBUCUMOCTH OT MOJENIM KOHKpPETHOro ckanepa. Ha mapa-
METpbl U KauecTBO RAW-JaHHBIX BIMSIOT TaKWE alllapaTHbIE HACTPONKH CKaHEpa,
KaK BpeMs SKCIO3UIIMKA MATPUIIbl, YPOBHU KAIMOPOBKH OEJIOr0 M UEPHOTO, U T. 1. Bee
OBITOBBIE CKAHEPbI COJAEPKAT COOCTBEHHBIE MHUKPOMPOILIECCOPHI, MHOTAA 3TO COBME-
mieHHeie ¢ ALIT Mukponporeccopsl, a HHOTA 3TO MUKPOIPOLIECCOPHI OOIIEr0 BUA.

CranupyemMbin 00bexT

Crexno . .
[ a |
NoABWKHAA NaMna_ ~
HEN 0 OB WAHD & 4 A
FEPHAND f
- J -
w U r o
epKano,
YYBCTBMTENbHAA nepesBral e eca
MaTpuya CCD EMECTE C NaHnoRi

Puc. 1.23. IIpunuun neicTeus ckanepa

Hugposas ¢omokxamepa ormvdaeTcs OT 00BIYHOTO (oTOanmapara TeM, YTO
n3o0pakeHne He UKCHpyeTcd Ha (HOTOIIICHKE XUMHUYCCKAM TyTEM, a BOCIIPHHUMA-
ercs Mmarpureit [13C («mpubop ¢ 3apsam0BOit CBA3BION), MOCIE YETO 3alUCHIBACTCS B
MUKpocxeMbl mamsaTu ¢porokamepsl. Marpuna [13C coctouT 3 G0IBITIOT0 KOJTHIECT-
Ba sueek. [lamaromuii Ha otaenbHbIN gatuuk [13C cBeT co3maeT Ha HEM 3JICKTpHUYE-
CKHH 3apsijl, BETUYNHA KOTOPOTO OMPESISICTCS HHTCHCUBHOCTBIO TIAJAIOIIETO CBETA.
HN3obpaxkenne AemmTCa HA MHOKECTBO SUEEK, M KaJas sueiika peanbHOro m3obdpa-
xKeHUs1 cooTBeTCTBYET stueiike [13C. Sueliku pearupyroT TOJBKO HA SIPKOCTb, K I[BETY
OHM Oe3pa3TuuHbI, MOTOMY IS TOJTYUYEHHUS MBETHOTO M300paKEHUS Tepe MaTpH-
el cTaBAT nBeTHbIC GuiubTphl. Kakaplii U3 MAKCEIOB PETUCTPUPYET CBET OO B
KPaCHOM, TU0O0 B 3€JICHOM, TMOO B CUHEH YaCTHU ONTUYECKOTO CIEKTPA.

OCHOBHOUW XapaKTEPUCTHKON IHUHPOBOIHA
(hoTokaMephl SIBIIIETCS KOJMMUYECTBO MHUKCEIIOB
matpuisl [13C. Kak nmpasuiio, daiiasr nzodpa-
KCHHSI XPaHITCS B CXAaroM Buiae B (popmare
JPEG. Cxarue ymeHpmiaeT pasmep (aitma B
HECKOJIBKO JIECATKOB pa3 (CM. manee). 3arem
n300pakeHue oOpadaTeiBaeTCsA B MPOIECCOpE,

N Ha OCHOBC 2THX TPCX HOBCTOB BOCCTAHABJIN-

Puc. 1.24. TunuuHas uudposas BAacTCA BCA KapTHHA.
Kamepa
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Beb6-kamepa (Taxxke sedOxamepa) — tumdposas
BHICO WM (oTokamepa, crocoOHAas B pPeaTbHOM
BpeMeHH (DPUKCHPOBATh HM300paXeHUS, TMpeAHA3HA-
YEHHBIE JJIA JAJIbHEHUIIEH NEPENaYm MO CETU UHTEP-
HeT (cM. puc. 1.25).

Beb6-kamepa coaepKUT OOBEKTHB, ONTHYECKHI
¢usTp, 113C mou KMOII marpuiy, cxemy 1udpo-
BOW 00palOTKM H300paKECHUS, CXEMY KOMIPECCUU
M300pAXKEHUS U OMIUOHAJILHO BEO-CepBEp IS MO-
KJIFOUCHUS K ceTh. Beb-kaMepbl, JOCTABIAIONINE
M300paXKEHUS 4epe3 MHTEPHET, 3aKaUMBAIOT M300paKeHUs Ha BeO-cepBep JIMOO MO
3anpocy, Jud0 HEMPEPHIBHO, MO0 YEpe3 PETYNISAPHbIC MPOMEKYTKH BPEMEHU. ITO
JOCTUTAETCS MyTEM MOJKIIFOUCHHS KaMephl K KOMIBIOTEPY WK Ojarofaps BO3MOXK-
HOCTAM caMoil kamepsl. HekoTopsie cOBpeMEeHHbIE MOACH 001aJal0T annapaTHbiM U
MPOTPAMMHBIM O0ECIEUEHUEM, KOTOPOE MO3BOJSAET KaMepe CaMOCTOSTENbHO pado-
Tath B kadecTBe BeO-ceprepa, FTP-cepsepa, FTP-kimenta n (wm) oTchuiaTh M30-
OpaxeHUs AIIEKTPOHHOM TouTol. Beb-kaMephl, mpenHasHadyeHHbIC I BUICOKOH(DE-
PEHIIMI, — 3TO, KaK MPaBUJIO, MPOCTbIC MOJEIHN KaMep, MOAKIIOYAEMbIE K KOMIIbIO-
TE€pPy, Ha KOTOPOM 3amylieHa nporpamma tumna Instant Messenger. Monenn kamep,
UCIIOIb3YEMBIE B OXPAHHBIX LIEJISIX, MOTYT CHAOXKAThCS JIOMOJHUTEIBHBIMU YCTPOH-
cTBaMU W (PYHKITUAMHU (TaKUMHU KaK JETEKTOPHI JBIKCHUA, TOAKIIOUCHUE BHEITHUX
JATIYAKOB U T. T0.).

Puc. 1.25. Beb-xamepa st
MePCOHAIBHOTO KOMITBIOTEpPA

1.6.2. Yempoiicmea evieéooa cpaghuueckon unhopmayuu
Jlist BeiBOMa rpadudeckoii HHGOPMAITUH HUCIOJIB3YIOTCS CIICAYIOIINAE yCTPONCT-
Ba:
o MoHHTOPH (DJIT, )KUAKOKPUCTATUITHUECKHE, TNTA3MEHHBIC U T.1.);
® TPUHTEPHI (MATPUUHBIE, JTA3EPHBIE, CTPYHHBIE, CyOITMMAIMOHHBIC);
¢ TpadonOCTPOUTEITH WITH TIOTTEP,
¢ 1MPOBOH MTPOEKTOP;
® HSKpaHBI HA OCHOBE «3JICKTPOHHBIX) YEPHHUIL.
Monumop (Oucnneii) SIBISETCS YHHBEPCATLHBIM YCTPONCTBOM BBIBOAA WH(OP-
marn. Knaccudukarms MOHUTOPOB:
e DOJIT — na ocHOBE >IEKTPOHHO-TYUEBOH TPyOKW (aHTi. cathode ray tube,
CRT);
o KK — xmakokpuctauimueckue MOHWUTOPHI (aHri. liquid crystal display,
LCD);
® TUIa3MEHHBIM — HA OCHOBE TIA3MEHHOHN TaHENH,
® TPOCKIMOHHBIH — BHICOMPOSKTOP M SKPaH, PA3MEIICHHBIE OTIASIHHO WIIH
00beTMHEHHBIE B OTHOM KOpITyCce (KakK BapHaHT — Yepe3 3ePKaJ0 WU CHC-
TEMY 3€pKa),
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OLED-monutop — Ha TexHojorun OLED (anrn. organic light-emitting
diode — opraHWYECKHI CBETON3ITY YA TAON);

BUPTYaJbHBIA PETUHAJIIBHBIA MOHUTOP — TEXHOJIOTIUA YCTPOWCTB BBIBOJA,
dhopmupytomas n3o0pakeHne HEMOCPEACTBEHHO HA CETUYATKE TIa3a.

OcCHOBHBIE MMapaMeTPbl MOHUTOPOB:

BH/JI PKpaHa — KBAJAPATHBINA WU MHAPOKO(POPMATHBIH (TIPSIMOYTOTEHEIH ),
pasMep SKpaHa — ONPEaENIeTCs JUIMHON AMaroHaNH,

pasperieHne — YUCII0 MUKCENEH MO BEPTUKAIN Y TOPU3OHTAJH,

r1yOuHA 1[BETa — YHUCIIO 0TOOPAKAEMBIX IBETOB (OT MOHOXPOMHOTO 10 32-
OWUTHOTO);

pa3mep 3epHa WA TTUKCES,

4acToTa OOHOBJICHHS SKPaHa,;

CKOPOCTb OTKJIMKA MUKCENeH (He A1 BCEX TUTIOB MOHHUTOPOB).

Onexmponno-nyyesas mpyoka. ICTOUHHK TIydKa 3JE€KTPOHOB — KaToj (CM. pHC.
1.26). Tlyuok mpoxoaut uepe3 (hOKYCHPYIOIIYI0 CHCTEMY, KOTOpas CKAMAaeT €ro B
TOHKWHN Jiyd. Jlyd mpoxoauT depe3 OTKIOHSIONIYI0 CUCTEMY, KOTOpas U3MEHSIET €ro
Hanpasyieane. [lotom nyu momagaeT Ha SKpaH, MOKPHITHIA CBETAIIUMCS BEIICCTBOM
(momuHOpOpOoM). B mBetHBIX OJIT MCHONB3yIOTCA TpH TMydyka 3JEKTPOHOB, a dKPaH
MOKPBHIT MO3AaWKOW M3 TPeX pa3HbIX JIOMHHOGDOPOB. M300pakenne pucyercs mocie-
JOBaTeILHO, TOUKA 3a Toukoi. Ho 1ia3 He 3amMeuaeT 3Toro, €ciu Kaap ycreBaeT HapH-
coBarbest 3a Bpemsa T < 1/24 c¢. Cospemennsie mouuTopsl [IDBM umetor gactoty
passeptku 1/70 — 1/100 ¢, ato Gomee xomdopTHO Mmis rMaza. CMeHa KapTHHKHU IS
UCKITIOUCHU S MEPIIAaHUS TTPOU3BOIUTCA BO BPpeMs 00paTHOTO X0/ JIyda.

AHog NiomuHodop

o ®
30 - 40 kB

CTknoHAKLWEA

KaTyLUKa \

K

DorycupyHIWaa
KaTyLUka
Myqok
INEKTPOHOE

Puc. 1.26. YCcTpOHCTBO 3J1€KTPOHHO-JIy4€BOH TPy OKH

HoctouncTBa DJIT: BbICOKOE KAaUE€CTBO LBETONMEPEIAUH, BO3MOXKHOCTh YMpaB-
JATh Pa3MEPOM IUKCENA.
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Henocrarku OJIT: 35eKTpOMarHUTHOE M3yUYEHUE, HOHU3UPYIOIICE U3TyUEHUE,
MEpLIAHKE, BBICOKOE HAMPAXKECHUE, SIIOBUTHIC BEIIECTBA.

JKuokoxpucmannudeckuii sxpan. Pabota /K 5KpaHOB OCHOBaHA HA TaKOM CBOM-
CTBE CBeTa, Kak mojspusaiusa. OObIUHBIA CBET SBISETCA HEMOJISPU30BAHHBIM, T.C.
AMIUTUTYZIBl €10 BOJIH JIEJKaT BO MHOXKECTBE TIOCKOCTEH. OTHAKO CYIECTBYIOT BEIle-
CTBa, CIOCOOHBIE MPOIYCKaTh CBET TOJILKO B OJHON MJIOCKOCTH (mosigpu3aropsl). Ec-
JM B3ATh JBa MOJSAPHU3aTOPA, IMIIOCKOCTH MOJISIPA3ALMU KOTOPBIX PACMOIOKEHBI MO
yriom 90° apyr K Apyry, CBET Uepe3 HUX MPOUTH HEe CMOXKeT. Eclu e pacroNoKuTh
MEKy HUMHU YTO-TO, YTO CMOKET MOBEPHYTh BEKTOP MOJIAPU3AIMY CBETA HA HYKHbIH
YTOJ1, MBI MOJYYHM BO3MOXHOCTb YIIPABJIATh APKOCTHIO CBEUEHUS,

—®

Ynpasnsioljee
/ / HanpskeHue

N\

AN KK

Namna
R 1IlI1

/

BepTukanbHbIi FopusoHTanbHbIA
nonsipusaTop nonsipusaTop

Puc. 1.27. Aueiika KK-matpuiisl

B ympomenrom BHae Marpuiia /K JUCIUIES] COCTOWUT W3 CIICAYIOMIMX YacTei
(cm. puc. 1.27):

® PpTyTHas JIaMIia TMOACBETKH,

® CHCTEMa OTPAKATENICH W TOJMMEPHBIX CBETOBOJOB, O0CCIICUMBAOIIAS PaB-

HOMEPHYIO TTOICBETKY

¢ (WIBTP-TIONAPU3ATOP;

® CTEKJISTHHAA TJIACTUHA-TIOUIOKKA C KOHTAKTaMMU,

® KWJIKWE KPUCTAJLIHI,

e clIe O/MH MOJNAPHU3ATOP;

® CHOBA CTCKJITHHAS TIO/UTOXKA C KOHTAKTaMHU;

® B IIBETHBIX MaTpHIlaX J0OABIIAETCA €IIE U IIBETHON (QUITBTP.

B mmpokoM cMBICIIe MaTpPHUITEl JEIATCSA HA «TTACCUBHBIC» W «aKTUBHBIEY. B nac-
CUBHBIX MAMpUYyax YNpaBJICHUE MPOWU3BOAWTCS TOMUKCEIBHO, T.€. T0 TOPSAKY OT
AYCHKHU K suelike B cTpoke. Mcnonb3yroTea Ajisi HeOONbIINX Pa3MEPOB JUArOHANICH U
HEBBICOKOH TJIOTHOCTH OTOOpakeHus. AxkmugHnwvie mampuyei (Texaogorus TFT — Thin
Film Transistor TorkomaeHouHbIH Tpau3uctop). biaaromnaps TFT mosiBunack Bo3mMox-
HOCTb YIIPABJISITh KAKIBIM TTUKCEJIOM OTACIBHO. TPaH3UCTOPBI N30JIMPOBAHBI APYT OT
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Jpyra v TOJBE/ICHBI K KaXI0oW Aauelike marpuilbl. Yeunutens TFT mns kaxmoro cy0-
MUKCENA MPUMEHSETCS JUIsl TIOBBIIIEHUS OBICTPOJAEHCTBHS, KOHTPACTHOCTH U UYETKO-
CTH U300PAXKEHUA TUCILIES.

Takue KK-MoHUTOPBI JUIIEHBI OCHOBHBIX HenoctarkoB OJIT: mepranus uzo-
OpakeHus, TIOXOH YETKOCTH KapTHHKH W3-3a HEAOCTAaTOUHOH (DOKYCHPOBKHM JIydua W
HECBEJEHNUA, HET U CAMOT0 BPEHOTO — CTaTHYECKOTO MOTEHIMAla YKPaHa.

Henocrarku: HHM3KO€ KAaueCTBO B BHUIACOPEIKUMAX, TPEOYIOIIMX WHOTO KOJIU-
YeCTBA MUKCEJIOB, HU3Kas SPKOCTh M300PAXKEHUA, MaJiasi CKOPOCTh OOHOBJIEHUA W30-
Opa’KE€HU; Y3KHUI yrofl, o/l KOTOPbIM BUAHO W300paKEHKE.

Inazvennas nanens (2azopaspsioHvlii 9KpaH) UCTIONB3YET B CBOCH paboTe sBIie-
HUSA SIEKTPUUECKOTO pa3psAaa B raze U BO30YKIaeMOTo UM CBeUeHHUsA JIoMruHopopa. B
KaueCTBE Ta30BOM cpeibl 0OBIYHO UCTIONB3YETCSl HEOH WM KCEHOH. DKpPaH COCTOUT U3
OOBIIOTO KOJUYECTBA MAJIEHBKUX JIAMITIOYEK «JTHEBHOTO CBETAY.

JlocTromHCcTBA: Kak y JK/K dKkpaHoB. HemocTaTku: BO3MOXKHOCTH TPUMCHCHHUS
TOJIEKO Ha OOJIBIUX TUIOCKOCTSAX (B «IUTA3MEHHBIX TMAHENAX) ), HEBBICOKHUN PECypC,
T.K. JJIEKTPOABI HA JIAMITIOYKAX CO BPEMEHEM «BBITOPAOT.

Ilpunmep (auria. printer — TEUAaTHUK) — YCTPOWUCTBO TieUaTu IUMPOBON WH-
(dopmarm Ha TBEPABIH HOCUTENb, 00BIYHO HA Oymary. [Iporecc meuarn Ha3bpIBaCTCA
BBIBOJI HA T€YaTh, a MOJYYMBIIUKCS TOKYMEHT — PACleUarka Wiu TBEpAAs KOIHS.
[TpunTepbl OBIBAIOT cmpyiiHble, JA3epHblie, MAMpudHble U CYOIUMayuoHHvie, a Mo
I[BETY TICUaTH — uYepHo-Oenvie (MOHOXPOMHBIC) U ygemuwle. VIHOTHA W3 JTa3epHBIX
MPUHTEPOB BBIJCIAIOT B OTJAEABHBINA BUJT «CEEMOOUOOHBIE» TTPUHTEPHI.

Mampuunvie npunmepvr — 3TO TPUHTEPHI yaapHoro aehcTBus. M3o0paxkeHue
dbopmMupyeTcs medararoiei rojgoBKOM, KOTopas COCTOMT W3 Habopa MTOJIOK (MTOJb-
yaras Marpuiia), MPUBOANMBIX B JACHCTBUE JIEKTpOMAarHuTaMu. [ 0J0BKa mepeBHTa-
€TCs MOCTPOYHO BJIOJIb JINCTA, IPH 3TOM MIOJIKH YAApsIOT Mo Oymare 4epes3 Kpacs-
HIyI0 JIeHTY, opMupys ToueuHoe n3odpakeHrne. OCHOBHOE PAacpOCTPAHEHHUE TMONTY-
yunu 9- u 24-uronsuareie npuaTEpHl. [IpuHTEps! ¢ 24 ronkamu HaseBatoT L (aHTII.
Letter Quality — ka4eCTBO MUIITYIICH MAWHKH). Pa3HOBUIHOCTHIO MAaTPUUHBIX SB-
JIAKOTCS MepMOnpUHmepsl, KOTOPBIE HE UCIIOIB3YIOT KpacAllei JJIeHTsl. BMecTo 3TOro
MPUMEHSAETCA CelUalibHas TEMJIOUyBCTBUTENbHAA OyMara, KOTopasi TEMHEET B MecC-
TaX NPUKOCHOBEHUS HArPETHIX UIJI.

MarpuuHble MPUHTEPBI, HECMOTPS HA TO YTO MHOTHE CUHMTAIOT UX YCTAPEBLIU-
MH, BCE €IIE AKTUBHO HCIMOJIB3YIOTCS B T€X Cyyasdx, KOraa HEOOXOAUMO TONYyUUTh
BTOPOM 3K3EMIUIAP TOKYMEHTA Yepe3 KONUpKy. MarpuuHbie MPUHTEPHI TPUMEHSIOTCA
TaKKe B OaHKax, TaK KaK OHU OOECMEUMBAIOT 3aIUTY HOKYMEHTOB OT MOJJENIOK, OC-
TaBJISIl HA HUX HE TOJIbKO M300PAXKEHUS, HO U UX OTnedarku. PacxonHbie MaTepuaibl
JUISl MATPUYHBIX NPUHTEPOB CaMbI€ JICIICBBIE.

Henocrarkm MarpuyHbeIX TPUHTEPOB COCTOAT B TOM, UTO OHH NEYATAIOT MEIJICH-
HO, MMPOU3BOAAT MHOTO IIIyMa ¥ Ka4€CTBO ME€YaTH HEBBICOKO.
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Cmpyiinvie npunmepsl UCTIONB3YIOT YEPHWIBHBIC TIEUATAIONIAE TOJIOBKH, KOTO-
pBI€ IO/ aBJICHUEM BBHIOPACHIBAIOT HA OyMary w3 psja MeTbUualIliuX OTBEPCTHH Ka-
MEbKA YEPHWIT PasnIHbIX 1BeTOB (cM. puc. 1.28). Ilepememniascek Bmomb Oymarw,
neyaTaroIias rojJoBKa OCTaBIAET CTPOKY CHMBOJIOB M H300PaKEHU.

| C | I=zrub | : |
HaLEEuepaHu memBpaHel

Puc. 1.28. IIpuHuunb! 1elCTBUS CTPYHHBIX IPUHTEPOB

K nocromHcTBaM CTPYyHHBIX MPUHTEPOB CJIEAYET OTHECTH BO3MOXKHOCTH CO3/1a-
HUA BBICOKOKAYECTBEHHOTO IBETHOTO M300pakeHusa. K HemocTaTrkaM: crienuaabHbIC
TpeOOBaHUS K YEPHUIIAM U OyMmare, CJIOKHOCTh B OOCTYKUBAHUHU.

Jlazepnvie npunmepwi (cM. puc. 1.29) paborator crieayrommm obpazom. CHavana
Mo moBepxHOCTH (hoToOapabaHa PaBHOMEPHO PaCHpPENeseTCs CTaTUUSCKHUMA 3apsif,
MOCJIE TOTO JIA3EPHBIM JIyUOM (JIMOO W3yYeHHWEM OT CBETOAMOTHON JIMHECHWKH) Ha
cdborobapabane cHUMaETCA 3apsia, — TEM CaMbIM Ha IMMOBEPXHOCTHh OapabaHa mmoMmera-
eTcsa ckpuiToe m3obpaxenue. lanee Ha dorobapabaH HAaHOCHTCS TOHEP. ToHEp IpH-
TATHBACTCSA K Pa3psHKCHHBIM yUacTKaM ITOBepxHOCTH (poroOapadana, coXpaHHBIICH
cKkphIToe m300pakenue. [locae storo ¢orobapaban mpokareiBaeTcs Mo dymare, U TO-
HEP MepeHOCUTCA Ha OyMmary BajoM mepeHoca. [locie storo Gymara mpoxomuT depes
OJIOK TepMoO3akpeIieHus i (pukcanmu ToHepa, a GorobapadaH ouuImaeTcs oT Oc-
TaTKOB TOHEPA W PA3PDKAETCA B y3JI€ OUUCTKH.

Mouzma

Ban
NpenEapHTENE:
HOMD ZapAna Q,

Puc. 1.29 Ilpunimn aefcTBUS Ja3epHOro NpuUHTEPa

JlocTOMHCTBA JIA3€pHBIX MPUHTEPOB: BHICOKASA Pa3peliaroias criocoOHOCTh, BbI-
COKasi CKOpOCTh Ieuaru. HegocTaTku: BBICOKAsS CTOMMOCTD PACXOMHBIX MAaTEPHAsIOB,
HECTOMKOCTh H300paXeHUS (MOKHO «CTEPETH» B MUKPOBOJTHOBOM TICUH).

Cyonumayuonnvie npunmepvl padOTAIOT HAa OCHOBE MPUHIMIA «CyOIUMALIN)
— OBICTPOTO HarpeBa KpacuTels, Koraa MUHyeTcs xuakas ¢asa u cpazy odpasyercs
nap. Uem mensbIie mopimus, Tem Oombine dororpaduueckas mupoTa (TAHAMAYSCKUIT
auana3oH) 1eronepenaud. [IMTMEHT KakKIOTO W3 OCHOBHBIX IIBETOB, 4 MX MOXKET
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ObITh TPU WIIM YETHIPE, HAXOAWTCS HAa OTAENbHOMN (MM Ha OOIIeH MHOTOCIOWHOM)
TOHKOW JTaBCAaHOBOM JIeHTE. |leyars OKOHYATENBHOTO HBETA MPOUCXOAUT B HECKOJIBKO
MTPOXOJIOB: KAKAAs JICHTA MOCJIEN0BATENBHO MPOTATHBAECTCA MO IUIOTHO NPHWKATon
TEPMOTOJIOBKOH, COCTOAIIECH M3 MHOMKECTBA TEPMOZJIEMEHTOB. JTU NOCJEIHUE, Ha-
I'PEBAsICh, BOTOHAIOT KpacuTelnb. Toukh, Onarogaps MajioMy PacCTOSHUIO MEKIY To-
JIOBKOW W HOCUTENEM, CTAOUIbHO MO3ULUHUOHUPYIOTCA W MOIYYArOTCS BECbMA MAaJlOTo
pasmepa.

K cepbesnbiM npoOnmemaM cyOnMMAalMOHHOW TMe4aTh MO)KHO OTHECTH Ppas3py-
1A€MOCTh TPUMEHAEMbIX YEPHUII MO BO3AeHCTBAEM yhbTpaduonera. Takxe HEBbI-
COKa CKOPOCTB IIE€YarH.

I paghonocmpoumensy (0T Tped. YpAP® — THIINY, PUCYIO), OH XKE niommep —
YCTPOMCTBO U1 aBTOMAarHy€CKOTr0 BEIYEPUUBAHUS C OOJIBIION TOYHOCTHIO PHCYHKOB,
CXEM, CIIO)KHBIX 4YepTexel, KapT u Apyrou rpadm-
yeckoit mHdopmanmu Ha Oymare pasmepom m0 A0 wam
kajibke (M. puc. 1.30).

Tumb rpadomocTponteneii:

® DYJIOHHBIE U TUIAHILETHBIE,

® [IEPbEBBIE, CTPYHUHBIE U 3JIEKTPOCTATUUECKUE;

® BEKTOPHBIE U PACTPOBBIE.

Hasnauenne rpadomnocrpouteneii — BHICOKOKaU€CTBEH-

Puc. 1.30. ITnorrep HOE JIOKYMEHTHPOBAHWUE UYEPTEKHO-TpAdUICCKON HH-
dbopmaruu.

['padonocTpouTeny MOKHO KiTacCuPUUIMPOBATh CAEAYIOUMM 00pa3oM:

e 10 criocoly (OpMUPOBAHUS YEPTEkKAa — C MPOU3BOJIHLHBIM CKAHUPOBAHUEM W

pPacTpOBEIE;

® 110 croco0y MEePEeMEIICHUSI HOCUTENS — IUIAHIIETHbIE, Oapa0aHHbIE U CMe-

maHHbIe (PpUKIMOHHEIE, ¢ a0Pa3UBHON TOJIOBKOH);

® 110 WCTIOIB3YEMOMY WHCTPYMEHTY (THITy UEPTEKHOW TOJOBKH) — TIEPHEBHIC,

(hOTOIIOCTPOHTEIH, CO CKPAOMPYIOIICH roJIOBKOM, ¢ (DPE3EPHOM TOJIOBKOM.

Taxkxe TIoTTEpaMu HA3BIBAIOT MHUPOKO(OPMATHEIE MPHUHTEPHI. ITO HE COBCEM
KOPPEKTHO, OAHAKO Je-(haKTO yKe SBIISICTCS CTaHAAPTOM.

DKpaHbl Ha OCHOBE 271eKMponHbiX Yepru (aHTI. E-Inc) mMpUMEHSIOTCS B yCTPOH-
CTBaX YTCHHS SICKTPOHHBIX KHHT (cM. puc. 1.31). [lpuniun melicTBUs OCHOBAH Ha
W3MEHEHUH TPOCTPAHCTBEHHON OPUEHTAIIMM KPOXOTHBIX MPO3PAYHBIX KarCyJsl, OaHa
13 MOJIOBUHOK KOTOPBIX 3aMOJTHEHA CBETIILIM KPACUTENIEM, a IPYTasi — TEMHBIM.

Tunuunsie pasmepsl skpaHa 800x600 mUKCeNnoB. DHEPrus TPATUTCS TOJBKO B
MOMEHT M3MCHCHHS OPUEHTALMH KarcCyJl, MO3TOMY YCTPONCTBA HA OCHOBE 3JIEK-
TPOHHBIX YEPHWJI OUEHb SKOHOMHBI. [ JTaBHBIM JTOCTOMHCTBOM TaKUX 3KPAHOB SBJISETCA
WX SIPKOCTh, B TOYHOCTH COOTBETCTBYIOIIAS SIPKOCTU OTPAKEHHOTO CBETA, TO €CTh C
TOUKH 3PEHUS ONTUUYECKUX CBOWCTB OHU MOJIHOCTHIO COOTBETCTBYIOT OyMare.
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a) MPUHIIMI JeHCTBUS

0) THIMUYHAS «3JEKTPOHHAS KHUTA»

Puc. 1.31. YcrpoiicTBa Ha OCHOBE 3JI€KTPOHHBIX YE€PHUI

Mynemumeoutinviti  npoexmop (Takke MCHOJb-
3yEeTCSl TEPMUH «YUPPOBOT NPOEKMop») — ¢ TIOSBICHU- =
€M W Pa3BUTHEM ITU(PPOBBIX TEXHOJIOTHIA 3TO HAUMEHO-
BaHME MOJIYYUJIU JIBA, BOOOIIE rOBOPS, Pa3IUUHBIX KJjlac-
Ca YCTPOMCTB, PA3JIMYAOIIMXCA NPUHLMIIOM ACHCTBUA U
Ha3HAUYCHUEM:

Puc. 1.32. IIpoektop

® Ha BXOJ YCTPOWMCTBA IMOAACTCS BHUICOCHUTHAI B PEAJIbHOM BPEMEHH (QHAJIOTO-
BbIH WiH U(POBOI), W YCTPOWCTBO MPOCIMPYET M300paKEHHUE HA SKpaH (CM.
puc. 1.32);

® YCTPOWCTBO MOJYyYaeT HAa OTJACIHHOM WJIM BCTPOCHHOM B YCTPOWCTBO HOCHUTEJIE
WM U3 JIOKAJIRHOM ceTH (paiit uiti COBOKYTTHOCTH (paiisyioB (cimaiamoy) — mac-
cuB 1udpoBoi nHPOPMAINH, TEKOTUPYET €T0 U MPOSIUPYET BUACON300paKe-
HWE Ha YKPaH, BO3MOXKHO, BOCTIPOU3BO/IS TIPH STOM U 3BYK.

1.7. Bugeonoacucrema 119 BM

Buneonoacucrema II3BM cocTouT 13 ABYX B3aMMOACHCTBYIOIINUX yCTPOHCTB:
® BHICOKOHTPOIIEPA (CHHOHUMOM JTOTO TEPMHHA SIBJISETCS TEPMHUH «BHJICO-
azanTepy, a €CJIM yCTPOMCTBO PEAIM30BAHO HA OTACIIBHOM TJIaTe, TO €IIE «BH-
JICOKapTa» M «BHUACOILIATA» );
® JHCILIeS.

IIpakTHdecku BCe BHJACOKOHTPOJIIEPHI B TMPOIIOM W HACToAIEeM paszpada-
THIBAIOTCS M PEATM3YIOTCA B MPEANOI0KEHUH, UTO YCTPOHCTBOM OTOOpaKeHUA SBJIS-
€TCS  DJICKTPOHHO-Iy4YeBOM MoOHUTOp. [lostomy gma coBmectumoctn ¢ JKK-
MOHHTOPAMH MOCJICIHHE COACPIKAT CreIHaabHbIe HHTEP(EHCHBIC CXEMBI Mpeodpa3o-
BaHMS YIIPABJISAIOIMNAX U HHPOPMAIIMOHHBIX CUTHAJIOB.

HN3o0pakeHre Ha 3ICKTPOHHO-IYUYEBOM SKpaHe (OPMHPYETCS B PE3YJIBTATE T10-
CTPOYHOTO TIEPEMEIICHHS TI0 JTIOMHUHOGMOPY SKpaHa CBETOBOM TOUKH.

TunryHOE KOJMUYECTBO CTPOK B TEJEBU30pPE COCTABIIAET 625, a Ha KOMIBIOTEP-
HbIx auciesx — ot 200 mo 2048. Ilpu nmpopucoBKe OJHOTO Kaapa Ha «MPsIMOK XOa»
nyu4a 3arpaunBaerca 80-95% oOuiero Bpemenu (cMm. puc. 1.33).
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O6paTtHbI Xop4 ny4va

>

Mpsimoi xopa nyya

Puc. 1.33. Ilepemernenue ayyda no 3KpaHy

BuaeokoHTposiep cOCTOUT U3 ClenyronuX (PyHKIIMOHATBHBIX OJOKOB (CM. pHC.
1.34).

BupeokoHTRONNER
N Mpaddeckui
Chys#elHe — ﬁpqujueccnp
BMAE0NaMATE
Cxema ¥ ¥
M z0bpa i i
20 o (1] 20w POl ] o
HEHME Gl B aHMA L N
- .G A Upse iy
BugeoBIOS
¥NpaeneHWe

Puc. 1.34. ®yukumnoHanpHas cxema Buaeonoacucremsl IID9BM

Buoeonavsms. 310 HaOOp sAUeEK MaMATH, PU3NUSCKHU PA3MEITAIONITIXCA Ha TUTa-
T€ BUACOKOHTpoUiepa. OH AeNUTCA HAa TPU YaCTH:

1) ocnosnas BuacOIaMATD,

2) cayxcebHas BALEOAMATS,

3) Buneo-BIOS.

B TexHmyeckux XapakTEpPUCTHUKAX BUIACOKOHTPOJIEpA OOBIYHO YKa3bIBACTCS
CyMMapHbIii 00beM BHUAcOonaMATH, Hanpumep — 640 MO.

B ocnosnoti navsmu dopmupyercs oauH WM HECKOIBKO «00pa3oBy n300paxke-
Hug. B o0mem ciaydae (3T0 3aBHCHT OT BHACOPEKUMA pabOThl KOHTPOJIIEpa) OCHOB-
Has TaMATh JIOTHYECKH Pa3ICIAeTCsA Ha HECKOBKO CTpaHMIl U cinoeB (cM. puc 1.34).
Onna W3 CTpaHWIl MOXET ObITh Ha3HAUCHA AKTHUBHOM (TEKyIeH), Jr000€ N3MECHEHHE
uH(popMaru Ha HEW cpa3y ke oToOpaxkaeTcs Ha ’kpaHe. Hynmesoit cioif Bumeonams-
TH SBIISIETCS 4YacThio aapecHoro mpoctpancta [IDBM B palione aapecos
A0000h+BFFFFh.

Cmyoicebnas namsme HCIONB3YETCS I BHYTPEHHHX OIEpaIuii BHUIACOKOHT-
poJiiepa, HanpuMep, Il XpaHEHUsI BPEMEHHBIX JAHHBIX MPU PacueTe U300pAKEHUM.
Buoeo-BIOS — 3ammineHHBIE OT 3anuch  (parMeHT TaMATH ¢ aApecaMHu
0C0000h+0EFFFFh (cm. Tabm. 1.2), KOTOpbIH COMEPKHUT CTAaHAAPTHBIE TPOICTYPHI
JUISl YIIPABJICHUS! KOHKPETHOW MOJENbIO BUACOKOHTPOIJIEpa. B cTaHaapTHOM pexume
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paboThl TpoIeccopa OHM TPOTPAaMMHO AOCTYIMHBI depe3 mpepsiBanue 10h. Kpome
TOT0, B COBPEMEHHbBIX BHICOKOHTpOJUIEpax 4acTh BUAc0-BIOS conepKuT «CKpbITHII»
KOJI, MMPETHA3HAUYCHHbBIH HE IJIA BhINOJHEHUS TipoiieccopoM [IDBM, a mis BeinosiHe-
HUSA 2paguyeckum npoyeccopom.

CxemMa JEKOOUPOBAHHMS  KOHBEp- ol

TApyeT uHpopMamio 00 N300paKeHUN B ~~" Cnoia 1
YuCa, MPONOPLMOHAIBHBIE YHPABJISIO- I | 1 el

IITUM HATPSKCHUASIM., )
[{udpo-ananoroseiii  mpeoOpazoBa- CrpaHiug O Jfﬁ
tens  (IIAIl) wxomBeprmpyer uuciaa B -]
YOPABIIAIONINE HANMPSKCHUS JUTST  HJIEK-
TPOHHO-JTYY€BOH TPYOKH. CTpaHMuE 1|
I'padmaeckuii mporeccop — crerua- —
JU3APOBAHHOE aPU(PMETHKO-TOTHUECKOE
YCTPOHUCTBO €O CHEMU(PUUCCKONW CHCTE- |
MOM KOMAaHJ, OPMEHTUPOBAHHOW Ha 1ie- |
JIOYUCIICHHBIC apu(METHUECKUE oOTepa-
WX, JCHCTBUA HAJl BEKTOPAMW U MaTpH-
rmamMu. OCHOBHOE Ha3zHaueHHE Tpaduuec-
KOTO  Tpolleccopa —  BBIMOJIHEHUE
PacCUETHBIX OTEpalyii MPH TOCTPOSCHUH Puc. 1.34. Obwast CTPyKTypa OCHOBHO
HM300paXXKEHWH, HO B TIOCTICTHUE TO/BI BHACOHAMATH
3TH MPOIECCOPHI AKTUBHO HUCIIONB3YIOTCS T HApaIWBaHWUs BHIYUCIUTEIIBHON MOIII-
HOCTH CaMOT0 KOMMbIOTEPA.

Uctopuuecku, copmectHo ¢ [I9BM ucnosib30Banock 0OJbIIOE KOJTUUECTBO BU-
JNEOKOHTPOJUIepoB. VcTopuueckre TUMbl KOHTPOJJIEPOB MpuBeaeHbl B Ta0n. 1.2. bo-
Jiee TMO3HUE MOJCIU BUIACOKOHTPOJUIEPOB, KaK MPABUIIO, MOAACPKUBAIOT PEKUMbI
padoThI Bcex Oosiee paHHUX MOJIEIICH.

i)

L

CTRaHWWE ~

Tabnunal2 Hemopuueckue munst 6u0eoKonmpo/Liepos

I'on coznanus Mopean IIpenenbHbie H300pa3uTebHbIE BO3MOKHOCTH

1981 r. MDA 2-1BeTHbIE ajihaBUTHO-LIU(DPOBBIE N300PAKESHIUS

1982 . CGA 4-uBeTtHble rpaduyeckue nzodpakenus 320x200 Toyek

1984 . EGA 16-uBetHbIe rpaduueckue m3odpaxenus 480x350 Touek

1987 . VGA 256-uBeTHbIe rpaduyeckue nzodpakeHus: 360x480 Touek

1991 r. unozxe |MCGA, 24- u 32-OutHble rpaduueckue uzodpakeHus, no 2048
SVGA, TOYEK 10 TOPU3OHTAJIN U BEPTUKAIH
XGA, PGA

1996 u nozxe Mopnens 3D | 24- u 32-OutHble rpaduueckue uzobpakeHus, no 2048
Voodoo u ee | ToYek MO rOPU30HTANIN M BEPTHKAIHN, pacdeT H300pakeHnui
pa3BuTHE 0e3 yuacTusi LeHTPaJIbHOTO MpoLeccopa

31



B HacTtosiiiee BpeMsi UCMIONB3YIOTCS COTHA MOJENEH pa3iuyHbIX MPOU3BOIUTE-
neh. B coBpeMEeHHBIX BUJICOKOHTpOJIIEpax cxema AekoaupoBanus u L[AIl peanuzo-
BaHbl HA €IMHON MUKPOCXEME, KOTOpasi HOCUT HAMMEHOBAHUE guoeonpoyeccopa. Bu-
aeornpolieccop padoraet Ha TakToBbix yactotax 100-300 MI'm u Beime. CoBpeMeH-
HBI BAICOTIPOIIECCOP CMTOCOOCH HE TONBKO OCYIIECTBIIATH IEKOIUPOBaHUE U IA(PO-
aHAJIOTOBOE MPE0OPa30BAHUE NAHHBIX, U3BJICKAEMbIX U3 BUIACONAMATH, HO W BBIMOJ-
HATb MHOTOYHUCJIEHHbIE MHKPONPOTPaMMbl, PEAU3YIOLIUE TMOJHBIN LMK pacyeTa
TPEXMEPHBIX M300paXCHHUH (3TH MUKPOTIPOTPAMMBI HA3BIBAIOTCS uUietioepamu M pac-
MOJIAraf0TCA B «CKPHITOW» acTh Buaeo-BIOS).

BuneokoHTpomiep MOXeT ObITh PEaM30BaH B BHUJE OTIEIBHOIO YCTPOWMCTBA
100 MHTErPUPOBAH B YUIICET MATEPUHCKOM Tuiathl. Bo BTOpOM cilyuae B KaueCTBE
BHACOMAMATH MOXXET ObITh MCIOJIb30BaHa yacTh oneparuBHO# mamaru [IDBM. Ecnu
K€ BUACOKOHTPOJUIEP MPEACTABISAET COOON OTACNBHYIO TUIATy, TO BO3HUKAET HEOOXO-
JTUMOCTh 00ECIIEUUTh OBICTPOACHCTBYIOMME HHTEPQEHC MEKAY IIEHTPATLHBIM IIPO-
neccopom [I9BM u BuaecomnporeccopoMm. Iloka Buaeomporeccopsl HE 00Iananu
pPacCIIMPEHHBIMUA BO3MMKHOCTSAMH, C 33/1a4€il Mepeaun JTaHHBIX BIOJIHE CIPABISIINCH
cuctemMubie muHB [SA (mpomyckHas cmocobnocTh 5,55 Mout/c) wu EISA (32
Mo6wut/c). [To mepe pocta OBICTPOACHCTBHA IIEHTPAITBHOTO MPOIECCOPA U YCIOXKHE-
HUS 3aj]a4, BO3JIAraeMbIX Ha BHJICOIIPOIIECCOP, YKECTOUAIUCh U TPeOOBAHUS K WH-
tepdeticy. B 1990-x romax ncnonp3osammch mmael VLB u PCI (132 M6wut/c). B Ha-
CTOAIIEE BPEMS OCHOBHBIM HHTEP(EHCOM ISl MOAKITIOUCHHS BUIACOIUIAT SBJISIOTCS
paznuuabie Momudukanymu muHael AGP (528 Mo6wut/c u Beimie) u PCI-Express (710 2,5
['6ut/c u BBIIIE).

Cutyarus Ha pPhIHKE BHICOKOHTPOJLIEPOB OBICTPO MEHSETCS: PacTyT (DyHKITHO-
HaJIbHBbIC BO3MOKHOCTH M TAKTOBBIE YACTOTHI BUACOMPOIECCOPOB, OOBEMbI BHI€OMA-
MATH. B Hacrosiee BpemMs 3aKOHOAATENAMHU MOJ Ha PbIHKE BHUACOMPOLIECCOPOB SB-
asoTcs kommanuu Intel, nVidia, ATi, Matrox u np. Buaeounnsl ¥ BUACOKOHTPOJLIE-
pbl 3TUX MPOU3BOJAUTENCH HUCMONB3YIOTCS HE TONbko B [IDBM, HO M B MOIIHBIX
rpaduuecKkux CTaHIMAX, B TeaeBru3opax, DVD-npourpeiBarensx, HTPOBBIX MPHUCTAB-
Kax ¥ TMPOYnX IU(POBBIX yCTPOHCTBAX.

1.7.1. O0630p euoeopexcumos

Buoeopeosicum — 3T0 CTaHAAPTU30BAHHBIN HA0OP YCTAHOBOK BUJICOKOHTPOJLIEPA,
MO3BOJISIONTNH (hOPMHUPOBATh U300pAKEHUE C OMPEIACIICHHBIMUA XapaKTEPUCTHKAMM.
OO0pIuHO ommchIBacTCa Kak XX Y xC, e X — MaKCHMaJIbHOE KOJIHUYECTBO 3HAKOB HIIU
TOUEK IO FTOPU30HTAIHN; Y — MAKCUMAJIbHOE KOJIMYECTBO 3HAKOB WJIM TOUEK IO BEPTH-
kayn;, C — MakCUMaJIbHOE KOJIMYECTBO LIBETOB.

Anghasumno-yugpposweie pescumet 0 u 1 ¢ pazpemennem 40x25x16.

[Tpn mcronp3oBannm BuaeoanantepoB EGA wim VGA He cymecTtByeT (pyHK-
IMUOHATBHBIX pa3muuuii Mexay pexumom 0 m pesxkumoM 1. B gaHHBIX pexxumax auc-
e oToOpaxkaeT IBETHYIO TEKCTOBYIO (andasuTHO-IM(PPOBYI0) wHbOpMamo — 25
ctpok u 40 cTonbI10B.
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JI7ist 0OTOOpaKeHUS KAXK0T0 CUMBOJIA MCIOJIb3YeTCs MaTpulia 8 Ha 8 TIUKCEIOB,
YTO COOTBETCTBYET HHU3KOMY Kau€CTBY M300pake€HUS (MOKHO PA3JIMUUATH OTACIHHBIC
MTUKCEITH, U3 KOTOPBIX COCTOUT CUMBOIT).

CuMBOJIBI TEKCTA MOYKHO OTOOpakaTh B 8 OCHOBHBIX M 8 JIOTOJIHUTEIIBHBIX 1IBE-
tax. Ilocnennue uMeroT OONBINTYI0O MHTECHCHBHOCTb, Y€M OCHOBHBIC. /{711 Ka)kaoro
CHMBOJIa MOYKHO HE3aBHCHUMO 33J1aTh €T0 MBET M 1BeT (poHa. CIIMCOK CTaHIAPTHBIX U
JOTIOJTHUTEIIbHBIX IIBETOB MPEICTaBICH B Ta0M. 3.

Taobnumnal3 Cmanoapmmusie u OonoiHume/ivHble Yeema

Cranpapreblii user | /{ONMOJIHUTEILHBIN LBET
YEPHBIN ceprlii
CHUHHI CBETJIO-CUHUI
3€JIeHBIN CBETJIO-3€JIEHBIN
MOPCKOMH BOJIHBI roxyooi
KpacHBIN CBETJIO-KPACHBIN
(UONeTOBBIN MaJIMHOBBI
KOPUYHEBBII JKENThIN
OenbIit SPKO-OebIi

s BuaeoanantepoB EGA 1 VGA MOXHO U3MEHHUTh UCHOIb3YEMYIO TATUTPY
1BeToB. EGA ¢ ynydIlleHHBIM IIBETHBIM JIWCIUIEEM IO3BOJISET BHIOpaTh 16 1BETOB U3
64 Bo3MOxkHBIX, a VGA-16 u3 262144,

B pexumax 0 u 1 agantepst EGA u VGA noanepKuBatiOT BOCEMb CTPaHUIL BU-
neonamati. CTpaHUIIEH HA3bIBACTCS YACTh BUACOMAMATH, MOJHOCTHIO OMPEACIIAIO-
as COAEPKUMOE OJHOTO dKpaHa auciies. OaHa U3 3TUX BOCbMH CTPAHUIL ABJIACTCS
aKTUBHOM, TO €CTh €€ COACPKUMOE 0ToOpakaeTcs Ha HKkpaHe. /|11 n3MeHEHUs] aKTHB-
HOM CTpaHUIIBI MOXKHO JIHOO BBI3BaTh COOTBETCTBYHONIYIO (yHKIuio BIOS, mubo He-
MOCPEJACTBEHHO M3MEHUTh COAEPKUMOE PETHCTPA HAYAJBHOTO aJpeca, PacloOKEH-
HOTO B KOHTPOJIJIEPE AJICKTPOHHO-Ty4E€BOM TPYOKH.

Anghasumno-yugpposwie pexcumer 2 u 3 ¢ pazpemeanem 80x25x16. [l Bumeo-
anantepoB EGA u VGA naHHbIe peKHMbI HE UMEIOT Pa3IMuMii. DTO CTAHIAPTHHIC
pexumbl st MS-DOS.

Buneonamars umeer 1 cioii u 8 crpanuu. [1o ymonuanuio aktuBHa ctpanuna 0,
ee craproBsiid agpec B8OOh:0. Onwn 3Hak HA 3KpaHE KOMAUPYETCS IBYMS COCEIHUMHA
OaliTamu:

e uetHsbIi (0, 2, 4...) OalT COACPKUT YUCIIOBOM KO/ 3HAKA,
e wHeueTHslH (1, 3, 5...) GaliT comep kT onMKCaHKE 1[BETA 3HAKA U 1BETa (POHA.
®dopwmar Oaiita arpulOyTOB:

B3 B2 Bl BO S3 S2  S1 SO
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butst S0-S3 xomupytor onua u3 16 1BeToB 3Haka (0 — uepHbIid, 1 — cuawMi,... 7 —
CBETIIO-CEPHIN, 8§ — TeMHO-CepbIid, 9 — ronmyOoii, ... 15 — Genbrit). butsr BO-B2 xoau-
pyroT oauH u3 8 nBeToB ¢doHa. but B3 nubo sBiasercs 10NoIHATEIFHBIM OUTOM IIBE-
ta ¢ona (torma o MoxeT BHIOMpaThCA HE U3 8, a W3 16 1BeTOB), MO0 KOMUPYET
npu3Hak Mepranusa 3Haka (1-mepmaer, 0-ver). Pexxum Omra B3 mepekmouaercs c
nBera Ha meprianue dynknuen BuneoBIOS ¢ nomepom 1003h:

r.ax:=$1003;
r.bl:=0 — uBer; 1-Muranue.
Intr($10, r);

Ha camom nmene m3obpaxeHune 3Haka anmaparHo (MIPH MOMOIIIH 3HAKO2EHePAmo-
pa) monenupyeTcs Marpuiiei ceersammxcs Touek: Ha CGA: 8x8, na EGA — 8x14, na
VGA - 8x16 umm 9x16. BuneoBIOS xpanut BHyTpH TabnuIpl ¢ onvucanusiMu (Gop-
MBI BCEX 3HAKOB (03 pycckmux Oyks!). OTu TaOmuIbl MOTYT OBITH TIEPETPOTPAMMHUPO-
BaHBI.

I paghuueckue suoeopesicumpr 4 u 5 ¢ pazpemennem 320x200x4. I1pu oTobpa-
KEHUHU MOTYT MCIOJIb30BAThCA JTUOO UETHIPE OCHOBHBIX, JIUOO YETHIPE aJbTEPHATHB-
HBIX 1[BETA. 1) UEpHBIN, 3€JICHBIN, KPACHBIH, KENTHIN, 2) YEPHBIN, TOTyOOH, MAJIMHO-
BbIH, Oermbrii. UeTBepka IBETOB MOXET BhIOWparhesa npu momomu ¢yHkmuu 0Bh
BueoBIOS. Huxe npusener ¢parMeHT koma, TMO3BOJISIONIMN W3MEHUTH YETBEPKY
I[BETOB:

r.ah:=$0B;

r.bh:=1;

r.bl:= HOMep uBeTOBOTO Habopa, 0 mm 1
Intr($10, r);

Buneonamsars B pexxume 4 umeer 1 croit u 1 crpanuity, pa3aelceHHYIO Ha ABE
gacTtu (cMm. puc. 1.35). IlepBas wacte HaunmHaeTcsa mo aapecy 0B800h:0 u comepxut
ommucanus yetHbx (0, 2, 4...) cTpok, Bropas — ¢ aapeca 0B800:2000h u conmepxur
omucanus HeueTHHIX (1, 3, 5...) cTpok n3obpaxenus. [[BeT kakmol TOUKH KOAUPYET-
Csl ABYMSA COCETHUMU OMTaMHU.

Ba00:0

CTpaHdua 0

T Ba00:2000

CTpaHuua 1

Puc. 1.35. Buaeonamsarte B pexxume 4
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dopmyssl s pacdeTa aapeca MUKCENa B BUACOTIAMSTH:

e Noaiita = 50h x ((y - 1)/2) + (x/4) — Ay YE€THBIX CTPOK;
e Noaiita = NbOatita + 2000h — a1 HEUETHBIX CTPOK;
e NobOura=7-(xmod4) x 2.

I pachuueckuii pescum 6 ¢ pazpemenrem 640x200x2. BuaeomamsaTs HaunHAETCA
c aapeca B800Oh:0, umeer 1 cno#i m 1 crpanuity, pa3neaeHHYIO HA IBE YaCTH IS YET-
HBIX W HEUETHBIX CTPOK (cM. pexkum 4). /[Ba niBeTa (4epHBIH WK OCIbIil) KOTUPYIOTCS
OJTHUM OWUTOM.

Gopmynbl 11 pacyeTa:

e Noaiita = 50hx (y/2) + (x/8) — s 4eTHBIX CTPOK;
e Noatita = NoOatita + 2000h — a1 HEUETHBIX CTPOK;
e Nobutra=7-(x mod 8).

I paghuueckuii peorcum 12h ¢ pazpemennem 640x480x16 — pexum, KOTOPHIH yc-
taHaBmmBaeTcs B MS Windows mo ymonuanmio. BuaeonaMars HaUMHAETCS ¢ aapeca
A000h:0, nmeet omny ctpanuily u 4 cios. L{BeT komupyercs 4 Gutamu, pacmoIoKeH-
HBIMH TIOJ] OJTHAM W TE€M K€ HOMEPOM B OJTHOM M TOM € 0aiiTe, HO B pa3HBIX CIIOSNX
(cm. puc. 1.36).

JkpaH

o 0

Puc. 1.36. Buneonamsits B pexxume 12h

Gopmynel 1S pacyera:
e Noaiita=50h xy +x/8;
e Nobutra=7-(x mod 8).
Jliis Toro uT0OBI TOCTABUTH TOYKY HA SKPaHE, HEOOXOAUMO:
1) mpounTars 4 GaiiTa U3 4 pa3HBIX CJIOCB;
2) ACTIPAaBUTH HY>KHBIC OWTHI
3) 3anucarp 4 GaiiTa Ha MPEKHUE MECTA.

Buumanue! IIpu 3To0M UCTIONB3YIOTCS BHYTPEHHHUE PETUCTPHI KOHTPOJLIEPA.

I paghuueckuii pescum OFh ¢ pazpemenuem 640x350x4. BuneonamsaTh HaunHA-
erca ¢ aapeca AOOOh:0, mmeeT omHy cTpanuiy u 2 ciios. LlBer xomupyercs 2-ms Ou-
TaMH, PACIOJIOKEHHBIMH TIOJT OTHUM U TEM € HOMEPOM B OJTHOM M TOM ke OalTe, HO
B Pa3HBIX c1osx (cM. pexkum 12h).

35



Gopmynel 11 pacyera:

e Noaiita=50h xy +x/8;
e Nobutra=7-(x mod 8).

I pachuyeckuii pexcum 13h ¢ pazpemennem 320x200x256. Buneonamars HaUH-
Haetcs ¢ aapeca AOOOh:0, mmeer 1 cnoit m 1 BuaeocTpanuiy. OgHOM TOUKe H300pa-
JKEHUA COOTBETCTBYET LEIMKOM OalT BUACONAMATH, IIBET B nuanazoHe 0-256 3agaer-
Cs1 BCEMHU BOCEMBIO OMTaMHU.

dopmyna i pacyera;

e Nboaiita= 140h xy + x.

[Tpumep:

{Otobpa3utk nukcen ¢ koopauHatamu (123;45) 1 3a1aHHBIM LIBETOM }
x: = 123; (* Koopaunata X *)

y: =45; (* Koopaunara Y *)

Mem[$140*y + x]:=uBeT;

I pachuueckuii pesxcum ¢ pazpemenuem 320x400x256. Buneoanantep VGA Tex-
HUYECKH CTIOCOOEH paboTaTh B 3TOM BUICOPEIKUME, HO OH HE ABIIACTCS CTAaHAAPTHBIM
1 HE mojiepKuBaeTcs mporeaypamu suacoBIOS.

1.7.2. IIpozpammupoeanue eu0eokoHmpoi1epos

BuneokoHTposiepbl MOXXHO MPOrpaMMUPOBaTh:
e cpeactBamu BuacoBIOS;
® HEMOCPEACTBEHHO YEPE3 PErUCTPhl KOHTPOJLIEpa.

IIpoepammuposanue cpeocmeamu euoeoBIOS. BuneoBIOS npenocrasnser ne-
CATKH CEPBUCHBIX (DYHKIMHA I TMPOTrPAaMMHUPOBAHMS BUICOKOHTPOJUIEpA B CTaH-
naptHeIX Buacopexkumax (¢ 1 mo 13h). OyHkuu AOCTYNHBI Yepe3 MpephIBaHUE C
HoMmepoMm 10h, mosToMy MCTIOTB30BaTh UX MOXKHO TOJIEKO B MS-DOS nporpammax.

Henocrarku:

® 9TO OYCHb MEIUICHHO paboTarotme (PyHKIHH,

® HEBO3MOXXHO HMCIOJIb30BAHWE HECTAHJIAPTHBIX BO3MOXKHOCTEN BHACOKOHTPOJI-
nepa;

e 4YacTh (PYHKIHH CTAaHAAPTHU30BaHA, @ 4aCTh MOXKET MPOCTO OTCYTCTBOBATH (Ha-
npumep, VESA-ynkmmm).

[Tosromy ¢ynkmmm BuacoBIOS mpakTthyeckw HUKOTHA HE HMCIOIB3YIOTCSA IS
CO3/IaHMS KOMTBIOTEPHBIX UTP, MEMOHCTPAIMOHHBIX MPOTPaMM M JIPYyrux rpadude-
CKHUX MPUJIOKEHUH.

1. YcraHoBKa BUACOPEIKUMA.

r.ah:=0;
r.al:= HoMep pexuma
Intr($10, r);
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2. OnpeneneHue TEKyIIEro BUACOPEKUMA.

r.ah:=$F;
Intr($10,r);
Writeln(‘Buneopexxum Ne’, r.al);

3. PucoBsanwne TOUKH.

r.ah:=$Ch;

r.al:=nBer

r.bh:=Homep crpanmubl BuaeonamsaT (00br4HO 0)
r.cx:=X,

r.dx:=Y;

Intr($10,r);

4. OnpeneneHue 1BeTa TOUKH.

r.ah:=3D;

r.bh:=Homep cTpaHUIIbI BUIEOTAMSITH
r.cx:=X,

r.cy: =Y,

Intr($10, r);

Writeln(‘L{seT Touku=", r.al),

5. [lonyuenune napopMaruu 0 Tabmuax ajahaBUTHO-ITA(PPOBHIX 3HAKOB (CUMBO-

JIOB).

Ot mpudTH WCMONB3YIOTCS B CTaH-

JAPTHBIX TEKCTOBBIX W TPAPUUCCKUX PEKHU-
max (He B Windows). M300paxeHus 3HaKOB
XPaHATCS TOTOYCUHO, KAKIOW TOYKE COOT-
BETCTBYET ofauH Out (cM. puc. 1.37).

r.ax:=$1130;

r.bh:= Bun 3ampoca

Intr($10, r);

Writeln(‘Bricora 3Haka B Toukax=", r.cl),
Writeln(‘ Ymemaercs Ha skpane ctpok=, r.dl+1);

18h, 24h, 24h, 24h
42h, FEh, 81k, 81h

b b (=] =1 (=] (=] [=] [=]
EE R EEE E

[ (=] e el e

b= = o e = ) ]
EEEFEEERE
R EEEEEE

(o] (=] £ (] ] o] (]
(=0 [=] B C=]

Puc. 1.37. KonupoBanue 3HakoB 8x8

Writeln(‘ Anpec B mamsiTut s TaOHUIIBI OMTUCAHUS 3HAKOB =,

res, ‘., rbp);

Bun 3anpoca kogupyercst B COOTBETCTBUM ¢ Tao. 1.4.

Tabnunal.4 Koouposanue zanpocos

Koa 3anpoca | Kaxasi undopmanus 3anpammnpaercs

2 Hndopmanms npo mpudr 8x14

HUndopmanms npo wpudt 8x8 (1-s1 monosuHa)

WUndopmanms npo wpudt 8x8 (2-s1 monosuHa)

Hndopmanms npo mpudr 9x14

Hndopmarnms npo mpudr 8x16

RN o) RV, | RNy RUS]

Hndopmanms npo mpudr 9x16
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6. YcraHoBKa cBOEH TaONMIhl 3HAKOB. MOXXKHO MOMEHATH CTaHAApTHBIE U300pa-
JKEHUS 3HAKOB HA CBOM (TaK MOCTYMAIOT MporpamMmbi-pycudukaropsl 8 MS-DOS, mo-
CKOJTbKY TI0 yMoTdaHuio B BUaeoBIOS HeT onmcannst n300paxeHuit pyccKux OyKB).

r.ax:=$1100;

r.es:=Seg(Table); anpec TaOnuLbI ¢ HOBBIM HAOOPOM

r.bp:=0fs(Table), cumponon

I.CX:= YHCJIO 3arpy>KaeMbIX CUMBOJIOB (1-256)

r.dX:= OTHOCHTENBHOE CMEIIEHUE TIePBOro u3MeHsieMorocumaona (0-255)

r.bl:= HOMep 3arpyskaemoii Tabnuiel 3HaKoreHeparopa aist EGA 0-3, o VGA 0-7,

r.bh:= yncno 6aliT OTBOIUMBIX Ha CUMBOJ B TabJmie cMMBOJIOB (1-32);

HuskoyposHegoe npocpammupoganue 6uoeokoHmponiepd. BUaeOKOHTPOLIED
COJICPUT HECKOJIbKO COTEH PErucTPOB, PA3/ICJCHHBIX Ha rpynnbl. Peructpsl npo-
IrPaMMHO JOCTYITHBI Y€pe3 TIOPTHI BBOIA/BBHIBOIA TTPH TIOMOIITH MAITMHABIX KoMaH 1 [N
1 OUT. C Touku 3peHUs 10CTyIa UMEETCA JBa OOJIBIINX KJIAcCa PETUCTPOB:

® BHCIITHWE PETUCTPHI;

® BHYTPEHHHUE PETHUCTPHI.

Brewnue pecucmpwi CBSI3aHBI ¢ YHUKQJIBHBIMA HOMEpPaMHW TOPTOB, HANPUMEP
perucTp cocrostHus BBona |1 Bcerma pocrynen uepes nopt 3DAh.

Brympennue pecucmpul 0 HA3HAUCHUIO W MCTOJB30BAHMUIO PA3OWTHI HA TPYII-
nbl. C KaXKI0# TPyNTOH CBSA3aHBI BCETO JBA TOPTA: MHACKCHBIN MOPT W TIOPT JAHHBIX.
B unoexcnom nopmy 3amaercs nomep unarepecyromero peructpa (0, 1, 2 u t.a.). Ue-
pe3 nopm oanHwix BeneTcs 00OMeH nH(pOopMaIue ¢ yKa3aHHBIM PETHCTPOM.

Pecucmp cocmosinus 6sooa 1 (snewnuii pecucmp). Anpec mopra BBOIA-BIBOIA
3DAh.

7 6 5 4 3 2 1 0
X

Ecnu 3nauenue 6uta 3 pasHo 0, To uaet npsmoit xon Jiyya; ecinu 1 — To oOpar-
HbIH xon. Eciu u3MeHATh n300pakeHue BO BPEMs MPSIMOro XoJa Jyda, TO BO3MOKHO
MOJICPTUBAHUE U UCKAKECHUE SKPAHA, TOITOMY B KOMIbIOTEPHBIX MIPaxX 3alucCh B BHU-
Je0onaMaTh OOBIYHO BBIMIOJIHAETCS BO BpEMs 0OpaTHOro Xo/a.

Buympeunnue pecucmpuer [JAIl NO3BOJSAIOT YCTAHABIMBATh U U3MEHATh HyMepa-

A0 0TOOPaKaeMBbIX IIBETOB:
® WHJEKCHBIN PEerucTp uTeHUs nmamuTpsl — mopT 3C7h.
® WHJIEKCHBIN perucTp 3anucu nanuTpsl — mopt 3C8h.
® PETHCTP JAHHBIX JUTS MOCTyna K nanutpe — nopt 3Coh.

B BuneoxonTpomiepe xpanurcs naiumpa (Wna mabnuya yeemog) — tabnuia
COOTBETCTBHS HOMEPA LIBETA U KOHKPETHOTO 3HaYeHUA. [Ipy BKITIOUEHHUH KOMITbIOTEPA
3Ta TabaUlla MHULIUAIU3UPYETCS CTaHAAPTHBIMU 3HAYeHUsMU: 0 — uepHbii, | — cu-
HUW, 2 — 3eJeHbIN 1 T.1. OTa Tabmuia 1MBeToB (MajauTpa) MOXKET OBITh IMEepEnporpam-
MHUPOBAHA.
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Jna pexuma 13h (320x200%x256) manutpa mpen-
CTaBjIsieT co0oi MaccuB M3 256 CTpoK (MO KOJMUECTBY
IIBETOB), KaXKJasd U3 CTPOK COCTOUT U3 3 0alTOB, KaXK/IbIi
U3 3TUX 0alTOB comepxuT komMmoHeHTy R, G mimu B (cwm.
puc. 1.38). PeambHo B Kakmom OalTe HWCTOIB3YIOTCA 6
OWTOB, T.€. KaXJas COCTAaBJAIOIIAA MOXET NPUHUMATh
3HaueHwus ot 0 10 63.

R

1

B

F2

G

B2

Puc. 1.38. Ctpyktypa
256-1BE€THON NATUTPBI

TakuM 06Pa30M, BCErO BOSMOKHO 64x64x64=2'%=262144 pasmmunbix LBETOB,

13 KOTOPBIX HA SKPAaHE OJHOBPEMEHHO MOXET MPUCYTCTBOBATH TOJBKO 256.

Kak mpouuTars Tekyyo najmTpy:

Type RGB =record R, G, B : byte end;
Var Pal : array [0..255] of RGB;

Port[$3C7]:=1;

{ Tpu monpsin 9TEHUsI U3 OHOTO MOPTA JAFOT JOCTYII K Pa3HBIM PETUCTPam
[Tocne TpoWHOTO YTEHNS] HHASKCHBIH PErHCTP aBTOMATHYECKH HHKPEMEHTUPY €TCS §

For 1:=0 to 255 do begin
Pal[i].R:=port[$3CI];
Pal[i].G:= port[$3C9];
Pal[i].B:= port[$3C9];
End;

3anucars CBOM BAPHUAHT HAJIMTPBI MOKHO dHAJIOTHYHO YTCHHUIO, TOJIBKO B POJIA

WHJIEKCHOTO TIopTa ucnojszyetcs 3C8h.

Brympennue pecucmpui koumponnepa /1T onpenenstor ¢hopMaT TaHHBIX B BH-

JEOTaMSATH I U300pakeHU TOUEK, 3HAKOB, Kypcopa ! T.I1..
e wuHIeKCHEIN peructp 3D4h;
e peructp gaHHbx 3D5Sh.

HUnoexc 8: peructp HauaabHOW JUHWUW W300pakeHUs. AKTyajieH U B Tpaduue-
CKHMX, M B TEKCTOBBIX pekuMax. [103BoJIsSI€T B TEKCTOBBIX PEXKMUMAX CABUTaTh W300pa-

KEHHUE HE Ha IETyI0 CTPOKY, a Ha €€ JacTh (cM. puc. 1.39).

A A

Puc. 1.39. CoBur OykB Ha 4acCTh BBICOTBI CTPOKH

B peructpe ucnonbzyercs 7 maaqunx OWTOB, 331al0T HOMEP JIMHUU PA3BEPTKU

JUIS BEPXHETO Kpas dKpaHa.
For 1:=0to 13 do begin
Port[$3D4]:=8;
Port[$3D5]:=i;
End;
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Hnoexc 9: BpICOTa CUMBOJIOB TEKCTA B JUHUAX (B TOukax) — 1, ucnonb3yercs 5
OHUTOB.

Hunoexc 12h: BricoTa dKpaHa B JuHUAX (B Toukax) — 1. [lo3Bonsger u3mMeHATH
pasMep BUAMMOM yacTH 3kpaHa. /g Buaeoanantepa EGA perucrp 3aBepiieHus oTo-
Opaxenus BeprukanbHOl passeptku (VDER) conepxut 9, a mis VGA — 10 6ur. Jle-
BATHIN M ACCATBHIA OUTHI TOCTYTHBI Yepe3 AOMOHATENbHBIH peructp (OVR).

[Tpumep. Hecranmaprusiii TekcToBbii Buaeopexkum 80x50x16. Ha VGA/SVGA
M0 YMOJIYAHUIO UCMOJIb3YeTCs 25 CTPOK ¢ CUMBOJIAMHU BBICOTOM 16 Touek, cieaoBa-
TEIHHO, BhICOTA dkpaHa = 25x16=400 Touek. Ecnm 3amath BeicOTy mipudTa § TOUEK,
To Ha skpane ymectutcs 400/8=50 crpok. Hcmomb3yeM BHITIICONTMCAHHBIC PETHCTPHI:

Hucno ctpok:=50;

{3amaeM HOBYIO BBICOTY CHUMBOJIOB }

Port[$3D4]:=9; Port[$3D5]:=7,

{3amaem HOBYIO BBICOTY SKpaHa }

Port[$3D4]:=$12; Port[$3D5]:=Uucno ctpox*8-256-1;
{B mom.peructp 3aHocuM ctapiune OuTel uncia 399}
Port[$3D4]:=7; OVR:=Port[$3D5];

OVR:=0OVR or $01;

Port[$3D4]:=7; Port[$3D5]:=OVR,;

{3arpyxaem mpudt 8x8}

r.ax:=$1123; r.bl:=3; Intr($10,r);

{Undpopmupyem uneoBIOS o HOBBIX mapamerpax
mem|[$40:$84]:=Uucno crtpok-1;

Buympennue pecucmpuvl CUHXPOHU3AMOPA YTIPABISAIOT BPEMEHHBIMU TIapaMET-
pamu pabOTHI BUACOKOHTPOJLIEPA B IOCTYTIOM K OTACITEHBIM I[BETOBBIM CITOSIM:
e wuHAeKCcHBIH opt 3C4h.
e mopt gaHHBIX 3C5h.
Hnoexc 2: peructp pasperieHus 3anucH 1BETOBOro ciios. [[pumensercs ayis pu-
COBaHMS B MHOTOCIIOMHBIX pekuMax (Hampumep, B 12h). Mcmonb3yrotcs 4 mutaammx
oura.

Kaxnaplit OuT oTBEUaeT 3a CBOM LIBETOBOM CJIOH: eciau = 1, TO mpu 3anucu B BU-
JIEONaMATh JAHHBIE MOMAAAOT B 3TOT cJioi; ecnu = 0, To HeT. Ecim Bce 4 Oura ycra-
HOBJIEHBI B | W MBI 3alMCHIBAEM MO KAKOMY-TO aApecy BUJEONaMITH OaWT, TO 3TOT
0aiT 3anmuieTca cpasy BO Bce clion. UToObl mojydars 1npera, otmuunbie oT 0000 mnun
1111, Hamo moodepeAHO paspeliarb-3anpeiiarb pa3Hbie CJIOW U TTUCATh B HUX Pa3HbIC
3HAUEHUS.
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Buympenunue pecucmpul epaguieckoeo KoHmpoiiepd UCTIONb3I0TCS I MPeod-
pa30BaHUA JAHHBIX TIPH OOMEHE C BUICOMAMSTHIO!
e wuHAeKkcHBIH opT: 3CEh;
e mopt ganHbeX: 3CFh.
Hnoexc 4: perucTp pa3peuieHrs 4TeHus [BETOBOTO cjios. [Ipumenserca g pu-
COBaHUS B MHOTOCJIOWHBIX pekuMax (Hanpumep, B 12h). JIBa mmaamux 6uta HCIOh-
3YIOTCA JUIS 3aJ]aHUsT HOMEPa YUTAEMOTO IIBETOBOTO CJIOA.

7 6 5 4 3 2 1 0
X X

[Tpumep. Tpebyetcs B Buacopexume 12h mocTaBuTh TOUKY KpacHOTO MBETA (B
cTaHAapTHOM maauTpe koA = 4) ¢ koopauHaramu x = 9, y = 2. [1o popmymnam u3 n.3.2
nomyugaem: Noaiita = 50h x 2+ 9/8 =161; Noéura=7 - (9 mod 8) =6.

{IIpo4nTaTh U COXPAHHUTH JAHHBIE U3 BCEX CJIOEB IJIsl JAHHOTO aipeca BUACOMaMSITH }
port[$3CE]:=4,

port[$3Cf]:=0; {Pa3permnTs nist urenus 0-oii CJOM }
B[0]:=mem[$A000:161];

port[$3CE]:=4,

port[$3Cf]:=1; {Pa3permnTs nist yreHus 1-plii C0¥ §
B[1]:=mem[$A000:161];

port[$3CE]:=4,

port[$3Cf]:=2; {Pa3pemnTs nist YTeHUs 2-0M CJIOM }
B[2]:=mem[$A000:161];

port[$3CE]:=4,

port[$3Cf]:=3; {PaspemnTs 05t yreHus 3-uit 0¥ }
B[3]:=mem[$A000:161];

{3amucaTp B cyiou [Is 6-ro OuTa KOI KPacHOTO 1BeTa=4 }
B[0]:=B[0] and $BF; {xOxxxxxx}

B[1]:=B[1] and $BF; {xOxxxxxx }

B[2]:=B[2] or $40; {x1xxxxxx}

B[3]:=B[3] and $BF; {xOxxxxxx}

{3arpy3utb MOIU(PHUIHPOBAHHBIE TAHHBIC B BUICOAMSTH
port[$3C4]:=2;

port[$3C5]:=1; {PaspemmnTs nyst 3anucu 0-0# o §
mem[$A000:161]:=B[0];

port[$3C4]:=2;

port[$3C5]:=2; {PaspemmnTs nist 3anucu 1-viif cioi }
mem[$A000:161]:=B[1];

port[$3C4]:=2;

port[$3C5]:=4; {PaspemnTs 1151 3anucu 2-0# oM §
mem[$A000:161]:=B[2];

port[$3C4]:=2;

port[$3C5]:=8; {Pa3pemuTs nist 3anucu 3-uit CiIo¥ }
mem[$A000:161]:=B[3];
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Imasa 2. AJI'OPUTMbI HOCTPOEHUA
U IIPEOGPA3OBAHUS U3OBPAKEHUI

AJITOpUTMBI MOCTPOCHUS U MPeoOpa3oBaHUsl M300pAXKEHUN O0a3UpPYyIOTCS B OC-
HOBHOM Ha MareMaruuyeCKOM amnmnapare, i3yuaeMoM B paMKax JUCLMIUINH «JIuHeHas
anreOpa» U « AHAJTUTUYECKAs TCOMETPHUS .

2.1. PacTpoBblie aJropuT™Mbl MOCTPOEHUS reoMeTpuIecKuX Guryp
2.1. 1. Ompe3ku npamoil JuHuU

Cy1ecTByeT aBa cnocoba aHATMTHYECKOTO 3a1aHUs MPSIMON JTHHUH:

A e B BUjAC PyHKIHMH
Y

y=a-x+b;
Y1

e B BHJC KOOpAWHAT mapsl Touek ((Xo, Yo),

(x1, 1)) (em. puc. 2.1).

CBsI3b 3THUX JIByX CITIOCOOOB:

a = (y1- Yo)/(x1 - Xo);

b =y, - a'x,.

«ECTeCTBEHHBINY aIrOPUTM PHCOBAHMS IPs-
Puc. 2.1. OTpesok npsimoii MO HCIIOJNB3yeT HPEACTABICHHUE TPSMON B BHJIE

dbyHKIIHI

YO

v

X0 X1

y=ax+b:
For x:=x0 to x1 do Touxka(x, x*a+b);

DTOT aJrOPUTM HYXKHO YTOUHUTH HA PSJ CIyUacs:

1) ecmm |x1-xo|<[y1-Vo|, TO M3MEHATH HAIO KOOPAWHATY V, a HE X;

2) ecmm x1<x (Wm y1<yy), TO HAJAO YMEHBINIATh KOOPAUHATY X (WIH V), T.€. Clie-
JyeT OPraHu30BaTh IHAKIT:

For x:=x1 to x0 Touka(x, x*a+b);

Unxpemenmuwiii ancopumm bpesenxama (Brezenham) BeIOMpaeT ONTHMATbHBIE
pPacTpOBBIE KOOPAWHATHI TS MPEACTaBICHUS oTpe3ka. OCHOBHAS e MHKPEMEHT-
HBIX aJTOPUTMOB — A3TO TOCTPOCHHME IMKJIOB BBIUMCICHUS KOOPJAMHAT HA OCHOBE
TOJIBKO «OBICTPBIX)» TEJIOYNCIICHHBIX OTepaIuii (CIIOKCHUS, BEIUYMTAHUS, CPABHEHUS)
0€3 UCTOIb30BAHMS «MEUICHHBIXY» YMHOKEHUS U JCIICHHS.

B mporiecce paborel ogHa M3 KOOpAWHAT — JH00 X, OO0 y (B 3aBUCHMOCTH OT
ymIOBOTO KO3(duimenTa) — U3MeHseTcss Ha enuHuily. 3MeHnenue apyroit kKoopu-
HaTel (Ha O wim 1) 3aBUCHT OT PACCTOSHUSA MEXAY ACHCTBUTEIHHBIM TOJIOKCHUEM
OTpe3Ka U ONMKauIIMMU KOOPAWHATAMH CETKH. TaKoe pacCTOsAHWE Ha30BEM OIMUOKOM
— €. AITOPUTM TIOCTPOEH TakK, 9YTO TPEOyETCS MPOBEPATH JUIITH 3HAK STOU OIMTHOKH.
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Ha puc. 2.2 npusenena wumoctpauus padoThl ajroputMma bpesenxama uist ot-
pe3Ka B MEPBOM OKTAHTE, T.€. KOTJA YIIIOBOW KO3(PHUITMEHT IPUHUMACT 3HAYCHHUS OT
0 nmol.

Yook
(4, ,fw:l )

”'(f+1 D

Ve AwAx = 1 (omuora = ()

~1 o< Agfa < L (ommuGra < 0)

(£,.1) (i +1,7)
Puc. 2.2. OcHoBHas uaes anropurma bpezenxama pucoaHust NpsMoO

AHamM3Upys PUCYHOK, MOXXHO 3aMETHTh, UTO €CJU yIIOBOH KOA(HUIMEHT OT-
peska (m=Ay/Ax) naxogutcs B nuamnaszone [1/2; 1], To mepecedenne oTpeska ¢ mpsi-
Moit x=i+1 OyneT HaxomuThes Omxe K y3ay (i+1, j+1), gem x y3my (i+1, j). Cnenosa-
TeIbHO, TOUKa pactpa (i+1, j+1) myumie anmmpoKCUMUPYET XOI OTPE3Ka, YeM TOUKa
(i+1, j). Ecnm yrnoBo# ko3¢ durment mensine 1/2, To BepHo oOparHoe, T.€. HE0OXO0-
auMo BeIOparh Touky pactpa (i+1, 7). g ymoBoro koagpuinenta, pasaoro 1/2, Het
KaKoOTO-IN0O0 MPEANMOUYTUTEIILHOTO BHIOOPA, 3TO PEHICHHUE MPUHUMACT TMPOTPAMMUCT.
[Tpumem pemieHre BRIOUPATh «BEPXHIOK) TOUKY B JAHHOM «CTIOPHOMY CIydae.

Tax kak kenarenpbHO MPOBEPATH TOMBKO 3HAK OIMMOKH, TO OHA TIEPBOHAYAIHHO
yCTaHaBIuBaeTcsa paBHou (m-1/2). Ha kax ol urepanny BeTMUWHA OMTHOKH TTOTIPaB-
JSETCA ¢ YUETOM TOTO, YBEIUUMIIACh KOOPAWHATA ¥ HA TPEABIAYIIEM IIare Wid HET.
Ecmm ommbka e oTpuiiarensHa, TO OTPE30K MPOWAET HIDKE cepeanHbl nukcena. [o-
ATOMY y HE yBeTWUMBaeTCA. BemuunHa omuOKy B CIEAYIONMEH TOYKE PacTpa B 3TOM
CJTydae BBIUUCAETCA KaK

e=e+m.

Ecnu e nmonoxurenpbHa, T.€. OTPE30K MPONUAET BHIIIE cepearHbl THKcena. Koop-
JIWHaTa y yBeanuupaeTcs Ha 1. Ommbka KOPpPEKTUPYETCs CIASAYIOMMM 00pa3oM:

e=e+m-—1.

Ha puc. 2.3 npuseaeHa cxema ajroputma bpeseHxema Ajid MEpBOro OKTAHTA.
[Ipeanonaraercs, 4To KOHITBI OTpe3Ka (xo, Vo) (X1, 1) HE COBIIAAAIOT.

B kagectBe mumoctpammu paboThl JAHHOTO ajTOPUTMA MOCTPOUM OTPE30K W3
touku (0, 0) B Touky (5, 4). B nannom cnyuae dx=5, dy=4. TpaccupoBka paboTs an-
roputma npuBeaeHa B Ta0m. 2.1, a pesynbrar padoTsl — Ha puc. 2.4.

JlaHHBIN aNTOPUTM HYKHO YTOUHHUTH W JOMOJHHUTH TS CIIy4YaeB, KOT/IA YIJIOBOM
ko3¢ purment Ay/Ax 6onbire 1 1 korma x<xo Wia y;<).
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C Hauano )

0,x1,y0,y1 _
XEXTYEY x=x0
y=y0
WHuuuanusaums dx=x1-x0
nepemMeHHbIX dy=y1-y0
[ m=dy/dx
TOuKa(X,y) t=m-1/2
|=
N —
Het
/i<dx\ KoHeu j

y=y+1 =
e=e+m-1 e=e+m

le |

N
X=x+1
Touka(x,y)
i=i+1
L 7

Puc. 2.3. Cxema anropurma bpesenxama pucoBaHus npsiMoi

" Taonuua?2l. Tpaccuposka padonsl
4 anzopumma bpesenxama
3 i | Touka e X
2 Q0 0 | (0,0) 3/10 0 |0
1 i 1@, 1) 1/10 1 |1
2122 /10 |20 |2
°f 1 2 3 4 5 % 31G.2) 710 |3 |2
Puc. 2.4. Pesynbrar paboThl airopurMa 414.3) 5/10 4 3
Bpesenxama 5165,4) 3/10 5 4

2.1.2. Oxkpyycnocmp u 311UNC

« Ecmecmeennwiily aneopumm pucOBAHUS UCTIONB3YET MPEACTABICHUE OKPYKHO-
Y = i\/RZ —(X-X,) +7,.

CTH B BUJE (hOPMYJIBI

For X:=X0-R to X<X0+R do begin
Touka(X, YO+sqrt(R*R-sqr(X-X0)));
Touka(X, YO-sqrt(R*R- sqr(X-X0)));

End;

2

Ilapamempuueckuii cnoco6 PUCOBAHMS HMCMHOJb3YET MPEACTABICHUE KPUBOW B
BHJIC TIaphl (PyHKITHIA, 3aBUCAIIINX OT mapaMeTpa f:

x=xotR;-cos(v-1);
V=yotRy-sin(wy-1);
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3neck te[0..2x]. Ecnu R1=R; 1 ©=v,, TO MOJy4aeTCs OKPYKHOCTD, €Cu R =R,
TO TIOJTyYaeTCs SJUIUIC, €CITU ®(#0;, TO MONydaroTes «durypsl Jluccaxy» (cMm. puc.

I/\I 7‘(’_\ {/—-T}
AN ==t

a) purypa Juccaxy 0) aurc B) OKPYKHOCTb

Puc. 2.5. [TapameTpudecku 3aJaHHbIE KPUBbIE

Hwxe npusenen npumep nporpammsl Ha [lackane, peanusyromeid nocTpoeHue
OKPY>XHOCTH TIO TIPUBEACHHBIM (hopMmysjaM. B mpumepe MCTONB3YIOTCS MPOTEAYPhI
moveto | /ineto, TIepBas U3 KOTOPHIX YCTAaHABIWBAST TpauueCKuii Kypcop Ha MECTO C
YKa3aHHBIMHA KOOPAMHATAMU, a BTOPas — MPOBOAUT JIMHHUIO OT TEKYIIETrO MOJIOKEHUS
Kypcopa JI0 TOYKH, KOOPAUHATHL KOTOPOH SIBJISAIOTCS €€ MapaMeTpamu.

procedure my_circle(x,y,r:integer);
var alfa: integer;
begin
moveto(x+r1,y),
for alfa:=1 to 360 do
{ yron usmepsieTcs B rpagycax }
lineto(round(x+r*cos(alfa*pi/360)),
round(y-+r*sin(alfa*pi/360)))
{ 3mech UCTIONB3YeTCsl paaaHHasi Mepa yIJIoB }
end;

2

DTO IOBOJIbHO MEJICHHBIA aJITOPUTM PUCOBAHUS OKPYKHOCTH.

Aneopumm bpesenxama nocmpoernusi oxpyscHocmu He TpeOyeT BBITIOIHATH Ae-
JICHWE WJIM BBIUMCIICHHUE YMCEN C IJIaBaIOIIei TOUKOM, M MOATOMY padoTaeT ropaszio
ObicTpee «ecTecTBeHHOro». OCHOBHOM miaeel anroputma bpesenxama sBisercs pe-
TUCTPALMA CPEAHUX 3HAYEHUNA TMOTPEITHOCTEN MEXKAY UACATBHBIM MOJIOKEHUEM KaXK-
JIOW TOYKHA W TOW MO3UIMEN HA SKPAHE JUCIUICSA, B KOTOPOM OHA JICHCTBUTEIILHO OTO-
OpakaeTcs.

B anroputme bpe3zeHxama HCHONB3YIOTCA ABE WAECH, MO3BOJIAIOIIHAE YCKOPHUTH
MOCTPOEHHUE OKPYKHOCTH. llepBast: HET HEOOXOAUMOCTH CTPOUTH BCIO OKPYKHOCTH,
JOCTAaTOYHO MOCTPOUTH HEKOTOPYKO €€ 4YacTh W MOCIEA0BATEIBHBIM MPUMECHEHUEM
npeoOpa3oBaHUi CUMMETPUU MOJYUYUTh W3 HEE MOJHYI0 OKPYXKHOCTh. Mbl cTaHem
cTpouTh 1/8 acTh OKPYKHOCTH, 3aKITIOUEHHYTO B cerMeHTe AOB.

Kaxxnmas Touka »Toro ¢pparmenTa moikHa OBITH €ITIe CEMb pa3 0TOOpaKeHa ¢ To-
MOTIBIO TPEOOPA3OBAHNH CHUMMETPHH T TOTYUYEHUS TTOJTHOW OKPYKHOCTH (CM. PHC.
2.6).
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Puc. 2.6. CummeTpHu4HOE OTpakeHHE TOUKU OKPY>KHOCTU

[Tponiemypa Draw8Pixels BIBOTAT 8 CHMMETPUYHBIX TOUEK OKPYKHOCTH, KPOME
TOTO, UMEHHO 3Ta NPOLEAypa OTBEYAET 3a PACHONIOKEHHE LEHTPA OKPYIKHOCTH.
['maBHas nmpoueaypa BIOJHE MOXKET CUMTATh, YTO OHA CTPOUT OKPYKHOCTh C LIEHTPOM
B HaUaJIe KOOPAWHAT.

Procedure Draw8Pixels;

begin
Touka(x+x0, y+yO0, color);
Touka(x+x0, -y+y0, color);
Touxka(-x+x0, y+y0, color);
Touxka(-x+x0, -y+yO0, color);
Touxka(y+x0, x+y0, color);
Touxka(y+x0, -x+y0, color);
Touxka(-y+x0, x+y0, color);
Touxka(-y+x0, -x+yO0, color);

end;

[Tpuctynum K pa3dopy BTOPOM — KIIFOUEBOM UIEH AJITOPUTMA.

1

(Xi: Yi) l 2 T2(Xi+1.Y)
A

5 4 T1(x#1,y:-1)

)

\

Puc. 2.7. BO3MOXHO€ PacroyIOKEHUE OKPYKHOCTH
OTHOCUTEJILHO MTUKCENIOB SKpaHa

[TycTs MBI HAXOAMMCS B HEKOTOPOU MPOMEKYTOUHOM (Daze MmoCTPOSHUS, TOIBKO
YTO MOCTABWIM TOUKY (X;, J;) U TEMEPh MOKHBI CACIaTh BEIOOP MEXAY TOUKamMH 1
(x 1, y-1) m 15 (x;+1, ;). (Tak kKak MBI CTPOUM YaCTh OKPY>KHOCTH, 3aKJIFOUCHHYIO B
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cekrop AOB, ciiemoBarebHO, MOAHATHCS BBIIIC MBI HE MOXKEM M CITyCTHTHCS BHU3
Oosiee ueM Ha OJTHY TOUKY HE MOXKEM TOXKE.)

PeanbHas OKpy>XHOCTh MOKET OBITh PacCIoI0KeHa OTHOCUTENIBHO TOUeK 11 U 15
OJTHUM W3 TATH crioco0os 1-5 (cm. puc. 2.7).
Paccuntaem kBaaparsl pacCTOAHUNA OT LIEHTPA OKPYKHOCTH A0 TOUeK 17 U 17:
o R’=(xH1)+yr1),
o R =(xH1) "+
PaccMoTpumM aBE MOTPEIHOCTH A7 Ay
o Ap=R’-R =)+ - R,
o Ap=RY-R=xr1)+y) - R
Y KOHTPOJIbHYIO BEJIUUHHY A= Ap+Ap.
[Ipu BBIOOPE TOUKHM, ciemyrorieit 3a (x;, y;), CTaHEM PYKOBOJCTBOBAThCS Clie-
JYIOIIAM KPUTEPUEM:
o ccm A’ > 0, BeiGepeM Touky 77;
o comu A’ <0, BeiGepeM TOuKy 7.
OGoCHYeM Pa3yMHOCTbh TAKOrO BbIGOPA. PACCMOTPHUM 3HAKH MOTPEIIHOCTEH A7
1 A'7; ¥ MX BIMSHKE HA 3HAK KOHTPOJIBHOM BENHUMHBL A’ 711 BCEX MATH BO3MOMKHBIX
TOJIOKEHU M OKPYKHOCTH.
Jlnst mojmoxkenus 1: Ay < 0, ANp<0= A= Ap+Ap <0 = BeIOUpaeTcs 75.
JInst MomoKeHMS 2 Ay < 0, ANp=0=>A'<0> BbhIOUpaeTca 75.
Jliia monoxxerus 3 BOSMOXKHBI BApUAHTHI (YUIATHIBASA, UTO A7y <0, Alpy > 0):
e Bapmant 3.1: |A'y | > |A'ry | = A <0 = BriGupaerca 7;
e BapmanT 3.2: |A'y | <|A72 | = A'> 0 = BriGupaercs 7.
JInst mojmoxeHwust 4 N 0, ANp>0=2A'>0> BbhIOUpaeTcs 77.
J11g monoxeHus S: Ay > 0, ANp>0=2A'>0> BbhIOMpaeTcs 77.
TTonyunM BHIPAXKEHHE U KOHTPOIBHOM BeTHIHHbL A’
A = AN+ A o =(x 1) (1) = RRAHxA D) — R= 2x742y+4x-2y,+3-2 R,
Beipaskenne it A”' cymecTBeHHBIM 06pa3oM 3aBHCHT OT BbIGOpA TOYKH HA
npeapiayiiem mare. Heo0xoauMo paccMOTpeTh JiBa Caydast: Vi =V U Vil = Vi~ 1.
A" [pH yint = yi] = 26711120 1 X -2 +3-2R =
= 2(x A1) 2y +4(x+1)-2y+3-2R* = A+4x+6.
A [pH it = yim1] = 267+ 20 1+ 41 -2 +3 2R =
= 20412 1D+ (x A+ 1)-2(y-1)+3-2R* = A" +4(x-y;)+10.

Terepsb, KOra MONYUICHO PEKYPPEHTHOE Bhipaxkernne w1t A uepes A', ocraercs
noayanTh A' (KOHTPOJIBHYIO BEMUMHY B HAYaIbHOM TOuke). Bemnunna A' He Moxer
OBITh MOTy4YeHA PEKYPPEHTHO, MO0 HE OMPEAETICHO MPEAIECTBYIOIEE 3HAUEHUE, 3aTO
JIETKO MOKET OBITh HalIcHa HEMOCPEICTBCHHO
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x1=0,y1=R=>

A'7; = (0+1+(R-1)*-R* = 2-2R,
Ay =(0+1)+R-R* =1,
A=Al +A', = 32R.

Takum oOpa3zom, aJrOPUTM TOCTPOCHUA OKPY>KHOCTH OCHOBAH Ha TMOCJEA0Ba-
TeNbHOM BEIGOpE ToueK. B 3aBHCHMOCTH OT 3HaKa KOHTPOJbHOM BennumHbl A’ BHIOU-
paeTcs CIeayromias ToUYka U Hy>KHBIM 00pa3oM U3MEHSETCS caMa KOHTPOJIbHAS BEJTH-
yuHa. [Iponiecc Haunnaercs B Touke (0, R), a mepBas Touka, KOTOPYIO CTaBUT MPOIIe-
nypa Draw8Pixels, wumeer xoopmuHatel (X, yo+ R). Ilpm x=y mpomecc
3aKaHYMBACTCSI.

Cxema anropuT™a npuBejcHa Ha puc. 2.8.

C Hauyano )

[
/ x0,y0,R,color
\

x=0
y=R
d=3-3*R

Z\q/( Koweu |

Draw8Pixels

/d;=0
d=d+4*(x-y)+10

d=d+4*x+6 2
y=y-1

le |
’\

X=x+1
]

Puc. 2.8. Cxema anropurma bpesenxama pucoBaHust OKpy>KHOCTH

Taxxe cymiecTByeT pa3HOBUAHOCTH ajropuTMa bpe3enxama /s pucoBaHUs 3Ji-
JUTICOB 0€3 UCTIOTb30BaHUS BEIIECTBEHHOW apu(PMETHKH.

2.1.3. Kpuewvie u nosepxnocmu besve

Pazpaboransr maremarukom [Ieepom besbe (Bezier). Kpupbie m MOBEpXHOCTH
besbe Obutn ucnonb3oBanbl B 60-x romax komnaHued «PeHO» I KOMIBIOTEPHOTO
MpoeKTUpoBaHus (GopMBI Ky30BOB aBTOMOOWIeH. B Hacrosmiee BpeMs OHH MIHPOKO
WCIIOJTE3YIOTCS B KOMITBIOTEPHOH Tpaduke.

Kpussie be3ne onmchIBatoTes 8 napamempuyeckoii ¢opme cnemnyronmmu Ghop-
MYJIAMH:
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x=P()=) C,t'A-0)""x,,
=0

m
1,1 m—i
y:Py(t):ZCmt (l_t) yi:
i=0
; m! .
rae C,, =———— — coueTaHue m MO i, a X; U J; — KOOPAUHATHI TOYEK-OPUEHTUPOB.
i'(m—i)!

3HaueHHE M Ha SIUHHIYY MEHBIIE KOJMUYSCTBA TOUEK-OPUESHTHPOB. PaccMoTpuM mipu-
Mephl KPUBBIX be3be MpH pa3HbIX 3HAYCHHSX 1.

P
1. m=1. (2 Toukn). Kpusas BeIpOXK-
JAETCA B OTPE30K MNPAMOU  JIMHUU P
(puc.2.9). 0
P(t) _ (l-t)-Po-i-t-Pl ' Puc. 2.9. Kpusas besbe 1-ro nopsiaka

2. m=2. (3 Toukn) (puc.2.10).
P(t) = (1-ty-Py+ 2t (1-£)-P, + £-P; . Py 7,

Puc. 2.10. Kpusas besbe 2-ro nopsinka

3. m=3. (4 Toukn) (puc.2.11.)
P(t) = (1-0)>-Po+ 3t(1-0)>P, +3(1-1)-Py +£-Ps.

P1 P2

P1j?2 P, P, P, P
/f/’ -.\I‘-“\ W
PU P3 PD /;{;‘:,,,,fs %-“;\-:‘\&‘P3 PU P2 PD P3

Puc. 2.11. Kpusas besbe 3-ro nopsinka

['eomempuueckuil areopumm nocmpoenus Kpugoil beszve mo3BONISIET BHIUUCIATD
KOOPJIMHATHI X U ) IO 3HAUCHUIO MapaMeTpa i/

) kaxxgast cTOpOHA MHOTOYTOJIBHMKA JENUTCA MPOMOPILHOHAIBHO f (CM. pHC.
2.12);

Puc. 2.1.2. «I'eomeTprueckuin» crmocod MoCTPOeHUsI KPUBLIX besbe

2) TOUYKH ACTICHUS COCMUHAIOTCS OTPE3KaMU MPSAMBIX, 00pa3ys HOBBIM MHOTO-
YTOJIBHUK C YHCJIOM CTOPOH HA €AMHHUIY MEHBILIHNM,
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3.) CTOPOHBI HOBOTO KOHTYPa CHOBA JEJATCS MPOTIOPITHOHAIBHO ¢ M COSTHHSIFOT-
Csl 10 TEX IMOP, MOKA HEe OYyJET MONy4YeHa eIMHCTBEHHAs TOYKA ACNEHUsA. JTO U OyAeT
TOYKA, MPUHAJIekKAIIAs KpuBOoil besbe.

2.2. PacTpoBble aJropuTMbl 3aKpaliuBaHus Gpuryp

bynem cuutars, 9to urypa orpaHudeHa KOHMypoM, T.€. HEIPEPHIBHOW JIMHUCH,
IIBET KOTOPOH OTJMYCH OT I[BETA BHyTPEHHEH YacTh (pUryphl.
Cesaznocms. byneM Ha3biBaTh JBAa MUKCENA

4-ceAzHOe g-CEAZHOE

NNeAcTaENeHWe NPeACTABNEHWE  CBA3HBIMH, €CJIH OHH SBIIIOTCS «CMEXHBIMI» (CM.
e . puc. 2.13).

= I: : w11 4-cmencnocmo. JIBa mmkcena SABISIOTCS 4-

CMEKHBIMU, €CJIM OHHU PACHOJIOKEHBI PSIAOM MO
Puc. 2.13. K Bonpocy 0 CBSI3HOCTH TOPH30HTAJIN WK BEPTHKAIN.
8-cmedcnocme. JIBa MUKCeNna ABJISIOTCS 8-CMEXKHBIMU, €CJU OHU PACIIOIOKEHBI
PAIOM IO TOPU30OHTAJIU, BEPTUKAJIA WJIA TUArOHAJIH.
Cy1iecTBYIOT YHHMBEPCAJIbHBIE AJITOPUTMbl 3AKPAIIUBAHUA «HONUCOHOBY, T.€.
MHOTOYTOJIbHUKOB, 3aJIaHHBIX MPOU3BOJIbHBIM KOJTMYECTBOM BEPIIMH, HO Y HUX €CTh
HEJOCTAaTKH, CBA3aHHBIE C HEOAHO3HAYHOCTRIO MpEACTaBiIeHUs (cM. 2.14).

. EHNMIMNAK X

Puc. 2.14. Bce i purypsl 3a1aHbl OTHUM U TE€M K€ MHOKECTBOM BEPIIUH

[TosToMy craparoTcs CBOAWTH 3ajady 3aKpalTuBaHUS CIOXKHBIX (PUTyp K 3aKkpa-
IMTUBAHUIO MHOXXECTBA MPOCTHIX BBHIMYKIIBIX (puryp (Hampumep, TPEYTOJIbHUKOB).

2.2. 1. PeKypcueHbulil an2opumm ¢ «3ampaekoil»

[IIar 1. CraBuTcs TOYKa HYXHOTO IIBETa («3aTpaBKay) INE-TO BHYTPH (PUTYPHI,
OHA CUUTAETCA TEKYLLEH.

IMTar 2. IIpoBepsAtoTca MOOUEPEAHO BCE «COCEAM» IS TEKYIeH TOUKH, U €CIIU
WX [BET OTJMYACTCH OT IBETA 3aKPACKW W I[BETAa KOHTypa, TO Kakaas Takas TOUKa
3aKpAIABACTCS M caMa CTAaHOBUTCS TEKyIeH (PEKypPCHBHBIN mepexos Ha mmar 1).

CocenHue TOUKM ONPEACTAOTCA B 3aBUCUMOCTH OT TOTO, KaKO€ YCJIOBUE CBS3-
HOCTH OMPEJEIICHO B YCJIOBHE 3a/1aUH.

DTOT aJITOPUTM PEKYPCUBHBIM M MPUBOAMWT K OOJIBIIIMM 3aTparaM CTEKOBOH Tia-
MSTH, MO3TOMY €T0 1€1€C000pa3HO MCHOJb30BaTh TOJABKO IJIA 3aKPACKU HEOOJBIINX
¢uryp (1e 6omee 1 THIC. TUKCETIOB).

Moougpuyuposannvlii pexypcugnulii aneopumm ¢ «3ampaskoiiy. 3aMeTAM, YTO
Ha KaXJ0W CTPOKE MHOKECTBO TOUCK, MOAJIEHKAIIMUX 3aKPACKE, COCTOUT U3 UHTEPBA-
JIOB, MPUHAUICKAIIMX BHYTPEHHOCTH OOJACTH. DTH UHTEPBAJIbI OTAECIEHBI APYT OT
JpyTra WHTEPBAJIAMHA W3 TOYEK, MPUHAICIKAIIAX TPAHUIIC W BHEITHOCTH OOJIaCTH.
Kpome Toro, ecnm Habop Touek oOpasyeT CBSA3HBIM HWHTEPBAJ, MPUHAJJICKAIIMI
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BHYTPECHHEHN YacTh 00NaCTH, TO TOYKHU HAJA U MO STUM HUHTEPBAJIOM JIUOO SBJIAIOTCS
IPAaHUYHBIMM, MO0 TPUHAJJIEKAT BHYTPEHHEH yactu oOmactu. [locnenHue moryt
CIIY>KAThb 3aTPABOYHBIMHU I CTPOK, JIEXKAIIMX BBHIIIE W HUXKE paccMaTrpuBacMoit
ctpoku. CyMMHpPYs BCE 3TO, MOKHO MPEAJIONKUTE CIAEAYIONINN arOpUTM.

[Ilar 1. CraBuTcs TOUKa HY>KHOTO LIBETA BHYTPHU 3aKpalliMBaeMoi 00JlacTH, OHA
CUHTACTCS TEKYIIEH.

[Mlar 2. 3anonHsieM MaKCUMalbHO BO3MOXKHBIH MHTEPBAJI, B KOTOPOM HAXOAMUTCS
TOUKA, BITPABO U BJIEBO BIUIOTh JI0 HOCTHXKCHUS TPAHUUHBIX TOUEK.

IMMar 3. 3anoMuHaeM KpaiHIOW JIEBYIO X; MU KPalHIOI MPaBylO X, aOCIIMCCHI 3a-
MOJIHEHHOTO MHTEPBAJIA.

[Iar 4. B coceanux cTpokax HaA U
1ol UHTEPBAIOM (X),X;) HAXOJUM HE 3a-

MMOJJHCHHBIC K HACTOAILICMY MOMCHTY

BHYTPCHHHE TOUKH OOJIAaCTH, KOTOPbHIC

00BbEIMHEHBI B UHTEPBAJIbI, U B KpailtHeH st
MPaBOKA TOYKE KAKIAOIO TAKOr0 HWHTEP-
BaJIa PEKyPCHBHO NEPEXOAUM K 1mary 1.

ANTOpuTM MPABUJIBHO 3aMOJIHAET Puc. 2.15. Paborta Monn¢puIInpoOBaHHOTO
JHO6yIO o0nacTb, Jaxe TaKYIO CI0XKHYIO, PEKYPCHUBHOIO AJITOPUTMA C «3aTPABKOW)
Kak Ha puc. 2.15.

2.2.2. 3anonnenue noauzonoe

KonTyp monurona (MHOTOYTOJNBHUKA) OMPENCIAETCA BEPIIMHAMH, KOTOPHIE CO-
CAMHCHBI OTpe3kaMu TpsaMbIX. OCHOBHAS HEsS aTOPUTMA — 3aKpamvBaHue (puryp
OTPE3KaMH MPSAMBIX JIUHUM.

AJITOPUTM 3aMOJIHCHUS TTOJIMTOHOB OTPE3KAMU MPSAMBIX CJICTY FOIIHM:

1) Haittu miny w maxy cpenu Bcex BepIluH P;.
2) BBINONHUTE LUK TI0 Y OT Min 10 max.
3) HaxoxaeHne TOUeK mepeceueHust BCeX OTPE3KOB KOHTYpa C rOpu3oHTaNbo ). KoopauHaTs!
X; TOYEK NEPECEUCHUs 3aIIUCATh B MACCUB.
4) CopTupoBKa MaccuBa {X;} 1o BO3PaCTaHUIO.
5) BIBOZI TOPU3OHTAIBHBIX OTPE3KOB C KOOPAUHATAMH:
(X0.y)-(x1,y)
(02.)-(x3.)

()21 19)
)

B manHOM anropuTMe HCHOB3YETCS CBOWCTBO TOTOJOTHH KOHTYypa (PUTYypHI:
ao0as npsMast TUHUS EPECEKaeT 3aMKHYThIN KOHTYP UETHOE KOJIMYECTBO Pas.
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KoopanHara nepecedeHuss OTPE3KOB pp; ¢ TOPH3OHTAIIBIO ) BBIYUCIISIETCS TI0
dbopmyie:
X=X Vi) (XX Viei)-

2.2.3. 3anoanenue obaacmeit yzopamu

[TycTh HY>XHBIH y30p XpaHuUTCa B MaccuBe byte pattern| Width][Height].

[TukcenpHas kapTa B MaccuBe pattern[][] MoxkeT ObITh LETBIM U300PAKECHHUEM,
KOTOPBIM MBI XOTUM PACKPACHUTh 33JaHHYIO 00JIACTh, WIIA 3TO MOXKET OBITh MAJICHbD-
KWW 571eMeHm MO3auKu, KOTOPHIN CEAyeT BBHIKIIAIBIBATh C MIOBTOPEHHUEM (CM. PHC.
2.16).

Jlis obGecriedeHus MOBTOPAEMOCTH y30pa MUAKCENTy ¢ KOOpauHaTamu (X, J) Hy K-
HO npucBamuBarh HBeT pattern[x mod Width][y mod Height].

i-

Puc. 2.16. 3anonaenne odaacTu y30pom

2.3. Apdunnbie npeodpazoBaHus

Addunnsie (T.e. nuHEHHBIC) TPeOoOPA30BAHUA CITy’)KaT OCHOBHBIM HWHCTPYMEH-
TOM WJUTIOCTPATUBHOW Tpadwku i omucaHus (OpMbl O0ObEKTOB, MX Pa3MEPOB U
pa3MeIeHus Ha TUIOCKOCTH U B mpocTpancTBe. OHU MHUPOKO MPUMEHSAIOTCS B TAKAX
omommorekax, kak OpenGL u MS DirectDraw/Direct3D.

2.3.1 Appunnsie npeobpazosanus Ha niockocmu

OnHoM W3 THIMOBBIX 33/1a4, KOTOPYIO MPUXOMUTCA PeIiaTh CPEACTBAMH PacTpo-
BOI M300pazuTenbHON Tpaduky, sBisieTcss mpeoOdpa3oBaHUe KaK BCETO W300PaKCHUS
IIEJTMKOM, TaK M €r0 OT/EIBHBIX (PparMeHTOB, KaK TO: MEPEMEMICHHIE, TTOBOPOT BOKPYT
33IaHHOTO TIEHTPa, N3MECHECHUE JIMHEWHBIX pa3mMepoB u T.00. J[x. ®oppectom (Forrest)
paspaboTaHa cucremMa IpeoOpa3oBaHuil rpaduuecKuX OOBEKTOB, BBHITIOJHACMBIX B
MaTpPHUYHOM (hopMe.

Paccmorpum agppunnsie npeodpasoBaHus Ha IIOCKOCTU. B o0uiem BHuae OHU
OTHMCHIBAIOTCS CIICIYIOITUMHU (hOPMYJIaAMH:

X=Ax+By+C

rne A, B, C, D, E, F — nexne xoncrantsl. [Ipeobpazosanue (2.1) MoxxHO 3anucarh B
MaTpUUYHO# hopme:

X ABC \ x
Y |=|DEF | y|
1 00101
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AdduaabIM TTpeoOpazoBaHUAM MOXKET MOABEPraThCs KaK caMa CHUCTEMa KOOp-
JTIMHAT, TaK U OOBEKTHI HA TJIOCKOCTH.

Ecmn npeoOpazoBanne MpOW3BOAUTCSA HAJ CHCTEMOW KOOPIWHAT, TO 3HAYCHUS
(x, y) B BeIpakeHUH (2.1) HHTEPIPETUPYIOTCS KaK KOOPAWHATHI TOUYKH B CTapOH CHC-
TeMe KOOPAWHAT, a 3HaueHuA (X, V) — KoOpauHATHl TOUKH B HOBOW CHCTEME KOOP/IH-
HAT.

[TpeobpazoBaHusAM MOTYT TOABEPTrarbCsl HE TOABKO CHCTEMBI KOOPAWHAT, HO M
o0wekThl (purypsi). [Ipu npeobpazoBanmsax 0ObEKTOB HA TIOCKOCTH 3a (X', )') mpH-
MEM KOOPAWHATHI TOUKH N0 mpeobpazoBanud, (X', V') — HOBbIE KOOPAMHATHI TOUKH
rociie mpeoOpa3zoBaHMs.

B Tlpunoxxeann A mipuBeneHb OCHOBHBIC THMBI a(hUHHBIX TpeoOpa3oBaHUit
CHCTEM KOOPJWHAT U OOBEKTOB HA MJIOCKOCTH.

HerpynHo nokazarh crnpaBeUIMBOCTh ypaBHEHHWH MpeoOpa3oBaHMs MOBOPOTA
o0bekTa Ha TIockocTH. Toukn P u () HaxoAsaTCa HA PacCTOAHMHM R OT Havajga Koop-
muHatr. Koopaunarel Touku P=(RcosB, RsinB). Koopamuarsl Toukun Q=(Rcos(0+¢),
Rsin(6+¢)). [loncTaBuB B 3TH BBIPAKEHHS JBA U3BECTHBIX TPUTOHOMETPHUECKHUX CO-
OTHOIICHUS

cos(6+¢)=cos(6)cos(¢p)—sin(0)sin(p),
sin(0+¢)=cos(0)sin(¢)+sin(6)cos(p),

MoJlyuyuM TpeOyeMble YPaBHEHUS TPeoOpa30oBaHUA.
B sTOoM cnyuae koopaMHara y KaxkKJAOW TOUKH OCTAETCS HEM3MEHHOM, a Kaxaas
KOOPAMHATA X NIEPEMEILIACTCS HAa BEJIMUMHY, KOTOpas JMHENHO BO3PACTAET C POCTOM J.

2.3.2. Tpexmepnoie aphunnsie npeodpazoeanus

AHajiornuHble npeoOpa3oBaHUsA BO3MOXHbI M B TPEXMEPHOM MPOCTPAHCTBE.
OO6mmii Bua TpexMepHbIX adhUHHBIX MPeoOpa3oBaHUi KOOPAMHAT:

X=Ax+By+Cz+ D,
Y=Ex+Fy+Gz+H,
Z=Kx+Ly+Mz+N.

X A B C D\(x
Y EF G HI|y
Marpuunas dhopma: 7 B KLMNI|:z
1 00 0 1)1

B Ilpunoxennn A mpuBEACHBI OCHOBHBIC THIHI TPEXMEPHBIX a(pUHHBIX TIPE-
00pa3oBaHUM CUCTEM KOOPAUHAT U OOBEKTOB.
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N3 dopmyn mist BpameHus 00beKTOB MOKHO 3aMETHTh, UTO AJIEMEHT —Sil TTOSIB-
JSETCA B BEPXHEW CTPOKE MATPHIIBI JJIA X-BPAIMICHUS W Z-BPAICHUS, HO B HWXKHEH
CTPOKE MaTPHIIBI [l y-BparieHus. Mimeer mu y-BpareHne Kakoe-TO CYIIECTBEHHOE
otauuue?

PaccMoTpum Tpu ocH X, Y ¥ Z B IUKIIMYECKOM TIOPAZIKE. X > Y —> Z =X > V.. "
T.1. Ecim MBI ncciemyem BpaieHue BOKPYT KakOW-HUOYAb «TEKyIey (current) ocu
(x, y wiH z), TO MOKHO YKa3aTh «MPEABIAYIIYIO» (previous) W «IOCIEIYIONTYIO»
(next) ocu. Hampumep, eciv TEKyIIeH SBISETCA OCh X, TO MPEABIAyIIad — Z , a Cle-
aytomas — y. Obo3HaunM OykBOM P — KOOpAWMHATHI TOYKH 10 MpeoOpa3oBaHMs, a
() — KOOpAWHATHI TOUKH TOCie mpeodpa3oBanusi. HerpyaHo nokas3arh, 9To MPU TaKUX
0003HAYECHMAX BO BCEX TPEX BHUIAAX MOBOPOTOB MCIIOIB3YIOTCSA OHU U T€ KE ypaBHE-
HUA

chrr =P currs
Qnext - COS(”'Pnext - Sin(”'Pprev;
Qprev - Sin(D'Pnext + COS(”'Pprev-

Paccmotpum ocrosmwbie ceoticmea aghunnvix npeobpazosanuii.

1. JTioboe addunnoe mpeobpazoBaHWe MOXKET OBITh MPEICTABICHO KAK COBO-
KYyITHOCTh TPOCTEHINMX Omepanuii — MepeMerieHne, MacmTabupoBaHue, MOBOPOT.
[IpeobpazoBanme cnBUra MOXKET OBITH PA3JIOKEHO HAa KOMOWHAITUIO JIBYX TTOBOPOTOB
Y MacIITaOUpPOBAHUS.

2. Ilpu adduaHOM MpeoOpa30oBaHUM COXPAHSIOTCS MPAMBIC JIMHUW, TTAPaJUICITh-
HOCTh TPSAMBIX, OTHOMICHHS JUTHH OTPE3KOB, JICKAINX HA OJHOM MPAMOM, M OTHOIIIE-
HUS IUToImanci puryp.

3. Jlioboe mnpeoOpazoBaHWE TOYKM OTHOCHUTEIIPHO Hauajia KOOPAMHAT MOXKHO
MPEACTaBUTh Kak oOparHoe mpeoOpa3oBaHue CHCTEMBbl koopauHat. Hanmpumep, moBo-
POT TOYKH HA YTOJ () OTHOCHUTEIHHO Hadaja KOOPAWMHAT MOXHO PacCMaTpUBaTh Kak
MOBOPOT CUCTEMBI KOOPAWHAT HA YTOJI -(.

4. Ecnmu mpow3BOAMTCS P MOCIEAOBATENbHBIX apGuHHBIX MpeoOpa3oBaHMA
HaJl CHCTEMOM KOOPAWHAT WJIM OOBEKTOM, TO PE3YIbTHPYIOIIAs Marpuiia mpeoodpaso-
BaHWA HAaXOAWTCS KaK MPOWM3BEJACHUE MATPHIl AICMEHTAPHBIX MPeoOpa3OBaHUM, Tie-
PEMHOXKEHHBIX B 00OPaTHOM TOPSIIKE.

ITpumep 1. IlycTh Haa OOBEKTOM MOCIEAOBATENILHO MPOU3BOJATCS Mpeodpa-
30BaHUs, OMUChIBacMble MarpuiiaMu A, B u C. Pe3ynpTupyroinas marpuia npeoopa-
30BaHHS HAXOAUTCA IO popMmyIie:

Result = CxBxA.

[Tpumep 2. Haiitu marpuily npeoOpa3oBaHus AJid OTPAKEHUS 00BEKTA OTHOCHU-
TEJLHO OCH X, OCH y, Hadaya koopauHar (cMm. puc. 2.17).
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o

I
—_
(-

0

-1 0 0
X=-x
3) { > 0-1 0 Puc. 2.17. Otpaxxenus o0beKTa

0 0-1

[Tpumep 3. CocraBuTh mnpeoOpa3oBaHKE
JUTSI TIOBOPOTA TOYKH OTHOCHUTEIHHO IEHTPA C
KOOpAWHATAMH (X, Yo) HA YTOJ (.

D10 mnpeoOpa3oBaHWE MOXKHO IIpECTa-
BHUTH B BUJIE¢ KOMOWHAIIMHA CIACAYIONMAX MPEOO-
pasoBanuii (cM. puc. 2.18):

1) mepemernienne Havajga CUCTEMBI KOOP-
JIWHAT (X, y) B TOUKY (Xo, Yo). JanHoe mpeobpa-
30BaHHE OMHUCHIBACTCS (DOPMYJIAMH:

xX'=Xx-x,
{y' =Y=Jo
2) MOBOPOT TOUKH B HOBOW CHCTEME KOOPJAMHAT HA YTOJ (.
X'=x'cosp—y'sing,
{Y' =Xx'sin@+ y'cosg,
3) mepemeIeHne CUCTEMBl KOOPAMHAT Ha —X,, —Yo Ha3aa B (0,0):
X =X"+x,,
{Y =Y'+y,.
Hrorosas dhopmyna:
X =(x=x))cosp—(y—yy)sing+x,,
{Y =(x—=xy)sm@+(y—y,)cos@+ y,.

Pemrenne 3amaun B MaTpudaHoit hopme:

Puc. 2.18. CnoxxHoe npeoOpa3oBaHue
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X nepemenierue nosoponi nepemeu{ernue X
Y

=| cucmemwvi Koopounam |X| Ha yeon |X| cucmemvi KOOPOUHaAm x| y |=

! HA — Xy,— Y, @ HA X, Y 1

10x,) (cosp —sing 0) (10-x,) (x
=101y, [x|sing cosep 0 |x|0l-y,|x|y]|=

001 0 0 1) {00 1 1
COS@ —sIin@ —X,CoS@P+ V,sin@+ X, X
=| sing@ COSQ —X,SIN@+ y,cos@+x, [x| V|
0 0 0 1

2.4. IIpoenrupoBaHue 00beMHBIX (GUTYP HA MJIOCKOCTh

BoNbIIMHCTBO CYHIECTBYIONIMX B HACTOSAIIEE BPEMS YCTPOUCTB OTOOpaKeHUs
MIPEAYyCMATPUBAIOT MOCTPOEHUE W300pAKEHUs HA TUIOCKOCTU. B maremarnyeckom
CMBICIIE Mpoekyuu — 3TO MPeoOpPa30BaHUS TOUECK MPOCTPAHCTBA PA3MEPHOCTH /1 B
TOYKH TIPOCTPAHCTBA PA3MEPHOCTH MEHbINEH, YeM 1. B kommbroTepHO# rpaduke pac-
CMaTPUBAIOTCS MPEUMYLIECTBEHHO MPOEKIHAKA 00pa3a TPEXMEPHOTO MPOCTPAHCTBA HA
JIBYMEPHYIO KAPTUHHYIO TJIOCKOCTb.

IIpoexyus TpEXMEPHOTO 00BEKTA, MPEACTABICHHOTO B BUJIE COBOKYMHOCTH TO-
YEK, CTPOUTCS MPHU MOMOIIH OPSIMBIX MPOCHUPYIOIIUX YUY€, KOTOPble HA3bIBAKOTCS
MPOEKTOPAaMU U KOTOPBIE BBIXOJAT M3 IIEHTPA MPOCKLUU, MPOXOIAT YEPE3 KAKAYIO
TOYKY 00BEKTa U, NEPECEKas KAPTUHHYIO TIOCKOCTh, 00Pa3yIOT MPOECKLHIO.

OnpeneneHHbiil TakuM 00pa30oM KJIAcC MPOEKIMI HA3bIBAOT AIOCKUMU 2€0-
MeMpUYEeCKUMU NPOeKyusml, TOCKOJbKY MNPOCLMPOBAHUE B 3TOM CIIyyae MNpOU3-
BOAUTCA HA MPOEKYUOHHYIO NIOCKOCHb W B KAaU€CTBE MPOCKTOPOB HCMOJb3YIOTCSA
npsambie. CylIecTBYIOT U JAPYTHe MPOCKIMH, B KOTOPbIX MPOEHUPOBAHUE OCYIIECT-
BJIACTCSl HA KPUBOJIMHEHHBIE MOBEPXHOCTH WJIK KE MPOCHMPOBAHUE OCYIIECTRIIACTCSA
HE C MOMOIIBIO MPAMBIX (TaKWe MPOCKIINK HCIONB3YIOTCS, HAPUMEpP, B KapToTpa-

B npoenpoBaHuu y4acTBYIOT ABE CUCTEMbI KOOPUHAT:

1) mupogwie xoopounamer — OMUCHIBAIOT UCTUHHOE TOJIOKEHUE OOBEKTOB B MPO-
CTPAHCTBE;

2) KoopouHamvl npoexyuy — OMUCHIBAIOT W300pakeHHEe O0O0BEKTa B 3a/IaHHOMN
MJIOCKOCTH MPOELUPOBAHMS.

OcHosHas 3a0aya npoeyuposanusi: Ui TOUKH ¢ KOOPAWHATAMH (X, V, Z) B TPO-
CTPAHCTBE MHUPOBBIX KOOPJAMHAT HAHUTH €€ KoopauHarel (X, ¥, 7Z) Ha MJIOCKOCTH TPO-
€LUPOBAHMUS.
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[1mockue reoMeTpuyecKre MPOEKLUUH MOAPA3AEIISIFOTCSA Ha JBa OCHOBHBIX KJIac-
ca: yewmpanvhble U napaiieivhvie. Pazmuune MeXIy HUMHU OMPENEseTCcs COOTHO-
IIEHUEM MEXKIY LEHTPOM MPOCKIMUA M MPOEKIMOHHOMN MmiIockocThio. Ecnmu pacctos-
HUE MEXKy HUIMHU KOHEUHO, TO MPOEKIHs OyaeT yenmpanwvHoti (cMm. puc. 2.19,a), ecnm
e OHO OECKOHEUHO, TO mpoekims Oynaer napannenvHoti (em. puc. 2.19.6). [lapan-
JICNbHBIC MPOEKIIMK HA3BAHBI TaK MIOTOMY, UTO IICHTP MPOCSKIINNA OSCKOHEUHO YIaJIeH U
BCE€ MMPOEKTOPHI MApaJLIeNIbHBI.

MpoekuroHHasn MpoekunoHHas
LieHTp NOCKOCTb NSOCKOCTb A
npoekuum A < NA'
MpoekTopbl \ \ \
MpoekTopbl B < —B B

0) mapaienbHast IPOSKIUs
a) EeHTPAJIbHAS TIPOESKIIUS

Puc. 2.19. Bunsl npoexkuui

Ha puc. 2.20 npusenena knaccudukanus TIoCKUX MPOSKITHHA.

IMOERTIHA

I

C oapodi Touroil cxoma J

t [MapannensHse ] [ LeHTpansHELe —v[ C IByME TOURAMI CXOMA
-\-\_\-"—\q_.

e T CIpeMA TOMEAMIL CROJTL ]

l homwmmme [ OPToOroHANRHES ]
/
.I'«-____h___h PRI TATE B ]

[Alcmmmmu-lwmm \ [ [ masHBe —’[ 1 eDHIOHTATBHEL ]

|

'I [ Tpu‘:w.r:lpl:'-ar:um-: ] [_ Y Mo dieHE ]

j [ TuneTpHAccRne J = ! H\

Hrometpnseckme Jleprait Hinsrmit Sammmi
( ] | ) (it )

BenoaoraTelLHE e ]

Puc. 2.20. Knaccupukauus npoexuii

Axconomempuueckumu npoexyusmu Ha3bIBAIOT W300paKEHUSA, TTOYUCHHBIC TTY-
TEM TPOCIUPOBAHUS MAPAJUICTIEHBIMUA JTydaMu (purypsl (IpemMera) BMECTE ¢ OCSIMHU
KOOPJMHAT Ha MPOU3BOJIBHO PACIIONIOKEHHYIO TIOCKOCTh, KOTOPYIO HAa3bIBAIOT aKCO-
HOMETPHUYECKOH (MJTH KApTHHHOM ).

B 3aBucEMOCTH OT HampaBJIeHHS TPOCHHUPYIOMIMX JyUeld aKCOHOMETPHUSCKHE
MPOCKITUN PA3NEIAIOTCS Ha: MPAMOYTOJbHBIC (TIPOCTHUPYIONIME JIyYd TEPIICH U~
KYJIAPHBI TUIOCKOCTH TIPOCIIMPOBAHUA) M KOCOYTOJIbHBIE (MPOCIUPYIOMNAE JTyYd Ha-
KJIOHEHBI K TUTOCKOCTH TIPOCTIMPOBAHNA).
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B 3aBHUCHMMOCTH OT HaKJIOHA OCEH KOOPAWHAT K TUIOCKOCTH MPOCIIMPOBAHHS BCE
AKCOHOMETPHUUCCKUE TPOSKIIMN JACIIATCSA Ha TPU OCHOBHBIX BH/IA:

1) uzomempuuecxue (0cH z, X U y HAKIIOHEHBI OAMHAKOBO) (cM. puc. 2.21,a);

2) oumempuueckue (ABe OCH KOOPIAHAT UMEIOT OJIMH M TOT )K€ HAKJIOH, a TPEThs
— npyroii) (cm. puc. 2.21,0);

3) mpumempuueckue (BCe OCH HMEIOT PA3HBIA HAKIIOH).

a) U30METPHUECKAs IPOCKIIUS 0) AuMeTpudecKast MPOEKIUs

Puc. 2.21. Buasl npoekuuii

& .= =
[lpu  axconomempuueckom npoeyuposaHuu
MOJIOKEHHE MJIOCKOCTH MPOSIUPOBAHUSA B MUPOBBIX
¥ . KOOPJIMHATAX 3aJaeTcs IBYMs yriamMu oo ¥ B (cm.
puc. 2.22):
Y, a) IOBOPOT CHCTEMBI KOOPAMHAT (X, V, Z) OT-

HOCHUTCJIBbHO OCH Z MHUPOBBIX KOOPDAWHAT Ha YIoJI L.

Puc. 2.22. Bzaumnuoe nonoskenne  Marpuna Hpeo6pa3013aHH>1 JAaHHOTO IIOBOpPOTa
KOOpIWHAT B aKCOHOMETPHUH

cosa sina

0 0

0
—sing cosa O
1
0 0 0

—_ O O O

0) MOBOPOT HOBOW CHCTEMBI KOOPAWHAT (X', }', z') OTHOCHTEIILHO OCH X' Ha yTOJ
. JlaHHBII TOBOPOT OMUCKIBAETCS MaTpUiieit

1 0 0 O
0 cosff sing O
0 —sinf cosf O
0 0 0 1

HroroBoe npeoOpa3zoBaHue KOOPAUHAT BHIPAXKAETCS TPOU3BEICHUEM MATPUIL;

cos o sin o 0 0
—sinacos S cosacosff sinf O

BxA=| . . .
singsinf —cosasimnf cosf O
0 0 0 1
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[IpeoGpa3oBanue B KOOPAUHATHOH (hopMe:
X =xcosa+ ysina,
Y =—xsinacos S+ ycosacos S+ zsin S,
Z =xsinasin f— ycosasin S+ zcos f.

CBoticTBa aKCOHOMETPHUYECKOM TIPOSKITHH:

1. AKCOHOMETPUUECKHE MPOCSKIMH TMAPAUICTIBHBIX MPAMBIX TapaIeIbHBI MEK-
Iy co0O# U B IPOCTPAHCTBE, OUCBUIHO, UTO €CJTU MapaJICTbHBIE PAMbIE OyIyT MPO-
SKTUPYIOIAMH, T. €. COBNAAYT C HAMPaBJICHHEM TNPOSKTHPOBAHWA, TO YKa3aHHOE
CBOMCTBO TEPAET CMBICI, TaK KaK MPOCKITUAMH STUX MPAMBIX OyIyT TOUKH.

2. OTHOIIIEHHUE aKCOHOMETPHUCCKUX TMPOCKITUH OTPE3KOB, PACHOJIOKEHHBIX HA
OJTHOM MPAMOM WJIN MapaUICIIbHBIX MPSAMBIX, PABHO OTHOIIIEHUIO CAMHUX OTPE3KOB.

3. Ecnu nuHWM B MPOCTPAHCTBE MEPECEKAIOTCA (WJIM KacaroTcs), TO U aKCOHO-
METPHUUECCKHAE MMPOCKITHHA STUX JIMHAN TTEPECEKAIOTCS (MITH KacaroTes).

4. B o0mmeM ciaydae OKPY>KHOCTh M300pa)kaeTcsi B aKCOHOMETPHH SJUTHIICOM, B
YAaCTHOM CJIy4ae OHA MOXET MPOCKTHUPOBATHCA HA TUIOCKOCTh AKCOHOMETPHYECKUAX
MPOEKLMA B BUJE OTPE3KA MPAMOU UJTA OKPYKHOCTH.

IlepcnexkmusHoe (yenmpanvHoe) npoeyuposanue MOXKET OBITh TMPEACTABICHO
KaK TMOCeAoBareIbHas KOMOWHAIMA, 1) aKCOHOMETPHUYECKOTO MPOCITUPOBAHUS,
2) npeobpazoBaHusl, KOPPEKTUPYIOIIETO JIMHEHHBIE Pa3MEPHI.

OT10 npeoOpa3oBaHKUE 3aBUCUT OT Z; — MUPOBOM KOOPAMHATHI Z KAMEPbl U Zy; —
MHPOBOMW KOOPAWHATHI TJIOCKOCTH TpoerupoBanns (cM. puc. 2.23). B xoopauHaTHOM
(hopMe BEITTISAIUT CICAYIOITUM 00Pa3oM:

X =x(z,~2,)/ (5~ 2),
Y =y(z; - z2,,)/ (2, - 2),

L=z—-2z .
Marpuna npeoOpazoBaHus
Z, —Z
(zy—2) n
0 (Zk Znﬂ) 0 0 Y P
(z,—z \ \
0 0 1-z, \ /| X
0 0 01 /0 =
Y D
OCHOBHBIE  CBOWCTBA MEp-
CIIEKTUBHOTO MPEOOPa30BAHUS:;
1) HE COXPaHSIOTCA OTHOILE- Y
HUA JJTMH ¥ TIOMANEH; Puc. 2.23. TlepcneKTUBHOE MPOEMPOBAHUE
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2) mpsAMbIE JTMHAA H300PaXKAOTCSA IPSAMBIMH JIMHASIMH,

3) mapajTeIbHBIC IPSMBIE N300PAXKAIOTCS CXOSIIMMUCS B OJTHOW TOUKE.

Omobpaoicenue 6 oxne. Ilycts (X, ¥, Z) — KoOpAMHATH IPOSITUPOBAHMS,

(X,, Ys, Z,) — 2KpaHHBIC KOOPAWHATHI.

Jlnst oToOpaskeHWs CIICHBI B OKHE HCIIONB3YIOTCA aBa adduaABIX TIpeoOpa3osa-
HUA — MacIITabUpPoBaHUE U IepeMereHne (cM. puc. 2.24).

X, =kX +dx,
Y, =kY +dy,
Z,=kZ.
- Xsmin |

vy A  [paHuybl

|
|
|
Xmin,Ymin CLeHbI l———
I 1
|

v Xmax,Ymax

—— — "

} Cu,eHaJ

Xamax
Y2  Ysmax

Puc. 2.24. OToOpaskeHue B OKHe

YCnoBus BIUCHIBAHUS COCHLI B OKHO 3aJdHHBIX PA3MCPOB.

X S kX, + dx,
Yo SKY o +dy,
X 2 KX o + X,
Yo 2 kY o + AV
— k < min X 9max = X omin ’ Vs max = Yomin =k ..
ax_Xmin Ymax_Ymin

Yro6bl n306paskeHHe B OKHE GBLTO MAKCHMATLHBIM, HYXKHO, 4To0n kK = K ;.

YenoBus s dx, dy:
— kX, Sde<X — kX — kY <dy<Y, . —kY,

9m1n = <+ DOmax max > 9mm min — max max *

Uto0bl M300pakeHre pacnoarajioch Mo IEeHTPY dKpaHa:

kX 4 X, —kX Youin — kYo + Yo — kY,

max max dy — max

2 ’ 2

dx — 9m1n

60



2.5. MeToabl 00padoTKH pacTpoOBbIX H300paKeHUil
2.5.1. Ilpeobpazoeanue ueemHo20 U300paAHCEHUA 8 «CEePOe)

B npenmonokeHun, 4TO MBET KAXAOTO IMHKCEIA MCXOJHOIO I[BETHOrO HM300pa-
JKeHMS 3a7aH B 1BeToBOoM cxeme RGB, To ke camoe m3o0pakeHHE, UCIIOTHEHHOE B
Pa3TUYHBIX OTTEHKAX CEPOTO IBETA, MOXKHO TONYYUTh B pe3ysbrare npeodpa3oBa-
HUSL:

R'=G'=B'=0,3-R + 0,59-G + 0.11-B,

rne (R, G, B) — ucxoaasie 1iBeToBbIe KOMITOHEHTH nukcena, (R, G', B") — pesynbru-
PYIOIIHE I[BETOBBIC KOMITOHEHTHI THKCETA, COOTBETCTBYIOIIUE OMHON W3 TpajaIuid
CEeporo LBETA.

JlaHHBIN aNTOPUTM SBJSETCA XAPAKTEPHBIM TPEACTABUTEIEM TaK HA3bIBACMBIX
«TIOAJIEMEHTHBIX)» AJTOPUTMOB, TO €CTh TE€X, KOTOPHIC HE3aBUCHUMO NPHUMEHSIOTCA K
KaKJIOMY 3JIEMEHTY (B JaHHOM Cilydae — K MUKcely) n3o0paxkenns. MHuorue 3 pac-
CMaTPUBACMBIX HUKE aJITOPUTMOB OTHOCATCS K 3TOMY K€ THILY.

2.5.2. /luneiinoe KoHmpacmupoganiue

ITon «KOHTPACTHOCTHIO» OOBIUHO MOHUMAETCSA Tepemnaj APKOCTEH, MPUCYTCT-
BYIOIIMX Ha M300pakeHWH. 1Ipearnonokum, 4To MUHUMAJbHO BO3MOKHOE 3HAUCHUE
APKOCTH MUKCENIOB paBHO [, = 0, a MakcUMaabHO BO3MOKHOE [ = 63. M300paxkenue,
HE MCIOJB3YIOIIEe BCETO BO3MOXKHOIO AMANa3oHa APKOCTEH M coaepiKallee SIPKOCTH
ITAKCEJIOB TOJIBKO B mpeaenax or min = 20 mo max = 40, 0O4eBHIHO, SBISICTCS «MaJio-
KOHTPACTHBIMY». 3aJada KOHTPACTUPOBAHMS 3aKJIIOUYACTCSA B «PACTATUBAHUMY Peallb-
HOTO AMana3oHa SPKOCTEH Ha BCIO mKajy. KoHTpacTupoBaHue MOXHO OCYIIECTBHUTD
TIPY MOMOIIH JIMHEHHOTO MOA3IEMEHTHOTO ITPeoOpa3oBaHuA

g=af +b. (2.2)
[TapameTpsl 3TOr0 TpeoOpa3oBaHUs d U b HETPYIHO OMPEACTUTb, UCXOAS M3

TpeOyeMOoro M3MeHEHHUs THHAMHYECKOTO auanasona. Eciu B pesynbsrare o0paboTKu
HY)KHO TIONYYHTh WKATY [Znin, Gmax], TO, KaK crenyer us (2.2),

Emin— afmin+ b;
Emax— afmaXJr b.
Orcrona
= Emax ~ Emin i b= gminfmax — gmaxfmin ‘ (23)
fmax _fmin fmax_fmin

2.5.3. Ilopozoeaa oopabomka

IToporosas 006padoTKa MOJTyTOHOBOTO M300PAKEHMS 3aKITI0YAETCS B pa3ieiCHUH
BCEX 3JICMCHTOB M300pakeHHS Ha JIBa Kilacca MO MPHU3HAKY SPKOCTH, TO €CTh B BHI-
MOJTHCHUH TTOAJIEMEHTHOTO TTPpeoOpa3oBaHus BHIA:
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Emin > foO

g =
else.

g max ?
r1e fy — HEKOTOPOE IMOPOTOBOS» 3HAUEHUS SAPKOCTH. [IpwW BHITIOJHEHWH TOPOTOBOM
00paboTKH BOIPOC COCTOUT B BRIOOPE TIOPOra fj.

2 wi [TycTh mONYTOHOBOE U300paXKEHUE
" Wrl
. COZIEPIKAT WHTEPECYIOMHE HAC OOBEKTHI

; i OJTHOM APKOCTH HA (HOHE APYTOH APKOCTH

, (TUNUYHBIE TPUMEDPHL:  MAIIWHONUCHBIHA
6 ;
Wil /7N

! : TEKCT WJIA YePTeKH Ha poHe Oymaru, mMe-
/ ' /-:-w JUITMHCKHE TTPOOBI IMOA MHKPOCKOIIOM Ha
I \ ‘\h

S/ N ~__ f  ¢one nomioxku u T.4.). Torna B naeane

IJIOTHOCTh ~ PaCIHpeleeHusT  ApKOCTeH

g JOJOKHA BBITJIAETh KaK JIBE JICJIbTa-
dbynkiun (puc. 2.26,a). B nanaoM ciydae

fo f  33ajaua yCTaHOBJIGHHA MOPOra TPUBUAIIb-

Puc. 2.25. CoBMeCTHOE pacrpeeneHue Ha. B KaueCTBE fy MOXHO B3iTh JFOOOE

APKOCTH JIBYX OOBEKTOB 3HAYCHHE MEKTY «ITHKAMUIY.

Ha npakTtuke, oaHaKo, BCTPEUAIOTCS OMPEACICHHbIC TPYAHOCTH, CBS3AHHBIE C
TEM, YTO, BO-TICPBHIX, KaK JJii OOBEKTOB, TaKk W AJA (poHA XapaKTepeH HEKOTOPHIi
pa3bpoc sapkocteii. B pesynabrare nukm QyHKIIMHA TUIOTHOCTH PaclpeneieHus «pac-
TUTBIBAIOTCS), XOTA OOBIYHO €€ OMMOJABHOCTh coxpansieTcs (puc. 2.26,0). B Takoii
CUTYaIlMd MOKHO BBIOPATh TOPOT fj, COOTBETCTBYIOMINNA TOJIOKEHUI0O MUHAMYMa Me-
Ky MOJAMH, TO €CTh HCIIOIb30BaTh (PYHKIIMIO TO3JIEMEHTHOrO MpeoOpa3oBaHMS,

MOKa3aHHYIO Ha puc. 2.26.6.
2.5.4. Ilpenapuposanue

[[Tupokwuii kmacc npoieayp oOpadoTKK N300paKEHUS 3aKIIOUACTCA B UX Mperna-
PUPOBAHHH, TO €CTh B MPUBEICHUN K TAKOMY BHJY, KOTOPBIHA, BO3MOXHO, BEChMa Jia-
JIEK OT €CTECTBEHHOI0, HO YIOO€H /U1l BU3yaJIbHOM MHTEPIPETALINKN UK JIaJIbHEHIIIe-
ro MaIlTMHHOTO aHAJIA3a.

YacTHBIM CllyyaeM MpenapupoBaHus ABJISETCA MOporosas o0padoTka, paccMOT-
penHas Boime. [lepearciiM HEKOTOPBIC IPYTHE UCTIOIB3yeMbIe PEOOPA3OBAHNA.

OueBuaHBIM 00O0OIIIECHHEM ITOPOTOBOM 00pabOTKH SBISIETCA IMPeoOpa3zoBaHUE
APKOCTHOTO cpe3a (puc. 2.26,a). OHO TO3BONSAET BHIACIATH ONPEACIICHHBINH HHTEPBAJ
Mana3zoHa SAPKOCTEH BXOMHOTO m300paxeHus. [lepememnias «pabouuity WHTEpPBAI 1O
IKajie ¥ MEHsIS €ro MWAPHHY, MOKHO TTPOM3BECTH BHU3YAJIbHBIM aHAIA3 OTACIbHBIX
N300paKEHHBIX 00BEKTOB, PA3IMYAIOIIUXCA TI0 APKOCTH. JleTanmu, He monaaaronye B
yKa3aHHBIH UHTEPBAJ, TO €CTh OTHOCAIHECS K «(hOHY», OyIyT MOTABIICHHI.
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Ha puc. 2.26,6 npuBeneH BapuaHT SPKOCTHOTO cpe3a ¢ coxpaHeHuem ¢oHa. B
JAHHOM CJTy4ae M300paKEHUE B 1IEJIOM COXPAHSETCA, HO HA HEM «BbICBEUMBAIOTCS
YYACTKH, TOMABIINE B 3aJJaHHBIA UHTEPBAJ APKOCTEN.

a 4] B

Puc. 2.26. IIpeobpa3oBanue sipKOCTHOTO cpe3a

Ecam sToT MATEpPBAT MPUMBIKAET K TPAHUIIC KAl APKOCTH, TO TIOIY4YaeM Tpe-
oOpa3oBaHME TaK HA3bIBAGMOW «HEMOJHOIY moporoBoi oOpadoTku (puc. 2.26.8).
KonrpactHoe macmrabupoBaHue B CBOEM MPOCTEHINIEM BapHWaHTE COBMAAACT IIO
CMBICITY C JIHTHEHHBIM KOHTPACTUPOBAHUEM, PACCMOTPEHHOM B 1. 2.5.3, 31€6Ch «pabo-
YHAN» UHTEPBAI APKOCTEN PACTATMBACTCA HA BECHh JMANA30H AONYCTUMBIX 3HAYCHUH
(puc. 2.26, 2). B npyrux ciaydasx KOHTPaCTHOE MaclITaOMPOBAHUE MOKET OBITh CBs-
3aHO ¢ oOpamenueM (YHKIIUH SPKOCTH, TO €CTh C TOJMyYCHHEM HerartuBa (pucC.
2.26,0), TipencTaBlicHHEM «pabovero» WHTEpPBaja HAa OMHOPOAHOM (OHE: UECPHOM
(puc. 2.26,e), 6enom (puc. 2.26,0«) unu cepom (puc. 2.26,3) u t.a. [lumoobpaznoe
KOHTPACTHOE MaclITadUPOBAHKUE WILIIOCTPUPYET puc. 2.26,u. Kak moka3piBaeT mpak-
THKA, €CJIU M300PAKEHHE COCTOMT M3 HECKOJBKUX KPYMHBIX OOIACTEeH C MEMICHHO
MEHSIOMMMHUCS (MO TIOCKOCTH) 3HAUEHUSMH SPKOCTH, TO TakKoe MPeoOpa3oBaHUE
MOYTH HE Pa3pyIiaeT MENOCTHOCTHA €r0 BOCIPUATHS U, B TO € BPEMS, PE3KO YBEIIHU-
YUBAET KOHTPACTHOCTH TIOXO PA3TMUAMBIX MEJIKUX JIETaICH.

2.5.5. Boioenenue kKonmypoe

3agaua BBIJCICHUA KOHTYPOB COCTOMT B MOCTPOCHUM HM300pPaXKEHUA HMEHHO
rpaHuil 00bEKTOB U OYEPTAHUH OJTHOPOJHBIX O0IacTE.

Ha puc. 2.27 a,6 nokazaHsl cOOT- a 5

BETCTBEHHO MCXOIHOE M300pakeHHue, CO- N
cTosiliee M3 0o0NacTel pa3IMuHON SPKO- . S |
CTH, M ero rpaduuecKuii BapuaHT, CO- A ‘f’f\\
CTOSIIIIMIA TOJIBKO M3 TPaHuIl 3THX oliac- 8 r a

TEM. bynem Ha3bIBaThb KOHTYpOM | ! 1 |
M300pAXKEHUA COBOKYMHOCTh €ro MHK-
CEJIOB, B OKPECTHOCTU KOTOPBIX HAOJIO-
JAeTCsd  CKAYKOOOpa3HOE€  HM3MEHEHUE Puc. 2.27. BbineneHue KOHTYPOB
(byHKITUH APKOCTH.
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Tak xak nudpopoi 06padoTke N300pakeHUE MPEACTABICHO KaK (PyHKITHS MeIo-
YHCJICHHBIX apTyMEHTOB, TO KOHTYPHI IPEACTABIISIOTCS JIMHUSAMHA IITUPUHON, KaK MH-
HAMYM, B OAuH IHKcen. [Ipu 3ToM MOXXET BOHHKHYTh HEOAHO3HAYHOCTh B OIpPE/Ic-
JICHWHW JIMHWHW KOHTYpa, Kak 3TO MOKa3aHO Ha puc. 2.27.2,0, g UCXOAHOTO M300pa-
KEHUS C Tiepernanom sapkoctu (puc. 2.27.6).

OOmyto mporneaypy HOCTPOCHHs OWHAPHOTO H300paKeHHWs T'paHUIl OOBHEKTOB
WLUTIOCTPUPYET OJIOK-CXeMa, IpeACcTaBliecHHas Ha puc. 2.28.

f Ilogueprupanue €

» KOHTYDOE »

g
—»

Iloporosan
obpaboTia

Puc. 2.28. IIpouenypa BelaeaeHUsI KOHTYPOB

Hcxoanoe n3obpaxenne f moasepraeTcs JUHCHHON WM HETMHEHHOW 00padoT-
Ke, ¢ TeM uTOOBI BBIJCIIATH TIEPETaabl APKOCTH. B pesynsrare 31oit omepanuu ¢op-
MUpPYeTCS N300pakeHne e, QYHKIUA IPKOCTH KOTOPOTO CYIIECTBEHHO OTJIMYACTCS OT
HYJISl TOJIBKO B OOJTaCTAX PE3KMX M3MEHEHWH SIPKOCTH M300pakeHws f. 3areMm B pe-
3yJIbTare MOPOroBOM 00paboTKM W3 M300pakeHuss e ¢dopMmupyercs rpadudecKuii
(koHTypHBIH) Tipenapar g. [lpaBuibHBIN BHIOOpP MOpOra HA BTOPOM ATare JOJKCH
MPOU3BOIUTHCA M3 CACAYIOMUX cooOpakeHmid. [Ipy CITUIIIKOM BBICOKOM MOPOTE MO-
T'YT TIOSIBUTHCS Pa3PhIBBI KOHTYPOB, a cjadble mepenajbl sIpKOCTH He OyayT oOHapy-
XKeHbl. [[py CIUIIKOM HU3KOM TIOPOTe M3-3a IyMOB M HEOJHOPOMHOCTH 00acTeit Mo-
I'YT TOSIBUTHCS JIOXKHBIE KOHTYPbI. J[pyrux ocoOeHHOCTel moporoBas oOpadoTka He
umeeT. [lorTomy oOpariM OCHOBHOE BHUMAHWE Ha TIEPBYIO OTEPAITUIO — BBIJICIICHHUE
MePEnaaoB APKOCTH (KOHTYPOB) — M PACCMOTPHUM OCHOBHBIC METOJBI BHITIOJIHCHUS
JTOW ONEPALIUU.

I’ paouenmuwuiii memoo. OaauM U3 HauboOJiee MPOCTHIX CIMOCOOOB BBIJCICHUA
TPaHMII SABJISAETCS MPOCTPaHCTBeHHOE audepeHImpoBanne QyHKITUN SpKOCTH. [ pa-
JTUEHT (PYHKITUHU SIPKOCTH BBIYUCISIETCS TI0 (hopmyrie

|Af(x,y)‘: (8f(8x:J/)] + 8f(‘x9y)
X oy

¥ TIPOTIOPITHOHAJICH MAKCUMAaJTbHOM (10 HAIPaBJICHHUIO) CKOPOCTH M3MEHECHHS (DyHK-
IIUW APKOCTH B TAHHOW TOUYKE W HE 3aBUCHUT OT HAMPABJICHUS KOHTYpa.

YacTHple TPOM3BOAHBIE MOXKHO BBIUMCIHTH MPHOIMKEHHO C ITOMOIIBIO Clie-
JYIOIIUX KOHCYHBIX PA3HOCTEM:

8f(x,y) ~ f(xi+1:yj)_f(‘xiﬁyj) 8f(x,y) ~ f(‘xiﬁyjﬂ)_f(‘xi’yj) ‘

Ox Xig — X oy Yia = Vi
T x.  Xp1—x~= Yir1=Vi :1:
of (x, of (x,
TO —f(axy) ~ f(xl-_,_];y]')_f(‘xi:yj): %zf(xi:y]#l)_f(‘xi’yj) :
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CnemoBarelpHO,

|Af (x, )| = J(f(xiﬂ,y]-) ~ FCy)) + (@) = Sy

Takum oOpazom, ornepanus BBIAEICHUS KOHTYPOB 3aKJIIOYAETCS B BBIMOJTHEHUH
HEJTMHEWHOM TOKaIbHON 00padoTKK N300paskeHHs «OKHO» 2%2 (6€3 ONHOM TOUKH):

i, ) = FCrrsy) = £ 53 +(F ) = £ 5.3

2.5.6. Ancopummosl ymoHueHUA JTUHUIL

3amaua «ymownyenus aunuiy (WA «3a0aya ckeiemusayuuy») akTyallbHa B TeX
ciaydasix, Korja HeoOXoauMo mpeoOpa3oBaTh MPOU3BOJBHOE MOHOXPOMHOE HM300pa-
KEHUE B MITPUXOBOE, T.€. COCTOSIIEE U3 OTACIbHBIX TOUCK W JuHui. Hanpumep, Ta-
Kas mpoOjeMa BCTpeUaeTca B MPOIEeCCe MPeaBapUTEIbHON 00pabOTKM OTCKaHUPO-
BAHHBIX HM300PAKCHHUN TEKCTOB W UEPTEKEH, MPEAHA3ZHAUEHHBIX IS JNaJIbHEHUIEro
pacno3HaBanus (cM. puc. 2.29).

a) 10 YTOHYEHHS 0) mocie yToHueHHsI

Puc. 2.29. YToHueHUe JUHUN

Cy1iecTByeT MHOXKECTBO pa3HOOOPA3HBIX aJIrOPUTMOB, Mbl PAaCCMOTPUM Haubo-
Jiee XapaKTEPHbIE U3 HUX.

Hmepayuonnvle ancopummpl NMPEayCMaTPUBAIOT HECKOIBKO TMOCIEI0BATEIbHBIX
LMKJIOB TPOCMOTPA U300PAXKEHUA, BO BPEMA KAXKIAOTO U3 KOTOPHIX YAAJIAIOTCSA MUKCE-
JIBI HapY>KHOTO cJios ¢uryp. Paznuaaror nocieoosamenvivie amrOpUTMBI, B KOTOPBIX
BAXCH MOPAN0K 00X01a MUKCENIOB N300pakeHns (HanpuMep, ceBa HampaBo U CBEPXY
BHH3) W NApaiielibHbie, B KOTOPHIX TMUKCEIBI MOTYT MPOCMATPUBATHCA B TIPOU3BOJIb-
HOM nopaake. Bo Bcex mogoOHBIX aNropuTMax MUKCEIbl CHaYana TOJIBKO MTOMEYArOT-
Cs KaK yJaJCHHbIE, a YOUPAIOTCA ¢ M300PaKEHUS TOJILKO MO OKOHUAHWM IUKJIA CKa-
HUPOBAHUS.

B kauecTBe npuMepa pacCMOTPUM NapajuieNbHbIlA arcopumm 3onea—Cysna.

P9 P2 P3
Beenem marpuiy 3x3: | P8 Pl P4
P7 P6 P5

HaxnanpiBaeM Marpuily Ha u300pakeHHE, COBMEIAs MHTEPECYIOIIMN HAC MUK-
cen ¢ Pl. Kaxnas utepaius COCTOUT U3 2 MOABITEPALIAMN.
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Hoovimepayus [: nukcen Pl ynansercs u3 u300pake€HUs, €CJIU BBIMOJHAIOTCA
CJIETYIOLIUE YCIOBUS:

a) 2< B(Pl)<e;

b) A(P1)=1;

c) P2xP4xP6=0;

d) P4 xP6 xP8=0.

I'ne A(P1) — uncno xoudurypammii 01 B mocnenosarensuoctu P2, P3, P4, PS5,

P6, P7, P8, P9, 3ambikas 3Ty nenouky Ha P2, T.e. BOKpPYTr 3TOro mukcena CylecTByeT
TOJIbKO oauH nepexon ot 0 k 1.

B()=3P

i=2
Iloovimepayus 2: BEIMONMHACTCSA aHAIOTUYHO, TOJBKO
P2 x P4 x P8=0,
P2 x P6 x P§=0.

Taxkum 006pa3zoM, CyTh MOABITEPALIMI 3aKITIOUAETCA B CICAYIOIIEM.

ITogpiTepanmsa 1. YmaneHue TOUeK Ha IOTO-BOCTOUHOM TpPaHMIE M CEBEPO-
3amaJiHbIX YTJIOBBIX TOUEK.

ITogpiTepanmsa 2. VYioajgeHWe TOUEK HaA CEBEpPO-3alaJHOM TPaHUIE U IOTO-
BOCTOYHBIX YTJIOBBIX TOUEK.

OTH WTEpAIMM MBI BBIMOJHAEM A0 TEX IOP, MTOKa BO3MOKHO
yIaaATh TUKCceabl. HO S TUMHU yCIOBUSAMU MBI HE OXBAaThIBAeM He-
KOTOPBIX ClIydaeB. PaccMOTpHUM CIIEIyIONTYI0 KapTUHKY (CM. pPHC.
2.30). Iukcen P, ecnu oH ObUT €OUHUTICH, STUMH YCIIOBUAMH HE
yaangercs. [loaTomy MpoOBOAMTCS €€ OJHA WTepalus, KoTopas
YCTPaHAET MOA00HBIE HEOUETHI.

-lllll
1 m mm &
100 u »

1 P00 w
_|:|111l_

Puc. 2.30. ITukcensl

Ha »Toi1 urepanum Uiy Tca aBa €AMHUYHBIX MUKCENA MO BEP-
HU300paKeHUsI

TUKAJIW WA TOPU3OHTAIN, KOTOPBIE OKPYKEHBI HYJISIMHU.
Hrak, Touka P ynansercsa, €Ciii BBIOJHAETCS OJHO U3 YCIIOBUM:

1) 'P9xP4xP6=1,

2) 'P5xP8xP2=I,

3) 'P3xP6xP8=1,

4) 'P7xP2xP4=1,
(tae 'P9 — otpumanmne P9).

Jlpyro#i mpuMep — 601HOGOU aneopumM, WCTOMB3YIOMNAN TOCIEI0BATENHHYIO
MOMETKY TTUKCEJIOB, TPUYEM ATOT MPOIIECC HAIOMUHACT PACIPOCTPAHEHNE KPYTOB HA
Boae. Ha puc. 2.31 u3zo0paxeHbl nepBbie TEHEPALIMU TPEX BUIOB «BOJHBD), POJUB-

IeHCs U3 IEHTPaIbHOro nuKcena. [0 «CBA3HOCTHIO» 3/1€Ch MTOHUMAETCS KOJIUYECT-
BO PacCcMaTpHBAEMBIX «COCECH» MUKCENa.
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a) 8-cBs3HAs 0) 4-cBsi3Has B) KOMOMHHUPOBaHHAs

Puc. 2.31. Pa3HOBUIHOCTHU «BOJIHBD)

BrimyimmenHas U3 OMHOM TOYKH M pac-
MPOCTPAHSAIONIAACSA «BOJIHA» OONamaeT psi-
JIOM 3aMeuaTeNbHBIX CBOWCTB (CM. pHC.
2.32): moBOJIBHO OBICTPO MPHUOOpPETAET BHU
«mapaJuIeIbHBIX TPeOHEH», yMEeT «IIOBO-
pauMBaTh» M «OTHOATh MPEHATCTBUD). W nes
METOAAa YTOHUCHHS JIMHHH COCTOHUT B TOM,
YTOOBI OTCJICKHBATh CEPEIUHBI OTPE3KOB,
00pa3ylommx «rpeOHU BOJH» — HMMEHHO
yepe3 HUX MOXKHO IIPOBECTH JIMHHIO, 00pa-

3YIOIIYIO «CKENNeT» (PUTYPHI.

Puc. 2.32. CBolicTBa «BOJHBIY

Depucmuueckuii arcopumm (OT Tped. heurisco — OTKPHIBATh, Y3HABATh HOBOE)
MPEANONAraeT, yTo I Kakaoro nukcena C(x,)) ¢ KoOOpAMHATAMHA X U y BBOJATCA JIO-
KaJTbHAs MJIOTHOCTH H300paKCHH S

dx, )= > Clx+i,y+)-C(x,y)

i=—1 j=—

U IUIOTHOCTB JIOKAJIbHBIX INIOTHOCTEH

11
D(x,y)= ). Y dx+i,y+))—d(x,y).
i=—1j=—
[Tukcen ocraercs HAa M300paKEHUH, eCli i Hero d>F1 wu D>12 tne F1 n 2 —
HEKOTOPHhI€ KOHCTAHTHI, TOA0UpaeMbIe /U1l KOHKPETHOTO M300paKEHUS SKCIIECPHUMEH-
TaJILHO.

2.5.7. Ilpeobpazoeanusn u3oo0paxceHuil npu nOMOULH MACOYHIX PUIbMpPo6

DT MeToAbl MpeoOpa3oBaHUs W300PAKEHUN, B OTJIMYUE OT MOSIEMEHTHBIX,
MPEeAYCMaTpUBalOT MPEOOPA30BAHUE 3HAUCHUS SPKOCTH MUKCEIA, 3aBUCAILCE HE
TOJIBKO OT HEr0 CaMoro, HO M OT €ro «OKpyKeHus». B mpocTteiiiem ciiydae B OKpy-
JKEHHME BKJTIOUAIOTCS 8 ONMMKaWIUX MHUKCETOB, HO MOXKET paccMarpuBarhCs U Ooliee
OOIIIUPHOE «COCECTBOY.

Mertonsl nuHedinol Macouynol guivmpayuy MPeIyCMaTPUBAIOT, 9YTO HAJ SPKO-
cThio Kaxkoro mukcena C(X,Y) mpoussoautcs mpeoOpa3oBaHme
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N N
C(X,Y)=A+B- >, > C(X+iY+)j)-MX+LY +)),
i=—N j=—
rae N — KOJMYECTBO «CJIOEBY», BXOASAIIMX B OKpykeHHe mukcena (o0bruno, N = 1),
Awn B—nexkne KkoHCTaHTh, M — Hekas wMarpuna («Macka») Ppa3MEpPHOCTH
(2:N+1)x(2:N+1). Cnenyer uMeTh B BUAY, YTO MPH TOMUKCETHBHOM CKAaHWPOBAHWUU
M300paXeHHs B PACCMOTPEHHUE JOJDKHBI BKJIFOUAThCA UCXOAHBIE, a HE PeoOpa3oBaH-
HBIEC 3HAYCHUS APKOCTEH MUKCETIOB.
1. CrmaxkuBaroruie Macku (cM. puc. 2.33):

1111 1111 1121
A==|111]|, AA=—|121}|, 44=—|242). 24
1 2770 3716 (2.4)
111 111 121

Koaddunmentsr Macok HOPMHUPOBAHHI, T.€. Z Za(kl,kz) =1, ¢ TeM 4TOOBI
(k, Jey eIV

MpOICAYpPa MOJAABICHHS TTOMEX HE BBI3BIBAJIA CMEIICHHS SPKOCTH HCXOAHOTO H30-
OpakeHH 4.

a) UCXOMTHOE U300paskeHne 0) pa3MbIToe n300pakeHue

Puc. 2.33. CriaxuBaromme Macku

Macku (2.4) oTAyaroTCs CTENEHBIO CIIAKMBAHUA ITYMOB (Y Macku 4; OHa Mak-
cumanbHas, y A; — MuHUManbHas). Ber6op koshpuimmeaToB Macku TOJKEH MTPOU3BO-
JUTHCS AKCTIEPUMEHTAIBHO. [IpH yBETHUCHUHN CTETICHH CIJIAXXWBAHHUS IITyMOB TIPOHC-
XOJIUT TaK)Ke TMOJABJICHUE BBICOKOYACTOTHON COCTABJIAIONIEH MOJIE3HOTO HM300paxke-
HUS, YTO BBHI3BIBACT HCUC3HOBCHHUE MEIIKUX JIETaJICH U pa3Ma3biBaHUE KOHTYPOB. Ecim
Tpedyemas CTENeHb CIIaXUBAHUA C TPUMEHEHUEM MACKH pasMepa 33 He JTOCTHUTaeT,
TO CJIEAYET UCIIOIb30BATh CIIAXKUBAIONIAE MACKH OOJIBITUX pa3MepoB (5x5,7x7,...).

2. YBenmnueHne KOHTPACTHOCTH:

0 -10 0 -1 0
A=0.B=1/4, M=|-18 —1|: A=0,B=1.M=|-1 5 -1
0 -1 0 0 -1 0
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3. [Ipunanmne nzobpaxkenuto penbedHocTr (cM. puc. 2.34):
-100
A=128(32),B=12,M=|0 00
001

a) UCXOJTHOE U300paKeHne 0) penbedHOE M300pasKeHHE

Puc. 2.34. Ilpunanue nzobpaxenuto penbeGHOCTH

3naueHne koxduimenTa A BpIOMPACTCS PaBHBIM MOJIOBUHE OT MAKCUMAJIbHOTO
3HAYCHUS SAPKOCTH. B 3aBUCHMOCTH OT BHUIACOPEIKUMA MOXKET MPUHAMATH 3HAYCHHS
128 vnu 32.

4. B xadecTBe mpuMepa HeIuHelHol MACOYHOU uiempayuyu TPUBEIEM METO
MeOuaHHo unempayuu: Bce TAKCEITb, BXOAAIINAE B OKPYKEHUE TEKYTIETO (BKITIOUAs
U €r0 CaMOT0), COPTHPYIOTCA MO SPKOCTH, 3aT€M TEKYITHI TTUKCE 3aMEHSIETCS TCH-
TpPaJIbHBIM TTHUKCEJIOM B OTCOPTHPOBAHHOM Tpynme. Menuannas (GpuibTpanus yMeHb-
IMaeT PE3KOCTh W TO3BOJIAECT M30ABUTHCSA OT MEIKHUX JeTajei, HampuMep, OT ToYeU-
HBIX TIOMEX.

2.5.8. Bekmopu3sauusa pacmpoenix uzoopaxcenuii. Illpeoopaszoseanue Xagha

DJeMEHTH PACTEPH3ALMKM BEKTOPHBIX M300pakeHHM ObLIH PACCMOTPEHBI HAMH
BBHILLIE, B pa3felie, MOCBAIIEHHOM IMOCTPOEHHIO IMPOCTHIX TEOMETPUUYECKUX (DUTYD
cpencTBaMu pacTpoBoii rpaduku. Topasmno 6omee ciaokHa oOpaTHas oneparms — Ipe-
00pa3oBaHKe PACTPOBHIX U300PAKEHHI B BEKTOPHEIE.

PaccMOTpHM ClieIMaIM3UPOBAHHOE TIPe-
obpazosanre Xada (Hough). CornacHo me- V4
TOAWKE, HCHONB3YyIOIIeH 3TO  mpeobpa-
30BaHHE, HA MOHOXPOMHOM PacTPOBOM H30-

Ll

OpaXeHUM BMECTO JIEKAPTOBOW CHCTEMBI 1
KOOPJAWHAT BBOIUTCSA TOJSAPHAS (CM. PHC. 0 X
2.35) ¢ koopauHaramu (p, 6). N

Ilpsmasi, mpoxoadmas 4epe3 TOYKY C€  Pyc. 2.35. [lepexon K MOMAPHOIL CHCTEME
KOOpAWHATaMH (X, }), OyZIeT OMpeaenaThCs KOOPIMHAT
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ypaBHEHHEM X-c0sO + )-sinb = p. OyHKIW, 3amar0mas CEMEHCTBO MPSAMBIX, TPOXO-
JATIUX 9epe3 Ty Touky, Oyaet umeTs Bua F(p, 6, x, y) = x-cosB + y-sinf — p = 0. Ye-
pe3 KaKIyl TOYKYy (X,y) pacTpoOBOTO M300PaXCHUS MOXHO TMPOBECTH HECKOIBKO

MPSAMBIX ¢ pasHBIMU p U O (cMm. puc. 2.36,a). Takum obOpazom, Kakaoi Touke (X, )

COOTBETCTBYET HEKWi HaOOp Touek B (pa3oBoM mpocTpaHcTse (p, 0), oOpa3yrommii

cunycouny (cMm. puc. 2.36,0). B cBoto odepenp, Kaxkaoi Touke mpocTpaHcTa (p,0)
COOTBETCTBYET HAOOp Touek (X, ¥) HA W300paxeHnu, obpasytonuii mpamyro. Kaxmoii

Touke (po, 8p) mpocTpancTsa (p, ) MOXKHO TOCTAaBUTh B COOTBETCTBUE CUETUUK, COOT-

BETCTBYIOIUH KOJTMYCCTBY TOUEK (X, }), JEKAIMX HA TIPSIMOH X-c0s0) + y-sinb,= py.

a) B JlekapToBoii

100 © "

0 20 4D (1] 20

0) B moJsipHOM

Puc. 2.36. CemelicTBO NpsIMBIX B J€KAPTOBOI U MOJISIPHON CUCTEMaX KOOpAUHAT

Gon

500 4 1
<00

3000 -

—
—/

200 4

100 -

1] i 400 GO0

a) B JlekapToBoii

-1000

1000
a0
G0

i

20

200 4 an

S
-B0D -
-800

0) Habop CuHY COUN

Puc. 2.37. Eaunn4nas npsimasi B Pa3HbIX CHCTEMAaX KOOPAMHAT

BcenenctBre TUCKPETHOCTH PACTPOBOrO MPEACTABICHHUS HCXOJHOTO HM300paxe-
HUSA KOKIO0W MPsAMON B KoopauHATax (x, y) OyAeT COOTBETCTBOBATh HE OJIHA TOYKA, a

CTYIIIEHHE TOUEK B KoopAWHATax (P,0).
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Takum o0Opa3oM, NOCTAaTO4YHO BBHIOpATh HA W300PAKEHHUM, MOCTPOEHHOM B IMO-
JIAPHBIX KOOPJIMHATAX, CaMbI€ «KMPHBIC TATHA» U IJIA UX LICHTPOB MPOU3BECTH MpE-
00pa3oBaHuUE B MOJSPHBIE KOOPJMHATHI, MOJIyUYUB TEM CAMbIM MapaMeTPhbl COOTBETCT-
BYIOITICH npsaMoi. Anroput™ npeodpazoBanns Xada npuBeneH Ha puc. 2.38.

C Havano )
L

P=x&cos{0)+yxsin(0@)
Hough [p,8]=Hough[p,8]+1

L 9=j*Pi J
| yemaxy

—

[ v

C KoHeu D

Puc. 2.38. Anropurm Xada

CymiecTByIOT Takke pa3HOBUAHOCTH mpeoOpazoBanus Xada i IyT U OKPYK-
Hocreil. Takum oOpazom, mpeoOpazoBaHme Xada IMO3BOISIET MPEACTaBUTH MOHO-
XPOMHOE MTPUXOBOE M300pakeHre B BUae Habopa (popMyI, OMUCHIBAIONIUX MPIMO-
JUHEHHBIC W KPUBOJIMHEHHBIC 3JIEMEHTHI N300PaKEHUSA, TO €CTh MPOU3BECTH BEKTO-
PHU3AIHUIO 3TOTO U300PAKEHHUS.
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I'asa 3. METO/IbI 1 AJITOPUTMbI TPEXMEPHOI I'PAOGUKH

OcHOBHast OCOOCHHOCTb «TPEXMEPHON» H300pasuTeNIbHON TIpadHKU 3aKITIO-
YaeTCsl B TOM, UTO M300PaKECHHMS SIBJISIOTCS MPOCKIUAMH 00BEMHBIX (PUTYP HA TUIOC-
KOCTh. COOTBETCTBEHHO, MPUXOIUTCS UMETh JISJIO ¢ JBYMS HE3aBUCHMBIMHM CHCTEMa-
MH KOOPJIMHAT: IOJIOKEHHE OOBEKTOB PAaCCMATPHUBACTCS OTHOCHUTEIBHO «MHPOBBIX)
KOOPJIMHAT, a TIOJIOXKEHUE MX H300paKeHUH — OTHOCUTENBHO «IKPaHHBIXY». OCHOBHAs
3a/a4a TPEXMEPHOM TpadKu: 3HAS TOJIOKCHUE TOYKH B MHPOBOM CHCTEME KOOP/IH-
Har (X, ¥, Z), paccuutarb ee s3kpaHHbIe KoopauHarel (X', V', Z").

HHCTpyMEHTOM peleHHs OCHOBHOM 3314l TPEXMEPHOM rpauKu SBISCTCS all-
napar npeoOpa3oBaHHii 0ObEKTOB B TPEXMEPHOM MPOCTPAHCTBE.

3.1. Moaean onucaHusi MOBEPXHOCTEH

Jlns onucannst opMBI TOBEPXHOCTEH OOBEKTOB MOTYT MCTOB30BATHCSA Pa3HO-
o0pa3zHbie METO/Ibl. PACCMOTPUM HEKOTOPHIE U3 HUX.

3.1. 1. AHanumuueckasa Mmooenv

AHnanumuueckas Mooens — 3TO OMMCAHUE TIOBEPXHOCTH MaTeMaTHueCKuMu Ghop-
myiaamu. Hampumep, B Buae QyHKIIMU ABYX apryMeHToB z = f(x, ). nn ucnons3ys
ypasHenue F(x, y, z)=0. Taxke BO3MOKHO HUCITOJIb30BAHUE TTAPAMETPUUECCKON (hOPMBI
OTMCAHUS TTIOBEPXHOCTH:

x = Fx (S7 t)?
y=1F,(s,1),
z=F,(s,1),

e s, t — mapamMcCTphl, KOTOPBIC U3MCHAKOTCA B HCKOTOPOM OIIPCACIICHHOM JHAITA30HC.

llpumep. T10BEpXHOCTh MIapa MOYKHO OIKCATh
ciemyromum obpaszom (cm. puc. 3.1):

1) z= i\/R2 —x - y2 — ¢yHKIIMEH TBYX ap-
TYMEHTOB,
2, .2, .2 2 _ :
2) x*+y~+z"— R =0 — ypasuenuewm;

X=Rsinacos f,

Puc. 3.1. [IpexncraBnenue mapa 3) mapameTpuyecKH 4 y = Rsinasin £,
z=Rcosa,
rae — 90° <o <90° 0 < <360°.

JUis  OnmMCaHWs CJOKHBIX TTOBEPXHOCTEW YaCTO WCIOIB3YIOTCA CIUTANHBI.
Crmnaiin — 510 crienmaiibHas pyHKIMs, 00JIee BCETO MPUTOAHAS I anlpPOKCHMAITHH
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OTIENBHBIX (PparMeHTOB OBEPXHOCTH. Yalle BCero UCMONMB3YIOT KyOWUECKHe CIuTai-
HBI.

JI0CTOMHCTBA aHATMTHYECKOM MOJICIIH:

1) nmerkocTh pacuera KOOPAUHAT KaXKI0H TOUKH TTOBEPXHOCTH, HOPMAJTH K HEW;

2) nebGonpioit 00beM HHGOPMAITAH JUTSI OTIMCAHUSI CIIOKHBIX (hOpM.

Henocrarku aHamATHYECKOM MOJIEITH:

1) mpumMeHeHne CI0KHBIX (POPMYIT, UTO 3aMEISET PACUETHI,

2) HEBO3MOXXHOCTh HCIIOH30BAHUSA JaHHOW (DOPMBI OTIMCAHUS HETIOCPEICTBEH-
HO JIJI1 TOCTPOCHMS H300PaXKEHUS TIOBEPXHOCTH.

3.1.2. BekmopHaa noauzZoHAAbHAA MOOECTb

TepmuH «BEKTOpHAS», UCIIONB3YEMBIA B JAHHOM pa3jeiie, HE UMEET HUKAKOTO
OTHOIIIEHUSI K BEKTOPHBIM m300paxkeHueM. [IpocTo mis ommcaHus MPOCTPAHCTBEH-
HBIX OOBEKTOB B JAHHON MOJEIH WUCIOJB3YIOTCS CICAYIONINE IEMEHTHI. BEPIIAHEI,
MOJIMJTHHUH, TIOJTATOHBI, TTOJIMTOHAJTbHBIE (MHOTOYTOJIEHBIE) TIOBEPXHOCTH M, HAKOHEIT,
BEKTOPBI, T.€. OTPE3KHU NPSIMBIX (CM. puc. 3.2).

— = =

a) BepmHa  0) BEKTOp B) TIOJIMTMHUS T') OJIUTOH 1) MOBEPXHOCTH

Puc. 3.2. DnemeHTsl ONMMCaHUsI BEKTOPHOH MOJUTOHAIIBHON MOACIH

Bepwiuna — rnaBHbIA 35ieMeHT onucaHusa. Kaxapiit 00beKT OJJHO3HAYHO Ompeae-
JIAETCS KOOPAMHATAMU COOCTBEHHBIX BEPIIIKH.

BepiinHa MOKET MOAECTMPOBATh OTACIbHBINA TOUEUHBIA OOBEKT, pa3Mep KOTOPO-
IO HE UMEET 3HAUCHUS, a TAKKE MOXKET UCMOJIb30BATHCSA B KAUECTBE KOHEUHBIX TOUCK
JUIsl TMHEHWHBIX OOBEKTOB M MOJUIOHOB. J[ByMsA BepilMHamMu 3amaeTca Bekrop. He-
CKOJIBKO BEKTOPOB 3aJat0T noaununuio. [IomuanHrus MOKET NpeICTaBIsATh cO00M KOH-
Typ NOAUTOHA. [lonueon MOAEAUPYET TUIOMIAAHBIA 00beKT. ONMH MOJIUTOH MOMKET
OMUCHIBATh TUIOCKYIO ZpaHb O00BEMHOro 00bekTa. Heckonabko rpaHeil COCTaBISIOT
O0OBEMHBIA OOBEKT B BHUIE HOIUCOHAIbHOU NOGEPXHOCHI — MHOTOTPAHHUK WIH He-
3aMKHYTYIO TIOBEPXHOCTH («IOJIMTOHAIIEHASA CETKAY ).

JIOCTOMHCTBA BEKTOPHOM MOJIUTOHATBHOW MOJEIH:

1) ymo6¢cTBO MacmTabupoOBaHUS,

2) HeOObIION 00bEeM JAHHBIX IS OMMCAHKS MPOCTHIX MOBEPXHOCTEH;

3) HeOOXOMMMOCTh BBIYUCIIATH TOJBKO KOOPJAMHATHI BEPIIVH TpU Mpeodpa3o-
BAHUSAX CUCTEMbI KOOPAUHAT WM NEPEMEIICHUN 00bEKTA;

4) anmaparHas oAACPKKa MHOTHX OTIEpaIlHii, 4To 00yCIIaBIMBACT TOCTATOYHYIO
CKOPOCTb JJIsl aHUMAILIUH.
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Henocrarku:

1) cmoxxHBIE aNTOPUTMBI BU3yaIM3AIUN IS CO3JAHUSA PEATMCTHYHBIX H300pa-
JKCHMH,

2) CJI0KHBIE AJITOPUTMBI BHITIOTHEHUS TOTIOJIOTHYESCKUX OTIepaItiii (pa3pessl);

3) MOTPENTHOCTH MOACITMPOBAHUS TTPH ANMPOKCUMAIIAA TJIOCKAMH TPAHIMHU.

D10 MeTrop sABISAETCS HaubOOJIee MOMYJISAPHBIM IPH MOCTPOSHHHM TPEXMEPHBIX
MU300paXKEHUH.

3.1.3. BokcenvHaa mooens

Bokcenvras mooens — 310 TpexMepHbiit pactp (cMm. puc. 3.3). Boxcen — 310 31ie-
MeHT oObeMa (OT aHri. voxel — volume element).

Kaxxaplii BOKCENT UMEET CBOW LIBET W MpPO3pau-

HOCTh. [lomHasg mpo3payHOCTh BOKCENA O3HAYaeT

MyCTOTY COOTBETCTBYIOIIEH TOukn oObema. Yem

BOKCEN OonbIlie BOKCETIOB B OMPEACIICHHOM O00beMe |

MEHBIIIE pa3Mep BOKCEJIOB, TEM TOUHEE MOJICIHPY-

Puc. 3.3. TpexmepHsblil pacTp
I0TCSI TPEXMEPHBIE 00BEKTHI (CM. puc. 3.4).

Puc. 3.4. BokcenbHas MOO€eNb

JlocTOMHCTBA BOKCEIBHON MOACIIN

1) mo3BosIAeT TOCTATOYHO TIPOCTO OMMCHIBATH CIIOKHBIE OOBEKTHI U CIICHBI, TIPO-
cTas mporeaypa OTOOpaKEeHMS;

2) MpOCTOE BHITIOJIHCHUE TOTMOJIOTHUSCKUX OTIepanuid (HampuMep, JUTsl BBITIOTHE-
HUA pa3pesa 0CTAaTOYHO JIUIIIh CICaTh MPO3PAdHbIMU COOTBETCTBYIOITHE BOKCEITHI ).

Henocrarku:

1) 6onbmmoii 06vem wHGOpManUK, HanmpuMep, o0beM 256x256x256 umeer He-
OOJIBIIIYIO Pa3pEIIAIOIIYIO CITIOCOOHOCTD, HO TpelyeT Oosiee 16 MITH. BOKCEIIOB;

2) 3HAUUTENbHBIC 3aTpaThl TMAMATH OTPAHUYMBAIOT PA3PEIIAIONIYI0 CIOCO0-
HOCTh, TOYHOCTh MOJICITMPOBAHUS,

3) Majast CKOPOCTh OTOOpaKEHU OOBEMHBIX CIICH,

4) mpoOeMBbl TIPU YBETMUCHUH/ YMEHBIIEHUN N300PaKEHHA.
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3.1.4. Paenomepnas cemka

DTa MoJeNnb 3aKJTI0YaeTCa B TOM, YTO KaXKIAOMY Y3y CETKH ¢ WMHACKcamH (i, j)
IPUIKCHIBAETCS 3HAYEHUE BBICOTHI Z;;. PaccTosHuE MekKIy y3/1aMu OAUHAKOBOE dx, dy
(cm. puc. 3.5).

JlocTouHCTBA:

1) mpocToTa onucaHus MOBEPXHOCTH,

2) BO3MOXKHOCTH OBICTPO Y3HAaTh BBICOTY
000N TOYKM TOBEPXHOCTH IPOCTOM HHTEP-
MOJISAUEN.

Henocrarku:
1) HEBOBMOKHOCTS MOJCTUPOBAHHS  TIO-
BEPXHOCTEH C HEOTHO3HAYHOH (PyHKITUEH BHICO- Puc. 3.5. PaBHOMepHast ceTka

ThI;
2) IS OMUCAHUS CJIOXKHBIX TOBEPXHOCTEH HEOOXOMMMO OONBIIOE KOJUYECCTBO
Y3JI0B,
3) onmmcaHWE OTACIHHBIX THIOB MOBEPXHOCTEH MOXKET OBITh CIOXKHEE, YeM B
apyrux Mopensx. Hampumep, MHOrorpaHHas MOBEPXHOCTb TpeOyeT H30bITOUYHOIO

o0beMa TaHHBIX YIS ONMKMCAHUA 110 CPABHEHUIO C IMOJIUTOHAIEHOM MOJICIBIO.
3.1.5. Hepasnomepnana cemka. H3onunuu

Hepasnomepnas cemrxa — 3T0 MOJIEb OIMUCAHUS MOBEPXHOCTH B BHJIC MHOXKECT-
Ba OTICIBHBIX TOUCK {(Xo, Vo, Z0), (X1, V1, Z1)> ---» (Xu> Yu» Zy)}, TIPUHAUISIKAIIMX TTO-
BEPXHOCTH.

JlaHHBIEC TOYKH MOTYT OBITh JJOTHUCCKH HUKAK HE CBI3aHBI MEXAy co00i. A Mo-
T'YT MPEJACTABIIATH COOOM M30JIMHAM — JTHHUHA OJHOM BBICOTHI.

Onrcanne BHICOTH U30JIMHUAME UCTIONB3YyeTCs B KapTorpaduu (cMm. puc. 3.6).

Puc. 3.6. U3onunuu
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JlocTouHCTBA:

1) uconb3yroTea OTAETbHBIE OMOPHBIE TOUKH, HAMOOJIEE BAXKHBIC TS 3aJaHHON
(hopMBI TOBEPXHOCTH, YTO OOYCJIaBIUBAET MEHBINHNKA 00beM WH(MOPMAIMHU MO CPaB-
HEHUIO C IPYTUMHU MOJICISAMU (HampuMep, C PABHOMEPHOM CETKOM);

2) HaIAAHOCTH MOKa3a penbeda MOBEPXHOCTH U30JIMHUAMM HA KapTax.

Henocrarku:

1) HEBO3MOXXHOCTh WM CJIOXXHOCTH BBITIOJIHEHUS MHOTHX OTEpanuii Haj To-
BEPXHOCTAMU (MHTEPIIOJISLINSA ),

2) WCTONBb30BAHHUE CIIOKHBIX AJITOPUTMOB MpeoOpa3oBaHusA B Apyrue (popmel
OTMHUCAHUA TOBEPXHOCTH.

3.2. Buzyaim3anus 00beMHBIX H300paKeHuid

Paznenum cnocoObl BU3yaliM3allMy MO XapakTepy HM300PaKEHHUN U CJIIOXKHOCTH
ajropuTMa.

1) Kapracnas mooens. Kapkac COCTOUT W3 OTPE3KOB MPAMBIX WJIH KPUBBIX JIH-
HUW, BUTHBI Bce pedpa (cMm. puc. 3.7, a).

JIist mocTpoeHus TakoW mojenu oObekTa TpeOyeTcs 3HaThb KOOPJWHATHI BCEX
BEPIIMH B MUPOBBIX KOOP/IMHATAX.

AJTOpuUTM:

® ONpPEACNIUTh SKPAHHBIC KOOPJUHATHI JUIsl BCEX BEPIINH B COOTBETCTBHUHU C BbI-

OpaHHBIM BUIOM MPOECKIUU;

e BBIBOJ BCEX pedep.

2) Hoxaz ¢ yoanenuem Heguoumvix aunuti. 11oka3 mMoBEpXHOCTH B BHUIE MHOTO-
I'PAHHUKOB C MJIOCKUMH TPaHSAMM WJIM CIUIAHHAMM C YJAJIE€HUEM HEBUJIUMBIX TOUCK
(cm. puc. 3.7, 0).

3) Cnoocroe 3akpawiusanue 00vbeKmog ¢ UMHUTAITUEH OTpPaXCHHUS CBETa, 3aTe-
HEHHOCTH, IPO3PAYHOCTH, HAJIOKEHUE TEKCTYP (CM. puc. 3.7, ).

e ™
3 P
e o
|
] ‘ | |
[ 14
i ‘ : i
o I J‘_ ‘____Lr"l
a) KapKacHasi MOZIeJb 0) mokas ¢ yjajeHneM HEBUITUMBIX B) CJIOKHOE 3aKpaLIMBAHHIE
JIMHUH

Puc. 3.7. CiocoObl BU3yanu3zauuu 00beMHBIX N300paskeHHH

3.3. Metoanl ynajieHus1 HEBHAUMBIX MOBEPXHOCTEH

PaccMOTpUM HECKOIBKO TUMMYHBIX METOAOB, pa3pabOTaHHBIX IS PEIICHUS 3a-
JIAuX YIaJICHUS] HEBUIMMbBIX JIMHUN U TTOBEPXHOCTEH.

1. «Aneopumm xyooocnuxay 3aKJIIOUAETCA B TOM, U4TO OOBEKThl TPEXMEPHOM
CLEHbI MPEIBAPUTEILHO COPTUPYIOTCA MO CTENEHU YAAJICHHOCTH OT «riazay. [Ipum
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MOCTPOCHUHN HM300pPaXCHUS B TIEPBYIO OUEPENb «PHUCYIOTCS» yAAJICHHBIC OOBEKTHI,
moTOM Bce Oosiee u Oosiee Onm3kue, Onaroapa 4ueMy «BUAUMBIEY 3arOPAKUBAIOT «HE-
BHJIAMBIX) .

JloBONBHO pacmpoCTpaHeHHAs XapakTepUCTHKA yaaneHHocTH ajia rpanu ABC —
31O cpemnee 3HaueHue z, mid z = (A.z+B.z+C.z)/3.

[Tpy momomm «anropuTMa XyI0KHUKa» MOKHO CTPOUTH, HAPUMED, 3aKPAIICH-
HBIC BBIMYKIIbIE 0OBbeMHBIC GUTypshl. LUK M3MEHEHHS KOOpAWHAT HEOOXOIUMO 3a-
MIPOTPaAaMMHUPOBAThH TAK, YTOOBI CHaYaIa H300PAXKAITUCH «3aTHUEY, HEBUANMBIC TPaHH,
a JIAIITb TTIOTOM T€, KOTOPBIC BUIHBI TJ1a3Yy.

JIOCTOMHCTBO «aJITOPUTMA XyJOKHUKA» —
npocrora. HemocTrarku: mMpH HEKOTOPOM pac- ﬁ
MOJIOXKCHUW TPAHEH 3TOT aJITOPUTM BOOOITIE HE
MOXKET JaTh MPaBUJIBHOTO pe3ysbTara (CM.
puc. 3.8 — B KaKkOM MOPSJKE I'PAaHU HU PUCYH,
MOJTyYUTCSl HEempaBwibHO). [Ipw HExoTOpOM
PacmoJIO)KEHUA TPAHEH W WCIOJIb30BAHUH f
CPEHETO 3HAUCHHUS Z KAaK XapaKTePUCTHUKH
YIAJICHHOCTH aJITOPUTM TOXE JaeT Hempa-
BWIbHBINA pesynbrar. [Ipumep npuseneH Ha
puc. 3.9. B »TOM ciiyyae TOPU30HTAIIbHYIO
rpaHb HAJI0 OTPHUCOBHIBATH BTOPOW, HO TIO v i
CpeIHEMY 3HAYEHUIO Z OHA JICXKHUT JAIbINe, U
TaKuM 00pa3oM MONydaeTcs, 9To €€ HaJA0 OT-
PHCOBBIBaTh TIEPBOM. Bo3MoXkHBIE TyTH pe- carepa ——=
IMEHUST 3TOW MPOONEMbl — KaKHe-TO HU3MEHE- n|, napannensHalx
HUA XapaKTEPUCTUKH YAAJICHHOCTH JTUOO MO- @ E
JENMPOBAHME, HE  BBI3BIBAIOIICE  TAKUX

Puc. 3.8. HeBo3MOkHO n300pa3uTh
[IPU IOMOLIU «AJITOPUTMA XY AOKHUKA»

rpaHE A
napanneneHa Oy

z
x

cutyanuid. M, HakoHen, mpu HMCMOIB30BAHWN Puic. 3.9. MCronb30BaHHe CPeTHEro
ATOTO aJiITOPUTMa OTPHUCOBBIBAIOTCA BOOOIIIE 3HA4YEHUs Z IA€T HENPaBUIIbHbIA
BCE IPAHU CLICHbBI, U TIPU OOJBIIOM KOJIUYECT- pesyJipTat

BE 3aropakMBarolIMX JpYyr Jpyra rpaHeit
OombIIasg 4acTh BPEMEHW TPATUTCS HAa OTPUCOBKY HEBUIAMMBIX B KOHEUHOM HTOTE
yacteil. To ecTh COBEPIIEHHO BIYCTYIO.

2. Memoo npeosapumensvHoii copmupogru epaneti pa3padoTaH COeUUaIbHO IS
MOJIMTOHAJILHBIX MOJICNICH BBHITYKITBIX Guryp. [IpensaputenbHo kaxkaas rpadb Tpe-
CTaBJIACTCS CIMKMCKOM CBOMX BEPIINH, MPUYEM MOPAIOK 00X0/Aa BEPIIMH JOJIKEH CO-
XPaHATHCS MOCTOSHHBIM, HAMPUMEP, MO YaCOBOM CTpeJiKe. 3areM IS KaXJI0W rpaHu
BBIUMCIIACTCS HOPMaJib. [ paHu, HOpMaJib KOTOPBIX UMEET OTPULIATEIbHBINA 3HAK, CUU-
TAOTCA HEBUIMMBIMH U HE OTOOPAKAKOTCA.

Bonee mpocTyro pa3HOBHIHOCTH 3TOTO METOAA MOXHO UCIIOIB30BATh I PUTYP,
KOTOPBIE YCJIOBHO CUMTAIOTCS MEPECEUEHHBIMU TMJIOCKOCTBHIO MpoeuupoBanus. s
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3TUX (UTYP OTOOPAKAIOTCS TOJBKO TE€ TPAHU, BCE BEPIIMHBI KOTOPHIX UMEIOT HEOT-
PHUIIATENIBHYIO KOOPAUHATY Z.

3. Memoo «nnasarowezo copuzonmay (uiu memoo Y 6yghepa). Meton 3akmoua-
€TCA B TOM, UTO CHauajia M300pa)karoTcsl OJMMMKHUE T'PAHU WM CEUEHUs OObEKTa, a
3aTeM JIMIIh T€ 4acTu 00Jiee yAAJICHHBIX TPAHEH, KOTOPhIE BRICTYMAIOT 3a Kpas BEpX-
HETO U HUKHETO TOPU30HTOB.

Pazpaboran ass Tex ciyuaes,
KOTIa W3BECTHBI  AHAIMTHUCCKUE
OMUCAHUS M300pak)aeMbIX OOBEKTOB
(HampuMep, YPAaBHCHHS CEUCHHH TI0-
BEPXHOCTH, cM. puc. 3.10).

OJNieMEeHThl 0TOOpaXaroTcsl Ha-
yyHad ¢ OnmWkHEero IJjaHa. Y-
KOOPJAMHATHI CEUCHUS 3AMMCHIBAIOTCS
B Y-Oydep (omHOMEpHBIH MacCHuB,
pa3Mep KOTOPOTO paBeH mupuHe u3o0pakenus). B Y-Oydepe Oyaer orciexxmBarbes y
makcuMasibHOE. [Ipu 3anmcu creyroniero ceuenns napopmarusa B Y-Oydepe oOHOB-
JIIETCA ¥ HA SKPaH BBIBOJATCS TOJIBKO TTHUKCEIBI, -KOOPAMHATHI KOTOPBIX OOJIBINE CO-
OTBETCTBYIOIHMX KoopauHAT Y-0Oydepa.

4. Memoo «Z-6y¢hepay 3akirodaeTcs B TOM, YTO ISl SKpaHa 3aBOAUTCS JBYMEp-
HBIM MacCuB Z «TTyOWH» KaKJIOW TOYKW SKkpaHa. Pa3mMepHOCTh MaccuBa 3aBUCHUT OT
pa3peleHns SkpaHa. B Hayane MacCUB MHUIMAIA3UPYETCS 3HAYCHUAMU —w. [ [pH BBI-
BOJIC HA DKpaH TOYKH C MHPOBHIMH KOOPAMHATAMH (X, V, Z) BBI3BIBAETCA (DYHKITHS,
KOTOpasi MPOBEPSET, HAJO JIU BBHIBOJUTH TOUYKY (T.€. TOUKA BHIBOAMWTCS, €CJIM PAaHES B
MO3UIIAH (X, ) HE OblJIa M300pakeHa MEHEe «TITyOOKash TOUKA).

Puc. 3.10. Meron nnaBaroLero ropu3oHTa

Function Point(x, y, z):boolean;

begin
if Z[x,y]<z
then begin
Z[x,y]=z,
Point := true (*3acnoHuTts nanekyw™)
end;
else Point := false; (*He 3acnonsite Oonee 6mu3ky0™)
end;

2

JInsa m060ro 0ObeKTa BBHIBOAATCS BCE TOUKH B JIIOOOM mopsake. Eciau BeIBOAM-
Mas TOUKa HMECT 3HaUCHHE z OOoJbIle, UeM 3HaueHrEe B Oydepe, TO ATy TOUKY CleayeT
BBIBOJIMTH, 4 3HAUCHUE Z COXPAHHUTH B Z-Oydepe.

JlaHHBII METO MCIOJIB3YETCsl BO MHOTHX Tpadudeckux 3D-akceneparopax, Ko-
TOpPBIC aIIapaTHO PeaM3yioT ATOT MetoA. Hambosee nenecoobpa3Ho, Korjua akcene-
paTop UMEET COOCTBEHHYIO aMsITh I Z-Oydepa, TOCTyIT K KOTOPOH OCYyIIeCTBIIACT-
cs OBICTpPEE, UeM K OTICPAaTUBHOM MaMATH KOMIIBIOTEPA.
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3.4. MeToanbl ocBelieHUs1 00bEMHBIX (PUTYP

NHTEHCHUBHOCTDh OCBEIICHHUS TOUYKH, MPUHAJICKAIEA HEKOTOPOW MOBEPXHOCTH
Y OCBEIIAEMON UCTOUHUKOM C HMHTCHCHUBHOCTBIO [y¢r, ONIPENCIIAETCA CYMMOM TPEX CO-

CTaBJIAIOLIUX
I=1p+1,+1;.

PaccmoTpum monpoOHel (pu3nuecKuii CMBICT M MareMaTHIECKUE MOJIETH KaxK-

JIOM U3 COCTABJISIOIIMX OCBEIICHHOCTH.

Iy = Ly Ky = const — HHTEHCUBHOCTh PACCEAHHOTO OCBELICHUA, 3aMOIHAIOLIETO
MPOCTPAHCTBO, TAE [yc; — HHTCHCUBHOCTh MCTOYHHKA CBETa, K;; — K03(PHITUEHT Ipo-

3paYHOCTH CPEIBI.

Iy = lyerKy\rcos® — (3akon Jlambepra) MHTEHCHB-
HOCTh OCBEIICHHS MaTOBOM IOBEPXHOCTH TOYCUHBIM
HUCTOYHHMKOM. 311ech Ky — ko3¢ ummeHT Mmareprana, 0°—
°yToa MEXIy HOPMAJIbIO K IIOBEPXHOCTH B TOUKE M BEK-
TOPOM Ha MCTOYHHMK cBeTa (cM. puc. 3.11). Hopmanp —
ATO TCPHCHAUKYISIPHBIM K ITOBEPXHOCTH BEKTOP €/IH-
HUYHOMW JJTHHBI.

1= I, ‘Kycoso. — MHTEHCHUBHOCTb OCBEIICHUS
3epKaJbHO OTPAKAIOIICH MOBEPXHOCTH TOUCUYHBIM HC-
TOUHHMKOM. 3/1€Ch p — KOHCTaHTa B uHtepBasie 1+200, o
— YIoJd MEXKIy BEKTOPOM, HPOBEJACHHBIM M3 TOUKH Ha
HaOMrOmaressa, W JIydoM HAcaIbHO OTPAXKCHHOIO CBETa
(cm. puc. 3.12).

Paccmorpum meromuky pacuera cos® (cMm. pwuc.
3.13).

BrizennM Ha MI0CKOCTH TTPOM3BOIBHBIN TPEYTOJIb-
HUK, 3aJJaHHBIN TPEMs BEPITUHAMU ¢ KOOPAUHATAMU (X1,
V1, 21), (X2, V2, 22) ¥ (X3, V3, 23), @ TIOJIOKEHUE UCTOUHUKA
CBETa — KOOPAWHATAMH (X, Ve, Z:). BMECTO BekTOpa, yKa-
3BIBAIOIIETO HA MCTOUYHMK CBETa, II€JIecO00pa3HO pac-

Sy

Puc. 3.11. K pacuery /

rEisls

Puc. 3.13. K pacuety cos6

CMAaTpPUBaTh NAPAJUIEIBHBIA €MY BEKTOP ¢ HAYaJIOM B OJIHOW W3 BEPILIWH TPEYTOJIbHU-

Ka, HalpUMeEP B BEPIUHE (X1, V1, Z1):

(xs: Vss Zs) = (Xc'xla YV, Zc'Zl)-

Torga KOOpAMHATHL BEKTOPA HOPMAJTH BBIYUCIISAIOTCS CIEAYFOIMM 00Pa3oM:
X, = (-yi)(z3-21)-(22-21)(V3-)1),
Y= (22-21)(X3-X1)~(X2-X1)(23-21),

Zn= (X2-x1)(V3-y1)-(V2-y1)(X3-x1),
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a KOCHHYC yTJIa MEXAY BEKTOpaMu (X, Vi, Zs) B (Xy, Vu, Zy), C YUETOM OTNPEACTICHUS
CKAJIAPHOTO MPOM3BEACHUS JBYX BEKTOPOB, OMPEACIISACTCS W3 COOTHOIICHHUS

xn-xs—l—yn-ys—irzn-zs

Paouyc-eexmop — 3T0 BEKTOP ¢ HAYaJIbHON TOUKOHN B HaYajle KOOPAUHAT.

Memoo 1'ypo. 3TOT METOA MPEAHA3HAUEH IS CO3AaHUS WLUTIO3UM [JIAJIKON Kpu-
BOJIMHEWHOM MOBEPXHOCTH, OMMCAHHOU B BHUJE MHOTOIPAHHUKOB WJIA MOJIMTOHAJb-
HOW CETKM C MJIIOCKUMH I'paHsaMH. Eciau ka)kaas miockas rpaHb UMEET OAWH MOCTOSH-
HBIWA LBET, OMPEACTCHHBIN ¢ YUETOM OTPAXKEHUS, TO PA3IMYHBIE LIBETA COCEAHUX Tpa-
HEW OYEHb 3aMETHBI, U MOBEPXHOCTh BBINISAUT MMEHHO KAaK MHOTOTPAHHHUK. JTO
MPOUCXOJUT MTOTOMY, YTO 3PCHHE YEIOBEKA UMEET CIIOCOOHOCTh MOYEPKUBATH MEPe-
majbl SIPKOCTH HA TPAHMIIAX CMEKHBIX TpaHer — Takoi rddekr HazpiBaeTcsa s¢hghex-
mom nonoc Maxa. I1pu 3TOM yBeMUeHUE YHClIa TPAHEW NPUBOAUT K CYIIECTBEHHOMY
3aMEIJICHUIO BU3YyaJT3aLIHH.

Meton ['ypo OCHOBBIBAETCA HA WIEE 3aKPAIIMBAHUA KAXI0W TJIOCKOH T'PaHU HE
OJTHAM LIBETOM, a MJIABHO MU3MEHSIOIIMMUCA OTTCHKAMU, BBIYUCIIAEMBIMU IYyTEM HH-
TEPIOJIALNN LBETOB MPUMBIKAIOIIUX TPAHEH.

PaccMoTrpum sTansl nponecca 3aKpacku:

1) BBIUMCISAIOTCS HOPMAJTH K KaXKIOH TPaHy;

2) BBIUYHCTSAIOTCS HOPMAJIHM B BEPIIMHAX MyTEM YCPEAHCHHUS HOpMasel TpHUMBbI-
KarOIIUX TPAHEN:

cosd =

N:(Nl +N2+N3 )/ 3 5

3) Ha OCHOBE HOpMAJICH B BEPITUHAX BBIYMCIISIFOTCS 3HAYCHHS WHTEHCUBHOCTEH
OCBEILLEHUA B BEPLUIMHAX,

4) MONWTOHBI TPAHEH 3aKPAIMBAIOTCA IBETOM, TIOJYUYECHHBIM C TIOMOIIBIO JIH-
HEWHOW MHTEPTNIONALMY UHTEHCUBHOCTEN B BEPIIMHAX.

HNaTeprionupoBaHHasi HHATCHCUB-HOCTH / B TOUKE (X, ¥) OMPEASIAETCA UCXOIS U3
nporopiuu (cM. puc. 3.14)

(]—]1)/(x—x1)=(]2—]1)/(x2—x1)

Yo Orcrona
¢ 3HaueHHUsT MTHTEHCUBHOCTEH W Ha KOH-
max TOPHU30HTAJIbHOTIO OTPC3Ka HIPCACTaB-
JIAIOT COO0H HMHTEPHONAINI0 WHTEHCHUBHO-
Y as CTH B BEPIINHAX:
Puc. 3.14. 3akpacka rpanu Metonom ['ypo (]1 -1, ) / (y - yb) = (]c —1, ) / (yc - yb) >

(L =1) (y=2) =L, =1,) (¥a =)
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NN
L=1,+(1.-L)y=y)/(v.= ),

L=1y+ (L, = 1,)(y = 5)/ (¥ = W)

Memoo @onea ananornyeH Metoay ['ypo, HO MpHU €ro UCMOJIb30BAaHUN UHTEPIIO-
JIMPYIOTCSL HE HHTEHCUBHOCTHU OTPA’KEHHS CBETA, a BEKTOPA HOPMAaJIEH.

1) ompenensroTcss HOpMaIH KO BCEM TPaHsIM;

2) 1Mo HOPMAJISAM K TPAHAM BBIYHCIIAIOTCS HOPMAJIN B BEPIIAHAX

3) B KaKI0¥W TOUYKE 3aKpalTUBACMON TpaHU OMPEACTIAETCS WHTEPIIOIUPYEMBIH
BEKTOP HOPMaJu,

4) Mo HAMPaBJIECHUIO BEKTOPA HOPMAJTH IS KaXKIOH TOYKH OTPEICIAETCS €€ UH-
TEHCUBHOCTb.

PaccMmoTpum, kKak MOMy4YuTh BEKTOP HOPMAIM B KaXKAOW TOUKE TpaHH (CM. pHC.
3.15). lna maTepnionsiiyu Oyzmem oriepupoBars Bekropamu N',, Ny u N' ., HCXOATIH-
MH W3 UEHTPa KOOPAMHAT MJIOCKOCTH MPOECUUPOBAHUA Y MAPAIICTBHBIMUA COOTBETCT-
BYIOIIIUM HOpMmajisim N, Ny u N, B BepimHax a, b u c.

N;, N' N,

b
Nﬁv&v N
0

v

y da

v

Puc. 3.15. MHTEepnonsaums BEKTOPOB HOPMAIH

Koopaunatsl BekTopoB N'|, N') BBIUUCIAIOTCSA CIASAYIOIUM 00pa3oM:

XNt Xnp + (Xne =X )V = Vo) [ (Ve = V)
Ni = yni |=| Y + ve = i)V =)/ (Ve = V) |
Zvi | 2wt Cve = Z2np) V= V) T (Ve = 1)

XN2 Xap + (Xng = X))V =)/ (V= )
Yot va = Y)YV =) (Ve = 33) |5
Zva | 2wt G = 2V = V) [ (Vy = V)

=

Il
~<
=
[\

Il

TIE XNa, YNa» ZNas XNbs YNby ZNby XNey YNey ZNe — KOOpAMHATEL BEKTOPOB N'y, Ny 1 N’ Koop-
JTUHATHI BEKTOpa N' BEIYUCIISIOTCS 110 (hOpMYyIie:
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Xy Xyp + Xy =Xy (X —x) /(X — Xx;)
N'=yy |=| Y+ = yv)x =)/ (%, = X))
Zy Zy + (Zys — 2y —x) [ (xy — X;)

Ha puc. 3.16 npuBeneHo cpaBHEHHE METOIOB 3aKPACKH TUIOCKUX TpaHel (0aHO-
TOHHAS 3aKpacka W TPaJueHTHAS).

00

a) MJIOCKWE TPaHu 6) meton I'ypo B) Meton PoHra
Puc. 3. 16. CpaBHEHHE METOOB 3aKPaCKH IJIOCKUX I'paHei

Memoo obpammuoti mpaccupoeku ayqei. B 0osiee CIOXKHBIX MOJEAX yUUThIBA-
€TCA OCBEIIEHHOCTh OOBEKTOB HE TOJIBKO MPAMBIMU JIydaMU CO CTOPOHBI MCTOUHMKA
CBETA, HO U OTPAXKCHHBIMHU JIy4YaMH CO CTOPOHBI JPYTUX OCBEIICHHBIX OOBEKTOB.
['maBHBIM METOAOM JJIs pacyeTa OCBELICHUS TaKUX CLEH SBISAETCA METOA OOpaTHOM
TPACCUPOBKU JIYUYEH.

[TpuHIIMn 0OpaTHOW TPACCUPOBKU JIydeH COCTOMT B TOM, UYTO UEPE3 KaXKAYIO
TOUYKY 3KpaHa Kak Obl MPOBOAMTCS OOpaTHBIN JIyd CBETA O MEPECEUEHHUs ¢ OnmmKaii-
UM 0OBEKTOM CLICHBI, 1aJIe€ U3 3TON TOUKHU MPOBOAUTCS JIyd B HAMPABJICHUU UCTOU-
HUKa cBeTa (cM. puc. 3.17).

fipan wﬂl.l“.-“. ~

Myrau eTpA=Grala

/

|

/?[g &

Puc. 3.17. Meton oOpaTHOI TpacCUPOBKH Jyueit

Ecmn Jy4d, BBIHYH_IGHHHﬁ Ha MCTOYHHUK CBCTA, HUYCTIO HC MNCPCCCKACT Ha CBOCM
IIYyTH, TO AdHHAA TOYKA OCBCIICHA, WHAYC OHA JICJKUT B TCHH. Ecmn JyY [IomagacT Ha
3CPKAJIbHYIO ITOBCPXHOCTb, TO, B COOTBCTCTBHUH C 3dKOHAMHW OIITHKH, BBIITYCKACTCA
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OTPAXEHHBIN JTyd, YTO AT BO3MOXXHOCTh TTOCTPOUTH OTpakeHue. B 3aBucuMoCTH OT
CBOMCTB Cpeabl, 4epe3 KOTOPYIO TPOXOIUT JIyU, OH MOXKET MPETOMJIATHCS, YTO TIO3BO-
JIIET MOJCIMPOBATh CJIOKHBIC PEATUCTHUYHBIC CBETOBBIC A((PEKTHI. ITOT METOH TO-
3BOJISICT TIOJIYYUTh HE TOJIBKO T€HH OT OOBEKTOB, HO M PACCUMTATh BTOPHYHOE OCBE-
IMICHUE, KOT/Ia OTPAKEHHBIA TYCKITBIM CBET MOMAAACT B HEMOCPEICTBEHHO 3aTEHEHHBIC
00JIacTH ¥ pa3MbIBaCT TCHH.

JlaHHBIH METOZ OCHOBAH Ha MPHUHITUIIEC OOPATUMOCTH JIyda CBETa, KOTOPBIN Tla-
CHT, UTO JIy4, «IBUTASICHY» B MPOTHUBOTOIOKHOM HAIPABJICHUH, TPOUIET B MPOCTPaH-
CTBE TOT YK€ CAMBIA Iy Th.

Metoa oOpaTHOM TPacCHPOBKH JIydyed OUE€Hb PECYPCOEMOK, OH TpelOyeT OO0Jib-
IITNX 3aTPaT OTMIEPATHBHON NMaMATH U MPOTIECCOPHOTO BpeMeHr. CymecTBYeT OOJBITIOE
KOJTMYECTBO COIMyTCTBYIOIIMUX METOMOB, YIPOINAIOMNAX W yCKOPSIOMUX pacyeTsl. Ha-
mpuUMeEp, METOM OOOJIOUEK TPEMyCMarpUBacT TMOCTPOCHUE JIA KaKIOTO OOBEeKTa
«000JTouKm» — MPOCTOH Gurypsl (1Imapa uiu Kyoa), coaeprkaieii BHyTpH ceOs 0ObEKT.
Ha nepsom 3tame pacuera aHATM3UPYIOTCS B3AaMMHBIC PACTIOIOXKEHHUS HE CaMUX 00b-
€KTOB, a WX 000JIOUEK, ¥ TOJIBKO €CJTH OJfHA 000JIOUKA 3aropaKUBaET APYTYIO, BBITIO-
HseTCa OoJiee oaApOoOHKIH pacueT. B mpoTuBHOM ciiydae (GUTYPBI CUMTAIOTCA HE 3a-
TOPaXUBAIOIITUMU APYT JIPYyTa.

Ha puc. 3.18 npuBeneHo nzoOpakeHHe, MOIYUCHHOE ¢ MOMOIIBbIO MeToAa 00-
PaTHOM TPACCUPOBKH JIyUEH.

Puc. 3.18. Pesynbrat paboThl MeTOa OOPaTHOM TPaCCUPOBKH JIyUeit
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IJTABA 4. COBPEMEHHBLBIE  PAOUYECKHUE CUCTEMbI

[IpuMeHeHre METOMOB M CPEICTB KOMITBIOTEPHON rpaiKi B CAMbIX Pa3HBIX 00-
JACTSAX — B BBIUMCIUTEIHPHOW TEXHUKE, HA TEICBUICHUN W B KHHeMarorpaduu, B Ha-
YUHBIX HMCCIIECAOBAHUAX W T.II. — MPEABABIACT K HUM TpeOOBaHUA YHH(PUKAAA H
CTAHAAPTHU3ALNH.

4.1. Knaccuduxauusi u 0030p coBpeMeHHbIX rpaguuecKux cucTeM

OBosonus rpaiIeCcKuX CTaHIaPTOB €CTECTBEHHO OTPAXKAET MPOIECC Pa3BUTHSA
CPENICTB KOMITBIOTEPHON rpahku — OT BEKTOPHOU TpauKu 10 CHCTEM BUPTYaIbHOM
PEabHOCTH.

B ocHoBe pa3paboTku rpaduuecKkrx CTaHIAPTOB JIGKUT MPUHITATI BUPTY ATBHBIX
PECYPCOB, TMO3BOJISIONIANA Pa3ACTUTh TPAPUICCKYI0 CUCTEMY Ha HECKOJIBKO CJIOEB —
MPUKIIAAHON, 0a3UCHBIN U annaparHO-3aBUCUMBIN. [Tpu 3TOM KaxkbIii c1oi ABgeTCSA
BUPTYAJIbHBIM PECYPCOM JJIsl BEPXHHUX CJIOCB U MOXKET MCIOJIb30BAaTh BO3MOXKHOCTH
HIDKHUX CJIOEB C TMOMOIIBIO CTaHIaPTH30BAHHBIX MPOrpaMMHBIX HHTEpdetico. Kpo-
M€ TOTO, TpaduuecKkre CHUCTEMBI MOTYT OOMEHHWBArbCcs WHGOpPMANACH C APYyTHMH
CHUCTEMaMH WJIM TIOJICUCTEMaMHU ¢ TOMOIIBIO CTAaHJAPTA30BAHHBIX (DAlJIOB WM TPO-
TOKOJIOB. B COOTBETCTBUM C 3TUMU COOOPAXKEHUAMH NEPBOHAYAIBHO ObLITN BbIACICHBI
TP OCHOBHBIX HAMpaBJICHUs CTaHIAAPTH3AIMU — Oa3uCHBIE TPadUIECKUE CHCTEMBI,
uHTEpPEHCH BUPTYalbHOTO YCTPOWCTBa, ¢hopMarsl oOMeHa TpaduuecKuMU TaH-
HBIMU.

Cranmaptuzaius 0a3uCHBIX TpapUUIECKAX CUCTEM HAMpapjeHa Ha O00CCICUCHHE
MOOMIBHOCTA TPHUKIIAJHBIX MPOrpaMM W OCHOBAaHA HA KOHIICOIUMU Sapa, COAEP-
XKaIero yHuBepcanbHbIi Ha0op rpaduuecknx (yHKIWNA, OOMMX id OONBITMHCTBA
TIPUMEHEHU.

Haubonee u3BeCTHRIMU MPOEKTAMU MO CTAHAAPTU3AIMUA OA3UCHBIX CUCTEM SIB-
astotes Core System, GKS, GKS-3D, PHIGS, PHIGS+. OcHoBHOE HampaBieHHE
Pa3BUTHUS STUX MPOEKTOB 3aKIIIOYAJIOCh B YCHUJICHHHM HW300pa3UTEIbHBIX BO3MOXK-
HOCTEH JUTS BU3yalTM3aIlii TeoMeTprueckux o0bekToB (2D, 3D, ymaneHue CKpBITHIX
JUHUN ¥ TPaHEH, IOJyTOHOBAs 3aKpacka, TekcTypuposaHue u mp.). Crangapt Ha Oa-
3UCHYIO TpadUUECKyI0 CHCTEMY BKIIOUaeT B ce0i (PyHKIMOHATBHOE ONMHCAHUE H
cnenudukanuy rpadpuaeckux GyHKIMHN 1 PA3TMIHBIX SI36IKOB MPOTPAMMHAPOBAHUS.

KoHuenims BUPTyaabHOTrO YCTPONCTBA Hauajia pa3padarbiBaThCsl ¢ MOMEHTA MO~
SABJICHUA allllapaTHO-HE3aBUCUMBIX Tpaduaeckux cucteMm. HTEepdelic BUPTYambsHOTO
YCTPOMCTBA Pa3lesfeT amlapaTHO-3aBUCUMYI0 M alMapaTHO-HE3aBUCHUMYK) 4YacTH
rpadudeckori cucrembl. OH oOecreunBacT 3aMEHIEMOCTh TPpahUUECKUX YCTPOWCTB
(TEpMUHAJIHYIO HE3aBUCHUMOCTH), a TakKe€ BO3MOXKHOCTH PabOThl C HECKOJIBKHMH
yCTpoWCTBaMK OMHOBpeMeHHO. HTepdelic BUPTyaTbHOTO YCTPOHCTBA MOKET CYyIIe-
CTBOBaTh B (hopMe MpOrpaMMHOTO HHTepderica W/HiIH MPOTOKOIA B3aUMOACHCTBHS
JBYX dYacTed rpadmueckoi cuctembl. Hambosee WeTko KOHIETITHS BHPTYaJBHOTO
ycrpoiicTBa npeacrasiieHa B npoekre CGI.
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Pa3BuTHE 3TOM KOHIIEHITHN COBNAIO ¢ AaKTUBHBIM MEPEMEIIEHHUEM IrpapHueCKHX
CPEICTB Ha MEePCOHAIbHBIC KOMITBIOTEPHI U Tpaduuecckue cranmmu. [Ipu 3TOM OCHOB-
HBIMH MHTCPAKTUBHBIMH YCTPOWCTBAMHU CTAJIM PACTPOBBIC AWCILICH, a YCTPONCTBAMH
JUTS TIOJTyYSHHST TBEPABIX KOIHM — pacTpOBbIC MIPUHTEPHI. ITO NMPHUBEIIO K HEOOXO -
MOCTH BBIJICIICHHS OTACIBHOTO Habopa pacTPOBBIX (DYHKIIHH, TO3BOJISIFOIIAX UCIIOb-
30BaTh (PyHKITHMOHAJIBHBIC BOZMOKHOCTH PACTPOBBIX YCTPOMCTB.

JlanmpHeiiee pa3BUTHE PacTPOBBIX (DYHKIMH CBA3aHO C TMOSBICHHEM MHOTO-
okoHHBIX Tpadudecknx cuctem X Window m MS Windows (a Taxke NeWS m
Display Postscript), obecnieunBimmx ymoOHbIE CPEACTBA I MAHHUITYJIMPOBAHHUS pac-
TPOBBIMU H300paKEHUSAMHU. DTH CPEICTBA SIBHJIMCH OCHOBOM ISl PA3BUTHS CHCTEM
00paboTku M300paKEHUH | U OpraHu3anuu PPEKTUBHOTO MHOTOOKOHHOTO ITOJh-
30BaTeNIbCKOTO WHTEpdeiica ¢ NCIOIb30BaHUEM MEHIO, THAIOTOBBIX MaHENEH, TI0JI0C
npocMoTpa u mp. OTMETUM, YTO TPATUIIMOHHBIC CPEICTBA BBIBOJA TEOMETPHUCCKUX
NPUMHTHBOB (JIMHHMA, YT, MHOTOYTOJIbBHAKOB) M TEKCTOB TAaK)KE€ UMEIOTCS B ATHX CHC-
TeMax.

Cerogusa Hambosee pasputhie mpoekThl PEX n OpenGL Hemmoxo coBMemaroT
OCHOBHBIC TOCTHIKCHHUS KaK FTEOMETPHUYECKOTO, TaK U paCTPOBOTO HAMPABJICHHS.

4.2. OcHoBHbIe PyHKIIHOHAJIbHBbIE BO3MOKHOCTH COBPEMEHHBIX
rpaguyecKux cuCTeM

4.2.1. I'paghuueckue cucmemol knacca 2D

GKS - crangapr ISO na 6asucHyro rpadudeckyro cucremy. Briepseie omy0u-
koBaH B 1982 rony. [IpuHAT B KauecTBE MEKIYHAPOAHOTO cTaHiapra B 1985 roxy.
Paspaboransr cnemudukanmm GKS mis s3eikoB C, Fortran, Pascal, Ada. B cooTser-
cTBuM WM ¢ ydeTtoM craHmapta GKS paspaborano Gonpioe koaudecTBo rpaduue-
ckux cucrem, Hanpumep GKS-3D u PHIGS.

OyHKIMY YIPaBIeHUs 00€CNEUMBAOT Pa0OTy ¢ HECKOJIBKUMU JIOTUUECKUMHU Pa-
O60ourMH CTAaHITUSAMHU BBOMA/BhIBOMA. OHOM M3 KaTeropuii paboYnX CTAHITNM SBISETCS
metadaiin. [TogmepxuBaercs TabauIa COCTOSHUS CHCTEMBI, a TAaKXKE TaOJHITBI KOH-
¢durypanmm u cocrosams padbounx craniui. Umeercs Gomee 100 ¢ynkmmii ompoca
BO3MOKHOCTEH M TEKYIIETO COCTOSIHUS CUCTEMBI.

OYHKITUY BHIBO/A TOAACPKUBAIOT MECTh MPUMHATHBOB — JIOMaHAs! JIMHAS, HAOOP
MapKepOB, 3aMOJTHEHHAsA 00JIaCTh, TEKCT, MAaCCHB SUEEK W 000OMIEHHBIN rpadudecKuii
npumuTtuB. bonee 30 ¢ynkumii ynpasnenus arpuOytamu (JTMHAN, MapKEPOB, 3amoJI-
HEHUA W TEKCTA) 00€CTICUNBAIOT WHAUBUAYyAIbHOES U3MECHECHHUE aTpUOyTOB U 00be -
HEHHUE WX B TPYMIbl, CBA3aHHbIE ¢ padounMu cTaHuusAMU. [IpeoOpa3zoBaHre KOOpIu-
HaT JBYXCTYNEHYATOC — HOpMaJIU3alks U npeoOpa3oBaHue paboueil CTaHIINUH.

[TognepxkuBaeTcs cermMeHTanus. ATpuOyThbl CETMEHTOB — BUIMMOCTb, yKazye-
MOCTb, BBIJICJICHHOCTh, IPUOPUTET, npeoOpa3oBanre. CerMeHThl MOTYT KOMHUPOBATh-
Cs Ha padouyrO CTAHIUIO, YIAJATHCS, BKIIFOUATHCS B JPYTUE CETMEHTHI.
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Pactposbie pyHKImm oTcyTCTBYIOT. Mcmonp3yemas 1BeToBas MOACTh — MHJIEK-
cupoBanHas Tabnuna RGB (Red-Green-Blue).

OyHKITUY BBOJA MOAICPKUBAIOT JIOTHYECKUE YCTPOHCTBA BBOIA KOOPIMHAT, JTH-
HUMW, YUCEJ, TEKCTOBBIX CTPOK, a TAK)Ke yCTPONWCTBA BHIOOpA M YKa3aHHs. YCTPOWCTBA
BBO/Ia MOTYT padoOTaTh B PeKHUMax 3arpoca, onpoca u 00padbOTKH COOBITHIA.

MGKS wmu MiniGKS - cokpamennsie Bapuanteli GKS 6e3 cermenTanuu u ¢
MHUHAMAJTEHBIM KOJTMYECTBOM (DYyHKIIMI Ompoca. OTH TMPOCKTH TPOIUITA MAMO BHH-
MaHHs Pa3pabOTUMKOB CTAHJAAPTOB, HO ObLIM MOAACP>KaHBI MHOTUMHU Ppa3padoT-
YUKaMWA KOHKPETHBIX TPAPHUCCKUX CHCTEM.

GKS-N, wmm New GKS, — mpoekt, obcyxaasmmiics B SO (1989 ron), nampas-
JICH Ha yiyuieHue QyHKIMoOHATbHBIX XapakrepucTuk GKS. 3ameTHO siBHOE BHMsHIE
npoekta CGI. [Tocneayromux nmyOnukamui He ObLIO.

PostScript (Adobe Systems, 1985) — s3b1k onmcanws CTPaHUI] I PACTPOBBIX
MEYaTaromux yCTPOUCTB. OTIMUUTENIbHAS OCOOCHHOCTh — IIUPOKHE U300pa3UTENb-
HbIE€ BO3MOKHOCTH TIPY MUHUMaIbHOM Habope rpaduueckux GyHKIH. MHOXECTBO
rpapuuecKiXx CHCTEM W HACTOJBHBIX W3JATEIIbCKUX CHCTEM TOMJCPKABAIOT
PostScript. HexoTopeie MpoW3BOAUTETN Ja3ePHBIX TPHUHTEPOB OOECIICUUBAIOT €TO
anmapaTHyr TomaepxkKy. PostScript mcmop30BaH Ui BBIIOJHEHHSA T'PadUUueCKUX
¢bysknuii B MHOrookoHHBIX cHcTeMax NeWS u Display PostScript. IlpuBneka-
TEJHHBIC CBOMCTBA ATOTO A3BIKA CIIOCOOCTBOBAIN TOSIBIICHHIO €r0 TPEXMEPHBIX pac-
LIAPEHUMN.

[[npokmre m3o0pa3uTeILHBIE BO3MOXKHOCTH si3bika PostScript obecneuensr mo-
HATHEM Tpaektopuw (path), KoTopas MOXKET OBITh COCTABJICHA W3 JIMHUH, YT, CETMEH-
TOB KpuBOW be3be M TEKCTOBBIX CHMBOJIOB. B mporiecce BhIBOAA TPACKTOPHH MOTYT
MO/IBEPTaThbCsl MPOU3BOJIGHBIM JIMHEHHBIM TIPEOOPa30BaHUAM. 3aMKHYTHIE TPaCKTO-
pUU MOTYT OBITh 3aKpallleHBI, 3aMOTHEHBI PACTPOBBIM 00pasmoM (pixmap) Wiu 3a-
IMTPUXOBAHBI JAPYTUMH TPACKTOPHUSAMHU. 3AMOIHCHHE MOXKET MPOU3BOAMTHCS MO Pa3-
JuaHBIM TipaBuiiaMm (even-ochl, nonzero-winding-number). JIluanm mMoryT ObITH pas-
JUYHOTO THMA, TIEPEMEHHONW TOIIMHUHBI U UMETh CKPYIJICHUS B TOYKAX COCAMHEHUA.
PaGora ¢ TekcramMu NMPOUCXOAMT Ha OCHOBe Ooraroit OmOmmorekm mmpudToB. Iloa-
JIEP’KABAETCS HECKOJBKO 1BeTOBBIX Moneieit — RGB, CMY (CyanMagenta- Yellow)
u HSV (Hue-Saturation-Value).

CGI — mpoexr cranmapra (ISO, 1986) na unTepdeiic BUPTYaabHOTO YCTPOMCTBRA.
Ha cramum o6cyxaeHust 3TOT MPOEKT (purypupoBai B myONMKAIUAX O/ HA3BAaHHEM
VDI. CGI opueHTHpOBaH HE HA MPUKIAAHBIX, @ HA CUCTEMHbBIX MPOrPaMMHUCTOB, 3a-
HUMAIOMUXCS pa3paboTkoit rpadudecknx cucrteM. OYyHKIMOHATBHBIE BOSMOXHOCTH
CGI chopmupoBanbl ¢ yuetom paspaboranHbix panee mpoektoB GKS m CGM
(Computer Graphics Metafile). 3amerno Bnusanue npoekros PostScript 1 X Window
System.

OyHKIUU BHIBOMA TOMACPKUABAIOT PadOTy C JIMHHUSIMH, MHOTOYTOJIEHUKAMH,
MPSAMOYTOJIbHUKAMH, MapKepaMu, TeKCTaMH, TyTaMH, CEKTOPaMH U CETMEHTAMH Kpy-
ra ¥ JJITUTICA, a TAaKKE€ 3aMKHYTHIMH (PUTYypaMu, COCTABJICHHBIMHU W3 3THX TPHUMHUTH-
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BOB. 3aMKHYTHIC OOBEKTHI MOTYT 3aKpalllWBaTHCA, 3aIMTPUXOBBIBATHCS WJIH 3amoji-
HATHCS pacTpoBbiM oOpasioM. Habop arpudytos CGI ananornuen Hadbopy arpubyToB
GKS. Konseiiep nmpeoOpazoBaHus OrpaHUUEH MpeoOpa3oBaHueM padoUueii CTaHITHH.

OyHKITUU CETMEHTAINN aHATOrMYHbI uMmeromuMes B GKS.

PactpoBbie ¢yHKIIMU TOAACPKUBAIOT PabOTy ¢ OTOOpaKaeMbIMHA W BHPTYaJIb-
HBIMU OWUTOBBIMH KapTamu. [lepBbie SIBISIFOTCA YacThIO BHJACOMAMATH YCTPOHCTBA.
Bropsie MoryT OBITH MOTHONBETHHIMA WJIH JBYXIIBETHBIMH MaTPHUIIAMHU TTHKCEIIOB B
HEeOTOOpakaeMol maMsTH. J[ByXIIBETHBIC BUPTyajbHbIC OMTOBBIE KapThl MOTYT CIIy-
KUTh B KQUE€CTBE MACKH JIJIsl OTICPAIliX 3aMlOJIHCHUS 00JlacTel, a Takoke JUTs 3adaHus
CHMBOJIOB, MapKepoOB, KypcopoB U Tp. ATpuOyTamMu KapT SIBJISIOTCA TPO3PAYHOCTbD,
OCHOBHOW ¥ (DOHOBBIM IBET. BBEACHBI pasIMyHbIC PEKUMBI HATOKCHHS I[BETOB TIPH
BBIBOJIC TIMKCENOB (and, or, xor, ...).

Oynkiuu BBoma aHajoruunbl umeronmmcs B GKS ¢ HekotopeiMu pomosHe-
HUsAMHA. BBEeIEHO TIOHATHE TPUTTEPA, MO3BOJIIONIECTO YCTAHOBHUTH PEXUM cpadarhiBa-
HUS OTACITHHBIX YCTPOHCTB B 3aBUCHMOCTH OT HEKOTOPOTO coObITHA. bosee ueTko om-
pEeIICHBI TTOHATHS TOACKA3KH, 5Xa W MOATBEPXKICHUA. BBEIEHBI 1B HOBBIX JIOTHYE-
CKHMX yCTPOKHCTBA BBOJA — pacTpoBas 00nacTh U 0000IIEHHOE YCTPONCTBO BBOAA.

X Window System — mMHOrookoHHas rpaduyeckas cucreMa, pa3paboTaHHas B
Maccauycerckom TexHonornueckoM MHCTUTYTE. [lepBble myOnuKalnuu MOSBUIKUCH B
1986 roay. OnHa W3 OCHOBHBIX IeNel pa3padoTKu — o0ecreueHrne CeTeBOr mpo3pad-
HOCTH ¥ BO3MOXKHOCTH HCITOJIb30BAHUS IIIMPOKOTO CIIEKTPA IBETHBIX M MOHOXPOMHBIX
rpadguuecKux CTaHITHH.

Cucrema paszzeneHa Ha JIBE YaCTH — KIIUCHT W CEPBEP — B3aUMOACHCTBYIOIINE C
nomotsio X-mpotokojia. [IpukinaaaoMy mporpaMMHCTy TIpeIoCTaBieHa OnOInoTeKa
O6asucHeix (ynkmmii X Lib w HaacTpoeHHas Ham Hell OmOMMOTEKa WHCTPYMEH-
tambHbIX cpenctB X Toolkit. dyHknuu ynpasieHus 00€CTICUUBAIOT BO3MOXHOCTh
MaHHUITYJIAPOBAHUS CHCTEMON OKOH M KOHTPOJIS 3a AEHCTBAAMM Toiib3oBares. [lapa-
MeTphI Tpaduuecknx (QyHKITUN BKITFOUAIOT B ceO MACHTH(PUKATOPHI AUCIUICS W OKHa,
a Tarke rpaduueCcKrii KOHTEKCT, COMEP KAIN 3HAYCHUST aTpuOyTOB U JAPYTHE Tapa-
METPbI OTOOPaKEHUS.

OyHKIUU BBIBOJAA 00CCHEUMBAIOT M300pPaXCHHUE TOYEK, JIMHWH, JYT, OKPYXKH-
OCTeH, MPAMOYTOJFHAKOB, a TaKKe 3aMOjHEHHE MHOTOYTOJIbHUKOB, CEKTOPOB, CET-
MEHTOB ¥ TPAMOYTOJBHUKOB. AHAJIOTMUHO s3bIKy PostScript mmerorcs arpuOyThl,
OTIPEACISIONTNHE CMOCO0 CKPYIICHWA JIOMaHBIX JIMHUW W TIPABWIO 3allOJTHCHHS.
OyHKITUY BBIBOJIA TEKCTOB MOAACPKUBAIOTCs Ooraroit Oubnmorexoit mpudtos. Kon-
Beliep mpeoOpa3oBaHus KOOPAWHAT OTCYTCTBYET.

CrpykTypu3amms Wi CETMEHTAINA JAHHBIX HE TIOICP>KUBACTCS.

PactpoBeie ¢yHKIIMM 0O0CCIEUMBAIOT MMUPOKHE BO3MOXHOCTH JJIS MaHHUITY-
JUPOBaHMS ¢ OUTOBBIMH W MTUKCENbHBIMHU MaTpuiiamu (Bitmap, Pixmap). Kpome toro,
MUKCEITbHBIE MAaTPHIBl MOTYT HMCTOIB30BaThCA B KauecTBE OOpasiia 3aroIHCHHS, a
OMTOBBIC — B KaU€CTBE Macku oTceueHus. Mcnonb3yemas 1isetobas Mmojieiab — RGB.
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OyHKIMK BBOJA HA 0a3MCHOM yPOBHE 00€CIEUMBAIOT PA3BUTHIH MEXaHU3M 00-
paboTku COOBITHH, OT MBITIH W KiIaBHATyphl. OyHKIMK 0ojiee BHICOKOTO YpoBHS (X
Toolkit u 6mbnroTeka BUIHKETOB) 00eCTIeunBaOT PaboOTy ¢ MEHIO, THAIOTOBBIMH TIa-
HEJISAMH, TIOJIOCAMHU TIPOCMOTPA | TIp.

Microsoft Windows — MHOTOOKOHHAST HAJICTPOHKA HAT ONIEPAITMOHHON CUCTEMO
MS-DOS na IBM PC. Bepcus Windows NT tpancdopmupoBaiack B IMOJTHOICHHYIO
omepanuoHHy0 cuctemy. OObecreunBaeT MHOTO3aJMauHbiii pexxkuM. [ paduueckre
(byHKIIMMA CHUCTEMBI aHAJIOTHUHBI MMEroIMMcsa B X Window, ogHako B mapameTrpax
dbynkuii HeT uaeHTruKaTopa auciuies. [lognepxuBaeTcs meTadaiin.

NeWs (Sun Microsystems, 1987) u Display Postscript (Adobe Systems,1990) —
MHOTOOKOHHBIE TpaUIeCKre CHCTEMBI, B OCHOBE KOTOPBIX JIe:kUT PostScript. O6ma-
naroT dpdexTuBHBIMU rpadUICCKUMHA BO3MOKHOCTAMH, YHACEAOBAHHBIMHU OT SA3bIKA
PostScript. B cucteme NeWS nosiBunuce 3D TpaekTopuu.

4.2.2. I paguueckue cucmemeot xnacca 3D

Core System — nepssriit ipoekt (ANSI) nmo cranmapruzanum 6a3ucHON rpaduye-
CKoMl cucTembl. DYHKIMOHAIBRHOE onucaHue ObLio omyOnukoBaHo B 1977 roay. Ha
ATOT MPOEKT OBLIM 3aMKHYTHI YCHIJIHSI MHOTHX Pa3pabOTUMKOB TpapuuecKux CPeIcTB
B TCUCHHUE ToCeyronux 5 jeT. [locTpoeH Ha KoHIeNun pucyroiero siemMenTa (2D
u 3D) m obecreunBaeT pabOTy TONBKO C JIMHUSAMH, MapkepamMu W Tekctamu. [lis
YOPaBIICHAS TIapaMeTpaMH MPOCKTUPOBAHMS HWCIIONB3YETCs aHAJOTHA C KaMepowu.
[Tonnep:xxusaerca cermentauus. [locne nosenenusa crangaproB GKS-3D u PHIGS
npoekT Core System moTepsi CBOIO aKTyaJTbHOCTb.

GKS-3D — pacumpenssiii Bapuant GKS (ISO, 1987), nozBomnsromuii padorars
C TPEXMEPHBIMH TpaduIeCKUMHU 00BEKTaMU. B 3TOT MPOEKT BKITIOUEHBI CIICAYIOIIHE
JonoNHUTENbHbIE (10 oTHOWEeHMIO K GKS) Bo3aMoxkHOCTH:

1) ®ynkmm BRIBOAA AOTIOIHEHBI ceMbio 3D-mpuMutrBaMu — T¢ ke, uto B GKS,
¢ npuctaskoi 3D u Habop 3anonHgemMbix obnacted 3D. JIig mocneaHero NpuMHUTHBA
BBEJICHBI aTprOyThl KOHTYpa, aHAJIOTHYHbBIE arpulyTaM JuHui. BBenen arpulyTt mis
YOPaBIICHHUS aJITOPUTMaMH YAQJICHUA CKPBITBIX JIMHWA W TpaHei. BBemeHs
3D-nipeoOpazoBanue, 3D-HOopManu3zaiusa, BUA0BOE IpeoOpaszoBanue, 3D-mpeodpa-
3oBaHue pabouel cranimu. BuaoBoe nmpeoOpa3oBaHmre MO3BOJSIET MTPOU3BOIUTH Ta-
paUTIEIFHOE U TICHTPATEHOE TIPOCTIMPOBAHUE.

2) OyHKIMA CETMEHTAMKM  PACIIUPEHBl BO3MOXKHOCTBHIO paboTel ¢ 3D-
cermeHTaMmu. Beeaeno npeobpazopanue 3D-CErMeHTOB.

3) OyHKIMA BBOJA MOTOJHEHBI ABYMS JIOTHUECKAMH yCTPOHCTBAMHU JjIsi BBOJA
koopauHat 3D u nunwmit 3D.

XGKS, GEX — mpoextsl oobenuuaeans cuctem X Window u GKS/GKS-3D.
OO6cyxaanmuch B JUTEPAType MO CTAaHAAPTHU3ANMHA, HO HE TONYUYWIH JATbHEHIIETO
Pa3BUTHS.
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PHIGS - ansrepnarusnsiii mo otHomenntio k GKS-3D cranmapt (ANSI-1986,
ISO-1989), obecneunBaromuii BO3MOXXHOCTh MHTEPAKTUBHBIX MAHUIYJSALUN C He-
pPapXWUYECKN CTPYKTYPUPOBAHHBIMU Tpadudaeckumu oObekTamu. [logyunn maabHEH-
mee pazputue B npoekrax PHIGS+ u PEX. Cpasnutensubie ¢ GKS-3D xapakrepu-
CTHUKH CIICIyIOINTHe. HAOOP MPUMHUTHBOB M aTpUOyTOB QHAIOTHYCH WUMEIOIMHAMCS B
GKS-3D. [Moanepxusaercsa Heckonbko 1mBeToBbix Mozenei — RGB, CIE (Commis-
sion Internationale de 1'Eclairage), HSV (Hue-Saturation-Value), HLS (Hue-
Lightness-Saturation). Bmecro 3D mnpeoOpa3oBanus HOpMajaW3allid BBEICHO MO-
JenbHOE MpeoOpa3oBaHre. BMECTO CETMEHTOB BBEAECHBI MEPAPXUUECKUE CTPYKTYPHI
naHHbIX. CTPYKTYpbhl MOTYT BKJIFOUATh B CEOsl MPUMUTHUBHI, aTpuOyThl, MpeoOpa3oBa-
HUA, HeTpaduuecKne MaHHbIE, a TAaK)Ke CCHUIKK Ha JPYyTrue cTpyKTyphl. CpeacTsa pe-
JAKTUPOBAHUS TO3BOJISAIOT YAAISATh U KOMUPOBATh 3JEMEHTHI CTPYKTYp. BritoueH
MEXaHW3M (PUITBTpAIAK, OCYIICCTBIISIFONTHN BHIOOPOYHOE OTOOPAXKEHHUE SJIEMEHTOB,
WX BBIICJICHUE U TIP.

PHIGS+(unmm PHIGS-PLUS) — mpoexr pacmupenuss PHIGS (ISO/ANSI Draft
1990), manpasneHHBI Ha 0oOecTieueHNEe OCHOBHBIX TPeOOBAHWN MPUKIIAHBIX TPO-
rpaMM B OOJIaCTH OCBEIICHUS, TIOJYTOHOBOW 3aKpacku W 3((PEKTHBHOTO OMUCAHUS
CIOXKHBIX ToBepxHOCTer. s stux neneit B PHIGS+ BrmoueH cieayrommii Habop
MIPUMHUTHBOB!

e Ha0Op MOJUIUHMIN C JAHHBIMH,

e KpYBas HEpalmoHaIbHOrO B-craiina,

e KpHBask HEPAITMOHAIBHOTO B-cIiiaiina ¢ JaHHBIMA,

e [IOJIMTOHAJIbHAA 00NacTh ¢ JaHHBIMHU, HA0OP MOJMTOHAIBHBIX OONacTel ¢ JaH-

HBIMH,

eHA0OP TPEYTOILHUKOB C JAHHBIMH,

®T10j10Ca TPEYTOJIBHUKOB ¢ JAHHBIMHA, HAOOP YETHIPEXYTOBHBIX SUEEK C JAHHBI-

MU,

¢ [IOBEPXHOCTh HEPALIMOHAJIBHOTO B-cruiaiiHa,

® [IOBEPXHOCTh HEPALMOHAJIbHOTO B-crutaiiHa ¢ JaHHBIMHU.

[TpumuTrBbl, UMeOMHe CyhPUKC «C AAHHBIMU» MO3BOJISIOT BKJIIOYHMTH JOTOJ-
HUTETBHYIO MH(OOPMAIIHIO, SIBJISIFOIIYIOCS YacThiO OompeaeeHns npumMutusa. Hampu-
Mep, B ciydae Habopa TPEYTOJbHUKOB IS KaXKJIOW TPaHW W/WIA BEPITHHBI MOXKHO
33/1aTh KOMOWHAIMK 1[BE€TA, HOpPMaJib W MPUKIAJHbIE JaHHbIE. Jlanee, cyliecTByeT
MEXAHU3M YIIPABJICHHUS, TTO3BOJISAIONINN ONPEAETUTh, KAKUE JAHHbBIE CJICTYET UCMOJIb-
30BaTh, a KaKue MPOMyCTUTh BO Bpema otoOpaxkenus. PHIGS+ paznuuaet nepeaHior0
U 3aJHIO0 MOBEPXHOCTHU TPAHW HA OCHOBE IE€OMETPUYECKON HOpMayiv. Paznuunbie
3HAYCHUS 1[BETA U APYTHE aTpuOyThl MOTYT OBITh ONPEACIICHBI I IEPeIHEH U 3a/1-
Hel rpaHeit. /[ BRIUKMCIICHUS OCBELIEHHOCTH, KPOME T'€OMETPUUYECKUX XapPaKTEepH-
CTHK, 3aJal0TCSl OTPAXKATEIbHbIE CBOWCTBA MOBEPXHOCTH, a TAKKE PACTOJIOKCHUE
MCTOYHWKOB I[BETA U MX XaPAKTECPUCTHKH.
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PEX (MIT X Consortium) — mpoekT pacmmpenus cucreMbl X Window mis mos-
nepxku PHIGS+. [lepeonauansHas sepcus XPHIGS 1.0 — 1987 roa, nocnennsis Bep-
cust PEX 6.0 — 1992 ron. Omna u3 asyx cucrem (apyras — OpenGL), obecneunBato-
X HauboJiee Pa3BUTHIE HA CETOMHAIIHUA JIEHb MHCTPYMEHTAJIbHBIC CPEICTBA IS
MOCTPOEHHUS peaucTuuHbIX n300paxkennit. Cyth mpoekra PEX cocrouT B onucaHuu
MEXaHW3Ma pacHIupeHust X-MpoTokona W X-cepBepa M oOecreueHus (PyHKIHMA
PHIGS+, dro, B nepByr0 ouepe/ib, MPEAHA3HAYEHO /AJIsI CUCTEMHBIX MPOrPAMMHUCTOB.
C TouKM 3peHUs MPUKIAIHOTO MporpaMMucTa (pyHKIMOHAIBHBIE BO3MOXHOCTH PEX
B YaCTH W300paKECHUS MPOCTPAHCTBEHHBIX OOBEKTOB COOTBETCTBYIOT CHCTEME
PHIGS+. Onnako nHauuHas ¢ Bepcuu 5.2 B PEX mosBuInMCh HOBBIE BO3MOYKHOCTH,
o0ecreunBaromue ycTpaHeHue cTyneHyarocty (antialiasing) u TEKCTYpUPOBAHKE TIO-
BepxHOCTeH. CpeacTBa padoThl ¢ PAaCTPOBBIMU M300PAKECHUAMU MOJACPKUBAIOTCS C
nomotsio X Window 1 TOTIOJTHUTENBHBIX PACIIIAPEHUH.

4.3. Opranusauusi A4ajora B rpapuyecknx cucremMax

Hauano WHTEpaKTUBHBIX BBIYMCICHUN W, CIAEIOBATENIbHO, UCCICIOBAHUE YENIO-
BEKO-MAIMMHHOTO WHTEepdeiica mpuHATO oTcunThIBaTh ¢ 1959 1., xorma Ha koHpeEpeH-
un FOHecko mo o6padoTke mHbOpMaruu . CTpeun IpeaIoOKIIT PEXKUM Pa3aeIcHHUs
BPEMEHHU MPHU PEILICHUH 33/1a4 Ha KoMIbioTepax. [1o Mepe pocTa MOIIHOCTA KOMIIbIO-
TEPOB POCIW W 3aTpaThl HA AMAIIOTOBYIO KOMIOHEHTY MPOTPAMMHOTO 00€CHEUCHUS.
Bompoc s dexTuBHOCTH HCTIONB30BAaHUSA MAIIAH 000CTPHUIICS BO BPEMS CTPEMHUTETh-
HOTO BBIXOJAa HA PIHOK Pa0OuYuX CTaHIUMNA, 0ObCTMHUBIINX UHTEPAKTUBHOCTh C Tpa-
¢ukoit. TepmuH 3(pPeKTHBHOCTD ¢ TEX MOP U3MEHWJI CBOE 3HaueHUE. Ecnm panbIe oH
OTPKAJl TAKUE XAPAKTCPUCTHUKH, KaK MPOLECCOPHOE BpPEMsA U OOBEM 3aHMMAEMO
MaMsATH, TO TENEPh MO/l HUM MOHUMAIOT NPOCTOTY Pa3padOTKH, JIETKOCTh COMPOBOXK-
JeHud U yaoOcTBO paboThl ¢ mporpammoi. [losToMy 3arparbl Ha HMCCIIEIOBAHHUE U
pa3paboTKy MOJIb30BATEIBLCKOTO MHTEP(Eica ABIAIOTCA OmpaBaaHHBIMHA. B HacTOS-
1iee BpeMs OOJIbIINE YCUIINS TMPHUKIIABIBAIOTCA K Pa3pabOTKE METOAOB U CO3/IaHUIO
WHCTPYMEHTAJIbHBIX CPEJCTB B PaMKax CUCTeM, moyiyuuBinux Hazganue UIMS — User
Interface Management System.

TpagunmonHsiid rpadudecKuii TOAX01 K HHTEPPEHCY ¢ MOIh30BaTENIEM CBSA3AH C
paboramu Cazepnenaa, HptoMeHa 1 Jip., B KOTOPbIX B3aUMOJCHCTBUE OazupyeTcsa Ha
WCIOJIb30BAaHUM TpaduuecKoTo MUCIUICS C pPereHepareii u ceeTtoBoro mepa. Jlamb-
HelIee pa3BuTHE TpaduUuecKoro Auaiiora CBsA3aHO C MPOTPECccoM B 00IaCTH CHCTEM
WHTEPAKTUBHONW MAIIMHHOW TpaduKh, KOTOPBIM MPHUBET K PErJIaMEHTAIlMA B BHUJC
MEKTyHAPOIHbIX CTAHapPTOB.

Bce ocHOBHBIE uepThl mHTEp(Eiica ¢ MOMp30BaTeNIeM Ha COBPEMEHHBIX padounx
CTAHITUAX CYTh MMPOM3BOMHBIE OT paboT mo Xerox Park:

® YIIPABJICHUE OKHAMU;

® 1CTIOJTb30BAHKE TPAPUUESCKUX CUMBOJIOB («AKOHY) JJIS IPEACTABICHUS 00beK-

TOB;
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® CTHJIb B3aWMO/ICHCTBHS, HA3bIBACMBIM HETIOCPEICTBEHHBIM MaHHWITYJIHPOBAHHM-

eMm;

® TIOMYJISIPHOCThH MBIIIH KaK yCTPOHCTBA MO3UIIMOHUPOBAHUS HA SKPAHE,

® 00BEKTHO-OPUEHTHUPOBAHHBIN CTHIIb IPOTPAMMHUPOBAHHS.

C tex mop cucrema KiacCH(pUKAIid WHCTPYMEHTAPHS JJIS CO3/aHMS U yTIPaB-
JICHUS TIOJTb30BATEILCKUM HHTEP(EHCOM paccMarpruBaeTCs Ha TPEX YPOBHIX:

e cucTembl yrpasienus okHamu (WMS-Window Manager System);

® CHELUAJIM3UPOBAHHBINA UHCTPYMEHTAPHUH,

- o0b1unbIiA (Maclntosh, SunView);
- oObexTHO-opreHTHpOBaHHBIH (Smalltalk-80, Andrew, InterView);,

® CHCTEMBI YITPABJICHHS TOIh30BATEIIbCKAM HHTEPhEHCOM.

MHOTOOKOHHAsT TEXHOJOTHS OOCCIECUMBACT  TOJNB30BATENA JOCTYIIOM K
06apmeMy o0beMy HH(MOPMAITHH, YeM TO BO3MOXKHO MPH PadOTE C OAHUM 3KPAaHOM.
OxHa 1aroT JOCTYIT KO MHOXKECTBY MCTOUHHMKOB WH(popmarmu. [lonp3oBarens MoxeT
00BeTMHATH HHQPOPMAITUIO OT HECKOJBKUX HMCTOYHUKOB, UCCIIENOBATh WH(POPMAITUIO
Ha Pa3HBIX YPOBHSX ACTANM3AIMH. B MyabTHMPOrpaMMHOM PEXKHME €CTh BO3MOXK-
HOCThH YIPaBJISITh HECKOJIBKAMHA TApaJUICIbHBIMA 3a7adaMi. Bxom W BBIXOJ KaxKI0M
3aa9¥ 0TOOpaKaeTCs B Pa3HBIX OKHAX, MO3BOJISASA TOJB30BATEIO COCPEAOTOUNTHCS
0 HEOOXOMMOCTH Ha KaXa0H 3a/1ade.

WuTtepdetic co cTOpoHBI omepaTopa W MPHUKIAAHOW TPOTPaMMBl COJACPKUAT KO-
MaH/Ibl 3aBEACHUS/YHUUTOXKCHAS OKOH, U3MCHECHHS UX PA3MEPOB U TOJIOKEHHUA, TIOI-
HATHSA HABEPX, CXKATHS OKHA JI0O TUKTOTPAMMBI M BoccTaHOBjIeHU. ConepkuT rpadu-
YeCKyl0 OMOIMOTEKY BBIBOAA (TOJBKO OCHOBHBIC MPUMHUTHBHI) U 00pabOTUHMK COOBI-
TAW. JIpyrumMu clioBaMu €CTh HEKHE MEXaHWU3MBI [Tl PeaTH3aIliH MOJIb30BATEITHCKOTO
uHTepdeiica.

B nayuHoll nuTeparype moka HET COIVIaCOBAaHHOTO B3migaa Ha TepMud UIMS —
TOYHOE €r0 3HAYCHUE CaMO SABJIACTCS 00OBEKTOM HcchenoBanusa. OnHa W3 BepCHid TPH-
HajuIekAT Maiiepcy: «Cuctema mpoekTupoBaHUs WHTEepdeiica monp30BaTeNsa €CTh
WHTETPUPOBAHHBIM HAOOP CPEACTB, MOMOTAIONIUX NPOTPAMMUCTY B CO3MaHHHA H
YIPaBJICHUH Pa3IMUYHBIMKA UHTEPdEiicaMu ToIb30BaTesss. ITH CUCTEMbI OOBIYHO Ha-
3BIBAIOT CHUCTEMaMH yIpaBjieHHUs Tonb3oBarebckum uHTEpdericom (UIMS — User
Interface Management Systems), HO TpPeANMOYTHTEFHEEC HA3BIBATh MX CHCTEMaMH
npoektupoBanus (UIDS — User Interface Development Systems), mockombeky UIMS
ACCOIMUPYETCS TOJBKO C UaCThIO CUCTEMBI, pabOTAONICH BO BpEMs UCTIOJTHEHUS TPO-
rpaMMbl (HO HE C YacCThIO, UCMOIb3YEMOH BO BpeMs pPa3pabOTKH), WIIA C CUCTEMaMH,
BKJTIOUAIONAMH SBHBIC KOMTOHEHTHI ympasiienus muajgorom. UIDS obGecneunBaer
Kak pa3paboTKy, Tak W peanm3aiuio uarepderica u, Takum 00pa3oM, MOKPIBAET 60-
Jiee MMUPOKUH KJTACC TIPOTPAMMY.

OcHoBHo# koHnenmeir UIDS sBisercs uaes crpororo pasaeneHus uaTepderica
¥ TIPUKJIATHOM TIporpamMMbl. B maeasne oHa Mo/bKHA MOAASPKUBATh BCE CTHITH AWAJIO-
ra W ynpomark mocTpoeHue ciaoxkueix uaTepdeiico. UIDS momken obecneunBarh
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A3BIK OTIpeAeNieHns uHTepdeiica T MPeaCTaBIeHAs TPeOyeMoro auajora U reHepa-
TOP, KOTOPOH aBTOMATUUYECKHU CO3/1a€T HEOOXOAUMBIH KOJ[ U3 UCXOIHOTO ONpPEACICHUS
B 3TOM S3bIKE. DTH (PYyHKIIMM BO MHOTOM ITOXOKH Ha (DYHKITUH KOMIHJIATOPA WA WH-
TeprpeTaropa Jijis 0ObIUHBIX S3bIKOB MPOTPAMMUPOBAHUA.

Hurepakruaaee

CPEICTER
paIpabOTKH [T puenagsol vpoBeHE
u YpOREHE THATOIR
—
Dl WpOBEHE NPETCTARIEHNH Ynpanneaue
onucaHni OKH AMH
=

HuerpyMeRTalbHE VHIBEHE

Berpoesas i #HCTRY-
MEHTATEHE ] ¥ POBEHE

Basoee il ypopess maTepdeiica
OROHHOH CHOTEME

W pUBEHE KO/ BAHAH
NOTOKA JTAHHBIX

Puc. 4.1. Komnonentst UINS/UIDS

Crpykrypnas cxema kommoneHT UIMS/UIDS npencrasiena na puc. 4.1.

4.4. Onepanmonnas cuctema MS Windows

Omneparmmonnas cucrema Windows MpeaoCcTaBisSeT MPOTrPpaMMHUCTaM BO3MOXK-
HOCTh MCTIOJTb30BaTh B CBOMX IMPOrpaMMax COTHH Pa3HOOOpPa3HBIX (DYHKITHH, TOCTY
K KOTOpHIM caenad B Bujae uaTepdeiica API (Application Program Interface — nnrtep-
(etic mpuKIAmTHOTO TpPOTpaMMHpOBaHUWA). B  panHux 16-pa3psaHbIx BEpPCHIX
Windows cymiecrBoBano uerkoe pasaencaue Win APl Ha Tpu wacTu:

eKERNEL — oTBeuasna 3a 6a30Bbie CPEACTBA OINEPAIMOHHOM CHUCTEMBI, BKITIO-
yatomue padboTy ¢ daimaMu, ¢ maMAThIO, 3aIMyCK U 3aBEPIICHHUE MPOTIECCOB | T.11.;

eUSER — oTBeuana 3a paboTy C KJIaBHATYPOM, MBIIIbIO, MapaieIbHBIM U T0-
CJIETOBATEIIEHBIM TTOPTAMHU U T.I1.;

¢ GDI — oTBeuana 3a rpadudeckuii nHTEPGEHC.

B OGonee coBpemeHHbIX 32-pa3psAHbIX BEPCHUSIX CTPYKTYPHOE pa3AC/iCHUE UC-
Ye3J10, 0CTAIOCHh TOJBKO (PYHKITHOHATbHOE pasaencane APl Ha Tpu moacucTeMsl.

OCHOBHOW HEMOCTAaTOK CTAHMAPTHBIX CPEIACTB OTOOpakeHus rpaduku B Win
API — HeBbICOKasA CKOPOCTh BBIBOAA M300pakeHUN Ha dKkpaH. J[J1d yCKOpEeHHUs 3TOro
MPOIIecca HEPEAKO MOCTPOSHNE M300PAKEHUS BBHITIOMHSIOT C WCIIOb30BAaHUEM KOH-
TEKCTa ONIEPATUBHOM MaMSITH, a 3aTeM OBICTPO KOMMHUPYIOT €TO B OKHO.
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B o6mewm, OvicTpoaeiicTBust 6a30Bbix Tpaduueckux cpeacts Win APl smomae
XBaTaeT Iy OUCHBIX MPWIOKCHUH W TPOYNX MPOTPamMM, HE MCTIONB3YIONUX THHA-
MWYHOW CMEHBI N300paKCHUN HA YKPaHE.

[1pn pa3paboTke mporpaMMbl Ha OCHOBE KOMITBIOTEPHBIX S3BIKOB, TakuX Kak C,
C++, Pascal, B TeKCT mporpaMMBbl MOYKHO BKJTFOUATh BBI3OBHI (DYHKITHIA, KOTOPBIE BXO-
1At B coctaB APl Windows. Ilocne kKOMIMIAIAM CO31aETCS BBIIOTHASMBINA (haii
(*.exe), KOTOPHIH MOXKHO 3alyCKarh HAa PAa3HBIX KOMITBIOTEPAX C Pa3IMUHBIMHU BEp-
cusimu OC Windows, u mporpamma OyIeT KOPPEKTHO BRITIOTHATHCA. [10CKObKY caMmu
(yHKIIMM pacmonaraioTcs B MOAYJISIX OMEPAIMOHHOW CHCTEMBI, a B TIPOTPaMMeE CO-
JiepIKaTcs TOJIBKO BBI30BHI (yHKIMH (call), To kox BeimonHsAeMOro (haiina uMeeT He-
OOJIBIIION pa3mep.

4.4.1. Oovexmnana apxumexkmypa Windows

Hecmotps Ha To, uto B cpene Windows MoryT yHKITMOHUPOBATH TPOTPAMMBI,
HE WCITOJIb3YIONINE OKOHHOTO BBOJA-BBIBOJIA, TEM HE MEHEE OHHM COCTABIIAIOT HE3HA-
YUTEIHPHOE MEHBIMMHCTBO OT BceX Windows-iporpaMm. TunmudyHOE NPHIIOKEHUE
Windows ¢yHKIMOHHpPYET B paMKaxX BO3MOXKHOCTEH, MPEAOCTaBISIEMBIX rpadude-
CKHM TIOJTh30BATEIIbCKUM HHTEPQEIcoM.

I'padmaeckuii maTepdeiic Windows mocTtpoeH mo odwexmuotl mexuonocuu. B
OTIEPAIIMOHHON CHCTEME HCIIONIB3YETCS] MHOTO PAa3IMUHBIX 0ObEKTOB, KaXKIBIH W3 KO-
TOPBIX MPUHAJICKAT KAKOMY-TO KJIACCy, HO OIMH W3 HUX WTPAET KITIOUEBYIO POJIb, 3TO
— «okHO». C TOUKH 3pEHUS TOJIB30BATEISI, OKHO — 3TO TPAMOYTOJIbHAs 001acTh YKpa-
Ha, ¢ KOTOpOoH accoruupoBana HekoTopas Windows-niporpamma. OmHOM mporpaMme
MOXKET OBITh TTOCTABJICHO B COOTBETCTBHME HECKOJBKO OKOH, HO OTHO W3 HUX BCETIa
CUMTACTCS «IIaBHBIM». Ha skpaHe MOTYT OMHOBPEMEHHO pacroyiaraThCs OKHA HE-
CKOJIBKHX TIPHJIOKCHHA, OTHO U3 HUX SBJISETCSA «aKTUBHBIMY).

Paccmorpum nmpuntnnel opranuzammu auamora B Windows. C kaXIbpIM OKHOM
MOXKET OBITHh CBSA3aHO HEKOTOPOE KOJIMYECTBO KOMITOHEHTOB AWAIOTOBOTO B3aMMO/IEH -
CTBUS — MEHIO, KHOIIOK, TOJEH BBOJA U T.I. B Ka)KAbIil ONPEACIICHHBI MOMEHT Bpe-
MEHHW aKTyaJIbHBIMHU SIBJISIOTCS TAAJIOTOBBIC KOMITOHEHTHI TOJIBKO «aKTHBHOTOY» OKHA.
Bechb knaBHarypHBIM BBOJ HampaBjseTCcs B OKHO, OONamaroIee «@oxycom 6600ay.
Hampotus, MbITITE BO3IEHCTBYET HA TAAJIOTOBBIC KOMITIOHEHTHI TOTO OKHA, HA KOTOPOM
pacroyaraercs €e Kypcop.

Bce o6bexTel Windows B mporiecce padboTsl 00MeHHBAIOTCS cooOmeHusMu. O0-
MEHHBAThCS COOOIMEHUAMH MOTYT JIaXKe OTACIbHBIEC YaCTH OJHOTO MPHWJIOKEHUS, Ha-
puMep, IJIaBHas mporpamma u €e okHo. OOMeH COOOICHUSAMH BO3MOXKEH KaK B CUH-
XPOHHOM, TaK U B aCUHXPOHHOM pexkume. CooOIIeHne — 3TO COBOKYITHOCTD:

e HOMEpaA, HACHTH(PUITUPYIOIECTO THIT COOOIICHHMS;

eHaOOpa TaHHBIX, CBSI3aHHBIX C COOOIICHUEM.

B Windows ompeneneHsl CBBIIIE THICAYN CTAaHAAPTHBIX coobOmenuii. Cooobie-
HUA HaumHatoTcss ¢ mpedpukca «WM »  (Windows Message). Hampumep:
WM _ CREATE nocenaerca okHy npu ero cozganuu,; WM _COMMAND noceutaetcs
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OKHY TIpY OTIepalusiX ¢ KaKUM-HUOYIbh THAJIOTOBBIM 3JIEMEHTOM STOTO OKHA (HampH-
Mep, ¢ Mento wim kaomnkoi ), WM_SETFOCUS noceutaercst OkHy B TOT MOMEHT, KO-
raa k Hemy niepexonut «dokyc seomay;, BM_SETSTATE nocwinaercs oprany ympas-
JeHus (HampuMep, KHOIKE) IS TOTO, YTOOBl OHO MPUHYAWTEIIEHO U3MEHHIIO CBOEC
COCTOSAHHE, U T.II.

[Tpu nonyuyenun npuioxeHueMm cooduenuss WM CREATE BeinosiHsieTcs KO/,
Hanucannblil B mpoekre Delphi kak oO6pabdotunk cobbitust OnCreate, a coOOMEHUTO
WM_PAINT cootBerctyet cobbiTe OnPaint.

4.4.2. Oomaa cmpyxkmypa Windows-npunoxcenusn

Tunumanoe Windows-mipuiiokeHHe HAYHHACT CBOIO PadOTy CO CIICAYIOIUX ACH-
cTBuit (cM. puc. 4.2):

®OIMCHIBACT W PETHCTPHUPYET HOBBIH KJIACC OKHA, 2 IMEHHO: 1) yKa3bIBaeT Ma-
pamMeTpBl OKHA, 2) YKa3bIBaeT PECYPCHl (MEHIO, M300paKeHUS, TUKTOTPAMMBI U T.II.),
CBsA3aHHBIC C OKHOM; 3) yKa3bIBaeT MPOIEAYPy, KoTopas Oymer oOpabarsiBarh CO00-
IIICHUS, TIOCTYTAIOIINE B OKHO,

eoTOOpaxkaeT OKHO Ha dkpane (tocias emy coodienne WM _CREATE);

e OpraHu3yeT HUKI npremMa U o0padOTKH COOOIIECHHH, TTOCTYAIOIINUX B TIPHJIO-

KCHHUC.
[ Havano j

OnucaHne n
perncTpauus
Kracca okHa

OTob6paxeHune
OKHa

e
7S

MpuHATb HOBOE
coobLeHue

310 coobLieHue
3aBepLueHus
NPUINOXEeHNA?

KoHey ]

MepenaTb 3710 coobLeHue, Het
— coobLueHne npeaHasHayeHHoe
B OKHO Ans OKHa?

Puc. 4.2. I'maBnHas npouenypa Windows-nprioskeHust
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Taxke B MPHIOKEHWH AOJKHBI OBITH OPraHM30BaHbI MPOLEAYPHI, 0OpadaThi-
BAIOIIUE COOOIIEHHUS, MOCTYNAIONIME B OKHO W JIMAJIOTOBBIC OPraHbl YMPABJICHUS.
Anpec npouenypbl 00pabOTKH OKOHHBIX COOOIIEHUN ABJISIETCA OAHUM U3 aTpuOyTOB
00BEKTA «OKHO». DTOT aJIpeC UCIMOIb3YETCA B KQUECTBE MapamMeTpa Npu ONMUCAHUU U
PErUCTPaIMKA HOBOT'O KJIacCa OKHaA.

OkoHHasg mpoueaypa MOXET MNOAy4aTb MHOXKECTBO PA3IMYHBIX COOOICHHM.
BonbimHCcTBO cOoOOIIEHH MOryT ObITh 00padOTaHbl aBTOMarudecku. Hampumep,
O0OBIYHO HE TPEOYIOT CAaMOCTOATENbHON 00pabOTKU COOOILECHHMS, CBUIETEbCTBYIOIINE
O 3aKpHITHH, TIEPEMEIIEHNH, CBepThiBaHNM okHA. Ho mims Windows-niporpamm, mpo-
U3BOMSIIMX BBIBOA B OKHO, BakKHO oOpabareiBarh coobiienue WM PAINT ¢ Home-
pom 0x000F. D10 cooOliieHne aBTOMAaTHYECKH MEPENACTCSA B OKHO B TOT MOMEHT, KO-
raa TpedyeTcs mepeprucoBka N300pakeHrs (HampUMep, €CJIM OKHO OBLIO TIEPEIBUHY-
TO WJIM 4acTh ero ObLIa MEPeKphITa IPyruM OKHOM). llemecooOpa3sHo MpOU3BOIUTH
BECh BBIBOJ M300paXKeHUI B OKHO IO MPUXOAY UMEHHO 3TOT0 COOOIIEHHUS.

4.4.3. Konmekcm zpagpuuecxkozo ycmpoiicmea

I'padmueckne ¢dynkmm u3 cocrtaBa APl Windows oOnenuHEHBI B OTACTBHYIO
noxcucremy GDI (Graphic Device Interface). Baxknas uepra momcucremsr GDI —
anmaparHas HE3aBUCUMOCTh MHOTHX (DYHKITMH OT KOHKPETHOTO TpaduiecKoro ycT-
poucTBa.

C xaxapiM (PU3NYECKHUM WJIW BUPTYaJIbHBIM yCTPOHCTBOM, HAa KOTOPOE
Windows-iporpaMMa MOXET BBIBOJUTH N300pakeHUE, CBSI3aH KOHTEKCT Tpaduuecko-
ro ycrpoiictea (Device Context). B kauecTBe Takoro yCTpoOWCTBa MOTYT BBICTYTIATh:
OKHO, TIpuHTEP, (aiinm ¢ m3oOpaxkenuem (Meradaiin), obmacte mamsaTu. Konmexcm
YCmpoiicmea — 3T0 CTPYKTypa MaHHBIX, OJHO3HAYHO OMHUCHIBAIOIIAS MTApaMETPhl yCT-
poiicTBa. J[pyruMu cioBamMu, KOHTEKCT TpaduuecKoTO YCTPOHCTBA yKa3hIBaeT ILIOC-
KOCTb OTOOpaKCHHMsI, Ha KOTOPYIO JieaeTcsa rpadpuueckuii BHIBOI.

Ecmu Bama nporpamma nenaet BbI30B rpaduueckux dynakiuii APl Windows,
TaKuX KaK PUCOBAHUE TOUCK, JTUHUH, PUryp, TEKCTAa U TOMY MOJOOHBIX, HEOOXOTUMO
ykas3wiBath uoenmughuxamop xonmexcma (handle of device context).

WUnentndukarop kontekcra rpaduueckoro ycrporictsa (hdc) — ato umcioBoe
3HAYCHUE, 3HAHWE KOTOPOTO JAeT BO3MOXKHOCTH HAMpPaBWUTh IrpaUUeCKHUil BHIBOJ B
Hy>)kHOe MecTo. [lepen HauajgoMm pucoBaHHS HEOOXOMMMO TMONYYUTH ITO UHCIOBOE
3HaueHue. [locne pucoBaHusi OOBIYHO HYKHO OCBOOOJWTH, JEAKTHUBU3UPOBATh KOH-
TekcT. Hecobmoaenne sToro TpeboBaHMS UpeBATO HEMPUATHBIMH TOCICACTBUAMA —
OT yTEUEK MaMATH 10 MPEKpaIeHuss HopMajbHO#M padoThl mporpaMmsel. KoppekrHoe
MCITOJIb30BAaHNE KOHTEKCTA TPaduuecKoro yCTPOHCTBA OCYIISCTBIIIETCS B TAKOH TO-
CJIEZIOBATEIBHOCTH:

1. Cozmanue, akTuBH3aIusd KOHTEKCTA, MojyueHre 3HadeHus hdc (o6praHo, mpu
oMot ¢pyaknmun GetDC()).
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2. PucoBanue ¢ momomipio rpaduueckux ¢ynkmuit API Windows, mpu 3tom
UICHTU(UKATOP KOHTEKCTa Tiepenaetcss B (DYHKIIMW, BBIBOAAIIME W300pakeHWE Ha
YCTPOMCTBA, B KAYECTBE MapameTpa.

3. YHUUTOXKEHWE, NCAaKTUBHU3AIMS COOTBETCTBYIOMIET0 KoHTekcTa hdc (o0sraHO
npu nomonn gyrkimu ReleaseDC()).

Konmexcm oxna na skpawne oucnies. s Toro 4toObl ONeparioHHas CHUCTeMa
MOTJIa pa3inuaTh OKHA T OCYIIECTBJCHUS NHAAjOoTa ¢ HUMHU, BCE OKHA TMPH CBOEM
CO3JJAaHUH PETUCTPUPYIOTCSA B ONEPANMOHHON CUCTEME W TOJYYAKOT YHUKAJIbHBIN
uneHTudgukarop. Tun sroit enmmunnsel B Delphi — HWND (Handle WiNDow).

Jlns prcoBaHWsI B OKHE TIPOTPAMMBI HAa DKPaHE TUCIUIES MOKHO HCIIOIh30BaTh
JBa crnocoda. ITu crnocoObl pa3InyarOTCs KaK Mo 0COOCHHOCTSAM MOTYUYCHUS 3HAuUe-
Hus hdc, Tak 1 M0 BO3MOXKHOCTSAM PUCOBAHUS.

[TepBrIii crmoco0 OCHOBBIBACTCS Ha HCIONb30BaHWHM maphl pyHkimi GetDC u
ReleaseDC.

PaccmoTrpum manHbiil cioco® Ha nmpumepe. Co3aaauM HOBBIM MUHUMAJIbHbBIN
npoekT Delphi. B ¢popme Form1 pasmectum kromnky. O6paborunk codbrtust OnClick
MIPUBEACM K CIICTYIOIIEMY BHAY:

procedure Tform1 Button1Click(Sender: TObject),
var

dc : HDC; //cChlIKa Ha OKHO
begin
dc := GetDC (Handle); //3amaeM 3HaYEHUE CCBUIKU
Rectangle (dc, 10, 10, 110, 110); //pucyem npsiMOyroJbHUK
ReleaseDC (Handle, dc), //0cBOOOKIEHNE CCHUTKH
DeleteDC (dc); //ymanenue cchuiku, OCBOOOKICHHE MAMSTH
end,;

2

Tereps pw HaXKaTUW KHOTIKA Ha TIOBEPXHOCTH OKHA pUCyeTcs KBaapar. M3o-
OpakeHue OyJIeT OCTaBaThCs HA OKHE J0 TE€X MOP, MOKa 4TO-JIM00 HE 3arOPOAUT €ro
6o noka opma He OyaeT MUHAMH3UPOBAHA, a 3aT€M CHOBa pa3BepHyTa. M cuesHo-
BEHHE KBaJ[para Mocjie Takol onepanuu oObsICHAETCA TEM, UTO 32 IEPEPUCOBKY OKHA
OTBEUYAET €ro COOCTBEHHBIN 00PabOTUHK.

Oyukius GetDC monmyyaer cepiiky tTina HDC Ha ycTpolicTBO BhIBOAA, apry-
MeHToM ¢dysKI GetDC sBnsercsa Benmmuuna tuma HWND, B mannOoM mpumepe 310
Handle — cBoticTBO (hopMbI, KOTOpOE SABISAETCS CCHIIKOM Ha OKHO. Mcmonmb3oBaHue
KOHTEKCTa rpa)iuecKoro BEIBOAA 3aBepinacTes BhizoBoM (yHKIHH ReleaseDC. [lpy-
ryi0 (OYHKITHIO JIJIT OCBOOOXKICHHUS KOHTEKCTA B ATOM CJIy4dae WCIOb30BaTh HE Clie-
nyet. BooO1ie 3ToT ¢cnocob MOXHO PEKOMEHI0BATh BE3/E, 3a UCKIIOUEHUEM PUCOBA-
HUS BO BpeMs 00pabOTKU cOOOIIEHUS WM_PAINT.

Btopoit cmoco6. Mcnonb3yeTcsa UCKITIOUUTEIbHO B Telle 00paboTunka cooOiiie-
HUS WM_PAINT OKOHHOW (pyHKITHH.

Kak npaBuio, nepexBaTuuky COOOIIEHUN 1J11 MOBBIIICHUS HAACKHOCTH PAadOThI
MIPUIOKECHHMSI OTACHIBAIOTCS B Oj10Ke protected.
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protected
procedure WMPaint(var Msg: TWMPaint); message WM_PAINT;

{foopabomra coodwenus wm Paint}
procedure TForm1 WMPaint(var Msg: TWMPaint),
var
ps : TPaintStruct;
dc : HDC;
begin
dc:=BeginPaint(Handle, ps);
Rectangle (dc, 10, 10, 100, 100);
EndPaint(Handle, ps);
end;

Crpoku BeginPaint v EndPaint npucyTcTByIOT T 60JIee KOPPEKTHON paboThI
MIPWIOKCHHS, TIPH UX YAATICHAN TOSBISICTCS HEMPUATHOE MEPIaHUE NP W3MCHCHHUH
pa3MepoOB OKHA.

B nanHOM mpumepe cCehlika Ha KOHTEKCT YCTPOMCTBA HDC Obljla MOIydYeHA TPH
oMoty pyakmn BeginPaint. OnHAaKO B TaHHOM CITy4ae CChIJIKY Ha KOHTEKCT yCT-
POMCTBA, COOTBETCTBYIOINIETO TJIABHOMY OKHY TPOTPAMMBbI, MOKHO OBLIO OBI TOITY-
YUTh, UCTIONB3YS cBOMCTBO Canvas.Handle dhopmbi. Torma coOOTBETCTBYIOMINN KyCOK
KOJQ BBITJIAACI ObI CISAYIOIMM 00pa3oM:

BeginPaint(Handle, ps);
Rectangle (Canvas.Handle, 10, 10, 100, 100);
EndPaint(Handle, ps);

Korna HeoOxonmumo o0pabarbiBaTth cOOOIICHUS WM _PAINT? DTo cooOlieHue
MIPUCHIJIAETCA JFO00M MporpaMMe TOT/a, KOr/a MOBPEXKACHO M300paKEHUE KITUCHT-
CKOM 00yacTv OKHA 3TOi mporpamMmebl. [loBpexkaenne n3o0pakeHns OKHA CIydaeTcs
JIOBOJILHO 9aCcTO, HAPUMEP, TTPH OTOOPaKCHUH Ha SKPaHE HECKOJIBKUX OKOH — KOT/a
Ha OKHO OBIJI0 HAJIOKEHO €11¢ OTHO OKHO, a TIOTOM TIOCJIEC 3aKPBITHS TOCIIETHETO OKHA
yacTu n300paXeHUs MEePBOTO OKHA yke HeT. Eciu B mporpaMMe mpemaycCMOTpPeHa Tie-
pepucoBka m3o0paxenus: padodeit (KITMEHTCKOM) 0071aCTH OKHA TMYTEM IMPOTrpaMMHU-
poBaHuA 00padoTurka COOOIIEHUA WM PAINT, TO 5TO IO3BOJISET B OOJBIIMHCTBE
CJIy4aeB TapaHTAPOBATh KOPPEKTHOE OTOOPaKEHHUE OKHA.

4.4.4. Cmanoapmmnoie cpagpuueckue gyukuyuu API Windows

B Delphi cymectByeT BO3MOKHOCTh HCIIONB30BATh CTAaHAAPTHBIE TpadruuecKkue
¢dynkiun APl Windows. Onm xpansarca B auHamudeckor Ombmmorexe gdi32.dll.
[TporoTunsr 3tux dyHkImlA comepxarcs B moaysie Windows.pas. [IpuBenem mpume-
PBI HEKOTOPBIX Tpaduaeckux QyHKITHH.

DyHryuu 0Jis1 pabomuvi ¢ 0OMOEIbHBIMU NUKCELAMU.

function SetPixel(DC.:HDC; X)Y: Integer; Color: Cardinal):Cardinal,
function SetPixel V(DC:HDC; X,Y: Integer; Color: Cardinal): LongBool;
function GetPixel(DC:HDC; X,Y: Integer): Cardinal
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Oynkmusa SetPixel pucyer oauH mukcen pacTtpa. OHA UMEET CICAYIOIIHE apry-
meHTH: DC — xonTeket, X,Y — koopauHare! Touku, Color — 1iBeT mukcena. ApryMeHT
Color umeer tum 4-6atitnoro Cardinal, mpuuem Tpu mumammmx 6aiiTa COOTBETCTBYIOT
xomnoHeHTaMm RGB (B ananazone ot 0 mo 255 kaxnaas), a crapimunii 0aiiT He UCHOMb-
syetcs. L[Ber, komupyemsiit Tumom Cardinal, ymo6uo 3aaasare makpocom RGB(r,g.b).
Oynkius SetPixel Bo3BparaeT 3HaueHre 1IBETA MMUKCENA.

Kpome SetPixel 8 API Win32 ects ¢pynkmms SetPixelV, paboraromas HeMHOTO
ObICTpEE, TMOCKOJIBKY HE BO3BpAIIACT 3HAYCHUS, a TAKKE MPEIyCMOTpeHa (yHKITUS
JUTSI TIOJTyYeHUS 1BeTa JIo0oro nukcena pactpa — GetPixel. Qyuxyuu ons pabomur ¢

JaunusMu u ueypamu cm. B Tadm. 4.1.

Tabnunadl @yuxyuu GDI ona pabomet ¢ tunusamu u puzypamu

DyHKuMs

Boinmosinsiemoe aeucreue

function AngleArc(DC: HDC; p2, p3: Inte-
ger; p4: Cardinal; p5, p6: Single):
LongBool;

Pucyer nyry okpy»kHOCTH C LeHTpOM B Touke (p2, p3)
U paguycoMm p4, pS u pé — HaA4YAJIBHBIN YroJ U JJIMHA AY-
ru (B rpagycax).

function Are(DC: HDC; x1,vy1, x2, y2, X3,
y3, x4, v4: Integer): LongBool;

Ueptur Ayry 3JUIMICA B OXBATBIBAIOLIEM IPSIMO-
yronbHuke (x1,y1)-(x2,y2). Hauano ayru nexur Ha me-
pecedeHNN JUINICA U JIy4a, MPOBEIEHHOIO U3 €ro LeH-
Tpa B TOUKY (X3,y3), a KOHELl — Ha IEPECEUEHHUH C JIyYOM
U3 IeHTpa B TOuKy(x4,y4). Jlyra 4epTUTCsi MPOTHB HYaco-
BOW CTPEJIKH.

function ArcTo(DC: HDC; RLeft, RTop,
RRight, RBottom: Integer; X1, Y1, X2, Y2:
Integer): LongBool;

Pucyer nyry snnmumca, 3aKIIOYEHHOTO B MPAMOYTOJIb-
HUK. Jlyra HauuWHaeTcs B TOYKE MEPECEUCHMs SJUIUIICA
JyYOM, UCXOSIIUM U3 LEHTPA 3JUIUTICA M MPOXOISIIAM
yepe3 Touky (X1, Y1). Jlyra 3akaH4nBaeTcsi B TOUKE TIe-
pecedeHHst 3JUIMICA JIy4OM, MCXOIAIINM W3 LEHTpa 3J-
JIMIICA W TIPOXOASIIIUM 4epe3 Touky (X2, Y2).

function Chord(DC: HDC; X1, Y1, X2,
Y2, X3, Y3, X4, Y4: Integer):
LongBool,;

UepTUT CErMEHT 3JUTUICA B OXBATBIBAIOLIEM IPSIMO-
yronbHuke (x1,y1)-(x2,y2). Hauano ayru jexut Ha me-
pecedeHNH 3JUINIICA U JIy4a, MPOBEIEHHOIO U3 €ro LeH-
Tpa B TOUKY (X3,y3), a KOHELl — Ha IEPECEUEHHNH C JIyHOM
U3 IeHTpa B TOUKy(x4,y4). Jlyra 4epTUTCsi MpOTHB Yaco-
BOW CTPENIKH, & HAYaJbHAsl M KOHEYHast TOYKH AYyTH CO-
€AUHSIOTCS IPSIMO.

function Ellipse(DC: HDC; X1, Y1, X2,
Y2: Integer): LongBool;

UepTuT 3JUIMIIC B OXBATHIBAIOLIEM MPSIMO-YIOJIbHUKE
(xL,y1)-(x2,y2). 3anonsseT BHyTPEHHEEC NPOCTPAHCTBO
3JUIMIICA TEKYIIEeH KUCTBIO.

function LineTo(DC: HDC; X, Y: Integer):
LongBool;

YepTUT NTMHUIO OT TEKYLIEro MOJIOXKEHUS Iepa A0 TOY-
K (X,y).

function MoveToEx(DC: HDC; X, Y: Inte-
ger;
p4: PPoint): LongBool;

ITepemeraer nepo B Touky (X, Y) (6e3 pucoBanus -
Hun). CTapele KOOPAMHATHI 3aHOCSATCS B MEPEMEHHYIO T10
ykazaremo p4. Ecnu p4=nil, To crapble KOOpAUHATHI HE
COXPaHSIOTCSL.

function Polyline(DC: HDC; var Points;

JlomaHast TUHUST W3 MHOTUX CBS3aHHBIX MEXKIY COOOH
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Count: Integer): LongBool,;

OTpeSKOB HpﬂMbIX (HOJ'II/IJ'II/IHI/Iﬂ) 10 TOLIKaM, 3aJaHHBIM B
maccuse Points.

function PolyLineTo(DC: HDC; const
Points; Count: Cardinal): LongBool;

Pucyer nomaHyr NMHHIO MO TOYKaM, YKa3aHHBIM B
maccuBe Points. PucoBaHHe HA4YMHAETCS M3 TEKYINEro
nonokeHus nepa. Count — KOJIMYECTBO TOUEK.

function PolyBezier(DC: HDC; const
Points; Count:Cardinal):LongBool;

BrruepunBaer kpuByrO be3pe MO ONOPHBIM TOYKAM, 3a-
IIaHHBIM B Maccuse Points.

function PolyBezierTo
(DC: HDC; const Points;
Count:Cardinal):LongBool,

Heckonpko CBs3aHHBIX MeEXAy COOOH KyOWdeckux
CIUTaliHOB besbe.

function PolyDraw(DC: HDC; const
Points, Types; cCount: Integer): LongBool,

Heckonbko CBA3aHHBIX OTPE3KOB MPSIMBIX U CIJIAHHOB
besbe.

function Pie(DC: HDC; X1, Y1, X2, Y2,
X3,Y3, X4, Y4: Integer): LongBool,

Pucyer cekrop smimmca B OXBATHIBAIOIIEM IPSIMO-
yroapauKe (X1,y1)-(x2,y2). Havano nyru nexut Ha me-
PECEYeHNH BJUINIICA U JIy4a, MPOBEACHHOrO M3 €ro IeH-
Tpa B TOUKY (X3,y3), a KOHEI] — Ha TIEPECEUCHUH C JIy4OM
U3 IeHTpa B TOuKy(x4,y4). Jlyra 4epTUTCsi MpOTHB Yaco-
BOHN cTpenku. Hauano u xoHel Iyru COeIUHSIOTCS Mpsi-
MBIMH C €€ LICHTPOM.

function Polygon(DC: HDC; var Points;
Count: Integer): LongBool,;

BrruepunBaeT nepoM MHOTOYTOJIBHUK MO TOUKaM, 3a-
IaHHBIM B Maccuse Points. KoHeunast Touka coenuusieTcst
C HA4yaJbHOW, U MHOTOYTOJIbHUK 3aIOJHSAETCS KUCTBHIO.
Jlns BeraepuuBaHus O3 3aMoTHeHHs UCTIONb3Y Te METOA
Polyline.

function PolyPolygon(DC: HDC; var
Points; var PolyCount; Count: integer):
LongBool;

PucyT Heckonpko MHOrOyTONBHIKOB. B Maccuse Points
XPaHATCS KOOPIAUHATHI BCEX TOYEK.

B maccuse PolyCount XxpaHHUTCS] KOTUYECTBO BEPLINH
KaXJ10ro MHoroyrosnpHuka. Count — KOJIM4eCTBO MHOTO-
YTOJIbHUKOB.

IIo ymomyaHust MHOrOyTOJIBHUKY HE 3aMBIKAIOTCSI.

function LineDDA(X1, Y1, X2, Y2: inte-
ger; LineFunc: TFarProc; Data: Pointer);

Beruncisier Bce mocCienOBaTENbHbIE TOYKH B JIMHUH
(X1, Y1)<(X2, Y2) u BbI3bIBa€T OIpPEEIAEMYIO MOJIb30-
BatesieM QyHkumo LineFunc mis kakaoi w3 TOYek, me-
penasas eii koopamHathl X,Y Touku U Data (ykasarenb
Ha JIOTIOJTHUTENIbHY 0 UH(POPMAITHUIO).

function PolyPolyline(DC: HDC; const
PointStructs; const Points; p4: Cardinal):
LongBool;

Heckonpko NOTWIMHNNA KaK €qUHBIH OOBEKT.

function Rectangle(DC: HDC; X1, Y1, X2,
Y2: Integer): LongBool;

BeruepunBaer u 3amonHseT npsMoyronbHUK (x1,y1)-
(x2,y2). [ns BeraepunBaHus O€3 3arONHEHUs] HCIIOJb-
syiite FrameRect umu Poliline.

procedure RoundeRect(
x1,y1, x2,y2, x3, y3: Integer),

BeruepunBaer u 3amonHseT npsMoyronbHUK (x1,y1)-
(x2,y2) €O CKpPYIJICHHBIMH yTJaMH, X3,y3 — paauycChl
CKPY IVICHHH.

function TextOut(DC: HDC; X, Y: Integer;
Str: PChar; Count: Integer): LongBool,;

Pucyer crpoky Tekcra (Str), HUCHONB3ys 3aJaHHBINA
mpudr. Count — KOJMUECTBO CHMBOJIOB.
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[Tpumepsr padotsl GyHKIME BBIBOAA rpaduiecknx nmpuMuTuBoB APl Windows

MPUBEICHBI B Ta0M. 4.2.

Tabnunad?2 IHpumepsr pabomer hpynrkyuii GDI

Yro pucyercs

IIporpammHuebIi KO

x2,y2 MoveToEx(dc,xl,yl,Nil);
/\ LineTo(dc,x2,y2);
X1, y1 _ x3,y3 LineTo(dc,x3,y3);
ptil} var pt: array[0..2] of TPoint;
o /\ ot (2] pt[0].X:=100; pt[0]. Y =100;

pt[1].X:=200; pt[1].Y:=50;
pt[2].X:=300; pt[2].Y:=75;
PolyLine(dc,pt,3);

7
6 9
AN ¢

pt [0] 4 s 8

var pt: array [0..9] of TPoint;
npt: array [1..3] of byte;

<3amnoJIHeHHe MaccuBa pt>
npt[1]:=3; npt[2]:=S5; npt[3]:=2;
PolyPolyLine(dc,pt,npt,3);

Arc (hde, x1, yl, x2, y2,
xSt, ySt,xEn, yEn);

Are(dc,50,50,250,150,
200,50,200,150);

var pt: array [0..6] of TPoint;

<3amnoJIHeHHe MaccuBa pt>
PolyBezier(dc,pt,7);

x1,y1

x2,y2

Rectangle(dc, x1, y1, x2, y2);

RoundRect (dc, x1, yl, x2, y2,
cX, Cy);
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x1, y? Ellipse (dc, x1, yl, X2, y2);,

--! x2, y2

al, yl xEn, yEn Pie (dc, x1, yl, x2, y2,
Pt LY xSt, ySt, xEn, yEn);

1,7 L 1

x1, y1 xEn, yEn Chord (dc, x1, yl, x2, y2,
A xSt, ySt, xEn, yEn);

H var pt: array [0..3] of TPoint;

3 <3amnoJIHeHHe MaccuBa pt>
Polygon(dc,pt,4);

| var pt: array [0..11] of TPoint;
npt: array[1..3] of byte;

<3alloJIHEeHUEe MaccuBa pt>
npt[1]:=5; npt[2]:=3; npt[3]:=4;
PolyPolygon(dc,pt,npt,3);

Bce BoimenpuseneHnbie (pyHKIMA MOXHO PA3JCIATh HA ABE OOJBIIHME TPYIIITHL:
pHUCYIOIHE TUHUU U GUTYPHI ¢ 3anmojiHeHreM (3akpackoii). Ko BTopoii rpynme oTHO-
carca pynxumm: Chord, Ellipse, Pie, Polygon, PolyPolygon, Rectangle, RoundRect.

4.4.5. Cmuno aunuu. Illepo

B tepmunonorun Windows API nepo onuceiBaeT crieayionme XapakTepPUCTAKH
JUHUHW — IBET, TONIMUHY ¥ CTHIb (TyHKTHP). [lepo — oqun u3 arpubyTOB KOHTEKCTA
rpaduyeckoro ycrpoiictsa. [1o yMomuaHUiO B KOHTEKCT BHIOPAHO MEPO, KOTOPOE CO-
OTBETCTBYET YEPHOMW TOHKOW HENMPEPBIBHOW JIMHHUU. Takoe MEpPO OTHOCHUTCA K CIMAH-
OapmHBIM NePbsM.

Bce nmuamm, pucyemsie Bamieid mporpammoi ¢ momoinsio ¢yrkmuit GDI Win-
dows API, BeIBOZATCS OMHUM M TEM K€ I[BETOM, IMEIOT OJIMHAKOBYIO TOJIITHHY U TOT
YK€ CTUJIb 0 TEX TOP, MOKa HE U3MECHUTh Nepo. OyHKIUKN PUCOBAHUA JTMHAN HE UMeE-
10T apTyMEHTOB T YKa3aHUs TEKYIIMX arpuOyTOB JTUHUH (3TO XapaKTepHO AJIA Tpa-
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(ruecknx OMOIMOTEK, B KOTOPHIX MOMOOHBIE XapaKTEPUCTHKH PHUCYEMBIX OOBEKTOB
3aMUCHIBAIOTCA KaK MI00AJIbHBIC IEPEMEHHBIC, UTOOBl YMEHBIIIUTh KOJTUYECTBO apry-
MEHTOB BbI30Ba (DYHKITHH PHCOBAHMS).

[Tepo oTHOCUTCSA KO BCEM JIMHHUAM M KOHTypam puryp.

UtoObl HAYaTh PUCOBATh JIMHUU, HAPUMEP, JIPYTUM I[BETOM, HEOOXOJUMO CO3-
JaTh HOBOE TIEPO M BBHIOPATH €r0 B KOHTEKCTE Tpaduueckoro ycrpoiicta. OTHBIHE BCe
JuHUKA OyQyT PUCOBATHCS JAHHBIM MEPOM JO TE€X MOP, MOKA Bbl HE BbIOEPETE B KOH-
TEKCTE YCTPOUCTBA OUEPEAHOE MEPO.

BaxHo To, 4TO, co37aBas HOBOE MEPO, HYKHO 00s3aTeNIbHO 1M03a00TUTHCA 00
YHUUYTOXKEHUM Tmpeapiayiiero nepa. llepo ects o6wexm GDI, nns Hero BeiAeaseTCS
crienuaibHas oomacth nmamsATy. [lepo cyiiecTByeT A0 TE€X MOp, MOKAa €ro HE YHUYTO-
KUTh. 3aBeplICHUE PadOThl MPUKIIAJHON MPOrpaMMbl MOXKET U HE MPUBECTH K aBTO-
MaTHYECKOMY YHUUTOXKEHHIO 00beKTOB GDI 1 0CBOOOXKAEHUIO MaMATH KOMITbIOTEPA.
CBOEBpPEMEHHOE YHUUTOXKECHUE HEUCTIONb3yeMbIX 00bekToB GDI BO3naraercs Ha Ba-
my mporpammy. MHade i Hekotopsix Bepcenii Windows MOTYT BO3HUKHYTH YTCUKH
MaMSTH, HAKOTJICHUE KOTOPBIX MOXKET MPUBECTH K HEKENATCIIbHBIM MOCJICICTBUSM.

He crnenyet neiTarbCsi yHUUTOKUTH CTAaHAAPTHBIC MEPbS.

Jlns onpeneneHust CTUIA JIMHAA WCTONB3YIOTCS (DYHKIIMW, KOTOPBHIC MMEIOT B
cBoeM HazBaHuH Pen. [lepo MoxkHO co3aarh ¢ HOMOIMIBIO (DyHKITHH

function CreatePen(Style: Integer;//cTunb nuHuN
Width: Integer;//Tommuna
Color: Cardinal//uset): HPEN;

TunuuHaa noCIen0BaATENLHOCTD JUIA BEIBOAA JIMHUA C 3aJaHHBIM CTUJIEM MOYKET
OBITH TAKOM:

var hp, hpOld: HPEN;

hp:=CreatePen(PS_ DASHDOT, 1, RGB(255,0,0));
hpOld:=SelectObject(DC, hp); // coxpansem cmapoe nepo u evioupaem nauie
...// coecv pucyem JTuHuU

SelectObject(DC, hpOld); // ev1bupaem npedvioyuee nepo
DeleteObject(hp); // YHUUmMOookcaem Hauie nepo

3/ech CO37aeTCs MEPO, KOTOPOE COOTBETCTBYET TOHKOW KPACHOMW IITPUXMYHK-
THPHOU JInHUHA. [ToCcne nCnoap30BaHus MTEPO YHAUTOKAETCS.

4.4.6. Cmunans 3anonvenus. Kucmo

[To ymonuaHHIO B KOHTEKCTE IpahiueCcKOro YCTPOHCTBA YCTaHABINBACTCS CTHIIb
3aMOJHEHHS CILTIONTHBIM OCNBIM IIBETOM. /{11 TOro uroOBl PHCOBAaTh OMPEACIICHHYIO
(burypy IpyraM CTHIEM, HEOOXOAUMO CO37aTh COOTBETCTBYIONIYIO KHCTh. KHCTh M
CTHJIb 3a00IHEHUS — cHHOHUMBI B API Windows.
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Kuctb — 310 00beKT GDI. OH Tpebyet namsaru. Kpome Toro, Bce KUCTH, CO3/1aH-

HbIE€ BO BpeMs padOThl MpPOrpaMMbl, HEOOXOAUMO YHUUTOXKUTh, HHAYE€ OHU MOTYT OC-
TaTbCs B MaMATH TOCJIE 3aBeplieHUs mporpammbl. OOIas cxemMa HUCMOIb30BaHUs
KUCTEH Takas *e, Kak v 1Ji MePbeB:

® CO3/aHUE KUCTH, BBIOOP €€ B KOHTEKCT;

e pucoBaHue GUTYP C 3aMOJTHCHACM;

® O0CBOOOXKICHUE KOHTEKCTA, YHUUTOKEHUE KUCTH.
CrtomiHast KHCTh co3AaeTcs QyHKITUEH

function CreateSolidBrush(Color: Cardinal): HBRUSH;

PaccmoTpum npumep MCIIOIb30BaHUS OPAHKEBOW KHUCTH.

var hbr, hbrOld : HBRUSH;

hbr:=CreateSolidBrush(RGB(255,128,0));
hbrOld:=SelectObject(DC, hbr),/ coxpansiem cmapyio xucmo u
8v10UpAeM HAULY

// 30ecs pucyem uzypsi
SelectObject(DC, hbrOld); // eb1OUpaem npedvlOyuyyIo KUucms
DeleteObject(hbr); // YHUUMOOCAeM HAULY KUCHb

[lITpuxoBast KucTh cozmaercs pyHkmuei CreateHatchBrash.
function CreateHatchBrush(Style: Cardinal; Color: Cardinal): HBRUSH;

Kuctb ¢ 3aganueM pacTpoBoro maodimoHa.

function CreatePatternBrush(Bitmap: HBITMAP): HBRUSH;

const wbits: array[1..8] of byte =(255,12,12,12,255,192,192,192);
var hbr: HBRUSH;
bmp: HBITMAP;

bmp:=CreateBitmap(8,8,1,1,(@wbits),
hbr:=CreatePatternBrush(bmp);

4.5. Cnennuxamus HTML

Cnemmdukanmss HTML mpencrasnser coboii cmoco0 opraHA3aiiy BU3yaTbHBIX
JAHHBIX, MEPEIABAEMBbIX O [JI00AIbHOM ceTn MHTEepHET.

Azerk HTML (Hypertext Markup Language — s3Ik THIEPTEKCTOBON Pa3METKH)
OPHUEHTUPOBAH, MPEK/E BCErO, HA OMUCAHUE TEKCTOBBIX CTPAHUII, BO3MOXKHO, COMEP-
XKaIMX HEKOTOPOE KOJIMYECTBO Tpadmueckux m3obpaxennid. [ padmdaeckue s1eMeHTHI
CO3JIAtOTCA W XPAHATCS OTAECNBHO, a B TeKCTe Ha A3bike HTML yka3piBarOTCS MUIIb
TIO3UIIUM Ha PKPaHe, B KOTOPHIX OHU JOJKHBI ObITh OTOOpakeHsl. Ha puc. 4.3 npuse-
JICH mpuMep npocToro onucanud Ha s3pike HTML w BHemHM# BUA CTPaHUILBI, KOTO-
past chopMEpoBaIachk B Pe3ysIbTaTe HHTEPIPETAIIMH TOTO ONHCAHMS.
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Anpec [£) E WAMMWAMUSORhuk him =] @ Mepexaa

Cooinkm @] Microsoft &]Windows Update =
<html>

<body>

<center>

<img src="zhuk.gif"></img>
<p>

Komopaackuit
<font size="+2" face="Arial">xyx</font>
- TJIABHBIH Bpar kKaproenpHbIX moek!

</p>
</center> 7
</body> ) . 5
</html> Komnopaacxmt XKYK - rnaemsnt
Bpar KapTodeIpHEIX IToeli! -
@ [oTe g Mok karMnelOTER
a) HCXOIHOE OIMHCAHHE 0) BHEIIHUH BUN

Puc. 4.3. IIpumep HTML-cTpanuiel

Cnenuanbhbie nporpammbl npocMorpa HTML-10KyMEHTOB, KOTOPbIE YacTO Ha-
3BIBAIOT Opay3epamu, CIyXar Ijid MHTeprnpeTannn (aniioB, pa3MEUeHHBIX TI0 TIPaBH-
nam si3eika HTML, dopmatupoBanus ux B Buae Web-crpanun u oToOpakeHHsS HX
COJICP>KMMOT0 Ha 3KpaHe KOMIbIOTEpa Mosib3oBaressa. Ha ceronHsamHuil 1eHb U3 BCe-
ro pazHooOpasus mporpaMm-0pay3epoB HaHOOIbIIEE PacCIPOCTPaHECHHE UMEIOT — Mi-
crosoft Internet Explorer, Mozilla Firefox, Google Chrome, Opera, Safari.

CHUMBOIIBI, KOTOPbBIE YIMPABJAIOT OTOOPAXKEHHWEM TEKCTa W MPU 3TOM CaMH HE
oToOpaxkatoTcs Ha 3KpaHe, B sa3pike HTML mpunsaTo HazwsiBath maeavu. Bee Tarn
s3pika HTML BBIEnstoTcs CHMBOTAMHU-OTPAHAYHATEIAMHA (< U >), MEXKAY KOTOPHIMH
3aMuChIBACTCs HACHTH(PUKATOP (MMs1) TATa M, BO3MOXKHO, €TO TTapaMeTPHI.

Onmcanue JOKyMEHTa Bcerjaa HaunmHaeTcs ¢ Tora <HTML>, a 3akaHunBaeTCs
TaroMm </HTML>. JlokyMEHT MOXET COCTOSITh M3 IBYX Pa3/ICJIOB — pa3Jieiia 3arojoBKa
(maumHatomerocs Tarom <HEAD>) m pazaena coaepskarelibHOW 4acTH JOKYMEHTa
(HaunHaromecs Tarom <BODY>).

Pasnen noxkymenta HEAD omnpenenseT ero 3aroioBoK M HE SABIAETCA 00A3aTeNb-
HbiM T3roM. Tar-kontelinep <TITLE> sBnsieTcs €IMHCTBEHHBIM OO0S3aTEIbHBIM T3-
rOM 3aroJIOBKa W CIYXKHUT JJi1 TOTO, 4TOOBI 1aTh TOKyMEHTY HazBaHue. OHO OOBIUHO
MOKA3bIBAETCS B 3arojIOBKE OKHA Opay3epa. Ha3BaHue NOKyMEHTa 3aMUChIBACTCSA Me-
xay Toramu <TITLE>u </TITLE> n npeacrasnser co0oit CTPOKY TEKCTa.

Paznen noxkymenta BODY nomxen HaunHarbes Toarom <BODY> u 3aBepiuarbcs
Tarom </BODY>, MexkIy KOTOPHIMHU PacojiaracTcs BCE COACPKUMOE JTAHHOTO Pas-
nena. Tor <BODY> umMeer pan napaMmeTpoB, IPUBEACHHBIX B Ta0n. 4.3, HA OAWH U3
KOTOPBIX HE SABJISETCS 00A3aTCIIbHBIM.,
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Tabnuna4d3. Hapamempor mrza BODY

MapameTp Ha3znauenue

BACKGROUND VYkaspiaer Ha URL-aapec usobpakeHus, KOTOPOE HCIOIB3YETCS B
KauecTBe (POHOBOTO

BGCOLOR Omnpenensier uBeT PpoHa TOKYMEHTA

BGPROPERTIES Ecnu ycranosneno 3nauenne FIXED, ¢poHoBOe m3obpaskeHne He mpo-
KPY4YHBaETCS

ALINK Onpenessier LBET aKTUBHOM CCBUIKU

LINK Ornpenensier LUBET €11e HEe MPOCMOTPEHHOHN CChUTKH

VLINK Omnpenessier LBET YK€ IPOCMOTPEHHON CChUIKU

Jlna popmarupoBaHus TEKCTA UCTIOIB3YIOTCS TATH (pusudeckoro popmarupona-
HUS
o <B> — momyXApHBIHA MPUPT,
e <[>-kypcus,
e <U> — noA4YepKHYTHIN TEKCT,
o <SUB> — HMXHUH WHOEKC,
o <SUP> — BepxHUI UHJIEKC.
Tar <FONT> no3BonsieT yka3arh CISAYIONIHE MapaMeTpsl mpudra:
o FACE — tumn mpudrta;
e SIZE — pa3mep mipudra B yCa10BHBIX eAuHUIAX OT 1 10 7;
e COLOR - nser mpudra.
[Tpumep:
<FONT FACE="Monotype Corsiva", "Arial"
COLOR= #0000FF SIZE=3>mammunHnas rpadpuxka</FONT>

Tor a63ama <P> He o0s13arenbHO TpeOyeT 3akphiBaroIiero Tara </P> . On umeer
napametrp ALIGN, koTopbIii MOXKET IPUMHUHATH 3HAYEHU S
e LEFT — BrlpaBHHBaHHUE MO JICBOUW I'PAHULIE OKHA,
e CENTER- BripaBHUBaHME MO LIEHTPY;
e RIGHT- BbIpaBHMBaAHUE MO MPABOM I'PAHUIIE OKHA,
e JUSTIFY- BeipaBHUBAHUE O IIIUPUHE.
Tar npuHyIATENBHOTO MEpeBoAa CTPOokA <BR> He mMmeeT 3aKkpbIBarOIIETO TIra.
JIsia pa3MeTKu 3arojioBKOB UCnoyib3ytoTed Taru <H1> ... <H6>, koTopbie MOTYT
3a/1aBaThCA € MAPaMETPOM FOPU3OHTANBHOTO BhipaBHUBaHUsA ALIGN.
Tar <HR> mo3BonsieT mpoBecTH penbehHyI0 TOPU3OHTAIBHYIO JIMHUAIO B OKHE,
HE AMEET 3aKPBIBAIOIIECTO TATA.
TekcT, pasmeuennblii ToaroM <PRE>, Gynet oToOpaxkarbCsi B TaKOM K€ BUJIE, KaK
OH 0TOOpa)kaeTcsi B 0OBIYHOM TEKCTOBOM peaakrope. OMHUM W3 BaXKHBIX €ro MpuMe-
HEHUH ABJIAETCS BBIBOJ HA SKpaH OONBIIKX OJIOKOB MPOTrPaMMHOIO KOJa.
Tar-kontelinep <CENTER> npeaHazHaueH jyisi TOPU30HTAIIBHOTO BbIpaBHUBA-
HHS BCEX JIEMEHTOB MOCEPEANHE OKHA MPOCMOTPA.
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CneyuanvHvie CUMB01bI MOTYT HCIIOIBb30BAThCSA IYTEM 3aIlHCH, IPUBSACHHON B
Tabm 4.4.

Tabnumad4d Chneyuaivrsie cumeoisl

3anucon CumBson
&lt <
&gt >
&nbsp HepaspbiBHbIi poben
&copy 3Hak copyright
&amp Amrnepcann
&quot "

Kommenmapuu B TOKYMEHT BKJIFOUAIOTCA C TIOMOIIBIO Tara <!--KOMMeHTapuii--
>. Bee, 4TO 3aKJIF0U€HO BHYTPHU TATA, IPU MPOCMOTPE HE OyIET OTOOPAKATHCS HA K-
paHe.

1s2u oghopunenus ecmasisiempix pucyHrxos. JIns BcTpamBaHus W300paXCHHUH B
HTML-n0kyMeHT ciaeayeT ucnoyib3oBarh TAr <IMJ>, uMerommii eAMHCTBEHHBIN 00s1-
sarenbHBIH mapamerp SRC, ompenemsromuit URL-ampec daiima ¢ n3oOpakeHHEM.
JIaHHBIN TAT UMEET PAJ NAPaMETPOB.

ITapamerp ALIGN Tora <IMJ> yka3siBaeT pacrojaokeHHe N300pakKeHUsT OTHO-
CUTEIBHO TEKCTA WJW JPYTHUX 3JEMEHTOB CTPaHUIbl. BO3MOXHbBIE 3HAUCHHS ATOTO
napameTpa npuBeieHbI B Ta0. 4.5.

Tabnunads. Hapamempst ¢oipasHUBARUA PUCYHKOG

ITapametp 3Hauenne

TOP Bepxusist rpannna n300paskeHUs] BBIPABHUBAETCS IO CAMOMY BBICOKOMY 3Jie-
MEHTY TEeKYILEeH CTPOKH.

TEXTTOP Bepxnsst rpannna n300paskeHUs] BBIPABHUBAETCS 1O CAMOMY BBICOKOMY TEK-
CTOBOMY 3JIEMEHTY TE€KYILEH CTPOKHU.

MIDDLE BripaBHMBaHME cepennHbl H300pakeHUs 1Mo 0a30BON (HIDKHEH) JTMHUM TEKY-
1Ief CTPOKH.

ABSMIDDLE | BripaBHuBaHUE cepeuHbI H300paKEHUS IOCEPEINHE TEKY LEH CTPOKH.

BASELINE wnu | BeipaBHUBaHNE HIKHEH TpaHHULbl U300paskeHus Mo 0a30BON JIMHUM TEKY ILIEH
BOTTOM CTPOKHU.

ABSBOTTOM | BripaBHMBaHHE HIKHEH TI'paHHULBI M300paKeHUS MO HIDKHEH TpaHULe TeKy-
el CTPOKH.

LEFT N3obpakeHne MprKIMaeTCsl K JIEBOMY TOJII0 OKHa. TekcT oOTekaer nzobpa-
JKE€HHUE C MPAaBOU CTOPOHBL.

RIGHT N3o0paskeHre MpuKuUMaeTcs K MPaBOMY TOJIFO OKHA. TekcT obTekaeT u3obdpa-
JKEHHE C JICBOI CTOPOHBI.

ITapamerpst WIDTH u HEIGHT 3anmaror pazmep nzobpakeHus: Ipu oToOpake-
HUW B THAKCENax Wik TmporeHTax oT pasmepa okHa (WIDTH=num wmm
WIDTH=num%). 3nauenns nmapaMeTpOB MTUPUHBI ¥ BHICOTH U300PAKEHUS MOTYT HE
COBIIAJIaTh ¢ UCTUHHBIMU pa3MepaMu u300pakeHus. B stom ciydae Opay3epsl aBToO-
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MaTUYECKU MPU 3arpy3ke M300pakKeHUIl BBIMOJIHAIOT €ro mnepemMaciTabupoBaHKUE.
JroO0¥ M3 3THX MApaMETPOB MOXKET ObITh OMyIIeH. Ecu 3a1aH TOMBKO OJUH W3 Ma-
paMeTpoB, TO MPH 3arpy3Ke pUCyHKa BTOPOM mapameTrp OyIeT BBIUUCIATHCS aBTOMa-
TUYECKH U3 YCIIOBUM COXPAHEHHUS TTPOIIOPLIUH.

[Tapametrpst HSPASE u VSPASE 3anatot oTcTynbl OT U300paKE€HHUs, OCTaBJisie-
MBbIE€ MTyCThIMHU, COOTBETCTBEHHO, 1O TOPU3OHTAJIM U BEPTUKAJIH.

Onnum m3 mapameTpoB Tira <IMJ> saBngerca mapamerp ALT, onpenenstoniumii
anbTepHATUBHBIN TEKCT. [IpU OTKIIIOUEHHOM HM300paKEHUM BMECTO HETO HA SKpaHe
MOABUTCS aJbTepHATUBHBIN TeKCT. COBpeMeHHbIe Opay3epbl OyayT TaKke 0TOOpaKarh
aJbTEPHATUBHBIN TEKCT B KAUECTBE MOACKA3KU MPHU MEPEMEIICHUN Kypcopa MBIIIH B
obnacth nzodpaxkenus. [Ipumep:

<IMG SRC="New foto.jpg" WIDTH=300
ALIGN=CENTER ALT="Moe ¢oto">

Cewiku Ha Opyaue 0oKymMenmuvl U (haiiivl COCTOAT U3 ABYX YaCTEH: U3 yKa3aTels
cchiTkM U aapecHoi yactu ceoiiku (URL-anpeca). Ykazarenu ObIBarOT IBYX THITOB —
TEKCTOBBIE U rpayuuecKue.

[TpuMep TEKCTOBOTO yKa3aress CChUIKH:

<A HREF="example html">VYka3arens ccbuikn</A>

[Tpumep rpadmueckoro yKazaTens CChLIKH:

<A HREF="example html"><IMG SRC="picture.gif”"></A>

Tar cebuiku <A> umeetr napametp HREF, 3nauenuem kotoporo ssnsiercs URL-
aapec. 3aKphIBAIOIINN TAT </A> 00s3aTelIcH.

VYkazarenb MOXET ObITh KaK OTHOCHTEIBHBIM, TaK M a0COMOTHBIM. [Ipumep ad-
COJTIOTHOTO YKazarelnst: http.//www.server.com/home/index.htm

Ecmu B URL-aapece He yka3biBaeTCs IOJHBIA NMyTh K (haiiay, TO Takas CCHLIKA
ABJIACTCS OTHOCHUTEIHHOW. B 3TOM ciyuae ompesnenenne MecTOmonoxeHus (aiaos
BBITIOTHAETCS C YUYETOM MECTOMOJIOKEHUA JOKYMEHTA, B KOTOPOM HMEETCS Takas
ccouika. Hampumep, ecnu Opay3ep 3arpy3usl CTPaHMILy, HAXOJALIYHOCS MO aJpecy
http://www.mysite.com/page, TO OTHOCHUTEIBHBIH yKa3aTesb /picture TMOAPa3yMEBAET
aapec hitp:// www.mysite.com/page/picture, T.e. TIONKATAJIOT, PACTIONOXCHHBIA HA TOH
KE MaIUHE.

Buympennue cceinku. ]I 3aaaHvs BHYTPEHHENW CCBUIKM CHAyajla HY>KHO CO3-
JIaTh yKa3aresib, ONpeAeatomni MecTo Ha3HaueHusa. Hanpumep:

<A NAME=chapter 5></A>

[Tpm »Tom B kauectBe URL-anpeca ucnonb3yercs UMs CChUTKH ¢ TIpeuKcoM #,
TOBOPSIIAM O TOM, YTO 3TO BHYTPEHHSA CCHLIKA.

<A HREF="#chapter 5">I'maBa S</A>
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Ccevuiku Ha opyeue pecypcet Mnmepnema. JIns 3a1aHus CCHIJIKM Ha 3JIEKTPOH-
Hyro mouty BMecTo URL-aapeca ciaenyer ykazath aapec 3JIEKTPOHHOMW MOYTHI, MPE-
BapuB €ro CJIOBOM mailto:

<A HREF="mailto:ivanov@mail.ru">ITnmure mucema</A>

Cnucku. MaprupoganHulii cnucok MOXHO CO3/1aTh, WCTOJIB3Ys TAT-KOHTEHHED
<UL> </UL> (UL — Unordered List — neynopsimouernsiii cimcok). B Tare <UL> mo-
ryT ObITh yKazaHnsl aa napametrpa: TYPE u COMPACT.

[Tapamerp TYPE wmoxer mpunumars ciemyromue 3Hadenws: disc, circle u
square. DTOT MapaMeTp HCIONB3YETCs AJIA MPUHYAUTEIBHOTO 3a/JaHMs BUA Maap-
KEPOB CIMHCKA (3aKpaIeHHbIE KPY>KOUKH, HE 3aKPAIICHHBIC KPYKOUKH, 3aKPAICHHBIC
KBAJIPaTUKH ).

ITapamerp COMPACT 3anmceiBaetcs 0e3 3HaUCHUM 714 yKa3aHua Opay3epy, uTo
JAHHBIA CIIUCOK CJIEAYET BHIBOJAWUTH B KOMITAKTHOM BHUE (C YMEHBITICHHBIM MPUGTOM
WJTM PACCTOSTHUEM MEXIY CTPOUCK).

Kaxxprit smeMeHT crmcka aomkeH HaauHathest Tarom <LI> (LI — List Item- »me-
MEHT CIHCKa). B 3akphIBafoOIieM Tore HE HYKIAETCA, XOTS €ro HaJluIue He BO3OpaHsi-
erca. [Ipumep:

<UL TYPE=disc>
<B>3naku 30quaka;</B>
<LI>OBen
<LI>Tenen
<LI>bnuzHennl

<uL>

B kauecTBe MapkepoB CIHCKa MOXKHO HMCIOJB30BaTh Tpaduueckre n300paxe-
HUSL. ITa BO3MOXKHOCTh PEATU3YETCS UCKYCCTBEHHO. J[J14 3TOro MOXKHO MUCIOJIb30BATh
Toru ad3ana <P> uiau npuHyauTENbHOTO NepeBoaa cTpoku <BR>. [Ipumep:

<UL>

<B>3Hnaku 301naka;</B><BR>

<IMG SCR="Green_ball.gif”>Osen<BR>

<IMG SCR="Green_ball.gif”> Tenen<BR>
<IMG SCR="Green_ball gif”> bnusnensi<BR>

</UL>
Hymepoegannwiti cnucok cozmaercst ipu oMoty 1ara <OL> (OL — Ordered List
— YIOPSAAOYEHHBIH CMHCOK). OTaMUreM OT MapKUPOBAHHBIX CIHUCKOB SBJISETCA TO,
YTO B HYMEPOBAHHOM CIHCKE TMEPEa KKIBIM €r0 3IEMEHTOM aBTOMATHYECKH TPO-
CTaBJISICTCA TTOPSIAKOBBIH HOMED.
B 1ore <OL> moryT ObITh ykazaHbl cieaytoiue mapamerpsl: TYPE, COM-

PACT u START. ITapamerp TYPE ucnons3yerca Ajid 3aiaHus BUAa HyMEpPAIMU CIu-
cKa:
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e TYPE = A —3anaer Mmapkepbl B BUJEC MPOMUCHBIX JATUHCKUX OYKB;

e TYPE =a —3anaer Mapkepbl B BUAE CTPOUHBIX JIATUHCKUX OYKB;

e TYPE =1-3amaer mapkepsl B BUAE OONBITAX PAMCKAX TGP,

e TYPE =1 - 3amaer mapkepsl B BUJIE MAJICHPKUX PAMCKUX TGP,

e TYPE =1 —3amaer mapkephl B BHe apaOCKux mudp.

[Tapametrp START T3ra <OL> no3BosisieT HaYaTh HyMEPALIMIO CIUCKA HE C €U~

Huilbl. B kadectBe 3HaueHus napamerpa START Bcerna m0aXKHO YKa3bIBaThCs HaTy-
pPaJbHOE YMCIIO0, BHE 3aBUCUMOCTH OT BHAA Hymepauuu cnucka. [lpumep:

<OL TYPE=A START =5>.

Tabnuyer naannatorcst Toarom <TABLE> u 3aBepmratorcs tarom </TABLE>. Ka-
xaas cTpoka HaumHaercs Torom <IR> (Table Row) m 3aBepmaerca torom </TR>.
OtnenbHas sueiika B cTpoke obpamisieTcs mapoi Taros <ID>u </TD> (Table Data)
nwm <TH>wu </TH> (Table Header).

Tar <TH> ucnonb3yeTca OOBIYHO AJIS SYEEK-3arojioBKOB Tadmuiel, a <I'D> —
JUISL TYEEK-/TAaHHBIX.

B 1are <TABLE> moryTt ucnosb3oBarbea cienytoiue napamerpol: BORDER,
CELLSPACING, CELLPADDING, WIDTH, ALIGN, HEIGHT u BGCOLOR.

[TapameTrp BORDER ynpasinseT nu3o0pakeHHEM paMKHA BOKPYT KaXA0W AUeHKU
1 BOKpYT Bcel Tabnuiibl. [Ipu orcyrerBun napamerpa BORDER pamku He mpopuco-
BbIBatOTCA. [Ipu oTcyTcTBUMM umciieHHOro 3HaueHud napamerpa BORDER o06b1uHO
OHO MPUHUMAETCS pPaBHBIM MUHUMaNbHOMY 3HaueHHiO (= 1). Ecmu BORDER = 0,
AYCHKHU PACIONIAratoTCs KaK MOXKHO OJIMXKe APYT K APYTY.

[TapameTp CELLSPACING omnpenenser pacCTosSsHUE MEXKIY PaMKaMU CMEXKHBIX
AYECK KaK MO FrOPU30HTAJIU, TAK U MO BEPTUKAIIH.

ITapamerp CELLPADDING omnpeaenser pa3sMep CBOOOAHOTO MPOCTPAHCTBA
(oTcTyma) MEXIy paMKoi STUCHKH U JaHHBIMHA BHYTPH STUCHKH.

[Tapametrp ALIGN ompeaenseT ropu3oHTAILHOE PACIONOKEHUE TaOIUIBI B 00-
nactu mpocMotpa. Jonmycrumeie 3HaueHua — LEFT u RIGHT.

[Tpumep:

<P><TABLE BORDER CELLPADDING=2>

<TR>

<TH>Ne n/n</TH><TH>IIone 1</TH><TH>ITone 2</TH>

</TR>

<TR>

<TD ALIGN=CENTER>1</TD><TD>fueiika 11</TD><TD>fuetika 12</TD>

</TR>

<TR>

<TD ALIGN=CENTER>2</TD><TD>fueiika 21</TD><TD>fuetika 22</TD>

</TR>

</TABLE>
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PesynapTar uHTEpNpETAllMK TAHHOTO KO/A MPUBEACH Ha puc. 4 4.

Ne n/mn IToJie 1 IToute 2
1 Suetika 11 Suetika 12
2 Sueiika 21 Suetika 22

Puc. 4.4. Tlpocrast Tabnuna

JIns crmoxHbIX TAOIUIl XapakTepHa MOTPEOHOCTh B OOBEAMHEHHUH HECKOIBKHX
CMEKHBIX SYEEK MO TOPU3OHTAIM WJIM MO BEPTUKAIM B OAHY. /laHas BO3MOXKHOCTb
peamusyercs ¢ mnomomipio mapamerpoB  COLSPAN (COLumn SPANning) u
ROWSPAN (ROW SPANning), 3amaBaembix B kojgax <I'D>u <TH>. ®opma 3anmcu:
COLSPAN=num, rae num - 4YKCIOBOE 3HAYCHHE, OMPEACIIAIOIIEE, HA CKOJBKO
CTOJIOIOB CJEAYET PACUIMPUTh TEKYIIYH) AUYEHKY MO TOPU3OHTAIH. AHAJIOTHYHO
ROWSPAN yka3zbiBaeT KOJIMYECTBO CTPOK, KOTOPHIE JOJKHA 3aXBAaTUTh TEKyIIas
s;YerKa 1Mo BepTUKaiu. [ [pumep:

<P><TABLE BORDER CELLPADDING=2>
<TR>
<TH ROWSPAN=2>00benunenne aByx cTpok</TH>
<TH COLSPAN=2>006benunenue nyx crononos</TH>
</TR>
<TR>
<TD>Aueiika 11</TD>
<TD>Aueiika 12</TD>
</TR>
<TR>
<TD>1</TD>
<TD>Aueiika 21</TD>
<TD>Aueiika 22</TD>
</TR>
</TABLE>

Pe3ynbpTar uHTEpNpETAllMKA TJAHHOTO KO/A MPUBEACH Ha puc. 4.5.

Oo0beauHeHne AByX OO0bemriHeHNe ABYX CTOJIOLIOB
CTPOK Sueiika 11 Suetika 12
1 Sueiika 21 Suetika 22

Puc. 4.5. Cinoxuas Tabnuna

Coznanne u n3meHenne HTML-cTpaHuI] MOKET BBITIOJIHATHCA C TTIOMOIIBIO pas-
JuuHbIX  cpenctB.  CymiecTByeT Oonbloe KojaudecTBO penaktopop HTML-
nokyMmentoB. HambGonee momymsapusiMu sBisiiorcss HotDog Web Editor (Sausage
Software), Netscape Composer, Microsoft FrontPage. J[Ba mocmemnux mo3BONSIOT
W3MEHATh BHEITHWHM BHJ M KOMIMOHOBKY CTPAHHUIIBI BU3yaJbHO, HE BJAABasCh B MO-
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poOHOCTH peanu3anuu B Bujae ToroB. [Ipu stom pesynsrupyromuii HTML-koa co3na-
eTCsl aBTOMaTHiecku. TekcToBbId mporeccop Microsoft Word Takxe mo3BosiseT co3-
naBath U peaaktupoBars HTML-10KyMeHTHI.

4.6. IlonsiTue KoHBeliepoB BBOAa M BbIBOAA rpaduueckoii mHpopmaumu

MHoecTBO rpadueCKuX MPUIOKESHAH CISAYIOT TOBOJLHO CTAaHAAPTHON CXeMe
NOCTPOCHUS TPEXMEPHBIX M300paKeHHH (Hajee Mbl OyaeM Has3bIBaTh 3TOT MPOIECC
koHBetepoMm). [IprueM HEKOTOpBIE MPOTPaMMBI PEATTU3YIOT BCE CTAJWHA STOTO KOH-
Beliepa, HEKOTOPBIE KE MEPEKIIABIBAIOT YacTh pabOThl HA IJIEYM amlapaTrHbIX yCT-
POWCTB, crienuajbHbIX OMOMMoTeK mporpamm (API), apyrue mporpamMmbl Wil axe
noJip30Barens. Mrak, KoHBelep COCTOUT U3 CIEAYIOMUX cTaauit (cM. puc. 4.6).

1. Onpeoenenue cocmosinus obvexmos (Situation modeling)
— 3Ta 4acTh MPOrpPaMMbl HE UMEET MPSAMOrO OTHOIIEHUA K KOM-
MBIOTEPHON rpadyke, OHA MOACITUPYET TOT MHUP, KOTOPHIH OyaeT
0TOOpaKaTbCs B TaIbHEHIIIEM.

2. Onpeodenenue coOmeemcmeylouux mexkyugemy cocmosi-
Huto ceomempuyeckux mooeneti (Geometry generation) — 3ta
YacTh KOHBEWepa CO3JaeT T€OMETPUYECKOE MPEICTaBIECHUE Te-
KYIEr0 MOMEHTA HAIIEr0 MaJ€HbKOTO «BUPTYAJIbHOTO MUPAY.

3. Pazbuenue ceomempuyeckux mooeneti Ha NPUMUMUBDL
(Tesselation) — 3Ta mepBas AEHCTBUTENBHO 3aBUCUMAS OT «KeTe-
3a» craaus. Ha Hell co3maercss BHEILIHUNA BUJ OOBEKTOB B BHUJE
Ha0opa OMNpEAENICHHbIX MPUMHUTUBOB, PAa3yMEeTCs, Ha OCHOBE
wHpOpMaK 13 IPEabLAYIIETO 11ara KOHBeiepa.

Haubonee pacnpocTpaHeHHBIM MPUMUTUBOM B HAllle BpEM4
ABJISIETCA TPEYTOJbHUK, W OOJIbIIIMHCTBO COBPEMEHHBIX MPO-
rpaMM M YCKOpHTEINEH paboTaroT IMEHHO C TpeyrodpHuKamu. He
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OyZieM BAAaBaThCS B MareMaTHUYECKHE MOAPOOHOCTH, HO Ha Tpe-

YIOJBHUKK BCErga MOXHO Pa30uTh JIFOOOW TMJIOCKUI MHOTO- L s
YTOJbHUK M UIMEHHO TPeMs TOUKaMW MOKHO OJHO3HAYHO 33/1aTh a2
IUIOCKOCTH B MPOCTPAHCTBE. ||w_—=:]

4. Ilpusaska mexcmyp u oceeupenus (Texture and light  pyc 46 Komseitep
definition) — Ha 3TO¥ cTamuu onpeAenseTcs, Kak OyayT OCBele- SD-BHsyamsammn
HBl TCOMETPUUCCKUE MPUMHUTHBHI (TPEYTOJbHUKH), a TaKXKe Ka-
KHAC W KaK Ha HUX B JajibHEHIIeM OyayT HaJOXKEHbI TeKCTyphl. [lox TekcTypamu mmo-
HUMAIOTCS M300pakKeHUs, TIEPENAIONMAe BHENTHUN BUJ Marepuaiia oObeKTa, T.e. He-
TE€OMETPUUECKYIO BU3yalbHYI0 HH(POPMAIO. XOPOIIHA MPUMEDP TEKCTYPhl — MECOK
Ha a0bCcoOTHO poBHOM Twishke. Kak mpaBuiio, Ha 5Toi craauu WHQpOPMAITUS BHIYHC-
JICTCS TOJIBKO JUISl BEPITHH MPUMHUTHBA.

5. Buooswie ceomempuueckue npeoopasosanus (Projection) — 3mech onpenens-
I0TCS HOBBIC KOOPAWHATHI JUTSI BCEX BEPIIWH MPUMHUTHBOB, HCXOMS M3 MOJIOKEHUS Ha-
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Omromarens W HampapieHus ero B3miaAa. CiieHa kKak Obl TPOCKTHPYETCS HA TMOBEPX-
HOCTh MOHHMTOPA, MPEBPAIIASICh B IBYXMEPHYIO, XOTA WH(MOPMAIHS O PACCTOSTHUN OT
Ha0I0AaTe A 10 BEPIIMH COXPAHIASTCS I MOCIeayIoNelh 00paboTKH.

6. Omopacwvisanue nesuoumvix npumumueos (Culling) — Ha 3TOM cTaguy U3 CTIH-
CKa TIPUMUTHBOB HCKJIIOYAIOTCSA TOJIHOCTHIO HEBUAMMBIC (OCTABIMUECS TMO33U WIIH
cOOKY OT 30HBI BUIUMOCTH).

7. Yemanoera npumumueos (Setup) — 3aech nHGOPMAITUA O MPUMUATHBAX (KOOP-
JIMHATHI BEPIIUH, HAJIO)KEHUE TEKCTYP, OCBEIICHUE U T.11.) TIpeoOpasyeTcs B BU MPH-
TOAHBIN Ta Tocienytomen craauu. (Hampumep: koopaunatel Touek Oydepa skpaHa
WM TEKCTYP B IIEJIbIe YKclia GPUKCHPOBAHHOTO pa3Mepa, C KOTOPHIMH paboTaeT amma-
parypa.)

8. 3axpacka npumumusoe (Fill) — Ha 3T0# cTaguyu COOCTBEHHO M MPOUCXOIUT
noctpoeaue B Oydepe kaapa (mamsAaTH, OTBEASHHOMW TMOA PE3yIBTHPYIONTHE H300pa-
KEHUE) KapTUHKA, Ha OCHOBE WH(pOpPMAIMu 0 MPUMUTHBAX, CPOPMUPOBAHHON Tpe-
TBITYTICH cTamuell KOHBeHepa, W MPOYMX AAHHBIX, TAKUX, KaK TEKCTYPBI, TAOIUIII
TyMaHa ¥ mpo3padHocTy u np. Kak mpaBwiio, Ha 3TOH cTaauu Ajis KaXA0W TOUKH 3a-
KpaIlTuBaeMOT0 MPUMHUTHBA OTIPEACIIACTCS €€ BUAUMOCTD, HAITPUMED C MOMOIIBIO Oy-
dhepa ryoun (Z-6ydepa), u, ecnm 0OHa HE 3acIOHEHA Ooyiee OM3KOH K HAOMOAATeITIo
TOYKOH (APyTOTO MPUMHUTHBA), BHIUUCIIAETCS €€ NBET. [[BeT onpenensercs Ha OCHOBE
uHpopMau 00 OCBEIICHUH W HAJIOXKEHUHN TEKCTYP, ONPEACIICHHON paHee s Bep-
IITUH 3TOTO MPUMHUTHBA. BOIBIIMHCTBO XapaKTEPUCTHAK YCKOPHUTEIS, KOTOPHIE MOXKHO
MOYEPITHYTh U3 €T0 OMUCAHWA, OTHOCITCS MMEHHO K 3TOM CTaInd, TaK KaK B OCHOB-
HOM WMEHHO 9Ty CTaJI0 KOHBEWepa yCKOPSIOT ammaparHo (B Cydae HETOPOTHX H
JOCTYITHBIX TIJIAT).

9. @uuanvnas oopabomra (Post processing) — oOpaboTka BCel pe3ynbTHPYIO-
el KapTUHKU KaK €IMHOTO TIEJIOT0 KaKUMH-TH00 TByMEPHBIMU dhexTamu.

Teneps monmpoOyeM pa3oOparhCs, Kak Bce 0OCTOUT HA caMoM Jienie. Bo-nepBhIx,
HEKOTOPbIE CTAAHH ATOr0 KOHBEHEpa MOTYT OBITh MEPECTABICHB MECTaMU, Pa3ONTHI
Ha YaCTH WU COBMEIICHBI. BO-BTOPHIX, OHM MOTYT OTCYTCTBOBaTh BOOOIIE (PEIKO)
WM MOTYT TIOSIBUTHCS HOBBIE (dacto). U, B-TpeTbux, pesynbrar paboThl KaXI0H W3
HUX MOXET ObITh MOciaH (B 00Xom Apyrux cramuii) oOparno. Hampumep, kapTHHKY,
MOJTYYCHHYIO Ha TIOCJICTHEH CTaJNK, MOXKHO HMCTOIh30BaTh KaK HOBYIO TEKCTYPY JUISA
8-oi1 cramuu, peanusys TakuMm 00pa3oM 3(EKT OTpakaromuX MOBEPXHOCTEH (3ep-
KaJl), TAaKWX Kak MpaMopHbIi 1ot B urpe Unreal.

4.7. CranaapTtsl B 00J1acTH pa3padoTku rpadpuuecKux CHCTEM

[Tporpammupyemsiii uaTepdeiic npunokenuii (API, Application Programming
Interface) coctout u3 Qynknmii, ynpasmssommx 3D koHBeliepoM Ha MPOrPaMMHOM
YPOBHE, HO TIPH STOM MOKET HUCIIONH30BaTh MPEUMYIIECTBA aNlapaTHON pean3aIiui
3D B ciyuae HaIMYUA STOW BO3MOXHOCTH. Ecim umeercs anmaparHbId yCKOPUTEND,
API ucnons3yer ero mpeumyiiecTna, eciiv HeT, To APl pabGoraer ¢ onTuManbHbIMU
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HAaCTPOHWKAMU, PACCUUTAHHBIMU HA CaMbl€ OObIYHBbIE CUCTEMBI. Takum oOpazoM, Osna-
rogaps npumeHeHnio API, m1000€ KOJMUECTBO MPOrPaMMHBIX CPEICTB MOXKET MOJI-
JEP>KUBATHCA JTHOOBIM KOJIMUECTBOM amnmnapaTHbiX 3D yckopUTesiei.

Jliist 3D npuniokeHuit cyecTByoT cienytoiue API:
Microsoft Direct3D;

Criterion Renderware;

Argonaut BRender;
Intel 3DR.

Kommanus Apple npoasuraer cBoii codctBeHHbIl naTEpdetic Rave, co3maHHbIT
Ha ocHOBe uX coocTtBeHHOro API Quickdraw 3D.

Jlns  npodeccHoHaTbHBIX TPWIOKCHHH, padoTaloNX oA  YIPaBICHHEM
Windows NT, nomuaupyer uarepdeiic OpenGL. Kommanusa Autodesk, kpymHeiimmit
npousBoauTens uHxkeHepHbix CAIIP, paspabotana cBoi coOctBeHHbIH API, Ha3bi-
Baembiii Heidi. Csou API paspaboramu m Takme kommanwmu, kak Intergraph —
RenderGL n 3DFX — GLide.

CymectBoBanue U A0CTymHOCTs 3D mHTEpGEHCOB, MOMACPKABAIOIIMX MHOXKE-
CTBO TpaMUECKUX MOJACUCTEM M TPWIOKCHHH, YBEIMUYABACT MOTPEOHOCTH B arma-
PaTHBIX YCKOPHUTENSAX TPEXMEpPHOHW Tpaduku, padoOTalONUX B PEKUME PEaTbHOTO
BpeMeHHU. Pa3BiekarenbHble MPUIOKEHUS — TJIABHBIN MOTPEOUTETh M 3aKa3UHMK TaKUX
YCKOPHUTENEH, HO HE CTOUT 3a0bIBaTh U O TIPO(ECCHOHATLHBIX TTPHIIOKESHHASX T 00-
pabotku 3D rpaduku, padorarommx noxa ynpasineareM Windows NT, MHOrHe us ko-
TOPBIX TIEPEHOCATCA C BBHICOKOTPOM3BOAMUTEIBLHBIX paboumx craHiuii tama Silicon
Graphics na PC mmardopmy. UHTEpHET TIPUITOKEHHSI CHITBHO BBHIMTPAIOT OT HEBEPO-
ATHOW MAHEBPEHHOCTH, HHTYUTUBHOCTH M THOKOCTH, KOTOPBIC 00SCIICUNBAET TIPUME-
HEHUE TpexMepHoro rpaduueckoro maTepderica. B3aumoneticteue B World Wide
Web Gyner ropazao npoie u yaoOHee, eciti OyAeT MPOMCXOIUTh B TPEXMEPHOM IIPO-
CTPaHCTBE.

JIsis Tpon3BOACTBA TOTOBOTO PE3yJIbTara HAMO OMPEACITUTHCS C ABYMS BEIIAMH:
Kakas mporpamMma Kakue CTaauu KOoHBeHepa OyJeT BHIMOMHATh W KakK OHA 3TO OyaeT
nenarb. Y Hac €CTh TPH OCHOBHBIX KaHIujara Ha paboTy — cama mporpamma (Kak
MpaBWJIO, HadaJlbHBIE CTaJAWHM KOHBeEWepa), OMONMMOTEKa MPUKJIAJHOTO MPOrpamMM-
muposanus (uaTepdeiic, API) u cam yckopurtens. Bipouem, mporpaMmbl, HE HCTIONb-
3yIOIIUE YCKOPHUTEIb, BCE CTAUH KOHBEHWEpA BBITIOIHSAIOT CAMOCTOSTENbHO. B moHs-
THe OMOMMOTEKH B JAHHOM KOHTEKCTE MOXHO (6€3 0co00ro 3a3peHusi COBECTH) TIO-
MECTHUTh JpaiiBepa JAHHOTO YCKOPUTENS, T.K. ¢ TOUYKH 3PEHUS TPOTPAMMbI OHH
CTAHOBATCA 4YacThio OmOMMoreku. [IporpaMm u ycKopuTesneit CyImecTByeT BEIHUKOE
MHOX€ECTBO, a BOT YKCJIO OOIEeNPU3HAHHBIX OMONINOTEK BecbMa orpannueHo. Hanbo-
JIe€ 9acTO UTPHI UCTIONB3YIOT Clieaytortue oubnmuorekn (cMm. puc. 4.7):

— Open(Gl, — co3nanHas MEPBOHAYATILHO IS MPO(ECCHOHATBHBIX TPpapUIeCKAX
CTaHIIUH W TIPOTPaMM TPEXMEPHOTO MomaeaupoBanus OuOmmoreka. [loctenenno ona
npunuia Ha wiargopmy PC, B ocHOBHOM Ojaromapsi CTpEMUTEILHOMY TPOTPECCY B
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obnactu annaparHoro odecnedueHus. Hanuune noaepkku 31oil OMOIMOTEKH Y yCKO-
PUTEINS KpaitHe JKeJIaTeIbHO M3-3a OOJIBIIIOTO YKCIIa MPOTPaMM, OPUCHTHPOBAHHBIX Ha
Hee. bubnmoreka sBisETCS B HEKOTOPOM POJIe BHICOKOYPOBHEBOM, Tak Kak OepeT Ha
ce0s Bce NEHCTBUSA, HAUMHAA C CEpeHbI 4-0M CTyINeHH Hauero kouseiiepa. C ogHoi
CTOPOHBI, ATO 3J0POBO oOynerdaeT padoTy MpPOrpaMMHCTaM, C JPYyTOod — CIOCOOHO
HECKOJIBKO OCJIOKHHUTHh €€, OCOOCHHO TPH peain3allid HECTAHIAPTHHIX 3(PQeKToB
WM HEOOXOMMOCTH HCIIONIh30BATh HOBBIC BOBMOXKHOCTH YCKOPHTEIISA, BHIXOISIINC 3a
pamku OpenGL. Xopomuii mpumep mojie3HOCTH TO00HOTO MOIX0Aa — BOSMOXHOCTh
BBITTYCTUTHh Bepcrio OpenGL, 3HAYMTENBHO YCKOPSIONTYIO (KOHKPETHO — T€OMETPH-
yeckue npeoOpazoanust) padboTy mporpaMM Ha HOBBIX Tporieccopax ¢ SIMD nabo-
pamu komana — AMD 3Dnow! u Intel SSE (Katmai New Instructions, MMX2). Oue-
BHJIHBIM JIOCTOMHCTBOM TaK)Xe SBISETCA MEPEHOCUMOCTH MPOTPAMM Ha JAPYTHE, HE
Wintel-urargopmbl. CymecTBEeHHBIM, HO OBICTPO HUCHPABIICMBIM HEJIOCTAaTKOM — OT-
CYTCTBHE €€ IMOJTHOTO BapHUaHTa T HEKOTOPBIX PACTIPOCTPAHEHHBIX YCKOPUTENCH.

— Direct3D — 6ubnmoreka, spistomascs dactbio Microsoft DirectX u mommep-
KUBaeMas celuac MPAKTHYECKH BCEMH YCKOpHUTEIAMH. (DaKTHUECKH TMPEACTABIISICT
coboii nBe OMONMOTEKN — HU3KOYPOBHEBYIO (HauWHAsA C 7-W CTaMW) U BHICOKOYPOB-
HEBYIO (¢ 5-0if). Pe3ynbrar — Gosbiias THOKOCTH AJ19 MPOTPAMMHUCTA B PeaTH3aIAH
€ro UCH M, KaK CJCACTBUE, TOJIOBHAS 0OJIh JUTSl HETO JK€ M3-32 MHOXKECTBA CBA3aHHBIX
C KOHKPETHOM peanuzaiient yckoputessa napamerpoB. Celiuac uaet OypHOE pa3BUTHE
sToro mpoaykra Microsoft, u, cynsa mo Bcemy, Bepcus 6 Direct3D (kotopas yxe odu-
IIHAJIbHO BHITIUIA) Oy/AeT BIOJHE MOCTOWHBIM KoHKypeHToM OpenGL mo cBoum BO3-
MO>KHOCTSIM U CKOPOCTH.

— Glide — cobcTBeHHAs HU3KOYpOBHEBas OmOnmoTeka (cramus 7 KOHBeliepa W
nanee) dupmbr 3Dfx, noOwBmIascs momyaspHOCTH Omaromaps OONBIIOMY pacIpo-
CTPAHCHUIO TIEPBHIX, ACHCTBUTEIHHO YCIICIIHBIX YCKOpHUTENeh (Ha Oa3ze Habopa um-
noB Voodoo). Ho, ckopee Bcero, sTa bmbnuroTeka yiaeT co CIieHbl B Onvkaiime He-
CKOJTbKO JieT. OHA HE TMOAICPKUBACTCS IPYTUMHU YCKOPUTEIAMU U HE OyIET MU TIOI-
nepsxxuBarbes (6e3 pazpemenns 3Dfx 310 ABISETCA HE3aKOHHBIM).

1

2 | Tporpaoaa OpenGL | Direct3D | Glide
3 1 |

] X 1 ‘_

5 BrOIHOTERA b

6 v v

I =~

8 Yeropuresm

9

Puc. 4.7. OcsoBabie 3D GubnmuoTexku

CymectByer okojio 10 OMOIMOTEK HU3KOTO YPOBHS, CO3JJaHHBIX Pa3padOTUMKa-
MU pa3IMYHBIX yckoputene, Takue kak R-Redline ¢upmer Rendition, S3D Toolkit
dupmbr S3 m T.4. Kak u caenoBano okuaarh, MPOTPaMMBbl, HAMTUCAHHBIE CTICTIHATIBHO
JUTSI HUX, TIOCTETICHHO MCYE3al0T.
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XoTa OOJIBIIIMHCTBO COBPEMEHHBIX YCKOPUTEICH pealiu3yIOT JIUIIbL ABE-TPHU MO-
CJIEIHUE CTAIUH KOHBEHEpa, CYIIECTBYET BAKHOE U OBICTPO MPOrpeCCUpPYIOLIee HC-
KJIFOUCHHWE W3 3TOr0 MpaBujia; MOSBUINCH NIEPBBIE JIOCTYIHBIE YUIbI C MOAACPIKKON
r€OMETPUUECKUX MNPEoOpPa30BaHUNA, CIMOCOOHBIE YBEIWYUTH CKOPOCTh MOCTPOCHUS
M300pAXKEHU Ha KOMITBIOTEPAX C HEAOCTATOUHOM BRIUMCIUTEIBHON MOIIHOCTHIO.

4.8. I'paduueckue nmpoueccopol, anmapaTHasi peaju3anusi
rpadpuyeckux (pyHKUMI

PriHok rpadmuecknx moacuCcTEM 10 TOSBICHUS TMOHATHS MYITBTUMEa ObLT OT-
HOCHUTEJIBHO MPOCT B pa3BUTHU. BaxkHoW Bexod B pa3zBuTuu Obl1 cTaHgapt VGA
(Video graphics Array), pa3paborannsiii kommnanueit IBM B 1987 romy, Gmarogaps
yeMy TIPOM3BOIUTENH BUACOANANTEPOB MOTYUMIN BO3MOKHOCTD HCIIOIB30BaTh Ooee
BbICOKOE pazpemenne (640x480) n Gonpinyto TIyOMHY TIPEICTaBICHUS I[BETA HA MO-
HuTope kommeioTepa. C pocrom nmonysspaoct OC Windows nosBuiiack ocTpas 1mo-
TPpeOHOCTh B amNMapaTHBIX yCKOPUTENAX ABYMEPHOW rpadvku, dToOBl Pa3rpy3UTh
IEHTPAIBHBIA TTPOIIECCOP CUCTEMBI, BRIHYKACHHBIM 00padarbiBaTh AOMIOIHATEIHHBIC
cobprtus. Oteneuenne CPU Ha 00paboTKy rpadmkul CyIeCTBEHHO BIUACT HA OOTIYIO
npom3soauTeabHOCTs GUI (Graphical User Interface) — rpadmueckoro matepdeiica
noJib3oBares, a Tak kak OC Windows 1 puiioxeHus M Uil Hee TpeOyeTcs Kak MOX-
HO OOJIBINE PECYPCOB IMEHTPAIBHOTO Mporeccopa, 00padoTka rpaduKu OCYIIeCTBII-
Jack ¢ 0olee HU3KUM TIPHOPUTETOM, T.€. JeNajlach OU€Hb MEICHHO. [[pon3BonuTenn
n00aBWJIM B CBOM MPOIYKTHI (DYHKITMH 0OpabOTKHM ABYMEpHO# rpadmku, Takue Kak
MIPOPUCOBKA OKOH TIPH OTKPBHITHHA W CBEPTHIBAHWHM, AMIAPATHBIA KypCcOpP, MOCTOSHHO
BHJIMMBIH TIPU TIEPEMENICHUH YKa3aTellsl, 3aKpacka o00acTel Ha SKpaHe MPH BBICOKOM
YacTOTe pereHepanuu n3oodpaxkennd. Mrak, mosasuiics mporeccop, o0ecneunBaronuii
yckopenne VGA (Accelerated VGA — AVGA), Taxoke nzBectHbii kak Windows win
GUI yckopuTtenb, KOTOPBIH CTajl 00A3aTeIbHBIM 3JIEMEHTOM B COBPEMEHHBIX KOMIIb-
I0Tepax.

Brenpenune MmynmpTuMeEaNa Co3aJI0 HOBBIE TTPOOIEMBI, BHI3BAaHHBIC HO0ABICHUEM
TaKuX KOMITOHEHTOB, KaK 3BYK WM ITM(POBOE BUIACO K HAOOPY ABYMEPHBIX rpadude-
ckux ¢yHkiui. Cerogas JIErko 3aMETHTh, YTO MHOTHE TTPOAYKThl AVGA moanepxu-
BAOT Ha alIapaTHOM YpoBHE 00paboTKy mudposoro Buaco. CliemoBarebHO, €CIU Ha
BaIlleM MOHHUTOPE BUICO MPOUTPHIBACTCS B OKHE PA3MEPOM C TTOUTOBYIO MapKy — rmopa
YCTAHOBUTH B BaIlleH MaIIMHE MYJIbTUMEANA YCKOPUTENb. MylbTUMENA YCKOPUTEH
(multimedia accelerator) 0OpIYHO UMEET BCTPOCHHBIC anmaparHbie (YHKITAH, TIO3BO-
JSIOME MAacIITabupOBaTh BUICOM300PAKEHUE M0 OCSIM X W Y, a TAK)KE amnmaparHo
npeoOpa3oBbIBaTh ITU(MPOBONM CUTHAT B aHAJIOTOBBINA JJIS BHIBOAA €T0 HA MOHUTOP B
dbopmare RGB. Hekotopeie MynbTHMeIHa aKCEIepaTopsl MOTYT TAaKXKE UMETh BCTPO-
€HHBIC BO3MOXXHOCTH JICKOMIIPECCHH TU(GPOBOTO BHJIEO.
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4.9. 3D-akcenepamusi

Campiii  0OOIIMH YCKOPHUTENh COCTOMT M3 T€OMETPUUECKOTO Ipolieccopa
(Geometry Processor, moka mpakTHYECKHA BCET/Ia OTCYTCTBYET), MEXaHHW3Ma yCTaHOB-
ku (Setup engine, cramusa 7 KOHBeHepa) W MEXaHW3Ma OTPHUCOBKY MPUMHUTHBOB — 3a-
kpacku (Fill engine, ctaguu 8 u 9), KOTOPHIN TP NETATLHOM PACCMOTPECHHUH OKa3bI-
BaeTcs KoMOMHaIuei aeyx 0imokoB — 00padotku Teketyp (Texel engine) u oO6paboTkm
oydepa kanpa (Pixel engine) (cm. puc. 4.8).

[Tpon3BOAMTETHHOCTD YCKOPUTEIS 3aBUCUT OT MPOIECCOPA, MPOU3BOAUTEIHHO-
CTH IMaMSATH, IIAHBI U caMuX oOpadatsiBaroiux 0710koB. Kak mpaBuiio, NpuBOAATCS
7B YHCJIa — MAKCHMaJIbHAsA TMPOIyCKHAsA CMOCOOHOCTh (TPEYTOJBLHUKOB B CEKYHIY,
triangle throughput) m mMakcumanbHass MPOU3BOAUTEILHOCTh 3aKPACKH (TOYEK B Ce-
kyHny, fill rate). Tako#t moaxon BO3MOXKEH, HO HE OUCHDb KOPPEKTEH. Jla M Bce MBI 3Ha-
€M, UTO JIyUIlTUM TECTOM SIBJICTCS CKOPOCTh WTPHI, B KOTOPYIO MBI JIIOOMM WIparh
(fps, kagpoB B CEKyHIy Ha KaKOM-TO CTaHIAPTHOM Habope MEWCTBHIA), U KaueCTBO
n3o0paxkenus (B mudpax He n3Meputh). UIMEHHO 3TH mapaMeTpbl B HEOOXOAUMO y3-
HaTh B TIEPBYIO, HO HE CTOUT TIPH 3TOM 3a0BIBATh O CHJILHOW 3aBUCHMOCTH YHCIIA Ka/l-
POB OT 00BbeMa TTAMATH ¥ MOIITHOCTH MPOIIECCOpPa KOMITBIOTEPA STOTO CaMOTO COCEa.

I eomevpmstecranii mpoueccop
J |

|

e

[oa I AMexaronss yoragoan

1 Baow qﬁp'lﬁm;a;: ﬁjkpn KmIpa é‘l’ﬁm Kypa

Baos ﬂﬁﬂh‘l‘l; TERCTYP —— Bydpep TeRTIP

IManasrme

Puc. 4.8. Ctpykrypa 3D-yckopurens

B o0miem ciaydae 3akpacka MPOUCXOANUT CASAYIOMMM 00pa3oM: 010K 00padoTKH
Oydepa kampa ompenenseT, BUAHA JIA 3aKpaliMBaeMas TOUKa, HAIPUMEP C TTOMOIITHIO
oydepa tmyoun (7 Buffer). Ecnim ona suana, 6;mok oOpabOTKH TEKCTYp BBIYHCIIACT
I[BET TEKCTYPhI, COOTBETCTBYIOIIMA TOW TOUKE MPUMHUTHBA. 3A€Ch €CTh HECKOJBKO
BaKHBIX MOMEHTOB — mHTepnoysnus (filtering, crmakuBanne) u BHIOOP YPOBHS TEK-
cTypsl (mip-mapping). [lepBoiii obGecneunBaer n3o0pakeHue 0O€3 PE3KHX MPAMO-
YTONIBHBIX THKCENICH, AaKe KOT/Ia BhI HAXOAWTECh BOMM3M MPEIMETa M pa3pericHue
TEKCTyPBl ABHO HEIOCTATOYHO. BTOpOi ycTpaHseT WCKaxkeHHs (CTPaHHBIC Y30DPbI),
BOZHHKAIOIIUE TIPH YPE3MEPHOM YAAICHUHN OT TEKCTYPHI, BEIOWpPAs aHAJIOT TEKCTYPHI
C MEHBIIMM paspenieHueM. MakTHIEeCKH, CYMECTBYET HECKOIBKO PEXHUMOB KOMOH-
HUAPOBaHUA 3TWUX NBYyX MeTonoB. Ceiiuac Hambosiee pacmpoCTpaHEHBl OWJIMHEWHAS
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¢usrpanus (bilinear filtering — BHawane onpeaensercs HeOOXoauMast IS 3TOTO pac-
CTOSIHHAS TEKCTYpa, a 3aTeM — 3HAUYCHHE I[BETA TUHEHHO WHTEPIOIUPYETCA MKy de-
THIPbMS COCEAHWMH TOUYKAMH TEKCTYPHI, TI0 KaXKJIOH M3 KOOPAMHAT HA TIOBEPXHOCTH
BBIOpPAHHOW TEKCTYPHI) U TpU-TMHEHHas (trilinear — qBe OMIMHEHHBIX IS IBYX TEK-
CTYp C MCHBIIAUM W OONBIIAM Pa3PEIICHUAMH, 3aTeM PE3YJIbTaT WHTECPIOIUPYETCS
Mexay HuMH ). [locmenuss BeIIAIuT 0ojiee MPUATHO, HO W TpeOyeT OOJNbIIMX 3aTpar,
TaK Kak HE PEaJM3yeTCsl 3a OAWH TAKT HA COBPEMEHHBIX YCKOPUTENSAX ¢ OJMHUM OJIO-
KOM 00pabOTKH TEKCTYp U, B PE3yJIbTaTe, BABOE MOHMKACT CKOPOCTh 3aKkpacku. Cei-
Yac MOSBUAJIUCH TIEPBHIC YCKOPHUTETH ¢ aHU30TPOITHOH (anisotropic — BHyTpH Ky0a, n3
IBYX HAOOPOB 1O 4 COCETHUX TOYKH TEKCTYp, W TOTO MO 8 Toukam) (pHIbTpaItueH,
KOTOpas BHITJIAAT COBCEM XOPOINO, HO W 3aHWMAET €II¢ BABOE OOJIBINE BPEMEHH.
3areM BBIYHCIICHHBIH C MOMOIIBIO OJHOTO M3 BHIIICOMACAHHBIX METOMOB IBET TEK-
CTyphI ToMeriaeTcss B Oydep Kaapa, 3aMeHsIsl HAXOMWBINIEECS TaM paHee 3HAUYCHHE,
00 KOMOWHHUPYETCA C HAM IO KakoMy-n0o mpaBwiay (combination, blending,
alpha-blending), kak MUHUMYM, YCKOPUTEH JOKEH TOAACPKUBATh pexkuMbl McTou-
auk*[Ipuemank (Src*Dest) u Wcrounmk+IIpuemank (Src+Dest). [logoGHbIE BO3-
MOKHOCTH TIO3BOJISIIOT PEaJIi30BaTh IBETHOE OCBENICHHE, d(PEeKThl THNA MeTajuia
WJIH OTPAKEHUSA, PEalM30BhIBATh TPWIMHEHHYIO (DMIIBTPAITMIO TaM, TAe OHA HE TO-
nepkuBaeTcs anmapartHo, W T.J. (Tak Ha3zpiBaeMO€ MHOTOMPOXOMHOE IMOCTPOCHHE
n3o0pakenus, multipass rendering.)

Kak mpaBuiio, asis kaxaoi Touku TekecTypsl, kpome RGB 1Beta, MOKHO 3a1aTh
creneHs ee nmpo3padnocty (alpha, RGBA ¢opmar TekcTypsr), koTopas OyaeT WCob-
30BaThCS YCKOPUTENEM JJIsl PETYJIUPOBAHUS BO3ACHCTBISA UCTOUYHHKA HA TTPUEMHHUK.

Baxxnbpl Takke TOYHOCTH mpeacTaBieHus 1Betos, 16 out — Hi-Color wam 32
outra — True-Color (mocnmeanuit ropazmo Jydine), 1 TOUHOCTH Oydepa TmyOun (Z-
Buffer, 16 6ut xyxe, 24 u 32 nyuiie), HCONb3yeMOTO SISl ONIPEACIICHAS BUAUMOCTH
OTIENBHBIX TOUCK TPUMHUTHBA.
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IIABA 5. ®OPMATbI XPAHEHUS U30BPAKEHUI

Onrol W3 BaXHBIX TPOOJIEM KOMMBIOTEPHOW TpadUKH SIBISETCS OpraHU3alnAs
XpaHeHus U nepenadu rpaduueckoit mHpopMammu. «ECTECTBEHHOS) MPEACTaBICHUE
pacTpoBOro rpaudecKoT0 M300PAKEHUS B BUJIE MHOXKECTBA MUKCEIOB 0UEHb HEIKO-
HOMUYHO. /111 yMeHbllIeHUsT 00beMa JAHHBIX, MPEICTABISIOMNUX U300PAKECHUS, UC-
MOJIB3YIOTCS PA3TAYHBIC MEN00bl CHCAMUS OAHHBLX.

Bce MeTonpl cxkarvs JAHHBIX MOXHO YCJIOBHO PAa3fe/iuTh Ha ABE OOJbIIIKE
T'PYIIIIHL:

e MeTOABI Oe3 TmoTeps uHpOpMAIUH (T.€. TTO3BOJIAIONTNE TTOTHOCTHIO BOCCTAHO-
BHUTH UCXOIHBIC JAHHBIC U3 CIKATOTO COCTOSHUA);

® C MMOTEPSIMHU YACTH HE3HAUAITeH, HEaKTyaJIbHOHM JJTA YeIOBeKa MH(OPMAIIHH.

KagecTBo MeTOna cxxaTust JaHHBIX OMPEACIIACTCS, PEXKAE BCETO, KO3 puyren-
MOM COCAMUSL:

Kewe = N/Neye,
rae N — o0beM JaHHBIX 10 CKaThs, N, — ITOCJIEe CXKaTHs.

Jlpyroit BakHO#M XapaKTEPUCTUKOM METOA CXKATHUs TAHHBIX SABIAETCA €ro OblCim-
pooeiicmeue. EcTb METOABI, KOTOPHIE 00eCTIeUuBaAIOT OOJBION KOAY(PPHUITHEHT Cka-
THSI, HO Pa0OTaIOT OYE€Hb MEJICHHO, U 3TO MOXKET OKa3aTbCsi KPUTUUHBIM TPHU HC-
MOJIb30BAHUM TAKWUX METOJOB MJiA PadOThl ¢ M300PAXKEHUAMHU B PEKUME PEATBHOIO
BPEMEHHU.

HN300paxkeHnsi — pa3HOBUAHOCTh AaHHBIX. VX MOXKHO, KaKk W JIHOObIe JIpyrue
JIaHHbBIE, TIPEJCTAaBUTh B BUAE HA0Opa YKCENl U MOJABEPTrHYTh 00PabOTKE TPH MOMOIIH
KaKoro-HUOYb YHUBEPCAIIBHOTO METO/A CXKaTus NaHHbIX. HO U3BECTHO, YTO YHUBEP-
CaJIbHbIE METO/Ibl 00ECMEUMBAIOT XOPOIIEe KAYECTBO CXKATUA AAHHBIX JIUIIb «B CPEI-
HEM», T.€. U KaKWX-TO BHJIOB AAHHBIX (HAMpUMeEp, I 0a3 JaHHBIX ) KodddummerT
CKaTUA MOXKET OBITh BHICOKHM, a JUISl JIPYTHX (HAMpUMEp, JUTS TOHOI[BETHBIX HW30-
OpaxeHHui) — HE3HAYUTEITHHBIM.

B 10 e BpeMs nu3o0paxkeHus — 3TO JaHHbIe 0coboro poaa. OHM 00nagaroT II1-
PUHOM, BBICOTON U I[BETHOCTHIO. JIBa M300paxkeHuss MOTYT ObITh MPEACTABIICHBI JBY-
Ms COBEPIICHHO PA3JIMUHBIMM HAOOpAMM YMCEN, HO JIJI YEJIOBEUECKOrO IJia3a OHU
MOTYT BBIIJISIACTh MACHTHUHBIMUA. M1 HA00OpOT, ABa ONM3KMX HA0Opa YMUCEN MOTYT
COOTBETCTBOBATh HEMOXOXKHUM H300pakeHus M. B camom nene, kak (opMaibHO CpaB-
HUTh JBa M300paxeHus? B Hayke W TEXHUKE IIMPOKO MPUMEHSIOTCS JABA KPUTEPUs
JUTS CpaBHEHUS JIOOBIX a0CTPAKTHBIX CYITHOCTEH, 3aIlaHHBIX Habopamu {x;} u {y;} u3
N uuncen:

® KPUTEPUI CPEAHECKBAAPATUYHOTO OTKJIOHEHHS & =

® KPUTEPUN MAKCUMAJIBHOTO OTKJIOHEHUA &£ = max|xl- - yl-| :
N
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CornacHO MEpBOMY M3 3THUX KPUTEPHEB, OyayT MaJi0 Pa3jIMdUMbl J[BA TTOJTHO-
IIBETHBIX U300PaKEHUS, OJHO W3 KOTOPBIX MACATBHO, a IPYTO€ UCKAKEHO KPYITHBIMH
MyapoBbIMHU TIojiocaMu. COTlacHO JPYTOMY W3 ATHX KPUTEPHUEB, PA3IUUYHBIMA OyIyT
CUMTATHCA JBA W300PAKEHUA, OAHO W3 KOTOPHIX HICATBHO, a IPYroe COACPKUT HE-
CKOJIBKO (BO3MOKHO, BCETO )K€ OJUH!) MUAKCEN ¢ CHIIbHO MCKa)KEHHOU sSpKOCThio. U
B TOM W B JPYTOM CJIydae YEIOBEK B KOPHE HE COTIACHIICS ObI ¢ Pe3y/IbTaraMu MpH-
MEHEHUS (pOopMaNTbHBIX KPUTEPHUEB, M ObLIT OBI TPaB.

Bce 3t 06cTOATENBCTBA MO3BONAIOT CAECNATh BBIBOJ, UTO JJIS CXKATUA M300pa-
KEHUI TIPUTOHBI TAJICKO HE BCE YHUBEPCAIBHBIC AJITOPUTMBI CIKATHA JAHHBIX, B TO
KE BPEMS JTOJDKHBI CYIIIECTBOBATH METOMBI CxKaTHs, OCCIOIE3HBIE TS TTPOU3BOIbHBIX
BHJIOB JAHHBIX, HO MO3BOJISIONHE Y(PDEKTUBHO C:KUMATh UMEHHO H300paXKEHUS.

[Tpu m3yuenun popmaroB xpaHeHus rpaduyuecKuX AAHHBIX CIASAYET 0Opaiarh
BHHUMAHHUE HE TOJIHKO HA WX KOMITAKTHOCTh, HO W Ha yIOOCTBO I JAIBHEHIIIETO HC-
MoJib30BaHus. J[eo B TOM, uTO OONBIMMHCTBO TakWX (POPMATOB SABJISIOTCS MPOOIEM-
HO-OPUEHTUPOBAHHBIMU, T.€. OHU MPEAHAZHAYCHBI JJI1 TPUMEHEHUS B KAKOM-TO KOH-
KPETHOM pasjene WHOPMAIMOHHBIX TeXHONOorui. Hampumep, ects dopmarsl, opu-
CHTUPOBAHHBIC Ha JOJTOBPEMCHHOE XPAaHCHWE MAHHBIX HAa HOCUTENAX, €CTh
(dopMaTel, OpHEHTHPOBAHHBIE Ha CKOPOCTHOHM BBIBOJ M300paXCHWI HA SKPaH, €CTh
(dhopmarel, OpUEHTUPOBAHHBIC HA TIpeoOpa3oBanne rpadudeckoi nHpopMarmm, Haxo-
JATIEHCS B C)KaTOM COCTOSTHUH, | T.I. B mporecce oOcyxaeHus Mbl OyfeM OTACTbHO
OCTaHABJIMBATHCS HA ITHX BOMPOCAX.

5.1. MeToaml c:katus 0e3 noreps uHdopmanuu

5.1.1. Omcymcmeue cucamusa. @opmam BMP

B aHMOA3BIYHON TEXHUUYECKOM JIMTEPAType MOHATHIO «HECIKATOE PACTPOBOE
N300paKEHUE» COOTBETCTBYET TEPMHUH «bitmap», 4TO AOCIOBHO TMEPEBOAUTCS Kak
«OmToBas kapra». g xpaHeHHs TakuxX H3o0paxkeHui mcmoias3yercs gopmar BMP.
Otot ¢opmar paspadareiBajics coBMecTHO pupmamu Microsoft m IBM mis mcmos-
30BaHUA B orneparmoHHbx cuctemax Windows u OS/2.

[TepBoHauaasHO MpEANONATaoch, 4TO (HOP-

MaT IOJDKEH ObUT OBITh YHUBEPCAJbHBIM K IOJ- [@:;x 54 GafiTa
JIEP’KMBATh XPAHCHUE KaK CXKaThIX, TaK W HECKa-
ThIX U300pakeHril. HO B KOHKPETHBIX peaau3aiiu- Hcﬂnﬁ;ﬁl’i:'ﬂfb' 1an rf’
ax (B TpaduuecKux pPeaaKTopax W MporpaMMax - L (AR ERe
MPOCMOTPA U300PAKECHUI) CXKATHUE TaK HUKOTAA U Meobpamenve =17
He OblIo peanmu3oBaHo. OO0mas crTpykrypa BMP- -t
(aiinma n3obpaxkeHa Ha puc. 5.1. 3aronoBok uMeeT

nuHy 54 Oaiita, cieoM 3a HUM MOJKET pacmoyia- Puc. 5.1. O6muii popmatr BMP-daiina
ratbCsl LBETOBAs najiumpa — TadIulla COOTBETCT-

BUS 1IBETA e€ro HoMmepy. Jiia 256-11BeTHbIX n3o0paxeHuii ona umeet aauny 1024 Gaii-

Ta, a 11 BCEX OCTAJIbHBIX TUMOB M300pakeHUI OHA OoTCyTCTBYET. Cle0M 3a MaJiuT-

2564 =1024 Galita
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poii (MM cpasy 3a 3aroJIOBKOM, €CJIH MAJIMTPBI HET) PACIoiaratoTcsi OAlThl, OTHCHI-
BaIOIUE N300paKEHHE.

CrpykTypa 3aronoBka uzo0paxkeHna B Tadm. 5.1. [Tanurpa, HaumHaromasics ¢ oaii-
Ta ¢ (aioBEIM cMerieHueM 36h, cocTouT u3 256 AIIeMEHTOB, KaXKJIbIH W3 KOTOPBIX
umMeeT anuny 4 Oaiita. B nepBom 0aiite xpaHuTcs komnoHeHta B, Bo Bropom — G, B
TpeTbeM — R, a yeTBepThiil OalT HE UCTIONB3YETCA. ITO OUEHb HEPAIMOHAIBHO C TOY-
KU 3PEHUS KOMITAKTHOCTH MPEJICTABJICHUS U300PAKEHUS, HO TTO3BOJIACT IPOU3BOAUTD
ObICTpOE cuMThIBaHUE Tpaduueckoit nHGoOpManuu ¢ aucka. MUHAMAbHOE 3HAUCHHE
IBETOBOM KOMMOHEHTHl (0, MakcumajbHOe — 255, mosToMy Ajis BUIACOPEXKHUMA
320%200%256 HeoOX0AMMO NPOMOPIMOHATBHO YMEHBIIUTH BCE IIBETOBbIE KOMIOHEH-
THI, pa3fenuB ux 3HaucHus Ha 4. M3o0paxkenne xpanutes B (aiijie moCTPOUHO, MPH-
YeM MOPANOK Pa3MEIICHUS] MUKCEIOB — MPSAMOM, a MOPAJOK PACMHOJIOKEHHUS CTPOK
m3obpaxkenns B (aiine — oOparHBIi. DTO O3HAYaeT, YTO A HM300pakKeHHS
320x200x256 B mocnmeaHem Oaiite ¢haiina XpaHUTCA OMUCAHUE TOCISAHETO TMHKCENa
MEPBOU CTPOKU KAPTHUHKH.

Tabnunas.l @opmam 3azoroeka BMP-aiina

HUms noas Cmemnr-e Jumna | Onucanue

bfType +00h 2 Curnarypa ‘BM’

bfSize +02h 4 Pazmep ¢aiina

bfReserved +06h 4 He ucnonessyercst

bfOffBits +0Ah 4 [Mo3unus 6UTOB N300paKEHUS

biSize +0Eh 4 40 — pa3Mep BTOPOH YaCTH 3aroJIOBKa
biWidth +12h 4 JnuHa cTpoKH

biHeight +16h 4 Konuuectso cTpok

biPlanes +1Ah 2 Konuuectso cnoes

biBitCount +1Ch 2 KonudecTBo OUTOB Ha MUKCeEN
BiCompression +1Eh 4 0 — cxxaTus HeT

BiSizelmage +22h 4 Pasmep xapTuHKHM B OuTax
BiXPelsPerMeter +26h 4 Pazpemenne no X B nukcenaax Ha METP
BiYPelsPerMeter +2Ah 4 Pazpemenne no Y B nukcenax Ha METP
BiClrUsed +2Eh 4 Huc10 UCTIONb3yEMBIX [IBETOB
BiClrImportant +32h 4 0, eciy YUCIIO LIBETOB MAKCHUMAaJIbHO

5.1.2. I'pynnoeoe kooupoeanue. @opmam PCX

Meton rpynmoBOoro KOAMpPOBaHWS (B aHIIOA3BIUHOW juteparype RLE — run
length encoding) WCToNb3yeT O4EHb MPOCTYIO WACIO: €CIN JaHHBIC MPEACTABIICHBI B
BUJIC YNCJIOBOTO TIOTOKA, TO KaXJAas Ipymna Mmocjaea0BarebHO PACTOIOXKEHHBIX TMO-
BTOPSIONINXCS 3HAYCHUH MOXKET OBITh 3aKOAMPOBAHA MAPOH UWCeN (Koauyecmeo no-
emopenuii, 3uayenue). Koapduiment cxatus, TOCTHKAMBIA TIPU HCTOIb30BaHUH
3TOTO METO/A, CHJIBHO 3aBUCHUT OT HAIMYHWSA TIOBTOPSIIOIITUXCSA 3JIEMEHTOB B UHCIIOBOM
notoke. B m300pakeHusAx THNa «cartoon» OHU BCTPEUAIOTCS OUCHb YacTo, a B MOJTHO-
IIBETHBIX H300PaXEHUAX MOTYT HE BCTPETUTHLCSA BOOOIIIE.
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OcHoBHas npoOiieMa MPU KUCMHOJL30BAHUU 3TOTO METOJA — KAK 3aKOJUPOBATh
CXKaTble JaHHBIE TaKUM 00pa3oM, uTOObl MPU OOPaTHOM PACKOJUPOBAHUU OTIIMUUTH
HEC)KaThIC TAHHBIE OT «CITY)KEOHBIX» 3amucel Bruaa (KOJTUIECTBO MMOBTOPEHUH, 3HAUE-
uue). [lpumep pemrennst 3Toit mpoOmeMbl neMoHcTpupyercs B popmare PCX, koTo-
PBIF IITUPOKO UCTONIB30BAICA BILIOTH A0 cepearHbl 1990-x rogoB misd XxpaHeHus 2- U
4-6utoBeix CGA n EGA-nzo0pakennii (Hampumep, rpauuecKux pecypcoB I KOM-
MBIOTEPHBIX UTD):

® JaHHBIC KOAUPYIOTCS TOOANUTHO;

® i MOMETKM OailTa-cueTurMKa KOJIMUECTBA MOBTOPOB HCMOIB3YIOTCS 2 CTap-
muX OUTa, OHU B ATOM CTy4ae yCTaHABAUBAOTCA B 11;

e (aliT Hec)karoit mHPOpPMAIMK cO COPOIICHHBIMA CTAPIIMMKA OWTAaMH KOTIHPY-
€TCs B BRIXOJHOM MOTOK 0€3 M3MECHEHUH

e (aliT Hec)kaToW MH(POPMAITUU C YCTAHOBJICHHBIMA CTAPIIAMKA OUTaMU KOJUPY-
€TCs B BHJIC TIAPHI (Koauuecmeo nogmopenuti=1, snauenue).

[Tpumep (cm. puc. 5.2). [lycTs 10 ckaTug YACTOBOM MOTOK COCTOSIT U3 8 OAWTOB
u umel ug: 10h, COh, COh, COh, COh, COh, 10h, COh. Baiiter co 3Hauenuem 10h
€AMHUYHBI, IO3TOMY OHU M KOMUPYIOTCA B BBIXOAHOW MOTOK 0e3 u3meHenus. [leppas
rpynmna u3 naTH nocnenoBarebHbX 0aitoB COh Moxer OBITH 3aKoAMpOBaHA MAPOM
(C5h,COh). [Tocneqauii 6aiiT co 3nauerremM COh Toke eAMHWYEH, HO KOTTMPOBATH €TO
B BBIXOJIHOW MOTOK 0€3 M3MEHEHUS HEJb3s, TaK KaK €ro crapuue OuThl paBHbl 11 u
OH MPU PACKOAMPOBAHUMN MOKET OBITh MEPEMyTaH CO CYETUMKOM MOBTOpeHUM. [lo-
TOMY ero mpuxoauTces koauposars mapoi (Clh,COh). OkoHuarenbHO BBHIXOMAHOH TMO-
TOK cocTouT mu3 6 6aiitoB u mMmeeT Bua: 10h, C5h, COh, 10h, C1h, COh. Kosdduiment
cxxatus paseH 8/6 = 1,33.

10h = 00/010000
COh = 11/000000
C5h = 11000101
C1h = 111000001

Puc. 5.2. Cxxarue nanabix B PCX-dpopmare

OTMeTHM OCHOBHBIC OCOOCHHOCTH CXKaTHS NAaHHBIX, IPUMEHIEMbIC B (hopMmare
PCX:

®TIPOCTOTA AJITOPUTMOB U, KaK CJICACTBHUE, BHICOKAs CKOPOCTh 00pabOTKH JaH-
HBIX;

eTIipeieIbHBIN Kodhpumment cxxarus — 32;

o «xopormme» KOAPOUIMEHTH CKaTUSA TOJYYAOTCA JUIi PUCYHKOB THITQ
«cartoony, a PH «HEYAAYHBIX)» UCXOAHBIX JAHHBIX BMECTO CHKATHA MOXKET MTPOU30UTH
yBenuUeHne 00beMa TaHHBIX.
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Pazymeercs, nociaeaHuii HEAOCTAaTOK MOXXHO ObLIO Obl YACTUUYHO KOMIICHCUPO-
BaTh, MPOCMATPUBAsi U300PAXKEHUE HE TOJBKO MO CTPOKAM, HO U IO CTONOIAM, a Tak-
e 1o auaroHanv. Ho 3to yxyammino Obl ObICTPOACHCTBHE.

5.1.3. Memoo cocamua LZW. @opmamet GIF u TIFF

Bo Bropoii nonosune 1970-x ronoB u3pamibckue Maremaruku Adpam Jlemnens
(Abraham Lempel) n SAxos 3us (Jakob Ziv) pazpaboTtanu HECKOIBKO d(PPEeKTUBHBIX
METOJIOB C)KaThs WHGOPMAIMK, PA3TUIHbIE MOANU(UKAIIMA KOTOPBHIX C yCTIEXOM HC-
MOJTB3YIOTCS 10 HACTOSIIIIEr0 BPEMEHHU.

OTH METOIBI OTHOCATCA K TPYIIIE «CIOBAPHBIXY» METOMOB M HCIOIB3YIOT Clie-
nayrorue o0cToaTenbcTBa. CKUMAEMbIE TAHHBIE OYCHBb YAaCTO COMEPKAT OJMHAKOBHIC
(hparMeHTHI Pa3TUIHON JJIMHBI, KOTOPHIE, OJTHAKO, MOTYT OBITh PACIIONIOKECHBI TAJIECKO
pyT OT apyra. Jlemrens v 3uB npeIoXmIn coOpaTh BCe Takue (PparMeHThI B OJTHOM
o0IIEeM «CJI0Bape», YAAIMB WX W3 BBIXOJHOTO MOTOKA M 3aMEHUB KOPOTKUMU CCHLITKA-
MU Ha ATOT «CIIOBAPHY.

B cepenune 1980-x romoB amepukanckomy maremaruky Teppu Yomuy (Zerry
Welch) ymanock yCOBEpIIEHCTBOBATh OJIMH W3 ATHX aJTOPUTMOB, CYIIECTBEHHO OITH-
MU3HPOBATh €T0 MO CKOPOCTH | 3arparaM MaMsTH, a TIOCIIE 3TOTO 3aMaTeHTOBarh. JTOT
HOBBII QJITOPUTM, OTJIMYABIIUNCS BBIJAIOIIMMHUCA XAPAKTEPUCTHUKAMU OBbICTPOACHUCT-
BUS U CTEMICHU CXKaTus, nonyuywn HaumeHoBanue LZW. B nauane 1990-x rogo na-
TEHT OBLI TIEPEKYIICH aMmepukanckoit ¢upmoit Unisys (TpOU3BOAUTENIEM MOIEMOB U
JpyTO# anmaparypsl ITU(GPOBOH CBI3M), KOTOpas aKTHBHO OTCTaWBaJia CBOM IKCKJIFO-
3MBHBIC TPaBa HA MCIOIB30BAHKUE STOTO aJrOPUTMA B TCUCHHWE BCETO CPOKA JACHCTBUS
nareHTa. JTo 0OCTOATENBCTBO CHIBHO 3aTOPMO3MIIO HKCIONB30BAHWE AJITOPUTMA B
KOMMEPUECKHUX MPOAYKTAX, HO MaJjIo MOBJIHSIIO HA MPUMEHEHHUE €T0 B MPOIYKTaX KItac-
ca «shareware» u «freeware». Cpok neticteus narenra uctek B 2004 romy.

Ha Bxon anropuTma mogaercst moTok 6alToB (HampumMep, OaWTHI APKOCTEH TTHK-
cenoB u3oOpakenns). Ha Boixoae y anropurma obpasytores: 1) crogaps; 2) nabop
CCHLIIOK HA 3TOT CJIOBApPh.

[Tpomecc cxkarus 3akmodaeTcs B cieaytomieM (cm. puc. 5.3). [locnenoarensHo
CUMTHIBAIOTCSI CHMBOJIBI BXOHOTO TOTOKA, M TIPOBEPACTCS, €CTh JIU B CO3/IaHHOHN Tab-
JIUIIE CTPOK Takas CTPoka. ECiy cTpoka €CTh, TO CUMTHIBACTCS CIICTYIOITHI CUMBOIL, a
€CIIU CTPOKH HET, TO B IOTOK 3aHOCUTCA KOJ JUIA MPEABIAYIIEH HAWIECHHOW CTPOKH,
CTPOKA 3aHOCUTCS B TAOJMITy ¥ TTOMCK HAYWHAETCA CHOBA.

Oynkrus [nitTable() ounmmaer Tabnuily u moOMENIaeT B HEE BCE CTPOKH SIUHUY-
HOW JIuHBI (BCE BO3MOXKHBIE CHUMBOJIBI). Hampumep, eciam c:xuMaroTcsi GalTOBBIC
JAHHBIE, TO TAKUX CTPOK B Tabmuie Oymet 256 (<07, “17, ..., “2557). A taxxe mobas-
aseT B Hee cnenmanbHbie koAbl Jna xoma ounctku (ClearCode) m xoma xoHIA WH-
dbopmammmn (CodeEndOfInformation) 3apesepBupoBansl 3HaueHus 256 u 257 coot-
BETCTBEHHO.

Oynkmus ReadNextByte() unraer cumBon u3 daiina. Oynakmua WriteCode() 3a-
MUCKIBACT Ko7 (HE PaBHBIH MO pasMepy OaiTy!) B BEIXOMHOH (haiii.
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Oynkua AddStr() mobaBnseT HOBYIO CTPOKY B TaOHITy, IPUTIACHIBASA €1 KOJI.
Kpome toro, B manHO# (ByHKIIMH MPOUCXOAUT 00padOTKa CUTyaIlud TEPETIOTHCHUS

TaOHALIEL.

B sTOM cnydae B MOTOK 3amUCBIBAETCS KO MPEABIAYIIEH HAWICHHON CTPOKHU U
KOJT OYMCTKH, TIOCJe uero Tabmuna ouunriaetcs dynknueit InitTable().

Oynxrus CodeStr() HaxoAUT CTPOKY B TAOIHIIE W BHIIAET KOJ 3TOH CTPOKH.

B paccmarpuBaeMoM BapuaHTe aJiIrOPUTMaA UCTIONb3yeTCA 12-OUTHBIN KO, U, CO-
OTBETCTBEHHO, MO KOJBI JIJIA CTPOK ocTaroTcs 3HaueHus ot 258 go 4095. lobasmse-
MBbI€ CTPOKH 3aMUCHIBAIOTCSA B TAOIUILY MOCAEAOBATEIbHO, MPU 3TOM UHJEKC CTPOKH B
Ta0IUIE CTAHOBUTCA €€ KOJOM.

C Hauano j

\
InitTable();

WriteCode(256);
CurStr=[lycras cTp.
~

/’\ ﬂa
KoHeU cbaitna?
W

c=OyepepHoi Code=CodeStr(CurStr);
GanT WriteCode(Code);
WriteCode(257)
\
Aa _Curstr+C ectb
K
B Tabnuue? C oHeu )
CurStr=CurStr+C Code=CodeStr(CurStr);
WriteCode(Code);
WriteCode(CurStr+C);
CurStr=C
|

Puc. 5.3. Cxarue no merony LZW

IIpumep: cxare mocnemoBarenbHOCTh 45, 55, 55, 151, 55, 55, 55. TpaccupoBka
JEUCTBUM alrOPUTMA MOXKET BBITVIAACTH CIACAYIOIMMM 00Pa3oM.

CurStr C Code Table
nycrasi CTpoKa 150301 (G Conepsxumoe

45 45 0..255 0..255
55 55 45 256 ClearCode
151 55 55 257 CodeEndOfInformation
55 151 55 258 "45 55"

55, 55 55 151 259 "S55, 55"
55 55 260 "S55, 151"

55 259 261 "151, 55"
55 262 "S55, 55, 55"
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B BBIXOMHOW TOTOK MOJIYYHM CIASAYIONIYIO TOCIEA0BAaTeIbHOCTE: 256, 45, 55,
55,151,259, 55, 257.

Ocobennocty LZW 3akimodaeTcsa B TOM, YTO IS JACKOMIPECCHU HE HAAO CO-
XpaHATh TAONHITY CTPOK B (hailyl A71d pacmakoBKH. AJITOPUTM MOCTPOEH TakuM obOpa-
30M, 4TO BO3MOXHO BOCCTAHOBUTH TAOJMIYy CTPOK, MOJIb3YSICh TOJBKO MOTOKOM KO-
JIOB.

Jlerko BUAETh OCHOBHOM HEMOCTATOK ajroputMma LZW: OH IJIOXO CXKHAMAET KO-
poTKue AaHHbie. HO Mo Mepe MOonoJIHEHUs CJIOBApS U MOSABJICHUS BO BXOAHOM MOTOKE
MOBTOPSIONIAXCS CCHIJIOK HA HETO KOAXD(PHUIMEHT ¢c3kaThst OBICTPO PACTET.

Meron cxarus LZW wmcnons3yercs B ¢dopmarax GIF (Graphics Interchange
Format — ¢opmar oomena rpaduxoii) u TIFF (Tagged Image File Format), pa3zpa6o-
TaHHBIX BO BTOpoii nojosuHe 1980-x ronos B kommanuu CompuServe.

®aiin popmara GIF — 310 HE MPOCTO OMMHOUHOE M300PAKEHUE, CIKATOE METO-
aom LZW. Ot1o nenas «06a3a JaHHBIX», CIIOCOOHAsA COAEPKaTh Cpa3y HECKOJIBKO HM30-
OpakeHHi 1 HAOOp MapaMeTPOB, OMMCHIBAOIIMX TMPaBWJIa WX HUCIONb30BaHus. Ha-
npumep, B 3arojioBke GIF-(aiina yka3siBaeTcss 9acToTa MOBTOPEHUM, ¢ KOTOPOH OT-
JEIbHbIE W300paKeHUs BBIBOJATCA MOBEPX JPYroro, 4TO MO3BOJISIET CO37aBaTh
«mynbeTakny. B GIF-datine xpaanutcs nadopManms 0 «po3pagHOM» MBETE, KOTOPBIH
HE 3aKpbiBacT (hoHA TPH BHIBOJAC M300pakeHWit Ha skpaH. [lepen cxarmem mzobpa-
KEeHUS, TpeanasHadeHnoro misa xpanenus B GIF-¢gopmare, B HemM mepeynopsaaounBa-
IOTCS CTPOKH, YTO TIO3BOJISIET BHIBOJAWUTH €r0 HA SKPaH MOCTEMEHHO, KaK MPOSBIIAIO-
myrocs ¢ororpaduio.

OcnoBHoM Hemocrarok GIF-popmara — cmocoOHOCTh XpaHWUTH TOJNBKO 256-
nBeTHbIe n3o0pakeHus. Taxxke GIF monroe Bpems 3ampeiieHo ObLIO MCHOIb30BATh B
KOMMEPYECKHUX MPHIOKeHUAX (Harmpumep, B cuctemMax CAIIP m KOMIBIOTEPHBIX WT-
pax). Tem ne menee momymsipaocth GIF-popmara mo cmx mop cToiab BBICOKA, UWTO
crieniajgbHO paspadoTaHHbii B cepeauHe 1990-x romoB B kKauecTBE albTePHATHUBHI
dbopmar PNG (PNG’s Not a GIF — PNG - sto ve GIF) Tak 1 HE cMOT CKOJIbKO-HUOYIb
3aMETHO «TOTECHUTH» CBOETO KOHKYPEHTA.

5.2. MeToambl c:kaTus ¢ YaCTUYHON noTepeii nHpopManu
5.2.1. Cnekmpanvnoe cxcamue. @opmam JPEG

NudopmalimoHHbie CUTHAJIBI B TIPUPOE — PE3YIIBTAT CIOKESHHS OONBIIOTO KOJIH-
yecTBa KoJieOaHni (HampuMep, 3BYKOBBIX HJIM CBETOBBIX BOJIH) C Pa3HBIMHU YaCTOTAMH
¥ aMIUTATyaMu. Pa3fokeHreM CHUTHAJIOB HA CYMMBI TApMOHWYECKUX (DYHKITHH 3a-
HUMAETCA CIIEKTPAJIbHBIN aHAJIU3!

® TMOJYUYECHUE CYMMbl CHHYCOU] — IpeoOpa3zoBaHue Oyphbe;
® T[OJYYCHUE CYMMBbI MPSAMOYTOJIbHBIX BOJIH — MpeoOpa3oBaHue YOIIIIIa,
® [IOJIY4YEHUE CYMMBbI KOCHHYCOHUJ — KOCUHYCHO€ MPeo0pa30BaHue U T.11.

Opranbl 4yBCTB 4eJIOBEKAa B OOJIBIIICH CTENEHU PEArupPyrOT HA HU3KOYACTOTHbBIC

COCTABJISIONINE CUTHAJIA, OHU Ooyiee MH(OPMATHUBHBI, YEM BBICOKOUACTOTHBIC. TakuM
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00pa3oM, MPAKTUYECKH BCEr/la U3 CUTHAJIA BO3MOXHO YAQIWTh YacTh «BbICOKOYAC-
TOTHOW» WH(OOPMANMK, HE CHJIBHO TOTEPAB MPH 3TOM B KaUeCTBE CHTHAjIA. JTO 00-
CTOATEILCTBO  MCTOJB3yeTcs B rpaduueckom ¢opmare JFIF, koropeiit Gombie mz-
BeCcTeH mon oOmenpuaaTeiM HamMmeHoBaHuem JPEG (Joint Photographic Experts
Group — O0beHEHHAS TPYTITA YKCIEPTOB 10 hoTorpadum).

Cxkarne nzodpaxkenuit mo merony JPEG BeImomHsAeTCA B pe3ysbTare CISAYIOMEH
MOCJIEA0BATEIbHOCTH IEHCTBUMN.

[IMar 1. IIpeaBapuTenbHO MPOU3BOAUTCSA MNEPEKOJUPOBAHUE HIOOPAKECHUS W3
npetoBoi cxembl RGB B cxemy YUV, B koTopoii Y xapaktepusyet spkocTh, a U u V
— KPACHO-3€JICHYIO U CUHE-3€JICHYIO COCTABJISIFOIIME LIBETA.

[Ilar 2. M3o6paxenue pa3dmuBaeTcsl Ha KBaaparHbie ()ParMEHTHI, KaKIbIM pas-
MepoM 8x8 mukcenoB. Beibopka u3 3tux 64 duncen paccMarpuBaeTCs Kak « CUTHAD, U
K HUM TPUMEHSETCA TUCKPETHOE KOCUHYCHOE IPE00pa3oBaHue:

DCT(, )= J—B<z>B<J>ZWZlC<x y)co{(zxz}l)"”}cos[(zy;;)f”},

x=0 y=0
e B(k)= 1/\Eﬁ; C(x, y) — IUKCEN C KOOpAWHATAMH (X, V).

Lk>0

B pesynaprare momydaercs cnekTp. Kak W3BeCTHO, CHEKTpalibHBIE MPeoOpa3oBaHUs
00paTUMBI, 1 HUKAKOH NOoTepH MH(POPMAIIMH TPH 3TOM He mpoucxoaut. [Ipu BoccTa-
HOBJIEHUX W300PAKEHUS UCTIOJIb3YETCSl 00PAaTHOE KOCUHYCHOE MPeoOpa3oBaHue.

IMIar 3. B cnekTpe HCKYyCCTBEHHO OCIA0NAIOTCA BRICOKOUACTOTHBIE KOMITOHEHTHI.
JIsig 3TOr0 OTCYETHI CHEKTPAa BHOBH COOMPAIOTCS B MATpully 8x8, u 3Ta mMarpuiia no-
YJICHHO JCIATCS Ha Marpuny koxdduimentos ocinadmenns. Ha puc. 5.4,6 npuseneH
IpUMEp TaKOoW MaTpHIbL: KO3(PGhUIIHEHTH 0CIa0aeHNs YBEIUUMBAIOTCS MPH JIBHIKE-
HUM CJIEBA HAMPABO M CBEPXY BHU3. ITa MATpHUla HE ABJISETCA MPEAONPEACTICHHOMN,
€€ COACPKUMOE BHIOMPAETCA CaMUM TMOJb30BATE/IEM B 3aBUCUMOCTH OT KEIaeMoi
CTeNeHU CKaTus (0OBIYHO TIPH TTOMOIITH «OeTyHKa» B TpadudeckoM peaakrope). Uem
0onee CHITBHBIH KOY((UIIMEHT CXKaTHs BBIOPAH, TeM OBICTPEE B MATPHIIC OCIA0ICHHS
BO3pacTaroT ko3¢ puitmenTsl. UMEHHO Ha 3TOM 3Tare MPOUCXOAUT TOTEPs YaCTH WH-

dbopmaruu.

25 |7 [g[11p3psny
ST 9 M3ns7s
TlOEnen g2
9 [MN3[57N9[2123
TIN3NST18[212 325
13
15
17

R R i

1o 718212312527
1719)12123[25127129
19212312512 7]129131

a) HyMepaLusi MUKCeJIOB  0) MaTpuia ociaadaeHus

Puc. 5.4. ranet anroputma JPEG
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[Ilar 5. B «ocnmabneHHOM) CIIEKTPE OUE€Hb MHOTO MOBTOPSIOMIMXCS (hParMeHTOB
W HYJIeBBIX 3HaueHWH. [loaTOMy Marpuma criekTpaabHbIX KO3(PPHUITUEHTOB, TPOHYME-
pOBaHHAS O TPUHIMITY «KOCOW 3MEWKmW» (cM. puc. 5.4,a), BHOBh mpeodpasyercs B
MaccuB U3 64 3IEMEHTOB, U K €€ COACPKUMOMY MPUMEHAETCS KaKoH-HUOyb U3 Tpa-
JMITHOHHBIX MeTooB cxarwst (RLE, LZW u T.1., 3T0 3aBUCUT OT KOHKPETHOH peau-
3aIlHH).

OObeM MOTYUECHHBIX JAHHBIX CYIECTBEHHO MEHbIIE NepBOHAaYalIbHOrO. Ho uem
BhITTIE KOA(DUIIMEHT CKATHUS, TEM BBIMIE UCKAKEHUS MCXOAHOTO W300paKEHUS (CM.
puc. 5.5). OObBIYHO MCKaXEHUS HOCAT PETYNApHbIN xapakTep. CrnpaBemuB BBIBO/I,
yTO mpuMeHenne anroputma JPEG mis cxxarus mTpruxoBhIX W300pakeHUH (OTCKaHH-
POBAHHBIX TEKCTOB, UEPTEIKEH, CXEM U T.I1.) HEOTIPABIAHHO.

a) UCXOMHOe n300paskeHue  0) cixkaToe n300pakeHue

Puc. 5.5. Uckaxxenue nzobpakeHus B pe3yibrare npumenenus merona JPEG

5.2.2. ®pakmansnoe cacamue. Popmam FIF

OpakTanapHas apXWBaIMs OCHOBAHA HA TOM, YTO MBI TIPEACTABIISIEM H300pake-
HUE B 00jiee KOMMAKTHOW (hopMe — ¢ MOMONIBIO KOA((DUIIMEHTOB CHCTEMBl UTEPH-
pyembix ¢yukimmii [terated Function System (IFS).

IFS npencrasnsger coboi Habop TpexmepHbIX adUHHBIX MPeoOpa3oBaHMA, Tie-
PEBOAAIIMX OJHO M300pakeHue B apyroe. [IpeoOpa3zoBaHKiO MOABEPTAOTCA TOUKHU B
TPEXMEPHOM TMPOCTPAHCTBE (X_KOOPAMHATA, Y KOOPJWHATA, IPKOCTH).

[Ipex e uem paccmaTpuBaTh cam MpoIEecC apxuBaluu, pazdoepem, kak IFS cTpo-
UT u300paxeHue, T.€. npoyecc oexomnpeccuu. Hanbonee HAMIAAHO 3TOT MPOILIECC
nmpoaeMoHcTpHupoBall bapHcan B cBoel kHmre «Fractal Image Compression». Tam
BBEJICHO TOHATHE «POMOKONUPOBANbHOT MAULUHbL», COCTOSIIECH U3 SKpaHa, Ha KOTO-
pOM M300pakeHa MCXOMHAA KapTHHKA, U CHCTEMBI JIMH3, TIPOSIUPYIOINX U300pake-
HUE Ha APYyTOo# 3kpaH (cM. puc. 5.6). Mammna paboTaeT 1o CIICAYIOIINM ITPaBHIIaM:

1) TuH3BI MOTYT TPOETUPOBATH YaCTh W300PaKEHUS TPOU3BOJIBHON (HOPMBI B
J1000€ IPYro€ MECTO HOBOTO M300PAXKEHUA,

2) obmacTh, B KOTOPBIE MPOCIIUPYIOTCA H300PaKSHUS, HE TIEPECEKAIOTCA,

3) MMH3a MOXKET MEHSTH SIPKOCTh M YMEHBIIATh KOHTPACTHOCTD;

4) nuH3a MOXET 3€PKaJbHO OTPaXkaTh W MOBOPAYMBATH CBOW (PpparMeHT m300pa-
KEHUS,

5) nuH3a moJKHA MacTabMpPoBaTh (YMEHBINATh) CBOW (PparMeHT H300paKeHUSI.
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Jlarana

IT oomyuae raoe
mz0bpaxeHEE

Puc. 5.6. «®@orokonuposaibpHas MamuHay bapucnu

Paccrapndas IMH3bI U MEHSAA MX XaPAKTCPUCTHKU, Mbl MOXKEM YIPABIATH MOJIY-
yaeMbIM n300pakeHueM. OaHa utepaius padoThl MAIIMHbBI 3aKIOYAETCA B TOM, YTO
MO UCXOJAHOMY M300paXXEHUIO ¢ MOMOIIBIO JTUH3 CTPOUTCS HOBOE, MOCJIE YErO HOBOE
OepeTcs B KAU€CTBE UCXOMHOTO. Y TBEPKAAETCA, UTO B MPOLIECCE UTEPAMH Mbl TIOJTY-
YUM U300pakKeHUE, KOTOPOE MepecTaHeT U3MEHAThCA. OHO OyIEeT 3aBUCETh TOJIBKO OT
PACIIOJIOKEHUS U XaPAKTEPUCTUK JIMH3 U HE OyleT 3aBUCETh OT UCXOAHOM KApTHUHKHU.
OTO U300pAKEHUE HAZBIBACTCS «HENOOGUIICHOU MOYKOUY WIN ammpakmopom TaHHON
IFS. CooTBercTBYIOIIAst TEOPUSA TAPAHTUPYET HAJIMYUE POBHO OJHON HEMOIABUKHOM
Touku A kaxkaou IFS. HanbGonee n3BecTHH Ba M300paKeHHUA, MOJyUYEHHBIE C TIO-
momipio [FS, — Tpeyronmpank CeprimHckoro n manopoTHUk bapucmum (cMm. puc. 5.7).
[TepBoe 3amaercs Tpems, a BTopoe — nAThio adHUHHBIMEU TPpeoOpa3oBaHUAMHU (VITH, B
Hared TepMuHojorun, jguH3amu). Kaxnoe mpeoOpazoBanme 3amaeTcs OyKBaJbHO
CUMTAHHBIMU OaiiTaMu, B TO BpeMA KaK U300paKEHHE, MOCTPOESHHOE C X MOMOIIBIO,
MOXET 3aHUMAaTh U HECKOJIbKO Merabair.

Puc. 5.7. ®paxrans! «nanopoTHUK bapHcan» u «TpeyronbHUk CeprnuHCKOro»

dakTHYECKH, PpakmanvHas KOMNpeccus — 3TO TIOUCK CaMOTIOMOOHBIX 00MacTe
B M300paXCHWH W OMPECICHUE 11 HUX mapameTpos adPuHHBIX TpeoOpa3oBaHUi.
JIis co3aanus peajbHBIX aTOPUTMOB KOMIIPECCHN HUCTIONB3YETCS P OTPAHUUCHHM.
[IpaBuna koMmopeccum:
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1) ucxomnoe m3oOpakeHne pa3doMBacTCs HA MOAOOIACTH, KOTOPBIC TPEACTABIIS-
10T U3 ce0s KBaApaThl, KOTOPbIE HA3BIBAKOTCA panzoguimu Onoxamu. PaHroseie OI0OKU
MEePECEeKaThCs HE MOTYT;

2)Ha WCXOAHOM H300PAKEHUU BBIICISAIOTCS OOMEHbl — 93TO COBOKYMHOCTH
4-panroBeix 010KOB. JIoMEHBI MOTYT mepeceKkarbcs. Bece paHroBeie OJIOKM M TOMEHBI
— 3TO KBAJIpaThl CO CTOPOHAMMU, MAPAIIIECILHBIMUA U300PAKEHHUIO;

3) M KaXa0TO PAHTOBOTO OJIOKA TTPOM3BOIUTCS TOTIHITKA HAWTH Ha W300paxe-
HHMH JIOMEH, TaKOH 4TOOBI 3TOT JOMEH MOKHO OBLIIO MpeoOpa3oBaTh B PAHTOBBIM OIOK
npu oMoty adphUHHBIX TPeoOPa30BaHMUIA,

4) mepeBojl TOMEHA B PAHTOBBIN OJIOK MPOW3BOAMTCS C MOMOIIBIO MIOBOPOTA A0~
mena Ha 0°, 90°, 180°, 270° u ¢ mOMOIIBIO 3€pKATBHOTO NPeoOPa30BAHUS;

5) mpu mepeBoe AOMEHHON 00NMacTH B PAHTOBYIO,e€ JTMHEHHBIA pa3Mep YMEHb-
maeTcs B 2 pasa;

6) u3MEHEHNEe APKOCTH MPOU3ZBOAUTCS KPAaTHO HEKOTOPOMY KO PHUITHEHTY;

7) coBnasieHre MPeoOpPa3OBaHHOTO JOMEHA C PAHTOBBIM OJIOKOM MOKET MPOU3-
BOJAUTHCA MPHU MOMOIIN CPEAHEKBAAPATUYHOTO OTKJIOHCHMUS:

2
Z(XOOM - x6ﬂ1<) < Eyon >

TJE X0y — TOUKA B IOMEHE, Xgpx — TOUKA B OJIOKE; €0y — NOPOTOBOE 3HAYEHUE «ITOXO-
KECTUY
8) ecnm ke TSI HEKOTOPOTO PAHTOBOTO OJIoKa HE OBLJIO HAWAEHO HU OJHOTO
YIOBJIETBOPSIONIETO CPEAHEKBAIPATHUHOMY OTKJIOHEHHIO TOMEHA, TO PAHTOBBIH OJTOK
pazouBaeTcs Ha 4 moA0ONaCTH, U AJI KQXKA0W U3 HUX UILYTCS JOMEHBI,
9) KoOpAMHATHI, KOTOPBIC OYyT COXPAHATHCS B (haiii:
® KOOpJMHATa 2 4ucia;
e 3 6ura (Homep aduHHOTO TPeoOpa3OBaHUA);
® U3MCHCHHE SIPKOCTH.

—
L
IHEEI

Puc. 5.8. IIpouecc apxuBanum — MOUCK CaMOTNIOAOOHBIX 00NacTei
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Jlexomnpeccus anroputMa (hpaKTaJbHOTO CXAaTHS Ype3BbIUaiiHoO mpocta. Heolb-
XOMMO TIPOBECTH HECKOJIBKO WTEpaIuii TpexmMepHbx aduHHBIX TPeoOpa3oBaHUH,
K03(h(PUTIMEHTHI KOTOPHIX OBLIN TIOYYCHBI HA 3TAre KOMITPECCHH.

B kauecTBe Ha4abHOTO MOXET OBITH B3ATO a0COIOTHO JI000€ HM300pakKeHHE
(HampuMep, aOCOJIOTHO YEPHOE), TMOCKOJBKY COOTBETCTBYIOIIMM MAaTEMaTHUECKHMA
anmapar TapaHTAPYeT HaM CXOAMMOCTH IMOCIIEA0BATECILHOCTH W300paKeHUH, TONy-
yaeMbIX B xojie ureparuit [FS, k HenonsmkaOMY nM300pakeHuto (OIM3KOMY K HUCXO/I-
HOMY ). OOBIYHO T4 3TOTO AOCTATOYHO 16 ureparmii.

Puc. 5.9. IIpouecc nexomnpeccuu n300pakeHni

Ha puc. 5.9. mpuBeneHo HadanbHOE M300pakeHue (pa3IMHOBAHHBIN KBaapar) U
N300paKCHUS, TIOIYUSHHBIC B PE3YJIBTATE TIEPBBIX MATH UTEPAIUid pabOTHI aJirOpUTMa
JIEKOMTIPE CCHH.

dopmaTbHBIC XapaKTEPUCTHKH (DPAKTATLHOTO AJITOPUTMA CIIETYIOIITHE.

Koadpdpummentsr kommpeccnn: 2-2000 (3amaercs monbp30BaTeneM).

Knacc m3oOpakenuit: momHolBEeTHbIE 24-OMTHBIC W300pakKeHHMS WA H300pa-
KEHUS B TPajaIusax ceporo 0e3 pe3kux mepexooB 1nBeToB (¢ororpadum). Kema-
TEIHHO, YTOOBI 001aCTH OOMBINEH 3HAUMMOCTH (11 BOCTIpUATHA) OblTH O0JIee KOH-
TPACTHBIMH W PE3KAMH, a 00JAaCTH MEHBINEH 3HAUMMOCTA — HEKOHTPACTHBIMH H
Pa3MBITHIMHU.

Cummerpuunocts: 100-100000. D10 OTHOIIEHHE XAPAKTEPUCTUKHU AJTOPUTMA
KOJTMPOBAHMS K aHAJOTUIHOM XapaKTEPUCTHKE MPH JIEKOTUPOBAHUH. XaPaAKTCPU3YET
PECYPCOEMKOCTh TIPOTIECCOB KOMMPOBaHUSA W aekonupoBaHus. [lis Hac HamObosee
BKHOU SABJIACTCA CHMMETPUYHOCTD IO BPEMEHH. OTHOIIIEHNUE BPEMEHH KOJMPOBAHUS
KO BPEMCHH JICKOTUPOBAHUS.
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XapakTepHbie 0COOEHHOCTU: MOXET CBOOOJHO MAacCIITaOUPOBaTh U300pAKECHHE
MIPU pa3apxuBallii, yYBEIWUYWBas ero B 2-4 paza 0e3 MOSABICHUS «JIECTHUIHOTO (-
(dexray. [Ipn yBeTUUeHNN CTETICHH KOMIIPECCHH TIOABIIAETCA «OmouHbIiny d(dexr Ha
rpaHuiax OJOKOB B U300PAXKEHUHU.

Jlnst oOMeHa N300paKEHUAMH MEXK Ty UCCIIEIOBATENIAMH B 001acT (hpakTaabHO-

rO CXKaTHs CIYXHUT O(PHUITHATBHO 3aPETHCTPUPOBAHHBINA W 3aMaTeHTOBAHHBIN (hopMaT
FIF.

5.2.3. Boanoeoe cocamue. @opmam JPEG2000

Kax w3BecTHO, mobas mapa gucen (xi,X;) MOXKET ObITh 0€3 HH(POPMAITHOHHBIX
MOTEPh 3aMEHEHA MBYMS APYTUMH duciaMu (V1,)2), The y1=(x,+x,)/2 — momycymma, a
Vo=(X1-X2)/2 — IOMYyPa3HOCTh UCXOTHBIX YHCEIL.

TouHo Tak xe Mr0dad YeTBEpKa YUCET (%11 %15, %20, %0) MosKeT GBITH 3aMeHeHa Ha-

6opoM  (¥1> Via> Vai» Va2) > THE
Vi =X + Xy + X +x5) /4,
Vi = (X + X5 — Xy — X)) /4,
Va1 = (X =Xy + Xy — X)) / 4,
Yoy = (X = Xy — Xy +Xp5) /4
AHAJOTUYHO MOTYT OBITh IPEACTABICHB HAOOPHI U3 APYTHX 2N yucen.
Koaddumumentsr —1 u +1 B 3THX hopMynax MOTYT OBITh MOJYyYCHBI KaK 3HAUCHHUS
TaK Ha3bIBACMBIX BEHBNET-PyHKIMIA (0T aHTII. wavelet — BCIIJIECK) TIPH Pa3HBIX apry-

meHTax. Ha puc. 5.10 mpuBeneHsl HEKOTOpBIE BEHBIET-(PyHKIMM M WX KyCOUHO-
MMOCTOSHHBIE AMMPOKCUMALINH.

+ wit)

0.5 1 t

-1

a) mnpoctoii BeiiBner 0) Betizer MHAT B) BeiiBner Mopie

Puc. 5.10. ITpumeps! BeiiBieT-hyHKIUIA

B ponu umcen (x; 1, X1, X2.1, X22) MOTYT BBICTYNAaTh SIPKOCTH COCEIHMX MHKCE-
JIOB, 00pa3yromux KBaaAparuk 2x2. BIMOJHUB mpeoOpa3oBaHusl, aHAJIOTHUYHBIE BBI-
[IEPACCMOTPEHHBIM, MBI MOJYYUM HOBBIH HAOOp uncen (Yi.1, Y12, V2.1, Y2.2), KOKI0€
U3 KOTOPBIX MPEICTABIAET COOOM PE3YJIbTAT KAKOrO-TO YCPEAHEHUS UCXOHBIX SIPKO-
CTEH MHUKCEJIOB: MO IJIONIAAM, MO TOPU3OHTANIM, MO BEPTUKAIM WX MO AUArOHAJIM.
CrnenoBarebHO, Mbl MOXKEM PAcCMaTPUBATh KaXJA0€ U3 3TUX YUCEN KaK OTAECIbHBIN
MMAKCEJT OTHOTO M3 YETHIPEX HOBBIX, KYCPEIHCHHBIX» m300paxenuit (cm. puc. 5.11).
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JIns Toro 4ToObl ATO MOXKHO OBLIO CaeNaTh, HEOOXOAMMO MOCTYIHUTHCS YacThlO HH-
dhopmarm, comEpIKaBIICHCS B STOM HAa0Ope, a UMEHHO. OKPYIJIUTH TOTYYHUBIITHAECS
3HaUCHUA 10 OmvKaWimmx menbix. Pasymeercs, oOparHoe mpeoOpa3oBaHHE TEIephb
MPUBEJICT K HEKOTOPBHIM MCKAKCHUSM B UCXOAHOM M300pa)K€HUU, HO OHO OyAeT He-
oonbiuM. Kaxxioe u3 4eThipex MOMyUYMBIIUXCS W300paK€HUI MOKHO BHOBb MOJI-
BEPrHYTh AHAJIOTUYHBIM MPEOOPA30BAHUAM, A MOTOM €IIE U eIle pa3... Bedakuii pas
OyneT TepAThCA 4acTh WH(GOPMAIIUN, U BCAKHIA pa3 B «HOBBIX)» M300paKeHUSIX OymeT
BCE CHJIbHEH M CHJIBHEH MPOSIBIATHCS d(P(HEKT yMEHBIICHUS KOHTPACTHOCTH, T.€. Tie-
penaja SpKoCTedl MEXAY COCETHUMH MUKCENaMHU. IDTO MO3BOJISAET, MPOU3BEIA HEKO-
TOPOE KOIMUYECTBO mUTeparuii (00braHO, 4-60), 3aMEHUTH TTUKCEITBI PA3HOCTIMHU JBYX
cocenHux. B Takux Habopax MaHHBIX OYEHb MHOTO HYJICH W MOBTOPAIOIIMXCA MOCTIE-
JOBATEILHOCTEH, UTO TO3BONISET A((HEKTUBHO CIKUMATh WX KaKUMHU-HUOYIh «TPaIu-
MUOHHBIMIY MeTonamu (Hanpumep, RLE nun LZW).

Puc. 5.11. UnmrocTpanusi OMHON UTEPAaLIMKU BOJIHOBOT'O CXKATHUs

BomHoBbIe MeTOMBI 00121AF0T IPUEMIIEMBIM OBICTPOACHCTBHEM U KOA((DHUTTHCH-
TOM cxkarusi. VICkaskeHUs, BHECCHHBIE B PE3YJIbTare UX MPUMEHEHUS, HE HOCAT pery-
JITPHOTO XapaKTepa ¥ PAaBHOMEPHO PACMPEAENICHBI IO BCEH MIIOMIaAN U300paXKEeHHS.

BomHoBeIE MeETOMBI CKATWsl HWCMONB30BAaHBI B MEPCIEKTHBHOM  hopMmare

JPEG2000, xoTophIii, KaK MpEearonaaracTcs, B TeUeHUe OMMKaWIMX 5-7 JeT 3aMEHUT
coboii JPEG.

5.3. O6uwmii 0030p meToa0B c:xxkaTus rpadudeckoii uHgpopmauu

MetonoB cxkartusi U300PAKEHUH CYIIECTBYET OTPOMHOE KOJIMYECTBO, U JIAJIEKO
HE BCE M3 HUX ObUIM HAMU PACCMOTPEHbl. MHOTME CYyIIECTBYIOIINE METOABl OPUEH-
TAPOBAHBI HA KAKOW-TO KOHKPETHHIN Tun rpaduku, HanpuMmep, meton JBIG nneanen
JUTSL CYKATHSI MOHOXPOMHBIX IITPUXOBBIX W300paKEHUH (TEKCTOB U CXEM), U TIOITOMY
MPUMEHSCTCA TOJBKO MPH Tepeaade rpaduaecKknx JaHHBIX 1Mo (akcy, a Takxke B Gop-
mare DJVU s XxpaHeHHsT OTCKAaHUPOBAHHBIX KHUT. P MeTOAOB OCHOBAH Ha MpPEa-
BapUTEIIbHOW BEKTOPHU3AITMN M300paXCHHH (HAamprUMep, METOI, UCTIOIb30BAHHBIN TS
XpaHEHUS AJICKTPOHHBIX myOrmmkamwii B ¢opmare PDF). Takke BwImam W3 HAIIETo
PacCMOTPEHHUS Psii YHUBEPCATBHBIX METOMOB (Hampumep, MmeTon Xaddmana, meton
apu(pMETHIECKOTO KOJUPOBAHUS H TIP. ), KOTOPHIE MOTYT HUCITOJIB30BAThCS TS CHKATHS
rpadgudecKux JaHHBIX, HO BCE YK€ TIPOUTPHIBAIOT B CTEMIEHU CxKaTUsA OoJee crnenuanu-
3UPOBAHHBIM METOIAM.

131



B zakmoueHne mpuBeieM CBOAHYIO TAOIHUILy, XapaKTEPU3YIOIIYI0 MOTEHIUAb-
HbIE BO3MOYKHOCTH PACCMOTPEHHBIX METOIOB (TI0 maHHbIM, ipuBeacHABIM J[.C. Bato-
JIUHBIM B KHUATE « AJITOPUTMBI C3KATHS N300paKEHUI ).

Tabnxunab?2 Xapakmepucmurku mMemooos cocamus u3odparsicenuil

RLE LZW JPEG dDpakT-it Boanosoi
Haznauenue 1-, 2-, 4-6ur 8- our 8-,16-,24-6ut | 8-16-24-6ur | 8-16-24-6ur
ITorepu Her Her Ja Ja Ja
Kex o 32 o 1000 2-200 2-2000 2-200
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