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HEPE/IMOBA

CTpiMKU PO3BUTOK KOMIT IOTEPHOIO arapaTHOro 3a0e3MeUeHHs 1 Pi3HO-
MaHITHOTO MPOTPAMHOI0 3a0€3MEUYeHHs CIPHUsE SIKICHUM 3MiHaM y Tpaguliiii-
HUX TEXHOJOT1AX 00poOku 1H(DopMallii. 3’ IBIASIOTHCS HOBI HETPAIUIIIIHI TeX-
HOJIOTIi, B TOMY YHCJII ¥ Taki, 10 3MiHIOIOTh CaM CTHJIb BUKOPUCTAHHS KOM-
' toTepiB. Cepes HUX HalOLIbII JUHAMIYHO PO3BHUBAIOTHCS MEPEKH1 TEXHOJIOTI],
KOMII'I0TepHA Tpadika, TPUBUMIPHE MOJICIIOBAHHS M aHIMAIlisl, KOPUCTYBALIbKUIA
1HTEepdeiic ToIo.

Komm’totepHa rpadika — CKi1ajoBa BCIX Cy4aCHUX KOMIT FOTEPHUX TEXHO-
jorii. I'padiunuii iHTEpdEiic cTaB cTaHAAPTOM I MPOTPAMHOTO 3a0e3MeUeHHs
PI3HUX KJIACiB, MOYMHAIOYM 3 orepauiiHux cucteMm. Kommn '’ totepHa rpadika npu-
BepTae yBary 0ararbox CHELIANICTIB 13 PI3HUX raidy3ed 3HaHb — MPOTPaMICTIB,
MPOEKTYBAILHUKIB 3acO0IB Bi3yamizallii, 1HXeHepiB, (DI3MKIB, MaTeMaTHKIB Ta 1H.
3HaHHS OCHOB KOMIT FOTepHOI rpadiky He0OXiTHE KOKHOMY BUCHOMY UM 1HXKEHEDY.

Kowmn’toTepna rpadika — 1e rainy3b 3HaHb, B fIKid, 3 OAHOTO OOKY, HAaKO-
MUYEHO 3HAYHMUM Oaraxk 3HaHb, 3 IHIIOTO OOKY, 3/IIMCHIOETHCA TOCTIHHUN PO3-
BUTOK METOJIB, aJITOPUTMIB Ta MPAKTUIYHUX 3aCTOCYBaHb, 1€ CKJIaJIHA 1 P13HO-
MaHITHa aucuuiviiHa. Komm’roTepHa rpadika € BaKJIMBOK KOMIIOHEHTOIO
OCBITM CydYacHOro cremiamicta. B OaraTbox Bumajakax mnorpedu B rpadiir
MOXXYTh OyTH 3a0€3MeueHi pi3HUMHU ICHYI0OUUMU rpadiyHuMH 0610J110TEeKaMu Ta
cucremamu. OHaK, TOCTIMHO BUHMKAE HEOOX1AHICTh CTBOPIOBATH CIIEIiaIbHI
rpadiyHi mporpaMHi 3acoOu. 3poOMTH 1LI€ MOXHA, SKIIO OBOJOAITH Ipak-
TAYHUMU HaBUYKAMU PO3B’SI3yBaHHSI TUIIOBUX 3a7a4 KOMII IOTEpHOI rpadiku
Ta BIAMOBIIHUMHU TEOPETUUYHUMU 3HAHHAMU. KpiM 1bOTO, CITiJ1 3ayBa)KUTH, 1110
HaBITh €(EKTHBHE OBOJIOJIHHS ICHYIOUMMHU TpadiyHUMHM 3acO00aMH BHUMarae
3HaHb TEOPETUYHUX OCHOB KOMII' FOTEPHOI Ipadiku.

MeTtoto Kypcy 3 KOMIT I0TepHOi rpadiku st HanpsaMmiB ,,Ilpukinagna ma-
temaTtHka”, ,,JHpopmaTrka” (111 CTYJICHTIB, III0 BHBYAIOTHh BHIIY MaTeMaTH-
Ky 1 IIporpaMyBaHHS) € OBOJIOJIHHS aJrOpUTMaMM Ta METOJAMHM, SKi MOXHA
OyJs10 0 BUKOPUCTOBYBATH MPU CTBOPEHHI HOBUX PEATIbHUX CUCTEM MAIIUHHOI
rpadiku B O€IHAHHI 3 3aCTOCYBAHHSIM ICHYIOUUX IIPOrPaMHUX 3aC001B.

dyHIaMEHTOM OLIBIIOCTI MpOrpaM MAIMHHOI rpadiku € CKIAJHUMA Ta
pO3TAIY’KeHU MaTeMaTUYHMH amapaT, a camMe METOJM aHaJITM4YHOI Ta Ha-
PUCHOT T€OMETpIi, BEKTOPHOI anreOpH, YUCIOBUX METOJIB, MaTeMaTUYHOI
JIOTIKM, METOJIB onTuMizalii Ta iH. MareMaTuyHuM 3a0€3MEeUEHHSIM KOM-
I I0TEpHOI rpadikud CIyXKaTh TE€OMETPHYHI MOJIENl pa3oM 13 METOJaMHu Ta
QIrOpUTMaMU TIEPETBOPEHHS 1IUX MOJICIICH.

I'muOoke oBomomIHHS 0a30BUMM MaTEMAaTUYHHUMHU KOHIENIIAMH Ta MHC-
TELTBOM IMPOTPAMyBaHHS € TOJIOBHUM KJIIOUEM JI0 PO3YMIHHS IMOJAJIBIIOTO
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pPO3BUTKY MamMHHOI rpadiku. He posridnaroun CKIaJHUX MaTeMaTUYHHUX
3a/1a4, MOTEHI1aJ]l MAUIMHHOI Tpadikh YacTO peani3yeTbCsd HE MOBHICTIO
BHACIIIJIOK HEaJeKBATHOTO BUKOPUCTAHHS MAaTeMaTUYHOro amapary. ToMmy B
MOCIOHMKY OCHOBHA yBara MpUIIUISE€THCS MAaTEMaTUYHUM METOJaM, OCHOB-
HUM aJICOPUTMaM, TEXHOJOTISIM Ta KOHIIEMIIISIM KOMII FOTepHO1 rpadiku, a
TaKOK METOJaM MPOLIEAYPHOTO XapaKTepy.

Mera 1poro mnociOHuka — 3a0€3MEYUTH CTYJICHTIB HABYAJIILHUM MaTe-
plajJoM 3 pI3HUX acCHEKTIB KOMIT IOTEpHOI TIpadiku, TOMY MOCIOHHMK CKJia-
JAETHCA 3 IBOX YACTUH: TEOPETUYHOI Ta MPAKTUYHOLI.

B TeoperuuHiii 4acTHHI KypCy JalOTbCsl OCHOBHI O3HAY€HHS, 3pO0OJIEHO
OMHUC TEXHIYHUX Ta MPOTPaMHUX 3aco01B KOMII IOTEpHOI rpadiku, OMHUCAHO
oprasizaiiio rpa@iyHux peXuMiB, HaBEJICHO 0a30Bl PacTPOBl AJITOPUTMH,
OCHOBHI QJITOPUTMU OOYHCIIOBAJILHOI TE€OMETpii, METOJIU MOJICIIIOBAHHS
KOOPJMHATHUX MEPETBOPEHb, METOAM i alrOpUTMU TPUBHUMIpPHOI Tpadiku,
METOAM PEHJEPIHTa, TEXHOJOTIi mporpaMyBaHHs Tpadiku, TpUKIAAN PO3B’s-
3yBaHHS THUIIOBMX 3a7ad. BijablIICTe 3 HaBEACHUX aJTOPUTMIB JICKUTh B
OCHOBI1 po0OTH 0araTb0X Cy4yacHUX I'padiuHUX PEIAKTOPIB.

[IpakTruHa yacTUHA MICTUTH JAOOPATOPHUI MPAKTUKYM, 110 Oa3yeThCs
Ha BUKIIQJICHOMY TEOPETUYHOMY Marepiaii Kypcy. BiH mnpuzHadueHWil s
BUPOOJICHHS BMiHb Ta HABUYOK CaMOCTIMHOI pO3pOOKHU MpOrpaMHOro 3ade3mne-
yeHHs. TyT HaBeIeHO 3aBAaHHS JJIs JJaOOPATOPHUX POOIT Ta OUIBII CKIIATHIIII
3aBAaHHS JUIsl pO3POOKH KOMI FOTEPHUX MPOEKTIB.

3pocTaHHA YacTUHU CaMOCTIHHOI POOOTH CTYIIEHTIB MOTpedye BiAMo-
BIIHUX BIIpaB, TOMY IICJISI KOXHOI TEMH JA€EThCA CIUCOK KOHTPOJBHUX
NUTaHb Ta POPMYITIOIOTHCS BIIPABH 1 3a]a4l AJIsI CAMOCTIMTHOTO pO3B’ I3yBaHHS.
Ile Oyae copusTH KpamoMy pO3YMIHHIO 1 OUIbIIT TIMOOKOMY 3aCBOEHHIO
OJIEpKAHUX TEOPETUYHUX 3HAHB, & TAKOXX PO3BUTKY y CTYAEHTIB TBOPUYOIO 1
IPOCTOPOBOTO MUCJIEHHS.

3MiCT MOCIOHMKA 3HAYHOK MIPOI0 MOOY0BAaHMM HAa OCHOBI Kypcy ~KoM-
n’rorepHa rpadika”’, SKUl BUKIAIAEThCA Ha (PakyIbTETI MPUKIAAHOI MaTte-
MaTuKu YepHIBELBKOr0 HAIlIOHAIBHOTO yHIBepcUTeTy iMeHl FOpis deapko-
Bu4ya. [IoCIOHUK MOKE€ BHKOPHUCTOBYBATHUCh CTyACHTAMM SIK JIEHHOi, TaK 1
3a04HOi ()OpM HaBYAHHS, BUKJIaJadaMd BHUIIOI IIKOJW Ta CIELialicTaMH, sKi
MPAIIOIOTh y rajgy3l MporpaMmyBaHHs rpadiky.

[TobGaxkaHHsT 1 TPOMO3HUIIT TIOJ0 TMOKPAIICHHS CTPYKTYpU Ta 3MICTY
HaBYAJIBPHOTO MTOCIOHMKA HaJACHIalTe 3a aapecoro vgm2006@mail.ru.



Tema 1. Beryn 10 koM’ 10TepHoi rpadikm

1.1. OcHOBHIi NOHATTSH

®opmyBanHs koMl toTepHOl Tpadiku (Hamam — KI) sk caMocTiitHOTO
HAnpsMKY 1H(QOpMaLIMHUX TEXHOJOTiM BimHOcUThbCs 10 60-x pokiB XX crt.,
koiu CasepiieHioM OyB CTBOPEHMM CIeliali30BaHUM MMaKeT MaIluHHOI rpadi-
k. Briepiie mojganHs iH@opMaliiiHUX JaHUX Ha €KpaHi KOMIT IoTepa B rpadiy-
HOMY BUIJIsIAL OYyJIO MTPOJIEMOHCTPOBAHO Ha Mo4yaTKy 50-X poKiB crerianicTaMu
MaccauyCeTChbKOro TEXHOJOTIYHOTO 1HCTUTYTY 1 3r0JIOM CTall0 BHUKOPHUCTO-
BYBaTHUCS B HAYKOBHUX 1 BIMCHKOBHUX JOCHIPKCHHSIX. 3a 1€ Yac KOMIT I0TepHa
rpadika mpouiia mIgX BIJ OKPEMHUX E€KCIEPHMEHTIB JI0 OJHOIO 3 HaWBaXK-
JUBIIIMX 1HCTPYMEHTIB CYy4aCHOCTI. PO3BUTOK KOMII IOTEPHOI Ipadiku mpoxo-
JIUTH 7KBABO: JIENIO IIBUJIKO BIJPKUBAE, a BOJHOYAC 3 SIBISE€TbCS 0araTo HOBO-
ro. Huni He MoxHa €001 YSBUTH PO3BUTOK OYIb-SKOi Taiy3l JIIOJACHKOI
JISUTBHOCTI, TIOB’sI3aHO1 3 HAYKOIO, UM TeXHIK0I0 0e3 BukopuctanHs KI'. Bona €
0arato(yHKI[IOHAJIBHOIO CKJIQJOBOIO0 yCiX 1H(OpPMAIIMHUX TEXHOJIOTIN 1
BaYKJIMBOIO KOMIIOHEHTOIO JJISl B3a€EMOJI11 JIFOJIMHU 3 KOMIT I0TEPOM.

Ha nepmomy etamni cBoro po3sutky KI' Oyna nmacuBHOIO, OfHAK 1€ BXKe 3a-
Oe3neuyBano Hao4Hy (QopMy CHOPUHHATTA 1HPOpMAIi, a, SIK B1IOMO, OUIbIIY
yactuHy iH(opmMarii (1o 75%) mnpo HABKOJMIIHIA CBIT JIFOJAWHA CHpPHIMAE
Bi3yaJbHO, TOOTO 3a JOMOMOIrOI OpraHiB 30py. 3 ILOTO IPUBOJY MOKHA
3rajiaTd OPUCIIB’S. ,,Kpalle pa3 modayuTH, HDK CTO pa3iB MOYyTH , ado Horo
KUTalCbKUN aHajor ,,01Ha kapTuHka komrtye 1000 cmiB”. 300pakeHHS He
TUTBKK MICTKHM, ajie 1 JOCTYMHHUN B 1H(OpMAIlil, OCKUIBKU JIJIs CIIPUHUHSATTS
Bi3yaJibHOI 1H(pOpMaIli BiJT KOPUCTyBaua BUMAra€ThCsi MEHIIE 3YCUJIb.
[ndopmariist, MmO MICTUTBCSA y 300paK€HHSAX, € HAWOLIbII KOHIEHTPOBAHOIO,
HaMJIeriie CIpuiMaeThCs Ta HANIBUIIIE OOPOOISETHCA.

[Ipu macusHiii rpadini EOM ¢opmye 1 BUBOAUTH 300pa)keHHs Ha rpa-
b1yHul npUCTPid Mij yHIpaBIiHHIM NpUKIaIHUX porpam. KopuctyBay He Mo-
Ke 0e3rnocepe/lHhO KepyBaTh (POpMyBaHHSAM 300pak€HHS, MEPII HIXK BOHO HE
3'SIBUTbCSI Ha €KpaHi. [lacuBHUII KOHTPOIb HE A€ MOXIJIMBOCTI BTPYTUTHUCS B
IpoIleC MPOCKTYBAHHS KOHCTPYKINi (CHCTEMa TpaIlloe€ B IMAKETHOMY PEXHMI
0e3 miamory). s momudikamii BUXiTHOTO 300pakeHHS HEOOXITHHUI MOBTOP-
HUH 3alyCK MakKeTa NpUKIaJHUX nporpaMm. ToMy BUHUKIIA HEOOXITHICTh Y PO3-
BUTKY miajoroBux cucteM KI', ToOTO cucrem iHTepakTHUBHOI Tpadiku, 1100
KOPUCTYBa4 OMEPATHUBHO MIT BHOCUTH 3MIHM B 300paK€HHS O€3M0ocepeHhO B
npolieci Woro BigTBopeHHs (B peajdbHOMY MaciuTabi vacy). Huni Bci cydacHi
rpadiyHl OporpamMu € cucreMamu 1HTepakTUBHOI KI' 1 BOHM MOXKYTh BIJITBO-
pIOBaTH BC1 OCOOJMBOCTI peajbHUX 300pakeHb. JJlaMo psiJi BUBHAUEHb.

I'pagpixa — 6uo mucmeymea, wjo 6Kk1I0UAE MANIOHOK T XYOOHCHE 300PANHCEH-
Hs1 (noxooumw 610 epeyvk. crosa 2pago, wo 03HAYAE ,,NUULY, KPeCllo, MAioio”).
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Komn’romepna zpaghika — ye canysv 3namnv, wo eusuac ma po3poodiisie
memoou i 3acobu cuHmesy, 30epedceHHs U NepemeopeHHs YUPDPOBUX
306padicens 3a 0onomozoio EOM ma inwux mexuiunux npucmpois.

Hudgppose 300pasxccenna — ye mooenv peanvbHo20 aOO CUHME3Z08AHO20
(cmsopenoco wmyuno) 306pasxcenns, wo 36epicacmovca 6 naw’smi EOM y
8u2A0I CYKYNHOCMI Yuhposux koois.

Pesxcum, npu axomy xkopucmyeau y peanvbHOMy yaci Modce 8naueamu Ha
gecb npoyec (opMy8aHHs 300padiCeHHs, MOOMO 3MIHU 6 300pPAMNCEHHS MOJHCHA
sHocumu 6Oesnocepeonbo 6 npoyeci 1io2o eiomeopenns (8 peowcumi Oianozy),
HA3UBAEMbCSL IHMEPAKMUBHUM.

Inmepakmugnoro KI' nazusaiomv mooi, koau 00 ckiady 2paghiunoi cuc-
memu 6x008mb MEXHIYHI | NPOoSpamHi 3acobu, wo 003604810Mb OUHAMIYHO
Gopmysamu 306paxceHnsl.

[cTopruyHO MepIIUMU THTEPAKTUBHUMHU CHUCTEMaMH BBAXalOThCS CHUCTEMU
aBToMaTH30BaHoro mpoektyBanHs (CAIIP), ski 3’sBuucs B 60-x pokax XX cT.

KI' — e obmacte iHdopmaTHkHu, y cdepy iHTEepeciB SKOI BXOMASITh BCI
acniekTy (opMyBaHHS 300pa’K€HHS 3a JIOMOMOrorw Komil torepa. Lludposi
npocrimie 30epiraTi, TUpaKyBaT, KOMIIOHYBaTu TOIIO. [[udpoBi 300pakeHHs
MOXHa CTBOPUTHU CKaHEpOM, IU(PpoBUM QoToamapaToM, a MOTIM BiJpeaary-
BaTH B mporpami oOpoOku 300pakens (Hampukian, B Adobe Photoshop), a
MOXXHa CTBOPUTH HUGPOBI MATIOHKHU 3 HYJIS, 3aCTOCYBABIIM CHEIlabHI MIPOT-
pamu (Hanpukian, y Corel Draw) abo HamucaBiIv BIAMOBIIHY MpOrpaMy Ha
MOBI IporpamyBanHs (Hanpukiazg, Visual C++).

Ocnosnumu 3a0auamu KI' € Bizyamizauis iHdopmarii, TOOTO CTBOPEHHS
300pakeHb Pi3HUX 00’€KTiB 1 cieH (y 3arajlbHOMY BHIAJKy TPUBHMIPHUX) Ha
JeSIKOMY JBOBUMIPHOMY €KpaHi (Hampukiaj, Ha eKpaHi MOHiTOpa abo Ha ap-
KyIIli TIanepy), BUKOHAHHS Pi3HUX il 13 300pakeHHsAMH, 30epiraHHs Ta mepe-
naBaHHs rpadivyHoi iHPOopMAaIIii.

[lin cunmesosanum 306padicentsm poO3yMilOTh MIEBHE HOBLIbHE Bi3yallbHE
nojaHHs iHQopmallii, sSIKE OTPUMYETHCS B KOMII IOTEpPl Ha OCHOBI Marema-
TUYHOTO omnucy (Mojeni) 00’ €xTa 3riIHO 3 TUPEKTUBAMHU KOPUCTYBaya.

Taxe 3ayBaxkeHHs Buydae 3 npeamera KI' 3agaui 00OpoOku Ta po3ii3HaBaHHS
300pakeHb, OTPUMAHUX NUISIXOM (oTorpadyBaHHs, OCKUILKA B I[bOMY BHIIAJKY
MH HE MAEMO CIIPaBU 3 MOOYI0BOIO TpadiyHUX 00’ €KTIB 3a IEBHUMHU MPaBUIIAMH.

[Ipu 00po06111 300pakeHb Ha OCHOBI MOYATKOBOT'O 300payKEHHS OJIEPKYIOTh
300pake€HHsI, sIKE BOJIOJIE 1HIMMMH BiacTUBOCTAMU. [Ipukinagom meTodiB 00-
poOKu 300pakeHb MOXYTh OYTH MiJBUIIEHHS KOHTPACTY, KOPEKIliS KOJIbOPIB,
pecrtaBpailisi 300pakeHb.
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IIpu posmnizHaBaHHI 00pa3iB CTaBUTHCSA 3ajJladya 3a MOYATKOBHUM 300pa’keH-
HSIM 3HAUTU MaTEMAaTHUYHUN ONUC 00’ €KTIB, HAMPUKIIA]l PO3II3HATH TEKCT.

Tomy o06poOka Ta po3mizHaBaHHA 300pa)KeHb BITHECEHI B CAMOCTIHHI Har-
psmu y cdepi 00poOku rpadivnoi iHopmarii.

Otxe, nUTaHHAMHA POoOOTH 3 300pakeHHsAMU HAa EOM 3aiimMatoThCsl Tpy Harl-
psAMU 1H(OPMATUKU: KOMIT I0TepHa rpadika, 00poOka 300pakeHb, pO3Ii3HABAHHS
o0paziB. Mu po3risiiaTiMeMo B OCHOBHOMY JIUIIIE 33]1ayi MEPILIOTO HAMPSMY.

1.2. IIpocTimi moaeJi rpagiuHux 00’ €KTiB

I'paghiynuii 06’exkm — 1€ TIEBHUI MalIOHOK, OJCp>KaHUM 3a JOMOMOTIOI0
koMl toTepa. CyKymnHICTh rpadiuHuX 00’ €KTIB HA3UBAIOTh 300padicenHsam. ['pa-
GbiuH1 300paX€HHS YacTO MAalTh 1€papXiyHy CTPYKTYpYy, SKa BHUHUKA€E B
pe3yibTaTi Mpoliecy Mo0y10BU 3HU3Y-BBEPX.

[IpocTimii 6a30Bi rpadiuHi eIeMEHTH, 3 AKUX OyyI0Thbcs Tpadiuni 00’ ekTH
JOBIJIBHOI CKJIAJIHOCT1, Ha3UBAIOTHCA epagiunumu npumimueamu. BoHn BUKO-
PUCTOBYIOTHCSI K OyJiBeJbHI OJIOKH JJisi 00’€KTIB O1IbII BHUCOKOI'O PIBHS.
['padpiuHi NpUMITHBU PO3IIISIAAIOTHCS SIK MPOCTI HEMOAUIbHI €JI€MEHTH 300pa-
KCHHS 1 TCHEPYIOThCS OJHIEI0 OKpEeMOI KoMaHzor (mignporpamoro). Bonu
MOXXYTh MaTH TaKOXX alapaTHUM Ta arnapaTHO-IPOrpaMHUM piBeHb (popMyBaH-
Hs. SIK MpaBUII0, MHOKMHA MIPUMITHBIB MICTUTh Taki ejaemMeHTH [19]:

¢ TOYKY,

« BIAPI3OK,

+ JlaMaHy JiHito (3aMKHEHY 1 HE3aMKHEHY),
« TPUKYTHUK,

« TpukyTHHi cTpin (puc. 1.1, a),

« TpukyTHHiA deH (puc. 1.1, 6),

¢ YOTHUPHUKYTHHK,

« YOTHpUKYTHHH cTpin (puc. 1.1, ),

« ONYKJINHA MHOTOKYTHHUK (ITOJIITOH).

Vo v
V6 4 V V V6
V5 V8
Vi
Vi

V, e
2 V3 Vs v, Vs Y
V6 5 V9

a 4] 8

Puc. 1.1. EnemeHnTr MHOXXWHU NPUMITHUBIB: @ — TPUKYTHUH CTpiM, 6 — QeH,
6 — YOTUPUKYTHUM CTPIII
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Tpuxymuuit cmpin — 1ie MHOXuHa TPUKYTHUKIB T = {VVi«1 Vi« }, mo y1-
BOPIOETHCA MOCIIIOBHICTIO BepiuH V1,V Vs,..., Vi, Tlepinii TpUKYyTHUK CTpI-
na ViV,Vs. dpyruii tpukytauk V,VsV, Mictuts yxe Bitome peopo VoV 1 Tomy
JUTsl KIOTO 3alaHHST HEOOX1THO BKa3aTH TUIbKU OAHY BepiiuHy 1 T.4. ToMy cTpin
i3 5 tpukytHukiB (puc. 1.1, a) 3amaerbesa mocmigoBHicTIO V1,V3,...,V7 13 cemu
BepIIUH (3aMiCTh T’ SITHAIIATH Y BHUITAJKY 3aJaHHSI KOXKHOTO TPUKYTHUKA OK-
pemo). Ockinbku 00poOKa KOXKHOI BEpIIMHM B rpadiuHiii cucTeMi 3aiiMae 1meB-
HUW 4Yac, TO 3MEHIIEHHS KIJIBbKOCTI OOYMCIIOBAIBHUX BEPIIHMH MPHCKOPIOE Bi3ya-
JI3aIio MPUMITHBA.

Tpuxkymnuii hen (Bisino) — e MHoxkuHa TPUKYTHUKIB T = {V1Vii1Viso}, y1-
BOPEHHX IMOCHiI0BHICTIO BepiinH V1,V,...,\Vii2 (puc. 1.1, 6), T06TO TpUKyT-
HUKIB, K1 33JIal0ThCS MEPIIOI0 1 KOKHOIO HACTYITHOKO Iaporo BepliuH (Iapu He
nepetuHaroThes). [Ipu 3amanHi GeHy croyaTKy BKa3yeThCs 3arajbHa BEpIIMHA,
a MOTIM PelITa BEPILUH Y MOPSJIKY 00X0ly CIIUTbHUX pedep.

Yomupuxkymnuit cmpin — 11¢ MHOKUHA YOTUPUKYTHHUKIB Q = {V5i.1V2i Vais2
Viis1}, YTBOPEHHX MOCHIIOBHICTIO BepivH Vi1,V,...,\Voneo. Sk BuAHO 3
puc. 1.1, 6, npu 3a1aHH] YOTUPUKYTHOTO CTpina MOCIIJOBHICTh IepepaxyBaH-
Hs1 BEpUIUH 1HIIA, HIXK TIPU 33JaHH1 HE3B I3aHUX YOTUPUKYTHUKIB.

Ilonizonom Ha3uBaETHCA 3aMKHEHA KpHBa Ha IUIOIIMHI, YTBOPEHA Biapi3-
KaMU MPpAMUX JIiHIA. Biapi3ku npssiMuX Ha3uBarOThCs peOpamu abo CTOpOHAMH,
KIHIIEBI TOYKU — BepIIMHAMU. J[Bl BEpUIMHU, IO HaJeXaTh OAHOMY U TOMY XK
pedpy, Ha3UBAKOTh cymidcHumu. Biapi3ok mpsamoi JiHii, 10 JEKUTh MIXK JIBOMa
HECYMIXHUMHU BEPIIUHAMU, HA3UBAETHCS QiA2OHANIIO.

[ToniroH Ha3WBAETHCS MPOCMUM, SIKIIIO BIH HE Ma€ CaMOIIEPETUHIB pedep.
[TpocTHii MOJIIrOH OTHO3HAYHO OXOIUTIOE HEMIEPEPBHY YACTHUHY IUIOIIMHH, SIKA €
BHYTPIIIHBOIO YaCTUHOIO MOJIITOHA.

JIs. TpUBUMIPHUX J0JAaTKIB TOJIOBHOIO XapaKTEPHUCTHUKOIO MOJIITOHA € HE
KUIBKICTh BEpIIMH, a iX TUI. BepluHM MONiroHa MOAUISIOTHCA HA OMYKII 1
HeonykTi (BBirHyTi). BepiinHa Ha3UBa€eThCS OMYK010, SKIO BHYTPIIIHIA KyT
npu BepinHi MeHie 180°, B mpoTuiexxHOMy BUNAAKY BEPIIMHA HEONyKId.

Haramgaemo, 1mo o0jacTh Ha TJIOIIMHI HAa3WBAETHCS OMYKAO0I0, SIKIO IS
OyIp-SIKMX JBOX TOYOK 00JIaCTi BIJIPI30OK, IO iX 3’€IHY€, MOBHICTIO JIEKHUTH
BCcepeuHi 11i€i o0nacTi. byab-sika BepiiHAa B OMYKJIOMY IOJITOHI € OMYKJIOH0
(B HEOMYKJIOMY TIOJIITOHI MPUHAMMHI OJTHA BEpIIMHA HEOMyKJa). 3 I[bOro BH-
IJIMBa€e Toi (haxT, M0 MpHU 00XO0A1 TPaHUIIl OMYKJIOTO IMOJIFOHY B HaMPsIMKY 3a
TOJIMHHUKOBOIO CTPUIKOIO B KOXKHIM BEpIIMHI HACTYNMHE pedpo abo MpojaoB-
KY€EThCS IO MPsAMI JTiH1T, a00 MoBepTaeThcs BIpaBo. B koM 1oTepHiit rpadiiti
MOJIITOHU OCOOJIMBO BAXKJIUBI SIK 3aCO0M 3a/IaHHS TTOBEPXOHb.

B cyuacHux cucremax KoMl r0TepHOI rpadiku iHdopmarllis npo rpadiyHi
00’ €KTH MOIUISETHCA HA ABl Kareropii: mapameTpu Ta atpuOytu. [Ipumituu
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TEX XapaKTepU3yIOThCs MapameTpamu Ta atpulytamu. Ilapamempu tnpumi-
TUBIB XapakTepu3yrTb (OpMy, pO3MIpH, MICIE€ PO3TAIIyBaHHS MPHUMITHBA.
Ampudymu TPUMITUBIB — 1€ BJIACTUBOCTI, SIKI BU3HAYAIOTh iX BUIJISA MPU
Bi3yautizailii, TOOTO crnocid 300pakeHHs 3aJ1aHOTO MPUMITHBY .
JI71s1 KOKHOTO TUITY 00’ €KTIB BU3HAYAIOTh CB1M HaOip aTpuOyTIB:
® JJIsl TOYKU — PO3MIp Ta KOJIIP;
® /I JIiHIT — KOMNip, TOBIIMHA 1 THI (JIiHISA, K& BUKOPHCTOBYETHCS IS
MaJIIOBaHHS BiIPi3KiB MOXKe OyTH CYILIBHOIO a00 MTPUXOBOIO);

® JJIi MHOTOKYTHHUKIB — PEXHMM KOHTYpY 4M 3amoBHeHHs. Lleil mapametp
BKa3ye Croci0 3aJaHHs MHOTOKYTHUKIB. MOXHa MaJllOBaTU TUIbKU Bep-
mHU a0o pedpa, a MoxkHa 300paxaTu 3adapOoBaHI MHOTOKYTHUKH, IIPU
IbOMY KOHTYpP MOJE€ MAaJlOBaTUCh OJIHUM KOJIbOPOM, a BHYTPIIIHS
00J1aCTh 3aJIMBATUCH 1HILUM.

Y npocropi mnpocTimumu rpadiyHUMH [PUMITHBAMU € MOJIEAPH.
Iloniedpu — ye 3amkueni npocmopogi 06'ekmu, wo 06MeHCeHi NIOWUHAMU.
Cepen 00'eMHUX TiJ1 TIOJIIEAPH 3alMAIOTh TaKe K BaXKIIMBE MICIIE, K 1 TTOJITOHH
cepen mwiockux ¢iryp. OAUH MOJITOH 3aJa€ OJHY T'paHb 00’€MHOro 00’€KTa.
Jlexisibka TpaHeil y mpocTopi CKIagaloTh 00’ €MHUN 00’€KT Y BUTJISI 3aMKHE-
HOI TOJIITOHAJIBHOI MOBEpPXHI (MHOrOrpaHHHKA), a00 HE3aMKHEHOI IMOBEpXHI
(IoTiroHaJIBHOT CITKH).

Mooens nonieopa H={P, G} ckiianaeThcs 3 JBOX MacHBIB:

« KOOpAMHATHOTO crucKy BepiwH P={Pi,..., P} NIpoHyMEepOBaHUX Y JO-
BUTLHOMY TIOPSJIKY;
« wMacuBy cnuckiB rpaneii G={Gy,..., Gn}. Enemenr Gi={dgi,..., Jin. » Oir}

macuBy G € criMcKOM HOMEpIB BEPIIMH TMOJIITOHA I-TO1 TpaHi, Iepepaxo-
BaHUX Yy MOPAJKY 00X0y iX MO0 3aMKHEHOMY KOHTYDY.

[lomiroHanpHi MOAENI HaWOLIBII MIMPOKO PO3MOBCIOKEHI B CyYaCHHX
CUCTEMax TPUBUMIpPHOI rpadiky, Xxoua BOHH MAIOTh 1 PSJl HEJOJIKIB, HAIIPHUK-
Jaj, MPUBOJATH IO CKJIAJIHUX aJTOPUTMIB Bi3yalli3allli peasiCTUYHUX 300pa-
KEHb. 3aBISK{ TUIAHAPHOCTI BCIX T'PAaHUYHUX ITOBEPXHOHB ITOJi€Apa ICTOTHO
CIPOITYETHCSI PO3PAXYHOK MOTr0 IMEPETUHIB 13 PI3HUMU T€OMETPUYHUMHU TMPH-
MiTuBaMu. KpiM 11bOro, 4acTo KpUBOJIHIMHI FPaHUYHI MOBEPXHI 00’ €KTIB arl-
POKCHUMYIOTHCSI CUCTEMOIO TOJIITOHAIBHUX TPAHEH, 110 MEPETBOPIOE 111 00'€KTU
Ha MOJTiepH.

VY npupoxl icHye uiui psia nonieapanbHux o0'ekTiB. Cepen HUX mpa-
BUJIbHI MHOTOTPAHHUKH, TPU3MHU, MipaMiid TOUIO.

Ilpasunvni muozozpannuku (niamonosi mina) — 1e OMYKJII MHOTOIPaH-
HUKH, BCl TpaHi SKUX € IMPaBUJIbHUMHM MHOTOKYTHMKAMH 1 BC1 MHOT'OTpaHHI
KyTH IIpU BEPIIMHAX PIBHI MIXK COOOIO.

IcHye 5 npaBwiIbHUX MHOTOrpaHHHKIB (11¢ JOBIB Iie EBKimin): Terpaenp,
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rekcaenp (ky0), okTaeap, moaekaenp, ikocaeap. Ilpedikc nepen rpelbKUM KO-
pEeHEM 'ellp' 0O3HAYa€ KUIbKICTh IpaHel nmosieapa.

J1J1s1 TOBHOTO OMUCY MPABUIBHUX MHOTOIPAHHUKIB YHACHIIOK IXHBOI OMyK-
JIOCT1 IOCTAaTHBO BKAa3aTH CIOCIO 3HAXO/HKEHHS BCiX MOro BepinH. Po3riasinemMo
JesIK1 CITIOCco0H iX MoOy10BH.

BepiinHamu TeTrpaeapa € 4YOTHpPU BEPLIMHU KyOa, MOMapHO HECYMIXKHI 3
OJHUM 13 #oro pedep (puc. 1.2, a).

BepiuimHu okTaenpa 3HaX0OAAThCs B IIEHTpaX rpanei kyoa (puc. 1.2, 6).

a o
Puc. 1.2. Ilpukiaau npocTilMX MOJieApIB. a — TETpaeaAp, 6 — OKTaeIp

OnuimeMo crocid KOHCTpYIOBaHHS ikocaenpa. [loOyayemMo muitiHIp OJMHHUY-
HOT'O pajiyca, BiCh SKOI0 30Ira€ThbCs 3 BICCIO aIlJIIKaT Z, a OCHOBH JIEXKaTh Y
wromuHax Z = 0,5 1z = — 0,5. Po30uBaemMo KokHE 3 KiJ, IO JIeKaTh B OCHOBax
HUWIIHAPA, HAa 5 PIBHUX YACTHH, SIK 1€ 300paxkeHo Ha puc. 1.3.

Puc. 1.3. TTocaigoBHICTD 3’€THAHHS BEPIIHH

Jlami HymepyeMO 1ii TOYKM NPOTH TOJAMHHUKOBOI CTPUIKM MapHUMHU Ta
HEMMApHUMHU YUCJAMHU 1 TIOTIM ITOCJIIIOBHO, BIIMOBIIHO 10 HyMepallii, 3'eqHye-
MO IIi TOYKH BignmoBigHuMHu Biapizkamu (puc. 1.4). OnepxyeMo IecsaTh cepel-
HIX TPUKYTHUX IpaHel 1Kocaeapa.

7%

Puc. 1.4. Cepenni rpasi ikocaeapa
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Jlist 3aBepuieHHs: MOOYA0BH 1KOocaeapa BUOMPAEMO Ha OCl Z Bl TOYKH TakK,
1100 JTOBXHWHHU OOKOBHUX peOep y I'SITUKYTHUX IMipaMijiaX 13 BEpIIMHAMH B IIHX
TOYKaX 1 OCHOBAMH, IO CHIBMAJAIOTh 3 MOOYJIOBAaHUMHM IT'STUKYTHHUKAMH, JO-
PIBHIOBAJIM JIOBXUHAM CTOPIH MOOYJOBAaHUX MPaBUIbHUX TPUKYTHUKIB. Taku-
MM TOYKaMH € TOYKH 3 arliKkaTaMu  +/5/2.

VY pe3yibTari onucaHux moOyaoB oaepkyeMo 12 Todok (BepIlnH), a ONMyK-
JIMi MHOTOTPAaHHUK 13 BEpIIMHAMU B ITUX Toukax Oyne matu 20 rpaHeii, KokHa
3 SIKUX € MPaBWIBHUM TPUKYTHHKOM (puc. 1.5, a). JlekapToBi KOOpIUHATH BEp-
IMH T00YI0OBAHOTO 1KOCaeipa JErKO0 O0YUCITIOIOTHCS.

&

a
Puc. 1.5. Cknagniun mojienpu: a — ikocaeap, 6 — 1ojeKaep

3auinaeThcs MO0y yBaTh aoaekaeap (KiIbKicTh rpanei — 12) — HaiOLIbI
CKJIaJIHE TJIATOHOBE TUIO. Bepmmuu noaexkaeapa € MEHTpaMu TPUKYTHUX Tpa-
Hel 1kocaenpa. OTxe, KOOpJIMHATH KOKHOI BEPIIMHU JT0AEKaeipa MOKHA 3HAM-
TH UUISIXOM OOYMCIICHHSI CEPEIHbOr0 apUu(PMETUYHOrO KOOPJMHAT BEPIIUH
ikocaeapa. Jlaai HEoOXiTHO 3'€IHATH IIEHTPH CYMDKHHX TpaHed peOpamwu
(puc. 1.5, 6).

MHoOX1HA BUAMMUX HA €KpaHi 00'€KTIB, YIOPSAIKOBAaHUX 3T1JIHO 3 MPOCTO-
POBHUMH BiHOIICHHSMH (HAIIPUKJIad, 3a BIIHOIIECHHSAM Jajbliie — OJIMXKYE, JiBi-
IIIe — IpaBillie), pa3oM 3 aTpruOyTaMH €JIEMEHTIB MOBEPXOHb (KOJIip, TEKCTypa,
ONTHYHI BIACTHBOCTI MaTepiajiB) i 3 aTpuOyTaMu OTOUYECHHS (PiBEHb OCBITJICH-
HS, TYMaH, JUMKa TOIIO0) YTBOPIOIOTH CUEHY.

['padpiuni 00'exTH, 3 SIKUX CKIAJAETHCS CIICHA, HA3UBAIOTHLCS eJleMeHmamu
cyenu. {15 TOBHOTO OMUCY CUEHHU HEOOX1/IHA, SIK MIHIMYM, Taka iHGOpMalis:

« MopdosoriyHa iHpopMallisi — 1e 3BeACHHS Npo PopMy, CTPYKTYPY KOXK-
HOT'O €JI€MEHTa HE3aJIEKHO BiJI MOr0 pO3MIIIEHHS Ta PO3MIpIB 1 MiCI€3HA-
XOJDKEHHsSI criocTepiradya. MeToaw MojeltoBaHHS 3MiH (Gopmu 00'eKTa,
TOOTO MOCTYIIOBOI'O IIEPETBOPEHHS OAHOro 0Opa3a B iHIIMK (aHIMAaIIis
dopmu) Ha3UBarOTLCS Mopghinzom (Bix rpeubk. morphe — popma). 3a3Bu-
yail neperBopeHHs (OpMHU 00'€KTa BU3HAYAETHCS 3a JOMOMOTOI MHO-
KWHH OTIOPHUX TOYOK 1 IMOJAJIBINOT IHTEPIOJISILIII;

« TreoMmeTpuyHa 1HGOpMAIlis, SKa BKIIOYAE XapaKTEPUCTUKH PO3MIPIB elie-
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MEHTIB CIICHH, IapaMETPH B3aEMHOIO PO3MIIICHHS €JIeMEHTIB (Biamaib
MK HUMH, KyTH), PO3MIIIICHHS €JIEMEHTIB BIJIHOCHO CIIOCTepiraya i T.1.;
 1H(opMallis po JKepena CBITIA, MPO IX PO3MIMICHHS, PO BIACTUBOCTI

Marepiairy 00'€KTiB.

1.3. MaTtemaTu4uHi MojeJti 00'€eKTiB rpadiuHux cieH

Jliist cuctemM mMamuHHOT rpadiky HKepesioM BXiaHOT iHhopMaIllli € He cami
Gb13u4H1 TIpoIiecu Ta 00’ €KTH, a MaTeMaTU4H1 MoAell. Mamemamuuna mooensb —
1€ CYKYNHICTh MaTE€MaTUYHUX CIIBBIJHOIIEHb, 32 JIONOMOIOI0 SIKMX OIHCY-
IOThCSI OCHOBHI XapaKTEPUCTUKHU peanbHOro 00’exrta. I[Ipu moOymoBi 00’ €KTIB i
CILIEH PI3HOI MPUPOJM y KOMII FOTepHil rpadiii HaivacTilie BUKOPUCTOBYIOTh
F€OMETPUYHY BEPCII0 MATEMAaTUYHOTO MOJEIIOBAHHS, TOOTO KOXKHUN €JIE€MEHT
CIICHU PO3TJIAJIAE€THCS SIK TEOMETPUUHUN 00'€KT 13 MEBHUMHU BJIACTUBOCTSIMU, a
CIIeHa CKJIaJIA€ThCA 3 MHOXKMHU T€OMETPUYHUX 00 €KTIB.

3a crmocoOOM IpeICTaBICHHS T€OMETPUYHUX 00'€KTIB MOKHA BULJIUTH B
HalyYacTille BUKOPUCTOBYBAHI MOJIENl €JIEMEHTIB rpaiuHUX CLEH:

- TpadiuHi NPUMITUBHY;
=  MaTeMaTU4YHI MOJIE1 MPOCTOPOBUX 00'€KTIB, SIKI 3a/1aI0ThCS PIBHSIHHAMHU
JIHI# 1 TOBEPXOHb.

VY nmepuriii Moaesi BBaKA€EThCS, 110 ClieHa (POPMYETHCS 3 BIJOMHUX F€OMET-
puunux (iryp (mpumiTuBiB): aBOBUMIipHUX (JIiHI, MHOTOKYTHHUKIB TOIIO) 1
TpuBMMIipHUX (KyOiB, mipamij, Kyjb, HWIIHAPIB Tomo). [IpuMiTHBH po3riisiia-
IOTHCS SIK TIPOCT1 HEMOJUIbHI eJIeMEHTH 300pakeHHs. Tomy mporpaMHa peaji-
3aiisl MoOyJOBH CUEHU MOJArae B MiA0Op! BIANOBIAHUX (iryp, ski BUOHpa-
I0TbCsl 3 010mioTekn npuMiTuBiB. [Ipyu BuKOpHUCTaHHI 010JI0TEKH MPUMITHUBIB
MaEMO CIPaBY 3 ABOMa PIBHAMH MPUMITUBIB. JBOBUMIPHUMU Ta TPUBUMIPHUMH.

[[lo6 mobyayBaTH eIeMEHT CIeHM, KWW BIJICYTHIM B Oi0mioTell mpumi-
TUBIB, MOTPIOHO CKOHCTPYIOBAaTH HMOro 3 TUX IPHUMITUBIB, Kl HasgBHI B 010-
J10TeIll, BAKOPUCTOBYIOUYH PI3H1 Oomepallii Ta KoMIo3uilii ereMmeHTiB. Lle noope
BiJIOM1 omepallii, sIki 3aCTOCOBYIOTHCSI JI0 CYIIJIbHUX TUI. MOBOPOTH PI3HOTO
poay, 3CyB, MEPETBOPEHHSI MOAIOHOCTI, CUMETPUYHE BigOOpa)KeHHS, PO3TAT,
cerMeHTarlist 00'ekra (BUIIICHHS Ti€l YaCTUHU 00'€KTa, HAJl SKOK OyJe MPOBO-
IMTHCS TepeTBOpeHHs), 00'ennanns (cyma) o0'ekriB — PriUPr2 (rpadiunmii
00'€KT, KOXKHA TOYKA SIKOTO HAJICKHUTh X04a O OJTHOMY 3 MPHUMITHBIB), TICPETUH
(mo0yTok) mpumituBiB PriNPr2 (timo, KokHa TOYKa SKOrO0 HAJIECKHTh OJIHO-
YacHO JIBOM TPUMITHUBaM), pi3HHIS JABOX npuMituBiB Prl\Pr2 (rimo, sike
CKJIaJa€Thes 3 TOYoK Prl, 1mo He Hamexats 10 Pr2).

Y npyromy TuIll MOJENICH T€OMETPUYHI €JIEMEHTH CLIEHH PO3TJIAIaI0ThCS
SK (PYHKIIOHAJIBHI 3aJIE)KHOCTI SICKPaBOCTI TOYOK CIIEHHM BijJ KOOpPJWHAT IHMX
TOYOK, TOOTO CLIEHY MO>KHa IMOOYAyBaTH 3a JOIMOMOIOI0 aHAJTITUYHUX PIBHSHB,
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SIK1 OMMUCYIOTh JIHIT Ta MOBEPXHI, IO 3aJ1al0Th Tila CIEHH. AHAIITUYHI MOJIEII
MIMPOKO 3aCTOCOBYIOTHCS IIPHU MPOEKTYBAaHHI T€OMETPUYHUX 00’ €KTIB CKIIAIHO1
dbopmu, Mpu MiArOTOBII Iporpam ynpasiiHHs A1t ctadkiB 3 YITY, npu po3kpo-
I0BaHH1 Matepiany Tomio. HaBegemo piBHSHHS EIKUX JIIHIN 1 TOBEPXOHb.

[IpsimMa J1iHisS Ha IUIOIIWHI 3a1a€ThCS HEABHUM PiBHIHHAM aX+0y+Cc=0, abo
SBHUM DPIBHSHHSAM y = kx + D. Bigpi3ok, 110 BH3HAYA€THCS JBOMAa TOYKAMHU
lo, 1, 3aJA€THCSI BEKTOPHO-TIAPAMETPHYHUM PIBHSIHHAM BUIIIALY I = ro(l-t) +
rit, me r=(x, y), te [0, 1].

3aranpHa siBHa (popma 3aaHHs KpHBOi Ha IwiomuHi Mae Burisaa Y = f(X),
HesiBHA hopma — f(X, y) = 0. SIBHumiA Burisa kpuBoi Y = f(X) Mae ps1 HeAOIKIB.
[To-nepiie, He MOXXHA ONMUCATH 3aMKHEH1 KPUBI OJHUM BHUpa3oM. Taki KpHUBI
HEOOX1JHO PO30MBATH Ha PsJl CETMEHTIB 1 IIYKAaTH aHATITHYHE 3aJaHHS IS
KOXXHOTO 3 HuX. Ilo-7pyre, Takuii omuc KPUBUX HE BOJIOJIE€ 1HBaplaHTHICTIO
BIJIHOCHO MIEPETBOPEHHS MOBOPOTY. 1100 3a7aT MOBEpHYTY KPUBY, HEOOX1THO
BUKOHATH MEBHY OOYMCIIOBAIbHY poOoTy. [lo-TpeTe, mpu oOUYUCIEHHSAX 3HA-
yeHb f(X) BUHUKAIOTH ICTOTHI OOYMCIIOBAJIbHI CKJIQJIHOCTI, HANPUKIAM IS
KpPUBUX 13 BEJIMKUMHM KyTaMUd Haxuiay. 3aJaHHS KpUBOi B HESIBHINM Qopmi
f(X, y) = 0 Texx BUKIMKAE psiJT IPOOIIEM.

[Tapamerpuuna gopma 3amanns kpuBoi x = x(t), y = y(1), te[a, f] ycyae
HEeJIOMIKHA (YHKI[IOHATBLHOTO 1 HEIBHOTO CIIOCOOIB 3a/IaHHS KPHBOI.

llapamempuuna gopma pisHsAHb € HAUOLILUL YHIBEPCAILHOIO | HAUOLIbLUL
PO3NOBCIOONCEHOIO OJIsL ONUCY 1 N0OYO0B8U 2eoOMemPUUHUX 00 €KMi6é 3AB80SKU
pisHomanimHocmi 6ubopy yHKYill, wWo 3a0ams pyx MoYKU 630084C HANPIAMIE
cmenenie einbHocmi. Ilapamempuuna ¢opma 0036015€ 3a0amu 3AMKHEHI U
Oazamo3HayHi KPUuei.

[ToBepxHi MOXHa 3aaTH ABHUM piBHSHHAM Z = f(X, Y), a00 HesiBHUM — F(X,
Yy, ) =0, un B mapamerpuuHiii opmi: X = X(z, t), y = y(z, 1), z = z(z, 1), (z, t) €D.

[ToBepxHi mepiioro mopsAky (IUIOIIMHM), IO 3aJal0ThCS PIBHAHHSIM
ax+by+cz = d, Ta moBepxHi APYroro MOpsAKy, HAIPHKIA[ eircoix X°/a’+
y’/Ib? + 7°/c* = 1 — HaiibinbII HIMPOKO BHKOPHCTOBYBaHi moBepxHi B KI', oc-
KUIBKU TUIOIIMHA € OCHOBOIO HAOJIM)KEHHS TTOBEPXHI JOBUIBLHOI (JOpMH, a KBaj-
paTUYHI MOBEPXHI B 0araTtbOX BHUITQJKax J0Ope MepeaaroTh Bi3yallbHI oOpasu
KPUBOJIIHIHHUX TOBEPXOHb.

3a3HaunMMo, IO cepell TOBEPXOHb 2-TO MOPSAKY TUIBKH elincoin (cdepa sk
YaCTKOBHUU BHUIIAJ0K) JIOKAJTI30BaHUI Yy TPOCTOPi, BCi IHII MPOCTATAIOTHCSA B
HECKIHYEHHICTh, TOMY BUMAararoTh JUIsl CBOTO 3aJJaHHS 0OMEXKYIOUNX TITOIIHH.

[TapameTpuuHe piBHAHHS chepU Ma€ BUTIIS]

X(z, t) = Rsint, y(z, t) = Rcost sinz, z(z, t) = Rcost cosz, te [0, ], z€[0, 2x].

Jlns moOGynoBu Mojeni cepu BUKOPUCTOBYIOTh MOOYJAOBaHUM paHillie

ikocaeAp. 3ayBakuMmo, IO iKocaeAp yke € Moaeiuno chepu (BCi BEpIIMHH
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ikocaezpa JiexkaTth Ha cdepi), €IMHHA HEIONIK — Majla KUIBKICTh TpaHeH st

300pakeHHs1 TOBepXH1 cdepu. s MIIBHUILIEHHS PEaTbHOCTI 300pa)K€HHs

chepu IiIOThH TaK:

— KO’KHa TpaHb iKocaeapa po30MBa€eThCS HA YOTUPH YaCTUHU (TPUKYTHH-
k). J10JaTKOBI BEPIIMHA HOBUX TPUKYTHHUKIB OCpyThCS Ha CepeMHAX CTO-
pIH I'paHi, K IIe moka3aHo Ha puc 1.6;

— HOBI BEPIIMHU MPOEKTYIOTHCS Ha MOBEpxHIO chepu. s 1iporo 3 neHTpa
chepu depe3 BEPIIMHU MPOBOASATHCS MPOMEHI 1 BIAIIYKYIOThCS TOYKHU Tepe-
TUHY IIPOMEHIB 13 oBepxHero cepu. Ha nux Toukax OyyroThCst HOBI IpaHi
K1 Kpalle alipoKCUMYIOTh cdepy;

— yKa3aHi J1ii TOBTOPIOIOTHCS JOTH, OKU HE OyJie JOCSATHYTO 3aJ0BUIHLHOTO
300pakeHHs chepu.

AHaJIOTIYHUM YMHOM MO>KHA MOOYIyBaTH MOJIEI ITUJIIH/IpA, TOpa TOIIIO.

Puc 1.6. Ilo6ynoBa 300paxeHHs chepu

®parMeHT OUTIHIHHOT MOBEPXHI, PO3TAIIOBAHOI Mk YOTHPMa TOYKAMU

Po,P1,P>,P3, OIUCYETHCS BEKTOPHO-TIAPAMETPUYHUM PIBHSIHHSIM
r = Po(1 —u)(1 - Vv)+Pu(l — v)+Po(1- u)v+Psuv, r=(x, y, z), uyve [0,1].
3a 101oMororo OUTIHIMHUX MOBEPXOHB OMUCYIOTH CKIIaAH1 3D-noBepxHI.

Jliniliyacta MOBEpPXHsS 3arajibHOTO BUIJISAY, IO YTBOPIOETHCS BHACIIJIOK
PYXy IPSMOJIHIAHOT TBIpHOI B3J0BXK JIBOX HampsAsMHHUX JiHiH (V) Ta ry(v) 3a-
naetbest piBHSIHHAM F=r1(V)(1 — u)+ry(v)u.

JliHisg B ipocTOpi € a00 MEPETHHOM JIBOX MOBEPXOHB, a00 CIIJIOM PyXy Je-
AKOT TOYKH, TOMY MaemMo /Bl (HOpMHU MOJENl MPOCTOPOBOI KPUBOi: HESIBHA
dopma {Fi1(p) = 0}N{F.(p) = 0}, mapamerpuuna popma x = X(t), y = y(t),
z = 2(1)).

[Ipukiagom napamMeTprU4HOi MPOCTOPOBOI KPUBOI € HIIIHAPUYHA TBUHTOBA
minis (puc. 1.7), mo 3amaetbes piBHsHHAM X(t) = rcost, y(t) = rsint, z(t) = ht,
rih >0, te [0, ). Llg kpuBa JEKUTH HA TOBEPXHI HUIiHAPa paaiycom r. [Tpu
3MiHI mapameTpa t Ha 27 3MiHHI X Ta Y TOBEPTAIOTHCS IO CBOTO MONEPEAHBOTO
3HAYCHHS, a Z 30UbIIy€eThes Ha 277N, 115 BenmurHa Ha3UBaETHCS KPOKOM CITIpaJTi.
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Puc. 1.7. lluniaapudHa TBUHTOBA JITHIA

[HIIMM TIpUKIAAOM TAapaMeTPUYHUX KPHUBHUX € yukaiuui kpugi. [Ipoctimri
[UKIIIYHI KPUBI HA IUJIONMIMHI YTBOPIOIOTHCS JOJABAHHSIM BIJHOCHOTO PyXYy
TOYKH IO KONy 3 TIEPEHOCHHUM pPyXOM LIEHTpa Koja 1o KpuBid p,(t) i omwm-
CYIOThCSI PIBHSHHSIM

p(t)=p,(t) + rc(wt), e p = (x, ), c(wt) = (sinwt, coswt).

Bunuiemo piBHSHHS ACSKUX [TUKITYHUX KPUBHUX Ha TUIOIIHHI.

L{uxnoioa — e TpaeKTOPis pyxy TOYKH KOJIa PagalycoM I, K€ KOTUTHCS I10
npsmiid Y = 0 (puc. 1.8). Koopauaatu (piBHSHHS) IIUKJIOIIA MAaOTh BULJISA

X()=r(t-sint), y(t)=r(1 - cost), t>0.

Eniyuxnoioa — e TpaexkTopist pyxy TOUKH KOJIa pajiycoM I, SIKIIIO BOHO KO-

TUTBCA 30BHI Kona pajiycoM Io (puc. 1.9, a). Ii napamerpuuse piBHAHHS:
p(t) = (ro+r)(sint, cost) — r(sinwt, coswt), w = (ro/r+1).

l'inoyuxnoioa — 11e TPAEKTOPIsl pyXy TOUYKH KOJIa pajilyCoM I, sIKe KOTUThCS
BCEPEIMHI KoJia pajaiycoM Fo (puc. 1.9, 6). PIBHSHHS T1IOIUKIOIAN Ma€ BUIJIS;
p(t) = (ro— r)(sint, cost)+r(-sinwt, coswt), w = (ro/r — 1).

N N N O

Puc. 1.8. Iluknoina

a 4]
Puc. 1.9. [{ukmivHi KpUBI: @ — €NIIHUKIOIAA, 6 — TITOIUKIOIAa
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1.4. 3acTocyBaHHSI KOMII' IOTEPHOI rpadiku

VY Ham yac koMmm’iroTepHa rpadika 3aCTOBYETHCS Maibhke B yCiX ramyssix
JOJICbKOT NisiibHOCTI. HuHI rpadiuyHuil iHTepdelic KopucTtyBaya cTaB OCHOB-
HUM 3ac000M cruikyBaHHs mroauau 3 EOM, yci cydacHi oneparliiiii CUCTEMH
BUKOPUCTOBYIOTH rpadiuHi eJeMeHTH ynpasiiHHsa. KoM orepHa rpadika Mae
HaWpI3HOMAHITHIIII 3aCTOCYBaHHS B:

1) cucremax aBTOoMaTH3aIlil MPOCKTYBaHHS Ta KOHCTPYIOBaHHs (iHXXEeHep-
Ha rpadika);

2) aBTOMaTH30BaHUX CHCTEMax HAYKOBHX JOCIIIKEHD;

3) iHpopMaIiitHIX CUCTEMaX;

4) cucteMax UTIOCTPATUBHOI Ta JJI0BOT Ipadiku;

5) cucreMax MalIMHHOT T€OMETIi;

6) aHiMaIiiiHuX 3a7a4ax;

7) KOMITIOTepHHX irpax;

8) BimeoTpeHaxepax (sl TPEHYBaHHS JIbOTYMKIB, JUCIIETYCPIB, BICHKO-
BUX, o(depiB);

9) MucTenTBl, BUAAaBHUYIN Ta peKJIaMHIA MisSUIBHOCTI, 3ac00ax MacoBOi
iH(opMaIlii, KPpUMIHATICTHUI(l, MEAUIIMHI Ta B 1HIINX TATy35X JIFOJICHKOT
TUSUIBHOCTI.

1. Inowcenepua epaghixa — 11e CTBOPEHHS 1 KOperyBaHHs rpadidyHOi JOKY-
MeHTalil (KpeclieHb) B elNeKTpoHHil hopmi. Cyuacha inowcenepna epaghixa — e
CKJIAJJHUM TPOrpaMHUNA KOMIUIEKC, IO JO3BOJSIE BECTU HACKPI3HE IPOECK-
TyBaHHS, BiJl MMOCTAHOBKM 3ajJayl Ta MaTeMaTU4YHOrO MOJICIIOBaHHS 1O BHU-
MYCKY BCi€l HEOOX1THOT BUPOOHUYO-TEXHOJIOTTYHOT JJOKyMEHTallii, i BUKOpHUC-
TOBYETHCSI B YCIX rajy3siX 3B sf3aHUX 13 NPOEKTyBaHHSIM. OCHOBHUMH OO0’ €K-
TaMU 1HXEHEPHOI KOMI IOTEpHOI rpadiku € CKIaAHI CTPYKTYpH: 1HTErpajbHI
CXEMH, MPOMHCIIOBE 1 OOyTOBE O0JIaJIHAHHS, XIMIYHI, EHEPreTUYHI Ta KOC-
MIYHI YCTaHOBKH; Ky30BH aBTOMOOLIIB; (Dro3esispKi JIITaKiB; KOPIYCH CYJICH,
CKJIaJIHI MEXaHi3MH; OyHiBJl Ta 1H)XXEHEPHI CIIOPYJH; KOMYHIKAIll Ta Mepexi
ToI10. [ '0JTOBHE TIpaKTUYHE BTIJICHHS 1H)KEHEPHOI KOMIT I0TEPHOI Ipadiku — 11e
cucteMu aBTomarnzoBaHoro mnpoektyBaHHs (CAIIP). Cuctemu tumy CAIIP,
aKTUBHO BHKOPHCTOBYIOTHCS B OaraThbox Tally3sx (HampHKIad, y MallHHO-
OyayBaHHi, €JIEKTPOHIIli, OyIIBHUIITBI, apXiTeKTypi). OMHUMHU i3 mepmmx Oynu
ctBopeHi CAIIP nns npoekTyBaHHS JiTakiB, aBTOMOOLIIB, €IEKTPOHHUX 1HTET-
panbHUX cxeM. Taki cucremu criepiry (PyHKI[IOHYBaJId Ha BEJIMKUX MalllMHAX,
3rOJIOM 13 POCTOM MPOAYKTUBHOCTI TepcoHanbHUX KommtoTepie CAIIP
OoYaJd BUKOPUCTOBYBATH JEUIEBI KOMITIOTEPH, a L€ MPHUBEIO O IIUPOKOTrO
posnoBcrokeHHs: CAIIP. 3acrocyBannss CAIIP nano He3amepeuHi mepeBard.
BoHu [fo3Boiuiv  Hakomu4yBaTH M TepedaBaTd 3HAHHA Ta  JIOCBiJ
KOHCTPYKTOPIB, IO 3YMOBJIIOE CKOPOYEHHS Yacy pO3pOOKH 1 MiJBHUIICHHS
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saxocTi Bupo0OiB. bez CAIIP HeMOXJIMBO BUPOOJISATU CyUaCHY CKIIAJHY TEXHIKY.
PiBenb po3sutky CAIIP, kinbkicTh pobounx Miciis CAIIP Bu3Ha4atoTh piBeHb
PO3BUTKY CYCHIJIbCTBA Ta CTpaTeriuHuil nmoteHmian Haiii. B cucremax CAIIP
KOHCTPYKTOP CIIpUHMA€E Ha €KpaHi 300pakeHHs JESIKOro 00'ekTa 1 MOXe 1HTe-
PAKTUBHO BHOCUTH 3MIHM B 300pakKeHHS LIbOTO 00'ekTa. TakuMu 3MiHAMH MO-
KyThb OyTH BBEJEHHS 1 pelaryBaHHsS OKPEMHUX €JIEMEHTIB, a TaKOX 3aJaHHs
YUCJIOBUX 3HAYEHb JIEIKUX MapaMmeTpiB njsi enemeHTiB 0azu jgaHux. CYB]]
JIaI0Th MOKJIMBICTh OJICP>KYBaTU TPUBUMIpPHE 300pakeHHs Oyab-sIKOi J1eTall, ii
MPOEKIli 3 YCYHEHHSM HEBHJAMMHUX JIiHIM, MPOBOJAUTH IOBHUN aHaJI3 ITUX
neraneil. IlpoBinHiI iHXXEHEPHI KOMIIaHII MParHyTh 1O MOBHOTO IU(POBOTO
MpeACTaBICHHS PI3HOMAHITHUX KOHCTPYKITIH.

Buxopucranus KI' y mpoekTyBaHHI 03BOJIsIE BUBYMTH BIACTUBOCTI Ta
NOBEJIHKY MOJEJNBHOTO O00'€KTa, a MOTIM YK€ MICIS JAETAIbHOIO BUBYEHHS
NPUCTYHUTH J0 MOro peasibHOr0 BUroTOBJIEeHHS. Tak, ycepeauni 90-X pokiB Ha
cynepkomm torepi ¢ipmu "donbkcBareH’ OyB CIIPOSKTOBAHWM HAHOIIBII €KO-
HOMIYHHUH 1 €KOJIOT1YHO YyKuCcTUi aBToMoOwLIb Jlymo TI".

BaxnuBum nocsirHeHHsM KI' € MOXKIIMBICTH IMITYBaTH poOOTY CKJIaJIHHMX
MEXaHI13MIB Ta 3/I1CHEHHS MEPEBIPKU Ha BIPTYyaJIbHOMY MaKeTl MPaBUIbLHOCTI
(GyHKIIIOHYBaHHS BCiX WOro €JEMEHTIB, IPOBEJACHHS aHaIi3y (DAKTUYHUX IO-
JI0’KE€Hb, 1110 3alMaIOTh JIeTall MEXaH13MIB y P13HI MOMEHTH 4acy.

ApxiTektypa Ta OyAIBHULITBO € APYrOI0 BaXJIUBOIO C(HEpOI0 BUKOPHUCTAH-
Hs TpadiYHUX CUCTEM MpoeKTyBaHHs. Hanpukian, ¢pipma McDonalds 3 1987p.
BUKOPUCTOBYE KOMIT' IOTEpHY Tpadiky I apXiTEKTYpHOTO JW3aiiHy, pO3Mi-
IIIEHHS TTOCAJIKOBUX MICIlb, TUIAHYBAHHS MPUMIIIEHBb TOIO. Bimomo psa edek-
TUBHHX [IPUMIHEHb Y MMPOEKTYBAHHI CTAA10HIB, CIOPTUBHUX 3aKJIA/IIB TOILLO.

OTxe, CUCTEMU 1HKEHEPHO1 KOMIT FOTEpHOI rpadiky MpU3HAYEHI IS
— aBTOMAaTH3aIlli KpeCcIsIpChKo-TpaiyHUX Ta KOHCTPYKTOPCHKUX POOIT,

— MOJIEJTIOBaHHS B peaqbHoMy 4aci 2D-, 3D- 00'ekTiB,;

— ¢hopMyBaHHS PI3HUX MMOBEPXOHb Ta IX MEPETHHIB,;

— 3a0€e3Me4YeHHS TPOMUCIIOBOTO TU3alHY;

— HAOYHOI Bi3yaJli3allii KOMIIOHEHTIB Ta CUCTEM MEXaHIYHUX, EJISKTPUUYHUX Ta
THIIUX KOHCTPYKI[IH, TPUCTPOIB 1 PUIIA/IIB;

— MIJBUIIEHHS SKOCTI Ta MIBUAKOCTI MPOEKTYyBaHHS.

Tunosumu npukiaagamu takux cucreM € CAD-cuctemu (Computer Aided
Design — cucreMu KOHCTPYIOBaHH):

o AuUtoCAD - cucrtema nans aBTomaTu3ailii po3poOKu Ta BUKOHAHHS MPOCKT-
HO-KOHCTPYKTOPCBKHUX, PO3paxyHKOBO-TpadigHuX podit (rpadiune sapo Oinb-
mocti CAIIP);

e ProEngineer, Engineering Geometry Assistant — cucremu i pO3B’S3y-
BaHHSI TEOMETPUYHUX MPOOIIEM;
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e VariCAD, ArchiCAD ArcView — cuctemu Ui po3poOKH apXiTEKTypHUX
MIPOEKTIB TOIIIO.

2. CucteMu HayKOBOi KOMIIIOTEpHOI rpadiku MpU3HAYEHI JJI1 NPOBE/ICH-
Hs HAYKOBUX JOCJIDKEHb Ta €KCIIEPUMEHTIB, I Bidyajisallli HAyKOBHUX pe-
3yJbTATIB Y BUTJIAMI CTAaTUYHMX a00 JUHAMIYHUX 300pa)KeHb, 110 1HTEPHpE-
TYIOTh BEJIMKI MAacCUBM JAaHUX, JUIl MOJACIIOBAHHS MOBEAIHKH PI3HUX 00’ €KTIB,
¢izmuHuX TporeciB  (HaNpUKIAK, IIBUAKOIUIMHHUAX (I3UYHHX IPOIECIB).
Takuil peanbHuil (I3UYHUN MPOIEC MOXKE B1IOYBATHUCS BIPOAOBXK KUIBKOX
MIKPOCEKYH/I 1 0e3mocepeIHe X CIOCTEPEKEHHS B peaJTbHOMY Yaci HEMOKIIH-
Be. HaTypHuil excnepuMeHT 4YacTo Joporuid 1 jae majno iHdopwmarmii. Tomy
PO3LIUPUTH MOKIIMBOCTI JOCTIAHUKIB MOKHA IIJISAXOM IMPOBEICHHS SKICHOTO
MOJIEIILHOT'O €KCIIEPUMEHTY 3 €KPAHHOIO Bi3yalizalli€ro Ha KOMII FOTepI.

OCHOBHUMM KJIaCAMH CHCTEM HAayKOBOi KOMIT FOTEPHOI rpadiku € CUCTEMU
po3B's3yBaHHS HaykoBO-TexHiuHMX 3azad (MatCAD, MatLab, Mathematica,
Maple, Statistica, StatGraphics Plus Ta in.). CremianizoBaHHMH IporpamMamMu
HayKoBOi Trpadiku ajig moOyJ0BM KPUBUX 1 MOBEPXOHb HA OCHOBI TaOJIUIb 13
YHCI0OBMMH NaHUMHM € iporpamu Grapher i Surfer.

VY mporeci po3B'si3yBaHHS HAayKOBHX 33Ja4 13 BUKOPHUCTAHHSIM LIIOCTPA-
TuBHOI KI' po3B'sI3KM 0A€pKYIOTh y BUJISAAl HAOUHUX TpadiuHUX LIHOCTpauini
(HanmpuKIIaJ, KapTUHY PO3MOJALIY TEeMIIEpaTypu JUIsi HEPIBHOMIPHO HarpiToi
miacTUHU). Bisyamizamis 4MCIOBMX JaHMX, IO OMHCYIOTh PO3IOIiI 3a0py-
HEHHS TEPUTOPIi, 103BOJIAE B LIJIOMY YSBUTH COO1 €KOJIOTIUHY CHUTYyallito abo
KapTUHY PO3IMOBCIO/IKEHHS 3a0pYyIHEHHS B1J JESIKOTO JKepesia 3a0pyJHEeHHS.
Bizyanizaiiss XiMIYHMX 1 aTOMHHMX pEaKIliid, MOBEIIHKH ILJIa3MH JI03BOJISIE
Kpallle 3p03yMITH MEXaHI3M 1 3aKOHM MPOTIKAIOYUX MPOIECIB. 3aC00aMU KOM-
1" IOTEPHOT0 B1IOOPAKEHHS JaHWX XIMIKA BUBYAIOTH CKJIAHI MOJICKYJIM O1JIKIB.
Bizyaumizallist pi3HUX XapaKTEpUCTUK € e(DEKTHBHUM (2 1HO/I €IUHUM) METOJIOM
pO3B's3yBaHHS 3amay  (HAOPHMKIAA, 3HAXOKEHHS OCOOJMBHX PO3B'SI3KIB
nudepeHIiaIbHUX PiBHAHB). Jlemaai OLIbIy poJb IMOYMHAE BifirpaBaTH IHTE-
paKkTHBHA KOMITIOT€pHA rpadika y QyHIaMEHTAIbHUX HAYKOBUX JOCHIIKEH-
HsAX. JItoJChbKe Mi3HAHHA KOPUCTYETHCA JBOMAa MEXaHI3MaMHU MHCIICHHIMHU.
OauH 13 HUX — € MOXJIHMBICTH MPAIOBATH 3 JAHIIOrOM CUMBOJIIB (aiareo-
paidyHe MHCIICHHS), IPYTHH CIOCiO — IIe IparoBaTH 3 oopa3aMu. BoHu BoJo-
III0Th OUIBIIOI0 1HTETPOBAHICTIO, HI’K CHMBOJIbHI IIpeacTaBieHHs. be3 obOpas-
HUX TPECTaBICHb MU HE 3MOTJHU O ysIBUTU cOO1 CBIT B Hloro moBHOTi. OjHa 13
dbyukiiit KI'— 11e BUKOpUCTaHHS OJHOTO 3 BaXXJIMBUX MEXaHI3MIB JIFOJCHKOTO
ni3HaHHS — oOpa3zHoro mucieHHs, To0to KI' BractuBa KoOrHITUBHA (DYHKIIis
(korHiTUBHA — BiJ aHIJIHCHKOro COQNitive, 110 O3HaYae CHPHUATH Ii3HAHHIO).
KornituBHa rpadika BiIpI3HAETHCA BiJl UTFOCTPATUBHOI THUM, 1110 iI OCHOBHOIO
3a71a4€t0 € CTBOPEHHS MOJIEJICH MPEICTaBICHHS 3HaHb (KOTHITHBHUX MOJIEIICH).
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KorniTuBHa ¢QyHKIis Trpadikd Mojsrae B TOMy, MO0 3a J0MOMOrow ¢op-
MyBaHHsI 300paK€Hb OTPUMAaTH HOBE 3HAHHS, JUJIS SIKOTO HE ICHY€ HE TUIbKU
TEKCTOBOT'O CHMBOJILHOT'O OIMCY, ajieé BOHO HE ICHY€ HaBITh y TOJIOBI JIOC-
nmigauka. [ToTiM Ha OCHOBI CIIOCTEPEIKYBAHUX 00pa3iB KAPTUH MOXKHA MEPEUTH
710 (opMyINIFOBaHHS BIJIOBIAHOI TIMOTE3W MPO MEXaHI3MHU 1 IPOIECH, SKI
CXOBaHi 3a AUHaMIKoOwO uX KapThH. KorHituBHa rpadika Tiabku 3apa3 ¢Gop-
MY€ETBCSI, BOHA 3YMOBJIIOE MOSIBY JIIOJUHO-MAIIMHHOI TE€XHOJIOT1I Mi3HAHHS IS
PO3B’sI3yBaHHS CKJIATHUX cJ1a00 (hopMasi3oBaHOX 3aj1ad.

3. [Ipu Benukux obcsarax iHGopmallii ToTpiOHO MAaTH MIBUIKHUN JOCTYII 10
Hel Ta Jierky Gopmy ii po3yMinHs. OAuH 13 BaXKIMBUX aCMeKTiB iHGOpMaIiiHO1
TEXHOJIOT11 — pO3B'sI3yBaHHs 1HPOPMAIIHUX 3a]a4 METOJaMH MAITUHHOI Tpa-
diku. I'padiuna popma noganus iHbOpMaIlli Mae riepeBaru — 1€ HarJISIAHICTb,
€MHICTh, BUCOKA IIBHUJKICTh CHOPUHHATTA. binbiny dactuHy iH(opMalii mpo
HABKOJIMIIIHIA CBIT JIIOAMHA clpuiiMae Bi3yalibHO. [H(opMaliiifHi MONIyKOB1
CUCTEMU MpHU poOOTi 3 6a3aMu TaHUX BUKOPUCTOBYIOTH 3aCO0M MAIIMHHOI Tpa-
¢biku. IcayroTh rpadiuni 0a3u maHMX, e 30epirarotbes rpadiuni odopasu (Mma-
JFOHKH, UTIOCTparii, cligu (QI3MYHUX YacTHH, JAKTHIOCKOIIYHI BiJIOWUTKH),
reoMeTpruYHi 0a3u JaHuX, Je 30epiraroTbcs reoMeTpuyHi 00'ekTn (ommcu
JeTajeH, CTpyKTypH MOJIEKYJ), KapTorpadiuHi 0a3u JaHUX, AKI MICTATh KapTH
MicieBocTl. s podotu 3 rpadiynumu 0azamMy JaHMX CTBOPEHI BIAMOBIIHI
CYB/] (manpuxnan, SDMS). Lli CYB/] 3a06e3neuyroTh orisi iHhopMalii, MOX-
JUBICTh 1HTEPAKTUBHOI POoOOTH 3 rpadiyHUMHU O0'€KTamMHu. Y HAlll Yyac CTalOTh
nonyyspauMu  reoingopmartiiini cuctemu (I'IC) mns pobGotm 3 kapTorpa-
biuanmu 60a3amu ganux (i3 reorpadiunoro iHbopmariier) [27]. Tunosumu ms
koxHO1 ['IC € Taki omeparlii: BBEJEHHSI Ta pellaryBaHHsa OO0 '€KTIiB 3 ypaxyBaH-
HSM iX pO3MillIEHHS Ha MOBepxHI 3emil, (HopMyBaHHS LUPPOBUX MOJEIEH,
3anyc y 0a3u JaHWuX, BUKOHAHHS PI3HOMAHITHHUX 3aIlUTIB 0 0a3 JaHUX, aHAIII3
MHOXUHHU 00'€KTIB, PO3MIIICHUX Ha JEAKId TepuTOpii, Bizyamnizaiisi 00'€KTiB,
10 3HAXOJATHCS HA MOBEPXHI 3eMJl, MPUYOMY Bizyaiizaiiio Tpeda BUKOHY-
BaTH 3 PI3HUM CTYIIEHEM JeTajizallii Sk ajis 3eMinl 3arajoMm, Tak 1 B Mekax
OKpPEMUX JISHOK.

4. IntocTpaniiiHa KOMI'IOTepHA TIpadika HI03BOJISIE BUKOPUCTOBYBATU
NEPCOHAIbHUIN KOMIT'IOTep SK 1HCTPYMEHT Juisi XyJokHuka. CrerianbHi
porpaMu MepeTBOPIOIOTH KOMIT IOTEpP Y BIPTyaJIbHY MAWCTEPHIO XYJI0KHHUKA.
LmroctparriitHa rpadika Mae IpakKTHYHI 3aCTOCYBAHHS B YCIX rally3siX JIFOJCHKOi
JUSITBHOCTI: MIPOMMCIIOBOCTI, CUTbCHKOMY T'OCIIOJIAPCTB1, O13HECI, MEHEIKMEHTI,
TenebaveHHi, mpect, ocBiTi, motirpadii, moy-6i3Heci Tomjo. CucremMu UTOCTpa-
iHOT rpadikyd TpU3HA4YeHI ISl CTBOPEHHSA Ta XYJOKHBbOI OOpOOKU PI3ZHHUX
utrocTpanii (ManroHkiB, pororpadii, KapT Tomlo). KopucTyBau cucTteM 1LIH0CT-
pauiiiHoi rpadiku Ma€e MOKJIUBICTb
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— BBOJIUTH 300paKCHHS;

— OyayBaTHy BacHI 300payKEHHS MIJITXOM KOMIIOHYBaHHS 1HIIIMX 300pakeHb;
— penaryBaTH 300paKeHHS,

— MoJentoBaTu (opMy, po3TallyBaHHS Ta BIACTUBOCTI 00’ €KTIB,;

— aHIMyBaTH 300paKeHHS,

— CcTBOpIOBaTU €(heKTU 00’ €EMHOCTI TOIIIO.

Tunmosumu npukianamu takux cucrem € lllustrator, Corel Draw, Pho-
toshop, Painter, 3DStudio MAX, Bryce 3D, Poser, PowerPoint, Hyper Method,
Director, Free Hand, Premiere Tomo. CuctemMu JiJIOBOT KOMITFOTEpHOT Ipadiku
NpU3HAYEH] I HA0YHOTO rpadiqHOro 300paskeHHs TaOIMYHUX NaHWX (HAI-
pHUKIad, I 300payKeHHS JTaHMX Yy BUIIIAAl rpadiki, miarpam). Ilpuknagamu
takux cuctem € MS Excel, Quattro Pro, SuperCalc, PowerPoint toro.

5. 'eomeTpuyuHe MOJICIIIOBAHHS — 11€ PO3B'A3yBaHHS PI3HUX IT'€OMETPUYHHUX
3amau y 2D-BumipHomy, 3D-BuMipHOMYy Ta N-BUMipHOMY mpocTopax. IlosiBa
KOMITIOTEPIB CHpHsUIa aBTOMAaTH3alli TE€OMETPUYHOTO MOJICTIOBAHHS 3
BUKOPUCTAHHAM 3ac001B MaimuHHOI rpadiku. KopuctyBau mMae MOMKIHMBICTS,
3aCTOCOBYIOUM T€OMETPUYHY MOBY MPOTPaMyBaHHS, ONIEPYBATH MOHSATTIM T'€0-
METPUYHOr0 00'€KTa Ta 3[1MCHIOBATH OMEpallii HaJ F€OMETPUYHUMH 00 '€KTa-
MU, TOOTO KOPHUCTYBau OINEpPYy€E KATETOPIsIMHU, a pe3yJbTaTh poOOTH MpOorpamu
OJIEPXKYIOThCS SIK Y CUMBOJIBbHIN, Tak 1 B rpadiuniii ¢popmax. Jlyis po3B's3yBaH-
HA 3aJ1a4 13 TEOMETPUUYHUMHU 00 €KTaMHU CTBOPEHI CIeIiajibHI 1HCTPYMEHTAJIbHI
3aco0M — THTErpOBaHl CUCTEMHU MAIIMHHOI reomeTpii 1 rpadiku. L1 cuctemu €
CYKYIHICTIO Tporeayp (opMyBaHHS Ta TepeTBOpPeHHs Tpadiunux o0Opasis,
BU3HAYCHHS iX mapamMeTpiB. [IpuknagaMu Takux 1HCTpYMEHTAJbHUX 3aCO0IB €
cucremu 'EOMAJIL, CUMAK.

6. Komn'torepna animairis (Big anri. animation — 0)KUBJICHHS) — 1€ CYKYTI-
HICTh 3ac00IB Ta METOIB, 30pPIEHTOBAHUX Ha OJiep)KaHHA Ha ekpani EOM
JTWHAMIYHUX rpadiuyHuX 300pakeHb, TOOTO 3 MEpPeCyBaHHIM Ta 3MIHOIO (opMU
300pakeHb. JJis CTBOpPEHHs aHIMallil TeHEePYIOThCS MOCIIIOBHICTh KaJIpiB, IO
JIeII0 BIAPI3HAIOTHCS OAMH BiJl OJTHOTO, 1 B TaKUM CIOCIO CTBOPIOETHCS UIIO31s
pyxy Ta 3MiHa (OpPMU 00 '€KTIB.

Mertoau animarii 60a3yroThca Ha MOAU(IKALISX TAKOTO aIrOPUTMY:

— BUBEJICHHS CIIPANTA HA €KPaH;
— CTUPAHHS CIIPAWTa,
— BUBEJICHHS 3 JISIKUM 3CYBOM I1HIIIOTO BapiaHTy CIIpaiTa.

Cnpaum — 11€ JOT14HO 3aBEpIICHUN eIeMeHT 300pakeHHs Ha ekpaHi EOM,
AKAW PYXA€ETHCS.

Yacto aHiMallilo peani3yloTh Ha OCHOBI BHUKOPHUCTAHHS BI1JEOCTOPIHOK.
BuBenenns '"300paxkeHp" Ha pi3HI CTOPIHKHM Bijeonam'siTi 3abe3rneuye OibIil
IUIaBHUW pyX CIIpaiiTa Ta yCyBa€ MUTOTIHHA €KpaHa. J{Jis [bOro 3aCTOCOBYIOTh
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TAKUW aJITOPUTM:

— BUBECTH 300pakeHHsI Ha CTOPIHKY 0, sfika € BUANMOIO 32 3aMOBUYYBAHSIM,;
— chopMyBaTH HOBE 300paKeHHS Ha HEBUAMMIN cTOpiHII 1;

— 3pOOUTH BUIUMOIO CTOPIHKY 1;

— cchopMyBaTH HOBE 300pakeHHs Ha HeBU UMM cTtopinmi O 1 T.11.

BHKOpHCTOBYIOUM YOTHUPHU CTOPIHKH Bigeomnam'siTi, OyAb-sKy o0'eMHYy (i-
rypy MOXKHA pO3TJsJaTH B IJIABHOMY pyci 0€3 MUTOTIHHS eKkpaHa. s 1uporo
JIOCTaTHHO KOPEKTHO MOOYyBaTH BIAMOBIIHY (Da3y pyxy (irypu Ha 4iTKO BU3-
HAYE€HIM CTOPIHII.

CucrtemMu KOMIT'FOTEPHOI aHIMaIlli HaJIJal0Th KOPUCTYBady MOMXJIHUBOCTI

MiJITOTOBKH OKPEMHX CTAaTUYHHUX 300pakeHb (MporpamMHO abo iHTEpPaKTHB-

HO 32 JIOTTIOMOT'O0 IpapiuHUX PEIaKTOPIB);

OMUCY TWHAMIKU rpap1yHUX 300paKEHb;

SKICHOTO BUBEJICHHSI KOMIT FOTEpHUX (P1IbMIB Ha €KpaH JUCILIES;

penaryBaHHs (1JIbMIB.

BoHu 3acToCOBYIOThCA JUIsi aBTOMATHU3aIlll MIATOTOBKU MYJIbT(IIbMIB,
BIJICOKJIIIIB, Xy10kHIX GinbMiB 13 3D-cneniedexkramu. ONIUH 13 nepUIUX Cynep-
KOMIT IOTEpHUX LIEHTpIB OyB CTBOpeHHM came Ha cTyaii JlicHes 1 BHUKOpHC-
TOBYBAaBCS JUIsl CTBOPEHHS MyJIbT(UIbMIB. Lle MOsSCHIOETbCS TUM, IO MPU CTBO-
peHHI MyJb(]iIbMIB HEOOX1THO BUKOHYBATH BEJIMKHN 0OCAT OOUYMCIIOBAIBHOL
poboTu miia moOy10BU 300paKeHb, IO BIMOBIIAI0TH MPOMDKHUM (Da3zaM pyxy
NIEPCOHAXKA.

CTBOpEHHSI TPUBUMIPHUX CBITIB aKTUBHO BXOAUTH Y KIHOIHIYCTPIiIO, 0CO0-
auBo y cdepi dantactuku. OnHum 13 nepmux QuibMiB OyB GUIBM ,,30psHI
BiitHK”. Bin OyB cTBOpeHHUi 3a jmomomMoror komm'rorepa GRAY. Jlami Oynwm
binmemu ,, Tepminatop-2”, ,,BaBuiion-5” ta gecsatku iHmux. ¥ ¢iibmi ,, Tura-
HIK" OUIbIlIa YacTHHA 1HTEp €py JaliHepa — HE peajbHI JIeKopallii, a rpadiyHi
300pakeHHs. JIo HEaBHLOTO Yacy TEXHOJOT1i KOMIIIOTEPHOI Ipadiku BUKO-
PUCTOBYBAJIMCSA IS IMITAIlli CIIEH, CTBOPEHHS €K30TUYHUX YYJIOBHUCHK,
HepealbHUX (PAHTACTUYHUX 300pa)xeHb 1 €(EeKTIB Ta IHIIMX E€JIEMEHTIB, fAKI
Oynu numie ¢poHoM Jyuisi Tpu kuBuX apTUCTiB. Y 2001 p. BuUiilIOB Ha €KpaHU
noBHoMeTpaxkHuM (inbm ,,DiHanbHa ¢daHTaszis’, B SKOMY BCE, BKIIOYAIOUU
JI0JIeH, CUHTE30BaHO KOMITIOTEPOM — KHUB1 apTUCTH JIMILE O3BYUYMJIM POJII 3a
kajapoM. [IpuknamoM KOMI'IOTEpHUX aHIMAIIMHUX cucTteM € cucteMu ANIMA,
ANIMATOR, MOHTAXX, ASAS, 3DStudio MAX.

GIF Animator — 1e HalOLNBII MOMYJIsApHA HporpaMa Ui CTBOPEHHS IIPO-
deciiinoi animariii. BoHa MicTuTh psaa ePekTiB 1 mepexodiB, Ma€ 3pydyHHUH 1H-
Tepdelic Ta MOXJIMBICTh HAJIAIITYBAHHS IIBUAKOCTI 1 PO3MIPIB aHIMAI[IMHOTO
300pa’keHHs1, BOJIOAIE IMUPOKUMHU MOYKITMBOCTSIMH POOOTH 3 TEKCTOM.
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Macromedia Flash — npuiinsaTuii crangapT 1y BAKOPUCTAHHS B aHIMAIIT BEK-
TOPHUX 300pa)k€Hb, TO3BOJISIE CTBOPIOBATH BHCOKOSKICHY BEKTOPHY aHIMAIIiIO
(binpMH, pekIaMHI POJMKH [T PO3MIIICHHS B [HTEpHETI).

3DStudio MAX — nipodeciiine mporpamMHe 3a0e3MEUCHHS I TPUBUMIPHOTO
MOJICITFOBAHHS 1 aHIMaIli1l, pO3pOOKH KOMI FOTEPHHUX IrOp Ta POJIMKIB.

/. Ingyctpia po3Bar akTUBHO BUKOPUCTOBYE METOJU KOMII FOTEPHOI'O CHH-
T€3y NJisi CTBOPEHHS YMCIIEHHUX KOMIIIOTEPHUX Ir0p, B SIKMX BIPTyalibHI MEp-
COHaXI1 JIIOTh y BIPTYaJlbHUX KOMITIOTEpPHUX CBiTax. HacTymHHUM KpOKOM €
CHCTEMH BIPTYAJIbHOI PEAIBHOCTI, SIKI CTBOPIOIOTH 1103110 MPUCYTHOCTI M
y4acTi JIOJAUHU B KUTTI BIPTYaJbHOTO CBITY, SIKMM MOX€ OyTH MOJEIUIIO ic-
HYI0Y0ro abo BHIYMaHOI'O MPOCTOPY. Bipmyanvua peanvHicms — 11€ TEXHOJIO-
ris, mo 3a0e3nedye pealiCTUYHE MOJEIIOBaHHS oTouyrouoi gificHocti (3D-
IPOCTOPY) Ta MiATPUMYE IHTEPAKTHBHY B3a€EMOJIIIO 3 KOPUCTYBAUYEM.,

OcHoBa cucTeM BIpTyaJbHOI PEaIbHOCTI — BUCOKOMPOAYKTHUBHI IpadiyuHi
poboui cTaHIlli, IO BOJIOJIIOTH BEIMKOI IIBUJKOMIEID Ta MOXKJIMBOCTSIMH I10-
Oy/J0BH BHCOKOPEATICTUYHUX 300paKeHb. 3aco0U B1I0OpaKEHHS MOXYTb OyTH
PI3HUMU — BiJ 3BUYAHHUX MOHITOPIB 13 BUCOKOI PO3JLIBHOIO 3JATHICTIO JO
€KpaHIB Ha BCIO CTIHY, UM CTEPEOCKOIIYHUX CHUCTEM BilOOpakeHHs. PO3BUTOK
3aco01B BIPTyaJbHOI PEATIbHOCTI MOYaBCS 3 JOCIHIKEHb M0 CTBOPECHHIO aBia-
HIAHUX TPEHAXEPIB. 3apa3 CUCTEMHU BIPTYyaIbHOI PEaTbHOCTI IMUPOKO BUKOPUC-
TOBYIOTH JUIsl IMiTalii ()YHKIIOHYBaHHSI CKJIAAHUX CHUCTEM. BaxiuBumu Xxa-
PaKTepUCTUKAMU BIPTyaJIbHUX CHUCTEM € BIUIMB HE TUIbKU HA 31p 1 HA CIIyX, a i
Ha 1HII OpPraHM BIAYYTTS 3a PaxXyHOK BUKOPUCTAHHS CICHIAIIbHUX IUIEMIB,
KOCTIOMIB, CEHCOPIB Ha TiIl JroauHu. Komm’oTepHi rpadiddi cucteMu Ha 0asi
MOJICJIFOBAHHS BIAMOBIJHUX CEpPEIOBUI, O0’€KTIB Ta €(EKTIB BHUKOPHUCTOBY-
I0ThCS JIJISl TPEHYBAHHS JIbOTYUKIB, 0¢epiB, AUCIETUYEPIB, ONEPATOPIB CKIA/I-
HUX XIMIYHUX, €HEPreTUYHUX YCTAaHOBOK, BIMChKOBHMX Toio. Hampukmazn, B
kiHIi /0-x pokiB s kocMiyHuX KopaOmiB “IllaTn” 3’gaBunucs JbOTHI TpeHa-
xepH, 1o 6a3yrorbes Ha KI'. Tlepiii kpoku B IbOMY HanmpsiMKy OyJiu 3poOJieH1
nie B 60-x pokax. Ili rpadiuHi cucteMu J1al0Th MOKJIMBICTh TPEHYBATH IIBH/I-
KICTh peaKlilii rmam’siTi, JJoriyHe MuciaeHHd. [Ipukianom iMiTaliiHOrO TpEeHaXxe-
pa € MapHUW TPEeHaXKep MOBITPSHOro 00r0. Miclie KOKHOro MUIOTa OCHAIIEHO
IMITALITHUM €KpaHOM 1 pUYaramu ynpaBmHH;I 3a JIOMIOMOIOK0 SIKUX MO>KHA
3MIHUTH YMOBH criocTepekeHHs. B mam’sti EOM 3akmaneni HeoOXimHI J1aHi.
[Tix yac 0010, 3MIHIOIOYM MOJOKEHHS puyaris, iHopMmailis noctynae B EOM i
B PEXKUMI PeanbHOro 4acy rnepeopMaToBYEThCS BUAUMA KapTUHA.

8. 'padpiuni cucTeMu BUKOPUCTOBYIOTHCS JJIE CTBOPEHHS TBOPIB MHUC-
TEITBA, My3€HHOI Ta pecTaBpalliifHOl AISILHOCTI, 03100JCHHS 1HTEP €PIB, M-
FOTOBKH PEKJIAMHHUX POJIUKIB Ta BIACOKIIINIB, PI3HUX 3aCTABOK 1 Teyiee(EKTiB,
oopmiuenns Web-cTopiHok, cTBOpeHHS XymOXHIX Bifeo(diIbMiB Ta CIel-
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e(eKTiB B KIHO, CIIPOIICHHS Ta CKOPOUYCHHS 4acy IMIJATOTOBKU JPYKOBAHUX Ma-
TepiaiaiB PI3HOrO MPU3HAYEHHS, MIJBUILEHHS SIKOCTI APYKOBAHOI MHPOIYKIII,
o(popMIIEHHSI 00JI0KOK KHUT 1 5KypHaJIiB.

9. V Menumuui KI' BUKOpUCTOBYETHCS, HAPUKIIA, JJII aBTOMAaTU30BaHO-
ro IPOCKTYBaHHS IMILUIAHTAHTIB (0COOJMBO KICTOK 1 Cyrjo0iB), IIO TO3BOJISIE
CKOPOTUTH 4ac IpoBeAeHHs omepaiiil. Anatomiudi monenit KI' Bukopucro-
BYIOTHCSl B MEJIMYHUX JOCIIJKEHHAX 1 B XipypriuHii npaktuul. [lupoke po3-
noBcrokeHHs oTpuMana KI' B ekoHoMilll, pekiiaMHOMY O13HECl, KpUMIHAJIC-
TUIl Ta 1HIKUX cdepax JIOJACHKOI AISJIBHOCTI. Y Halll 4ac po3BUTOK Internet
icToTHO po3muproe chepu 3actocyBanHs KI'. I3 11i€r0 METOIO BIOCKOHAIOIOTh-
Cs METOJIU Tepeaadi Bi3yasibHOI iH(opMallii, po3poOistoThcsi HOBI rpadidHi
dbopmaru.

KoHTpoJIbHI MUTAHHA TA 3aBAHHA

SAxuii pexxuM poOOTH Ha3UBAETHCS IHTEPAKTUBHUM ?

Ha3Bith ocHoBHI 3a1a4i KT'.

[Ilo Take nmpumiTuB? HaBemiTh MIPUKIAAN IPUMITHBIB.

[I{o xapakTepu3yoTh NapaMeTpH Ta aTPUOYTH IPUMITUBIB?

ki € cnocoOu 3ajaHHS TEOMETPUIHUX 00’ €KTIB?

1o Take momieap? Ak 3agaTu Mojiens mosieapa?

Ha3BiTh miiaToHOBI Tina. SIKi IXHI BIaCTUBOCTI?

[{o Take cuena? fIxka HeoOXiHa 1HPOpMALLis ISl 3aJaHHS CLIEHH?

B yomy nosnsiratoTh HEJAOIIKY SIBHOI Ta HEABHOI (pOpM 3aJaHHSI KPUBOT?

10 Sxi nepeBaru mMae napameTpudHa Gopmu 3aJaHHS KPUBUX 1 TOBEPXOHb?

11. SIki niHii HA3UBAIOTHCS MUKIIYHUMU/TBUHTOBUMHA? HaBeiTh npukiany.

12.5Ixy posb BiAirparoTh NOJIFOHAIBHI CITKH B KOMIT IOT€pHIM rpadiii?

13.111o Take MopdiHr?

14.Ha3Bitb obacti/mpukianu 3actocyBanus KI'.

15.KopoTko OXapakTepu3yUTe MOXKIMBOCTI HAMOUIBII BiAOMUX TIpadidHUX
MAKETIB.

16./laliTe BU3HAUCHHS 1HXEHEPHIN, UTIOCTPALIHIN Ta IIJI0BIA KOMI HOTEp-
Hii rpadimi. ONUIITE HANPAMKU iX MPAKTUYHOTO 3acTocyBaHHs. Hase-
TITh TPUKIIAIN 33124 7151 IKMX BOHU BUKOPUCTOBYIOTHCS.

17.HaBeniTe npukiagu mporpam, siki crieiianai3oBaHi Ha HAYKOBIH KOMII 10-
TepHii rpadiri. SIki OCHOBHI 3a7a41 BOHU PO3B’ I3YIOThH?

18.Oxapaktepu3yiTe MOHATTS KOMIT IOTepHOT aHiMarlii. ONuIiTh iICTPyMeH-
Tapiii MOB MPOTrPaMyBaHHS BUCOKOT'O PIBHS JJI CTBOPEHHS aHIMaLIMHUX
300paxKeHb.

19.11lo Take BipTyaibHa peaIbHICTh?

20.Ha3BiTh OCHOBHI 3aJja4l KOTHITUBHOI rpadikHy.

21.HaBeiTh NpUKIAIA KPUBOJIIHIMHUX MOBEPXOHb 2-T0 OPAJIKY.

OCoNooabrwnE

27



Bnpasu i 3aga4i 1j151 caMOCTIHHOTO BUKOHAHHSA

1.
2.

P03p00iTh aaropuT™ aHajizy IpoOCTOTH/OMYKIOCTI MHOTOKYTHHKA.
3ajaiiTe aNrOpuTM BU3HAYEHHS BHYTPIIIHBOI 00JACTI HEMPOCTOIO MHO-
TOKYTHHKA.

. Ha mpsimiii 3agano N Toyok. 3HAWTH mapy HaOUIbII OMU3BKUX MIX CO-

OO0 TOYOK.
3ajaHo N TOYOK Ha IUIOLIMHI. 3HAWTH mapy HaOUIbII OJU3BKUX MIX CO-
OO0 TOYOK.

. 3HaWJIITh KOOPJIMHATU BCIX BEPIUIMH TETpaeapa, SKIIO MOYaTOK CUCTEMHU

KOOpJIMHAT 3HAXOJUTHCS B ILIEHTPl OMMCAHOI HABKOJO HLOrO cdepH, a
OJIHA 3 BEPIIIHUH TeTpaeapa 3HaXOUThCS Ha OCl Z.

. 3HalITh Ha TMOBEpPXHI cepr YOTUPU PIBHOBIIAAICHUX MIK COOOIO

TOYKH. Brasiexa. L{i mouxu — éepuiunu enucano2o mempaeopa.

. Po3p00iTh anroput™M BU3HAYEHHSI BUIMMHUX Ta HEBUJIUMHUX TpaHeu

I[JIATOHOBUX T1JI.

. BuBenite piBHSHHS TOpa (TOp yTBOPIOETHCS 0OCPTAHHAM KOJIa BiTHOCHO

ocell KOOP/IMHAT).

. BuBeiTh piBHSHHS TPAEKTOPil pyXy TOUKH KOJa paailycoMm Fp, SKIIO

BOHO KOTHThCS 30BHI/BCEpEIMHI eJIirca 3 mBocsMu a ta b.

10.Po3po0iTh airopuT™ Bce OUIBII TOYHIIMIOI anpoKcumallii chepu MHOTO-

IPaHHOIO TPUKYTHOIO MOBEpXHEI0. JIJisi IIbOTO Bi3bMITh Ha MOYATKY TET-
paeip 1 KOKHY MOro rpadb cepeaHIMHM JIHISIMU PO30UITEe HA YOTUPHU TPHU-
KyTHUKH. BeplinHM HOBUX TPUKYTHHUKIB 13 LIEHTpa chepu CIPOEKTYyHTE
Ha cepy 1 Ha IUX TOYKAX MOOYIyHTE HOBI TPUKYTHI I'paHi, SIKI Kpaie
arpoKCUMYIOTh chepy 1 T.1.

11.TToOyayiite chepy MIHIMAIBHOTO pajiyca, o 00MeXy€e N TOYOK B MPOC-

TOP1?

12.3a marepiajaMu KOMIT IOTEPHUX MEPIOAUYHUX BHUJAHb MpOaHATI3ZYUTe

OCTaHH1 JOCSTHEHHS B Taly3l MPaKTUYHUX 3aCTOCYBaHb KOMII IOTEPHOI
rpadiku. HaBeaiTh nekiabka MPUKIAIiB.
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Tema 2. Texniune Ta nmporpamHe 3ade3neueHHs1 KOMIT I0TEPHOI rpagiku

[IBuaKe 3pocTaHHsl (PYHKIIOHATBHUX MOMIIMBOCTEN KOMIT FOTEPHOI TEXHIKU Ta
PO3poOKa BIIOBITHOTO MPOrPAMHOTO 3a0€3MEeUEHHST CTBOPIIIO 0asy JUisl MOAIBIIIOTO
PO3BUTKY KOMIT FOTEPHOI TpadiKu.

2.1. TexniuHe 3a0e3meYeHHs1 KOMII OTepHOI rpadiku

Jlo anmapaTHoro 3a0e3nedeHHs] KOMIT' I0TEPHO1 rpadiky HajeKaTh. 3aCO0U
BBE/ICHHS 1 BUBENIEHHS rpadiuHoi iHpopMallii, 00UrCiIoBalbHI 3ac00H, 3aco-
ou 30epiranns rpadiunoi iHGopMmaiii Tomo. binsmricts npuctpoiB KI' pact-
poBi. PacTpoBi mpuctpoi ¢GpopMyroTh 300pa’K€HHS 3 OKPEMHX TOYOK, TOMY
BXJIMBOIO XapaKTEPUCTUKOIO PACTPOBUX MPUCTPOIB € PO3iIbHA 3/1aTHICTS,
AKa BU3HAYAETHCS PO3MIPAMU TOYOK 1 MOKIIMBOCTAMM 1X PO3MIILLICHHS.

2.1.1. IlpucTpoi BBeneHHs rpadiuynoi indpopmauii

OCHOBHI KJIacu MPUCTPOIB yBeJeHHA rpadiuyHoi iHpopmallii — 1e airiran-
3epH, MPUCTPOi CKaHYBaJIbLHOI'O BBEJCHHS, KJIaBiaTypa, MaHIMYJISITOPH TOIIO.

Hicimauzepu. Ha3Ba dicimatizep MoxoauTh Bi aHrjiiicekoro ciosa digit
(dpa) 1 03HaYAE TPUCTPIH, KM 3AIHCHIOE aHAJIONOBO-ITU(POBE TICPETBOPEHHSI.

Hiritaiizepu (abo rpadiyHi IJIAHIIETH) 3aCTOCOBYIOTHCS JJIs IOTOYHOTO
KOOPJMHATHOTO BBEICHHS 300paK€Hb y KOMII IOTEp. YBeleHHs 1HdopMallii
BiIOYBA€THCS 3a JIOIOMOTOI0 CIEIiaabHOroO mnepa (cTuirycy) abo KOOpaIUHAT-
HOT'O MPUCTPOIO 3 TpHIliyIioM (fioro mia’ eqHyIOTh Kabenem J1o mianmeTa). ['pa-
(b14YHI TUTAHIIIETH Yy TJIMBI 10 HATUCKY, IIIBUKOCTI BEJICHHS 1 HAXUJTY CTUITyCa.

Y HalIOCKOHAIIIUX I’ €30€JIEeKTPUYHUX JIrITal3epiB podoUya MOBEPXHS
IJIAHIIIETa Ma€ TaKTWIbHY YYTJIMBICTH Ha 0a3l I’ €30€JIEKTPUYHOTO €(EKTY.
3aBasku IbOMY BBeAeHHS 1H(popMalli BiiOyBaeTbes 0e3 crnelianbHuX Mmip iH.
[T’ e30enexkTpuyHi Jiritai3epu JO3BOJISIOTh KPECIUTHU TaK Camo, SIK Ha Kpec-
JSPCHKIN JOTIIIT.

s mepeHeceHHs 300pa)KeHHs 3 ITIBKM B KOMIT FOT€P BUKOPUCTOBYIOTh
creniaigbHl Jiritaiizepy. 3a JOMOMOIOK TaKUX MITITai3epiB y KIHOCTYIISAX
MO>KHa BBOJUTHU B KoM toTep doTorpadii akTopiB, NEH3axKiB TOILO.

Ipucmpoi cxanysanvrozo ésedenns (ckanepH, MU(POBI BiJcOKaMepHu Ta
¢dotoamaparu). CkaHyBaJIbHI MPUCTPOI 3MIMCHIOIOTh ONTHYHE BBEJCHHS iH-
dbopmaliii Ta aBTOMaTUYHE TIEPETBOPEHHS ii B I(ppoBy Popmy.

Ckanepu — ye npucmpoi 0151 66e0eHHsI 8 KOMN' lomep YOPHO-0inux abo Ko-
JIbOPOBUX 300padiceHb be3nocepedHbo 3 Naneposoco 0OKyMeHma, mobmo cKa-
Hep nepemeopioe 300padicents 6 1o2o yugposy opmy (no mouxax) i nepeoae
yeu obpas y komn’romep.

CkaHnysanHs — 11e TIEPEBEACHHS MarepOBUX JOKYMEHTIB B €JIEKTPOHHY
¢ poBy ¢opMmy, TOOTO 1€ mporec onudpyBaHHS 300pakeHb. Y pe3yJbTaTi
CKaHyBaHHSI IOKYMEHTa CTBOPIOETHCA pacTpoBUi rpadiuHuii ¢aiis, B SKOMY
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30epiraeTbcsi 300pakeHHs BUX1AHOTO JoKyMeHTa. Lleit HaOip mikceniB 1ie He
€ JIOKYMEHTOM B €JIEKTpOHHIM Qopmi, — 11e ¢aiin rpadiunoro ¢opmary
(mammpukian bmp, tiff, gif, pcx, jpeg). Skio opuriHa MiCTHB TEKCT, TO BiJ-
CKaHOBaHMH (hailyl He MOXKe OyTH MPOYUTAHUN TEKCTOBUM peakTOpoM. TekcT
B1JICKAHOBAHUX JOKYMEHTIB MOTPiOHO IIe po3mi3HaTu. e 3A1HCHIOITh Npor-
pamu po3mi3HaBaHHs TekcTy. [Ipukinagom nporpamu, mo 3a0e3nedye BUCOKY
SKICTh pO3IMi3HABaHHS TEKCTY Ha PI3HUX MOBax, € mporpama FineReader.

[Tpuniun aii ckaHepiB 0a3yeTbcsl HA OCBITIIEHHI MANEPOBOTO JOKYMEHTY
Ta IepeTBOPEHHI BiAOMTOro cBiTia B udpoBy hopmy. HailyxuBaHimmmu 3a-
pa3 € IJIAaHIIETHI CKaHepH. Y IUIAHIIETHUX CKaHepax mamip KiIaAayThb Ha cre-
iaapHy oBepxHio. JIiHilika ¢oTonpuiiMadiB MepeMillyeThCS BIIHOCHO Tarie-
py 1 Tak 3A1MCHIOEThCS CKaHYBaHHS JOKYMEHTA Ta BBEJICHHS MOr0 B KOMII fO-
Tep. Po3pi3HsatoTh 4OpHO-O1Ti (JUIsi BBEJEHHS TEKCTY 1 PUCYHKIB, BUKOHAHUX
KOHTYPOM), HAITIBTOHOBI, B IKUX KOJIbOPH 3aMIHSIOTHCS PI3HUM TOHOM Ciporo
KOJILOPY, 1 KOJILOPOB1 CKaHEPH.

SKICTh CKaHepa CYTTEBO 3aJCKUTh Bif HOro po30inbHOi 30amuocmi
(MakcuMaibHa KUTBKICTh TOYOK, SIKY 3JaTHHW PO3PIZHUTH CKaHEp), KA Mae
JIBa MOKa3HUKHU. TOPU3OHTAIbHA PO3JILIbHA 3[ATHICTh Ta BepTUKaibHa. ['opu-
30HTAJIbHA PO3JUIbHA 3aTHICTh 3aJICKHUTH Bl TYCTUHU (DOTOPELENTOPIB HA
JiHIA  (poTornpuiiMadiB, BEPTHKAIbHA PO3AUIbHA 3JATHICTb BH3HAYAETHCS
MIHIMQJIBHUM KPOKOM 3CYBY KapeTKH B370BXK opuriHaia, Hanpukiam, 600 x 800
dpi. Po3ninpHy 31aTHICTH CKaHEpa BHMIPIOIOTh KUIBKICTIO TOYOK Ha JIIOMM —
dpi (dots per inch). Ilepmy BeauuuHy II€¢ IHKOJHM Ha3UBalOTh OINTHYHOIO
PO3AUTBLHOIO 3/IaTHICTIO, @ APYTY — MEXaHIYHOI0. Y Cy4aCHUX 3BHYaMHHUX MO-
JeNAX CKaHepiB 11l xapakTepucTuku pocsraots 1200 x 2400 dpi, a B mpode-
citinux — 2400 x 4800 dpi i Oinbire. Lle ocHOBHA XapaKTEpUCTHKA CKaHEPA.
YacTo BUKOPHUCTOBYETHCS 1HINIA XapaKTEPUCTUKA — JIiHIAHA pO3JAUIbHA 37aT-
HiCTh. Ilim Jinitinoo po30inbHor 30amuicmio PO3YMIIOTh MaKCHMAaIbHY
KUTBKICTh TOYOK OJIMHAKOBOT'O PO3MIPY, Kl MOKHA PO3MICTUTH Ha TOPU30H-
TaJIbHOMY UM BEPTUKAIBHOMY BIAPI3KY 300paK€HHsI OAMHUYHOL IOBKUHH.

Ska po3auibHA 3[IaTHICTH MOTPIOHA CKaHepy? Y BUMAIKY TEKCTY IS
HOJANBIIOr0 po3mi3HaBaHHsA B mnporpami FineReader — 300 dpi B MoHOX-
POMHOMY PEXHMI, JUIS IPOCTOro Kojabopooro apyky — 300 dpi, mis doro-
apyky — 600 dpi, mans 30epekeHHS 300pa)KeHb 1 TMEperisay iX TUTBKU Ha
xom rorepi — 200 dpi.

3a TOYHICTH mepeaadi KOJIbOPIB BIANOBIAAE APYTUU IMOKAa3HUK — poO3-
psaounicmob ckanepa (TIMOUHA KOJIHOPY), IO BUMIPIOEThCS B Oitax. ['mOuHa
KOJbOPY BKa3zy€ Ha KUIbKICTh KOJBOPIB, SIKYy CKaHEp MOKe po3mizHaTu. Har-
PUKJIIaJl, pO3PSIAHICTH 8 OITIB BIJIOBIJIA€ TOMY, 110 CKAaHEp MOXKE PO3MI3ZHATH
256 kompopiB, abo 256 rpamamiii ciporo kombopy, 10 OitiB — yxe 1024
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rpajaiii, 24 6ity BignoBigaroTh 16,7 MIH. KOIb0piB (3p03yMiJIo, IO B TOOYTI
B TaKiil KUIBKOCTI KOJBOPIB HEMA€E MOTPeOU, X04a BUPOOHUKU CKAHEPIB YiKe
3asgBWIM TIPO 48-0iTHY pO3pSIHICTh JOMAIIHIX CKaHEpiB). AJe, SK MPaBHIIO,
J0JIaTKOB1 OITH HEOOXIJHI TUIBKU CKaHEpPy, a B KOMII IOTEp MEePelaroThCs
nutie 24 6iTu.

Jlist 3B’s3Ky CKaHepa 3 KOMII IOTEPOM BUKOPUCTOBYIOTH CIIELIaJIbHI
8- abo 16-po3psiani matv, mo mia eaHadl g0 muHUA ISA, abo cranmaTHuUi
iaTepderic LPT. BinbinicTe cydyacHUX CKaHEpIB MOCTAYAEThCA 3 iHTEpdericoM
USB, skuii Mae BenuKy IIBHJIKICTH Iepeiadi gaHux. Bzaemomis ckaHepa 3
KOMIT IOTEpOM  3a0e3Meuy€eThCsl  CIELIAIbHUM  1HJIUBIAYalbHUM Ha00OpoM
npaiiBepiB abo uepes crangapTHi apaiisepu TWAIN-iatepdeiica. Crangapt
TWAIN — 1ie crangapT 0OMiHY MDK HNPHUKJIQJHOIO MPOTrpaMoi0 Ta 30BHIMIHIM
npuctpoeM. CkaHep ¢opmye iH(oOpMali0 B pacTpOBOMY BHIJISAI 1 Aaii
OPOBOJIUTH BeKTopu3alito TpadiuHoi i1HdoOpMallii, OCKIUIbKH 30epiraHHs
iH(dopMalii B pacTpoBOMY BUIJISIII BUMAarae 6arato mam’ sri.

Hugposi kxamepu pu3HAYEHI JJIs1 BBEACHHS 300pakeHHs 0€3M0cepeaTHbO
3 opuriHaiay B Komm 'totep. [1oOyToBi mudposi (poroanapatu 3’sBUIUCA HA
noyatky 1990-x pokiB (e Oyyinm 4opHO-OUII MmpHUCTpoi), i 3apa3 HUQpOBi
TEXHOJIOT1i PO3BUBAIOTHCS HACTUIBKHU CTPIMKO, 110 nudpoBi poTokamepu 3a
SKICTIO 300pakeHb Ta I[IHOKO HA3JOTaHSIIOTh TpaduiliiiHi (riiBkosi). 1o mud-
poBHX Kamep Haiexkath i Web-kamepu, siki BUKOPHUCTOBYIOTBCS JIJIsi OpraHi-
3ar1ii BiieokoH(epeHiliii B [HTepHeTi.

B nudpoBomy dortoamnapati 300paxkeHHs] yepe3 00’ €KTUB MPOEKTYETHCA
HE Ha (OTOILIIBKY, a Ha CBITJIOUYTJIMBY MaTpuIlto. [[ami 3HaueHHs eJeKTpUY-
HUX 3apsiiiB OUUPPOBYEThCS 1 (GOPMYETHCS MATPHULIS MIKCETIB. SKICTh 300pa-
JKEHHs 3aJICKUTh BIJl PO3JAUIBHOI 3MaTHOCTI. Y mpodeciiHuX Kamepax po3-
IUIbHA 3aTHICTh MOXKe pocaratu 3264 x 2448 mikcemniB 1 Ouibille, TOOTO 1€
necsatkn MeramikceniB (1 Mpix = 1 mineliony mikcem). IToTiMm mudpose
300paxkeHHs 3anucyerbcsi B FLASH-nam’sth 1 30epiraerbcsi B rpadiuHOMy
dopmari JPEG, TIFF. Hudposi porokamepu odnagnani LCD-ekpanamu, siki
Jal0Th MOKJIMBICTH OJIpa3y NeperiisHyTd BiM3HATI kaapu. Ludposi doto-
KaMepu MOXyTh OyTtu min ennadi ao IIK a6o mgo ¢orompunrepa. daiin i3
nudpoBUM 300paKEHHSM HAa KOMII I0T€pl MOXHA pelaryBaTd, PEeTYIIyBaTH,
CHOPSIKYBaTH crnenedexTaMu, KaapyBaTH, NepeAaBaTH KaHajdaMu 3B 3Ky
TOIIIO.

2.1.2. llpucrtpoi BuBeaeHHs rpagiunoi ingopmamii
IcHye GaraTo pi3HOMAHITHUX MPUCTPOIB JJIsI BUBEJACHHS rpalyHUX 30-
OpakeHb. HalOUIBIT THUIOBI — €JIEKTPOHHO-TIPOMEHEBI TPYOKH (MOHITOpPH),
aucIUiel Ha PIIKUX KpucTalax, rpadoOyAiBHUKH, MAaTPU4Hi, CTPYMEHEBI Ta
Ja3epH1 NPUHTEPHU TOIIIO.
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Monimop € OCHOBHUM MPHUCTPOEM OTNIEPATUBHOTO BUBEACHHS 1H(GOpMAIIii.
Haii0inp1 po3MOBCIO/IKEHI MPOTArOM 0OaraTbOX pPOKIB MOHITOPH Ha 0asi
eNleKTpoHHO-TIpoMeHeBUX TPYOOoK (CRT-moniTOpH). ChOTO/IHI BUITYCKAIOTHCS
MoHITOpH cTanaapty SVGA. SIkicTh 300pakeHHS Ha €KpaHi MOHITOpa BU3HA-
Ya€ThCSl SIK MOKIIMBOCTSIMU CaMOT0 MOHITOPA, TaK 1 MOXJIMBOCTSAMH KOHTPO-
nepa SVGA (BimeokoHTpoIepa).

ExpaH AuCIIEHOr0 MOHITOpa MOJAETHCS K HAOIP JUCKPETHUX TOYOK,
110 YTBOPIOIOTH PErYJISPHY MPSIMOKYTHY PEIITKY — pacTp (Bix jaT. rastrum —
rpabu). Touku pacTpy GopMyrOTh 300paskeHHSI.

OCHOBHMMM MapamMeTpaMH MOHITOpa € PO3MIp €KpaHy, po3Mip 3epHa,
IIBHJIKICTh OHOBJICHHSI 300paskeHb (4acToTa KaapoBOI PO3rOPTKH), CTYIIHb
IJIOCKOCTI eKpaHny (BHIIA pealliCTHYHICTh 300paKeHHs, MEHIIIEC BiJOJIHCKIB).

[cHy€e pekinbka CTaHIapTHUX PO3MIpIB JiaroHani ekpany: 15 mroitmis (39
cm), 17 mrorimiB (44 cm), 19 mroiimis (49 cm), 21 mroiim (54 cm) 1 1.4. CTBO-
peHHs 1 peJaryBaHHs TMPOAYKII KOMITI'IOTepHOI Tpadiku BuMarae, sk
MIHIMYM, JlarOHadl eKpaHy He MeHmoi 17 mgroiimiB. IHakie poOoue cepe-
JOBUIIE OLIBIIOCTI TpaiyHUX PENAKTOPIB HE MOMIIIATUMETHCS Ha EKpaHi.
s mpodeciitHoi pobotu 3 rpadikor0 BUKOPUCTOBYIOTH MOHITOPH 3 J1aro-
HaJisiMA 21 yu 22 TroWMH.

[Ile oguUM IMapaMeTpoM, 110 BU3HAYAE SKICTh 300paxkeHHs (i BIAMIOBIIHO,
iHy MoHitopa) € po3mip 3epHa (0,21 — 0,29 mm). Uum MeHIIe 3€pHO, TUM
AKICHIIIE 300paKE€HHs Ha €KpaHl. 3epHO — 11€ MiHIMalIbHA TOYKA JIIOMiHODOPY
(mikcenb), Tka BUMIPIOETBCS B IECATUX YacTKax MiTiMeTpa. Sk mpaBuio, Jis
15-1r0MMOBHX MOHITOPIB po3Mmip 3epHa ckiamae Big 0,25 mm go 0,28 mwm.
Benuuuna 3epHa Ha 17-110MMOBHX MOHITOpax KOJIMBA€THCS B Jiana3oHi
0,24 — 0,27 mm. Jlna cyyacaux CRT-MoHITOPIB BeIMYMHA 3€pHA YaCTO BUMI-
PIOETHCS BiAAaI0 MK CYCIAHIMHU TOYKaMHU JIFoMiHO(doOpa.

binu3pkuM mapameTpoM 0 po3Mipy 3€pHa € po3dinbHa 30amuicme. L
BEJIMYMHA MOKA3y€, CKUIbKHU MIKCEIIB MOKE BMICTUTHCS Ha ekpaHi. Po3niibHy
3/IaTHICTh OMUCYIOTH JIBa YHCJIA, MEpIIe 3 AKX MOKAa3y€ KiIbKICTh TOYOK IO
TOPU3OHTAJI, IpyTre — KUIbKICTh TOPU3OHTANBHUX JiHIH, Hanpukiaa 320x200.

Hagenemo npukiiagu AesIKUX CTAaHIAPTHUX PEXKUMIB!

640 x 480 nns 14-m10MOBUX MOHITOPIB;

800 x 600 mms 15-mr0MMOBHUX MOHITOPIB;

1024 x 768 nusg 17-a10MMOBHUX MOHITOPIB,

1280 x 1024 nnsa 19-a10lMOBHUX MOHITOPIB.

Ha mpakTtuii Oyab-sIkuii 3 MX MOHITOPIB MOXKE MIATPUMYBATH 1 BHIII
PO3ITBHI 3JJaTHOCTI.

[HITI0I0 XapaKTEpUCTUKOI MOHITOPIB € Yacmoma 6epmuKaibHoi po3-
20pmKu, TOOTO YaCTOTa OHOBJICHHS KaJpiB, SIKY 1€ YaCTO Ha3UBAIOTh YaACMO-
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moio pezenepayii. J{nsa kompopTHOT poOOTH HEOOX1THO, IIOO0 YaCTOTa BEPTH-
KaJIbHOT PO3TrOpTKH cKiIajayiia He meHiie 85 I'u. MeHia yacToTa MIKIJJIMBA
g oueld (MHTOTIHHS Ha €KpaHl IIBHJIKO CTOMJIIOE odi). SIKIIO yacTora
BepTUKaIbHOI po3ropTku Buma 3a 110 I'm, To mroguHa BXXKE HE MOMIYae
HISIKOTO MEPEXTIHHS 300pa’KeHHS.

l'opuzonmanvna yacmoma po3zeopmku TOKa3y€ KUIBKICTh JIHIN, SKY
MO’XHa BHMBECTH Ha €KkpaH 3a 1 c¢. J[J11 cydacHUX MOHITOPIB BOHA CKJIAJA€ BiJ
15 kI'u go 100 kI'u. ITapameTpu MOHITOPIB MOB’si3aHI MK COOOIO, HAIPHK-
Ja, SIKIO 3MEHIIUTH PO3AUTHHY 34aTHICTh, TO 3POCTAE YACTOTA PO3TOPTKHU.

[cTOTHIMEU XapaKTepUCTUKaMU JIJIs pOOOTH 3 MOHITOpAMU € €PrOHOMIYHI
XapaKTEPUCTUKH 1 XapaKTepUCTUKU Oe3neku. L1 xapakrepucTuku ajis mpucT-
POiB KOMIT 10Tepa Bu3Ha4yaroThes crangapramu TCO.

Jucruiei 3a3Buyail peKOMEHIY€EThCSl pO3IJISAaTH 3 BIJACTaHI, HE MEHIIOI
0,5 M. ToMy OKpeMi MmiKcelli CTaHyTh HEMTOMITHI (JTF0jMHa He Oyie cripuiiMaTh
300paKeHHs SIK pacTpoBe) mpu po3aiabHii 3paTHOCTI 200 dpi, OCKiIbKHM Ha
I BIJICTaHI TIKCEeJl BXK€ HE CIPUNMAIOTHCA SIK OKpeMl TOYKH, TOMY IO
BijgcTtanb MK HuMU Op < 0,14 mm. 3a3HaunMMoO, 110 B CYYacCHHX JTUCILICIX
posninapHa 31atHicTh ctaHoBUTh 100 — 120 dpi. Jlns 300pakeHHsT Ha marnepi,
mo0 Ha Bijgcrani 30 cM He OyiM MOMITHI OKpeMi MiKCeNl, Ied mapameTp
noBuHeH OytH mmie BumuM (mo 300 dpi), mo BignoBigae Biactani 0,085 MM
M1 TOYKaMHU.

Pisnosuou monimopie. Po3pi3HAI0TH JBa KJIACH MOHITOPIB: CBITJIOBUIIPO-
MIHIOBaJIbHI (MOHITOPH 3 €IEKTPOHHO-IIPOMEHEBOIO TPYOKOIO) 1 CBITJIOMPO-
nyckHi (MOHITOpH Ha PiIKMX KpHcTaiax). MOHITOpH Ha 0a3i €JIeKTPOHHO-
NPOMEHEBUX TPYOOK JIOCI 3aJIUIIAIOTHCS HETEPEBEPIICHUMH B OCHOBHUX BHU-
MOTrax, IO TMOSCHIOEThCS BUCOKOIO SIKICTIO 300pa)K€HHsI, BIJICYTHICTIO 1HEp-
IIMHOCTI 300pa)KeHHSI, OLJIBIII BUCOKOIO IIBUAKICTIO 3MIHU 300paKeHHs, O171b-
IIMM KyTOM OTJISIY, IEUIEBOI0 TEXHOJIOTIE€0 BUTOTOBIEHHS TOUIO.

CRT-MoHiTOpH OTPUMYIOTH 300pa)K€HHS BiJ] My4Ka €JIEKTPOHIB, 110 BU-
MyCKA€EThCSI €JIEKTPOHHOIO TapMaTolO 1 YIIPABISETHCS €JIEKTPOMATHITHUM T10-
aeM. B pe3ynbrari nonajgaHHs €JIeKTPOHHOTO My4YKa Ha JIOMIHO(OP Ha HbOMY
YTBOPIOETHCS CBITJIA TOUKA — MIKCENb. SPKICTh MIKCENS 3aJ€XKUTh Bl €HEeprii
€JICKTPOHHOI0 My4Ka. ENeKTpOoHHUI MPpOMIHb NpOOIrae eKpaH 3J1iBa Hapaso 1
3BEpXy BHM3 13 TIEBHOIO MIBUAKICTIO, TIOCIIIOBHO (DOPMYIOYH MHOXUHY TTIKCE-
JI1B, SIK1, 3IMBAIOYHCh, CIIPUMMAIOTHCS K €JIMHE II1JIE.

JIJisi CTBOPEHHSI KOJIbOPOBOTO 300pakKeHHS B KOHCTPYKLIID MOHITOpa
BXOJISITh TPH €JIGKTPOHHI rapMatu (,,uepBoHa”, ,,3eseHa”, ,,cuns’ ). KepyBanus
BEPTUKAIBHOIO 1 TOPU3OHTAILHOIO PO3TOPTKAMHU Y HUX CIIUIbHE, a KEpyBaHHS
SICKPABICTIO KOJIbOPY — po3AiabHe. KOHCTPYKTUBHO €JIeKTPOHHI rapMaTu Ha-
JAlITOBaHI TakK, MO0 iX MHPOMEHI MOMNaJalTh B MO3ULII0 OJHOTO IIKCEIs
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ogHo4YacHO. Ha moBepXHIO MOHITOpa HAHOCATHCS TPHU BHAW JIOMiIHOGOPA,
KOXXHUU 3 SKUX BUIIPOMIHIOE CBIi KOJip. BUIIpOMiIHIOBAaHHSA TPHhOX KOJIbOPIB
CHPUIMAETHCA K CyMIlll KOJIbOPIB. [ TouHOrO momnajgaHHs B 3aJlaHy TOYKY
aroMiHOoOpa HEOOXIAHO EJIEKTPOHHUM NPOMiHb C(HOKYCYBaTH 10 3aJaHUX
PO3MIpIB y IUIOIIMHI €KpaHy, TOMY Iepesd JIOMIHOPOPOM CTaBUThCS CIHElli-
aJlbHAa MAacCKa-pelliTKa, sKa 3BYXKY€ IMYYOK 1 30CEpeIKye WOro Ha OAHIN 13
IUITHOK JroMiHogopa. be3 penritku 300paxenHs Oyio 0 posmiuB4yactuMm (y
CY4aCHHMX MOHITOPax BUKOPHUCTOBYIOTHCS KiJIbKA THIIIB PEIIITOK).

Momnitopu Ha 6a31 CRT mominstoTbes Ha BEeKTOpHI rpadiuni gucruiei 3
pereHepaitiero 300pakeHHs (pHCyBaHHS BiJpi3KaMH) 1 PacTPOBI CKaHYIOYI
JTUCILIET 3 MOTOYKOBUM BUBEJIEHHSAM 300paKeHHS.

Monimopu na ocnosi oucnieis i3 piokumu kpucmaiamu (LCD-monimo-
pu). B ocHOBi po6oTn LCD-MOHITOpIB JIe)KaTh ONTHYHI BJIACTUBOCTI PiIKUX
KkpuctaniB. SIk 1 B 3BuU4ailHux MoHitopaX, y LCD-MoHiTOpax 300paxeHHs
CTBOPIOEThCS 3a gomomororo marpumi mikcediB (LCD-xomipok), ska dop-
MY€ThCA PIAKUMHU KpUCTallamMu. Pigki KpuCTaad 3HaXOJATHCS MDK JIBOMA
CKJITHMUMH ITAQHEJSIMUA 1 BOJIOJIIOTH ONTHYHUMH BJIACTHBOCTSIMH, TOOTO MiJ
JIEI0 EJEKTPOHIB X MOJIEKYJIH MOXYTh 3MIHIOBaTH CBOIO OpIEHTAIIIO 1
BHACJIIOK IIbOTO 3MIHIOBATH 1HTEHCUBHICTH CBITJIOBOI'O MPOMEHS, IO IPO-
XOJIMTh Yepe3 Hux. Po3ainsHa 3gaTHicTh LCD-MonITOpa (hikcoBaHa.

VY nam yac xapakrepuctuku LCD-moniTopiB 3HauHo nmominmuiaucs. Lle
MOHITOPHU 3 BIIMIHHOIO YITKICTIO Ta 1/I€aJIbHOIO SIKICTIO reoMeTpii 300pakeHb.
BoHM KOMIIakTHI, MarOTh TapHUN AW3aliH, HE TE€HEPYIOTh €JIEKTPOMAarHiTHE
BUIIPOMIHIOBAHHS 1 O€3IeUHI JJIsl 30pOB’ S JIIOAUHHU.

Opna 3 ocHoBHUX miepeBar LCD-mMoHITOpIB — BIACYTHICTh MUTOTIHHS Ta
Mmaja eHeproemHictb. /o HemomnikiB LCD-mMoHITOpIB BITHOCATHE OOMEXEHICTh
Jiana3oHiB KYTiB 30py (BEPTHKAJIbLHOTO Ta FOPH30HTAIBHOr0), TOOTO BapTO
TPOXHU TOBEPHYTH IUCIUICH, SK MOMITHO 3MIHUTBHCS SICKPABICTh 1 KOJIHOPH.
BunyckaroTs Taki MmoHiTOpu KoMmmnanii LG, BenQ.

30BciM HemaBHO 3’sBuiucs naasmosi oucniei (PDP). Texuonoris PDP
0a3yeThCs Ha CBITJIOBOMY O3PSI, 110 YTBOPIOETHCS MPHU PEKOMOIHAIIT 10Hi-

30BaHOr0 Ta3y. 3apsKeHU Tra3, 10 Ha3uBa-

€THCA TIJIA3MOI0, BUIPOMIHIOE CBITJIO B YJIbTpa-

¢ioseToBOMY J11ara3oHi, SKUM, MOTPAIUISIOYN Ha

JOMIHOGOP, 3MYIITyE HOr0 YAaCTUHKHU CBITUTHCH,

ajie BX€ y BUJIMMOMY ISl JIFOJMHM Jlara3oHi.

x X [1nma3mMoBY maHenb CHPOIIEHO MOKHA YSIBUTHU SIK

MaTPUII0 3 MaJE€HbKUX HEOHOBUX JIAMIIOYOK,

KOXHA 3 SIKHX BMHKA€THCS HE3aJIEKHO 1 MOXKE
CBITUTHCS 3 PI3HOIO IHTEHCUBHICTIO.

Puc. 2.1. Cxema
rpadoOyIIBHUKA
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Ilpunmepu, nepoei cpaghodyodienuku, niomepu.

Ilpunmep — ue OpUCTPIA NI OAEPXKAHHA TBEPAUX KOMiM HU(poBHUX
300pakeHb, JUIsl JPYKy Ha mamepi TeKCTy, rpadikiB, 300pakeHb, KpecleHb
Tomo. HuHi Hallpo3MOBCIO/KEH] JIa3epHi, CTPYMEHEBI, MaTPUYHI MPUHTEPH.
JlazepHi NMpUHTEPH BOJOIIIOTH IMIMPOKUM J1alla30HOM PO3JIbHOI 3JJaTHOCTI:
300dpi, 600 dpi, 1200 dpi (my1s BHIaBHHUMX CHCTEM, IO 3a0e3Meduye JTOCUTh
BUCOKY SIKICTh 300pakeHHs). Po3iibHA 31aTHICTH IPUHTEPA BUMIPIOETHCS B
Toukax Ha mroiMm. Hanpuxian, 300 dpi o3nawae 3maTHICTH NMpPUHTEpa Haj-
PYKyBaTu Ha BiJIpi3Ky M0oBx)UHOIO oauH mtoimM 300 okpemux Todok. CydacHa
TEXHOJIOT1S BUTOTOBJICHHS JIPYKYBaJbHUX TOJOBOK JJII CTPYMEHEBUX MPUH-
TepiB 3a0e3neuye po3ainbHy 3aatHicth A0 300 dpi. PosmiapHa 34aTHICTH
MaTPUYHUX TMPUHTEPIB BHU3HAYAETHCSA PO3MIPOM IITHPKIB, 10 (POPMYIOThH
300paxkeHHs. HaiiOunpmr cywyacHi 48-ronvari MaTpuyHi NPUHTEPU MAlOTh
po3aiibHy 3aatHicTh A0 300 dpi.

I'pagobydisnuxku — 11e TPUCTPOT TPAEKTOPHOTO THUITY, B SIKMX 300parkeH-
HSl Ha Tamip HAaHOCUTHCS PYXOMHUM BY3JIOM 3a JOTIOMOTOIO0 TEpa 3 BUCOKOIO
SKICTIO 300pakeHb. Po3pi3HAIOTH TUTaHIIeTHI Ta OapabanHi (pynoHHi) rpado-
OyIIBHUKHU. Y TJIAHIIETHUX HOCIM 300pa’KeHHS] HEPYXOMO 3aKPIILTIOETHCS Ha
mwiomuHi rpadoOyaiBHuKa. [lepeMimmeHHss MUCaIbHOrO By3Ja Ha IUIOHIMHI
B1I0YBA€THCS MPH PYCl KPOHIITEMHA IO OC1 X 1 IPU pycCi By3Jia 3 MEPOM IO
KPOHIITEHHY (IT0 0Ci Y) 3 BUCOKOIO TOUHICTIO (710 coTuX joield MMm) (puc. 2.1).

['papoOyaiBHUKN BUMYCKAIOTHCA PIZHUX PO3MIPIB: BiJl MIHIATIOPHUX JO
BeNUKKUX (5—8 MeTpiB y IHPHUHY 1 JOBXKUHY), TOMY KOPITyC aBTOMOO1JIS1 BUMa-
JHOBY€ETHCA B HaTypajbHy BennuuHy. Hociem 300paskeHHS MOXKYTh BUCTYTa-
TU mamip, ¢oronamip, TKAaHWHA, JTUCT METAIY TOLIO. PI3HUM HOCISIM BIiJIIOBI-
Jla€ MHOXXMHA PI3HUX TMPUCTPOIB JJIA PUCYBaHHS: KYJIbKOBI PY4YKH, OJIBII,
dbamomacTepu, rpudenbHl OJIBII, YOPHUIbHI Tiepa, Ja3epHl MPOMEHI, 1HCTPY-
MEHTH JIJIs1 TPaBitOBaHHsI, Pi3HI Pi3aKH TOIIIO.

Take pi3HOMaHITTS THIIIB HOCIIB Ta MUCAJIbLHUX BY3JIB 3a0e3neuye Oara-
To cep 3acrocyBaHHs IUIaHIIETHUX rpadoOyaiBHUKIB. Hampukman, pi3Hi
Mo rdiKallil MIaHIEeTHUX rpadoOyaiBHUKIB BUKOPUCTOBYIOTH ISl PO3KPOIO
onAry, marepiany. SKIio 3aMiCTh MUCAIBHOTO By3Jla BUKOPUCTOBYETHCS HIX,
TO TaKi piXKyYi IJIOTEPU HA3UBAIOTLCA kammepamu (BiJ aHrI. cUt — pizaTH).

['padpoOyaiBHUKU OCHAIIEHI CBOIMHM €JIEKTPOHHUMHU OJIOKaMu NJis Tepe-
MIILIEHHS TOJIOBKHU 3 TIEPOM Yy JIBOX HampsiMKax. buibi ckiiagHi OJOKM MaroTh
JIHIAHI 1 HaBITh KPYroBl IHTEPHOJSATOPH, SKI BUKPECIIOIOTh Ayru. I'pado-
OyIIBHUKHA MalOTh BIacHY Oy(epHy mam aTh 1 HaBITh BJIaCHI mpoiecopu. To-
My 300pakeHHs, miarorosieHe Ha [1K, MoxHa moBepHyTH 200 MaciiTadyBaTu
oe3nocepeIHh0 Ha camoMy I'pad o0y IIBHUKY.

OcHogHi xapakmepucmuku 2paghobyoierHuxie: po3Mip HOCISI 300pa’KeHHS,
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napaMeTpy maMm sTi, JUCKPETHICTh PyXy MHUCAJIBHOTO BYy3Ja, ITapaMeTpy TOY-
HOCTI, IMIBUJAKICTh KpeciieHHS (IMIBHIKICTh — 1O JNECATKIB M/C, TOMy HaBiTh
YOPHUJIO B TIEPO MOJAETHCS IMiJT THCKOM), IPUCKOPEHHS pyxy mepa (nocsrae 4Q).

Ha mmanmernux rpadoOyaiBHUKAX OTPUMYIOTh JOCUTh BUCOKOSKICHI
BHCOKOTOYHI 300pa)KeHHs Ta rapHy Iepeaady KOJIbopiB.

bapabanHi rpa@oOyaiBHUKM OUIbII CKJIAJHI B MEXaHIYHOMY IUIaHi, HIX
iaHieTHi. [lepo B HUX mepecyBaeThbCsl B3JIOBK HEPYXOMOTO KPOHINITEHHA, a
HOCIH 300pakeHHS 3aKpIIUIIOEThCs HA OapalaHi, sikuii oOepraeTbes (1HKOIN
MOXKEe OOepTaTHCS 1 caM HOCIM 3a JOIOMOIO IMPUTUCKYBAIBHUX POJIMKIB).
TouHicTh BuUBeACHHS 1HpOpMaIllli OapabaHHUMU IUIOTEPAMU HUXKYA TOPIB-
HSHO 3 IUIAHIIETHUMH, aj€ BIANOBIJa€ BUMOTraM OUIBIIOCTI 3acTocyBaHb. Lli
IJIOTEPH KOMITAKTHIIII Ta MOXYTh BiJpi3aTh aBTOMATHYHO BijJ PYJIOHY Iare-
Py apKyll MOTPiOHOr0 po3Mipy.

KpiMm nepoBux miaoTepiB, BUAUISIOTh TUIOTEPH, SIKI BUKOPUCTOBYIOTH pac-
TPOBUH CIHOCIO CTBOpEHHS 300pakeHHs. Hampukiazn, cTpyMeHEBl IUIOTEpH
bopMyIOTh 300paK€HHS IUISIXOM PO3IMMJICHHS YOpHMUIIA Ha Marmip 3a J0IOMO-
ror JpiOHUX (POPCYHOK NpYyKyBajdbHOro By3ia. Lli mimoTepu MOXyTh OyTH 1
KOJIBOPOBUMH, B HUX BHUKOPHCTOBYETHCS CTaHAApTHA JyIs modirpadii cxema
CMYK.

Ha punKy mjoTepiB € Iie Kjac IJIOTEpiB, 5Kl BUKOPUCTOBYIOTH €JICKT-
POCTaTUYHY Ta Ja3epHYy TEXHOJIOTI0 CTBOPEHHS €JIEKTPOHHOTO 300paKeHHSI.

IIpoexmopu. JIns neMoHCTparlii KOMIT FOTEPHUX 300pa)K€Hb Ha BEJIMKHX
eKpaHaX, HANpHUKIAJ] MiJ] 4ac MPOBEACHHS JICKIIA 4Yd Tpe3eHTalliid, BUKOPHC-
TOBYIOTb BiJICONPOEKTOpH. [IpoeKTOop i1’ €THYETHCS 10 KOMIT foTepa napajieiabHO
3 MOHITOPOM a00 3aMiCTh HbOT'O 1 CUTHAJI HA HbOT'O MOJIAEThCS OE3MOCEPEIHBO 3
BiZICOKapTU KoMII toTepa. OCHOBHUMH XapaKTEPUCTUKAMU MPOEKTOPIB € CBITIIO-
BUM TIOTIK, KOHTPACTHICTb, PO3/ILIbHA 3/IaTHICTh, Jllalla30H PO3MIPIB €KpaHy, BXiI-
H1 Ta BUX1HI 1HTEp(dENCH TOLLIO.

2.2. Illporpamue 3a0e3neyeHHA
2.2.1. OCHOBHIi MOHATTS

IIporpamue 3abe3neueHHss KI' myke pi3HOMaHITHE — BiJl MPOCTIIIUX
nporpam 10 npodeciiHux rpapiyHUX PEAAKTOPIB, AKI PIZHATHCA ChEeporo
3aCTOCYBaHHS, MOBaMH IIPOIpaMyBaHHS, PI3HHMMH pexuMaMu poOoTu (ma-
KETHHH, J1aJIOrOBHIA) TOILIO.

Jlo mporpaMHOTO Ta TEXHIYHOIr0 3a0e3neueHHs IrpadidHOl CUCTEMH BUCY-
BaIOTHCS JOCUTH BUCOKI BuMoru. I1[o06 mobaunTtu mpobiiemMu, siki BAUHUKAIOTh
Opy CTBOPEHHI rpadiyHUX 300pakeHb, IO MPALIOIOTh Y PeaIbHOMY 4Yacl,
pO3IIISIHEMO 3ajiady oOepTaHHs 00’€MHOro 300pa’keHHS, IO CKJIAJA€ThCs 3
1000 niniit 31 uBuakicto 1500/c.
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O6’ext 3 1000 miniit nonmaerbest matpuiero 1000 x 4 ogHOpiIHUX KO-
OpJIMHAT KpalHIX TOYOK BiApi3KiB. OOepTaHHsS 00’€KTa 3aJA€ThCA IUISIXOM
MHOKEHHS I[1€] MaTpUIll Ha MaTpUIt0 ooepTaHHs po3mipoM 4 x 4. Jlis mpo-
BEJICHHS TAKOTO MaTPUYHOTO MHOKEHHS MOTP1OHO 16 THC. onepaliiii MHOKEH-
Hs, 12 TuC. omeparliiii 1oaaBaHHs 1 1 THC. onepariii JUICHHS JIMCHUX YHCE.
3BUYATHUN yHIBEpCATIbHUN KOMIT FOTEP TaKe MHOXKEHHS MaTPUIb MOKE BUKO-
Hatu 3a 0,1 c. Ockinbku J1s TOTO, 1100 KapTHHKA Ha €KpaHi Oyja pyxoMotlo,
noTpiOHO nepepucoByBatu ii He MeHIIe HiXK 30 pa3iB 3a CEKYH/Y, TO B LIbOMY
BUIAJIKYy KapTUHKA HE 3MOXKE€ HEMepepBHO pyxaTtuch. OTke, MOTPIOHO BUKO-
pUCTOBYBaTH a00 OUIBII MOTYKHUN KOMIT FOTEp, a00 OLIbII JIeTadbHE IIporpa-
MyBaHHSI MHOKEHHSI MaTPULb ISl 3MEHILEHHS Yacy BUKOHAHHS [TPOrpaMHu.

Jlist ctBOpeHHs npukiaaHoro rpadiunoro [13 3acTocoBYIOTH Taki Kiiacu
IHCTpyMEHTaIBHUX 3ac00iB [5]:
e craHmaptHi rpadiuni maketu (rpadivHi peJakTOpH, CUCTEMH aBTOMATH-
30BaHOT'O IIPOCKTYBaHHS);
® CTaHJApTHI MPOrpaMHi CUCTEMHU, 110 HE CIEIaNi3yI0ThCs Ha rpadilll, ane
HiATPUMYIOTH TIEBHUH HaOip rpadiuaux QyHkuiid (Hanpukian, odicHi ma-
KETH);
MOBH MPOTPAMyBaHHs BUCOKOTO/HU3HKOTO PiBHS;
CUHTaKCU4HI rpadidyHi po3LIMPEHHS YHIBEPCATIbHUX MOB;
crierfianaizoBani rpadiyHi MOBH;
rpadidHi 3ac00H OIeparliiHuX CUCTEM;
61610Teku rpadiuHuX PYHKITIH.
XKogen 13 BKazaHMX KJAcCIiB IHCTPYMEHTAJIbHUX 3acO0IB HE € YHIBEp-
CaJIbHUM, a 30pI€EHTOBAHUI Ha CBOI KJIACH 3aJ1a4 1 BIMOBITHUX KOPHUCTYBaUiB.

Cucremu, 110 HAJEXaTh 10 MEPIIMX JBOX KJIACiB, MPUIIBUIIIYIOTh MIPO-
1ec ctBopeHHs rpadiudoro 113. Bonu 30pieHTOBaHI Ha KOpUCTyBaua, 110 HE
Mae Tpo@eciiiHOl MIATOTOBKY 3 MPOrpaMyBaHHS.

2.2.2. HaiiBinomimi rpadgivni pexaxkropu

I'paghiuni peoakmopu — 11e pUKIAAHI TIPOTPAMH, TTPU3HAYCH] JIST CTBO-
peHHs 1 00poOku TpadiyHMX 300pakeHh HAa KOMII IOTEpl B JI1aJIOTOBOMY
pexumi. [Ipodeciiinuii rpadiunumii giagor nepeadaydae, KpiM yBeICHHS JaHUX,
BUOIp JIIHIN, TpadiuHUX €IEeMEHTIB, IHCTPYMEHTIB 13 TaOJIHIbL MEHIO 13 300pa-
KEHHSMH THUIIOBUX €JeMEHTIB. BkazaTu Ha MyHKT MEHIO — O3Hauyae BUOpaTu
BIJITIOBIJIHY KOMaH]y, sSIka BUKOHAE MPOTrpaMy o0y 10BU 300paKEHHs €JIeMEH-
Ta KOHCTpYyKIii. Hanpukiana, mo6 300pa3uTy MeBHY JeTajlb, KOPUCTyBau He
pHUCYE 1110 AeTallb, a TUIbKU BKa3ye Micle il 3HaXO/KEHHS Ta MapaMeTpHu.

HuHi icHye Bennka KUIbKICTh rpadidHuX MNporpam Jjisi poOOTH 3 rpa-
dbikoro. Yci mporpamMu 00poOKH rpadiku MOXKHA PO3AUIMTH HA JIBI TPYIH:
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pacTpoBi Ta BEKTOPHi. 3pOOMMO HEBEJIMKUI OTJISAJ LIUX ITPOrpam.

Hesiki rpadiuHi pegakTopu Ajis poOdOTH 3 pacTpOBOIO Tpadiko Opi€H-
TOBaHI OE3IOCePEAHLO HA IPOLIEC CTBOPEHHS 300pakeHb (Hampukiaz, Paint).
VY HUX aKIeHT 3po0JeHU Ha 3aCTOCYBaHHI 3pYYHUX 1HCTPYMEHTIB ISl CTBO-
pEHHS 300paKeHb.

[HImMI K7Iac pacTpoOBHX PENAKTOPIB CHpsIMOBAaHUN Ha mpodeciiiHy 00-
POOKY TOTOBUX PACTPOBUX PUCYHKIB 13 METOIO MOJIMIIEHHS iXHBO1 AKOCTI. [0
TaKUX MPOrpaM HaJIEKHUTh, 30KpEMa, HalJIOBEPUICHIIIUN 1 MOMYISIPHUN pe-
naktop Adobe Photoshop. Lleit maker mporpaM Mae MOTYKHI MOKIHBOCTI JJIst
00poOKu TroToBHX 300paxeHb 1 iX Moaudikamiit. [{pomy crnpusie Benuue3sHui
HaOlp pi3HOMaHITHUX Q1IbTPiB Ta edekTiB. [lakeT Bonoaie 3acod0amMu BiTHOB-
JIEHHS MOUIKO/KEHUX 300paXkeHb, peTyiryBaHHs (oTtorpadiii Tomo. Kommna-
Hist Adobe monosmroe rpadiununii pemakrop Photoshop nmpubimsHo pas B 1Ba
poku. OnHa 3 ocranHix Bepciii Photoshop CS3 Extended micTuTh BCi MOKIIH-
BOCTI CTaHJApPTHOI Bepcii rpadiyHOro peaakTopa 1, KpIM LBOTO, J0JaTKOBI
inctpymentu. B CS3 Extended mosxHa mpamroBat He Tutbku 3 2D-Tpadikoro,
a ¥ 13 TPUBUMIPHUMHU MOJEISAMH, HaKJIaJaThU TEKCTYpPH, CTBOPIOBATU aHIMa-
11110, BIAKpHUBATH Bijeodailyiv, mpalioBaTh K Y BiACOpEIaKTOPi TOIIIO.

Corel PhotoPaint — ve MeHm Bimomuii rpadidamii peaakTop s 00poo-
KA pacTpoBoi rpadiku, skuii koHKypye 3 Adobe Photoshop. Ils mporpama
TAKOXX Ma€ PIZHOMAaHITHI IHCTPYMEHTU HJisi poOoTu 3 Tpadikoro, pi3HUIA
auie B 1HTepdeicl Ta MBUAKOCTI BUKOHAHHS rpadidyHUX OIeparrii.

Photostyler — me oauu npukiaa pegakTopa s poOOTH 3 PacTPOBOIO
rpadikoro. i mporpamMmu BUKOPUCTOBYIOTh MPAKTUYHO BCl XYAOKHUKHU 1 (oO-
Torpadu 1t JOCATHEHHS PI3HUX XYA0KHIX eekTiB. Buximuuit matepian ajis
00pOOKH B ITUX peJaKTOpax MOKe OyTH OTpUMaHHMH PI3HUMH IUIIXaMH. CKa-
HYBaHHSAM KOJIbOPOBOI UTIOCTpallii, BBEJEHHSAM 300pa)keHHsd 3 IudpPOBOI Bi-
neo- abo porokamepu. Kpim Toro, 3Budaitnuii hoToarnapar TexK MOKHA BUKO-
PUCTOBYBATHU JJIsi OJIep>KaHHS €JEKTPOHHUX 300pa)KeHb, MPUIATHUX IS 00-
poOku B TpadiyHOMY peaaKTOpl, OCKUJIBKA Ha IMYHKTaX MPOsIBICHHS (oTor-
JIIBKU BBEJICHA HOBA MOCTyTa — 3aMuc POTO3HIMKIB Ha KOMIAKT-AUCKH.

Oco0JMBUM KJIACOM MPOrpam Jjisi poOOTH 3 PaCTPOBUMHU 300parkKeHHSIMU
€ mporpamu-karaiizatopu. BoHu g03BosstoTh nporisaatd rpadiudi daitnu
pi3HUX (hopMaTiB, CTBOPIOBATH Ha JUCKY 3PY4YHl1 albOOMHU. 3py4dHOIO IPOT-
paMoro 115010 Kjacy € mporpama ACDSee32.

VY Tux BUMajaKax, KOJU OCHOBHHUMHU BHMOTaMH JI0 300pa’K€Hb € BHUCOKa
TOYHICTh 1 YITKICTh (PopMu ab0 KOJM HEOOXIJHO CTBOPIOBATH IITPUXOBI
PUCYHKH 3aCTOCOBYIOTh PEHAKTOPH, MPU3HAYEHI Il pOOOTH 3 BEKTOPHOIO
rpadikoro. s poOOTH 3 BEKTOPHOIO I'padikor0 BUKOPUCTOBYIOTHCS Iporpa-
mu Adobe Illustrator, CorelDraw, Macromedia FreeHand ra in.
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Adobe lllustrator npu3HaueHuii 11 MATOTOBKH JOKYMEHTIB, IO MICTSITh
BEKTOPHI Ta pacTpoBl 300pa’keHHS, TOOTO JIOTOTHIIIB, IUIAKaTiB, OYKJIETIB,
opomryp, Web-306pakens Toio.

CorelDraw — migep cepen nmpodeciiHUX BEKTOPHUX rpadiuHUX peaak-
TopiB. Llei OaraTodyHKIIOHATRHUN pENaKTOp MpHU3HAYCHUN i1 OOpOOKH 1
CTBOPEHHSI BEKTOPHOI Ta pacTpoBOi rpadiku, AJis MIATOTOBKU (ailimiB ams
rpadoOyaiBHUKIB. BiH € TOJIOBHOIO MPOrpaMolo AJis AU3alHepIB, 3alHITUX Y
cthepi nomirpadii Ta pekiiamu.

OnHUM 13 HAWMOMYJISPHIIMIKMX 1 3pYYHUX MAKETIB y Taly3l KOMI FOTEPHOI
animarii Ta 3D-rpadiku e npodeciitauii Bexktopuuii nmaker 3DStudio MAX.
Bin mpusHadeHuil 1J1si MOJICIIIOBAHHS SIK OKPEMUX PEATICTUYHHUX 300pa’KeHb
TaK 1 BUCOKOAKICHMX 3D-aHiMaIiiHuX ciieH. JJocuTh 3a1aTH JTUIIE TEOMETPIIO
CUEHHU, TUIl MaTepiany, JpKepesia CBITJIAa, PO3MILIEHHA KaMepH, a MakeT caM
noOyaye 300pakeHHs clieHu. [Iporpama Bosiojii€ MIMPOKUMU MOKIUBOCTSIMHU
MOJICJIIOBAHHSI OCBITJIGHOCTI, MOCTYIIOBOTO TEPETBOPEHHS (opM 00’ €KTIB
NURBS-monentoBanHs, 3acTOCyBaHHS PI3HOMAaHITHUX (UIBTPIB, aJroOpUTMa-
MU pPO3pPaxyHKy TiHi, JUHAMIYHUX BJIACTUBOCTEH PYXOMHX OO’€KTIB, CIIEII-
edekTiB Tomo. binbmia yactuHa cydyacHoi TV-pekjiaMu CTBOPIOETHCA came
3acobamu 3DStudio.

Macromedia Flash — Bigqomwii y cBiTi BEKTOpHUI pemnakTop I aHIMaIlii
rpadiku. OcHOBHOW c(eporo Horo 3actocyBaHHs € rpadika ang [HTepHeT 1
KOMIIT IOTE€pHI IrpH.

Maya — cucrema TpuBuMipHOro MozemoBanus (axamoriuna 3DStudio
MAX) mae noqimnmieny dbpakTaibHy Ipadiky, sKa A03BOJIsSE OUIbII e(PEKTUBHO
MOJICJIFOBATH CKJIA/IHI OBEPXHI.

Bryce 3D — oxna 3 mepmux mporpaMm AJjis MOJACNIIOBAHHS JaHamadTy
(penwedy, BOAM, POCIIHH).

Jl1st aBToMaTU3allii MPOEKTHO-KOHCTPYKTOPCHKUX POOIT MpU3HAYEHA BEK-
topHa nporpama AutoCAD. Lleii nporpamHuii KOMILIEKC po3poOiaeHuit ¢ip-
moro Autodesk Ha cydacHOMy piBHI po3BHTKY MamuHHOI rpadiku. AUtoCAD
€ OCHOBOIO JIJI peaizallli BUCOKOS(PEKTUBHUX TEXHOJIOTIM y MPOEKTYBaHHI 1
NOTY>KHUM 3aCOO0OM MOJEIIOBAHHS CKJIAJHUX KapKACHUX MOJIMOHAIBHUX 1
00’eMHUX KOHCTpyKIiH. Lls mporpama peanizoBye Oarato (yHKINN 1HXKe-
HEpHOI rpadiku, aBTOMATU3Y€ PO3B’I3yBaHHS 3aJ1a4, SIKI BAHUKAIOTh B IIPOLIEC]
MPOEKTYBAHHS 1 € CBITOBUM JIAEPOM TPUBUMIPHOT BEKTOPHOI I'padiKu.

Haiiposnoscromkenimmum naketom CAIIP y kpainax CHI' € xomrekc
nporpam KOMITAC (auHi KOMIIAC-5). KOMITIAC siBnsie coboro CAIIP 3a-
raJibHOrO mpusHadyeHHs. L{g mporpama 30pieHTOBaHa Hacamrmepel Ha MiAIpH-
€MCTBa MamMHOOYIBHOI Tady3i 1 i Hagamu mepeary Ours 1500 mpommc-
noBux mianpuemcts CHJI.
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2.2.3. MoBu nporpamyBaHHs rpagiku

HaityHiBepcanbHilIUM, X04a 1 TPYJOMICTKHM, CIIOCOOOM MpOrpamMyBaHHs
rpadiku € mporpaMyBaHHs rpadiku 3acobaMu MOB BHCOKOro piBHs. Pascal,
C, C++, Visual Basic, Java, Delphi, C++Builder, Visual C++ Tta inmii. Bonu
MalOTh IIHUPOKI MOKJIUBOCTI JUIsl CTBOPEHHS Tpadiunux 300paxkeHs. 11 MoBu
nporpamMyBaHHS MICTSTh CTaHAAPTHI 010JTI0TEKU BI3yallbHUX TpadiuHUX KOM-
MOHEHTIB, 32 JIONIOMOTOI0 SIKUX MOYHA IIBHJIKO CTBOPUTU MPHUBAOJIMUBHI rpa-
¢b1unuii iHTepdeiic 10 Oyb-IKOT TPUKIAIHOI Iporpamu, rpadiuHuil peakTop
to1o. [Ipy boMy 3a1€XHO B1J] BUKOPUCTAHUX PO3POOHUKOM 3ac00iB, 110 Ha-
Jal0Th MOBH IpOrpaMyBaHHs, TpadiuHi mporpaMu MOKHA Kiacu(ikyBaTH Ha
TaKl, 1110

e 0a3yloThCSi Ha BUKOPUCTaHHI mpoueayp Ta (QyHkiid rpadpiyaux 016-
JIIOTEK;

e cTBOpIOIOTHCS 3acobamu BIOS;

e peal3yloTh IpsSME 3BEPHEHHS JIO IOPTIB BiAeoaganTepa 1 KOMIPOK
BlJIeOIIaM ATI,

® BHUKOPHUCTOBYIOTH acC€MOJICpHI BCTaBKH JIJI1 BUKOHAHHS rpadidyHuX i,

MoBu mnporpaMyBaHHS € THYYKUM I1HCTPYMEHTapi€M, SIKUW J103BOJISE
ctBopuTH edekTuBHe Ta mBuaKicHe rpadiune [13. [Ipu npomy GopmyBaHHS
300pakKEHHS Ha €KpaHi MOXKe OyTH MOEAHAHE 3 PI3HUMHU PO3PaXyHKAMHU.

[Iporpamu 1yist cTBOpeHHS TpadiuHUX 300paxeHb OyAYIOThCS 3 IPOLEIYP
Ta QyHKUIH rpadiuaux O010110TE€K, MPU3HAYEHHX JI1 MOOYJOBU OKPEMHX
rpadgiyHux enemeHTiB. Hanpukman, npu moOynoBi rpadiyHOro 300paxeHHs
JIeSIKO1 MaIlIMHU OCHOBHA IIPOrpamMa BUKOPHUCTOBYE MiAMPOrpamMu 300paKeHHs
JeTaneil, Kl B CBOK 4epry, BUKOPHUCTOBYIOTh MiANPOrpaMHu 300pa)KeHHS
eyieMeHTIB (Hampukiaa, OOJTIB), IKi BUKOPUCTOBYIOTh 300paKEHHS MPSAMUX,
IyT TOIO. [HIMMU clioBaMM, MU MAaEMO JIAHITIOKOK TIPOrpam i TOMY MOKEMO
TOBOPUTH IIPO Pi3Hi PiBHI MporpaMHOro 3adesnedeHHs (3, 4 abo Oinbe).

Ha nuorcnvomy pieni 3HaXOJAThCS MPOrpaMu, IMOB s3aHl 3 IpaiuHUMU
npuctposmu. Hanpuknan, Ti, o nNpsMo 3BepTaOTHCA J0 MOPTIB Ta KOMIPOK
BiJleonaM’ sITi. 3 T€OMETPUYHOI TOYKU 30pY Il MPOrpaMH MPOCTI, ajie BiJ HUX
BHMAaraeThbcsl BUCOKA PalliOHAJIBHICTh Y po0OTI (HAIpUKIIaI, IIporpama mooy-
noBH BiApizka). OCKIIBKY IIi POTrpaMu MOB’s3aHi 3 TpadiYHUMH TEXHIYHUMH
3aco0aMu, TO MUIIYThCSI BOHU MOBOIO AcemOiiep abo MoBamMu, HaOJIUKEHUMU
70 MallMHHUX. BUKOpUCTAaHHSA IMX MOB JO3BOJISIE MiJBUIIUTH MPOTYKTHB-
HICTh rpaiyHUX HOPOrpam 3aBAsiKM 301JIbIICHHIO IIBUIKOCTI pOOOTH MPOrpam.

IIpoepamu Opyzo20 piensi PO3B’SI3yI0Th IIMPILE KOJIO 337a4 MalIUHHOI
rpadiku 1 reoMeTpii, BUKOPUCTOBYIOUH MiANpOrpaMu HUXKHBOTO piBHA. Lli
porpaMu He MPHUB’A3aH1 10 KOHKPETHUX MapOK rpadpiyHUX MPUCTPOIB.

/o suwozo piens Halle)KaThb NIANPOTrpaMu, MOB’sI3aH1 BXKE 3 MPEIMETHOIO
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rajgy3310, 30KpeMa IMianporpaMyu BUKPECIOBaHHS (acajiiB, CTBOPEHHS Malllu-
HOOYIIBHUX JI€TaJICH.

OxkpiM yHIBepCaIbHUX MOB, JJISI TpOorpaMyBaHHs Ipadiku 1€ 3aCTOCOBY-
I0ThCs TpadiuHi MOBU BHCOKOTO piBHS. MOBH1 3aco0u rpadiku — npoodIeMHO
30pIEHTOBAaHI MOBHU MporpaMmyBaHHs. BUAUISIOTE Takl rpynu rpadiyHux MOB:
poIeAypHi, aBTOHOMHI, MOBH PO3LIWPEHHSI.

IIpoyedypni mosu — 1ie naketu (010m0TeKN) rpadiuHUX TiAIpOrpam, sKi
JIOCTYIIHI 3 TTporpaM Ha pi3HUX MoBax. Jlo mpolenypHux MOB Hayiexkath ['PA-
®OP, CMOI', IUT'PA®, ATJIAHT, OpenGL, DirectX. Buknukarouu Biamo-
BIJIHI pOLEAYPH, ITpadiuHi 300pakeHHs] OyyIOThCS 3 OKPEMUX €JIEMEHTIB.

AemonomHi Mosu — 1€ CIelialli30BaHl MOBH, II0 MalOTh BJacHY Irpama-
TUKY Ta 3acoOM omucy reomMeTpuuHoi i rpadgiunoi iHdopmaiiii. OCHOBHOIO
00J1aCTIO 3aCTOCYBaHHA IIUX MOB € aBTOMAaTHU3allisl IPOrPaMyBaHHS JJIsl yCTAT-
kyBanHs 3 UIIY, cucteM aBToMartuzallli NpoeKTHO-KOHCTPYKTOPChKHUX POOIT,
CUCTEM T'€OMETPUYHOTO MOJIeTIOBaHHs. J[Ji1 aBTOHOMHUX F€OMETPUYHUX MOB
ICHYIOTh CIIEIIaJIbH1 TPaHCAATOPH. Taki MOBH 30pIEHTOBAHI Ha JIGKCUKY KOHCT-
pykropa. Sk npukian MoxkHa HaBecth MoBu CIMAK, AutoL.isp.

Mosu po3uwupenns OyayrOTbCS Ha OCHOB1 YHIBEPCAIBHUX aJITOPUTMIYHUX
MOB 3a paxyHOK ix rpadiuroro gonoBHeHHs. Hanpukian, moBa CINEMIRA Ha
ocnoBi Pascal, cucremu GALA, ABtokox misa MoBu Fortran, cucrema DIGOS
st MoBu ALGOL Ttomo. B mux MoBax Bu3Ha4eHl rpadivyHi TUMH JaHUX
(manpuxitan, tun figure mns 3agaHHs cTaTMUHUX TpadiuHux 00pasiB, THM
animated s 3amaHHs 3a7eKHUX BiJ 9acy (iryp) Ta BiONOBiIHI onepariii Ha
HuMu  (Hampukiaaz, o0’€IHAaHHS, MEPETHH, MacIITaOyBaHHS, OOCPTaHHS TO-
o). Takuii miaxix A03BOJISIE BUKOPUCTATH BCi HassBHI B 0a30Bili MOBI ITO-
TY>KH1 3ac00M 0OpOOKH JTaHUX.

2.2.4. I'padiuni 3acodu Bizeocucrem

BukopucranHsi nporpamictaMu rpadiuHUX MOKIMBOCTEU BIIEOCUCTEMU
MO>K€ 3[IHCHIOBATUCS PI3HUMU CIIOCOOAMU.

1. [llnsxoM mpsMOro 3BEpHEHHS 1O TOPTIB BijeoaganTepa Ta KOMIPOK
Bijiconam’ sTi. lle HaWHMXKXYKMKM pIBEHb IpOrpaMyBaHHs, TOOTO II€ Mporpa-
MyBaHHsS Ha (i3uyHOMy piBHI. Taki mpuiloMu JO3BOJISIOTH CTBOPUTH Haii-
OLTBII ONTUMAJIBbHI 32 IIBUIKOIIEI0 TPOTPAMH, a IHKOJIHM OJIEP>KyBaTH e(PeKTH,
AK1 1HAKIIEe HE MOXYTh OyTH ojepxkaHi. OqHaKO pEeKOMEHIyBaTH TakKi MpUiio-
MM MOXHa JIMIIE€ B OCOOJMBUX BHIAJKax a00 MPU CTBOPEHHI CHEIIaIi30-
BaHMX O10miorek rpadiunux ¢QyHkuiii. OCHOBHI mpoOieMu TyT MOB’sA3aHl 3
TPYIOEMKICTIO IPOTPAMYBaHHS Ta IEPEHOCUMICTIO MPOTPaAM.

2. HactymauM, OiIbII1 BUCOKHMM PIBHEM IIporpaMyBaHHsS rpadiuHHX 3a7ad
€ BUKOpPUCTAaHHS MOXJHUBOCTe Bieo-BIOS nyis BUKOHAHHS MPOCTIMIMX
rpadivyHuX onepamii (Hampukiaa, BU3HAYCHHS TPaivHOrO PEXHMY, BHBE-
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JCHHS TIKCENs Ha eKpaH Tomo). [Ipu mpoMy TPYAOEMKICTh MPOTpaMyBaHHS
3MEHIIY€EThCS, CTYMIHb MEPEHOCUMOCTI ITPOrpaM 30UIbIIYETHCS 1 MPOrPAMICTY
BXKE€ HE MOTPIOHO OIEpyBaTH pericTpaMu, OiTamu, (PI3MUHUMHU aJIPECaMHU.
Oyukiii BIOS BukimkawThes sSK mporpamHe nepepuBaHHs. Bcei dyHKIii
Biieo-BIOS o6cmyroBye mnporpamue mnepepuBanHs 10H. BukimkaroTbcs
nepepuBaHHA 3 IPOrpamMu 3a JOIOMOTOI0 (PYHKIIIN:

int 10H //moBoro Assembler,

intr($10, R) // moBoro Pascal,

genintrrupt(0x10) // moBoro C++ .

3. Bukopucranus creuianizoBaHux rpadiuHux iHTepdeiiciB Ta 610110TeK
(manpuknan, OpenGL), ski mMATPUMYIOTECSA anapaTHUMH MOXIIUBOCTSIMH CY-
yacHUX rpaiyHUX MPOIIECOPIB.

4, BukopucTtaHHs QyHKIINA onepaliifHoi cucTeMu. Pi3H1 omneparliiifHi cuc-
TEMHU B LIbOMY IUIaH1 MatoTh pi3H1 MoxuuBocTi. B MS DOS npaktuuHo HeMae
rpadgiyHux (QYHKIH, OJHAK IPOTrpaMiCT Ma€ BUIBHUI JOCTYN A0 amapaTHUX
3ac00iB, 30kpeMa 10 Bigeomam’sTi. Onepariiiina cucrema Windows 3a6opo-
Hs€ TIPUKJIQJHUM IIporpamMaMm Oe3IocepeaHld JOCTYIl J0 Bijeoram’siTi, aje
MICTHTh KUTbKa coTeHb rpadiunux Qynkmiid — iaTepdeiic API (Application
Programming Interface — intepdetic npukiiagHoro nporpamyBanHs). OyHKIIii
Windows API noBHicTIO 3a0e3neduyloTh Iporpamicta HabopoM 3aco0iB s
po3po0KH OyJb-SKUX MporpaM. BoHH MOXyTh OyTH BHUKJIHMKaHI 3 OyIb-SKOi
MOBU TMpPOTPaMyBaHHS BUCOKOIO pIBHS, JJIA SIKOT ICHY€ KOMIIUIATOP s
Windows. ITigxmouenns ¢yukmiin Windows API 3xilicHIoeTbCS uepe3 iHTep-
deticauit moxye Windows.pas.

OcnoBoro rpadiunoi miacucremu Windows e mpukiamauii iHTEepderic
GDI ta GDI+ (Graphic Device Interface, intepdetic rpadigHoro npucTporo),
o sBysie co0or0 Habip craHmapTHUX GYHKIIN Trpadiku, K1 3a0€3MeuyroTh
JIOCTYII 10 pi3HMX ycraHoBieHux y Windows rpadiyHux mpHUCTpOIB, SK-OT
expaH, npuHtep, mwiorep. Iarepdeiic GDI anapaTtHo-He3anexHuit, TOOTO 103-
BOJISIE MIPOTPaMICTy OJHAKOBO MPALIOBATH 3 OyAb-SKUM TIpapiyHUM MPUCT-
pOEM, a MPUKIAAHINA Tporpami Npu BHUBEACHHI rpadiku BUKOPUCTOBYBATH
onHi ¥ Tixk cami ¢yHkiii GDI g mantoBaHHS Ha PI3HUX TPUCTPOSX.

B ocnoBi pobotu GDI 3 rpadgiyHuMu npucTposSIMU JIEKUTH MTOHSATTSA KOH-
tekcty npuctporo (DC). Kortekct npuctporo (KOHTEKCT BiJOOpaXKeHHS) — 11e
noriunuii 06’ekT cuctemu Windows, sikuii 3B’ si3aHMi 13 QI3UIHUM IPUCTPOEM
1 3aMIHIOE MOro y (PyHKIISIX BUBEACHHS. 3 MOy MPUKIAAHOI MPOTpaMH,
KOHTEKCT MPUCTPOIO — 1€ BIPTYyaJIIbHUI €KpaH 13 HEOOXITHUMH aTPUOYyTaMHU.
®akTUYHO 1€ TOCHUJIAHHS Ha MPHUCTPIA BUBEICHHS, TOOTO 1AeHTHU]IKATOD,
npucBoeanii OC manomy npuctporo. Koau dyukiis GDI 6ymye 300paxeHHs
B KOHTEKCTI TPHCTPOO, 3B’s3aHUN i3 HHUM JnpaiiBep (rpadiuHa cucrteMa
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Windows mpaiitoe 3 30BHIITHUMHU IPUCTPOSIMH Yepe3 ApParBepH) IMepETBOPIOE
orepailii MajJOBaHHA B KOMaHIU KOHKPETHOrO (PI3UYHOTO MPUCTPOIO, SKUN
IHTEepIpeTy€e BX1AHI KOMaH/H 1 BIATBOPIO€ 300paxkeHHs. Hailpo3noBcroxeHi-
IIUM TIPUCTPOEM BUBEJIEHHS € NUcIUield. TOOTO KOHTEKCT MPUCTPOIO — II€ MICT
MDK IpOrpaMolo 1 JpaiiBepoM NpucTporo. KOHTEKCT mauciuiess 103BOJISE 1H-
TEPIPETYBaTH KOXKHE BIKHO MPUKIANHOI MPOrpaMH SIK OKPEMHUN MPUCTPIN
B1I0OpaXeHHsI,

®yukiii GDI BumaratoTh sk OJMH 31 CBOIX apryMEHTIB MOCUJIAHHS Ha
KOHTEKCT mpucTporo. Tun Takoi Benmuman — hdc (Handle Device Context,
NOCHJIAHHS Ha KOHTEKCT mpHcTporo). [licas omepikaHHS MOCWIAHHS HA KOH-
TEKCT NMPpUCTPOI0, Tpadiune BubeAcHHS B GDI 3miiicHIOETHCS UISIXOM BUKJIHU-
Ky 3 Windows-gonatkiB (GyHKIH, mo ManowTh rpadiuni npumitusu. GDI
nigpuMy€e COTHI TpadiuHMX (QYyHKLIM, OUIBIIICTh 3 SIKUX 3HAXOJUTHCS B
oiomoreni gdi32.dll. HaBegemo meski rpynu 1ux GyHKITIH:

pactpu (pyHKIIIi CTBOpEHHS pacTpiB, MIKCEIiB, 3aJTMBOK);
koip (PpyHKIIIT, 110 YIPaBISIOTH HAIITPOIO KOJIHOPIB);
KoopauHaTH ((PYHKIIIH TepeTBOPEHHS KOOPAMHAT);
niHii 1 kpuBi (GyHKIIT BUBEICHHS IPSIMUX JIiHIH, KpuBHX be3be);
npsIMOKYTHHKH ((pyHKIIIT OOYI0BH NPSIMOKYTHHKIB);
nepa (QyHkii 11 poOOTH 3 aTpUOyTaMu BUBEICHHS JiHIN);
BifcikaHHs (PyHKIIT, IO BU3HAYAIOTh MEXi 00JIACTI BUBSACHHS B KOH-
TEKCTI IPUCTPOIO) Ta iH.
[IpoinmtocTpyeMo npukiiaau Aessikux QpyHkuii rpagigynoro BuseaeHHs B GDI:
— function Rectangle(DC:HDC;x1,y1,x2,y2:integer):bool — BuBeacHHS
OpSIMOKYTHHKa 3 kKoopauHaTamu (X1, y1), (X2, y2);
— function Ellipse(DC:HDC;x1,y1,x2,y2:integer):bool — BuBeneHus
eJIirnca B MPsAMOKYTHHUKY 3 KoopauHaTamu (X1, y1), (X2, y2).
Heckpunrop DC € ineHTrdh1KaTOpOM KOHTEKCTY MIPUCTPOIO 1 BU3HAYAE TTPUCT-
piii 1Jisi BUBEJEHHS 300pakeHHs. B Takuii cmoci®d oani W Ti cami QyHKIIi
BUBOJIATH rpadiuHi 300paKeHHs Ha MPUCTPOI pi3HOT (H13UUHOI IPUPOJIH.

Xoya ayis OUTBIIOCTI MPUKIATHUX TPOrpaM BUCTAYA€ MOMKIMBOCTEH 1
mBuakoaii GDI, qns nporpamyBaHHS, HANPHUKIIA, KOMIT IOTEPHUX 1rop HE0O-
xigHa mBuaka rpadika, mus skoi GDI He migxonuts. Tomy mis mporpamy-
BaHHSI MBUAKOI Ipadiku Ta MyJIbTUMEAINHUX J0JATKIB CTBOPIOIOTHCS Cy4YacHI
rpadiuni iHTepdeiicu. OMHUM 13 HaOUTBII BiIOMUX TpadiuHuX iHTEpdeEiiciB
€ OpenGL. et inTepdeiic sBisge codoro 610moTeKy rpadiuaux QyHkmii. Bin
HiATPUMYEThCS OararbMa oOmepamiiHuMu cucTeMamMu (B TOMY 4YHCHi U
Windows) i BupoOHHKamu TpadiyHUX akceiaepaTopiB. Jpyrum BiioMuM rpa-
¢diuanM iHTepdeiicom € Oibmoteka DirectX i3 migcucremoro Direct3D mis
CTBOpEHHS TpuBUMIpHOI rpadiku. Lleit crangapT nmpu3HAYCHUN JHIIE s
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oneparmiitnoi cuctemu Windows. BigoMi Takok po3poOKH iHIIKX iHTepdeHciB
(manpuxian, inTepdeiic Glide mns rpadiuanx Bigeoaganrepis V00doo).

2.3. Buan koM 10TepHoI rpagiku

Hespaxarouu Ha Te, 110 17151 podotu 3 KI' icHye 6arato pizHUX mporpam,
PO3PI3HSIIOTH BCHOI'O TPU BUIU KOMII IOTEPHOI Ipadiku: pacTpoBa, BEKTOPHA
Ta PpakTaibHa. BoHu BiIpi3HAIOTHCS MpUHIUIIAMHU (OPMYBaHHS 300pa’KEHHS
MpH B1I0Opa)KEHHI MOro Ha €KpaHi MOHITOpA Ta MPHU JPYKYBaHHI Ha Marlip.

2.3.1. PacTpoBa rpadgika

VY pacTpoBUX cucTemax 300pake€HHS pO30MBA€ETHCS Ha PSAAKH, 0a30BUM
CJIEMEHTOM SKHX € Touka. PactpoBa Mojenb 1UPPOBOTO 300paKeHHS — 1I€
NPSIMOKYTHA MaTpPHIlS €JIEMEHTIB, KOXXEH 3 SKUX Y 3aKOJ0OBAHOMY BUTJISII
30epirae 3HaYCHHS SICKPaBOCTI (KOJIHOPY) BIAIMOBIIHOI TOYKH 300paskKeHHS.

Pacmp — nie cyKymnHIiCTh TOYOK (MAaTpHIIS €IEMEHTIB), 3aIaHUX Ha JHCK-
pPEeTHIN TUIOCKIM MPAMOKYTHIM pennTii. ko 300pakeHHs eKpaHHE, TO Iii
TOYKH HA3MBAIOTH MikceasaMu (Bia aHriI. picture element — eneMeHT KapTHHM).

Iixcens — 11e HeIUIMME 3€pHO 300pake€HHs, TOOTO MiHIMAJIbLHUM €JIeMEHT
300pakeHHS Ha €KpaHi, KU MoOxke OyTH 3reHEpOBAaHHUM KOMII FOTEPOM.
Koxuuii mikcenb mae cBiid kouip. CyKymHICTh MIKCENIB Pi3HOTO KOJbOPY
YTBOPIOE 300pa’KeHHsI, TOOTO PacTPOBE 300pa’KEHHsI B MaMATI KOMII IOTepa —
e Ha0lp JAHUX MPO KOJIIP MIKCENIB, YIOPSAKOBAHUX 3a psiakaMu. [[ns onmucy
pO3TallyBaHHA MIKCENIIB BUKOPUCTOBYIOTh PI3HOMaHITHI CUCTEMH KOOPAMHAT,
HaiyacTile — CUCTeMY LiIuX koopauHar (x, y) i3 koopaunatamu (0,0) y miBo-
MY BEpXHBOMY KYTI €KpaHy, e X — HOMEp psJiKa, y — HOMEp MIKCes B PSIKY.

Bino6paxeHHs1 MTOBUILHOIO 00’€KTa Ha IUJIOYHUCIIOBY PEIIITKY Ha3HBae-
ThCA PO3KIaZ0M Horo B pactp. Hanpuknan, niHis B pacTpoBiit rpadiii 3aaae-
ThCS MATPHUIICIO TUCKPETHUX TOYOK (mikceniB). ToMy Ha ekpaHi MOXHa 300-
pa3uTH JUIIE anpOKCUMAIIIIO JIIHIT, TPUYOMY KUIbKICTh €JIEMEHTIB JIiHII 3a-
J€XUTh Bl PO3AUIBHOI 3aTHOCTI €KpaHy. PacTpoBuil anroputMm — e ajro-
pUTM, SIKMI BpaxoOBY€ BJIACTUBICTh pacTpy Ajisg poOOTH mporpamu, 110 pea-
ni3ye rpadiuHi TPUMITUBH.

BigzHaunMo OCHOBHI ITpo0OJieMU pacTpoBOi rpadiku:

1. 'V pacrtpoBiéi rpadiui Ajii CTBOPEHHS Ta 30€pEXKEHHS SKICHOTO
300pakeHHs BUKOPUCTOBYIOTh BEJIMKI MAaCHBU OKpEMHX TOYOK. Hampuk-
nana, ctangaptHa (ororpadis nosuHHa mictutu npudiauzno 1000 x 1500
nikceniB (1,5 MIH TOYOK) i, SIKIO HAa KOAYBaHHS OJIHI€T TOUKH BiIBOAMTHCS
3 OaiiTH, TO Takii ¢oTorpadii BiANOBIIa€ MacUB JaHKX, OUTbIHi 4 MO.

2. Jlpyruii Hefo0JiK pacTpoBoi rpadiku MOB’sI3aHMM 13 MaclITa0yBaH-
HsIM 300pakeHHs. OCKUIbKU 300pa)KeHHSI CKIIAJIA€ThCA 3 TOYOK, TO 301Tb-
IIEHHS 300paKE€HHS TMPUBOJUTH 10 30UIBIIEHHS PO3MIPIB IMIKCETIB, IO
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CIIOTBOPIOE rpadiuHy utrocTparito. JKoaHuX A0AaTKOBUX ACTajCH MpH 3011b-
HIEHH] PaCTPOBOIO 300paKEHHS PO3IIISIHYTH HEMOKIIMBO.

Jlo mepeBar pacTpoBoi rpadiky HaJIEKUTh BUCOKA pPEealliCTUUHICTh 300pa-
KEHb, TOHKA Tepe/iadya KOJbOPIB, MOXJIMBICTh BIUIMBY Ha KOXKHHUM MIKCEIb
300pakeHHs. PacTpoBy rpadiky 3aCTOCOBYIOTH 3/1€01IBIIIOT0 HE ISl CTBOPEH-
Hs rpadiyHUX 300pakeHb, a npu ix o0poodui. Hanpuknazn, npu Kopekuii, peTy-
nryBaHH1 ¢oTtorpadiii 4 UTIOCTpallii, 0epKaHUX HA CKaHEepl YU LUPPOBOMY
dboroamnapari. Bci pacTpoBi mporpaMu yMOBHO MO’KHA TOJIJIUTH Ha CTaTHC-
TUYHI Ta AuHaMIi4YHi. /{0 CTaTHCTHMUHMX peaakTopiB HajicxkaTh Adobe Pho-
toshop, Canvas, Adobe Photo Paint, Paint Shop Pro, mo aunamiunmx -
AnimagicGIF, Photo GifAnimator Ta is.

2.3.2. BekTopHa rpagika

PacTpoBi 1 BEeKTOpH1 300pa)K€HHS CYTTEBO BIIPI3HSIOTHCS 3a CIIOCOOOM
npeacTaBieHHs TpadiuHoi iHpopmarlli. Bekmopnui 306padsicenus — 1e 300pa-
JKeHHs, K1l moOyaoBaHI 3 rpaiyHUX HPUMITHBIB, IO 3aJal0ThCS CBOIMHU
XapaKTepHUMH TlapaMeTpaMu (1J1s1 KO)KHOTO TIPUMITHUBY CBOI ITapaMeTpH).

VY pacTtpoBiii rpadili OCHOBHUM €JIEMEHTOM 300pa’K€HHSI € TOuYKa, a y
BEKTOpHIN rpadiri — miHisg (KOHTYp), AKY IIe HA3UBAIOTh 1 BEKTOpOoM. KOHTYp
MOX€e OyTH TIPSAMOI0 a00 KPHUBOIO JIIHIEI, 3aMKHEHUM a00 BIAKpUTHM. Koxk-
HUM KOHTYp Mae JBi a0o Oinbie onmopHUX TOYKH (By3im). Mixk aBOMa BY3-
JaMU MICTUTBCSI CETMEHT KOHTYpYy. DopMy KOHTYpPY 3a/1al0Th 4epe3 OIMOPHI
Toukd. Haj KOHTYpOM MOKHa BUKOHYBAaTH orepallli KoMOIHyBaHHS Ta 00’ €1-
HaHHSA. Y BEKTOpHIN rpadiii Bce CKIAMAEThCA 3 JIHIA. Y pacTpoBii rpadirli
TEX € JIHII, ajle BOHU PO3IJSJAI0THCS K CYKYHHICTh TOYOK, 1 UMM JOBIIA
pacTpoBa JIiHIsl, TUM OUIbIIE TaMm STl BOHA 3aiiMae. Y BEKTOpHINM rpadiii
o0csr maM’ATi, Ky 3aiiMae JIiHIsg, He 3aJIeKUTh Bl PO3MIpPIB JiHII, OCKIJIbKH
JiHIS mofaeTbes y BUMIIsIAL hopMyin (KiTbKOX TTapaMeTpiB).

OCKUIbKY JIIHISI € OCHOBHUM 00’€KTOM BEKTOPHOI rpadiku, a CKIIaHIIII
00’€KTH y BEKTOPHIH rpadilli CKIaIal0ThCs 3 MPOCTIMUX (JTiHIH), TO BEKTOPHY
rpadiky Ha3UBalOTh IIe 00 €KTO-30pi€HTOBaHOI0 Tpadikor. Y HIM 300pa-
’KEHHSI CTBOPIOETHCS MIJIAXOM KOMOIHAILIT PI3HUX OpUMITUBIB. Dalijin BEKTOP-
HOT rpadiku 171 CTBOPEHHS 300pa’KEHHS MICTATh TUCSY1 PI3HUX KOMaH/ TUITY
“pucyii ninito Big A 1o B”, Habopu nmapameTpiB, 1HPOpMaIIiio Mpo KOJip, AaHl
po MIpUdTH, 110 MOXKYTh OYTH BKJIIOUYEHI B PUCYHOK.

Ki1touoBMM MOMEHTOM BEKTOPHOI I'padikv € BUKOPUCTAHHS ISl OMHUCY
00’ €KTiB KOMOIHAIlII KOMIT' FOTEPHUX KOMaH]l Ta MareMaTuuHux dopmyi. Jis
KOKHOTO 00’€kxTa (a00 Ki1acy 0O€KTIB) BU3HAYAETHCS HAOIp mapaMeTpiB, KU
BH3HAYa€ MOro 30BHIMIHINA BUTJISAI. Ajie Xo4a 00’ €KTH BEKTOPHOI rpadiku 30e-
piratoTbcsi B mam’ STl sIK HaOlp mapaMmeTpiB, 300pakeHHs 00’ €KTIB Ha €KpaH
BUBOJATHCS Y BUTJISIAI TOYOK-TIIKCENIB, OCKIJILKHM TaKOIO € OyJI0Ba €KpaHy.
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Ilepen BUBEAECHHSM KOXXHOTO 00’€KTa Ha €KpaH B1JIOYBA€THCS MPOLIEC
PO3KJIaJJaHHsS. BEKTOPHOTO 300pakeHHS B pacTp TOOTO mporpama OOUYHCIIOE
KOOPJIMHATH €KPAaHHUX TOYOK 300pakeHHsI 00’ ekTa. ToMy BEeKTOpHY Trpadiky
II€ HA3UBAIOTh 1 00UYKCIIIOBATILHOIO IpadiKoro.

KpiM reomeTpuuHux mnapaMeTpiB BEKTOpPHI 00’ €KTH MarOTh MapaMeTpu
KOJbOPY KOHTYpa, KOJbOPY 3alOBHEHHS, TEKCTYpU Tomo. s BEKTOpHHX
00’exTiB (KOJI0, KBaJpar, JiHisA) KOJIp CTOCYEThCsl 00’€kTa B 1iomy. Komip
00’eKxTa 30epiracThCsi B HOro BEKTOPHOMY OMUCI. Y pacTpoBUX 00’ €KTax MOT-
pi1OHO 30epiratu 1HGOPMAIlIO MPO KOJIp JJIsd KOXKHOTO Iikcens. BekropHa
rpadika He Mae 3a3HAYEHUX HEOJIKIB pacTpoBOi rpadiku, TOMy BEKTOpHA
rpadika “exoHomMHa” B IJ1aH1 00CsATIB (DailiB, OCKIIBKM 30€epirae He came 300-
pPaXEeHHs, a TUIbKU MapaMeTpu 300pakeHHs. Tak, s 30epekeHHs JiHii apy-
rOro MOPSIKY Y BEKTOPHiH rpadini HeoOximHo npubmms3Ho 10 mapamerpis (20
OaiitiB). Ckiagai kommo3swuilii, ski ckiaagaotbes 3 1000 06’ ekTiB, 3aiiMaroTh
BChOr0 JiecaTku abo cotHi KO.

HaitBaxnuBimmmii acrieKT BEKTOPHOI Irpadiku MOJIrae B TOMy, 110 MOYKHA
3MIHIOBaTH PO3MIPU BEKTOPHOI'O PUCYHKa 0€3 BTpAaTH MOro SIKOCTi. Y BEK-
TOpHIH rpadilli JIETKO pOo3B’sA3y€eThbCs MUTAHHS MaciTaOyBaHHs. [Ipu 3011b-
IIIEHHI 300paX€HHS MOJKHA PO3MISAAaTH 1 JesAKl JeTam 300pa)KeHHsS, TOOTO
Ma€EMO MOKJIMBICTh 3MIHIOBAaTH PO3MIPH BEKTOPHOTO pPHUCyHKa 0e€3 BTpaTu
akocTi. lle HaliO11bIIa epeBara BEKTOPHOI rpadiku.

Henonikom BekTopHOI rpadiku € ii mporpamua 3anexHicTb. Koxxna npor-
pama 30epirae JaHi B CBOeMy (opmari, TOMy 300paK€HHs, CTBOPEHE B OJIHO-
MY PEIaKTOp1, SIK MPaBUJIO, HE KOHBEPTYETHCA B (pOpMaT 1HIIOI TporpamMu 0e3
noxuOok. BukiouenHs ckiagae aumie ¢aiinosuit popmatr Al mporpamu
Adobe lllustrator. ®opmar Al miaTpUMy€eThCS MPAKTUIHO yCiMa MPOrpaMaMu
BEKTOPHOI rpadiku.

KpiMm 1poro, ockiibku OCHOBHUM OO’€KTOM BEKTOPHOI rpadiku € JIiHis,
TO 3aco0aMu BEKTOPHOI Ipaiku CKIAJHO CTBOPIOBATH XYJO0XKHI LIHOCTpaIlii,
BOHU HE 3/IaTHI MOKA3aTH OPUTIHAI TaK PEAICTUYHO, 5K 1I€ JI03BOJISIE 3pOOUTU
pacTpoBuil pucyHOK. ToMmy BekTOopHa Tpadika BHKOPHCTOBYETHCS HE IS
CTBOPEHHSI XYJOKHIX KOMIIO3UIIH, a Juisi O(OPMITIOBAIBHUX Ta MPOEKTHO-
KOHCTPYKTOPCHKUX pOOIT. BEeKTOpHI 3aCO0M HMIMPOKO 3aCTOCOBYIOTHCSI B PEK-
JaMHUX areHTCTBaX, PEAaKIlisix, BUJIABHMIITBAX, CTYIisX au3aiHy. Pasom 13
IIMM BEKTOpHA rpadika 3HaAWIIIA IIHPOKE 3aCTOCYBaHHS 1 B KOMIT IOTEpHIN
animanii. g 30epexeHHst abo nepeaadi MyiabTQUIBMIB M0 JIIHISX 3B 513Ky HE
notpioHa 00poOKa BCiX KaapiB (puIbMa, JOCTATHHO BIANPABUTHU JIMILIE TEPIIAN
Ta OCTaHHIN Kajp PuIbMY, HOpMY TpaEKTOPIi, MIBUIKICTh MOKAa3y KaJpiB TOIIIO,
a Opay3ep KOpuCTyBayda 3reHepye BCl KaJpH IS IPOTrJisaaaHHs PinbMmy.
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[MpukitamamMu BeKTOpHUX TMporpamM MoxyTh OyTtm CorelDraw, Adobe
[llustrator, AutoCAD, Macromedia Flash mis po6otn 3 nBoBUMipHOIO Tpadi-
koo ta 3DStudio MAX, 3DImpact, Bryce3D, Xara3D, Alias Maya ais tpuBuH-
MipHOi rpadiku.

2.3.3. ®pakraabHa rpadika

Dpaxkmanvha epagpika — 1e rpadidHe 300pakKeHHS (PpakTaJTbHUX MHO-
uH. ITix dppakramom y KI' po3ymitoTh CTPYKTYpY, KA CKJIAA€ThCS 3 YaCTHH,
K1 B IEBHOMY PO3yMiHHI MOJ10H1 uitomy. IloHsaTTs dpakrana, ppakraibHOI
reoMeTpii 3’ siBuI1ocs B KiHIll /0-X pOKIB 1 HUHI Ma€ MHUPOKE 3aCTOCYBAHHSI.

®dpakTanbHa rpadika, K 1 BEKTOpPHA € 00YMCIIOBAIBHOIO, OJTHAK 0a30BUM
esieMeHTOM (pakTaibHOI rpadiku € MaremMaTudyHa (opmysia, TOOTO KOIHI
00’ekTH B TaMm’sTi KoMIT roTepa He 30epiraroTbes. Came 300pakeHHs 30e-
piraerbcs y Burisiai gpopmynu (mporpammu), 3a sikOr BOHO OyayeThes. OaHUM
PIBHSAHHSAM MOXKHA ONMMCATH HUIUKA 00’ €KT. 3MIHUBIIN IMapaMeTpH, MATUMEMO
iHmME 00’ekT (3 SBJISETHCS MOMKJIMBICTh €(PEKTUBHOI aHiMaii). [Hmmmu
CJIOBaMH, CTBOPEHHS (paKTaIbHOI XYAOKHbOI KOMIIO3UIIII MOJSArae HE B
pucyBaHHI 41 opOopMJIIEHHI, a B mporpamyBanHi. [Iporpamu ¢pakransHoi rpa-
¢Gikn aBTOMaTUYHO TCHEPYIOTh 300pakeHHs (Bi3epyHKH) INIISTXOM MaTeMa-
TUYHUX po3paxyHKiB. ToMmy came 3aBISKH KOMIAKTHOCTI MAaT€MaTHYHOIO
arapary, HeOOXITHOro IS BIATBOPEHHS (pakTamiB (3a JOMOMOIOI JCKiIb-
KOX Koe(illieHTIB MO’KHA 3a/1aBaTH IMOBEPXHI Ta JIiHII CKIaqHOT (OPMH), BOHU
3HANIUIM IIUPOKE 3aCTOCYBAaHHS B KOMIT IOTEpHIN rpadiiii.

®pakranbHa rpadika He3aMiHMMa IMpU reHepalii HaJ3BUYalHUX 300pa-
’KEHb Ta MPH UTIOCTpaLlli CKJIaJIHUX HEEBKJIIJJOBUX 00’ €KTIB, 3pa3Ku SIKUX CXO-
X1 Ha npupoaHi. OpaKkTaTbHUMH BJIACTUBOCTSIMHU BOJIOJIIIOTH 0araTo 00’ €KTIB
’KUBOI Ta HEXKHMBOI MPUPOAM. 3BUYaliHAa CHDKMHKA (0araTokpaTHO 301JIbIIICHA)
€ gpakTaabHUM 00’€kTOM. DpakTanbHI AITOPUTMU JEKaTh B OCHOBI POCTY
KPHUCTAJIIB, KOPAJiB, POCIMH (KOXHA JOYipHS TiJIKa MMOBTOPIOE BIACTHBOCTI
T'UIKK OUIBII BUCOKOIO piBHS). PpakTaan BUKOPUCTOBYIOThH IS TCHEPYBaHHS
MOBEPXHI MICIIEBOCTI, IITYYHUX XMap, Tip, MOBEPXHI MOPs, a TAKOXK Yy (i3ulll
(pizuka TBepaOrO TiNA), EKOHOMIII (aHAI3 KOJIMBAHHSA KypCY BaIIOT) TOIIO.

@®pakrtanbHa Tpadika — OCOOIMBUNM HAMPIAMOK KOSHIMUBHOI epag)ixu.
KornituBHa QyHKIis dhpakTaibHOl rpadiky, sK 1 rpadikyd B3araii, MoJsrae B
TOMY, 1100 32 JIOMOMOTOI0 JESKOr0 300pa)KEHHsI OTPUMATH HOBE 3HAHHSI, PO
SIK€ JIOCJIITHUK HaBITh HE 370TaayeTbes. ToOTO 3’ aBUIacs MOXIHMBICTh 00pa3-
HOT'O MOJICTIOBAHHS, a OTKE, © MOXJIMBICTh BIUIMBATH HA TBOPUY JISUTBHICTH
JIOAWHU, OCKUIBKM 00pa3He MHUCIICHHS Habarato e(peKTHUBHIIIEC 3a MUCIICHHS,
IO CIIUPAETHCS] HA CUMBOJIbHI IEPETBOPEHHS.

VY (dpakrtanpHiii MaTeMaTHIll BUHUKAIOTh YMMpa3 HOBIilI cdepu 3acTo-
cyBaHHs. Hampukias, MepCcrneKTUBHUM HAMPSIMOM € CTBOPEHHS alTOPUTMY
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(dbpakTaIbHOro CTHCKY rpadiunoi iHpopmarlii (aaropurM OyB 3HaraeHmid y 1991
p.). ®pakranpHHii apXiBaTOP PO3MAKOBYE 3HAYHO IMIBHJIIC 332 OJMKIOTO KOH-
kypenta JPEG He nuie cratuuny iHdopmaiito, ane i Bigeo. Y 1992 p. kom-
naniss Microsoft Bunmyctuia IHUCK-SHIUMKIIONEIIIO MPO KBITH, JEpPEBa, XKH-
BomrcHI Micis. Ha meit quck Oyio 3amucano 7 roxa 3Byky, 100 aHiMaIiiiHux
poinukiB, 800 kapt miciieBoctel, /000 sikicHux goTtorpadii.

3BUYaiHUN KOoMMOakT-auck y 650 MO 6e3 BUKOpHUCTaHHS CTHUCKY MOXKE
MICcTUTH 56 XB 3BYKY a00 700 gororpadiii pozmipom 640 x 480 nikcemnis.

2.4. T'padiuni ¢aiisoBi popmaru

Jlnst 306epeskenns rpadiuHoi iHdopMallli B KoM FOTepHil rpadiii 3acTo-
COBYIOTHCS IIOHAWMEHIe TpHU JeciaTku (popmatiB ¢aims. s epekTuBHOT
poboTu 3 rpapiyHUM 300pa)KEHHSM BAXJIMBO 3POOUTH MPABUIbHHUA BHUOIp
OJIHOTO 3 4YMCclIeHHHX Tpadiunux ¢ainoBux ¢opmariB. Po3mip rpadiunoro
daiina 1ICTOTHO 3aJIeXKUTh BIJ XapakTepy 300paxeHHs Ta BUOpaHoro gopmary.
HazBu popmartiB ¢aiiiB 3HaXOIAThCs B PO3IIUPEHH] iIMeH1 rpadiuHoro (daiina.

Dopmam epaghiunux ¢hainie — ue HaOIp MpaBUI 1 METOMIB, 3TIAHO 3
SKUMH JIaHl, 110 MICTATh TpadiuHi 300pakeHHs, 3aMUCyI0ThCs Yy daiinu. ['pa-
¢iuna iHpopmMmarlis y aitiiax KoayeThCsl HE TaK, K y Mam’ sITi KOMIT I0Tepa.

Pi3Hi rpadgiuni QaiinoBi ¢popMaTH pearizoBYIOTh Pi3HI CIOCOOM OMHUCY
nanHs. Tunu GopMariB BU3HAYAIOTHCS CIIOCOOOM 30€pEKEHHS 1 TUIIOM Ipa-
¢1unnx nanux. HenpaBuibHO BUOpaHuil popmaT Moxe 3alHSITH HAATO BEJIU-
KUl o0cAr mam’gti ab0 MPUBECTH B MPOLIEC] CTUCKY rpadiyHOi 1HPopMalii 10
HEMPUITYCTUMOI BTPaTH SIKOCTI 300pakeHHs. Bubupatoun dopmat daiinis, HeoO-
X1THO TaM’sITaTH, 110 JaHui (GopmaT MOBHMHEH IMIATPUMYBATHCS 3aJIaHOI0 c(e-
poto 3actocyBaHHs. [’ padiuHi pegakTopH, K NpaBUIIO, T03BOJISIOTH MPAIFOBATH 3
rpagiyHAMU  aillaMu KUTbKOX (opMmariB, a TaKOXX KOHBEpPTyBaTH (aiim 3
oJtHOTrO (hopMaTy B 1HIIUIA.

®dopmartu rpadiuHux (ailsliB MOkKHa Kiacu(]ikyBaTu 3a pi3HUMHU O3HA-
kamu. Hanpukiaz, ix MoxxHa po3ainuTH Ha [5]:

— Ti, IO KOJAYIOTh TUIBKHU OJTHE 300pakeHH;
— TI, 0 MOXYTh KOJyBaTH ACKUIbKa 300pa)k€Hb 1 MpHU JEMOHCTpAIliil 3
JESIKOI0 YaCTOTOIO CIIPUUMAIOTHCA SIK (DUITBM.

OcranHi (popmaTd Ha3UBAKOTHCS aHIMAlIMHUMHU. HaWnmpuMiTUBHIII aHi-
MariiiHl ¢opmaTu 30epiraroTb MOBHI 300pakeHHS, SIKI MOKa3ylTh OAHE 3a
onHuM. JlockoHaumimn aHiMaliiHl GopMatu 30epiratoTh JIUIIE PI3HUIIO MIK
JBOMa CycCiaHIMU 300pakeHHsaMH (pperimu). J{o aHiManiiHux Gopmaris, 30K-
peMma, Hanexats ANI, DAT, FLC, FLI, MVE, BIC, SMP Torto.

Sk mojganpImIMii PO3BUTOK aHIMALIMHUX (OPMATIB MOXKHA PO3IIISAATH
dbopmatu mynabruMesnia. Boru po3pobiieHi mis Toro, mobd B oJgHOMY (aiii
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30epiratu gaHi pizHEX (popmariB (rpadiky, 3BYK, BifcoiHGOpMAaIlil0 TOIIO).
[Mpuxitanom mynsTrMeniagopmary € hopmaru AVI (Audio Video Interleaved
— YepryBaHHs ayJio Ta Bifeo), MPEG, MPEG-1, MPEG-2, MPEG-4, 1110 BHKO-
PHCTOBYIOTBCS I poOOTH 3 300pakeHHsMu B cuctemi Windows. V dopmari
AV cexTopu BiJieoJJaHNX YEPTYIOTHCS 13 CEKTOpaMH 3BYKOBUX JIaHUX. Y Qop-
mati AVI nigrpumyerbes psaa namitp: 8-06iTHa, 16-0itHa, 24-61THa, 32-01THa.

Knacudikaitito daitniB koM 1oTepHoi rpadiku MOXKHA 311IMCHUTH 1 32 BU-
JaMU KOMIT IOTEpHOI Tpadiku, TOOTO PO3PI3HAIOTH PACTPOBi, BEKTOpHI (aii-
J0B1 (popmaTu Ta MeTadanaoBi popmaTu:

— pactposi ¢popmaru (BMP, PCX, GIF, JPEG, PNG, RLE, DIC, TIFF, CAM,
CLP, IMG, PSD, TGA, DCM, FIF);

— BekTopHi popmatu (AutoCad DXF, Al, DWF);

— Ti, IO CIIOJIy4alOTh PACTPOBI Ta BEKTOPHI 300pakenns (EPS, PIC, CDR);

— w™eradaiimm (CGM, PDF, EMF, WMF), siki, KpiM iH(pOpMaIIii po pacTpo-
Bi Ta/a00 BEKTOPHI 300pa)keHHs, MICTATh TaKOXX caMi KOMaHIM Bi3yai3ailii
(inctpykuii Windows), To0To MeTadaitii € HMOCTiI0BHICTIO KOMaH] 1HTep-
detica GDI, sKi CTBOPIOIOTH PE3yIbTYIOUNA MAJIIOHOK Ha €KpaHi.

PactpoBi ¢opmatu ciykaThb A ONKUCY PacTPOBOi Ipadiku, 11O SBIISIE
co0010 Ha0Ip YMCIOBUX 3HAUYECHb, SIKI BU3BHAYAIOThH KOJIP OKPEMUX MIKCEIIB.

BexTopHni dbopmaTu cimyxkath s 30epexeHHs 300paxeHb y BUTIISIL CY-
KYIHOCTI T€OMETPUYHUX MPUMITHUBIB. ['padiuni GpopmaTtu HpOTO TUMY CKJia-
Jar0Thesi ad0 31 CHUCKY MPUMITHUBIB, 00 IHCTPYKIIN 11 TOOYAOBU LIUX MPHU-
MiTUBIB. OKpIM IIOTO, Y BEKTOPHOMY (haiisii 30epiratoThCsi aTpuOyTHU MPUMI-
TUBIB. O0’€KTH CKJIaJHOT ()OPMHU YTBOPIOIOTHCS 3 0A30BUX MPHUMITHUBIB 3a J0-
MIOMOTOI0 PI3HUX OIEpaLii.

PosrasineMo npukiaau Aesikux rpagpiyHux Gopmaris.

@opmam BMP (Bin cnosa bitmap) mmpoko BukopucToByeThess B OC
Windows st oOMiHy pacTpoBUMH 300pakeHHSIMH MK jgomarkamu. llei
(dopmar mOCUTh BIJOMHI, HOro po3ymiloTh Maike BCi Mporpamu, 110 Ipa-
mototh mix Windows. BMP-gaiin mae npocty crpykrypy. Pactpose 300pa-
YKEHHSI CKJIQIAEThCA 3 €JIEMEHTApHUX TOYOK. Tomy B rpadiuHomy daiim pacrt-
poBoro ¢opmary BMP 30epiratorbcst KOOpIMHATH TOYOK 300paKeHHs Ta 3Ha-
YeHHs 1X KOJbopy. B 01TOBOMY MacHBi MOCIOBHO 3alUCYIOThCS OalTh psif-
KiB pactpy. BMP-daiin 36epirae enune 300paxkenns 3 1, 4, 8 ta 24 6iramu Ha
nikcesb. PacTp TyT 30epiraeTbcs Maibke B TOMY BUTJISIIL, B SIKOMY BiH 3aIld-
CYETbCS B ONEPATHUBHY IaM’ STh JJIs BigoOpakeHHs Ta 00poOku, Tomy BMP-
¢aiinu 3aiiMaroTh OaraTo mam’siTi, HaBITh HEBEJIMKI KOJbOPOB1 300pa’KE€HHS 3
po3iIbHOO 31aTHICTIO 640 x 480 BUMararoTh KIJIbKOX MeraOamTiB.

@opmam PCX. et pactpoBuit dopmar 3py4yHuil s 30epiraHHs
300pakeHb THITY AiUTOBOI rpadiku (KpeciaeHHs, JiarpaMu, CXeMH Tom). Y
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dopmari PCX BukopucTaHMN OJHMH 13 BapiaHTIB aJTOPUTMY YIIIJIbHCHHS
RLE, uto o3nadae rpymnoBe koayBaHHs. RLE — oauH 13 HaiiiaBHIMIKUX 1 HaM-
OPOCTIIUX AITOPUTMIB YUIUIbHEHHS rpadiku, 0 0a3yeTbcs HA Takid 17ei:
SKIIO B ACSKUX pacTpax TPAIUIAIOTHCA JIAHIIOKKY 3 OJIHAKOBUX IMIKCENIB, TO Y
(bailini 3aMICTh IMX JIAHIIOKKIB 30€piratoThCsa Mapu 4rces — JIYMIbBHUK MOB-
TOpPEHb Ta came 3Ha4eHHs. YUuM JOBIII JIAHITFO)KKH, TUM OUIbIIE YIIITbHEHHS.

@opmam GIF (Graphics Interchange Format) € ogaum i3 HalBiIOMIIIHX
yluibHeHUX (opmaTiB A 30epiraHHs Ta nepeaadi (aiyiiB pacTpoBUX 300-
paxkeHb. BiH OyB 3amponOHOBaHUM SIK HE3aJEKHMM Bij amapaTHOro 3adeslie-
YeHHs 3aci0 0OMiHY pacTpoBUMU 300pakeHHSIMHU B Mepexi Internet. OcnoBHa
nepeBara mporo (GopMary — BHCOKa CTYIIHb CTHUCKYBaHHsS 0€3 OCOOJIMBHUX
BTpaT, IO JIOCSATAETHCS 3aCTOCYBAHHAM alNTOPUTMY YIIUIBHEHHS, SIKUW HaJe-
#uUTh N0 kiacy LZW-anropurmis. B anroputmax kmacy LZW Bukopucto-
BYETBHCS CIIOBHUKOBUM MeTOJ yIIUIbHEHHS. CTBOPIOETHCS CIOBHUK, IO MIC-
TUTh ITOBTOPIOBAHI IMOCIITOBHOCTI CUMBOIIB ((hpasu), sKi 3yCTpidarOThCs B
MacuBi, o koayeTrhcsa. KoxkHa ¢pasza orpumye kojn (iHIEKC) y CIOBHUKY.
KoayBaHHS MacuBY CHMBOJIIB BUKOHYETHCS 3aMIHOIO (pa3 BiANOBIIHUMHU
1HJIEKCaMH 31 CJIOBHHUKA.

VY daitnmax popmary GIF 6mm3bko po3MmilieHI OJIHAKOBI 3a KOJbOPOM
TOYKHM TPYIYIOTHCS B TOPHM3OHTAbHI JiHII. 1le 103BOjIsS€ 1CTOTHO 3MEHIIIUTH
00’eM rpadiunoro ¢aiina. GIF-popmar epexTuBHO cTUCKYE TpadiuHi MaTIOH-
KU 3 BEIMKUMH (parMEeHTaMU OJIHOPIAHOI 3aJIMBKH, ajieé MOraHO CTUCKYE
doTorpadii, ockinbku pororpadii mictsaTs 6araro BiaTiHkiB. OOMexenns GlF
MOJISATaE 1€ 1 B TOMY, 110 KOJIbOPOB1 300pakeHHSI HE MOXKYTh OyTH 3alvcaH1
B peKuMi OuIbIIe HIXK 256 KOJIBOPIB, OAHAK Y 0araTb0X BUMAAKaxX LbOrO JOC-
TaTHbO, HAMTPUKJIIAJ JJid nepenayi rpadiuaux 300paxeHs B Internet,

OCKUIbKYA OpH Bi3yali3alilii 300pakeHb y oMy (opmaTi nepeadadyeHo
qepe3psaaKoBe BimoOpakeHHs (CIOYaTKy BUBOAWTHCS KOKHUW BOCBMHM Dsi-
J0K, TTOTIM — KOKHUW YETBEPTHUH 1 T.]1.), TO KOPUCTYBa4 MOXKE OI[IHUTH 300pa-
KEHHS 32 MOro 4acTHHOKO 1 MEepepBaTH MPUHOM 300pakeHHS, HE 4YeKalouu
BUBEJICHHS BCiX psakiB 300paxkenHs. GlF-dbopmaTt moxke mMicTuTH HE O/HE, a
KUIbKa PacTpOBHX 300paxKeHb, K1 Opay3epH TOBAHTAXKYIOTh OJIHE 3a OJHUM 13
3a3HauyeHolo y ¢aiini yactororo, T00to GlF-popmar niaTpumye aniMaiiiro.

Dopmam IJPEG a6o JPG (Joint Photographics Experts Group) — oauu 3
HaMPO3IMOBCIOHKEHIIMMNX pacTpoBuXx (popmatiB. BiH 3aCTOCOBYETHCS ISl Bi-
noOpaxeHHsa (ororpadiii Ta IHIIMX TOHOBUX 300pa)K€Hb B EJIEKTPOHHUX
Mepexax. Bin BUkopucToBye €(eKTUBHI alTOPUTMHU YIIUTLHEHHS, IO CHPHUSIE
3HAYHOMY CKOpOuUeHHIO 00csry (aiiaa (exkonomuth Big 50% mo 70% obGcsry
naMm’sTi), ogHaK jae BTpary iHdopmariii. Y ¢opmari JPG MoxxHa oxepikaTu
¢aiin y 500 pasiB menmuit 3a po3mipoM Hixk BMP. Ile naiiMmenmii 3a odcarom
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rpadiuni ¢ainu. Ins mporo peajnizoBaHa Iiijla rpyla ajJlrOpUTMIB CTHUCKY,
30KpeMa aJIrOpuUTM CTHUCKY, IO 30UIbIIYE PO3MIPH MIKCENIB 300pa)K€HH4,
TOOTO yTBOpIOE OJIOKH 3 8 x 8 mikcemiB 1 JjIs1 KOKHOro 0Jioka dhopmye HaAOIp
yucen. [lepini kibka yucen NpeIcTaBiIsIIOTh KoJip 0JIOKa, a HACTYIIHI Yuciia
B1100OpaXaloTh PIZHUIIO MK MiKCeIIMHU. Tak 3MEHIIYeThCS po3Mip rpadid-
HOro (aitna, ajie npu 1BOMY TyOuThCs 1H(MOpMaIs, sSKa MalxKe HE BIIUY-
BaeTbcsl OKOM. OCKIJIBKH 1]l YaC CTUCKY BTPAdyarOThCS YacTUHU 1HoOpMarllii
po kojip, To B JPG-dopmari He O6akaHO 30epiratu 300pakeHHS, IS SKUX
BaXJIMBI BC1 0cOOMMBOCTI mepeaadi koipopiB. JPEG kpaie cTuckye pacTpoBi
doTorpadiuHi 300paxKeHHs, HIXK JOTOTUIIM YU CXEMH. 3 MEHILIHUMH BTpaTamMu
CTUCKYIOThCS 300paKeHHS 3 BUCOKOIO po3iabHO0 3aaTHicTo (200-300 dpi).
binemricts 300pakens B Internet mogano dopmarom JPG.

Dopmam TIFF (Tagget Image File Format) po3pobnenuit mis 30epi-
TaHHS BiJICKAHOBaHMX 300pakeHb i3 BUCOKOIO PO3UIBHOIO 37aTHICTIO (BUCO-
KOO SKICTIO) Ta Ui OOMiHY JOKyMEHTaMH MK PI3HHMH TporpamMamu i
pizHUMHU KoM roTepHuMU matdopmamu. TIFF no3Bonsie 30epiratu B daiini
JeK1JIbKa 300pakeHb 1 MOX€ BUKOPHUCTOBYBATH PI3HI MOJIEN KOJbOPIB, Ma€
HaWOLIbII MIMPOKHUI Jlana3oH mepenayl KoJbOpiB — BiJi MOHOXPOMHOTO 0
32-01THOrO, MATpUMYy€E Oarato MeToAiB yuiiibHeHHS. TIFF — e miarpumka
IIBUAKOTO JOCTYITY 0 OKpeMUX (DparMeHTiB 300pakKeHHS.

@opmam CDR BuxopuctoByethes mporpamoro Corel Draw, sika Ha cho-
TOJIHI € OJIHIEI0 3 HAWMOMYJSPHIIINX Cepell MPorpaM, 10 A03BOJISIOTh CTBO-
proBatu BekTopHi 300pakeHHs. CDR mo3Bossie 3amucyBaTu BEKTOPHY W pac-
TpoBY Ipadiky, a TakokK TeKCT. OHa 3 BIaCTUBOCTEH BEKTOPHUX (PopmaTiB —
BIJITBOPEHHSI MaclITabOBaHUX 300pakeHb Oe3 moripiieHHs sikocti. Daitnu
Corel Draw maroTh po6oue miciie 10 45 x 45 m.

@Dopmam PSD - ne Biacuuii popmar nporpamu Adobe Photoshop, oaun
3 HaWMOTYXXHIMMX (opmaTiB 30epekeHHsT pacTpoBoi rpadiunoi iHDopMaIrii.
[TinTpumye 48-po3psiiHe KOAyBaHHS KOJIBOPY, Pi3HI KOJIpHI MOAeHi. AJle Bij-
CYTHICTh €()EKTUBHOIO QJTOPUTMY CTUCKY NPHUBOAUTH JO BEIHUKOTO O0CSTY
aiiis.

Dopmam Al — e BaacHuii Bekropuuii popmar nporpamu Adobe llustra-
tor. Lleit popmar miATPUMYIOTh IPAKTUYHO BCl IPOrpaMu BEKTOPHOI rpadikiu.

@opmam DXF (Drawing Exchange Format) pospo6isieno B 1982 p. mis
OOMIHY KpECJEHHSMH Ta 1HIIUMHU TpadiuyHUMHU JTOKYMEHTaMH B CEpPEOBUIII
AutoCad. DXF 3apa3 miarpumyeThcs OaraTbMa TIpadidyHUMHU IIPOrpaMaMH.
®opmar DXF-daiina npencrasisie co000 MOBHUN OMUC KPECICHHS B TEKC-
ToBii popmi koxy ASCII.

@opmam PDF — e dopmar mpeacTtaBieHHsI JOKYMEHTIB, BiH MpU3HA-
YEHUW 1Sl eNIEKTPOHHUX MyOdikaiii 1 nepenadi rpadgiku B Mepexi Internet.
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VY npoMy ¢opmati 30epiratoTbCs JOKYMEHTH, sIKI MOXKHA TIJIbKA YMTATH 1 HE
MokHa penaryBatu. @aitn y ¢dopmati PDF moxe mictutu enemeHTH, mio
3a0€3Me4yI0Th MONIYK 1 IEPeryis/l eIeKTPOHHUX JOKYMEHTIB, 30Kpema Tinep-
TEKCTOBI MIOCHJIAHHS, MIOCHIAHHS Ha MYJIbTUMEIMHI (aiiiau, eJeKTpOHHI 3aro-
JOBKHU. BiiabmIicTh rpadiyHUX MakeTiB JH03BOJISIIOTH KOHBEPTYBAaTHU CBOI JIOKY-
MeHTUd B PDF-(aitnu. [Ipornanatu PDF-¢aiinu MoxHa 3a 10moMororo mpor-
pam Adobe Photoshop, Adobe Acrobat, Foxit Reader. ®opmar PDF anapart-
HO-HE3aJIC)KHUHN, TOMY BHUBEJEHHS 300paK€Hb MOXE 3/[IMCHIOBATHCS Ha Pi3HI
IIPUCTPOI.

@opmam PNG € BigHOCHO HOBUM (opMaroM, M0 MPUHIIOB HA 3MIHY
GIF. Ileit popmar BukopuctoBye ctucHeHHs 0e3 BTpar. CtucHyti PNG-daii-
JI1, SIK TIpaBHJIO, MEHIII, Hik aHajoriuai GIF-daiinn.

@opmam DjVU — 1ile HOBa TEXHOJIOTISI CTUCHCHHS 300paXKCHHS 3 METOIO
po3mimeHHst B Internet BimckaHOBaHMX JOKYMEHTIB (KHUT, )KYPHAJIB, JTOKY-
MEHTallii, 300pakeHb) BUCOKOI sikocTi. 3a3puuaii DjVu ctuckye B 5-10 pazis
kpame, Hixk JPEG, GIF 11 KombOpoBHX JTOKYMEHTIB, ¥ 3-8 pa3iB Kpale, Hixk
TIFF nist yopHo-011mXx 1oKyMeHTIB. KoJbOpOBi CTOPIHKH, BiCKAHOBaHI 3 PO3-
ainpHOIO 3paTHicTIO 300 dpi, MmoxkyTh OyTH cTucHeHi 3 25 M6 no 30-100 Ko,
yopHOo-O11i — g0 5-10 KO6. 3asmaunmmo, mo DjVu-miarin goctymHui ais
CTaHJIapTHUX Opay3epiB.

[cHytOTh mporpaMHi 3aco0OH, siKi JI03BOJIAIOTH MEPETBOPIOBATH (haiau 3
onHoro rpadiyHoro ¢Gopmaty B iHIIUN. Hanpukiian, KoKHOTO pasy, KOJIU BEK-
TOpHUI (haiil HampaBiIsS€TbCS HAa TPUCTPiIM BUBEACHHS (MOHITOp), BiH IIij-
Jsrae onepaitiii moOyI0BH pacTpy — MEPETBOPEHHS 300paKeHHS B OKpeMi ITiK-
cem. [Tpu pacTpyBaHH1 porpaMa MOBMHHA PO3PI3HUTH BEKTOPHI 00’€KTH, a
MOTIM CTBOPUTH PacTPOBE 300pakeHHSI.

[Tpu obepHEHNX IEPETBOPEHHIX pacTpoBUX (hailliB y BEKTOPHI, pacTpPOBi
300pakK€HHS TPACYIOThCS 3a JIONMOMOI'OK0 BIAMOBITHUX IpOrpam, sKi BiAcCTe-
KYIOThb TPYIH IMIKCETIB 3 OJIHAKOBUM a00 CXOXHUM KOJBOPOM 1 CTBOPIOIOTH
CXOXI1 Tpynu BeKTOpHUX 300paxeHb. [IpukiamoM mnporpamu TpacyBaHHS
pacTpoBHuX 300pakeHb € mporpama CorelTrace.

KoHTpoJIbHI MUTAHHA TA 3aBaAHHA

Ha3Bith npuctpoi BBeIeHHs/BUBeICHHS TpadidHOi iH(opMaIlii.
BxkaxiTh OCHOBHI XapaKTEpUCTUKH CKaHEPa, OMUIIITH PUHITUITN POOOTH.
[TopiBHsTE TeXHOJIOTT (hOpMyBaHHS 300pakeHb Ha PI3HUX MOHITOpPaX.
Ha3BiTh OCHOBHI XapaKTEPUCTUKHU Cy4YaCHUX MOHITOPIB.

Ha3BiTh PyHKIIIT Ta XapakTepucTuku rpado0yaiBHUKIB 1 IPUHTEPIB.
[I{o Take po3niyibHA 3AATHICTH TPpaPIYHUX MPUCTPOIB?

KopoTko oxapaktepusyiite HallmomupeHiiii rpadiydi peakTopHu.

NoORRowNE
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8.

9.

K1 KJacu 1IHCTPYMEHTAIbHHUX 3aC001B BUKOPUCTOBYIOTH ISl CTBOPCHHS
rpadgiyHOro MPOrpaMHOro 3a0e3neyeHHs?
Sxi knacu rpadiuHUX MOB BM 3HaeTe? HaBeaiTh mpuKiIaau.

10. HasBitp Ha#Bigomimt API ams pobotu 3 rpadikoro.
11. 1o sBisie coboro inTepdeiic GDI? I1]o Take KOHTEKCT MPUCTPOIO?
12. Ha3BiTh Buau rpadiku. [laite iX mOpiBHAIbHY XapaKTEPUCTHUKY .

13
14
15
16
17
18
19

[I{o Take mikcenb, pacTp, po3AiibHA 3/IaTHICTh PACTPY?

1o coboro siBIIsiE€ pacTpoBe/BEKTOPHE 300paKCHHS B IIaM’Ti KOMIT 10Tepa?
Ha3BiTh mepeBaru Ta HeJIOJIKH PacTPOBOi/BEKTOPHOI IpadikH.

[1{o € OCHOBHUM €JIeMEHTOM BEKTOpHO1/ (ppakTaimbHOi rpadiku?

JlaliTe KOPOTKY XapaKTepUCTUKY Mporpam s podboTu 3 rpadikoro.
Ha3BiTh OCHOBHI pacTpoBi Ta BEKTOpHI rpadiuHi popmaTtw.
OxapakTepu3yiTe OCHOBHI METOAM CTUCKAHHS T'padiuHOi 1HPOopMaIii.

Bupasu i 3axa4i 11 caMOCTIHHOTO BUKOHAHHS

1.

300pakeHHs 3 po3aiibHOrO 3naTHicTIO 100 dpi Mae po3mipu B 200 mik-
ceiniB. 3HalTH (pakTHYHY BUCOTY/IIMPUHY 300pakeHHs. SIKi po3Mipu Ma-
THME 300pakKeHHS, SIKIIIO PO3/IIbHY 3aTHICTh 301JBIIUTH B 2 pa3u?

. CkaHyeTbCs KBaJIpaTHE 300paK€HHs 31 CTOPOHOIO B TpH ArormMu. JIiHilHA

po3aiiabHa 3aaTHicTh craHoBHTh 100 dpi. CkijbkH mikcelniB Oy1e MiCTUTH
onpoBaHe 300paKEHHS?
300pakeHHsT po3MipoM 4 x 4 A10MMU CKaHYEThCA 3 PO3IAIIBHOIO 3/1aTHIC-
ti0 300 dpi. 3HaiiTn 3arajgbHy KiJIbKICTh TOYOK TAKOTO OIU(POBAHOTO 300-
paxeHHsa. OOYUCIUTH 3aTpaTy MaM’ AT1 7151 PI3HUX FpapIyHUX PEKUMIB:

a) True Color (24 6itu Ha TOUKY);

0) Hight Color (16 6itiB Ha TOUKY);

B) Line Art (1 6iT Ha TouKky).
HeobOxigHo BiJicKaHyBaTH 300pa)K€HHS IIUPUHOIO TPU JIOWMH Ha CKa-
HEepi 3 MaKCHMaJIbHOIO ONTHYHON 3aaTHiCTIO B 600dpi. 3HalTH Kijb-
KICTh CBITJIOUYTJIMBUX €JIEMEHTIB JIHIAKU (oTonpuiimMaya, ki OyIayTh
3aisH1 B 1M nporieaypi. CKiMbKHM JaT4dKiB OyAe 3aisHO, SKIIO PO3-
JIIBHY 3IaTHICTh CKaHEepa 3MCHIIUTH BJIBOE?

. OKO NOIMHY 3 HOPMAJIBHUM 30pOM MOXE PO3PI3HITH 00’ €KTH 3 KYTO-

BUM 3MIIICHHSAM [ 017151 OJIHIET XBUJIMHU. SIKIO BijAanb 10 00’ €KTa J10-
piBHto€ d, TO Bijmaias Mixk 00’exktamu S = df. [TpumycTumo, 110 JIF0AHHA
PO3pI3HAE MIKCENl BIAMOBIAHO JO I[LOIO MiHIMAJIBHOTO po3mipy. Orri-
HITh PO3AUIBHY 3/IaTHICTh PACTPy, B IKOMY JIIOAMHA HE MMOOAYUTh OKpe-
MHUX TOUOK pactpy. O0uucienns Bukonatu npu 1) d = 300 mm, 2) d =
500 mMm. 3 sKkoi Bimani MOTPIOHO pO3MISAaTH €KpaH 3 PO3AUIBHOIO
spatHicTio 100 dpi, mo0 aroauHa He mobadyuia OKpeMHX IMKCEIiB?
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Tema 3. Kogip. Moaeii kobopy
3.1. Ilpupoaa KoOJILOPY

Konip — e oauH 13 (hakTopiB CBITIOBOrO BUIPOMiHIOBaHHS. [IOHATTS KO-
abopy B KI' € ocHOBHUM. CBITJIO MOKHA PO3TJIA/IaTA JABO3HAYHO: SIK MOTIK
YaCTUHOK Pi3HOT eHeprii (Toai KoJip CBiT/ia BU3HAYA€ CHEPTis YaCTHHOK) a0o
SIK TIOTIK €JICKTPOMArHITHMX XBHJIb BUCOKOI 4acTOTH (y I[bOMY BHIIAJIKYy KOJIp
BU3HAYAETHCA JIOBKMHOK XBWIi). MM pO3IISJaTHMEMO CBITJIIO SK IOTIK
€JIEKTPOMAarHiTHUX XBWJIb, SIKMH ITICJIS B3a€EMO/II1 3 OTOUYHOUUM CEPEIOBUIIEM
nomnajae B OKO, Jie¢ B pe3yJibTari (I3M4HOI 1 XIMIYHOI peakiiii BUPOOISIIOThCS
CIEKTPOIMITYJIbCH, IO CHPUUMAIOTHCS MO3KOM JIFOJMHHM. 3a JOIOMOTOIO
XBUJILOBO1 Teopii, BUCYHyTOl ['tolirencom y 1678 p., Oyno nosicHeHo Oarato
BJIACTUBOCTEM CBITJIA, 30KpEeMa 3aKOHU BIJOUTTS Ta 3aJJOMJICHHS.

OpHi€ro 13 XBUJIBOBUX XapaKTEPUCTUK CBITIA € JOBXKWHA XBUJI — BiJI-
CTaHb, AKY MPOXOJUTH XBWJIS BIIPOJOBXK OJHOTO Mepioay KonuBaHHs. Enext-
pOMarHiTHa XBWJIS XapaKTEPU3YEThCS TAKOXK aMITyJiTyaA010. BoHa BuU3Hayae
CHEpriro XBWIi (€HEpris MPOIOpIIiifHa KBapaTy aMILITYIH). Budume cim.io
— 1I¢ MHOKMHA XBHJIb TOBXUHOIO A Bix 380 — 430 uMm ((dionerosuii) g0 605 —
780 um (uepBonmii). Haramaemo, mo 1 um = 10° M. CBiTno HaTeXHTH 10
JIOCUThH BY3bKOTO Jllalla30HY €JICKTPOMAarHiTHUX XBUib. [103a iuM aianazoHom
3HaXOJSThCS, HAIMpPUKIIAJ YIbTPAaKOPOTKl, 1H(GpaYepBOHI, YIbTPadioyeToBI,
PEHTI€HIBChKI XBUJIL.

EnexTpoMartiTHi XBWII BUAMMOTO Jiala30Hy 3a/1al0Th TaKl KOJIbOPH.
380 — 430 uM — ¢1oneToBUiA;
430 — 470 M — cuHIA;
470 — 500 gM — OJTaKUTHHUH,
500 — 560 um — 3eneHmii;
560 — 590 um — kOBTHH;
590 — 605 uM — opaHKXEeBH,
605 — 780 HM — YepBOHUIA.

Cama mo co0i eneKTpoMarHiTHa €Heprisg He Mae€ HisIKOro KOJIbOPY, BiJI-
YyTTsI KOJIbOPY BUHUKAE B pe3yJibTaTi (PI3UYHUX Ta XIMIYHHUX MPOIIECIB B OIII
Ta MO3KY JIOoJMHU. Pi3Ha JOBXKMHA XBWII CHOPUMMAETHCS HAMU K PI3HUN
KoJiip. Buayume CBiTJIO 3 HAaWOUIBIIOK JOBKHHOIO XBHIII OyJie YepBOHHUM, 13
HalMEHILOI0 — CUHIM. [Ipu 3MiHI JOBXHMHHM XBUJIl KOJBOPHU IUIABHO MEPEXO-
JSTh OJIMH B OJHUM. YHUCTI KOJBOPH ICHYIOTH JIMIIE MPU MEBHUX JOBXKHHAX
XBHJII (Hanmpukiiaj, ductuil ioseroBuit — mpu noexuHi 400 um). Corix 3ayBa-
KATH, 10 KOJIP Ma€ 1 NCUX0(di3udHy MPUPOY, TOOTO CHPUUHATTS KOJIHOPY
HOCHUTh CyO’ €KTHUBHUN XapakTep 1 3aJeXuTh HE TUIbKHU BiJ (PI3UMYHUX BIIAC-
TUBOCTEH CBITJIA, a ¥ BiJl IHTEpHpETAIlli CBITIa 30pPOBOI0 CUCTEMOIO JIIOIUHH.
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Ha mpaktuiil pigko TpamisieTbesl CBITJIO TIEBHOI JOBXKHMHU XBHIII. SIK
paBUJIO, BCl JKepena CBITJIA T€HEPYIOTh KOJIMBAHHS B IIMPOKOMY J1ama3oH1
(BUHATKOM € JIMIIIC BUIIPOMIHIOBAHHS Jia3epa), TOMY CBITJIO € HEIEPESPBHUM
MOTOKOM XBWIb 13 PI3HUMH JOBXKHUHAMHU Ta PI3HUMH aMILTITylaMu. Take CBIT-
JI0O MOKHA XapaKTEePU3yBaTH CHEPTETUYHOIO CIIEKTpaJIbHOK KpuBoo I(A4), 1e
3HaueHHs |(A) BU3HAuae BKJIAJ XBUJIb JOBKHUHOIO A B €HEPril0 BChHOTO CBIT-
JOBOTO MOTOKY, IO MOTPAIUIS€ HAa OJMHMIO MOBEPXHI 32 OJUHHUIO Yacy
(iHTeHCUBHICTH BUNpPOMiHIOBaHH:). [TpH 11bOMy 3arajibHa €HEprisi BCbOTO TO-
TOKY CBITJIa 32 OJMHUIIIO Yacy JOPIBHIOE THTErpasly BiJl CIEKTPaIbHOI (DyHK-
1[ii IO BCbOMY BUJUMOMY J1aMla30HY JTOBXKUH XBHJIb

E=[1(2)d4.

1(4) TunoBa criekTpajibHa KpUBa HaBeje-
Ha Ha puc. 3.1. Orxe, KOdIp OAHO3-
HAYHO BHU3HAYAETHCS CHEKTPATBHOIO
byHKIII€IO, aJie HE HABIAKH.
380 780 CBIiTJ0, 1110 Ma/1a€ HA TOBEPXHIO
00’€eKTa BIJl IEBHOTO JKEpeJia, 4acT-
KOBO TOTJIMHAETHCA 00’ €KTOM, 4acT-
KOBO B1JIOMBA€ThCS BiJ MOBEPXHI
00’€KTa 1 YaCTKOBO MPOXOJUTH uepe3 00’ ekT. YacTKu MOrJMHaHHS, BiJOMBaH-
HS Ta MPOMYCKAaHHS KOXKHOI CKJIaJI0BOi CBITJIa 3aj1€)KaTh Bl JTOBKUHU XBUJI1 A
Ta BiJl BJACTUBOCTEH Marepiaily, 3 sSKoro 3pobyieHuii 00’ekT. CaMe MOHATTS
KOJIbOPY IIOB’S3aHE 3 THM, SIK JIFOJICBKE OKO CIIpuiiMae cBiTio. Jleski nmpeame-
T MU 0Q4UMO TOMY, III0 BOHU BiJJOMBaIOTh CBITJIO, a JIESIKI — TOMY, 110 BOHH
BUIIPOMIHIOIOTH CBITJIO. B TeMHIl KIMHATI MPEKPACHO BUAHO MPEAMETH, fAKI
BUIIPOMIHIOIOTH CBITJIO, 1 HE BUIHO, 1110 HAIMMCAHO Ha Mamepi.

Konu mpeamery BHIPOMIHIOIOTH CBITJIO (TaKMMH € MOHITOPH), BOHHU
MaroTh TOM KOJIIp, SKUK MU 0aurmMo. Koy skichk mpeaMeTH, HalpuKJIa 1 narip,
B1IOMBAIOTh CBITJIO, IXHIM KOJIIp BU3HAYAETHCS KOJbOPOM CBITJIA, 1110 MaJIa€ HA
MIPEaMET, 1 KOJIbOPOM, SIKUH 111 TPEAMETH BiJJOMBAIOTH.

PosrnsiHemo, sk BiIOYBA€TbCS CIPUMHATTS CBITJA JIOACBKHM OKOM.
Jronceke OKO Jyxke ckiaagHa cucteMa. Komu oyl JuBISTHCSA Ha CBIT — CBITJIO
MIOT3J]a€ B OKO Y€pe3 POriBKY, Jali 3a JOMOMOTOK KPHUIITAINKA MPOEKTYEThCS
Ha CITKIBKY OKa, Ji¢ (hOTOpElenTOpy IMEePEeTBOPIOIOTH CBITIOBY 1H(MOpPMAIIIO B
IMITYJIbCH Y HEPBOBUX BOJIOKHAX.

CiTKiBKa OKa MICTUTh JIBa NPHUHIMIIOBO Pi3HI TUIHM CBITIOYYTIUBHUX
pPEUEnTOpiB: naiuyku, SKI BOJOAIIOTH IIMPOKOK CIEKTPAIbHOK KPHUBOIO
YyTJIMBOCTI, BHACIIIOK YOTO BOHHM HE PO3PI3HSIOTH JOBXKHWHU XBUJIb, a OTXKE, 1
KOJIbOPY Ta KOAOOYKU, SKI XapaKTEPHU3YIOThCS BY3bKHMH CIHEKTPAIbHUMH

A

Puc. 3.1. CnekrpanbHa KpuBa
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KPUBHUMH 1 TOMY BOJIOJIIFOTH YYTJIUBICTIO /10 KOJBOPY. Y KOKHOMY OIll 3HaXO-

muThbest Oinst 6 murH. kKoimbo4ok 1 120 muH. mammdok (mpubausno 250 MutH.
pELICITOPIB Ha JBa OKa).

B 0OCHOBI TPUKOMIIOHEHTHOI TEOpii CBITJIA JIGKUTHh TOW (hakT, MO B

G LEHTPAJIbHIA YacTHHI CITKIBKM 3HaXo-

JSTHCSL TPU TUIMH YYTIWBUX A0 KOJIbOPY

R KOJIOOYOK, SKi BIJAMOBIAAIOTH 3a 4YyT-

JUBICTH JI0 JOBTHX, CEPEIHIX 1 KOPOTKUX

XBHWJIb, TOOTO OJWH THUI KOJIOOUOK pearye

HAa 3€JIEHUN KoJip, JApyruidi — Ha

| | i YepBOHUI, a TpeTiii — Ha cuHill kouip. Li

440 600 TP KOJHOPH HA3UBAIOTHCSI OCHOBHUMU

(6azoBumu). Ha pumc. 3.2 HaBenaeHo

rpadiku GyHKIIH YyTIMBOCTI AJiA BCIX

TPHOX THUMIB KOJIOOYOK. B OHMX TIK YyTIMBOCTI MPUNAJAE HA XBHII 3 KO-

POTKOIO TOBXHMHOK (448 HM — cHHIl KOJIip), y APYTUX — HA XBHIII CEPEAHBOI

JOBKUHU XBWII (528 HM — jKOBTO-3€JIEHUH KOJIp), Y TPETiX — HA XBUJIi 3 Be-

JIMKOI JIOBXKWHOK (667 HM — 4YepBoHMWE Koiip). BumgHo, 1mo HalfimeHina

YyTJIUBICTh OKa MIPUMNAJAE HA CUHIN KOJIIp, a HaOUIbIa — Ha JKOBTO-3€JICHUI.

I'padix kpuBOi, 110 BiAMOBIAAE 3a 3arajibHy YyTJIMBICTH OKa J0 CBITIA,
dbopMyeTbcsl B pe3yJibTaTi JoAaBaHHsS BCIX KpuBux 13 puc. 3.2. CymaphHa
KpUBa CHEKTPaJIbHOI YYyTJIMBOCTI OKa MoKa3aHa Ha puc. 3.3. Haiibinbiia
Yy TJIMBICTh JIFOJCHKOTO KOJILOPOBOT'O 30PYy CIIOCTEPITAETHCS ISl XBUJIb 13 JOB-
KUHOIO 595 HM, IO BIJMOBIJIAIOTH 3€JICHOMY KOJbopy. Tomy 3 ekpany IIK
HalKpallle CHpUKUMAIOThCA KOBTO-3€JieHI 00’€kTu. KpaliHi KOJIIbOpU BayKKO
CIOPUIMAIOTHCS JIIOJICBKUM OKOM, SICKpaBO-U4€pBOHI Ta (DiOJETOBI KOJIBOPHU
LIK1JIUB1 JJIS1 OYEH.

SIko Ha BCl TPU BUAM KOJIOOYOK Jl€ OJJUHAKOBUUN PIBEHb €HEPreTUYHOL
SACKpaBOCTI, TO CBITIO Oyne OumuM. [Ipu HHM3BKOMY OCBITJIEHHI KOJOOYKH
BTpPavyaloTh CBOIO YYTJIHUBICTh, 3aT€ 3pOCTA€ UYTIMBICTH MAJIOUOK, 110 3a0e3-
Mevy€e Hally 37aTHICTh OauWTH IPU OCBITJICHHI HU3BKOI'O PiBHS, TOMY KOJI-
OOUYKH MPaIIOIOTh BJICHb, a MAJOYKH — BHOYI.

MonoxpomamuuHum Ha3UBAETHCA BUIIPOMIHIOBAHHS, CIIEKTP SIKOT'O CKJIa-

JTAETHCA 3 €AWHOI JIHII, 1[0 BIAMOBIIAE MTEBHIN TOBXMUHI XBUJII.
A

Puc. 3.2. YyTnusicTh 10 KOIHOPIB

Puc. 3.3. 3anexHICTh 4y TIUBOCTI
JIOACHKOTO 30pY BiJl JOBKUHU
XBUJI1 CBITJIA

| i
400 500 600 700
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JlocUTh SIKICHUM JDKEPEIOM MOHOXPOMAaTUYHOTO BUIIPOMIHIOBAHHS €
nazep. Konip MOHOXpOMAaTHMYHOIO BUIPOMIHIOBAHHS BHU3HAYAETHCS JOBXKHU-
HOIO XBUJII.

HeroTon y 1666 p. mokaszas, 1m0 OUTHNA KOJIp MOXXHA MOJATH K CYMIII
BCIX BUJIMMHUX MOHOXPOMHHUX KOJIbOPIB, TOOTO PIBHOMIPHHUM CIIEKTPOM CyMi-
Il HECKIHYEHHOI KUIbKOCTI MOHOXPOMAaTHYHUX KOJIbOpIB. binuil mpomiHb

CBITJIa (BUKOPUCTOBYBABCS COHSYHHIA TIPOMiHb)

CIPSIMOBYBAJIM Ha CKJISIHY TPUKYTHY MPUZMY.

[Ipoxoasum 4yepe3 npusMy, MPOMiHb 3aJIOMITIO-

BaBCsl 1 Ha €KpaHi Jl1aBaB KOJbOPOBY CMYTy —

crekTp. YacTUHKa BUJMMOTO CIIEKTPY Ma€ yHi-

KaJlbHE 3HAYEHHS 1 HAa3UBAETHCS KOAbOPOM. Y

Puc. 1.4. Konipue Koo BHIUMOMY CIIEKTPI HasBHI BCI KOJIBODH, SIKi

Herorona IUIABHO TEPEXOJSTh OAWH B OJHUK. Buanmuii

CHEKTP CKJIAJal0Th MUIBIHOHH KOJIbOPiB. HbIOTOH p0o30MB BECh CIEKTP Ha CiM

JISTHOK, SIKI BIJITOBIIAIN Pi3HUM SICKPAaBO BUPAXCHUM KOJIbopaM (YepBOHHI,

OpaHXCBUM, KOBTHH, 3¢JICHUM, OJaKUTHUH, CUHIN 1 (ionaeToBuit). [Hima vac-

THHA a0chiaiB HproToHa nmokasaia, 1o 01e CBITJIO MOKHA 310paTH 3 KOJIbOPIB

Becenku. HbI0TOH NTOBIB, 10 OyAb-SIKUN KOJIP YTBOPIOETHCS MUISIXOM 3MIIITY-
BAaHHS OCHOBHMX KOJIbOPIB, Y3SITUX Y TIEBHIM TPOMOPIIII.

Hayka, mio BuBYae kousip 1 HOro BHUMIPIOBAHHS, HA3UBAETHCS KOJIOPU-
mempiero. BoHa onucye 3araibHl 3aKOHOMIPHOCT1 CIIPUMHATTS KOJIBOPY JIFO-
nuHO0. OCHOBHMMHM 3aKOHAMHU KOJOPUMETPIi € 3aKOHM 3MIITyBaHHS KOJbO-
piB. 1li 3aKkoHM B HaMOUIBIIT TOBHOMY BHIJIAAI Oyiau chopmyiasoBaHi B 1853 p.
HiMeIbkuM MaTeMaTtukoM ['epmanom ['paccmanom. HaBenemo ix.

1. 3akon TpuBuMmipHOcTi. Koiip BUpakaeTbcsi B TPUBUMIPHOMY IPOCTOPI.
Ile o3Hauvae, 110 Ay KOro OMUCY MOTPIOHI TPU KOMIIOHEHTH. [OBiIbHI
YOTHPU KOJBOPH 3HAXOJATHCS B JIHIMHINA 3aleXHOCTI. [HIIMMH cro-
BaMH, JIJIsl OY1b-IKOT0 KOIbopy C MOKHA 3alMCaTH PIBHAHHS:

C =kiCy + kyCy + k3Cs,
ne Cy, C,, Cz — 0Oa3ucHi, JiHIMHO He3alekHI KoabopH, Ki, Ko, K3 —
Koe(ilieHTH, 0 BKa3YIOTh Ha KUIbKICTh 3MIITYBaHUX KOJbOPIB.
[lepmmii 3aK0OH MOKHA TPAKTYBaTH 1 B OUIBII IIKPOKOMY PO3YMiH-
Hi: HEOOOB’S3KOBO JJIsi OMHUCY KOJILOPY BHUKOPHCTOBYBATH CYMIII KO-
JOPIB, MO’KHA BUKOPHUCTOBYBATH M 1HIII BEJIWYHUHH, ajie iX 000B’sA3KO-
BO TOBUHHO OYTH TpH.

2. 3aKOH HEMEepepBHOCTI. SIKIO B CyMillll TPhOX KOJIbOPIB OJIUH 3 HUX 3Mi-
HIOETHCSI HEMEPEPBHO, A 1HIII 3AJHIIAIOTHCA CTAIMMU, TO KOJIP CyMIIli
TEX 3MIHIOETHCS HEIEPEPBHO.

3. 3akoH aauTUBHOCTI. Kounip cyminii 3aleXuTh TUIbKU Bl KOJbOPIB KOM-
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MOHEHT 1 HE 3aJIe)KUTh BiJ iX CHEKTpaIbHUX CKJIaJiB, TOOTO 3MillIyBaHa
KOMIIOHEHTa B CBOIO YEpPry MO>Ke OyTH OTpMMaHa 3MIITyBaHHAM I1HIIHUX
KOMITOHEHT.

J1J1s1 OLIIHKY KOJILOPY JFOIMHI 3DYYHO BUKOPUCTOBYBATH TaKi aTpUOYTH.

» Ton (8i0minox) Kkoibopy acOLIIOEThCA B JIIOACHKIM CBIZOMOCTI 3 3a-
OapBIICHHAM TipeaMeTa NeBHUM TutioM (apou. ToH kombopy (BiATIHOK)
JO3BOJIIE€ JIFOAWHI BIAPI3HATH KOJBOPH (HANPUKIAZ, 3CJICHHH BiJ
4epBOHOT0). PI3MYHO TOH KOJHOPY MOKHA BH3HAUWTH TEPEBAKAIOUOIO
(ycepeIHEHOI0) JOBXKMHOK XBWJII B CIHEKTPI BHUIIPOMIHIOBAHHS.
Hamnpukinan, cBiTio, B sKOMY INepeBa)kae XBWIIS 3 JNOBXKUHOIO 450 HM,
Oyne cnpuiiMaTucs K BIATIHOK CHHBOTO KOJIbOpY. JItoJCchke OKO crpo-
MOkHE po3pizHATH 350 THC. PI3HUX KOJIHOPIB, Xo4a € i iHm gaHi. Jlis
XapaKTEPUCTUKH BIATIHKIB BBOASTH MOHSTTS SICKPABOCTI 1 HACUYEHOCTI.

» HAckpasicmb (ceimaicmv) BU3HAYAETHCS €HEPri€l0, IHTEHCUBHICTIO BHII-
POMIHIOBAaHHS HAa OJIMHUIIIO TUIOIII 1 BUPAXA€ KUIBKICTh CHPUHUHSATOTO
cBiTia. SICKpaBICTh 3aJIEKUTh Bl aMIUIITYJIH €JIEKTPO-MAarHiTHUX KOJIH-
BaHb. binwmii komip Mae MmakcuManbHy sickpaBicTh (100%), 9opHuii Komip
Ja€ MoBHY BiacyTHICTH sickpaBocTi (0%), ToOTO yuM MeHIIa SICKPaBiCTh,
TAM TEMHIIIHMN BiATIHOK. JIFOJChKE OKO MOXKE PO3PI3HATH OJM3BKO TH-
Cs14l PI3HUX PIBHIB SICKPABOCTI.

» Hacuuenicmb xapaxTepu3ye piBEHb YUCTOTH KOJHOPY 1 BU3HAYAE K1JIb-
KICTh OL7I0TO Yy BIATIHKY TOTO UM 1HIIOTO KOJIbOpY. BoHa Bupaxkae criB-
BITHOIIICHHSI M1’)K OCHOBHOIO JJOMIHYIOYOK) KOMIIOHEHTOIO CBITJIA 1 peIll-
TOIO XBWJIb, 10 (DOPMYIOTH KOJIp, TOOTO MOKa3ye, HACKUIbKUA JaHUMN
KOJIIp BiApi3HsIEThCA BiJ OuToro. YuM BuUllla HACUYEHICTh, TUM CHJIbHIIIIE
1 SICHIIIE BIYYBAETHCS TOH KOJbOPY. 3HUXKEHHS HACUYEHOCTI MPHUBO-
JTUTh J0 TOTO, IO KOJIp CTa€ HEUTpaIbHUM 0€3 YITKO BHUPAXEHOTO
TOHY. B ieanbHO uncToMy KOJIHOpPi JOoMimIky Oinoro BiAcyTHI (Hacuue-
Hicth 100%). SIKIm0, HANIPUKIIA, 10 YUCTOrO YEPBOHOIO KOJIBOPY JI0/a-
TU OUINH, TO OACPIKUMO CBITJIME OJIi0-4epBOHUI KOJIp (HU3bKA HACH-
yeHicTh). [Ipu HacuueHocTi, mo popiBHioe 0%, Oynb-IKuil KOJIp cTae
Oinum. Llelt aTpuOyT y JIIOACHKIM CBIIOMOCTI MOB’SI3aHUM 13 KUIBKICTIO
nirMeHty, ¢apou.

BxazaHi Tpu aTpuOyTH JT03BOJISIOTH OMMCATH BCl KOILOpH. Te, 110 aTpu-
OyTIB TpH, BKa3y€ HA TPUBUMIPHICTH KOJIbOPY.

Heo0xi1HO 11e yTOYHUTH, 1[0 MU PO3YyMIEMO T1J TOHOM KOJIbOpY. AHAMI3
CIEKTPY, 300pakeHOTO Ha puc. 3.5, a, J03BOJIIE€ CTBEPKYBATH, 110 BUITPOMI-
HIOBaHHSI MA€ CBITJIO-3€JICHUN KOJIIP, OCKUIBKU YITKO BUJIISIETHCS OJIHA CIIEK-
TpajbHa JiHis Ha (POH1 pIBHOMIPHOTO CIIEKTPY OLIOro KOJIbOPY.
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max

> /1 :ﬂ,
380 550 700 550 620

Puc. 3.5. /IBa ciektpu: a — siBHa IepeBara ojiHi€i CKIaJ0Boi, 6 —JIB1 CKJIaI0BI
OJIHAaKOBOI 1HTEHCHUBHOCTI

A SKMIl TOH KOJIbOPY BIAMOBIZA€ CHEKTpY Ha puc. 3.5, 67 TyT HeMOXk-
JIMBO BUILIWTH B CIEKTP1 MEepeBakalouy CKJIaA0BY, OCKUIBKH MPUCYTHI Yep-
BOHA Ta 3€JIeHA JIiHIi CIIEKTPY MalOTh OJIHAKOBY IHTEHCUBHICTh. 3a 3aKOHAMU
3MINIYyBaHHS KOJbOPIB 1€ J]a€ BIJITIHOK >KOBTOT'O KOJILOPY, X04Ya B CIEKTPi He-
Ma€ BIJMOBIAHOI JIIHIT MOHOXPOMATHYHOTO >KOBTOro. TOMy IiJi TOHOM KO-
JOPY PO3YMIIOTH KOJIIp MOHOXPOMATHYHOTO BUIIPOMIHIOBAHHs, IO BIJMO-
BiJla€ CyMapHOMY KOJIbOPY CyMimlli (yCepeaHeHii JOBKUHI XBHIIL).

3.2. Moaeii koJabopiB

Koumip moxxe OyTu oTpuMaHMii y Mpolieci BUITPOMIHIOBAHHS Ta B MPOIIECi
BIJIOMBAaHHS, TOMY ICHYIOTh JIBa MPOTHJICKHUX METOJU OMUCY KOJIhOPY: CHC-
TeMa aJIUTUBHUX KOJIbOPIB 1 CUCTeMa CYOTPaKTUBHUX KOJILOpiB. [ Mmarema-
TUYHOTO OMHUCY KOJIbOPY BUKOPUCTOBYETHCS MOHSITTS MOJIEN1 KOJIBOPY.

Konwopu B mpuponi piako OyBarOTh NPOCTUMHU. BUIBIIICTh KOJbOPOBUX
BIJITIHKIB YTBOPIOETHCSI 3MIIIyBaHHSIM OCHOBHHUX KOJhOpiB. Criocid po3kiia-
JTaHHS KOJIbOPY Ha CKJIAJIOB1 KOMIIOHEHTH HA3UBAETHCSA MOOEIII0 KOJIbODY.

IcHye OaraTo pi3HUX MoOJEeH KOJIbOPY, alie B KOMI I0TEpH1M rpaditl, sk
paBUJIO, 3aCTOCOBYIOTHCS B OCHOBHOMY TpH. LI Momeni BigoMi mif Ha3BOIO
RGB, CMYK 1 HSB. Bounu BiJipi3HSIOTECSl 6a30BUMH KOMITOHEHTaMHU.

3.2.1. AxuTBHa MoJeJab KoJab0py RGB

AJIIMTUBHA MOJIENIb KOJbOPY HaWmpocTima ajis po3yMminHs. Bona e mo-
CUTh MITYYHUM MPUAOMOM, OCKIIBKH TMPOJUKTOBAHA TEXHOJIOTIEH BUTOTOB-
JIEHHs EeJIEKTPOHHO-TIPOMEHEBMX TPYOOK. li BHKOPHCTOBYIOTH ISl OMMCY
KOJIbOPIB, OTPUMAHUX 32 JIOMIOMOTOI0 MPUCTPOIB, poOOTa AKUX Oa3yeThCS HA
MIPUHIIMIIAX BUIIPOMIHIOBAHHS CBiTJIa, TOOTO JIi IPHUCTPOIB, IO CBITATHCS
(MoHiTOpH, TOOYTOBI TeneBizopu). Lle aguTUBHA MOJEIb KOJIbOPY, OCKUIBKH
JUIs OTPUMAaHHS TOTPIOHOTO KOJbOPY 0a30Bl KOJBOPH B HIM JONAIOTHCA
(3mimyroThcs). OCHOBHMMH KOJIbOpaMu BuOpaHo uepBonuii (Red), 3eneHwuii
(Green) i cuniii (Blue), 60 cipuiiHATTS KOJIbOPY JIOJUHOIO ITOOYI0BAHO came
Ha ITUX KoJIbopaX. [HIII KOJhOPH OTPUMYIOTHCS IUISIXOM 3MIIITYBaHHS TIEBHOI
KUIBKOCTI BKa3aHUX OCHOBHHUX KOJBOPIB, TOOTO

C=rR +gG + bB,
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ne r, g, b — BIOMOBIIHI KUIBKOCTI OCHOBHHMX KOJhOpiB. Komm’iorep moike
TOYHO YINPABIATH KUIbKICTIO cBiTJIa. KOMOIHYIOUM pi3HI 3HaY€HHSA TOYOK R,
G, B, Mmoxxemo onepxkatu Oyb-sSKHUil KOJIp.

Ha cboronni cuctema RGB € odimiitHum crangaptom. Pimenusm Mix-
Hapoauoi Kowmicii 3 ocBiTienns (MKO) B 1931 p. Oyau cranmapTH30BaHi
OCHOBHI Konbopu. KoMicisi pexkoMeHayBana BHUKOpHcTOBYBaTH sk R, G, B
Taki MOHOXPOMAaTHUYHI KOJbOPU — BUIIPOMIHIOBAHHS XBHUJIb JIOBXKMHOIO 11 R
— 700 uMm, ma G —546,1 um, mis B —435,8 am.

YepBoHMIA KOJIIPp OTPUMYIOTH 3a JOIIOMOT'O0 JIAMITH PO3KapIoBaHHS a0o
KPUIITOHOBOTO Jiazepa. i1 ofep>kaHHsl YMCTUX 3€JI€HOTO 1 CHHBOTO KOJIbOPIB
BUKOPUCTOBYIOTh PTYTHY JIaMITy a00 aproHOBHUH Jazep.

Jliarpama 3MiIIyBaHHs KOJIBOPIB 300pakeHa Ha puc 3.6.

Xostuii (Yellow)

Puc. 3.6. liarpama 3minryBaHHs
KOJIbOPIB

KOBTUM = UEPBOHUU +3€JICHUI
OJIaKUTHUM =3€JICHUH +CUHII
(1oneToBuil =CUHINA+UEepBOHUI
OLMIT =4yepBOHUM+3EIICHUI+CUHIN

Binmit
(White)

®dioneroBuit
(Magenta)

bnakurauii (Cyan)

Konip, 110 cTBOPIOETHCS 3MIITyBaHHSAM TPHOX KOMIIOHEHT, MOXKHa 300-
pasuTH K BEKTOP y TPUBUMIpPHi# cucteMi koopauHat RGB. Touka (0, 0, 0) —
IICHTP CHCTEMM KOOPJIMHAT, BIJIIOBIJIa€ YOPHOMY KOJBOPY (BiJICYTHICTH CBi-
YCHHS €KpaHy). binwii Kojip BHpakaeThCs MaKCUMAJIBHUM 3HAYCHHSIM BCiX
TPhOX KOMIIOHEHT. Hexall 1€ MakcMMalbHE 3HAYE€HHS B3JIOBXK KOXHOI OCI
JOpiBHIOE 255, 110 BIAMOBiga€ HANMOUIBIIN SICKpaBOCTI cBiTia. Tomi Oimuit
komp — 1e Bekrtop (255; 255;
255). Omxe, Hamii oui # MO3OK,
copuiimMaroun Oule CBITJIO Ha
€KpaHi, TOBOPATh HaM HEIpaBy,
00 1 KOMOiHallls YEepPBOHUX,
3€JICHUX 1 CHHIX TOYOK. 3Millly-

AR

> G BaHHA KObOPIB R, G, B y pizaux

% SckpasicTh IPONOPIISIX JIa€ HOBUM  KOJIIp,

/ 6i10ro TOOTO TPOCTOPOM KOJIbOPIB €
B koipuuit ky0 (puc. 3.7). Touku 3
Puc. 3.7. Konipuwuii ky6 y mogeni RGB piBHUMU 3HadeHHsMu R, G, B

(R = G = B o3Hayae OJHAKOBUU
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BHECOK TPhOX 0a30BHX KOJBOPIB) JICKaTh HA FOJIOBHIM JiaroHaji KOJipHOTOro
KyOy 1 SBISIIOTH COOO0 Pi3HI rpanalii ciporo koiabopy (iX MOYKHA BBa)kKaTh
OLTUM KOJILOPOM Pi3HOT SICKPABOCTI).

[{s Mozmenb BUKOPUCTOBYETHCS 3aBXKIW MPU MIATOTOBIII €KPAHHOTO 300-
paxkeHHs. SIKII0 300pakeHHs MPOXOAUTh 0OpOOKY B rpadiyHOMy peaakTopi,
TO HOTO TEX MOJIAI0Th Y 11 MOJIEIII.

3.2.2. CyérpakTnBHa Mojaesib KoasopiB CMY/CMYK

CyOTpakTUBHA MOJEIIb BUKOPUCTOBYETHCA JIs1 MIATOTOBKHU HE EKPAHHUX,
a JIPyKOBaHMX 300pakeHb, TOOTO MJis MPUCTPOIB, SIKI peaizyloTh HMPUHIUI
norMHaHHs (BiAHIMAaHHS) KOJIbOPiB. J[pyKoBaHI 300payKeHHS BiIPi3HAIOTHCS
B1JI €KpaHHUX 300pakKeHb TUM, 110 1X 0adaTh HE y CBITJI, 1[0 MPOXOJUTh, a Y
B1IOUTOMY CBITJIl, OCKUJIBKH apKYIIl Marepy HE BUIIPOMIHIOE CBITJIO. 3amMaio-
BaHMM manip JesKi eIeKTPOMArHiTHI XBUJIl 3 ONTUYHOTO Jlana3oHy MOTJIMHAE,
a peITy BiOMBaE, a Hallle OKO CHpHiiMae Jvie BigouTi xBrm. Tomy ais mifa-
TOTOBKH JPYKOBaHUX 300paKeHb BUKOPUCTOBYETHCS HE aIWTHBHA MOJIEIb
RGB, a cy0rpaktuBHa monens CMY. Ha Bigminy Bim moneni RGB, 6ina
touka B CMY —11e BiACyTHICTH (ap0d Ha mamnepi.

HasBa 11i€i Mojem ckIagaeTbes 3 Ha3B CYOTPaKTUBHUX KOJIbOpIiB (mpo-
tunexanx 10 R, G, B) — omakurHoro (Cyan), mypmypuoro (Magenta) i
xoBtoro (Yellow) (puc. 3.8), To6T0, 1106 OTpUMaTH MOTPIOHMIA KOJIip, 6a30Bi
KOJBOPHU BiiHIMAOThCS BiJl Out0ro. Lli Tpu KOIbOpHU HA3UBAIOTHCA JOMOBHIO-
BaJIbHUMHU, OCKIJIbKH BOHH JOTIOBHIOIOTH OCHOBHI KOJBOPH JI0 0170T0, TOOTO
3MIILIYBaHHS JJAHOTO KOJbOPY 1 JOMOBHIOBAJIBLHOTO JI0 HHOT'O JIa€ O1IUN KOJIIP.
{1 ciiBBiTHOIIIEHHS] MOKHA TIOJIATH Y BUTJISA I

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

TOOTO 00NOBHIOBANLHUL KOAIP = OLNULL KOMIP — OAHUL KOTIP.
O6epHeHe NEPETBOPEHHS 3IUCHIOETHCA 32 (OPMYJIIOI0

R 1) (C
G|=[1|-|M
B 1) \Y

Hanpukiaa, Koiau Ha IMOBEPXHIO Marepy HaHeCTH OnakuTHUi (Cyan)
KOJIIp, TOA1 YEPBOHE CBITJIO, 110 T1aJIa€ Ha MaIip, MOBHICTIO MOTJIWHATUMETHCS.
Orxe, OnakuTHa dapOa, Tak O MOBUTH, BITHIMAE YEPBOHUI KOJIIp B O1J10TO,
AKAM € CyMOIO YE€pPBOHOI0, 3€JEHOI0 1 CHHBOI'O KOJILOPiB, TOOTO BIJIOU-
BA€ETHCS JIMIIIEC 3€JICHA Ta CHHS CKJIAJOB1 CBITJA, IO 1 Ja€ OJAaKUTHUM KOJIIp

(puc. 3.9).
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YepBoHUI o
p Cunin

3enennit \ " .':
S C ’ YopHuit

Puc. 3.8. OcHoBHi konbopu cucremu CMY

Amnanoriudo sxoBta ¢apda (Yellow) noriauHae cuHiii KoJip, a HypHypHa
(Magenta) — 3enenuii. binuii mamip BUIIggae OUTAM TOMY, IO BiH BiJOUBae
BCi KOJIBOPH 1 5K0JIeH He rorimHae (puc. 3.9).

[Ipu ocBiTIIEHHI O1IMM CBITJIOM, HAmpHUKJaJ, CHHbOI MOBEPXHI B IIapi
CUHBOT (papOu 31 CIEKTPYy OLIOTO KOJIHOPY MOTIMHAIOTHCS YEPBOHA Ta 3€JI€HA
YAaCTHUHU CIEKTPY 1 B pe3ysibTaTi MU OaunMo cuHii koip (puc. 3.10) Yopuuii
KOJIIp BiAIOBiJa€ MOTJIMHAHHIO BCIX KOJIBOPIB IpH BimoOpaxkenHi (puc. 3.10).
SIKIIO OCBITUTH YEPBOHUH Mamip CUHIM a00 3€JIEHUM CBITIIOM, TO mamip Oyne
BUISIAATH YOPHUM, OCKLIBKM YEPBOHMI Marip HE BiIOMBAa€ CUHIA Ta 3elie-
HUI KOJILOPH, a morimHae ix (puc. 3.9).

IcToTHOIO TIpOONEMOIO B moirpadii € yopHuil Kojip. TeopeTuduHo Horo
MOXKHa OTpUMATH 3MIITyBaHHSAM TPbhOX JIOMOBHIOBAJIbHUX (PapO, ajie Ha Mmpak-
THUII1 3MIITYBaHHA [IUX TPHOX KOJIbOPIB J]a€ HEBU3HAYCHUN TEMHO-KOPUYHEBUI
koJip. OTpuMaTy Ha manepi YOpHUN KOJIP HIISXOM 3MIlllyBaHHS TPhox (gapo
CKJIAJTHO 1 HE3PYUYHO Yepe3 Te, 110 pealibHi (papOu He € aOCOIIOTHO YUCTUMH,
yepe3 BEJIMKI BUTPATHU JIOPOTOT0 YOPHUJIA Ta BUCOKY BOJIOTICTh Mamepy Ha
CTPYMEHEBUX IpPHUHTEpaX, Yepe3 HeOa)kaHi Bi3yasibHI €(PEeKTH, TOMY B MPHUH-
tepax 1o 6a3zoBux papd CMY moBoaumThes momaBatu Ie ¥ gapOy YOpHOTO
kostbopy (blacK). Taka moaenb konbopy HazuBaeThesi CMYK,

[Ipu opyii MaialOHKa Ha KOJHOPOBOMY MPHUHTEP] 3 HOTHPMA KOJIbOPaAMU
npaiiBep mpuHTepa mneperBoproe RGB-mamonok y moaens CMYK. Opnak
OaraTo BIATIHKIB, CTBOPEHHUX B KOJIbOpoBik cucremi RGB, He BraeTbcs mepe-
JaTH P APyl Ha OPUHTEPI. A 1€ 03Ha4ae, 10 KOJIIPHE OXOIUIEHHSI CUCTEMU
CMYK wmenme, Hix konipHe oxormieHHs cuctemu RGB. Bonnowac Baprto
3a3HAYUTH, IO JIMIIE YaCTUHY KOJBOPIB, SKI 3yCTPIHAIOTHCS B MPHUPOIL 1
CIIPUMMAIOTHCS JIFOJACHKUM 30pOM, MOKHA BIJTBOPMTH Ha €KpaHI MOHITOPA,
TOOTO KoJiipHE oOXoruieHHs Mmozaelni RGB Byxuye, HiIXK KOJipHE OXOIUJICHHS
JTIOJICBKOTO OKa. SIK BUIHO, JKOJHA 3 MOJCJICH HE € MOBHOIO 3a KOJIPHHUM
oxoruieHHsIM. [1ix konipuum oxonnennsm po3yMilOTh Alala3oH KOJIbOPIB, KU
MO>Ke OyTH BIITBOPEHUN MOJEIUIIO KOIbPIB.

VY Tunorpadisix KoabOpoBiI 300paxKeHHs JPYKYIOTb y KiJIbKa €TalliB,
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HaKJIaJal04yy MOYeproBo Ha Mamip OJaKUTHUM, TypIypHUM, )KOBTUN 1 YOpHUI
B11IOMTKHU. Tak OTpUMYIOTh MOBHOKOJIIPHY LItocTpaniio. Tomy rotose 300pa-
KEHHS, OTPUMAHE Ha KOMII I0Tepl Mepes APYKOM, AUIATh HAa YOTUPHU CKIa-
JIOBUX OJTHOKOJIBOPOBUX 300paxeHHs. L{eil nmporiec Ha3UBaA€THCA IJIEHHAM KO-
apopy (Separations). CydacHi rpadiudi peIaKTOpH MarOTh CIElialbHI 3aco0u
JUI BUKOHAHHS 1€l onepauii. Li mporpamu cami BuzHavatots cymimn CMYK.

Y C
Y C
Tarrip
= ot
B K G K

ramnip

Puc. 3.9. IlornmmuaanHs (BiHIMAHHS) KOJBOPIB

\ 2 R
]3eﬂeHI/H‘/’I ] YEepBOHUH

Tarip

\ B - \L}

narip

Puc. 3.10. CyOTpakTUBHICTH ISl IBOX 1 TPHOX KOJBOPIB
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VY nazepHOMy MpUHTEPl € CBIM “‘KOMIT I0TE€p” 13 HEOOXIAHUMHU Mporpama-
MU, 1110 BUKOHYIOTh NIEPETBOPEHHS IpaiuHUX AAaHHUX y 300pakeHHsI Ha Marnepl.

KonbopoBi puHTEpH pO3AUISIOTh KOJLOPOBI MalOHKK Ha 4 CKIIAJOBI, a
MOTIM OKPEMO JIPYKYIOTh KOKHY YaCTHHY Ha OJIHOMY i TOMY >K apKYyIIIl marie-
Py, TOOTO OJIMH apKyIll IPOXOJUTH uepe3 npuHTep 4 pasu. [Ipu npoMy okpemi
KOJIbOPOBI TOUKH, 3 AKUX CKJIAJAETHCSI MAIFOHOK, TOBUHHI OyTH TPOXU 3CyHe-
HUMHM OJIHA B1Jl OJHOT, 11100 He OyJ10 HaKJIalaHHS KOJIbOPIB.

Jlns mepexony Bim moxaeni CMY o moxeni CMYK BUKOPUCTOBYIOTH
Taxl CITIBBIIHOIIICHHS

K=min(C,M,Y), C=C-K, M=M-K, Y=Y-K
3.2.3. Cy6’ekTuBHA MoeJb KoabopiB HSB (HSV)

Mopeni RGB, CMY, CMYK opienToBani Ha poOOTY 3 TEXHIYHUMH 3aCO-

Y, o6amu. Sxmo moaens RGB naitnpuiingaTHIA 1715
KoMmit oTepa, mojaenb CMYK — mis tunorpadii,
To Mojaenb HSB Hai3pyuHima i JIrOIuHH.
BoHa npocTa Ta 1HTyiTUBHO 3p03yMLia.

s moxenb 103BOJSiE€ 3a7aBaTh KOJIbOPH,
OMUPAIOYUCh HA IHTYITUBHI TOHSTTS TOHY KO-
asopy H (Hue), macuuenocti kompopy S (Sa-
turation) Ta sickpaBocti koisopy B/V (Bright-
ness/Value). Tomy 1110 Mojeiar HazuBaTh HSB

»S  abo HSV. Peryntoroun Tpu 3rajiani KOMIIOHEHTH,
Puc. 3.11. Mogers HSB MOXHA OTPUMATH CTUIBKH X KOJIBOPIB, SIK 1 TIpH
pOOOTI 3 IHIIUMU MOJIEISIMH.

Jlesiki rpadiuHi peTaKTOPH JO3BOJISIOTH MPAIIOBATH 3 MOJCIUIIO KOJIbOPIB
HSB. Mogaens HSB 3pydna a1 3acTocyBaHHS B THX I'padidHHX PeAaKTOpax,
K1 30pIEHTOBAHI HE HA 0OPOOKY rOTOBUX 300pakeHb, a JJi1 CTBOPEHHS BJac-
HUX XYJI0’KHIX TBOPIB.

VY wmiif Mozeni BUKOPUCTOBYETHCS HWJIIHJIPUYHA CHUCTEMa KOOpJIMHAT, a
MHO)XMHA BCIX JIOMYCTUMUX KOJHOPIB € KOHYCOM, MOKJIQJCHUM Ha BEPIIUHY
(puc. 3.11). OcHoBa KOHYyCa — ICKpaBi KOJIbOPH, IO BiJMOBIAAIOTh 3HAYCHHIO
V=1 (koHyC Ma€e OJJUHUYHY BUCOTY).

3nauenns H 3minroersest B rpagycax Bix 0° mo 360°, ockinbku kombopu
BECEJIKH PO3MIIIYIOTHCS Ha KOJ1 B TAKOMY TIOPSAJIKY: YEPBOHUM, OPaHKEBUH,
YKOBTUM, 3€JI€HUN, OJIaKUTHUH, CUHIN, (piosieToBuil. UepBOHOMY KOJIbOPY BiJI-
MOBIJIa€ KYT 0°, 3€JICHOMY — 120° i 1.1 Konbopu, 110 HONOBHIOKOTH OAWH
OJTHOTO /10 O1710TO, Ha KOJII 3HAXOAAThCS HABIPOTH. BenmnurnHa S 3MIHIOETHCS
Bix O mo 1. 3nauenns V = 0 BignoBigae yopHoMy Kosbopy. IIpu S = 0 (ToOTO
Ha oci V) maemo cipi Binrinku. binmmii komip koayerbes sik S = 0, V = 1. Tlpu
S = 0 3nauenns H ne mae 3Mmicry.
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Mopens HSB 3pyuna jqist Bubopy kodbopiB Ha ekpaHi. CriodaTtky Ha
eKpaHl MOXHa 300pa3uTH CIPOILEHY MaJiTpy, a MOTIM 30UIBIINTA a00 3MEH-
IIUTHA SICKpaBicTh. Hampukimaa, Tak Iif0Th TPH MOJCITIOBaHHI 3aTIHEHHS
00’€KTiB 200 CYTIHKIB.

I'padiunl pemakTopu HO3BOJISAIOTH MpaIfOBaTH 3 KOJILOPOBUMH 300pa-
KCHHSAMHU B pizHux mojaeisx. Hanpukman, y Paint Brush for Windows ms
YCTaHOBKH KOJIbOPY BUKOPUCTOBYIOThCS ABI Mojeii — RGB ta HSV (icHyroTh
BiNOB1IHI (hopMyIn 3B’ 3Ky Mixk mapamerpamu R, G, B ta H, S, V).

3.3. bananc koabopiB

JloBiIbHA 3MIHA CKJIQJIOBO1 KOJIbOPY BIUIMBAE Ha 3arajibHUN OajaHC KO-
JBOPIB, TOOTO 3MIHA OJHIET KOMIIOHEHTH OOOB’SI3KOBO BIJIOMBAETHCSA HA 1H-
MIUX KOJabopax. ToMy B OCHOBI Oy/ib-KO1 KOPEKIli KOJIbOPIB JIEKUTH HaAlll-
TyBaHHS HE OKPEMUX KOJIbOPIB, a 0ajaHCy KOJIbOPIB, IPUUOMY OJHOTO U TOTO
K PE3yJbTaTy MOYKHA JIOCATTH PI3HUMH CITOCOOaMHU.

[I{o0 nermie ySIBUTH B3a€EMOJ110 KOMIIOHEHT KOJIbOPY, HEOOX1JHO PO3TJIs-
HYTH CIPOINEHY CXeMy KoJlipHOro Kousia (puc.
3.12), ska ga€e MOXIJIMBICTh HAOYHO IIPOJIe-
MOHCTPYBAaTH B3a€EMOJIII0 KOMIIOHEHT OallaHcy
C R KkombopiB. Ha cxeMi KOXHHUI KOJIP 3HAXOAUTHCA

MDK JIBOMa KOJbOpaMH, 3a JIONIOMOIOI0 SKHUX BiH
oJlepkyeTbcs. Hanpukian, qonaBaHHs 3€J1€HOTO 1

G Y

B M YEpBOHOI'0 KOJIhOPIB jae xoBTui. 1100 migcuim-
Puc. 3.12. Cpouiena TH OyAb-IKUM KOIIp, MOTPIOHO MOCIAOUTH JIOTIOB-
cxeMa KOJIIPHOTO KoJa HIOBAJIbHUW KOJIip (BiH pO3MIIIEHUH HAIPOTH Ha

KoipHOMY Koiii). Hanpukan, 100 3MiHHTH KOJIIp
y 01K OJIaKUTHOTO TOHY, HEOOX1JHO 3HHM3UTH B HHOMY BMICT YE€pPBOHOTO
koapopy. Il[o0 3MeHmuTH (Hi0JETOBY CKIIAIOBY, MOXHA 3MEHIIUTH ii 0e3-
MOCEPEHBO, ajie Kpallle 1€ 3p0OUTH NIIAXO0M 30UIbIIICHHS OJJAKUTHOI 1 )KOBTO1
CKJIAJIOBUX, 110 JO3BOJIUTH 30€pPEerTH HACHUUYEHICTh 300paxkeHHs. OTxe, 1100
BIUIMHYTH Ha (P10JIETOBUI KOJIIP, MOXKHA 3aJ15TH BCl KOJILOPH KOJIA.

TakuM YMHOM, MNpU JOBUIBHUX BIUIMBAX HA KOMIIOHEHTH KOJIbOPY,
HEOOXI1JTHO BpaxyBaTH, 10 1€ BIJOMBAETHCS HA BCbOMY MPOCTOPi KOJILOPIB. Y
3B’SI3KY 3 IIUM HEOOX1THO 3Ba)KaTH Ha TakKl 3aKOHOMIPHOCTI:

1) xoapOpH, IO JIEKATHh HA KOJII HABIPOTH OJUH OJHOIO, B3a€EMHO IIOB’S-
3aHi (3MEHIICHHS BMICTY OJHOTO KOJIOPY 30ULTBIIY€E BMICT MPOTHIICHK-
HOT'0 KOJIBOPY);

2) BMICT IIEBHOTO KOJIbOPY MO’KHA 3MIHUTH 33 paXyHOK BIUIMBY Ha CYCIJHI
KOJIbOPH;

3) o0 30UTHIIUTH BMICT TICBHOTO KOJIBOPY, MOKHA 3MEHIITUTH BMICT KOJIbO-
PiB, SIKi CYyCiHI 13 IPOTUJICKHHUM, 1 HABITaKH.
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3.4. KoayBanHus kouabopy. Ilagirpa koabopiB

[Ilo6 xoMIl'I0Tep MaB MOKJIMBICTh IPAIIOBAaTH 3 KOJIHOPOBUMH 300pa-
YKEHHSIMHU, HEOOX1JTHO BMITH IMOJIaBaTH KOJbOPH Y BUTJISAJI YUCEN, TOOTO KO-
BaTH KOJIp 3a Jomomoror komoOiHaiii O1TiB. KibkicTh OITIB IS TTOJAHHS
KOJIbOPY KOJKHOTO IMIKCENs, HA3UBAETLCS Oimosoro 2nubunoro. Cnocid Komay-
BaHHSI KOJIbOPY 3aJIEKUTh B1Jl MOJEI KOJBOPIB Ta (pOpMaTy YHMCIOBUX JTaHUX
y KOMIT IOTepi.

st monenit RGB koHY 3 KOMIIOHEHT MOKHa 300pa3uTH 3 JIOIOMOTOIO
qrcelsl, OOMEKEHUX TEBHUM Jiana3oHoM (HampHKIag, APOOOBHMH YHCIAMHU
Big 0 10 1 a6o mismmu Big O 10 AESIKOro MaKCMMAaJbHOT'O 3HAYCHHS). 3apa3
JI0CUTh po3moBcrokenuii popmar True Color (icTuHHMI KOMIp), B SKOMY i
KOKHUM MIKCEh BIABOAUTHCSI 24 01TH, TOOTO KOKHA KOMIIOHEHTA IT0ACTHCS
y BUIJIAA1 OaiiTa, mo gae 256 rpajaiiil juis KoskHoi komnoHeHTr: R = 0 —255,
G = 0 -255, B = 0 -255. Ile gaec MOXIHMBICTh 3aKOAyBaTH 256 x256 x256 =
22'=16777216 rpamauiii KOIHOPIB, IO 3HAYHO MEPEBUILYE KiIBKICTh KOJIBO-
piB, sIKI pO3pi3HsE JIOAChKE OKO. Takuii croci0 KoayBaHHS KOJbOPIB Ha3H-
BA€ThCS KOMNOHeHmHuuMm. Y KOMIT'I0Tepi koau 300paxens True Color mona-
I0TBCS TpboMa Oaiitamu (puc. 3.13) abo ymakoBYIOThCS B JOBre mije — 32
oitu (Tak, Hanpukia:, 3podiaeHo B AP Windows).

23 16 15 87 0
B G R Puc. 3.13. 3-6aliToBuii K01

VY 32-61tHiit moneni RGBA crapmni 8 6iTiB BUKOPUCTOBYIOTHCS IS 3a-
JTaHHS KOMITIOHEHTH Macku (A-kommoHeHTH, a0o Alpha-kanany). Macka cTBo-
pPIOETBCS JIeSIKUMU TpadlyHUMU TMpOTpaMaMH JJis CIHeliaIbHUX e(]eKTiB,
HAMIPUKJIA] JJI 3aaHHs TPO30POCTI, TyMaHy.

Xoya HEeMae BUIUMHUX NMPUYMH BUKOPUCTOBYBATHU OlNIbllI€ KOJBOPIB, pe-
aTbHO BUKOPHUCTOBYIOThCA 48-01THI 1 HaBiTh 64-01THI Momeni. Ll moxeni Bu-
KOPUCTOBYIOTHCSI B KOJHOPOBHX CHCTEMax BHIIOrO PiBHS, 30KpeMa B IIPO-
deciiiHuX rpa@yHUX CUCTEMAX.

[Ipu poboTI 13 300pasKeHHSIMHU B CUCTEMaX KOMIT FOTEPHOI Irpadiku 4acTo
JOBOJMTHCS IIIYKATH KOMITPOMIC MK SIKICTIO 300paskeHHs (SKOMora OijbIie
KOJIBOPIB) 1 pecypcamMu, HEOOXITHUMH JIJis 30epeKeHHS 300paKeHHS.

k1o s KOAyBaHHS KOJIBOPY BUAUIUTH 1 01T, TO MOXHA 3aKOAyBaTU 2
pi3HUX KOJIbOpU (YOopHO-OLMMI pexum). BumiieHHS omHOTO OaiTa JT03BOJISIE
3aKOyBaTH 256 PI3HMX BIATIHKIB KOJHOPIB. JIBa OaiiTH NO3BOJISAIOTH BH3HA-
gutH 65536 kombopiB (puc. 3.14). Leit pexxum HazuBaeTbes Hight Color.

B G R
5 6 5 Puc. 3.14. 2-6aiitoBuii K0ox
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VY Bunanky True Color/Hight Color kompopoBa mamitpa He moTpiOHa,
OCKIJIBKH B TPhOX/ABOX OaliTaXx JOCTaTHRO iH(OpMAIIi TPO KOJIp TIKCEIS.

[Ipu oOMexkeHHI KUTBKOCTI KOJBOPiB, TOOTO [jIsi 3MEHILEHHS OO0CSTY
nam’siTi BAKOPUCTOBYIOTh NaniTpy. Konvoposa nanimpa — ue Habip KOJIbOPIB.
llanimpy MoxHa cipuiiMaTH sIK TaOJIUIIO KOJIBOPIB, y SKIA yKa3aHO 1HJIEKC
(HOMep) KOJIBOpY Ta caM KOJ TOTO YH IHIIOrO KOJbopy. KoxeH KOIbOpOoBHid
BIJITIHOK 33JIal0Th OJHUM YHKCIIOM, MIPUYOMY II€ YUCJIO BH3HAYA€ HE KOJ| KO-
JHOPY, @ HOMEP KOJIbOpy B Tabiwuill. Cam KOJip BU3HAYAETHCA 3a IIUM HOMeE-
poM y Tabmuii-mamitpl. Lsg Tabnui 30epiraerbes pazoMm 13 rpadidHuM ¢aii-
nom. [Iporpama, mo 31iiCHIOE BI3yalli3allilo JaHUX, yuTae 3 (aiiya 1HIEKCH 1
BUKOPUCTOBYE BIJIMOBI/IHI IM KOJIBOPHU JIJIs1 300pa’KeHHS MIKCENIIB HA €KpaHi.

Pi3H1 300pakeHHST MOKYTh MaTH P13HI KOJILOPOBI MaITPH. SIKIIIO BIATBO-
PUTH 300paKEHHS 3 1HIIOK MAJITPOIO, TO 3€JIEHA SUIMHKA MOXKE CTaTH pOXKe-
BOIO (B Pi3HMX MAJITpPax ITiJ OJHAKOBUM HOMEPOM MOXYTbh 30epiraTucs pi3Hi
KOJIbOpH). Y 3B’S3Ky 3 IIMM BHHHKAE MPoOJeMa BiIIOBIAHOCTI KOJILOPIB MPH
neperysini Web-rpadiku. s odbopmuenns Web-cropinok He 3acTocoByroTh
rpadiky, 110 Mae KOAYBaHHS KOJIbOPY BHullle 8 OITiB uepe3 HEBUCOKY IIBUJ-
KICTh miepenaul qanux B Internet.

3Bakaroun Ha Iie, OyJI0 MPUHMHATO PIIlICHHSA — BCi Opay3epu (mmporpamu
neperysiry Web-cTopiHOK) 3aBYAacHO HANIAMTOBYBATH HAa INEBHY (iKCOBaHY
Web-nmanitpy. ¥V uiii nanitpi He 256 KoabopiB, SKi JO3BOJISE KOTyBaTH 8 OiTiB,
a nuiie 216. Ile moB’s3aH0 3 TUM, 1110 B |HTEpHETI MPaIIOIOTh 3 PI3HUMH KOM-
’I0TepaMu 1 HE BC1 KOMIT FOTEPH MOXYTh BIATBOPUTH 256 KOJIBOPIB. SIKIIO
po3pooHrk Web-cTopiHKHM BUKOPHUCTOBYBATHME JIAIIE IFO MATITPy MPH CTBO-
PEHH1 UTIOCTpallli, TO KOPUCTyBadl 1modavaTh MaIOHOK TMpaBUiIbHO. HalOinbi
4acTO BUKOPUCTOBYIOThCS nanmitpu 3 16 ta 256 xonbopis. Sk mpuxiaa Hase-
JIEMO CTaHAapTHY HajmiTpy 16-konpopoBux BigeopexumiB VGA (tadm. 3.1).
[Tpu 8-6iTHIM rIUOKHI KOJBOPY MOXKHA 3aAaTH 256 KoabopiB. OUEeBUAHO, IO
TYyT MOXXHa BHUJIUIUTUA TiJ KOXXHY KOMIIOHEHTY II€BHY KUIbKICTh OITIB
(mampukaan, mis R — 3, ms G — 3, nua B — 2), anme Taka TeXHOJOTiS HAATO
oOMeXXy€e MOXKIIMBOCTI Ilepefiadl KoJbopiB. ToMy jid Takoi mMajoi riIuOuHH
KOJbOPY Kpallle BUKOPUCTOBYBATH I1HIIUN IMIAXIT — 13 MHOXHHHU 256 x 256
x256 KOJBOpIB BUOMPAIOTHCSA JOBUIBHI 256 KOJIBOpPIB, SKIi HYMEpYIOThCS
iHgekcamu Big O mo 255. BuOpani KOJbOpH 3alUCYIOTHCS B TaOJIMITIO
KOJIbOpiB (IAJITPY), a y BifeomaM’ sITh 3aMiCTh KOAY KOJIbOPIB 3aIUCYEThCS 8-
OiTHUH iHACKC (HOMEp KOJIbOpY), SIKUM TpH Bi3yasizaimii aBTOMAaTHYHO
3aMIHIOETHCS KOJIBOPOM, SIKHI Y MaJiTpi BiJINOBIIA€ IbOMY 1HIEKCY.
VY rpadiunux cucremax, Hanpukian OpenGL, mns poGoTu 3 mamiTpamu
KOJIBOPIB € CIIeIiajibHI omepaTopu. 3 iX JOMOMOIOI MOKHA CTBOPHUTH MHaiT-
Py, BKa3aBIlHU ISl KOKHOTO iHAEeKcy HaOip R, G, B koMnoHeHT koibopy 1 B
OyIb-sSIKMIi MOMEHT MO>KHAa BUOpATH TOBUIBHUH 1HAECKCHUM KO 13 TATITPH.
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Tabnuusa 3.1

Homep kosibopy R G B HasBa koibopy Ko
0 0 0 0 Yopuuit
1 128 0 0 TeMHO-uepBOHUIA
2 0 128 0 3eneHuit
3 128 128 0 Kopuun.-3enenuit
4 0 0 128 TemHo-cuni
3 128 0 128 | TemHoO-nyprypHUi
6 0 128 | 128 CuHbO-3eJIeHUHN
/ 128 128 | 128 Cipuii 50%
8 192 192 | 192 Cipuii 25%
9 255 0 0 YepBoHuii
10 0 255 0 SckpaBo-3elieHHi
11 255 255 0 JKoBTuii
12 0 0 255 Cuniii
13 255 0 255 dioneToBUN
14 0 255 255 brakuTHuit
15 255 255 | 255 binmii

VY peanpHuX AoJaTKax, M0 MPaIIOIOTh 13 MaJIiTpaMu KOJbOPIB, 4acTO
BUHMKAE 3a/laua CTBOPEHHSI TaKoOi MaJliTpH, sfKa O pIBHOMIPHO OXOIUTIOBAJIA
BECh CIIEKTp Mojiei KoibopiB RGB.

3adaua. 3 ycix (256)° konbopiB piBHOMIpHO BHOGpaTH 256 KOIBOPIB i
MPU3HAYUTH iM BIJMIOBIIHI 1HJIEKCH.

0+3 0+7
/ 6 543 210
B G R
0+255 0+255
[0+3] [0+7] [0+7]
Puc. 3.15. Ilixinnexcu Puc. 3.16. BinoOpaxenus
kommoneHT R,G,B IHTEpBaIiB

Po3zé’as3yeanna. Po3i0’eMo mosie 1HAEKCY clipaBa HallBO Ha 3 MIANONSA
noBxkuHo 3, 3 1 2 Oity, BianmoBiaHo (puc. 1.15). 1li mons BH3HAYATUMYTh
migiaaekcu kommnoHeHT R, G, B. [lns xommonenTtu B BigsBegemo 2 0iTw,
OCKUTBKM 3MiHA CHHBOTO KOJBOPY MEHIIE CIPUIAMAETHCS JFOJICHKIM OKOM,
HiK 3MiHa KobopiB R Ta G (konip B mae HaliMeHIIMi diama3oH €JIEKTPO-
MAarHiTHUX XBUJIb).

TakuM 4MHOM, 1HAEKC KOJbOPY B HATITP1 | MOKHA MOAATH Y BUTIISIL

le=1g-2° +1g-2° +Ig, (3.1)
ne g, lg, |g — 3HAYEHHS MIAIHIEKCIB.
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s BUOOpPY KOJIBOPY MOTPIOHO PIBHOMIPHO BIJOOpa3WTH 1HTEpBAIU
nigiagekcis [0, 3], [0, 7], [0, 7] na iatepnan [0, 255] (puc. 3.16). Jlns komro-
HeHT R 1 G oxep:kyeMo BIAMOBIIHO 3HAYCHHS KONbOpy [255 X Igr/7] 1 [255 X
Ic/7], a nns xommnonentn B — 3nHauenns [255 x Ig/3]. 3amicTh 1inoi yacTuHU
MOXHO OpaTh HaWOIMKYe IILJIe.

OO0uucauMo, sSKHiM Koip Oyje BIAMOBIIATH B mamiTpl iHACkCcy 214.
Yncno 214 poskiragemo 3a dpopmyitoro (3.1). Maemo 214 = 3-2° + 2.2° + 6,
Tomy lr = 6, Ig = 2, Ig = 3. Toai 1719 KOMIIOHEHTIB KOJbOPY MaTUMeMoO: R =
[255x6/7] = [218,57] = 218, G = [255x2/7] = [72,86] = 72, B = [255%3/3] =
255. Otxe, iHACKCYy 214 B piBHOMIpHIA mamiTpl 3 256 KOILOPIB BIAMOBIIAE
xoxip (218, 72, 255).

3.5. OnTuMabHe MOEAHAHHS KOJbOPIiB NMPH MO0Y/10BiI 300paxkeHb

KpiM (izionoriuHoro BIIMBY KOJILOPY Ha HEPBOBY CHUCTEMY, KOJIp Xa-
pPaKTEepU3y€ETHCS TICUXOJIOTTUHUMHU Ta TEPANEBTUYHUMU JISIMHU.
PosrnssHeMo fesKi aceKTH TMCUXO0JI0TIYHOI i1 KOJIbopy Ha Jtoauny. Jloc-
BiJl TTIOKA3ye, M0 Pi3H1 KOJBOPH MO-PI3HOMY JIIOTh Ha TICUXIKY JIFOJUHHU.
UepBoHUi 1 OpaHKXEBUM KOJBOPH 30YIKYIOTh, CTUMYJIIOIOThH JISUIbHICTD,
CHPUSIOTh KOPOTKOUACHOMY MIJBUILEHHIO TPOAYKTUBHOCTI mpani. CBiTi0-cH-
HI TOHU CTBOPIOIOTH JIETKUM HACTpid, TEMHO-CHHI CHPABJISIIOTH XOJOJHE
BpaKCHHS. 3€JIeHUM KOJIIp — 3aCIOKIAINBUI, MPUEMHO i€ Ha 04il, O1TMH BUK-
JIMKA€E BIIUYTTS X0Jo0.y, ¢ioneToBuid koip — Hecriokiamid (y Kurai — xoumip
Tpaypy), BUKIIMKA€ HETaTUBHI PEaKIlil, KOpUIHEBUN — M’ SIKWH 1 3aTHITHUH.
HaBeneni xapakTepucTUKH il KOJIbOPIB HA TICUXIKY JIIOJJUHU € OCHOBOIO
JUIS TIOALTY KOJBOPIB HAa XOJIOAHI Ta Teruli. XOJOAHI KOMbopH (3eJICHHM, CH-
Hili) 3aCIIOKOIOIOTH, MOJICTIIYIOTh HANPYKCHHS OYeH, Temn (YCpBOHMIA, KOB-
TUH, OpaHXEBUH) MOTPIOHO PO3MVISIATH SIK aKTHBHI, AWHAMIivHi. XOJIOJHI
KOJIbOPH CTBOPIOIOTH BiTUYTTS 301IBIIEHOTO MPOCTOPY (IIpeaMeTH HiOH Bij-
JANII0ThCS ), TEIUTl — HaBIaKK, 3MEHIIYIOTh 30poBui mpoctip. [Ipenmern, 3a-
(dhapOoBaHI TEIJIMMH KOJIbOPpaMU, 3JaI0ThCs OJIMKYKMMHU, a 3adpapOboBaHi y CBIT-
JIUA TOH — OUIBIII JIESTKUMHU, 1 HaBIIAKU.
3adapboBani 00’ €KTH MalOTh PI3HUM CTYMHIHb CIPUNUHATTS KOJBOPIB. Y
PI3HMX EKCIIEpHMEHTaX OTPMMaHUN TaKWW MOPSIOK PO3PIZHEHHS KOJIBOPIB (Y
HOPSIKY CIaTaHHS):
— CHHIM Ha OUIOMY;
— OLIui HA TEMHO-CUHBOMY;
— JIUMOHHO-KOBTUM Ha MAJIMHOBOMY;
— YOpHHUII Ha OUIOMY;
— TEMHO-CHHIH Ha OpaH)XeBOMY (KOBTOTapsSIOMY);
— OuIui HA YEPBOHOMY.
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Haiiripie po3pi3HsAIOTh 3€JICHUN KOJIIp Ha YepBOHOMY (DOHI Ta YEPBOHUM
Ha 3€JICHOMY .

OTxe, nepia BUMOra npu poOOTi 3 KOJILOPOM — 1€ YITKICTh 1 3pYUYHICTb
CIOPUMHSATTS 300pakeHHs, 0 3a0€3MeUy€eThCsl ONTUMAIBHUM T1I00pOM HOTO
OCHOBHHUX XapaKTEpUCTUK. Xo4a Tpeda 3a3HAUYMUTH, [0 CIPUUHATTS KOJbOPIB
JIOJIMHOIO € 1HJIUBITyaTbHUM (PaKTOPOM.

[Ipu cyyacHUX TEXHIYHUX XapaKTEPUCTHUKAX IpapiyHUX KOJIbOPOBUX MO-
HITOPIB MOHA 1ICTOTHO MIABUITUTH KOM(POPTHICTH POOOTH 3 KOMIT' FOTEPOM 32
JIOTIOMOTOI0 PallOHAJIBHOTO MO€EAHAHHS KOJbopiB. CHopMyIoeMO HalBaKIU-
Billll BUMOTHU JI0 pOOOTH 3 KOJTHOPOM.

1. He BUKOpUCTOBYBATH HAJTO SICKPABUX 1 HACHYCHUX KOJILOPIB HA BEJIH-
KHUX MTOBEPXHSX.

2. He BapTo 3adpapOoByBaTH BENUKI MOBEPXHI SICKPABO-YEPBOHUM KOJIbO-
poM.

3. YHUKaTH TEMHUX KOJbOPIB: (h10JIETOBOr0, KOPUYHEBOTO, TEMHO-CIPOTO
(yacTo TpAIIAIOTHCS B HAIIOMY OyJeHHOMY JKUTTI). st 300pakeHHsI
KOHTPACTHUX KOJbOPIB, Kpallle BUOPATH CBITIO-Cipuid (POH.

4. Jlns npeaMeTiB, 110 MOBUHHI HaWOUIbIIE NPUBEPTATH yBary, HEOOXiTHO
BUKOPUCTOBYBATH YEPBOH1, CHHI, 3€JIeHl, dKOBTI a00 0111 KOJIbOPH; SCK-
PaBO-CHHIM KOJIIp HE TOAUTHCA i 3adapOoByBaHHS Majaux rpadidyHUX
€JIEMEHTIB.

5. He ciiji BUKOpUCTOBYBATH KOJBOPH, SIKI PI3KO BIAPIZHAIOTHCS 32 SICKpa-
BICTIO, KpaIlle BUKOPUCTATU KOHTPACT TOHY KOJIbOPIB.

6. Kompopu, 1110 BUKOPUCTOBYIOTHCS, TOBUHH1 BUKJIUKATH MMO3UTUBHI €MO-
11i, MOJIMIIYBaTH CaMOMOYYTTs, MiJBUINYBaTH Mpane3aaTHicTb. Ham-
pUKIIa, eMolii KoMPOPTy CTUMYIIOIOTHCS Ca00 HACUYEHHWMH CHUHbBO-
3€JICHUMU KOJbOpaMu. TeMHO-3€JeHU, TeMHO-(I0JETOBUN KOJIbOPHU
BHUKJINKAIOTh HETaTUBHI PeaKIlii.

7. Sxiio sickpaBicTh 00’€KTa HAOMMXKEHA JI0 SICKPABOCTI (OHY, TO 00’€KT
BaXKO PO3pi3HAeThCs. s GoHy HEOOXimHO BUOWpATH KOJIBOPH, SKi
MpUBEPTAIOTh 0 cebe MiHiMyM yBaru. Hampukian, Oimi jgiTepu Ha Cu-
HbOMY (POH1 HaMKpallle CIPUNMAIOTHCA OKOM.

8. EdeKkT miommuHmn 10ocsaraeThes 3a paxyHoK migdopy KOJIbOpiB, OIU3bKUX
3a SICKPaBICTIO Ta HACHYEHICTIO.

9. lns auHAMIYHUX 300pakeHb BapTO HAJIaBaTH IMepeBary OCHOBHUM KO-
JbOpaM: YEPBOHOMY, 3€JI€HOMY, OJakKUTHOMY. {7l KOJyBaHHS CTaTUY-
HUX 300pa’keHb 0a’KaHO BUKOPHUCTOBYBATH 3MillIaH1 KOJIbOPH.

BukopucTtoByroun 11 pekoMeHaIli y MNpakTUYHINA IsJIbHOCTI, MO>KHA
YHUKHYTH TOMUWJIOK TIPH MiA00P1 KOJBOPIB IS TOOYI0BH 300paKEHb.
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KoHTpoJIbHI MUTAHHA TA 3aBAHHA

SoukhwnE

~

9.

10.
11.
12.
13.
14.

15.

16.
17,

18.

o Take xonip? SIK BiH YTBOPIOETHCS ?

JlaliTe BU3HAUEHHSI CIIEKTPAIIBHOT KPUBOI.

CdopmytoiiTe OCHOBHI 3aKOHU KOJIOPUMETPIi.

B yomy nossirae cyTb TPUKOMIIOHEHTHOI T€OP1i KOJIbOPY?

Ha siki 0OCHOBHI1 KOJIbOpU PO3KIIaIa€ThCsl O1ie CBITIIO?

o Take komipHa MOJEeNb? SIKi BU 3HAETE KOJipHI Mojeni? Ske npusHa-
YEHHS KOXKHO1 KOJIIPHOT MOo1ei?

SKi KOJIbOPHU HA3UBAIOTHCS JOTIOBHIOBAIbHUMU ?

[Ilo Take xomipHe oxoruieHHsA? [TopiBHSANTE 110 BIACTUBICTH JIJISl PI3HUX
MO/IEJIEN KOJIbOPY.

Sxi aTpuOyTH BUKOPHCTOBYE JIFOJMHA JIJIsI OLIIHKHA KOJIBOPY?

o Take TOH KOJIBOpY? Y 4OMY MOJISITa€ TOHOBA KOPEKLIIS 300pakeHHS ?
[I{o xapakTepHu3ye ICKpaBiCTh/HACUYCHICTh KOJIBOPY?

SIK MOXHO 3MIHUTH BMICT IIEBHOTO KOJIHOPY?

[Ilo Take rmmOuHa KOIbOpYy?

Slka MakcHMMallbHa KIJIBKICTh KOJBOPIB OTPUMYETHCS NPHU TIUOUHI KO-
abopy 16/24 6itu?

[Ilo Take mamiTpa KOILOPiB? I W4Oro BOHA BHUKOPHCTOBYEThCS? SIK
YTBOPUTH PIBHOMIPHY MATITPY?

CkuTbKH PI3HUX Ipajalliii ciporo koiaropy Mae pexum True Color?
CKUIbKM PI3HUX Tpajailiil 3eJIEeHOro, YePBOHOIO, CUHHOTO MOXKE OyTH
onepkano B pexxumi Hight Color?

SIki mpaBuIia ONTUMAIIBHOTO MOEAHAHHS KOJIbOPIB BU 3HAETE?

Bupasu i 3axa4i 1J151 caMOCTIHHOT0 BUKOHAHHA

1.

A

o bk

BuzHauuty, KU KOJip MOOAYUTh JIOJMHA MPU OCBITIECHHI YEPBOHOTO
nanepy OJaKUTHUM CBITJIOM.
[ToOynyiiTe crieKTpalibHy KPUBY JUISl CBITIIO-UEPBOHOTO CBITIIA.

. 3anucatu hopmynau g nepexonay Bix moxaemi RGB mo momeni CMY B

dopmarti True Color.
3anucatu koopauHatu HSB 11st cBITIIO-3€7I€HOTO KOJIBODPY.

. BuBectu gopmynu jy1s neperBopeHHs napameTpiB koibopy RGB B HSV

1 HABIIAKHU.

. Hanucatu nporpamy BUOOpPY KOJIHOPiB, BUKOPUCTOBYIOUU TPU MOB3YHKH

mtst 3aganHg HSV-KOMIIOHEHT KoJIbopy.

. O0GuucauTH KOJip, SKUH BiAMOBigaTHME 1HIEeKCY 168 y piBHOMIpHIH ma-

JITpi1 3 256 KOIBOPIB.

. Hexaii B moBHOKOIOPOBIH cuctemi (24 OiTi Ha miKcenb) € Oydep kampa

512x512. CK1IbKH KOJILOPIB MOXKHA BIJOOPA3UTH OJHOYACHO HA €KpaHi?
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Tema 4. Bineoaganrep. IIporpamyBanHs Bigeoganrepa

4.1. OcHOBHI IOHATTS

Bineocucrema komm’rorepa mnpusHaueHa ais GopMyBaHHS TpadiuHUX
300paxeHb Ha ekpaHi MOHiITOpa. OCHOBHA ()YHKIIIA BIIECOCUCTEMHU — BUOIp Aa-
HUX 13 BigeoOydepa 1 IepeTBOPEHHS iX y CUTHAIIH, 1[0 CTBOPIOIOTH 300paKeH-
Hs Ha expaHi. LleHTpanbHuil mpoliecop He 3aiMaeThbCsl YIPABIIHHAM JUCILIES,
TOOTO HE BUKOHYE MOIMIKCEIbHE MTpopaxoByBaHHsa 3D-ciieHu, a jauiie nocuiae
CHelialbHOMY MPUCTPOIO — BiA€0AanTepy MPOCTOPOBE MOJ0KEHHS 00’ €KTIB,
K1 HeoOX1/THO BioOpa3uTu. 111 00’€KTH CKIaqat0ThCs 3 BEIMYE3HOI KITBKOCTI
MHOTOKYTHHKIB. Kapkac MHOTrOKyTHHKIB HEOOXIJIHO MOKPHUTH IOBEPXHEIO,
100 oAepKaTH peaaicTUIHEe 300pakeHHs Ha eKkpaHi koM roTepa. {0 podoty
1 0epe Ha cebe BieoKapra.

OT1xe, sideoadanmep (sideokapma) — e NpUCTpik (IU1ara), MO Kepye
poboTor0 MoHiTOpa (TOOTO OE3MOoCepenHbO Iepeaae CUTHAIU KepyBaHHS
OJloKaM MOHITOpa IS BHUBEIEHHs iH(pOpMaIlii Ha eKpaH MOHITOpa) Ta B3ae-
MOJII€I0 3 LIEHTPAJIbHUM MPOLECOPOM KOMII FOTEPA.

Expan qucres — e nNpsSMOKYTHa MaTpulsd OKPEMUX JUCKPETHUX TOUOK
(mikceniB), sAKi (GopMYIOTh 300paskeHHs. KUIBKICTh MIKCETIB BHU3HAYAE pO3-
OibHY 30amHicmb Ouchnjies 1 3a1a€Thes maporo yucen. Ilepie uncio mokasye
KIJIBKICTB MIKCENIB y PSJIKY, a Apyre — KUIbKICTh psakiB (Hanpukiam, 640 x
480, 1024 x 768, 1280 x 1024). Uum Oinplii 1Ii 4KMClIa, THAM MCHIIHUMU € CaMi
nikceni. Ile mpuBOaUTH 1O TOTrO, IO BOHU CHPUUMAIOTHCA HE SK OKpeMi
TOYKH, a SIK €JIMHE IiTbHE 300paKCHHS.

KoxxHoMy TiKceno B JAEAKIM YacTHHI 3arajbHOr0 aJapecHOro IpoCTOpy,
10 HA3UBAETHCS gioeonam’smmio, abo Oygepom Kadpa, CTaBUTHCS y BiAmo-
BIZTHICTH (piKCOBaHE YMCIO OITIB — ampubym nixcens (kox xonbopy). i 6itu i
BU3HAYAIOTh KOJIIP MIKCENA 3 3aJaHOr0 Ha0Opy KOJIbOPIB.

KinpkicTe 0iTiB, 10 BIABOJAWUTHCS JJISI ONMUCY KOJbOPY OJIHIET TOYKH
pacTpa, Ha3UBAETHCS PO3OLILHOIO 30AMHICMI0 OIMOBOI 2IUOUHU, KOJIbOPOBOIO
PO30iNbHOI0 30amHicmio ab0 MPOCTO 2IUOUHOIO KOJIbOPY TH 2aubuHorw oygepa
kaopa. I'mnbuHa Konpopy Moke HaOyBaTu 3HaueHHs 1, 2, 4, 8, 16, 24 1 HaBiTh
32 Oitu. SKio riambuHa KoJlbopy AOPIBHIOE N OITIB, TO rpadiuyHi 300pakeHHS
Ha €KpaHi MOXKYTh MaTH Ha ekpani 2" BinTiHKIB.

B nucruieitHux aganTepax 3 MOHOXPOMHHMM MOHITOPOM 3HA4Y€HHS aTpH-
OyTa Kepy€e IHTEHCHBHICTIO OJIHOTO IPOMEHS, TOOTO SICKPaBICTIO TOYKH, a 3
KOJBOPOBHM MOHITOPOM — IHTEHCHUBHICTIO TPhOX MPOMEHIB, IO 33/1al0Th TPU
KOMIIOHEHTU KOJbOpYy Mikcens. KoKHUM KOIbOpOBHM MIKCENb yTBOPIOETHCA
TphOMa MEHIIUMH JIISHKAMU YE€PBOHOTO, 3€JE€HOT0 1 CHHBOTO KOJhOPY, SKI
P 3MIITyBaHHI BU3HAYAIOTh PE3YJIbTYIOU1 KOJbOPH IMIKCEIB.
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Bineonam’saTh € CKJIaJIOBOI0 YaCTHHOK Bijcoanantepa. O13uYHO BiAco-
nam’siTb OpPraHi30BaHa Yy BHIJISJAI OJIHOBUMIPHOTO BEKTOpa B 3arajllbHOMY
azpecHoMy mpocTtopi. Bijeonmam’ Tk peanizoBaHa y BUTIISAAI CHEHIAIBHUX TH-
miB MikpocxeM i3 aoBiabHHUM goctynoM (RAM), ski 103BOJISIOTH IIBHIKO
BUBECTH BMICT Oydepa Ha ekpaH. SIk mpaBuiio, aapeca mepiioro Oaifta Bi-
neonam’sTi Mae 3HaueHHda A000:0000. B ycix rpadiunux pexxumax cTapToBa
ajipeca BiJeomnam’ STl BIAMOBIZAE JTIBOMY BEPXHbOMY MIKCENIO Ha eKpaHi. Bi-
7eoaanTep MUKIIYHO 3 YacTOTO KaapiB MoHiTopa (75-120 pa3iB 3a ceKyH-
Iy) 34UTy€ BMICT Bifcomam’sTi ¥ IMOCTIHHO (opMye 300paKeHHsS Ha CKpaHi
MOHITOpA, TIPU I[LOMY KOJIp KOXKHOTO TMIKCEIs BU3HAYAETHCS MOTOYHUM 3HA-
YeHHsSIM Horo atpuOyTta. 300pakeHHs Ha MOHITOpI MOBHICTIO BIANOBIAA€ TO-
TOYHOMY BMICTY Bijeomnam sTi. €MHICTh BiJieonaM ATl Cy4YacCHHUX BIJICOKApT
nocsirae 1024 M6. Taka emHicTh MOTpiOHA 1jsi 30epiranHs W oOpoOJIeHHs
BEJNMKOI KimbkocTi maHux (Oydep kaapa, Oydep riauOWHM, mapaMeTpH Bep-
IIIMH, TEKCTYPH TOIIO), 110 BUKOPHCTOBYIOTHCS TpaivHUM MPOLIECOPOM sk
MoOyJ0BU TPUBUMIPHUX PYXOMHUX 300pakeHb Ha €KpaHi MOHITOpa. €MHICTh
rpadiyHOi maM’ATi BU3HAYa€ CKIAIHICTh 300pakeHb, MapaMeTpu SKOCTI Ta
IIBUJIKOCTI BiJOOpaKeHHS.

[Iporpama, 1110 BUKOHY€ETbCSI HA KOMIT FOTEP1 B rpadiuHOMY PEKHMI, Ma€e
noctyn (uuTaHHsA/3amUCc) 0 BCIX KOMIpOK Bimeomam’sTi. J{ins 30epekeHHs
JNEKUIbKOX KaJIpiB 300pa)KeHHS B MEBHUX PEXHMMaxX y BiJeoram aTi nepem-
OadeHi oKkpeMi 00JIaCTi OJIHAKOBOI CTPYKTYpPH, KOXKHA 3 SIKUX MICTUTH aTpH-
OyTu mikceniB ekpaHy. Lli o6nacTi Ha3MBAIOTECA Gideocmopinkamu. 1X Kinb-
KICTh € CTENIEHEM JIBIMKHU. Y JaHWH MOMEHT TIJIbKU OJIHA CTOpPiIHKA 300pakeHa
Ha ekpaHi (mporpaMa B 16l MOMEHT MOJKE TPAIIOBATH 3 HEAKTHBHOKO CTO-
piHKor0). HassBHICTb CTOPIHOK Ja€ MOXKJIUBICTh IIPOTPaMi MUTTEBO 3MiHIOBATH
300paXKeHHS Ha €KpaHi 1 B Takui cmocid ycyBatu edeKT MHUTOTiHHS. Buko-
PUCTaHHA B1IEOCTOPIHOK BIJICPA€ BAKIMBY POJb MPH MYJIbTUILIIKALII. 3MiHA
B1JICOCTOPIHOK CTBOPIOE €eKT PyXy 300pakeHb Ha €KpaHi.

JIJist 3MiHU TIOTOYHOI CTOPIHKM MO>KHA BUKJIMKATHU BIAMOBIIHY (DYHKIIIIO
BIOS, ab6o 6e3mocepelHO 3MIHUTH BMICTHME PETiCTpa IMOYAaTKOBOI aJpecH,
pU bOMY IPOLIECOP 3aMKCYy€e 1HPOPMAILIiI0 O0e3MOCePEeHbO Y BiJIEONaM ATh.
['padiuna 616mi0oTeKa N03BOJSE 3MA1MCHIOBATH POOOTY 3 Oyb-SIKOIO CTOpiH-
KOI0. AKTHBHA CTOPiHKA BCTaHOBJIIOETHCS MPOLIEAYpoto Setactivepage.

BineoamanTep Bkitouae B cede, KpiM BijieonaM sTi, B KM 30epiracTbcs
300paKeHHsSI Ha €KpaHi MOHITOpA, 1€ ¥ MOCTIHHO 3amaM’ ITOBYIOUUNA MPUCT-
piif, B ikOMY 3amnucaHl Habopu mPUQTIB Il TEKCTOBUX Ta IpadiyHUX PEKU-
MiB Bigeoamantepa 1 gynkmii BIOS mns podotu 3 Bimeoamanrepom. OKpim
IIbOT0, BiJieoaganTep MICTUTh CKJIAJHI KEPYyKUl IPUCTPOi, 110 3a0e3MeUyIOTh
O0OMIH JaHUMU Ta POPMYBAHHS 300paKEHHSI.
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V¥ cydacHux BijeoamanTepax Olibllla 4acTUHA TpadiuyHUX (PYHKIIN pea-
ni30BaHa Oe3MOCepelHbO Ha amapaTHOMY PiBHI, L0 BUMara€e BUKOPUCTaHHS
MOTY>KHOTO CIEIiali30BaHOro rpadiyHOTO Mpoiecopa, KU 3a CKIAJIHICTIO
HAOJIMIKAETHCS JI0 [IEHTPAIBHOTO TIpoliecopa, MPUIoOMy, MOMIIMBO, HE OJTHOTO,
a JICKUTbKOX, KOXXEH 3 SKUX BUKOHYE CBIM HaOip rpadgiunux Qynkii. Ham-
puknan, rpadiuauii nmpouecop ATI Radeon X1800 XT wmicture 320 muH.
TPAH3UCTOPIB 1 IEKUIbKA IECATKIB CIEIiali30BaHUX MPOIIECOPIB.

[Tepuri rpadiuHi IporiecopH BifcoaganTepa BUKOPUCTOBYBAIUCS JIJIs BU-
KOHAHHS OIlepalliii BUBEICHHS JIiHil, MOoIiroHiB (Iockux enxemenTiB). Cydac-
Hi rpadiuni npouecopu (GPU, G80) BukoHy0TH Oarato 0a30BUX oOlepallii
3D-rpadiku, Hampukiaa mATpUMKY Z-Oydepa, HakIaJaaHHA TEKCTyp, dhopMmy-
BaHHS e€(PEKTIB TymMaHy, BIJIOUTOTO CBiT/Ia, IPO30pOcCTl Tolo. OCKUIbKU BIICO-
ajarTepd BUKOHYIOTH 111 Omepanii anapaTHo, O J03BOJISE MPUIIBUALLIUTH iX Y
COTHI, THCSYi Ta MIIBHOHM pa3iB (3aJIeKHO BiJl CKIATHOCTI AJTOPUTMY) B
MOPIBHSAHHI 3 MPOrPaMHOI0 pealli3alli€lo, TO HOBE IMOKOJIHHS BijeoaganTepiB
JUIsl pOOOTH 3 TPUBHUMIPHOIO Tpadikoi0 HA3UBAIOTH IIE epa@iuHuMU NPUCKOPIO-
sauamu ad0 epagiyHumu akcerepamopamu.

Bineoagantepu MOXXyTh BIAPI3HATHUCS HE TLIBKU 3@ IIBHIKOJIIEI, MOYKIIH-
BOCTSIMH POOOTH 3 KOJIbOPOM, ajie i 3a piBHEM peaizallii TUX Yd IHIIUX Tpa-
biunux omepariiid. Hampukmnana, Bigeoamantep Matrox mno3Bojisie CTBOpIOBATH
skicHy nBoBuMipHY rpadiky, Nvidia GeForce — moryxuuii irpouii 3D-akce-
neparop, 3DLabs Wildcat BukopuctoByerhest s npodeciiinoro 3D-monesro-
BaHHSI, JIUIsl CTBOPEHHS BIPTYaJIbHOI PEaIbHOCTI.

Bineoamantep Moxe OyTh oQopmiieHUM y BUIUISIAI OKPEMOi ILJIaTH, siKa
BCTaBIISIETHCSL B CJIOT PO3IIMPEHHS] KOMII I0Tepa, abo Oe3rnocepeHbO0 PO3Mi-
IIyBaTHCS HA CUCTEMHIN TIaTi.

Jlns BuBeneHHs TrpadidyHUX 300pa’keHb, OCOOJMBO B PEXHMI aHIMAIlI],
MOoTpiOHA BUCOKA IIBUKICTh Mepeaayl JaHUX JJIs TOro, 00 TOCATTA BUCOKOI
4acTOTH KaJpiB, TOMY BaXKJIMBOIO PHCOIO IEPCOHATILHOIO KOMIT I0Tepa 3 MO3HU-
i rpadiky € Te, MO CydacHI BifcoaganTepu M €HYETHCS 0 CUCTEMHOI
IIMHHU 3a JOIIOMOIOK0 MBHAKICHOI JokansHOI e AGP (Accelerated Grap-
hics Port) abo mo Ginbmr cydacHoro nociigoBHoro intepdeiicy PCl Express.
Ile mae MOXJIUBICTH HIBUJKO BECTH OOMIH JaHMMH MIXK OIEpPAaTUBHOIO Ia-
M’STTIO Ta BijieonaM’ STTIO 1 IIABUIITUTH MBUAKOI1I0 KOMIT FOTEpa.

Pospsanicte mmman AGP — 64 6itu. Ha wactoTi 66 MI'11 BoHa 3a6e3neuye
mBHIKICTE 00MiHYy 528 M6/c. Ile OyB cranmapr AGP 2X. 3apaz AGP mpairoe
Ha OUTbIT BUCOKHX YacToTax. Y 1999 p. 3’sBuBcs pexum AGP 4x (IIBHUIKICTH
nepenaui ganux — 1,06 I'6/c). B 2002 p. nmpocyHyTi BijicoOKapTH OTpUMAIH
3Ha4ok AGP 8X. Makcumanbha nporyckna 3aatHicTh muHu PCl EXpress X16
cranoBuTh 4000 M6/c y 1BOX HampsMKax.
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BineoamanTepy MOKyTh MpaIfOBaTH B PI3HUX TEKCTOBUX 1 rpadiyHUX pe-
XuMax (BijeoMoaax), sKi BiIPi3HAIOTHCS PO3AUIBHOIO 3aTHICTIO, KUIBKICTIO
KOJILOPIB Ha €KpaHi AUCIUIES, KUTBKICTIO BIEOCTOPIHOK TOIIIO.

HuHi icHye BelMKe PI3HOMAHITTS BiJ€0QJaNnTepiB, MOYMHAIOYH Bij] MO-
HOXPOMHHMX, SIKI HE MIATPUMYIOTh TpadidyHi PEKUMH, 1 3aKIHIYIOUH CyYacHU-
MU BijeoafanTepaMu, siki BIATBOPIOIOTH 16,7 MJIH. KOJBOPIB 1 OLIbIIIE.

MoskHa BUAUIMTH JeKiIbKa THITIB BimeoaaantepiB (tadm. 4.1). Sk BugHO
3 tabn. 4.1, nepmmii Bigeoamgantep MDA we mir BimoOpaxkaru rpadikud Ha
MoHiTOpi. KpiM 11pOTO, BiH mIpalfoBaB 13 MOHOXPOMHHUM MOHITOPOM. bijb-
HIICTh BiJl€0aJanTepiB, ONMMCAHUX Ha Movarky Tabn. 4.1, cboroani He 3a70-
BOJIBHSIIOTh KOPUCTYBAYiB 1 HE BUKOPUCTOBYIOTHCS HA MPAKTHIL.

I3 mosiBorO omnepaniiHoi cuctemu WiNndows BUMOTH 10 BiICOCUCTEMH Pi3-
ko 3pociu. Hi EGA, Hi VGA He 3a0e3neuyBainy HEOOX1THOI pO3AUIBHOT 3/1aT-
HOCTI Ta JJOCTaTHBOI KUIBLKOCTI KOJIbOpiB. HuHi pi3HI PipMu BUITyCKaIOTh ajiar-
tepu SVGA, XGA, siki nparitorots y peskumax High Color ta True Color.

Tabonuis 4.1
ey || OB | Tt | Ko
MDA (M‘)A'Qgggtrg:)“e Display | 1951 | 4 | 40x 25c. 2
(Color Grg)ﬁiﬁ\s Adapter) 1981 16 24218 i ;88 g
Hercules 1982 32 720 x 350 2
(Enhanced GErSp;Ar;ics Adapter) 1984 o4 640 x 350 16
(Video Graphics Armay) | 1957 | 256 | 0500 | ass
(Su‘;’;ﬁ/AG A 1990 | 512 8??3;}520 256
(Extended ég/;\hics Array) 1991 1024 1Oi2:p1>;u7e68 296

VY pexxumi High Color BimeoamanTep Moxke OJHOYACHO BimoOpa)kaTH Ha
expani 32768 abo 65536 pizHux KoibOpiB, y pexumi True Color — 16777216.
OxpiM MepeniyeHnX CTaHIApTiB, ICHYIOTHh I Taki cTaHmaptu (amantepu):
SXGA (Super XGA) — crangapt uis po3aisHoi 3paTtHocTi 1280 x 1024 Ta
UXGA (Ultra XGA) — mist po3ainbpHOi 3matHocTi ekpana 1600 x 1200 i
OinbINe 13 TIIMOMHOI0 KOMKopy 32 OiTH Ha mikcenab. Clija 3a3HAYUTH, IO TaKI
BiJICOaIaNTEPU BUMAraroTh 1 BIAMOBITHUX MOHITOPIB.
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3MaTHICTD BlJ€OaanTepa BIIOOpaKaTH BEJIMKY KUIBKICTh KOJILOPIB 13 BU-
COKOIO PO3JIUIBHOIO 3/IaTHICTIO MOKE€ OyTH 3a0e3leueHa JuIIe BiJIMOBIIHUM
o0csarom Bigeomnam’sti. OOcAr Bifgeonam’siTi — oJHa 3 HAWBAXKIIUBIIIUX Xapak-
TEPUCTHUK Bifeomnam aTi. Yum O1abinii oOcsT Bijeornam’ sTi, TUM OLIbIIe KO-
JBOPIB MOXKE BIJIOOpakaTHCs Ha €KpaHl 1 TUM OLIbIIOK OyJe MakCHMallbHa
pO3JiJIbHA 3aTHICTh eKpaHa. MiHiManpHHUI 00csr Bineomam sarti (B KO) npu
BIIITOBITHUX BUMOTaX MO’KHA BU3HAYUTH 3 Ta0I1. 4.2.

4.2. Pe:xxumu Bigeoananrtepis

[IpakTUUHO KOXKEH BijieoajanTep MiATPUMYE JEKUIbKa PEKUMIB poOOTU
(videomodes), siki BiApi3HAIOTHCS OJUH BiJ OJHOIO PO3ALILHOIO 3JaTHICTIO i
KUTBKICTIO KOJIbOPiB. Pi3HI peXMMHU HaBiTh OJHOIO ajarTepa MalTh PI3HY
Ooprasizaifiro BiJieonaM ATi Ta crnocodou poOoTu 3 Hew. KoxkeH pexum Mae
CBiif HOMEp. Y 3aJIeKHOCTI BiJ] BIICOPEKUMY BU3HAYAETHCA JIOTIYHA OpraHi-
3allisi BiJleonaM sti.

Taomunsa 4.2
KinbkicTh Po3nisibHa 31aTHICTh €KpaHa
KOJIbOPIB 640 x 480 | 800 x 600 | 1024 x 768 | 1280 x 1024
16 150 235 384 640
256 300 469 768 1280
65536 600 938 1536 2560
16777216 900 1407 2304 3840

binbmiicts aganTepiB CTBOPIOETHCS 3a MPUHIIMIIOM CYMICHOCTI 3 TIOTe-
pennimu. Tak, amantep VGA miaTpumye Bci pexxumu agantepa EGA 1 T.1.
YcranoBkow pexumy podotu kepye nepepuBanns BIOS 10H, a came
dbynkiis 00H moxxe 3agatu Oyab-sSKUM CTaHAAPTHUN PEXUM pOOOTH Bi€O-
anantepa. HaBenemo mponeaypy YCTaHOBKH PEXUMY V, BUKOPHUCTOBYIOUHU
nporeaypy intr:
procedure mode (v : integer);
var  r: Registers;
begin
r.ax:=v; {r.ah:=0 — nomep ¢ynkuii; r.al:= v — Homep pexumy }
intr($10, r); {3BepHeHHS 10 MEpepUBaHH }
end; {mode}
Croucok AKX CTaHAApPTHUX PEKHUMIB BljJcoadalTepiB HAaBEJICHUU Y
Tabmn. 4.3.
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Tabonuus 4.3

S 2wl B4
2 E 5 Bineoanmanre Pospirbna § § 2 E E Anpeca
é S = P 3MaTHICTD | B 5 = ?) ¢ | Bimeomam’siti

&l E 2 2| S g
= 7
CGA, EGA, VGA, )

OOH | TekcrT. SVGA 40 x 25 16 — B000:0000H
04H | rpad. “l- 320x200 | 4 | 1.2 | B800:0000H
ODH | rpad. | EGA, VGA, | 320x200 | 16 | 1.2 | B800:0000H
10H | rpad. | EGA, VGA, SVGA | 640 x 350 16 1.37 A000:0000H
12H | rpad. VGA, SVGA 640 x 480 | 16 1.0 A000:0000H
13H | rpab. | VGA,SVGA | 320200 | 256 | 2.4 | A000:0000H

MacmtabHuii Koe(ilieHT BU3HAYA€THCA BIITHOUMIEHHAM KUIBKOCTI MIKCEIIB Ha
JIOWM y TOPU30HTAILHOMY HAIPSMKY JI0 KUIBKOCTI MIKCENIB Ha JII0OUM y Bep-
TUKAJIBHOMY HamnpsMKy. MacmraOyBaHHsS MOTPiOHO MPOBOJIUTH [JIsi TOTO,
00 300pakeHHS BUTJISAANIM peajibHIIIe. 1HaKIIe KBajapaT OyJe MpsSMOKYT-
HUKOM, a KOJIO — EJIIICOM.

Bineoanantepu SVGA BiApi3HAIOTECA OUIbII MOTY>KHUMHU TpapiyHUMU
KOHTpOJIEpaMH ¥ opradizaii€ro Bijeomam’sTi. Bci BOHM MIATPUMYIOTH
ctaagapt VGA 1 MOXyTh IIpaIIOBaTH TaKOX Yy PEeKUMax 31 3HAYHO KpalTuMU
XapaKTEPUCTUKAMHU. XapaKTEPUCTUKU PEXHUMIB BIJIPIZHSAIOTHCS Yy Blaeoaaan-
TepiB pi3HUX (ipM, OCKUIbKH pi3HI Mojeni SVGA MawoTh pi3HiI Habopu pe-
ricTpiB. A 1€ CTBOPIOBAJIO TPY/IHOIII ITpU HamucaHH1 mporpam st SVGA.

Acomianis cranmaptiB B obOmacti BigeoenektpoHikn VESA (Video
Electronic Association) po3po0uia cTaHIapT Ha BiACOPEIKUMH, IO OXOILTIO-
BaB MaiKe BCl MOXKJIMBOCTI Cy4aCHHUX BijeoaaanTepiB, TOOTO CTBOPEHO CTaH-
napT Ha rpadiuni ¢yukmii BIOS, skuit 103Bojs€ KepyBaTH BiJeoaganTepamMu
SVGA. lleit cranmapt ommcye posmupenHs nepepuanas BIOS 10H (Vesa
BIOS Extension — VBE), mo 3nailicHioe ympaiiHHs Bigeoamantepom. Ilin-
tpuMka VBE Bkitouaerncs Ha 3aBojii y BIOS BigeoananTepa.

[upoki MoxauBocTi g Bukopuctanus SVGA Hanae omnepalliifHa cuc-
tema Windows. V Hili BUKOPUCTOBYIOTECS CIiellialbHI JpaliBepH, IO BUKO-
HYIOTb POOOTY 3 MporpamyBaHHs BijeogantepiB. Tomy komiTka poboTa 3 pe-
ricTpaMu ajanrtepa CXoBaHa BiJ] MPOTPaMICTIB, SKI MUIITYTh MPOTPAMH IiJl
Windows.

Bei ¢ynkuii VBE noctynni uepe3 ¢ynkuito 4FH nepepusanns 10H.
Taxkux ¢ynkuiit y Bepcii VESA 2.0 onunanusars 13 Homepamu Bing 0 go 10.
Hanpuknan, ¢ynkuis 0 moBeprae iHpopmaiiito npo Bepcito VESA Ta npo Bu-
poOHuka Bimeomiat, ¢yHkuigs 1 nmoeprae iHpoOpMalilO NMPO KOHKPETHUH
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BiJIcOpeKUM, (YHKIS 2 BCTAHOBIIOE BiAcopekuM, (yHKIS 3 IOBepTae
HOMED MOTOYHOrO pexumy 1 T.4. [lepen Buknukom ¢ynkuii VBE HeoOxinHo
3anucatu B perictp AH 3nauenns 4FH, a B perictp AL — Homep ¢yHKIii.
SAxmo ns pyskiis B VBE peanizoBana, To B perictp AL moBepTaeThcsi 3Ha-
yeHHs 4FH, iHakme — sikech 1HIIE 3HaYeHHs. Y pe3yJbTaTl yCIIIIHOTO BHUKO-
HaHHA (QyHKIIT B perictp AH mnoBepTaeTbcsi HyJIbOBE 3HAYEHHS, SKIIO B pe-
rictp AH 3anucano 3Hauenns 1H, To QyHkIis 3aBepimiacs 3 MOMUIKOIO.
Hageznemo TekcT npoueaypH, sika Bctanosaoe VESA-pexxum vmode.

procedure Set SVGA_mode (vmode : integer);
var r : Registers;

b : integer;
begin
r.ah:=4FH;

r.al:=02H; {Homep dyHKIIiTi BcTaHOBICHHS TpadidHOrO PeKUMY }

r.ox:=vmode; {Homep pexumy}
intr($10, r);

if ((r.al = 4FH) and (r.ah = 0)) then b:=0 else b:=-1;
end; { Set. SVGA_mode }

Y BIOS BBeneHo nesikuil cTaHIapTHUN HAOIp PO3LIMPEHUX PEXUMIB,
KOKEH 3 SKMX Ma€ BIIacHUH HoMep (kox) 3rimHo 3i ctangaproM VESA. Homep
pexumy € 16-0iTHUM uuciioM, ae Oitu 9-15 3ape3epBoBaHl 1 JOPIBHIOIOTH
HyI10, a 01T 8 mist VESA-pexxumiB nopiBHIOE 1.

HaBenemo tabnuio aeskux cranpapTaux VESA-pexxumis (tadi. 4.4).

Tabnuis 4.4
Howmep pexxumy | Tun pexumy | K-Tb KosbOpiB PozninbHa
3JIaTHICTh
100H rpad. 256 640 x 400
101H rpad. 256 640 x 480
102H rpad. 16 800 x 600
103H rpad. 256 800 x 600
104H rpad. 16 1024 x 768
105H rpad. 256 1024 x 768
106H rpad. 16 1280 x 1024
107H rpad. 256 1280 x 1024
108H TEKCT. 16 80 x 60 (ma 1c.)
10DH rpad. 32768 320 x 200
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110H rpad. 32768 640 x 480
111H rpad. 65536 640 x 480
112H rpad. 16777216 640 x 480
116H rpad. 32768 1024 x 768
117H rpad. 65536 1024 x 768
118H rpad. 16777216 1024 x 768
11AH rpad. 65536 1280 x 1024
11BH rpad. 16777216 1280 x 1024

4.3. IIlporpamyBaHHs BieoajanTepiB y NPOCTIIUX pesKMMAaX

®dakTuuHO Oynb-sika rpadivyHa orneparis 3BOJIUTHCS JO pOOOTH 3 OKpe-
MHUMH TIKCEJISIMH, HAIPUKJIaJl, BABECTU MIKCEIb 3aJ]aHOT0 Kobopy. L{ro 3ama-
4y MO>KHa pO3B’si3yBaTu O€3M0CEepPEeaHIM TOCTYIIOM JI0 Bifieonam sTi, aje mnpu
IbOMY MOTP1OHO 3HATU CTPYKTYPY BiJieonaM siTi y BIANOBITHOMY B1I€OPEKUMI.
Cmpykmypa gioeonam’ssimi — 1€ CIoci0 yImakoBKH 1HGOpMaIIii Mpo IMiKcell B
aJpeCHOMY MPOCTOpi BijeomaM sTI Ta BigoOpakeHHs Ili€i iHdopmarliii Ha
MPSIMOKYTHUN pacTp JUCILIES.

PosrasineMo npukiiaad npoueayp BUBEICHHS MIKCENIB y JEIKUX MPOC-
Timux rpadiuHux pexkumax [38].

Pescum 4. 1e pexum 320 x 200 mikceniB 3 yoTupma kojbopamu. Llei pe-
xuM miarpumyethesa Bigeoagantepamu CGA, EGA, VGA, SVGA. V anpan-
tepiB EGA, VGA, SVGA nani MicTATbCS B HYJLOBOMY IUIaHi (perira miaHiB
HE BHKOPHCTOBYIOTHCS). KOKHOMY IMKCEII0 BiANIOBiAae 2 OITH Bifeomam sTi.
Komip BepxHBOTO J1iBOro Imikcels 30epiraerbess B Oitax D7, D6 HymnoBOrO
Oaiita Bijeonam’sTi, HacTymHoro — B 6itax D5, D4 i T.x4. (puc. 4.1).

HEEEmMN D;Ds |DsD, |DsD, [D:iDo | 0000
D;Ds |[DsDs, |DsD, |D;Dy | 0001
|
Expan Bigeonam’sath

Puc. 4.1. CtpykTypa BijieonaM ATi B YETBEPTOMY I'papiyHOMY pexKUMI

79



3MminieHHs OaifTa, IO MICTUTH AaHi PO MIKCeNb (X, Y) MOXKHA 3HANTH 3a

dbopmyIoro
smimeHHs = 40 * y + mina yactuHa Big AUICHHS X Ha 4,

ockibku 320 mikceniB 3aiimae 80 GalTiB BijleonaM siTi, ajie MIKCEl MapHUX
Ta HEMAapHUX PAJIKIB 3HAXOAATHCS B PI3HUX MICISX Bifgeomnam’ sTi. Bei HemapHi
PAIKM  3amucyroThes, nounHaroun 3 azapecu B800:0000, a mapui — 3
B800:2000.

[1106 3HaiiT HOMepH OITIB y OaiTI maM’sATi, BAKOPUCTOBYIOTH (hOPMYITY:

S=(@-xmod4)*2.
3anuieMo poleaypy BUBEICHHS MIKCENs KOJIbopY C 3 KOOPAUHATAMH X, Y.

Procedure putpixel 4(x,y, c : integer);
var z, m, s : integer;
begin
If (0 <=x) and ( x <=319) and (0 <=y) and (y <= 199) then
begin
2:=40*y + X shr 2;
if odd(y) then z:=z+8192;
s:=(3—-xand 3) shl 1;
m:=3 shl s;
mem[$B800:z]:=mem[$B800:z] and not m or (c shl s);
end;

end;{putpixel_4}

3actocoByroun nporeaypy putpixel 4, mocuth mpocTO MOKHA Hamallro-
BaTU BIJIPI30K TOPU3OHTAIBHOI JIHII MIXX TOYKaMH 3 aOCHHCAMM X1, X2, 32
JI0TIOMOT 010 oreparopa (HeoOXiaHO, 00 X1 < Xp):

for x:=x1 to x2 do putpixel_4(x, y, ¢);
BeprukansHuii BIAPI30K 300pakaeThCs 3a IOMIOMOTOI0 oIlepaTopa
for y:=y1 to y2 do putpixel 4(x,y, c);

VY 1Mkl BUKOHYIOTHCA MPOCTI Omepallii — NpupicT Ha OJUHMINO 1 Tepe-
Bipka MeEHIIe abo0 JOpIBHIOE, TOMY OIlepallis MalOBaHHS 3/1HCHIOETHCS
mBuAKO. OJHaKO BUHUKAE MUTAHHS: YW HE MOXHA MO0y yBaTH OUIBII IIBHU/I-
KOJI1F041 aJITOPUTMHU, BUKOPUCTOBYIOUHU 3aMKCH BIANOBIIHUX OITIB Y IaM’ SITb,
sK 11€ 0yJ10 3p00JIeHO B mporemypi putpixel 4?

VY upoMy BUIAJIKy HEOOX1HO BPaXxOBYBATH JIOT1YHY OpraHi3allii Bifeo-
nam’sTi KOMIT I0Tepa, B sKiil 30epiratoThest 0iTr/0aiiTi pactpa. SIKIIo 3ammcy-
BaTH B YETBEPTOMY pexuMi oapasy 4 cycimi mikcem (1 Gait y mam’sTi), TO
MO>KHA ICTOTHO MPHUIIBUJIIITUTH BUBEJACHHS TOPU30HTAIICH.

BukopucToByr0YM MipKyBaHHS I mpoleaypu putpixel 4, moxxHa mo0y-
IyBaTU WIBUJKUI alrOpUTM BUBEACHHS FOPU3OHTAIBHOIL JiHII. J[J11 1boro 3a
3HAQUYEHHSIMU KOOPAMHAT X; Ta Xz MOTPIOHO BU3HAYUTH aJpecy MEpIIOro Ta
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OCTaHHBOT'O HEMOBHMX OauTiB. s mux OaiTiB HEOOX1THO BUPOOUTH MACKY
3anucy Koiabopy. IloBHI OaliTu OyyTh 3alIOBHEHI YOTHUPMA MIKCEISIMU, TOOTO
3Ha4YEHHSM C C C C.

[Iponienypa moOya0BU TOPU3OHTAILHOTO BiJIpi3Ka B 4eTBEPTOMY Ipadid-
HOMY PEKHUMI 3 TIPSIMUM JIOCTYTIOM JI0 BijieoniaM’ siT1 Ha0yie TaKOTrO BUTJISTY:

procedure hor(x1, x2,y, c : integer);

var cl, z1, z2, M1, M2, i : integer;

begin

If (0 <=x1)and (x2 <=319) and (X1 <=x2)
and (0 <=vy) and (y <=199) then
begin
z1:=y*40 + x1 shr 2 + 1; {anpeca nepioro noBHoro Oaiira}
22:=y*40 + x2 shr 2 — 1; {ampeca ocTaHHBLOTO IOBHOTO OaiTa}
if odd(y) then
begin
z1:=z1+8192;
22:=72+8192;
end;
cl :=(c shl 6) or (c shl 4) or (c shl 2) or c¢; {macka moBHoro Gaiira}
fori:=z1to z2 do
mem[$B800:i]:= c1;
z1:=z1 - 1; {agpeca nepiioro HEMOBHOIO OaiTa}
z2:=z2 + 1; {anpeca ocTaHHLOTO HEMOBHOIO OaiTa}
M1 := 255 shr ((x1 and 3) shl 1); {macka nepuioro Oaiira}
M2 := 255 shl ((3 — x2 and 3) shl 1); {macka ocTtanuboro Oarita}
if (z1 < z2) then begin
mem[$B800:z1]:=mem[$B800:z1] and (not M1) or (c1 and M1);
mem[$B800:z2]:=mem[$B800:z2] and (not M2) or (c1 and M2);
end
else
begin
M1 := M1 and M2;
mem[$B800:z1]:=mem[$B800:z1] and (not M1) or (c1 and M1);
end;
end;{if}

end;{hor}

Jlns BepTuKaii 6iToBa Macka OJIHAKOBA JIJIsl BCIX MIKCENIB, ii CJIiJ] 3armoB-
HIOBaTH B IIUKJII, aj€ KUIbKICTh KPOKIB y TaKOMY LIMKJ1 OyJe 3Ha4yHO OiJib-
11010, TOMY MPH OJHAKOBIN OBXXHMHI JIIHIM TOpPH30HTaJl 300pakarOThCs Ha
€KpaHi IMIBHU/IIIE, HI)K BEPTUKAJII.
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Pesrcum 13H. lleit pexxnm 3a0e3nedye 256 KOIbOPIB I MIKCENIB Ta
po3nuibHy 31aTHICTE 320 x 200. ATpuOyT KOXKHOTO TIKCEIs BU3HAYAEThCA 1
OaittoM. Bigeonam’siTh opraHizoBaHa JiHIAHO.

3MileHHs OaiiTa, 1110 MICTUTh JaHi mpo mikceab (X, Y), BiJ MOYaTKy CTO-
PIHKH BifcomnaM’aTi BU3Ha4YaeTbes 3a popmynoro  zZ =320 *y + X,

IIpouenypa BuBeaeHHs mikcens B 13H pexumi mae Takuil BUTJIS:

procedure putpixel 13(x,y, ¢ : integer);
begin
iIf (0 <=x)and (x<=319) and (0 <=y) and (y <= 199) then
mem[$A000:y*320 + x]:=c;
end; { putpixel 13}

4.4. IlporpamyBanHd Bineoaaanrepis y pesxkumax OEH, 10H, 12H

Ili pexxumu mparoTh 3 16 KOIbOpamMu 1 Pi3HOI PO3AUIHLHOIO 3/1aT-
Hictio: OEH — 640%x200; 10H — 640x350; 12H — 640x480 Ta niaATpUMYIOThCS
anantepamu VGA, SVGA. linsuka nam’sati A000:0000H ne 36epirae gmaHux
npo kouip mikcens. st mporo VGA BUKOPUCTOBYE CBOIO BHYTPIIIHIO M-
M’SITh, 1110 HE € YACTUHOI ONEPATHUBHOI mam’ STl Ta Oe3mocepeHh0 HE J0C-
TyIHa mporpamicty. g BHYTpilIHS maM’ STk NMPEACTaBIISIETCS IIapaMH, a0o
miaHaMu. Ko)KHOMY MiKCeN0 BIJAMOBIAa€ OJUH OIT 13 KOXKHOTO ILIaHY.

Yot1upu OiTH HA MIKCENb JT03BOJIAIOTH BigoOpaxaTu 16 pi3HUX KOJIBOPIB
(ra6m. 3.1). ITnanu maroth HoMepaiiito Bix O 10 3 1 cBOIO ajpecallilo OalTiB
(puc. 4.2). Icnye xopcTKHME 3B’SI30K MiX IUIaHamu 1 Bigeomam’stTio. VGA
KOHTPOJIIOE BCl OMepallii 3 BiJieonaM sITTIO, NEPEXOIUIIOE iX Ta 1HTEPIPETYE
no-cBoemy. Hampukian, 3anuc y BieoOydep o3Hayae 3anuc y miaHu (iCHye
3anuc Oaiitamu Ta Toukamu). LIi Bci omepaliii BUKOHYIOTHCS Yepe3 YMCICHHI
perictpu VGA, siKi 3al10BHIOIOTHCS Yepe3 BIAMOBIIHI IOPTH.

Sk mpukIiiag HaBEIEMO TPYIy PETICTPiB, IO HAJEKUTh CKIIAJIOBIA yac-
THHI BiieOKapTH — rpadiuHoMy KoHTposepy (Tadi. 4.5).

Tabnuist 4.5

Homep Perictp CraHapTH1 3HaYEHHS
0 Set/Reset 00
1 Enable Set/Reset 00
2 Color Compare 00
3 Data Rotate 00
4 Read Map Select 00
5 Mode 02
6 Miscellaneous 05
7 Color Don’t Care OF
8 Bit Mask FF
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Axmo BuBoAMTH 1HGOPMAIlII0 HAa €KpaH Oe3MocepeaHbOo uepe3 Bijcorna-
M’ ATh, TO HEOOXI1IHO BMITH BH3HadaTH OITH, IO BIAIIOBIIAIOTH MHIKCEIIO 3
KoopauHaTamu (X, Y).

Ockipku B 0THOMY psiaKy € 640 mikceniB 1 Ha KOXKHHU ITIKCEb BIJBO-
IuThcsa 1 OIT 3 KOXXHOTO IUIaHy, TO BCl IIKCENl OJHOTO psJAKa 3alMaroTh
640 : 8 = 80 GaiiTiB, a X IMIKCEIIB HEIIOBHOT'O PsJIKa 3aiiMaroTh [X/8] GaliTis,
TOOTO 3MIIICHHS IS MIKCelIs 3 KoopauHatamu (x, y) nopiBaroe 80 * y + [x/8].

Howmep 6ita o0uuciroemo 3a dhopmynamu S = 7 — X mod 8 abo s=x and 7.
st inenTrdiKarii mo3uilii mKceias BcepeauHi 0alTa 4acTo BUKOPUCTOBYIOTh
He HoMmep OiTa, a 6ITOBY MacKy — 0aiT, B SIKOMY BIJIMIHHUM BiJl HYJS TUIbKU
TOW OIT, IO 3HAXOJUTHCS HA MO3UIII MiKceasd. biToBa Macka 3aJacThCs
BHupazom 128 shrs.

3uumyeannsa oaitmamu. 11106 npountatu OalT 13 UIaHy, NOTPIOHO Ha-
JaimTyBaTy 1iek wiaH. [le BukoHye perictp Bubopy ruiany untanas Read Map
Select, mo HanekuTh TpapivHOMY KOHTPOJEpYy. YCi pericTpu 3aBaHTaXYy-
IOTHCS Uuepe3 MOpTH. AJie periCTpy IMpalioloTh y mapi — 1HJAEKCHUN PericTp Ta
pericTp naHux. [HIeKCHUM pericTp 3aBaHTaxyeThcs yepe3 nopt 3CEH 1 mic-
TUTh HOMep (QYHKIIT untaHHs, ToOTO 4 (Tadn. 4.5). Perictp nanux 3aBaHTa-

xyernes uepes nopt 3CFH 1 mictuth HoMep miana N is 3untyBanHs (puc. 4.2).
1 mikcen

Puc. 4.2. [InanapHa oprasizaiis
BlJIeOnaM SIT1

@parmMeHT Nporpamu isi 3UUTyBaHHA OaiiTa 3 miany N mMae BUTIIS
port[$3CE] := 4;
port[$3CF] := N;
byte:= mem[$A000:0000];

3anuc éanumamu. [1pu 3anuci 0alTIB y MIIaHU BUKOPUCTOBYETHCS PETICT-
pH CeKBeHcepa, a caMe pericTp Macku rutaniB MapMask. Ianexkcauii perictp
CEKBeHCepa 3aBaHTaxyeTbes uepe3 nopT 3C4H 1 mictuth HOMep (QyHKIIIT 3a-
nycy — 9mcio 2. Perictp gaHux cexkBeHcepa 3amoBHIOEThC yepe3 mopt 3C5H
1 MICTUTb MACKy TUTaHIB ISl 3aIUCY.
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JI1s1 yTBOpEHHSI MacKM BUCTaBJIsseMO 1 I THX IUIaHIB, B SIKI XOYE€MO 3a-
nucyBaTu Oaiitw, Hanpukiazd, skmo Mask = 0101, = 535, To 3amuc BigOy-
BAETHCS Yy HYJIbOBUM Ta IPYTUH IUIAHU.

Omxe, pparMeHT mporpamu, 1o 3anucye 0anT byte B 1l mIaHu, Takwii:

port[$3C4]:= 2;
port[$3C5]:= Mask;
mem[A000:0000]:=byte;

[Mponienypa namamryBanHs wiany N (0 < N < 3) Ha yurtaHHA 1 3amuc
OaliTaMu Mac BUTJISI

procedure SetPlane(N : integer);

begin
port[$3CE]:=4; port[$3CF]:=N;
port[$3C4]:=2; port[$3C5]:= 1 shl N;
end;

Hanpukinan, nis 3adapOoByBaHHS €KpaHy B UEPBOHUN KOJIIp HOTPIOHO B
APYTH# IJIaH 3anKcat Oaith 3 omuHulb. Jpyruii mian mae macky 4 (0100),
ii 3ammucyemo B mopt 3C5H, y mopt 3C4H 3anocumo Homep ¢yskiii 2. OTxe,
MAa€EMO TaKUi PparMeHT IPOTrPaMHu:

port[$3C4]:= 2; port[$3C5]:=4;

for i:= 0 to 28000 do mem[A000:1]:=255; {640:8* 350=28000}

3anuc ma 3uumyeanna nikcenie. Konu npouecop ynutae 0alT gaHux i3
BiJIeOMNaM AITi, TO 3pa3y YUTAIOThCSA 4 OANTH — MO OJAHOMY 3 KOXKHOTO IUIaHy.
[Ipu npomy mnpouyuTaHi OANTH aBTOMATHYHO 3alUCYIOThCS Y CHEIladbHI
perictpu-3atBopu (latches-perictpu), ki He MarOTh IPSIMOTO JTOCTYITY .

[Ipu omepauii 3anucy OaiT, KM MOCUJIAETHCS MPOLECOPOM, HaKIIaJae-
ThCS Ha BMICT PETiCTPIB-3aTBOPIB 3a MpaBWJIaMM, 110 BU3HAYAIOTHhCS 3HA-
YEHHSIMU IHIIUX PETICTPIB, 1 pe3yJibTytoui 4 OaiiTH 3aUCYIOTHCS B ILIAHU.

[TpaBuia, 1m0 BU3HAYAIOTh HAKIIAJAHHS JaHWX Ha 3Ha4deHHs latches-pe-
TICTpPiB, IPH 3alKCi BUZHAYAIOTHCS PEKMMOM 3amucy. PexxuMm yuTaHHs 3a7ae
npaBuJja, 3riHO 3 SIKUMU BU3HAYAETHCSl 3HAUCHHSI, SIKE MPOUYUTAE MPOLECOP.

Bubip pexxumy 3aiiicHioeMo 3a monomoror pericrpa Mode rpadigdoro
koHTpoiiepa (pynkiuig 5), tomy B mopr 3CEH 3ammucyemo 5. Perictp manmx
(mopt 3CFH) 3amoBHIOETHCSI HOMEpOM pekuMmy. Homepa pexumy duTaHHS
(0, 1) 3amaroThes y TpeThoMy Oiti Oaiita Mode, a pexxumu 3anucy (00, 01, 10,
11) — B HyJILOBOMY Ta IepIIoMy 0iTax 1poro x Oaiita (puc. 4.3).

D7 D6 D5 D, D3 D, D, Do

0 0 0 0 0

Puc. 4.3. 3anoBuenns pericrpa Mode
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Tomy, 3aar0ud PEKUM UYUTAHHS, OJHOYACHO BU3HAYAEMO M HYJIbOBUH
PEXUM 3amlucy, 1 HaBMaKH, 3aJal0ud PEKUM 3aMUCy, 3aJaEMO HYJIbOBHUH pe-
KM YATAHHS.

Lo || || Po| [T& 7 |
Lol | || S
Lo || || P [T |
Ls || || Pa| [T& 7 |

BitMask | [p 00 0| |

Puc. 4.4. [lepeMillieHHs] BMICTY 3aTBOPIB Y IJIAHU

PosrnsiueMo HynbOBUi pexxkuM 3anucy. lle oauH 13 HallCKIagHIIUX pe-
KUMIB 3aIuCy, aje BUKOPUCTOBYEThCA BIH Hapyacrimie. Y LbOMY PEXKHUMI
Oepe ydacTb rpymna pericTpiB rpadigyHoro koHtpodepa. llepmumii i3 HUX —
perictp BitMask (iioro Homep — 8) m03BOJISIE 3aXUCTUTH BiJ 3MiHHM IICBHI
mikceni. Y TuX mo3uilisx, a¢ 6itu B BitMask BcTaHoBIIeHI B HYJIb, MKCET HE
3MIHIOIOTH CBOT'O 3HAYE€HHSI, TOOTO y BIJTOBIHI O1TH IJIaHIB OYIyTh 3alycaH1
O1TH 3aTBOPIB.

ko aeskuii 0iT y BitMask BcTaHOBIIEHHH B OJUHUIIO, TO B JIIFO BCTY-
naroTh 1mie aBa perictpu. Set/Reset (fioro ¢yskiis mae Homep 0) i Enable
Set/Reset (pyskiisg — 1), SKuii perysroe aito Mepiioro pericrpa. Y Iux perict-
pax BUKOPUCTOBYIOTHCS TUIbKU Mool 4 OI1TH.

Skmio 6it y BitMask mopiBHroe 1, TO y BCi BiINIOBiIHI MO3UIIIT IJIaHIB 3a-
nUCyeThes BMiCT perictpa Set/Reset. Are 1ie Oyae 3po0iIeHO I THX ILIaHIB,
VIS SIKAX € JI03BiN japyroro perictpa Enable Set/Reset (Biamosimuuii OiT
I[bOT0 pericTpa JopiBHIOE 1). Y IPOTUIICIKHOMY BHIIAJKY B ILIaH, 3aKPUTHH
perictpom Enable Set/Reset, Oyne 3amucanuii BignoBigHui OiT OaliTa JaHUX
(puc. 4.5).

Orxe, saxmo Enable Set/Reset = OFH, Toai B mo3wuiii IUIa”iB, IO J03-
BOJIIIOTBCA perictpoM BitMask, 3anucyerbest ko KoJibopy, 3a1aHuil y pericT-
pi Set/Reset. Baiit, 1110 IOCHIAETHCS MPOLIECOPOM, YKOIHOI POJIi HE Bimirpae.
Jlnst Toro, mo0 HapUCyBaTU OAWH MIKCEJIb, HEOOXITHO 3aBAHTAXKUTHU PETICTP
BitMask Tak, 11100 3aXHCTHTH BiJT 3MiHH pEIITY 7 MIKCEIB.

Perictpu BitMask i Enable Set/Reset perymtorots nito Gaiita maHux Ha
BiJIeONaM ATh 1 MOXYTh 3aMIHIOBATH OKpeMi OITH IJIaHIB Ha BMICT 3aTBOPIB
a0o pericTpa Set/Reset.
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OTxe, mpolieTypa 3ammucy mikcels color i3 KoopAnHaTaMu X, Y Ma€ BUTIIS

procedure putpixel 10(x, y, color : integer);
var s, bitmask:integer;
begin
s:=xand 7,
bitmask := 128 shrs; {6iroBa macka}
port[$3CE] :=5; {BcranoButu 0 — pexum 3ammcy }
port[$3CF] :=0;
port[$3CE] := 1; {mo3Bin Ha 3anuc BmicTy Set/Reset B yci muanu}
port[$3CF] := $F;
port[$3CE] := 0; {8 perictp Set/Reset 3aBaHTaKUTH KO KOJIBOPY }
port[$3CF] := color;
port[$3CE] := 8; {3aBanTaxkutu perictp bitmask}
port[$3CF] := bitmask;
mem[$A000: y*80 + (x shr 3)] := 1; {3anmc y mam’sa1h }
{BiTHOBHUTH PETICTPH JIO CTAHTAPTHOTO 3HAYCHHS }
port[$3CE] := 1; port[$3CF] :=0;
port[$3CE] := 8; port[$3CF] := $FF;
port[$3CE] := 5; port[$3CF] := 10B;
end;{putpixel 10}

Enable S/R 1/1/0/1

S/R 110 1

La X |Lsgllasllag X | X | X | X| P3| 1 |Laglag/lzsl 11|11«
Lo X |Loglloslloa X | X | X | X| Pa| O [Loglloslloal 00| 0|0
Ly X |Ligllasllaa X | X[ X[ X| P1|dy |Liglis|Lia/d3|d| ds|do
Lo X ILoslloslLoa X | X | X | X| Pg| 1 |Loglos|loal2]|21|1]1

BitMask| 1 (0| 0|0 |1/1|1]|1

Puc. 4.5. [100iTHE 3a10BHEHHS I1JIAHIB

[Ipu ynuTaHH1 TIpoIecopoM OaifTa TaHUX 13 Bijcomam’ ST, BIAMOBIIHI Oaii-
TH IUIAHIB 3amaM’ sITOBYIOThCS B pericTpax-3arBopax (pericTpu 3HaXOAsThCs
Ha TUIaTI BijeoamamnTepa i MPOrpamicTy HEAOCTYIHI). SIKIIO TOTIM BHKO-
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HYETHCS IMKJ 3alUCy, TO HAJ JaHUMH, 0 3HAXOAATHCA B IIMX PETicTpax, i
HaJl JIaHUMH, SIKI HAJIXOJSATh BIJ MPOLIECOpPa, MOXKYTh BHKOHYBAaTHCS Taki
norivxi onepariii (0e3 ydacTti npoiiecopa):

® 3amucC JaHUX MPOLECOpa y BiJleonaM ATh 0e3 3MiHH;

® [[MKJIIYHMI 3CyB OaiiTa JaHUX, 10 3aMHUCYETHCS MPOLECOPOM Yy TIaM’ SITh;

e BukoHaHHs joriuaux orepamniii AND, OR, XOR nag manumu, o 3amu-

CYIOTBCS TIPOIIECOPOM Y BiZIeOoraM sITh 1 BEIMUMHAMU PETI1CTPIB-3aTBOPIB.
VY Bigeomam’sITh 3aMHMCYEThCA PE3yIbTaT BUKOHAHHS LMX omeparlid. [{umu
dbynkmismu kepye perictp Data Rotate (momep 3). V 6itax Do — D, perictpa
JaHUX 3a/1a€EMO, Ha CKUIBKH PO3PSAIB MOTPiOHO 3CyHYTH OalT (3CYyB TUIBKH
BIIPaBO 1 € HuKIiYHuM). biti D3, D4y BUKOPUCTOBYIOTBCS IJIs 3aJaHHS JIOTiY-
HUX OIepariif
e (00 - 3anmuc HemoaM(pIKOBAHUX JTAHUX;

e (1 - Bukonanns Haja nanumu jorivnoi oneparii AND, 10 - OR, 11 -

XOR.

VY pexumi 3untyBanHs mikcens Readl B miro Bcrymae perictp Color Com-
pare (mopiBHsHHS KOJKOpY) 1 VGA NOpIBHIOE KOKHY TOUKY B apeCOBAaHOMY
0aiiTl 31 3HAYEHHSM, IO 3HAXOJUTHCA B IIbOMY pericTpl. Skmo € 30ir mux
3Ha4YCHb, TO B OalTI O3HAK Yy IbOMY poO3psai BucTaBiseTbes 1, iHakmre O.
SIkmro Tenep muKIiYHO 3aBaHTaxkyBatu perictp Color Compare pisaumE Ko-
JhOpPaMH, TO, aHATI3YIOUN OANUT O3HAK, MOYKHA BU3HAUYMUTH KOJIIP MIKCEJIS.

KOHTpOJIbHi INUTAHHA Ta 3aBJJaHHA

1. Ha3BiTb OCHOBHI IPUCTPOI BlJIcOaganTepa Ta iX OCHOBHI ITapaMeTpH.

2. Jlaitte knacugikaliro BijleoaganTepiB Ta HA3BITh iX XapaKTEPUCTUKH.

3. Slke mpu3HaueHHs MaroTh rpadiuHi npouecopu? Ski 3agayi BOHU pPo3-
B S3YIOTh?

4, OxapakTtepusyiTe iHTepdeiic BiI€OKapTH.

5. OnuuriTe NOHATTA PO3ALIBHOT 3JATHOCTI OITOBOI IMTMOMHHU.

6. 1o Take BiACOCTOPIHKH, SIKE iX TPUZHAYCHHS ?

7. S$Iki BU 3HA€TE CTAaHAAPTHI BIJICOPEIKUMH, K 1X YCTAHOBUTH?

8. JSIx BU3HAUMTH 0OCHT BiJIeOIaM’ ATl B pI3HUX I'padidHUX peKUMaX?

9. Hagenite npukiagu VESA-pexumis. OnumiiTe npouenypy ix yCTaHOB-
KU.

10. 3HaiiaiTh 3MimeHHs OaifTa, M0 MICTUTh JaHl MPO MIKCeIb 3 KOpAUHaTa-
mu (x, y) y pexxumi 16 koabopiB?

11. Ak 3a1iCHIOETBCS BUOIP PEKUMY 3aIIUCYy Ta 3UYUTYBAHHS MIKETIB?

12. Sy poJib BiAIrpatOTh pericTpU-3aTBOPU?

13. Ha3Bith perictpu rpadiqHOr0 KOHTpOJIepa Ta ONMUIIITh X MPU3HAYCHHS.

14. Sxa OyaoBa BHYTPIIIHBOI MaM’ ST Bijleoagantepa?
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Bupasu i 3axa4i 11 caMOCTIHHOTO BUKOHAHHS

1.
2.

© oo

10.

11.

12.

3anmcatu Mporeaypy 34UTyBaHHS TIOTOYHOTO BiJICOPEIKUMY .
I'padpiuamii pexxum 640 x 480 x 256. SIka BimHOCHA (Big IMOYATKY
Bijeonam’sTi) aapeca arpuOyra Tikcens 3 KoopAwHatamu (x,y) Ha
eKpaHi?

I'padpiunmii pexxum 640 x 480 x 16. 3amana BiIHOCHA ajpeca Bijeora-
M’ sati 2AFH. Jlnsa skux Todok (x, y) 3amucaHi aTpuOyTH 3a €0 aape-
coro? CKiIbKM OITIB MICTUTh aTpuOyT mikcend? Akwuii iforo popmar?
I'pagiunuii pexxum True Color. Touka Ha ekpaHi Ma€ KOOPJAMHATH
x = 50, y = 20. fka BimHOCHa ajapeca OaiiTa, B AKUW Oyje 3alucaHO
sgaueHHs R, G, B mind wiel Toukn?

Hexaii 3anana cuctema 3 MmoHiTopoM 8 X 10 aroliMiB Ha IKOMY MOXHa
orpumatu 300pakenHs 100 dpi. SIkmo maM’sATh CKJIATAEThCS 3
oJIHOOalTOBUX cIiB, BUXiHUM anapec Oydepa kaapy 0000, a koskHOMY
MIKCEJI0 BIJATNOBiAa€ OUH OAlT mam’sTi, To sSskUM Oyne aapec Oydepa
KaJpy JJIs TIKCeNs 3 eKpaHHUMU KOOpAUHATamH (x, y)?

Ckilactid mporpaMmy, sSKka [epeMilllyBaTUME TMPSIMOKYTHUH OJIOK
MIKCeIIB 3 OJHOro Micisg ekpaHa B iHme. Pexum 13H. ®@yHKIismu
BIOS, BGI ne kopucryBarucs.

3anmcatu nporeaypy putpixel_10( ), BukopuctoByroun QpyHKIIi Bigeo-
BIOS.

3ammcaru npoueaypy getpixel _10().

Hanucatu mianporpamy uist 3untyBaHHs notouHoro VESA-pexumy.
Poznaineua 3matHicTh exkpana 1280 X 1024, gacrora kaapiB — 72 I'm.
3HaiiTu mBHAKOAI0 mam’ sATi Oydepa Kaapy, TOOTO BUZHAUYNUTU CKUTBKU
yacy OyJie 3aiiMaTu 3UUTyBaHHS KOy KOJIBOPY OJTHOTO MiKCems?

Sk momro Oyze 3aBaHTaxyBatucs Oydep kaapy B pexxumi True Color/
Hight Color 3 posminpHOoro 3marmicTio 1280x1024, skmo 3a omHy
cekynay Moxke mepemasatucs 107 6itiB? Jlo ckinpkox mikcemiB 3a
CEeKyH/Iy MOK€ MaTH AOCTYH KOHTPOJIEP AUCILIES TaKOi CUCTEMU?
3HalTHU Yac JOCTYIy /0 OJHOTO ITKCEJsl B PacCTPOBIM CHUCTEMI 3 PO3-
ninpHOO 3aaTHIcTIO 640 X 480 1 wactororo onoieHHs 80 kaapiB 3a
CEKyH]IY.
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Tema 5. PacTpoBi ajqropurmMu reHepyBaHHsi KpUBHUX JIiHIi

['padiuni npuctpoi, o BukopuctoBytothes B KI', € B ocHOBHOMY pacT-
POBUMH, TOMY IPHU CUHTE31 rpadiuHUX 300paKeHb, 10 CKIATAIOTHCS 3 OKpe-
MHUX MPOCTUX €JIEMEHTIB, BUHUKA€ HEOOX1THICTh Y PACTPOBUX AJITOPUTMAX.

Pacmposuii ancopumm — 1e anroput™, AKui uisi poOOTH NpPOrpamH, 110
peanizye rpadiuHi IPUMITUBH, BpaXOBY€E BIACTUBICTh pacTpa.

Xouya OUIBIIICTh TpadiyHUX O010J10TEK MICTUTH Y COO1 JOCTaTHIO KiJib-
KICTh MPOCTIIIUX PACTPOBHUX AJITOPUTMIB, YACTO BUHUKAE HEOOXITHICTh SIBHOI
MOOY0BU PACTPOBUX AJITOPHUTMIB.

[Ipu noOynoBi rpadgiyHMX 300pa’keHb BAAIOTHCS 10 IEBHOrO HAaOOpy rpa-
(G1yHUX MPUMITHBIB, OJHAK HaWyacTime B rpadiyHUX CHUCTEMaX BUKOPHUCTO-
BYIOThCS JIIHII.

300pa3uTy KpUBY Ha JUCKPETHIN MOBEPXHI (eKpaHi) O3HAYA€E 3HANTH TaKy
il I[IJIOYKMCIIOBY alPOKCUMAIIIIO, SIKa JACTh MOKJIUBICTh BIITBOPUTH HENIEPEPB-
HY KpUBY.

Hampuknan, nns Bigpi3ka npsMoi NOTPIOHO OTPUMATH MOCIIIOBHICTD
JTMCKPETHUX TOYOK (MIKCEIIB), 10 allPOKCUMYE HellepepBHY JiHito (puc. 5.1).

anri

Puc. 5.1 HaGnmxeHHs MiKCEIIMHU HEIEPEPBHOIT J1HI1

Metoau moOymOBH JIHIA HAa JUCKPETHIA IMOBEPXHI MOJUISIOTHCS Ha 2
KJIACH.
e 4pcaoBi MeTO U (METOIU NPSIMHUX OOYUCIICHh KOOPAWHAT);
® IHKPEMEHTHI METO/H.

5.1. YucJsoBi MeTOIH

Yucnosi MmeTonu 0a3yr0ThCsl HA YUCIOBOMY aHalli31 pIBHSIHb KPUBHUX, TOO-
TO Ha OOYHUCJICHHI 3HAa4€Hb (DYHKIIIH.

PosrnsaemMo mpsiMy JTiHIIO 3arajibHOTr0 BUTIALY. JIst 1i 300paykeHHsT TEx
HEOOX1JTHO OOYHMCIIIOBATH KOOPJAMHATH KOXKHOTO Tikcens. BimoMo aekinbka
METO/IIB PO3PaXyHKY KOOPAMHAT KOKHOTO TIKCEJIs JIHIi.

Hexaii 3a1aHO KOOpUHATH KiHIIB Biapizka A(x1, y1), B(x2, y2), TOi piB-
HSIHHS IIPSIMOT, 10 MMPOXOAMTH uepe3 ABl ToukH 4 1 B, Mae BUIJIsA Y = ax+D,
e

azYz_Y1, h= LeY1m XYoo
Xy — Xq Xy — Xq
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Jliist mpoctoTu BBaxkaTtumeMo, 1o 0 < yp— 31 < xp —x1, TOOTO ITUKJ y TIPOT-
pami Oyne 3A11CHIOBATHUCH T10 X.

3a MX MPHUIYLIEHb HABEAEMO MPUKJIAJ 3aMKUCy MPOCTIIIOrO aJrOpUTMY
o0y T0BM mpsiMoi JiiHii Ha MoBi Pascal.

procedure Line_1 (x1, y1, X2, y2, ¢ : integer);

var a, b : real, X : integer,;

begin

a:= (y2-y1) / (x2—x1);
b:=yl-a*x1,;

for x:= x1 to x2 do
putpixel (X, int (a*x+Db), c);

end; {Line_1}

HenomnikoM Takoi nmporpamu € Te, 110 B ITUKJII BUKOHYETHCS MHOXKEHHS Ta
BUKOPUCTOBYIOTHCSI OTEpallii 3 MJIaBalOYO0 KPANKow. A 1€ 3MEHIIY€E IIBHI-
KICTh BUBEJICHHSI TpadiuHOro 300paKeHHH.

OOuncieHHs 3HaUYeHb PYHKINT y = ax + D MOXHa YHHKHYTH, SIKITIO BUKO-
PUCTATH PEKYPEHTHE CIIBBIAHOIICHHS y = ) + @, OCKUIBKM MHpH 3MiHI X Ha
OJIMHHUIIIO 3HAYEHHS PYHKIT y 3MiHIO€TbCS Ha a. Ll monudikaiiis anropurmy
Ma€ TaKUU BUTJIS.

procedure Line_2 (x1, y1, X2, y2, ¢ : integer);

var a : real, X : integer;

begin

a:=(y2-yl)/ (x2 - x1);

y:=vyl

for x:= x1 to x2 do

begin
putpixel (X, inty, c);
y=yta

end;

end; {Line_2}

OCKUIbKY BUAUICHHS 17101 YaCTUHU 3HAYECHHS Y HE 3aBXKIU MOXKE IPH-
BECTH JI0 KOPEKTHOro rpadiuyHoro pe3ynbTaTy, TO IOKPAIUTH 30BHIMIHIN
BUTJISI BIApI3Ka MOKHA 332 PaXYHOK OKPYIJIEHHSI 3Ha4Y€Hb (DYHKIII A0 OJMXK-
4yoro Iujioro, To0TO 1€ O3Haydae, M0 3 JBOX MIKCENTIB, SKi JIeXKaTh HA OJIHIN
BepTUKa (Tak, IO BiAPI30K IPSIMOI MPOXOIUTh MiK HMMH), 3aBXKIH BHOMU-
pPa€eTbCsl TOM MIKCEIb, SKUM JICKUTHh ONKue 10 mpsiMoi. J[Jis 1boro AOCHUTH
NOPIBHATU ApOOOBY YaCTUHY 3Ha4YeHHs y 3 0,9.

3aysasicennsn 1. Bubip 00H020 3 080X NiKCeNi8 MONCHA 30IUCHUMU ULISIXOM
BU3HAYEHHS CEPeOUHU MINC 080MA NIKCENAMU-KAHOUOAmMamu I nepesipKu,
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Mmicyesnaxoodcenns (suwe yu HudCcue cepeounu) moyKku nepemury iopizKa

npamoi 3 0anow eepmuxaiiro. Lle memoo cepeOurnHoi mouxu.

Y upoMy aiaropuTmi sl OOYMCIICEHHS KOOPAMHATH ) B TUIl LUKIY €
TUIBKU OJ[HA orepariis ‘+°, ToMy MOPIBHIOIOYHM HABEACHI aJlTOPUTMH, OCTAHHIN
KpaIllii 3a MBUAKOIIELO.

AJle He3Ba)Karoyy Ha T€, 1110 BX1AHI JaHl € MUIOYKUCIOBUMHU BEJIUYNHAMU 1
BC1 pe3yJIbTaTU TE€X MAOTh OYTH IIJIOYUCIOBUMH, Is1 MOJAU(IKAIlS aJITOPUT-
My BCE€ OJIHO BUKOPHUCTOBYE JiiicHI uuciia. OKpIM IbOTO, OCKUIBKH JJIsI
OOYHUCJIEHHSI Y B OCTAHHROMY BaplaHTi BUKOPUCTOBYETHCA Olepalis y:=y + a,
TO 3 KOXKHUM KPOKOM LMKy OyAyTh HAKOMHUYYBATHUCh MOXHOKU 32 PaxyHOK
HETOYHOTO TPEJCTABIICHHS APOOOBHX YHCET Y KOMIT' FOTEpl Ta 3a PaxyHOK
MOXHUOKHU apu(PMEeTUYHUX Omepalliil 13 MmiaBaroyor Kpankow. ToMy B pe3yJib-
TaTli BUKOHAHHA IMKIY MOXE€ CTAaTHCSA Tak, III0 Ha OCTaHHbOMY KpOIIl
¥y # y2 (Xoua 3 MaTeMaTUYHOI TOYKH 30PY TYT BCE KOPEKTHO, IIPH X = X2 MAEMO
¥ = ). Lle Tex HeoOXiIHO BpaXOBYBaTH IIPH BUKOPHCTAHHI JAHOI'O aJTOPUTMY.

OTxe, YMCIIOBI METOJIM MAlOTh IEpeBary 3aBisSKH MPOCTOTI Ta SCHOCTI
MOOY0BU aJITOPUTMY 1 MOKJIMBOCTI MPAIOBaTH 3 JAPOOOBUMHU 3HAUYECHHSIMU
KOOpAMHAT TOYOK BijIpi3Ka.

OpHak y 4MCIIOBUX METOIB € i CBOT HEJIOJIIKHU:

1) BUKOpHCTaHHS OmNepalliii i3 TIaBalOUOr0 KPAIKOK Ta ONepalii MHOXCHHS
a00 JIJEHHS B ITUKJII 3yMOBJIIOE Mally IIBHJKICTh OOYHCIIEHb, XO4Ya IIC
CYTTEBO 3JIGKUTH Bia Tporiecopa (y CydacHHX KOMIT IoTepax, Jie Mpolie-
COpU BUKOPUCTOBYIOTHh €(DEKTUBHI 3aCO0M MPUCKOPEHHSI, HAIIPUKJIIA]l, KOH-
Beep apu(METHYHUX ONepallii 13 IJIaBalou0l0 KPanKow, 4ac BUKOHAHHS
IIIOYHCIIOBHX OIEpalliii He HabaraTo MEHIIUK);

2) mipy 0OYHUCIICHHI KOOPIUHAT NUISIXOM JOJIaBaHHS IIPHPOCTY MOXKE HAKOIIH-
YyBaTUCh MOXMOKA OOYMCIICHHS KOOPIUHAT.

5.2. IHKpeMeHTHI aaropuTMu

Y 1965 pomi bpesenxem (Bresenham J.E.) 3ampormonyBaB migxim juis
CTBOPEHHSI IHKPEMEHTHHX METOJIIB (TOJI IIi METOJH BHKOPHUCTOBYBAIKCH JIJIS
rpadonoOy/1iBHUKIB).

OCHOBHOIO 17I€€I0 THKPEMEHTHUX METOIB € TeX PEKYPEHTHI CIIBBIJHO-
IICHHS /11 OOYMCIIEHHS V, aJle B HUX Y€ HE 3aCTOCOBYIOTHCA JIHMCHI 004MC-
JIEHHS ¥ omepallii MHOKEHHS Ta JIJEHHS, a 3aCTOCOBYIOTHCS JIUIIIE IIIOYHC-
JIOBI Omepaliii J0/1aBaHHs 1 BiIHIMAHHSI.

[HKpEeMEeHTHI alrOPUTMHU BUKOHYIOTHCS SIK TIOCJIIJIOBHICTh OOYHUCIICHb KO-
OpJIMHAT CYCIIHIX TOYOK HUISIXOM JOJIaBaHHSI BIJAMOBIJHUX MPUPOCTIB TaK,
1100 CyCiJIHA IIJIOYKCIIOBA TOYKa Oyiia HalOIMKY00 10 HEMEPEPBHOI KPHUBOI.
[IpupocTu po3paxoByIOTHCS Ha OCHOBI aHai3y (PyHKINI MOXWMOOK. Y LMKIII
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BUKOHYIOTBCS JIUIIE IIIJIOYMCIIOBI Omepallii MOopiBHSIHHS, J0JaBaHHs Ta BiJHI-
MaHHd. Y Takui coociO J0cCAracThbCes OUIBIN BHCOKA IIBUAKOMISL OOYHCIIEHB
KOOPJIMHAT KOKHOTO MIKCENsl MOPIBHAHO 3 UACIOBUMHU METOIAMH.

Ha choronHi icHye OaraTo cremiani30BaHUX IHKPEMEHTHUX aJIrOpPUTMIB
JJIS TEHEPYBaHHS KPUBHUX TOTO YM IHIIOTO TUIy (HampuKiIaa BiApi3KiB, Kil,
CJIIICIB TOIO0). B OCHOBHOMY BOHHM pealli3oBaHi anapaTtHo.

5.2.1. Anropurm bpe3enxema A Bigpizka

Cepen rpadiyHUX OpUMITUBIB HAUOUIBITY MUTOMY Bary MarOTh BIJIPI3KU
npsaMux. Y 3B’S3Ky 3 IIUM IpH po3poOini rpadivyHUX 3ac00iB alropuTMam
JTHIAHOT IHTEPIIOJISIT PUAUISIOTH OCOOJIUBY yBary.

Po3risiHemMo crioyaTtky MpOCTIIMN BUINAI0K (GOpMyBaHHS BiApi3Ka mpsi-
MoOi, KOJHM TpsMa MpoxoauTh depe3 modatok koopawHat (0,0) i Touky 3
KoopauHaTamu (N, M). PiBHSHHS 1i€l IpsIMOi Ma€e BUTJISI

mx —ny = 0.

[Ipu nbOMy BMHMKA€ 3aaada 3a BiZOMOIO TOYKOIO (X, y), IO Haiikpaiie
HAOJIMDKA€e IPsIMY, BU3HAYUTH HACTyIHY To4ky (X+1,Y) um (X, y+1). Beememo
B po3risin pynkiiro F(X, y) = mx — ny. Hexaii 3nauenns F(X, y) = f # 0. 3naiinemo

Fx+1,y)=mXx+1)—ny=mx—-ny+m="f+m,

Fx,y+1l)=mx-n(y+1)=mx-ny-n=f-n.

[I{o0 3poOutu BUOiIp MK JBOMa TOYKaMH, MOTPIOHO 3HATH, SKE 3 JIBOX
gucen f + m uu f — N 3HaXOAMTHCS ONFDKYE O HYJIA.

Sxmio 3naueHHs f + m Omwkde 10 Hyss, TO pyx i3 To4ku (x, y) BimOy-
AeThes B TOUKy (x +1, ), a skio f — n Oamkde 10 HyIs, TO B TOYKY (x, y +1).

JIiist 3HAaXOPKEHHS PUPOCTY KoopAuHAT (X, ¥) moOyayemMo (GYyHKIIiO 1O-
xuook S(x, y)=F(x + 1,y) + F(x,y + 1) = 2f + m — n i BupoOuMoO 03HaKy BHOO-
Py HACTYIHOI TOYKH. J[JIs IbOTO MOTPIOHO PO3TJISIHYTH TaKi BUMIAKH:

1) sxmo f+m <0, f-n <0, To6To f +M € OmmxunMm 10 Hys (puc. 5.2, a), a

S =2f+m —n <0, to HacTymHOIO € Touka (x + 1, y);

2) skmo f+m >0, f—n >0, To6to f — n € Ommxunm 1o wyns (puc. 5.2, 6), a

S =2f+m—-n >0, To pyx BimOyBaeThcs B Touky (x, y + 1);

3) skmio f+m >0, f—n <0, To6To f + M € Gmxuum n0 Hys (puc. 5.2, 6), a

S = 2f +m —n <0, To Hamai BUOUpaeMo Touky (x + 1, y);

4) sxmo f+m >0, f—n <0, To6To f — N € Gimxuum 10 Hyns (puc. 5.2, 2), a

S =2f +m—n >0, To pyx BiOyBaeThcs B TOUKy (x, y + 1);

—_—————— — > - e —- & e
-n F+m o [ XS F+m -n = Fam F-n L F+m

6
a) ! 6] r]

Puc 5.2. Po3mitieHHS TOYOK
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OT1xe, BUOIp HACTYTHOI TOYKHM BU3HAYAETHCS 3HAKOM (DYHKIIIT TOXHOOK S:
skmio S > 0, To HacTymHOIO € Touka (x, y +1), a sxmo S <0, To (x+1, y). [Ipu
Nepexo/Ii 0 HACTYIHOI TOYKH 3MIHIOETHCS 3HAYEHHSI S, TOMY JUIsl POCTOI0
oOuuncieHHs S TOTPIOHO MaTU PEKYPEHTHY (POpMyIy.

Ockinbku S(x, y) = 2f(x, y) +m — n, To mouaTkoBe 3HaueHHs So = S(0, 0) =
m —n. Po3rassaeMo
S(x+1, y) = 2f(x+1, y)+m—n=2(mx—ny + m) +m—n = 2f +m—n +2m = S(X, y)+2m;
S(x, y+1) = 2f(x, y+1)+m—-n=2(mx—ny —n) + m—n = 2f +m—-n-2n = S(X, y) -2n;

Takum yrnHOM, MaeMO Taki peKypeHTHI (popMyu 1S S:

S=S+2m, skmo S <0;

S=S-2n, skmo S > 0.

OpnuH 13 BapiaHTiB airoputMy bpezeHxema B MPOCTIIIOMY BHUIAJKY Mae
BUTJISIT

x:=0; y:=0; putpixel (0, 0, ¢);

m2:=m+m; n2:=n+n; S:=m-n;

for i:=1 to m+n do begin

If S= < 0 then begin S:=5+m2 ; x:=x+1; end

else begin S:=5-n2 ; y:=y+1, end;

putpixel (X,y,c);

end {for}.

VY 11boMy anropuTMi nepexia i3 Touku (x, y) 10 HACTYIHOI TOYKH MOYXKE
OyTH BUKOHaHHWU JIBOoMa criocobamu. lle Moke BUKJIMKATH TOJBiiiHE 300pa-
KEHHsI MPSMO] JIiHIT, TOMY MOTPIOHO MependavyuTi MPUPICT 1O X 1 MO Y OA-
HOYACHO, TOOTO K CYCIJIHIO HEOOXiTHO po3risaaTH Iie i Touky (x + 1, y + 1).
1106 300pa3utu Bech Biapizok Mixk Toukamu (0, 0) Ta (M, n), moTpiGHO 3po-
outn |=max{m, n} kpokiB. OTke, IPUXOJUMO [0 3arajbHOr0 aJrOPUTMY
bpesenxema I JOBUILHOTO Bijipi3Ka 3 KOOpAUHATAMM KIiHITB (x1, V1) 1 (X2, V2).

procedure Line 3 (X1, y1, x2, y2, c:integer);
{Bresenham algorithm}

var k, I, dy, S, m, n : integer;

begin

iIf (x1 > x2) then begin S:=x1; x1:=x2; x2:=S;
S:=y1; yl:=y2; y2:=S; end;

if yl1 > y2 then dy:= -1 else dy:=1;
m:=abs(y2-y1l); n:=x2-x1;

S:=m-n;

if m>n then I:=m else |:=n;

m:=m+m; n:=n+n;

putpixel (x1,y1,c);
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for k:=1to | do
begin
If S=<0 then begin S:=S+m: x1:=x1+1; end;
if S>0 then begin S:=S-n; y1=y1+dy; end;
putpixel (x1,y1,c);
end {for};
end; {Line_3}

3aysasicennsn 2. /[ nobyoosu wupokoi ninii ModxcHa ii Hapucysamu Oe-
KLIbKA paszié i3 NesHUM 3MIUEHHIM NOYAMKOBUX KOOpOUHam abo moougi-
Kysamu aneopumm bpesenxema max, wob 3amicms onepamopa 6uUBeOeHHs
nikcens putpixel (X,y,C) sucmynas onepamop euseoenmns gicypu max 36aHo20
NI02IYH020 nepa 3 yewmpom y mouyi (x, v). Ax ¢icypy nepa mooxcna obpamu
NPAMOKYMHUK, Kpye, 8i0pi3ku npsamoi mowo. Takuii nioxio 0o no6yoosu niiti
mae nepesazu i nHeooniku. Heodonikom € neepekmuenicmo 0151 Oesaxux gopm
nepa; Hanpuxkiao, AKuo nepo mae Gopmy Keaopama, mo OLIbULICMb NIKCeli8
npu yboMy HeoOHOKpamuo nepepapbosyemocs (puc. 5.3).

Puc. 5.3. [loOynoBa mupokoi JiHii

Taxi ancopummu Oinbuwt eghexkmusHi, Koau nepo mac opmy 6iopiska —
Hatuacmiue 8epmuKkaibHo20 abo 20PU3OHMANLHO2O0, dlle 20PU3OHMATbHE
nepo He Modice HaAMAN8AMU WUPOK)Y 2OPU3OHMAIbHY JIHIIO.

3aysasicenns 3. Jlinito moosicha 300padxicamu e 3a62cou cyyiivhoro (ninii
MOJNCYMb MaAmu pi3Hi cmpykmypu ma munu). /i1 yvboeo 6 aneopumm pucy-
sanHsi NiHil nepedaiomov we 0oun apeymenm (ye yine uucio b6es 3naxa), 08iti-
KO8ULL KOO K020 6a2amopaszoso Konitoemucsi 830062ic ninii. Koocnuii 6im npu
UbOMY YUKIIIYHO AHANIZYemMbCs. AKujo 3Hauenus 6ima 0OpieHIOE OOUHUYL, MO
niKcenb 300paxcacmo, AKWo 0im OOPIBHIOE HYI0, MO NIKCeNb He 300paXicaemo.

3ayeaorcenusa 4. J{na 3meHwienHs cmyniHuacmocmi pacmposoz2o 300pa-
JHCEHHs NIIHII suKopucmosyioms eghexm 32nadarcysanns. Ha oucnnesax 3 manoro
po3oinvroto 30amuicmio ekparna 320 x 200 3enadowcysanus me oae eghexmy.
Jlna oocsaenenns eghexkmy 321a024CYBAHHS HEOOXIOHI pediCuUMu 3 8UUOH DO3-
OinbHow 30amuicmio, Hanpukinao, 640 x 480. 3enadocysanns npu ybomy eu-
KOHYEMbCSL 34 PAXYHOK 3MIHU SCKPABOCMI NIKCENI8, MOMY MONCAUBICTb
32NIA0NCYBAHHS 3aiexcumsb 810 wKaiu sickpasocmi. Hanpuknao, ons pebep
MHO2OKYMHUKA MOMCHA BCMAHOBUMU SCKPABICMb NIKCENi8 NPONOPYIUHO
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nAoOWi YacmuHu nikcens, wo HONnaodac 8 cepeouHy MHO2OKYMHUKA. 321ao-
JICYBAHHS BIOPI3KIB We MONCHA NPOBOOUMU ULIAXOM DO3IMUBAHHS PI3KOIL
2PanuYyi 3a paxyHoK nioceiuy8anHs nikcenis, sSKi npuisearoms 00 6iopizka. Ha
oucniesx i3 posoinvroro 30amuicmio 1280 x 1024 3zenaooscysanns siodysa-
EMbCA 3A PAXYHOK MAI020 3ePHA OUCNIES.

5.2.2. Aaroputm Bpe3enxema a1 KoJia

Jlnst mo6ynoBu koma X° + y* = R® MOKHa peai3yBaTh alrOpHTM IIISIXOM
OpsIMOTO OOYMCIIEHHS] KOOpAUHAT. A0, Malouu nporpamy noOyaoBH BiJIpi3Ka,
KOJIO MOKHA allPOKCUMYBATH XOpJAaMH, aje Koo Oy/ie HeIOCTaTHbO IIaJIKuM,
MOKH KIJBKICTh XOpa He ctaHe Ounbiioro 36. [Ipyu BHCOKHUX PO3IILHUX 3/1aT-
HOCTSIX TMOTpiOHA IIe OlIbIIa KUIbKICTh XopA. L1 MeToan BuMararoTh 0arato
O00YUCIIEHB, 110 3MEHIITY€E MBUIKICT NOOYAOBH KoJjia. TOMy po3riasiHeEMO 1HK-
peMeHTHUN MeToA bpe3enxema i Koa.

JIJist CHIpOILIEHHS aJTOPUTMY PACTPOBOi PO3TOPTKU KOJIa MOXKHA BUKOPHC-
TaTU WOr0 CUMETPII0 BIAHOCHO KOOPJIWHATHUX OcCeH 1 mpsaMux ) = £ x. Tomy
JIOCTaTHLO MOOYIyBaTH pacTpoBe 300pakeHHs i 1/8 yacTuHu Kona, a perl-
Ty YacTUH MOOYyyBaTH 3a paxyHOK cuMeTpii koma (sSKmo Todka (x,y) Haie-
KHUTh KOy, TO 1 ToukH (—x, ), (x, =), (=x, =), (v, x), (~», x), (v, =), (=, =x)
HaJIeXKaTh KOJIY).

I3 miero MeTOrO I BHBEACHHS KoJja 3 IEHTpoM y Touli (xc, yc) mo0y-
JyEMO TaKy MpONEaypY:

procedure circle_8 (x, y, Xc, yc, c: integer);

begin

putpixel (xc+x, yc+ty, C);

putpixel (xcty, yc+x, c);

putpixel (xc—x, yc+y, ¢);

putpixel (xc-y, yx+Xx, c);

putpixel (xc+x, yc-y, ¢);

putpixel (xc+y, yc—x, C);

putpixel (xc—x, yc-y, c);

Putpixel (xc-y, yc—X, ¢);

end; {circle_8}

Tenep posrasHeMo JUISHKY Koja 3 JAPYroro OKTaHTa, TOOTO TMpu
x € [0, R/V2],y € [RIV2, R]. Hani misa koxHoi Touku P(x, y) BBOIUMO 3MiHHY
D(P) 3a mpaBHiIoM: SIKIIO TOYKa P € 30BHIIIHBOK 10 Koma, To D(P) = x% + )7
— R?, a sixmo BHYTpimHbO0, To D(P) = R* = (x* + )?). 1[06 Ha i-My Kpoui
BU3HAYUTH, SIKa 3 JIBOX TOYOK 3O0BHINIHA Sj 4YM BHYTpIIIHS [; HaWKpaiie
arpOKCHUMYBaTHMeE K0Jj10, MOTpiOHO mopiBusaTy Beauunau D(S;)) ta D(T)).

Hexaii d; = D(S;) — D(T;). SAxmo d; < 0, To Ha i-My KpoIli BUOHPAETHCS
touka S;, ockibku D(S;) < D(T;), sxmo di> 0, To BuOMpaeTbes Touka T;.
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PosrasiueMo mepiuii KpoK ajJropuTMy. 3 PIBHSHHS KOJja OYEBUIHO, IO
touka (0, R) nmexxuth Ha xoii. Ha mepmomy xpoiii moTpiOHO BUOpAaTH TOUKY
cepen S1(1, R) um T1(1, R-1) (puc. 5.4), sika Haiikpaiie HaOmKae Koi10. Bubip
3IMCHIOETHCS TUIBKH CEPEJ ABOX TOYOK TOMY, IO KyTOBUW KOE(DILIEHT J0-
TUYHOT JIO KOJIa B IIbOMY OKTaHTI HaJICXKHUTh poMixkky [-1; O].

{0, R) 54(1. R}
——L___“H\\ y1—
L ]
T1(1, R-1) y+2
¥ ®+l w42 X R+l x+2
Puc. 5.4 Puc. 5.5 Puc. 5.6

3uaiinemo d; = D(S;) - D(T) =1+ R*—=R*— (R*- (1 + (R-1)*))= 3 —2R.
Skmio d; = 3 — 2R > 0, To Ha mepmoMy KpoIli BHOMPaEMO BHYTPIITHIO TOUKY
T1(1, R-1), a sxmo d; = 3 - 2R < 0, To BuOHpaemo 30BHimIHIO TOUKy S;(1, R).

Bubip Touku Ha i + 1-my KpoIll 3ajeXuTh BiJ] TOTrO, sika Touka Oyia
BuOpaHa Ha i-my kpomi — S un T, (puc. 5.5).

Hexait Ha i-My kpoiii Oyia BuOpana Touka S, Tooto d; = D(S;) — D(T;) <0,
di= (x + 1)* + y* - R* = (R* = (x + 1)* = (y — 1)%). Bnaitgemo diz; = D(Si+1) —
D(Tiss) = (X +2)° +y2 = RE = (R* = (X +2)° = (y = 1)°) = d; + 4x + 6.

Hexait d; > 0, To6TO Ha i-TOMy KpOIIl Kpallle anpOKCUMY€E KOJIO TOYKa T
(puc. 5.6), Toxi dis1= D(Si+1) — D(Tiz1) = (x +2)° + (y — 1)* -R* — (R* - (x +2)° -
(y -2)%) = di + 4(x—y) + 10.

3anuieMo anroputM bpesenxema i Kona.

x:=0; y:=R; d:=3-2*R;

while (x <=y) do begin

circle_8 (x, v, xc, yc, C);

if d <0 then d:= d+4*x+6

else begin d:= d+4*(x-y)+10; y:=y-1; end,;

X:= X+1;

end; {while}

3aysadicenns 5. Il]o6 odepocamu wupoke Koo, He0OXIOHO Hapucysamu
OeKibKa Kinl ycepeouHi 0aHo20 Koad, NOCAI006HO 3MeHULylouu padiyc Ha
oounuyio (abo 306Hi 0aH020 KOIA).

3aysasicenns 6. Kona moocymv mamu pizny cmpykmypy. s no6yoosu
MAKUX Kil YUKiivHo anaizyiomscsa oimu i3 3a0ano2o oatma abo cnosa, 5K i
npu nob6y006i NPAMoi JiHii.
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5.2.3. IHKpeMeHTHHI aJITOPUTM BUBEJEHHA eJinca

Lleit anropuT™ OLIBII CKJIAJHUHN, HIXK aJlTOPUTM OOy A0BU KoJja. BHacni-
JIOK CHMETpIi eiirnca BIJHOCHO OCEH KOOpAMHAT KOOPJAWHATH TOYOK eJlirca

00UYMCITIOBAaTUMYThCS JIMILE B mepiuiii yBepTi. KaHOHIYHE pIBHSHHA eiinca
2 2

X . . . .
Ma€ BUTTISA — +Z—2 =1, g€ arTa b — Benmka 1 Masa mmiBoci eirca.
a

3BeeMO PIBHSIHHSA €JIIICa 10 TAKOT'O BUTJISTY

2 2
* ¥

a? [(b+05)°

3B1JICM MaEMO
XL @O 460 (2b+1)%x2 +4aly? = (2b + 1)%al.
a® (2b+1

[osuaummo (2b + 1)* =m, a® = n, F(x,y) = mx*+ 4ny* — mn, Tozi piBHSH-
Hs eninca Mmatume Bursa F(X, y) = 0.

Inest anropuT™My MOJIATAE OCh Y YOMY: JUISI KOYKHOTO Y, 1110 3MIHIOETHCS BiJI
b mo 0, HeoOXigHO MimiOpaTH Iijae 3HaYeHHS X Tak, moo0 F(X, y) Oymo Haii-
OnvxamuM 110 HyJIs (Touka (X, Y) Halikpalie anpoKCUMYE eJIiIc).

Sxmo F(X, y) <0, To 36ibmyemo x (x:= X +1), axmio F(X, y) > 0, To 3meH-
mryemo y (y:=y — 1). Ane 3nak ¢pynkuii F(X, y) He Moxke OyTH 03HAKOIO BHOO-
py ToukH (x, ).

Jiist BuOOpy TOYKH (¥, y), IO HAWKpaIle anpOKCUMYE EIIC, YTBOPIOEMO
byHKIito moxuodok S(X, Y).

S(x, y) = F(x, y) + F(x+1, y) = 2m(x* + X) + 8ny* — 2mn + m.

Toni, sxmro S(X, y) < 0, To 30imbmyemo x:= x + 1, (puc. 5.7, a); sxmo S(X,
y) crae OutbmmM Hyns (puc. 5.7, 6), To Mu migiOpanu MoTpiOHY TOoUuKy x (e
miKcelb 300pa)kaéMO Ha €KpaHi) 1 3MIHCHIOEMO Mepexia 0 HACTYIHOro y
(vi=y—1). OTxe, Touka x — i mepiia To4ka, 1 skoi S(x, y) > 0.

Puc. 5.7. Bubip mikcens

. 2

Jlins mouatkoBoi Touku (0, b) Sp = 8nb® — 2mn + m. [{ns1 macTymHuX
To4oK (x, y) moTpiOHO Matm 3HaueHHS S(X, Y), aje HOro He MOXKHA 3HAWUTH
Oe3nocepeiHbO, TOMY IO B el BUpa3 BXOJIATH Oleparlii MHOXeEHHs (BTpa-
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Ya€eThCs IMBHIKOAISA anroputMy). s oOunciaeHHs 3HaueHb S(X, Y) moOymye-
MO PEKYpPEHTHI CITIBBIHOIIIEHHS 0€3 omepaliiii MHOKEHHS Ta JIIJICHHS.

Hexait S(x+1, y) = S(X, y) + P(x, y), Tomi P(x, y) = (S(x+1, y) — S(X, y)) =
2m((x+1)% +(x+1)) + 8ny® — 2mn + m =2m(x* + x) — 8ny? +2mn — m = 4mx + 4m.

3 OCTaHHBOT'O CHIBBIJHOIIEHHS BUHO, IO MPU 301IBIIIEHH] X Ha OJIUHU-
110, P 301umbiyeThest Ha 4m, ToMmy Jist P MaeMo peKypeHTHE CITiBBIIHOIIECHHS
P(x +1, y) = P(x, y) + dp, ne dp = 4m, P(0, y) =4m.

AHAJIOTI4HO TpH 3MiH1 y Ha Y — 1 MaeMo

Q(x, y) = S(x, y =1) = S(X, y) = 2m (x*+ x) + 8n(y — 1)> = 2mn + m — 2m x
(x*+ X) — 8ny* + 2mn — m = —16ny + 8n, To6T0 Q(X, ¥ —1) = Q(X, y) + dq,
dg=16n, Q(0, b) =-16nb + 8n.

OTxe, 0JIep)KyeEMO TaKy MpoIeaypy NoOYyA0BH eirca.

procedure Ellips (x0, y0, Rx, Ry, c: integer);
var S, P, Q, m, n, dp, dg: longint, a, b, X, y: integer;
begin
b:=Ry; a:=Rx; n:=a*a; m:=sqr(2*b+1);
x:=0; S:=8*n*b*b—-2*m*n+m;
P:=4*m; dp:=P; Q:=-16*n*b+8*n; dg:=16*n;
putpixel (x0, y0 + Ry, c); putpixel (x0, yO — Ry, c);
for y:=Ry downto 0 do
begin
if S <0 then while S<0do
begin
X:=x+1; S:= S+P; P:=P+dp;
P4(x0, y0, X, y, C);
end;
S:=5+Q; Q:=Q+dqg; P4(x0, yO0, X, Yy, c);
end {for};
end; {Ellips}

HaBenemo mnpornenypy moOynoBH CUMETPUYHUX TOUOK BIJHOCHO OCEM
KOOpIUHAT.

procedure P4(x0, y0, X, y, c: integer);

begin

putpixel (x0 + x, y0 +y, ¢);

putpixel (x0 + x, y0 -, c);

putpixel (x0 - x, y0 +v, c);

putpixel (x0 - x, y0 -y, ¢);

end; {P4}
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3aysasicenns 1. HAxwo 6 0cHOBHI npoyedypi 3amicmsb Onepamopa GUKIU-
Ky npoyedypu P4 ecmasumu onepamopu

Hor (x0 —x, X0 + x, y0 +, ©);

Hor (x0 —x, x0 +vy, y0 -y, c);
Mo 00epIAHCYEMO Npoyedypy 3apapbo8ysants eiincad.

5.2.4. InkpemenTHuii metoa ’Kopaana

Hexait kpuBa 3agana HesBHUM piBHIHHAM f(X, Y) = 0 1 moxigui fy, fy, fi,
fyy, fyy Ta iH. — HenmepepBHi. [IpumycTumo, 1o Aedka minodncioBa Touka P(x,y)
Halikpamie arnpokcumye kpupy f(X, y) = 0.

Meton XKopnana mossirae B TOMy, 1100, pyXarO4HCh Y3[IOBX KpHUBOI, 3
MaKCUMaJIbHO MOJIMBOIO TOYHICTIO M1AOUPATH HACTYIIHI IIJIOUYUCIIOBI TOUYKH.
I3 Touku P(x, y) MOXKHA IEPEHTH [0 CYCIAHIX TOYOK BiChMOMa CIIOCOOaMH,
TOOTO CYyCi/IHI TOUKH MOXKYTh MaTH koopauHat (X £ 1,Yy), (X, y £ 1), (x£1,y+ 1)

(puc. 5.9).
3aranpHa (QopMmyna CyCIOHIX TOYOK
i —4— (c+ A,3) (3 + &), (% Any+ Ay) e
Ax, Ay = 1.

an 3naroun 3Haku Ax, Ay, BuOip cepen

[x.¥]
1 — + % BOCBMHU CYCIJIHIX TOYOK 3BOJAUTHCS 10 BUOOPY
|
X

| cepell TpbOX TOUOK. Pyx mo KpuBifi y Touli
> P(x, y) 3aMiHIOEMO pPYXOM TIO JOTHYHIH.
MoxnuBi JBa HAmpsSMKH PyXy B3JOBXK
motmunoi V' = (-, f.), V =, -f).

SIkmo BuGpary Hanpsm V', To 3HaK Ax npoTuiexHuii 3Haxy f,, a sHak Ay
301iraeTbcs 31 3HaKoM f,.

Sxuo Bubpatu HanpsiM V -, To 3HaK Ax 30iraeTbcs 31 3HaKkoM f,, a 3HaK Ay
NPOTHICKHHN 3HAKY f,.

[Toxnanemo
1, axmo BubGpano Hanpsam V',

|
x+1

Puc. 5.9. Cycigni Touku

d=
0, sikio BuOpano Hanpsm V .

Toni 3aiiicHI0EMO BHOIP:

skiio (fy < 01d=1)abo (fy>0id=0), To Ax =1,

sxmo (fy <01id=1) a6o (f,<0id=0), To Ax =-1, (5.3)

skio (fy >01d=1) a6o (fx<0id=0), o Ay =1,

skio (fy < 01d=1) a6o (fx>01d =0), To Ay =-1.

Tenmep cepen TPhOX TOYOK BHUOMPAEMO HAMONMIKYY TOYKY JIO KPHUBOI
f(x, y) = 0, To0TO Touky mis sxoi | f (x, y)| MiHiMaIbHE.
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[To3naunmo
f(x+Ax,y) =%, f(x,y+Ay)=fY, f(x+Ax,y+Ay)=f",

TOJ1
axmo | FX| < [fY] 1 [fX|<|fY], 1O (Y=Y, X:= X +Ax);
axmpo | 7| <[] 1 |[f7]<|fY], 1o (xi=x,y:=y +Ay); (5.4)
axmpo | f7 | <[] 1 [ Y] <|fY], 1o (x1=x+ Ax, yi=y +Ay).
J1J1 3HaXO0/[KeHHSI 3Ha4YeHb (DYHKIIIT BAKOPUCTAEMO po3Kiiaf y pan Teitnopa
f* = f(x+Ax, y) = f(X,y) + fy Ax + %mxz +é B (AX)® + ...

£7= 0, Ay +Y) = (6 Y)Hy A+ f2ay® 2 6 (ay)" + o (5.5)

9= f(x+Ax, y +Ay) = f(X, ) + fx Ax +f,Ay + %(fszx2 + 2 fXyAXAy + fy?Ay®) +...

YacTuHHI NOX1/IHI B HACTYNHHUX TOYKAX Y CBOIO YEPry BU3HAYAEMO CIIIB-
BITHOLIEHHAMU

fo(X + Ax, y) = fy + feAx +%fx3Ax2 T

f (X + Ax, y) = f, + fyAx +%fx2yAx2 o

fe(x + Ax, y) = fe + feAx +%fx4Ax2 + . (5.6)
fA(X + Ax, y) = 7 + f2Ax +%fxzym2 +o

Fy(X + Ax, y) = fiy + F,Ax +%fx3Ax2 +o.

Ockinbku Ax, Ay MoxyTb HaOyBatu 3HaueHb 1, 0, To oOuucieHHs 3Ha-
4yeHb (YHKIIT Ta MOXITHUX Yy CYCIJTHIX TOYKaX BUKOHYIOTHCSI TUIBKH 3a J0-
MIOMOT'0I0 OTiepalliil JogaBaHHS Ta BiAHIMAHHS.

VY Bunanky, ko f(X, y) € anredpaiunoro kpuoro y popmynax (5.5), (5.6)
HasBHA CKIHYEHHA KUIbKICTh JI0JaHKiB, Toj1 anroputMm JKopnaana Oyne Tod-
HHUM, 1HAKIIIE — HAOIMKEHUM.

Otxe, anroputm JKopana Mae Takuil BUTJISI

nigioparu nepmry Touky P(x, y) 1 BigoOpa3uTH i1 Ha eKpaHi;

NOYaTKOBa iHimiamizamis: 3Haiitu f(X, y), vactunni noxinHi fi(x, y), f,(X, y)
1 T.1., Bu3HauuTu d;

noku To4dka (x, y) He € KIHLIEBOIO 8UKOHYBAMU

nOYamox

obuncauT Ax, Ay Ay HacTymHOI Touku 3a Gpopmynamu (5.3);

oouncmtu ||, [fY|, || 3a popmynamu (5.5);

3a (hopmystamu (5.4) BUOpaTH HACTYIHY TOUYKY 1 300pa3uTH ii HA €KpaHi;

JUTSL HACTYITHOT TOYKH OOYHMCIIMTH YacTUHHI HoxifaHi 3a opmyiaamu (5.6);

KiHeyb.
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OcTaHHs TOYKa Ha KpUBIHA HE 000B’A3KOBO OOUYHMCIIOETHCA 32 JIOMTOMOT OO

LOT0 aaropuTMy. Skimmo Bigomi koopauHath (XK, YK) ocTaHHBOI TOUKU Ha KPH-
Bilf, TO KpUTEPIEM 3YMUHKH POOOTHU LBOTO AITOPUTMY MOXKE OyTH yMOBa
| X=xk|<1li|y-yk|<1l,a00y=pki|x—xk|<1,a60 x=xki|y—-yk|<L1

3aysasicenns 8. /[na 8iopiskie npsamux ma Kpusux opy2020 nopsoky Oiibiu

ehexmusHUMU € cCneyianizo8ani pacmposi anieopummu, wo Oyiu po3easHymi
suue, ockinbku memoo /Kopoana sumazae oouucnienus 3naverHHs QyHKyii ma
il NOXIOHUX T He 8PAX0BYE 0COOIUBOCTIT KONCHOI 3 KPUBULX.

KOHTpOJ’IbHi INIUTAHHA Ta 3aBJJaHHA

Sk ownE

~

9.

SIKi anropuT™MU Ha3UBAIOTHCA PACTPOBUMU?

Ski METOJIM BUKOPUCTOBYIOTHCA JIJIsl TOOYIOBU PACTPOBUX AJTOPUTMIB?
B yoMy nossiraloTh nepeBaru Ta HeJ0JIKU YUCIOBUX METO/IIB?
Po3zkpuiite CyTh 1/1€1 IHKPEMEHTHUX METO/IIB.

3anucaTu npocTimuii anroput™ bpesenxema juist Biapi3ka.

Skuii Burisa Mmae yHKIIis moxubok B anroputmi bpesenxema st
BiJIpI3Ka?

3anucatu anroput™ bpesenxema aiis noOyaoBH KoJia.

. SIka yactuHa KoJyia POPMYETHCS OCHOBHUM alNropuTMoM? Sk

(dbopmMmyeThes perTa YacTHUH Kojta?
Axwmii Burnsag Mae QyHKIisg noxuOoK B anroputMi bpezenxema aiis xkomna?

10. fIka ocHOBHA 1/1€s1 IHKPEMEHTHOI'O AJITOPUTMY [TOOYI0BH €JIIIICA.
11. 3anucaru iHKpeMeHTHUM anroputm YKopaaHa.

12. B yoMy mosisiratroTh nepeBaru Ta Hejodiku Metoay XKopmana?
13. Jns sixkux xpuBux metona XKopaaHa € TOUHUM?

Bupasu i 3axa4i 11 caMOCTIHHOTO BUKOHAHHS

1.
2.
3.

© oo~

PeanizyBatu uncaoBHil MeTO1 MOOYIOBHU KoJIia Ta eJlirca.

Hanucatu nporpamy noOy10Bu AyTH €irica.

Po3pobutn edekTuBHHUI anropuT™ st OOYUCICHHS KOOPAUHAT JOBLIb-
HOTO MPSIMOKYTHUKA, SIKIIO 3aJaHO KOOPJMHATH KIHIIIB OJIHI€I 3 HOTo
CTOpIH Ta MIUPUHY MPSIMOKYTHHKA.

Po3pobutu anroputM moOyJI0BH ITHPOKOI JIiHII, SKa 3aJa€ThCs JIBOMA
TOYKaMU 1 IMPUHOIO JIiHIT, BAKOPUCTOBYIOUH mporenypy Line_3.

PeOpo MHOrokyTHHKA 3aJaHO CBOIMHU BeplIMHaMU. Po3pobutu edexTus-
HUM aJITOPUTM BU3HAYEHHSI TOYOK MEPETUHY PAJIKIB pacTpa 3 1M peOpoM.
Po3po6uT i1HKpeMEeHTHUI alnropuTM o0y 10BH TinepOoIu.

Po3poOuTH iIHKpEMEHTHUN aJITOPUTM TTOOY0BU MapadoIIu.

P0O3pO6GHTH iHKpEMEHTHHIT anIropuT™ Moy o8 minii y = ax®, a > 0.
3anucatu anroput™m JKopnaana nns anreOpaiyHUX KPUBUX JPYroro Ta
TPETHOTO MOPSIJIKIB.
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Tema 6. PacTpoBi anropurmu 3a¢ap0oByBaHHA i 3aI0BHEHHS 00J1acTel

6.1. OcHOBHI MOHATTH

OO0macTh MOJKHA 3aJaBaTy JBOMaA CIIOCOOAMHU. IUIAXOM BHUBEIECHHS J1HIN
KoHTYpy (rpanmii o0Giacti) (puc. 6.1, a) abo 3adapOyBaBmIM BCi miKcesi
obxacTi (puc. 6.1, 6).

a O
Puc. 6.1. Crioco0u 3amanus odnacrei

Akmo 061acTk 3a4a€THCA MIKCEISIMU, IO JIEKATh yCepearuHl 001acTi, TO
BCI mikcesl 3 00JacTi MaroTh OfHE M Tex 3HaueHHs Old 1 >komeH mmikcenb i3
rpanuili Takoi ooOmacti He Mae 3HayeHHs Old. Taki oOyacTi Ha3WBaKOTHCS
BHYMPIUHBO 3a0AHUMU. AJITOPUTMH, K1 TIPAIIOIOTh 3 TAKUMHU OOJIaCTSIMM TaK,
00 mikceni 3 atpuOyToM Old TepeBecTH B miKce 31 3HAYCHHSIM NEW, Ha3H-
BAIOTBHCS BHYMPIUHBO 3aN0BHIOIYUMU AICOPUMMAMU.

OOnacTi, 110 3aJal0ThCsS CBOTMH 3aMKHYTHMH KOHTypaMu (TPaHHUIIIMU),
HA3UBAIOTHCS epaHu4Ho susHaveHumu. I1ikceni, 110 HaneXaTh TPaHUlll, MAtOTh
3HaueHHs bound, a koau mikcesiB BHYTPIIIHBOI YaCTUHH 00JIacTi BiIMIHHI BiJl
bound. AnropuTMu 3amOBHEHHS TaKUX 00JIacTeH HA3UBAIOTHCS SPAHUYHO 3d-
noguiouumu areopummamu. Ilpu npomy mikcen o0jacTi moTpioHo 3adap-
OyBaTH B KOJIp NEW, a KOJIip KOHTYPY HE MOBUHEH 3MIHUTHCS.

KopuctyBau Moxe iHTEpaKTUBHO BU3HAYATHU O00JIACTh, 3aJaBIIU TPAHUIIIO
13 MIKCENIB, 10 NPWIATal0Th oAuH a0 oxHoro. Lli ob6macti motpidHO 3adap-
OyBatu koabopoM New. ITicist BuOopy o0nacTi At peKypCUBHOTO alTOPUTMY
3adgapOOBYBaHHS KOPUCTYBau IMOBUHEH YKa3aTH 1€ JIOBUIbHY 3aTPaBOYHY
TOYKY, IO HAJIEKUTh obOsacti. [ami B 1ipomy anroputmi 3adapOOByBaHHS
00J1acT1 MOTPIOHO MPOYMTATH CYCIJIHI MIKCEl, BU3HAYUTH, Y BOHHU HaJIe)KaTh
obustacTi 1 He 3adapOoBaHi, AKIO Tak, TO 3adapOyBaTu iX. [Ipu bOMy BUHU-
Kae muTaHHs, ki mikcenm (x1, y1), (x2, y2) MoxHa BBaXKaTH CYCITHIMHU.

BaxxyiuBUM MOHSATTAM PacTpOBUX 001acTell € iX 3B’ SI3HICTh — MOXKJIUBICTD
3’€JIHATH JIBa IIKCEeJ1 00JIacTi pacTPOBOIO JIIHIED, TOOTO MOCIIIOBHUM Ha0o-
POM ITIKCEIIB, 10 HajiexKaTh 11 o0jacTi. BUKOpHUCTOBYIOYM 3B’ I3HICTH MOXK-
HAa, pyXalo4yuCh BiJ] TOYKHU 3aTPABKH, HOCATTH 1 3aapOyBaTu BCi MiKcesi 00JacTi.

3a crmocoboM AO0CTYMYy JI0 CYCIJIHIX MIKCENIIB 00JIacTi MOAIAIOThCS Ha 4-
3B’s13H1 Ta 8-3B’s13Hi.
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4-36’ a3nuMmuy HA3UBAIOTH T1 00JIACTI, B IKUX KOYKEH ITIKCEJHh 00JIacTI MOXKE
OyTH JOCATHYTHH 3 1HIIIOTO T1KceJst 00J1IacTl 3a JOIIOMOTr0l0 KOMOIHAIN mepe-
MIIICHh Ha OJHMH MIKCEJIh Y YOTHPHOX HAIMPSMKAaxX. TOPU3OHTAILHUX (BIiBO,
BIIPaBO), a00 BepTUKAIBLHUX (BBEPX, BHU3), TOOTO SKIIO KOOPJAMHATH CYCiJ-
HIX IKCEJIIB 3aJI0BOJIbHIIOTH YMOBY

IX1-x2| + |yl-y2| < 1.

Taki mikcesni Ha3uBaroTh 1ie okosioM (hoH HelimaHa.,

VY 8-3B’43HUX 00JacTsIX 1O LUX HAMPSAMKIB JI0JAOTHCS 1€ 1 JIIarOHaJIbHI,
TOOTO 8-36’s3HUMU HA3UBAIOTHCS 00JIACTl, B SIKMX KOKHUM ITIKCEIb MOJKE
OyTH TOCATHYTHUH 3 1HIIOTO MIKCEJs 1€l % 00JacTl 3a JOMOMOTO0 MOCIIIOB-
HOCTI IepeMillieHh Ha OJMH IIKCelIb Y BOCbMHU HampsMkax (puc. 6.2). ¥V 1po-
MYy BHIIQJIKy CYCIIHIMH BBaXKAIOThCS IMIKCEII, SKIIO X KOOPAWHATH BiAPI3HS-

FOTBCS BIAMOBIIHO HE OUIBIIIE HIXK HA OAUHUIIO, TOOTO
x1-x2|<11i |yl-y2|<1.

ol . . .
A
v w< "
\/:\
. . .

y-1

w1 H w+1

Puc. 6.2. Cycimni mikcem mis 8-38’s13H01 001acTi (okit Mypa)

I3 HaBeneHMX O3HAYEHb BUILIMBAE, 110 JOBLUIBHUX JBa 4-3B’SI3HUX MIKCEIl
€ 8-3B’SI3HMMM, aje He HaBHaku. ToMmy, B 3arajJbHOMY BHUNAAKY 4-3B’SI3HY
00J1acTh MOKHA 3alIOBHUTH SIK 4-3B’SI3HUMHU TakK 1 8-3B’I3HUMH aJITOPUTMaAMH,
ajie He HaBmaku, To0To 8-3B’sA3HY 00JlacTh HE 3aBXXJAM MOJKHA 3allOBHUTH 4-
3B’SI3HUM aJIropuTMoM. Po3ristHeMo aBa KBaapaTu 300pakeHi Ha puc. 6.3. 3a
QITOPUTMOM  3aMOBHEHHS 1Ji 4-3B’3HUX o0Osacteil Oyje 3alOBHEHO JIMIIE
OJIMH KBaJpaTr, a ajJropuT™m sl 8-3B’sA3HUX 00JIacTell 3alOBHUTH JiBa KBaj-
partu.

HEEEEN ]
||
||| ||
HEEEN ||
DDD}! L]
BN ||

Puc. 6.3. 8-38’s3Ha 001aCTH
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Metoau 3amoBHEHHS 00JIacTel MOXKHA TMOIIWTH Ha JIB1 TPYMH. METOIH
3aIIOBHEHHS 3 3aTPABOYHOIO TOYKOIO Ta METOIH PaCTPOBOi PO3TOPTKH.

VY MeTomax 3aloBHEHHS 3 TOYKOKO 3aTPaBKH 3allOBHEHHS MMOYHMHAETHCS 3
JESIKOT TOYKH, [0 3HAXOAUTHCS BCEPEAMHI 3aMKHYTOr0 KOHTYpY (3aTpaBouHa
Touka). [laji BiAIIYKOBYIOThCS CYCiHI 3 HEIO TOYKH, SIKi pO3MIiIleHI Bcepe-
JMHI KOHTYpY. SIKIlO Taka TOuka 3HaijieHa, TO BOHA CTa€ HOBOK 3aTpaBOY-
HOIO TOYKOIO 1 JUIsl HEe1 PEKypPCHUBHO BENIEThCS MOIIYK HOBUX TOYOK. [lomiOH1
aJTOPUTMH BUKOPHUCTOBYIOTHCS TUIBKHU JIJII PACTPOBUX MPUCTPOIB.

VY Meronax pacTpoBOi pO3rOpTKH B MOPSIKY CKaHYyBaHHS PSI/IKIB BHU3HA-
YalOTh UM TOUYKA JISKUTh BCEPEIUHI KOHTYPY 1 AKIIO Tak, TO 1i 3ahapOOBYIOTh.

6.2. PexkypcuBHi aaropurmu 3adpap0oByBaHHs o0JiacTei

HaBenemo HallmpocTilIUid pPEKypCUBHUN anroput™ 3adapOoByBaHHS
4-3B’s13HOT TpaHUYHO 3a/1aHo1 00jacTi [34].
Pixel _Fill (x, y, bound, new);
Il (X,y) — KoOpAMHATH OYATKOBOI TOYKH, 3 SIKOI IMOYHEThCS 3adapOoBy-
BaHHs, bound — KoJ1ip IrpaHMIl, NEW — HOBHM KOJIip 00J1acTi
sAKwo TouKa (X, y) He HAISKNTh KOHTYPY 1 He 3adapOoBaHa B KOIip NEW, 1710
noO4amox
3adapOyBaTu TOUKY (x, ¥) Y KOxip New;
Pixel Fill (x + 1, y, bound, new);
Pixel Fill (x,y + 1, bound, new);
Pixel _Fill (x, y — 1, bound, new);
Pixel _Fill (x -1, y, bound, new);
KiHeyb.
AHAJIOTIYHUH aJITOPUTM MA€EMO JUIs BHYTPILITHBO 3a/1aHoi o0acTi [34].
Flood_Fill_4 (x,y, old, new);
/I/(X,y) — koopauHatu 3arpaBoyHOi ToukH, Old — 3HaueHHS aTpuOyTy MiK-
CeJiB, 10 33/1aI0Th 00J1aCTh, NEW — HOBE 3HAYEHHS aTPUOYTY MIKCEs
saxwo getpixel (x, y) =old mo
no4amox
3adapOyBatu TOUKy (X, y) y KOJip NEW;
Flood Fill 4 (x +1,y, old, new);
Flood Fill 4 (x-1,y, old, new);
Flood Fill 4 (x,y +1, old, new);
Flood_Fill_4 (x,y -1, old, new);
KiHeys.
PexypcuBHi alroputMu AOCUTH NpocTi. BoHU abCOMIOTHO KOPEKTHO 3a-
(dapOoOBYIOTh HalCKJIaaHIIIT 00JACTI, aje HeePEeKTUBHI MO Tid MPUYMHI, 110
dbyHkIii 3adapOoByBaHHS BUKIUKAIOTHCS 110 BXe 3adapOOBaHUX IMIKCENIB 1,
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KpIM IIhOTO, BUMAraloTh BEJIMKOTO CTEKYy 4Yepe3 3HauHy TJIMOWMHY peKypcii.
IIpakTuka mokasye, 1o Il AJITOPUTMHU HENPUUHATHI JJ1s1 00JIacTel 13 TUCSIUEIO
1 OLJIbIIIE MIKCENB, OCKUIBKY B110YBAa€ThCS IEPETIOBHEHHS CTEKY.

Tomy st po3B’sizaHHs 3amadi 3adapOyBaHHS MepeBary HaJgalTh alro-
puTMaM, K1 00pOOJISIFOTh LI TPYIH MIKCEiB.

6.3. IlocTpiukoBuii aaropuTm 3agapo0ByBaHHA i3 3aTPABKOIO

PosrnssHEMO Bepciio OJHOTO 3 HAWMOMYJISPHIIIUX aIropuTMmiB 3adapoo-
BYBaHHS 3 3aTPaBKOI0. [7es 1bOoro alroputMmy moJisirae B TOMY, IO IS 3a-
naHoi Touku (X, y) 3 00JaCTi BH3HAYAETHCS 1 3aMIOBHIOETHCS MaKCHMaIbHUI
Bizpizok [Xl, Xr], mo JaexkuTh ycepeauHi 00aacTi i MICTUTh 110 TOuKy. Ilicis
OO MEPEBIPSAIOTHCS BIAPI3KK 00JIACTi, 11O JIEKATh BUIIE 1 HUXKYE 3Hailjae-
HOTO BiJpi3Ka. SKIIO Takl MiKCeNl 3HaXOAThCsI, TO PEKYPCUBHO BUKIMKAETh-
cst QyHKITs Juist iX 00poOku. Po3risiHemo anroputm OUTbI JETaIBHO.

Ha koxHill Topr30HTaNI MiKCeni, sKi MoTpiOHO 3adapOyBaTH, CKIIaIal0Th
TOPU3OHTAJIBHI 1HTEPBAJH, IO JIEXKaTh ycepeauHi obnacti. L1 iHTepBanu Bi-
JOKPEMJICH1 OJMH BiJI OJHOTO IHTEpBajJaMM 3 IMIKCEJIB, 5Kl HaJIekaTh MEXI
a00 30BHIIIHOCTI 001ACTI.

Sxio HaOip MIKCENTIB YTBOPIOE 3B’SI3HUM 1HTEpBaJ, KWW JICKUTH BCe-
peauHi 00y1acTi, TO MIKCEl Haj 1 HiJ UM 1HTepBajoM € a00 MEKOBUMH, a00
JexaTh ycepeauHi oonacti. OcTaHHI MOXKYTh CIY>KUTH 3aTPAaBOYHUMM TIiKCeE-
JSIMU JUTSL PSIZIKIB, IO JISXKATh BHINE Ta HIDKYE BiJl aKTUBHOTO PSIKA.

Hexait (x, y) — KOOpAMHATH IMOYATKOBOrO IIKCEJSA, TOMI IMOCTPIUKOBHIA
aNTOPUTM Ma€ TaKWK BUTJIS;

Line_ Fill (x,y);

noYamox

3HalTH KpaiiHIo JiBy Touky Xl iHTepBay;

3HAWTH KpaiHIO IIpaBy TOYKY XI' IHTEpBay;

3anoBHuTH iHTEepBai Bix Xl mo Xr;

Jlns ecix x 6i0 X 0o Xr euxonamu

sKkujo Touka (x, y +1) He HaJIeKHUTh MeXi 1 He 3adpapOoBaHa,
mo Line_Fill (x,y +1);

Jlns ecix x 6i0 X| 0o Xr euxonamu

akujo Touka (x, y — 1) He HanmexuTh Mexi 1 He 3apapOoBaHa,
mo Line_Fill (x,y—1)

KIHeyb.

[le#t anropuT™ TakoX € peKypCUBHHM, ajie ocKiibku ¢ynkiis Line Fill
BUKJIMKAETHCS IS JIIHIT B IIJIOMY, @ HE JJIs1 KOKHOTO IKCEJIsI, TO 11€ 3MEHIIIY€
KUTBKICTh BKJIQJICHUX BUKJIMKIB, & OTXKE, 3MEHIITYIOThCSI BUTPATH CTEKOBOI Ma-
M’SITi. AITOpUTM €EKTUBHO TMPAITIOE 1 sl 00sacTei i3 nipkamu (puc. 6.4).
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3aysaoicenns 1. /s sapapbosysanns npocmiwux @icyp (npamoKymHux,
eNline) MOJHCHA BUKOPUCMAMU ANICOPUMMU BUBCOEHHSI KOHMYPY, AKI pO32/isi-
oanuce suwe. Y npoyeci 6UKOHAHHA YUX AN2OPUMMIE NOCTIO08HO 0OHUCTIO-
I0MbCsl KOOpOUHamu nikcenie koumypy. /Ansa 3agapb6ogysanns neoOXiono u-
B00UMU 20PU3OHMATL, SKI 3’ €OHYIOMb NApu MO4Y0K HA KOHMYPI, Wo pOo3Mi-
WYIOMbCS CUMEMPUYHO 8I0HOCHO éepmuKanvhoi oci (puc. 6.5).

Puc. 6.4. [locTpiukoBuii anroput™ 3adapOoByBaHHs 00acTeit

[z, yc-y) Fl\[xcw,yc-y]
\ [xe.4c]

Puc. 6.5. 3adapOoByBaHHS Kpyra

6.4. Anroputm 3adapooByBaHHs 00J1aCTi 3a KpUTEPiEM MAPHOCTI

OnuieMo OCHOBHY IJ€H0 aJlTOPUTMY. B LMKl MO y MPOBOASTHCS TOPU30H-
TaJlbHI NpsiMi. Toukam MepeTuHy Iyrd KOHTYPY 3 TOPU3OHTAIBHOIO MPSMOIO
CTaBUTHCS y BIJIMOBIJIHICTh NIEBHA CTPYKTYypa JAHUX, 110 BU3HAYAE XapaKTep
MEPETUHY AYTU 3 TOPU3OHTAILHOIO JIiHI€W. [ cTpykTypa JaHUX BU3HAYAE YU
TOYKW TOPU3OHTAJII € BHYTPIIIHIMU YU 30BHINIHIMY MO BIHOIIEHHIO 10 PO3-
s IyBaHoi oonacti. Tak ctae Bigomo, sKi MiKcesI moTpioHo 3adapOoByBaTH.
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BBenemo B po3risa 3MiHHI Guwye, Huodicue, ki HaOyBaTUMYTh 3HAUYCHB,
10 OMHUCYIOTh XapaKTep MEPETUHY TOPU3OHTAIBHOI MPSAMOT 3 IyTOI0 KOHTYPY.
Touku KOHTYpY, IO BIAMOBIAAIOTH JOKAIBHUM €KCTPEMyMaM KOHTYPY, MaTu-
myTh nopsaku (0, 2) ado (2, 0) (puc. 6.6, a, 6).

SIKIIIO KOHTYp HE MICTUTh KPaTHUX MIKCEIIB 1 TOYKA KOHTYpa HE € €KCT-
peMyMoOM, TO TaKii Toulli Bianoinae ctpykrypa nanux (1, 1) (puc. 6.6, 6).

U ew 0 e == D)

a o 6
Puc. 6.6. Ctpyktypu ganux

[TosiBa 03HAKW ITOMUJIKH P BUKOHAHHI aJITOPUTMY CHUTHAJI3Y€E PO CTPYK-
TYpH JaHMX, SKi BIIPI3HSIOTHCS BiJl IOIyCTUMHUX map 3HaueHsb (1, 1), (2, 0), (0, 2).
JIns BU3HAYCHHS IMOPSIKIB TPAaHUYHUX TOUYOK BUKOPHCTOBYETHCS IIPOIIE-
aypa Link. YBeneMo B po3risit TiYMIbHEK |, 3HAaUEHHS SIKOTO BKa3ye Ha KiJlb-
KICThb MEPETUHIB KOHTYpPY 00JIacTi 3 pO3TJISAyBaHOK TOPU3OHTAJIBHOIO MpS-
MO10. KpiM 11b0T0 JIj1s1 3MEHIIICHHSI OOYMCIIIOBAILHUX 3aTpaT BU3HAYUMO IIpsI-
MOKYTHY O0O0JOHKY (Xmin, Ymin) — ( Xmax, Ymax), III0 MICTHTh HaIly 00JIaCTh.
AJTOPUTM 3alIOBHEHHS 00JIacTi 3a KPUTEPiEM IMapHOCTI Mae BUIJL [22].
151 KOJHCHO20 Y 8I0 Y = Ymin 00 Y = Ymax BUKOHAMU
no4amox
Bceranosutu 38auenss muwisHauka B 0, 1=0;
IIpucBoiTH X 3HAYEHHS JIIBOTO KPalo CITKU X = Xmin ;
NOKU X < Xmax BUKOHYBAMU
noYamox
sakuo (x,y) He HAICKUTH KOHTYPY, MO
nOYaAMoK
sAKwo 3HAYCHHS JiunibHuKa | HenapHe, mo
3adapOysaru (x,y);
30iapmuTH X: x:=x+1
KIHeub
IHaKuwe
noOYamox
Link (x,y, suwe, nuosicue);
AKW0 3HAYEHHS 6uwe, Hudicye = 1, mo 301Uty miuuinsHuk |:=1 + 1;
AKWO suwe + Hudicue # 2 mo 03HaKa TOMUJIKH
KIHeyb
KiHeyb
KiHeyb.
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®dymnxkuito Link BU3HaYMMO HACTYITHUM YHHOM.

Link (x,y, Buie, HIKYeE)

Il x,y — BXinHa iHpOpMAITis: KOOPAMHATH TIKCENsI, 0 HAICKUTH KOHTYPY
Il suwe, nusxcue — BuxigHa iH(poOpMarllis (3HaAUYCHHS BEPXHBOIO Ta HIIK-
HBOTO MOPSAIKIB TOYKH KOHTYPY)

no4amox

BcranoBuTH 3HaUEHHS 6uUye, HUdCUe B HYJIb,

sakuo (x — 1, y + 1) HaNeKUTh KOHTYPY, mo suwe: = suwye +1;

sakwo (x — 1, y — 1) HaJIeKUTh KOHTYPY, MO Hudcue. = Hudxcue +1;

noxu (x, y) HAJIGKUTH KOHTYPY 6UKOHY8AmMU

no4amox

akuo (x, y +1) HaIeKUTHh KOHTYPY, a (x =1, y + 1) He HAJIGKUTHh KOHTYDY,
mo suwe. = suuje +1;

sakuo (x, y — 1) HalexKuTh KOHTYpPY, a (x —1, y — 1) He HAJIKUTh KOHTYDY,
mo HuodKcue:. = Huxcye +1;

30iIbUWUmMU X

KIHeub

saxuo (x =1, y + 1) He HaJICKUTH KOHTYPY, a (x, y+ 1) HAJICKUTH KOHTYDY,
mo euue = suwe + 1;

saxkwo (x =1, y — 1) He HAJIGKUTH KOHTYPY, a (x, y — 1) HaJeKUTh KOHTYDPY,
mo Hudxcye = Hudxcye + 1

KIHeyb.

3aysadicennsn 2. Hasedenuii aneopumm cnpouwlyemuscs 0is NoAieoHis. [

yvo2o zamicme npoyedypu LinK nompiono eusnauumu xapaxmep nepemumy
2OPUBOHMANILHUX TIHIL 3 peOpamu noaieony. Axwo mouxka nepemuny € eep-
WUHOIO JIOKANbHO20 eKCMpeMymy, mo 3apaxo8yeMo 08I MOUKU Nepemumy,
IHaKuie — 00HY.

6.5. 3adpapOooByBaHHs MOJIiroHiB. Y X-aJaropurm
AJnantyeMo HaBeJeHI BHIIEC QJITOPUTMH Ha BHUITAJIOK, KOJIU O0JIACTh €

MHOTOKYTHUKOM (mojiiroHoMm). OCHOBHa ijiesl anroputMy — 3adapOoBYBaHHS
MOJIITOHA B1JIpI3KaMU TOPU30HTANICH.

Hexan KOHTYP ITOJIITOHA 3ad€TbCA MHOXHWHOIO KOOPpAWHAT BCPIIUH

Pi(x;, v:),i=0, 1,..., n, sKi TOCTiAOBHO 3’€THAHI BiApI3KaMH MPSMUX.

F1 F3

N

PO P2 P4 Puc. 6.7. YX-anroputm
3ahapOOBYBaHHS MOJITOHA

P5
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B anroputmi 301HCHIOETHCS IMKI MO ), Ha KOXHOMY KpOIll SKOTO
3HAXOIAThCS TOUKH IEPETUHY BiAPi3KiB KOHTYpY Iouirona (pedep) 3 BiArmo-
BigHUMH Topu3oHTaNsIMU (puc. 6.7). Llel anroput™m Ha3uBaeThes Y X-ayro-
PUTMOM 1 Ma€ TaKWil BUTJIS;

nOYamox

Buaiitt MiN (;) =y min I MaX (V;) = ¥ max CEPE BCIX BEpIIUH P;;
2y 6i0 Y =Ymin 00 Y =Vmax BUKOHYBamu
noYamox
3HaWTHU TOYKM MEPETHUHY YCiX BIAPI3KIB KOHTYPY 3 TOPU3OHTAILIIO V;
KoopanHaTy TOUOK IEpETUHY 3allucaT B MacusB X,
YnopsakyBatu macuB X IO 3pOCTaHHIO KOOPAWHAT X;;
BuBecTu ropru3oHTalbHI BIAPI3KKA 3 KOOPIMHATAMU KIHIIIB
(x0, ) = (x1,») 5 G2, ¥) = (x5, ) 5+« + 5 (K20 ¥) — (¥2ut1, V)
KIHeub

KiHeys.

JloBUTbHA TIpsiMa JIiHISI TIEPETHUHAE 3aMKHEHUM KOHTYp MapHY KUIBKICThH
paziB, TOOTO B MacuB X 3alUCY€ThCS IapHA KUIBKICTh TOYOK IEPETHHY.
Onyxii Girypu 3 10BUIBHOIO MPSMOIO 3aBXK/IM MAIOTh JIB1 TOUKU IMEPETUHY .

[Ipu 3HaXOMKEHHI TOUOK MEPETUHY FOPU30HTANL 3 KOHTYPOM HEOOX1THO
OpaTi 10 yBarm OCOOJIMBI TOUKHM (BEPIIMHU TMOJIroHa). SIKIIO TOPU30HTAIb
Ma€e KOOpAUHATY J, 10 301ra€eThCs 3 y; BEpIIMHU P;, TO HEOOX1HO aHali3yBa-
TH, K TOPU30HTAIIb MPOXOJAUTH Yepe3 BepiiuHy P;. Akuio BepmuHa P; € Jo-
KAIbHUM MaKCUMyMOM a00 MiHIMyMOM, $K, Hamnpukiaa, Pi, Pz, Ps3, Ps
(puc. 6.7), To BepinHa P; He 3aIIMCY€EThCS B MacKB X a00 3alUCy€EThCS 2 pasy.
SIKII0 TOpU30HTAIb TIepeTUHAe BepmuHy P; tak, mo (Vii— ;) * (visr1—y:) <0
(Hampuknan, sk Bepmuuu Py, Py (puc. 6.7)), To B MacuB X 11 BepIlIMHA 3aIlu-
CYEThCSI OJIUH pa3. SIKII0 TOPU30HTANIH 3yCTPIYAETHCS 3 TOPU3OHTATHBHUM BiJI-
pi3koM nojirona P;P.1, TO HEOOX1THO aHaM3yBaTH J00YTOK (Vi.1— Vi)*(Vis—Vi).

[eli anropuT™M MOKHa ONTHUMI3yBaTd, Oepydd 0 yBaru Tou Qaxt, 1o
KO)KHa TOPU3OHTANIb Y OUIBIIOCTI BUIIAJIKIB MIEPETUHAE HE BCl pedpa, a JIMIIIe
HEBEJIUKY KUIBKICTh pedep KOHTYpY. ToMy, SKIO 3poOuTH momnepeiHii Biaoip
pebep, 110 MePEeTUHATHCS 3 TOPU3OHTAIIIIO, TO MOXKHA TOCSATHYTH 3MEHIIICH-
HSl KUIBKOCT1 OOYHMCIIEHB B aJITOPUTMI.

Hampuknan, po3ainumo miamazoH [Vmin, Vmax] HABIT TOYKOIO V. SIKIIO
IS A1ana3ony [Vmin, Vep] CKIACTH CIHCOK BepHH (pedep), I SIKHX y-KOop-
JAMHATa HAJIEXKHUTh OMY Jiana3oHy, TO JJIS TOPU3OHTAIEH 3 VE [Vmin, Vep] OY-
JIEMO TIEPEBIPATH MEPETHUH TUIBKH 13 UM cICKOM pedep (ix Oyae mpuOIn3HO
y 2 pasu MeHIIe). AHAJIOTIYHO Ui Aiana3oHy [Yep, Ymax] TAKOXK CKIIATaeMo
ciucok pebep (ix Texx Oyie mpUOIU3HO BIBIYUI MEHIIIE).
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KoHTyp MOXHa NUIMTA HE HABILI, a HA MEHII YacTUHU. Takui crocid
M1IBUILCHHS MBUAKOA1T €(peKTUBHUM JJIs1 BEIMKOI KUIBKOCT1 BEPIIIHH.

Hageneni Bullle aJiIrOpUTMH MOXKYTh OYTH BUKOPUCTaHI HE TUIBKHU IS
3adapOoByBaHHs (Piryp, a W O po3B’sI3yBaHHS IHIIUX 3a/ad, HAMpPUKIAI,
JUTs1 3alI0BHEHHS (Iryp, 3HAXOKEHHS 10111 PIrypH, HEHTPY Baru Ta iH.

6.6. 3anoBHenHs ¢iryp. Tekcrypu

3aiaya 3anoBHEHHS 00J1acTel moJisirae B TOMy, 11100 JjaHy 00JacTh 3adap-
OyBaTH HE CYIJIbHO, a TUIbKH i1 yacTHHU (MOYKIJIMBO, PI3HUMH KOJIBOPAMH).

IIpu BuBeneHH1 300pakeHHsS (Iryp MOXYTh BUKOPHCTOBYBATHCH Pi3HI
CTWJII 3allOBHEHHs. /{7 BU3HA4YEeHHS CTWJIIO 3alOBHEHHS (iryp, BIAMIHHOTO
BiJl CYLIILHOTO 3aapOOBYBaHHS, BUKOPUCTOBYIOTh MOHSTTS TEKCTYpH, X0ua
BOHO OLIBIIOK MIPOIO 3aCTOCOBYETHCS ISl TPUBUMIPHUX 00’ €KTIB. Texcmy-
pa — 1€ CTUJIb 3alIOBHEHHS, 10 IMITY€E CKJIaJHY IMOBEPXHIO.

Jl71s1 3aroBHEHHS PITyp MEBHUM CTUJIEM BUKOPUCTOBYIOTH T1 %K cami aJiro-
puTMH, O 1 1ipu 3adapoboByBanHi iryp. CyuinbHe 3adhapOoByBaHHS O3HAYAE,
II0 KOJIIp KOXHOTO IKcens ooyacti omgnakoBuii (Color = const), To0to airo-
putMu 3adapboByBaHHs Piryp 000B’A3KOBO MICTSIThH OIEPATOP

8UseOeH s niKcels nocmitino2o koavopy color iz koopounamamu (x, y).

A s Toro, mo0 ¢Girypy 3aiOBHUTH MIEBHUM B13€pyHKOM, HEOOX1THO 3Mi-
HIOBaTH KOJIpP IMIKCEJIB 3alI0BHEHHSI, TOOTO B aJICOPUTMI 3alIOBHEHHS (QIrypu
Iepel orepaTopoM BHBEICHHS Iikcels (x, y) Koubpopy cOlor morpiOHO moc-
taBuTH omneparop color = f(x, y), sxuii Oyae Bu3HauaTu Kojip color mis
KOXKHOTO MIKCEJs 30KpeMa, a OTXKe, alTOPUTMHU 3alOBHEHHS OyJIyTh MICTUTH
omepartopu: color = f(X, y); eusedenns nixcens (X, y) korvopy color.

®yukris f(X,y), aprymeHTamMu SKOi € KOOPJIWHATH IOTOYHOIO ITIKCES,
BU3HAYa€ CTWIb 3amoBHEHHs. SIkmio 3HaueHs ¢yHkii f(X, y) renepyBaTu BU-
NaJIKOBUM YHMHOM, TOOTO 3HaudeHHs color = random( ), To MOXHa CTBOPHUTH
11r03110 MaToBOi 1oBepxHi (puc. 6.8 ), a sxmo 3a f(X, y) B3aTH QyHKIIiIO

f(x,y) = {

TO MO’KHA 3alTOBHUTH 00JIaCTh IUPOKUMH IITPUXOBUMH JliHissMHU (puc. 6.8) .

C,, akwo (X+y)modS <T;
Cqb, ons pewmu X, Y,

Puc. 6.8. MaroBa Ta mtpuxoBa pirypu
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Tyt mapamerp 7 3aiae TOBIIMHY MITPUXIB, S — MEPi0]] HAHECEHHS IITPU-
xiB, C,, —Kounip WTpuxoBux HiHii, Cp— Kouip QoHy. SIKII0 HE 3a1aBaTU KOJIIP
($oHyY, TO MOKHA CTBOPUTH 1JIF03110 HAMIBIPO30pO1 (IrypH.

YacTo npu 3an0BHEHHI (PIryp BUKOPUCTOBYETHCS KOMIIOBAaHHS HEBEJIUKUX
pacTpoBHX 3pa3KiB-BizepyHKIB (TekceliB) Ha BClo obOmacth ¢irypu. Hexaii
MA€eEMO pacTp 13 M * N MiKCeliB, M0 CKJIaJlae 3pa3oK TeKCTypu. [Ipu npomy
KOOpJIMHATH MIKCEIIB CTPYKTYpH X;, )} MOXYTh HaOyBaTH 3HA4YC€Hb
X =0,1,..,m-1y.=0,1,..., n — 1. 3anmoBHEHHs QIrypH MOXHa 3a 0€3-
NEYUTH NUISIXOM IUKJIIYHOTO KOMiIOBaHHS (PparMeHTa 3pa3ka BcepeinHl odiac-
T1 3a1IOBHEHHSI Pirypu.

Jlns nporo motpioHo omnepatop color = f(X, y) 3aMiHUTH TAKOIO MOCIIITOBHIC-
TIO OTleparlii:
e  Id KOOpAMHAT (X, ) MIKCENS 3alOBHCHHS OOYMCIMTH BiAMOBIAHI iM
KOOpJIUHATH (X, V;) 3pa3ka 3allOBHCHHS,
e  3a xoopauHatamu (Xx;, y,) BH3HAYUTH Koiip cOlor mikcems 3paska
TEKCTYPH;
®  BHUBECTH IMIKCENb 3 KoopauHaTamu (X, y) 1 3 KoJbopom color.
OOunciaeHHsT KoopauHAT (X, y;) Yepe3 KoopAuHaTH (X, ¥) MOXKHA 3iiic-
HUTH 32 popMynamu
x; =Xxmodm, y, =ymodn,
7€ M, N — po3Mipu pacTpa-3paska, mod — GhyHKIIis, 1[0 BU3HAYAE 3AJTMIIOK BiJl
nieHHs. SIkmo M ta N e crerneHeM 2, Toai PyHKIiI0 MOd MOXHA 3aMIHUTH
Outbll mBHAKOAIIOYMMHU (pyHKIissMH. [Ipukian 3amoBHEHHS 00J1aCTI TEKce-
J1amu 300pakeHo Ha puc. 6.9.

Puc. 6.9. 3anoBHeHHs 00J1aCTi IESIKUMU 3pa3KaMu
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6.7. O6poOKa pacTpoBHX 300pakeHb

O6poOka pacTpoBHX 300pakeHb Tepeadavae MepeTBOPEHHS PacTPOBHX
naHuX. IcHye 6arato pi3HMX BapiaHTIB 0OpPOOKH pacTpOBHUX 300pakeHb. Mox-
Ha BUJIUINTH TPH OCHOBHHMX KJIAaCH aJrOPUTMIB 00OpOOKH pacTpoBUX HaHuX [7]:

— TOYKOB1 QJITOPUTMH, B SKHUX 3HAYEHHS MIKCEJIB 3MIiHIOIOTHCS Ha OCHOBI
3HA4YEHb CAMUX MIKCEIIB Ta IX KOOP/IUHAT;
— TMPOCTOPOBI AITOPUTMHU, B IKUX 3HAYCHHS MIKCEJIB 3MIHIOETHCS Ha OCHO-

Bl BUX1JHUX 3HAUYEHb CAMUX MIKCEIIB 1 MIKCEJIIB HABKOJIO HUX;

— aJIrOpUTMU TF€OMETPUYHUX MEPETBOPEHb, KOJHM PO3MIIICHHS MIKCEIIB B
300paKeHH1 3MIHIOETHCS HA OCHOBI T€OMETPUYHUX MEPETBOPEHb.

JIJ1st KOKHOTO 3 IIUX KJIaciB po3po0eHO UITUHN psijl AITOPUTMIB, IPUUOMY
3aCTOCYBaHHS IIMX aJITOPUTMIB HEKOMYTATHBHE, TOMY BaXKJIMBUM € TOPSJIOK
1X 3aCTOCYBaHHA.

PosrisitHemMo Aesiki MOHSATTS, 110 JIEXKaTh B OCHOBI IIMX ayiropyuTMiB. Hexaii
ajj eJIEMEHT 300pa’keHHs, TOOTO mikcens 3 koopauHatamu (i, j), romi 4 = { a;j },
1=0,1,...,m,j=0,1, ..., n pacTpoBe 300pakeHHs, TOOTO MATPHIIS IMKCEIIIB.

Sxmo a;; €{0, 1}, To pactpoBe 300paKeHHSI HAa3MBAETHCA OIHAPHUM i
CKJIaJIA€ThCS TUIBKU 3 YOPHUX Ta OLIHUX ITIKCEJIIB.

Sgxmo a;; €{0, 1, ..., N — 1}, To pacTtpoBe 300paKeHHsI Ha3UBAETHCS Ha
MIBTOHOBUM 1 KOKHUU TiKcenb Moske nmpuitMatu N BiaTiHKIB ciporo (rpaaa-
Il ICKPaBOCTI).

Sxmo a; 4| X |, ne Xi'} {0, 1, ..., N = 1}, To 300pakcHHs Ha3H-

BA€THCA KOJILOPOBUM. KOJIip KO>KHOT'O ITIKCENST BU3HAYAETHCS KOOpAHWHATaMH

(xl, x* : x3) B ITPOCTOP1 KOJIHOPIB.

PosriasiHeMo anropuTMiuHI OCHOBH OOpOOKM OiHApHHMX 1 HaAIMiBTOHOBHUX
300paKeHb.

Toukoegi anzopummu. TOYKOBI aNTOPUTMU MPOCTI 1 HAHOUIBII YACTO 3ac-
TOCOBYIOTHCS B aITOPUTMaxX 00poOKH 300pakeHb. BOHU 3aCTOCOBYIOTHCS ISt
OlHapHHUX 1 HAMIBTOHOBUX 300paxkeHb. B 1ux anaroputmax ajis 3MiHH SICKpa-
BOCTI TIKCeJisi B 300pa)K€HHI BUKOPUCTOBYETHCS TUIBKM BUXIJHA SICKPABICTH
IIbOTO MIKCENsA, 1HKOJIM KOOPJAMHATH IbOTO MIKCENsS; HISKI 1HII 3HAaYCHHS HE
BUKOPUCTOBYIOTHCSI.

Hogi 3HaueHHs ACKpPaBOCTI OOUYMCITIOIOTHCA Ha OCHOBI JIEIKOTO aJIrOpUT-
My. TOYKOBI aTOPUTMU CKAHYIOTh 300paK€HHS MIKCEIh 3a MIKCeIeM, 3/I1HC-
HIOIOYM TEPETBOPEHHS TOYOK 300pa)k€HHA. SKIIO MEpEeTBOPEHHS 3aJIEKUTh
TUIBKH B1JI ICKPABOCTI IIKCEIIIB, TO MpoIieC 00pOoOKH 300paKeHb Kpalle peati-
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3yBaTH Ha OCHOBI TaOJMIh MEPETBOPEHHS. SKIIO MEPETBOPEHHS B TOUYKOBHUX
aJITOpPUTMAxX BPaxOBYE 1 PO3MIILICHHS IIKCEIIB, TO BOHO 3aJ1a€ThCs (DOPMYIIOIO.
TouKOB1 aITOPUTMU HE MOXKYTh MOJIM(PIKYBaTH JIeTall 300pakeHHS.

HalinpocTimii anropuTMu UbOT0 KJIacy L€ aJropuTMHU o0y 10BU HETaTHB-
HUX 300paxeHb, abo airopuTMu iHBEpCli sickpaBocTi mikceniB. HeraTuBHe
300pakeHHsT OJIEPKY€EThCS IUISIXOM BIHIMAHHS BUXIJHOTO 3HAYEHHS SCKpa-
BocTi f(X, Y) KOXHOro miKcens 300pa)k€HHS BiJ MaKCHUMaJIbHO MOXJIHMBOI'O
3HAYEHHS SICKPABOCTI fax:

g(X, y) = fmaX_ f(X1 y)’

ne g(X, y) — HoBe 3HaueHHs sgckpaBocTi mikcens (X, ). HeratuBHi 300pakeHHs
HEOOX1AH1 JUIs BUAUICHHS SCKPAaBUX YAaCTHH 300paKeHHS, OCKUIBKU JIIOJICHKE
OKO Kpallle cipuiiMae AeTajii B TeMHIA 00J1acTi 300pakeHHsI, HI’K B CBITJIIH.

Jlpyra BakJiuBa rpylia aJlfOPUTMIB I[bOTO KJacy 1€ aJrOpuTMU OiHapH-
3alii — HamIBTOHOBUX 300payx€Hb, TOOTO MEPETBOPEHHS iX B YOpPHO-Oie
(6inapue) 300paxkenHs. LIi anroputmu 0a3yrOThCs Ha MMOPOroBii 00poOIl Ha-
MIBTOHOBUX 300pa)K€Hb HUISIXOM PO3JILJIEHHS BCIX MIKCENIB 300pakeHHsI Ha
JIBa KJIACH 3a O3HAKOIO SICKPaBOCTI: MiKcesl 00’ ekTa 1 hony. dopMmyra neper-
BOPEHHS SICKPABOCTI B aIrOpUTMax OiHapu3allii Ma€e BUTIISA

1:max y AKWYO f (X’ y) 2 fo;
fb y AKUWO f (X1 y) < fO;
ne fo — nesike moporose 3naueHHs sickpaBocTi (puc. 6.10).

gA

ax,y) =

fmax ----------------

fh

Puc. 6.10.

[Tpu IbOMY Ba)KJIMBO MPABUIILHO BUOpATH MOPOTroBe 3HaueHHs fo, o0 He
BTPaTUTU KOpHUCHY iH(opmailito. OcoOIMBO 1€ CYTTEBO, KOJIU 300pa)KEHHs
MICTUTh JesKui 1yM. Taki NepeTBOpPEeHHS BHUKOHYIOTh JJIS TOTO MO0 B
300paX€HHI1 3aJUIINTU TUIBKU Ty 1HPOpPMAaIliIO, siKa HEOOX1HA ISl pO3B’ A3y-
BaHHS 3a7a4, HAIIPUKJIA]l JIJIs1 3HAXO/KEHHSI KOHTYPiB 00’ €KTA.

3a JOMOMOI0I0 TOYKOBHUX QJITOPUTMIB MOKHA PO3B’s3aTH 3a/audy 3011b-
HIEHHSI KOHTPACTHOCTI 300pakeHHs. 300paKeHHs 3 HU3bKUM KOHTPACTOM MO-
KYyTh OYTHU SIK HAJITO CBITJIMMH TaK 1 HAJTO TEMHUMU. 300paKEHHS 3 BUCOKUM
KOHTPACTOM MaloTh SIK TEMHI TaK 1 CBITJII 00JacTi, TOOTO BUKOPHUCTOBYIOTH
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BECh JI1ara3oH SCKPaBOCTI. 300paKeHHS 3 HU3bKUM KOHTPACTOM CKJIAJAEThCS
3 TOHIB OOMEKEHOIro [l1ara3oHy sICKpaBoCTl. 3ajava 30UIbIICHHS KOHTPACTY
NOJISITa€ B PO3TATYBAaHHI J1ana3oHy SCKPaBOCTI BUXIJHOTO 300pa’K€HHSI Ha
Bcto mKkany [fp, fax].

[ro 3agauy MOKHA PO3B’SI3aTH 3a JOMOMOTOI0 TOYKOBOI'O MEPETBOPEHHS
SICKpPaBOCTI 3a (POpMYJI0I0

g(x,y) = af(x, y) +b

ae a, b mixiopani koedilieHTH.

Ilpocmoposi anzopummu. B 1poCTOPOBUX aIrOpUTMax BUKOPHUCTOBY-
€ThCs 1HGOPMAITisl PO TPYNH MIKCENIB, HA BIIMIHY BiJl TOYKOBUX QJITOPUTMIB
y SIKUX BUKOPUCTOBYETHCS 1H(OpPMAILisl TUIBKU PO OJIUH MIKCEb.

['pyna mikceniB 300paxkeHHs, fKI MPUHAMAIOTh y4acTb B IPOCTOPOBUX
QIrOpUTMaxX HA3UBAETHCS oOaacmio npumuxanus. O01acTh NPUMUKAHHS BU3-
HAYaEThCS MATPUIICIO0 3HAYEHb SICKPABOCTI MIKCEINIB 3 HEMApHOK KUIBKICTIO
psAakiB 1 croBmiiB. [likceni, B SIKMX cTape 3HAYEHHS SICKPABOCTI 3aMIHIOETHCSA
Ha HOBE, PO3MILIEHI B LIEHTP1 00JIACTI HPUTSTAHHS.

binbiiicTh IpOCTOPOBUX ANTOPUTMIB BUKOPUCTOBYIOTH (QLITpU. DUILTP
3py4YHO 3a/1aBaTh MaTpPHIICI0 duces Majoro po3mipy (3 x 3, abo 5 x 5), sky
HA3UBAIOTh SA0poM 320pmKu. Po3Mipu, CTPYKTypa siipa 3TOPTKU 1 3HAYEHHS
KOe(DIIIEHTIB, MO MICTATHCS B SIpl BU3HAYAIOTHh THUIl MPOCTOPOBOrO ajro-
PUTMY, J103BOJISIFOTH BIUTMHYTH HAa 3HAYEHHS MIKCENsl 300paKeHHS 1 oAepKaTh
pi3HI cienedeKTy.

binbiuii po3mip MaTpulll OiABUILY€E THYUYKICTh MPOIECIB 3TOPTKHU, OJHAK
BUHUKAIOTH TPYJHOIIl 3 MPUMEKOBUMHU IMIKCENSIMH, OCKUIBKA MacKa 3TrOpPTKU
JUIS. HUX BUXOJHUTH 3a MEXI1 300pakeHHS. ToMy Ha IpakTHIll 0OMEXKYHOThCS
HEBEJIMKUMHU PO3MipaMu MaTpHIli, Ta JTOJATKOBO OMPAI[bOBYIOThH MIKCEl Ha
Kpasx 300pakeHHSI.

[IIo6 mepeTBOPUTH OJUH IMIKCENIb B 300pa)K€HHI, 3HAYEHHS HOro sckpa-
BOCTI MHOXHUTHCS Ha YHUCJIO B IIEHTPI fAJipa, a SICKPABOCTI MIKCENIB, IO
OTOUYIOTh IIEHTPAJIbHUH IMIKCEIIb MHOKATHCS Ha BIAMOBIIHI KOSDIIIEHTH SApa.
[ToTiM 11 BCl JOOYTKM CYMYIOTBCSI 1 B PE3YJbTaTi OJECPKYETHCS HOBE
3HAYEHHS SICKPABOCTI JJIs1 LEHTPAIBHOTO MIKCES.

[le#t mpoliec MOBTOPIOETHCS ISl KOXKHOTO IKCENsS 300pakeHHsS (Tak
GinbTpyeThes 300paxenns). KoedilieHTH siipa BU3HAYAIOTh Pe3yjIbTaT MPo-
necy ¢inpTpyBaHHs. SIKII0 cymMa Koe(dIIi€HTIB Oibllia 3a OAWHHUIIO, TO
ACKPaBICTh 30LIBIIYETHCS; SIKIIO CyMa MEHIIA 32 OJWHHIO, TO SCKPaBICTh
3MEHIIIY€ThCS.
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HaitbipI1  IMpOKO PO3IMOBCIOKEHI MPOCTOPOBI aJTOPUTMHU OOpPOOKH
pPacTpOBUX 300pakeHb — 1€ aJITOPUTMHU PO3MHUBAHHS, 301IBIICHHS YITKOCTI,
TUCHEHHSI 1 aKkBapeJIbHUI e(eKT.

B anecopummi pozmusannsa B 300pa>keHHI OM SITIIYIOTHCS Pi3K1 TpaHMUIII
3a paxXyHOK IMEPepO3NOAlTy SICKPaBOCTI, TOOTO HIJISAXOM YCEpPEIHCHHS IIBHUI-
KX 3MiH sickpaBocTi (puc. 6.11, 6). SImpo po3muBaHHS CKJIanalTh Koedi-
IEHTM MEHII1 3a OJIMHHUIIIO, a iX CyMa JOpiBHIOE oauHUI. Lle o3Haudae, mo B
pe3yabpTaTi (uUIbTpalii KOXKHHUI mikcelb BOMpae 1H(OpMaliio BiJl CyCIAHIX
MiKCeNiB, aje IOBHA SICKPaBICTh 300paKeHHS 3aJMIIAETHCS HE3MIHHOIO.
Pe3ynbTyroue 300pakeHHs] TAKUM YUHOM OyJie OUTbIIl PO3MHUTHUM MOPIBHSIHO 3
OpHUTiHAJIOM. SIIpo po3MUBaHHS, HAIIPUKJIIA], MAE BUTJISI

0,05 0,05 0,05 01 01 01
005 06 005| abo (01 0,2 01
0,05 0,05 0,05 01 01 01

CryniHb pO3MHBaHHS MOKHA 3MIHUTH

— 30UIBLICHHSM PO3MIpPY SIpPa;

— migoopoM KoedillleHTIB sipa 31 3MEHIICHHSM BIUIMBY IEHTPAJIbHOTO

KoeIIlIEHTA,

— TMPOBEJICHHSAM 0araToOKpoKoBOi (UIbTpAIli 3 SIAPOM PO3MHUBAHHS.

3ayBakuMoO, 110 Y BUNAAKY KOJBOPOBHX 300pa)k€Hb PO PO3MHUBAHHS
3aCTOCOBYETHCA J0 YEPBOHOI, 3€JIEHOL 1 CHHBOI KOMIIOHEHT KOJIbOPY KOKHOTO
niKcesst 300paKeHHS.

B ancopummax 36invwenns uimxocmi 3aCTOCOBYETHCS 1HINE SJIPO,
OCKUIBKM HEOOX1THO 30UIBIIUTH YITKICTh 300pa’kK€HHs, TOOTO IIJAKPECIUTH
PIZHUIII0 MK SICKPABOCTSIMHM CYCIAHIX TMIKCEJIB 1 BUAUIUTH HEMOMITHI JAeTasl
(puc.6.11, 6).

B sapi 4iTKOCTI LEHTpadbHUNM KOE(IIIEHT OUIBIIMN 3a OJAUHUIO, a
pelITy eJIEMEHTIB sJipa BiJ’ €MHI YHCIIa, CyMa SKUX Ha OJMHUIIIO MEHIIA, HIXK
HeHTpalbHUM KoediwieHT. Lle o3Hauvae, mo npu o0OpoOI1i 300pakeHHs 3 BEJIU-
KUMH 3MiHaMH SICKPaBOCTI HOBE 3HAYEHHS SICKPABOCTI LEHTPAIBHOTO MIKCENs
Pi3KO 301IBIITY€ETHCS, TOOTO BENUKI 3MIHU SICKPABOCT1 301IBIITYIOTHCS, a o01ac-
Tl MOCTIMHOT SCKPABOCTI 3aJIMIIAIOTHCS HE3MIHHUMU. Pe3ynbTyrode 300pa-
KEHHSI OJICP)KY€EThCSI OUTBINT YITKUM, HI opuriHai. [Ipu moBTopHi# 06poOiIli
YITKICTh 3HOBY MO€ OyTH 30UIbIIIEHA, aje MpHU I[bOMY HISKI HOB1 JAeTail 3
HIYOTO HE 3 SBIIATHCS.

[Ipu 00poOII1 MIKCENIB B 300pasKeHH1 3aCTOCOBYIOTHCS TaKli sJipa YITKOCTI
(BHCOKOYACTOTHI MacKH):
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-01 -01 -01 -1 -1 -1 1 -2 1
-01 18 -01}f, |{[-1 9 -1f, |-2 5 -2|.
-01 -01 -01 -1 -1 -1 1 -2 1

3HOBY, SIK 1 paHillle y BUNAAKY KOJbOPOBOTO 300pakKeHHsI YepBOHA, 3€J1e-
Ha 1 CUHS CKJIaJ0B1 0OPOOJIAIOTHCS MAaCKOI OKPEMO, a TOTIM 00’ €IHYIOThCH,
00 copmyBatu 24-61THE 3HAYEHHS KOJILODPY.

Aneopummu mucHenHss TIEPETBOPIOIOTh 300pa)KeHHS Tak, IO 00 €KTH
CIICHH BWIJISIIalOTh BHJIABJICHHUMH Ha JesKid mosepxHi (puc. 6.11, 2). Tuc-
HEHHSI BUKOHYE€THCSI 3a JOMOMOIOIO siipa 3rOPTKU TakK, AK 1 B MOMEPEIIHIX
anroputMmax. KokeH mikcenb 300paxeHHsS OOpOOSEThCA SIPOM THUCHEHHS
po3Mipy 3 x 3.

HaBenemo npukiaay siipa THCHEHHS

-1 -1 -1 0 -1 O
-1 8 -1}, |-1 4 -1].
-1 -1 -1 0 -1 0

3ayBaxMMo, IO CyMa KOE(QIIIEHTIB B SJIpl TUCHEHHS JIOPIBHIOE HYIJIIO.
Ile o3Hauae, MO0 TUM MIKCEJISIM, SIKI HE 3HAXOASATHCS HA TPAHUIIX MEPEXOTY
B1J1 B/ OJTHOTO KOJILOPY JIO 1HIIIOTO MPUCBOIOIOTHCS HYJbOB1 3HAYEHHS, a TUM
10 3HAXOJATHCS Ha TaKUX TPAHMIIX HEHYJbOBI 3HaueHHs. ToOTO, SIKIO BCl
JIeB’SITh TKCEJIIB, 10 3HaXOAAThCS B 001aCTlI MaTPHINl THCHEHHS MalOTh OJHA-
KOB1 SICKPABOCTI, TO 3HAUEHHS LEHTPAJIBLHOTO MIKCENs MICIs MEePEeTBOPEHHS
CTaHEe PIBHUM HYJII0 (YOpPHHH KOJIIp).

I[Ticas oOpoOKM TiKCeNs AAPOM THCHEHHS JIO OJeprKaHOol sickpaBocTi (y
BUTIAJIKy KOJBOPOBOTO 300pakKeHHS 10 KOXHOI ckianoBoi R, G, B) mo0Oas-
Js110Th uncio 128. Cymu, 1m0 mepeBUIyIOTh 255 3a0KpYTI0I0THCS 10 255.

AHaJIOTTYHO KOHCTPYIOIOTHCSA MAaCKH ISl aKBapeIIbHUX 300paKeHb.

a O 8 2

Puc. 6.11. O6po0Oka 300pakeHb: a — BUXigHE 300paKeHHSI, O — PO3MHUBaHHSI
300paKeHHsI, 6 — 30UIBIIIEHHS YITKOCTI, 2 — THCHEHHS
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Jlo mpOoCTOPOBUX AJITOPUTMIB BITHOCSTHCA 1€ MediauHi ¢hinbmpu, 3a
JOTIOMOT 010 SIKMX MOKHa BiAduUIbTpyBaTH 1IymMoBi edektu. Lli anropurmu He
IPAIIO0Th 32 MPUHIMIIOM 3TOPTKH, TOOTO HOBE 3HAYEHHS SICKPABOCTI MIKCEIs
HE OOYHUCIAETHCS IUIIXOM MAaTPUYHOTO MHOXKEHHS, a 3aMICTh L[OTO BCl MIK-
ceni B 00J1aCTlI MPUMUKAHHS COPTYIOTHCS B 3pOCTAIOUOMY MOPSIIKY 32 SICKpa-
BICTIO MIKCEIB 1 BUOUPAETHCS CEPEIHE 3HAYEHHS SCKPABOCTI JJIsi HOBOTO
3HAUEHHSI PO3TJIAyBaHOTO Mikcens. Hanpukiasa, moTpiOHO 3MIHUTH 3HAYEHHS
SCKPaBOCTI LEHTPAIBHOrO MIKCEJsl B TAKOMY BIKHI1

43 75 50
57 126 50
24 83 50

BincopryBaBim 3Ha4YeHHS IMKCEIIB, OACPKUMO MOCTiIOBHICTE 24, 43, 50,
50, 50, 57, 75, 83, 126 B saxiii 50 € cepenHim 3HaueHHsSIM. B pe3ynbTarti
cepenHe 3HaueHHs sickpaBocTi 50 3amiHuTh 126 y BuxigHOMY 300pak€HHI,
TOOTO BUMAJAKOBUMN LITyM, 1110 MICTUTHCS B 300pakeHH1 OyJie yCYHEHO.

Anzopummu 2eomempuiuHUX nepemeopeHs. AITrOpuTMU IeOMETPUUHHUX
IEPETBOPEHh PACTPOBHMX 300pa)kK€Hb 3MIHIOIOTh MICIE pO3MilIeHHSA 1/a00
CTPYKTYpYy MiKCENIiB 300pa)K€HHs Ha OCHOBI T'€OMETPUYHUX IEPETBOPEHb.
['eomeTpuyHi TIEpETBOPEHHS HE 3aBXKJIM 3MIHIOIOTH SICKPAaBICTh €JIEMEHTIB
300pakeHHS, ajieé BOHM 3aBXK/IU 3MIHIOIOTh PO3MIILIEHHS MIKCENIB 300paKeHHH,
TOOTO 3HAYCHHS SICKPABOCTI MIKCEIIB 3aliMalOTh HOBY TO3HIIIIO.

['eomeTpuyH1 EPETBOPEHHS PACTPOBUX JAHUX IIUPOKO 3aCTOCOBYIOTHCH,
HAIpUKJIAJ IPU po3Mi3HaBaHHI 00pa3iB, HAKIIAJaHHI TEKCTYpH, 3a0e3MeUeHHI1
pi3HUX e(eKTiB y 300pakeHHsIX. ['eoMeTpryuHI NepeTBOPEHHS pacTPOBUX Ja-
HUX — II€ MEepPeMillIeHHs, MaciTa0yBaHHs, 3CYB 1 MOBOPOT 300paxkeHHs. Lli
NEPETBOPEHHS OYIyTh BUBYATUMYThCS JAJIL.

KOHTpOJIbHI NNTaHHA Ta 3aBJAaHHA

Ski € cnocobu 3agaHHs o0nacTeit?

SIki o6macTi Ha3UBAKOTHCS 4-3B’ I3HUMH/8-3B’ I3HUMU ?

SIK mpauioTh PEKYPCUBHI AJITOPUTMHU 3aITIOBHEHHSI 001acTei?
B yomy nepeBaru nocTpiykoBOro aJirOpUTMy?

3anumiiTh i MOsACHITH podoty nporexypu Line_ Fill.

Aki CTPYKTYypH JTaHMX BUKOPUCTOBYIOTHCS B aJTOPUTMI 3allOBHEHHS
3a KpUTEPIEM MapHOCTI?

7. TloscHiTh poboTy mpoueaypu Link.

8. B yomy nossirae ocHOBHa iied Y X-aJIroputmy?

9. Uwuwm Bizpi3HAETHCA 3anI0BHEHHS Piryp Bij 3adapOoByBaHHS?
10. Sk 3anmoBHUTH GIrypy AESKUM y30pOM?

11. Sk oxepkaTy KOJIHOPOBHM HEraTUB rpadiqyHOro 300pakeHHS ?

SOk owhE
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Bupasu i 3aga4i 1J151 caMOCTIHHOTO BUKOHAHHSA

1.

2.

~No o

9.

3HailTu HeOaxxaH1 e(heKTH, Ki MOKYTh BUHUKHYTHU MPU 3allOBHEHHI 4-
3B’s13HOI 00J1acTi 8-3B’ I3HUM JITOPUTMOM ?
3anucaTé  peKypcUBHI airoputMu 3adapOoByBaHHS 8-3B’SA3HUX
oOJacreil.
BuzHauTe Ha BalmiomMy KOMII IOTEPl MAaKCUMaJlbHY KUIBKICTh MIKCEIIB
00J1acTI, SIKY 1€ BJAETHCS 3alIOBHUTH PEKYPCUBHUMH aJITOPUTMAMHU.
3HailTu nopsAok 3adapOoByBaHHA NPOCTOi 4-3B’SI3HOI T'PaHUYHO-
3a/1aHO1 00J1aCT1 B pEKYPCUBHOMY aJITOPUTMI 3 3aTPaBKOIO.
3anucatv NOCTPIYKOBUM alropuT™ 3adapOoByBaHHS MOJIITOHA.
OntumizyBatu npoueaypy Link mms momiroxis.
BinoOpa3utu pactpoBe 300pakeHHS 3 MPSMOKYTHOI 00JacTi 3
npotwiexaumu BeprraaMu (0, 0), (xo, Vo) B JOBUIbHY YOTUPHUKYTHY
obiacte 3 BepmmHamu (Uo,Vo), (Up,Vi1), (Uz,V2), (U3,V3) 1 HaBHakwu.
Brasiexa. 3axon  nepemeopenHsi  NpAMOKYMHOI  obOracmi 8
YOMUPUKYMHY BUPA3UMU KBAZLIIHIUHUM CHIBBIOHOWEHHAM 8UOY
u=ayx+bixy+c,y+d;
v=apX+hoxy+coy+d;.
Po3pobuTtu anroput™M CTBOpeHHS e(EeKTy XBUJIIb Ha YOPHO-O1IOMY
300paKeHHI.
Po3pobuTtn anroput™M mnoOyJ0BM KOHTYpPIB MPEIMETIB HAa YOPHO-
01710My 300paKeHHI.

10. Po3pobutu anroput™ Mop(oJIoridHOTO PO3MIUPEHHS 300pakeHb A Ta

B. Ilix MopdoJIOTTYHUM PO3IIMPEHHIM PO3YMIIOTh OIEpalliio
A(H+)B = {teR*:t=a+bh, acA, beB}.

118



Tema /. IloOyaoBa iHTEpHOJAMIMHUX TA 3IJIATKYIOUUX KPUBHUX

7.1. OCHOBHI MIOHATTH

YacTto Ha mpakTHIll BUHUKAE 3ajadya MoOYyJIOBH I€OMETPUYHOI0 00paszy
Q*, Akuil MOXe 3aMIHUTH 3 JCSKUM CTYNEHEM TOYHOCTI MOYaTKOBUU T€o-
MeTpuuHui 00pa3 Q (3amaua ampokcumaiiii). Tomy s moOyaoBu odpaszy Q*
HEOOX1THO BMITH PO3B’A3yBaTH 3ajlaul 1HTEPIOJIAIIT Ta 3TJIaJKyBaHHS. Y 3a-
nadax 1HTEPIIOJALIi BUMAaraerhes, mo0 reoMerpudHuii 0opa3z Q* mpoxoaus
gepe3 yci 3a1aHi By3JI0Bi (OIOpPHI) TOYKH, a 3a/iaya 3IJ1a/KyBaHHS TOJISATae y
BIJIHOBJICHHI T€OMETPUYHOr0 00’ €KTA, IO MPOXOJUTH 017151 BY3JIOBUX TOUOK.

3aoaua inmepnonayii Ha TUIONIMHI CTaBUTHCS TakK. HEXal y TOYKax
X0y X1, -..y Xm TaKUX, m0 @ < Xg, < X3 < ... < Xp< b (i Touku Ha3HMBaIOTHCSA
gyznamu) Bimomi 3nadenns Gynkmii i = f(x;), 1 =0, 1,..., m, ToOTo Ha Bimpi3Ky
[a, b] TaGnuuno 3agana Gyukiisa y=Ff(x)

x| x| x| ] Xm

vyl vl ol ol oyl
HeoOxinHo BimHOBHTH moBeminKy ¢yukmii f(X) mmsa Bcix X € [a, b] Tak, mo6
rpadik miel GyHKIIT IpoxXoauB yepe3 yci 3aaani Touku (X;, Vi), 1=0, 1, ..., m.

®dyukiis o(X) HazuBaeThes inmepnoaayitnoro s f(xX) Ha [a, b], sxmo ii
3HAYCHHS B 3aJaHUX TOYKax 301raloThCs 3 HAmepen 3aJlaHUMH 3HAYCHHSIMH,
T00TO @(X0) = Yo, @(X1) = Y1, «.., @(Xm) = Ym, @ s pemtu X € [a, b]
f(X) = (X). Sk dyHKIIIO @(X) HaliyacTille BUKOPUCTOBYIOTh IHTEPITOJISIIHHI
MHorowieHu Pp(X) abo iHTepronsmiiai crutaiau S(X).

Ha mpakTuili yacto TparistoThCS BHUIIAJKH, KOJIW 3HAYCHHS Y; 3a7aHl 3
IIEBHOIO TIOXHMOKOIO0 (HAmpWKIaa, SKIIO Yi € pe3ysibraTaMd BHMIipIOBaHHS
neskol pyHkmii Y(X), o MiCTUTh BUIAJAKOBY IMOXUOKY). Y IIbOMY BHITaJIKy HE
MOJKHA 3aCTOCOBYBATH IHTEPIOJSALIMHMA MiAXix, OCKUIbKH (GyHKIIS @(X)
BiIoOpakaTUMe BCl TTOXMOKM €KCIIepUMEHTAIbHUX JaHUX. Tomy I 3aaadi
BIIHOBJICHHS (PYHKINI 3a EKCIIEpUMEHTAJbHUMHU JaHUMH, 1100 3MEHIIUTH
BIUIMB BHMAJKOBOCTEH Yy pe3yJibTaTax BUMIPIOBaHHsS, OLIbII BHUIIpaBaaHe
BUKOPHUCTAHHS TPOIEAYP 3TJIaJPKyBaHHS.

3a0aua 3enadoicysanns TMONSATAE y BiTHOBIEGHHI miankol (yHKIi ¢(X),
g axoi (X)) = VY, 1 =0, 1, ..., m, ToOTO MOTPiOHO TTOOYAYBaTH KPHUBY, IO
MPOXOJAUTH MOOJHU3Y OMOPHUX TOUOK 13 3aJaHUM JOMYCTUMHUM BIIXHICHHSIM.
Taka 3agada mae 6arato po3B’s3KiB, OJHAK, HakIaBImu Ha QyHKIi0 @(X) H0-
JTATKOB1 YMOBH, MOKHA JIOCSITTH HEOOX1THOT OJTHO3HAYHOCTI.

7.2. lloaiHoMiaJibHA iHTEPHOJIS st

3agava 1HTEpHoOdAlli aJreOpaiyHUMU MHOTOWICHAMH MOJsrae B TO0y-
noBi mHorowieHa Pn(X) = ap + ai1X + ... 8mXm, 3HAYEHHS SKOI'O B TOYKaX X;
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BigoMi, ToOTO Pr(X) = Vi, 1 =0, 1, ..., m. Jlnsa oOuncieHHs KOe(ilieHTIB Ao,
ai, ..., 8m OJICPKYEMO CUCTEMY JIIHIHHUX PIBHSHb BUTY
m
a.o + a1X0 +"'+aer% = yo,
a.o + alxl +°"+amX1 = yl’
m
g+ Xy + A Xy = Yo

BU3HAYHUK SIKOT BIIMIHHUU B1Jl HYJISI, OCKUIBKY € BU3HAYHUKOM BanaepmoHna.

7.2.1. InTepnoasiniiinuii MHorowien Jlarpan:ka

[HTepnONAmiiHENI MHOTOuwIeH Pmn(X) MOXKHA 3alHMCyBaTH II0-Pi3HOMY.
Haiiuacriiie BUKOPUCTOBYIOThCS 1HTEPHOJIALIIHI MHOTOUIeH! y (opmi Jlar-
panxa ta HeroToHa.

[aTepnonsiiitauii MaorowieH Jlarpamxka (IMJI) mae Burmsaz

Ln(X) = z (X)F (%),

(X = %o )X = X3 )+ (X = X g JX = Xy ) (X = X))
X = %o )% = X1)-++ (¢ = X4 )0 = Xiun) -+ (X = X))
[TepeBarn IMJI y TOoMy, 110 BiH JIETKO KOHCTPYIOEThCS 1 HOro rpadik
IPOXOAMTH uepe3 KoxkHy Touky (X, Vi), 1 =0, 1, ..., m.
Henomixu IMJI Taxi:
1. Crenias IMJI nipsiMO 3al€XHUTh Bijl KUIBKOCTI BY3JIB 1 UMM OUIbINA 115
KUTBKICTh, TUM BUIIUi creninb IMJI, a oke, mpu 004YMCICHHI 3HAYEHD
IMJI HeoOx1HO BUKOHYBaTH OUIbIlIE€ omepallii, mo NpUBOAUTH 10 Ha-
KOIMYEHHS MOXHUOOK.
2. 3MiHa Xo4ya O OHI€T TOYKM B MAacCHBI BUMara€ MmoBTOPHOTO IepeoOdmc-
neHHs koediuientis IMJL
3. JonaBaHHsi HOBOi TOUKHM A0 MacuBy 301bl1ye cteninb IMJI Ha oauHuU-
IO 1 TEX 3YMOBIIIOE HEOOX1JIHICTh MEPEOOUUCIICHHS MOr0 KOe(DIIli€HTIB.
4, Tlpu 36inbIIeHH] KUIbKOCTI Todok IMJI Mo’ke HenpaBMIBLHO BiATBOPIO-
BatH PyHKIio f(X).

e Ck(X) = (

7.2.2. InTepnoasimiiHi cniiaiiHu

[HTepronoBanHsas MHOrouiecHoM Jlarpamxka Ha Biapi3ky [a, b] mpu 30i1b-
IIEHHI KUIBKOCTI BY3JIB YacTO MPUBOAUTH [0 HETOUYHOTO HAOIMKEHHS Ta
HeOaXKaHUX OCUMJIALIM, IO MOSICHIOETHCS HAKOIWYEHHSIM MOXHUOOK Yy MpOIEeCl
00YHCIIEHb Ta PO30IKHICTIO 1HTEpIOIALINHOTO Tpotiecy. [Ilo6 yHukHyTH Benu-
KHX TIOXHOOK, BiJipi3ok [a, D] po30uBaroTh Ha OKpeMi Bipi3KH, HA KOXKHOMY 3
SKUX HAOJIMDKEHO 3aMiHIOIOTh QYHKIIIO f(X) MHOTOYIEHOM HEBUCOKOIO CTEIle-
Hi. Lle xyckoso-noninomianvna inmepnonsayis. OIHUM 13 BapiaHTIB KyCKOBO-
MOJIIHOMIQJIBHOT 1HTEPIOJISIIi € KYCKOBO-JIIHIMHA I1HTEPIOJALs, NpU SKINA
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anpoKcUMyloua (YHKIS JIiHIHHA Ha KOXXHOMY 3 BIApI3KIB [Xi, Xi + 1],

1=0,1, ..., m-1. B upomy Bumaaky To4ku (X, Yi) MOCIITOBHO 3’ €THYIOTHCS
NpSMOJTIHIMHUMU Binpizkamu (puc. 7.1).
2 Y

ST

v
>

Puc. 7.1. KyckoBo-iHiiiHa 1HTEPIOJISIIis

[lepeBaroro Takorw MiIX01y € MPOCTOTa MOOYAOBH 1HTEpHosiHTa. Kpim
I[LOTO, 3MiHA OJIHIET TOYKKM B MAaCHUBI BUMarae OOYHUCIICHHS JIUIIE YOTUPHOX
KoedimieHTiB (KoedillieHTIB TBOX MPSMOMIHIMHUX Biapi3kiB). Hemomikom Ta-
KOTO MIJIXO1y € HEBUCOKAa TOYHICTh MOOYJOBH alpOKCHMAIli Ta BIACYTHICTb
TJIAJIKOCT] I anpokcuMarii (yHKIi (Teprma moxigHa po3puBHA Y BY3JIOBHX
TOYKaX).

YHUKHYTH IIbOIO HEJOJIKY MO’KHA IUIIXOM MOOYJAOBH TJIaAKOi 1HTEp-
NoJSiHHOI craitH-QyHKii crenens P (puc. 7.2). Ha npakTwii HaigacTimre
BUKOPUCTOBYIOTh IHTEPIIOJIAIIIHI CIUTaliHU cTeneHs Tpu 3 Aedekrom 1 [5, 23].

Osnauennsa. Inmepnonayitinum xkyoiunum cniatinom S(X) oegpexma 1 na
muoxcuni (Xi, ¥i), 1=0,1, ..., M nasusacmocs ynkuyis, sxa.

1) na xoorcnomy 3 6iopizxis [Xi, Xi+1], 1 =0, 1,..., m = 1 € muocounenom 3-co
cmeneHsi, moomo

S(x) = SL(x) = al +al(x—x; )+ab(x—x )’ +al(x=x)*, x e [, Xi+1];

2) 0siui Henepepero Ougepenyitiosana na [a, b] (SeC[a, b]);
3) zadosonvhsc inmepnonsyiuni ymosu S(Xj) =i, 1=0,1,..., m.

OCKiJTbKH Ha KOXKHOMY Binpi3ky [Xi, Xi+ 1], 1 = 0, 1,..., m — 1 cruiaiin €
MHOTOWIEHOM 3-TO CTENEHsl, TO BIH BU3HAYAETHCS OJHO3HAYHO YOTHpMA
KoedilieHTamMu

ay, &, dy, a3, 1=0,1..,m-1
Bcboro maemo m Bifpi3KiB, TOMY JJIsi BUSHAUCHHS CIUIaliHa MOTPIOHO 3HATH
4m xoedilieHTIB.

VYmosa S(X) € C*[a, b] o3nauae Hemepepsricts S(X), S'(X), S''(X) y BHYT-
pimHix By3iax. Takux By3niB Maemo M — 1, a 3Hauuth 3(M — 1) ymoB (piB-
HsHB). ToMy paszom 3 3) onepkyemo Bcroro 3(M—1) + m+ 1 =4m — 2 ymoBH.

JIns BU3HaUYeHHS Koe(IiEHTIB HE BUCTavae 1ie JBoX yMoB. L1 1B1 yMOBHU
3a/1al0ThCSl y BUIJISZI OOMEKEHb Ha 3HAYCHHS CIUIaiiHa Ta MOro MOXIAHUX Ha
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KiHIgX Bigpiska [a, b]. IIpu moOymoBi iHTCPHOIALIMHIX KyOIYHMX CILIAMHIB
HalYacTile BUKOPUCTOBYIOTHCS TaKi KpailoBl yMOBH.
KpaiioBi ymoBu 1-T0 THITY:
S'(a) =1'(a), S'(b) =f'(b),
ne f'(a) ta f'(b) 3agar0ThCs 3 MEBHUX MIPKYBaHb.
KpaiioBi ym0BH 2-r0 THITY.
S"(@) =f1"(a), S"(b) =f"(b).
Kpaiioi ymoBu 3-ro Tumy (nepiogndHi yMOBH):
S'(@)=S"'(b), S"(a) =S "(b).
3aysasicenns 1. Tpems noxiona S"'(X) y enympiwnix éyznax cimku 3aea-
aom pospusna (cnaatin mae oepexm 1). Henepepesnicms Opyeoi noxionoi mae
ocobauge 3Ha4eHHs, OCKLIbKU 8I0CYMHI CKAYOK NPUCKOpeHHs. 3a Opyeum 3a-
KoHom Hvlomona cxayox npuckopeHnHsi 03HaA4ae CKA4oK CUlu, moomo 3’ a6/s-
EMbCA yOap, AKUU po3oUae mino, Wo pyxacmucsi no CNpANCEeHill MpPaeKmopii.
Posrisitnemo anecopumm nobyoosu kybiunoco cnaatina. ONUIIEMO CIIOCIO
O0YMCIIEHHS! KOe(IIIEHTIB KYOIYHOTO CIUIaiiHa, MpU SIKOMY KUIBKICTh BEJIMYMH,
K1 HEOOX1THO 3HaXOUTH, AOPIBHIOE M + 1, a He 4m.

Hexait S;(xj) = M;, 1 =0, 1,..., m. Toni S](X) Ha KO’)XKHOMY 3 BiJIpi3KiB
[Xi, Xi+1],1=0, 1,..., m =1 € MHOrOYJICHOM IIEPIIIOrO CTEIECHS, TOOTO
X — X X — X
Ss(x)=M, — L 4 M., — X e[, Xj+1].
Xj = Xjz1 Xis1 =X

[aTerpyroun S5 (X), 3Haxomumo Sj(X) i S3(X). B pesymabrari ogepxyemo

3 3
Sa(X) = MMM+ M. Mmlmcz, N = Xie1— X
6h, h,
BukopucToByroud yMOBU 1HTEPITOJISIT

S3(Xi) = Vi, Sa(Xi+1) =Vi+1,

3HAXOIUMO
1 M, - M,
Ci= h—i()’i+1 - yi)_%hi’
C,= MiahiXi  MiliXig  YiaX 4 YiXiz1 |
6 6 h  h
a OTKe,
Sa(xX) = M (X=X )3 + M (X, —X)S +ly - M;h? ) X, — X +
6hi 6hi I 6 hi
2 — X.
+ (ym— Mighi )X N s , X € [Xi, Xi+1]. (7.1)
i
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Hegimomi M; 3Haxo Mo 3 yMOB HEMIEPEPBHOCTI MEPIIOT MOXI1THOI CILIAi-
Ha y By3nax X, | =1, 2,..., m— 1 Ta 3 kpaiiloBUX yMOB.

JIns kpaitioBux ymMoB 1-ro tumy [iis 3HaXoJKeHHS M; omepxkyemMo cuc-
TeMy

Mm_1+2Mm :dm,

e A= hi_y = h di = 6 (yi+l_yi i _yilJ’
hig +h hig +h; hi +hi_4 h; hi_4
_ 6 y - y ' — 6 Ym = Yo
do= —| 22—22_f'(a)|, dn= f'(b)-Im2mL | (7.3
oz o[ Bt = S - 2a ) g
Ockimpku A + 15=1,1 =1, 2,..., m =1, To cucrema (7.2) mae Tpuaiaro-

HaJIbHY MaTPHIIO 3 MEePEBaXKalOuor0 JIiarOHAJLII0, a OTXKE, ISl CHCTeMa Mae
€IMHUHN PO3B’S30K.

SIKIo ciTka By3JiB X piBHOMIpHa, Tooto hj = h, 1=0,1,..., m -1, 1o
cucteMa (7.2) Mae BUTIISA
2M, + M, =d,,

§) .
Mi_; +4M; + M, =h_2(yi+1 —2yi+Yiq) i=1lm-1,

Mm—l +2Mm :dm.
3aysasicenns 2. Axwo y popmyni (1.1) 3pobumu 3aminy 3minHux

X;Xi=t, te0,1], X e [X X+,

mo Ha IOpi3Ky [Xi, Xi +1] 01 inmepnonsayiiino2o cniaina 00epicyemo
2

S(t) = Vi(L = t) + Vi 41t — %‘t(l —O[2 - OM; + (1 + )Mi. 4], te[0,1]. (7.4)

PosrnssaemMo anpoxcumayiiini  éracmueocmi Kyoiunozo cnaavina. Tod-
HICTh alpOKCUMAIlli KyOIYHUMH CIITaHAMM 3aJIeKUTh B1J IJIaIKOCTI (DYHKIII1
f(X). Yum Buima rragkicts GyHkiii f(X), THM BHIUH TOPSAIOK alpOKCHMAIIII.

Teopema. Hexaii xyOiuHMIA CIIAlH IHTEPIOIIOE y By3max Xi, 1 =0, 1,..., m
dynkiito f(x) € Cz[a, b], Toai cipaBeIIMBI TaKi OIIHKH
160 = S(llc-= max| £ ()~ S(x) = O(h?),

If () =S ' (llc = O(h?), [If "(x) =S "(X)llc = O(h).
AHrmiliceke ciopo Spline nepeknagaeThCs K THydKa JIiHIHKaA 1 TOB’ 13aHO
e 3 Takow OOCTaBMHOIO: Oa)karouW MPOBECTH IUJIABHY JIIHIIO Yepe3 3ajaHi
TOYKH IUIONIMHY, (PIKCYIOTh B YCIX IIUX TOUKAX THYUYKY HPYXKHY JIHIAKY; TOMI
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I1]1 BIUTMBOM TIPYKHUX CHJI BOHA HaOyBae MoTpiOHOI hopMH, 1110 3abe3reuye
MiHIMyM moTeHIianbHO1 eHeprii. Came ¢yHkis (7.1) € MaTeMaTHYHOIO MO-
aeio mpodiss aiHiiku (puc. 7.2).

®Oyukuis S(X), mo onucye Gpopmy JIiHIKKH, MK JIBOMa CyCiIHIMU Oropa-
MH € MHOTOYJIEHOM 3-TO CTEICHs 1 JBi4l HeNepepBHO NH(EPEHIIOBAaHOIO HA
BCHOMY BIiIpi3Ky [a, b].

[ToTeHuianbHa eHepris 3akpirieHoi B M + 1 Touwi npy>kHOi JIHIMKK Xa-

PAKTEPU3YETHCS BEIIMYUHOIO
b

I(f) = [ (f"(x))*dx,
a
ae f(x) — npodinp miHiAKY.
3a3HaunMo, 10 cepell BCiX (DYHKIIIH, K1 MPOXOASITh Yepe3 OMOPHI TOUKH

(i, ¥i), i =0, 1,..., m i Haxexars mpocropy C*[a, b], came xy6iunuii crimaiix
S(X), 1110 3a710BOJIbHSIE KPAHOBI YMOBH

S"(@) =S"(b) =0,
nocrapisie ekcrpemyM (MiHiMyM) pyukionany I(f).

‘Ty

é Puc. 7.2. CinaitH-pyHKiis

v
x

7.3. 3raamkyroui KyOiuHi cnuiaiiHu

Ha mpaktuii 4dacto 3HaueHHS (QYHKIT Y; BUMIPIOIOTHCS E€KCIIEPUMEH-
TaJIbHO, TOMY BOHHM MICTATh MOXHOKY. A II€ O3Ha4ae, 10 IPU PO3B’A3yBaHHI
3a/1a4l BIIHOBJICHHS (PYHKIIIi HEMA€ 3MICTy BUKOPUCTOBYBATU 1HTEPIIOJISILIIO.
{06 3MeHIIUTH e(PEeKTH BUMAAKOBOCTI y BUMIpax, MOTPIOHO BHUKOPHUCTOBY-
BaTU MpOLeC 3MIAKyBaHHs. B Takux 3agadax HEOOX1HO 3HAUTH (YHKILiIO,
3HAYEHHS AKOi MPU X = Xj JHUIIEe HAOMMXKEHO JIOPIBHIOE Y; M, KpiM TOro, I
(GYHKIIiS TOBUHHA BOJIOJITH IICBHUMU BiacTUBOCTSIMH [8, 37].

O3nauennsa. 3z2naoxcyrouum xkyoiunum cnaatunom S(X) Ha [a, b] nasusa-
eEMbCs QYHKYIS, KA

1) na xoorcnomy 6iopizky [Xi, Xi+1), 1 = 0, 1,..., m — 1 ¢ muocounenom 3-20
cmenes,

2) 06iui HenepepsHo oughepenyitiosana na [a, b];

3) oocmasnsie minimym QyHKyioHamy
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b m
I(f) = [ (£ () dx + > pi(f(x)-y ),
a i=0
Oe Pi > 0 — 3a0ani 6acosi Koeghiyicnmu, 8i0 GeUYUHU AKUX 3ANEHCUMb BIO-
XUNIeHHS 3HAYEHHSL 327Ia0HCYIOY020 CNIAUHA 8 MOYKAX Xi 810 3HAYeHHA Y.

SIKI0 3MEHIIyBaTU ACSKUA KOe(DILIEHT Py, TO 3MIAJKYIOUHMM CIUIaiH
OpUTATYEThCS TOUKOI (Xk, Yk). IIpu px = O 3riamkyrouuii criaiiH mpoiiae
yepe3 TOuky (Xk, Yk). 3OUIBLICHHS Py NPUBOAUTH A0 OUIBII TNIAAKOI 3MiHH
3MIKYIOYOTO CIUIaiHA.

[Ipouenypa moOy10BY 3IJIaKYIOUUX CIUIAHIB CKJIaAHIIIA 32 HOOYAOBY
IHTEPIOALINHUX CIUIalHIB. 3MIaKYI0Ul CIUIaHH, SK W IHTEPHOJALINHI
CIUIaliHu, 3HaxXoaaThes 3a opmynamu (7.1), anme cucreMa anreOpaidyHUX piB-
HAHb BiHOCHO M; Bxke Oyzme I’ sATHIiarOHAJIBHOIO. Ii pO3B’A3yBaHHS BUMArae
3HAYHUX OOYHUCITIOBAIBHUX PECYPCIB 1 TOMY 3aTPYAHSIE IHTEPAKTUBHY POOOTY
3 anpOKCUMAIIHHUMU CIIJIalHAMHU.

7.4. CniaitHOBI KpUBI

Buie po3srisizanacs 3agada no0yn0BH KpHUBOI, 110 IPOXOJUTH Yepes3 3a-
JaHy MHOXKHMHY TO4YOK. OJIHaK iCHY€ i 1HIIMM KJac 3a/1a4, Koiau ¢popma KpUBOi
MMOBUHHA BIMIOBIIATH JICSIKUM €CTETHYHUM BHMoTam. Hampukian, HeoOXiaHO
m1110paTu BIAMOBIAHUHN Au3aiiH hopMmu Kopadis. KpiM KUIBKICHUX KpUTEPIiB,
y TakuxX 3ajJayax HEOOXIJIHO BpPaxOBYBAaTH W MPAaKTUYHUI JOCBIJ Yepes
IHTEpaKTUBHE BTPY4YaHHA KOHCTpPyKTOpa. [HTEepmosiiitHi MeTonu, 30KpemMa
KyOIuHI CIUTaiiHU, HE3PYUHI JJIS 1HTEPAKTUBHOI pOOOTH, OCKIJIBKH HEOUYEBHI-
HUM 3B’S30K MK HaOopom yuces i (OpMOrO BIAMOBIIHOI KpuBOi. s miei
poOOTH OUIbIIE MIAXOAATH CIIAHHOBI KPHBI.

3amauy 3riaJKyBaHHA B 3arajJbHOMY BHUIAAKYy MOXKHa C(hOpMYIIOBaTU
Tak: 3a 3aaHor0 MHOXKHHOIO BepiinH P = {Po, Py, ..., Pn} 3 ypaxyBaHHsIM X
MOPSJIKY HEOOX1THO MO0y IyBaTH TJIaJAKy KPHUBY, sika O 3MiHIOBAJIaCh IJIABHO,
IPOXOAMIIA MOOIN3Y IIUX BEPIIHH 1 33JJ0BOJIbHSIIA MEBHI JJOJAATKOBI YMOBH.

k1o 3’€AHATH MOCTIJOBHO TOYKM MHOXWHU P, TO oiepKyemMo aMaHy,
Ky HA3UBAIOTh 0NOpHOK ad0 KOHMPOJbHOM, A 11 BEPIIUHU — ONOpHUMU a00
konmpoavHumu. 115 namana nokasye, sik Oyje OpOXOJUTH IIyKaHa 3MIIaIKYyI0-
va JiiHisg. Bepmmnu Py, P, mamanoi Ha3uBawoThes epanuurumuy (KIHIICBUMU), a
Bepiumnu Pj, 1 = 1, 2,..., m = 1 — suympiwmninu.

Po3mimenns touok Pj, i = 0, 1,..., M Ha mIomuHi MOXe OyTH JOB1JIb-
HUM, JIedKl 3 HUX MOXYTb HaBiTh 30iratucs. ToMy piBHSHHS KpHUBOI HEOOXi/-
HO IIyKaTW B OUIbII 3arajibHiil mapametrpuuHiii ¢popmi. Haragaemo, mo kpusa
¥ Ha3UBAETHCS MapaMETPUYHO 3a/1aHOI0, SIKILIO JEKAPTOBI KOOPAUHATU TOYOK
KPYBOI BU3HAYAIOTHCS CITIBBITHOIICHHSIMU

x=x(t), y=y(), te]a,b]. (7.5)
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VY mapaMeTpuyHOMY BUIJISIAI KOYKHA KOOPAMHATA TOYKU KPUBOI € (PyHK-
LI€}0 OJTHOTO MapameTpa. 3HAUYCHHs MapaMeTpa 3a/a€ KOOpJIMHATY TOYKU Ha
kpuBiil. [Tapamerpruuna ¢popma KpUBUX MOKE OyTH B JAESKHX BHUIAJIKaX 3pyd-
HIIIOIO, HDK 3alaHHs (YHKINT y sSBHOMY BuUTIAnil. Hampuknang tomy, 1o
rapamMeTpuyHa (popma J03B0JIsI€ 300pa3UTH 3aMKHEH1 KPHBI.

Cru1aiiHOB1 KpUBI IIIYKAKOTh Y BUTJIAI

R() = 2a ()P, (7.6)
i=0
ne aj(t) — nesxi GyHKIioHaTbHI KOeDiliEHTH, a

x(t)
y(t)

SKIO KIIBKICTh BEPIIMH y MHOXXHHI P J10CTaTHBO BeNMKa, TO 3HAUTH
koedirientn ai(t), sk mpaBmiIo, MPOOIEMATHIHO. A SKIIO Taki KoedilieHTH
aj(t) 3uaiigeHi, TO BOHM MOXKYTh HE BOJIOIITH HEOOX1JHUMH BIAaCTHBOCTSIMH.

s ycmimHoro po3B’si3yBaHHS 3ajadl 3rJ1aJKyBaHHS 3PYYHO BHUKOPHC-
TOBYBAaTU KPHUBI, IKi CKJIaJICHI 3 €IEMEHTapHUX (DparMeHTIB. Y BUIAJKY, KOJIU
Il eleMeHTapHl (pparMeHTH OyAYyHOThCS 3a €IMHOI CXEMOIO, TaKl CKJaJeHI
KPUB1 HA3UBAIOTHCS CHIAUHOBUMU KPUBUMU.

[TapameTpuyHi pIBHAHHS KOKHOI'O €I€MEHTApHOTO (pparMeHTa 1ykarTh-
cs Tex y Burisani (7.6), ogHak 1y moOyoBu (pparMeHTa BUKOPHCTOBYETHCS
JUIIEe YaCTUHA BEpIIMH MHOXXUHM P. BiMoBi/iHI KOe]IlIEHTH MaIOTh OJHY U
Ty )X TpHPOIY (4aCTO BUKOPHUCTOBYIOTHCS MHOTOUYJICHHU OJIHAKOBOI'O CTCIICHS,
palioHaJIbHI JPOOHU TOIIIO).

Ha npaktuii ayig onucy eiaeMeHTapHUuX (parMeHTiB BUKOPUCTOBYIOTHCS
MHOTOYJICHH HEBHCOKOT'O CTEIEHs, HaiuyacTtime Tperboro. Ile mop’s3ane 3
THM, 110 MHOTOWICHH HIDKYHMX TOPSAIAKIB HE 3a0€3MeYyI0Th HEOOX1qHOT TOY-
HOCTI1 anmpoKcUMaIlli KpUuBHX, a MHOTOUYJICHH BUIIIOTO CTEMEHS MOXYTh BUKJIH-
KaTh HeOa)kaHl KOJMBAaHHA 3MUIaJKYyr04oi KpuBoi. KpiM 1boro, napameTpuyHi
KyOluHI KpUBI — II€¢ KpHUBI HaWMEHILIOTO TMOPSAKY, SKI MOXYThb 3alHATU
JIOBUIbHE TOJIOKEHHS B MPOCTOP1, 00 KPHBI JAPYroro MopsaKy BHU3HAYAIOTHCS
TphOMa TOYKAMH, & TPU TOUKH 3a7al0Th IJIOMKUHY. MHOTOWIEHH 3-TO CTENEHS
JIETKO OOYMCITIOIOTHCS,

[TapamerpuuHa KpuBa ¥ HasuBaeTbes C '-rimamKoro, Ko BekTop-(yHK-
mist R(t) € C*-rmankoro, To6To X(t), Y(t) Marots Ha [a, b] HemepepsHi moxinHi
BKJIFOYHO J10 K-ro mopsiaky (B Toukax a, b 0OYHCIIIOIOTHCS OTHOCTOPOHHI TTOXI-
Hi).

[Nepma moxigHa yukiii R(t) Ha3uBaeThCs JOTUYHUM, a00 TaHTCHI[IAIEHUM
BEKTOPOM HapaMeTpuyuHOi KpuBoi. Di3udHUI 3MICT JOTUYHOTO BEKTOPA MOJIATAE

R(t) = . tela b].
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B TOMY, 1110 MOT0 3HAYCHHS JOPIBHIOE IIIBUJKOCTI 3MIHU KPUBOI BITHOCHO mapa-
meTpa t y ganiii Touni. Jpyra noxigHa BU3Ha4Ya€e MPUCKOPEHHS.

SIk110, HANPUKIIAJ, KaMepa PyXaeTbCs B3J0BXK CIUTAMHOBOI KPUBOi 1 pOOUTH
3HIMKH, TO JIOTUYHUIN BEKTOP 3aja€ MIBUJKICTh MEPEMIIICHHS KaMepH B3JIOBXK
KpuBOi. B Toukax cTUKY ()parMeHTIB KPHUBOi IHIBUJKICTh PyXYy KaMepH 1 ii mpuc-
KOPEHHSI HE MOBHMHHI Pi3KO 3MIHIOBATHUCH, 1HAKIIE OyJ/ie MOPYIIYyBaTHCh ILJIaB-
HICTb 3HIMaHHSI.

3ayBa)XMMO, [0 OJWHUYHHUIA BEKTOP JOTHUYHOI 10 KpuBOi ¥ y Touli R(t)
004MCITIOETHCS 32 (HOPMYJIOIO

Tt = -~ x(t) | [a, b,

R Ly(t)

ae ‘R(t)‘ = \/ %(t)+ y2(t), a onMHMYHMIT BeKTOp HOPMAIi 10 KPHUBOI ¥ B TOUIT

1 (-y()
Nt)= —| 7, .|, te][a b].
R ()
IcHye Benmuka KUTBKICTh PI3HUX BaplaHTIB CIUIAMHOBUX KPUBHX, IO BIJI-
PI3HAIOTBCS 32 CBOIMHM BJIACTHUBOCTSIMH. PO3IJIsITHEMO TpU OCHOBHUX THIIU
CIUIAiTHOBUX KPUBHUX — 1€ KpuBi be3be, B-crnaiinu Ta iHTEpHOISIIAHI KPUBI

EpwmiTa.

R(t) — 3a dhopmyiaoro

7.5. Kpusi be3be
7.5.1. OcHOBHI NOHATTHA

BekTopHi 300pakeHHs CKJIaAaroThCs 3 KOHTYPIB. Il ONHUCY KOHTYPIB y
nporpamax BEKTOPHOI Ipadiku 3acTOCOBYIOThH KpuBi be3be. Kontypu cknana-
IOTbCSl 13 CETMEHTIB, OOMEXKEHUX By3JaMU. 3 JCKUIbBKOX CETMEHTIB TaKHX
KPUBHUX MOKHA CKJIACTH MPAKTUYHO OyAb-AKy ¢Girypy. Taki KpuBi po3po0OeHi
marematukoM II’epom besbe. Kpusi Ta noBepxHi besbe Oynu BUKOpHCTaH1 y
60-x pokax kKoMmasi€ro ,,PeHO” 1y KOMIT IOTEpPHOrO0 MPOEKTyBaHHS (Hopmu
Ky30BiB aBTOMOOUITIB. Ha chOrogH1 BOHU MIMPOKO BUKOPUCTOBYIOTHCS B KOM-
1 IOTepHIM rpadilli, aBTOMaTU30BaHUX CUCTEMax YIIPaBIIHHSI BUPOOHUIITBOM
Tomo. KBagparuuni kpuBi be3be BUKOpUCTOBYIOTHCS B mipudTax TrueType.

3a 3aganum MacuBoM BepiiuH P = {Pg, Py, ..., Pn} xpusa besve crenens
M BU3HAYAETHCS 32 (OPMYIIOO
m
R(t)= > B"(t)P,te[0,1], (7.7)
i=0

o _ | ' |
ne BM(t)=Ct'(1-t)""' - noninomu Bepmrreiina, C,, =_L, P, = (le_

il(m—i)
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VY ckansphii popmi (7.7) Mae BHIIISAL

A 3
mo o B3(t
x(ty=> CHt'@-t)""x, ')
i=0
o i L m-i 1 """""""""""
y®) =Y Clt'l-t)"y,. BS B?
=0 3 3/
Touku Py, Py, Ha3UBAKOTHLCS KIHYEBU- B B 5
Mu, a TOYKH Pi,...,Pn.1 — Konmpoavrhumu, i
Jlamana PoP; ... P, HasuBaerhca : > t
KOHmMpobHoto (0nopHoo). 0 1

Puc. 7.3. Barosi ¢yHkiii
besbe/bepHinrteiina mpu m = 3

Ha puc. 7.3 300paxkeHo rpadiku BaroBux koe(imieHTiB KpuBoi besbe
B"(t) mpu m = 3.

PosrasiueMo Bumanok M = 3, ToOTO eleMeHTapHy KyOiuHy KpuBy besbe.
Ile ocobmuBuil BUMANOK KPUBHUX TPETHOTO MOPSIKY, SKI 4aCTO BUKOPHUCTO-
BYIOTbCA IS TMOOYJOBH CIUTAWHOBUX KpuBHX. Kyb6iuna xpusa besve
BU3HAYAETHCS YOTHPMA BEPITUHAMM ¥ OMUCYETHCS PIBHAHHAM BUAY (BUTUIH-
Bae 3 (7.7))

R(t) = (1 — t)°Po + 3t(1 — )Py + 3t%(L - )P, + t°P5, t € [0, 1],

ab0 B MatpuuHii popmi

R(t) = PMT,
1 -3 3 -1 1
t Xa X X, X 0O 3 -6 3
neR(t):(X()j,P:(O b SJ,M: T=1 5
y(t) Yo Vi Yo Vs 0 0 3 -3 t
0 0 0 1 £

Bektop P = (Po,P1,P2,P3) HasuBaeTbcst ececomempuunum éexmopom ene-
MeHTapHO1 KyOiuHOi KpuBoi besbe, a marpuuss M — 6azosor0 mampuyero
KyO1uHOi kpuBoi be3ne. Taki 6a30B1 maTpuili M MokHa BunucaTu s Oyib-
SIKOTO 3HaueHHsI M [23].

7.5.2. BractuBocti kpuBux be3ne

JInst 3riapkyBajdbHUX KpUBHX be3be 3a BaroBi KoeilleHTH OepyThes
MHoeounenu bepuwmetina

Bim(t):i!(mL_!i)!ti(l—t)m_i.

BnactuBocti MHOrousieHiB bepHIlTeiiHa CyTTEBO BIUIMBAIOTh Ha MOBE-
niHKy KpuBuX be3re. HaBegemo aesiki 3 HUX:
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1. Muorounenu bepHiureitHa HaOyBarOTh HEB1 €MHUX 3HAYEHb.
2. B cyMi BOHHU JIalOTh OJIMHHUIIIO:

>BN(H)=1. (7.8)

3. He 3anexatp BiJl BepIIuH MacuBy P, a 3ajiexarb JuIIe BiJ KUIbKOCTI
TOYOK Y MacCHBI.

Kpugi be3be BONOMIIOTH PSAAOM IIKAaBUX BJIACTUBOCTEH, 3aBISIKA YOMY
BOHHU IIMPOKO 3aCTOCOBYIOTHCS Ha MPaKTHIll. PO3riasiHeMO OCHOBHI BJIACTH-
BOCTI KpuBHuX be3be:

1. Creninp mHoOrounena R(t), mo Bu3Hayae kpuBy be3be, Ha OIUHUIIO
MEHIIUHN BiJ KUJIBKOCTI TOYOK MacuBy, TOOTO KpuBa be3sbe moOynoBaHa
Ha M +1 Toulli 3aJ]a€THCS MHOTOUYJICHOM CTEIEHs M.

Po P, P, P1 Po P>

P2 P3
P P, 5 P1
3

Puc. 7.4. Ky6iuni kpuBi be3be mipu 3MiHi mopsaky Todok (m = 3)

2. ITlopsimok TOUOK y MacuBi P CyTTEBO BIUIMBA€ Ha BUTJISA] KpUBOi be3be.
®dopma kpuBoi be3re nmosToproe xij gamanoi PoP;...Pn. IIpu 3mini no-
PSIKY TOYOK TIOBHICTIO 3MIiHIOETBCS (hopma kpuBoi (puc. 7.4).

3. Ilepmra ta ocTaHHS TOYKH KPUBOI 30iratoThCs 3 BIAMOBITHUMH TOYKaAMU
macuBy P, Tooto R(0) = Py, R(1) = Pp.

4. BekTopu AOTUYHHUX Yy KIHISIX KpUBOi be3be 3a HampsiMoMm 301iraroThes 3
MEePIIOI0 M OCTAaHHBOIKO JJAHKAMH OIOPHOI JIJAMaHO1, OCKUIbKH
R (0) = m(P1—Pg), R(1) = m(Pm—Pmn-1).

5. Kpuna be3sbe € rmagkoro kpruBow. 30kpeMa, Ieplry MmoxigHy pajiiyc-BeK-
topa R(t) Mo>kHa 3ammcaTHl y BUIJISAII

R(H)=m3 (R~ RJE"()

6. Kpusa besbe nexxuth B Omykitiil 000J0HII BEPIIUH MacuBy P, OCKUTbKHU
1. Koe(ilieHTIB JIHIHHOI KOMOIHAIli TOYOK MAaCHBY BHUKOHYETHCS
ymoga (7.8).

7. Kpusa be3be iHBapiaHTHa BIJHOCHO adiHHUX NEPETBOpEHb. T0OTO MO-
OynyBaBIIM KpUBY be3be, HaJ HEIO MOXKHA 3A1IMCHUTH aiHHI TIEPETBO-
pPEHHsI, a MOXXKHAa BUMHUTH 1HAKIIE: CMOYATKY 3A1MCHUTH adiHHI mepe-

129



TBOPEHHSI HaJl OMOPHUMHM BEpIIMHAMH, a TOTIM MOOYAyBaTH KpPUBY
be3be Ha HOBUX BepiMHAX. SKIIO pe3ynbTatd OyAyTh OJHAKOBUMH, TO
KaXyTh, 1110 KPUBA € 1HBAPIaHTHOIO BIJIHOCHO LIOTO a(hiHHOTO MEPETBO-
penHs. [Ipu oMy JIETKO MOMITUTH, HATTPUKJIIA, 110 TTOBOPOT OMOPHUX
BEpIIMH 1 MoJiajibliia moOy0Ba KPUBOi 3aliMae MEHIIE Yacy, HIkK MOBO-
pot camoi kpuBoi. Haragaemo, 1o adiHHi nepeTBOPEHHS BKIIOYAIOTh Y
ceOe IMOBOPOT, PO3TATyBaHHI/CTHCK, MapajeibHEe INEPEHECCHHs Ta IX
MOYKJIMB1 KOMO1HAII].

8. JSxmo B macuB P gomatu xouya O OJHY BEpIIMHY, TO HEOOXIJHO IOB-
HICTIO MepepaxyBaTu MapaMeTPUUHI pIBHSHHS KpUBOi be3be.

9. 3wmiHa xoua O oAHIET TOUYKU B MacuBi P MpUBOIUTH 10 TOMITHOI 3MIHU
BCi€i KpuBOi be3be.

10. 'V piBusaHI (7.7), M0 onmcye eleMEHTapHY KpuBYy bes3be, Hemae BUILHHX
napameTpiB, TOOTO 3aJlaHMi MacuB OJHO3HAYHO BHU3Hayae€ KpuBy besbe.
Tomy HEMae MOXIIMBOCTEN SKMMOCh YMHOM BIUIMBATU HAa (OpPMY KPHUBOI
besne.

OcTaHHIi HEJOJIK MOXKHA YCYHYTH, SIKILIO BBECTH IO PO3IISAY payio-
HanvHi kpuei besve, K1 BUBHAYAIOTHCS (DOPMYIIOHO

iwi B;" (t)Pi
R(t) = =0 . telo,1], (7.9)

m

;wi B (t)

ne @; > 0 — BaroBi koe(illieHTH, CyMa SIKUX CTPOro J0JaTHA.

3MIHIOIOYM NTapaMeTPH @;, MOXKHA KepyBaTH (OPMOIO paIllOHAITBHUX KPH-
BuX be3be. SIkino 3HaYeHHS @; Benuke, To kpuBa R(t) mpoxoauTs OJIM3bKO 10
TOUKH P; , sikio @; maie, To R(t) mpoxoauTts maneiie Big Touku P;. SIkimo Bci
@; PIBHI MI3K CO00I0, TO OJIEPKYEThCA 3BUYaliHA KpHBa be3be.

7.5.3. Ckananeni kpusi be3be

KibKicTh TOYOK MHOXKHMHU P 3KOpPCTKO BU3HAYA€ MOPSAOK MHOTOWICHA
besbe. KpiM 11p0ro, J0BUIbHA TOYKa Ha KpuBiM be3be 3almekuTh BiJl BCIX
OTOPHUX BEPIIMH, TOMY 3MiHa OJHI€T BEPUIMHU BIUIMBAE HA MOBEIHKY BCIET
KpuBOi. [HIIUMU croBaMM, JIOKajdbHI i Ha KpuBY be3be HEMOXKIuBI, a
BIJICYTHICTb JIOKQJIBHOT KOPEKIlIi MOXe OyTH BU3HAYAJIBHOIO B JACSKUX IMPHUK-
JagHUX 3adadax. Buxin 13 1mi€i curyarlii OyB 3HalIeHH y moOyI0B1 CKJaje-
HUX KpUBHX be3be, TOOTO CIUIaifHOBY KPHBY CKJIAJalOTh 3 OKpeMux dpar-
MeHTiB. CaMe Takl KpUBI Hail4acTile 3aCTOCOBYIOTHCS HA MPAKTHIII.
3ynuHUMOCS Tenep Ha No0yA0B1 CKIaJeHUX KyOIUYHUX KpUBUX be3be.

Cknaoena kyoiuna kpusa beszve — 11e HemepepBHA KpUBa ¥, 10 € 00’ €1-
HAHHSIM €JIEMCHTAPHUX KyOiuHuX KpuBux »°, 7, ..., 7/' , TOOTO
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Jlns moOyA0BU CKiIaZeHOo1 KpuBOi be3be po3duBaeMo MacuB To4Ok Py, P,
...y Pm (M mae Oytu xpatHuM 3) Ha | MiAMHOXKHH, KOXKHA 3 SIKHX MIiCTHUTh
YOTUPHU TOUKHU TakK, 110 OCTAHHS TOYKa MOMEPEIHbOI MAMHOXKUHUA — IIe TIep-
111a TOYKa HACTYITHOI MiAMHOKUHH, TOOTO

{Po, P1, P2, P3}, {P3, P4, Ps, Ps}, ..., {Pai, Pai+1, P31+ 2, Pa+3}.

Ha xoxH1i Takii mIIMHOKHHI MOKHA MOOYIyBaTH €JIEMEHTApHY KPUBY
be3be, TOOTO OKpeMuil pparMeHT ckiaeHoi KpuBoi besbe. O0’€fHaHHS OKpe-
Mux (parMeHTIB Jla€ CKIIaJieHy KyOluHy KpuBYy be3be, sika HaNIeXKUTh /10 Kilacy
HerepepBHUX (GYHKIIN. SIKIIO Termep 3MIHUTH SKYCh TOYKY MacHBY, TO CKJa-
neHa KpuBa be3be 3MIHUTHCS TUIBKU JIOKAJIBHO.

Jlas Toro, mo6 cknageHa KyOGiuHa kpuBa besbe Gyma C'-rmamkoro
He0OX1aHO, 00 Tpikiku BepmuH Psi_ 1, Psi, Psi+ 1 Jexkanu Ha oaniit mpsmiil.

ko y BUXiTHOMY MacHuBl HEMa€ KOJIIHEApHUX TPIHOK BEPIIWH, iX
3aBXIM MOXHa J00aBUTH Tak, 00 MoOyAoBaHa CKJaJicHa KpuBa Oyiia cL
TIIAJIKOIO. C2-FJIaI[KOCTi MO>KHA JIOOMTHCS JIJIsl palliOHATILHUX CKJIQJICHUX KPUBUX
besbe 3a paxyHOK mi00py BaroBux KOS(MILIEHTIB @).

3aysadicenns 3. Memoo nobyoosu xpusoi besve 6 epagiunux naxemax
Oa3yemMvCsi HA BUKOPUCMAHHT OOMUYHUX YIPAGIAIOYUX JIHIU, WO NPOBEOeHI 00
ceemenma kpusoi na tioeo xinysax (syanax). Ilpu yvomy ¢opmy xpusoi beszve
MOOEIOIMb UWISAXOM 3MIHU HAXUTY OOMUYHUX | O08ICUHU BIOPI3KA, AKI U3HA-
yarOmMbCsi KOHMPOJILHUMU MOYKAMU.

7.5.4. 'eomMeTpUYHNH aJITOPUTM I KPUBOi be3be

[T’ep be3ne 3ampomoHyBaB IHIIWKA METOJ MOOYIOBM IMX KPUBHX Ha
OCHOB1 T€OMETPUYHUX MIPKYBaHb. AJITOPUTM TOJSTAE B HACTYITHOMY.

1. KoxkHa CTOpOHa ONOPHOI jJaMaHOi IiIuThes y BiguomreHHi t:(1-t), ae
t € [0, 1] — aprymMeHT TOYKH MOLTY.

2. Touku noAuny 3’€IHYIOThCSA BIAPI3KaMU MPSAMHUX 1 YTBOPIOIOTh HOBY Jia-
Mmany. [Ipu boMy KUIBKICTH BY3J11B HOBOTO KOHTYPY Ha OJMHUIIO MEHIIIA
3a KUJTBKICTh BY3JI1B MOMEPETHBLOTO KOHTYDPY.

3. CTOpoHH HOBOTO KOHTYpPY 3HOBY JAUIATHCS Y TOMY > BIJHOIICHHI 1 TaKk
nami. Lleit mporec TpoaoOBXKY€EThCSA TOTH, MOKH HE OyJe OTPUMAHO €IUHY
Touky noiny. Ll Touka i Oyzae Toukoro kpuBoi besne (puc. 7.5).

Pl P2

Po |:)3
Puc. 7.5. 'eomeTpuuHuii anroput™ Jyisi KpuBux besbe
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7.6. B-cnu1aiiHoBi KpuBi

KpuBa, 1110 BU3Ha4a€THCS BEPIIMHAMU MAcUBY P, 3aJeXHTh Bijl CIOCOOY
anpokcumartii. TyT 3Ha4Hy pojb Bifirpae BuOip OazucHux ¢yHkuiil. basuc
bepnmreitna mopomkye kpuBi besbe, oiHaK BiH BOJIOAIE ABOMA HEIOIIKaAMU.

1) KinpKicTh BEpIIMH JIaMaHOI >KOPCTKO BHM3HAYa€ TMOPSJAOK MHOTOWICHA
besbe (muB. Gopmyny (7.7)). Hanpukiazn, 4oTHpU BEpIIMHHM JIaMaHOI

BHU3HAYaIOTh KyOiuHYy KpuBY be3be, IICTh BEPIIMH JJaMaHOI BU3HAYAIOTh

MHorouieH besbe m’storo mopsiaky. [loHusuTu cremiHb KpuBoi besbe

MOXkHa a00 3MEHIIMBIIM KUIBKICTh BEPIIUH JIaMaHOi, a00 BBIBIIM [0

O3Sy CKIIaJieH] KpuBi besbe.

2) Jlpyre oOMeXeHHsS BUIUIMBAE 3 TJI00aNBbHOT pUpoau 6aszucy bepHIreii-

Ha. lle o3Hauae, 110 BEIWYMHA BaroBUX Koe(ilieHTIB (MHOTOWICHIB

bepumireitna B" (t)) € HeHyNbOBOIO ISl BCiX 3HA4YCHb Tapamerpa t Ha

kpuBiii. ToOTO nOBiIBHA TOYKa Ha KpHBIM be3be 3alexuTh BiJ BCIX

BEpIIIMH, TOMY 3MiHa OJ{HI€] BEPIIMHU MPHUBOAUTH JO IOMITHOI 3MIHH

Bciel kpuBoi be3be. JlokanbHi i1 Ha KpuBY besbe, 1110 BU3HAYaeThes (Pop-

Mytoto (7.7), — HEMOXKITHBI.

BincyTHICTh JIOKQJIBHOI KOPEKIii KPUBUX MOXKE OyTH BHU3HAYAIHHOIO B
NEeAKUX TpUKIaAHUX 3anadax. Lleit Hemonik 3aBaxkae e(pEeKTUBHOMY PO3B’s-
3YBaHHIO 3a/1ay 3rJ1a/)KyBaHHS, TOMY Ha MPAKTHULI BUKOPUCTOBYETHCS HETIIO-
OanbHMI Oa3uc, 110 Ha3uBaeTbesl OazucoM B-crmaiina. B-crumaitHu He ri10-
OaJibH1, OCKIJIBKH 3 KOXKHOIO BepIInHOIO P moB’si3aHa cBost 6azucHa (QyHKITIS.
ToMy BIUIMB KOXXHOI BEpIIMHHM Ha KPHBY BIJIOYBA€TbCS TUIBKM MPU THUX
3HAUYEHHSX MMapaMeTpa, MpHU SKUX BiANOBiAHA 0a3ucHa (QYHKIiS HE JOPIBHIOE
HYJIF0, TOOTO 3MiHA OJIHI€E] KOHTPOJBHOI TOUKH BIUIMBAE TUIBKM Ha JESIKUM
¢dbparMeHT KpUBOi 1 HE BHOCUTH ITI00AILHUX 3MiH Y 11 hopmy.

CrutaitHOBI KpYB1 BUKOPHUCTOBYIOTHCS B aHIMAIlli JJIsl 3alaHHS TPAEKTOPIi
pyxy. Alie nipu pyci o0’ €kTa 1o ckjiafeHii KpuBiil be3be panToBO MOXKe 3Mi-
HUTHUCS NMPUCKOPEHHSI, OCKUIbKU 00’ €KT MEePEeXOJAUTh Ha JUISHKY KPUBOI 3 1H-
IIOK0 JIPYTO0 MOXiAHOKO (CKIazeHa KpuBa be3be TibKH Cl-HenepepBHa). [ro
pooOIeMy TeX PO3B’sA3yI0Th B-CrialiHu, B SIKMX 3MiHA KPUBU3HU HEIEPEPB-
Ha. ToMy el TUI KpUBUX ONTUMAIBHUI AJ14 aHiMalli 1 ctBopeHHs 2D-dopm.

Posrnsaemo 111 cnenudivHl CIUtaifiHu, 0 HA3WBaKOThCS B-cruraitnamu
[5, 19, 23]. Haitnommuperinri cepex HUX — B-cIuialiHu TpeThOTo MOPSJIKY.

B-cnnaiinu mpemvoco nops0ky BU3HAYAIOThCS HA CUCTEMI TOYOK X - 2 ,
Xi_1, Xi, Xi + 1, Xi + 2. Taxnii crunaiin nosnauaerscs N (X). Beaxkaemo, mo Bysiu

X; piBHOMipHO Bimmaneni. Hexait N°(X¢) = Vi, (N)"(x) =M, k= i-2,i-1,
I, 1+ 1,1+ 2 Tomi, Ak i JJI1 BCAKOrO KyOIYHOTO CILIaifHa, y BHYTPILIHIX
TOYKaX, BUKOHYIOTHCS CITIBBITHOIIICHHS
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Mi-1 + 4My+ Mg+ = h%()/k-l—Zyk+yk q1), k= 1-1,1,i+1. (7.10)

Maemo 3 piBHsHHS 1 10 HeBimomux Y, My, K = 1 -2, 1 = 1,1, 1 + 1,
| + 2. Tomy 101aTKOBO BBaXKaTHMEMO
Ni3(Xi_2) =VYi-2 = 0, Ni3(Xi+2) =VYi+2 = O,
(N7) (xi-2) = (N7) (Xi+2) = 0, (7.11)
(NJ)'(Xi-2) =Mi_2=0, (N7)'(Xi+2) =Mis2=0.
3 dhopmy (7.10), BpaxoBytouu (7.11), omepxyeMo

6 1
AMi 1+ M = F(Yi - gthi—l),

6 ,1 1
Mi_1+4lv|i+|vli+1:F(ghzmm—zyﬁghzlvli_l), (7.12)

6 1
Mi + 4Mi+1 = F(yl - gthHl).

Y cucremi (7.12) MaeMo 4OTHPH HEBIJIOMHUX, TOMY JIOJaTKOBO BBa)KaTH-
2 ) i+2

MEMO, 110 ¥; = =, [0 3yMOBJIEHO YMOBOIO HOpMasi3aLi D> NS (x)=1. s
k=i-2

1 2 1
F,Mi: Mi+1= —-.

Ch? h?
Kpim 115010, 3 yMOB HOpMaJIi3allii BUIIUBAE, MO Yi—1 = Yj+1 = rs

pemrtu HeBiomux 3 (7.12) 3naxomumo M;_; =

BukopucroByroun ¢popmyay (7.1), onepkyemo

1/ x—X :
—( hi_zj’ X €%, 1],

6

3 3
1( X=X 4 1( % —X X=X,
o += + , Xe[X, %],
3( h j 6[ hj h

N (x)= i(X—Xi )3_£(xm—xjg+ g =X xe[x,%,], (7.13)

! 6 h 3 h h
3
1( X,, =X
E( 2h j , Xe[xi+1'xi+2]’
0, IS PEITH X.

Kybiunuti B-cnnaiin Ha Bipi3Ky [a, b] MoXHA BU3HAYNTH K (PYHKIIIIO
n
B(X) = ZbiNig(X)i X e [a, b]l
i=0
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nie b — koedilieHTH, 10 BU3HAYAIOTHCS 3 BiANOBIAHOI cucTeMH piBHAHB, N°(X)
— HOpMaJTi3oBaHi (yHKII1 6a3ucy B-craiina.
®yukiigs B(X) € MoaiHOMOM TPETHOTO CTEIEHS Ha KOXKHOMY IHTEpBalli
Xi < X < Xj+ 1, moxigai B'(X), B (X) HenepepBHi y KOXHIiH TOYIl KPUBOI,
Ockinbku B-crinaiin 3agaeThes 0asucom B-crutaitHa, To cyma 0a3ucCHHUX
CIUIAlHIB y TOBUTBHIN TOYIII

Z:):Nf(x):l.

Enementapni B-cruiaitHOBI KpHBI BU3HAYarOThCSl YOTHUpMa BepiivHamu Py,
P1, P2, Ps.

VY Hamomy BUIAJKY, KOJU OJAHUX OOMEXEHb Ha MHOXKHHY BEPILIWH HE
HaKJIaJIa€ThCsl (BOHU MOXKYTh OyTH PO3MIIICHI JTOBIIBHO), PIBHSHHS CJICMCH-
TapHOi B-criiaitHOBO1 KprBOi MOTPIOHO IIYKATH B TapaMeTpUUHIi (opmi

R(t) = Zn (DR,

ae ni(t) — koedimienTy, Mo oaepKYyOTHCS 13 hopmynu (7.13) muisixom BBEACH-
Hs nlapamerpa t.
Hanpuknanm, npu X € [Xi, Xj+1]

3 1/ X=X ° 1( X, —X ° X, — X
NP (%) == -S|t
6 h 3 h h

SIk1o Terep BBeCTH mapameTp t = X% ,t € [0, 1], o 3 (7.13) onepxye-
3 pp2
Mo (yHKIIiro Ny(t) = 3t Zt +4 .
Amnajoriudo 3 popmyinu (7.13) maemo
1-t)° “3t° +3t2 +3t+1 t*
No(t) = 2-9) , Ny(t) = 5 , ng(t) = s t € [0, 1].

I'padiku pynkuin ni(t) HaBemeni Ha puc.7.5. Ha KiHIMX OJMHHYHOIO
1HTEepBany Tpu (PYHKIIi 3 YHOTUPHOX BiAMIHHI Bl HYJIS.
OTxe, enemMeHTapHy KyOiuHy B-crailHOBY KpWMBY MOXKHAa BU3HAUUTU
BEKTOPHUM PIBHSHHSIM:
3 3 2 3 2 3
R(t):(lt)F)o+3t 6t+4a+1ﬁ+ﬁ—ﬁui%+L%’teﬂl”
6 6 6 6
(7.14)
MatpuyHuii 3anuc napamMeTpUYHOrO PIBHAHHS €JIEMEHTApHOI KyOI4HOi
B-crimaiiHOBO1 KpMBO1 Ma€ BUTJIA

R(t) = PMT,
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Puc 7.5. Barosi koediiieHTH eneMeHTapHuX B-crutaiiniB

1 -3 3 -1 1
X(t 4 0 -6 3 t
e ro=[Y] wm=1 T
y(t) 6|1 3 3 -3 t
0 0 0 1 £

X X X ij
Yo Y1 Yo Y3

Marpunis M HazuBaeTbCst 6azo80t0 mampuyero eieMeHTapHoi B-craii-
HOBOI KpHWBOI, a BEKTOp P — 2ceomempuuHum 6eKkmopom €JIEMEHTapHOI
B-cruraitHOBO1 KpHBOI.

dyukiionansHi koedimientn ni(t), i = 0, 1, 2, 3 cyTTeBO BILIMBAIOTH HA

P:(P()PngPg):L

3
nosezinky R(t). Ockinbku ni(t) > 0,i=0,1, 2, 31 D n,(t) = 1, To enemenrap-
i=0
Ha B-crmaifHoBa KpuBa JICKHUTh B OMYKJIiHA 000J0HIN TOUoK Py, Pi, P, Ps
(puc. 7.6), mpuuomy R(0) = P;, R(1) = P, 1 =0, 1, 2, 3, To6TO ennemenTapHa B-
CIUIafHOBa KPHBA, SIK MPABUJIO, HE MPOXOAUTH Uepe3 KOAHY 3 Touok Py, P,
P, P3 (pHC 76)

\\;
Po P3
Puc. 7.6. Enementapna ky0iuna B-craliHoBa kpuBa
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Jlotnuna B mouatkoBii Toumi R(0) = %(Po + 4P, + P,) mapasnenbHa Bij-

pisky PoP; (R(0) =%(P2 —F)), a B kinnesiit Touni R(1) = %(Pl + 4P, + P3)

napanenbHa Binpisky P1P3 (R(1) = %(P3 -R)).

Cknaodeni Kyoiuni B-cnaaitnoei kpuei

Cknaoenoro KyoOiuHow B-cniaiino6or Kpueoro, 1O BHU3HAYAETHCS MaCHUBOM
BepuinH Po, Py, ..., Py, Ha3MBa€eTbCs KpUBa ¥, Ky MOXXHA IMOJIATH y BUTJISII

00’ eTHAHHSA eJIeMEeHTapHUX B-crimallHOBUX KpUBUX 7/1, 72, ey Y 2

| y= 2/1 U 2/2 U U 7/m—2,
ne y' OymyeTbes K eaeMeHTapHui B-crnaita Ha Toukax Pi_1,Pi,Pj+ 1, Pi+2.

ChopmynroeMo eracmusocmi ckraderoi KybiuHoi B-cnaatinogoi kpusoi.

1. Cknanena xyOiuHa B-crumaiiHoBa KpuBa, IO MOPOJKYETHCS MAacHBOM
BepiuH Py, Py, ..., Py, € C2-rakoro KPUBOIO.

2. ®opmMa KpHUBOI BH3HAYAETHCS KOHTPOJBHUMH TOYKAMH, IO HE JIEKATh
Ha KpuBid (puc. 7.7). 3a JOMOMOTrOK IUX TOYOK 3PYYHO YIPABISITH
(bopMOI0 KPUBO.

3. CkiazieHa KpuBa JIGKUTh B 00’ €THaHHI M — 2 OMyKJINX OOOJOHOK, IO
HOPOJIKYIOThCS Toukamu Pi_1, Pj, Pi+1, Pi+2, 1=1,2,..., m =2,

4. Skimo BCl OMOPHI BEPIIMHU JIeXKATh HA OJIHIM MPsAMIi, TO CKiIajJeHa Ky-
01uHa B-cruraitHoBa KpuBa JICKUTH Ha IIA NpsIMid MK Toukamu P, Pp.

5. CknageHa B-crmmaiiHoBa kpuBa HE TUioOalibHA, TOMY JIOKaJdbHAa 3MiHA
OJIHIET TOYKU B MACHUBI MPUBOJUTH JO 3MIHM TIJIbKHM YaCTUHU KPHUBOI;
npy 3MiHI BeplIMHU P; HEOOX1AHO MepeoOUHnCIUTA MapaMeTpUdHi PiB-
HSIHHS TUTBKH YOTUPBHOX €JIEMEHTAPHUX KPUBUX yi -2, 7/i - ;/i, yi i

6. Cknanena kyOiuHa B-crimaiinoBa kpuBa € adiHHO 1HBapiaHTHOIO.

P,

Pis " Ps

P0 P3 P4

Puc. 7.7. Cknanena B-craliHoBa KpuBa
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3ayeaocennsn 4. Cxknadena kybiuna B-cnaaiinoga xpusea, K npasuio, He
npoxooums yepes Hcoouy 3 eepuiun Py, P, ..., Pm. O0nax winsixom niobopy
OONOMIJICHUX BepuiuH I Nn00Y00B80IH 000AMKOBUX eleMEeHMAPHUX KDUBUX,
MOCHA 00OUMUCS, WODO NOYAMKO8a MOYKA HOB0I CKIAOeHOI Kpusoi 3HAXO-
ounacs o6auzvko 0o eepuiunu Py i Hasimwb 30icanacs 3 nero. Ananoziunux pe-
3YNbMamie MON#CHA 0ocaemu i 015 KiHyegoi mouku P,

3ayeaowcenna 5. Ha 63aemHe po3miujeHHsi epuiun y MAacugi He HAKIA-
0aEMbCsL HCOOHUX O0OMENCeHb [ 8OHU MOJCYMb Hagimv 30icamucs. Ane &
MAKUx BUNAOKAX KPUBa modice empamumu nopsi0oK 21a0KoCmi.

CermeHnTH, 10 YTBOPIOIOTH CKIIAJIeHy KPWBY, BU3HAYAIOTHCSA 3a (POpMYy-
noto (7.14) sk ¢pyskuii aprymenty t € [0, 1]. [akonu iX 3py4Hilie nepeBU3Ha-
YUTH TaK, 00 BOHW HaOyBaJiM 3HAYEHHS HA TMOCIIJOBHOMY iHTepBaui. J{ims
€MHOT TTapaMeTpH3allil CKJIaJeHo1 KpUBOi ¥ BBOAATH apametp t € [0, m — 2]
(ockinpku Ha M + 1 BepmmHI MOXKHA MOOYAyBaTH M—2 eneMeHTapHUX (par-

mMeHTH). KoKHUIT cerMeHT 7/i Oynme 3amaBatucs Ha intepBam t € [tj, ti + 4],
i=1,2,...,m-2.

3HadeHHs 1j BU3HAYalOTh TOUKY CTHKY a00 813071 MIXK CYCIIHIMU CEerMeH-
TaMu. ToMy t; Ha3UBAIOTHCS 8Y3108UMU 3HAUEHHAMU. 3arajbHE YUCIIO BY3JIiB
Ha CKJIaJIeH1! KpuBil qopiBHIOE M — 1,

Sk1o BCi By3JId po3MINIEHI HAa PiBHINA BIJCTaHI 32 3HAYEHHSAM NapameTpa
t, To Taki B-crutaiiHu Ha3uBalOThCS 0O0HOpiOHuMmu. be3 BTpaTH 3araibHOCTI
MOHa BBakaTH, mo 1ty =0, iy = ti+1, i =1, 2, ..., M—2, HanpuKIag BEKTOP
By3J0BUX 3HaueHb B3sATH y BUrsami (0,1,2,3,4). Y mpoMy BHITaJKy Iapa-
METPHUYHE PIBHSHHSA i-1 eleMEeHTapHOi KyOi14HOi B-crimaliHOBO1 KpHBOi MaTtume
BUTJISI]T

t—t
(9
(t-t)

B-crmutaitnu, B SIKMX BIJCTaHI MiXK BY3JOBMMM 3HAY€HHSIMU HEpPIBHI, aje
3a7I0BOJIbHSAIOTH CIIBBigHOIIEHHS 1 < tj 4+ 1, HA3UBAIOTHCS HeoOHOpioHuMu B-
CIIailHaMU, HAINpUKIad, SKI[0 BEKTOp BY3JIOBHUX 3HAUYCHb Ma€ BUTJIAL
0,0,0,1,1, 2, 3), a6o (0; 0,18; 0,3; 0,5; 0,7; 1).

Ha Binminy Big ogHOpinHuX B-crumaiiHiB, i HEOIHOPIAHUX B-crutaitHiB
HE iCHye eauHOro Habopy Oa3zoBux ¢yHKI. BoHu 3anexars Bij BYy3JIOBHX
3Ha4€Hb 1 1 BU3HAYAIOTHCA PEKYPEHTHHMH CHIBBIAHOIICHHSIMU. BekTop
BY3JIOBHUX 3HAa4Y€Hb MOTPIOHO MOMEPEIHHO 3a/1aBaTH.

I[To3zuaunmo yepe3 N (t) 6a3oBy pyHkLit0 K-To MOpsAAKY A7 KOHTPOJILHOT

Ri(t) = (Pi—la Pi, I:)i+1; I:)i+2)|\/| ) te [ti, ti+1].
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touku P;. HopmanizoBani ¢yHkuii 6asucy N[ (t) BM3HAualoThCs peKypeHT-
Humu popmynamu Kokca-ne-bypa

N°(D)= {1 t<t<t,,,

0 t<t,t>t.'
, —t

NA() = N0+ 2 L ND (1), (7.15)

ti+l _tl i+2 ~ ti+l
Ky L8 k-1 bien — _

N; (t) =——N, (t)+— |+1 (t) k=1,23,....
i+k _ti i+k+1 ~ N+l

Toni B-crumaiin moOyaoBanuii Ha MHOKKHI Touok P = {Py, Py, ..., Pn} 3

BEKTOPOM BY3JIOBUX 3HAueHb o, {y,..., t,..., tm, ..., tnsx+1 MAE BUTIISAT
i
R®)= Y NF(t)P;, ist<tuy, i=kk+1,..,m, 1<k<m-1.  (7.16)
j=i—k

30KpeMa, CErMEHT )/i, 10 3aJ]a€ThCS KOHTPOJBbHUMM Toukamu P _ 1, Pj,
Pi+1, Pi+2 npu K = 3 BU3HAYa€ThCA PIBHIHHAM

Ri(t)= N2y (@) Pi1 +Pi N @+ Ny (0) Pivat NS (1) Piva, te [tz tiva].

Oynxuii N (t) MaroTh nokanbHuit xapaktep, To6To Ha iHTepBaii (i, tiv)
N (t) > 0, 30BHi uboro inteppany N (t) = 0. Tomy 3miHa oxHiei BepumHu B
MacuBi P He MPUBOJIUTH A0 NEPEOOUNCICHHS BCI1€T KPUBOI.

Kpim uporo, s dyskiiii N (t) 36epiraeThes piBHICTS

i Nik (t) :11
i=k

3aBJISIKM SIKIH KpWBa, 3aJjaHa BEKTOPHUM piBHSHHAM (7.16), 3aBxkam Hanmexa-
THME JI0 OIMyKJIOi 000JIOHKH MacuBy P.

Heonnopigai B-crumaithn MaroTh psij mepeBar Hajl OJHOPIIHMMHU. BoHH
BOJIOJIFOTh BHUCOKOIO YYTTEBICTIO JIO0 3MIHM KOHTPOJIBHHUX TOYOK, 3a0e3rme-
YyIOTh JIETKE KEPYBAHHS MOYATKOBUMH Ta KiHIIEBUMH TOYKamMu. B Oyab-skuit
MOMEHT poOOTH 3 HEOAHOPIAHUMHU B-criialiHaMu Mo)KHA BBECTH J0JIaTKOBUMA
BY30J1 1 3MIHUTH (OPMY KPHBOI.

Pauionanvni Kyoiuni B-cnnaiinoei kpuei. 3a 3a1aHUM MAaCUBOM TOYOK
P={Py, Py, ..., Pn} panionansrHa kybiuHa B-cmaliHoBa KprBa BH3HAYAEThCS
PIBHSIHHSIM BHTJISTY

iwi NiS(t)Pi
R(t) = =2 .
Za)i Ni3(t)

i=0
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Barosi koeditieHTn ®; > 0, 11 AKUX Za)i >0, sk 1 U1 palioHaIbHOT
i

KpuBOi be3be, KEpyIOTh TOBEAIHKOIO KPUBOI.
Bupas mis R(t) moxkna nmepencatu 'y popmi

R(H= YN OR.

e W00 SNl
Za)iNiS(t) =
i=0

Tomy pamionansHi B-crmalinu — 1e y3araJibHEHHSI HeparioHaAIbHUX
B-cmnaiiniB 1 ix 6a3ucy. | OCKiIbKM HE HAKIJIAIa€ThCs HISIKUX OOMEKEHb Ha
PO3MIIIEHHS BY3JIB, TO L (YHKIlISA HAJICKUTh 0 KJIacy HEPIBHOMIPHUX pa-
nioHanbHUX B-crnaiiniB. HepiBHOMIpHI paiioHanibHi B-criaiinu B jitepatypi
3 KoM F0TepHOI Tpadiku HazuBaroThes me NURBS-kpuBuMu (CKOpOYEHO Bij
nonuniform rational B-spline). NURBS-kpuBi 30epiraiorb BJIaCTHBOCTI
B-cmnaiiniB, 30KkpeMa BOHM BOJIO/IIIOTh BJIACTUBICTIO a)lHHOI 1HBAPIaHTHOCTI.
Ane, KpiM 1IbOTO, pallioHalibHI B-crjaliHu 1HBaplaHTHI BIJIHOCHO MEPCIIEK-
TUBHOT'O TIEPETBOPEHHsI, HEpallioHabHI B-crnaiiHu 30epiraroTh 1HBapiaHT-
HICTh TUTBKH BIJTHOCHO MacIITa0yBaHHsI, TOBOPOTY 1 3CYBY.

TakuM 4YuHOM, JJIsI peaiizallli MEepPCHeKTUBHOTO IMEPETBOPEHHS pallio-
HaJIBHUX KPUBUX JOCTATHHO 3aCTOCYBATH II€ MEPETBOPEHHS JI0 KOHTPOJIbHUX
TOYOK, HOBE TOJIOKEHHS SKUX J03BOJUTH OOYHCIUTH TEPETBOPEHY (GopMmy
KPUBHX.

e oaniero nepeBaroro NURBS-kpuBux € ixHsl 3/aTHICTh TOYHO OMUCY-
BaTu (POPMU KOHIYHUX MEPETUHIB, SIKI YaCTO BUKOPUCTOBYIOTHCSI B CUCTEMAX
aBTOMATHU30BaHOTO MPOEKTYBaHHsA. MOXHA MOKa3aTH, 10 KBaJApaTU4YHI KpU-
Bl, SIKI 33/IalOThCSl AHAJIITUYHO B HESIBHOMY BUIJISIAL, € OKPEMHUM BHUIIAJKOM
3pyunux NURBS-kpuBux. HepationalibHi KpUB1 MOKYTh TUIBKU alpOKCUMY-
Batu 11 GHOpMH, MPUYOMY Jisi 30UIBIICHHS TOYHOCTI HEOOX1JHO BUKOPHC-
TOBYBaTU BEJIMKY KUIBKICTh KOHTPOJBHUX TOYOK, IO BHUMAara€ 3Ha4HUX 00-
YUCITIOBAIBHUX PECYPCIB.

OTxe, 119 MOACTIOBAaHHS MPAKTUYHO BCIX THUINB KPUBOJIHIMHUX 00’ €K-
TiB, MO’KHA BUKOPHCTOBYBATH METOI, 110 0a3yeThes Ha opmyBanHi NURBS-
KPUBHX.

3ayBakuMo, 10 HEPIBHOMIpHI pallioHaibHI B-craiinu € crangaptom
OOMiHY MPOEKTHOI 1H(pOpMAIll M)XK CUCTEMaMH MAIlIMHHOTO MPOCKTYBaHHS,
TOOTO BOHHM BHUKOPHUCTOBYIOTHCS B YyHIBEpcadbHUX (opMarax TMoOJaHHs
reOMETPUYHUX JaHuX. ParioHanpH1 B-crutaitHu 3aCcTOCOBYIOTBCS B CHCTEMAX
reoMeTpuuHoro mojentoBanHs, cydacHux CAD-cuctemax il peanizoBaHi
amapaTHoO B JICSIKUX TpadiuHUX CTAHIIISX.
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7.7. InTepnoasiniiini kyoiuni kpusi Epmirta

®dopma onucy kyoiunux kpuBux Epmita Onu3bka 10 KpuBux besbe, ane
BIJIPI3HSAETHCS BiJl Hel 3aJJaHHAM JIOTUYHHX BEKTOPIB y KiHIIEBUX TOYKax (Jj1s
KpHBOi be3be 3a1aI0ThCS YOTUPH TOYUKH).

Hexaii 3amgani a1 Touku Py, P; Ta 1Ba Hanpsamku Qq, Q:. HeobximHo mo-
OyayBaTH KpHBY, siKa PO Yepe3 11l TOYKU, MPUIOMY HANPSIMU JOTHYHHUX Y
[MX TOYKax JI0 IIYKaHOi KpHUBOI MOBWHHI 30iratucs BignmoBigHO 3 Qp, Q.
Takor kpuBOIO € iHTepnojsliiHa KyOiuHa kpuBa Epmita. Taky Ha3By 11
KpHUBI1 oJiepkayii Bij iMeH1 (ppaniry3pkoro matematuka [llapns Epmira, sikuii
JOCJTIIKYBaB 1X BIACTUBOCTI.

3a 3amanumu BepiminHamu Py, P; 1 HeHyasoBUMEU BekTOpamu Qp, Q; ene-
MEeHTapHa KyOiuHa KprBa EpMiTa BU3HaUa€ThCs PIBHSIHHAM

R(t) = Ho(t)Po + Hi(t)P1 + Ha()Qo + Ha(t)Q1, 0<t<1,
ne Hi(t),1=0,1,2,3 — epmitoBi 0a3ucHi GyHKIT (€pMITOBI MHOT'OUJICHN):
Ho(t) = (1 + 20)(1 - t)* = 2t - 3t + 1,
Hi(t) = (3 = 2)t° = =2t° + 3t%,
Ho(t) = (1 - )t =2 — 2t° + ,
Ha(t) = (t-1) 2 =t* - {4
MatpuuHuii 3anuc napaMeTpUYHOTO pIBHSAHHS KpUBOi EpMiTa Mae BUTIISIZ
R(t) =GMT,0<t<1,

e
10-3 2 1

Xqg X Ug U x(t) 00 3 -2
G=(PoP =[Xo Xt ) g o [T M= T=,
(PoP1 Qo Qu) (yo y, Vo VJ Ly(t)j 01-2 1 t2
00-11 3

Marpunigs M HasuBaeTbCsi 6a306010 Mampuyero Kyoiunoi kpusoi Epmima,
G — reomeTpuuHHUI BEKTOp KpuBoi Epmira.

JloTUuHUI BEKTOp 10 €JIeMEHTapHOI KyOi4HOi KprBOi EpmiTa B mo4arko-
Biit Toutti Py = R(0) 36iraerses i3 3amanuM BeKTOpoM Qp, a B KiHIIEBIH TOYIl
P; = R(1) — 3 Bekropom Qi (puc. 7.8). 3ayBakumo, IO SAKIIO 30UTBITYBATH
TUIBKH JTOBXKUHY BekTOpa Qp, To KprBa EpmiTa BUTSATYyETHCS BOPABO.

Qo
P
" Puc. 7.8. EnemenTtapna kpusa Epmita

Poo Ql
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Cknaoena kyoiuna kpuea Epmima. Cxnagena kyOiuHa kpuBa Epwmira,
10 BU3HAYAETHCSI MACHBOM TOYOK
Po, P, ..., Pmy, m2>1
1 Maporo HEHYJIbOBUX BEKTOPIB Qo, Qm, — 1€ KpuBa J, Ky MOXKHA 300pa3uTH y
BUTJISA/II 00’ €AHAHHS KyOiYHUX KpuBUX EpmiTa 7/1, ;/2, ey 7, TOOTO
r= 7UyuU. UM
[Tpu boMy I-Ta KprBa 7' BU3HAYAETHCS MAPAMETPUIHUM PIBHSHHAM BUTJISAY
R'()=(Pi_1 PiQi_y, Q)MT, 0<t<1,i=1,2,...,m,
ne M — 6a3oBa MaTpuIlsl €pMITOBOTO CIUIaiHa, a BEKTopH Q1, ..., Qm_1 BU3Ha-
Yal0ThCA 3 MATPUYHOTO PIBHSAHHS BUTJIALY

141 Q, 30 3 P,
141 Q| | -303 P,
141)Q, ~303)\P,

Hagenemo eracmueocmi cknadernoi Kyoiunoi kpusoi Epmima.
Ckiagena kpusa € C-riakoro.
[Ipoxoauts uepe3 BepiiuHu Py, Py, ..., Py,
3. dotuuni Bexktopu Q; y BHyTpimHiX Toukax Pj, i = 1, 2,..., m -1
OJTHO3HAYHO BU3HAYAIOTHCS Uepe3 BEPIIMHU MAcUBY P 1 TOTUYHI BEKTOPH
QOa Qm'
4, 3miHa oAHI€ET BEpIIMHU a00 OJHOTO 3 JIOTUYHUX BEKTOPIB Qo, Qm mpu-
BOJUTH JIO 3MIHU BCI€T KPHBOI.
5. Ckianena kyOiuHa kpuBa EpmiTa — adpiHHO 1HBapiaHTHa, ajieé HE MPOEK-
TUBHO 1HBapiaHTHA.
3ayeasicenns 6. 3a donomoeoro enemenmapuux Kyoiunux kpusux Epmima
CKIa0eHy Kpugy ModicHa nooyoysamu 3a 3a0aHum macusom eéepuiun Py, Py, ...,
Pn i oosinonum nabopom nenynvosux eexmopis Qo, Qi ..., Qm. Koorxcna
uyemsipka Pi_1, Pi, Qi-y, Qi 3a0ae enemenmapny epmimosy kpusy. Qonax y yvo-
MY 8UNAOK), HA BIOMIHY 810 paHiule PO32IAHYMO20 BUNAOKY, CKIAOeHd KPUsd
Epmima nuwe C'-enaoka.
3aysasicenns 1. I[Ipu nob6yoosi cniauHo8ux Kpusux nOCMIUHO NOMPIOHO
ooyucaroeamu 3HayeHHs KyOiuHux nonainomie. Egexmuenicme obuucienw
MOJHCHA NIOBUWUMU 3a PAXYHOK 8UuKOopucmants cxemu I’ opuepa
at’+bt*+ct+d=((at+b)t+c)t+d.
Icnyromo i Ginbw eghexmueni memoou 004UC/IeHb 3HAYEHb NOAIHOMIB, HAN-
PUKIAO, MemOoO CKIHUeHHUX DIZHUYD.

N =
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7.8. TCB-cniiaiinu

VY 3amadax aHiMmalli npyu MOJEIIOBAHHI PyXy 3a JOMOMOIOK KIIFOYOBUX
KaJIpiB 3aJa€ThCs MOCIITOBHICTh IMOJIOXKEHL 00’ €KTa, TOOTO TOUYoK Pj, 1 = 0,
1,..., m. 3amaya nojsArae B TOMy, 100 MPOBECTH IHTEPIOJALINHY KPUBY, IO
MPOXOJUTH Yepe3 Il TOUKH 1 B TAKUH CMOCIO BUSHAYUTH MOJIOKEHHS 00’ €KTa B
JTOBUTBHUM MOMEHT Yacy.

Jliist po3B’si3aHHs 11i€1 3a7a4l BUKOPUCTOBYIOTh MOAU(IKOBAHI €PMITOBI
crutaitHoB1 KpuBi. Bonu HazuBatotrbcst TCB-cnaaunamu.

Posrnsaemo 111 Moauddikarii.

1.V Toukax Pj, i =1, 2, ..., m — 1 noTpiOHO BH3HAYHTH BEKTOPH IIBH/I-
KOCTEH, SKi 3a/1aBaTUMYTh HaIPsIM Ta MIBUAKICTh 3MIHU KPUBOI B ITUX TOYKaX.
Hanpukinan, 1ist HanpsiMy MOKHa B3STU
T, = Pa—-PRa _ Pi+1_Pi+Pi_Pi—1.
2 2

OkpiM 11bOTO, 30€epiraroun HampsM BEKTOpPA, MOXKHA PEryJroBaTH MOro

TOBXWHY. Hampukiaa, MOMHOXUBIIM BekTop [; Ha mapamerp 1 —t 1e

t € [-1, 1], maTumemo

P . —
Ti:(l—t) '+12

P

A-t)(R.,-R)+A-t)R-P)
5 :
[Ieuakicte T; Bu3Ha4ae HaTAT KpHBOi (tension). Ha puc. 7.9 300paeHi
BEKTOpHU MIBUJKOCTEH Nyist pi3Hux 3HaueHb L. [Ipu t = 0 BekTop T; — cepenus
miHis AP; - 1PiP;j « 1. [Ipu t — -1 mBuUaKICT 3pocTae, HaTAT cnagae, mpu t — 1
IIBUJIKICTh CTIAJa€, HATAT 301IBITYE€ThCS.

Puc. 7.9. Bektop HaTsry

2. Bexropu P;_ 1Pj, PiP;j + 1 MOXyTbh BHOCUTH pi3HMI BKIaJ Y HOpMyBaHHS
BEKTOpa MBUAKOCTI T;. JIj1s BpaXyBaHHS I[bOI'0 YMHHUKA MOKHA BBECTH Baro-
Bi koedimieHtn 1 — S, 1 + £, iK1 ONKUCYIOTh BKJIaJ KOXKHOTO 3 BEKTOPiB PiP; 1,
Pi_1Pi y Hanpsmumit Bextop Tj, TOOTO BBaxkaTH, 110

Ti=((@Q-A(Pi+1=P) + (1 + H(Pi—Pi_1))/2.
IIpu S = 0 Bektop T; 3’ennye cepeaunu BiapizkiB PiP; .1 ta Pi_1P;. Ilpu
S — 1 Bkuag Bekropa Pi31Pj 30iibinyerbest (BEKTOp IMIBHIKOCTI T; HaOmu-
XaeTbes 10 Bektopa Piy Pj), a mpu f — —1 30umblnyeThCcs BKJIAX BEKTOpA
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PiPi + 1 (BexTop mBHIKOCTI HaOmMkaeThes 10 BekTopa PiPj .+ 1). Tak 3MiHro-
erbest Haxmi (bias) kpuBoi mpu MpoxopKeHHI yepe3 Touky Pi. OmHak Hampsm
BXOJIy B TOUKy Pj i HampsM Buxofy 3 Hei 36iraroThes (kpuBa C-ritaka).

3. dns 3a0e3nedeHHst pi3HOr0 HAMPSIMKY BXOAY 1 BUXOJY 3 TOUku P; HE0O-
X1JTHO PO3PI3HATH BEKTOpU [ 3J1iBa 1 crpaBa BiJl TOUYKH Pj, ToOTO HEOOX1IHO
BBECTH JI0 po3ruisiay Bektopu T, , T.".

AHAJIOT14HO 1.2 BBOJIUMO MAPaAMETP C 1 33JJa€EMO BEKTOPH IIBUAKOCTEH 32
dbopmynamu

T =((1-c)(Pi+1—-P)+ (L +c)(Pi—-Pi_1)) /2,
T =((1+c)Pi+1—-P)+ (@A -c)(Pi—-Pi-1)) /2.

[TapameTp ¢ BHU3HAuYae HemepepBHICTH (CONtinuity) BekTopa MIBHIKOCTI.
ITpu ¢ = 0 Bextopu T," i T,” 36iraroThcs, TOOTO BEKTOP IIBUAKOCTI HEIe-
PEPBHUM, JUIsl THIIUX ¢ BiH OyJie PO3PUBHUM.

OO6’eHyI0UM Pa30M TPH PaHIIIEe PO3TISHYTI BUMAJIKH, OJIEPKYEMO

_{@-t)1-p)N1-c 1-t)1+ p)1+c
-I-i+_ ( )( ; )( )(Pi+l_Pi)+( )( 5 )( )(Pi_Pi—l)
__1-t)1-p)1+c 1-t)1+ S )N1—c
Ti — ( )( 5 )( )(Pi+1 )_|_( )( ; )( )(PI _Pi—l)
Otxe, mapamerpu t, C, £ 3a1al0Th BIANOBIIHO HATAT, HEMEPEPBHICTH 1
3arajJbHUNM HAXWJI BEKTOpa MIBUIKOCTI MPU MPOXOJKEeHHI Touku Pj. Tomy Taxi
CIUTIaiiHU Ha3uBaroThbCs 1 CB-cnaaunamu.

-P

Puc. 7.10. TCB-cruiaiia

3ayeaorcenns 8. Cnaaiinogi Kpusi y 8unaoky npocmopy 3a0aromscs ma-
Kumu dic camumu popmynamu, minoku sk R(t), Pi nompiono posensoamu

x(t) X.
R®) = yt)[, Pi=]|y|

2(t) Z,
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KoHTpoJIbHI MUTAHHA TA 3aBAHHA

1. SIx cTaBUTBHCS 3a/1a4a IHTEPIOJIAIII Ta 3a]a4a 3T PKyBaHHS ?

2. Illo Take iHTEPHOJSIIHHMKN CIJIaliH, K1 BIH Ma€ MepeBard HaJ 1HTEp-

NOJISIIIIHHUM MHOTOWIeHOM? Ha3BiTh Oro BIaCTUBOCTI.

SIki B1acTUBOCTI Ma€ IHTEPIOJISIIMHNI KyOIYHHH CIIIaiiH?

[Io Take cru1aiiHOB1 KPUBI, B sIKi1id POpMI iX PO3IIYKYIOTh?

[Ilo Take KOHTPOJIbHA JJaMaHa, KOHTPOJIbHI TOUKH?

Jlalite BU3Ha4YeHHs KpuBUX besbe.

Sk 3amucaTu e1eMeHTapHy KpuBY be3be B MaTpuuHii hopmi?

SIki BIIaCTHBOCTI MaroTh NoJjiiHoMU bepHireitna?

. Ha3BiTh BractuBOCTI KpuBUX be3ne?

10 Ak 3a 3a1aHUM MaCHUBOM TOYOK MOOYJyBaTH 3aMKHEHY KpUBY be3be?
Ak BU3HAUUTH TOPSAOK Tiankocti? Ilpu saxux ymoBax KpuBa Oyne
Hanexatu kiacy C?

11. ki xpuBi be3be Ha3zuBarOThCs cKIaaeHUMHU? Ko 111 KpUBi € TIagKu-
MH B TOYKaX CTHUKY?

12. BkaxiTh nepeBaru Ta HeJI0JIKU KpuBuX be3be?

13. SIx Bu3HA4aroThCs B-crimaliHu TpeThOTro NOpsIaKy?

14. SIxi BMacTUBOCTI MalOTh €JIeMEeHTapHI KyOiuHi B-crinaitHoB1 kKpuBi?

15. SIx1 BmacTUBOCTI MarOTh CKJIaJIeH] KyOi1uHi B-criaitHoB1 KpuBi?

16. 1o Take ogHOpiaHI/HeOAHOPIAHI B-cruraitnu?

17. SIx BU3HAYaIOThCS pallioOHANIbHI KyO1uH1 B-crimaiinoBi kpuBi? Sk
MO>KHA YTIPaBIATH iX popmMoro?

18. 1o Take NURBS-kpusi, B yomy ix nepeBaru?

19. HaBeniTh o3HaueHHs KpuBuXx EpmiTa.

20. Ha3BiTh BIacCTUBOCTI CKJIaJIeHO1 KyO1uyHO1 KpuBoi Epmira.

21. TlopiBusiite kpuBi besbe, B-crutaitau, kpusi Epmirta B miiaHi iHTEepIio-
JIALT KOHTPOJIBHUX TOYOK 1 TIaAKOCTI KPUBUX Y TOUKAX CTUKY.

22. lllo take TCB-cmiaitnu? Slkumu napamerpaMy BOHU BU3HAYAIOTHCS ?

©ooNOoOhW

Bnpasu i 3axa4i 1J151 caMOCTIHHOT0 BUKOHAHHSA

1. TlokazaTu aHaNITUYHO, IO HABEJCHUU T'€OMETPUYHUN aNTOPUTM s
KyO14HO1 KpuBOi be3be MPUBOIUTE 10 PIBHSHHS KPUBOT BUTJISITY
R(t) = (1 - t)°Pg + 3t(1 — t)°P; + 3t%(1 — )P, + t°Pa.

2. Po3pobutu edeKkTUBHUN MeTOJ OOYUCIEHHS KyOlYHUX IOJIHOMIB,
AKUN 0a3y€eThCs HA OOUYMCIICHH] TPaBUX Pi13HULID.

3. TloOGynyBatu kyOiuHy KpuBy besbe, ska anmpokcUMye YEeTBEpTY yac-
TUHY KOJIa, 110 JISKUTh B MEpIIii yeTBepTi. Braziexa. /[na no6yoosu
KyOiunoi kpueoi besve nompibno mamu womupu mouxu. /{6i Kpaiuix
mouKu yoice 8i0omi — ye KiHyi oyeu, wo 3a0ae uemeepmov Koaa. /16i
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[HWI ONOPHUX MOYKU 3HAUOEMO, BUKOPUCMOBYIOUU BIACIMUBOCMIT KDU-
sux beszve, cumempito 8iOHOCHO Oicekmpucu KOOPpOUHAMHO20 Kyma i
mou ¢axm, wo kpusa besve npu 1=0,5 nosunna npotimu yepez mouxy
nepemuty Koud i Oicekmpucu.

Hexaii ipu t = 0 kpuBa be3be nmpoxoauth yepe3 Touky A, npu t = 1/3 —
gyepes Touky B, t = 2/3 —uepe3 touky C, mput = 1 —gepe3 Touky D.
3Haiitu onopHi Touku Py, P;, Py, Ps. (ampTepHaTHBHE BH3HAUCHHS
kpuBoi be3ne). Tex came BUKOHATH 111 B-crutaliHOBOi KpUBOI.
Jlamana be3be 3agana Tproma Toukamu (0, 0), (0, 9), (18, 0). Busna-
YUTH KOOPJAMHATH TOYKHU Ha KpuBii be3re mpu t = 1/3.

3anucaTtu B MaTpuuHii GpopMmi KBaapaTypHi kpuBi besbe.

[TokazaTu, mo noiiHoMu bepHinTeiina Ha intepsaii (0, 1) HaOyBaroTh
3HAYEHHSI, MEHIII1 32 OAUHUIIIO.

BukopucToByroun KBajpaTypHi KpuBl be3be, CKOHCTpYIOBaTH KOHTYP
rmda 11 Oyks U, a, G.

9. Jlana xpuBa bespe R(t), te[0, 1], sxa BusHauaeThcs Toukamu P, Py,

10.

11.

12.

13.

14,

P, P3. Po3i0’emo kpuBy R(t) Ha aBi wactunu: miBy npu te[0, 1/2] i
npaBy npu te[1/2, 1]. 3uaiitn Touku Lo, Li, Ly, L3, 110 BH3HAIOTH
KpuBy be3sbe, sika 30iraeTbcs 3 J1BOIO YaCTHMHOIO Ta TOUkH Rp, Ri, Ry,
R3, 1110 BU3Ha4at0Th KpUBY be3be, sika 301ra€ThCs 3 MPaBOIO YaCTUHOIO.
Busectu nmapamerpuyHi piBHSHHS KpuBoi EpMira.
Brasiska. PigHsaHHA HeoOXIOHO wiykamu ) u2isaoi

R(Y) = x(t)) _(at’+bt*+ct+d,
yt)) \at*+bt’+ct+d,)

3anucatu dhopmynu nepexoay Bia ¢opmu kpuBoi Epmita 1o dopmu
KpuBOi besbe.

[ToOyayBaTu piBHsSHHS KpuBOi EpMmiTa, 1110 MPOXOAUTH Y€pe3 TOUKH 3
koopauHaTamu (0, @), (1, b), a moxijHI B MOYATKOBIA Ta KiHIEBIl
Toukax nopiBHiOI0OTE Y (0)=u, y(1)=vV.

SIki BIacTUBOCTI Mae eleMeHTapHa KyOiuHa B-crailiHoBa KpuBa 1o-
OymoBaHa Ha MacuBi TOYOK Pg, P1, Py, P3y Bunanky, skimo a) P; = P,
6) Pl = P2 = P37

Jle Oyzne moumHaTHCs/3aKiHYyBaTHCS B-cruraiiHoBa KpuBa, SKIIO 0

MacuBy Touok Po, P1, P2, P3 mobaButu omopHi BepmmHu Py, P_1, Py,
P5 TakK, 10 P_2 = P_1: Po, P3: P4: |:)5'7
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Tema 8. MaremaTu4Hi Mo/1eJ1i MOBEPXOHb

[ToBepxHi Ta iX ONMUC BiAIrPalOTh BAXKIUBY POJIb Y KOHCTPYIOBaHHI Ta BU-
poOHUNTBI. HarnsaHi mpukiagd — MPOEKTyBaHHS 1 BUPOOHHUIITBO aBTOMO-
OUTBHUX KYy30BIB, KOpaOENbHUX KOPIYCIB, aBlalllMHUX (DPIO3EISHKIB 1 KpHII,
nocyty, B3yTTs Toio. Onuc moBepXoHb BiIIrpae BaXKIUBY POJib MpH 300pa-
KEHHI JTaHUX, OJIEP)KAHUX y HAyKOBUX ekcrnepumeHTax. CydacHi 3aco0u Ma-
IIMHHOI rpadiku MarOTh 3HAYHI MOJIUBOCTI I MOJICJIFOBAHHSI PI3HOMAHIT-
HUX TOBEPXOHb. SIK mpukiag MoxHa HaBecTH rpadiuny cucremy AutoCAD,
ska ctana ocHoBO 0aratbox CAIIP y pi3HUX 001acTsSX HAYKHU 1 TEXHIKH.

Jlnst koM t0TepHOi rpadiku 1 aBTOMAaTHU30BAHOTO MPOEKTYBaHHS HEOO-
X1JTHO MaTU MaTEMAaTUYHY MOJIETb MOBEpXHi. Taka MOJeab JO3BOJISE BIJHOC-
HO JITKO MPOBECTH aHaJIi3 XapaKTePUCTUK MOBEPXHI (HAPHUKIIAJ, KPUBU3HH)
Ta CHOPOCTUTU Tpoliec Bizyamizaiii noBepxHi. [loBepxHi MokHa 3ajaBaTu
pi3HUMU crtoco0aMu, HAPUKIIaJ BUKOHATH IHTEPIIOJISAIII0 200 anpoKCUMAITito
M0 TOYKax, IIJIIXOM IEpeMIIIeHHs TBIpHOI JIHII 3a 3a4aHOI0 TPAEKTOPIEIO,
aHATITUYHOIO0 (POPMYJIOO TOIIIO.

Y koM’ 1oTepHiN rpadillli BUKOPUCTOBYIOThCS Oarato pisHOBHUIB aHai-
TUYHUX MOJIEJICH OMHCY MOBEPXOHB. Y BUIJIS/I 3arajJbHOTO PIBHSHHS HEsB-
Horo Burisiny F(X, y, z) = 0, ssroro z = f(X, y) Ta mapaMmeTpuIHOTO.

SBHMIT Ta HESIBHUW BUIJISAJ PIBHSHb MOBEPXHI Ma€ PsJl HEAOJIKIB, TOMY
Ha MPAKTHUIIl YaCTO BUKOPHUCTOBYETHCA MapaMeTpruyHa (hopma Omucy MmoBepxHi

X =Fx(u, v),y = Fy(u, v), z= F,(u, v), (u, v) € D, (8.1)
a TakoXk BektopHa I = r(u, v), (U, v) € D, ne D — nesika oGnacTh mapameTpis U, V.
HaBenemo npukiiaay JesKUX MOBEPXOHb 1 iXHI MapaMeTPU4HI PIBHSHHS.

Enincoio: Xx=acosusinv, 0<u<2r
y=Dbsinusiny, 0<v<2r
Z=CCOSV.

Oonononuil 2inep60o.10io:
Xx=acosuchv, 0<u<2r
y=Dbsinushv, -z <v<r,
Z=cshv.

OcHOBHa mepeBara mapamMeTpPUYHOIO OMHCAHHS (PYHKIA — 1€ MOXKIIU-
BICTh Mepejiaul reoOMeTpUYHOi (DOPMH JOCTAaTHHO CKJIAJHUX MOBEPXOHb, SKI
IHIIMMU PIBHSHHSIMHM ONKCATH JYy>K€ CKIagHO. Byab-fKy IOBEpXHIO, IO
olKcaHa HEIBHO, MOXKHAa TOJAaTH 1 B HapaMeTquHm dopmi (Hampukiam,
CJIIIICOIN), ajie He HaBMaku (HANpPWKIIAJ, PIBHAHHSA TOopa). [lapamerpudHi mo-
BEpXHI MOJKHA JIETKO OOMEXHUTH B MPOCTOpI, 3aJaBIId MEXI 3MiHU Mapa-
MmetpiB. [lapamerpuuny dhopmy 3pydyHO BUKOPUCTOBYBATH Mpu 0OpOOII 1eTa-
JIel Ha CTaHKaX 3 YMCJIOBUM IMPOTpaMHUM YMpaBIiHHSAM. Pizens npu mpomy
PYXa€eThCs 332 3aKOHOM, 1110 33JIa€ThCS B TapaMeTPUUHIi Gopmi.
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AJle mapaMeTpu4H1 IMTOBEPXHI MAIOTh 1 psiA HEAOMIKIB, HaPHUKIIAJ 3HAYH1
OOYHUCITIOBAJIbHI 3aTpaTd, MO TMOSICHIOETHCS HEOOXIJHICTIO 3aCTOCYBAHHS
YUCJIOBUX, a HE aHAJITUYHUX METOAIB. [nrocrpallli mapameTpuyHO 3aJaHUX
MIOBEPXOHbB, SK MPABUJIO, HE MAlOTh TiHI, HE MEPEAal0Th IIPO30POCTi 1 J3ep-
KQJIBHOTO BIJIOUTTS CyCiHIX 00’€kTiB. Ile 0OyMoBieHO TUM, 110 TP Mmapa-
METPUYHOMY ONUCI BHUXIJIHA MO3HUIIISI CBITIIOBOTO MPOMEHS, 1110 Oy1ye 300pa-
EHHS — 11€ TOYKa Ha 00 €KTi. A 1€ B CBOIO YEPry YCKJIAJIHIOE 3aCTOCYBaHHS
QITOPUTMIB, SIKI TIPUITYCKAIOTh IHIIY MO3UII0 MTPOMEHS, HAMPUKIA METOIY
TpacyBaHHS IpoMeHiB. 1100 YHUKHYTH IIbOTO HEIOIIKY MOBEPXHI alpOKCH-
MYIOTh MOJIITOHAJIBHUMHU CITKaMU, TOOTO MOJITOHAIBHUMHU CYMIXKHUMU ¢par-
MEHTaMH 3 TTIOBEPXOHB MEPIIOTO MOPSJIKY.

Oco0nuBH KJIac MOBEPXOHb — 1€ OiIKyO14H1 moBepxHi. BoHu € mpocTi-
muMu cepell GopM MOBEPXOHB, 32 JIOMOMOrOI0 SIKUX MOXHA KOHCTPYIOBaTH
HEeMepepBH1 CKIIaJIeH] PYHKINIT pa3oM 3 11 NePIIMMH TOX1THUMH.

8.1. buniniiina Ta JiniliyacTa noBepxHi

OpnHi€e0 3 HAWUMPOCTIIIMX MOJIENIC MOBEPXOHb € OUIiHIMHA MOBEPXHS.
Haramaemo, 1o mpsimMa JiiHisg, sSika BH3Ha4YaeThcs aBoma 3HadeHHsMu (0) i
r(1), 3amaeTbcst piBHIHHIM

r() =tr(0) + (1 -1t)r(1), te]O,1].

biniHiiiHa TOBEpPXHS BU3HAYAETHCS AHAJIOTIYHO HA YOTUPHOX KYTOBHUX
Toukax. JloBUIbHA TOUKA HA MTOBEPXHI € JIIHIMHOIO 1HTEPIOJISIIEI0 MK MPOTH-
JICKHUMH TPAHUIIIMU YOTUPUKYTHHUKA, 1110 33J]a€ThCSI KYTOBUMHU TOouKaMu Py,
Po1, P1o, P

r(u,v) = (1 -u)(1—v) Py + (1 —u)v Poy + u(1 = V) Pyp +uv Pyy
a00 B MaTpuuHii hopmi
r(u, v) = (1 -u, u)(POO POlj (LVJ, u,v e [0, 1].
Po Pu v

Axmo yotupu Touku Pyg, Po1, P, P11 HE JeXaTh B OJHIN TUIOIINHI, TO 1
OUTiHIITHA TMOBEPXHS TEX HE JCKHUTh y IUIOMIMHI. Y 3araJibHOMYy BUIAJKY
OUTiHIITHA TTOBEPXHS MOXKE OyTH CHUJILHO 3ITHYTOIO.

binbm 3aranbHuil BUNaA0K OUTIHINHOI MMOBEPXHI — II€ JIIHIAYAcTa MOBEPX-
Hs1. Taki MOBEpXHI MHUPOKO 3aCTOCOBYIOTh y TeXHilll. JIiHitiuacmor Ha3uBalOTh
MOBEPXHIO, KA MOXE OyTH YTBOpPEHA PYyXOM MPSAMOI JIiHiT 3a IEBHUM 3aKOHOM.
B 3aneXHOCTI BiJl XapakTepy pyXy TBIpHOI OACPKYIOTh IUJIIHAPUYHI, KOHIYHI,
TBUHTOBI Ta iHII MmoBepxHi. JIiHIHYacTa MOBEpXHS 3arajbHOr0 BUTJISAIY, IO
YTBOPIOETHCSA BHACIIJIOK PYXY HPSIMOJIIHIMHOI TBIPHOI B3/IOBXK JBOX HaIPSM-
HUX JiHi# r1(V), r2(V), 3a1a€Thes piIBHIAHHIM

r(u,v)=ri(v)(1-u)+rp(v)u, ue[0, 1], vela,b].

Sxmo oouasi xpusi r1(V), r2(v) e Bigpizkamu npsmux, To r(U, V) omnucye 0i-
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JTIHIAHY TTOBEPXHIO, AKIINO OJHA 3 KpuBHX I1(V), 2(V) BUPOIKYETHCSA B TOUKY, TO
OJIEPKYEMO cexmopry ToBepxHI0. L{nmiHapryHa TOBEpXHS yTBOPIOETHCS Mapa-
JEIBHUM 3MIIICHHSAM MPSMOIIHINHOT TBIPHOI B3JI0BXK JIESIKOT KPUBOI.

8.2. InTepnoasiiiini 6iky0iuHi crutaiiHu

Hexaii Ha momuHi Xy 3agano Habip 3 (N + 1)(m + 1) Touok (X;, ;) € D,
1=0,1,...,n, J=0,1, ..., m (Xo < X1 <..<Xp), ne D — neska npsamMoxyTHa
obnacte. Hexaii koxHilt Takiii Toumi B 3D-mpocTopl CTaBUTHCA Y BIAIMO-
BiaHicTh 3HaueHHs Zjj = f(X;, y;) aeaxoi ¢pynkuii f(X, ).

3amaya mojsrae B ToMy, mo0 BiHOBUTH MOBeAiHKY GyHKIT f(X, Y) ms
BCiX TOYOK (X, Y) € D nursixoM 1moOyI0BU IHTEPIIOISAIIHHOIO CILIAlHA.

O3nauennsn. Inmepnonsayitinum OIiKyOIUHUM CHIAUHOM HA3UBAIOMb (DYHK-
yiro Z = S(X, Y), wo mae maxi eracmusocmi.

1) ons ecix mouok (i, y;) € D,1=0,1, ...,n,J=0,1, ..., Mm cnpasedrusa
pienicmo S(Xi, Yj) = Zij;
2) Ha KodcHOMY NPAMOKYMHUKY [Xi, Xie1] X [V, Yj+, 1 =0, 1, ..., n=1,
j=0,1,...,m=1S5(X, y) € mnocounenom 3-20 cmenems, moomo
3 3
S'(xy)=2 2 a(x=%) (y-v;) s
1=0 k=0
3) na sciit obnacmi eusnauenus [Xo, Xn] % [Yo, Yml @yuxyis z = S(X, y) mae
Henepepeti Opyei NOXIOHI )’(’2, S;’Z.

I'padixom inTepnonsuiiiHoro 6iky6iuHoro crnaitna € moepxs. Ii 6yy-
: . N |
I0Th aHajoriyuo a0 2D-cmnaiina. s BusHaueHHs 16 MmN koediieHTIB a"J(

pPO3B’A3yI0Th cUCTEMY 3 16MN JHIMHUX PIBHSAHb, 75 MOOYIOBH SIKUX BHKO-
pPHUCTOBYIOTH TaOnu4Hi 3HaYeHHA S(Xi, Yj) = Zij, YMOBU HENEPEpBHOCTI Ta rpa-
HUYHI YMOBH JJIs TIepiol moxiaHoi criaiaa S(X, ).

[HTepmoNsIiHI CTUTAaliHU TPOXOASATh Yepe3 YCi OMOPHI TOUKH, OJIHAK 3Mi-
HAa JIMIIE OJIHIE€T TOYKH, 10 3yCTPIYAETHCA YacTO HA MPAKTUIll, BUMArae mnepe-
pPaxyHKy BChOTO cIutaifHa. KpiM 11b0r0, Ha MpakTUIll OMOPHI TOYKK YacTo 3a-
JAI0ThCS HE TOYHO, TOMY JIOCTaTHBO BUMaratu, mob rpadik GyHKIii mpoxo-
JTUB MOOJIU3Y IUX TOYOK. Y IIbOMY BHUMNAAKY 3ajaya IHTEPHOJIALIi 3BOJUTHCS
JI0 3a]1a4l 3TJIaJPKyBaHHS.

8.3. CnnaiinoBi moBepxHi

3a 3aJJaHUM MacCHMBOM BEPIIMH MOOYyEMO TIaJKy MOBEPXHIO, sika O 3Mi-
HIOBAJIaCh IJIABHO, MPOXOJAMIIa MOOJNU3Y LKX BEPIIMH 1 33/I0BOJBHSJIA NESKI
J0JaTKOB1 yMOBH. TOUYKH I[bOTO MacHBY HA3MBAIOTHCS KOHMpObHuMmu (OTOp-
HUMH), a TIOBEPXHS, 1110 BU3HAYAETHCS UMK TOUKAMH — KOHMPOJIbHOIO.
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JIist onucy CKJTAIHMX TTOBEPXOHb YacTO BUKOPHUCTOBYIOTH CILIAHOBI TIO-
BepxHI. Tak Ha3MBAIOTHCS MOBEPXHI, IO CKIAACHI 3 €JIeMEHTapHUX (hparMeH-
TiB, SIKIIO 111 )parMeHTH OYIyIOThCs 3a €1uHOI0 cxeMoro. CrutaiiH — 11e cre-
miagbHa (QYHKIS, sSKa HAWOUIbINE IMAXOAWTH IS alpOKCHUMAIIl OKPEeMHUX
¢bparMeHTiB noBepxHi. /{15 crnaiiHa MoXHA TOCUTh MPOCTO OOYHUCITIOBATH KO-
OpIVHATH TOYOK, OCKIJIBKH, SIK MPABUJIO, BUKOPUCTOBYIOTh O1KYOIYHI CILJIaii-
HU.  Halipo3noBcro/KeHinn CrulaifH-IoBEpXHI — I1e¢ MmoBepxHA be3pe Ta
B-crnaiinoBi moBepxHi. 1l moBepxHI BUKOPHUCTOBYIOTHCSI B THX BHUIIAJIKaX,
KOJIM TOTpIOHA TMOBEPXHS €CTETUYHOI'O BUIJISAIAY, IO MPOXOJUTH MOOIU3Y
mux Touok. Croci0 3ajaHHS 3TJIa/KyBAJIBHUX IOBEPXOHb € aHAJIOTIYHUM
crocoOy 3aJlaHHs 3TJ1aJKyBaJIbHUX KPUBUX.

8.3.1. [loBepxHi be3be

VY3aransuumo KpuBi be3be Ha moBepxHi besbe. 3enadorcyroui nosepxwi
be3ve OynytoThCsl y BUTIISI TEH30PHOTO J00YTKY. Tak Ha3MBarOTHCS MOBEPX-
H1, III0 OMUCYIOTHCS TTApAMETPUIHUMHU PIBHSIHHSIMU BUTIISTY

r(u,v)=>>a'upivp,, i=0,1,...,n, j=0,1,...,m, (8.2)
i~0 j=0
ne Pjj — omopHi TOYKM-Opi€HTHPH TPUBHMIpHOTO TpocTopy, (U, V) = co-

lon(x(u, v), y(u, v), z(u, v)). SIKIm0 i TOYKK BiANOBIAHMUM YHHOM 3’€JIHATH
NPSMOIHIKHUMHU BiJIpi3KaM#, TO OJEPKHMO KOHTPOJIbHY (OIMOPHY) MHOTO-
rpaHHy nmoepxHio (puc. 8.1).

OCKiIbKY CcriBBiTHOIICHHS (8.2) MOXKHA MepenucaT y BUTIISII

r(u,v) = éa{‘(u)si (v),

ne  Si(v) = ib}“(v)Pij i=0,1, ..., n,
j=0

TO 1€ O3HAuae, 10 Ha TPUBUMIPHHM BUITaJIOK MOKHA TIEPEHECTH OaraTo Biac-
TUBOCTEH 1 PE3yJIbTATIB, SIKI OJ€p>KaHl JIJIsl CIIIaHHOBUX KPUBHX.

Skmio 3a Gynkuii a (u) ta bf'(v) B3sitn Gasuci dymkuii bepHiTeiina:
. . . !
a"(u) =B"(u)= Clu'(t-u)"", ci=—""_
b} (v) =B'(v)= Clvi@-v)"’,  u,vel[0,1],
To popmyioro (8.2) 3amaroThes MoBepxHi be3be.

bikyOiunuii crunaitn besbe BiamoBigae 3HaueHHSIM M = 3, N = 3 1 Mae
BUTJISIT

U v) =3 S cicii -V v iR

3
1 ]
i=0 j=0
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a00 B MaTpuuHii hopmi

x(u,v) Eoo E01 :;)02 Eos 1

y(u,v)| = (1 u u? u3) Y e [V V2 , (8.3)
Poo Por P P v

2(u,v) :
P Ps P P v

1 -3 3 1

0 3 -6 3 : D :

ne M= 0 0 3 3|~ 0a3oBa Matpulls 0ikyOi1uHOT moBepXxHi besbe.
0O 0 0 1

3a3HauMMo, 10 IS BU3HauYeHHs O1KyOi4HO1 moBepxHi be3ne HeoOXiIHO
3agaty 16 onopanx To4ok P, i, j =0, 1, 2, 3. i Bizyanizamnii moBepxHi OymaytoTh
JiHiiT piBHIB r(U, Vi), Vo= const, r(Up, V), Up = const, 1ie Vo, Up €[0, 1] (puc. 8.1).
Enemenrapna OikyOiuHa moBepxHs be3pe ycmaakoBye 0araTo BIIacTH-
BOCTEH eJleMeHTapHOi KyO14HO1 KprBOi be3be. YKaxeMo HalOCHOBHIII 3 HUX.
biky06iuna noBepxHs be3be
® JIC)KUTh B OMYKJIIM1 00OJIOHIII OMTOPHUX TOYOK;
® MPOXOJUTH Yepe3 TOUKU Pgg, Po1, P1o, P11 1 JOTHKaeTbCs 10 BiApi3KiB,
10 BUXOJATH 3 [IMX TOUOK 1 HAJIEKAaTh KOHTPOJIbHOMY rpady mMacuay P;
¢ adiHHO 1HBapIaHTHA, aji¢ MPOCKTUBHO HEeIHBAPIAHTHA,
3 eneMeHTapHUX (PparMeHTIB MOBEPXOHb be3be MOXKHA KOHCTPYIOBATH
CKJIaJIcH1 oBepXH1 be3be, siKi € C°-rnanxkumu MTOBEPXHSAMH, KOJIH 30IratoThCs
YOTHPHU KOHTPOJIbHI TOYKH JBOX CYMDKHHUX (PparMeHTiB.

Puc. 8.1. EnemenTtapna 6iky6iuHa nmoBepxHs be3be Ta il KOHTpOJIbHA
MOBEPXHS
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8.3.2. B-cniiaiiHoBi moBepxHi

BekTopHe mapameTpuyHe PiBHSHHS eJIeMEHTapHOro (gparmMeHTa O1KyO1d-
HO1 B-crmaifHOBOI moBepxHi, 10 3agaHa Ha MacuBi To4yok Py, 1, ] =0, 1, 2, 3

3 3
Ma€ BUTJIS r(u, v) = > n’niv)p;, uyve[0,1],
i—0 j=0

ORI HO R

ndu) = 13w+ 3u2+3u+1), nlu=3u uelo 1]
6 6

Sk 1 O0ikyOiuHa noBepxHsa be3be, enementapHa OikyOiuHa B-cruraitHoBa
MOBEPXHsI HACIIiye 0araTo BJIACTUBOCTEW eleMeHTapHOi KyOiuHoi B-cruaii-
HOBOiI KpuBOi. OO0’ eHyI0uUM eaeMeHTapHi1 OikyOiuH1 B-cruiaitHu, oaepxyemo
CKJaZieHy B-criialiHOBY MOBEpXHIO, ISl SIKOi Ha TPaHUISX ABOX (PparMeHTiB
ABTOMATHYHO 3a0e3IedyeThCs HANGKHICTh Kacy C°.

ParionansHa (enmemeHTapHa) OikyOiuHa B-criaiiHOBa MOBEpxHS 3a 3aja-

HUM MacuBOM TOYOK Py, 1, j = 0, 1, 2, 3 Bu3HaUaeThCs PiBHAHHIM
3

3
Z_ a)ijnig(u)n?(V)Pij

r(u,v)= =2 , uve[0,1], (8.4)
Zzwijn?(u)n?(V)

i=0 j=0

3 3
ne @; 20 (3> @; >0) - Barosi koediuienTu.
i~0 j-0

ParionansH1 B-crimaitHOB1 MOBEpXHI, SIK1 B aHTJIOMOBHIHM JIITepaTypl Ha3H-
BaoTh e NURBS-moBepxHsMH, HIMPOKO 3aCTOCOBYIOTHCS Ha MPaKTHILI,
HaIPUKJIAJ B 1HKEHEPHUX CUCTEMaX JJisi MOJICTIOBAaHHS CKJIAJHUX MTOBEPXOHb
31 CKJIQJHUMH MEXaMHU Ta JIpKaMH, JJI MOJICIIIOBAHHS JIFOJICHKOTO Tija Ta Ti-
Ja TBapUH, OCKIJIbKY HUMH MOYKHA OIMCYBaTH JIOBLIbHI T€OMETPHUYHI (DOPMH.

TyT MU 3ynUHUINCS JIMIIE HA JESKUX crloco0ax nmoOy0BH 3rIa/IKyBalb-
HUX TIOBEPXOHb 1 MOOAYMIIM, HACKLIBKU 1€ HEmpocTa 3ajaya. PeamicThyHe
300pakKeHHSI TJIAJKOI MOBEPXHI HA €KpaHi AUCIUIeS — CKJaJHa 3ajada, BOHA
MOJIAITa€ B PO3paxyHKy il (OpMH Ha OCHOBI MPABUIBHOTO BU3HAYEHHSI OCBIT-
JICHOCT1 BUJMMHUX TOYOK IMOBEpPXHI, MaTepiaily moBepxHi Toio. CrpoiieHa
noOymoBa moBepxHi I = r(U, V) monsrae B 300pakeHHI 11 kKapkaca — CyKyII-
HOCT1 JiHIM, 0 mepenarTbh (opMmy MoBepxHi. JJIsI 1bOTO BHUKOHYETHCS
JTUCKpETH3allis HETIEpEPBHUX MapaMeTpiB

U= ug, Uy, ..., Uy, V=Vpo, Vg, ..., Vi

1 oprasizallisi BKJIaJIeHUX IIMKIIiB BUBEICHHS KapKacHUX JiHii r(U;, V) i r(u, vj).
IlepeTuH niHIN 1a€ KOMIPKUA TPUKYTHOT a00 YOTUPUKYTHOI POpMHU, K1 allpOK-
CUMYIOTbh ITOBEPXHIO.
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KoHTpoJIbHI MUTAHHA TA 3aBAHHA

1.

©WoNoOhwWwN

Sk aHamITMYHO MOXXHA 3aJaBaTW MOBEpXHI? B yomy mnepeBara Ta
HEJI0JIIKU TTapaMeTpu4Hoi Gpopmu?

Hagenith npukiagn napaMmeTpUuHO 3a/IaHUX TOBEPXOHbD.

SIKi moBepXHI Ha3MBAIOTKLCS OIKyOIYHMMH? SIKI BOHM MalOTh TIiepeBaru?

Sk 3agatu OUTIHIMHY/JTIHIHYACTY TTOBEPXHIO?

Sk 3a1aTh CEKTOPHY MTOBEPXHIO?

Ha3BiTh BIaCTUBOCTI IHTEPHOJAILINHOTO OIKyOIYHOTO CIUTaiiHa.

Sk BU3HAYAETHCS eleMeHTapHa O0iKyOiuHa 1moBepXxHs be3be?

SIKi BIacTHBOCTI Mae€ ckJiajieHa OikyOiuHa nmoBepxHs be3pe?

[Ipu sikMX yMOBax Ha I'paHUYHI KOHTPOJbHI TOYKM CKJIaJIEHA MOBEPXHS
Besbe Hamexuth Kiacy C'?

10. Ik BU3HauUaeThHCA eneMeHTapHa OikyOiuHa B-criaiiHoBa moBepxHs?
11. SIxi B1acTUBOCTI Ma€ ckJajeHa OikyOiuHa B-crutaitHoBa moBepxHs?
12.11lo Take NURBS-noBepxHi?

Bupasu i 3axa4i 11 caMOCTIHHOTO BUKOHAHHS

1.

2.

~

3anucaTy piBHSHHS JIIHIMYACTOI MOBEPXHI, 110 TPOXOJIUTh YEpe3 Jiaro-
HaJb Ky0a 1 619He pedpo, SAKe He Ma€ 3 JIarOHAJUIIO CIIJIBHUX TOYOK.
3anucatv B MaTpUuHiil (opMi piBHSHHS KBaJpaTUUHOI OBEpXHI be3be.
JloBecTH, 1O LS MOBEPXHS MPOXOIUTH 4Yepe3 KpailHli KyTOBI TOYKHU
3aganoi marpuni Touok Py (i, j = 0, 1, 2).
[TobynyBatu mnapameTpuuHe pIBHSHHS TOBepxHI be3be 3a Takumu
KOHTPOJIHHUMH TOYKAMHU

P(0,0,0) Poi(1,1,0) Ppa(2,1,0) Po3(3,0,0)

P10(0,1,1) P11(1,2,1) P12(2,2,1) P13(3,1,1)

P2(0,1,2) Px(1,2,2) P»(2,2,2) Py(3,1,2)

P30(0,0,3) P31(1,1,3) P3(2,1,3) P33(3,0,3).
Po3pobutu anroputm oO0UMCIEHHS BEKTOpa HOpMaJli 10 MOBEpXHi be3be
B TouIi P(uU,v).
3anucati mapamMeTpuyHl1 PiBHSHHS e€JIeMeHTapHOoi O1kyOiuHOi B-crinmaii-
HOBOI OBEPXHI B MAaTPUYHIH (opmi.
[ToObynyBatu mnapameTpudHe piBHSHHS B-crimaliHOBOI MOBEpXHI 3a
KOHTPOJILHUMH TOYKAaMU 3 MPUKIIATY 3.
VY3aranbHuTH piBHSAHHS KpuBuX EpmiTa Ha moBepxHi Epmira.
3amati KBaJpaTHYHY MOBEPXHIO B MATPUYHOMY BHAL. SIK 3MiHUThHCA
MaTpullsd KBaJpaTUYHOI MOBEPXHI, SKIIO HaJ HEI 3A1MCHUTH adiHHI
NepeTBOPEeHHS 3 MaTpulleto F. 3anmucatu KoopJuHATH HOpMAaJi 10 TO-
BEPXHI1 APYToro mopsKy.
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Tema 9. OcCHOBHI AJATOPUTMHU KOMII' IOTEPHOI reoMeTpii

Komn’tomepna ceomempisn — 11€ CyKyINHICTh METOJIIB 1 aJITOPUTMIB JJIs
po3B’a3yBanHd Ha EOM 3azgad, noB’s3aHUX 3 pI3HUMH T€OMETPUYHUMU MO0Y-
J0OBaMU Ha IUJIOIIHUHI Ta B IPOCTOPI.

9.1. TecTu opieHTamii

9.1.1. OpieHTaniss HOPMAJBLHOT0 BEKTOPA
3aranpHe piBHSHHA npsmoi mae Burisig AX + By + C = 0. Koedimientu A,
B yrBoprotore Bektop HOpMmasi N = (A, B). Bekrop V = (-B, A) 3anae
HaAIPSIMHMEA BeKTOp mpsimoi, ockineku (N - V) = 0.

0 1
Ockinsrn V = N - R(90°%) = (A B)[ 1 0) = (-B A), To ue o3Hauyae, 1110

npu pyci TOYKH 1o JiHiT B HanpsiMKy V BekTtop N HampaBieHuii BpaBo Bij
Bektopa V (Bektop V — BaiBo Big N) (puc. 9.1). Tyt R(¢) € marpuriero moBo-
POTY TOYKH MPOTH TOJUHHUKOBOI CTPUTKH HA KYT (.

V,

Puc. 9.1. OpienTanis Hopmai
N

[HIMTUMHU CcTTOBaMH, SKIO PYXaTHCh B3I0BX BekTopa (A4, B), TO BEKTOp
(B, —A) nanpaBieHUI BIPaBO, TOMY SIKIO OOXOIUTH IOJITOH MPOTH TO/HH-
HUKOBOI CTPUIKHM, TO Taki HOpMalll MaTUMYTh 30BHIIIHIO OPIEHTAI[IIO0 LIOAO
CTOPIH TOJIITOHA.

9.1.2. Po3MminieHHs1 TOYKH BiTHOCHO MPSIMOI

®dyukmis f(p) = Ax + By + C, ne p = (X, Y¥), 103BOJIsIE BU3HAYUTH OPi€H-
Tallito JBOX TOYOK a i b BimHOCHO nipsimoi AX + By + C = 0. Taxk, nipu f(a) f(b) >0
TOYKH JIe:KaTh 1o ofuH Oik Bix npsmoi, npu f(a) f(b) < 0 — mo pi3nHi Ooku Bix
IIPSIMOI.

[TapaMeTpryHe piBHSIHHS MPSAMOI, IO MPOXOJUTH Yepe3 TOUKY Po(Xo,Yo) B
HarpssMKy Bektopa V=(V,V,), Mae Burisg

X=Xo+ Vxt, y=Yyo+ Vyt, abo p=po+ VL, ne p=(X,Y).

[Tapamerpuuna ¢opma 3pydHa s MOOYIOBU BIAPI3KIB, IPHU IbOMY
HEOOXIJTHO BKa3zaTW TpaHulll 3MiHM mnapamerpa t. 3HaueHHs fhp <t <
BU3HAYAIOTh BIAPI30K MPSAMOiI MK ToukaMu Po + Vip Ta po + Vi;.

3aBasku TpaBiii opieHTalii BekTopa N BIIHOCHO BekTOopa V (QyHKIIA

153



J03BOJISI€ BU3HAYUTH

f1(p) = (p - po) - N) = ((p - po) - (Vy Vi) = p\_/p°

MOJIOKEHHS TOYKH BITHOCHO MPSAMOI, M0 MPOXOIUTh Yepe3 TOUYKY Po B3IOBK
BekTopa V (puc. 9.2):
e 1pu f1(p) > 0 Touka p nexuTh crpapa Big IpsAMOi (KyT MK BEKTOpaMH
P — Po i N roctpuii);
e npu f1(q) < 0 Touka Q nexuth 37iBa (KyT MK BekTopamu ( — Po i N
TYIIHH).

Puc. 9.2. OpieHrariiss TOUKH

9.1.3. Tect HanpsAMY 00X01y TPHOX TOYOK

Sx BuaHo 3 1. 9.1.2 ¢pyHKuis

p-a
f2(p) =
b-a
JI03BOJISIE BU3HAYUTH MICIIC3HAXOKEHHS TOUKH P(X,Y) BIIHOCHO pyXy MO Tpsi-
Miii Bi Touku a(ay, ay) no Touku b(by, by):

e mpu f2(p) > 0 Touka p IEKHUTH CIIpaBa BijJ MPSIMOI;

e npu f2(p) < 0 Touka Q JCKHTH 3TiBa BiJ] MPSIMO].

®dyukiisg f2(p) Moxke OyTH BU3HAYEHA 1 B TaKHi CIIOCIO:

x—a, y-a,

b,—a, b, —a,

a, a, 1 , a, 1
f2(p) =—|b, Db, 1], ockimbku *T YTy =—b, b, 1
P A b,-a, b, -a, oy
X y 1 X y 1
OTxKe, IKIO 3aaHO TpHU TOYKH Q, b, ¢, To BU3HAYHUK
a, a, 1
D=b, b, 1
¢, ¢ 1

BHU3HAYa€ HAMpPsIM 00XOy IIUX TOYOK:
e skmo D > 0, To 00xig To4oK @, b, C 3aIHCHIOETHCS IPOTHU T'OAUHHUKOBOL
CTPIJIKH;
e gxmo D < 0, To 00Xix TOUYOK A, b, C 3A1lCHIOETHECA 3a TOIUHHUKOBOIO
CTPIIKOIO;
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e sxkmio D =0, To Touku a, b, C mexaTh Ha MPsAMIi JiHii.
3ayBaxuMo, 1110 BU3HAYHUK D BHU3HaA4a€ MOJBOEHY OPIEHTOBAHY ILIOIIY
TPUKYTHHKA, IIO0YI0BAHOTO Ha TOYKax a, b, C.

9.2. TecT onykJIOCTi MOJIiTOHA

B omyknomy mosiironi Bci BepiiiHM P; 00XOISThCS 3a TOJWHHUKOBOIO
CTPUIKOIO YU MPOTU TOAMHHUKOBOI cTpuiku. LIlo6 peanizyBatu TecT Omyk-
JI0CT1 MOJITOHA, IOCTATHBO MiJpaxXyBaTH 3HAYEHHS! BU3HAYHUKIB

Xi—l yi—l Xn yn X1 Yna
Di=|x Y; 1=2,3,...,n=1,D1=1x vy, 1,Dh=1|x, v,
Xiv1 Yia X Y X Y

SAxio Bci Dj ogHOro 3HaKa, TO MOMIrOH OMYKIIWHM, 1HAKIIE — HEOMYKJIHA.

9.3. TecTn opieHTAaIli TOYKHM BiTHOCHO MOJIiroHa

BimoMi kibKka METOIB MEPEBIPKU JOBUIBHOT TOUKH HA MPUHAJICKHICTD il
noyirony. Ha mouatkoBiéi ctajii po3B’si3yBaHHsS IIl€i 3aJadl 4acTO 3acTo-
COBYIOTh Tab0apUTHUI TECT, KU 1HOJI L€ Ha3UBAIOTh METOJOM OOOJIOHOK.
[le#t MeTONl € OCUTH YHIBEPCAIBHUM METOJOM MPUCKOPEHHS O0YMCITIOBAIIb-
HUX IPOILIECIB y 3a/1auaX KOMI I0TEPHO1 rpadiku.

9.3.1. I'abapuTHHuii TecT

CyTbh IIbOTO METOJTY TOJISATAE B TOMY, IO CIIOYATKY aHAI3YIOThCS HE caMi
HOJIITOHH, a OLIBII IPOCTi GOPMH — OOOJIOHKH, SIKI OXOILTIOIOTh MOJIroHH (B
HAIIOMY BHIAAKY — MPSAMOKYTHUKH). BUKOpUCTaHHS [IbOTO METOAY JI03BO-
JIsi€ BiApa3y BUSBUTH JICSKI BUMAAKH, B IKMX TOUKA HE HAJIC)KUTH TTOJIITOHY.

Hexaii 3agano nmosiron P = {P; P, ... P, P1} Tta Touka Q(X, ¥). Busnaunmo
MiHIMaJIbHI Ta MaKCHMalbHI KoopAauHaTu BepmmH P (I = 1, 2,..., n), To0TO
MIHIMQJIbHY MOPSIMOKYTHY OOOJIOHKY, SIKIM HaleXuTh NOJIroH. [lo3Haunmo
pxmin = min{pix}, pxmax = max{pix}, pymin = min{piy}, pymax = max{piy}- TOI[i
ymoBH (X < Pxmin) U (X > Pxmax) U (Y < Pymin) U (Y > Pymax) Tapantyrors
HEHaJICXKHICTh TOUKK Q mosmirony P.

IToBHICTIO Ta0ApUTHUIN TECT 3ajJa4y PO3MIIIEHHS TOYKHA BIJIHOCHO MOJIi-
rOHA HE PO3B’SI3y€, BIH PO3MI3HAE JIMILIE TOYKH, K1 JISKATh 30BHI rabapuTHO-
ro IpSMOKYTHHUKA. SIKIIIO TOYKA JIEKHUTh yCEpearHl radapuTHOTO MPSIMOKYT-
HUKAa, TO BOHa HE MOXKe OyTH OJHO3HAYHO I1JCHTH(IKOBAaHA SIK 30BHIIIHS,
BHYTPIIIHS Y¥ TPAHUYHA BIIHOCHO MOJIITOHA.

[Ipote, 3aBasiKM CBOill MPOCTOTI, rabapUTHUN TECT 3aCTOCOBYETHCS B Oa-
raTbOX aJIrOpUTMax ISl MIBUAKOTO PO3Mi3HABaHHS HEMEPETHHHUX T'€OMET-
puYHMX 00 €kTiB. JlJIsI 1IbOrO HABKOJO KOHOTI'O OO0’ €KTa OIMUCYIOTh TiJIO
POCTOTO BUTIISTY, HAMPUKIAA TPSIMOKYTHHUK, Mapajeemnine/] TOo, 1 SKII0
[l TUTa HE MEPETUHAIOTHCS, TO 1 OO0 €KTH, IO MICTATHCS B HHUX, TEX HE
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nepeTuHaroThesl. OHaK CiIij 3ayBaXXUTH, 110, SAKIIO Tija NEPETUHAIOTHCS, TO
caMi 00’ €KTH TP I[bOMY HE 000B’A3KOBO MEPETUHAIOTHCS.

9.3.2. Tect, 10 BU3HAYAE OPiEHTALIF0 TOYKH BiTHOCHO KOKHOT'0 pedpa

[leit anropuT™ NpUAATHUN TUIBKU JJI1 OMYKJIMX MOJITOHIB. Y Mpoleci
poOOTH LBOTO AITOPUTMY OOXOJUTHCS TPAHULIS MOJITOHA 1 MPOBOAUTHCS TO-
KPOKOBHI aHaJi3 B3aEMHOTO PO3MillleHHs TOUuku Q 1 KoxHOTO pedpa. OcKiib-
KU T0JIiroH P onykiu#, To Touka Q JISKUTh ycepeauHi MOoJiroHa TiJIbKHU TO/I,
KOJIM BOHA JICKUTh 3/1Ba BiJ KOXHOTO pedpa mpu 0O0XOJll MOJIrOHA MPOTU
TOJIMHHUKOBO1 CTPUIKH, 1 CIipaBa Mpu 00X0/11 32 TOJJMHHUKOBOIO CTPLIKOIO.

9.3.3. IIpomeHeBHii TeCT

Jliis po3B’si3yBaHHA 3aaadi opieHTanii Toukd Q(X, Y) BIZHOCHO IOJIrOHA
P Bumyckaemo 3 Touku Q y goBuUIbHOMY HampsMKy V mpominb p = Q + Vi,
t > 0 1 00uHCII0EMO KUTBKICTh TOYOK MEPETHHY I[HOTO MPOMEHS 3 TPAHUIICIO
nojirona. SIKio BIAKUHYTH BUMAJO0K, KOJIM MPOMIHb MPOXOIUTh Uepe3 Bep-
IIMHYU TOJITOHA, TO PO3B’SI3yBaHHS 3a/ladul TPUBIAJIbHE — TOYKA JIEKUTh yCe-
peauHi, SIKIIO 3arajbHa KUIBKICTH TOYOK MEPETUHY MIPOMEHS 3 pedpamu
MOJIITOHA HEeMapHa, 1 30BHI, SIKIIO KIJIBKICTh TOUOK IMEPETUHY TapHa.

3p0o3yMUIO, IO AJis JIOBUIBHOTIO TOJIIFOHA 3aBXAM MOXHa MOOYIyBaTu
POMiHb, IO HE MPOXOJUTH Yepe3 KOJHY 3 BepiinH. OHaK Mo0y/10Ba TAKOTO
IIPOMEHS MOB’sI3aHAa 3 JIEAKUMHU TPYJHOIIAMU 1, KPIM I[bOTO, MEPEBIPKY Mepe-
TUHY TPaHMIll TIOJIrOHA 3 JIOBIIBHUM IPOMEHEM IMPOBECTH CKJIAJHIIIE, HIK,
HAIPUKJIIA], 13 TOPU30HTAIBHUM.

PosrnsiHemMo pi3HI BUMAQAKW MEPETUHY TOPU3OHTAIHHOTO TMPOMEHS 3
BepIIMHAMHM Mojirona (puc. 9.3). ¥V Bunaaky a, koim pedpa, 1o BUXOIATh
13 BEpUIMHH, JIeKATh MO OJMH OIK BiJ] MPOMEHs, MAPHICTh KIIBKOCTI Tepe-
THHIB HE 3MIHIOETHCH.

VY Bumaaky 6, konu pedpa, 0 BUXOJATh 13 BEPIIMHH, JIEKATh MO Pi3HI
CTOPOHHU B1Jl MPOMEHS, MAPHICTh KIIBKOCTI MEPETUHIB 3MIHIOETHCA.

Puc. 9.3. Pi3Hi BUnajku nepeTuHy nNpomMeHs 3 MOJIrOHOM

a

Jlo BUMAJIKIB 6 1 2, KOJIM MPOMiHb 3yCTPIYAETHCSI 3 TOPUIOHTAIBLHUM pPeO-
POM, TaKWi MiJIX1]] 3aCTOCYBAaTH HE MOKHA.
OTxe, y BUIAJKY, KOJIU TOJITOH HE Ma€ TOPU3OHTAIBHUX pedep, Mae-
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MO Takuil anroput™m. Bumyckaemo 3 Touku Q TOpHU3OHTAIBHUI MPOMIHB 1
BCl peOpa MoJliroHa MepeBipAEMO Ha MEPETHUH 13 IIUM MHpOMEHeM. SIKIo
IPOMiHb MPOXOAUTH Yepe3 BepmuHy (popmanbHO mepeTuHae 2 pedpa, 1o
BUXOJIATH 13 IIi€1 BEPIINHHU), 3aPax0OBYEMO MEPETUH TUIBKHU JJII THX peodep,
JUISL SIKUX 1151 BEPIIIMHA BEPXHSI.

3ayeasicenns 2. 'V eunaokax 6, 2, KOau NPOMiHb 3YCMPIUAEMbCIL 3 20PU-
3onmanvHum peopom PiPii1, Heobxiono nepesipumu, uu eepuunu Pi_y ma P+
Jiexcams no pizHi boxu 8i0 npomers. AKwWo yi eepuiun iexcams no pizHi boxu
8I0 NPOMEHSL, MO NEPemuH 3apaxo8yeEmMo; AKU0 no 00UuH OiK, Mo nepemuH He
3apaxogyemo.

9.3.4. KyToBuii TecT

KyToBuii TecT 3aiimMae BakJIMBE MICII€ B 3aJa4aX KOMII I0TEPHOT rpadiki.
KyTtoBuii TecT 6a3yeThcsi Ha OOYHMCICHH] ¥ aHami31 anreOpaiyHoi CyMH KyTiB
o = Z(Vi, Vi +1) Mk cymikaumu Bektopamu Vi = Pj — Q, 1m0 3’€IHYIOThH
Touky Q 3 BepumHamu Pj ripu 00xoai nojirona P mo 3aMKHyTOMY KOHTYpY .

TecT rpyHTYy€eThCs HAa TakoMy (aKTi: criocTepiray, 110 MPOTJIAIa€ BEPIIN-
HU TIOJIITOHA 3 BHYTPIIIHKOI TOUKH Q,, 3/1MCHIOE HABKOJIO ceOe MOBHUI 00epT
(puc. 9.4, a), a 3 30BHIIIHBOI TOUKH Q, — 3k0mHOrO 00epTY (pHC. 9.4, 6).

Toni mpu BCiX HEHYJIBOBUX BeKTOpax Vi paglaHHUN BaplaHT KyTOBOTO
TECTy MaTUME BUTJISAT
O<m, Q,¢P,

ang(V;,V,,,) =
izzll g(, l* 2r >, Q,eP,

ne ang(V, W) — ue ¢pynkuis odurciaeHHs KyTa Mixk Bekropamu V 1 W, gk KyTa
HalKopoTIoro noBopoty Bia V go W, Todto

ang(V, W) = if [d =p//

(9.1)

#0:sign(d); 1]arccos

VW
VI[-w|)

Pi

Puc. 9.4. KytoBuii Tect
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VY 3B’s3Ky 3 HEMUHYYMMHU OOYHCIIOBAILHUMHU MOXHMOKaMHM, 110 BUHHUKA-
IOTh NIPH 3HAXOJKCHHI CYMH KyTiB, pe3ynbratr y (9.1) He MoxHa nopiBHIOBa-
TH Hi 3 HyJIeM, Hi 3 277 (BiH 3aBxau OyJe BiApi3HATHCS Bif 1uX yucen). Tomy
JUISL CyMH KYTIB MIPOMNOHYIOTh B3SITU MOPOTrOBE 3HAYEHHS 77 1 TOAl Mpu Oynb-
AKUX TOXUOKaX 0JCP>KUMO MPABUIILHUM pe3yJIbTaT TECTYBaHHS.

['pannyHa TOYKa MOITOHA PO3PI3HIETHCS TaK:

® SKIIIO MPU PO3PAXYHKY BEKTOPIB MATUMEMO HYJIbOBUM BEKTOP, TO TOUKA
301raeThCs 3 BEPIIMHOIO MOJIITOHA;

® SKIIO MPHU PO3PaXyHKY KYTiB & Oyje oJepKaHUui pO3TOPHYTHH KYT 3
MOJIyJIEM || = 7, TOJI TOUKa JSKHUTh Ha peOpi. OHaK OCKUTBKU 00UmC-
JICHHS 3[IIMCHIOIOTHCS 3 TUIABAIOUOI0 KPAIMKOIO, TO HAJEKHICTh TOUYKU Q
peopy PiPi + 1 3a momoMorow yMoBH |Ji| = 7 Ha MPaKTHIl 3aMIHIOETHCS
yMOBOIO |G| — 7] < & Ae € — ekcniepuMeHTaIBHO TiAiOpaHa MiHIMaIbHA
KOHCTaHTAa.

3ayBa)XMMo, 1110 JIJIs1 TOTO, 1100 HE MPOBOAUTH PO3PAXyHOK KYTIB 13 BUCO-
KOIO0 TOYHICTIO, ICHYIOTh BIJIIOB1/IHI MOJIU(iKaIlil KyTOBOTO TECTY.

3HAYHO CIPOIIYETHCS TECT opieHTaIlli Touku Q BIHOCHO TPUKYTHHKA
P1P,P3 [14]. Insg uporo moctaTHBO 3amucaTé po3kian BekTtopa QP, 3a Bek-
TOpaMH CTOPIH TPUKYTHHUKA, TOOTO

q-p1=Vt+Wr, (9.2)
ne V =p;—py, W=ps—p;.

Hami cucremy (9.2) HeoOxigHO po3B’s3aTH BigHOCHO 7, T abo ckopwuc-
TaTUCh MeTOAOM ['pamMma 1 CKJIaCTH HOBY CHCTEMY JBOX JIIHIMHUX PiBHSHB 31
CKaJISIpHUX JTOOYTKIB

@-p)V=tV-V)+z(W-V),
@-p)W =1V - W)+ z(W-W)

Ta 3HAUTH PO3B’ 30K
_ V-v) v-w)T*
t9=(@-pv @-pawy | &0 EEL e

Toni mpu {t > 0} N{r > 0} N{t + 7 < 1} Touka NEKUTH yCepeauHI
tpukytHuka, npu {t < 0} U{r < 0} U{t + 7> 1} - 30BHI TpukyTHHKA, a B
pelITi BUNAJKIB — Ha HOT'O TPaHMITI.

Martpui, mo ¢irypye B (9.3), HeBUpOKEHA, OCKITLKH BUSHAYHHUK

VI WP = (V- W)* = [V - (WP sin®(£(V, W)) > 0
1 IOPIBHIOE HYJIIO JIUIIIE MTPU KOJIIHEAPHOCT] BEpIINH TpUKyTHUKA P 1P P35,
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9.4. TecTn nepeTUHy
9.4.1. TecT nepeTHHyY NPAMOI 3 MOJITOHOM

lIpsma nepemunae nonicon, akwo icHye xoua 6 00Ha napa GepuiuH no-
JI2OHA, WO Niedicamsb no pizni boxu 6i0 yiei npsamoi (puc. 9.5).

3a3HaYMMO, 1110 HEOOXI1JHO MOPIBHIOBATH PO3MIIIEHHS BiJHOCHO MPSIMOi
minii f(p) = 0 He Timbkm cymixHi Bepimman Pj Ta Pj 4+ 1 mojirona, a i pemry
nap BepmmH {Pj, P;}, ockinbku mpsima MOKe MEpeTHHATH TOJIITOH TUTBKH Y
BepimHax (puc. 9.5, 6). Pizni 3naku gucen f(p;) 1 f(p;) maroTe ymoBy neperuny
npsamoi f(p) = 0 3 moxironom P.

Pi
P, P
Pe
P, A
P3 4
a
O
Puc. 9.5. [lepetun npsmoi 3 oIIroHoM
o . , n(n-1) ,
AJte KUTBKICTh TIap BEPIIMH MOJIrOHA JOPiBHIOE ——— . SIKIIO pO3B’sI-

3yBaTH 110 33129y MPSIMUM IUIIXOM, TO MPH BEJIUKKUX N (HAPUKIAI, N — YHUCIIO

HOPS/IKY TUCSY) KUTBKICTh OIEpalliii TOpIBHAHb HEIOMYCTUMO BeHka (IIporop-

iiHa n2). 3a JOMOMOIOI0 CIEIiajJbHUX IMPUMOMIB IO KIJIBKICTH OIepariii
MO>KHA 3MEHIIUTU. PO3riisiHeEMO JesiKi 3 IUX alrOpUTMIB.

» V¥ 30BHImHbOMY IHKT | = 1, 2, ..., N obuucmoemo 3HaueHus Si = f(p;). ¥

BHYTpilHbOMY Iukii j = 1, 2, ..., 1 =1, 1> 1 aHamizyemo 3HaK T00yTKY

Si-Sj (3ayBaxumo, 1o S = f(p;) ms j < i Bxe oduucneno). Ilpu S;-S;< 0

TECT HEralHO 3aBEPIIYETHCS, MOBEPTAIOYM O3HAKY MEPETUHY IPSIMOI 3

MOJIITOHOM, 1HAKIIE IiCJsg HOPMAJIbHOTO 3aBEPIICHHS 30BHINIHHOTO

IIUKITY OACPKYEMO a00 BIJICYTHICTh NEPETHHY, a00 JTOTHUK MPSIMOi 3 TI0-

JIITOHOM.

» Yaukaino i =1, 2, ..., n obuucinumo 3HadeHHs S; = f(p;) 1 BukoHaemo
COpPTYBaHHS BeKTOpa S. Pe3yapTaT TecTyBaHHS 3aJa€ThCS YHCIOM FesS =
sign(sy - sn). Ilpu res = —1 kpaiiHi €IEMEHTH MalOTh Pi3HI 3HAKH, IO

O3HayYa€ TEPETHUH 13 MOIroHOM, mpH res = 0 mpsmMa JTOTUKAETHCS JI0
NOJIIrOHA, TIpH I'eS = 1 BiAACYTHIM nepeTuH npamoi 3 noyironom. Hegomik
BOT'O0 METOJy — HAasBHICTh OMNepalii COpTyBaHHS, B SIKiil KUIbKICTb
orepaliif MOPiBHSHHS OLHIOETHCS BeanunHO0 NlgN, 1o Mexme .

159



» llle onuH BapiaHT aNrOpPUTMYy TECTY MEPETHHY MPSIMOi 3 MHOTOKYTHH-
KOM BHUKOPHUCTOBYE TPH MPaIopili, M0 CUTHAII3YIOTh PO PO3MIIICHHS
BepiuHHU 3iiBa (mpamnopens |), cnpapa (mpamopens ) i TOYHO HA TIPSMii
(mpamopernb e). Ha movatky Bci mpamnopiii BACTaBJISIEMO B HYJIb. Y LUK
no i1 =1,2, ..., n obuucaoemo 3HaueHHs S = f(p;) 1 BucraBmssemo B 1
ojuH i3 mparopmiB: | = 1, saxmo S < 0; e = 1, sxmo S = 0; r = 1, akmo
s > 0. 3 monomororo ymoBH | - r # 0 mepeBipsseMo HasIBHICTh TIapH Bep-
IITMH TOJIIrOHA, IO 3HAXOAATHCS 10 pi3HI OOKHU Bij mpsmoi. SIKmio s
yMOBa BHKOHYETHCS, TO TECT HEraifHO 3aBepIIyEThCs, MoBepTaoun 1 —
O3HAaKy MEPETHUHY MPSIMOT 3 TOITOHOM. [licis HOpMaIbHOTO 3aKiHYEHHS
MKy 00XO0Jy BEpIIMH aJlrOpUTM IOBEpTa€ 3Ha4YeHHs €—1, ske Jo-
piBHIOE 0, SKIIIO TIpsSiMa JIOTUKAETHCS JIO TOMITOHA, Ta —1, SIKIIO BIICYT-
Hili IEPETUH TPSMOI 3 IIUM IOJIrOHOM. Bitok-cxemy mporo amroputmy [21]
1oj1aHo Ha puc. 9.6.

[ ITouaTok ]

I=r=e=0
n=size(P)-1
end
I
| |
=0 | r
noBepTae 1 ] { noBepTae e—1 }

Puc. 9.6. biiok-cxema Tecty nepeTuHy npsiMoi 3 MOJIIroHOM
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9.4.2. Tect mepeTuHy Biapi3kiB

Hexaii 3anaHo Binpi3ku [a, b] Ta [c, d] mapamerpuunrMy piBHSIHHSIMU
X=X+ (% =X, X=X, +(x, %)
Y=Y+ -yt O y=y oy -y ) T 01

3 cucTeMu
{xa +%xID X, b =%, +(Xg =X )T
Ya (Yo = Ya)t=Ye + (Vg —Ye )’
3HaXOAUMO
(t ) =(Xc—Xa Y= ya)M_l, e M = ()%_Xa XC_)%\.
b Y _yd)

Sxmio |M| = 0, To Biapi3ku napanenbHi. Y BUNAAKY HEIMapaaeIbHOCTI BiJI-
pi3kiB ymoBu 0 <t <1, 0 < 7 < 1 BU3HAUAIOTh ICHYBaHHS TOYKU MEPETUHY
JIBOX BIJIPI3KIB.

ANropuT™M po3paxyHKy TOYKH TepeTuHy Biapi3kiB ab ta cd, moBeprae
O3HaKy MepeTUHY:

e —1, K110 MpsAMI BIPI3KiB MapasesbHi;
e 0, sAKIII0 HEMapaJieNbHI BIAPI3KU HE EPETUHAIOTHCS,
e 1, SKIIO BIAPI3KH MTEPETUHAIOTHCS
1 Mae Takui Bursn [21]:
cross_segm(ab, cd, t, 7, Q)

V=b-a M= ( C\_/ d) [/ MmaTpuIg HANPaBIAIOYMX BEKTOPIB
skiro |M| = 0, To moBepraemo —1  // TecT mapanenbHOCTI IPAMUX
to)=(Cc-aM™ /[ mapaMeTpu epeTHHy MPSIMUX
g=a+Vt /[ Touka repeTUHy IPIMUX

noBeptaemo (0 <t <1) ) (0 < r<1)// o3Haka nepeTHHy BiAPI3KiB
Ile#t anroputM BuUMarae mMakcumainbHO 11 omepamiii momaBanus i 10
ornepariii MHOKCHHS/ TIJICHHS.

9.5. Aropurtmu BiicikaHHs

IIpouiec BUAIICHHS Ti€i YaCTHHM I€OMETPUYHOIO 00’€KTa, sSKa JICKHUTH
1103a BUAUMOIO 001acTio (BiIKHOM), Ha3uBaeThes siocikannsm (clipping).

3anayi BIICIKAHHS BUIUMOTO 300paKEHHS 110 TPAHUIISX JESIKOT 00J1acTi B
KOMIT'FOTE€pHIM rpadirli 3ycTpidaroThCs JOCUTh 4acTo. BoHU € TOJIOBHUMU Te-
OMETPUYHUMM 3aJja4aMu MPH Bi3yarizallli reoMeTpUIHUX 00’ €KTIB. Y IPOCTI-
IIMX BUTNAJKaX 00J1acTIO BiJICIKAHHS BHCTYyTA€E MPSIMOKYTHUK (puc. 9.7).
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Yacrto rpadiuni 300pakeHHs CKJIAAAl0ThCS 13 CYKYITHOCTI BiApi3KiB. JIist
3aja4il BiJICIKaHHS 3a JOTMIOMOTOI0 aJIrOpUTMYy CroSS_Segm MoxxHa OyJjio O
pO3paxyBaTH Ti YaCTHHM BIAPI3KiB, SIKI 3HAXOIATHCS 30BHI BikHa. OJHaK 1ie
noTpeOye BUKOHAHHS BEJIMKOI KUIBKOCTI BIAMOBITHUX OO4HMCieHb. ['padiuni
00’€KTH CKJIaAalOThCS 3 BIAPI3KIB TPhOX THINIB. IIJIKOM BUIUMI, IIIJIKOM HEBU-
auMmi 1 gactkoBo BuauMi (puc. 9.7).

b JIiHist 4acTKOBO y BIKHI: BiJIpi30K aC —
b BUBOIUTHCA, Cb — HE€ BUBOAUTHCA

JIiHig 4aCTKOBO \ a . )
BIKHI: BIJIpI30K C}(,:I JliHisl MOBHICTIO B JIiH1s TTIOBHICTIO 30BHI
- BUIP ] d BIKHI: JIIHISI ITOBHICTIO . )
BUBOIUTHCS, ac, db — BiKHA! JIiHiA OBHICTIO
C

BUBOIUTHCS

a

HC BUBOIATHCA HE BUBOJUTHCA

Puc. 9.7. JIBoBuMipHE BIJICIKaHHS MPSIMOKYTHUM BIKHOM

9.5.1. /IBoBumipHmii aaropurm Cazepienga-Koena

Anroputm Cazepiiena-KoeHna 1o0ctatHbO IpoCTO Ml €PEKTUBHO JO3BOJISIE
NPUUAHATH a00 BIJICIKTA BIIPI3KM IUJIKOM BIJHOCHO JOBIJIBHOTIO MPSMOKYT-
HUKa. Y 1IbOMY aJTOPUTMI JIJIsl IBOX KIHIIIB BiJIpi3ka OyayrOThCs 4-01THI KOAU
(31miBa HAMPaBo):

oiT 0 BU3HAYa€ Yyu TOYKA JICKUTH JIIBIIIE BIKHA,
01T 1 BU3HA4Yae YM TOUYKA JIEKUTH BHUIIE BIKHA,
01T 2 BU3HAYA€ UM TOUKA JICKUTH MIPaBIIIE BIKHA;
01T 3 BU3HA4Ya€ YU TOYKA JIEKUTH HIDKYE BIKHA.

biT HaOyBae OAMHUYHOTO 3HAYEHHS, SKIO YMOBA 1CTUHHA, 1 HYJb, SKIIO
yMoBa xuOHa. ToOTO MIIOMIMHA 3 BIKHOM YOTHUPMA NPSIMUMU pPO30MBAETHCS HA
9 oOnacteit, y koxkHii 3 skux € cBi kox (puc. 9.8). Lli xoam BHKOpHC-
TOBYIOTBCS JUIsl BU3HAUYEHHS UM 3HAXOJAUTHCS BIIPI30K MOBHICTIO Y BIKHI 4H
30BHI BIKHA.

OTXe, MaEMO TaKUM aITOPUTM BiJICIKAHHS BIAPI3KiB.

o dopmyemo koau (k001 Ta k002) I KiHIIB Bijpi3Ka.
e Sfkmo aBa xoau My KiHINB Biapizka gopiBHiOOTH 0000, To Bimpi3ok
MOBHICTIO 3HAXOAUTHCS y BIKHI.
e Biapi3ok IIJIKOM BiJCiKaeThes, AKIIo k00l and xkoo2 = 0000.
0011 | 0010 | 0110 * Shano k00l and k002 = 0000,
TO BIJIPI30K HE MOKHA HI BIJI-
0001 { 0000 § 0100 CiKTI/I,pHi MPUUHATH. Y [IBOMY
1001|1000 1100 BUIAJIKy HEOOXIAHO UIyKaTu
Puc. 9.8. YotupubiTHi KO1U TOYKM IIEPETHHY Biapiska 3
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pedpaMu BIKHA, MIPUYOMY OCKIJIBKH B1JIOMO, B sIKi 00JacTi momnajaaroTh
KIiHIII BIJIpI3Ka, TO, aHAII3YIOUYM KO KIHIIIB BIJpi3Ka, JIETKO 3pO3YMITH,
3 SIKUMHU caMe peOpamMu BiKHA MOXKE TIEPETUHATUCS BIIPI30K.

9.5.2. Bincikanus Biapi3zka OMyKJIMM MOJIrOHOM

ae ) b Posrnsinemo 3a1auy 30BHIIIHBO-
ro BiJICIKaHHSI BIJpi3Ka OIMYKJIMM MO-
o> gironom P = {P1 P, ..., P, P1}.

HeoOxi11HO BIJCIKTH T1 4acTH-
HU BiApI3Ka, K1 3HAXOASATHCS 30BHI
noJirona (puc. 9.9).

3aponoHOBaHUN anroputMm Oa-
2 e—eb 3YETBhCS Ha PO3paxXyHKax IMEPETHHY
npsimoi ab 13 Bimpizkamu Pj P —
CTOpPOHAMHU TIOJIITOHA.

Puc. 9.9. Biacikanasg noJIIrOHOM

AJTOpUTM TOBEpTae uepe3 aprymeHT ab ¢parmeHT Bimpizka, IO IO-
TpaIUIsie BCEPEAMHY IOJIroHa i 03HAKy BHAMMOCTI Bifpi3ka ab y BikHI ITOJi-
roHa P, mjo npuiiMae 3HaYEHHS

e (, AKII0 BiIPI30K MOBHICTIO 3HAXOIUTHCS 30BHI ITOJIITOHA 1 BIJICIKAETHCS

[IUM [OJIITOHOM;

e 1, sKkmio BiAPi30K MOBHICTIO a00 YaCTKOBO PO3MIIICHUN YyCepeIuHi

MOJTITOHA.
Pobota anroputMy mouMHAETHCA 3 1HIIIAMI3AIll JIYMIBHUKA TIEPETUHIB
k = 0. Jlani BukoHyeTbess 00xia pedep momrona Py Pi+ 1 st i =1, 2,..., n

(Pn+1=P1) 1 po3paxyHOK mepeTHHY 3 HUMH HE caMoro Bijapizka ab, a mpsmofi,
10 MICTUTh Ll BiApi3ok (Ile MOKHA 3POOMTH 3a JOMOMOIOI (YHKINT
Cross_segm).

Skmo npsma nepetrnae pedpo (e posmizHaeTbes 3a ymoBow 0 < 7< 1),
TO JIYWIBHHMK IEpPEeTHHIB K iHKpeMeHTyeTbes, a mapameTp t 30epiraerbes y
3MiHHIN ok, K = 1, 2. SIkmo 3HakiaeHo aBa nepetuHu (K = 2), TO moganbInui
00Xij] IMOJiroHa MPUIUHAETHCA (CaMe TOMY PO3PaxOBYETHCS MEPETHH pedep
I0JIICOHA 3 MPSAMOI0, IO MICTUTH Bipi3ok ab, a He 3 caMuM BiJIpi3KOM).

KiHmeBi TOYKM BHAMMOI YacTMHH Binpizka [a, D] Bu3HauaroTbcs 3a

IOIIOMOI'0I0 3Ha4YeHb o1 = 1, 0y = {j mapamerpa i, Ipu AKKUX IIpsMa IEepETHYIIA
pe6paPiPi+1Tan Pj +1-

e snaueHHsd {on < 0, o» > 1} 1 {01 > 1, oo < 0} BigNOBIZAIOTH
PO3MIILIEHHIO BCHOrO Bimpi3ka [a, D] y BikHI mojiiroHa i BiJACIKaHHS HE
BHUKOHYETHCH,

e 3HaueHHd {01 < 0, o» < 0} a60 {01 > 1, 0» > 1} NOBHICTIO BiJICIKAIOTh
BIJIPI30K;
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sHaueHHsA {0 < o1 < 1, 0 < 0} moBepTaroTh Bijpizok [a, a + Vai;
sHaueHHsa {0 < o1 <1, 0 > 1} moBepraroth Bijpizok [a + Voi, b;
sHaueHHusa {o1 < 0, 0 < 0, < 1} moBepraioth Bizpisok [a, a + Voy];
snaueHusa {o1 > 1, 0 < 0, < 1} moBepraroth Biapizok [a + Voy, b;
3HaueHHSI {0 < 01 £ 1, 0 < 0 < 1} cTAry1oTh KiHIIEBI TOYKH BiJIpi3Ka
[a, b] Ha rpanuio monirona — B Toukn @ + Voyia + Vo, V=b —a.
Brok-cxemy 1150ro anroputMy nogano Ha puc. 9.10 [21].

( )

clip2_cross(ab, P)

\ 4

k=0,V=b-a

A\ 4

<=L sjze(P) 1> end

¢ = cross_segm(ab, pipi+ 1. t, 7, Q)

o /\ y
0

A

c<

H1

A

0<7r<1

TakK
k=k+1, o=t

TakK

k<2

H1

Pospaxynok ab 3a oy, o>
!

H1 TaK
la—bl=0 4

A 4

\ 4 w

noBepraemo 1 noBepTaemo 0

Puc. 9.10. brnok-cxema aaropuTMmy BiJCIKaHHS
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9.5.3. IlepeTuH Ta 00’ €THAHHS OMYKJIMX MOJIIrOHIB

Posrnsaemo 3amauy moOymo-
BU MEPETHUHY OMYKJIUX MOJIrOHIB A
= {Al A2 An Al} Tta B = {Bl Bz
Bm B1}. HeoOxinHO 3HalTH CHIBHY
YaCTHHY IIOJITOHIB, 110 HAaJIEKUTh
modironamMm A Tta B, ToOto iXHI
joriyaui 100yTok A () B.

AJITOpUTM 3HAXOJKEHHS Tie-
pETHHY TOJIITOHIB TMOSCHUMO Ha

OPUKJIAJl ONYKIUX TOJITOHIB, SIKI
Puc. 9.11. IlepeTrH moJiroHiB 306paxeni Ha puc. 9.11.

e Cmnouatky ¢yskuieto clip2_cross(AiAis, B), 1 = 1, 2, ..., N BUKOHYEMO
30BHIIIHE BiJICIKaHHA pebep moiirona A monironom B. V pesynbrarti
onepkyemo crucok Biapi3kiB LS = {Q1A;, AxQ2, Q3Q4}.

o Jlami ¢ynxkmiero clip2_cross(BiB; + 1, A), j = 1, 2, ..., M BUKOHyeEMO
30BHIIIHE BiJCIKaHHS pedep mosirona B momironom A 1 nojmaeMo B
circok LS HoBi Biapizku B1Q,, Q1Q4, Q3B1.

e 3 eJIEMEHTIB OJICPKAHOTO CITUCKY

Ls = {Q1A2, A2Q2, Q3Q4, B1Q2, Q1Qa, Q3B1}

30UpaEMO 3aMKHYTUH KOHTYpP LUISXOM 3’ €IHAHHS BIAPI3KIB 301KHUMU

kiHisgMu. s uporo Oepemo mepmmii Bizpizok QiA; 1 cepen 1HIIMX

€JIEMEHTIB CIMCKY LS IykaeMo BIJIpi30K, KIHEIb SKOTO 30iraerhes 3 Ap. Le

BiIp13oK QoA;, saxuii pazoM 13 Biapizkom Q1A yTBOptoe snamany C =

{Q:A,Q}. ani 3HaxoauMo IpoAoBKeHHS TamaHoi B1Q; 1 ogepkyemo na-

many C = {Q:A2Q2B1} i T.4., MOKK HE OJCPKUMO 3aMKHEHHI KOHTYp C =

{Q:A,Q:B1Q3Q4Q1}. SIKIO0 MONIrOHM HE IEePETUHAIOTLCA, TO IICIA

BUKOHAHHS 30BHIITHBOTO BIJICIKAHHS CITUCOK LS Oy/1e MOpOXHIM.

9.6. Inwi aaropuTMu BiacikaHHA BiApi3KiB

B Oaratbox Bumajkax OUIBIIICTh BIJAPI3KIB JISKHUTH IIIKOM BCEpPEIMHI
ab0 30BHI BIJCIKAIOYOTO BIKHA, TOMY HEOOXIJHO MaTH MOKJIUBICTh SKOMOTa
paHiiie 0e3 CKJIaJHUX 00YMCIECHb BU3HAUUTH, K1 3 BIJIPI3KIB IIJIKOM BUJIUMI,
a SK1 IUIKOM HEBUAMMI 1 X MOXXKHA 3pa3y BIJKMHYTH. 3ajady BiJCIKaHHS
MO>KHA pO3B’SI3yBAaTH PI3HUMU METOJAMHU.

3a cmocoOoM pO3B’s3yBaHHS II€1 3aJadl BCl aJITOPUTMU BIJICIKaHHS
HOJUISFOThCS Ha 2 Kitacu [7]:

165



— aJIrOpUTMH, 110 BHUKOPHCTOBYIOTH KOJM KIHIIIB BiJpi3ka abo camoro
BIJIPI3KA;

— QITOPUTMHU, 1[0 BUKOPUCTOBYIOTh MapaMETPUUHE 3aJJaHHSI CAaMUX BIJIPI3KiB i
CTOPIH BiKHA.

Jlo mepiioro kiacy ajropuTMiB HajexuTb aiaroputmu CaszepieHpa-
Koena, FC-anroputm, no npyroro kiacy — anroputm Kipyca-beka, Einepa-
AzepTtoHa 1 Okl Mi3HIN anroputwm Jlianra-bapcki Ta iH.

ANTOPUTMHU 3 KOAYBAHHSIM 3aCTOCOBYIOTHCA 10 MPSIMOKYTHUX BIKOH,
CTOPOHU SIKMX TapajesibHl 0CSIM KOOPJIMHAT, & aAITOPUTMHU 3 MapaMeTPUIHUM
3a/IaHHSAM — JI0 OYy/Ib-SIKMX BIKOH.

Bumie mu Bxke posrmsinynu anroput™M Caszepnenna-Koena, sikuii € cras-
JTapTOM ISl anrOpUTMIB BiacikanHs. Po3risiaemo tenep FC-anropurm.

9.6.1. AIBoBumipuuii FC-anroputm

B mpomy anroputMi KOAYIOTHCS HE KIHII BiJIpi3Ka, a BECh BIJIPI30K
nuikoM. Cxema KojyBaHHS OJIM3bKa JO Ti€l, 110 BUKOPUCTOBYETHCS B
anroputmi Cazepienna-Koena.

[Inomuna 3 BIKHOM po30MBaeThcst HA 9 obOsacteil 1 BOHM KOIYHOTHCS
mudpamu Big 1 10 9 (puc. 9.12). O61acTh 3 BIKHOM Ma€ KoJ 5.

1 2 3
4 5 6
7 8 9

Puc. 9.12. Koau obnacreit jyist FC-anroputmy

Binpi3ok KOQy€eThCsl HACTYITHUM YUHOM:
LineCode(ab) = Code(a)* 10 + Code(b),
Code(a) — xox 001acTi 3 MOYATKOBOIO TOYKOIO BiJIpi3Ka,
Code(b) — ko 006J1acTi 3 KIHIICBOIO TOYKOIO BiIpi3Ka,
LineCode(ab) — xox Biapizka.

OCKUIbKM KOXHUN KOJA MOXe HaOyBaTH JeB’ATh 3Ha4€Hb, TO iICHye 81
MOKJIMBUHM BapiaHT PO3MIIICHHS BiApi3Ka 1 sl KOXKHOTO BapiaHTy, TOOTO JJis
KOXKHOTO KOJYy BiJIpi3Ka HEO0OX1JHO MaTu CBili HaOip OOYHCICHBb IS BiJ-
CIKaHHS BiJpi3Ka.

SAxmo Code(a) = Code(b), To LineCode(ab) = LineCode(ba). Icuye 9
takux Bunazakie: (1-1), (2-2),...,(9-9).

VY Bumanky (5 — 5) (kox Bimpizka 55) BiApi30K NMOBHICTIO BUAUMUM, Y
pEeIITi BUNAJKIB — YaCTKOBO 200 MOBHICTIO HEBUINMHUM.
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OTxe, KUTBKICTh PI3HUX BapiaHTIB TeIep 3MEHIINYEThCA 0 /2, aje 1 ce-
pel HUX ICHY€ BCHOTO 6 OCHOBHMX BUIAJKIB BIJICIKAHHS, pELITa — CAMETPHUYHI
iMm. Jlma toro, moO BUALIMTH 111 6 BUOAIKIB, MOTPIOHO PO3MVISHYTH Pi3HI
BaplaHTU PO3MIIIEHHS BIJpi3Ka i HEKYTOBUX Ta KyTOBUX 0OJIacTei.
[nrocTpariii MOKJIMBUX BapiaHTIB PO3MIIIEHHS BiJIpi3Ka IS MEPIIUX I STH
BUMAJKIB HaBeAeH1 Ha puc. 9.13, nys moctoro BUnaaky — Ha puc. 9.14.

PO e

R N

Puc. 9.14. Bapiantu po3milieHHs BiJIpi3Ka JUisl KyTOBUX oOiacTei

Bunaoox 1 — modaTkoBa Touka BiJIpi3Ka 3HAXOAUTHCS B oOjacti 4, a
KiHmeBa — B oomacti 1 (Biapizok AB, LineCode = 41). Bigpi3ok He nepeTrHae
BUJINMY OOJIaCTh 1 BIIKUIAETHCS.

Bunaoox 2 — mouaTkoBa TOYKa BIJpi3Ka 3HAXOAUTHCS B obOmacTi 4,
kinmeBa — B obOmacti 2. Ile Bimpisku AC i AD, LineCode = 42. Bouu
NEePETUHAIOTH JIIBY MEXY BIKHA. 3HaiIeMO TOYKH TepeTuHy Biapi3kiB AC i
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AD 3 niBoI0 MEXeI0 BiKHA — (Xuig, Yn). SAKIIO Yn > Yeepun, TO 1€ Bimpizok AC, BiH
HE MEpeTUHAE BIJpi3Ka 3 JIIBUM peOpoM BUIMMOI 00JIACTI W BIIKUIAETHCS.
SO Yn < Yeepxns TO 1€ BIAPI30K AD, 110 IepeTHHAETHCA TAKOXK 3 BEPXHBOIO
MeXero BikHa. Tomy He0oOXigHO OOUYMCIMTH TOYKY IMepeTHHy Biapizka AD 3
BEPXHBOIO MEKEIO BIKHA M 300pa3uTH BUAUMY YaCTUHY BIJIpi3Ka.

Bunaoox 3 — mouaTrkoBa TOYKa BiJIpi3Ka 3HAXOJIWUTHCS B oOjacti 4,
kinnesa — B oouacti 3 (Biapisku AE, AF i AG, LineCode = 43). O6uuciroemo
TOYKH MIEPETHHY BiJPi3KiB 3 JIBUM peOpOM BiKHA (Xyis, Yn). SKIIO Yn > Ysepru, TO
e Biapizok AE. Bin He mepeTrnHae BUIUMY 00JIACTh 1 BIJIKWJIAETHCS, 1HAKIIE
ne Biapizku AF 1 AG. [Ins HuUX OOYMCIIOEMO TOYKY NEPETHUHY 3 IPaBUM
peopoM  (Xup, Yn). AKIIO Yn > Yeepwn, TO 1€ Biapizox AF, Tomy HeoOXimgHO
OOYHUCIUTH TOUYKY IMEPETHHY 3 BEPXHIM peOpoM BiKHA 1 300pa3uTH BUIUMY
JacTHUHY Bijpi3ka. IHakmie 1e Binpizok AG, Jis HbOT'O B)KE TOYKH IIEPETHUHY 3
peOpaMK BiKHA 3HANMIEHI, 3AJIUIIAETHCA 300pa3UTH JIMILE BUJIUMY YACTHHY
BiJIpi3Ka.

Bunaoox 4 — moyaTkoBa TOYKa BiJpi3Ka 3HAXOAUThCS B oOsacti 4,
kiHieBa — B obnacti 6 (Bimpizok AH, LineCode = 46). O04YHCIIOEMO TOYKH
NEepPEeTUHY BIJIpi3Ka 3 JIBUM 1 MpaBUM peOpaMu BiKHA 1 300paxaeMo BUIIUMY
YaCTUHY BIJpi3Ka.

Bunaoox 5 — nmouatkoBa Touka — B oOsacti 4, kiHIeBa — B oOsacti 5
(Bimpizok AL, LineCode = 45). O0umcitoeM0 TOYKYy IEPETHHY Binpi3ka 3
JTiBUM peOpoM 1 300pakaeMo BUJUMY YacCTUHY BiJpi3Ka.

Bunaoox 6 — moyaTkoBa TOYKa 3HAXOJMTHCA B oOjlacTi /, KiHIIEBA — B
obnacti 3 (Bimpizku RW, SX, SY, TX, TY, UV, LineCode = 73). O0uucaoemMo
TOYKY MEPETHHY Bigpi3Ka 3 JIiBUM PeOPOM (Xu, Yn1). SAKIIO Yni > Yeepxn, TO 1€
BiJipi3ok RW 1 BiH Bigkumaerbcs. OOUHUCISIEMO TOUKY NEPETHUHY 3 IPaBUM
peopoM  (Xup, Yn2). KO Y2 < Yy, TO 1e Bigpizok UV, BiH Tex
BIIKUIAETHCA. [IpH Vi1 > Viuoen € @00 Bizpizok SX, a6o SY. Hami, Skmio Yp, <
Ysepxns TO 1€ BIAPI30K SY 1 MOKEMO 300pa3uTH HOro BUAMMY 4acTHHY. [Hakiie
e BIIPI30K SX, TOMY HEOOXITHO OOYMCIUTU TOYKY NEPETHUHY 3 BEPXHIM
pebpoM BikHA 1 300pa3uTH HOTr0 BUJIMMY YaCTHUHY. SJIMIIUIOCS PO3IJISTHYTH
BiApisku TX, TY. SKkmo Yn2 < Yeepwwy TO L€ BiAPI30K TY 1 MH MOXKEMO
300pa3uTu Moro BUAUMY 4acTUHY. [HaKie 1€ BiApi30k TX, TOMy 00UHUCISIEMO
JUTSl HOTO TOUKY MEPETUHY 3 BEPXHHOIO CTOPOHOIO BIKHA 1 TEXK Bi0OpakaemMo
MO0 BUIMMY YaCTHUHY .

3ayeasicenns. /s Oinbus wieuoKoi pooomu anecopummy MONCHA BUKO-
pucmogygamu KooOu 6 WICMHAOYAMKOGIU CcUucmemi YUCIeHHS, WO 6U3HA-
YarmbCsl 3i CNIBBIOHOUIEHHS

LineCode(ab) = Code(a) shl 4 + Code(b).
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Bkasiexa. /[1s1 no6yoosu npocpamu MONCHA CKOPUCMAMUCS ONePamopom
switch i 3a0amu 0ii o4 kooscnozo 3 81 sunaoxis.

9.6.2. Aaroputm Kipyca-beka

[TonepeaHi anropuTMy BHUKOHYBAJIM BiACIKAHHS MPSIMOKYTHHUM BiKHOM,
CTOPOHHU SIKOTO TapayielibHi ocsiM KoopauHat. OnHak B 0araTbOX BHUIIAJKaX
noTpiOHE BIACIKAHHS JOBUILHUM MHOTOKYTHUKOM, HAIlPUKIIAJ B alTOPUTMAX
YCYHEHHSI HEBUJIUMHUX YaCTHH CILICHH.

Anroput™ Kipyca-beka peani3dye BiJiciKaHHS AOBUIBHUM OIYKJIUM BIK-
HOM 1 0a3yeThCs Ha METOJl BU3HAUCHHS OpI€HTAIlli JIHII, sKa MICTUTh Bij-
PI30K, 110 BIJICIKAETHCS, 110 BITHOIICHHIO 10 CTOPOHH MHOTOKYTHHKA, a TAaKOXK
Ha METOJ1 BU3HAYEHHS MICI[€3HAXO/PKEHHSI TOYKH BiApi3Ka BIJIHOCHO BIKHA —
BCEpEUHI, Ha TpaHulll a00 30BHI BikHA. /{151 uporo B anroputrmi Kipyca-beka
BUKOPUCTOBYETHCS BEKTOP BHYTPIIIHBOI HOpMaJi A0 pedpa BikHA.

PosrasiuemMo onykiy JBOBUMIpHY 00yacTh P, TOOTO OMyKiIuii MHOTOKYT-
HUK. BHYTpIIIHBOI0O HOPMAJUTIO N 10 CTOPOHU BIKHA HA3MBAETHCS HOPMAJIb,
sKa HarmpapjieHa B OiK 00JacTi, 10 CKJIaJa€ BIKHO BijAcikaHHA. Sk BUIHO 3
puc. 9.15, BHyTpilIHS HOpMaJIb N y TOYlll &, IO JISKUTh HA TPaHULIl, 3a]10-
BOJIBHSIE YMOBY

(n-(b-a)) >0, (9.4)

ne b — Oyap-sika iHIIIAa TOYKa TpaHMI OImyKIIoi ooacri P.

Puc. 9.15. BuszHaueHHsI MiCLI€3HAXOKEHHS TOUYKHU
BIJIHOCHO BIKHA BijcikaHHs B anroputMmi Kipyca-beka

Ckansapuauii 100yToK B (9.4) /i BHYTPINIHBOI HOpMai N HEBia €MHUIA
Tomy, 110 6 € [0, 72[], T00TO COSH > 0.

3a3HauMMO, 110 BHYTPIIIHI HOpMaJl MOKHA OOYUCIATH ¥ 1HIIUM CIIOCO-
ooM. {751 1bOro HEOOX1AHO MOJIITOH 0OXOJUTH 33 TOAMHHUKOBOIO CTPLIKOIO 1
BUOMpPATH HOPMaJIi, K1 HalpaBJieH] BIIPaBo Bij Ko)kHOro pedpa (mus. 11.9.1.1).

Hexaii N; — BHYTpIIIHSI HOpMajb O I-i TPAHUYHOI JIiHIi MHOTOKYTHOTO
BikHA, a V = b — a — BekTop, 10 BH3HAYAE OPIEHTAIlil0 Biapizka ab, skui
BincikaeTscs BikHOM P. Tomi opienTamis Biapizka ab BimHOCHO i-i cTOpOHHM
BiKHA BH3HAYAETHCSA 3HAKOM CKaJIIpHOI0 T00YTKY I = (N;- V):
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— npu I < 0 Bigpizok ab manpaBneHuWit 3 BHYTPIIHLOI CTOPOHH HA 30BHIIII-
HIO CTOPOHY I-i rpaHu4HOI JiHii BikHa (puc. 9.16, a).

— npu I = 0 Toukm a, b a6o 36iratoTbes (BiAPiI30K BUPOKYETHCS B TOUKY)
a00 Biapi3ok ab mapanenpHUii I-i cTopoHi BikHa (puc. 9.16, 6).

— npu I > 0 Bigpizok ab HampaBieHHI i3 30BHIIIHBOT CTOPOHH Ha BHYT-
pilIHIO cTOpOHY i-1 rpaHMyHOI JiHIT BikHa (puc. 9.16, 6).

i/ a b ° i pa i/b
b i a

: a ° i b :

a O 8

Puc. 9.16. OpienTaris Bigpi3zka ab BiTHOCHO CTOPOHM BiKHA: @ -- 3CEPECIUHA
HA30BHI; 6 — apajielIbHO IPAHUIII; 8 — 330BHI BCEPEAUHY

Jlis Bu3HaueHHs posmimieHHs Toukm V(t) Bimpiska ab BimHOCHO I-i
CTOPOHU BIKHA PO3TJIIHEMO CKAJSIpPHUI HOOYTOK BHYTPIIIHBOI HOpMaii N; Ha
Bektop Qj =V (t) — Pj, 1110 mounHaeThCs B MOYATKOBIM Toulli P pedpa BikHa 1
3aKiHuyeThbes B aeskin Tour V(t) Bigpizka ab, a came

agi=(i- Qi) i=12, ... (9.5)

Amnaoriuno nmonepeaaproMy mMaemo (puc. 9.17):

— sxkmio ¢ < 0, To Touka V(1) 1eKUTH 13 30BHIIIHBOI CTOPOHM IPaHUII;

— skmio Qi = 0, To Touka V(t) 1exKuTh Ha JIiHIT TPaHUIll BIKHA;

— skmio ¢ > 0, To Touka V(t) JeKUTh i3 BHYTPIIHLOI CTOPOHH I-1 TpaHMII
BIKHA.

Puc. 9.17. Po3minieHHs TOYKH BIJIHOCHO I'PaHUIIl BIKHA
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3rajgaeMo BEKTOpHO-ITApaMETPUYHE PIBHSHHS Bijpizka ab
Vi)=a+ (b-a)t, t [0, 1]. (9.6)
OCKUIbKM MHOTOKYTHUK OMYKJIMM, TO MO>XK€ OyTH JBI TOYKH NEPETHHY
Bigpi3ka ab i3 BikHoM P 1 Ham HEOOXIAHO 3HANTHU Ba 3HAYCHHS mapamerpa t,
110 BIJIMOBIIal0Th TOYATKOBIM 1 KIHIIEBIM TOYKaM BUAMMOI YaCTHHHM B1JIpi3Ka.
3 ymoBH HanexxHocTi Touku V(1) rpanuii BikHa, TOOTO 3 YyMOBHU () = O,
BpaxoByioun (9.5) ta (9.6), maemo
(- @+ (b-a)t-Py) =0,

abo
(ni- (@="Pi)) + (ni- (b-a)t) =0.
3BI1AKH
_ (mi-@-R)_ (M-Q)_ q
(ni -(b—-a)) (ni -V) h
(9.7)

AnroputMm Kipyca-beka Mae HacTynmHUM BUTIIS.

[llykani 3Ha4YeHHs mapaMeTpiB tg, {1 TOUOK mepeTuHy BiJpi3Kka 3 BIKHOM
iHi1ani3yemo 3HadueHHssMu 0, 1, 1o BiAMOBIAAIOTH MOYATKY 1 KIHI[IO BiJIpi3Ka
ab.

B mmkm mo | g KOXKHOI CTOPOHM BIKHA BiJCIKAHHS OOYHCIIOEMO
3HAYCHHS CKaJIAPHUX JOOYTKIB

i = (ni . (b - a))

dkmo r; = 0, to Bigpizok ab abo BHPOIKYETbCSI B TOYKYy, abo
napajenbHul I-i cTopoHi BikHa. IIpy mbOoMy IpoaHalli3yeMO 3HA4YCHHS (i =
(nj - (a—Pj)). Axmo q; < 0, To BiAPi30K 3HAXOAUTHCS 30BHI BiKHA 1 BiICIKAHHS
3aKiHYEHO, 1HAKIIIE MTepeX0AUMO A0 HACTYITHOT CTOPOHU BIKHA.

Sxmo ri # 0, To 3a dpopmynoro (9.7) obuuciseMo 3HaYeHHS t IS TOUYKHU
NepeTUuHy Biapi3ka ab 3 i-to rpanuiero BikHa. OCKIJIBKM TOYKH Bimpizka ab
BiamoBigaroTh 3HaueHHsAM t € [0, 1], to t ¢ [0, 1] Binkumaemo.

ITpu r; < O jiHis ab HampaBieHa 3 BHYTPIIIHBOI CTOPOHH I-TPAHUYHOT
JiHIT HA 30BHILIHIO 1 3HAWJIEHI 3HA4YeHHsS { BU3HAYATUMYTh KIHLEBY TOYKY
BUIMMOI YaCTUHU Bijpi3ka ab. B mpoMy BUMajaky BU3Ha4YaeThes Min t cepen
Bcix oxepikanux t (puc. 9.18). Bono mae 3HadeHHs 1y JUIs KiHIIEBOI TOYKHU
ITyKaHOTO BIJIpi3Ka

t; = min {—&
I

rl <O, I :1,2,...},1 .

Sxmo morouyHe 3HadYeHHS f; cTaHe MeHmHMM 3a tp, TO BiApizok ab
BIJIKUAETHCS, OCKIJILKM HE BUKOHYEThCA yMOBa tp < 1.

[Tpu r; > 0 ninis ab HanpaBiieHa 13 30BHINIHLOI CTOPOHU TPAHUYHOT JIiHIT
Ha BHYTPIIIHIO, TOMY 3HaljIeH1 3HaueHHs t BU3BHAYATUMYTh [MOYATKOBY TOUYKY
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BUJIMMOI YaCTUHU Bijpizka ab. B mpoMy BHmanky BH3HadaeThcs Max t cepen
BCiX onepkanux t. BoHo pae 3HayeHHs tp 11 MOYATKOBOI TOYKH BUJIUMOI
YaCTUHU BiJIpi3Ka

tp=max| - X |r>0i=12...0

I

SAxmo nmoroyHe 3HaYeHHS {y cTaHe OLIBIITUM 3a 1, TO BIPI30K BIJICIKAETHCS.

Pi+2
Puc. 9.18. Busnauenns kinmeBoi Touxu V(i)

Ha 3akmrouHomy eTami anroputMy 3HadeHHs {o, { BUKOPHUCTOBYIOTHCS IS
3HaXOJDKCHHS KOOPJIMHAT TOYOK IMEPETHHY Bijpi3zka ab 3 BikaoMm P, T00TO 115t
M00YI0BY BUJIMMOI YaCTHUHU BiApi3Ka.

[Tpu npomy, gxmio top = 0, To moyaTkoBa TOUYKa 3aJIMIIAETHCS Ta cama i 00-
gyuciiehHs V(tp) He motpiOHi. AHamoriyno mpu t; = 1 kiHneBa Touka — b.
O6uncnenns V(t,) Tex He MOTPiOHI.

9.6.3. Bincikanus noJiironiB. Aaroputm Beiijsiepa-A3epToHna

MHOTOKYTHHK MOKHA PO3IJISIIATH SIK CYKYIHICTh BIAPI3KiB, ajie B [IbOMY
BUIAJIKy TMPU BiACIKaHHI BUXiJHA (irypa MOXe MEPEeTBOPUTHUCS MPOCTO B
HaOip BigpizkiB (puc. 9.19). Tomy HeoOXigHO MaTH €()EKTUBHI aIrOPUTMU
BIJICIKAHHS MHOTOKYTHHUKIB. [0 Takux anropuTMiB HajeXaThb aJrOPUTM
Cazepnienia-XoKMeHa ISl BIJICIKAHHS OMYKJIMX MHOTOKYTHHKIB Ta OUIBIII
CHUJILHMM anropuT™M Belinepa-A3epToHa /1S BiJICIKaHHS JOBIIBHUX 00IacTeH.

Puc. 9.19. BincikanHs BikHOM pebep MHOTOKYTHHKA
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Ha BiaMmiHy BIJ 1HIIMX aJrOPUTMIB BIJCIKaHHS, aiaroputM Beinepa-
A3epToHa J03BOJISIE BiACIKATU JOBUIBHUN HEOMYKJIMI MHOTOKYTHUK 3 Iip-
KaMH 1HIIKM HEOIYKJIMM MHOTOKYTHHKOM 3 JIpKaMH, MPUUYOMY MOXKJIUBE 5K
30BHIIIHE, TaK 1 BHYTPIIIHE BiACIKaHH:. Po3ristHeMO #oro.

KoXHHi1 3 MHOTOKYTHHKIB Yy IIbOMY aJITOPUTMI 3aJA€ThCS IUKITYHUM
CIIUCKOM BEPIIHMH, TPUYOMY BEPIIMHU 30BHIIIHBOI TPAHUII KOKHOTO MHOIO-
KyTHHUKa OOXOJSTBhCS 3a TOJUHHUKOBOIO CTPUIKOIO, @ BHYTPILIHSA TpaHUL
(mipkk) — TMPOTH TOAMHHUKOBOI CTPUIKM Tak, 00 BHYTPIlIHSA 00JacTh
MHOTOKYTHHUKIB 3aBK]IM 3aJIMIIIaiach CIipaBa BiJl TPaHMII].

['panuili MHOTOKYTHHKA, 1110 B1JICIKA€THCS, 1 BIKHA MOXKYTh IEPETUHATUCS
abo He mepeTWHATHUCS. SIKIO BOHM TMEPETUHAIOTHCS, TO BUHUKAIOTh TOYKHU
nepeTuHy pedep JIBOX THIIIB:

— BXIJHI TOYKH, KOJIM OpPIEHTOBaHI peOpa MHOIOKYyTHHKA, IO BijAcCiKa-
€THCS, BXOJIATh Y BIKHO;

— BUXIJIHI TOYKH, KOJU peOpa MHOTOKYTHHKA, IO BIJICIKAETHCS, BUXOIATh
13 BHYTPIIIHBOI CTOPOHM BiKHA Ha 30BHIIIIHIO.

Touky MepeTHHy 3aHOCATHCA B IMKJIYHI CIMCKH BEPIIMH JIBOX MHOIO-
KyTHUKIB TaK, 1100 HE MOPYIIUTH MpaBuiia 00X0y T'PaHUIll MHOTOKYTHHKIB,
TOOTO SIKIIO TOYKA MEepeTuHy ly 3HaxXoAUTHCS Ha pedpi, 0 3’ €HY€E BEPUINHU
Pi, Pi+1, TO IOCTIIOBHICTD P;jPis1 MEPETBOPIOETHCS B MOCTITOBHICTD Pl Pj+ 1.

AJNTOpUTM TMOYMHAETHCS 3 TOYKU IMEPETUHY BXiIHOro tumy. [lami BiH
HPOCTEKY€E MOAU(DIKOBAHHIA CIIUCOK BEPIIUH (TPAHMIFO MHOTOKYTHHKA) JTOTH,
IOKH HE OyJe 3HaWeHO HACTYIIHY TOYKY IepeTuHy (BXiJHY 4M BuxiaHy). B
11 TOYIll BiAOYBA€THCS MOBOPOT ,,HAMPABO™, TOOTO MEPEKIIOYCHHS Ha 1HIITUN
CIIMCOK B I[}0 CaMy TOYKYy IepeTuHy. Jlami B 1bOMY CHHUCKY 3HAXOAUThCS
HACTyITHA TOYKA MEPETUHY 1 BIIOYBAETHCS MEPEKIIOYEHHS Ha EPIINI CITUCOK
(rroBOpOT ,,HAITIBO”) 1 T.J., [IOKK HE 3yCTPIHETHCS IMOYATKOBA BX1JHA TOYKA.

3arasibHa cxema anroputma Belnepa-A3epToHa Mae TaKuid BUTIISIA!

— noOyayBaTH IMUKIIYHI CIIMCKHA BEPITMH MHOTOKYTHHKA, IO BIJICIKAETHCS
Ta BIKHA, 3T1HO 3 HABEJICHUM BHIIIC MPABUIIOM 00XO0y;

— BIAIIYKaTH BCi TOYKM IEPETHHY BIKHA 1 MHOTOKYTHHKa (IIpU ILIHMX
O00YHMCIICHHSX JOTHKAHHS HE BBaXkaeThcs nepernHoM (puc. 9.20, 9.21));

_____________________

Puc. 9.20. Bunaaku notukaHHs (HE BBAKAETHCSA MIEPETHHOM): @ — JOTUKAHHS
pedpoM; 6 — TOTUKAHHS BEPIINHOIO
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Puc. 9.22. BincikaHHS MHOTOKYTHHKA BIKHOM

JTOAATH Il TOYKHU MEPETHUHY 0 HMUKIIYHUX CHUCKIB BEPIIMH MHOTOKYT-
HUKiB. [Ipy 11bOMYy BCTaHOBIIOIOTHCSI JIBOCTOPOHHI 3B’ SI3KM MiXK OJIHOM-
MEHHHUMH TOYKaMU NEPETUHY B ABOX CIHCKaX;

BUOpaTH BXIJHY TOUKY;

IPOTJISIHYTH CIIMCOK BEPIIMH MOTOYHOTO MHOTOKYTHHKA, TOKH HE 3HaM-
JIEMO HACTYNHY TOYKY mnepeTtuny. [Ipu upomy dhopmyeMo pe3yibTyro-
YUl CIUCOK 13 MPOWJIEHUX BEPIIUH 1 TOUOK MEPETHHY, HE BKIIOYAIOYU
OCTaHHBOI,

BUKOPUCTOBYIOUH JIBOCTOPOHHI 3B’S3KH MEPEUTH JI0 MEPETIISAY CIHUCKY
BEpUIMH BIKHA, pPYyXal4KWCh MO BEpIIMHAX BIKHA JO 3HAWJEHO1
HACTYyIHOI TOYKHM TMEPETUHY, 1 BCl MPOHAEHI TOYKH, 3a BHUHSATKOM
OCTaHHbBOI1, 3AaHECTU B PE3YJIbTAT;

111 711 TOBTOPIOEMO JIOTH, TTIOKU HE Oyjie NOCATHYTA MOYaTKOBA BEPIIIMHA.
Ile o3Hauae, 110 3HANAEHO YEPrOBY YaCTUHY MHOTOKYTHHKA, sIKa Haje-
KUTb BIKHY;

300pa3uTu ofepKaHU pe3yJbTarT,

SKIIO CIHMCOK BXIJHUX TOYOK IMEPETHHY BIKHA 3 MHOTOKYTHHUKOM, IIIO
BIJICIKAETHCS, HE BUYEPIYETHCS, TO BUOpPATH YEProBy BXIJHY TOUKY 1
MOBTOPUTH AJITOPUTM CIIOYATKY.

174



JI71s1 TIOIYKY 30BHINIHBOTO BiJICIKAHHS aJITOPUTM HEOOX1JHO MOYHMHATH 3
BUXIJIHOI TOYKM MEPETHHY, MPU I[bOMY BEPIIMHM B CIHCKY BEpIIMH BiKHA
Tpeba meperisgaTi y 3BOPOTHOMY MOPSIKY.

Jlns maouHocTi HaBeaemo npukian. Hexailr Biknom ABCD BiacikaeThes
MHOTOKYTHHK P1P,P3P3P4Ps (puc. 9.22).

JUisi BHYTPIIIHBOTO BiJCIKAHHS LMKIIYHI CHUCKH BEPIIMH 1 MOPSAJIOK
pobotu anroput™ma 300paxkeHi Ha puc. 9.23. Sk BXimHa BuOpaHa Touka ;.
[Ipotineni Touku hopmyroTh pe3yabTat 11PoPslolsl4lsl6l;.

a 3]

Puc. 9.23. Cxema anroputmy Beiliiepa-A3epToHa: a — BHYTPIIIIHE BiJICIKaHHS;
0 — 30BHIIIHE B1JICIKAHHS

JI1s1 BUKOHAHHS 30BHIIIHBOTO BIJICIKAHHSA SK MOYaTKOBY O€peMO BUXIIHY
TOUYKY MEpPETUHY, Hanpukian l,. Jlami niemMo 3rigHo 3 aaropuTMoM, HPOXOJs-
YU BEPIIMHM BIKHA 3HU3Y BBEPX.

B pe3ynbrati onepKyeMo Tpu 4acTMHU MHOTOKYTHHUKA: |,P4l3l2, 14Pslsly,
I6P1111¢, 1110 BiCIKAIOTHCSA BIKHOM.

9.7. IloOynoBa onyKJIOI 000JI0HKU MACHBY TOYO0K

[TpunycTumo, 1110 Ha IUIOIIMHI 3agaHo MacuB To4ok P = {Py, Py, ..., Pn}
3 koopaunatamu Pi(X, i), 1=1,2,...,n,n>2.

Onykna moJjiroHalibHa OOOJIOHKa MAacHUBY TOUOK € 00’€IHaHHSIM YCIX
MOJIiroHiB, MOOYI0BAHUX HA TOYKAX LLOTO MACHBY SK HA BEPIIMHAX. I MOKHA
300pa3uTH SIK ONMYKJIMH MOJIITOH MiHIMAJbHOI IUIOII], 110 TOKPUBAE BC1 TOUKHU
MacuBy (3a3HaYUMO, IO HE BCi TOYKH 3 MacuBY P € BepiimHaMu OIyKiioi 000-
NoHKH). IcHye 0araro pi3HMX aJTOPUTMIB JJIS TOMIYKY OMYKJIOT OOOJOHKH.
HapeneMo neski 3 HUX.
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9.7.1. MeToa 3aropTaHHs MoAapyHKa

CrouaTky oOMpaemMo HampsM 00XOAy TOYOK MacuBy (Hampukiam, Jo-
JaTHWHA) Ta TOYKY, SKa TOYHO € BEPIIMHOIO T'PAHMII OMYKJIOi 00OJIOHKH. 3a
TaKy TOYKY MOXHa B3SITU TOUYKY Pp 13 MIHIMaJIbHOIO OPJIWHATOIO Ym. SIKIIO
TaKUX TOYOK JIEKUIbKa, TO 00EpPeMO HAMIIBIIIY 3 HHUX, TOOTO TOYKY 3 MiHi-
MaJIbHOIO abciucor Xy, llnsxom oOminy P; <> Pp mocraBuMo 3HaiieHy
TOYKY Ha MOYaTOK MACHBY, a ii KO JT00aBUMO B KiHEI[b MAacCHUBY SIK TOUKY
Pr+1 U IEpEBIpKY 3aMUKaHHSI 000JIOHKH.

3a1aeM0O TOYATKOBUN HAIpsIM BEKTOpa OXOIUJIEHHS V B3JIOBXK OCl X Ta
iHgeKc BepimMHM 00070HKM K = 1. Jlami opraHi3oByeMO 30BHIIIHIA LUK
MOITYKY BEPIIMH OOOJOHKHM 1 HAKOMWYEHHS iX IO MOpsSAKy B macuBl P. Y
BHYTPIIIHbOMY UK 10 1 Bix K+1 mo n+1 musa koxkHol Toukm P oOuwmc-
M0€Thes BekTop nmpooHoro HanpsaMky W = Pj — Py. IIpu HeHynbOBiM TOBXKHUHI
nporo Bektopa I = |W| # 0 (Taka mepeBipka T03BOJISE€ BIAKMHYTH KpaiHi
TOYKH) 3HAXOJIHMO

_ _ VW
C=C0S @= VETE

ITepeGpasmm Touku P; mns Beix i > K, 3Hax0omuMo Taky Touky P*, saxy
BUJIHO 3 TOYKW Py mij MIHIMaJbHUM KYTOM (@, TOOTO IPH MaKCHUMaJIbHOMY
3Ha4YeHHI C. SIKIIO TaKuX TOYOK JACKUJIbKa, TO 0OMpaeMo Haimaipury Bifg Py.
Inkpementyroun iHaekc K = K + 1, 3poObumMo i HOBOIO BEpIIMHOK 000JIOHKH
nusxoM oominy P <> Py. HoBuii BexTop HanpaMky ooxoxy V = Py —Py_1.

30BHINTHIA UK 1 00y 10Ba 0OOJOHKHM 3aKIHUYETHCS IPH CITIBITaIIHHI
ToukH Py 13 mouyaTkoBorO ToUKOIO P;1.

AnroputMm moBeprae cyomacuB BepimmmH oOononku {Pi, P2, ..., Py}
PoGora anroputmy 300paxeHa Ha puC.
9.24. 1leit anropuT™M HA3UBAIOTh ANTOPHUT-
MOM 3aropTaHHs MOJapyHKa abo Mooy-
noBu 3aropogd. Bim Bumarae O(nh)
ormepaiiiii, 1e h — KiIBKICTh BEpIIMH, IO

P,o MICTUTh OMyKJIa 000JI0HKA,
N — KIJIBKICTh TOYOK Y BUXITHOMY MacHBI.
® Anroput™m 1oOyJI0BU OMyKJoi 000-
P JIOHKM BUKOPUCTOBYETHCSI MPU TMOOYI0BI

Puc. 9.24. Onykiia 060710HKa ONYKJIMX IOJIITOHIB, TIHI OMYKJIOro MOJi-
eapa P. Jlng nporo cnoyaTky OOYHMCIIOE-
MO TOYKHM — MPOEKIIi BEpUIMH TMoJlie/lpa Ha IUIOMIHUHY, OyIyeEMO OMYyKIY
OO0OJIOHKY IMX TOYOK, a JaJli BUKOHYEMO 30BHIIIHE BIJCIKAHHS OOOJOHKHU
3aMKHYTHUM KOHTYPOM 1 3a(hapOOByeEMO OJepKaHUH TMOJITOH KOJILOPOM TiHI.
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9.7.2. Metoa ooxoay I'pexema

PosrnssHeMO 11€¢ 0MH aaropuTM MOOYAOBH OIMYKJIOi OOOJIOHKH — METOJ
obxomy I'pexema. ¥ 11boMy MeTOi OIyKJia 00OJIOHKA CKIHYEHHOTO Ha0Opy
TOUYOK S 3HAXOIUTHCS y JIBA €TaIH.

Ha nepiomy kpoiil BUOUpaemMo AESKYy €KCTpeMaibHy TOUkKy P, € S i
COPTYEMO pEIITYy TOYOK BIAMOBIIHO A0 KyTa HaXWIy HPOMEHS, SKUN
MIPOBEJICHUM Y 111 TOYKH 3 TOYKU P, 10 ropuszoHTami. SKiio Bl TOUKH MalOTh
OJIHAKOBUU MOJISIPHUHN KYT, TO TOUKA, sIKa po3MmilieHa onmkue 10 P,, cTaBUTh-
csl y BLICOpPTOBaHOMY MacuBl panime. 1100 37a1iCHUTH 1€ BIOPSAJIKYBaHHS,
HEOOXI1THO OOYMCIHUTH BiACTaHb a00 MOPIBHATU CyMy aOCOJIIOTHUX 3HAYEHBb
KOOpIUHAT. SIK eKCTpeMalbHy BHOMpPAEMO TOYKY 3 MIHIMAJIBHOKO Y-KO-
OPJIMHATOIO 1 MIHSAEMO ii MICIIEM 3 TOUKOIO Pj.

Ha npyromy kpoli aaropuTMy BHKOHYEMO MOKPOKOBY OOpOOKY BIiJCOp-
TOBaHHMX TOYOK, OPMYIOUH HOBY TMOCIIOBHICTh THMYACOBHX TOYOK (pedep),
K1 3pEIITOI0 YTBOPSTH IIyKaHY OIMYyKIy 000yioHKY. [lomepentne copTyBaHHS
TOYOK CIIPOIIYE BUKOHAHHS MOOY/I0BU OIMYKJIO1 00OJIOHKH.

Jlist po3B’si3yBaHHS MUTaHHSA MpO Te€, fKa camMe TOYKa MOBUHHA OyTHU
BKJIIOYEHA B TPAHULIIO OMYKJIOi OOOJIOHKH, BUKOPUCTOBYEThCS TOW (hakT, 1110
pu 00XOJI1 TPaHUIll OMYKJIOi OOOJIOHKHU MPOTH FOJAMHHUKOBOI CTPUIKM KOKHA
BEpIIIMHA MTOBMHHA B1MIOB1IaTH MOBOPOTY BII1BO.

Axmo ns Touku Pj 06xia Pi_1 P;Pj+1 He BinmoBiiae moBopoTy BIIiBO, TO
Touka P; BUIydaeTbcs 3 OMyKJIoi OOOJOHKH, a Jaii MOTPIOHO MEepelTH Ha
nepeBIpKy MOBOPOTY BIiBO 00xoay Pji_,Pi_1Pj+1. Sxmio 1 et moBopot He €
IIOBOPOTOM BJIIBO, TO BHJIy4aeMO TOUKy P;_1, Xo4a paniiie BoHa OyJia BKIIIO-
YeHa B TUMYAaCOBY IMOCIIJIOBHICTb, TOOTO mMoBopoT Pi_, Pi_1 P; 6yB niBum. Lleit
Ipollec TPOJOBKYEMO JOTHU, MOKH HE 3HAWIEMO JiBHM TOBOPOT, TOOTO
MIOTOYHA OMyKJIa 000JIOHKA OyyeThCS HA OCHOBI YK€ 00po0OieHnX To4ok. Ha
puc. 9.25 300paxeHo nporiec podoTu anroputMy I'pexema.

PosrissHemo 00poOky Touku Ps (puc. 9.25, 0). Ockinbku 00xing P4PsPg
HEe € JIiBUM, TO Ps BuiydaeTbcs 3 moTouHOi oOosioHkH. Jlami mepeBipseMo
ooxig P3P4Ps — BiH Tex He € miBum. Tomy 1 P, BUIlydaeMo 3 MOTOYHOI
00O0JIOHKH.

Cutyartis 3MIHIOETBCS TP po3rJIsal Touku P3. Tyt 06xin P1P3Pg miBuii,
TOMY B TIOTOYHIi 00OJIOHIII 3aJIUIIAEMO TOUKY P3 Ta rmepexoaumMo 10 00poOKu
HaCTYMIHOI TOUKHU Pg, TOOTO po3risigaemo moBopoT P3PgPy.

Meton 00xoy I'pexema Bumarae O(nlgn) apudmMeTnyHmX oneparrii.
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Puc. 9.25. Po6ora anroputmy o6xony I'pexema (touku Pj, i =0, 1,..., 6 Bxe

3a3/1aj1erib BiICOPTOBaHI 3a MOJSPHUM KYTOM)

3aysasicennsn 3. /lo medonikie ancopummy I pexema modicua eionecmu motul
¢daxkm, wo 8iH He O0oOnyckae po3zoumms UXIOHOI 3adaui Ha nid3aoadvi OJis
napanenvroi 06pooxu oanux. Tomy po3pobaeni ancopummu no6y008u onykioi
000JI0HKU, WO 0A3VIOMbCS HA PO3OUMMI BUXIOHOI MHOMCUHU MOYOK HA O8I
NIOMHOMCUHU [ 00’ EOHAHHI 080X TAMAHUX 8 BUNYKIY 0OO0NOHKY.

3ayeasrcennsa 4. B ancopummi I pexema GUKOpUCMOBYIOMbCA MPUSOHOMEN-
puuni @yHKyii, a iX O0OYUCIEeHHS BUMA2AOMb BEIUKUX O0OUUCTIOBATLHUX
3ampam 6 uaci. Tomy 015 WUOKOOIIOUUX ANCOPUMMIE HeOOXIOHO VHUKAMU
yux ooduucnenv. na yvoeo 6uUHAOMb MAK. ceped N MOYOK 3HAXOOSAMb
Hauodibw 118y I HAUOLILUWL NPA8Y MOYKU, 5Kl 80YEBUOb € BEPUIUHAMU ONYKIOT
ooononku. Ilpama, wo npoxooums uepe3z yi 08I MOUKU, OiLIUMb OAH)
MHOJCUHY Ha 081 yacmunu. OOuosi yi 4acmunu nopooAHCYyIoms 08i YacmuHu
ONYKIOi 000JIOHKU, NPULOMY BOHU € MOHOMOHHUMU JTAMAHUMU IOHOCHO OCI X.
Tomy, okpemo si0copmyeasuiu MoOYKU 34 3HAYEHHAM AOCYUCU, BUKOHYEMO
00xi0 I pexema.

3aysaowcenns 5. Aneopumm I pexema e 8iOKpumuil, OCKilIbKU nepeo nouyam-
KOM pobomu aneopummy nompiono snamu yci N mouox. OOHAK y OesKux 8u-
naokax nompiobHo Mamu arcopumm, AKull 6yoe 3MIiHI8aAMuU ONYKILY 000LOHKY
8 MIpYy HAOX00XMCeHHs Hosux mouok. Taxi aneopummu po3pobieHi | Ha3u-
8aOMbCsl OUHAMIYHUMU.
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9.8. Tpianry.asiist moJiiroHis

[IIrpoko pO3MOBCIOIKEHOIO 33/1a4el0 OOUYUCITIOBAIIBHOI TE€OMETPIi € 3a-
7ada TPIaHTYJAIIi TOMITOHIB. Tpianeynayicto Ha3UBAETHCS OIeparlis po3pi-
3yBaHHS MPOCTHUX MOJITOHIB HAa TPUKYTHUKH 32 JOTIOMOTOI HENEePETUHHUX
BHYTPIIIHIX JlaroHajieii. BoHa 4acTo BUKOPHUCTOBYETHCS ISl 3BEJCHHS PO3-
B’SI3yBaHHS pI3HUX 3a71ad (MepeTHHY, BIJACIKAHHS, YCYHEHHS HEBHUIUMHX
rpaHeii ToIo) B 00jacTi, II0 Ma€ CKJIaJHy KOH]Irypariio, J0 CyKyIHOCTI
3ajlay, M0 PO3B’SI3YIOThCS B 00JIACTI TPUKYTHUKA, OCKIUIBKH TPUKYTHUK €
MPOCTIMIO OO0JIacTI0O 1 3aBXAW OIYKJIMM, a B IIbOMY BHIIQJKy 3ajaul
pPO3B’A3yIO0ThCSI 3HAYHO MpocTime. Hanpukian, 1 BU3HAYEHHS HAJIEXKHOCTI
TOYKM HEOMYKJIOMY TIOJITOHY MOKHA 3IIACHUTH MOro TPIaHTYJALI0 U
MOAJIBIITY TIEPEBIPKY HAJIEKHOCTI TOYKH X04a O OJHOMY TPUKYTHUKY.

[Ipu anami3l CKJIQJHUX KPUBOJIHIMHUX MOBEPXOHb MOBEPXHIO MOKHA
alPOKCUMYBATHU CITKOIO TPUKYTHHKIB, JUISl SIKAX 3HAYHO MPOCTIIIE PO3B -
3YIOThCSL 3ajlaul Bizyauisallli, 30kpema 3adapOoByBaHHS TOYOK TPUKYTHOI
rpaHl B OJHOPIIHHUIN KOJIp 3aBIAKHU ii IJIaHApHOCTI. Po3pidyBaHHs IOJIrOHA
Ha TPUKYTHHUKU MOK€ OyTH PyYHHUM 1 aJITOPUTMIYHUM. PyuHe po3pizyBaHHs
MOXXHA 3aCTOCYBaTH JO ampiopi BIJIOMOro TOdiroHa. SIKmio mOMIroH
O0OYHCITIOETHCSI B TIPOIIEC pOOOTH MPOTrpaMu Ta 3a3Jajerib He BiJoMa HOro
KOHIrypaitisi, TO HEOOX1THO BUKOPHCTOBYBATH aJITOPUTMH TPlaHTyJIALIIi.

9.8.1. Tpianryasimiss ONyKJIUX NMOJIITOHIB

3amava TplaHTYJALII OMYKJIOro N-TIOJIIrOHA PO3B’s3yeThbesl mpocto. s
IIOT'0 JOCHUTH MpoBecTH N — 3 miaronHanet PiPs, PiP4, ..., P1Pnh _ 1, y pe-
3yJBTATI YOro oJepkyemMo N — 2 TpukyTHUKH (puc. 9.26, a). JoBeneHo, 1o
el (paxt npaBWIbHUH Uil OYJIb-IKOTO N-TIOJITOHA, OCKIIBKU B OyAb-SIKOMY
MOJIITOH1 MOKHA MPOBECTH N — 3 J[laroHaJI.

P2 P3 P2 P3
@ A m )
P1 Ps & Ps

a o

Puc.9.26. Tpianrysndiis OnyKIUX MOJITOHIB

Onykiuii MOJIroH MOXHA po3pi3aTH HAa Ha N TPUKYTHUKIB 1€ ¥ B 1HIIUN
cnocio (puc. 9.26, 6):
CP;1P,U CP,PsU ... U CP,Py,
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BBIBIIIM JOAATKOBY BepmnHOIO C, SIKy MOXHa OOYHCIHUTH SIK T€OMETPUYHUMN
LEHTp MOJIIrOHa

n
==Y P,
ni;'

B upoMy BUNAAKy OJEpKYy€eTbCS OUIbIIE TPUKYTHUKIB 1 BOHM MarOTh
MEHIII BUTSATHYTY (OpMY, HIXK TIPU pO3pi3yBaHHI Jl1arOHAISIMHU.

9.8.2. Tpianryasiuis HeOMYKJIUX MOJIIrOHIB

JInst TpiaHTyJIALT HEOMYKJIOTO TOJITOHA CIOYaTKy ITyKalTh BEPIIMHY, 3
AKOT MOJKHA TPOBECTH BIACIKAIOUY JlaroHaib. J[Js 1bOro MiIXOAUTH HE
KOXKHA OIyKJIa BepinnHa (Hanmpukia:, Touka P, Ha puc. 9.28). [liaronans PP
HE HaJCXKUTh BHYTPINIHIA YacTuHI mnomiroHa P. JliaroHanb Ha3WBaeThcs
GHYMPIUHBOIO, KO BOHA LIJIKOM JIEKHTh YCEPEIHHI MOIIroHa (BiIOMO, IO Y
JIOBUIBHOMY MPOCTOMY MHOTOKYTHHKY 3 N > 4 BeplIMHAMU MOKHA IMPOBECTH
BHYTPIIIHIO JiarOHAJb).

JliaroHanap oOmykiaoi BepmiMHU P; Moke OyTu i€ KaHAUIATOM JJIs
BiJIciKaouoi jaiaroHani. [lutanns BuOOpy AiaroHasni MOKHA PO3B’s3aTH, SKIIO
BpaxyBaTH JIOBXKWHY aiaroHajnei. J[js 1iporo 371WCHIOI0TH 00XiJ TMOJIIroHa
MPOTH TOJMHHUKOBOT CTPLIIKM IO BCiX OMYKJIUX BEPIIMHAX MOJIITOHA, MOYUHA-
toun 3 Touku P;. Haragaemo, 1o npu oMy BepiinHa P; omykiia, sikiino

Xi21 o Yia
Di=|x > 0.
Xiv1 Yia

Jlani BuOuWparoTh HaWkopoTiny niaroHanb Pi_1Pii1 cepen nmiaronaneit
onykiaux BepiuH P;. I{g miaronans Oyje BifCiKaTH BijJ MOJIIrOHAa TPUKYTHUK
Pi-1PiPi«1. IloTiM 1130 mporemy-
Da D, DY 3aCTOCOBYIOTH JIO IOJIIOHA, 110
32— : o
S 3JIMIIMBCS TICIST TIEPIIOro BiJICi-
Gttt KAHHS i TL
P4 Hanpuknazn, as I0JiroHa,
~ 300paxkeHoro Ha puc. 9.27, nor-
P- =~ D& piOHO CHIOYATKy PO3TJSHYTH Jia-
N TrOHaJl OMYKJIWUX BepmiuH Pi, Po,
hN P3, P4, P7, Pg (BepH_IHHH P5, Pe
“Jp, Heomyksi, 60 mi1 Hux D < 0),
to0TO miaronam PgP,, P1Pj,
P,P4, P3Ps, PePsg, P7P1.
Cepen nmux aiaroHajiel Hau-
MEHIIIy JOBXHHY Ma€ JiaroHajb
P3Ps, ToMy BiaTiHaeMo TpuKyTHUK P3P 4Ps. 3anummecs nomiron

8 . .
Puc. 9.27. Tpianrymsiiisi HEOMYKJIOTO
MOJIIrOHA
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P1P2P3PsPgP7PgP1, 10 ssxoro HeoOXiHO 3acTOCyBaTH Ti K caMi omepariii,
10 1 JUIA BUXIJHOIO IOJIITOHA 1 T.JA., TOKW MOJIIOH, SKWI 3aJIUIIAETLCS, HE
CTaHE TPUKYTHUKOM.

3ayeasicenna 6. 3adauy mpianeynayii MOXCHA po36’a3yeamu U IHUUM
CnocoOOM, HANPUKIAO, MEMOOOM PO3PI3Y8AHHS NOJI2OHA XOPOAMU — NPOOOG-
JHCEHHAMU 11020 pebep, Wo CKIadaomb HeONYKILy 6ePULUHY, HA KLIbKA ONYKIUX
niononieonis. Jlani onykii niononiconu po3pizyemo Oia2oHAIAMU HA MPUKYI-
HUKU.

9.8.3. Tpianryasuisa Jlenone

Posrnsmemo 3amady TpiaHTyssiii Habopy TOYOK S Ha IUIOMMHI. Yci
TOYKU HaOOpy S MOBHHHI JIEKATH Y BEPIIMHAX TPUKYTHHKIB. PeOpa TpukyT-
HUKIB HE TOBHWHHI NMEPETHHATHUCSA. YCl1 TOYKHM HAOOpy S MOXKHA PO30UTH Ha
IPaHUYHI TOYKH, TOOTO HA TakKi, sIK1 JieXkKaTh HAa TPAHUIIl OMYKJIOi OOOJIOHKH, 1
BHYTPIILIHI, IO JIE)KaTh YCEPEAUHI ONMyKJI0i 000J0HKH. Tak camMmo MOKHaA Kia-
cudikyBaTu i pedpa, 10 OAEPKYIOThCS B pe3yJbTaTl TplaHTyJALil, — pedpa
00O0JIOHKH 1 BHYTpIIIHI pedpa.

Bynp-sxuit Habip TOUOK S, 32 BUHSATKOM JICSIKUX TPHUBIAJLHUX BUITAJIKIB,
JOMycKae OUIbIE OJHOTO CIOCOOY TPiaHTYJALIl 1 MPU I[bOMY OAEPKYETHCA
OJlHA 1 Ta )X cama KUIbKICTh TpUKyTHHUKIB (puc. 9.28 ). 3a Teopemoro Eiinepa
KUIbKICTh TPUKYTHHKIB HE MIEPEBUIILYE 2N, Jie N — KUIbKICTh TOYOK MacuBy S.

Cepen ycix MOXJIIMBHUX TPIAHTYJISLIN BUIUISETHCS CHCIIAJIbHUN BUJ —
mpianeynayis /enone [26]. Llg TpiaHTyIAIis XapaKTepU3YETHCS THM, IO
YTBOPEH1 TPUKYTHUKHU HAOIMKAIOTHCS JO MAKCUMAJIBHO MPABUIIbHUX.

O3nauennsn. Tpianeynayis Habopy MOYOK S HAZUBAEMbC MPIAHLYTIAYIEIO
enone, axwo 6cepeduni Koia, ONUCAHO20 HABKONO KONHCHOSO MPUKYMHUKA,
HeMae Mo4oK Habopy S, OKpIM iX 6epuiuH.

p2 p3

P Pa

P1 0s

o

Puc. 9.28. Tpianrynsiis Habopy TOUOK

Tpianrymsiito, mo 300pakeHa Ha puc. 9.28, a, He MO)KHA BIHECTH JI0 TPI-
anrynsmii Jlemone, a Tpianrynsiis Ha puc. 9.28, 6 € Tpianrymsiiero emone.
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BukopucToByrourn o3Haue€HHs TpilaHryJjsaiii JleroHe, MOXXHa PO3poOUTH
NropuTM ii MOOYJ0BH, Yac pOOOTHU SKOTO MPSMO MPOMOPIIAHUNA KIIBKOCTI
TOYOK MacuBY S, 1 BUKOHaHa IMOOY0Ba € 0AHO3Ha4HOIO [38].

3amaui TPlaHTYJALIl BUHUKAIOTH, HANPHUKIAJ, NMpU TOOYIOB1 130JiHIN
GyYHKINA TBOX 3MIHHUX, SIK1 33J1aHl MHOXXHWHOIO JUCKPETHUX 3HAY€Hb HA HEpe-
TYJSpHIA ciTii. 30KpeMma, Ie 3ajayi CTBOpPEeHHs TonorpadivyHuUX KapT, SKi €
KapTaMmH 130J1iHIM (DYHKIT BUCOTH penbedy MICIIEBOCTI: HAa MpaKTHUIll 3HA-
YeHHs X (YHKIIM HalyacTiiie JOCTYIHI JIUIe B TOYKaX CKIHYEHHOI Hepe-
TYJAPHOI MHOXKHHU.

KoHTpo/IbHI MUTAHHA TA 3aBIaAHHA

Sk nepeBipuTH HaPsIM 00XO1Yy TPHOX TOUOK?

SIKk BU3HAYUTH YU OMYKJIMI MOJITOH?

Sk BU3HAUWTH YU TIpsiMA JIiHIS IEPETUHAETHCS 3 TTOJIITOHOM?

B oMy cyTh rabapuTHOTO TECTY?

CdopmyiioiiTe OCHOBHY 1JI€H0 POMEHEBOTO TECTY.

Ha sikux i1es1X rpyHTY€ThCSl KyTOBUN TECT?

Sk BU3HAYUTH MEPETHH ABOX BIJIPI3KIB?

Ha mutonuni 3a1aHo ABa TPUKYTHUKH. SIK BU3HAYUTH YU TPUKYTHUKU

NEPETUHAIOTHCS, UM OJJUH TPUKYTHUK JIEKUTh BCEPEIHUHI 1HIIOTO?

9. B domy nosisirae cyTh 3a/1aul BiICIKaHHS ?

10. fxa ocHoBHa i11es anroputMy Cazepiienna-Koena?

11. SIx 6ynyroThes ABiHKOBI kKoau B anroputmi Cazepienna-Koena?

12. 4k 3HaxomsIThCA KIHIEBI TOYKM BHUIAMMOI YAaCTHHU BiJpi3Ka MpHU
B1JICIKaHH1 HOT'0 OMYKJIMM TTOJITOHOM?

13.5lk BU3HAYUTH BHYTPINIHIO/30BHIIIHIO HOPMalb pedpa OMYyKIIOro
MHOTOKYTHHKA?

14. SIx 3HAITH EPETUH OIMYKJIMX MOJITOHIB?

15. Sk xknacudikyroThCsl aTOPUTMHU BiJICIKAHHS ?

16. SIx yrBOproeThes Koau Biapi3kiB B FC-anropurmi?

17. Sk 3A1CHIOETBCS BIJICIKAaHHS BiAPI3KiB, SKIIO X KOJ JOPIBHIOE /37

18. SIxa ocHoBHa i11es1 anroputMy Kipyca-beka?

19. Ik BU3HauyaeThCA OpIEHTAlllsl BiJIpi3Ka BIJHOCHO CTOPOHU BIKHA B
anroputMi Kipyca-beka?

20. OnuiiTe OCHOBHI Kpoku anroputMy Kipyca-beka.

21. SIki MOXIMBOCTI Mae anropuTM Beiinepa-A3zeprona?

22.HaBenith 3araibHy cxemy anroputmy Beitnepa-AzepToHa.

23. Ik BU3HAYAIOTHCS BEPUIMHHU OMYKJIOT OOOJOHKH B METO1 3aropTaHHs
noJapyHKa?

24. Onuiith poboty anroputMma ['pexeMa Ha KOHKPETHOMY MPUKIIA/II.

25.11lo Take TpiaHTyJIs1IisI TOJITOHIB?

Nk wWwhNE
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26. SIk BUKOHYETBHCS TPIaHTYJIAIIS HEOIMYKIIMX ITOJITOHIB?
2(.Po3kpuiiTe MOHATTA TplaHryiii Jlenone.

Bupasu i 3aga4i 1J151 caMOCTIHHOTO BUKOHAHHA

1. Po3pobuTtu anropuTm HemapameTpUYHOIO MOILIYKY MNEPETHHY BiJIpi3Ka
31 CTOPOHAMU BIKHA IUISIXOM MOJAUTY BiJIpi3Ka MOro HABML.

2. Po3poOuTty anropuT™m BiJICIKAHHS BIJPI3KIB KUIBKOMa BIKHAMH, SKIIO
BiKHa MarOTh IIPIOPUTET.

3. Hanmcatu npouenypy uisi po3Mi3HaBaHHS OMYKJIMX MHOTOKYTHHKIB
HUISIXOM OOYHCIIEHHSI BEKTOPHUX JTI00YTKIB BEKTOPIB CTOPIH.

4. Jlns oaepkaHHs c(hepUIHOTO TPUKYTHHKA Ha cdepi OepyTh TPU TOUKHU
1 3’eqHyt0Th ayramu. OOYUCIUTH TOUKY NEPETHUHY MPOMEHs 31 cde-
PUYHUM TPUKYTHUKOM.

5. Po3poOuTty anropuT™M BHU3HAYEHHSI MEPETHHY MPOMEHS 3 MHOTOKYT-

HHUKOM B TPUBUMIPHOMY IIPOCTOPI.

Po3po0uTu asiropuT™™ BU3HAYEHHS HAJIEKHOCTI TOYKH MHOTOTPAHHUKY.

P03po0uTH TECT OMYKIIOCTI MPOCTOPOBOIO MHOTOKYTHHUKA.

8. Po3pobutu airoput™ aHaiizy ABIMKOBOTO koay B anroputmi Caszepie-
Hja-KoeHa m1st 3HaxoKeHHs pedpa, 110 epeTUHAETHCS 3 BiAPI3KOM.

9. Vszaranpautu anroput™m Cazepienga-Koena st 3D-nipoctopy.

10. V3araneautu anroputm Kipyca-beka niis TpuBUMIpHOTO BUIIAKY .

11.Po3po6uTu anropuTM reHepyBaHHs JOBUIHLHOTO MOJIITOHA.

12.Y3aranbHUTH TPOMEHEBUN TECT BU3HAYEHHS MPUHAJIEKHOCTI TOYKHU
MOJIITOHY Ha BUIAJIOK MPOMEHS 3 IOBUILHUM HanpsiMmom V.

13. MonudikyBatu Y X-airoputm ajisi NEPEBIPKU HAJICKHOCTI TOUYKH MOJITO-
HY.

14. Po3poOuTtu TeCT NePEeTUHY ABOX IIJIOCKHMX MHOTOKYTHHKIB.

15. Po3pobutu anroputm o0’ €AHAHHS OMYKJIUX MOJITOHIB.

16.Po3poOuTH anropuT™M BiACIKAHHS OMYKJIOTO/HEOMYKJIOrO IOJIroHa
niBmroniuHoo (puc. 9.5, a).

17.HaBecTu npukiaja BiACIKaHHS HEOIYKJIOIO MHOTOKYTHUKA 3 OTBOpaMU
IHIIMM HEOMYKJIMM MHOTOKYTHHUKOM 3 oTBOpoM. Ha npomy mpukiani
IPOUTIOCTPYBATH poOoTy anroputma Beitnepa-AzepToHa.

18.Po3poOuTn aiaropuTt™M po3pi3aHHS HEOIYKJIOr0 MHOTOKYTHHKA Ha
OMYKJII MHOTOKYTHHUKH, BUKOPHUCTOBYIOUH OIEpallii IOBOPOTY.

19. Po3pobuTu anropuT™ BiJICIKAHHS MHOTOKYTHOI 3ahapOoBaHoi 00J1acTi.

20.Po3pobutn mporpamy s BHKOHAHHS PI3HOMAHITHUX OiHapHHUX
ornepauniii HaJ MHOTOKYTHHKaMH, IO 3a/Jal0ThbCAd B IHTEPAKTUBHOMY
peXKUMI.

~N o
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Tema 10. dpakranu B koMn KOTepHiil rpadimi

10.1. ITonsTTa ppakTaia

[TonsTTa Ppakrana, ppakranbHOi reoMeTpii 3’ aBuiocs B KiHll 7/0-X pokiB
MUHYJIOTO CTOJITTS 1 CTAJO MIUPOKO 3aCTOCOBYBATHUCS MaTEMaTHUKaMHU 1 KOM-
I’ IOTEPHUMHU XYyJIOKHUKaMU. DpakTaii 3HANIUIA MIMPOKE 3aCTOCYBaHHS B
KOMIT IOTEpHIM Tpadimi 3aBISKHM KOMIAKTHOCTI MaTeMaTHUYHOTO amaparty,
HEOOXI1JTHOTO IS iX BIATBOPEHHS HA €KpaHi KOMII I0Tepa.

3a ocTaHHIi yac 3’ ABUIIOCS Oararo mpailk (0co0auBO Ha 3aX0/Ii), MPUCBSI-
yeHux (pakranam (Hampukian, [18, 20]). B mux nparsx BUBYAIOThCSA MaTeMa-
TUYHI OCHOBHM (PpakTaiB, a TaKOX HABOASATHCS OpUTiHAILHI TpacdidHi 300pa-
AKEHHS (PpakTaniB, OI€pKAHUX 32 JOIOMOTOK KOMIT FOTEPIB.

CnoBo ¢hpaxman noxXoauTh Bij JaTHHChKOro fractus i B mepekiaji o3Ha-
yae “CkiameHuit 13 ¢parmentiB’’. lleli TepMmiH 3ampoIOHOBAaHWM MaTEMaTH-
koM b. Mannens6poroM y 1975 p. 1i1st mo3HaYeHHS! CaMOTIOIOHUX CTPYKTYP.
[TonsTTs dpakrana sik MaTeMaTUYHOrO 00’ €KTa JOCI 3aJIMIIAETHCSI HEBU3HA-
YEeHUM — 3p00JICHO JIUIIIE OKpeMi cripoOu Bu3HauuTH ¢pakrai. [lepmia cripoda
0a3y€eThCs Ha TOIOJIOTIYHIA PO3MIPHOCTI MHOXKHH (TOYKa Ma€e po3MipHicTs 0,
miHisg — 1, mocka ¢irypa — po3MipHicTh 2). Dirypu 3 1poOd0BO0 PO3MIPHICTIO
OMUCYIOTh BJIACTUBOCTI (ppakTaiiB. AJie 1Ie¢ BUZHAUCHHS HE TOYHE, OCKUIbKU
TPaIUISIOThCS (PpakTalid 3 PO3MIPHICTIO 2. Y KOMIT IOTepHIM Tpadimi BHUKO-
PUCTOBYIOTH TaKe O3HAa4YeHHS (PpakTana.

Dpaxmanom, 3a Manoenbbpomom, HazuBaemMvcsl ceomempudna Qizypa,
KA CKIAOAEMbCA 3 YACMUH, KI 8 NeBHOM) PO3YMIHHI NOOIOHI 3a (hOpMOIO Ha
8cro ¢hicypy, mobmo ye ceomempuuna ¢hicypa, 8 aKii 00un i mou camuii ¢ppae-
MEHM NOBMOPIEMbCA NPU  KONCHOMY 3MeHuieHHi macuma6by (vacmuna
00’ ckma cxodxca Ha cam 00’ exkm).

XapakTepHOI pucoro (pakTaja € iHBapiaHTHICTH (CaMOIOIiOHICTh) Bif-
HOCHO MaciTaly, Hampukiaja, TIpChbKUW KaMiHb Ma€ Taki ) OOpHucCH, 5K 1
T1PCHKUM XpeOeT.

[cHyIOTE KOHCMpYKmMueHi (ceomempuuni) ma Ounamiuni (areedpaiuni)
¢paxmanu. Hailb1NIblll HAOUHUMHU € 2eomempuyuti ppaxkmanu, OCKUIbKU iXHS
dbopMa Moke OyTH OmucaHa SIK MOCJIIOBHICTh MPOCTUX I€OMETPUYHUX OTIle-
pauiid. Ha mimomuHi iX OTpUMyIOTh 3a JOMOMOTOKO JI€SIKO1 JIaMaHO1, sika Ha3u-
BAETHCS 2eHepamopoM. 3a OJIMH KPOK aJITOPUTMY KOXKEH 13 BIAPI3KIB JIAMAHOI
3aMIHIOETHCS HA JIJaMaHy-T€HepaTop y BIJMOBIIHOMY MaciiTabi. Y pe3yibTari
HECKIHYEHHOTO TMOBTOPEHHS KPOKIB I[LOTO aJTOPUTMY OJIEPKYEMO T'€OMET-
puunuii ¢pakran. Tomy anroputMu noOyAoBU (pakTaiiB B OUIBIIOCTI BU-
NaJKiB HOCSITh PEKYpCHUBHUI XapakTep. PeKypcHUBHICTH OOYMOBIIOE BIACTH-
BICTb caMono1i0HOCTI ¢pakTana. [Ipukinagom reomeTpuyHOro ppaxkTaia € Kpu-
Ba Koxa. [TociimoBni HaOmmkeHHs 10 dpakTana Koxa 300paxkeno Ha puc. 10.1.
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n=1
n=2
n=3
n=4

Puc. 10.1. ®paxran Koxa

[IpukiamomM KOHCTPYKTHUBHOTO (ppakTana Moxe OyTU JEpeBO, CTOBOYp
SKOTO PO3/IUICHUN Ha MEHIII TUIKK. Y CBOIO Yepry KOKHA 3 IIUX TUIOK JIIUTh-
cs Ha JIBl MeHIi i T.7. [IpakTHYHO MU 3yITIMHUMOCS Ha MIEBHOMY KpoIli (YSBHO
1[el MpoIeC MOXHA MPOJJIOBKUTHU JI0 HECKIHYeHHOCTI). Dirypa, 1o 3’ IBUThCS
B pe3yJIbTaTl X OIepaliil 1 € ¢ppakTalioM, B IKOMY KOXKHA HOTO YacTHHA y
CBOIO uepry nmoaioHa Ha Bech (paktain (puc. 10.2).

[Topsia 13 KOHCTPYKTUBHUMHU (ppakTanamu Oyiau BIAKPUTI MHOXHHH, CXO-
X1 Ha PpakTanu (BOHU MOXKYTh BOJIOITH MAacIITAOHOI IHBAPIaHTHICTIO JIUIIIC
HaOmKkeHo). Taki MHOXXWUHHM HAa3MBAIOThCS Ounamiynumu (anreOpaidHUMH)
¢pakranamu. Sk npaBuiio, BOHW BUHUKAIOTh Y HEIIHIMHUX JUCKPETHHUX JTMHA-
MIYHUX CUCTEMAX.

Sxio HemiHIAHA cucTeMa JOCUTh CKJIajHa, TO BOHA Y CBOEMY PO3BHUTKY
MPOXOJAUTH €TalM CTIMKOro 1 XaOTUYHOTO PO3BUTKY. HemiHiiiHI cucTeMH BO-
JOAIIOTh KUTBKOMAa CTIMKUMH cTaHamu (aTpaktopamu). IcHyroTh oO0macti
MOYATKOBUX JaHUX, 3 AKUX CUCTEMA MOTpaIuisie B 00JIaCTh IPUTITAHHS aTpak-
TOpa. 3aMalibOBYIOUU 00JIACTI MIPUTITAHHS PI3HUMH KOJIHLOPAMH, MOXKHA OTPH-
MaTH KOJIbOPOBUM (Pa30BUM MOPTPET I11€1 CHCTEMHU.

JuuamiuHi (ppakTanu ogHuM i3 nepuux onucas y 1918 p. ppaniy3pkuii
matematuk ['. XKynia. Ha Toit yac Oynu 1ie BiACyTHI 300pakeHHsT (hpaKTalib.
KoM’ roTepu 3po0uinu BUANMUM Te, 4oro He ysBisiiu B yacu XKymia. Kom-
1" FOTEPHI BI3yabHi PE3yJIbTaTH MEPEBEPIIN BC1 OUIKYBaHHS.
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Puc. 10.2. ®paxran ,,nepeBo”

10.2. KoHcTpyKTHBHI ppakTaiu

®pakTaniy, B AKUX (pparMeHTH NOBTOPIOIOTHCS MPH 3MEHILIEHHI MacliTa-
Oy, Ha3UBAIOTbCA KOHCMPYKMUSHUMU ppakmanamu. PoO3riisHEMO MaTeMaTHy-
Hi OCHOBH JICSIKUX KOHCTPYKTUBHUX (ppaKTaliB.

10.2.1. KpuBa Koxa

VY 1904 p. Kox noOyayBaB KpUBY, sika B KOXKH1{ TOYI[l HE Ma€ MOX1IHOI, a
caMa KpuBa 1 KOXKHa ii 4acTMHaA Mae HeckKiHYeHHYy aoBxuHy. Ha puc. 10.1
300paxkeHo HaOmmxkeHHs1 kKpuBoi Koxa. IloOyaoBy kpuBoi Koxa mounnaemo 3
B1/Ipi3Ka-OCHOBU. /I IIbOTO YCYBaEMO CEPEAHIO TPETH0 YaCTHUHY Bijapi3Ka 1
3aMIHIOEMO i1 Ha CTOPOHH PIBHOCTOPOHHBOI'O TPUKYTHHUKA. J{ani ynHUMO aHa-
JIOTIYHO 3 KOXHUM BijpizkoMm samanoi (puc. 10.1). KpuBy Koxa moxkemo
YSIBUTH SIK TPAHUITIO TAKUX OTEpaIliid.

Skio ocHOBa Mae OJAMHUYHY JOBXHUHY, TO JiamaHa mpu N = 1 ckiaja-
eTbes 3 4 BiapiskiB (koxxeH momkuHoro 1/3). [Ipu N = 2 oxepikyeMo J1lamaHy 3
16 Bizpi3KiB 3aranbpHOO OBXHHOIO 16/9 = (4/3)°.

Sk1o 3acTocyBaTy N = P MEPETBOPEHD /10 OCHOBHU, TO PE3yJbTaToM Oyie
namaHa, mo ckiuagaerbes 3 4° Binpiskis  mosxkunoro 1/3°. 3aransHa moBkuHA
iei mamanoi gopisuioe (4/3).

Skmo p opsMye 10 HECKIHYEHHOCTI, TO JIOBKMHA KOXKHOTO B1JIpi3Ka Ipsi-
MYye€ JI0 HyJIsl, a 3arajbHa JoBKnHA KpuBoi Koxa — mo HeckinueHHOCT. KpuBa
Koxa e oOpa3zom omumuumynoro Biapizka [0,1], a Oyap-sika yacTMHAa KpHBOI
Koxa — MiHIaTIOpHOIO KOMIEIO BCi€T KPUBO.

SIko 3a ocHOBY KpuBOi Koxa B3siTM CTOpPOHUM MPaBUILHOTO MHOTOKYT-
HUKA, TO MOXKHa OJIep)KaTh TapHi 300paxkeHHs (Bapialii Ha TeMy KpHBOI
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Koxa). Hammpukman, sIKio 3a OCHOBY B3ATH KBajpar, a K TeHepaTop — (par-
meHT Koxa, opieHTOBaHMI Ha30BHI KBajpaTa, TO oAepkUMO Qirypy (ocTpiB
Koxa), o 306pakena Ha puc. 10.3 (p = 4).

Puc. 10.3. OctpiB Koxa npu p = 4

PosrisiHemo 3araibHy cxemy MmoOy0BH Mo10HUX (paktamis. [Ipunycru-
MO, IO OCHOBA CKJIaaeTbcs 3 U BiApI3KIB, a (PparMeHT — i3 V BIAPI3KIB.
Bepivnu 11t OCHOBH 1 (pparMeHTa MOBUHHI OyTH 3ajJiaHi SIBHO, TOA1 MpH 3a-
JTAHOMY TIOPSIKY ampOKCHMAIli P 13 KOXKHOT'O BIJIpi3Ka OCHOBH OJICPIKYETHCS
namana 3 VP— 1 Bepmmnamu.
PosrnstHemMo fesiki BUMaaKH.
1. OcHOBOIO € KBaJpar 3 OJAMHHYHOIO JOBXKHHOK0. Binpizok [0, 1] 3aminro-
eTbess parmertom 3 npomibkaumu Toukamu (0,4; 0,2), (0,6; 0,2)
(puc. 10.4, a). Y pe3ynbTati MoCIiJOBHUX HAOIMKEHb OACPKUMO (Dpak-
TaJl, IKAW Ha3WBalOTh ocTpoBoM MinkoBcrkoro (puc. 10.4, 6).

_—\
n—

a

Puc. 10.4. OctpiB MinkoBcbkoro (p = 6)
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2. OCHOBOIO € KBaJIpaT 3 OAMHUYHUMHU CTOPOHAMH, (PparMeHTOM — JIamaHa
3 npomixkaumu Toukamu (0,47; 0), (0,5; 0,47), (0,53; 0) (puc. 10.5, a).
®dpakran (JibogoBUI KBagpat) 300paxkenuii Ha puc. 10.5, 6.

Puc. 10.5. JIromoBuii kBaapart (p = 4)
10.2.2. 3ipkoBi ¢ppaxrann

3ipkoBUi PpaKTa CKIAIAETHCS 3 I’ ATUKYTHOI 31pKHU Ta TIPJISIHAM 3 11 ATH
MEHIIIUX 31POK, a KOXKHaA 3 IT’SITH 31pOK Ma€ YOTUPH BUIBHUX KIHIII, HA SKUX Y
CBOIO YEPry, 3HAXOAATHCS IIe MEHII 31pKu. TeopeTuuHo el mpolec MOXKHa
IPOJIOBXKYBAaTU JO HECKIHYEHHOCTI — B PE3YJbTaTl OJEPKUMO 31PKOBUI
dpakran. 3agaBuiu eAKy KUIBKICTb KPOKIB P, OJIEPKYEMO HAOJIMKEHHS 31p-
koBoro (ppakrana. Ha puc. 10.6 300pakeH0 HAOMMKEHHS 31pKOBOTO (hpaKTaia
npu p = 2. BukoHaemo HyMepaliito BiJipi3kiB ¢ppakrana Bix 0 no 19.

3 13
5 15
6

14

16

Puc 10.6. 3ipkoBuii ppakran npu p = 2
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3ipkoBuil (pakTan MoOXHa MOOYAyBaTH SK 3aMKHEHY JIamMaHy JIiHIIO,
MOCJI1IOBHI BIJPI3KU K01 3aBXK/IU MEPETUHAIOTHCS M1 OJTHUM 1 TUM K€ KyTOM
a = 1 — (n/5) = 4n/5, ToMy 110 3ipKa € MPaBHILHOIO 1 i1 BHYTPIIIHIA KyT J0-
piBHIOE 7U/5. SIK110 TOUATKOBUH BiApi30K 13 HOMepoM N = 0 mae Hanpsm 6= 0,
TO BIIPI3OK 13 HOMEpoM N Mae Hampsm 6 = NnNa. OparmeHT ¢dpakraia
300pakenmii Ha puc. 10.7.
) [Ipn moOynoB1 31pKOBOrO (ppakransa Mu
MOBUHHI BPaXOBYBATU MPABUJIIO, 32 SIKUM BU3-
HAYae€ThCs JOBXKMHA N-TO BIApPi3Ka JaMaHoi,
SIKIITO B1JIOMA JIOBJKMHA TIEPIIOro Biapi3Ka.

3o0paxxenuit ¢pakran Ha puc. 10.6

CKJIQJIA€ThCA 3 BIAPI3KIB JBOX PI3HUX JIOB-
KUH. SIKIIO TIPUHHATH JOBXKUHY OUIBIIOTO
B1/Ipi3Ka 3a OJUHHUINIO, TO JIOBKHHA MEHIIIOTO
o JOpiBHIOBaTUME I , JIe I' — MOKa3HUK 3MEH-
menns (0 < r < 1). Hanpukian, Ha puc. 10.6
Puc. 10.7. Cxema mo6ymosn ¢ = 0,35. SIk Buano 3 puc. 10.6, Bimpisku 3
JTaMaHol Homepamu N = 0, 4, 8, 12, 16 maroTh oau-
HUYHY JOBXHUHY, a BIIPI3KUA 3 HOMEpaMH N =

1,2,3,5/6,7,9,10, 11, 13, 14, 15, 17, 18, 19 — noBxkuHy I.

Jlis 3ipkoBoro ¢pakrana npu p = 3 (puc. 10.8) mpaBuiio 10BXKHH TakKe:
n=0, 16, 32,...— noBxuHa 1;
n=4,8, 12, 20,...— noBxuHa r;
n=1,23,5,6,7,9, 10,11, 13, 14, 15,...— nopxuna r* = r"*,

OTxe, TOBXHHA BIJIpi3Ka 3 1HACKCOM N 3aJIEKUTh BiJ KIILKOCTI MHOX-
HUKIB 4 y uucii N. 3arajibHe MNPaBWIO JOBXKHH BiJPI3KIB JaMaHOi IS
JOBUILHOTO YHCJIa KPOKIB P Take:

SKIIIO HOMED BiJIpi3Ka N He Ma€ MHOKHHUKA 4, TO HOTO TOBXKMHA Pt ,
SKIIIO HOMED Bijipi3ka N Mae 1 MHOXHUK 4, TO HOro JOBKHUHA P2 ,

SKII0 HOMEpP Bifpi3ka N Mae xoua Ou P — 1 MHOXKHUKIB 4, TO JOBXHHA
BiJIpi3Ka JA0opiBHIOE 1.

VY 3arajbHOMY BHUIIQJIKy YMCIIO BiAPi3KIB 31pKOBOTr0 (hpakTaia 0OUUCIIO-
ebest 32 opmyioro (N + 1)N P ne N = 4. KinbkicTb Bigpi3kiB 3 0IHHIYHOIO
nosxuHoto 0yne N + 1.

Hanpukiaag, mpu p = 5 maemo 1280 = 5 x 4% — BinpiskiB namanof, 3 HEX 5
B1/IPi3KIB MalOTh OJIMHUYHY JIOBKHHY.

3ayBaxumo, 110 3HaueHHs N = 4 Mo)KHa 3aMiHUTH Ha JEsSKe 1HIIe YUCIIO0
1 TOAl, BU3HAUMBIIK BIAMOBIJIHWI KYyT, Ha SKUW MOBHWHHI MOBEPTATHUCS Bij-
PI3KH JJaMaHO1, MOKHa OyyBaTH i1HIII 31pKOBI1 (hpaKTay.
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Puc. 10.8. 3ipkoBuii ¢ppakran npu p = 3

BimoOpakeHHs1, 1110 OMKCY€E MOBOPOT TOUKH (X2, y2) Ha KyT o (IpOTH ro-
JTUHHUKOBOT CTPIJIKH) BiTHOCHO JOBLIBHOI TOYKH (X1, 1), Ma€ BUTJIS]
X3 = (X2 — X1)C0Sx — (Y2 — Y1)Sinex + Xy, (10.1)
Y3= (Xo— Xp)Sina + (y2—Yy1)CoSx + Y.

10.3. AHaJti3 KOHCTPYKTHUBHHUX (ppaKTaIiB

®pakTaau MOKHA BUSHAYUTH SIK MHOKWHH TOYOK 1HBap1aHTHUX BIJJHOCHO
NEPETBOPEHHSI MOBOPOT-CTUCK. Y MPOCTIIIOMY BUIAJKy CTHUCK — 1€ MACIII-
TaOHE 3MCHILIEHHS 3 MOBOPOTOM (a00 0e3 HBOTr0) i 3a1a€ThCS JIHIHHUM Bi100-
pakeHHsM muromnuaH (x, y) B (X', Y"), T0OTO

X" =ax+hby, Yy =cx+dy. (10.2)
Sxmro det(A) = ad — cb # 0, To neperBopenns (10.2) mae eguny Hepyxo-
my Touky O(0,0).

dpakTaad MOXKHA OJIEp)KATH B pe3yJIbTaTi epeTBOPEHb MOAI0OHOCTI — ITOBO-
poty 3i cTuckoM/po3TsroM. IToBOpoT 3i CTUCKOM — e JOOYTOK IePETBOPCHD
MIOBOPOTY Ta CTUCKY (IOPSIOK HE Ma€ 3Ha4eHHs). Po3TAryBaHHS/CTHCK Bij-
HOCHO MOYaTKy KOOpJuHAT (IEHTpaJbHE IMEPETBOPCHHS) 3a1a€Thes (popMyJia-
MH X = CX, Y = CY, a BITHOCHO TOYKH (Xo, Vo) — OpMyIamMu

X'=c(X—x0) +xo, Y =C(y—VYo)+Yo

IIpu ¢ > 1 maeMoO mepeTBOPEHHS PO3TATYBaHHS, IpH |C| < 1 — mepeTBOpeHHs
crucky (s ¢pakranis, sk npaswio, [C| < 1). I[Ipu ¢ = -1 — n3epkanbHe
BinoOpakeHHs (moBopot Ha 180°).

[TepeTBOpEeHHS TTOBOPOT-PO3TAT BIJHOCHO MOYATKYy KOOPJAWMHAT MAa€ BHUT-
asa X =ax — by, y'= by + ax, a BigHOCHO TOBIIEHOT TOYKH:
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X'=ax—-by+c, y'=ay+bx+d. (10.3)

Bemmunna Q = a” + b® xapakrepusye Bemmuuny postary. IIpu Q > 1 maemo
po3tsr, npu Q < 1 — cTuck.

[lepeTBOpeHHsI MOBOPOT-CTUCK 300pa-

Ya xkeHo Ha puc. 10.9. Sk mpukiag 3acrocy-

BaHHS MOBOPOTY-CTUCKY PO3IJISIHEMO KpH-

By JleBi, OCHOBOIO sIKO1 BUOHMpPAIOTH BiJIPi-

30k [0, 1], sx dparMeHT — jJamaHy 3 JBOX

Bi)lpiBKiB PoP>, P,P;, 1e P2(0,5, 0,5),

o F Po(0, 0), P1(1, 0)). Iepi kpoku nmoGymnoBn
> X kpuBoi JleBi mokazano Ha puc. 10.10, a.
Puc. 10.9. [TepetBopeHHs Habmmxenns ppakrana BU3BHAYa€THCS CBOi-

MU BEpUIMHAMH, TOMY IMOTPIOHO Ha KOXK-
HOMY KpOIll 3HAWTH BEPIIUHM JIAMaHOI 1
3’enHaTy iX npsamumu JiHismu (puc. 10.10, 6).

3 puc. 10.10, a BuaHo, mo npu modynoBi (pakrana JleBi GirypyroTs 1Ba
NEPETBOPEHHS MOBOPOTY-CTUCKY. [lepiie meperBopeHHs L mae LeHTp MOBO-
pory B Toumi (0, 0), kyr moBopory m/4, koebiuient crucky 1/2”. Jpyre
nepeTBopeHHs R mae nentp y touri (1, 0), kyr moBopory —n/4, koedilieHT
cruckyBanns 1/2”. Tlepersopenns L Ta R 3amaroThest BinmoBinao GopMmynamu
(BummBac 3 (10.1))

IMOBOPOT-CTUCK

L: x'= (X -Y)/2, R: X'=(x+y+1)/2,
y'=(y +x)/2, y'=(y —x +1)/2.

a 4]

Puc. 10.10. ®pakran Jlesi (n = 10)

Touku ¢pakrana JIeBi Ha KOKHOMY KpOIll P MOKHA OJIEpXKaTH, HaINpPUK-
nan, magaroud npaBy Touky (1,0) mocaigoBHOCTI neperBopens L ta R. SIkino
0o0MpaemMo JOBIIBHY TOUKY 13 (hpakTaja sSK MOYAaTKOBY 1 3IMCHIOEMO HaJl HEIO
neperBopeHHs L 1 R kijgbka pasiB, TO KUIBKICTh TOYOK Ha KOKHOMY KPOIIi TTOA-
BOIOETHCS 1 BCI ITEpallli, OTPUMaHIi 3 i€l TOYKH, TeX OyAyTh TOUKaMH (ppakTaa.
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Po3risiHeMo TyKi iepeTBOPEHHS.
L:x'=ax—-hby, R:xX=cx-dy+1l-c, (10.4)
y'=ay + bx, y'=cy+dx-1
[TeperBopenns (10.4) € YacCTUHHUM BHITaJKOM OLIBIII 3arajbHUX IIEPETBO-
penb noBopoty-cTucKy (10.3). IleperBopenns L — 1e moBOpOT-CTHCK BigHOC-
Ho Touku (0, 0) 3 koedimieHTOM (a2+b2)1/2, a R — moBoOpoOT-CTUCK BiTHOCHO
touxu (1, 0) 3 mokasuukom (¢ + d*)”
HaBenemMo KOHKPETHI MpHKIaau Takux (pakramis [20]:
a) a=d=0, b=c=0.7, p=17 (puc. 10.11, a);
0) a=b=0.6, c=0.53, d=0, p=18 (puc. 10.11, 6).

e
1l

s

-

Puc. 10.11. ®pakran, ogepkaHuii 3a JOMIOMOTOIO ITOBOPOTY-CTHUCKY

PosrnsHemo npukian ¢pakrtana, SKHA Mae BUTJISAA POCIUHHU (CTOBOYD i3
riikamu). Bci eneMeHTH pociuHu 300pa3uMo BiJIpi3kaMu MPSIMO.

Jl1s moyaTky iTepaliiil 3aa€Mo CTapTOB1 KOOpAUHATH BiJpizka. Hexaii e
OynyTth Touku Pi, P,. Ha koxxHoMy kpomi itepaiii OyaeMo po3paxoByBaTu
KOOpAMHATH 1HIKUX To4oK. CroyaTky 3HaiaeMo Touky P3— me touka P,, mo-
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BEpHyTa Ha KyT « BimHOCHO Touku P; (puc. 10.12). Ile mepeTBOpeHHS 3aia-
erbest popmynoro (10.1). V Bumagky o = 0 cToBOYp 1 TUIKH € TPSIMHUMHU.
[TotimM 3HaxoauMo TOuky P4, mo oxepxkyerscs 3 P3 3a jgomomororo mepert-
BOPEHHS CTHCKY BiTHOCHO TOYKH P; 3 koedirienTom ctucky 0 < k < 1.
Koopaunatu Touku P, 3HaxoAsThCcs 3a hopMyaMu
Xg = Xl(l - k) + X3k, Ya= yl(l — k) + y3k

I3 Touku P, OyyTh BUX0AUTH HOBI TUIKU. [ToOyayemo i rinku. s mpo-
ro CIOYaTKy 3HaxXoauMo Touky Ps 13 Bigpizka P3P, 3a gopMynamu CTUCKY
BITHOCHO JIOBIJILHOI TOYKH

X5 = X4(1 - kl) + X3k1, Y5 = y4(1 - kl) + y3k1 , 0< kl <1.

Kinmi riok (touku Pg P;) — 11e Touka Ps, moBepHyTa BiTHOCHO TOYKH P,

Ha KyTu [1—/L. IXHi KoopAnHATH 3HAX0AUMO 3a GopMyTaMu
X = (X5 — X4)COS L — (Y5— Ya)SINS +X4;
Y6 = (X5 — X4)SinS +(ys — Y4)COSS +Ya;
X7 = (X5 — X4)COS [ +(Y5— Ya)SINS +X4;
y7= = (Xs— Xa)SinS + (Y5 — Y4)COSS +Ya.

KpiMm po3paxyHKy OMOpPHUX TOYOK Ha KOXKHOMY KpOIll iTepailiii Oyaemo
pucyBatd oauH BiApizok PP, 3azHaumMmo, 1m0 B 3aleKHOCTI BiJl HOMEpa
1Teparlii MOHa 3MIHIOBaTH KOJIIp BiJipi3Ka 1 HOro TOBIIMHY, HAIIPUKIAI, MPO-
HOpIIHHO Horo AoBkuHI. Benwunnu o, f, K, K1 € koHcTaHTamu, sKi BU3HA-
Yar0Th BUIIILA (bpakTaa B oMy (puc. 10.13).

AnroputMm oOyJI0BU (ppaKTaja MOXKHA 3allUCATH y BUIJISII TaKO1 peKyp-
cUBHOI mporeaypu branch [5].

branch (x1, y1, X2, y2, num)

noYamox

saxuo {(num = 0) U (x1 - x2)* + (y1 — y2)* > lpin} mo

{o6uncmoeMo KoopauHATH TOYOK P3 — P7}:

X3:= (x2 — x1)*cosa. — (Y2 — yl)*sina + x1;

y3:= (X2 = x1)*sina + (y2 — yl)*cosa + y1;

x4:= (1 — K)*x1 + k*x3; // Touku posranyxeHHs

y4:= (1 -k)*yl + k*y3;

x5:= (1 — k1)*x3 + k1*x4;

y5:= (1 - k1)*y3 + kl1*y4;

X6:= (X5 — x4)*cosP — (y5 — y4)*sinp + x4; // BepumHu rinok

y6:= (X5 — x4)*sinf + (y5 — y4)*cosp + y4;

X7:= (X5 — x4)*cosf + (y5 — y4)*sinf + x4;

y7:= —(x5 — x4)*sinf + (y5 — y4)*cosp + y4;

line (X1, y1, x4, y4); /| pucyBanHs niHii-cToBOypa

branch (x4, y4, x3, y3, num); // nponoB:keHHs CTOBOYpa
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branch (x4, y4, x6, y6, num — 1); // npaBa rinka
branch (x4, y4, X7, y7, num — 1); // niBa rinka
KiHeyb.

P1

Puc. 10.12. Cxema ¢pakrana Puc. 10.13. ®pakran ,,riska nanopori”

TyT 3HaueHHS NUM MoKa3ye CTyHiHb JeTamizaii @paktana. OAuH UK
iTepallii MiCTUTh OaraTo KpokiB, 110 BiAMNOBIAa€ OJHOMY 3Ha4Y€HHIO NUM. Yuc-
JIOBE 3HAYEHHSI NUM BUKOPUCTOBYETHCS JUIsl 3YIIUHKU 1TEPALIHHOTO MPOLIECY 1
JUTsl BUBHAUEHHSI TIOTOYHOTO KOJIbOPY €JIEMEHTIB POCIWH Ta iX TOBUIMHU. B
JAHOMY aJICOPUTM1 3aBEPILICHHS LMKJIB i1Tepalii BiIOyBa€eThCsA 1€ 1 TOAI,
KOJIV JIOBXKWHA T1JIKK CTa€ MEHIIIOK BiJ| IEAKOI BETHMUUHU |min.

HaBenenuii Metoj; reHepyBaHHs (DpaKkTaliB Ha3UBAETHCS MEMOOOM CUC-
mem imepamuenux @yuxyiu (IFS). Meron IFS 3’sBuscs B cepenuni 80-x pokis
SIK TIPOCTUM 3aci0 ofiepskaHHs (PpaKTaNbHUX CTPYKTYpP. TyT KOOpJAMHATH HOBHUX
TOUYOK (ppaKTaja 3HaXOAAThCs 3a (popMyIamu

Xir1= F1(Xk, Vi), V1= F2(Xk, Vi),
ne F1, Fo— @yHkii nepeTBOpeHHs KOOpAWHAT, HApUKiIa ]l aQiHHI IEPETBOPEHHSI.

Leii MeTO1 BUKOPUCTOBYETHCSA HE TIIBKH JUIsl CTBOPEHHS 300paKEHb, aje
U s epeKTUBHOrOo CTUCKY rpadiuHoi 1HPopMalii npu 3amuct y daiiiu,
OCKUTbKHM CKJIaJHI 300pakeHHsS ((pakTaiu) OJepKYIOThCS 3a JOIOMOIOI)
MIPOCTHX ITEpalliid, a OIUC 1Tepalliii BUMarae 3HaYHO MEHIIIOr0 O0CATY mam’ sITi.

O1xe, 11 KOAYyBaHHS 300pakKeHb HEOOX1JHO PO3B’sA3yBaTH OOEPHEHY 3a-
nauy. Jlig rpadgigyHoro 300pakeHHsl HEOOX1AHO MiAIOpaTH KoediuieHTH adiH-

194



HOTO mepeTBopeHHs. Llell MeToa BUKOPUCTOBYETHCS ISl 3aMUCY KOJIbOPOBUX
doTorpadiii y ¢aiiau 31 CTUCKYBAaHHAM B COTHI pa3iB 0e3 MOMITHOI BTpaTu
SAKOCT1 300pa’KEeHHS.

10.4. Ilunamiuni ppaxranu

Buiiie Mu po3risiiany KOHCTPYKTUBHI pakTaiu, 1jisi HoOyA0BH SIKUX BH-
KOPUCTOBYBAJIUCS JIiHIMHI JIBOBUMIPHI BiJIOOpa’KEeHHSI.

JI1s yTBOpEeHHS NMHAMIYHUX (DpaKTaliB BUKOPUCTOBYIOTH HEIIHIMHI Bi-
noOpaxeHHs, SKi HaJleXaTh J0 AUCKPETHUX JTUHAMIYHUX CUCTEM, TOMY Haja-
a1 OyJeMO KOpUCTYBAaTHUCS TEPMIHOJIOTIEI0 JTUHAMIYHUX CcUCTeM: (pa3oBuid
MOPTPET, aTpakToOp Toilo. Bigomo, 1m0 HemiHiiHI AUHAMIYHI CUCTEMH BOJIO-
JIIOTh KUIbKOMA CTIMKMMM CTaHaMH, a0o, SIK KaXyTh, aTpaKTOpaMu, IPUIOMY
KOXKHMM CTIMKMM CTaH Mae€ JAesKy O0O0JIaCTh IMOYaTKOBUX CTaHIB, 3 SKUX
CUCTEMa MOTpaIUIsie B 11 CTIHKI cTaHH, TOOTO (Pa3oBUiA MPOCTIP pO3OUBAETHCS
Ha 00JIacTi MPUTIATYBaHHS aTpakTopiB (OaceiitHn aTpakTopiB). Skio ¢azoBuii
IpOCTip JIBOBUMIpHUH, TO, 3adapOoBytoun 00JaCTI NPUTITYBAHHS PI3HUMU
KOJIbOPaMH, MOKHA OJEpP>KaTU KOJIHOPOBHUM (Da30BUN MOPTPET 1i€1 CUCTEMHU.
3MIHIOIOYH aJITOPUTM BHOOPY KOJILOPY, OTPUMYEMO CKIIaTHI (PpaKTaabHI
CTPYKTYpH 3 HaJ3BUYaWHMMHU BI3epyHKaMH. AJle aHali3 HEIIHIMHUX
BiTOOpaKeHb CYNPOBOIKYETHCS 3HAYHUMHU TPYIHOIIAMU (IIe TIOMITHO HaBiTh
Ha MPUKJIaJl MPOCTIIIMX HEJIHIHHUX BiIOOPasKEHB).

OHOBUMIpPHI KOMILUIEKCHI B1JIOOPa’KEHHS MOPOKYIOTh HANMOUIBII TTOMY-
aspHi ¢paktanu XKymia, Mangens0pora, HptoTtoHa Ta iH., sIKi MOXKHa 1O0Y-
JyBaTH 3a JIONIOMOTOI0 MPUMITUBHUX aJITOPUTMIB.

V¥ 1918 p. I'acton XKymnia ony0nikyBaB MeMyapH PO KOMILIEKCHI B1J100-
paKeHHs, aje OCKUIbKH B 1[I poOOTI OyJM BiJICYyTHI 300pa)KeHHs, TO poOoTa
JKyia maifke mBCTOJITTS HE BUKOPUCTOBYBaJIACs.

3a ocTaHH1 POKHU 1HTEpEC A0 TaKUX BIAOOpakeHb 3pic, 3aBASKH, 30KpEMa,
KpacuBuM rpadiuHuM 300paxeHHsM MHOXKUH JKyiia, mo0y1oBaHUX 3a JOMO-
MOT'0I0 IPUMITUBHHUX aJITOPUTMIB.

10.4.1. Muoxunu Kyaia i MangeanOpora

Muoxxunan Xymia o1epKyrThes 3a GopMyIToro
Zos1= 22 +¢,k=0,1,2, o, (Z=x+1y, c=a+ib, i=V-1),
ne Zo # 0 — pi3Hl TOouku KoMIUIekcHOi TuiommHU C, ¢ — nedka ¢ikcoBaHa
KOMITJIEKCHA TOYKa.
®pakran MaHaenb0poTa OJepKY€EThCS 3a IIE€I0 K 1TepariiiHo (Gopmy-
JOI0 Z, + 1 = ZK2 + ¢, k=01, 2, ..., ane 3 GIKCOBaHUM ITOYATKOBUM

3HaueHHIM Zp = 0 1 npu pi3Hux 3HaueHHsAX C € C. Tyt itepallii BUKOHYIOThCS
IUISE KOKHOI CTapTOBOi TOYKM C MPSAMOKYTHOI ab00 KBaJpaTHOi 0O0JIACTI.
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[TpudomMy cTapTOBi 3HaYEHHS KOOPJIWHAT TOYKH ¢ — II¢ KOOPJAWHATH TOYKH
300paKeHHS.

J1J1st 3py4HOCTI 3anuIIeMo iTepaiiitdi GopMyn y BUTIISIIIL

z.+1=1z), x=0,1,2, ...,
ne f: C — C — moniHoM crereHs N > 2.

To3uaunmo uepes f* k-Ty itepauito ¢pyukwuii f, To6To f* = f(f(...(f(2)))).
Sxmo f(w) = @, To ToUuKa @ HA3UBAETHCS HEPYXOMOKO TOUKOO BijoOpakeHHs f.
Skmo fP(w) = w, p > 1, To TOUKa @ HA3UBAECTLCSA MEPIOIUYHOKO TOYKOK Bi-
nobpaxenns f. Haiimernme p, take, mo f °(w) = @, HasmBacThCs mepiogom
Touku @. Muoxuny touox {m, f(@), f {(®), ..., f "(»)} HasuBaroTh OpGiTOIO
nepioay p.

Hexali @ — nepioguuna touka nepioxy p 3 (f°(w))’ = A (rpux mosnauac
KOMIUIEKCHE audepeHIitoBaHHs), Toal Touka @ (abo opOiTa mepiomy pP) Ha3H-
Ba€ThCs MPUTATYBalbHOO, K10 0 < || < 1; ingudepentHoto, ko |A| = 1;
BIJIIITOBXYBAJIBHOIO, KO |4 > 1.

Muosxuna Xymia J(f) BusHauaeThcst sIK 3aMUKAHHS MHOXKHHH BiJIITOB-
XYBaJIbHUX TEPIOAMYHHX TO4YOK BimoOpakenHs f. JloBemeHo, 10 MHOXXHMHA
Kymnia J(f) e inBapianTHOIO MHOXXKHMHOIO 1151 BimoOpakeHHs f Ta obepHeHOTO
Bimobpaxkenus ', to6ro J = f(J) = f *(J) i MHOXmMHA J HemopoxHs Ta
KOMITaKTHA. binbire toro, irepamii f moBoasThes xaoTuuHo Ha J 1 J, sk mpa-
BUJIO, € ()paKkTaIoM.

. o . p
PosristHemo mpocrimmii Bunanok, koiau f(z) = 22 Tom f P(2) = 72
[TepioauuHi TOUKM TIEpioAy p BimoOpakeHHs f BU3HAYAIOTHCS 3 PIBHAHHS

22" = 7, a60 2(z2' - 1) = 0.

Touku @, 10 € KOPEHAMH PIBHSIHHS 22" = 1, BusHavaOTbCA 3a bopmy-
11010 MyaBpa i 1exarth Ha OMMHUYHOMY Kouli, mpudomy B nux Toukax |(f°(w))’|
= 2P > 1. OueBnano, mo iteparii f “(z) sammarorscst Ha J(f), SIKIIO TOUKH Z
6paru Ha ko |z| = 1, To6to J = f(J) = f (J). Sxwo |z| < 1, To F¥z) — 0 npu
k—>o0i fz) > oo mpu k — oo, sixmo |z| > 1.

Takum umaoM, mHOXHWHa Kymia J(f) — e komo ommHHMYHOTO pajiyca
lzZl = 1 (B upomy ocoOsmBomy Bumnaaky J(f) € BupomkeHuM dpakTamom
(puc. 10.14, a). MuoxwuHa XXyJsia € rpaHUIICI0 MK MHOXXKHHAMH TOYOK Z, iTe-
pallii AKUX NPSIMYIOTh JI0 HYJIS 1 10 HECKIHUYEHHOCTI.

Sxmo posrsiaatu dyrkuito f(z) = 22 + C, 16 C — HEBEINKE KOMILICKCHE
4ncIIo, TO Bee sk Taky wie f(z) — @ npu k — oo, siKimo |z| moctaTHbO Maii, a @
— HepyxoMma Touka, Oym3bka j0 Hyid, 1 f k(Z) — 0, SKIIO |C| mOCTaTHBLO
Benuke. Omke, MHOXHUHA JKyJTia — 11e TpaHuIlsd MK JBOMA THUIIAMU TOBEIIHKH,
Tenep J Bke € ppakTajaoM, CXeMaTHIHo 300paxkeHnM Ha puc. 10.14, 6.
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Puc. 10.14. Muoxwunu Xymia:a—-c=0;6—-c#0
10.4.2. ®pakraau Kyiia

Sx Bimomo, ¢paktanu XKynia Ha MHOXKHHI KOMIJIEKCHUX YHUCEN OMUCY-
. 2 : :
I0ThCSI PEKYPEHTHHUM CITIBBIIHOIICHHSM Z; +1 = £, + C, sIKE MiCIS BUIUICHHS
JIMCHOI Ta ySIBHOI YaCTUH NMEPENUIIEThCA Y BUIIISII
2 2
X1 =X . —Y.+4a,

K+

yK+l = 2XKyK + b’

Ile BimoOpakeHHs MpH pi3HUX A 1 b 1ae MHOXHMHY (ppakTaiiB, AKi BiMIO-
BimaroTh MHOXHHI XKymia J(a, b). Muoxuna XXynia J(a, b) — me rpanuns
o0iacTi MPUTATYBAaHHS 10 HecKiHueHHOCTI. OueBuano, mpu a = 0, b = 0
MHOHHa JKyitia — 11e Kojio OIMHUYHOTO pajiyca. [Ipu manux a, b MHOXHMHA
J(a, b) Bxke He mae dopmu Koia i, K IpaBUiIo, € (ppakramsoM. MHOKHHA
J(a, b) npu BigoOpaxenni (10.5) nepexoauts y camy mHOokuHy J(a, b).

3 dopmynu (10.5) BumHO, mo dpakranmm XKymia cuMeTpu4Hi BiJHOCHO
HIOYaTKy KOOPAMHAT, a AKimo b = 0, To BOHW CUMETPUYHI BiTHOCHO JABOX OCEH
(uie#t akT NOTPiIOHO BUKOPUCTATH MPH HAITUCAHHI MPOTpam).

®paktanu XKymaia gaoTe 6arato 4yoBuX rpadidyHux 300pakeHb, 0C00-
JIMBO KOJIM BECTU MOOYI0BY KOJIBOPOBHUX 300paxkeHb. [Ipu moOy10B1 KOJIBOPO-
BUX (ppakTaniB BUKOPUCTOBYETHCS YMOBa HAOJIMKEHHSI OpOITH 10 aTpaKTopa
(mns dppaxranis XKyimia — 10 HECKIHYEHHOCT).

Konip K0XHOT TOUKM Ha €KpaHi BU3HAYA€ThCA KIIBKICTIO iTepalliil, moT-
piOHUX OpOITi, 100 HAOIU3UTHUCS A0 aTpakTopa. SKiio BUKOpUCTOBYBaTHU 16
KOJIbOPIB, TO HOMEP KOJhOPY MOKHA BH3HAYATH, HANPHUKIAA 3a GopmyJior K
mod 16, 1e K — KiJIbKICTh MPOBEJCHUX ITepalliil.

OckulbKky JUisi HAOJIMKEHHS 10 aTpakTopa opOiTi Moxke OyTH moTpiOHA
BEJIMKA KUIBKICTh 1TEpalliii, TO B Mporpami HEOOX1IHO 3aJaTH JesKe TPaHUYHE
3HAYCHHS KUIBKOCTI iTepamiii Kmax, TIPU SKOMYy BBa)kaemo, II0 opOiTa mifdi-

k=0,1,2, ... (10.5)
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flia 10 aTpakTopa. Y MOBOIO TOTO, 110 OpOiTa MpSMYy€ A0 HECKIHYEHHOCTI, €
BUKOHAHHS HEPIBHOCTI X. + Y > 4 1ipu K < Kipax.

Puc. 10.15. ®pakran XKymia

Skmo npu K = Knax X2 +Y, < 4 (opbira He MOKMIAEe KPYr 3a MAKCH-
MaJbHYy KUIBKICTB 1T€palliii), TO TOUKa Zy = Xo + 1Yo HajmexuTh MHOXKUHI JKyiia
(3adapOoByemo B wopHHUi Kodip). [k iTepaniii st ppakrana MOKHA BUKO-
HYBaTHU )1 HEBEJIMKHUX Xo Ta Yo, HaOpuKIad, Xo € [-2,2; 1], Yo € [-1,2; 1,2];
K mapaMmeTpu a, b moxna B3satu 1) a = — 0,22; b = — 0,74 (puc. 10.15);
2) a =011, b = 0,66. [lng Toro, mo0O oTpuMaTd 300pa)KCHHS B PaCTpi,
HEO0OX1JHO MepepaxoByBaTH KOOPJAUHATH Xo, Yo B MIKCEJIbHI.

10.4.3. ®@pakraan Manjaean0pora

@pakranu JKymia OyBaiOTh 3B’SI3HI Ta HE3B s3HI. B IHIIOMY BUMNAIKY
dbpakran Kymia sBise co00I0 HE3UUCICHHY MHOXHMHY JIUCKPETHUX TOYOK

(bpakramu Takoro THIy Ha3uBalOTh “‘mopox dary” — 3a iM’sIM MaTeMaTHKa
dary).
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Axmo dpaxTan 3B’ I3HUM, TO BiH CKJIAJAETHCS 3 HA0OPY JiHIN, 1HKOJIH — 3
OJIHI€1 3aMKHEHOI KpPHUBOI, IHKOJIM — 3 METENIb YCEPEAUHI MeTeNb TOMIO. 3B’ 53~
HiCTh s (pakTamiB JKyiia 3ajeXuTh BijJ 3HaYeHb mapameTpiB a, b. Man-
JeIBOPOT yKa3aB, SK 3HAWTH MHOXXHHY IapaMmeTpiB Ha muromuHi (a, b), mis
skux ppakran XKymia 3B’ s13Huid. Kimrou 115 Takoi mepeBipku TakUii: MTOTPIOHO
IEPEeBIpUTH, YK OpOiTa, IO BUXOJUTH 13 ToukH (a, b), mpsmye 10 HeckiHUCH-
HOCTI. SIKII0 111 0pOiTa mpsIMy€e 10 HeCKiHYeHHOCTI, To J(a, b) — He3B  a3HuiA.

MHoxuHa BCiX To4ok (a, b), mis skux opOita HE MPSIMy€e J0 HECKiH-
YEHHOCTI, CKJIaJja€ MHOXXKUHY MaH1ea0poTa, To0To Touka c=a+ih Halle:)KUuTh
MHOkUHI Mannens0pora TOJI 1 TUIBKA TOJ1, KOJU YCl TOYKH PEKYpPEHTHOI
MOCIIOBHOCTI Zk+1 = Z2+C CKIHYEHHI W yTBOPIOIOTH 301KHY IOCIIJOBHICTb.

OpnHak He icHye TTpocToi GopMyJiH, sika O J03BOJIMIIA BU3HAUUTH HAJICKHICTh
TOYKU ¢ MHOXUHI Manaens0porta. €auHuil cnocid MepeBIpKU — 1€ BHUKO-
HaHHS iTeparii. SAkmo 3agapOoByBaTH TOUKH ¢ y 3aJIEKHOCTI BiJ KIJIBKOCTI
iTeparliif, To oJepxkuMo 300paxkeHHs PppakrtaiaiB Manuenb0opora.

I'padiuna iHTEepHpeTaliss MHOXKUHN MaH1e1p0poTa TUBOBH)KHO KpacHuBa 1
OararoManiTHa. ['panuiiero 1iei MHOXKUHU € (ppakTan MannensOporta, 60 B
IpaHUIll MPUCYTHI (hparMeHTH, 1MoAiI0HI 10 ycboro ¢pakrana (puc. 10.16).

st moOynoBu (pakrtaniB MaHnens0poTa Ha €KpaHi JIUCIUIeS 3aJaMo
npsIMOKYTHHK (2N + 1) x (2m + 1) mikcemiB. KoxkHuii miKkcenb BiAIoOBigae mapi
3HadeHb (@, b). o6 oxepkatn MHOXHMHY MaHiea,0poTa, BHOUPAEMO 3HA-
yeHus (@, b) rak, mob a € [-2,5; 1,5], b € [-2, 2]. CrapToBi 3naucHus a, b —
ne koopauHatu 300paxkeHHs. [l[o0 oxepkaTu pacTpoBe 300pakeHHS Ha
CKpaHi, HEOOXiHO MmepepaxyBaTtu KoopauHaTH (@, D) y mKcelbHI KOpAUHATH.
Jlami migiOpani 3HaYeHHd (@, D) 11 KO)KHOTO MiKCcells MepeBipsIeEMO Ha YMOBY,
gy itepamiiauii mpomec (10.5) i3 BUOpaHKMH ITOYaTKOBHUMH 3HAUYCHHSIMH Xo =
a, Yo = b mpsiMye 10 HECKIHYEHHOCT!.

SIKII0 3a MaKCHMaJIbHY KUIBKICTB iTepamii Kyax (Kmax BUOMpaemo 3a3za-
nerinp) op6ita He 3anumae kpyra X + Y < 4, o Touka (a, b) HanexuTH MHO-
#uH1 Mannensopora. Ha expani 1i Touku 3agapOoBye€MO YHOPHUM KOJILOPOM.

Sxmio 3a K itepamiit, ne K < Knax, op0iTa, mo Buxoauth 3 Touku (a, b),
MOKHUIA€ YKa3aHUU KPYT, TO BBAXKAEMO, 1110 BOHA TPSIMYE JI0 HECKIHYCHHOCTI.
[HIIMMH cI0BaMH, SKIIO IPH ACIKOMY K BUKOHYETHCS HEPIBHICTB |Zy| > Imin,
1€ Imin = 2 — MiHIMaJIbHUHN pajlyc po301>KHOCTI MHOXKMHU MaHens0poTa, To
TOCITiIOBHICTh PO36iraeThes (klim‘zk‘zoo). Lleit (pakT MaTeMaTHYHO CTPOTO

—>0

JIOBEJICHUN.
Komnip Touku (@, b) BuOupaemo, Hanpukian, 3a ¢Gopmyiaorw k mod 256,
SKIIO0 BUKOPUCTOBYEMO 256 KOJIbOPIB, 200 MIJISXOM 3aJJaHHS MaITPH.
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ae [-2,4,;0,8], be [-1,2;1,2]
Puc. 10.16. ®pakran Mannens6pora

3aysaoicenns. SIkmo koxHii Toumi (@, D) mMoOCTaBUTH Yy BIAOBIIHICTH

KIJIBKICTh iTepanii K, To onepxxumo pyHkiiro K = @ (a, b) i Toxai moxna mo0y-

nyBaTU 00’€MHE 300pakeHHSI MHOXMHU MaHaenb0poTa, sike BUIJISIaTUME
SK TIpChbKa CKaJjia, BOJAOCHA ] UM TpchKa rnevepa Tolo.
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10.4.4. ®pakTaau HoloToHa

JIiist 3HaXOKEHHS KOMIUIEKCHUX KOpEHIB HeqiHiitHoro piBHSHHSA f(Z) = 0
MO’KHA BUKOPHUCTOBYBATH alroput™M HbIOTOHA, SIKU Ma€ BHUIJISI

Zc+1=2.-1(z)/t'(z), x=0,1,2, ... (10.6)
Sxmo Baayno migiopatu Zp, TO 3a JIOMOMOTOI0 MONEPEeaHbOI GopMynu oaep-
AKY€EMO MOCHIAOBHICTD Zo, Z1, Z2, ..., 5IKa 301ra€ThCsl 10 KOPEHS PiIBHSIHHSL.
Sxmo 3a f(z) B3 mominom z " — @, To (10.6) MaTuMe BUIIIAL
(n-1)z" +a
Zevr=" o, k=0,1,2,. (10.7)

K

[TinOuparoyn MovaTKOBE 3HAYEHHS Zy, MOXKHA 3HAXOJUTH Na. Kpim 1poro,
BiflOMO, 0 piBHAHHA Z = @ Mac N KOPEHiB, PO3MIIIEHNX HA KOJI PaaiycoM

2r
/a i3 xyToBuM iHTEpBaTOM o K1 OOUYMCITIOIOTHCS 32 POPMYJIOHO

Zov1 = Q/E(COSZK—”Hsin Zkﬂj, k=0,1,...,n-1.
n n

Kopeni %a e crifikumu HEpyXOMHUMH TOUKamHu BimoOpakenHus (10.7).

OcHoBHa nipo0neMa B 3acTocyBaHHI MeToAy HproToHa 1moB’g3aHa 3 BUOO-
POM NOYATKOBOTO HaOIMKeHHs. {151 1boro noTpioHO BKa3aTu 00J1acTi IPUTSI-
I'yBaHHS HEpyXOMHX TOYOK BimoOpakeHHs (10.7). I'panuis obmacTeit mpurs-
TYBaHHS PI3HUX KOPEHIB Mae (pakTajibHy CTpyKTypy. [loOynoBa dpaxranis
HproTona Ha KoMmm’roTepi aHanoriuHa nmoOyAoBi (pakrtaniB ManaenbOpora.
Hanpuknan, npu a = 1 BuOMpaeMo MHOKHHY TIOYaTKOBUX TOUOK Zg €[-2, 2] x
[-2, 2]. Hami ams KOKHOTO TIKCeNs €KpaHa IiJIOMpaeMo 3HAuYeHHS Zo 1
MepeBIpsAeEMO, Yl OpOiTa, 0 BUXOJAUTH 3 TOYKH Zy, HAOIMKAETHCS OO HEPY-
XOMHX TOYOK (KOpPEHIB PIBHSAHHS). YMOBOIO NPUIMHCHHS MUKy ITepariii €
HAONMXKEHHS 3Ha4eHb |2" — 1| mo myns (mampuknan, |2° — 1| < 0,01) a6o mpu
nocsaraeHHi K = Kiax.

IIpu a=1,n=3 popmynu (10.7) HaOyBarOTh BULIISAY

27° +1
Zer1= T2 k=0,1,2,
x

BinokpemuBiiu I[iﬁCHy Ta y}IBHy YaCTUHH, OJICPIKYEMO
Y, 2 X

X 1—_ 1:_yK1_—K.
o 3(X +y: ) Yer1= 3 (xf+yf)2
[Tikcenp, 110 BiAMOBiIae 3HaUEHHIO (X, Yk), 3adapoboByemo B kojip kK mod
256, ne k — HOMep iTeparlii, MOYHMHAIOYH 3 SKOI'O, BUKOHYETHCS HEPIBHICTH

|z, —1|<0,01.
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OTxe, MOJICTIIOBaHHS 1TepallifHUX MPOIECIB 00YHCIIIOBAIbHOI MaTeMaTH-
KU TIPAKTUYHO JOBEJO (PpaKTAIBbHICTh 00acTeil 301KHOCTI iTepaliii 10 Kope-
HIB HEJIIHITHUX PIBHSHb.
MoskHa npuayMatu 0araTo 1HIIUX 1TepalliHUX MPOIEAYP BUTIISILY
Z.+1=F(z,c), k=0,1,2, ...,
10 MOPOJIKYIOTh PI3HOMAaHITHI (PpaKkTaIbH1 300pa’KEHHS.

10.5. 3acTocyBanHs (ppakrTaiB

3a octanH1 20 pokiB ()pakTanu CTad JOCUTh MOMYJSIpHUMHU. BoHu 3Ha-
XOJIATh IIMPOKE 3aCTOCYBaHHS B Oaratbox obOnactsx KI', Hampukian y kom-
I I0TEpHOMY Ju3aiiHi. @pakTajibHa T€OMETPisi BUKOPUCTOBYETHCSA TMPU MOJIE-
JIFOBaHHI MPUPOJIHIX SBHIILI, P BUBUEHHI HETTHIMHUX JUHAMIYHUX CUCTEM, ITPU
o0poO11i Ta Kiacudikaiii CUrHaIIB CKIAAHOI (POpMH, MPU aHaATI31 KOJMBAHHS
Kypcy BaitoT. dpakrany 3aCTOCOBYIOThCA Y (Pi3UIll TBEPAOTO Tijla, €JIEKTPO-
HiIll, Qi3HIN CYIUIBHUX cepeloBHUI (Tak 3’sBUIIACS TeOpis PpaKTaIbHUX Tpi-
II1H).

CtpykTypH, 110 CXO0XI1 Ha (ppakTaiu, MOKHA 3HAUTU B HABKOJIUIIIHbOMY
CEPEIOBHIIII: KOHTYpPH XMap, KOHTYPH MOPCHKUX OeperiB, TypOyJIeHTHI OTO-
KM B pIIMHAX, TPIIIMHU B MOPOAAX, 300paKEHHS CTPYKTYp NESIKUX PEUOBHH,
OTPUMAHI T1J MIKPOCKONOM ToIlO. PpakTaau ONUCYIOTh NpUPOIHI (hopMu
OLTBII BUTOHYEHO 1 TOYHIIIE, HI)K 00’ €KTHU €BKJI1JIOBOI T€OMETPII.

OcTaHHIM 4YacoM METOJU ITepaTUBHUX (YHKIIIN 3aCTOCOBYIOTHCS HE
TUIBKU JIJI1 CTBOPEHHS 300pakeHb, ajie ¥ JJ1s1 e(PEeKTUBHOTO CTUCKY Tpadid-
HUX 300pakeHb NpH 3anuci y ¢ainu. [nes dpakTalbHOr0 CTUCKY MOJSATAE B
TOMY, IO B TpadiyHOMYy 300pa)k€HH1 3HAXOAATh MOAIOHI 00JyiacTi 1 30epi-
ratotb y ¢aiiai TUbKH KoeilieHTH nepeTBopeHHs noaioHocti. [lpu mpomy
HEO0OX1HO pO3B’sA3yBaTh OOCpPHEHY 3ajauy. sl 300pakeHHs MiaiopaTyu Koe-
¢lLieHTH TIEPETBOPEHHS, alie mpodyemMa Mojisra€e B TOMY, 11O JIOCUTh BaXKO
3HANTH 11l IEPETBOPECHHSI.

I'padiuni 300pakeHHS KOAYIOTHCS KUIbKOMA IPOCTUMU IE€PETBOPEH-
HSIMH, TOOTO KoedillieHTaMu LUX NepeTBopeHb. Hanpukian, axuo aeske 300-
paXXEHHS 3aKOy€MO BOMa a)iHHUMU NMEPETBOPEHHAMU BUTIISITY

X'=ax+by+c, y =dx+ey+f,
TO MU HOT'0 MOKEMO OJIHO3HAYHO BH3HAYMUTH 3a JIOMTOMOT0r0 12 KoediIieHTIB.

Taki Meroau ctucky rpadiyHoi iHpopmMallli Ha3UBalTh METoAaMu (pak-
TaJbHOTO CTUCKY. LI anropuT™Mu A03BOJISIIOTH CTUCKATH 1H(OPMALiI0 B COTHI
pa3iB 6€3 MOMITHOIO MOTIPIIEHHS 300pa>KeHHS.
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KoHTpoJIbHI MUTAHHA TA 3aBAHHA

B own

o o

9.

Jaiite o3HaueHHs (pakTaia 3a MaHaeIb0pOoTOM.

Sxi PpakTanu Ha3UBAIOTHCS KOHCTPYKTUBHUMU? HaBeniTh mpuKiIaau.
Axi dhpakTany Ha3UBAIOTHCS AMHAMIYHUMU? HaBeniTh IpUKIIaIH.
OnumriTe OPUHIMIN MOOYJAOBH T€OMETPUYHHMX (paKTaliB, 30Kpema
dpaxraniB Koxa, JIeBi, MIHKOBCHKOTO.

OnuuIiTe CTPYKTYpy 31pKOBUX (HpaKTAIIB.

Sxi adinH]1 epeTBOPEHHS BUKOPUCTOBYIOTHCS MPU MOOYI0B1 31PKOBHUX
dbpakranip?

3anuuiiTe anropuTM noOya0Bu (pakraina ,,rijaka namnopori .

Ax omucyrotees dpaktanu XKyma ta ManaensOpoTta? flka MK HUMU
pizuuIl? Sk ix mooyayBaTu?

Onumiith mpoiiec nooynosu ¢pakrtainiB HeroToHa HA KOMIT IOTEPI.

10. 3a KO0 03HAKOIO 3YIMUHSIOTH OOUHCIIOBAIbLHUN MPOLEC MTPU MOOYT0BI

dbpaktaniB HeroTrona?

11. Ha3BiTh 00y1aCcTi 3aCTOCYBaHHS (PpaKTaiB.
12. Sk Ha Bamry AyMKy MOKHa OyyBaTH CTOXaCTHYHI (hpaKTaIn?

Bupasu i 3axa4i 11 caMOCTIHHOTO BUKOHAHHS

1.

2.

MoaudikyBaTu anroput™m noOyJa0BU (pakrtana ,[iIKa MNarnopoTi” Ha
BUIIAJIOK YpaxyBaHHS TOBIUHU CTOBOYpaA.

Po3pobutu anroputm moOyJI0BH PI3HOKOJIHOPOBOIro (pakTaia ,rijKa
nanopoTi’”.

Hamucatu mnporpamy mnoOynoBu (paxrana, sKUM OJEPKYEThCS 3a
iTepartiitHoro hopmyioro z +1 = i(2; +1),x=0,1, 2,

Po3pobutu anroputm noOy0BU 31pKOBOTO (hpakTaiia, SKUi CKIIa/1a€Th-
Csl 3 KBajJipaTa Ta TIPJSIHAM 3 YOTHPHbOX MEHIIUX KBAJAPATIB y TPbOX
BUIBHUX KIHISX SKUX MICTATBCS III€ MEHINl KBajapaTd 1 T.n.
ChopMmynroliTe NpaBUWIO JOBXKHUH BIAPI3KIB JaMaHOI I TaKoro
dpakrana.

[Ipuaymaiite OJHOBUMIPHI KOMILJIEKCHI B1OOpakKeHHS, SIKI Ha Ballly
JTYMKY MOXYTb MOPOJIUTH I11KaB1 AMHAMI4YH1 (hpaKTalIH.

[TooynyBatu cucrtemy itepatuBHMX (yHkid (IFS) mis TpukyTHHKa
CepIiHCBKOTO.

Hanucatu ¢pparMeHT nporpamu, sika 1Jisi CUCTEM 1TEpaTUBHUX (DYHKITIH
OyJe BUMaJKOBHM YMHOM BHOUpATH (DYHKIIIIO 13 CIUCKY N (DYHKIIIH.
[ToOynyiite cucremy irepatuBHuX QyHKIiH (IFS) ams TpukyTHHKa
CepIiHCBKOTO.

[TobynyBatu ppaxrtanu Kymia Ta Mannens0pora y BUINAJIKy KOJIU Z —
rNEepKOMIUIEKCHE YHCIIO.
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Tema 11. MonemoBanusi 2D/3D-nepeTBopeHb

KoHcTpyroBaHHsl Ta BUKOHAHHSI PI3HOMAHITHUX I 3 T€OMETPUUYHUMU
00’€KTaMHU € IEHTPAJIBbHOI 3a/aueto B Trpadiunux cuctemax. Tomy BHOIp
MaTE€MaTUYHUX METOIB 1 aJrOpUTMIB JIJIs 11 peajizalii CyTTEBO BILUIMBA€E Ha
e(eKTUBHICTh TpadiuHOi cucTEMU. Y cydyacHId KOMII I0TepHI1N rpadimi g0-
CUTh UIUPOKO BUKOPUCTOBYETHCS METOJ| KOOPAMHAT, OCKUIbKUA TrpadiuyHe
300paKE€HHSI CKJIAQJA€ThCS 3 IIKCENIB, K1 3aJal0ThCad KoopAauHatamMu. Kpim
bOT0, KOOPJIMHATA BUKOPUCTOBYIOTHCS JJIA OIUCY PO3MIILIEHHS 00’ €KTIB Ta
JUIsI CTBOPEHHS 300paK€Hb IUISIXOM IMEPETBOPEHD 3 OJHIET CUCTEMH KOPAU-
HaT B iHIIY. [Ipy 1IbOMY BHKOPHUCTOBYIOTHCS JBOBUMIPHI Ta TPUBUMIPHI
CUCTEMH KOOPAUHAT.

VY komn’roTepHid rpadill Bce, MO CTOCYEThCS JBOBUMIPHOTO BHUIIAJIKY,
no3HavaroTh cumBosiom 2D (2-dimension), a TpuBumipaoro — 3D (3-dimen-
sion).

Ha koopauHatHomMy MeToal 0a3yeTbesl Ml aHAIITUYHA TEOMETPIs, SIKY
MoxHa BBakat pynaamenTom KI'. Iligxonu ta iaei reomeTpii mapaienbHo 3
MOCTIHHO PO3IMIUPIOIOYUMU MOMIJIMBOCTSIMU KOMII' FOTEPHUX TEXHIYHUX 3aCO-
01B € icToTHUM JKepesioM po3BUTKY KI' Ta ii eekTUBHOTrO BUKOPUCTAHHS Ha
npakTuill. [HKONMM HaBITH MPOCTINI T'€OMETPUYHI 3HAHHS JIONOMAararTh Y
pO3B’sA3aHHI CKJIaAHUX rpadivyHUX 3a4ad. Yl MaHIMyJSil HaJl rpapiyHuMu
300pakeHHAMHU (TIEpEHECEHHsI, TOBOPOT, MAacIITaOyBaHHS TOIIO) MOXHA BH-
KOHATH 3 JOIIOMOI'0I0 BIINMOBITHOTO MaTeMaTUYHOTO anapaTty reomertpii. Llei
amapaT MOBMHEH OyTH aJalTOBaHUM J10 3a7a4 KOMII I0TepHOi rpadiku. Tomy
st 3acBoeHHsT MeToAiB KI' BakiiiBe BHUBUEHHS METOMAIB IEPETBOPEHHS
KOoOpAWHAT. Y LBOMY PO3J1JIl OMMCAHO T'E€OMETPHUYHI MEPETBOPEHHS KOOP-
JWHAT Ha IUIOIIMHI Ta B IIPOCTOPI.

11.1. A¢inHi nepeTBOpPEeHHs HA IIOLIUHI

Y npsIMOKYTHIM CHCTeMi KOOPJAMHAT Ha IUIOIIHMHI TOYka M BH3HAYAETHCS
CBOIMH KOOPJIMHATAMHU — BIIOPSIKOBAHOIO Maporo vuced (X, Y) abo MaTpuIiero
po3Mmipom 1 x 2.

SIKIIIO Ha TUIOMIMHI BBECTH M€ OJHY CHCTEMY KOOpPJIWHAT, TO TOMYII
M(X, ¥) ctaBuTbCsS y BiAmoBiaHICTH HOBa mapa uucen (X', y'). Ilepexim Bix
OJIHI€1 CHCTEeMU KOOPJIMHAT Ha IJIONIHHI JI0 1HIIOT 33/1a€Thest opMyIaMu

X' =ax+hby+m, y'=cx+dy+n, (11.1)
ne a, b, c,d, m, n— nosinekHi uncaa, A =ad - bc = 0.

[TeperBopenHs, mo 3anatotees Gopmymnamu (11.1), HazuBaroThCA agin-

Humu. AdiHHI IEpETBOPEHHS MAIOTh TaKl BIIACTUBOCTI:
® N-BUMIpHUN 00 €KT BIJOOpaXKaeTbCad B N-BUMIPHUIL, TOUKA — B TOYKY,
JiHIS — B JIIHIIO, IOBEPXHS — B TOBEPXHIO;
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e 30epiraeThbcs MapajgeabHICTh JiHIN 1 IUIOIIWH;
e 30epiral0ThCs MPOMOPINT mapaneabHuX 00’ €KTiB (JOBKUH BIIPi3KiB Ha
napajelbHUX MPSAMUX 1 TUIOII Ha TapajieIbHUX MJIONUHAX).
L{i BIacTUBOCTI I03BOJISAIOTH OyAyBaTH MPO0Opa3U MOJITOHIB Ha TUIOIIH-
HI W MOJIeApiB y MPOCTOPI 3a CKIHYEHHUM HAOOPOM TOUOK — iX BEPILHH.
3a3HauyuMo, 1O JUIsl OAHO3HAYHOTO BU3HAUYEHHS KOE(IIIEHTIB MEPETBOPEHHS
(11.1) HeoOXimHO 3amaTH TPU MapH HEKOJIHEAPHUX TOYOK, SKI IOBHHHI
BiJIOOpakaTHCs OJHA B OHY neperBopeHHsM (11.1).
®opmynu (11.1) MokHA po3riIsaaTH ABOSKO: ab0 30epiraeThcs TOUKa, a
3MIHIOEThCSL cucTemMa KoopauHaT (puc. 11.1, a), abo 3MIHIOETHCS TOYKA, a
cucrteMa KoopauHat 30epiraerbesa (puc. 11.1,6). B octanHbOMYy BHUIIAIKY
dopmynu (11.1) 3amarots BinoopaxkenHs Touku M(X, y) y Touky M'(X', y").
Yo Y Y,
M'(x", y')
M(X! y) /'—__'
.

o M(X, y)

O X 0 "X

Puc. 11.1. [lepeTBopeHHS KOOpAUHAT

B adiHHMX nepeTBOPEHHSX IUIONIMHU OCOOJMBY pOJIb BIJITPAIOTh Jie-
KUIbKa BXKJIMBUX OKPEMHUX BUIIAJIKIB, a CaMe
® [apaJielbHHIA 3CYB KOOpJIUHAT TOYKH Ha BekTop (M, N) B 1aHil cucTeMmi
koopauHat (puc. 11.2, a) Bu3HayaeThes 3a popmynamu:

X'=x+m, Yy =y+n; (11.2)
e 3CyB CHCTEMH KoopauHaT Ha Bektop (M, n) (puc. 11.2, 6) 3amaeTbes
dbopMmynamMu
X'=X-m, y =y-n.
y!
Yy, Y a
M().<+m,y+n) - M’(X"y')
(m, n) i X
M(X, ) (m, n) g
0 "X 0 x>
4 O

Puc. 11.2. [lepeTBopeHHS 3CyBY
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® [IOBOPOT TOYKH BIJHOCHO ITOYATKy KOOPJWHAT HAa KyT ¢ MPOTH TO-
TUHHUKOBOI cTpisiku (puc. 11.3, a) onucyerbes hopmyiamu
X' = XC0Sep —Yysing, Yy =Xxsing +Yycosy; (11.3)
® [IOBOPOT CHCTEMH KOODJMHAT HA KYT () MPOTH T'OAMHHHUKOBOI CTPIIKH
(puc. 11.3, 6) 3amaetrbes popmynamu

X' = XCosep + ysing, Yy =-xsing+ycosy ;
® pO3TAT/CTUCK B3JOBXX KOOPJAWHATHUX OCEH MOXKHA 3amucatu ¢op-
MyJlaMH
X'=ax, Yy =dy. (11.4)

Sxmo B (11.4) a = d, To MaemMo mpomopIiifHEe MacIITa0yBaHHS, SKIIO
a # d, To macmraOyBanns — Henponopiiiiae. [Ipu a = d > 1 BigOyBaeThCs
30iIbIIeHHS 300paxkeHHs, pu a = d < 1 — piBHOMIpHHMIA cTuck. [Ippa =1, d
= -1 ozmep:KyeMoO I3epKajabHEe BigoOpa)XeHHs BiIHOCHO oci X, mpu a = -1, d =
1 — n3epkanbHE BiAOOpaKEHHS BIIHOCHO OCi Y.

B anamituuHif reoMeTpii 0BEeIE€HO, IO JOBLIbHE adiHHE BII0Opa-
xends (11.1) mokHa 3a7aTv 3a JOMOMOI'OI0 KOMIIO3HMINI eJIeMEHTapHHX
BimoOpaxkens (11.2) — (11.4).

AY AY

M!(XI’ yr) '
2 y

P 4 M(X! y)

\
) 4
y

o X 0 5 X

Puc. 11.3. IlepeTBOpeHHS TOBOPOTY
Jlns epextrBHOTO BUKOopucTanHs Gopmyi (11.2) — (11.4) y 3agauax KT
NEPEXOJIATh IO MATPUYHOTO 3amucy Iux Gopmyit. Hanpukiaz, 1uist mepeTBo-
penns (11.3) maemo:
cosp  sin gpj

X'=X-R=(x y)[ _
—sing Ccos@

To6TO mepeTBOPEHHs MOBOPOTY BiJHOCHO MMOYATKY KOOPAMHAT y JO/AT-
HOMY HaIpPSAMKY Ha JOBLILHHN KyT ¢ 3a[a€ThCS MATPUIIEIO
R:(C®¢ Sm¢j,daR:1¢0.
—sing cosg
3ayBaKMMO, 1110 TOBOPOTH BBAKAIOTHCS JOJATHUMM, SKIIO BOHM 3AiMc-
HIOIOTHCS IIPOTU FOAUHHUKOBOI CTPLIKH.

(11.5)
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Y MarpuyHOMY BUIJISIAI MOXHa 3allydcaTH 1 NMEPETBOPEHHS MacIITa0y-
BaHHSI

0
X' =X-S ne S=|% | ad=o0.
0 d

MaTtpu4Huii 3aIiC TCOMETPHYHHUX IIEPETBOPCHD J1a€ MOXKIIMBICTD 3JI1HC-
HIOBAaTH OOEpHEHI IepeTBOpPeHHs, TOOTO Touky (00’e€kT) X' MOXKHA JICTKO
MOBEPHYTH B TMOYaTKOBHMA cTaH X. Hampuknan, ajis moBopoTy oOepHEHe
neperBoperHs X = X'R™ 3a1a€ThCsI MATPHIICIO

i cos(~¢) sin(-¢)) _(cosp -sing
—sin(—¢) cos(-¢) sing  cose )

3ayBaXHMO, 10 OOepHEHA MaTpuis R BOZHOYAC € TPAHCIIOHOBAHOIO
1o R (taki mMaTpuIli Ha3WBarOTHCS OpTOroHaIbHMMH). Llel ¢dakT € mocuth
BOKJIUBUM JIJIs1 IIBUAKO/I1T aJlTOPUTMIB.

Ane, Ha anb, nmapaineiabHe nepenecenHs (11.2) He BmaeThcs 3amaTH
NEPETBOPEHHSIM BUTJISTY

X" =X-T, (11.6)
TUM OUIbIIIE, HE MOXHA MOJIaTU JOBUIbHI CyMapHi adiHHI MEPETBOPEHHS B
matpuuHii Gopmi. 1106 3amatu meperBoperns (11.1) y maTtpuyHOMYy BHTI-
a1 (11.6), HeoOXiIHO EepEHTH A0 OJHOPIIHUX KOOPAHHAT.

O0nopioni koopouramu BBOAATHCSA MTY4YHO. JOBUIbHINA Toumi M(X, Y)
IUIOIIMHKA CTaBUThCA Yy BiamoBigHicTs Touka M'(X, y, 1) ado M’(hx, hy, h),
h # 0 B mpocropi. DIKTMBHA Z-KOOpJHMHATA Ma€ 3HAYCHHSA CKaJIAPHOI
KOHCTAaHTH, Haityacrie h=1.

Bekrop i3 koopaunatamu (hx, hy, h) € Hanpsmaum BexkTOpoM mpsmMoi,
mo npoxoauth uepe3 Touku O(0, 0, 0) i M'(X, y, 1). Lls npsiMa nepeTuHae
wionuHy Z = 1 B touni (X, Y, 1), ska oaHO3HAYHO BH3HA4ae TOUKy (X, Y)
KoopauHaTHOI momuuu OXYy (puc. 11.4).

A

Puc. 11.4. OgHOpiaH1 KOOPAUHATH

Omxe, MK OHOpiTHUMH KoopauHatamu (X, Y, 1) Touku Ta ii mexapto-
BUMH KoopauHaTamu (X, Y) iCHye B3a€MHO OJHO3HAYHA BiAMOBIIHICTb.
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EKBiBaJICHTHICTh BEKTOPIB
(hx, hy, h) ~(x, y, 1)
03HAyae, 1110 BOHU MaIOTh OJIHAKOBI JIEKAPTOB1 KOOPUHATH.
Jlns 3BeJIEHHST OJHOPIAHOTO BEKTOpa J0 JEKapTOBOi (opMU HEOOX1THO

. 1 :
ITOMHOKHUTH BC1 KOOPpAWHATHU HA E’ TOOTO IIOAUINTH Ha h.

Han ogHOpigHMME KOOpAMHATAMHU 32 CHEIIATbBHUMU (POpMYJIaMU MOXKHA
POBOJIUTHU OTepallii, 1 TIIbKK HA OCTAHHbOMY €TaIll Nepej] BUBEACHHSIM 300-
PaXXKeHHS Ha eKpaH HeOOX1JHO MEPENTH 0 JTeKapTOBUX KOOPIUHAT.

OcHOBHI onepaliii 3 OJJHOPITHUMH KOOpJWHATAMM.

e Jl07aBaHH:/BIIHIMAHHS

X Y X2 Y _
(Xll yl, hl) + (X21 y21 hZ) - (_11_1 1} + (_1_’ j -
hl hl h2 h2

=y X Ny Yo g (xthy + Xahy, yihy + yohy, hihy);
h, o h hy

® MHOXXCHHS BEKTOpA Ha CKaJIsIp
X, Y, h) ~ a(i,i, 1) = (“—Xﬂ,lj ~ (ax, ay, h).
h h h h

3acTocyBaHHS OJHOPIAHUX KOOPAMHAT Jla€ 0arato 3py4HOCTEH MPH PO3-
B’s3yBaHHI TpadiuyHUX 3a/ad, HAMPUKIAJ] JJIsI IPUCTPOIB, IO MPAIIOIOThH 3
My koopauHatamu s Touku M(0,5; 0,1) mosxua BuOpatu h = 10 1 ma-
TH CIPaBYy 3 OAHOPiAHUMHU HimMu koopauaatamu M’ (5; 1; 10).

Kpim 115010, OJTHOPIAHI KOOPAUHATH JI03BOJISIIOTH 3aITUCYBATH O€3MEXHO
BIIIAJICHI TOYKH IIPOCTOPY, YHHMKAIOUMU IEPENOBHEHHS PO3PSAIHOI CITKH
EOM, 3aBngxu HOopMasizamli yucen. 3a JTONOMOrol0 OJHOPIIHUX KOOPAUHAT
MO>KHa OINEpPyBaTU TOYKOIO, 1[0 3HAXOJIUTHCSI B HECKIHYEHHOCTI.

AJie OCHOBHOIO METOIO BBEJICHHS B PO3TJIsi OAHOPIAHUX KoopauHat y KIT
€ 3pYYHICTb IIPU 33JJaHH1 FTEOMETPUYHUX MEPETBOPEHD Y MAaTpUUHIil Gopmi.

3a A0MOMOrol OJHOPIIHUX KOOPAMHAT 1 MaTpuUllb TPETHOIO MOPSIKY
MOJKHa OmucaTH JoBUIbHE adinHe neperBopeHHs. Popmynaun (11.1) moxHa
nojxaty B MatpuuHii gopwmi (11.6), To6TO

a b 0
Xy D=xy1l|c d 0], (11.7)
m n 1

7e ejaeMeHTH a, b, ¢, d Bu3HavaroTh MacmTaOyBaHHS 1 IOBOPOT, a M, N — Cy-
MapH#ii 3¢yB. OTKe, BCi IEPETBOPEHHS 3CYBY, MacITaOyBaHHs, IIOBOPOTY Bif-
HOCHO ITOYaTKy KOOPAWHAT B OAHOPIIHMX KOOPAMHATAX MAlOTh OJHAKOBY (op-
My — Iie JOOYTOK BEKTOpa BHXIIHUX KOOPIHUHAT Ha MATPHIIIO TIEPETBOPCHHSL.
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BunuieMo MaTpuiii OCHOBHUX €JI€MEHTAPHUX MEPETBOPEHb:
e MaTpull moBopoty (rotation) TOYKM BiTHOCHO TMOYATKy KOOPAMHAT Y
JI0IaTHOMY HaIIPsSMKY.
cosg sing 0

R=R(¢)=|-singp cosey O ; (11.8)
0 0 1
e MaTpuils po3tary (ctucky) (dilation) BimHOCHO MOYaTKy KOOPIHMHAT:
a 0 o0
D=D(@d)=|{0 d 0f; (11.9)
0 0 1
e matpuis nepenecenns (translation) Touku Ha BexTop (M, n):
1 00
T=T(mn)=|0 1 Of; (11.10)
m n 1
e MaTpHIIs Ji3epKalibHOTO Bimoopaxenns (reflection) BimHocHO oci X:
1 0 O
Ref={0 -1 0]. (11.11)
0O 0 1

[TepeTBOpeHHS CHCTEMHU KOOPIUHAT 3a/1a€ThCSI MATPUIISIMU .
¢ R(—¢) — moBOpOT cHCTEeMH KOOPIMHAT Ha KyT @y TOAaTHOMY HaIpsiMi,
e T(—m, —n) — 3cyB cucTeMH KOOpAUHAT Ha BekTop (M, Nn).
3ayBakuMO, IO JJI MPOCTOTH 3alUCy apTyYMEHTH HaBEJCHUX MaTPHIlh
1HO/1 OMYCKarOThCH.
EnemenTn noBinbHOI MaTpuili adpinHOTO nieperBopenHs (11.7) He HecyTh
B COOl SIBHO BHPA)XEHOTO IeOMETpUYHOro 3Micty. s Toro, mob peanizy-
BaTu BigoOpaxeHHs (11.7), moTpiOHO 3HAWTH €JIEMEHTH MATPHIli, BUXOITIN
3 TEOMETPUYHOTO OIUCY MEpPeTBOpPeHHs. SIK mpaBuio, moOyI0BYy Takoi Mat-
PHIIl B 3aJIEKHOCTI BiJ CKJIaJHOCTI 3a7a4l po30MBaOTh Ha KIUJIbKA €TaIliB, 110

AY M'(x', y")
A M(x, y)
Q.
N(m, n) )
o >

Puc. 11.5. IToBopoT Touku M y nogaTHOMy HanpsiIMKy BiJTHOCHO TOYKH N
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BI/INOB1/Ial0OTh OCHOBHUM €JIEMEHTapHUM TIEPETBOPEHHSM, SKI BOJIOJIIOTH
MOBHICTIO BUBHAYEHUMU T€OMETPUYHUMHU BIACTUBOCTSIMHU.
PosrasineMo npukiiaau ckiagHimux adiHHUX MePEeTBOPEHD Ha IJIOIIHHI.

11.2. Ilpukaaau adpiHHUX NMepeTBOPEHb HA MJIOUIUHI

Ilpuknao 1. [lobyoysamu mampuyro nosopomy mouku M (X, Y) eionocro
oosinvroi mouxu N(m, n) na kym @ y oooamnomy nanpsmxy (puc. 11.5).
Matpuist R 3amae moBOpOT TOYKM BiTHOCHO TOYaTKy KoopauHat. On-
HOPIJHI KOOPJAMHATU HAIOTh MOXJIMBICTh 3HAWTH MATPHUIIO MOBOPOTY BiJ-
HOCHO JOBLJIBHOI TOYKH. Y 3arajJbHOMY BUIAJKYy MOBOPOT BITHOCHO JIOBLIIb-
HO1 TOYKH MOKE OyTH peali3oBaHM MIJITXOM TaKUX TIEPETBOPEHE!
1) nmepemimienns Touku N(m, n) Ha BekTop (—mM, —N) Tak, 00 IEHTpP TOBO-
POTY CyMICTHUBCS 3 IOYATKOM KOOpAWHAT. MaTpHIIs 1IIbOTO IePETBOPEHHS

1 0O O
T =10 1 0¢f;
-m —-n 1

2) TIOBOPOTY TOYKH Ha KyT ¢ y JIOAATHOMY HANPSMKY BiJTHOCHO IOYaTKy

KOOpAMHAT. MaTpuIs 1b0ro NepeTBOpeHHss R BH3HAUYa€eThCs GopMmy-

noro (11.8);

3) mepeMilleHHs OJIeP)KaHOTO pPe3yiIbTaTy Ha3aja Tak, MO0 LEHTpP IMOBO-
pOTy cyMicTHBCS 3 Toukoro N. MaTpulls 11bOT0 TIepETBOPEHHS | BUIIHU-

cana B (11.10).

OTxe, IS 3HAXOMKEHHS PE3yJIbTYIOUOoro IoBopory Touku M(X, V)
BimHOocHO To4ykd N(m, n) morpiOHO mepemHoxutu Matpuii T, R, T 3a
BKA3aHHUM ITOPSIKOM.

VY pe3ynbTati 0JIepKUMO IIyKaHe MePETBOPCHHS Y BUTIIAII

1 0 0 cosep sing 0) (1 0 O

Xy 1)=(xy1)] 0 1 0| |-sing cose 0] |0 1 0=
-m —-n 1 0 0 1) m n 1
COS @ sing 0

=(xy1l) —sing COS @ 0.

—mcosg+nsing+m —msing—-ncose+n 1
3okpema, moBopoT Toukk Ha 90° y IOZATHOMY HATPSAMKY BiTHOCHO

touku N (M, N) BUKOHYETHCS IEPETBOPEHHSM
0 1 0

Xy D=xy1l| -1 0 0]
n+m n-m 1
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Ilpuknao 2. Ilobyoysamu mampuyto HeoOHOPIOH020 MACUMAOYEAHH 3
Koeiyicumom a 630082 oci X ma koepiyicumom b yz006aic oci'y 3 yenmpom
y mouyi N(m, n).

Ile mepeTBOpEeHHS peanizyeMo 3a JOTIOMOTO0 TPhOX MEPETBOPEHB:

1) nepemimenns Toukud Ha BekTop N(—m, —N). Matpurieio 10ro mnepe-
TBOpPEHHS € MaTpuus T
2) pO3TATY B3IOBK KOOPIMHATHHX OCCH i3 Koedimienramu a ta b Bimmo-
BiIHO. Martpuiis D 1poro mepeTBOpeHHSI BU3HAYAETHCS (HOPMYIIOIO
(11.9);
3) nmepeHeceHHs ojep;kaHoro pesyiasrary Ha BekTop N(m, n). Marpuis T
1LOr0 nepeTBopeHHs Mae Burisg (11.10).
[TepeMHOXYIOYH 111 MAaTPHIIL, OJEPKYEMO IIYKAHE TIEPETBOPEHHS
a 0 0
Xy 1l=(xy1l) 0 b 0
l-a)m (1-b)n 1

AHAaJNOTIYHO, BUIUIAIOYN TOCIIAOBHICTh OIepalliii mMepeHeCceHHs, MOBO-
poty Ta MaciitaOyBaHHs (I[i IEPETBOPCHHS OMMCYIOThCSA MaTpuismMu T, R,
D), MoxxHa o0y IyBaTH MATPHIIO JIJIsl OYb-SIKOTO CKJIaJHOTO adiHHOTO Iie-
perBopeHHs. Toni adiHHe NEepeTBOPEHHS O0’€KTIB HA IUIONIMHI MOKHA
3MIMCHUTH TaK: SIKIIO 00 €KT 3aJa€ThCS CYKYITHICTIO TOYOK, TO CKIJIQJA€EMO
MatpuIro X OJHOPIIHUX KOOPJAUHAT TOYOK IIbOTO 00’€KTa 1 I[0 MATPHUILO
MHO>KMMO Ha MaTPHIIIO CKJIATHOTO aiIHHOTO MEPETBOPEHHSI.

PosrasiHeMo mpuKIa[ CUMETPUYHOTO BiIOOpaKeHHS TPUKYTHUKA Bij-
HOCHO TIpsIMOi L.

Ilpuknao 3. Hexati npsma L 3a0acmocs pisusannam y = X + 1, a oono-
pioni xoopounamu A(1; 1; 1), B(6; 1; 1), C(6; 4; 1) zadarome xoopounamu
sepuiun mpuxkymuuxa ABC. Ilobyodyeamu mpuxymuux, cumempuutuil 0aHo-
My 8i0HOCHO npsimoi L.

[IpencTaBUMO MEPETBOPEHHSI CUMETPIii TOYKH BITHOCHO TPSIMOi Y BHTJIS-
i MOCITITIOBHOCTI TIpocTimux adinaux neperBopeHs (puc. 11.6):

® [IEepEeMIIEHH JIIHII Ta TPUKYTHHKA Tak, mo0 miHig L mpoinuia yepes
no4aTok kKoopauHat. lle mepeTrBopeHHs 3aqae Matpuus | 13 mapaMmer-
pamu (0, -1);

® TIOBOPOT JIiHIi Ta 00’ €KTa BIIHOCHO MOYAaTKy KOOPAUHAT /10 30iry jiHii L

: : T
3 Biccto X. e mepeTBopeHHs 3ajae matpuis R 13 kytom @ = 2 (y

BiJI’€EMHOMY HaNpPSMKY);
® Bi0OpaX€HHS BITHOCHO KOOPJAMHATHOI OC1 X;
e 0OCpHEHUI MOBOPOT BIJHOCHO MOYATKYy KOOPJMHAT;
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e [apajieJibHEe TIEPECHECCHHS Yy BUXIJIHE MOJIOKEHHSI.
OcTtanHHi Tpu nepeTBopeHHs 3amaioTbhes MarpuigiMu Ref, R(—¢) Ta T(0, 1),
BIIOBIIHO. Y MaTpUYHOMY BUIJISI/II IEPETBOPEHHS CUMETPIl Ma€ BUTJIS

X'y 1)=xy1) T, -1)- R(—%)- Ref - R(%) . T(0, 1).

Jist cumetpii TpukyTHUKa ABC BimHOCHO mpsimoi L maemo

V2o N2
xy; 1) (1 1 1)(1 0 0)] 2 2
X, y5 1|=16 1 1 1 g%Ox
g ys 1) (6 41)(0 -11)| 0 o0 1
V2 N2
1 00 2 2 1 00) (021
x 40—%%0 01 0[(=[|071
0 0 1 o o0 1/\0 11 371

OTXxe, IEKapTOBI KOOPJIWHATH BEPIIMH CHMETPUYHOTO TPUKYTHUKA
A'B’'C’ marots 3nauenns A'(0; 2), B'(0; 7), C'(3; 7).

Puc. 11.6. [ToOy0Ba CUMETPUYHOTO TPUKYTHUKA
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11.3. AdinHi nepeTBOpeHHs B MPOCTOPi

Posrasinemo tenep TpuBUMipHH BUnagok — 3D-nepeTBopeHHs nmpocTo-
py. Bci meperBopeHHs OyjaemMo 3M1MCHIOBATH B MPABOCMOPOHHIU CUCTEMI
KoopauHat OXyZ, TOOTO B CUCTEMI KOOPAMHAT, B SIKiM 13 KIHIIS OC1 Z TOBOPOT
B1Jl OC1 X JI0 OC1 Y 6a4YMMO MPOTH TOJUHHUKOBOI CTPUIKH. KO 3 BEPUINHU Z
MOBOPOT BiJ X A0 Y BUIAHO 3a TOAMHHUKOBOIO CTPUIKOIO, TO TaKa CUCTEMA KO-
OpJIMHAT HA3UBAETHCS JIIBOCMOPOHHLO0!0. Y TPUBUMIPHOMY BHUIMAJKy MOXHA
BBECTH OJIHOPITHI KOOPAMHATH TakK, IO JEKapTOBUM KoopauHaTam (X, Y, Z)
BignosigaTume Bexktop (hX, hy, hz, h), h # 0, koopauHaTH SKOr0 BU3HAYAIOThH-
Csl OJTHO3HAYHO 3 TOYHICTIO JO MHOXHHKA h. 3ampornoHoBaHui MminXin (BBe-
JICHHS OJTHOPITHUX KOOPJIMHAT) Ja€ MOKJIMBICTh BUKOPHUCTOBYBATH

MaTPUYHUN 3aMUC BCiX aiHHUX MEPETBOPEHDb Y MPOCTOPi, TOOTO Y BUIJISII
Xy z1)=(xyzl)A,
ne A — Matpulg apiHHOTO epeTBOpeHHs, 11 skoi det4 = 0.

3ayBakuMo, 1110 y Bumnajaky det4d = 0 nepeTBopeHHS A HA3MBAETHCS NPO-
EeKMUBHUM.

Po3rnsiHeMo eyneMeHTapH1 NMEePEeTBOPEHHS B TPUBUMIPHOMY IPOCTOPI 1
noOyryeMO BIAMOBIAHI iM MaTpUIIl IEPETBOPEHb.

a) Ha Bigminy Big 2D-Bumanky, B 3D-mpocTopi BHU3HAYAIOTHCS TPH
OCHOBHI MOBOPOTH: BIJTHOCHO OCl1 X, BIJIHOCHO OCI Y, BiIHOCHO oci Z. Ilpu
MOBOPOTI TOYKM B TPOCTOPI BIIHOCHO OCEH MPaBOCTOPOHHBOI CUCTEMH
KOOpAMHAT J0JaTHI HampsMH TOBOPOTIB MokaszaHi Ha puc. 11.7. TobTto
JOJaTHUMHM BBA)KAIOTHCS TIOBOPOTH BT X 10 Y , B Y 110 Z, BiA Z 10 X.

y A

W,

@)

/ Puc. 11.7. JlonaTHi HanpssMu HOBOPOTIB
<>

IToBOpOoT mpoCTOpPY BITHOCHO OCI Z HAa KYT J) IPOTH TOAWHHHUKOBOI
CTPIJIKU BiJIIOBIJIa€ JIOJAaTHOMY MOBOPOTY B IUIOMIWHI XY (SKIIO JTUBUTHUCS 3
KiHIIS BEKTOpA Z), Z-KOOPAMHATA 3AJIMIIAETHCS TIPU I[bOMY HE3MiHHOI0. Dak-
TUYHO MOBOPOT MPOXOJUTH Y TUIOLIMHAX, MEPHEHANKYISIPHUX OC1 Z, TOMY
MaTpHL TAKOTO MOBOPOTY OAEPKYETHCSA 3 MATPULIL IBOBUMIPHOTO IMTOBOPOTY
1 Ma€ BUTJIS
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cosy Siny

0
—siny cosy O
1
0

R(x) = (11.12)

0 0
0 0

[IoBOpOT MHpPOTHM TOAMHHUKOBOI CTPUIKM BIZHOCHO OCI X Ha KYT @
BI/INOBI/IA€ JI0JJATHOMY MOBOPOTY B IUIOIIMHI YZ, TOOTO 1€ oOepTaHHS aHa-
JIOT1YHE TIOMEePEIHHOMY 3 TOUHICTIO JI0 TIepeMeHyBaHHs ocelt (X > Y, Y — Z,
Z — X), TOMy IepecTaBisiioun psaky 1 cromii Matpuii (11.12) oxepxyemo
MaTpPHUIIO0 OBOPOTY BIIHOCHO OCi X

1 0 0

0
0 cosp sing O
0 —sing cosp 0}
0 0 0 1

AHaJI0T14YHO MaTpHUIlI MOBOPOTY TOUYKU BITHOCHO OCl1 Y Ha KYT Y MPOTH
TOJIMHHUKOBOT CTPIJIKH Ma€ BUTJIS

m O O O

Ru(p) = (11.13)

cosy 0 —siny O
0 1 0 0

Ry(w) =| . : (11.14)
siny 0 cosy O

0 O 0 1

Jliist moOy10BM MaTpHIll MOBOPOTY CHCTEMHU KOOPAMHAT Y JOJATHOMY
HAIPsAMKY OoTpiOHO y dopmynax (11.12) — (11.14) 3HaueHHS KyTiB 3MIHUTH
Ha 1X IPOTUJICKHI 3HAYEHHS, TOOTO MOBOPOT CUCTEMH KOOPJMHAT 3A1MCHIO-
€ThCS 1HBEPTOBAHUMH MAaTPUISIMHU, a 1HBEPCIS MATPHUIb [MOBOPOTY BUKOHY-
€THCS IUISIXOM TPAHCIIOHYBAHHS.

Hampukian, moBopoT CUCTEMU KOOPAMHAT HA KYT jy BIIHOCHO OCl Z Y
J0JIaTHOMY HaIPSIMKY 33Ja€ThCS MAaTPULICIO
cosy -siny 0 O
siny cosy O O

0 0 1 0f
0 0 0 1

0) Po3rar (cTuck) B3MOBX ocei X, Y, Z i3 koedilieHTamMu o, [, ¥
BIJIMIOBITHO 33J1A€THCSI MATPUIICIO

R, (%) =
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a 0 00
0 00

p=|2 7# . (11.15)
00 y 0
0 0 01

Sxmo o = f= y=S, TO MaEMO OJHOpPiAHE MaciITaOyBaHHs: ripu S > 1 —
OJHOPIIHE PO3TATYBaHHS, IPpHU S < 1 — OTHOPIAHUM CTHUCK.

6) Martpulli J3epKaAITBHOTO BiJOOpaKEHHS BIJHOCHO KOOPIWHATHHUX
IUIOILIUH XY, YZ, ZX MatOTh BUTJISAT

10 0 0 -1 0 0 0 1 0 00
01 0 0 0 100 0 -1 0 0

- M, = M, = . (11.16

Xyoo-10y20010”001o( )
00 0 1 0 00 1 0 0 01

2) Ilepenecenns (3cyB) mpocropy Ha Bektop (I, m, n) omucyerbcs
MaTpHIICIO

0
0

, 11.17
X (11.17)

— o o »
o o o

0
1
0
m n 1

TOOTO OJTHOPIJIHI KOOPJAMHATH 3MIIIEHOT TOYKH OJIEPIKYIOTHCS 3a JIOTIOMOTOI0
EePETBOPEHHS
x,y,z,)=xv,z21) -T.
3ayBaXkuMo, 1110, KOJIM HEOOX1AHO 3pOOUTH KUJIbKAa TPUBUMIPHUX MOBO-
poTiB, TO Tpeba MaTH Ha yBa3l HEKOMYTAaTHUBHICTh IUX TepeTBopeHsb. 11[06
POJAEMOHCTPYBATH 1el (DaKT, pO3TISTHEMO JIB1 MOCIIJOBHOCTI TTOBOPOTIB Ha
OJIUH 1 TOM XK€ KyT — CIOYaTKy BIJIHOCHO OCi X, a MOTIM BIIHOCHO OC1 Y 1 HaB-
naku. Bukopucroyroun marpuii (11.13) Ta (11.14) npu = @, onep>kxumMo
1 0 0 O0)(cosp O —sing O
0 cosep sing O 0 1 0 0
0 —sing cosp O||sing O cosep O
0 0 0 1 0 O 0 1
COS @ 0 —singp O
sinp  cosep cosgsing O
cosgsing —sing cos’p 0]
0 0 0 1
3 iHII0ro 60Ky, MOBOPOT CMOYATKY BITHOCHO OC1 Y, a MOTIM BiJIHOCHO OC1 X 3
KYTOM W/ = @ J1a€ MAaTPULIIO

Ry = Rd() - Ry(¢) =
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cosep 0 -sing 0) (1 0 0 O
Ry = Ry(@)  R(¢) = _0 1 0 0[]0 CO-SgD sinp 0 _
sinp 0 cosp O||0 —sing cose O
0 O 0 1)1\0 0 0o 1
cosg  sin‘p  —cosgsing 0
| 0 COS @ sing 0

sing —cosgsing  coslep 0
0 0 0 1

ITopiBHtoroun Mmatpuni Ry, Ta Ry, 0adnMo, mo BOHM Pi3Hi, TOOTO
NIEPETBOPEHHST TOBOPOTY B MPOCTOpI HEKOoMyTaTHUBHE. KoMyTaTWBHUMHU €
JIWIIIe TIEPETBOPEHHS TIEPEHECCHHSI-TIEPEHECEHHS 1 MacIITa0yBaHHA-MacCIIITa-
OyBaHHS.

[TocnigoBHI NEPETBOPEHHS MOXKYTh OyTH 00’ €/IHaHI B OJIHE TIEPETBOPEH-
HSI, IO J]a€ TOW CaMU¥ pe3yJNbTar, aje, OCKITLKA MHOXEHHS MaTPHIlh € He-
KOMYTATHBHOIO OTIEPAIli€l0, TO BAXIIMBUH MOPSAIOK IX BUKOHAHHS. AHAIOTI4-
HO 110 2D-Bumanky, mis 3D-npocTopy NMpaBUILHOIO € HACTyITHA TeopeMa.

Teopema. /losinone aghinne nepemeopenns 6 3D-npocmopi moorcHna
nooamu y 6ueisioi NOCAI006HOCMI eleMeHMAapHUx nepemeopeis a) — 2).

Haramaemo, 1o 3aranbHa ¢opma apiHHMX MEPETBOPEHBb Y MIPOCTOPI 3a-
TAETHCSI CHCTEMOIO PiBHSHb

X'=ax + by +ez+m,

y'=cx +dy + fz + n,

Z’=gx+hy+pz+1,
ne (X', Yy, Z") — Touku (BEeKTOPH), IO OJACPKYIOTHCS B PE3yJIbTATI IUX Tepe-
TBOPCHb.

PosrasiHeMo mpukiiaay CKIAIHIMINX IEPETBOPEHB, K1 MOJaMO Y BUTJISI
KOMTIO3UIIIi eJIeMEHTapHUX TIEPETBOPEHbD.

11.4. Tlpukaaau ckaagnimmnx 3D-nepeTrBopeHb

Ilpuknao 4. I[1o6yoysamu mampuyto nogopomy 8iOHOCHO NPSAMOI, napa-
JIeIbHOI KOOPOUHAMHIL OCI.

Martpuui Ry, Ry, R; onucyrooTs NoBOpOTH BIJTHOCHO KOOPAMHATHUX OCEH,
OJIHAK 4acTo HE0oOXigHO o0epTaTu 00’ €KT BIIHOCHO OCEH, 1110 HE 301raroThCs
3 KOOPJIMHATHUMH.

PosrasiHeMo okpeMuii BUIIAIOK MMOBOPOTY BIJHOCHO JIOKAJIBHOI oci X/,
sIKa TapajieiibHa 10 oci X. JIokanbHa Bichk X' mpoxoauth yepe3 Touky O'(0, m, n).
OOepra"Hs Tijla BIAHOCHO JIOKAJbHUX OCEH BUKOHYETHCS 3a JOTIOMOTOIO
TaKOo1 MOCI1JOBHOCTI MEPETBOPEHD:
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® 3CyB 00’€KTa Tak, 100 JOKaJbHa BiCh 30irajgacs 3 KOOpAMHATHOIO;

® MOBOPOT 00’ €KTA BITHOCHO KOOPJAMHATHOI OCi X;

® MEpEMIIICHHS NEPETBOPEHOro0 00’ €KTa y BUXIJTHE MOJIOKEHHS.
i mepeTBOpEHHSI MOXHA 3aMUCaTH y BUTJIAIL IOOYTKY MAaTpPUIIb

X" =X-T-Rs-TH
e X' — Marpuls KOOpAMHAT MEPETBOPEHOT0 00’€kTa, X — MaTpHUIlsl KOOp-
JMHAT BUX1JIHOTO 00’ €kTa, T — MaTpuis nepeminieHHs Ha Bektop (0, —m, —n),
Rx — MaTpuIig MoBOpoOTYy BIIHOCHO ocCi X, T~ — oOepHEHa MaTpHUIlsl 10 MaTpHIIl
TIepPEeMIIICHHS.
Bukopuctoyrouu dopmyiu (11.13), (11.17), onepxyemo

1 O 0O O 1 0 0 0
T-R.-T = 0 1 0O 0| |0 CO-S(p sinp O y

0 O 1 0| |0 —sing cosep O

0O -m —-n 1) \0 0 0 1
1 0 0O 1 0 0 0
0 1 0 0| _ |0 COS @ sing 0

“lo 0o 1 0| o _sing cos 0

0 mn 1 0 m(l-cosg)+nsing n(l-cosp)-msing 1

Ilpuknao 5. [lobyoysamu mampuyio obepmanms Ha Kym 6 GiOHOCHO
npsamoi L, wo npoxooums uepes mouxy A(Xo, Yo, Zo) 3 HANPAMHUM GEKIMOPOM

(a, b, ¢) (puc. 11.8).
(a,b,c)
A / L

X

Puc. 11.8. O6epTanHs BITHOCHO AOBIIBHOI IPSMOL

Hexalii (a, b, C) — omuHMYHMI BEKTOP. Y3arajlbHCHUI BUIIAI0K 00€pTaH-
HSl BITHOCHO JTOBUIBHOI OC1 B MPOCTOPI 3YCTPIYAETHCSA YACTO, HANPUKIAL Y
poboroTexHimi. OCHOBHa 1€ pO3B’SI3yBaHHS 1Ii€1 3ajayl MOJArae B
CyMilIeHH1 TIpsiMoi L 3 OJiHI€I0 3 KOOpAMHATHUX ocel. [ 11poro moTpiOHO
BUKOHATH HACTYIHI KPOKH.
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1) Ilepenecenns npocTopy Ha BeKTop (—Xo, —Yo, —Zo) 3a JOIOMOI'OI Mart-
puii
1 0 0 O

o 1 0 O
o 0 1 O

X Yo —Zp 1
B pe3yJbTaTl KOro mpsima L mpoiine yepe3 noyaTok KOOpIUHAT.
2) BukoHaHHs BiJIOBIJHUX IOBOPOTIB, OO0 Bich 0oOepTaHHs 30iryacs,
HaMpUKJIIa, 13 BICCIO aruTiKar.

VY 3arampHOMy BUNAAKy, 100 MOBUIbHA MpsiMa, IIO MPOXOAUTH YEpe3
MOYAaTOK KOOPAMHAT, 301ryiacst 3 OJHIEI0 3 KOOPAUHATHUX OCEH, HEOOX1IHO
3pOOUTH J[Ba MOCIIOBHUX MOBOPOTHU BITHOCHO JBOX IHIIMX KOOPJMHATHHUX
oceit. Jlms cymimeHHsl JOBUIBHOI OCl 0OepTaHHS 3 BICCIO Z CIOYAaTKy BHKO-
HYEMO TTOBOPOT BIJTHOCHO OCI X, a IMOTIM — BiJTHOCHO Y.

[I{o6 BU3HAaUaTH KyT MOBOPOTY ¢ BIAHOCHO OCI X, CIIEPIIY CIPOEKTYEMO
Ha ronuHy OYZ HanpsiMHMIA BekTop (a4, b, €) (puc. 11.9, a). CnpoekToBaHuii

BekTop Mae koopauHari (0, b, €). Jopxuna itoro mpoexuii d = vb? +¢? .

Za b p’ Za

[ I i a .-
e B P"(a, 0, d)-~"
! ! NV
: ’,d : :C : \\\/-
s or di 1
- Ok . Ly ! ) >
: el .0 y
e i

X u X o

Puc. 11.9. Cymimennas Bexkropa OP 3 BicCro Z

I3 puc. 11.9, a BugHo, 1o CoS¢p = %, sing = g Toni maTpuiist noBOpo-
Ty BIJTHOCHO OC1 X Ma€ BUTJISI

0O 0 O
i

Ry = b ¢
0O —— — 0

d d
0O 0 0 1

SKmo 3A1WCHUTH TaKUil MOBOPOT BIIHOCHO OC1 X Ha KYT ¢, TO npsiMa L

CYMICTHTBCS 3 ILIOHMHOI OXZ 1 3aiime monoskenHss OP'' (puc. 11.9, 6). Ilix
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JI€I0 LBOr0 MEPETBOPEHHS KOOpAWMHATHU BekTopa (4, b, ¢, 1) 3MiHAThCA Ha
(@', b, c,1), ne
@bcl)y=(abcl)Ry=(@0d1).

Hamni, o6 cymictutu Hampsm OP” 13 Biccio Z, HEOOXIJTHO BHUKOHATH
MOBOPOT BIJTHOCHO OC1 Y B HAMPSAMKY BiJ X 70 Z, TOOTO 3a TOJUHHUKOBOIO
cTpiikoro (y Bij’€MHOMY HanpsMKy) Ha KyT . 3 puc. 11.9, 6 maemo

siny=a, cosy=d.
BiamoBiIHO MaTpHIls TaKOTO MTOBOPOTY MA€ BUTJIA

d 0 a O

~ 0O 1 0O
R, = .

-a 0 d O

0O 0 0 1

3) BukoHaHHS MMOBOPOTY BiTHOCHO IpsiMoi L Ha kyT 6. Ockinbku npsimMa L
JEXUTh Ha OCI Z, TO BIJAIMOBIJHA MaTpPHIsl MOBOPOTY B JOJATHOMY
HAMpPSIMKY Ma€ BUTJISA]L

cosd singd 0 O
—singd cos@ 0 O

R, = .
0 0 1 0
0 0 0 1

4) BukoHaHHs TIEPETBOPEHHsS, 0OCPHEHOIO JIO0 MOBOPOTY BIIHOCHO OCi Y
Ha KyT W. lle mepeTBOpeHHS OMUCYETHCS MATPHUIICTO

d 0 —-a O
01 0 O
Ry: .
a 0 d 0
0 0 0 1

5) BukoHaHHs ITepeTBOPEHHS, 00EPHEHOI0 0 00epTaHHS BIIHOCHO OCi X
Ha KyT @. Lle mepeTBOpeHHs 3a/1a€ThCSI MATPUIICIO

10 0 0
og—go
R = |
0o 2 ¢

d d
00 0 1

6) BukoHaHHs OOCPHEHOr0 IIEpPEHECEHHS, TOOTO 3CyBy Ha BEKTOP
(Xo, Yo, Zo). Lle mepeTBOpEeHHS 3aJ1a€ MaTPHIIS
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1 0 0 O

O 1 0 O
T=

O 0 1 O

Xo Yo Zp 1

IlepeMHOXUBILIN 3HANWICH] MATPUIll B TOPSAJKY iX OOYA0BH, OJEPKUMO
MaTpPUIO MIOBOPOTY BIAHOCHO JOBUIBHOI IpsiMoi L y BUrIIs i
M=T-Ri-Ry -R;-Ry-R; - T.
3aranpHuil BUrisg matpuili M He Bumucyemo uepes ii TpOMI3AKUN
3anvc. Ha mpakTuill mpy HamyMcaHHI OporpaM JJis 3HaXopKeHHs Matpuill M
KOPHUCTYIOTBCSI CAME OCTAHHBOIO (HOPMYJIOIO.
VY npocTimomMy BUNAAKY, KOJU Xg = Yo = Zo = 0, MmaeMo
a’ + (1— a2)cos 0 all-cos@b+csind a(l-cos@)c-bsing 0
a(l—cos @) —csin g b2+(1—b2)cosé? b(L—cos@)c +asind 0
a(l—cos@) +bsin@ b(l-cosf)—asind  c’+cos 9(1— cz) 0
0 0 0 1

Posrasigaroun 1OBUIBHI IEPETBOPEHHS B MPOCTOPI, B PE3yJIbTaTi iX KOM-
OlHYBaHHSI OJIEPKYEMO MATPUIIl BUTIISITY

M=

a, a, azi 0
A= B B Pt 0
no 2 7510
Il m n'1

Martpuiro A po3mipom 4 x 4 MokHa po30UTH Ha 4 OKpPEMHUX YaCTUHU
(6s10km). Bepxwiit siBuii 610k po3mipom 3 x 3 3a7a€ cymapHi JiHiiHI iepeT-
BOPEHHS: MaciITabyBaHHS, MOBOPOT, BimoOpakeHHs. JIiBUI HUKHIN 3an1ae
NEepeMIllICHHs], TpaBUN BEpXHIH — TIEPCIEKTUBHI IEPETBOPCHHS (IUB.
n. 12.5). EnemenT ay44 = 1 — 3aranpHuii Koe(ilieHT MaciTaOyBaHH.

3a g0moMororw Marpuill A MOXHa MEPEeTBOPIOBATH JIOBUIbHI TPOCTOPOBI
¢irypu, HanpukiIag 31HCHIOBATH MEPETBOPEHHSI OMyKJIOTO MHOTOTPaHHHKA.
Onykiauii MHOTOTPAHHUK OJHO3HAYHO BU3HAYAETHCS HAOOPOM CBOIX BEPUIMH
Xi(Xi, Vi, Zi), 110 yTBOPIOIOTH MaTpuiro X. Jlam Ha marpuiro X Ji€eMO HEBHU-
pomkeHoro MaTpuiiero A 1 oaep:kyemo Habip BepmnH X' = X - A HOBOro MHO-
rorpaHHUKa, sIKUii € 00pa3oM BUX1JHOTO MHOTOIPaHHUKA.

11.5. MeToau 3aiaHHs CKJIAAHUX a(QIHHUX NEPeTBOPEHb

Cknaonum (kombinosanum) HA3MBAETbCS IEPETBOPCHHS, SKE MICTHTh
JIAHIIIO)KOK 0a30BUX TEPETBOPEHB (HE MEHIIE IBOX). 3ayBa)KUMO, IO Maiike
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BCl adiHHI IepEeTBOPEHHS 3ajie’KaTh BIJl MOPSAJKY iX BUKOHaHHs. Hampukian,
NEepPETBOPEHHSI 00€pTaHHS HEKOMYTATUBHI.
PosrasHeMo 1Ba OCHOBHI METOJIM 3HAXOHKCHHS MaTPHIlh CKIATHUX ITe-
PETBOPCHb.
e memood poszkiady (Oexomnosuyii) CKIATHOTO pyXy 00’€KTa Ha N eJIeMcH-
TapHUX PYyXiB, O onucyThcsa MaTpuisamu Ci, i = 1, 2, ..., n. Oxepkanuii
JAHITIOKOK 13 N TEePETBOPEHb C€KBIBAJCHTHUN OJHOMY IIEPETBOPEHHIO 3

n
marpunero C = HCi. B onHOpiAHMX KOOpIMHATaX MaTpHUIls MEPETBO-
i=1
penHss C 3HaxoAWTHCS 3a JOMOMOTOI0 TUIBKK OIepaliil MHOXEHHS
MaTpullb. 3a3HauuMoO, 1O po3kiaa matpuili C Ha A00yTOoK Matpullb C;
MOKHa 3IIMCHUTH HE €JIMHHM CIOCOOOM, TOMY 3ajiaya IporpamMicra
NoJISITa€ B ONTUMI3allli MHOXXHHHM €JIEMEHTAPHUX NEPETBOPEHb, IO
3agaroThcst MatpursimMu Ci;
® Memoo NapHux movox, 110 BU3HAYA€E MATPUII0 apiHHUX MEPETBOPEHD 3a
TpboMa (Ha IJIOUIMHI) Ta YoTUpMa (B MPOCTOpPI) Mapamu JIiHIKHO He3a-
JeKHUX TOUOK oOpa3y X Ta mpoobpazy X'. 3a yMOBH, LI0 TPIMKHA TOYOK
HEKOJIHEeapHl, a 4YeTBIPKM HEKOMIUJIAaHapHI, MAaTpHUIll, SKi 3aJal0Th I
00’€KTH, HEBUPOJXKEHI, TOMY 3aBXKJAU MOXXHA 3HAUTH MaTpuIll adiHHUX
IEPETBOPEHbD.
Haiixpaiiia 00yMOBJICHICTh MaTPHIlh JOCATAETHCS MPU OPTOTOHAIBHOCTI
CHCTEM BEKTOPIB, 1110 MOOYI0BaH1 Ha BUOpaHUX TOYKaX 00pa3y 1 mpoodpasy.
OTtxe, 13 cuctemu piBHsIHL X' = X - C 3Haxoaumo C = X1.X’,
Ilpuknao 6. 3naiimu mampuyio nepemeopenus mpuxymuuxka P1P,P3 y
mpuxymuux P/P,P; (puc. 11.10).

P, /
N |~
\| >
,)( P

2 P,

Puc. 11.10. IlepeTBOpeHHSs TPUKYTHUKIB
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OnHOpigHI KOOPAWMHATH BEPIIMH TpUKyTHHKA P1P,P3 ckiagaloTh mart-
PHLIIO

-3 4 1
X=|-1 -1 1],
1 1 1
a TpukyTHuka PP,P; — matpuiio
-4 0 1
X'=| 3 -11|
3 51
3i chiBBignomenns C = X1 X’ 0JIEPKYEMO
1 2 0
C=(-11 0]
3 21

Tenep moxknHa cipoOyBaTy MiidOpaTH MOCHIAOBHICTh 1 MapaMeTpu elie-
MEHTapHUX NEPEeTBOPEHb TpUKyTHUKa P1P,P3; y tpukytHuk P/P,P; i mepe-
KOHATHCS, 10 1ei crocid mooymoBu matpuill C y 1aHOMY BUIIAQJKYy CKiIaj-
HILITAMN.

Ilpuknao 7. Pozensanymu 3adauy npo 3miHy HpOCMOpPOBOi opichmayii
cucmemu Koopounam, 5K ye 3oopadicero na puc. 11.11 i na ypomy npuxnaoi
NOPIBHAMU AJI2OPUMM PO3KIAOY Ma Memoo NAPHUX MOUYOK.

3acTocyeMO CIOYATKy METOJl pO3Kiaay Mg OOYMCIEHHS MaTpHIll
CKJIaJJTHOTO a(hiHHOTO MEPETBOPEHHS HA MPUKJIIAJll 3MIHU OPIEHTAIlll CUCTEMU
KOOPJMHAT TakK, mo0 MoYaToK KoopauHat Oyae cyMinieHwui i3 Toukoro O'(m,
n, |, 1), a HampsiM aeskoi oci, HaIpUKIIag Z, — 3 HAIPSIMKOM 3aJIaHOT'0 BEKTOpa
V(a, b, ¢) (puc. 11.11) (po3miiieHHs IBOX IHIIUX OCEH HE PETrJIaMEHTYETHCS).

Po3B’ 5130k 337124l 1OCATAETHCA 32 JOIMOMOIOI0 JABOX MEPETBOPEHB:

1. TlepeHecenHs moyatky cuctemMu koopauHat Xyz y Touky O'. Ile nepe-
TBOPCHHS ONUCYEThCA MaTpuiieo T(—m,—n,—1)=T".

2. I1oBOpOT cUCTEMU KOOPAMHAT TaK, H00 BICh Z Malla HAIpsiM BEKTOpa
V, 10 BUXOJUTH YK€ 3 MOYATKY IMEPEHECEHOI CHUCTeMH KOOPIMHAT.
[To3naunmo matpuitto 1poro neperBopenns A(V), Toai MaTpuis Mos-
Horo nieperBoperHs C =T - A(V).
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y A
Vp )
| Vi
b ]
e} A La >\
N S "
V, X

Puc. 11.11. 3MiHa mpoCTOPOBOI OpPi€HTALIIT CUCTEMU KOOPAUHAT

Bupaszumo matpuiio A(V) depes3 MaTpuili e1eMEeHTapHUX TIOBOPOTIB,
e [lepmmii MOBOPOT CUCTEMH KOOPAMHAT BUKOHYEMO BiJHOCHO OCI Y MIPOTHU
TOJIMHHUKOBO1 CTPUIKK HAa KYT @, JUIs IKOTO

cosa = 3 sina = 3 d=+/a? +c? 20, a e [-180°, 1807].

Lle mepeTBOpEHHS BUKOHYE MaTPHUIS MOBOPOTY Ry(—¢).
e Jlpyre mepeTBOpeHHs] — 1€ MOBOPOT BIHOCHO HOBOI oci X' Ha KyT [y
B1/I’€MHOMY HAIPsAMKY, JIJIs SIKOTO
%, sing = %
Ile mepeTBOpeHHs 3a7aeThess MaTpulieto Ry(f).
OT1xe, MaTpullsi TOBOPOTY CUCTEMH KOOPJWHAT ISl CyMIIIEHHS OCl Z 13
BEKTOPOM V 00UHUCITIOETHCS 32 (HOPMYIIOI0
A(V) =Ry(—a) - R«(p).
Sxmo d = 0 (to6To V||Oy ), TO KYyT o HeBU3HAYCHHUM 1 CYMIIIICHHS OCi Z
13 BeKTOpoM V JI0CsraeThbcsl HE 3a JBa, a 3a OJHE OOEpPTaHHS CHUCTEMH KO-

OpJIMHAT BIIHOCHO OC1 X MaTPUIIECIO
A(V) = Ry(sign(V,)90°).

cosf = , B e [-90°, 90].

3aysadicenns. llpsama niocmanoska

osﬂ:ﬁ,sinﬁ:%

c . a
cosa= —,Slhna= —, C
d d
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y mampuyi nosopomie Ry(—a), Ry(f) ma ix muoowcenns npueooums 0o
epomizoxoeo 3anucy mampuyi A(V), momy Kpawe MHONCEHHS Mampuyb
BUKOHYBAMU NPOSPAMHO.

3acTocyeMO Temep METOJ MapHUX TOYOK. J[JIg 3HAXOJKEHHS MaTpHIll
A(V) MeTo1oM TapHUX TOYOK 3HAWIEMO B TIPOCTOPI TPH HEKOJIIHEAPHI TOUYKH,
B siki mepeiinyTs kinmi opris X%, y°, z° micis MOBOPOTY cHCTEMH KOOPAMHAT.
OjHa 3 UX TOYOK, KiHeup BekTopa V, € mpoobpazom z°. YV Bumaaxy V = z°
BuGepemo mpoobpasu  Y° i x° Ha KiHIIX BEKTOpiB  HOpMai
N = 2% x V (x — o3nauae BexTopHHi1 106yTOK) i Giopmami W = N x V.
JIOBXXMHU BEKTOPIB OJIHAKOB1, TOMY BIJICYTHI1 CIIOTBOPEHHS KYTIB MPH B1J100-
paXKEHHI, a OTXKE,

x° W
y’|C=|N|,
7° V

ne C — marpuisl TepeTBOPEeHHS 00’€KTa. 3 OCTaHHBOTO CIHIBBITHOIICHHS

MaeEMo
-1 1

x° W 1 0 0 (W W
C=|y° N|=[{0 1 0 N|=|N
70 v 0 0 1 V V

k10 00’ €KT 3aJUIINTH HEPYXOMHM, a IEPETBOPIOBATH TIILKU CUCTEMY
KOOpAMHAT, TO TaKe MAaCHUBHE MEPETBOPEHHS 3aJa€ThCA OOEPHEHOI0 MaTpu-

1IEF0, TOOTO

N xV)?

A\V)=C*'=| N
V

OTxe, METOT MapHUX TOYOK J03BOJISIE€ 3HAUTH MATPHUIIIO IOBHOTO IEPET-
BOPEHHS CUCTEMH KOOPAMHAT 0€3 pOo3KJIaay Ha MPOMIKHI IEPETBOPEHHS.

KOHTpOJIbHi NUTAHHA Ta 3aBJJaHHA

1. SIxi nepeTBOpeHHs Ha3uBaIOThCA apiHHUMK? Ha3BiTh X BIaCTUBOCTI.
2. lllo Ttake onHopiaHi KoopauHatu? Yomy BoHM 3aCcTOCOBYIOThCS B KI™?
3. Sk 3agatorbes adiHHI TEPETBOPEHHS B OJTHOPIAHUX KOOPAMHATAX ?

4. Sk moOyayBaTH MaTpHUIIO MOBOPOTY BIIHOCHO JIOBIIBHOI TOYKH Ha
IUIOIIIMHI?

Bunuunite MaTpuIll e1eMEeHTapHUX NEPETBOPEHD B IPOCTOPI.

SIKi IepeTBOPEHHS B IIPOCTOPI € KOMYTaTUBHUMHU/HEKOMYTaTUBHUMU?
/. Sk moOynyBaTH MaTPHUIIIO TOBOPOTY BIJHOCHO JOBUIBHOL OCI1?

o Ol
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8.
9.

SIK1 TOBOPOTH HA3UBAIOTHCS AOJATHUMU?
Ha3BiTh Ta MNOpIBHSANTE METOAM 3HAXOKEHHS MAaTPHULb CKJIAJHUX
a(1HHUX [IEPETBOPEHD.

10. CopmymroiTe 1110 METOTy TTApHUX TOYOK.

Bnpasu i 3axa4i 1151 caMOCTIHHOT0 BUKOHAHHSA

1.

JloBecTH, 1110 IEPETBOPEHHS 3CYBY aJMTHUBHE, @ CaM€ IOCII1JI0BHE BU-
KOHAHHS JIBOX 3CYBIB TOUKH €KBIBAJICHTHE OJHOMY 3CYBY, TOOTO
T(mg, ny) T(My, n2)=T(My+my, Ny+ny).
JloBecTy, 1110 J1Ba MOC/I1IOBHUX ITOBOPOTH aAUTHUBHI, TOOTO
R(pit92)=R(¢1) - R(¢2).
JloBeniTh, MO OAHOPIIHE MAacCIITa0yBaHHA 1 MOBOPOT YTBOPIOIOTH
KOMYTaTHUBHY T'PYIIY.
JloBecTH, 110 cyMapHe MaciTaOyBaHHsS Oyjae MYyJIbTUILIIKATUBHUM,
TOOTO SAKIIO BUKOHAaTH MacmTaOyBanHs D(a;, by), a morim D(a,, by),
TO pe3yibTyroue MaciTa0dyBanHs matume Burisg D=D(a;a,, biby).
[ToOGyayBaTH MaTPHITIO TAKO1 MOCIJOBHOCTI PyXiB TOUKH:

a) 3CyB IO OCi x Ha Ax;

b) MOBOPOT BIAHOCHO MOTIEPEAHBOTO MOJIOKEHHS TOYKH Ha KYT

C) 3CyB IO OCi y Ha Ay.
JloBecTH, 110 BiIOOpa’KeHHS BITHOCHO MPSAMOi B IUIOIIUHI X)), 1110 MPO-
XOJIUTh Yepe3 MOYaTOK KOOPJAMHAT €KBIBAJICHTHO MOBOPOTY BITHOCHO
I0YaTKy KOOpAUHAT. PO3TIIsIHYTH BUTNIAIOK IPAMO] y = X.
[loOynyBatn Marpulio 3arajibHoro moBopotry B 3D-mpocropi
BITHOCHO TPHOX KOOPAMHATHHX OCei, ToOTO Marpuiio Ry,= R/a) -
Ry(@) - R«(7). 3HaiiTu 0GepHEHY MaTPHIIIO IOTO MEPETBOPEHHSI.
3amano tpu Touku Pi, P,;, P3 B mpoctopi. [loOyayBaTtu Matpuiito
MepETBOPEHHS, B pe3yibTari sIKOro BekTop P1P, Oyle HampaBiICHUM
B3JIOBX OCI Z, a BeKTOp P1P30yze nexaru B mionuHi x = 0.
3anmana tpukyTtHa npusma ABCDEF 3 Bepmmmuaamu A(5;5;0), B(5; 15; 0),
C(15; 5; 0), D(5; 5; 10), E(5; 15; 10), F(15; 5; 10). O6uncauTH KOOp-
IMHATH TOBEPHYTOI MPU3MH BimHOCHO pebpa CB Ha kyT 45°.
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Tema 12. MoaeawoBaHHs poeKIiii
12. 1. Knacudikanis npoexii

Jlnst moOGynoBu rpadgiuyHuX 300pa)keHb TPUBHMMIPHHUX OO’ €KTIB Ha ILIO-
IIMHI, €KpaHi AMCIUIesS YM Ialepi BHKOPHCTOBYIOTh Hpoekii (Big Jar.
projection — Bukuaaru Briepen). [Ipoekiii BiqoOpakaroTh TPUBUMIPHiI 00’ €KTH
Ha JBOBUMIpHY KapTuHHY Iuomuby (Hamani KII), ToOTO mepeTBOprOIOTH
touku 3D-mpoctopy y 2D-mpoctip. Ilpoekiii OyAayrOThCa 3a J1OMOMOTOIO
npsamMux (IpoeKTOopiB), IO BUXOIATH 3 IICHTpa MPOEKTyBaHHA. LI mpsami
OPOXOJSTh YEPE3 KOXKHY TOUKY 00’ ekTa, neperunarouu K1, 1 Ha Hill yTBOpIO-
I0Th CHiJ] — IPOeKIit0 00’ ekTa. OCKUIbKH, MPOEKIIE0 BIAPI3Ka € BiAPI30K, TO
JUIs TTIOOYIOBH TIPOEKINIl Bijpi3ka JOCUTH MOOYAYBaTH JIMIIE MPOEKIi HOro
KIHI[IB. MU po3MISIAaTUMEMO JIMIIE IPOCKIi Ha IuiomuHy (IUIOCKI Teo-
METPUYHI MPOEKIIii), X04a iCHYIOTh MPOEKIii HAa CKPHUBIIEHI MOBEPXHI — TaK
3BaH1 KapTorpadiyHi MPOeKIIii.

VY koM’ roTepHid rpadii HaWOLIBII IMIMPOKO 3aCTOCOBYIOTH JBa KIJIACH
IPOEKI[IN: IapajeibHa Ta ICHTpalIbHA (IIEPCIIEKTUBHA) IMPOCKIIII.

VY BUNAJKY yeHmpanbHo20 npoexkmysanHs BCl MPsIMI BUXOASTh 3 OJIHIET
TOYKU — IIEHTPY MPOSKTYBaHHS, 110 3HAXOJIUTHCS B CKIHUEHHIN TOUIll TPUBH-
MmipHoro mpoctopy (puc. 12.1, 6). LieHTpanbHy NpPOEKIil0 HA3WBAIOTH IIE i
IIEPCIIEKTUBHOIO TPOEKINE0, ad0 MepcreKTuBoIo (BiJ J1aT. PErspicio — scHO
0auy). SIKIIO LEHTP MPOCKTYBaHHS 3HAXOIUTHCA HAa HECKIHYEHHOCTI, TO BCI
MPOEKTOpU MapaliebHl M CO00I0 1 B pe3ysIbTaTi MPOEKTYBAaHHS OJIEPKY-

€ThC napaneavra npoexyis (puc. 12.1, a).

S

Puc. 12.1. IlapanenbHa 1 IeHTpaJibHA TPOEKIIIT

Jlo BaXKJIMBUX BJIACTUBOCTEW METOJy MPOEKTYBaHHS HAJIEKUTh CTYIIIHb
JIOCTOBIPHOCTI CIIPUUHSATTS 00’ €KTa CIIOCTEPIraueM 3a HOoro MpoeKIisiMu, TOO-
TO pO3Mi3HaBaHHA 00’ €KTa 3a MOro IIOCKUM 300pakeHHsM. [Ipu3HadyeHHs To-
ro YW IHIIIOTO METOJy MPOEKTYBaHHS IMOJSATa€E B 3MEHIICHHI HEBU3HAUYEHOCTI
HaMOIIBII BAXKJIMBUX BJIIACTUBOCTEH 00’ €kTa (OYy/Ib-sIKa MPOCSKIIiST 3aBXKIH Mic-
TUTh y cO01 MOXUOKY, OCKIJIBKM IIPOEKTYBaHHS HE € a(piHHUM MEPETBOPEHHSIM,
TOMY BOHO B3arajii He € 0OepHCHHMM). 3a Yac PO3BUTKY LMBUII3AIT 3HAWIIUTH
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0araTo pi3HUX CIOCO0IB 300pakE€HHS MTPOCTOPOBHUX 00’ €KTIB Ha IUIOIIMHI.

31 cKka3aHOro BUIIE BUIUIMBAE, IO HAWKpAILOi MPOEKIi He iIcHye. B Tex-
HIYHUX KPECJICHHSX IS TOYHOI Mepeaadi po3MIpiB JIeTaieii B OCHOBHOMY
BUKOPUCTOBYIOThCSL TapajiesibHl MPOeKIlli. XyJoKHUKAMHU 1 apXiTeKTopaMu
4aCcTO BUKOPHUCTOBYIOTHCS MEPCIEKTUBHI BUJIM JJIsi CTBOPEHHS HAUOUIbIN pea-
JTICTUYHOTO 300pa’KeHHS] TPUBUMIPHUX 00’ €KTIB.

[lenTpanpHa MpOEKIlisl MOPOJKY€E Bi3yalbHUNM €(EeKT, aHAIOTITYHHUI 0
TOTO, SIKWM BUHHMKAE MPH CIIOCTEPEKEHHI JIFOJUHOIO 4 (hoTorpadyBaHH1, TOO-
TO JIOCSTAETHCS JESKUN CTYMIHb PEaJiCTUYHOCTI 3aBISIKU €(DEKTy Iepcrek-
TUBHOTO BKOpouyBaHHS. [lpu ueHTpanbHOMY MOpoO-
€KTyBaHHI Po3MIp 00’€KTa 3MEHIIYEThCS 31 3011b-
IIIEHHSM BiJACTaHi JI0 IIEHTpa MPOEKIii 1 Bia0y-
BAEThCS MPOMOPIIIITHE CIIOTBOPEHHS JiHIM 00’€KTa,
AK€ 3aJICKUTH BiJI Opl€HTaIllil JiHii Ta i1 Biagasl Bijg
IEHTPY NpoeKkTyBaHHs. Bce 1e cmpusie kpamomy
CIIPUMHATTIO TIUOWHHU CIIEHM, OJHAK He 30epirae

Puc. 12.2. Touka 360iry  ¢gopmy 00’ekTa.

[lenTpanbHi MpOEKIii TOBUIbHOI CYKYMHOCTI
napajieIbHUX MPsIMUX, HE MapalielbHUX 0 MPOEKI[IHHOT MIIONIUHU, TePeTU-
HAIOThCA B TouIli 30iry (puc. 12.2). 3aBasKky Iii BIACTHBOCTI IJIOCKI 300pa-
eHHS (MPOEKIIii) BUMIISIIAI0Th 00’ €MHO 1 pealiCTUYHO.

KoxeH 13 1iux JBOX KJIaciB MPOEKTYBaHHS pO30OMBAETHCS HA MIJKJIACH B
3aJIe’)KHOCT1 BiJ B3aemHoro posMimieHHss KII 1 koopaunatHux oceit. lleHT-
pajibH1 MPOEKIii YMOBHO MOXXHa Kjacu(piKyBaTH 3a KUIBKICTIO TOYOK 30iry
300pakeHHsT KyOa uu mapaneneninena. Hampuknaza, mpoekmii KapKacHHX
KyOiB MaroTh OAHY, JBI a00 TpWU TOYKH 30Iry 1, BIAMOBIJHO, HA3UBAIOTHCS
0OHOMOUKOBUMU, 0B0MOUKOBUMU 00 MPUMOUKOBUMY TIEPCTIEKTUBAMHU.

Bunu npoektyBaHHsi HaBeAeHl Ha puc. 12.3. [loOynyemo maTeMaTUyHI
Mojiesli 0a30BUX MPOEKTUBHUX IMepeTBOopeHb. CrouyaTky po3IVISTHEMO Mapa-
JeJIbHI TIPOEKIIi.

12.2. Oprorpagiuna npoexuis

OCHOBHHMM THUIIOM KOOPJMHATHUX CUCTEM y MPOCKTUBHIN reoMeTpii € o1-
HOPIJIHI KOOpAWHATH. BUKOpUCTaHHS OMHOPITHUX KOOpPAMHAT IS 3aJaHHS
omnepaiiil TpPOEeKTYBaHHS J[103BOJIIE€ 3HAYHO MOJIETIIMTH PO3B’SA3aHHA 3aJad
Tr€OMETPUYHOIO MOJICIIIOBAHHS MPOEKLI. A came orepauii MPOeKTyBaHHS B
OJTHOPIAHUX KOOPJIMHATAX MOXHA MOAATH B MATPUYHOMY BUIJISIAL, TOOTO TOY-
Ka-mpoekiis X' oAepKyeTbCsd 3 TOYKH X 3a JOIMOMOIOI0 IEPETBOPEHHS
X' =X-P, ne P—maTpunss npoekTyBaHHS po3MipoM 4 x 4.
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IIpu oprorpadiunomy npoektyBaHHi KII 30iraetbcst 3 ojiHi€0 13 KOOP-
JUHATHUX IJIOIIMH a00 mapaliefibHa 1d. SIKIo mpoekTopu mapalielibHi oci Z,
TO Touka (X, Y, Z) IpoeKTyeThcs B TOUKY (X, Y, 0). Marpuiis opTOroHaibHOIo
MIPOEKTYBAHHS B3/IOBXK OC1 Z Ma€ BUTJIST

([elo) Y]
OOOOo
RPOOO

[T;mocki reoMeTpuyH1 MPOESKITIi

[TapanenbHi TpoeKIii [lepcriekTUBHI MPOEKIIii

Oprto- AKcoHO- Koco- OnHo- JlBo- Tpu-
rpadiyHa | | METpUYHA KyTHA TOYKOBA TOYKOBA TOYKOBa
MIPOEKIIist IIPOEKIIA NPOCKIIIA TIPOEKITis MIPOCKITiS IPOEKIIis

Hnmep- I30mep- Tpu- BinnHa Kaoi-
pUYHa pu4YHa METpHUYHa MIPOEKITiS HCTHaA
IIpoeKIist | | MPOCKLis IPOEKIIis (Kasabe) IPOEKIIist

Puc. 12.3. Knacudikariisi mpoexiiii

AHAJIOTIYHO BUIUCYIOTHCSI MATPUIIl OPTOTOHAIBHOTO MPOEKTYBaHHS
B3J/IOBXK JIBOX THIIUX KOOPJUHATHUX OCEM

0 00O 1 0 0O
01 00 0 00O
Px=1o0 0 1 0o =|0 0 1 0
0 0 0 1 0 0 0 1

3aysasicennsn 1. J{nsa adexsammnozo 8iomeopenHs ghopmu 00’ ekma Hedoc-
MamHuv0 0OHIEL OPMO2OHANIbHOI NPOEKYil, OCKIIbKU MAMPUYL OPMO2OHATILHO2O
NPOeKmy8anHs 8upooddiceri. Heobxiono mamu KitbKa Opmo20HAIbHUX NPOEeKYill,
a came npoexyii na niowunu Z = 0, X =0,y = 0. Boru € 6uoamu 06’exkma cne-
peoy (ppoumanvhuit), cnpasa (nozooechiti) i 36epxy (copuzommanvruii). B
MEXHIYHUX KDECNeHHAX 34 OCHOBHI NIOWUHU NPOeKYil NpUuMaioms wicms
epanel Kyboa. Basxcnueo 3azmauumu, wo 6ci wicmeb npoexyiti Moxcymv Oymu
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00€PIHCAHT ULTAXOM KOMOIHYBAHHS NepemeopeHsb 8i000padNCeHHsl, NOBOPOMY,
nepeHeceH sl 3 HACMYNHUM OPMO2OHANbHUM Npoekmyeanusam Ha naowuny Z = 0.

12.3. AKCOHOMETPHYHA MPOEKUif

Opnna oprorpadiuHa mpoeKIiisi He MOXKE JaTH YsSIBU MPO 3arajbHy hopMy
TpUBUMIpHOTO 00’ €kTa. Ile 0OMeXeHHS MOXKHA YCYHYTH 3a JIOIMTOMOI'OK0 aKCO-
HOMETPHYHUX MPOCKIIii. AKCOHOMETPUYHA MPOEKIIisl (Bl IpelbKOro axon —
BiCb, Metre0 — BUMIpPIOBATH) YTBOPIOETHCS MAaHIIMyJIIOBAaHHIM 00’€KTa 3a
JOTIOMOTOI0 MOBOPOTIB TaK, 00 Oylid BUAUMUMH HpPUHANMHI TPU CYCIJIHI
rpaHi.

[Ipu akcoHOMeTpUYHIN MPOEKIIii mpoekTopu Tex neprneHankysipai KII,
aje BXK€ HEe TapalielibHl KOOPJAWHATHUX OCSM. BIAMOBIIHO 10 B3a€EMHOIO
po3MimieHHst KII 1 koopAUHATHUX OCEH PO3PI3HAIOTH TPU BUAM AKCOHOMET-
PUYHUX MPOESKIIN:

— TpuMeTpito — HopMmanbHuM BekTop KII yTBOproe 3 ocsiMu kKoopauHAT
nonapHo pi3Hi kyTH (puc. 12.4, a);

— JUMETPIo — aBa KyTu MK HopMaiutio KII 1 ocsiMu KoopauHaT OJTHAKOBI
(puc. 12.4, 0);

— 130MeTpito — Bci Tpu KyTu Mixk HopMaiutto KII 1 koopauHatHUME OcsiMU
onHakoBi (puc. 12.4, 6).

VY 1Mx npoekisix MoXkKHa PO3MJISIAATH TAKOXK KYyTH MIXK OCSAMH KOOPJIUHAT
ta camoro KII (puc. 12.4).

Puc. 12.4. Tpu Buu akCOHOMETPUYHOI MPOEKIIIi: @ — TPpUMETpis; O —
TUMETPIst; 8 — 130MeTpis

3MIMCHUBIIA KOMOIHAIIIO BIAIIOBIIHUX
\ A MOBOPOTIB, MOHa AaKCOHOMETPUYHE MpO-
\ z €KTYBaHHS 3BECTH J10 opTorpadiunoro. [ns
o IIOTO TOBEPHEMO CHUCTEMY KOOPIWHAT XYZ

< 2 y’ Ha KyT Y BIIHOCHO OCl Y Tak, 1100 Bich X
/ X’ xx"”/ 4)gp y nonazna B KII. Ileit noBopoT 341iiCHIOETBCS B
< HanpsMKY Bix Z 1o X (puc. 12.5), TodTo0 B 10-

y JATHOMY HaIpPSIMKY, 1 OIIUCYETHCSI MAaTPHULIEIO

Puc. 12.5. TToBopoTtu cucTteMu Ry (l,//) Jlani onepkaHy CHUCTEMY KOOPIWHAT

KOOpIAnHaT
229



X'y'Z" moBepHEMO HABKOJIO OcCi X' Ha KyT @ Yy HampsMKky Big Z' 1o Y’
(Bim’emHuii HampsM) Tak, o0 Bick Y’ momana B KII (puc. 12.5). Ile neperBo-
peHns 3maiiicHioe Matpuil Ry(¢). Ilicas mporo BHKOHYEMO OpPTOTOHAJIbHE
IIPOCKTYBaHHS B3JI0BXK oOci Z”. B pe3ynbTari oJepKyeEMO Mampuyio aKCOHO-

MENMPUUYHO2O NPOEKMYBAHHA

A= R;(l/l) . Rx(¢) P, =
1 0 0O 0)(1 0
0 cosp sing 0| |0 1
X
0 —sing cose 0| |0 O
0 0 0 1)1(0 O

cosy 0 siny O
0 1 0 O
0
1

—siny 0 cosy g
0 0 O
0 0 cosy —singsing 0 O
0 0| _ 0 Cos @ 0 0
0 0| |[-sing —cosysing 0 O
0 1 0 0 0 1

Tpumempuuna npoekyis 3IIACHIOETbCS JOBUIBHUMH I1OBOPOTaMH, IO
BUKOHYIOThCS B OYJIb-IKOMY TOPSAKY HABKOJO KOOPAMHATHUX OCEH 13 Hac-
TynHuUM opTtorpadiyauM npoektyBanHsM Ha KII, To6Tto ¢ ta wy marpuii 4

JUISL TPUMETPIi € TOBUIBHUMH.

Ha puc. 12.6 300pakeH0 TpUMETPUYHI IPOEKIIIi 3pi3aHOTO KyOa JJIs pi3-
HUX 3HA4Y€Hb KYTIB @ Ta . Ky0 31 3pi3aHOI0 BEPIIUHOIO 3a/IA€ETHCS MATPUIICIO

X, ne

0,5

O B B O O

1

0
0
0,5

P P, O O Kk

1

O O O O F kB Bk kB -

0,5

N e = e T = =

1

Koopannatu TpUMETpHUYHOI MPOEKIii 3pi3aHOro Kyba OOYUCIIOEMO 3a
dbopmysoro X'= X - A, ne A — MaTpuIlsi aKCOHOMETPUYHOTO ITPOCKTYBaHHS.

JIas TUMEeTpUYHOI TIPOEKIlli 3HAYEHHS KyTiB | Ta @ MOTPIOHO BiTOBII-
HUM YMHOM Tiaiopatu. [|jist 1boro po3rissHeMo MaTpuilto X 3 OJUHUYHUX O-

TIB KOOPJIMHATHUX OCEM
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1 0 01
X=(0 1 0 1]
0 011
[Togiemo Ha X MaTpUIIEI0 aKCOHOMETPUYHOTO TPOEKTyBaHHA 4. MaeMo
) 1001 COSW _Slgggsm(pgg cosy —sinysing 01
X'=X-A={0101|| o Cowfiwoo =l o0 cosgp 01/
0011) |~ B —sinw — '
0 0 01 siny —cosysing 01
N 15 30 45
: ] <
™

Puc. 12.6. TpumetpuuHi mpoeKIIii 3pi3aHoro Kyoa
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KBaapar JOBXHHU MPOEKIIii OJUHUYHOTO OpTa B3IOBXK OCi X (KoedilieHT
CTIIOTBOPEHHSI) JIOPiBHIOE
kZ =cos? y +sin®wsin® ¢ = 1-sin® y+sin ysin’ ¢ =
=1-sin®ycos’ p < 1. (12.1)
AHaNoOr14HO KBaJpaTH JOBXKHUH MPOEKII ONMHUYHHUX OPTIB B3IOBXK OCEU
Y Ta Z TOPIBHIOIOTH, BIJMIOBIJIHO,
2 2
ky =cos” ¢ <1, (12.2)

kZ =sin® p+cos® psin®y = 1-cos” pcos® y <1. (12.3)
MacmrabHi xoedimienTtn Ky, Ky, K; € ToBXXHHAMHU MPOEKIiH OJUHUYHAX OPTiB
Ha KII. I3 popmymn (12.1), (12.2), (12.3) BummuBae yMoBa B3a€MO3B’SI3Ky
ki +k?+kZ =1-sin’ y cos® p+cos® p+1-cos® pcos’y =2 (12.4)
Mix Koedimientamu Ky, Ky, K;.
Yacrto u1si aKCOHOMETPUYHOT IIPOEKIIiT 33J1al0Th HE KyTH, a MacmTaou Ky,
Ky, Kz, TOA1 3 popmyn (12.2), (12.3) MoxHa 3HAWTH MapaMeTpu ¢ Ta i, TOOTO
1-k?
2
Ky
[aKoM HEOOX1AHO 3a0€e3meynTr OakKaHl CITIBBIIHOIIIEHHS MacIITa01B
Ka o Ky 1 kz=my:my:m,.
Toni xoedimientn Ky, Ky, K, moBuHHI OyTH mpomnopuiiiHi 3HaAYCHHAM My, M\,
m,, To6To K¢ = cmy, ky = cmy, k; = cm; i c*(mf +m) +m?) = ki +k> +kZ = 2.

cos’p= k2,  costy=

3B1CH BUILUIABAE, 110

c:\/ > 22 >, ki=cm, i=1,2,3. (12.5)
mg +my +m

z
JIUMETpis XapaKTepU3y€EThCSA THM, IO JOBKHHH ABOX MPOCKIIH OJUHNY-
HUX OpTiB 30irarotbes. [IpupiBHIoloun koedinieHTn MacmradyBaHHs Ky 1 Ky,
OJIEPIKYEMO
cos’y + sin“ysin’p = cos’y,
a, BpaxoByioun hopmymu €0’y = 1 —sin’y, cos’p = 1 —sin®p, maemo
siny (1 - sin“g) = sin’g, (12.6)
abo
sin‘y = tg . (12.7)
dikCcyrouM OJUH 13 KyTiB, HaNpuKiIan v, 3 (12.7) 3Haxoaumo
@ = arctg(£siny).

Toni, HampuKIam, K0 BUOpATH ¥ = 60°, 3 (12.7) onepxxyemo tgzgp = % 1 A
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3

KyTa ¢ MO>XHa BHOpaTH 3HAYCHHS (= arctg(7) ~ 40,9°.

OxpeMuM BUIAAKOM JUMETPIl € CTaHJApPTHA AUMETPUYHA MMPOCKIlis, IpH
AKii cmiBBiIHOMIEHHS MacmTaliB ckimamae Ky @ ky : k, = 2 12 1 1. 3a
dopmytamu (12.5) 3Haxoaumo Ky = % 2, ky= g-Z, k, = g Tomi

2 , 8 ., _1-k* 7
cos’p=k; =—, cos‘y= L =—
PTH Ty YT T

a OTXKe, @ = arccos\/g ~19.47°, y= arccos\f8 20.7°.

ManI/II_[H CTAaHAAPTHOI'O JUMCTPUYIHOI'O ITIPOCKTYBAHHSA Ma€ BUTJIA]

T
0935 —0118 0
\f 0 0943 0
A, =
0,354 0
0

, -0,312
e

VYmoBa Kk, = ky # K, ma z[HMeTpI/Iqu'i MIPOEKITIi JO3BOJISE 3HAXOIUTH
PO3MIpH CITPOEKTOBAHOTO 00’€KTa 3 OJJTHAKOBUM MAcCIITa0OM IO OCsIX X Ta 'y, a
BUMIPU B3JI0BXK OCI Z BUMararTh I1HIIOrO MaciiTtabHoro koedimienTa. Lle
MOXK€ MPU3BECTH J0 MOMWIOK Y BHUIAJKY, KOJU MOTPIOHE TOYHE MacCIITa0y-
BaHHSI pO3MIPIB CIIPOEKTOBAHOTO 00’ €KTA.

[leit HEeMOMIK yCyBa€ 130METPUYHA MPOEKI[iA. Y BUMAAKY 130METPli MAEMO
k2 = ki = kZ. Paninte 3 ymoBu k: = k§ BUILIMBANO piBHAHHA (12.6) abo

Q

O O O

L2
sinfy= 2 (12.8)
1-sin“ ¢
aHAJIOT1YHO 3 YMOBHU k§ =k? omepiKyemMo
2
sin?y = L7290 (12.9)
1-sin® ¢
[TpupiBHtoroun nipasi yactuam (12.8) 1 (12.9), 3Haxoaumo sin“e = %,
abo ¢ = arcsin(ii) ~ +35,26°. Toxi 3 (12.8) sin‘y = 1 ; (1—1] = 1, a
V3 3 3) 2

OTXeE, W= +45°,
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KoedimieHT cmoTBOpeHHS IUIS 130METpHYHOI TpoeKmii Ky = Jcostp =

J2/3 ~0,8165 i € o1HAKOBUM y3noBx ycix oceit (Kx = ky = k;). Tomy moxHa
IPOBOJIUTU BUMIPH B3JIOBXK OCEH KOOPAMHAT 3 OJIHUM 1 TUM K€ MaCIITaboM.

OTxe, MepeTBOPEHHs 130METPUYHOIO MPOEKTYBAaHHSA, IO OJEPKYETHCA
npu = 45° ta @ = 35,26°, Mae BUrISIN

1 1

2 200
\E ﬁ 0,707 —0408 0 0
A_Q\Eoo_o 0816 0 0

bo 3 " |-0707 -0408 0 0O

o
> Ve 0 0 01

0 0 01

Sxuo B3sATH KyO 13 BIJIPI3aHOKO BEPILIMHOIO, SIKUM 3a/1a€ThCS MATPHUILEIO
X, ska OyJla HaBejleHA BHUIINE, 1 MOMISATH HA HEl MATPHUIICIO 130METPUYHOTO
POEKTYBaHHA Aj;,, TO OJIEPKUMO KOOPJIUHATH 130METPUYHOI MPOEKIi Ky0a,
TOOTO

-0,707 -0,408 0 1

0 -0816 0 1

0 -0,408 0 1

-03%4 0204 0 1

X =X-A=| 0,70/ 0,408 0 1 |

0 0 01

0,707 -0,408 0 1

0,70/ 0,408 0 1

0 0816 0 1

0354 0,204 0 1

Ha puc. 12.8 300paxkeHO 4OTUPU MOKJIMBI 130METPUUHI MPOEKIIi 3pi3a-
HOro Ky0a 3 Kytamu i = +45° ¢ = +35,26°.
12.4. KocokyTHa npoexkuis
Ha BigMiny Bix oprorpadidyHoi 1 aKCOHOMETPUYHOI MPOESKITIHA, I STKUX
npoekTopu nepneHauKkysapHi 10 KII, kocokyTHa mpoekiiis GopMyeThbes ma-
pajeIbHUMU ITPOEKTOPAMH, 1110 IPOXOAATh He mig npsiMmuM KyTtoMm 10 KII.
KocokyTH1 mpoekIrii moka3yrTh 3arajibHy (popMy MpOCTOPOBOTO 00’ €KTAa,

ajyie ICTUHHI po3Mipu Ta Gopma 30epiraloThCs JIUIIE NI TpaHeld 00’ €KTa, SKi
napaienbHi KII, ToOTO KyTH 1 JOBXKWHHU NMPU KOCOKYTHOMY IPOEKTYBaHHI
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30epiraloThCs TUIBKM JUIsl HUX IpaHeu. I'paHi, skl HE TapalielibHl TUIOIIMHI
IPOEKIIli, CIIOTBOPIOIOTHCH.

KocokyTHi npoekIlii — OCHOBHUN 1HCTPYMEHT JJis TOOY0BH TiHI 00’ €KTa
HAa TUTOIIMHY 1 JJ1s1 BiJOOpaXeHHs 00’ €KTa B IJIOCKOMY JI3€PKali.

p=3526 =45 p=-3526 =45
p=3526 y=-4 p=-3526 W=

D

Puc. 12.8. [3omeTpuuHi npoeKIlii 3pi3aHoro kyoa

[Ilo6 moOyayBaTH MaTpUII0 KOCOKYTHOTO MPOEKTYBaHHS, HEOOX1THO
3a/laTi HampsiM MpoekTyBaHHsS. [[s 1boro Ha oci Z BUOUpPAEMO OAMHUYHY
touky P(0, 0, 1), a B mmomuni npoekiiii (z = 0) — Touky Py (puc. 12.9) i BBa-
*aeMo, 1o HanpsaM PP, 3apae nanpsam npoekryBaHHs. [1o3HauMMO NOBXKUHY
OP; 4epes | i nexait OP; yTBOpIOE 3 BicCIO X KyT @, ToAl X, =Icose, y, =

Isina. OTxe, Maemo koopauHaTh Touku P1(lcoSe, Ising, 0) i Hampsam P—F{ =
(Icose, Ising, —1).

Kpim 1poro, npu KOCOKyTHOMY MpOEKTyBaHH1 Bifpi3ok OP npoekryeThes
y Biapizok OP;, TOOTO OJMHUYHMI BIJIPI30K MPOEKTYETHCS y BIAPI30K JOB-
xuHOIO |, ToMy | MOKHaA Ha3BaTH KOCQIIIEHTOM CIOTBOPEHHS MPH KOCOKYT-
HOMY TIpoeKkTyBaHHi. Sk BumHO 3 puc. 12.9, | = ctgf (arcctgl = f), ne f— kyr
HaXWIy KOCUX MTPOEKTOPIB A0 IJIOMMHY npoekiii Z = 0.
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Hexait Tenep 3amano noButbHY TOUKy Q(X, Y, z). 3HalizeMo MaTpudHe
IIEPETBOPEHHS KOCOKYTHOT'O ITPOEKTYBAaHHS, TOOTO TIEPETBOPCHHS, SIKE TOUKY
Q nepeTBoproe B TOUKy Q'.

XA

Q(X,y’ 0)
\

L
yd \Q(x, y.2)

E\ﬂ\
¢

z

O P(0, 0, 1)

Vo

Puc. 12.9. HanpsiM KOCOKYTHOTO TTPOEKTYBaHHS

PiBHsHHS TIpsMOi, 1O MPOXOAUTH depe3 Touky Q mapanenbHO BEKTOPY
PP, , Mae BUIIISIL
X=X Y-y Z-1
lcose  Isina -1
ne X, Y, Z — 6yl Touku npsamoi L, Tomy a1t Touku Q' 3HaX0AMMO
X' =X+ lzcosa,
y' =y + lzsing,

a00 B MaTpuuHii hopmi

1 0 00
0 1 00
X'y 01l)=(xyz1l) _ :
lcosa Isinae 0 O
0 0 01

Ile 1 € Marpuisl KOCOKYTHOTO TMPOEKTYBaHHS. 3MIHIOIOYM 3Ha4YeHHA «Q, [,
OJIEP’)KY€EMO Pi3HI BapiaHTH KOCOKYTHOI npoekiii. Hagani ams cripomieHHs 3a-
NUCYy IS MaTPUIll KOCOKYTHOTO MPOEKTYBAHHS OyJE€MO BUIUCYBAaTH TUIbKU
BEPXHIO JIIBY YaCTUHY po3MipoM 3x3.

3aysaoicenns 2. Axugo nanpsam npoexmyeanns PP, 3a0amu éexmopom

(pX, py, pZ)’ mo
Py + Py

. p
| =ctgf= +———L sina= —2—, cosa =
p; Jp?+ p?

[ Mampuysi KOCOKYmMHO20 NPpOeKmy8anHs Haby8ae U0y

Px

JpZ+p2
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K= 0 1 0},0eqx= px,qy:&.
Y
qe g, O i i
Amnanoeiuno mooicua eunucamu mampuyi Kocoxymnozo npoexmyeanns Ky, Ky
1 0 O
Ky: qx 0 qz ,0€Qx:&,Qz=&,
0 0 1 Py Py
0 g, ¢
—_ ’ : — py — pz
Ke={0 1 0|, 0eqy=—,0,=—*.
00 1 Py Py

Jesiki HanpsMKu BekTopa PP, naroTh craifioHapHi KOCOKYTHI MPOEKIIIi.

OcoOnuBHil 1HTEpEC SBIAIOTH COOOK /Bl KOCOKYTHI IMPOEKII — MPOEKIis
Kapanbe (BinbHa Tmpoekilisi) 1 kabiHeTHa mpoekuis. Ilpoekyis Kasanve
OJICPKYETHCS TOJI, KOJU KYT MIXK MPOEKTOpPaMHU 1 IUIOIIMHOK TPOEKIi
nopisatoe 45° (1 = 1), oxHax pe3yibrar wi€l MPOEKIil BUIISIAE HEPHPOIHO
noroBiieHuM (puc. 12.10).

Puc. 12.10. IIpoekuis KaBanwe

237



[{poro HeAONIKY HEMAE B KabiHemHill npoekyii, B IKiil KOehIIEHT CIOT-

BopeHH: | = %, T06TO KYT Mix mpoextopamu i KIT = arcctg(1/2) = 63,43°.

[Tpoekuis Kapanbe BU3HAYA€THCS BEKTOPOM P—Pi = (1, 1, J2 ) 1 3a1a€ThCS
MaTPHIICIO

1 0 0 1 0 0
KKa6: O 1 O ~ 0 1 0 .
L1 4l lo707 0707 0

V2 42
KaGineTna mpoekuis BusHauaetsest BektopoM (1, 1, 2+/2) i 3amaerscs
MaTpPHUIICHO

1 0 0 1 0 0
KK8.6: 0 1 0= 0 1 0

1 1

— — 0 0354 0354 0

22 242

[Ipoexiist KaBanbe 3pizanoro kyoa HaBeqeHa Ha puc. 12.10, a kaGiHeTHa
mpoekIis — Ha puc. 12.11.

Puc. 12.11. KaGineTHa npoeKIris
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12.5. OagnoToukoBa (0aHOGOKYCHA) MePCNEKTHBHA MPOEKIIist

CrioyaTKy pO3IVITHEMO MPOCTIMINA BHIAJIO0K IEHTPAILHOTO MPOCKTY-
BaHHs. [IpumycTumo, 1Mo MpoeKTUBHA TUIOIIMHA IEPICHANKYIISIPHA OCI KOOP-
JMHAT, HAIPHUKIAL Z, 1 mpoxoauThb uepe3 Touky C(0,0,¢) Ha oci z, a cam croc-
Tepirau (Kamepa) 3HaXOJUTHCSA B MOYATKYy KoopauHaT. Hexaii 3amaHa Touka
P(X, y, ) y npocropi. 3Halizemo koopauHatu mpoekmii Toukn P ma KII.
[To3naunmo mykany Touky uepe3 P'(X', y', z') (puc. 12.12).

3 nomiOHOCTI TpUKYTHHUKIB (prc. 12.12) 3ammiemMo mpornopiiii

/ /

c y ¢ x
z y 7z X
. X, ¢y .
3Bimkm X' = — |y = =, SKmio po3riasgaTv OJHOPIAHI KOOPAMHATH TOYOK
z z

P(x, v, z, 1), P’(L, L, c,1)=(xY,z, E), TO MepeTBOpPeHHS Touku Py P’
z/lc zlc Cc

MO>KHa 3aJ]aTu MaTpu4Hoto opmyioro P’ =P - My, ne

1 00 O
01 0 O

M1: .
0 0 1 1/c
0 00 O

[InommHa npoeKkTyBaHHS

v
=

Puc. 12.12. IlepcriekTBHA IPOEKIIIA

Posrnsiuemo iHImmMi BapiaHT IeHTpaibHOro mnpoektyBaHHs. Hexait KII
3HaxoauThes y mwiomuHi Z = 0, a kamepa — B Touli C(0, 0, ¢) (puc. 12.13).
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B X
< Y

0,0.¢) Puc. 12.13. Tnmuit BapiaHT MepcreKTUBHOT IPOEKIT

BizemMemo B mpocTtopi moBiUIbHY TOuky P(X, Y, Z) i moOymyemMo mpsamy, IO
npoxoauTs yepe3 Touku C ta P. IlapameTpuuHe piBHSHHS 1€l NMpSIMOi Mae
BUTJISI
X=xt,Y=yt, Z=c+(z-0)t.
3HalIeMO KOOPJMHATH TOYKHU MEPETUHY MOOYJ0BAHOI MPSIMO1 3 TUIOIIU-

HOIOZ:0.3YMOBHZ:OMa€MOt:L,aOTﬁce,X’: X . _X Y =
C—z c-z 4_2
C
r - J , TOOTO OZIEPIKYEMO TOUKY P’(L,L 0,1)=P'(x,y,0, 1- E)_
c-z 4 2 1-%2 1.2 C

C C C
i >x mepeTBOpPEHHs MOKHA 3alKMcaTH 1 B MaTpUIHINA Gopmi

(x’ y'01):(xy01—§):(xyz1)-Mz,

ne M, — Matpulsi NepCeKTUBHOTO NPOEKTYBaHHS Ha Iiomuny Z = O:

100 0
IVI_0100
219 0 0 1|

C
000 1

3ayBa)KMMO, 1110 HAsBHICTb HYJBOBOTO TPETHOr0 CTOBMIIS B Matpuili M,
3yMOBJIEHA THM, IO Z-KOOpJAMHATA MPOEKIli HyJboBa. O4eBUIHO, IO MPHU Ta-
KOMY TMEpPETBOPEHHI IMOBHICTIO TYOUThCS 1H(OpMAIlis MPO TIUOMHY CLICHH.
dopmanbHO 30€perTy Z-KOOpAWHATY MPU BUKOHAHHI MEPCHEKTUBHOTO IMepe-
TBOPEHHSI MOKHA ILJIXOM 3aMiHM B MaTpulli M; Hyssl HAa mepeTHHI TPETbOro
psiaka Ta TpeTboro cropmurka Ha 1. [Ipyu boMy OJHOTOUYKOBE MEPCIIEKTUBHE
nepeTBopeHHs (0e3 MPOCKTYBaHHS Ha TUIOIIMHY) 3 IICHTPOM MPOCKTYBAaHHS Ha
oci Z 3agaetses popmynnorw X' = X - P, e
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100 O
010 O
I:)C: )
0 01 -1/c
000 1
ab0
100 O
010 O 7
x'y' z71)=(xyz1l)-P.=(xyz1) 1|=(xyzl--).
0 01 —= C
C
000 1

OTxe, KOOpJIMHATH MEPCIIEKTUBHOTO MEPETBOPEHHS TOUkH (X, Y, Z) B IIbOMY
BUIIAJIKy MPOEKTYBaHHS BU3HAYAIOTHCS 32 (POPMYIIOIO

(Y 2= ()
1-z/c 1-z/c 1-1z/c

Tenep mepcreKkTUBHE MPOEKTYBAaHHS Ha JIESIKY JBOBUMIPHY IUIOIIUHY
MOXKe OyTH OJiep>KaHe sIK MOCiJOBHE BUKOHAHHS OMNepaliid nmepcrieKTUBHOTO
MEPETBOPEHHS Ta OPTOTOHAJILHOTO MPOEKTYBaHHS. Hampukian, mepcrekTus-
HE MpOoeKTyBaHHA Ha IwiomwuHy Z = 0 3amaetbest Marpuneo M, = P - P, ne
P — MaTpuils nepCcneKTUBHOTO NEPETBOPEHHS , a P, — MaTpuiisi opToroHans-
HOTO MPOEKTyBaHHS Ha muionuHy Z = 0. AHajoriyHo MoOXKHa MOOYIyBaTu
MaTpHUIll TIEPCHIEKTUBHUX MEPEeTBOPEHDb Py, Py 71 Bumaaky, Koau MEHTP Mpo-
eKII1i 3HaXOIUThCS HA OCSIX X Ta Y.

DopMyIu MEPETBOPEHHS MEPCIEKTUBU MICTITh Y 3HAMEHHUKY KOOPH-
HATy Z, a [1e O3HAYae, 110 TaKi IMEePETBOPCHHs HEeNiHiiHI (TouHiIe ApoOOBO-
JiHINHI), TOMY IEHTpaJIbHE MPOCKTYBAaHHSI HE 30epirae BiJHOIICHHS ILIOII i
JOBXKHUH, a MapajeiabHl MDK COOOK0 MpsiMi, 110 HE MapayiesibHi MPOEKTHUBHIN
IUIOLIMHI, IEPEXOIATh Y MPsMI, K1 301ral0ThCsl B OAHIN TOULIL.

PosrasiHeMo my4ok npsMux napajiedbHUX OCl Z 1 3HaWIeMO pe3ybTaT Jii
HAa HUX MaTpPHIICIO TMEPCIEeKTUBHOIrO meperBopeHHs. KokHa mpsma Takoro
mydYKa OJHO3HAYHO BU3HAUYa€eThCs Toukoro M(a, b, 0) cBoro mepeTuny 3 Imio-
muHOo0 Z = 0. PiBHsSHHS 1iei mpsamoi X = @, Y = b, z = t. Ilepeiimemo 10
OJTHOPIAHUX KOOPAMHAT 1 JI0 HUX 3aCTOCYEMO MATPUIIO MEPCIIEKTUBHOIO I1e-
petrBopeHHs P.. B pe3ynbTati 0J1epKuMO

100 0
010 0

(@abt1) 1l=@bt1-YHy=(2 bt

001 -1 c t ot

; Sttt

000 1 ¢ c ¢
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[Tpu 1bOMy TOUYKH 00pazy
( a b t
) :
. Lttt
C C C
HAOJIMKAIOTHCS JI0 €JMHOT TOUKH
(0, 0, —c, 1), w0 HE 3alIEKUTH
Bij 3HauyeHb a Ta b. Ile o3Hauae,
10 MEPCHEKTUBHUMHU MPOEKIIis-
MU BIAPI3KIB, MapajeabHUX 0
0Cl Z, € BIAPI3KH, SIK1 301raroThCs
B exuuii Toumi (0,0, —c,1), mo
CUMETPUYHI IIEHTPY MPOEKIIIi
Puc. 12.14. IIpoekuis 3 OJHIEIO TOYKOK  BigHocHO mromuuu Z = 0 (pwuc.
30iry 12.14). Ils ToYKa HAa3MBACTHLCH
mouxow 36i2y, BOHA MOXE PO3-
TISIIATUCS SIK TPOEKI[iS HECKIHUEHHO BIJTATICHOI TOUYKHU. 3 MPAKTUYHOI TOYKU
30py TOYkKa 30iry — Ile Taka TOYKa Ha MepeaHhOMY ab0 3aJHbOMY ILIaHI
00’€KTa, B HANPSIMKY JI0 SIKO1 B1I0OYBAETHCA MOCTYIOBE 3MEHIIECHHS PO3MIpPIB
00’ekTta (B TpaHuIli — 00’ €KT MEPETBOPIOETHCS B TOUKY HA TOPU30HTI).

3ayeaorcennsa 3. Moowcna noxaszamu, wjo O008INbHULU NYYOK NAPALETbHUX
npamux, akuu He napaneavuut KII, nio dieto mampuyi nepcnekmueHozo nepe-

meopenns Pc nepexooums y nywox npsamux, wio 36icaromocs 6 0OHIU MOYYi.

, 1) mpu t >0

v
>

z

12.6. IBOTOYKOBE Ta TPUTOUYKOBE NMEePCNEeKTUBHI NMepeTBOPEHHS

OOHOTOYKOBI MEPCIEKTUBHI MEPETBOPEHHS LIE HE JAIOTh aJIEKBAaTHOIO
CHOPUIHATTA TPUBUMIPHOi (hopMu 00’ €kTa. /{151 HHOro 3aCTOCOBYIOThH CKJIA]IHI-
11 IEPCIEKTUBHI IEPETBOPEHHSI.

Skio B 4eTBEPTOMY CTOBIIII MATPUIl MEPCHEKTUBHOTO MEPETBOPEHHS
7IBa €JIEMEHTH 3 MEPIUINX TPHOX HE JIOPIBHIOIOTH HYJIIO, TO TaKe MEPETBOPEHHS
€ IBOTOYKOBHUM MEPCIEKTUBHUM NEPETBOPEHHSIM.

Jleomoukogi nepcnekmugeHi nepemeopenis 3a1a10TbCsi POPMYIIOIO

1 0 O —l
a
1
(Cy 2 1)=(xyz1)|0 1 0 —l=(xyzl —T)=
a
O 01 O
0O 0 0 1
X Z
= ( X Yy >2/y X Yy 1).
1---2 1-2-2 ~7
a b a b a b
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3ayBa)XMMO, 110 JBOTOYKOBE MEPCICKTUBHE MIEPETBOPEHHS MOXKHA OJIep-
AT TUIIXOM 00’ €THAHHS JBOX OJIHOTOYKOBUX NEPCIEKTHUBHUX IEPETBO-
peHb, TOOTO

1
100 - 100 -Z|(100 0
1
1 1
Pp=[0 1 0 - |=|0 10 0 010 -+l=p,.p,
o001 of (001 0089

Tomy ABOTOYKOBE MEPCHEKTUBHE NMEPETBOPEHHS Ma€ JiBa IIEHTPU IMPOESKITIi:
nepiri Ha oci X y Touri (a, 0, 0, 1), npyruii Ha oci y B Touui (0, b, 0, 1) 1 aBi
TOYKHM 30iry: Ha oci X y Touti (-a, 0, 0, 1) i Ha oci y B Toumi (0, —b, 0, 1) (puc.
12.15). Jlami, mo0 ojep)kaTh JBOTOYKOBY IMPOCKIi0 Ha momuHy Z = 0,
NOTPiIOHO 11I€ MOJISATA MATPHUICI0 OPTOTOHAIBLHOTO MPOEKTYBaHHS Ha IIJIO-
muay Z = 0.

Puc. 12.15. JIBOTOYKOBE 1LIEHTPAJILHE IEPETBOPECHHS

JIBOTOYKOBa IEHTpaJbHA MPOEKIIis MIUPOKO 3aCTOCOBYETHCS B apXiTeK-
TYpPHOMY, 1HXEHEPHOMY Ta MPOMHCIOBOMY IMPOEKTYBaHHI, B KOMII IOT€pPHIN
rpadi.

TputoukoBa mepcHeKTHBa 3aJA€ThCS MATPUIICIO, B SKOI TpU MEPIIUX
€JIEMEHTH YETBEPTOrO CTOBIYMKA MATpPHUIll TEPETBOPEHHS HE JOPIBHIOIOTH
Hy10. TpUTOYKOBE MEPCIIEKTUBHE MEPETBOPEHHS
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100 ——
a
010 1
(y 2 1)=(xyzl) Tb|=kyz1-o 00
0 01 L
C
0 00 1

Ma€ TpU UEHTPH MPOEKIil Ta TPU TOYKHU 30Iry. 3a3Ha4YMMO, 10 TPUTOUYKOBE
NEPCHEKTUBHE NMEPETBOPEHHS MOKE OYTH OJiep>KaHe 3a JOIMOMOIOI0 TTOCII1I0B-
HOTO 3aCTOCYBaHHSI TPbOX OJHOTOYKOBUX MEPCHEKTUBHUX MEPETBOPEHD, IO
OJIHOMY Ha KOXXHY KOOPJIMHATHY BiCh.

TpHUTOYKOBI LEHTpabHI MPOEKIIi PIIKO 3aCTOCOBYIOTHCS Ha IMPaKTHIIL,
00, mo-mepiie, iX BaXXKO KOHCTPYIOBaTH, a MO-APYre, BOHU JTOAAIOTh Malo
HOBOTO 3 MOy PEATICTUYHOCTI B TMOPIBHSHHI 3 JBOTOYKOBUMHU IMPOEK-
ISIMU.

12.7. MeToau CTBOPEeHHsI MePCNEKTUBHUX BU/IIB

Ax BunHo 3 puc. 12.14, BCi OJHOTOYKOBI MEPCHEKTHBHI MPOEKIlli He-
1HpOPMATUBHI, OCKUIBKM 3 KOXKHOTO LIEHTPY HPOEKIii BUIHO TIIbKUA OJHY
rpanb kKyOa. 100 cnpuitHsATH TpuBUMipHY (hopMy 00’€KTa Ha OCHOBI TUIBKU
OJIHIET TIpOeKIIii MOoTpiOHO, 100 OyJI0 BHUIHO KUJIbKa I'paHed IbOro 00’ €KTa.
Hanpuknan, nns xkyb6a morpiOHo OaumTu Tpu Tpadi. [[Is OJHOTOYKOBOI
npoekIli 3 (IKCOBAaHUM ILIEHTPOM Ha OCSX KOOPJMHAT 13 TUIOIIMHOIO MPOEKT-
TyBaHH{, fKa NapajielibHa 0 KOOPJAWHATHHUX IUIOLIMH, BHJ 13 JIEKUIbKOMA
IpaHsIMU MOXKHA OJICpKaTH, TIOMEPEIHBO 3IIHCHUBIIY TIepeHeceHHs 1/ab0 1o-
BOPOT 00’ €KTa.

CnoyaTky po3IJISTHEMO NEPEHECEHHS 00’ €KTa 3 MOAAJIBIIUM OJHOTOYKO-
BUM IMPOEKTYBAHHSAM Ha IuiomuHy Z = 0 13 IIEHTPOM MPOEKIi B TOYIII
Z = C. lle mepeTBOpeHHS 3aMUCYETHCS Y BUTIIAI

1 000)(1L0O0 0 (1)(1)88
MeT.mo|0 L 00010 0 |_
- 210 0 1 ollo 0 0 —1/¢c| |0 00 e
Il m 0 1-n/c

Il m n 1){0 0 O 1

OnepxaHe MEPETBOPEHHS MOKA3YeE, 0 MEPESHECEHHS B3I0BXK HAIMPSIMKIB
X Ta Y BigkpuBae Tpu rpasi kyoa (puc. 12.16). IlepeHecenHs 00’ e€kTa B30BK

. n
HANPSIMKY Z MPUBOAUTHL A0 3MiHM MacmTaOy (uepe3 eidemeHT 1 — —) — 1e
C

BIAMOBIAa€ (PI3UYHINA pEeAbHOCTI, OCKIJIBKM 00’ €KTH, IO 3HAXOIAThCA Aaui
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B1J] CIIocTepirava, BUTJISIAal0Th MEHITUMU. J[eKiJibKa rpaHeil MOJKHa BIJKPUTH,
AKIIO BUKOHATH oOepTaHHs 00’ekTa. [ToBOpPOT BITHOCHO OAHIET OCI BIAKPHE
MpUHaMHI Bl TpaHi 00’€KTa, JBa MOBOPOTH BIIHOCHO PI3HUX OCEH BIJK-
PHUIOTH SIK MIHIMYM TpPH TpaHi.

Marpuiisi iepeTBOpeHHs JjIsl MMOBOPOTY HABKOJO OCi Y Ha KyT W/ 1 1o-
JTAJIbIIMM TIEPCIEKTUBHUM MPOCKTYBaHHSAM Ha IwionuHy Z = 0 i3 meHTpom
MIPOEKIIil B TOYIll Z = C Ma€ BUTJISI

M=Ry-M;=
cosy 0 -siny 0)(1 0 O 0 cosy 0 0 sin y
_| 0 1 0 0|0 1 O 0 |- o L o 8
siny 0 cosyw O0||0 O O -1/c siny 0 0 = oS i
0 0 0 10 0 O 1 0 0 0 i

Puc. 12.16. OnHOTOUYKOBA MEPCIIEKTUBHA MPOEKITis IEPEHECEHOT0 00’ €KTa B
X,y-HaImpsMKax

3BijicK BHJHO, III0 OOCPTAaHHS HABKOJO OCi X (aHAJOrIYHO Y) 3 HOJajb-
IIMM TPOCKTYBAHHSIM EKBIBAJICHTHE JIBOTOYKOBOMY MEPCIIEKTUBHOMY Iepe-
TBOPECHHIO (HE JOPIBHIOIOTH HYJIIO JBa €JeMEHTH Marpuil 3 x 1, mo Bia-
MOBiIal0Th MEPCIEKTUBHOMY TIepeTBOpeHHI0). TOOTO MOBOPOT HABKOJO TO-
JIOBHOI OC1 HE BIJKpUBA€E BCl TPHU I'paHi 00’ ekTa. /[ 1bOro moBOpOT MOKHA
CKOMOIHYBAaTH 3 MEPEMIIIEHHAM a00 3IMCHUTH OOEpTaHHS BIAHOCHO JBOX
oceil X Ta Yy, a MOTIM MEPCIEKTUBHE MpOoeKTyBaHHs Ha romuny zZ = 0. Take
IIEPETBOPEHHA 3aa€eThes MaTpunero M = Ry - Ry - M.
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KoHTpoJIbHI MUTAHHA TA 3aBAHHA

Nogak~wNE

8.
9.

10.
11.

Sk OyayroThes npoekuii? Jlaiite X kiacudikariiro.

Bunuurite MaTpUIll OpTOrOHAJIbHUX MEPETBOPEHb.

B womy nossiraroTh nepeBaru Ta HeIOJIIKU MEPCIEKTUBHUX MPOESKIIIi?
Sk yTBOpPIOETHCSI aKCOHOMETpHYHA TIpoeKinisa? Ha3BiTh ii pi3HOBHIH.
Bunuuiite MaTpUII0O aKCOHOMETPUYHOTO MTPOEKTYBAHHS.

SIKi BTaCTUBOCTI Ma€e AMMETPUYHA/i30METpUYHA MPOCKITii?

[lin sskuM KyTOM BiJIOOpa)KarOThCA Ha IUIONIMHI €KpaHy OCl 130MeT-
PUYHOI MPOEKITii?

Sk BUOHpa€eThCs HAPSIM KOCOKYTHOTO MTPOEKTYBAHHS ?

Sxuii BUTIIAT Ma€ MaTPUILI KOCOKYTHOTO MPOSKTYBaHHS?

Ha3BiTh 1B1 0c001MB1 KOCOKYTHI Iipoekilii. [lopiBHsTE 1X.

Sk moOy1yBaTH MAaTPUILII0 OHOTOYKOBOI MEPCIEKTUBHOT TPOEKIIIi?

12. SIki BIaCTUBOCTI Ma€ MaTpUIls MEPCIEKTUBHOTO MEPETBOPEHHS ?

13.
14.
15.
16.

17.
18.

o Take Touka 30iry? SIk JOoBeCTH ii ICHYBaHHS?

Sk 3a7a10ThCS IBOTOUKOBI IEPCIICKTHBHI IIEPETBOPEHHS ?

SIKi BIIACTHBOCTI Ma€ ABOTOYKOBA MEPCIEKTUBHA MPOEKIis?

Bunuurite MaTpUII0O TPUTOUKOBOI MEPCHEKTUBHOI MpOEKIlii. BkaxiTh
IEHTPHU POEKTYBaHHS Ta TOUYKH 301ry.

OOunciutu marpuiro M =Ry - Ry - M.

SIK CTBOPUTH TaKy MNEPCHEKTUBY, 100 MOXKHA OyJI0 COPUINHATH TPUBH-
MipHY opmy 00’ €kTa?

Bupasu i 3aga4i 1J151 caMOCTIHHOTO BUKOHAHHA

1.

o o

[ToOymyBat Buj 3iiBa/33ady 3pi3zaHOro Kyba 3a JOIOMOIOK OPTOro-
HAJBHOTO MpOEeKTyBaHHS Ha 1wiowuHy Z = 0. Bkasziexa. [lonepednvo
He0OXIOHO 30TUCHUMU 8I0NOBIOHI NOBOPOMUL.

. O0uMCIUTH KOOPAMHATH OPTOTOHAIBHOI MpoeKiii Ha rmomuny Z = 0

OJMHUYHOTO Ky0a, sIKuil moBepHyTO Ha KyT 45° BigHOCHO OCi, 10 IPO-
XOJIUTh Y€Pe3 MOYaTOK KOOPAUHAT 1 MPOTHIICKHY BEPIIMHY KyOa.

. O0uMCcIUTH KOOPAMHATH OPTOTOHAIBHOI MpoeKiii Ha rmomuny Z = 0

OJMHUYHOTO Ky0a, IKUM CIIOYaTKy HEOOX1THO CUMETPUYHO Bi0Opa3uTH
BIJIHOCHO IUIOLIMHH, 1110 MMPOXOJIUTh Y€PE3 TPH 3a/aH1 TOUKHU.

. IToOymyBaTH MaTpHUII0 TPUMETPUYHOrO MpoeKTyBaHHs npu y = 30°

@ = 45°. O0uKMCaNTH KOOPAUHATH POEKIIil 3pi3aHoro Kyoa.
3HaitTn KoopauHaTH npoekiii KaBanse 3pizanoro xkyba mpu a = 45°,

. Bukonatu OJHOTOYKOBC ICPCIICKTUBHC IICPCTBOPCHHA OJMHHUYHOI'O KY-

0a Ha mromunay Z = 0 3 uenTpom npoekiii B Touri (0, 0, 5).

. IToOynyBaT BOTOYKOBY IMEPCIEKTUBHY IMPOEKII0 OJUHUYHOTO KyOa

Ha twromuHy Z = 0 ms uentpiB npoekii (5,0,0) Ta (0,5,0).

. [TobynyBaTy MaTpuili epeTBOPEHHS TUMETPIi B 130METPIIO 1 HABIMAKH.
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Tema 13. Cucremu KOOPAUHAT TA iX MePeTBOPEHHS

13.1. Cuctemu KOOpAUHAT

Y komn’toTepHid rpadilli BUKOPUCTOBYIOTHCS JIEKIIbKAa PI3HUX CHUCTEM
KOOpAWHAT. 3 OJIHOTO OOKY, KOOPJAMHATH TOUYOK 00’€KTa 3py4YHO 3a7aBaTH B
JOKAJIBHIM CUCTEMI KOOpJAMHAT 00’ €KTa. 3 1HIIOro OOKY, SKIIO B CIIEH1 0arato
00’€KTiB, TO I X PO3MIIIEHHS HEOOXITHO MaTH OJIHY 3arajibHy (CBITOBY)
cucteMy KoopauHart. Jlani crnocrepirad JUBUTHCS Ha 00’ €KT CUEHU Yepe3 Ka-
Mepy, IPUUIOMYy Kamepa MOXKe MepeMIIlyBaTUCs 1 3MIHIOBATH HAIPsIM CIIOCTE-
pexxeHHsa. ToMy HEOOX1THO MaTH CHUCTEMY KOOpJMHAT, IO 3B’s3aHa 3 KaMme-
poto. Big xapakTepucTUk KaMepu 3aJeXKUTh 00’€M MPOCTOPY, SIKUW CHOCTe-
pirad 6auuTh yepe3 kamepy. Pi3Hi 00’ e€Mu BUIUMOCTI KaMepu nepe nojaib-
o0 00poOKkoro (Bi3yastizailielo Ha €KpaHi KOMII'I0Tepa) 3pY4YHO CIIOYATKY
NIEPEBECTH B ACIKHMH CTaHAAPTHHM 00’eM (IIpocTOpoBuUii Ky0), III0 Ma€ CBOIO
CUCTEMY KOOpAuHAT. Pe3ynbraroM Bi3yasi3alli € BUBEICHHS BUAMMOI YaCTH-
HU 00’€KTa uepe3 KaMepy Ha eKpaH a00 Ha 4acTHHY eKpaHy (BIKHO abo 00-
JIaCTh BUBEJICHHS), SIKI MalIOTh CBOI CUCTEMH KOOPIMHAT.

PosrisiHemMo OuIbII AETadbHO Il CUCTEMH KOOPJAMHAT Ta 3B S30K MiX
HUMU.

o Cucmema xoopounam 06’ ekma (CKO). L{s cucrema KOOpHHAT HKOPCTKO
3B’s13aHa BJIACHE 3 00’ €KTOM 1 B HiM 3a7al0ThCA KOOPAWHATH TOYOK 00’ €KTa,
HAIMPUKJIAJ, KOOPJIWHATU BEPIIUMH mMoJiiroHanbHOi Mojeni. lle sokanbHa
CHUCTEMa KOOPJAMHAT 1 KOOPAWHATH B Hil 30€pIraroThCcsl B HE3MIHHINA QopMi.
PosristHemo nesiky Touky Py 00’exra (Ha puc. 13.1 1ie Ky0) i3 JOKaJIbHUMHU
koopauHaTamMu (Xo, Yo, Zo) Ta BIAMOBIZHUMH OJHOPIAHMMH KOOPAHHATAMM
Po(Xo, Yo, Zo, 1)

o Csimosa cucmema xoopounam (CCK). V mii cructeMi KOOpAUHAT MOKHA
MPEJICTABUTH KOOPJIMHATU BCIX OO’ €KTIB CIIEHHM OJHOYacHO. BoHa Tex €
PaBOCTOPOHHBOIO CHUCTEMOIO KOOpPJMHAT. Y I1i CUCTEMI KOOPAMHAT TOUYKA
Po Bxke Oyae Maru iHmmn koopauHata (X, Y, z, 1). ITosnauumo uepes Mg
MaTPUII0 TIEPETBOPEHHS JIOKAJTIbHOI CUCTEMU KOOPJMHAT Yy CBITOBY. Take
NIEPETBOPEHHSI HA3UBAETHCS MoOoenvHuM, a matpuust Mg — mampuyero mo-
0€e/IbHO20 nepemeopeHHs, TO1 3B’ 130K MK KOOpJMHATAMHU B IIUX CUCTEMax
3a7a€eThCsl (POpMYII010

P= Po' Mo. (131)

e Buoosa cucmema koopounam (BCK). Lle cuctema koopauHaT croc-
Tepirada. BBaxkaeTbcs, 1110 criocTepirad 3HaXOUThCS B MOYATKY KOOPIWHAT,
a HarpsM Horo moriaay Ha o0’ €KT 301raeThbes 3 BICCIO Z, sIKa HaIllpaBJieHa Ha
“menTp” 00’ekTa. Bich X HampaBlieHa BIpaBO BIJ CIOCTepiraya, a BiCh Y —
BBEpPX, TOOTO BUJIOBA CUCTEMA KOOPJMHAT € JIBOCTOPOHHBOIO, a II€ BIJIIO-
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BijJlac BHOOpY HampsMy OCed €KpaHHOI CHCTEMHU KoopauHaT (Bich Z Ham-
paBiieHa BriuO €KpaHy). 3 BHJIOBOK CHCTEMOI KOOPJHMHAT IIOB’s3aHE
8UO08e nepemeoperHs, sIKe 31ACHIOE BIIOOpaKeHHs! CBITOBUX KOOPJUHAT Y
BHJIOB1 KOOPAMHATH.

z X X CKO
CCK

BCK

Puc. 13.1. JlokansHa (CKO), cBitoBa (CCK) Ta BugoBa (BCK)
CHUCTEMH KOOpIUHAT

[To3HaunMo MaTpUIIO BHUIOBOTO MEPETBOpPeHHS uepe3 M,, a KoopauHatu
Toukd Py BUIOBil cucteMi koopauHatr — yepe3 Py(Xe, Ve, Ze, 1). Tomi onepxye-
MO

P,=P-M,. (13.2)

I3 piBnocTeii (13.1), (13.2) maemo 11e OaUH BHUpa3 ISl KOOPAUHAT TOYKH

Py y BUIOBII CUCTEMI KOOpIMHAT
PV = Po . Mo . MV, (133)

Martpuiigs My, = Mg - M, Ha3uBaeTbCs Mampuyero MooenbHO-8U008020 Ne-
DPemeopeHHsl.

Cnocrtepirad He MOXe OauUTH 4Yepe3 Kamepy Bech mpocTip oapazy. Bin
0auuTh JEAKUN OOMEKEeHHUI 00’€M, 110 3aa€ThCsl Y BUTIISAL 3pI3aHOI MipaMi-
JIU TIpU LIEHTPAJIbHOMY MPOEKTYBaHHI a00 y BUTJISAI Mapajeneninesa npu op-
tTorpadiunoMy npoektyBaHH1. KiHlleBOI0 MeTOr0 rpadiuHOl CUCTEMU € BiJ100-
paXeHHS TPUBUMIPHOI MipaMiau BUAMMOCTI Ha IBOBUMIPHE BIKHO €KpaHY.

o Cucmema xoopounam eusedenns 306padxcenns (CKB3). Lls cucrema
KOOPJIMHAT YOTUPUBUMIPHOTO MPOCTOPY, TOUKHU SKOTO SIBJISIIOTH COOOIO O-
HOP1JIHI KOOPJAMHATH TPUBUMIPHOTO MPOCTOPY B JIIBOCTOPOHHIN cHCTeMI
KoopauHat. [lepeTBopeHHs MpoeKIlii BiI0Opa)karooTh MPOCTIP BUAOBOI CHUC-
TEMU KOOPJMHAT Yy JIaHy CHCTEMY TakK, 110 MHOXHHA BiJOOpaXKEHUX TOYOK
YTBOPIOE KyO 13 LIEHTPOM y MOYATKy KOOPJMHAT 1 IPAHIMU, NapaieIbHUMU
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ocsiM koopauHatr. ToO0To Touka Py(Xe, Ve, Ze, 1) mIpu mpoekTyBaHHI
BiJI0Opa3uThes B TOUKY Pc(Xc, Ye, Ze, Nc) 3@ OITOMOroro nepeTBOpeHHs
P. =Py My, (13.4)
ne My — MaTpul IEpEeTBOPEHHS MPOEKIII.
Jlam HeoOXigHO HOpMaIi3yBaTH KoopAuHATH, TOOTO Toulli Pc(Xc, Ve, Z,
h¢) mocTaBuTH y BiAmoBigHicTh TOYKY Py(Xd, Ya, Zg) = (%%:‘—C) Tax, Mmoo Xy,
C C C
Yo, Zg €[-1, 1]. L{ro cuctemy KoopauHAT MOKHA Ha3BaTH CUCTEMOIO HOPMaJTi-
30BaHOT0 00’ €MY BUJIUMOCTI.

o Cucmema koopounam obaacmi eusedenns Viewport (CKOB). Obracme
sueedenHss — 1 MPSAMOKYTHAa 00jacTh BikHa (€KpaHy), B Ky BUBOIUTHCS
300payKeHHs, TOOTO BMICT HOPMaJli30BaHOTO 00’ €My BHJIUMOCTI (Touku Py).
3a 3amMoBUyBaHHSAM 00JacTh BUBEACHHS 30iraeThcsi 3 yciM BikHOM (ekpa-
HOM), ajie 1HKOJIM JUIsi 00J1acTi BUBEACHHS 3aJal0Th 1i pO3MIpHU Ta KOOPJIHU-
HaTH po3MilnieHHs. He3paxkarouu Ha Te, 1110 00J1aCTh BUBEJCHHS JTBOBHUMIPHA,
CUCTEMa KOOpJMHAT 00JacTi BUBEJAEHHS MICTUTh KOOpJAWHATY Z IJIs Ipa-
BWJILHOT'O BpaxXyBaHHS NIMOUHM CIEHU MPU MOJANbIIII 00poO1l rpadiyHoro
300paKeHHS.

[ToyaTok TPUBHUMIPHOI CUCTEMHU KOOPJMHAT 00JIacTi BUBEJECHHS PO3Millle-
HU1 y LEHTP1 00JIacTl BUBEJIEHHS, BICh X, HAIIPaBJI€HA TOPU30HTAIILHO BIIpa-
BO, BICh Yp — BEPTHKAJIBHO BBEPX, a Bich Z, — yriamb expana (puc. 13.2).

yWA
Yol | —Bikno
— 1 " X%
.30 | ———Viewport
> XW

Puc. 13.2. BikoHHa cucTeMa KOOPAUHAT Xy, Yy Ta CUCTEMa KOOPIUHAT
obnacti BuBeneHHs (Viewport) Xpy,

VY miif cuctemi KoopauHAT TOUYKH Pp(Xp, Yp, Zp) OACPIKYIOTBCS 3 KOOPAWHAT
Pa(Xd, Y, Zg) 32 TOTTIOMOTOF0 MaTpHIi nepeTBopeHHst M, TOOTO

P, =Py - My (13.5)

e Bixonna cucmema koopournam (BCK). ITouaTok 11i€i cuCTEeMU KOOpIUHAT

PO3MIIIYETHCA B JIIBOMY HUKHBOMY KYT1 BIKHA, BICH X, HampaBjeHa TrOpu-

30HTAJILHO BIIPABO, a BiCh Yy — BBEpX. TaKuM YMHOM, IS CHCTEMa KOOPIUHAT

OJIEPKYETHCS 13 CUCTEMH KOOpPJMHAT 00JacTl BUBEACHHS LUISAXOM INepe-
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HECCHHS MoYaTKy KoopauHat. [lepeHeceHHs] CUCTEMH KOOPJIUHAT TEX MOXK-
Ha 3amucaTy B MaTpu4Hii popmi
Pw =P - My, (13.6)
ne My, — MaTpuIs nepeHeCeHHs.
Ha puc. 13.3 cxeMaTHu4HO MMOKa3aHa BCS ONKMCAHA BUIIE IOCIIIOBHICTH
NIEPETBOPEHBL KOOPINHAT.

JlokanbH1 KOOpAUHATH
x,V,2) AddiHHI TEepeTBOPEHHS, MOJC/IbHA
%/ matpuiisi My, MOBOpOTH, 3CYB

CBITOBI KOOpAUHATHU _
(X, V. 2) BuI0Bi IEPETBOPEHHS, MATPULIS
Y % BHI0BOTO IepeTBOpeHHs M,

Bunoi koopauHaTu

(Xes Ve, Zo) Marpuus
V poeKTyBaHHSI My,

Koopaunatu npoexiiii

. . (X07 yCl ZC)%
AdinH1 IepeTBOpEHHS
(mMacwTaGyBaHHs, 3CyB) BikoHHI koopuHaTH
(XWI le ZW)

Puc. 13.3. ITocai10BHICTh ITEpETBOPEHL KOOPAUHAT

VY K0XHUN MOMEHT y TpadiuHiil cuCTeMi 3HaXOASIThCS MOJEIIbHO-BHI0BA
Mpmy Ta npoekuiitna My, MaTpuni, a Takox My, — MaTpuLg 061acTi BUBEACHHS.
IIpu BuKOHaHHI Bizyai3ailii 00’€KTiB, KOOPAUHATH KOXKHOI BEpIIMHU 00’ €KTa
IOCIIITOBHO MHOXaTbCs Ha 1i Matpuimi (mamB. croiBBimHomenHs (13.3) —
(13.6)). PosrstHeMo, sik peaabHO (POPMYIOTHCS Il MATPHII.

13.2. BuioBe nepeTBOpeHHs

Jl1s1 BUKOHAHHS BUJIOBUX IIEPETBOPEHb ITOBUHHI OyTH 3aJ1aHl TOYKa CIOC-
Tepiraua E 1 00’eKT y CBITOBI CHUCTEMI KOOPAMHAT, fKa 3aBXKAU € IPaBo-
CTOPOHHBOIO. BBakaeTbcs, 10 MOYATOK CBITOBOI CUCTEMU KOOPJUHAT 3HAXO-
TUTHCA 100Uy “lIeHTpy” 00’ €ekTa. SIKIIO 11sI yMOBa HE BUKOHYETHCS, TO He-
00XigHO 3M1MCHUTH TEPEHECEHHs CUCTeMHu KoopauHaT. Hexailt Touka crocre-
pexxenns E 3amana y chepuunux koopaunatax p, 6, ¢ (puc. 13.4). Toni cBito-
Bl KOOPAMHATU MOXXYTb OyTH 00UHUCIIEH1 32 popMynamMu

Xe = pSingp oS, Ye = psSingsing, zg = pCoOSe.
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I HaBmaku, sKIIO 3a7aHl JEKapTOBlI KOOPJAWHATHU Xg, Yg, Ze TOUKH E, TO
MO>XHa OOYMCIUTH BIAMOBIIHI i CpepUUHI KOOPIUHATH.

A Z
Lg

X
X, -~

Puc. 13.4. Chepuuni KOOpIUHATH TOYKH criocTepiraya E

Bektop EO 3amae nanpsim cnioctepekeHHs. 3 TOUKHM CHocTepekeHHs E
MOKHa 0auuTH 00’€KTH CIIEHH, IO 3HAXOJATHCS BCEPEAMHI JESIKOro KOHYCA,
BiCh sikOTO 30iraerhes 3 EO, a BepinHa KoHyca 3HaX0AUThCA B Toulli E.

JI71st BUZIOBOI CUCTEMU KOOPJIMHAT HAMPAM OCI1 Zg 30ITA€ETHCS 3 HAMPSIMOM
EO, nonatHa miBBICH X HallpaBlieHa BIPaBO, a JI0JaTHA MIBBICh Ye — BBEPX
(puc. 13.5).

OTxe, cucreMa BUAOBHX KOOPJIHUHAT JIBOCTOPOHHA. Take po3MILIEHHS
ocell 3pydHe JUIsl KoMI'FoTepHoi rpadiku (BiCh Zo HANpaBISEThCS BIUIMO €K-
pany). BuyioBe nepeTBopeHHs Moxke OyTH 3amnucane B hopMi

(Xes Yer Ze, 1) = (X, y,2,1) - My,
ne M, — MaTpuiis BUI0BOTO MEPETBOPEHHS po3MipoM 4 x 4.

A

g S

Puc. 13.5. Cuctema BUAOBUX KOOPAUHAT

Jlns 3HaxopKeHHss Matpuili My HeoOX11HO 31MCHUTH PsiJl IEPETBOPEHb.
1)ITepeHeceHHs CUCTEMH KOOpIWHAT Tak, 00 Touka E ctama HOBUM Tmo-
4aTKOM KOOpJAWHAT. MaTpulisl I[bOT0 MePETBOPEHHS MA€ BUTJISA
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1 0 O
0 1 0
T =
0 1 0
—Xg —Ye I 1

2) TloBopoT crcTeMH HABKOJIO OCi Z.

. T
[ToBepHEMO cHCTEMY KOOPJMHAT HABKOJIO OCi Z Ha KYT (E — 6) B HaIpsMKY

Bix Y A0 X (Bim’eMHHuI HampsMok). B pe3synbrari Bich Y 30iraTUMeThCs 3
TOPU3OHTAIIBHOIO CKJIaJ0BO0 Biapizka EO, a Bich X cTaHe nmepneHAuKyIsp-
Horo j1o wiomuan EOE " (puc. 13.6).

Martpuiiss moOBOpOTy CUCTEMU KOOPJWHAT Yy BIJI'EMHOMY HampsIMKYy €KBi-
BaJICHTHA MaTPHIIl IOBOPOTY TOYKH B JIOJATHOMY HAIPSMKY, TOOTO

7T . T
COS(E_HJ sm(E—QJ 0 0 sind cosé

00
: —cos¢# sind 0 O
R, = —sm(z—ej cos(z—ej 0 0= ! :
2 2 0 0 1 0
0 0 1 0 0 0 0 1
0 0 01
AZ A Z
X \
y
@) . >
T, "y
2’
X E’

Puc.13.6. IToBopoT BiHOCHO OcCi Z Ha KyT (% -0)

3) [ToBoOpOT cHCTEMHU KOOPAMHAT HABKOJIO OCi X. OCKIJIbKM HOBA BiCh Z ITO-
BUHHA 301raTHcs 3a HanmpsMoM 13 BijipizkoM EO, To moBepHEMO cuCTEMY KO-
OpJMHAT HABKOJIO OCi X Ha KyT (7 — @) y nogatHomy Hampsamky (puc. 13.7).
[le mepeTBOpEeHHS MOXHA 3IMCHUTH 3a JOTIOMOI'0I0 MaTpPHIIi
1 0 0 0 1 0 0
0 cos(z—¢) —sin(z-¢) O
0 sin(z—¢) cos(z—¢) O
0 0 0 1

—Cosp —Sing
sinp —Cos@
0 0

R =

X

o O O
, O O O
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X E’

Puc. 13.7. IloBopoTt BigHOCHO OC1 Ex

Y pe3ynbTaTi IILOTO TOBOPOTY HOBA BiCh Z Oy/ie HampasiieHa B3oBx EO.
4)3mina HanpsMKy oci X. [Ticist TpboX TIepeTBOPEHb BICi Z Ta Y MATUMYTh
NpaBUJILHY OPIEHTAIlII0, a BICh X MOBUHHA OyTH HampaBjeHa B MPOTUIICKHUN
01K, TOMY HEOOXIJIHO 3AIMCHUTU mepeTBopeHHs X' = —X. Marpuus 1poro
NIEPETBOPEHHS Ma€ BUTIISA

~10 0 0
0 100
M,, = .
710 01 0
0 00 1

Tomi MaTpullsg BUIOBOTO nepeTBopeHHs M, 00UnCIsA€ThCS K 100y TOK
MV:Ti‘Rz‘R;‘Myz.

[lepeMHOXy10UM 111 MAaTPUILIl, 3HAXOJUMO
—sind -—cospcosd —singpcosd O
cosd —cosesingd —singsing 0
0 sing —COoS @ 0
0 0 Jo, 1
OTxe, 3aCTOCOBYIOUM BUJIOBE TepeTBOpeHHS M, olepKyeMO KOOpIHUHA-
TH TOYOK 00’€KTa Y BHIOBIM CUCTEMI KOOPAUHAT, TOOTO (Xe, Ve, Ze). Bukopuc-
TOBYIOUH 11l KOOPJWHATH, MOKEMO MO0y yBaTH OPTOTOHAIBLHY YU IICHTPAJIb-

HY MPOEKILio 00’ €kTa. 3HAUEHHS Z, OYIyTh BUKOPUCTOBYBATUCS ISl YCYHEH-
HSl HEBUJIMMUX JIIHIM Ta rpaHel, Hanpukiajg y Metoji Z-0ydepa.

MV:

13.3. [lepcniekTUBHE MPOEKTYBAHHSA

HaMm yke Bimomi KOOpAMHATH TOYOK 00’€KTa (Xe, Ve, Ze) Y BUIOBIH CHC-
TeMi KoopauHat. Haxani CBITOBI KOOpIAMHATH BXKE€ HE OYJyTh BUKOPUCTOBY-
BaTHUCS, TOMY BHJIOBI KOOPAHHATH (Xe, Ye, Ze) OyAEMO MPOCTO MO3HAYATH UEPE3
(X, ¥, 2). SIKII0 KapTHHHY ILIOIIMHY PO3MICTUTH NEPIICHIUKY/ISIPHO OCI Z Ha
Bijfayii C BiJ cHocTepirada, TO KOOpPJAWHATH IEHTPaJIbHOI MPOEKIlii 3HaXo-
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IAThCA 3a popmynaMu

X _cy
Xe= =, Ye= =
yA yA

a00 3a JOMOMOTOI0 MaTpuyHOro nepeTBopeHHs P. = P- M; 13 matpurniero My,

100 0
010 0
0011/c|
000 O

Oci Xc, Ye, Zc MAIOTh TAKUH e HAIIPSAM, IO H Xe, Ye, Ze (puc. 13.8).

ne M =

yc A
A Ye

=

Puc. 13.8. KapTunHa miomuHa 1 BUAOBI KOOPAUHATH

Ze 7,
‘ P(Xe’ ye, Ze)
22

Po(Xe, Ye) ):(C

Touka Q(0, 0, ¢) Oyae 3HAXOAUTHCS B LEHTPI MPOEKIi, TOOTO I TOYOK
NPOEKIIii Jiarma3oH KOOPAMHAT X (aHAJIOTiUHO Y.) OyjJe MICTUTH TOYKY HYJIb
JIECh TIOCEPEIMHI IbOT0 1HTEePBANy 1 iX MOKHAa HOPMYBaTH, HANPUKIAJ TaK,

H_I06 Xc, yC S [_1, 1]

KapTUHHA 00’ €KT

IUTOIIIHA

Puc. 13.9. Po3mip kapTunu 1 06’ €kTa

OkpiM 1BOTO, PO3MIP KapTUHU MPOEKIII MOXHA MiJ0MpaTH 3a paxyHOK Bij-
MOBIJHOTO BUOOpPY uMclia C — BIAAaIl MIX TOYKOIO criocTepexeHHsa E 1 kap-
THUHHOIO TIOIHHOIO XcQ Yo

['py60 kaxxyuu, MaeMO CITiBBITHOIIICHHS
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pO3MIp KapTUHU _ PO3MIp 00'€KTa
c ) ’
sSIKe BHILTUBAE 3 TOAIOHOCTI TpUKYTHUKIB (puc. 13.9), 3Binku

c=p pPO3MIp KapTUHU

po3Mip 00'ekTa

7ie p — B1AIaJb BiJ TOUYKU £ 10 “1ieHTpy” 00’ €KTa.

Ile crmiBBIIHOIIEHHS MOKHA 3aCTOCOBYBATHU JJIsl OIIHKA TOPU30HTATIBHUX
1 BEpTUKAJIIbHUX PO3MIPIB, @ HE JJI1 TOYHOIO BU3HAYEHHS PO3MIPIB, OCKUIbKU
TPUBUMIPHUM 00 €KT MOXKE MaTH CKJIaaHy (opMy 1 TOAl HE3PO3yMLIO, IO €
pO3MipoM 00’ €KTa.

CIiBBIIHOIIICHHS TOBXKHUH FOPH30HTAIBHOI Ta BepTuKaibHOoi cTopid (I : h)
OPSIMOKYTHOI paMKH, 4epe3 SIKy JIIOJUHA CIOCTEPIrae 3a HABKOJIUIIHIM CBI-
TOM, BU3HAYAIOTh KYTH OrJisiay. JlJis HOPMajabHOTO JIIOJICBKOTO OKa TOPU30H-
TanpHUH KyT orminy a ~ 150°, Bepruxansuumii kyt £ ~ 110° i onTuManbHa
nporopiis nmapamerpis pamku | : h =75 3.

JInst aHanmizy TNMOWHU CIIEHHM HaM MOTPIOHO MaTH IIe ¥ TPETH KOOpIu-
HATY Z¢, OCKIJIBKU PI3HUM Z BIJNIOBIAAIOTH Pi3HI Zc. 7151 iboro moTpioHO MOIM-
¢ikyBaTi Matpuiro Mj, ockinbku nepeTBopeHHs M; st Beix To4ok (X, Y, Z)
Ja€ oHaKoBeE Z¢ = C.

-p

: z :
Bimo6pa3umo ToUKy Z y Z; 32 GOpMyJI0r0 Zc = , Toai Touka P(X, Y, 2)

BiTOOpa3UTbCAd B TOYKY PC( x ’Z—p’l) = (X, Y, Z—P,Ej, e
zlc zlc z C C

NEPETBOPEHHS MOXKHA 33J]aTH 3a JIONOMOT 00 (POopMyIIH

1 0 0 0

_ 0 1 0 0
(X,y,Z ’O,E):(X,y,Z,l) 1 1|=yz, )M,

C C 00 P

0 0 —plc 0

(Matpuus M; mocriitHa s BCiX Z).
[To6ynoBy MoaudikoBanoi matpuiti M, MOXHAa BUKOHATH i IHIIIMM CIIO-

coOOM: 3a71aMO y BUJIOBiMl CHCTEMI KOOPJAMHAT JB1 OOMEXYIOUl IUIOIIMHU IS
00’exTa 110 oci z, Tooto Twromuan Z=NTa Z=f (0 <n<f) (puc. 13.10).

Z=Nn =

Z3

Puc. 13.10. O6mexyrodi riommuHu 00’ €KTa

v
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Jami BimoOpasumo mmionHy Z =Ny z=-1,az=f Bz =1 Bbyaemo
IIYKAaTH MaTPUITO I[bOT0 MEPETBOPEHHS Y BUTJISI

1 0 0 O
01 00
M= :
0 0 pgq
0 0 r s
[TomHoxkxuMoO Ha Hel BekTop (X, Y, Z, 1), Toxi ogepKuMo
1 0 0 0
* * * 0 1 0 0
Xer YerZeod) = (X, Y, 2, 1 =(X,y,pz+r,qz+s)=
Oy )=y D) o o =y ez
0 0 r s
X y  pz+r

|

gz+S qz+S Qz+sS

.

: X X X
Touka MOBHHHA B1JOOpa3UTUCs B ——, TOOTO X¢ = = :
gz +s zlc gz+s zlc
3BiKM 3HAX0AUMO, 1110 S = 0 qu.HpHSZO q=1 Ye = y _ Y
’ ’ c ’ c’ gz+s zlc
Jlam mionuHy Z = N BigoOpaxaemMo B IUIOMMHY Z = —1 1 omepxkyemo
CITIBBITHOILIEHHS
Pn+r:_l, pn+r:—ﬂ.
aqn+s C
Amnaroriuno mionyHa Z = f BimoOpaxaerbes B miomuny Z = 1. 3 ymMoB
I0f+r:1’ pf+r:i.
gf +s c
3HAXOAUMO
_1f+n _ 12fn
cf-n’ cf-n
Orxe, matpung M| Mae Burmnsn
1 0 0 0
01 0 0
M =0 0 1f+n 1 |
cf-n ¢
0 0 -12M
cf-n

3aysadicennsa 1.V epaghiunux

cucmemax (nanpuxnao, OpenGL) ons

KOMCHO20 8UOY NPOEKMYBAHHS 3A0AEMbCSL NIpamioa 8UOUMOCMI, Mobmo motl
00’ em npocmopy, sAKull HeoOxXiono eidoopazumu y eikHi. Ha ocnosi yici in-
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Gopmayii epaghiuna cucmema cmeoproe mampuyio npoexmysanns. Ilpu eizya-
ni3ayii 06’ ekmig KOOpOUHAmMU MOYOK 00’ €EKMI8 CNOUAMKY A8MOMAMUYUHO Ne-
DPEMHONCYIOMb HA MOOEIbHO-8UO008Y MAMPUYio, a NOMiM — HA NOMOYHY NpO-
EeKYIUHY Mampuyio.

13.4. BinoOpaxeHHs1 y BIKHO BUBe/IeHHSA

Mu Bxe 31HCHWIN MEePEeX1]] JO HOBUX KOOPJIMHAT — KOOPAMHAT MPOCKT-
mii (Xe, Yc). Lli KoopauHaTH MOXYTh OYTH BHKOPHCTaHI Uil (OpMyBaHHS
300pakeHHs Ha rpaiYHUX MPUCTPOSIX BUBEICHHS, alie PU LIbOMY HEOOX1AHO
3MIMCHUTH JIOJATKOBI TEPETBOPEHHS, OCKUIBKM CHCTEMa KOOpPJUHAT Y
MPOEKIIMHINA TUIOIMMHI MOKE HE€ 30IraTHCs 13 CUCTEMOI) KOOPAMHAT MPHUCT-
poto BUBEIEHHS 300paxkeHHs. Hanpukiaza, HeoOX1JHO 300pakeHHs], IKE BUMI-
pIOEThCA B MeTpax (cM), 300pa3uTu Ha JUCIUIE], a Ha JUCIUIe] OJMHMII BHMi-
PIOBaHHS — MIKCEJ, TOMY NOTPIOHO MEepepaxyBaTy JIHIWHI OJUHUII BUMIPIO-
BaHHS B MIKCEII.
[To3Haunmo
Xmax = Max([Xel), Ymax = max(|yc|),
TOI1 —Xmax, Xmaxs —Ymax, Y max 3aJal0Th IpaHuIli mpoekiii cuenn (puc. 13.11).

Ye, Yo,
PSRRI I ( ><max’ Ymax) R RN ( Qll’ CZ)
> X —— X,
(—Xmaxs —Ymax) N I'PAaHMIIl CIICHU (=C1, —C2) rpaHHI (')\6.11 ACTi
BUBEICHHA

Puc. 13.11. I'panuiii ciienu Ta 00JaCcTi BUBEACHHS

Koopaunatu Touku (Xp, Yp) y cucmemi koopounam obnacmi eusedents Oy-
IyTh OJIEp>KyBaTUCS 32 popMyIaMu MacIITaOyBaHHS
Xp = KiXe,
Yo = KyYe.
3naiinemo Ky, Ky BpaxoByrouu, o KOOpJHMHATH MOYAaTKy CHCTEMU KOOp-
IVHAT Xp, Yp 3HAXOIATHCS B LEHTP1 001aCTI BUBECHHS.
Hexait po3mipu o0nacTi BUBEAEHHS 2C; 110 TOPU3OHTAN Ta 2C, MO Bep-
TUKaI (B MiKCENX), TOI1
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J{ns1 mepeTBOpeHHs, 1110 30epirae npormnopiiii 00’ €kTiB, HEOOX1THO BUOU-
patu OTHaKOBUI KOEQIIiEHT po3Try/CTHCKY K JJ1st BCiX KOOpaUHAT, TOOTO
k = min(ky, ky).
3aysadicenns 2. Axuio 8idomi HOpManiz08ani KOOpOUHamu npoexkyii Xq, Yd,
Mo 07151 3HAX0OICEHHSL Xp, Yp KOPUCMYIOMbCA hopmynamu Xp = C1Xd, Yp = C2VYd.
3HaiiieMo BIKOHHI KOOPJIWHATH TOYKH, BUXOMISYM 3 KOOPJIWHAT TOYKH B
obnacti BuBeneHHs (Xp, Yp). Haramaemo, mo obmacte BUBEACHHS — 1€ MPSIMO-
kyTHEK, B sskomy (X°, Y°) — KOOpAMHATH TiBOrO HIDKHBOTO KyTa BiKHA IIPSIMO-
KyTHHUKa (puc. 13.2), a 2¢y, 2C, BU3HAUa0Th Horo po3mip (puc. 13.11). Orxe,
OCKUIBKHA TIOYaTOK CHUCTEMH KOOPJMHAT 00JIacTi BUBEJICHHS 3HAXOIAUTHCS B
Toutli (Xo + C1, Yo + C2), TO BIKOHHI KOOPJMHATH TOYKH OACPKYIOTHCS 3 KOOP-
IUHAT 00J1aCTi BUBEACHHS 3a hopmyiamu (nus. puc. 13.2):
Xw = Xp + X° + Cy,
Yw = Yp + Y+ Ca.
3ayeaorcennsn 3. Koopounamu 7 y iKoHHill cucmemi KOOpounam He ne-
pemeoproomsbcs, anre 6y0yms y HOOAIbULOMY BUKOPUCHIOBYBAMUCS Ol AHAI-
3y 2MUOUHU CYEHU.

KoHTpoJIbHI MUTAHHA TA 3aBAHHA

SIki cucTeMu KOOPJIMHAT BUKOPUCTOBYIOTh Y KOMIT FOTEpHii rpadiri?
SIke nepeTBOpPEHHS 3a1a€ThCSI MOJICIIBHOIO MaTPUIIEIO?

HageniTh BU3HAYEHHS BUJIOBOI CUCTEMH KOOPIUHAT.

Sk 31iCHUTH BHIOBE TIEPETBOPEHHS ?

SAxuil BUTTISAT Ma€ MaTPUIS BUAOBOTO MEPETBOPEHHS?

Sk oxepkaTtu BIKOHHI KOOPAMHATH TOYKHU?

[TosicHITH sIK Ofiep>KaTU KOOpAMHATH 00’ €KTa B CUCTEM1 KOOpAUHAT 00-
JIaCT1 BUBEAECHHS.

Nogak~ownNE

Bnpasu i 3axa4i 1j151 caMOCTIHHOTO BUKOHAHHSA

1. 3agana nmipamiga ABCD 3 Bepmmuamu A(10; 20; 10), B(20; 20; 10),
C(20; 10; 20), D(20; 20; 40). IToOynyBaTH MEPCHEKTUBY 3 TOYKAMHU
36iry (50; 0; 0), (0; 0; 50).

2. O6uncaut koopauuatu Touku A(10; 20; 30) y BuaoBiit cucreMi Koop-
JTUHAT 3 ToyaTkoM koopauHaT y Touri (30; 40; 50).

3. Hexall BiJicikatoue BIKHO B CUCTE€MI KOOPJUHAT Xy, Yw MAa€ KOOPAUHATH
(Xwmin, Ywmin) — (Xwmax, Ywmax)- Bi100Opa3uT #Oro BMICTHME B OJUHUYHHI
HOpMOBaHUM KBaapaT. BigoOpakeHHs BMICTUMOTO 3allMcaTd y MaTpuy-
HOMY BUTJIA/IL.

4. BigoOpa3utu BMiCTUME HOPMOBAHOTO KBajpaTa B MPSMOKYTHY 00JacTh
BHUBEJICHHS Ha €KpaHi.
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Tema 14. YcyHeHHsI HeBUAUMMX JIiHii i rpaneii

14.1. OcHOBHI IOHATTSA

3amaya yCYHEHHs HEBHAMMMX JIJISHOK JIiHIN 1 MOBEepXOHb (3a1aya 3aro-
POJUKYBaHHS) — OJIHA 3 HAMBAKJIMBIIINX T4 HAMBAXKYKMX 3ajad IMPU CTBOPCHHI
Ha KOMII IOTepi SIKICHOT'O peajicTUYHOro 300paxkeHHs1 3D-00’ekTiB.

Hexait 3a1ano TpuBUMIipHHIT 00’ €KT 1 BUAOBI TapaMeTpH, 1110 BU3HAYAIOTh
TUIl TPOEKI[i Ta KapTuHHY IuionuHy. [loTpiOHO BHU3HAuWTH, AKI pedpa Ta
rpaHi MOBEPXHI 00’€KTa BUIAMMI, SIKIIO Ha 00’ €KT AUBUTHUCS 330BHI 3 JICIKOTO
HEHTPY NPOCKTYBaHHs (U1 NEHTPaIbHUX MPOCKIIii) ab0 B3IOBXK HANPSIMKY
NpoeKTyBaHHs (JIJ1s1 MapayiebHUX MPOEKIIii). BUBOMUTH Ha eKkpaH HEOOXiTHO
TUIBKY BUUMI peOpa Ta rpai.

Xoya 1s 3amada (OPMYJIIOETHCA MPOCTO, OAHAK BOHA BHUMarae 0arato
oOuucieHp 1 MalmHHOro yacy. CKIIaIHICTh 1I€1 3aa4l NpUBeEa A0 MOsSBU Be-
JIMKOI KUTBKOCTI PI3HUX METOJIIB 1i PO3B’A3aHHS, B TOMY YHUCHI ¥ anapaTHUX.
Ane, He3BaXKalOUM Ha 1ICHYBaHHS YMCIEHHHUX METOJIIB, HE ICHY€E YHIBEpCasb-
HOT'O aJrOPUTMY PO3B’sA3aHHS €l 3a7a4l, TOOTO HE ICHY€E alrOpUTMY, OJHA-
KOBO MPUJIATHOTO JJIs PI3HUX THUIIIB 00’€KTIB Ta cueH. HatomicTs po3poOieHi
e(heKTUBHI METOJIU PO3B’SI3aHHS OKPEMUX KJIACiB II€T 3a/1a4i.

[Tpu noOymoBi KapkacHUX 300pakeHb (00’€KTH B 1[I MOJICII 33ar0ThCs
CYKYIHICTIO peOep) BUKOPHUCTOBYIOTHCS METOIN YCYHEHHS HEBHUAUMUX JIIHIH,
JUIS Bi3yajizamii CyIiIbHUX TUT (TYyT 00’€KTH 3aJIal0ThCsl CYKYITHICTIO BHJIM-
MUX I'paHel) BUKOPUCTOBYIOTHCS METOIM YCYHEHHS HEBUAMMHUX TIOBEPXOHb.

J{1s MoienroBaHHS MPOILIECIB Y peaIbHOMY 4aci MOTPiOH1 IIBUAKI ajro-
PUTMHM, a JJIs 3a]a4 MYJbTHUIUTIKALl MOTPIOHI I W aJrOPUTMH, SIKI T'eHe-
pPYIOTh 300pa)KeHHs 3 TIHAMH, e(peKTamMHu OCBITJIEHHs Toulo. B mipy cTBoO-
pPEHHS IIBUJIKUX QJITOPUTMIB MOXHa OyayBaTH JAenalii OUIbII pealiCTH4HI
300pakKeHHS.

Bci anroputMu yCyHeHHS HEBUIMMUX JIIHIM Ta OBEPXOHb MICTATH COp-
TyBaHHS, TOMY iX €()eKTUBHICTh ICTOTHO 3aJIEKUTh BiJl €(DEKTUBHOCTI MpoOIIe-
Cy COpPTYBaHHs. 3aCTOCYBaHHS JI0 PO3B’sI3yBaHHS 3aJlayul 3arOopOJIKyBaHHS THX
Yy 1HIIMX QJITOPUTMIB 3QJICKUTH Bl (POPMH, BJIACTUBOCTEH Ta B3aEMHOIO
po3TanryBaHHs KOMHOHEHT 3D-cuenu. Cnii OKpeMO BHUIUIUTHA OMYKJIl MHO-
rorpaHHUKY (KOXKHA TpaHb OIMYKJIOT0 MHOTOIpaHHUKA a00 TOBHICTIO BUIMMA,
a00 MOBHICTIO HEBUAMMA). SIKIIO 00’ €KTH CIIEHH MAlOTh CKJIATHY (HOopMy, TO
3a/layy YCYHEHHSI HEBUJUMUX T'PAHEN I€TaNI3yIOTh 1 CIIPOIIYIOTh.

AJTOPUTMHU YCYHEHHSI HEBUAMMUX JIIHIA Ta MOBEPXOHB Y 3aJI€KHOCTI Bij
BUOOpPY CUCTEMH KOOPJIMHAT a00 MPOCTOPY, B IKOMY BOHU MPaIIOIOTh, MOXKHA
MOJUIUTH HA JIBa KJIacH:

— aJTOPUTMH, IO MPALOIOTh Y MPOCTOP1 00’ €KTA Ha OCHOBI aHaNi3y B3a€EM-
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HOT'O pO3TallyBaHHSA reoMeTpudHUX ¢iryp. BoHM 0co0IMBO KOPHCHI B
THUX JOJaTKaX, B IKUX HEOOX1IHA BUCOKA TOYHICTD,

— QJITOPUTMHU, IO MPALIOITh Y MPOCTOpl 300pakKeHh Ha OCHOBI aHATI3y
B3a€EMHOTO PO3TAlllyBaHHS MPOEKIIIA reOMETpUYHUX (DIryp Ha KapTUHHIN
IUIOLIMHI (TyT MAEMO CIIPABY 13 CUCTEMOIO KOOPAMHAT CKpaHa).

[cHYIOTh anropuT™MH, IO MOYEPIrOBO MPALIOIOTh B 00’ €KTHOMY MPOCTOPI
Ta y mpocTopi 300pakeHb. Halipo3moBCIOKEHIMMMHU Ha MPAKTUIIl METOIaMHU
pO3B’A3yBaHHS 3a7a4 YCYHEHHS HEBUIAMMUX JIIHIA Ta MOBEPXOHb € METOJ
psIMOTO TiepeOupanHs, MeToj Z-0ydepa, METOJ MOTOYHUX TOPU3OHTIB, Me-
TOJ YCYHEHHSI HEIUIbOBUX TpaHEd, METOJ| PO30UTTS KAPTUHHOI IJIOIIMHH,
anroputMm Pobeptca, MeTo/1 aHaIi3y KUIBKICHOI HEBUIUMOCTI TOUYOK MOBEPXHI,
METOJT COPTYBAHHS 3a TNIMOWHOIO (aJITOPUTM XYI0KHHUKA), METOJT TPACyBaHHS
IPOMEHIB Ta 1H. PO3yMiHHA CyT1 IUX METO/IIB JIEXUTh B OCHOBI poboTtu 3 3D-
rpadikol0 HaBITh MPU BUKOPUCTAHHI cyyacHUX rpadiunmux Oi0miorek. Koxk-
HUW aJITOPUTM Ma€ CBOi OCOOJMBOCTI W OOMEXEHHS, SIK1 CJIiJI BpaxoByBaTu
MIpY CTBOPEHHI I'padiuHUX ITPOTpaMm.

14.2. AITOPUTM MOTOYHOT0 TOPU3OHTY

AJITOPUTM MOTOYHOT'O TOPU30HTY HAHUaACTIIIE BUKOPUCTOBYIOTH JJIsl YCY-
HCHHSI HEBUJIMMUX JIiHIKA moBepxHi F(X, Yy, ) = 0, T00TO /U1 MOOYI0BH Tpa-
¢ika QyHKIii ABoX 3MiHHUX Z = f(X, Y) y BUIJIAAl CITKM KOOPAMHATHUX JIHIH.
Taki 3a/1a4l BUHUKAIOTh B 0ararbOX 3aCTOCYBAaHHSIX MAaTEMAaTHKH.

[1{00 moOymyBaTH MOBEPXHIO, MOTPIOHO KOXKHIiM Touti P(X, Y, Z) moBepxHi
MOCTABUTH Yy BIJIOBIIHICT, TOYKY KApTUHHOI IIOMIMHM. JUJISI IIbOTO MOXKHA
BUKOPHUCTATH MATPUITF0 aKCOHOMETPHUIHOTO ITPOCKTYBaHHHI.

JIst 3amaHHs HanpsIMy BEKTOpa MPOSKTYBaHHsS, TOOTO HAIMpsMy HOpMaTi
70 KapTUHHOI IUIONIMHU, TOTPIOHO 3ajaTH JBa KyTH @, . Hexail BekTop
HOpMaJTi IO KapTHHHOI IUIOMIMHU YTBOPIOE KYT I/ 13 IUIONIMHOIO XY, a Ipo-
CKIlisl HOpMaJli Ha TUIOMIKHY XY i3 Biccto Y — kyT ¢ (puc. 14.1). Toxi Hanpsm
IPOCKTYBAHHS 3aa€THCSI BEKTOPOM

N=(-singcosy, —cospcosy, —siny), @e[0,2x], ye [—%,%].

Jliist TOoro, 11100 BUKOHATH OPTOrOHAJIbHE MPOEKTYBaHHS MMOBEPXHI HA Kap-
TUHHY IUIOIIUHY, BiCh Z' HOBOI CUCTEMHU KoopauHAT X'Y'Z’ moBUHHA 30iraTucs
3 HanpsIMOM TipoekTyBaHHs (puc. 14.1).

PosrisiHeMo mepeTBOpeHHsA CUCTEMHU KOOpAMHAT XyZ y cucremy X'Yy'z'.
[le mepeTBOpEeHHSI MOXHA 3/IIMCHUTH 32 JIBa KPOKH.

1) TToBOpOT cHCTEMU KOOPJAMHAT BiTHOCHO oci Z Ha KyT @ (puc. 14.1) y
HanpsMKY Bix Y 10 X (Bix’eMHuid HampsiM). OCKUIBKM CUCTEMa KOOPIUHAT XYZ
J1BOCTOPOHHS, TO LIEH MOBOPOT 3a1A€THCSI MATPULIEIO
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cosp —-sing 0 O

_ sinp cosp 0 O
R, ((0): 0 0 1 ol

0 0 01

2) TIoBOPOT OnepraHOi CHCTEMHM KOOPIWHAT BIHOCHO OCi aOCIuC Ha
T :
KyT (E — ) y HampsIMKY Bif Z 10 Y. MaTpullsd HOBOPOTY Ma€ BUTJIS/

1 0 0 0

b o 1 0 0 0
R—(E_W): 0 COS(E—W) _Sm(E_W) 0 _[0 siny —cosy 0
X . .
2 0 sin(z—w) COS(E—V/) 0 0 cosy sing O
2 2 0 0 0o 1
0 0 0 1
74 i'/n_
n
X!
> X
@
yl
y

Puc. 14.1. IlepeTBOpEeHHS] CUCTEMU KOOPIUHAT
[lepeTBopeHHs1 cucTeMu KoopAauHAT XyZ y X'y'z' 3amaerbcsi 10OyTKOM
_ T
matpullb R, (@) R, (E — ), TOOTO MaTPHIICIO

cosep -—singsiny  singcosy 0

singp cosgsiny —cosgcosy O
0 cosy siny 0l
0 0 0 1

Ile o3Hauae, mo Touka (X, Y, Z) 3 HOBEpXHi MEPEXOAUTh y TOUKY (X, y') Ha
KapTUHHIN IUIONIKHI, JIe
X" = XCoSg + ysing,
y' = —=xsing siny + ycose siny + zCoS . (14.2)
OGepHEHe epeTBOPeHHS 3a1aeThes Marpuieo A = A™, To6To crmiB-
BIJHOIIICHHAMU

A= (14.1)
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X =X'Cos@—Yy'singsiny + z'cosy sing,
y =X'sing + y'siny cose — z'CoSy COSy, (14.3)
Z=y'cosy +z'siny.

3nilicauBiny 3aminy 3minauX (14.3) B piBusauHi F(X, Y, Z) = 0, ogepxyemo
piBHsHHS TToBepxHi F(X', y', Z') = 0 y HOBIl cucTemi koopauHat X'y'z’, B sSKii
HaIpsM OPTOTOHAJIILHOTO MPOEKTYBAHHS BXKE IMapaliebHUM 110 oci Z' 1 mpoek-
TyBaHHS BeJeThCA Ha uiomuny X'Y'. Hamam koopaunatu X', Yy, Z' mo3Ha-
gaTuMeMo 4epes X, Y, Z.

AJTOPUTM MOTOYHOIO TOPU3OHTY IMPALIOE B MPOCTOPI 300pa)KEHHS.
['omoBHa 1€ METOAYy IMOJArae B 3BEJICHHI TPUBUMIPHOI 3a1adi 0 JBO-
BUMIPHOI IIJISIXOM TEPETUHY BUXIJHOI MOBEPXHI MOCIJOBHICTIO Tapayielib-
HUX IUIOLIMH, III0 MAalOTh MOCTIMHE 3HAYEHHS OAHIEI 3 KoopauHAT. [HIIMMU
CJIOBaMH, ISl CTBOPEHHS 300pa)kKeHHS MOBEPXHI 3aCTOCOBYETHCS MOJITOHAIIb-
Hul cnoci0 nmoOyaoBu rpadika: GyHKIS HAOIUKAETHCA NPSIMOKYTHOIO Mat-
pulielo 3Ha4eHb (PYHKIIT y By3Jlax CITKH, a caM rpadik MOBEPXHI 33/1a€ThCs
HaOOpOM JIaMaHUX JIIHIH, 110 BIAMOBIAaIOTh MOCTIMHUM 3HAYECHHSM Z Ta X.

Posrasiuemo criouatky noOyaoBy rpadika GyHKIIT y BUTIIAII HaOopy Ji-
Hili, 110 BIANOBIAAIOTH MOCTIHHUM 3HadeHHsAM Z. [ToBepxus F(X, y, z2) =0 B
IIbOMY BHIIQJIKy alPOKCUMYEThCS MOCIiIoBHICTIO KpuBuX Y = f(X, z), e z =
const.

JI1s1 KOKHOTO Z, 10 3MIHIOETHCS B LMK BIJ Z; O Zpn, Z1 < Z,, Tiepedu-
paeMo 3HAYCHHS X 3 JCSKOTO Jiana3oHy 1 Tak 3Haxoaumo Touku (X, Y, Z), 1o
JeXaTh Ha moBepxHi. Lle o3Haudae, 1110 HamMcaTH Iporpamy Mmoodya0Bu rpadika
GyHKIIlT 1BOX 3MIHHUX 0€3 YCYHEHHSI HEBUJMMHUX JIIHINA HECKJIQJIHO, OJIHAK Ta-
Ke 300pakeHHs MOBEPXH1 Oy/ie TOCUTh HE3pOo3yMUIUM. ToMy mocTae 3aaada
noOy/1I0BY TaKoi MOBEPXHI, HA K1 OM yCyBaJIUCh HEBUAUMI JIHII.

[IInsxoM MEpeTHHY MOBEPXHI IOCIIJIOBHICTIO MapajelbHUX IUIONIUH
z=12(=1,2,..,Nn) TpuBUMIpHY 3a7a9y 3BOJUMO JIO JBOBUMIPHOI: IOBEPXHS
IPEICTaBIAETHCS MOCIITOBHICTIO JiHiN Y = f(X, Zj), AKi JIexkaTh y HapajaeIbHUX
IUTOIIMHAX Z = Z; 1, K HACJI/IOK, HE MepeThHaThes (puc. 14.2).

OTxe, MaeMoO Takui anroput™m mooOyaoBu rpadika Gyskmii y = f(X, 2).
JIs1 KOKHOI TUIOIIMHM Z = Zj, Y TOPSAJKY 3pOCTaHHA Z, NMOYMHAIOYM 3 Hail-
OJMXKYOT 0 TOYKU CHOCTEPEKEHHS, MatoloThes JiHli. [Ipu 300paxkeHHi mo-
TOYHOT JIIHIT BUBOJMTHLCS JIMINE Ta il YaCTHHA, KA HE 3aKPUBAETHCS pPaHIIIE
HaMaJIbOBAaHUMHU JITHISIMHU.

Skio B eAKid TUIOMIKHL Z = CONSt, mpu JesKOMY X OJIEpKYEMO TOUKY Y,
OUIBIITY 3a BC1 MONEPEIH1 Y, TO MOTOYHA KPHBA BUMMA B II1¥ TOYIIl, 1HAKIIIE —
HeBuauMa. /[ Bu3HaueHHs TuX yactuH JiHil Y = f(X, z;), Axi He 3akpuBa-
IOThCS paHillle HAMAJIbOBAaHUMU JIIHISIMU, BBOASTHCSA B PO3IJISA ABL JiHiI 2opu-
30HmMYy — BEPXHsI Ta HWKHA (IIBa MAaCUBH, IOBXKWHA SKUX JTOPIBHIOE KUTBKOCTI
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TOYOK X y IPOCTOPi 300pakeHHs). Y IHUX MacuBax 30epiraTUMyThCS MOTOYHI
3HAYEHHS TOPU3OHTIB.

yA

7). ” ~— y=1(x z)
> X

Puc. 14.2. Anpokcumaliisi HOBEpXHI JIHIAMU

Ha nouartky jiH1i TOPU30HTY HE 1HIIATI3yl0ThCs. [lepia niHis moBepxHi
BUBOJMUTHLCS TOBHICTIO, TI03asIK BOHA OJIMIKYe, HIXK 1HIII, pO3MilIeHa A0 CIIO-
cTepirada, TOMy 3aKpuBaTd i1 Himo He Moxe. [licas mporo ABi JiiHIT TOpH-
30HTY IHIINANI3YIOTHCS TaK, IO JJIA X, IPU SKUX BUBOJIUTHCS Tpadik, BOHU
301raroThCs 3 MEPIIOO JIHIELO.

Jlpyra JiHisl T€X MOBHICTIO BUBOJUTHLCS, a JIIHIT TOPU3OHTY KOPETYIOThCS
TaK. HWKHSA JIIHIS TOPHU30HTY B YCIX CBOIX TOYKAaX X MPHUPIBHIOETHCS J0 MiHI-
MyMy cepell 3Ha4€Hb Y JIJIsl IBOX YK€ BUBEJCHUX JIHIM, a BEpXHS JIIHIS TOpH-
30HTY — 10 MakcumyMy. O0J1acTh €KpaHa MK BEPXHbOIO Ta HMKHBOIO JIIHIEIO
TOPU30HTY € MPOCKITiero yacTuHu rpadika Gynkiii y = f(X, z) y ecmy3i 2:< 2 < 25,

Jis inmax piaid Y = f(X, zj) opu | > 2 T1 yacTUHUM JIiHIH, AKi IpU Ipo-
€KTYBaHHI MOMNAaJal0Th B 00JaCTh MK JBOMA JIIHISMHU TOPU30HTY, HEBUAUMI
(mpu 11bOMY c110CO0i MpoekTyBaHHs). Ll o0macTk 3a00poHEHa IS Oajb-
moro BTpy4anHs. Hactymna miHisg Oyje MaatoBaTHCS JIMINE JJIS THX X, JJIS
AKUX 11 MPOEKIis JIeKUTh 30BHI 00JacTi, IO 3aJa€ThCS JIBOMA JIHISIMU
ropu3oHTy. TOOTO airOpUTM Tenep TaKUil: SIKIO MPU JAESIKOMY X 3HAYCHHS Y
Ha MOTOYHIM KpUBIi OUIbIIE 3a BIJAMOBIIHE 3HAYEHHS BEPXHHOI'O TOPU3OHTY,
TO TOYKa Y BHJAMMA, SKIIO MEHIIE 3a 3HAYCHHS HWKHBOTO TOPU3OHTY, TO
TOYKa Y TEXK BHUAMMA, IHAKIIIC — HEBUINMA.

[Toznaunmo mpoekmiro giHil Y = f(X, z)) Ha KapTHHHY IUIOIIUHY 4Yepes3
y = Vi(x), ae (X, y) — KoopauHaTH TOYOK JIiHIl HAa KapTHUHHIA IUIOIIMHI, TOJI
KOHTYPHi 7iHii Topm3onTiB Y™ (X) i Yo" (X) Ha K-My Kpolli BH3HAYAOTHCS
CHIBBIIHOMIEHHSIMU:

ye ()= max y;(x), ye' ()= min y;(x).

Ha k-my xpoIii ManrolThCsl TUIBKK Ti YacTHHHM JiHIT Y = Yk(X), sSKi 3Ha-

XoaAThCs BUIE JiHiT Y™ (X), a6o Hivkue minii y;"" (X). Axuo yi" (X) < yi(X)

<y (X), To TouKa Ha MOBEPXHi HEBUAMMA i BOHA He BimoOpaxkaeThes. Takwuii
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) = cos(b/x? + y?)
lroyxi+y?

Puc. 14.3. Ilosepxus z = f(X,y
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3aysasicenns 1. Hxwo npu desaxomy X snawennsi Y(X) nesioome, mo 0
susnauenns Y(X) nompiono euxkopucmosysamu inmepnoaayiio (Modicra ainii-
ny). V eunaoxax, koau npu X, mouka Yn 6UOUMA, A NPU Xn+k MOUKA Yn+k HEBU-
ouma, HeoOXiOHO BUSHAYUMU YACMUHY SUOUMOIL JIIHII, WO NPOXOOUmMbs uepes
mouxu (Xn, Yn) i Xn+ks Yo+ k), MOOMO HEOOXIOHO 3HAMU MOUKU NEPEeMUH) Ce2-
MeHma nomoyunoi ainii i ninit eopuzonmy (puc. 14.4).

Yn .. |
H
|
I yn +k |:|
> |
Xn Xn +k X 0
Puc. 14.4. Bu3znaueHus
BUJIUMOI YACTUHU JIiHI1 Puc. 14.5. Bunagui nikceau

3aysadicennsn 2. Bunaook 8iopiz-
Ki8 JIAMAHOI 3 KYMOBUM KoeqhiyicH-
;=9 y C mom, 3a MoOyaem, OLIbUUM 0OUHU-
yi, eumazac cneyianpHoi 00pPOOKU
BIOpI3KiG, W00 He 3’ AGNANUC 8UNAO-

z=3 A4 NB

“Q

z=1 i nixceni (puc. 14.5).
3aysasicennsn 3. Axwo pyuxyis
Puc. 14.6. [ledext anropurmy npu 3a0aHa MAlow KilbKiCmo MOYOK |
HasBHOCTI MIKiB Mae docums 2ocmpi niku, mo Haege-

OeHUll aneopumm Modxce 0amu HeKo-
pexmui pezynomamu. Hanpuxnao, pozensinemo sunaoox niHitl, o 300paicemi
Ha puc. 14.6. Ockinvku ninia Z = 3 y moukax A ma B euouma, mo moorcHa
3pobumu 8UCHOB0K, wio 6iopizok AB (z = 3) sudumuil, xoua ye ne mak, 60 yell
BIOPI30K YACMKOBO NepeKpusacmvcs nikom ninii = 1.

s ninii 7 = 2 6y0yms 3HAX00UMUCs 6UOUMI yacmuru 8iopiskie AB ma
BC, nozasax ooun i3 xinyis 6iopizka suoumuil, a opyeuil — Heguoumut. /s ni-
Hii Z=3 aneopumm npayoe HenpasuUIbHo, 015 NiHii 7 = 2 — NPAauUIbHO.

Hapenenuii anroputm mae nedexrt, KoJau MOTOYHA KPHUBA MOXKE 3’ IBUTHCS
3J11Ba abo cripaBa Bij nomnepeaHix kpupux. Hanpuknan, Ha puc. 14.7 xpusi 2 = 1,
Z = 2 BUAMMI, ajie mpu X € [2, 5) BepXHiIM TOPU30HTOM € KpuBa Z = 2 1 s
KpPUBOi Z = 3 KOOPJIMHATH Y MEHIII, HIXK 3HAYE€HHSI BEPXHHOTO TOPU30HTY, OT-
xe, Buaumi. Tobto npu X = 4 aaropuTM BU3HAYAE KPUBY Z = 3 BUIUMOIO,
TOMY BHHUKAIOTh 3a3yOpuHu. [{poro nedexry MokHa YHUKHYTH LMIISTXOM YBe-
JIEHHSI B MaCHMBHM BEPXHbOT'O Ta HMXKHHOTO TOPU3OHTIB OPAMHAT, IO BiAMOBI-
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JAIOTh MITPUXOBUM JIHISIM, K1 YTBOPIOIOTHCS XUOHUMH O1YHUMH peOpaMH.

BBenenns niBoro xubHoro pedbpa PiP3 nns Bumaaxky puc. 14.7 3poOuTh
migito Z = 3 npu Xe [3, 5) HeBuaMMO0. XHUOHE peOpPO HE BBOAMTHCH, SKIIO
KpaifHl TOYKM Ha KpUBUX Z = 1, Z = 2 MarOTh OJIHAKOB1 3HAYEHHSI KOOPJIUHATH
X. AHAJIOT1YHO BBOASATHCS Yy PO3TJIs]l IMpaBi XUOH1 O14HI pedpa.

Ya z=3
/ ’ 7=2 \)\\

z=1 '

012345678 X

Puc. 14.7. BBeaeHHs XuOHUX O14HUX pedep

14.3. Aaroputm Pobeptca

OaHuUM 13 MEpUIMX AJITOPUTMIB YCYHEHHS HEBUIMMMX JIHIA OyB airo-
putm PoGeprca (1963 p.). Lleli anroput™m mpaifroe 6e3mocepeIHbO B MPOCTOPi
caMUX OO0’€KTIB 1 3aCTOCOBYEThCA Y BHIIQJIKy CII€H, IO CKJIAJAlOThCI 3
MHOTOIPaHHUX OO0 €KTIB, KOXHA TPaHb SKUX € OMyKIUM MHOTOKYTHUKOM,
TOOTO M1 onykKJIuX 00’ekTiB. Heomyki Tina moTpiOHO po30MBATH Ha OMYKJI1
yacTuHU. KpiM 11b0ro, rpani 00’ €KTiB HE MOBUHHI M1 COOO0IO EPETUHATHUCS.

OcHOBHa 1i/1esl UBOrO AJTOPUTMY IMOJSTAE B TOMY, IIO Ha MOYATKY 3
KOKHOTO 00’€KTa CIIEHM YCYBalOThCA T1 peOpa Ta rpaHi, SKi 3aKpHBAIOTHCS
caMuM 00’ ekToM (HenmuIboBi rpaHi). [ToTiM KoXxHE 3 pedep, Mo 3aTUITIIIOCH,
NEepeBIPSIETHCS HAa BUIUMICTH 1O BIJHOIIEHHIO JO JUIbOBUX rpaHei. Ha
MOYaTKy MporpaMa NoBMHHA MPOUYMUTATU HEOOX1/IHI JAaHi 13 (paitna.

Bxioni oani. O0’€KT 3aJ]a€ThCSI CIUCKOM BEPILIUH, TOOTO HOMEpaMH Bep-
IIMH Ta iXHIMH KOOpJIMHATaMH, 1 cruckoM pebep o0’ekra (macuB RIB) y
CBITOBIM cucteMi KoopauHat. OKpiM 1bOTO, AJiE NOOYJOBU MEPCIHEKTUBHOI
IPOEKIIil, MOTPIOHO 3a7aTH KOOPAMHATH TOUYKHU E croctepiraua (puc. 14.8).

BBaxkaeMmo, 1110 LIEHTp 00’ €KTa 3HaXOUTHCS B MOYATKY CBITOBOI CUCTEMH
KOOPJIMHAT, 1HAKIIEe MOTPIOHO BUKOHATH INepeMilieHHs o0’ekrta. 1106 oxep-
aTU KOOPJIMHATU BEPILIWH y BUAOBINA CUCTEMI KOOpAUHAT, HEOOX1AHO 3.iiic-
HUTH BUJOBE MEPETBOPEHHS. BUAOBI KOOpAMHATH BEpIUIMH 30€piraTUMeMo B
macuBi VER. z-xoopaunaru 1ux Bepiud (VER([1].zZ) moBuHHI OyTH OLIbIIMMU
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3a HyJIb 200 JTIOPIBHIOBATH HYJIIO. SIKIIO 111 3HAYE€HHS MEHIII 3a HYJb, TO HE00-
X1AHO 3ynuHUTH mporpamy. Hanani onepyBaTUMEMO TUIBKU KOOpAMHATAMH Y
BUJIOBIM CHCTEMI KOOP/IMHAT.

s  1poro anroputMy  KOXKHY
rpaHb 00’€KTa pPO30MBaIOTh Ha TpPH-
KyTHHKH (1100 mporpama Oyia MpocTi-
X IOK0, MPOTPAMICT caM po30UBA€ rPaHb Ha
TpUKYyTHUKH). [li TPUKYTHUKH OymyTh
BUKOPHUCTOBYBATHCS JJIs 3’ ICYBaHHSI TO-
z ro, YM 3aKpHUBAIOTh BOHU BIJPI3KHU MHpsi-
Mux JiHid. [Ipu npoMy HOMEpH BEpIIMH
y KOXXHOMY TPHUKYTHHKY 33JafOThCS B
TaKlf IIOCIIIIOBHOCTI, 100 BOHU CKJia-
JaJii TOBOPOT MPOTH TOAUHHUKOBOL
CTPUIKH, SKIIO JUBUTHCS Ha 00 €KT

v

Puc. 14.8. Bumosi koopiuHaTH

30BHI.
CHnHcoK TPUKYTHHUKIB BUTIIHO 3amaM’ siITaTU B AESIKOMY MAacHBI — HA3BEMO
rioro TRIANGLE, xoxHull €1eMEHT SKOT0 MaTUME CTPYKTYPY
ABC a bch,
ne A, B, C — HoMepH TOYOK, 1110 YTBOPIOIOTh TPUKYTHHK, a uKcia a, b, ¢, h —
Koe(ili€EHTH PIBHSIHHS IUIOMIMHKM axX + Dy + €z = h, B sAKki¥l po3MilieHni men

TPUKYTHUK.
Koedimientu a, b, ¢, h 00YKCIIIOIOTHCSA 3 PIBHIHHS ILIOIIMHA
X y z 1
Xa Ya Zp 1 -0
Xe Ve 25 1
Xe Yo Zc 1]
TobTo
Yo Za Xa  Za Xao YA Xpo Yo Za
a=|yg zg L, b=-xg zzg L, c=[xg yg 1, h=1|xg yg Zg
Yo Zc Xce Zc Xc Yc Xc Yo Zc

Posrnsaemo npoekiiii Touok A, B, C Ha kapTunHY miontuny. Bigomo, 1o
KOOpJIUHATH IIEPCIEKTUBHOI MPOEKIii TOUKU A Ha IIOmHUHY Z = d 3HaX0aATh-
cs 3a popmynaMu

r dXA ' dyA
Xn=—"", Ya=—"—
: :

ZA ZA

Hamnpsim 006X01y TOYOK-TIPOEKIIiii MOXke OyTH BCTaHOBJIEHWM Ha OCHOBI
aHaji3y BU3HAYHHKA
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4 !

Xa  Ya
! !/
D=|Xg VB
! !/
X Yc
OcCK11bKH
dx, dy, 1
z, 1z, Xa Ya Za hd 2
D= dxg dyg 1 :d2 Xg Yp ZB/(ZA /g Zc): , Zp, 2B, Zc > 0,
Z, Z, Zplg I¢
de, dy. Xe Yo Zc
Z, Z,

to D i h ognakoBoro 3uaky. To1i MOXKIIMBI TaKi BUIIAIKU:

1) sxmo h = 0, To momuna ABC mpoxoauts dyepe3 Touky E i A ABC
HIYOI'0 HE 3aKPHUBaAE,

2) sikmo h < 0 (pieHocmibHO D < 0), T0o A ABC — 3a/Hiii, TOMY IO TIPH
D < 0 maemo o00xia mpoekuiid Todok A, B, C 3a roAMHHHUKOBOIO CTPLIKOIO
(HanpsiM 00XOAy 3MIHMBCS). 3aJHI TPUKYTHUKH TEX ITHOPYIOTHCS, OCKLUIBKH
BOHU 3aKPUBAIOTHCS BUJIMMHUMH TPAHIMU. 3ayBaXXUMO, 1[0 Y BUIAJKY OJTHOTO
ONYKJIOT'O MHOTOI'paHHMKA BUJUICHHS 3aJIHIX TPUKYTHHKIB MOBHICTIO PO3B’s-
3y€ 3a7a4y YCyHEHHs HEBUIUMUX rpaHeil. s ckiagHux rpaiyHuX CUEH
el GakT 4acTo BUKOPUCTOBYETHCS VISl YCYHEHHS! HEJIUIIbOBUX TpaHel mepen
3aCTOCYBaHHSIM 1HIIMX aJITOPUTMIB yCy-
HEHHS HEBUAMMUX JIHIHM Ta TpaHei;

3) askmo h > 0, To A ABC
3anucyemo B MacuB TRIANGLE, Tomy
[0 BiH HAJEXUTh JO MEPEJHIX rpaHei
00’€eKTa.

Po3poOumo ajiropuT™ BU3HAYEHHS
HEBUIUMHUX JIiHIA, TOOTO aJIrOpPUTM,

_ KUK BHUKPECIIOBATUME TUIBKH BUIUMI
Puc. 14.9. Bunmmicts Touku R gacTuHA Bifpi3kiB PQ 3i ciimcky pebdep

RIB.

Jlist uporo moTpiOHO BHKOHATH MepeBipky st koxkHoro A ABC 3i
cnucky B macuBl TRIANGLE, mo0 3’sicyBatu, un Oyae A ABC 3akpuBatu Bce
pebpo PQ, um ¥oro yacTuHy.

Hexaii E — Touka 30py. Kaxyts, mo A ABC 3aropomxkye Touky R € PQ,
axmio Bifpi3ok ER meperunae A ABC y BHyTpimHii Touri R’ TpukyTHUKA 1y
BHYTpiIIHIK Toulli R Bigpizka PQ (puc. 14.9).

Touku rpanuni A ABC i1 rpannuni touku P, Q He BBaxkaemMoO BHyTpill-
HiMu. OTxke, Touka R He 3aropomkyerbest A ABC, sikio
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1) rouka R" ¢ A ABC,
2) Touka R' € rpanuni A ABC.

Axmo Touka R He 3aropomxkyerbcsi A ABC, To Touka R HasmBaeTbcs
suoumoro BimHnocHo A ABC. Sxmio 13 Bigpizka PQ BigHocHO A ABC BHaHO
CKIHYCHHY KUIBKICTh TOYOK, TO Oymemo rooputH, mo A ABC 3aropomxye
pebpo PQ. A ABC uactkoBo 3akpuBae PQ, SKIIIO BiH 3aKpHUBAa€ HECKIHUYCHHO
Oarato To4ok Biapizka PQ 1 Boj-
HOYac HECKIHYEHHO 0arato TOYOK
€ suauMumu BigHOCHO A ABC.

Axmo A ABC 3akpuBae
BiIp130k PQ, To PQ 3akputuii i He
MOBHHEH 300paxkatucs. Ilpu 1po-
My HEMa€e HeOOXIJTHOCTI BUKOHY-
BaTU MEPEBIPKY IJid PEUITH TPH-
KYTHHKIB.

Puc. 14.10. [Tipamiga BuARMOCTI

Po3rasiHeMo anropuTM BU3HAYEHHS BUJUMOCTI Biapizka PQ  BigHOCHO
A ABC. Haranmaemo, 1110 MU BX€ Ma€MO BUJIOB1 KOOPJAMHATH JJIsI T AITH TOUOK
P, Q, A, B, C.
[ToOyayeMO HECKIHUEHHY IipaMiay, BEpIIMHA SIKOi 3HaXOJIUThCS B TOYII
E, a Giuni rpaHi mpoxoasaTh uepe3 croponu TpukyTarka ABC (puc. 14.10).
Bce, mo 3HaxoauThes Becepeauni mpamiau mo3any A ABC, € HeBuaIuMumM,
a BC1 TOYKH, 110 JIeXkKaTh 30BHI IipaMiau abo B mipamizai nepen A ABC, Buaumi
BimHocHO A ABC.
PosrmsaemMo mmTaHHS TepetwHy Biapizka PQ 13 rpaHsMu mipamiam.
PiBusinHs npsmoi PQ 3anumemMo y BUTIsAI1
X =Xp + A(Xq — Xp),
Yy =Yp + Uyq—Yep), (14.4)
Z2=12p+ MYq — Zp).
Touka | HamexuTh momuHai AEB, piBHSIHHS K0T Ma€ BUTIIS

X y z
Xao Ya Za| =0,
X Ys g
abo
Cix+Cyy+Csz=0, (14.5)

ne C1 = yaZs — ZaYs, C2 = XaZa — XaZ, C3 = XaYB — YaXz.
[TigcraBnsroun (14.5) B (14.4), 3HaxoauMO
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B CiXp +C,yp +C32p

Ci(Xg —Xp) +Cy (Yo = Yp) +C3(zg — 2p)
3unatoun A, 3 (14.4) moxHa 3HaWTH KoopAauHATH TOUKH | (TOUKHM mepeTHHY
Bigpizka PQ 3 rpannio AEB). SIkmio A € [0, 1], To Touka | 1e:kuTh Ha Bigpi3Ky
PQ, mys inmux 3HayeHb A Touka | He Hanexxuth BiapizkyPQ.

Auie He MOKHa cTBep pKyBaTH, 1o ko A € [0, 1], To Biapizok PQ nepe-
TUHAE Tipamiay (crpaBeUIMBeE JIUIlIe OOCPHEHE TBEPIKEHHS), OCKIIBLKH IIepe-
TUH Bijpizka PQ Moxe Bi10OyTHCS 3 IUIONIMHOO, B sIKiH JeXUTh rpanb AEB.

[I1o6 nmepekonatucs, mo Touka | Hanexxuts rpani AEB, mpoBenemo mio-
muHy PEQ 1 1i3HaeMoch, U 11 TJIOIIMHA TIepeTUHaE Bipizok AB.

AHAJIOT1YHO CKa3aHOMY BHIIE, 3aMUIIEMO PiBHIHHS mpsiMoi AB

X = Xa + (X — Xp),
Yy =Ya+ ulys = Yn), (14.7)
2=2p% plys — 2a)

Ta piBHAHHSA TwiomuHu PEQ

KiX + sz + K3z =0, (148)

(14.6)

ne
K= YprZg — Yoip, K, = XoZp — XpLQ, Kz = XpYq — XQYp.
I3 piBusHb (14.7), (14.8) 3HaxoaumMo
KiXa + Koya +Kszp
Ki(Xg —Xa) + K5 (Yg = Ya) + Ks(Zg — Z,)
Otxe, Biapizok PQ 1 rpans AEB mipaminu matote cninbHy Touky | Toxi 1
TUIBKH TOJ1, KOJIN

H= - (14.9)

0<4<1,0<5u<l.

AHAJIOTIYHO JOCIIDKYEThCS TepeTHH Biapizka PQ 3 iHmmMMH TpaHsIMH
BEC, AEC.

Biapizok PQ moxe He Matu a0 MaTh OJWH YW JBa MEPETHHU 3 Iipa-
Mizor0. BigmosigHo Touku P, Q nexaTHuMyTh BCEepearHI, 30BHI MipaMigu a0bo
Oe3nocepeHbO Ha MIpaMil.

Taki nepeBipku NMOTPIOHO BUKOHYBATH JJIA KOXKHOI Mapu BiIPI30K-TPH-
KyTHHUK, a II€ BHUMAara€ BEJIUKHX OOYHUCIIOBAIBHUX 3aTpar. 3 METOK 3MEH-
IIEHHS KUIBKOCTI MEPEBIPOK Oa)kaHO MOYMHATH aJTOPUTM 3 aHalli3y TaKHUX
BUIIAJIKIB, SIK1 HE BUMAraroTh 3HaYHUX 3aTPAT MATUHHOTO Yacy.

OnumeMo uel anroputM y BUrsial TecTiB. [lpu ycminmmHOMYy BHUKOHAHHI
OJIHOT'O 3 TECTIB HACTYITHI TECTU HE MEPEBIPSIOTHCA.

Ha mouatky 31 cnucky pebep BiAKuAaeMo Bci pebpa, 10 SKUX MPHIIs-
raloTh TUIBKM 3a7Hi TpaHi (KOJIHE 3 TakuxX pedep ampiopi HeBumume). Jlami
NEepeBIPAEMO HA BHAMMICTH KOXXKHE peOpo, M0 3aJuIIMIOCS B CIHUCKY,
BIJIHOCHO YCiX MEpEeHIX TpaHei 00’ €KTIB.
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Tect 1. Sxmo Touku P ta Q nexars nepen miomuaor ABC abo Ha HIH
(ame He mo3any), To Biapizok PQ — Buaumuii. Ilel TecT BUKOHYETHCS, SAKIIO
CIIpaBe/IMBI HEPIBHOCTI

axp + byp + Czp < h, axq + byQ + CZg <h.

Tect 2. SIxkmio Bimpizok PQ 1exuTh 30BHI IipaMiau, TO BiH BHIUMHUH.
JIst mepeBIpKH 111€1 YMOBH ITIJICTABISEMO 3HAUYCHHS KOOpJUHAT TOYOK A, B,
C y nmiBy vactuny piBHsHHA 1wiomuau PEQ (14.8). ko Bci Tpu oOunciacHi
sHaueHHs (mig touok A, B, C) marore omgHakoBuii 3Hak (BCi momaTHi abo Bci
Bijx eMHi), To Bci Touku A, B, C nexarts o oxuH 0ik Big miomuuan PEQ (puc.
14.11, a), otxe, peopo PQ — Buaume.

B

A C

Q a Q 4]

Puc. 14.11. Tect 2: @ —MOyJib CyMU 3HaKIB = 3; 6 —MOAYJIb CyMH 3HAKIB = 2

3a3HauMMo, M0 yMOBa Ha 3HAKW MOKe OyTH mociabiieHa: ojHe 31 3Ha-
YeHb MOJKe HopiBHIOBaTH HyI0 (puc. 14.11, 6). ToOTO, AKIIO IPHUIYCTHUTH,
10 KOKEH 31 3HaKiB nmo3Havaerbes ynuciaom —1, 0, 1, To motpiOHO mepeBipATH,
Yy CyMa 3HaKiB JOPIBHIOBaTUME OJHOMY 3 uucen —2, -3, 2, 3.

Tect 3. PiBusuus (14.5) Busznauae iommuay AEB. fxmio niBa yactuna
IIOT'0 PIBHSHHS MpH TiAcTaHOBII TouokK P 1 C HaOyBae pi3HMX 3HAKIB, TO
touku P 1 C nexath 1o pi3Hi 00KH Bij 11i€i ruiomuau. OTKe, Touka P JIeKUThH
30BHI mipamiau 3a miomrHo AEB (puc. 14.12). 3anam’staemo 1o iHdopma-
Ii10 B JIOT1uHIM 3MiHHIK Pout (Touka P 30BHI).

B C

P
\Q /Q

E P

Puc. 14.12. Bigpizok PQ Buaumuii

Amnanorigyno s Toukd Q BBoguMo 3miHHy Qout. Skmo aBi Touku P, Q
nexath 3a wionmHoo AEB, To Bimpizoxk PQ Buammmii (puc. 14.13, a).

271



Biapizok PQ Oyzae BuaumuM, SKIIO OJHA 3 TOYOK JCKHUTH y mroniuai AEB, a
iHmra Touka Buguma (puc. 14.13, 0).

E a 4]

Puc. 14.13. Tect3: a — Touku P, Q Bugumi; 6 — Touka P BuauMma,
Q Hanexuts miomuni AEB

SIKII0 HE BCTAHOBJICHA BHUAUMICTH TOYOK P, Q 1o BIZHOIICHHIO JO ILIO-
muan AEB, To pami, aHalOTi1YHO BUKIIAJICHOMY BHWIIEC, BUBYAEMO BUJIUMICTD
Bijpizka PQ mo BimnomenH:o 1o miomud AEC 1 BEC.

Tecr 4. Skumo Touku P 1 Q 3HaX0IAThCsl BCEpEUHI MipaMiiy 1 HOMepeHI
TECTH HE BHKOHAIMC, TO Biapizok PQ nexuts mozany AABC (puc. 14.14, a), a
OT)XE, € HEBUJIUMUM.

[Ipy BUKOHAHHI ITLOTO TECTY MOXE 3yCTPITHUCS OCOOJIMBA CUTYAIIisl, KOJIH
Bizpizok PQ mexuth Ha mipaminai mo3any Biapiska AB (puc. 14.14, 6). Slkiio
BiJIpi3ok AB € niaronamio rpasi, TO TpaHb 3aKpuBae Bijipizok PQ 1 BiH He
BUBOIUTHCS. Skiio AB — pebpo, To Biapizok PQ Tex He moTpiOHO 300paxkary,
OCKUIIbKHY 300pakeHHs Bijpizka PQ 30iraerses 13 300paxennsm AB, a 300pa-
’KaTu 301KH1 BIAPI3KHU JB1Ul HEMAE 3MICTY.

a 4]

Puc. 14.14. Tecr 4: a — PQ no3zaxy AABC; 6 — PQ noBHicTIO
3aKpUBa€ThCA BiApizkom AB

Tecr 5. 3naiimeMo Touky mneperuHy npsmoi diHii PQ 13 rpansmu
nipamign AEB, BEC, AEC. O6unciumo 3HaYCHHS MapamMeTpiB A ISl TOYKH
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nepetuny npsamoi JdiHii PQ i3 mmomuuoro AEB 3a dhopmyioro (14.6) 1y nns
TOYKH nepeTuny npsmoi AB 3 mrommnoro PEQ 3a ¢popmyioro (14.9).

AHaJIOTIYHO 3HAXOJUMO MapaMeTpu A, 4 I JBOX 1HIIUX rpaHeil. OTxe
MaTUMeMO Tpu mapu 3HaueHb (A, £4), 1 = 1, 2, 3. Ilicas mporo 3HanaeMo
MIHIMaJIbHE 1 MAaKCUMaJIbHE 3HAYEHHS cepell Ai, 0 3aJ0BOJIbHSIOTh YMOBU

0<A4i<l, 0<u;<1, 1=1,2, 3.
L1 3HaYeHHS TO3HAYUMO Amin, Amax.

Sxmo npu peskomy 0 < 4 < 1 suaiigeHa 3 dopmynu (14.4) touka |
(rouka mepetunHy PQ 3 rpanHto mipamian) jaexuts nepen AABC, to PQ — Bu-
TUMUHN, oCKUTbkU PQ He Moxke nmpoxonutu yepe3 BHyTpintHl Touku AABC.

Tecr 6. Lleit TecT BUKOHYETHCA TO/I1, KOJIM BC1 MONEPEAH] TECTU HE BUKO-
Hajucs, ToO0To koM Bijpizok PQ mepe-
TUHae nipaminy nozaay AABC.

SIKIO Amin # Amax, TO Il 3HAYEHHS
TAI0OTh MOYKJIUBICTh 3HAWTH, BIANOBIIHO,
mBi Toukn | Ta J 1 BuU3HAUUTH
HeBUAMMUH Biapizok 1J (puc. 14.15).

SIkmo Touka P 3HaxomguThCsa 30BHI
nipamiav, TO Biapizok Pl Bumumuii,
akmo Touka Q 3HAXOOUTBCA 30BHI
nipamiaf, To Biapizok JQ BHAMMUIA.

Ao Amin = Amex (Touku |, J 30i-
ratotbes), To P 1 Q ogHOYacHO HE 3Ha-
XOJISITHCA 30BHI IMipamiay, TOMY BUJIU-
MuM Oyae abo Bimgpizok Pl, a6o 1Q, y
3aJICKHOCTI Bij 3Ha4ueHb Pout, Qout.

VY 1npomy TecTi MOXKYTh 3’sIBUTHCS JiBa HOBHMX Biapizku Pl 1 JQ, ski €
BuauMuMu BigHocHO AABC, TOMy Hamami HEOOXigHO JBIYl 3BEpTATHCS 0
I[OTO X AJITOPUTMY, 1100 BU3HAYMTH BUIUMICTH IIUX HOBHMX BIJPI3KIB Bij-
HOCHO pemnTu TpukyTHUKIB 31 ciiucky TRIANGLE.

3a3HAYMMO, IO CKIAIHICTh OO AITOPUTMY CTAHOBUTH HOPSIOK N°, e
N — KUIBKICTh BIJIPI3KIB, TOMY, 3 METOI 3MEHUIEHHS Yacy poOOTH 1IbOTO alro-
PUTMY PO3p00sIeHO O6arato oro MoaudiKaIii.

3aysadicennsn 4. Yepes ckraonicms 004UCIeHb THKOU OOYLIbHO BUKOPUC-
mosysamu mun double zamicms float, moomo uucna 3 nnasarouoro kpanxoro
noositnoi mounocmi. Kpim ywvoeo, eci uucra ¢ EOM nooaromwvcs 3i CKin-
YEHHOIO MOYHICMIO, MOMY IHKOJIU OOHY NepegipKy NOMpIiOHO 3aAMIHUMU IH-
wor. Hanpuxnao, 3amicmv ymosnoeo onepamopa X = a (0aa uucen i3
niasaio4oilo kpankoio) sanucyioms onepamop abs(x — a) <= epsilon, oe
epsilon — mana oooamna eenuuuna.

Puc. 14.15. |1J — ueBuauma
yacTuHa Biapizka PQ

273



Huni B 3B’S3Ky 3 HIMPOKUM PO3MOBCIOKEHHSIM PAaCTPOBUX MPHUCTPOIB
HANOUIBII PO3MOBCIOIKEH] aJITOPUTMH, SIKI IPALIOIOTH B MMPOCTOP1 300pa’KEHb,
OCKIJIbKA BOHH BHMAararTh MCHIIIE OOYMCIIOBAIBLHUX Omeparliii (CKJIagHiCTh
UX aJITOPUTMIB MPOMOPIiHHA AOOYTKY KUIBKOCTI OO’€KTIB Ha PO3JAUIbHY
3IaTHICTh €KpaHa Bizyanizarii). Lle 3HM3mI0 iHTEpec 1o anroputMmy Pobeprca,
ajie Horo MaTeMaTUYHl METOJIM 3aCTOCOBYIOThCSI B 0araTbox 3ajgayax KOMII 0-
TepHOI rpadiku.

14.4. Metoa Z-0ydepa

OmHUM 13 HAUMPOCTINIUX METOAIB YCYHEHHS HEBUIUMUX IpaHeH 1 MOBEP-
XOHb € Meron Z-Oydepa (Oydepa rimdunm). Meton Z-Oydepa BHKOPUCTO-
BYETBCS JJI 300paKEHHs CKJIAJJHUX CIIEH 13 3aCTOCYBaHHSM OPTOTOHAJIBLHOTO
NPOEKTYBaHHS HA KapTUHHY IUIOMMHY. KpiM 1150TO, 1€l METOJ| TpUBIAJIbHO
pO3B’A3y€ 3a7ja4y MEPETHUHY CKIIAJHUX MOBEPXOHb. TYT /ISl KOKHOTO TKCEsI
KapTUHHOI IUIOIIMHN BU3HAYAETHCS TpaHb 00’ €KTa, sKa JISKUTh Jajll BiJ Kap-
TUHHOI TUIOIIMHY B3JIOBX HAIpPsIMKY MpoekTyBaHHS. 1o cyTi, anroput™ 3Bo-
JUTBCS IO 3HAXOJKCHHS 110 X Ta ) MAKCUMAJILHOTO 3HaueHHs QYyHKIIT Z(X,Y).

Koxxaomy mikcento (X, Y) KapTUHHOI TUIOIIMHHA MOCTaBUMO Y BiJIOBIJI-
HiCTh KOJip C(X, Y), sAkuii 30epiratumMemMo y Oydepi Kaapy, Ta KOOPAWHATY
Z(X, y) — TTMOMHY KOXKHOTO BUAMMOTIO IMKCENISI KAPTHHHOI IIOMUHU (BiJICTaHb
TOYOK MPOCTOPOBUX O0’€KTIB /0 KAPTUHHOI IUIOMIMHHU B3J0BX HAMpPSIMKY
NPOCKTYBaHHs), 5Ky 30epiratumemo B Z-Oydepi. ToOrto, Oydep kampy
CITY>KUTb JUIsl 3a1aM’ SITOBYBaHHSI IHTEHCUBHOCTI KOXKHOTO MIKCEJs B IIPOCTOP1
300paxkeHb, a Z-Oydep — and 3amam’sITOBYBaHHA KOOPAHMHATH Z KOKHOI'O
BUJIUMOTO IIKCEJISl B MPOCTOP1 300pakKEHb.

B nporieci po60oTH 3HAYEHHS Z KOKHOI'O HOBOT'O IMIKCENs, IKUU MOTPiOHO
3a”HecTH B Oydep kaapy, MOPIBHIOETHCA 3 TIIMOMHOIO IMIKCENS, IKUN yKe 3aHe-
ceHuit B Z-Oydep. SKmio 1e nopiBHIHHS MOKa3ye, 0 HOBUM MIiKCENIb PO3Mi-
HICHUH Monepeay MiKcess, 1Mo 3HaXOAUThCA B Oydepi Kajapy, TO HOBUM TiK-
ceJib 3aHOCUThCS B Oydep kaapy 1 Z-0ydep KoperyeTbcsi HOBUM 3HAUYCHHSM Z.

PopMaJIbHUN 3aIUC AJTOPUTMY MA€ HACTYITHUN BUTJISL.

1. MacuB rimmbun (Z-Oydep) iHiMiami3y€eThCsl MAKCUMAaIbHIUM 3HAYCHHSIM Z
(3HaueHHSAM TMOMHU (OHY), a Oydep KaJapy 3almoBHIOETHCS 3HAYCHHS-
MU aTpUOYTIB (KOJIBOpOM) (hOHY.

2. Jlisg BUBENEHHS Ha KapTUHHY IUIOLIMHY JOBLIBHOI I'paHl 00’e€kTa Oy-
IYIOTh PacTpOBY PO3rOPHYTY MPOEKIIIIO 1€l rpaHi, TOOTO MEPETBOPIO-
I0Th TPUKYTHI IpaHi y HaOopu mikceniB. Llei nmporec HazuBaeThes pac-
mepusayliero.

3. Hus xoxHOTO mikcens (X, Yj) i€l po3ropTKH 0OUUCITIOIOTh TINOUHY  Zjj.

4. 11opiBHIOIOTH 3HAYEHHS Zjj 3 BIAIOBLAHUM Zi?yqb, o 30epiraeTbcsi B
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Z-0ydepi. Sxmo zjj <Z§yd’ (mikcens (Xi, Yj) — BUAUMMUIA, TOOTO 3HAXO-
JAUTBCS MOTIEPEy BIIMOBIAHOTO TiKcems 3 Oydepa kaapy), To Zi?y ? 1pu-

CBOIOIOTh 3HAYEHHA Zjj, 3aHOCAYM 3HAYEHHS Zjj HOBOIO MIKCENd [0
BIIMOBIHOT mo3uliii Z-Oydepa, 0OUMCIIIOITh KOJIp MOBEPXHI B I
Toumi i arpubyTH mikcens (X, Yj) 3anmcyroTh 70 Oydepa kaapy. Skmio
MOPIBHSHHS Ja€ TPOTUIICKHUN pe3ysbTar, TO HIIKUX Jid He
BUKOHYETbCSL (Z-0yghep 36epicac koopounamu Zij KOJNCHO20 RiKcens,
BUOUMO20 HA NOMOUHOMY KPOYI AHANIZY 300PANCEHHS).

5. bepyTs HacTynHy HeoOpoOJeHy TrpaHb, NPUUOMY TMOPSAJOK HEMa€e
HISIKOTO 3HAYEHHS Ta MEPEXOISITh 10 KPOKY 2.

JlocuTh eheKTUBHUM Y IIbOMY METOJ1 € CYMIIIEHHS TTOOYA0BU PacTpOBOi
PO3rOPTKH 3 BUBEACHHSIM y Z-Oydep, npu UbOMY U1l OOUMCICHHS TNIMOUHU
MiKCEeJIB MOXYTb 3aCTOCOBYBATUCS IHKPEMEHTHI METO/IH.

I'panb 00’ekTa 300pa)kaeThbCsl CTPIUKa 3a CTPIUKOIO; IS 3HAXOKCHHS
HEOOXITHUX 3HaUYC€Hb BUKOPUCTOBYETHCS JiHIMHA iHTeposaiig (puc. 14.16).

Xag = X1 + (XZ_Xl)u,

Vo — Vs (X1, Y1, Z1)
_ Y-V
b 1 ( 3 1) y3 _ yl (Xa, yv a . (Xbl yl Zb)
(X,Y,2)

Z,=171 + (Zz_zl)u’

Yo— V1

70 = 71 + (23— X1) Y=% ’ (X2, Y2, Z2
Ya— Y1

Z=1, + (Zb _ Za) X— Xa . (XS, Y3, 23)
Xb - Xa

Puc. 14.16. JliniitHa 1HTEPIIOJALIS TpaHi
00’exTa

Meton Z-Oydepa mpairoe BUKIIOYHO B IMPOCTOPI KAPTUHHOI IUJIOIIMHH,
TOOTO B MpocTOpi 300pakeHb. [lopsiiok BUBEAEHHS rpaHell Ha €KpaH HE Bi-
JIrpa€e >KOIHOI poJil, TOMY iX HE MOTPIOHO COPTYBAaTH 3a TNIMOMHOIO, OTXKeE,
€KOHOMUTBHCA OOYHMCITIOBaIbHUI yac. Yac poOOTH LBOr0 alrOpUTMY JIHIHHO
3aJIEKUTH B1Jl KUTBKOCTI TOUOK pacTpa Ta KUIbKOCTI TPaHeil.

Merton Z-Oydepa Bumarae BEIMKOro 00CATY TaM’siTi, OCKUTbKH Z-KOOPAWHATY
HEOOX1THO 0OpOOJIATH 3 OUTBILIOI TOYHICTIO, HK KOOPAUHATHY 1H(OpMAIli0 Ha
wrommHi xy. Hanpuknan, Oydep kaapy po3mipHocTi 512x512x24 6iTiB y KOM-
OiHarii 3 Z-Oydepom posmipHocTi 512x512x20 OiTiB Bumarae maibke 1,5 MO
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nam’sTi. JIj1s eKkoHOMi1 maM’ AT1 MOKHAa BUBOJIUTH HE BCE 300paKeHHS B1/Ipasy,
a MaJoBaTH oro yactuHamu. JlJis bOro KapTUHHA IUIOMIMHA PO30UBAETHCA
Ha yacTWHU (YacTillle — Ha TOPW3OHTAJbHI CMYrd) i KOXKHA TaKa YacTHHA
00pO0OIAETHCS HE3AIEIKHO.

Merton Z-Oydepa 3pyuHuil ajis amapaTHOI peajizaliii yepe3 MpOoCTOTYy
QITOPUTMY 1 TOMY OUIBIIICTh Cy4aCHUX KOMII IOTEPIB MICTUTh y cOO1 Ipa-
¢diuHI TIaTH 3 anapaTHOIO peajizaliero Metony Z-Oydepa, BKIOUarOUu ama-
paTHy MOOYA0BY pacTpOBOI PO3TOPTKHU I'paHel pa3oM i3 3adapOyBaHHIM Me-
TogoM ['ypo. Taki BiieokapTu 3a0€3Me4yI0Th BUCOKY IIBUIKICTh PEHIACPIHTY
(6JIM3BKO JIEKITBbKOX MIJIBHOHIB TPHKYTHHUKIB 32 CEKYHIY), OCKUIBKA BOHH
4acTO MAalOTh BJAcCHY mam’ siTh Ui Z-Oydepa, JOCTYI 10 SKOi 31ACHIOETHCA
IIBUJIIIE, HIK JI0 OTIEPaTUBHOI MaM’ aTi. | '0JI0BHOIO XapaKkTepuCcTUKoI0 Z-0ydepa
€ oro po3AuTbHa 31aTHICTh. UMM BHIIIA PO3/iIbHA 3/IaTHICTh, TUM BHIIA JUCK-
PETHICTb Z-KOOPJAWHATH 1 TUM TOYHIIIE BUKOHYETHCS PEHACPIHT BiJATCHUX
00’ekTtiB. Cy4acH1 BiIeOKapTH MatOTh 32-po3psauHuii 0ydep.

Henonikom metony Z-Oydepa, monpu BEeIUKUM OOCIT maMm sTi, € BUBE-
JICHHS BCIX TpaHel 1 PO3paxyHOK KOJIbOPY AJIA KOKHOIO MIKCENs pI3HUX rpa-
HEH, 1110 HAKPUBAIOTh JIaHu mikcenb. [Ipu BUKOpUCTaHHI CKIIAIHUX MOJeen
OCBITJICHHS 1 TEKCTYp Il OOYMCICHHS MOXXYTh BHUMaraTu 0Oarato 4acoBHUX
3arpar. ToMy icHYIOTH AcKiibka Moaudikamiii aaroputMmy Z-Oydepa (Ham-
pUKIIaJl, METOJ| iepapXiuHoro Z-0ydepa), sKi J03BOJISIOTh CYyTTEBO CKOPOTHUTH
KUIBKICTh 3Q/IITHUX TpaHeH.

3a3HayuMo, 110, AKII0 B aiaroputmi Z-O0ydepa mepeBipky HEpIBHOCTI

Zjj < Zi?y ? 3aminuTH HOpiBHSHHM Z'? < Zjj < Zi?y ? . ne 7'’ — rIHOUHA ITyKaHOTO

HEPETUHY, TO AaBTOMATHYHO MOKHA OJIEPKAaTH 300paKEHHsI IEPETHHY TOBEPX-
Hi TUIOIMHOK Z = 77,

14.5. Orasan neIKuX iHIDUX METOAIB
14.5.1. MeTo BiiCIKaHHS HeJINILOBUX I'PaHel

PosrisiHeMo MHOTOTpaHHUK, 7Sl KOJKHOI TpaHi SKOTO 3aJlaHui OJUHNY-
HUI BEKTOpP 30BHIIIHBOT HOpMauti N (puc. 14.17).

SIKII0 BEKTOp 30BHIIIHBOI HOpMaJli N TpaHi yTBOPIOE 3 BeKTopoM |, 110
3aJla€ HaIpsiM MPOEKTYBaHHS, TyHNHil KyT, TOOTO BEKTOp HOpMalli HampasJe-
HUI B Oik crioctepirava, To 15 rpanb BujauMma (puc. 14.18). Taka rpanp Ha3u-
BAETHCS UYbOBOI0. SIKILO BIAMOBIAHUMN KyT TOCTPHM, TO rpaHb HeBUANMA. [Ipu
napajelIbHOMy MpPOEKTYBaHHI YMOBY BHUJMMOCTI TpaHi MOXKHA 3allUCcaTy 3 JI0-
TIOMOTO0 CKaJIIPHOTO A00YTKY Y BUIIIsLai HepiBHOCTI (N - 1) < 0 (puc. 14.18, a).

[Ipyn neHTpasbHOMY MPOEKTYBaHHI 3 IIEHTpoM Yy Toull C BEKTOp Mpo-
CKTyBaHHS JUUIS TOYKH P BH3HadaeThes 31 chiBBimHomeHHs | = P — C. Toni,
1100 BU3HAYUTH, UM TPaHb € JIMIIHOBOIO, JOCTATHHO B3ATU Oyab-SIKy TOUKY P
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1iei rpaHi i nepeBiputy BukoHanus ymou (N - 1) <0 (puc. 14.18, 6).

JI71s1 ONyKJIMX MHOTOTPAHHUKIB 1€ METOJI Ja€ MOBHUM PO3B’SA30K 3aj1adi
YCYHEHHSI HEBHAMMMX IpaHed (IOCTaTHhO BHIAIUTH BCI HEIUIbOBI I'paHi).
JIJ1sl HeONyKIUX MHOTI'OTPaHHUKIB JIOJATKOBO aHAII3YIOTh BUIUMICTh JHIHO-
BUX I'PAHEH.

3ayeasicennsa 5. 308HIWHI HOpMAL epanel MOXNCHA 3HAXOOUMU 5K BeK-
MOPHULL 000YMOK 8IONOBIOHUX BEKMOPIB, WO JIedHcamyv ) Yill SPani.

Puc. 14.18. BuznaueHHs BUIUMOCTI IpaHi
IpU POEKTYBaHHI: @ — MapaieabHOMY; O —
IIEHTPATBHOMY

Puc. 14.17. 3oBHimH1 HOp-
MaJjii MHOTOTpaHHUKA

14.5.2. Aaroputm po30uTTS KAPTUHHOI Iu1omnHn BapHoka

AnroputMm BapHoka IrpyHTy€ThCs Ha TOMY (DaKTi, 0 JyIsi 0OpoOKHu 001a-
CTEH 13 MaJIOIO0 KUIBKICTIO 1H(OpMallii JOKIaAa€ThCsl MaJIO 3yCHIIb 1, HaBIaKH,
uist obsiacted 3 BENMKUM 1H(OpMAIITHUM 3MICTOM BHUTPA4yalOThbCAd 3HAUHI
pecypcH.

Lleit anropuT™ Ipairoe B mpocTopi 300pakeHHs. TyT BUKOPUCTOBYETHCS
MNOHSATTS AKTUBHOTO BIKHA — F€OMETPHUYHOI 00JIacTi, IKy MO>KHA IMepecyBaTu
B3/I0BK KapTUHHOI MUIOUIMHU Ta PO30MBATH ii Ha BIKHA MEHIIIOTO PO3MIpY.

BwMict akTuBHOTO (MPSMOKYTHHKA) BIKHA aHAI3yIOTh Ha B3aEMHE PO3Ta-
IIyBaHHSA 3 MPOCKILisIMU eleMeHTiB 3D-cuienn (HaiigacTiiie 3 MHOTOKYTHH-
KaMH, 10 € IPOEKIIIIMU TpaHeii MHOTOTpaHHUKIB). [Iporienypa npuiiHATTS

PIIIIEHHS 3aCTOCOBYETHCS B KOKHIN Maiiid 001acTi. SIKII0 BIKHO OPOKHE a00
HOTO BMICT JIOCTaTHHO MPOCTHUM, TO BiJIOYBAETHCS Bi3yamizaris BiKHA. SIKIIO
11 YMOBa HE BUKOHYETHCS, TO BIKHO PO30MBAETHCS HA YACTUHU JIOTH, TTOKHU
BMICT BIKHA HE CTaHE€ JIOCTaTHbO MpocTuM. [lo Mipi Toro, ik po3mipu BiKHa
3MEHIIYIOThCS, KOXXHY Taky o00JacTh MEepeTHHAe BCE MEHINA 1 MEHIIa
KUIbKICTh MHOTOKYTHHKIB. [Ipu TakoMy mifxoji poOoTa BeIeThCsl B MPOCTOPI
300pakeHHs. [Ipu 11boMy e(pEeKTUBHUM € BUKOPUCTAHHS CIIUCKY THX 00’ €KTIB,
MPOEKIIIT IKUX TIEPETUHAIOTH JIaHE BIKHO.

Icnye 6araro peanizaniit anropurmy Baproka. KonkpetrHa peanizaiiis 3a-
JICKUTH BIJ CKJIAAHOCTI BIKHA 1 KPUTEPI0 BU3HAYEHHS MPOCTOTH BMICTY
BiKHA. B opuriHanbpHiil Bepcii aifOpUTMY BIKHO 31 CKJIQJHUM 300pakKeHHSIM
pO30MBA€ETHCS HA YOTUPH BIKHA.
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Anroputm BapHoka mpaiftoe 3a TaKUMH TECTaMU :

v/ SKIIO BIKHO IIOBHICTIO IIOKPHUTE IPOEKIII€I0 HAROIMKYIOTO 10 CIIOCTEPi-
raya MHOTOKyTHHKa (MHOTOKYTHHK OXOILTIOE BIKHO), TO BIKHO 3adap-
OOBY€ETHCS KOJIBOPOM IIPOEKIIii 1bOro MHOTOKyTHHKA (puc. 14.19, a);

v/ K110 70 BiKHA HE MOTPAIMa KOIHa 3 IPOEKIiil eleMeHTiB cuenu (Bci
MHOTOKYTHUKH CIICHH 30BHIIIHI BiJIHOCHO BiKHAa), TO HOTro 3adap-
00BYI0Th KOJI50pOM Gony (puc. 14.19, 6);

v/ SKINO iCHY€ €IWHMHA BHYTPIIIHIA (MHOTMOKYTHHK IOBHICTIO 3HAxXoO-
IUThCA Y BiKHI) a00 €IWHHMHA INEPETHHAIOYHUH MHOTOKYTHHK, TO BCE
BIKHO 3a(apOoBYyeThCS KOIHOPOM (hOHY, a MOTIM YacTHHA BiKHA, SKa
BIJINIOB1/1a€ MHOTOKYTHHKY, 3a(apOOBY€ETHCSI KOJIHOPOM MHOTOKYTHHKA
(puc. 14.19, 6);

v/ SKIIO0 HE BHMKOHAIACh JKOJHA 3 YMOB, TO BIKHO pPO30HBAETHCSA Ha
YOTUPU YACTHHM Ta MJIs KOXKHOI 3 HUX MOBTOPIOIOTHCS TMOIEpPEeHI
tectr (puc. 14.19, 2). [TonpiOHeHHs BikHA MO’KHA BUKOHYBATH JI0 PO3-

MIpY IMKCEIs.

a O 8 2

Puc. 14.19. Po3MimieHHs BiKHA Ta MPOEKITi rpaHi
14.5.3. MeToa COPTYBAaHHA 32 IIMOMHOI0. AJITOPUTM XYA0KHHKA

Sk XyJAOKHUK CIIOYAaTKy MaJto€ OUIbI Janeki 00’ €KTH, a MOTIM MOBEpPX
HUX OUIBIN OJU3bKI, TAK 1 METOJI COPTYBAHHS 3a TJIMOWHOIO CIIOYATKY BIIOPSII-
KOBY€E JIMIIBOBI I'paHi 3 HAOJMKEHHSIM JI0 CIIOCTepiraya, a moTiM BUBOAUTH iX
y uboMy K nopsaky. Crnodarky BHBOASTHCS OUIbII JajeKi I'paHi, a MOTIM
Outblll ONM3bKi, TOOTO Ta rpaHb, sIKa MPU NPOEKTYBAaHHI MOXKE 3aKpUBATH

EC R e =

a O

Puc. 14.20. YnopsakyBaHHs TpaHei 3a rnouHo0 (E — Touka
crocrepiraya)
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1HITYy, Oy/J€ BHBOJMUTHCS Mi3HIIIE. 3ayBaXKUMO, IO JIBl OMYKJIl T'paHi, K1 HE
MalOTh CIUJIBHUX TOYOK, 3aBXJIM MOXHa BIOPSAKYBAaTH (IS HEOMYKIHX
rpaHeil 11e B 3araJlbHOMY BHITIAJIKy HEIIPABUIIBHO).

[eti anroputm 6a3yeThcs Ha TaKOMY (PakTi: SKIIO JJIsl 1BOX rpaHeit A1 B
Halanblla Touka rpadi A 3HaAXOAUTHCS OJMKYE JO CIocTepiraya, HiXK Hai-
Ommkya Touka rpaHi B (mazBemo me ymoBoro AB), To rpanp B He moxe
3akputu rpanb A (puc. 14. 20, a@). YV Bumaaky, KOJIU MIPOCKTYBaHHS BEICThCS
B3JIOBXK OCI Z, 11€ O3HA4ae, M0 iXHi Z-000JIOHKH HE TIEPETUHAIOTHCS.

ToMy, AKIIO JJ1s JBOX JIUI[bOBUX I'PaHEW BUKOHYETHCS YMOBa AB, TO i
BIIOPSAKYBAaHHS TaKUX T'PaHEH I0CTaTHBO MPOCTO BIJICOPTYBATH X 3a BiJICTAH-
HIO JI0 criocTepirava (KapTUHHOI mromuHu). OTKe, MaEMO TaKy peai3alliio
QITOPUTMY COPTYBaHHS 3a TJIMOUHOIO:

— MHOXKMHY BCIX JIMIIbOBHX I'pPaHEl COPTYEMO 3a MIHMOWHOK (BiJICTaHHIO
710 cIocTepiradya abo 10 KAPTHHHOI IJIOMIUHHT) HOPSAKY 11 3MEHIIICHHS;
— 11l TpaHi BUBOAUMO B Oydep KaJapy B MOPSIKY HAOIMKEHHS O CIOC-
Tepiraya.

Hapenenuii anroputm no0pe mpauroe A LUIOr0 psiy TUIOBHX CLIEH.
OpHak Take pO3MIIIEHHSI TPaHE 3yCTPIYA€TbCsl HE 3aBXKU: MOXYTh 3yCTpi-
THUCS TIapH TpaHel B SKUX HalJabla ToOUKa OJHIET TpaHi 3HAXOAUTHCS J0 CIIO-
cTepiraya He OJmKdYe 3a HAHOMMKYYy TOUYKYy iHIIOI TrpaHi (ymoBa AB He
BUKOHYETHCSI), TOOTO TIEPEKPHUBAIOThCS 1XHI Z-o0omoHku (puc. 14.20, 6). B
IbOMY BUNAJKYy IpaHb B MOX€ BUBOJUTHUCS IIBU/IIE 3a TpaHb A, TOMY MiCIs
MOTIEPETHHOTO COPTYBAHHS MOTPIOHO YTOYHUTH MOPSIOK BUBE/ICHHS TpaHEH.

IcHYIOTB p13H1 METOAM YTOUYHEHHSI BIJICOPTOBAHOI IMOCIIIOBHOCTI I'paHEi.
Posrasinemo ancopumm Heroena-Canua. B ipoMy alroputMi He HAKJIAJa€ThCA
HISKUX 0OMEXEHb Ha CKJIQJIHICTh CIICHHU 1 TUI MHOTOKYTHHKIB.

JI71s1 IpOCTOTH PO3IIITHEMO MapajeibHe POSKTYyBaHHS B3JI0BX oci Z. Ha
MoYaTKy HEOOXiJHO BIJCOPTYBAaTHU JHUIIbOBI TpaHi 3a 3HAYECHHSM Zpyin JJIS
KOXHOT TpaHi B MOPSJAKY HaOMMKEeHHs 70 crocrepirada. [lo3Haunmo morie-
penHiil y CIMCKY MHOTOKYTHUK uepe3 P, a HactynmHuii — yepe3 Q. st xox-
HOI'0O MHOTOKYTHHKa P HE0OXiTHO MepeBIpUTH HMOTO PO3MIIICHHS MO BiHO-
HIEHHIO 0 MHOTOKYTHHKaA Q.

ITpyt Zne(Q) < Zmin(P) (puc. 14.21, a) Hiska yacTuHa P HE MOXE 3aKPUTH
Q. Y upoMy BUMNaJAKy MHOTOKYTHUKHU BIJICOPTOBAHI MPaBUILHO, TOMY CIIOYaT-
Ky BUBOJIUMO MHOTOKYTHHUK P, a moTim Q.

Jlns cuenu, mo 300paxkena Ha puc. 14.21, 6 (Znw(P) = Zmin(Q)), He

MOXXHa OJIEPATHU OCTATOYHHI CIHCOK MPIOPUTETIB 332 TIUOMHOIO MPOCTUM
coptyBaHHsAM 3a Z. ko P 1 Q ynmopsiakoBaHi 3a Zmin, TO P B CIIUCKY Tepe-
nyBatuMe Q 1 ogepkuthes, mo Q 4acTKOBO 3akpuBae P, xoda 11¢ He Tak. B
11boMy BHNAAKy P 1 Q B CIIHCKY MOTPIOHO OMIHSTH MICIISIMH.
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Z a Z 4
P P
Zmin(P) Zmin(P)
ZmaX(Q) /
Q
Zn(Q) Q Z0n(Q)
> x > X
a O

Puc. 14.21. CopTyBaHHS MHOTOKYTHHUKIB 32 Zmin (Zmin(P) > Zmin(Q))

OTxe, nepea BUBEICHHSIM 4YEpProBoi IpaHi P HEOOX1JHO MEepEeKOHATUCH,
0 HisKa 1HIIA rpaHb Q, sKa 3HAXOIUTHCS B CIUCKY Micis P 1 Z-000J0HKa
SIKOI MIEPETHUHAETHCS 3 Z-000J0HKOIO rpaHi P (SKIo HeMae MepeTuHy iXHIX Z-
000JIOHOK, TO MOPSIOK BHBeAcHHS P, Q OJHO3HAYHO BIJIOMHUI), HE MOXKE
3aKpuBatucs rpanHio P. B uboMy BUnNaaky rpanb P OyJe BUBeAeHA paHille 3a
rpanb Q. Iy miel mepeBipky HEOOXiTHO BUKOHATH YOTHUPH TECTU (B MOPSIAKY
3pOCTaHHS 1X CKJIAJHOCTI).

Ilepiri 1Ba TECTH BUKOPUCTOBYIOTHCS JIJISI TIEPEBIPKY MEPETUHY MTPOESKITIMA
rpaHel Ha ocsX x Ta y (3ayBa)KUMO, 1[0 BIOPSIKOBYBATH HEOOXITHO JIMIIE Ti
rpaHi, MPOEKIIIT IKUX MePETHHAIOTHCS).

1) SIkmio x-000JOHKM MHOTOKYTHHKIB HE IIEPETHHAIOTBHCS, TO W cami

MHOTOKYTHHMKH Ta 1X MPOEKIlli Ha Bich OXx HE NMEPETUHAIOTHCA.
2) Slkmo y-00O0JOHKM MHOTOKYTHHKIB HE IEPETHHAIOTBCS, TO U cami
MHOTOKYTHHMKH Ta iX MpoeKIlii Ha Bich Oy HE MEepEeTHHAIOTHCA.

SIKI10 BUKOHYETBCS X04a O OJMH 13 IIUX JIBOX TECTiB, TO HE Ma€ 3HAYCHHS
NOpsiIOK  BUBeACHHA TpaHed. Tomy BBaxkaTtumemo, 1o rpani P, Q
yIOPSAKOBaHI MPaBUIBHO.

Skio obuaBa TeCTH HE BUKOHAIKCS, TO MEPEXOIUMO J0 IMEPEBIPKH HAC-
TYITHUX JBOX TECTIB.

3) Uu 3HaxXoAMThCS TpaHb P i crocTepirad mo pi3Hi OOKHW BiJ IIOIIMHH,

110 IPOXO0IUTh Yepe3 rpanb Q (puc. 14.22, a);
4) Yu 3HaxoauThCs rpanb Q 1 crocTepiray mo oauH OiK Bij IUIOIIMHH, IO
IPOXOAMTh uepe3 rpanb P (puc. 14.22, 0).

Sxmo xoua 6 oauH i3 TecTiB 3) a00 4) CHpaBIKY€ETHCS, TO BBAXKATUMEMO,
o rpani P, Q ynopsakoBani npaswibHO (P mepenye Q), 1 1aji MopiBHIOEMO
P 13 nactynHoto micas Q rpaHHIo.
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Puc. 14.22. Tect nepeKpUTTs] MHOTOKYTHHKIB

VY BUMNajKy, KOJH KOJICH 13 TECTIB He BUKOHABCS, MIHSIEMO MICIISIMU TpaHi

P, Q i 3HOBY IPOBIpsAEMO TECTH, aHaNoOriuHi 3), 4), TOOTO
3') un 3HaXOAMTHCA rpaHb Q 1 crmocrepirad mo pi3Hi OOKM Bij IUIO-
IIMHH, 1110 TTPOXOAUTH Yepe3 TpaHb P;
4') yn 3HAXOOMUTHCS TpaHb P 1 crocTepirad mo oguH OiK Bij IUIOIIM-
HH, 110 IPOXOAUTH uepe3 rpanb Q .

Sxio Ha oJIHE 3 ITUX MUTaHb OTPUMaHa MO3UTUBHA BIJMOB1b, TO Q Tepe-
nye P 1rpans Q OyJe BUBOJAUTHUCH PaHIIIIE.

BoaHouac 3ycTpiuaioThCsl BUTIQJKH, KOJU 3aJ]aHl TpaHi yHOpsJIKYBaTH HE
BraaeThes (puc. 14.23), TOOTO KOJEH 13 TECTIB HE Ja€ IMO3UTHUBHOI BiAMOBIII.
Toni oxgHa 3 rpaHel po30MBAETHCS HA YACTHMHU IUIOIMIMHOIO, IO MPOXOIUTH
yepe3 IHIIY I'paHb, 1 TUTAHHS PO BHOOPAJKYBAHHS LIJIOI IpaHi 1 YACTUH 1HIIOI
I'paHi pO3B’A3y€EThCS 3a JOIMOMOTroro TecTiB 3), 4) ado 3'), 4').

3aysadicennsn 6. Memoody cop-
MYBAHHA 3a 2AUOUHOIO GILACTNUBULL
mot camuil HeOOniK, Wo U Memooy
Z-0yghepa, a came eumazacmvcs
susooumu 6ci auyvbosi epami. Illoo
VHUKHYMU Yb020,  po3pobieHi
moougikayii  memoody, Oe 2pawi

Puc. 14.23. L{uxIiyHe IEPEKPUTTA  BUBOOAMBCS 8 360POMHOMY NOPSOKY
MHOTOKYTHHKIB — BI0 HAUOAUNCUUX 00 HAUOATLUIUX,
ane npu yvbomy 07 4epeoBoi 2paHi
HeoOXIOHO 300padicamu milbKu mi nikceni, IKi we He 0Yu UBeOeHi.
3aysasicennsn 1. Ocmanuim yacom 3’ a8unucs i OiIbW NPUUHAMHI Memoou
D036’ A3V8AHHS 3a40a 3a20po0dcy8ants. memoo BSP-oepes, memoo oxkmooe-
pes, Memoo nopmalie ma iu.

281



KoHTpoJIbHI MUTAHHA TA 3aBAHHA

1.

2.

HoOoo~N A

0.
11.
12.
13.
14.

Sxi BM 3HAETE aNTOPUTMU YCYHEHHS HEBUMMUX JIIHIN Ta rpaHeit? Sk
iX MOKHa Ki1acu]ikyBaTu?

Sk 301HCHIOETBCS MOOYA0Ba MOBEPXHI B aJITOPUTMI MTOTOYHOI'O TOPH-
30HTY?

Jly1st 4oro BBOJATHCS XMOHI OOKOBI pedpa B alrOpUTMI MOTOYHOTO TO-
PHU3OHTY?

SKy CTpYKTYypy AaHUX BUMarae airoputm Pobeprca?

Sk B anroputmi Pobeprca BU3HaYalOTHCSl HETUILOBI IpaHi?

Sk 1me MokHa BIJICIKTH HEJIMITLOBI TpaHi?

B domy cyTh meTony Z-Oydepa?

Ha3BiTh HelOMIKY Ta nepeBaru aaroputmy Z-oydepa.

Sk BU3HAYWTH 30BHIIIHI HOpMaJIi 10 TPaHel MHOTOTpaHHUKA?

Ha3BiTh crmiocobu po3milieHHsI MHOTOKYTHUKA BIJHOCHO BiKHA.

Sxki TecTu nepeBipsie anroput™m BapHoka?

Sk MOXHa JIErKO BIOPSIAKYBATH MHOTOKYTHUKH B 3D-mipocTopi?

Sxki Tectr HEOOX1AHO BUKOHATU B aniroputmi Heroena-Canua?

Sk nepeBipuTH, 1110 TpaHb P 1 criocTepirady 3HaXOAAThCA O pi3HI OOKH
B1/I IUIOIIMHH, 1110 TPOXOJUTH Yyepe3 rpaHb Q?

Bupasu i 3axa4i 1J151 caMOCTIHHOT0 BUKOHAHHA

1.

B W

2

I'padix moepxHi Z = f(X, y) MokHa OyayBaTH y BHUIJISAII CITKH 3 HPSIMO-
KYTHHX KOMIpOK, 110 (hOpMyIOThCS MHOKMHOIO 3HaueHb {f(X;, yj), 1 = 1,
2,...,Nn;]=1,2,...,m}, e1eMeHTH IKOI pO3paxOBYIOThCS 3 MOCTIHHUM
IPUPOCTOM I10 X Ta y. B pe3ynbTarti 0aepKyeThCsl 300payKEeHHS, B IKOMY
HEOOXI1JIHO YCYHYTH HEBUJMUMI rpaHi. Po3poOutu amroputm BijoOpa-
KCHHS TaKol CITKH 3 YCYHCHHSIM HEBUJIMMHX I'paHEH.

. Y3arajgpHUTU anroput™m Z-0ydepa s 3HaXO/KEHHS MEPETUHY CLEHU

TJIOIIHUHOIO.

Po3pobutu anroputM BapHoka 1Jis1 yCyHEHHSI HEBUIMMUX JITHIH.

Jliist peanizanii anroput™My BapHoka HEOOX1JHO MaTH METOAN BU3HAYEH-
HSl MICIIEPO3MIIIEHHS! MHOTOKYTHHKA BIJHOCHO MPSIMOKYTHOI'O BiKHA.
Po3pobutu Taki anroputmu. Brazieka. Y3zazcanenumu eabapumnuii, npo-
MeHegUll ma Kymosuii mecmu Had 6UNAOOK NPAMOKYMHO20 GIKHA.
Po3po6uTu TECT BUZHAUCHHSI HOpMaJli FpaHi MHOTOIpaHHUKA.
Po3pobutu anroputm nepeBipku TecTiB 3) Ta 4) B aiTOPUTMI COPTYBaH-
HS 32 TJIMOMHOIO.

Hanucaru nporpamy BUBEIEHHS 300pa’K€HHSI TOpa HA OCHOBI METOMY
COPTYBaHHS 3a rIMOMHOI0. MoaudikyBaTH alrOpUTM XYJIOXKHUKA IS
YCYHEHHSI HEBUJIUMUX JIHIH.
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Tema 15. 3adapOoByBaHHSA BUAMMHUX ITOBEPXOHb

[TocnigoBHICTE omepaiiil A MoOyJI0BH BHCOKOSIKICHUX PEaiCTUYHUX
3D-300paxensb Ha3uBaeTbest 3D-KOHBEEPOM.

3D-xoHBeep peanizyeTrhcs B JCKUIbKa eTammiB. Ha modarky i€l mociii-
JIOBHOCTI1 32 JIOIIOMOI'OI0 MaTeMaTUYHUX MOJEJIEN BU3HA4UalOTh 3D-00’exTH,
K1 Oy1yTh Bi1OOpakaTHCs HA MOAAJIBIINX €Tanax poOoTH KOHBEEpa.

Ha nactynHoMy ertari, BUXOASYM 3 MAaTEMAaTUYHOT MOJIedl 00’ €KTy, CTBO-
PIOETHCST 30BHIMIHIA BUTJISAA OO0 €KTIB Y BHJI T€OMETPUYHUX MNPUMITHBIB,
TOOTO T€HEPYEThCS MOro KapkacHa MOJENb, L0 CKIAJAA€ThCsl HaWyacTile 3
TPUKYTHUKIB (OUTBIIICTh CYyYaCHHX MpPOTrpaM Ta MPUCKOPIOBAYIB MPAIIOIOTH
came 3 HUMH).

Jlami BU3HA4YarOTHCS HOB1 KOOPJWHATH BCIX BEPIIMH IPHUMITHUBIB Y BUIO-
Biif CHCTEM1 KOOpPJAMHAT, BUXOJSYU 3 IMOJOKEHHS crocTepiraya Ta Hampsmy
HOT0 MOTJIAY 1 BUKOHYETHCSI TPOCKTYBAHHS CIIEHU 31 30epekeHHsIM 1H dop-
MaiIlii po BIJICTaHb J0 CIIOCTepiraya.

KinneBuii 30BHIIIHIA BUTIISIA 00’€KTy (DOpMYy€EThCS Ha €Tari, sSIKHi Ha-
3MBA€EThCS peHaepiHroM. Pendepine (Bif anri. rendering” — Bizyamizaris) —
11 TPOIEC CTBOPECHHSI BHCOKOPEATICTUYHUX 300pakeHh 3D-00’ekTiB. ['ooB-
HOIO 3aJ1a4€io 1IbOro eTamy € oOpMIICHHSI KapKacHOi MOJielll 00’ €KTIB y BUT-
JS1 peaNliCTUYHUX TOBEPXOHb. PEHAEPIHT YMOBHO MOYKHA MOJUIUTH Ha TaKi
HiJeTanu: pacTepusallisi, yCyHEeHHsI HEBUUMUX IPaHell Ta MOBEPXOHb, 3adap-
OOBYBaHHS MPUMITHUBIB 1 (piHATBLHA 00POOKA 300pAKEHHS SIK €TMHOTO LLIOTO.

BunaneHHss npuxoBaHUX IOBEPXOHb — II€ BIJCIKAHHS ITIKCENIB, K1 €
HeBUAMMUMU (MOT0 3M1IHCHIOIOTH 3a TOTIOMOTOoI0 Z-Oydepy, 1110 BU3HAYA€E Ha
OCHOB1 MPOCTOPOBUX JIaHUX, SIKUM 13 TPUKYTHHUKIB 3HAXOAUTHCS HANHOIMKUE
710 criocTepiraya Ta nepeKpuBae iHIII TPUKYTHUKH).

[licnst BUAIIEHHS HEBUIMMHUX TpaHEW JUisl CTBOPEHHS peaiCTUUYHHUX
300pakeHb HACTYITHOIO MPo0IeMoro € 3apapOOByBaHHS BUAMUMHUX OBEPXOHb,
0 00OMexXyI0Th 0OyI0BaH1 00’ €KTU. IcHye Tpu mpocTimmx metoau 3adap-
OOBYBaHHS TMOJITOHAIILHUX MOJIENE: MeTOJ] MOCTiiHOTO 3adapOoByBaHHH,
meron ['ypo ta meron DoHra.

Jlam a1 miABUIIEHHST PeaiCTUYHOCTI 300pakeHb, TOOTO Il MaKCH-
MaJbHOTO HAOJIMKEeHHs rpadiyHOTO 300paKEHHS 10 OpUTIHATY, BUKOHYIOTh
TOHYBaHHS TTOBEPXOHb, SIKMM MPUCBOIOIOTH NIEBHUHN THI MaTepially Ta Bpaxo-
BYIOTb YMOBU OCBITJI€HHS, OCKUIbKM 30BHIIIHIN BUIJIA MOBEPXHI CYTTEBO
3aJIeKUTh BiJ JPKepena CBITIA, MO OCBITJIIOE 00’€KT, BiJ PO3MILIEHHS Ta
opieHTaIlli MOBEPXHI BIIHOCHO JHKEPEN CBITJIA, BIJ MOJEII CBITJIA 1 BIIacTH-
BOCTel moBepxHi. Tomy cyuacHa (oropeanictuuna rpadika — 1e CIjiaB 00-
YUCIIOBATBHOI (P13UKH, MATEMAaTHIHUX METOIB T4 BAUTOHYEHHUX aJITOPUTMIB.

Cnouatky po3riistHeMO Jesiki (Pi3UUHI BJACTUBOCTI Ta MOJIE1 OCBITJICHHS.
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15.1. MopeJti BigoMTTH CBiTJIA

[Iporiecu MojeIOBaHHS OCBITJICHHSI 0a3yIOThCSl Ha 3aKOHAX reOMETpUY-
HO1 ONTHUKH, TAKMX SIK 3aKOHH 3aJIOMJICHHS, BIIOUTTS, MPSIMOJIIHIHHOCTI TOIIIO.

EHepris cBiTia, 110 TaJla€ Ha TTOBEPXHIO Bij JKepelia CBITJIa, MOXKe OyTH
YaCTKOBO NOrJMHYTA, BiAOWTAa a0o mpomylleHa yepe3 MoBepxHio. KuIbKicTh
EHeprii, 1110 MOTJIMHAETHCS, BITOMBAETHCS 1 TPOMYCKAETHCS 3aJIEKUTh BiJI JIOB-
KUHU A CBITJIOBOI XBWJI. SIKIIO OO’€KT MOTJIMHAE TOBHICTIO BCE IajJlaroye
CBITJIO, TO BiH OyJi¢ BUTJISAJATH HEBUJIUMHUM. Y I[bOMY BHUIIQJIKy HOr0 HazH-
BalOTh a0COJIFOTHO YOPHUM TUIOM. SIKIIO MOTJIMHAETHCA Mail)Ke BCe CBITIIO, TO
00’€KT BUTJISJIA€ YOPHUM, a SIKIIO MOTJIMHAETHCA TUIBKM HEBEJIMKAa YacTHHA
CBITJIa, TO cipuM ab0 OuuM. OO’ €KT MOKHA TTOOAYHUTH TUTBKH TO1, KOJIU BiH
B110MBae ab0 MpoIycKae CBITIIO. BiaacTUBOCTI B1IOMTOTO CBITIIA, SIK1 BU3HAYA-
I0Th KOJIp MOBEPXHI, 3ajexaTh BiJg (GOpMH 1 HANPSIMKY JKEpesia CBITJIA, Bij
OpieHTaIlli TOBEpPXHI, Ha SKy IMaJa€ CBITJIO Ta BiJ BJIACTUBOCTEH camoi
noBepxHi. Lleit dakT BpaxoByeThCS B PI3HUX MOJENAX OCBITIEHHS. CBITIIO,
BiIOMTE BiJ IMOBEpXHI 00’ekTa, Moxke OytH Oughysnum (diffuse) ta ozep-
kanvuum (Specular). Iudy3Ho BimOUTE CBITIIO PO3CIOETHCS PIBHOMIPHO Y BCIiX
HaNpsIMKax, I3epKaJibHE B1IOUTTS BIIOYBAE€THCS B3JJOBXK OJHOTO MPOMEHS.

Jlificna Teopisi CBITJIa € JOCUTh CKJIQJHOIO 3 TEOPETUYHOI Ta OOYMCIIIO-
BAJIbHOI TOYOK 30pYy, TOMY OyAyIOTHCS CIIPOIIEHI MOAE1 OCBITJICHHS.

Po3rissHeMO MpOCTIll MOJAEI OCBITJIICHHS 1 BKaXXEMO, SIK MOKHa BU3HA-
YUTHU KOJIIP MIKCENIB AJi 300paKE€HHs MOBEPXHi, BpPaXOBYIOUM 1HTEHCUBHICTh
BIIOUTOrO CBITJIA, B3a€EMHE PO3MIIIEHHS MOBEPXHI, JUKEPENl CBITJa Ta CIOC-
Tepiraya.

15.1.1. /I3epkajibHe BiZOUTTS CBIiTJIa

Jlo n3epKalibHUX BIIHOCATHCS CKJISIHI MTOBEPXH1, 00pOOsIeHI MeTaneBl mo-
BEpXHI, JIeSKI KaM’ siH1 ITOBEPXHI, YUCTUH i Toro. CBITI0Ba €HEPTis MpoMe-
Hi CBITJIa, IO TaJla€ Ha J3€pKajbHY IMOBEPXHIO, BIAOMBAETHCS IO JIHII
BinOuroro mpomeHsi (Oyab-sKe poO3CiroBaHHS BOIK BiJ IIbOTO MPOMEHS Bij-
cytHe). KyT BimOWTTS Bix iJleaIbHO A3EpKAIbHOT MOBEPXHI JIOPIBHIOE KYTY
nagiHHa. B Oyab-sikoMy 1HIIOMY TOJIOXKEHHI CrocTepirad He OayuTh J3ep-
KaJIbHO BIJOMTE CBITJIO, TOOTO BEKTOP CIIOCTEPEIKCHHS S 30Ira€ThCs 3 BEKTO-
poM BigoutTs R i kyT o = 0 (puc 15.1).

[ToBepxHS BBaXa€ThCA [0ealbHO O03€pPKAlbHOW0, SIKIIO Ha HIM HeMae
IOPCTKOCTI. B mpupojii HeMae iAeanbHO A3€pKaJbHUX ITOBEPXOHb, TOMY
BBaXKalOTh, 1110 TJIMOMHA MIOPCTKOCTI ICTOTHO MEHIIA 3a JOBXWHY XBWJI1 BUII-
pomiHtOBaHHA. JIJIsi BUAMMOro CHEKTpa MOXKHA BBa)aTd, IO TJIUOMHA
IIOPCTKOCTI JIJIs1 17IealIbHOTO J3epKajia Mae He niepeButyBatu 0,5 Mk,
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SAKI10 moBepxHs HE i/ieaibHA, TO KUIBKICTh CBiTJa, IO TOIMAJIa€ A0 CIIO-
cTepiraya, 3aJIeKUTh BIJl IMPOCTOPOBOTO PO3MOALTY J3€PKAIBbHO BIIOUTOIO
cBiTia. [[ns OUTblI TIaAKUX MOBEPXOHb PO3MOJALT BIIOMTOrO CBITJIA OUIBIII
BY3bKHI 1 C(DOKYCOBaHUMN y3/IOBK BEKTOpa BIIOUTTS, JJIsi MIOPCTKUX — OUIBIII
UIUPOKUH.

[HTEHCHBHICTH JI3€PKAJIbHO BIIOUTOrO CBITJa 3aJ€KUTh BiJl KyTa MaiHHS
CBITJIa, BiJl JOBKUHU XBUJI1 1 B1Jl BIIACTUBOCTEN MaTepiaiy.

Jlo mpocTilux MOJENel A3epKaIbHOTO OCBITJIICHHS BIIHOCSTH EMITIPUYHY
Mojienb byi-Tyonra ®onra, 3riJHO 3 KO IHTEHCUBHICTh A3€PKaJIbHO BiJ0OM-
TOTO cBiTNa |s 3HaX0AUTHCS 32 POPMYIIOIO

Is=1 (0, 1) cosPq,

ne | — IHTEHCHBHICTH JKepeja BHUIIPOMIHIOBaHHs CBITNIA, w(f, 1) — kpuBa
BIIOUTTS CBITJIAa, @ — KyT MDX BIJOMTUM BiJi TOYKH MOBEPXHI MPOMEHEM 1
BEKTOpPOM criocTepiraya, ToOTO BEKTOPOM, HAIPaBICHUM 13 TOUKU MOBEPXHI B
TOUKY, J€ 3HaXoAuThcs crmocrepirad (puc. 15.1), p — mokasHuk, IO 3Ha-
xoauThes B aianasoHi Big 1 qo 200, 3ainexuTh Bij i€adbHOCTI TOBEPXHI 1 Xa-
paKTepu3ye MPOCTOPOBUM PO3MOILT A3EPKAIBHO BIIOUTOrO CBiT/Ia, TOOTO P —
[[€ CTEeMHiHb A3EPKaJbHOIO BiI0Opa)keHHs Marepiany. CTeniHb P BIUIMBAE Ha
pO3Mip BiIOJIMCKY Ha MOBEepxHi (MpU A3epKAIILHOMY BIIOUTTI Ha OJMCKY4YHX
IpeaMeTax BUHMKAIOTh CBITJIOBI OJikH). Benuki 3HaueHHS p 3a1al0Th CHOKY-
COBaH1 PO3MOALIN I METAIB, MaJjl p — JIJI1 HEMETaJeBUX MTOBEPXOHb. BapTo
3a3HAYUTH, 110 BIIOMTUN A3E€pKAIbHUI MPOMIHb BiJ MeTaily 30epirae Biac-
TUBOCTI Majar4oro npomens. Hanpuknana, npu ocBiTIEHH! OJIMCKY4Y0i CUHBOI
MOBEPXHI OLTUM CBITJIOM BUHUKAIOTH 01711, @ He CHHI OJIIKH.

OyHkIis w(f, 1) 1ocuTh CKIagHa, TOMY ii 9acTo 3aMiHSIOTh KOHCTAHTOO
Ks, sIka Ha3MBAETBCS Koeiyichmom 03epKanbho2o 6i0Oumms i BU3HAYAEThCS
eKcIepuMeHTaIbHO. T0oOTO Ha mpakTUIll Mojaellb DOHTra BUKOPUCTOBYETHCS Y
dbopmi

ls=1kscosPa, O<ks< 1. (15.1)

Hopmaiib

BigbuTuit npomiHb @ JIepeio cBiTa

Cnocrepirau

Puc. 15. 1. JI3epkanbHe BifOUTTA cBiTiaA: I, S, N, | — OMMHUYHI BEKTOPH
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15.1.2. indy3ne BindOUTTS

[le#t T BiTOWTTS XapaKTEPHUIA SIS MIOPCTKUX MOBEPXOHD (MAaTOBHX), JIC
PO3MIp ITOPCTKOCTI HACTIIBKU BEJIMKHH, IO MaJal0de CBITJIO PO3CIIOETHCSA B
yci 0oku. Takuit TN BIZOUTTS CBITJa XapaKTepHUM JJIs Tanepy, rimncy, MmckKy.

Skio noBepxHs € c1abo MIOPCTKYBATOIO, TO BIAOUTE CBITIO PO3CIIOETHCS
B 30H1 JIHII 17IeaJIbHO BIAOUTOTO MPOMEHH.

IIpu HasBHOCTI IIOPCTKYBATOCTI 1IHTEHCHUBHICTH BIJOMTOrO CBITJIa 3aje-
KUTh B1J KyTa najiHHsA. Po3MillleHHs criocTepiraya He Ma€ 3HAY€HHS, OCK1JIb-
KU TU(Py3HO BIJOUTE CBITIO PO3CIIOETHCA B YCIX HAMPSMKAX PIBHOMIPHO.

Jlndy3He BiIOUTTS CBiT/Ja ONMUCYEThCS 3akoHOM JlamOepTa (3aKOHOM KO-
CUHYCIB), 3riAHO 3 SKUM IHTEHCHBHICTh BIIOMTOTO CBiTIa lq mporopiiiiina
KOCHHYCY KyTa 6 MK HampsiMkoMm L Bij TOUKU MOBEpPXHI Ha JIKEPENIo CBITIIA
ta HopMayuro N 10 moBepxHi B it Toui (puc.15.2), TooTo

lg=1 kgcos6, 0< @< % (15.2)

ae | — IHTEeHCHBHICTh TOYKOBOIO JKEpelia CBITIIa, Ky — KoediieHT qudy3HOro
BIIOUTTS, IO 3aJIC)KUTH BiJ BiIacThBocTed matepiany moBepxHi (0 < kg < 1)
[21,25], 6 — kyT MiXk HampsMKOM BiJ TOYKH, B SKii BH3HAYA€THCS KOJIp Ha
JOKEpENo CBITJIA, 1 30BHIMIHBOIO HOPMAJUIKO JI0 TUIOHMIMHM B I Touii. 3
dbopmymu JlamOGepTa BHJIHO, 1[0 1HTEHCHBHICTH BIJIOMUTOrO CBITJIa MAaKCH-
ManpHa st kyTiB 6, 6imspkux mo 0°. IloBepxHst mpeamertiB, mio 300pa-
’KAETHCS 3a JOIMOMOIOI0 MOjel ocBiTiIeHHS JlamOeprta (3 audy3HUM BigOUT-
TAM), BUIJISAA€E OJISKIIOI 1 MATOBOIO.

AJne B MpUpOIl HE ICHYE 17IeaTbHO I3EPKATIbHUX a00 MOBHICTIO MAaTOBUX
MIOBEPXOHb, TOMY IPU MOOYJI0B1 peaqbHuX IpadiuHuX 300pakeHb HEO0OXiTHO
MOEIHYBATH JBI MOJIEJI BIJOUTTS CBITJIa B AESKIM MPOMNOpIIii, 10 XapaKTepHa
JUTsl KOHKPETHOT'O MaTepialy MOBEPXHI.

N L, &

Puc. 15.2. Jludy3ue BiaOoUTTS
VY 11p0My BUIAJKy MOJEIb BIJOUTTS CBITJIA 3aMUCYIOTh Y BUIJISIAL CYMH JU-

¢by3HO1 1 A3epKaIbHOI KOMIIOHEHTH
I” = 1(kgc0s 8 + kscos® ). (15.3)
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3rigHo 3 dopmyror (15.3), IHTCHCUBHICTH BIJOMTOTO CBIT/IA JOPIBHIOE
HYJIIO IS JIeIKUX KYTiB €1 @, OJIHAaK Y pealbHUX ClieHaX Hemae abCOIIOTHO
TeMHUX MicIlb. Lle o3Hauvae, 10 HEOOXITHO BpaxoByBaTH poscisHe (ambient)
CBITJIO, OaraTokpaTHO BijOWTE Bija 1HIIKUX 00’€kTiB. Po3cigHe cBiTiO #iae 3
yCIX HampsIMKIB 1 ckiazae (OHOBE OCBITIICHHS clieHU. IIpu TakomMy OCBIT-
JIEHHI 00’ €KTH OJIHAKOBO OCBITJICHI 3 yCiX OOKIB 1 Il 00’€KTU HE YTBOPIOIOTh
TiHi. Hanpukian, ocBiTIeHHS BACHb y MOXMYpPY moroay (koyim HeOo B XMapax
1 He BUJIHO COHII). B xomm roTepHili rpadilli BBaKAEThCs, M0 JHKEpeo ¢(o-
HOBOT'O MiJICBIYyBaHHS 3aBXJIM OJIHE 1 OCBITJICHHS B Oy/b-Kii TOYIIl CIICHU B
JOBUILHOMY HAIpPSIMKY Ma€ OJHAKOBY 1HTEHCUBHICTh. Y IIbOMY BHUIIAJKY 1H-
TEHCUBHICTh BIIOMTOTO CBITJIa 3HAXOAUTHCS 3 TAKOT MOJIEI1 OCBITJICHHS
1" = 1, ka + 1 (Kqc0s0 + ksCOSP ), (15.4)
ne lg — IHTCHCUBHICTH (POHOBOrO pO3CISHOro cBiTjia (IOCTIMHA IS BCiX
00’ekTiB), 0 < ki < 1- xoedilieHT BiIOMTTS MOBEPXHEIO PO3CISTHOTO CBITIIA,
Ky, Ks, SIK 1 panime, koedimieHTH Tudy3HOro i 13epKaIbHOTO BiOUTTS, BiaIO-
BIJTHO.
[Mpukiaau napaMmeTpiB Mojem ocBiTiaeHHs (15.4) s nesikux marepiaiBb

HaBeleHl B Ta0i1.15.1.
Taomumg 15.1.

donosi koed. K, Judysiitai koed. Ky | JIzepxanbhi koed. Ky |Cremi

R G B R G B R G B |#pp

Marepian

naTynp  |0-3294 |0.2235 [0.0275 [0.7804 [0.5687 [0.1137 [0.9922 [0.9412 [0.8078 | 28

OpoH3a 0.2125 |0.1275 {0.0540 |0.7140 |0.4284 |0.1814 |0.3935 |0.2719 |0.1667 | 26

XpOM 0.2500 [0.2500 |0.2500 |0.4000 |0.4000 |0.4000 |0.7746 |0.7746 |0.7746 | 77

Mizb 0.1913 |0.0735 |0.0225 |0.7038 |0.2705 |0.0828 |0.2568 |0.1376 [0.0860 | 13
TOMIPOBARC) 5313 10,2313 0.2313 |0.2775 0.2775 |0.2775 |0.7739 [0.7739 |0.7739 | 90
cpibJ10

q0pHA 1545 oo |00 |0.0100 |0.0100 |0.0100 |0.5000 |0.5000 |0.5000 | 32
Ijjacmaca

[HTEeHCHBHICTH CBITJIA, IPUPOIHO, 3aJICKUTH Bl Biagaai d Touku moBepx-
Hi 70 JpKepena cBiTiia (00’ €KT, 10 3HAXOAUTHCS JalbIIe BiJ JHKEpelia CBITIIA
Mae OyTu TeMHimmM). ToMy B KOMIT IOTepHid rpadimi s OuUThInoi pea-
JICTUYHOCTI BUKOPUCTOBYIOTh MOJIETb OCBITICHHS 3 JIIHITHUM 3aTyXaHHSAM

" = 1, ko + (kgcos@ + kscosP @), (15.5)

+k
ne d — Bimmans Bijg 00’ €kTa 10 JKepelia CBiTia, K — Ieska KOHCTaHTa.
3aysaoicenns 1. Inkonu y gopmyni (15.5) zamicme xoegiyicuma 3men-

1
BUKOpUCMOBYIONlb )
ked OO A d ¢ d?

de napa-

WEeHHA IHMeHCUBHOoCmI
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mempu K, C1, C; Hazusaiomv Koegiyienmamu nocmiino2o, RiHIIHO20 md
K6AOpamu4no20 0CciabienHs c8imaa 8 3aiexncHocmi 6io 6iodaii d.

®ynxkuis (15.5) 1 € pyHkiiero 3adapOoByBaHHs. BoHa BUKOPUCTOBYETHCS
JUTsL pO3paxyHKy TOHY 3aapOOBYBaHHS TOYOK IMOBEPXHI, TOOTO MIKCENIB rpa-
(b14HOTO 300paKEHHS.

HaiinpocTiie BUKOHYBaTH PO3PAaXyHKH B TpajallisiX CIpOro KoJbOpy
(HampukIad, s O10r0 JpKepelia CBiTiIa Ta cipux 00’ €KTiB). Y IIbOMY BHIIaI-
Ky IHTEHCHBHICTH BIJJOMTOTO CBITJIa BIAMOBiAa€e sckpaBocTi. CkiaaHime 3
KOJIbOPOBUMHM JIXKE€peJIaMu CBITJa, SKI OCBITJIIOIOTH KOJILOPOBI MOBEpXHi. B
I[bOMY BHIAJKy PO3paxyHOK IHTEHCHBHOCTI 3a (opmyior (15.5) Bemerbes
JUI KOJKHOT KOMITOHEHTH KOJIbOpY okpemo (Hampukian, it R, G, B) 1 koxip
KOXKHOT'O IMKCeJs 300pa)KeHHS BHU3HAYAIOTh 3HAYCHHS CKJIAJ0BHUX I1HTEH-
CUBHOCTEM CBITJIA JIJIS1 BIJIMOBIIHUX KOMIIOHEHT KOJIbODY.

SIKIIO TOYKOBMX JpKEpes CBITJIa JeKilbka (Hampukiaz M), To iX epexTu
CyMYIOThCS. B 1IbOMy BHIIQJIKy MOJI€Jb IHTEHCHBHOCTI OCBITJICHHS Ma€ BUT-
0|

. m- . .
"= laka + Y —2— (kqcosé + kscos™ ). (15.6)
jmd; +k

BukopucToByIOUM OJMHWYHI BEKTOPHU 30BHINIHLOI HOpMajil N, a TaKoX
OJTMHWYHI BEKTOPH, [0 BU3HAYAIOThH HAINIPSIMH Ha JpKepeso ciTia (Bextop |),
BigOUTOrO0 mpomeHs (BekTop ), Ha cmoctepirada (Bexkrop S) (puc. 15.1),
dyHkiro 3apapooByBanns (15.5) MoxkHa 3anucaTy y BUIIISI

| ke(n - 1) + k(T - 9)P), (15.7)
d+k
TOOTO KOCMHYCH KYTIB MOXHA 3aMIHUTH CKaJIPHUMHU AOOYTKaMH OJMHUYHHUX
BEKTOPIB.

[Ile ogHi€I0 XapaKTEPUCTUKOIO TOYKOBOIO JIXKepesa CBITIIa € HOoro cghoky-
CcOo8aHicmb, TOOTO PO3MO/LT IHTEHCUBHOCTI CBITJIa MO MOBEpXHi 00’ ekTa. Haii-
O1/IbIlIa IHTEHCUBHICTh OCBITJICHHS C(DOKYCOBaHUM JIKEPEIOM 3HAXOJIUTHCA B
TOYIll TEPETHHY HampsMy JKepesia CBITIIAa 3 TIOBEpXHEH. B okoui i€l TOUKU
IHTEHCUBHICTh OyJie 3MEHIIYBaTUCSA, MOpPU I1[bOMY IHTEHCHUBHICTh CBITJa
o6umcmoeThes 3a 3akoHOM |, = | C0S'g, ie @ — KyT Mixk BEKTOpOM, IO 3a/a€
HaMpsiIM JKEpesa CBITIA Ta BEKTOPOM M, HANpSIMJIIEHUM BiJ JKepera CBITIa
10 Touku moBepxHi (puc. 15.3), t — BenmumHa, 1m0 onKcye CHOKYCOBAHICTH
mxepena cBitia. [lapamerp t moxke HaOyBaTu 1iIMX 3HadeHb Big 0 mo 128.
Yum Oinbmre t, Tum Ouabie chokycoBaHe cBiTio; mpu t = 0 maeMo po3cisiHe
cBiio. B mpoMy Bumanmky 3amicte ¢opmynu (15.7) BHKOPUCTOBYEMO

HACTyIHY (OpMyITy

I =1k, +
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_ '+k (ke(n - 1) + ks (r - 5)°))cos '

3ayBa)KUMO, 110 ICHYIOTh OUTBII CKJIaJHI MOJENI OCBITJICHHS, HAIIPUKIa]
Mozeni Bapnaa ta Toppenca-Cnieppoy.

1" = (la ko +

m

Hamnpsim y TouKy noBepxHi ?
Hanpsm mxepena

Puc. 15.3. CpoxycoBaHne pKepesio CBiTia

15.2. O64ucaeHHs HOpMAJieill 10 MOBePXHi BiIOMTTH CBiT/Ia

Bekropu | Ta S 3a1at0Thcs, @ BEKTOPU N Ta I TOTPIOHO 3HAXOAUTH. SIKIIO
OCBITJIIOBaHAa IMOBEPXHS TIJaJKa, TO BEKTOP 30BHIIIHBOI HOpMayi o00YwMC-
JIOETHCST 0€3I0CepeHBO, HANIPUKIIA/, SKIO PIBHSHHS MOBEPXHI Ma€ BUTJISA

F(X, y, 2) = 0, To BeKTOp 30BHINIHLOT HOpMAaJi 3aJIal0Th YAaCTUHHI ITOXI1JIHI
oF oF OF

ox oy oz
VY BUNaJKy MHOTOTPaHHOI MOBEPXHI BEKTOPH 30BHIIIHIX HOpMaiel MOX-
Ha 3HAWTHU TUIBKU JJIs TpaHeu, TOOTO SIKIIO TrpaHl MOBEPXHI JIekKaTh y ILJIO-
HIMHAX, [0 OMUCYIOTHCS PIBHIHHSIMU
ax+ biy+cz+di=0, i=1,2,...,m,
TO HOpMajbHI BEeKTOpW HWX IuiomuH (a;, bj, Cj) € BekTOpaMu 30BHIIIHIX
HOpMaJIeH IS MHOTOTPaHHOI MmoBepxHi. I 3HaX0mKEHHS KOEQIIEHTIB a;,
bi, Ci JOCUTH MaTH TPHU BEPIIUHU TPaHi, SIKIIO MOJIITOHATbHA TIOBEPXHS Ma€ HE
TPUKYTHI TPaHi, a, HAIPUKJIIAJl, YOTUPUKYTHI, TO pO3paxXyHOK HOpMaJi MOKHA
3MIIMCHIOBATH 3a JOBUIBHUMU TphOMa BepiinHaMmu rpani. o xk 10 HanpsMkiB
BEKTOpPIB 30BHIIIHIX HOpMaJell Ha pebpax a0o B BepIIMHAX MHOTOIPAHHUKA,
TO IXHI 3HAYEHHS MOXHA 3HANTH JINILIE HAOIMKEHO.
Hexaii rpani 31 CUIbHOIO BEPIIMHOK MalOTh HOPMaJlbHI BEKTOPHU 3 KOOP-
auHatamu (a;, b, C;), 1 =1, 2, ..., m, Toai 3a HOpMaJbHUI BEKTOP y BEPIIHHI
m
MHOTOrpaHHHMKa MOKHa B3STH CyMy BEKTOpiB, To6TO (8, b, €) = Y (a,b;,¢;)
i=1
(puc. 15.4). Inkonu 1Isl 3HAXO/PKEHHS BEKTOpa HOpMalli B BEPUIMHI BUKO-
PUCTOBYIOTh HOPMOBaHY 3BaXEHY CyMy BEKTOPIB HOpMall TpaHel, SIKUM

HAJIC)KUTD LA BCPUINHA.

289



(az, by, Cy) (a, b, c)

(a1, by, 1)

|
v

(as, bs, c3)

Puc. 15.4. Hopmaiis y BepiuHi ipu m = 3

JIJisi BUBHAUEHHSI HAIPSIMKY HOPMaJli B TOYII, [0 HAJIEXKUTh PeOpy MHO-
rorpaHHOi MOBEPXHi, JOCTaTHBO JIOJAATH BEKTOPU HOpMaJell TUX TpaHeH, sKi
NPUJIATalOTh J0 JIaHOTO pedpa. A MOKHA 3pOOUTH IO-1HIIOMY, TOOTO ampoK-
CUMYyBAaTH 3MIHHUN BEKTOpP HOpMaJll B3J0BX peOpa MHOIOTrpaHHOI MOBEPXHI
MOXHa 3a JJOIMTOMOTOI0 BXK€ 3HAWJACHUX BEKTOPIB 30BHINIHIX HOpMaJIeH y Bep-
IIMHAX, [0 YTBOPIOIOTH JaHe peOpo. SIKII0 MHOTOrpaHHa MOBEPXHS 3ajJlaHa
cBoimu BepiHamMu V1,V2,V3,V4, TO BEKTOp 30BHIIIHBOI HOpMAJl B ii BEpIIH-
HaX MOYHA 3HAWTH, BUKOPUCTOBYIOYM BEKTOPHI 100YTKH, sIKI MOOY/I0BaHI Ha
BEKTOpax, 110 WIyTh B3J0BXK pedep 1 BUXOAATh 13 MX BepiuuH. Hanpuknan,
JUISL TOTO, 100 3HAWTH 30BHINIHIO HOPMaJIb y BepIIuHi V1, HEOOX1AHO J0AaTH
BeKTOpHI 100yTKH V1V, X V1V3, V1V3 x V1V, ViVy x V1V; (puc. 15.5).

V1 . . .
V3 BCKTOpPa 30BHINTHBO1 HOpMaAJIl

V2
< > Puc. 15.5. Buznauenns
Va

3aysadicennsn 2. Axwo neped 000a8anHHAM 3HAUOEHI 8eKMOPHI 00OYMKU
NpoOHOpMY8amu, mo 3HauoeHa cyma 06yoe 8iOpI3HAMUCS 810 NONEPeOHbOI I 3a
008IAHCUHOIO, T 30 HANPIMKOM.

SIKIIO po3MilleHHs JKepena CBIiTJIa OMUCYEThCS BeKTopoM |, Hampagiie-
HUM Ha JHKEPENo CBITIA, TO KOCUHYC KyTa € 3 BEKTOpPOM HOpMalli N 3Haxo-
JSTh 13 GOPMYJITU CKAJIIPHOTO JOOYTKY

cosé = M (15.8)
ugl

VY BuUMNanKy, KOJU JKEPEIo CBITJIA PO3MIIIYETHCA B CKIHYEHHIN TOWII

npoctopy (Xe, Ye» Zc), VIS BU3HAUEHHS COSH TOTPIOHO CIIOYATKy 3HAWTH
BEKTOp, KU HAIIpaBJICHUHN Ha JHKEPEIIO CBITIA.
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BuB4nMoO muTaHHS PO T€, K 3HAUTH HAIPSIMOK B1IOWTOTO MPOMEHS I' Ta
Cosa. byaemo BBaxkaTu, 10 3aJaHuil BEKTOp | HampsmieHuii Ha IKeperno
CBITJIA, @ TAKOK BIJJOMUI BEKTOp HOpMaIi N.

Sk BiIOMO, TpH A3epKaIbHOMY BifoOpaskeHH1 BekTopH |, I, N nexath B of-
Hill IUTOINMHI, IPUYOMY KyTH MiX BekTopamH |, N Ta N, r omnakosi (puc. 15.1).

PosrnssHeMo Mojens OCBITICHHS 3 OJHUM TOYKOBHM pkepesiom. Ilpu-
MyCTUMO, IO CBITJIO Maja€ B3J0BX OCI Z y BiJ €MHOMY HampsMKy, TOOTO
SKIIO PO3pPaxyHKH MPOBOIATHCS Y BHUAOBIH cHCTeMi KOOPJIMHAT, TO II€ O3Ha-
yae, 10 JHKEPEJIO CBITJa PO3MIITYEThCS Ha OAHIA OCl 3 KaMmeporo. B 1mpomy
BUITAJIKy KOOPJIWHATH OJUHUYIHOTO BEKTOpA BiOOpaKeHHS BH3HAYAIOTHCS 32
bopmynamu

ry=2nn, r,=2nn, r,=2n> -1, (15.9)
3HaiiieMo BeKTop 'y 3araibHoMy Bumaaky (puc. 15.6).

Puc. 15.6. BexTopu I, |, N oquHUYHOT
IIOBXXUHU

Bektop r + | = n’' e giaronamiro pomba. Hampsim n’ 306iraerbest 3 N,
npuyomy |n’| = 2cosé, Tomy N’ = 2n cosé, TooTo I + | = 2n cosé. 3iacu 3Ha-
XOJAUMO OJJMHUYHUM BEKTOP BiAOMTOIr0 MPOMEHS

r=2ncosé- .
Bpaxosyroun, o cosé = (I - n), oxepxxyemo
r=2n(l-n)-1,

ay CKaJSpHii Gopmi
rk = 2nk(lxny + Iyny + 1,n,) — I,
ry = 2ny(liny + kyny + I:n;) = 1y,
r; = 2n,(liny + yny + 1,n,) — 1.
Tenep yxe MokHa 00YUCIUTH COS = (S - I), A€ S — OAMHUYHUNA BEKTOP,
HaIpaBJeHUI Ha criocTepiraya.

15.3. 3a¢pap6oByBaHHS NOBEPXOHD

st 3adapOoByBaHHSI OBEPXOHb BUKOPUCTOBYIOTH METOJ 3adapOoBy-
BaHHS 3 MTOCTIMHOIO 1HTEHCUBHICTIO. Y IIbOMY BHUITQJIKy KOKHA T'paHb 00’ €KTa
3a(apOOBYETHCS MOCTIMHUM KOJbOPOM, IO BU3HAYAETHCS MOJICIIIIO OCBIT-
neHHs. [CHyIOTh cnenianbHi MeToau 3adapOoByBaHHS, SIKI JO3BOJSIOTH CTBO-
pUTH UTIO3110 raagkocTi. [l MeTtoau 3a0e3nedyroTh HEMEPEPBHICTh OCBITIIC-
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HOCTI1 B3J0BX I'paHUIlb 00’ €KTiB. HalOuIbI B1IOMI METOAM MOOYAOBHU 3Tjiaji-
AKEHUX 300pakeHb — 1e Metoau ['ypo ta @oHra. biunb mpocTHil 3 HUIX METO
I'ypo. Po3rissHeMo 111 METOIH.

15.3.1. 3adapOoByBaHHS 3 NOCTiHHOI IHTEHCUBHICTIO

Ile HaiimpocTima Moens 3ahapOooByBaHHs TpaHeil. I 3MicT momnsrae y To-
My, III0 Ha rpaHi OepeThCsl TOUYKa, HANPHUKIIA[ OCTAHHS TOYKA B CIHCKY BEp-
IITMH TPaHi, 1 BU3HAYAETHCS 11 OCBITJICHICTh. [10TIM BCs rpaHb 3adapOOBYETHCS
OJTHAKOBUM KOJIbOPOM, 1110 BU3HAYAETHCS 3HANICHOIO OCBITIEHICTIO.

3anpoIrOHOBaHUM aJITOPUTM Ma€ BEIUKUN HEJOJIIK, OCKUIBKH OOy J0BaHE
MpU 1bOMY 300pa)K€HHS Ma€ SCKPaBO BUPAXKEHWM MHOTOTPaAaHHUM BUTJIS.
Bigpa3y BuaHo, mo rpadidyHuii 00’€KT CKIATAETHCS 3 OKPEMHUX IUIOCKUX
rpaneil. lle mosicHIOEThCS THM, IO OCBITJICHICTH CIIEHH, fKa TaK BHU3Ha-
YAEThCS, HE € HEMEePEPBHOIO BEIWYMHOIO, a MA€ KYyCKOBO-TIOCTIMHUHN Xapak-
Tep, TOOTO OCBITJIEHICTh 00’€KTa CLUEHU 3a3HA€ PO3PHUBIB HA rPaHULSAX Ipa-
Hel. A SKIIO KOKHA rpaHb Ma€ OJIMH MOCTIMHUMN KOJIp, BUBHAYCHUN MOJIEIUTIO
OCBITJICHHSI, TO P13HI KOJbOPHU CYCIJIHIX TpaHel MOMITHI, 1 00’ €KT BUTJIAIAE K
MHOTOTPaHHUK, a He SK riaajka noBepxHs. JlJis CTBOpeHHS UIt031i TJIaJKOCTI
MOXXHa Oysio © 30UIbIIYBAaTH KUIBKICTh paHEil MpU anmpoKCHUMAIlil MOBEPXHI
00’eKTa, aje OCKUIbKH 31p JIIOJWHHM Ma€ BJIACTUBICTh IOMIYATH IE€peraau
SCKPaBOCTI KOJBOPY Ha TPAHUIAX CYMDKHUX TpaHEd, TO JIsl CTBOPCHHS
UT10311 TJIaJIKOCT1 MOTPIOHO 1CTOTHO 30UIBIIYBAaTU KUIBKICTh TpaHEH, IO Bele
710 BEJIMKO1 OOUYHCIIIOBAJIBHOT pOOOTH 1, SIK HACIIJIOK, 3MEHIITYE€ThCS MBUAKICTh
Bi3yatizallii 300paxKeHHsl.

3aysadicennsn 3. Ilpu euxopucmanmni 00HOPIOHO20 3a(apbo8ysants 2pa-
Huyi obnacmetl 30aromovcs oinbu sickpasumu (echexkm Maxa), 6 pezynomami
Y020 00’ €KMuU 3 NOCMIUHON [HMEHCUBHICMIO CHPUUMAIOMbCA K 00 €EKmu 3
0ewo 3MIHHOIO IHMEHCUBHICMIO.

15.3.2. MeTtoa I'ypo

Meton I'ypo BHUKOPHUCTOBYEThCS JJisi CTBOPEHHS 1UTHO311 TJIaJKOi KPUBO-
JIHIMHOI TTOBEPXHI, SIKa 3aJ4a€ThCS Y BUTJIAAI MHOTOTPAHHHUKIB a00 MOJITO-
HAJIBHOI CITKM 3 IJIOCKMMH TPaHSIMH 32 YMOBH, IO TOYKOBE JIKEPENIO CBITIIA
BUIPOMIHIOE PO3CISIHE CBITJIO.

[le#t meTon O6a3zyeTbes Ha i€l 3adapOoOBYyBaHHS KOKHOI T'paHi 00’€KTa HE
OJIHUM KOJILOPOM, a PI3HUMH BIATIHKAMH, SIK1 IJIABHO 3MIHIOIOTHCS, TOOTO B
IbOMY METOJlI BU3HAYAETHCS OCBITJIEHICTh T'PaHi y BEpIIMHAX, a MOTIM BOHA
OUTIHITHUM YUHOM 1HTEPIOJIIOETHCS HA BCIO TPaHb.

3adapOboByBaHHS METOJIOM ['ypo 3/11MCHIOETHCS 32 YOTUPH KPOKH.

e 0oOuuncIeHHs HOpMaJeH 10 KOKHOI IpaHi,
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e 0o0uHnCIEHHS HOpMaJiel y BeplIMHAX, HATPUKJIIA] METOJOM yCEepEIHECHHSI
HOpMaJIeH cyciaHix rpane (puc. 15.4);

® Ha OCHOBI HOpMaJell y BepIIMHAX OOYUCITIOIOTHCS 3HAYCHHS IHTCHCHB-
HOCTEH y BepIIMHAX 3TiHO 3 BHOpaHOIO MOACIUIIO, Hanpukiana (15.4);

e 3a¢apOOBYIOThECS I'paHl KOJBOPOM, IO BIAMOBIIA€E JIHIAHIA 1HTEPIIOIS-
1[ii 3Ha4eHb IHTEHCUBHOCTI CBITJIAa y BEPILIUHAX.

PosristHemMo, K MO’KHAa BU3HAYUTH 1HTEHCHUBHICTHL BIJOUTOIrO CBIT/IA B
KOXKHIM Toulli TpaHi (a oTke, 1 KOJIp KOKHOTO mikcels). Lls onepariis BUKO-
HYETBCS B ITUKIII 1111 YaC 3allOBHEHHS MOJITOHY.

Hexaii 3amana rpans ABC (puc. 15.7) B ekpanHuX KoopauHaTax. Buko-
PUCTOBYIOYM MOJIEJI OCBITJICHHS, 3HAHJEMO 1HTEHCUBHOCTI BiIOUTOrO CBITJIA
y BepIIMHAX — HeXal 11e OyayTh 3HaueHHS la, I, |c. 3HANIEMO OCBITICHICTD Y
Toulll P. 300pakatoun rpaHb psJIOK 3a PSIKOM, OyJeMO 3HAXOAUTH 3HAYCHHS
IHTEHCHUBHOCTI B KIHIISIX KOXXHOTO TOpU30HTaibHOTO Bifpizka MN muisxom

»

- X

B

M N
Puc. 15.7. 3amoBHEeHHS TpaHi

VY

JIHIMHOT 1HTEPIIOJIALIT 3HAY€HB B3JI0BXK peoep.
Tak, ocBitieHicTh y Touili M o6uuciaumo 3a popmyioro
I(M)=1(A)t+ I(B) (L -1),t= M
| AB |

Amnajorigdo oouncaoemo I(N). Marouu 3nauenns |(M), 1(N), 3a momomo-
OO JIHIMHOI iHTeprosaii 3Haxoaumo |(P):

IP) = IM)(1—5) + I(N)s, s= "M o= 1Xe=Xul
| MN | [ Xy =X |

Jlerko mepeBipuTH, 110 KOJIp TOUYKH P € JiHIIHOI0 KOMOIHAIIEI0 KOJIBOPIB
y Toukax A, B, C 13 koedilieHTamu, cyMa sIKUX JTOPIBHIOE OJWHUIII.

Merton I'ypo 3abe3reuye HemepepBHICTh IHTEHCUBHOCTI OCBITJICHHS MHO-
rorpaHHoi MOBEpXHi, aje He 3abe3lnedye MIaaKicTh (IuepeHIiioBaHICTh),
OCKIJIbKH 3aCTOCOBYBAJIacs JIiHIMHA 1IHTEpHosALis ocBiTaeHHs. el meTon nae
Oararo 1HIIMX AePEeKTIB Ha 300pakyBaHIi MOBEPXHI, OJHAKO HAaWONTHMAJIb-
HIIUNA B OOYMCIIOBAILHOMY IUJIaHi, TOMY HOTO BUKOPUCTOBYIOTH TIJIbKH B
momnepeHiX po3paxyHkax. Hacrymauii meron 3abe3meuye TIIaaKICTh 3MIHH
OCBITJICHOCTI.
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15.3.3. Metox ®donra

Ileii meton awnamoriunuéi g0 meroay [ypo (BiH Texx 0OasyeTbcs Ha
IHTEpIIOJIIOBaHHI), ajie, Ha BiJIMiHY BiJ MeToay I'ypo, TyT iHTepIOJIIOIOThCS HE
3HAYEHHS 1HTEHCUBHOCTI BIIOUTOrO CBITJIA, a 3HAYEHHS BEKTOpa 30BHIIIHBLOI
HopMaii. ToOTo, meron @oHra nojsirae B MOOYAOBI JUIsl KOKHOTO MIKCEIs
BEKTOpa, 1110 BiAIrpae posib HOpMai 1 [Ieil BEKTOP BUKOPUCTOBYETHCS ISl 00-
YUCJIEHHS 1HTEHCHUBHOCTEH KOMIIOHEHT BIIZOMTOrO CBITJIA B KOXHIM TOYII
3T1JIHO 3 BUOPAHOIO MOJICIUTIO OCBITJICHHS.

Tomy 3adapOoByBanHs MeTogoM DoOHra BUMarae 3Ha4HO Oible 004MC-
JI€Hb, OCKUIbKU 1HTEPIIOJIIOITHCA TPU BEKTOPHUX KOMIIOHEHTH, TIPOTE OJep-
KYIOTBCS OLIBII peasibHI rpadiuHi 300paKeHHS.

Po3rasineMo, ik MOXKHa OJiep>KaTh BEKTOpP HOpMalli, a OTXKe, KOJip 3a-
dapOoByBaHHs B 10BLIbHIN TouIl P rpani ABC (puc. 15.8).

» X

Puc. 15.8. Iutepnonsuis
HOpMaJIE

vY C

Marour HOpMaJli IPUMHUKAIOUUX T'paHeH, 3HaX0AMMO HOPMaJli B OIIOPHHUX
toukax (BepmmHax A, B, C). 3a 10mOMOrorw JHIHHOTO IHTEPITOJFOBAHHS
BekTopiB Ny, Ny 3Haitnemo Np (puc. 15.8), a misa 3naxomkenns Ny, Ny inTep-
IOJIFOEMO BEKTOP HOpPMaJIi B3JI0BXK pedep rpaHeii, TOOTO 3HAXOAHUMO

_ _ |UA]
Ny=(1-t)Nay+tNg, t="——,
U ( )A B |AB|
| BV |

Ny = (1 —=t)Ng +tN¢, t= ——,
V ( )B C |BC|
|UP |
Np=(1-S)Ny+SNy,s= —
P ( )U Vv |UV|

AJle OCKUIBKM B MOJIESX OCBITJICHOCTI BUKOPHUCTOBYIOTHCS OJMHUYHMI
BekTOp HOpMati, To BekTopu Ny, Ny, Np moTpibHO HOpMYyBaTH.

3ayeascennsa 4. 3miH00YU 00BIILHO BEKMOP HOPMALL MOXCHA MOOEIO-
8amu NOBEPXHI 3 PIZHUMU BIIACMUBOCHIAMU.
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Sk Gaunmo, mepeBaroro Mojeneit 3adapooByBanHs ['ypo i PoHra € ix
BIJIHOCHA IMIPOCTOTA, aj€ OJIepKaHUN pe3yibTaT MOKe OyTH HE 3aBXKIU 3a70-
BUTbHUM. Tomy meTon 3adapOoByBaHHss DOHTa YACTO HE MIATPUMYETHCS ara-
patHo, a B OpenGL HaBiTh He BKIIOUEHUH y Tpadiuni 6107110TEKH.

[TominmyBatu SIKICTh 300pa)K€HHS J103BOJISAIOTH JOCKOHATIIIT METOJH,
HAIPUKJIAJ METOAH TPACyBaHHS IIPOMEHIB.

15.4. MeToau TpacyBaHHS POMEHIB

[IpupoaHo, 110 MPOCTIII JOKaJbHI MOJIENl OCBITJICHHS MAaloTh TEBHI
OOMEXKEHHS, OCKUIBKM B I[bOMY BHIIQJIKy KOXXHA TOBEPXHSI aHaTI3yEThCA
OKpEeMO, a 0TKe, HEMOXKJIUBO C(hOPMYBATHU TiHb, 110 MaAa€ BiJg OAHOTO 00’ €KTa
Ha 1HIIWH, K 1 BIJOJIMCKHU HA MOBEPXHIX, BUKIUKAHI 3EPKAJbHUM BIAOUTTAM
CBITJIA B1Jl IHIIIUX TOBEPXOHb 00’ EKTIB.

JIJist CTBOpPEHHSI BUCOKOPEAIICTUUHUX 300pakeHb HEOOX1JHO BpaxoByBa-
TH HE TUIBKH IPsAMI IMPOMEHI BiJ JUKEpelia CBiTNAa, aje ¥ apyropsaHi (mpo-
MEHI, 110 BIIOMBAIOTHCS Bij MOBEPXHI, 1 Tl, IO MPOXOJATh YEPE3 MOBEPXHIO
Ta 3aJIOMIIIOIOTHCS). TOMYy Ha MPAKTHUIlI BUKOPHUCTOBYIOTH OUIBII CKIIAIHI MO-
JieJ11 TII00aIbHOT'O PO3MOLIY CBITIA, 3 SAKUX HAWOUIBII MOTY>XHUMH 1 YHIBEp-
CalbHUMHU € METOJIM TPAaCyBaHHsS IMPOMEHIB Ta aHaNI3y BUIPOMIHIOBAHOCTI.
Bigomo 0Oarato pi3HUX NPUKIAJIB peni3ailii HUX aJIropuTMIB il 00Y10BU
SKICHOTO 300paXEHHS JOCUTh CKJIATHUX TPUBUMIPHUX CIIEH.

Mojenbp TpacyBaHHS MPOMEHIB aJ€KBaTHO Iepe/ia€ ONTHUYHI €(peKTH B
CIIEHAaX 13 J3€pKaJbHUMHU ITOBEPXHSMH, HAMPUKIAJ], KOJM 3HAYHA YaCTUHA
00’€ekTiB 3po0JieHa 31 CKJa, MOJIPOBAHOTO METady Ta I1HIIUX aHAJOTTYHUX
MarepiaiiB. Mojenb aHajaizy BUIPOMIHIOBAHOCTI Kpallle Iepeaae OINTHYHI
edekTH B crieHax 13 U y3HUMH TTOBEPXHIMH.

PosrasineMo, sik B MeTOJ1 TpacyBaHHSI (hOPMY€ETHCS 300pa’KE€HHSI CLICHH,
IO CKJIAJIAa€ThCS 3 KUIBKOX MNPOCTOPOBHX 00’€kTiB. OCHOBHA 1Jied ILbOTO
METO/Jy TOJISITa€ B MAaTeMAaTHYHOMY MOJICNIOBAHHI HUISIXY KOXHOTO CBIT-
JIOBOT'O TIPOMEHS, 1110 IPUMMAE y4acTh B pOPMYyBaHHI 300paKeHHS.

Bix mxepen BUIPOMIHIOBaHHS B PI3HI HANPSAMKU BUXOJIUTH O€3714 Mpo-
MEHIB CBiTNIa. JledKl 3 HUX WIYyTh y BUIBHUU MPOCTIP, a JAESAKI MOTPAILISIIOTH
Ha 00 ekt cueHu. [Ipu B3aemoii mpomeHs cBiTaa ((HOTOHIB) i3 MOBEPXHEIO
00’€eKTa BIH MOX€ OYTH MOTJIMHYTUH, A3€pKAIBHO BIIOMTUH, 1Udy3HO BiaOU-
TUN 200 3aJTOMJICHHUI.

Skimo npoMiHb Magae Ha MPO30pi Tijda, BiH MEPETOMIIIOIOYNCH, 1€ Jall,
ajie TPy IIbOMY YacTHHA EHEPTii CBITJIa TOTJIWHAETHCA. SIKIIO HAa MUIIXY
MPOMEHS 3yCTPIYAEThCs A3E€pPKAJIbHA MOBEPXHs, TO MPOMIHb TAKOX 3MIHIOE
CBIl HaNPsAMOK (JI3epKaJbHO BiJIOMBAETHCS BiJ MOBEPXHi) 1 YaCTHHA CBITJIIOBOI
CHEeprii TeX IMOrJIMHAETHhCA. SIKIO 00’€KT M3epKabHHUI 1 BOAHOYAC MPO30-
pui, TO 3pa3y OJEePKYEMO JBa MPOMEHI.
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OTtxe, B pe3ynbTaTi Ali HA 00’ €KT MEPBUHHUX MPOMEHIB OJIEPKYIOThHCS
BTOPUHHI MTPOMEHI, YaCTUHA SKUX Jlajll MOTpAIlisie Ha 00’ €KTH, TOOTO KOKHA
TOYKa CIICHM MOKE OCBITIIOBATHCH a00 Oe3mocepeaHbO JKEPEIOM CBITIA,
a00 BIIOMTUM uu 3a710MJICHUM CcBiTIOM (puc.15.9).

B pe3ynbraTi YHCIEHHUX IIPOXOJdIB TaKUX IPOMEHIB JEsAKI 3 HHX
NonaayTh B TOYKY CIIOCTEPEKEHHS — OKO JIIOJMHU YU ONTUYHY CHUCTEMY
KamMepu — 1 copMyrOTh Yy HiM 300pakeHHs clieHH. OYEeBUJIHO, IO B TOUYKY
CIIOCTEPEKEHHSI MOXKYTh TOMAJaTH 1 MEPBUHHI MPOMEHI 0e3MocepeHbO Bl
JoKepena cBiTia. TakuMm 4MHOM, 300pa)KeHHS CIEHU (POPMYETHCS JESKOIO
M1IMHOKMHOO CBITJIOBUX ITPOMEHIB.

"

q «

Puc. 15.9. [Ipsime TpacyBaHHS IPOMEHIB

Kouip K0XHOT TOYKM 300pakKE€HHSI BU3HAYAETHCS CIIEKTPOM Ta 1HTEHCHB-
HICTIO MEPBUHHHUX MPOMEHIB JIKE€pE BUIPOMIHIOBAHHS, & TAKOX MOTJIMHAH-
HSIM CBITJIOBOI €HEprii B 00’ €KTax, 110 3yCTPUIKCS Ha NUIAXY I[UX MPOMEHIB.

MoskHa cripoOyBaTH CTBOPUTH aJITOPUTM MOOYIOBH 300paKEHb y TaKHii
cnoci0. Lleit MeTon Ha3UBAETLCS NpAMUM MPACY8aAHHAM TIPOMEHIB. AJle TO-
JIOBHUM HEJOMIIK I[bOI0 METOAY — BeJIMKa O0YHCIIIOBajIbHA pOo0OOTa, TOMY IO
HEOOXI1JIHO TepedpaTy BCl MEPBUHHI MPOMEH1 JUIsl BCIX JKEPEI CBITIA 1 BCIX
rpaHel, MOTIM — BTOPUHHI IIPOMEHi 1 T.J., TOOTO MPOCTEKUTH BC1 TPAEKTOPIi
YaCTUHOK CBITJIa BiJJ MOMEHTY T€Hepallil iX JKepeIoM CBITIa JO MOMEHTY
NOTJIMHAHHS, MOTPAIUISIHHS B O0’€KTUB KamMepw 4u Buxony 31 cieHu. [lpu
1boMy y (opMyBaHHI 300pa)K€HHS Bi3bME Y4YacTh JIMIIC HEBEJIMKAa YaCTUHA
IIPOMEHIB, a caMe Ti, SIKi MOTPAILIIIOTh Y TOUKY CIIOCTEPEKEeHHs (HapHKIIa,
Ha CITKIBKY OKa), TOMY 0arato 3aiiBMX OOYHCIICHb JIUIS TUX IPOMEHIB, SKi HE
MOTPANWIA B TOUKY CIIOCTEPEKEHHS, MPOBEJICHI JapeMHO. Takuil aaroputM
OOYHUCITIOBAILHO HEe(PEKTUBHUI, TOMY Ha MPaKTUIll 3aCTOCOBYIOTH METO]I
3BOPOTHOT'O TPacyBaHHH.

Meron 36opomnoco mpacyeéanHs N03BOJSIE 3HAYHO CKOPOTUTH Iepeodip
CBITJIOBUX MPOMEHIB, a OTXKE, YHUKHYTH 3aiBUX 00UYUCIEHb. Y 1bOMY METO/I1
OOYHUCITIOITHCS IHTEHCUBHOCTI TUIBKU THX MPOMEHIB, SIKi MONAaJal0Th B TOUKY
CIIOCTEPEKEHHS, TOOTO BIJICTEKEHHS IMPOMEHIB 3/I1MCHIOETHCSA HE BIJI JKEpEI
CBITJIa, @ B 3BOPOTHOMY HAIpsIMKY — BiJl TOYKHU CIIOCTEPEKEHHS J10 JKepena
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PosrnsHemMo, K MOXKHa OJIEp’KaTH PacTpoOBE 300pakeHHS ACSKOI TPUBH-
MIpHOI CLUEHH METOJIOM 3BOPOTHOrO TpacyBaHHS. B mpoctimnii peamizanii
METOIY 3BOPOTHOTO TPACYBaHHS BIACTEXKYIOTHCS MPOMEHI, IO BUXOJIATH 3
OKa crocTepiraya yepe3 KOKHUH MiKCeIb MIONMHU npoekiiil y 3D-cieny.
Ile OynyTh IepBUHHI TPOMEH1 3BOPOTHOIO TpacyBaHHS.

BubepeMo LEeHTpallbHY HPOEKIII0 3
HeHTpoM B Toulll O Ha JesKid BIJCTaHi1 Bif
IJIONIMHKA  TIpoekTyBaHHs. [IpoBenemo
NpsIMY JIHIIO 3 [IEHTpa NpoekTyBaHHs O B
cepeauHy  mikcens  Ajj  IUIOLIMHHU
MPOEKTYyBaHHS. SIKIO MpsMa JIiHIA 1[bOTO
MPOMEHSI TIOMaJa€ B OJMH YM KUIbKa
00’ €KTIB CLIEHH, TO OOMPAEMO HAUOIMKIY
TOuKy nepetuny B. IHTeHCHBHICTBH
MMKCEIA Ajj IUTOIIUHU MIPOCKITii
OJIHO3HAYHO BU3HAYAETHCS OCBITJICHICTIO
TOYkKM B. B cBOw 4epry, OCBITJIEHICTb
TOYKM B BU3HAyalTh BiAOWUTA Ta
3QJIOMJIFOBaHa €HEprisg, OTpUMaHa BI
JOKepesl CBITJa Ta BiA 1HIIMX 00’ €KTIB
cueHu. Jlosg BuU3HAUCHHS OCBITJIICHOCTI
TOYKU B 3 TOUKHM B HaJCWIAIOTh Ta aHAJII3yIOTh IPOMEHI J0 JHKEpe CBITIA, a
TaKO>X BTOPUHHI B1IOWTI Ta 3JIOMJICH TPOMEHI.

S0 moBepxHs J3epKajibHA, TO BTOPUHHUN MPOMiHb Oyay€eMO SIK TPO-
MiHb TAJiHHS, BBaKAIOYM IPOMEHEM BIJOUTTS TOIepeaAHiil (IepBHHHMIA)
IPOMiHb 3BOPOTHOTO TpacyBaHHs. Buiie Oynu HaBeneH1 popmynu Jiist 00uuc-
JIEHHS BEKTOpa J3epKaibHO BigouToro mpomens. L1 x dopmynn moxkHa
BUKOPHUCTATH JIUISl PO3PAXYHKY MAAaF090To MPOMEHsI (BiIOUTTS HABIIAKH).

k110 00’ €KT Mpo30puid, TO HEOOX1THO MOOYyBaTH 1€ OJJMH BTOPUHHUI
NPOMiHb, TaKuM, SIKWA OW MpU 3aJOMJICHH1 JaBaB NMEPBUHHUM TpacoBaHUU
npominb (puc. 15.10). BekTop 1bOro npoMeHsi MOKHa pO3paxyBaTH Ha OCHOBI
(13MYHUX BJIACTUBOCTEH 3aJJOMIICHHS CBITJIA.

Jlami 11 1Ba MpOMEH1 aHAI3YIOThCS OKPEMO — BOHU MOXYTh MEPETUHATH-
Csl 3 TIOBEPXHIMH, 3aKIHUYBATHUCS Ha JIESIKOMY JIKEpeni CBiTiIa abo HazaBKIu
MOKHU/IATH CLECHY.

SIKIIO MOTOYHMI MPOMIHb 3BOPOTHOTO TPACyBaHHS HE MEpPETUHAE OyIb-
AKUM 00’€KT, a Momajga€e y BUIBHUI MPOCTIP, TO HAa LIbOMY TpacyBaHHS IS
I[LOTO MPOMEHS 3aKiHUYy€eThCs. [Ipu cTMKaHHI BTOPUHHOTO MTPOMEHS 3 TTOBEPX-
HEI0 00’€KTa B 3arajibHOMY BWITQJIKy BUHUKAIOTh JBa HOBUX BTOPHWHHHX
MIPOMEHI — OJIUH 13 HUX 3aJ[a€ HAMPSAM TaJIHHS, a PYTUA HATIPSM 3aJIOMJICHHS
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Puc. 15.10. 3BopoTHe
TpacyBaHHS MPOMEHIB
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1 T.0. 1l1 mpoMeHi BIJICTEXKYIOThCS Jaii, 100 BU3HAYUTH IEPETHUH 3 IIO-
BEPXHSAMM.

B pesynbrati 171 KOXKHOTO TKCeNs OyIyeThbCsl IePEeBOBUIHA CTPYKTypa
13 COTEHb MPOMEHIB. BiTKM Takoro aepeBa 3a/lal0Th PO3MOBCIOJKEHHS IPO-
MEHIB B CII€HI, a BY3JI1 — IEPETHH 3 MOBEPXHSIMH B CIICHI.

SIKmo JKepeso CBITIa BUAHO 3 TOYKM NEPETHHY, TO HA MOYATKY HEOO-
X1THO OOYMCIUTH ,,BKJIaJ  BiJ IIOTO JKEpesia B OCBITICHICTh ITI€i TOUKH,
BUKOPUCTOBYIOUH CTaHJIAPTHY MOJIEIb BIOOpaKeHHSI.

Jlist imeanbHOrO a3epkana (OAWH MPOMIHB IMaJa€ — OJUH BiJIOMBAETHCH)
JIOCTaTHHO 3HAXOJIUTU JIUIIE YEPrOBY TOUYKY NEPETUHY BTOPUHHOIO MPOMEHS
3 JeskuM 00’ €KTOM. SIKIO J3epKayio HeljgeaidbHe, TO METOJ 3BOPOTHOIO
TpacyBaHHS 3HAYHO YCKJIQJIHIOEThCS, OCKIJIbKH MOTPIOHO YK€ BiACTEKyBaTH
HE OJIMH TMPOMiHb, a MHOXHHY (COTHIi) NMPOMEHIB, SIKi CKJIAJal0Th KOHYC 3
BICCIO B3JIOBX JIiHI1 11aJ1al0Y0T0 MPOMEHSI JIJIS 11eaIbHOTO JI3epKaJia.

Skm1o 00’ eKT BOJIOAIE BIACTUBOCTIMU TU(PY3HOTO BIAOUTTS, TO 3HOBY, K
1 y BUIIAQJKYy HElJlealbHOTO A3epKajia, HE0OX1JHO TpacyBaTH BCl MPOMEHI, IO
NPUXOJSITh Bif YCiX OO’€KTIB CIIEHH, TOOTO KepesioM audy3HOro CBiTia
MOXe OyTH OyJb-SIKUM BUIUMHM 3 JAHOI TOYKU 00’ €KT, 3IaTHUHN TepeaaBaTu
CBITJIOBY €HEPTIIO.

Skimo cnpoOyBaTh BIACTEKUTH TPAEKTOPIIO IUX MPOMEHIB, TO 3ajaya
3HOBY 3HAaYHO YCKJIQJHUTHCS, TOMY IpH AU(PY3HOMY BIIOUTTI BPaxOBYIOTb
TUTBKH TPOMEHI, 110 WYTh BIJ JHKEpen cBiTiaa. BimOuTi mpoMeHi Bil MOBEPXHIi
00’ €KTIB ITHOPYIOTHCH.

Tomy MeToa 3BOPOTHOTO TpacyBaHHS HaWKpalle MmiaxoauTh Jis 3D-ciieH
0e3 CKJIaTHUX JDKEepes CBITIIAa Ta MU y3HUX MOBEPXOHD (HAITPHUKIIA, IS CIICH
13 TOUKOBUMHU JIPKEpEIaMu CBITJIA Ta 1JI€alIbHO JI3epKaTbHUMU ab0 MPO30pUMU
TiJIaMH)

JIist BU3HAYEHHSI KOJIbOPY KOKHOTO MIKCENs 300pakeHHs! MOTpiOHO Bpa-
XOBYBAaTHU CIIEKTpaJibHI ONTHUYHI BIACTUBOCTI BCIX MOBEPXOHb 00’€KTa, a Ta-
KOX TPUPOJY CBITJIA, SKE IMaJa€ y BIJAMOBIIHY TOYKY OO0’ €KTa 1 3HAXOJUTHU
IHTEHCHBHOCTI HOro CkJIagoBUX 4acTHUH. Ha OCHOBI CKJIaIOBHX 4YacTUH (4ep-
BOHA, 3€JICHa, CUHS) IHTEHCUBHOCTI IiKcest JOPMYIOTh HOTO KOJIIp.

[Ipn mojentoBaHHI XPOMAaTHYHOTO OCBITJICHHS, OOYMCIICHHS IJIA BCIX
TPHOX MPOMEHIB MPOBOAATH 30BCIM HE3aJekKHO. SKIIO NMpH IbOMY HE BpPaxo-
BYIOThH SIBUIIE 3aJIOMJICHHS CBITJIa, TO TPacH Y€PBOHOIO, 3€JICHOTO 1 CHHBOTO
KOJIbOPIB TMOBHICTIO CHIBHaAal0Th, TOOTO NpHu IU(PY3HOMY 1 A3EepKAIHLHOMY
BIJIOUTTI 3MIHIOETHCS JIUIIIE iX 1HTEHCUBHOCTI.

[Tpu m3epkanbHOMY BiIOUTTI KOMIp MiKces (TOYKHM MOBEPXHi) BH3HAYA-
€THCS KOJIbOPOM BigouToro npomens. [Ipu nudy3HoMy BiAOMTTI KOJIP OCBIT-
JIEHOT TOYKHM MOBEPXHI BU3HAYAETHCS BIACHUM KOJBOPOM IMOBEPXHI H KOJIbO-
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JICHOT1 TOYKH MOBEPXHI BU3HAYAETHLCSA BJIACHUM KOJIHOPOM IMOBEPXHI M KOJIBO-
POM JKEpE CBITIIA.

AJNTOpUTM TpacyBaHHSI € PEKYPCUBHUM, TOMY JUIsl HOTO 3aBEpILICHHS BBO-
JISITh TPAaHUYHE 3HAYCHHS IHTEHCUBHOCTI CBITJIA, SIKE BILTMBAE Ha (hOPMYyBaHHS
KOJIbOPY IiKcels, a00 0OMEKYIOTh KiIbKICTh iTepariii (KIIbKICTh BiIOUTTIB i
3aJIOMJICHB ).

3ayBa)XMMoO, 1110 3HaYHA YaCTUHA OOYHMCIIEHb MpHU peaiizallli MeToay Tpa-
CyBaHHS MPOMEHIB MPUMNAJA€ HAa BHU3HAYEHHS MEPETHHIB MPOMEHIB 13 TO-
BEPXHSIMHU 00’ €KTIB CIleHM. Takuii MeToJ CKJIaIHO peaji3yBaTu s CIEH 13
3HAYHOIO CYKYITHICTIO KPUBOJIIHIHHMX 00’ €KTIB, 0OMEXEHUX CKJIAQJHUMHU Ma-
paMeTpUYHUMU TOBEpPXHAMU. ToMy B OLIBIIOCTI rpadiuHUX CIEH el MeTOJ
npaioe 3 00’€KTaMH, IO alpOKCHMYIOThCA TpaHsmu (mojiroHamu), ado
KBaJIPaTUYHUMHM TMOBEPXHSMH, K1 OMHUCYIOTHCA (DYHKIISIMHU MEPUIOTO Ta JIpy-
roro MopsAlKiB, BiAnoBigHO. Bubip Takux QyHKIiH 00yMOBIECHUN HEOOXiJ-
HICTIO aHAJTITHYHOTO (HE YUCIIOBOTO) PO3B’SI3yBaHHS PIBHSIHb IMEPETHHY CBIT-
JIOBOTO TIPOMEHSI 3 TIOBEPXHEIO.

Jnst Outbmioi e€(eKTUBHOCTI METOAY B CKIQJHMX CIIeHaxX 13 OaraTbMma
00’€KTaMH 3aCTOCOBYIOTh Menod 006010HoK. CyTh 1IbOTO METOAY IOJISTAE
OCh Yy UOMYy. SIKIIIO MPOMIHb HE MEpEeTUHAE 000JIOHKY 00’ €KTa, TO BIH HE Mepe-
THE 00’€KT, a SAKIIO MPOMIHb MEPETHHAE OOOJIOHKY, TO 3HAXOJUTHCA TOYKA
nepeTuHy NpomeHs 3 00 €KTOM. Ik 0OOJIOHKM BUKOPUCTOBYIOTh KyO, MpsMO-
KYTHHUH Tlapajeseninea, MiHap, chepy Ta iHIiil npocTi Gopmu.

daxkT nepeTuHaHHs MPOMEHs 31 C(hepor0 BU3HAYAETHCS MPOCTO, 30KpeMa,
SKIIO BIAJaJIb BIJ IIeHTpa chepudHoi OOOJOHKH A0 MPOMEHs Ouiblia 3a
paziyc i€l cdhepu, TO MPOMIHb HE IEPETUHAE 0OOJIOHKH.

JIist cknagHuX mapaMeTpUYHUX MOBEPXOHb 00’ €KTIB CIEHU aHali3 Iepe-
TUHY TPOBOJUTHCA JJIs €JIEMEHTIB MOBEpXHI. SIKIIO MPOMiHb I€pEeTHHAE
chepruHy OOOJIOHKY €JIEMEHTa MOBEPXHI, TO IIeH €JIEMEHT pO30MBAETHCS Ha
nijenemMeHTy. Jlani mepeBipseThCS MEPETHUH MPOMEHS 31 CPEePUUHUMHU 000-
JIOHKaMH IT1/IeJIEMEHTIB.

KO0 OpOMiHb MEPETUHAETHCS 31 CHEPUUYHOI0 OOOJTOHKOK JIESIKOTO TiI-
€JIEMEHTa, TO OCTaHHIN po30MBaeThCs Ha HOBI migenemeHTu. [Iponec 3aBep-
HIYETHCS, SIKIIO JKOJHA 31 CPEepUUYHUX OOOJOHOK HE MEPETUHAETHCA 3 TPOMeE-
HEeM a00 JOCITHYTO MIHIMAJIbHOTO po3Mipy o06onoHOK. L1 chepuuni 06om0H-
KM MIHIMQJIBHOTO PO3MIPY 1 € IIyKaHUMHU TOYKaAMH MEPETHUHY MPOMEHS 3 T0-
BEpXHEIO 00’ €KTA.

Cnin 3a3HaYUTH, IO METOJI OOOJIOHOK MO>KHA 3aCTOCOBYBAaTH HE TUIbKU
JUTsl TpacyBaHHs npoMeHiB. Lleit MeTo cripusie MpUCKOPEHHIO 00UYNCITIOBATh-
HUX MPOIECIB 1 YACTO BUKOPUCTOBYETHCS B PI3HUX aITOPUTMaX KOMII FOTEp-
HOI rpadiku.
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KoHTpoJIbHI MUTAHHA TA 3aBAHHA

1.

N

o o1 b

© o~

11.
12.
13.

Ak 00UHMCITIOETHCS IHTEHCUBHICTh BIAOMTOrO CBITIA JJIS J3€pKaTbHUX
Ta MaTOBUX MTOBEPXOHB?

SAxi Mojen OCBITJICHHS BUKOPUCTOBYIOTH y KI™?

Sk 00UMCIUTH KOOPAMHATH BEKTOpa HOpMalll 0 MapaMeTpUyHO 3aja-
HOT OBEPXHI?

Sk po3paxyBaTu TOH 3adhapOOBYBaHHS TOYOK TOBEPXHi?

OnuiiTe METOJ MOCTIHHOTO 3adapOoByBaHHs. Ha3BiTh HOTO HENOJIK.
Sxi epextu PoTropeanicTUUHOI Bizyasizalii TPUBUMIPHUX MOJENIEH He
MOXHa ojiepxaTu MetojioM doHra?

[TopiBHsiTE KITBKICTH 00UKCcieHb y MeTogax donra Ta ['ypo.
3anuiIiTh aNrOPUTM METOAY 3BOPOTHOIO TPACyBaHHS IPOMEHIB.

[lo € KxpuTepieEM 3YIMUHKU METOAY 3BOPOTHOIO TPACYBAHHS MPOMEHIB?

. YoMy MeToj 3BOPOTHOrO TpacyBaHHs OUIbIl €(EKTUBHUM, HIK METO/]

IPsIMOTO TPacyBaHHs?

J1J1s1 40r0 BUKOPUCTOBYETHCS METOA 000JIOHOK?

Sk 3HAWTH IEPETUH IPOMEHS 3 MHOTOTPAHHUM 00’ €KTOM?

Sk 3HalTH TEPEeTHH MPOMEHS 3 00’ €KTOM, IO 3aJaHU aHATITUYHOIO
HESIBHOIO (PYHKITIEIO?

Bupasu i 3axa4i 11 caMOCTIHHOTO BUKOHAHHS

1.
2.
3.

o B

10.

11.
12.

OOUYKCINTH KOOPAUHATH 3aJIOMJICHOTO MPOMEHS.

BuBectu piBHSHHS HOpMai Jis TapaMeTPUYHO 3a7aHo1 cepu.
3anucaTu KOOPJIMHATH BEKTOpa HOpMaJl JJis BEPIIMHU OaraTorpaHHOl
MOBEPXHI Y CKaJSIpHIii hopmi.

[TepeBipuTHu 4u 000JIOHKA-KYO MEPETUHAETHCS 3 IPOMEHEM.

Po3poOuT anroput™ nepeBipkd NEPETUHY MPOMEHS 3 TPaHSIMU TETPa-
enpa/mpsMOKYTHHM MapaJieIeITiNne oM.

3anuiriTe 6a30BYy OIepallil0 3BOPOTHOTO TPACyBaHHS MPOMEHIB y BUT-
JS1 PEKYPCUBHOT (DYHKIIII.

Po3poOuTtl  anroputM 3HAXOMKEHHS TOYKA MEPETHHY NPOMEHS 31
cdeporo.

Hamumcatu mporpamy [y MOJENIOBaHHS PEaiCTUYHOT OCBITJIICHOCTI
METOJIOM TpacyBaHHSI IIPOMEHIB Y CII€HI, 1110 MICTUTh TUIbKU ChEpH.
Hanucatu nipouierypy 3adgapOoByBaHHS TPUKYTHOI rpaHi MeTo oM DoHra.
HoBecty, 1mo B meronai ['ypo komip Oyab-fKOi TOYKM TPUKYTHOI TpaHi
00’€KTa € JIHIMHOK KOMOIHALIEI0 KOJBOPIB Y BEPIIMHAX TPUKYTHHUKA 3
KOe(illiEHTaMH, CyMa SIKUX JOPIBHIOE OJIMHMUILII.

Po3pobutu aropuT™ HakiIagaHHs TekeTypu 1 (x, y) Ha moBepxHio P(U, V).
Po3pobutu anroput™M MoAETIOBaHHS TYMaHy.
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Tema 16. IlporpamyBanns rpagiku na OpenGL
16.1. OcHOBHI MOHATTH

[Ipu cTBOpeHHI rpadiuHuX TOAATKIB 3pYYHO KOPHUCTYBATHUCS CIICIiaib-
HUMU rpadiuaumu Oi0mioTekamMmu. HuH1 HaWOUIBIT BiJOMUMH HAa PUHKY BBa-
KAIOThCSl JIBA CTAHAAPTH ISl pOOOTH 3 IBOBUMIPHOIO Ta TPUBUMIPHOIO I'pa-
¢ikoro: OpenGL (Open Graphics Library) — crangapt mis Bcix rpadidHux
cranmii i DirectX 3 migcucremoro Direct3D — cranmapt, 3amporoOHOBaHUMH
dipmoro Microsoft i npusHauenwmii Tinmbku mas Windows. Ane cranmapt
DirectX BBa)ka€eThCsl HE3PYYHHUM JIJISI TPAKTHYHOTO 3aCTOCYBAHHS, a CTaHAAPT
OpenGL pocuTh MHMPOKO PO3MOBCIOKEHHUM 1 € OJHUM 3 HAWUMOMYJSIPHUX
cepell NpUKIaaHuX nporpamMuux intepdeiicie (API) 1 po3poOku rpadidHux
JIOJATKIB.

OpenGL siBisie coOor0 BIAKpUTHI mporpamMHuil rpadiuyHuil iHTEpdeElic,
BIH MIATPUMYEThCS OaraTbma ONEpaliiHUMH CHUCTEMaMu 1 MPUAATHUN s
peanizailii Ha PI3HUX amapaTHUX MaTGopMax — BiJl MEPCOHATBLHUX KOMII O-
TepiB J0 MOTYXKHUX cyrnepkomi 1oTepiB. [Hrepdeiic OpenGL peanizoBanuii y
BUMISAL O10110TEKH (PYHKIIH, K1 MPOrpaMicCT BUKOPUCTOBYE MPU HATUCAHHI
IHTepaKTUBHUX TPOTPaM I CTBOPEHHS Pi3HUX TpadidyHuX 00’ €KTiB (y TOMY
YHCII ¥ IOCUTh CKJIAIHUX ), ONIepalliii HaJl HUMH 1 BiIOOpaXeHHs 1X Ha SKpaHi.
Hoctyn a0 ¢yHKIIN 010110TEKM MOXKIIMBHUH 13 PI3HUX MOB IIPOrpaMyBaHHs, B
tomy uuci C, Delphi, C++, Visual C++, Java Ta iH.

Leit inTepdeiic po3podaenuii y 1992 p. neB’sitbMa npoBiiHUME (HipMaMu
3 po3po0OKHU IporpaMHOro 3abOesrneueHHs, cepen skux Oynam Digital, Hewlet
Packard, IBM, Intel, Silicon, Microsoft. B ocHoBy crammapty mnokiajeHa
oiomioreka IRIS GL, po3po6iena dipmoro Silicon Graphics.

[Ipouenypu OpenGL mpaitoroTh SK 13 pacTpOBOIO, TaK 1 3 BEKTOPHOIO
rpadikoro 1 3 JErKiCTIO JO3BOJISIIOTH MPOrPaMiCTy.

1) crBoproBatu 2D- Ta 3D-BuMipHi 00’ €kTH HOBUTHEHOI (hOPMHU HA OCHOBI

r€OMETPUYHUX Ta PACTPOBUX MPUMITHUBIB;

2) 3a7aBaTU CIUIAMHOBI JIiHII Ta MOBEXHI, 110 BU3HAYAIOTHCS OMOPHUMH

TOUKAMH;

3) po3minryBatu 00’ €KTH B IPOCTOPi, BUOMpPATH CIIOCIO 1 mapamMeTpu mpo-

€KTYBaHHsI, 33]]aBaTU PO3MIILIEHHS KaMepH;

4) BUKOHYBATH POOOTY 3 KOJIBOpPOM 00’ ekTiB. Komip Moxe OyTH 3amaHuit

K sBHO (B pexkuimi RGBA Ta iHIEKCHOMY PEKHMMi) TaK 1 0OUYHMCIIFOBATHCS

3 ypaxyBaHHSM JDKepell CBiTia, nmapameTpiB ocBiTiieHHS. [[ns 00’ekTiB

MO>K€ 3aJ]aBaTHCs MaTepiai, HaKIaJaTUCsl TEKCTypa TOIIo;

5) mpoBOAMTH MaTEeMAaTH4YHI IEPETBOPEHHS HaJ 00 €KTaMu 300pakeHHH,

HANPUKJIA BUAOBI Ta MOJENBHI MEPETBOPECHHS, BUKOHYBATH YCYHCHHS

HEBUIUMUX JIIHIM 1 TOBEPXOHB;
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6) mepecyBaTH JKepeiia CBITIIA 1 KaMepy 3a 3aJJaHUMH TPAEKTOPISIMH;

7) nmoxaBaTH CHeIiaIbHI €PEKTH TyMaHy, JUMY, IIPO30POCTI TOIIIO.

Komanmu OpenGL peanizoBaHi sSIK MOJenb ' Kil€HT-cepBep'. JlomaTok
BHUCTYMA€E B POJIi KJI1E€HTA — BIH BUPOOJsie koMaHau, a cepep OpenGL inTep-
nperye 1 BUKOHYe iX. CaMm cepBep MOXKE 3HAXOJUTHUCS SIK Ha TOMY K KOMII FO-
Tepl, IO ¥ KIIIE€HT, TaK 1 HA 1HIIIOMY.

Jlo xapaktepHux ocoomuBocteir OpenGL, mo 3abesneursin #Woro mo-
HIMPEHHS 1 PO3BUTOK, MOXKHA BIJIHECTU

1) cmabinvuicmes (IOMOBHEHHS 1 3MIHM B CTaHIAPTI peai3yloThcs B Ta-

KMl c1moci0, mo0 30eperTu CyMICHICTh 13 pO3pOOJICHUM paHillle porpam-

HUM 3a0e31neueHHs M, To0To HoBa Bepcis OpenGL BinOyBaeThCs TUIBKH 32

pPaxyHOK PO3IIUPEHHS);

2) Haoiinicmy i neperocumicms (JOJATKU TapaHTYIOTh OJMHAKOBUU Bi-

3yaJbHUN Pe3yJIbTaT HE3aJIEKHO BiJl KOHKPETHOI anmapaTHoi 1 MporpaMHOi

maTdhopMH, TUIY BUKOPHUCTOBYBAHOI omeparliiinoi cuctemu. s nepe-

HECEHHS JI0JIaTKIB JOCTATHHO MPOCTO MEPEKOMITUTIOBATH BUXITHUM TEKCT

Ha HOBIil TuIaThopMi);

3) aeexicmov [ npocmoma 3actocyBaHHS (OpenGL wmae mpomymany

CTPYKTYpPY, IHTYITHBHO 3p0O3yMinuil iHTEpderc, Mo J03BOJISE 3 MEHITUMHU

3aTpataMl CTBOPIOBATH €(EKTHBHI JOAATKH, SIKI MICTATh MEHIIE PSAKIB

KOJIy B ITOPIBHSAHHI 3 BAKOPUCTAHHAM 1HIINX Tpadigaux 0i0T10TeK).

BaxnuBum dakropom € Takox miarpumka intepdeiica OpenGL Bupo6-
HuKamu rpadiuanx npuckoproBadi. Ockuibku OpenGL Binkputuii cTanaapr,
TO BUPOOHHUKH IrpadiyHUX MPUCKOPIOBAYIB CAMOCTIMHO MOXKYThb 100aBISATH 10
OpenGL HOBI MOXJIMBOCTI, IO MIATPUMYIOThCS IXHIMU rpadiYHUMH IpPOLE-
copamu (HOBI MOXKIIMBOCTI 3pa3y CTalOTh JTOCTYITHUMH IPOTPAMICTY).

AmapartHa peaizailis Bcix 6a3oBux gynkiiiin OpenGL 3abe3neuye mBu/I-
KOJ1t0 rpaiuHUX Mporpam, siki BUKopuctoByroTs OpenGL. 1l mBuakois ic-
TOTHO 3aJIeXKHUTh BIiJl BiJeoanantepa. Y Hall yac OUIBIIICTh BiJeOoaJanTepiB
MICTATh CHElIaIbHUM TpadiuHmil Tpotiecop s MiATPUMKH TpadiuyHuX (QyHK-
ii. BigeoamanTep amaparHo BuKoHYye Bcl 6a30Bi (ynkIii OpenGL: nmeperBo-
PEHHSI KOOpJIMHAT, pO3paxyBaHHS OCBITJIEHOCTI, HAKIJIaJlaHHS TEKCTYp, Bijci-
KaHHS, BHMBEJCHHS NOMIroHiB Tomo. Tomy OpenGL mo3Bosisie 10CTaTHHO
MPOCTO CTBOPIOBATH IMIBUAKOAII0U1 IPOTPAMHU 1 IIUPOKO BUKOPUCTOBYETHCS HA
NpaKkTUIl (HampUKIIa, Ipyu PO3pooIIi KOMIT FOTEPHUX irop).

OpenGL Hanae kopucTyBauy JOCTaTHbO MOTY>KHUW HU3bKOPIBHEBUW Ha-
Oip KOMaHJ, a BCi omepailii BUCOKOTO PIBHS BUKOHYIOTHCSI B TEPMiHAX ILIHX
KoMaHZ. Ane xoua 6i0moreka OpenGL mae mpakTUYHO HEOOMEKEHI MOXK-
JIMBOCTI JIJISI MOJICJTIFOBaHHS 1 BIITBOPEHHS TPMBUMIPHUX CIICH, JIesKl rpadidni
¢ynkuii B OpenGL 6e3nocepeHb0 BIACYTHI, HAOpUKIaA sl KaMepu Heo0-
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X1JHO PO3PaxOBYBAaTH TMPOCKIIMHY MAaTPHI0, IO BHUMAarae JJ0JaTKOBHX
oOuucnenb. Tomy s nonermeHHs poootu pasom 3 OpenGL nocravaroThcs
0i101ioTeKH A0JaTKOBUX KoMaHi. Ha manmii MmoMmeHT peamizamis Microsoft
OpenGL MicTuTh Kigbka 610J110TEK:

— OpenGL — nabip 6a3oBux ¢ynkmii (6i6miorexa opengl32.dll) mns cTBo-
peHHsI 00’€KTIB Ta YMpaBJIHHSA iX BIIOOpa)kKeHHSM Ha ekpaHi. ToOTo
OpenGL Hagae kopucTyBauy NOTYXKHUW HAOIp PYHKIIA HU3BKOIO PiBHA,
a BCl1 1HII omnepalii BUCOKOTo piBHS MOBUHHI 3aJaBaTUCS B TEPMiHAX ITUX
koMaHj. IMeHa 0a30BHMX KOMaH] MOYMHAIOThCA 3 mpedikca gl, a Bci
KoHCTaHTH — 3 Tpedikca GL. KoxHe ca0BO, 110 BXOAUTH B 1M’ (PYHKIIIT,
MIOYMHAETHLCSA 3 BEJIMKOI JIiTepu, Hanpukiaa glPolygonMode;

— Glu-6i6moreky (6i0omioreka ytwmmt). Glu-6i0mioreka € HeBia €MHOIO
YaCTUHOIO CTaHJapTa 1 MOCTABISETHCS Pa3oM 3 TOJIOBHOIO 010J10TEKOIO
OpenGL (Bona Bxomuth y moctaBky Windows — 1ie 06i0mioTeka
glu32.dll). Komanmu 1i€i 0i0ai0OTEKH OIOBHIOIOTH 0a30Bi  (PYHKIIIT
OpenGL i noxnermytots poboty mporpamicra. Jlo cknamy 6i6miorekn Glu
yBINIIIJIa MHOXKMHA OUIbII CKIaAHUX (YHKIIHN, TaKUX SK pealizalig Kyoa,
KyJl, TWIHApA, IUCKA, CIUIAfHOBUX KPUBHX 1 MOBEPXOHB, peai3allis
JTOAATKOBUX OIEpaliiil HaJ MaTPUIIMHU TOIIO. YCl BOHH peai3oBaH1 4e-
pe3 6a30Bi ¢ynkii OpenGL. Imena koman 01010TEKH YTHIIIT OYMHA-
10Thes 3 npedikca glu;

— Glaux-6i6motexy. OpenGL ©Oe3nocepeiHbO HE MIATPUMYE POOOTY 3
NPUCTPOSMHU BBeACHHS (MHMIA, KiaBiaTypa), OCKUIbKH 0i0JioTeka Iuiar-
dhopMo-He3aliexxkHa. Ajle MOXKHA 3aJisTH (DYHKIIT KOHKPETHOI oIepalii-
HOI1 CUCTEMH, MiJ] SIKy MUIIEThCA MporpaMa, ado CKOpHUCTATUCS HAAO0yo-
Bamu Hajx OpenGL, takum sk 6i0miorexka Glut (s Unix) 1 Glaux (ms
Windows). Biomiorexka Glaux mae mmpokwmii HaGip 3aco0iB B3aemomii 3
KOPUCTyBayeM, BOHA MICTUTh (YHKIII JUIs yIIpaBiaiHHA BikHaMM (KiJIBKO-
Ma KOMaHJIaMH MOKHAa BU3HAYUTH BIKHO, B SIKOMYy OyJe MpaIitoBaTH
Windows), MeHto, KoJIbopaMu, NaTiTporo Tomo. KpiMm 11s0ro, BoHa Hajlae
noAaTKoBi GyHKIIT I MOOYI0BU CKIaaHUX rpadiuHux 00’ €kTiB (KOHY-
ca, TeTpaeapa, Topa Toimo). Komanau 6i6miorexkn Glaux mnounmHaroThes 3
npedikca aux.

[Ilo6 mporpamMu KOMITUTFOBAIMCSI 1 BUKOHYBAJIMCS, HEOOX1THO ITiAKITIOYH-
TH 111 010/10Teku. bi6mioTeku Mit0Th Yepe3 apakiBepu NpucTpoiB. Lle no3Borse
e(EeKTUBHO MPALIOBATH 3 rpadiuHUMH MPUCKOPIOBAYaMHU, HE MIPUB’ A3YIOUUCH
710 X KOHKpEeTHHX ocoOnuBocTed. OHa 1 Ta % cama mporpama Oyje yCHIIIHO
MpaIfoBaTH Ha Pi3HUX MPUCKOPIOBauax 0e3 Moaudikallli BUXiTHOTO KOIY.
IToBHe iM’st komanau B OpenGL mae BUTIIsia:
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rtype glCommand _name {1 2 3 4}{b s i f d ub us ui}[v](typel argl, ...... type
N argN);

ne rtype — tun, sikuii noseprae ¢pyskiis, gl — im’s 6i6miorekn OpenGl, B skiii
ormucana 1 Qynkmis (s 6iomiorek Glu, Glut — me imena glu Ta glut
BiamoBiguo), Command_name — im’s komanau, {1 2 3 4} — KiIbKICTH apry-
menTtiB komanau, {b s i f d ub us ui} — Tun aprymenty (cydikc): cumBon b
o3nauae tun GLbyte (amamor char y C/C++), cumBon f — tun GLfloat
(anaunor float), cumBon i — Tun GLint (ananor long) i Tak mani (tadsm. 16.1).

HasBhicts cumBoay [V] Bkasye, mo sk mapamerp (GyHKII BUKOPHCTO-
BY€ETHCS BKa3iBHUK HA MacHB 3HAYCHb.

CUMBOJIM y KBaIpaTHHUX AYXKKaX y JICIKMX Ha3Bax HE BUKOPUCTOBYIOTHCS.
Hanpukian, komanga glVertex2i( ) onucana sk 6a3osa B 0i0mioTerni OpenGL
1 BUKOPUCTOBYE sIK IapaMeTpu jBa IiIuxX yucia, a komannma glColor3fv(a)
BUKOPUCTOBYE SIK MapaMeTp BKa3iBHUK Ha MAacuB & 13 TPbOX AIMCHUX YHCEIL.
JIsis IbOTO MOTPiOHO MOMEPEHHO BU3HAUYNTH MAacHB @ 3a JIOIIOMOT'0I0 (PYHK-
nii GLfloat a[3]={1.0, 0.0, 0.0}

Tabmunga 16.1

Cydikc | Ommc Tuny C Tun B OpenGL
b 8-0iTHe 11i)1e signed char | GLbyte
S 16-6iTHe 11i)1€ short GLshort
i 32-0iTHE 11i71e long GLint, GLsizei
f 32-0iTHe yucno 3 miasaroyoro | float GLfloat,
KPamKoo GLclampf
d 64-0iTHe uucio 3 1uaBaroyoro | double GLdouble,
KPAaIKo GLclampd
ub 8-0iTHe Oe33HAKOBE IIiJIe unsigned GLubyte,
char GLboolean
us 8-0iTHe Oe33HaKOBE IIiJIe unsigned GLushort
short
ui 8-0iTHe Oe33HAKOBE IiJIE unsigned GLuint,
long GLenum
void GLvoid

Hasenemo npukianu nesikux Qynkiin OpenGL.

16.2. Bepminnu i npuMiTHBH

Yci reoMeTpruyHi 00’ €KTH 3a/1al0ThCA B TepMiHax BepiuuH. [lin Bepru-
HOIO PO3YMIEThCSI TOYKa B IpocTopl. KokHa BepIirMHa 3aJa€ThCsd HAOOpOM
qrcell — MAKCHMYM YOTHPH 3Ha4YeHHs (X, Y, Z, W), IpH [IbOMY MOJKHA BKa3yBa-
td 1Ba (X, Y) uu Tpu 3HaueHHd (X, Y, Z), A1 PEIITH 3MIHHUX y IIUX BHIIaJIKaxX
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BUKOPHUCTOBYIOThCS 3HaUeHHS 3a 3aMoBuyBaHHAM: Z = 0, w = 1 (OpenGL npa-
IIO€ 3 OJTHOPITHUMH KOOPJIHHATAMH).

KoopaunaTHi oci po3TaiioBaHi Tak, 1o to4ka (0, 0) 3HaxoAuThCS B JIiBO-
My HUKHBOMY KYTI €KpaHa, BiCh X HaIlpsiIMJIEHa BJIIBO, BICh Y — BrOpY, a BICh Z
— 3 eKpaHa Ha Hac.

Opnnak, o0 3a1atu sSKy-HeOyab Pirypy, OJHUX KOOPJWHAT BEPIIUH HE-
JIOCTaTHBO, Il BepUIMHU Tpeba 00’ €HaTH B OJHE 1IlJIe, TOOTO HEOOXiqHO BKa-
3aTH, K iX 3’€QHaTH, ¥ BH3HAYUTH HEOOXIAHI BiacTHBOCTI. JUJIS IIbOro B
OpenGL BUKOPHUCTOBYETHCS MOHATTS IMPUMITHBIB, 10 SKHX HAJIEKATh TOYKH,
JiH1T, TPUKYTHUKH, TpaHi Tolio. Cami BEpIIMHU 33/1al0ThCS MPOIIEAYPOIO

void glVertex{2 3 4}{s i f d}[v](type x, ...);,
HaIPUKJIIA],
glVertex2s(1, 2);
glVertex3f(2.3, 1.5, 0.2);
GLdouble vect[ ]=(1.0, 2.0, 3.0, 4.0);
glVertex4dv(vect) (Tyt cydikc V 03Hauae, M0 €IUHAM apryMEHTOM BHC-
TyIla€ MacHB, IO MiCTUTh HEOOXIHY KIIbKICTh KOOPINHAT).

JUist 3amaHHs TEOMETPUYHUX MPUMITUBIB HEOOXITHO TMEBHUM YHHOM
BUJIITUTU HAOIp BEPIIUH, 1110 BU3HAYAIOTH LIed 00’ €KT. s mboro BUKOpHUC-
TOoBYIOThCs Tipotteaypu gIBegin() i glEnd().

[Tpouenypa glBegin(GLenum mode);
BH3HAYA€E MMOYATOK CIUCKY BEPIIWH, SKI OMHUCYIOTh T€OMETPUIHUIN TIPUMITHUB.
Tun npumituBa (puc. 16.1) 3amaethcs mapamerpom GLenum mode, skuii
MOKe HaOyBaTH TaKWX 3HAYCHbD:
GL_POINTS — Habip okpeMHux TOYOK;
GL_LINES — napu BepiuiuH, K1 3a1at0Th OKpEMI BIAPI3KH;
GL_LINE_STRIP — He3amKkHEeHa JlTamaHa,
GL_LINE_LOOP - 3amkHeHa j1amMaHa;
GL_POLYGON - mnpoctuil omykjivii MHOTOKYTHUK, BHYTpIIIHS 00JacTh
SIKOTO 3aIlIOBHEHA TOTOYHHUMHU KOJIbOPOM,;
GL_TRIANGLES - tpiiiku BepIrH, 110 BU3HAYAOTh BEPIIUHA OKPEMUX TPH-
KYTHUKIB,;
GL_TRIANGLE_STRIP — TpuxkyTHuii ctpimn, J€ KOXHa HACTYIHA BEpIIMHA
3a/1a€ TPUKYTHUK Pa3oM 13 IBOMa MOTNEPEAHIMH,
GL_TRIANGLE_FAN - Bisuto TpukyTHUKIB (PeH) ;
GL_QUARD_STRIP — 4OoTUpUKYTHUI CTpiIl, B SIKOMY YOTUPUKYTHUK 3 HOME-
pPOM N BU3HAYAETHCS BEPIIMHAME 3 HOMepamu 2N — 1, 2n, 2n + 2, 2n + 1.

IMpouenypa QgIENd() Bu3Hauae KiHelb COMCKY BeplInH. MK KOMaHIaMH
glBegin() i glEnd( ) MOXyTh 3HAXOIUTUCS KOMAHIU 3aJaHHs Pi3HUX aTPUOY-
tiB BepuH glVertex(), glColor( ), gINormal( ) Ta in.
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Ilpuxnao 16.1. Tlpouenypa moOym0BHu KoJja
glBegin (GL_LINE_LOOP);

for (int i= 0; i<N; i++)

{

float angle=2+M_PIl*1i/N;
glVertex2f (R #cos(angle), R#sin(angle));

}
glEnd();
1
* 1 5 3
0e 4 e 0 /‘4
Je 2 4
2° T 3 0 2 B
GL_POINTS GL_LINES GL_LINE_STRIP
2
1 2 A 6
3 1 Y
0 7
. 8
0 0 3 13 ]
4 GL_POLYGON
GL_LINE_LOOP GL_TRIANGLES
3
5 2 4 5
3 2 5
1 1 ;
1
0 4 6
2 0 0——

GL_TRIANGLE_STRIP

GL_TRIANGLE_FAN

GL_QUARD_STRIP

Puc. 16.1. Tunu npumiTUBIB

Touku Kojia TeHepyIOThCs MpH BUKIUKY mpoueaypu glVertex( ). Lli Touku
3’€IHYIOTHCSl B 3aMKHEHY JIaMaHy JIHIIO, SKa alpOKCUMY€E KOJIO, — Ha II¢ BKa-
3ye mapameTp GL_LINE LOOP. YV moment Bukiuky glVertex( ) OpenGL
IPUCBOIOE CTBOPIOBAaHIN BEPIIMHI NOTOYHUM KOJIp, BEKTOp HOpMali 1 T.1. 3a
3aMOBYYBaHHSIM BEKTOP HOpMalll BBaxkaeThbcs TakuM, mo popieHioe (0, 0, 1),
xoutip — (1, 1, 1, 1), KkoOpiMHATH TEKCTYPH JOPIBHIOIOTH HYIIIO.

JIist 3a1aHHsT MOTOYHOTO KOJIBOPY BEPIIMHU BUKOPHUCTOBYETHCS KOMaH/1a

void glColor {34} {bsif ub us ui} (Gltype components);.
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[Tepmri Tpu mapamerpu 3amaroTh R, G, B-koMIIOHEHTH KOJIBOpY, a OCTaHHIH
napamMeTp Bu3Haudae alpha-koMITOHEeHTY, 110 3a/1a€ PiBeHb MPO30POCTi 00’ EKTA.
Alpha-koedirientT nposzopocti HaOyBae 3HaueHHs Bix 0 1m0 1 id KOXKHOTO
KOJLOPOBOTO Mikcess. EQekT HamiBIpo30pOoCTi CTBOPIOETHCS MIISAXOM 00’ €/1-
HaHHS KOJbOPY BUXI1JTHOIO MIKCENS 3 MIKCEIEM, 110 BXKE 3HAXOAUTHCS B Oyde-
pi. B pe3ynbrari KOMIp TOYKM € KOMOIHAIIEI0 KOJbOPIB MEPEAHBOro il 3ai-
HBOTO IJIaHIB.

Skmio B Ha3Bi komanu 3a3HaueHuit Tui f (float), To 3HaYeHHs BCixX mapa-
METpIB MOBUHHI Haliexxatu Biapisky [0, 1], mpu 1boMy 3a 3aMOBYYBaHHSIM
3HaueHHs alpha-kommnonenTu gopiBHioe 1.0, 110 BiAMOBiIa€ MOBHIM HEMPO30-
pocri. Skmo 3a3Hauenuit Tum Ub (unsigned char), To 3Ha4YeHHHS apryMeHTIB
IOBUHHI Jie)kaTu Ha Bipizky [0, 255].

SIKII0 BCTAHOBUTM MOTOYHHUHM KOJIIP, TO BCl HACTYMNHI 00’€KTH OyIyTh
300paXKkaTUCs UM ke KOJIbOPOM JOTH, MIOKH KOJIip HE Oyjie 3MIHEHHIA.

Pi3HuM BepimHam MOKHa TPU3HAYUTHU P13HI KOJIBOPH 1 TO/A1 OyJie MPOBO-
JUTHCS JIIHIHHA 1THTEPHOJISAIIS KOJbOPIB Ha MOBEPXHI MPUMITHBA.

Hanpukian, mo0 HaMmallloBaTh TPUKYTHUK 3 PI3HUMHU KOJbOpPaMH y BEp-
IIMHAX, MOYKHA BUKOPUCTATH TaKUM KOJI:

GLfloatBlueCol[3]={0.0, 0.0, 1.0};

glBegin (GL_TRIANGLE);

glColor3f (1.0, 0.0, 0.0); //uepsonuii

glVertex3f (0.0, 0.0, 0.0);

glColor3ub (0, 255, 0); //3enenui

glVertex3f (1.0, 0.0, 0.0);

glColor3fv (BlueCol); //cunii

glVertex3f (0.0, 1.0, 0.0);

glEnd();

MHOTOKYTHUKH MO>KHa 300pakaTu sIK 3all0BHEHI 00JIacTl MIKCEeNiB BCe-
peauH1 rpaHulli, a00 PUCYBaTH TUIbKW TPAHUYHY JIIHIIO YU 300pakaTu HaOIp
TpaHUYHMUX BepIIuH. /(15 3aaHHs apaMeTpiB TPaHUYHUX BEPIIUH CIIY>KUTh
npoieaypa

void glPointSize (GLfloat size);,
III0 BCTAHOBJIFOE PO3MIp TOUYKH B IMKCEIAX (32 3aMOBUYBaHHSIM BiH JIOPIBHIOE
oaunwi). s 3aqaHHs IMMPUHM JTiHIT B MIKCEIAX BUKOPUCTOBYIOTH IPOLIEAYPY
void glLineWidth (GLfloat width);.

MHoOrokyTHUK Ma€ 2 ctopoHu (rpani) — nepeanto (JimieBy) i 3aaHto (He-
JMIIEBY) 1 MOXKe OyTH 3adapOOBaHMIA TO-PI3HOMY, B 3aJICXKHOCTI Bif TOrO, sIKa
31 CTOpiH MHOTOKYTHHMKA MOBEPHYTA JIO criocTepiraya. 3a 3aMOBUYBAHHSIM Iie-
PEIHBOIO BBAXKAETHCA Ta CTOPOHA, BEPUIMHU SIKOT 00XOIATHCS MPOTU TOAMH-
HUKOBOI CTpiyiku. Hanpsm 00xoay BEpIIMH JUI[bOBUX CTOPIH MOXHA 3MIHUTH
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BUKJIMIKOM KOMaH]I!
void glFrontFace (Glenum mode);
31 3naueHHssM GL_CW mapamerpa mode, a ckacyBatu —3 GL_CCW,

1106 3MiHUTH BITOOPa’KEHHS MHOTOKYTHHKIB, BAKOPUCTOBYETHCSI KOMaH/Ia

void glPolygonMode (Glenum face, Glenum mode);.

[Tapamerp Mode Bu3Hauae, sik OyayTh BimoOpakaTuCs MHOTOKYTHUKH,
IpY IIHOMY TIapaMeTp MOode Moske IPUKUMAaTH OJTHE 3 TAKKX 3HAYCHD:

GL_POINT - 3anmae pexxum, npu sIKOMY BiJIOOpaKarOThCA TUTBKH — Bep-

[IMHA MHOTOKYTHHKIB;

GL_LINE — npu takomy pekxumi MHOTOKYTHHK Oyje 300pakaTucs Ha-

O0pOM BIIPI3KIB;

GL_FILL — mpu takoMy pexrMi MHOTOKYTHHKH OyayTh 3adapOoByBa-

TUCA TMOTOYHHUM KOJIbOPOM 3 ypaxyBaHHSIM OCBITJIEHHS 1 LEH pPEXUM

YCTaHOBJICHUH 32 3aMOBUYYBAHHSIM.

[TapameTp face BcTaHOBIIIOE THUI MHOTOKYTHHKIB, IO SKHX OyJe 3acTo-
COBYBATHCH 1151 KOMaH/a, 1 MOKe Ha0yBaTH TaKUX 3HAYECHbD.

GL_FRONT — nng cTropiH MHOTOKYTHHKIB, SIKi OOXOHSIThCA TPOTH

TOJJMHHUKOBOI CTPUIKH (IIEPEIHIX JIMIIbOBUX I'PaHeH);

GL_BACK — s 3aH1X HEJTMIIBOBUX T'paHEH;

GL_FRONT_AND_BACK — mis Bcix rpaHei.

Hanpuknan, komanma glPolygonMode (GL_FRONT, GL_FILL); 3adap-
Oye MUILOBI T'paHi HOTOYHUM KOJBOPOM.

OkpiM 11bOr0, MO’KHA BKA3aTH PEIKUM, SKUW 3a/1laBaTUME THII TpaHeH (J1u-
IICB1 UM HEJIMIICBI), IO BigoOpakaTUMyThCs Ha eKpaHi. /{1 1[bOT0o CIOYaTKYy,
BukivkaBim komanay glEnable (GL_CULL_FACE), HeoOXiTHO JT03BOJUTH
BIJICIKAHHS, a MOTIM BUOpaTH THUIl BiAOOpa)XyBaHUX TpaHEH 3a JI0MOMOTOIO
KOMaH]I1

void glCullFace (Glenum mode);.

Buxnuk niei komanau 3 napamerpom GL_FRONT npuBonuts 10 BuBe-
JIEHHSI 300paKeHHS BCIX NepeaHixX rpanei, a 3 napamerpom GL_BACK — 3Bo-
POTHHUX T'PAHEH.

BumukaeTnes 1ieit pexxum ¢yskiiero glDisable () 3 Tim ke mapamerpom.

Jlinig abo 3aMoBHIOBaHA rpaHb MOXYTh OyTH MOXYTh OYTH HapHCOBaHI
a0o omumMm kompopoMm (GL_FLAT), abo muisxoM IHTEpIOJALil KOJBOPIB
BepiinH (GL_SMOQOTH). [ns 3amanHs pexxumy 3adapOOBYBaHHS BHUKOPHC-
TOBYIOTh TPOLEAYPY

void glShadeModel (GLenum mode);,
ne mapamerp mode HaOyBae nox 3HaueHb. GL_FLAT a6o GL_SMOOTH
(3amaeThes 32 3aMOBYYBaHHSM).
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Ipuxnao 16.2. IHTepnoAIis KOJIbOPIB BiIpi3Ka.

glShadeModel(GL_SMOOTH);

glBegin(GL_LINES);

glColor3f (0.0, 0.0, 1.0);

glVertex2i (100, 100);

glColor3f (1.0, 0.0, 0.0);

glVertex2i (200, 300);

glEnd();

Skmo BepiuH 6arato, To, 00 HE BUKJIMKATH JJISI KOKHOI 3 HUX KOMaH-
ny glVertex...( ), 3py4Ho 00’€aHyBaTH BEpIIMHUA B MACUBH, BUKOPUCTOBYIOUH
KOMaH]ly

void glVertexPointer (Glint size, Glenum type, Glsizei stride, void *ptr);,

sKa BU3HAYa€ CrociO 30epekeHHs 1 KoopJAuHAaTH BepiuH. [Ipu npomy mapa-
METp SiZ€ BU3HAYAE KUTBKICTh KOOPJUHAT BEPIIUH (1€ YHCIO MOXKE JTOPiBHIO-
BaTH 2, 3, 4), a type — tunu  nanux (Moke HaOyBatu 3HaueHb GL_SHORT,
GL_INT, GL_FLOAT, GL_DOUBLE). [Tapametp ptr Bka3ye Ha apecy MacH-
By, Jie 3HaXoaaThcs aaHi. [Tapametp Stride 3amae 3cyB KoopJauHAT Bij| OJHIET
BEPIIMHYU JIO HACTyIHOI; sikiio Stride mopiBHIOE HyIIO, TO II€ O3HAYaE, IO
KOOPJAWHATH PO3TAIIOBaHI ITOCIIIIOBHO.

AHaJI0T14YHO BHM3HAYaIOTHCS MAaCUB HOpMasiel, Ha0lp KOJIbOPiB Ta MaCUBH
IHIIMX aTpUOyTIB BEPIIUH.

16.3. IlepeTBOpPEeHHSI KOOPAMHAT i MPOeKUii

VY npornect noOyA0BU 300paxeHb KOOPJIMHATH BEPIIUH MOCTIMHO MiAia-
IOThCSl TIEBHUM MEPETBOPEHHsIM. /15 3a1aHHs pI3HUX MEPETBOPEHb 00’ €KTIB
CILICHH BUKOPHCTOBYIOTHCS OIepallli HaJ MaTpULISIMUA. Y Cl BOHU MalOTh PO3MIP
4 x 4 13a1a10Th TIEPETBOPEHHS KOOPAMHAT 3TiAHO 13 hopmyioro X'= 4 - X .

B OpenGL na pi3Hux eramnax ¢popmyBaHHS 300pakeHb 00’ €KTIB BHKO-
PUCTOBYETHCS TPU TUMH MaTpuIlb. OUH 13 HUX — MATPUIIl MOJIEITIOBaHHS, 110
CIyaThb JUIsl 3aJlaHHS PO3MIIIEHHS 00’€KTa 1 HOro opieHTarlii B IPOCTOpi,
IpYTUui — MaTpHUIll IPOEKI[id, 0 3aJal0Th CIOCIO MPOEKTYBAaHHS TPU BUMIp-
HUX 00’ekTiB Ha TwiommHy ekpaHa (OpenGL miarpumye 2 BUAM TPOCKTY-
BaHHS — IMapaJiejbHe 1 MepCHeKTUBHE). TPeTiii TUIT — MATPHUIll TEKCTYPH, SKi
BU3HAYalOTh HAKJIaJaHHS TEKCTYpPH Ha 00’ €KT.

Jlist Toro, mo0 BUOpaTH MOTOYHY MATPUII0 MOJEIIOBaHHS, MPOEKTY-
BaHHSI YU TEKCTYPU, BUKOPUCTOBYIOTh MPOLIEAYPY

void glMatrixMode (Glenum mode);.

[Tapamerp mode wmoxke HaOyBarm 3HaueHHs GL_MODELVIEW,
GL_PROJECTION a6o GL_TEXTURE, mo n03Bojsi€ K MOTOYHY MATPHITIO
BUOpaTH BUJOBY MaTPHUIIIO, MATPUIIO MPOEKTYBaHHS ab0 MaTPUIIO MEPETBO-
PEHHS TEKCTYpPH.
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Jlns 3amanas Marpunb B OpenGL mepenbadeHo nekiabka (QYHKIIIH.
Hagenemo nesiki 3 Hux. s 6e3mocepeAHLOTr0 3a/1aHHs YUCIIOBUX 3HA4YEeHb 16
€JIEMEHTIB MAaTPHUIlb BUKOPUCTOBYIOTh (PYHKIIIi:

glLoadMatrix {f d} (const Gltype *m);,
SIK1 KOTIIOIOTh €JIeMEHTH MacHuBy M y moTo4yHy matpuiio. Lo dyHKIio
BUKOPUCTOBYIOTH TO/ll, KOJIM MaTPULS IEPETBOPEHD MTPOrpaMICTy BiJIOMaA.
Komanna
void glLoadldentity (void);
3aMiHs€ IOTOYHY MaTPUIlIO HA OJJUHUYHY .

JIns MHOXXEHHS 3J1iBa TOTOYHOI MATPUIIl Ha JIESIKY 1HIIY MAaTpPHITIO

BUKOPUCTOBYETHCS KOMaH/a
void glMultMatrix{ f d} (Gltype *m);,
7€ M — 3a7a€ MaTPUIIIO PO3MIpOM 4 x 4 'y BUTIISAII MACHUBY .

OpHak 3BUYaliHO IJIA 3aMIHMA MAaTpULl TOTO YU 1HIIOTO THUILY 3pY4YHO BH-
KOPUCTOBYBATH CIElialibHI KOMaH/AM, 110 3a 3HAYEHHSMH CBOiX IapameTpiB
CTBOPIOIOTH MOTPIOHY MATPHUIlIO 1 MEPEMHOXKYIOTH ii 3 moTouHoro. [1[06 3po-
OWTH MOTOYHOIO CTBOPEHY MATPHIIIO, Tpeba mepes BUKIUKOM MEeBHOT KOMaH-
v Bukiaukata ¢ynkmiro glloadldentity().

JIJist mpoBelieHHsI orepalliil mepeHeceHHs, MOBOPOTY 1 3MIHM MaclTady
B3/IOBXK KOOPJAMHATHUX OCEW JIOCUTHh MOMHOXHUTH Ha BIIMOBITHY MaTpPHIIO
KOXHY BEpUIMHY 00 ’€KTa i oJep>KaTh 3MIHEHI KOOPAMHATH IIi€i BEPILIWHH,
TOOTO

(x,y 271 "=M=(x,y,z,1) ",
ne M — maTpuIls nepeTBOPEHHS.
Cama matputis M Moxe OyTH CTBOpPEHA 3a JJOTIOMOTOF0 TaKMX KOMAaH/I:

void glTranslate{f d} (GLtype x, GLtype y, GLtype 2);,
sika 3a0e3medye 3cyB 00’ ekTa Ha BeKTop (X, Y, 2);

void glRotate{f d} (GLtype angle, GLtype x, GLtype y, GLtype 2);,
10 3IIHCHIOE TIOBOPOT 00’€KTa Ha KyT angle B rpamycax y HampsMKy IIPOTH I'O-
JVMHHUKOBOI CTPIJIKA HABKOJIO MPSMOI 3 HAPaBJISIOYUM BeKTOpoM (X, Y, Z);

void glScale{f d} (GLtype x, GLtype y, GLtype z);,
sKa BUKOHY€ MacITaOyBaHHs 00 €KkTa (CTHCHCHHS Ta PO3TAT), JOMHOXKYIOUH
BIJIMIOBI1/IHI KOOPJMHATU BEPUIMH 00’ €KTa HA 3HAYEHHS CBOIX MapaMeTpiB.

HaBenemo mpukiiaj 3aCTOCYBaHHS LIUX MEPETBOPEHb N0 JEAKUX MPUMI-
THBIB.

Ipuknao 16.3. 3cyB npsMmokyTHuka (puc 16.2).

glMatrixMode(GL_MODELVIEW);

I[nonepeonvo modenvna mampuysi € OOUHUYHOIO

glColor3f (0.0, 0.0, 1.0);

glRecti (100, 100, 200, 150);
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ll6ioobpasicacmucs npasuti cumiti MHO2OKYMHUK

glColor3f (1.0, 0.0, 0.0);

glTranslatef (—300.0, -50.0, 0.0);

l[3a0arombcs napamempu 3cysy

glRecti (100, 100, 200, 150);

ll6ioobpascacmucs uepsonuil 3cynymuil NPAMOKYMHUK

Axmo micas nporo B npuianl 16.3 3axoueMo BUXITHUM MPSIMOKYTHHUK
MOBEPHYTH BITHOCHO OC1 Z, TO TOTOYHY MATPUIIO0 NOTPIOHO 3pOOUTH OJTMHUY-
HOIO 1 CTBOPUTH MaTPHIIIO ITOBOPOTY 3a JIOIMOMOT'OF0 KOMaHI!

glRotatef (90.0, 0.0, 0.0, 1.0);.

yA
150

100

50

4
>

—200 ~100 O 100 200

Puc. 16.2. 3cyB npsiMOKyTHUKA

Jlami BUKOHYETHCSI 3rOpTKa II€i MATPHUIll 3 TOTOYHOK OJUHUYHOIO MaT-
puleIo, 1 SKIIO TENep BUKIMKATU MPOIEAYPY MOOYAOBU BUXITHOTO MPSIMO-
KYTHHKA, TO OACPKUMO BiKe moBepHyTHI Ha 90" MpSIMOKYTHHK.

SIKIIO TTOTOYHY MATPHUII0 HE POOUTHU OJUHUYHOIO, a BUKIMKATH MPOLE-
aypy glRotatef (90.0, 0.0, 0.0, 1.0);, To OBEpHETHCS BXKE 3CYHYTHH MPSMO-
KYTHHUK, TOOTO IIEpETBOPEHHS 00’ € THAIOTHCS.

OTxe, CkIagHi MepeTBOPEHHS (POPMYIOTHCSI MHOKEHHSIM MATpHULb 3Mi-
HICHHS, TOBOPOTY, MaclITa0yBaHHs Ta 1HIIMX NepeTBOpeHb. [Ipu oMy Bap-
TO Mam’SITaTH, 110 MHOXXEHHS MAaTPUIlb HEKOMYTaTUBHE.

OpenGL MiCTUTh CTEK MaTpHIllb JJIi KOXKHOTO 3 TPhOX THIIIB MEPETBO-
pEeHb, MPU LBOMY IMOTOYHY MATPULII0 MOXHA MOMICTHUTH B CTE€K a00 3HATH
MaTpPUIIO 3 BEPIIMHU CTEKA 1 3pOOUTH ii MOTOYHOIO. [CHYIOTH poueAypHr AJis
00poOku cTekiB. JlJisi po3MIlIEHHS! TTOTOYHOI MATPUIl B CTEK CIYKHUTh IPO-
nenypa

void glPushMatrix( );,
JUTSL 3HATTS MaTPHII 31 CTEKa — Mpoleaypa
void glPopMatrix( );.
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[lepeTBOpeHHST IPOCKTYBaHHS BU3HAYAE, K caMe OyAYTh MPOCKTYBATUCS
00’€KTH Ha eKpaH 1 5Kl YaCTUHU 00’ €kTa OyyTh BIJICIKATUCH K Taki, 110 HE
nonaaaroTh y noiie 3opy. OpenGL niarpumMye aexiabka pi3HOBUIIB MPOEKIIi.

VY BumajKy mnapajeibHOTO MPOCKTYBaHHS BUIUMHUM 00’€MOM € IPSMO-
KYTHUW Tapajienenimne, sskuil 0OMeXyeTbCsl MeKaMu BifcikaHHs. JIJst 3a1aHHs
napajiesIbHOro MPOEKTYBaHHS CIIY>KUTh MPOLETypa

void glOrtho (GLdouble left, GLdouble right, GLdouble
bottom, GLdouble top, GLdouble near, GLdouble far).

[Tapamerpu left i right Bu3Ha4yaroTh KOOpAMHATH JiBOI 1 IpaBoi (BepTH-
KaapHuX), bottom i top — HWKHBOT 1 BepXHBOI (rOpU30OHTANBHMX), a Near, far
— IIepeIHbOI 1 3aTHBOT TUIOLIHH BIJCIKAHHS.

[Tone 30py mpu MEepCHEKTUBHOMY IPOEKTYBaHHI € 3pI3aHOI0 IIPaMioro

(puic. 16.3).

A

¥

Puc. 16.3. ITipamiga BUIUMOCTI NPU HEHTPATLHOMY MPOEKTYBaHHI1

Jlns 3amaHHs mepcrieKTUBHOTO TpoekTyBaHHA B OpenGL cTBopeHO psif
IpoLeyp, HAIPUKIA]
void gluPerspective (GLdouble fovy, GLdouble aspect, GLdouble zNear,
GLdouble zFar);.
[s mponieaypa CTBOPIOE MATPULIIO AJIS 3aJJaHHSI CUMETPUYHOTO OIS 30PY
1 MHOYKUTh TIOTOYHY MATPHITIO Ha HEl. 3HAUCHHS MapamMeTpiB MpOLeaypH:
fovy — kyT 30py Kamepu B mromuHi OXz (1exuts y mianasoni Big 0° no 180°),
aspect — BiHOIICHHS IMUPUHU oOiacti 1o ii Bucotu (aspect = w/n), mapa-
metpu zNear i zFar — BiacTanp y3710BXK BiJl'eMHOT0 Hanpsmy oci Oz, 1m0 Bu3-
Hayae OJMHKHIO 1 TAJIBHIO TUIONTMHU BiJCIKAHHS.
B OpenGL Ttouka ormsiay crmo4yaTKy aBTOMATHYHO PO3TAlIOBYETHCS B
LEHTP1 CBITOBUX KoopAuHAT. HampsiMok 30py — B3JOBX BijJl’€MHOI'O HaIpsMy
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oci z. IIo0 3poOUTH MOXKIMBUM OTJISI[ 00’ €KTIB CIEHU 3 OyAb-IKOi TOYKH,
HEOOX1THO c(opMyBaTH BUIOBY MAaTpUIl0. MaTpHIl0O BHUIOBOTO IEPCTBO-
peHHs MoxHa chopmyBat 3a gomomororo ¢yskimii glTranslate, glRotate.
HaitnpocTimmuii crioci® 3Mo/ieitoBaT Kamepy, 1o po3TairoBaHa B Toutli (X, Y,
Z) 1 HampaBJjicHa Ha TOYKY (XP, YP, Zp) — e Bukopucratu GyHkiito gluLookAt:
gIMatrixMode (GL_MODELVIEV);//sBu3HauaeMo BUIOBY MaTPHIIO
glLoadldentity();//cioyaTKy oguHHUYHA MATPHUILST
gluLookAt (x,y,z,xp,yp,zp,1,0,0); //bopMyeMO BHIOBY MATPHUIIO
Tenep Touka OISy 3HAXOUTHCS B IIEHTP1 BUAOBOI CHCTEMHU KOOPIUHAT.

16.4. ®yHkuii BUBeJeHHs TPUBUMIPHHUX 00’ €KTIiB

OyHKIIT 15 CTBOPEHHS MPABUIBHUX MHOTOTPAHHHKIB MependadeHi B
nporeaypax 06i6miorexkn GLUT. Ilg 6i6miorexka mpononye 10 ¢yHKIii rexne-
pYBaHHS TUIATOHOBUX TUT: 5 (PYHKIIHA BUBOJSATH KapKaCHI 00’ €KTH, a THIIUX O
— 300pakaroTh rpani sk 3adapOoBanHi 00’€kTH. XapaKTepUCTUKU 3adapOo-
BYBaHOI 00JIaCTl BU3BHAYAIOTHCSA BJIACTUBOCTAMM Martepiaay ¥ yMOBAMH OCBIT-
JCHHS.

Hanpukinaz, rekcaenp (Ky0) BUBOIUTHCS 3a TOTIOMOTOK0 (DYHKITi#
glutWireCube(edgelLenght); // kapkacHuii KyO,
glutSolidCube(edgelLenght); // ky0 i3 3adhapOoBaHHMH TPaHIMHU.

[Tapametrpy edgelLengh moxe OyTH MPUCBOEHO OyAb-SKE JOJATHE 3HA-
YeHHSI TMOJBIHHOT TOYHOCTI 3 MJIaBAIOYOI0 TOYKOIO.

[Ilo6 3reHepyBaTH MOBEPXHI APYroro MOPSJAKY 3 BUKOPUCTAHHIM (DyHK-
it Glu, HeoOXigHO MPHUCBOITH iM’sl MMOBEPXHi, aKTUBI3yBaTH MPOILEIYPY Bi-
3yaii3allii MOBEpXHi, 3aJ]aT 3HAUYCHHSI TapaMeTPiB MOBEPXHI.

Hampukinan, HaBeneMo oneparopH, Kl UTIOCTPYIOTh CTaHAApTHY MOCITi-
noBHicTh QyHKIiH Glu mis BimoOpakeHHS KapkacHOi cdepu i3 LEHTPOM Y
MOYaTKY 30BHIITHBOT CHCTEMH KOOPIUHAT:

GLUquadricObj #sphere;
spherel=gluNewQuadric();
gluQuadricDrawsStyle (spherel, GLU_LINE);
gluSphere (spherel, r, nLongitudes, nLatitudes);.

[lepmmii omeparop BU3HA4ae Ha3By 00’ekTa (B HAIIOMY BWITAJIKy IIE
spherel). ITotiMm 1e iM’sl MOKHa BHKOPHCTOBYBaTH B iHImUX (yHKIiAx Glu
I omnepyBaHHS MM 00’exktoM. 3a momomororo ¢yakmii gluNewQuadric()
aKTHUBI3Y€TbCS TMpolieaypa Bizyaiizalii MOBEpXHI APYroro MOPSAKY, MICIs
yoro 3a jgonomoror komanau gluQuadricDrawStyle mis mosepxni spherel
BuOupaetscsa pexuMm BigoOpaxenHs GLU_LINE. B rakuit croci6 cdepa
BUBOJIUTHCSI HA €KPaH y KapKacHii opMi 3 BIIpI3KaMU MK KOKHOIO MapOI0
BepiuH noepxHi. Dyukiis gluSphere Bukonye nodymnoBy 00’ ekra spherel 3
napaMmeTrpamMu. I — paaiyc chepu (YUCIO 3 IUIABAIOYOI0 TOYKOIO MOBIHHOI
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TOYHOCTIi), hLongitudes — xinbKicTh JiHIA goBrorw, nLatitudes — kinbKicTh
niH1A mwupoTH. i miHii OyyTh BUKOPUCTOBYBATHUCS JUIsl allpokcuMallii cge-
PUYHOI MOBEPXHI YOTUPUKYTHOIO CITKOIO.

Jlns BimoOpaskeHHs moBepxoHb GlU apyroro mopsiiky DOCTYIHI TpH pe-
*)uMH BimoopaxenHs. Skmio 3amicte GLU_LINE BukopucTroByBaTH CHMBOIIb-
Hy koHcTaHTy GLU_POINT sk apryment ¢yskmii gluQuadricDrawStyle, To
MOBEPXHsI JPYroro MOPSJKY BiIOOpa3sUThCA y BUIJISAI TOYKOBOTO Tpadika.
Axmo 3agatu cumBosibHY KoHcTanTy GLU FILL, To chepa 6yne 3adapOosa-
HOIO.

16.5. ®yHkuii BU3HAYEHHSI BUAUMHX IOBEPXOHb

VYcyHeHHs 3aAH1X rpaHell BUKOHY€ETHCS 32 JOMOMOIOr0 (DYHKITIH

glEnable (GL_CULL_FACE); Ta glCullFace (mode);.

ITpu akruBizanii 3 glEnable () dyukuis glCullFace () Bka3sye, sixi rpaHi
(3amui um mepenHi) OyayTh 3ajisHI B omeparisx Bimoopy. s ycyHeHHs
3aJHIX rpaHeii mapamerpy mode mpucsororoth 3HaueHHs GL_BACK. o x
GyHKIII0O MOYKHA BUKOPUCTOBYBATH 1 JJII YCYHEHHS MEPE/IHIX rpaHeH, SKIIO
napameTpy mode npucsoitu 3HaueHHs GL_FRONT.

Jlnst Toro, mo6 Bukopuctatu npoueaypu OpenGL ycyHeHHs HeBUANMUX
MOBEPXOHb 3a JIONIOMOrol Metony Z-Oydepa, crepiry HEOOXigHO MOJIH-
dikyBatu ¢ynkuito iHimamzami GLUT mns pexumy BimoOpakeHHS, 1100
BOHA BKJIIOYaja 3amuT a0 Oydepa rnumbunu 1 Oydepa kaapy. Lle moxnHa
3pOOUTH 3a JOMIOMOIOK0 OIEpaTopa

glutinitDisplayMode (GLUT_SINGLE | GLUT RGB | GLUT_DEPTH);.

3HaueHHs Oydepa rmMOUHY 1HIIATIZYIOTHCS 3a JOTIOMOT0r0 (DYHKIIIT

glClear (GL_DEPTH_BUFFER_BIT);
31 3HaueHHSAM 1.0 200 1HIIIMM 3HAYEHHSM, 1110 3aJa€ThCS QYHKITIEI0
glClearDepth(maxDepth);.

3ayBaxkumo, 110 B OpenGL 3HaueHHs rIMOWMHN HOPMYIOTHCS B Jiana3oHi
Bix O mo 1.

[Iponienypa BU3HAYEHHS BUAMMUX MOBEPXOHb METOJIOM Z-Oydepa akTH-
BI3y€ThCs YHKIIIEIO

glEnable(GL_DEPTH_TEST);.

OxpiM 1p0TO, 17151 Oydepa rMUOMHN MOKHA 3a/1aBaTH MEPEIHIO Ta 3aJHI0

[UIOIIMHHA BlJICIKAHHS.

16.6. Moae1roBaHHSA OCBITJICHHSA

[Ilo6 ctBOpUTH (hoTOpEanTicTUUHE 300pakeHHs, HEOOXITHO 3aJaTH BJiac-
TUBOCTI MOBEPXHI ¥ omucaTu e(eKTH OcCBiTIeHHS. B uucno mux edexTiB
BXOJIUTh BIIOUTTSA CBITJIA, IPO30PICTh, TEKCTypa MOBEPXHI1, TIHb TOIIO.
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Mu Bxe 3HaeMo, IO JIJI PO3PAXyHKY OCBITJICHOCTI TOYKH Ha MOBEPXHI
BUKOPUCTOBYIOTH MOJIEJ1 OCBITIICHHS.

OpenGL BUKOPHCTOBYE MOJI€NIb OCBITICHHS, B K1 OCBITICHHS 3/1HCHIO-
€ThCS KUTbKOMA JiKepesiaMu cBiTiaa. OKpiM 1IbOTO iICHYE Iie i aMOiTHE CBITJIO.

[TporpamicT MOXe BH3HAYHTH 10 BOCBMH JDKEpesl CBiTIa (B JCSIKUX
Bepcisix OpenGL 1 Giigbire BocbMH) Ta iX BiacTHBOCTI. Jisd 3agaHHS IHX
BJIACTUBOCTEN BUKOPHUCTOBYIOThH MPOLIEAYPY
void glLight{if}[v](GLenum lightName, GLenum lightProperty, Type param);,
sKa 3a/Ja€ mapaMmerpu Ui jpkepena ceiTia lightName, mo moxxe nHaOyBatu
sHaueHHsa GL_LIGHTO, GL_LIGHT], ..., GL_LIGHT/, To6t0 KOXHE mKepe-
J10 CBITJIA 1IEHTU(IKYETHCS i HAAIITOBYETHCS OKPEMO.

[Tapametpy lightProperty npucBoroeTbcsi 3HaUCHHS OJHIET 3 TECSITH CHM-
BOJIBHHX KOHCTaHT (Tadum. 16.2).

Tabnuis 16.2

3HaYEeHHS 3HayeHH4 32 Komenrapi
3aMOBYYBaHHSIM

GL AMBIENT (0,0,0,1) dbonoBa RGBA-oCBiTIICHICTB

GL_DIFFUSE (1,1,1,1) mudy3na RGBA-ocBiTIIeHICTD

GL_SPECULAR (1,1,1,1) omikoBa (Ponra) RGBA-ocsiT-
JICHICTh

GL_POSITION 0,0,1,0) (X, Y, Z, W) — KOOpJIUHATH JIXKE-
pen CBiTIa

GL_SPOT_DIRECTION 0,0, -1) (X, Y, Z) — HanpsAM I KOHIYHUX
JDKEpEI CBITJIA

GL_SPOT_EXPONENT 0) MOKA3HUK CTeTeHsa y (opmydi
QPoHra

JIxepeno cBiTIa MOXKHA PO3TISAATH SK Take, 10 Mae BU3HAUYEHI KOOp-
auHaTH (JIOKAJIBHE CBITJIO) Ta CBITUTH Y BCIX HANpPsMKax, 1 SK HaIpaBJICHE
JDKEpeNo, 10 3HAXOJIUThCS B HECKIHUEHHIM TOYIl Ta CBITUTh y 3aJaHOMY
Hanpsamky. Jlins igenTudikamii mpkepena cBiTia, TOOTO IS 3HAXOHKCHHS
MicIiepo3MiIeHHs JpKkepena citia B OpenGL, BUKOpHUCTOBYEThCS CUMBOJIBHA
koHctanta GL_POSITION. Ilpu npomy B MacuB param moTpiOHO 3amucartu
OJTHOPIJIHI CBITOBI KOOPJAMHATH JpKepei cBiTia y Burisai (X, Y, Z, W).

Axmo B xomanai GL_POSITION mapamerp W = 0, To mxepeno cBiTia
HarmpasJIeHEe 1 CBITUTH y HanpsMKy (X, Y, z). Skmo W # 0, To kepeno cBiTia
JIOKaJIbHE 1 3HAXOAMTHCS B TOUII 3 KoopauHaTamu (X/w, y/w, z/w).

Jlnst Toro mo0 akTuBI3yBaTH mpoieaypu ocBitieHHs OpenGL Bukopuc-
TOBYETHCSI KOMaH/1a

glEnable (GL_LIGHTING);.
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[Ticis Toro, sk I JpKEpelia CBiT/Ia OyayTh 3aJlaHi BCi BIACTHBOCTI, I-T€
JoKepeso cBiTia BMHKaeThes komanuoro QlEnable (GL_LIGHTI);, a Bumu-
kaetbes pynkmiero glDisable (GL_LIGHTq);.

[ToBepxHiI 00’€KTIB BI3yalli3yIOThCs, BUKOPUCTOBYIOUH PO3PaxyHOK OC-
BITJICHHS 3 YpaxyBaHHSIM yCIX YBIMKHYTHX JIKEPE CBiTIa.

VY HactynmHOMy mpHUKIal cBITIO 1 i71e BiJl JOKaJbHOIO JIKEpENa, po3Mi-
meroro B Toutli (2.0, 0.0, 3.0), a cBiTJIO 2 — BiJl HAIPABJICHOI'O JHKEPEIa, 10
BUIPOMIHIOE CBITJIO B3/IOBXK BiJI' €EMHOT'O HaMPSAMKY OC1 )

GLfloat light1Type [ ] = {2.0, 0.0, 3.0, 1.0};

GLfloat light2Type [ ] ={0.0, 1.0, 0.0, 0.0};

glLightfv(GL_LIGHT1, GL_POSITION, light1Type);

glEnable(GL_LIGHT1);

glLightfv(GL_LIGHT2, GL_POSITION, light2Type);

glEnable(GL_LIGHT2);.

ko TUn 1 KOOpAMHATH JKEpesia CBITJa HE 3aJal0ThCsl, TO YCTAaHOB-
moeTbes 3HaueHHs 3a 3amoBuyBaHHsaM (0.0, 0.0, 1.0, 0.0), sxe Bkasye Ha Bij-
JaJieHe JIKEPENIOo CBITJA, MPOMEHI SIKOTO PYXalOThCS B3/I0BXK B1J €MHOTO Harl-
PSAMKY OCl Z.

[Tapametrpn GL_SPOT _DIRECTION, GL_SPOT _CUTOFF 3apatoth
JoKEpelia CBITJIa 3 KOHIYHOIO HallpaBlieHicTio. Hanmpukias, komanau

GLfloat dirVector [ ] = {1.0, 0.0, 0.0};

glLightfv(GL_LIGHT3, GL_SPOT_DIRECTION, dirVector);

glLightfv(GL_LIGHT3, GL_SPOT_CUTOFF, 30.0);

glLightf(GL_LIGHT3, GL_SPOT_EXPONENT, 2.5);

JUIsL JoKepena 3 3a/laloTh HampaBjeHe KOHIYHE CBITJIO Tak, IO BICh KOHYcCa
IPOXOAMTE Y3I0BK JAOJATHOro HampsMKy oci x. KyT xonyca mopisaroe 30° i
napameTp 3aTyXaHHs CTAHOBUTH 2,9.

3a 3aMOBUYYBaHHSIM 3aJa€ThCS TOYKOBE JKEPENIO CBITJIA, SIKE BUITYCKA€E
IPOMEHI B yCIX HANPSIMKAX 13 HYJbOBUM KOE(ILIIEHTOM 3aTyXaHHS.

3aTyxaHHS 1HTEHCHBHOCTI MOXXHa 3aCTOCYBAaTH /O JIOKAJbHUX JIKEPEJL.
JIJ1st IbOTO BUKOPUCTOBYIOTHCSI TPU KOHCTAHTH PaJialibHOTO 3aTyXaHHS CBIT-
na: GL_CONSTANT_ATTENUATION, GL_LINEAR_ATTENUATION,
GL_QUADRATIC_ATTENUATION.

Hampuxian,

glLightf (GL_LIGHT4, GL_LINEAR_ATTENUATION, 0.75);.

3a 3aMOBUYYBaHHSIM PaJIlaJIbHOTO 3aTyXaHHS HEMAE.

@DoHOBE OCBITJICHHS MOXKHA 33J]aTH 32 IOMOMOT0I0 KOMaHAH

glLightModel{if}[v] (GL_LIGHT_MODEL_AMBIENT, ambientColor);.

Hanpuknan,

GLfloat ambientColor [ ] = {0.0, 0.0, 0.3, 1.0};
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glLightModel{if}[v] (GL_LIGHT _MODEL_AMBIENT, ambientColor);.
3a 3aMOBUYYBaHHSIM Y Iiil KOMaHJll BUKOPUCTOBYEThCS CIa00O IHTEHCHUBHUMI
oinuii xoumip (0.2, 0.2, 0.2, 1.0).
Po3paxyHOK J3epKalbHOTO BiJIOOpaKEHHS BHUMara€ 3HaHHS KUTbKOX BEK-
TOPIB, B TOMY YHCJI i BeKkTOopa V BiJl TOYKHM ITOBEPXHI O TOUYKH CIIOCTEpiraya.
VY npouenypax OpenGL BUKOPUCTOBYEThCS MOCTIMHUIN HanpsM BekTopa V
HE3aJIE)KHO BIJl TOJIOKEHHS TOYKM IOBEPXHI BIHOCHO croctepirada. lle
Bekrop (0.0, 0.0, 1.0), mro #me B gomaTHOMY HampsMi oci Z (iie 3HAYCHHS
BekTopa V 3a 3aMOBUyBaHHSM). TOOTO BBa)KaeThCs, IO CIOCTEpirad 3Haxo-
JTUTHCS B HECKIHUCHHOCT] ¥ HaIpsAM Ha CIocTepiradya MOCTIMHMM IS KOKHOT
BepIIMHU. BopHouac aJis BUKOPUCTAHHS PEabHOI TOYKH CIIOCTEPEHKEHHS
(moyaToOK CHUCTEMH KOOPAMHAT) Ui OOYMCICHHS BEKTOpa V BHKOPUCTOBY-
€ThCSI KOMaH/IA
glLightModeli (GL_LIGHT_MODEL_LOCAL_VIEWER, GL_TRUE);.
Xo4a po3paxyHOK J3EPKaIbHOTO BiJIOOPaKEHHS MPU BUKOPUCTAHHI pe-
QTHHOI TOYKHU CIIOCTEPEKEHHS BUMAarae OUIbIIE Yacy, B Pe3yJbTaTi OJIEPKY-
€THCS OUIBII peaniCTUYHE 300paKeHHS.
[Ipu BuBeaeHH1 300paxeHHs KokHOTO 00’ ekTa OpenGL Bu3Havae B3aeM-
HY OpIEHTAIlII0 BEKTOpa HAMNpSMKYy JpKepelia CBITIa W MOTOYHOTO BEKTOpa
HOpMaJIi. HanmpsiM mOTOYHOTO BEKTOpa HOpMasli HE 3MIHIOETHCS JIOTH, TTIOKH HE
oyne Bukiaukana Gynkmis Hopmam gINormal3f (nx, ny, nz);
OnTuyH1 BIACTUBOCTI MaTepiaiy, 3 sSIKOro 3po0JeHUN 00’€KT 3a/1al0ThCs
3a JIOMOMOT OO MPOIEIYpHU
void glMaterial{if}[v] (GLenum face, GLenum property, Type param);.
[Tapametp face Bka3sye, st IKO1 31 CTOpiH rpaHei Oyie 3aCTOCOBYBaTHUCS
IS BIACTHBICTh. MOMy IIPHCBOIOETHCS OJHA i3 CHMBOJIBHHX KOHCTAHT
GL_FRONT, GL_BACK, a6o GL_FRONT_AND_BACK. ITapameTp proper-
ty Bka3ye Ha BIACTUBOCTI ONTUYHOI MOBEPXHI, a MapaMeTpy param mpucBoro-
I0THCS BIAMOBIIHI 3HaUYCHHS KoeimieHTiB BigoOpaxkeHHs (Tadm. 16.3).

Tabmuis 16.3

3HAYEHHS 3Ha4YEeHHS 3a Komenrapiit
3aMOBYYBaHHSIM

GL_AMBIENT (0.2,0.2,0.2,1.0) | doHOBHI KOJIIp MaTepiay

GL_DIFFUSE (0.8,0.8,0.8,1.0) | nudy3HUH KoJIip MaTepiaTy

GL_AMBIENT _ dboHOBHI 1 TU(PY3HUN KOJILOPU Mare-
AND DIFFUSE piany
GL EMISSION (0,0,0,1) KOJIIp CBIYUEHHS MaTepiany
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Hanpuknan,

GLfloat EmissionColor [ ] ={0.8, 0.8, 0.8, 1.0};

void glMaterialfv (GL_FRONT, GL_EMISSION, EmissionColor);,
3a/1a€ CBITJIO-CIpUI KOJIp BUIIPOMIHIOBaHHS 3 MEPEIHIX rpaHel. 3ayBakuMo,
110 11 BUIPOMIHIOBAHHS MTOBEPXHI HE OyJie OCBITJIFOBATH 1HIII 00’ €EKTH CIICHHU.

[{o6 300pakeHHs BUTIIAJAI0 PEaliCTUYHUM, KoedilieHTaM (POHOBOTO i
11 y3HOTO OCBITIIEHHS HEOOX1THO MPUCBOITH OJIHAKOB1 BEKTOPHI 3HAUYCHHS.
[le MmoxHa 3pOOUTH, BUKOPHUCTOBYIOYH CUMBOJIbHY KOHCTAHTY

GL_AMBIENT_AND_DIFFUSE.

Mertona Bizyanizaiii noBepxui OpenGL 3agaeThes 3a 1onoMororo QyHKIi

glShadeModel (Rendering Metod);.

Sxmo mapamerpy Rendering Metod nmpucsoitu 3nauenns GL_FLAT, To
MaTUMEMO METOJ MOocTiiHOro 3adapOoByBanHs, a akmo GL_SMOOTH -
3aapOoByBaHHs 3a METOAOM ['ypo (BCTAHOBIIOETHCS 3a 3aMOBUYYBAHHSIM).
3ayBaxkumo, 1o B OpenGL nema npouenyp 3adapooByBaHHs 32 DOHTOM.

OpenGL mnporonye mupokuii Hallp TEKCTYpHUX (GopMyn, TiATpUMYE
OJIHO- 1 IBOBHMIPHI TEKCTYpHU 1 pI3HI CIIOCOOM HaKJIaJaHHA TekcTypu. s
3aJ]aHHs JIBOBUMIPHOI TEKCTYpH BUKOPUCTOBYIOTH (pyHKIit0 glTexImage2D.

[le nume xopoTkuil omuc ocHOBHUX MoximBoctedt OpenGL. Binbm
I'PYHTOBHI 3HaHHS MokHa nmouyepnuytH 3 [16],[35],[36],[40].

16.7. O6acTH BUBEICHHS

HactynHuM KpokoMm micisi BUOOpY MapaiesbHOro abo MmepcreKTUBHOIO
NEPEeTBOPEHHST € 3aJaHHs o0jacTi y BIKHI, B $fKid Oyjae po3MilieHe
noOyoBane 300paxkeHHs. JJist IbOro CTBOpEHa Mpoleypa

void glViewport (GLint x, GLint y, GLsize:i width, GLsizei height);
ne (X, y) 3amae JIBHIM HIDKHIA KyT NPSIMOKYTHOI oOiacTti y BikHi, a width i
height € 1i mupuHOIO 1 BUCOTOFO.

OpenGL - yniBepcaibHa 010110TeKa, sSKa MOXE€ OyTH pealli3oBaHa B
OyIb-sKOMYy BikoHHOMY cepenouiii. s poooru OpenGL y Windows Buko-
PUCTOBYETHCS TOHSATTS KOHTEKCTY BIATBOpEHHs, Akui 3B’a3ye OpenGL 3
BIKOHHOIO CHCTEMOIO KOOpPAMHAT (KOHTEKCT MPUCTPOIO CTOCYETHCS IpadigHUX
komroneHT GDI). II[o6 mouatu pobOoty 3 xomanmamu OpenGL, momaTok
MOBUHEH CTBOPUTH SIK MIHIMYM OJMH KOHTEKCT BIATBOPEHHS 1 3pOOUTH HOTO
MOTOYHUM.

[lepen cTBOpEHHSIM KOHTEKCTY BIITBOPEHHSI HEOOX1IHO YCTAaHOBUTH (Hop-
Mart mikceniB. s ycTaHOBKH (popMaTy MiKCENIiB BUKOPUCTOBYIOTh (DYHKIIIIO

int ChoosePixelFormat (HDC, const PIXELFORMATDESCRIPTOR);,
AKa 3Haiie HallouIbI miaxoasmuil popmat. Jlani HEOOXiAHO YCTAHOBUTH 1IeH
dbopmMaT y KOHTEKCTI MPHUCTPOIO 3a JIOTMIOMOT0I0 (PyHKITIT
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BOOL SetPixelFormat (HDC hDC, int pixelFormat, const

PIXELFORMATDESCRIPTORY);.

s poGotu 3 KOHTEKcTOM BiaTBOpeHHs y WIindows icHyrooTh nBi
byHKITIT:

HGLRC wglCreateContext(HDC hdc);
1
BOOL wglMakeCurrent (HDC, HGLRChGLRC);.

[lepmia 3 HUX CTBOpPIOE KOHTEKCT BiaTBOopeHHss OpenGL mist BiATBOpEHHS
Ha TPUCTPOI, 10 3adaeTbes kKoHTekcToM hDC, npyra BCTaHOBIIOE MTOTOYHUIN
KOHTPOJIb BIATBOPEHHS.

[Ticns 3akinueHnHst poootu 3 OpenGL cTBOpeHUi KOHTEKCT BiJITBOPEHHS
HEO0OX1AHO 3HUIIUTH. J[JIsl IbOTO0 BUKOPUCTOBYIOTH (PYHKIIIIO

BOOL wglDeleteContext(HGLRChGLRC);.

IIpuxnao 16.4. CtBoputu npoekt y cepemosuiii Cbuilder 6.0 nus peanizamii
cepu, 1110 00epTAETHCH.

daiin Unit 1.ccp
I[TIpoepama pospobrena Cmpamitiuyk H. O.
#include <vcl.h>
#pragma hdrstop
I ITioknouaemo nompioni 6ioriomexu.
#include <GL/gl.h>
#include <GL/glu.h>
#include <GL/glaux.h>
#include "Unitl.h"

#pragma package(smart_init)
#pragma resource "*.dfm"
TForm1 *Formi,;
/*
llicna nioknouenus 6cix ¢haiinie HeoOXIOHO 6cmaHoO8UmMU Gopmam niKcenis.
L]e suxonae maxa ¢yukyis.
*/
BOOL bSetupPixelFormat(HDC hdc)
{
PIXELFORMATDESCRIPTOR pfd, *ppfd,;
I13mintoeamu 6 yiti pynkyii Hivoco ne nompiono.
int pixelformat;
ppfd = &pfd;
ppfd->nSize = sizeof(PIXELFORMATDESCRIPTOR);
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ppfd->nVersion = 1;

ppfd->dwFlags = PFD_DRAW_TO_WINDOW |
PFD_SUPPORT_OPENGL | PFD_DOUBLEBUFFER,;

ppfd->dwLayerMask = PFD_MAIN_PLANE;

ppfd->iPixelType = PFD_TYPE_RGBA,;
/*
IPixelType — ¢popmam 3a0anmns konvopy. Bin moosice nabysamu 3nauenms
PFD_TYPE_RGBA (konip eéxazyemuvcs womupma napamempamu’. yep8oHuil,
senenutt, cuniti i arvgha) i PDF_TYPE_COLORINDEX (kozip exazyemucs
[HOeKcoM y nanimpi);
cColorBits — erubuna xonvopy;
cDepthBits — poszmip 6ygepa enubunu (Z -6ygepa);
cStencilBits — posmip 6yghepa mpagpapema (6 npoepami ne suxopucmosycmo-
)

ppfd->cColorBits = 16;

ppfd->cDepthBits = 16;

ppfd->cAccumBits = 0;

ppfd->cStencilBits = 0;
/*
@ynuxyis ChoosePixelFormat() niobupae popmam nikcenie 32iono i3 3a0anu-
MU guuje yMo8amu i n0OEpmMace 1o2o 0eCKpunmop.
Axuwo ne soanoco nidibpamu gopmam 8i0N08iOHO 00 B8eOEHUX YMO8, 8UIA-
EMbCSL NOBIOOMIIEHHS NPO NOMUTIK) .

*/
if ((pixelformat = ChoosePixelFormat(hdc, ppfd)) == 0)
{
MessageBox(NULL, "ChoosePixelFormat failed", "Error", MB_OK);
return FALSE;
¥
/*

Dynkyisn SetPixelFormat() ecmanosnioe popmam nixcenis.
Axuo ne 80anocy 6cmarHo8umu euUOpanutl popmam — NOMUIKA.
*/
If (SetPixelFormat(hdc, pixelformat, ppfd) == FALSE)
{
MessageBox(NULL, "SetPixelFormat failed", "Error", MB_OK);
return FALSE;

}
return TRUE;
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}

[*Axwo éce nopmanvro, mo ¢ynxyis nosepne True,
Ilepexooumo y ¢atin Unit 1.h i 6 obnacmi private: oobasisemo maxuii Koo
private:
HGLRC ghRC,;
HDC ghDC,;
void Draw();
oe ghRC - ekazienux na konmexkcm i0meopeHusi,
ghDC - odeckpunmop npucmpoio (6 Hawomy 6unaoky ye npocmo 6KA3I6HUK
Ha 6IKHO),
Draw() — mawa ¢ynkyis, sika 6yoe wocy manosami.
Ilosepmaemocsy nazao y ¢aiin Unit 1.cpp. Onucyemo ¢pynkyiro FormResize.
Bona 6yoe suxopucmogysamucs nudicue.
*/
void __ fastcall TForml::FormResize(TObject *Sender)
{

glViewport( 0, 0, Width, Height );

gIMatrixMode( GL_PROJECTION );

glLoadldentity();

glOrtho(-5,5, -5,5, 2,12);

gluLookAt(0,0,5, 0,0,0, 0,1,0);

gIMatrixMode( GL_MODELVIEW );
/*
glViewport() — ecmanosntoc konip obnacmi euseoenns (6 Hauwomy unaoxy —
yopHuil), sIKUM Oyoe 3anosnrosamucs ekpan npu ouuwenni. Axou ¢ iPixelType
oyno ecmanoeneno PDF_TYPE_COLORINDEX, mo 3amicms yici ¢hynxyii
neobxiono suxopucmamu QlClearindex(0.0);.
glMatrixMode() — scmanosnioe pescum mampuyi 6u008020 nepemeopeHHs.
llpocmiwe kadxcyuu, AKWO NOMPIOHO 3MIHUMU MUN NPOEKMYBAHHS, NOJIO-
JICEHHS YU HANpAM Kamepu, mo nepeod yum NOMpPIOHO SUKIUKAMU QYHKYIIO
gIMatrixMode() 3 napamempom GL_PROJECTION. ITicria 3aéepuiennsi 3min
suxauxaemo ii 3 napamempom GL_MODELVIEW,
glLoadldentity() — 3aminroe nomouny mampuyio 6ud06020 nepemeopents Ha
OOUHUYH) .
glOrtho() — scmanosnioe pesxcum opmoconanvnoco npoekmyeanms. 6 napa-
mempie muny Gldouble a6o npocmo double: left, right, bottom, top, near, far
BUHAUAIOMb KOOPOUHAMU BIONOBIOHO. Ni680I, NPABOI, HUIICHLOI, BEPXHBOI,
ONUIHCHBOI | OANbHLOT NAOWUH BIOMUHY, MOOMO 8Ce, WO He nonaoamume 8 Ui
medici, manoeamucsa He 6Oyde. DPakmuuHo, YuUM 3aA0AIOMbCL MACUMAOU
KOOPOUHAMHUX OCell.
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gluLookAt() - ecmanosnioe napamempu kamepu. nepwia mpitka — ii
KOOpOuHamu, opyea — 6eKmop Hanpsamy, mpems — Hanpsm oci Y.

*/

void __fastcall TForm1::FormCreate(TObject *Sender)
{

ghDC = GetDC(Handle);

If (bSetupPixelFormat(ghDC))

Close();

ghRC = wglCreateContext(ghDC);

wglMakeCurrent(ghDC, ghRC);

glClearColor(0.0, 0.0, 0.0, 0.0);

FormResize(Sender);

glEnable(GL_COLOR_MATERIAL);

glEnable(GL_DEPTH_TEST);

glEnable(GL_LIGHTING);

glEnable(GL_LIGHTO);

float p[4]={3,3,3,1},

d[3]={-1-1,-3},

glLightfv(GL_LIGHTO,GL_POSITION,p);

glLightfv(GL_LIGHTO,GL_SPOT_DIRECTION,d);
/*
3anosnroemo yuxuiro FormCreate.
Hiznaemocss nomounuti konmekcm giomeopents. Bcmanosntoemo ¢hopmam
nikcena. Axuo yvoco s3pooumu ne soanocs (¢ynxyis bSetupPixelFormat()
nosepnyna false), zakpusaemo gopmy.
Cmeoproemo 3a 3a0aHum ¢hopmamom niKceaa HOBUU KOHMEKCM i pooumo
U020 AKMUBHUM.
glClearColor() — scmanosnioemo konip ¢pony woprum.
Buxnuxaemo ¢ynxyito FOrmResize, sxa ecmanoenioe mun npoexmyeanus i
Kamepy.
B OpenGL 6ce sxmouacmovcs i sukiouaemvcs 3a 00NOMO2010 NPOUEOyp
glEnable() i gIDisable().
Takum qunom, Mu O003680AUNU HAOABAMU HAWUM 00’ EKMAM NEBHUU KOJID
(GL_COLOR_MATERIAL) i 0ozsonunu mecm enuounu (GL_DEPTH_TEST),
wob 300pasicenus 610 00’ EMHUM.

3a oonomoecoro GL_LIGHTING mu eubpanu ocsimaenus i ecmanouiu
“namnouxy NeQ” (GL_LIGHTO).
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glLightfv() ecmanoenioc enacmusocmi Oxcepen ceéimna: nozuyiio i Hanpsm
ceimia.

*/

void _ fastcall TForml::FormClose(TObject *Sender, TCloseAction
&Action)
{
iIf(ghRC)
{
wglMakeCurrent(ghDC,0);
wglDeleteContext(ghRC);
¥
if(ghDC)
ReleaseDC(Handle, ghDC);
/*
llicna 3asepuennus pooomu 3 OpenGL nompibno 3sinbnumu 3aunami pecyp-
cu: ssinbHumu konmexcm, suxauxaswu WglMakeCurrent iz napamempom 0
ons  ioenmucghixamopa xomwmexcmy OpenGL i suuwumu yeii xoumexcm
@yuxyicro wglDeleteContext.
Oxpim yvoco, nompiono snuwumu oeckpunmop ghDC. Ockinoxku pobomy 3
OpenGL 3suuatino 3aeepuitytoms no 3aKinueHHi pobomu 3 npocpamoro, mo yeu
k00 mu nomicmuau y ¢yuxyiro FormClose().
*/
¥
/*
Tenep mu nioxooumo 0o pucysanus cghepu. Cnouamky Hapucyemo cgepy, a
nomim smycumo ii ooepmamucs. [lomiwyaemo na opmy maiimep i 6cmanog-
nroemo inmepsan matimepa Ha 10 minicekyno.

*/

void TForm1::Draw()
{
glClear(GL_DEPTH_BUFFER_BIT | GL_COLOR_BUFFER_BIT);
GLUquadricObj *quadObj;
quadObj=gluNewQuadric();
gluQuadricDrawStyle(quadObj, GLU_FILL);
glColor3f(1,0,0);
gluSphere(quadObj, 2,10,10);
glRotatef(3, 0,1,0);
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gluDeleteQuadric(quadObyj);

SwapBuffers(ghDC);
¥
/*
glClear() ouuwace 6ypep enubunu i 6ygep xonvopy.
s cmeopennsi cgpepu suxopucmaemo odioniomexy glu.

Cmeoproemo 06’ ekm muny GLUQquadricObj u inivianizyemo iioco ¢ynxyicio
gluNewQuadric(). [larni ecmanosmoemo  cmune — Qicypu  pyukyicro
gluQuadricDrawStyle. Cmune mooce 6ymu GLU_FILL (oonomonno zanumuii
06’ekm), GLU_LINE (y suensnoi kapraca) abo GLU_POINT (oxpemi mouku).
glColor() scmanosnioe konip 06’ ckma (nawa cgpepa 6yode uepsomnoio).
gluSphere pobums iz quadObj ceepy. [lapamempu — ye paodiyc cgepu i
KinbKicmb po3oummis ynonepex i 63006dc oci L. Mu 63a1u Hegenuxky Kilv-
Kicmb po3oummia, wob 0yno 6u0HO K obepmaemuvcs chepa.
glRotate() smywye nawy cghepy obepmamucs.
3sinbHsiemo nam’ ame, Ky 3aumas 06’ ekm quadOb.
SwapBuffers() — sce susooumo na expan.

L1]o6 namanrosamu woce iHwe, npocmo 3minioemo gyuxyiro Draw().
*/
Jleiui HamucHyswyu MUWKOIO HA maumepi, OMPUMAEMO 3A201080K QYHKYIL
TimerlTimer, 3 skoi euxauxaemo ¢ynxyiro Draw();
*/
void __ fastcall TForm1::TimerlTimer(TObject *Sender)

{
Draw();

/*

Ocmamouno ¢gatin Unit 1.h suensoamume max:

*/
daii Unit 1.h

class TForm1 : public TForm

{

__published:
TTimer *Timerl;
void __ fastcall FormCreate(TObject *Sender);
void __ fastcall FormResize(TODbject *Sender);
void __ fastcall FormClose(TObject *Sender, TCloseAction &Action);
void __ fastcall TimerlTimer(TObject *Sender);

private:
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HGLRC ghRC;

HDC

ghDC;

void Draw();

public:

__fastcall TForm1(TComponent* Owner);

¥

KOHTpOJIbHi INIUTAHHA Ta 3aBJaHHA

1.

2.

o1

6
7.
8.
9.

10.

11.

[TosicHITH PI3HUIIO MK KOpeHeBoro 0i0morekoro OpenGL 1 6i6aioTe-
xkamu Glu i Glut.

Sx B OpenGL 3agaTh MHOTOKYTHHMK CITMCKOM HOTr0 BEPIIHMH/CIIMCKOM
roro pedep?

Axa xomanga OpenGL BHKOPUCTOBYETHCS Ui TOro, OO 3agaTv
CBITJIO-CipUI/9OpHMIA KOTIp BiKHA 300paKCHHS ?

Ax B OpenGL 3agaTu mxepena cBiT/Ia Ta iX BIACTUBOCTI?

Sx B OpenGL 3amatu 3MiHY IHTEHCHUBHOCTI JKEpEN CBITJIA B 3aJI€K-
HOCTI B1J Bigmani?

Ax B OpenGL 3agaTu mxepena cBiT/a 3 KOHIYHOK HAINPAaBJICHICTIO?

Sk B OpenGL 3agatu onTuyHI BIACTUBOCTI MaTepialy MOBEPXHI?
Onumrite npu3HaueHHs komanau glLightModel.

Ha3Bite QyHKIIIT Bizyasizarii moBepXHi.

HapeniTh npukiIag KOMaHIU 1T 3aJaHHs KOHIYHHUX JHKEPEIT CBITIIA.

Ak 3amaty 4epBOHUM KOJIp I IU(Y3HOTO 1 J3E€PKAIBHOTO OCBIT-
JICHHS?

Bupasu i 3axa4i 11 caMOCTIHHOT0O BUKOHAHHS

1.
2.

3.

Hamnucatu xox nporpamu, sika 0y1ye 300pa>keHHsI I’ ITUKYTHOT 31pKH.
Hamucatu dbparmMeHT koay a1 moOyaoBu 3ahapOOBaHOIO MIECTUKYT-
Huka. Sk MogudikyBatu uer pparMeHt, o0 oJepKaTu ABa OKPEMUX
3a(apOOBaHUX TPUKYTHUKHU?

Hamucatu ¢parmeHT nporpamu moOya0BH YOTHPUKYTHOTO CTpima 3

TPbOX YOTHPUKYTHHKIB.

4.

Hanucatu pparmeHnt nporpamu, sikuif 3alIOBHUTh BHYTPIIIHIO 00JaCTh
MHOTOKYTHHKA YE€PBOHUM KOJHOPOM, @ MOr0 CTOPOHU CHHIM KOJIbO-
poM.

BukopuctoBytoun ¢QyHKLIT sl poOOTH 31 CTEKOM 3aMicTh (DYHKIIIi
glLoadldentity 3 npuxmamy 16.2, BUKOHATH 3MIIIEHHS MPAMOKYTHHKA.
Hanucatu ¢parmeHT Koay A IPUCBOEHHS TPhOM BEpIIMHAM TPUKYT-
HUKa PI3HUX KOJIbOpiB. CaM TPUKYTHHK 3adapOyBaTH 3a JOIMOMOTOIO
JIHIAHOI IHTEPIOJISILIT KOJbOPIB LUX BEPIIMH.
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/. Hamucatu mpouenypy moOyJI0BH MPSIMOKYTHOI'O Tapalelnemnineaa 3
pebpamu napajieTbHUMHU KOOPJUHATHUM OCSIM.

8. BukopucroBytoun ¢yukuii OpenGL, namucatu mporpamy MOBOPOTY
MHOTOKYTHHKA BIJIHOCHO JEAKOi1 30BHIIIHLOI TOYKH. BXimHMMHU mapa-
METpaMH MPOLEAYPH € BEPIIMHA MHOTOKYTHHKA, KOOPAMHATH IIEHTpa
OBOPOTY 1 KyT IOBOPOTY.

9. PeanizyBatu nporpamy, B siKiii OM TPUBUMIPHI IPOLEAYPH TEOMETPUUHUX
neperBoperb OpenGL 3actocoByBanuch 0 TeTpaeapa 1 B pe3yibTari
0JIEP>KYBAJIMCh MACILITA0OBaHI, MOBEPHYTI Ta 3CYHYTI (PIirypu.

10.Hanncatu npoueaypy noOyAOBH MaTpHIll CKIAAHOTO JIBOBUMIPHOTO
NEePETBOPEHHS, OO0 €IHABIIM TpPU MaTpUIll 0a30BUX MEPETBOPEHB
(MacmTaOyBaHHS, TOBOPOTY 1 3MimieHHs). Ilicas mporo 3acTocyBaTH
CKJIQJHE MEPETBOPEHHS 10 TPUKYTHHUKA TaK, 1100 TPUKYTHUK CIIOYATKY
MaciTabyBaBcs BITHOCHO IIEHTpa Baru, MoTiM OyB MOBEPHYTUN HA KYT
oL 1 3MIIICHUI B3I0BXK BeKkTOpa (AX,AY).

11. Hanncatu nporpamy Bizyamiizailii chepudHOi MOBEPXHI 3 BUKOPHUCTAH-
HaM Mojiesl PoHra i1 OCBITJICHHS.

12. Haniucatu mporpamy BiJIOOpa)K€HHS JAHOTO TEKCTYPHOI'O Y30py Ha
rpaHb KyOa/TeTpaenpa/Ha moBepxHio chepu.

13. Hanucatu mporpamy Jjis BioOpa)K€HHS CIIEHH, 1[0 MICTUTH cdepy 1
terpaeAp. CleHa OCBITIIOETHCS JBOMAa JKEpelaMy CBITIA. OJHE —
JIOKaJIbHE YEPBOHE JIKEPEIIO, IpyTe — BiagalieHe Ouie JKeperno. 3aaam-
T€ MapaMeTpy TMOBEPXHI s AUQPY3HOTO 1 A3EPKATBLHOTO Bi00-
paxeHHs. Bukonatu Bizyamizaimiio meTogoM ['ypo, 3acTocyBaBIId
KBaJApaTHY (DYHKIIIO 3aTyXaHHS IHTEHCUBHOCTI.

14. MoaudikyBaTu nporpamy 3 BrpaBd 9, 3aMIHUBILIU JIOKAJIbHE YE€PBOHE
JLKEPEIIO ABOMA MIPOKEKTOPAMU — YEPBOHHUM 1 CUHIM.

15.Hanucatu nporpamy BiJoOpa)k€HHSI MHOTOTPAHHUKA 3 YCYHEHHSIM
HEBUJIUMUX rpaHel, Bukopuctopyroun Qynkuii OpenGL. Koxna rpanb
MHOTOIpaHHUKAa TOBMHHA 3a(apOOBYBATUCh PIZHUMHU KOJbOpaMHU.
Touka cmocrepexeHHs Ta IHII MNapaMeTpU 3aJal0ThCS SK BXITHI
napameTpu. MoaudikyBaTu nporpamy Tak, 1100 MHOTOTpaHHUK MOKHA
OyJi0 6 criocTepiraTu 3 OyJIb-IKO1 TOUYKH.

16. O3naitomtech 3 mporeaypamu OpenGL nms reHepyBaHHS KPUBHX
be3be. BukopuctoByrouu 111 poleaypH, nooyayire pizHi kpui besbe
3a 4YOTHpMa KOHTPOJIBHUMHU TOukamu, pospaxyBaBmu 100 Touok Ha
KpUBiil 1 3’eqHaBmu ix Bigpizkamu. KpuBy be3be 300pa3uTu CHHBOIO
JaMaHoOI0, a KOHTPOJIbHI TOYKM BUBECTH Ha €KpaH, K YEPBOHI TOYKHU
po3Mmipy 5.
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A

10.

3aBaaHHsA 10 JJa00paTOPHMUX POOIT

JlabopaTopHa pooora Nel. BerynHi 3aBpanns

[ToOymyBaTu TPAEKTOPiO PyXy KYJIbKH MO MPSIMOKYTHOMY mojito. Kyt
MaJiiHHA KYJIbKH JI0 CTIHKHM TOJIS JOPIBHIOE KYTY BigOMBaHHS, Ioma-
JAHHS KyJbKHU Yy BEPIIMHY MPUIMHAE PYX KyJbKHA Y TOJII nepeadauu-
TH HAsBHICTh CTATUYHUX Ta IUHAMIYHUX 00’ €KTIB, B HIKHIA YaCTUHI
€KpaHa B1I00pa3uTu pe3yabTaTu MiJIPaXyHKY KIJTbKOCT1 31TKHEHb.
[ToOyyBaT MHOTOKYTHUK 3 3a0KpYTJICHUMH KyTamu paaiyca R.
[ToOGynyBatu ciM'10 JAOTUYHHUX JI0 KOJa 3a TaKUM IMPaBUIIOM: Iepiia
Touka A BUOWPAETHCA JOBLIBHO 1032 KOJOM 1 3 Hei MPOBOAUTHCS
notiuuHa AP 3 Toukoro AO0TUKY B Tourl L Tak, mo AL = LP. ITotim
JOTHYHA MPOBOAUTHCSA 3 TOUKH P 1 T.1.

[ToOGynyBaTu aHiMallil0 JOTUYHUX /IO €JIIICA, 1110 MPOXOATh Yepe3 3a-
JaHy TOYKy. PO3IIISSHYTH JBa BHUIIQJIKH. @) 3ajJaHa TOYKA PYyXa€ThCs
B3/JI0BJX IHTEPAKTHBHO 3aJaHOI KPHUBOi; 60) €IINC HapajleabHO
3CYBA€ThCS TaK, IO OJUH 3 HOro (POKycCiB 3HAXOAUTHCA Ha KOJi 3
IIEHTPOM B 3aJIaHiil TOYIIi.

[ToOymyBatu KBajpat, SKU 00€pTAETHCS HABKOJO CBOTO IIEHTPY Ha
KyT O, NP I[bOMY BEPIIMHU HOBOIO KBaJpara JeXaThb Ha CTOPOHAX
MOTNIEPETHHOTO KBaJIpaTa. 300pa3uTH CUCTEMY Takux 4x4 KBajparis,
0 CKJIAJalTh HOBUM KBaapar. [loBopoTH B CyCIIHIX KBaaparax
MOBUHHI MaTH Pi3H1 HAMIPSMHU.

HamanoBaTy Bi3epyHOK, YTBOpPEHUN 3’€QHAHHSAM MIDK CO00I0 YCIX
BEpIINH IpaBUILHOIO N-KyTHHKA MiXk (N < 25). Komip miaronaneii mpu
[OMY 3MIHIOETHCSI BUTIAJIKOBUM YHHOM.

[ToOymyBat XydOXKHIM BI3EPYHOK, SKIIO B KyTl BiH OyIyeThCs
HAaCTYITHUM YHMHOM: BIIPI3KHM CTOPIiH KyTa JUISThecs Ha N 4acTuH;
TOYKM TOAULY 3 €JHYIOTbCS 3a MPUHLMUIIOM Iepiia 3 OCTaHHBOIO,
Apyra 3 MepeJoCTaHHBOIO 1 T.I. 3a MHOXHHY KYTIB Y3STH KyTH
I’ ITUKYTHOI 31pKH.

[ToOyayBaTu cuctemMy 3 TPbOX 3UCIUICHUX KUJIEIb, KOXKHI JIBa 3 SIKMX
MIK COOOI0 HE 3YEIIeHI.

Hanucatu niponienypy, sfka 3a BXIAHUMHU JaHUMH, HANpPUKIAd 3a pe-
3yJIbTaTaMH €K3aMEHaIiiHOI cecii, Oyaye KpyroBy miarpamy/rictor-
pamy.

3amano kBazapar 31 ctopoHoro R 1 gesike yucino N. Ha croponax mporo
kBajgpara yrBoproeMo 4N toyok. Ilo oaHiil TOYI pO3MINLYEMO Y Bep-
IIMHAX KBaJlpaTa, PEIITy PIBHOMIPHO PO3MOJISEMO IO CTOPOHAX
KBajJjpata Tak, II00 BIJCTaHI MiX JBOMa IIOCIIJIOBHUMH TOYKaMHU
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11.

12,

13.

14.

15.

16.

17.

18.

19.

nopiBHoBaM R/N. YkazaHi mapu TOYOK 3’€THYIOTHCS MK COOOIO 3a
npasmioM: P; 3’emnyerbes 3 Pj, s sxux | — i € uncnom Pibonaqui
meHimuM HiK 4N (BigHiMaHHs 3#aiiicHIOEThCA 3a Moayaem 4N). Ham-
pukmnaa, mpu N = 10 touka P3; 3’eqnyeThes 3 Toukamu Paz, Pag, Pss,
P37, Pao, Ps, P13 Ta Ps. 300pa3uTtu Takuii MaatoHOK (IIETEHE Mepe-
KHBO).

300pazutu Qirypy, sky omnucye ¢ikcoBaHa Touka P, ska JIeKUTh Ha
KOJI, SIKE€ KOTUThCSA MO mpsmii (mukiaoina). Po3riasHyTH BUIAIKH,
KOJIU TOYKa P JIeXKUTh B KOJI M M03a KOJIOM 1 MPH KOYEHHI KoJia
YKOPCTKO 3 HUM 3B’ s3aHa.

[ToGynyBaTu ¢irypy, Ky Onucye TO4YKa KoJjia paalycoMm I, 110 KOTUTh-
Cs IO BHYTPIIIHIA CTOPOHI 3aJ]aHOTO Kojia paaiycoM R (Timoruk-
noiga). Po3risHyTH BUNIAIAKW, KOJIM TOYKAa 3HAXOJMTHCS BCEPEIMHI
BHYTPIIIHHOTO KOJIA 1 032 KOJIOM. TOoYKa 3 pyXOMHM KOJIOM 3B’si3aHa
KOPCTKO.

[ToOynyBaTtu ¢irypy, sSIKy OMuCy€e TOYKa KoJia pajlycoM I, 110 KOTUTh-
Csl TI0 30BHIIIHINA CTOPOHI 3a/J]aHOTO KoJjia paaiycoM R (emimukioina).
Po3rnssHyTH BUTIAIKHM, KOJIM TOYKA 3HAXOJAUTHCSA B KOJII M 1032 KOJIOM,
SKe pyxaeThecs. Touka 3 pyXOMUM KOJIOM 3B’si3aHa KOPCTKO.
[IpogemMoHCTpyBaTH PyX JABOX KiJ PI3HUX PajiyCiB, IO KOTSATHCS II0
TOPU3OHTANIbHIN TpsiMid. 3ynUHKA pyXy KT BIIOYBA€THCA B MOMEHT
ix gotuky. Ilepen0aunTu BUIAJIKK OJIHOHAMPABIECHOIO Ta Pi3HOHAI-
PaBJIEHOTO PYXY K.

[IpogemMoHCTpyBaTH pyX JIBOX Kl PI3HUX pajiiycCiB, IO KOTSATHCS Ha-
3yCTpiY 1O 30BHINIHIM/BHYTPIIIHINA CTOPOHI 3a/IaHOTO KoJia pajiyca R .
3YNUHUTH PyX KIJT B MOMEHT iX JOTHKY.

300pa3utu napket (HOKPUTTS IUIONIMHU 0e3 MPONYyCKIB), AKIIO Y Bep-
IIMHI CTUKY 3HaXOJAThCS NPaBUIbHI 6-, 4-, 3-KyTHUKH.

3amocTuTH mapkeT (BKPUTH ILIOIIMHY O€3 MPOIYCKiB) MpaBHIbHUMH
4-, 6-, 12-KyTHUKaMHU.

Ha ropusonTanbHiii nipsAMiid 3aaHO JB1 TOYKH, BIJICTAHb MIXK SIKUMH
JOPIBHIOE ¢. 300pa3uTH MHOKHUHY TOYOK, JUIS SIKUX JOOYTOK BiICTaHEN

70 JBOX 3a/JlaHUX TOYOK JOpPIBHIOE p. PO3MISIHYTH Taki BUITAJIKU:
2

_c. g, O ¢
Dp=732)p<Ti3)<p<Ti4)p>=—.

Ha nomumni 3agano m touok Fi, Fo, ..., Fn. 300pasutu MHOXUHY TO-

m
YOK, JUIS IKUX H‘MFi ‘ =P, ne p — Harepes 3alaie TOJAaTHE YHUCIIO.
i=1
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20.

21,

22,

23.

24,

25,

26.

217,

28.

29.

30.

31.

Ha npsmiit 3amano m Todyok. Hamucatu mporpamy, sika 3Haiije Ha mii
npsiMiii TOYKY, CyMa BiJICTaHEH BiJ AKOI 10 JaHUX TOYOK € MiHi-
MaJbHOIO. ¥Y3araJlbHUTH 3aJjady Ha BUIIA0K TIJIOIIUHH.

[ToGyayBaTu miarpamy BopoHoro Ha MHOXHHI JOBIJIRHO pO3TaIllOBa-
HUX Ha TUIOIIMHI ONOPHUX TOYOK. Brasziexa:. niarpama Boponoro — 1ie
00’eTHaHA MeXa MHOTOKYTHUKIB BOpOHOT0, CTBOpEHHX AJI1 KOXKHOT 3
OTIOPHHUX TOYOK. MHOTOKYTHUKOM BOpPOHOTO OMOpHOI TOUKH A Ha3H-
BacThCSI MHOKMHA BCIX TOYOK IUIOLIMHH, BIACTAHI BIJ AKUX IO TOYKHU
A MeHIII, HIXK J10 1HIII0T OITIOPHOI TOYKH.

Ha tutomuHi 3a1aHo N-KyTHUK (OMYKJIMK 9¥ HEOMYKJINK). 300pa3uTu
PO30UTTS TOJIITOHA HA TPUKYTHHUKH.

3agaHo a1 mBIUIONIMHKU. [100y1yBaTH iXHi# nepeTuH. 3a MiBILUIOIINHY
BUOWPAEMO Ty, KA 3aJUIIAETHCS CIIpaBa BiJ MPSAMOi, SKIIIO pyXaTUCS
B3JIOBXK II1€1 IPSIMOI.

Ha momuni 3agaH0 N TOYoK. 300pa3uTH OMYKIy OOOJOHKY IHMX TO-
YOK Ta 3HAUTH i1 mepuMeTp. Braziska. Ommykjaa 000JOHKA TOYOK 1€ —
OMYKJIUW TMOJITOH MIHIMAJIbHOI IO, SIKUH MICTUTH 11 TOYKH.
[ToGyayBaTu mipsiMy, sika HAMEHIIIE BIAXWIISIETHCS Bij 3aJJaHUX TOYOK
P, Py, ..., Py

Hamucatu mpoiienypy BU3HAUYE€HHS PO3MIIIEHHS TOYKHA BITHOCHO Harl-
pSIMJICHOTO BifIpi3Kka (criepey, o3aiy, 3J1iBa, Crpasa, Ha Bipi3Ky).
[Tominut exkpaH Ha 8 NMpIMOKYTHHUKIB (2 X 4). YV BepxHIX YOTHPHOX
NpSIMOKYTHHKaX MmoOyayBatn rpadik ¢yskmii p = acos(ke), a B
HIKHIX — p = asin(ke), skmo: 1) k=2,a=1;2)k=4,a=1;3) k=3,
a=2;4)k=8,a=4.

Hanucaru mporpamy BuBeneHHs Tpadika gynkmii Yy = f(X) Ha Bech
€KpaH, SKIIO xe[xmin , Xmax]. 3miBa 1 3HU3Y €KpaHy BHBOJMUTH OCI
KoopauHaT. ExpaH moaimutu M BEepPTUKAIBHUMH Ta N TOPHU30HTANb-
HUMH JIHISIMH.

Cxnactu nporpamy, 110 BiIoOpaXkae mapaMeTpuyHO 3a/1aHy KPUBY
X =(2+ 7 cos(sin 8 +sin12168)) cos &,

T

y = (2+ 7 cos(sin 8 +sin1214))sin 6, <0 <L2r,
2800

BHOpaBIK 0JHAKOBUM MaciiTad mo Ox 1 Oy. IlependaunTil BUBEICHHS
KOOPJMHATH TOYKHU 1 MmapaMmerpa 6 mpu HATUCKAaHHI MpaBOi KIJIABIII
MHUIIII.

Hamucatu mpouienypy 3HaXO/KEHHS! MEPETUHY JBOX JIOBUIBHUX TpPHU-
KYTHHUKIB, 3aJIaHUX Ha TUIOIIMHI.

JlaHo 1Ba TPUKYTHUKH, SIKI HE NEPETHUHAIOTHCS. B KOXXHOMY 3 HHX
TPUKYTHUKIB BUOMpA€EThCs MO OAHIN Touli. [lepiinii TpUKYTHUK TOYH-
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32,

33.

34,

35.

36.

37,

38.

39.

HAETHCSl PyXaTHCh JI0 APYroro mapaieibHO BEKTOPY, L0 3’€IHYE Iii
TOYKHU. 3YMUHUTH PyX TPUKYTHUKA B MOMEHT HOTO JOTHKY J0 JPYroro
TPUKYTHHUKA. Y3aralbHUTH 3a/1a4y JJIS JTOBUILHOIO MOJITOHA.

3amano KBajpaT 1 NpsAMY, SIKI HE MalOTh CIIUJIBHUX TOYOK. Yepes HeHTp
KBaJipaTa MpOBEJECHO MEPHeHANKYIAp A0 npamoi. KBaapar, obeprato-
YUCh HABKOJIO CBOT'O LEHTPY NPOTH FOJAUHHUKOBOI CTPLIKH, PyXa€ThCS
70 MPAMO] Tak, U0 IEHTP KBaJipaTa 3aJIMIIAE€THCS HA IEPIEHIUKYIISPI.
3YNMUHUTH PyX KBajJpaTa B MOMEHT HOTO JOTHKY 3 MPSMOIO.
[ToOymyBaT 300pakeHHs IIaTOHOBHX Til: 1) rekcaeapa (kyoOa), 2)
TeTpaenpa, 3) okTaenapa, 4) noaekaeapa, 5) ikocaempa.

Po3pobutu Tect nepernny npsamoi JiHii AX + By + C = 0 3 momironom
P :{Pl, P2, ceny Pn, Pl}

3a1aHO TPUKYTHHUK, OJTHA 3 BEPILIUH SIKOTO PYXA€ThCS MO IHTEPAKTUB-
HO BBEJICHINM KpuBi (B MpOCTIIIOMY BUNAJAKY 10 mpsmiii). [ToOymysa-
TH aHIMAIlil0 KUI. @) BIIMCAaHUX B PYXOMHUU TPUKYTHHK; O) OIMHUCAHHX
HABKOJIO PyXOMOTO TPUKYTHHKA.

Po3pobuTu animaniiHy mporpamy, sika MaJIlO€ JUHaAMI4HI KOJbOPOBI
BI3EPYHKHU 3a JIONOMOTOI0 pajiiajbHUX 0araToKOJIbOPOBUX JIHIMH.
Po3pobuTu animariiiny nporpamy, sika BUKOHY€ KOJLOPOBY aHIMAaIIil0
Ha0Opy PI3HOKOILOPOBUX KOHIEHTPUYHUX KUI TakK, IO 3a PaxyHOK
3MIHU KOJBbOPIB Ta IJIABHOI 3MIHM PO3MIpPIB KUI CTBOPUTH LIIO3110
PYXYy.

Po3pobuTu animariiiiny nporpamy, sika peajii3oBy€ BUBEJCHHS CUMBO-
JiB y 3aJIaHy IO3UIIII0 eKpaHy Ta aHIMaIli0 IbOro TeKCTy (auHamiuyHa
3MiHa HOTO IOJIOKECHHS, OpPIEHTAIII] B IPOCTOPI, pO3MIpiB).

Hanucatu nporpamy, sika J03BOJISI€ Y BIKHI MPOKPYUYyBAaTH TEKCT IO-
JT10HO 0 TUTPIB y KIHII (DUIbMY.

JlabopaTopHa po6ora Ne 2. dpakranu

[ToOyyBaT HACTYMHI KOHCTPYKTHBHI Ta JUHAMIuHI ¢pakTanu. Bra-

3i6Ka. KOHCTPYKTHUBHI (PpakTaid Ha TUIOIIMHI CTBOPIOIOTHCS 3a JOIOMO-
TOI0 JICSIKOI JJaMaHo1, sSIka Ha3WBAEThCSl TEHEPATOPOM. 3a OJMH KPOK ajro-
PUTMY KOXKEH 13 BIJIPI3KiB JaMaHO1 3aMIHIOETHCS Ha JlaMaHy-T€HepaTop Y
BiJINOBITHOMY MaciiTadi. Y pe3ysbTari HeCKiHYeHHOTO (Ha MPaKTHUIli CKiH-
YCHHOTO) TIOBTOPCHHS IBOTO AJITOPUTMY OJCPIKYETHCS T€OMETPUUHUIN
dpakran. JlJis KOHCTPYKTUBHOTO (ppakTana XapakTepHO 3aJlaHHS OCHOBH
Ta reHepaTopa, sIKKil MOBTOPIOETHCA MIPU 3MEHILIEHH1 MaciTady. JluHamiu-
H1 (ppaKkTaIl OTPUMYIOTHCS 33 JOMOMOTOK PEKYPEHTHUX (HOPMYII.

1.

®paxran Koxa. OcHoBa — Binpizok. I'eHepatop evs—e. Yci naHKH
reHepaTropa MaloTh OJIHAKOBY JIOBXKUHY.
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10.

11.

12.

®paxkrtan Minkocskoro. OcHoBa — Bipi3ok. ['enepaTop '_I_I_L VYei
JIAHKH JIaMaHOi MalOTh OJTHAKOBY JTIOBKHHY .

®pakran JleBi. OcHOBa — OJUHUYHHI Bifpi3ok. ['eHepaTop (1amaHa 3
npoMikHoio Toukoro (0,5; 0,5)), To6TO BiAPi30K 3aMIHIEMO ITOJIOBH-
HOIO KBaJIpara.

OcHoBa — BIJpI3OK. ['eHepatop . Bci nmaHkm nmamaHoi
MaloTh OJHAKOBY JIOBXHUHY.

OctpiB Koxa. OcHoBa — npaBWJIbHUM TpUKYTHHK. I'eHepatop Koxa
(3amaua 1) opieHTOBaHMI BCepennHy/HA30BHI TPUKYTHHKA.

OctpiB MiHkoBCcbKOro. OCHOBa — OIMHUYHUI KBa- P,
par. I'eneparop — 1aMaHa 3 IPOMIKHMMU TOYKAMU. () 1
a) P1(0,25; 0,25), P,(0,75; —-0,25); 6) P4(0,3; 0,3), |:>'0Av‘P3
P»(0,7;-0,3). P,
P,
Pizanuii kBaapar. OcHOBa — OJUHWUYHUM KBajpar.
['enepaTop — 1aMaHa 3 MPOMIXKHUMHU TOUKaAMHU Py \Ps
P1(0,47; 0), P,(0,5; 0,47), P5(0,53; 0). Po ; Pa
2
JIbonoBuil kBaapar. OCHOBAa — OJWHWUYHHHN KBajpar. b |p
['enepaTop — JlamaHa 3 npomikaumMu Toukamu P1(0,5; =8 D P,
0), P»(0,5; 0,33), P3(0,5; 0).
JIbopoBuit TpukyTHUK 1. OcHOBa — MNOpPaBUIBHUI TPUKYTHHUK.

['enepaTop — 1amana 13 3amaui 8.

JIbonoBuil TpUKyTHUK 2. OCHOBA — PIBHOCTOPOHHIN TPUKYTHUK 13
sepumuaamu (0, 0), (0,5; 0,85), (0, 1). I'emeparop — namaHa 3
npomikaumu Toukamu P1(0,5; 0), P,(0,375; 0,2165), P3(0,5; 0).
H-¢pakran. OcHoBa — TrOpU3OHTAIBHUN BiJIpI130K. Yepe3 KiHII
TOPU30HTAJILHOTO BIJpi3Ka MEPIEHAUKYISAPHO 0 HHOTO MPOBOIAATHCS
7Ba KOPOTIIMX BiJpi3kk. Ha KIHIAX [HMX BEPTHKAJIBHUX BIIPI3KIB
OyIyIOThCS TOPHU30HTAJIbHI BIAPI3KHA Y 3MEHIICHOMY MaciuTabl 1 T.A.

. 1
KoedimieHT 3MeHIIICHHS 3
VY koni paaiycom R nmposeneno 10 paziyciB, KyT MK HUMHU JOPIBHIOE
T : o : : R
T Ha kiHISIX nux paaiyciB moOylIOBaHO HOBI KOJia PasilycoM ex B

SAKUX Tak camo mpoBenieHo 10 paaiyciB i T.1.
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13.

14,

15.

16.

17,
18.

19.

20.

21,

JepeBo MannensOpora. OcHoBa — Bigpizok. I'emeparop _I .
KoxHuii 3 BIJIpI3KIB 3aMiHIOETHCSI TEHEPATOPOM Y 3MEHIIEHOMY Mac-
mtadi. Koedimient 3menmenns 1 €(0, 1).
JIBifikoBe aepeBo. OcHOBa — Bimpi3ok (ctoBOyp). ['ereparop — L.
[lepini HAOIMKEHHS MalOTh BUTJIS/L

[

Orouene nepeBo Iliparopa. OcHoBa — Binpizok (cToBOyp). ['eHeparop

- \/ [lepuri HaOIMKEHHSI MalOTh BUTJIA/L

Peanictuune nepeBo. OcHoBa — BiApi3ok. ['eHeparop — "

KymoBa ctpykrypa. OcHOBa — Bijipi3ok. [ 'eHeparop —QH
Hepeso Ilidaropa. OcHoBa — kBagpat. ['eHeparop — npaBUIbLHUN TPU-

KyTHUK. [lepini HaOMuKEeHHS MatOTh BUTJISIL!

TpiiikoBe mepeBo (meHmput). 3 oxmmiei Toukw mig xkyrom 120° Buxo-
ITh Tpu Biapi3ku. KoxkeH 13 KiHIIB IIUX BiIPi3KiB € TOYKOIO, 3BIJKH
TaKO BUXOJSATh TPU MEHIIUX BiApi3kH 1 T.1. [lepini HaOmmxkeHHs:

3ipkoBuil (ppakTan. Y BeplIMHax MPpaBUIbLHOI I’ ITU-
KYTHOI1 31pKH OyJIy€ThCSI S5 MEHIINX 31POK, JaJli Ha
BUIBHUX KIHIIX ITUX 31POK OyAYIOTHCS III€ MEHIIII
31pKH 1 T.11. B3atu xoedimient 3menmenns r = 0,35,
a KUTbKICTh KPOKIB peKypcii N = 5.

3ipkoBUi KBaApaTuuHuil Pppakrtan. ¥ BepmmHax [ | [] ]
KBajpaTa OynyroTbcsd 4 MEHIIMX KBaJpaTd, Ha
TPHOX BIJIBHUX BEpINWHAX IUX KBajapatiB Oymay- LI LI LI L

FOTHCSI ITI€ MEHIII KBaJApaTH 1 T.]I.
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22,

23.

24,
25,

26.

217.

28.

29,

KBanpar Cepmnincbkoro. 3ajaHuii KBajapar H

JTUIUTHCST JBOMA TOPU3OHTAIBHUMM 1 JIBO- NENRN

. . 1
Ma BCPTUKAJIbHUMH JIIHIAAMH Ha 9 KBaapa- H

TiB. OnepxkaHuUW IEHTPaJIbHUN KBajpar

3aapOOBY€EMO, a PEIITY BiCIM KBaJIpaTiB MEPETBOPIOEMO SIK MEPIIUH 1
T.1.

TpuxkyTHuk CeprniHChbKOro. Y piBHOOEIPEHOMY TPH-

KYTHUKY MPOBOJAUMO cepefHi diHii. TpuKyTHUK, 1110

YTBOPEHUM CcepelHIMU JiHISIMH, 3adapOoByemo, a

1HIIl TPUKYTHHUKU TEPETBOPIOEMO aHAJIOTIYHO [0
NEepIIoro 1 T.1I.

I'inka nanoporti 3 mapamerpamu: = 2°, =86, k = 0,14, k; = 0,3.
®paktan XKymia. MHoxuHa XKynia 3a1aeTbess peKypeHTHOIO (hopmy-
JI010

Zns1= 2. +¢,n=0,1,2, ..., z=x+1iy,c=a+ib, i=+/-1, a6o
Xne1= Xp = Yo +@, Yne1=2nyn+ b, n1=0,1,2, ...,

1€ Zo — PiI3HI TOYKH KOMIUIEKCHOI rromuuau, ¢ # 0 — dikcoBaHa
KOMIUIEKCHa Touka. [l moOymoBu e(hEeKTHHX 300pakeHb BHOpATH
Zo €[-2,2; 1] x [-1,2; 1,2]ia=-0,22; b=-0,74 Taa =0,11; b = 0,66.
®pakTtan MangensOpora. MHOXMHA MaHenb0poTa 3a1a€ThCs PEKy-
PEHTHOIO (HOPMYIIOI0

Zne1=22+C, Nn=0,1,2, .., z=x+iy, c=a+ib, i=v-1, 1e 20—
dikcoBaHa Touka, a ce C. 3a BHXIJHI MapaMmeTpu B3sITH Zy = O,
a €[-2,5; 2,5], b €[-2, 2]. Ilepenbaunty BUBIJ HA €KpaH OYIb-IKOI
MPSMOKYTHOT 00J1acT1 IIbOTO (hpaKTAIILHOTO 300paKCHHS.

dpaxrai, 1110 BU3HAYAETHCS PEKYPEHTHO (HOPMYIION0 Zp +1 = AzZy(1 —
Zn), N=0,1,2,.., z=x+1y. lna zoBubparu odmacts [-2,2; 1,2] x
[-1,2; 1,2]. KpuTepiit 3aBepmenns itepaniiizoro npomecy: x2+y2> 5,
®pakran Herotona. ®paxran HeroToHa 3a1a€Thest hOpMyIior0

In+1= In— ( )

( )
Zn+1 - kzrli

Posrnanytu Bapiantu: 1) k=3,a=1; 2)k=5a=1.
dpaxTalt, KU BU3HAYAE€THCS PEKYPEHTHUMH CITIBBIIHOIIICHHSIMH
a2 2
Xk+1= A X, +a2 Y, TasXiyktTasXctasyktas ,

Yk+1=D1 x,f +b, y,f +D3XYk+DaXi+Dsyi b .

Sxmo f(z) = z*- a, Toxi

n=0,1,2, ...
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[TiniOpaTu 3HaYeHHS MapaMeTpiB a Ta b, Tak mob6 oxepkaTH epeKTHI
KOJIbOPOBI (ppakTanbHi 300pakeHHs. Kosip BU3HAYAETHCA KIIBKICTIO

iTepamiii. Kputepiii 3aBepiiieHHs iTepaliitHOro mpoIecy: x,f + yf >10.

JlaGopaTtopna po6ora Ne3. PacTposi aaropurmu. CruiaiiHOBI KpuBi.

o

10.

11.

12.

13.

14.

15.

AJTOPpUTMH BiICIKAHHS

Cxiactu mporpamy, sika peanizye aaroputm bpesenxema njs Biapizka
MIPSIMOT JI1HIT 3 BIJIMOBITHOKO CTPYKTYPOIO.

Hanucatu nporpamy, sika JeMOHCTpye poOoTy anroputmy bpeseH-
Xema JJi BiApi3Ka B CHOBUIbHEHIM opMi Ta B 301UIHIIIEHOMY BH/I.
ApnantyBatu anroputm bpesenxema nis Bipizka MpsMoi JIiHIT 3 3a/1a-
HOIO TOBIIMHOIO JI1HI1. Brxa3zieka:. st MOOYyI0BH MIUPOKOI JIIHIT MOXKHA
MepEepPUCOBYBATH 3MIIICHUIN KBaJpaT BIIMOBIIHOT Opi€HTAIII].
PeanizyBatu nporpamy s moOyJOBU MPSIMOKYTHHKA 3 3a0KpyTJie-
HUMHU KyTaMU PajilycoM I, BUKOPUCTABIIIU B Mporpami anroputMm bpe-
3eHXeMa JIJIsl OOy 0BU KoJIa.

PeanizyBatu pactpoBuil anroputm JXopnana st moOyIOBU KPUBUX
JPYroro NopsJIKy.

PeanizyBaTu MOpSIAKOBUN aJTOPUTM 3alIOBHEHHS 3 3aTPaBKOIO IS
MHOTOKYTHHUX oOjactei 3 Jaipkoro. IlpoimtoctpyBatu pobOOTy airo-
puTMy TIoeTanHo (B 3aJIGKHOCTI BiJl KITBKOCTI KPOKIB IUKITY).
PeanizyBaTu anropuTm 3arnoBHEHHS MHOTOKYTHOI 00JIacTi 3a KpuTe-
P1EM MApHOCTI.

PeanizyBatu Y X-anroputm 3adgapOoByBaHHS MOJIITOHIB

3anOBHUTH MHOTOKYTHUK MOXWJIMMHU JIIHISIMU.

3anOBHUTH MHOTOKYTHHK TEKCTYpOIO. 3pa30K Bi3epyHKa IS TeKcela
1110paTu caMOCTIMHO.

PeanizyBaTu anroput™ Uil MoOYyJIOBH 1HTEPHOJALINHONO KyOIYHOTO
CIUlaiiHa Ha CITII 3 TPHOX BY3J1B. PO3MISHYTH I'paHUYHI YMOBH IEp-
[I0TO THUITY.

CtBopuTu mporpamy, sika J03BOJISIE OyayBaTH 3rIaKylH04y KPHUBY
be3be Ha HOTHPHOX TOUYKAX (PO3TISHYTH Pi3HHUH MOPSTIOK TOYOK).
Hanucaru nporpamy aniga moOyaoBU parlioHanbHOI KpuBoi be3be Ha
YOTUPHOX TOYKax. EKCIepUMEHTYI0Ud 3 MpOrpamMolo, BUBUUTH BJlac-
TUBOCTI paIliOHAJIbHUX KPUBUX be3be.

Hanucaru nporpamy noOyaoBu ckiajeHol KpuBoi besbe, nependa-
YUBIIY IHTEPAKTUBHE BBEJICHHS TOUOK.

Hanucatu mnporpamy, moOyaoBu B-crialiHOBOI KpHBOI Ha MacHuBI
YOTUPHOX TOUYOK, Ta CKIAJEHOT KPUBOi HA MAaCHBI M TOYOK.
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16.

17.
18.
19.
20.
21.

22,

23.
24,
25,
26.
217,
28.
29.
30.
31.
32.

33.

34,

35.

36.

3a 3agaHUMU BepluMHaMu Py, P Ta HEHYJIbOBUMHU BEKTOpPAMH JOTHY-
HUX Qp, Q1 B X BeplIMHAX MOOYAYyBAaTH 1HTEPHOJALINHY KyOiduHY
kpuBy Epmita. [lepenbauntu iHTEpaKTUBHE BBEJICHHS JIaHUX.
PeanizyBaTu reoMeTpUYHUN aarOPUTM MOOYI0BU KpUBUX be3be.
Po3pobutu nporpamy, sika peaiizye mooyaoBy moBepxHi besbe.
PeanizyBaTtu anroputm noOyaoBu KyOluHUX B-crutaiiHis.

PeanizyBatu nporpamy nodyaosu TCB-crutaitHiB.

Hamucatu mporpamy, sika BHUBOJUTh Ha €KpaH MPOCTOPOBY KPHUBY
be3be miis HabOpy 3 YOTUPHOX KOHTPOIBHUX TOYOK. J[J1s 300parkeHHs
KPUBOi BUKOPUCTATH OPTOTOHAIIbHY MPOEKIIIIO.

Ha MHoxuHi 6 Touok moOyayBaTu KpuBy besbe Ta B-crutaitn. Bxa-
3i6Ka. OTIOPHI TOYKU BUOUPATH TakK, 1100 KOHTypHA JlaMaHa Maja Mpo-
(G116 WU 3 PI3HUMU 3y0aMHu.

PeanizyBatu anroputm CazepiieHaa-KoeHna s BifCIKaHHS BIIpi3KiB
IPSIMOKYTHUM BIKHOM.

PeanizyBatu aaroputm BifCIKaHHS MHOTOKYTHHKIB MPSMOKYTHHUM BIK-
HOM. Bkaziexka. MOCIITOBHO BUKOHATH BIACIKAHHS BITHOCHO BCIX 4YO-
TUPHOX TPaHUIlb MPSIMOKYTHOI'O BIKHA.

PeanizyBatu asoBumMipHuii FC-anroput™ 11s BiJICiKaHHS BIAPI3KiB.
PeanizyBatun anroputm Kipyca-beka s BiACikaHHS MNPSIMOKYTHHUM
BIKHOM.

PeanizyBatu anroput™ Belinepa-A3zepToHa Juis BiICiIKaHHS MHOTOKYT-
HUM BIKHOM.

Hanucatu npouienypy BiJICIKaHHS €JIirca NPsIMOKYTHHUM BIKHOM.
Hanucaru nporpamy aJis peanizaiii METOly 3aropTaHHs I0JIapyHKa.
Hamnucatu nporpamy 1u1s peanizaiii metoy ooxony I'pexema.
Hamnucaru nporpamy TpiaHTyJISIIT OMYKIKMX Ta HEOMYKJIMX MOJIITOHIB.
Hanucaru nporpamy peanizaiii KyTOBOI'O TECTy MAJii BU3HAYEHHS
OpI€HTAllll TOYKH BITHOCHO IMOJITOHY.

Po3pobutu nmporpamy, sika Jyisl HAIIiBTOHOBOTO PacTPOBOT0 300paKeH-
HS JI03BOJIUTH MTOKPAIIMTH HOTO SIKICTh, JOOMBAIOYUCH MPU [IbOMY Haii-
OUIb1I0T 30aJIaHCOBAHOCTI SICKPABOCTI Ta KOHTPACTHOCTI 300paKEHHS.
Hamnucatu nporpamy, sika 3 pacTpoBOro 300pa’K€HHSI JO3BOJIUTH yCY-
HYTH BUIAJIKOBHUH IIIyM 3a JOIOMOTOI0 MeiaHHUX (IIBTPIB.
Hammcarn mporpamy, sika peaji3oBy€ IBOIPOXIIHHUMA/TPHIIPOXiTHUH
ITOPUTM F€OMETPUYHHX MEPETBOPEHD ISl IOBOPOTY PACTPOBUX 300-
pakeHb Ha KyT a # 90°.

Po3pobutu mporpamy anis peanizaiiii MpOCTOPOBUX aJITOPUTMIB 00-
POOKH pacTpOBUX 300pakeHb (PO3MUTTS, 30LIbIICHHS PI3KOCTI, THC-
HeHHst). [TigiOpatu BinmoBiaHi GiIbTpH.
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JlaGopaTtopna podora Ne 4. Bizyasizauiss TPUBUMIPHUX 00€KTIB

1.

8.

9.

Po3pobutu anroputMm noOyIOBH CHUMETPIi TPUKYTHHUKA BIJHOCHO [0-
BUTbHOI npsamoi L. Ha expan BUBoAUTH 300pakeHHs pe3yJIbTaTiB MOCITi-
JIOBHOTO BUKOHAHHS KPOKIB aJITOPUTMY .

Hamucatu nmporpamy miisi BiIOOpa)KeHHsI JBOBHUMIPHUX 00’ €KTIB, KOX-
HUH 3 IKMX BUOMpaeTbes 3 MeHIo. [lepeadauntu MOXKIMBICTD iX Macl-
Ta0yBaHHA Ta 0OEPTAHHS.

PeanizyBaTu anropuTM TpUBUMIPHOTO IMOBOPOTY 3pi3aHOro Kyoa 31 CTOo-
POHOIO @ HABKOJIO OJHIET 3 OCeM KOOpAUHAT.

Po3pobutu mporpamy uisi peanizailii mpoiecy oOepTaHHs Mapasesne-
ninena ABCDEFGH BigHOCHO TOKaIbHOI OCI, 110 TPOXOIUTH Yepes:

a) ICHTP IMapaesernine/aa;

0) OIHY 3 BEepIIMH Napajelernine/a.

Koopaunatu BeplinH napainesnenine/ia 3a1at0ThCs MaTPULICIO

1 1 2 1)A
21 2 1|B
2 2 2 1|C
X21221D
1 1 11(E
2 1 1 1|F
2 21 1|G
1 2 1 1)H

Po3poOutu mporpamy mis peanizarmii odoepraHHs TeTpaenpa/ky0Oa/ok-
TaeJpa BIJHOCHO PyXOoMoi ocl mapaiienbHoi oci Ox, sika nepecyBaeTbes
(h1KCOBAHOIO TPAEKTOPIEIO.

[TobynyBath  TpUMETPUYHY MPOEKIIO0  3pi3aHOro  Kyba  jyis
w =15, 30°, 45°, »=0°15°, 30°, 45° 60°, 75°, 90°.

[ToOyayBaTH TUMETPUUYHY MPOEKIIiI0 3pi3aHOTO Ky0a, B3SBIIM IS KyTiB

V3

v, @ Taki 3HaueHHs: i = +60°, ¢ = +arctg (7] —+40.9°,

[ToOymyBaT OJHOTOYKOBY Ta JBOTOUKOBY IIEHTPAIbHY MPOEKIIIO JIBOX
PI3HOOPIEHTOBAHMX KYOIB B OJIHIH CIICHI.

[ToOynyBaT akKCOHOMETPUYHY MHPOEKI[I0 KyOa 3 BIMCAHUMHU B HOTO
rpaHi KOJIaMy [PH CHBBIAHOMICHH] MaciuTabiB K, :k, :k, =6:5:4.

10. [ToOGynyBaT 4YOTUPHU MOKIIMBI 130METPUYHI TPOEKIIIi 3pi13aHOTO KyOa.

Bra3ziska: 130MeTprUYHA MPOEKIiS OJIEPKYETHCS MPU KyTax

w=145°, o= iarccos(gj = +35,26°.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

[ToOyayBaTh cTaHAapTHY AUMETPUUYHY IPOEKIIII0 300pakeHHs T100Y-
ca paziyca I, 110 MICTUTh mapajesi 3 KpoKoM 30°, MepuIiaHu 3 Kpo-
KOM 45° 1 KOHTYp TJio0yca. PeanmizyBaTu Haxuil 300pakeHHSI BIIPaBO
BiZHOCHO oci Z Ha KyT ¢ =23,5°. Bkasiéka: TIepEeTBOPEHHS HAXUITy
ry100yca 3J1HCHIOETHCS. MAaTPHUIICIO TIOBOPOTY

0917 -04 0
R,(~¢)=| 0,4 0917 0
0 0 1

IToOynyBatn mpoekiito Kapanabe 3pizaHoro xkyba 3 KyToM p=45°, a
KyTa 3MIHIOETBCS BiJ —30° 710 30° 3 KPOKOM 15°.

[ToOynyBatu KabiHETHY KOCOKYTHY MPOEKIIIO JUIsl 3pi3aHoro Kyoa 3
KYTOM ¢ , IKUM 3MIHIOETBCS B —30° 710 30° 3 KPOKOM 15°.

[Tigi6paBmK KyTH o« Ta £, MOOYyIyBaTH KOCOKYTHY MPOEKIIIO CIICHH,
sIKa CKJIQA€ThCS 3 MOJICIbHOTO Ky0a 3 BOIMCAaHUMHM B HOT0 TpaHil KoJjia-
MU, SIKIIO KOJIa, IO JIeXkaTh y MIIOUIUHI, iKa NapajieJibHa 10 KapTUHHOI
TJIOIIMHU, TTPOCKTYIOTHCS B KOJIA, a KoJia 3 HenmapaJieIbHUX TpaHel 10
KapTUHHOI TUIOIIMHU MPOEKTYIOTHCS B €JIINCH 3 BIAMOBIIHOI Opi€H-
TaI[I€I0 HMIBOCEH.

Hamnucaru mporpamy obepTaHHs JBOX IJIATOHOBHUX TiI HABKOJIO Jies-
KOi OC1 3 YCYHEHHSM HeBUIUMUX pedep. B poOoTi BUKOpUCTaTH OAHO-
TOYKOBY NMEPCHEKTUBHY MPOEKI[II0 Ta aITOPUTM XYJ0KHUKA JJISI YCY-
HEHHS HEBUIUMUX I'PaHEH.

[ToOymyBaT OJHOTOYKOBY IMPOEKIIIIO KyOa Ha mionuny Z = 0, more-
pPEAHBO 3MICTHUBIIIHM HOTO B3/I0BXK MPSMOi Y = X.

IToOyayBaTh B OAHIN CIIEH]1 JBOTOUKOBY MPOEKIIi0 Ky0a, TeTpaeapa ta
OKTaeqpa.

Po3pobuTu nporpamy yCyHEHHSI HEBUIMMUX T'paHell JIsl LIEHTPaIbHO1
npoekiii oktaenpa. Bunumi rpani 3adapOoByBaTH 3€JI€HUM KOJIHOPOM.
Harmmmcatu nporpaMmy 300pa’keHHsI TIEPETUHY JIBOX TPUKYTHHKIB B ITPOC-
Topi. [lependauntut 06epTaHHs TAKOTO 00’ €KTa HABKOJIO OCEH KOOp/IMHAT.
Po3pobutu nporpamy obepTaHHs KyOa BIJHOCHO 3aJaHOi JIiHIi 3 yCy-
HEHHSM HEBUIUMUX TpaHel. Bunumi rpani 3adapboByBaTH y CBITIIO-
CUHIN KoIip. Bra3ziexka: Nyisl yCyHEHHS HEBUJIUMUX I'PaHEN MOXHA BU-
KOPHCTATH OPIEHTAIlIIO 30BHIITHBOI HOPMAJII.

Po3pobutn nmporpamy BiI0Opake€HHS JTAaHOTO TEKCTYPHOTO 3pa3Ka Ha
rpaHi Kyoa.
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22,

23.
24,

25,

24,

25,

26.

21,

28.

29.

MeTo/10M TOTOYHOI'O TOPU3OHTY MOOYTyBaTH TaKl MOBEPXHI:
1)y=f(x2)=e"*"") cos@,X)cos@,2), ne a = 0,02, &= 1, @,= 0,5;
cos(b+/x? + y?)
2)z=1(x,y)=
1+CqyX? + y?

Hanucatu nporpamy quHamigHoOro nmoBopoty 3D-rpadika QpyHKItii.
PeanizyBatu anroputM mnoctiiHOro 3adapOoByBaHHS BHUJIUMOI IO-
BEpXH1 s OoKkTaeqapa. HeBuauMmi rpaHi yCyHYTH, BUKOPHUCTOBYIOUH
aJTOPUTM XYJ0KHHUKA.

PeanizyBatu anroputm ['ypo nis 3adapOoByBaHHS TpaHeil TeTpaeapa
Ta MIECTUKYTHOI MPU3MU TPHU HASBHOCTI OJHOTO JIKEpeyia CBITJIA.
HeoOxi11H1 KOHCTaHTH JJIs1 MOJIEN OCBITJICHHS M1/110paTH CaMOCTIMHO.
PeanizyBatu anroputm Z-Oydepa s 3agaHoro o0’ekrta. Hammcatu
npolenypy BUBeJEHHS rpaHi B Z-Oydep. Po3Mip MacuBy, 110 BUKO-
PUCTOBYEThCSl Jia Oydepa riamOuHu BUOpATH 3TIJIHO 3 XapaKTEPHUC-
TUKAMHU CUCTEMHU.

Po3pobutu nporpamy, sika ycyBae HEBUMMI T'paHi OKTaeapa Ha OCHO-
Bl METOJly BUJIaJICHHS HEJIUIbOBUX TpaHel MHororpaHHukiB. Ilepen-
0auuTH 00EpPTaHHS IILOTO OKTAaeJpa HABKOJIO OHIEI 3 KOOPJAUHATHHUX
ocell. Brasiexa: nns moOyn0BH MPOEKIlli 00’€KkTa HEOOX1AHO OTHOPIA-
HI KOOpJIMHATH 00’€KTa MOMHOXKHUTH Ha BIAMOBIIHY MAaTPHIIO MPOCK-
TyBaHHs. JIJIsi MOJENIOBaHHS MPOIECIB 0OEpTaHHs, TIEPEHECEHHS Ta
MaciTadyBaHHS BUKOPUCTATH BIAMOBIHI MaTPUIll IUX EPETBOPEHbD.
Hanucaru mporpamy aHiMailii OMyKJIOr0 MHOIOTPAHHHUKA BiJHOCHO
0Cli, IO MPOXOJUTh Yepe3 00’ €KT mapayiesIbHO JI0 KApTUHHOI TUIOUIH-
Hu. [IpumyckaeThes, MO 00’€KT IIIJIKOM JISKUTh Mepel] KapTUHHOIO
IJIOITKMHOK. JIJIsT MOCIIAOBHOTO BiOOpaKeHHsI MPOEKIIA BUKOPHUCTA-
TH OpTOrpa(iyHy MPOEKIIiIO.

PeanizyBatu anroput™m 3adapOOBYBaHHS TPUKYTHOI TpaHl METOAOM
®doHra, BBaXaro4H, 10 JHKEPEIO CBITJIA CIPSIMOBAHE B IICHTP TPUKYT-
HUKA.

Hanucaru npouenypy 3adpapboByBaHHSI TPUKYTHOI I'paHi MmeToaoM ['y-
PO, BBXKAIOUH, 1110 JHKEPEIIO CBITJIA CIPSIMOBAHE B IIEHTP TPUKYTHHUKA.
Brasiska:. meton I'ypo Jjig MOJIrOHAIBHUX MOJIeNiel rnmepeadadae BU3-
HAYEHHSI OCBITJICHOCTI B KOXXHIM BEpIIMHI MOJIrOHAa W MOJAbIILY
JIHIMHY 1HTEPIOIAIII0 OCBITICHOCT] JAJISI KOXKHOT TOYKH T'PaHi.
Hanmmcatu nmpouenypy ais 300pakeHHs rpaHei TeTpaeapa 3 audys-
HUM B1J0OpaKEHHSIM 1 OJTHUM JIPKEPEJIOM CBiTJIa.

(¢c,b mipibparu camocTiiiHo).
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Komn’oTepHi npoekTn

1. Hamucatu mporpamy amnpokcumailii cpepd METOI0M PEeKYpPCHBHOIO
pO30UTTS TeTpaeapa B mapaienbHii mpoekuii. 3adgapOyBatu chepy MeTo-
nom @ownra. Ilepenbaunt B mporpami I1HTEPAKTUBHE PO3MIILICHHS B
IIPOCTOPI CIICHU JKEpesa CBITJIa Ta KaMEPH CIIOCTEPEKEHHS.

2. Hamucatu mporpamy ampokcumaliii cepd MepuaiaHaMH Ta Tapase-
JSIMU, BUKOPHUCTABIIM ii mapamMeTpU4HE pPIBHAHHS. Po3poOuTH anroputm
HakJagaHnHd BMP-manioHkiB Ha MOBEepXHIO cdepH, HaANpUKIAL KapTH
3emHoi Kyii. [lepenbaunTu iHTepakTBHE 00epTaHHs cepu HABKOJIO CBOET
oci Ta 3MiHy Haxuiy camoi ocl. [[ns BigoOpakeHHsI clieHu oOpatu mapa-
J€JbHY MPOEKIIIIO.

3. Y Oynp-sikiii cucTeMi TPUBUMIPHOTO T€OMETPUYHOTO MOJCIIFOBAHHS,
nanpukiag 3DStudio MAX uu Maya, cTBOpUTH CLiEHY 3 IUIOIIMHH, Ha
SKii po3MimieHi npuMiTUBHI Tina (mapaneneminenu, cdepH, KOHYCH,
IWIIHAPH, CJINCOiaM TOIIO0), 3aJaTH TPU Pi3HI JpKepena CBitia i
PO3MICTUTH 1X Tak, 100 B cCleHl OyiauM NOpHUCYTHI TiHI 1 B3a€eMHI
BiJOOpaXEHHsI CBITJa BiJ CTBOPEHUX OO0 €KTIB. BHUKOHAaTH HaKiaJaHHS
PI3HUX MaTepiaiB Ha MMOBEPXHI T Ta Peani3yBaTu €PeKT MIpO30POCTI.

4. PeanizyBaTu mporpamy MoOyJI0BH CIUIATHOBUX KpUBHUX. BXijH1 NaHi:
Ha0lp KOHTPOJIBLHUX TOYOK, IO 3aJal0ThCs 1HTEpaKTHBHO. [Ipn qomaBaHH1
a00 yCyHEHH1 KOHTPOJIbHOI TOYKH CIUIAH MOBUHEH aBTOMAaTUYHO Tiepe-
ManboByBatucs. CucremMa KOOpJAMHAT Mae OyTH MIJNKHCAHA Ta BUBEACHA
KoopauHatHa citka. [lependaunTu ik CyMmicHE Tak 1 OKpeMe BUBEJICHHS Ta-
KUX CIUIAaWHOBUX KpUBHX: KpuBl be3be, ckianeHi kyOiuHi B-craiiHOBI
kpuBi, NURBS-kpuBi, kycouno-kyoiuni Epmitosi crutaiinu (TCB-cruiaiinm).
5. Hanucatu nporpamy MOZENIOBAHHSI KPUBOJIIHIMHUX MMOBEPXOHb 3a J0-
MOMOTOI0  €JIEMEHTapHUX (PParMeHTIB MOBEPXOHb be3be, OIKyOIUHUX
B-crmnaitnoBux nmosepxons Ta NURBS-mmoBepxonb. @yHKITIS IBOX 3MIHHUX
3a/1a€ThCSl CBOIMHM 3HAUEHHSIMU B BY3JIaX MPSAMOKYTHOI CITKH. 3HAUEHHS
¢dyHKIII1 B By3JIax BBOJUTH 3a IOMIOMOTOIO KJIaBIaTypH.

6. Po3pobutu mpoekT sl MOJEIOBaHHs TuiaToHOBUX Tul. [lepenbauntu
IHTEpaKTUBHUN BHOIp 1X THITY, PO3MIPY 1 MICIEPO3MIIIEHHS, CIOCO0Yy
300pakeHHs, MOXKJIMBOCTI 3aJaBaTh BEKTOpP OOEpPTaHHS Ta KyTOBY LIBU/I-
KICThb TOIIO. B MpOeKTI BUKOpUCTATH OAHOTOYKOBE LIEHTpajIbHE IPOEK-
TyBaHHS Ta Mepea0aunuTy BUOIp BUOBOT CUCTEMU KOOPAUHAT.

/. CTBOpUTH MPOEKT MaJIOBAHHS MOBEPXOHb ApPYyroro mnopsaky. Ilepen-
0aunuTH 3aAaHHs OOMEXKYIOYOro mapaleserninena s Neperiisaay HEecKiH-
YEeHHUX IOBEPXOHb, MOTO MEpeMillleHHs, 3MIHY PO3MIpIB Ta OOepTaHHSI.
[ToBepxHi BuOupaTu 3 meHto. st 300paxkeHHs MOBEPXOHb BUKOPUCTATH
OPTOTOHAJIBHI MPOEKIIii Ta APOKCUMAIIIIO JIIHISIMHU.
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8. Po3poOutr mpoekT mjis MaltOBaHHS KOHCTPYKTHUBHHMX, TUHAMIYHUX 1
CTaTUCTUYHUX (ppakTaniB. [ns nuHamiyHUX (pakTaiiB neperdaynuTH BU-
Oip Ta MaciITabyBaHHs MPSAMOKYTHOI 00yacTi ¢ppakrana.

9. Po3pobutu nporpamy Bizyani3zaiii anpokcumaiili 3D-moBepxoHb y Hac-
TYIHIA MOCTaHOBIll. 3aJaHO JIUCKPETHY MHOXXHHY 3HA4€Hb HEB1JIOMOIi
dbyHkIii B A80X 3MiHHMX Y N JOBUIBHO po3TamioBaHux Ha 2D-miomuHi
OMOPHUX TOYKax. 300pa3uTH KyCKOBO-JIIHIMHY ampokcuMaiiito 3D-mo-
BEPXH1 METOAOM TpiaHrysiii. [[ns nuporo cnoyatky Ha 2D-1iomuH1 CTBO-
PUTH CITKY HETIEPETUHHUX TPUKYTHHUKIB 3 BEPIINHAMHU B OMIOPHUX TOUYKAX,
TOOTO BUKOHATH TpiaHTyJAMi0 [emone. [ToOynyBaTu anmpokcumariiro Kyc-
KOBO-JIiHIMHOT 3D-moBepXxHi, MO CKIAJAETHCS 3 TPUKYTHUX TpaHeHd 3
BEpIIMHAMHU Y BIAMOBIAHUX TOYKaX. [Ipy IbOMy BUKOPUCTATH MapaienbHy
IPOEKIII0 Ta AITOPUTM COPTYBAHHS TpaHEd 3a MIIMOMHOIO JIJISl YCYHEHHS
HeBUIUMUX rpaHelt. KoopimHatu crioctepiraya 3aJ1aBaTi iHTEPAKTUBHO.
10. Po3pobutu gianoroBy mporpamy, sika 300pakaTume JiHIiYaTI, CEKTOP-
HI Ta muIiHapuuHi 3D-moBepxHi. SIk mpuKiIam JIHIHYATHX TIOBEPXOHB
PO3IUISIHYTH TBUHTOBI MOBepxHi. HampsmHi JiHIT 171 CEKTOPHUX IOBEp-
XOHb BUOpaTu cepel ImpocTopoBHX KpuBUX besbe. Kapkac opepikaHoi
MOBEPXHI 300pa3uTu B MapajeibHId MPOEKIi 3 YCYHEHHSM HEBHIMUMHX
niHi. KoopanHaTtu croctepiraya 3ajjaBaTi 1HTEPaKTUBHO.

11. Po3pobutu nporpamy Bizyam3auii 3D-nonironaibHOi Moz€eli 3 HaHe-
CEHHSIM TEKCTYpH. 3a TEKCTYpy BHOpaTH pacTpoBuil 00pa3, BiI0OpaKkeHUI
Ha rpaHi 00’ekTa. [Ipoekmis — mapanenpHa. CBITJIO — apajIeIbHUM MTyYOK.
Mojenb OCBITIIEHHS — 3 TU(PY3HUMH 1 A3€pKATbHUMH CKJIaJOBHUMH.

12. Po3poOuTu nNpoeKT BiICIKaHHSI MHOTOKYTHUKIB MPSIMOKYTHUM Ta MHO-
rOKyTHUM BIKHOM. llepen0auuTu 1HTEpakKTUBHUN BHUOIp METOHY BIJICI-
KaHHS Ta IHTEPAKTUBHE 3aJJaHHS] MHOTOKYTHHKA, SIKUW B1JICIKAETHCS.

13. Po3pobutu mpoekT uudpoBoi oOpoOku 300paxkeHs. [Iporpama mo-
BMHHA 3aBaHTaXWUTH 1 BigoOpazutu BMP-daitn B popmari RGB-24. o
JAHOT'O 300pakeHHsI 3aCTOCYBaTH 3 X 3 GUIBTPU JII BUKOHAHHS PO3MUTTS
Ta 30uIbIIeHHs pi3kocTi. KoedimieHTn (ibTpa BBOAUTH B J11aJIOTOBOMY
BikHI. CTBOpUTH pIBHOMIPHY HamiTpy 3 256 KOJIbOpPIB 1 BHUKOHATH
najgiTpu3alilo 300pakeHHs JaHO naniTporo. PeanizyBaTu 3BeICHHS
300paKeHHs JJO YOPHO-O17I0T0 Ta 3aCTOCYBATH (UIBTP 3MIHU SICKPABOCTI.

14. Po3pobutu npoexT ,, Tunu npoekiiit”. [lependaunt BuOip 00’ €KTIB AJis
o0y I0BH MIPOEKIIiH, CTOCOOY MPOEKTYyBaHHS Ta MapaMeTPiB MPOESKIIIH.

15. Po3poOuTy aHiMaIlifHUIA MPOSKT MaiHHSA M’siya 3 BUCOTH hg Ha nesKy
WIONMHY. B MOMEHT MOTHKY M’S4 CIUTIOIIYETHCS 1 TMEPETBOPIOETHCS B
emincoin. IloTiMm M’s4 BigOMBAaeThCSA BiJ IUIOMIMHKA 1 T. A. Pyx m’sya
OMUCYETHCS (PI3MUHUMHU 3aKOHAMM.
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