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BBeaeHue

Ecnu 3arnsHyTh B MCTOPUIO, TO MOXHO MPOCJIEANTh, KAK C MOMEHTA
nosiBiicHUs: TepBbix OBM mmoam cTpeMsTcs pa3HOOOpa3uTh CIOCOOBI
OOIlIeHUsT YeJIOBeKAa W MAIWHBI, NPUOIU3MBIINCH K YPOBHIO OOIICHUS
YeJlIoBeKa C YEJOBEKOM. OJTo obuieHue Obwio Obl  ropaszmo Oojee
OTpaHUYCHHBIM, €ClM Obl HE MCIOJB30BAI0 OJUH M3 Hauboliee MPOCTHIX
croco0oB  — s3bIK M300pakeHuii, oOpazoB. CeromHs rpaduueckue
U300pKEHHUS HA DOSKpaHE MOHHUTOpPAa COBPEMEHHOIO MEePCOHAIBHOTO
KOMITbIOTEpA CTaju JJII HAac HOPMOW, COBEPIICHHO HEOThEMIIEMbIM
atpuOytom wuHTepdeiica. CrekTp NPUMEHEHUsS KOMIBIOTEpHON Tpadukw,
OMUMO CpE€JICTBa MHTepdeiica «uenoBeK-MallliHa», YPE3BbIYAMHO IIUPOK:
OT CO3JIaHUS PEKJIAMHBIX POJINKOB, KOMIBIOTEPHBIX MYJIBT(OUIBMOB H HTD,
KpOsI OJICK/IbI, MAJIBIX U MOHYMEHTAJIbHBIX ()OpPM IU3aiiHa, KOMITBIOTCPHOMN
KUBOIIMCH JIO BH3yallM3allid pPe3yJbTaTOB Hay4HbIX wu3bickanui [10].
MO0>KHO ¢ YBEpEHHOCTBIO CKa3aTh, YTO MOIMYJISIpHOCTH INnternet, u B vactHoctu
WWW, Bo MHOrOM OOBSICHAETCSA IUIMPOKUM IPUMEHEHUEM Tpa(UKH.

PBIHOK mporpaMMHOTO ¥ armapaTHOTO O0€CTeUeHUsT KOMITBIOTEPHOMN
rpaguKkd — OJWH W3 CaMbIX JAWHAMHUYHBIX. OO0 3TOM MOXKHO CYAHUTH IIO
o0beMy JIUTEpaTypbl M YUCITYy cepBUCOB INternet, mocBsUIEHHBIX TaK WU
WHa4Ye KOMIBIOTEPHOU rpaduke.

[IpeameTrom  nmaHHOM  paboThl  siBNsieTCs  oOmmMpHas  00JiacTh
KOMITBIOTEPHBIX HAYK, IOCBSIIEHHAS TPEJCTABICHUIO JAHHBIX B IMaMSTH
OBM B rpaduueckoit opme. D10 camoe o0IIee onpeeseHne, Tak KaK Mo
JAHHBIMM MOJKHO TIOHMMATh KaK HEMOCPEACTBEHHO XpaHsIleecss B BHUIE
daiina u300paxkeHre B OJJHOM M3 rpaduueckux (popMaroB, TaKk U MPOTOKOI
oOMeHa KOMaHJaMU MeXAy moJib3oBaresieM U1 DBM (To, 4TO MBI Ha3bIBaeM
rpaduueckuM  uHTEepdeiicom), U  OUTOBYIO  MOCJIEIOBATEIbHOCTD,
chOopMUpPOBaHHYIO [JIs BBIBOJA Ha DKpaH WJIM TedaTarollee yCTPOWCTRBO.
MeToapl B CrOCOOBI TIPEACTABICHHUS W MAHUITYJISSIIMN 3TUM BHIOM JaHHBIX
OTHOCATCS K KOMIIETEHITUN KOMITBIOTEPHOH TpaduKy.

B pabore paccMarpuBaroTcs pa3iaudHbIE CHOCOOBI MPEACTABICHUS
n3o0pakeHnii B mamsath DOBM, MeTombl W anropuTMbl pacTepus3aluu U
00pabOTKM pAaCcTPOBBIX HW300PKECHUI, MaTpUYHBIC MpeoOpa3oBaHUs Ha
IJIOCKOCTH W B TMPOCTPAHCTBE, METOJBI U QJITOPUTMBI YIAJICHHUS CKPBITHIX
JIMHUM U moBepxHocTer. KpoMe Toro, mpuBoAsTCS OCHOBBI MCIOJIB30BaHUS
rpaduyeckori OmOmmorekn OpenGL, a Takke ONMCHIBAIOTCS 0a30BbIC
amnmapaTHbIe CPEJICTBA, UCTIOIb3yEMbIE PU PabOTe C N300paAKEHUSIMHU.

[TporpamMmHBIil KOJ, MpHUBENEHHBIH B mocoOuu, co3man B MS Visual
Studio 2010 na s3ike CH.



1. CnocoO6bI npeacTaB/IeHUs U300pakeHud B IBM

Komnviomepnaa (mawunnasn) cpaguxka — o001acTh JEATEIBHOCTH,
M3ydJaromas Co3/laHue, CIOCOObI XpaHEHUS W 00pabOTKM W300paKeHUH C
nomouipio OBM. Tlon wunmepaxkmuenoii KOMIBIOTEPHON TrpaduKoif
MOHUMAIOT pa3liell KOMIBIOTEPHOW Tpaduky, W3yJaronuid BOMPOCHI
JTUHAMUYECKOTO YMPABICHUS CO CTOPOHBI IMOJB30BATENS COJIEP)KAHHUEM
nU300paxkeHus, ero (GopMoH, pazMepamMu M I[BETOM Ha JKpaHE C MOMOIIbIO
UHTEPAKTUBHBIX YCTPOUCTB B3auMOJEHCTBUA. Kpome HHTEpakTUBHOU B
KOMITBIOTEPHOM IpaduKe BBIACISIOT pa3/ieibl, U3y4alolue METO bl paboThI C
U300pa)KEHUEM Ha IUIOCKOCTH, TakK Has3biBaemywo 2D  cpaguky, u
mpexmepuyto (3D) cpaghuxy.

TpexMepHoe H300paK€HHE OTIMYAETCS OT JBYXMEPHOIO, TEM, YTO
CTPOUTCA MCXOAS W3 MAaTEMaTUYECKOIO OIKCAaHUS HEKOTOPOH TpeXMepHOM
cueHbl. MaTeMaTH4ecKOe ONMUCAHUE CLIEHBI Yallle BCETO SIBISIETCS MOJENbIO
(¢u3nueckux 0OBEKTOB B TPEXMEPHOM MPOCTpaHCTBE. Takum oOpazom, i
ITOJTyYEHHUS TPEXMEPHOTO M300paKEeHUS TpedyeTcs ITOCTPOUTH
MaTeMaTUYeCKyl0 MOJelb CIEHbl M OOBEKTOB Ha Hel, a janee
BU3yaJIM3UPOBATh IYTEM IMIOJYYEHUS MPOEKIHH C YYETOM OCBEIICHUS
MaTepHalioB U mp. B pe3ynbTaTe BU3yadu3aluu Mbl MOJYYUM H300pakeHHUE
Ha IJIOCKOCTHU SKpaHa WM Ha BBIXOJIE IPUHTEPA.

Bomnpocs 2D, 3D rpaduku, o01iero reoMeTpruIecKoro MoIeIMpOBaHHS,
CBA3aHHBIE C BHU3yaJIH3alMeldl TEOMETPUYECKHX MOJENEed BXOIAT B
KOMITETEHLIUIO KOMNbIOMEPHOIL 2e0MEMPU.

Ha crnenumanuzanuio B OTHEIBHBIX OOJACTSAX YKa3bIBAIOT Ha3BaHUS
HEKOTOpPBIX pAa3[esioB: HH)XEHepHas rpaduka, HayuyHas rpaduka, Web-
rpaduka, KOMIbIOTEPHAs MOJIUTpadus U MpoUue.

Kpome srtoro, mo cmnocoOy mnpeactaBieHuss H300pa)K€HUsSI B MaMSTU
OBM, KOMIIBIOTEPHYIO TPaQUKy pa3aeisioT HA 6eKMOPHYIO, PACHIPOBYIO U
¢pakmaneuyro. PaccmoTpuMm moJpoOHEE H3TH CHOCOOBI MPEACTaBICHUS
M300paKEHHUM, BBIJIEIMM HX OCHOBHBIE MapaMeTpbl U OMNpEeAeIUM HX
JIOCTOMHCTBA U HEJJOCTATKHU.

1.1. PacTpoBoe npeacTaB/ieHHe U300paKeHU

Yro Takoe pacTpoBoe uzoopaxeHue?

BossméMm dororpaduro (mampumep, cm. puc. 1.1). Koneuno, ona Toxe
COCTOMT W3 MAJICHBKHX D3JIEMEHTOB, HO OyJeM CUMTaTh, YTO OTJEIbHbBIC
AJIEMEHTHI MBI paccMOTpeTh He MokeM. OHa TIpeacTaBisieTcsa A Hac, Kak
peanpHasi KapTUHA TPUPOJIBI.

Tenmeppr HamoOXUM Ha H300paKEHUE MPSIMOYTONBHYIO CeTKy. Takum
o0pas3om, pa3oObeM H300pak€eHHWE Ha MPSAMOYTOJIbHBIC dJIeMEHThI. Kaxbiii
OPsIMOYTOJIBHUK 3aKpacuM IIBETOM, MPpeo0IaJatoniuM B HEM (Ha caMOM Jiefie



MIPOTPaMMBbI TIPH OMU(PPOBKE TEHEPUPYIOT HEKUN «CPEAHHI IIBET, T. €. €CIU
y Hac ObUia omHa 4y€pHas TOYKA M OJHA Oenasi, TO MPSIMOYTOJbHUK OyaeT
MMETh CEPBIN 1IBET).

Kakx MBI BHIUM, M300paK€HHE CTAlI0 COCTOSATH W3 KOHEYHOTO YHCIa
MPSMOYTOJIBHAUKOB OMPENCIEHHOTO 1[BETa. DTH MPSMOYTOJBbHUKNA HA3bIBAIOT
pixel (ot PIX ELement) — nukcen vian nuxcens.
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Puc. 1.1. UcxogHoe n300pakeHne

Tenepp kakumM-muOO MeTOHOM 3aHymepyem I1Betra. KoHkpeTHas
peanusanys 3TUX METONOB HAC II0Ka He uHTepecyeT. /s Hac celyac BaKHO
TO, YTO KaXIbI IMKCEIb HAa PUCYHKE CTaJl UMETh ONPEICIEHHBIN LBET,
0003HauYeHHBIH ynciiom (puc. 1.2).
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Puc. 1.2. ®parmenT onnppoBaHHOTO N300paKEHNUS U HOMEPA [[BETOB

Tenepp noitaém mo MopsAAKy (CaeBa HAMpPaBO U CBEPXY BHU3) U OyJeM B
CTPOYKY BBIITUCHIBATH HOMEPAa IIBETOB BCTPEYAIOIIUXCS  ITHKCENECH.
[TomyuuTcst CTpoKa MPUMEPHO CIIEIYIOIIETO BHIA!
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Bor 3Ta cTpoka m ecthb Hamu onM(ppPOBAHHBIC JAHHBIC. Temeph MbI
MOEM CKaTh UX (TaK KaK HEC)KaThle rpaduyecKue JaHHBIE OOBIYHO UMEIOT
JIOCTATOYHO OOJIBIIION pa3Mep) U COXPaHUTh B (aii.

Hrtax, mox pacmposvim (bitmap, raster) mnoHmMarOT crmocod
MIPEACTABICHUS] W300paXEHUSI B BHUIE COBOKYIMTHOCTH OTIEIBHBIX TOYEK
(muKcenel) pa3IUYHBIX IIBETOB WJIM OTTEHKOB. JTO HamOoJIee MPOCTOM
croco0 mpeacTaBiIeHus H300pakeHus1, KOO TaKMM 00pa30M BUIUT HAII rias3.

JIOCTOMHCTBOM TaKOro Crocoba SBISETCS BO3MOXKHOCTH MONyUCHUS
doTopeanucTHUYHOrO M300paKCHHUST BBICOKOTO KauecTBA B  Pa3IUIHOM
[[BETOBOM JHara3oHe. BrICOKas TOYHOCTh W IIMPOKHHA I[BETOBOW JHMAINa30H
TpeOyIoT yBenuueHus: oObeMa (paitna Juisi XpaHeHUs HU300paXKEeHUS U
OMEpaTUBHOM TMaMsITH MJisi ero oO0paOOTKH, YTO MOXKHO OTHECTH K
HEJO0CTaTKaM. BTOPBIM CYIIECTBEHHBIM HEIOCTATKOM SBIIICTCS TOTEPS
KauecTBa U300paXeHUs IPHU €ro MacIITadMpOBaHUU.

1.1.1.IlapaMeTpbl pacCTPOBbIX U300pPAKEHUU

Kak yxe roBopmiIocs paHee, pacTpOBOE M300paKCHHUE MPEICTABISETCS
B mamsath OBM B Bujae MaTpulbl OTACIBHBIX MHUKCENEH. B 3TON CBs3M
BO3HHMKAET BOIPOC O TOM, KaKOBO JOJDKHO OBITH UMCIO ITHX IMHKCEICH U
KaKO€ YUCJI0 OUT OTBOAMTCS JJISi XpAaHEHHUS OJHOTO IMUKCEINS, T. €. KaKOBBI
OCHOBHBIC TIApaMETPhl PACTPOBOTO M300paKEHUSI — pa3pelICHUe W TIIyOWMHa
I[BETA.

Paspewenue (resolution) — sto cTeneHs aeTaau3aliik U300paKCHHMS,
YUCJIO THKCeNel (TOYeK), OTBOAUMBIX Ha enuHully Iuiomanau. [loatomy
UMEET CMBICI TOBOPUTH O  pa3peuieHud  HU300paKEHUS  TOJIBKO
OPUMEHUTENIBHO K KakoMy-IMOO YCTPOWCTBY BBOJAA WM  BBIBOJAA
uzo0paxxkenus. Hampumep, nmoka umeercs oobrdHasi potorpadust Ha TBEpAOM
HOCHTEIIe, HeJb3s CKa3aTh O ee pa3peinieHud. Ho kak TOIbKO MBI MOMBITAEMCS
BBeCTH 3Ty (oTorpaduio B KOMIIBIOTEp uUepe3 CKaHep, HaM HEOOXOIMMO
OyIeT onpenenuTh pa3pelicHue OpUruHaa, T. €. YKa3aTh KOJUYECTBO TOUCK,
CUMTHIBAEMBIX CKAHEPOM C OJHOTO KBaJIpaTHOTO Jf0Ma.

[TockonbKy H300pake€HUE MOYKHO paccMaTpPUBaTh MPUMEHHTEIBHO K
Pa3IMYHBIM YCTPOKWCTBAM, TO CIICTYET pa3InyaTh:

"  pa3pelIeHUe OpPUTHUHANA;
"  pa3pelIeHue SKPaHHOTO N300PKCHHUS,
" pa3pelieHue MeYaTHOTO N300paKEHUSI.

Paspemienue opuruHasa. Paspemienne opuruHaiga OnpeaesaeTcs mpu
BBOJIC M300paXKCHUS B KOMIBIOTEP W HM3MEpSIeTCsS B TOYKax Ha aroiM (dots
per inch - dpi). IIpu sTomM KommdecTBO dpi OmpemeasieT HE YHUCIO TOYECK B
KBaJPaTHOM JIOKMeE, a KOJUYECTBO TOUYEK HA OJHOMU ero ctopone. Hampumep,
300 dpi o3nHawaeT, yTO B KBaJpaTHBIA TIOWM H300pPAKCHHUS TOKPHIBACTCS



pactpoBoii cerkoi 300x300 u mociie CKaHUPOBAHMS, H300paKEHUE
COOTBETCTBYIOIIEE, KBaapaTHOMy maroiMy Oyner coctoare w3 90 000
ITAKCETIEN.

B nanpHelmieMm paspelleHHe OpUIMHAJIA BIWAET Ha pa3peuieHue
M300paXeHU BBIBOJMMBIX Ha Pa3HBIX YCTPONCTBaxX (MpUHTEpax, dKpaHax
MOHHUTOPOB).

VYcTaHOBKa paspelieHusl OpUIMHajga 3aBUCUT OT TpeOOBaHUH,
NpEeabABISIEMbIX K KauecTBy M300paxkeHuss W pasmepy (Qaitna. B olmem
cily4yae JCHCTBYET MpaBWIIO: YEM BbIlE TPeOOBaHUS K KaYeCTBY, TEM BBIIIIE
JOJIKHO OBITh pa3pellieHrne OpuruHaia.

JUis mody4deHWsT Ha DSKpaHe H300pakeHUs ONM3KOro K pasmepy
opurrHajza OOBIYHO WCIONB3yeT paspemeHus 72-75 dpi. Jlns BwIBoma
n300paxkeHus: B JalbHEHIIEM Ha T[e4aTh W pPaclo3HaBaHUS TEKCTa
pekoMeHayeTcst ycranaBnuBaTh pazpemenun 300-600 dpi. Ecnu ucxomgHoe
M300pakeHHe HEOOJBIIOr0 pa3Mepa M €ro IUIaHUPYETCS YBEIUYUTh U
BBIBECTH Ha Me4YaTh, TO B 3TOM CIlydyae paspellieHHe OpHUTuHaia Jydlle
yctanaBnmuBath 600-1200 dpi. CkaHupoBaHuE ClaiiIoB, HEraTUBHBIX
(OTOIJIEHOK Y KA4YeCTBEHHBIX MATE€pUaloB i mnoiaurpadguu Tpedyer
YCTaHOBKM BeNIM4MHBI paspenieaus 1200 u 6onee dpi.

Pa3pemienne 3KpaHHOro wu3o0paskenusi. /U1 SKpaHHBIX KONUH
N300pakeHUs 3JIEMEHTApHYI0 TOYKY pacTpa MPHUHITO Ha3blBaTh MHKCEIEM
(pixel). [ns m3amepenust paspeuicHus 3KpaHHOTO U300pakeHust, kpome dpi,
UCTIONB3YIOT enuHuiia u3Mepenus ppi (pixel per inch). Pasmep mukcens, a
3HaYUT M paspelieHHe OHKPaHHOIO H300pa)KeHHsl, BapbUpYyeTCs B
3aBUCUMOCTH OT BBIODAaHHOTO pa3pelieHus »dKpaHa (U3 Juarna3oHa
CTaHIApPTHBIX  3HAUEHWH), pa3pelmieHuss OpuIrWHajga ©  Macmrada
OTOOpaXKEHUS.

Pa3pelienne mne4yaTHoro wu300pakKeHUsi M TOHSITHE JIMHHATYPHI.
BonbmMHCTBO HAXOMAUMXCA B OOpaIeHWH MeYaTarolluX YCTPOWCTB, OT
O(CeTHBIX TMEYATAIUX MAIIUH 0 MPOCTEUIINX CTPYWHBIX TPHUHTEPOB,
UCTIONB3YIOT MPUHITUIIBI TTOJIyTOHOBOTO PAaCTPHUPOBAHUS.

Ilonymonoeoe pacmpuposanue (halftoning) — 310 criocod UMHUTAIIUN
OTTEHKOB OTJEIbHBIMU TOYKAMU Kpackd WJIM TOHepa. OTOT MpoIlecc
OCHOBaH Ha TOM, YTO IeYaTarollee YCTPOWCTBO HAHOCUT Ha Oymary TOYKHU
KpacKy WJIA TOHEpa U pacroiaraeT ux B y3J1ax PEryJsipHOIl MpsSMOYTrojIbHOU
CETKH, KOTOPYIO HHOT/a Ha3bIBAIOT puzuueckum pacmpom. bynem Ha3biBaTh
Takue TOUYKU neuamuwvimu mouxkamu. CoceHUE TOUKH (PU3MUECKON CeTKU
MEYaTaoIIero YCTPOHCTBA OOBEIUHSIOTCS B MPSIMOYTOJIbHHKH, KOTOPBIC
Ha3bIBAIOTCS noiymonosvimu aveikamu (halftone cells). M3 momyToHOBBIX
siueeKk 0Opas3yeTcs elle OJHA CeTKa, UMeHyeMas Jiuneinvim pacmpom (line



screen). JIMHEWHBIN pacTp — 3TO MPOCTO CIOCOO JIOTMYECKON OpraHu3aIuu
dusmyeckoro pactpa (puc. 1.3).

YacTroTra NTMHEWHOrO pacTpa WM KOJWYECTBO IOJYTOHOBBIX SYEEK HA
€IMHUILY JUIMHBI HA3bIBACTCS JIMHUANLYPOU Y U3MEPSETCS B TMHUSIX HA TIOMM

(line per inch, Ipi).

PHEIEYECEHH pacTp JIHEeHAR pacTp

1*’ A
f /

Ile=araas Todka TNomyToBORAA AUeHKa

Puc. 1.3. ®uzndeckuii ¥ TMHSHHBIA PacTpPhI

[Ipy BbIBOJIE HA TMeEUYaTh MHUKCEIM H300pKEHUSI MPEICTABISIOTCS
MOJTYTOHOBBIMHU SIYEHKaMH, a HE TOUKaMU (PU3UUECKOTO pacTpa nevyaTaroiiero
ycTpoiicTBa. MeHsisl 3aM0JIHEHUE TOJIyTOHOBBIX SIMEEK MEUYaTHBIMU TOUYKAMH,
MOYXHO UMUTHUPOBATH IPaJallii SPKOCTH MUKCEIEH N300pakeHusl.

PaccmoTpum mpocTedmme METOABl pacTpPUPOBAHUS OpUTMHANa B
rpajganusx ceporo  uBerta. llepBeIM  METOAOM  ABISETCA  METON
pacmpupoganuem ¢ amnaumyonoi moodyaauuei (AM), mpu KOTOpOM
WUTIO3US TOHA CO3/1aeTcsl 32 c4eT (OPMHUPOBAHUS B IIEHTPAX IMOJTYTOHOBBIX
SYeeK, U3 MEYATHBIX TOYEK Kakux Ju00 (uryp (Kpyros, 2JUTUIICOB, pOMOOB
WM KBaJpaToB) pa3nu4Horo pasmepa (puc. 1.4). Miiro3us Gojiee TEMHOTO
TOHA CO3JAETCS 3a CUET YBEIUYCHUS PaUaIbHBIX Pa3MepoB ITUX QUTYD U,
Kak CJICICTBUE, COKpaIlleHUs MPOOEIbHOr0 TOJISI MEXKIYy HUMH TpH
OJIMHAKOBOM PACCTOSIHUHU MEXIY IICHTPaMH MOJTYTOHOBBIX SYCEK.

CymecTtByeT U METOI pacmpupo8anus ¢ 4aACMOmMHOU MOOyaayueil
(YM), xoria UHTEHCUBHOCTh TOHA PETYJIUPYETCS] U3MEHEHHUEM PaCCTOSIHUS
MEXJy COCEJHHMM I€YaTHBIMU TOYKaMU OJIMHAKOBOIO pa3Mepa. Takum
00pa3om, MpU YaCTOTHO-MOJYJIMPOBAHHOM PAaCTPUPOBAHUU B TOJYTOHOBBIX
g4eruKax C pasHOM MHTEHCUBHOCTHIO TOHA HAXOAUTCA pPa3HOE YHUCIO
MevyaTHBIX TO4eK. M3o0pakenusi, pactpupoBanabie UM-MeTOI0M, BBITIISIAT
OoJiee Ka4eCTBEHHO, TaK KaK pa3Mep TOUYEK MHHUMAJICH U, BO BCSIKOM ClIydae,
CYIIECTBEHHO MEHbIIIE, YeM cpeaHuil pasmep ¢urypel npu AM-
pactpupoBanun. Eme  Oonee  MOBBIIAET  KA4eCTBO  HM300paKCHHS



Pa3HOBHIHOCTh YM-meTona, Ha3bIBacMast cmoxacmuuecKum
pacmpupoeanuem. B 3TOM ciydae pacCUMTBIBACTCS YHCIO TOYEK,
HEO00X0IMMOe i 0TOOpaXkeHus1 TpeOyeMol HMHTEHCUBHOCTHU TOHA B sTYEHKe
pacTtpa. 3aTeM 3TH TOYKH PacCIOJIaraloTCs BHYTPU SYCHKHA HA PACCTOSHHUSX,
BBIYMCIICHHBIX KBa3UCIyYailHBIM METOJOM (Ha CaMOM JIEJI€ HCIIOIb3YeTCs
CHEIUAIbHBIA MAaTEeMAaTHYECKUN alrOpuTM), T. €. PEryJsipHas CTPYKTypa
pacTpa BHYTPH SYCWKH, KaK W Ha HW300paXCHWH B II€JIOM, BOOOIIE
orcyrctByeT. I[loatomy mpu croxactudeckomM UM-pacTpupOoBaHUHM TepsieT
CMBICTT TIOHSTHE JMHHUATYPHI pacTpa, UMEeT 3HAUYCHUE JIUIIh pa3pelaronias
CITIOCOOHOCTh YCTPOMCTBA BBIBOJAA. Takol croco0 TpeOyeT OONbIIMX 3aTpat
BBIYHMCIIUTEIBHBIX PECYPCOB U BHICOKOM TOYHOCTH.

adeiika pactpa  AM-pactp AM-pactp YM-pactp
18,75 % 50 % 18,75 %

Puc. 1.4. [Ipumepsl aMIUIUTYJHOW U YaCTOTHOM MOIYJISIIMU pacTpa

Crnenyroommm napaMmeTpoM pacTpoBOro H300paxeHus, KOTOPBIN CleayeT
PacCMOTPETh, SBIIAETCS ITyOHHA I[BETA.

I'nyouna uyeema (color depth) — »To ymcmo OMT, UCIOIB3YEMBIX IS
NPENCTaBICHUS  KaxAoro mnukcenss  uzo0Opaxkenws. C  pa3BuTHeM
BBIYHMCIIUTEIBHBIX CPEICTB TIyOMHA I[BETAa, XPAaHUMBIX B KOMIIBIOTEpE,
M300paKEHW  BCE  BpeMs  BO3pacTana. OmHuM W3 MEpPBBIX
paclpoOCTPAaHEHHBIX CTaHAAPTOB MOHUTOPOB sBJsUICE VGA, KOTOPBIi
NoJAJep)KUBal TIyOMHY 1BeTa 8 OWUT IS I[BETHBIX H300paKCHUI.
CraenyronymM MaroM CTajlio BBEJCHHE B KOMIIbIOTepax cucteMbl Macintosh
crangapta HighColor, koTopslii KoAupoBall LBET C TIyouHo# 16 OuT, 4TO
no3BOJsUI0 ModyuuTh 65536 uBeroB. Ceiluac Hanbosee HCMIONb3YEMbIM
sapisiercs 24-OutHplii TrueColor, mo3BoisOmMMN KOJAMPOBATH OKOJIO 16,7
MIH. T1BeToB. OJHaKO HEOOXOJUMO OTMETHTh, YTO CYIIECTBYIOT
rpaduyeckue CUCTEMBbl HCIOIb3YIOIINUE ITyOuHY 1BeTa Oosnee ueM 24 Ourta
Ha TTUKCEJTb.

JIist ydiiero MOHWMaHUS, YTO TaKoe pas3pellieHre U TiIyOuHa IBETa,
IIpUBENEM IPOCTOM mnpumep. Bwl pemmum  oTrckanupoBaTe  Bamry



doTorpaduto pazmepom 10x15 cm. uToOBI 3aTeM 00paboTaTh M pacredyaTarh
Ha I[BETHOM ImpuHTepe. JlJis mMoiydeHus: MpUeMSIEMOro KayecTBa IedaTH
HeoOxoumo pasperienue He MeHee 300 dpi. Cunraem:

10 cm = 3,9 mroiiMma; 15 cMm = 5,9 nromMoB.
ITo BepTHKaIM: 3,9 * 300 = 1170 Touex.
ITo ropuzonTanu: 5,9 * 300 = 1770 Touek.

Nrak, uncno nukceneit pactpooit matpuiel 1170 * 1770 = 2 070 900.

Tenepp pernM, CKOJIBKO IIBETOB MBI XOTHUM HCITIOJIb30BaTh. {7151 yepHo-
6emoro n300paxeHMs UCIOIB3YIOT OOBIYHO 256 Tpafaluii ceporo mBeTa Ass
Kaxaoro mnukcens, win 1 Oaifr. Ilomywyaem, 9TO AN XpaHEHHS HAIIETO
n3oopaxenus Haao 2 070 900 Gaiit nnu 1,97 M6.

JU1st moJTydeHHsI KaueCTBEHHOTO [IBETHOTO M300paKEHHsI HAZI0 HE MEHEe
256 OTTEHKOB JUIA Kaxmoro ©OaszoBoro mBera. B  wMomemim RGB
COOTBETCTBEHHO MX 3: KpacHbIM, 3elieHbld W cuHuid. [lomyuaem oOmiee
KOJIMYeCTBO OaliT — 3 Ha kaxabli nukcesnb. COOTBETCTBEHHO, pa3Mep
XpaHUMOTr0 U300paKeHUsI BO3pacTaeT B TPU pas3a U cocTtasiser 5,92 MO.

Hust co3manust makera Jisi nojurpadun ¢GoTorpapuu CKaHUPYIOT C
pazpemenreM 600 dpi, ciemoBaTenbHO, pasMmep (Gaiiia BbIpacTaeT ele
BUYETBEPO.

3amanue: 3Has, 4TO pa3mep 3kpaHa B nukcesax 800x600, a pazpenieHue
72 ppi, yCTAaHOBUTH pealIbHbIC Pa3Mephl IKpaHa B CAHTUMETPAX.

1.2. BekTopHOe npeacTaB/IeHHE N300paKeHU N

st eexmophoii Tpaduku XapakTepHO pazOueHne n300pakeHus: Ha psijl
rpa@uuecKux NMPUMHUTHBOB — TOYKH, MPSIMBIC, JIOMaHbIC, JOYTH, MOJUTOHBHI.
Takum o00pa3om, TOSIBISIETCS BO3MOXHOCTh XpPaHUTh HE BCE TOUYKH
U300paKEHUS, a KOOPJIMHATHI Y3JI0B IPUMUTHUBOB U WX CBOMCTBA (IIBET, CBA3b
C IPYTUMH Y3JIaMHU U T. 11.).

Bepuemcs k nzobpakennto Ha puc. 1.1. B3rnsiHem Ha HETo MO-IPYromy.
Ha n300paskeHnu J1erko MOKHO BBIJIETUTh MHOKECTBO MIPOCTHIX 0OBEKTOB —
OTPE3KH TPSIMBIX, JIOMaHHBIC, DJUIMIIC, 3aMKHYTbIe KpuBble. lIpemcraBum
ceOe, 4TO MPOCTPAHCTBO PUCYHKA CYIIECTBYET B HEKOTOPOW KOOPIWHATHOM
cucteMe. Torma MOXKHO ONMHCATh 3TO HM300pakeHHWE, KaK COBOKYITHOCTh
IIPOCTBIX OOBEKTOB, BBIIMICNICPEUNCIACHHBIX THUIIOB, KOOPJAWHATHI Y3JIOB
KOTOPBIX 3a/JIaHbl BEKTOPOM OTHOCHTEIIBHO TOYKHM Hadaja KOOpAWHAT (pHC.

1.5).
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0,0 X

Puc. 1.5. BexropHoe n3o0paxeHue 1 y3Jbl €ro IpUMUTHBOB

[Ipome roBops, YTOOBI KOMIIBIOTEp HAPUCOBAJI NPSIMYIO, HY>KHBI
KOOPAUHATHI IBYX TOYEK, KOTOPBIE CBSA3BIBAIOTCS IO KpaT4auIled IpsiMOM.
JList OyTU 3ajaeTcs paauyc u T. 1. Takum oOpa3oM, BeKTOpHas
WJUTIOCTPALIUS — 3TO HA0Op TE€OMETPUYECKUX MPUMUTHUBOB.

Baxno#i meranpio SBISETCS TO, YTO OOBEKTHI 3aJal0TCS HE3aBHCHUMO
JpYT OT JApyra U, CJIEA0BATEIbHO, MOTYT MEPEKPHIBATHCS MEXKY COOOIM.

[Ipy wWCMONB30BaHMM BEKTOPHOTO MPEJCTABICHUS H300paKeHUE
XpaHUTCS B MaMATH Kak 0a3a JaHHBIX OMUCAaHUN MPUMUTHUBOB. OCHOBHBIE
rpaguyecKkue TMPUMHUTHUBBI, HCIOIb3yEMbIE B BEKTOPHBIX TpadUIeCcKux
penaKTopax: Touka, nmpsiMasi, Kpusasi besne, 25umrc (OKpy>KHOCTB), TOJTUTOH
(mpsimoyrosibHUK). TIpUMUTHB CTpOMTCS BOKpYr ero y3ioB (nodes).
Koopaunatel y35I0B 3aAat0TCsl OTHOCUTEIBHO KOOPJIWHATHOM CHUCTEMBI
Makera.

A wu3o0paxkeHue OyAeT NpeACTaBIsATh M3 ceOsl MAacCHB ONMUCAHUM —
HEUTO THUTA!
orpesok (20,20-100,80);
okpyxHOCTb (50,40-30) ;
kpueada Beswe (20,20-50,30-100,50).

Kaxxnomy y3iy npunuceiBaeTcs TpyIia napaMmeTpoB, B 3aBUCUMOCTH OT
TUIMA TPUMUTHUBA, KOTOPBIE 3aJal0T €ro T€OMETPUI0 OTHOCUTEJIBHO Y3Ia.
Hanpumep, okpy>XHOCTh 3aJaeTCsl OJHUM Yy3J0M M OJHUM IapaMeTpoM —
pamuycom. Takoil HaOOp TMapaMeTpoB, KOTOpbIE WIPAlOT  POJIb
KOO(PPUIIMEHTOB M JPYTrUX BEJIMYMH B YPaBHECHUSX U aHAJUTUUYECKHUX
COOTHOILICHUSIX 00BbEKTA TAHHOTO TUIA, HA3BIBAIOT AaHATUTUYECKOU MOJEIBIO
npumutuBa. OTpuUCcOBaTh NPUMUTHUB —  3HAYUT TOCTPOUTH  €T0
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reoMeTpuuYecKyro (GopMy MO €ro rnapamMerpam COTJIACHO €r0 aHATUTHYECKOU
MOJIETIH.

BekTopHoe u300pakeHHEe MOXET OBITh JIETKO MAacIITabUpoBaHO Oe3
MOTEPHU JIETaNEH, TaK KaK 3TO TpeOyeT MepecyeTa CPaBHUTEIBHO HEOOIBIIOTO
qrcia KoopAuHAT y31oB. Jpyroii TepmuH — «0bject-oriented graphicsy.

Camoli mpocTOil aHAJIOTHEN BEKTOPHOI'O U300PAKEHUSI MOXKET CITYKHUTh
anmMkauug. Bce u300pakeHHME COCTOMT U3  OTHENbHBIX KYCOYKOB
pa3nuuHOil (opMbl M IBeTa (Aa)Ke€ YacCTH pacTpa), «CKJIEEHHBIX» MEXKIY
co6oii. IloHaTHO, 4TO TakuM 00pa3oM TPYAHO MOIYUYUTH (HPOTOPEATUCTUIHOE
n300pakeHHe, TaK KaK Ha HEM CJOXHO BBIJACIUTh KOHEYHOE YHUCIO
OPUMUTUBOB, OJTHAKO CYIECTBEHHBIMU JOCTOMHCTBAMH BEKTOPHOTO CIIOC00a
IpeCTaBICHUS N300pa)KeHUs, 10 CPABHEHUIO C PACTPOBBIM, SIBJISIFOTCSI:

® BEKTOPHOE HM300paKE€HUE MOXET OBITh JIEFKO MACIITa0OMPOBAHO
0e3 moTepu KadecTBa, TaK Kak »dTO TpedyeTr mepecyera
CPaBHUTEIBHO HEOOJIBIIIOTO YK CIIa KOOPIUHAT y3JI0B;

e rpapuueckue (Dailsibl, B  KOTOPBIX XPAHATCA BEKTOPHBIE
N300pakeHUsl, UMEIOT CYILIECTBEHHO MEHbBIINH, IO CPAaBHEHUIO C
pacTpoBbIMU, 00BEM (TIOPSAIKA HECKOJIBKUX KHJIO0ANT).

Ha camom pnene pasmep BEKTOPHOTO M300paK€HUS 3aBUCUT OT
KOJINYECTBa OOBEKTOB Ha M300pakeHnu. M yem Onnxke KauyecTBO BEKTOPHOTO
pUCyHKa OyJeT MpuOIMKAThCA K (POTOPEATHMCTUUYHOMY H300paXEHUI0, TEM
Oousibliieid pazmep Oynet y ¢aiina.

Cdepbl mpuMeHEHUsT BEKTOPHOM TIpaduKkd OYeHb IIMPOKH. B
nonurpauke — OT CO3JaHUS KPAaCOUHBIX WIUTIOCTpaud 10 paboThl €O
mpudTamu. Bee, yTo Mbl Ha3zblBaeM MallMHHOM rpadukoii, 3D-rpadukoi,
rpaguuecKuMu cpecTBaMu KoMIbioTepHOTro MoaenupoBanust 1 CAIIP — Bce
3T0 cdepbl TpUOPUTETAa BEKTOPHOU Trpaduku, HOO STH BETBU JEpeBa
KOMIIBIOTEPHBIX HAyK paccMaTpUBAIOT H300pakKeHHE MCKIIOUUTENBHO C
NO3ULMU €r0 MaTeMaTUYECKOIo MPEACTaBICHUS.

Kak BHIHO, BEKTOPHBIM MOKHO Ha3BaThb TOJIBKO CIIOCOO ONMUCAHMS
n300paxeHus, a caMo M300pa)keHHe JUIs HaIlero ria3a BCerja pacTpoBOE.
Taxum o6pa3om, 3ajjauaMy BEKTOPHOTO rpauuecKoro pelakropa sSBIsSIOTCA
pacTpoBasi MpPOpPUCOBKa TIpadUyecCKUX NPUMUTUBOB U MPEAOCTABICHHUE
M0JIb30BATEINIO CepBHCA 10 U3MEHEHHUIO NTapaMeTPOB ATUX NMPUMHUTUBOB. Bee
U300pakeHue NMpeAcTaBiIseT coO00l 0a3y JaHHBIX TPUMUTUBOB U MapaMETPOB
MakeTa (pa3Mepbl XOJICTa, €AWMHUIBI HU3MEpeHus U T. 1.). OTpucoBaTh
U300pa)KEHUE — 3HAYUT BBINOJHUTH IOCJIEAOBATENLHO  MPOLETYpPbI
IIPOPUCOBKH BCEX €r0 JIETaJIECH.

C apyroit CTOpOHBI, €ClIU U300paKEHUE COCTOUT U3 MPOCTHIX 0OBEKTOB,
TO JUIsl €F0 XpPaHEHUsI B BEKTOPHOM BHJI€ HEOOXOAUMO He 00Jiee HECKOIBKUX
KHJIO0AMT.
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1.3. [IpeacraB/ieHHUEe U300paKEeHUM C IOMOILIBIO PPAKTAIOB

B nocnennue Bpemsi (pakTanbl CTad OYEHb MOMYJSIpHBL. Bosibiiyio
pOJIb B 3TOM ChIrpajia KHUTA (paHKO-aMEPUKAHCKOIO0 MareMmarhka benya
Mannens0OpoTta "®pakTaapHas reoMeTpus Ipuposl", u3nannas B 1975 rony.
Yro xe Takoe ¢ppaxran?

@Dpaxkman (nar. fractus — JpoOJICHBINA, CIOMaHHBIN, Pa3OUTHI) —
CJIOXKHasi TeoMeTpudeckas (Gurypa, o0jaaaronias CBOMCTBOM CaMOINOa00us,
TO €CTh COCTABJICHHAS] U3 HECKOJIbKMX YacTel, Kaxk/iasg U3 KOTOPhIX MOJA00HA
Bcel ¢urype memukoMm. CBOMCTBO CaMOTOMOOWS XapakTEPHO I MHOTHUX
MPUPOIHBIX OOBEKTOB. Takum CBOICTBOM 00JIaJ1al0T, HANpPUMEpP, BETKH
JI€PEBbEB, CHE)KUHKU, TPAHULIBI 00J1aKOB U MOPCKUX MOOEPEk U, TPEIIUHBI B
KaMHSX, CTPYKTYpbl HEKOTOPBIX BEIIECTB, IOJIYYEHHBIX C TOMOIIBIO
AJIEKTPOHHOIO MHKPOCKOINA WU T. . Dpakmanvuas zeomempus TMO3BOJSET
OMHUCAaTh U MOJYYUTh U300paKEHUS TAKUX MPUPOAHBIX 0OBEKTOB C TTIOMOIIBIO
MaTeMaTUYeCKUX CpeacTB. B kommbroTepHOU rpaduke Qpakraibl, MOTYT
UCIIOJIb30BAaThCS HE TOJBKO [UISi TEHEpalMu W300paKEHUN  CIIOKHBIX
00BEKTOB, HO M JIJISl CKATHUSI M300paKEHUH.

Hust xnaccudukanuu  (ppakTajgoB YACTO HCIOJIB3YIOT JIEJICHHE Ha
CJIEIYIOIIME KIIACCHI:

" TeoMeTpuYecKue (hpakTabl,
» anrebpanueckue GhpaxKTabl;
" CcTOXacTU4ecKkue (ppakTabl.

Cy1iecTByIOT U Apyrue kiaccupukanuu GpakTanioB, HAIPUMEpP JeJICHUE
dbpakTaJioB Ha JETEPMUHUPOBAHHBIEC (AJITEOpPAMUYECKUE U TEOMETPUIECKUE) U
HEJIETEpMUHUPOBaHHbIE  (cToxacTuueckue). I[logpobHO  paccmoTpum
reOMETpUYECKUE U anredpandeckue GpaKTaibl.

1.3.1.TeomeTpuuyeckre ¢ppaKTasibl

@pakTanbl 3TOro Kjacca caMmble HarjisiaHble. B n1ByXxMepHOM cityyae ux
MOJY4YalOT C TOMOIIbI HEKOTOPOM JIOMaHOW (WM TIOBEPXHOCTH B
TPEXMEPHOM CJIydae), Ha3bIBa€MOU T'€HEepaTopoM. 3a OAWH Iar ajaropurMa
KaXIbld U3 OTPE3KOB, COCTABIISIOLIMX JIOMAHYIO, 3aMEHSIETCSI Ha JIOMAaHYIO-
reHepaTop, B COOTBETCTBYIOIIEM Macimitabe. B pesynbrare O0eCKOHEUHOTO
MTOBTOPEHUSI TOM MPOIEAYPHI, MOTYYAETCs TEOMETPUUYECKUN (ppakTall.

PaccmoTpum ovH U3 TakuxX (PpakTaIbHBIX OOBEKTOB - HIPUAOHYIO
kpugyto Koxa. lIloctpoeHue KpHUBOM HAYMHAETCA C OTPE3KA E€OUHHUYHOU
amunbl (puc. 1.6) - ato 0-e mokoneHue kpuBoit Kox. [lanee kaxmoe 3BeHO (B
HYJIEBOM TIOKOJICHUH OJMH OTPE30K) 3aMEHSIETCSI Ha 00pa3yioujull d1emenm,
o0o3HaueHHbII Ha puc.l uepe3 N=1. B pe3yapraTte Takoil 3aMeHbI
MOJIy4daeTcs cieaytoilee mokoyieHue kpupot Kox. B 1-om nokosienuu - 31o
KpHBas U3 YETHIPEX MPSIMOJMHEHHBIX 3BEHBEB, Kakaoe JuMHOM mo 1/3. s
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MOJIy4eHHUs1 3-TO TOKOJICHUSI TPOJENBIBAIOTCA T€ K€ JEHCTBUS - KaXI0e
3BEHO 3aMEHSETCS Ha YMEHbIICHHbIM oOpasyromui snemeHT. Wrtak, s
MOJTyYEHHUsI KaKJOTO MOCIEIYIOIIEro MOKOJICHUS, BCE 3BEHBS MPEIbITyIIEro
MOKOJICHUS ~ HEOOXOJAMMO  3aMEHHTh  yYMEHBIIEHHBIM  OOpa3ylomuM
aneMeHToM. KpuBasi N-ro mMOKOJEHUs MpU JTI0OOOM KOHEYHOM N Ha3bIBaeTCS
npeogppaxmanom. Ha puc. 1.6 mpeacraBieHsl MATh MOKoJeHUH KpuBoi. [1pu
N cTpemsiieMcss K 0eCKOHEUYHOCTH KpuBasg Kox cTaHOBUTCS (pakTaibHbIM
00BEKTOM.

() |

M
Puc. 1.6. IToctpoenne TpuagHoi kpusoi Koxa

Tpu komum kpuBoit Koxa, mocTpoeHHble (OCTpUSAMH HApyXy) Ha
CTOPOHAxX TMPAaBWJIBHOTO TPEYroJbHUKA, OOpa3ylOT 3aMKHYTYIO KpPHBYIO,
Ha3bIBaeMYyI0 cHexcunkoil Koxa.

ANTOpUTM TOCTpOCHHE (paKTala MOXXHO OINHCATh CIOBECHO, Kak
MoKa3aHo Ha mpuMepe moctpoeHne kpuBor Koxa, mmb0 MaTeMaTH4YEeCKH, KaK
OyJlleT MmoKa3zaHo B CIEAYIONIEeM pasjeie i anredpandeckux ¢gppakranos. Ho
CYLUIECTBYET €II€ OJMH CHOCOO OMNHMCAaHMs aJroOpUTMa MOCTPOCHUs
reoMeTpudeckux  (paktasioB ¢ mnomomplo  L-cucmem  (cucmemor
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Jlunoemaiiepa). L-cuctrema 310 (popManbHAsS rpaMMaTHKA, HCIIOJIb3yeMast
TS MOJICITMPOBAHMS IIPOIIECCOB POCTA U PA3BUTHUS PACTCHU.

W3nauanpHo L-cucTeMbl ObUIM BBEAEHBI NMPH U3YydEHHH (HOPMAIbHBIX
SI3BIKOB, & TAK)KE MCIOJIH30BATUCH B OMOJIOTHMYECKHX MOJENsx ceneknuu. C
UX ITOMOIIIBIO MOKHO CTPOMTh MHOTHE M3BECTHBIE CaMOITO100HbIEe (hPAKTATIEI,
BKIII0Yast cHe)XMHKY Koxa u koBep CeprHrHCKOTO.

L-cuctema ompezaensercs kak koprex G=(V, w, P), rne V — andasur,
HpECTaBISIONINNA HAa0Op CUMBOJIOB, COJICPIKAIINX 3JIEMEHTBI KOTOPBIE MOTYT
OBITh TPEJCTaBICHBI I'padUyeckr, W — aKCHOMa, KOTOpas MPEICTaBIsICT
co0Ol CTPOKY CHMBOJIOB W3 V, oOmpeiesrolnas HayaJbHOE COCTOSHUS
cucteMbl, P - mpezacraBiaser coOoii HaOOp MpaBHJ MPOM3BOJCTBA HOBOM
CTPOKH, TyTEM 3aMEHbl CHMBOJIOB TEKYIIETO COCTOSIHHS CHCTEMBI Ha Psj
HOBBIX. [IpaBmia rpaMMaTHKM L-CHCTEMBI TMPHMEHSIOTCS HTEPATHUBHO,
HAYWHAs C HAYaJIbHOTO COCTOSHHSI.

Paccmotpum L-cuctemy, rie aadaBuT COCTOUT BCETO U3 ABYX CHMBOJIOB
V={a,b}. Axcuoma w=a. IlpaBuiaa npoU3BOJCTBA ONMHCHIBAIOTCA Kak Pl:
a—ab, p2: b—ab. Cnenys urepaTHBHOMY TPUHIHITY, Ka)XI0€ TOKOJICHUE
KpUBO# yJIBanBaeTCs Ha KakJioM 3tare: a, ab, abab, abababab. I'papuuecku
a u b oroOpakarorcst Kak JBa paBHBIX OTPE3Ka, COCAMHEHHBIX MO MPSIMbIM
yrioMm (puc. 1.7).

Puc. 1.7. I'paduueckoe npeacrapienue andasura L-cuctemsl

I'padpuaeckoe mpeacrabienne mpasua Pl u P2, mpuBeaeHo Ha puc. 1.8.
Takum 00pa3om, MpaBuiia OMUCKHIBAIOT 3aMEHY KaXKJI0TO U3 OTPE3KOB JABYMS
JIPYTUMH, COCIWHEHHBIX IOJ TPSMBIM yriioM. [lpum 3ToM, Kakmpiii pas,
MEHSIETCS YTOJI IOBOPOTA HOBBIX OTPE3KOB OTHOCUTEIIBHO UCXOTHOTO.
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a == ab b —= ab

Puc. 1.8. I'paduueckoe npeacTaBiaeHue mpaBui L-cuctemsl

Ha puc. 1.9 n300paxeHsI MITh TEPBBIX UTEPAIMH MPOIECcca MOCTPOCHUS
dpakraia.

Gen. 1

Gen. 2

Gen. 3

/N

Gen.a |~
R

Puc. 1.9. [lepBbie urepanuu nocTpoeHust PpaKkTaabHON KPUBOIL

9
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Takas mnpenenbHass (QpakranpHas KpuBas (MpU dYHCIE UTepanui
CTpPEMSAIIUMCS K OECKOHEYHOCTH ) Ha3bIBACTCS OpAKOHOM Xapmepa-Xeiimy)s
u npeacTasiena Ha puc. 1.10.

Puc. 1.10. Apakon Xaprepa-Xeutyss

HekoTtopsle U3 reoMeTprudeckux (pakTaioB MOKHO MOCTPOUTH HCXOIS
U3 MEePBOHAYAIBHO 3aKPAICHHON MII0CKON Gurypsl. [IpuMepom 3TOoro MoxeT
CIYKUTh METOJ TOCTpoeHusi TpeyronbHuka CepnuHckoro. IIpomecc
HOCTPOEHUSI MOKHO OITUCATh CIEAYIOLUIUM 00pa3oM.

PaBHOCTOpOHHMIT TpeyTroabHUK Mg JenuTcs TpsIMbIME, TapaijieIbHBIMU
€ro CTOopoHaM, Ha 4 paBHBIX pPaBHOCTOPOHHUX TpeyrojbHuka. W3
TPEyrojbHUKA YyJalseTcs  I[EHTpPalbHBIM  TpeyrojbHUK. Ilomyuaercs
MHOXeCTBO M;j, cocrosiee U3 3 OCTaBIIMXCS TPEYroJbHUKOB '"MEPBOTO
panra". IlocTtymas TOYHO Tak ke C KaXAbIM U3 TPEYrOJBHUKOB IEPBOTO
paHra, mnoJy4uM MHOxecTBo Mj, cocrosimiee u3 9 pPaBHOCTOPOHHMX
TPEYroJIbHUKOB BTOpOro panra. [lpomomkas 3TOT mpoiiecc OECKOHEYHO,
MOJIy4uM OECKOHEUHYIO TocieaoBaTeabHOCTh Mg, My,..., M,,...mepeceuenue
YJICHOB KOTOPO# ecTh TpeyroiabHuk Cepruackoro (puc. 1.11).

AL LSS

Puc. 1.11. [Toctpoenue candperkn CepnuHCKOTO
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1.3.2.Anre6panyeckue ¢ppaKrTasbl

OTto camas KpymnHas rpynmna (pakraios. [lomyyaroT MX ¢ MOMOIIBIO
HEJIMHEWHBIX MPOIECCOB B N-MEpHBIX MpocTpaHcTBax. Hanbonee n3ydeHsb
IBYXMEpHBIE Tmpouecchl. VHTEpnpeTupyss HEIMHEHWHBIA WTEPALMOHHBIN
MpoLIeCC, KAaK JUCKPETHYI0 AMHAMUYECKYIO CHUCTEMY, MOKHO IOJIb30BaTCs
TEPMHUHOJIOTHEH  TEOpUU DITUX CHUCTEM:  hazoeoe  NpoOCMpPaHcmaeo,
ammpaxkmop 1 T.1. [2].

®Dazo60e npocmpancmeo — MPOCTPAHCTBO, HA KOTOPOM MPEJICTABIEHO
MHOXECTBO BCEX COCTOSHUI CHUCTEMBI, TaK, YTO KaXKJIOMY BO3MOXXHOMY
COCTOSIHUIO CUCTEMbI COOTBETCTBYET TOUKa (ha30BOr0 MPOCTPAHCTBA.

N3BecTHO, 4YTO HENWHEWHbIE JUHAMUYECKHE CHUCTEMBbI 00JagaroT
HECKOJIbKUMH YCTOMYHMBBIMU COCTOSIHUSIMH. TO COCTOSIHUE, B KOTOPOM
OKa3zajach JIMHAMUYECKAs CHCTEMa II0CIE€ HEKOTOPOro 4Yucia HWTEpaluid,
3aBUCUT OT €€ HAYaJbHOro cocTosiHuA. [loaToMy Kaxkioe ycCTOWYMBOE
COCTOSsIHUE (MJIM KaK TOBOPST - ammpaxkmop) 001a1aeT HEKOTOPO 00J1aCThIO
HayaJbHBIX COCTOSIHUM, M3 KOTOPBIX CHCTEMa O00s3aTeIbHO IMOMaJeT B
paccMaTpuBaeMble KOHEUHbBIE COCTOSHUSI.

Takum o6pa3zoM, ¢a3oBoe MPOCTPAHCTBO CHUCTEMBbI pa3OMBaeTcs Ha
00JIacTH TPUTSKEHUS aTTPakTOpoB. Ecium (a3oBbIM sBIsSETCS ABYXMEPHOE
IPOCTPAHCTBO, TO OKpAIIMBasi 00JACTH MPUTSKEHUST PA3IMYHBIMU [BETaAMH,
MOXXHO  TIOJIyYUTh  IIBETOBOM  (ha30BBIH  TOPTPET ITOM  CHUCTEMBI
(uTepalmoOHHOTO Tpolecca). MeHssl aaropuT™M BbIOOpa IIBETa, MOXKHO
MOJIYYUTh  CIIOXKHBIE  (pakTadbHble  KApPTUHBI C  NPUYYJIUBBIMU
MHOTOLIBETHBIMU y30paMu. HEOKHWIaHHOCTBhIO JUIsi MAaTEMAaTHKOB CTalia
BO3MOKHOCTh C TMOMOUIBIO MPUMUTHUBHBIX AJTOPUTMOB MOPOKIATh OYEHb
CJI0’KHbI€ HETPUBHUAIBHBIE CTPYKTYPHI.

B kauecTBe npumepa paccCMOTPUM MHOKeCTBO MaH1enb0poTa.

Mmuoowcecmeo Manoenvopoma — >10 (pakTan, ONPeNCIEHHBI Kak
MHOECTBO TOUEK C Ha KOMILJIEKCHOM TJIOCKOCTH, ISl KOTOPBIX UTEPATUBHAS
MOCJIEIOBATEIBHOCTh

o= 0

Zni1 = ZpHC

HE YXOJUT B OECKOHEUHOCTb.

Takum oOpa3om, BBIIIIEYKa3aHHASI TOCIICIOBATEIHLHOCTh MOXKET OBITh
pacKpbITa I KaKJI0H TOYKH C HA KOMIUIEKCHOM IJIOCKOCTU CJIEAYIOIINM
obpazom:

C=X+i-y

Zo =0
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Zi=2y+c¢
=X+1i-y
Z,=2+c¢
=(x+i-y)Y+x+i-y
=X+ 20Xy -y HEX+i-y
=X~y X+ (2 Xy +y) -
23=222+C:
M TaK jaiee.
Ecnu mepedopMyaupoBaTh 3TH BBIpaKEHHS B BHIE HWTEPATHBHOMN
MOCJIEI0BATEIBPHOCTH 3HAYCHHUI KOOPIMHAT KOMIUIEKCHOM TUIOCKOCTH X H Y,
T. €. 3aMCHHB Z, Ha Xp + 1 -y, aCHa P + 1 - 4, MBI TIOJIYYHM:

Xn+1 = an - yn2 + p (*)
Yn+1 = 2'Xn "Ynt(Q

CyTb MeTola NOCTPOCHHS MHOXecTBa MaHnensOpoTa COCTOUT B
cienyomeM. st kaxaoro nukcens, 0TOOPa)Karolero HEKOTOPYI0 TOUYKY €
KoOpauHaTaMu (&, b), MpoBOAAT cepuro BeIYUCICHHMI 110 hopmyaam (*). [Ipu
3TOM HCXOJHBIC 3HAYCHHUS Xo M Yo JJIA KakIoW HOBoOW Touku (4, b)
M3HAYaJbHO BCerja paBHbl Hymro. Ha kaxaom mare, Kpome oOdepeaHbIX
3HAUYCHUU Xj+1 U Yij+1, BBIUUCISAIOT BEIUMYMHY I = ,/Xx; + y;. OTa BeIWYMHA
IpeiCTaBisgeT coOOOW HE YTO WHOE, KaK pacCTosiHHEe OT Touku (X, Yj) MO
Havana koopauHar. Touka (@, D) cumraercs mpuHamIexKaIe# MHOXKECTBY
Mannens0poTa, eciii OHa B IPOLIECCE BHIYMCICHUI HUKOTIa HE yAANseTCs OT
Hayajia KOOpAUHAT Ha KPUTHUYECKOE pacCTOSIHUE, OOJIbIIEE UM PAaBHOE IBYM.
Takol NMUKCenb OKPAIMBAECTCS B YEPHBIM LBET. J[JI1 BCEX MPOYMX 3HAYEHUU
a u b BemMuMHA I} MOKET MEPEXOUTh 3alPETHBIN pyOexk B JBE CAMHUIIBI 32
pa3HOE KOJIMYECTBO IIaroB. B 3aBUCMMOCTH OT 3TOr0, TOYKY OKpAILKMBAIOT B
COOTBETCTBYIOIIUH LIBET.

Kputnueckoe 3HaueHWe MpU MPOrPaMMHUPOBAHUM HUMEET CKOPOCTh
BblunciaeHuid. CylmecTBEHHO BIMSIOT Ha BpEMs pacueToOB OINEpaluu
BO3BEJICHHSI B CTENEHb M M3BJICYEHHE KBAAPATHOrO KOpHs. Bo3BeneHue B
KBaJpaT LIeJIeco00pa3Ho 3aMEHUTh YMHOXKEHHUEM. BO3BOIUTE KOOpAUHATHI B
KBaJpaT CJIEAYET JIUIIb OJIUH Pa3, COXPaHsIS Pe3yJbTaThl B MPOMEKYTOUHBIX
NepeMeHHbIX (x2 W y2). OT u3BJICUYEHHUS KBAJAPATHOIO KOPHS BOOOIIE
ClIelyeT OTKa3aTbCsi. BMecTo caMoro 3Ha4eHUs PacCTOSIHUS [j MOYKHO
BBIYHCIITD JIMIIb CyMMY KBAaapaToOB X*+ Y2, CpaBHUBAS €€ HE C JBOHKOIL, a ¢
YETBEPKOU.

OyHKIMU JJ1s TeHepalui MHOKecTBa MaH1ens0poTa IpUBEACHBI HUXKE.
B 3aBucumMocTH OT TIOJNIy4eHHOTO 3HaueHHUs k (oOpaTHOro CcueT4YHKa
UTEpALMi), ouepeHasl TOUKa 3aKpalIMBaeTCs B COOTBETCTBYIOLIMU IBET (B
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JAHHOM CJIy4ae TOYKa OKPAIMBAETCS B pa3IMUHbIE Tpafallii CEPOro I[BETA).
Ecnu k oka3piBaeTcs paBHBIM HYNIO, TO TOYKa C KoopauHartamu (@, D)
MPUHAJISKAT MHOXECTBY MannensOpora. B OTHOIIEHHMM Bcex MpOYuX
TOYEK MMEET 3HAUYE€HHE, HACKOJIBKO BEJIMKO WIM Maylo 3HadeHue k. OHO
XapaKTepU3yeT CKOPOCTh yOeraHwsi BEJIMUYMHBI I 32 JTO3BOJICHHBIM Tpenen
IIpU JaHHBIX 3HAYCHUsX a u D.

private Color GetColor (double a, double b)
// ®yHKLMS, BO3Bpamammas IIBeT Touku (a, b)
{
double x = 0, y =0, r = 0;
//KOJIMYECTBO MUTepaumi IOJiS KaxXIoM TOUKMU
int k = 100;
while ((r<4) && (k>0))
{

Double x2 = x * x;
Double y2 = vy * vy;
Double xy = x * y;
X = X2 - y2 + a;

y = 2 * xy + b;

r = x2 + y2;

k==;}
k = 255*k/100;
Color p = Color.FromArgb (255, k, k, k);
return p;

private void Mbut Click(object sender, EventArgs e)
//PYyHKLMS TIOCTPOEHUS MHOXecTBa MaHmemnbOpoTa
//B kBampatre pasmepoMm 400 x 400 nuxkcemnen

{

//OnpenejsieHne 00JIACTU NOCTPOEHUS

const double xmin = -2;
const double xmax = 1;
const double ymin = -1.5;
const double ymax = 1.5;

//OJMHHA CTOPOHEI KBampaTa
const int n = 400;
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//omnpenejieHue npupameHms Mo X M 10 Y
double hx = (xmax - xmin) / n;
double hy = (ymax - ymin) / n;

Bitmap bmp;
bmp = new Bitmap(this.ClientSize.Width,
this.ClientSize.Height);

double x = xmin;
double y = ymax;

for (int j = 1; j < n; J++)
{
for (int 1 = 1; 1 < n; 1i++)
{
Color ¢ = GetColor(x, Vy):
bmp.SetPixel (i, j, c);

X = X + hx;
}
y =y - hy;
X = xmin;

}

Graphics gr = CreateGraphics();
gr.DrawImage (bmp, 0, 0);
}

BrlmeonvcanHblii aJITOPUTM J1a€T MPUOIMIKEHHE K TaK Ha3bIBAEMOMY
MHOXeCTBY ManzaensOpora. MuoxkecTBy MannensOpota mnpuHAIEKAT
TOYKH, KOTOPBIE B TEUEHUE OECKOHEYHO20 YHUCIIa WUTEepaluil HE yXOAST B
OECKOHEYHOCTh  (TOYKH, 3aKpallleHHble B 4YepHbIA 1BeT). Toukw,
MpUHAAJIEKANIME TPAHULIE MHOXECTBa (MMEHHO TaM BO3HHMKAET CJIOKHBIE
CTPYKTYpPBI) YXOAST B OECKOHEYHOCTh 33 KOHEYHOE YHWCJIO WTepauui, a
TOUKH, JIeXkKallKe 3a MpeaesiaMd MHOXKECTBA, YXOJAT B OECKOHEUHOCTh Yepes
HECKOJILKO uTepanuii (6ensiii hoH).

[Ipumep pabGoTel mporpaMMbl U MPUOTHKEHUS K  MHOMXKECTBY
Mannens0poTa B nuamazone s X oT -2 no 1 u gt y ot -1,5 go 1,5
npuBesieH Ha puc. 1.12,
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[ ol Muowectso Mangensbpora l = | =) |£hr

Draw

L

Puc. 1.12. MuoxectBo Manaens0poTa

Ucnonb3yst TyXe caMyl0 HUTEPATHUBHYIO TOCJIEAOBATEIBHOCTh Zpyp =
Z,2+C, 9TO W AL TIOCTPOCHHSI MHOXKECTBAa MaH/[eIb6POTa, MOXKHO [OCTPOHTH
npyroit anrebpandeckuil (dpakTtan: MmHoxcecmeo Krwoaua. MuHOXECTBO
XKronmua mnomywaercs, ecid 3apukcupoBaTh B (opMmyse 3HaYEHUE
KOMIUIEKCHOM KOHCTaHThl (@+ih), koropas Oymer oawHakoBa mis Bcex
TOYEK, a HayaJbHbIC 3HAYCHHS] X W Y TMPUHUMATh PABHBIMH 3HAYCHUSM
KOOpJIMHATaM BBIYUCIISIEMON TOouku. B 3ToM ciydae, kox GyHKIUU
MOJTYYCHUS I[BETA TOUKH OYAET BBHITJISIACTH CIASAYIOIINM 00pa3oMm:

private Color GetColordJd (double x, double y)
{
//3amaeM MNPOMBBOJILHO HAUAJIbLHYI TOUKY
double a = -0.55, b = -0.55
double r = 0;
int k = 100;
while ((r < 4) && (k > 0))
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Double x2 =
Double y2 =
Double xy =
X = X2 - y2 a;
y =2 * xy + b;
r =x2 + y2;
k==;

Xy
N
Yy

.
’

+ XX
>(.

}
k = 255 * k / 100;
Color p = Color.FromArgb (255, k, k, k);
return p;
}

Enie olHUM U3BECTHBIM KJ1accOM (paKTajoB SIBISIOTCS CTOXAaCTUYECKUE
(pakTanabl, KOTOpPHIE MOJYYAIOTCS B TOM CIy4yae, €Clid B HUTEPAlMOHHOM
Mpolecce CIy4yalHbIM 00pa3oM MEHATh Kakue-nuOo ero mnapametpsl. [lpu
ATOM TMOJYyYaroTcsd OOBEKTHl OYEHb IOXOKHE€ Ha MPUPOJHBIE -
HECUMMETPUYHBIE JIEPEBbs, H3pE3aHHblE OEperoBble JUHUM © T.1.
JIByMepHBIE€ CTOXaCTUYECKHE (PpaAKTAIbl UCIIOIB3YOTCS IPU MOAEINPOBAHNUN
penbeda MECTHOCTH U TIOBEPXHOCTH MOPSL.

1.3.3.CucteMbl uTEpUpyeMbIX QYHKIUA

Merton "Cuctem Urepupyembix @ynkuuii” (Iterated Functions System -
IFS) nosiBuncs B cepeanne 80-X rooB Kak MPOCTOE CPEIICTBO MOIYYCHUS
(b pakTaabHBIX CTPYKTYD.

IFS npencraBiser coboit  cucreMy (GYHKIIUHA W3  HEKOTOPOIO
(GUKCHPOBAHHOTO KJilacca (DYHKIMI, OTOOpa)KaromUX OJIHO MHOTOMEPHOE
MHOXXeCTBO Ha japyroe. HawmbGonee mpocras IFS cocrout u3 adduaHBIX
npeoOpa3zoBaHU MIOCKOCTH:

X!'=A*X+B*Y +C

Y!'=D*X+E*Y +F

X' =G*X + H*Y + |

Y, =X+ K*Y + L

B 1988 romy W3BECTHBIE aMEPUKAHCKHE CIEIUATUCTBI B TEOPUHU
JTUHAMUYECKUX CHUCTEM U J3proaudeckod Teopum bapacium wm  Crioan
MPEVIOKIIIA HEKOTOPhIE HJIEH, OCHOBAHHBIC HA COOOpPaKEHUSX TEOPUU
JTUHAMUYECKUX CUCTEM, JIJISI CXKATHUS U XpaHeHUsI rpadudeckoi nHbopmaIum.
Onu Ha3BaM CBOM METOA METOAOM (hpPaKTaIbHOTO CKaThUs WHOOpPMAIUH.
[IpoucxokneHne Ha3BaHUSA CBSI3aHO C TE€M, YTO T€OMETPUYECKHUE OOpasbl,
BO3ZHUKAIONME B 3TOM METOJE, OOBIYHO MMEIOT (paKTaJbHYI MPUPOIY B
cMmbiciie MaHaens0poTa.
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Ha ocHoBanuu »tux wuzaeil bapHcimm u CroaH co3nanu anropuTwM,
KOTOPBIH, MO UX YTBEP)KIEHHUIO, MO3BOJIUT CXXuUMaTh uMH(popmaiuio B 500-
1000 pa3. Bkparue METOI MOXKHO ONUCATh CIEAYIOUIUM 00pa3oMm.
N3o0pakeHne KOIUPYETCs] HECKOJBKUMHU MPOCTHIMHU TPeoOpa3oBaHUsIMU (B
HamieM ciay4yae appuHHBIMEI), T.€. KoddduirmenTaMu 3TUX npeoOpa3oBaHUiA.

Hanpumep, 3akonupoBaB Kakoe-TO u300pakeHue IByMsi apPUHHBIMU
npeoOpa3oBaHUsIMU, Mbl OJHO3HAYHO OINpPEAENsieM €ro ¢ MoMoIbio 12-tu
kod(punmentoB. Ecnu Temeps 3amarhCs KakoW-IuMOO HayaabHOW TOUYKOM
(marmpumep X=0 Y=0) u 3anmyCTUTh UTEPAIMOHHBIN MPOIECC, TO MBI MOCIIE
NEpBOM WTEpAallMM MOJIYYMM JBE TOYKH, IOCIE BTOPOH - 4YEThIpE, IOCIHe
TPETBHEHN - BOCEMB U T.JI. Hepe3 HECKOJIBKO IECATKOB UTEPALMA COBOKYITHOCTh
MOJyYEHHBIX TOYEK OyAET ONUChIBaTh 3aKOJMpPOBaHHOE H300paxenue. Ho
npobyieMa COCTOMT B TOM, YTO OYEHb TPYAHO HalTh Kod(pduuments IFS,
KOTOpasi KoaupoBaia Obl MPOU3BOJIBLHOE H300paXKEHUE.

s noctpoenust |FS nmpumenstor kpome aQpUHHBIX U IPYTHE KIACCHI
MIPOCTBIX TEOMETPUUECKUX MPE0Opa30BaHUM, KOTOPHIE 33Jat0TCSI HEOOIBIITNM
YHUCJIOM MTapaMETPOB.

2. [IpeacTaB/ieHHe BETA B KOMIIBIOTEpE

2.1. CBeT u 1IBET

[TonsiTus cBeTa M 1[BeTa B KOMIBIOTEPHOUW rpadMke TECHO CBA3aHBI U
SIBJISTFOTCSI OCHOBOIIOJIArar0IIMMH.

CBeT MOXKET paccMaTpHUBaThCsA JIMOO KakK DJIEKTPOMArHUTHas BOJIHA,
b0 Kak MOTOK (oToOHOB. OHOW M3 XapaKTEPUCTUK DIEKTPOMATHUTHOU
BOJIHBI SIBIISIETCSA €€ JJuHHA A. Buaumblii cBeT WMeeT JIMHY BOJH B
nuanazone 400-700 am. CBer npuHHUMaercs JMOO HEMOCPEACTBEHHO OT
WCTOYHUKA, HampuMep, OT DKpaHa MOHHUTOpA, JUOO KOCBEHHO MpH
OTPaXKEHUU OT MOBEPXHOCTU 0OBEKTA UM MTPEJTOMIICHUHU B HEM.

Ha npakthke ™Mbl penko CTalKUBaeMcsi CO CBETOM KakoOW TO
OIPENICJIEHHON JJIMHHBI BOJIHBL. HampoTuB, BUAMMBIM CBET MPAKTUYECKU
BCETJIa COCTOUT U3 COYETaHUs (POTOHOB Pa3HBIX JIJTUH BOJIH.

Uctounuk wiam  OOBEKT  SABISIETCA  aAXpomMamuydeckKum,  €Ciu
HaOII0AaEMBII CBET COJIEPIKUT BCE BUAMMBIC JYTMHBI BOJH B IPUOIN3UTEIIHHO
PaBHBIX KOJMYECTBaX. AXpPOMATHYECKUH MCTOYHUK KaXeTCs OenbiM, a
OTPaXEHHBIN WM MPETIOMIICHHBIN aXpOMaTUYECKUIM CBET — OEJIbIM, YEPHBIM
WM CepbiM. benbiMu BBITISAST OOBEKTHI, aXpOMATHUYECKU OTPAKAIOIIUE
6onmee 80% cBera Oenoro WCTOYHWKA, a dYepHbIMU — MeHee 3%.
[IpomexxyTOouHbBIE 3HAUECHUS TAKOT PA3IUYHbIE OTTEHKH CEPOTrO.
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Ecnu BocnipuHMMaeMblil CBET COACPKUT JJIMHBI BOJH B MPOU3BOIBHBIX
HEPaBHBIX KOJUYECTBAX, TO OH HA3bIBACTCS XPOMAMUUECKUM.

Monoxpomamuueckuii - 3T0 TaKOM CBET, KOTOPBI UMEET OJHY JIUHY
BOJIHBI WJIM YaCTOTY.

[loHsiTHE LIBETA TECHO CBSA3aHO C TEM, KaK YEJIOBEK BOCIPHUHUMAET CBET.
Mo>HO cKa3aTh, 4TO OLIYyIIEHUE I[BeTa (OPMUPYETCS YETOBEUECKUM MO3TOM
B pe3ylbTare aHald3a  DJIEKTPOMAarHUTHOrO  W3JIy4yeHuss  (cBera),
MOMAa/Ial0IIero Ha CEeTYaTKY TJias.

Cuuraercs, 4TO B TJla3e YeJOBEKa CYIIECTBYET TPU TPYMIbI [IBETOBBIX
peuenTtopoB  (koyi0o4YeK), Kaxkaas U3 KOTOPbIX YYBCTBUTEIbHA K
oTnpeelICHHOMY Auana3oHy JUIMH BoJiHbl. Kaxknas rpynmna dopMupyeT oauH
U3 TPEX OCHOBHBIX IIBETOB: KPACHBIN, 3€JIE€HBII, CAHUN.

Ecnu nivHBI BOJIH CBETOBOI'O MOTOKA CKOHLIEHTPUPOBAHBI Y BEPXHETO
Kpasg Buaumoro crekrpa (okoso 700 HM), To cBeT BOCHpHUHUMAETCS Kak
KpacHbli. Eciy 1JIMHBI BOJIH CKOHIICHTPUPOBAHBI Y HUKHETO Kpasi BUIUMOIO
criektpa (oxosio 400 Hm), TOo cBeT BOCIpUHUMAETCS Kak CUHUNA. Eciu ayiHbI
BOJIH CKOHIICHTPUPOBAHBI B CEpPEeAMHE BUAUMOTO crekTpa (okono 550 Hm),
TO CBET BOCIPHUHUMAETCS KaK 3€JICHBIN.

C moMomip0 3KCIEPUMEHTOB, TOCTPOEHHBIX HA ATOW TUNOTE3€, ObUIH
MOJIy4€HBI KPUBBIE PEAKIIMU TJ1a3a, OoKa3aHHbIe Ha puc. 2.1.

BeJIeHbN

KpacCHSI1

CHUHUI

OTHOCHUTENIBbHAST YYyBCTBUTEJNBHOCTD

1 1 1 1
400 500 600 700

Puc. 2.1. Kpusble peakiuu ria3a

[Ipu onmmcanuu 1BETa MCHOJB3YIOT TPU €ro CyOBEKTHUBHBIX aTpuOyTa:
U6Eemo6ou MoH, HACLLUWEHHOCIMb U céemiomy. Pa3fienenue npusHaka nBeTa
Ha OTU B3aUMOCBS3aHHBIE KOMIIOHEHTBl €CTb pE3YyJIbTAT MBICICHHOIO
npolecca, CyleCTBEHHO 3aBUCSIIETO OT HaBbIKa U O0yUEHUSI.
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HauGonee BaxHbIi arpuOyT 1Bera — ueemosou mon (hue) —
ACCOIIMUPYETCSI B YEIOBEUECKOM CO3HAHUHU C OOYCIIOBIEHHOCTHIO OKPACKH
MpeaMeTa OMNPEACICHHBIM THUIIOM IMHTMEHTA, KpacKu, KpacuTens. ToH
OTIPEIEISACTCS XapaKTepOM PACTIPEICICHHS U3TyUYeHUS B CIIEKTPE BUAMMOTO
cBera. IMEHHO TOH oOmpeaeNnseT Ha3BaHWE IIBETA, HAIPUMEP «KPACHBINY,
«CUHHUNY, «3CJIEHBIN.

Hacviuennocms (Saturation) xapakrepusyeT CTEICHb, YPOBEHb, CHITY
BBIPOKEHUSI IIBETOBOTO TOHA. DTOT aTpUOYT B YEJIOBEYECKOM CO3HAHUU
CBSA3aH C KOJMYECTBOM (KOHIIEHTpalMed) MUTMEHTa, KPacKu, KpacuTeds.
MO0>XHO CKa3aTh, 4YTO HACHIIIEHHOCTh I[BETA MOKA3bIBAET, HACKOJIBKO JIaHHBIN
I[BET OTJIMYAECTCS OT MOHOXPOMATUUYECKOTO («UHUCTOTO») U3IIyYCHUS] TOTO KE
CBETOBOTO TOHA. HaCHIIIEHHOCTh XapakTEpPU3yeT CTENEeHb OCJIa0JIeHUs
(pa3baBiieHUs) MAHHOTO IIBE€TAa OENBIM U MO3BOJSIET OTIWYATh PO3OBBIA OT
KpacHoro, Tronyboi ot cuHero. Cuurtaercsi, 4YTO Ccepble TOHA
(axpomaTHUecKHe) HE HMMCIOT HACBIIICHHOCTH M Pa3UdYaloTCs JIUIIb 10
CBETJIOTE.

Csemaoma (lightness, value) — 310 pa3IMYMMOCTh y4acTKOB, CHUJIbHEE
uinu crnabee OTpaKaroIIUX CBET. YPOBEHb CBETJIOTHI OKpAII€HHBIX 00BEKTOB
OTIpEIEISACTCS TPU CPABHCHHHM WX C aXpPOMATHUYCCKUMHU OOBEKTAMU W TIPH
BBISIBICHUU CTENEHU WX MPUOIIKEHUS] K OeJOMYy IBETY, OTpPa)KalolleMy
MaKCHMYM CBETa.

Co cBeTJIOTOM TECHO CBA3aHO (DU3UYECKOE TOHSTUE APKOCHU Ccéema
(luminance). Yem Gosbliie SpKOCTh, TeM O0JIbIIIEe cBETIOTA. [103TOMY MOXKHO
CKa3aTh, YTO CBETJIOTA €CTh Mepa OmlylieHus sipkoctu. C apyroil CTOPOHHI,
BO MHOTHX MCTOYHMKAX, BMECTO TIOHSATHS CBETJIOTAa YacTO HCIOJIb3YIOT
cyObekTUBHOE MOHsATHE sApKkocmu (brightness).

2.2. IIBeTOBBIE MOAE/IM M IPOCTPAHCTBA

Kak BUIIUM W3 BBIIIEU3I0KEHHOTO, ONMMCAHKUE LIBETA MOKET OMUPATHCS
Ha COCTaBJIEHUE JIIOOOT0 1BETa HA OCHOBE OCHOBHBIX I[BETOB WJIM Ha TAKUE
MOHATHUS, KAK CBETJIOTA, HACBHIIIEHHOCTh, LIBETOBOM TOH. IIpHMeHHUTENBbHO K
KOMITBIOTEPHOM TpauKe ONUCAHHME IIBETAa TAKXKE JOJDKHO YYHUTHIBAThH
cnenuuKy anmapatypbl JUisi BBOAA/BbIBOAA H300paxkeHud. B cBsizu ¢
HEOOXOJUMOCTBIO  OMHMCAHMA  PA3NUYHBIX  (PU3NYECKUX  IPOIECCOB
BOCTIPOM3BEJICHUS 1BeTa ObLIM pa3pabOTaHbl pa3MUHbIE I[BETOBBIE MOJIEIH.
[{BeTOBBIE MOAENIM IO3BOJSIOT C IOMOIIBK) MAaT€MaTHYECKOIrO armapara
OnucaTh OINpeAeTeHHbIE I[BETOBbIE O0MacTu crekTpa. L[BeToBble Momenu
ONKCHIBAIOT LBETOBBIE OTTEHKM C IIOMOIUBID CMEIIMBAHHUS HECKOJIBKUX
OCHOBHBIX I[BETOB.

OcHoOBHBIE 11BE€Ta Pa30MBAIOTCS HA OTTEHKH MO SPKOCTU (OT TEMHOTO K
CBETJIOMY), W Ka&XIOH TIpajaluyd SPKOCTU TMpHUCBAMBaeTCs UUPpoBoe
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3HavYeHue (Harpumep, camoi TemMHoil — 0, camoil cBetioit — 255). Cuuraercs,
YTO B CPEJHEM YEJOBEK CIOCOOEH BOCIHPHHUMATH OKOJO 256 OTTEHKOB
onHoro 1Bera. Takum oOpa3oM, JIF000H LBET MOYKHO Pa3JIOKHUTh Ha OTTEHKHU
OCHOBHBIX I[BETOB U 0003HAYUTh €r0 HAOOPOM IU(P — BETOBBIX KOOPAUHAT.

Takum 00pazoMm, mpu BbIOOpE IIBETOBOM MOJEIN MOXHO OIpPENEsITh
OOBIYHO TPEXMEPHOE IIBETOBOE KOOPAWHATHOE MPOCTPAHCTBO, BHYTpPHU
KOTOPOTO KaXKIbId I[BET MpPEACTABIAECTCS TOUYKOM. Takoe NpOCTPaHCTBO
Ha3bIBAE€TCsI IPOCTPAHCTBOM LIBETOBOW MOJIEIH.

[Ipodeccuonanphpie rpaguueckue MPOrpaMMbl OOBIYHO ITO3BOJISIFOT
ONEpUPOBAaTh C HECKOJBKUMHU IIBETOBBIMM MOJAEISAMHU, OOJIBLIMHCTBO U3
KOTOPBIX CO3/aHO Ui CIEUUAIbHBIX I€JIed WM OCOOBIX THUIIOB KpPAaCOK:
CMY, CMYK, CMYK256, RGB, HSB, HLS, L*a*b, YIQ, Grayscale
(Ortenkm ceporo) u Registration color. HekoTopble B3 HHUX HCIHOJIB3YIOTCS
PENKO, TUAMA30HbI IPYTUX MEPEKPHIBAIOTCS.

2.2.1. liBeToBas moaeqib RGB

B ocHoBe oniHOM M3 HamboJiee pacpOCTPAaHEHHBIX IIBETOBBIX MOJCIIEH,
HazpiBaeMoii RGB mozenpio, 1ekuT Bocmpon3BeaeHre T000T0 MBETa MyTeM
CIIOKCHHMS TPEX OCHOBHBIX I1BeTOB: KpacHoro (Red), senenoro (Green) u
cunero (Blue). Kaxnpiii kanan - R, G ninu B umeercs CBOM OTHENBHBIN
MapameTp, YKa3bIBAIOUIM HA KOJMYECTBO COOTBETCTBYIOIIEH KOMIIOHEHTHI B
KOHe4uHOM I1BeTe. Hampumep: (255, 64, 23) — nBer, couepx auiuidi CUIbHBIN
KpacHbId KOMIIOHEHT, HEMHOTO 3€JIEHOI0 U COBCEM HEMHOIO CHHETO.
EcTtecTBeHHO, 4TO ATOT pexxuM HauboJiee MOAXOAUT IS repeaadyn 0orarcTea
KpacoK OKpy»karorieil mpupoasl. Ho o Tpebyer u O60JbIIMX pacxolioB, TaK
KaK IIyOMHA 1BeTa TYT HaubOojblnas — 3 KaHaja 1o 8 OUT Ha KaXIbId, 4TO
JaeT B o01Iel cioxkHocTh 24 OuTa.

[Tockonpky B RGB monmenu mpouCXOIUT CIOKEHHE IIBETOB, TO OHA
Has3biBaeTcs adoumusnon (additive). iIMeHHO HA TakOil MOJEIH MOCTPOCHO
BOCIIPOU3BEICHUE 1IBETAa COBPEMEHHBIMH MOHUTOPAMH.

3navenuss koopawHaT R, G m B MOXHO cuuTaTh MpUHAIICKAITAMU
otpe3ky [0,1], uto npencrasnser npoctpanctBo RGB B Buae equHUYHOIO
KyOa (puc. 2.2).
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Cunuii (0, 0, 1) Tony6oii (0, 1, 1)

ManuHOBBIN
(1,0, 1) ! bemsrii|(1, 1, 1)
i‘—IepHLIﬁ (0, 0,{0)
e 3enensiii (0, 1, 0)
Kpachbiii Kenrsrii
(1,0,0) (1,1,0)

Puc. 2.2. lIetoBoe npoctpanctBo RGB monmenn

2.2.2. CyoTpaKTHBHbIE LIBETOBbIE MO e/IN

Mooenr CMY wucnonb3dyer Takke TpU OCHOBHBIX I1Beta: Cyan
(romy6oii), Magenta (myprypHbiid, wix ManuHOBBIH) U Yellow (xentbri).
OTHU 1[BETA ONMKCHIBAIOT OTPAXKEHHBINA OT Oesiol OymMaru CBET TpeX OCHOBHBIX
BetoB RGB monenu. [Toatomy MoxHO onucaTh cooTHomeHus: mexay RGB
u CMY Mopensmu ciaeayronum oopa3om:

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

Mopens CMY sBnsiercst cyompaxkmugnoii (OCHOBAaHHON HA BEIYUTAHUN )
1BeToBOM monenbto. Kak yxe roopwiocs, B CMY-monenu onuchiBaroTCs
[[BETa Ha OeJIOM HOCUTENE, T. €. KpacHUTellb, HAHECEHHBIN Ha Oenyto Oymary,
BBIUMTAET YacTh CHEKTpa W3 TMajarmero Oemoro ceera. Hampumep, Ha
MMOBEPXHOCTh Oymaru HaHecau roinyooii (Cyan) kpacurens. Teneps KpacHBIN
CBET, MajarouMii Ha Oymary, MOJHOCTBIO MOTJomaercd. Takum o0pa3om,
roy0oif HOCHTENh BRIYNTACT KPACHBIA CBET U3 MAJAAIOIIETO OENoro.

Takass Momenb HamOoJiee TOYHO OIMCHIBACT I[BETA TIPU BBIBOAC
N300pakeHHsI Ha TIeYaTh, T. €. B OTUTrpaduu.

[TockonbKy A BOCIPOU3BEICHUS YEPHOTO LIBETa TpeOyeTCs HaHECECHHE
TpEeX KpacuTelled, a pacXoJHble MaTepHalibl TOpOTd, ucnois3oBanue CMY-
Mozaenu siBisercs He d(PdekTuBHbIM. JIOTMOTHUTENbHBIH (akTop, HE
noGapisttonuii  mpusnekareabHocth  CMY-monenu, — 93TO MOSIBICHHE
HEKeJlaTeNbHbIX BU3yaJbHBIX 3((EKTOB, BO3HUKAIOIIMX 32 CUET TOrO, YTO
IpU BBIBOJIE TOUYKM TPU 0a30BbI€ I[BETA MOTYT JIOKUTHCA C HEOOJIBIIUMU
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orkioHeHusiMu. [loatomy k ©6a3oBeiM Tpem 1BetamMm CMY-monenu
nobasisttot yepHbli (blacK) n monydaror HOBYIO 1IBeTOBYIO M0odens CMYK.

Hna mnepexoma w3 mozenu CMY B momens CMYK ucnonb3yroT
ClIeyIOlIee COOTHOLIEHHUE:!

K=min(C, M, Y);
C=C-K;
M=M-K;

Y =Y-K.

CootHomenus npeoopazoBanuss RGB B CMY u CMY B CMYK-monens
BEPHBI JIUIIbL B TOM CJIy4yae, KOTJla CIEKTpajJbHbIE€ KPUBBIC OTPAKECHUS IS
0a30BbIX ILIBETOB He mepecekatorcs. [lostomy B oOmiem ciiydae MOKHO
CKa3aTh, YTO CYIIECTBYIOT I[BeTa, omucbiBaeMble B RGB-Monenu, HO He
ormuceiBaeMple B CMYK-Monenu. D10 03Ha4yaeT, 4YTO IIBETOBOM OXBaT
moaenn CMYK 3HauntensHO HIKe iBeTOBOTr0 oxBaTta RGB-Mmonenn.

CymectByetr Takke moaenb CMYK256, kotopas uCmonb3yercs s
0oJiee TOYHOM Mnepeayr OTTEHKOB IPU KaYE€CTBEHHOW NeYaTH U300paKeHU M.

2.2.3. Moaeau HSV u HSL

PaccMoTpeHHble  MoOzEnM  OpPHEHTHpPOBaHbI ~ Ha  pabory ¢
LBETOINEPENAIONICH anmaparypod M JJIsl HEKOTOPBIX JIIOAEH HEyJOOHBI.
[Toatomy momenmu HSV, HLS onuparorcs Ha MOHATHS TOHA, HACHIIIICHHOCTH
U APKOCTH (CBETJIOTHI).

B uBeroBom mpoctpanctBe momenmu HSV (Hue, Saturation, Value),
uHorma HaspiBaemor HSB (Hue, Saturation, Brightness), ucmonb3yetcs
UUJIMHIPUYECKAs] CHCTEMA KOOPJIMHAT, & MHOKECTBO JIOMYCTHUMBIX IIBETOB
MIPEICTaBIIAECT COOOM IIECTUTPAHHBIN KOHYC, TOCTABICHHBIN HA BEPIINHY.

OcHoBaHue KOHYCa MPENCTABISET SIPKUE I[BETA U COOTBETCTBYeT V = 1.
Ton (H) uzmepsiercs yriom, OTCYUTHIBAEMBIM BOKPYT BepTHKaIbHOM ocu OV.
[Ipu 3TOM KpacHOMY LIBETY COOTBETCTBYET yroia 0°, 3enénomy — yros 120° u
T. A. llBeTa, B3auMHO JOMOJHSIOIIME APYr Apyra 10 Oenoro, HaxoAsTCs
HaAIMpOTHUB OJMH JIPYroro, T. €. uX ToHa ommuaroTcs Ha 180°. Benmuuuna S
(maceimenHocTh) u3mensercs ot 0 Ha ocu OV 10 1 Ha TpaHIx KOHYyca.

Konyc wumeer enunununyio BbicoTy (V' = 1) u ocHOBaHue,
PacIooKeHHOE B Hadyajie KoopiuHaT. B ocHoBaHMM KOHYyca BeauyuHbl H 1 S
cMmbIcia He umeroT. benomy 1Bety coorBerctByer napa S = 1, V = 1. Ocs OV
(S =0) coOTBETCTBYET aXpOMAaTHYCCKUM IIBETaM (CEPHIM TOHAM).

ITponecc nobaBneHus 0enoro 1BeTa K 3aJaHHOMY MOKHO MPEICTaBUTH
KaK YMEHbIIEHUE HACBIIEHHOCTH S, a mpolecc A00aBIeHUs YEPHOTO 1[BETA —
Kak yMeHblleHue spkoctd V. OCHOBaHUIO WIECTUTPAHHOTO KOHYca
cooTBeTcTBYET Mpoekius RGB kyba B0k €ro riiaBHOM JuaroHasy.
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3eJICHBIN KenrTeiin

['omyOoit Kpacnsbiit

CuHuii ManuHoBBIN

0,0
YepHbiit

Puc. 2.3. lIetoBoe npoctparctso HSV moznenu

Eme omHuM mnpuMepoM CHCTEMBI, TOCTPOCHHOW HAa HWHTYUTHBHBIX
MOHATHUSAX TOHA HACKHIIIEHHOCTH M CBETIIOTHI, sBisieTcst cucrema HLS (Hue,
Lightness, Saturation). 31ech MHOXECTBO BCEX I[BETOB MPEACTABIACT COOOM
JIBa IIECTUTPAHHBIX KOHYyCa, MOCTABJICHHBIX APYr Ha Apyra (OCHOBaHHE K
OCHOBAHHUIO).

Anroputmbl npeoOpazoBanusi RGB B HSV u B HLS u oOpartnbie
npeoOpa3zoBaHus pacCMOTPEHHI B [7].

2.3. CuctemMsbl ynpaBJIeHUA LBETOM

Curyanus, korja Au3aiHepaMm U nojaurpaductaM NpuxoauTcs padoTaTh
B Pa3HBIX I[BETOBBIX MPOCTPAHCTBAX, MIPUBOAUT K BOSHUKHOBEHUIO OIIHOOK B
LBETOIEpEIaue HA ATare nepexoaa OT OAHOM IBETOBOM MOAEIU K JIPYTOW.
AJNBTEpHATUBOI TAKOI0 MOJX0/1a ABJISIETCA UCIOJIb30BAHUE TAK HA3bIBAEMOM
amnmapaTHO HE3aBUCHMMOM CHCTEeMbI yIpaBiieHHs IBeToM (color managing
system, CMS). CyTb 3T0i#1 TEXHOJIOTMH COCTOUT B TOM, UTOOBI HE3aBUCUMO OT
IpOrpaMMHOro oOecreueHus 1BET nepeaaBaics OT OJHOI0 3Tana o0paboTKU
(HampuMep, CKaHUpOBaHUA) K Apyroi (medyatu) O0e3 ucKaxeHU. Takum
o0Opa3oM, obecrieurnBaeTcsi BUAUMas OJHOPOJIHOCTh LIBETOBOI'O MPOCTPAHCTBA
Uil BceX mNepuepuilHbIX YCTPOMCTB M MPUIOKEHUH, padoTaomMX B
cucreme. M3HauanpHas TMOJJEpKKAa OTOM TEXHOJOTMM Ha IUatgopme
Macintosh (CMS ColorSync) 6sina q0aroe Bpemst IPUYHHON MPeanoYTeHUs
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3TOM TIaTopMbl creruanucTaMu B oonactu rpaduku. B mocrnegnee Bpems
MHOTO TOBOPHUTCSI 0 paboTe ¢ 3Toi TexHosorueit kopmopanuu Microsoft.

CMS nomkHa y4uTHIBaTh, 4YTO BCE YCTPONCTBA BBHIBOJA (KaK MPUHTEPHI,
Tak ¥ MOHHTOPBHI) MUMEIOT (DUKCHUPOBAHHBIA HANa3oH BOCHPOH3BOAMMBIX
[IBETOB M TOHOB, HAa3bIBAEMBbI WUeemogou zcammoiu. Ilpu >TOM 1BEeTOBas
raMmMa €CTeCTBEHHbIM 00pa3oM OrpaHHYMBAETCS HauOOJIEe HACBHIILIEHHBIMU
[[BETaMH, C KOTOPBIMH HPHUXOJUTCS padoTaTh YCTPOWCTBY, T. €. €ro
OCHOBHBIMH ILBeTaMH. [IoATOMYy Ha 3KpaHE MOHHUTOpPA HENb3s IOJYYUTh
0oJjiee HaCBHIIICHHBII KpacHBIM LIBET, YEM Yy €ro JroMuUHO(Opa, win Oosee
HACBIIICHHBIN 3€JICHBIM LBET IPH II€YaTH Ha IPHUHTEpPE, YEM B PE3YJIbTATE
CMEIIEHUS TOIy00 U KEeNTOM KpacoK.

OO0sacTh LIBETOBOI raMMbl MEHbIIIE, YEM I[BETOBOM OXBAaT MPAKTUUYECKH
mo00#1 11BeTOBOM Mojenu. BTopoil mpobiemoid, KOTOpYyIo JOHKHA peliarh
CMS, sBasieTcst TO, 4TO YCTpOICTBA BBOJA (CKaHEPhl U LIU(PPOBBIE KaMEPHI)
HE MMEIOT LIBETOBOM raMMbI, IIOCKOJIbKY HE CYIIECTBYET PE3KOMl TI'paHHUIIbI
MEXy BOCIIPUHUMAEMbIMU U HE BOCHPUHUMAEMbIMH UMM LIBETAMH, YTO ObI
OHM HHU (PUKCHUPOBAIIH.

Hecmotpst Ha TO, 4TO y YCTpOWCTB BBOAa (CckaHepa W UU(POBOIA
KaMmepbl) OTCYTCTBYET LBETOBasg TramMMa, Yy HHUX €CTh (DPMKCHUPOBAHHBIN
OuHAMU4ecKuii Ouana3on — TPEJeiabl U3MEHEHUSI YPOBHEN SIPKOCTH, NPHU
KOTOPBIX 3TH YCTpOMHCTBa CHOCOOHBI padorarh. Huke omnpeneneHHOro
YPOBHSI TEMHOTHI (WJIM TUIOTHOCTH) CKaHep WM LU(poBas KaMmepa yxKe He B
COCTOSIHUH Pa3jIMyaTh YPOBHHM SIPKOCTHM M BO3BpallaeT HYJEBOE 3HAUYCHHE,
o0o03HayaIIee TEMHOTY. AHAJIOTMYHO, BBIIIE OIPENEICHHOIO YpPOBHS
SAPKOCTH YCTPOWCTBA BBOJIA HE CIIOCOOHBI (PUKCUPOBATH U3MEHEHUE SIPKOCTH,
YTO JOCTATOYHO PEIKO HAOIIOAAETCS y CKAHEPOB M CIMILKOM 4YacTo — Yy
U (pPOBBIX Kamep.

Kak mnpaBuno, ycrtpoiictTBa BBoAa o00JagalOT Oojiee HIMPOKUM
JUHAMUYECKUM JUana3oHOM, YeM YCTpOWCTBAa BbIBOAA. JlOMOIHUTENbHOU
CH0XHOCTHIO 1711 CMS sBisIeTCS HE COBIAICHUE IBETOBBIX TAMM Pa3JIMYHBIX
YCTPOMCTB.

JUist pemieHus TEpeYMCIEHHBIX NpoOsieM ObulM pa3paboTaHbl Tak
Ha3blBaEMble  mpouau  ycmpoiucme, ONNUCHIBAIOLIME  pas3Ihnyue B
IIPEACTABICHUM LBETA MEXAY YCTPOMCTBOM H OINPEAEICHHOW IBETOBOU
Mozenblo. Takxke, mMpouiib yCTpoIlCTBa COACPKUT HHPOPMAIUIO O Tpex
napaMmeTpax, ONUCHIBAIOIINX PEKUM pabOThl YCTPOHCTBA!

= [[BeTOBOI raMMe — LIBETE U IPKOCTHU KpacuTesel (OCHOBHBIX IIBETOB);

» J[MHAMUYECKOM JUara3oHe — I[BETe M SPKOCTU OeNoll M dYepHOM
TOYEK;

» XapakTepuCTHUKaX TOHOBOCIPOU3BEECHHUS KpacUTeeH.
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Ceronns OosbIIas 4acTh PO ECCHOHATIBHOTO U
MOTyIIPO(PECCHOHATEHOTO  00OPY/IOBAHUS TIOCTABISIETCSI € MPOQUIISIMHU.
Opgnako ot  Tpodwinm OOBIYHO  SBISIOTCS  YHUBEPCAIBHBIMU TS
OTIpeICTICHHOW MOJIENH, a He JUIsl Balllero KOHKPETHOTO H3JENHs, TOTOMY
HeoOXoauMa HACTpOKa MapaMeTpoB YCTPOMCTBA B COOTBETCTBUU C
HEKOTOPBIM TAJIOHOM — KAJIUOPOGKa.

DTanoHHbIC 3HAYECHUS HA OMUCAHUE XapAKTEPUCTUK BOCIPOU3BEACHUS
[[BeTa ycTaHaBlIMBaeT MexayHapoaHblii KoHcopmuym 1o 1Bety (ICC —
International Color Consortium), cozpanusiii B 1993 r.

IToaTtomy CMS 00b1YHO BKJTIOUAIOT B c€0s CpelicTBa KAIMOPOBKH, T. €.
CpelCcTBa HACTPOMKM KOHKPETHOIO OK3EMIUIsipa B COOTBETCTBHUH C
tpeboBanusimu nipoduiia |ICC. CpencrBa kaauOpoOBKH OBIBAIOT ammapaTHO-
MIPOTPAaMMHBIMH M YUCTO TIPOTPAMMHBIMH.

He cymectByer uaecampHoii CMS, oaWHAKOBO TPHUTOMHOW IS BCEX
YCTPOMCTB, OAMHAKOBO padoTarolel Ha BCceX MIaTGpopMax M MPOrpaMMHBIX
cpenctBax. Hanbonee ymaunbiMu MokHO cuntaTth CMS, peanm3oBanHbIe Ha
YpOBHE OICPallMOHHONW cHcTeMbl. B omeparmonnoit cucteme Windows,
HaunHas ¢ Bepcuu Windows Vista, ucnomb3yercs CMS m3BecTHas Kak
Windows Color System (WCS) .

N3 CMS, sBnsitomMXCS BHEIIHUMH [0 OTHOIICHUIO K ONEPallMOHHBIM
cucTeMaM, HauOOJIbIIIEe PACIPOCTPAHCHUE TMOIYYWIH MPOTPaMMbI (UPM,
JIaBHO paboTaromux B obOjacTu 1BETHOM (oTorpaduu, meyaTH, MUGPOBBIX
rpadudeckux texnonoruii: Agfa Foto Tune, Kodak DayStar Color Match.

Yo xe nenath, ecmu CMS mist Bac erie HeIOCTyMmHaA, a aJIeKBaTHOCTh
BOCHPUATUSL 1LIBETOB COXpaHUTh HeoOxonumo? TyT cymiecTByeT mBe
aNbTEPHATUBBL: TOCTOSAHHAS KanuOpoBKa mNepupepuitHOro 000pyI0BaAHUS
(ckaHepa, MOHHUTOpPa W T. J.) WJIM HCIIOJB30BAHHUE CIICIUANBHBIX aTIacoB
usetoB (color sample card). [1epBblit MyTh JOBOJIEHO JTOPOTOM M TPEOYIOIINH
y4acTusl CHEIMaTUCTOB. ATIIac IIBETOB MPEACTAaBIsIET COOOM COBOKYITHOCTD
3apaHee CQOPMHUPOBAHHBIX CTAHIAPTU3MPOBAHHBIX OTTEHKOB I[BETOB,
CBEJICHHBIX B YMOPSIAOYCHHYIO TaOJHIy, KOTOPHIE MOXHO HCIOJB30BaTh
HampsAMYyI0 Mo Mepe HeoOxomumoctu. Hambosee pacmpocTpaHeHHBIMH Ha
CETOJHSAIITHUYN JCHB SBJISIOTCS aTiackl pupmbl Pantone.

3. I'pa¢uueckue PpaiioBsie popmMaTsbl

Kax yxe roBopuiiocs paHee, Ipu XpaHEHUU PACTPOBBIX M300paKEHUH,
KaK TMpaBUJIO, MPUXOIUTCS UMETh Jiefio ¢ (Qaitmamu Oomibiioro pasmepa. B
ATOM CBS3W BAXKHOM 3a/iaueil SBISIETCS BBIOOP COOTBETCTBYIOIIETO (popmara
daiina.
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®opmaTtoB rpapuuecKkux (ailyioB CyIIECTBYET BEIUKOE MHOXECTBO H
BBIOOp MPUEMIIEMOTO OTHIOAb HE SBIACTCA TPUBHAIBbHON 3amaueid. s
oOJierdyeHus BbIOOpa BOCIIONIb3yeMCsl KIIAaCCU(PUKALIUSIMU.

IIo Ty xpanumoi rpagpuyeckoit uHpopmaumu:

» pactposeie (TIFF, GIF, BMP, JPEG);
» pekropHeie (Al, CDR, FH7, DXF);
» cmMmemanuble/yauBepcansusie (EPS, PDF).

Cnenyer yuuThIBaTh, 4TO (hallbl NMPAKTUYECKH JTHOOOr0 BEKTOPHOTO
(dopMara Mo3BOJISAIOT XPaHUTh B ceOe U pacTpoByro rpapuky. OgHako yacto
3TO NMPUBOJUT K UCKAKEHUSM B LIBETOIIEpEAUE, I03TOMY €CIIU N300pakeHHe
HE COJEPKUT BEKTOPHBIX OOBEKTOB, TO MPEANOYTUTEIbHEE HCIOJIb30BAThH
pacTpoBbie (hOpPMATHI.

dbopmaThl rpadguUecKux
¢aiinos

BCKTOPHBIC I PaCTPOBLIC CMCIIAHHBIC I

A 4 A 4

MHOT'OCJIOMHEIE I OJHOCJIOMHBIE I

HOJIHOLIBETHEIE C MHJEKCUPOBAHHOMN
HaJIATDOM

GIF

A 4

y
0e3 cxxatus I CO CKaTUEM

BMP

C IMoTepel KauecTBa I 0e3 morepu KauecTBa I
JPEG PCX
TIFF

GIF

Puc. 3.1. I'paduueckue ¢aitnoBsie popMaTsl
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CkaxkeM HECKOJBKO CJIOB O HambOojee MOMyIsIpHBIX TpaduuecKkux
dbopmarax.

3.1. BMP

BMP (ot amrm BitMap Picture) — ¢opmar xpaneHUs pacTpoOBBIX
nzo0paxxenuit. BMP Opur co3man  kommanueit Microsoft u mmpoko
UCTIOJIB3YETCs B ONIEPAIIMOHHBIX cucTemMax cemercTra Windows.

I'myOGuHa nBeta B 1aHHOM opmate MOXeT ObITh 1, 2, 4, 8, 16, 24, 32,
48 OWT HaA MHUKCEIb, MAaKCUMAaJIbHBIE pa3Mepbl nM3o0paxkeHust 65535x65535
nukcenen. OgHako, riyoruHa 2 OUT opuIMaIbHO HE MOAIEPKUBACTCA.

®opmar BMP gBiusgercs npuMepoOM XPAHEHUS] HOJIHOUGEHIHbIX
u3zoopascenuit. B 3ToM cilydae, 11BeTa IMHUKCEIEH MOXKHO OIPEAEIISATh, IBHO
3alaBasi HECKOJIbKO TmapameTpoB 1Beta. Hampumep, B RGB-mopenu
KOHEYHBIA I[BET KaXXJOTO MUKCENS OMPENEseTCs TpeMs ClIaraeMbIMU st
TpEX OCHOBHBIX I[BETOB.

B dopmatre BMP ectp mognepxkka cxatusi no aneopummy RLE.
Anmroputm RLE wnu anzopumm kKooupoeanus noemopoe ONEPUPYET
CEepUsIMH JAHHBIX, TO €CTh MOCJIEA0BATEILHOCTIMU, B KOTOPBIX OJWH U TOT
K€ CUMBOJI BCTPEYAETCS HECKOJIbKO pa3 moapsa. IIpu koaupoBaHuu ctpoka
OJINHAKOBBIX CHMBOJIOB, COCTaBIIIIOIIMX CEPUI0, 3AMEHSETCS CTPOKOA,
KOTOpasi COAEPKUT CaM MOBTOPSIOMIMNCS CUMBOJ U KOJHMYECTBO €r0
IOBTOPOB.

PaccmoTpum m3o0paxkeHue, COCTOAIIee M3 CTPOKU OENBIX M UYEpPHBIX
nukcenei. OnuieM 3Ty CTPOKY Kak:

wwwwBwwWwwBBBWWWWBWWWW

3neck B nipencraBnser 4€pHbI TUKCcenb, a W 0003Haudaet Oenbiii. Ecim
MbI ipuMeHnM RLE konupoBanue k 5Tol CTpoke, TO MOJy4YUM CIEAYIOIICE:

AW1B4W3B4W1B4W

@aitnbl popmata BMP moryT umers pacmmpenus .bmp, .dib u .rle. DIB
o3HavaeT annapamuo-uezasucumotii pacmp (Device Independent Bitmap).
[Ipu ucnosib3oBaHUM ITOTO PopMaTa MPOrPaMMUCT MOKET MOJYUUTh JOCTYM
KO BCEM 3JIEMEHTaM CTPYKTYp, OMUCHIBAIOLIUX M300paKeHUE, MPU MOMOIIH
oObryHOro  ykazatend. Ho 95T JaHHble HE  HUCHONB3YIOTCA IS
HETIOCPEICTBEHHOTO YIIPABICHUS dKPAHOM, TaK KaK OHHM BCETJa XPaHATCA B
CUCTEMHOW MaMATH, 4 HE B CIEUUAIU3UPOBAHHOM BuaconamsaTu. dopmar
MUAKCENISI B OMEPATHBHOW MaMAITH MOXET OTIWYaThCs OT TOro Qopmara,
KOTOPBIN JTOJDKEH 3aHOCUTHCS B BUACOMAMSITH ISl MHIUKAIIMN TOYKU TaKOTO
xe 1Bera. Hampumep, B DIB-dopmare moxeT ucnonb3oBathest 24 6uta ais
3aJlaHusl TIUKCES, a TpadUuecKuii ajarntep B ’TOT MOMEHT MOXET paboTaTh B
pexxume HighColor ¢ niseToBoit riryounoit 16 6ur. Ilpu 3TOM sipko-KpacHas
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TOYKa B amlmapaTHO-HE3aBUCUMOM (opmare OyaeT 3amaaBaTbCsl TpeMs
oaritamu 0x0000ff, a B BuaeomamsaTu — ciioBoM 0xF800.

DDB o3nauaetr annapamno-zasucumotic pacmp (Device Dependent
Bitmap, DDB). Drtor Qopmar Bcerga COIEPKUT IIBETOBBIC KOIIBI,
COBMAJAIONIUE C KOoJaMH BuAeoOydepa, HO XpaHUTHCS OH MOXET Kak B
CHUCTEMHOH, TaKk U B BUAeONaMATH. B 0o0oux ciiydasx OH COJAEP>KUT TOJIBKO
KOJIbI LIBETa B TOM (hopmaTe, KOTOPBI 00ECTICUUT MEPECHUIKY M300paKEeHUS
u3 O3V B BUAEONaMITh IPU HOMOIIX MPOCTOTO KOMHMPOBAHUS.

Takum oOpaszom, mocromHcTBoM ¢opmata BMP sBnsercs mpoctora
oOpamieHusi K OT/AEJIbHBIM MUKCENIIM Ha HM300paKE€HUHU, YTO MOXKET OBbITh
UCIIOJb30BAaHO TIPU  HAMKMCAHWUU JIEMOHCTPAIMOHHBIX MpOrpaMM Mo
KoMIbIOTEpHOM Tpaduke. K HETOCTATKOM HYKHO OTHECTH CpPaBHUTEIBHO
OonpIMe pasmepsl (ailyioB, XpaHsAmux u3oOpaxeHuss B (opmate BMP,
BCJIEJICTBUE HE COBEpLIeHCTBA anroputma RLE.

Kpome noanep:kku moaHOUBETHBIX M300paxenuit popmar BMP moxer
o0ecreynBaTh XpaHEHUs U300paKeHn c HCIIOJIb30BaHUEM
UHOEKCUPOGAHHOU nanumpsl. BTOpON MOIXO0J 3aKIOYAETCS B TOM, YTO B
MepBOil yacTu (aiina, XpaHSAIIEro M300paKEHUE, XPAHUTCS «naaumpa), B
KOTOpPOM C TMOMOIIbI0 OJHOW M3 LBETOBBIX MOJEIEH KOAUPYIOTCS IIBETA,
OPUCYTCTBYIOLIME HA H300paxeHHMH. A  BTOpas 4YacTb, KOToOpas
HETOCPEICTBEHHO OIMUCHIBACT MUKCEIH M300pakeHus, (PaKTUUEeCKU COCTOUT
U3 NHJEKCOB B ITAJIUTPE.

®opmar BMP MoxkeT uCHonap30BaTh peXUM HHACKCUPOBAHMS LBETOB
NPy CIEAYIONIMX 3HAYCHHUSX TayOuHbI 1Beta: 1 Out (2 nBera), 2 Oura (4
nBera), 4 6uta (16 uBeTon), 8 6ut (256 11BETOB).

brnaronaps  MCHOJNB30BaHUIO  MATUTPbl  HMMEETCS  BO3MOXKHOCTH
aJanTUPOBATh U300pAKEHHUE K LIBETaM, IPUCYTCTBYIOLIUM Ha U300paKEHUU.
B Takom ciyyae m300pakeHHE OrpaHMYECHHO HE 33JaHHBIMHU IIBETaMH, a
MaKCUMaJbHbIM KOJIMYECTBOM OJJHOBPEMEHHO UCIIOIb3YEMBIX 1IBETOB.

JIOCTOMHCTBOM ~ MaNUTPbl  SIBJISIETCS  BO3MOYKHOCTh  CYILIECTBEHHO
COKpaTuTh paszMep (aina ¢ wu3zoOpaxkeHueM. HemocratkoM siBsieTCs
BO3MOXHOCTb MOTEPH LIBETOB IIPU OIPAHUYEHHOM pa3Mepe MaJUuTPBhI.

3.2. TIFF
TIFF (anrn. Tagged Image File Format) — dopmar xpaHeHus
pacTpoBbIX Trpaduueckux uzoOpakeHuit. M3HavampHO OBLT pa3paboTaH
kommanueir Aldus B corpymumuectBe ¢ Microsoft. TIFF 6wl BeIOpaH B
KadyecTBe OCHOBHOTO rpadudeckoro opmara onepanroHHon cucrtembl Mac
OS X. B nacrosimee BpeMsi aBTOPCKHE MpaBa Ha crienudukanuu dopmara
npuHaanexat komnanuu Adobe.
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[Ipuanun xpanenus npanHeix B TIFF ocHOBaH Ha HCHOJb30BaHUU
CHeIUaIbHBIX ~ MapKepoB  (TATOB) B COYETAaHUM C  OWUTOBBIMH
MOCJIEA0BATEILHOCTAMM KYCKOB pacTpa.

®opmat TIFF nognepxuBaet 60ibiIyio r1yOuHy 1Beta: 8, 16, 32 u 64
OWT Ha KaHAJ MPH IEJIOYUCICHHOM KOAUPOBAaHHH, a Takxke 32 u 64 OuT Ha
KaHaJl TMpU MPEACTABICHUM 3HAYEHUS MHUKCEIs YHUCIaMU C IUIaBalollen
3aIATOM.

CrpykTypa gopmara rubkas U MO3BOJIIET COXPAHITh U300paKEHUS B
peXuMe [BETOB C TMAIUTPOM, a TakkKe B Pa3JIMYHBIX ILBETOBBIX
IPOCTPAHCTBAX: OMHapHOM (IBYLIBETHOM), MIOJIyTOHOBOM, c
uaaekcupoBanHor maaurpoit, RGB, CMYK, YCbCr, CIE Lab. ITomumo
TpaaunMoHHbIX 1BeToB CMY Qopmar mnomnepkuBaeT LBETOJCICHUE C
OOJIBIIIMM YHCJIOM KpPacoK, B YaCTHOCTH cucTeMy Hexachrome kommanum
Pantone. B cuctemy Hexachrome, uzsectayro kak CMYKOG, moGaBieHEI
OpaH)XEBbIE U 3€JICHbIC KPACKU MJIs JIy4YIIEro MpeACTaBJICHUSI LIBETOB MpHU
MeYaTHu.

[Tomumo mnpouux npoctoumHcTB Qopmar TIFF mo3Bosser coxpaHsaTh
pacTpoBble H300pa)keHUsI C KomIpeccuend Oe3 MOoTepu KadecTBa. ITOT
dbopmaT moAnepKUBAET CrkaTUe O3 MoTepu KadecTBa mo anzopummy LZW-
Komnpeccuu.

Anroputm Jlemnienss — 3uBa — Bemua (Lempel-Ziv-Welch, LZW) —
ATO YHUBEPCAIBbHBIA aJITOPUTM CXKaTUS JaHHBIX 0€3 TOTeph JaHHBIX.
AnroputMm Ha yauBieHue npocT. Ecaum B nByx cioBax, To LZW-cxkarue
3aMEHSIET CTPOKH CUMBOJIOB HEKOTOPHIMHU KOJaMHU. JTO JiefiaeTcs 6e3 Kakoro-
nub0 aHaimM3a BXOJHOTO TeKCcTa. BMecTo 3TOro mpu J00aBICHUU KaxkIOU
HOBOW CTPOKM CHMBOJIOB MPOCMATPUBACTCS YK€ CYIIECTBYIOIIAs TaOIUIa
ctpok. Cxxkatve MpOUCXOAUT, KOT/Ia KO/ 3aMEHSIET CTPOKY CUMBOJIOB. Kobl,
reHepupyembie LZW-anroputMom, MOTYT OBITh JHOOON JJIMHBI, HO OHH
JOJDKHBL COJIepKaTh OoJibllie OUT, YeM eAWHUYHBIN cumBOj. [lepBbie 256
KOJIOB (KOorjga WCHOJIb3YIOTCA 8-OUTHBIE CHUMBOJIBI) 10 YMOJYaHHUIO
COOTBETCTBYIOT CTaHJIApTHOMY Ha0Opy CHUMBOJOB. OcCTalbHBIE KOIBI
COOTBETCTBYIOT 00pabaThiBaeMbIM aJIrOpUTMOM CcTpokam. [IpocToit meron
MOXeT paboratb ¢ 12-OuTHeIMH Komamu. 3HaueHuss komoB 0 - 255
COOTBETCTBYIOT OTAEIbHBIM OaiiTam, a Koabl 256 - 4095 cOOTBETCTBYIOT
MOACTPOKaM.

IIpuBenem npumep LZW  koaupoBaHHs  OPUMEHUTEIBHO K
n3o0paxkennto. Tak, ecinu B M300paKeHUW UMEIOTCS HAaOOPBI U3 PO30BOTO,
OpPaHXKEBOTO U 3€JIEHOr0 MuKcesel, nopropstomuecs 50 pa3, LZW BbIsiBIIseT
3TO, MPUCBAUBAET JAHHOMY HA0Opy OTIEIbHOE YUCIIO (HampuMmep, 7) U 3aTemM
coxpansiet 3ti aaHHeie 50 pa3 B Bujae uncna 7. Meron LZW, Tak xe, Kak u
RLE, nydie aedcTByeT Ha ydacTKax OJIHOPOJHBIX, CBOOOJHBIX OT IIyMa
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LBETOB, OH JeWcTByeT ropaszmo Jyume, 4yeM RLE, npu cxarum
MPOU3BOJBHBIX TIpaHUuecKuX JaHHBIX, HO TMpOLECC KOAMPOBAHHS U
PACIIaKOBKHU IPOUCXOIUT MEJIEHHEE.
Kpome LZW-kommpeccun ¢opmat TIFF mogmepxkuBaer cremyromiue
AITOPUTMBI CHKATHUSA:
= RLE;
= LZ77,
= ZIP,;
= JBIG;
= JPEG;
= CCITT Group 3, CCITT Group 4.
[Ipu stom JPEG siBnsiercss mpocto unkancynanueit ¢opmara JPEG B
dopmat TIFF. ®opmat TIFF no3Bomnsier xpaHuTh U300pa’keHUsI, CKAThIE MO
crannapty JPEG, 6e3 noreps nansbix (JPEG-LS).

3.3. GIF

[TepBas Bepcus popmara GIF (Graphics Interchange Format, «®opmar
st oOMeHa rpaduueckoid MHpopManuein») Obuia pazpadorana B 1987 r.
CHeIHaTuCcTaMi KOMITbIOTepHOM cetu CompuServe. 3tot ¢opMat coueTaer B
cebe penkuil Habop JTOCTOMHCTB, HEOLIEHUMBIX MPU TOH POJIM, KOTOPYIO OH
urpaetr B WWW. Cam no ceGe dopmar coaepKUT yxKe JOCTATOYHO XOPOIIIO
yIakoBaHHbIE TpaduUeCcKUe TaHHBIE.

®opmar  GIF  wucnmonme3yer i XpaHEHUs — HU300paKeHHI
UH/IEKCUPOBAaHHYIO MNAJIUTPYy, OIPAaHUYMBAIOUIYI0 KOJIMYECTBO IBETOB 256
3HaueHUsMU. Pazmep maauTpel MOXKET ObITh U MeHbIle. Eciii B n300paxeHnu
HCIIONB3yeTCst, CKaxkeM, 64 uera (2°), TO I XpaHEHHs KaIOrO IHKCENIs
OyJleT UCTIOJIb30BAHO POBHO MIECTh OUT U HU OUTOM OOJIBIIIE.

[Tockonpky GIF ucnonb3yer mnsa cxaruss LZW anroputm, To cTeneHb
ckatua rpaduueckoil MHQPOpPMAIMM CHJIBHO 3aBUCHUT OT YpPOBHS €€
MOBTOPSIEMOCTH U TPEACKA3yeMOCTH, a WHOTJA emle U OT OpHUCHTAIUU
kapTuHKH. Tak kak LZW Mertop ckanupyer u3o0pakeHue 1no CTpokam, To, K
npuMepy, TUIABHBIN Tepexoa IBETOB (TPaJveHT), HAMpaBJICHHBIN CBEpXY
BHU3, COXMETCA KyJa Jydlle, 4YeM TeX IKEe pa3MepoB TpaIHCHT,
OpUEHTHPOBAHHBIN CII€Ba HAIPaBO, a MOCIEIHUN — Jy4Yllle, YeM IPaTUEHT IO
JAraroHasu.

N3meHnuB mopsiiok clieoBaHUs JaHHBIX B (aiine, cozmarenu GlFa
3aCTaBUJIM KapTHUHKY PUCOBAThCS HE TOJBKO CBEPXY BHU3, HO U, €CJIM MOXHO
TaK BBIPA3UTHCS, «C TITYOMHBI K OBEPXHOCTU», — TO €CTh CTAHOBUTHCS BCE
4eTye U JIeTalbHee M0 Mepe MOX0/a U3 CETU HOBBIX JIAHHBIX.

Jist aToro ¢ain ¢ u3o0pakeHUEM TacyeTcsl MPU 3alUCH TaK, YTOObI
CHavaja MUIM BCE CTPOKH TMHKCEIed C HOMEpaMHu, KPaTHBIMH BOCHMU
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(mepBbIli MPOXOA), 3aT€M YETBIpEM (BTOPOM MpPOXOJ), MOTOM JABYM H,
HAKOHEIl, MOCJIEIHUI MPOXOA — BCE OCTaBIIUECS CTPOKHM C HEUETHBIMU
HoMepamu. Bo Bpems mpuemMa W JIEeKOJUPOBAaHMS Takoro (aiiia KakKmblid
CIEIYIOIUNA TPOXOJ 3alOJHSAET <«JbIPbD» B MPEIbIAYIIUX, MOCTEICHHO
npulmkas M300pakeHHE K HCXOJHOMY cocTosiHuio. Iloatomy Takwue
n300pakeHus OB Ha3BaHbI ¥epeccmpounsimu (interlaced).

Hpyroii mone3Hoil BO3BMOXKHOCTBIO (popmaTa SIBIISIETCA UCIOJIb30BaHUE
IPO3PAYHOCTH U MOJAJIEPKKA aHUMAIMOHHBIX M300paxkeHui. J{ns co3mgaHus
aHUMallMd HUCIOJNb3YEeTCS HECKOJNbKUX CTAaTUYHBIX KaJpoB, a TaKke
uH(pOpMaIUS O TOM, CKOJIbKO BPEMEHHU KaXkIbli Kajp JAOHKEH OBITh MOKa3aH
Ha 3KpaHe.

3.4. PNG

PNG (portable network graphics) - pactpoBelii (opmar XpaHeHHS
rpaguueckoil MHGOPMALMK, HCHOJB3YIOIIUNA cxathue O0e3 NoTeph M0
anroputmy Deflate.

PNG nognep>kxuBaeT Tpu OCHOBHBIX THIIA PACTPOBBIX N300paKCHHIA:

» [loxyTroHoBOe U300paxkeHue (¢ riryOuHou mnpeta 16 OuT);

» [IBeTHOE MHJEKCUPOBAHHOE M300pakeHUe (mamuTpa § OUT IS LBETa
riryouHoi 24 our);

» [lonHonBeTHOE M300paxkeHue (¢ rmyOuHoM 1BeTa 48 OuT).

®opmar PNG cnpoektrpoBaH najisi 3aMEHBI yCTapeBIIero u Oomee
npoctoro ¢opmara GIF, a Takke, B HEKOTOpOH CTEIEHH, IS 3aMCHBI
3Ha4YMTEIbHO Oosiee cioxkHoro Qopmara TIFF. Anroputm cxatus Deflate
SABJISIETCS. CBOOOJHBIM B OTJIMYME OT 3allUIICHHOTO0 TaTeHTaMu U
cooTBeTCTBeHHO miatHoro LZW, ucnonb3yemoro B GIF. B otnuuun ot LZW
KOJUPOBAHUS, KOTOPOE MO3BOJISIET 3(PPEKTUBHO CKUMATh TOPU3OHTAILHBIE
onmHoIBeTHBIE oOactu, ¢ Deflate cxatmem MOXHO 3a0BITH PO 3TH
OTpaHUYCHHUS.

B dopmare GIF omuH W3 1IBETOB B MaJUTPE MOXKET OBITH OOBSBIICH
«mmpo3payHbiM». B 9TOM ciydae B mporpaMmax, KOTOpBIE MOJICPKUBAIOT
npo3payHocTs GIF (Hampumep, OONBIIMHCTBO COBPEMEHHBIX Opay3epoB)
CKBO3b IHKCENIHM, OKpAIICHHBIE «IPO3PavyHBIM» I[BETOM OyJeT BHACH (HOH.
Opnako co3marenu PNG momnum emie nanbine, pa3padoTaB TEXHOJIOTHIO
anvpa-kanana. Annda-kaHan TO3BOISIET A0OUThCS 3hdeKTa YaCTUIHOU
MPO3PAYHOCTH MHUKCEIICH. Taxke, B PNG mnomgnepxuBaercss ramma-
Koppekius. amma-koppekyusa - KOppekius GyHKIUH SPKOCTH B
3aBUCUMOCTH OT XapakTEePUCTHUK YCTpPOWcCTBa BhIBOJA. [loBbIieHUE
MoKa3aTeNsi TamMMa-KOPPEKIIMH  TO3BOJIIET TOBBICUTh KOHTPACTHOCTb,
pa300punMBOCTh TEMHBIX YYacCTKOB HM300paKEHHUs, HE Jejas IMpU ITOM
Ype3MEpPHO KOHTPACTHBIMH HJI SPKUMH CBETJIBIC ICTAIA CHUMKA.
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Kpome storo PNG ¢opmar umeer ciemyronme npeuMyliecTBa nepes
GIF:

" MPaKTUYECKH HEOTPAaHWYCHHOE KOJUYECTBO IBETOB B HM300pakeHUU
(GIF ucnonp3yer B Ay4llIeM cilydae 8-OMTHBIN LBET);

" JIByMEpHas yepeccTpoyHas pa3BEPTKa;

" BO3MOYKHOCTPH pacIIMpeHus popmaTa MmoIb30BaTeIbCKUMHU OJIOKaMHU.

K nemocratkoM (popmata, MOkHO OTHECTH, uTO0 PNG u3HayanbHO ObLI
npeaHa3HAYCH JIMIIb 711 XPaHEHUs OJJHOTO M300pa)kKeHHsI B OJHOM (aiiie.
[ToaTomy nmauHBIA popMaT HE MOAIEP)KUBACT aHUMAITUIO. JIJTs peleHus dTon
npo6iemsl coznana Mmoaudukanus popmara APNG.

3.5. JPEG
JPEG (Joint Photographic Experts Group, mo Ha3BaHHIO OpraHH3aIMH-
pa3paboTuuka) - OJUH W3 TOMYJSIPHBIX rpaduyeckux (opMaToB,

OCHOBaHHBIM Ha anroputMme cxkatuss JPEG m npumeHsemslil U1 XpaHEHUs
(doTon300pakeHHl U MOAOOHBIX UM U300PAKEHHIA.

Anroputm JPEG pazpaboTtan rpynmoi 3kcnepToB U3 MeXayHapo HON
opramm3arnu 1o craHgaptuzanuu  (ISO) cmenumanbHO I COKATHA
MOJTHOIIBETHBIX 24-O0UTOBBIX N300paKEHUIA.

IIpouecc cxatus nmo cxeme JPEG cocrout M3 Heckonbkux miaro. Ha
IEpBOM 1IlIare MPOMU3BOJAUTCS MpeoOpazoBaHUE H300paKEHUS U3 I[BETOBOU
mozaenu RGB B mozens YUV, oCHOBaHHOW Ha XapaKTEpHUCTUKAX SPKOCTH U
LBETHOCTH.

B momenu YUV, Y-komnoHeHTa — cBeTsioTa (sipkocth). KommonenTsr U
1 V copepxat UH(OpMALIHIO O IIBETE.

Ha cnemyromem mocne mnpeoOpa3zoBaHusl Iare  M300pa)xKeHue
pas3fensieTcs Ha KBaIpaTHbIE y4acTKU pazMepoM 8x8 mukcenei. [locne atoro
HaJl  KaXIbIM  YYaCTKOM  MPOU3BOJAUTCA  JUCKPETHOE  KOCHHYC-
npeoodpazoBanue (JKII). IIpu 5TOM BBIMOJHSETCS aHAIU3 KaXXa0ro OJioKa,
Pa3NIoKEHHE €ro Ha COCTABJISIIOUIME I[BETA M IMOJACYET YacCTOThI MOSIBICHUS
Ka)KJI0T0 1[BETA.

Ecnu roBoputhk HayuHBIM s136IKOM, TO JPG Hcnonb3yer 11t coXpaHeHus
psaael Dypbe U PU OOJIBIIUX CTETICHSIX CHKATHS MPOCTO OTOPACHIBACT WICHBI
pslia BBICILIETO MOPSJIKA.

Moxno cka3zath, uro JPEG XpaHUT CKOpPOCTh M3MEHEHHs IIBETa OT
MUKCENIl K MHKCento. JIMIIHIOI € ero TOYKH 3pEHUs1 LIBETOBYIO
MH(GOPMALIMIO OH OTOPACHIBAET, YCPEIHsS HEKOTOphIe 3HaUeHus. YeM Bblliie
YPOBEHb KOMIIPECCUU, TE€M OOJbIIE€ JAHHBIX OTOPACHIBAETCS U TEM HIDKE
KauecTBO

39



Ha crnenyromeM stane n300pakeHue MPeACTABISIETCS] CTPOKAMH YUCEN,
KOTOpPBIE MOYXHO CXUMaTh nanbuie. [lockonbKy B pe3ysbTare Nmpeablaylen
00pabOTKH CTPOKU COAEPKAT MHOTO HYJIEH, MOCIETHss CTaAus KOJUPOBAaHUS
BBITIONHSETCS 10 anroputMy XaddmaHa, 4To JAaCT XOPOLINE Pe3yIbTaThl U
mo3BoJsieT moydnuth (aitn B 10-500 pa3 menswine, uem BMP.

B nmononnenun x crangaptry JPEG, opreHTHpOBaHHBIM MPEXKIE BCErO
Ha CXKaTHUeE C MOTepsIMU, ObLT pa3padoTaH CTaHAAPT Ha ckaTue 0e3 moTeph —
JPEG-LS (B koTopoM, OAHAaKO, MPETyCMOTPEH TaKXKE PEKUM CXKATUSA C
OrPaHUYCHHBIMHU TIOTEPSIMH).

Anroput™m cxkarus, Jexamuid B ocHoBe JPEG-LS, wucnonesyer
aJanTUBHOE MPEICKa3aHUE 3HAYEHUS TEKYIIETrO MUKCENs MO OKPYKEHUIO,
BKJIFOYAIOIIEMY YK€ 3aKOJUPOBAHHBIE TUKCEIH.

K wemocratkam cxarus 1o cramgapry JPEG cnemyer orHecTn
MOSIBJIEHUE HAa BOCCTAHOBJIEHHBIX HM300paKEHUSX MPHU BBICOKUX CTEHEHSX
CKaTHS XapaKTePHBIX apTe(aKkToB (3aMETHBIX HCKaKCHUN U300paKCHHS).

3.6. PDF

dopmar PDF (Portable Document Format) npemioxen dupmoit Adobe
KaK HE3aBUCUMBIM OT matgopmbl ¢Gopmar, B KOTOPOM MOTYT OBITh
COXPaHEHbI U WILTIOCTPALUK (BEKTOPHBIE M PACTPOBBIC), U TEKCT, IPUUEM CO
MHOXXECTBOM IIPU(PTOB M THUIEPTEKCTOBBIX CCHUIOK. JIJIsi TOCTHXKEHUS
POJEKIAPUPOBAHHON B Ha3BaHUU MepeHocuMocTu pasmep PDF-daiina
JOJKEH OBITh MasbIM. JIJIst 9TOr0 MCHOMB3YeTCs KOMIpeccHst (M1 KaKI0TO
BUJIa OOBEKTOB TPHMEHSAETCS CBOM crmoco0). Hampumep, pacTtpoBbie
n300pakeHus 3anuceiBatorcsa B popmare JPEG.

Jlns pabotel ¢ 3tuM (opmarom Kommanusi Adobe BBIMyCTHIIA MaKeT
Acrobat. becrmarnas yrtunmrta Acrobat Reader mo3Bosiser 4uTaTth
JOKYMEHTBI M pacliedaThiBaTh MX HA MPUHTEPE, HO HE J1aeT BO3MOKHOCTHU
co3maBath wiu u3MeHsTh ux. Acrobat Distiller mepeBomut B 3T0T opmMar
PostScript-gaiinel. Muorue nporpammel (Adobe PageMaker, CorelDraw,
FreeHand) mo3Bossitor skcmoptupoBaTh cBom JokymeHTl B PDF, a
HEKOTOPBIE — €IlIe ¥ PeJaKTUPOBaTh rpaduKy, 3aMMCaHHYIO B 3TOM (hopmare.
OObI19HO B 3TOM (hopMaTe XpaHAT TOKYMEHTHI, MPEAHA3HAYCHHBIE TOJIBKO IS
9YTeHUs, HO He mis penaktupoBanusa. Daitn B popmare PDF comepxut Bce
HeoOXxoauMbIe MIPUQPTHL. ITO YIOOHO M MO3BOJISIET HE TIEpeaBaTh MPUDTHI
Uil BeIBoja (mepemada Mmpu(TOB HE BIOJHE 3aKOHHA C TOYKH 3PCHHS
aBTOPCKOIO MpaBa).

PostScript

DTO S3BIK OMUCAHUS CTPaHUI], MPETHA3HAYCHBIN i (HOPMHUPOBAHMUS
M300paXeHU MPOU3BOJILHOM CII0KHOCTU U BBIBOJA UX Ha Tevatk. /[ aToro
B SI3BIKE€ UMEETCS IMPOKUI HAOOp rpaduecKkux ornepaTopoB, UCIOIB3YEMBIX
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B TMPOM3BOJILHON KoMOMHaimmu. Bce rpaduueckue omepatopbl s3bIKa,
dopmupyroime n300pakeHne, MOXKHO pa3AeIuTh Ha TPHU TPYIIBL. ITO:

e BeKTOpHas rpaduka, NO3BOJISIIOLIASL PUCOBAThH NPSIMbIE JIMHUU,
IyTH, KPUBBIE MPOU3BOJILHOTO pa3Mepa, OpUEHTAllUU, IIMPHUHBI,
3aKpalmBaTh IJIOMIAIU J000r0 pa3Mepa, GOpMbl, IBETa;  IBET JJIS JTUHUN
WIM 3aJJUBOK MOXKET 3a/1aBaThCsi B JIIOOOM M3 IBETOBBIX POCTPAHCTB
A3bIKa; JII0OOM OMHMCAHHBIM Ha S3bIKE KOHTYP MOXET OBITh TIpaHUleH
KJIUMIIMPOBAaHUSI HM300paKeHUs; KOHTYp KIMIUPOBAHUS 3aJaéT TPaHUIIbI
pUCYEMOTO  M300pa)KEHUS;

e padoTa ¢ TEKCTOM — JUIsl BBIBOJIa TEKCTA MPOU3BOJIBHOTO pa3Mepa B
pa3IMYHBIX TAPHUTYpPAX,  pa3Mellas ero ¢ NpoU3BOJIbHOM OpUEHTAIEN B
MIPOU3BOJIBHOM MECTE CTPaHUIbI; TEKCT MOJHOCTbIO MHTETPUPOBAH C
rpa@uKoil — BCE TEKCTOBBIE CHMBOJIBI TPaKTYIOTCA Kak rpaduyeckue
(Gurypsl 1 MOryT 00padaThIBaThCs JIIOOBIM U3 Ipa)UUECKHUX ONEPATOPOB;

e pacTpoBbIe H300paKeHUst MO3BOJIAIOT BBIBOJAWTH HA JIUCTE
CKaHMPOBAHHbIE PUCYHKU WU (oTorpapuu c MacITabMpoOBaHUEM U
OpUEHTAIMEN, UCTOYHUKOM pacTpa MOXET ObITh Kak TeKyumi Qaitn,
cojiepxanuii mporpaMMmy Ha PostScripte, Tak ¥ BHEUIHHIA; CUUTHIBAHUE
LBETOBBIX CJIOEB MOXET BECTUCh KaK M3 OAHOro Qaina, Tak U H3
HECKOJIbKMX CelapupoBaHHBIX.  M300pakeHue, ONHCHIBAEMOE Ha SA3BIKE
PostScript, Hukak He 3aBUCUT OT pa3pellaronieii CIOCOOHOCTH BBIXOIHOTO
YCTPOMCTBA M €ro IBETOBOM TJIyOMHBI (umcia 1BeToB). [Ipubmmkenue k
KOHKPETHBIM pa3pellaoliiM BO3MOXHOCTSIM BBIXOJHOI'O YCTPOMCTBA — 3TO
npoliecc, He CBS3aHHBIN C ONMCcaHueM U300pakeHus Ha si3bike POStScript, u
BBINIOJIHAETCS Il Ka)KJIOTO BBIXOJIHOTO YCTPOMCTBA IO-CBOEMY. B 3Tom m
3aKJIIOYaeTCsl  YCTPOMCTBO-HE3aBHCHUMOCThL s3bika PostScript.  KauecTBo
N300pakeHUs OIpeNessieTcs] KOHKPETHBIM BBIXOAHBIM YCTPOMCTBOM, €ro
(bU3MUEeCKUMU OTPaHUYCHUSIMHU.

®opmupoBaHuEe H300paKEHUST HA BBIXOJHOM YCTPOMCTBE SBISETCS
JIBYXCTYIIEHYaThIM ITPOLIECCOM:

1. IlpunosxeHue reHepupyeT yCTPOICTBO HE3ABUCUMOE U300paKeHUE Ha
s3bike PostScript.

2. Cucrema 00paboTKH M300paKEeHUS (uHTEpIpETaTOpP)
UHTEPIPETUPYEeT H300pakeHue (mporpaMmy) ¢ NpUOJUKAET €ro K
XapaKTEPUCTHUKAM KOHKPETHOTO  BBIXOJIHOT'O YCTPOMCTBA.

4. PacTpoBblie aJIrOpUTMbI
bonpmmHCTBO Tpaduuecknx YCTPOMCTB SIBISIOTCS  PacCTPOBBIMH,
MPEACTABISIT M300pa)KeHWE B BHJE MNPSAMOYTOJIHHOM MAaTpUIBl (CETKH,
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LENIOYUCIICHHON  pellleTKH) TuKcenedl  (pactpa), U OOJIBIIUHCTBO
rpaduyeckux OMOTMOTEK COJEpKaT BHYTPH ceOsl JOCTATOYHOE KOJIUYECTBO
MPOCTEUIIMX pacTpoBbIX anroputMoB. Ha puc. 4.1 npuBeaeHa cucrema
PacTpOBBIX AJITOPUTMOB.

PactpoBsie
aITOPUTMBbI
|
v v
AJITOPUTMBI AJITOPUTMBI
pacTepu3aluu 00paboTKN PaCTPOBBIX
| U300DKEHUN
ANTOpUTMBI ANTOpUTMBI . Perynuposka
nepeBosa 3aIOJIHEHHUS IPKOCTH 1
rpadHUecKIX obIacTei i KOHTDACTHOCTHU
IPUMHUTHBOB B MHOTOYTOJLHUKOB
pacTpoByIo GopMy ,| Macmrabuposanue
M300paKEHUM
.| 'eomerpuueckue
nmpeoOpa3oBaHUs
.| Anroputrmsl
(uIbTpaun

Puc. 4.1. Knaccudukanus pacTpoBbIX aITOPUTMOB

4.1. AnropuTmsl pacTepusanuu

[Ipexxne dem mepeeM K HENOCPEACTBEHHOMY PacCMOTPEHUIO
BO3MOXKHOCTH MIEPEBOJIa MATEMAaTUYECKOr0 OMMCaHUsI 00bEeKTa (JIMHUU U TIP.)
B pacTpoByio (opMmy, paccCMOTpUM TMOHSTHE CBsI3HOCTU. CéA3HOCHb —
BO3MOXXHOCTb COEIUHEHMUS JBYX IMHMKCEJIECW pacTpOBOM JIMHUEH, T. €.
MOCJIeTIOBAaTEILHBIM Ha0OpOM muKcesel. Bo3nukaer Bonmpoc, Korja muKceIu
(X1, Y1) ¥ (X2, Y2) MOXKHO CYHMTaTh COCeTHUMH. J[Js1 3TOrO0 BBOAATCS JBa
MOHSITUSA CBA3HOCTU:

1. YeThIpeXCBI3HOCTD: MUKCEIN CUMTAOTCS COCETHUMHU, €CIIH JIN00 UX
X-KOOPJIMHATHI, TUOO X Y — KOOPJIMHATHI OTIMYAOTCS HA CAMHHUILY:

X1 = Xof +|y1— Yol <1

2. BOCBHMHCBSI3BHOCTB: TMUKCEIH CUYUTAIOTCS COCEIHUMH, €CIM HUX X-
KOOPAWHATHI U Y-KOOPIMHATHI OTJIMYAOTCS HE 00Jiee YeM Ha eUHUILY:
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X1 —Xo| <1, [y1—Yo| < 1.
Ha puc. 4.2 n300paxeHbl YeTbIPEXCBA3HAS ¥ BOCBMUCBS3HAS JIMHUH.

u _ﬁ"’x’

Puc. 4.2. Kimaccudukaiys pacTpoBBIX aITOPUTMOB

[TIpu mepeBose OOBEKTOB B PACTPOBOE MPEICTABICHHE CYIIECTBYIOT,
QJITOPUTMBI, KaK WCIIOJIb3YIOIIHE YEThIPEXCBA3HOCTh, TaK HCIIOJIB3YOIINE
BOCBMHUCBSI3HOCTb.

4.1.1.PacTpoBoe n1mpejAcCTaB/ieHHe  OTpe3Ka. AJITOPUTM
bpesenxeiima

PaccMoTpuM 3amady MOCTPOSHHS PACTPOBOTO H300PAXKECHHUS OTPE3Ka,

coeMHSOmEro ToYku A(Xa, Ya) ¥ B(Xp, Yb). 1 IpoCcTOTHI OyJeM CUUTATH,

4TO
0 <VYp—Ya<Xp— Xa . TOraa oTpe3ok onuchIBa€TCsI ypaBHEHUEM:

Y =Va+ 22 Ya (x %) X € [Xa, Xp] mim y = kX + b,
b~ Ma
Ortcroaa nosiy4aemM IpOCTEHIINIT aJITOPUTM PACTPOBOTO MPE/ICTABICHUS
OTpe3Ka:

private void MylLine(int xa, int ya, int xb, int yb,
Color color)

{
double k = ((double) (yb - va)) / (xb - xa);

double b = ya - k * xa;

Bitmap bmp;

bmp = new Bitmap (this.ClientSize.Width,

this.ClientSize.Height);

for (int x = xa; x <= xb; x++){
bmp.SetPixel (x, (int) (k*x + b), color);}

Graphics gr = CreateGraphics();

gr.DrawImage (bmp, 0, 0);

}
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Beraucnenuii 3Hauenuit ¢pyHkmmm Yy = kX + b MoxxHO wm306exarts,
UCTIOJB3Ys B IIUKJIE PEKYPPEHTHBIC COOTHOIIICHUS, TaK KaK MPH H3MEHEHUU X
Ha | 3HaueHue Y MeHseTcs Ha K:

private wvoid MyLineN(int xa, 1int vya, 1int xb, int
yb, Color color)
{
double k = ((double) (yb - va)) / (xb - xa);
double y = vya;
Bitmap bmp;
bmp = new Bitmap (this.ClientSize.Width,
this.ClientSize.Height);
for (int x = xa; x <= xb; x++, y+= k) {
bmp.SetPixel (x, (int)y, color);}
Graphics gr = CreateGraphics{();
gr.DrawImage (bmp, 0, 0);
}

HpI/IBGIIeHHBIG HpOCTGI;’IIHPIG [IOIIaroBBIC  AJITOPHUTMBI  ITIOCTPOCHUA
OTPC3Ka UMCIOT psAd HCAOCTATKOB:

1. BoIMONHSIOT oOmepanydyd HaJ 4YWUCIaMd C TUTaBaloOled TOYKOW, a
»KeJaTeaIpHo ObLI0 OBl paboTaTh C MEIOYUCICHHON apu()METHKOM;

2. Ha kaxxmom 1iare BBITIOJIHSETCS OIEpaiusi OKPYTJICHHS, YTO TaKkKe
CHUXAeT ObICTPOJICHCTBHE.

OTH HENOCTATKU YCTPAHEHBI B CIEAYIOLIEM aNropuT™Me bpesenxeima.

Kak u B mpenpinymem ciydae, OyJeM CUMTaTh, YTO TaHTE€HC yria
HAKJIOHA OTpe3Ka MPUHUMAET 3HaueHue B Auara3one ot 0 1o 1. PaccMorpum
I-i mar anropurma (puc. 4.3). Ha atom 3tane nukcenb P yxe HalJieH Kak
OMkallliui K pealbHOMY OTpe3Ky. TpeOyercst ompeaenuTh, Kakou u3
nukceneit (T; unn S;j) OyeT YyCTaHOBJICH CIEAYIOIIHM.
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= (r+1,/¢m/ e
‘JL‘ ®

/

® @
Pi.i=(r, q) Si=(r+1,q)
= (Xi-1, Yi-1)

Puc. 4.3. i-if miar anroputma bpesenxeiima

B anroputMe ucnosb3yeTcs ynpaBisrolas nepeMenHas di, koropas Ha
KaXKJIOM I1are MponopuroHaibHa pasHocTd Mexay S u T. Eciu S < T, To §;
OJIKe K OTpe3Ky, MHaue BeIOMpaeTcs T;.

[TycTh n300pakaemMblii OTPE30K MPOXOJUT U3 TOUKH (X1, Y1) B TOUKY (Xa,
Y2). Hcxons w3 HaualnbHBIX YCIOBUHM, TOuka (X;, Yi) ONmke K Hayamy
koopauHat. Torma mepeHeceM o0a KOHIIA@ OTpe3ka C  MOMOIIBIO
npeobpazoBanust T(—Xy, —Y1), Tak YTOOBI MEPBBIA KOHEI[ OTPE3Ka COBMAI C
HauajgoM KkoopauHat. HawanpHOM TOukoM oTpeska ctana Touka (0, 0),
KoHewHOH Toukoi — (dX, dy), rae dX = X, — X1, dy =Y, —y; (puc. 4.4).

d

|
N

r+1

Puc. 4.4. Bux otpeska mociie nepeHoca B Hayajio KOOpAHHAT

VYpaBHeHue npsMoii B 3TOM citydae OyJeT UMETh BUJI:
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—, dy
y—X& .
O603HaunM KoopauHATHI ToukHu Pj; mocie nepeHoca uepes (I, ). Torma
Si=(r+1,q) u Ti= (r+1, g+1).

N3 mogobust TpeyronbHUKOB Ha pHC. 4.4 MOXKHO 3amUCcaTh, 9TO

dy _S+q

dx  r+l’
Bripazum S:

s=¥ (r+1)-q
dx

T MoxHo mpenctaBuTh kKak 1T = 1 — S. Mcmonbs3dyem mpeasiaymryro
bopmymy
T=1-5=1-¥ (r+1)_q
dx
Haiinem pasuuity S — T

S_T:d_y (r+1)_q_1+d_y (r+1)_q:2d_y (r+1)-29g-1.
dx dx dx

[ToMHOXHUM JIEBYIO M TIPaBYIO YacTh Ha dX:
dx(S—-T)=2dy(r+1)-2qgdx—dx =2 (rdy—qdx)+2dy—dx.
Benmuunna dXx mosokurenbHass, mo3ToMy HepaBeHcTBO OX (S — T) < 0
MOJKHO MCIIOJIb30BaTh B KAYeCTBE MPOBEPKH IIpH BeIOOpe S;. O003HauuM d; =

dx (S—T), Torna
di=2(rdy—-qdx)+2dy-dx.

[Tockonbky I = Xj.1 11 = Yj.1, TO

di=2x.,dy-2y; dx+2dy—dx.
[TpubaBmsas 1 kK KaxkaoMy UHAECKCY HaAeM iy q.

dizs =2 % dy-2y; dx + 2 dy—dx.
Borunras di u3 diy monmyunm

diss — di= 2 dy (Xi— Xi.1) — 2 dX (Vi — Yi-0)-

H3BecTHO, uTO X;— Xj.1 = 1, TOrma

divi— di= 2 dy — 2 dX (Yi — Yi-1)-

Otcrona BeIpasum iy q:
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dies = di +2.dy — 2. dX (Yi — Yi-1)-

Takum o0pa3zoMm, NOMYYWIH WTEPATHUBHYIO (HOPMYTy BBIUHCICHHUS
ynpasisomero kodddunuenta diy; mo mpeapinymemy 3HadeHuo di. C
MOMOIIBIO YIPaBJISIoNIero koddduinenta BpIOMpaeTcs CaeayIONIfi MUKCelb
— S; i T,

Ecmu d; > 0, Torma BeiOupaercs T; u Y = Yig + 1, divg = d; +2 (dy — dX).
Ecmu d;j < 0, Torna BeiOupaercs Si u Y = Yiq u diyg = d; +2 dy.

Hauanpeubie 3Hauenus d; ¢ yaerom Toro, uro (X, Yo) = (0, 0),

dy=2dy—dx.

[TperMy1iecTBOM aJrOpUTMa SBJISIETCS TO, UTO Ui pabOThI anroputMa
TpeOYIOTCSI MHUHUMAaJIbHbIE aApU(PMETHUYECKHE BO3MOXKHOCTU: CIIOKEHHE,
BBIYMTAHHE U CIIBUT BJICBO JJIs1 YMHOKEHHSI Ha 2.

Peanu3arus 3TOro alropuTMa BBITIIIUT CIEAYIOIIUM 00pa3oM:

private void BLine(int x1, int yl, int x2, int vy2,
Color color)

{

int dx, dy, incl, inc2, d, x, vy, Xend;

dx = Math.Abs (x2 - x1);

dy = Math.Abs(y2 - vyl);

d = (dy << 1) - dx;
incl = dy << 1;
inc2 = (dy - dx) << 1;

if (x1 > x2)

X = X2;
vy = Y25

else
{
x = x1;
y = vyl;
Xend = x2;

i
Bitmap bmp;
bmp = new Bitmap (this.ClientSize.Width,
this.ClientSize.Height);
bmp.SetPixel (x, y, color);
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while (x < Xend)
{
X++;
if (d < 0) d=d + incl;
else {yt+; d = d + inc2;};
bmp.SetPixel (x, y, color);
}
Graphics gr = CreateGraphics{();
gr.DrawImage (bmp, 0, 0);
}

Ecnu dy > dX, To HeoOXoauMO OyaeT NCIOIB30BATh ITOT JKE ATOPHUTM,
HO TIOIIIArOBO YBEIWYUBAs Y U HA KaXKJIOM IIare BEIYUCIATH X.

4.1.2.PacTpoBas pa3BépTKa OKPYKHOCTH

CymiecTByeT HECKOJBKO OY€Hb HPOCThIX, HO HE 3(P(PEKTHUBHBIX
croco0oB MpeoOpa3oBaHusl OKPYKHOCTEN B pacTpoByto Gopmy. Hampumep,
PaccMOTPHM JIJIsl IPOCTOTHI OKPY>KHOCTH C IIEHTPOM B Hadaie koopauHat. Ee
ypaBHEHHE 3ammchiBacTCs Kak X° + y° = R® Pemas 5To ypaBHEHHE
OTHOCHTEIBHO Y, TIOTyYUM

y=+=+ x/Rz—xz.

Uto0bl n300pa3uTh YETBEPTYIO YACTh OKPY>KHOCTH, OYJIEM U3MEHSITH X C
eauHUYHBIM T1aroM ot 0 1o R u Ha kaxaoMm mare BBIYUCIATH Y. BTOpbhiM
IPOCTBIM ~ METOJIOM  PAacTPOBOM  pPa3BEPTKU  OKPYKHOCTH  SBIISIETCS
MCIIOJIb30BaHUE BBIYHUCIICHUH X U Y 110 opmysam X = R €0S a, Y = R sin o nipu
MOIIaroBOM U3MeHeHuu yria o ot 0° go 90°.

JInsg  ynpolneHuss anropurmMa pacTpoBOM pPa3BEPTKU CTAHAAPTHOMU
OKPY>KHOCTH MOHO BOCHOJIb30BAThCSl €€ CHUMMETPUEH OTHOCUTEIBHO
KOOPJIMHATHBIX OCEH M MPSAMBIX Y = £ X; B ClIy4yae, Korja IEeHTP OKPY>KHOCTH
HE COBIIQJAeT C HAYaJIOM KOOPJAMHAT, dTU MpPsIMble HEOOXOIUMO CIABUHYTh
napauieIbHO TaK, 4TOOBl OHHM MPOIUIM Yepe3 IEHTP OKPYKHOCTU. Tem
CaMbIM JIOCTaTOYHO TOCTPOUTH PACTPOBOE MpejcTaBieHUe aisi 1/8 wactu
OKPY)KHOCTH, @ BCE OCTABIINECS TOUKH MOJYYUTh CUMMETpHEH (cM. puc. 4.5).
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=y | xV)

(_y! X) (y’ X)

v

-y, —X) (v, —X)

-y | -y

Puc. 4.5. BocbMUCTOPOHHSSI CHMMETPHUS

PaccMOTPHM ydacTOK OKPYXKHOCTH H3 BToporo oktanTa X € [0, R/+/2].
Hanee onuuiem anroput™ bpesenxeima Juis 3TOro y4acTka OKpyKHOCTH.

Ha xaxmom mare amroputm BbeiOMpaer Touky Pj (X, Yj), Koropas
ABISIETCSl  OMMbKallied K HMCTHMHHOW OKpyxkHocTH. HMpaes anroputma
3aKJII0YAETCs B BbIOOpE OyMKallled TOYKM MPU MOMOINM YIPaBISIOMINUX
MEPEMEHHBIX, 3HAYEHUSI KOTOPBIX MOYKHO BBIYMCIUTH B MOLIATOBOM PEXUME
C UCIIOJH30BaHUEM HEOOJIBIIIOr0 YHCIIA CI0KCHUN, BBIYUTAHUMA U CIBUTOB.

PaccmoTpuM  HEOOJIBIION  y4yacTOK CETKM MHKCENel, a Takke
BO3MOXHBIE CrocoObl (0T A 10 E) mpoxokieHus MCTUHHOW OKPY>KHOCTH
yepes ceTky (puc. 4.6).

[Ipenmonoxum, yto Touka Pj; Oplma BeIOpaHa Kak Ommkailimas K
OKPY)KHOCTH TIpu X = Xjj. Temeph HaWaem, kakas u3 Touek (S wam T;)
pacmoJiokeHa OJukKe K OKPYKHOCTH mpu X = Xj.1 + 1.

A

L
C
E.D

\ \i:(xi-l"'l, Yii—1)
N\

Puc. 4.6. BapuaHTbl NpOX0XACHHS OKPYKHOCTH Yepe3 PacTPOBYIO CETKY

N
Pi-1 =(Xi-1, Yi-1) B \.i:(xi-l + 1, Yia)
AN

3ameTHM, 4To ormmobKa npu BeIOOpe Touku P; (X, Yi) Oblia paBHa
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D(P)) = (x’+ yi*) — R%.

3anwuineM BBHIPOKECHHUE JJI OIMMOOK, MOTydaeMbIX MIPH BHIOOPE TOUKH S
i ;.

D(Si) = [(Xi1+ 1)° + (¥i1)’] - R%;
D(Ti) = [(Xi-1+ 1)* + (yia— 1)1 - R%.

Ecmu | D(Sj) | > | D(Tj) |, To Tj Onmxke K peaqbHON OKPYKHOCTH, HHAYE
BBIOMpaeTcs S;.
Beenem d; = | D(S;) | — | D(T5) |.

T; Oynmer BwiOMpathcst mpu d; > 0, B mpoTruBHOM ciydae Oyner
yCTaHABIUBATHCA S.

Onyckast anreOpamdeckue mnpeoOpazoBanus, 3amuireM di w0 divp s
Pa3HBIX BApHAHTOB BHIOOpA TOUKH S; viu T;.

D1:3—2R.

Ecmu Beioupaercst S; (korma di <0), To divq = di + 4 X1 + 6.
Ecmu Beioupaercs T; (korma d; >0), To divg = di + 4 (X1 — Vi) + 10.
CymectByeT MoAU(HUKAIIUS alroput™Ma bpeseuxeriMa [Jis dJLUIHIICa.

4.1.3.KpuBsie be3be

Kpussie be3be Obun pazpaboransl B 60-x romax XX Beka HE3aBHCHUMO
apyr ot apyra Ileepom be3pre 13 aBTOMOOMIECTPOUTENHHONW KOMIAHUU
«Peno» u Ilonmem ne Kacranbe (Kacrenbxo) u3z komnanuu «CUTPOCHY», TIC
OPUMEHSUTUCH Il TPOEKTUPOBAaHUSA Ky30BOB aBToMoOwWied. bnaromaps
IIPOCTOTE 3aJaHUsl W MAHUIIYJSILUM, KpUBbIE be3be HalUIM IIUPOKOE
MIPUMEHEHUE B KOMITBIOTEPHOU rpaduKe sl NPeICTaBIECHUS TJIaIKUX JTUHUH.

[loctpoenne  kpuBbiX  be3be  fABIAECTCS  pELIEHUEM  3a1a4d
armpoKCUMalWU, TO €CTh IMOCTPOCHUS KPUBOW IO Y3JIOBBIM Toukam. [lpum
ATOM KpHBasi He 00s3aTe€IbHO MPOXOAMUT Yepe3 JaHHble TOYKU. B cimyuae
KpUBBIX be3be, KprBas MPOXOAUT 4Yepe3 MEPBYKD M IOCICIHIOK TOYKY, a
IPOMEKYTOUYHBIE TOYKU UTPAIOT POJIb PhIYAroB, 3aJa0ux GopMy KpUBOH.

Kpusas besbe 310 mapameTpudeckas KpuBasi, 3a1aBacmast BbIPQKECHHUEM:

B(t) = Z Pb,, (), 0<t<1
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rne Pj — QyHKIUS KOMIIOHEHT BEKTOPOB OMOPHBIX BepiivH, a Djn(t) —
O6asucHble (yHKIMU KpuBoi be3be, Ha3piBaeMble TakkKe MNOJUHOMAMU
bepniureina.

0,®=| ; |ta-o

s

r7ie N — CTENeHb MOJMHOMA, | — MTOPSIKOBBIN HOMEDP OIMOPHON BEPIIHHBI.

Harmsaaneii MeToA MOCTPOEHHS ATUX KPHUBBIX, MPEIIOKEHHBIN €
Kacrtenwe, ocHOBaH Ha pa30MEHUU OTPE3KOB, COCAMHSIONIMX HCXOIHBIC
TOYKA B OTHOIICHWM | (3HAueHHWE MapamMeTpa), a 3aTeM B PEKYPCHUBHOM
MMOBTOPEHUU 3TOTO MPOIECCA I MOJYYEHHBIX OTPE3KOB:

i _ j-1 i-1
R't)=A-)R"™ 1) +tR (V)
HwxHuii nHAEKC — HOMEp OMOPHOM TOYKH, BEpXHUN MHAEKC — YPOBEHB
n

pasouenus. YpasHeHue N-oro nopsaka sagaercs P(t) =By (t)

BI/II[ KpHBOﬁ 3aBUCHUT OT KOJIMYCCTBA OIIOPHBIX TOYCK. Hau6omee gacto
HCIIOJIB3YIOTCA HHHCﬁHBIe, KBaApaTHLIC, KY6I/I‘I€CKI/IG N KPHUBBIC YCTBCPTOIO
ImopsaKa.

JIuHelHbIe KpUBbIE
IIpu n = 1 kpuBasg mnpencraBisieT COOOM OTPE30K MPSMOW JHUHUH,
ornopHble Touku Py u P; onpenensitoT ero Hauano u koHel. Kpuas 3amaércs

YPaBHEHHUEM:
B(t) = (1-t) Po+tP; t€][0,1].

KBaaparHbie kpuBbIe
KBagpartnas kpuBast besne (n = 2) 3agaércst 3-s onopHbIMU TouKamu: P,
P, u P,. KpuBas 3agaércs ypaBHeHHEM:

B(t) = (1-t)* Py +2t(1-t) P, + ? P, t€ [0, 1].

JlaHHOEe ypaBHEHHE MOXKHO IIOJIyYUTh C IIOMOIIBIO METOJIa JIe
Kacranee cnenyromum o6pazom. OO03HAYUM OIMOpPHBIE TOYKH, Kak
P,ie @ Hayvajo0 KpUBOM mojoxuM B Touke Py (t = 0) , a koHell - B TOUKe
P, (t = 1); ws xaxgoro t € [0, 1] Halinem Touky PZ(t):

PA(D) = (L- )P, +1R,
RA(t) = L t)R + P,
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P’ (t) = @—t)P(t) +tR'(t) = 1—t)*P, + 2t(L—t)P, +t°P,,
TaKuM 00pa3oM, TOJIyYMM KPUBYIO BTOPOTO MOPSIKA.

1 1
Touku Py (t) u P (t) nexar na kpuBbIX mepBoro mopsaka (oTpeskax)
coeauHsonMe onopusie Touku Py ¢ P; u P; ¢ P, coorBercTtBenHo. Toukw,

obpasyrorue kpuByto besbe, P02 (t) mexar na OTPE3KE, COCTUHSIIONIEM Pol (t)

¢ B(t) HPOTIOPIIMOHATIFHO U3MEHEeHHUI0 TapameTpa t (puc. 4.7).

Puc. 4.7. Kpuas be3be ¢ Tpems OIOPHBIMU TOUYKAMHU

KyOuueckue kpuBbie

B mapamerpuueckoii (opme kyoOuueckas kpuBas bespe (N
OMMCBHIBAETCS CIAEAYIOIINM YPAaBHEHUEM:

3)

B(t) = (1-t)° Py + 3t(1-1)* P, + 3t°(1-) P, + t°P;  t€ [0, 1].
Jist momydeHust 3Toi GopMyIsbl UCIOJIb3yeM aHAJOTUYHBIM CIIOCOOOM
Mmetoj ne Kacrambe.

O603Ha4nM onopHbie Touky, kak P, 1 € 0,3, nauano kpusoit momoxum B
touke Py (t=0), a xonerr - B Touke Ps (t = 1); mas kaxxgoro t € [0, 1] Haiigem
TOUKY P (t):

Py (t) =(1-t)R, +tR,
RI(t) = (1-t)R +tR,,
P (t) = @-1)P, +tPR,,
R (1) = A-t)Ry () +tR!(t) = 1—t)* R, + 2t(L—t) R, +t°P,,
R?(t) = L—t)B'(t) +tP) () = (1—t)* R, + 2t(1-t)P, +1°R,,
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Pl (t) = (L-t)PZ(t) +tP?(t) =
=([1—t)*PI(t) + 2t(L—-t) P (t) + t*P, (1) =
=(1-1t)°P, +3t(L-t)*P, +3t*P, +t°P,.

TaKUM 00pa3oM, OJYYHM KPUBYIO TpeTbero nopsjaka (puc. 4.8).

Puc. 4.8. KpuBas be3be ¢ 4eThIpbMsi OIIOPHBIMH TOYKAMHU

Uetesipe omopubie Touku Py, Pi, P, u P3, 3amanHbie B AByX win
TPEXMEPHOM IIPOCTPAHCTBE OMPEEIAIOT (HOPMY KPHUBOH.

JIunus 6ep€T Hayano u3 Touku Py HampaBisisick Kk Py 1 3akaHuuBaeTcs B
Touke P3 momxoas kK Hel co cTopoHbI P,. To ecTh kpuBas He MMPOXOJANT YEpe3
Touku P; u P,, OHM UCIIONB3YIOTCS IS yKa3zaHus e€ HampapieHus. J[imHa
otpeska Mmexnay Py u P; onpesnensieT, kak CKOpo KpuBasi TOBEpHET K Ps.

B wmarpuunoit ¢dopme kyOumueckas kpuBas besbe 3amuceiBaeTcs
CICAYIOIIMM 00pa3oMm:

B)y=[t* t* t 1M,

U U SO SU

rae Mg HasbiBaeTcs 6a3zucHoM MaTpuileit besbe:

-1 3 -3 1]
3 6 3 0

M, = .
3 3 0 0

1 0 0 0
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Cnuaiin be3be
Kpussle be3be 001a1at0T psiioM CBOMCTB:

1. HenmpepbIBHOCTh 3alOJHEHUS CErMEHTa MEXAY HadaJbHOU U
KOHEUHOM TOUKaMHU;

2. MHBApUAHTHOCTb OTHOCUTENbHO apUHHBIX MpeoOpa3oBaHU.
Kak cnencrtBue MmoBOpPOT BOKPYT TOYKH, MaclITaOMpOBAaHUE H
U3MEHEHue Impornopuuii KpuBod be3pe He Hapymaer ee
CTaOMJILHOCTH;

3. kpuBasg be3be NPHUHAIIEKUT BBIITYKIOH O0OJOYKE OIMOPHBIX
TOUYEK, T.€. KpUBas BCErJa pacloyiaracTcsi BHYTpU (UTrypHI,
00pa30BaHHOM JIMHUSAMHU, COETUHSIIOUUMHI KOHTPOJIbHBIE TOUKH;

4. ecnau Bce ONOpHBIE TOYKHU JIEKAT HA OJHOM NpsAMOM, TO KpuBas
be3be BbIpOKIAAETCS B OTPE30K, COSAUHSIOIINNA 3T TOYKH;

5. kpuBasi be3pe cuMMmeTpHyHa, TO €CTh OOMEH MECTaMu MEXKIY
HayaJlbHOW M KOHEYHOM TOYKaMH (M3MEHEHHWE HaIlpaBJICHUs
TPAEKTOPHH) HE BIUsET HA (POPMY KPUBOM;

6. cTemeHb ~ MHOTOWIEHAa,  MPEACTaBISAIONIETO  KPUBYIO B
AHAJIMTUYECKOM BHJE, HAa EIUHUIY MEHBIIE YHCIIA OMOPHBIX
TOYEK.

OngHuM U3 TJIaBHBIX CBOWCTB KyOMUYeCKHMX KpHUBBIX besbe sBisieTcs
BO3MOKHOCTh COCTABJIEHUS U3 HUX CIUIAITHOB.

[lonsTe crulaiHa NPULUIO W3 MAIIUHOCTPOCHUS, TJ€ CIUIAWHOM
Ha3bIBAIM THOKYIO JIMHEHKY, 3aKpenuB KOTOPYIO B HYXHBIX MeCTax,
0OUBAIIUCH MJIABHOM (hOpMBI KPUBOM, M 3aTE€M YEPTUITU €€ TI0 ITOU JIMHEHKE.

B mMaremaruke moj crjlalHOM OOBIYHO MOHUMAIOT KYCOYHO-33JIaHHYIO
dbyHKIMIO, coBHaAarollyo ¢ GYHKIUIMH OoJjiee MPOCTONM MPUPOJABI Ha
Ka)XJIOM 3JIEMEHTE pa30ueHus CBOel 00J1acTH ONpeIeIeHUS.

B cayuae ¢ kpuBsiMu besbe crjailH OOBIYHO COCTaBISETCS U3
HECKOJIbKUX KyOudeckux KpuBblX. Ecnmu Touka P, sBisieTCS CTHIKOBOYHOM
TOYKOH, JJIsl COOIOJICHUSI YCJIOBUS TJIaAKOCTH KPUBOM B HEM, HEOOXOAUMO,
YTO OBbI BBIMOJHSJIOCH YCJIOBHE KOJUIMHEAPHOCTH C COCETHUMHM Y3JIOBBIMU
Toukamu (puc. 4.9).

Pn-i I:JI'I PI'I+1
—t+—o 3

Puc. 4.9. Cobntoienne ycaoBus IIaJKOCTH Ha CThIKE KPUBBIX be3be
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OI[HaKO AaKC TaKUC JOCTATOYHO Pa3BUTBLIC CPCACTBA AIIIIPOKCUMAIIUHN
KPUBBIMHA be3ne HE MO3BOJISIOT IMOCTPOUTb OKPYKHOCTb, OIIMCbIBACMYIO

napaMeTPUIEeCKH KaK:
X = cost
y=sint’

TakK Kak Sin U COS L A0CTATOYHO XOPOLICTO HpI/I6J'II/I}KCHI/ISI Tpe6y}0T
MHOTOYJICHOB BBICOKOH CTEICHHU.

4.1.4.3akpackKa 06/1aCcTH, 3aJaHHOX IIBETOM I'PaHULLbI

PaccmoTpum 061acTh, OTpaHUYEHHYI0 HAOOpPOM MHUKCENed 3alaHHOTO
[[BETA U TOUKY (X, y), JEXKAIIYyI0 BHYTPH 3TOH 00J1aCTH.

3amavya 3amofiHeHUs 00JIaCTH 3aJaHHBIM I[BETOM B Cllydae, KOTJa d3Ta
00J1aCTh HE SBJSETCS BBITYKJIONM, MOKET OKa3aThCs JOBOJIBHO CIIOKHOM.

[IpuBenemM mpocTeluii peKypCUBHBIN aJTOPUTM 3aIIOJTHEHHS 00JIaCTH !

private void MyPixelFill (int x, int y, Color

border color, Color c color)

{

Color ¢ = bmp.GetPixel (x, Vy);

if ((c.ToArgb () != border color.ToArgb()) &&
(c.ToArgb () != c color.ToArgb()))
{
bmp.SetPixel (x, y, c color);
MyPixelFill(x - 1, y, border color, c color);
MyPixelFill(x + 1, y, border color, c color);
MyPixelFill(x, y - 1, border color, c color)
MyPixelFill(x, y + 1, border color, c color)

}

14

4

3amMeTuM, 4YTO KOPPEKTHOE HCMOJb30BaHUE MeToAa GetPixel
BO3MOJKHO, €CITM TIPEIBApUTEIHLHO OOBEKTHI THUMA Graphics u Bitmap
CBSI3aHbl 1 HHULIMATU3UPYIOTCS CJICAYIOIMNM 00pa3oMm:
bmp = new Bitmap (this.ClientSize.Width,
this.ClientSize.Height);
gr = Graphics.FromImage (bmp) ;

OTOT aJIrOPUTM SIBIIACTCS CIUIIKOM HEI(P(HEKTUBHBIM, TaK Kak JJIs
BCSIKOTO y>K€ OTPHUCOBAHHOTO THUKCENs (PYHKIUS BBI3bIBaeTCs emé 4 pasa u,
KpOME TOT0, ATOT aITOPUTM TPEOYET CIMIIKOM OOJBIIOTO 00bhEMA CTEKA H3-
3a OoubIoN ryOuHBl pexkypcun. [losToMy nmiis pemieHus 3amadu 3aKpacku
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00JIacTH MPEANOYTUTETFHEE AJITOPUTMEBI, CIIOCOOHBIE 00pabaThiBaTh Cpasy
LEeble T[PYIIbl IUKCEIEH, T. €. HCIOJb30BaTh HX «CBA3HOCTH» WIIU
«KOTEPEHTHOCThY. EClii TaHHbBIN MUKCENIb MPUHAIICKUT 001aCTH, TO, CKOpEe
BCEr0, €ro OJKaillne coceau TaKKe MPUHAJIEKAT JAHHON 00IacTH.

['pynmoi Takux mHUKcenel 0OBIYHO BBICTYIMAET MOJI0ca, OrpenessemMas
paBbIM MNHKceneM. [[ns XpaHeHWs NpaBbIX ONPEACIAIONINX MUKCEIen
ucronbzyercss crek. (CIOBECHO ONUIIEM  YJIYYIICHHBIM  aJrOpUTM,
UCIIOb3YIOIIHNI KOTEPEHTHOCTh TUKCENEH.

CHauasia 3anojHseTcsl TOPU30HTANIbHAS M10JI0CA MUKCEIEH, COAEpKaIINX
HAaYaJIbHYI0 TOYKY. 3aTeM, 4YTOObl HAaWTH CaMbIil MpPaBbI MHUKCEIh KaXKIOM
CTPOKH, CIIpaBa HaJIEBO IPOBEPSIETCS CTPOKA, MPEAbLAyLIas IO OTHOLIEHUIO K
TOJIBKO YTO 3aIIOJIHEHHOW Iosioce. Afjpeca HalJIEHHBIX MMHUKCEJIEH 3aHOCATCA
B CcTeK. To e caMoe BBINOJHAETCS W JUIsl CTPOKH, CIEIyloumed U 3a
nocyienHerd 3anojiHeHHOM mnosiocoil. Korpma crpoka oOpaboraHa Takum
coco0OM, B KayeCTBE HOBOM HAYaJbHOM TOYKH HCIOJNB3YETCS IHUKCENb,
azpec KoToporo Oepercst U3 creka. s Hero moBTOpsAETCsS BCS ONMHCaHHAas
npouenypa. AJropuT™ 3aKaHYUBAET CBOKO pabOTY, €CIIHM CTEK IMYCT.

4.1.5.3ano/IHeHMe MHOrOyroJibHUKa

YacTto BO3HHKAET 3ajaya 3amoJHEHUS MHOTOYTOJBHHMKOB, 3aJaHHBIX
Ha0OpOM BEpIIHH.
3ajaua 3aN0JIHEHUsI MHOTOYTOJIbHUKOB pelaeTcs B JABa dTarna:

1) CHayaJja IMPOBOJUTCS OIEpalus OTCEYEHUSI MHOTOYTOJIbHUKA;
2) 3aTeM MPOU3BOJUTCS 3aIl0JIHEHUE TOJTYYEHHBIX
MHOTOYTOJIbHUKOB.

Otan oTceueHuss HEOOXOIUM JJisi OMpEAeNIeHUs peallbHbIX oOacTeit
MHOTOYTOJIbHUKA, KOTOpbIe OyIyT BBIBEJCHBI HA dKpaH. ITO HEOOXOIUMO,
€CJIM MHOTOYTOJIBHUK OOJIBIIIE WM BBIXOJUT 32 MPEAeIbl dKpaHa WA OKHA
BBIBOJIA.

OTceyeHue MHOTOYroJIbHUKOB

OtceyeHne MHOTOYrOJIBHUKOB Yallle BCEro MPOBOJIUTCS bl
OoTOpachiBaHUS YacTE€ MHOTOYTOJIbHMKA, BBIXOMSIIMX 34 TPaAHUILY
OpsIMOYTOJIbHOM 00J1acTH, KOTOpas OMNpeneiseT dKpaH WM 00JaCTh OKHA.
OngHako OTCEYEHHE MOMKET MPOBOAUTHCS OTHOCUTEIBHO U JIPYroro
MHOroyroibHuka. I[Ipu 3TOM MOpOXKAA€TCS HOBBII MHOTOYTOJBHUK HIIH
HECKOJIbKO HOBBIX MHOTOYTOJIbHUKOB.

Paccmorpum anroputm Casepnenna-Xoarmana (Sutherland-Hodgman).
B anroputme uncnonb3yercs CTpaTerus «pasAeisid U BIACTBYU», KOTOpas
MO3BOJIAET pelleHre OOIIeH 3ajaud CBECTH K PELICHUIO psAia MPOCTHIX U
MOXOXKMUX TMoja3anad. IlpuMepoM Takoil moj3afgauyul SIBISIETCS OTCEUCHHE
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MHOTOYTOJJbHUKa  OTHOCHTENBHO  OJHOM  OTCEKaloleil  TpaHUIIbI.
[TocnenoBaTtenbHOE pELIEHHE YEThIPEX TAaKUX 3ajjad IMO3BOJSET MPOBECTH
OTCEYEHUE OTHOCUTEIHHO NPSMOYTONIBHOM obnactu (puc. 4.10).

> <4 > N

Puc. 4.10. [TociienoBaTenbHOE OTCEYECHUE MHOTOYTOJIbHUKA

Ha Bxoxn anroputma TOCTyMaeT MOCHEI0BATEIbHOCTh BEPIIUH
MHoroyroisHuka Vi, Vo, ..., V,. PeOpa MHOroyroinpHuka npoxoasTt oT Vi kK
Vis1 or V, k V;. C nomompio aaropuTMa IPOU3BOJUTCS OTCCUCHHE
OTHOCUTEJILHO pedpa U BBIBOAUTCS Jpyras MOCIEIOBATEIBHOCTh BEPIIHH,
ONMCHIBAIONIASl YCEUEHHBIIT MHOTOYTOJIbHUK.

AJTOPUTM «00XOIUT» BOKPYT MHOTOYToJIbHHKA OT V,, K Vi 1 00paTHO K
V,, TpOBEpsIsl Ha KaKJIOM Iare COOTHOIIEHUE MEXIy IMOCJeI0BaTeIbHBIMU
BEepIIMHAMHU W OTCeKaromieil rpanuieil. HeoOxonumo mnpoaHanu3upoBaTh
yeTbipe ciydas (puc. 4.11).

Paccmotpum u3zoOpakeHHoe Ha puc. 4.11 pebpo MHOroyroiabHUKAa,
COeMHSIONIEe BEpUIMHY S C BepmmHOM P. B mepBom ciywyae pedpo
MOJTHOCTBIO JICKUT BHYTPU OTCEKAIOUIEH T'PAHUIbI, K BBIXOJHOMY CIHCKY
nobapisieTcsa BepiinHa P. Bo BTOpoM ciiydae B KaueCTBE BEPIIMH BHIBOJIUTCS
TOYKA MepeceueHus I, MOCKOJIbKY peOpo MmepecekaeT IpaHMIly, a HadallbHas
TOuYKa ObllIa BhIBEAECHA MPU aHAJIM3€ NMEPBOro ciydas. B Tpetbem ciayuae o6e
BEPIIMHBI HAXOJATCA 3a TMpefeIamMH TpaHWIbl W HU OJHA W3 HHUX HE
BBIBOAUTCS. B deTBEepTOM cCilydae K BBIXOJHOMY CIIHUCKY J0OaBIsieTCS U
TOYKA TepeceueHus I, ¥ BepIIrHA .
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Puc. 4.11. Cnyyau, BO3HUKAIOIIME [TPU OTCEYEHUU MHOTOYTOJIbHUKOB

[Ipu oTceyeHHH MHOTOYroJbHUKa ONKUCAHHBIM AJTOPUTMOM BO3HHKAET
npoOjema, CBA3aHHas C TEM, 4YTO MOABISIIOTCA pedpa, YacTUYHO
COBHNAJAIONIME C rpaHulell OKOH. JIumHue pedpa MOXKHO YCTpaHUTh, BBES
JOTIOJIHUTENBbHYIO0 00pabOTKY MJIM BOCIIOJIB30BABIIUCH O0siee 001uM U Oonee
CJI0’KHBIM aJIropuTMOM Beitniepa — AzepToHa.

3amosTHeHHe MHOTOYT 0JIbHUKOB

PaccMoTpuM, KakuMmM 00pa3oM MOXXHO 3alOJHUTh MHOTOYTOJIbHUK,
3a/1aBaeMbli 3aMKHYTOM JIOMaHOM JTUHUEH 0€3 caMoIepeceUeHHUH.

[Ipocreitmmii cnoco0 3akpackl MHOTOYT'OJIbHUKA COCTOUT B MPOBEPKE
MPUHAAJIEKHOCTH  KaXJAOW TOYKM OSTOMY MHOIOYTrOJbHUKY. bonee
3¢ (peKTUBHBIE ANTOPUTMBbI HUCHONB3YIOT TOT (PAKT, YTO COCEOHHUE IMUKCEIH,
BEPOSITHO, HUMEIOT OJMHAKOBBIE XapaKTEPUCTUKU (KpoMe MHKcenen
IPaHUYHBIX pedep). DTO CBOMCTBO HA3bIBACTCS HPOCHMPAHCHIBEHHOU
KO2epeHmHOCmbio.

B cimydae ¢ MHOrOyroJIbHUKOM KOT€PEHTHOCTh ITUKCEJIEN OMpEAEnseTcs
BIOJIb CKaHUpPYIOIIEH cTpoku. CKaHUPYIOLIUE CTPOKU OOBIYHO M3MEHSIOTCA
OT «BEPXa» MHOIOYIOJIbBHUKA J0 €ro «HH3a». XapaKTEpUCTUKHU IHKCEIEH
M3MEHSIOTCSI TOJIBKO TaMm, Ijie peOpo MHOTOYroJibHUKA MEPEeceKaeT CTPOKY.
OTu nepeceueHus AeNAT CKaHUPYIOIIYIO CTPOKY Ha 00JaCTH 3aKpalleHHbIX U
HE 3aKpalICHHBIX [MUKCEIIECH.

PaccmoTpuMm, Kakpe ciydyad MOTYT BO3HUKHYTh MpH  JEJICHUU
MHOTOYT'OJIbHUKA Ha 00JIaCTH CKaHUPYIOLIEH CTPOKO.
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Puc. 4.12. [IpoxoxxaeHUE CKaHUPYIOIIUX CTPOK IO MHOTOYTOJIbHUKY

1. Ipocroii cmyuaii. Hanpumep, Ha puc. 4.12 ckanupyromias cTpoka y = 4
repecekaeT MHOrOyroJibHUK npu X = 1 u X = 6. [lonyuaercs Tpu ob6nactu: X <
I; 1 <x<6; x> 8. Ckanupyromiasi CTpoka Yy = 6 nepecekaeT MHOIOyTrOJIbHUK
mpu X = 1; X = 2; X = 5; X = 6. [lomygaercs msath obmacteii: X < 1; 1 <x<2;2
<X <35 5<Xx<6; Xx>6. Bnarom canydyae X cOpTUpyeTCs B TMOPSIKE
BO3pacTaHus. Jlamee CHHCOK HMKCOB paccMaTpuUBaeTCs IonapHo. Mexay
napaMd TOYEK IEepeceueHusl 3aKpaluBaroTcsi Bce nukcenu. s y = 4
3aKpalMBalOTCa MHUKCeau B uHTepBasie (1, 6), mias Yy = 6 3akpammBaroTCs
nukcenu B uatepBanax (1, 2) u (5, 6).

2. CkaHupymomiasi CTpoKa MpPOXOAUT yepe3 BepmuHy (puc. 4.13).
Hanpumep, mo ckanupyromei crpoke Yy = 3 yHOpSOOYEHHBIM CHUCOK X
MOJIYYUTCS Kak (2, 2, 4). BepiinHa MHOTOyrosibHIKa OblJIa yYTEHA JBAXKIbI, U
MOATOMY 3aKpallldBaeMbIi HMHTEpBall TMOJIy4aeTCs HEBEpHbIM: (2, 2).
CrienoBatenbHO, MpPHU MEPECEUYEHUH BEPIIMHBI CKAHUPYIOLIEH CTPOKOM OHa
JOJIKHA YUUTHIBATHCA €IMHOXIbI. M cuMCcok 1o X B MPUBEAECHHOM MpUMeEpe
oyner (2, 4).

3. Ckanupymomasi CTpoKa MPOXOJUT 4Yepe3 JIOKAIbHbIH MUHUMYM WJIU
MakcuMyM (cm. puc. 4.12 pu y = 5). B 3TOM ciiydae y4uuThIBalOTCS BCE
MepeceveHrs] BEPIIMH CKaHupymome crpokoi. Ha puc. 4.12 mpu y = 5
dbopmupyeTtcs cimcok X (1, 4, 4, 6). 3akpammBaembie nHTEpBaIHI (1, 4) u (4,
6). YcnoBue HaXOXIEHUA JIOKAUIBHOTO MHHHMyMa WIM MaKCUMyMa
ONpesessieTcss MpPU PACCMOTPEHMHM KOHLIEBBIX BEpUIMH 1 pedep,
COeIMHEHHBIX B BepuuHe. Ecian y o0ouX KOHIIOB KOOpAMHATHI Y OoJiblile,

59



4YeM Y BCPLIMHBI IICPECCUYCHU, TO BCpHIMHA — JIOKQJbHBIN MUHUMYM. Ecan
MCHBIIC, TO BEPUIMHA ITCPECCUCHUSA — JIOKQJIbHBIN MaKCHUMYyM.

yA

»
»

2 4 X
Puc. 4.13. IIpoxokieHNEe CKAaHUPYIOIINN CTPOKH Yepe3 BEPIITUHY

JUist yckopeHusi padOThl aJIrOPUTMa HUCIOJIB3YETCsl CIIHCOK aKTHBHBIX
pedep (CAP). DTOT cnucok comepx uT Te pedpa MHOTOYTOJIbHUKA, KOTOPbIE
MEPECEKAIOT CKaHUPYIOMIYIO CTpoky. IIpum mepeceuenun odepenHoi
CKaHUPYIOIIEN CTPOKM BEPIIMHBI MHOroyroipHuka, n3 CAP ynamarorcs
pedpa, KOTOpble HAXOJATCA BbIIE, M J00ABISIOTCS KOHIIBI, KOTOPBIE
nepecekaeT ckaHupymwomas cTtpoka. Ilpu pabote anmroputMa HaxonsTcs
MepeceueHUs CKaHUPYIOIIEH CTPOKHU TOJIbKO ¢ peOpamu u3 CAP.

4.2. MeToAbI yCcTpaHEeHUS CTYNIEHYaTOCTH
OcHOBHasi pUYMHA MOSIBICHUS JIECTHUYHOTO 3(QeKTa 3aKirodaercs B
TOM, YTO OTPE3KHU, peOpa MHOTOYTOJIbHHUKA, I[BETOBbIE IPAHUIIBI U MP. UMEIOT
HENPEPBIBHYIO IPUPOJLY, TOTJa KaK PaCTPOBBIE YCTPOUCTBA JUCKPETHBI.
JlectHU4HBIN 2GHEKT MPOSBIACTCA:
1) mpu BU3yaHM3aluy MEJIKHX JICTAJICH;
2) Tpu MPOPUCOBKE pedep U TPaHuIL;
3) npu aHUMAIUK MEJIKUX JIeTalIeH.
OmnwuireM OCHOBHBIE METO/IBI YCTPAHEHHUS CTYTIEHYaTOCTH.

4.2.1.MeTo/ yBeJINYEHHUSA YaCTOThI BLIOOPKH

IlepBb1ii MeTON YCTpaHEHUsI CTYIEHYAaTOCTU CBsI3aH C YBEIWYECHHUEM
HaCTOTHI BBI60pKI/I. YBeanueHnue 4acToThl BBI60pKI/I JOCTUTACTCA C TIOMOIIIBIO
YBEJIMUEHUS paspenieHuss pactpa. Takum oOpa3oM YUUTHIBaIOTCA OoJjiee
Menkue aeranu. Kaxaplii muKcenab JEeIUTCs Ha TOJANMMKCENd B IMpOollecce

60



dbopmupoBaHus pacTtpa Oojiee BBICOKOTO pasperieHus. Jlis momydeHwus
aTpuOyTOB JUCIUICHHOTO IMKCENIS OIPEACIAIOTCS aTpUOyThl B IICHTPE
KQ)KJOTO TOJITUKCENsA, KOTOPhIE TTOTOM YCpeaHstoTcs. [loamukcenn B 3TOM
Cllydyae paclpeleNisioTCs pPaBHOMEPHO W WX aTpPUOYThI YYUTHIBAIOTCS
OJTMHAKOBO.
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YBeJMYeHNE pa3peIIcHus B 1Ba VYBenuyeHue pa3pemieHus B
pasa 4eThIpe pasza

B HCKOTOpOﬁ CTCIICHU MOJHO IIOJYYUTH JIYUIOHUC PC3YyJIbTAThbl, CCIIHN
pacCcMaTpuBaTb OoubIIIe HO,Z[HHKCGJIGIZ " YUUTBIBATh UX BJIMAHHUC C IIOMOIIBIO
BCCOB IIpHU OIIPCACICHNHA anI/I6YTOB.

11213143 |2]|1
1121 21416 | 8|6 4|2
2142 3/6/9 (12|19 6|3
1121 4/8|12]16|12 |8 |4
3/6/9]12]9 |63
2|4/ 6| 8]6 (4|2
11213143 |2]|1

Uuncna 0003HAYarOT OTHOCUTEIBHEIC BeCa KayKI0T0 ITOIITUKCES.

4.2.2.MeTO0/, OCHOBAHHbIN HA UCNIOJIb30BAHUH NOJIyTOHOB
B sTOM »3BpHCcTHUECKOM METO/J€ MHTCHCUBHOCTH IMHKCENs Ha pedpe
YCTAHABJIMBAETCS  MPOMOPLMOHAIIBHO  TUIOMIAAM  YacTH  IHKCEs,
HaXOJSIIErocsi BHyTPU MHOTOYTOJIbHHKA.
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Puc. 4.14. 3akpacka pebpa
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Ha puc. 4.14 npuBoguTcss MHOTOYTOJBHHK, pPEOpPO KOTOPOTO
Cr€HEPUPOBAHO OCHOBHBIM anroputMoM bpesenxerima. Ilukcenu B 3TOM
pebpe U BHYTPEHHUE THUKCEINM MHOTOYTOJbHHKA IMOJHOCTBIO 3aKpalleHbI.
[Mukcenu, Haxomsdmmecs Bblme pedpa, 3aKpalIMBAIOTCI C Pa3IAYHOU
MHTCHCUBHOCTBIO,  KOTOpas  NPONOPLMOHAJIbHA  IUIOIIAAM  IHUKCEJI,
ITOIAJAOIIETO BHYTPh MHOTOYTOJIbHUKA.

4.3. MeToAbl 00PAaGOTKH U300paAKEHUN
Yacto B KOMMBIOTEpHOW Tpaduke BO3HUKAET 3amada oOpabOTKu
nzo0paxkenuit. OOpaboTKa, Kak MpaBWJIO, 3aKIIOYAETCSd B HAJOXKEHUU Ha
U300paKeHUE KaKuX-MuOo d(h(PEeKToB — 93TO pa3sMbITHE, PE3KOCTH,
nedopmanusi, MyM U T. d., @ TaKKEe B PErYJIUPOBKE YPOBHS SIPKOCTH U
KOHTpacTa.

4.3.1.4pKoCTh MU KOHTPACT

SpKoCTh M KOHTPACT SIBISIOTCS CYOBEKTHUBHBIMHU XapaKTEPUCTHKAMU
U300paKEeHUS, BOCIPUHUMAEMBIMHU YEJIOBEKOM.

Aprxocmo  (brightness)  mpexncraBmser co0oif  XapaKTEpHCTHKY,
OTIPEEIISIONTYI0 TO, Ha CKOJIBKO CHJIBHO I[BETA MHKCEIEH OTIMYaloTCS OT
yépHoro uBera. Hampumep, eciu oumdpoBanHas dotorpadus caenaHa B
COJIHEYHYIO0 TMOroay, TO €€ SPKOCTh OyneT 3HauuTenbHOUM. C npyroit
CTOpOHBI, ecnu ¢doTorpadusi ciaenaHa BeUEPOM WM HOUBIO, TO €€ SIPKOCTh
OyJlleT HeBEIUKA.

B nBeroBom npoctpanctBe RGB , ipkoCcTh MOKHO paccMaTpHUBaTh Kak
cpenHee apu(METHUECKOE€ 4 KpPAaCHOTO, 3€JIGHOTO0 W CHHEro IIBeTa
KoopauHaThel. B 11BeToBbIX Monensx kak HSB wiam HSV 3nHauenme spkoctu
yKa3aHO Ha MPSIMYIO.

Konumpacm (contrast) mpencraBiser co0oOi XapaKTEPUCTHKY TOTO,
HACKOJIBKO OOJIBIIION pa30poc MMEIOT I[BeTa MHUKCeNer n3o0paxeHus. Uem
OoNbIIMKA Pa30poCc MMEIOT 3HAYCHHUS I[BETOB IIMKCENICH, TeM OOJIBbIIHA
KOHTPAacT UMEET U300paxKeHue.

[To aHajmoruu ¢ TEPMHUHAMH TCOPHUU BEPOSTHOCTEH MOYKHO OTMETHTD,
YTO SIPKOCTh MPEJCTaBIsET CcO00Ml Kak Obl MaTEeMaTUYECKOE OXKUIaHUE
3HAYCHHUI BBIOOPKH, @ KOHTPACT — JUCIIEPCHIO 3HAUYECHU BEIOOPKH.

SIpKOCTh M KOHTPACT MOTYT paccMaTpHUBAaThCS HE TOJBKO IS BCETO
U300paKEeHUsS, HO M [JI OTHEIbHBIX (¢parMeHToB. Takum o00pazom,
BO3ZHUKAIOT MOHSTHUS JIOKAITBHON IPKOCTHU M JIOKAJILHOTO KOHTPAcTa.

Yacto TpeOyeTcss M3MEHHUTHh SPKOCTh WM KOHTPACT H300pa)KEHUS.
Paccmotpum  yHKIMIO, 00MacThIO OMpEACNiCHUS W 3HAYCHUH KOTOpPOU
SIBJISIFOTCSI 3HAYEHUs I[BETOBBIX KOMITIOHEHT B Mojenun RGB. Aprymentom
GYHKIIUM  SBISIETCSl IIBET THKCENISI WMCXOJHOTO H300pakeHWs. 3HAYCHUE
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(GYHKIIMH TIpecTaBiIsieT co0O0i 1BET MUKCes 00pab0TaHHOTO U300paKEHUSI.
JIist u3MeHeHUsT SPKOCTH/KOHTpacTa (PYHKIUS TPUMEHSETCS I KaKIO0TO
MTUKCENSE N300paXKEHUS.

JIisi HOpManM3anuy BBIXOAHBIX 3HAYCHUN (QYHKIIUU (OHU JOJDKHBI
npUHAIEKATh 0Tpe3Ky [0, 1], Kak i Kaxkaoro koMronenTa mojenu RGB)
HCIIOJIB3YETCS TaK Ha3biBacMasi apudMeTHKa ¢ HachlllieHueM. B apudmernke
C HACBIIEHWEM TPU BO3HUKHOBEHHWU TNEPETNOJHEHUH WM  3aEMOB
bukcupyeTcs HanOoJbIlIee MPEJACTABUMOE WM HAUMEHbIIIEE MPEICTaBUMOE
3HAYEHUs COOTBETCTBEHHO. Harmpumep, eciiu B pe3ylibTare npeodpa3oBaHus
OKa3bIBaeTCsA, 4YTO 3HAYCHHUE KaKoro-muoo KommoHeHTa wmojaenun RGB
menbiie 0, To Oepércs 3HaueHuwe, paBHoe (. Ha mpakTuke xe Kaxabii
AJIEMEHT MaTpullbl n300paxkeHus ¢ 16777216 uBeramu npeacTaBisieT coOoi
24-6uTHOE 3HAYCHHME, T1e KaKIbIi KoMmoHeHT Moaenu RGB npencrasien 8-
10 outamu. [TosTromy BMecto unTepBana [0, 1] ucnonsizyercs unrepnan [0,
255].

Ecmm spkocTh W KOHTpacT H300pakKeHHS HUKAK HE MEHSIIOTCS B
npoiiecce npeoodpazoBanusi, T0 GyHKIUA UMeeT rpaduk, MpeACTaBICHHbIA Ha
puc. 4.15, a. U3 pucyHka BHUJHO, 4TO (DYHKIMS B ITOM CJIydae MPOCTO
nepeaaéT Ha BBIXO/T 3HAUCHHUE CBOETO apTyMEHTA.
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Puc. 4.15. I'paduku sipkoctu

SpxocTh s paccMmarpruBaeMoil (DYHKIMH MPEACTaBISET COO0M CHBUT
MpsSMOM JIMHUM B BEPTUKAJIHHOM HaMpaBlieHUU. SPKOCTh H300pakeHUS
YBEIIMUMBAETCA MPONOPUUOHAIIBHO CcABUTY mpsimMoil. Ecnu  mpsimas
casuraetcs BBepx (puc. 4.15, 0), sIpKoCTh M300paKEHUsI YBETUUMBACTCS, a
eciu npsiMas ciBuraercsi BHU3 (puc. 4.15, B) — yMeHbIIIaeTcsl.

ITockonbKy wHCHONB3yeTCs apudmeTuka ¢ HACBILIEHHEM, TO IMpHU
YCTAaHOBKE OMNPENENEHHON SPKOCTU H300pakeHHUs] JHOO OHO IMOJHOCTHIO
OKa)KeTCsI 3aCBEUCHHBIM, JINOO MOJTHOCTHIO 3aTEMHEHHBIM.

[Ipu wucnosb3oBaHUM TpeoOpa3OBaHUs KOHTpacTa IMIpsMasl JIMHUS
MEHsIET CBOM HakJoH. [Ipu yBenuueHnnun koHTpacTa uzobpaxenus (puc. 4.16,
a) HAKJIOH TMpPSMOM YBEJIMYMBACTCS, MPU YMEHBIIEHWU KOHTpacta —
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ymenbinaercs (puc. 4.16, 6). [Ipu sToM caBUr MpsSMO B TOPHU30HTAIHLHOM
HaIlpaBJICHUU O3HAYAET, YTO NOMHMO KOHTpAacTa HM3MEHSAETCS U SPKOCTh
M300paKeHHS.

25
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BhLIMNOT BhIXOT

() BXOI 255 () BXOJT 255
a §)

Puc. 4.16. I'padrik KOHTPACTHOCTH

KoMmOunHanuy HakiIoHa M CABUIa MPSMOM MO3BOJISIIOT OJIHOBPEMEHHO
U3MEHATh U APKOCTb, U KOHTpacT m3oOpaxenus. Hanpumep, Ha puc. 4.17
npeacTaBieH rpaduk QyHKIHMY, YCUIIMBAIOIIEH KOHTPACT U YBEIUYUBAIOLIEH
APKOCTb U300paKEHHUS.
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Puc. 4.17. YBennueHue SpKOCTH U KOHTPACTHOCTHU

[IpeobpazoBanue SPKOCTH/KOHTPACTa MOXKET OBITh MPUMEHEHO U K
OT/ICJIbHBIM KOMITOHeHTaM Mojenu RGB, Hanpumep K KOMIIOHEHTY KPacHOTO
nBeta. Torma sSipKOCTH/KOHTPACT OyIyT HM3MEHSTBhCS TOJBKO JJIsi KPacHOIO
KOMIIOHEHTA, a JJI IPYTHUX KOMIIOHEHT OHU OCTaHyTCsl Hen3MeHHbIMU. boiee
TOTO, MOXKHO 3aJaBaTh pa3IUYHbIC MPeoOpa30BaHUsS SPKOCTHU/KOHTpACTA
OJTHOBPEMEHHO ISl KaXK10T0 KomnoHeHTa moaenu RGB.

4.3.2.MacmiTabupoBaHUe U300paKEHUS]

MacmrabupoBanre n300paXkeHUs TTO3BOJISIET CKATh WM PACTSIHYTH €T0
M0 TOPU3OHTAIHM /WK BepTHKamu. [Ipu 3TOM M3MeHseTcs MUpUHA W/UIU
BbICOTa u300pakeHus. Jlns macmTabupoBaHUs 3alar0TCs MacIITaOHbIE
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KO3 (UIIMEHTHI — TO, HACKOJIBKO HYKHO CXKaTh/PaCTAHYTh M300paskeHUE IO
TOPU30HTAM WU BepTUKamu. MacmraOHbie KO3(PQOUIUEHTH MOTYT
3a1aBaTbCsl B HOPMAJM30BAaHHOM, IPOLICHTHOM WM HENOCPEACTBEHHOU
dopme. B HOpManu3zoBaHHOU GopMe 3a €AUHUILY MPUHUMAIOTCS Pa3MEphI
HCXOHOTO M300pakeHusl. 3HAYeHUS MEHBIIE EIWHUIBI YKa3bIBAIOT Ha
cKaThe M300pa)KeHUs, 3HA4YEHHs OOJbIIE €IMHULBI — Ha pacTsokeHue. B
POLIEHTHOHN (popMe HOpMallM30BaHHbIE 3HAUEHUsT yMHOkatoTcst Ha 100 %. B
HEMOCPEJICTBEHHON (hopMe HOBBIE pa3Mephbl MO TOPU3OHTAIU W BEPTUKAIH
3a/1al0TCs B BUJIE KOJIMYECTBA MUKCEJIEH M0 TOMY WJIU APYTOMY U3MEPEHUIO.

Bo3nukaer Bompoc o TOM, KakuM 0Opa3oM OMNpenessTh IBETa IMpu
U3MEHEHUU pa3MepoB u3o0paxenus. CyliecTByeT JBa OCHOBHBIX MOAX0Ja K
3TOM Mpobieme:

1. [lBer nukcens B  MaclITaOMPOBAaHHOM  HM300paKE€HUU
MPUHUMAETCS PaBHBIM IBETY OJMKaMIIero K HEMY IHUKCENIs HCXOJIHOTO
M300paKeHHS.

2. Hcnonws3oBanne uMHTEpNOIANUU. B 3TOM ciydyae UBET MUKCEIS
MacIITabMPyeMOro M300paKEHUsI BBIYUCISETCS, KaK 3HAYEHUE HEKOTOpPOH
MHTEPHOJUPYIOIIEH (PYHKIHUU OT IBETOB COCEAHUX IMHUKCEIEH B MCXOIHOM
M300paKEHHH.

[Ipu ucnonb3zoBaHUM OWIMHEHHONW WMHTEPIONSLMU LIBET BBIYMCISAETCH,
KaKk B3BEUICHHAs cyMMa OMIDKaWIIMX YeThIPEX TMHKCEeNed HCXOAHOIO
n300pakeHus (TpU yBEIMYEHWM) WJIM KaK B3BEIICHHAas CyMMma TPYIIIbI
nuKceneu (mpu yMEeHbILIEHUN ).

IlepBbIil OAXOX JOCTATOYHO MPOCT, HO HE BCerja AA€T MPUEMIIEMOE
KauecTBO oOpaboTraHHOTO M300pakeHUs. Hampumep, eciu HOBBIM paszmep
HaMHOT'O OOJIbIIE CTApOro, TO BO3HUKAET OJIOYHAS CTPYKTypa U300pakeHwus,
T. €. KaXKJbI MUKCENIb UCXOJIHOTO M300paKEHUsI COOTBETCTBYET KBaJApPaTHOMN
00J1acTH TIUKCEIEH OJTHOTO M TOTO Ke IBETa B 00pabOTaHHOM M300paKEHUH.
Ota aHOMamus mpejcTaBieHa Ha puc. 4.18.

C npyro# CTOpOHBI, €CJIM HOBBIM pa3Mep HAMHOTO MEHBIIE CTapOro, TO
Ipyu MacITaOUPOBAHUM OJHOMY MHKCEII0 00pabOTaHHOTO H300paKEeHUs
COOTBETCTBYET TpYIINa TMUKCEIEH HMCXOJHOTO0 H300paKeHUs, MPUUYEM B
mpoiiecce MacmTabupoBanusi (aKTHUECKH BBIOUPASTCS CIIyYalHBIN MUKCETh
W3 3TOU rPYNIBIL.
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[loaxoa, WCHONB3YIOMNUNA HHTEPIOJISILMIO, MO3BOJSET AOCTUYL OoJiee
BBICOKOT'O KauecTBa U300pakeHus1, HO OoJiee cioXkeH B peanu3aund. OObIYHO
UCIIONb3yeTCsl  OwnMHeHas  uiauM  OuKyOMYeckas  WHTEPIOJISIIHS.
bukyOnueckass MHTEPHOJALUS MO3BOJIAET MOJTYYUTh HM300pakeHue ¢ Oosee
BBICOKMM KaueCTBOM, 4UeM OuiuHelHas uHTepnosiinus. OgHako cleayeT
3aMETUTh, 4YTO IpU JAJbHEHIIEM IOBBIIICHUNA MOPSAAKAa HWHTEPIOISALUN
Ka4yeCTBO MOJIy4aeMOT0 N300pakeHNsI MOKET YIy4IIaTbCsl HE3HAUUTENBHO.

[IpuBenem mpocreiimyo GopMyay, KOTOpas MO3BOJISIET OMPEAeIUTh
OMKalui  MHKCETh HMCXOJHOTO u300paxkeHusi (06€3 HCHOoIb30BaHUS
UHTEPIOJISIUN):

Crewl110] = Coia [Ks - 1] [k2 - j], Te 1=0,H,, -1, j=0,W,, —1;
k — Hai k :M
Y UHp oW

new new

Puc. 4.18. HekoppekTHOE yBEeTUUYCHUE

[Tapamerp W ompenenser pasmep H300pakeHUS TIO TOPU3OHTAIIH,
u3MepsieMblid B nukcensix. [lapamerp H omnpenensier pa3mep Mo BepTHUKAIU.
[TapaMeTpsl | U j ONpeAeIaiOT COOTBETCTBEHHO CTPOKY M CTOJIOEIl MaTPHIIbI
M300paKEeHHsI M U3MEHSIIOTCS B MpeJeiaxX BhICOTHI U MUPUHBI U300paKEHUS
COOTBETCTBEHHO.
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4.3.3.Ilpeo6pa3oBaHre NOBOPOTA

[IpeoOpa3zoBanre MOBOPOTA, TAKKE KAK U MPU PACCMOTPEHUU TLIOCKUX
TCOMETPUYECKUX  OOBEKTOB,  TIO3BOJIIET  IMOBOPAYMBATH  HCXOJIHOE
n300paxkeHne Ha 3aAaHHbIi yroa. [ToBopoT ocymiecTBiseTCs BOKPYT LEHTpPa
n300pakenus. [Ipu 5ToM BO3MOXKHBI JiBa BapUaHTa MOBOPOTA:

1. Obnactu M300paXkeHus, BBILIEAIINE 32 €r0 TPaHUIbl IPU MOBOPOTE
OTCEKAIOTCsI, a HE3aIMOJIHEHHBIC YaCTH 3aIOTHSIOTCS KAKUM-JTHOO IIBETOM.

2. PaccumThIBaeTCS HOBBIM pa3Mep H300paKCHHMsI HAa OCHOBE yria
MOBOpPOTa TakUM 00pa3oM, 4YTOOBI MOBEPHYTOE H300pAKEHUE ICITUKOM
NIOMECTUJIOCH B HOBBIE pa3Mepbl. Hes3amomHeHHBIE dYacTH W300pakKeHUS
TAK)KE 3aMOJHAIOTCS KAKIM-JTH0O IIBETOM.

B mobom ciiydae aiis pacuéra nmpeodpa3zoBaHUsl MOBOPOTA MOXKET OBITh
MCIIOJIb30BaHa cieayromas Gopmyna:

. Caalallbl,a€[0,Hyy —1]Ab [0O,W,, —1];
Crew[i]li] = C,a¢[0,H,, —1]vbe[o,W,, —1];

a=|i-sin(p)+ A ;b= j-cos(¢)+vh;
2 2
i=0,H,, -1, j=0W,, —1.

B aroit popmyne mapamerp C onpenenser uBeT, KOTOPHIM 3aIMOJIHSIOTCS
MyCThle yuacTku uzoOpaxenus. [lapameTp ¢ ompeaenseT yroa moBopoTa Io
4aCcOBOM CTPEJKE B pauaHax.

[IpuBenénnas Qopmyna OKpyriseT mnpeoOpa3oBaHHbIE KOOPAWHATHI.
OnHako MOXHO HMCIOJIb30BaTh W OWJIMHEHHYIO MHTEPIOSAINIO0, KOTJa I[BET
MUKCENISl BBIYMCISACTCS KaK B3BEIICHHAsT CyMMa IIBETOB UETHIPEX COCEIHHUX
MTHKCEIICH.

4.4. [ruppoBbie PUABTPBI H300PAKEHUH

[udpoBbie GUABTPHI TMO3BOJSAIOT HAKIAABIBATH HA H300paKeHUE
pasznuuHbie Y)PEKTHI, HAMPUMEDP: Pa3MbITHE, PE3KOCTh, AeOpMaIIUI0, IIIyM U
T. [I.

[Mudposoit GunbTp npencraBisger cobOW anroput™M 00pPabOTKU
n3o0pakenusi. bonbiias rpymnma mudpoBsIX PHUIBTPOB UMEET OJUH U TOT KE
anroput™, HO d(PexT, HakIagbBaeMbli (UIBTPOM Ha H300paKeHHE,
3aBUCHUT OT KO PHUITMECHTOB, HCIIOIB3YEMBIX B aJITOPUTME.

OuibTpanus M300paKEHUM SIBIISICTCSA OIHOU u3 CaMbIX
(GyHIaMEHTAIBHBIX OTEpaluid KOMIBIOTEPHOTO 3PCHHS, pPACIO3HaABaHUS
0o0pa3oB u 00paboTKM u300pakeHuil. DaKTUYECKH, C TOW WJIM HHOU
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(GuIbTpaK UCXOAHBIX H300paKeHUH HAaYMHAETCA paboTa MOAaBISIONIETO
OOJIBIIMHCTBA METO/IOB.

4.4.1.)/IuHeViHble PUIBLTPDI

Jluneiinple QUIBTPBI TPEACTABISIIOT COOONH CeMEHCTBO (UIIBTPOB,
MMEIOIIMX OYEHb IIPOCTOE MATEMATHYECKOE ONMCaHue. Bmecte ¢ TeM OHH
MO3BOJIAIOT JTOOUTHCSA CaMbIX pa3HOOOpasHbIX 3¢ ¢ekToB. byaem cuutarh,
YTO 3aJJaHO UCXOJIHO€ TMOJYTOHOBOE u300paxkeHne A, u 0003HAYUM
uHTeHCHBHOCTH ero mukcener A(X, Y). Juneinotit ¢punbmp onpeneiseTcs
BeIllECTBEHHO3HAYHOM (yHKIMeH F, 3amanHoi Ha pactpe. JlanHas QyHKIUS
Ha3bIBaeTCsd SApoM GUiIbTpa, a camMa QUIbTpalus MTPOU3BOAUTCS TPHU
TOMOIIH OTIePALHH AHCKPETHOM CBEpTKH ' (B3BEIICHHOTO CYMMUPOBAHHs):

B(X, ) :ZZF(i.j)-A(x+i,y+ j).

PesynbraTom ciyxuT uzoOpaxkenue B. B mpuBenennoit popmyne He
ompeseneHsl npeaensl cyMMmupoBanusi. OObIMHO Aapo GUIBTpa OTIMYHO OT
HyJIA TOJIbKO B HEKOTOpoi okpecTHocTH N Toukum (0, 0). 3a npenenamu 3Toi
okpectHocTH F(i, ) MM B TOYHOCTH paBHO HYJIIO, MJIM OYEHBb OJU3KO K HEMY,
TaK 4TO MOKHO UM TpeHeOpeds. [loaToMmy cyMMupoBaH#ue pOU3BOAUTCS TIO
(i, J) € N, u 3HaueHue kaxaoro nmukcens B(X, y) ompenensercs MuKceIsIMHA
n300pakeHust A, KOTOpbIe JieKaT B OkHe N, IICHTPUPOBAHHOM B TOYKe (X, Y)
(o603HaunM 310 MHOXectBO N(X, Y)). Sapo ¢uibTpa, 3agaHHOEe Ha
npsIMOYTOJIbHOM OKpecTHOCTH N, MOXKET paccMaTpHBAThCA Kak MaTpHIla
MXN, TJIe JIMHBI CTOPOH SIBJISIOTCS HEUETHBIMU unciamu. [lpu 3aganuu sapa
maTpuuel My, ee cienyeT HeHTpUpPOBaTh:

FA.D=M 1
|+T,J+7

Taxxe Hy)KgaeTcsi B JOTOJHUTEIFHOM MPOSCHEHUH CUTYallus, KOTaa
nUKceab (X, Y) HaXOAUTCA B OKPECTHOCTH KpaeB H300pakeHus. B 3Tom
ciydae A(X+i, y+j) MOXXET COOTBETCTBOBATh IMHUKCEIIO A, JeKaleMmMy 3a
rpaHunamMu  u3o0paxenus A. JlaHHyio npoOieMy MOXHO pa3pelinuThb
HECKOJIBKUMHU CIIOCOOAMMU:

" HE TMPOBOAUTH (QUIBTpAllMI0O IJII TaKWX THKCENel, obpe3aB
n3o0pakenne B 1o kpasM WM 3aKpacuB HMX, K MPUMEPY, YEPHBIM
L[BETOM;

" HEe BKIIOYaTh COOTBETCTBYIOUIMI TMHUKCETh B CyMMHpPOBAHUE,
pactpenenuB ero Bec F(i, J) paBHOMEpHO cpeau APYrux IHUKCENIeH
okpectaocTH N(X, Y);

1 .
CeepTka - 3TO MaTeMaTHUecKas orneparys AByx GyHkuuit f u g, mopokmaromas TpeTsio GyHKIHUIO,
KOTOpast 0OBIYHO MOXET PacCMAaTPHUBATHCS KaK MOAM(PHUINPOBAHHAS BEPCHS OTHOM U3 MEPBOHAYAIBHBIX.
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" JI00OpPENENUTh 3HAYEHUS MHUKCEJEH 3a rpaHuUaMU M300paKeHUs MPpU

MTOMOILY SKCTPANOJIALINH;

" JI00OpPENETUTh 3HAYCHUS MUKCENEH 3a rpaHulaMu U300pakeHUs], IPH

MTOMOILY 3€pKaJIBHOTO OTPAYKEHHUS.

Bribop KOHKpeTHOro cmocoba HYXHO TMPOU3BOAUTE C YYETOM
KOHKpPETHOro (uiIbTpa MU OCOOCHHOCTEM KOHKPETHOTO TPHUIIOKCHHUS.
Pazo0OpaB oOmiee ompeneneHre JTUHEHHBIX (UIBTPOB, TMepehaeM K
IpUMeEpaMm.

4.4.2.CriaxxuBawiye GUabTpsbl

PesynbraToM TNpuMEHEHHUs CriaxkuBaromero ¢GuibTpa  SBISETCS
pa3MbITHE U300paKEHUs, YCTPAHEHHUE PE3KUX I[BETOBBIX IEPEXOJIOB.
[Ipocreiimmii MPSMOYTOJIbHBIN CIUIAKUBAIOIINN GUIBTP paauyca I' 3a7aercs
IpY MOMOIIM MaTpuIlel pasmepa (2r + 1) x (2r + 1), Bce 3HaueHUs1 KOTOPOi
PaBHBI:

1
(2r+1)*°
a CyMMa II0 BCEM DJJIEMEHTaM MATpHUIbl paBHA, TakuM 00pa3om,
eaunuue. [Ipu uibTpanyu ¢ 1aHHBIM SIAPOM 3HAUEHUE MTUKCENIS 3aMEHSAETCS
Ha YCPEOHEHHOE 3HAYEHUE NMUKCEIEH B KBAIpPAaTe CO CTOPOHOU 2r+1 BOKpyr
Hero. Ilpumep ¢unbTpanu npu MNOMOIIM MPSMOYTOJBHOTO (DUIBTpa
npuBeseH Ha puc. 4.19.

a) 6)

Puc. 4.19. [Ipumep ucTIoNb30BaHUs CTIAKUBAIONIETO (PHIBTPA

B atom cinywae Ha ucxomgHoe uzoOpaxenue (puc. 4.19, a) HanoxeH
OpsIMOYTOJIbHBIN (UIBTp pasmepoM 3 Ha 3 mukcens. Aapo guibTpa B 3TOM
CJy4ae BBIMJISIUT CIETYIOUIIMM 00pa3oM:
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1/9 1/9 1/9
M =11/9 1/9 1/9
1/9 1/9 1/9

PesynpTaT dunprpanun npuBeaeH Ha n3oOpakeHuu crpasa (puc. 4.19,
0). OT™MeTHUM, YTO CymMMa BCEX DJIEMEHTOB sifjpa (PUIIbTpa JAaeT B pe3ysbTare
eauHuIry. [loromy MOKHO CKa3aTh, UTO IIPHU HUCTIOJIB30BAHUM TaKOTO (DUIBTpa
B IIEJIOM SIPKOCTh BCEro M300paxkeHus He MeHsieTcs. OnHaKo, B CIEICTBUU
YCPEIHEHHsI 3HAYEHUM LBETOB IHMKCEIEH, KOHTPACTHOCTh H300paKeHUs
YMEHBIIIAeTCs, UTO U BUIHO Ha puc. 4.19.

Kak BuAMM H3 NPUBENEHHOIO NpPHUMEPA, CriaXUBaKOIIHUE (UIBTPI
MOTYT IPHUMEHSTHCA ISl YCTpaHEHUs JIECTHUYHOTO 3 (deKTa, a Takxke s
ITYMOITOAaBJICHHUS.

HIym — nedext HA H300paKEHUH, BHOCUMBIN (POTOCEHCOpaMH U
3JIEKTPOHUKOM YCTPOMCTB, WA BO3HUKAIOIIMKA MPU HCMIOJIb30BAaHUU
aHaJIoroBbIX ycTpoicTB. lllym Ha wu300pakeHHH MNpOSBISIETCS B BHJE
CJIy4aiilHbIM 00pa30M pacIoiIOKEHHBIX 3JIEMEHTOB pacTpa (TOYEK), UMEIOLINX
pa3Mepsl Onu3kue K pazmepy nukcend. lym oTnmyaercss oT u300paxeHus
0ojiee CBETJIBIM WM TEMHBIM OTTEHKOM CEpPOro W LBETa W/WIK MO IBETY.
[IpyunHOM MOSBIEHUS IIYMOB Ha H300paXEHUU SIBISETCA: 3E€PHHUCTOCTD
IUIEHKH, TPsA3b, IbLIb, HAPANUHBI, OTCIOCHHE (OTOrpaduiyecKor IMYIbCHUH.
Ecnu paccmaTtpuBaTh HHPPOBBIE YCTPOWCTBA TO MPUYMHONW BO3HUKHOBEHUS
uM(ppoBOro Imyma SBISETCSA: TEIUIOBOM IIyM MaTpHIlbl, IIyM M[epeHoca
3apana, wmym kBaHtoBanus AIlll, ycunenwe curHaaoB B UUPpPOBOM
(doToanmapare, rpsi3b, bUIb HA CEHCOPE.

[IpumeHeHre nMuHENHHON (UABTpALIMK C TPSMOYTOJIBHBIM SJIPOM UMEET
CYILLIECTBEHHBI HETOCTATOK: MUKCEJIM Ha PACCTOSTHUU I OT 00pabaThIBAEMOTO
OKa3bIBAIOT Ha pe3yiabTaT TOT e dddext, uro u cocennue. bomee
3¢ (}eKTUBHOE IIYMOIIOAABIEHUE MOXHO OCYIIECTBUTh, €CIU BIHSHUE
nuKcene apyr Ha Japyra OyneT YMEHbBLIAThCS C PAaCCTOSIHHUEM. OJTHUM
CBOMCTBOM 00JIa/1a€T 2aycco8cKuil punpmp ¢ AapoMm:

. 1 i”+ j°
F , = e R
gauss(I J) 271_0_2 Xp( 20_2 )

["ayccoBckuit GuIBTp MMEET HEHYJIEBOE SIPO OSCKOHEYHOTO pasmepa.
Opnako sapo GuiIbTpa O4eHb OBICTPO YOBIBACT K HYIIO MPH YAAJIECHUU OT
Touku (0, 0), ¥ MOTOMY Ha MNPAKTUKE MOMKHO OTPAHUUYUTHCS CBEPTKOU C
OKHOM HebombIoro pasmepa Bokpyr (0, 0) (Hampumep, B3SB paguyc OKHa
paBHbBIM 30).

["ayccoBckast (punbTpals Takxke sBIgeTcs criaxusatomed. OgHako, B
OTJIMYUE OT MPSMOYTOJBHOTO (PUiIbTpa, 00pa3oM TOYKM MHPHU TayCCOBOM
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GuIbTpanuu OyaeT CHMMETPHYHOE Pa3MBITOE TISITHO, C YOBIBAHHEM SIPKOCTH
OT CEepelMHBI K KpasM, YTO TOpa3ao OJIMKe K PeajbHOMY Pa3MBITHIO OT
pachoKyCHpPOBAHHBIX JIHH3.

4.4.3.KonTpacronoBbiliawiye GUuabTpbl

Ecnu crnaxuBaronme GuIbTpbl CHUKAIOT JIOKAJbHYIO KOHTPAaCTHOCTh
M300paXeHusl, pa3MbIBasi €ro, TO KOHTPACTOMOBBIMIAIONIUE (PUIBTPHI
MpOU3BOIAT 00paTHbIl 3ddexT. SAnpo kKoHTpacTomoBbIIamero (GpuibTpa
uMeeT 3HaueHue, Oosbiiee 1, B Touke (0, 0), mpu obOmel cymme Bcex
3HAYEHMM, paBHOU 1.

Hanpumep, KOHTpacTOMOBBILIAIOMUM (PUIBTPOM SIBISETCA (QUIBTP C
AIpOM, 337]aBaCMbIM MaTPULIEH:

0O -1 O
M =l-1 5 -1
0O -1 O
100 MaTpUIEH:
-1 -1 -1
MM =|-1 9 -1
-1 -1 -1

D¢ dexT MoBbIlICHUS] KOHTPACTA JOCTUTACTCS 3a CUET TOr0, YTO (DHIBTP
MOJYEPKUBAECT PA3ZHUIY MEXIYy HWHTEHCHUBHOCTAMH COCEIHUX IHUKCENEH,
yIassisi 9TH UHTEHCUBHOCTH ApYT OoT npyra (puc. 4.20). Otot 3¢dpdekT Oyaer
TEM CHJIbHEW, YeM OOJIblle 3HaYeHUE LEHTPAIBbHOIrO uieHa siapa. Pe3ynbrar

paboTel QuibTpa Ha UCXOAHOM u300pakeHuu (puc. 4.20, a) s Mo

npexcrasieH Ha puc. 4.20, 6, mst M5 na puc. 4.20, B.

Puc. 4.20. [Ipumep MCTONb30BaHNS KOHTAPCTHOIOBBILIAIOMIETO (GUIbTpa
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XapakTepHbIM  apTe(akTOM JIMHEWHOM  KOHTPACTONOBBIILIAOIIEH
(GunbTpany  SABJISAIOTCS 3aMETHBIE CBETJbIE U MEHEE 3aMETHBIE TEMHbIE
OpE€O0JIBI BOKPYT I'PAHULL.

4.4.4.Pa3HoCTHbIE QUIBbTPbI

PazHocTHbIE PUIBTPBI YACTO UCTONB3YIOTCS I HAXOXKICHUS TPAHUIL B
nzoOpaxenusx. Ilpu 3ToM wucnons3yloT AuQdepeHInaIbHbIii  onepaTop,
BBIYUCTISIONINI NPUOTMKEHHOE 3HAYCHHE TPATUCHT SPKOCTH M300paKeHHUSI.
Pe3ynbpratom npuMeHEeHHs TAaKOTO OrepaTopa B KakI0i Touke H300pakeHus
SBIIICTCS JTMOO BEKTOP TPAJUCHTA IPKOCTH B 3TOH TOUKE, INOO €ro HopMa.

Pe3ynbTaT moka3bIBaeT, HACKOJIBKO «PE3KO» WIIU «IUIABHO» MEHSETCS
SPKOCTb U300paKEHUS B KaXJIOU TOUYKE, & 3HAUUT, BEPOSITHOCTh HAXOXKICHUS
TOYKHU Ha TpaHu, a TaKKe OpUEHTALUIO rpaHuilbl. Ha mpakTuke, BeUnCIeHNE
BEJIMYMHBI U3MCHEHUS SPKOCTH (BEPOSTHOCTH MPUHAJICIKHOCTH K TPAHHMIIC)
HaJIe)KHEE U MPOIIE B UHTEPIIPETALIMH, YEM PacueT HaNpaBJICHUS.

Eciun Ha m3o0paxkenuu OyneT NMPUCYTCTBOBATH OJHOTOHHAsT 00JIACTh
Wik 00JacTh C IJIABHBIMU TIEPEXOJaMH I[BETOB, TO B PE3yJIbTHPYIOIIEM
M300pakeHUH MOJOOHBIE YYaCTKHU OyayT 3aKpallleHbl YEPHBIM LIBETOM. TaM,
r7ie UMEIOTCS Tepenannbl (pe3krue MEepexojibl, Kpas), KPyTU3Ha W3MEHEHUs
SPKOCTH BBICOKA M B KOHEYHOM H300paXCHHH B TAKMX MECTax IOSBITCS
SpKUE CBETJIbIC JINHUU.

MareMaTnyecku, TpaaueHT (YHKIUH JABYX MEPEMEHHBIX I Ka)XIOu
TOYKH M300pakeHus (KOTOpoW U sBIsAE€TCS (PYHKIUS SPKOCTH) —
JIBYMEPHBIA BEKTOP, KOMIOHEHTAMH KOTOPOTO SBJISIOTCS TPOW3BOJIHBIE
SAPKOCTH HM300pa)K€HUs O TOPU3OHTAIM W BEPTHKAIU. B Kaxmol Touke
U300pKEHUS TPAJAMCHTHBIA BEKTOpP OPUEHTUPOBAH B  HaIpaBICHUU
HAuOOJBIIIETO YBEIWYEHUSI SIPKOCTH, & €r0 JJIMHA COOTBETCTBYET BEIUYMHE
U3MEHEHUS SIPKOCTH.

OpnuM u3 crocoOOB HAXOXKJEHUSI TPAHUIl Ha W300PKEHUH SIBIISETCSA
peaymzanus ¢uiabTpa wian oneparopa Codens (Sobel), kotopsiit mo3BossieT
HAWTH HETOYHOE MPUOIMKEHHUE TPpaTueHTa SPKOCTH H300paKEHUSI.

Crporo roBops, oOmeparop HCHONb3yeT sapa 3X3, ¢ KOTOpPhIMHU
CBOPAYMBAIOT HWCXOAHOE HW300paKCHHE JUISI BBIYMCICHUS MPHOIMKEHHBIX
3HaYEHWI TMPOU3BOIHBIX MO TOPH3OHTANM M MO BepTukamu. dopmanbHO
onepatop CoOens onpeaensieTcs caeayoluM 00pa3oM:

[Tycts A ucxomnoe uzobpaxkenue, a Gy u Gy - nBa M300pakeHus, rue
KaXJlasg TOYKa COJCPKUT MPHUOIMKEHHBIE MPOU3BOJAHBIC TI0 X U 10 Y. OHHU
BBIYHCIIIOTCS CIIETYIONTUM 00pa3oM:

! I'pagueHT — BEKTOp, IOKA3bIBAIOIIMK HAIpaBICHHE HAMCKOPEHMILEro BO3pacTaHUs HEKOTOPOM
BEJIMYMHBI, 3HAYEHUE KOTOPOW MEHSIETCSI OT OJAHOM TOUKH MPOCTPAHCTBA K APYTOM.
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-1 -2 -1 -1 0 +1
Gyz 0O 0 O|*A and G, =|-2 0 +2|*A
+1 42 +1 -1 0 +1

rae * o0o3HayaeT JABYXMEPHYIO OINEpalrio CBEPTKHU (Omepanuio JTMHEWHON
buIbTpalK, PACCMOTPEHHYIO PaHEe).

Koopaunara X 3/1ech BO3pacTaeT «HalpaBoy, a Y — «BHHU3». B kaxaon
TOYKE U300pakKeHUs MPUOIMIKEHHOE 3HAYEHUE BEJIMUMHBI IPAJIMEHTa MOKHO
BBIYMCIINTh,  HUCIOJIb3YS  TOJY4YEHHBIE  NPUOIDKEHHBIE  3HAYCHUS

IMPOU3BOAHBIX:
_ 2 2
G=,[G}+G!

I/ICHOJ'II)B}/}I Ty I/IH(i)OpMaI_[I/II-O, MBI TaKXXC MOXCM  BBIYHMCIIHNTD
HaIIpaBJICHUC I'paJUCHTA:

G
® =arctan| -~
GX
rae, K mpuMmepy, yroa ® paBeH HYJIIO JJIS BEPTHKAIBHOW TPAHUIIBI, Y
KOTOPO# TéMHasi CTOPOHA CJICBA.

Onepannu cBeptku Gy u Gy, MOXHO HCHOJIB30BaTh OTICIBHO MJIA
HaXOXJIEHUSI BEPTUKAIBHBIX W TOPH30HTAIBbHBIX Trpanull. Ha puc. 4.21
IpHBEEH IpuMep npuMeHeHus ceeptku Gy (puc. 4.21, 6) u G, (puc. 4.21, B)
K ucxomHoMmy wusoOpaxenuto (puc. 4.21, a). B caydae COBMeCTHOTO
UCIIONB30BaHUs JABYX omepamuii cBeptkn Gy m Gy MOXEM MOJTy4YHTh
pe3ynbTaT MpeCTaBIeHHBIN Ha puc. 4.22.

WA '\\ \VZ
M \ oA
0) B)
Puc. 4.21. TIpumep HaX0XXICHHS BEPTUKAIBHBIX U TOPU30HTAIBHBIX TPAHMUIL
B oTimuuu OT CriiaXMBarmOMMX M KOHTPACTOTOBBIMIAIONINX (PHIIBTPOB,
HEC MCHIAROIIIUX CpeI[HIOIO HNHTCHCUBHOCTH I/I306pa)KCHI/I$I (CYMMa DJICMCHTOB

q]lpa paBHa €AUHMIIE), B pe3yJbTaTe NMPUMEHEHHsI Pa3HOCTHBIX OINEpPaTOpPOB
MoJIy4yaeTcsi, Kak MpPaBUIIO, U300paXEHUE CO CPEIHUM 3HAUYCHHUEM MHKCENs
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OJIM3KUM K HYJTIO (CyMMa 3JIEMEHTOB si/ipa paBHa HYJ0). [Ipu 3TOM mukcenu
CO 3HAUCHUSAMH OJM3KMMH K HYJIIO MOXXHO OTOOpakaTh OEIBIM IIBETOM.
[lukcenn 3Ha4YEHUsI APKOCTH, KOTOPBIX MOIYUYUIIUCH OOJIBIIETO HEKOETO
opora, MOXXHO OTOOpakaTh YEPHBIM I[BETOM.

3amMeTuM, YTO BBIJICJICHHE BCEX IUKCENEH, 3HAYEHUS KOTOPBIX IO
MOAYJI0 OOJBIIIE HEKOTOPOTO TOpOTra, SIBISETCS HEKOTOPOW HEIWHEWHOMN
JIOKAJIbHOM Olepanrer, KOTOPYH0 MOXKHO pacCMaTpUBaTh KakK IPOCTEUIINN
npuMep HeJIMHEHHON (DUIIBTpAIIH.

Puc. 4.22. Ilpumep ucnonb3oBanus onepatopa Cobens

Kpome ¢unptpa Cobenst MOXHO UCIONIb30BaTh orepatop llprouta
(Prewitt) wiu omeparop Illappa (Scharr), nogoGHbie aaroputMmy orepaTopa
Cobernst, 32 UCKITIOYEHUEM UCTIOJIB30BAHUS APYTUX MATPHIL.

Y  anropuTMOB = HAXOXKACHHS TPAHUI[ CYIIECTBYET HECKOJBKO
HEJI0CTATKOB. [ JTaBHBIN W3 HUX - HEOIPEJEIICHHOCTh B BHIOOPE BEITMYHUHBI
nopora. JIyst pa3HbIX yacTel n300pakeHusT MPUEMIIEMbIN Pe3yJIbTaT OOBIYHO
MOJTy9aeTCsl TPU CYIISCTBEHHO Pa3HBIX IMOPOTOBBIX 3HaUeHUsAX. Kpome Toro,
Pa3HOCTHBIC (PUIBTPHI OYEHb YYBCTBUTEIIBHBI K IITyMaM U300payKCHHUS.

4.4.5.HenmnHeliHbIe PUIBTPHI
OcCHOBHOE OTJIMYME HEIMHEHMHOTrO (PUIBTpa OT JIUHEHHOTO 3aKII0YaeTCs
B TOM, YTO BBIXOJ HEIUHEHHOTo GuUiIbTpa (QopMuUpyeTcs HETUHEHHBIM
00pa3oM OT JJaHHBIX UCXOJHOTO N300PaKEHHUS.
JIuneitnple UIBTPBI, HECMOTPSL Ha Pa3HOOOpa3re MPOU3BOJAUMBIX UMHU
3¢ (pexToB, HE MO3BOISAIOT MPOJEIBIBATH HEKOTOPHIE CaMbl€ €CTECTBEHHbIE
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omepany. XOpOIIUM MPUMEPOM CIYXKHUT MOporoBas (uiapTpanus,
YIOMSHYyTasl BbIlIe. Pe3ynbTaToM MOpOroBoi GuiIbTpaliy CIIy>KUT OMHApHOE
n300paxeHue, onpeaensieMoe CIeAYIOIUM 00pa3oM:

1, ecmu A(X,Y) >
B(x, Y) = !

Benuuuna y sBnsiercst nopozom punsmpayuu. [loporosasi puibTpanus
MOKET OBITh HCIOJB30BAHO KaK MpEeABApPUTENIbHBIA 3Tan 00paboTKu
M300pakeHUsI Iepe]] €ro BEKTOPU3AIHEH.

bonee cnoxxHbIM QUIBTPOM, HETMHEHHBIM (QUIBTPOM, UCIOIB3YIOIIUM
OKPECTHOCTb MUKCEJIS, SIBIIACTCS MeOuana Wil MeOuanHvlil punomp. 311eCh,
TaK e, Kak U B JIMHEWHbIX (PUIbTpaxX, MO MUKCENSIM MEePEBUTACTCS OKHO,
KOTOPOE OXBAaThIBACT NMHUKCEIH, YYaCTBYIOIHE B (DOPMUPOBAHUH HUTOTOBOI
WHTCHCUBHOCTH. 3HAYCHUS BHYTPH DOTOTO OKHA BOCIPUHUMACTCS Kak
OJTHOMEPHBIA MAacCUB, KOTOPBIA COPTUPYETCS B TMOPSIAKE BO3pACTAHMS.
3HavYeHWE, HaxXOMsIIeecs B CEPEIWHE OTCOPTUPOBAHHOTO MAacCCHBA,
MOCTYIIA€T Ha BBIXOJ QUIBTPA.

Takum oOpa3zom, MemuaHHas QuUIbTpanus crocodHa 3(h(EKTUBHO
CIPaBIATBCSA C MMIYJbCHBIMHA ITOMEXaMH, KOTJa TIOMEXH HE3aBHUCHUMO
BO3JICUCTBYIOT Ha OT/ENIbHbIE MHUKcenu. [IpumepoM Takux MOMeEX CIy»KaT
"ouThie" U "Topsumne" muKcean mpu UGPOBO CheMKe, ""CHETOBOM" IIyM U T.
n. Hanpumep, puc. 4.23, a. [IpeumyiiectBo MeauaHHo# (unbTpamnuu (puc.
4.23, B) mepen JIUHEHHOW criuaxuBamomieit ¢uabtparnuein (puc. 4.23, 0)
3aKJII0YAETCS B TOM, YTO MHTEHCHUBHOCTH TMHUKCENs IIyMa OyJeT 3amMeHEeHa
MHTEHCUBHOCTBIO (DOHOBBIX MHKCEJEH, a He OyAeT mepepacmpeneiieHa Ha
COCEJTHHE MMUKCENH KaK MPH UCTIOJIB30BaHUH CTIKHBAIONIETo (priIbTpa.

0, nHaue

Puc. 4.23. Yganenue uryMoB GUIbTpaMH pa3MBITUS U METUAHHBIM (PHIIBTPOM

75



5. [Ipeo6pa3oBaHusA PAaCTPOBbIX U300paAKEHU M

5.1. BeKTopu3anua ¢ 1OMOLIbI0 BOJIHOBOTO aJIFCOPUTMA
Bexkmopuzayua — mnpeoOpa3oBaHuEe HW300paXeHUs U3 PACTPOBOTO
Mpe/CTaBiICHUsT B BEKTOpHOe. Bekrtopuzamusi - mpoiecc, OOpaTHBIMA
pactepu3auuu. BekTopuzauus NpOBOAMUTCS, KAK MPAaBWIO, B CIydae, €clid
pe3ynbTar BEKTOpHU3AIIU MOJIJICHKUT nanbHeuen o0paboTke
UCKJIIOUMTEIBHO B MpPOrpaMMax BEKTOPHOW TpaduKH, C IEJIbI0 MOBBIIICHUS
KauecTBa H300pakKeHUs, A CO3JIaHusd U300pakKeHUs, MPUTOJAHOTO IS
MaciiTabupoBaHus 0e3 IMOTepH KauvecTBa, €CJIM JajbHeiIas o0padoTka
n300paxkeHuss OyAeT OCYLIECTBISITbCS Ha CHelUPHUUEecKoM 000pyAOBaHUU
(mnotrepsl, ctanku ¢ YITY).
PasnuyaroT cneayronue BUAbl BEKTOPU3ALINU:
* ABTOMaruMyeckass BEKTOpHU3alHs — TEpPEeBOJ  PaCTPOBBIX
M300paKeHU yepTexken (CKaHMPOBAaHHBIX KOMWid, (oTorpaduii)
B DJIEKTPOHHBIN BHJ C MOMOIIBI0 CHEIHATFHOTO MPOTPAMMHOIO
oOecreyeHusl.
* PyyHas BeKTOpW3alMsl — TMEpPeBO] OYyMaKHBIX 4YEpTEekKed B
AIIEKTPOHHBIA BUJ TIEpPEUEPUYMBAHUEM KaXKIOTO JIOKyMEHTa
BPYYHYIO B CUCTEMaX aBTOMaTU3UPOBAHHOTO MPOEKTUPOBAHUSI.
OpHMM U3 aNTOPUTMOB I HAXO0XAEHHUS BEKTOPHOIO MPEICTABICHUS U3
pacTpoBOro U300pakeHus1 (OTCKAaHUPOBAHHOIO YepTeXka) SABJISIETCS BOJIHOBOM
anroputM. Ha BXxox anroputma mocTymaer OMHApHOE pPacTpoBOE
N300pakeHHe, KOTOpPO€ MOXKET ObITh IMOJIYy4eHO W3 HCXOAHOIO IyTeM
noporoBoii ¢unbTpanuu.  [log OwHApHBIM PACTPOBBIM HU300paKECHUEM
MOHUMAETCS ABYMEpHAas MaTpHIla U3 YEPHBIX U OENBIX MHUKCeNel, B KOTOPO
OOBEKT 3a7]aeTCsl YEPHBIMU MUKCEISIMH, & GOH — OETTBIMU TUKCEISIMHU.
Ha pactpoBOM u300pa)keHHMH MOTYT TPUCYTCTBOBAaTh OTPE3KH,
COCIAMHEHUS W TiepecedeHus: oTpe3koB (puc. 5.1). Bxirodenue ayr B
n300pakeHue B JAHHOM IIOCOOMU HE PACCMaTPHUBAETCSL.

B

B

Puc. 5.1. O0BEKTHI pacCTPOBOTO U300PAKECHHS
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[lon wuzobpaxeHneMm ompe3ka Ha pactpe OyaeM MOHUMATh TaKoe
MHOXECTBO YEPHBIX TOYEK pPacTpa, YTO MOXKHO MPOBECTH OTPE30K MPSAMOMN
AB Takoii, 4To 0 00€ CTOPOHBI OT ATOTO OTpe3Ka OyAET JekaTh MPUMEPHO
paBHOE KOJMYECTBO TOYEK, M PACCTOSHHUS OT OTpe3ka 10 OmmKalimx
KpallHUX TOYeK M300pa’keHusi OyayT OTJIMYaThCcs He Oojiee YeM Ha Hamepen
3aJanHyto BennuuHy (puc. 5.1, a).

[lon coedunenuem oTpe3koB OyJeM MOHUMATh JIBA OTPE3Ka TAKHUE, UTO
OJIHA M3 BEPILUH OJHOIO OTpE3Ka JICKUT Ha APYrom oTpeske. B aTom citydae
OHU OYIyT UMETh OJHY OOLIYI0 TOUKY M OJUH M3 OTPE3KOB OYyJeT pasjieieH
Ha jaBa (puc. 5.1, 0).

Ilepecekarowguecsa ompesxu n300paxxeHus: OyJeM NPEICTaBISTh B BUJE
OTPE3KOB MEHBIIICH JTUHBI, HIMEIOIIMX OJHY OOIIyI0 BepiuHy (puc. 5.1, B).

3amayell anropuTMa SBISETCS MOCTPOCHHE HArpy>KEHHOro rpada, y
KOTOPOI0 Harpy3ka BEpUIMH — Mapbl KOOPAWUHAT X, Y COOTBETCTBYIOIIMX
Y3JI0OBBIM TOYKaM U300paKeHUs.

3a y3/10Bbl€ TOYKH OyJ€M MPUHUMATHh TOUYKH COEAMHEHUS N300pakKeHHs
JUHUN B pacTpoBOM H300pakeHHWU. TONMMHON JIMHUM OyJeM CUHMTATh €€
[IUPUHY B MTUKCEIAX.

AnTropuTM peanusyercs B 1Ba dTala:

* [locTpoeHue ckenera M300paXKeHUs C TOMOIIBIO ChEPUIECKON BOJHBI,
*  OnTuMU3aIms NOJyYEHHOIO CKEJeTa.

JIo MOCTpOEHHUsI CKeJeTa, C 1eNIbI0 YIYUIIeHHUs KauecTBa U300pakeHus
BO3MOXKHO NPHUMEHEHUE pa3inyHbIX (GuiabTpoB. B uwacTHOCTH, *KenaTenbHO
n30aBUTHh U300paXKEHUE OT CIYyYaHHOTO IITyMa.

5.1.1.IlocTpoeHue cCKesleTa H306paKEeHUA

Jlns  mocTpoeHHMs ckenera wu300pakeHHs Ha o00bekTe (OTpeske)
BbIOMpaeTcsd HaudalbHas (3aTpaBO4yHAsi) TOYKA, OT KOTOPOM HAYMHAETCS
pacnpocTpaHsTbCA BOJHA, MyTeM J00aBlIeHHs TMHKCEIe CcHadana K
3aTpaBOYHOM TOYKE MOTOM K y»e Jo0OaBiieHHbIM. BoiHa renepupyercs 1mo
ONpeeICHHBIM 3aKOHAM, UCIIOJb3YIOUIUX YETHIPEX UM BOCBMHUCBA3AHHOCTD
IIAKCEJIEH.

[Tpu 4-x CBsI3HOM pacTpe pacnpocTpaHeHue uaet B popme pomba (puc.
5.2, a), npu 8-cBs3HOM — B BUjIe KBajpata (puc. 5.2, 0). Eciu monepemenHo
UCIIONIb30BaTh 4-4 M §-M CBA3aHHOE PACIPOCTpPaHEHHE TO (opma BOIHBI
Oyner Oau3ka k kpyry (puc. 5.2, B).

[Ipu pacmpoctpanennn chepuvecKol BOJTHBI HA OTpE3Ke MPSMOM
HaOmrogatoTcs cieayromue 3¢hdexTer: He Oonee vem uepe3 2N 1mmaros
pactpoCcTpaHEHUE BOJIHBI TMPUOOpPETaeT yCTOWYWBBIM XapakTep BHE
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3aBUCUMOCTH OT Ha4yaJIbHOW TOYKHM PACHPOCTpaHEHHs BOJIHBI (PucyHOK 5).
[Ipuyem N — mipuHa JIMHUM B UKCENSAX.

0)

a) ~6)

Puc. 5.3. PacipocTpanenue BOTHBI Ha OTPE3Ke

IIpu otnuuuu HopMBbI OTpe3Ka OT MPSAMOM, PaCIPOCTPAHEHUE BOJIHBI
TaKXke MpeJIckazyeMo, MpUYeM He0O0XO0IUMO OTMETUTh XOPOIIIUE OTHOAIOITIe
CBOMCTBA C(hepruueCKOil BOJIHBHI.

VY3710BbIE TOYKM ONPEACTAIOTCS Ha KaXXJIOW TeHepalldd BOJHBI WJIU
yepe3 OIPEICIICHHOE KOJIMYECTBO T€HEpaluui BOJH. B kadecTBe y3710BOM
TOYKH OepeTcss IEHTpP OTpe3Ka, o00pa3yeMoro KpaHUMU TOYKAMU
HEO0OXOMMOM TeHEPAITNH BOJIHBI.

[Ipu nocTMyKeHUM BOJTHOM MECTa COCIMHEHUS IBYX WM O0JIee OTPE3KOB
HaOMroaeTcsl  paslefieHue BOJIHBI HAa HECKOJbKO JIOYEPHHX  BOJIH,
COXPaHSIONIMX IOBEJACHUE MaTepUHCKOM BomHbl (puc. 5.4). MomeHT
pa3zielieHusl JIOBOJBHO MPOCTO OTCIEXKHUBACTCS MYTEM aHaIW3a “IIUPUHBI’
BOJIH, T.€. KOJHUYECTBA TOYEK OOpa3yrOIIUX OYEPEAHYH0 T'eHEPAINIO0 BOJIHBI:
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nepen pasfeliecHueM HaOMI0JaeTcsl YBENWYEHHE “‘TIUPUHBI BOJHBI C
JATbHEUIIIUM pa3/IeJICHUEM BOJIHBI Ha JBE (MHOTIa 00Jiee) I0YEPHUE BOTHBI.
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a) 0)

Puc. 5.4. PaCHPOCTpaHeHI/Ie BOJIHBI Ha COCAMHCHNU U IICPCCCUCHUN OTPC3KOB

BrIsiBIICHHE MECT YBEJIMYEHUS “IIMPHUHBI BOJHBI U Pa3JEICHUS BOJHBI
Ha JOYEPHHUE IMO3BOJIIET YCTAHOBUTH TOUKY IPEAIOIAraeMoro COEAVMHEHUS
IBYX OTpe3KOB. OnpeneneHne yBENMUEHUS “THHUPUHBI BOJHBI IPOU3BOIUTCS
IyTEM CPABHEHMS “IIUPUHBI  OYEPEIHOM I'€HEpPAlUH BOJHBI U €€ CPEIHETO
3Hauenus 3a N npenpiayniux resepanuii (N 3agaercs 3apanee). [Ipuyem mbl
noiaydaeMm JBe KpaitHue Ttouku (A, B) Tpaccupyemoro otpeska. Ilocne
pazziesieHusl BOJIHBI Ha JBE MOJIYBOJIHBI, MbI MOJIYYaeM €Ile JIBE Mapbl TOYEK
(C, D) u (E, F) (manpumep, puc. 5.5).

Puc. 5.5. [Ipumep onpeaeneHust TOUKH COSTUHCHUS
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C nomompto anammza 3tux otpe3koB (AB, CD, EF) M0OXHO OIIeHUTH
MOJIO’KEHHUE TOUKU COEMHEHUS OTPE3KOB. [IlepBoHAYaIbHO YCTAHOBUM MECTO
COCMHEHHUS KaK IIEHTP Macc 3TOT0 MHOTOYTOJIbHUKA.

5.1.2.0nTUMHU3aLUA CKeJleTa U300paKeHUA

[TomyueHHBIN CKeNeT M300paKEHUS HE SIBISETCS ONTHMAJIbHBIM. JTO
CBS3aHO TIPEXKJE BCEr0O C TEM, YTO MBI HMEEM Jel0 C pPacTPOBBIM
M300paXeHHeM, a 3HAYUT, U300paKeHNE UMEET HCKAXCHUS TeM OOJIbIINe,
4eM MEHbIIIE paspelieHue n3oopaxenus (puc. 5.6).

6)

Puc. 5.6. Biusiaue paspenienust Ha CKelleT H300paxeHus

JInss yMEHbIIECHHMS BIWSHUS WMCKAKEHUW Ha TOJYYaeMbId CKEJET
HEOOXOJIUMO  TIPOM3BECTH  ONTHUMHU3AIMIO  CKeJeTa,  IOJYyYEHHOTO
OTCJICKUBAHUEM NYTH CPEPUYECKON BOJIHBI MO HM300pakeHHI0 00bekTa. B
MOJIy4aeMOM CKEJIET€ BO3MOKHO MPEICTABICHUE OJJHOTO OTPE3Ka HEKOTOPO
MOCJIEIOBATEILHOCThIO pebep. M30UThCA OT HSTOTO MOXKHO aHAIH30M
MOCJIEIOBATEILHOCTH Pedep, OlEHMBAs OTKIOHEHHUE IMOJTYYaromencs JTUHUN
ot mpsmoi. [Ipu sTomM TOuUKH, OOpa3yroIIue MOCIeNI0BATEILHOCTh pedep,
JIOJDKHBI OTKJIOHATHCSI OT KOPPEJIUPYIOMICH MpsiMoil He OoJblle, YeM Ha
3apaHee 3aJJaHHYIO0 BEJIMYMHY, COU3MEPUMYIO C IIUPUHON JuHuU. B ciyyae,
€CIM OTKJIOHEHHWE HAXOJWUTCS B JIOMYCTUMBIX Tpeaesiax, HEoOXOIMMO B
CKeJIeTe 3aMEHUTh COOTBETCTBYIOIIYIO MOCIIEIOBATEILHOCTh pebep Ha OJTHO

(puc. 5.7).
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Puc. 5.7. Ontumu3zanus oTpe3KoB

Kpome onTtuMm3anuyu OTPE3KOB MPOBOAWUTCS ONTHUMHU3ANMS TOYCK
coeauHEHUs oTpe3koB. Hanbosee yacTo BcTpedaromuecs UCKaKeHUs (puc.
5.8) ucnpaBiIAIOTCA ¢ MOMOIIBIO aHAJIW3a MPUIICKAIIUX K BBIJICICHHON TOYKE
(4) orpeskoB (ABy, B;Ci, AB,, B,C,, ABs, B3Cj3). Anamus 3akimoyacTcs B
HoUCKe Takoi mapsl otpeskoB C,B,, B,C, u3 (B,C4, B,C;, B3C3), uto C,B,B,C,
MaKCHUMaJIbHO Koppenupytorcs mnpsimoir. Torma HeoOxomuMo Touky A
IepeEMECTUTD B TOUKY nepecedenus npsameix C,Cy u AC,, a 3aTeM y1alInuTh U3
rpacda Touku B, B, u Bs.

Cs Cs
B
B

A A 1 1 A _;-ﬂ"-——’—.-‘(h
//

B.

C: C:

a) 0)

Puc. 5.8. Ontumu3zanus Touek coeTMHEHUS (TIEPBBIN BApHUAHT)
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JlpyTM BapuaHTOM HCKa)XCHHs SIBISETCS CIIy4ail COEIUHEHHS Tpex
OTpe3KOB B oOnHOM Touke (puc. 5.9). B sTomM ciydae HEBO3MOXKHO
HAXO0XJICHWE Tapbl OTPE3KOB KOppeiaupyeMmbix mpsimoil. Touka A mgomkHa
ObITh TIEpEeMelIeHa B IIEHTP TPEyroJibHUKa oOpasyemoro mnpsmbiMu B;Ci,
B,C, u B3C;. 3aTem Touku B;, B, u B3 Heobxoaumo ymanute u3 rpada.

C C,

AI
C- C:
a) 0)
Puc. 5.9. Ontumuzanus Touek coeiuHeHus (BTOpOi BapHaHT)
5.2. CerMeHTaLMA U300paKEeHUN
Cecwenmayusa — OSTO Tipolecc pa3dOueHus u300paxeHus Ha
HEeMepeKphIBarolmecs  o0jJacTd  (CerMeHThbl),  MOKPBIBAIOLIME  BCE

M300paXEHUEe M OJHOPOJIHBIE MO HEKOTOpOMY Mpu3HaKky. Bce mukcenu B
CErMEHTE TMOXO0XH MO0 HEKOTOPOM XapaKTEPUCTHUKE WJIA BBIUUCICHHOMY
CBOWMCTBY, HAIIPUMEDP IO IBETY, IPKOCTH WU TeKcType. CoceHNEe CErMEHTBI
3HAYUTENBHO OTINYAIOTCS MO 3TOW XapaKTEPUCTHKE.

[lenp cerMeHTaMM 3aKJIIOYACTCS B YIPOIIEHUUW W/WIM WU3MEHEHUU
NpenCTaBlieHus W300pakeHusi, YTOOBl €ero ObUIO TpoIe U Jierdye
aHanu3upoBaTh. CermMeHTanusi W BBIJCICHHUE TPAHUI] OOBEKTOB HUIPAIOT
BAXHYIO POJIb B CUCTEMAaX KOMIIBIOTEPHOTO 3pPEHHSI U MPUMEHSIOTCS IJIS
3a/1au pacro3HaBaHus CIICH U BbIICICHUS (OTIpeieTIeHus ) OOBEKTOB.

Meroabpl  CcerMeHTallMM  MOXHO  pa3feluTh Ha JBa  Kjacca:
aBTOMAaTUYECKUE — HE TpeOyrollue B3aMMOJEWUCTBHS C TMOJIb30BaTelieM M
UHTEPAKTUBHbIC — HCIIOJIB3YIOIINE MOJI30BATEIHCKUM BBO/I
HEMOCPEJCTBEHHO B Tmporecce paboTel. Hampumep, K HHTEpaKTUBHOMN
CErMEHTAIlMM MOXHO OTHECTH aJTOpUTM HMHCTpymeHTa «BommeOHas
NajouKay, peain30BaHHbIH BO MHOTHX PACTPOBBIX PEIaKTOPaX.

Jlamee paccMOTpUM TOJIBKO aBTOMAaTUYECKME METOJbl.  3ajayu
ABTOMATHUYECKOM CETMEHTAIINH JISJISATCS Ha JIBa Kjacca:

" BhIIENICHHE 00J1acTel N300PAKEHUS C U3BECTHBIMHU CBOMCTBAMU;
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" pa3dueHue N300paKeHUs Ha OTHOPOHBIC 00IACTH.

Mexny 3TMMH JByMSI MOCTAaHOBKAMM 3aJaud €CTh MPHUHIUIHKAIbHAS
pasHuiia. B mepBoM ciydae 3amada CerMEHTAIlMM COCTOMT B TIOMCKE
OTIpe/IeNICHHBIX O0acTel, O KOTOPHIX HMEETCs ampuopHas WHGOpMalus
(Hampumep, MBI 3HaeM LBeT, (GopMmy oOJacTeil, UIM HHTEPECYIOIIUE Hac
00J1acTH MPEACTABIISIOT CO00M N300paKEHUSI U3BECTHOTO 00BEKTa). MEeTO b
ATOW TPYMNIBI Y3KO CHEIUAIM3UPOBAaHbl JJIsl Ka)XI0H KOHKPETHOM 3a/auM.
CermeHTanyss B Takol MOCTaHOBKE HCHOJb3YyETCS B OCHOBHOM B 3aJadyax
MAaIlIMHHOTO 3peHus (aHaJIU3 CIIeH, TOMCK OOBEKTOB Ha N300paKEHUN).

Bo BTOpoM ciydyae HuKakas amnpuopHas HHQpOpManus O CBOWCTBAX
oOjacTell HE WCIONb3yeTCsA, 3aTO Ha caMO pa30HeHHe H300pakeHus
HaKJIa/IbIBAIOTCS HEKOTOpBIE YCIIOBUS (HampuMmep, Bce 0O0JacTU JIOJIKHBI
OBITH OJHOPOJHBI MO IBETY M TEKCType). Tak Kak MpHU TaKOH MOCTAaHOBKE
3a/layd  CErMEHTAllUd HE HCIOJIb3yeTCsl anpuopHas uHpopmanus o0
M300paXeHHBIX OO0BEKTaX, TO METOABl ATOW TPYNIbl YHUBEPCAIbHBI U
MPUMEHUMBI K JIFOOBIM H300pakeHUsIM. B OCHOBHOM cerMeHTamusi B 3TOU
MOCTAaHOBKE MPUMEHSETCS Ha HAaYaJIbHOM JTare PeuieHHs 3aaadu, sl TOTO
YTOOBI MOJYYUTh MPEACTABICHUE U300pakeHus B Oosee yIT0OHOM BHUIE IS
JanbHeen padoThl.

5.2.1.MeToAbI, OCHOBAaHHbIE Ha KJIaCTepU3aLuH

B mocraHoOBKe 3amauM CErMEHTAMU MPOCIEKUBACTCS AHAIOTHUS C
3ajaueil Kmactepusauu’. JUis TOro 4TOOBI CBECTH 3ajady CErMEHTALHH K
3ajjaye  KJacTepu3allud, JIOCTaTOYHO  33JaThb  OTOOpa)K€HHE  TOYeK
N300pakeHHsT B HEKOTOPOE MPOCTPAHCTBO MPHU3HAKOB M BBECTU METPUKY
(Mepy 6;1M30CTH) Ha 3TOM MPOCTPAHCTBE MPU3HAKOB. B KauecTBe Mpu3HaKoOB
TOYKM H300pakKeHHUsI MOKHO HCIOJIb30BaTh IPEACTABICEHUE €€ IIBeTa B
HEKOTOPOM I[BETOBOM IPOCTPAHCTBE, IPUMEPOM METPUKU (MEpPbI OJIU30CTH)
MOKET OBITh €BKJIMJOBO PACCTOSHHE MEXAY BEKTOpaMH B IPOCTPAHCTBE
IIPU3HAKOB.

Ilocne cBeneHus 3ajauu CErMEHTAlUU K 3a7a4e KJIACTEPU3alun MOKHO
BOCIIOJIb30BaThCS JIIOOBIMM METOAAMM KiacTepHoro asanuza. HauOosee
IOIYJIIPHBIE METOJABl KJIACTEPU3aLlMU, HCIOJb3yEMbIE Ul CErMEHTAalUU
U300paKEHUN — METO/I K-CPeIHHX.

Anroputm  K-cpemHUX — 3TO UWTEpaTHBHBIA METOJZ, KOTOPBIH
UCIOJIb3YETCsI, YTOOBI pa3leiuTh u3oOpakeHue Ha K kimacrepos. Omnumiem
CJIOBECHO aJITOPUTM CJIEIYIOIIMM 00pa3oM:

1 o~ H o
Knacrepuniii ananus (anri. Data clustering) — 3amaua pa3OueHust 3aJaHHOM BBHIOOPKU OOBEKTOB
(cutyanuii) Ha TOJMHOXECTBA, HA3bIBAEMbIE KJIACTEPAMH, TaK, YTOOBI KaXIbIH KIACTEP COCTOSI U3 CXOKUX
00BEKTOB, a 0OBEKTHI Pa3HBIX KJIACTEPOB CYLIECTBEHHO OTIUYAIIKCH.
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1. BeiOpare K 1LIEHTPOB KJIacTepoB, CIy4ailHO WJIM HAa OCHOBaHUU
HEKOTOPOM IBPUCTHUKH.
2. IlomecTuTh KaXIblii THUKCETh W300pKECHUS B KJIAcTep, IECHTP
KOTOPOTO OJIMKE BCEro K ’TOMY IMUKCEIIO.
3. 3aHOBO BBIUMCIIMTH LEHTPHI KJIACTEPOB, YCPEOHSS BCE MHUKCEIH B
KJIacTepe.
4. TloBTopsATh maru 2 U 3 A0 CXOJMMOCTH (Hampumep, KOrja MUKCelu
OyIyT OCTaBaThCs B TOM K€ KIJIACTEPE).
3/ech B KaueCTBE PACCTOSHUS OOBIYHO OepETcsi CymMMa KBaJpaTOB WIIU
aOCOJIOTHBIX 3HAYEHUM Pa3HOCTEH MEXIy MHUKCEIeM M LEHTPOM KilacTepa.
Pa3HocTp 0OBIYHO OCHOBaHa Ha I1BETE, SPKOCTH, TEKCType U
MECTOIIOJIOKEHUH THKCEIsl, WM Ha B3BEIIEHHOW cyMMe 3Tux (aktopos. K
MOET OBbITh BEIOPAHO BPYUHYIO, CITy4YaiiHO MJIU 3BPUCTUYECKH.
OTOT aJITCOPUTM T'apaHTUPOBAHHO CXOJUTCSA, HO OH MOKET HE MPUBECTH
K ONTUMaJbHOMY perieHuto. KauecTBo pelleHHs] 3aBUCUT OT HA4ajJbHOTO
MHOKECTBA KJIacTepoB U 3HaueHus K.
[TpumenuTh MeTon K-cpemHuX K M300pakeHUI0 MOXHO paccMaTpuBas
MPOCTPAHCTBO SPKOCTEN MUKCENEH. B 3TOM ciydae knactepusamnus sBIseTCs
OJHOMEPHOW 3aJa4edl MO OJHOMY NpU3HAKy — spKocTH. OZHOMEpPHOE

IIPpOCTPAHCTBO SIpKOCTeﬁ HHKCCHGﬁ, Xopomo IMmpcacTaBuUMO FHCTOFpaMMOﬁ
(puc. 5.10).

a) 0)

Puc. 5.10. ITpumenenne K-cpemqHux uist cCerMEHTauN H300pasKeHHIA TI0 IPKOCTH

Jlns npuBeaenHoro n3odpaxenus (puc. 5.10, a) meton K-cpeauux amsa K
PaBHOTO JIByM OTIPENSNIUT JIBa Kiactepa ¢ rieHTpamu B Toukax Cl u C2 (puc.
5.10, 6), u uzoOpakeHue OyAeT pa3JeieHO Ha JBa CETMEHTA, 3aKpalleHHBIX
4yepHbIM U OenbiM 11BeTOoM (puc. 5.10, B). B 3TOM citydae MOKHO CKa3aTh, 4TO
MeTo K-cpemHux mpoBena MOpOroByr0 (MIBTPAIMI0O W TONYYHMI OMHApHOE
M300paKeHue.

Opna w3 mpobieM METOAOB KJacTepU3allid, COCTOUT B TOM, HYTO
MPOCTPAHCTBEHHOE PACMOJIOKEHUE TOUYEK JIMOO HE YUUTHIBACTCS COBCEM,
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100 YYUTHIBAECTCA KOCBEHHO (HANpUMep, UCTIOIb3YsI KOOPAUHATHI TOUKH KaK
oIvH U3 mnpusHakoB). [losToMy OOBIMHO MOCJIE KIACTEPU3ALHMH TOUYEK
M300paxXeHHsI MPOBOIAT MPOIEAYPY BBIACICHUS CBA3HBIX KOMIIOHEHT.

MeToapl KIacTepu3allid, TaKkXkKe, IIOXO0 paboTaloT Ha 3allyMIICHHBIX
M300paXEHUSIX: YacTO TEPSIOT OTAETIbHBbIE TOYEK PErHOHOB, oOpa3yercs
MHOTO MEJIKUX PErHOHOB, H. T. II.

[TonoOHBIe pe3ynbTaThl, NpuBeAcHHBIE BbImIe (puc. 5.10), MoxHO
MOJTyYUTh, HE HCIIOJNB3YsS METOJOB KIACTEPHOTO aHaim3a. B 3ToM ciydae
UCTIONB3YeTCS aHAJIM3 TUCTOrpaMMbl. [Ipu 3TOM rucTorpaMma BBIYUCISIECTCS
0 BCEM TIHMKCEISIM H300paXeHUs W €€ MHHHUMYMBI W MaKCUMYyMBbI
UCIIOJIb3YIOTCSl, YTOOBI HAUTU CETMEHTHI HAa U300paKEHUH.

MeToapl ¢ MCIOJB30BAaHUEM THCTOIPaMMbl O4€Hb 3(PPEKTUBHBI, KOraa
CPaBHHMBAIOTCSI C JIPYTUMH METOJaMH CETMEHTAIMH H300paKeHUM, MOTOMY
YTO OHHM TPeOYIOT TOJIBKO OAHMH MPOXOJ] MO mukceiasiM. HemoctaTkom Takux
METOJIOB SIBJISIETCSI TUCKPETHAsl MPUPOJA THUCTOTPAMMBI, YTO 3aTPYAHSET
MOWCK 3HAYUTETbHBIX MUHIMYMOB 1 MAKCUMYMOB Ha HEH.

5.3. AjiropuTM paspacTaHus permoHOB

Anroput™ paspactaHus pernoHoB (“region growing”) sBiseTcs
METOJIOM aBTOMATUYECKOW CErMEHTAllMd U YYUTHIBAET MPOCTPAHCTBEHHOE
PacoJIOKEHUE TOYEK HAIIPSAMYIO.

Meron pa3pacTaHusi peTMOHOB OCHOBaH Ha cienyrouei uaee. CHadana
0 HEKOTOPOMY MPABIITY BRIOUPAIOTCS IICHTPBI PETHOHOB (SEEdS), K KOTOPBIM
NO3TAIHO  INPUCOENMHSIOTCA  COCEJHUE  TOYKH,  YAOBIETBOPSIOIINX
HEKOTOpoMy KpuTepuro. IIpouecc pa3pacraHus pernoHOB OCTaHABIIMBAETCH,
KOTJla HU OJIHa TOYKAa M300paK€HUs HE MOXKET ObITh MPUCOEIUHEHA HU K
OJIHOMY PETHOHY.

[IpumeHsTOTCST pa3Hble KPUTEPUH, HAa OCHOBAaHHHM KOTOPBIX TOYKA
MPUCOEIUHACTCS WJIM HE NPHUCOEAUHSAETCS K pPEruoHy: OiuM30cTh (B
HEKOTOPOM CMBICJI€) TOYKH K IIEHTPY pPEruoHa; OJU30CTh K COCEIHEH TOUKeE,
MPUCOEIMHEHHOM K PErMOHY Ha MPEAbIAYIIEM 1are; 0JM30CTh 10 HEKOTOPOI
CTaTUCTUKE PETrHOHA; CTOMMOCTb KpaTdyaulllero MyTH OT TOYKH JI0 LEHTpa
pEervoHa, u T. II.

B ocHOBHOM Ipouenypa pa3pacTaHHsl PETMOHOB MCHOJB3YyeTCs IS
MOJIyYEHHUSI OTHENbHBIX PETHOHOB, OJIHAKO, TMPUMEHSS JTy MPOLEAYPY
MOCJIEOBATEIBHO HWJIM OJHOBPEMEHHO JJISi HECKOJbKUX PETMOHOB, MOXHO
MOJIy4YuTh pa3dueHue Bcero wu3zoOpaxenus. CyllecTBYIOT —pa3iHyHbIe
CTpaTeruu BbIOOpPA 3epeH (SeedS) U BhIpalMBaHUsI PETHOHOB.

[Ipocreiiiias cTparerusi 3aKii04aeTcs B CKaHUPOBAHUM H300pa’KeHUS
CBEpXy BHHM3, CJieBa HampaBo. Ha I-M 1mare 3Toro ajropurMa
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paccMatpuBaetcs Touka A, U copmupoBaHbsl peruonsl B u C ciieBa u BbIlie
ot nmkcens A (puc. 5.11).

Puc. 5.11. i miar anroputMa pa3pacTaHus PeTHOHOB

Ompenenum 1(A) xak spxocts nukcenst A, a Clyg(B) u Clyg(C) xax
CpeaHuEe SPKOCTH oO0JjacTeld, KOTOpbIM mpuHamnexar Touku B u C
cooTBeTcTBeHHO. O003HAYMM Yepe3 § MOPOroBOe 3HAYCHUE, KOTOPOE 3a/1aeT
YyYBCTBHUTEIBHOCTh METOJIA MIPU CO3/IaHUH HOBOT'O CETMEHTA.

Ha i-M 1mmare ajroputMa TMpOBEPSIOTCS CICAYIOIIHE YCIOBHS |
BBITTOJTHSIFOTCS. COOTBETCTBYIOITUE ICHCTBUS:

1. Ecimm [I(A) — Clayg(B)| > 6 & [I(A) — Clay(C)| > 8, TO co3maem HOBYIO
00J1acTh U IPUCOEAUHSACM K HEl TTHKCeb A.
2. Ecmm [I(A) — Clayy(B)| < & xor* [1(A) — Clayy(C)| <8, TO co3naeM HOBYIO
00J1aCTh ¥ MPUCOSTUHSEM K HEH MUKcenb A.
3. Ecim |I(A) — Clayy(B)| <6 & [I(A) — Clayg(C)| < 3, To mpoepsiem:
1. Ecmu | Clyyy(B) — Clayg(C)| <6, To criuBaem obmactu B u C.
2. Ecmn | Clayg(B) — Clayg(C)| > 8, To nobasasem muxcens A kK ToMmy
KJIaCCy, OTKJIOHEHHE OT KOTOPOTO MUHUMAIIBHO.

HengocraTkoM ~ ONMCAaHHOTO  alllfOPUTMa  SIBISIETCS  BBICOKHE

BBIUMCIIMTEIIbLHBIC 3aTPaThI.

6. KomnboTepHada reomeTpus

6.1. JlByMepHBbIe Ipeoopa3oBaHUA

Komnviomepnaa 2eomempusa eCTb MaTeMaTHUYECKUM  ammapar,
MOJIOKEHHBIA B OCHOBY KOMITbIOTEpHOU Tpaduku. B cBoro ouepenb, OCHOBY
KOMITHIOTEPHOU T€OMETPHUH COCTABIISIIOT Pa3IMYHbIC MPEOOpa3oBaHUSI TOUCK
u nuHuid. [Ipy BCTOIB30BaHUM MANTUHHOW TpauKA MOXKHO TIO KEITAHHIO
U3MEHATh  MacmTad  w300pakeHus, Bpamarh €ro, cMmemarb U
TpaHCHOPMHUPOBATH  JUISI  YJAYYIICHUS  HATJIAIHOCTH  TEPCIEKTUBHOTO
nzo0paxenus. Bce 3Tu mnpeoOpa3oBaHHs MOXKHO BBITIOJHUTH Ha OCHOBE
MaTeMaTHYECKUX METOJI0B, KOTOPhIE MbI Oy/IeM pacCMaTpUBaTh JaJiee.

! xor — normaeckast onepanus «uckioyaromast MJIN»
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[IpeoOpa3zoBaHusi, KaKk U KOMIBIOTEPHYIO T€OMETPHUIO, Pa3JeisIlOT Ha
JIBYMEpHBIE (UM TpeoOpa3oBaHUsl Ha IUIOCKOCTH) W TpeXMEpHbIEe (WiIH
MIPOCTPAaHCTBEHHBIE). BHavane paccMoTpuM npeoOpa3oBaHus Ha MIIOCKOCTH.

JUist Hadana 3aMeTHM, YTO TOYKH Ha IJIOCKOCTH 33Jal0TCA C MOMOIIBIO
IBYyX ee KoopauHaT. TakuM oOpa3oM, TE€OMETPUYECKH Kaxkaas TOYKa
3aaeTCsl 3HAUYEHUSMU KOOPAMHAT BEKTOpa OTHOCHUTEIBHO BBIOpAaHHOU
cucteMbl KoopauHat. KoopauHaTbl TOYEK MOYKHO paccMarpuBaTh Kak
AJIEMEHTBI MaTPUIBI [X,Y], T. €. B BUJE€ BEKTOP-CTPOKU MJIM BEKTOP-CTOJOLA.
[TonoxeHueM ATUX TOUEK YMPABISIOT ITyTEM MTpeoOpa30BaHUs MATPHUIIBI.

Touky Ha MJIOCKOCTH XYy MOKHO IEPEHECTH B HOBBIC TMO3UIUU ITyTEM
100aBJIeHMS K KOOPIMHATAM 3THUX TOYEK KOHCTAHT IepeHoca:

X vy ]=[x yl]+[a b]=[x+a y+b].

Takum o0Opa3zom, AJii NEpeMElleHUsT TOYKM Ha IUIOCKOCTH Hal0 K
MaTpule €€  KOOpAMHAaT  npubaBUTh  MaTpuly  Kod3(pPHUIHEHTOB
npeoOpa3zoBaHusl.

PaccMoTpuM pe3ynbTaThl MaTPUYHOTO YMHOXKEHUS MaTpHIlbl [X,Y],
onpeensonel Touky P, 1 MaTpulilbl MpeoOpa3oBaHuil 2x2 0011Iero BUaA:

[x y]-{j ﬂ=[(a><+cy)(b><+dy)]=[x* y')

[IpoBeieM aHAIM3 [OMYYEHHBIX Pe3yIbTaTOB, PACCMATPHBA X MY KaK
npeoOpa3zoBaHHbIE KOOpAUHATHL. {151 3TOro HcciemyemM HECKOJIbKO YacTHBIX
CJIy4acB.

Paccmorpum cnyuait, korma @ = d = 1 u ¢ = b = 0. Marpuna
npeoOpa3zoBaHuil MPUBOAUT K MATPUIIE, UACHTUIHONU UCXOTHOM:

10 .
b vl g o |-leonocy- vl v
IIpy 5TOM M3MEHEHNI KOOPAMHAT TOYKH P HE MPOUCXOAUT.
Ecmu renepp d = 1, b = ¢ = 0, a = const, To:

[x y]-{a 0}=[(a><+0y)(0><+1y)]=[ax yl=[x v,

01
Kak BHIHO, 5TO NPHUBOIMT K M3MEHEHUIO MaciiTaba B HANPABICHUH X,
Tak Kak x =ax. CJenoBaTeNbHO, JAHHOE MATPHUYHOE MPeodpa3oBaHUe
SKBHBAJICHTHO MEPEMEIIEHHUIO MCXOJHOM TOUKH B HAIPABJICHHH X.
Teneps momosxkum b =c =0, 1. €.
b v} 5 o] lexropocayl-fax @)=k ]

B pesynbrare moimydyaem u3MeHEHHE MacIITaOOB B HAMPABIICHUSX X U Y.
Eciu a # d, To nepemMernieHus BIoJib ocell HeoauHakoBbl. Eciim a = d >1, To
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UMEET MECTO yBelImueHHe MacmTaba koopauHat Touku P. Ecmu 0 < a=d <1,
TO OyZET UMETh MECTO YMEHBUIEHUE MaclITada KOOPAUHAT TOUKH P,

Ecmu a wim (u) d oTpumarenbHbl, TO MPOUCXOIUT OTOOpaKCHHE
KoopauHAT ToueK. Paccmorpum 310, mosioxkuB b = ¢ =0; d=1wm a = -1,
TOr1a

R N G Ty R S !

[Tpomsonuio oToOpakeHHE TOYKH OTHOCHUTEIBLHO OCH ). B ciydae
b=c=0,a =1, d = -1, oroOpaxkeHHE MPOUCXOJUT OTHOCHUTEIBHO OCH X.
Ecou b = ¢ =0, a=d < 0, To oroOpaxkenne OyaeT MPOUCXOAHUTH
OTHOCHUTEJIFHO HavaJia KOOPUHAT.

3amMeTHM, 4TO OTOOpaKCHHE U U3MEHEHHE MacIlTada BBI3BIBAIOT TOJIBKO
JMaroHaJbHBIC SJIEMEHTHI MATPHUIIBI TIPEOOpa30BaHUS.

Teneps paccMoTpum ciydait, korraa =d=1,a ¢=0, 1. e.

[x y]-{; ﬂ=[x (bx+y)]=[x" y].

Koopaunara x Touku P He W3MEHSETCHA, B TO BpeMS Kak y* JIMHEWHO
3aBUCUT OT HAYyaJdbHBIX KOOpAWHAT. IDTOT A(DPEKT HA3BIBACTCS COBUSOM.
Ananoruyno, xorna a = d = 1, b = 0, npeoOpazoBanue oCcymEeCcTBISIET CABUT
IPONOPLMOHAIBHO KOOPAUHATE ).

3ameTM, 4TO Mpeodpa3oBaHUe OOIIEro BUIA, TPUMEHEHHOE K Hadally
KOOpJIMHAT, HE TMpuBeNeT K u3MeHeHuto KoopauHat Touku (0,0).
CnenoBarenbHO, HAyajo0  KOOPJAMHAT  WHBApHMAHTHO TpU  00IEeM
npeobpa3oBaHMU.  OJTO  OTpaHUuYEHUE  MPEOJO0JIeBaeTCs  3a  CYET
MCIIOJIb30BaHUS OHOPOIHBIX KOOPAHHAT.

Ecniu  noxaBeprHyth  oOmeMy — mpeoOpa3oBaHUIO  Pa3IMYHbIE
reoMeTpuyYecKkue (Urypbl, TO MOXHO YCTaHOBUTh, UYTO MapajljielIbHbIE
MpsiMble TPE0Opa3yrOTCsl B MapajulielibHbIE MpsIMbIE, CepeAruHa OTpe3Ka — B
CepelMHy OTpe3Ka, MapajuleiorpaMM — B MapajUlesiorpaMM, TOYKa
MepecevyeHus ABYX JIMHUM — B TOUYKY MEepeceyeHusi npeoOpa3oBaHHONW Mapbl
JINHUMU.

IIpeoGpa3oBanue eAMHUYHOIO KBaApaTa

UYeTblpe BEKTOpa MOJIOKEHUS TOYEK E€AMHUYHOIO KBajpara C OJHUM
YIJIOM B Ha4yaJle KOOPIUHAT 3allMChIBAIOTCS B BUJIE
0> A
0|—B
1|—»C

1—->D

o O
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[Ipumenenue oOmIEro MAaTPUYHOTO  MpeoOpa3OBaHUS {

€MHUYHOMY KBaJApATy IIPUBOJNUT K CIEAYIOLIEMY:

A—>0 O 0 0 |« A*

B—|1 0f|la b a b |«B~*

Col1 1||c d| |a+c b+d|«C*

D0 1 c d |«D*
'
cx/
o
D'"I‘C‘*."T".*"I"*."T"
A T R A* / B*
0 1

Puc. 6.1. [IpeoOpa3oBaHus €eTMHAYHOTO KBajpaTa

N3 nonyueHHOTO

COOTHOIICHUA

MOXHO CACJIATh

a b
c d

BBIBO/JI,

| x

qTo

KOOPJIMHATHI B* onpenenstoTcst MepBOil CTPOKOM MaTpHIlbl IpeoOpa3zoBaHus,
a xoopauHaTel D* BTOpO# CcTpokOi 3TOM Marpuipl. TakuMm oOpa3om, eciu
KOOpPJIMHATHI ToueK B* u D* u3BecTHbI, TO 00LIas MaTpulia Ipeodpa3zoBaHus
onpeneneHa. Bocnoyb3yeMcs 3TUM CBOMCTBOM [IJIsl HAXOXKJIEHHUS MaTpPHULIbI
npeoOpa3oBaHus JIJIsl BpallleHHs Ha MPOU3BOJIbHBIN yToJl.

OO6myro maTpuily 2x2, KOTOpasi OCYIIECTBISIET BpalleHue (QUrypbl
OTHOCUTEJIBHO Hayajga KOOPAMHAT, MOXHO IOJYYUTh W3 PAaCCMOTPEHUS

BpAIICHUS €AMHUYHOTO KBa/T

paTa BOKpYT Havajia KOOpJIMHAT.

5 1 1

4 IB

| A 0
U

Puc. 6.2. Bpamenue eMHIYHOTO KBaipara
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Kak cnemyer u3 puc. 6.2, Touka B ¢ koopauHaTtamu (1,0) mpeobpasyercs
B TouKy B , mis koropoit x =(1)cos 8 u y=(1)sin 0, a Touka D, mmeromas
xoopauHathl (0,1) mepexomut B Touky D ¢ koopamHatamu X =(-1)sin 0 u
y =(1)cos 6.

Martpuiia npeobpa3oBaHusi 0OIIEro BUJIA 3aMUCHIBACTCS TAK:

cosé sind

Lsine cos@}'

Jast gactHbIX cay4daeB. [loBopor Ha 90° MOXKHO OCYIIECTBUTH C
MTOMOIIIBIO MaTPHIIBI IPEOOPA30BAHUS

0 1

o]

Ecnu wucnonb3oBarh Marpuily KOOPAMHAT BEPIIMH, TO MOJIYYUM,
HaIpuMep:

3 -1 1 3
0 1

4 1 |e =-1 4
-1 0 '

2 1 -1 2

-1 0
IToBopoT Ha 180° nmomy4aeTcsi ¢ MOMOIIBI0 MAaTPHIIBI { 0 J.

OTolOpaxenue

B TO BpeMsa Kak 4YHMCTOE ABYMEpPHOE BpalllEHHE B ILIOCKOCTU XY
OCYIIECTBISIETCSI BOKPYT OCH, IMEPIEHAUKYISIPHOM K OTOM IUIOCKOCTH,
oToOpakeHHue ompesensercs moBoporoM Ha 180° BOKpyr ocu, jexaried B
TJTIOCKOCTH X).

Takoe BpalieHue BOKPYT JUHUM Y = X MIPOUCXOJUT MIPHU UCIIOIH30BaHUU

N 01
MaTpPHUILIbI .
paubl |-

Hp606pa30BaHHLIe HOBBIC BBIPAKCHHA OIIPCACIIAIOTCA COOTHOIICHUCM
8 1 1 8

01
7 3 { } 3 7|,
10
6 2 2 6
Bpamenue Bokpyr y = 0 nojiygaercsi Ipy UCTHOJIb30BaHUHN MATPHUIIbI
10
0 -1

6.1.1.01HOpOAHBIE KOOPAUHATHI

[IpeoOpazoBanusi  mepeHoca, MacHITAOUPOBAaHUS W TOBOPOTA
3aMHUCHIBAIOTCS B MATPUYHON (hOopMe B BUTIE
P*=P+T,
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P*=P.S,
P*=P.R.

OueBHIHO, YTO TIEPEHOC, B OTIHYHME OT MACHITAOMPOBAHHUS M IOBOPOTA,
peanmu3yeTcsl ¢ MOMOIIBIO CIOKEHHS. JTO 0OYCJIOBIEHO TEM, YTO BBOJIMUTH
KOHCTAHTHI NIEPEHOCA BHYTPb CTPYKTYPHI OOIIECH MATPUIBI pa3MepoM 2x2 He
IIPECTABISETCS BO3MOXKHBIM. JKeNaTeNbHbIM SBISETCS NPEACTABICHHE
peo6pa3oBanmii B €QUHON (OPME — C TIOMONILI0 YMHOKEHHUS MATPHIL. DTy
npo0OJeMy MOXHO pPENIUTh 3a CYET BBEJEHUS TPEThEH KOMIIOHEHTHI B
BEKTOpPBI Touek [x y| u [x* y*|, T. e. mpeacrapnsas ux B BUge [x y 1 u
[x* y* 1]. Marpuna npeoGpa3oBaHus IOCIE STOr0 CTAHOBHUTCS MATpHIIEH

pazmepom 3x2:

1 0
01
m n

OT0 HEOOXOAMMO, TOCKOJBKY YHCIO CTOJIOIOB B  MAaTpHIIE,
OMKCHIBAIONICH TOYKY, JIOJDKHO PAaBHATHCS YHUCIYy CTPOK B MaTpHIle
npeoOpa30BaHus JJIS BBITIOJHEHUS OIEparid YMHOXCHHUS MaTpull. Takum
o0Opazom,

1 0
[x y 1]]0 1|=[x+m y+n]=[x* y*],
m n

OTKyJla CIeAyeT, YTO KOHCTAHTHI M, N BBI3BIBAIOT CMelleHue x* u y*
OTHOCUTENBHO X U Y. [lockonbKy MaTpuiia 3x2 He SBISETCS KBapPAaTHOU, OHA
HE MUMeeT 00paTHOW MaTpulbl. DTy TPYJHOCTH MOXKHO OOOWTH, JOMOJHUB
MaTpHIly peoOpa3oBaHus 10 KBajpaTHOU pazmepom 3x3. Hampumep,

1 00
0 1 0].
m n 1

3aMeTHM, YTO TPEThs KOMIIOHEHTAa BEKTOPOB IIOJOXKEHUS TOYEK HE
WU3MEHSIETCS TIPU T00aBJICHUU TPETHETO CTONOIA K MaTpUIle TpeoOpa3OBaHuUs.
Hcrnionp3yst 3Ty MaTpuily B COOTHOIICHHH, TOJydaeM MNpeoOpa3oBaHHBIN
BekTop [x* y* 1]. JlobaBneHHe TPEThETro 3I€MEHTa K BEKTOPY MOJIOKEHUS U
TPETHETO CTOJOMA K MAaTpHIle MpeoOpa3OBaHMS ITO3BOJISIECT BBIMOJHUTH
CMEIICHUE BEKTOpAa IIOJIOKEHUsA. TpeTur JJIEMEHT 31eChb  MOXKHO
paccMaTpuBaTh KaK JOTIOJHUTEIBHYI0 KOOPJMHATY BEKTOpA ITOJOKEHUS.
Wtak, BekTop monoxenus [x y 1] nmpu Bo3melcTBUU Ha HEro MaTPHUIBl 3x3
CTaHOBHUTCS BEKTOPOM IOJIOKEHHsI B 0011eM cirydae Buaa [X Y H]. Ipeacras-
JICHHOE MpeoOpa3zoBaHKe OBLIO BBIMOJHEHO Tak, uto [XY H] = [x* y* 1].
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[IpeoOpazoBanue, UMEIOLIEE MECTO B TPEXMEPHOM MPOCTPAHCTBE, B
HallleM CJIy4ae OTPaHMYEHO IUIOCKOCTHIO, Mockoyibky H = 1. Ecnm, omnaxo,

Y
TpeTUi cTOJ0eI] | | MaTpHIlLl MpeoOpa3zoBanus 1 pazmepa 3 X 3 OTJIUYEH OT
s

0, To B pe3yapTaTe MAaTPUIHOIO Mpeodpa3oBanus moiaydum [x y 1] =/XY H],
rne H #1.

[ImockocTh, B KOTOPOM Temeph JEXKHUT MPeoOpa30BaHHBIA BEKTOP
MOJIOKEHUS, HAXOAUTCS B TPEXMEPHOM mpocTpaHcTBe. OnHAKO ceilyac Hac
HE UHTEPECYET TO, YTO MPOUCXOAUT B TPEXMEPHOM MTPOCTPAHCTBE.

Wtak, nHaiinenHble x* M y* MOTydeHBI C MOMOINBIO IydYKa Jy4yeH,
MPOXOIAIIMX Yepe3 Havallo KoopaAuHaT. Pe3ynbpTaT nmpeoOpa3zoBaHuil Moka3aH
Ha puc. 6.3.

O0600meHHas
IUTocKocTh H # 1

IDmockocts H=1

x¥

X, x

Puc. 6.3. 'eomerpuyeckoe npeacTaBieHne OAHOPOIHBIX KOOPIUHAT

W3 paccMoTpeHus MoI00HBIX TPEYTOJILHUKOB BUIHO, uTo H /X =1/Xx*

u H/Y =1/y*. PaccmarpuBasi Tpi KOMIIOHEHTHI, 3aMUIIIEM 3TO B BUJIE
[x* y* 1]:[5 Al 1]
H H

[peacraBiieHre JABYMEPHOTO BEKTOpA TPEXMEPHBIM HJIH B OOIIEM
ciiyyae N-MEpPHOTO BekTopa (n + 1)-MEpHBIM Ha3bIBAIOT OOHOPOOHLIM
KOOPOUHAMHbIM ~ 80Ccnpouszeederuem. Ilpu OTHOPOTHOM KOOPIAMHATHOM
BOCITPOM3BE/ICHIH N-MEPHOTO BEKTOPAa OHO BBIMOJHSACTCS B (1 + 1)-MepHOM
NPOCTPAHCTBE, W KOHEYHBIC pE3yJNbTaThl B N-MEPHOM IPOCTPAHCTBE
MOJIy4arOT C TOMOIIBI0 00paTHOTO TpeoOpa3oBaHusa. Takum 00pazom,
JABYMEPHBIH BEKTOp [x )| MPENCTaBISCTCS TPEXKOMIIOHEHTHBIM BEKTOPOM
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[hx hy h]. Pasmenus kOMIOHEHTEI BeKTOpa Ha OJHOPOIHYIO KOOPIHMHATY

h, moxy4rm
hx hy
X=—H" y=-2,
h h
He cymecTtByeT e€IMHCTBEHHOTO OJHOPOHOTO KOOPIWHATHOTO TPEI-
CTaBJICHUS TOYKM B JIBYMEPHOM TMpOCTpaHCTBE. Hampumep, OTHOPOIHBIC
koopaunatel (12, 8, 4), (6, 4, 2) u (3, 2, 1) npeacTaBisiOT HCXOIHYIO TOYKY
[3 2]. s mpocToThl BhIUKCIECHUN BhIOMpaeM [x y 1], 4TOOBI IpeacTaBUTh
HEnpeoOpa3oBaHHYID TOYKY B JABYMEPHBIX OJHOPOIHBIX KOOPJAMHATAX.
[Ipeo6pazoBanue

b vl Sy

c d

B JOIIOJHHUTCIIBHBIX KOOpJAMHATAX 3aJdadacTCA BBIPAXKCHHUECM B OJHOPOJHBIX
KOOpAMHATax B BUJC
a b o
[X Y H]=[x y 1]|c d 0
001

BrlnonHeHne yka3aHHBIX BbIlIE€ IPe0Opa30BaHUN MTOKA3bIBAET, YTO X =
x* Y = y* a H =1 PaBeHCTBO €IWHHIIEC ONOJHUTEIHLHON KOOPIWHATHI
O3HA4YaeT, 4To MpeoOpa30BaHHbIE OAHOPOJHBIE KOOPAMHATHl PABHBI
MCXOJIHBIM KOOpAUHATaM.

B oOmem cnywae H # 1, u npeoOpa3oBaHHbIE OOBIYHBIE KOOPIUHATHI

[TOJIy4aroTCs 3a CUET HOpMalu3aluu OJHOPOAHBIX KOOPAUHAT, T. €.
X* = X n y*= i
H H
['eomeTpudecku Bce mpeoOpa3oBaHUS X U Y MPOHUCXOIAT B INIOCKOCTH
H =1 nocne HOpManu3aIyu npeoopa3oBaHHBIX OJTHOPOTHBIX KOOPIUHAT.
[IpenmytiecTBO BBEICHUS OJHOPOIHBIX KOOPAWHAT MPOSIBISETCS IPH

MCIIOJIb30BaHUHU MaTPHIIBI TPeoOpa3oBaHuil 00IIero BUaa mopsaaka 3x3

a b p
c d qf,
m n s

C TIOMOIIBI0 KOTOPOH MOXHO BBINOJIHATH M JIPYTHE MPEoOpa3oBaHMsl, TaKUE
KaK CMEIeHUEe, ONepallii N3MEHEHUsI MaciiTada u cIBUTa, 00YCIIOBICHHBIC
MaTPUYHBIMU JIEMEHTaMu a, b, ¢ u d. Yka3aHHbIC onepainuu pacCMOTPEHBI
paHee.

UtoOsl TOKa3aTh BO3MEUCTBHE TPETHETO CTOJIONA MaTpPUIlBI MPEeod-
pazoBaHui 3x3, paCCMOTPHUM CJIICTYIOIIYIO OMEPaIHIO:
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1 0 p
[X Y H]=[x y 1{0 1 q
001

snecb X =x, Y =y, a H = px + qy + 1. Ilepemennas H, koTopas onpeaeiseT
IUIOCKOCTh, COJAEPKallyl0 MpeoOpa3oBaHHbIE TOYKH, MPEIACTaBICHHbIC B
OJTHOPOJIHBIX KOOpJMHATaX, Tenepb oOpa3yeT YpaBHEHHE IUIOCKOCTU B
TPEXMEPHOM MTPOCTPAHCTRBE.

OT10 mpeobpazoBaHue MOKa3aHO Ha puc. 6.4, e TuHUS AB, nexamas B
IJIOCKOCTH XY, cripoekTupoBana Ha muHnto CD mmockoctu pX +qY —H +1 =
0.

=[x y (px+ay+1);

A
y=Y

=
I
= 4

pX+qY-H+1=0

H

Puc. 6.4. [IpeobpazoBanue oTpe3ka B OJJHOPOIHBIX KOOPIAUHATAX

Ha pucynke BenuunHa p = ( = 1.BbInonHUM HOpMAaNU3aLMIO 75 TOTO,
YTOOBI MOJYYUTh OOBIYHBIE KOOPAUHATHI:

<« X X

X ==,
H pX+qY+1

oYY
H pX+qY+1

[lonaras p = q = 1, ans u3o0pakeHHBIX Ha PUCYHKE TO4YeK A U B ¢

KoopauHaTaMu cootBeTcTBeHHO (1, 3) u (4, 1) momyyum
1 3

* — * _

T 14341 5

5 5
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[Tocne nmpeobpazoBanus 4 B C* u B B D* umeem
4 2 1

* I/I*_

“tran1 3" e
OnnoponHbie KoopAuHAThl st Touek C* u D*, mnokasaHHble Ha

1 3 2 1
PHUCYHKE, COOTBETCTBCHHO PaBHbI = T liu 3 6 1].

Pe3ynbraToM HOpManU3aIiy SIBIISIETCS epeBo]] TpexMepHoi tuauu CD
B ee mpoekiuio C*D* na miockocts H = 1. Kak moka3aHo Ha pHUCYHKe,
HEHTPOM MPOEKIUH SBISIETCS HaYaJlo KOOPIUHAT.

OcHoBHast MaTpulla npeoOpa3oBaHusi pazMepoM 3x3 UIS JABYMEPHBIX
OJIHOPOJIHBIX KOOPAMHAT MOKET OBITh MOJpa3/ieiieHa Ha YETIPE YACTH:

a blp
c dig
m nj|s

Kak mbI BuUM, @, b, ¢ u d ocyIiecTBIsAIOT H3MEHEHNE MacITada, CJIBHT
Y BpaIIICHKE; /71 ¥ 71 BBITIOJIHAIOT CMEIICHHE, a p U (| — IMOJIyYeHUE TPOCKITUI.
OcraBmascs 4acTb MaTPHIIBI, 3JEMEHT S, IPOU3BOJMT IOJHOC HM3MCHCHHUE
MmaciiTada. YToOsI ImoKas3aTh 3T0O, paCCMOTPHUM IIPeoOpa3oBaHUE
1 00
[X Y H]=[x y 10 1 o|=[x y s}
0 0 s

3mece X = x, Y =y, a H=5. D10 maer x* = X/S u y* == y/s. B
pesyabrare mpeoOpazoBanus [x y 1 ] —> [x/s y/s 1] umeer mecto
OJIHOPOJTHOE HW3MEHEHHEe MaciiTada BekTtopa mnonoxenus. llpum s < 1
IPOUCXOJIUT YBEIUYEHHE, a IPH S > 1 — yMeHbIlleHne Maciiraoa.

6.1.2./IByMepHOe BpallleH’e BOKPYT NPOU3BOJIbHOM 0CHU

Beimie ObUIO paccMOTpPEHO BpalleHHEe H300pakeHHs OKOJIO Hauaja
koopauHat. OJHOpPOAHBIE KOOPIAMHATHI O0O0ECIEYMBAIOT IOBOPOT H300-
pakeHHs BOKPYT TOYEK, OTIIMYHBIX OT Hauyaja KoopauHaT. B obmem ciydae
BpallleHuE OKOJIO TMPOU3BOJIbHOM TOUYKH MOKET OBITh BBIMIOJHEHO MyTEM
IIEPEHOCA LIEHTPa BPAILCHNs B HAYAJI0 KOOPJAUHAT, IOBOPOTOM OTHOCHTEIIEHO
HayaJla KOOpJMHAT, a 3aTeM IEePEHOCOM TOYKH BpalIE€HUS B HCXOJIHOE
nojiokenue. Takum o0pa3om, OBOPOT BeKTopa moJioskeHus [x y 1 ] okomo
TOYKH (M, 1) Ha MPOU3BOJIBHBIA Yo MOXKET OBITh BBINIOJHEH C MOMOIIbIO
npeoOpa3oBaHUs

1 0 O0f|cosé sing 0|1 0 O
[x y 1/ 0 1 0||-sing cos® 0|0 1 0O|=[X Y H].
-m -n 1 0 0O 1f{m n 1
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BrinonHuB 1Be onepanun yMHOKEHUS MaTPULl, MOKHO 3aIHCaTh
cosé sind 0
[X Y H]=[x y 1] —siné cos 0
—m(cos@-1)+n(sind) —m(sin@d)—n(cosfd-1) 1
[Ipenmnonokum, 4To LEHTP H300paKeHUs uMeeT KoopauHatel (4, 3) u
KeJaTeIbHO TOBEpPHYTh H300paxkeHne Ha 90° MPOTHUB YAaCOBOM CTPEIKH

BOKPYI' LIEHTPAJIbHOM €ro oOcH. JlelicTBuE, BBIOJHEHHOE C ITOMOLIBIO
MAaTpHULIbI

0 10
-1 0 0},
0 01

BBI3BIBACT BpAlllCHWE BOKPYr Hayaja KOOpAMHAT, a HE BOKpPYyr ocu. Kak
CKa3aHO BBIIIE, HEOOXOAMMO BHAYajie OCYIIECTBUTh MEPEHOC U300paKEHUS
TakuM 00pa3oM, 4TOOBI >KeJlaeMblid IICHTP BpallleHUs HAXOJWJICS B Hayajye
KOOPJIMHAT. DTO OCYILIECTBISECTCS C MMOMOILBIO MaTPHULIBI IIEPEHOCA

1 0 0
0o 1 0.
—4 -3 1

3aTeM CICAYCT NIPUMCHUTL MAaTPpHUIy BpallCHUA H, HAKOHCL], IIPUBCCTHU
pe3yabTaThl K Hadally KOOPAMHAT TMOCPEICTBOM OOpaTHOM Matpullbl. Bes
orepanus
1 0 0][0 1 0][1 00
[X Y H]=[x y 1j0 1 0f|-1 0 0[]0 1 0
-4 -3 1|0 0 1|4 3 1
MOJKET ObITh OOBEANHEHA B OJIHY MATPUYHYIO OIEPAIUIO ITyTEM BBITIOTHEHUS
MaTpUYHBIX NpeoOpa3oBaHUM BUIa

0 1 0
[X Y H]=[x y 1]|-1 0 o].
7 -11

B pesynprare Oyner momydeno x* =X/H u y* = Y/H. JIBymepHbie
BpAIICHUS OKOJIO Ka)XJIOW OCH OPTOTOHAIBHOW CHCTEMBI TMPEACTABJICHBI Ha
puc. 6.5.
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x,
Z Y_}Z
* Z
\
\
- 10 0 \
0 cosy siny \\ v
0 -siny cosy \ ="
|\ _-T :Y
a = y
z
7*\
xA "
: \
¥ cosp 0 sinB \
\
<, 0 1 0 \ ’/Z*
-sinB 0 cosp ‘\ e
6 Z
y* oy
\
cosa. sino. 0 \\
i \
sina cosa. 0 \ _x*
0 0 1 \ -
N xa
= X

B

Puc. 6.5. Bpamienune: a — BOKpyT ocu x; 6 — BOKPYT OCH Y; B — BOKPYT OCH Z

6.2. TpexmepHble npeo6pa30BaHUs

PaccMoTpuM  TpexXMEpHYIO  JI€KapTOBYIO  CHUCTEMY  KOOpJMHAT,
ABJISIIOLLYIOCST npasocmoponnei. [lpumemM coriameHue, B COOTBETCTBUU C
KOTOPBIM OYZI€EM CUMUTATh MOJIOKUTEIbHBIMUA TAKHE MOBOPOTHI, IPH KOTOPHIX
(eciiu cMOTpeTh C KOHIA MOJYOCHM B HAIlpaBlI€HWM Hayaja KOOPAMHAT)
MoBOPOT Ha 90° mpOTUB YAaCOBOU CTpENKU OyAET MEePeBOAUTH OJHY MOIYOCh
B apyryto. Ha ocHoBe 3Toro coriaiieHusi CTpOUTCS Cienyromiasi Taliuia,
KOTOPYIO MOKHO HCIIOJIb30BaTh KakK I MPaBbIX, TaK U ISl JIEBBIX CHCTEM
KOOp/IMHAT:

Ecnu ocs | [lonoxxutensHpiM OyneT HampaBieHUE
BpalleHusl | TOBOPOTa

X Ory Kz
Y Or Z k X
Z Or X K Yy
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z

(oT cTpaHUIHI)

Puc. 6.6. TpexmepHas cuctema KOOpJIuHAT

AHAJIOTUYHO TOMY, KaK TOYKA Ha IJIOCKOCTH OMUCHIBAETCS BEKTOPOM
(X,y), TOUKa B TPEXMEPHOM MPOCTPAHCTBE OMUCHIBACTCS BEKTOPOM (X,Y,Z).

Kak m B paByxMepHOM ciy4yae, MJIsI BO3MOYKHOCTH peaIn3auin
TPEXMEPHBIX MpeoOpa3oBaHUM C TMOMONIBIO MaTpUll TepeuaeM K
OJHOPOJIHBIM KOOPANHATAM:

[x,y,x,1] wm [X,Y,Z,H]
[x*y*,z*1] = %%%1] rae H#1, H #0.
O6oOmenHass Marpuila npeoOpazoBaHus 4x4 1 TPEXMEPHBIX

OJHOPOJHBIX KOOPpANHAT UMCCT BHU

a b cip
=0 ¢ i
ho 1. 15T
| m n:s

Ota MaTpuma MOZKET OBITH npeacTaBjiCcHa B BHUJAC YCTBIPCX OTACIIbHBIX

JacTeu:
3x3 3x1
1x3 1x1
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Marpuna 3x3  OCyIIECTBISIET JIMHEMHOE ! npeoOpa3oBaHuEe B BHJIE
M3MEHEHUs MacllTada, CABUTA U BpalLlEHUSI.

e Martpuua 1x3 npou3BoaUT IEPEHOC.

e Marpuna 3x1- npeoOpa3zoBaHus B IEPCIEKTUBE.

o CkansipHblii 311eMeHT 1x1 BbINONIHAET 0011Iee M3MEHEHUE MacIITa0a.

PaccMoTpumM Bo3zeiicTBHEe MaTPHIIBI 4X4 Ha OMHOPOAHBIN BEKTOD [X,Y,Z,1]:

1. TpexmepHbIii IepeHOC — SBIISAECTCS MPOCTHIM PACHIUPEHUEM JIBYMEPHOTO:

1 0 0 0
0O 1 0 O

T(Dx,Dy,Dz)= ,
( ¥.D7) 0O 0 1 o
Dx Dy Dz 1

T. €. [X,¥,2,1]*T(Dx,Dy,Dz)=[x+Dx,y+Dy,z+Dz,1].

2. TpexmepHoe U3MeHeHHe MacCIITada
PaccmoTpuM wacTuuyHOoe wu3MeHeHue Macmraba. OHO peanusyercs
CIEAYIOIIMM 00pa3oMm:

'Sx 0 0 O]
0 Sy 0 O
S(Sx,Sy,Sz,1)= ,
( y ) 0O 0 Sz O
0 0 0 1]

T. €. [X,y,2,1]*S(5%,Sy,Sz)=[Sx*X,Sy*y,Sz*z,1].
O01ee nu3mMeHeHrue Macitada mojrydaeTcs 3a cuet 4-ro IMaroHajaIbHOIO
AJIEMEHTA, T. €.

1 0 0 O
yza*|) o0 ol =kyzsl=peye e =155 20
0 0 0 S

Takol ke pe3ysJbTaT MOXHO MOJYYUTh MPU PaBHBIX KO3(PduimeHTax
YaCTUYHBIX  HW3MEHEHMM MacmraboB. B 3ToM cinydae  Marpuia
npeoOpa3oBaHus TaKoBa:

1 N .
Juneiinoe npeoopazosanue TpancHopMUPYET HUCXOTHYIO JHHEHHYIO KOMOWHAIIMIO BEKTOPOB B
HEKOTOPYIO JTMHEHHYIO0 NX KOMOWHAIIHIO.
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L ooo
S
1
s=|0 ¢ 0 0
00 =0
S
0 0 0 1]

3. TpexmepHbIii cABUT

HenunaronaneHble 3J1EMEHTBI MATpPULBbl 3x3 OCYIIECTBISIOT CIBUT B
TpEX U3MEPEHUSIX, T. €.

1 b c O
1 f 0 )
[xyz1]* L o =[x+yd+hz, bx+y+iz, cx+fy+z, 1].
0 0 01

4. TpexmepHoe BpallleHue

JIByXMEpHBII TMOBOPOT, PACCMOTPEHHBIN paHee, [BISIETCS B TO XKe
BpeMs TpPEXMEPHBIM IOBOPOTOM BOKpyr ocu Z . B TpexmepHOM
MIPOCTPAHCTBE MTOBOPOT BOKPYT OCH Z OMHMCHIBACTCS MATPUIICH

cos(®) sin(®) 0 O
—sin(®) cos(®) 0 O
R,(0)= ~SIN@) c0s(0) |
0 0 10
0 0 01
Marpuiia moBopoTa BOKPYT OCH X UMEET BU]I
1 0 0 0
0 cos(®) sin(®)0 0
R(©)= _ (©) (©) _
0 -sin(®) cos(®) O
0 0 0 1
Marpuiia moBopoTa BOKpYT oc Y UMEET BUJ]
cos(®) 0 -sin(®) 0
0 1 0 0
Ry(®)=| . -
sin(®) 0 cos(®) O

0 0 0 1

Pe3ynbTaToM mpoW3BOIBHON MOCIEIOBATENILHOCTH MOBOPOTOB BOKPYT
oCel X, Y, Z SABJISETCS MaTpuIla
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a b c O

d f O
4= °

h i j O

0 0 0 1

[Toqmatpuiy 3x3 Ha3bIBalOT OPTOTOHAJIBHOW, TaK KaK €€ CTOJOIbI
SABJISIFOTCS. B3aUMHO OPTOTOHAJIBHBIMU €IUHUYHBIMUA BEKTOPAMHU.

Martpunpsl HOBOpPOTa COXPAHAKT JUIMHY W YIUIBl, a MATpPHIIbI
MaciTabUpOBaHUS U CABUTA HET.

6.3. IIpoekuumn

B o0mem ciyuae npoekiuu npeoOpa3yroT TOUKH, 3a/laHHbIE B CUCTEME
KOOPAUHAT Pa3MEPHOCTBIO N, B CUCTEMBI KOOPIAMHAT PA3MEPHOCTHIO MEHBIIIE
geM N.

bynem paccmarpuBaTh cilydall IPOEUUPOBAHUS TPEX U3MEPEHUM B JBA.
[Ipoekuusi TpexMepHOro 00beKTa (IIPEACTABICHHOIO B BUIE COBOKYITHOCTH
TOYEK) CTPOUTCSA MPHU MOMOIIM MPSIMBIX MPOCKIUOHHBIX Jy4yed, KOTOpbIE
HAa3bIBAIOTCS MPOEKmMOopamu W KOTOPBIE MPOXOIAT 4Yepe3 KaXKIAYyH TOUKY
00BEKTa U, NIepeceKas KApTUHHYIO IIOCKOCTh, 00Pa3yoT nPOeKUuIo.

MPOEKTOpbI KapTUHHan
NNOCKOCTb
o A A,
'\'\\I LIEHTP NMPOEKLM
LIeHTP B GECKOHEYHOCTY
MPOEKLN B B B

Puc. 6.7. llentpanbHas u mapauieiabHas IPOSKIUU

OnpeneneHHbll TakMM 00pa30M KJacCc MPOEKUUN CYHIECTBYET MO
HA3BaHUEM MJIOCKUX 2€0MEMPUYECKUX npoeKuuil, Tak Kak IpoeHupOBaHUE
POU3BOJUTCS Ha IUIOCKOCTh, @ HE HAa MCKPUBJICHHYIO MOBEPXHOCTh U B
KauyecTBE MPOEKTOPOB UCIOJIb3YIOTCS IPSIMbIE, @ HE KPUBbIC JIMHUH.

MHorue kaptorpauueckue MpOEKIHUH SIBISIOTCS JTUOO0 HE TIIOCKUMH,
100 HE TEOMETPUUYECKUMH.

[Inockue reoMeTpuyecKkrue MPOEKIUU B JalbHEWIeM OyleM Ha3bIBaTh
IIPOCTO NPOEKIUSAMU.

[Tpoekinu aensaTcs Ha JBa OCHOBHBIX Kitacca (puc. 6.7):

"  papayiesbHbIE (AKCOHOMETPUYECKHE);
" [[eHTpaJibHbIE (IEPCIEKTUBHEIE).
[Tomnas knaccudukaims MpoeKInii MpuBeaeHa Ha puc. 6.8.
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npoekunmn

/\

napannesnbHbie LUeHTpalibHbIE
/ \ — OJHOTOYEYHAs
opTOroroHaribHble KOCOYroJibHble
> [ByXTOYEYHas
()
BU[ criepenuf<e— %—» nsomeTpuyeckas KabuHe
(0]
T
§ —> TpexToyeyHad
[0
U COOKy [e— S—! AuMeTpUYeckas KaBanbe
5
2
©
BU[, CBEPXY [e—

Puc. 6.8. Knmaccudukanus nmpoekimii

Iapannensusie npoekyy ACTSATCS HA JBa TUMA B 3aBUCHMOCTH OT
COOTHOIIICHUS MEXKAy HalpaBIeHUEM MPOCIUPOBAHUS K HOPMAlIbI0 K
MPOSKIIMOHHON TUIOCKOCTH (pHc. 6.9):

1) opmozpagpuueckue — HanpaBiICHUS COBMANAIOT, T. €. HAIPaBJICHHE
NPOCIIMPOBAHUS SBJISIETCS HOPMAJIbIO K MPOCKIIMOHHOM MJI0CKOCTH;

2) Kocoyzonbnble — HalpaBlIiCHHE NPOCIHUPOBAHUS W HOPMaldb K
MPOCKIIMOHHOMN TIOCKOCTH HE COBIAIAIO0T.

KapTUHHas
MSIOCKOCTb «

HanpasneHve

npoeLMpoBaHms HanpasneHve

npoeLMpoBaHus

npoeKums

npoeKL s

opTorpaduueckue npoeKuu KOCOYTOJIbHBIE TIPOEKIINH

Puc. 6.9. Oprorpaduueckue 1 KOCOYTrOIbHbBIE MPOEKIINU
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Haubonee mmpoko MCHOAB3yeMBIMU BHAAMH OpTOTpadUuecKux
MPOCKUUHN SIBISIETCS BHUJ CIEpPEAH, BUJ CBEpXy(IUIaH) M BHJ COOKY, B
KOTOPBIX KAPTUHHASA IUIOCKOCTh NEPIICHINKYJISIPHA IJIABHBIM KOOPIUHATHBIM
ocsiM. Eciny mpOEKIMOHHBIE IUIOCKOCTH HE MEPHNEHAUKYJISIPHBI TJIaBHBIM

KOOpAWHATHBIM OCsiM, TO TaKue IMPOCKINH Ha3bIBAaIOTCA
aAKCOHOMempuiecKumu.
HpH AKCOHOMCTPHYCCKOM IMPOCTNPOBAHUU COXpaHACTCA

NapajjIeIbHOCTh TMPAMBIX, @ VYIIbl U3MEHSIOTCSA; PACCTOSHUE MOYKHO
U3MEPUTDH BAOJb KaXI0W U3 IIaBHBIX KOOPAMHATHBIX OCell (B 00IIeM ciiyyae
C Pa3IMYHBIMU MacIITaOHBIMU KO3 DUITUCHTAMH).

H3omempuueckaa npoekuns — HOpMaJb K MPOEKIIMOHHON IJIOCKOCTH,
(a crmengoBaTenbHO W HAIpaBJIEHHWE IPOELUPOBAHHUS) COCTABISET DPaBHBIC
YIJIBI C KaKJIOW W3 TJAaBHBIX KOOPAMHATHBIX oOced. Eciam Hopmane K
MPOEKIIMOHHOW TUIOCKOCTH UMEET KOOpAUHATHI (&,0,C), To moTpedyem, 4ToObI
|a| = |b] = |c|, mm fa=#b=7C, 1. ¢. uMeeTcs 8 HampaBicHHI (IO OJJHOMY B
KaX/I0OM M3 OKTAHTOB), KOTOPBIE YIOBJIETBOPSIOT 3TOMY ycinoBuio. O1HAKO
CYUIECTBYET JIMUIb 4 pa3IUYHbIX H30METPUYECKUX MPOEKUUU (ECau He
paccMaTpUBaTh yJIaJICHUE CKPBITHIX JIMHUH), TaK Kak BEKTOPHI (3, &, a) u (-a,-
a,-a) OIpPEeeIISIIOT HOPMAITU K OJTHOW M TOW K€ MPOSKIIMOHHOM IJIOCKOCTH.

N3omerpuueckas mpoekuus (puc. 6.10) o6namaer criemyromum
CBOMCTBOM: BCE€ TpH TJaBHbIE KOOPAWHATHBIE OCH  OJMHAKOBO
yKkopauuBaioTcs.  [loaToMy MOXHO  TNPOBOAUTH  HU3MEPEHHUS  BAOJb
HaIpaBJIEHUs] OCeH C OJHUM M TeM ke macimrabom. Kpome Toro, riaBHBIC
KOOPJMHATHBIE OCH MPOCUUPYIOTCA TaK, YTO WX MPOEKIHUU COCTaBISIOT

paBHbIE YIIIbl APYT ¢ apyrom (120°).
WY

y4

Puc. 6.10. M3omeTpuueckast mpoeKIys eIMHUIHOTO Ky0a

Kocoyzonbuble (HakIIOHHBIC) TMPOCKIIMM COYETAIOT B ceOE CBOWMCTBA
oprorpaduuecknux MPOEKIUi (BUIOB cClepeau, CBepXy Hu cOOKy) co
CBOWCTBAaMH aKCOHOMETPHUU. B 95TOM clly4ae NpPOEKIMOHHAS TIUIOCKOCTh
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NEPICHIUKYISAPHA TIaBHOW KOOPIMHATHON OCH, TO3TOMY CTOPOHA OOBEKTa,
napajuiesbHas 3TOW IIOCKOCTH, MPOCHUPYETCS TaK, YTO MOXKHO HU3MEPHUTh
yoIbl U paccTosiHus. [IpoenupoBaHue APYrHX CTOPOH OOBEKTa TaKKe
JIOIYCKAeT MPOBEICHUE JIMHCHHBIX HM3MEPCHUH (HO HE YIJIOBBIX) BIOJb
IJaBHBIX Oceil. OTMETHM, YTO HOPMajbh K MPOCKIMOHHON IUIOCKOCTH |
HArpaBJICHUE MPOCIIUPOBAHUS HE COBIIAIAOT.
JIByMsi BaXHBIMH BHJIA@MH KOCOYTOJIbHBIX IPOCKIUN  SBISIOTCS

POCKIIHH:

e Kasanve (cavalier) — ropu30OHTalbHAs KOCOYTOJIbHAS H30METPHS
(BoeHHas MEPCIIEKTHRA);

o Kaoune (cabinet) — ppoHTambHast KOCOYroJbHAS TUMETPUSL.

YA

L 45°

X

Puc. 6.11. TIpoexnusa KaBanbe

B npoexuuu Kasanve (puc. 6.11) HampaBieHHE TPOCIIMPOBAHUS
COCTAaBIIET C IUIOCKOCTBIO yroil 45°. B pe3ynbraTe NpOEKUMs OTpE3Ka,
NEPHEHANKYJIIPHOTO MPOEKIIMOHHOM IIOCKOCTH, UMEET Ty K€ JJIMHY, YTO U
caM OTpE30K, T. €. YKOPAaUYMBaHUE OTCYTCTBYET.

Yh

- \36,5‘3

X

Puc. 6.12. TIpoexnus Kabune
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Ilpoexuyusn Kaobune (puc. 6.12) uMeeT HampaBiieHUE MPOCIUPOBAHUS,
KOTOPOE COCTAaBJIET C MPOEKIIMOHHOW IJIOCKOCThIO yroia o = arctg(’2)
(=26,5°). Ilpm »>TOM OTpe3KH, MNEPHEHAUKYISAPHbIE IPOEKIUOHHOM
IJIOCKOCTH, TOCTE MPOCIUPOBAHUSA COCTABIISIIOT 72 WX JACHCTBUTEIBHOU
manbl.  [Ipoexkunn Kabune sBnsitorcs 0Oornee  peamuCTHUECKUMH, YEM
npoekuun KaBanbe, Tak kKak ykopaumBaHue ¢ KOdPPHUIIEHTOM Y2 OOmbIie
COTJIaCyeTCsl C HAILIMM BU3YaJIbHBIM OTIBITOM.

Ilenmpansvnan npoexkyua 11000 COBOKYIMHOCTH MapaiIeIbHBIX
OpsIMBIX, KOTOpbIE HE NapajljieibHbl MPOEKIIMOHHON IIJIOCKOCTH, OYyIeT
CXOOUThCA B TOYKe cxoda. Touek cxoma OeckoHeyHo MHoro. Ecmu
COBOKYIHOCTh IMPSMBIX MapajulebHa OJHOM W3 TJABHBIX KOOPAMHATHBIX
ocel, TO MX TOYKa CXOJla HAa3bIBACTCS 2IA6HOU MOUKOU cxooa. IMmerorcs
TOJIbKO TpU TaKH€ TOYKH, COOTBETCTBYIOILME IMEPECECUEHUSIM TIJIAaBHBIX
KOOpPJIMHATHBIX OCEHd ¢ TMPOCKIHOHHOW TUIOCKOCThIO. LleHTpanbHbie
MPOCKIUHN KIACCUPUIMPYIOTCS B 3aBUCMMOCTH OT YHCJA TJIABHBIX TOYEK
CX0Ja, KOTOPbIMM OHHM OO0JaJa0T, a CIEIO0BaTeIbHO M OT Yucia
KOOPJIMHATHBIX OCEH, KOTOPbIE MEPECEKAIOT MPOCKIIUOHHYIO ITIOCKOCTb.

1. Oonomoueunasn npoexyus (puc. 6.13).

)7

Ha PUCYHKE CXOOATCA NULlb JTMHUN,
napannesibHble OCn z

X
Puc. 6.13. OqHoTOUCYHAs MEPCIIEKTUBA

2. Jleyxmoueunas npoexyusn (puc. 6.14) mMpoKO NPHUMEHSCTCS B

APXUTEKTYPHOM, UHKECHEPHOM U MPOMBILLICHHOM ITPOESKTUPOBAHUMU.
A

-
- r.

Puc. 6.14. JIByxTO4euHas MepCIEKTHBA
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3. Tpexmoueunvie uyenmpanvhvie npoeKyuu TIOUYTU COBCEM HeE
HCIIOJIB3YIOTCS, BO-TIEPBBIX, IOTOMY, YTO MX TPYAHO KOHCTPYHPOBATH, 4 BO-
BTOPBIX, U3-32 TOT0, YTO OHH JOOABISAIOT Maj0 HOBOTO C TOYKH 3PEHUS
PEaTMCTUYHOCTH 110 CPABHEHMIO C JBYXTOUYECUHOU ITPOCKIIMEN.

6.4. MarTremaTnyeckoe onvcaHue IUIOCKUX reoMeTpHuYeCKHX
NpoeKLun

Kaxnyto U3 mpoeknuii MokHO omucaTh maTpuiei 4x4. DToT crnocod
OKa3bIBACTCS YIOOHBIM, TTOCKOJIBKY TOSBJISIETCSI BO3MOXXHOCTh OOBEIHMHHUTH
MaTpUIly IPOCIUPOBAHUS C MaTpUIIEH TpeoOpa3oBaHus.

Lenmpanvnaa (nepcnekmuenas) npPoeKyusa TOIYYACTCS IYTEM
NEPCHEKTUBHOTO MpPeoOpa3oBaHUs W MPOCIHUPOBAHUS HA HEKOTOPYIO
JBYXMEPHYIO IUIOCKOCTh «HaOmoaeHus». [lepcriekTuBHAs MpoeKuus Ha
iockocTh Z = () obecrieunBaeTcs Mpeodpa3zoBaHUEM

[XYZH] =[xyz1]* =[xy 0 (rz+1)].

o O O -
O O —» O
o O O o
_ = O O

LEeHTp
npoekunmn

Puc. 6.15. Bolunciienne 0IHOTOYEYHON NEPCTIEKTUBBI

X X
158305 X*="= :
H rz+1
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«_Y _ Yy .
y “H rz+1
Z*=£= 0
H rz+1
rner=1.
k

Lentp mpoekiun Haxoautcs B Touke ¢ koopauuatamu (0,0,-kK) (puc.
6.15), mnockocts npoenupoBanus Z = 0. CooTHOLIEHUSI MEXY X, Y U X*, y*
OCTAlOTCS TEMH K€ CcaMbIMU. PaccMarpuBas MOJOOHBIC TpPEYroJbHUKH,
HOJIYYHM, 4TO

X" X « X .
=", wmwm x¥=_"_;
k z+k z

aHAJIOTUYHO y™* = ZL
—+1
k

Koopaunater X*, y* saBusitoTCsl mpeoOpa3oBaHHBIMH KOOpAUHATamu. B
MEPCTIEKTUBHOM TMPOCKTUPOBAHUU MPEOOPA30BAHHOE MPOCTPAHCTBO HE
SBIIIETCS €BKIMAOBBIM, TaK KaK OPTOTOHAJILHOCTH Oceil He coxpanseTcs. [Ipu
K = oo mosryanm akcoHOMeTpHUYECKOe IpeoOpa3oBaHue.

Addunnoe  mpeoOpazoBaHue  ecTb  KOMOMHANUS  JIMHEHHBIX
npeoOpazoBaHui, COMPOBOXKIAEMBIX IEPEHOCOM.

[Tocnenuuii cronden B 00001eHHOW MaTpule 4x4 10JIKeH ObITh PaBeH:

0

0
ol
1

B 3TOM ciydae H = 1.

[lepcniekTuBHOMY  MpeoOpa3oBaHHIO  MOXKET  MPEIIEeCTBOBATH
IPOU3BOJIbHAST TOCIEA0BATEIbHOCT apPUHHBIX TMpeoOpazoBaHuil. Takum
0o0pa3oM, 9TOOBI TIOJYYUTh MEPCIEKTUBHBIC N300PKEHUS U3 MMPOU3BOIHHOM
TOYKH HAONIOACHUS BHayaje UCHOJB3YIOT ad@uHHBIE NpeoOpa3oBaHUs,
MO3BOJISIIONIME CPOPMHUPOBATH CHCTEMY KOOpPJAMHAT C OChl0 Z BIOJb
KEJTaeMOW JIMHUM BU3MPOBAHUA. 3aTeM TMPUMEHSACTCS TEPCIEKTUBHOE
npeoOpa3zoBaHue.

AHaJOTUYHO TIEPCIIEKTUBHOE TIpeoOpa3oBaHue, Korja KapTUHHAs
IUTOCKOCTh TEPIEHANKYIApHa ocl Z M COBMajaeT ¢ IuIockocThio Z = 1/r.
LleHTp MpoEKIMKM HAXOAUTCS B IICHTPE KOOPIUHAT:
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[XYZH]=[xyz1l]* = [xyz(rz+1)] — omHoroueuHas

o O O -
o O - O
o b O O
= = O O

NepCreKTrBa (Touka cxoja Z);

— TOYKa cxoxa X.

o O ©T

1

JIByxToueunas  (yrjoBsasl) mnepcmexkruBa. [[ng  nomydeHus
JBYXTOYEYHOM TMEPCHEKTUBBI B  O0mIe MaTpuie MnpeoOpa3oBaHUs
YCTaHaBJIMBAIOT KOADPUIIUEHTHI P U (:

100 p

v _ 010 q|_ )

(Y 2=y 2D o o o =0y, 0, (pxraurl)];
0 00 1

px+ay+1 px+qy+1’

x',y,z',1) = ( X y Olj.

Takoe mnpeoOpa3zoBaHWe NPHUBOAUT K JBYM TOYKaM cxoja. OjHa
pacrojiokeHa Ha ocu X B TOUKE (;, 0, 0, 1), apyras nva ocu Y B Touke (0, (1],
0, 1).

PaccmotpuM 3TO  mpeoOpa3oBaHHWE Ha  MOJYYCHHE  IPOCKIIUH
eIMHUYHOTO KyOa (puc. 6.16).

YV A
D I

v

Puc. 6.16. Enuanunbiif KyO A1 MOJTy4eHUsI IBYXTOYEUHOMN MPOEKIUU
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A[0 0 0 1] 0 00 1] [0 0 0 1|A
BIO 0 1 1 000 0O 0 0 1|B
cC/lo 1 11|10 0 01] |0 1 0 11 0 091 0 1|C'
D|0 1 0 1/ |0 1 0 01| |0 1 0 11 0 091 0 1|D'
E1001*0000:1001,1:>O,9100lE'
FI1 01 1/]/0 0 0 1 1 00 11 091 0 0 1|F
Gll1 111 110 12 083 083 0 1|G'
|1 1 0 1] 110 12| [083 083 0 1|I'

B pesynbTaTe nonydaem npoeKuuio BUAa, NPEACTaBISHHOro Ha puc. 6.17.

N K Touke cxonma
y Ha ocu Y

D’ \

-a
K Touke cxonma
Ha ocHu X

A',B'

0,83 091

Puc. 6.17. JIByxTOoueuHasi MPOEKIHS €AUHUIHOTO KyOa

o O -
o - O

=[x y z (px+qy+rz+l)] — TpextoueuyHas (kocas)

o, O O
b = O O

00

NEepCIEeKTHBA.
Jlist Toro 4to0Bl CO3/1aTh AMMETPUUYECKYI0 NMPOEKIHI0, HEOOXOAUMO
BBITIOJIHUTD CJIEAYIOIIEE YCIOBHE:

sin“e=sin’0/(1- sin0).
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Opaum cnocoboM BbIOOpa sinf sBisgercs cokpamieHune ocu Z B
¢ukcrupoBanHoe 4ncio pa3. [Ipu 5ToM enMHUYHBINA BEKTOP HAa OCU Z, paBHBIN
[00 1 1], mpeoOpa3oBbIBacTCS K BULY

[XY Z H] =[sing -cos@-sin® cosp-cosd 1]
wm  X* =sing;

y*= - COS® Sino.

Takum 06pazom, sl IUMETPUUYECKON POSKIINH MOTydaeM

¢ = 20,705°:

0 =22,208°.

Jlist 0OpazoBaHMsl H30METPUUYECKO MPOEKIUM HYXHO B OJIMHAKOBOE
YUCJIO pa3 COKpaTUTh Bce Tpu oOcu. [l 3TOro HeoOXOaUMO, YTOOBI
BBIMIOJIHSJIOCH YCJIOBUE

sine=sin®0/(1- sin*0) u sin“p=(1-2sin’0)/(1- sin°0).

Takum o0pazom,

¢ = 35,26439°;

0 = 45°,

PaccmoTtpuMm Teneps KocoyroJibuyw mnpoekmuwo (puc. 6.18), marpuna
MOJKET OBITh 3aITCaHa UCXOIs U3 3HaUYeHui o u .

[Mpoexkimeit Touku P(0,0,1) sBasercs touka P'(I cosa, | sina, 0),
MpUHaAJIekKanas miockoctTu Xy. Hampasnenue npoenupoBaHus COBNALAET €
oTpe3koM PP', mpoXOIAIluM 4Yepe3 ABE 3TU TOYKH. DTO HANPABICHUE €CTh
P-P = (I cosa, | sina, -1). HanipaBiieHue npoeupoBaHus COCTABIISIET YToJI 3
C TUIOCKOCTBIO XY .

Tenepp paccMOTpUM MPOEKUUIO TOYKH X, Y, Z U ONPEAEIUM €€
KOCOYTOJIBHYIO IPOEKIHIO (X, Yp) Ha INIOCKOCTH XY

Xp= X + Z(I cosa);

Yo=Y + (I sina).

Takum o0pazom, matpuiia 4x4, KOTopas BBINOJHSAET 3TH JCUCTBUS H,
CJIEI0BATEIILHO, ONIMCHIBAET KOCOYTOJIbHYIO TPOCKIUIO, UMEET BU]T

1 0 00
o0 1 00
“““Ncosa lsing 0 0

0 0 0 1
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MIPOEKTOP

| z P(0,01)
4 ~—

- / Icosa
e

Puc. 6.18. Brruncnenne KOCOyTONBHBIX TPOEKINH

[Ipumenenne matpuibl M, TPUBOJUT K CABHUTY U MOCIEAYIOMIEMY
IPOEIUPOBAHUIO OOBEKTA: MIOCKOCTU C MOCTOSHHOM KOOPAMHATON Z = 73
MIEPEHOCSITCSL B HATpaBJIieHHH X HA Z; | COSoL 1 B HampaBieHuu Y Ha 23 | Sina u
3aTeM MpoeUrpyeTcs Ha TIOCKOCTh Z = 0. CaBUT cOXpaHseT mapauieTbHOCTh
MPSIMBIX, @ TAKXKE YTJIBI M PACCTOSHUS B TUIOCKOCTSIX, TTapaJuIeIbHBIX OCH Z.

Jlns mpoekiun KaBanbe | = 1, mostomy yron B = 45°. [lns npoekuuun
Kaoune |=", a p = arctg(2) = 63,4°. B ciyuae oprorpaduueckoii nmpoexiu |
= 0 u B = 90° moaromy Marpuia OpTorpaduveckoro MPOCHUPOBAHUS
ABJISIETCS YACTHBIM CIy4aeM KOCOYTOJIbHOM MPOEKINH.

6.5. H300paKeHUe TpeXMepHBIX 00 bEKTOB

[Ipomiecc BbIBOga TpexmepHoW rpaduueckor uHbopmammu Oosee
CJIOKHBIM, Y€M COOTBETCTBYIOIIMM JBYMEPHBIM Ipouecc. B nBymepHOM
Cly4yae IMpPOCTO 3aJaeTcsi OKHO B JBYMEPHOM MHPOBOM KOOPAMHATHOM
IIPOCTPAHCTBE M TMOJS BBIBOJAA HA JBYMEPHOW BHJIOBOWM MOBEPXHOCTH. B
o011eM ciiydae 0OBEKThI, OTMCAHHBIC B MUPOBBIX KOOPJAUHATAX, OTCEKAIOTCS
M0 TpaHUIlE BUAUMOTIO 00BEMa, a TMOCJIE ATOro MPeoOpa3yrTcs B TMOJIE
BbIBOJIAa I auciies. CII0KHOCTb, XapakTepHas sl TPeXMEpPHOIo ciydas,
BO3HMKAET IIOTOMY, YTO BHJOBas IOBEPXHOCTh HE HMEET TPEThEro
U3MEPECHUS.

HecooTBeTcTBHE MEXAy MPOCTPAHCTBEHHBIMU OOBEKTAMU M TIJIOCKUMHU
M300pKCHUSIMU ~ YCTPAHSIETCS IyTEM BBEICHUSA TPOCSKIHM, KOTOpbIE
OTOOpaXKAIOT TpPEXMEpPHbIE OOBEKTHI Ha JABYMEPHOW MPOEKIIMOHHOMN
kapmunnou naockocmu (KII).
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ITpumMuTHBEI

Yceuennrsle MUpO-
BRIBOAA BbIE KOO I/IHa"I[)LI A
K HHATBI
,3a/IaHHbIE B P OOpaHHA
TPEXMEPHBIX I I
| |
MHPOBBIX Ortcevenne | | | Ilpoeuuposa- IIpeobpazoBanue B i | TIpeobpasosa-
KOODPJHMHATAX o | | Hue Ha mMpoek- moJie BBIBOAA, 3afaH- | ! | Hus B pusnuec-
BUIUMOMY LUOHHYIO HOE B HOPMHPOBaH- KH€e KOOpIH-
obbvemy IIOCKOCTh HBIX KOOpAUHATaX HaTbI

Puc. 6.19. IIponecc BeIBOAa TpexMepHOU rpadudeckoit mHGOpMaIun

[Ipouecc momydeHuss HU300pak€HUsT U3  TPEXMEPHOU  MOJENIU
HAa3bIBACTCA  eu3yanuzayueil WA  penHoepunzom. Kpome  3Tanos,
MPEACTABICHHBIX Ha puc. 6.19, mpomecc peHmepuHTa BKIIOYACT yIajIcHUE
HEBUJUMBIX TPaHEN U NMOBEPXHOCTEM, BBIUMCICHUE TEHEN, TOIYIIPO3PAYHBIX
OOBEKTOB, pAaCTEpPU3ALMI0 OOBEKTOB M 3aKpacKy C YYE€TOM HCTOYHUKOB
OCBELICHUS, TEKCTYpP U MaTEPUAJIOB.

6.5.1.Buaumsbiii 06'beM

B mpomecce BwrIBoga TpexmepHoW Tpadudeckoir mHbopmanuu (puc.
6.19) mbl 3amaem euoumsiii 06vem (BO) B MHPOBOM MPOCTpPaHCTBE,
npoeknuto Ha KII u mose BhIBoJa Ha BHJIOBOW IMOBEpPXHOCTH. B 00mem
ciiydae OOBEKTHI, ONPECICHHBIE B TPEXMEPHOM MHPOBOM IPOCTPAHCTBE,
OTCEKAIOTCS 10 TPaHUIIAM TPEXMEPHOTO BHIMMOTO O0BhEMa M TOCIE ITOTO
npoernupyroTcs. To, 9To momasaeT B MpeIeibl OKHA, KOTOPOE CaMO SIBIISICTCS
NpoeKIMe BHIUMOrO OObeMa Ha KApTUHHYK IUIOCKOCTh, 3aTeM
npeobpazyeTrcsi (0ToOpakaeTcsi) B IOJE€ BBIBOJA W OTOOpakaeTcss Ha
rpauuecKoM yCTpOUCTBE.

R

Puc. 6.20. KapTunHas miockocTh U ONpeAeNsIore ee napaMmeTphbl
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Kaprtunnas miockocts onpezaensercs (puc. 6.20) HeKOoTopoil TOukoil Ha
MJIOCKOCTH, KOTOPYIO OyZieM Ha3bIBaTh onoproil moukoui (OT) u Hopmansio
k kapmunnoii naockocmu (HKII). KII MoxeTr mpow3BonbHBIM 00pazom
pacnoJiaraTbCsi OTHOCHTEIBHO NPOEHUPYEMBIX OOBEKTOB, 3aJaHHBIX B
MHPOBBIX KoopJuHaTax. OHa MOXET NepeceKkaTh MX, MPOXOJIUTh BHOEPEIH
WJIH 1103371 0OBEKTOB.

Jiist Toro 4TO0BI 331aTh OKHO, HAM HEO0XO0MMa CUCTEMa KOOpAMHAT Ha
KII, xotopyto HazoBeM cuctemoi koopauuat UV. Hauanom ee cioyxut OT.
Hanpasnenue ocu V nHa KII omnpenenser eexmop eepmuxanu (BB):
npoekuust BB na KII coBnanaer ¢ ocero V.,

OT wu nBa Hanpasnenus Bektopa HKII m BB omnpenensitorcs B
IPaBOCTOPOHHEW MHUpoBOHM cucrteMe koopauHat. Mmes na KII cucremy UV,
MOXEM 3aJlaTh MHUHUMaJIbHOE M MakcuMalibHoe 3HaueHuss U wu V,
ompeeNstonme okHo (puc. 6.21).

&
.

_

Puc. 6.21. OkHO BbIBO/Ia HA KAPTUHHOM MJIOCKOCTH

OTMeTHM, YTO OKHO HE 00s3aTe€IbHO JOJDKHO OBITh CHUMMETPHYHO
otHocutenbHO OT.

Bunumelii 00beM 4acTUYHO ONMpEAEeTCS OKHOM U OIpaHUYHMBAET Ty
4acTh MUPOBOIO MPOCTPAHCTBA, KOTOpasi OyAET CpoeupoBaHa.

B cnyudae uentpansHol npoekuuu BO ompepensieTcss Takxke LEHTPOM
npoekiuu (puc. 6.22). DToT mapamerp 3aJacTcsi B MUPOBBIX KOOPAMHATAX
orHocutenbHo OT. BO mnpexacraBisier coOOl HEOrpaHUYEHHYIO B OJHY
CTOPOHY NMHPAMH]Y, BEpIIMHA KOTOPOH HAXOIUTCA B LEHTPE MPOEKIUH, a
OOKOBBIE CTOPOHBI MPOXOAT YEPE3 OKHO.
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UeM TIpOeIl

Puc. 6.23. Bunumsiii 00beM napauieabHOU TPOSKIIUT

K
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pIXx npoekuuit BO ompegensierca Takke
upoBanus (puc. 6.23). OH mnpencraBiser coOoit



M
<
o

HKC

&
= O

Q

S E x o8

aaaaa

.
T
¥a]
=
Q
=
=
<
o
<
=
o
—~
o
=¥
o
=
@]
~
3
T
@)
<}
o
=
Q
()
=
S
5 w
s
3 8
o o
B
3
ump
%H
2
= O
=
< A
2 g
—~
o E
O <
T T

<

=

aaaaaaa

>

=

Ll

BO mis

Puc. 6.24. YcedyeHHBIN

BO nns oprorpaduyeckoit i

Puc. 6.25. YceueHHslit
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= 3CII
{//7/ ApaBneHHe

Puc. 6.26. Yceuennsnii BO 11 KOCOyTronbpHOM mapamiensHOU TPOSKITNT

Hopwmans HKII HarmpaBJeHa OTHOCHUTEJILHO HaIpaBJICHUS
MpOEUPOBaHUs U Takxke siBysieTcss Hopmaibto k IICIT u 3CII.

6.5.2. [Ipeo6pa3oBaHue BUAMMOro 06 beMa

B ciyuae nieHTpanbHOM MEPCIEKTUBBI, AJI PEIICHUS 3a/1a4l OTCEUEHUS
no BO TtpeOyroTcsi 3HauuTEeIbHBIE BBHIYUCICHUS. PerieHue 3akiroyaeTcsi B
npeobpazoBanun BO k BuIy, B KOTOPOM BBIYMCICHUS MPOBOJUIUCH OBl
3HAUYUTETHHO MPOIIIE.

B oOmiem, uaes 3akimroyaeTcss B TOM, 4TOOBI CBECTH TIpeoOpa3oBaHue
[IEHTPAJIbHON TEPCIEeKTHBB MaTEMaTHYeCKd K BHUAY MapauielbHON
MIPOCKITUH.

bynem pemars 3agady B aBa »sTamna. B Hauwane npuBeaeM BHUANMBIN
00BeM K HOpMHUPOBAHHOMY BUy. [Ipu 3TOM 3HaUCHUE Zya—1, @ TPAHUIIBI TTO
OCSIM X W Y Jiexat B quanasone [-1,1].

Hopmupyronum npeoOpazoBaHreM B 3TOM cliydae OyJeT omeparus
MacImTaOMpOBaHUsI, KOTOpas IS TPOU3BOJBHONH TOYKHM X BBIpaXKaeTcs B

BUAC:
X,:X-S( 1 , 1 ’ l j
X z

max ymax max

['paduueckas wmoctpanus kK Hopmanm3anuu BO mpuBeneHa Ha pucC.
6.27.
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Crnenyronium 3TanoM SBJSIETCS EPEXO] OT HOPMUPOBAHHOIO 00beMa K
KAaHOHUYECKOMY BHJY, KOTOPBIA MO3BOJHUT OoJjiee OBICTPO MPOBOJHUTH HE
Tosibko oTcedueHue mo BO, HO U 3¢p(deKTUBHO MPUMEHSTH B AalbHEHIIEM
QNTOPUTMBl yAAJIEHUS CKPBITBIX JIMHUM U TMoBepxHocTen. Ilepexon x

KaHOHUYCCKOMY BUAY IPOU3BOAUTCA C ITIOMOIIBIO MATPHUIIbI npeo6pasoBaHI/I$1
M .
p-

1 0 0
01 0 0
M_=|/0 0 L

Zmin
-7

O O min
1-7

min

['paduuecku mmmocTpanus, nokaspiBaromas BO B kaHOHUYECKOM BHJIE,
npuBezeHa Ha puc. 6.28.

y
A' D’

_1 : Py
B C'

Puc. 6.28. Kanouunueckuii sug BO

7. llpeacraBjieHHe NPOCTPAHCTBEHHBIX GOpM
Bo MHOTHX MPUIOKEHUIX MAITMHHONW rpauKu BO3HUKAET MOTPEOHOCTH
B MPEJCTABICHUU TPEXMEPHBIX (OPM: MPU MPOSKTUPOBAHUHU CAMOJIETOB, MIPU
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BOCCTAHOBJIEHMM TPEXMEPHBIX TeJI MO H300paXEHUSIM HX MOMNEPEUHBIX
CEUCHUH, TIOCTPOSHHBIX C TOMOIIBIO MAIIUHHOW ToMorpaduu, mpu
aBTOMAaTUYECKOM COOpKe M BO MHOrMX Jpyrux. Ham yxe H3BEeCTHO, Kak
M300pakaroTCsl IPOCTPAHCTBEHHBIE OOBEKTHI, KOT'/1a UX yJIaeTCs MPEACTABUTh
B BHUJE IOCJIEIOBATEIBHOCTH OTPE3KOB MPSAMBIX, 33JaHHBIX B MHUPOBBIX
koopauHatax. COBOKYNHOCTh OTPE3KOB HE  SIBISIETCS  a/I€KBAaTHBIM
onucaHueM OOBEKTa, MOCKOJIbKY OTPE3KH CaMU IO cebe HE OIpenessiorT
noBepxHocTeil. B 1o xe Bpems mHpopmanus O MOBEPXHOCTIX HEOOXoauMa
JUISL TIPOBEACHUS BBIYMCIICHUM, CBSA3aHHBIX CO CTUPAHUEM CKPBITBIX YacTEl
N300pakeHUs, s ompeneneHus o0beMOB U T. 1. TakuM oOpa3oM, Mbl
OPUXOJUM K BBIBOJY, YTO JJIsi ONUCAHUS TPEXMEPHBIX (OpPM HEOOXOIUMBI
OBEPXHOCTU — IPUMUTHUBBI 00JIEE€ BHICOKOTO YPOBHS, YEM OTPE3KH.

MBI OCTaHOBMM BHMMaHUE Ha JBYX ULIMPOKO pPacnpoCTpaHEHHBIX
TPEXMEPHBIX  MPEACTABICHUSIX  TOBEPXHOCTEH B IMPOCTPAHCTBE:
MOJINTOHAJIBHBIX ~CETKaX M IapaMeTPUYEeCKuX OHMKYyOMYeCcKHX KycCKax.
IHonuzonanvhoii cemkoii SIBISETCS COBOKYITHOCTh CBSI3aHHBIX MEX]y CO0Oi
IJIOCKUX MHOTOyrojibHUKOB. HapyxHyto ¢opmy OonblIMHCTBA 30aHUMN
MOKHO JIETKO M €CTECTBEHHO OIHCATh C MOMOUIbIO MOJIUTOHAIBHOU CETKH
(Tak ke, kKak MeOenb W KOMHathbl). [lonMroHanbHble CETKH MPUMEHSIOTCS
TaKXKe JUIsl TPEICTaBICHUS OOBEKTOB, OTPAHUYEHHBIX KPUBOJMHEHHBIMU
noBepXHOCTAMU. OIHAKO HEJOCTATKOM 3TOTO METOHA SBIISIETCS  €ro
OpUOIU3UTENbHOCTh. BunuMble OMMOKM B TaKOM MpPEJICTaBICHUH MOKHO
clenaTh CKOJb YrOJHO MajbIMH, HCHOJB3YS Bce OOJbIlIee YHUCIO
MHOTOYTOJIbHUKOB JUISl YJIYYIICHHsS KyCOYHO-JIMHEHMHOW amnmpoKCHUMaluu
0o0BbEKTa, HO 3TO MpPHUBEAET K JOIMOJHUTENbHBIM 3aTpaTaM MaMsITH U
BBIYHMCIIUTEILHOTO BPEMEHU [JJisi aJIrOPUTMOB, pPaOOTAIOMIMX C TaKUM
MIPE/ICTABICHUEM.

IIpu BTOpOM cmocoOe omucaHusi TPEXMEPHBIX (OPM MMOBEPXHOCTH
MOXET OBbITh pa30uTa Ha KYCKHM, KaXIbId M3 KOTOpPbIX OydeT omucaH
napamMeTpuueckuM  OuKyOmdyeckuM  ypaBHeHweMm. IloaTomy — Takue
MOBEPXHOCTH Ha3bIBAIOT HApamempuuecKue OuKyouuecKkue nogepxHocmu.
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F(O0) (10)

Puc. 7.1. [Tapamerpruueckuii OMKyOMIEeCKU KyCOK

Ilapamempuueckue ouxyouueckue kycku (puc. 7.1), U3 KOTOPBIX
COCTOSIT 3TU MOBEPXHOCTH, OMUCHIBAIOTCS KOOPJUHATAMHU TOUYEK C MOMOIIBIO
TpeX ypaBHEHUH (110 OJHOMY 1Sl X, ¥ U Z). Kaxnoe U3 ypaBHEHH UMEET ABe
NepeMeHHbIe (JBa mapaMeTpa), MpUYeM I0KAa3aTeJId CTENEeHU MPU HUX HE
BBIIIIE TPEThEH (OTCIO/Ia Ha3BaHWEe OUKyOHUecKuil). YpaBHeHue s X Oyaer
BBITJISIZIETh CIAEAYIOIUM 00pa3oM:

X(S,t)=a,5%*+a,5%t* +a,S°t +a,S° +
+a,,S°t* +a,,5%* +a,,S°t +a,,S* +
+a,,St° +a,,St* +a,,St+a,,S +

+a, t*+a,t’ +a,t+a,,

B wmarpuunoii ¢opme ypaBHeHue g X MOXKHO OINKCATh Kak:
X(S,)=S-C,T", rme S=[S* S* S 1] T=[t® t* t 1]

&, 8, a3 8,
C, = Ay 8y Ay Ay
8y 8y A3 8y

| 841 8y gz Ay

AHAJIOTUYHO 3aMMCHIBAIOTCA YpaBHEHUS Ui Y U Z.

['paHuiiaMu KyCKOB SIBIIIFOTCSI TTApaMETPUYECKUE KyOMuecKHe KpUBbIC.
st mpencraBieHUs TOBEPXHOCTH C 3aJaHHOW TOYHOCTBIO TpeOyeTcs
3HAUYUTETFHO MEHBINEe YHUCIO0 OWKYyOWYeCKMX KYCKOB, 4YeM IMpHU
aTIPOKCUMAITAN TTOJIMTOHAJILHOM ceTKor. OaHAKO alTrOpUTMEI I pabOTHI ¢
OMKyOHMYeCKMMU 00BEKTaMH CYIIECTBEHHO CIIOKHEE alrOPUTMOB, UMEIOIIUX
JIeJI0 C MHOTOYTOJIbHUKAMH.
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[Ipu ucnosib30BaHUM 000MX METOJIOB TPEXMEPHOE TEJO MPEACTABISIETCS
B BHJIE 3aMKHYTOU IMOBEPXHOCTH.

7.1. IlosiMroHa/ibHbIE CETKH
[TonuronanbpHasi ceTka MPEACTaBISIET COOONM COBOKYITHOCTH peoep,
BEpPIIMH ¥ MHOTOYTOJIBHUKOB. BepmmHbl coeauHsioTcss pedbpamu, a
MHOTOYTOJIbHUKH PaccMaTpUBAIOTCA KakK MOCIEAOBATEIbHOCTH pebdep win
BepmiH. CeTKy MOXHO TIPEJICTaBUTh HECKOJIBKUMH  Pa3IMYHBIMU
croco0aMu, KaxAbldi U3 HUX MMEET CBOM JIOCTOMHCTBA U HeAocTaTku. [l
OLICHKM  ONTUMAJIBLHOCTH  MPEACTABICHUS  HCIONB3YIOT  CIEIYIOIIUE
KPUTEPUU:
e O0BeM TpeOyemoil mamsTu;
e IIpocrora uaenrudukanuu pedep, UHUUIACHTHBIX BEPIIUHE;
e IIpocrora naeHTuduUKaMu MHOTOYrOJbHUKOB, KOTOPBIM MPUHAIEKUT
JlaHHOE Pedpo;
e IIpocroTa mpoiieaypsl MOKCKA BEPIIUH, 00pa3yIoIUX pedopo;
o Jlerkoctsb omnpenenenus Bcex pedep, 00pa3yromux MHOTOYTOJIbHUK;
e IlpocroTa nosydenust n300paxxeHusi NOJIUTOHAIIBHON CETKU;
e Ilpocrora oOHapyxxeHHs OIIMOOK B MPEACTABICHUH (HApUMeED,
OTCYTCTBHE pebpa MM BEPIIUHBI U MHOTOYTOJIbHUKA).
PaccMotpum noapo6Hee Tpu criocoba ONnucaHus MOJUTOHAJIBHBIX CETOK.

7.1.1.i1BHOe 3aJaHe MHOTOYIOJIbHUKOB

Kaxnaplii MHOTOyroiabHUK MOXHO TMPEACTaBUTh B BHUIE CIHCKa
KOOPAWHAT €ro BEPILUH:
P = ((X1, y1, 1), (X2, Y2, 22), -+ , (Xn, Yn, Zn))

BepuHbl 3alIOMUHAIOTCA B TOM MOPSIKE, B KOTOPOM OHH
BCTpEUaroTCss npu 00XoJe BOKpPYr MHoOroyrojpHuka. Ilpu »TOM Bce
NOCJIEI0BaTEIbHbIE BEPUIMHBI MHOTOYIOJIbHMKA (@ Takke TmepBas H
HNOCNEAHss)  coenuHsAoTes  pebpamu.  JIns  KaXaoro  OTAENbHOIO
MHOT'OYTOJIbHUKA JJaHHBIA CIIOCOO 3amucu siBsieTcsl S(PPEeKTUBHBIM, OJIHAKO
JUTSl TIOJIUTOHAJIBHOM CETKU JAaeT MOTEpU MaMsITH BCIEICTBHE TyOIupoBaHUs
uH(pOpMaIIMU O KOOPJIMHATAaX OOUIMX BEPUIUH.

[TonuronanpHasi ceTka W300pakaeTcs IMyTEeM BBbIUCpUMBAHUS pedep
Ka)XJI0OT0O MHOT'OYT'OJIbHUKA, OJTHAKO 3TO MPUBOJUT K TOMY, YTO 001IIHEe pedpa
PUCYIOTCS ABAXAbI — MO0 OJHOMY pa3y JUIsl KaXKI0ro U3 MHOTOYTOJIbHUKOB.

7.1.2.3ajaHe MHOroOyroJIbHUKOB C NOMOIIBLI0 yKa3aTeJjed B
CIIMCOK BepIIVH

I[Ipy  WCHOAB30BaHMM  3TOTO MPEACTABICHUS]  KOXKABIM  y3ell
MOJIMTOHAJIBHOM CETKM 3allOMUHAETCS JIMIIL OJWH pa3 B CHUCKE BepliuH V
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=((X1, Y1, Z1), ... » (Xny Yns» Zn)). MHOTOYTOJBHUK ONPEICISICTCS CITUCKOM
yKazatened (WIM HMHAEKCOB) B CIHCKE BepIIMH. MHOIOYTOJIbHUK,
COCTaBJIEHHBIA U3 BepiiuH 3, 5, 7 u 10 3Toro crivcka, npeacrasisercs kak P
=(3, 5,7, 10).

Takoe mnpencTaBiIeHUE HMEET PsI TPEUMYIIECTB 1O CPaBHEHUIO C
SBHBIM 3aJJaHUEM MHOTOYTOJBHUKOB. [lOCKONIBKY Kakhgasi BepIInHA
MHOTOYTOJIbHUKA 3allOMHHAETCSl TOJBKO OJMH pa3, YHAAeTcs CIKOHOMHUTHh
3HAUUTENBHBIN 00beM mamsTH. Kpome Toro, KoopAMHATHl BEPIIMHBI MOKHO
Jerko u3MeHsAThb. O HAKO BCe €lle He MPOCTO OTHICKUBATh MHOTOYTOJILHUKU
¢ obmmmu pedpamu. PeGpa mpu n3o0pakeHun BCel MOJUTOHATBHON (UTYPBI
MO-TIPEKHEMY PUCYIOTCS IBAXK/bI. DTH JIBE MPOOIEMbI MOKHO PELIUTh, €CIIU
OMKCHIBATH peOpa B SIBHOM BHUJIE.

7.1.3.5IBHOe 3aaaHMe pedep

B srom mpencraBieHnrd uMMeeTcs CIHUCOK BepuiuH V, ogHaKo Oynem
paccMaTpuBaTh TENEepb MHOTOYTOJIbHUK KaK COBOKYITHOCTh yKaszaTelel Ha
AIIEMEHTHI CITMCKa pedep, B KOTOPOM pedpa BCTPEUAIOTCS JHUIIh OJUH pas.
Kaxnoe pebpo B crmucke pebep yka3blBaeT Ha JBE BEPIIMHBI B CIHCKE
BEpIINH, OMpESIAIoNe d5T0 pebpo, a Takke Ha OJAWH WIM JBa
MHOTOYTOJIbHUKA, KOTOPBIM 3TO PeOpO MPUHAICKUAT. TakuM oOpa3om, MBI
OIMHChIBaeM MHOTOYToJbHUK Kak P =(Ey, ..., E;), a pedpo — kak E = (Vy, Vs,
P:, P2). Ecnu pebpo nmpuHAAIEKUT TOJIBKO OJHOMY MHOTOYTOJBHUKY, TO
60 P, mu6o P, — mycro.

[Ipu sBHOM 3amanuy pedep MOJUTOHANIbHAS CETKA N300paXKaeTcs myTeM
BBIUEPUYMBAHUS HE BCEX MHOTOYTOJBHUKOB, a Bcex pebep. B pesynbrare
ynaercss u30exarb MHOTOKPATHOTO pHCOBaHUS oOmmx pebdep. OTaenbHbIe
MHOTOYTOJIbHUKHU TIPH 3TOM TaKKe N300pakaroTCs JOBOJIBHO MPOCTO.

B HekoTOphIX MPHIOKEHUSX pedpa MOJUTOHATIBHBIX CETOK SBIISIFOTCS
oOmuMu 1Jist 60Jee 4yeM JIByX MHOTOYTOJIBHUKOB. PaccMoTpum, Hampumep,
ciydail B kapTorpaduu, KOT/a TaKue MOoApa3Ae/ICHNs], KaKk OKpyra, IITaThl U
T. 1., ONHUCHIBAIOTCS MHOTOYrojibHUKamMu. PeOpo (Miam mociaenoBaTenbHOCTh
pebep), MpeaCcTaBIAIoNnIee YacTh TPAHUIIBI MEKTy IBYMS IIITaTaMH, SIBIISCTCS
TaK)Ke TPAaHUIICH OKpyra B KaXKIOM INTaTe, a BO3MOXHO, M ropoja. Takum
obpa3oMm, peOpo  MOXKET MNPUHALICKATH  OJHOBPEMEHHO  IIECTU
MHOTOYTOJIbHUKaM. EciM TpWHATP BO BHUMaHWE JCJICHHE TOPOJOB Ha
palioHbl, M30WpaTETbHBIE OKpPYra W INKOJBHBIE YYAaCTKH, TO OTO YHCIIO
COOTBETCTBEHHO BO3pacTeT. JlJig TakuX MPHIOKEHUN ONUCcCaHus pedep MOTYT
OBITb ~ pacHIMpeHbl,  YTOOBI  BKIIOYUTH  MPOU3BOJBHOE  YHCIIO
MHOTOyrosbHUKOB: E = (V1, Vo, Py, Po, ..., Pp).

Hu B omHOM M3 3THX MpeICTaBICHUN 3aJada OIpeAcicHUs peoep,
WHIUJEHTHBIX BEPIIUHE, HE SBISETCA TNPOCTOW: JUIsI €€ perieHUs
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HeoOxoamMo mepedpaTth Bce pebOpa. KonewHo, miist ompemeneHus TakKuxX
OTHOIIEHUH MOKHO HEIMOCPEJCTBEHHO HCIONb30BaTh JIOMOJHUTEIBHYIO
uH(pOPMAIIHIO.

8. YiaieHue HeBUAUMMBIX JIMHUA U IOBEPXHOCTEH

8.1. Knaccudpukanusa MeTo0B yaa/leHUSI HEBUAUMbIX JIMHUMN
U [IOBEPXHOCTEN

3ajada yganeHuss HEBUAUMBIX JIMHUW U MTOBEPXHOCTEHN SIBIIAETCS OJHOU
U3 HauOoyiee CIIOKHBIX B MAIIMHHOM Tpaduke. AJTOPUTMBI yAAJICHUS
HEBUAUMBIX JIMHUI U TTOBEPXHOCTEN CITyKaT JJIsl ONpEACIICHUs TUHUN pedep,
MOBEPXHOCTEH WM OOBEMOB, KOTOPHIC€ BUIWMBI WJIM HEBUIAUMBI IS
HaOmroAaTeNnsd, HaxXOJsIIerocs B 3aJaHHOM  TOYKE  IPOCTPAHCTBA.
HeoOxoaumocTh ynaneHuss HEBUAMMBIX JUHUM, peOep, MOBEPXHOCTEH WIU
00beMOB TpownTtocTpupoBaHa puc. OmmoOka! MCTOYHMK CCBHLUJIKH He

Haii/IeH.

a §) B
Puc. 8.1. Heo6xoaumocTh yaaneHus HeBUIUMBIX TUHUIN

Ha puc. 8.1, a mnpuBemeH THUNUYHBIA KapKacHBIM dYepTex Kyoa.
KapkacHslif yepTexx npeacTaBisieT TPEXMEPHBIA OOBEKT B BUJE IUTPUXOBOTO
n3zo0paxenus ero pedep. Puc. 8.1, a MOKHO MHTEPIIPETUPOBATH JABOSKO: KaK
BUJ KyOa CBepxXy clieBa WM CHHU3Y chopaBa. [[ias 3Toro mocTaTtoyHo
OPUILYPUTHCS U TEepeOKyCHUpOBATh TIja3a. YJaleHWe TeX JUHUN WIH
MOBEPXHOCTEH, KOTOPbIE HEBHUJIUMBI C COOTBETCTBYIOLIEH TOYKH 3pEHMS,
MO3BOJISIIOT M30aBUTHCS OT HEOJJHO3HAYHOCTH. Pe3ylbTaThl MOKa3aHbl Ha puUC.
8.1, 6 m puc. 8.1, B.

CnoXHOCTh 3aJaud yAQJICHHS HEBUIUMBIX JIMHUA M TOBEPXHOCTEU
IpHBeJia K MOSIBICHUIO OOJIBIIONO YKCIIa Pa3IUYHbIX CIIOCOOOB €€ pelIeHMUs.
MHorue u3 HHUX OPHEHTHPOBAaHbl Ha CIELHAJU3HPOBAHHBIE NPHIIOKEHUS.
Haunyumero pemenus oOmiedt 3agaud yJaajdeHUS HEBUIAUMBIX JIMHUNA U
MTOBEPXHOCTEN HE CYyIIECTBYET. /(151 MOAENMpOBaHUs ITPOLIECCOB B PEATTLHOM
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BpPEMEHH, HAIIPUMED I aBHATPEHAXKEPOB, TPEOYIOTCS OBICTPHIE AITOPUTMBI,
KOTOpBIE MOTYT IOPOXKJIATh PE3yJIbTaThl C 4acTOTOW BuAeoreHepanuu 30
Kagp/c. s  MammHHOM — MYJIBTHIUIMKALMK, HAmpumep, TpedyroTcs
QITOPUTMBI, KOTOpPbIE MOTYT T€HEPHUPOBATH CIIOKHBIE PEATUCTHUECKHE
M300paxeHus, B KOTOPBIX MPEJCTABICHbI TEHH, MPO3PAYHOCTh U (haKTypa,
YUUTHIBAIONIME PPEKTHl OTPAKEHUS U MPETOMIICHUS [[BETa B MEIbYANIINX
orreHkax. [logoOHbIe anropuTmbl pabOTalOT MEMJIEHHO, M 3a4acTylo Ha
BBIYKCIICHUS TPeOyeTCs HECKOIbKO MUHYT WM Jaxke 4yacoB. CTporo rorops,
yueT 3pPexToB Mpo3padyHoCTH, (HAKTYphbl, OTPAKEHUS U T. I1. HE BXOIUT B
3a/lauy yAaJeHHs HEBUIUMBIX JUHUN WM TOBepxHocTed. EctecTBeHHEe
CUMTATh UX YACTHIO Mpoliecca BU3yalu3auuu uzo0paxxkenus. OJJTHaKO MHOTHE
U3 93TUX OSPQPEKTOB BCTPOEHbl B AITOPUTMBl YJAJIECHHUS HEBHUIUMBIX
noBepxHocTed. CylecTByeT TeCHasi B3aUMOCBSI3b MEXAY CKOPOCTBIO pabOThI
aNropuT™Ma M JETAIBbHOCTBIO €ro pe3yiapTaTta. Hu oMH M3 adropuTMOB HE
MOXXET JOCTUTHYTh XOpOIIUX OIEHOK /I OSTUX JBYX TOKa3aTelen
onHoBpeMeHHO. [lo Mepe co3ganus Bce 0oiiee OBICTPBIX ATOPUTMOB MOKHO
CTpPOUTH Bce OoJiee NeTanbHble H300pakeHUs. PeanbHble 3a1auu, OAHAKO,
Bcerja OyAayT TpeOoBaTh yueTa ele OOJbIIEro KOJIU4YeCcTBa AeTajen.

Bce anroputmbl  yhaneHus HEBUAMMBIX JIMHUN (TIOBEPXHOCTEM)
BKJIIOYAIOT B ce0st copTUpoBKYy. Ilopsiaok, B KOTOpPOM HPOU3BOAUTCA
COPTHPOBKa KOOpPAMHAT OOBEKTOB, BOOOIIE TOBOps, HE BIHSIET Ha
3¢(HEeKTUBHOCTh 3TUX aIrOpuTMOB. ['7aBHas copTHpOBKa BeAeTCs IO
reOMETPUUECKOMY PACCTOSHUIO OT Tella, OBEPXHOCTH, pedpa WM TOUYKH J0
Touku HaOmoaeHus. OCHOBHAsI Uzesl, OJOKEHHAs! B OCHOBY COPTUPOBKH IO
PacCTOSHUIO, 3aKJIFOYAETCSI B TOM, YTO YEM Jajbllle PACHOIO0KEH OOBEKT OT
TOYKUA HAOJIIOACHUS, TeM OOJIbIlle BEPOSITHOCTh, YTO OH OYJET MOJHOCTHIO
WM YaCTUYHO 3aCJIOHEH OJHHMM M3 OOBEKTOB, OoJjiee OJIM3KUX K TOYKE
HaOmoaeHus. Ilocne omnpeneneHuss pacCTOSHUM WA TPUOPUTETOB IO
riyOrHEe OCTaeTCs MPOBECTH COPTHUPOBKY MO TOPH3OHTAIHM M 1O BEPTHKAIH,
YTOOBI BBISICHUTB, OYyIET JM pacCMATPUBAEMbIH OOBEKT JIEWCTBUTEIILHO
3aCJIOHEH OOBEKTOM, pACIOJIOKEHHBIM OJI)KE K TOYKE HaOJI0ICHMUS.
O¢ddexTuBHOCTh MOOOTO aNropuT™Ma yAANCHUS HEBHIWMBIX JHHUH WIH
IMOBEPXHOCTEH B OOJBIIOW Mepe 3aBUCHT OT A()(PEKTHBHOCTH Ipoliecca
cOpTUpPOBKU. /{151 moBbIIeHUs 3(PPEKTUBHOCTH COPTHUPOBKU HCIIOJIB3YETCS
TAaK)K€ KOTE€PEHTHOCTb CLEHbI, T. €. TEHACHUUS HEU3MEHIEMOCTU
XapaKTEPUCTHUK CLIEHbI B MAJIOM.

ANTOPUTMBI yAQJICHHUS] HEBUAMMBIX JHHUN WA MOBEPXHOCTEH MOKHO
KiIaccupuIpoBath 1O CHOocoO0y BBIOOpAa CHCTEMBl KOOpDIAWHAT WJIU
OpPOCTPAaHCTBA, B KOTOPOM OHM pabortaioT [/]. BeigensioT Tpu Kiacca
QITOPUTMOB YAAJICHUSI HEBUANMBIX JTUHUI UITN TIOBEPXHOCTEH:

¢ ANTopuTMBI, paboTaIIKNe B 00BEKTHOM IPOCTPAHCTBE.
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¢ Anroput™msl, paboTaroline B MPOCTPAHCTBE N300paxeHus (IKpaHa).

¢ ANTOpUTMBI, POPMUPYIOIIHE CIIUCOK PUOPUTETOB.

AnroputMmsl, paboTaronire B 00bEKTHOM MPOCTPAHCTBE, UMEIOT JIEJIO C
(duznyecKoil cucTeMOoil KOOpAMHAT, B KOTOPOM OmMucaHbl 3TU 00BeKTHI. [Ipu
ATOM TOJY4YalOTCs BECbMa TOYHBIE pE3yibTaThl, OTrPAHUYEHHBIE JIUIIb
TOYHOCTBIO BbIUMCIEHUN. [lomydeHHble H300pa)keHUsT MOXHO CBOOOJIHO
yBEJIIMYMBAaTh BO MHOTO pa3. AJrOpUTMBI, paboTaroume B OOBEKTHOM
IPOCTPAHCTBE, OCOOEHHO MOJE3Hbl B T€X NPHUIIOKEHUAX, Te HeoOXoauma
BBICOKAsl TOYHOCT.

ANroput™Msl ke, paboTarolre B IMPOCTPAHCTBE M300pa)KE€HUs, UMEIOT
JeJI0 C CHUCTEMOHM KOOpJMHAT TOr0 JKpaHa, Ha KOTOPOM OOBEKTHI
BU3yanu3upyrorca. IIpy 3TOM  TOYHOCTH  BBIYMCIICHMH OrpaHUYceHa
paspeiarorieil cnocoOHOCThIO SkpaHa. OOBIYHO pa3pelieHrne YKpaHa ObIBacT
NOBOJIBHO HU3KHAM, TUIWYHBIA mpumep: S512x512 Touek. Pesynprarsl,
HOJTyYEHHBIE B IPOCTPAHCTBE U300PAKEHUS, a 3aTEM YBEJIMUECHHbBIE BO MHOT'O
pa3, He OyIyT COOTBETCTBOBAaTb HMCXOJHOH cueHe. Hampumep, moryt He
COBMACTh  KOHILBI  OTPE3KOB. AJTOPUTMBI,  (POPMHUPYIOIIME  CIHUCOK
OPUOPUTETOB, PabOTAIOT MONEPEMEHHO B O0EUX YIMOMSHYTBHIX CHUCTEMax
KOOpJMHAT.

OObeM BBIUMCIEHHNA A J1IOOOT0  ajaropuTrMa, padoTaloUlero B
OOBEKTHOM MPOCTPAHCTBE M CPABHUBAIOUIETO KaXIbIH OOBEKT CLEHBI CO
BCEMH OCTAJIbHBIMU OOBEKTAMH 3TOH CIIEHBI, PAacT€T TEOPETUYECKH, Kak
KBaJpaT 4uclia 00bEKTOB (n?). AHANOrMYHO, 0OBEM BBIYHCICHHUI JFO6OrO
anropuTMma, paboTarolEro B MPOCTPAHCTBE U300paKEHUSI U CPABHUBAIOIIETO
KaXJIbIi1 OOBEKT CLEHBI C MO3UIUSMU BCEX MUKCENIEH B CUCTEME KOOpAMHAT
9KpaHa, pacter Teopernueckd, kak NN. 3geck N 0003HAYaeT KOJIUYECTBO
00BEKTOB (TeJ, TIoCKOCTeN i pebdep) B ciieHe, a N — 4uciao mukcesnen.
TeopeTnuecku TPYyAOEMKOCTh aJrOPUTMOB, pabOTAIOUIMX B OOBEKTHOM
IPOCTPAHCTBE, MEHbBIIE TPYJOEMKOCTH aJrOpPUTMOB, pabOTalolmMX B
npocTtpaHcTBe n3oopaxenus, npu N < N. OnHaKO Ha MPaKTHKE 3TO HE Tak.
Jleno B TOM, YTO aJrOPUTMBI, pabOTalOUIMe B MPOCTPAHCTBE M300paxKeHMUs,
o6onee A(h(EeKTUBHBI TMOTOMY, YTO JII HHX JIerde BOCIOJIb30BATHCS
MIPEUMYILECTBOM KOTEPEHTHOCTHU ITPU pacTPOBOM peann3aluu.

8.2. AJiropuTM IJ1aBalIIEero ropu3soHTa
ANTOpUTM IUIABAIOLIErO TOPU30HTA MOXKHO OTHECTHM K KJaccy
QIrOPUTMOB, pa0OTAOIIMX B MPOCTPAHCTBE HU300paKeHUSA. AJTOPUTM
IUTABAIOLIEIO0 TOPU30HTA 4Yalle BCEro MCIHOJB3YeTCs Ul YHOAJICHUS
HEBUJUMBIX JIMHUM TPEXMEPHOTO MpPE/ICTaBICHUs (PYHKIUN, OMUCHIBAIOLIUX
IMOBECPXHOCTL B BHJIC
F(x, y, z) = 0.

125



[TogoOHBIe (QYHKIIMM BO3HUKAIOT BO MHOTHUX MNPUJIOKCHHUIX B
MaTeMaTUKe, TEXHUKE, €CTECTBEHHBIX HAyKaxX U APYTUX JTUCIUILUIMHAX.

['maBHas uaess JaHHOTO METOJIa 3aKJII0YAETCA B CBEICHUM TPEXMEPHOU
3a/laud K JABYMEPHOM IyTEeM TIEPECEYEHUs UCXOJHOW MOBEPXHOCTH
MOCJIEA0BATEILHOCTRIO TApPAJUICBHBIX CEKYIIUX IUIOCKOCTEH, WMEIOIINX
MOCTOSIHHBIC 3HAYEHUSI KOOPAUHAT X, Y WUJIH Z.

Ha puc. 8.2 npuBeaen npumep, TIJ€ YyKa3aHHbIC IapajUielIbHBIC
IUIOCKOCTH OIPEICIISIOTCS MOCTOSHHBIME 3HaueHussMu z. Oynkuus F(X,y,z) =
0 cBOAUTCSA K IOCJIEIOBATEIBHOCTH KPUBBIX, JICXKAITUX B KaXIOW M3 ITHX
napasuleJbHBIX IUIOCKOCTEH, HalpuMep K mociemoBaTenbHocTH y=f(X,2) wnun
Xx=Q(y,Z), TA¢ Z TMOCTOSHHO Ha KaXIOH M3 3aJaHHBIX MapaIeIbHBIX
IJIOCKOCTEH.

Z3
zZ2

Z1=const

Puc. 8.2. Cekymue mI0CKOCTH C TOCTOSHHOM KOOPAUHATOMN

Nrak, MOBEpXHOCTh TEMEPh CKIAABIBACTCS M3 IOCJIEI0BATEIbHOCTH
KPHUBBIX, JICKAINX B KXKI0H U3 3THX IJIOCKOCTEH, KakK IMoKa3aHo Ha puc. 8.3.

—/\

_/_\

Puc. 8.3. [IpocTpaHCTBEHHBIE KPUBBIC

3I[CCL npcaIoaracrc:d, qTo IMOJIYYCHHBIC KPHUBEIC ABJIAIOTCA
OAHO3HAYHbBIMH (bYHKHI/IHMI/I HC3aBHUCHUMBIX IICPCMCHHBIX. Ecan
COpOCHUPOBATH IMOJYUYCHHBIC KPHUBBIC HA IIOCKOCTh Z = O, KaK IIOKa3aHO Ha
pHuc. 84, TO Cpa3y CTAHOBUTCA sICHA UJACA aJITOpUTMa YAAJICHUA HCBUIUMBIX
Y4aCTKOB PICXOI[HOﬁ IIOBCPXHOCTH.
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Puc. 8.4. IIpoexmust KpuBBIX Ha TIOCKOCTH Z=0

ANTOpUTM CHayaia YHOOPSAOYMBAET IUIOCKOCTH Z = const mo
BO3PACTaHUIO PACCTOSHUS IO HUX OT TOUYKH HAOJIOACHUs. 3aTeM ISl KaXK0M
IUIOCKOCTH, HAUYMHAs ¢ OJMKailie K Touke HaOIIoAeHUs, CTPOUTCS KpUBas,
JeXamass Ha Hel, T. €. I KaXJ0ro 3HAYEHHs KOOpAMHATBI X B
IPOCTPAHCTBE M300paXKEHUs OINpPEAEISAETCS] COOTBETCTBYIONIEE 3HAYEHUE Y.
AJNTOPUTM yJaJeHNs HEBUAUMOW JIMHAN 3aKIIFOYAETCS B CICAYIOIIEM.

Ecnu Ha Tekymieil IIOCKOCTH NMPU HEKOTOPOM 33JaHHOM 3HAYEHUU X
COOTBETCTBYIOILIEE 3HAUYEHHE ) HAa KPUBOW OOJbIIE 3HAUEHUS Y IJIs BCEX
MPEABIAYIINX KPUBBIX MPU 3TOM 3HAYEHHUHU X, TO TEKYIas KpuUBas BUAUMA B
ATOM TOYKE; B MPOTHUBHOM CJIy4ae OHA HEBUMMA.

HeBuaumbie ydacTku MOKa3aHbl MyHKTHUpPOM Ha puc. 8.4. Peanmsarus
JAHHOTO AJITOPUTMA JOCTATOYHO MpocTa. s XpaHEeHUs MaKCHUMalbHBIX
3HAYEHHH Y NPU KAKJIOM 3HAYEHUU X UCIIOJIb3YETCSI MACCUB, JUIMHA KOTOPOTO
paBHA YHUCIY Pa3jIMYMMBIX TOYEK (pa3pellieHUI0) MO0 OCU X B MPOCTPAHCTBE
n300pakeHus. 3HA4YeHMs], XpaHSAIIMECS B 3TOM MAacCUBE, IPEICTaBISIOT
coOolt Tekymue 3HaueHus 'ropu3oHTa". [losTOMy TO Mepe pHUCOBaHHS
KKJIOM OYEepEeIHON KPUBOW 3TOT FOpU30HT "BeIUIbIBaeT". MAaKTUUECKH 3TOT
QITOPUTM yJIaJICHUSI HEBUAMMBIX JMHUN paboTaeT KakIbld pa3 C OJHOMN
JIMHUEMN.

Anroput™m paboTaeT O4Ye€Hb XOPOILIO J0 TEX MOp, MOKa Kakas-HUuOyIb
odepellHas KpUBas HE OKAXETCA HWKE CaMOM IEpBOM W3 KPHUBBIX, Kak
MmoKaszaHo Ha puc. 8.5, a.

Z6
Z5

/24

. \\ 7 Z3 /
7 \‘\—“‘-\71/;, 2 \\ /
~— \1 T 71
X J
a 9]

Puc. 8.5. O6paboTka HIKHEH CTOPOHBI TOBEPXHOCTH
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[TonoOHBIE KpHUBBIC, €CTECTBEHHO, BHIUMBI W TPEACTABISIOT COOOM
HIDKHIOIO CTOPOHY HCXOJIHOM TTOBEPXHOCTH, OJHAKO aJTOPUTM OyaeT
CUMTaTh HX HEBUAUMBIMU. HIKHSS CTOpOHA TMOBEPXHOCTU JI€TAETCA
BHUJIUMOM, €CJIM MOJAU(PHUITUPOBATH ATOT aJTOPUTM, BKIIOYUB B HETO HUKHUI
TOPU30HT, KOTOPBIA OIyCKAeTCsl BHHU3 IO XOAy pabOThl anropurma. ITO
peanu3yeTcsl IpHu MOMOIIM BTOPOTO MacCuBa, JJIMHA KOTOPOTO paBHA YHCILY
Pa3IMYMMBIX TOYEK MO OCH X B MPOCTPAHCTBE M300pakeHHs. DTOT MACCUB
COJICPKUT HAUMEHBIINE 3HAYCHHS Y JUIS KaXKIIOro 3HA4YeHHsS X. AJTOPUTM
TENeph CTAaHOBUTCA TaKUM: €CJIM Ha TEKYIIEeW MIOCKOCTU MPU HEKOTOPOM
3aJlaHHOM 3HAaY€HUU X COOTBETCTBYIOIIEE 3HAYEHUE Y Ha KPUBOM OoJibiie
MaKCMMyMa WJIM MEHbIIIE MUHUMyMa 10 Y JJIsl BCEX MPEABIIAYIINX KPHUBBIX
IIpU 3TOM 3HAYEHUU X, TO TEKyIllas KpuBas BUAUMA. B MpPOTUBHOM ciyuae
OHa HEBUIMMA.

[TomydeHHBbIi pe3ynbTaT Moka3aH Ha pwuc. 8.5, 0.

B u3n10X€HHOM aNropuTMe MPEANOaraeTcs, 4YTo 3HaueHue PyHKIUH, T.
€. Y, M3BECTHO I KaXXIOro 3HA4Y€HHs] X B MPOCTPAHCTBE H300paKeHUS.
OnHako ecn Mg KaXJO0TO 3HA4YeHUs X HENb3d YKa3aTh (BBIYUCIIHUTH)
COOTBETCTBYIOILIEE €My 3HA4eHUE Y, TO HEBO3MOXKHO NOJAJIEPKUBAThH
MacCCHBBI BEPXHEr0 M HUKHErO IUIABAIOIIMX TOPU30HTOB. B Takom ciyuae
UCIIONb3YETCS JIMHEWHAs] WMHTEPIOISALNS 3HAYCHUN Y MEXIy H3BECTHBIMU
3HAUYCHUSIMHU [IJISI TOTO, YTOOBI 3alOJHUTh MACCHUBBI BEPXHETO W HUKHETO
MJIaBAIOIIUX TOPU30HTOB.

N3nokeHHBI aJITOpUTM TMPUBOJUT K HEKOTOPHIM jAedeKTaMm, KOoraa
KpuBasi, Jiexkalias B OJHOM W3 Oojiee yIajJeHHBIX OT TOYKM HAOIIOACHHS
IJIOCKOCTEN, TMOSBISETCA CJI€BAa WJIM CIpaBa M3-TI0J] MHOXKECTBA KPHUBBIX,
JeXKallUX B IUIOCKOCTSX, KOTOpbIE OJMKe K YKa3aHHOW TOYKE HaOIIOJEHUS.
O1oT 3h(dEeKT TmpoaeMOHCTpUpPOBaH Ha puc. 8.6, rme yxke oOpaboTaHHBIE
MJI0CKOCTH N-1 1 N pacnosiokeHsl OJmxke K Touke HaOmoaeHus. Ha pucynke
MOKa3aHo, 4YTO TMojdy4yaercs mpu oOpabotke tuiockoctu N+1. Tlocne
00pabOTKN KpUBBIX N-1 U N BepXHUI rOpU30HT IS 3HAUeHUl X = 0 u X = 1
paBE€H HAYAJIBHOMY 3HAYEHMIO Y; Ui 3HaA4eHW X oT 2 10 17 oH paBeH
OopJIMHAaTaM KpWBOM N; a 1ys 3Hadenuit 18, 19, 20 - opauHaTaM kpuBoit N-1.
Huxuuit ropusoHT 1715 3HaueHui X = 0 u X = 1 paBeH Ha4aJIbHOMY 3HAYEHUIO
Y; I 3HaYeHUH X = 2, 3, 4 - opauHaTaM KpUBOM N; a JjIs 3HAaYSHUH X OT 5 110
20 - opaunaram kpuBod N-1. Ilpm oOpabGoTke Tekymielr kpuBou (N+1)
QITOPUTM OOBSABISET €€ BUAUMON mpu X = 4. DTO TOKA3aHO CIUIOIIHOMN
nuHuen Ha puc. 8.6. Ananornunsiii 5QQpeKT BO3HUKAET U cIipaBa npu x = 18.
Takoit »ddexkT mpuBOAUT K MOSBICHUIO 3a3yOpeHHBIX OOKOBBIX pedep.
[IpoGiiema ¢ 3a3yOpeHHOCTHIO OOKOBBIX pedep pelraercs BKIOYEHHUEM B
MAaCCHBBI BEPXHETO U HWIKHETO TOPU30HTOB OPJUHAT, COOTBETCTBYIOIIMX
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IITPUXOBBIM JIMHUSAM Ha pHUC. 8.6. DTO MOXHO BBINOJHUTH 3PPEKTUBHO,
CO3/1aB JIO)KHBIE OOKOBBIE pedpa.

R

A

N [~
< ‘—"- " ™
-t TSN |
e N
// ‘\ ~~ <
/ “// \\\ .‘g‘ n + l
\\\
~Nn-1 X
0 5 10 15 20

Puc. 8.6. Dddext 3a3ydbpennoro pedpa

Eciu  QyHKIMS CcONEPKUT OYEHb OCTpPhlE YYacTKU (IIMKH), TO
MPUBEICHHBIM AITOPUTM TaKXKE MOXKET JaTh HEKOPPEKTHBIE PE3YJIbTaTHI.
OTOT 3(QeKT BbI3BaH BBIYUCICHUEM 3HAYEHUH (QPYHKIUMU U OLEHKOM ee
BUIUMOCTH Ha Yy4YacTKaX, MEHBIIMX, YEeM pa3pemiaronas CrocoOHOCTh
9KpaHa, T. €. TeM, 4TO (YHKIHUS 3aJaHa CIUIIKOM MAaJlbIM KOJINYECTBOM
Touek. Ecnu BcTpedaroTcsl y3Kue y4acTKH, TO (DYHKIHIO CIETyeT BBIUUCIATH
B 0OJIBILIEM YHCIIE TOYEK.

Ha puc. 8.7 mnokazan TUNWUYHBIA pe3yJabTaT pabOThl aJropuTMa
IaBarolero ropuzonTa ais ¢pynkuu y = (1/5)sin x cos z — (3/2) cos (7a/4)
e rae o = (x - m)’+(z - 1)°, B unTepBaie (0, 27).

Puc. 8.7. Pesynbrat paboThl airoputMa IiaBarolero ropu3oHTa
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8.3. Anroputm Po6epTca

AnroputMm PobGepTca nipeacTaiser coOOM MepBOE U3BECTHOE PEUICHUE
3a/1auyu 00 yJNajJeHUW HEBUAMMBIX JTUHUN. DTO MaTeMaTHUYECKH SJeTaHTHBIN
MeTOoJI, paboTaromuii B 00bEKTHOM MPOCTPAHCTBE. AJITOPUTM MPEXKIE BCETO
yaanseT U3 KaKJIOoro Tejia Te pedpa WM TpaHU, KOTOPbIE IKPAHUPYIOTCS
caMUM TeJOM. 3aTeM KaxkJ0€ U3 BHAUMBIX pebdep Kaxaoro Teja
CPaBHUBAETCA C KAXKJbIM M3 OCTABIIMXCS TEJ JJIs OMpENeJICHUsI TOro, Kakas
€ro 4acTh WJIM YacTH, €CJIM TaKOBbIE €CTh, IKPAHUPYIOTCS ITUMHU TeEIaMHu.
[TosToMy BBIUMCIUTENBHAS TPYIOEMKOCTh anroputMa Pobeprca pacrter
TEOPETHYECKH, KaK KBaJApaT YHCIa O0OBEKTOB. DTO B COUYETAHWUU C POCTOM
WHTEpEeCa K PacTPOBBIM JUCILIESM, palOTalomKUM B MNPOCTPAHCTBE
n300paXkeHUsl, MPUBEJIO K CHIKEHUIO HMHTEpeca K ainroputMmy PobOeprca.
OnHako MaTeMaTHYECKHE METOJbl, HCIOJIb3YyEMbIE B 3TOM aJTOPUTME,
MPOCThI, MOIIHBI M TO4HbL. Kpome TOro, 3TOT aJrOPUTM MOKHO
HCTIOJB30BaTh JIJIs1 WIUTIOCTPALIMM HEKOTOPBIX BaXKHBIX KOHIEnuuii. Hakowerr,
OoJiee MO3JIHUE peau3allii ArOPUTMA, UCTIOIL3YIONINE MPEIBAPUTEIHHYIO
MPUOPUTETHYIO COPTHPOBKY BIOJb OCHU Z M TMPOCThbie TabapuUTHBIE WU
MUHHMAaKCHBIE TECTbI, JEMOHCTPUPYIOT MOYTU JIMHEHMHYIO 3aBUCUMOCTH OT
9ucia 00bEKTOB.

PaboTa Anroputm PoGeptca npoxoauT B 1Ba 3Tarmna:

1. Onpenenenre HEIUIEBBIX TPAHEH JIJIST KaXKIOTO Tella OTAEIBHO.
2. OmpenencHue U yAaJICHHE HEBUIUMBIX pedep.

8.3.1.0npeaesieHre HeJIMIEeBbIX FPaHen

[Iycts F — HekoTopasi rpanb MHororpannuka. Ilnockocts, Hecyas
ATy TpaHb, pa3feiseT MPOCTPAaHCTBO Ha JBa MOANpPOCTpaHCTBA. HazoBem
MTOJIOKUTENBHBIM TO M3 HUX, B KOTOPOE CMOTPHUT BHEITHSSI HOPMaJh K TPaHH.
Ecnu Touka HaOMOIEHNUS — B TIOJIOKHUTEIIBHOM ITOIIIPOCTPAHCTBE, TO TPaHb —
auyeeas, B TPOTUBHOM cllyyae — Heauuesasa. Ecin MHOTOTpAHHHK
BBINYKJIBIA, TO YIOAJICHUE BCEX HENMIICBBIX TpaHEH IMOJTHOCTBIO peraeT
3a/1avy BU3yaIM3alliy C yIaJeHUEM HEBUIUMBIX TPAHCH.

Jnst  ompeneneHus, JIGKAT JW  TOYKa B TOJIOXXHUTEIHHOM
MOAMPOCTPAHCTBE, MCTOIB3YIOT MPOBEPKY 3HAKA CKAJSIPHOTO MPOU3BEACHUS
(I, n), rme | — BekTOp, HampaBiACHHBIH K HaOMOAATENO, (HAKTHUCCKH
oTpeseNsieT TOUKy HaOI0IeH s ; N — BEKTOp BHENIHEW HopMamnu rpanu. Eciaun
(I, n) > 0, T. e. yroi Mexay BEKTOpaMH OCTPBIH, TO TPaHb ABJSETCS JUIIEBOM.
Ecmu (I, n) < 0, 1. e. yron Mexay BEKTOpaMHU TYIIOHW, TO I'paHb SIBISETCS
HEJIMLIEBOM.

B anropurme PobGeptca Tpedyetcs, yToObl Bce n300pa)xaeMble Tesla Win
00BEKTHI ObUIA BBIMYKJIBIMU. HeBBIMyKIIbIe TEJIa NOJKHBI OBITh Pa30UTHI Ha
BBIYKJIBIC YacTH. B 3TOM aiaropuTme BBIMYKIIOE MHOTOTPAHHOE TEJIO C
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IUIOCKUMU TPaHsIMH JOJDKHO TPEACTaBUTHCA HAOOpOM IepeceKaronuxcs
IJDIOCKOCTEW. YPaBHEHUE TNPOU3BOJIBHOM IUIOCKOCTH B  TPEXMEPHOM
MIPOCTPAHCTBE UMEET BU/T

ax +by+cz+d=0 (8.1)
B maTpuuHO# hopMe 3TOT pe3ysIbTaT BBINISIUT TaK:
[xyz1][P]' =0,

T o
rae [P] = [a b ¢ d] npencraBiser coboit mrockocTs. [losToMy srob0e
BBIITYKJIOE€ TBEPJOE TEJIO MOKHO BBIPA3UTHh MATPUIIEH Te€Ja, COCTOSIIEH W3
K03 (UIIMEHTOB YpaBHEHUN TIIOCKOCTEM, T. €.

a, a, .. a
b, b . b

[V] = cl CZ cn :
1 2 ' n
d, d, .. d

/1€ KaXKIbIA CTOJIOEI] COAEPKUT KOI(PPUIUEHTHI OAHON MIIOCKOCTH.
HanmomMuum, 4dro mro0as TOYKa MPOCTPAHCTBA MpPEACTaBHMAa B
OJTHOPOJIHBIX KOOpAHHATaX BeKTopoM [S] = [x y z 1]. Bonee Toro, ecnu Touka
[S] nexur Ha mwiockoctw, to [S]'[P]" = 0. Ecnu xe [S] He jexur Ha
IUIOCKOCTH, TO 3HAK 3TOTO CKAJISIPHOTO MPOU3BEICHUS MTOKA3BIBAET, 110 KAKYIO
CTOPOHY OT IUIOCKOCTH paclojiioKeHa Todka. B anroputme PoGeprca
HpEeAIoiIaraeTcsi, YTO0 TOYKH, JIe)KAIFe BHYTPH Tella, JAf0T OTPHUIIATEIbHOE
CKaISIPHOE TPOM3BEACHUE, T. €. HOPMAaJHM HaIpaBJICHBI HapyxXy. UToObI
NPOWUTFOCTPUPOBATD ATH UAEU, PACCMOTPUM CIICAYIOIIHIA IPUMED.
PaccmoTpum enuHUYHBI KyO € IIEHTPOM B Hayajie KOOpJAuHAT (puc.

8.8).

Y

Puc. 8.8. Ky0 ¢ neHTpoM B Hauane KOOpAHHAT
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[IlecTh TIOCKOCTEH, ONMMCHIBAIONINX JAHHBIN KyO, TAKOBBI: X; = 1/2,
Xo=-1/2,y3 =112, y, = -1/2, 25 = 1/2, 75 = -1/2. Bonee moapoOHO ypaBHECHHE
MPaBOM IJIOCKOCTH MOKHO 3aIllUCaTh Kak

X;+ O'y1+ 0'21' (1/2) =0 um 2X1 -1=0

[Tonnas matpuiia Tena TaKoBa:

1 1 0 0 0 0 2 2 0 0 0 O

V]= 0 0 1 1 0 0 _ 0O 0 2 2 0 O .
0 0 0 0 1 1 0O 0 0 0 2 2
-1/2 1/2 -1/2 1/2 -1/2 1/2 -11 -11 -11

OKCIIEPUMEHTAIBHO MPOBEPUM MATPHUIly TeJa C NOMOIIBIO TOYKH, O
KOTOPOM TOYHO H3BECTHO, 4YTO OHA JIGKWUT BHYTpPU Tena. Ecnu 3HaK
CKJIIPHOTO TPOU3BEAECHUS JUIsl KaKOW-HUOYIb MIIOCKOCTU OOJIbLIE HYJISA, TO
COOTBETCTBYIOIIEE YPABHEHHUE IUIOCKOCTH CIEAYET YMHOXHUTh Ha -1. Jlmd
MPOBEPKH BO3bMEM TOYKY BHYTPH KyOa ¢ koopauHatamu X = 1/4,y = 1/4,z =
1/4. B oqHOpOAHBIX KOOpAMHATAX 3Ta TOYKA MPEJCTABISETCS B BUJIE BEKTOPA

[S]=[L1/4 14 14 1] = [1 11 4]
CKaJ'ISIpHOC IMPOU3BCACHHUC 3TOI'O BCKTOPA HAa MATPHUILY 06’beMa paBHO

1 1 0 0 0 o0
o 0 1 1 0 O

SI[V]=[1 11 4] =

[SIVI=1 'Yy o 0 o0 1 1

-1/2 1/2 -1/2 1/2 -1/2 1/2
=[26 -2 6 -2 6].

31ech pe3ysabTaThl JJISI BTOPOTO, YETBEPTOrO M IIECTOTO ypaBHEHUS
IJIOCKOCTEN (CTOJIOLIOB) TMOJOXKUTENIbHBI U, CJIEJOBATEIbHO, COCTABJICHBI
HEKOPPEKTHO. YMHOXasi 3TU ypaBHEHHsS (CToJIOIbI) Ha -1, modydaem
KOPPEKTHYIO MaTpHITy Tea JIs Kyoa:
2 -2 0 0 0 O
o 0 2 -2 0 O
O 0 0 0 2 -2|
-1 -1 -1 -1 -1 -1

V=

B npuBeneHHOM mpuMepe KOPPEKTHOCTh YpaBHEHUH IUIOCKOCTEN ObLia
[IPOBEPEHA DKCIEPUMEHTAIbHO. Pa3ymeercs, 3TO HE BCErJa BO3MOXKHO.
Cyl1ecTByeT HECKOJIBKO TOJIE3HBIX METOAOB i OoJiee 0OILIero ciydas.
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XoTsi  ypaBHEHHE  IUIOCKOCTH  COACPKHUT  YEThIpe  HEU3BECTHBIX
KOd(QHIHEHTa, €ro MOXXHO HOPMHPOBATH TaK, yToOb! d = 1. CriegoBaTebHoO,
TpeX HEKOJUIMHEAPHBIX TOYEK JOCTATOYHO Ui OMNpEAENeHUs OTUX
koa¢¢umenToB. [logcranoBKa KOOPAMHAT TPEX HEKOJTMHEAPHBIX TOUYEK (X1,
Y1, 21), (X2, Y2, Z2), (3, v3, Z3) B HOpMHpoBaHHOe ypaBHeHue (8.1.) maer

|
1
=

ax; + byl + Cz, =

|
1
=

ax, + by2 + CZ3 =

|
1
=

axs+ by2 + CZ3 =

B marpuyHOil popMe 3TO BBITIISIIUT TaK:

WIn
[X][C] = [D] (8.2)
Pelenue 3Toro ypaBHeHUs aeT 3HauyeHUs1 KO3 (PUIIMEHTOB ypaBHEHUS
mockoctu: [C] = [X]'[D].

Hpyro#t cnoco0 HCHOJB3YETCs, €CIM H3BECTEH BEKTOpP HOPMAJd K
IJIOCKOCTH, T. €.

n=ai+ bj + ck,

rae |, j, K — egquHMYHBIE BEKTOPHI OCEH X, ¥, Z COOTBETCTBEHHO. Torma
ypaBHEHHUE TUIOCKOCTH IIPUMET BH/]

ax+by+cz+d=0 (8.3))

Bennunna d Belymciasgercs ¢ ITIOMOIIIBIO HpOHSBOJ’IBHOﬁ TOYKH Ha
m1ockocTu. B YaCTHOCTHU, €CJIM KOMIIOHCHTHI 9TOM TOYKHU Ha IJIOCKOCTH (xl,

V1, 21), TO

d =-(ax; + by, + czy) (8.4)
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[lepen Hauamom pabOTHl AITOPUTMA YAAICHHUS] HEBUIUMBIX JIMHUN WU
MOBEPXHOCTEN ISl MOJYYEHHU KETAEMOr0 BHUJA CUEHBI YacTO MPHUMEHSETCS
TpEXMEpHOE BHAOBOE TpeoOpa3oBaHue. Marpuibl Teld IS OOBEKTOB
peoOpa3oBaHHONW CIEHBl MOKHO MOJYYUTh WA TpeoOpa3oBaHUEM
MCXOJIHBIX MAaTpHI TeJ, WM BBIYMCICHUEM HOBBIX MAaTpPHI] TE€J, UCIOIb3Ys
peoOpa30BaHHbIE BEPILIMHBI WIH TOYKU.

Ecmu [B] — wmarpuma OJHOPOIHBIX KOOPIWHAT, IPEACTaBIISIONMIAN
MCXOJIHbIC BEPINMHBI Tena, a [1] — MaTpuia pasMepoM 4x4 BHIOBOTO
npeoOpa3oBaHusl, TO NPEOOPa30BaHHBIE BEPIINHBI TAKOBBI:

[BT] = [BILT], (8.5.)

rne [BT] — npeoOpaszoBanHas matpuiia BepmuH. Vcnoiap30BaHne ypaBHEHUS
(8.2.) TmO3BONSIET TONYYHTh  YPABHEHUS  HMCXOJHBIX  IUIOCKOCTEH,
OTPaHUYUBAIOLIUX TENO:

[BI[V] = [D], (8.6.)

rne [V] — marpuna Tenma, a [D] B mpaBoil yacTh — HyJeBas MaTpHIIA.
AHanOTMYHO  ypaBHEHMsSI TPEOOPA30BAaHHBIX  IUIOCKOCTEH  3a/1at0Tcs
CIEAYIOIIMM 00pa3oMm:

[BTI[VT] = [DI, (8.7.)

rae [VT] — nmpeoOpa3oBanHass Marpuima Tena. [lpupaBHUBas JIEBbIC YacTH
ypaBHeHus (8.6.) u (8.7.), momyuaem

[BTIVT] = [B][V]

[Toacrasmnsst ypaBuenue (8.5.), cokpaimias Ha [B] u ymMHOXas cieBa Ha
[T, umeem

[VT] = [T]7[V]

Wtak, mnpeoOpazoBaHHAas MaTpula Teja IOJy4aeTcsl YMHOXEHHUEM
UCXOMHOM MAaTpHUIBl Tella CcJeBa Ha OOpaTHYI0 MAaTpPHUIly BHUIOBOTO
npeoOpa3zoBaHusl.

Tot ¢akT, 4TO MIOCKOCTH UMEIOT OECKOHEUHYIO MPOTHKEHHOCTh U UTO
CKaJspHOE TPOM3BENEHHWE TOUYKH (BEKTOpa TOYKM) HaA MaTpuIly Tela
HOJIOKHUTEIBHO, €CIIM TOYKA JIGKHUT BHE 3TOTO TeJa, MO3BOJIAET MPEATIOKUTD
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METO/, B KOTOPOM MAaTpHIla Tejia WCIOIB3YeTCs I OMpenesieHUs TpaHeH,
KOTOPBIE DKPAHUPYIOTCS CAMUM ITHM TEJIOM.

[TonoxuTenpbHOE CKAISIPHOE TIPOM3BEACHUE AT TOJBKO Takas
IJIOCKOCTH (CTOJIOEI) B MAaTpUIIE T€lIa, OTHOCUTEIBHO KOTOPOW TOYKA JICKUT
CHapyXH, T. €. B IOJOKUTEILHOM TOIIpocTpancTse. [IpommmocTpupyem 31o
Ha TIpUMepe YK€ PaCCMOTPEHHOTO IMHUYHOTO KyOa (puc. 8.9):

1 1

I 1

I 1

I 1

1 1

I 1
N1, N2, N5, Ng — HOpMaimi K =~ 1 .E
COOTBETCTBYIOIMM IPaHAM

<«
=Z 1
oo
1
1

Y Touka HaOIIOAEHUSA
[E]=[0 0 1 0]

yA

Puc. 8.9. Touka HaONOACHKS BHE TENA

VYenosue [E][V] < 0 onpenensier, 4TO MIOCKOCTH — HEJIUIIEBBIE, a UX
IpaHd — 3aJHUE. 3aMETHUM, YTO ISl aKCOHOMETPUUIECKUX MPOSKINI (TOYKa
HaOII0/IeHUs] B OECKOHEYHOCTH) 9TO KBUBAJIEHTHO MOUCKY MOJOKUTEIBHBIX
3HAYEHUH B TPEThEW CTPOKE MATPULIBI TEJIA.

Haiinem npoussenenue [E]-[V] nns Hamrero npumepa (puc. 8.9):

2 -2 0 0 0 O

0 2 -2 0 01-mp002-2
0 0O O 2 -2

-1 -1 -1 -1 -1 -1

[E}HVI=[0 0 1 0]+ ,

OTpI/II_IaTeJ'II)HOC YuCJI0 B IICCTOM CTOJ'I6I.[€ IMIOKa3bIBACT, 4YTO I'paHb C
9TUM HOMCPOM HCIIMIICBAA. [TonoXuTeIbHOE YHUCIIO B ISATOM CTOJ'I6HG
IIOKA3bIBACT, YTO IPaHb JIMICBAaI. Hy.HeBBIe pe3yJIbTaTbhl COOTBETCTBYIOT
IUIOCKOCTAM, ITapaJUICJIbHBIM HAIIPABJICHUIO B3IJIAA4A.
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[TonoxuTtensHbIA pe3yiabTaT BeKTOpa E M BekTopa HOpMamu MOKHO
MHTEPIPETAPOBATh KAK OCTPBIM  yIroJl MEXAYy OJTUMU BEKTOpPAMH,
OTPULIATENBHBIN PE3YyJIbTAT — KaK TyHOU yrodl. Eciim yron Mexy BEKTOpaMu
OCTpBIA, TO TpaHb SBIAETCSA JMIEBOM; €CIW Yroa TYIOHM, TO TpaHb —
HEJINLIEBAs.

OTOT METOA SABIAETCA MPOCTEHIINM aJrOPUTMOM yIaJ€HUs HEBUANUMBIX
HOBEPXHOCTEN Ui TeJl, MPEACTABISIOUIMX COOOW OJUHOYHBIE BBITYKIIbIC
MHOTOIpaHHUKH. OH TakXe HCIOJIb3YEeTCS Ul YHNAJICHWS HEIULEBBIX WIH
3aJlHUX TpaHed M3 CLEHBbl Nepell NPUMEHEHUEM OJHOTO M3 aJIrOPUTMOB
yJlaJeHUs] HEBUJUMBIX JIMHUM, KOTOpbIE O0CYKIAI0TCA HIXKE. DTOT CHOCO0
4acTO HAa3bIBAIOT omopacvléanuem 3a0HUX naockocmei. Ji1 BBITYKIIBbIX
MHOTIOTPAaHHHUKOB 4YHUCJIO TpaHEd IpU OTOM COKpallaeTcs MPUMEPHO
HaIlOJIOBUHY. METO SKBUBAJIEHTEH BBIYHMCICHUIO HOPMAJIU K MOBEPXHOCTH
JUISL K&KJIOTO OTAEIBHOTO MHOTOYTOJIbHUKA.

JIaHHBIMT METON ONPEAEICHUS HEIMIEBBIX TPAHE B PE3YJbTATE
(GopMHpYET aKCOHOMETPHUYECKYIO TNPOEKIMI0 Ha HEKYK IIJIOCKOCTb,
pPacHoJIOKEHHYI0 OECKOHEYHO JalleKo OT J000i TOYKM TPEXMEPHOTO
mpocTpaHcTBa. BupoBble mnpeoOpa3oBaHus, BKJIKOYas NEPCHEKTUBHOE,
MIPOU3BOJATCS 10 OIPENENEHUs HEIMUEBBIX IUTOCKocTeW. Korma BumoBoe
npeoOpazoBaHue BKIIOYACT B ce0s MEPCIEKTUBY, TO HY)KHO HCIIOJIb30BaTh
[OJJHOE  MEPCIEeKTHMBHOE  NpeoOpa3oBaHME  OJHOTO  TPEXMEPHOIO
IIPOCTPAHCTBA B IPYTO€, a HE NEPCIIEKTUBHOE IPOCLIMPOBAHUE HA HEKOTOPYIO
IBYMEPHYIO II0CKOCTh. [loHOE nmepcenekTuBHOE peoOpa3oBaHUe MPUBOAUT
K MCKaXXCHUIO TPEXMEPHOTO TeJla, KOTOPOE 3aTeM IPOCLUPYETCS HAa HEKYIO
IUIOCKOCTh B  OECKOHEYHOCTH, KOIJla HEJMLEBbIE IUIOCKOCTU  YyiKe
OTIPE/ICIICHBI. OTOT  pe3yapTaT  JKBUBAJIEHTEH  IEPCIEKTUBHOMY
MIPOENUPOBAHUIO U3 HEKOTOPOIO LIEHTPA HA KOHEYHYIO INTIOCKOCTh MPOEKIUU.

B nurepatype omucaHbl W JOpyrue CHocoObl YyAAJIECHHS HEBUIAMMBIX
rpadeit. Tak, B UCTOUHUKE [/] BCe HOpMAJIU K TpaHSIM Tejla HampaBJsIIOTCS
BHYTPb T€Jla M HCIOJB3YETCS BEKTOp, HANPABJICHHBIA OT HaOMroAaTens K
IIPOEKIIMOHHOU IIOCKOCTH.

8.3.2.Yja/1eHue HeBUAMMbIX pebdep

ITocne mepBoro sTama yJajaeHUs HEJIUIEBBIX OTPE3KOB HEOOXOIUMO
BBISICHUTB, CYIIECTBYIOT JIM TaKW€ OTPE3KH, KOTOPhIE HSKPAHUPYIOTCS
OPYTHUMU TEJIAMU B KapTUHKE WJIM B cleHe. 1 3TOro Ka) bl OCTaBIIUHC
OTPE30K WU pedpo HYKHO CpPaBHUTh C JAPYTMMH TeJaMU CICHbI WJU
KapTHUHKH.

Bo3MOXHBI ciienyromme ciryyau:

¢ I'panp pebpa He 3akpriBaeT. PeOpo ocTaeTcs B criucke pedep.
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¢ I'panp momHOCTBIO 3aKpbiBaeT pedpo. Pebpo ymanmsercs u3 crucka

paccMaTpuBaeMbIX pedep.

¢ I'panp dactuuHO 3akpeiBaeT peOpo. B 3TOoM cioydae pebpo

pa3OuBaeTcss Ha HECKOJBKO dYacTed, BUANUMBIMH W3 KOTOPBIX
aBIAOTCS He Ooznee aByx. Camo peOpo ymanseTcs W3 CIHCKa
paccMaTpuBaeMbIX pebep, HO B CIIMCOK TPOBEPSEMBIX pedep
NOOABISAIOTCS T€ €ro 4acTH, KOTOphIe JJAaHHOW TpaHblO HE
3aKpBIBAIOTCSI.

Jis  ONTHUMH3AIMN  HCTOJIB3yeTCsS TMPUOPUTETHAS COPTHPOBKA (Z-
COPTHUPOBKA), a TaKXkKe, CPABHCHHUS C TMPSMOYTOJbHBIMH OOBEMITIOIINMHU
obosoukamu Tes. Takod MOAXOM TO3BOJSET yNadUTh IENbIE TPYIIBI N
KJIacTephl OTPE3KOB U Tei. Hampumep, ecinu Bce Teja B CLIEHE YIOPSA0UYEHBI
B HEKOTOPOM TIPHOPUTETHOM CIHCKE, WCIOJB3YIOMEM 3HAYCHHS 2
OJKalIuX BEPINHMH I TIPEICTABICHUS PACCTOSHUS A0 HAOIIoIaTeNs, TO
HUKAKOE TEeJI0 W3 OTOT0 CIHCKa, y KOTOpOro Omkaimias BeplinHa
HaxXOJIUTCS JajbIlle OT HAONIOAATElNsI, YeM camas YAAJICHHAs W3 KOHIICBBIX
Touek pedpa, HE MOXKET 3aKpbIBaTh 3TO0 pedpo. bomee Toro, Hu ogHO U3
OCTaBIIUXCS TeJN, NPSAMOYrojibHas 000JI0YKa KOTOPOTO pacHoJio’KeHa
MOJIHOCTBIO CIIPaBa, CJIeBa, HAJ WU MOJ pedpoM, HE MOXKET dKPaHHUPOBATH
3TO0 pedbpo. Mcnonab3oBaHue 3TUX MPUEMOB 3HAYUTEIHHO COKpAIIAeT YUCIIO
TeJ, C KOTOPHIMU HYXKHO CPaBHUBATh KaXKIblii oTpe3ok min pedpo. Puc. 8.10
WLTIOCTPUPYET paboTy anropurMa.

N

Puc. 8.10. Pe3ynbrat padotsl anropurma Pobeprca

8.4. AJIropuTM, MCHOJIB3YIOIIUN Z-0ydep

ANTOpPUTM, WCHONB3YIOMUNA Z-Oyghep OTO OIUH U3 TMPOCTSHIIMX
QITOPUTMOB yJaJCHUST HEBUAMMBIX TOBEpXHOCTEW. BrepBeie OH ObLT
npemioxked Koatmymom. PaGoraer »TOT ajnropuTM B IPOCTPAHCTBE
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nzobpakenus. Mnmes z-Oydepa sBISETCS TPOCTBIM OOOOIIEHUEM HACH O
oydepe xampa. bydep kampa ucmonp3yeTcs s 3allOMUHAHUS aTpUOyTOB
(MHTEHCUBHOCTH) Ka)KJOTO IMHUKCENS B MPOCTPAHCTBE M300pakeHus, Z-0ydep
- 9TO OTHENbHBIA Oydep TIyOMHBI, HCHOIB3YEMBIH IJs 3alOMUHAHUS
KOOPJMHATHI Z WM TIIyOMHBI Ka)KJOTO BUIUMOTO MHUKCENS B MPOCTPAHCTBE
n3o0pakenus. B mporecce pa®oTel riayOMHAa WM 3HAYCHHE Z KaXKJIOTO
HOBOT'O TTUKCENsl, KOTOPbIA HYKHO 3aHECTH B Oydep Kaapa, CpaBHHUBAETCS C
IIIyOMHOM TOTrO MHKCENsi, KOTOpbI yxke 3aHeceH B Z-Oydep. Ecmm 310
CpaBHEHUE MOKA3bIBACT, YTO HOBBII MUKCENb PACIIONIOKEH BIEPEIN MUKCENS,
Haxojserocsa B Oydepe kKajipa, To HOBBIM MTUKCENb 3aHOCUTCS B ATOT Oydep
U, KpOM€ TOT0, MPOU3BOAUTCA KOPPEKTUPOBKA Z-Oy(epa HOBBIM 3HAUCHHUEM
Z. Ecnin e cpaBHEHHME JAeT MPOTHBOIOJIOXKHBIA PE3yJabTaT, TO HUKAKHX
NEeNUCTBUM HE nponusBoauTcs. [1o cyTu, anroput™ siBiIs€TCss TOMCKOM IO X U Y
HauOOJIbIIEro 3HaueHUs: PyHKIUU Z (X, V).

['maBHOE IpenMyIECTBO aJiroOpuT™Ma — ero npocrora. Kpome toro, 3Tot
ITOPUTM peIlaeT 3a7auy 00 yJAaJIeHUH HEBUIUMBIX IOBEPXHOCTEHN U JIE€IaeT
TPUBHAIBHOW BU3YaIU3ALMIO IEPECEUYEHNN CIOKHBIX MOBEPXHOCTENH. CLIEHBI
MOTyT OBbITh J000M ciIoKHOCTU. [lockosibKy TabapuThl MPOCTpPaHCTBA
n300paxeHuss (UKCUPOBAHBI, OIIEHKA BBIUYMUCIUTEIBHOW TPYJ0EMKOCTU
anroputMa He Oosee ueM JuHeiHa. [IOCKONBKY 3JI€MEHTBI CLEHBI WU
KapTUHKH MOXHO 3aHOCUTH B Oydep kaapa wim B Z-Oydep B MpOU3BOILHOM
HNOpsAKE, WX HE HYXHO NpPEIBAPUTEIBHO COPTHUPOBATH IO MPUOPUTETY
riryOuHbl. [103TOMY SKOHOMUTCSI BBIYMCIUTENIBHOE BPEMs], 3aTpauylBaeMoe Ha
COpPTUPOBKY MO TIyOUHE.

OCHOBHOM HEIOCTAaTOK aJropuT™Ma - OONBIION 00BeM TpedyeMoi
namMati. Eciu creHa mnoaBepraerca BUIOBOMY MPeoOpa3oBaHUIO U
OTCEeKaeTcss 0 (PUKCHPOBAHHOTO JAMana3oHa 3HAYEHUM KOOpJIMHAT Z, TO
MOKHO HCTIOJIb30BaTh Z-0ydep ¢ GUKCUpoBaHHONW TOYHOCTHIO. MHpOopMariuio
0 TIIyOMHEe HYXXHO oOpabaThiBaTh ¢ OOJIbIlIEH TOYHOCTBIO, YeM
KOOPJMHATHYI0 WH(POPMAIMI0 Ha TUIOCKOCTH (X, Y); OOBIYHO ObIBaeT
nocraroyHo 20-tu Out. bydep kampa pasmepom 512x512x24 Out B
KoMOuHanuu ¢ Z-0ydepom pazmepom 512x512x20 6ut Tpebyet moutu 1.5
Merabait namsatu. OIHaKO CHUKEHHUE LIEH Ha NMaMATh JeIaeT SKOHOMHYECKH
OMpaB/IaHHBIM CO3JaHUE CHEHAIU3UPOBAHHBIX 3aIIOMUHAIOIIUX YCTPOUCTB
1ist Z-Oydepa u CBA3aHHOM ¢ HUM armapaTyphbl.

AJbTEpHATHBOM CO3MaHUIO CHCIUATBHOM maMsiITH s Z-Oydepa
ABIIIETCS  WCIIOJIb30BaHHWE JUIsI OTOM LENM  ONEpPaTUBHOM  MaMSTH.
VYMmeHblIeHHE TpeOyeMoil mamsTH JAOCTUTaeTcs pa3OMeHUEM IMPOCTPAHCTBA
n3o0pakenust Ha 4, 16 wiam OoJbIlle KBAaAPaTOB WM ToJIoc. B mpenensHOM
BapuaHTE MOXKHO HCIOJIb30BaTh Z-Oydep pa3MepoM B OJIHY CTPOKY
pasBepTku. s MoOcinegHero ciaydas HMEETCS HWHTEPECHBIM  aJITOPUTM
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MIOCTPOYHOIO  CKaHUpOBaHUA. [lOCKOJNBKY KaXXIbld JJIEMEHT CLEHBI
oOpabaTpIBaeTCsI MHOTO pa3, TO CErMEHTHpoBaHue Z-Oydepa, BooOIIe
TOBOPSI, TPUBOANT K YBEIUYCHHUIO BPEMEHH, HEOOXOIUMOTO JjIsi 00paboTKH
crueHsl. OHAKO COPTUPOBKA Ha TUIOCKOCTH, MO3BOJISIONIAas HE 00pabaThIBaTh
BCE MHOTOYTOJBHUKM B KaXJAOM M3 KBaJapaTOB WM MOJOC, MOXET
3HAYUTEIBHO COKPATUTh 3TOT POCT.

JHpyroii HeoCcTaToK ajaropuTMma z-0ydepa COCTOUT B TPYAOEMKOCTU U
BBICOKOM CTOMMOCTH YCTpPAaHEHHMsS JIECTHUYHOTO »d(deKTa, a TaKxke
peanu3auuu  3(PEGEeKToB MpO3padyHOCTH U TpocBeunBaHus. [lockombky
ITOPUTM 3aHOCHUT MUKCENN B Oydep Kaapa B MPOU3BOJLHOM MOPSAIKE, TO
HEJIETKO MOJy4YUTh MHGOPMAINIO, HEOOXOJUMYIO JIJIi METOJIOB YCTPAHEHUS
JecTHUYHOro  3(d@dexra, OCHOBBIBAIOIIMUXCS  HA  MPEABAPUTEIHHOU
dbunsrpanuu. [lpu peanuzanuu 3¢pPeKTOB MPO3PAYHOCTH U MPOCBEUUBAHUS
MUKCEU MOTYT 3aHOCUTHCS B Oydep Kajapa B HEKOPPEKTHOM IMOPSAJKE, YTO
BEJIET K JIOKAJIBHBIM OIIIHOKAM.

dopmalibHOE ONKCaHue aaropuT™Ma Z-0ydepa TakoBo:

1. 3anonnuth Oydep kanpa GOHOBBIM 3HAUCHUEM HHTECHCHUBHOCTH WIIU
I[BETA.

2. 3anoJIHUTh Z-0ydep MUHUMATbHBIM 3HAUCHUEM Z.

3. [IpeobpazoBaTh KaKAblii MHOTOYTOJBHUK B PAacTpoByH (opmy B
IPOU3BOJIBHOM MOPSIKE.

4. Ins xaxnoro [luxcenv(X,y) B MHOTOYTOJIBHUKE BBIYHUCIUTH €O
riyouny z(X,y).

5. CpaBuutb riyouny z(x,y) co 3HaueHueM Zoyghep(x,y), XpaHsIIIUMCS B
Z-0ydepe B 3TOH K€ MO3ULIHH.

Ecmm  z(x,y) > Zb6ygep (x,y), TO 3amucath aTtpuOyT 3TOrO
MHOT'OYTOJIbHUKA (MHTEHCUBHOCTb, LIBET U T. M.) B Oy(dep kaapa u 3aMEHUTh
Zoygep(x,y) Ha Z(x,y). B TpoTHBHOM cilydae HHKAaKUX JCHCTBHIA HE
MIPOU3BOIUTH.

Ha niceBmokoze anroput™ MOKHO MPEACTaBUThH TaK:

for all objects
for all covered pixels
compare z

B kadecTBe mpeaBapuUTENBbHOTO IIara TaMm, TZIe 3TO Ieiecoo0pasHo,
MIPUMEHSETCS YAAJCHUE HEIIMLIEBBIX TPAHEN.

Ecim  wu3BECTHO  ypaBHEHME  IUIOCKOCTH,  HECYIIEHM  KaXKIbIA
MHOTOYTOJIbHUK, TO BBIYHCIEGHHUE TJIyOMHBI KaXJOTO TIHUKCEIs Ha
CKaHUPYIOIIEH CTPOKE MOKHO MPOJieiaTh MOIaroBsiM crocoobom. I'pans npu
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ATOM PUCYETCS MOCIEI0BATEIbHO (CTpoKa 3a CTpokoil). J[ns HaxoKaeHus
HEOOXOJIMMBIX 3HAYECHUM HCMONB3YeTCs JIMHEHHAs WHTepnoysuus (puc.

8.11).
(X1, Y1, 1)

(Xa, ¥, Za) . (Xo, ¥ Zb)
(XY, 2)

(X2, Y2, 22)

(X3l y3l 23)

Puc. 8.11. Cxanupyromasi CTpoka 1o rpaHu

Jlns pucyHka Y meHsieTcs OT Y; JI0 Y, W Janee A0 Y3, MpU 3TOM JJis
KaXJ0M CTPOKH ONPEAETACTCS Xq, Za, Xp, Zp:
Xa= X+ (X2' Xl).u;
27 N1
— Y-V .
Xp= X+ (Xg- X1)- ——+;
3TN
— Y-y .
Za= 21+ (22- 21) —;
27 N1
— y-y
Zp= 21+ (23- 7). —+.
37 N1
Ha ckanupyromien cTpoke X MEHSIETCS OT Xa 10 Xp U JUTS KOKIOM TOYKH
CTPOKH ONPEACIISICTCS TITyOrHA Z:

2= 2+ (2 Za) —

X, — X,

Peanuzanusa anropurmMa BIOJb CKAHUPYIOLIEW CTPOKHA IO3BOJISIET
COBMECTUTh QJITOPUTM Z-Oydepa C anropurMamu pPacTpOBOM pa3BepTKU

pebep 1 anropuTMamMu 3aKpacku TpaHu.
[TpounrocTpupyem paboTy anropuTMa Ha mpumepe st puc. 8.12.
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Puc. 8.12. [IpoTsikarommii TpeyroJIbHUK
B navane B Oydepe xaapa u B zZ-0ydepe conepxkarca nynu. [locre

Oydepa xampa Oyner

pacTpoBOil Pa3BEPTKU MPSAMOYTOJbHHUKA CONEPKUMOE

HUMCTDb BU/J

OO OO OO0 O OO0 O0OOO0O0O0O0oOOo

O OO OO O0ODO0ODO O OO0 0OO0O00O0O0oOOo

O OO0 OO OO0 ODO0O0O0DO0OO0O0O0O0OOO0OOo

O O
O O
O O
O O
O O
O O

o O -

1

O O
O O
O O
O O

O O

O O

L B e B B B o B B |

L B B I B o I B |

L B B I B e I B |

U B B B I B B |

U B B B B B B |

S B B B B B B |

U I B B e IO e B e IO |

L B B B B o B B |

L B e B B B B B |

L B B B B o B B |

L B B B B o B B |

U B e B B o IO IO e IO |

L B B B B B B |

—i

—i

1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1

1
1
1
1

1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1

—i

—

—i

—i

1
1
1

—

—i

—i

—

i

i

—

o o

o o

o o

o o

o o

o o

o o

o o

o o

o o

o o

o o

o o

OO OO OO0 O O OO0 0O0O0O00O0 0o

OO OO OO0 O O OO0 0O0O0O00O0O0oOOo

OO OO OO0 O OO0 O0OO0OO0O00O0OoOOo

141



Conepxumoe Z-0ydepa TakoBo:

coo0oo0o0O0UO0TO0CTUO0IUOOWUO0OO0OTO0OO0O O0O O0O O
cooo0o0O0O0TO0OTO0O0OWUO0ODO0OO0OTO0O 0O O0O Oo
0 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10
0 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10
0 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10
o 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10
o 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10
o 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10
o 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10
o 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10
o 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10
0 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10
0 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10
0O 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10
0 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10
coo0oo0O0O0UO0O0DTUO0OO OO OO O0O O0O O0O O
coo0oo0O0SO0O0O0OT O0TO0OTIO OO OO O O0O O

OO OO OO OO ODODODO0ODO0OOCOO0OoOo

eoloNeololoNeoloelololNoelNololNolNelololNo

eololNeololoNeoleolololNoelNololNolNelololo]

IIpu o06paboTke TpeyroipbHUKa IpeoOpa3oBaHHE €ro B PacCTPOBYIO
dbopMy 1 cpaBHEHHE I10 TUTyOHMHE JJaeT HOBOE 3HaUeHUE Oydepa Kaapa:

cNoNoloNoNoNoNoloNoNoNoloNoNoNoNo)
cNoNoloNoNoNoNoloNoNoNoNloNoNoNoNo)
cNoNoloNoNoNololoNoNoNoloNoNoNoNo)
OCORRPRRPRRPRRPRRRPRREPREPRRLRRLRRLOO

OCOoORRPRRPRRPRRPRRPRRRPRPLPRLRRLRRLOO

OCORRPRRPRRPRRPRRRPREPREPRRLRRLRRELOO

OCORRPRRPRRPRRPRRPRRPREPREPRRLRRLRRELOO

OCORRPRRPRRPNRPRRPRPREPRRLRRLRRELOO

OCORRPREPNNNRPRRPREPRRLRRLRRELOO

OORRFRPRRFEPFNNMNNNRRPRRRRERREROO

OCOkFRFPEFEMNMNNNNNNEFERFRPRFRPRPRPPEROO
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HoBoe copepxumoe z-0yepa TakoBo:

cooo0o0o0O0SO0OTO0CO0OWUO0OO0OTO0OTUO0OTUO0OTOoOOoOOoOoo
cooo0o0o0O0SO0T0O0OWUO0ODTUO0OTO0OCOTOTOoOOoOOoOoOoOo
o 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10 5 0 O
0o 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10 5 0 O
o 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10 6 O O
0O 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10 6 O O
0O 0 0 10 10 10 10 10 10 10 10 11 10 10 10 10 6 5 O
0O 0 0 10 10 10 10 10 10 10 12 11 10 10 10 10 7 5 O
0O 0 0 10 10 10 10 10 10 13 12 11 11 10 10 10 7 6 O
0O 0 0 10 10 10 10 10 14 13 12 12 11 10 10 10 7 6 O
0O 0 0 10 10 10 10 15 14 13 12 12 11 10 10 10 7 6 O
0O 0 0 10 10 10 10 10 14 13 12 12 11 11 10 10 8 7 5
0o 0 0 10 10 10 10 10 10 10 10 12 11 11 10 10 8 7 5
0 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10 8 7 ©
0 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10 O O ©
cooo0o0 00 O0O0CDCO0ODOUO0ODO0OTO0OTUO0OTO0TO0CDTUO0DTO0OOQO0OO
cooo0o0o0O0SO0TO0O0OWUO0OO0OTO0OTO0OO0OTO0OTO0DO0ODO0DTO
8.5. MeToAbI TPACCUPOBKHU Jiy4yeu

B npocreimiem mMeTone, UCIONB3YIOLINAM JIYYH, IS KaXKI0r0 IMUKCENs
KapTUHHOM TJIOCKOCTH ONpenemsieTcs Onvxalinas K HeMy TpaHb, IJIs 4ero
yepe3 ITOT NMUKCEIb BBITYCKAETCs JIyd, HAXOIATCS BCE €ro NEPEeCcEeueHUs C
TpaHsSMH M CpeAW HUX BbIOMpaeTcss Onwxkaimas. [[Ber 3Tol rpaHu u
ompefeseT LBET TNUKcess. Takod METoJ 4YacTO Ha3bIBAIOT MEmOo0oM
Opocanus nywen vnu ray casting.

AJITOpUTM Ha TICEBAOKOJI€ MOKHO KPATKO 3alucarh Tak:

for all pixels
for all objects
compare =z

AJNTOPUTM TPACCUPOBKH JIydeld HECKOJBKO TMOXO0X Ha aJTOpUTM Z-
Oydepa, omHaKo 37eCh HMHUKIBI MO THUKCENISIM W MO OOBEKTaM MEHSIOTCS
MecTtamu. B 3TOM ciyuyae Henb3s UCIOJIb30BaTh KOTEPEHTHOCTh MUKCENEH, U
JUHEWHYI0 HHTEPNOJSLMI0 BJOJb CKaHUpyroomed cTpoku. OJHako
MpOUTpHIBasi B CKOPOCTH pEHJEPHHTa, MOXKHO TMOJy4YuTh OoJiee
KAueCTBCHHBIC HW300PKCHUS HCIIONB3YyI0 MOJU(PHUKAINUIO OMUCAHHOTO
aNropuTMa.

B aTOM ciydae juist yaaieHusi CKPBITBIX JTMHUN U TIOBEPXHOCTEH MOYKHO
UCIIOJIB30BaTh TOT (DaKT, YTO B pEaJbHOW TMPHUPOJEC HCTOYHHK CBETa
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UCITyCKaeT JIyd CBETa, KOTOPBIH, «IIYTEHIECTBYS» IO TPOCTPAHCTBY, B
KOHEYHOM CUETE «HATBIKACTCS» Ha KaKylo-TuOO Tperpamy, KoTopas
MpPEepBIBAaCT PaclpoCTpaHEHHE ITOTO CBETOBOro jy4a. B kakoi-nmnbo Touke
MyTH C Jy4OM CBETa MOXKET CIYYHTHCS JI00as KOMOMHAIUs TPEX BeIIeH:
noznouyenue, ompadxicenue (peghnexyusn) v npenomienue (peppaxuusn).
IToBepXHOCTh MOKET OTpPa3uTh BECh CBETOBOM Jyd WJIM TOJBKO €ro
4acTh B OJIHOM HJIM HECKOJBKUX HampapiieHUsAX. [[oBEpXHOCTh MOXKET Takke
MOTJIOTUTh YacTh CBETOBOTO Jy4ya, YTO MPUBOJUT K MOTEPE MHTEHCHUBHOCTH
OTPAXEHHOTO W/UJU MPEJOMIIEHHOTO JTyda. Eciii mMOBepXHOCTh UMEET KaKue-
nub0 CBOWCTBA MPO3PAYHOCTHU, TO OHA TMPEJIOMIIIET YacTh CBETOBOIO JIyda
BHYTpU ce0si U M3MEHSIET €ro HalpaBJieHUE PACIPOCTPAHEHHUS], MOTIIONIAs
HEKOTOpbIH (MJIM BeChb) CHEKTp Jiyda (M, BO3MOXHO, HW3MEHSSI IIBET).
CymMapHass MHTCHCHBHOCTh CBETOBOTO JIyda, KOTOpas ObLTa «IIOTEpsSHa»
BCJICZICTBHC TIOTJIOIICHMS, TPEIOMJICHHSI M OTPaXCHUsS, JOJDKHA OBITh B
TOYHOCTH pPaBHOM HCXOAsIIeH (HayaJibHOM) MHTEHCUBHOCTH 3TOrO Jiydya.
Jlanee oTpakeHHBIC W/WIM TPEIOMIEHHBIE Jy9d JOCTHTAIOT JAPYTHX
MOBEPXHOCTEH, TNI€ WX MOMIOLIAONIME, OTPAXAIOIUE W IPETOMIISIONINE
CIIOCOOHOCTH  CHOBA  BBIYUCIISIIOTCS, OCHOBBIBAsCh Ha  pe3yJibTaTax
BBIYMCIICHUN BXOIAIMUX Jydeil. Takum oOpa3om, Jiyd, MPOMYIICHHBIN dyepe3
MUKCEIb KApTUHOM TNIOCKOCTH, 00pa3yeT CIOXKHBIN pa3IestomUuics My Th.

Light 1 Light 2

+ A
I Obhct 3
1 \

H1

Object 1

Image plain

Puc. 8.13. O6patHas TpaccupoBka yueit

Kak ormeueno B [7], ecau mpociaenTh 3a JIy4aMH CBETA, BBITYIICHHBIM
HMCTOYHUKOM CBETa, TO MOXHO YOEAUTHCS, UYTO BECbMa HEMHOTHE JTOMIYT 10
HaOmonatens.  CrenoBaTeNbHO,  ATOT  MPOLECC  BBIYUCIUTEIBHO
HerhdexTuBeH. [103TOMy OBLIO MPEIIOKEHO OTCISKHUBATH (TPACcCCUPOBATH)
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Jy4d B 0OpamuoMm HANPABJICHUH, T.€. OT HAOIIOAATENs K O0BEKTY U Jajiee K
UCTOYHMKY ocBerenus (puc. 8.13). IIpu 3TOM, HHTEHCHBHOCTH B ITHKCEIIE,
yepe3 KOTOPBIH MPOXOINT JyY, PACCUYMTHIBAIACH Obl HHTETPAIBLHO C YYETOM
BCEX CJIaracMbIX: IMEPECEUCHUs, OTPAKEHHS, MPEIOMIICHHS Jayda ¢ Pa3HbIMU
00BEKTaMH M XapaKTEPHCTUK HMCTOYHMKOB CBeTa. TakoW IMOAXOJ MOJIY9HII
Ha3BaHHUE Mem o0 0Opammuoil mpaccuposku ayueu (ray tracing).

8.6. AJITOpUTMBI, UCN0JIb3YIOLUE CIIUCOK IPUOPUTETOB

[Ipn peanuzanum Bcex OOCYKIABUIMXCS aJTOPUTMOB  yAAJICHUS
HEBUAMMBIX JMHUA M MOBEPXHOCTEH YCTaHABIMBAJIUCH MPUOPUTETHI, T. €.
riyOWHBI OOBEKTOB CIEHBl WJIM HMX PACCTOSHUS OT TOYKH HaOIIOJCHUS.
ANroOpyUTMBI, UCHOJB3YIOIINE CHUCOK IMPUOPUTETOB, IBITAIOTCS MOJIYYUTh
PEUMYILECTBO MOCPEACTBOM MPEABAPUTEIBHON COPTUPOBKU IO TIyOMHE
Wwin npuoputety. Llenb Takoil COPTUPOBKU COCTOUT B TOM, YTOOBI IOJIY4YUTh
OKOHYATENIbHBIN CIHCOK 3JIEMEHTOB CIICHBI, YIIOPSIOYEHHBIX 110 IPUOPUTETY
rTyOWHBI, OCHOBAaHHOMY Ha PAacCTOSTHUM OT TOYKH HabmogeHus. Ecnu takoii
CIMCOK OKOHYAaTEeJEeH, TO HHUKAKWE JBa 3JEMEHTa He OyIyT B3auMHO
MEePeKphIBaTh Ipyr Apyra. Toraa MOXKHO 3ammcarh BCE dJEMEHTHI B Oydep
KaJipa TIOOYEPEIHO, HAUMHAA C AJIIEMEHTa, HauboJiee yAAJEHHOTO OT TOYKH
HaOmoaeHus. bonee Onu3KkMe K HAOMIOAATENIO AJIEMEHTHl OyAyT 3aTUpaTh
uHpopMaIuio o 0oJiee Tajnekux 3neMeHTax B Oydepe kaapa. [loaTomy 3anaua
00 yJajeHUu HEBUIAMMBIX MMOBEPXHOCTEH peliaeTcs TpUBUATBHO. DPhEeKTh
PO3PAaYHOCTH MOKHO BKJIIOYUTH B COCTAaB QJIrOpUTMa MyT€M HE MOJIHOH, a
YaCTUYHOM KOPPEKTUPOBKM COJEpKUMOro Oydepa Kagpa ¢ y4eTOM
aTpuOyTOB MPO3PAUYHBIX HIIEMEHTOB.

JUis mpOCTBIX 3JIEMEHTOB CILIEHbI, HApuUMeEp s MHOTOYTOJbHUKOB,
ATOT METOJ MHOTJAa Ha3bIBAIOT AJITOPUTMOM XYOOHCHUKA, TIOCKOJIbKY OH
aHAJIOTMYEeH TOMY CIOco0y, KOTOPbIM XYAOKHUK co3/aeT kapTuHy. CHavana
XYIOKHUK pucyeT (oH, 3areM TMpeaAMeThl, JeXalue Ha CpeIaHeM
paccTOsSIHUM, W, HAKOHEIl, MepeIHni TutaH. TeM caMbIM XyIOKHHK periaeTt
3amaqy 00 yJalleHWW HEBUIUMBIX MOBEPXHOCTEH, WM 3a/7ady BUAMMOCTH,
IyTeM TTOCTPOCHHUS KapTUHBI B TIOPSIKE 00PAaTHOTO IPUOPUTETA.

Jlns mpocToil ClieHbl, BpoJie TOM, 4TO ToKa3aHa Ha puc. 8.14, a,
OKOHYATEJIbHBIM CHUCOK MPUOPUTETOB MOKHO IMOJIyYUTh HETOCPEICTBEHHO.
Hanpumep, 3TH  MHOTOYrOJbHUKM MOXHO  yHNOPSAOYUTH MO  HX
MaKCUMaJbHOMY WJIM MHUHHUMAJbHOMY 3HAUY€HHUIO KOOpAWHATHl Z. OmHako
y)Ke JJIs CIIeHbI, NMoka3aHHOM Ha puc. 8.14 b, okoHYATENbHBIA CIHCOK
MPUOPUTETOB IO IITyOMHE HEBO3MOXKHO MOIYYUTh MPOCTOM COPTUPOBKOM MO
z. Ecnu P u Q ¢ puc. puc. 8.14, b ymopsmodyeHsl M0 MUHHMAIEHOMY
3HAYCHUIO KOOPIUHATHI Z (Zmin), OKKETCS, YTO P B CITUCKE MPHOPUTETOB TI0
riyoune Oyzaet crosath nepen Q. Eciu ux 3anucate B Oydep kaapa B TaKkoM
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nopsake, TO modyuyuTcs, 4yto Q wyactuuHo »skpanupyer P. Opnaxo
¢daktuyecku P wactuyHo skpanHupyeT Q. IlpaBUIbHBIN MOPSAOK B CHHCKE
MPUOPUTETOB OyAeT Toraa, koraa P u Q momMeHsI0TCs MECTaMH.

> X > X
P P
\ Q
Q 
— R
ZV ZV
a b

Puc. 8.14. YcranoBieHne NpHOPUTETOB I MHOTOYTOJIBHUKOB

Hpyrue TpymaHOCTHM TOKazaHbl Ha puc. 8.15. 31ech MHOTOYTrOJbHUKU
UKIMYECKU TepekphiBatoT npyr apyra. Ha puc. 8.15, a P naxomutcs
Briepean Q, KOTOpBIM JIEKUT BIepean R, KOTOpHIM, B CBOIO O4Yepeb,
Haxonutcst Briepeau P. Ha puc. 8.15, b P skpanupyer Q, a Q skpanupyer P.
AHanOTUYHOE IUKINYECKOE SKPAHUPOBAHUE BO3HUKAET MPU MPOTHIKAHUHU
MHOT'OYTOJIbHUKOB; HanpuMmep, Ha puc. 5.12 moka3zaHo, Kak TpPEyroJIbHUK
MPOTHIKAET  MPSAMOYTOJIBHUK. TamM  TpSIMOYTOJBHHUK  SKPaHHPYETCS
TPEYroJbHUKOM, U HA000poT. B 000uX mpuMepax OKOHYATEIbHBINM CIUCOK
MPUOPUTETOB HEBO3MOXKHO YCTaHOBHUTH cpa3y. BBIXOH U3 MONIOXKEHUS
3aKJIIOYAeTCsl B IIMKIMYECKOM pa3pe3aHuyd MHOTOYTOJbHUKOB TIO JIMHHSM,
00pa30BaHHBIM MEPECEUCHUSIMH UX IJIOCKOCTEH, 10 TeX Mop, MoKa He OynmeT
MOJIYYeH OKOHYATENbHBIM CIUCOK MPUOPHUTETOB. Takue JTUHUU TOKa3aHbI
MyHKTUPOM Ha puc. 8.15.

yA yA

v
>
v
>

a b

Puc. 8.15. [{uknnuecku nepeKkphIBarOIIre MHOTOYTOJIbHUKH
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Hetonn M., Heroon P. u Canua mpemyioKuiau CrHelHaIbHbIA METO.
COPTHUPOBKHU ISl pa3pernieHus: KOH(GIMKTOB, BO3HUKAIONIUX IMPHU CO3JaHUU
CIIMCKA IPUOPUTETOB IO TITyOHHE. DTOT METO/ BKIIOYEH B COCTaB alrOpUTMa
Hproona - Hprosna - CaHua, KOTOpbIM H3naraercs Huxke. B anroputme
JTUHAMUYECKU BBIUYUCISICTCS HOBBIA CIMCOK MPUOPUTETOB Mepe]; 00padoTKOM
KaXJ0Tro Kajapa cueHbl. He HakianpIBaeTCs HUKAaKUX OrPAaHUYCHUU Ha
CJI0XKHOCTh CLEHbl W Ha THUII MHOTOYTOJIbHUKOB, MCIOIb3YEMBIX IS
OTIMCAHUS PJIEMEHTOB clieHbl. [lepBoHavanbHbIi anroputm Herosna - Heroama
- Canua ObT mnpeaHa3HauyeH Jis1 OOpaOOTKHM TPEXMEPHBIX Tel. ITO
pacliMpeHre HE OrpaHUYCHO paMKaMU MHOTOTPaHHUKOB. OHO MOXKET, Kpome
TOT0, 00padaThIBATh TEJIAa CMEIIAHHBIX TUIIOB B paMKaX OJHOM CIICHBI.

8.7. Anroputm Hbro3/1a-Hbro3/1a-Canya AN cayydas
MHOTI'OyroJIbHUKOB
CdopmupoBaTh NMpeaBAPUTEIIbHBIA CIUCOK MPUOPUTETOB MO TIIyOUHE,
HCTIONB3YsS B KAueCTBE KIIOYa COPTUPOBKU 3HAYEHUE Zpmin IS KaxXJA0TO
MHOTOyroJibHUKA. IlepBeiIM B  cmmcke OyJaeT  MHOTOYIOJIBHHK — C
MUHHMAaJIbHBIM 3HAYEHHEM Zpmjn. DTOT MHOTOYTOJIbHUK JIEKUT JAJIBIIE BCEX
OT TOYKM HAONIONCHMS, PpACIOJIOKEHHOM B  OECKOHEUYHOCTH  Ha
MOJIOKHUTENIbHON monyocu Z. Ob6o3HauuMm ero uepe3 P, a ciuenyromuil B
CIIUCKE MHOTOYTOJIbHHK - depe3 Q. Jlms kaxagoro mMHoroyrojbHuka P u3
CITMCKA HAaJI0 MPOBEPUTH €r0 OTHOIIEHUE ¢ Q.
Eciu Ommkaiimras Bepmvaa Po( P, ) Oynmer npaybllie OT TOYKH

HAOIIOACHHUS, YeM camas yaanenHas BepmuHa Q (Q, ), T.e. Q, > P,
min min max

HUKakas JacTb P He Moxer akpanupoBath Q. 3anectu P B Oydep kaapa (cm.
puc. 8.14, a).
Ecin Q, < P, , To P MOTCHIHMANBEHOE SKPAHUPYET HE TONBKO Q, HO
|

TaK)Ke W JI000W Apyrold MHOTOYTOJbHUK THMa Q M3 crmcka, AJIsT KOTOPOTO
Q. <P . Tem cambim obpasyetrcss mHOXkecTBo {Q}. OmHako P MoOXer

mi

(aKkTUYECKH ¥ HE SKPAHUPOBATh HU OJUH M3 ITUX MHOTOYTOJHHUKOB. Eciu
nocieHee BepHo, To P MOKHO 3aHOCUTH B Oydep kaapa. s oTBeTa Ha ATOT
BOTIPOC HCIIOJIB3YETCSl CEpHUsl TECTOB, CIEIYIOIIMX IO BO3PACTAHUIO HX
BBIUMCIIUTENFHOW CIOKHOCTA. DTH TECTHl HIDKE (HOPMYIHPYIOTCS B BHJC
BonpocoB. Ecnu oTBeT Ha 511000 BOMpOC OYyJEeT MOJOKUTEIbHBIM, TO P He
MoxeT dkpanupoBath {Q}. [ToaTomy P cpa3y ke 3aHocUTCs B Oydep Kaapa.
Bot 3T Tectsr:

¢ BepHo 5, 4o mpsmoyroisHbie 0O0bemiomue odoouku P u Q He
MEPEKPBIBAIOTCS 110 X7

¢ BepHno nu, yto npsimoyronsHbie 0060710ukn P 1 Q HE MepeKphIBAOTCS
o y?
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¢ BepHo nu, 4ro P LENHMKOM JIEKUT IO Ty CTOPOHY IUIOCKOCTH,
Hecymed Q, KoTopasi pacroyioKeHa Jajbllie OT TOYKH HaOmoneHus (puc.
8.16, a)?

¢ Bepno mu, uro Q LETMKOM JEXKUT TO Ty CTOPOHY IUIOCKOCTH,
Hecymel P, xoTopas 6mmke k Touke HabroaeHus (puc. 8.16, b)?

¢ Bepno mm, yto mpoekuuu P u Q He epeKphIBAtOTCS?

> X

v
x

ZV ZV
a b

Puc. 8.16. TecTsl 11 IepEKPHIBAIOIINXCS MHOTOYTOJIbBHUKOB

Kaxxaplit 13 3TUX TECTOB MPUMEHSETCS K KaxkaoMy aemMeHTy {Q}. Eciu
HU OJWH U3 HUX HE JIaeT IMOJOXUTEIHLHOTO OTBETAa U HE 3aHOCUT P B Oydep
Kazapa, To P MOXeT 3aKkpbiBaTh Q.

[Tomensats P u Q Mecramu, momeTuB mo3unuio Q B criucke. [ToBTopuTh
TECThI C HOBBIM CITUCKOM. DTO JIa€T MOJOXKUTEIbHBIN PE3YIbTaT JJIsl CLICHBI C
puc. 8.14, b.

Ecnu cnenmanma mombiTka BHOBB TepecTaBuTh Q, 3HaUMT, OOHapy)KeHa
CUTYyaIusl IUKINIECKOro dKpaHupoBanus (cMm. puc. 8.15). B atom ciyuae P
pa3pe3aercs INIOCKOCThbIO, Hecymed @, HCXOMHBIM MHOTOYTOJIbBHUK P
yAanasieTcss M3 CIHCKAa, a €ro 4acTh 3aHOCITCA B CIHMCOK. 3aTeéM TECThI
MOBTOPSIOTCS JIJISI HOBOTO CIMCKa. JTOT IIar MpeaoTBpallacT 3alluKIMBaHue
aJropuTMa.

8.8. Anropurm BapHoka (Warnock)

AnroputM BapHoka sABIseTCS OJHUM M3 TMPUMEPOB aAITOPUTMA,
OCHOBaHHOTO Ha pa30MEeHNH KapTUHHOM MJIOCKOCTH Ha YacCTH, [T KaXI0H U3
KOTOPBIX UCXOJIHAS 33a]]a4a MOXKET OBITh pellieHa IOCTATOYHO MPOCTO.

[Tockonbky anroputMm BapHoka HaieneH Ha oOpabOOTKy KapTUHKH, OH
paboTaeT B MPOCTPAHCTBE H300pakeHus. B mpocTpaHCTBE H300pa)keHUs
paccMaTpuBaeTCsl OKHO M PEIIaeTcsl BOMPOC O TOM, MyCTO JIM OHO, WJIA €ro
COJIEP’)KUMOE JTOCTATOYHO MPOCTO Ui BU3yanu3anuu. Ecim 310 HE Tak, TO
OKHO pa30uBaeTcs Ha (hparMeHTHI 10 TEX IMOp, MOKa CoAepKuMoe (pparMenra
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HE CTaHET JOCTATOYHO IMPOCTBIM IS BHU3yaJIM3alUd WIM €r0 pa3Mep He
JTOCTUTHET TpeOyeMOro npeena pa3pereHus.

Kparko onmiem OpUTrMHaIBHYIO BEPCUIO AJITOPUTMA, IPEMIOKEHHOIO
BapnHoxowm.

Pa3o0beM BUAMMYIO YacThb KapTHHHOW IJIOCKOCTH Ha YETHIPE PaBHBIE
YacTH U PacCMOTPUM, KaKUM 00pa3oM MOTYT COOTHOCHUTBHCS MEXIY coOOMn
IPOEKIUY TPaHEH NOJyYHBIIECHCS YaCTH KAPTUHHOM IIJIOCKOCTH.

B03MOKHBI 4ETBIPE Pa3JINYHBIX CIyYas:

Puc. 8.17. CooTHoIIeHHE MPOEKIINHU TPAaHU C TOAOKHOM

1. ITpoeknus rpaHy MOJHOCTHIO HAKphIBaeT 00acTh (puc. 8.17, d);

2. [Ipoexkuust rpaHu mepecekaeT 00IacTh, HO HE COJIEPKUTCA B HEH
noJiHOCThIO (puc. 8.17, ¢);

3. [Ipoekmus rpaHu METUKOM COJEP>KUTCS BHYyTpu obnactu (puc. 8.17,
b);

4. Tlpoexkuusi TpaHW HE HWMeEET OOIMMUX BHYTPEHHHX TOYEK C
paccMaTtpuBaeMoii obacteio (puc. 8.17, a).

OueBHUIHO, YTO B MOCIIEHEM ClTyyae I'paHb BOOOIIE HUKAK HE BIUSET Ha
TO, YTO BUJHO B JAHHOH 00s1acTH.

CpaBHuBasi 00J1acTh C MPOEKIMSIMHU BCEX TI'paHEil, MOXXHO BBIJEIHUTD
cllydad, KOrJa u300pakeHue, Moydaroleecss B paccMaTpuBaeMoi 00IacTH,
OTIpe/IeTIsIeTCs Cpasy:

¢ Ilpoekius HU OJTHOM TPaHM HE MOMAaaaeT B 00J1aCTh.

¢ Ilpoekiusa TOJBKO OJHOM TpaHW COACPKUTCS B 00JIACTH WJIU
nepecekaeT o6sacTb. B 3TOM ciydae mpoeKiuy rpaHud pa3OUBaAIOT BCHO
00JacTh Ha JABE YaCTH, OIHA U3 KOTOPHIX COOTBETCTBYET ITON MPOCKIINH.

¢ CymiecTByeT TpaHb, NPOEKIHsS KOTOPOW TOJHOCTHIO HAKPHIBACT
JaHHYIO 00J1aCTh, U 9Ta TpaHb PACIONIOKEeHA K KApTUHHOMN MIIOCKOCTH OJMKe,
YeM BCE€ OCTaJbHbIE TpPaHU, MPOEKIHH KOTOPBIX MEPECEKAIOT IJaHHYIO
o0xactb. B 1aHHOM citydyae 06J1aCTh COOTBETCTBYET 3TOM IpaHU.
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Ecnu HM OMH W3 PacCCMOTPEHHBIX TPEX CIy4aeB HE UMEET MECTa, TO
CHOBa pa3buBaeM 00JacTh Ha UYEThIpE paBHbIE YaCTH U IPOBEpsSEM
BBIINOJIHEHUE 3TUX YCJIOBHUM ISl KaXKJIOW U3 YacTeu. Te JacTu, ISt KOTOPBIX
TakuM 00pa3oM HE yAaloCh YCTAHOBUTh BUJUMOCTD, pa30UBaeM CHOBA H T. JI.

EcTecTBEHHO, BO3HUKAET BONPOC O KPUTEPHUH, HA OCHOBAHUU KOTOPOIO
npekpaimaTh pazdouenue. B kauecTBe 0YEBHIHOTO KPUTEPUS MOXKHO B3ATh
pasmep obnactu. Kak Tonpko pasmep 00iacTu CTaHET HE OOJblIEe pa3zmepa
OJIHOTO THKCEJS, TO MPOU3BOJUTH JajbHElIIee pa30oreHe He UMEET CMbICIa
U I JaHHOW oOsactu Onvpkaiiiias K Hel rpaHb ONpesesieTcs sIBHO, KaK B
METOJI€ TPACCUPOBKH JIy4ei.

Wuorpa, 1yist ycTpaHeHuUs: JIECTHUYHOTO 3¢ ¢deKra, mpouecc pazOueHus
IPOBOJUTCSA 1O Pa3sMEPOB, MEHBIIHNX, YEM PA3pEIICHHE 3KpaHa, HA OIUH
nukcenb. Ilpu 3TOoM  ycpenHsAroTcs aTpuOyThl MOJIMUKCENEH, YTOObI
ONPENEIUTh aTPUOYTHl CAMUX MUKCETEH.

[Ipy mnoMOUM H3I0KEHHOTO QIrOpUTMa MOXKHO YAAIUTH JHOO
HEBHJIUMbIE JIMHUH, JUOO HEBUAMMBbIE MNOBEPXHOCTH. OJHAKO NIPOCTOTA
KpUTepusl pa30ueHusi, a TakKe HETMOKOCTh crioco0a paz0MeHusi MpUBOAST K
TOMY, YTO KOJHMYECTBO NOJAPa30MEHUN OKa3bIBAETCS BEJIMKO. MOKHO
MOBBICUTH 3()PEKTUBHOCTD 3TOIO AITOPUTMA, YCIOKHHUB CIIOCO0 U KpUTEPUI
pazouenusa. Ha puc. 8.18, a nmokazan napyroit obmmii cnocod pazOueHus u
JaHO €ro CpaBHEHHE C M3JI0)KEHHBIM paHee MKECTKUM CIIOCOOOM,
IpeCTaBIeHHBIM Ha puc. 8.18, b.
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Puc. 8.18. Cioco0s1 pa3buenust okHa

Pa3buenue, mnokazanHoe Ha puc. puc. 8.18, a, mnomydaercs c
UCIIOJIb30BaHUEM IPSIMOYTOJILHOM oObemITIONIEeH 000J109KH
MHOTOYTOJIbHUKA. 3aMETHM, 4YTO OOOJIOYKH TPHU DITOM MOTYT OBIThH
HEKBIPATHBIMU. IJTOT CIOCOO0 MOYKHO PEKYPCHBHO NMPUMEHUTH K JIIOOOMY
MHOTOYTOJIbHUKY, KOTOPBIA MOJHOCTHIO OXBa4eH KaKUM-HUOYIh OKHOM WU
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00010ukoi. Eciii B OKHE COIEPKUTCS TOJIBKO OJIMH MHOTOYTOJBHUK U €CIH
OH IEJIMKOM OXBa4eH 3THUM OKHOM, TO €ro JIETKO U300pa3uTh, HE MPOBOISA
nanpHeniero pazouenus. Takoi cnoco0 pa3OueHus Mojie3eH, B YaCTHOCTH,
Py MUHUMU3ALWN YUcaa pa3OueHui sl MpocThiX ciieH. OQHAKO ¢ pOCTOM
CJIOKHOCTH CIIEHBI €T0 MPEUMYIIECTBO CXOUT HA HET.

8.9. Anroputm Beisiepa-AszepToHa (Weiler-Atherton)

Pa3buenne KapTUHHON IUIOCKOCTH MOXHO TPOM3BOJUTH HE TOJIBKO
OPSIMBIMH, TapajIeIbHBIMA KOOPAMHATHBIM OCSM, HO U IO TpaHUIlaM
POEKINi rpaHeil. B pe3ynbrare moixydaeTcs TOUHOE pellieHue 3a/1auu.

[Ipenyaraempiii MeTos paboTaeT ¢ MPOEKIUSAMHU IPaHEH HA KaPTUHHYIO
IUIOCKOCTb.

B kauecTBe mepBoro mara IpoOU3BOIAUTCS COPTUPOBKA BCEX T'PAaHEH I10
rinyoune (front-to-back).

3areM U3 CHHMCKa OCTaBIIMXCS IpaHei Oepercd Onmmxaimas rpanb A u
BCE OCTaJIbHbIE T'PaHU 00pe3aroTcs Mo 3Toi rpanu. Ecinu npoekius rpanu B
nepeceKkaeT NpoekIuio rpaHu A, To rpads B pa3OuBaercst Ha 4acTH Tak, 4TO
KaX/1as 4yacTh MO0 COAEpKUTCS B TpaHu A, 10O HE UMeeT ¢ Hel oOImux
BHYTPEHHHUX TOYEK.

Takum 00pa3oM, MOIy4YarOTCA JIBa MHOXECTBa rpaHei: Fj, — rpanu,
MPOEKIIMU KOTOPBIX COJEPKATCA B MPOEKIMHU rpaHu A (Crojia BXOIUT U cama
rpasb A), u Foy — rpaHu, TPOEKIIUU KOTOPHIX HE UMEIOT OOIIMX BHYTPEHHUX
TOYEK C MPOEKIUeH rpanu A.

MHuoxecTBO Fj, 00BIYHO HA3bIBAIOT MHO>XECTBOM T'PaHEH, BHYTPEHHHUX
0 OTHOLIEHHUIO K A.

Opnako BO MHOXecTBe Fj,  MoOryT OBITh TpaHHW, JIeXKalme K
HaOmogaTento Onmxe, yeM cama rpadb A (3TO BO3MOXHO, HalpuMep, Mpu
LIMKJINYECKOM HAaJIO)KEHUM rpaHeil). B sTom ciiydyae kaxzgas Takas TIpaHb
HCTIONB3YyeTCsl JUIsl pa3OueHuss Bcex rpaHed u3 MHoxkecTBa Fj, (BKiro4as
ucxonnyto rpans A). Korma pekypcuBHOe pa3OueHHe 3aBEpIIMTCS, TO BCE
I'PaHU U3 TIEPBOTO MHOKECTBA BBIBOJATCA U3 HAOOpa OCTABIIMXCS IpaHen (Ux
y’K€ HUYTO HE MOKET 3aKphIBaTh). 3aTeM M3 HaOopa OCTaBIIMXCS rpaHeit Foy
Oepercs ouepeHasi TpaHb U MPOLEeypa MOBTOPSIETCS.

PaccmoTtpuM nipocteiiiumii ciydait st 1Byx rpaneii A u B (puc. 8.19).

Bbynem cuwmrtats, uTo rpanb A pacrnosiockeHa Ommxe, ueM rpanb B. Torna
Ha TIEPBOM Imare Juisi pa3OuMeHus UCIOoJIb3yeTcs MMEeHHO TpanHb A. ['pann B
pazomBaerca Ha ABe dacth. Yacth B; momamaer B mepBoe MHOXeCTBO Fi, 1,
TaK KaK OHa JISKUT JIajblie TpaHu A, yaansercs.

ITocne 3TOoro BBHIBOAWTCS TpaHb A W B CIHCKE OCTAaBIIUXCSA TpaHel
OCTaeTcsl TOJIbKO IpaHb By. Tak kak KpoMme Hee IPyrux rpaHeil He OCTaloCh,
TO 3Ta I'PaHb BHIBOJUTCS, U HA 3TOM paboTa 3aBeplIaeTCs.
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B,

Puc. 8.19. [Ipumep pazOueHwus rpanei

9. MeTo/bI 3aKpacCKu

9.1. Auddy3Hoe oTpaKeHHUe U pacCeTHHbIN CBET
MaroBble  TOBEPXHOCTHM  00JaJalOT  CBOMCTBOM  Oughghyznozo
ompajceHusn, T. €. PAaBHOMEPHOTO MO BCEM HAIpPaBJICHUSM pPaCCEUBAHMUS
ceera. [loaTOMy KakeTcsl, 9TO TTOBEPXHOCTH WMEIOT OJMHAKOBYIO SIPKOCTH
HE3aBUCUMO OT yryia o03o0pa. [l Takux MOBEPXHOCTEW CHpaBeIMB 3aKOH
KocuHycoB  JlamOepra,  yCTaHaBIMBAIOIIMH  COOTBETCTBUE  MEXIY
KOJIMYECTBOM OTPAKEHHOIO CBE€Ta M KOCHHycoM yriaa 0 wmexny
HampaBlIiCHHEM L Ha TOYEYHBIH HMCTOYHMK CBETa WHTEHCHBHOCTH |, u
HopManelo Nk mosepxHoctd (puc. 9.1). Tlpu 3TOM KOJHMYECTBO

OTPAXEHHOT'O CBETA HE 3aBUCHUT OT MOJIOKEHHS HAOTI01aTEsl.

.

N

|
s

TTIOBEPXHOCTh

Puc. 9.1. ITaparouuii cBeT 1 HOPMaJb K TOBEPXHOCTH

OcCBeIIeHHOCTh PACCETHHBIM CBETOM BBIYHUCIISIETCS IO (hopmyIie
lg =1, Kq- cos 6.

3nayeHne kodpuimenta auddy3HOro oTpaxkeHHs Ky sABIsSETCS
KoHcTaHTou B auanasone (0, 1) u 3aBucut ot marepuana. Eciau Bekropsl L u
N HOpMHUpOBaHBI, TO, HCHOJB3ys CKaIIpHOE IPOU3BEAEHHUE, (OPMYITY
OCBEMICHHOCTH MOKHO 3aMucaTh TaK:

|d= |p' kd' ([N)
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[IpenMeTbl, OCBEHIEHHBIE OJHHM TOYEYHBIM HCTOYHUKOM CBETAa,
BBITJISAIAT KOHTPACTHBIMU. DTOT 3P PEKT aHAIOTMYEH TOMY, KOTOPBIA MOKHO
HA0JI0/1aTh, KOT/Ia MPEAMET, TOMEIICHHBIA B TEMHYIO KOMHATy, BUACH MpHU
CBETC HAIpaBJICHHOM Ha Hero (OTOBCHBINKK. B gaHHOW cuTyanuu, B
OTANYME, OT OOJIBIIMHCTBA PEAIbHBIX BU3YAJIbHBIX CIEH, OTCYTCTBYET
pacCestHHBIM CBET, IOJ KOTOPBIM 31€Ch IOHUMAETCA CBET IOCTOSIHHOM
APKOCTH, CO3JAHHBIA MHOTIOYMCIECHHBIMA OTPAXEHUAMH OT Pa3JIMYHBIX
MOBEPXHOCTEN. TakoW CBET MPAKTUYECKU BCETJIa MPUCYTCTBYET B PEabHOU
oOctaHoBKe. Jlaxke ecau mpeaMeT 3allUILIEeH OT MPSAMBIX JTydeld, UCXOIAIINX
OT TOYEYHOI'0 MCTOYHUKA CBETA, OH BCE PaBHO OYIET BUJEH W3-3a HATWYUS
PacCestHHOTO CBeTa. Y YUThIBAsI 3TO, (POPMYIIy OKPACKH MO>KHO 3aIIUCATh TAK:

lg=1a-ky + Ip' Kq - ([N)

PaccesHublii  cBeT mpeicTaBieH wieHoM l,, m K, ompenenser
KOJIMYECTBO PACCESHHOTO CBETa, KOTOPOE OTPAKAECTCA OT IOBEPXHOCTH
npeaMera.

TodeuHbIli UCTOUYHHMK CBETa YJ00HEE BCETO PACIOIOXKHUTH B MO3UIIHH,
COBITAJIAlOIICH ¢ T1a3oM HaboaaTens. TeHH B 3TOM cllydae OTCYTCTBYIOT, a
Jy4dd CBETa, IIQJIafOl[ie€ Ha TOBEPXHOCTh, OKAXYyTCS IapajuieIbHBIMHU.
OpHako Temepb, €CIu JABE MOBEPXHOCTH OJHOTO I[BETA MapaJICIbHBI IPYT
IpPYTy M HX HM300paKCHUS TEPEKPBHIBAIOTCA, HOPMAIU K TOBEPXHOCTIM
COBMNAJAIOT W, CJEAOBATEIILHO, TMOBEPXHOCTH 3aKPAIMBAIOTCS OJMHAKOBO,
Pa3IUYUTh UX HEBO3MOXKHO. DTOT d(PPEKT MOXKHO YCTPAHUTh, €CITH yUECTh,
YTO DJHEPrus TAJalIIero CBeTa YyOBIBACT MPOIOPIHOHAIBLHO KBaApaTy
pacCTOsIHUSI, KOTOPOE CBET MPOXOJUT OT HWCTOYHHUKA JI0 TOBEPXHOCTH U
obOpatHo Kk ria3y Habmonarens. O6o3Havas 3TO paccTosHME 3a R, 3amuiem:

lg=1la-Ka + 1p-kg- (L-N)/R%

OpnHako JaHHBIM [IPABUJIOM Ha MPAKTHKE TPYAHO BOCIIONIB30BaThCA. s
NapaJyIeIbHOW — NPOEKIMM, KOTJa HCTOYHUK CBETa  HAXOIUTCA B
OECKOHEYHOCTH, paccTosiHue R Takke CTaHOBUTCS OecKOHeuHbIM. Jlaxe B
Cllydae IEHTPAIbHOMN MPOCKIHH BeTiurnHa 1/R® MOKET NPHHUMATh 3HAYCHHS
B IIMPOKOM JHAaNa30HE, MOCKOJbKY TOYKa 3PEHHS 4YacTO OKa3bIBAETCS
JI0CTaTOYHO ONU3KOM K mpeameTy. B pesynbTaTe 3akpacka MOBEPXHOCTEH,
KOTOpBIE MMEIOT oauHakoBbie yribl O mexmy N u L, 6ygeT cylecTBeHHO
pasIYaThCs. BobIe peaTHCTHIHOCTH MOXKHO JOCTHYb, €CII 3aMEHHTH R’
Ha r+k, roe K — HekoTopast KOHCTaHTa, a I —pacCTOSIHUE OT IIEHTPa MPOSKITUH
110 TIOBEPXHOCTH:

lg=1la-Ka +1p-Kg- (L-N)/(r+k).
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Jna  npencraBinenuss au@y3HOrOo  OTpaK€HUS OT  LBETHBIX
MMOBEPXHOCTEH YpaBHEHHS 3alMCHIBAIOTCS OTICIBHO JUIT OCHOBHBIX IIBETOB
moaemu CMY (romyGoro, mypmypHOTro U xentoro). [Ipm 3ToM KOHCTaHTHI
OTpaXEHMs I ITUX IBETOB 3amaroTcs Tpoikoil umcen (Kge, Kam Kgy). OTH
[[BETa  HWCIIOJIb3YIOTCSA,  IOCKOJIBKY  OTpPaKEHHWE  CBeTa  SBJISACTCSA
CyOTpaKTHBHBIM IporieccoM. Il03TOMy HWMHTEHCHUBHOCTH JUISI IIBETHOTO
N300paKCHHSI ONTUCHIBACTCS TPEMSI YPABHCHHUSIMH:

loe = lae - Kae + Ipe - Kge - (L-N)/(r+k) (1 TOJTy00¥ KOMIIOHEHTHI);

lam = lam* Kam + lom - Kam - (L-N)/(r+k) (1 MypIrypHOM KOMITOHEHTHI );

lay = lay- Kay + Loy - Kgy - (L-N)/(r+k) (JLU1s1 KEIITON KOMITIOHEHTBI).
9.2. 3epKaJibHOe OTpakeHue

3epKaJbHOE OTpPAKEHHE MOXKHO TMOJY4YUTh OT JIt00oW OnecTtsauieit
noBepxHOCTU. OCBETUTE SIPKUM CBETOM s10JI0KO — CBETOBOM OJIMK Ha A0JI0Ke
BO3HHUKAET B PE3YNbTATEe 3€PKAJIBHOIO OTPAKEHUsS, a CBET, OTPAXKEHHBIN OT
OCTaJbHOW 4YacTH, NOSBUTCI B pe3yibTare U@ y3HOTO OTpaKEeHHS.
OTMeTHM TaKXe, YTO B TOM MECTE, IJIe¢ HaXOAUTCS CBETOBOM OJIMK, s0J0KO
KaXXeTCcsl HE KpacHbIM, a CKopee OenbIM, T. €. OKpallleHHbIM B IBET
NaJarolero UBeTa.
Ecnu Mbl M3MEHUM MOJIOKEHUE TOJIOBBI, TO 3aMETHUM, YTO CBETOBOM
OJIUK TOXE CMECTHUTCS. DTO OOBACHSETCS TEM, YTO OJIECTSIINE TOBEPXHOCTH
OTpa)karoT CBET HEOJIMHAKOBO IO BCeM HampaBieHusM. OT uaeanbHOro
3epKajia CBET OTPa)KAeTCs TOJIbKO B TOM HAMPABICHUH, JIJISI KOTOPOIO YIJIbI
MaJICHUsl U OTPAKEHUSI COBMAAAIOT. ITO O3HAYAET, UTO HAOIIOAATENb CMOXKET
YBUJETH 3€pPKaJIbHO OTPAKEHHBIM CBET TOJBKO B TOM Cllydae, €CIHM yroia o
(puc. 6.2.) paBeH HYJO.

HaIpPaBJICHUE
K TOUCYHOMY OTPAKEHHOTO
UCTOYHUKY A CBETa
CBETa

K TOYKE
3peHUs

|

MMOBEPXHOCTh

Puc. 9.2. 3epkanbHoe OTpaxkeHHe
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JIns HeuJeanbHBIX OTPaXaloIIMX MOBEPXHOCTEH, TaKUX, KaK s0J0KO,
MHTEHCUBHOCTb OTPA)XEHHOI'O CBETa PE3KO MaJaeT C pocToM o. B Monenu
npennioxkeHHo doHrom, ObICTpOe YObIBAHME MHTEHCUBHOCTH ONHCHIBACTCS
byHKIHIEH cos” o, rae N 0ObIYHO JEeXHT B nuamazoHe 1-200, B 3aBUCHMOCTH
OT BUJa TOBEPXHOCTH. J[J1 UlieasibHOTO OTpaxkaresis N OECKOHEYHO BEJIMKO.
B ocHoBe Takoili MoOJEeAM JIEKUT DMIUPUYECKOE HAOIIOJCHUE, a HE
byHIaMEHTAIbHOE TOHUMAaHHUE MPOIECCa 3ePKATTLHOTO OTPAXKEHUS.

KonnuecTBo majaromero cBera, KOTOPOE 3€pKaJbHO OTPAXKaeTcsl B
Cllydae peaJIbHBIX MaTEPHAJIOB, 3aBUCUT OT yriia maaeHus 0. OO0o3HaunMM
3epKaJbHO OTpakaeMyro J10J1to cBeTa yepe3 W(0), Torna

lg=1,-ky + I—"-[ ke- cos O + W(0)- cos" a.

Ecii BEeKTOpbI HANPAB/ICHUs OTPAKCHHOTO CBETAa U HANPABICHUS K
TOUKe 3peHHs R M V HOPMHPOBAHBI, TO COS o = (R- V). UacTo B KadecTe
W(0) cayxut koHcTaHTa Ks, KOTOpasi BEIOMpAETCs TaKUM 00pa3oM, YTOOBI
MOJIyYaroUIMecss pe3yibTaThl ObUIM NPHEMIIEMBl C 3CTETUYECKOW TOYKHU
3peHusd. B 3TOM ciydae ypaBHEHHE C yYETOM 3€pKaJbHOTO OTPaKEHUS
MO>KHO 3aIHCaTh TAK:

~(L-N) + ks (R-V).

Jlnst 1IBETHOTO W300pakKeHHsS] OMHCHIBAIOTCS TPU ypPaBHEHUS: JUIS
roJiy0ooro, mypIypHOTO U KEJITOTO IBETOB:

Idc - Iac' kac

(L-N) + ks (RV);

lam = L - Kam + —2" [ kg~ (L-N ) + ks - (R-V )"
r+k

| _ _
lay = lay - Kay +ﬁ'[kdy’(L'N)+kS’(R’V)]-

Ecnu MCTOYHUK CBETa pacrojoKeH B OECKOHEUHOCTH, AJIs 3aIaHHOTO
MHOTOYTONbHUKA npomsBenenne (L - N ) sBisercs KOHCTaHTOH, a (R -V )
MEHSET 3Ha4€HHE B MHOTOYTOJIbHUKE.

Kpome smnmupuueckoit Mmogenu @oHra, sl 3€pKajJbHOIO OTPaKEHUS
pazpabotrana mozenb Toppanca-Crdppoy, KOTopas MpeACTaBiIsSeT coOou
TEOPETUYECKYI0 0OOCHOBAHHYIO MOJIENb OTPaXKarollel MoBepxHOCTH. B aToi
MOJIENIM TPEIIONAraeTCs, YTO IOBEPXHOCTh SIBIIAECTCS COBOKYITHOCTHIO
MUKPOCKOITMYECKUX TpaHel, Kaxk/1asd U3 KOTOPbIX — UJI€aJIbHBIN OTpa’KaTeb.
Opuentaust  m000  rpaHu  3agaercs  (QyHKIMEN  pacnpeneneHus
BeposATHOCTEH ["aycca.
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9.3. OAHOTOHHAsA 3aKpacCKa MOJIMI'OHAJIbHOM CEeTKH
CymiecTByeT TpM OCHOBHBIX CIOCO0A 3aKpacKd OOBEKTOB, 3aJaHHBIX
NOJIUTOHAIBHBIMU CEeTKaMH. B Topsike BO3pacTaHUsl CIIOKHOCTH WMU
SIBIISTFOTCSL:

1) OJIHOTOHHAS 3aKpackKa;

2) meron ['ypo (ocHOBaH Ha  MHTEPHOJSAIUMU  3HAYCHHM
UHTEHCUBHOCTH);

3) meton PoHra (0OCHOBaH Ha MHTEPIOJISIIMU BEKTOPOB HOPMAJIH ).

B kaxnoMm u3 3THX CIaydaeB MOXKET ObITh HCIOJIb30BAaHA JI00Ast W3
MOJIEJIEN 3aKPACKHU, ONIMCAHHAS BBILIE.

[Ipu oTHOTOHHOI 3aKpacKe BHIYHCIISAIOT OJUH YPOBEHb HHTEHCHBHOCTH,
KOTOPBIM HCHOJB3YeTCs Ui 3aKpacKh BCEro MHOTroyroibHuKa. [Ipu sTOoM
MpenoiaraeTcs, 4ro:

1. Hcrounnk cBeTa pacroiokeH B OCCKOHEYHOCTH, ITOITOMY
npomsBenenne (L - N ) OCTOSHHO Ha Beell TOIUTOHANBHON IPaHH.

2. Habmromarenr  HaxoguTcs B OECKOHEYHOCTH,  ITOATOMY
npomssezenye (N -V ) TIOCTOSHHO Ha BCel MOIUTOHATBHOM TPaHH.

3. MHOTOYTONBPHUK ~TPEACTABISACT PEATbHYI0 MOACIHPYEMYO

IIOBEPXHOCTh, A HE SABISIETCA  ANIIPOKCHUMAalMeld  KPUBOJHWHEWMHOU
noBepxHocTH. Eciaum kakoe-mub0 W3 TEPBBIX JBYX IPEANOJIOKCHHM
OKa3bIBACTCA HEMPUEMIIEMBIM, MOYKHO BOCIOJIB30BAaThCS YCPECIHECHHBIMHU
3HAYCHUSIMA L U V , BBIYUCIICHHBIMH, HapuMep, B LIEHTPE MHOTOYTOJIbHUKA.

ITocnennee mpeamnooxkeHue B OOJBIIMHCTBE CIY4aeB HE BBITIOTHSICTCS,
HO OKa3blBaeT CYIIECTBEHHO OOJIbIICE BIMSHUE Ha  IOJy4aeMoe
n300paXkeHue, 4eMm JABa Jpyrux. BiusHue COCTOUT B TOM, UTO Kaxias U3
BUJIMMBIX TOJIMTOHAJIIBHBIX TPaHEld aNmpOKCHUMUPOBAHHON IMOBEPXHOCTHU
XOpOIIO OTJIIMYMMA OT JAPYTUX, MOCKOJIbKY MHTEHCUBHOCTh KAXXIAOM W3 ITHUX
rpaHel OTJIMYAETCd OT HWHTEHCUBHOCTHM COCENHUX TpaHeu. Paznnuume B
OKpacKe COCEIHUX TpaHel XOpoIlo 3aMETHO BcieAcTBUE 3¢ (deKTa Mojoc
Maxa.

9.4. MeTop I'ypo

Meton 3akpacku, KOTOPbIM OCHOBAaH HA UHTEPHOJISLUN HHTEHCUBHOCTH
M u3BeCTeH Kak meton ['ypo (o mmMeHu ero pa3paboTymka), MO3BOJSET
YCTPAHUTHh AUCKPCTHOCTb UI3MCHCHHUA MHTCHCHBHOCTH. Hpouecc 3aKpacCKu I10
MeToay ['ypo ocymiecTBisieTcsl B YEThIpE dTara:

1. Berancistrores HOPMaJIK KO BCCM IIOJIMI'OHAM.

2. OmnpenensroTcss HOpMaau B BEPIIMHAX MyTeM YCPEIHEHUs] HOpMaeH
10 BCEM IOJUIOHAJBHBIM T'paHAM, KOTOPBIM MNPHWHAIJIC)KUT BCPIIMHA (pI/IC

9.3).
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Puc. 9.3. Hopmanu k BepmHam: NV:(N 1+ Ny+ N+ N4)/4

3. Hcnonp3yst HOpMajiy B BEPIIMHAX U IPUMEHSIS IPOU3BOJIbHBINA METO/
3aKpacKH, BBIYHUCIISIFOTCS 3HAYCHUS MHTCHCUBHOCTH B BEPIIIMHAX.

4. Kaxaplii MHOTOYrOJIBHHMK 3aKpallMBaeTCsAd IyTEeM JIMHCHHOM
MHTEPIOJSIIANA 3HAYCHUH WHTCHCUBHOCTEH B BEpIIMHAX CHaJaja BIOJb
KaXI0ro pedpa, a 3aTeM M MEKIY peOpaMu BIIOJb KaKIOW CKaHHPYIOIICH
ctpok# (puc. 9.4).

y
A
I

Y1~ .
y I I ly, Cranupyrowas
° cmpoka
Y2 = |2
Ys I3

Puc. 9.4. IaTepnosius MHTEeHCUBHOCTEH

WNurtepnonsiuyst BIOJIb pedep JIErko OOBEIUHAETCS € alIrOPUTMOM
YOQIEHUS  CKPBITBIX  TNOBEPXHOCTEM, TMOCTPOCHHBIM HA  IPUHLHIE
[IOCTPOYHOTO CKaHWpoBaHMs. Jly1g Bcex pedep 3arnoMUHAeTCs HadallbHas
MHTCHCHUBHOCTb, a TaK)X€ W3MEHEHHE WHTEHCUBHOCTH TIPU KaXIOM
€AMHUYHOM LIare Mo KOOpAuHaTe Y, 3alloJIHEHWE BUAMMOIO MHTEpBAJA Ha
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CKaHHMPYIOIIEH CTPOKE MPOU3BOAUTCS IIyTEM HHTEPIOISIIUA  MEXKITY
3HAYCHUSIMH WHTEHCHBHOCTH Ha JBYX peOpax, OrpaHHYMBAIOIINX WHTEPBAT
(puc 6.4).
I,= 1, Ys— Yo 4 l, Yi-Y ;
Yi—Y> y Y2
lp = I Ys — y3_|_| Yi— ys;
Yi— Vs Yi—Ys

X = Xp Iy X, =X,
X, —

=1,
Xy = Xq

I[J'ISI OBCTHBIX 00BEKTOB OTACIBHO MWHTCPIIOJIIMPYCTCA KaXKaasd H3
KOMIIOHCHT LIBCTA.

a

9.5. MeTtoa ®oHra

B wmetonme 3akpacku, paszpabotaHHOM DOHroM, HCHOJB3yETCS
VHTEpIIONANNS BEKTOpa HOpMadd N K TIOBEPXHOCTH BJONb BHAMMOTO
MHTEpBAJIA HA CKAHUPYIOLIEH CTPOKE BHYTPU MHOTOYTOJIbHMKA, a HE
UHTEPNOJALNS WHTEHCUBHOCTU. VHTEpnonsuus BBIIOJIHAECTCS MEXKIY
HAa4aJIbHOM W KOHEYHOM HOpPMalsIMH, KOTOpPBIE CAMHM TOXE SBISIOTCS
pe3yibTaTaMd  HMHTEPHOJSIUUU BAOJb pedep MHOTOYrOJIbHUKA MEXIY
HOpMaJIsIMH B BepliMHax. Hopmanu B BeplmiMHax, B CBOIO 04Yepelb,
BBIYUCIIAIOTCS TaK €, KaK B METOJAE 3aKPACKU, IOCTPOCHHOM Ha OCHOBE
WUHTEPIIOJIALUNA UHTEHCUBHOCTH.

B kaxaoM mnukcene BIOJIb CKaHUPYIOUIEH CTPOKM HOBOE 3HAYCHHE
MHTEHCUBHOCTU BBIYUCISETCS C TMOMOUIBIO JIFOOOW MOJIEIN 3aKpacKu.
3aMEeTHBIE YIY4YLIEHUs] IO CPAaBHEHUIO C HHTEPIONSLHMEN HWHTEHCUBHOCTU
HaOMIOAAIOTCA B CIIy4ae HUCIIOJNb30BAaHUSA MOJEIU C YY4ETOM 3€pKajbHOTO
OTpaXX€HUs, TaK KaK IpH 3TOM Oo0jee TOYHO BOCIHPOM3BOASATCS CBETOBBIE
omuku. OpHako Jaxke ecld 3€pKajJbHOE OTPAXKEHUE HE HCIOJIb3yeTCs,
MHTEPHOJSALUS BEKTOPOB HOPMalIM MNPUBOJUT K Oojiee KayeCTBEHHBIM
pe3ynbTaram, 4YeM  MHTEpPHOJLSIUS  WHTEHCUBHOCTH, ITIOCKOJIBKY
aIpOKCUMAaIs HOPMaJIU B OTOM CIIy4ae OCYIIECTBIISAETCA B KaXKIO0M TOUKE.
IIpy 5TOM 3HAUUTENBHO BO3PACTAIOT BBIYMCIUTEIBHBIE 3aTPATHI.

YroObl 3aKpacuTh KYyCKHM OHMKYOMYECKONW MOBEPXHOCTH, JUIS KaXKJIOTO
IIAKCENA, UCXOAd W3 YPAaBHEHUM IOBEPXHOCTH, BBIYMCISAECTCS HOPMAJb K
MTOBEPXHOCTU. DTOT MPOLECC TOKE JTOCTATOUHO JOPOrOi. 3aTeM C IMOMOILBIO
T000M MOJAENU 3aKpacKH OIpelesieTcss 3HaueHne MHTEHCUBHOCTU. OHAKO
OpeXJe YeM NPUMEHHUTh METOJ 3aKpACKU K IJIOCKUM WM OUKYyOWYECKUM
MOBEPXHOCTSM, HEOOXOAUMO UMETh MHPOPMALIUIO O TOM, KaKME€ MCTOYHUKH
cBeTa (e€Cu OHU UMEIOTCS) B IEUCTBUTEIILHOCTH OCBEUIAOT TOUKY. [loaTomy
MBI JOJKHBI pACCMATPUBATh TaK)KE U TCHH.
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9.6. TeHu

ANTOpUTMBI 3aTEHEHUs B Cliydya€ TOYEYHBIX MCTOYHHKOB CBETa
UJICHTUYHBI aJTrOPUTMaM YJIAJICHUS CKPBITBIX MOBEpXHOCTEH. B amropurme
YAAJIEHUSI CKPBITHIX IMOBEPXHOCTEH OMPEAECAIOTCS MOBEPXHOCTHU, KOTOPHIC
MOYKHO YBHJIETh U3 TOYKHU 3PEHHUS, a B aJTOPUTME 3aTCHEHUS BBIACISIOTCA
MIOBEPXHOCTH, KOTOPbIE MOXKHO «YBHUJETH» W3 HMCTOYHHUKA CBETAa.
[ToBepXHOCTH, BUAUMBIEC KaK U3 TOYKH 3pEHUS, TAK U U3 UICTOYHUKA CBETA, HE
JeKat B TeHU. Te ke MOBEPXHOCTH, KOTOPBhIE BUAUMBI U3 TOUYKH 3PEHUSI, HO
HEBUAUMBI U3 HCTOYHHMKA CBETA, HAXOMATCS B TEHU. OJTU PACCYKICHUS
MOXHO JIETKO PAacOpOCTPAHUTh Ha CIydyaid HECKOJIbKMX MCTOYHHUKOB CBETA.
OtMmeTnM, OJIHAKO, YTO, HWCIOJB3Ys TAKOM MPOCTOM MOAXOJ, HEJb34
CMOJIETUPOBATh TCHU OT PACHPEICICHHBIX UCTOUHUKOB cBeTa. [Ipu Hanmuun
TaKUX UCTOYHHUKOB MOTPEOYETCS BHIYUCIIATH KaK TCHH, TaK U TTOJYTECHH.

[TockoJIbKY anTOpUTMbI 3aTEHEHUS U YJAJIECHUS CKPBITHIX MOBEPXHOCTEH
OJINHAKOBBI, MPEJICTABIISIETCS BO3MOXKHBIM 00pa0aThiBaTh OMMCAHUE O0BEKTA,
WCTIOJIb3YS JIMIIL OJMH M3 ATHUX AJITOPUTMOB, IOCIEIOBATEIBLHO MPUMEHSS
€ro K TOYKE 3pEHUS M K KaXJIOMy H3 TOYEYHBIX HMCTOYHHUKOB CBETA.
COBOKYIMHOCTh MOJIYYEHHBIX PE3yJIbTATOB I103BOJISIET OMPEACIUTh, KaKUE
yacTu OOBEKTa BUJMMBI HAOIIONATENII0 W KaKue BHUJIHBI M3 OJHOTO HWIIM
HECKOJIbKUX HCTOYHHUKOB cBeTa. Ha ocHoBanuum »dToii wuHGOpMAIUU
OCYIIECTBJISIETCSI  3aKpacka CIEHbl. Eciau npaBWJIbHO  OPTraHU30BATh
BBIYUCIIUTEIBHBIN MpOLIeCC, OMpeAcieHue TeHEeH MOXXHO MPOBOAUTH JIMIIb
OJIUH pa3 JjIsl CEpUU CLIEH, KOTOPbIE COCTOSIT M3 OJIHMX U TE€X K€ O0OBEKTOB,
paccMaTpUBaeMbIX C Pa3IMYHBIX TOYEK 3peHus. VcTounwku cBeTa
MPEINOaraloTCs HEMOJABUKHBIMU OTHOCUTEIBRHO 0O0BEKTOB. Bce 310
OKa3bIBAETCS BO3MOXKHBIM TOTOMY, UYTO T€HM HE 3aBUCSAT OT TMOJIOKEHUS
TOYKHU 3PCHHUS.

9.7. IloBepxHOCTH, IpONyCKawIye CBeT

[ToBepxHOCTH MOTYT 00JIajaTh HE TOJILKO CBOMCTBAMH 3€PKAJILHOTO U
muddy3HOro oTpaxKeHusl, HO U CBOWCTBAMH HaIpaBJIECHHOTO U MU(Py3HOTO
nponyckanusi. HampaBieHHOE TpPOMYyCKaHUE CBETa MPOUCXOIUT CKBO3b
MpO3payvHbIe BEIECTBA (HAPUMEDP, CTEKJIO WU OTHLIN(OBAHHBIN JIOIUNT).
Yepe3 HUX OOBIYHO XOPOIIIO BHUJHBI MPEAMETHI, TaKe HECMOTPS HA TO, YTO
Jy4d CBeTa, KaK NpaBUJIO, MPEIOMIISIIOTCS, T. €. OTKJIOHSIOTCS OT
nepBoHavajgpHOro  HampamieHus. Juddy3Hoe  mpomyckaHue — cBeTa
IPOUCXOUT CKBO3b MPOCBEUMBAIOIIME MaTepHasibl (HampuMmep, 3amep3uiee
CTEKJI0), B KOTOPBIX IMOBEPXHOCTHBIE WM BHYTPEHHUE HEOJHOPOIHOCTH
OPUBOJAAT K OECHOPSIIOYHOMY MEPEMENIMBAHUIO CBETOBBIX Jiyuell. [loaromy
KOI/la MpEeAMET PacCMATPUBAETCS 4Yepe3 MPOCBEUYMBAIOIIEE BELIECTBO, €ro
OYepTaHUS PA3MBITHI.
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N3noxum KpaTtko UL TOJBKO OAHOrO MeToja (Moaxon YUTTeaa),
YUYUTBHIBAIOIIETO MPOIYCKAOMMK cBeT.  JIlaHHBIM ITOAXOJ OCHOBaH Ha
WCIIOJIb30BaHUU QJITOPUTMOB TpPacCUpPOBKHM Jydell. Ero ocHoBHas wupes
3aKJII0YAETCS B TPACCHPOBAHUU CBETOBBIX JIyded M ONpPENEICHUU, KaKue U3
ATHUX JIy4ed MOMaJaroT B TOYKY 3peHus. K coxaneHuro, h3 Kaxaou TOUYKH
MCTOYHMKA CBE€TAa HUCXOJUT OECKOHEYHOE YHCIO JIy4ei, MpuYemM
OOJIBIIMHCTBO M3 HUX HUKOIJA HE JOCTUraeT TOYkd 3peHus. lloatomy
TPaCCUPOBAHME HAYMHACTCS W3 TOYKU 3PEHUS M JIy4H OTCIECKHUBAIOTCS B
OoOpaTHOM HAIpaBiICHUM 4Yepe3 KaxXAbld IMUKCEIb K MX HCTOYHHKY. Jlyu
CBETa, MaJaloLIUil Ha MMOBEPXHOCTh, B OOILIEM Cilydae pa3iesisieTcs Ha Tpu
gacTu: JIU((Yy3HO OTpPaKEHHBIN CBET, 3€pKAJbHO OTPAKEHHBIM CBET U
OpONYILIEHHBINA (U, CIE€A0BATEIbHO, IPETOMIICHHBIN) CBET. AHAJIOTUYHO JIy4
CBETa, UCXOJALIMN OT MOBEPXHOCTU OOBEKTA, B OOIIEM cilyyae SIBIIAETCS
CYMMOM COCTaBJISIFOIIMX OT TPEX MCTOYHHKOB. JTO O3HAYAET, YTO KaAXKIbIU
pa3, Korja Jyd MCXOOUT OT OOBEKTa, BO3MOXHO IOSIBIIECHUE TPEX HOBBIX
JTy4yei, KOTOpble JOJDKHBI ObITh OTTpaccupoBanbl. K coxanenuto, audpdysnoe
OTpaX€HUE MPUBOJUT K MOSBICHUIO OECKOHEYHOTO YHUCIa Jydel, O3TOMY
TPacCUPYIOTCS TOJBKO JIy4H, MOSBISIOIIMECS B peE3yJbTaTe 3€pKajJbHOTO
OTpakeHusT W TnpenomieHus. g MoAenupoBaHUsS PACCESHHOTO U
IU(y3HOro CBETA UCIOJIb3YETCSl YpaBHEHHUE

li=1la-ka +1p-ka- (L-N)

9.8. JleTanu3anua NoBepxXHOCTeNn
CymiecTByloT JBa crnocoba AeTalu3alid IMOBEPXHOCTU: LIBETOM U
dakTypoit. B pesynbpTaTe npuMeHEHHUs K I1aJKON MOBEPXHOCTHU JIeTaIU3AIUU
1BeTOM (opMa TOBEPXHOCTH HE HM3MEHSETCS, €CIU K€ IPOU3BOJIUTCS
neranu3aius GaKkTypoil — MOBEPXHOCTh CTAHOBUTCS IIEPOXOBATOM.

9.8.1./leTa/sin3anusa BETOM

JleTanuzaiuio 1BETOM Ha TJIyOOKOM YPOBHE JIETKO OCYIIECTBUTH MTyTEM
BBEJICHUSI MHOTOYTOJLHUKOB J€Taln3allii MMOBEPXHOCTH, YTOOBI BBIICIUTH
0COOCHHOCTH (TakWe, Kak JBEpH, OKHAa W HAANUCH) HA OCHOBHOM
MHOTOYTOJIbHUKE (Hampumep, Ha CTeHE 37aHus). MHOTroyroJibHUKH
JeTaau3alui TOBEPXHOCTH JIEkKAT B OJIHOM IIJIOCKOCTH C OCHOBHBIMU
MHOTOYTOJIbHUKAMH M TaK MMOMEYEHBI B CTPYKTYPE TAHHBIX, YTOOBI aJITOPUTM
yAQJICHUsSI CKPBITBIX TOBEPXHOCTEW MOT TMPUCBOUTH UM 00Jie€ BBICOKHE
MIPUOPUTETHI, YEM OCHOBHBIM MHOTOYTOJIbHUKAM.

[To Mepe TOro Kak JeTaau3alius I[IBETOM CTAaHOBHUTCS 0ojiee TOHKOW M
CJIO’KHOMH, HETOCPEACTBEHHOE MOJICTUPOBAHUE npu TTOMOIITA
MHOT'OYT'OJIbHUKOB CTAHOBUTCS MEHEE TTPAKTUYHBIM.
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9.8.2.letasim3auusa paxkrypou
Unes neranuzanmu GakTypoit COCTOUT B OTOOpaKeHUH MaccHBa y30pa,
MpeCcTaBistonero codoil onndpoBaHHoe M300pakeHUE, HA IJIOCKYIO WU
KPUBOJUHEHHYIO MTOBEPXHOCTh. 3HAYEHUSI U3 MAacCUBa y30pa MCIHOJIb3YIOTCS
U1 MacITabupoBaHus AUPPy3HOH KOMIOHEHTbl HHTEHCUBHOCTH.

OauH nuKcenb HAa 3KpaHE MOXKET IOKPBIBATH HECKOJIBKO 3JIEMEHTOB
maccuBa y3opa. UToObl u30exaTh MpoOIEM, CBSI3aHHBIX C JIECTHUYHBIM
3¢¢peKkToM, HEOOXOAMMO YYMTHIBATh BCE 3aTPArMBaIOLIUE MHKCEIb
ANEeMEHTBL. ISl 3TOro ONpEeAeNsoTCS YEeThIpe TOYKHM B MACCHBE Y30pa,
KOTOPBIE COOTBETCTBYIOT YETBIPEM yIjlaM IHKCENsl. JDTU TOYKH B MAacCUBE
y30pa 0O0pa3yloT YeThIPEXYrOJbHUK. 3HAY€HUs MONaJaroluXx B HEro
AJIEMEHTOB B3BEIIMBAIOTCA C YYETOM JOJIM KAXKIOTO 3JIEMEHTa, a 3aTeM

CYMMHPYIOTCS.
OTtoOpakeHue Npu Takou JAeTaIn3aliuy IPOBOAUTCS B JBa dTAra:
1. ®uKCUpPOBaAaHHOE OTOOpakKE€HHWE PHUCYHKA HAa IOBEPXHOCTH
00BEKTA.
2. BugoBoe npeoOpazoBanue o0ObeKTa Ha IKPaH.

OtoOpakeHue MaccuBa y30pa BIIMSET Ha pPaclBETKY IOBEPXHOCTH,
OJIHAKO TOBEPXHOCTh MPOJOJDKAET Ka3aTbCd TI'€OMETPUUYECKU TJIaJKOM.
CymiecTByeT JiBa ciocoba HaHECEHUS] Ha TTOBEPXHOCTh demaJiell haxmypel.
B mnepBoM H3 HHUX HENOCPEICTBEHHOE TI€OMETPUYECKOE MOJEINPOBAHUE
(akTypbl HE NPOU3ZBOAUTCSI, W TEM HE MEHee MOIy4aeTcs XOPOLIUH
BU3yanbHbI 3¢ ¢dekt. s 3TOro BHOCHTCS BO3MYILIEHHE B HOpPMallb K
MOBEPXHOCTHU JI0 €€ MCIOJb30BaHUs B MOJENN 3aKpAacKU. DTH BO3MYIICHUS
MOJEIIUPYIOT HEOOJBIINE HEPOBHOCTH HA TOBEPXHOCTH.

Bropoif crnoco0 OCHOBBIBAETCSI Ha MCIHOJIB30BAaHUU (paKTadbHBIX
MOBEPXHOCTEH, T. €. Kjlacca HeperyJsapHbiX (opM, 3aJaBaeMbIX
BEPOATHOCTHBIM 00pa30M M XOpOIIO OMHCHIBAIOIIMX MHOTHE peaJbHbIC
dopMbl, Takue, Kak penabedbl MECTHOCTH, OEpEeroBbl€e JIMHUU, CETH pEK,
XJIONb CHETa U BETBU JAepeBbeB. Hampumep, peanuctuyHoe n300paxeHue
rOpbl CO3/1aeTCs MyTeM alllpPOKCUMALIUK TOPbI MPH MOMOLIH MOJIUTOHAJIBHON
cetku. Kaxaplii IOJIUTOH, KOTOPBIM HEOOS3aTSIBHO SBJISETCS IIOCKHM,
3aTeM HEKOTOpPOE YHUCIIO Pa3 PEeKypPCHBHO MOJAPA3JENAETCs, YTOObl CO3AATh
HEPOBHBIN, ¢ 3a3yOpuHamMu, peinbed MecTHOCTH. Pa3OueHue mpoBOAMTCS C
MpUMEHEHUEM ciyJaiiHoi ¢yHkumu. Takum o0Opa3oM, W3 HadaIbHON
anmnpoKCUMAIMU  TOJIy4aeTCsi MHOXECTBO  MHOTOYroJbHHKOB.  Jlanee
NPOBOAUTCSA  YAAQJEHUE  CKPBITBIX  TMOBEPXHOCTEM ©  MPUMEHSETCS
COOTBETCTBYIOIIAst MOJIENb 3aKPACKH.
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10. buosumoteka OpenGL

Ha pamnenii moment B WIindows cymiecTByeT JBa CTaHmapTa s
paboTsl ¢ TpéxmepHoil rpaduxoii: OpenGL, sBistonuiicss crangapToM Je-
dakTo s Bcex rpaduyeckux pabouwmx cranmwid, u Direct3D — cranmapr,
npeuiokeHHbld  upmoit  Microsoft. [laee Oynmer paccMOTpPEeH TOJBKO
crangapt OpenGL

CymectBeHHbIM nocTonHCTBOM OpenGL  sBnsiercss ero mmpokas
pacIpoCTpaHEHHOCTh — OH SBIIIETCS CTaHAApTOM B MHpE TpaduyecKux
paboumx cranmmii tuma Sun, Silicon Graphics u ap. B ocHoBy cranmapta
Obuta mososkena Ombimorexka IRIS GL, paspaborannas c¢upmoii Silicon
Graphics Inc.

OpenGL  mpexacraBnsier coOoW  mporpaMMHBIA  UHTepdeiic K
rpaduyeckoMy OOOPYIOBAHUIO (XOTS CYIIECTBYIOT M YUCTO MPOTPAMMHBIC
peamm3anuun  OpenGL). Huatepdeiic HacumthiBaeT okono 120 pa3nmuyHBIX
KOMaH/i, KOTOpbIE MPOTPAMMUCT HCIIOJIB3YeT ISl 3aJaHus OOBEKTOB W
omepanuid Hax HAMH (HEOOXOAMMBIX JUIsl HAIUCAaHUS WHTEPAKTUBHBIX
TPEXMEPHBI MPUITOKEHHI ).

OpenGL 6511 pa3paboTan kak 3¢(HEeKTUBHBIN, anmapaTHO-HE3aBUCUMBII
uHTepdelic, TMPUTOMHBIA i1 pealu3allid Ha Pa3IUYHBIX almapaTHBIX
wiargopmax. [Toaromy OpenGL He BiItOYaeT B ce0s1 HUKAKUX CHEITUATBHBIX
KOMaH/I U1 paboThl ¢ OKHAMH WJIM BBOJIa MH(MOPMAITUU OT MOJIb30BATENS.

OpenGL no3BoserT:

1. Co3naBath OOBEKTHl U3 TE€OMETPUUYECKUX MPUMHUTHBOB (TOUKH,
JUHUM, TPAaHU U OUTOBBIC N300paKEHUSA).

2. Pacronarath 00bEKTHI B TPEXMEPHOM MPOCTPAHCTBE U BHIOUPATH
croco0 U napaMmeTpbl MPOEUUPOBAHMUS.

3. Beraucisats mBeT BceX 0OBEKTOB. [IBET MOXKeT OBITH KaK SIBHO
3ajlaH, TaK W BBIUUCIATHCS C YYETOM HMCTOYHMKOB CBETa, MapaMeTpoOB
OCBEILIEHUS, TEKCTYP.

4, [lepeBoauTh MaTEMaTHUYECKOE OMUCAHUE OOBEKTOB U CBSI3aHHOMN
C HUMH HH(OpPMAIINY O [IBETE B M300paKeHHE HA IKPAHE.

[Tpu sTom OpenGL MoXeT OCyUIeCTBIATh AOMOJIHUTENbHBIE ONEPaLnH,
TaKue, KaK y/IaJieHue HeBUIUMBIX ()ParMEeHTOB U300paKECHHUS.

Komanner OpenGL  peanmu3oBaHbl Kak MOJCHb  KIUEHT-CEPBED.
[Ipunoxxenue BBICTYIIA€T B POJM KJIMEHTA: OHO BhIpaOAThIBACT KOMAaH/bI, a
cepBep OpenGL wuntepnperupyer u BbimonHseT ux. CaM cepBep MOXKET
HaXOJIUThCA KaK Ha TOM K€ KOMITbIOTEPE, Ha KOTOPOM HAXOJMUTCS U KIUEHT,
TaK ¥ Ha IPYTOM.
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10.1. Oco6eHHOoCcTH McnOIb30BaHUA OpenGL B Windows

OpenGL  mpencraBisieT coOOM  YHUBEpPCAJIBbHYIO  rpapUuecKyro
OMOIMOTEKy, KOTOpass MOKET ObITh peajn30BaHa B JIIOOOKW OKOHHOM cpejie.
[TocraBisiercss B coctaBe omepanuoHHON cuctembl Windows, naunHas ¢
Bepcur OSR2 B Buae a8yx DLL-¢aiinos — opengl32.dil u glu32.dll. Tlepsas
U3 3TUX OUOJUOTEK M ecTh cOOCTBeHHO Habop dyukiuit OpenGL, BTopas
COJIEPKUT JOTMOIHUTENbHBIA Ha00p (YHKIUNA, YIPOIIAIOIINX KOJUPOBAHUE,
HO IIOCTPOCHHBIX M BBINOJHAEMBbIX ¢ moakiaroueHneM o0pengl32.dll, u
SIBJISIETCS. HAJICTPOUKOM.

To, 9yTo 3T OMONHMOTEKHW TOCTABIAIOTCS B COCTaBE OIEPAIMOHHON
CHUCTEMBI, 3HAYHUTEJIHHO YMPOINAET PacHpOoCTpaHEHHE pPa3pabOTaHHBIX
npunoxkenud. To, yto OpenGL pacmpocTpansercs B BUAC AUHAMUYECKUX
OMOJIMOTEK, YIPOIIAET JOCTYI K €r0 (PYHKIUSIM.

Jnst paboter ¢ OpenGL B Windows ucrons3yercs MOHITHE KOHTEKCTa
BocnpousBeneHus (rendering context), xortopsiii cBs3eiBacT OpenGL ¢
okonHol cuctemoit Windows. Eciin 0ObIuHBINH KOHTEKCT ycTpoiicTBa (device
context) comepXUT HMHPOPMAIIUIO, OTHOCSIIYIOCS K  Tpaduueckum
koMrioHeHTaM GDI, To KOHTEKCT BOCTIPOU3BEACHUS COJIEPKUT HH(POPMAILIUIO,
otHocsmytocs k OpenGL.

Takum oOpazoM, uToObl HauaTh paboTtaTh ¢ kKomanmamu OpenGL,
NPWIOKEHUE  JIOJDKHO — CO3/1aTh, KaK MHHUMYM, OJHH  KOHTEKCT
BOCTIPOM3BEICHUS U CIENIATh €r0 TEKYIIUM.

Ilepenq  co3maHMeM  KOHTEKCTAa  BOCHPOM3BEIEHUS  HEOOXOJIMMO
yCTaHOBUTH (QopMar nwukcenedl. Jlnsg ycraHoBku ¢opMara NUKCeNen
UCTIONB3YETCSI byHKIUSA Windows GDI int
ChoosePixelFormat (HDC, const PIXELFORMATDESCRIPTOR),
BbIOMparolasi HaumOoJiee noaxoAsuui GopMar ucxois W3 HHOOpPMAINH,
IIEPEIaHHOM B MOJIAX CTPYKTYpbl PIXELFORMATDESCRIPTOR.

ITocne Toro kak HaljeH MOAXOAAIIUNA (opmaT THUKCENeH, cleayeT
YCTAaHOBUTH €r0 B KOHTEKCTE YCTPOMCTBAa mpu moMomy ¢yHKmuu BOOL
SetPixelFormat (HDC hDC, inl pixelFormat, const
PIXELFORMATDESCRIPTOR).

Jljist paboThl C KOHTEKCTOM Bocmpou3BeneHus B Windows CyliecTBYIOT
¢ynkuun  HGLRC  wglCreateContext (HDC  hDC) n  BOOL
wglMakeCurrent (HDC hDC, HGLRC hGLRC).

IlepBast u3 HUX CO3/1aéT HOBBIM KOHTEKCT BocmpousBenenus OpenGL,
KOTOPBIN TIOJIXOIUT ISl PUCOBAHMS Ha YCTPOMCTBE, 33]JaBa€MOM KOHTEKCTOM
hDC.  Bropas  ¢yHKOMS  yCTaHaBIMBAaeT  TEKYIIMA  KOHTEKCT
BOCTIPOU3BEICHHUS.
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I[To oxonwanmm pabotet ¢ OpenGL  co3maHHBII ~ KOHTEKCT
BOCITPOM3BEIICHUST HEOOXOAMMO yaanuTh. JIJist 3TOrO CymecTByeT (QyHKITUS
BOOL wglDeleteContext (HGLRC hGLRC).

Texymmii KOHTEKCT BOCTPOHW3BEACHHS MOXHO Y3HATH IMPH TIOMOIIH
bynknuu HGLRC wglGetCurrentContext ().

[Tpu momomm OpenGL moxxHO co3nmaBarh anuManuu. [lpu 3TOoM mis
M300paXXeHHs] MCIIONB3YeTCs PEeXKUM paboThl ¢ AByms Oydepamu, Korma
COJIEPKUMOE OJIHOTO M3 HHUX TOKAa3bIBACTCSA, a B JIPYTOM OCYIIECTBISICTCS
noctpoeHue. [lociie oOkoOHYaHUsI MOCTPOCHUSI CIEIUaIbHAs KOMaH/la MEHSET
Oydepsl MmecTaMu (110 aHAJIOTHHU C IBYXCTPAHUYHBIM PEKHUMOM padboThl). J1is
UCIIOJIb30BaHUsl JIBOWHOM Oydepuzanuu HEOOXOAUMO YCTaHOBUTH (iiar
PFD DOUBLE BUFFER npu 3agaHud (popmara IHUKCEJIEd U IPUMEHWTH
koMmaHay SwapBuffers, meHswouyw Oydepbl MecTaMu (MO0 YMOJTYaHHUIO
BBIBOJI ITPOMCXOIUT B HEBUIUMBIN Oydep).

10.2. OcCHOBHbI€E THIIbI JAHHBIX
Bce xomannwel (mpoueaypsl u ¢Gynkuuu) OpenGL nHaumHaroTcs ¢
npedukca gl, a Bce korcrantel — ¢ npedukca GL_. Kpome toro, B nmena
bynkuuii u npouenyp OpenGL Bxoaar cyddukcel, Hecylue HHHOPMAITIIO O
yucje TepeaBacMbIX MapamMeTpoB W O uUX Tume. B Tabn. 1 mpuBoastcs
BBoguMble OpenGL Tumbl JaHHBIX, CTaHAApPTHBICE THIBI s3bika C
cyddUKCHI, KOTOPHIM OHU COOTBETCTBYIOT.

Tabmumna 1
Tunsl naaaeix OpenGL
Cyddukc | Onucanue Tun B C Tun B OpenGL
b 8-0urtoBoe 1eoe char GLbyte
S 16-0uToBoOE 11€T10€E short GLshort
i 32-0UTOBOE 1IE10€ long GLint GLsizei
f 32-0uTOoBOE float GLfloat,
BEIIECTBEHHOE YHUCIIO GLclampf
d 64-0utoBoe double GLdouble,
BEIIECTBEHHOE YUCIIO GLclampd
ub 8-0uToBoe 6e33HaKoBOEe | unsigned GLubyte,
11 (S ()¢ char GLboolean
us 16-6utoBoe unsigned GLushort
0€33HaKOBOE 1IEJI0E short
ui 32-0utoBoe unsigned GLuint, GLenum,
0e33HaKOBOE 11€JI0E long GLbitfield
void GLvoid
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HexoTopsie komanasl OpenGL okaHunBaroTcst Ha OyKBY V. ITO TOBOPUT
O TOM, YTO KOMaHJa MOJIy4aeT yKa3aTellb Ha MAacCHB 3HAUYECHHI, a HE caMu
9THU 3HAYEHHUS B BUJIE OTACIIbHBIX NapaMeTpoB. MHOrne KOMaHabl UMEIOT KaKk
BEKTOPHBIC, TAK U HE BEKTOpHBIC Bepcuu. HampumMep, KOHCTPYKIIHU
glColor3f (1.0, 1.0, 1.0);

u

GLfloat color[] = {1.0, 1.0, 1.0};
glColor3fv(color);

SKBUBAJICHTHBL.

OpenGL moxxHO paccMaTpuBaTh Kak aBTOMAT, HaXOJAIIUNCA B OJHOM
U3 Heckolibkux coctosiHuil. Buytpu OpenGL coxepxutTcs uemnbiii psij
NEPEMEHHBIX, HaNpUMEp, TEKYIIM [BET WIM TEKYIIHH  PEeXUM
3aKpamMBaHusA. EciiM yCTaHOBHUTH TEKYIIMM LBET, TO BCE MOCIEAYIOIIHE
00BEKTHl OYyAyT 3TOro LBETa JO TEX MOp, MOKa TEKYIIHA LBET HE OyAeT
U3MEHEH.

[To ymomyaHuIO Ka)kaas CUCTEMHAsl IEPEMEHHAS] UMEET CBOE 3HAYCHHUE,
U B JIFOOOK MOMEHT 3HAUEHHUE KaXKJAO0W U3 ITUX MEPEMEHHBIX MOKHO y3HaTh.
OOBIYHO JUISI ATOTO UCIOJNB3YETCSd OJHA W3 CICAYIOIMX (DYHKIIUIA:
glGetBooleanv (), glGetDoublev (), glGetFloatv () u
glGetIntegerv (). Jlst OIIpEEIICHUS 3HAYCHU U HEKOTOPBIX
MEPEMEHHBIX CITYXaT CHEIUaTbHbIC (DYHKIIHH.

OpenGL mpenoctaBisieT MOJB30BATENI0 JOCTATOYHO MOIIHBIA, HO
HU3KOYPOBHEBBIII HA0Op KOMaHJ, M BCE OIEpalid BBICOKOTO YPOBHS
JIOJKHBI BBITIOJTHATHCSA B TEPMUHAX ATUX KoMaHl. OOBIUHO 1 00JIeTYeHUS
pabotel BMecte ¢ OpenGL moctaBisercss OMOIMOTEKA JOMOJHUTEIBHBIX
KOMaHJ, KaXKaas M3 KOTOpbIX HaumHaeTcs ¢ mpedurca glu. Jlanee Oymer
pPaccMOTpEHa YacTh U3 ATUX KOMAH/I.

10.3. PucoBaHue reoMeTpU4YeCKHUX 0OBEKTOB

10.3.1. Pa6oTa c 6ydpepamu 1 3ajaHue LBeTa 00 bEKTOB

OpenGL conepxut BHYTpH ceOsi HECKOIBKO pas3inyHbIX Oydepos.
Cpenu Hux (peiim 0ydep (rae ctpoutcs uzodpaxenue), Z-0ydep, cayxamuii
ULl yoajdeHusi HEBUIMMBIX TOBepxHocTel, Oydep Ttpadapera wu
aKKyMYJIMPYIOIIHil 0ydep.

JUiss  OYMCTKM  BHYTpeHHUX  OydepoB  CIYyXHUT  Mpoueaypa
glClear (GLbitfield mask), ounmaromas Oydepsl, 3agaHHBIC
nepeMeHHoi mask. [Tapamerp mask sBiasieTcss KOMOMHAIMEH CIIETYIONIUX
KOHCTAHT:

GL COLOR BUFFER BIT — ouuctuTh Oydep H300pakeHHs

(bpeiimbydep);
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GL DEPTH BUFFER BIT — OYMCTHTh Z-Oydep;

GL ACCUM BUFFER BIT — OYMCTUTh aKKyMYJUpPYIOIUi Oydep;

GL STENCIL BUFFER BIT — ouMcTUTh Oydep Tpadapera.

[[BeT, KOTOPHIM OouMIaeTCs Oydep n300pakeHus, 3aaETcs MPOLEeTypOi
glClearColor (GLfloat red, GLfloat green, GLfloat
blue, GLfloat alpha). 3HaueHue, 3amucbiBaemMoe B Z-Oydep mnpu
O4uCTKe, 3amaérca mnpoueaypon glClearDepth (GLfloat depth).
3HadeHne, 3amuchiBaeMoe B Oydep Tpadapera mpu oudMCTKe, 3amaéTcs
npoueayponn glClearStencil (GLint s). lIlBer, 3anucbiBaeMblii B
aKKyMyJIupyomuii ~ Oydep mnpu  OUMCTKE, 3adaéTcsa  MOpOLEIypoi
glClearAccum (GLfloat red, GLfloat green, GLfloat
blue, GLfloat alpha).

Cama xomanma glClear ouyuIaeT OAHOBPEMEHHO BCE 3aJlaHHbIC
Oydepsl, 3aM0JIHSIS UX COOTBETCTBYIOIIUMH 3HAUYCHUSIMU.

JI1s1 3a1aHust 1IBETa 00BEKTA CIIYKUT MpoIieaypa

glColor{3 4}{b s i £ d ub us ui}[v] (TYPE red, ..).

[Hudpa 3 unm 4 ykasplBaeT Ha KOJIUYECTBO TPEOYEMBIX apryMEHTOB, a
OykBa, cienyromas 3a 1udpoil, moka3piBaeT TUN aprymMmeHToB. Hampumep, B
nponeaypy glColor3i OyayT nepeaaHsl TpU MapaMeTpa 1eJIoro TUra.

Ecmu 3HaueHuwe mnapamerpa He 3a4aHO, TO OHO AaBTOMAaTHYECKHU
MojlaraeTcsi paBHbIM eauHuile. Bepcum mnpouenypel glColor, raAe
IIapaMeTPhl ABJISIOTCSA MEPEMEHHBIMU C IUIABAKOLIECH TOYKOW, aBTOMATUYECKU
o0Ope3aroT rnepeilanablie 3HaYeHus B oTpe3ok [0, 1].

IIpouenypa glFlush () BBI3BIBAET HEMEIJIEHHOE PHUCOBAHUE paHEE
neperaHHbix KomanA. Ilpu 3TOM OXuIaHus 3aBEPLICHUS] BCEX paHee
nepeJaHHbIX KoMaHa He mnpoucxoauT. C Apyroil CTOPOHBI, KOMaHJa
glFinish () oxumaer, nmoka He OyAyT 3aBepllieHbl BCE paHee MepeaaHHbIe
KOMAaH/IbI.

Eciu HyHO BKIIFOUNUTH YAAJIEHUE HEBUIAMMBIX MTOBEPXHOCTEU METOAOM
Z-0ydepa, TO Z-Oybep HEOOXOIMMO OYHCTUTH W TepeaaTh KOMaHIY
glEnable (GL DEPTH TEST). Komanny glEnable () MO>KHO
BBINIOJIHUTH TOJBKO OJIMH Pa3 MPU WHULHAIU3ALUU CUCTEMHBIX ITEPEMEHHBIX
OpenGL. Ouunctky z-0Oydepa HE0OXOAUMO MPOU3BOAUTH TEpes HadaioM
OCTPOEHUS OUEPEAHOIO Kaipa U300paKEeHHUS.
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10.3.2. 3aaaHue rpapuyecKux NpUMMUTUBOB

Bce reomerpuueckue mpumutuBbl B OpenGL 3amaroTcst B TepMHHAX
BepimnH. Kaxnas BepmmHa 3agaétcs HAOOPOM 4YHCEN, OMPEICNSIOmUX e
KOOPJIMHATHI B IPOCTPAHCTBE.

OpenGL pabGortaetr ¢ ogHOPOAHBIMU KoopauHaTamu (X, Y, Z, W). Ecnu
KOOpJIMHATA Z HE 3a/laHa, TO OHA CYMTAETCs paBHOU HyI0. Eciu koopauHaTa
W He 3aj7laHa, TO OHAa CYUTACTCSl PABHOU €IMHULIE.

[Tox nmunueit B OpenGL moapa3zymeBaercs OTpe30K, 3a/laHHbI CBOMMU
Ha4aJIbHOM U KOHEYHOMN BEPIIMHAMH.

ITon rpanslo (MHOTOyrogbHukoM) B OpenGL mnoxpasymeBaercs
3aMKHYTBIA  BBIIYKJIBIM  MHOTOYTOJBHHK C  HECAMOIEPECEKAKMIEHCS
IrPaHULEN.

Bce reomerpuueckne o0wvekThl B OpenGL 3amaroTcss mocpencTBOM
BEpUINH, a CAMH BEPIIMHBI 33Jal0TCA MPOLIETY PO

glVertex{2 3 4}{s 1 £ d}[v] (TYPE x, ..),

I7Ie pealbHOE KOJMYECTBO MapaMeTpOB OMNpenesseTcs NepBeiM cyhdurcom
(2, 3 wmm 4), a cybduxkc V o3HaYaeT, 4TO B KayeCTBE E€AMHCTBEHHOTO
apryMeHTa BBICTyIa€T MAacCCHUB, COAEpXKallui HEOO0XOAMMOE KOJIUYECTBO
KoopauHat. Hanmpumep:

glVertex2s (1, 2);

glVertex3f (2.3, 1.5, 0.2);

GLdouble vect[] = {1.0, 2.0, 3.0, 4.0};
glVertex4dv (vect) ;

JUist  3agaHus TEOMETPUYECKUMX MNPUMHUTHUBOB HEOOXOJMMO Kak-TO
BBIJICIUTh HAOOP BEPILMH, ONPEAEAIOMUX ITOT 00bEKT. i 3TOro ciyxKat
npoueaypsl glBegin () wu glEnd (). Ilpouenypa glBegin (GLenum
mode) 00o03HavaeT Hayajio CIIMCKa BEPILNH, OIIUCBIBAIOIIUX
r€OMETPUYECKUM ITPUMUTHUB. THUII IPUMHUTHBA 3a4aETCA mapameTpom mode,
KOTOPBIN IPUHUMAET OJTHO U3 CIICAYIOIIUX 3HAYCHUN:

GL POINTS — HabOp OTAEIbHBIX TOUYEK;

GL LINES — mapsl BepIIMH, 3aJa0IIUX OTACIbHBIC TOYKH;

GL LINE STRIP — H€3aMKHYyTas JOMaHasi;

GL LINE LOOP —3aMKHyTas JIOMaHas,

GL POLYGON — IPOCTOH BBIITYKJIBIH MHOIOYT OJIbHHUK;

GL TRIANGLES — TpPOWKH BEPILIUH, HHTEPIPETUPYEMBIE KaK BEPIIUHBI
OTIEIIBHBIX TPEYTOJIbHUKOB;
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GL TRIANGLE STRIP — cBsi3aHHas 110J10Ca TPEYTOJIbHUKOB;

GL TRIANGLE FAN — Beep TpECYroJbHHKOB;

GL QUADS —  4eTBEpPKHU BEpIINH, 3aJlaro1me BBIITYKJIBIC
YETBIPEXYTOJIbHUKY;

GL QUAD STRIP — moyioca 4eThIpEXYTOJIbHUKOB.

[Ipouenypa glEnd () OTMeEYaeT KOHEL CIIMCKA BEPILHH.

Mexny xomanaamMu glBegin () W glEnd () MOTYT HaxOOUTCS
KOMaH/Ibl 3aJaHusl Pa3IMYHBIX aTPUOYTOB BEpUIMH: glVertex (),
glColor (), glNormal(), glCallList(), glCallLists(),

glTexCoord (), glEdgeFlag (), glMaterial (). Mexay KoMaHIamMu
glBegin () m glEnd () Bce octambHble koManabpl OpenGL HemxomyCcTUMBI
U TIPUBOJIAT K BOBHUKHOBEHHIO OIITMOOK.

PaccmoTpum B kKauecTBe MpuMepa 3aaHue OKPY>KHOCTH:

glBegin (GL LINE LOOP) ;

for (int 1 = 0; I < N; i++)

{

float angle = 2 * M PI * 1 / N;
glVertex2f (cos (angle), sin(angle));

}
glEnd () ;

XOTsT MHOTME KOMAaHJbl MOTYT HAaXOIWUThCA MexXAy glBegin () wu
glEnd (), BEpIIMHBI TEHEPUPYIOTCS NIPHU BBI30BE glVertex (). B MOMeHT
BhI30Ba glVertex () OpenGL mnpucBamBaeT co031aBacMOW BEpIIUHE
TEKYILIUA [BET, KOOPIUHATHI TEKCTYPhI, BEKTOP HOPMAJIU U T. 1. 3HaYanbHO
BEKTOp HOpMmaiu mosiaraetcsi paBubM (0, 0, 1), iBeT nmonaraetcst paBHbIM (1,
1, 1, 1), KOOpAUHATHI TEKCTYPHI MOJATAIOTCS PABHBIMH HYJIIO.

10.3.3. PucoBaHue TOYEK, JTUHUA U MHOTOYTrOJIbHUKOB

JLiist 3aJaHusd pa3sMepoB TOYKHU CITY)KUT rpouenypa
glPointSize (GLfloat size), KOTOpas yCTAaHABIUBAET pa3sMep TOUYKHU
B IIUKCEJIAX, 110 YMOJYaHHUIO OH PABEH €IUHMUIIE.

JInsg 3amaHus [IAPUHBL JIMHUKA B TMHKCEISIX CIYXKHUT IpouLeaypa
gflineWidth (GLfloatwidth). [llaGmoH, KoTOphIM OyAET pUCOBATHCS
JINHWSA, MOYKHO 3aJaTh IIPU OMOIIM ITporeaypsl glLineStipple (Glint
factor, GLushort pattern). Illabnon 3amaercs mepeMEHHOMI
pattern u pacrsaruBaercs B factor pa3. Mcnonb3oBanue mabioHOB
JUHAA HEOOXOIUMO pas3peuurb npu IMOMOIIHA
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komaHabl glEnable (GL UNE STIPPLE). 3anpeTuTh HCIOJIb30BAHUE
IIa0JIOHOB JIMHUI MOKHO KOMaHIoi glDisable (GL LINE ST1PPLE).

MHOroyroJibHUKM PHUCYIOTCS KaK 3aloJIHCHHBIE OOJACTU TMHKCEIeH
BHYTPHU TPAHUIIBI, XOTSI UX MOXKHO PHUCOBATh JIMOO TOJIBKO KaK I'PaHUYHYIO
JUHUIO, TUO0 TTPOCTO KaK HAOOP rPaHUYHBIX BEPIIVH.

MHOroyroJibHUK UMEET JBE CTOPOHBI (JIUIEBYIO U HEJUIIEBYIO) U MOKET
OBITH OTPHUCOBAH TO-PAa3HOMY, B 3aBUCHUMOCTH OT TOTO, Kakasi CTOpOHa
oOpamieHa k HaOmoaareno. Ilo ymomyanuto 00€ CTOPOHBI PHUCYIOTCS
0oAMHAKO0BO. JUIs 3aaHKs TOTO, KAK UMEHHO CJIEyeT pPUCOBATH MEPEAHIO U
3aJHIOI0 CTOPOHBI MHOTI'OYTOJIbHUKA, CILy’KUT npoueaypa
glPolygonMode (GLenum face, GLenum mode). [lapamerp face
MOJKET NpPHUHUMATh 3HadueHUss GL FRONT AND BACK (00e CTOpOHBI),
GL FRONT (nuueBas ctopoHa) wm GL BACK (HenuueBas CTOpPOHA).
[TapameTrp Mode MOXET MPUHUMATH 3HAYCHHS GL POINT, GL LINE nim
GL_ FILL, o003Ha4as, YTO MHOTOYTOJbHUK JOJKEH PUCOBATHCS Kak HaOOp
IPaHUYHBIX TOYEK, TpPAaHWYHAs JIOMaHas JIMHWUSI WM 3arojHEeHHas 00J1acTh,
HamnpuMmep:

glPolygonMode (GL FRONT, GL FILL);
glPolygonMode (GL BACK, GLJJNE) .

[To ymon4aHuio BEpUIMHBI MHOTOYTOJIbHUKA, KOTOPBIE MOSIBIAIOTCS Ha
JKpaHe B HAIPABJICHUU MPOTUB YACOBOW CTPEJIKU, HA3BIBAIOTCS JIUUECHIMU.
DTO MOKHO M3MEHHUTH MPU MOMOIIU mpouenypsl glFrontFace (GLenum
mode). Ilo ymomyanmio mnapamerp mode paBHsercs GL CCW, dYTO
COOTBETCTBYET HaMpPaBJICHUIO 00X0/1a MPOTUB YacOBOM cTpeniku. Eciu 3a1ath
3TOT mnapameTrp paBHbIM GL CW, TO JMLEBBIMH OyIyT CUUTAThCH
MHOT'OYTOJIBHUKH C HallpaBjieHUEM 00X0/1a BEpLIMH MO YaCOBOU CTpEJIKE.

I[Ipu momomm mnpoueaypel glCullFace (GLenum mode) BBIBOJ
JIMIIEBBIX WJIM HEJIUUEBBIX T'PAHEH MHOTOYTOJIbHUKOB MOYHO 3aIllpETUTh.
[Tapamerp mode mnpuHMMaeT oxHO W3 3Ha4eHHH GL FRONT (OCTaBUTH
TOJIBKO JHMIEBbIE rpaHd), GL BACK (OCTaBUTh HEJIMIIEBBIE) WIH
GL_ FRONT AND BACK (octaBurb Bce rpaHu). [nd oTcedeHms rpaHen
HEOOXOJUMO  pa3pelinuTh  OTCEYEHHWE  MOpU  TOMOIIM  KOMAaHJbI
glEnable (GL CULL FACE).

[[TabmoHn [J1st  3amojHEHUs TPaHM MOXKHO 3aJaTh TMPU TMOMOIIU
npouenypel glPolygonStipple (const GLubyte * mask), rme
mask 3agaeT MaccuB OMTOB pa3mepom 32 Ha 32.
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Jnsg  paspemieHus  WCMONb30BaHHWsS — IMa0JIOHOB  MPH  BBIBOJE
MHOT'OYTOJIbHUKOB CITY’KAT KOMaHzaa
glEnable (GL POLYGON STIPPLE).

CBoil BEKTOp HOpMalM I KaXIO0HW BEpIIMHBI MOXKHO 33JaTh IpPH
IIOMOIIY OJHOU U3 CIEAYIOIIMX IIPOLEIYD:

glNormal3{b s 1 d f} (TYPE nx, TYPE ny, TYPE nz);
glNormal3{b s I d f}v(const TYPE * v).

B Bepcusx ¢ cypouxkcamu b, S wmam | 3HAUeHHS apryMEHTOB
MacmTaOupyroTcs B oTpe3ok [-1, 1].

B  kawectBe  mpumepa  npuBeAEM — NPOUEAYPY,  CTPOSIILYIO
OpSAMOYTOJBHBIM  Tapajienenunes ¢ péOpamu, rapauieIbHbIMU
KOOPAWHATHBIM OCAM, [0 AUAINa30HAM U3MEHEHHUS X, V U Z.

#include <windows.h>

#include <gl\gl.h>

drawBox (GLfloat x1, GLfloat x2, GLfloat v1,
GLfloat y2, GLfloat zl, GLfloat

z2)

{

glBegin ( GL POLYGON ) ;

glNormal3f ( 0.0, 0.0, 1.0 );

glVertex3f ( x1, yl, z2 );
glVertex3f ( x2, yl, z2 );
glVertex3f ( x2, y2, z2 );
glVertex3f ( x1, y2, z2 );
glEnd ();

glBegin ( GL POLYGON ) ;
glNormal3f ( 0.0, 0.0, -1.0 );
glVertex3f ( x2, vyl, zl1 );
glVertex3f ( x1, vyl1, zl1 );
glVertex3f ( x1, y2, zl1 );
glVertex3f ( x2, y2, zl1 );
glEnd ();

glBegin ( GL POLYGON ) ;
glNormal3f ( -1.0, 0.0, 0.0 );
glVertex3f ( x1, yl1, zl );
glVertex3f ( x1, vyl1, z2 );
glVertex3f ( x1, y2, z2 );
glVertex3f ( x1, y2, zl1 );
glEnd ();
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glBegin ( GL POLYGON ) ;
glNormal3f ( 1.0, 0.0, 0.0 );

glVertex3f ( x2, yl, z2 );
glVertex3f ( x2, yl, z1 );
glVertex3f ( x2, vy2, zl1 );
glVertex3f ( x2, vy2, z2 );
glEnd ();

glBegin ( GL POLYGON ) ;
glNormal3f ( 0.0, 1.0, 0.0 );

glVertex3f ( x1, y2, z2 );
glVertex3f ( x2, y2, z2 );
glVertex3f ( x2, y2, zl1 );
glVertex3f ( x1, vy2, zl1 );
glEnd ();

glBegin ( GL POLYGON ) ;

glNormal3f ( 0.0, -1.0, 0.0 );
glVertex3f ( x2, vyl, z2 );
glVertex3f ( x1, vyl1, z2 );
glVertex3f ( x1, yl1, zl );
glVertex3f ( x2, yl, zl1 );
glEnd ();

}

10.4. TIpeo6pa3oBaHUe 06GBEKTOB B MPOCTPAHCTBE

10.4.1. [Ipeo6pa3oBaHus B IPOCTPAHCTBE
B mpouecce mnocTtpoeHus H300pak€HUS KOOPAMHATHI  BEPUIMH
MOABEPTatoTCs ONpeIeICHHBIM npeoOpa3oBaHUSM. [TogoOHBIM

peoOpa30BaHUAM MOABEPIatOTCS 3aaHHBIC BEKTOPhI HOPMAJIH.

M3HauanpHO KamMepa HAaXOOUTCS B Hadaje KOOPAWHAT W HaIpaBlieHa
BJI0JIb OTPHUIATEIBHOIO HarpaBieHus ocu OZ.

B OpenGL cymectBytoT aBe  MaTpuIlbl, IOCJIEI0BATEIHHO
MPUMEHSIOIINECS B TpeoOpasoBaHuu KoopauHaT. OfHA U3 HUX — MaAmpuua
mooenuposanus (modelview matrix), a npyras — mampuua npoeuuposanus
(projection matrix). ITepBast CIIy>KUT JJIS 3aJIaHUS MTOJIOKEHHS 00BEKTA U €T0
OpPHEHTAIlMK, BTOpas OTBEYAeT 3a BBIOPAHHBIA CIIOCOO MPOCIIMPOBAHUS.
OpenGL mopnepxuBaeT 1Ba THIIA MPOCIUPOBAHUS — TMapauIeIbHOE U
MEPCIEKTUBHOE.

CymiecTByeT HaOOp Pa3IUYHBIX MPOLEAYP, YMHOMKAIOIIMX TEKYIIYFO
MaTpuIly (MOJCIUPOBAHMS WM MPOCIUPOBAHMS) HA MATPUILy BBHIOPAHHOTO
re€OMETPUYECKOTO MPeoOpa3oBaHMsI.
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Tekymias  marpuua — 3aJaeTcs NP HOMOIIM  MPOLEAYPHI
gIMatrixMode (GLenum mode). [lapamerp mode MoXxeT NpUHUMATH
3HaueHuss GL MODELVIEW, GL TEXTURE wwm GL PROJECTION,
MO3BOJISII  BBIOMpaTh B KauyecTBE  TEKylIed  MaTpullbl  MaTpUIly
MOJICTUPOBaHUsA (BUIOBYIO MAaTpHIly), MATPUIy MPOCHUPOBAHUS WIH
MaTpuily peoOpa3zoBaHUs TEKCTYPHI.

[Ipouenypa gILoadldenity () yCTaHaBJIMBACT CAUHUYHYIO
TEKYLLYIO0 MaTPHILY.

OOBIYHO  3aaHWE COOTBETCTBYIOIICH MATPHUIIBI HAYUHACTCS C
YCTAaHOBKM €IMHWYHOW U TOCJIEAOBAaTEIBHOTO MPUMEHEHUS MATPHI]
r€OMETPUYECKUX TIPEOOpa30BaHUM.

[IpeobpazoBanue nepeHoca 3amaercs npouenypod glTranslate{f
d} (TYPE x, TYPE y, TYPE z), obecneuuBaroiieidl rnepeHoc oObeKTa
Ha BeIUUuHy (X, y, 2).

[IpeobpazoBanre moBopoTa 3amgaérca Tmpoileaypoi glRotate{f
d} (TYPE angle, TYPE x, TYPE y, TYPE z), obecreunBaromicii
MOBOPOT Ha yros angle B HampaBiICHWH MPOTHB YaCOBOH CTPEIIKH BOKPYT
IPSIMOM C HAMIPABJISIONUM BEKTOPOM (X, V, Z).

[IpeoOpazoBanue MaciTabupoBaHus 3amaércs IpoLEeypOn
glScale{f d} (TYPE x, TYPE y, TYPE z).

Ecnu ykazaHo HeCKOJIbKO MpeoOpa3oBaHUi, TO TEKyIlas MaTpuila B
pesynbTate OyJeT TMocIeAoBaTeIbHO YMHOXEHa Ha COOTBETCTBYIOIIUE
MaTpULBI.

10.4.2. IlosnyyeHue npoeKu
BunumbiM 00beMOM TIpHU MepCrieKTUBHOM TpeoOpa3zoBanun B OpenGL
SIBJISIETCS YCEUEHHAs TUpaMu/Ia.

Jlnst 3amaHusl TEpCIEKTHMBHOTO mpeoOpasoBanuss B OpenGL cioyxut
npouenypa glFrustrum (GLdouble teft, GLdoubte right,
GLdouble Dbottom, GLdouble top, GLdouble near,
GLdoubte far).

[TapameTpbl ompenenstoT IJIOCKOCTH, MO KOTOPHIM MPOBOIAUTCS
otceucHue. Bemnunubl near u far 1omkHb! OBITH HEOTPHUIIATEIBHBIMHU.

NHorna pns 3agaHusi TEPCIIEKTUBHOTO IMpeoOpa3oBaHUs yJoOHee
BOCIIOJIL30BAThCA  CICAYIONMIEH TporeAypodl u3 OUOIMOTEKH  YTUIUT
gluPerspective (GLdouble fovy, GLdouble aspect,
GLdouble zNear, GLdouble zFar).

DTta mpoueaypa co3gaeT MaTpuily IS 3aJaHUs CUMMETPUYHOIO IO
3pEeHUSI 1 YMHOXaeT TEKYIIyl0 MaTpuily Ha He€. 31eck fovy — yroyi 3peHus
kamepbl B Twiockoctu OXxz, mexameit B nuamazone [0, 180]. ITapamerp
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aspect — OTHOUIEHUE MIUPUHBI 00JIaCTU K e€ BbIcOTe, zNear W zFar —
pPacCTOSIHUST BIOJIb OTPHIIATEILHOTO HampasieHus ocu Oz, ompenemnstomine
OJIMKHIOIO M TAJTBHIOKO TUIOCKOCTH OTCEUCHHSI.

CymecTtByer emé omaHa yaoOHas  (QyHKOUS  I9  3aJdaHUS
IIEPCIEKTUBHOrO mnpoeuupoBanust gluLookAt (GLdouble eyeX,
GLdouble eyeY, GLdouble eyeZ, GIdouble centerX,
GLdouble centerY, GLdouble centerz, GLdouble upX,
GLdouble upY, GLdouble up2).

Bekrop (eyeX, eyeY, eyeZ) 3ama€T MOJOXKEHHUE HAOMIOAATEN,
BekTop (cenlerX, centerY, centerZ) — HampaBleHHE Ha IEHTP
CIICHBI, a BeKTOp (UupX, upY, UpPZ)— HalpaBJICHUE BBEPX.

B cnayvae mnapaiienbHOro MNPOEHUPOBAHUS BHAMMBIM  00BEMOM
SABJISICTCS MPSAMOYTOJIbHBIA Tapaienenunen. JUis 3aganus nmapaaieabHOro
IIpOCLUPOBAHU CIYXXUT mpoueaypa glOrtho (GLdouble left,
GLdouble right, GLdouble Dbottom, GLdouble top,
GLdouble near, GLdouble far).

[TapameTpsl left n right onmpenenstoT KOOPAUHATHI JIEBOU U MPABOU
BEPTUKAIBHBIX IUIOCKOCTEM OTCEUEHUsA, & bottom WM top — HWKHEH U
BEPXHEN TOPUZOHTAIBHBIX MIIOCKOCTEM.

CnenyrommM 11aroM B 3aJaHUW  MPOCIHHUpPOBaHUs (TOCIe BbIOOpa
napaJiyIeIbHOTO WJIU TEPCIIEKTUBHOTO MPEeoOpa3oBaHUsl) SBISICTCS 3aJaHUE
00JlacT B OKHE, B KOTOPYIO Oy/eT MOMENICHO MOoJydaeMoe H300pa)keHue.
Jnst atoro ciyxur mpoueaypa gIlViewport (GLint x, GLint vy,
GLsizei width, GLsizei height).

3nech (x, y) 3a7a€T HUKHUN JIEBBIA yroji MpsIMOYroJibHOM 00JlacTH B
OKHE, a width m height gBuArOTCA €€ IMUPUHON U BBICOTOM.

OpenGL copepkuT cTek MaTpuil JJs KaXJIOro U3 TPEX THIIOB
npeoOpazoBanuid. [Ipu 3TOM TEKyIIyr0 MaTPHIy MOKHO TTOMECTUTHh B CTEK
WJIY U3BJIEYb MATPUILY U3 CTEKA U CHENaTh €€ TEKYLIEH.

JInsg momemeHuss TEKylled MaTpulbl B CTEK CIYKUT Ipoueaypa
gIlPushMatrix (), Mg U3BICYEHUsS MaTpULBl U3 CTEKa — Iporeaypa
glPopMatrix ().

10.5. 3aaaHue MojeJsied 3aKpalllMBaHUS
Jlunus wiM 3amojiHEHHAas TrpaHb MOTYT OBITh HApPUCOBAHBI OJHUM
LIBETOM (IUIOCKOE 3akpammBaHue, GL FLAT) mnM IyTéM HMHTEPIOJALNN
LIBETOB B BepIlIMHAX (3akpammBanue ['ypo, GL_SMOOTH).
Jnga  3agaHusdg pexuma  3aKpallMBaHUS — CIYXKUT  IIpOLEAypa
glShadeModel (GLenum mode), rae mapaMeTrp MOde mpUHUMACT
3HaueHue GL SMOOTH unu GL_FLAT.
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10.6. OcBeunienue

OpenGL ucnonb3yeT MoIeib OCBEIIEHHOCTH, B KOTOPOI CBET MPUXOIUT
U3 HECKOJIbKMX UCTOYHUKOB, KaXKIbI U3 KOTOPBIX MOKET ObITh BKIIIOUEH WUITU
BeIKIItOUeH. Kpome Toro, cymectByer emie oOmiee (onoBoe (ambient)
OCBCIIEHUE.

JIJisi IpaBUIBHOTO OCBEHICHUS OOBEKTOB HEOOXOAMMO ISl KaKIou
rpaHd 3a7aTh MaTepuasl, oOJafalolui ONpeleIEHHBIMU CBONCTBAMHU.
Marepuan MOXET UCIyCKaTb CBOW COOCTBEHHBIM CBET, pacceuBaTh
najaroluii CBET BO BcCeX HampaBieHusX (audQys3Hoe oTpakeHHe) WIIH,
0100HO 3€pKaly, OTPaXaTh CBET B ONPEIECICHHBIX HAIPABICHUSIX.

[Tonp30BaTenp MOXKET ONPEAEIUTDH 10 BOCBMU HCTOYHHUKOB CBETA U MX
CBOKCTBA, TaKHE, KaK LIBET, MOJOKECHUE W HampasieHue. [[nsg 3amanusa 3Tux
CBOMCTB CHyxuT mnpouenypa gllight{i £f}[v] (GLenum light,
GLenum pname, TYPE param), KOTOpas 3aaa€T IapamMerpbl i
UCTOYHHKA cBeTa light, mnpuHMMaromero 3HadeHuss GL LIGHTO,
GL LIGHTI, ey GL LIGHT7. [TapameTrp pname omnpenenser
XapaKTEepUCTUKY MCTOYHHMKA CBE€Ta, KOTOpas 3aJacTcsd  IIOCIICIHUM
mapaMeTpOM.

JI1s1 UICNOJIb30BaHMSI UICTOYHMKOB CBETA PACYET OCBEHIEHHOCTU CIEAYET
paspemuts KoMaHaoW glEnable (GL LGHTING), a NpUMEHEHHE
COOTBETCTBYIOILIETO HMCTOYHMKA CBETa pa3pelInTh (BKIIOUYHUTH) KOMAaHJION
glEnable, HanpuMep: glEnable (GL LIGHTO).

HNcTtouyHnK cBeTa MOXKHO paccMaTpuBaTh KakK HMMEIOMINAN BIIOJIHE
OIPENEIICHHBIE KOOPIUHATBHI U CBETSAIIMN BO BCEX HAIIPABIICHUAX WM Kak
HaIpaBJICHHBIA UCTOUYHUK, HAXOMISIIHUICSI B OECKOHEUHO YJAJICHHOW TOYKE U
CBETSIIMI B 3aJJAaHHOM HAIpaBIICHHH (X, ), Z).

Ecin mapamerp W B komanae GL POSITION paBeH HYyJO, TO
COOTBETCTBYIOIIIMM HCTOYHUK CBETAa — HAIPABJICHHBIM U CBETUT B
HanpasieHuu (x, y, zZ). Eciau jxe W OTJIIMYHO OT HyJIs, TO 3TO MO3UIIMOHHBIN
MCTOYHHUK CBETA, HAXOIAIIMICS B TOUKe ¢ KoopauHaTamu (X/w, y/w, z/w).

3aganueM napameTpoB GL SPOT CUTOFF m GL SPOT DIRECTION
MOKHO CO3[aBaTh MCTOYHHUKH CBETa, KOTOpPbIE OyIyT MMETh KOHHYECKYIO
HanpasJIEHHOCTh. I1o yMonmuanuro 3Hadyenue napamerpa GL SPOT CUTOFF
paBHO 180°, T. €. MCTOYHMK CBETUT BO BCEX HANPABJICHUSAX C PaBHOU
WHTEHCUBHOCTBIO. [TapameTp GL SPOT CUTOFF ONpeaeIIsIeT
MaKCUMAaJbHBIM  yrojl OT  HalpaBJICHHUS HUCTOYHUKA, B  KOTOPOM
pacripocTpaHsiercss cBeT oT Hero. OH MOKeT MpuHUMaTh 3HaueHue 180° (He
KOHUYECKUU NCTOYHUK) uiu oT 0 10 90°.

NHTEHCUBHOCTh MCTOYHUKA C PACCTOSHUEM, BOOOIIE rOBOpsi, yObIBAaeT
(mapametpbl »TOr0 yOBIBaHMSI 3aJalOTCSl MpPU TOMOIIM [apaMeTpoB
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(GL_CONSTANT_ATTENUATION, GL LINEAR ATTENUATION )51
GL QUADRATIC ATTENUATION). Tompko cOOCTBEHHOE  CBEYEHHE
Marepuana W Trio0anbHas (POHOBas OCBEIICHHOCTh C PACCTOSHHEM HE
0CIIa0eBaoT.

['moGanpHOE (POHOBOE OCBEIIEHHE MOXKHO 3a4aTh MPU T[OMOIIU
koMaHael gtLightModel{i f} [v] (GL LIGHT MODEL AMBIENT
ambientColor).

MecroHaxoxAeHUE HaOIIOJaTeNsl OKa3bIBaeT BIWSHHE Ha OJMWUKHA Ha
o0bekTax. [lo ymMomuanuio mpu pacu€rax OCBEHMIEHHOCTH CUUTAETCS, YTO
HaOJI0/1aTeNIb HAXOAUTCSA B OECKOHEYHO Y/IalIEHHOW TOYKE, T. €. HAIIPABIICHUE
Ha HaOJIroAaTeNsl TOCTOSTHHO ISl JIF000# BeplIuHbl. MOXKHO BKIIFOUUTH OoJiee
peaTMCTUUECKOE OCBEIICHUE, KOTJa HalpaBJICHHE Ha HaOmroaarens Oyner
BBIYUCIIATHCS ISl KKJIOM BEPUIMHBI OTJAEIBHO. [ 3TOTO CIYKUT KOMaHAa
glLightModeli (GL LIGHT MODEL LOCAL VIEWER, GL TRUE).

JIns 3a1aHusl OCBELIEHUSI KaK JIMIEBBIX, TAK U HEJIUUEBBIX TpaHeu (s
HEJMIEBBIX TpaHE BEKTOpP HOPMalIM TMEPEBOPAYMBACTCS)  CIIYKHUT
cieayromas KOMaHjaa
glLightModeli (GL LIGHT MODEL TWO SIDE, GL TRUE),
NpUYEM CYLIECTBYET BO3MOKHOCTh OTAEJIBHOTO 33JJaHUsI CBOMCTB MaTepuaia
JUISL KQXKJI0M U3 CTOPOH.

CgoiicTBa MaTepuana, M3 KOTOPOTrO clejlaH OOBEKT, 3aJaroTcsl MpHU
oMoy  opoueaypel glMaterial{i f}[v] (GLenum face,
GLenum pname, TYPE param).

[TapameTp face yka3blBaeT, MJid KAaKOMl W3 CTOPOH TPaHU 33JaeTCA
CBOMCTBO, M IIPHUHMMAET OJHO U3 CIELYIOIIMX 3HavyeHuh: GL BACK,
GL_FRONT AND BACK, GL FRONT.

[TapameTp pname yka3blBaeT, Kako€ HWMEHHO CBOMCTBO MaTepuaia
3a/1aeTcsl.

Pacuér ocBeménnoctn B OpenGL He yduThIBaeT 3aTCHEHUS OJJHHX
00BEKTOB JIPYTUMHU.

10.7. Tloaympo3payHocTtb. Ucnosib30BaHHe a-KaHaia

o cux mop He paccMarpuBaics o-kaHan (B RGBA-mpencraBnenun
[[BETa) W 3HAUYEHHE COOTBETCTBYIOLIEH KOMIIOHEHTHI BO BCEX MNpUMEpax
BCErJa pPaBHSJIOCH €AMHMIIE. 3a/iaBasl 3HAYEHHUS, OTJIUYHBIC OT E€JIMHULIBI,
MO>XHO CMEIIMBAaTh IBET BBIBOJUMOIO MHKCEIS C LIBETOM ITMKCENs, YXKe
HaxOJAIIErocs B COOTBETCTBYIOIIEM MECTE Ha IKPaHE, CO3/1aBasi TEM CaMbIM
s dexT mpo3pavyHOCTH.

[Ipu 3TOM Hambojee eCTeCTBEHHO AyMaTh 00 3ToM, cuuTas uro RGB-
KOMITOHEHTHI 33/1al0T LBET ()parMeHTa, O-3HaAUE€HUE — €ro HEempo3pavyHOCTb

175



(cTemeHp MOTIIOMICHHS (PparMEHTOM MPOXOJSIIETO Yepe3 Hero cBera). Tak,
€CJIM y CTeKJa YCTaHOBUTH 3HaueHHue, paBHoe (0.2, TO B pe3ysibTaTe BbIBOJIA
1BeT nosryuuBIierocs: pparmenta Oyaer Ha 20 % coCTOSATh W3 COOCTBEHHOTO
nBera crexia u Ha 80 % — u3 11BeTa pparmMeHTa o1 HUM.

JIJ1st ucrosib30BaHUS O-KaHAJIa HEOOXOMMO CHadaia pa3pemuTh PeKUM
IIPO3PAYHOCTH U CMEIICHUS 1IBETOB KOMaHI0M gEnable (GL _BLEND).

B npouecce cmenieHus HBETOB IBETOBbIE KOMIOHEHTHI BBIBOAUMOTO
dbparmenta R GB;A; cmemmBaroTCS C IIBETOBBIMH KOMIIOHCHTAMHU YXKe
BbIBeJICHHOTO (hparmeHTa RyG4ByAg mo dopmyie

(RSSI’+RdDh GsSg+GdDg; BsSb+BdDb; AsSa+AdDa),
rae (Sr, Sq, Sp, Sa) 1 (Dr, Dy, Dy, Da) — k03 punnenTs! cmemeHus.

Jnst  3amaHust  CBSI3U  ATUX  KOA(QDUIIMEHTOB C  O-3HAYCHUSIMU
ucnonsdyercss PpyHkuus glBlendFunc (GLenum sfactor, GLenum
dfactor).

3necs mapamerp sfactor 3amaér TO, KaK HYXHO BBIYUCIATH
k03(hdunenTsl (S, Sy, Sp, Sa), a napamerp dfactor — koaddunuents (Dy,
Dy, Db, Da).

10.8. HanoxeHue TEKCTypPbI

TexcrypupoBaHue  TO3BOJISIET  HAJOXKHUTh  HW300paKeHHE  Ha
MHOTOYTOJIbHUK U BBIBECTH 3TOT MHOTOYTOJBHUK C HaJOXEHHOW Ha HEro
TEKCTYypO#l, COOTBETCTBYIOIIMM 00pa3oM mpeoOpasoBannoii. OpenGL
MOJACPKUBAET OJHO- M JABYMEPHBIE TEKCTYpbl W Pa3JIMYHbIC CIIOCOOBI
HaJIOKEHUs (IPUMEHEHUS1) TEKCTYPBI.

JUisi Mcronb30BaHUs TEKCTYPhl HAJ0 CHayaia pa3peliuTh OJHO- WIIU
JIBYMEPHOE TEKCTYpUPOBAHUE npu MTOMOIIIH KOMaH/
glEnable (GL TEXTURE1D) umm glEnable (GL TEXTURE 2D).

Jlns  3amaHus  JBYMEPHOM — TEKCTyphl — CIOYXKHUT  Mpoleaypa
glTexlmage2D (GLenum target, GLint level, GLint
component, GLsizeil width, GLsizei height, GLint
border, GLenum format, GLenum type, const GLvoid
*pixels).

[TapameTp target 3ape3epBUpOBaH AJis OyAYyIIETO UCIOI30BAHUS U B
tekymenn Bepcun OpenGL  nmomken ObiTh paBeH GL TEXTURE 2D.
[TapameTp level ucnonb3yeTcs B TOM CIIy4ae, €CIU 3aJa€TCsl HECKOJBKO
pa3pelIeHn TaHHOM TEKCTYphI. [Ipy pOBHO OJTHOM pa3peleHnu OH JOJKEH
OBITh paBHBIM HYIIIO.

Cnenyromuii mapamMerp component — IEJIO€ YUCIO OT OJHOTO 0
YJeThIpeX, NoKa3biBaromee, kakue u3 RGBA-komMmoHeHT BBIOpaHBI IS
UCIIONIb30BaHusA. 3HaueHue 1 BbIOMpaeT KOMIOHEHTY R, 3HaueHue 2
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BbIOMpaeT R u 4 komnoHeHTsl, 3 cootBeTcTBYET R, G 1 B, a 4 COOTBETCTBYET
komroHeHTaM RGBA.

[Tapamerpsl width u height 3amaroT pasmepsl TEKCTypbl, border
3a1aer pasMep rpaHuibl (0opTHka), 0OBIYHO paBHBIM Hy0. Kak mapamerp
width, Tak u mapamerp height, IODKHBI UMETH BUJ 2" + 2b, rme n —
1eJI0e YKCII0, a b — 3HaueHue mapameTpa border. MakCUMaJIbHBIA pa3Mep
TEKCTYpHbI 3aBUCHUT OT peanuzanuu OpenGL, Ho oH He MeHee 64 Ha 64.

[Ipu TtekcrypupoBanuu OpenGL mnoanepxuBaeT HUCHOIB30BaHUE
nmupaMuITbHOTO (QrbTpoBanus (Mip-mappping). s 3toro HeoOXoaUMO
MMETh TEKCTYPhl BCEX MPOMEKYTOUHBIX Pa3MEPOB, SABISIOMIUXCS CTCICHSIMU
IBYX, BIUIOTh 10 1x1, W s KaXAOro TaKoro pa3peliCHHs] BbI3BATH
glTexImage2D ¢ COOTBETCTBYIOIMMHU ItapameTrpamMu level, width,
height wu image. Kpome TOro, HeoOXoauMoO 3agaTh CHOcoO
buIbTpOBaHUS, KOTOPBINA OYJIET IPUMEHSITHCS MIPU BBIBOJIE TEKCTYPHI.

ITon dunpTpoBaHHEM 37eCh MOAPA3YMEBAECTCS CIOCO0, KOTOPBIM JJIA
KaXJI0ro NHUKceNsl OyJaeT BBIOMpAThCS MOAXOISAIIMNA DJIEMEHT TEKCTYPhI
(Texcenb). I[Ipu TEKCTypUpOBAaHMU BO3MOXKHA CHUTyalusi, KOrJa OJHOMY
MUKCETI0 COOTBETCTBYET HEOOJIBIION (hparMeHT Tekcelssl (yBEeTUYEHUE) WK
e, Hao0OpOT, KOIJa OJHOMY TIHMKCEII0 COOTBETCTBYET Iiejiasi TpyIna
Tekceliel (YMEHbILECHHE).

Crnioco0 BeIOOpa COOTBETCTBYIOIIETO TEKCES, KaK ISl YBEIUUCHUS, TaK
U I YMEHBIICHUS (CXKaThsA) TEKCTYpbl HEOOXOIUMO 3a7aTh OTIEIbHO. s
3TOT0 MCIOJB3yeTcsd mporeaypa glTexParameteri (GL TEXTURE 2D,
GLenum pl, GLenum pZ2), rge mapamerp pl ITOKa3bIBaeT, 3a0a€TCS U
GUIBTp IS COKATHUSI WK JUISl PACTSHKEHUS TEKCTYphI, MPUHUMAs 3HAYCHHE
GL_TEXTURE MIN FLITER  wm  GL TEXTURE MAG FILTER,
[Tapametp p2 3amaet cnocod GUIBTPOBAHMS.

[Ipu ucnonap30BaHUM MTUPAMHUAAIBHOTO (GUIBTPOBAHUSI TOMUMO BBIOOpA
TEKCEeJIs Ha OJIHOM CJIO€ TEKCTYpPHhI MOSBISETCS BO3MOXKHOCTH JINOO BHIOpATh
OJIUH COOTBETCTBYIOIIUHN CJIOW, JHOO TPOUHTEPIOIUPOBATH PE3YJIbTATHI
BBIOOpA MEXKIY JABYMsI COCETHHMH CIOSMH. J[JIs1 MpaBHILHOTO MPUMEHEHHS
TEKCTYpbl KaXJOW BEpUIMHE CIEAyeT 3aJaTh COOTBETCTBYIOUIUE €
KOOpPAMHATBHI TEKCTYpbI IpH IToMollu Iporenypsl glTexCoord{l 2 3
4}{s 1 £ d}[v] (TYPE coord, ...).

DTOT BBI3OB 33Ja€T 3HAYCHHS] MHACKCOB TEKCTYpbI JJISI MOCIEAYIOLIEH
KOMaHJbl glVertex.

Ecnu pasmep rpanu Oosbie, YeM pasMep TEKCTypbl, TO s
UKJIMYECKOTO MMOBTOPEHUS TEKCTYPhI CITy>Kat KOMaH bl
gITexParameteri (GL TEXTURE 2D, GL TEXTURE S WRAP,
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GL REPEAT), glTexParameteri (GL TEXTURE 2D,
GL TEXTURE T WRAP, GL REPEAT).

Koopaunatel TeKCTypbl OOBIYHO TMOJABEPrarOTCsS MPEeoOpa3OBAHUIO MPU
MOMOILM MaTpHUIlbl TEKCTypupoBaHud. [lo ymonuaHuio OHa COBHAJAET C
€IMHUYHOM MaTPHULIEW, HO MOJIb30BATENIb CaM HMMEET BO3MOXHOCTHb 331aTh
peoOpa3oBaHus TEKCTYPhI, HATPUMEP CICAYIOIIUM 00pa3oM:

gIMatrixMode (GL TEXTURE) ;

gIRotatef (...};

gIMatrixMode (GL MODELVI1EW) ;

[Ipu BbIBome TekcTypsl OpenGL MokeT HCmoiab30BaTh JUHEHHYIO
uHTepnosuio (ahpPuHHOE TEKCTYpUPOBAHUE) WU K€ TOYHO YUHUTHIBATH
IIEPCIIEKTUBHOE MCKakeHue. [l 3agaHust TOYHOIO TEKCTYPUPOBAHUSA
CIy)KHT KomaHga glHint (GL PERSPECTIVE CORRECTION HINT,
GL NICEST).

Ecnu xauecTBO He urpaer OOJBINON POJIM, a HYy)KHA BBICOKAsi CKOPOCTh
PEHJIEpUHTa, TO B KA4€CTBE IOCIEIHETO apryMEeHTa CIEAYET HUCIIOIb30BaTh
KOHCTaHTy GL FASTEST.

Onuca"Hbll BbIIE CMOCO0 pabOT € TEKCTypaMu MCIOJIB3YETCs B
OpenGL Bepcun 1.0. B 6onee HOBBIX Bepcusix OpenGL, HaunHas ¢ Bepcuu
1.1, BBeaEeHbI JOMOJHUTENbHBIE (DYHKIMH, MOBBIIIAIOIINE YI00CTBO pabOTHI
¢ tekcrypamu. B OpenGL 1.0 mporenypy glTexImage2D HEOOXOAUMO
BBI3bIBATh BCAKHWM pa3, KOrJa HYKHO CMEHHUTh TEKYIIYIO TEKCTypy. ITO
J0CTaTOYHO MeieHHbIH cmoco0. B OpenGL 1.1 mmeeTcss BO3MOKHOCTh
MPUCBAUBATh UMEHA TEKCTYpPaM U 3aT€M CMEHSTh TEKYIIYIO TEKCTYPY TOJBKO
yKa3aHHUEM MUMEHU HOBOM TEKCTypbl, 0€3 MOBTOPHOM €€ 3arpy3Kud B MaMSATh
npouenypor glTexImage2D.

NMst TekcTypsl TpeAcTaBisieT cOOOW YHHKaJbHOE 3HAYCHHE THIIa
GLuint. [Tepen ncnob30BaHUEM TEKCTYPhI HEOOXOIMMO MPUCBOUTH € UMSI.
Nmena TekcTyp MOXKHO CreHEpUPOBaTh IMPU IIOMOILIA  ITPOLEIYPHI
glGenTextures (GLsizei n, GLuint *textures).

[Tapamerp N onpenensieT KOJUYECTBO TEKCTYp, ML KOTOPBIX
HEeoOXoIUMO creHepupoBaTh uMeHa. Ilapamerp textures sBasercs
yKas3arejJeM Ha MacCUB IIEpEMEHHbIX Tha GLuint, cocrosmmM u3 N
anemeHTOB. [locnme BbI30Ba mporenypsl KaKIbIii 3JIEMEHT MacchBa OyeT
coliepKaTh YHHUKAJIbHOE HWMsI TEKCTYphI, KOTOPOE 3aTe€M MOXET OBITh
MCIIOJIH30BAHO MPHU PaboTe C TEKCTypaMH.

s BeIOOpa Tekyuieil (aKTUBHOM) TEKCTYpbl MCIONb3yeTCs (YHKIUS
glBindTexture (GLenum target, GLuint texture).

[TapameTp target ompegensier TUN TEKCTYphl (OJHOMEpHAs —
GL TEXTURE 1D wmm aByMmepHas — GL TEXTURE 2D). Ha mnpakruke
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00Jiee 4acTO HCIOJIb3YIOTCA JBYMEPHBIE TEKCTYPHI, KOTOPBIEC MPEACTABISIOT
coOolt  OoObIuHBIE JByMepHble u300pakenus. [lapamerp texture
OTIpe/IEIISIET UMSI TEKCTYPbI, KOTOPYIO HEOOXOIUMO CIeNaTh aKTUBHOM.

[locne TOro, Kak yCTaHOBJEHA aKTHBHAsl TEKCTypa, MOYKHO BbI3BaTh
npouenypy glTexImage2D U 3aaTh NapaMeTphbl TEKCTYPhI, & TAKKE CaMu
e¢ Texcenu. [locne BbI30Ba mpouenypbl glTexImage2D TEKCTypa roToBa K

IIPUMEHEHUIO.
J5is TOro 4ToOBl HAJOKUTh TEKCTYPY Ha OOBEKT HIIM MHOTOYTOJBHHUK
JNOCTATOYHO YCTaHOBHUTH AKTHBHYIO TEKCTYPY (mpouenypa

glBindTexture) U ONpeNeNUTh TEKCTypHbIE KOOPAUHATHI IPU MOMOLIH
npouenypsl glTexCoord.

HocronnctBo ucnons3oBanus (pynkmmii OpenGL 1.1 nns paGoTsl ¢
TEKCTypaMU 3aKJII0YAeTCsl HE TOJIBKO B 00J€€ BHICOKOM OBICTPOAECUCTBUU IO
CPaBHEHUIO C HCIIOIB30BaHWEM Ipouenypsl glTexImage2Z2D, HO U B
HOBBIIEHHOM YA00CTBE paboThl ¢ TeKcTypamu. Co31aB MacCUB TEKCTYPHBIX
UMEH MOXHO paboTaTh OJHOBPEMEHHO C HECKOJBKHUMH TEKCTYPaMH,
BBI3bIBASI ML QYHKIHIO g1BindTexture no Mepe HEOOXOIMMOCTH.

11. AnmapaTHble CpeACTBa MAalLMHHOU rpapUKH

MatemaTuueckoe M MPOrpaMMHOE OOEcCreueHHue KOMIIbIOTEPHON
rpaduKy HENb3sl paccMaTpuUBaThb B OTPHIBE OT allapaTHbIX CPEJACTB,
MPUMEHSAEMBIX Ha Pa3JIMYHBIX 3Tanax padoTel ¢ u3oOpaxeHusMu. Bee atu
CpelCTBa MPUHATO JACIUTh HA TPU OOJBIINE FPYIIIIbL:

® yCTpOIICTBA BBOJA (CKaHEPHI, AUTUTAN3EPhI/TpapuUeCKUe TIIAHILIETHI,
uudpoBsie POTO- U BUACOKAMEPHI);

® yCTpOWCTBAa BbIBOJA (MOHMTOPBI, MPUHTEPHI, IJIOTTEPHI, LU(PPOBBIE
IPOEKTOPHI);

e ycTpoiicTBa 00paboTku (rpaduyeckue yckoputenu, koaepsl MPEG u
Ap.).

[lockonbky pgeranmpHass uHGOpMALMs O MPUHUUIAX JAEHCTBUS,
napamMeTpax M TNPUMEHEHHMH BBIIIENEPEUUCICHHBIX YCTPOIMCTB MdaeTcs B
COOTBETCTBYIOIIMX pa3fenax Apyrux Kypcos, Hampumep «llepudepuiinbie
ycTpoiictBa DBM»y», mnoapoOHee OCTaHOBUMCS TOJBKO Ha ammapaTHbIX
CpeICTBaX MEpPBOM IPyMIbl, HA PIHKE KOTOPBIX HAOIIOAAETCA B HACTOSILUN
MOMEHT OyM HOBBIX CPEJCTB M TEXHOJIOTHIA.

11.1. YcrpoicTBa BBOAA
CylIecTBYIOT pa3UyHble TEXHUYECKHUE CPEJCTBA, OCYILECTBISIOLINE
mpoiiecc npeoOpa3zoBanus n3o0paxkeHuil B mudpoByro (Gopmy, Hampumep:
CKaHepbl, auruTaiszepsl (Tpaduueckue IUIaHIIETh), LHUdpoBbie GOTO- U
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BHJICOKaMephl. B KakJIoM KOHKPETHOM cCllydae Ba)KHO MPABWIBHO BHIOpATh
HYKHOE YCTPOMCTBO, PYKOBOJICTBYSICh ero TEXHUYECKUMHU
XapaKTEPUCTHKAMH, JUIsl TIOJYYeHHUS OIUGPOBAHHOTO H300paKECHHUS C
TpedyemMoil 1eTaIbHOCTBIO U [IBETOBOM raMMOM.

11.2. CkaHepsnl

CkaHepoM Ha3bIBa€TCAd YCTPOMCTBO, IO3BOJISIIOIIEE BBOJUTH B
KOMITBIOTEp 00pa3bl HU300paKEHUM, NPEICTABICHHBIX B BHJE TEKCTa,
PUCYHKOB, cllaiiioB, otorpaduii unu apyroil rpadpudeckord nHpopmarmu.
TpaIulMOHHO CKaHEphl CIYXWIH [JIsi PEIIeHUs] CHeUaIM3uPOBAHHBIX
3a/lay: BBOJA W 3allOMHHAHUS HU300paXEHU B HACTOJBHBIX H3JATEIBCKUX
CUCTEMaX, OPraHU3ALNN XPAHEHUSI TEKCTOBBIX JOKYMEHTOB B HOPUINYECKHUX
¢upmax u T. 1. C MOSABICHUEM TOYTH Y KaXKI0r0 COOCTBEHHBIX cTpanull Web
U TIOBCEMECTHBIM pPACIpPOCTPAHEHUEM IIBETHBIX CTPYWHBIX MPUHTEPOB
CKaHEpbl OBICTPO MPEBPAILIAIOTCS B YHUBEPCAJIbHBIE HACTOJBHBIE CPEICTBA
01I00HO MPUHTEPAM B MOJEMaM.

[TpuHUMN 1EUCTBUS U BUIBI CKAHEPOB

[IpuHiMn AedcTBUS TPAKTUYECKU BCEX THUIIOB CKaHEpoB eauH. OH
OCHOBaH Ha TOM, YTO HAIPABJIECHHBIM JIyYOM OCBELIAIOTCSA OTJIEIbHBIE TOUKU
HCXOJHOTO H300pakeHusi (OpUrMHANa) U OTPAXKEHHBIA B pe3yibTaTe Jyd
BOCIIPUHUMAETCS (DOTOUYBCTBUTEIILHBIM MPUEMHHUKOM, TJIe MH(POpMALUS O
«IIBETE» TOYKU HMHTEPHPETHPYETCS KaK KOHKPETHOE YHUCJIECHHOE 3HAa4YCHHUE,
KOTOPOE uepe3 oIpeieieHHbIN nHTep(deic mepeaacTcss B KOMIIBIOTED.

Kak mpaBuno, CBETOUYBCTBUTEIbHBIE DJIEMEHTHI OOBEIUHSIOT B
MaTpHILy, JUIsi TOTO, YTOOBl CKAaHWPOBATh OJIHOBPEMEHHO IENbIA Y4acTOK
OpHUTHMHAJIA.

[To w™MexaHusMy mnepeMenieHrus MaTPHUIlbl CBETOYYBCTBUTEIBHBIX
AJIEMEHTOB OTHOCHUTEIBHO OpWUIMHAaja BBIACISAIOT CIEAYIOIIME THIIbI
CKaHEpOB:

1) Ihanwemnotit ckanep (Flatbed Scanner) — ckanep, B KOTopom
OpUTMHAJI KJIAJIETCS Ha CTEKJIO M CKAHUPYETCS MPHU MOMOIIU TMOIABUKHOU
nuHenHo wmatpuubl  (puc. 11.1). Pa3Mepsl MaTtpuibl M CHCTEMBI
(GoKyCUpOBKHM MOAOOpaHbl TakK, 4TOObl BECTH CKaHUPOBAHME JIUCTA MO BCEU
LIMPUHE.
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Puc. 11.1. [1naHmeTHBIN cKaHep

2) Pyunoii ckanep (Handheld Scanner) — nopratuBHBIN cKaHep, B
KOTOPOM CKaHUPOBAHHME OCYIIECTBISICTCS IyTEM PYYHOTO TMEpeMeElICHUs
CcKaHepa 1o opuruHainy. [lo npuHOKMNy NEHCTBUSA TAKOW CKAHEP aHAIOTMYEH
manmerHoMy. [llupuna o6nactu ckanupoBanus He Oonee 15 cum.

3) bapaoannvii ckanep (Drum Scanner) — ckaHep, B KOTOPOM
OpUTMHAJI 3aKpervisieTcss Ha Bpamjaromemcsi Oapabane. Ilpu  3ToM
CKaHHMpYETCsl TOYeuHas oOJacTh HM300pakeHWs, a CKaHUpYIoIlas TroJIOBKa
JIBMKETCS BJIOJIb OapabaHa Ha OYeHb MAJICHBKOM PAaCcCTOSTHUU OT OPUTHMHANA.

OcHOBHble Xapakmepucmuku

[Tpu BEIOOpE KOHKPETHON MOJIENIN CKaHEepa HEOOXOAUMO YUHUTHIBATh PSIJ
XapaKTEPUCTHK, CBSI3aHHBIX C TEXHUYCCKMMHU BO3MOYKHOCTSIMH MOJICIIH.

Paspewenue (Resolution) — 4ucio TOYEK WM PACTPOBBIX SUYCCK, U3
KOTOPBIX (DOpMHUPYETCS M300paXKCHHEe, Ha CIUHUILY JJIUHBI WIHM TLIOLIAIH.
Yem Oosbliie pa3pelieHue yCTpOWCTBA, TeM OoJiee MEIKUE JeTalld MOTYT
OBITH BOCIIPOU3BEICHBI.

Annapamnoe/onmuueckoe paspewienue cxanepa (Hardware/optical
Resolution) — 370 omHa M3 OCHOBHBIX XapaKTEPUCTHK CKAaHEPa, HAMPSMYIO
CBSI3aHHAs C IUIOTHOCTBIO Pa3MEIICHUS YyBCTBUTEIBHBIX JJIEMCHTOB Ha
MaTpuile CkaHepa. M3MepsieTcsi B KOJMYECTBE MUKCEIIOB HA KBaIpaTHBIM
mrorim uzoopakenus — PP (Pixel Per Inch). ITpumep: 300x300 ppi.

Humepnonuposannoe paspewenue (Interpolated Resolution) —
paspelicHre HM300paKEeHHUs, IMOJyYEHHOTO MPH IMOMOIIM MaTeMaTHYSCKOU
00pabOTKH UCXOAHOTO M300pakeHus. C ylIydllIeHHeM KadyecTBa UMEET Majio
obmero. Yacto CIy)KUT pEKIAMHOM YJIOBKOW JJiS HEMNOJATrOTOBJICHHBIX
now3oBareneit. [Tpumep: 600x1200 (9600) ppi (uudpa 600 — MakcuMaIbLHOE
ontuyeckoe paspemenue, 1200 — paspemenune "nBoiinoro mara", 9600 —
MaKCHUMaJIbHOE HHTEPIIOJIMPOBAHHOE Pa3peIICHNUE).

I'nyouna wyeema (color depth) — komudecTBO paspsIoB KaxIoro
MUKCeNa B IU(PPOBOM H300paKEHHUH, B TOM YHCJIE BBIIABAEMOM CKaHEPOM.
OnwuchiBaeT MaKCUMalbHOE  KOJMYECTBO  IIBETOB, BOCIPOU3BOIAMMOE
CKaHEpOM B BHJIE CTereHu ducia 2. OqHOMY pa3psily COOTBETCTBYET UYEPHO-
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Oeroe m300pakeHHe, 8-MH — cepoe TMOIYTOHOBOE, 16-Tm — 1BEeTHOE, 24-
[[BETHOE M300pakeHne — Hanbojee OIM3KOe K YEIOBEYECKOMY BOCHIPHUSATHIO
(monenp RGB), 36bit n GosbIiie — MOTHOIBETHOE M300pakKeHHUE C BBHICOKOU
JOCTOBEPHOCTHIO [[BETOMIEpEIauH, npeHa3HAYCHHOE AL
po¢eCCHOHATBEHON pabOTHI, Yallle BCETO B U3/IaTEILCKOM JEIIe.

dupmui-npouzeodumenu

Ha MupoBoM phIHKE IIPEACTaBICHO IOCTATOYHO OOJIBIIOE YUCTO (PupMm-
HpOPIBBOI[HTGJICﬁ CKaHCPOB. Haun6Goiee IMOIIYJIAPHBIC MOZACIIN IIPOU3BOIAT
Hewlett-Packard, Agfa, Canon, Mustek.

11.3. /Iurutaisepsnl
Jlucumaiizep (rpaduyeckuii  IUIAHIIET) —  3TO  YCTPOMCTBO,
npelHa3HAaYeHHOe i1 OIUGPOBKA U300pKEHUM, TNPUMEHSIEMOE IS
CO3JIaHMsI Ha KOMITBIOTEPE PHCYHKOB W HaOpockoB (puc. 11.2). XymoxxHUK
Co37acT M300paKeHNEe Ha dKpaHe, HO €ro pyKa BOAWT MEPOM IO TUIAHIICTY.
Kak mpaBuiio, miaHIIET WCIONB3YIOT MPOQPECCHOHAIBHBIE XYT0KHUKA IS
0oJiee TOUHOM 00pabOTKH (CO3/1aHMsT) U300PAKEHUH.

Puc. 11.2. I'paduueckuii nnaHmer

KpOMC TOrIO, I[HFHT&ﬁI}Gp MOJXHO HMCIIOJIB30BaTh IIPOCTO KaK aHaJIor
MaHHUITYJIATOpPA «MbIIIb)>.

IIpunyun detlicmeus

Jlururaizep, Wi IUIAHIIET, KaK €r0 4acTO Ha3bIBAKOT, COCTOUT U3 ABYX
OCHOBHBIX DJJIEMEHTOB: OCHOBAHHUS M Kypcopa, [BUTAOLIErOCS IO €ro
nmoBepxHOCTU. [lpuHIMI AEHCTBUS AWTWTal3epa OCHOBaH Ha (UKCAIUU
MECTOIIOJIOKEHHUS Kypcopa C TTOMOIIBK0 BCTPOCHHOM B IUJIAHIIET CETKU. [Ipu
Ha)XaTUM Ha KHOIIKY Kypcopa €ro MECTOIOJIOKEHUE Ha TOBEPXHOCTHU
riaHmera (UKCUPYETCs, a €ro KOOpPJAWHATHI MEPEeaaroTCs B KOMIIBIOTED.
CeTka COCTOUT M3 MPOBOJOYHBIX WJIA MEUYATHBIX MPOBOJHUKOB C JOBOJBHO
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OOJIBIIIIM PACCTOSTHUEM MEXIY COCEAHUMHU TPOBOAHUKAMH (OT TpeX 0
IIECTH MM).

OcHo8Hble xapaKkmepucmuku

MexaHn3M PpETHCTpAlMM TO3BOJISIET MOJYYUTh IHAr CUYUTBHIBAHUSA
uH(popMalu HaMHOro MeHblne mara cetku (1o 100 muauit Ha mm). Ilar
CUMTBIBAHMS HH(POPMALIMH HA3BIBAETCS pa3peuienuem ouzumaiiiepa.

Hlar cuMTHIBAaHUS PETUCTPUPYIOIIEH CETKU ABISAETCA (PUIUUECKUM
IIPENEIIOM pa3pelleHus Jururaisepa. Mbl TOBOpUM O IIpezeiie pa3pelicHus,
[OTOMY YTO CJEAYET pa3iMyarh pa3pellieHue KaK XapakTEepUCTUKY Ipudopa
U NPOZPAMMHO-3a0a8aemoe pa3peuienue, 9To eCTb IIEPEMEHHas BEIMYNHA B
HaCTPOWKE TUTUTan3epa.

CnenyeT OTMETUTh, 4TO B pabOTe IUIAHUIETOB BO3MOXHBI ITOMEXU CO
CTOPOHBI U3JIyYaIOIIUX YCTPOMUCTB, B YACTHOCTH MOHUTOPOB. HeszaBucumo ot
IIPUHLNANA PETUCTPALMU  CYHIECTBYET IIOTPEIIHOCT B  OINPEIEICHUH
KOOPAMHAT Kypcopa, UMEHYEMAsi MOYHOCHMbI0 Ouzumaiizepa. JTa BEININHA
3aBUCHT OT THUNA JUTUTaW3€pa M OT KOHCTPYKLUWH €T0 COCTaBIISIOLIUX.
TOYHOCTH CyIIECTBYIOIIMX IUIAHIIETOB KoJjiebnercss B mpexaenax ot 0.005
mrormMa 1o 0.03 mrovima.

BaxHol XapakTepUCTUKON [HWTHTanU3epa SABJISECTCS PETUCTPUPYEMOE
YuCn0 Cmenenel Hadxcamusa DISKTPOHHOro nepa. B cymiecTByrommx
MOJIEJISIX 3TAa BEJIMYMHA MOXKET U3MEHATHCS B IIPEEax OT OJHOIO 10 256-Tu.
[IporpamMmma-o0pabOTUMK HMCHOJB3YET 3Ty BEIUYMHY, YCTaHaBIMBas B
3aBUCUMOCTH OT HE€E€, HalpuMep, TOJIIMHY HPOBOAUMON JMHUHU (4EM
CHJIbHEE HaXKUM, TEM TOJILLE JINHUSA).

dupmsi-npouszsodumenu

Haubonee momymsapubsl Momenu cienyoomux ¢upm:  CalComp,
NUMONICS, WACOM.

11.4. Ludpossie poToKamepsbl

[udposas kamepa nosiydaetr n300paxeHus, 00padaThIBAET UX U XPAHUT
B 1uudpoBom ¢dopmare. BMecTo MmiaeHKH OHA MCHOJB3YEeT BCTPOCHHYIO HIIU
CMEHHYIO TOJIYIPOBOJHUKOBYIO MaMsTh, YTOOBl XpaHUTh CHUMKH. OHa
o0nagaeT TeMH KE OCHOBHBIMU CBOMCTBaMH, YTO M HOpMajibHas
doToKamepa, M, MOMHUMO 3TOrO0, MOXET COEAMHATHCA C KOMIIBIOTEPOM,
TeNeBU30poM Wi npuHTepoM. [lockonbky oOpa®oTka Kaapa MpPOUCXOAUT
HEIOCPEICTBEHHO B KaMmepe, I0JIb30BaTelIb MOXET Ccpa3dy  MPOBEPUTH
MPaBUJIBHOCTH MOJyYEHHOTO M300pa)KeHUsl, HaleyaTaTh €ro Wid Mociarh Mo
3JIEKTPOHHOM IOYTE.
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Puc. 11.3. [ludposas ¢poTokamepa

JloctonHcTBa HU(PPOBBIX POTOKAMED:

el 1300paxkeHue oOpabarbiBaeTcsl cpaszy *ke. BonbIMHCTBO HU(POBBIX
KaMep UMEIOT MaJICHbKUW LIBETHOM AKpaH, HA KOTOPOM MOKHO HEMEIJIEHHO
YBUJETh CHUMOK, KOTOpBIM OBbUI cAelaH. DTO MO3BOJIAET OTKA3aThCsl OT
HEYJAa4yHOI0 KaJipa M 3al1caTh Ha €ro MeCTO JAPYrou.

el1300paxkeHusi XpaHATCA B DJJIEKTPOHHOM MaMsTH, LUKIIbI 3alUCH-
cTupanusi MHPOPMAIMK B KOTOPYIO MOTYT TIOBTOPSTHCA MPAKTHUYECKH
O6eckoneuyHo. [Ipomagaer HEOOXOIUMOCTb KaKIbl pa3 MOKYNAaTh IUICHKY,
PEaKTUBBI JJIsI €€ MPOSBKH.

e Yrpoctuiicst npoiecc BBojaa (ororpaduii B kommnbiorep. Tenepb He
HY>)KHO CKaHUPOBATh M3rOTOBJICHHbIE OOBIYHBIM 00pazoM (ortorpaduu. Bel
MIPOCTO TOAKITIOYAETe ITUPPOBYIO KaMepy € MOMOIIbIo kabems niu PC-kapThel
k [IK 1 nepenuceiBaeTe Hy>KHbIE CHUMKH Ha KECTKHUM JTHCK.

elludpoas kamepa MO3BOJSAET NPOBOAUTH MHOXKECTBO MAHUMYJISILUN C
doTorpadusmu.

Henocratku mudpoBsix hoTokamep:

eHuszkoe paspemieHue. IlpuemiiemMbIM 11 KA4Ye€CTBEHHOW IE€YaTH
paspemenuem (cBoimie 300 dpi) 00namarOT Ha CErOMHSALIHUN JICHb TOJBKO
npodeccuoHalibHbIe MU(GPOBBIE KaMepbl CO CTOMMOCTBIO, JeNarolend Hux
HEJOCTYITHBIMU JJI1 MaCCOBOT'O MOJIb30BATENS.

eBricokas, 0 CpaBHEHHIO C OOBIYHBIMH (hOTOKAMEpaMu TaKOrO >Ke
KJlacca, 1IeHa.

o /leficTBUTENbHO, KaueCTBEHHAass Tie4aTh IUGPOBBIX (oTorpadmii
TpeOyeT dalle BCEro CrenuaIbHOro OOOPYAOBAHHS U HMMEET BBICOKYIO
ce0EeCTOMMOCTbD 32 CYET JIOPOTUX PACXOJIHBIX MATEpPUAJIOB.

IIpuHyun deticmeaus

[lpunuun nedictBust UU@PPOBOM (POTOKAMEPHl AHATIOTUYEH MPUHLIUITY
JNEUCTBUS BUACOKAMEPBI U COCTOUT B cienyromeM. Ilyqok nyden cBera oT
00BbEKTa ChEMKH, MPOXOAS Yepe3 JUH3Y (WM CUCTEMY JIMH3) OOBEKTHBA U
nuadparmy, momagaer Ha wMatpuimy CCD (Charged Coupled Device).
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Martpumnia CCD wmu, kak ee eme HazwBaroT, [I13C (mpeobpazoBarens CBET-
CUTHAQJI)  MPEACTaBIsieT  COOOW  MPSIMOYIOJbHYK)  MAaTpully U3
CBETOUYYBCTBUTEIBHBIX AJIEMEHTOB. JIyd cBeTa, 1Momnajaasi Ha 4YyBCTBUTEIIbHBIN
AJIEMEHT, TMpeoOpa3yercs B  aHAJOTOBBIA  DIEKTPUUECKUA  CHUTHAI.
Amnanoroeie  curHansl ot  CCD  mpeobpasytorcss B 1u(pPOBEIE,
00pabaThIBAIOTCS M 3alMCHIBAIOTCSA B MamsTh. [IpeobpazoBanue CUTHANIOB B
mudpoByro  ¢GopMy MNPOU3BOAUTCS C TOMOIIBIO  AHAIOTO-LIUPPOBOTO
npeobpazosarens ADC.

Kpome CCD, ADC w mamsaTd B DSJIEKTPHUECKYIO CXeMy IudpoBoit
¢dorokamepsl BxomaT mpoueccop DSP, xotopslii ¢opmupyer nzobpakeHue wu3
uuppoBrIX MNMOTOKOB, M KoHBeprop JPEG, cxumaromuii wn3oOpakeHus ais
YBEJIMUYCHHS KOJIMYECTBA XPAaHUMBIX KaJIpOB.

CMeHHas MaMsITh UCTIONB3YETCs B IU(POBBIX KaMepax JUisl YBEIUYCHHUS
KOJIMYECTBA COXPAHSIEMBIX KaJpOB M, Yallle BCEro, MPEJCTaBIseT CcoOO0M
Flash-kapty mamsitu.

dupmbi-npouzeodumenu

B Hacrosimiee BpeMsi Ha pbIHKE pabOTAlOT ACCATKH H3BECTHEHUIIMX
GUPM-TIPOU3BOAUTENICH  KaK  TPaJAUIIMOHHOTO  (OTOOOOpYy/IOBaHUS U
matepuaioB (Kodak, Konica, Nikon, Fuji, Agfa, Olympus u np.), Tak u
KOMIIBIOTEpHOU Tiepudepud M MPOYETO DICKTPOHHOTO 00OpYI0BaHUS
(Hewlett-Packard, Seiko Epson, Sony, Ricoh, Mustek, UMAX, LG
Electronics, Minolta u ap.).

Jlutepatypa

1. boxko A. H. KomnbroTepHas rpaduka : [yue6HOEe TocoOue 171 By30B]
/ A. H. boxko, I. M. XKXyk, B. b. Manuue. — M: U3a-80 MI'TY um.
H. O. baymana, 2007. — 392 c.

2. I'punuenko B.T., Manpimypa B.T., Cuapckuii A.A. BBenenue B
HEJTMHEWHYIO TUHAMUKY. Xaoc U (ppakraisl. - 2-¢ u3a. M3gatenscTso:
JIKH, 2007 r. — 264 c.

3. Hertsapee B. M. KommbrorepHas reomeTpusi u rpaduka. — M:
Axagemus 2010 r. 192 c.

4. KpacnoB M. B. OpenGL. I'paduxka B npoekrax Delphi. — CII6.: BXB-
[TerepOypr, 2001. — 352 c.

5. M. JlomaceB, C. I'matiok. IIBeT. YmpaBieHHE IIBETOM, IIBETOBBIC
pacuetsl u uamepenus. — CI16: [Tutep 2009 . 224 c.

6. Huxynun E. A. KomnbiorepHasi reoMeTpust ¥ aIrOPUTMbl MAITUHHOMN
rpaduku. — CI16: BXB-ITerepOypr, 2003. — 560 c.

7. Pomxepc JI. AnroputMudecKkue OCHOBBI MarmuHHOM rpaduku: Ilep. c
aHriL. - M.: Mup, 1989. — 512 c.
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8. Pomxepc [, Amamc JIx. Marematnueckue OCHOBHI MAIIMHHOW
rpaduku: Ilep. ¢ anrin. — M.: Mup, 2001. — 604 c.

9. Tuxomupos lO. IlporpammupoBanue TpexmepHoii rpaduku. — CII6:
BHV — Cankr-IletepOypr, 1998. — 256 c.

10.®onu x., BoH [Iom A. OCHOBBI HHTEPAKTUBHON MAIIMHHOM rpaduKu:
B 2-x xu., Ku. 1./ Ilep. ¢ anrn. — M.: Mup, 1985 — 368 c.

11.®onu Jx., Bo3H oM A. OCHOBBI HHTEPAKTUBHOW MAIIMHHOW IPapUKU:
B 2-x xH., Kn. 2./ [lep. ¢ anrn. — M.: Mup, 1985 — 368 c.

12.1llukun  E. B., bopeckoB A. B. Kowmmnbeiorepnas rpaduka.
[Tonmuronaneueie Moaenu. — M.: JIMAJIOI-MHU DU, 2000. — 464 c.
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YyebHoe n3gaHune

OEMWH AxToH KOpbeBuy

OCHOBbI KOMMNbIOTEPHOU
rPAO®UKU

YyebHoe nocobue

W3pnaHo B aBTOPCKOM peaakumm

HayuHbI pegakTop
JOKMOpP MEeXHUYECKUX HayK,
npoghbeccop B.K. NoepebHol
KomnbtoTepHas Bepctka J1L.A. E2coposa
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C Ka4eCTBOM NpeaoCcTaBleHHOro OpuriHan-makeTa

MognucaHo k nevatn 24.11.2011. dopmat 60x84/16. bymara «CHerypouykay.
Mevyatb XEROX. Ycn. ney. n. 11,1. Yu.-u3a. n. 10,03.
3aka3z . Tupax 100 ak3.

Cuctema MeHeIKMEHTa kavecTBa
) W3patensctBa TOMCKOrO NONUTEXHUYECKOTO YHUBEPCUTETA CEpTUMLMPOBaHa
ALIHTL NATIONAL QUALITY ASSURANCE no crangapty BS EN ISO 9001:2008

HaumoHanbHbIi nccnenoBaTenbCKiil TOMCKUA NOSTMTEXHUYECKWIA YHUBEPCUTET

waATensCTE0 BTy 634050, r. Tomck, np. Nenuta, 30
Ten./(pakc: 8(3822)56-35-35, www.tpu.ru





