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BBEJEHHUE

CamocrosiTenpHast pabota — TUIaHUpyeMasi ydeOHas, y4eOHO-HCCIeI0BaTeNIbCKas, HAYIHO-
uccieioBaTeabckas paboTa CTYAEHTOB, BHINOIHAEMas BO BHEAYAUTOPHOE (2yIUTOPHOE) BpeMs IO
3aJJaHUI0 M TIPH METOAWYECKOM DPYKOBOJICTBE IperoaaBatelisi, HO 0e3 ero HEemocpeiACTBEHHOTO
ydacTus (IpU YaCTUYHOM HEIOCPEJCTBEHHOM YYaCTHM IIPENojaBaTelis, OCTABIAIOLIEM BEIYLIYIO
poJb 32 paboOTOM CTY/IEHTA).

CamocrosarenbHass paboTa CTyAEHTa SBISETCS BaXHBIM BHJIAOM Y4YeOHOM M Hay4yHOH
NeSITeIbHOCTH CTyAeHTa. @DenepaibHbIM TOCYJAapCTBEHHBIM 00pa30BaTeNbHBIM  CTaHIAPTOM
IpeycMaTpuBaeTCs 3HAUYUTENbHBIM 00BEM BpPEMEHM M3 OOLIEH TPYyHOEMKOCTH IUCLMILIMHBI Ha
caMoCTOsITeNIbHYI0 paboty. B cBs3u ¢ 3Tum, oOyueHue BKItOYaeT B ceOsi JBE, MPAKTUYECKH
OJIMHAKOBbIE 10 O00BEMY M B3aUMOBIMSHHUIO 4YacTW — IIpolecca OOydeHus U Ipolecca
camooOyuenus. Ilostomy camocrositenpbHas pabora gomkHa craTh dddexTuBHON
1eJIeHaNpaBIeHHONW paboTON CTyACHTA.

Konnenmueit MoaepHU3aMu pOCCHUCKOTO 0O0pa30BaHUS ONPENCICHBl OCHOBHBIC 3a/laud
npodeccuOHaIbHOrO  00pa3oBaHUsT  —  IOATOTOBKAa  KBaJM(HUUMPOBAHHOIO  pabOTHHKA
COOTBETCTBYIOIIETO YPOBHS M MPOQHIIS, KOHKYPEHTOCIIOCOOHOTO Ha PhIHKE TPY/a, KOMIIETEHTHOTO,
OTBETCTBEHHOT'0, CBOOOJHO BIAJECIOLIEr0 CBOeH mpodeccueil U OPpUEHTUPOBAHHOIO B CMEXKHBIX
001acTsAX JEesATEeIBHOCTH, CIIOCOOHOTO K 3(QeKTuBHON paboTe MO CHENUAIBHOCTH HAa YpPOBHE
MHUPOBBIX CTaHAApPTOB, FOTOBOIO K IOCTOSIHHOMY HIPO(ECCHOHAIBLHOMY pPOCTY, COLMAIBHOW W
poQeCCHOHAIBHON MOOHMIIBHOCTH.

Pemenue 3Tux 3agad HEBO3MOXKHO 0€3 MOBBIIMIEHUS POJIM CAMOCTOSITENILHOW pPabOThI
CTYACHTOB HaJl Y4eOHBIM MaTepHAJIOM, YCHIJICHUS OTBETCTBEHHOCTH IpEIoJaBaTeiell 3a pa3BUTHE
HaBBIKOB CaMOCTOSITENIbHOW paloThl, 32 CTUMYJIMPOBAaHUE MPO(ECCHOHANBHOTO poCTa CTYAEHTOB,
BOCIIUTAaHHE TBOPYECKOH aKTUBHOCTH M WHUIIHATHBHI.

CamocrosarenbHass paboTa CTyAeHTa NpeArnoyiaraer, IMpexae BCEero, €ro HayyHo-
UCCIIEIOBATEIbCKYI0O W TPAKTUYECKYIO JIEATENBHOCTh, TOCKOJIBKY HWMEHHO ATH BHIBl Y4eOHOU
paboThl B IEPBYIO OUYEepe/lb TOTOBAT K CAMOCTOATEIBHOMY BBINOJIHEHUIO NPO(PECCHOHATIBHBIX 3a/1a4.
KoneuHolt 1enpi0 caMOCTOATEIbHOW pabOThl  SABISETCS OpraHU3alUsl  CaMOCTOSITENIbHOM
MO3HABATENILHOM  JIeATETBbHOCTH, (OPMUPOBAHME YMEHHS CaMOCTOSATENBHO AaHaJIM3MpPOBATh
UH(OPMAIINIO, BBIJEISATH TIIABHOE U BTOPOCTETIEHHOE.

Lenb camocTosTENbHONU pabOTHl — AONOJIHEHUE U YIilyOJeHne 3HaHUM, YMEHUI U HaBBIKOB,
dopMHEpyeMBIX Ha ayTUTOPHBIX 3aHATUAX MO aucnuiuimHe «KoMmbrloTepHas rpaduka», a Takke
pa3sBUTHE AaHATTUTHUYECKUX U UCCIEOBATEIbCKUX YMEHUH, HABBIKOB MCIOJIb30BAHUS HOPMATUBHBIX,
CIPaBOYHBIX, HAYYHBIX, DJIEKTPOHHBIX U IPYTUX UCTOYHUKOB HH(POPMAIINH.

B pamkax camocrosTensHOi paboTel mo jgucuuiimHe «KommeloTrepHas rpaduka u
00paboTka n300pakeHniD» HOPMHUPYIOTCS KOMIICTEHITUH:

— IIK- 5 — BrageHueM MeTOAaMU COCTaBJICHHUS, PEJAKTHUPOBAHMA, MOJTOTOBKH K H3JAHHUIO U
u3JlaHus oluiereorpa@uueckux M TeMaTHUYECKUX KapT, aTJIacOB M JPYrHMX KapTorpapuuecKux
n300pakeHNi B TPaJMIIMOHHON aHAIOrOBOW M U(POBON (opMax, yMEHHE CO3/1aBaTh HOBBIE BU/IbI
Y THITBI KapT.

— IIK- 12— CrnocoOHOCTh COCTaBISATh U PEAAKTHPOBATH oOOIereorpaguyeckie U TeMaTHUYeCKHUe
KapTbl, amiacel W JApyrde BHIBI KapTOrpapUUEcKUX MPOU3BEICHUN C HCIIOJb30BAaHHEM
reoOMH(pOPMALIMOHHBIX M  M3/ATeNIbCKUX  TEXHOJIOTHH;  pa3pabaTbiBaTh  OodopMIIeHHE U
KOMIThIOTEPHBINA TU3aiH KapT pa3HbIX BUIOB B rpadudeckux u ['MC-nakerax.

OcHoBHBIMU ~ (pOpMaMH  CaMOCTOSITENIbHOM ~ pabOThl  CTYAEHTOB 1O  JUCLHUIUIMHE
«KommbroTepHas rpadukay sSBISIOTCS:
- BBINIOJTHEHUE UHIMBUYaJIbHBIX (TBOPUECKUX) 3a/1aHUK;
- MIOJrOTOBKA JIOKJIa/a;



- IOATOTOBKA IMMPE3CHTALIUHU,
- IOAT'OTOBKA K CO6CC€,I[OBaHI/IIO;
— COCTaBJICHUEC KOHCIICKTA.

Iloozomogxa K 0enoeoit (ponegoii) uzpe — NOJrOTOBKA K COBMECTHOM JEATEIILHOCTH IPYIIIbI
0o0y4aromuxcsi ¥ MeJaroruueckoro paboTHHUKA MO yNpaBiICHHEM IeJaroruiyeckoro paboTHHKA C
HENBI0 PElICHUS YY4eOHBIX W NPOQPEeCcCHOHATHHO-OPHEHTHUPOBAHHBIX 3a7ady IIyTeM HIPOBOTO
MOJIEJIMPOBAHUS peabHOM npoliaeMHoN cuTyanuu. [1o3BosisieT olleHNBAaTh YMEHHE aHAJIU3UPOBAThH
U peliaTh TUITUYHbIE TPOPECCUOHATBLHBIC 3a/1a4H.

Iloozomoeka Kk pewtenuto Keiic-3a0auu — TMOJrOTOBKA K PEIICHUIO MPOOJIEMHOIO 3aJaHusl, B
KOTOPOM  OOydJamomemMycss  HpeularaeTcsi  OCMBICIHTb  pealibHyl0  Mpo(decCHOHAIBHO-
OpPUEHTUPOBAHHYIO CUTYAINIO, HEOOXOAUMYIO JJIsl PELIEHUs JaHHOH MPOOIeMBbl.

Iloozomoexa Kk KONMOKEUYMY — MIOATOTOBKA K OPraHU30BaHHOMY Y4eOHOMY 3aHATHIO B BUJIE
co0ece0BaHUs MEAArorn4eckoro paboTHUKA ¢ 00yYaIOIIIMHUCS.

Iloozomogexa k cemunapy (Kpy2iomy cmoJjiy, OucKyccuu, noiemuke, oucnymy, oebamam) —
MOJTOTOBKAa K OOCYKJIEHHUIO BOMPOCOB, MPOOJIEM C pa3BepHYTHIMH OTBETAMH M apryMeHTaluen
TOYKH 3PEHUS.

Hanucanue peghepama — noaroToBKa KpaTkoro U3JI0KEHUS B MMCbMEHHOM BH/IE TIOJTYYEHHBIX
pPEe3YJIbTaTOB TEOPETUYCCKOTO aHaluM3a OIPEICICHHON HAayYHOH (y4eOHO-HCCIIeT0BaATEIbCKOM)
TEMBI, IJIe aBTOP PACKPBIBAECT CYTh UCCIIEyeMOM MPOOIEMbl, MPUBOAUT PA3IUYHbIC TOUKU 3pEHUS, a
TakXe COOCTBEHHBIE B3TJIs/IbI HA HEe.

Iloozomoexka Ooknada (coobujenus) — TIOATOTOBKA IYOJUYHOTO BBICTYIUIGHHS 10
IPEJICTABICHUIO TIOJYYEHHBIX pE3YyJIbTaTOB PEIICHUS OMNPENCICHHON Y4eOHO-TIPaKTHUECKOH,
yueOHO-UCCIeI0BATENLCKON TN HAYYHOU TEMBI.

Iloozomoexa Kk cobecedosanuro — MOATOTOBKA K OPraHW30BaHHOW Oece/ie Meaaroru4eckoro
paboTHHKA C 00YyYarOIIUMCS Ha TEMBbI, CBA3aHHBIE C U3Yy4aeMOMN NUCHUIUIMHON, U PACCYUTAHHOE Ha
BbISICHEHHE 00beMa 3HaHUM 00y4arouIerocs 1o onpeAeIeHHOMY pa3jiely, TeMe, IpodyeMe U T.11.

Iloozomoexka unOuGUOyanbHo20 (2pynno6ozo0) meopuecKo2o 3a0anus — TOATOTOBKA
YaCTUYHO PErIaMEHTHUPOBAHHOTO 3aJjaHMsl, UMEIOILEr0 HECTAaHAAPTHOE PEIICHNE U MO3BOJISIFOIIETO
JTUATHOCTHPOBATh yMEHHUS, WHTErPUPOBATh 3HAHMUS Pa3NUYHBIX OO0NacTed, apryMeHTHPOBATH
COOCTBEHHYIO TOYKY 3pCHHUs. MOXKET BBINONHATHCS B WHIWBUIYaTHHOM IMOPSJIKE WM TPYIIION
oOyJaromuxcs.

Iloozomoexka 3cce — MOATOTOBKA TEKCTa C M3JIOKEHUEM CYTH IOCTaBJICHHON MpPOOJIEMBbl Ha
OCHOBE CaMOCTOSTENILHO MPOBEIEHHOIO aHaIM3a ATOM MPOOJIEMBI C UCTIONIb30BAaHUEM KOHIIETIUN 1
AQHAIUTUYECKOTO HMHCTPYMEHTapus COOTBETCTBYIOLIEH MHUCHUIUIMHBI, (OPMYIUPOBKA BBIBOJOB,
0000IIaI0ITNX aBTOPCKYIO O3UIIHUIO.

Iloozomoexka Komcnekma — TIOATOTOBKAa KpPaTKOrO M TIOCJEIOBATEIbHOIO MHCHMEHHOTO
U3TI0’KEHUE COJICPKAHUS MPOUYUTAHHOW KHUTH WM CTaThH.

MJIAH-TPA®UK BbIIIOJIHEHUSA CAMOCTOATE/JIbHON PABOTEI

Bun camo-
HaumenoBaHue TeM QM CHUIIMHBI CTOATEILHOM Hepneas
padoThI
Brenenue B koMmmbroTepHyto rpaduxy. Buapl TMoxroTosKa
KOMITbIOTepHOH rpaduku. X nocTouHcTBa ToKITaNa 3 Henend
HEJOCTATKU
AnmapatHoe o0ecrieueHrne KOMIBIOTEPHOU rpaduKu [ToaroroBka k 4 nexens
co0eceI0BaHUIO
[IporpammHuoe obecriedyeHrne KOMITbIOTEPHOU TpauKu [Toaroroska 5 Henens
MPE3CHTALINU




®dopmatbl XpaHeHUsI rpadUIECKUX U300pKSHUM [ToaroToBka k 6 Henens
co0eceIOBaHUIO
®pakTanbHas rpadpuku [ToaroroBka
P ped Kozl[{cneKTa 7 nepens
[IpencraBienue rpadguuecKux TaHHBIX [ToaroroBka
KOHCIICKTa 8 mepexs
LIBeTOBBIC MOJIENIN U KX BUIBI 9 "Henena
Bo3sgelictBue uBera Ha yenoBeka. LIBeroBas rapmoHus MOJArOTOBKA
COO(EI/I;IZH}I i 10 Henens
IIPE3CHTALNN
[{BeroBoii kpyr. Kinaccuueckne koMOMHALINY [IBETOB. IIOArOTOBKA
0006314;121/1;1 B 11 Hemensa
IIPE3CHTALUN
[{BeToBas macTuka Ha KapTax [Togroroska
12 Henens
JIOKJIa/1a
PactpoBas rpaduka IToaroroBka
HHMBUJYQILHOTO | o -
TBOPYECKOTO
3a/1aHUs
Bekropnas rpaduka IToaroroBka
HHMBUQIBHOTO | ) Hexens
TBOPYECKOTO
3aJIaHus
KOHTPOJIBHBIE TOYKH U BUAbI OTYETHOCTH 110 HUM
Ne ni/m Bua neiTeJIbHOCTH CTY/IEHTOB Cpoku Koanuectn
BBINIOJIHEHUS | 0 0aJLI0B
1. IToaroroska k cobecemoBauuio 1o TeMe «BBenenne B
KOMITbIOTEPHYIO TpaduKy. Buabl KoMObloTepHON 10 20
rpadukn. VIX 7OCTOMHCTBA U HEJJOCTATKN)
2. BrinonHenue MHAMBUYATBHOTO TBOPUYECKOTO 13 20
3amanus o Teme «PactpoBas rpaduka
3. BrimotHeHIE HHAMBUAYaTLHOTO TBOPUYECKOTO 15 15
3amanus o TeMe «BekTopHs rpadukay
Hroro 3a 4 cemectp 55
Hroro 55

METOAWYECKHUE PEKOMEHJZALMHA 110 N3YYEHUIO TEOPETHYECKOTI'O
MATEPHUAJIA, IOATOTOBKE K IABOPATOPHBIM PABOTAM

Tema. [{BeT B KOMIILIOTEPHOI Ipaduke.

HOCTpOCHI/Ie IBCETOBLIX IIKaJ, pasJIM4arOmUXCA 110 OCHOBHBIM IIBETOBBIM XapaKTCPHUCTUKAM:

TOHY, HACBIICHHOCTU U CBCTIIOTC.

OcBoeHre MPHUEMOB CMEILIEHHS TPEX OCHOBHBIX IIBETOB: TOJIyOOT0, MypPITYPHOTO, KEITOTO.




OcBoeHHe TPEXKOMIIOHEHTHOW TEOPHUHU IIBETOBOTO 3peHHs (paboTa BHIIOIHIETCS MyTeM
HOCTPOCHMS LIBETOBOT'O TPEYTOJIbHUKA).

HCJIL 3aJaHus. Hay‘lI/ITBCH CTPpOUTH UBCTOBBIC IIKAJIbI, pa3IndaroIIreCs 110 OCHOBHBIM
LIBCTOBLIM XapPAKTCPUCTUKAM. OcBouthb IpHUEMbI CMCIICHUS TPEX OCHOBHLIX IIBETOB.

PexoMeH1a1[UM 110 BHITNIOJTHEHHIO 32 JaHUS
1. Mcnonp3ys TpEeXKOMIOHEHTHYIO TEOPHIO LIBETA, IIOCTPOMTE IIBETOBYIO LIKAIy penbeda
CesepHoro Kaskasa.

PesyabTaT padorsl. @parMeHT BEeKTOPHOM KapThl CTaBpPOIIOJIBCKOTO Kpasi.
KonTposbHbIe BONPOCHI
Cser u 1Ber.
[Tornouienue, nponyckaHue, OTPaXEHUE CBETA.
XapaKkTepUCTHUKY 1BETA.
CMmeleHue 1BETOB.
W neanbHple LIBETA U pEaTIbHBIE KPACKH.
[IIkapl IBETOBOIO OXBAaTa.
Bocnpusrue nsera.
["apmoOHUs LIBETOB.
CucremaTu3zanus ¥ U3MEpEHUE [IBETA

Jlureparypa

Kynukos, A.W. AnropuTMHYecKre OCHOBBI COBPEMEHHOM KOMITbIOTEPHOU TpaduKu [ DIEKTPOHHBIH
pecypc] / A.W. Kynukos, T.O. OBunnHukoBa. - M. : IntepHeT-YHusepcuretr MHpopmannoHHbIX
Texnomoruii, 2007. - 195 c. - URL.: http://biblioclub.ru/index.php?page=book&id=234146
[[ukun, E.B. Komneiotepnas rpaduka. [lomuronansHbie Moenu [ D1eKTpOHHBIN pecypc] /

E.B. Illukun, A.B. Bopeckos. - M. : luanor-MHU®U, 2005. - 462 c. - URL:
http://biblioclub.ru/index.php?page=book&id=89300

Tema. YcTpoiicTBa BBOAA, HCIIOJIb3yeMble B KOMIILIOTEPHOM Ipadguke.
N3yueHre OCHOBHBIX YCTPOUCTB BBOJA rpauueckoil MHGOpMaIu.

Hean 3aganus. OcBOUTH NpaBuia NOAKIIOYEHUS U UCIIOIb30BaHUS OCHOBHBIX YCTPONCTB
BBOJIa rpaduueckoil HHPopMaIuu.

PexoMeHaanmu 1o BBINOJIHEHUIO 32/1aHUSA

1. TloagxmrounTe K CHCTEMHOMY ONOKy ckaHep. M3yuute wuHTepdeiic u paboty B
YCTPOHCTBOM.

2. TlonkmtounTte K CUCTEMHOMY OJIOKY yCTpPOHCTBO «Mbliby. M3yunte BUIbl MHTEpdEHcoB
MOJKJIFOYEHUS U HACTPOUKH YCTPOMCTBA.

PesyabTaT padorsl. [logkmoueHHbIE K CUCTEMHOMY OJIOKY MBIIIb U CKaHEp. Y CTAHOBJIEHHBIE
JpaiiBepsl YCTPOUCTB.

KonTpoJsbHbIe Bonpockl

VYerpoiicTBa BBoJa rpaduueckux n300pakeHui, iX OCHOBHBIC XapaKTEPUCTUKH.
Ckanepbl, ki1accu(uKanys ¥ OCHOBHBIE XapaKTepUCTUKH. J{uruTai3zepsl.

MaHuUIy sITOp «MBIIThY, Ha3HaueHue, Kiaaccudukamus. Jxonctuku. TpekOor.
Taunazge! u TpeknoiHThl. CpencTBa Auanora A CUCTEM BUPTYaJbHOU PEAIbHOCTH.

Jluteparypa


http://biblioclub.ru/index.php?page=book&id=234146
http://biblioclub.ru/index.php?page=book&id=89300

KynukoB, A.1. AnropuTMuyecKie OCHOBBI COBPEMEHHOM KOMIBIOTEPHOH rpaduku
[DnexTponnsiit pecype] / AWM. Kynukos, T.O. OpunnaHKOBA. - M. : UHTepHET- Y HUBEPCUTET
WNudopmannonnsix Texnonoruid, 2007. - 195 ¢. - URL:
http://biblioclub.ru/index.php?page=book&id=234146

Iukun, E.B. Komnsiotepnas rpaduka. [lonuronansaeie Moaenu [DneKTpoHHBIN pecype] /

E.B. lllukun, A.B. bopeckos. - M. : /luanor-MU®U, 2005. - 462 c. - URL:

http://biblioclub.ru/index.php?page=book&id=89300

Tema. U3yyeHne HHTEPAKTHBHOIO HHTep(eiica rpadpuueckoro perakropa.
N3yuenne nntepdeiica 1 OCHOBHBIX BO3MOXHOCTEH rpaduueckoro pegakropa. OkHa.
[Tanenu nunctpymentoB. Ctpoka coctosHus, CTpoka MEHIO.

Heab 3aganus. [loka3ars BO3MOXHOCTH IPUMEHEHUS Pa3IMYHbIX BUJIOB IIPUPTOB JIsS
nepeaayr KaueCTBEHHBIX M KOJIMYECTBEHHBIX XapaKTEepPUCTHK 00bEKTOB U siBieHui. [Ipuobpectu
HAaBBbIKU B MX MUCIOJIb30BaHUU MPU HAHECEHUU HAAMMUCEN Ul pa3IMuHbIX KapT.

PexoMeHaanuu 1Mo BHINOJHEHUIO 32 TaHUS
1. Ortkpoiite rpaduueckuii penakrop. Mzyunre unrepdeiic.
2. O3HaKOMBTECh C OCHOBHBIMH ITAHEIISIMHU.

PesyabraTt padornl. @parMeHT BEKTOpHOU KapThl CTaBpONOIbCKOro Kpasi ¢ HAHECEHHBIMU
I'PaHULIAMU U KPYTTHEHIINMHU BOJHBIMU OOBEKTaMH.

KoHnTpoJsbHbIe BONPOCHI

OO6mwmit By rpaduueckoro peaakTopa.
[Tanenn MHCTPYMEHTOB.

Komanzs! HacTpoiiku pabouero yincra
CriocoOblI 3a/1aHus] KOOPAMHAT OOBEKTOB
N3menenne maciitaba n300pakeHus»

Jlureparypa
Kynuxkos, A.W. AnropuTMuueckre OCHOBBI COBPEMEHHON KOMIIBIOTEPHOM rpaduKu [ DNeKTPOHHBIN
pecypc] / A.W. Kynukos, T.O. OBunnHukoBa. - M. : IntepHeT-YHuBepcuretr MHpopmannoHHbIX
Texnomoruii, 2007. - 195 ¢. - URL.: http://biblioclub.ru/index.php?page=book&id=234146
[[ukun, E.B. Komnerotepras rpaduka. [lomuronansHbie Moenu [ DNeKTpOHHBIN pecypc] /
E.B. llukun, A.B. bopeckos. - M. : luanor-MU®U, 2005. - 462 c. - URL:
http://biblioclub.ru/index.php?page=book&id=89300

Tema. IIaHe/ 1M HHCTPYMEHTOB.

eas 3aganus. [Tlokazars BO3MOKHOCTH TPUMEHEHNUS PA3JINYHBIX [TaHEIEH HHCTPYMEHTOB
JUISL PELIeHUs] Pa3IUYHbIX HJIOB 3a]1a4 B KOMITbIOTEPHOI! rpaduke.

BoinosiHenue 3agaHus.
1. Odopmnenune obpasma MTPUXOBHIX JIEMEHTOB 00MereorpaduuecKoi KapThl.
2. N300pakeHne TMHEHHBIX, TOUYSUHBIX U TUIOIIAAHBIX 0OBEKTOB B KapTorpaduu.

PesyabTaTt padorhl. 300parkeHre HEKOTOPBIX KapTOrpauyecKux 3HaKOB..
KoHTpoJsbHbIe BONPOCHI

[Tanenn MHCTPYMEHTOB IpaU4eCKOro peakTopa.
OcCHOBHBIE CBOWCTBA U HACTPOUKH.


http://biblioclub.ru/index.php?page=book&id=234146
http://biblioclub.ru/index.php?page=book&id=89300
http://biblioclub.ru/index.php?page=book&id=234146
http://biblioclub.ru/index.php?page=book&id=89300

[TocTpoenne rpapuuecKux MPUMUTHBOB — KPUBas, IPSIMOYTOJIBHUK, SJUTUIIC,
MHOT'OYTI'OJIbHUK.

Pabora ¢ TexcTom.

OCHOBHBIE HHCTPYMEHTHI I'paUueCKUX PEIaKTOPOB.

CBolicTBa M HACTPOWKH UHCTPYMEHTOB.

Jlureparypa
Kynukos, A.U. AnropuTMudecKkrie OCHOBBI COBPEMEHHON KOMITBIOTEPHOU TpaduKku [ DIEeKTPOHHBIN
pecypc] / A.W. Kynukos, T.3. OpunnHukoBa. - M. : UaTepHeT-YHuBepcurer MHbOpMaIimoHHBIX
Texnomoruii, 2007. - 195 c. - URL: http://biblioclub.ru/index.php?page=book&id=234146
Iukun, E.B. Komnsiotepnas rpaduka. [lonuronansaeie Moenu [DneKTpoHHBIN pecype] /
E.B. lllukun, A.B. bopeckos. - M. : lnanor-MHU®U, 2005. - 462 c. - URL:
http://biblioclub.ru/index.php?page=book&id=89300

Tema. IIBer. Co31aHue ¥ peJaKTHPOBaHUe aTPUOYTOB.
[TocTpoeHue BETOBBIX KA, Pa3TUYAIOIIUXCS IO OCHOBHBIM IIBETOBBIM XapaKTEPUCTUKAM:
TOHY, HACBIIIIEHHOCTH H CBETIIOTE.
OcBoeHre MPHUEMOB CMEILICHHS TPEX OCHOBHBIX IIBETOB: TOJIyOOT0, TyPIIYPHOTO, KEITOTO.
OcBoeHNe TPEXKOMIIOHEHTHOW TEOPHH IIBETOBOTO 3peHHS (paboTa BBITOIHACTCS IIyTEM
MOCTPOCHHUS LIBETOBOTO TPEYTOJIbHUKA).
Heanb 3apanus. HayduThcst CTPOUTH MIBETOBBIC IIKAJIBI, PA3JIMYAONIHECS 110 OCHOBHBIM
[[BETOBBIM XapakTepucTukaM. OCBOUTH MPUEMbI CMEIICHHS TPEX OCHOBHBIX 1[BETOB.
BbinosiHeHue 3a1aHus.
1. UCMONB3YI0 TPEXKOMIIOHEHTHYIO TEOPHIO IIBETA, TOCTPONTE I[BETOBYIO KAy penbeda
Cesepnoro Kaskasa.
Pe3yabTaTt padornl. @parMeHT BeKTOPHOU KapThl CTaBPOMOIBCKOTO Kpasi.
KoHTpoJibHbIE BOMPOCHI
AtpubyTsl. [Tonstus. CpoiicTaa.
®dopma, aTprOyTHI KOHTYpa, 3aJINBKA
Co3nanue coOOCTBEHHOTO BUA 3aJIMBOK.
Jlureparypa
Kynukos, A.W. AnropuTMHYecKre OCHOBBI COBPEMEHHOW KOMIBIOTEPHOMN Tpaduku [ DIEKTPOHHBIN
pecypc] / A.W. Kynukos, T.O. OBunnHukoBa. - M. : IntepHeT-YHuBepcuretr MHpopmannoHHbIX
Texnomoruii, 2007. - 195 ¢. - URL.: http://biblioclub.ru/index.php?page=book&id=234146
[[ukun, E.B. Komnerotepras rpaduka. [lomuronansHbie Moenu [ DNeKTpOHHBIN pecypc] /
E.B. Illukun, A.B. Bopeckos. - M. : luanor-MHU®U, 2005. - 462 c. - URL:
http://biblioclub.ru/index.php?page=book&id=89300

Tema. PepaktupoBanue rpaguyecknx 00beKT0B
PenaxtupoBanue rpadguyueckux oObEKTOB.
Heasn 3ananusi. OCBOUTH U Pa3BUTH MPAKTUICCKHE HABBIKK IO TPUMEHEHHUIO OCHOBHBIX
MHCTPYMEHTOB TpagUuECcKOro peakTopa.
BbinosiHeHune 3aganus.
1. M3yuuTh MHCTPYMEHTHI PA3IMYHBIX MaHETIeH, UX CBOMCTBA U METO/IbI UCIOJIb30BaHMUS.
2. OcBOWTH HaBBIKU PA0OTHI C HUMHU.
PesyabTaTsl padoThl.
1. OtpenaktupoBanHoOe Tpaduueckoe n3oopaxenue 6e3 neeKTos.
KoHTpoJsbHbIe BONPOCHI
I'paduaeckue oObekTh. CBOMCTBA.
[TpeoOpa3oBanue rpauyeckux 0ObEKTOB.
I'padpuaeckue oObekTH. METOIBI CO3aHMUS HOBBIX.
Jlureparypa
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Kynukos, A.1. AnropuTMH4YecKie OCHOBBI COBPEMEHHOM KOMIBIOTEPHOH rpaduku [ DIeKTpOHHBIN
pecypc] / A.W. Kynukos, T.3. OBunnHukoBa. - M. : UatepHeT-YHuBepcuteT MHGOpMAIMOHHBIX
Texnomoruii, 2007. - 195 c. - URL.: http://biblioclub.ru/index.php?page=book&id=234146
[lukun, E.B. Komnerotepras rpaduka. [loauronansHbeie Moienu [ DIeKTpOHHBIN pecypc] /

E.B. Illukun, A.B. Bopeckos. - M. : luanor-MHU®U, 2005. - 462 c. - URL:
http://biblioclub.ru/index.php?page=book&id=89300

Tema. [{BeTOBasi MJIACTHKA HA KapTaXx.
OcBoeHMe 1 TPUMEHEHNE [IBETOBOM IUIACTUKU IIPH IIOCTPOECHUH TUIICOMETPUUECKUX KA.
Pa3pa0oTka 1 BbIIIOJHEHKE [IBETOBBIX LKA JUI peibeda CyIIH M0 pa3IuyHbIM IPUHIIHAIIAM:
®  yBEJIMYEHUE HACBHILICHHOCTH LBETA IPU IOHWKEHUM CBETJIOTHl - YTEMHSIOLIUECS
LIKaJIbI C BBICOTOH (3€JIEHO-KOPUYHEBBIE);
e  YBEJIMYEHHE HACHIIIEHHOCTH U TEIUIOTHI LIBETA C BEICOTOM (CHEKTpaIbHbIE LIKAJIbI);
® yMCHBIIEHHWE HACHIIIEHHOCTHM I1BE€Ta W IIOBBIIIEHHE CBETJIOTHl C BBICOTOM
(ocBeTusitOIIMECS LIKANbI);
®  IBETOBBIE IIKAJIbl, CTPOSALIMECS IO IPUHIUITY BO3yILIHON EPCIEKTHUBBI;
e  I[BETOBAas IIKaja INyOuH MOpA.
Kaxplii cTyaeHT pa3pabaThiBaeT OHY LIBETOBYIO LIKAJIy PYKOIIMCHO U BBINOJIHAET €€ aHAJIOT Ha
KOMIIBIOTEPE.
Odopmitenne pparmeHTa runcoMeTpUYECcKOn KapThl Ul Pa3IMYHbIX TUIIOB pelibeda C
UCTIOJI30BaHUEM paHee pa3paboTaHHON Kbl PYKOIMCHBIM M KOMITBIOTEPHBIM MeTo1aMu (paboTta
BBINOJIHAETCS] HA CHHUX OTTUCKAX C TOPU3OHTAISIMM JUI PA3JIMYHBIX TUIIOB pelibeda CyIIn U Mops).

Tema: IlocTpoeHHe HBETOBBIX HIKAJ, PA3JIHYAMIUXCS 10 OCHOBHBIM IBETOBBIM
XapaKTepUCTHKAM.

Heab 3aganus. [IproOGpecTy HABBIKY MO UCTIOIH30BAHHIO IIBETOBBIX XapaKTEPUCTHK:
IIBETOBOT'O TOHA, HACBIIIIEHHOCTH M CBETJIOTHI JIJIsl IEpPe/Iaun Ha KapTax KauyeCTBEHHBIX,
KOJIMYECTBEHHBIX MMOKA3aTeNeN U UX COUETaHUM.

BapuaHThl K BbINOJHEHUIO 32 JaHUS.

[TocTpoeHre BETOBBIX MIKAJ JIsl KAYECTBEHHOM XapaKTEePUCTUKH SIBIICHUN
. Tvnel TOYBEHHOTO MOKPOBA.

. JIuTonornueckuit CocTaB rOpHBIX MOPOJ.

. [loponel neca.

. HattmonaneHbIM cOCTaB HaceNeHUs.

. [lonuTuko-aIMUHUCTPATUBHOE JIEJICHHE.

. CenbCKOXO035ICTBEHHBIE KYJIbTYPHI.

. IIpupoaHbIe 30HBI CYIIN.

. Buapl 3eMeNbHBIX YIOIHi.

9. Crienmaan3anus CeILCKOro X03sMCTBa.

10. Otpacnu mpOMBIIITIEHHOCTH.

[TocTpoeHure BETOBBIX MK JJIS1 KOJTMYECTBEHHBIX XapaKTEPUCTHK SBJICHUN
. KonnaectBo ocankoB (B MM).

. [Ipo10KUTENEHOCTD COTHEYHOTO CUSHUS (B ro1/4).

. CpenHuii ro10BoM CTOK BOJBI (B MM).

. TInoTHOCTH HaceneHus (KOMMUECTBO XKHUTeNeH Ha 1 KM2).
. YpoxaitHOCTh MIICHUIIHI (B 1/Ta IO XO3SHUCTBaM).

. [Ipupoct nacenenus ( B rox Ha 1000 xuTemnei).

. CpenneronoBsie TeMneparypsl Bodayxa ( B °C).

. lnutenbHOCTh 6€3MOPO3HOTO TIeproa (B THSIX).

[TocTpoeHue nikan cMeaHHbIX [BETOBBIX PAJIOB AJIS MEpeJaul HECKOJIBKUX XapaKTePUCTUK
SIBJIICHUS
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1. Busbl 3epHOBBIX KYJIBTYp U UX YPOXKAHHOCTH B pa3HbIe TOJIbI (B 11/Ta).

2. Ilopoaps! Jieca ¥ UX COCTOSTHUE (MOJIO/IBIE, CIIENbIe, IEPECTONHBIE).

3. IInOTHOCTH FOPOJCKOTO U CEIBCKOTO HACETIEHMUS.

4. Tunsl IOYB C XapaKTEPUCTUKOM 110 BIAXKHOCTH.

5. HoBeiilne TeKTOHHYECKUE JBU)KCHUS, XapaKTEPUCTHKA ieopManuii (TIOAHATHS,
ONyCKaHUs, B M).

BobinoJsiHeHue 3agaHus.

1. TToctpouts mkany u3 8-10 crynenei, pa3anyaroniyrocs 1o BETOBOMY TOHY OJJMHAKOBOM
HACBHIIIEHHOCTH U CBETIOTHI. L[BeTOBBIE TOHA 00pa30BaTh MyTeM CMEUICHHS 2-X MU 3-X IIBETOB.
Hcnonb3ys BapuaHThl KOHKPETHBIX KAUECTBEHHBIX XAPAKTEPUCTHK SIBJICHUM, IEPEIABAEMBbIX Ha
KapTax, BEIOpPATh [[BETOBYIO FraMMY, OTPAKAIOLIYIO CHEIH(PUKY TEMATHUECKOTO COJICPIKAHMUS.
Y4ecTh peaTucTUUHOCTD (1€ ATO HEOOXO0MMO), IPUPOTHOE CXOJCTBO IBETOBBIX TOHOB C
0TOOpaXaeMbIM SIBJICHHEM.

2. [TocTpouTh IBETOBYIO IIKANy MyTEeM U3MEHEHHs HACHIIIIEHHOCTH OJHOTO I[BETa (Harpumep,
KpacHOro) AJisi KOHKPETHOI'0 TEMaTHUECKOI 0 II0Ka3aTelisd, BbIOpaB OJIMH U3 IPEIaracMbIxX
BAPUAHTOB.

3. ITocTpouTh HIKaIbl CMEIIAHHBIX I[BETOBBIX PAIOB IO JIBYM WJIM TPEM LIBETOBBIM
XapaKTepUCTUKaM (HalpuMep, IIBETOBOMY TOHY U HACBIIIEHHOCTH WJIH [IBETOBOMY TOHY U CBETJIOTE)
JUISL OJHOTO U3 BapMAHTOB TEMaTHUUECKOTO COJEPIKaHUS.

[[BeToBOI (hOH NOJKEH OTpa)kaTh KAYECTBEHHYIO XapaKTePUCTHUKY SBICHUS (Hapumep,
pa3IuYHbIE BU/bI 3€PHOBBIX KYJIbTYp: POXKb, MIIIEHULA, OBEC).

V3MeHsst HachIIIEHHOCTD (MJIM CBETJIOTY) COOTBETCTBYIOIIMX I[BETOB, MOKA3aTh
KOJIMYECTBEHHYIO CTOPOHY SIBJICHUS (HallpUMep, YPOKaHOCTh B pa3HbIE TObI).

PesyabTaTt padorsl. IIpencraButh Tpy MIKabl, OTpaKarOILUE:
®  [IBETOBHIM TOHOM Kau€CTBEHHYIO XapaKTEPUCTUKY SBICHHUS,
®  HACHIILIEHHOCTHIO - KOJMUYECTBEHHbIE TIOKA3aTeNH,
®  COYETAHUEM IBETOBBIX XapPAKTEPUCTUK - HECKOJIBKO [TOKA3ATENEH Pa3IMUHBIX SBICHHM.

KonTpoJsbHBIE BOPOCHI

CylIHOCTh IIBETOBOM IJIACTUKH.

CBolicTBa THIICOMETPUYECKUX LIKAI.

3puTenbHOE BOCTIPUSATUE MTOCIONHON OKPACKH.

Bb100p 1IBETOBBIX LIKAI.

[TpyHIMIIBI TOCTPOEHUS TUIICOMETPUYECKUX KA.

Jlureparypa
Kynukos, A.Wl. AnropuTMHYECKHE OCHOBBI COBPEMEHHON KOMIBIOTEPHOU TpaduKu [ DNEKTPOHHBIN
pecypc] / AWM. Kynukos, T.O. OBunnnukoBa. - M. : Untepuer-YHuBepcurer MHpopManmoHHbIX
Texnomoruii, 2007. - 195 c. - URL.: http://biblioclub.ru/index.php?page=book&id=234146
[Mukun, E.B. KomneroTepHas rpaduka. [Tomuronanbablie Moaenu [ DIeKTPOHHBIH pecypc] /
E.B. llluxun, A.B. bopeckos. - M. : luanor-MU®U, 2005. - 462 c. - URL:
http://biblioclub.ru/index.php?page=book&id=89300

Tema. CBeToTeHEeBas MJIACTHKA.

OcBoeHMe METO/IMKH BBITTOJIHEHUS! CBETOTEHEBOM MJIACTUKHU CIIOCOOOM TYIIEBKH (paboTa
BBITIOJTHSETCS] HA CHHUX OTTHCKaX C TOPU30HTAJSIMH, U3TOTOBICHHBIX Ha OyMare Uiy TIACTHKE).
Odopminenue penpeda OTMBIBKOM Ha OCHOBAX ¢ pa3HbIMU TUTIaMU penbeda. (Kaxapiit cTynent
BBIOMPACT OJIHY OCHOBY I10 JKEJIAHUIO).
OcBoeHHE TEXHOJIOTHH aHAIUTUYECKOW OTMBIBKA Ha KOMITHIOTEPE 10 TOTOBOM ITU(POBOIT MOIETH.
Brimonnenue o6pasiia aHaIUTHYECKOM OTMBIBKU B COUETAHHUHU C ITOCIIOMHOM OKPACKOH 10 CTYNEHsM
BBICOT.

Heasn 3aganus. 3y4ynth 1 OCBOUTH METOJIMKY BBIITOJTHEHHS] CBETOTEHEBOM IIJIACTUKHU
croco6amMu TYIIEBKH M OTMBIBKH.
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BrinosiHeHue 3aganus.

1. U3y4uTh 110 CHHEMY OTTUCKY C TOPU3OHTAISIMU THII U300pa>KEHHOTO Ha HEM penbeda
(rOpHBIii, BYJIKAHUYECKUN, PABHUHHO-3PO3UOHHBIN U T.I1.).

2. I[loctpouts oporpaduyecKyro cXemMy: BbIICIUTh HAIIPABICHUS CTPYKTYPHBIX JIMHUN
XpeOTOB, UX MPOTSHKEHHOCTh, TTOKA3aTh Pa3InYMs B BBICOTAX, CTEIICHb PACWICHEHHUS, aCHMMETPHIO
CKJIOHOB, XapaKkTep JOJUH U T.II.

3. PyKOBOJCTBYSICH OCHOBOM C TOPH3OHTAIISIMU M OpOrpauIecKkoii cCXeMoi Ha IEPBOM JTarie,
HAHECTH COOCTBEHHBIE TEHU, OTWICHSAIOIINE KPYIHbIE (POPMBI, HAPABICHUS IJIaBHBIX CTPYKTYD.

4. Ha BTOpOM 3Tare BbIIEIUTh CBETOTEHBIO JeTain (POpM, IMOKa3aTh pacuIeHEHHOCTh
penbeda, cnenuduueckue 9epTbl MOPHOIOTHH.

5. Ha KOHEYHOM 3Tane YCHJINTh TEHHU U MOJYTCHH B COOTBETCTBUU C BBICOTaMH (OpM
penbeda, HAaraSAHO MOKa3aTh MHTEHCUBHOCTBHIO CBETOTEHU PA3JIMYMUS B OTHOCUTEIBHBIX BBICOTAX U
KpPYTHU3HE CKJIOHOB.

PesyabTaT padorsl. ®parMeHT OTMBIBKH (TYLIEBKH) OJTHOTO U3 TUIIOB penbeda.

KoHTpoJibHbIE BOMPOCHI

CyIIHOCTh CBETOTEHEBOM MIACTUKHU. DJIEMEHThI CBETOTCHH.

3aKOHOMEPHOCTH pacHpe/IesIEHNs] CBETOTEHH.

['padmyeckue nmpuMesl CBETOTEHEBOTO NU300paKEHHUS.

['paduueckue MPUHLIMIIBI CBETOTEHEBOTO N300paskeHUs penbeda.

Oco0eHHOCTH OTMBIBKH OCHOBHBIX ()OPM U TUTIOB penbeda.

Jlureparypa
Kynukos, A.W. AnropuTMuuecKre OCHOBbI COBPEMEHHON KOMIIBIOTEPHOM TpaduKu [ DIEKTPOHHBIH
pecype] / A.W. Kynukos, T.O. OBunnnukoBa. - M. : UntepHer-YHuBepcurer MHPOpMAITMOHHBIX
Texnomoruii, 2007. - 195 c. - URL.: http://biblioclub.ru/index.php?page=book&id=234146
[[Iukun, E.B. Komneiotepnas rpaduka. [lomuronansHbeie Moienu [ D1eKTpOHHBIN pecypc] /

E.B. Illukun, A.B. Bopeckos. - M. : luanor-MU®U, 2005. - 462 c. - URL:
http://biblioclub.ru/index.php?page=book&id=89300

Tema. PadoTa co ciosamu.
Iean 3axanus.
1. OcBouTb U MPUOOPECTH HABBIKK B IPUMEHEHMSI PA3HBIX CIOEB IIPU BEKTOPHU3ALUH .
2. Crnou B pacTpoBBIX TpadUUECKUX PelaKTOPaX.

BoinmojiHeHHe 3a1aHuS.
1. 3arpy3uth B mporpaMMy HH(pPOBYIO OCHOBY.
2. M3yunTh coctaB ciioeB HU(POBOI OCHOBBI, HCIIONB3Ys OKHO Juaiora «Menemxkep cioesy (Layer
Manager), eciu Hy>KHO, TO BBECTH HOBBIE CJIOH.
3. Opopmuts IomAAHBIE 00BEKTHI IIM(PPOBOI OCHOBBI, BKIIIOYAst OO0 LIBETOB U THIIBI
HITPHXOBOK.
3.1. Beiopats mogens CMYK koaupoBaHus 11BeTa B OTKPHIBAIOIIEMCS CIIMCKE OKHA JHAajora
«Onnopoanas 3anmuBkay (Uniform Fill).
3.2. CocTaBUTh LIBETOBYIO NAIUTPY CBOEH KapThl, 10100paB COOTBETCTBYIOIINE 3HAUEHUS TOy00oi
(Cyan), mypnyproii (Magenta), sxenroii (Yellow) u uepnoii (Black) cocransroniux.
3.3. BBINOJHUTH 3aKpallIMBaHue IIOMIAHBIX OOBEKTOB B COOTBETCTBUU C COCTABIEHHON MAIUTPOA.
3.4. IlogoOpaTh HBET M TUT MITPUXOBKH IS TUIOMIAIHBIX 00BEKTOB, UCTIONB3YysT HHCTPYMEHTHI
PHCOBaHMS WJIM OKHO JAMaiora «3aiuBka y3opom» (Pattern). 3amoqHuTh COOTBETCTBYIOIINE OOBEKTHI
BBIOpAaHHBIM THIIOM IITPUXOBOK.
4. OdopMuTh THHEHHBIE 00BbEKTHI HU(POBOI OCHOBBI, BKIIIOUYAs MTOAOOP IIBETOB, TUIIOB U TOJIIHH
JMHUHN, TUIIOB TPAaHHUI] 00BEKTOB C TIOMOIILIO OKHA auanora «Atpubytsr abpuca» (Outline Pen).
5. Co3path cucTeMy YCIOBHBIX 3HAKOB JUISI BBIIOIHSAEMON KapThl, UCIIOIb3YSI HHCTPYMEHTHI
PUCOBAHUS U TOTOBBIE OMOINOTEKH CHMBOJIOB TpadUueCcKOr MPOTrpaMMBI.
6. ITogoOpath Tum, pazmep 1 UBET WPHU(PTOB 1 TOMECTUTDH MOIIKMCH Y COOTBETCTBYIOIIUX O0BEKTOB.
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7. OpopMHUTH JIETEHY KapThI.
8. CocTaBUThH OOIIYIO KOMITIO3UIIUIO KapThl, Pa3MECTUB KapTorpadudeckoe n3o0paxeHue, JereHiy,
3aroJI0BOK, JIOMOJIHUTENIbHBIE KapThI-BPE3KU, PUCYHKH U T.II.
Pe3yabTarsl padoThbl.
1. Kpacounslii opUrnHas TeMaTH4ECKOM KapThl C MOCIOWHBIM H300paKEHHEM OOBEKTOB.
KoHTpoJibHBIE BONIPOCHI
OcHoBHbIE TOHATHS ci10eB. VX cBolCTBA.
Oco0eHHOCTH UCIOJIB30BAHUS CIIOEB IPU OPOPMIICHUU KapT.
Jlureparypa
Kynukos, A.U. AnropuTMu4ecKrie OCHOBBI COBPEMEHHOMN KOMITBIOTEPHOHU TpaduKu [ DIEKTPOHHBIN
pecypc] / A.W. Kynukos, T.3. OpunnnukoBa. - M. : UaTepHeT-YHuBepcurer MHbOopMaIimoHHbIX
Texnomoruii, 2007. - 195 ¢. - URL: http://biblioclub.ru/index.php?page=book&id=234146
[ukun, E.B. KomnbroTepHas rpaduka. [TonmuronansHbIe MoJeH [ DIEKTPOHHBIN pecypc] /
E.B. lllukuH, A.B. bopeckos. - M. : /luanor-MU®U, 2005. - 462 c. - URL:
http://biblioclub.ru/index.php?page=book&id=89300

Tema. JxcnopT H300paKeHuil.
Iean 3axanus.
1. OcBoutb u npuoOpecTH HaBBIKM B JKCHOPTE H300paKEHUM U1 HMCHOJIb30BAaHUS B
Pa3INYHbIX LEJISX.
2. H3yuuth ocHOBHBIC (hopMaThl rpadudeckux (aijioB U MX CBOKWCTBA.
BrpInosnenue 3aganus.
1. 3arpy3utsb B mporpamMmy nu(ppoBYIO OCHOBY.
2. M3yunTth cocTaB ciioeB HU(POBOI OCHOBBI, HCIIOIB3Ys OKHO Juaora «Menemxkep cioesy (Layer
Manager), eciu Hy>KHO, TO BBECTH HOBBIE CJIOH.
3. Opopmuts mIOMAAHBIE 00BEKTHI IM(PPOBOI OCHOBBI, BKIIOYAst OI00P [IBETOB U THIIBI
HITPUXOBOK.
4. OdopMuTh IMHENHHBIE 00BbEKTHI LU(POBOI OCHOBBI, BKJIIOUYAs MOAOOP IIBETOB, TUIIOB U TOJIIHH
JIMHU#, TUIIOB TPaHUI] 00BEKTOB C TIOMOIIIBIO OKHA uanora « ATpuOyTsl abpucax» (Outline Pen).
5. Co3paTh CUCTEMY YCIIOBHBIX 3HAKOB JUISl BBIIIOJIHSAEMOM KapThl, UCIOJIB3YSl HHCTPYMEHTHI
pUCOBaHMS U TOTOBBbIE OMOIMOTEKH CUMBOJIOB I'paUyeCcKOi MPOrpaMMsl.
6. ITogo6path Tum, pazmep 1 LBET WPU(PTOB U MOMECTUTH MOJIHCH Y COOTBETCTBYIOIIUX O0BEKTOB.
7. OdopMUTH JIeTEHAY KapThl.
8. CocTaBUTh OOLIYI0 KOMITO3UIIMIO KapThl, pa3MECTUB KapTorpapuueckoe n3oopaxxeHue, JereHauy,
3aroJjiIOBOK, TOTIOJHUTEIbHbIE KaPThI-BPE3KU, PUCYHKHU U T.II.
9. DKCOPTHPOBATH CO3JAHHYIO JEKTPOHHYIO KapTy B PacTpOBBIN opmar.
10. sKCIOPTHPOBATH CO3/ITAHHYIO AIEKTPOHHYIO KapTy B (hopmaT it n300pakeHHs Ha caiTe.
PesyabTaTsl padoThl.
1. PactpoBblii 1 BEeKTOPHBIH (haiia 3IEKTPOHHOM KapThl.
KoHnTpoJsabHbIe BONPOCHI
®dopmartsl XpaHEeHHUS] U300paKEHUH 1JI1 COBMECTHOTO MCIIOIb30BaHUS Pa3INYHBIMU
IIPOrpaMMaMH.
OcHOBHBIE CBOWMCTBA HKCIIOPTUPYEMBIX N300paXKeHHIH.
OcobeHHocTu coxpaHeHus (aiyioB MPH SKCIOPTE JaHHBIX.
Jlureparypa
KynukoB, A.1. ATropuTMHYECcKie OCHOBBI COBPEMEHHOM KOMIIBIOTEPHOU rpaduku [ DIEKTPOHHBIN
pecypc] / A.W. Kynukos, T.3. OBunnnukoBa. - M. : UatepHet-YHuBepcuter MHGOpMaIIMOHHBIX
Texnomoruii, 2007. - 195 ¢. - URL.: http://biblioclub.ru/index.php?page=book&id=234146
[lukun, E.B. Komnerotepras rpaduka. [TomuroHansHbie Moienun [ DNeKTPOHHBIN pecypc] /
E.B. llukun, A.B. bopeckos. - M. : luanor-MU®U, 2005. - 462 c. - URL:
http://biblioclub.ru/index.php?page=book&id=89300
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Kpumepuu oyenusanusn

O1eHKa «omauyunoy» BbICTABIIAETCS CTYEHTY, €CJIM OH aKTUBHO Y4aCTBYET B AUCKYCCHUHU IO
BCEM BOIPOCAM IPOJIBUHYTOI'O YPOBHSI.

OneHka «xopouto» BBICTABISIETCS CTYAEHTY, €CIM CTYJSHT aKTUBHO Yy4yacTBYeT B
JIMICKYCCHH I10 BCEM BOITpOcaM 0a30BOT0 YPOBHS U JIBYM BOIPOCAM IPOJBUHYTOTO YPOBHS.

OneHka «yooenemeopumenvHo» BBICTABISETCS CTYIEHTY, €CIM CTYJEHT aKTHUBHO
y4acTBYET B JUCKYCCHH 110 BCEM BOIpocaM 0a30BOT0 yPOBHSI.

OueHka «Heyooen1emeopumenvbHo) BBICTABIACTCS CTYAEHTY, €CJIHM CTYJEHT IAacCUBHO
y4acTBYET B JUCKYCCHH 110 BCEM BOIpocaM 0a30BOTO yPOBHSI.

OneHka «3aumeno» BbBICTABISACTCA CTYICHTY, €CIHM CTYIEHT aKTUBHO Yy4yacTBYeT B
JMICKYCCHH I10 BCEM BOIIpOcaM 0a30BOTr0 YpPOBHSI.

OneHka «He 3aumeno» BBICTABISIETCA CTYIEHTY, €CIM CTYAEHT IAaCCUBHO y4YacTBYET B
JMICKYCCHH T10 BCEM BOITpOcaM 0a30BOTO YPOBHSI.

METOJANYECKHUE YKA3SAHHUA 10 IOATOTOBKE K 3AYETY

dopMa NPOMEeKYTOUYHON aTTecTallun
3a4eT B 5 ceMecTpe.

3aueT ABISETCS HAKOMMTEIbHOM (OPMOM OTYETHOCTH M BBICTABISETCS IO pe3ysibTaraM

paboThI CTYJIEHTa B CEMECTpE.

Kpurepuu onenku:

OneHka «3auT€HO» BBICTABIAETCS CTYNEHTY, €CIM B TEYEHHME CEMECTPA MM BbIIIOJHEHBI
UMHAVBHUYaJIbHbIE 3a/laHds MO BCEM pa3jeiaM IUCHUIUIMHBI U YCIIEUIHO CAAHO coOecell0BaHUE I10
TEOPETUYECKOMY Pa3eiy.

OrneHka «He 3a4TE€HO» BBICTABIISIETCS CTYACHTY, €CJIM UM HE OCBOEH TEOPETUUYECKHI MUHUMYM
JUCLUIIIIMHBI U HE BBIITOJIHEHO UTOIOBOE UHIUBUyaJIbHOE 3a/IaHUE.
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BBEJAEHUE

B ocHoBaHMM  OECKOHEYHO  pPAa3BUBAIOLIEIOCS  3MaHUS  KOMIBIOTEPHOH  rpaduxu
KpaceyrojiibHbIMH KaMHSIMHU JIeXaT (yHJAaMEHTaJbHbIE AMCLUUIUIMHBI — aHaJIUTHYEeCKas
reoMeTpusi M (HU3UKa, IMOAKPEIUIEHHbIE HCKYCCTBOM IPOrpaMMHUpOBaHUS. BO3HHKHYB U3
noTpeOHOCTEH phIHKA, pa3BUTHA MH(OOPMATUKHU U BBIUMCIUTEILHON TEXHUKH, KOMIIBIOTEpHAs
rpaduka u3ydaeT METOAbl MOCTPOCHUSI U300PAKEHUHN PA3IIMYHBIX TE€OMETPUUECKIX OOBEKTOB

" CIICH.
I'maBHBEIMU 3TanIaMu MMOCTPOCHUA 1/1306pa>1<eH1/151 SIBJISIFOTCA:

* MozenupoBaHue KaK UCKYCCTBO IIPUMEHEHUS METOJ0B MAaTEMaTUYECKOI0 OIUCAHUS
O00BEKTOB W CIIEH, HPUPOJAa KOTOPbIX  MOXKET OBbITh CcaMOW  pa3jM4yHON: OOBIYHBIE
reoMeTpuueckue QUIrypbl U Tela B JABYX- M TPEXMEPHOM IPOCTPAHCTBE; €CTECTBEHHBIE
SBJICHUS TIPUPOJIbI — TOPBI, A€PEBbsl, 00JaKa U Apyrue oObEKThl; OTPOMHBIE MAaCCHUBBI YUCEl,

MMOJIYYCHHBIX B PA3JIMYHBIX SKCIICPUMECHTAX, U MHOI'OC IPYTroc.

* Bisyanmzanus (0TOOpaXeHHE) KaK HMCKYCCTBO ITOCTPOCHHUS  PEATMCTUYHBIX
n300paxkeHni! OO0BEMHOr0 MHpa Ha IUIOCKOM »JKpaHe auciies OBM 3axmiodaercss B
npeoOpa3oBaHUU MoOjeNeil 0ObEKTOB M CLIEH B CTaTMYeCKoe M300pakeHHe WiIu (QUIbM —

MOCJICA0OBATCIIBHOCTh CTATUYCCKUX KAaAPOB.

B ominume OT MIOCKMX H300pa)K€HUIl peaNbHbIX TPEXMEPHBIX OOBEKTOB, KOTOpbIE Ha
¢dororpadusx aBTOMATMYECKH BBINIAAAT HATypalbHO Ojarojaps ACWCTBUIO B IPHUPOJE
ONTUYECKUX 3aKOHOB, CHHTE3MPOBAHHOE KOMIIBIOTEPHOE H300pa)keHHe OyIeT IMOXOXKEe Ha
peanabHOE JIMIIB IIPU MAaCTEPCKOM BJIAJICHUN KaK METOAAMHU MOJEINPOBAHUS F€OMETPUUYECKUX
dopM, Tak M cpelcTBaMH MX JOCTOBEPHOM BU3yaldu3alMH. TakuMm o0pa3oM, KOMITbIOTEPHYIO
rpadpuKy MOXHO paccMaTpuBaTh KaK HCKYCCTBO CO3JaHUS PEATMCTUYHON HILTIO3UH
JNENCTBUTENBHOTO MUpPA. DTa CTOpOHA €€ MPUMEHEHHUs Hallula HauboJiee IpKoe BOIUIOIICHUE B

CHUCTEMax BUPTYAIbHON PEATBHOCTH — KOMILUIEKCaX



anmapaTHeIX M IMPOrPaMMHBIX CPEACTB HMHUTALMKM OKPYXKAIOLIEH Cpeapl C IIOMOILBIO

BU3YaJIbHBIX, aKYCTUYECKHUX, TAKTHIIBHBIX U JPYTrUX 3P (EKTOB.

Lenbto uzydyenust kypca «KomrmbrorepHas rpadukay sSBIsETCS U3yYCHHE MATEeMaTUYECKUX U
QITOPUTMUYECKUX OCHOB KOMITBIOTEPHOM TpayKH, a TaKKe OCBOEHHE CPEICTB Pa3pabOTKu
IPOTPAMMHOTO O0ECIIEUeHHUsI Uil BHU3YaJTM3allUM PEATMCTHYHBIX H300paKEHUN CIIOKHBIX

TPEXMEPHBIX CIIEH.

3amauu JUCHUILINHGL:

i q)OpMI/IpOBaHI/Ie B3IV A0B Ha KOMIIBIOTCPHYIO Fpa(bI/IKy KaK Ha CUCTCMAaTHYCCKYIO
HAYYHO-IIPAKTHYCCKYIO ACATCIIBHOCThb, HOCAIIYIO KakK TeOpeTquCKHﬁ, TaKk H HpHKJIa,HHOﬁ

Xapakrep;

* 03HaKOMJICHHE C Oa30BBIMU TCOPCTUYCCKMMU TIIOHATUAMU, JICKAIIMUMHU B OCHOBC

KOMIIBIOTEPHOHN TpaduKh, U3ydeHHEe 0COOCHHOCTEHN PaCTPOBBIX M BEKTOPHBIX N300paKEeHUIA;

® IIOJIYYCHHUE npeaAcTaBJICHUA 0 MCTOdax  TICOMCTPUYCCKOIO

MOJCIIUPOBAHUA;

* IPaKTHUYECKOE HCIOJIb30BAaHUE AJTOPUTMOB U METOIOB KOMIIBIOTEpHOU Ipaduku

IIPU IPOEKTUPOBAHUHU I10JIb30BATEIBCKUX UHTEPPENCOB MPOTrPAMMHBIX CUCTEM;

* co3JlaHHMe IMporpamm Jjsi paboThl ¢ rpaduKkoil, oOecrneuynuBaromuX MOoIb30BaTeNeH
IIMPOKUM apCEHaJIOM HHCTPYMEHTOB — OT MPOCTEHIINX IpaHUuecKux peaakTopoB 0

CJIOKHBIX CUCTEM TPCXMEPHOT'O MOJACINPOBAHUS.



I'maBa 1

OCHOBHBIE IOHATUA KOMIBIOTEPHOM I'PA®UKH

1.1 Onpenenenne u 321241 KOMIBLIOTEPHON rpaduKH
3a TmoOCIeAHWE HECKONBKO JEeCATHICTHH KOMIbIOTepHas Tpaduka Tponuia IMmyTh OT
BBIUCPUYMBAHUS TPOCTHIX JIMHUA M OTPE3KOB O IMOCTPOCHHS BUPTYaJIbHOH pPEaNTbHOCTH W
CO3JIaHUs TIOJTHOMETPKHBIX KUHOMWIBMOB. CaMmo CIIOBO «rpaduka» B €ro HpPUBBIYHOM
NMOHMMAaHUU YK€ HE COOTBETCTBYET TOW OOJIACTH HWHTEPECOB, KOTOPYIHO OXBaThIBACT
KoMmmbroTepHas rpaduka [9]. Ha ceromusmauii 1eHs KOMITbIOTepHAs rpaduka — 3To 001acTh
UHPOPMATUKU, B Cdepy HUHTEPECOB KOTOPOM BXOJST BCE AacleKThl (HOPMHUPOBAHUS
M300paXXeHU C TOMOIIbI0 KOMITBIOTEPOB. YTOUYHSAS, MOXHO CKa3aTh, 4YTO IMPEIMETOM €€
U3yYeHHs SIBIISIETCS CO3/IaHUE, XpaHEHHWEe M 00paboTka Mojeneld W WX H300paKeHHH ¢

nomoIbo DBM.

Crneyuanvhyio 0o1acmo UHGOPMAMUKU, 3AHUMAIOULVIOCS MEMOOAMU U CPEOCMBAMU CO30AHUS
u300padcenuti ¢ NOMOWDBIO  NPOSPAMMHOANNAPAMHLIX — BLIYUCIUMETbHBIX — KOMNIIEKCO8,
HA3b16a10M KOMNbIOMEPHOU (MAUWUHHOI) 2PAPUKOIL.

Humepaxkmusnas komnviomepHas (MawurHasn) epaguxa — TOHATHE, KOTOPOE HUCIIONb3yeTCs
JUTSL TOTO, 9TOOBI MOAYEPKHYTh HAIMYHE anmapaTHBIX W MPOrPaMMHBIX CIIOCOOOB JHAJIOTA C

YeJIOBEKOM B IpauuecKoil KOMIIbIOTEPHON CUCTEME.

CymiectByeT 0Ooyiee CTpPOroe OIpEIeNCHUE TOHITUS «MAllMHHAsS TpaduKa», JaBaeMoe
MexnyHapoaHoit  opranuszanuet mno cranpaptuzanmuu ISO  (International — Standard
Organization): Mawunnas epaguxka — 3TO COBOKYIHOCTH METOJOB H CPEJACTB IS
npeoOpa3oBaHus JaHHBIX B rpaduueckyro Gopmy mpeacTaBieHus U U3 rpagudeckoil Gopmear

MMpEaACTaBJIICHUA C IOMOLIBIO BJICKTpOHHO-BBI‘IHCHHTCHBHOﬁ MAaIInuHEI.



3anauu KI'— BocnipousBeieHne (CUHTE3) N300paKeHU B TEX CIIy4asiX, KOIrJla UCXOIHAs

uH(pOpMaIIKsI UMEET HEU300Pa3UTEIHHYIO TIPHUPOTY.

[Tpu 06paboTke nHMOpMAaLIKHU, CBA3aHHON ¢ H300paKeHHEM Ha MOHUTOPE, IPUHSTO BBIIEIATh

TPU OCHOBHBIX Hampasyenus (puc. 1.1):

Obpadorka
M300paKcHui PacnosnaBanue 0dOpas3oB

A4

H3o00paxkenne Onucanue

F Y

s Kom HBHOTCpHAA

rpaduka

Puc. 1.1 — OcHOBHBIE HarnpaBieHUs paboOThI ¢ U300paKeHUEM

* pacrnio3HaBaHue 00pa3oB;
* 00pabOTKy M300paKEHUI;
* KOMIBIOTEPHYIO TPadUKY.

OcHoOBHas 3a/1aua pacro3HaBaHUsi 0OPa30B COCTOUT B MPEOOPA30BAHUU YK€ UMEIOIIETOCS

n300pakeHus Ha (POPMATTbHO TTOHSITHBIN SI3BIK CUMBOJIOB.

Pacno3nasanue o00pazos, uiu cucmema MmMeEXHUYECKO20 3peHus, (computer vision) —
COBOKYNHOCHb Memo008, NO360ISIOWUX NOYYUUNb ONUCAHUE U300PAdCeHUsl, NOOAHHO20 HA
6X00, 1UO0 omHecmu 3A0aHHOe U30OPAdNCeHUe K HeKOMOPOMY Klaccy (maxk nocmynarom,
Hanpumep, npu cOpmMuUposKe noumal).

Oobpabomka uzobpascenuii (image processing) paccmampusaem 3a0ayu, 6 KOMOPHIX U

6X00HbIE, U BLIXOOHBLE OAHHbLE ABNAIOMCI U300PANCCHUSMU.

Hanpumep, nepenaya nzo0pakeHus ¢ yCTpaHEHHEM IITYMOB M CKaTUEM JaHHBIX, IEPEXO]] OT

OJHOI'o0 BHuJa I/1306pa)i(eHI/I}I K Ipyromy (OT OBCTHOI'O K qepHO-GCHOMY) nT. O.



Komnvromepnas cpagpuxa (computer graphics) eocnpouzsooum uzodpadiceHue 6 ciyuae,

K020a UCXOOHOU ABNAECMCS UHDOPMAYUS HEUZ00PA3UMENTLHOU NPUPOObI.

HaHpHMep, BU3YyaIM3alus SKCIICPUMEHTAJIBHBIX JAHHBIX B BHUOC Fpa(l)I/IKOB, rucrorpamMm HJIN

JMarpaMm, Co3aHne H300paXeHUH B KOMITBIOTEPHBIX UT'PAaX, CHHTE3 CLIEH Ha TPEHAKEPaX.
1.2 Hcropus pasBuTHS M 00J1aCTH IPUMEHEHHs] KOMILIOTEPHOIi rpadguku

PasButue xommbroTepHOl rpadukm ompenensercs IByMsa (pakropamu: TOTPEOHOCTIMH
NOTEHIMAJBHBIX IMOJIb30BATEICH U JOCTIKEHUSIMH B 00JIACTH amlIapaTHOTO M MPOrPaMMHOIO

o0ecrieueHus.

MoxHO cyHTaTh, 4T0 TepBbie cucteMbl KI' MOSIBHINCH BMECTE€ C MEPBBIMH LU(POBBIMU
KommnbroTepamu. Ceifuac ee paccMaTpUBalOT KakK CPEeACTBO, KOTOpPOE 00eCHeunBaeT MOIIHYIO
B3aUMOCBS3b MEXJY 4YEIOBEKOM M KOMIIBIOTEPOM, 3acCTaBisii KOMIIBIOTED TI'OBOPUTH C

YEJIOBEKOM Ha SI3bIKE M300paKeHU.

Havaiom »pbl KOMIBIOTEPHOH TrpaduKd MOXKHO CcyYUTaTh Jekadpp 1951 roma, korma B
Maccauycerckom TexHosorndeckom uHcturyre (MTH) mist cuctembl MpOTHBOBO3IYLIHON
000poHbI BoeHHO-MopcKoro ¢unota CIIA Obin pa3paboTaH NepBblid AUCIUICH Ui KOMIbIOTEpa
«Buxpb» (Whirl). M3o6peratenem storo nucruies Obu1 ket doppecrep, paboraBrmii

nHxxeHepom B MTH.

OaHuM #3 OTIOB-OCHOBaTeNel KOMMbIOTEpHON Tpaduku cuutaerca AliBeH CazepleHs,
KOTOpbIii BriepBbie B 1962 romy Bce B TomM k¢ MTU co3man mporpaMMmy KOMIBIOTEPHON
rpapukn mox HazBanueMm «bmokHoT» (Sketchpad). Orta mnporpamma wmorna pucoBaTh
JIOCTATOYHO MPOCThIe GUTYPHI (TOUKH, TPSIMBIE, AYTH OKPYKHOCTEH ), MOTJia Bpamarh GUrypsl
Ha 3Kkpane. [locne »Tol mporpaMMbl HEKOTOpBIE KpymHbIe (hupMbl, Takue, kak General Motors,
General Electric, mpuctynuiu k pazpadoTkam B 00JacTH

KOMITHIOTEPHOU rpauKH.



Ecan B 1950-x romax KI' maBama BO3MOXKHOCTH BBIBOAUTEL JIMIIL HECKOJIBKO IECITKOB
OTpPE3KOB Ha JKpaHe, TO K cepeauHe 60-X HACTYyMMJI MEPHOJ IUIOJAOTBOPHOM pabOTHI U B
npombinuieHHBIX npuiokeHusx KI. Ilom pykoBomctBom TupbGepa Moderra m Hopmana
Teiinopa ¢upma Itek paspaborana nudpoByrO 3IEKTPOHHYIO YepTexkHYI0 MammHy. B 1964
rony General Motors mpeicraBuiia CBOKO CHUCTEMY aBTOMATH3MPOBAHHOTO MPOCKTHPOBAHMS
DAC-1, paspaborannyio coBmectHo ¢ IBM. K okrsa6pro 1966 roga xypuan Wall Street yxe

nmyommkoBai cratbu 1o KI'

B konme 70-x B KI' mpowmsomnuiy 3HAYUTENbHbIE W3MEHEHHUs. [losBHIACh BO3MOXKHOCTH
CO3MaHMSI PACTPOBBIX MAMCILJICEB, HUMEIOUIMX MHOMXECTBO MPEUMYIIECTB: BBIBOJ OOJIBIIMX
MacCHBOB JJaHHBIX, YCTOMYMBOE, HEMepIlalollee n300paxkenue, pabora ¢ I[BETOM U HEJOpOTue

MOHUTOPBEI. PaCTpOBaﬂ TCXHOJIOTHA B KOHIIC CCMUCCATBIX CTaJla ﬂBHOI[OMHHHPYIOIHGﬁ.

B 80-x romax ompeneisioulyr0 pojib ChIrpal BBIMYCK KoMmMmaHueil Apple kommbroTepoB
Macintosh. OHu ObUIH JJI CBOETO BPEMEHHU HACTOsIIIeH peBororueid. Bo-nepsrix, Macintosh
CepUIHO TIOCTABISUICSA C LIBETHBIM MOHHUTOPOM. BO-BTOpBIX, €ro oOnepanuoHHasi CHCTeMa
obJajana HarjasAHBIM, BU3YaIbHBIM HHTEpQeiicom (cBoero poaa anajor oosee mozaneit OC
Windows). B-TpeTpux, HMX MOIIHOCTH OBIJIO JOCTATOYHO JJsi 00paOOTKH TIpaduuecKux
nzo0paxkenuii. MmenHo mnostoMy Macintosh cpa3y 3acinyXuwil BHUMaHME MHOXECTBA
poeCCHOHATBHBIX XYIOKHUKOB M JAM3aHHEPOB, KOTOpPHIE MOMEHSIIM KapaHIall U KUCTh Ha
MBIIIb U KJIaBUATypy. PBIHOK He 3acTaBWII ce0sl JOJT0 KIaTh — IOSBUJIOCH HECKOJIBKO OYEHb
BIEUATILIIOIIMX 71 CBOEro BpeMeHM rpaduueckux pemaktopoB. B XXI Beke cpencrsa
KOMIIBIOTEPHON TIpauKu MO3BOJIIOT CO3AaBaTh pEATUCTUYECKHE HM300paKeHHs, He
ycrynaomne ¢gororpagudyeckuM cHuMkaM. Co3naHo pa3HooOpa3HOE —ammapaTHoe W
NpOTpaMMHOE OOecTiedeHre Ui TONyYeHHsT H300paKeHWH CaMoro pa3lInYHOTO BHIA H
Ha3HAUYeHUs] — OT IMPOCTHIX YEpTeXKeH /0 peaTuCTUYECKHX 00pazoB €CTECTBEHHBIX

o0bekToB. KommbioTepHas rpaduka uCHONb3yeTcs

MPAKTUYCCKU BO BCCX HAYUHBIX U MHIKCHCPHBIX JUCHUIINIMHAX IJId HAIJIAAHOCTHU



BOCTIPUATHUSA U Tiepeaun nHGOpMaLUu.

CoBeplIlieHHO 0YEBHIHO, UTO B HOBOM ThICSYENIETUU UH(POPMAIIMOHHBIE 1 KOMMYHHUKAIIMOHHbBIE
TEXHOJIOTHH OyIyT UTPaTh BAXKHEUITYIO POJb BO BCeX cepax *KU3HU YeIoBeuecTBa. B Takmx
obnacTsx, Kak KuHeMaTorpadusi, H3AAaTEIbCKOE JeJI0, B HAYYHBIX HCCICAOBAaHUAX, B
00pa30oBaTeNbHbIX YUPEXKICHUSAX, BHEAPEHUE ITHX TEXHOJOTHHM YyXe MpPOU3BENO MOUCTUHE

PEBOJIIOLIMOHHBINA IEPEBOPOT.

OO6nacTi TPUIIOKEHUS KOMIBIOTEpHOW TpaduKu B HACTOAIIEe BpeMsl OU€Hb LIMPOKH. B
MPOMBIIIJICHHOCTH HCIIONIB3YETCS KOMITBIOTEPHOE MOJECIMPOBAHKIE MPOLECCOB C rpaduuecKuM

OTOOpaKEHUEM MPOMCXOJISIETO Ha SKPaHe.

Pa3zpaboTka HOBBIX aBTOMOOWJIEH IPOXOAUT Ha KOMIIBIOTEPE OT CTaJUU MEPBUYHBIX 3CKHU30B
BHEIIHET0 BHJIa KOpIlyca aBTOMOOWJIS J0 pacCMOTPEHHUs NOBEIEHUS JeTanei aBTOMOOWIA B

PAa3IMYHBIX JOPOKHBIX YCIIOBUAX.

B MemumuHe mMpUMEHSIOTCS KOMIBIOTEPHBIE TOMOTpadbl, MO3BOJSIONINE 3aryIIHYTh BHYTpPb

TCJ1a U IIOCTAaBHUTh HpaBHJ’ILHLIﬁ JUardo3s.

B apxurekrype MHMPOKO NPUMEHSIOTCS CHUCTEMBI BH3YyaJIBHOIO aBTOMAaTU3WPOBAHHOTO
npoektupoBanusi (CAD — Computer Aided Design), koTopble MO3BOJSIOT pa3padOTaTh

IMPOCKT HOBOI'O 34aHMsA, OCHOBBIBAsCh HA METOJaX KOMHBIOTCpHOfI rpa(bm(n.

XHUMUKHA N3Y4YarOT CJIOKHBIC MOJICKYJIbL 6CJ'II(OB, MOJIb3YACh KOMIIBIOTECPHBIMU CpEACTBAMU

BU3YaJIbBHOT'O OTO6pa)KeHI/IH JaHHBIX.

B kuHemarorpaduu Hcronp30BaHME KOMITBIOTEPHOM TpapMKH CTalo0 MOYTH HEOOXOIUMBIM
nenoM. B mupe peryisipHo npoBoaaTcs BeIcTaBKH, Hanpumep Ttakue, kak SIGGRAPH, kaptun

HAapHUCOBAaHHBIX C TIOMOIIBIO KOMIIBIOTEPA.

B maremaTtuke pa3Butue Teopuu (GpaxTasioB ObLIIO Obl HEBO3ZMOXKHO 0€3 KOMIIBIOTEPOB C

COOTBCTCTBYHOIIMMHU CPEACTBAMU rpa(bnqecxoro 0T06pa)KCHI/I$I



naHHbIX. CpencTBa MyJIbTHMMEANWA NPHUBEIN K BO3MOXKHOCTH COBMECTHOTO HCIOJIB30BaHUS
pasIMYHbIX  MCTOYHMKOB HHpOpMalMM, OOBEAMHAIOUIMX B cebe CcTaTUYecKue u
BUJCOM300paKeHMsl, TeKCT W 3ByK. HoBelilme onepanMoHHbIE CUCTEMbl padOTalOT B
rpadu4ecKoM peKUMe U M3HAYAIBHO PEaU3yI0T B CBOMX (DYHKIHMSAX METOJbI KOMIBIOTEPHOU

rpaduKy.

@opMaIbHO MOXKHO BBUICIUTH Yemvlpe 2lasHble 06aacmu TPUMEHEHUS KOMITBIOTEPHON
rpaduku:
1. Omobpadicenue ungopmayuu (suzyaruzayus). Ha mpoTsHKeHUM MHOTHUX
CTOJIETUH KapTorpadbl U aCTPOHOMBI BEIYEPUUBAIN KaPThI, YTOOBI IPEIICTABUTH

UH(OPMALIHMIO O PACIIONIOKEHNH HEOECHBIX TeJl ¥ reorpaduueckux 00IacTei.
Busyanuzayusa (Rendering) — cozoanue niockux uzoopasxcenutl mpexmepuvix (3D) mooeneil.

2. IIpoexmuposanue. ITpoeKTUPOBAHUE SIBJISIETCS] OJHOM U3 OCHOBHBIX CTaJINI

CO3/aHUs U3ICIUN U COOpy>K€HPIfI B TCXHUKC U CTPOUTCIILCTBC.

Ilpoexmuposanue — >mo npoyecc, 8 xo0e KOMOpPO2O CO30Aemcs NPOmMomun, npooopas

Heobx00uUMo20 obvekma.

B cTpoutenscTBe M TEXHUKE YEPTEKU JAABHO MPEACTABISIOT cO00M OCHOBY MPOEKTUPOBAHUS
HOBBIX COOpykeHHH mnu mznenuil. IIporecc npoekTHpoBaHUs ¢ HEOOXOJUMOCTBIO SBISETCS
UTEPATUBHBIM, T. €. KOHCTPYKTOp NepeOMpaeT MHOXECTBO BapUaHTOB C LIEIbI0 BBIOOpa
ONTUMAJIBHOTO 0 KAKUM-JI100 napamerpam. He nocieHio0 poiib B 3TOM UIparoT TPpeOOBaHMS
3aKa34MKa, KOTOPbIH HE BCErJa YeTKO MPEJCTaBseT cebe KOHEUHYIO Lielb U TEeXHHYECKHUE
BO3MOXXHOCTH. IlocTpoeHne npeaBapuTeNnbHBIX MaKE€TOB — JOCTaTOYHO JIOJIFOE€ M J0POroe
neno. CeroHsi CyIIECTBYIOT pa3BUThIE MPOrPaMMHBIE CpPEICTBA aBTOMATHU3AIMHM IPOEKTHO-
KoHCTpyKkTOopckux pabotr (CAIIP), mo3Bosnsromme OBICTPO CO3/1aBaTh YEPTEKU OOBEKTOB,
BBINOJIHATh NMPOYHOCTHBIE pacyeTbl U T. I. OHU JAIOT BO3MOXKHOCTh HE TOJBKO M300pa3uTh

MNpoCKIHU HU3ACIHA, HO U PACCMOTPCTH €TO B 00BbEMHOM BUIC C



pa3IMYHBIX CTOPOH. Takue CpeiacTBa TakKe Ype3BbIYAWHO IIOJIE3HBI Ui JU3AalHEpPOB

UHTEpbepa, Janamadra.

3. Mooenuposarnue. Kak ToapKO rpaduecKkre CHCTEMbI CTaIH 001a1aTh
JOCTaTOYHOU MPOU3BOIUTEIHHOCTRIO JJIsI CO3AHUS CJIOKHBIX JUHAMUYCCKUX U300paKEHUH,
BO3HUKJIA UJIes IPUMEHSITh UX B KA4ECTBE CPEJICTBA MOJICTUPOBAHUS PEATbHOM 00CTAHOBKU

(cuMynaTopa) Ha Pa3HOTo poAa TPEeHaKepax.

Mooenuposanue (modeling) — cozdanue u npedcmasnenue mpexmepmwix (3D) mooerneil.

[lepBbIMH TakMe CHCTEMbl OCBOWIM aBUATOPbl. OTO IO3BOJMJIO 3HAYUTEIBHO CHU3UTh
CTOMMOCTb OOyuY€HMs, TapaHTUpPysl NP 3TOM €ro BBICOKOE KayecTBO. B TteneBuiueHuw,
KHHeMaTorpaguu W pPEKJIaMHOM Jielleé B IOCJeIHEe BpeMsl TakKe IIMPOKO HCHOJIb3YIOTCA
cpeacta KI'. TlosiBunace emie onHa obnacte mpumenenus: cpencts KIT — dopmupoBanue
BupTyanbHoi peanbHOCcTH (VR). C moMOIIbIO Takol CHUCTEMBI XUPYPI MOXKET OTpadoTaTh

METO/IMKY OTEpaIliH, ACTPOHABT MOXET MOJIOTOBUTHLCS K BBIXOLY B OTKPBITBHIH KOCMOC U JIp.
4, Tonvzoeamenvckuil unmepgetic. B mocneaaee BpemMs BU3yallbHas TTapaurma
cTasia JOMUHUPYIOIIEH B cepe B3aUMOACHCTBHSI MOIH30BATENS C KOMITLIOTEPOM.

Humepgpeiic — smo co6okynnocms cpeocms u Memooog obecneueHus 83aumooeucmeus
MeHCOY INeMEeHMAMU CUCTNEMDL.
Ilonv3oeamenvckuii unmepgpeiic — snemenmvl U KOMHOHEHMbL NPOSPAMMbL, CNOCOOHbIE

OKA3bI8AMDb GUAHUE HA 83AUMOOELCMEUEe NOAb3068AMENS C npocpamvmHbim obecneuenuem.

B ToM uncie:

* cpencTBa 0TOOpakeHUsI MH(OPMALINK;

* KOMaHJIHBIE PEKHUMBI, SI3BIK «I10JB30BaTEb-UHTEPDENCY;



®* YCTPOMCTBA M TEXHOJOTHUHU BBOJIA JAHHBIX;
* JIMAJIOTH MEKIY MOJIb30BATEIIEM U KOMITBEOTEPOM;
* 0OpaTHas CBA3b C MOJIL30BATENIEM U T. JI.
I'pagpuueckuii  nonvzosamenvckuit unmepgpeiic (graphical user interface, GUI) —

obecneuusaem 603MONCHOCIb ynpaeieHus noGeodeHuemM BblYUCIUMENbHOU CUCMEeMbl uepes

8U3YANbHBIE DNIEMEHMbL YNPABLEHUsl — OKHA, CHUCKU, KHONKU, 2UNEPCCHLIKU U M.O.

[TepBbie OmepanMoOHHBIE CHCTEMbI HCIIOIB30BAIA CIIOCOO B3aUMOJICHCTBHUS Yepe3 KOMAaHIHYIO
CTPOKY.

BzaumopeiictBie omepaTtopa ¢ BBIYUCIUTEIBHOW MAIIMHOW SIBISETCS BaXXHBIM 3BEHOM
BBIUMCIIUTENHFHOTO TpOIlecca MPU PEIICHUH PA3INYHBIX MPUKIAIHBIX 3a7a4 KaK HAyYHOTO, TaK

" MMPOU3BOACTBCHHOI'O IIaHA. BH3yaHBHBIfI MCTOJ IpCAnojaract UCIoJIb30BaHUEC PA3JIMIHOTO

poJa OKOH, MEHIO U YCTPOMCTB YKa3aHHS, TAKMX KaK MBbIIlIb.

1.3 TI'paduueckas cucrema

Cucrema KOMHBIOTCpHOfI rpa(l)I/IKI/I SABJICTCA, MPEKIC BCCTO, BBIYHCIMTEIBLHON CHUCTEMOM U
BKJIIOYA€T BCE KOMIIOHEHTHI BBIUMCIUTEIBHOM CUCTEMBI O6IJ_ICFO Ha3Ha4YCHHUA [21] OcHoOBHbBIC

KOMITOHCHTBI CUCTEMBI ITPUBCACHBI HA PUC. 1.2.

YerpoiicTo YerpoiicTBo
BBOIA » ITpoueccop »  bydep kagpa BLIBOIA
undopManuu uHbopmarum
7\

4
[TamsTh

Puc. 1.2 — OcHOBHBIE KOMIIOHEHTHI IPahUUECKOI CUCTEMBI



Byghep kaopa — uacms epaguueckoii namamu 015 XpaneHus Maccuda K0008, onpeoesioujux

3aceemkKky nuxceneil Ha IKpaHe.

Orta MOAeTb MMEeT OOIIMH XapaKTep M OTOOpakaeT CTPYKTYpy H rpaduyeckod pabodeid
CTaHLIMM, M TMEPCOHATIBHOIO KOMIBIOTEpPAa, U TpapuuecKoro TepMUHAIA OOJIBIION
BBIYUCIUTEIFHOW CHCTEMBI, pabOTaromeil B peXHME pPa3/leiICHUs MAIIMHHOTO BPEMEHH, U
WHTEJUICKTYaJIbHON CHUCTeMBbI (hOpMHpOBaHUs H300paxeHnid. K Bompocam cTaHmapTH3aliu B
KI' BmotHyto npuctynwim B kKoHie 70-x romoB. Torga m ObUT NPEUIOKEH MEPBBIA MPOCKT
GSPC CORE SYSTEM, pa3paOoTaHHbIII aMEPUKAaHCKUM KOMHMTETOM I10 CTaHJapTU3allU{ B
mamuHHOU Tpaduke GSPC ACMSIGGRAPH, okazaBmmii 00JbIIoe BIMSIHAE Ha pa3padoTKy
nepBoro Mexaynapoanoro crangapra Graphical Kernel System (GKS) —fAnapo I'paduueckoit
Cucremsi (I°C).

1.3.1 Anpo rpaduueckoii cucTemMbI

SAnpo rpadugeckoit cucremsr (JAI'C) siBisiercss 6azucHOW rpaduveckoil cHCTeMOW, KOTopas
MOYKET MCII0JIb30BaTbCsl /ISl pelIeHHs OOJIBIIMHCTBA NPUKIAIHBIX 3aay, T'€HEpUPYIOIIUX

u3o0pakenue ¢ nomouipio OBM. OyHKIMOHANIBHOE ONMMUCaHUE spa rpaduUecKoil CHUCTEMBI

npencrasneno B [OCT 27817-88 [4].

Aopo zpaghuueckoii cucmemvl npeocmasisiem coool QYHKYUOHAILHBIN UHMEPDEUC MeHCOY
NPUKIIAOHOU NPOCPAMMOLL U KOHGuU2ypayuell epaguieckux ycmpoucms 6800a U 6b1800d.

@OyHKIMOHANBHBIM HMHTEp(dENCc COAepKUT Bce OCHOBHBbIE (YHKIMH Uil MHTEPAKTUBHOW WU
HEMHTEPAKTUBHOW Tpapukum ¥ TPUMEHHM JUIS IIUPOKOTO JHana3oHa TpaduyuecKoro
obopynoBanus. Monens ¢pynakuuonupoBanus SAI'C B rpaduyeckoit cucteme npeacTaBieHa Ha
puc. 1.3. Kaxxaplif ypoBeHb MpOrpaMM MOXET BBI3bIBATh (DYHKIIMHM MPUMBIKAIOIIUX HIKHUX
ypoBHell. B ocHOBHOM mpHKiIagHas mporpamMma OyneT UCIONb30BaTh MpPOOIEeMHO-
OPUCHTHPOBAaHHBI W SI3IKOBO-3aBHCHMBI YPOBHH, a TakXe JIpyrue 3aBHCANINE OT

MMPUMCHCHUA



YPOBHU U PECYPCHI OTNIEPALUOHHON CHUCTEMBI.

OcHOBHBIE 11eMH, TS TOCTHREHUsT KOTOphIX SII'C BBOIUTCS KaKk MEXIyHApOAHBIA CTaHIAPT:

d O6€CH€‘I€HI/IC BO3MOJXHOCTH IICPCHOCA IMPHUKIAAHBIX IIPOrpaMM C O,I[HOfI YCTAaHOBKH
Ha JpyryIo;

¢ OKa3zaHMEC IOMOIIM IIPUKIIAAHBIM IPOrpaMMHCTAM B IIOHMMAaHHWHA WU NPHUMCHCHHUH

rpau4ecKux METOIOB;

* OIpeNelIeHUe HAINpaBlICHUH pa3BUTHS rpaduyeckoro o0OpYyJOBaHUS IyTEM
CO3/IaHUsl  PYKOBOJICTBAa  JUIsi  OOecledyeHUs TOJE3HbIX KOMOMHAIMKi  rpaduuecKux

BO3MOHOCTEN B YCTPOMCTBE.

Onnum u3 ocHoBHbIX THoHaATud AI'C sBnsercss monstue rpaduueckoit pabodell craHIuUH,

cocTosIel 13 Habopa yCTPOMCTB BBOJIAa M OJJTHOTO YCTPOMCTBA BHIBOJIA.

MpuknagHble NporpaMMbi

MpobneMHO-OPUEHTUPOBAHHbIE
nporpamMmel

Mporpammbl CBA2ZK C A3LIKOBLIMMU
obonovkamu

Siapo rpacgpuyeckon
CUCTEMEI

OMNEPAUMOHHAA CUCTEMA

Mpouue pecypchl pacdmyeckue pecypchl

Puc. 1.3 — Mozaens GyHKIMOHUPOBAHUS s1/ipa rpadUuecKOil CUCTEMBI

Heckonbko cTanuii MOTYT UCTIOIB30BaThCs napaienbHo. SI'C ocHOBbIBaeTCs HA KOHUENIUN
a0CTpaKTHBIX TpadUUECKUX CTAHIIMM, 00ECIIEUYNBAIOIINX JIOTHYECKUN HHTEp(EC, ¢ TTOMOIIBI0

KOTOPOTO MPUKJIaJAHAs IPOrpaMMa yIpaBisieT PU3NIECKUMH YCTPOIICTBaMHU.



AI'C He 3aBUCUT OT OCOOCHHOCTEH S3BIKOB NPOTrpaMMHUpPOBaHMs. J[Isl CBA3M C S3bIKAMH
IPOrpaMMHUPOBAaHUST HEOOXOJMMO OINUcaTh MMEHAa (DYHKIMM W THUIBI JAaHHBIX B TEpMHUHaX

sI3bIKa IMIPOIrpaMMUPOBAHUS.

Peanmzanus sigpa rpaduyeckoil CHUCTEMBl JaeT BO3MOXKHOCTH TIOJB30BATENIIM MAIIMHHON
rpaduku pa3pabaTbiBaTh MPHUKIAIHBIE MPOTPaAMMbl, KOTOpbIe OyIyT MEPEHOCUTHCS MEXKIY

Pa3IMYHBIMU BHIYUCIHTENLHBIMU CUCTEMAMU U PA3IHYHBIMU IPpaUUeCKUMH YCTPOKCTBAMH.
1.3.2 Moan3oBaTenn rpaduyecKux cucTem
CylecTByeT TPH BaKHBIX KJacca MOJIb30BaTesel rpaduuecKux CHCTEM:

* Paspabomuux co3gaer rpapuUIecKyio CUCTEMY, HCIOJIb3yeT 0a30BOE MPOrpPaMMHOE
oOecnieueHue. 3amzaya — o0ecnedyeHue JocTyla NIPUKIAJHOTO IporpaMMucTa K

BO3MOXKHOCTSIM Ipa)MueCKUX yCTPOUCTB.

* [Ipuxknaouoii npozcpammucm WUCHOIB3YEeT CUCTEMY KOMIIBIOTEpHOW rpaduKH,

BBI3bIBas M3 CBOMX MpOrpamm rpadguueckre QyHKIUU.

* Onepamop epaghuueckoll cucmemsbl — JUIO, KOTOPOE B3aUMOJIEHCTBYET C
rpaduyeckoil mporpamMmoit myTeM (pU3NYeCKOro Bo3A€UCTBHS Ha YCTPOMCTBO BBOJIA.
WuTtepdeiic Mex 1y NpUKIaJIHON MporpaMMoit U rpaduueckoi cucteMoit
— 93TO MHOXECTBO (YHKIIUHA, KOTOpPhIE B COBOKYIMHOCTH O0O0pa3ylT TrpaduuecKyro
oubmioreky. Crneungukanus 3THX (QYyHKIMA M ecTh TO, YTO Mbl Ha3bIBaeM HHTepdeiicom
npukiaaaHoro mporpammupoBanusi (APl —  application programmer’s interface). s
IPOTPAMMUCTA, 3aHUMAIOIIETOCs Pa3padOTKON MPUKIATHON MPOrpaMMEBI, CYIIECTBYET TOJIBKO
API, u oH n30aBneH OT HEOOXOJUMOCTH BHUKATh B MOAPOOHOCTH pabOThl ammaparypbl U

IporpaMMHON peanu3anuu GyHKIUN rpapuueckoit OMOIMOTEKH.

1.4  Meroanl npeacrabienusi rpaguueckoii HHGopMaIum

Hecmotps Ha To, yTO 11 pabOTHI C KOMIBIOTEPHOM Tpadukoi



CYIIIECTBYET MHOXKECTBO KJIACCOB MPOrPaMMHOTO OOECHEUeHHs, Pa3IMyaroT BCETO TPU BHUJA
KOMIIBIOTepHON Tpaduku. DTO pacTpoBas rpaduka, BeKkTopHas rpaduka u (QpakraabHas
rpaduka. OHU OTIMYAIOTCS TPUHIUIIAMUA (OPMUPOBAHUS U300pAKEHUS IPH OTOOPAKEHUH Ha

9KpaHe MOHUTOPA WU TIPH IeyaTtu Ha Oymare.

B 3aBucumMoctu ot cnoco6a GpopmMupoBaHus H300paKeHUN KOMITBIOTEPHYIO TpaduKy MPUHATO

HOJIpa3eisATh Ha PAaCTPOBYIO U BEKTOPHYIO.

1.4.1 Pacrpomas rpaduxa

Pacmposas cpaguka — cnoco6 nocmpoenuss uzo0padicenuil, 6 KOmopom uzoopadxicenue
npeocmasisiemcs MAacCugoM HNPOCMEUUUX IIeMEeHmo8 — NuKcenel, 20e Kaxcobli NUKCeb
umeem yemro 3a0aAHHOE NOJONCEHUE.

PactpoBass rpaduka mmeeT BechbMa TOYHBIH aHAJIOr B pealbLHOM MHpPE — MO3auKy. B
pacTpoBoil TpaduKe TIICIbHOE HW300paXKCHUE COCTaBISETCS W3 OTICIBHBIX JIJIEMEHTOB,
HA3bIBACMBIX IMHKCEIIMUA. Bce OHHM OIWHAKOBOTO pasMepa U (DOpMBI, YHOPSIOYCHHO
pa3MEIeHbBl W Pa3JIMYalOTCsAd TOJBKO IIBETOM. 3a CUeT Majioro pa3Mepa NHUKCEId He
BOCTIIPUHUMAIOTCA TJIa30M KaK OTHENbHbIE OOBEKThl, M MBI BHAUM TOJBKO IEJIbHOE
nzobpaxenue. Ha puc. 1.4 npuBeneH npumep pacTpoBOro pucyHka (Ha (pparMeHTe cripaBa Jjis

Harjis1IHOCTH ITOKa3aHa pacTpoBasa CETKa, COrjiaCHO KOTOpOﬁ pasMeIiaroTCs HI/IKCGJ'H/I).

Puc. 1.4 — ITpumep pacTpoBOro pUCyHKa

JlocronHcTBa pacTpoBoii rpadKu — pacTpOBbIE PEAAKTOPHI ABISIOTCS HAWITYUIIUM

CPEICTBOM 00paboTku ¢dororpaduii U  PUCYHKOB, T. K



00€ecIeunBarOT BEICOKYIO TOYHOCTD TI€pPEIayuu Ipalalliii IBETOB U MOJTYTOHOB.
Henocratku pactpoBoii rpaduku:

* pactpoBas rpaduka 4pe3BbIYaiiHO UyBCTBUTENIbHA K H3MEHEHHUIO pa3Mepa

PHCYHKa, U MaclITaOMPOBATh €€ 3aTPYAHUTEIBHO;

* XpaHeHue u 00paboTka (aiioB pacTpoBoii rpaduku TpedyeT OOIBIINX 0O0HEMOB

maMsATH.

HI/IKCGJ'II/I, COCTaBJIAIOIIUC I/1306pa)I(CHI/I€, MOI'yT OBITh Pa3sHoOro nBeETa. I_IBGT KaXXJ010 IMHUKCEIIA
3aIIMChIBACTCA KOM6HH3LIPI€I>1 ouroB. YUem Oombliie OMTOB HCIIOJIB3YCTCA JIA MPEACTABIICHUA

OBETa, TCM OoublIIe IBCTOB U OTTCHKOB MbI I10JIy49acM

I'nyouna oyghepa kadpa — senuyuna, xapaxmepuzylowjas KoOIudecmeo oum uHgpopmayuu,
ONpeoensIouUx 3ac6emKy Karco0020 omoeibHo20 NUKCeNs, 8 YACMHOCMU KOIUYeCmaeo 1eemoa,
Komopoe Modicem Oblmb NPeodCcmasieHo Ha IKPaHe OaHHOU CUCTEMb.

['mybuna 6ydepa 1 6ut — AByXTrpagallMioOHHOE U300paXkeHue; 8 OUT 3TO

28 =256 1BeTOB.

CoBpeMeHHbBIE TOJHOIIBETHBIE CHUCTEMBI XapaKTepU3yloTcs TiyouHou Oydepa 24 Outa. D10
CUCTEMBl C MpaBWIbHOM IBeTomnepenadeit, wnu RGB cucreMpl, mockoigpKy B KOJUPOBKE
3aCBETKU Ka)XKJIOTO MUKCEIST MOXHO BBIZICITUTH OTNENBHBIE TPYIIBI OMTOB, XapaKTEePHU3YIOIIHe

HHTCHCHUBHOCTL 34CBCTKHU IO KAXJAOMY M3 OCHOBHBIX LBCTOB — KPAaCHOMY (Red), 3CJIICHOMY

(Green) u cunemy (Blue).

Pasmep Oydepa xaapa omnpesensieT oJHy U3 IIaBHBIX XapaKTEPUCTUK TpauUecKoil CUCTEMBI

— pa3peuianyio crocoOHOCTb, WM pa3pellieHHe.

Paspewenue uzodpasrxcenus — 3mo KoaU4ecmeo nuxcenel Ha eOuHuyy ONuHbL.

ITpu aTOM cnenyeT pa3nu4arh:

* Paspemenne opurnHana. Paspemenne opurnHaga B MUPOBOM IIPAKTUKE



U3MEPSIOT B TOYKax Ha Jroiim (dots per inch — dpi).

* Pazpemienne sxkpanHoro uzodpaxeHus. i SKpaHHBIX KOMHIA

paspelIeHne u3MepACTCs B IUKCEIAX Ha oM (ppi).

* Pa3penienue neyaTHOro U300paKeHusl.

1.4.2 Bexrtopnas rpaguka

BexropHas rpaduka — u300paxeHre Ha OCHOBE PETYJSIPHBIX CTPYKTYp. M300paskeHus 3TOro
TUTA OMpPENESIOTCS Ha OCHOBE IMPOCTEUIINX T'€OMETPUYECKUX MOHSITHH — IPUMUTHBOB

(Touka, OTPE30K MPSMOM, MPSIMOYTOJILHUK, TPEYTOJIBHUK U T. 1.).

Bexkmopnoe wuzoopaycenue — >s5mo mun uz00padicenus, Komopoe cocmoum U3
2eoMempuieckux 00beKmos, ONUCAHHbIX MAMEMaAmMu4ecKu.
Bce st gurypsl 3amarorcst omnpeneneHHbIMH Habopamu mnapamerpoB. Ha puc. 1.5 mpuBenen

IIPUMEpP BEKTOPHOI'O PUCYHKA — €0 BHEIIHUM BUJ U

«CTPOCHUC» PUCYHKA, COCTOALICTO U3 TOYCK U JIMHUH.

Puc. 1.5 — IIpumMep BEKTOpPHOTO pUCYHKa

Hampumep, 11 OKpyKHOCTH AOCTAaTOYHO 3a1aTh KOOPAMHATEI €€ LIEHTPa, paauyc u 1seT. s
MacIITaOupOBaHMs JOCTATOYHO MPUCBOUTH COOTBETCTBYIOIIUM MapaMeTpaM HOBBIE 3HAYCHHUS.
TakuM oOpa3oM, 3[eCh KaXKIbli 3J€MEHTAapHBIH OOBEKT 3a/JaeTcs BEKTOpPOM (JIMHHUEH) U

HEKOTOPBIMHU ITapaMeTpamHu.

V3Bl TakKe HMEIOT CBOﬁCTBa, napaMeTpbl KOTOPLIX BJIHAKOT Ha (I)OpMy KOHILIa JTMHUHK H

XapakTep COMPSDKEHUS ¢ APYTUMUA 00BEKTaMHU.



BekropHbie n300pa’keHus, paBHO KaK U pacTPOBbIE, UMEIOT CBOU TUTIOCHI U MUHYCHI.

OO6CcyauM IITI0CHl BEKTOPHBIX N300paKeHUIA:

* MOXXHO M3MEHSTh Pa3Mepbl H300paXKeHU 0e3 MOTEepPH ero BU3yalbHBIX KaYeCTB;

* MaKCHMaJbHass TOYHOCTh MOCTPOSCHHOTO M300paKeHHs (KOOPAMHATHI TOUEK, MEXITY
KOTOPBIMH MOTYT OBITh HPOBEJCHBI KpPUBBIC, MOTYT HMETh TOYHOCTh JO COTBIX JOJIb
MUKPOHA);

* (aii1 ¢ BEKTOPHBIM M300paKEHHEM HMEET 3HAYMTEIbHO MEHBIINN pa3Mmep 10
CPaBHEHUIO C PACTPOBBIM H300paKeHUEM;

* PUCYHOK MMEET BBICOKOE KaueCTBO MIPU TEYaTH;

¢ BO3MOJKHOCTh PCIaKTUPOBAHNUS BCCX qacTen BCKTOPHOT'O 1/1306pa>1<eH1/1$[;

* IIPOCTO¥ SKCIIOPT BEKTOPHOTO PHCYHKA B
pacTpoBbIid. ECTh Tak jk€ 1 MHHYCBI BEKTOPHBIX
N300paKeHMi:
® OTCYTCTBHE PEATUCTUYHOCTH Y BEKTOPHBIX PUCYHKOB. PeanucTuyHocTh

JIOCTUTaeTCs IIyTEM IIPUMEHEHUS Pa3]INYHBIX CIIOXKHBIX LIBETOBBIX CXEM;
* HEBO3MO>KHOCTb UCIOJIb30BaHUS 3 (HEKTOB, KOTOPbIE MOXKHO IPUMEHSATH B
pacTpoBoii rpaduke;

¢ IPAKTAYCCKH ITOJIHAA HEBO3MOXKHOCTh DKCIIOpPTa paCTpOBOI'O pUCYHKA B BeKTOprIﬁ.

1.4.3 ®pakranbuas rpaduxa

@®pakranpHas rpa@uka OCHOBaHA Ha aBTOMAaTUYECKOM TreHepalud H300paKeHUd myTemM
mareMaThueckux pacueroB. Co3ganue (QpakTambHBIX HW300paKEHMH OCHOBaHO HE B
pPHCOBaHUH, a B IporpaMmupoBanni. OpakTaibHas rpaduka peaKo UCIONb3yeTcs B IeYaTHBIX

HJIN 3JICKTPOHHBIX JOKYMCHTAaX.



@pakman — eceomempuieckas gueypa, o61a0arwas c8OUCMBOM CAMONO000Us, MO echb

COCMABIeHHAs U3 HECKOIbKUX Yacmell, Kaxcods U3 KOmopwix no00OHa éceli pucype YeiuKom.

[Tonstust ppakran u QpakragbHas reomMeTpusi nosBuinch B KoHie /0-x — cepenune 80-X.
CrnoBo «dpakTan» 00pa3oBaHO OT JIATHHCKOTO «fractusy u B mepeBojie 03HAYaeT COCTOSIINN 13
dbparmenToB. [lonarue «bppakram» Obuto mpemioxeHo benya Mannensoporom B 1975 romy
JUIsi 0003HAYEHHs] HEPETyJSpHBIX, HO CaMOIMOJOOHBIX CTPYKTYpP, KOTOPBHIMH OH 3aHHUMAJCS.
Poxnenue ¢pakTaabHON TeOMETPHH TPHHITO CBS3bIBaTh C BBIXOJAOM B 1977 rogy KHHTH
Mannensopota «The Fractal Geometry of Nature». B ero paborax ncnoib30BaHbl Hay4YHbIE
pe3ynbTaThl APYTUX YYCHBIX, paboraBmux B mepuon 1875-1925 romoB B Toil ke obnactw

(ITyankape, @ary, XKromnua, Kanrop, Xaycnopod).

Posp dpaxranos B KI' cerogus mocratouno Benuka. OHU NPUXOAAT HA TIOMOIIb, HAIIPHUMED,
Korjga TpeOyeTcs, ¢ MOMOIIbI0 HECKOJbKUX KOA(P(PHUIMEHTOB, 33/1aTh JUHUU M MOBEPXHOCTU
O4YeHb CIOXKHON (Popmbl. C TOUKM 3pEHUSI KOMITBIOTEPHOU TpaduKu, (pakTaibHas Te€OMETPHUs
HE3aMEHHMa TpU TeHEepalui 00JaKoB, TOP, TOBEPXHOCTH MOps. DaKTHUECKU HAWJEH CIOoco0
JIETKOTO TPEACTABICHUS CIIOKHBIX HEEBKJIMJIOBBIX OOBEKTOB, 00pa3bl KOTOPBHIX BechbMa

NOX0KH Ha npupoausle [10, 13].
Omnpenenenue ¢pakrana, faHHOe MaH1e160pOTOM, 3BYUHUT TaK:

«Dpaxkmanom Hazvieaemcs cmpykmypa, COCmoswas U3z yacmeti, KOmopule 8 KakoM-mo cmbicie
NOO0OHBL Yenomy.»

OnHUM M3 OCHOBHBIX CBOMCTB (PpakTajoB sBIsETCS camoronodue. B camom mpocToMm citydae
HeOosbIass 4acTh (pakraia coaepkuT uHbopmaiuioo o BceM (pakrane. dpakran MOXKHO
OTIpPEeNeNITh KaK OOBEKT JOBOJBHO CIIOKHOW (DOPMBI, MONydaromuicss B pe3yibTare
BBIMOJIHEHUS]  IPOCTOTO  UTEPAIMOHHOTO  LUKJIa. MTepalmoHHOCTh, PEKYPCUBHOCTH
00ycIaBIMBAIOT TaKWe CBOIMCTBA (pakTanoB, KaK CaMONOJ00Me — OTAETbHBIC YaCTH MOX0XKHU

o (opme Ha Bech



(dbpakTain B 1[EIOM.

O®pakranom MannenbOpora Ha3BaHa GUrypa, KOTOpas MOPOXKAAETCS OUYEHb NMPOCTHIM ITUKIIOM.
Jist cozmanust aToro (pakrana HEOOXOAUMO IS KaKIOW TOYKH WU300paKCHHS BBIOJHUTH

[IUKJI UTepaIiii cormacHo Gopmye:

Zk+1=22k+20k=0,1,..., n.

BenuunHbl Zk — 3TO KOMIUIEKCHBIE 4YHMCIa, ZK = Xk +i-YK , Ipu4eM cTapToBble 3HaUeHus X0 U

Y0 — 3TO KOOPIMHATHI TOYKH H300parkeHHs. [ Kaxa0i TOYKM M300paskeHHs] UTeparuu

BBIMOJIHSIOTCS. OTPAaHHYCHHOE KOJMYECTBO pa3 (N) WM 0 TeX MOp, MOKa MOAYJb Yucia ZK He
npesbimaetr 2. Moayinb KOMIUISKCHOTO YMCIIa PaBeH KOPHIO KBaJpaTHOMY W3 X2 + y2. Hust
BBIYUCIICHHSI KBJIpaTa BEJIMYMHBI ZK MOKHO BOCIIOJIB30BaThHCS (POPMYJION:

= (x+i-V) (X+i-V)=(x2 —vD)+i-(2- i2 =
Z=(X+i-y)- (Xx+i-y)=(xc—y“)+i-(2-y), nockonbky i< =—1.
[{ukn urepanuii uis ppakrasa MaHaenp0poTa MOKHO BBIMIOJIHATE B IHANIa30HE
X=(or—2.2 0 1),y=(or— 1.2 no 1.2). lnst TOro 4T00BI MOTYUYUTH U300pAKEHHE

B pactpe, H€06XO)II/IMO MNEPECUYUTHIBATH KOOPAWHATEI 9TOTO JUAalla30Ha B IMMKCCJIBHEBIC.

CDpaKTaJ'I I[)KYJ'II/ISI BHCIIHE COBCEM HC IIOXO0X Ha (I)paKTan MaHI[eJ'IL6pOTa, OJHaKO OH
ONpCACIIICTCA UTCPAIUOHHBIM [HUKJIIOM, IIOYTHU MOJHOCTBIO TOXICCTBEHHBIM C MIHUKIIOM

reHepaunu Mannens6pora. @opmyna nrepanuii i ¢ppaxrana JHynus Takas:

Zk+1 = Zk *C,

r7Ie C— KOMIUIEKCHAsI KOHCTAaHTa. Y CJIOBHEM 3aBEpIICHHsI UTepamuii siBisiercst 1zk | > 2 —

TakK ke, Kak Jis ppakrana ManaensOpoTa.



Ha puc. 1.6 npuBeneno asa uzoopaxenus gppaxrana Jxymus mis ¢ = 0.36
+1-0.36, n300pakenue nmoctpoeHo B rpanunax X € [—1,1],y € [-1.2,1.2]. Ha puc. 1.6, 6
NOKa3aH yBenu4eHHbIN pparmenT Gpakrana. Kak BuanuMm, ¢ppakran camornogo0Hbli — npu

JIF000M YBCIMYCHHUHN OTACIBHBIC YaCTH HAIIOMHUHAIOT (bOpMBI oeJoro.

Puc. 1.6 — IIpumep ppakTanbHOTO H300paKEHUS

%4

3zp+ 1
42),3;

Zk4+1 =

Paccmotpum cnenyromuii npumep dpakrana — gpaxman Hotomon. JIisa Hero urepanmoHHas

dbopmyna umeeT Takoi BUJ:

rJie Z — TaKkXKe KOMILICKCHBIC Yuciia, pudeM Z0 = X + | - Y COOTBETCTBYET KOOPIHHATAM TOYKH
U300paskeHMsl.

VYcnoBueM nmpekpalieHus Hukia urepanuii uis ppaxrana HeloToH ecTh npuOImkeHue
sHavenwii |z* — 1| x mymo. Hanpumep, n306paxeHne Ha prc.

1.7 6b10 momyueno s |z* — 1/>0.001, rpanums! pacuera x € [—1,

1],y e[-1, 1].



Puc. 1.7 — ®parment ¢ppakrana HeroToH

1.5 ®opmarsl aiinor rpagpukn

PaccmoTpuM HekoTOpBIe HanOOJIee MIMPOKO PACIPOCTPAHEHHBIE (OPMATHI BEKTOPHBIX U

pacTpoBbIX U300pakeHwuit [9].

K BekTopHBIM (hopMaTaM OTHOCSTCS:

e .cdr — ocHoBHO#1 BHyTpeHHuit popmar mporpammer Corel DRAW (BHYTpeHHUIT —
9TO O3HAYaeT, YyTO NAHHBIH (opMar ucmoib3dyercss Toibko mporpammon Corel DRAW u

HUKaKoW Oosblie);

* .pct — BekTOpHBIN (opmaT, UCHOIB3yeMbIi Ha KoMIbloTepax Apple Macintosh B

onepanMoHHbIX cuctemax Mac;
e .ai — BHyTpeHHMI popmar ¢aitna mst mporpammel Adobe Illustrator;

e .wmf (windows metafile) — siBsiercst «BayTpeHHumM» dopmarom OC Windows Ha
wiatdopme IBM PC. M3HauanbHO npeaHa3HavyeH Ui 0OMeHa BEKTOPHBIMU JJAHHBIMU MEXY
MpUIOKEeHUsAMH depe3 Oydep oOmena. OnHako HE BCe MPOrpaMMbl YMEIOT 00pabaThiBaTh €ro
koJl. Pe3ynpraTom npu nepeHoce n300pakeHUH ABISETCA UCKaXKEHUE I[BETOB, HENPaBUJIbHAS
yCTAHOBKA TOJIIMHBI KOHTYpa M T. A. Kpome Toro, B 3TOT ¢opmare Henb3sl BKIIOYUTH

pacTpoBOC I/I306pa)KCHI/IC.

Bce Bblenepeunciennbie GopMaTsl HOIAEPHKUBAIOTCS TPOrpaMMOi



Corel DRAW. K pactpoBsiM popMaTaM OTHOCSTCS:

* .jpeg / .jpg (Joint Photographic Expert Group) siBiseTcsi METOIOM (QJITOPHUTMOM)
CcKaTUsl M300pakeHM ¢ moTepei yactu uHbopmaruu. Ilpumenenue kommpeccun JPEG
no3BouisieT B 500 pa3 ymMmeHbIIUTH 00beM (haiiia 1Mo cpaBHEHHUIO ¢ OOBIYHBIM bitmap. Bmecte ¢
TEM MCKa)K€HUE LIBETOBOM MOJENW M JAerpajalus JeTaneil He IMO3BOJISIIOT PEKOMEH]IOBATh
JPEG B kauecTBe cpeiacTBa XpaHEHHs H300paskeHHs BbIcOKoro kadecta. OOwvruHO JPEG

HCIIOJIB3YIOT JJIA SJICKTPOHHBIX HY6J'II/IKaI_[I/II7I;

e .gif (CompuServe Graphics Interchange Format) paspa6oran B 1987 r. ®opmar
HOJICP)KUBACT PYHKIIUU MPO3PAYHOCTH [[BETOB U HEKOTOPBIC BHJIbI aHUMAIIMU. Bce naHHbIC B

daitne cxxumarores merogom Lempel — Ziv — Welch (LZW) 6e3 nmotepu kauecTsa;

* .png (Portable network graphics) — pactpoBslii popmar XxpaHeHus rpaduyeckoit
uHpopmanuu. Bee nmannplie B Qaiine cxumatorcss metonom Deflate (cxxatme 6e3 moreps).
®opmar PNG sBusiercs ananorom ¢opmara GIF (3a uckimroyeHreM aHUMAalMK) U BO3HUK

nocie nepexona popmara GIF B pa3zpsa KoMMepUeCKUX MIPOIYKTOB;

e .bmp (Windows Device Independent Bitmap) ciyxut s oOMeHa pacTpOBBIMU
n3o0paxkenusimu  mexay npwiokeHusMu  OC  Windows. ®opmar mnojaepkuBaer
OOJIBIIMHCTBO IIBETOBBIX MoJelnell, BIIOTh 1o 24-0utHoro npoctpanctBa RGB. ®aiinel B
dopmate BMP 3anumaror 3HauntensHbI 00beM. KauecTBo n300paskeHUM, BHIBOAMMBIX Ha
1eyaTh, BBHJY OTPAHWYEHHOCTH IBETOBBIX MOJEJIEH OCTABIIIET KeJaTh Jiydmiero. @opmar
BMP B Hacrosimiee Bpemsi ycTapel M HE HMEET KaKHX-THOO BHUIUMBIX JIOCTOMHCTB,

OIIpaBABbIBAOIIUX €TO MPUMCHCHUC,

e .tiff (Tagged Image File Format) cuutaroT JydimMM BapHaHTOM JJISl 3alKHCH
noJyToHOBBIX H300paxkenuit. @opmar TIFF pacrno3naercs mpakTuuecku BCEMH MTpOrpaMMaMu
BEPCTKH, PACTPOBBIMH M BEKTOPHBIMH PEIAKTOpPaMHM U TO3BOJISIET XPAaHUTh H300paKeHUs

BBICOUaiIero kadecrna. Ilocneguue BEpCcUn



dopmara TIFF monnep:kuBarOT HECKOIBKO CIOCO00B CxkaTus uzoopaxenus: LZW (6e3 morepu
unpopmanuu), ZIP (6e3 morepu uubopmaruu), JPEG (c motepelr yactm uHHPOpPMAILIUHN).

YHUBepcaTbHBIM CUMTAIOT MeTOT cxxaTust LZW.

1.6 IlBeroBble Mozesn

Cnocob pa30€ﬂ€Hu}Z yeemoeoco0 oOmnieHKa Ha cocmaesijisdrouwue KOMNOHEHmMbl HA3bleaemcs

UBEMOBOIL MOOETBIO.
1.6.1 IiBerosas mogear RGB

Lléemosas modenrv RGB (Red Green Blue) — aooumuenas yeemosas moodens, coenacro

Komopoﬁ yeem Kodupyemc,q mpems KOMnoHeHmamu — KpAacCHbIM, 3€J1€HbIM U CUHUM.

AngutuBabli ot add — cioxuTh. OCHOBHBIE 1IB€Ta CKJIQABIBAIOTCA, 00pa3ys

PE3YIbTUPYIONIUC IIBETA.

Mopenb RGB HUCIOJIB3YCTCA JIA MU3JIYy4aeMoro nBE€Ta, T. €. IPHU IOATOTOBKEC 3KPaHHBIX

noKkymeHToB [9, 13].

Hnst monenn RGB kaxaas 13 KOMIIOHEHT MOXKET MPEJACTaBISAThCA YUCIAMH, OTPaHUYEHHBIMU
HEKOTOPBIM IMAa30HOM, — HampumMep ApoOHbIMU yuciaamu oT 0 10 1 n1ubo 1enpiMu YuciaMu
oT 0 1O HEKOTOPOro MakKCHUMaJbHOTO 3HaueHus (puc. 1.8). B Hacrosiee BpeMsi 10CTaTOYHO
pacmpocTpaHeHHBIM siBiseTcss  Qopmar True color, B KOTOPOM KaxJas KOMIIOHEHTa
MpeJICTaBJICHA B BHUJIE OaifTa, 4To Aaet 256 rpaganmii Juist Kaxk 1o kommoHeHTs: R =0 . . . 255,

G=0...255 B=0...255 KomnuyectBo IBETOB cocTaBisieT 256 - 256 - 256= 16.7 muH
(224,
Takoil crmoco0d KOJUPOBAaHUS IIBETOB MOXKHO HA3BaTh KOMIIOHEHTHBIM. B KOMITbIOTEpE KOJBI

nzobpaxenuit True color mpeacTaBisIIOTCS B BHJIE TPOEK OalTOB MO0 YyHNaKOBBIBAIOTCS B

JUTMHHOE 11eT10e (4eThIpexbOaiitHoe) — 32 6ura (Tak, Hanpumep, caenaHo B API Windows):

C = 0000000 bbbbbbb ggggggg rrrrrrr;



[Ipn orpaHuveHHH KOJMYECTBA IBETOB WCIIONB3YIOT MATUTPY, MPEACTABISIONIYI0 HAOOp
[[BETOB, BAXKHBIX JJISl TaHHOTO H300paxkeHus. [lanuTpy MOXXHO BOCHPHUHMMATH KaK TaOIHIly
nseroB. [lanutpa ycraHaBiaMBaeT B3aMMOCBSI3b MEXKIY KOJOM I[BE€Ta U €ro KOMIIOHEHTaMH B

BBIOPAHHOM [IBETOBOI MOJIEIIH.

JIunoswrii (255, 0, 255)

i (0, 0, 2
Kpacnbiii (255, 0, 0) Cunnii (0, 0, 255)

benniii (255, 255, 255)

JKenrwiii (255, 255, 0)
Tonyboii (0, 255, 255)

3enenwtii (0, 255, 0)

Puc. 1.8 — IIBetoBast mogens RGB

JIt060i1 BET MOXKHO TIPEJCTABUTh B BHIC KOMOWHAIIMH TPEX OCHOBHBIX IIBETOB: KPACHO20
(Red), szenenoco (Green) u cuneco (Blue). DTu 1BeTa Ha3BIBAIOTCS  YBEMOGLIMU
cocmasnsiowumu. Yem Oomnbliie 3HaUYeHHE OalTa IIBETOBOM COCTABIISIONICH, TEM sip4e JTOT
uger. [Ipy HaMOXKEHHH OJHOW COCTABISIONICH HA JAPYTYHO SPKOCTh CyMMAapHOTO IBETa TaKKe
yBenuunBaetcs. [loaTroMy 1ietoBas Mozens RGB, rcnonb3yrommasics: AJ1st H3/1y4aeMoro 1BeTa,

Ha3bIBAETCS AOOUMUBHOIL.

B kauectBe mpumepa B Tabnuie 1.1 mpuBeneHa cTaHAapTHas MNaIUTpa TUCIUICHHBIX 16-

BETHBIX BUacope:kuMoB EGA, VGA.



Tabnuya 1.1

Kon R G B |[Ha3zBauue
0 0 0 0 MepHnsrit
1 128 | 0O 0 Temmuo-
2 0 128 | 0 Penensrit
3 0 0 |128 Temuo-cuHUK
4 128 | 0 | 128 TemHo-
5 128 | 128 | 128 Cepsrii 50%
6 255 | 0 0 KpacHsrit
7 0 |[255 | O Spko-3eneHbIit
8 255 | 255 | 0 DKenrsrit
9 0 0 | 255 Cuunit
10 255 | 0 | 255 [MypmypHbrii
11 0 | 255 | 255 TomyGoi
12 255 | 255 | 255 Bensni

Henocrarkom Takoi MaauTpbl MOKHO CUMTATh OTCYTCTBHE OJHOIO U3 BaXXHBIX IBETOB —
opanxeBoro. CylecTBYIOT TaK)K€ WHbIE CTaHJApTHBIE MAJTUTPbI, HarpuMmep 256 1BeTHas A
VGA. KomnbroTepHble BUJIEOCUCTEMBI OOBIYHO MPEAOCTABISIIOT BO3MOXHOCTh POTPAMMUCTY

YCTAaHOBUTH CO6CTBCHHYIO NaJIITpYy.

Kaxaplii 1BeT mM300pakeHUs, MCHOJB3YIOUIET0 HaJUTPY, KOAUPYETCS HHIEKCOM, KOTOPBIN
Oyzer onpenensTb HOMEpP CTPOKU B Tabmuue nanutpsl. [lo3TomMy Takol crnocod KOAMPOBAHMS

OBCTAa HA3bIBAXOT HHACKCHBIM.

1.6.2 Iserosas mogear CMYK

Lléemosan mooeny CMYK (Cyan Magenta Yellow BlacK) — cyompaxmuenas yeemosas
MOO€eb, CO2NACHO KOMOPOU UBEm KOOUPYEMCs 4emblpbMs KOMROHEHMAamMu — 2071y0biM,
JIUTLOBBIM, JHCETIMBIM U YEePHBIM.

JlaHHasi MOJIENTb HCIIOJIB3YETCSl MPH paboTe C OTPAKEHHBIM I[BETOM, T. €. JJIS TMOATOTOBKU

MNEYaTHBIX JOKYMCHTOB.

CyOtpakTuBHBII OT subtract — BblYecTb. OCHOBHBIE 1LIBETa BBIYMTAIOTCS JIPYr U3 Apyra,

o0pa3yst pe3yIbTHPYIOIINE I[BETA.



DTH LIBETA MOJYYAIOTCSA B PE3y/bTaTe BBIYMTAHUS OCHOBHBIX IBETOB Mojenn RGB u3 6emoro
usera. UYepHblii 1BeT 3amaercd otTnaenbHO (puc. 1.9). VYBenuueHune KoiaudecTBa KpacKu
NPUBOAUT K yMEHBIIEHUIO spkocth 1Bera. I[lostomy 1BeroBas wmonens CMYK,

HCIIOJIB3YIOMIAACA AJId OTPa)XCHHOI'O IBETA, HA3BIBACTCA cy6mpa1<mu6HOL7.

Kpacherit

AKenrein

Yepubrid
Cunwit

3eJICHBI
['onyGoii
Puc. 1.9 — I1BetoBas mogens CMYK
1.6.3 Ilserosas mogennr HSB
I[eemosas mooenrv HSB (Hue Saturation Brightness) — yeemosoe npocmpancmeo,

OCHOBAHHOE HA mpex xapakmepucmukax yeema. yeemoeom noHe, HaACblUeHHoCmu U ApKocnu.

Cucremsl 11BetoB RGB 1 CMYK cBsi3aHbl ¢ OrpaHUYeHUSIMH, HAKJIaJbIBAEMbIMH aIllapaTHbIM
oOecrieyeHneM (MOHUTOp KommbioTepa B ciydae RGB u tumorpadckue xpacku B ciydae
CMYK). Mopenr HSB nambGonee ymoOHa aas deaoBeKa, T. K. OHa XOPOIIO COTJIaCyeTcs C

MOZACIIBIO BOCIIPUATHA IBETA YCIIOBCKOM.

Kommnonenramu moaenu HSB siBistrores:



® MOH — 3TO KOHKPETHBIN OTTEHOK 1IBETA;
* HACLIWEHHOCMb — XapaKTEPU3YET €ro NHTEHCUBHOCTD;
* ApKoCcmb Yeema — 3aBUCUT OT MIPUMECH YEPHOM KpacKu, H00OABICHHON K TaHHOMY
BETY.
3HaueHue I[BeTa BbIOMpaeTcs Kak BEKTOp, BBIXOAAIIMN W3 LIEHTpa OKPYKHOCTH. Touka B
LEHTPE COOTBETCTBYET OEIOMY ILIBETY, & TOYKU IO TPAHUIE OKPY>KHOCTU — YUCTBHIM LIBETaM.
Hanpasnenue BekTopa onpezenser IBETOBOW OTTEHOK U 3aJjaeTcs B YIJIOBBIX Tpaaycax. JinHa

BEKTOpa OIpeeIsieT HachIeHHOCTh nBeTa (puc. 1.10).

Hue — userosoii
TOH . -~

-

Saturation —
HACBIIIEHHOCTh

Volume — sipkocTn

Puc. 1.10 — IIBeToBas moaens HSB

Monens HSB yno6HO mpuMeHsTh IpU CO3JaHUH COOCTBEHHO M300paKEHUs, a 10 OKOHYaHUH

paboThI H300pakeHne MOXKHO NpeodpazoBarh B Moaens RGB wim CMYK.



I'maBa 2

MATEMATHUYECKHE OCHOBBI KOMIIBIOTEPHOM T'PA®UKHA

2.1 Teomerpuueckoe MoieIMpoOBaHHe

PeanucTMYHOCT  BOCHPHUATHS  YEIOBEKOM  CJIOKHOIO  KOMIIBIOTEPHOTO  M300pa)keHUs
OIIpeZIeTIsIeTCs] YMEHUEM pa3paboTurka MaTeMaTHYecKOd MoJenu H300paxaeMoro oObekTa
WM IIpollecca JOCTOBEPHO IIOBTOPUTh HA JKpPaHE €ro pa3BUTHE B MPOCTPAHCTBE U BO
BpeMeHU. Mozens BKIIIOYaeT B ce0sl CUCTEMY YPaBHEHMH U alrOpUTMOB HX peaU3aliH.
MaremaTnueckoir OCHOBOM MOCTPOEHUS MOJIENIN SABJISIOTCS YpaBHEHUs, ONUCHIBaroLIe GopMmy
U JBWKeHHEe OOBEKTOB. Bce MHOrooOpasne TeoOMEeTpHYECKHMX OOBEKTOB  SIBISETCS
KOMOMHAIMENH pa3iIUYHbIX NMPUMUTHUBOB — MPOCTEUIINX (DUTYp, KOTOPBIE, B CBOIO OYEpPE.b,
COCTOAT M3 TpaHUuecKuX »3JIEMEHTOB — TOYeK, JHUHUH U nosepxHocTed. Kak OblIo
paccMOTpeHO paHee, Ha TMpUMepe JBYXMEpHbIX MPHIOXKEHHH, Bce pa3HooOpaszue
F€OMETPUUYECKUX OOBEKTOB MOYKHO CBECTHM K OrPAaHUYEHHOMY MHOXECTBY IPOCTEHIINX

cymHocTel. PaccMoTpuM Tpu 0a30BBIX THIIA — CKaJIsp, TOUKY u BekTop [6,10].

T'eomempuueckuilt npuMumue — 31eMeHMAPHLIL (ppazmenm U300padiceHus, npu NOMOUU
KOMOPO20 ONUCLIBAEM sl 00beMHBLIL 0ObEKM.

Ckansap (scalaris — cmynenuamotil) — eenuuuna, kaxcooe 3Hauenue KOMopou Moxicem Obimo
8bIPANCEHO O0O0HUM (Oeticmeumenbhbim) uuciom. I[lpumepamu cransapa AGHANOMCA ONUHA,
nA0WA0b, 8peMs, Macca, NIOMHOCMb U M. O.

Bexmop —  9mo HanpaeieHHblll ompe3oK npsamot JUHUU,

Xapaxkmepusyembiii MOIbKO €20 OUHOU U HANPABIEeHUEM.



B reomerpuueckoM cMmbIcie BEKTOP — HalpaBIEHHBIA OTPE30K, TO ECTh OTPE30K, Y

KOTOPOI'0 YKa3daHbl HAYaJIO U KOHCII.

CymeCTByeT TpHU BapruaHTa ONPECACIICHUA, B 3aBUCHUMOCTHU OT TOI'O, C KaKoM TOYKH 3pCHUA

WX pacCMaTpPUBATh:
* ¢ MareMaTtudeckoit (hopMaiabHO);
* F€OMETPUYECKOI;
* C TOYKH 3pEHHSI MPOTPAMMHON peaTn3aliu.

2.1.1 Teomerpuueckoe onpenesienne 6a30BbIX THIIOB

Ponb pynnamentanbHoro reomerpudeckoro oobexra B KI' urpaer touka. B KI' Touku yacto

CBA3BIBAIOT C HAIIPABJICHHBIMU OTPC3KAMU.

B o0miem cmbiciie GU3NKH UCTIONB3YIOT TEPMHUH «BEKTOPY I 0003HAUCHUS JIFO00H BETMUYHHBL,

XapaKTepu3yeMol HalpaBJIEHUEM U 3HaueHueM (puc. 2.1).

A

Puc. 2.1 — Coequnenue AByX TOUEK BEKTOPOM

®uznyeckue BEIUYUHBI, TAKUE, KAK CKOPOCTb M CHJIA, SIBJSIOTCS BeKTOpaMH. OJJHAKO BEKTOP B
3TOM CMbICJIE HE uMeeT (UKCUPOBAHHONW TOUKHM NpuUiokeHus (mosuuuu). JouHa u
HaIpaBJIEHUE BEKTOPA XapaKTEPU3YIOTCS BELIECTBEHHBIMM uuciaMu. BekTop a Ha puc. 2.2
UMEeT TO K€ HallpaBJeHue, 4To U BeKTop b, Ho b mmeer muuy B 1Ba pasa Oombiyro, TO3TOMY
MOXHO 3anucaTh b = 2a. Bektop C umeer Ty ke JJIMHY, 9YTO W &, HO MPOTHBOIOJIOXKHOE

HaIpaBJIeHUE, a TTOPTOMY COOTHOIIIEHUE MEXKTy HUMH BBIpa3UTCs GOpMYIIoif: C = —a.



OObenuHAT, BEKTOPHl MOXKHO C IOMOINBIO TpaBWIa COWICHEHUS Hadajda C KOHIIOM,
CXEMaTHUYECKH MPEACTABICHHOTO Ha puc. 2.2, 6. HoBBIi BEKTOp C Ha3bIBAIOT CYMMOM BEKTOPOB

aub, uonpasen: c=a+b.

b=2a

a) o)

Puc. 2.2 — CooTHoLIEHNE MEKTY BEKTOPAMU
Touku ¥ BEKTOPHI — 3TO Pa3HbIE TEOMETPHUYECKUE THUITHL. | €OMEeTpHUIecKoe MPeACTaBICHHE TOUKH

B BHUJIC HAIIPABJICHHOI'O OTPE3Ka, COCAUHAIOIICTO HEKOTOPYIO OIIOPHYIO TOYKY C 3aJaHHOU (pI/IC.

2.3), cienyeT paccMaTpuBaTh KAk COMHHTEIIBHOE.

P =(xyz

v
=

Puc. 2.3 — ComHuTENBHOE NIPEACTABIECHUE BEKTOP



2.1.2 MaremaTu4eckoe onpenesieHne 06a30BbIX THIOB

Maremarnueckoe oOecriedeHre CUCTEM KOMIBIOTEPHOM rpauku — 3TO COBOKYIMHOCTh METOJIOB
IIPEJICTaBICHNs U MAHUITYJIMPOBAHUSI MHOXKECTBOM F€OMETPUUECKUX JIEMEHTOB, [JIaBHBIMU U3
KOTOPBIX SIBJISIFOTCSI TOYKHM M OTPE3KH MHPSMbIX. OTH METOJbl 0a3upYyIOTCS Ha CBOMCTBAX

HECKOJIbKMX THUITOB a0CTPAaKTHBIX MPOCTpaHCTB [15].

BektopHoe (JIMHEHHOE) MPOCTPAHCTBO COAEPKHUT OOBEKTHI TOJIBKO JBYX THIIOB: CKAJSIPBI

(1eHCTBUTENIbHBIE YUCIIA) U BEKTOPHI.

MHOeCTBO BEIIECTBCHHBIX YHUCENl W ONepaliii HaJl HUMHU MPEACTABISCT COOOW CKaISIpHOE
none. PaccMoTpuM MHOXECTBO S CKalsIpHBIX 3JIEMEHTOB, OOO3HadaembIx o, [, y. Han

CKaJsIpaMu OIIPCACICHBI ABC OCHOBHLIC OIICpallur

— CJIOKCHUC U YMHOXKXCHHUC.

Ecu Vo, B € S, To aa + B € S, a - B € S. DOtu onepauuu 061aAAI0T CBOHCTBAMU

ACCOIMaTUBHOCTH, KOMMYTaTUBHOCTH U AUCTPUOYTUBHOCTH, T. €. eciu Va, 3,y € S, TO

atB=pto,a-p=H"a,
atP+y)=(+p)+y,
a-B-v=(@-Pp-7,
a-(B+y)=(a-p)+(a-y).

Cy1iecTBYIOT JABa CHEUHMANbHBIX CKajspa (YHHUBEpPCAIbHBIE TOXJIECTBEHHBIE 3JIEMEHTHI) —
YyHCclla, TaKuX, YTO NMpHUOaBI€HHE MEPBOr0 MU YMHOXKEHHE HAa BTOPOE HE MEHSIOT HU OJHOTO

qypcia, T. €. g Vo € S:



ot0=0+a=a,0:-1=1-a=aq.

Ka)K,I[HfI OJIEMEHT CKAJIAPHOI'0O MHOXKECTBAa UMCET COOTBECTCTBYIOIIUE EMY aI[,Z[PITPIBHBIﬁ u

MYJIBTI/IHJII/IKaTI/IBHBIﬁ HWHBCPCHBIC 3JICMCHTLI:

a+(—a)=0,
a-o L= 1,
—-a, ales

BGKTOpHOG MMPOCTPAHCTBO IIOMUMO CKAJIAPOB COACPIKHUT BCKTOPA. Han BCKTOPaMHU OIIPCACIICHDBI
ABC OIICpalMu: CIIOKCHUEC BEKTOpPAa C BCKTOPOM M YMHOXKXCHHUEC BECKTOPA HAa CKAJIAP, T. 0. MOXKHO
CO31aBaTb HOBBIC BCKTOPBI C IIOMOIIBIO YMHOKCHHS CKAJIKIpa HAa BCKTOP WKW C IOMOIIBRO

OoIIepanuun CJI0KCHUSA BEKTOPOB.

Agpunnoe npocmpancmeo — smo pacwupenue 8eKMOPHO2O NPOCMPAHCMEA, 8 KOMOpoe
BKIIIOYEH OONOJIHUMENbHBIU MUN 00beKmMo8 — MOoYKd.

3meck ompeselieHa Omeparusl CIOKCHHSI TOYKH U BEKTOPA, PEe3yJbTaTOM KOTOPOH SBISETCS
Touka. OOpaTHOI! el SBNsIeTCS onepalys BBIYUTAHU IBYX TOUEK, Pe3yIbTaTOM KOTOpOil Oyaer

BEKTOP.
2.2  KoopauHaTHbIi MeTO

Koopnunarueiii metox 6b11 BBenieH B XVII Beke (panirysckumu maremarukamu P. Jlekaptom
u II. ®epma [11]. Ha »aTOM 3mxknercs aHaIUTUYECKAss TEOMETPHsI, KOTOPYIO MOYKHO CUMTATh
¢ynnamentoM KI'. B coBpemennoit KI' mmpoko ucnonb3yercs KOOpAMHATHBIM MeToJ. DTOMY

€CTb HCCKOJIBKO ITPUYKNH:

¢ KaKJas TO4YKa Ha 3KpaHe (I/IJ'II/I Ha 6YMaFC IIpU TICYaTH HaA HpI/IHTCpC) 3aaacTCA

KOOpAWHAaTaMU1 — HAIIPpUMCP, TNKCCIIbHbIMU

¢ KOOpAWHATHI UCIIOJb3YIOTCS OJIsI OMCAHUA 06’LeKTOB, KOTOPBIC GYHYT



0TOOpaKaThCsl KaK MPOCTPAHCTBEHHBIE;

* IpU BBHINOJHEHUH MHOTUX MPOMEXKYTOUYHBIX JEHCTBUH OTOOpPAKEHUS! UCIONB3YIOT

pasHble CHCTEMBI KOOPIMHAT U MpeoOpa3oBaHusl U3 OJHOU CHUCTeMBI B Apyryo. [lomoxxeHue

Toukd B Rn 3amaercs paguyc-BekTopoMm p = [plp2. . . pn], uMewOmMUM n KOOpPAUHAT U
pa3JoXKeHHeE:
n
p=[pip2... pn] = Y pi-ei
i=1
[To n nuHeWHO-HE3aBUCUMBIM 0a3ucHbIM BekTopam €1l . . . en. COBOKYMHOCTb 0a3MCHBIX

BCKTOPOB W CAWHHUL HU3MCPCHHA paCCTOﬂHI/Iﬁ BOOJIb OTUX BCKTOPOB COCTAaBJISICT CUCTEMY

KOOp/INHAT.

2.2.1 Cucrembl KoOpAHHAT

Haubonee ynorpeOutenbHbIMH B KOMIBIOTEPHON TpaduKe SBISIOTCS IEKAPTOBHI CHCTEMBI
KOOPJIMHAT KaK CIoco0 yI00HOTO CO3/aHus abCTpaKIMil peaabHbIX MPEIMETOB OKPYKAIOIIETO
mupa [10]. Hunuaapudeckue, chepudeckre, MPOSKTUBHBIC U Pa3IUYHbIE APYTUe KOOPIUHATHI
B MPOCTPAHCTBE OOBIYHO HCTIONB3YIOTCS N7 MOJEIMPOBAHUS CHEIHAlbHBIX 3()(eKToB mpu

nedopMaiuu 0ObEKTOB.

[Tpu 0TOOpa’keHUU MPOCTPAHCTBEHHBIX OOBEKTOB MCHOJIb3YIOT MOHATUE MUPOBBIX KOOPAHWHAT

— TPEXMEPHBIX JIEKAPTOBBIX KOOPAMHAT MPOCTPAHCTBA, B KOTOPOM Pa3MENIalOTCsl OOBEKTHI.

Muposasa cucmema xoopounam (MCK) — XyZz — coodepoicum mouxy omcuema (Hauauno
KOOPOUHAM) U JIUHEUHO He3asUCUMblll basuc, 61a200aps KOMoOpblM CHAHOBUMCSL 803MONCHBIM
yughposoe onucamue 2eoMeMPUYECKUX CBOUCME 100020 2paguueckoco o0OveKma 8

abconoOmMHbIX eOUHUYAX.



Ikpannaa cucmema koopounam (OCK) — X3ys3Zn — cucmema KoopouHam, 6 KOMOPOU

3a0aemcsi NOJIONCeHUe npoekuuﬁ ceomempudecKux 00beKmos Ha 9KpaHe oucnues.

OCK cBs3aHa ¢ TeM rpaguyecKuM yCTPOMCTBOM, TJi€ B 3aJIaHHOW IPOEKIIMH OTOOpa)kaeTcs
co3maBaeMasi TpE€xMmepHas cleHa. Tak Kak MpaKkTUYeCKH Bce YCTpoicTBa rpaduueckoro
BBIBOJIA SIBJIIFOTCS  IUIOCKOCTHBIMH, TO JBE M3 TpEX OHKpaHHbIX koopauHart (X u Y )
pacnosiararoTcs B IUIOCKOCTH 3KpaHa COOTBETCTBEHHO I10 T'OPU30OHTAIM U BEPTUKAIH, a
KOOpJMHAaTa Z HampaBjeHa MEepHeHANKYIIPHO UM (€CIH «BIIIyOb» dKpaHa, TO MOJIyYHBIIASCS

CHUCTEMA KOOpAHAT JZQGOCI’I’ZOPOHH}I}I).

[Tpoexmusa Toukn B DCK umeer koopauuary zs = 0. Tem He MeHee He ciienyeT oTOpachiBaTh

3Ty KoopauHary, mockoyibky MCK u DCK gacTto BEIOMparOTCS COBIIAIAIOIIIMH,

a BEKTOp MPOEKIHUHU | X3, V> 0] moxet aCTBOBATh B IPe0OpPa30BaHMIX 1€ HY>XHBI HC ABC
> b >

a TpU KOOPAVHATBHI.

Y
N

e

JleBocTOpOHHSS [TpaBocTopoHHSIs
TpexMepHas TpexMepHas
CHCTEMa KOOP/IHHAT CHCTEMa KOOpIUHAaT

Puc. 2.4 — JIeBOCTOPOHHSISI U TPaBOCTOPOHHSS TPEXMEPHBIE CUCTEMBI



KOOpJAWHAT

Cucmema koopounam cyenwvt (CKC) — XcycZc — onucvieaem nosodcenue 6cex 00beKmos
CYEHbl — HEeKOMOPOU YaACmU MUPOBO20 NPOCMPAHCIEA ¢ COOCMBEHHbIM HAYAIOM OMCHemd u

6(13146’0]!4, Komopble UCNONIb3YIOmCH O/Is1 ONUCAHUSL NOLONCEHUST 0OBEKMOE He3ABUCUMO OM

MCK.

Kaxpiit 13 00beKTOB 0OBIYHO UMEET COOCTBEHHYIO OOBEKTHYIO CHCTEMY KOOPIMHAT.

Obvexmuasa cucmema xkoopounam (OCK) — X0Y0Z0 — c653aHa ¢ KOHKPEMHbIM 00bEeKmoM U

cogepuiaem ¢ Hum ece osudicenuss 8 CKC unu MCK.

W = (V0L Vo T0s Vs

(048]

v

Vi

V3

Puc. 2.5 — IIpencraBnenne BekTopa

B TPEXMCPHOM BCKTOPHOM HNPOCTPAHCTBC MOKHO OAHO3HAYHO MPCACTABUTH JIF000MH BEKTOp W

B BUJIE JIMHEWHO-HE3aBUCUMBIX BEKTOpPOB V1, V2, V3!

w=alvl + a2v2 + a3v3,

rae al, 02, 03 — 3TO KOMIIOHEHTHI WJIM KOOPIMHATHI BEKTOpa W B Oa3uce

vl, V2, v3 (puc. 2.4). B BeKkTOpHOM IIPOCTPAHCTBE BEKTOpPBl  Kak



TCOMCTPHUICCKUC OOBEKTHl HE HMMCIOT TOYKHU IMMPUIIOKCHUA, a XaPAKTCPU3IYIOTCA TOJIBKO

HaIlpaBJICHUEM U MOYJICM.

A¢duHHOE TPOCTPAHCTBO BKIIIOYAET TOYKH, B HEM (UKCUPYETCS TOYKA OTCUETa — HAYallo
KoopauHat. Takoe npeacTaBiIcHue TpeOyeT UCTIONb30BAHUS TOUKH OTCUETa U BEKTOPOB Oasmuca,
KOTOpbIE B COBOKYITHOCTH Ha3bIBaloTCs ¢periMoM (okHOM). B KoHKpeTHOM (hpeiime sro0oii

BEKTOP MOXKHO 3aIllCaTh:

W =alvl + a2v2 + a3v3,

KAaK ¥ B BEKTOPHOM IIpOCTpaHCTBE. [l KaK10M TOYKM MOKHO 3aIliCaTh

COOTHOILIEHHE:
P =P0 +n1vl +n2v2 + n3v3.

WTtak, mo00i BEKTOp ONMHCHIBAETCS B (hpeiiMe TpeMs CKaIsipaMy, a ONMCaHNWEe TOYKU BKIIFOYAET

TPU CKaJspa U JaHHbIE O TOYKE OTCUETA.
2.2.2 TlpeoGpazoBanusi KOOPAMHAT

[IpeoOpazoBanus KOOpAMHAT B SBHOM M HESBHOM BHJE IIMPOKO HCIONB3YIOTCS B
KOMIBIOTEPHOU Trpaduke C IeNblo OmHucaHus rpaduueckoro oobekTa B Hambosee yJOOHBIX
KOOPIMHATHBIX CHCTEMax, JJIsi W3MEHEHHWs Maciitada 3JIEMEHTOB YEpPTekKa, IOCTPOCHUS

MPOEKINH POCTPAHCTBEHHBIX 00pa30B, HallpaBIeHHOH edopmanun o0beKToB [16, 17].

B nBymMepHOM npOCTpaHCTBE (R2) Haubonee pacmpoctpaHeHbl dexapmosa CK (X, Y) u

nonsipras CK (r, ep) (r — paamyc-BeKTOp TOYKH, €p — yTroJl IOBOPOTA).

— 2 2
=\/x*+
X =rcosg F=vx+y

y=rsing tgcp:X
X



Puc. 2.6 — Ilonsipaas cucrema koopauHaTt B
TPEXMEPHOM IIPOCTPAHCTBE (R3):
* oproronainbsHas gaekaproBa CK (X, Y, 2);

» mumuHaprueckas CK (p, Y, ).

o, 0. 2)

Puc. 2.7 — llunuuapuyeckas cucremMa KOOpAuHAT

3aKkoH peoOpa3oBaHus KOOPAUHAT OT MMIMHAPHUYECKUX K JICKapTOBBIM (puc. 2.7):

3akoH peoOpa3zoBaHus KOOPAWHAT OT JEKAPTOBBIX K MUIUHIPHICCKUM:

X =pcosq,
y=psing,

Z=2Z.



p =+/X*+37,

y
(p = arctg (—) s
X

Z=2Z

* cepuueckas CK (r, ¢, w).

Ecimu 3aJaHbl C(bepnquKHe KOOpAUHATBI TOYKH, TO MEPEXO] K ACKAPTOBBIM OCYIHICCTBIIACTCA 110

dopmynam (puc. 2.8):

x =rsin0cosq,
vy = rsin0sin g,

z=rcos0.

OO0paTHO, OT IEKaPTOBBIX K CPEPUUECKUM:

r=v/x2+32+22,
z VX2 + 2
0 = arccos | ——=| = arctg| —|,

/X2 + Y2 + 22 z

1%
y = arctg (—) .
X

)J

Puc. 2.8 — Cepuueckas cucrema KOOpauHAT

[TycTh 3amana N-mepHast cucteMa koopauHar B 6asuce (k1, k2, . . ., kn),



OITHMChIBaromias

MIOJIOKCHUE TOYKU B IIPOCTPAHCTBE C MOMOIIBIO YUCIIOBBIX 3HaueHuit Ki. Ecnu 3amath apyryto,

N-MepHyI0 cucTeMy KoopauHar B 6azuce (M1, M2, ..., MN) U OCTaBUTh 337134y

OmpeieJICHUs] KOOPJMHAT B HOBOW CHCTEME, 3Hasl KOOPJMHATHI B CTAPO, TO PEIICHHE (€CIh OHO

CYILLECTBYET) MOYKHO 3alllCaTh B TAKOM BHUJIE:

m :./l(klakls- . -9kn).~
m, :‘/:_y(qukg,‘ . .,k,,),

my = fy(ki.kay. . ky),

rae fi — ¢yakumun nepecuéra i-it KOOPIUHATHI.

[To Bugy GpyHkumii mpeoOpazoBaHMs Pa3INnYalOT JIMHEHHBIE U HEIMHEHHbBIE TpeoOpa3oBaHusl.
Eciu npu Beex i =1, 2, .. ., N dynukuuu fi — nuneiinsie otHocutensHo aprymertos (K1, k2, . .

., kn), TO ecTh:

fi = ailkl + ai2k2 + . . . + ainkn + ai, n+1,

rjae aij — KOHCTaHTHl, TO TaKMe NpeoOpa3oBaHMs HA3bIBAIOT JMHEHHBIMH, a Ipu N = N —
appunnvimu.
Agdunnaa cucmema Koopounam — cucmema 8 N-MepHOM aPOUHHOM npocmpancmee,

onpedeﬂﬂemaﬂ COBOKYNHOCMbIO N AUHEUHO He3a6UCUMbBIX 6EKMOPO86, MCXOO}ZWMX u3z Havdauia

KOOpOUHam.

KOOp,Z[I/IHaTBI TOYKH B 3TOM CHCTEME — 3TO KOMIIOHEHTHI Pa3JI0KCHUSA paagnyC-BEKTOpPa TOUYKU
N0 KOOPpAMHATHBIM BCKTOpPaM. Yuciao He3aBHCHUMBIX KOOpAUHAT, KOTOPBIC OIIPCACIIAOT €€

MOJIOXKEHHE, 3a/1aeT Pa3MEPHOCTh MIPOCTPAHCTBA.

B xomnbroTepHoii rpaduke Hanbosiee pacipocTpaHeHbl ABYMEpHBIE U TpexMepHble adGuHHbIe
npeoOpazoBanusd. B Takux mnpeoOpazoBaHUsSX OCOOYIO0 pOJIb WUIPAIOT HECKOJIBKO BaXKHBIX

YaCTHBIX CIy4yaeB: HOBOPOT (BOKPYT



HAYaJILHOW TOYKH), pacTshKeHHE (CkaTue), oTpaxkeHue u caBur (mepenoc). Jlroboe adpdunHOEC
npeoOpa3oBaHre MOXKET ObITh MPEJCTABICHO B BHJE IOCIEIOBATEILHOCTH ATUX MPOCTEHIINX
reoMeTpuueckux omepaunuii. Kiaccuueckue reomerpuueckue IpeoOpa3oBaHHsl  (CIOBUTH,
[IOBOPOTHI) ONMCHIBAIOTCA C IIOMOIIBIO MaTEeMaTHMYECKUX MOJENEeH, OCHOBaHHBIX Ha
UCIOJB30BaHUU MaTpul] pasMepa 3 X 3. Ilpu KiIaccCM4eCKOM MOAXOJE KaXKI0e U3
npeoOpa3oBaHUl MPEICTABIACTCS OTACILHONM Marpulieh. (s KoMmmbloTepHON Tpaduku 3TO
4acTO MPUBOJIUT K HEONPABIAHHOMY YBEIMYEHHUIO 00beMa BBIYMCICHUHN U, CIEIOBATEIbHO, K
CHIDKEHHIO CKOPOCTH BBIBOAAa Tpaduueckoil uHpopmanuu. [losTromy wucmonssyercs
MaTeMaTU4YeCKU armapar, obecrieunBaromuii 0ojee KOMIAKTHOE ONMMCAHUE FEOMETPUUECKUX

npeoOpa3oBaHUIA.

2.3 Ad¢punnbie npeodpazoBaHus

[Ipu moctpoeHn n300pakeHUH YacTO MPUXOIUTCS UMETh JEJI0 C CHTYyallMsIMHU, KOrJa oolee
n300pakeHNe BKIIIOYACT B ce€0s IENbIA Psii KOMIOHEHT ((pparMeHTOB), OTIMYAIOMIUXCS APYT

OT Apyra TOJbKO MECTOIOJIOKEHUEM, OPHEHTALMEN, MACIITa0OM.

B »Tom cjIyduace uenecoo6pa3Ho OomnucaTtb OJHH (bpal"MeHT B Ka4d€CTBC 63.30BOF0, a 3aTcMm
oJIy4daTb OCTaJIbHBIC Tpe6yeMHe (l)paFMeHTBI nyTemM HCIIOJIb30BaHUA onepaum?l

npeoOpa3oBaHusl.

C nmoMoripIo oneparnuii mpeoodpa3oBaHUs MOKHO BBITTOHATH CJIEIYIONTUE ACHCTBUSA:
l)mepemMeniaTh PUCYHKH U3 OJHOTO MECTa dKpaHa B JIPyroe; 2)co3/1aBaTh

PHUCYHOK U3 60Jiee MEJIKUX 3JIEMEHTOB; 3)700aBIIATh K CYIIECTBYIOIIEMY

PUCYHKY HOBBIE DJIEMEHTHI;

4) YBCIUMYUBATH PasMEp PUCYHKA IJIF YIIYUIICHUA €T0 HAMTISIAHOCTH UJIN

oToOpaxeHwus 0ojiee MENIKUX JIeTalel;

5) yMEHbILIATh Pa3MeEpP PUCYHKA JUIsl BHECEHHUS, HAIIPUMED, MOSICHIIOIINX



HAAMKUCEN WM OTOOpa)KEHUs Ha KpaHe HOBBIX PUCYHKOB;
6) co3/1aBaTh IBHXKYIIMECS H300paKEeHHUS.
Bce n3Menenus puCyHKOB MOKHO BBITIOJIHUTE C IIOMOIIBIO TPeX 0a30BBIX OMEPALIUA:

* cMmeleHus (epeHoca, NepeMenieHus) N300paKeHusl;

* MaciTaOupoBaHUs (YBEIUUYEHUS UM YMEHbBIIICHUS pa3MEPOB)

U300paKeHUs;

* TOBOpOTa N300paxeHus (YynoTpeOstoT TAaKKETEPMUHBI «BpAILlEHUE,

«M3MEHE HUE OPUCHTAIIII).

Otu orepanuu Ha3bIBAIOTCS abGUHHBIMU npeoOpazoBaHUSIMHU.

PasznuyaroT nBymMepHbIe U TpexMepHble adhuHHBIE TPeoOpa3OBaHUsI.

2.3.1 Jipymepnbie agdunnbie npeoGpazoBaHus
[peanonoxuM, 4TO Ha IUIOCKOCTH BBejeHa JekaptoBa cuctema koopauHat (OXY ). Torma
Kaxa0i Touke M cTaBUTCS B COOTBETCTBUE yHOpsAAOUYEHHas mapa yucen (X, Y) ee KOopIuHar.
BBoas Ha IIIOCKOCTH emie  OAHY JEKAPTOBY CHCTEMY KOOpPIWHAT (O’X Y ’), CTaBUM B
COOTBETCTBUE TOM ke Touke M npyryto napy uncen (X', y'). Ilepexon oToHOM
JIEKapTOBOM CHCTEMBbl KOOpAMHAT HAa IUIOCKOCTH K JAPYroil OINUCHIBAeTCs CIEAYIOLIUMU

COOTHOHLICHUAM H:

X' =ox+Py+A,

V' =yx+ 9oy +u, @1)

rae o, B, Y, A — MpOu3BOJIbHBIC YHCIIA, HO:

a fp

y o +0.




®opmyny (2.1) MOKHO paccMaTpUBaTh Kak OJMH U3 CIEIYIOIUX CIy4YaeB:

1) CoxpaHnsieTcsi TOUKa, U U3MEHSACTCSI KOOpIUHATHAs cucTema (puc. 2.9, a)
— mpou3BoJibHAs Touka M ocraercs TOM ke, H3MEHSIOTCS JINIIH €€ KOOPIUHATHI:
! !
(% y) = (. y).
2) U3mensieTcs ToUKa, ¥ COXPAHSACTCS KOOpIUHATHAs cuctema (puc. 2.9, 6)
—dopmyrna (2.1) 3amaer oroOpakeHHE, MEPEBOASIIICE MPOU3BOILHYI0 TOYKy M (X, Y) B

ror o o o
Touky M (X ' , KOOpAWHAThl KOTOPOH OIIPCACICHBI B TOU K€ KOOPAUMHATHON CUCTEMCE.
y

Puc. 2.9 — Ad¢punnbie npeodpa3oBaHus Ha INIOCKOCTH

B nanbueiiem Oyznem paccMmarpuBaTh popmyay (2.1) kak BTopoil ciydyail mpeodpa3zoBaHus,

COOTBETCTBYIOIIHI puc. 2.9, 6.

a) o) 6)



Puc. 2.10 — JIsymepHbIe IpeoOpa3oBaHus: @ — MOBOPOTA, O — pacTsKEHUs (CKaTHs), 6 —CIIBUTA

PaccMOTprM HECKOJIBKO YaCTHBIX CIy4aeB MpeoOpa3oBaHusi KOOPIUHAT.

|. TIoBOpOT (BOKPYT HauaIbHOW TOYKHU Ha YroJl €p) OMUCHIBAETCS

dopmymnamu (puc. 2.10, a):

X =xcos(¢)-ysin(g),
y =xsin(g)+ycos().

Il. Pactsokenue (cxxaTue) BIOIb KOOPAMHATHBIX OCCH:

!

X =X,
y =dy,
>0, §>0.

Pactsxenue (cxxarue) BAOIb Ocu abcuuce o0ecreunBaeTcs Mpy yCIIOBUH,

qTo
a>1(a<1).Hapuc.2.10,6 a=06>1.

[1l.  OtpaxeHne OTHOCUTENBHO OCH abCIUCC 3aJaeTCsl IPU OMOIIHU (POPMYIL:

X =X, y =V
IV.  Ilepenoc oGecrieunBarOT COOTHOIICHUS:
x'=x+x,y’=y+p.
—_) ,
Ha puc. 2.10, 6 BexTOp nepenoca MM

HMECT KOOPAWHATLL Au L.



Bb160p 3THX YaCTHBIX CIy4aeB ONpeAessieTcs AByMs 00CTOsTebCTBAMU:

® KaXI0C M3 IIPHUBCACHHBIX BBIIIC npeo6pa30BaHI/n71 HUMCCT HpOCTOfI u HaFHH,HHBIﬁ

FeOMeTpI/I‘leCKI/Iﬁ CMBICIJI,

® KaK JIOKa3bIBAaeTCsl B Kypce aHaJIMTHYECKON reoMeTpuH, Jrdoe mpeodpazoBaHuE
Buja (2.1) Bcerma MOXKHO MPEACTaBUTh KakK MOCIeI0BaTeIbHOE UCTIOTHEHHE (CYIEepPIIO3UIIUIO)

npocteimumx npeodpazoanuii Buaa I, I, 111, V.

Jist 53 PeKTUBHOTO MCTIOIB30BaHUsS STUX M3BECTHBIX (opMyln B 3amadax KI' Gomnee ymoOHOU
SBJISICTCS MX MaTpu4Has 3amuch. Martpuiiel, cooTBeTcTBYytomue ciydasam I, II, I, cTtposites

nerko. OHU UMEIOT CIEAYIOUINI BUI:

cos¢p —sing a 0 1 0
singg cosg | [0 o |0 -1

B ganmnom cnydae addunHoe mnpeobpasoBanue mnepenoca (IV) B maTpuuHOM BuUIE
pasMepHOCThI0 2 X 2 3amucaTh HEBO3MOXKHO. [lJIs MPOCTOTHI aNrOpUTMHU3ALUM JIFOOOTO
npeoOpa3oBaHus HEOOXOAMMBI Bce 4eTbipe mpocteiimux npeodpasosanus I, II, I, TV. [ns

9TOIr0 BBEACM IMOHATHUA OAHOPOJHBIX KOOpAUHAT.

Uto0b! nmepeiiTu K enuHoi (MaTpuuHO) hopme 3amucu Bcex deTbipex npeodpazoBanuit I, 11,

I1, IV, Hy>XHO nepeiTi K OAHOPOIHBIM KOOpAUHATAM IIPOU3BOJIbHOM ToukH [19].

Oonopoonvimu Koopounamamu mouku M (X, Y) Hazvleaemcss mpouxka 0OHOBPEMEHHO He

PAasHbLX HYM0 yucen x1, X2, X3, ecau:

B KI" otHOpOiHBIE KOOPAMHATHI BBOSTCS Tak: Touke M (X, Y) cTaBUTCS B COOTBETCTBHE TOUYKA

M '(X, y, 1) B mpocTpanctBe puc. 2.11. 3ametum, 4to



MIPOM3BOJIFHAS TOYKA HA IPSIMOM, COSIUHSIONICH Havano koopauHar, Touky O(0, 0, 0), ¢ Toukoi

M (x, y, 1), moxxeT ObITh 3agana Tpoiikoit (hx, hy, h). Mckmtodas touky O u3 paccMorpeHnus,

Oymem cuurath, uto h # 0. Bekrtop, ompenensemsiii Ttpoiikoir hx, hy, h, seusercs

HANPABISIOIIMM BEKTOPOM IpsMoil, coemumstomeii touku O u M . Dra  npsamas
HepeceKaeT MmIOCKOCTh Z

=1 B touke (X, Y, 1), koTopas OJHO3HAYHO OIMpPELIAeT TOUKY (X, Y) KOOPAMHATHON TIOCKOCTH
XOy. Takum obOpa3zom, mexay Toukoil (X, Y) u MuoxkectBom Tpoek (hx, hy, h), h # 0

YCTaHABJIIMBACTCA B3aUMHO OJHO3HAYHOE COOTBETCTBHUC. OTO MO3BOJIUT

cuutath hX, hy, h omHOpOAHBIME KOOpAMHATAME TOYKH M .

M'(x, v,1)

Puc. 2.11 — OnHOpOAHBIE KOOPAUHATHI

B nmpoexTuBHON reoMeTprun OJHOPOAHBIE KOOPAUHATH 0003HAYAIOT X1 @ X2
: X3. OCHOBHas 11eTTh BBEICHUS OHOPOIHBIX KOOPJMHAT — YA00CTBO HX
ucnosabs3zoBanus. Hanpumep, ecnu y Touku koopaunatsl (10000, 5000, 3000), To npu

npeoOpa3oBaHUU €e KOOPIUHAT MOXKET MMPOU30MTH TIEPETIOTHEHUE



apuMeTHIecKoro ycrpoicrea. B atom ciryuae MoxkHo B3sTh h = 0,001, mpu 3TOM 0JTHOPOAHBIE
koopauHatel OyayT (10, 5, 3). JlaHHBIH TpUMED MOKa3bIBAET, HACKOJIBKO TOJIE3HBI OJTHOPOJIHBIE
KOOpJMHATHI MPU IPOBEICHUH PAaCUETOB.

OpHaKo OCHOBHO LIENbI0 BBEJICHUS OTHOPOIHBIX koopauHaT B KI siBisieTcst ux ynoocTBo.

Cuwmras h = 1, Beipaskenue (2.1) MOXHO TepenucaTh B BUJIE:

a v 0 x' a vy 0] |x
Y )=y 1)-[B 6 Of, wm |y|=[B & Of |y
Aopol 1 Ao 1] |1

UroObl peann3oBaTh TO WJIH HWHOE OTOOpaXEHHE TO 33aJaHHBIM T'€OMETPUYECCKHM
XapaKTepUCTHKaM, HaJ0 HAWTU 3JIEMEHThl COOTBETCTBYIOLIEH Marpuibl. OOBIYHO ee
HOCTpPOCHHE DPa30uBalOT Ha dTanbl. Ha kaxkaom srame CTpouTcs MaTpula Uil OJHOIO M3

BbIJENIEeHHBIX Bblle ciaydaes I, I 111, IV.

Bce MHOI‘OO6pa3I/Ie Ppa3JINIHBIX Hp606pa3OBaHI/II>'I TCIICPb MOKHO pPCaJIM30BaTh IMO3TAIIHBIM

NMPUMCHCHUCM CJICAYIONINUX HpeO6p330BaHI/II>’IZ

|. Martpuiia Bparenus (rotation):

cos¢p sing 0
[R] =|-sing cosqp 0
0 0 1

I1. Matpuna pactsokenusi-cokarus (dilatation):

o 0 0
[D]=[0 & 0
10 0 1]

31ech 0> 0 — K03 PUIMEHT pacTsKeHus (CKaTusi) BAOIb OcH abciucc, O

> 0 — ko3¢ duUIMeHT pacTsuKeHUs (CKaTUsl) BIOITb OCH OP/IHHAT.

I1l.  Marpuua orpaxenus (mirror reflection):

10 0
[M]=]0 -1 0
10 0 1]



IV.  Marpuia nepenoca (translation):

7]-

> O =
= =D
—_—0 O

[Tpumep:
Tocmpoums mampuyy pacmsdicenus ¢ KOIPPuYUeHmom pacmanicenus, o

800J1b ocu abcyuce u & 8001 ocu opounam u ¢ yeumpom 6 mouxe A(a, b).
Pemenue:

[lar 1. Ieperoc Ha Bektop —A(—a, —b) 111 cMeleH st IEHTPa PACTSIKEHUS ¢

Ha4YaJIOM KOOpAHHAT:

[Iar 2. Pactspkenue BAOIb KOOPAMHATHBIX Ocei ¢ koddduimentamu o u o. MaTpuiia

peoOpa3oBaHusl UMEETBUI:

[lar 3. Iepenoc Ha Bektop A(a, b) 1151 BO3BpalieHUs IEHTPa PACTSDKEHUS B PSKHEES

ITOJIOKCHHUC!

[7]-

o O =
o= O
—_ o O

[TepemHuoXk KB MaTpHIbl B TOM ke mopsinke [T—A] - [D] - [TA], moay4um BuJ HaIiero

npeoOpaszoBanus [19]:



a 0 0
(x',3, 1) = (x,3,1) 0 )
a-(1-a) b-(1-9) 1

I[J'ISI BBITIOJTHEHHU A HpeO6p330BaHI/II71 HCO6XOI[I/IMO 3HaTb OCHOBHBIC IIOJIOKCHUS

MaTpUYHOM anredpsl.

Marpuiia — 3TO MPSMOYTOJIbHBIA MAaCCHB YHCET pa3MepoM M X N (M — YUCIO0 CTPOK, N —
yyciio cToibuoB). Ecim m = n, To MaTpuua Ha3blBaeTcsi KBajapaTHOW. Pasmep marpuiisi
Ha3bIBACTCsl €€ MOPSAKOM. DJIEMEHTHI all, . . ., anm Ha3bIBarOTCs IVIABHBIMU JHArOHaJIbHBIMU

DJIEMEHTaMU.
Hyneas marpuiia — Matpuiia, Bce 3JIeMEHThI KOTOpoil paBHBI 0.
EnnHuynas Matpuiia — 3J€MEeHTHI TJIaBHOM 1MaroHaiyu paBHbl 1, a octanbHble 0.

Ecnu nBe matpunsl A u B uMeroT olnHaKkoOBBIM MOPSIOK M X N, TO JOMYCTUMO UX

CJIOKCHHEC U BBIYUTAHHC.

C=A+B,nm Cij = aij +bij, i=1...n, j=1...m.

Camas pacnpoctpanenHas onepanus B KI' — ymHoxxenue matpuu. [Tycts matpuna A numeer
pasmepHocTh K xm, Matpuna B — mxn. Pesynbrupytormas Marpuia 0yier UMeTh Hopsaok K x

n.

cij - Y aik - bij.
k=1

YMHOXEHHEe MaTpHUI] HE KOMMYTAaTHBHO, T. €. A - B # B - A, oiHako BBITIOTHSETCS:



. nuctpudyruBHocTh: A- (B+C)=A-B+A-C, (A+B)
-C=A-C+B-C;
. accoraruBHocts: A- (B- C)=(A-B)-C=A-B-C.

2.3.2 Addunnbie npeodpasoBanus B NpPOCTPAHCTBE

Kak u B 1ByMEpHOM cilyyae mepensieM K OJHOPOIHBIM KOOpPAMHATaM, 3aMEHUM TPOHKy (X, Y,
Z), 3aJJaI0LIYyI0 TOUYKY B IIPOCTPAHCTBE, Ha (X, Y, Z, 1). B o0uiem Buje 3aMeHa Mpou3BOIUTCS Ha
(hx, hy, hz, h), rme h # 0.

Kaxmasi Touka OpOCTPaHCTBA, KpPOME Haualla KOOPAMHAT, MOXKET ObITh 3aJaHa YeTBEPKON
OJTHOBPEMECHHO He paBHbIX Hymo uucen. YerBepka wumcen (hx, hy, hz, h), tne h # 0,

onpeaciicHa OAHO3HAYHO C TOYHOCTBIO 1O O6HI€FO MHOXKHUTCJIA.

Kak u3BectHO, m1000€e apduHHOE TpeodpazoBaHuE B TPEXMEPHOM MPOCTPAHCTBE MOKET OBIThH

IIPE/ICTABIICHO B BUJIE CYIIEPIIO3ULIMN BPALLICHUH, PACTS)KEHUI, OTPAKEHUM U IIEPEHOCOB.

|. Marpuia BpalieHust B IpOCTPaHCTBE.

Marpuriia BparieHust BOKpyr ocu abcuuce Ha yroi ¢:

1 0 0 0

[ R ] |0 cosqg sing 0

10 —sing cosg 0

0 0 0 1

Marpuiia BpauieHusi BOKpPYT OCH OpAUHAT HA YIOJI /:

cosyp 0 —siny 0
0 1 0 0
[&r] = sinp 0 cosy O
0 0 0 1

Marpuiia BpaiieHust BOKpYT' OCH alIlIMKaT Ha yroi 0:



cos® sin® 0 0O
—sin® cos0 0 0
[Re] = 0 0 10
L 0 0 0 1j

Il. Matpuna pactsykeHus (CxaTHs):

a 0 0 0
0 0 0
L0 1]

== Rywa]

3nech o > 0 — xoahpuIueHT pacTsokeHus (CKaTHs) BIOJIb OCH adcIucc, B

> 0 — ko3¢ GUIHMEHT pacTspKeHHs (CKaTusl) BIOIb OCH OpAMHAT, Y > 0 — ko unmeHt

PaCTAXKCHHUA (C)KaTI/IH) BJOJIb OCH alllllIMKAaT.

1. Martpuiia oTpakeHHsI.

Martpuiia oTpaxxeHusI OTHOCUTEIBHO TIOCKOCTH XOY :

1 0 0 0
61 0 0
[M7] = 00 -10
0 0 0 1
Martpuira oTpaxeHusi OTHOCUTENBHO TuTockocT YOZ:
-1 0 0 0
0 1.0 0
Mcl=1g 01 0
0 0 0 1
Martpwuiia oTpakeHHsI OTHOCUTEIIBHO mtockoct ZOX :
I 0 0 0
0 -1 0 0
M]=1o 0 1 0
0 0 01

IV.  Marpuna nepenoca:



1 0 0 0
0100
[T]:0010
L)\‘H’VIJ

31ech (A, W, V) — BEKTOp MepeHoca.

[Tpu momomu matpu I, I, 111, IV MoxxHO moaBepraTh NpocTermmm npeodpa3oBaHUsIM

T100BIe TNIOCKKE U MPOCTPAHCTBEHHBIE (DUTYPBHI.

Kak u B ABYMCPHOM Cl1y4ac, BCC BbIIMUCAHHBIC MaTPULIbl HEBBIPOXK/ICHBI.



I'maBa 3

BA3OBBIE BBIYUCJIUTEJIBHBIE U PACTPOBBIE AJI'OPUTMbI

3.1 Ooaacrs Busyaansanuu u GyHKIUs KaJpUpPOBAHUS

Jis moctpoeHus M300pakeHHsI Ha dKpaHe JIUCIUIes OIpenelseTcsi o0IacTb, B KOTOPOM 3TO
uzoopaxenue ¢opmupyercs. OKHO — 3TO MPAMOYTOJbHHK, B IIpenerax KOTOpOro
BBIUEPUMBAETCS 00BEKT UM €r0 YacTh, Pa3MEPhI U MOJO0KEHNE OKHA OMPEIEISIIOTCS B CUCTEME

MHPOBBIX KOOPJHHAT.

BBenem eme ogHO noHsTne — pabouas o0nacTb BU3yaslM3allMM, WM II0JI€ BBIBOJA, T. €. Ta
YacTh DKpaHa, Ha KOTOPYIO ocyiiecTBisercss BbIBOA (puc. 3.1). OHa 3amaeTcst aHaJOTHYHO
OKHY, T. €. YKa3bIBalOTCS MaKCHUMaJIbHbI€ U MUHHUMAaJIbHbIEC 3HAYEHUS 110 KOOPJAMHATHBIM OCSM B
eMHMIIAX M3MEpPEeHUs] Ha HKpaHe. Temepb OKHO HaJl0 OTOOpa3uTh Ha 3KPaHHYIO OO0JIACTb.

BHavase BeIUUCISIIOTCS KO3 GHUIUEHTHI MacTabupoBaHus 1o ocsim [ 1, 2]:

Xmax - Xml Ymax - Ymin
Jx = e

Xmax — Xmin Vmax — Vmin

3aTtem BeIUUCIsIeM paccTostHue X — Xmin TOYKHA U300pakeHUs OT JIEBOTO Kpasi SKpaHHON

oOiacrtu:

X = Xoin + £+ (X — Xpmin)
Y = Ymin +fy(y_ymin)

[Tycth pabouast o0nacTh BU3yainu3aluu orpanudeHa mnpsmbivu X = n1,Y =ml, X =n2, Y =

m2. X, Y — koopauHatThl Ha 3kpane. ['ne m1, m2, n1, n2,

— KOOpAMHAThI pacTtpa, U mycth W = R X R — npousBosibHOE NPsAMOYTOIbHOE



OKHO B MHUPOBOM cucTeme koopauHat. Toraa GyHKIUS

F: W — [m1 : m2] x [n1 : n2] Oymer Ha3bIBaThCA byHKIHei

KaJpUpOBaHUSI.

OOBIYHO KaapUpPOBAHHE 3aKIIOYAETCSA B OTOOpaXKEHUH NMPSMOYTOJIbHONM 001acTi (MUPOBOTO

IIPOCTPAHCTBA) B IPSMOYTOJIbHYIO 00JIaCTh Ha YKPaHE.

Jxkpannas

001acTh

Puc. 3.1 — Pabouas o6sacTs BU3yaln3alnuu

OrpanuyeHus MpsIMOYTOJIbHBIMH 00JaCTAMU OOBSCHSIOTCS TEM, UTO MIPHU TAKUX OTOOPaKEHUSIX
HEOOXOAUMBI ~ TOJIBKO  TIEOMETPUYECKHE  IpeoOpa3oBaHMs — IIEpEHOCAa,  BpallCHU,

MaCHITa6I/IpOBaHI/I$I " JOIOJIHUTCIIbHAA on€panus, Ha3bIBacMass OTCCYCHHUEM.

3.2  Orceuenne

Ecnn u3o0paxkeHne BBIXOJWT 3a IpeNeNbl dKpaHa, TO HAa YacTU JAUCIUIEEB YBEIMYUBAETCS
BpeMsl IOCTPOEHHUS 3a CUET TOr0, YTO M300paK€HHE CTPOUTCS B

«yMe». B HEKOTOpBIX IUCIIIESAX BBIXOJ 3a MPEAECIIbl JKPaHa IMPUBOJUT K UCKAKEHUIO KapTHHBI,
TaK KaK KOOPJHWHATHI IIPOCTO OTPAaHUUYMBAIOTCS MPU JTOCTHKEHUU UMY T'PAaHUYHBIX 3HAYEHUH, a
HE BBINOJHSAETCS TOYHBIM pacyeT KoopauHaT nepecedeHus (APPEKT «CTATUBAHUS»
u3o0paxkenust). Hekotopblie, B OCHOBHOM MPOCTHIE, TUCILIEH MPOCTO HE JOMYCKAIOT BBIXOA 3a

MMPEACIIbI 3KpaHa. Bcee 9TO, OCOOCHHO B CBSI3H C IMAPOKHUM  HUCIIOJIB30BAHUCM



TCXHOJIOTHUU IMPOCMOTPAa OKHAMWU, Tp66yeT BBIITOJIHCHHA OTCCUYCHHA CHCHBI IO I'paHULlaM OKHa

BUIMMOCTH.

Omceuenue (clipping) — npoyecc ombpacvisanus uacmen u300paxdcenus, 6vIXOOAUWUX 34

cpanuybl OKHA.

B IIPOCTBIX l"pa(bI/ILIeCKI/IX CUCTEMAX JOCTAaTOYHO JBYMEPHOI'O OTCCUCHHSA, B TPECXMEPHBIX
MaKeTax HUCIOJB3YCTCA TPCXHU YCTBIPEXMCPHOC OTCCUCHMUC. HOCHGI[HCC BBIITIOJIHACTCA B PAHEC
PacCMOTPCHHBIX OAHOPOAHBLIX KOOpAWHATAX, IMO3BOJJIAIOIIUX CAWHBIM 06pa30M BBIIIOJIHATH

adpuHHBIC U TEPCIIEKTUBHBIC MTPeoOpa30BaHMS.

[IporpaMMHOEe WCIOTHEHHE OTCEYCHHS JIOCTATOYHO MEUICHHBIH IIPOILECC, I0ITOMY,
€CTeCTBEHHO, B MOIIHbBIC IHCIICHM BCTPAUBACTCsS COOTBETCTBYIONIAs ammaparypa. [lepoe
coobmienne 00 ammapaType OTCEUSHHsI, HCHOJB3YIOUIEH alrOpUTM OTCEUYCHHUS ACTICHHEM
OTpe3Ka TIomoJIaM M peann3oBaHHOW B ycrpoiictBe Clipping Divider, mosiBuiocs B 1968 r.
OTOT anropuT™ OBLT PACCMOTPEH NPU U3YUCHUU TEXHUUYECKUX CPEACTB. 31€Ch MBI pACCMOTPUM

IMPOrpaMMHBIC pCaJIM3allu1 AJITOPUTMA OTCCUCHUS.

OTtcekaemMbie OTPE3KH MOTYT OBITh TPEX KIIACCOB:

® [[eJINKOM BHUINMEIE;
® [[eIMKOM HEBUIUMBIE;
* [IEPECEKAIINE OKHO.

OueBuiHO, 4TO 1enecoo0pa3HO 0e3 BBIMOJIHEHHUsS OONBIIOr0 00beMa BBIUMCICHUN NMPUHATH
pelieHue O BHAMMOCTH IEIUKOM WM  oTOpackiBanuu. [lo crocoOy BbIOOpa MpOCTOTO
peeHns 00 0TOpackIBaHUM HEBUIMMOTO OTpe3Ka LETUKOM I MIPUHSATHS €r0 CYIIECTBYET JABa
OCHOBHBIX THIIa aJITOPUTMOB OTCEUEHHSI — AJITOPUTMBI, UCTIONB3YIONINE KOJUPOBAHUE KOHIIOB
OTpe3Ka WM BCETO OTPE3Ka, U aTOPUTMEI, HCIIONB3YIOIINE MapaMeTPUIecKoe MPeICTaBICHIE
OTCEKaeMbIX OTPE3KOB M OKHa OTce4eHHus. [IpencraBuTerieM MEpBOTO THIA aJTOPUTMOB

sisiercst anroput™ Kosna—Casepnenna (Cohen—



Sutherland, CS-anroputm). IIpencraButeneM airopuTMOB BTOPOrO THIA — AJITOPHTM

JIuanra—>bapckoro (Liang—Barsky, LB-anroputm).

AJ'IFOpI/ITMBI C KOAWPOBAHHUEM IPUMCHHUMBI JJI MPAMOYI'OJIBHOTO OKHA, CTOPOHBI KOTOPOI'O
napauiC/ibHbl OCAM KOOpAWHAT, B TO BpPEMA KaK aJrOPUTMbBI C MMapaMCTPHUYCCKUM

[IPEJICTaBICHUEM IPUMEHUMBI JJIs1 IPOU3BOJIBHOIO OKHa [3].

3.2.1 JIsymepnslii anropurm Kosna—Casepiienaa

9ToT AJITOPUTM ITO3BOJISICT 6I)ICTpO BBISIBUTH OTPE3KH, KOTOPBIC MOT'YT OBITH MIIU IIPUHATHI, U1
0T6pOI_HeHBI LeJIUKOM. Brruncienue HepecequI/Iﬁ Tpe6yeTc>1, KOIrla OTPC30K HE IIOIIaaacT HU

B OJIMH U3 THX KJIACCOB. DTOT aTOPUTM OCOOCHHO 3 (EKTUBCH B IBYX KPAHHHUX CITyJasX:
1) GOJIBIIMHCTBO MPUMHUTHUBOB COACPKUTCS LIETTMKOM B OOJIBIIIOM OKHE;

2) OOJILIITMHCTBO IMPUMUTHUBOB JIC)KUT LHCIIUKOM BHC OTHOCUTCIIbHO
MaJICHBKOI'0 OKHa. M mes aJIropuTMa COCTOUT B CICAYIOLIEM:
OKHO OTCEUeHHUS U MNpUJICraromue K HEMy 4aCTu INIOCKOCTU BMECTC 06p83y10T 9 obOnacreit (pI/IC

3.2). Kaxnoii u3 obnacreil MpuCcBOCH 4-pa3psiAHBIN KOI.

[Be KOHEUYHbIE TOYKM  OTpe3Ka MOJIY4arOT 4-pa3psiHble KOJIB,

COOTBETCTBYIOIIME 00JaCTSIM, B KOTOpbIe OHU nonaiu. CMbICI pa3psioB Koja:
1 pp = 1 — Touka HaJ BEpPXHUM KpaeM OKHa; 2 pp = 1 —

TOYKa 10/l HUKHUM KPAaeM OKHa;

3 pp = 1 — Touka cripaBa OT IpaBOro Kpas okHa; 4 pp =1 —

TOYKa CJIEBa OT JIEBOTO Kpasi OKHa.

OHpeI[eJ'IeHI/Ie TOro, JCXKUT JIM OTPE30K MHEIMKOM BHYTPU OKHa WKW ICJIMKOM BHE OKHA,

BBITIOJTHSIETCS CJICTYIOIITUM 00pa3oM:

* ecid KOJbl 000MX KOHLIOB OTpe3Ka paBHbl () TO OTPE30K IIEJIMKOM BHYTPU OKHA,
OTCEYEHHUE HE HY)KHO, OTPE30K IMPUHUMAETCS KaK TPUBHAIBHO BUAUMBIN (0Tpe3ok AB Ha puc.

3.2);



® CJIM JIOTUYECKOE YMHOXEHHE (KOHBIOHKIMS) KOJOB OOOWMX KOHIIOB OTpE3Ka HE
paBHO HYJIO, TO OTPE30K LEIUKOM BHE OKHA, OTCEUYEHHWE HE HYKHO, OTPE30K

0TOpackIBaeTCs KaK TPUBHAILHO HEBUAUMBIN (0Tpe3ok KL Ha puc. 3.2);

® eCJIM JIOTUYECKOE YMHOXEHHE (KOHBIOHKIIHS) KOJIOB 00OOMX KOHIIOB OTpE3Ka PaBHO
HYIIIO, TO OTPE30K MOJO3PUTEIbHBIA, OH MOXET OBITh YacTHYHO BUAMMBIM (oTpe3ku CD,
EF, GH ) wim nenukom HeBUIUMBIM (0Tpe30K |J ); 11st HEro Hy»KHO ONPEAEeTIUTh KOOPIUHATHI
NepeceyeHrii Cco CTOpOHAaMU OKHAa M i1 KaXJI0H TMOJy4eHHOM YacTH ONpEeeUuTh
TPUBHAIIbHYIO BUIUMOCTh WJIM HEBUIUMOCTh. [Ipu aTom mis orpeskoB CD u |J motpebyercs

BBIYUCIICHHE OJTHOTO TiepeceueHust, A1 octanbHbix (EF u GH ) —aByx.

HpI/I pacueTe nepeceUCHUdA UCIIOJIB3YCTCsS T'OPU30HTAJIBHOCTDH 1100 BCPTUKAJIIBHOCTL CTOPOH

OKHAa, 4TO IMO3BOJIACT ONPCACINTE KOOPAUHATY Xumn Y TOUKH NEPpCCCUCHU A 0e3 BBIUKCIICHUI.

I ,
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Puc. 3.2 — OxHo oTceueHus 1 npujieramlme K HeMy 4acTy MI0CKOCTH

[Ipy HEmOCpenCTBEHHOM HCIIONB30BAHUM OIMUCAHHOTO BBIIIE croco0a OTOoOpa IETHKOM
BUJUMOTO WJIM LETUKOM HEBUAMMOIO OTpE3Ka MOCye pacyeTa rnepeceueHus noTpedonanoch Obl
BBIYHCIICHHE KOJIa PACIIOJIOKEHMsI TOUKHM TiepecedeHus. (s mpuMepa paccCMOTPUM OTPE30K

CD. Touka MEepCCCUCHU A o0o3HaueHa kak P. B CUIly TOT'O, UTO TI'paHHIlda OKHa CHHTACTCA



MpUHAJIeKALIEH OKHY, MOXHO IIPOCTO MPHUHSTH TOJIBKO YacTh oTpe3ka PD, monasinyio B OKHO.
Yacte ke orpeska CP, Ha camoMm Jejie OKa3aBIIascs BHE OKHa, MOTpedyeT najbHeiIiero
paccMoTpenust, Tak kak jorudeckoe M komoB Touek C u P mact 0, 1. e. orpe3ok CP Henb3s
npocto oTopocuts. s pemenus 3toit npodiemel Kosn u CasepiieH] TpeUIoKIId 3aMEHSTh
KOHCYHYIO TOYKY C HEHYJIEBBIM KOJOM KOHIIA Ha TOYKY, JISKAI[yI0 HA CTOPOHE OKHA OO Ha

€€ IMMPOAOJIDKCHHUH.

B nenmom cxema anroputma Kosna—Cazepnenna cienytomas: 1)Paccunrath

KOJIbl KOHEYHBIX TOUEK OTCEKAEMOro oTpe3Ka. 2)B 1nukie noBTopsATh MyHKTHI 2—

6.

3) Ecnu noruyeckoe yMHOKEeHHE (KOHBIOHKLIKSA) KOJIOB KOHEUHBIX TOUEK
He paBHO 0, TO OTPE30K LENUKOM BHE OKHA. OH 0TOpachIBaeTCsl, U OTCEUEHUE 3aKOHYEHO.

4)Ecnu 06a xoma paBHbl 0, TO OTpE30K HETMKOM BUIuM. OH

MNPUHHUMACTCA, U OTCCYCHHUEC 3aKOHYCHO.

5) Eciin HayasibHas TOYKa BHYTPU OKHA, TO OHA MEHSETCSI MECTaMHU C KOHEYHOU

TOYKOM.

6) AHanM3upyeTcs Ko HadaIbHOM TOYKH TSI ONIPEACIICHUsI CTOPOHBI OKHA, C KOTOPOH
€CThb [IEPECEUECHUE, U BBINIOJIHAECTCS pacyeT nepeceueHus. [Ipu 3Tom BEIYMCIEHHAs TOUKA

NEpeCCUCHU 3aMCHACT HAYAJIBHYIO TOYKY.

7)OnpeneneHue HOBOrO KOJIa HAYaIbHOM TOYKHU.

3.2.2 Auaroputm JInanra—bapckoro

B 1982 r. JIuanr n bapckuil npeuiokKWIn aaropuTMbl OTCEYEHUS MTPSIMOYTOJIBHBIM OKHOM C
UCIIOJIb30BaHUEM  [AapaMETPUUECKOr0 MPEACTaBIEHUS Ul JIBYX-, TPEXU YETHIPEXMEPHOIO
orceueHus. 110 yTBep)KI€HUIO aBTOPOB, JAaHHBIM AJTOPUTM B LIEJIOM IPEBOCXOAUT AJITOPUTM

KoaHa—Ca3epneHz[a. O,Z[HaKO B pa60Te MMOKAa3bIBACTCA, UTO 3TO YTBCPKACHUC



CIPaBEIIMBO TOJBKO JUISI CIIydasi, KOrja o0a KOHIIa BHIMMOTO OTpe3Ka BHE OKHA U OKHO
Hebonpmoe (mo 50 x 50 mpu paspemenun 1000 x 1000). Kak yxe roBopuioch, mpu 2D
OTCEYEHUM TIpsiIMbIe oOTceKaroTcss 1o 2D oOmactv, Ha3piBaeMOW OKHOM OTcedeHus. B
YaCTHOCTH, BHYTPCHHSS YacTh OKHA OTCEUYCHHS MOXET OBITh BBIPAKCHA C IIOMOIIBIO

CICAYIOUX HCPABCHCTB!

XneB < X< Xnpas; YBepx < Y <Yuus:

3.1)

[TpomoimkUM KaXKAyro M3 YeThIpeX IPaHUI] OKHA /10 OECKOHEUHBIX NpsAMbIX. Kaxkaas u3 Takux
HPSMBIX JIEIHUT IUIOCKOCTh Ha Be o0nactu. HazoBem

«BUAUMOM 4YacTblO» Ty, B KOTOPOM HaxXOOUTCA OKHO OTcedeHus. Buaumon yactu
COOTBETCTBYET BHYTPEHHSAS CTOpOHA JIMHUM TpaHulbl. HeBUAMMONW YacTH IIIOCKOCTH
COOTBETCTBYET BHEILHASA CTOPOHA JIMHUM IpaHUllbl. TakuM 00pa3oM, OKHO OTCEUEHHS] MOXKET
ObITH OIpeNeNIeHO0 KaK 00JacTh, KOTOpas HAXOJUTCS HAa BHYTPEHHEW CTOpOHE BCEX JIMHUHN

TpaHMUII.

OrtcexaeMblil OTPE30K MPAMON MOXKET OBITh IPEoOpa3oBaH B MAPAMETPUYECKOE MPEACTaBICHUE
crnenyronmmM oopazom. ITycTh KoHedHbIe TOUKH oTpe3ka ecth VO u V1 ¢ koopaunatamu (X0, Y0)

u (X1, Y1) coorBercTBeHHO (pHc. 3.3).

Puc. 3.3 — IIpumep pacuera orcedenus B anropurMe Jlmanra—bapckoro

|
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|




Toraa mapameTpu4ecKkoe MpeICTaBICHHE TMHIUA MOKET OBITh 33JJaHO CIIETYIOIINM
o0OpazoM:

X=X0+dx-t

y=yo+dy-t (32)
dx = x1 — x0; dy =y1 - yo.

W B oOmeM Buzie utst oTpe3ka, 3aganHoro Toukamu VO u V1.

V(t)= V0 + (V1 —V0)- t. (3.3)

Jnsa touek VO m V1 mapamerp t paBeH 0 u 1 coorBerctBeHHOo. Mensig t or 0 mo 1,
nepemeniaemcs o otpe3ky VOV1 ot touku VO k touke V1. M3menss t B unrepsane [—1, 1],

noyiygaeM O€CKOHEUHYIO MPSAMYI0, OpHUEHTAIMs KOTOpoil — oT Touku V(0 k Touke V1.

[loncraBnss mapameTpuyeckoe TMpelcTaBieHue, 3amanHoe ypaBHeHusimu (3.2) u (3.3), B
HepaBeHcTBa (3.1), modyyuM cleayroniMe COOTHOIICHHUS ISl YacTeil yAJMHEHHOW JIMHUW,

KOTOpas HaXOJAUTCA B OKHC OTCCUCHMUS:

—dX - t < X0— XzeB; dx - t < Xmpas —X0;
—dy - t < YO~ Yuwus; dy - t < yepx —Y0.

(3.4)
3aMeTI/IM, YTO COOTHOLICHUA (34) — HCPABCHCTBA, OINMUCBHIBAIOIINEC BHYTPCHHIOHOYACTH OKHA

OTCCUYCHMU:, B TO BPCMA KaK PaBCHCTBA OIPCACIAIOT €ro rpaHuIbI. PaCCManI/IBaSI HCPAaBCHCTBA

(3.4), BuAMM, YTO OHU UMEIOT OJJMHAKOBYIO (JOpMY BHJIA:

Pi - t< Qi, (3.5)

rnei=1, 2,3, 4.



3/1ech UCTIOB30BaHbI CASAYIOMNE 0003HAYCHUS:
Pi=—dx; Q1=Xo—Xues;  P3=-dy; Q3 =Yy0 — YHus;
P2 = dX, QZ = Xmpaz — X0, P4 = dy, Q4 = yBer - y0
(3.6)

[To onpeneneHuto BHYTPEHHEW U BHEUIHEH CTOPOHBI JIMHUHU T'PAHULIBI 3aMETHM, YTO KaX10€ U3
HepaBeHCTB (3.5) COOTBETCTBYET OJHOW W3 TPaHUYHBIX JUHUN (JIEBOH, MpaBOH, HWKHEU M
BEpXHEH COOTBETCTBEHHO) W OMNKCHIBaET €€ BUAMMYIO CTOpoHy. Yamuaum V(OV1 B
OeckoHeuHyI0 NpsAmMyro. Torna Kaxa0e HEpaBEHCTBO 3a/1aeT JMalla3oH 3HaueHui napamerpa t,
JUIS KOTOPBIX 93Ta YyJUIMHEHHAs JIMHUS HAXOJUTCS HAa BUIUMOM CTOPOHE COOTBETCTBYIOLIEH

JMHUM TpaHulbl. bonee Toro, KOHKpeTHOE 3HaYeHHe napameTpa t s
Touku nepeceueHus ecthb t = Qi/Pj. [Ipuuem 3nak Qj mMoka3piBacT, Ha KAKOH CTOPOHE

COOTBETCTBYIOICH JTMHHUH TpaHHIbl HaxoauTcs Touka V0. A umenHo, ecimu Qj > 0, torma VO
HAXOJHUTCSI Ha BUJUMOW CTOPOHE JTMHUM TpaHMIlbl, BKIo4as u ee. Ecmu ke Qj < 0, Torma VO

HaxXoauTcCsa Ha HCBHI[I/IMOﬁ CTOPOHCE.

Paccmotpum Pi B cootHomenusix (3.6). Bo3sMoxHbI Tpu cinyyasi:

* Pj <0, Torma cooTBETCTBYIOIIECE HEPABECHCTBO CTAHOBHTCS:

P; (3.7)

OueBHIHO, YTO IMANa30H 3HAYeHUN napameTpa t, 1 KOTOPBIX yUIMHEHHAs JTUHUS HaXOJUTCS
Ha BHUJIUMOM CTOpPOHE COOTBETCTBYIOIIEW TpaHUYHON JMHHUM, WMEET MHUHHMYM B TOYKE
nepeceueHus] HalpaBlIeHHOW YIJIMHEHHOW JMHHM, 3aJaHHOM BekTopoMm VOV1, W uaymen c

HEBHMJIUMOW Ha BUJIUMYIO CTOPOHY T'PAaHUYHOM JINHUH.

* Pj >0, Toraa cooTBeTCTBYIOIIEE HEPABEHCTBO CTAHOBUTCS:



<2
\0.13)

Tak kak 3HadeHus mapametpa t Tonbko Ha rpanuiie paBHbl Qi/Pi, a B ocTanbHON BUAUMOIA

yactu Menble Qi/Pi, To 3HaueHne nmapamerpa t UMeeT MAKCUMYM Ha TPaHHUIIE.

* Pj =0, Torga cooTBeTCTBYIOIIEE HEPABEHCTBO MPEBpAIIAETCS B
0 <Qi.

['eomerpuuecku, ecnu Pi = 0, TO HET TOYEK NepeceueHus YAIUHEHHON JIMHUU, ONPeaeIsieMoi
toukamu VQV1, ¢ nuHUsAMU TpaHUlbl. bonee Toro, ecnm Qi < 0, To yanuHEHHas JMHUS
HAXOJUTCSI Ha BHEIIHEH CTOpOHE JMHHUM TpaHulpl, a npu Qi > 0 HaxoauTcs Ha BHYTpEHHEU
cropoHe (Bkirovas ee). B mocnennem cimydae orpe3ok VOV1 mMokeT ObITh BUAMM WJIM HET, B
3aBHCHUMOCTH OT TOT0, Tie HaxoAsTcs Touku VOV1 Ha yAIuHeHHOW MuHuU. B mpensinymmeM xe
Cllydae HET BUAMMOIO CETMEHTa, TaK KaK YAJMHEHHas JUHHUS BHE OKHA, T. €. 3TO cly4yai

TPUBHUAJIBHOI'O OT6paCI)IBaHI/I$I.

Wrtak, paccMOTpeHHE HEPaBEHCTB JaeT JAWana3oH 3HaueHWi mapamerpa f, Ui KOTOpOro

YAJIUHCHHAA JTUHUA HaXOJUTCA BHYTPH OKHA OTCCUCHU.

3.3 Onepauuu c n300paxennemM Ha yPOBHE pacTpa

Tak kak B MOAaBISIONIEM OOJIBIIIMHCTBE rpaQ)quCKHe YCTpOﬁCTBa SABJIAKOTCA PACTPOBBIMHA, TO
€CTh PCACTABIIAIOT I/I306pa)KeHI/Ie B BHIC HpﬂMOYl"OJ'ILHOfI MaTpHUIbl (CCTKI/I, LIEJI0YHCICHHON

PEIIeTKN ) TUKCEeJIeH, TO BO3HUKAET HEOOXOUMOCTh B PACTPOBBIX aJITOPUTMaX.

Hpouecc cenepayuu pacmpoeoco 06pa3a ceomenpuiecKkoco obvexma NPUHAMO HA3blEANDb

pacmpuposanuem (rasterization).

st oToOpaXkeHus Ha SKpaHe TeOMETPUUECKHUI 0OBEKT MpeACcTaBseTCs B



BUe HabOpa THUIIOBBIX 3JIEMEHTOB, PACTPHUPOBAHHME KOTOPBIX MOXKET OBITh BBIMOJHEHO C
BBICOKOW CKOPOCTBKO BCTPOCHHBIMM aNlapaTHbIMU CPEJICTBAMU IpaduyuecKkoro mpoueccopa.
Takumu 37€MEeHTaMH, Ha3bIBa€MbIMH I'pa)MuUeCKUMHU IPUMUTHBAMU BBIBOJA, B 3aBUCHUMOCTHU
OT apXUTEKTYpPBI MPOLIECCOPa MOTYT OBITH OTPE30K MPSAMOH, Ayra KpUBOW BTOPOrO IOPSIKA,
napaMeTprUuecKue WM aireOpandeckue CIUIAiiHBI W HEKOTOpbIe APYrHe BUABI KPUBBIX U

MMOBEPXHOCTEH.

Jns mpencraBlieHUsT Ha dKpaHE PAcTPOBOTO JUCIUICS JIFOOOM KPUBON €AMHUYHOW TOJIIMHBI
HEOOXOUMO HAWTH €€ IEMOYHBIA KOJI WITH, YTO OJHO U TO K€, HAWTU KOOPJIUHATHI OJIM3KUX K

JIMHUU CMEXXHBIX TOUEK Ha IIEJTOUYMCIICHHOM CETKE.

B nanbHeliem OyneM cuuTarh, YTO Ha IUIOCKOCTHM MMEETCsSl KBaJpaTHas CeTKa ¢ Iarom 1,
IIPUYEM Y3JIbl LEJOUYNCICHHON PELIETKH SBIIAIOTCS LIEHTPAMHU COOTBETCTBYIOIIUX KBaAPATHBIX
A4eeK CeTKH. J[pyrMMu cCioBamu, y3ibl pacTpa OKPYKEHbl «EIMHWUYHBIMI KBaJpPATHBIMU

OKPECTHOCTSIMH «pajuyca» 1/2.

Wuuimani3andd TOYKd pactpa ¢ KoopauHatamu (I, j) COOTBETCTBYET 3aKpacka KaKHM-THOO
IIBETOM €€ KBajapaTHOM okpectHOCTH (puc. 3.4). ToukM HaA TUIOCKOCTH HA3bIBAIOTCS
HEMOCPEACTBEHHBIMH cocesiMU (4-cocelisiMU), €CTTU Y HUX OTIUYAIOTCS TOJNBKO X-KOOPAMHATHI

WITH TOJIBKO Y-KOODP/IMHATBI, TPU4EM TONIbKO Ha 1 (puc. 3.5, a).

i

Puc. 3.4 — Maunmanusanys TOYKH pacTpa



Touky Ha TUIOCKOCTH HA3bIBAIOTCSI KOCBEHHBIMU COCEIIMH (8-cOoCcesIMU) €CIIN Y HUX

OTJIMYAIOTCS X-KOOPAUHATHI WK Y-KOOPIMHATHI, HO He Oosiee ueM Ha 1 (puc. 3.5, 6).
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Puc. 3.5 — CocenHue TOUKU Ha IIIOCKOCTU: @ — HEMIOCPEACTBEHHbIE, O — KOCBEHHBIE.

Besikass Touka Ha IJIOCKOCTH HMMEET 4YeThIpeX HEMOCPEICTBEHHbIX COCENe M BOCEMb
KOCBEHHBIX cocezieil. Eciy ToukH SIBIISIOTCSI HETTOCPEACTBEHHBIMU COCESIMU, TO UX KBaJlpaTHbIE
OKPECTHOCTH MMEIOT 0011yt cTopoHy. KBaspaTHble OKpECTHOCTH KOCBEHHBIX COCENEH MMEIOT

0010 CTOPOHY HJIA OOIIYIO BEpPIIUHY.

Cunvnoceazuvim nymem (4-nymem) Ha niockocmu Haz3vieaemcst MHoxcecmeo mouex A1, A2, .
., An, 0111 komopwix mouxu Ai u Ai+1 senssiomes nenocpedcmeeHubiMu cocedsimu o i =1, 2,
o= 1.

Cnabocesaznbim nymem (8-nymem) na niockocmu Hazvieaemcs. MHodscecmeo mouex A1, A2, . .

. An, 015 komopwix mouku Ai u Ai+1 senaromces koceennvimu cocedsmu ongi=1,2,...,n—1.

[Tyt Ha3bIBaeTCS 3aMKHYTHIM, eciii Al = An.

MHOXEeCTBO Ha HEIOYMCICHHON PCeHICTKEC HA3bIBACTCA CUJIbBHOCBA3HBIM (4- CBHSHLIM), €Clin

JIFOOBIE JABC TOYKHU €T0 MOXXHO COCANHUTHL CUJIBHOCBA3HBIM ITYTCM.

MHOXeCTBO Ha ILIEJTOYUCIEHHOHN pelleTke Ha3bIBaeTcs cIaboCBA3HBIM (8- CBSI3HBIM), €CIU

TH00BIE JABC€ TOYKH €0 MOXKXHO COCIUHUTH C1a00CBS3HBIM



MyTEM.

HpOCTOﬁ KpHBOfI Ha TIIJIOCKOCTH HA3bIBA€TCAd MHOXKCCTBO, Y KOTOPOIo BCE€ TOYKH, 3a
HCKIIIOYCHUECM ABYX, UMCIOT JIBYX COCGI[CIE. I[Be HUCKIIFOYUTCIIBHBIC TOYKHW MMCHKOT POBHO IIO

OJIHOMY COCELly.

HpOCTOﬁ 3aMKHYTOI7I KpHBOI;'I Ha IIJIOCKOCTHU HAa3bIBACTCS MHOXCECTBO, Y KOTOPOI'O BCC TOYKHU
HMCHOT ABYX COCC,I[CI;'I. HpOCTaH 3aMKHYTas1 c1a00CBs3HAS KpuBas pa36HBaeT IINIOCKOCTDh HaA ABa
CHJIBHOCBA3HBIX MHOXCCTBA. HpOCTaH 3aMKHYyTasd CHJIIbHOCBA3HAA KpHBaA pa36HBaeT

IIJIOCKOCTh Ha ABa c1a00CBS3HBIX MHOYKECTBA.

3.3.1 Auaropurm BHIBOIA NIPSAMOIi JIMHHH

[Ipsimast TMHUA — 3TO OAMH U3 TPaPUUECKUX MPHUMUTHUBOB, U3 KOTOPOTO CKIIAIBIBAIOTCS Ooee
CJI0’KHBIe M300pakeHust. OTpe3ku NPSMBIX JMHUN Yallle BCEro UCIOJb3YETCs B COBPEMEHHbIX
rpadM4ecKux CHUCTeMax II0 CPaBHEHUIO C JAPYTUMH TPUMUTHBAMH, HE CYHUTAsA TOYEK
(nukceneit). HecmoTpst Ha, TO 4YTO mpsiMas — 3TO OJHA W3 IPOCTEHIINX IE€OMETPUUECKUX
¢buryp, BbIBOJ OTpe3Ka MpeCTaBisieT COO0M TOCTaTOYHO CIIOXKHYIO 3aaady. Ilpeamonoxum,
4YTO Yy HAac €CTb KOOPJMHAThl KOHIIOB OTpe3ka: X1, y1, X2, y2. HeobGxomumo 3akpacuTh Bce

IIUKCEJIN BAOJb JIMHHUU B OHpCI[GJ'IGHHBIfI OBECT.

Haubonee mnpoctoii cimyuaili — BBIBOJ TOPU3OHTAIBHBIX M BEPTHKAIBHBIX JUHUHN. Jls
OTOOpaXeHHsI ITUX JIMHUK JOCTATOYHO COCTABUThH LIUKII MO COOTBETCTBYIOILIEH KOOPAUHATE C
WHKPEMEHTOM B OJIMH TMHUKCENb. B 3THX HMKIaX BBITOJHSIOTCS MPOCTEHIINE ONEpaluu HaJ
LEeNbIMU U CpaBHEHHUE (€CIM He JOLUIM J0 KOHIAa OTpe3Ka), MO3TOMY PHCOBAaHUE OTpe3Ka
BBITIOJHSETCST JAOCTaTOYHO ObicTpo. KOHEUHO, 53TOT airopuTM MOXKHO €IIe YITYYIIUTh,
HaIpUMep MOXKHO paboTaTh HAMPSMYIO C TaMSThIO, HO 3TO HE JAa€T 3HAYUTEIHHOTO BBIUTPHIIIA
B ObIcTposericTBuH. ClielyeT OTMETHTh, YTO TOPU30HTAIh OOBIYHO pHCYETCs ObIcTpee, T. K.
uH(popMaIUs 3aMuChIBaeTCs B

MOCJIEIOBATEILHO CTOSIIHUE SYEeHKU nmaMATH, a MpHUu OTO6pa)KCHI/II/I BCPTUKAJIN



oOpalieHne uIeT K siueiikaM MaMsTH, OTCTOSIIIUM IPYT OT JApyra Ha IUPUHY SKpaHa.

Crnenyronmii mar — MOCTPOCHUE HAKIOHHBIX JIMHUHU. [[si pucoBaHus JIMHUM OOIIETO BHJA
HEOOXOAMMO BBIYUCIIATH KOOPAMHATHI KAXKJIOTO MUKcelss. MI3BEeCTHO HECKOJIbKO aIrOpUTMOB

pacdeToB KOOpAUHAT TOYCK JIMHUH. O,Z[I/IH N3 HUX — 3TO IIPAMOC BBIYUCIICHHUE KOOPAHUHAT.

3.3.2 TIpsimoe BbLIYHCJICHHE KOOPAHHAT

I[J'ISI painusanun ajaroputMa C IpPsSAMBIM BBIYHUCICHHEM KOOpAWHAT TOYCK IIPUMCHACTCA

YpaBHEHUE IPSMOM:
y=k-x+Db,

rac K — Tanrenc yrijia HaKJIOHa HpHMOﬁ K ocu OX, b— KoopauHara 1o 'y

TOYKH IIEpECeUYCHU OCH 0OY.

qepes HU3BCCTHBIC HAM TOYKH Ha4dalJla 1 KOHIA OTPE3Ka KOBCI)I/II_[I/IGHTLI kub

BBIYHCIIIIOTCS CIIEIYIOIIUM 00pa3oMm:

(yz - yl)
k=2 "V poy —k-x
()Cz —X1 )
HenocpencBennast peanusanusi JaHHOTO anroputMa HedPQeKTHBHA, T. K. TpeOyeT OOIbIIMX

3aTpaTt IMpouecCCOPHOro BpEMCHU U3-34a onepaunﬁ C BCIICCTBCHHBIMU YU CJIaMH.

3.4 VuKkpeMeHTHBIE AJITOPATMbI

bpesenxsM mpenyiokui  MOAXOJ,  TMO3BOJISIFOIIMEN  pa3pabaThiBaTh TaK  Ha3bIBaeMbIE
WHKPEMEHTHBIE aNTOpUTMbI  pactepu3anui. (OCHOBHOW IENbI0 AN pa3pabOTKU TaKuX
QITOPUTMOB OBUIO TIOCTPOCHHE IUKIOB BBIUMCICHHUS KOOPAMHAT HA OCHOBE TOJBKO
[IEJIOUMCIICHHBIX OIEpaluid  CIOKEHUS/BBIUNTAHUS 0O€3 WCIOJb30BAaHUS YMHOXEHUS |

JCIICHUA.



NHKpeMeHTHBIE alTrOPUTMBbI BBITIOJHSIOTCA KaK MOCIEIOBATEIIbHOE BBIYMCICHHE KOOPIUHAT
COCeTHUX THKCeled myTeM Jo0aBieHMs nOpupaiieHuid  koopauHat. [lpupamenus
pPacCUMTHIBAIOTCS HA OCHOBE aHaNIM3a (QYHKIUU MOTPEIIHOCTH. B 11KJIe BBIMOIHSIIOTCS TOJIBKO
[EJIOYHCIICHHBIC OTNEPAllMd CPABHEHUS W CIIOKCHUS/BBIYUTAHUS. J[OCTHTaeTcsi MOBBIIICHUE

OBICTPOACHCTBHSI JIJIsl BBIYMCIICHUH Ka)X/I0T0 TTUKCEIS 10 CPABHEHUIO C TPSIMBIM CIIOCOOOM.
IIpouenypa Ha a3bike [lackans, peanuzyronias anroputm bpezenxema

Procedure Bresenham(x1,y1,x2,y2,Color: integer); Var

dx,dy,incrl,incr2,d,x,y,xend: integer;
begin

dx:= ABS(x2-x1);

dy:= Abs(y2-y1);

d:=2*dy-dx; {HauanpHOe 3Hauenue s d} incrl:=2*dy;
{npupamenue aas d < 0} incr2:=2*(dy-dx);

{npupamenue nis d >=0}

if x1 <x2 then {HaunHaem c TOUKHM ¢ MEHBIINM 3Hau. X} begin
X:=X2;

y:=y2; xend:=x1; end else

begin

X:=x1;
y:=y1; xend:=x2; end;

PutPixel(x,y,Color); {nepBas Touka oTpe3ka}



While x < xend do
begin

X:=X+1;

if d <0 then else

d:=d+incrl {BeiOupaem HIKHIOKO TOUKY} begin

y-=y+l

d:=d+incr2; {Beroupaem BepxHIOI0 TOUKY, Y-Bo3pactaet} end; PutPixel(x,y,Color);
end; {while}
end; {procedure}

JlaHHBII aITOPUTM UCIOJIB3YET TOJBKO IIEJIBIE YHCIIA, IO3TOMY MUMEET JOCTATOYHO BBICOKYIO

CKOpPOCTb pabOTHI.
3.5  Auaropurmsl BbIBOAa (HUrYp

@urypoii 31mech OyneM CUHMTaTh IUIOCKHHA TE€OMETPUYECKHUH OOBEKT, KOTOPBIA COCTOHUT W3

JVHUAN KOHTYpa U TOYEK, KOTOPbIE COJEPIKATCS BHYTPU KOHTYpA.

B O6H_ICM cjIy4dac JIMHUN KOHTYpa MOXKCET OBITh HECKOIIbKO — Koraa 00BEKT UMEET BHYTpH

nycToThl. B 3TOM ciydae juig onucaHusi Takux (uUryp HeoOXOAWMBI JBa U 0oJjiee KOHTYPOB

(puc. 3.6).



Touku
3aI0JIHEHUS
Kontypst

Puc. 3.6 — Ilpumep durypst

B HCKOTOPbIX rpa(i)I/I‘IeCKI/IX CUCTEMax OJHHUM 00BEKTOM MOJKET CUMTATBCSA U OoJiee CIIOKHAsS

MHOTOKOHTYpHasi GUrypa — COBOKYITHOCTh OCTPOBOB C ITyCTOTaMHU.

['paduueckuii BbIBOA (GUTYp pasienseTcs Ha JBE 3aJadyd: BHIBOJ KOHTYpPa W BBIBOJ TOYEK
3anojHeHUs. [10CKOIbKY KOHTYp IpeACTaBiIsieT COO0M JIMHUIO, TO BBIBOJ KOHTYpPa IPOBOJIUTCS
Ha OCHOBE aJIrOPUTMOB BBbIBOJA JIMHUH. B 3aBUCUMOCTH OT CIIO)KHOCTH KOHTYpa 3TO MOIYT

OBITH OTPE3KHU MPSAMBIX, KPUBBIX WM IIPOU3BOJIbHAS [1OCIIE0BATEILHOCTh COCEAHUX MUKCENEH

[13].

3.6  3amoJiHeHMe CILIOIIHBIX 06J1acTel

Bonpoc o 3anonHeHMHM BHYTPEHHOCTH CIUIOIIHOM O0JIaCTH 3aHMMaeT Ba)KHOE MECTO Cpelu
3aja4 pacTpoBoi rpa@uku. BonbIIMHCTBO 33/1a4 O 3alOJIHEHUH JIBYXMEPHOU (UIYpbl MOKET
OBITh OTHECEHO K OIHOMY H3 JIBYX THIIOB: 3allOJJTHCHHEC BHYTPCHHOCTU MHOI'OYIrOJIbHUKA,
3aaHHOro CBOWMH BEPIIMHAMU WA pe6paMI/1, M 3allOJIJHCHUEC BHYTPCHHOCTU 06J'IaCTI/I,

or paHquHHOﬁ 3aMKHYTBIM KOHTYPOM, HNPCACTABJICHHBIM CcBoOeH paCTPOBOﬁ paSBCpTKOﬁ.



3.6.1 Tecr npuHaAIEKHOCTH TOYKH MHOIOYIOJILHUKY

bynem nonumarsb noj MHOTOYTrOJbHUKOM (UTYDPY, OTPaHUYEHHYIO HA TUIOCKOCTH

POCTOi (HecaMoTepeceKaroIeics) 3aMKHyToi ToMaHoi. Cama JoMaHasi 3aJaeTcs Habopom

cBoux BepiuH Ai(Xi, Yi), i =1, ..., N, npu4yeM COCEAHNE TOYKH B 3TOM CITHCKE

SABJIIAIOTCA CMCKHBIMHW BCpIHIMHAMHA JIOMaHO1. 33,[[3‘18 COCTOUT B TOM, YTOOBI IMOJIYIUTDb

pacTpoBYIO pa3BepTKy MHOTOYTOJIbHHKA, T. €. MHULIUUPOBATH €r0 BHYTPEHHUE TOUKH.

Haunem c O6CY)KI[€HI/IH 3aladd O JIOKAJIM3allUuHh TOYKU OTHOCHUTCIIbBHO MHOI'OYI'OJIbHHUKA.
Pemenue »Toi 3amaud JacT BO3MOXKHOCTH 3(1)(1)6KTI/IBHO OIIpCACIIATh, ABJLACTCA JIM TOYKaA

BHYTPEHHEHN WJIM BHEIIHEW 110 OTHOLLIEHUIO K HEMY.

Teopema JXopmana yTBep)KAaeT, B YaCTHOCTH, 4YTO MpocTas (T. €. He HuMerolas
caMoIlepeceueHMil) 3aMKHyTas IUIOCKas JIOMaHas pa30MBaeT IUIOCKOCTh Ha JIBE CBSI3HBIE
KOMIIOHEHTbl — OIPAaHUYEHHYIO, KOTOpas SIBJIETCS BHYTPEHHOCTbIO MHOIOYIOJBHHMKA, W

HCOIpaHUYCHHYI0, KOTOpas ABJIACTCA BHEITHEH 110 OTHOIICHUIO K MHOI'OYI'OJIbHUKY.
AJIFOpI/ITM AOJDKCH YMCTDH pa3jindaTb BHYTPCHHHUEC U BHCIIHHUEC TOYKH IIJIOCKOCTH.

O603HaunM pebpa MHOTOYTOJIbHUKA Yepes3 Ej:
Ei:[Ai, Ai+1],i=1,...,n.

ITycts P(X, Y) — HekoTOpast TouKa IIOCKOCTH, HE JIe)Kalasi Ha IOMaHOH, U HY»XHO

ONpPCACIINTD, IPUHAMJICI)KUT OHA STOMY MHOI'OYT'OJIbHUKY UJIN HCT.

[TpoBenem uepes3 TOUKy P ropu3oHTaNbHYIO MOIYNPSAMYIO C IPaBbIM KOHIIOM B TOUKe P.
Tak kak 10MaHas OrpaHUYEHa, TO BCEra JIETKO HAMTH Ha dTOH MOJIYIIPSIMOU TOCTATOYHO

yIaleHHY0 ToukKy Q, KOTOpas 3aBeZJlOMO He



NPUHAIICKAT MHOTOYTOIbHUKY. Eciin otpe3ok QP He numeer nepeceueHmit ¢ rpaHuLieit
MHOIOYTOJIbHHKA, TO Touku Q 1 P jiexaT B 01HOI KOMIIOHEHTE CBA3HOCTH H,

CJICAOBATCIIbHO, TOYKA P — BHemHss.

Paccmotpum citydaii, korna otpe3ok QP mepecekaer nomanyro (puc. 3.7). Bynmem nBuratbes
oT Touku Q B HampaBiieHHH K Touke P. MHHOBaB mepBoe mepeceyeHrne OTpe3Ka U TPAHHMIIBI,
MBI TIONAJEM BHYTPh MHOTOYrOJbHHKA. MUHOBaB CIEAYyIOIIEE IIepeceueHre OTpe3Ka u

T'paHUIIbI, MBI OKAXKEMCsI CHAPYKU MHOI'OYI'OJIbHHMKA, U TaK OaJIeC.

Puc. 3.7 — Tect npuHaI€KHOCTH TOUKH MHOTOYTOJIbHUKY

Jlerko BUJETH, UTO €CIIM MBI BCTPETUM Ha CBOEM IYTH YETHOE YHCIIO MepecedeHuid, To Touka P
Oy/ieT BHEIIHEW TOYKON MHOTOYroJbHHMKA. ECiM ke 4MCIIo mepecedeHril OKaXKeTCsl HEUETHBIM,
TO Touka P Oyner BHyTpeHHEH TOYKOM MHOTOYTOJIbHHKA. Ba)KHO TOJBKO YIOCTOBEPHUTHCS, UTO
nepecedeHusl OTpe3Ka C TpaHMIleld ObUIM CYIIECTBEHHBIMH, T. €. OTPE30K JACWCTBUTEIHHO

MEPECCK JIOMAaHYIO, 4 HC ITPOCTO KacaJICia €€ B OIHOH M3 BCPIIIHH.

I[J'IH BBISBJICHUSA CYHICCTBCHHBIX HepecequHﬁ MOKHO BOCIIOJIB30BAaThCAd  CICAYIOIIHUM

IIPABUJIOM:
* [lepeceueHust oTpe3ka ¢ TOPU30HTATBHBIMU PEOpPAMU UTHOPHUPYIOTCSI.

e [Ipu moacueTe YHWCIa TEPECEYEHUH  HETOPU3OHTANBHBIX  pedep JIOMaHOW C
orpeskoM PQ miepecedeHHe HTHOPUPYETCS, €CIU TOYKOH IepeCeUeHUs SBIISCTCS BEPXHSS
BepIlIMHA pedpa, U 3aCUUTHIBAETCS B JIIOOOM Japyrom ciydae. C ydeToM 3TOTO COTJIAIICHUS

Kacanue otpeska PQ ¢ momaHoit



B TOYKaX MaKCUMyMa UTHOPUPYCTCA, a B TOYKAX MUHUMYMA CHUTACTCA OABAXK/bI. Tem caMbIM

HECYIICCTBCHHBIC NIEPCCCUCHUA HC U3MCHAIOT YECTHOCTHU 0611161"0 qucia HCpCCC‘ICHHﬁ.

* Ecnu ke CYIIECTBEHHOE MEepPEeCceYeHNEe NMEET MECTO B BEPIIMHE JIOMaHOW (BepXHee
pedpo nepecekaet oTpe3ok PQ B HIKHEH BepiInHe, a HUKHEE peOpo — B BEpXHEH BEpIIMHE,
U TI0 HAllleMy COTJIAIICHWI0 MPUHUMAETCS BO BHHMAHHE JIMIIL TEPBOE IMEPECEUEHUE), TO

YUCJI0 IIOJCYHMTAaHHBIX nepecequI/Iﬁ YBCIMYNBACTCA HA CAWHUILY.

3.6.2 3anosnenne MHOTOYroOJLHHKOB

JUis  3anojiHeHHsT BHYTPEHHOCTH MHOIOYIOJIbHMKA MOXHO ObUIO OBl  BOCIIOJIB30BAThCS
OINKCAHHBIM BBIIIE TECTOM HPUHAMICKHOCTH, Nepedupas MociieoBaTeIbHO TOYKU pacTpa U
WHULUHAPYS T€ U3 HUX, KOTOPBIEC JIEKAT BHYTPU MHOIOYTOJIbHMKA. TakoW ajaropuTM IpocT U
MOHSATEH, OJJHAKO B CMBICIIC BPEMEHHBIX 3aTpaT o4eHb Hed(dekTuBeH. Ero MOXKHO HECKOIIBKO
yAy4YIIUTh,  NOMECTHUB  MHOTOYTOJbHUK  BHYTPb  MHUHMMAJIbHOTO  OOBEMIIIOLIETO
IIPSAMOYTOJIBHUKA CO CTOPOHAMH, MTapajUIeIbHBIMU OCSIM KOOPAWMHAT, U aHAJIM3UPOBATH JIUIIb TE

TOYKH, KOTOPBIE ITONIAJIM BHYTPb IIPSIMOYTOJIbHUKA.

JlomaHasi, orpaHUYUBaION[asi MHOTOYTOJIbHUK, pa30MBaeT BCAKYIO TOPHU30HTAJIBHYIO MPSMYIO
Ha YEepeayHoLIUecss HWHTEpBalbl, JICKAIUE BHYTPU WIA CHAapy:XKH MHOIOyrojbHuka. Jlius

OMPECACIICHNA KOHIIOB 3TUX MHTCPBAJIOB MOXXHO IMOCTYIIUTH CICAYIOIIHUM 06pa30M.

3adukcupyeM TOPU3OHTAJIBHYIO TpsMyr0 L, Ha KOTOpOil mpesamosiaraeTcsi OMpPeNeIUTh
MECTOIOJIO)KEHUE HHTEPBAJIOB, HAXOAAIIUXCA BHYTPH MHOTOYIOJBHUKA, HIIEM TOYKH
nepeceyeHusl ¢ 3ToM NpsMOil, €ClIi OHU €CTh, KaX/10ro pedpa MHOrOyroyibHUKa. [{i1s mpoBepku
HaJIMYUs [epeceyeHusl MPeIBApUTENIbHO YOeUMCS B TOM, YTO KOHIIBI pedpa pacIioyioKeHbl 10

Ppa3HbIC CTOPOHBI OT HpﬂMOﬁ.



Puc. 3.8 — 3anonHeHne MHOrOyronbHUKa

[Ipu noucke Touek nepeceueHus: OyaeM MOJIb30BaThCs MPAaBUIAMM, PUMEHEHHBIMU B TECTE
IIPUHAJUIEKHOCTH. Toraa KpaTHbIE IEPECEUEHUs ¢ KOHTYPOM MHOT'OYT'OJIbHMKA B €0 BEPIIMHAX
OyIyT mpaBWIbHO YuTeHbl. Jlajmee ymopsgouuM MOJY4YEHHbIE TOYKU CJ€Ba HANpaBO U
CTPYNIHUPYEM UX MOMApHO. DTHU Hapbl U OYAYT SIBIATHCS KOHIAMH HMHTEPBAJOB, JIEXKAIIUX

BHYTPH MHOTOYTOJIbHHKA U MOJIKANIHMX 3aKpacke (puc. 3.8).

W3noxxeHHas cxema 3amloJHEHUS MHOI'OYroJIbHUKa HOCHUT HAa3BAHUC 3allOJIHCHUA B TIOPAIKE
CKaHHUpOBaHUA CTPOK, a CaM aJITOpUTM OTHOCHUTCIA K TUIIY aJITOPUTMOB IIOCTPOYHOI'O

CKaHUPOBAHMUSL.

3.6.3 Ctuab 3anoanenns. Kuers. Tekcrypa

[Tpu BEIBOJIE PUTYpP MOTYT MCIIOJIE30BATHCS PA3IMIHBIC CTHIIH 3amoiHeHus. i 0003HaueHUs
CTHUJICH 3aMOHEHUs, OTIMYHBIX OT CIUIOUTHOTO CTUJIS, UCTIONB3YIOT TaKUE MOHATHS, KaK KUCTh
U Tekctypa. HMX MOXHO CUYMTaTh CHHOHMMAaMH, OJHAKO TMOHSITHE TEKCTYpbl OOBIYHO
UCTIONB3YETCSI MPUMEHHUTEIPHO K TPEXMEPHBIM OOBEKTaM, a KUCTh — JJs M300paKeHUs

JIBYMEPHBIX 00beKkTOB [13].

TeKcmypa — 9mO Cmujlb 3ANnOJIHEeHUA, 3aKpauluedarue, Komopoe umumupyen CAONHCHYIO

penvedHyI0 06beMHYI0 NOBEPXHOCMb, GLINOTHEHHYIO U3 KAKO20-MO Mamepudaa.



Jlyis onMcaHusl anropuTMOB 3aTOJIHEHUsT (PUTYp C OMpPEAETICHHBIM CTUJIEM UCIIONIb3YeM TOT JKe
croco0, YTO U JAJIsl ONIMCAHUS AJITOPUTMOB pUCOBaHus JIMHUM. Hanpumep, B anroputme BbIBOJA
IOJIMTOHOB TUKCENM 3alOJHEHUs] PHUCYIOTCS B Tejle ILMKJIa TOPU3OHTaJeH, a Bce Jpyrue
olepaly  MpeIHa3HAa4YeHbl Ui MojcueTa KoopauHat (X, Y) 3tux mnukcenei. CruiomHoe

3aIl10JIHCHHUE O3HA4YacT, YTO IBET BCECX IMUKCEeJIEH OIMHAKOB.

[TpeoOpa3oBanue KOOpIAMHAT MUKCENS 3a0THEHUs (X, YY) B KOOPAUHATHI BHYTpU 00pa3ia KUCTH

MOXXHO BBIIIOJJHHUTH TaKUM 06pa30M:

XT=x-mod m, yT =y - mod n,

rje M, N — pasMepsl pacTpa KAUCTH COOTBETCTBEHHO 10 TOPU3OHTAIM U BEPTUKAIU. [Ipu 3TOM
koopauHatel (XT , YT ) Oyayr B auamasone XT =0...m
—1,yT  =0...n— 1 npu moObix 3HaYeHHUX X U Y. Takum obpazom,

obecreynBaeTcs MUKINYCCKOC KOITUPOBAHHUEC (1)paFMeHTOB KHCTHU BHYTpHU obnactu

3anonHeHus Gpurypsl (puc. 3.9).

VY 106Ho, Korjaa pa3Mepsl KUCTH paBHBI CTENEHU JBOWKH. B 3ToM ciydae BMecTo omepauuii
B3TUs ocTaTka (mod) MOXHO MCIIONIb30BaTh Oojiee ObICTpojeicTByromuMe A HU(POBBIX
KOMITHIOTEPOB TIOpa3psAHbIE TBOMYHBIC omepanuu. Huke mpuBeneH NpuUMeEp BBIYHCICHUS

ocTarTKa oT aejieHus Ha 16.
Jlns nmukceneit TEKCTyp 4acTo yrnoTpeOsieTcs Ha3BaHHe TEKCEeIb.

Texcenv — munumanvuas e()uHuua mexKkcmypbul.



yr

Pactp kuctu

Puc. 3.9 — KonupoBanue pacTtpa Kuctu

PaCTPOBLIe TCKCTYPbl U KHCTH HINPOKO HUCIIOJIB3YHOTCA B COBpeMCHHOﬁ KOMHBIOTCpHOﬁ

rpaduke.

Hdnst oroOpaxeHuss TpPEeXMEPHBIX OOBEKTOB YacTO  HCIOJIB3YIOTCS  TOJIMTOHAJIbHBIC
MOBEPXHOCTH, KXKIAsl TPaHb OTOOPAKACTCSI C HATOKCHHON TEeKCTypoil. I10cKOIbKY OOBEKTHI
OOBIYHO TOKA3bIBAIOTCS C Pa3HBIX PAKypCOB — TMOBOPOTHI, M3MEHEHHUS Pa3MEpPOB U TOMY
nonobHoe, TO HEOOXOJUMO COOTBETCTBEHHO TpaHC(HOPMHUpPOBATH M KaXKAYI0 TpaHb C

TEKCTYpOM. [[7151 3TOro UCoab3yr0TCs MPOEKTUBHBIE TEKCTYPHI.
ITpuHsTO OAPA3AEIATE TEKCTYPHI HA 1BA BUJA!

1) YnopsinoduenHast. Vi3MeHeHUe TOHA B BUJIC MPABWIBHBIX HIIU MIOYTH MTPABUIBHBIX
TEOMETPHUYSCKUX PUCYHKOB (KUPIHYHAs KJaJKa, KadelbHas 00IUIIOBKA, MaXMAaTHBIH
PHUCYHOK).

2)Croxactuueckas (cmydaitHas). COOTBETCTBYET €CTECTBEHHBIM 00BEKTaM U, KaK

MMpaBUJIO, SABJIACTCA CJICACTBUCM IIECPOXOBATOCTH ITOBCPXHOCTH.

OnvH U3 OCHOBHBIX HPUHIUIOB (OPMHPOBAHUS TEKCTYphl — MEPEHOC DPEryJISIPHOTO WU
CTOXaCTHYECKOI'0 PUCYHKa Ha MOBEPXHOCTh 00beKTa. B GOIBbIIMHCTBE MPAKTUYECKUX CITY4aeB
Takue MpeoOpa3oBaHUs JUHEHHBI, a Ko GULIHEHT npeoOpa3oBaHUil MOXKET ObITh BHIYUCIICH U3
COOTHOILLIEHUN MEXKIY H3BECTHBIMHM TOYKAaMU B CHUCTEMAaX KOOPAMHAT. XapaKTEepHbIE TOYKU
y30pa M3 MPOCTPAHCTBA TEKCTYpPhl MNEPEHOCATCS B OOBEKTHOE IPOCTPAHCTBO, 3aTEM B

HPOCTPAHCTBO N300paXKEHUH, U OTPEIICICHHBIM 00Pa30M COCTUHSFOTCS



JUHUM  pUCYHKa. B  mpouegypax  HaHECeHHMs  TEKCTypbl  4acTO  MCIOJIB3YHOTCS

(parMeHTHpOBaHKE KaK y30pPOB, TAK U IOBEPXHOCTEH.

IIpu nepeHoce Ha NOBEPXHOCTh MNPEAMETA TEKCTYPBI, IPEIACTABIIAIOIICH HENPEPBIBHOE
PEryJIsIpHOE WK CITydaiiHOE I0JIe IPKOCTHU, HanOoJee MOAXOSIIUM ABJISIETCSI METO 00paTHOI
TPacCUpPOBKU jy4el. LlenTp nukcens

— u300pakeHre NpPOeLUPYeTCsl Ha MOBEPXHOCTh MpeiMeTa, U M0 KOOpPAUHATAM TOYKHM Ha
IIOBEPXHOCTU OIPENEIACTCS COOTBETCTBYIOIIAsA €d TOYKa B NPOCTPAHCTBE TEKCTyphl. [l
ycTpaHeHus: 3(QQEKTOB, BBI3BAHHBIX IPOCTPAHCTBEHHOW IUCKpPETH3alMel, HCIOJIb3YHTCS
npoucaypsl CriaxuBaHUWs. OILHOﬁ U3 BO3MOXHBIX IIpoHeaAyp CIIa)XKUBaHHA ABJIACTCA
TpaCcCUPOBKa YCTBIPEX TOYCK, COOTBCTCTBYIOIIUX VYIJIaM IIUKCCIIA, W HCIIOJb30BAHUC

CpCAHECIO 3HAUCHUA SAPKOCTU TCKCTYPHI VIS 3TUX YCTBIPEX TOYUCK.

Jlns moBepXHOCTEW CO 3HAUMTENbHOMW KPUBU3HOM (IIap, AILTUICOM[) MEPEHOC Ha HHUX Jake
CTOXACTHUYECKON TEKCTYphl HE O0ECIeunBaeT peaqucTHieckoro Buja. [lpuuuHa 3TOro0 B TOM,
YTO  TeKcTypa, chopmupoBaHHas 0Oe3 ydera (GopMbl OOBEKTa, HE MEpeJacT H3MEHEHHE
OCBEIICHHOCTH, OOYCJIOBJICHHOW penbeoM TMOBEpXHOCTH. JlJii peanbHBIX IIEPOXOBATHIX
MOBEPXHOCTEH BEKTOP HOPMAJIM COJEPKUT HEOOJBIIYIO CIYYallHYIO COCTAaBIISIONIYI0, KOTOpast

ONpeaACIIICT XapaKTep U3MCHCHHA OCBCIICHHOCTHU B I/I306pa)KeHI/II/I.

3.7  Meroabl yJy4uienusi pacTpoOBbIX M300pasKeHHii

PaccMoTpuM HEKOTOpbIE M3 CYIIECTBYIOUIMX METOJOB YJIY4IIEHHUS KauecTBa M300pakKeHUH,
KOTOpbIE OCHOBBIBAIOTCSI Ha CYOBEKTUBHOM BOCIHPHATHHM pa3pellaronieil crnocoOHOCTH U
KOoJu4ecTBa LBETOB. [Ipn OJHUX M TeX K€ 3HAYEHUSAX TEXHUYECKUX NapaMeTpOB YCTPOMCTBA
rpau4ecKoro BBIBOJIA MOXHO CO3[aTh WJUTIO3MIO YBEIHMUYEHHs pa3peliaromieil crnocoOHOCTH
WM KoimdecTBa 1BeTOB. Ilpuyem cyOBEKTHBHOE YIIydllleHHME OJHOW XapaKTepUCTUKU

MPOMCXOJINT 3a CUeT yxymuienus apyroit [20].



3.7.1 Yecrpanenne crynenuaroro 3¢exra

B pacrpoBhIX cHCTeMax INpH HEBBICOKOH paspemiaromeii crocobHoctr (Menbmie 300 dpi)
cyliecTByeT mpobiema crymendaroro ¢ dekra (aliasing) — mpu O0JIBIIOM IIare CETKH pacTpa

MUKCEIN JIMHUI 00pa3yloT Kak Obl CTYIIEHH JIGCTHULIBI.

Anuacunz — Odegexmul uzodpasgicenus, 3¢pgpekm «cmynenuamocmuy uz00paiceHus, npomue
KOMOPO20 UCNONb3VIOMCS PA3IUYHbBLE ANCOPUMMbL CAANCUBAHUS.

PaccmoTpuMm 3TO0 Ha mpuMepe OTpe3ka MpsMoi JuHHHM. BooOiie roBops, pacTpoBoe
n3o0paxxeHHe  OOBEKTa  ONpEeAeNseTcs  aJfOPUTMOM  3aKpalIUMBaHUS  IHKCEJEH,
COOTBETCTBYIOIIUX Tedy wu300pakaeMoro oO0beKkTa. PasHble anropuTMbl MOTYT JaTh
CYIIECTBEHHO OTJIMYAIOIINECS BAapUAHTHI PACTPOBOTO H300paKEHUS OJHOTO MU TOTO JKE
00beKTa. MOXHO Cc(HOPMYIMPOBATH YCIOBHE KOPPEKTHOIO 3aKPAIIMBAHHUS CIICAYIOIINM
00pa3oM — eciu B KOHTYp H300pakaeMoro oObeKTa MOIagacT OOJbIIE MOJIOBHHBI TUIOIIA TN
SYCHKU CETKH PacTpa, TO COOTBETCTBYIOILIMI MUKCENb 3aKpamuBaercs 1BeroM oobekTa (C),

MHa4ye — MHUKCeNb coxpanseT nseT ¢pona (Ce).

Ha puc. 3.10 moka3aHo pacTpoBoe M300pa’keHHE TOJICTON NPSAMOM JIMHMU, Ha KOTOPYIO IS

CpaBHCHHA HAJIOKCH HcaJIbHbBIN KOHTYp HUCXOJTHOM JTUHUU.

VYcerpanenue ctyneH4aroro 3Qexra Ha3pIBaeTCsl Ha AHTITUHCKOM SI3BIKE

«antialiasingy.

Puc. 3.10 — PactpoBoe n3o0pakeHne npsiMoi JTMHUN



Anmuanucune — mexnonoaus, youparowas d¢pgdexm «cmyneHuamocmuy ¢ UCnOIb308AHUEM

PA3TUYHBIX AJICOPUNMIMOE CSNANCUBAHUAL.

st Toro 4TtoOBl pacTpoBOe M300pa)KEHWE JIMHUU BBITJISAACIIO 0o0Jiee POBHBIM, MOXXHO IIBET
VIJIOBBIX ~ THUKCENIEW  «CTYNEHEK JIECTHHUIbD) 3aMEHUTb  OINPEJCICHHBIM  OTTEHKOM,
MPOMEXKYTOUYHBIM MEXKIY IBETOM O0BEKTa H 1[BeTOM (oHA. bymaeM BBIYHCIATH IBET
MPOMOPIIMOHAIIBHO YacTH IUIOIIAM SYCHKH pacTpa, MOKPHIBAEMOW HJI€aTbHBIM KOHTYPOM
obbekTa. Ecom mutomanp Bce suelku 0003HAYMTh Kak S, a 4acTh ILIOMIAIH, MOKPHIBAEMOU

KOHTYPOM, — SX, TO UCKOMBI IIBET PaBHSAETCS:

C-S+Cyp-(S-5)
Cx = -
S
Ha puc. 3.11 noka3aHo cria)xeHHOE pacTpoOBOE N300paXKEHHE, TOCTPOCHHOE YKa3aHHBIM

BBIIIC METOJ0M.

Puc. 3.11 — CrmaxeHHOe pacTpoBOe H300pakeHHWE MPSMON JTHMHWH METOIbl BH3yaTu3alluu

CIJIa)KEHHBIX PaCTPOBBIX N300paKEHUN MOXKHO

pazenuTh Ha ABe rpynmnsl. [lepByro Ipyniy COCTaBISIOT alTOPUTMBI pacTepy3aluyl s
OTIENbHBIX MPUMHUTHUBOB — JIMHUWA, Guryp ¢ 3anojgHeHueM. B  xome BbIBona
MOCJEI0BATEIbHOCTH  NMPUMHUTUBOB s J1IOOOT0  MHKCENs  TEeKYyIIero IMpUMHTHBA

PaCcCUNTBIBACTCA COOTBCTCTBYIOIJ_II/Iﬁ OBCT C YUCTOM CTJIA)KUBAHUA.

HApyryro rpynny MeETOIOB CIUIaKABaHUS COCTAaBJIIIOT ~ METOJbl O0pabOTKH yXkKe

CYIIECTBYIOILETro n300paxkeHus. J{Js criiakuBaHus pacTPOBBIX



U300paKEeHU YacTO HCHOJB3YIOT anropuTMbl mHUppoBoit ¢unbrpaunu. OAMH M3 TaKUX
QITOPUTMOB — JIOKajbHast ¢uubTpanus. OHa OCYIIECTBISAETCS IyTeM B3BEIICHHOTO
CYMMHPOBAHHS SPKOCTH IHKCEJICH, pacloOXKEHHBIX BOKPYT TEKyIIero o0pabaThIBacMoro

nukcens (puc. 3.12).

Ecnu B x0o1e 00pab0TKM HOBBIE 3HAYEHUS 1IBETA MMUKCENEH 3alKChIBAIOTCS B IEPBOHAYAIBHBIN
pacTp U BOBJIEKAIOTCSl B BBIYUCIICHHUS JUISI OYEPEAHBIX IMHKCENeH, TO TaKyl (QHIbTpaIIio
Ha3bIBAIOT pexypcusHou. Ilpu nepexypcuenou unvmpayuy B BBIYUCICHHUS BOBJIEKAIOTCS
TOJBKO TIPEKHUE 3HAUEHHs IBeTa MuKcenei. HepekypCHBHOCTh MOXXKHO 00eCHeuuTh, €Ciu
HOBBIC 3HAYEHUS 3allMChIBATh B OTACNbHBIM MaccuB. PekypcuBHBIA (UIBTp MOXKET JaTh
Oomnbimid 3PPEeKT cpaBHUTEIBHO C HEPEKYPCUBHBIM (UIBTPOM — H3MEHEHHUE I[BETa OJHOIO

IMUKCEIIA MOXCET IMPUBECTU K H3MCHCHUAM MHUKCEIIeH BCero I/I306pa)KeHI/I$I.

Ha puc. 3.12 mnpencraBiaeHbl pe3yinbTaTbl pabOThl JBYX BapHaHTOB HEPEKYPCHUBHOTO

CTIIQXXUBAIOMIETO (PUIBTPA, UCIOIB3YIOLIET0 OKHO (MacKy)

3 x3.

MUcxopHoe
n3obpaxeHue

(@)

Puc. 3.12 — JIBa criaxuBaromux GuibTpa ¢ Mackoi 3 x 3

3HaueHre HOPMHPYIONIEro KO QHIIMEeHTa 3/1eCh BEIOPAHO PaBHBIM CyMME DJIEMEHTOB MAacCKH.
OTHM 00ecrieynBaeTCs COXpaHEHHE MacITada sIPKOCTH MpeoOdpa3oBaHHOro pactpa. OTMeTnM,
9T0 Macka — OTO HE MaTpHuIa, a MacCuB KOI()(GHUIUCHTOB,  pacloIararoIuxcs

COOTBETCTBCHHO ITHMKCCIISIM OKHAa.

Cpennnii GUIABTP MOXKHO 3a7aTh U Mackod 2 X 2 — OTOpPOCUTH HYJEBbIE



KO3 PUITUEHTHI.

[Ipn criaaxuBaHUM I[BETHBIX HW300PAKEHUH MOXKHO HUCIOJIL30BATh moneab RGB wu

IPOU3BOIUTH (PUIBTPAIMIO MO KAKAOMY KOMIIOHEHTY.

C noMmompl0 JOKadbHOH 1HU(POBOH  (GHUIBTpAIMK MOXKHO  BBINOJHATH  JOBOJIBHO
pa3Hoo0pa3Hyr0 00pabOTKy M300paKEHHUI — TOBBIICHUE PE3KOCTH, BBIACICHUE KOHTYPOB U

MHOTO€ JIPYToe.

3.7.2 JInzepunr

CoBpeMCHHBIE PACTPOBBIC JHCIUIEH JOCTATOYHO KAYECTBEHHO BOCIPOM3BOMAT MUJUIMOHBI
[[BETOB, Oyarozaps 4emy 6e3 mpodiaemM MOXKHO 0TOOpaXkaTh IBETHBIE oTorpaduu. YcrpoiicTBa
neyatd OOBIYHO HMEIOT BBICOKYIO pa3pellarolryd crnocoOHocTh (dpi), 4acTo Ha MOPSIOK
BhIIe, 4yeM jauciuied. OIHaKo OHM HE MOTYT HEMOCPEICTBEHHO BOCCO3JAaTh JakKe COTHIO
rpajaliiii ceporo IBeTa sl MHUKceled uepHo-Oenbix (ororpaduii, He TOBOpsS yXKe O
MWIIHOHAX I[IBETOB. B OOJBIIMHCTBE CIIydacB MOXXHO YBHJICTh, YTO OTTCHKH I[BETOB (IS
[BETHBIX HM300paXEHUN) WIM Tpajgalud Cceporo (s UYepHOOENbIX) UMHUTHPYIOTCS
KOMOWHUPOBAaHHEM, CMECBIO ToUeK. UeM KadyecTBeHHee noJurpaduyeckoe 000pyaoBaHue, TEM

MCHBUIC OTACIBbHBIC TOYKU U paCCTOAHUE MCKIY HUMMU.

Jns ycTpoHCTB mewyatd Ha Oymare mpobjiemMa KOJMYecTBa KpacoK JIOCTaTOYHO BaxHa. B
noaurpaduu i NBETHBIX W300pa’keHU OOBIYHO HMCHOJB3YIOT TPU LBETHBIX KPACKU U OIHY
YEpHYI0, YTO B CMECH JAET BOCEMb LIBETOB (BKJIIOYAsl YEPHBIA LIBET M O€blil 1[BET OyMmarwu).
Berpeuarotest o0pasnpl medatu ¢ OOJBLIMM  KOJIMYECTBOM KpPacOK — HampuMep KapThl,
Hal€4yaTaHHbIE C MHCIIOJIIB30BAHMEM BOCBMHU KpacoK, OJHAKO TaKas TEXHOJIOTHs Ie4aTH

HaMHOTI'O CJIOXHCC.

Ecnu rpadudeckoe ycTpoHCTBO HE CIIOCOOHO BOCCO3/1aBaTh JOCTATOYHOE KOJIMYECTBO IIBETOB,
TOTJIa HCTIONIB3YIOT pacmpuposanie, — HE3aBUCUMO OT TOTO, PAaCTPOBOE OTO  YCTPOHCTBO
WIM HE pacTpoBoe. B momurpadpuun

pacTpupOBaHHUC HU3BCCTHO HOABHO. OHO HCIIOIB30BAIOCh HECKOJIBLKO CTOJICTHI



TOMY Ha3aj Juisd Ieyatd rpaBiop. B rpaBropax mzoOpakeHHe cO34aeTCsi MHOTUMH IITPUXaMHU,
IIPUYEM II0JyTOHOBBIE TIpafalli¥ MNPEACTABIAIOTCA WM IUTPUXaMU DPA3HOW TOJILIMHBI Ha
OJMHAKOBOM pPAacCCTOSHUM, WM IUTPUXAMHM OJWHAKOBOW TOJIIUHBI C NEPEMEHHOH TI'yCTOTOU
pacrionokeHus. Takue CrmocoObl MCTONB3YIOT OCOOEHHOCTH YEJIOBEUECKOTO 3pEHHs] U B
NEPBYIO OYepe/ib — MPOCTPAHCTBEHHYIO MHTErpanuio. Ecian qoctaTouHo O11M3K0 pacionoKUTh
MaJICHbKHE TOYKM pa3HbIX I[IBETOB, TO OHM OydyT BOCIPHHMMATBHCS KaK OJHA TOYKa C
HEKOTOPBIM YCPEIHEHHBIM LIBETOM. EciM Ha MIOCKOCTH T'YCTO PACIIONIOXKUTh MHOI'O MaJIEHBKUX
pPa3HOLIBETHBIX TOYEK, TO OyIeT cO3/laHa BU3yalbHas WIIIO3Ms 3aKpalllMBaHUs IUIOCKOCTU
OIpEENIEHHbIM YCPEeIHEHHBIM LBETOM. OHAKO €ClM yBEIWYMBATh pa3Mepbl TOUEK U (WIJIM)
paccTosiHue MEXy HUMU, TO MIUIO3US CILIOIIHOIO 3aKpallMBaHMs MCUE3aeT — BKJIIOYACTCA
Jpyrasi cucTeMa 4YeJIOBEUeCKOro 3peHHs, KOoTopas oOecleyuBaeT CIHOCOOHOCTh pa3ivyaTh

00BEKTBHI, TOAYEPKUBATH KOHTYPBHI.

B koMIbrOTepHBIX rpadUIeCKUX CHCTEMaX 4acTO MCIHOJB3YIOT 3TH MeTObl. OHH MO3BOJISIOT
YBCIUYNUTH KOJUYCCTBO OTTCHKOB IIBETOB 3a CUCT CHHIKCHUS MPOCTPAHCTBECHHOI'O pa3spCUICHUA
pactpoBoro u3o0paxkeHus. MHauye roBOps — 3TO OOMEH paspelaromieii crocoOHOCTH Ha
KOJINYeCTBO 11BeTOB. B nureparype mo KI' Takue MeTobl pacTpUpOBaHUS MOTYUYHIINH Ha3BAaHHUE

«mu3epunry (dithering, paspexenue, apokaHue).

IIpocTreliiuM BapuaHTOM [IU3EPUHIa MOXKHO CUYUTaTh CO3JAHUE OTTEHKA IBETa IapaMu
cocelHUX nukcened. Ecam paccMoTpers siueliku n3 aByX nukcenei (puc. 3.13), To sueiika

HOMCEDP 1 maeT OTTEHOK IIBETA:

§ Cr+
C= 7
rie C1 m C2 — muBera, KOTOphIe TpaduyecKkoe yCTPOWCTBO HEMOCPEIACTBEHHO CITIOCOOHO

BOCCO37aTh Ui Jmo6oro mukcens. Yucnosslie 3Hauenus C, Cj u C2 MOXHO paccuuTarh B

MMOJIYTOHOBBIX I'paJaliudgX UJIW B MOJCIIN RGB —B OTACIBHOCTHU IJIA 11000r0 KOMIIOHEHTA.



()

Puc. 3.13 — Slyeliku u3 IByX NUKceaen

[Tpumep pacTpa C HMCIONB30BAaHUEM SlUEEK W3 JIBYX NHUKceled npuseneH Ha puc. 3.14. Kak
BUJMM, JJIsl CO3/IaHUsI POMEXYTOUHOro orTeHka (C) sueliku 00pa3yroT BepTUKaJIbHbIE JINHUM,
KOTOpbIE OYEHb 3aMETHBI. [[j1s1 TOro 4To0bl 4eN0BEK BOCHPUHSII 3TO KaK CIUIOIIHON OTTEHOK,
HEOOX0MMO, 4TOOBI YIIIOBOW pa3Mep siueeK ObLI MEHBIIE OAHOW YIJIOBOH MUHYTHI. MOXKHO

HU3MCHATD IMOJIOKCHHA TaKUX AYCCK B paCTpEC, pacnojarasi ux, HalipumMep, 1o JuaroHaiu.

Puc. 3.14 — Ilpocreiimmii tu3epuHr

Hanbonee dacto uCronb3yrOT KBaJpaTHbIE sUeWKH OOnbIIuX pasmepoB. [IpuBenem mpumep
sueek pazmepom 2 x 2 (puc. 3.15). Takue siueiiku Aar0T S5 rpajanuii, 13 HUX TPU KOMOMHAITIH

(1, 2, 3) 06pa3yroT HOBbIE OTTEHKH.

4
Puc. 3.15 — Syeiiku 2 x 2

[IpenocraBuM Takxke IpUMEPHI TYEEK APYTUX pa3MEpPOB, ssueiku 3 X 3 mpenocTanistor 10
rpanauuii (puc. 3.16, a) u aueiiku 5 X 5 garot 26 rpaganuit

(puc. 3.16, 6).



a) o)

Puc. 3.16 — I'pamamuu uBera: a — 10 rpananuii (sruetiku 3 % 3), 6 — 25

rpajganui (ssueiiku 5 x 5)

Pacuer 1uBera, KOTOpBI COOTBETCTBYET OJHOW M3 KOMOMHAIIMM MHUKCEICH B sSUYCKE, MOXXHO
BBITIOJIHUTH CIEAYIOMUM 00pa3om: Eciu mukcenu suedKu MOTryT OBITh TOJIBKO JIBYX I[BETOB
(C1 u C2), To HEOOXOAMMO MOJACYNUTATH YACTh IUIOMIAIH SUCHKH JUIS MUKCENCH KaKIoro

uBera. L[Ber suetiku C MOXHO OLIEHUTHh COOTHOIICHHEM:

c S.C1+(S-8)C  8,Cy +8,C
- S B S ’

rae S — oOmas miomanb s4eiiku; S1 u S2 — JacTu IIoIaau, 3aHsAThie TUKCEIIMU BeToB C1
u C2 coorBercTBeHHO, mpuueM S1 + S2 = S. Tlpoire Bcero, eciiv MUKCENH KBaJApaTHBIC, a UX
pa3Mep paBHSETCS IIary pacrojioKeHUs MHkcened. [IpuMeM miomangs OJHOTO TMHKCENTs 3a

CAWHUILLY. B stom CJIyvdac 1mjiomajib, 3aHdaTad MUKCCIIIMU B H‘leﬁl(e, pPaBHACTCA UX KOJIMYCCTBY

(puc. 3.17).

C|—

Puc. 3.17 — Onpenenenne miomaan KOJIMIECTBOM MUKCENEH



[Tpumep:
Jns saetiku 5 % 5, n3o0paxeHHo# Ha pucyHke 3.16, 6, paccuntaeM uBeT C 111 HEKOTOPBIX
setoB C1 u C2. Eciiu C1 — Oenbrit nset (R1 G1 B1) = (255, 255, 255), a C2 — yepnbiit (R2
G2 B2)=(0,0,0), Torma:

[R} (SiR, +S:R,) /S| [244
C = -

L1

G (S161+52G2)/S =244
Bl (5B +8:.B,)/s| |244]

CJ'IGI[OBEITCJ'ILHO, MOJIYYHJIn CBeTHO'CepLIﬁ OBCT.

Ecmu C1 — xenreiii (R1 G1 B1) = (255, 255,0), a C2 — xpacusriii (R2 G2 B2) = (255, 0,
0), To C = (255,204, 0). DT0 OTTEHOK OPaHKEBOTO.

I/ITaK, €CJIM B STYCHKE pa3Mepamu N X N UCHOJB30BAHBI IBA LIBETA, TO C IIOMOILIBIO

ITOW AYEHKH MOXKHO IOJIYyYUTh ne + 1 pasHBIX IBETOBBIX Tpamanuii. J[Be kKoMOMHAINK
MHUKCEJIeH SYEeMKH, eclii Bce NuKcenu sueiiku umeroT 1Ber Cl1 wm C2, namoT 1BeT
cootBeTcTBeHHO C1 mnm C2. Bee apyrume xoMOMHanMM JarOT OTTEHKH, IMPOMEXKYTOUHBIE

mexay C1 u C2.

MoXHO cYHTaTh, 4YTO SYEWKH pa3MepoM N X N o0pa3ylT pacTp C pasperiaroen

CHOCO6HOCTBIO, B N pa3 MeHBI.HefI, 4YCM Yy Ha4daJIbHOI'O pacTpa, a FJ'IY6I/IH3. BCTa BO3paCTacCT

IPONOPLUOHAIIEHO n. JUis XapakTepUCTUKH HM300pakKeHUH, KOTOpPBIE CO3JA0TCS METOJIOM

AU3CpUHTa, UCITIOJIB3YIOT TCPMUH

— «uHuamypa pacmpay. JIuHMaTypa BBIYMCIAETCS KaK KOJMYECTBO JMHHUH (sueek) Ha
€MHUIlY IJIUHBI — CAaHTUMETP, MUJUIUMETP, ItoiM. B mocnenHem ciydae equHUIA U3MEPEHNUs

Jutst TuHAaTypbl — Ipi (1o ananoruwm ¢ dpi).

Junuamypa pacmpa — xapaxmepuszyem nepuood cemku u 0003Hauaem KOIUYECMEO JUHULL
pacmpa Ha eOUHUYY OUHBL U300PAINCEHUS.
PaccmoTpum mipuMepsl TpeoOpa3oBaHMsi PacTPOBOIO H300paKeHHs] pasMepoM P X ( ¢

oTpeielIeHHON TITyOMHOM 11BeTa B APYrol pacTp,



npeIHa3HAYCHHBIA i1 OTOOPa)KEHUSI C TOMOIIBIO TPadUUIecKOoro YCTPOICTBA, B KOTOPOM
UCIIOJNIB3YETCSI OTPaHUYCHHOE KOJIMYECTBO OCHOBHBIX 1IBETOB. B Takom ciiydyae Hazo BbIOpaTh
pa3Mepbl sUeHKM M X N, KOTOpble OOECHEeUMBAIOT JOCTATOYHOE KOJIUYECTBO IIBETOBBIX
rpaganuii. [lorom m000I MUKCENh pacTpa MpPeBpaIIaeTcs B MUKCEIh pacTpa OTOOpaKCHHS.

OTO MOXHO OCYIIECTBUTDH IBYMSI CIIOCOOAMHU.

[TepBeiii crioco0. JIx000¥i TUKCeNs 3aMEeHSIETCs TYEHKOM U3 M X N MuKceneld. ITo camoe TOUHOe
npeoOpa3oBaHUe 110 I[BETAM, HO pa3Mep pacTpa YBEIMYMBAETCS M COCTaBIIeT MP X NQ

HUKCEIIEN.

Bropoit cnoco6. 3aech pasmepbl pacTpa He wu3MeHsTca. LlBer mo0oro mmKcens

IpeoOpa3oBaHHOTO PACcTpa BHIUUCIAETCS CICIYIOIUM 00pa3oM:

* OnpenensieM KOOpAMHATHI TUKCENs (X, Y) U1l mpeoOpa3yeMoro pacrpa.

* Haxomum nBet nukcens (X, Y).

* [lo uBery nukcens HaxoauM Homep (K) stueiiku, HanboIee aIeKBaTHO
HPECTaBIIAIOIIEH 3TOT LBET.

* [lo xoopauHaTaM (X, Y) BEIUUCIIIEM KOOPIMHATHI TUKCENIa BHYTPU SYEHKH:
Xk =x -mod m, yk =y - mod n.

* Haxomum nBet (C) nukcens stueiiku ¢ koopauHartamu (XK , Yk ).

* 3anuchIBacM B IPeoOpa30BaHHBIN pacTp nukcens (X, Y) ¢ userom C.
Takoil cnocod6 MOXKHO MCIIONIB30BaTh HE JJIS JIFOOBIX BapUaHTOB PACIOJIOKEHUS IUKCENEeH B
syeiikax. KoHgurypamum mnmkcenei JODKHBI OBITH CIEIHATBbHO pa3padOTaHbl JUIST TaKHX
npeoOpa3oBanuii. OgHO U3 TpeOOBaHUN MOXKHO CGHOPMYIHPOBATH TaK: €CIU SYEHKU
pa3paboTaHbl HA OCHOBE JIBYX LIBETOB, HaIlpUMep OEJI0oro M YEepHOTro, a Tpajlaliii U3MEHSIOTCS
HPOMOPIIMOHATIBHO HOMEPY STYSHKH, TO HEOOXOIMMO, 4TOOBI stuciika ¢ HomepoM (i) st Goree

TEMHOM IpaJaliiy ceporo cojiepxaia Obl BCe YEPHbIE MUKCEIH



stueiiku Homep (i — 1).
PaccmoTpum npumep n300paxeHns, CO3JaHHOTO Ha OCHOBE sYeeK 5 X 5.

JUis co3aHMsl Takoro M300pa)keHHs CHeluanbHO Oblia BbIOpaHa HeOOJbINAs pa3pellarolas
CIIOCOOHOCTH, YTOOBI IOYCPKHYTh CTPYKTYpPY H300pakeHus. Sdeiiku o0pa3yroT J0CTaTOYHO
3aMeTHBIN KBaapaTHbIX pactp (puc. 3.18). [lng ynydmeHust BocpuaTus n300pakeHUsI MOKHO
UCIOJIb30BaTh JPYroe pacHojOXeHHWe S4eeK, HalpuMmep AuaroHaibHoe. JluaroHaipHoe
PAcIIOIOKEHHE MOXKHO IOJIyYUTh, €CIIM CABUraTh YETHBIE CTPOKU S4€eK. A JUIsl TOrO 4TOOBI
[OJIyUYUTh JUArOHAIbHYIO CTPYKTYPY pacTpa, IOJ00HYIO TOH, 4TO MCIOJIb3YETCs Ul IeYaTH

Ta3cT, MOXKHO HCII0JIB30BATh KBAAPATHOC PACIIOIIOKCHHUEC AUCCK APYIroro Tuiia

Puc. 3.18 — [Ipumep kBazpaTHOro pacrpa ¢ ssuerkamu 5 x 5

Jlnis Bcex MpHUBEEHHBIX BBIIIE MPUMEPOB JU3EPUHTA SYEHKH 00pa3yloT TOUKH MEPEMEHHOIO
pa3Mepa ¢ MOCTOSIHHBIM IaroM. OHAKO 4acTO MCIOJIB3YETCs APYrou Moaxon — MepeMEeHHas
IUIOTHOCTh PACIIOJIOKEHUS] TOYEK IOCTOSHHOrO pa3mepa. Takoill crmoco0 moiydnsn Ha3BaHHE

yacTtoTHOU Monyisiiuu (UM) (puc. 3.19).



Puc. 3.19 — YM-sueiiku 6 X 6

[TonoxxurenpHas yepTta crocoba UM — MeHbIIas 3aMETHOCTb CTPYKTYphI pactpa. OmHako
€ro UCMOJIb30BaHUE YCIOXKHEHO B Cllydae, KOrja pa3Mep nukcenen 6ombiie, yeM mar. Haunnas
C OIpeAeNeHHOW IJIOTHOCTH, NMUKCENU CMbIKatoTcs. KpoMe Toro, Ha JUCKPETHOM pacTpe
HEBO3MOXKHO O0ECIEeUYUTh IJIABHOE M3MEHEHHE IUIOTHOCTH (4acTOThl), B OCOOCHHOCTU MJIsi

syeeK HeOOJbIIOro pazmepa. PaccMoTpuM mpumep siueek 5 x 5, peanusyromux YM- nuzepuHr

(puc. 3.20).

@

z

g i

Puc. 3.20 — Ha6op UM-siueex 5 x 5

I[J'IH I/I306pa)i(eHI/II>'I, CO3JaHHBIX MECTOJOM qM'I[PI?»CpI/IHl"a, pacTpupOBaHHUC MEHEC 3aMCTHO (pI/IC
3.21).

Puc. 3.21 — /lnaronansHoe pacnosoxenue YM-sueek 5 x 5

OO6mum HEJ0CTaTKOM METO/IOB, MCIIOJIB3YIOIINX perynspHoe



pacmoIo)eHNe OJMHAKOBBIX siYEEK, SBISETCS TO, YTO Bcerna oopasyercst Tekerypa. OnHoi u3
Ba)XHBIX 33J[a4 MCCIICJIOBAHUI B 3TOM 00JIACTH CUMTAIACH Pa3pab0TKa TAKUX BAPHAHTOB SIUCCK,
KOTOpbIe O00YCIIaBIMBAalOT HAUMEHEE 3aMETHYIO PAaCTPOBYIO CTPYKTYPY (KpOME TeX CIy4aeB,
KOTJa, HAo0OpOT, TaKyl CTPYKTYpPy HYKHO IMOMYEPKHYTH IS CO3/IaHUs M300pakeHUs B

CTHJIE T'PABIOPHI).

Jpyroil pa3HOBUIHOCTBIO [M3EpUHIA SABISAIOTCA METOJbI, B KOTOpPBIX BOOOIIE HE
HCIIOJIB3YIOTCA STICHUKHU. OI[HI/IM u3 HOHy.]ISIpHCfILHHX MCTOHOB JU3CPUHIA B HACTOAIICC BPCMA
spisiercst «error diffusion» — meron @rouda— Cmeiinbepea. OH o0ecnieunBaeT BBICOKOE
Ka4eCcTBO HM300paXCHUHW W YacTO HCIOJB3YeTCs B JpaiiBepax MPUHTEPOB U TpapUUECKUX

penakropax (puc. 3.22).

Ty

Puc. 3.22 — Metoa nuzepunra @noiina—Creiin6epra

Paccmotpum anroputm @noitna—CreitnOepra. Ilpu obpaboTke mepBoi CTpOKH pacTpa Ajs
nepBoro mukcens nsetr (C) 3amensiercs Ha Omwkaimmii U3 Bo3MOXHbIX (X ). Hampumep,
MUKCETh CEpOro IIBeTa 3aMEHSETCS COOTBETCTBYIOIIMM YepHBIM WM OenbiM. [l 3Toro
nuKcens Beraucisercs omuoka E = C — X . Ora ommbka B nponoprtuu (7/16, 5/16, 3/16, 1/16)
pacripefieNiieTcsi 1O COCeAHMM TuKcenmsM. Ilpu  o0paboTke  Cleayromero MUKCes
paccMaTpuBaeTCs YK€ CyMMa ero COOCTBEHHOTO I[BETa TUTIOC 3HAYCHHWE OIIHOKH, KOTOpOe
JIOLIO K ATOMY nukcento. Kak pacrnpocTtpansieTcs ommbka — 3TO 3aBUCUT OT HarpaBlICHUS

CKaHHUPOBaHUA CTPOKH.

Jlnst yMeHbIIeHHs] BEPOATHOCTH O00Pa30BaHUS PETYISIPHBIX Y30pOB PEKOMEHAYETCSl COCEIHUE

CTPOKH CKaAHUPOBATH B ITPOTHBOIIOJIOKKHBIX



HaMpaBJICHUAX — «3MEHKOI». DTOT MeToll ObUI NMPeIOKEH I TpaJalliii ceporo, OJJHAKO OH
C YCIIEXOM HCIIOJIB3YETCs, HapUMep, I npeodpazoBanus 24-OUTHBIX W300pakeHU B 256-

LIBETHEIE.



I'maBa 4

METO/JIbI 1 AJITOPUTMBI TPEXMEPHOM I'PA®UKHA

4.1 Busyaamzaumsi TpeXMepHBIX H300pakeHHii

B camoMm Ha3BaHMM paccMaTpuBaeMol OONacTM — «TpexMepHas rpaduka» — 3all0KeHO
yKa3aHHE Ha TO, YTO HaM MPEACTOUT UMETH JIEJIO C TPEMS IPOCTPAHCTBEHHBIMU U3MEPEHUAMH,
B 00OOIIEHHOM BHJE — IIUPUHOW, BBHICOTOW M TIyOMHOH. OJHAKO TEPMHUH «TpEXMEpHas
rpadukay» Bce jKe ABISETCS UCKaKEHUEM UCTHHBI. TpexMepHasi KOMIbIOTepHast rpaduka umeer
JIeJI0 BCETO JIMILb C ABYMEPHBIMU MPOEKLUAMU 00BEKTOB BOOOPAKaEMOro TPEXMEPHOT0 MUpA.
B kommbroTepHOi rpaduke OOBEKTHI CYIECTBYIOT JIMLIb B MaMATH KommbioTepa. OHU He
UMEIOT (PU3UIECKON POPMBI — ITO HE 0OJIee YeM COBOKYITHOCTh MaTEMATHYECKHX YpaBHEHHN
U JIBKEHUS DJJIEKTPOHOB B MHKpocxemax. Ha puc. 4.1. mpuBenena monens mpouecca

BU3YaJIU3aI[UH TPEXMEPHBIX H300pa’keHHH.

npl-ﬂ\']l/lTI-‘IBbl BEIBOd B MUPOBBIX KOOPAHHATAX

'

OT1ceyenue mo 0O6beM BUAWNMOCTH o
Puc. 4.1- Mogens npoliecca BU3yaln3al{iu TPEXMEPHBIX [300paxeHnit IIockobKy 0OBEKTHI, O

v
KOTOPBIX HACTripGsthy 0 MR T SN RS OB AT RoBRS 11,

KOMIIBIOTCpa, CAUWHCTBCHHBIM ({IOCOOOM YBUIACTh HX ABJISACTCSA }106aBJ'IeHI/Ie

[IpeobpazoBaHue B KOOPAHHATLL YCTPOHCTBA




HOBBIX MAaTCMaTHYCCKHX ypaBHeHHﬁ, OIMMUCBIBAIONIUX MCTOYHHUKHU CBCTAa W PaA3JIUYHBIC

CHGHB(b(i)CKTBI IJI ITpyuaAaHus peaIMCTUIHOCTH CO31aBacMOro I/1306pa}K€HI/I$I.

4.2  Buabl npoeKTHPOBAHMS

Hpoekmupoeanue — 0m06pa9fceﬂue mMoYex, 300aHHbIX 6 cucmeme Koop()uﬂam C

pasmeprocmoio N, 8 mouxu 6 cucmeme menvuiel pazmeprocmu n, 20e N < n.

[Tpoexiust TpexMepHOro 00bekTa (MPEACTaBICHHOIO B BU/IE€ COBOKYIHOCTH TOYEK) CTPOMUTCS
IpU IOMOLIM MPSAMBIX MPOEKTUPYIOUIMX Jy4ei, KOTOpbIE HA3bIBAIOTCS NPOEKTOpAaMHU MU
BBIXOJST U3 LIEHTPA MPOEKTUPOBAHMS, IPOXOJAT Uepe3 Kaxaylo TOUKY 00beKTa U, epecekas

KapTUHHYIO MJI0CKOCTh, 00pa3yroT mpoekuuio (puc. 4.2).

MIPOEKTHPOBAHHUS
OKpaHHBIE
KOOP/IUHATEI
>
JIya
4 MPOCKTUPOBAHUS
L— - .
Bugossie I'(
KOOPIHHATHI ,/ L
¥ IUIOCKOCTb
O6BexT
Mupossie .
KOOPJAMHATEI

Puc. 4.2 — IlpoextupoBanue

Ilpoekmupyowue 1yuu — ompe3Ku npamvix, UOYWUX U3 YEHMPA NPOEeKYUl yepe3 Katcoyio

mouKy obvekma 00 nepecevdeHus ¢ KapmuHHOﬁ njiockocmuio (I’ZJZOCKOCWIbIO npoem;uu).



Ha puc. 4.3 npuBenena kiaccuguKkamus mIOCKUX MPOCKITUH.

[Tpoekuun

/\

IapannenbHeie IlepcnekTnBHbIC

— T g I

Oprorpadmueckasn
Kocoyronnnas
OanoToueyHas
ByxTOoueunas
Tpextoueunas

Cpoboanas
Kabunernas

M3omeTpudcckast /

Juverpuucckas e— AKCOHOMETpHUECKas

Tpumerpuueckas \

Puc. 4.3 — Knaccuduxanus miocKux mpoeKIHit

B xomnproTepHO# Tpaduike Hanbosiee pacpoCcTpaHeHbI mapamiensHas (puc. 4.4, a) u

nepcrekTuBHas (puc. 4.4, 6) NpoeKuy.

Puc. 4.4 — Tunbl npoekuuii: a — napasuienbHas TPOEKIHs, O —



NEepCIeKTUBHAS MTPOCKIUS
421 TlapaniejbHOe NPOEKTHPOBAHUE

B napanienbHON NPOEKLIXHU JTy4d TPOSKTUPOBAHUS HapauiesibHbl Ipyr apyry. Ha puc. 4.5

MPUBE/ICH IPUMEP MapajlieIbHONU OpTOrpapruecKoi MpOeKIUHU AeTaIH.

Opmozpaghuueckoii npoeKkyueil Hazvleaemcs NpoeKyus, 8 KOMopou KAPMUHHASL NIOCKOCMb

coenadaem ¢ 0OHOU U3 KOOPOUHAMHBIX NJIOCKOCMEU WU NAPAILeNIbHA ell.

_______________

Puc. 4.5 — Oprorpaduyeckas npoexuus

Marpuriia npoeKkTHpoBaHus BI0ib ocu X Ha uiockocTs YOZ nmeer BU:

[P:] =

o O o O
o —= O O
—_—0 o O

o O = O

B cnyuae ecnu mi1ocKocTh MPOEKTUPOBAHUS MapaljieibHa KOOPAUHATHOM MIIOCKOCTH, HEOOXOMMO

YMHOXXHTH MaTpuily [Px] Ha MaTpuily mepenoca:



000011 0001 0000
A o100llo1 oo o100
[P]=[20-170=1g o 1 ol'lo o 1 0|70 0 1 o

000 1|00 1| [~oo001

AHAaJOTUYHO 3aMTUCBHIBAIOTCS MATPHIIBI OPTOTPAPHUECKOTO MPOSKTUPOBAHUS

BAOJIb APYTUX KOOPAUHATHBIX oceii:

[‘PJ&L] -

o - O O
-_0 O O
S O O =
oo = O
< OO
—_ 0 O O

o OO -
= o oo

AKcoHOMempuuecKoll npoeKyuell Ha3bleaemcs NpoeKyus, y KOMOPOU HNpoeKmupyrouue
npsamvle NepneHOUKYIAPHbL KAPMUHHOU NIOCKOCMU, CaMA KAPMUHHAS NIOCKOCMb MOXNCEm
pacnonazamscs 8 NPOCMpPAaHCcmee NPOU3BOIbHLIM 00PAZOM.

PaznuuaroT Tpu BHJA aKCOHOMETPUYECKMX MPOCKIMH, B 3aBUCUMOCTH OT B3aUMHOTO

PacIoJI0KEHUs IUIOCKOCTH MPOELMPOBAHUS U KOOPAMHATHBIX OCEH:

1) TpumeTpusi — HOpMaib K KAPTUHHOM IIIOCKOCTH 00pa3yeT C OpTaMH

KOOPAMHATHBIX OCEW MONAapHO Pa3jINYHbIEC YIJIbL

2) lumeTtpus — J1Ba yria MeKy HOPMaJlbl0 KAPTUHHOM IJIOCKOCTH U

KOOPpAWHATHBIMU OCSAMU pPABHBI.

3) U3omeTpusi — Bce TpH yIiia MEXAY HOPMaJibl0 KAPTUHHOM MJIOCKOCTH U

KOOPJIMHATHBIMU OCSIMU PaBHBI.
Kaxip1ii u3 Tpex BUIOB MPOEKIUI MmoyyaeTcss KoMOMHaIMel TOBOPOTOB, 3a KOTOPOH ClieayeT

napajuiesIbHOE MPOEKTUPOBAHHE.

[Tpu moBOpOTE HA YroJ Y OTHOCUTEIHHO OCH Y , Ha YTOJI €p BOKPYT OCH X U MOCIEAYIOMIETO

MMPOCKTUPOBAHHUA HA INIOCKOCTH Z = () BO3HHKAET Marpuna:



cosy sing-cosy 0 0

) | o cos 0 0
[MJ = [R‘J . [R\fJ [ —J Sil’l’lp s Sin(P . Cosw O 0
0 0 0 1

[Tpu 5TOM npeoOpa3yroTcs U eAMHUYHBIE OPThI KOOPIMHATHBIX ocelt X, Y ,

Z:
(1001)-[M]= (cos y sinep - siny 0 1);
0101)-[M]=(0cos ¢ 0 1);

0011)-[M]= (siny—sin¢ - cos y 0 1),

IIpu TpUMETpHUH MTOIYYEHHBIE B PE3YyJIbTATE JUIMHBI IIPOCKIUN Pa3IUYHBbI.

I[I/IMeTpI/IH XapaKTCPU3YCTCA TEM, YTO NJIUHBI ABYX HpO@KHI/Iﬁ COBIIaAArOT:

2 2

Cos“y+ sinz(b-sin Y= coszcb.

B CJIydac U30OMCTpUHU:

2 2

sin“y+ sinztb-cos Y= 0052(1).

N3 nocinennux ABYX COOTHOILIEHHM JETKO noJjrydacm, 4To:

1 1
.2 _ .2 _ -
31n1p—2, sin~ 3

Kocoyzonvnoit npoexkyueii nasvieaemcsi maxas Npoexkyus, y KOMOPOU npoekmupyioujue

npsamuvle 00pa3yom ¢ niI0CKOCMbI0 NPoeKyuu y2oi, omaudnsii om 90°.

[Tpu KOCOYTOIBHOM NMPOEKTHPOBAHUH OpTa OcH Z Ha MIIockocTh XOY

NMECCM.
(0011) - (aBO1).

Marpuiia COOTBETCTBYIOIIETO MPeoOpa30BaHMs UMEET BUJI:



1 000
0100

K1 = a B 00
10 0 0 1}

Paznugarot ABa TUIIa KOCOYTOJIbHBIX HpOGKL{HfII

1) CBoOo1Hast IPOEKLIKS — Yroj MEXAY IPOEKTUPYIOIUMU IPSIMBIMU U

MJIOCKOCTBIO TIpoeKIuu paBeH 45° (puc. 4.6). U3 aToro ciemyer:

T
a=03=cos—.

4
120 A0
Y
P
A
4 //
7 o e A

Puc. 4.6 — CBoOoaHast mpoeKIus

2)KabuneTHas MpoeKIys — YaCTHBIN Cllydail CBOOOHOM MPOEKIIUH, B KOTOPOM

MaciTab 1mo TpeTheil 0OCH BABOE MEHBIIIE, YEM TI0 JIBYM NEepBhIM (puc. 4.7):



90
135 A72

Puc. 4.7 — KabuneTHast npoeKius

4.2.2 IlepcneKTHBHOE NMPOEKTHPOBaHUE

Ilepcnekmuenaa (yenmpanvnas) npoeKyus — 6uU0 NPoeKkyuu, 20e JAy4u NPoOeKmupo8aHus
ucxoosam u3 00HO20 yewmpa (YeHmpa HNpPOeKMupo8aHus), pasmMeueHHo20 HA KOHEeYHOM

paccmosaHuu om 00beKmos u nIoCKoCcmu npoeKkmupoearusl.

JlaHHbIN BUJA MPOEKTUPOBAHUS MO3BOJSET MOJYYUTh HauboJiee pealuCTUUHbIE M300paKeHUS

TPEXMEPHBIX OOBEKTOB M3-3a MEPCHEKTUBHBIX NUCKAKEHUH CLIEHBI.

[lepciekTuBHAsT MPOEKIUS TOJy4yaeTcsl TIyTeM [EepCHeKTUBHOIO TMpeoOpa3oBaHusl U
NpOCMPOBAHUS HAa HEKOTOPYIO IUIOCKOCTh HaOmoneHus. IlepcriekTHBHBIE MPOEKIMU
MapauIeJIbHBIX MPSMBIX, HE MapaluiedbHbIX IUIOCKOCTH MPOEKIUH, OYAYT CXOOUTHCS B TOUKE

cxoza. Pa3nensior Tpu BuJa NepCieKTUBHOTO MPOEKTUPOBAHUS:

1) OnHOTOYEYHOE TIEPCIIEKTUBHOE TIPE0Opa30BaHNE XaPAKTEPU3YETCsl OTHOM

TOYKO# cxoja (puc. 4.8).



Te,

Puc. 4.8 — OpHoTOoUueUHOE NEPCIEKTUBHOE MpeoOpa3oBaHKe

[lepcriekTrBHAs MPOEKIUS Ha IJIOCKOCTh Z = () oOecrnieunBaeTcs

npeoOpazoBaHuEM:

oo = O
e e B an B en

— N O D
—

Ortcroza:

[x » 2 1]-[%]-[ - S 1]

rez+1 roz+1

Bozemem TOYKY B OCCKOHEYHOCTH Ha OCH Z U BBIIIOJHUM MEPCICKTUBHOC npeo6pa30BaHI/Ie:

[0 0 1 0-[E=[0 0 1 r].

HOCKOHBKy mapalICJIbHBIC JIMHUN UCXOAHOI'O IMTPOCTPAHCTBA «CXOAATCA» B 66CKOHG‘-IHOCTI/I, TO

B TpeoOpa3oBaHHOM IMPOCTPAHCTBE JUHHUM, KOTOpble OBbLTH MapauieNbHbl OCH Z, OyayT

bo !

CXOAUTHCA B TOUYKE CXOJa:



2) JIByXTOUEUHOE MEPCIIEKTUBHOE Pe00pa30BaHUE XapaKTEePU3yeTCs ABYMsI

Toukamu cxoja (puc. 4.9).

TCI TC}

Puc. 4.9 — JIByxToue4Hoe nepcreKTuBHOE peoOpa3oBaHue

[xyz l]v

L

~ X y z .
px+qg-yv+1l px+g-yv+1 p-x+q-y+1

oo -
R R
o= oo
— oa

d

Touku cxo/1a B JaHHOM CJ1y4ae pacrojI0KEHbI:

]
Lo ]
° Ha OCH X: P
1
[0 -0 1]
i Ha ocH Y. q
3) TpexTodeyHoe nepcreKTUBHOE MPEe0Opa30BaHNe XapaKTEPU3YETCs TPeMs

Toukamu cxona (puc. 4.10).

1 00 p
[x Vv z 1]- 8 (1)
Lo 0

X v z

p-x+qg-yv+r-z+1 p-x+qg-yv+r-z+1 p-x+q-y+r-z+1

Touku cxoJja B JaHHOM CJ1y4ae pacrojI0KEHBI:



e Haocux:|— O O 1]1.

e Haocuy: |0 — 0 1/
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Puc. 4.10 — TpexToueyHoe nepcrnekTUBHOE MpeoOpa3zoBaHue

4.3  Yaanenue HeBHAMMBIX JIMHHUI U TOBEPXHOCTEl

[Tocne Toro kak BEpIIMHBI MPOLUIM Yepe3 BCE ATalbl '€OMETPUUYECKHX MpeoOpa3zoBaHU U
IpoIelypy OTCeUeHHs, «Ha KOHBeHepe» OCTaJUCh TOJBKO T€ TI'e€OMETPUYECKHE OOBEKTHI,
KOTOpbIE MOTEHLUAIbHO MOTYT MomnacTe B (opmupyemoe uzodpaxenue. Ho mpexne uem
HOPUCTYNATh K UX PaCTPOBOMY IIPE0OpPa30BAHNIO, HYKHO PEILINTH €Ille OJHY 3a7auy — yAaJIuTh

00BEKTHI, IEPEKPHIBAEMBIC IPYTUMH 0OBEKTAMHU C TOUKH 3PEHUS HAOIIOAATEIIA.

Kapxacnble n300paxeHus JIETKO MOIy4aTh, HO OHH MaJIo MIOX0XH Ha



peanbHble OOBEKTHI. BONBIIMHCTBO OOBEKTOB HEMpPO3PayHbl, U COCTABIAIONINE UX
HOBEPXHOCTH 3aKpbIBAlOT co00il npyrue Tena. HeBakHO, OTKyZAa Mbl CMOTPHUM Ha HHX, B
Jr000M Cilydae HEKOTOpbIe 4acTW Tel OT HAC CKPBIThL. AJTOPUTMBI YAAJIEHHUS HEBHIUMBIX
JMHAA WM TOBEPXHOCTEH MOXKHO KJiaccu(UIMpOBaTh MO CIOCO0Y BBIOOpPAa CHCTEMBI

KOOPJMHAT UJIM POCTPAHCTBA, B KOTOPOM OHHM PadOTaroT.

ANropuT™BI, paboTaromue B 00beKTHOM IPOCTPAHCTBE, UMEIOT JIeNI0 ¢ (PU3NYECKON CHCTEMOM
KOOpArHAaT, B KOTOpOfI OIMMCAHBl 3TH OOBEKTHL. HpI/I 9TOM IOJY4YarOTCA BECbMa TOYHBLIC
PE3yIbTaThbl, OI'PaHUYCHHBIC, BOO6H_[C roBops, JIMIb TOYHOCTBHIO BBIUHCIICHHUH. HonyquHHe

I/I306pa)KGHI/I$I MOXXHO CBO6OI[HO YBCJINYHUBATL BO MHOI'O pas.

AJ'IFOpI/ITMBI, pa60Ta10mHe B OOBEKTHOM IMPOCTPAHCTBEC, OCOOEHHO TIOJNE3HHI B TEX

MMPUTTOKCHUAX, TAC HCOGXOIII/IMa BBICOKAs TOYHOCTD.

ANTOopuUTMBI K€, paboTaiouife B TPOCTPAHCTBE H300pa)KCHUs, MMEIOT JIEI0 C CHUCTEMOM
KOOp/AMHAT TOrO 3KpaHa, Ha KOTOPOM OOBEKThl BU3yalnusupytoorcsa. IIpu 3TomM TOYHOCTH
BBIYUCIICHUI OTpaHUYeHa pa3peniarneil cnocoOHOCThIO IKpaHa. Pe3yibrarel, MOydeHHEBIE B
IIPOCTPAHCTBE U300paKEHNUs, a 3aTEM YBEJIIMUEHHBIE BO MHOT'O pa3, HE OyIyT COOTBETCTBOBAThH
UCXOQHOM cueHe. Hampumep, MOryr He COBNAcTh KOHIBI OTPE3KOB. AJITOPUTMBIL,
dopmupyIOlIe CHHCOK IPUOPUTETOB, pPAOOTAIOT MOMEPEMEHHO B O00EUX YIOMSHYTBIX

CUCTEMAX KOOpAWHAT.

B nporpammax KI' mpuMeHSIIOTCS HECKOIBKO METOIOB YAAICHHSI HEBUAUMBIX ITOBEPXHOCTEN.

4.3.1 VYnaneHue HeJIULEBBIX IPaHeii

Ecin cueHa CcOCTOMT TOJBKO W3 BBINYKIBIX MHOIOIPAHHUKOB, TO BHYTPEHHHME TIpaHU
MHOIOYTOJIbHMKOB HHUKOIZa He OyayT «IIOKa3blBaThCs Ha IMa3a» HaOmonaremo. Ho y Takoro

BBIITYKJIOTO MHOI'OI'paHHHUKA 4YaCTb rpaHeﬁ



Oyner moBepHyTa OT HabroaTens (Tak HAa3bIBAEMbIC HEJMIICBBIE TPAHH) U,

CJIeIOBATENILHO, TOXKE HE Oy/IeT BUIHA HAOIIOIATEITIO.

Puc. 4.11 — Ananu3 nuiieBoit rpaHu

B koHeuHOM pe3yibTaTe, HEIUIEBbIE I'paHU OYAyT HEPEKPBbITHl APYTUMH, U 3TO CMOXKET
BBISIBUTh YHUBEPCAJIBHBIM alrOpUTM YyJAJEHUsS HEBUIUMBIX IOBEPXHOCTEM, HO MOXKHO
YIIPOCTUTH paboTy, cpa3y ke 0TOpaKoBaB HENUIEBbIE IpaHu. [IpuHIMIT OTOPAKOBKU HETUIIEBBIX
rpaHeil mosicusercs Ha puc. 4.11. BHemHssi CcTOpoHa MHOIOYroJibHMKa OyIeT BHIUMa
HAOJIIOIaTENI0 TOJIBKO B TOM Cllydae, €CIM HOpMallb K IIJIOCKOCTH MHOTOYTOJbHHMKA OyneT

HarpaBJieHa K HaOIoaTeo.

O6o3HaunM uepe3 O yrom MexJy BHEIIHEH HOpPMalbl0 IUIOCKOCTHM MHOTOYIOJbHHKA U
HalpaBJICHUEM Ha HaOIIOATeNs, TOIJAa MHOTOYIOJIBHUK OyJeT IPEeJCTaBIATh JHUIEBYIO IPAHb

00BEKTAa TOIBKO B TOM cirydac, €CJIM:

—90° < 6K 90°.

W npyroy BUJ 3alKCH:

cosO > 0.

[Tocneanee ycnoBue aHAIU3UPYETCS MPOIIIE, TOCKOJIBKY 3HAK KOCUHYCA JIETKO OIpeesieTcs
M0 CKAJIAPHOMY  MPOU3BEACHUIO U YCIOBHE  MOXKHO

c(hOpMyIIUPOBATH CIACAYIOIIIM 00pa3oM:



n-v>0.

MoXHO elie yHmpoCTHTh 3TOT aHalU3, €CJIM Y4YECTb, YTO OOBIYHO OH BBIIOJHSETCSA IMOCIHE
npeoOpa3oBaHusl B HOPMAIM30BaHHYIO CUCTEMY KOOPJIMHAT YCTpoicTBa oTOoOpaxkeHus. B aroii
CUCTCMC KOOPAMHAT BCC BHUIbI ABJIAIOTCA OPTOrOHAJIbHBIMHU, CJIICAOBATCIIBHO, HAIIPABJICHUC
HaOmoaTens 3a1aeTcsl KOOPIAMHATHON ocbhlo Z. Takum 00pa3oM, B OJHOPOAHBIX KOOpJIMHATAaX

BCKTOp V UMECT BU:

Ecau YpaBHCHHC IIJIOCKOCTH, B KOTOpOﬁ JICKUT

MHOTI'OYT'OJIbHHUK, UMECT BHUI:

a-Xx+b-y+c-z+d=0,

TO OJId OIMPCACIICHUS, ABJIACTCA JIU I'PAHb JII/IIICBOI71 U HeJII/IIICBOI\/JI, HOTpe6yeTC$I

MIPOBEPUTH TOJBKO 3HAK KO3 dulineHTa C.

4.3.2 Aaroputm Z-6ydepa

OnHUM M3 caMbIX PACIHpPOCTPAHEHHBIX AJTOPUTMOB YJaleHUs HEBUAMMBIX IOBEPXHOCTEH
apnsercs anroput™ Z-0ydepa (Oydep rinyounsl). Anroputm Z- Oydepa MO3BOISIET
OTpeNIeNIUTh, KaKue MUKCEIU I'paHel CIEHbl BHJIUMBI, a KaKhe 3acJIOHEHBbl TPaHsIMU APYTHX

00BEKTOB.

Bygep znyounwr (Z-buffer, depth buffer) — oonoanumenvnwiii o6vem namsmu, 20e xpanumes
3HAYeHue 21yOuUHbl NPUMUMUBOE NepeoHell NOBEePXHOCMU (paccmosHue om Habaroamens 00
NOBEPXHOCMU U300padtcaemo20 00beKma) 0Jisl Kaxicoo2o NUKCE.

Pasmepst Z-Oydepa paBHBI pa3mepamM OKHa, TaKUM oOOpa3oM, KaXXIOMY NHKCEII0 OKHa
COOTBETCTBYET sueiika Z-Oydepa. B 3T0i syeiike XpaHUTCS 3HaUEHUE TITyOUHBI TUKCENs (puc.

4.12). Ilepen pacrepusaiueii cuensl Z-0ydep



3aMoJIHACTCST 3HAYCHHUEM, COOTBETCTBYIOIIMM MAaKCHUMajbHOM TIiyOumHe. B ciydae, korma
IIIyOMHA XapaKTepHU3yeTcs 3HAaYeHHEeM W, MaKCHMMajlbHOW TJIyOMHE COOTBETCTBYET HYJIEBOEC
3Ha4YeHHE. AHAIN3 BUIUMOCTH MPOUCXOIUT TPU PACTEPHU3AINU TPAHEH, IS KaXKIOTO MUKCEIIs
paccuuThiBaeTCs TIIyOMHa M CpaBHUBaeTCs CO 3HaueHHeM B Z-Oydepe, ecnu pHUCYEeMBIi
nuKcenb Ommke (ero W Oosbiie 3HaueHus B Z-Oydepe), To MUKCenb PUCYETCs, a 3HAUCHHUE B
Z- 6ydepe 3ameHseTcs ero rryouHoi. Eciiu nmukcens ganpiie, TO MUKCENb HE pUcyeTcs u Z-

6y(1)ep HE U3MCHSICTCA, TCKYH_II/Iﬁ IMUKCEJIb AAJIBIIE TOI'O, YTO HAPHUCOBAH paHEC, a 3HAYUT,HCBUINM.
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Puc. 4.12 — Opranuzamus Z-6ydepa

ANTOpPUTM JI0BOJIBHO IIPOCTO pealM3yeTcs Kak MpOrpaMMHO, TaK M allapaTHO, MPEKpPacHO
COYeTaeTcsl ¢ KOHBEHEepHO! apXUTEKTYpoil rpadudyeckoil CHCTEMbl U MOXET BBIMOIHATHCS CO
CKOPOCTBIO, COOTBETCTBYIOIIEH CKOpOCTH OOpabOTKM BEPIIMH OCTAJbHBIMH MOIYJISIMU
KOHBelepa. XOTs aJIrOpUTM OTTAJIKUBAETCSl OT MPOCTPAHCTBA M300paKEHUs, OH BKIJIIOYAET
IUKJI IPOCMOTPa MHOTOYTOJIbHUKOB, a HE MHUKCENeW M MOKET OBbITh peajn30BaH B Ipoliecce

pacTpoBOro mpeodpa3oBaHuUsl.

[IpenmonoxumM, YTO BBINOJHAETCS PacTpoBOE IpeoOpa3oBaHME OJHOIO M3 JIBYX

MHOT'OYTOJIbHUKOB, MIOKa3aHHBIX HA puc. 4.13.
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Puc. 4.13 — Anroputm Z-0ydepa

Hcnone3yst IpUHATYIO B TpadUyecKoil cucTeMe MOJENb 3aKpalliBaHUs, MOYKHO BBIYHCIUTH
[[BET TOYEK IEPECeUEHUss C KaKIbIM M3 MHOIOYIOJIbHUKOB JIyya, MCXOJSILIEro M3 LEHTpa
IIPOCLIMPOBAHNS M TPOXOJAIIEIO 4epe3 3aJaHHbIM MHUKCEIb KAPTUHHOM IulocKocTH. Kpome
TOT'0, OAHOBPEMEHHO HY’KHO OIIPENEINTD, IBISETCS JIM JJaHHAs TOYKa IEPECEYCHHs] BUIUMOU
HaOMIOJATeN0, W3 JBYX AaHATU3UPYEMbIX BUAMUMOW OyIeT TOJNBKO TOYKa, OmmKalmas K
Habmonaremo. CrenoBarenbHO, €U mpeodpa3yeTcsi MHOTOYroJIbHUK B, ero obpasz momkeH
NOSIBUTHCS HAa DOKpaHE TOJIBKO B ClIyyae, €ClIM PACcCTOSIHHE Z2 MEHbIIE paccTosHus zZ1 10
MHoroyronbHuka A. M HaoGopoT, ecinu mpeoOpazyeTcs MHOTOYIOJIBHMK A, TO €ro IBET He
JMOJKEeH HHUKAaK TIOBIUATh Ha (GOPMUPYEMBId [BET MHUKCENs UM H300pa)keHHe JTOro
MHOTOYrOJIbHUKa B 3TOM 00JacTu B3KpaHa HE JOJDKHO NosBUThCS. Ho ecth HeOosblias
3arBo3/IKa B peaiM3aIliy dTON MPOCTOM Uaer — 00pabOTKa MHOTOYTOJBHUKOB BBITTOTHIETCS
MOCJIEI0BATENbHO, a OTOMY, IpeoOpa3ys B pacTp OJWH MHOTOYTOJIbHUK, MBI HE pacrioyiaraem
uH(poOpMalreil 0 TOM, Kak 110 OTHOLIEHHWI0 K HEMY paclojiokeHbl apyrue. Pemraercs sta
npobiemMa ¢

MOMOIUIBIO IPOMEXYTOUHOTO Oydepa, B KOTOpbI 3anuceiBaeTca nHGOpMaLus o



rIIyOMHE pa3MelleHus KaXKJ0ro MHOTOYTOJIbHUKA.

[Ipeanonoxum, 4TO B HaIIEM pacropsbKeHHH uMmeercs Oydep — HazoBeM ero Z O0ydepom,
KOTOPBI UMEET TAaKYIO JK€ OpraHu3aIuio, Kak u Oydep Kazapa, a pa3psaHOCTh KOKIOU STUehHKr
JOCTaTOYHA JJIsg XpaHeHus wuHPoOpManuu O DIyOMHe C TpUeMIIeMOW Ui KadecTBa

n3o0paxeHus: ToyHocThio. Hanpumep, eciiu popmar uzoOpaskeHus

1024 x 1280 mwmkcened © paccTosHUE B TpapUUYECKON CHUCTEME IPEACTABISICTCS
JeHCTBUTENIBHBIM YHCIIOM C OJHOKPAaTHOW TOYHOCTBIO, TO B Z- Oydepe nomxHo ObiTe 1024 x
1280 32-paspsanbix sueek. Ilepen Hayamom pacTpoBoro npeoOpa3oBaHUs OOBEKTOB CIICHBI B
KOKAYI0 SYEHKY 3aHOCUTCSI KOJI, COOTBETCTBYIOIIMI MaKCUMaJIbHOMY PACcCTOSHUIO OT IIEHTpa
npoenupoBanus. bydep kagpa B MCXOIHOM COCTOSHUU 3alOJHSETCS KoJaMH IBeTa ¢oHa. B
MPOIIECCe PACTPOBOTO IMpeoOpa3oBaHmsi OOBEKTOB Kaxaas s4ueiika Z-Oydepa COIEPKUT
3HaYCHHUE PACCTOSHUS 10 Omrpkaiimero u3 oO0paOOTaHHBIX paHee MHOTOYTOJIBHUKOB BIIOJb
IPOELUPYIOLIET0 Jy4ya, MPOXOAALIEr0 Yepe3 COOTBETCTBYIOUIMM MHKCEIb MPOCTPAHCTBA

HU300paKeHHUS.

[Tpouecc 3amonnenus Z-0ydepa BHIMISAUT B MEPBOM MPHUOIMKEHUU CIEIYIOIMIMM O00pa3oM.
Bce MHOTOYTOJTBHUKH B OMMCAHUM CIEHBI TTOCIIEA0BATEIHHO, OJUH 32 JPYTHM, TIOJIBEPTalOTCs
pactpoBoMy mpeoOpazoBaHuio. g  KaXJOoM TOYKM Ha MHOTOYTOJBHHKE, KOTOpas
MpOCHUPYETCS] Ha ONpeAeNeHHBIM THKCEeNb, BBIUMCISIETCS PACCTOSHUE 0 LEHTpa
MPOCIUPOBAHUA. ITO PACCTOSIHUE CPABHUBAETCS C YK€ XpaHAIIUMCS B TOH stueiike Z-0ydepa,
KOTOpasi COOTBETCTBYeT (hopMuUpyeMOMy THKCento. Ecimm paccTosHue 10 TEKYIIEro
MHOTOYTOJIbHUKA OoJibllie XpaHsmierocss B Z-Oydepe, 3HauMT, paHee ObLT 00paboTaH
MHOTOYTOJIbHUK, PACIOJOXKEHHBIH OMke K HaOMIogaTento, KOTOpBIA, TakuM o0pa3om,
3aropaxuBaeT Tekymuii. CleoBareabHO, JaHHAS TOYKA TEKYIETO MHOTOYTOJIbHUKA He OyaeT
BUIMMa W WH(QOpMAIMI0O O € IBEeTe HE HYXXHO 3aHOCUTh B Oydep kamapa. Eciam ke

BBIUMCJIEHHOE PACCTOSIHUE MEHBIIE TOT0, UTO XpaHUTcs B Z-0ydepe, 3HauuT,



TEKYIUIl MHOTOYTOJIBHUK CaM 3aropa’KUBaeT Te, YTo ObUIM 00paboTaHbl paHee,n ero Koj I[BeTa
JIOJDKeH 3aMeHHTh B Oydepe Kaapa Kox mBera, chOpMHUPOBaHHBIA paHee. OmHOBpEMEHHO

BBIYHCIIEHHOE TOJIBKO YTO PACCTOSIHUE 3aHOCUTCS B COOTBETCTBYIOIIYIO STYEHKY Z-Oydepa.
4.3.3 Aaroputm Podeprca

CaMbIM TIEpBBIM aNTOPUTMOM, MPEAHA3HAYCHHBIM IS YAQJICHUS HEBUAMMBIX JHUHHUHA, OBLI
anroput™ PobGeprca. CHauana B HEM OTOpachIBaloTCsl Bce pedpa, 00e ompenesiionme rpaHu
KOTOPBIX SIBJISIIOTCS HeMULEeBbIMU. CIeIyIOIIUM [IAaroM SIBJISIeTCs MPOBEpKa OCTaBIIMXCs pedep

CO BCCMU I'paHAMU MHOT'OT'paHHHUKA Ha 3aKPbIBAHUC.
Bo3mokHBI clIeayromue ciiydau:

1)rpaHb He 3aKphIBaeT pedpo;
2)rpaHb MOJIHOCTHIO 3aKPBIBAECT pedpo;

3)rpaHb YaCTUYHO 3aKpbIBaeT pedpo (B 3TOM ciayyae pedpo pa3OuBaercs Ha

HECKOJIBKO qaCTeﬁ, M3 KOTOPBIX BUAUMBIMHU SABJIAOTCA HE Ooiece I[BYX).

Anroput™m PoGeptca npexacrapisier co0oil mepBoe M3BECTHOE pELICHHE 33Jayu 00 yJaJleHuu
HEBUJIUMBIX JIMHUM. JTO MaTeMaTHYECKUH METOM, padoTaroiil B 00bEKTHOM MPOCTPAHCTBE.
ANropuT™, TpexXJe BCEro, yAalseT M3 KaXJoro Teina Te pedpa MM TIpaHH, KOTOpbIE
HKPAHUPYIOTCSI CAMUM TEJIOM. 3aTeéM KaXKA0€ U3 BUAUMBIX pedep KakJoro Teja CpaBHUBAETCS
C KaXIbIM W3 OCTABIIUXCS TEJ JUIA ONpEAETICHHsS TOTO, Kakas ero 4acTh WJIM YacTH, €CIU
TaKOBBIE €CTh, DKPAHUPYIOTCS STUMH TelaMu. [l0ATOMY BBIYMCIHTENBHAS TPYIOEMKOCTh
anroputMa PoOeprca pacTeT TeopeTHUYecKH Kak KBajapar uyucia o0bekToB. OaHako

MaTeMaTUYCCKHUE METOAbI, UCITIOJIb3YCEMBIC B 5TOM aJITOPUTME, ITPOCTHI, MOIIIHBI U TOYHBI.

B anroputme PobGeprca TpeOyercsi, uToObl Bce H300pakaeMble Tela WIH OOBEKTHl ObUIM
BBINMYKJIBIMA. HeEBBINyKIIble Tella JOJDKHBI ObITh pa3OUThl Ha BBINYKIbIE 4acTH. B 3TOM

AJIT'OPUTME BBIITYKJIOC MHOTOT'PAHHOC TCJIO C



IIJIIOCKUMHU T'paHAMU JOJIDKHO OpCACTABIATHCA HaGOpOM MEPCCCKAOIUXCA

IJIOCKOCTEH.

Anroputm Pobeptca nenurcs Ha Tpu dTamna:

* Ha IIEPBOM 3TAIIC KAXXA0€ TCJIO aHAIIU3UPYETCA HHANBUAYAJIbHO C LICJIBIO

YAaJICHUA HEITUIEBBIX IUIOCKOCTEH.

* Ha BTOpoM 3Tane npoBepsieTcsi 3KpaHUPOBAHUE OCTABIIUXCS B KAXKI0M
Tene pedep BCEMH IPYTUMH TellaMU C LEIbI0 00HAPYKCHHSI X HEBUIMMBIX

OTPE3KOB.

* Ha TpeTrbeM 3Tare BbIUUCISIIOTCS OTPE3KHU, KOTOpbIe 00pa3yloT HOBbIE pedpa npu

MPOTHIKAHUH TEJIAMU JIPYT ApPYyTa.

B AAHHOM aJITOPUTMC MPCANOJIaracTcCs, 4To TCjaa COCTOAT U3 IIJIOCKUX MOJIUTOHAJIBHBIX rpaHeﬁ,

KOTOpBIE, B CBOKO OYepelb, COCTOAT M3 p&bep, a peOpa — W3 OTHENBHBIX BepuIMH. Bce

BCPIINHEI, pe6pa U I'paHU CBA3aHbI C KOHKPETHBIM TCJIIOM.

434 AJAropuTM MOCTPOYHOI0 CKAHHPOBAHUSA

B 60-x romax Meron MOCTPOYHOIO CKAaHUPOBAaHUS cuuTaics Haubosee 3(P(HEeKTUBHBIM

AITOPUTMOM YIAJIICHUSA HCBHUIHWMBIX HOBCpXHOCTefI. AJIFOpI/ITM MMOCTPOYHOI'0 CKAHUPOBAHUA

COUCTACT YHAJICHUC HCBUIUMBIX HOBerHOCTCﬁ C paCcTpOBbBIM Hp606pa3OBaHI/IeM.




Puc. 4.14 — Meron nocTpoOYHOr0 CKaHUPOBAHUS

Wpes anropurMa NoCTPOYHOIO CKAHUPOBAHUS IIPEACTABIECHA HA PUC.

4.14. Ha pucyHke oToOpa)K€HbI JIBa MHOTOYTOJIbHHMKA, MEpECceKaroluxcs B mpocTpancTse. [lpu
pacTpoBOM IIpeoOpa30BaHWU MHOIOYTOJBHHUKOB, KOTOpPOE BBIIIOJHSAETCS I10CIIEI0BATENBHO,
CTpOKa 3a CTPOKOM, MOXHO BOCIIOJIb30BaTbCs METOJOM  BBIYMUCICHUS TITyOUMHBI B
NPUPALLEHUSX, pACCMOTPEHHBIM paHee. OHAKO cylecTByeT ele 0oee 3pPpeKTUBHBIN cr1ocod

00paboTKu.

[lepemeniasice BIOJNb CTPOKHM pacTpa I, MBI TIepecekaeM pedpo a MHOroyroipHuKa A.
[TockonbKy 3TO HEpBbI MHOTOYTOJIBHUK, KOTOpBI IepeceKkaeTcsi CTPOKOM, HET CMbICIa
BBINOJIHATh KakHe-TMOO BBIYMCICHMS, aHaIM3Mpyole ero riyouny. Haumnas c atoro
NUKCENsS, IOCIEAYIOIMM IpUCBaMBaeTcs KOJI 1BETA, COOTBETCTBYIOLIUMI  OKpacke
MHoroyrosibHuka A. Ho korga mo mepe mnepeMenieHus 10 CTPOKE Mbl BCTPETHUMCS CO
CIEIYIOIUM PeOpOM 3TOr0 MHOTOYroJbHHKA, D, TO 3TO Oyder o3Ha4aTh, 4TO ¢ 0OPaOOTKOIL
MHOIOYrojbHMKa A Ha 3TOH CTPOKE MOKOHYEHO M MOYKHO IPHUCBAaUBaTh IOCIEAYIOIIUM
IUKCEJIsIM KoJ 1iBeTa GoHa. Tak OyaeT MpoAoKaThCs 10 TeX Mop, 0Ka HE BCTPETUTCS pedpo C
MHOTOyroJIbHUKa B; MOCKOJIbKY mepea 3TUM Ha CTpoKe OoToOpaxascs (OH, MOKHO OMSTh HE
NpUHUMATh BO BHHMaHHE MH(OpMaIUio o0 IIyOMHE M CUMTaTh AAJbHEUIIMHA Y4acTOK CTPOKH

NPUHAAISKAIIUM 00pa3y MHOIOYTroJIbHUKa B.

Bosnee crnokHas cuTyanus BOSHUKAeT Ha cTpoke j. CHadaja Mbl ONsTh OOHApyKHBaeM pedpo a
Hu, HEC HpI/I6eFa$I K aHalIu3y FJ'IY6I/IHI)I, MOXEM, HadyuWHasz C OTOro IMUKCCIIA, IMPUCBAMBATDH
MOCIIEAYIOIIUM KO/ I[BETa, COOTBETCTBYIONINI OKpacke  MHoroyroipHuka A. Ho nanee
BCTpeuaeTcs pedpo C

«KOHKYpPHUPYIOIIETO» MHOTOYIOJIbHHKA, W 3/1eCh 0e3 aHaim3a IIIyOWHBI HE OOOWTHCH. DTOT

aHaJIN3 NpUACTCA MPOBOAUTDL AJId BCEX MMUKcenei CTPOKHU j, IMOKa HC BCTPECTUTCAH pe6po d.

XoTs Ha HepBBIﬁ B3I KaXXETCA, YTO OTOT aJITOPUTM BO MHOTOM



HAllOMUHAET anroput™M Z-0ydepa, MEXAYy HUMHU €CTh OJHO NPUHIMIIUAIBHOE OTIMYUE —
QITOPUTM TOCTPOYHOTO CKAaHUPOBaHUA TMpu 00pabOTKe KaKIOro MHKCENS JIOJKEH
IpOCMaTpUBaTh BCE MHOTOYIOJbHUKH, MPETEHIYIOIMe Ha OToOpakeHHWe B JaHHOW 30HE
9KpaHa, a adroput™ Z-Oydepa B KaKIpli MOMEHT BPEMEHH HMEET JIEJI0 TOJBKO C OJHHM
MHOTOYTOJIbHUKOM. Peanu3anust aaropuTMa MOCTPOYHOTO CKAHMPOBAHUS TpeOyeT TIATeIbHO
NPOJYMaHHOM OpraHu3alydyd JaHHBIX O MHOTOYIOJbHUKAX, KOTOpas IO3BOJIUT OBICTPO
oTOMpaTh cpeiu HUX Te, KOTOphbIe MPETEHAYIOT Ha OTOOpa)keHHe B TeKyllei crpoke. Yaie
BCET0 CTPYKTypa JaHHBIX 0a3HpyeTcss Ha MaCCUBE yKa3aTelel, 0 OJHOMY Ha KXyl CTPOKY,
KaXIbIi M3 KOTOPBIX YKa3blBaeT Ha CHEHUAIBHYIO CTPYKTYpy ONHCaHus pedep

MHOI'OI'PaHHHUKOB, IIEPCCCKACMbIX 9TOM CTpOKOfI.

4.4  3akpammBaHme IOBepXHOCTeii

B stom pas3aciic 6y,I[y’T PAaCCMOTPCHBI METOJbI, KOTOPBIC TIIO3BOJIAIOT IIOJYYUTH Haunoboee
PCATUCTUYHBIC I/1306pa)K€HI/I$I JJIA 06’I)eKTOB, MOACIIMPYEMBIX  MHOI'OIpaHHHUKaMHU U

IIOJIMTOHAJIBHBIMHU CETKaMU.

441 Mopaenu oTpa:keHHs CBeTa

PaccMoTpuM, Kak MOXHO ONpeAEauTh LBET MHUKCeNeld M300pa’keHus MOBEPXHOCTH COTJIACHO
MHTEHCUBHOCTH OTPAKEHHOT'O CBETa IIPU Y4YETE B3aUMHOIO PACIIOJIOKEHHS IOBEPXHOCTH,

HCTOYHHUKA CBCTA U Ha6J'IIO,Z[aTCJIH.

3epkanvhoe ompasxcenue — ompagicenue, NPU KOMOPOM Y20l MeHCOY HOPMANbLIO U NAOAIOUWUM
nyuom (0) pasen yany medncoy Hopmanvio

U ompasitCeHHbiM JIY4OM.

[Tagaromuii 1y4, OTpaXXeHHBIN, 1 HOPMaJIb PacIoiaraloTcsl B OAHON IIocKocTH (puc. 4.15).

[ToBEepXHOCTb CUHTAETCS UOEANbHO 3epKANbHOU, €CIU Ha HeH OTCYTCTBYIOT KaKHesInoOo

HEPOBHOCTH, IIepoxoBaTocTU. COOCTBEHHBIN LIBET y



Takoi IMOBCPXHOCTU HC Ha6JIIOI[aCTCSI. CaeToBas OHCPIrusa NaJaromiero Jyda OTpaXacTcd
TOJIBKO IIO JIMHHUH OTPAXCHHOI'O Jiy4a. Kaxkoe-m160 pacceaHue€ B CTOPOHEI OT STOHN JMHUU
OTCYTCTBYCT. B IIpupoac HET UACAIBbHO I'NTaAKHUX HOBerHOCTeﬁ, IMIO2TOMY I10JIararoT, 4To €CJIN

ri1yOuHa

OTtpakeHHBIN Ty4 Hopmans

Ha6nogatens '3::1' HcTouyHuk ceeta
a 9 0

IToBepxHOCTD

Puc. 4.15 — 3epkanibHOE OTpakeHUE CBETA

LIEPOXOBATOCTEH CYIIECTBEHHO MEHBIIE JJIMHBI BOJHBI HM3Iy4EHUs, TO pPACCEHBAHUS HE
HaOmoaeTcs. [l BHIMMOro CIEKTpa MOXKHO MPHHATH, YTO TIJIyOMHA IIEPOXOBATOCTEH

MOBEPXHOCTH 3epKaja JOJKHA ObITh CYIIECTBEHHO MeHbIe 0.5 MKM.

Eciu IMOBCPXHOCTL 3€pKajla OTHOJUPOBaHa HEHUACAIILHO, TO Ha6J'II-0,[[aeTC$I 3aBUCUMOCTb
HHTCHCHUBHOCTHU OTPAXKCHHOTO CBETA OT IAJIMHBI BOJIHBI — YEM OoJIbIIIe JJIMHA BOJIHBI, TEM

nydiie otpaxenue. Hampumep, KpacHbIe JIydu OTPaxaroTcs CUIIbHEE, YeM CHHUE.

HpI/I HaJIM4YHUH HIGpOXOBaTOCTeﬁ HMECTCA 3aBUCMMOCTb MHTCHCHUBHOCTU OTPAKCHHOI'O CBE€TA OT

yrija nmaacHus. OTpa)KCHI/IC CBCTAa MAKCUMAJILHO IJIF YI'JIOB 9, Oonmu3kux k 90 rpagycam.

ITamarormii Jyd, nomnagasa Ha CJCrKka MCpOXOBaTy0 IOBCPXHOCTb PCAJIbHOI0 3C€pKala,
MmopoKAACT HC OJUH OTpa)KeHHLII\/'I Jy4, a HCECKOJBKO leqeﬁ, paccCuBacMbIX 1O PA3JINIHBIM
HaITpaBJICHUAM. 30Ha pacc€ruBaHrd 3aBHUCHUT OT Ka4C€CTBa IMOJIMPOBKU U MOXKET OBITH ONHcaHa

HEKOTOPBIM 3aKOHOM pacnpenenenus. Kak npaBuio, popma 30HbI pacCeMBaHUs CUMMETpUYHA



OTHOCHUTEJIBHO JIMHUU UJI€AIbHOI0 3€pKaJIbHO OTPAXXEHHOTr 0 J1yda. K umncity npocredmmx

OTHOCHUTCA BMHI/IpI/ILIeCKaﬂ MOACIb paCHpeIIeHeHI/ISI (DOHFa:
IS=1-KS-cosPaq,

rae | — WHTEHCUBHOCTD U3MydeHus HCTOUHUKA, KS — K03 (HUIIMEHT MpOomopIHOHATBHOCTH, O
— YI0JI OTKJIOHEHUS OT JIMHUU UJEaJbHO OTPAXKEHHOIO Jiyda, P — II0Ka3aTellb U3 Juara3oHa

ot 1 o 200, 3aBUCSIIMI OT KaueCcTBa MOJHUPOBKH.

Jugpgpyznoe ompasricenue — ompasicenue, npu KOmopom naodarowjull Ha NOBEPXHOCMb VY

pacceuesaemcs 00UHAKOBO NO 8CEM Hanpaeienusim.

Juddy3Hoe oTpaskeHue MPUCYIIE Mamosbim TOBEPXHOCTIM. MaTOBOM MOKHO CUMTATh TAKYIO
MIOBEPXHOCTh, pa3Mep IIEPOXOBATOCTEN KOTOPOW Y€ HACTOIBKO BEJIMK, YTO MaJaroIIMi JIyd
paccenBaeTcsi paBHOMEPHO BO BCE CTOPOHBI. Takoil TN OTpa)K€HWsI XapaKTE€peH, Halpumep,

JUIsI THITICA, TIecKa, Oymaru.

HuddysHoe oTpakeHue ONUChIBaeTcs 3akoHOM  JlamOepra, cOrmacHO  KOTOPOMY
WHTEHCUBHOCTh OTPAYKEHHOTO CBETAa MPOMOPLHUOHATIBHA KOCHHYCY YIJIa MEK/y HallpaBJIeHUEM

Ha TOYCYHBIH HCTOYHHUK CBETA U HOPMAJIbIO K MoBepxHOCTH (puc. 4.16).

Id=1:Kd:cos0,

rae | — WHTEeHCHMBHOCTh MCTOYHHMKA cBeTa, Kd — KOA(QQUIMEHT, KOTOpPBIA YUUTHIBAET

CBOMCTBaA MaTepuajia moOBECPXHOCTH.

HUcTounuxk
;:E CBETA

0

Hopmais

[ToBepxHOCThL



Puc. 4.16 — MaToBas mOBEpXHOCTh

3nauenne Kd Haxoautcs B nuamnazone ot 0 no 1. HTEHCHBHOCTH OTpPaKEHHOTO CBETa HE

3aBHUCHUT OT PACIIOJIOKCHHA Ha6JHOI[aT€JISI.

MaroBasi MOBEpXHOCTh MMEET CBOM 1BeT. HaOmromaemplii IBET MaTOBOM IOBEPXHOCTH
ompesenseTcs KOMOWHanueld COOCTBEHHOTO I[BeTa TIOBEPXHOCTH W IIBETa W3ITyUYCHHS

HCTOYHHUKA CBCTA.

[Ipy co3pmaHuM peanuCTUUHBIX U300pAKEHUH ClIeqyeT y4YUThIBaThb TO, YTO B IPUPOAE HE
CYLIECTBYET MHJ€aIbHO 3€pPKAJbHBIX WJIM  IIOJHOCTBIO MATOBBIX MOBepXxHocTe. Ilpu
N300paXeHUH OOBEKTOB CpPEJACTBAMH KOMIIBIOTEPHONM TIpaduKud OOBIUHO MOJEIUPYIOT
COYETaHUE 3EePKATBHOCTH M JU((Y3HOr0 paccerBaHHUsA B IPOIOPLHM, XapaKTEepHOW Ui
KOHKPETHOI0 Marepuana. B sTtoMm ciydae Mojenb OTpa)keHMs 3alMChIBAIOT B BUJIE CYMMBbI

T y3HOH U 3epKaIbHOW KOMITOHEHT:
lorp = 1(Kd - cos 0 + KS - cos Pa),
rie koHcTanThl Kd , KS onpenenstor oTpaxaTeabHbIe CBOIICTBAa MaTepHrara.

CormacHo 31Ol (GopmMysie WHTEHCUBHOCTh OTPAXEHHOTO CBETa pPaBHA HYINIO JJISI HEKOTOPBIX
yrioB O 1 o. OnHAaKO B pealbHBIX ClIEHAX OOBIYHO HET MOJHOCTHIO 3aTEMHEHHBIX OOBHEKTOB,
ClelyeT YYUTHIBaTh (JOHOBYIO TMOJCBETKY, OCBEIIEHUE PACCESHHBIM CBETOM, OTPAKEHHBIM OT

APyrux 00bekTOB. B TakoMm CJIy4a€ MHTCHCUBHOCTH MOKET OLITH OMITMPUYCCKH BBIpa’XCHa

caenyromei Gopmynoin:
lotp = la - Ka + 1(Kd - cos 0 + KS - cosPa),

rac |a — UHTCHCHUBHOCTD PaCCCAHHOI'O CBCTA, Ka — KOHCTaHTa.



442 BbluncieHue HopMaJei

OrnpezenieHre BEKTOpa HOPMAIM K MOBEPXHOCTU B 33JJaHHOW TOYKE MOXKET OBITh BBIIIOJHEHO
pa3iaMYHbIMH crioco0amu. B 3HAUMTENBbHON CTENEHHM 3TO OIpeAesieTcsl TUIIOM MOJENu
OMMCAHUS MOBEPXHOCTH. {1 MOBEpPXHOCTEMN, 3a/laHHbIX B aHAIUTUYECKOU (opMe, N3BECTHBI
METOJIbI AU(PEPEHIINATHFHON TEeOMETPHUH, KOTOPHIE OCHOBBIBAIOTCS HA BBIYMCIICHUH YaCTHBIX
npou3BOAHBIX  (yHKIMK omucanms [13]. Hampumep, ecium MOBEPXHOCTh  3ajlaHa

napaMeTpUUECKUMH (DYHKIUSIMHU:
X = X(s, 1),

y=y(s1),
z=12(s,1),

TO KOOPAHWHATLI BEKTOpPA HOpMaJIUu MOKHO BBIYUCIIMTD TaK:

oy Oz
xy=|0s 0s :i}%_g%
’ Q % 0s Ot Ot Os
ot ot
0z Ox
Yy = aS aS :%.%_%.%’
. % % d0s 0t Ot Os
or 0t
ox 0y
zv =105 Os :%Q_QQ
‘ Ox dy| s or ¢ Os
ot 0t

B cJIydyac OmnucCaHus IMOBCPXHOCTHU BGKTOpHO-HOHI/IFOHaJII)HOfI MOZCIIBIO IJId ONpCACIICHUA

HOpMaJIeld MOKHO MCTIOJI30BaTh METOIbI BEKTOPHOU aiareOphl.

IIycTs B IpOCTpaHCTBE 3aJaHa HEKOTOpas MHOIOTpaHHas MMOBEPXHOCTh. PaccMOTpuM onHY ee
IUIOCKYIO TpaHb B BHJIEe TpeyrojbHuka (puc. 4.17, a). [ns BbIYMCICHHUS KOOPIMHAT BEKTOpa
HOpMaJIM BOCHOJIb3YeMCSl BEKTOPHBIM MPOU3BEIECHUEM JTIOOBIX JBYX BEKTOPOB, JIeXKAllUX B
IUIOCKOCTH TpaHU. B KadecTBe TakuX BEKTOPOB MOTYT CIYXHUTbh U pebpa IpaHH, Harmpumep

pebpa 1—2 u 1-3. OxHako GopMyIisl 4711 BEKTOPHOTO IMPOU3BEACHUS ObLITH ONpeAeIeHbI



TOJIBKO JUIS PaInyC-BEKTOPOB.

a) 0)

Puc. 4.17 — Ilpumep ma0cKOi rpaHd MOBEPXHOCTH: d— TPEYTOJIbHAS IPaHb, 6 —paguyc-

BCKTOPbI

UTo0bl mepeiTu K paanyc-BeKTOpaM, BBEJEM HOBYIO CHUCTEMY KOOPIMHAT, LIEHTP KOTOPOM
COBIIAJIa€T C BEPLIMHON 1, a ocu mapajuienbHbl OCsAM MpekHEN cuctemsl. KoopauHaTsl BEpIIMH

B HOBOM CUCTEME:

xi =X; — X1,
r_

Vi =Vi~ Vi,
Z: = Z; — Z1.

Teneps HazoBeM pedpo (1-2) BekTopom A, a pedpo (1-3) — BekTopoMm B, Kak MOKa3aHO Ha PHUC.

4.17, 6. TakuMm 0Opazom, MOJIOKEHHE HOPMAIU K TPaHU B

IIPOCTPAHCTBE

!
Oynet onuchiBaThes paanyc-BektropoM N. Ero koopaunatsl B cucteme (X

’ !
Y, Z) BbIpa3zuM (HopMyJaMu JIsl BEKTOPHOTO TIPOU3BEACHUS:



xy=-n)z-z1) - (z2-21)(ys =),
=z —21)(—x1) = (2 -1 )(z3 — 1),

Zy = (xz —xl)(y3 —yl) - (yz —yl)(x3 —x1)~
3/1ech UCTIOIB30BaHbl KOOPAUHATHI BEPIIMH I'PaHu J0 MepeHoca.

[lnockass rpaHb MOXeT H300paXaThCsi B PA3IMYHBIX pakypcax. B Kaxmoil KOHKPETHOM
CUTyallud HEOOXOIMMO BBIOMpATh HAIPABICHHE HOPMAalld, COOTBETCTBYIOIIECE 6BUOUMOL

cmopone Tpanu. Ecnu mockasi rpaHb MOKET OBITh BHJIHA C OOpaTHOW CTOPOHHI,

TO TOrJa B pacucTax OTPaAKCHHOI'O CBCTA H606XOI[I/IMO BI)I6I/IpaTI> B KaUCCTBC HOPMAJIA

obpatHbIii BeKTOp, TO ecTh (—N ).

Ecau monuronanpHas IOBEPXHOCThL MMECT HC TPCYT'OJIbHBIC I'PAHU, 4, HAIIPUMCDP, IIJIOCKUC
YCTBIPCXYT'OJIbHBIC, TO pacdHCT HOpMaAJIXM MOKHO BbIIIOJIHATH IIO JIFOOBIM TpEM BCpHIMHAM

IpaHu.

443 Metoa I'ypo

OTOT METOJl MpeAHa3HAuYeH IS CO3JaHMs WIUIIO3UU IJIaJKOH KPUBOJIMHEWHON MOBEPXHOCTH,
OIMCAaHHOM B BUJE€ MHOTOI'PDAHHUKOB WIM IOJUTOHAJIBHOM CETKU € IUIOCKUMU IrpaHaMu. Eciau
Ka)KJas IJI0CKask TpaHb UMEET OJUH IOCTOSHHBIN 1[BET, ONPEIAECICHHBIA C YYETOM OTPaKECHMUS,
TO pa3JIM4HbIC IBETA COCEIHUX I'PAHENW OYEHb 3aMETHBI, U IIOBEPXHOCTH BBITJISAUT UMEHHO KaK
MHOTOTPaHHMK, 3PEHUE YeIOBEKa MMEET CIIOCOOHOCTh MOJYEPKHUBATh MEpenajbl SPKOCTU Ha
IpaHUIAX CMEXHBIX I'paHell — Takol 3¢ dekt Ha3biBaeTcs 3¢ dexrom nojgoc Maxa. [Tostomy
JUIS CO3JaHUs WIIIO3UM TJIAJKOCTU HYKHO HAMHOIO YBEJIMYUTH KOJIMYECTBO IPAHEH, 4TO

MPUBOJUT K CYIIECTBEHHOMY 3aMeJICHHIO BU3yanu3auuu [13].

Merton prO OCHOBBIBACTCA Ha HJACC 3aKpallhBaHUA KaXJ0i ILIOCKOM T'paHu HE OJHUM
OBCTOM, a IIJIaBHO HU3MCHAKOHMIUMHUCA OTTCHKAaMM, BBIYHUCIACMBIMU ITYTEM HWHTCPIOJIANNN

LIBETOB ITPUMBIKAIOIINX IPAHEH.



3akpalMBaHue rpaHel Mo MeToy ['ypo ocyiecTBiIsieTcs B YEThIPE dTana.
1) BEruucnsitoTcss HOpMaiu K KaKJ10M T'paHHu.

2) OnipenensitoTcss HopMaiu B BepiirHax. Hopmans B BepiinHe

OTpeieNIIeTCsl yCpeIHEHHEM HOpMaJiel MPUMBIKAIOIINUX TPaHEeH.

3) Ha ocHoBe HopManeﬁ B BCpUIMHAX BBIYHUCIAIOTCA 3HAYCHUA MHTCHCUBHOCTCH B

BEpIIrHaxX COrjiaCHO BBI6paHH01>i MOZICIIN OTPAXKCHHUA CBETA.

4)3akpaliuBaroTCs IOJIUIOHbI TPAHEHN LIBETOM, COOTBETCTBYIOLIUM

JIMHEHHOMN HHTCPIIOJIAINU 3HAYCHUH MHTEHCUBHOCTH B BCpHIMHAX.

444 Merox Doura

AHanoruuex meroay ['ypo, HO pu ucnoap3oBaHuu Merona doHra ans onpenenaeHus LBETa B
KOKJIOM TOYKE HUHTEPIOJUPYIOTCA HE HMHTCHCUBHOCTH OTPAXKEHHOI'O CBETA, a BEKTOPBI

HOpMaJlel. 3aKkpalBaHue rpaiei no merony @oHra oCymecTBIsAeTCsA B TPU dTana:
1) Onpenensitorcss HOpMaJIH K TPaHsIM.
2)I1o HOpMaJIIM K TpaHAM ONPEAEIIAIOTCS HOPMAJIN B BEPIINHAX.

3) B xaxx10i1 TOUKe 3aKpalIMBacMOi rpaHu ONPEAEIAETCS

MHTEPIOJIMPOBAHHBIN BEKTOP HOPMAJIN.

Meron ®onra cinoxsee, ueM meron ['ypo. Jlns Kkaxaol TOUkH (IUKCENs]) MOBEPXHOCTU
HE00XOIMMO BBITOJIHATH HAMHOTO 0OJIbIIE BBIYUCIUTENBHBIX onepanuil. TeM He MeHee OH JaeT

S3HAYUTCIIBHO JIYUIIUC PE3YyJIbTAThL, B 0COOEHHOCTH IIpU UMHUTALIUA 3CPKAJIBHBIX HOBerHOCTeﬁ

[13].

445 IlpenomjieHue cBera

3aKOHBI MTPEJIOMIIEHUS CBETA CJENYyeT YUYUTHIBATH MPU MOCTPOCHUU U300paKeHUH MPO3padHbIX

00BEKTOB.

CornacHo 3TOH MOJENN UACATBLHOIO MPEIOMIICHHUS JIyY OTKJIOHSIETCS Ha



rpa"uie aByx cpel. Ilpudem magaromuii gyd, NpeJIOMIIEHHBIN JIyd U HOPMaJIb JIEKAT B OJHOU
IUIOCKOCTH (B 3TOH kK€ MJIOCKOCTU JIEKUT U 3€pPKaIbHO OTPaXEHHBIH Jy4). O003HAUUM yroi
MEXy NaJarolluM JIy4OM U HOPMAJIBIO KakK 01, a yrojl MeX1y HOPMaJIbIO U IPEIOMIICHHBIM

JTy4oM Kak a2. [l 3Tux yrioB u3BecTeH 3akoH CHenyca, COrinacHoO KOTOPOMY:

nl-sinal =n2 - sina2,

rze N1 u N2 — abCOMIOTHBIE OKA3aTEIH MPETOMIICHHUSI COOTBETCTBYIOLINX

cpex.

Ha puc. 4.18 uzo0pakeH npuMep OTKIOHEHHS JTyda IpH IperomiieHnn. B

JTAHHOM CJIy4ae rpaHMllaMM pa3jiesia Cpejl SBIIAIOTCS JIBE MMapaljiesIbHbIE TUIOCKOCTH, HallpUMeEp
IpHU MIPOXOXKICHUM JTyda yepe3 TOJICToe cTeks10. OueBUIHO, YTO yroi ol paBeH yrity 04, a yroi
a2 paBeH yriy o3. MHbIMU cloBaMM, IOCJE MPOXOXKICHUS CKBO3b CTEKJIO Jyd MapajljiesIbHO

CMECIIACTCA. OT0 CMEIIICHHE 3aBHCUT OT TOJINMHBEI CTEKJa M COOTHOIICHUS IOKa3aTelei

IMPCIIOMJICHUA CPEA.

a4

ay \A3

N

4

Puc. 4.18 — Ilpenomnenue nyqa

[Tpunsto CUUTATh, 4yTO I BaKyyMa aOCOJTIOTHBIN MoKa3aresb
npesnoMiieHus paBeH eauHuIe. s Bo3ayxa oH cocrasiser 1.00029, ans Boasl
— 1.33, anst cTexna pasHbIX cOpTOB: 1.52 (derkwuii kpoH), 1.65 (TsHKETbIN KPOH).

ITokazaTenn MMPECIOMIICHUA 3aBUCUT



OT COCTOSIHUS BEILECTBA, HAIIPUMEP OT TeMIiepaTypsl. Ha nmpakTuke oObIYHO HCTIONB3YIOT
OTHOIICHHUE MOKa3aTeleH MpeIoMIIeHHUs IBYX cpea (N1/n2), Ha3biBaeMOe OTHOCHTEIbHBIM

IMOKa3aTcJjieM IMMPCIOMIICHUS.

Eme ogHUM Ba)XKHBIM acHEKTOM IMPEIOMIICHHs SABISETCS 3aBUCUMOCTb OTKJIOHEHHMS Jyda OT
JUIMHBl BOJHBL. Yem MeHblIe JUIMHA BOJHBI, TeM OOJIbllI€ OTKJIOHSAETCS Jy4 HpHU
npesioMieHud. brarogaps 3TOMy CBONCTBY IPEIOMIIEHHs Mbl U HAOIIOJaeM  pPajyry.
®uoneroBbiii (1-0.4 MKM) 1yy OTKJIOHseTCsl Ooible Bcero, a kpacHsli (A = 0.7 MKM) —
MeHbllIe Bcero. Hampumep, ans crekia mokas3arenb MPEIOMIICHHS B BHJIUMOM CIEKTpe

n3Mensercd ot 1.53 no 1.51.

Takum 00pa3om, KaKIbli MpO3payHbIi MaTepuanl OMUCHIBACTCS MOKa3aTesIeM IMPEIOMIICHUS,
3aBUCAIIMM OT JIMHBI BOJIHBI. Kpome TOoro, HeoOX0auMO yYWTHIBATh, KaKas 4acTb CBETOBOM
SHEPTUU OTPAKAETCs, a KaKas 4yacTh MPOXOAUT Yepe3 OOBEKT U OMUCHIBACTCS MPETOMIICHUEM

CBCTaA.

4.4.6 BbluHC/IeHHE BEKTOPA MPEJOMJIEHHOI0 JIy4a

Cdhopmynmupyem 3amady crienyrommM oOpa3oM. 3amaHbl JBa €AMHUYHBIX BEKTOpa: Si —
paanyc-BEeKTOp, HANpaBIEHHbIM Ha UCTOYHMK, U Nj — paamyc- BEKTOp HOpMaiM K I'paHULE
pa3znena AByx cpen. Taxoke JOJKHBI ObITh M3BECTHBI JBa KOA(PQHUIMEHTAa NMPEIOMICHUS Ul

JTaHHBIX cped — N1 1 N2 (UK K€ UX OTHOLIEHUE).

TpeOyeTcst HAalTH €IUHUYHBIN pauyC-BEKTOp TpelioMieHHOro jiyda T1. [ns pemeHus: 3toi
3a/la4il BBIMOJIHUM HEKOTOpble TreoMmeTpuueckue moctpoeHus (puc. 4.19). Hanecem ere
HECKOJIbKO paJyc-BEKTOPOB (Jalee WX Mg KpaTKOCTH OyleM Has3bIBaTh BEKTOPAMH).

Hckomelii BekTOp T1 paBeH CyMMe JBYX BEKTOPOB:

T1=NT +B.
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Puc. 4.19 — [Ipenomnenue

Haiinem Baauane Bektop NT. OH NpOTHBOIIOJIOKEH 10 HAMPABICHUIO BEKTOPY HOpPMAJIH, a

IMOCKOJIBKY 110 YCJIOBHIO 3aa4U T1— C,Z[I/IHI/I‘IHLII‘/‘I, TO €TI0 IJIMHA paBHA:

IT1l- cosap = cosay.
Ortkyna:

NT =—N1 - cos 0.

HeobxonnMo omnpenenauTs cos 0.2. 3arnuieM 3aK0H NPeIoMIICHHs B BUJIE:

sin 02 = n - sin al, rae h = n1/n2.

HpI/IMeHI/IB HU3BCCTHBIC, TOKACCTBA ITOJTYUUM:

cos ay = /1 +n?(costa; — 1).

3HadeHue cos 0.1 MOKHO BBIPA3UTh UCPEC3 CKAIAPHOC MPOU3BCACHUC CANHUIHBIX

BekTopoB S1 u N1:
cos al =S1 - N1.

Toraa Mbl MOXeM 3amucaTh Takoe BelpaxkeHue /it Bektopa NT :



Nrr = —f\rl\/l + .F’I2 ((S| -JM] )2 — l)

Ocrasioch HaTH BbIpaxeHue i BekTopa B. OH pacronaraercsi Ha OJHON MPSMOM C

BekTOpoM A, ipudeM A = S1 — NS . YuursiBas, uyto BekTop NS = N1 - cos al, To A =

=S1 — N1 - cos al. Orcrona:

Bl sina, m
—_— = = — = H.
\F|  sina;  m

VYuuThiBasi B3aMMHOE PACIIOI0KEHNUE BEKTOPOB A U B, OTy4nM:
B=-n-F=n(N1(S1 - N1)— S1).

Ternepb MOKHO 3aIIUCAaTh HCKOMOE BBIPAKEHUE ISl EAMHUYHOIO PaJInyC- BEKTOpa JIydya

npenomMieHus 11.

Ty =n-Ny(S;-Ny) - nS, —Nl\./1 +n2 ((S1-Np)*-1).

Ecnu nmonkopeHHOE BBIpKEHHUE OTPHUIATEIHHO, TO MPEIOMIICHHBIN JIyd HE CYIIECTBYET. JTO

COOTBETCTBYET TaK HA3bIBAEMOMY IOJIHOMY BHYTPEHHEMY OTPAKEHUIO.

4.4.7 TpaccupoBka Jydeii

MeToapl TPACCUPOBKU JIy4ell Ha CETOAHSIIHUN J€Hb CYUTAIOTCS HamOoJiee MOUTHBIMH U
VHUBEPCATHHBIMH METOJAaMU CO3JaHUsI PEATMCTUYHBIX H300pakeHuil. M3BecTHO MHOTO
MIPUMEPOB pEATTU3AIMN AITOPUTMOB TPACCUPOBKH JJISI KAYECTBEHHOTO OTOOpaXKEHHUS CaMbIX
CJIO’KHBIX TPEXMEPHBIX CLUEH. MOKXHO OTMETUTD, YTO YHUBEPCAIBHOCTh METOJIOB TPACCUPOBKHU
B 3HAUUTENHHON CTEMEeHH OOYCIOBIEHA TEM, YTO B MX OCHOBE JIEKAT MPOCThIE U SICHBIE

IMOHATHA, OTpaXarOIIKWE HAI OIBIT BOCIIPUATHA OKPYXXKAIOIIETO MUpaA.

Kax MBI BUAMM OKPYXaIOIIY0 HAC pealbHOCTh? Bo-nepBbIX, HYKHO



OTPEACIUTLCA C TEM, YTO MBI BOOOIIE CIIOCOOHBI BUAETH. DTO HM3y4aeTcs B CIEHUATBHBIX
JTUCIUIUIMHAX, a B HEKOTOpOM cTemeHu, 3To Bompoc ¢unocodekuit. Ho 3mece Mbl Oynem
noJjlaratb, 4YTO OKpY)Kalollue Hac OOBEKThl 00J]alaloT IO OTHOLIEHUIO K CBETYy TaKUMU

CBOWCTBaMU:
® U3JIy4aloT;
® OTpa)aroT U MOTJIOMIAIOT;

* IIPOIYCKAIOT CKBO3b CeOsl.
Kaxxioe 13 3TuX CBOMCTB MOXKHO OIKCAaTh HEKOTOPHIM HabopoMm XxapakTtepuctuk. Hampumep,
U3ITy4EeHUE MOKHO OXapaKTepHU30BaThb HWHTEHCUBHOCTBIO, HAIPABICHHOCTHIO, CHEKTPOM.
W3nyuyeHue MOMKET HCXOIUTh OT YCJIOBHO TOYEYHOrO KCTOYHHMKA (JajeKkas 3Be3[a) HIu
NPOTSDKEHHOTO (CKakeM, OT HM3BEPralolielicss W3 KpaTepa ByJKaHa pacCIUIaBICHHOW JIaBBI).
PacnpocTpanenne W3Iy4eHHST MOMKET OCYIIECTBISATHCS BAOJNb JIOCTATOYHO Y3KOrO Jiy4ya
(cokycupoBaHHBIN JTyd Ja3epa), KOHYCOM (IIPOYKEKTOpP), PAaBHOMEPHO BO BCE CTOPOHBI
(Conmuue) nubo emie kak-HUOyIb. CBOWCTBO OTpakeHUs (TOTJIOIICHHUS) MOXHO OIHUCATh
xapakTepucTukamMu aud@y3Horo paccemBaHUs M 3epKalbHOro oTpaxeHus. [Ipo3padHocTs

MOJKHO OIIMCaTh OCJIa0JIEHUEM UHTCHCUBHOCTH U MMPCIOMIICHUCM.

PaCHpC,I[CJ'ICHI/IC CBETOBOH SHEPTHUU 1O BO3MOKHBIM HAIIPABJIICHUAM CBCTOBBIX Hy‘{eﬁ MOKHO
0T06pa31/ITI> C MOMOMIBbIO BEKTOPHEBIX JUArpaMM, B KOTOPBIX JJIMHA BCKTOPOB COOTBCTCTBYCT

HUHTCHCUBHOCTHU

Paccmotpum TO, Kak Qopmupyercss n300pakeHHe HEKOTOPOW CIIEHBI, BKIIIOYAIOIICH B cels
HCECKOJIBKO TIPOCTPaHCTBCHHBIX 00BEKTOB. BYJICM nojiaratb, 4TOo M3 TOYCK IIOBCPXHOCTU
(oObema) wm3Mydyaromux OOBEKTOB HUCXOAAT Jy4d cCBeTa. MOXKHO Ha3BaTh TaKue JIYIH
NEPBUYHBIMH — OHH OCBEHIAIOT BCE OCTadbHOE. BaXHBIM MOMEHTOM  SBISETCS
MPEOJIOKEHNEe, YTO CBETOBOHM Jyd B CBOOOJHOM IMPOCTPAHCTBE PACIPOCTPAHSETCS BIOIb
OpsIMOM JIMHUK (XOTS B CHEUUATIbHBIX pasfenax (U3MKU H3Y4aloTCs TaKKe U MPUYHHBI

BO3MOXKHOT'O UCKpHBIIeHUs). HO B reoMeTpruyecKoil onTHKe MojaraoT, 4To Jy4 CBETa



PpacpoCTpaHAaCTCAa HpHMOJII/IHCI\/JIHO A0 TEX TIOp, IIOKa HE BCTPCTHUTCA OTpa)xaromas

IMMOBCPXHOCTH UJIM I'paHUIla CPCAbI ITPCIIOMIICHUA.

OT UCTOYHMKOB HU3JIY4YECHUS UCXOAUT 10 Pa3IMYHBIM HAIIPABICHUSIM O€CUMCICHHOE MHOXKECTBO
NEPBUYHBIX JIydel (Jake JIyd Jla3epa HEBO3MOXKHO HIeanbHO c(hokKycupoBaTh). Hekoropsie
JY4YH YXOJAT B CBOOOIHOE MPOCTPAHCTBO, a HEKOTOPBIE (MX TaKKe OECUMCICHHOE MHOMXKECTBO)
HOMNAAAT Ha Apyrue o0bekThl. Eciiu yd nomagaer B mpo3padHblii 0OBEKT, TO, MPEIOMIISACH,
OH HUJET JAajbllle, P TOM HEKOTOpas 4YacTb CBETOBOH 3Hepruu mnoriomaercs. Ilogo6Ho
3TOMY, €CJIM Ha IIyTH JIy4a BCTPEYACTCS 36PKAIBHO OTPaXKAIOILasl MIOBEPXHOCTh, TO OH TAKXKE
U3MEHSET HalpaBJICHUE, a YaCTh CBETOBOM SHEPTruH moriomaercs. Eciu 0o0beKT 3epKanbHbIi 1
OJIHOBPEMEHHO MPO3pavyHbIi (HAIIPUMEp, OOBIYHOE CTEKJI0), TO Oy/IeT yKe JIBa Jiyda — B 3TOM

CJIydac roBopsT, 4TO JIy4 paClICIUIACTCA.

MoxHO cKa3aTh, 4TO B pe3ysbTare JACUCTBUS Ha OOBEKTHl NMEPBUUYHBIX Jy4eil BO3HUKAIOT
BTOPUYHBIE Jy4d. becuncieHHOe MHOXKECTBO BTOPMYHBIX JIyded YXOAUT B CBOOOJHOE
IPOCTPAHCTBO, HO HEKOTOpbIE M3 HUX MOMNAAA0T Ha Apyrue oOBbEeKThl. Tak, MHOTOKPAaTHO
OTpaXkasiCb U IPEJOMJIISSCH, OTAEIbHbIE CBETOBBIC JIYUM NMPHUXOASAT B TOUYKY HAOIIOACHUS —
IJ1a3 4YeJloBeKa WJIM ONTHUYECKYI0 CHUCTeMY Kamepbl. OueBHIHO, YTO B TOYKY HAOJIOJEHUS
MOJKET IONAcCThb U YacTh NEPBUYHBIX JIy4€d HEMOCPEICTBEHHO OT MCTOYHUKOB M3JIyYEHUS.
Takum oOpa3oMm, u300pa’keHHe CLEeHbl (OPMHUPYETCS HEKOTOPHIM MHOKECTBOM CBETOBBIX

JTy4dei.

I_[BCT OTACIBHBIX TOYCK 1/13o6pa>1<eH1/151 OMnpeacIdaCTCA CIHCKTPOM W HHTCHCUBHOCTBIO
NEPBUYHBIX leqeﬁ HCTOYHUKOB M3JIIYUCHUA, a TAKIKC TOTJIOIICHHUEM CBETOBOH OHCPIrun B

00BEKTaxX, BCTPETUBIINXCS HA MYTH COOTBETCTBYIOIIMX JIYUEH.

Tpaccupogka ayueii — memoo peanucmudeckou GU3VAIU3AYULU, MOOETUPYVIOWUL O8UNMCEHUE

c6emoe6o2co 1yda 6 u306pa9fcae/woﬁ CYeHe, ApPKoCcmb



mo4Ku 9Kparna (I’lcheﬂ}Z) onpedeﬂﬂemc;z UHMEHCUBHOCMbIO npoxoc)}lu/;eeo yepes Hee ydd.

HenocpencrBennast peanuzanusi JaHHOH Jy4eBOH Mojaenn (HOPMUPOBAHUS H300pakeHUs
IpeJICTaBIISIETC 3aTPyIHUTENbHON. MOXKHO 1ONpPoOOBaTh MOCTPOUTH AITOPUTM IOCTPOEHUS
M300paKeHHsl yKa3aHHBIM CcHocoboM. B TakoMm anroputme HEOOXOAMMO MPETyCMOTPETh
nepe0op BceX MEPBUYHBIX JIydel U ONpPEeAETUTh T€ U3 HUX, KOTOPbIE MOMAJat0T B OOBEKTH U B
Kamepy. 3aTeéM BBIIOJHUTh MEepedOp BCEX BTOPUYHBIX JIy4el, U TaKXKe Y4eCTb TOJBKO TE€,
KOTOpBIC TIOAAI0T B 00BEKTHI U B Kamepy. M Tak manee. MOKHO Ha3BaTh TaKOW METOT IPSIMON
TpaccupoBKoil syueid. [lpakThueckass LEHHOCTh TaKOIO METOJA BBI3BIBAET COMHEHUS.
O4eBHIHO, YTO MOJHBIN NIepedop OECKOHEYHOT0 YUCIIa Ty4Yeil B MPUHIIUIIE HEBO3MOXKeH. [laxe
€CJIM KaKUM-TO O00pa3oM CBECTH 3TO K KOHEYHOMY YMCIy onepauuii (Hampumep, pa3aeiauTh
BCIO cpepy HampaBJICHUI Ha YIJIOBBIE CEKTOPHI M ONIEPUPOBATH YK€ HE OECKOHEYHO TOHKHMMHU
JUHUSIMH, @ CEKTOPaMH), BCE PABHO OCTAaeTCs IJIaBHBIM HEIOCTATOK METO/1a — MHOTO JIMIITHUX

onepaunﬁ, CBs3aHHBIX C paCuCTOM Hy‘leﬁ, KOTOPBIC 3aTEM HEC HCIIOJIb3YIOTCA.

Merton 06paTHOM TpacCUPOBKH JIydel MO3BOJISIET 3HAYUTEIBHO COKPATHTh Mepedop CBETOBBIX
ny4eil. Metox pazpabotan B 80-X roax, OCHOBONOJATralOIIMMU CUUTAIOTCS PaboThl YUTTENA U
K»as. CornacHo 3TOMy METOJTy OTCISKHBAHUE JTyuei TPOU3BOIUTCS HE OT UCTOYHHKOB CBETA, a
B OOpaTHOM HAaIlpaBJI€HWH — OT TOYKH HAOMIOACHHS. Tak y4YHUTHIBAIOTCS TOJBKO T€ JIY4H,

KOTOPBIC BHOCAT BKJIA/ B (1)0pMI/IpOBaHI/Ie I/1306pa)KeHI/I}I.



Juddyznas

3epkalio IIOBEPXHOCTh

HUctounuk
cBETa

OIUH ITHKCE
n300pakeHus

Touka cxoma .
U151 LEHTPAJILHOM / ___ Inockocts
MPOEKIHH ~— MPOCHHPOBAHHUSA

Puc. 4.20 — Cxema oOpaTHOMI TpacCUpPOBKHU

PaccMoTpuM, Kak MOKHO MOJYYUTh PACTPOBOE M300paKEHHUE HEKOTOPOH TPEXMEPHOU CILIEHbI
METOZIOM 00paTHOM TpaccUpoBKU. [IpeArnonoxum, 4To TIOCKOCTh MPOSIUPOBAHUS pa30uTa Ha
MHOXECTBO MNHUKceleld. BpibepeM ILEeHTpadbHYI0 MPOEKIHUI0 C LIEHTPOM CXO/a Ha HEKOTOPOM
paccTOsTHUM OT IUIOCKOCTH IpoenupoBaHus. [Iposenem mpsiMyro JMHHMIO M3 LEHTpa CXona

4yepe3 cepeinHy MHUKCes TIOCKOCTH TpoerpoBanus (puc. 4.20).

Oto Oyner mepBUYHBIN JTy4 00paTHOH TpaccupoBkU. Eciiu npsiMast TMHUS 3TOTO JIy4a Mornajaer
B OJIMH WJIM HECKOJIbKO OOBEKTOB CIIEHBI, TO BbIOMpaeM Onnxkailiiyro Touky nepecedeHus. s
orpezieNieHus 1IBeTa MUKCENs N300paKeHUsI HY)KHO YUUTHIBaTh CBOMCTBA OOBEKTA, a TAaKXKE TO,

KaKOC CBETOBOC U3JTYUYCHUC NPUXOAUTCA Ha COOTBECTCTBYIOIIYIO TOUYKY 00BEKTA.

HpI/I HpaKTquCKOﬁ pcam3anun MCEToaa O6paTHOI>'I TPACCUPOBKU BBOIAT OI'PAHUYCHUA.
HCKOTOpLIC HUX HHUX HCO6XOI[I/IMBI, YTOOBI MOXKHO OBLIO B IMPpUHOUIIC PCHINTD 3ala1y CUHTC3a
I/1306pa)KeHI/I$I, a HEKOTOPBIC OrpaHUYCHHA IIO3BOJIAIOT 3HAYUTCIIBHO ITOBBICUTH

OBICTPOEICTBHE TPACCUPOBKHU.



PaccmoTpuM npuMepbl TaKUX OTpaHUYCHH.

1) CpeI[I/I BCEX THUIOB 00BHEKTOB BBIACIINM HEKOTOPBIE, KOTOPBIC HA30BEM HCTOUYHHUKAMU
cBera. IcCTOUHMKY CBETa MOT'YT TOJIBKO U3J1y4aTb CBCT, HO HC MOTI'YT €ro OTpa>kaTb UJIN

MMPCIOMIIATD. PaCCManI/IBaIOTCSI TOJIBKO TOUYCYHBIC UCTOYHHUKH CBCTA.

2) CBoiicTBa OTpa)arolMX OBEPXHOCTEHN OIUCHIBAIOTCS CYMMON BYX KOMIIOHEHT —

QG y3HOH U 3epKaTHHOIA.

3)3epKabHOCTD OMHKCHIBaeTCs AByMsi cocraistromumu. [lepsas (reflection)
YUUTBIBAET OTPAXKEHHUE OT IPYTrUX OOBEKTOB, HE ABJIAIOIINXCS UCTOUHUKaMU cBeTa. CTpouTcs
TOJIBKO OJIVIH 3€PKaJIbHO OTPaKCHHBIN JIyd I' U1 JAJIbHEUIIEH TpacCCUPOBKU. Bropas
KOMIIOHEHTa (specular) o3HauaeT cBETOBbIE OJIMKM OT UCTOYHUKOB cBeTa. [l 3Toro
HaIpaBJIAIOTCS JIy4d Ha BCE HICTOUHUKHU CBETA M ONPEAEIISAIOTCS YIIIbl, 00pa3yeMble STUMU
Jy4aMH C 3epKaJbHO OTPaXCHHBIM JIy4oM 00paTHO# TpaccupoBkH (). B mpocreilimnem cirydae

3CpKajlIo HC UMECT COOCTBEHHOTO OBCTa IMOBCPXHOCTH.

4)[Ipu 1uddy3HOM OTPAXKEHUU YUUTBHIBAIOTCS TOJIBKO JIyYH OT UCTOUYHUKOB CBETA.
Jlyun OT 3epKajbHO OTpaKaroUIUX IIOBEPXHOCTEW HTHOPUPYIOTCA. Eciu i1yd, HarpaBiIeHHBbII
Ha JIaHHBIM UCTOYHUK CBETA, 3aKPBIBACTCS APYTUM OOBEKTOM, 3HAUMT, JaHHAsI TOUKAa 00BEKTa
HaxonauTcs B TeHH. [1pu nuddy3Hom oTpaskeHNH BET OCBEIIEHHON TOUYKH TOBEPXHOCTH

OIIPCACIIACTCAH COOCTBEHHBIM OBCTOM IMMOBCPXHOCTHU U IBETOM MCTOYHHUKOB CBCTA.

5) st mpo3paunbIx (transparent) 0ObEKTOB OOBIYHO HE YUYUTHIBAETCS 3aBUCUMOCTh
Kod(uimenTa npesIoMICHHUS OT JIJTMHBI BOJHBI. MIHOTIa TPO3padHOCTh MOJCIUPYIOT 0€3
MPEIOMJIEHUS, TO €CTh HallpaBJIEHHUE IPETOMIIEHHOTO Jy4ya t COBIagaeT ¢ HarpaBJIeHUEM

MnaaarouIero Jy4da.

6) 1nst yuera ocBenieHHOCTH 00BEKTOB CBETOM, PACCENBAEMBIM JIPYTUMH 00bEKTaMH,

BBOUTCS (pOHOBAs cocTamistomas (ambient).

7) I[J'I}I 3aBCPUICHUSA TPACCUPOBKH BBOIAAT HCKOTOPOC ITOPOTOBOC 3HAUCHUC



OCBEIICHHOCTH, KOTOPOE YK€ HE JOJDKHO BHOCUTH BKJIAJ B pE3yIbTHPYIOIIUI LIBET, THOO

OrpaHU4YMBarOT KOJIMYCCTBO HTepaHHﬁ.

4.5 TIIpumepsl uzo6paxkenusi TpeXMepHbLIX 00bEKTOB

PaccMoTpuM puMepsl KapKkacHOTO H300pakeHUsT HECKOJIBKUX T€OMETPHUECKUX OOBEKTOB.
[lap

Jl1s kapkacHOTO M300pakeHUs 1apa MOKHO OTOOPa3UTh CETKY MEPUIUAHOB U Mapajuiesnei.

Jiist 3TOr0 YAOOHO BOCHOIB30BATHCS U3BECTHBIMU (DOpMySIaMH apaMETPUIECKOTO OTHUCAHHUS.
KoopanHaTbl ToueK MOBEPXHOCTH ILAapa ONPENEINSIOTCS Kak (YHKIHMU OT JBYX MEpPEeMEHHBIX

(mapaMeTpoB) — MIMPOTHI U JOJTOTHI (puc. 4.21):

By

Puc. 4.21 — lllupora u goarora
X=R-cosB-sinL,y=R-cosB-cosL,z=RsinB,

rae R — paaunyc mapa, B — mmpora (—90° mo +90°), L — monrora (ot

—180° mo +180°).
Humuaap
Hcnonezyem  QopMysbl apaMeTpruiecKoro OMMCaHUs  IOBEPXHOCTU LUIUHAPA.

B opHOl W3 BO3MOXHBIX Pa3HOBHUIHOCTEM TaKOTO  OINHCAHUSA



NPUMEHSIIOTCS cieayromiue mapameTpsl — gonrora (l) u Beicota (h).

rnel=0...360°,h=-05...0.5.
Xx=R-sinl,y=R-cos |, z=Hh,

Benmnuunamu R u H 0003HauMM COOTBETCTBEHHO PauyC M OOIIYIO BBICOTY IMJIMHJIPA (pHC.
4.22).

z A
=
\:'_'_i.'_’_F‘\ P 1)
i >
H ST x
I

Puc. 4.22 — Hunuugp Top
DYHKIUU TapaMETPUUECKOTO OMKUCAHUS TOBEPXHOCTH TOPA 3aIMMILIEM B CIEAYIOIIEM BUJE:

X=(R+r-cosg)-sinw,y=(R+r-cose)- cCosw z=rsing,

rae R u r — GonbIIol U Mablid paJnyChl, ¢ U ¥ — IHAPOTa U TOATOTa (pHC.

4.23).



Puc. 4.23 — Ipocreiiniee n3o0paxeHue Topa: @ —Kapkac, O — IOBEPXHOCTb €

YAAJIICHHBIMU HEBUAUMbBIMHU TOUKAMU

J17151 3aMKHYTOM IOBEPXHOCTH YIVIBI ¢ ¥ i JOJIKHBI U3MEHSATHCS B IIOJIHOM KPYrOBOM JIMANa3oHe,

Hanpumep ot 0 1o 360° unu ot —180° 1o +180°.

Ha puc. 4.23 noka3zanbl pa3ianyuHble CIOCOObI H300paXeHUs TOpa: @ — KapKacHoe

I/I306pa)KCHI/Ie; O — MOBEPXHOCTH C YAAJICHHBIMU HCBUAUMBIMU TOUKAMHU.



I'naBa 5

KPUBBIE 1 KPUBOJIMHEMHBIE IOBEPXHOCTH

CoBpeMeHHas rpaduyeckas CUCTEMa CIIOCOOHA ¢ BBICOKOM CKOPOCTHIO BBIIOJHSATH ONEpalnuu
3aKpacku MPOEKIHUM IIOCKMX MHOTOYTOJIbHUKOB, YyIaJ€HHs HEBUJIUMBIX IIOBEPXHOCTEM,
NPEICTAaBICHHBIX B (DOpME MHOMKECTBAa IUIOCKMX MHOTOYIOJIbHHKOB, M HAJIOKEHHS Ha HUX
pasHoro poja texctyp. IloaTomy eciu BO3HMKAET HEOOXOAUMOCTh BKJIFOUUTh B COCTAB CLIEHBI
KPUBOJMHENHHBI 00BEKT, Hampumep cdepy, €ro 3adacTyl0 CTpeMSTCs C CaMoro Hadaia
IpUOIMKEHHO NPEJICTaBUTh (alMpOKCUMUPOBATh) MHOKECTBOM IUIOCKUX MHOTOYTOJIbHUKOB.
AJbTEpHAaTUBHBIN CI10COO, KOTOPBIN OyIET MpeACTaBiIeH B 3TOHM IJIaBE, COCTOUT B TOM, YTOOBI
HPEJOCTaBUTh MOJIb30BATEI0 CPEICTBA PAOOTHI C KPUBOJIMHENHHBIMU 00BbeKTaMu. PaccmoTpum
TPU MeToAa MoJeaupoBaHus ((HopM INpeAcTaBICHUS) KPUBBIX JIMHUM W KPUBOJIMHEHHBIX
NOBEPXHOCTEH, MpPUYEM OCHOBHOE BHUMaHue Oyner yAEJIeHO  IapaMeTpU4ecKou

NOJMHOMHUAITLHOM hopme mpeacraBieHus [21].

5.1 TIlpeacraBiienne KPUBBIX JIMHMII H TOBEPXHOCTEI

PaccMoTpuM Tpu riaBHBIX POPMBI MATEMATUYECKOTO MPECTABICHUS KPUBBIX U MOBEPXHOCTEN
— SBHYI0, HEABHYIO M IapaMeTpudecKkyr. [IpoananusupyeMm AOCTOMHCTBA M HENOCTATKH
Kaxa0M u3 HuUX. I WUIIOCTpAallMM TeX WJIM MHBIX TOJIOKEHUH OyleM HCIoab30BaTh
NOpOCTEUIINEe TeOMETpUYECKHEe OOBEKThl — TNpsSMBbIE JUHHH, OKPY)KHOCTH, IIJIOCKOCTH H

cepuueckue nosepxHoctu [10].



5.1.1 Hpencrasaenue B sBHOI gopme

SBHast ¢Qopma npencTaBICHUS KPHUBOW B JBYXMEPHOM IPOCTPAHCTBE (MHOT/A TOBOPST
«TIpeJICTaBlIeHNe KPUBOW B BUJE SIBHOW (DYHKIIMW») MPEACTABIAET cO00i ypaBHEHHE, B JIEBOI
YacTU KOTOPOTO CTOMUT 3aBUCHMAas MEpPEMEHHasl, a B MPaBOW 4acTH — (YHKLUS, apryMEHTOM

KOTOPOM SBJIAECTCS HE3aBUCUMAs IIEPEMEHHASI.
B npocTpaHcTBe IepeMeHHBIX X, Y ypaBHEHUE JIMHUH B SIBHOW (hOpME UMEET BU/I:
y=f().

HCKOTOPLIG (bYHKI_[I/II/I f umeror 06paTHy10 g, kKoTropas MIO3BOJIICT HM3MCHUTH HA3HAYCHHC

3aBUCHUMON M HE3aBUCHUMOM IEPEMCHHBIX B YPABHCHUH, T. €. BRIPA3UTH X KaK (I)YHKI_II/IIO OT Y.

x=g(y).
Her Hukakoil rapaHTtuu, 4to JUIsl ONPEACICHHON JIMHUU CYIIECTBYET SIBHOE YPABHEHHUE B TOM

Wi NHOM BHAC.

B TPEXMCPHOM IMPOCTPAHCTBC JIMHHA OIIMCBIBACTCA CHCTEMOH W3 ABYX ypaBHeHI/Iﬁ B SIBHOM
(1)opMe. ECJ'II/I, HalpuMep, NepeMEeHHas X BLI6paHa B Ka4C€CTBC He3aBHCHMOﬁ, TO MMCCM JIBa

YpaBHCHUA OJId 3aBUCUMBIX ITICPEMCHHBIX
y =f(x),
z = g(x).

I[J'IH OIMUCAaHUSA TMOBCPXHOCTHU HOTpe6yeTC}I HCII0JIB30BATh JIB€ HC3aBUCHUMBIC INEPCMCHHBIC, U

YpaBHCHHE MMOBECPXHOCTHU B ABHOM BHUIC 6YI[€T BBITJIAACTH TAK:
z="1(xy).

Kaku B ABYXMCPHOM IIPOCTPAHCTBC, B TPCXMCPHOM HPOCTPAHCTBC TAKKC HE BCC KPUBLBIC

H MIOBEPXHOCTU MOT'YT OBITH OIHMCAHBI YPaBHCHHUAMU B



sBHOU opme. Hammpumep, cucrema ypaBHEHUH:
y=a-x+b,z=c-x+d.

JlaHHas cuctemMa ypaBHEHHUU ONMCHIBAET NPSIMYK) B TPEXMEPHOM MPOCTPAHCTBE, HO TAKUM
CIocoOOM HeJb3s OMUCATh MPSMYIO, JISKAIYI0 B BEPTUKAIBHOU MIIOCKOCTH X = CONSt. Touno
TaKk e cdepy HeIb3s NpeCTaBUTh ypaBHeHHeM Bugaa Z = f (X, Y), MOCKOJIbKY 3aJaHHBIM

3HA4YCHUAM X U Y COOTBECTCTBYIOT IB€ TOUKH Ha C(bepe.

5.1.2 Hessnas ¢gopma npeacrapieHust

BoNbIIMHCTBO KPUBBIX M TOBEPXHOCTEH, ¢ KOTOPHIMA NPUXOAMTCS pabOTaTh Ha MPAKTHKE,
MO’KHO OIKMCaTh C MOMOILBIO YpaBHEHMH B HesaBHOW (opme. B nByXMepHOM INpocTpaHCTBE

HCsABHAas (1)OpMa ypaBHeHI/IH JIMHUU UMECT BU.
f(x,y)=0.

IIpsiMast 1 OKpYKHOCTB € LIEHTPOM B Ha4ajle KOOPIANHAT OIUCHIBAIOTCA COOTBETCTBEHHO

YpaBHECHHSAMH:
a-x+b-y+c=0,
G +y2 ~r2 =0.

Oynkuus f, o cyTu, BbIIENSET U3 BCEX TOUEK MPOCTPAHCTBA TE, KOTOPBIE MPUHAIEKAT
OTKCBHIBAEMOM JIMHUU. 3HAYCHHE TON (PYHKIIMH [TO3BOJISIET MPOBEPUTH JJIS KAXKION Maphl
3HA4YEHHI KOOpIuHar (X, Y), JISKUT JIK ONMChIBACMasi HIMHU TOYKA Ha JTAHHOW JIMHUU.
HesiBHas popma npencraBneHus sSBiseTcsl MEHEE 3aBUCHMOM OT CUCTEMbI KOOP/IMHAT,
MIOCKOJIBKY MO3BOJISIET MPEACTABIAT NPSIMbIE WIIM OKPYKHOCTH BO BCEX BapHaHTax. B
TPEXMEpPHOM IPOCTPAHCTBE YpaBHEHUE B HESIBHOU (hopMe, ONHCHIBAIOIIEE TOBEPXHOCTb,

HUMECT BU:

f(x,y,2)=0.



[1;mocKkoCTh OMUCHIBAETCS] YPABHEHUEM:
a-x+b-y+c-z+d=0,

rae a, b, ¢, d — xoncrantel. Cepa paguyca I' ¢ IEHTPOM B HavajIe KOOPAUHAT

OIMMCBIBACTCA YPABHCHUEM:
x2+y2+¥—w2:0.

Onucatb JUHUIO B TPEXMEPHOM MPOCTpaHCTBE He Tak mpocto. OHa  MoXeT ObITh
IpeJICTaBICHa TOJBKO CHCTEMOHl YypaBHEHUH, OMHMCHIBAIOIIMX MOBEPXHOCTH, IEpeceycHHe

KOTOPbIX U o6pa3yeT 9Ty JINHUIO, €CJIU TAKOBBIC CYLHICCTBYIOT:

f(x,y,2)=0,

g(x,y,2)=0.

CrnepnoBarenbHO, 33JaBUIMCh TOYKOM ¢ KoopauHaTamu (X, Y, Z), Hy’KHO IPOBEPUTH, JIEKUT JIU

OHa Ha o00eux IIOBCPXHOCTAX, H, CCIHU JICKHUT, CUUTATbL CC TO‘IKOI‘/’I, an/IHazmemameﬁ

dbopMupyemoii THHUH.

Anzebpauueckas n0GepXHOCHMb — NOBEPXHOCMb, 01 KOMOPOU PyHKyus

(X, y, Z) ecntb Cymma nOJAUHOMOB8 mpex nepemMeHrHbLX.

YacTHeI ciydail anredpandeckoil MOBEepXHOCTH — KBAIPATUYHBIC IIOBEPXHOCTH, B GyHKIHNH f
NpEeCTaBICHNUs KOTOPbIX OTCYTCTBYIOT CTENEHH IepeMeHHbIX Bbilie 2. KBagpaTuuHble
MOBEPXHOCTU MPCACTABIAKOT JIsI HAC 0COOBIi HHTEPEC HEC TOJBKO IIOTOMY, 4YTO K HHUM
OTHOCSITCSI TaKW€ pacCHpOCTpaHEHHBbIE MOBEPXHOCTH, Kak cdepa, HWIMHIP U KOHYC, HO U

IMOTOMY, YTO TaKas IMOBEPXHOCTH IIEPECCKACTCA HpﬂMOfI He OoJice YeM B ABYX TOYKaX.

5.1.3 Ilapamerpuueckas ¢popma npencTaBieHust

B mapamerpuueckoii popme 3HaUCHHE KaXKION KOOPAMHATHI TOYKH, MPUHAJIEKAIIEH KPUBOIA,
npencTaBisieTcs (QyHKIMEW He3aBUCHUMOW MEpPEeMEHHOHM U, KOTOpas Ha3bIBaeTcsl MapaMeTpoM

9TOM KpHBOM. B TpexmepHOM



MPOCTPAHCTBEC KpHBAsA OIHUCBIBACTCA CHCTEMOH U3 TPEX MapaMCTPUICCKUX

YpaBHEHUU:
X = x(u),
y =y(u),
z =1z(u).

OI[HO H3 T'JIaBHBIX JOCTOMHCTB HapaMeTqueCKOﬁ (bOpMBI IpeaACTaBJICHUA

— ee enHo00pa3ue B ABYXH TPEXMEPHOM MPOCTPAHCTBAaX. B mepBoM ciryuae HY»KHO MPOCTO
OTOpPOCUTH TPEThE YpaBHEHHUE AJsl KoopAUHATHI Z. [lapameTpuueckyro Gpopmy IpeacTaBIeHUS
MO>KHO MHTEPIIPETUPOBATh Kak Coco0 MpeAcTaBiIeHUs Ha dKpaHe oOpaza KPUBOW, U3MEHSS

3HAYCHHS MapaMeTpa, KaKk MoKa3aHo Ha puc. 5.1.

y
plu)
X
z
Puc. 5.1 — CermeHT kpuBoi
[TponsBoaHy0 OT TapamMeTpUYeCKH 3alaHHOM  BEKTOPHOW  (YHKIUU

MOKHO paCCMATpUBATh KaK BEKTOP CKOPOCTHU 06x011a KpI/IBOI\/'I, KOTOpBII\/'I B

dx(u)
() |y
du | " au
dz(u)
du

KQ)KJIOM TOYKE DTOM KPUBOM HAIIPABIICH 10 KACATEIILHON K HEM:

Jlyist oncaHusi MOBEPXHOCTH B MapaMeTpuieckoi opme Tpedyercs



MCIIOJIb30BaTh JiBa napamerpa. Cuctema ypaBHEHUN MOBEPXHOCTH UMEET BU/I:

X = X(u,Vv),
y =y(u,v),
z=12(u,v).

[Tapamerpuueckasi opma OnMcaHusi KPUBBIX U MIOBEPXHOCTEH SBISIETCS, BO-NIEPBBIX, Hanbojee
TUOKOI, a BO-BTOPBIX, YCTOWYHBOM K JIFOOBIM BapuanusiM (GOpMbI U OPUEHTAIUU O0BEKTOB, YTO
JieNIaeT ee 0COOCHHO yIOOHOM JJIsi MCIOJB30BaHUSI B MaTeMaTHYECKOM 00ECIeYeHHH CHCTEM

KOMITBIOTEPHOU rpauKH.

5.2 O6mas xapaKTepHCTHKA I0JHHOMHAJILHOI

napaMeTpnquKoﬁ (l)OprI npeacraBjJacHuA

B kommbloTepHOI Tpaduke M NPUKIAIHBIX CHCTEMax AaBTOMATU3aLUU MPOCKTHUPOBAHUS,
KOTOpBIE CTPOATCS Ha 0a3e CUCTEM KOMITBIOTEPHOW TpaduKu, KpUBBIE M IOBEPXHOCTU
UCTIONB3YIOTCS  JTOBOJIBHO —CHENM(PHUUYECKMM 00pa3oM, B KOpPHE OTJIMYHOM OT JAPYrHX
npuMeHeHHd. CylecTByeT MHOXXECTBO JOBOJAOB B I0JIb3Y MCIIOJIb30BaHHsS B 3TOM obOiacTu
UMEHHO NapaMeTpUuecKoil (opMbl MPEACTaBICHHUS KPUBOJIMHEHHBIX 00beKTOB. Cpeau HUX

paccMOTPUM OCHOBHBIE!

¢ BO3MOJKHOCTH JIOKAJIBHOT'O KOHTPOJIA (1)0pMLI O6’beKTa;

¢ TJIAJAKOCTh M HEIIPCPBIBHOCTh B MATCMAaTHYCCKOM CMBICIIC,

¢ BO3MOXHOCTh AHAJIUTUYCCKOI'O BEIYHUCIICHUA IIPOU3BOIHBIX,
i YCTOI\/'I'-II/IBOCTB K MaJIBIM BO3MYIICHUSM.

HaunmenoBanue kijlacca COCTaBHBIX IIOJMHOMHUAIBHBIX KPHUBBIX — CIUIAMH-KPUBBIE, WIIH
CIUTAiHBI — MPOU30ILIO OT AHIVIMIICKOrO HAaWMMEHOBAHUS TMOKOW NEpeBSHHON pPEWKH WU
YIPYToil CTaJIbHOM JIEHTHI, C IOMOIIIbIO KOTOPOH B KOpabJIeCTPOEHUU BHIUEPUHUBAIIUCH TJIAJIKHE

KOHTYPHEI. Takas 1eHTa BCTaBIsIach MCKIAY IJ_ITI/I(I)TaMI/I, COOTBCTCTBYIOIIIUMHU ITOJIOKCHUIO



KOHTPOJIBHBIX TOYEK HA KPUBOM, M 3a CUET YNPYrocTH 0Opa3oBhIBaJIa TIJIAAKYIO JIMHHUIO
KoHTypa. Okazanoch, 4YTO 3Ta JIMHHS MaTeMaTU4eCKH OIMCBIBAETCS  CETMEHTaMU
IIOJIMHOMMAJIBHBIX ~ KPHMBBIX CTENIEHM HE BBbIIE TpeThed. 3a TakUMH COCTaBHBIMU

MMOJIMHOMHUAJIbHBIMU KPUBBIMHU U 3aKPCTIHIJIOCH HA3BAHUC CIIAHOB.

Cnaaith — Kpueas uiu no8epxHOCMb, UCNONb3YeMAs Ol NPEOCMABIeHUs. CIONHCHBIX 2NA0KUX
KPUBBIX UL NOBEPXHOCTIEIL.
BoszBpamasice Kk 3agadaM KOMIBIOTEpHOW TpauKd, OTMETHUM, YTO, IMOMHMO COOCTBEHHO

MaTeMaTHYECKOTO OMMCAHUS KPUBBIX, HEOOXOAMMO pa3padoTaTh U METOIBI KX OTOOPAKCHHUS.

5.3 IlapaMeTpu4ecKH 3aJaHHbIe KyOMYeCKHe CILIANHBI

OcCTaHOBMBIIKMCh Ha KJacce€ MOJMHOMHAIBHBIX KpUBBIX B IapaMeTpuueckodl ¢dopme,
HEOOXOIMMO BBIOpaTh CTENEHb MOJIMHOMA JAJIsi OmucaHus KpuBoi. Eciu Bocmosb3oBaThes
HOJMHOMOM BBICOKOW CTENEHH, TO MPU KOHCTPYUPOBAHMM KPUBOW oOIpeneneHHOW (opMbl
OyIyT B 3HAYUTENIBHON CTENEHU «pa3BsA3aHbl PYKW», IMOCKOJIBKY B PACIOpsDKEHUU Oyner
Oosipiie KO PHUIMEHTOB, HO IPOIECC pacyera KOOpAMHAT TOYEK Ha KPHUBOM mHoTpedyer
Oonbliero kosuyectBa BbluMciIeHUH. Kpome Toro, mpu paboTe ¢ MOJMHOMaMHU BBICOKHUX
CTETeHel BO3pacTaeT ONMacHOCTh MOJYYUTh KPUBYIO BOJHUCTON (hopmbl. C Opyroi CTOPOHBI,
BBIOOp MOJIMHOMA HU3KOH CTENEeHU MOXKET MPUBECTU K TOMY, YTO B PACTIOPSIKEHUM OKaKeTCs
CIIMIIKOM MaJl0 pEeryjJupyeMbIXx mapaMeTrpoB — Ko3((UIMEHTOB MOJIMHOMA — W,
CJIEIOBATENbHO, HE yJIaCTCSl BOCIIPOU3BECTH € TpeOyeMoi TOYHOCThIO (popMy KpuBOil. Brixon
MOYKHO HalTH B TOM, 4TOObl HE ONMCHIBATh €AMHBIM MOJMHOMOM BBICOKOW CTENEHH BCIO
KpPUBYIO, a pa3OUThb €€ Ha CErMEeHTbl HEOOJbIIOW JUIMHBI, KOTOpbIE MOXKHO OIHUCHIBAThH
MOJIMHOMAMHM HM3KOW CTeNeHH. XOTS TaKoW MOJMHOM M 00]alaeT MallbIM KOJWYECTBOM
CTerneHel CBOOOIbI, X MOKET OKa3aThCsl BIOJHE JOCTATOYHO, YTOOBI BOCIPOU3BECTU (POpMy

KPUBOH Ha OTpe3Ke HeOOJbIIOH UINHBI.



OnucaTth KyOMYECKYIO MOJTMHOMHUATBHYIO KPUBYIO MOXKHO CJIEIYIOIINM 00pa3oM,

BOCIIOJIb30BABIINCH MATPHULIAMU-CTPOKAMHU U ManI/IL[aMI/I-CTOJI6L[aMI/II

p(u) = c0 + c1u +c2u? + caud = ¥ Kk =uT ¢,
k=0

rae

co 1

cl u Ce
c= & , u= u2 . Cr = Cb'

e w3 Ciz

B sTux BBIpAXKCHUIX C IPCACTABIISICT MAaTpULLY KOSq)(bHHI/IeHTOB IIOJINHOMA, KOTOPYHO MOKHO

BBIYUCJIUTD 110 3aJaHHOMY Ha60py OIIOPHBIX TOYCK.

PaccMoOTpuM HECKOIBKO KIIACCOB KyOMYECKUX KPUBBIX, KOTOPBIE OTIIHMYAIOTCS

XapaKTEPOM COMOCTABJICHUA C OITOPHBIMU TOUYKAMHU.

5.3.1 HUurepnonsuus

HepBLIM paccMOTpuUM KJIaCC KY6I/I‘ICCKI/IX HUHTCPIIOJEINUOHHBIX ITOJIMHOMOB. HyCTB UMCECTCA

4YeThIpe OMOPHBIE TOYKU B TPEXMEPHOM IpocTpancTse PO, Pl, p2, pP3.

Xk
Pk = [ Vk

Ze

Kamﬂas{ TOYKa NpcACTaBJICHA TpOfIKOfI CBOHMX KOOpPAHWHAT:

HCO6XO,Z[I/IMO OTBICKATh 3JICMCHTBI MATPHIIbI KOB(I)(I)I/II_II/ICHTOB C, TaKH€, YTO IIOJIMHOM p(U) = UT
C 6YI[6T MMpOXOaUTh Y€PEC3 3aJaHHBIC YCTBIPEC OIIOPHBIC TOYKH. BYJICM CUHUTAaTh, YTO 3HAYCHUA uk

(k=0,...,3) pacnpeneneHbl paBHOMEPHO



Ha untepsaie [0, 1], T. e.

u=20, 1/3, 2/3, 1. CoOTBETCTBYIOIIIHE YETHIPE YPABHEHHUS B BEKTOPHOU (POpME UMEIOT BHI:

p0 = p(0) = co,
p3=p(1)=c0+c1+c2+c3.

[lepenumiem 5TH ypaBHEHUS B MaTpUIHOH popme:

p = Ac,

10 0 0 1

2 3

1 (1 1

m s ) G)

1

=P, 4= ) :
P=1p NN 2\}
3 3 \3 3
11 1 .

ManI/II_[a A sBnsieTcs HeBLIpOX(HeHHOﬁ, CJICA0OBATCIIbHO, €€ MOXXHO

1 0 0 0
-55 9 -4.5 1

9 -225 18 45|
-45 135 -135 45

My=A47" =

00paTUTh U MOJYYUTh OA3UCHYIO HHTEPIIOSILIMOHHYIO MATPHILY:

Pacrioyiaras 3HaueHHSIMU 371eMeHTOB M| ,» MOXXHO BBIYHMCJIHUTH HCKOMBIC 3HAYCHHUA

K03 pHLIHEHTOB:
c = Mip.

Beenem nonsitue pyHkuuii cMenMBaHus (TIOJIMHOMUANBHBIX BECOBBIX (DYHKIIMN TPU OMOPHBIX

TO‘-IKaX), MO3BOJIAIOIUX MPOBOAWUTL aHAJIU3 I'TAAKOCTU



HHTCPHNOJIINUOHHBIX MOJMHOMUHAJIBHBIX KPHUBBIX. I[.HSI 3TOI'0 MNepernrmeM

IMOJIYYCHHBIC BBIIIC YPABHCHUS BBUC!

Unu:

p(u)=u"-c=u"-M;-p.

T
p(u) =b(u) -p,
rae b(u) = MT - uects MaTpHIIA-CTONIOCI U3 YEThIPEX MOJTMHOMHAIBHBIX (DYHKIIMI CMEITNBAHUS:

bo(u)
ZON s
bs(u)

B ka0t pyHKIIMM cMeMIMBaHMS TIOJMHOM SIBISIETCS KYOMUECKHUM.

Bripazus p(U) Kak CyMMY MOJIMHOMOB CMEIIMBAHHUSI, TIOJTYIHM:

p(u) =bo(u) - po + bi(u) -p1 +ba(u) - p2 + bs(u) - ps = ibi(u) P

i=0
M3 3TOro COOTHOIIEHHUS CIEAYET, YTO TMOJMHOMHUAIbHbIE (YHKIUU CMEIIUBAaHUS
XapaKTepU3ylOT BKJAJA, KOTOpPBI BHOCHT Ka)KJaas OINOpHas TOYKa, M TakuM oOpa3oM

MO3BOJIAOT OLCHUTH, HACKOJIBKO CKaXXCTCA Ha BHUIAC KOHEYHOH KpI/IBOI>'I U3MCHCHHC TIOJIOXKCHUA

TOM WX UHOU OIIOPHOM TOYKHU.
5.3.2 Kpusbie Dpmura

B ostom pasznmene Oynmer paccMoTpeHa (opMa MpencTaBleHUs KPHUBBIX, NPEATIOKEHHAs
Opmurom (Hermite). [Ipennonoxum, 4To aHaau3 CerMEHTa KPUBOM Mbl HayMHAaeM, MMes B
CBOEM DPAacMoOpsKEHUU TONbKO Touku PO u P3. CerMeHTy COOTBETCTBYET MHTEPBAI U3MEHEHUS

napamertpa [0, 1], T. e.



MMEIOLINeCs] TOYKH COOTBETCTBYIOT 3HaUeHMsIM mapamerpa U=0u U = 1.

I/ICHOJIB3y5vI TEC XK€ 0603Haqu1/151, 4TO YU paHbUIC, MOXXHO 3allUCaTh ABA YCJIOBUA:

po = p(0) = co,
pL =p3 =c0 +
cl+c2+c3.
»
p'(())
PN D
»(0) e

Puc. 5.2 — Onpenenenne ¢popmbl IpMuTa Ui KyOudeckoit kpuBoi J[Ba npyrux

YCJI0BUSA TOJTYYUM, ONIPEACTIUB 3HAUCHUA ITPOU3BOAHBIX

(GyHKIMU B KpalfHUX To4kax cerMmeHTa U=0mn u = 1.

OME=]

HpOI/ISBO,Z[HaSI Ky6I/I‘-ICCK01"O IHOJIMHOMaA €CThb KBaI[paTHLIﬁ IIOJIMHOM!

O003HaYMM U3BECTHBIC 3HAUCHUS MPOU3BOJHBIX B KOHCYHBIX TOUKaX p'o n

p's (puc. 5.2).

Torma gBa JONOIHUTEILHBIX YCJIOBUA NIPUMYT BU:

po=p'(0)=c1,



p1=p'(l)=cl + 2c2 + 3c3.

DTH e ypaBHEHUS MOKHO 3aIlMcaTh ¥ B MAaTPUYHOU (opme:

po] [1 0 0 0
s |1 111
ol 710 1 0 0] €
o123
Po
|73
9=

O0603Ha9UM Yepe3 ( MaTPUILy UMEIOIIMXCS B HAIIEM PACIIOPSKEHUN

JTAHHBIX, T. €.:

Takum 06pa30M, MOJKHO 3aIlIMCaTh PCIICHNUEC YPABHCHUS B BUJC!:

c=MHq,

1 0 0 0

0 0 1 0
MH‘—33—2—1

2 2 1 1

rae MH nasbiBaeTcs 6a3ucHoi Matpuiieit Opmura (Hermite geometry matrix):

B pesynbrare nony4um npeacTaBieHue MOJIMHOMUATBHON KpUBOM B popme Dpmura:

p(u):uT- MH - q.

Jaunyro hopmy mpeAcTaBICHUS UCIIOIB3YEM JIJIsl TPEACTABICHHS CETMEHTOB COCTAaBHOM

KPHBOM, KaK ITOKa3aHo Ha puc. 5.3.



P (1)=4"(0)

p(1)=¢(0)
p(0)
g(1)

Puc. 5.3 — Ilpumenenue Gopmsbl MpeICTaBICHHS 10 JPMUTY K CTHIKOBKE CETMEHTOB

Touka compsiKeHUs SIBISIETCS OOIIeH AJis 000X CErMEHTOB, M, KpOME TOTO, MPOU3BOJHEIE K
KPUBOW B TOUKE COMPSDKEHHS I 00OMX CETMEHTOB TaKXe paBHBL. B pesynbrare momydaem

COCTaBHYIO KPpHUBYIO, HCTIPCPBIBHYIO 110 HepBOﬁ HpOH3BOI[HOI>i Ha BCCM IIPOTAXKCHHUMH.

5.3.3 Kpusble u nopuuu nosepxHoctu B popme Besbe

Kpusas B ¢hopme besbe (Bezier) sBisieTcss oueHb XOpOIIMM MPUOIMKESHUEM KPUBOH B (hopme
OpMuTa, KOTOPYIO MOKHO CPAaBHUBATH C MHTEPIIOISIIMOHHBIM TTOTUHOMOM, C(HOPMUPOBAHHBIM
Ha TOM K€ aHcaMmOJie OMOPHBIX TOYeK. KpoMe Toro, mocKoIIbKY onpesesieHue KpUBOi B hopme
be3re HEe TpeOyeT 3amaHWs TPOM3BOAHBIX, Takas MPOIEIypa HUACATBLHO TOAXOIUT IS
WHTEPAKTUBHOTO MTOCTPOCHUS KPUBOIMHEWHBIX 00BEKTOB B CHCTEMaX KOMITbIOTEPHOU rpaduku

N aBTOMATHU3alluN NPOCKTUPOBAHUS.

Paccmotpum ancamOib U3 4eThipex OMOpHBIX Touek PO, pl, p2, p3. IlycTh KOHEUHBIE TOYKU

bopmupyemoii KpuBoii P(U) COBIMAIAIOT C OMOPHBIME TOYKaMu PO U P3:

po = p(0), p3 = p(1).
Be3Le Hpe,Z[JIO)KI/IJ'I HCIIOJIB30BAaTh BC I[pyTI/Ie Ol'IOpHLIe TOYKHU pln p2

HC IS UHTCPIOJIAAINU, a JJId 3adaHUs IPOU3BOAHLBIX B KpaﬁHHX Toukax cerMmeHTa U = 0 u

u = 1. Bocronb3yeMcs JMHEWHOH ammpoKcHUMaluew B



MPOCTPaHCTBE Mmapamerpa (puc. 5.4):

Py

plu)

Po P3

Puc. 5.4 — AnnpokcruMariusi BEKTOPOB KacaTelbHbIX

p'(0) = 5% =3(p o).

3

/ P3—pP2
p'(l)= 1 =3(p3 —p2).

|

IIpuMeHNB 3Ty annpOKCUMAIUIO K KacaTEIbHBIM B IByX KpalHHX TOUYKaX K IMApaMeTPUYECKOM

MOJTMHOMHUAIILHOU KpuBOH P(U) = ul C, IIOJIy4HUM JBa YCIOBHUA:
3p1—3p0 =c1,
3p3 —3p2 =c1 + 2c2 + 3c3.

2106aBI/IM HX K YK€ UMCIOIIUMCH YCIIOBUAM COBIIAACHUA KpI/IBOI\/'I B KOHC€YHbIX TOYKaX C

pO u p3:

p0:C01
pl=c0+cl+c2+c3.



Takum oOpa3om, mHoJydyeHbl TpU HaboOpa IO YEThIpE YPaBHEHHsS] OTHOCHUTEIBHO YEThIpeX

HEM3BECTHBIX B KaX10M. Peliast ux mo Toi ke METOJUKe, YTO U B paznene 5.3.2, moinydum:
c = MBq,

rne MB Ha3bIBaeTcs OazucHoi marpuiieit besne (Bezier geometry

matrix). Marpuna

I 0 0 0
33 1 0
Ms=13 5 3
103 3

MB umeer BuUI:

CJIGZ[OB&TGJII)HO, K}’6I/I‘ICCKHﬁ nomHoM besne OmpeacsICTCA COOTHOICHHUEM:

p(u) = ul - MB - p.
Oty (QopMyiny MOXKHO HCIOJB30BATH TOYHO TaK K€, KaK W aHAIOTHYHYIO (opMmyny s
COCTaBHOM KPHBOM, CETMEHTHI KOTOPOU SIBIIOTCS MHTEPIOISUUOHHBIMA NOJIMHOMamu. Ecnu
uMeeTcsl aHcaMOIb OMOPHBIX Touek PO, . . ., Pn, To mepByro ueTBepky PO, pl, p2, p3 Oynem
WCIIOJIb30BaTh JUIsl ONPENECICHUsI MEPBOTO CETMEHTAa COCTABHOW KPUBOWM, KOHEYHYIO TOUKY
MEPBOr0 CErMEHTa P3 U CIEAYIOIIHE TPU ONOPHBIE TOYKU P4, P5, P6 — s ONpeaeiaeHus

BTOpPOI'o CCTMCHTA U T. 1.

[Topuuu nmoBepxHoctelt besbe (Bezier surface patches) MoxHO chopMHpOBaTh ¢ MOMOILBIO

¢ynxunii cmemnBanus. Ecin P = [pij] — maccuB omopHbIX Todek ¢ pazmepamu

4 x 4, TO COOTBCTCTBYIOIIAA TTOpLHA IMOBCPXHOCTU B (bopMe be3pe ommckeiBaercs

COOTHOIICHUEM

3 3

p(U, v) =3 ¥ bi(u) - bj(v) - pij=u’ -MB-P-MT -v.



i=0 j=0

[Topuust mOBEpXHOCTH MPOXOIUT uepe3 yriaoBbie Touku P00, P03, P30, P33 ¥ HE BBIXOAMUT 3a
IpeJieNbl BHITYKION0 MHOTOTPAaHHMKA, BEPIIMHAMU KOTOPOTO SIBJISIOTCS OMOPHBIE TOYKH (PHC.
5.5). JIBeHanuaTb OMOPHBIX TOUYEK U3

16 MOXHO MHTEPIPETHUPOBATH KaK JAHHBIC, OMpPEACISIONINE HAMPABIICHUE MPOU3BOIHBIX IO

pa3HbIM [apaMeTpaM B YIVIOBBIX TOUKaX (OPMHUPYEMO MOPLUU TOBEPXHOCTH.

Poo

Puc. 5.5 — Ilopuus nosepxnoctu besbe
5.4 Ky6uueckue B-cmnaiinbl

KyOuueckue kpusble be3be n mopuum KyOnueckux noBepxHocTell be3be NOBOJBHO MIMPOKO

MCIOJIb3YIOTCS B 337]a4ax KOMIBbIOTEPHOM rpag Ky M aBTOMAaTU3allMU POEKTUPOBAHUS.

Kybuueckne B-crmaiiHel mnpeacTaBisitoT  coOOM  yCOBEPIIEHCTBOBAHHYIO — METOJUKY
MOCTPOCHUS KyOMUYECKHUX KpHUBBIX. 3/1eCh CHHMaeTcs TpeOoBaHHMe, 4YTOOBI (opmMupyemas
KpHUBas MMPOXOHIIa Yepe3 OMOPHBbIE TOUKH, U HAKJIA/IBIBAETCS HOBOE — YTOOBI OHA MTPOXO/IMIIA
O03k0 K HUM. [IpHu 3TUX yCIOBUSIX JOBOJBHO MPOCTO O0ECMEYUTh HEMPEPHIBHOCTh HE TOJIBKO
CaMOM COCTaBHOM KpHUBOHM, HO M €€ MEPBOM M BTOPOM IPOU3BOJHBIX B TOYKAX COIPSIKEHUS

CETMCHTOB.



5.4.1 O6o0mennLIe B-cniiaiiHbI

[Ipenmonoxum, 4To UMeeTcs ancaMOJIb OMIOPHBIX Touek PO, . . ., pPm.

B o6miem Bue 3amada anmpokcumarmi GopMysmpyercs kak mouck dyakima p(u) = [x(u) - y(u) -
z(u)]",onpesienenHoi Ha MHTepBasie UMin < U < Umax, KOTopas sIBJISeTCs JOCTATOUYHO [IIaIKOH

" IpOXOAUT JOCTATOYHO OJIM3KO K OIIOPHBIM TOYKaM. Hpe,Z[HOJ'IO)KI/IM, YTO UMCCTCA MHOXKCCTBO

3HaueHni {UK }, Ha3piBaeMbIX y3iaamu (knots), Takoe, 4to: Umin =u0 < Ul < ...< Un =
umax.
[TocnenoBarensHOCTH UQ, UL, . . ., Un OyaeM Ha3bplBaTh MacCHBOM Y3JI0B. lIpu mcrons3oBaHUM

anmpoKCUMaIuK ciutaiitHamMu GyHKiws P(U) UMeeT BUJ MOJUHOMA cTerneHd d Ha MHTEpBaye

MEKAY COCCAHNMU Y3JIaMU:

d

p(u) =Y cjk-uj, uk < U < uk+1
=0

CrienoBaTenbHO, AJIsE TOrO YTOOBI OMPENeNUTh CiuiaiiH crenenn d, motpedyercs onpenenuts N(d
+ 1) TtpexmepHbix kodddunmento Cjk . HeobXomumble 11 3TOro ypaBHEHHs MOMKHO
MOJIy4UTh, paccMaTpuBas pa3HOIO poOJAa OrPAHUYEHHS, CBA3aHHBIE C HENPEPHIBHOCTHIO

(GYHKIIMHM U KpUTEpHUEM OJIM30CTH K OTIOPHBIM TOYKaM.

Hanpumep, eciu d = 3, TO MbI IMeeEM 1710 ¢ KYOUYECKHM MTOJIMHOMOM Ha Ka)KJI0M HHTEpBaJie,
T. €. NpU JaHHOM N HYXHO cdopMmynupoBath 4n orpanuueHuid. CymectByer (0 — 1)
BHYTpPEHHUH y3el, U, OpMyarpys OTpaHUUYEHUS, CBSI3aHHBIE C HEMPEPHIBHOCTHIO B ATUX Y3JaX,
nosyuuM (3n — 3) ypaBHenus. Ecnu xe TpeOGyercs, 4ToObl QyHKIMS enie ¥ NpoXoansa yepes
(n+

1) omopHyto TOuKy, TO oOIlee 4YWCIO ypaBHEHHH cocTaBUT (4n — 2). Ocraercs
chopMynupoBaTh eIle 1Ba OrpaHWYeHHs (MONYyYUTh eIlle ABa YypaBHeHHs). X MoxHO

MOJIYYHTh, 3aJIaBIIUCH OIPCACICHHBIM HaIllpPpaBJICHUCM KacaTelIbHOM K



dbopMupyeMOil KpUBOW B HAYaJIbHON M KOHEYHOW TOYKax. Takoi moaxon kK popMUpOBaHHUIO
CrulaifHa sBJsIeTCS TJIOOANbHBIM — HYXHO PpEHIMTh cucteMy u3 4N ypaBHEHHH
OTHOCUTEIIbHO 4N HEW3BECTHBIX, a 3HAYUT, KK MOTYYCHHBIH KOXPQPUIUEHT Oyaer
3aBHCETh OT BCEX OMNOPHBIX TOoYeK. JlaHHas Meroauka ompeneneHus Kod(h( UIHUEHTOB
cIutaifHa o0ecrneuynBaeT TMOMY4YeHHE TJIaJKOW KpUBOHM, MPOXOIsIleil udepe3 3aJaHHbIC

OINOPHLIC TOYKH.

5.5 Tlocrpoenne KpUBBLIX H NOBepXHOCTEl

Ecnu yx B cocTaB ClieHBI BKIIFOYEHBI OOBEKTHI, COCTOSIIINE U3 KPUBBIX U MOBEPXHOCTEH,
HEOOXOIUMO MPUMEHUTh METOJAbl UuX BocnpousBeneHus. CylecTBYeT HECKOJIbKO

MOJIXOJIOB K BBIIMOJHEHHUIO MMOJA00HON MPOIEAYPHI.

[lepBbIil TOAX0A — MOKHO BBIUYMCIUTH TOYKH MEPECEUCHHS C TAaKUM OOBEKTOM JTyudew,
HUCXOMALIMX M3 LIEHTpA MPOCLUUPOBAHUSA U IMPOXOIAIIUX YEPE3 ONPEACICHHBIC ITUKCEIU
KApTUHHOM TUIOCKOCTU. (OJHAKO BBIYUCIEHUE [EPECEYEHUN C KPHUBOJMHEUHBIMU
o0beKkTaMu TpeOyeT pelleHUus HEeMHEWHBIX YPaBHEHUU, YTO HE TAK-TO MPOCTO CIENATh,

YUYUTBIBAsA, YTO BCC BBIYUCIICHUS CIICAYCT BBIIIOJHATE B pCAJIbHOM Macirabe BPCMCHHU.

BTOpOﬁ moaxoa COCTOUT B TOM, YTOOBI BBEIYUCIUTH MAaCcCHB BCPIINH, IMPUHAJICKAIINX
KpHBOJ’IHHCfIHOMy 06LeKTy, U TIIOCTPOUTH Ha OCHOBC J3TOro MacCHUBa HpI/I6J'II/I)KeHI/Ie

KpHBOJ’IHHGﬁHOFO 00BEKTa MHOYKECTBOM IIOCKHX U3 CTaHAApPTHOTO Ha60pa.

KoMIuiekT pa3HOypOBHEBBIX 3a/1a4 (3a1aHUI1)
10 JUCHOUIIJIIMHE
«PACTPOBASI U BEKTOPHASI TPA®HKA»

Tema 2. PacTtpoBas rpaduka. O0mme cBeieHus.

1 3apaum penpoayKTHBHOIO YPOBHS

3ananue 1. JlaliTe KpaTKyto XapakTepUCTUKY KaXJI0My BUIY rpaduKu.

3ananue 2. Kakue ¢popmaThl HCHOIB3YIOTCS ISl XpaHeHUs rpaduyeckoit HHGopMaru.

3amanue 3. Kakue ¢opMaThl HCHONB3YIOTCS HMIIOPTa B TeOMH(GOPMAIMOHHbBIE
IIPOrPaMMBI.

2 3a1a4u peKOHCTPYKTHUBHOIO YPOBHS

3ananue 1. OxapakTepusyiTe pacTpoBYIO rpaduKy.
3amanwne 2. OxapakTepu3ynTe BEKTOPHYIO rpaduKy.
3amanwue 3. JlaiiTe xapakTepucTuKy (pakTagbHON Tpaduke.



3 3apaum TBOPYECKOIr0 YPOBHS

3aganue 1. Coxpanute ¢oTorpaduio B omaHoM u3 (opMaToB XpaHeHHs (HaIoB.
OO0ocHyliTe CBOM BBIOOP.

3ananue 2. CoxpaHUTe BU3UTKY B OJHOM M3 (opMaToB XpaHeHus (aitnoB. OOocHyiiTe
CBOH BBIOOD.

3amanue 3. Coxpanute uHporpadpuky B OmHOM U3 (OPMATOB XpaHEHUs (QailyioB.
OO0ocHyliTe CBOM BBIOOP.

Tema 3. Bektopnas rpadpuka. ®pakranbHas rpadpuxka. Onpenenenns. OcodeHHOCTH
1 3agaum penpoayKTHBHOIO YPOBHS

3ananue 1. KakoBbl IpeuMyIiecTBa BEKTOPHOH rpaduKH.

3ananue 2. ['padmieckre BO3MOKHOCTH BEKTOPHOH TpayKy MepeiaBaTh PeaTCTHUHBIC
00BEKTHI

3ananue 3. Kakue mporpaMMbl paboTaroT ¢ BEKTOPHOM rpauKoii.

2 3ajayM peKOHCTPYKTHBHOIO YPOBHS

3ananue 1. [lpumeps! npuMeHeHus GpakTanbHON TpapuKy.
3ananue 2. MeTo1bl BEKTOPU3aLIUH.
3ananue 3. Bexkropuble 00bekThl B [ IC- mporpammax

3 3axaum TBOPUYECKOIr0 YPOBHS

3ananue 1. OcobeHHOCTH BEKTOPHBIX MpeobpasoBanuii B [ IC- nporpammax.
3ananue 2. [lpumenenue gpakranbHoii rpaguku B 'UC.
3ananue 3. PaboTa ¢ KpuBbIMU B TpauiyeCcKUX MporpruaMmMax

Bonpocs! 115 JJeKIMHU-TAUCKYCCHU
10 JUCIHUILINHE
«PACTPOBAS Y BEKTOPHASI TPA®UKA»

Tema 4. [lonsiTHe IBETA M €r0 XapaAKTEePUCTHKH.
1 3agaum penpoayKTHBHOIO YPOBHSI

3aganue 1. CymHOCTh LIBETOBOM IJIACTUKH.
3ananue 2. CBONCTBA THIICOMETPUYECKUX LIKAJ.

3aganue 3. 3pUTeIbHOE BOCIIPUATHE TOCIOMHOM OKPACKH.

2 3ana4u peKOHCTPYKTHBHOI'O YPOBHS



3ananue 1. KakuMm 00pazom Mpou3BOAAT BEIOOP IBETOBBIX HIKAJI.
3aganue 2. [IpyHINIBI TOCTPOCHNUS TUTICOMETPUYECKUX IIIKAI.
3ananue 3. [locTpoeHne MHOTOILBETHBIX KA.

3 3axaum TBOPYECKOr0 YPOBHS

3amanme 1. [Ipeanoxute cxemy nBeroBoi mikainbl kogax RGB kapt penbeda xpynHo u
MEJIKO MacHITa0HBIX KapT.

3amanne 2. [lpemnoxure cxemy IBeTOBOM mmikainbl B kojmax RGB mns kapt rioyOuH
Yepuoro mopsi.

3aganue 3. Ilpennmokute CcXeMy [IBETOBOM  IIKAJIbl TEMAaTHUYECKOM  KapThl
CT1aBponoiabCKOro Kpas



