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Tema 1. 3AI'AJIBHE BBEJIEHHSA B KOMIT'FOTEPHY I'PA®IKY
[Ipenmer 1 obmacti 3acTocyBaHHS Komm'torepHoi rpadiku. Koportka ictopis
PO3BUTKY KoMI'toTepHOi Tpadiku. TexHiuHI 3aco0M MIATPUMKH KOMITHOTEPHOT
rpadiku: EIIT, mpuctporo BBeaeHHs, Bieoaaantep, rpadomnolyaiByBadi, MPUHTEPH,
ckanepu. IlporpamHi 3acobu MIATPUMKH KOMIT'HOTEpHOI rpadiku: apaiBepu
IpUCTPOiB, 010mi0oTeKH TrpadiuHUX MpOrpamM, Cheliani3oBaHi rpadiydi cucremu i
MaKeTu Iporpam

1. TMET i 00J1aCTh TOCYBAHHSA KOMII'IOTEPHOI I' ik
1.1. IIpeaMer i 00J1aCTH 32aCTOCYBA KOMII'IOTEePHO adik

Komn'torepna rpadika — 1ie obigacts iHQOPMATUKH, 110 OXOIUIIOE BC1 CTOPOHH
dbopMyBaHHS 300pakeHb 3a JOMOMOror komm'rorepa. 3'siBuBmuch B 1950-x pokax,
BOHA CIIOYATKY JaBajla MOJKJIMBICTh BUBOJIUTH JIMIIE KUTbKA JECATKIB BiIPI3KIB Ha
ekpaHi. Y Hami JaHiI 3aco0y KOMI'IOTepHOI Tpadiku J03BOJISIIOTH CTBOPIOBATU
peaNTiCTUYHI 300pa)KE€HHs, 10 HE YCTymarTh (ororpadiunuM 3HiMKaM. CTBOpPEHO
pPI3HOMaHITHE amapaTHe ¥ mporpamHe 3a0e3MedeHHs IS OJiepKaHHS 300pakeHb
BCUISIKOTO BUYy M MPU3HAYEHHS — B MPOCTUX KPECICHb J0 peallicCTUYHUX 00pa3iB
npupoaHux o00'ekTiB. Kommn'torepHa rpadika BUKOPUCTOBYETHCS MPAKTUYHO Y BCIX
HAayKOBUX 1 I1H)KEHEPHUX JUCHUIUIIHAX JJIS HAOYHOCTI CHPUUHSATTS W mepenadi
iHpopmMmarii. 3acTocyBaHHA 11 JUIsl MIJATOTOBKU JEMOHCTPAILIMHUX CHAWIIB YXKe
BBAXAETHCSI HOPMOK. TpuBHUMIpHI 300pake€HHS BUKOPUCTOBYIOTHCS B MEIUIIMHI
(komm'toTepHa Tomorpadist), kaprorpadii, nomairpadii, reopi3uill, siACpHINA Gi3uLll i
iHIIMM oOnactaM. TeneOadeHHs ¥ 1HII Tramdy3l 1HAYCTPIi po3Bar BUKOPUCTOBYIOTH
aHiMalifHi  3aco0u  KOMIM'IOTEepHOiI rpadiku (KOMIT'IOTEpHI IrpH, (QUIBMH).
3araapHOMPUMHSITOIO MTPAKTUKOIO BBAXKAETHCS TAKOXK BUKOPUCTAHHS KOMITHOTEPHOTO
MOJICJIFOBaHHS ITPY HABYAHHI MUIOTIB 1 MPEACTABHUKIB 1HIITNX Mpodeciii (TpeHaxkepH).
3HaHHS OCHOB KOMITHOTEPHOI rpadiku 3apa3 HEOOX1THO 1 1HKEHEPOBI, 1 BUCHOMY.

KinmeBuMm pe3ynpTaToM 3acTOCyBaHHSI 3aco0iB  KOMITIOTEpHOI Trpadiku €
300paKeHHsI, 110 MOXE BUKOPUCTOBYBATUCSA JJIsl p13HUX ITUIe. OCKUTbKY HaHOIbIIa
KUTBKICTh 1H(OpMAaIli JI0ANHA OACPKY€E 3a JOMOMOTOK 30pY, YK€ B JPEBHI Yacu
3'SIBUJIUCSL CXEMHU i KapTH, BUKOPUCTOBYBaHI MpW OyIIBHUIITBI, y reorpadii i B
aCTPOHOMII.

CyuacHa koMIT'toTepHa rpadika — e JOCUTh CKJIaJgHa, I[PYHTOBHO MPOpOOIIeHA i
PI3HOMaHITHA HAYKOBO-TE€XHIYHA AMCHMILTIHA. [[esKi ii po3aiim, Taki K TeOMETPUYHI
NEPETBOPEHHS, CIIOCOOM OINKCY KPUBHMX 1 MOBEPXOHb, /10 TEMEPIIIHBOTO Yacy BKe
JOCTIKEH1 JOCUTh TTOBHO. Psi o0nacTeld mpoJoBKye aKTHBHO PO3BUBATHUCS: METOIN
PacTpOBOTO CKaHyBaHHS, BUJIAJICHHS HEBUIUMUX JIHIN 1 MOBEPXOHb, MOJEIIOBAHHS
KOJLOPY ¥ OCBITJIGHOCTI, TEKCTYypyBaHHS, CTBOPEHHS €(QEeKTy Npo30pocTi U
HaIIBIPO30POCTI i iH.

Cdepa 3acrocyBaHHS KOMM'IOTEPHOI Tpadikud BKIOYAE YOTUPU OCHOBHUX
o0JacTi.

1. BinoGpakennst iHpopmairii

[IpoOnema mnojgaHHs HakonuyeHoi 1H(opmauii (HampuKIan, JaHUX PO
KJIIMaTUYH1 3MIHU 3a TPUBAIMM NIEpioj, MPO IUHAMIKY TOMYJISIiN# TBAPUHHOTO MUPY,
PO EKOJIOTTYHUHN CTaH PI3HUX PErioHIB 1 T.I.) HalKpaile Moxe OyTH BHUpIIIEHA 3a
JOTIOMOT 010 TpaivHOro BiOOpaKeHHS.



XKopna 3 obnacreil cyyacHOi HayKd HE OOXOJIUThCA 0e3 rpadiuHOro MOJAHHS
indopmarii. Kpim Bizyamizamii pe3ynbTaTiB eKCIEPUMEHTIB 1 aHami3y MaHHUX
CIIOCTEPEKEHb ICHY€ BeJMKa 00JIaCTh MaTEMaTHYHOTO MOJETIOBAHHS TMPOIECIB 1
SBHUII, IO IPOCTO HeMuciImMma 0Oe3 rpadiuynoro BuBoay. Hampukman, ommcatu
IPOIECH, IO MPOTIKalOTh B aTMocdepi abo oOKeaHi, 0€3 BiANOBIIHHX HAOYHUX
KapTUH Te4iii a0o TMOJiB TeMmIepaTypu MNPAKTHYHO HEMOXJIUBO. Y TEOJIOTii B
pe3ynbTaTi 00pOoOKH TPUBUMIPHUX HATYPHUX JAHUX MOXKHA OJAEpPKATH T€OMETPIIO
mapiB, 10 3aJIATal0Th HA BEJIUKIN TJIMOUHI.

VY MenuiuHI B 1€ 4ac MHUPOKO BUKOPUCTOBYIOTHCS METOIU J1arHOCTHKH, IO
BUKOPHUCTOBYIOTh KOMII'FOTEPHY Bi3yali3allil0 BHYTpINIHIX OpraHiB JIFOJAUHHU.
Tomorpadiss (30kpema, yIbTPa3BYKOBE JIOCHIKEHHS) JIO3BOJISE  OFCP)KATH
TPUBUMIpPHY 1H(GOpMAIiIO, IO TMOTIM MIJAJA€ThCA MaTeMaTH4Hii o0poOlin i
BUBOJUTHCA Ha ekpaH. KpiM IIbOro 3acTOCOBYEThCS M JBOBUMIipHa Tpadika:
eHuedanorpamMmyd,  MiorpaMM, BHUBEIEHI  Ha  €KpaH  KoMm'rotepa  abo
rpadomno0yoByBaya.

2. IIpoekTyBaHHs

Y OymiBHUIITBI ¥ TEXHIII, KPECICHHS JaBHO SBISIE COO0K OCHOBY
MPOEKTYBaHHS HOBUX CIOPY/DKEHb a0o BupoOiB. Ilpomec mnpoexkTyBaHHS 3
HEOOXIHICTIO € 1TepaTUBHHUM, TOOTO KOHCTPYKTOp mepeOupae Oe3iy BapiaHTIB 3
METOI BHUOOPY ONTUMAJIBHOTO IO AKUX-HEOyab mapamerpax. He octaHHIO poib y
I[bOMY T'palOTh BUMOTH 3aMOBHHKA, IO HE 3aBXKIHM YITKO YABJISE COO1 KIHIIEBY METY U
TeXHIYHI MoxJMBocTi. [ToOy0oBa momepenHix MakeTiB — JOCUTH JOBra il mopora
cipaBa. ChOro/iHi ICHYIOTh PO3BUHEHI MPOTPaMHI 3aCO0M aBTOMAaTH3aIlll MPOEKTHO-
KOHCTpyKTOpChKuX podiT (CAIIP), 110 103BOJISIOTH MIBUAKO CTBOPIOBATH KPECISHHS
00'eKTiB, BUKOHYBATH Pi3HI PO3paXyHKU U T.N. BOHU Nal0Th MOXKIIMBICTh HE TUIBKU
300pa3uTH MPOEKIli BUPOOy, aje ¥ po3MIsTHYyTH MOro B 00'€eMHOMY BHUI 3 PI3HHUX
ctopid. Taki 3acobu TakoX HaAA3BUYANHO KOPHUCHI ISl JW3aliHEpIB 1HTEp'epa,
nanamadry.

3. MonemroBaHHs

[lin MopentoBaHHAM Yy LbOMY BHMAAKy PO3YMIETbCA IMITallisl PI3HOTO POAY
CUTYyaIlill, 1110 BUHUKAIOTh, HAMPUKJIAJI, TP TOJIBOTI JiTaka ado KOCMIYHOrO anapara,
pyci aBToMOOLIs 1 T.. B aHrmifickkiii MOBI 1ie HailKpalle NepegacTbCsi TEPMIHOM
simulation. Ayie MOJIETIOBaHHSI BUKOPUCTOBYETHCS HE TIJIbKU MPU CTBOPEHHI PI3HOTO
pony TpeHaxkepiB. Y TeNeBi3iiHIN pekiami, y HayKOBO-TIOMYJISPHUX 1 IHIUX (iTbMax
TENep CUHTE3YIOThCA 00'€EKTH, 110 PYXAIOThCS, IO Bi3yadbHO MAJIO YCTYMAIOTh THM,
K1 MOXXYTh OyTH OTpHMMaHIi 3a JOTIOMOTOI0 KiHOKamepu. KpiMm Toro, xomm'torepHa
rpadika Hajganza KIHOTHIYCTPli MOXKJIMBOCTI CTBOPEHHS CIielie(DEeKTiB, K1 B MOMEPEIHI
POKH OyJIM TIOIIPOCTY HEMOXKJIWBI. B OCTaHHI POKM IMMPOKO IMOMIMPHIACS e OJHA
cdepa 3acToCyBaHHS KOMIT'IOTEpHOT Tpadiku — CTBOPEHHS BIpTyaIbHOI PEabHOCTI.

4. I'padpiyamii KOpUCTYBaTBLHULIBKUH 1HTEpPEiic

Ha pannboMy ertami BUKOPUCTaHHS JAMCIUIEIB SK OJHOTO 3 MPUCTPOIB
KOMIT'FOTEPHOTO BHUBOAY 1H(opMalii aiamor "aroauHa-KOMI'IOTep" B OCHOBHOMY
3M1MCHIOBaBCS B ayipaBiTHO-LIM(PPOBOMY BHl. Terep ke MPaKTUYHO BCl CHCTEMH
mporpaMyBaHHs  3aCTOCOBYIOTh  Tpadiunuit  iHTepdeiic. OcoO0auBO  3HAYHO
BUTJISIZIAIOTE PO3poOKK B o0Osiacti Mepexi Internet. IcHye Ge3niu pi3HUX Mporpam-
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Opay3epiB, 110 peai3yloTh y TiM ab0 1HIIOMY BHI 3ac00y CIUJIKYBaHHS B MEpExi,
0e3 AKuX J0CTyH A0 Hel Baxko cobi mpencraButh. L1 mporpamu mpamooTh y pi3HUX
OTCpaIlifHUX CEPEeJOBHINAX, aje peaai3ylTh, MO CyTi, Ti cami (QyHKIII, 10
BKJIIOYAIOTh BiKHA, OaHEpH, aHIMAIIiIo H T.1I.

VY cydacHiii komm'toTepHid Tpadimi MOXKHA BWIUIMTA HACTYIHI OCHOBHI
HaIpsSMKH: 00pa30TBOpYa KOMITIOTEpHaA rpadika, oOpoOka i aHai3 300paKeHb,
aHami3 cueH (meplenTuBHa KOMI'IOTepHA Tpadika), Komm'toTepHa rpadika s
HayKoBHX aOcTpakiiii (KOTHITMBHA KOMI'IOTepHa rpadika, ToOTO rpadika, 10
CIIpUSIE TI3HAHHIO).

OO0pa3oTBopua koMmm'loTepHa rpagika CBOiM NPEIMETOM Ma€ CHUHTE30BaHI
300pakeHHs. OCHOBHI BUM 3aBJIaHb, SIKI BOHA BUPIIILY€E, 3BOASTHCS JO HACTYITHOTO!
— moOyaoBa Mojem 00'ekTa i hopMyBaHHS 300pakKEeHHS;

— TIEPETBOPEHHS MOEI i 300pakKeHHS,
— 1inenTudikaris 06'exTa i oaepkaHHA HE0OX11HOT iH(hOpMaIIii.

O0poOka i aHaJgi3 300pa’eHb CTOCYIOTbCS B OCHOBHOMY JUCKPETHOIO
(mudpoBoro) momanHs Gororpadii 1 1HIKUX 300pa)keHb. 3acOo0M KOMII'FOTEPHOL
rpadiku TyT BUKOPUCTOBYIOTHCS JIJIA:

— TIJABUILEHHS SKOCTI 300pakKEHHSI;

— OIIIHKM 300pa)X€HHS — BHU3HAYCHHS (OpMHU, MICLSI PO3TallyBaHHS, PO3MIPIB 1
IHIIKUX TTapaMeTpiB HEOOX1THUX 00'€KTIB;

— posmi3HaBaHHS 00pa3iB — BUJIJICHHS ¥ Kilacuikallii BIacTUBOCTEN 00'€KTiB (TIpH
00poOITl aepOKOCMIYHMX 3HIMKIB, BBEJEHHI KpECJIeHb, y CHCTEMax HaBirarii,
BUSIBJICHHS I HABEJICHHS).

AHaJi3 cleH TOB'S3aHUN 3 JOCIIDKCHHSAM a0CTpaKTHUX MoAeNel rpadgidHux
00'eKTiB 1 B3a€MO3B's13KiB Mi>k HUMH. O0'€KTH MOXKYTh OyTH SIK CHHT€30BaHUMHU, TaK 1
BUJIUICHUMU Ha QoTo3HIMKax. J[o Takux 3aBlaHb CTaBJSATHCS, HANpPUKIa,
MOJICJIIOBaHHS "MalMHHOTO 30py" (po0OoTH), aHalli3 PEHTIeHIBCbKUX 3HIMKIB 3
BUJUICHHSIM 1 BIJCTCKEHHAM O00'€KTa, IO IIKaBUTh (BHYTPIIIHBOIO OpPraHy),
PO3pO0OKa CUCTEM BiJICOCIIOCTEPEIKEHHSI.

KornituBna komn'rorepHa rpadika — TUIBKM HOBUM HampsMOK, IIO
(opMy€eThCS, TIOKH 111€ HEJJOCTATHBO YITKO BUM3HaueHui. Lle — komm'toTepHa rpadika
JUTSI HAYKOBHX aOCTpAaKIlid, 10 CHpHsi€ HAPOIKEHHIO HOBOTO HAYKOBOTO 3HAHHS.
Texniunoro ocHoBoro mig Hei € moryxkHi EOM 1 BHCOKONPOAYKTHBHI 3acoOm
Bi3yaJizariii.

OmauM 3 HaWOUIBII  paHHIX TPUKIAAIB  BUKOPUCTaHHS  KOTHITUBHOI
KoMIT'roTepHOi Tpadiku € podota Y. Crpayca "HecnonmiBane 3actocyBanHs EOM y
guctid Matematumi" (THEP, 1. 62, Ne 4, 1974, c. 96 — 99). V Hiil nokasaHe, sK TS
aHaI3y CKJIAIHUX anreOpaiyHuX KPUBHUX BUKOPUCTOBYETHCS 'n-MipHA'" 1OIIKa Ha
OCHOBI rpadiyHOoro TepMiHaga. Kopucrtyrounch MpUCTpOSIMU BBEJAEHHS, MAaTEMaTHK
MOJK€ JIETKO OZEP>KyBaTH F€OMETPUYHI 300paKEHHS PE3yJIbTaTIB CIIPSIMOBAHOI 3MIHU
napaMeTpiB JOCIHIJPKYBAHOI 3alieKHOCTI. BiH MoOXe TakoX JIerKO YIPaBIATH
NOTOYHUMH 3HAYEHHSIMU NapameTpiB, "MOTIUOMIOI0YM TUM CaMUM CBOE PO3YyMIHHS
poui Bapiamii nux napameTpiB". Y pes3ysbTari OTpUMaHO "KiJbKa HOBHX TEOpEM 1
BU3HAYEHI HAMPSAMKH MOJATIBIINX JOCIIIKEHB" .
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VY naHomy Kypci nependavqaeTbCsi pO3rIISIHYTH HACTYITHI TUTaHHS:
— TOJaHHS 300pakKeHHs B KOMIT'FOTepHIN rpadirt;
— CcrocoOM MiATOTOBKHU 300pakeHHs 10 Bi3yasli3allii;
— METOJIM BUBOJY 300pakKCHHS Ha CKpaH;
— MeToau poOOTH i3 300paKCHHSIM;
— MeToaU OOYHUCIIOBAIBHOT T€OMETIi.

1.2. Kopotka icTopis

VY 11b0My KOPOTKOMY ICTOPHUYHOMY HApUCl MU OyJIeMO 3rajlyBaTu ajJroOpuTMH i
METO/IM, 3 SKMMU YUTa4 3MOXKE IMO3HAMOMUTHCA B JaHoMmy Kypci. Lli momepenHi
3raJyBaHHsl HE IMOBHMHHI OCHTEXUTU TpH TepimomMy npouutanHi. [lo 3aBepiieHHi
KypCy MOHa IOBEPHYTHUCS A0 L[bOTO PO3ALTY i MPOUTH MO0 3aHOBO.

Kowmm'totepna rpadika B moyaTKOBUN MEpioj] CBOTO BUHUKHEHHs Oyia Janexo
HE HAaCTUIbKH e(EeKTHOIO, KOO BOHA CTajla B JAaHUW MOMEHT. Y Ti POKH KOMITHOTEPH
nepeOyBalid Ha paHHIM cTajaii PO3BUTKY W OyJM 3[aTHI BIATBOPIOBATH TIJIBKHU
HainpocrTimi KoHTypu (JmiHil). Ines komm'torepHoi rpadiku He Biapasy Oyna
MIIXOIUICHA, aie 1l MOXJIUBOCTI IIBUJIKO POCIH, 1 IMOCTYIOBO BOHA CTajla 3aliMaTh
OJIHY 3 HAaWBXKJIUBIIIMX MO3UIIIHA B 1HHOPMALITHUX TEXHOJOTISX.

[Tepuioro odiiiiHO BU3HAHOIO CHPOOOI0 BUKOPUCTAHHS MUCIUICS ISl BUBOIY
300paxenHss 3 EOM 3'sBunocsi cTBOpeHHs B MacadyCeTChbKOMY TEXHOJIOTTUHOMY
yHiBepcuteTi MammHd Whirlwind-I B 1950 M. Takum 4YMHOM, BUHUKHEHHS
KOMITtoTepHOi Tpadiku MokHa BigHectd 10 1950-x pokiB. Cam ke TepMmiH
"komm'roTepHa rpadika" npumymaB B 1960 p. cmiBpoOiTHUK kommanii Boeing V.
®dertTep.

[lepmie peanbHe 3aCTOCYBaHHS KOMITHOTEpHOI rpadiku 3B's3yI0Th 13 iM'sim [ x.
VitHi. Bin 3aiimaBcs KiHOBUPOOHHUIITBOM B 60-X pokax 1 BIIEpI€ BUKOPHUCTOBYBAB
KOMIT'FOTEp JUIsl CTBOPEHHS TUTPIB J0 KIHOPLIbMY.

HactynHuM KpoKOM y CBOEMY pO3BHUTKY KOMI'lOTepHa rpadika 3000B's3aHa
Aiieny Cazepsienay, mo B 1961 p., me Oyayuu CTyAEHTOM, CTBOPHUB NIporpamy
MajoBaHHs, Ha3BaHy 1iM Sketchpad (amsbom g mamoBanHs). Ilporpama
BUKOPHUCTOBYBaja CBITJIOBE MEPO ISl MAIIOBaHHS HaWMpocTimuxX (iryp Ha exkpaHi.
OTpumaHi KapTUHKM MO>KHa OyJs0 30epiratu i BIAHOBIIOBATH. Y 11l mporpami 0yso
PO3UIMPEHE KOJIO OCHOBHMX TpadiuHUX MPUMITHBIB, 30KpeMa, KpIiM JiHIN 1 Kparok
OyB BBEJCHUI NPSIMOKYTHHK, 1110 33JIaBABCSI CBOIMHU PO3MipamMu il po3TalryBaHHSIM.

Crnouatky KoMm'ioTepHa rpadika Oyjia BEKTOpHOI, TOOTO 300pa’keHHS
dbopmyBangocs 3 TOHKHMX iHIHA. [l1 ocobOmuBicTh Oyna TOB'A3aHAa 3 TEXHIYHOIO
peanizaiiclo KOMO'IOTepHUX nuciieiB. Hamami Oinblie MmMpoOKe 3acTOCYBaHHS
olepkaia pactpoBa rpadika, 3aCHOBaHA Ha TOJIaHHI 300pakKeHHS Ha €KpaHl y
BUTJISAI MATPHUIll OJHOPITHUX €JIEMEHTIB (ITIKCEIIB).

VY 1im ke 1961 p. ctynent CtiB Paccen cTBOpUB mepiry KOMI'TOTEPHY BIIEOTPY
Spacewar ("3opsiHa BiitHa"), a HaykoBui crmiBpoOiTHUK Bell Labs Exsapn 3emxex
crBopuB aniMartito "Simulation of a two-giro gravity control system",
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VY 3B'sa3ky 3 ycmixamMu B 00J1acTi KOMITHOTEpHOI Tpadiku BeNMKi Kopropariii
Moyajiau MPOSABIATU 10 HEl IHTEpec, IO Yy CBOIO YEpry CTUMYIIOBAJIO MPOTpec B
o0JacTi 11 TEXHIYHOT MIATPHUMKH.

VYuiBepcuter mraty KOTa cTae meHTpoM AOCTIKEHb B 00J1aCTI KOMI'TOTEPHOI
rpadiku 3aBmsku JI.EBancy # A.CazeprmeHmy, ski B el dYac Oyiam caMuMHU
noMiTHUMU (irypamm B 1 obmacti. [li3Hime iXHE KOO CTamO MIBUAKO
posmmpioBatucs. YuneM Cazepnenna crtaB E.Kermyn, waifOyTHiii TBOpeub
AIrOpUTMY BUJAJICHHS HEBUAMUMUX MOBEPXOHB 13 BUKopucTaHHaM Z-Bydepa (1978).
Tyt ke npamoBasiu [Ix. BapHok, aBTOp ajqropuTMy BUJAJICHHS HEBUJIMMUX T'paHen
Ha OCHOBI po30uBKHU oOacti (1969) 1 3acHoBHUK Adobe System (1982), Ix. Knapk,
MaiOyTHIM 3acHOBHMK kommaHii Silicon Graphics (1982). Bei i mociaiiHuKu 1yxe
CUJIBHO MPOCYHYJIH aJITOPUTMIYHY CTOPOHY KOMIT'FOTEPHOT rpadiku.

Y t1im xe 1971 p. Tonpamredin 1 Harens ymepiie peanizyBaiu MeETOA
TpacyBaHHs TMPOMEHIB 3 BUKOPUCTAHHSM JIOTIYHUX omepaiiil s (opMyBaHHS
TPUBUMIPHUX 300paKEHbD.

B 1970-1 poku Bin0yBcs pi3KuUil CTPUOOK y PO3BUTKY OOUMCIIOBAIBLHOI TEXHIKH
3aBIISIKM BHHAXOJy MIKPOIIPOIIECOpa, y Pe3yabTaTi 4Oro Iovajgacs MIHIaTIOpH3aIlis
KOMM'IOTEPIB 1 MIBUIKUN PICT IXHHOT NMPOIYKTHUBHOCTI. I B 1el ke yac MOYMHaE
IHTEHCUBHO PO3BUBATHUCS 1HIYCTpPis KOMIT'IOTepHUX irop. OJHOYACHO KOMIT'IOTEpHA
rpadika MOYMHAE MIMPOKO BUKOPUCTOBYBATUCS Ha TeseOadeHH1 Ml y KIHOIHAYCTPii.
JIx.JIykac cTBoproe BijyaiieHHst kommn'torepHoi rpadiku Ha Lucasfilm.

B 1977 p. 3'sBnsieTsest HOBU xypHan "Computer Graphics World".

VY cepenuni 1970-x pokiB rpadika IpoJoBXKYy€e pPO3BUBATUCS YOIK BCe OLIBIIOL
peamicTuaHocTi 300pakenb. E.Ketmyn B 1974 p. cTBOproe mepiil airopuTMu
TEKCTYpYBaHHSI KPUBOJIIHIMHUX TOBEpXOHb. B 1975 p. 3'IBisieThCs 3rajilaHuii paHiiie
meton 3adapOoByBanHs Ponra. B 1977 p. Jx.MauHenps nponoHye aJlropuTMu
peaNiCTUYHOIO 300pakKeHHsI IMIOPCTKYBAaTUX MNOBEpXOHb (MikpopenbediB); D.Kpoy
po3po0isie METOAM YCYHEHHS CXIJ4acToro eQekTy Mpu 300pakeHHI KOHTYpIB
(anTtmenaiisunr). Jx.bpe3senxem CTBOprO€ €(QEKTUBHI QJITOPUTMH MOOYI0BU
pacTpoBHX 00pa3iB BIAPI3KIB, OKPYXHOCTEH 1 eminciB. PiBeHb pPO3BUTKY
OOYHCITIOBAILHOT TEXHIKA JO I[LOTO Yacy BXKE JI03BOJUB BHKOPHUCTOBYBATU
aJITOPUTMHU, 1110 BUMArarTh OUTBIIMX 0OCsTiB mam'siti, 1 B 1978 p. Ketmyn npomnonye
meton Z-bydepa, y sSKOMy BUKOPHUCTOBYETHCS 00JIaCTh Mam'aATi JJisi 30epiraHHs
iH(MOopMaIli Mpo «TrIMOWHY» KOXKHOTO MIKCENsl €KPAaHHOTO 300pakeHHs. Y IbOMY XK
pori Caiipyc 1 bek po3BHUBaIOTh aNTOPUTMHU KIUIIPYyBaHHS (BIJCIKaHHS) JiHIA. A B
1979 p. Keii 1 I'pinGepr ynepiie peanizyroTh 300pa)KeHHs HaIiBIPO30POi MOBEPXH.

B 1980 p. T.Yitren po3pobiisie 3araabHi TPUHIIUIN TPACyBaHHS MPOMEHIB, 110
BKJIFOYAIOTh BIJOUTTS, NEPEIOMIICHHS, 3aTIHCHHS M METOAW aHTHenal3uHra. B
1984 p. rpymnoro nocniguukis (I"open, Toppenc, I'punbepr 1 iH.) Oya 3anpornoHoBaHa
MOJIC]Tb BUITPOMIHIOBAJIBHOCTI, OJHOYACHO PO3BUBAIOTHCS METOIU TPSIMOKYTHOTO
KJIIITyBaHHS 00JIacTEeN.

B 1980-1 poku 3'aBisieTbCsl UMM psAJl KOMITaHIM, 110 3aMalOThCs TPUKIAIHUMHU
po3pobkamu B ob6sacti komm'toTepHoi rpadiku. B 1982 p. . Knapk crBoproe Silicon
Graphics, Toxi x BuHukae Ray Tracing Corporation, Adobe System, B 1986 p.
kommaHnis Pixar Bimokpemtoerbes Bia Lukasfilm.
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VY 11 poku koMI'FOTepHa Tpadika BKe MIITHO BIPOBAIKYETHCS B KIHOIHAYCTPIIO,
PO3BHUBAIOTHCA JOMATKU A0 IHKEHEepHUX auciuiuiia. B 1990-e pokum y 3B'SI3Ky 3
BHHUKHCHHSM Mepexi Internet y komm'torepHoi rpadiku 3'saBiaseTbes 1ie oaHa cdepa
J0JaTKa.

TyT mepepaxoBaHi JajieKko HE BCl CEpHO3HI KPOKH HA MUIAXY PO3BUTKY rpadikw,
aye OUTbIe JOKJIAJHE 3HAHOMCTBO 3 1i ICTOpI€I0 BUMAra€ JOCHUTh TAPHOTO TOJaHHS
PO TEOPII0 M aNrOpUTMHU L€l TUCIUILIIHUA, TOMY MU OOMEXY€EMOCS JIUIIE KOPOTKUM
orasiioM. HeBakko MOMITUTH, IO MPIOPUTET Y PO3BUTKY JAHOTO HAIpPSIMKY B
1H(pOpMaIITHHUX TEXHOJIOTISAX JOCUTh MIIIHO BTPUMYIOTh aMEPHKAHCHKI JIOCIITHUKH.
Ane ¥ y BITYM3HSIHIN Haylll TeX Oyiu CBOI po3poOKH, cepell SIKMX MOKHA Ha3BaTH
PAI TEXHIYHUX peati3alliil IUCIUIeiB, BAKOHAHUX Yy P13HI POKU:

1968, Ol AH CPCP, mamuna BECM-6, iMOBIpHO, MEpIIMA BITYHM3HSIHUM
pPacTpOBHIL TUCILIEH 3 BiJleoNaM'ITTIO Ha MarHiTHOMY OapabaHi;

1972, Inctutytr aBTomMaTuku 1 enekTtpomeTpii (laie), BexkTopHUN nucCIIIECH
"CumBon";

1973, laie, BekTopHHI qucmuieit "Jlenpra';

1977, laie, Bektopuuii nucmuiei ETII-400;

1982, Kuis, H/I nepudepiitHoro BcTaTKyBaHHS, BeKTOpHMA nuctieit CM-7316,
4096 cumBoJtiB, 10381 204872048

1979-1984, Iuctutyt mnpukinagHoi (i3ukd, cepis pacTpPOBUX KOJHOPOBHUX
HarmiBTOHOBUX jauciieiB "['ama". OcrtanHi gucriiei maHoi cepii Manau TaOJIuIlio
KOJIBOPIB, MIATPUMYBAJIM BiKHA, TIJIaBHE MacIITaOyBaHHS.

Takum yuHOM, y TIpoIleCi PO3BUTKY KOMM'IOTEPHOI Tpadiku MOKHA BUIAUIATH
K1JIbKA €TarliB.

B 1970-1 poku BoHa QopMyBanacsi sK HayKoBa IUCIUIUTIHA. Y 1€l dac
PO3pOOISUTHCS OCHOBHI METOAM M alITOPUTMH: BIJICIKAHHS, PAaCTPOBE PO3TOPHEHHS
rpa@iuHUX NOpUMITHBIB, 3adapOyBaHHS BI3€pyHKAMHU, PEATICTUYHE 300pa’KEHHSA
MIPOCTOPOBUX CIEH (BUIAJIEHHS HEBUAMMMX JIHIN 1 TpaHed, TpacyBaHHS MPOMEHIB,
10 BUTIPOMIHIOIOTH IOBEPXHI), MOJICTFOBAHHS OCBITJICHOCTI.

B 1980-e rpadika po3BuBaeThCcs OuIblle K NPUKIAIHA JUCIUIUIIHA.
Po3po06sitoThCss METOIH 11 3aCTOCYBAHHSI Y BCUISIKUX 00JIACTSIX JIFOJACHKOI TISUIBHOCTI.

B 1990-e poku meTonu KOMM'rOTEpHOI rpadiku CTarOThb OCHOBHUM 3acO00M
oprasizaiii giajgory " JroauHa-KOMITIOTEp" 1 3aJUINAIOThCS TAKUMU 1O TETePIIIHIA
Jac.

1.3. TexHiuni 3aco0u miATPpUMKHN KOMII'I0TepPHOI rpadiku

Po3BuTok kKomm'toTepHOi rpadikud O6arato B 4OMy OOYMOBIIEHO PO3BUTKOM
TEXHIYHUX 3aco0iB ii miaTpumku. Hacammepen 1ie NMPUCTPOIO BUBOIY, SIKUMHU €
nuctiei. Y 1ei yac iCHy€ KiJibKa THUIIIB JUCILICIB, 10 BUKOPUCTOBYIOThH €JIEKTPOHHO-
IpOMEeHEeBY TPYOKy, a TaKoXX JUCIUICT Ha PIAKOKPUCTANIIYHI 1HIUKATOpaX 1 1HII 1XHi
BuH. Hac 1MikaBasTh TOJOBHUM YMHOM (DYHKITIOHAIBHI MOKIIMBOCTI JUCILICIB, TOMY
MU He OyJIeMO CTOCYBaTUCS iXHBOTO BHYTPIIIHHOTO MPUCTPOIO i EIEKTPOHHUX CXEM.

BunukHeHHss koMmn'torepHOi Tpadiku, SK YK€ TOBOPUIIOCS paHillle, MOXHa
BigHecTn 10 50-x pokiB. [(ucruieiiHa rpadika Ha IEpIIOMYy eTami CBOTO PO3BUTKY
BUKOPUCTOBYBaJIa  eleKTpoHHO-ipoMeHeBl  TpyOku  (EIIT) 3  moBinbHEUM
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CKAHYBAHHSIM MPOMEHIB /I BUBOy y BUTJISI 300paxeHHs iHpopmarii 3 EOM. 3
EKCIIepUMEHTY B MacauyceTChKOMy TEXHOJIOTIYHOMY 1HCTUTYTI IIOYaBCSl eTarl
PO3BHUTKY BEKTOPHHX JUCIUICIB (IUCIUICIB 3 JOBIIbHUM CKaHYBaHHSM MTPOMCHIB).

Haitpoctimmm 13 mpuctpoiB Ha EIIT € aucmuieii Ha 3amam'siTOBYBaJIbHil
TPYOWi 13 MpsSMHUM KOMIIOBAaHHSIM 300paKE€HHA. 3amaM'sTOBYyBajbHa TpyOKa Mae
BJIACTUBICTh TPUBAJIOTO YacCy MICISOCBITICHHS: 300paKEHHS 3IUIIAETHCS BUIUMUAM
MpOTSATOM TpHuBajgoro dacy (mo opmuiei romawnaw). [lpm BuBOmI 300pakeHHS
IHTCHCHBHICTh €JICKTPOHHOTO TIPOMEHIO 30UIBIIYIOTH JIO PIBHSA, IIPH SKOMY
BiIOYyBA€ThCSA 3amaM'sTOBYBaHHS CIIIy TPOMEHI0 Ha JoMiHodopi. CkiIamaHICTh
300pakeHHsI MPaKTUYHO He oOMexkeHa. CTupaHHs B1IOYBAa€ThCS MUIAXOM IoAadl Ha
BCIO TPYOKY CHeEIliajbHOI Hampyru, Npy SKOMY OCBITJICHHSI 3HUKAE, 1 1151 IpoLeaypa
3aitmae ipubau3Ho 0,5 c. Tomy 300paxkeHHs, OTpUMaHi Ha €KpaHi, HE MOXKHA CTEPTU
YacTKOBO, a CTajo OyTH, IMHAMIYHI 300pa)kKeHHsa ab0 aHIMallis Ha TaKOMY JUCIUIEl
HeMO>kuBi. Jucrieit Ha 3anmaM'sITOBYBaIbHIM TPyOIll € BEKTOPHUM, a00 JUCIIICEM 3
JTOBUIPHUM CKaHyBaHHSM, TOOTO BIH JO3BOJISIE MPOBECTH BIAPI3OK 3 OJHIET
anpecyeMoi KpaIrky B 6yab-sKy iHIIy. FIoro 10CHTb JIerKo IporpaMyBaTH, alie PiBeHb
IHTEPaKTUBHOCTI B HHOTO HWKYE, HIK Y PSIy IUCIUICIB IHIIMX THUIIB 4Y€pe3 HUZBKY
MIBUKICTD 1 TOTaH1 XapaKTePUCTUKU BUIAJICHHS.

HactynHuil Tun — 11€ BeKTOPHI AMCIIIEl 3 pereHepamiclo 3o00paxxenns. [lpu
NMepeMIIlleHH] TMPOMEHIB 10 €eKpaHl B Kpalllll, Ha SKiii [OTpanmuB MPOMiHb,
30yKY€ThCS OCBITJICHHS JitoMiHOGOpa ekpaHa. lle OCBITJIIEHHS MOCUTH MIBUIKO
MPUTIUHIETBCA TP TEPEMINICHHI MNPOMEHIO B IHINY TO3UIII0 (3BUYaWHUNA dYac
nicisiocBiTaeHHs - MeHi 0,1 ¢). Tomy, ansa Toro mo6 300pa)keHHs] 0yJI0 MOCTIHHO
BUJIMMHUM, JOBOAUTHCS Horo '"mepeMalboByBaTH' (pereHepyBaTu 300paxkeHHs) 50
abo 25 pa3iB y cekyHay. HeoOximHicTh pereHepailii 300paKeHHS BHUMAarae
30epexeHHs] oro Onucy B CHEIlalbHO BUJIUICHIA MaM'aATi, HA3WBAHOIO MaM'STTIO
perenepaiiii. Cam onuc 300pa)keHHsI HA3UBAETHCS NUCIICHHUM (haiaoM. 3po3yMuo,
0 TaKui JHUCIUIEM BUMAarae JOCHUTh IIBHJKOTO TIpoliecopa s O0OpoOKH
TUCIUIEHOTO (paility i KepyBaHHS NEPEMIIICHHSIM ITPOMEHIO TI0 €KpaHi.

3BHUuaiiHO cepiiiHi BeKTOpH1 auciuiei Beturanu 50 pasiB y cekyHay OyayBaTu
Tibku O65m3bko 3000-4000 BimpiskiB. [Ipu OiabIIOMY YHCHI BIAPI3KIB 300paskeHHS
MOYMHAE MEPEXTITU, TOMY IO BiJIP13KH, MOOYAOBaHI Ha TIOYATKY YEPTrOBOIrO IUKIIY,
MOBHICTIO TACHYTH JI0 TOTO MOMEHTY, KOJIM Oy Iy Th Oy TyBaTHCSl OCTaHHI.

[HIIIMM HE0JIIKOM BEKTOPHHUX JHCILICIB € MaJie YHCIIO Tpajiallii Mo sSCKpaBOCTI
(3BUUaiiHO BiJ IBOX 110 YOTHPHOX). Bymu po3poOreHi, ame HE 3HAWUIUIM IIUPOKOTO
3actocyBaHHA NBOX- 1 TpukoiipHi EIIT, mo Takox 3abe3nedyBayiv KijbKa rpaaaiii
SICKPaBOCTI.

VY BEKTOpHUX MAHCIUICAX JETKO CTEPTU OYIb-IKUN €JIEeMEHT 300paKeHHS —
JOCHThH IPY YEPTrOBOMY IHKIII TOOYTOBH BUAIUTH CIEMEHT, 3 TUCIICHHOTO (haiiy.

TekcToBUM Jiajior MIATPUMYETHCS 3a JIONMOMOIOK  ajidaBITHO-LU(PPOBOI
kinapiatypu. Henpsimuii rpadiuyHuii  giamor, sSK 1 y BCIX I1HIIUX JAUCIUIESX,
3IIMCHIOETHCS MEPEMILIEHHSAM Tepexpects (Kypcopy) MO eKpaHi 3a JOMOMOIO0 THX
a00 I1HIMX 3ac001B KEpYyBaHHS MEPEXPECTIM — KOOPAUHATHUX KOJIC, MO0 KEPYEThCS
THDKOUCTUKOM, TPEKOOJIOM, TJIAHIIIETOM 1 T.J1. BiAMITHOIO PHCOI0 BEKTOPHUX JHUCILUICIB
€ MOXJIIMBICTh Oe3mocepeaHboro rpadivyHoro Iiajiory, M0 IOJIATaE B TIPOCTIH
BKa3iBIIl 32 JOTIOMOTOO CBITJIOBOTO Mepa 00'€KTiB Ha eKpaHi (JIiHii, CHMBOJIIB 1 T.1.).
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BekropHi aucruiei 3BHYaiiHO MMiAKII0YaoThess 10 EOM BHCOKOIIBHIKICHUMH
KaHaaMud 3B'si3Ky. llepini cepifiHi BEKTOpHI JUCIIET 32 KOPIOHOM 3'SBUIIHUCS
HanmpukiaIl 1960-X pokis.

IIporpec y TexHOJOTIi MIKpOEIEKTPOHIKH IIPHUBIB A0 TOrO, IO 13 CEpPEAUHH
1970-x pokiB nepeBakHe MOMUPEHHS OJIepKalid IUCIUIET 3 PACTPOBUM CKaHYBaHHSIM
npoMeHsMU. PacTpoBuil mpHUCTpii MOKHA PO3TISAATH SK MATPHUII0 JUCKPETHUX
Kparok (IMKCeNiB), KOXKHa 3 SIKUX MOXe OyTW miacBiueHa. TakuM YHHOM, BOHO €
TOYKOBUM TPUCTPOEM, IO MatO€. TomMy Oyap-sKuil 300paKyBaHWW Ha EKpaHi
TUCIUIesT  BIAPI30K OyayeTbecss 3a  JTOMOMOTOKO  TIOCHIJOBHOCTI  Kpamok, 10
alpOKCUMYIOTh 1icaJbHy TPAEKTOPIIO BiApi3Ka, MOaI0HO TOMY, SIK MOXKHA OyayBaTh
300pakeHHsI MO KJITKaX Ha KapTKOBOMY JIMCTKY mnamepy. [lpu mpomy BiIpizok
BUXOJIUTh MPSMHUM TUIBKH y BHUIIQJKaX, KOJIU BIH FOPU3OHTAIbHUN, BEPTUKAIBLHUN
a0o cripsIMOBaHHUH MM KyToM 45° 10 ropusoHTam. Bei 1HII BIAPI3KK BUTIISIAIOTH SIK
MOCIIIOBHICTE ""cXOIB" (cXiggacTuid €eKT).

I[Ipy moOymoBi 300pa’keHHS B  pacTpoBUX  rpadiuHUX  MPUCTPOSX
BUKOPHUCTOBYEThCS Oydep Kaapy, IO MpeacTaBise coO0K BEIHMKY Oe3lepepBHY
TUISHKY TaM'sTi koMmm'rotepa. [ KOXHOT Kpamku B pacTpl NPUILISETHCS K
MiHIMYM oJuH 01T maM'sTi. bydep kaapy cam mo cobi He € IPUCTPOEM BHUBOJY, BiH
JIIIIE BUKOPUCTOBYETHCS JJIs 30epiraHHs MaitoHka. HalOiapIe 9yacTo K mpUCTpii
BHBO/Ty, BAKOPUCTOBYBAHOTO 3 OydhepoM KaJpy, BUCTYIIA€ BIIEOMOHITOP.

[Ilo6 3po3yMiTH MOPUHIMIK POOOTH PACTPOBUX JHUCILUICIB, MU PO3IVITHEMO
3arajioM MPUCTPIM  KOJIBOPOBOI PACTPOBOI  EJIEKTPOHHO-MPOMEHEBOI  TPYOKH.
300pakeHHsI HAa €KpaHi BUXOIUTH 3a JOTMOMOTOK0 C(albIIbOBAHOTO EJIEKTPOHHOTO
MIPOMEHIO, M0, MOTPAIUIIOYM Ha €KpaH, MOKPHUTHHA JIOMIHOGOPOM, Ma€ SCKpPaBy
KOJIIpHY raMMK. [IpoMiHb y pacTpoBOMY JIUCILIET MOXKE BIAXUISATUCSA TUIBKH B CTPOTO
NIEBHI MO3MIlIT Ha €KpaHi, 0 YTBOPATH CBOEPIAHY Mo3aiky. JltoMiHOpOpHE MOKPUTTS
TeX He Oe3ynuHHE, a sBJsie cO0010 Oe3miu OJM3bKO PO3TAlIOBAaHUX APIOHUX KParoK,
KyIu MOXE TMIO3UIIIOHyBaTUCS TpoMiHb. Jlucruieir, mo d¢opMye YOpHO-OLT
300pakeHHsI, Ma€ OJIHY EJEKTPOHHY rapmarty, 1 ii MpoMiHb BHUCBITIIIOE€ OJHOTOHHI
koJiipHi mwissmMu. Y kosibopoBuid EIIT mepeOyBaroTh TpU €JIEKTPOHHUX TapMaTtH, IO
OJIHIE€T Ha KOKHUW OCHOBHUU KOJIIp: YEPBOHUH, 3€JIeHUH 1 CUHINA. ENeKTpoHHI MyIKu
4acTo 00'€/THaHI B TPUKYTHUM OJIOK, 1110 BIJIMOBIAa€ TPUKYTHUM OJIOKAaM YEPBOHOTO,
3€JIEHOr0 M CHMHBOTO JIOMIHO(OPIB Ha eKpaHi. EJeKTpoHHI MpOMEHI BiJ KOXKHOI 3
rapmar, MpOXOAsSYH Yepe3 CIeiaibHy TIHbOBY MAcKy, MOMaJal0Th TOYHO Ha TUISIMY
CBOTO JIIOMiHOGOpa. 3MiHA IHTEHCHUBHOCTI KOXKHOTO 13 TPbhOX IMPOMEHIB J03BOJISE
oJlepKaTH HE TIIBKA TPU OCHOBHHMX KOJIbOPH, ajie W KOJbOPH, OJEPKYBaHI TpPH
iXHPOMY 3MIIIIAHHI B PI3HUX MPOMOPIIIAX, IO JA€ JAYy>KE€ BEJIUKY KIJIbKICTh BIATIHKIB
JUTSI KOSKHOTO TTIKCEJsI eKpaHa.

Jucriyei Ha PiAKOKPUCTANIYHUX IHAUKATOPAX TMPaIOTh AHAJIOTIYHO
IHIUKAaTOpaM B €JICKTPOHHUX TOJMHHHMKAX, aJie, 3BHYaHO, 300payKCHHS CKIIaIa€ThCS
HE 3 JCKUTBKOX BEJIIMKUX CETMCHTIB, a 3 BEJIMKOTO YHCJIa OKPEMO KEPOBAHUX KPAITOK.
i aucruiei MaOTh HalMEHINl Ta0apuUTH W EHEProcHoKUBaHHS, TOMY IIUPOKO
BUKOPUCTOBYIOTHCS B MOPTATUBHUX KOMII'TOTepax. BoHM MarTh SK MepeBaru, Tak 1
HEeJ0JIiKU B TopiBHSHHI 3 nuctiesimu Ha EINT. Xoda ictopudHo Takuii crmocid BUBOTY
300pakeHHsI 3'IBUBCSl paHimie, HiX pactpoBuit mucriedr 3 EIIT, ame mBuako
pO3BUBATUCS BIH TMouYaB 3HA4yHO mi3Hime. Ll gucmiei Takox € pacTpoBUMHU
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npuctpossMu (iX TEX MOXKHA TPEICTABUTH SK MATPHIIO EIEMEHTIB — PIAKUX
KPHCTAJIB).

[cHyIOTH 1 1HIIN BUJW JAMCIUICIB, HANPHUKJIAJ] IUIa3MOBa IMaHENb, aje MH HE
OyaeMo iX CTOCYBaTHCS, OCKIIBKA BOHH TaKOXK € PaCTPOBHUMH, a TEXHIYHA pean3aris
HE € TPEeAMETOM Haloro Kypcy. BakiuBo Te, 10 PO3IJISHYTI HaAaMH aJrOPUTMH
PpO3po0IeH] I pacTpOBUX rpadidyHUX JUCIUIEIB, a 3arajbHI IPUHIIUIN POOOTH ITUX
MIPUCTPOIB HAM 3PO3YMLJII.

Kpim gucreiB, sik mpucTpoi BUBOAY 300paK€Hb BUKOPUCTOBYIOTHCS TUIOTEPH
(rpadomoOymoByBaui), mpu3HayYcHI Ui BHBOAY IpadiunHoi iH(popMalii Ha Marip.
Panni rpadivni makeTu OyJId Opi€HTOBaHI caMe€ Ha MOJIENb Iip'sSTHOTO ILIOTepa, IO
dbopmye 300pakeHHs 3a JOMOMOroro mepa. Ilepo Moxe mepemilmaTucs y3/I0BXK IBOX
HaIpsSIMHUX, BIJMOBIIHUM JIBOM KOOPJAMHATHHUM OCSIM, IPUYOMY BOHO MOXKE
nepeOyBaTu y JBOX CTaHaX — MIAHATOMY M OMyIIEHOMY. Y TITHSATOMY CTaHl BOHO
MIPOCTO TIEPEMIMIAETHCS HAJl TTOBEPXHEIO TANepy, a B OMYIIICHOMY 3aJIMINIA€ Ha TMarepi
JiHI1, mo GOopMYyIOTh 300pakeHHSA. TakuM YHUHOM, IUIOTep OJMKue A0 BEKTOPHHX
TUCIUICIB, ajie BIAPIZHAETHCA BIJ HUX THM, IO CTUPATH BHUBEICHI 300paKCHHS
HEeMOKJUBO. ToMy Juist HUX 300pa)Ke€HHS CIOYaTKy MOBHICTIO ()OPMYETHCS B MaM'ATi
KOMIT'IOTEpa, a IOTIM BUBOJAUTHCSI.

Kpim Toro, BapTo 3ragaTd IpUHTEPH, 110 BUBOASATH 300paKeHHs Ha marip abo
TTBKY. 300pakeHHsI, OJEpP’KyBaHE 3a JOMOMOTOI0 CY4YaCHUX MPUHTEPIB, TaKOK
dbopMyeThCs SIK KpankoBe (pacTpoBe), alie, K MpaBuio, 13 KpalluM J03BOJIOM, YUM
ekpanHe. Sk 1 y Bumajaky i3 rpadomnoOymoByBadi, CTEpTH 300pakeHHS abo #oro
YaCTUHY HEMOKJIHBO.

Tenep 3poOMMO HEBEJMKUN OTJIA NPUCTPOIB BBEACHHS 1H(MOpMaIi, M0
JO3BOJISIIOTH BUPILIYBATH Pi3HI 3aBJAHHSA KOMIT'IOTEPHOI rpadiku, HE BIAIOYUCH Y
netam (Hi3UYHUX TPUHIMIIB IXHBOI podoTu. LI mpucTpoi 703BONISIIOTH OpraHizyBaTH
miajgor "TIOIUH-KOMI'IOTEp'", a OCOOJMBOCTI KOHCTPYKIIi KOXXHOTO IIPUCTPOIO
J03BOJISIIOTH HOMY CITeIiali3yBaTHCS Ha BUKOHAHHI TICBHOTO KOJIa 3aBaaHb. Hac BoHM
IIKABJISITH CaMe SIK JIOT1YH1 IPUCTPOI, TOOTO 3 MOTJISI Ty BUKOHYBAHUX HUMU (DYHKIIIH.

[Tepmy Tpymy TOpHCTPOIB, 3a TOMOMOTOIO SKHX KOPHUCTYBad MOYE BKa3aTH
MO3UINI0 HA €KpaHi, Ha3BeMO NMPHCTPOSIMH BKasziBkm (pointing device): muinia,
TpekOon (trackball), cBiTinoBe mepo (lightpen), mxorictuk (joystick), cmeiicOon
(spaceball). [IpakTuyHO BC1 MPUCTPOI 11i€i TPYyNHU OCHAIEHI Mapor abo JAeKiIbKOMa
KHOIIKaMH, SIKI JTO3BOJISIIOTH copMyBaTu W Tiepenatd B KOMI'IOTED SIKi-HEOYIb
CUTHAJIA 200 MepepUBaHHS.
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Muma (puc. 1.1) 1 Tpexk6oa (puc. 1.2) cxoi HE TUIBKH MO MPU3HAYEHHIO, ajie
9acTO W MO KOHCTPYKINi. Y MeXaHiuHii Mumn i TpekOom oOepTaHHS KyJIbKd
MEPETBOPUTHCST 32 JIOMOMOTOIO0 TIapW IEPETBOPIOBAYIB Yy CHUTHAIW, TEpelaHi B
koMmm'iotep. [leperBopioBadi  BUMIPIOIOTH OOEpPTaHHS IIOJO0 JBOX B3aEMHO
MEePIEHANKYJISIPHUX ocel. IcHye myke Oarato moamdikaimiii mpucTpoiB 1ux rpym. B
ONTHYHIA MUIII BUKOPUCTOBYIOTHCS HE MEXaHIYHI, @ ONTHUYHI Yy TIUBI €JIEMEHTH JIJIs
BUMIPY TMEPEMIIICHHS: BHUMIPAETHCS BIACTaHb LUIIXOM MiAPaXyHKY IITPUXIB Ha
CreliayIbHIN  MyIoXKII. ManeHbki TpekOOIM IIUPOKO 3aCTOCOBYIOTHCS B
MOPTATUBHUX KOMIT'IOTEpax, /i€ iX BOYIOBYIOTh MPSIMO B KJIaBiaTypy.

VY nesiki knaBiaTypu BOYAOBYIOTHCS IPUIIAIU, Uy TIUBI O TUCKY, IKI BUKOHYIOTh
T1 K (YHKIUI, [0 W MuIIa abo TpekOoJI, ajge MpH [bOMY B HUX BIJCYTHI PYXJIUBI
enemeHTH. [lepeTBoproBadi B TakMX HPHUCTPOSIX BUMIPIOIOTh BEJIMYMHY THUCKY Ha
HEBENUKUI OMyKJIUN HaOaJIJalTHUK, PO3MIIIEHUI MiXK JBOMa KHONKAMH B CEpEIHIN
YacTHHI KiaBilaTypu. BoHH, $SK 1 TpekOOJ, BUKOPUCTOBYIOTHCA IEPEBAKHO B
MOPTaTUBHUX KOMIT'FOTEpAX.

Buxigni curHaiu mumii abo TpekOoyia MOXHA PO3TJsSIaTH SIK JBI HE3AJICKHI
BEJIMYMHU 1 MEPETBOPIOBATH 1X Y KOOPJAMHATH TIOJIOKCHHS HA JBOBUMIPHIN IUIOIIMHI
eKkpaHa a0o B sIKIM-HEOY/Ib 1HIIIN cUCTEMI KOOpAUHAT. JI1UeH] 13 MPUCTPOIO 3HAYCHHS
MOXXHa BIJpa3y K BUKOPHUCTOBYBAaTH [JIi KEPYBaHHS CICIIaJbHOIO OI[IHKOIO
(KypcopoMm) Ha eKpaHi.

Puc. 1.3. CgitnoBe nepo

Berepanom cepen mpucTpoiB BBEACHHS B KOMITIOTEpHIM rpadili € mpuctpi,
Ha3BaHE MPU HOTO CTBOPCHHI CBITIOBUM TIEPOM. YTIEpIIe BOHO 3'SIBUJIOCS y BKE
sramanoMmy npoekTi A. Cazepnenga Sketchpad. CsitioBe mnepo  MICTUTh
doTouyTnuBuii enemeHT (puc. 1.3), mo npu HAOIMXKEHHI O €KpaHa CIpuiiMae
BUIPOMIHIOBAHHS, MOPOJKYBaHE TPH 3ITKHEHHI EJIEKTPOHIB 3 JIIOMIHOGOPHHUM
MOKPUTTSAM €KpaHa. SKIIO MOTYXXHICTh CBITJIOBOTO IMITYJIbCY TEPEBUIIYE TIEBHUMN
nopir, GOTOUYTIMBHUIA eJIeMEHT (OpMye IMIYIbC, MO TEPENAETHCI B KOMITIOTED.
AHai3y0uu 3CyB 3a 4acOM I[bOTO IMITYJIbCY BIJIHOCHO MOYATKYy ITUKIY pereHepaiiii,
KOMITFOTEP MOXKE€ TOYHO BU3HAYUTH KOOPJWHATH TOI KpANKH €KpaHa, MOPYIICHHS
akoi "BucBITWIO" (oroenemenT. TakuM YWHOM, y PO3MOPSKEHHI KOPUCTyBada
BUSIBJISIETbCSI  TIPUCTPi  Oe3mocepeHbOl  BKA3IBKH, 10 IMpaIoe mOpsMo 13
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300pakK€HHsSIM Ha eKkpaHi. Y Iel dYac 1ed MpUcCTpii yKe MPaKTUYHO BHUHILIO 13
YVKUBaHHS: BOHO BUTUCHYTO O1JIbIIIE MPOCTUM 1 HATIHIUM — MHUIIICIO.

[Ile oguH IPUCTPIiA, IO TOCUTh AKTUBHO BUKOPHUCTOBYETHCS B MYJIbTUMEIIHHUX
J0/laTKaX, a TaKOX Yy PI3HOTO POIy KOMI'IOTEPHUX TpEHaXKepax — HKOUCTHUK
(puc. 1.4). TlepemimieHHS JOKOWCTHKA Yy JIBOX B3a€EMHO IEPICHIUKYIISPHUX
HampsiIMKax CHOPUAMAETHCS TEPETBOPIOBAYaMHU, IHTEPIPETYETHCS K  BEKTOP
IIIBUKOCTI, @ OTPUMaHI 3HAYCHHS BUKOPHUCTOBYIOTHCS JIJISi KEPYBaHHS IOJIOKESHHSIM
Mapkepa Ha ekpani. O6poOka cUrHaly BUKOHYETHCS TaKUM YUHOM, IO HEPYXJIUBUN
JLDKOUCTHUK Y SIKOMY- 200 MPOMIKHOMY TOJIOKEHH]1 HE 3MIHIOE MOJIOKEHHS MapKepa, a
YUM Jai JHKOMCTUK BIAXUIICHUH BiJl TOYATKOBOTO MOJIOKEHHS, TUM IIBUJIIE MapKep
NepeMIllaeTbcsl MO €KpaHi. TakKuM YMHOM, JHKOWCTHUK BIJITpa€ pPojb MPHUCTPOIO
BBEJICHHSI 31 3MIHHOIO UYTJMBICTIO. [HIIIa TIepeBara J)KONCTUKA — HAABHICTh CUIIOBOTO
3BOPOTHOTO 3B'si3Ka, 3a0€3MEYEeHOI HAsBHICTIO PI3HOTO poay npyxuH. [lpu mpomy
KOpUCTYBau MOYYBa€, M0 YUM Jlalll BIAXWUJUICHO JKOMCTUK, TUM OUIbIIE 3YCHILIS
MOTpIOHO IS #ioro mojanbpmioro pyxy. Lle came Ti BMacTHUBOCTI, Kl MOTPiOHI IpH
pOOOTI 3 PI3HOTO POJY CUMYJISATOPAMH, a TAKOXK Y KOMIT'FOTEpHUX 1rpax.
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Puc. 1.4. JxoiicTux Puc. 1.5. Cneticbon

CreiicOon — ue "TpuBuUMIpHE" TPUCTPi BBeACHHS. Xo4a W ICHYIOTh pI3HI
KOHCTPYKIIi TaKUX MPUCTPOIB, BOHU yC€ 1€ HE OAEpKaau IIUPOKOTO MOIIMPEHHS,
OCKIJIBKHM MPOTPaIOTh MOMYJIIPHUM JIBOBUMIPHUM HPHUCTPOSIM K 32 BAPTICTIO, TAK 1
M0 TEXHIYHMX Xapakrepuctukax. Cneilcoon CcXouid Ha JHKOUCTUK, aiie
BIJIPI3HSETHCS BiJl HHOTO THM, IO BIH Ma€ BUIJISJ 3aKPIIUIEHOrO Ha PYKOSATLI Ky,
MPUYOMY PYKOSITKA B LIA KOHCTPyKLii HepyxiuBa (puc. 1.5). Kyns mae natuuku
TUCKY, SIKI BUMIPIOIOTh 3yCWJUISA, IO MPUKIAAAEThCs KopucTyBaueM. Kyms moxke
BUMIPIOBATH HE TUIBKU CKJIAJIOBl 3yCHJIISI B TPbOX OCHOBHHMX HAmpsSMKax (3BEpXY
JOJIUINIIB, BT ceOe abo Ha cede, yIiBO-BIPaABO), ajie i o0epTaHHS II0JI0 TPHOX OCEH.
Takum yuHOM, 1I€H TIPUCTPIN 3AATHHUM MEepeaaBaTH B KOMIT'IOTEP IICTh HE3AICKHHUX
napamMeTpiB  (TOOTO Ma€ TICTh CTYNEHIB BOJI), II0 XapakTEepPU3ylOTh SK
MOCTYMAJLHUN PYX, TaK 1 00epTaHHS.

[CHYIOTB 1 1HIITII TPUBUMIPHI CUCTEMHU BUMIPY i BBEIEHHS, 1110 BUKOPUCTOBYIOTH
HaMCy4YacHIIll TEXHOJIOT1i, HAIPUKJIaA Ja3epHi. Y cucTeMax BipTyaldbHOI peanbHOCTI
BUKOPUCTOBYIOTHCA OUIbIIE CKJIAAHI MPUCTPOiI, MO JO3BOJSIOTH JAUHAMIYHO
BIJICJTIIKOBYBATH IMOJIOKEHHS ¥ Opi€HTall0 KopucTyBayva. JJis 1oaaTKiB, NOB'I3aHUX
13 Cy4acHOI0 POOOTOTEXHIKOK M MOJEIIOBAaHHSM BIPTYaJlbHOI peagbHOCTI, 1HOI
NOTPiOHI MPHUCTPOI, IO BOJIOAIIOTH 1€ OUIBIIMM YHUCIOM CTYMNEHIB BOJI, YUM
creiicoos. OcTaHHIM 4acoM 3'IBUJIMCSI HOB1 pO3pOOKH B IIbOMY HAIPSIMKY, 30KpemMa -
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PYKaBHYKH i3 CHCTEMOIO JAaTYHKIiB, SIKI 3/1aTHI BJIOBJIIOBATH PyXy OKPEMHX YacTHH
pykH mouHu (puc. 1.6).

Puc. 1.6. PykaBuuka Jist BBEICHHS JaHUX Puc. 1.7. Ilnanmer

[Ipu BukOpucTaHHi Mulil abo TpekOoia aHaII3yeThCs BIIHOCHE TMOJIOKEHHS
MIPUCTPOIO. SKIIO NEPEMICTUTH MOKAXKYHUK HA EKpaHl SKUM-HEOYIb CIOcCOOOM B 1HIIIE
Miclie, He 00epTaruM Mpu bOMY KyJIbKa MUII a00 Tpekboa, TO MOoJalblill CUTHAIN
OyoyTh 3MIIIaTH MOKAXYMK II0JI0 HOBOI mo3uuii. MoKHa TakoX aKypaTHO
NEPEMICTUTH MHUIly 0e3 Oo0epTaHHs KyJIbKH ¥ I1e¢ HE MpPUBEAE N0 IMEepeMIIlEeHHS
Kypcopy Ha ekpaHi. AOGCOTIOTHI KOOPJAMHATH MPHUCTPOIO HE 3UUTYIOTHCS 0OPOOHOIO
nporpamMor0. Ajie MpU YBEICHHI B KOMI'IOTEp TpadikiB MpUKIAAHINA Mporpami
HalyacTime mOTpiOHI aOCONIIOTHI KOOPJAWMHATH TPUCTPOIO BBEACHHS. Taky
MOXJIMBICTh 3a0€3MeuyloTh pi3HOro poay miadmeTu (puc. 1.7). YV mnnaHmeri
3aCTOCOBYETHCS, SIK MPABHUJIO, OPTOTOHAJIBHA CITKA MPOBOJIIB, pO3TaIllOBaHa Mij] HOoro
noBepxHero. [lonoxkeHHsl mepa BU3HAYAETHCS 4YEpe3 EJNEKTPOMArHiTHY B3a€MO/IIIO
CUTHAIIB, [0 NPOXOAATh BiJ NPOBOAIB [0 Imyna. [HOAI $K IUIAHILIET
BUKOPUCTOBYIOTBbCSI YYTJUBI JO JOTUKY TMpPO30pl €KpaHH, SIKI HAHOCSThCS Ha
noBepxHio EIIT. HeBenuki ekpaHu TaKoro TUITy pO3MIIIAIOTHCS 1HOJI Ha KiaBlaTypi
NOPTAaTUBHUX KOMIT'tOTepiB. UyT/IMBI MaHes i MOKHA BUKOPUCTOBYBATH B PEKUMAaX SIK
a0COJIFOTHHUX, TaK 1 BIAIHOCHUX KOOPJIMHAT.

Jlis  pacTpoBOro BBEACHHS 300pakeHb BHKOPUCTOBYIOTHCS CKAaHEpH, IO
JI03BOJISIIOTH HE TUTHKK BBECTH 00pa3 y KOMIT'IOTEp, ajie i 3poOutu ixHio 0OpoOKy i
nokyMeHTyBaHHs. O/Ha 3 BaXKJIMBHUX 00JIacTEll 3aCTOCYBaHHS CKaHEpIB — BBEACHHS
TekcTiB. [Ipu oMy 00poOKa yBEAEHOTO 300paKeHHsS BUKOHYETHCS MPOTPAMHUM
3a0€3MeUYeHHsIM PO3MI3HABAaHHS TEKCTIB, MO y II€il dYac CTajlo BXE JOCUTh
po3BuHeHuM. Y CAIIP ckaHepu BUKOPUCTOBYIOTHCS ISl aBTOMATHU3allll BBEIACHHS
paHille MIArOTOBICHOI KOHCTPYKTOPCHKOI JOKyMEHTalli. Y 1[bOMY BHMAJIKY
npobiema moJsisrae B TiM, IO JaHl BiJl CKaHepa MpPEACTaBJICHI B pacTpoOBil, a HE
BEKTOpHIN (Qopmi, 1 TOTpiOHE BUKOHAHHS 3BOPOTHOIO IEPETBOPEHHS «pacTp-
BeKkTOp». Lle 3aBmaHHs mye CKagHe: HeoOX1AHO Po3Ii3HABATH Pi3HI 300pKEHHS U
TEKCTH, Y TOMY YHCJII PYKOIIUCHI, YPaXxOBYBaTH, IO JIiHISI MOXKE MPU CKaHyBaHHI HE
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TUIBKU OJIEPXKaTH PI3HY IIMPHUHY Ha PI3HUX JUISHKAX, aje W BUSBUTHUCS PO3IPBAHOI i
T.0. Jns pimieHHs mporo 3aBAaHHS 3aco0iB OJHIET JIHMIIE KOMITIOTEPHOI Tpadiku
HEJIOCTATHHO: HEOOXITHUN 3aITy9ICHHS ¥ 1HII TUCITUTITIHY.

Bci mepepaxoBani Bullle IpUCTPOi BBEACHHS 3 MOTJSAY nepenadi iHpopmairii

MPUKIAIHUM TpOorpaMaM BapTO PO3MIBIAATH SK JIOTI4YHI. DYHKIIOHYBaHHS CHCTEM
BBEJICHHS XapaKTePU3YEThCS THM, SIKY 1H(QOpMAIliI0 IPHUCTPIA Mepeaae B mporpamy,
KOJIM 1 SIK BOHO miepefae mio iHpopmairito. [li muTaHHsS cTaloTh 0COOIMBO iICTOTHUMU
IpU PO3po0Ill KOPUCTYBATBHHUIIBKOTO 1IHTEp(PEIiCy.

1.4. Ilutanns i BNpaBu

1.
2.

o bk w

~

9.

Ha3BiTh 4OTHPH OCHOBHI 00J1aCTi 3aCTOCYBaHHS KOMII'TOTEPHOI Ipadiky.

SIKi OCHOBHI HaNpsSMKH PO3BUTKY KOMM'IOTepHOI rpadiku? Ski 3aBgaHHsS BOHU
BUPIIIYIOTH?

Jle i1 xonu Brepiue OyB BUKOPUCTAHUM TUCIUIEH SIK pUcTpii BuBogy EOM?
Kum 1 xonu Gyinia po3pobiieHa nepiia iHTepakTUBHA ITporpama Jijisi MajatOBaHHS ?
Ha3BiTh OCHOBHUX pPO3pOONIOBaYiB  METOJIB 3a(apOOBYBaHHA TIAIKUX
MOBEPXOHb.

XTO € aBTOpPOM psy ajdropuTMiB TOOYAOBH pacTpOBUX 00pa3iB pPi3HHUX
TCOMETPUYHHUX 00'€KTIB?

Ha3BiTh aBTOPIB aaropyuTMiB BUIAJIICHHS HEBUIUMUX JIIHIH.

Y 4oMy CKJIaJIa€ThCs OCHOBHE PO3XOKEHHS MDK AHUCIUICSAMH 3 JOBUIBHUM
CKaHyBaHHSIM 1 paCTPOBUM CKaHYBaHHSM?

YumMm BIJIPI3HAETHCS JUCIUICH HA 3amaM'sTOBYBajbHIM TPYyOIll BiJl BEKTOPHOTO
JIACILIES 3 pereHepalliero 300paKeHHs?

10.5xi ocHOBHI PUHIMIHA POOOTH KOJIBOPOBOI PACTPOBOI EIEKTPOHHO-TIPOMEHEBOT

TpyOKH?

11. 5k npairoe mip'ssHUA mwoTep?
12.Ha3BiTh OCHOBHI MPUCTPOi BBEACHHS, 1[0 BUKOPUCTOBYIOTHCS B KOMI'IOTEPHIN

rpadiri.

13.5Ixi 13 mpuCTPOiB BBEACHHS MAIOTh MOXIJIHMBICTH IPAILFOBATH B aOCOJIFOTHUX

KoOpAuHaTax?

14 Tlepeniunte 00JaCTI 3aCTOCYBaHHS CKAHEPIB.
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Tema 2. CYYACHI AITAPATHI 3ACOBU PACTPOBOI 'PA®IKA

OcHoBui nousTTs. [IpucTporo BBeneHHs: ckaHepH, uudposi ¢doToamapatu i
Bijieokamepu. [lpuctporo BuBoay: auciuiei Ha EIIT, piakokpucranmiyHi AUCIIIET i
iHm tunu auctuieiB; [Ipoektopu; IlpunTepu. ApxiTekTypa rpadiqHoi MmijcucTEMU
[TK: apxiTekTypa, mojgaHHs 300paxeHb, MPOrpaMHUI iHTEepdecC

Y 1mpoMy pO3IiTi  JAEThCSI KOPOTKHMA OIS OCHOBHUX TIPHCTPOIB, IO
BUKOPHUCTOBYIOTh PAacTpOBE MOJAHHS JJIs BioOpa)keHHs ABOBUMIpHOI iH(opMaIrii.
Ax mpukiiag peaizaliii armapaTHUX 3aco0iB JJIi poOOTH 3 PacTpoBOIO TpadiyHOIO
iH(OpMaIli€ro po3MISIHYTa apXiTeKTypa cydacHuX koMmi'totepi Tumny [1K (anrn. PC —
Personal Computerl).

2.1. OCHOBHI MOHATTSH

VY monepenHbOMy po3aUIl OyJI0 pO3Ka3aHO MPO pacTp SK Mpo abCTpaKTHHIA
maTteMatuyHuil 00'ext. [lpu izuunHill peamnizaiii pacTpiB BUHUKAIOTH JOJATKOBI
xapaktepucTuki. OCHOBHUEH 3 HHMX € Po3minbHa 3matHicTh (anrm. resolution) —
KUTBKICTh Kparok (pi3M4HOr0 pacTpa B OJMHUII JOBXUHU. HaltuacTiie 1e
— ppi — nixceniB Ha AroiiM (aHr. pixels per inch?).

— dpi — xpanok Ha mroiim (aHrt. dots per inch). IIpaBUIBHO BXKHBaTH CTOCOBHO
IPUHTEPIB, X0Ua IUPOKO BUKOPUCTOBYETHCS CKPI3h 3aMiCTh PPI.

— Spi — mpo6 Ha mroiM. (aHrI. samples per inch) [HOAI BXXHMBAa€TbCS CTOCOBHO
CKaHepiB 3aMicTh dpi.

VY OuapmIocTi BUNAAKIB MIKCEIl pacTpa po3TalIOBaHI PIBHOMIPHO MO MIMPUHI i
BUCOTI, 1 A1 TaKUX PACTPIB PO3JLIbHA 3[JaTHICTh OJHAKOBA MO IIMPUHI ¥ BUCOTI.
Sxmo e He Tak (AJ11 AeSKUX NPUHTEPIB 1 CKAaHEPIB 30KpeMa), TO B I[bOMY BHIIAJIKY
3BuyaiiHo mumyTh «1200%x2400 dpi», me 1200 — posnuibHa 37aTHICTH IO
ropusoHnTani, a 2400 — no Beptukam. Takox TEpMIH 03BUT YKUBAETHCS B IHILIOMY
3MICTI — SIK pO3MIp pacTpa B mikcensx. Hampuknazg, "po3mupeHHs JAO0PIBHIOE
1280x1024".

3 Moy MoJIJaHHs KOJOPU BAXKITUBI JIBA TTApaMETPH:

— Kouaipna rama, 1ie noHsTTs OyJ10 yBEJICHO paHillie;

— Jlunamiunuii gianmazon (anri. dynamic range) — aiama3oH piBHIB SICKPaBOCTI JJIst
naHoro npuctporo. lle moHATTS mpuiinLio 13 TpaaMLiiiHOi (MJIiBKOBOi) (oTo- 1
BIJICO3MOMKH, y AKI OyJ0 OJAHI€] 3 BaXKJIMBHX XapAaKTEPUCTUK IUTIBKU. BaxinBo
BIJI3HAYUTH, 10 JUHAMIYHUN d1ala30H 3aJIeKUTh K B XapaKTEPUCTUK MPUCTPOIO
BIIOOpaXkeHHs, Tak 1 BiJ crnocoOy mojaHHs rpadiunoi iHdopmauii. Hanpuknan,
TUIIOBE TIOIaHHS KOKHOTO 3 KOMITOHEHTIB KoJb0py B RGB-Mogaeni 8 Gitamu, 110 nae
BCHOTO 256 MOXKIIMBHUX PIBHIB SICKPaBOCTI.

JlocuTh IIUPOKOIO KOJIPHOIO TaMOK BOJIOAIIOTh IUTa3MOBI AMCIUICT i
doTorpadiyHa miiBKa, a caMHi BY3bKOI — MOHOXPOMHHUUN MpUCTpoi (Ha giarpami
KOJIbOPOBOCTI BIAMOBIAHA 001aCTh BUPOKYETHCS B Kparnky) (auB. puc. 1.9).

Jnst momanHs rpadiuHoi iHMOpMaIi B mam'siTi BUKOPUCTOBYETHCS TEPMiH
I'nmmouna koabopy (anri. color depth) — kinbkicTh 1HGOpPMAITIT A1 TOJAHHS OTHOTO
Kopopy. Bumipserscs B bpp — bits per pixel (anri. 0it Ha mikcens). Tumosi
3Ha4yeHHs: 1 (MOHOXpOMHE 300paxkeHHs), 8, 16, 24, 48.

binbi OKIaIHO 1€ MOHATTS PO3IMIISIA€THCA B po3aiii 2.4.
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2.2. IlpucTpoi BBeAeHHSI

2.2.1. Cxanepu

Ckanep — mpuCTpiil oxepkaHHs 300pakeHb BHCOKOro po3mmpenHs (1o 11000
spi). IlpuHIMI poOOTH CKIATAETHCA B IOCHTIIOBHOMY BHCBITJICHHI CKaHYEMOTO
Marepially KCEHOHOBOIO a00 (hIIyOopecCIeHTHOIO JIaMIIOI0 M peecTparii BigOHUTOro
xonpopy I13CZ(anrn. CCD) marpuiero (3a BHHATKOM 0OapaOaHHMX CKaHEpiB, e
BUKOPUCTOBYETHCSI  (POTOMOMHOXKYBau). SIKImio MaTepial €  HamiBIPO30pPUM
(mampukiaz, GOTOIUIIBKA), TO BiH, HABITAKH, 1JICBITIFOETHCS 31 3BOPOTHOI JI0 CEHCOpa
CTOpPOHH.

[To Tumi ckaHyBaHHS Taki MPUCTPOI KIACU(IKYIOThCS B TaKHH CIIOCIO.

— bapabanni ckanepu craBmaThes A0 kiacy high-end. Ckanyemuii 00'exT
(Haityacrie (OTOIIIIBKA) CIOYATKy BUMOUYYETHCS B CIEIIAIBHOMY PO34MHI, a MOTIM
MICTUThCA Ha OapabaH, 110 00epTaAEThCS MEpe]l MEPEMIIIAETHCS B OJTHOMY HAIPSMKY
dboToeneKTpOHHUM TOMHOXyBadueM. Lli mpuctpoi Habarato OUIbINE YyTIHBI, YUM
[13c-Martpuiii, ToMmy ¥ po3auibHa 37aTHICTh Y HUX 3HauHO Buile — Big 4000 mo
11000 spi. I'mubuna xompopy — 48 Oir/mikcenb. Taki CkaHEpH MarOTh IOPIBHSHO
BEJIMKI rabapuTH.

— IlnanmeTHi ckaHepu — NMepeBaXXHUM Ha TaHU MOMEHT THUIl ckaHepiB. [1ig ckiom
OJIHOTO 31 CTaHAAPTHUX po3MipiB (Haituacrime A4; piame A3) nepedyBae CkaHyroua
rOJIOBKA, IO MOCIIIOBHO MPOXOAUTH BCIO TUIONIA IMiJi CKJIOM Y MPOIEC CKaHyBaHHS.
st ckanyBaHHS (OTOIUTIBKM B KpHUIIKY MOXXe OyTu BOyjOBaHa jamma
mijcBiuyBaHHs (10 ¥ nokazano Ha puc. 2.1). Tumori posmmpenns — 600-3200 spi.
['mubuna koabopy — 10 48 O1T/miKCENb.

— Tlporsikni ckaHepu TpHU3HAYCHI UI CKAaHYBaHHS apKyIIiB Tamnepy 3aaaHoi
muprar. CKaHyroda TOJIOBKA TIEPEMINIA€ThCsl TUIBKM B OJHOMY HAINpSMKY, a
NPOTSHKHUN MeXaHi3M 3a0e3mnedye MOCIiJOBHUN 3CyB Hamnepy BITHOCHO CKaHYHOUOI
TOJIOBKH Y3JIOBXK THIIIOTO BUMIPY. Taki MpUCTPOi KOMIAKTHIIII TJIAHIIETHUX CKaHEPiB
1 IO3BOJISIFOTH CKaHyBaTU O1JIbIIIE€ MPOTSHKHI B OJTHOMY BUMIp1 MaTepialiu.

— Pyuni ckanepu. CkaHyroua rojioBka nepeMilaeTbesi Haji CKaHyEMOKO TTOBEPXHEIO
3a JOMOMOTOI0 PYKH JIOAWHU. BiAMOBIAHO, NI JAHOTO THUITYy CKaHEPiB MOTPIOHO
Ounbllie CKJIagHE MporpaMHe 3a0e3nedyeHHs, Mo 3ade3neuyyBajio O MpaBHIIbHE
CIOJIyYEHHSI OKpeMHUX (parMeHTiB (TOMY LIO TPAEKTOPIs MEPEMILIEHHS PYyKU HE
11eanpHa). Jlo bOro TUITY CTABIATHCS CaMi KOMITAKTHI CKaHepH y (hOpMi aBTOPYUKH.
VY 3B'I3Ky 3 MOPIBHSUIBHOIO TPYJIOMICTKICTIO M CKJIQTHICTIO OOpOOKH pe3yJIbTaTiB
OCTAHHIM YaCcOM IHTEPEC 10 HUX HE3HAUHUIA.

— Cuaaiin-CkaHepu CcxO0Xl Ha IUIAHIIETHI, aje MPHU3HAYCHI CIeIiadbHO IS
CKaHyBaHHs (DOTOTUTIBKU. BaMBOIO BIAMIHHICTIO BiJ] MEPIINX € BIACYTHICTh CKJIA
MIJK CEHCOPOM 1 IUTiBKOM0. [le BakKIMBO, TOMY IO CTEKJIO € JOJATKOBUM MPOMIXKHUM
CEpEIOBHIIEM, IO MEPEIIOMIIIOE CBITIIOBI IPOMEH1 M, BIJIMOBIHO, III0 BHOCUTH TIEBHI
NepeKpyvdyBaHHs, IOMITHI ITPU CKaHYBaHH1 3 BUCOKUM J03BOJIOM.
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Puc. 2.1. TlnanmerHuii ckaHep

2.2.2. Hudposi poroanaparu ii Biteokamepu

Puc. 2.2. Iudposuii poroanapar

[udpori dhoroanapaTu i1 BieoKaMepu aHAJIOTIYHI M0 MPUHIMIAX Aii (cucrema
JIH3, 110 MPOEKTYE CBITJIO, IO MOMAaa€ B 00'€KTUB, HA HEBEIUKY IJIOCKY TUIOMIAKY )
TpaJAMIIfHUM  aHaoroBUM (oTo- 1 Bimeokamepam, BianoBigHo. (OCHOBHE
PO3XO/KEHHSI TIOJISITa€ B TOMY, II0 B QHAJIOTOBUX MPHUCTPOSX HA I TUIOIIAIN
nepedyBa€e Kaap CBITIOUYTINBOI IJTIBKH, @ B IU(PPOBUX MPUCTPOSX — CBITIOUYTIMBA
Matpui [133 (aarn. CCD) a6o KMOII (anrn. CMOS) cencopiB. Tomy mio 1
CEHCOpU YYTIWBI TUIBKH JIO SCKPaBOCTI, TO JJIA OJCp>KaHHS KOJbOPOBOTO
300pakeHHSI 3aCTOCOBYIOTH CBITJIODUIBTPH. [CHY€E Ba MiAXOMH.

— Ilepuuii Bapiant. st ogep:kaHHs 0THOTO 300pakKeHHs 1HPOpMallisi 3HIMAETHCS 3
MaTpHUIIl ceHcopa 3 pa3u MiAps, IpU LOMY LIOPa3 BUKOPUCTOBYETHCS CBITIOPIIBTP
s onHoro 3 OasucHux KoJibopiB RGB. lleit mporiec mopiBHSHO MOBUIBHUN M
CKJIQJJHUM, TOMY Taka TEXHOJIOTis 3acTOCOBYe€ThCcs TiIbkM B high-end uumdposux
dboTokamepax mpu 3UOMIII HEPYXJIHBUX 00'EKTIB.

— Jlpyruii BapiadT. 3a TOMOMOTOIO MPU3MH CBITJIOBUH MOTIK PO3KIATAETHCS HA TPH,
BinoBigHUM O0azucHUM RGB-kompopom. KoxxHmit 13 IMX MOTOKIB HAIIPABIISIETHCS Ha
coto [I33-Matpumro. Tomy uns TexHonoriss ozaepxana Ha3zBy 3CCD. Bona
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BUKOPHUCTOBYETHCS Y BiJIl€OKaMepax BEPXHHOTO LIHOBOTO faiana3ony. Js dotorpadii
BOHA IMOKH 3aHAJTO JOPOTa.

MikpocBitiaodiibTpu

Kosxuwmit enement 1133 Marpuii Mae cBild CBITIO(MUIBTP, IO BiATOBIIAE OTHOMY
3 6azucHux RGB koip0piB. 3BUUaiiHO y KBaapaTi 2X2 po3TalIOBYIOThHCS 2 3eNeHuX, |
CHHIM 1 1 YepBOHMIA €JIEMEHT, T.3B. Macka baiiepa (anri. Bayer mask), cMm. puc. 2.3.
st onepxaHHS 3BUYAWHOTO 300pa)KE€HHS BUKOPHCTOBYIOTHCS PI3HI aJITOPUTMHU
iHTepnossuii. [e HalimomupeHiia TeXHOIOT1A AK A (OTo-, TaK 1 IS BlIEOKaMep.

Puc. 2.3. Macka baiiepa.

Bineokamepu  HW)KHBOTO  I[IHOBOTO  Jlalla30Hy  3HIMAKOTh  BiIeo 13
MiKCTPOKOBHM PO3rOpPHEHHSIM, TOOTO KaJp CKIATAEThCS 13 JBOX MOCIIJOBHO
3HATHUX HAMiBKaApiB, IO CKJIAJAIOThCS TUIBKM 3 MMApHUX 1 HEMapHUX PSAKIB
300pakeHHs, BiAnoBinHO. [Ipy mBuaAKOMY mNepeminieHHl 00'€KTiB, MO0 3HIMAIOTHCS,
abo camMoi KaMepHu uepe3 MOMITHY PI3HUII0 B HAMiBKaJpaX BHUHUKAIOTH HEMPHEMHI
apredaxtu. Jna pimeHHs 1i€i mpoOjJeMu MpU HACTYMHHIA oOpoOIll 3HATOrO BiJCO
BUPOOIsEThCA AeiHTepJielicuHr (anri. deinterlacing).

[ToHATTS pO3AUTBHOT 3AATHOCTI [N TaKUX TMPHUCTPOIB 3BUYANHO HE
3acTocoByeThess. UacTo BKMBA€ThCA MOHATTS Meramikcesab (M), piBHe 3aranbHiii
KiJILKOCTI MiKCeNiB Ha MaTpHUI ceHcopa, aineHomy Ha 10242, Po3pitieHHs, K po3mip
pactpa, BapitoeTbes Big 640-480 (0,29 Mm) no 7216-5412 (39 Mn) ans potokamep 1
Big 320-240 (0,07 Mm) mo 7680-4320 (33 M) — 17151 Biieokamep.

['mubuna xompopy B OumbmiocTi ¢GoOTO- 1 Bigeokamep — CTaHAAPTHI
24 6ita/mikcenb. Y mpodeciitHux Mojieneit BoHa OibIie — 10 48 O1T/miKCeb.

AcmiekToBe CHiBBIIHOIIEHHS y oTokamep — 4:3 (K y CTaHIApTHUX JTUCILICIB)
a6o 3:2 (BignoBimae mmiBIi). Y Bigeokamep — 4:3 a6o 16:9 (T.3B. IMPOKOEKPaHHE
BiJI€O).
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2.3. IlpucTporo BUBOAY

2.3.1. Imcnei
Jlucriei € HaNmOIMMPEHIIIMM TUIIOM MPUCTPOIiB BUBOAY IpadiuHoi iHpopMalii.
BoHu 3acTOCOBYIOTBCS CKPi3b — Bl MOOLTFHUX TENE(POHIB O PEKIAMHUX IIUTIB.

2.3.1.1. Ducnuei na EIIT

Haiinommupenimuittun  aucnieiB  cepeaHboro posMipy. 3acHoBaHMil Ha
BukopuctanHi EIIT — Enextponno-IlpomeneBoi TpyOxu (anrn. CRT). EIIT
yJalToBaHa B TaKu# CI1ocio.

EnexTpoHu crnoyaTky TPUCKOPIOIOTHCS EIEKTPOMArHiTHUM II0JIEM, a TOTIM
BIIXWISIIOTECA B MOTPIOHOMY HAMpsIMKY MEPHEHAUKYJSIPHUM TMojeM (IS 4acTUHA
EIIT Ha3uBaerbcsi rapmaroro). llpu BiIydeHHI Ha TIOBEPXHIO €KpaHa BOHU
BUKJIMKAIOTh CBITIHHS BCTAaHOBJICHHX TaM YacTOK JIFOMiHOGOpa, 10 1 COPUHMAETHCSA
crioctepiradueM. Uum Oinbllie MPUCKOPEHHS (a OTXKe, OUIBIIY EHEprilo) oJeprKaB
€JIEKTPOH, TUM SCKpAaBilll€ CBITUTHCA JTIOMIHO(GOp. Y KOJBOPOBUX MUCILIEIB € 3
MYLIKH 1719 KokHOTro 3 0a3ucHux RGB-Konpopis, a 1o moBepxHi ekpaHa pIBHOMIPHO
PO3MOJITIEHI YacTKU JIFoMiHO(Opa, 10 BiAMOBIIAIOTH OazucHuUM Kojbopam. IIlo0
€JICKTPOHU, BUMYIIEHI 3 BIAMOBIJAHOI rapMaTH, MOTPaNIA TUIBKKA Ha JIOMIHOGOD
CBOTO KOJILOPY TEpE/l €KPaHOM CTABUTHCSA IIUVIMHHA Macka a0o amepTypHi rparTw.
Yac micasiocBiTIeHHS JroMiHOMQOpa HE3HAYyHUM, 1 300pa)KeHHS IMOCTIHHO
OOHOBIISIETHCS; I BABOAY OJHOTO KaJIpy rapMara BUITYCKAa€ €JIEKTPOHU MOCIIJOBHO
JBOPYY TMPaBOpPydY y KOXKHOMY PSIKYy M MO psakax 3HU3Y Haropy. KijgbKicTb
BIJTHOBJIECHb yChOTO 300pa)KEHHS B CEKYHJYy 3BETHCS 4YACTOTa BiIHOBJEHHSI a0o
yacToTa po3ropHeHHs (anri. refresh rate). Bona moBunna 6ytu qocuth BHCOKOL (>
75 I'n), 1100 HE BUHUKAJIO CTOMJTIOIOYOTO OKa MEPEXTIHHS.

3aranbHuUi BUrNAA Burnapg nikcenis

Puc. 2.4. Jlucnneit va EIIT

[IpobGnemoro monitopiB Ha EIIT € Te, mo sickpaBicTh CBITIHHS JrOMiHO(pOpa
3QJIEKUTh BIJI EHEPrii eJIeKTpOHA, IO NOTpanMB Ha HBOrO (y CBOKO HEpry

00yMOBJICHOI Hampyror B mymky Vs) He jiniiiHo, 1™~ Via 3a s3akomom. [l
Gimpmocti EIIT 7~ 2,2, Jls Toro mo6 KOMIIEHCYBaTH Lei eeKT, 3aCTOCOBYIOTH
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T.3B. TaMMa-KOpeKIlil, TOOTO ToJadyy Ha TrapMary CKOPEKTOBAaHOI HaNpyTu
V.= VS(I/Y)_

I'amMmMa-KOpeKIlis MOK€ TaKOXX 3JIHCHIOBATHCS MPOrpaMHO, IO BIJAIOBIIAE
3MIHOIO KOJIbopy TikceniB. /s kompopoBux EINT aucmuieis, 3arajiom Kaxkydu, Y CBOS
s koxkHoro 3 0OasucHux RGB-KombopiB, ajme B mpocTHX cHcTeMax Iie He
BPaxOBYIOTb.

OcunoBunmu Hemomikamu auctuieiB Ha EITT € mopiBHsHO 61T po3Mip 1 Bara, a
TaKOX T€OMETPHUHI NIepeKpydyBaHHs Ha nepudepii ekpana. BTim, ocTaHHIN HETOMIK
y CydacCHHUX MPUCTPOsiX yCyHyTuH. OCHOBHI MepeBaru — rapHa mnepejaya Koiabopy u
3/IaTHICTh MPAIFOBAaTH B IIMPOKOMY Jiala3oHi PO3IIMPEHHS €KpaHa, Ha BIIMIHY BiJ
Px-Jlucrueis.

J103B1T 3aJIeKUTH BiJ HIUIBHOCTI YacTOK JIIOMiHO(Opa Ha MOBEPXHI JTUCILIES.
Tunosi 3naueHHss — 85-130 ppi. Ilpaktuuno Bci EINIT-/lucmmnei maioTh acrekToBi
BiiHOMICHHS 4:3.

2.3.1.2. PinkoxpucraiiuyHi gucnJiei

3aranbHui sug Burnag nikcenis

Puc. 2.5. PigkokpucTtamiuHuil Aucriei

VY neii gac 3aiiMaroTh AoMiHyrouy nosuiiro (y nopiBasHHI 3 EINIT) ax gucruiei
NEPCOHANBHUX KOMM'IOTepiB. €IWHUN BUJ JUCIUIEIB, BHUKOPUCTOBYBAHUH Y
HOYTOYyKax Ha CIPaBKHIM MOMEHT. YJIallITOBAHO BOHH B TaKUH CIOCIO:

ITo3ax mucrmes BOyJoBaHa Jamma, CBITIO BiJ SKOI NPOXOJUTh abo HE
IPOXOJIUTh 4Yepe3 ekpaH. EkpaH pIAKOKPUCTATIYHOTO JUCIUIeS CKJIAaJa€ThCs 3
5 mapiB: 13 IBOX CTOPIH HIapy MOJSIpU3AIIAHUX (UIBTPIB 1 €IEKTPOAIB, @ BCEPEIUHI —
map piAKUX KpucTamiB. s KOXKHOTO TMiKCcels Iap piIKUX KPUCTATIB CKIAJAA€ThCS 3
JEKUTbKOX MOJieKyn y psf. [Ipu BincyTHOCTI Hampyru 1eit psa mae popmy cripani i
CBITJIO MOBHICTIO MPOXOAMUTH Yepe3 30BHIMHIA (PinbTp (TOOTO MIKCEIb CBITHUTHCS).
[Ipu mojavi Hampyrd Ha €NEKTPOAM MOJIEKYJIM PO3NPAMISIOTHCS B PIBHUM psif 1
CBITJIO ¥/ie MEepIEeHIUKYISIPHO 30BHIIIHBOMY (PUIBTPY ¥ HE MPOXOAUTH YEPE3 HHOTO
(ToOTO TiKCenb — TeMHHUH). BennuuHa Hanpyru J103BOJISIE PETYJIIOBATH SICKPABICTh.
KonwopoBe 300pakeHHs (opmyeTbes, K 1 y Qoroamaparax, 3a JOIMOMOTOIO
MIKPOCBITIODIIBTPIB.
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OCHOBHMMH TepeBaraMu pPiIKOKPUCTATIYHUX JTUCIUIEIB € MeHun, uyuM B Ent-
JlucrneiB, po3mip y riauOuHYy, Bary i €HEprocmnoKMBaHHS, OUIbIIA YiTKICTh. KpiMm
IIOTO BIJICYTHE MEPEXTIHHS 300pakeHHs, 10 criocTepiraeTbes B Ent-Jlucmueis, mo
MPUBOJUTH JI0 MEHIIOTO CTOMJCHHsS odei. Hemomikamm €: ripma, unMm B Enr-
JucrieiB, mepemada KOJIbOPY; KOMIPHI MEPEKPYIyBaHHS NPH KOCHX KyTax 30DY;
BEIIMKUI CepeaHiii Jac peakiii (J4ac MepeMUKaHHS 3 OJHOTO KOJhOpY Ha IHIIIH,
TUTIOBE 3HA4YeHHS — 25 Mc, ToOTO MakcumyM 40 kamp/c), IO NPUBOIUTH [0
"3smMazyBaHHA" JWHAMIYHO MIHJIMBHUX 300pakeHb (Hacamiiepen y Bijeo U
KOMIT'FOTEPHHUX 1Tpax), a TAKOXK HEIOCTATHRO TEMHUHN YOPHUH KOIip (TOMY 1110 HE BCE
CBITJIO BJIA€ThCS OJIOKYBATH KPHUCTAJIOM).

TunoBe posmmpeHHs Take Xk, Kk i B Enr-Jlucmneis, — 85-130 ppi. AcnekTosi
BifHOIICHHS — 4:3 260 16:10 (T.3B. IIMPOKOEKPAHHI TUCILIEN).

2.3.1.4. IH1ui THIIN THUCIIEIB

Takoxk iICHYIOTh MEHIII PO3MOBCIO/KEHI TUIU JUCIUIEIB, Y TOMY YUCHI H Ti, SIK1
TIJIBKU 3'SIBIISIIOTHCS] HA PUHKY.
— Ilna3meni maneni. VY 1mma3smMoBux maHemsx, mnoaioHo Pk-TlamensM, expan
CKJIaJIa€ThCs 3 JEKUIBKOX IMapiB; Tak camo, sk 1 B Pk-Ilaneneit, i3 nBox cTOpiH
MIJIBEICHI €JEKTPOJU, TUIbKM MIXXK HUMH TNepeOyBaloTh YK€ HE PIJIKI KpHUCTalIH, a
CyMIII 1THEPTHUX Ta3iB HEOHY U KceHOHy. [Ipu monmaui Hanmpyru Ha €JIEKTPOAM uepes
CyMIII ra3iB MOYMHAE MPOXOJUTH CTPYM, 110 MPUBOJUTH JO BUITYIIECHHS 10HIB, SIKi,
gk 1 B EnT-Jlucriesx, moTparisitoud Ha 4acTKH, 110 MepeOyBalOTh Y BEPXHbOMY
mapi, JiroMiHO(popa BUKIMKAIOTH MOTO CBITIHHS. TOMYy IO B IJIa3MEHUX AUCIUIESX
BUKOPUCTOBYETHCS JIFOMIHOPOp, MOJIOHMN TOMY, IIO BUKOPUCTOBYEThCS B EnT-
Jucnuesix, Te i KOJMIpHI TaMHu B HUX Onu3bKi. OCHOBHI MepeBaru: BOHU MalOTh Mally
rouny (mopsaky 10 ) 1 B TOM e Yac JIErKo MOKHA OJIEpKaTH JUCIUICH BEIUKOTO
pO3Mipy; KpiM IIbOTO BOHM MAarTh BIAMIHHY SCKpaBicTh. Jl0 HEIOMIKIB BapTo
BIIHECTH BHCOKY I[IHY ¥ BeJIMKE eHeprocrnoxuBaHHs, nopiBHsHHe 3 EIIT s
OJIHAKOBOI ILJIOIIII €KpaHa.
— Mucmiaei Ha cBiTioxiogax. CeiTnoBunpominiorounii maion (amri. LED — Light
Emission Diode) — 1e HamiBOpOBIAHHUKOBUH JI0OJ, IO BOJIOAIE J0JATKOBOIO
BJIACTUBICTIO BUITYLIEHHSI (POTOHIB MEBHOTO KOJBOPY MPH MPOXOIKEHHI Yepe3 HbOTO
€JIEKTPUYHOTO cTpyMy. st moOy0BH KOJIBOPOBOTO JUCILIES AJI KOXKHOTO MIKCes
OepeTbcsi TPU CBITJIOAIONM — 3 BIANOBIAHMUMHU YEPBOHUMH, 3€JICHOMY W CHHBOMY
KOJIbOpaMU BUIIPOMIHIOBAaHHS. be3iniy Takux TpidoK, po3TallOBAHUX HA MPSAMOKYTHIN
CITIIl, 1 YTBOPSTH €KpaH. BUKOPUCTOBYIOTHCS B OCHOBHOMY JJIsI OUIBIIMX 30BHIIIHIX
JUCILIEIB (pekiama H T.11.).
— JlucnJiei Ha opra”iyHux cBiTaoaiogax. Opraniuni cBitaoaiogu (anria. OLED —
Organic LED) — me cBimviogiogu, mpu BHPOOHHUIITBI SIKHX BHKOPHUCTOBYIOTHCS
OpraHiyHi Marepiaiu, 30Kpema MOJIMEpH, SIKI MalOTh BJIACTUBICTH THYYKOCTIi, IIO
JI03BOJIIE POOUTH THYUKI Auciiei. TakoX iXHBOIO TMEpeBaror € Te, M0 iX MOXHa
pOOUTH MUIAXOM MPOLECY, IO Haraaye CTPYMEHEHHH JpyK, TOOTO MOPIBHSHO
JenieBo. Y 1ed 4Yac BOHM BUKOPUCTOBYIOTHCS B OCHOBHOMY B MOPTAaTHBHHX
OPUCTPOsIX, Takux sk MP3-meliepu, aje MOXIMBO 3HAWIyTh OUIbIIE IIUPOKE
3aCTOCYBaHHS B MailOyTHbOMY.
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"Eaexkrponnuii mamip". ['Hyuki nucruiei, 34aTHI 3aMiHUTH 3BUYAWHUUN marmip.
Big iHIMX TUIIB BiAPI3HAIOTHCS THM, IO PO3paxoBaHi HE HA MTOCTIMHE BiHOBJICHHS
300pakeHHs, a HaBIIaKH, Ha HOro TpuBaje 30epekeHHs 0e3 emekTpuaHoi eHeprii. Lle
€ OJHUM 3 OCHOBHUX BUMOT. P0O3p00JieHO KiJTbKa TEXHOJIOTIH, IO 3aJ0BOJIBHSIOTH
MM BHUMOTaM, Ha TaHW MOMEHT BOHU TIepeOyBarOTh Y CTaJii IPOTOTHIIIB.

[cHYIOTH 11Ie JesKl MEPCIEKTUBHI TEXHOJIOT11, K1 MOTCHIIIHHO MOXYTh CIIYKUTH
I BUPOOHMIITBA TMCIUICTB, aJle BOHU 3QJIMIIAIOTHCS 32 paMKaMH JIaHOT KHUTH 4epes
CBOIO HE3PUIICT.

2.3.2. IIpoexTopu

IIpoekTOopr BHUKOPUCTOBYIOTHCS JUII JEMOHCTpaIlii 300pakeHb  OlIBIITHX
po3mipiB. JIJsi 1IbOrO 3aCTOCOBYIOTHCSI CHCTEMH JIIH3, IO MPOCKTYIOTh MaJjE€HbKE
300paKeHHsI Ha BEJIMKUHM €KpaH. 3a TEXHOJIOTI€I0 MO0y 10BU MEPBUHHOTO 300PasKEHHS
yCepeIMHI MPOEKTOpa AUISATHCS Ha:

— IIpoexTopu na EIIT. [{s TexHosoris posrisHyTa Buile B po3aut mpo EINT-
Jucnet.

— IIpoextopu Ha PK. [{s TexHosoris po3risiHyTa Bulle B po3/iii mpo Pk-/lucmei.
— IIpoextopum Ha Texnosorii DLP. DLP — Digital Light Processing (anrim.
[Hudpora O6podka CaiTina) — dipmoBa TexHosoris kommnanii Texas Instruments. [ls
CTBOPEHHSI IEPBUHHOTO 300pa)KEHHS B TAKUX MPOEKTOPAX BUKOPUCTOBYETHCS JIamIia,
IO BUCBITJIIOE CHCTEMY MIKpoJ3epKasl (1o ogHOMY Ha mikcenb). [lpu mocTiiiHii
IMIBUJKIA 3MiIHI TMOJIOKEHHS MHMX J3€pPKajl BiJ TOBHOTO MPONYIICHHS CBITIA 0
MOBHOTO HOTO OJIOKYBaHHS BUXOJSTH BIATIHKH ciporo. [[is ogepx’aHHS KOJILOPOBOTO
300pakK€HHS BUKOPHUCTOBYIOTH JiBa MeToau: abo oOepToBe KOJipHE KOJIO 3
0azucaumMu  RGB-Konbopamu (mpu  mpoOXOJKEHH1 BIJMOBIIHOTO CBITIO(PIIBTPA
eJIeKTpOMeXaHika MiA0yI0Bye I3epKajia JJis BiAMOBIIHOTO KOJIPHOTO KaHaly), abo
Ol7e CBITJIO CIOYATKY PO3KIATAETHCS MPU3MOIO, MOTIM MOTIK s KoxkHOi RGB-
KomMronenTa mpoxomsaTh Yepe3 CBOK CHCTEMY J3€pKajl, 1 TOTIM BOHH 3HOBY
3'€ THYIOThCA.

Crniz 3a3Ha4UTH, IO JJISE TPOCKTOPIB MOTPIOHI BHYTPIIIHI AUCIUIET MiBUILIECHOI
SACKPaBOCTI1, TOMY 110 TUIOIA 300paXEHHs IPU MPOEKTYBAaHHI 3HAYHO 30LJIbIITY€ETHCS.

Tunosuii no3su1 — 1024-768, a makcumanbHe gocsrae 2048-1080 mis gesxkux
DLP-Mopneneit. TunoBe acnektoBe BigHOmeHHs — 4:3, xodya € ¥ pi3Hl
IITUPOKOCKPAHHI BapiaHTH.

2.3.3 .IlpunTtepu

BukopucTtanHs pUHTEPIB € HAUMOMIKMPEHIITUM CIIOCOOOM BUBOJY ABOBUMIPHOL
iHopmanii Ha marmip, Ta if He TiNbKM Ha Heil,

Bapro momituTH, mo 06arato mpuHTEPIB cami MO 001 MOXYTb MaTH JOCHTH
ckianaai BOymoBani [Iporecopu PactpoBux 3o6paxens (anria. RIP - Raster Image
Processor), mist hopmyBaHHSI pacTpoBUX 300pakeHb. Haituacrimie Takuii mporecop
MOJKE pacTepu3yBaTH 300pakKeHHs, omrcaHe mporpamoro MoBoro PostScript [11] abo
PCLL sxi Oynu crewiagbHO CTBOpeHi s LMX Lijnell. IIpoTe ocTaHHIM uacom
MOXXJIUBICTh amapaTHOI pacTepu3alli Majlo BUKOPHUCTOBYETbCSA, 1 OLIBIIICTb
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300pakeHb MPUXOIUTH Y MPUHTEP y BUTIISAII TOTOBUX PacTpPiB, TOMY IO MPOTpaMHa
pacTepu3altis — 1e OUTbIIe THYYKHHA miaxigd,

2.3.3.1. MaTpuuHi npuHTEpH

CaMO10 HU3BKOSIKICHOIO TEXHOJOTIEI0 JIPYKY BOJIOJIIOTH MaTPUUHI MPUHTEPH.
JIlpyKkytoua TOJIOBKa, IO TEPEMINIAETHCS B OJHOMY BHUMIpI IO IIMPHUHI CTOPIHKH,
CKJIaJIa€ThCs 3 JEKUIBKOX TOJIOK (3BHYaiiHO 9 abo 24). dapba HaHECEHA Ha CTPIUKY,
mo nepedyBae MDK MmamepoM 1 rosioBkoro. [Ipw ymapi rojgku mo marepl Ha HIH
3QIMIIIAETHCS CIIJ BiJ apOM 31 CTPIUKH, Y TaKUK CHOCIO 1 BUXOIUTH 300paKCHHS.
bynu cnpoOu CTBOpPEHHS KOJIBOPOBUX MATPUYHUX MPHUHTEPIB, ajie SKICTh OyJia
HENIPUIHATHOIO. BuBig HeTekcTOoBOi 1H(pOpMAIi NPUAHATHOI SKOCTI BaXKO
JTOCTYITHUI.

PosnineHa 3matHicTh — Big 60-72 no 360-360 dpi.

OcHoBHa mepeBara — JELIEBUIA JIPYK, OCHOBHI HEJOJIKM — HH3bKA SIKICTH 1
BHUCOKHMI PIBEHb IIyMy. 3apa3 MPaKTUYHO BUTHUCHYTI CTPYMUHEBUMHU H JIa3epHUMHU
IPUHTEPAMHU, 32 BUHSATKOM 3aCTOCYBaHHS B KACOBHUX araparax.

2.3.3.2. CTpyMuHeBi NIpUHTEpPH

Po3TamoByoThCs B CepeIHHOMY IIIHOBOMY Jlala3oHi 1 € HaWMOIIHUPEHIITAM
PILIEHHSIM JIsl KOJIbLOPOBOTO JIPYKY (TOMY 11O KOJILOPOBI JIa3€pH1 MPUHTEPU MOKH 111e
nOoCUTh Joporu). [IpuHiun aii HaCTyHUIM:

JIpykyroda TOJIOBKA, IO TMEPEMIMIAETHCA MO MIMPHHI TManepy, CKIaJaeThes 3
0e3mi4yl MiKpoKaMep 3 MIKpOCOIUIAMH, MPHU TPOIMYIICHH] EJIEKTPUYHOTO IMITYJIbCY
yepe3 MIKpOKaMepy B Hil YTBOPHUTHCS MiXyp, IO BHINTOBXYE 13 COIUIA KPaILIO
¢dapbu Ha mamip. Y KOJTLOPOBUX MPUHTEPAX (@ 1€ MPAKTUYHO BCE CTPYMHUHEB1 MOJIEII
Ha JJAHWM MOMEHT) 3aCTOCOBY€Thes KoJiipHa Monenb CMYK (nuB. posnin 1.2). Ilpu
IIbOMY KOXXKHOMY 13 ITUX 0a3MCHHUX KOJIbOPIB BIAMOBIZAE CBili pe3epByap 3 ¢apOoro.
YopHuii KoJMip YBOAUTHCA JISI €KOHOMII KOJIHOpOBUX (apld. Y Joporux Mojemnsix
3aCTOCOBYETHCS i1 OUTbIIA KUTBKICTh (hapO J1sl MOJIMIIEHHS Iepeaayl KoJabopy.

PoszninsHa 3matHicTh — Big 600-300 o 5760-1440 dpi.

OcHoBHa niepeBara — NOpIBHSJIbHA JICIIEBU3HA PUCTPOIO, OCHOBHHUM HEJIOJMIK -
JIOpOXKHEUYa BUIATKOBUX MaTepiaiB.

2.3.3.3. JlazepHi npuHTEpH

JlazepHi puHTEpYU € HAEPEKTUBHINIMMHE 3 TOTJISITY BAPTOCTI IPYKY CTOPIHKH.
V 1eit yac nepeBaxaroTh y YOpHO-O1IOMY IpYII.

[TpuHuun A1l HACTYTTHMIA:

Cnoyatky Ha BCIO TMOBEpXHIO OapabaHa 3 (OTONPOBIIHUM MOKPUTTAM
HAHOCUTBLCS TO3UTUBHUM 3apsij, 3BHYAKHO 3a JOINOMOTOK KOPOHYKOUOIOro
enexktpona. ITotim nesiki nuisiHku OapabaHa BUCBITJIIOIOTBCS JIA3€PHUM IMPOMEHEM,
0 TPUBOJIUTHL 1O 3HATTA 3apsiay B Iux wicugx. lloTim moepxHst Oapabana
MPOXOUTH Yepe3 MOPOIIKONOAIOHUN TOHEP, TTOZUTUBHO 3aPSKEHI YACTOUKHU SIKOTO
BIIINITOBXYIOTHCS  BiJl 3apsSPKeHMX JUISHOK OapabaHa ¥ MpWIMOAIOTh  J0
HezapsmpkeHoro. Ilicms mporo ToHep 3 6apabaHa MEPEHOCHUTHCS Ha IAImip, IO IS
IIOTO TOIMEPEAHBO 3aPSATKAETHCS HETATUBHO 3a JOTIOMOTOIO 1HIIIOTO KOPOHYIOYOTO
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enektpona. Ilamip moTiM TigmaeThCs HArpiBaHHIO, MPU SKOMY YacTOYKH TOHepa
MIITHO TIPUTLIABJISIIOTH 0 Hel.

Pozpinenaa 3matwicTs — Big 300 o 1200 dpi.

OcHOBHI TIEpeBarv — BUCOKA YiTKICTh 1 MIBUIKICTh APYKY, OCHOBHUN HEIOMIK —
MOPIBHSJIbHA IOPOXKHEUA CaMHUX MPHUCTPOIB (0OCOOIMBO KOIbOPOBHUX ).

2.4. Apxitekrypa rpagiunoi nizcucremu IIK

2.4.1. ApxitekTtypa

3a BuBia rpadiunoi iHbopmanii Ha guctierd y [IK BinmoBimae cremianbHUN
HaOlp MIKpOCXEM, TMOMIIIAETHCA 3BHYAHO Ha OKpEeMy IUIaTy, IO Ha3UBAETHCA
BileomiaToro abo BimeokapTow. OCHOBHUM 3aBJaHHSIM € MEPETBOPEHHS oOpasa
eKpaHa, 1o nepedyBae B mam'siTi, T.3B. KaApoBoro oygepa (aura. frame buffer), y
Ha0lp CUTHAIB, 3PO3yMUIUX AUCILICIO. [[1s mMigKIIOYeHHS AUCIUICIB 10 KOMITHOTEPIB
BUKOPUCTOBYIOTHCA CTaHAAPTH, IO BCTAHOBIIOIOTH JIOTIYHI ¥ (i3UYHI MapameTpu
3'eqHaHHA. Y 1€l yac JBa HAWIOMIMPEHIHMX 3 HUX — Ii¢ aHamoroBuii VGA 1
uudposuit DVI. Ilepuinii BUKOPUCTOBYETHCSA ISl MIJAKIIOUCHHS SIK aHAJOTOBUX TIO
cyti nucmieiB Ha EIIT, Tak 1 uudpoBux pr-guciieiB (aHamoro-uu@pone
MEPETBOPEHHSI B I1IbOMY BHMAAKY BiAOYBa€ThCs B CaMOMY JMCIUICI), APYrUd —
BUHSTKOBO 111 Px-Jlucmeis.

Ha BizeokapTi npucyTHS BifieonaM'saTh, XapaKTEPHOIO PUCOIO SKO1 € Te, III0 BOHA
IBYXIOPTOBAa — TMPUENHAHA SK JO M[IMHHA, MO SKIA NepefarTbcs JaHl BiA
IIEHTPAJBLHOIO TIpoIlecopa, TaK 1 JO MIKPOCXEMH, BIANOBITAIBLHOI 3a BHUBIA Ha
JUCIUICH, 1 BOHM MOXYTh OJTHOYACHO 3BEPTATHUCS JI0 HEl. Y NEIIEeBUX MPUCTPOSX 5K
BiJIeonaM'siTh BUKOPUCTOBY€ETHCS YaCTMHA OCHOBHOI MaM'siTi, 1[0 3HAYHO CIIOBLIBHIOE
00poOKy maHux Ha BifgeokaptTi. OOcar mam'sTi MOBHHEH OYTH JOCTAaTHIM JIJIs
30epiraHHsl JaHUX KaapoBOTro Oydepa, a OaxaHo 1ie i BTOPUHHOTO Oydepa (aHri.
back buffer), sikiio BUKOpHCTOBY€EThCS TEXHOJIOT1sI noABiHUIA 0ydepu3zanii. CripaBa
B TOMY, IIIO SIKIIIO MIiHSATH 3HAYEHHS IMIKCENiB MPsIMO B MOMEHT BHBOJY iX Ha €KpaH,
TO MPY BUCOKIM 4acTOTI BITHOBJICHHS MOKYTh BUHUKATH apTe(aKkTu, MOB's13aH1 3 TUM,
1[0 Ha €KpaH BUBOJUTHCS 1€ HE BIAOyAOBaHEe A0 KiHI 300paxeHHs. [1[o0 nporo
YHUKHYTH, TIpU TOJBIMHUI Oydepusarii nig yac BUBOAY 300pa)keHHS 3 o0iacTi
BiJleonaM'siTl, 110 MpU3HAUYE€HA KaApoBUM OydepoMm (Ha3MBAHUM Y LIbOMY BHUIIQJKY
TakoXX mepBUHHUM Oydepom (anri. front buffer)), 306paxkeHHs HACTYITHOTO Kaapy
OynyeTbcsi y BTOpMHHOMY Oydepi, a NMpU MOKa3l HACTYIMHOIO Kajapy Il 00JacTi
maMm'siTi  MIHSIOTBCS  pojsiMH. Ll TEXHOJOriss BUKOPHUCTOBYETHCS JJIsA ITOKa3y
TUHAMIYHUX 300pakeHb, TaKuX SK irpu. [JlomatkoBa BifeonaM'aTh TaKOX IMPHUCKOPIOE
00poOKy Trpadiku, MAO3BOJISIOYM TPHUMATH JTO0AATKOBI TpadiuHi eJeMeHTH, sKi
BiI0OpakaroThcsi B KaJpoBoMy Oydepi 3a A0moMoror OJiTuHra (mpo 1€ JuB.
HIDKYE).

Hoctyn 1o Bigeomam'sTi 3 OOKy Tpoliecopa MOXe OyTH OpraHi30BaHHI
NoJB1ITHO — a0o BijeonaM'saTh, IK YaCTUHA aJIPEC, BKIIOYAETHCS B aJJPECHUI MPOCTIP
mporecopa, abo g KOMIIOBAaHHS JaHMX MK OCHOBHOK ¥ BiJIEONaM'sITTIO
KOHTpOJIEpY Ha BIJEOKApTI TMOCWJIA€ CHeliaJibHa KOMaHJa ¥  KOMiIOBaHHS
B110yBaeThes 3a gonomororo DMA (Bing anri. Direct Memory ACCESS — Mikpocxema,
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110 JI03BOJISIE 3/IIMCHIOBATH Mepeiavy JaHUX B/3 OMEPaTUBHOI MaM'sTi nepudepiiHum
MIPUCTPOSM 0€3 yUacTi IEHTPAIBLHOIO IPOoIecopa).

Mikpocxema, BIiATIOBiTaJIbHA 3a BHBIL Ha JOUCIUICH, TIOCTIHHO CKaHY€E
BiJleonaM'saTh, MEPETBOPUTH ii y ¢dopMmy, M0 BiAmoBimae iHTepdeicy mucmies, i
dhopMye BUXITHUN CUTHAIN, IepeJaHnui 10 Kabeal Ha auciuiel (auB. puc. 2.6). Sxmo
BiJIeoIiaTa OCHAIICHA aHAJOTOBHMM BHXOJIOM, TO B HEi NMOBHHEH OyTH BOYIOBaHMIt
mQpo-aHaIoroBuii nepersoproBay, HazuBanmii RAMDAC - Random Access
Memory Digital to Analog Converter. Tomy 1m0 iHpopMaIlis Tpo TMIKCENIAX
nepenaerbes nocnigoBHo, T¢ RAMDAC mnoBMHEH MaTd JIOCUTh BHUCOKY TaKTOBY
4acToTy, W00 JIO3BOJISITU BHUBOJAUTH 300pa)K€HHS BHUCOKOTO PpO3IIUPEHHS 3
JIOCTaTHBOIO 4YacTOTOIO BigHOBIEeHHs. Hampuxnan, 3o0paxenns 1600x1200 s
BUBOAY 13 yactoToro 75 I'm Bumarae gactotu RAMDAC piBuoi 1600x1200x75 =
144 Mru. Yacrora po6otu RAMDAC € BaXITUBOIO XapaKTEPUCTUKOIO BiJIEOKAPTH.

]

’—.L(t—-i’b.— A0 Npouecopy, OCHOBHAa NamMATL
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300pameHHa

306paxeHHs

Macka cnpaiTis

Cnpaittu
(wopri Ha Binomy doHi)

(Ha yopHomy dosi)

Puc. 2.7. Tlpuxnazn 300pa>keHHs CIIpanTIB
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Takox Ha BieoIIaTI BTPUMYEThCS TrpadiuHUM TPOLECOP, 3MaTHUM IIBUIKO
BUKOHYBAaTH OCHOBHI ormepariii mo poOoTi i3 300paXeHHSIMHU y BileomaMm'sTi, SKi
MOXXYTh OyTH pO3/iJIeH] Ha KIJTbKa KJIAcCiB.

— Pobora i3 npsiMokyTHUMHU OJiokamMu. [[s mikpocxema Ha3uBaeThcs OJIITTEP,
TOMY III0 OCHOBHA omepailis siky BoHa poouts — 11e BitBlt (Bit Block Transfer), To6to
KOITIFOBaHHS MPSMOKYTHOTO OJIOKY 300paK€HHS B 1HIIE 300paKCHHS 3 MOMKJIMBUM
3acToCyBaHHAM Mo0iTOBUX Joriunux omepariiii (I, ABO, IO BUKIIIOYAE ABO).
Ile yacTo BUKOPHUCTOBYBaHa Omepallis JJis MPUMIIIECHHS 00'€KTiB JTIOBUIBHOI (hopmH,
T.3B. CHpaMTiB, Ha 300paxkeHHs. [lpuknag Toro, sfK 1€ MOXHa 3pOOUTH 3a
nornomororo nBox BitBlt omepariii nuB. Ha puc. 2.7 (I po3yMiHHA HEOOX1JTHO
BpaxyBaTH, 110 IMIKCEeJIl YOPHOTO KOJIbOPY CKJIaJIatoThes 3 oHux 0 6iTiB, a Ou10TO — 3
onuux 1 61TiB). Takox BieoKapTa MOXe MiATpUMYBaTH onepailito StretchBlt, — e Te
XK came, 110 i1 BitBlt, ane 3 po3Taranssam mo ocsx.

— Pacrepu3zaunis NpUMITHBHO [03BOJISIE POOUTH paCTEPHU3ALII0 HAUMPOCTIMIUX
00'€KTIB, TAKUX SIK BIIPI3KM, KOJA, €JIICH, TPIMOKYTHUKH, 0araTOKyTHUKHU. Takox
MOXK€ MIATPUMYBATHUCS 3aJIMBAaHHS OJHOKOJIPHUX 30H IHIIUM KOJHOPOM abo IO
mabnoHi. [lpu mboMy MoOke BUKOPHUCTOBYBATHCS W amapaTHuUil aHTHajgiacuur. i
QITOPUTMH JOKJIAJIHO PO3IMVIAHYTI B JaHid KHU31. Jlo 1€l Ipynmu TakoX MOKHA
BIJIHECTH amapaTHy MIATPUMKY BiOOpa)KeHHS Kypcopy.

— IiaTrpumka BuBOAYy cuMBOJIB. lleii Omok BIAMOBITAaE 3a BHBIJ CHMBOJIIB Ha
ekpaH neBHUM ImpudTom. [HoAl mipudT MOXkKHA BapiroBaTH ab0 3aBaHTaXKyBaTH 3
OCHOBHOI mam'sTi cBid. J{aHuWil OJIOK aKTMBHO BUKOPUCTOBYETHCS, KOJHU BiJeoKapTa
nmepeOyBae B TEKCTOBOMY PeKHMi, KOJM AWCIUICH JIOTIYHO JUIMTHCS Ha TICBHY
KUIBKICTh TPSIMOKYTHHX OCepeKiB, HaiyacTime 80%25, y KOXKHY 3 KX MOXe OyTu
MOMIIIIEHUN OJJMH CHUMBOJI 3 OOMEXKEHOTO TiHA00pPY ASCII2.Bun K0XHOTO i3 1UX
CUMBOJIIB BU3HAYAETHCS B CIICIIAIbHIN TaOIUIII BIACOKAPTH, IO MOKE OyTH 3MIHEHA.
VY 1meit yac meil pexxuM BUKOPHCTOBYEThCS Tipu 3aBaHTaxeHH1 [IK, a Takox mpu
pobOoTi B pexuMi TepmiHana (dacrtime BuxkopuctoByeThcsi B OC Linux), aus.
puc. 2.8.

— AmnaparHe NPHUCKOpPeHHH Bigeo # QinbTpauisa 300paskeHHsa. KonyBanus i
JEKOJIyBaHHS BiJIc0O — YK€ PECYpCHOMICTKA oOlepallis, MoB's3aHa 3 00pOOKOI
OutbMXx o0OcAriB naHux. Jleski BigeoKapTH 34aTHI amapaTtHO JIEKOAYyBaTH
BiZleonoTik, TOOTO MOCIIOBHICTh CTUCIMX BiJCOJAHUX, IO BIJAMOBITAE MEBHOMY
dopmaty. Haityactime ne crangapt MPEG-210 skum 3akomoBaHi ¢GuUIbMH Ha
DVDY cyuacHMX BigeoKapTaXx TakOX MOYMHAE 3'SBJIATUCS IiATPUMKA
Teneb6auennsi Bucokoi uirkocti (anrn. HDTV — High Definition Television).
Takox MOXXIIMBO ¥ anmapaTtHe MaciTaOyBaHHS Bifeo. AnapaTHe BiqoOpaXxeHHs BiI€O
B YACTHHI €KpaHa 3BeTbcs oBepJiesi (aHri. overlay). Jleski BieokapTH TakKOX
MOXYTh armapaTHO pOOUTH (IIBTPAIliI0 300paKeHb, a TaKOX 31HCHIOBATH TaMMa-
KOPEKIIito (IuB. po3aia 2.3).

[IpakTuuHO BCl1 CydYacHI BIJEOKApPTH MICTATh TaKOX IMPOIECOpP OOpPOOKH
TPUBUMIPHOT Tpadiky, ajie 1 TeMa BUXOIUTh 32 PAMKH JTaHOI KHUTH.

JlomaTkoBO Ha TiM >XK€ IUIaTI 4YacTO BHBEJEHI CTAHAAPTHI PO3HIMAHHS IS
MIIKJIIOYEHHST TeaeBi3opiB 1 BigeoTexHiku (T.3B. TV In/Out) 1 BcTaHOBIIEHI
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MIKPOCXEMH TepBUHHOI 00poOku i€l iHdopmalii, 30kpema, YUV/RGB
MIePETBOPCHHSI.

Jlesiki cydacHi BiieoKapTH JO3BOJIIIOTH IMIAKIIOYATH Biapa3y KiUTbKa JHUCIUICIB
OJTHOYACHO.

2.4.2. Ilonanns 300pakeHb

Temep BapTo AOKIaAHINIE 3yMUHUTHACA HA ¢GopMaTax TMOJAHHS PaCTPOBUX
300pakeHb y MaM'sITi. 3BUYaiHO TIKCelll OMUCYIOThCSI HAOOPOM HE HETaTUBHUX LIIUX
gucen. 300pakeHHS 3BUYAMHO 30€piraloThCsl TOCTPIYKOBO; y KOXHOMY PSAKY
iH(bOpMaIlis PO MIKCENAX YIMOPSAKOBAHA JIBOPYY MPABOPYY, & PSAIKHA BIATIOBIIHO
PO3TAIIOBYIOTHCSA OJUH II0 OJHOMY 3BepXy Aomimuibi2.Ilpu 1mpoMy, sK HpaBuio,
KOKHMI1 HACTYIHUIA PAM0K TIOYMHAETHCS i3 TPAHUI MAIIMHHOTO cioBat2(mpu oMy,
MOXJIUBO, KIHEIb TOMEPETHLOTO PSIKA JOMOBHIOETHCS HYJSIMH), TOMY IO II€
ONTUMAJILHO ISl 0OPOOKHU MPOIIECOPOM.

[To rmubuH1 KOIBOPY 300paKEHHS AUISITHCS Ha:

['mubuna
KOJIbOPY B Hazpa [TpumiTku
bpp
1 MoHoxpoMHE [IpencraBumo 2 KOJIbOPY — YOPHUH 1 O1Hi
8 [TamiTpoBe baiitr € imgexkcom y Tabnuii TaliTpU, 3a
JIOTIOMOTOI0 Ii€1 MaIITPU MPEICTaBUMO Oynib-sike 256-
esieMeHTHa miaMHokuHa Beix True Color konbopis
8 HamiBToHOBE MicTuTh TUIBKM OJWH KaHal 1HTEHCHUBHOCTI 0e3
(BinTinku KOJipHOi 1H(opMamii 3 TouHicTIO 8 O01T. MokHa
Ciporo) pO3MIsSAaTH K IJABHZ TaJITPOBOTO, 1€ CJIEMEHTH
NaJIITPU BIAMOBIIAIOTH BIATIHKAM CipOTO
16 High Color [ToBHOKOIBOpPOBE, KUTBKICTH OIT Ha KOXHUH
komMnoHeHT R-G-B: 5-5-5 (Tto6to nacmpasmi 15 06iT,
OJIMH HE BUKOPUCTOBYETHCS) a00 5-6-5
24 True Color [ToBHOKOJIBOPOBE, Ha KOXHY 3 RGB koMIOHEHT
o 8 OIT
32 True Color Te x came, MO W MONEpPEaHE, TUTBKH JTOMAETHCS

me oAauH OalWT s BUPIBHIOBaHHA 1H(opmari 3
MalMHHOTO  ciioBa. lleli OalWT MoOXe  TaKoX
BUKOPUCTOBYBATHUCA SIK ajb(a-KaHasl, TOOTO 3a/JaBaTH
CTYIHb MPO30POCTI

2-2- 1 4-61TH1 pexumu CGA 1 EGA, mo 3actocoyBanucs B [IK B 1980-x pp.,
ajie 3acTapiii Ha JaHUH MOMEHT, y TaOJuIll HE TIPEICTaBIICHI.

Y  nanmitpoBoMy 8-0ITHOMY pEXHMI MEPETBOPEHHS 3 MaJITPOBOIO Yy
B1JI0OpaKyBaHUM KOJIp BUKOHYEThCS anapaTHo npuctpoeM RAMDAC, y perictpax
SIKOTO W yTpUMY€EThCs najitpa. Llei pexxum 3apa3 yxe Majio BAKOPUCTOBYEThCS Yepe3
3aHAATO OOMEKEHY KUIbKICTh OJIHOYACHO BiJIOOpaKyBaHUX KOJBOPIB.
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Sx HeBaxko migpaxyBaTtv, True Color no3Bonsie mnpenacraButu 16,7 MiIH
MOXJIMBUX BIJITIHKIB, YOTO IIIJIKOM JOCTaTHHO IS TTOBHOI[IHHOTO CIPHHHSTTS
JTIOMMHOIO OiabiocTi (ororpadiii. ¥ TOH ke dYac, y AESIKHX BHUIAIKaX IOMITHA
HEJIOCTaTHICTh Jiama3oHy sckpaBocTi. Cepilo3HOI0 MpoOJIEMOI0 € TaKoXK BTpaTa
TOYHOCTI TPU OTEpaIisiX HaJ MIKCEISIMHU 13 MMOBHOYMCIIOBUM omnucoM. Hampukian,
mpu po6oti B True Color pexumi CrodaTrky 3MEHIIMMO SCKPaBICTh y JIBa pasu, a
notiM 30umbmmMo. [lpu 1nboMy MosoOAIIMK 3HAYYHIM OIT KOXHOTO KOMITOHEHTA
OOHYJIUTBCS, TOMY IO CIIOYATKy OiTH OyJid 3pyllieHI BIpPaBoO, a MOTIM Ha3aj YJiBO 3
nonoBHeHHsM (. Tomy, He3Bakarouu Ha Te, 1o rpadiyna niacucrema 1K moku moxe
BIITBOPIOBATU 300pakKeHHS 3 HE OLIBII HDK 8 OiT/KaHai, ACsAKi MporpamMu 00poOKH
300pakeHb MaroTh pexkuM 16 6iT/kaHan (48 bpp), ciayx0u a1t 3anmo0iraHHs BTpaTu
TOYHOCTI TIPH peJaryBaHHI.

Jlo Toro > Jesiki 13 NMPHUCTPOIB BBEJICHHS, PO3MVISHYTHUX BHUIIE, J03BOJIAIOTH
oJlepKyBaTH 300pakeHHS 3 Oumblio rMOMHOK Kombopy. Jleski high-end
BIJICOKapTH B)K€ 3/1aTHI mpairoBaTtd 3 TouHicTio 10 1 12 Oit/kanan (to6to 30 1
36 bpp).

OcTaHHIM YacoM CTa€ JOCUTh TMOMYJISIPHOI KOHIENIlisl 3o00paskeHb 3i
30lIbIeHuM auHaMiuvHuM aiamazonom (anrin. HDRI — High Dynamic Range
Images), siki MOTJIM O OJHOYACHO OMHUCYBATH NYX€ PI3HUN CTYIMiHb OCBITJIICHOCTI,
KOMOIHYIOYH, HalIPUKJIa, 3HOMKY (hoToamapaTomM BiJpasy 3 ACKUIbKOMa 3HAYEHHSIMU
ekcro3uiii. Y 0araTb0X peamizalisXx KOXHUW KaHaJl OMUCYEThCS YHUCIOM 13
IUTABAIOYOI0 KPAMKOK OJAMHAPHOI TOYHOCTI (po3mipom 32 6ita). CydacHi aucriei
MOXXYTbh OJIHAK TIOKA3yBaTH TaKi 300paXEHHS TIJIbKU 3 TIEBHOIO €KCIIO3HIIIETO.

2.4.3. Ilporpamuuii intepdeiic

Haiinepmi T1K, o 3'aBunucs Ha noyatky 1980-x pokiB, mpaltoBajgyu BUHITKOBO
B TEKCTOBOMY PEXHUMi. Y LIBOMY PEXHMI HAMMEHIIMM MPUMITUBOM MpPU BUBOII Ha
JTUCIUIEH € CUMBOJI ITUUIKOM, @ HE OKpeMl TiKceli. Xoda MOKHAa OyJI0 YIpPaBJISITH
BUJIOM ITUX CHMMBOJIIB, 3aBaHTAXXUBIIIN BIJMOBIAHI MOHOXPOMHI pacTpH B CICHIAIbHY

TabAnIIIO BifeokapTrid,

Handrake Linux release 9.1 (Bamboo) for iS86

Kernel 2.4.21-8.13ndk on an 1686 ~ ttyl

localhost login: root

Password :

Last login: Mon Oct 10 15:88:23 on werl

(root@localhost rootlnt is <1

wroro 36

drux——— 3 root root 4896 Hun 22 28

drwx—— 2 root root 409 Hun 22 200
drsnar—xr-x 3 root root 105¢ . /
“PW-—p— 1 root root B2 Hen 22 7 packages .03 .07 .22
Arux—————— Z root root 489 Han 22 /
[root@localhost rootls cd susr

[root@localhost uselst Is -1

wroro 152

Aruae-xr-x Z root root 49152 Hun 22 7
druxe-xr—x 3 root root 1095 Hun 22
druxr-xr-x Z root root 40% Ger
druxe-xr-x Z root root 40856 Han 22
druxr-xr-x 63 root root 26408 Han
druxe-xr-x 96 root root 45056 Han
druxe—xr-x 13 root root 46% Hon
druwer-xr-x Z root root 8192 Hoa
druxr-xr-x 202 root root

drwer—xr-x 4 root root

Irwcrexrux 1 root root

druxr-xr-x 7 root root 4896 Hwa 22
(root@localhost usrls

Puc. 2.8. Tekcrosuii pexxum B OC Linux
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[TotiMm 3'sBHIIMCS KapTH 13 TpadiyHUMH MOXJIUBOCTAMH. Y 3B'S3KYy 3 MalluM
po3mipoMm azapecHoro mpocropy (1 MO) mpomecopa Intel 8086 moBomumocs
BijjoOpakaTl TiIbKM 4YacTHHA BijeomaM'aTi B aJpPECHHH MPOCTIp mporecopa u
crieriaJbHUX KOMAaH] 3aJlaBaTH, sSKa caMe II¢ YacThHA. Taka TeXHOJOTis ojepikaia
Ha3By bank switching. Komanan BijeokapTi mocHjaiy MUIIXOM IEpepuBaHb a0do
3anucy iHdopMamii Oe3mocepenubo B i1 amapaTHuid mopT. /s BUKOpPHUCTAHHS
J0JaTKOBUX MOXKJIMBOCTEH BiZ€OKapT po3poOIroBayaM MPUKIATHUX MPOrpaM 1 irop
JIOBOJIMJIOCS] CaMUM peaji3oByBaTU HAMMPOCTINI omepalii AJii KOXHOrO IXHBOTO
TUITy, TOMY IO MiATPUMKA BifieokapT i3 60oky OC6yna MiHiMaIbHOIO.

3 nosieoto OC 13 rpadiunum iHTEepdericom cutyarlis 3minuiacs. [Ipomapok Mix
NPUKJIAJHOI0 TMpOrpaMolo M amapaTyporo cTaB "ToBcTimie". be3mocepeaHbo Ha
HU3BKOMY PIBHI BIJICOKapTOIO YTpaBiisi€e ii ApaiBep — rporpama, 1o MOoCTaBISIEThCS,
K MPaBUII0, caMoro (pipMOI0-po3po0IIoBaUYeM BICOKApTH. A MPUKIIAIHA Mporpama
3BEPTAETHCS 10 HHOTO Yepe3 BUKIIMKHU YITKO TIEBHOT'O 3arajibHOTO JJIS BCIX JpaiiBepiB
abctpaktHoro iHtepgdeiicy (anri. APl — Application Programming Interface). Takum
YUHOM, 3'IBIJIACS arapaTHa HE3aJIeKHICTh, 110 SBHJIOCS BAKIIMBUM KPOKOM YIIEpe, 3
00ikoM 0e311141 BiIeoKapT 13 0OMEKEHOI0 CYMICHICTIO OJWH 3 OJTHUM.

2 B =

3ot PDF-Viewer Total

KomnstoTep Command.
< | 3ror komnsioTep

‘]\ @ i KomnbioTep Bug
S 24 — :
Cem FastStone  Google . [E > rorkouniiorep

Image Viewer  Chrome . " =
PaGounii cro o Tlanici (6)

& 3arpyzu
;
= [5 Boxymenten m Bugeo 43 Roxymentsi
Maweno  TeamViewer Office Tab -
ynpasnenus 12 Center2...

] Wsobpaxcen
123

a B Bueo

s Nloxansbiii anc

Kopwa  AMP  paintnet 5 e b Myssixa Va PatGisi Gt

3arpysxn Vsobpaxenna
4 =

} @ OneDrive + YcTpovictea v avcku (3)
123

[ 3rot KomnbroTep Windows 10 (C:) NokanbHeiii anck (D)
E— ee———3

PotPlayer

-

B Buaeo ~ 80,4 T6 ceoboaro us 112 16 91,416 csoboaHo u3 185
=) Noxymentsi

Ly DVD RW auckoeos (E)

3ar| DVD

2z 2 R
pToment  MiniTool  paint.net =] Msobpaxerua

Partitio... ﬁ My}bKKB
[ Pabounii cron

@
A 4 Windows 10 (C:)

Dell Backup ~ Paragon
and Recove... Partition M...

= NloxansHsiii anc

& Cemn v

07 | vE Snevenros:9

Hakaswa  Tpadic
npakTh.  po6o.

I 123
D © Msoroumor NGO IO ey

Puc. 2.9. T'padiunuii intepdeiic OC Windows

Tunosi ¢yHkIii Takoro iHTEpPeEiicy MICTATH y c001 came omneparrii OJITTHHTrA i
pacTepu3allii MPUMITHBIB, a TaKOXX POOOTy 3 MaJITpaMH, X0dYa 3apa3 MaTITPU BKE
MaiiKe HE BUKOPUCTOBYIOTHCSI.

B UNIX-Ilonionux OC rpadiunuii iHTepdeiic HalaeTbcsl CUCTEMOIO
X Windows, mo mnpaioe 3a npuHuunoMm "kiaieHt-cepep”. Ilporpama-Kiient
BiMpaBisie sikuk-HeOyap 3anuT APl mo Mepexi (xoda sl camMOi mporpamu Iie
BUTIIAAE K TPOCTO BUKIHMK (DyHKINIT); OfepaBIIM I 3amuT, MporpaMa-cepBep
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BIJIMIOBIJIA€ 32 MOro BUKOHAHHs. X04Ya Taka CXeMa 1 € THY4YKOIo (MOKHA, HapUKIal,
MaTH KiJIbKa JIUCIUICiB B OJHOIO KOMITIOTepa a0o, HaBmaku, 0arato KOMII'FOTEPIB,
MIIKIIOYCHUX 70 OJHOTO JWCIUICs), aje B TOW K€ Yac BOHA BHMAarae W J0JaTKOBHUX
BUTpAT Ha mepenady AaHUX IO MepekeBomy mporokomi. Hacmpasmi, y IIK =He
BUKOPUCTOBYETHCS Il THYYKICTh, a BCl 3allUTH TMEPEJAIOTHCS B PaMKax OJHI€T
CHUCTEeMH (Uepe3 MOUTI0BaHy MK IIPOIlecaMHt KITIEHTa M cepBepa IaM'sTh).

1) CnokonBiuno BoHu HaszuBamucs IBM PC, Tomy 1m0 BUPOOHHIITBO TaKHX
KoMIT'totepiB Oyso moyato gpipmoro IBM B 1981 porii.

2) 1 mroiim = 25,4 MM

3) II33 - "Ilpwunax i3 3apsaoBumM 3B's13k0M"

4) Xod4a TrOBOPSATH PO PO3B'A3HY 3AATHICTH 13 MOTJIAAY Gororpadii — po3mipi
HAWMEHIIIOTO MOMITHOTO 00'€KTa

5) 3 ypaxyBaHHSM TEJIEBI30piB

6) Hampukian, iCHYIOTh IPUHTEPH, IO JIPYKYIOTh Ha JIA3EPHUX JTUCKAX.

7) anra. Printer Control Language, po3poonenuii pipmoro Hewlett Packard.

8) Imoxi e HasuBaroTh "Software RIP".

9) American Standard Code for Information Interchange — po3noscromkeHa
8-0iTHEe KOyBaHHS CUMBOJIIB

10) cokp. Big Motion Picture Experts Group — rpyma JOCTiIHHKIB, IO
po3poduIia TaHuii cTaHaapT

11) Digital Video Disc — HaiinommpeHinmii cTanaapt udpoBoro Bigeo

12) Sk He nuBHO, y dopmaTi BMP 3a 3aMOBUyBaHHSIM psijKa PO3TAIIOBaHI
3HHU3Y Haropy, o MpuBOJIUTH JI0 JOJATKOBUX BUTPAT HA oreparllii 13 tuMu ¢aiaaMu.

13) y cyuacnux I1K 11e HaituacTime 4 O6aiitu = 32 GiTa

14) Takum ynHOM, 30KpeMa, BupoOsiacs pycudikaris DOS nporpam.

15) Onmepamniiina Cucrema

2.5. Iluranus i BOpaBu

1. Ha3BiTh OCHOBHI XapaKTEpUCTUKHU PACTPOBOI KOMITFOTEPHOI rpadiKH.
2. SIxi mapameTpu BUKOPUCTOBYIOTHCS JJIs MMOJAAHHS KOJIbOPY?
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Tema 3. KOJIIP Y KOMIT'FOTEPHIM I'PA®IIII
Komipni moxeni: RGB, HSV, CMY i iami. [1epexinx Bix ogHi€el Moaei 10 1HIIOI.
Konipnwuii rpadik MKO. Oxgnopinni komipai npoctopu Luv, PHS.

3.1. IIpo npupoay cBiTJIa if KOJLOPY

CBiTJIO sIK (i3WYHE SBUIIE SBJISE COOOI0 MOTIK EIEKTPOMArHITHUX XBUJIb Pi3HOI
noBkuHN ¥ ammumityau. Oko mroauHu, OyAydd CKIAQTHOK ONTHYHOK CHCTEMOIO,
cpuiimMae Il XBWJIl B Aiama3oHi MoBxkUH mpubmm3Ho Big 350 go 780 mm. Csitio
cnpuiiMaeThcsi abo Oe3mocepeHbo BiA JKepesa, HAMpHUKIa, BiJ OCBITIIOBaJIbHUX
npuiaaiB, abo sAK BIAOWTHM BiJ IMOBEPXOHb O00'€KTIB a00 TEpeIOMIICHUH TIpH
IIPOXOKEHHI Kpi3b Mpo30pi ¥ HamiBpo3opi o0'ektu. Komip — 11e XapakTepucTuka
CIOPUMHATTS OKOM €JIEKTPOMArHiTHUX XBWJIb PI3HOI JIOBKMHHU, OCKUIBKH CaMe
JOBXKHMHA XBWJII BU3HAYa€ JJIsi OKa BHAUMHM KOJIp. AMIUITYAQ, [0 BHU3HAYAE
€Hepriro XBWil (MPOMOPIHHY KBajJpaTy aMIUIITy[H), BIAMNOBIAE 3a SICKPaBICThb
KOJIbopy. Takum YHMHOM, came IMOHATTS KOJIbOPY € OCOOJMBICTIO JIOJCHKOIO
"OaueHHs" HaBKOJHUIIHHOTO CEPEIOBHIIIA.

Porqsmm

Xpycramix

| 3opoBHii

IMaroyxH ¥ K0J604KH HEepE

Pamyara
ofomo4Ka

Puc. 3.1. Oxko nroauuu

Ha puc. 3.1 cxemarnuHo 300paxxkeHe oko moauHu. Doropeuentopu,
po3TalioBaHi Ha TMOBEPXHI CITKIBKHM, BIJIFPAlOTh pOJIb MpUKMAYIB CBITJIA.
Kpumranuk — 1ie cBoepiiHa jiH3a, 1mo Gopmye 300pakeHHs, a paiykHa 000JI0HKa
BUKOHYE poOJib JlaparMu, peryjiodd KUIBKICTh CBITJIA, IO HPOIMYCKAETHCA
ycepenuHy oka. YyTiuBI KIITKM OKa HEOJHAKOBO pearyrTh Ha XBWUJI PI3HOI
TOBXUHHU. [HmencusHicms CBITIA € Mipa €Heprii CBiTJia, IO BIUIMBAa€ Ha OKO, a
sAcCKpagicme — 1€ Mipa CHOPUHHSATTS OKOM IIhOTO BIUIMBY. I[HTerpampHa KpuBa
CHEKTpaJIbHOI YYTIWBOCTI OKa HaBeJAeHAa Ha pHUC. 3.2; 1 CTaHJIApTHA KpPHUBAa
Mi:xuapoanoi komicii 3 BucBitiennss (MKO, a6o CIE — Comission International
de I'Eclairage).
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doropenenTopu MAPO3AUIAIOTECS HAa JBa BHIW: MATHYKH W KOJOOYKH.
[Tanuyky € BHCOKOYYTIMBHMH €JIEMEHTAaMHU U MpaIoTh B YMOBaxX CJIA0KOTO
BHUCBITJICHHS. BOHM HEYyTIMBI 10 MOBXWHU XBWII W TOMy HE "pO3PI3HAIOTH"
kompopy. Komboukm Ik, HaBIMaku, MalOTh BY3bKY CIEKTPalbHY KpPUBY W
"po3pi3HAIOTE" KONBbOPY. [lamu4ok icHye TUIBKM OJWH THI, a KOJOOYKH
MIIPO3AUISIOTECS HAa TPU BUIU, KOXKHHUHN 3 SKUX YYyTIMBUN 1O TEBHOTO Jiana3oHy
JOBXWH XBWJIb (OBT1, cepenHi abo KOpOTKi.) UyTIHMBICTH X TaKOXK pi3HA.

Ha puc. 3.3 nmpeacTaBieHO KpHUBI YyTJIMBOCTI KOJIOOYOK JIsl BCIX TPbOX BH/IIB.
Buano, mo HaWOLIBIIOW YYTJIMBICTIO BOJOJIIOTH KOJOOYKH, IO CHPUHUMAaIOTh
KOJILOPH 3€JICHOTO CIIeKTpa, HebaraTo ciadkimie — "dyepBOHI" KOJOOYKH W 1CTOTHO
ciaOkimre — "cuHi".

1.0—
0.8
0.6
0.4 —

0.2 =

0 I I I

400 500 600 700
®ionetoBuit YepBoHuit

A 4

JoBX¥XWHA XBUNi, HM

Puc. 3.2. InterpaiibHa KpuBa CIEKTPAIBHOI YyTIUBOCTI OKa
A

1.0 —

0.8

3eneHuni
0.6—

YepBOHMIA

0.4 —
CuHin (x20)

0.2 —

0 I I I

400 500 600 700
dionetoBuii YepBoHMiA

\ 4

JoBX»WHa XBUNi, HM

Puc. 3.3. KpuBi uyTiIMBOCTI pi3HUX PELIEITOPIB
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Takum umHOM, KO (GyHKIIA © ff_*)xapamepmye CIIEKTpAJIbHE PO3KJIAJIaHHS
CBITJIOBOIO BHIIPOMIHIOBAHHS Bij aeskoro mkepena (puc. 3.4),T. €. pO3MOILIT
IHTEHCHUBHOCTI TIO JOBXXHWHAX XBWJIb, T€ TPU THUIH KOJOOYOK OyAyTh TMOCWJIATH B

= i o o co .
MO30K curHamu 10 Gy B (qepBonmii, 3eneHmii, CHHIH), NOTYXHICTb SKHX
BM3HAYACTHCS IHTErPAJIBHIMH CIIiBBIHOIICHHAMHM
H:/C()\jsﬁf_)\)d)\,

G= f@f/\)sgf_/\)d/\,
B :/cmsgmm,

E — (yHKIIIT 9yTIIMBOCTI BIATIOBITHUX THUIIIB KOJIOOYOK.

frycruna eneprii

v

l [ I |
400 500 600 700

dionetosuit . YepBoHUiA
QAETO LoBXuWHa xBuni, HV 2RAR

Puc. 3.4. XapakrtepHa crieKTpaJibHa KpUBa

Sxmo cnpuiiMade CBITIO MICTUTh BCl BUAMMI JOBXHHHU XBWJIb Y NPUOIH3HO
PIBHUX KUIBKOCTSIX, TO BIH HAa3WBAE€THCS AXPOMATHYHMM 1 NP MaKCUMalbHIN
IHTEHCUBHOCTI CIIPUHUMAETHCS K OUTHI, a MpU OLIbIIEe HU3bKUX IHTEHCUBHOCTSIX — SIK
BIITIHKH CIPOTO KOJIbOPY. |HTEHCHBHICTH BIJIOUTOTO CBITJIA 3PYYHO PO3TISAATH B
niarrazoni Big 0 10 1, 1 ToAl HyIbOBE 3HAYSHHS OyJI€ BIJAIMOBIAATH YOPHOMY KOJBOPY.
Ko K CBITJIO MICTHTHh JOBXHHH XBWJIb y HEPIBHUX MPOMOPIIAX, TO BIH €
xpomMaTuyHuM. OO'eKT, 10 BiOWBAE CBITIO, CIIPUUMAETHCS SIK KOJILOPOBHM, SIKITIO
BiH BiJOMBa€ ab0 MpOIMyCKa€e CBITJIO Y BY3bKOMY J1ama3oHi JOBXHUH XBUJIb. TOYHO
TaK caMO ¥ JDKEpeNno CBIT/Ia CIPUHMAETHCS K KOJIHOPOBHH, SKIO BiH BUITYyCKa€e
XBWJIl y BY3bKOMY Jiama3oHi JOBXHUH. [Ipy BHCBITIIEHHI KOJBOPOBOI MOBEPXHI
KOJBOPOBUM JIDKEPEJIOM CBITJIA MOXYThb BHUXOAMTH JOCHUTHh PI3HOMAHITHI KOJIpHI
edeKTH.

3.2. Koaipunii rpagik MKO

TpuBumipHa mpupoja COPUUHATTS KOJHOPY IO3BOJSE BimoOpakaTu HOro B
NPSIMOKYTHIN cucTemi KoopAauHat. Byap-skuil Kojip MOXKHA 300pa3uTH y BUIJISII
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BEKTOpa, KOMIIOHCHTAMHM SIKOTO € BITHOCHI BarW YEpBOHOI, 3€JICHOI i CHHBO1 KBITOK,
obuucieni o popmynax
R i E
"=Erc+B ‘" Erc+B ""E¥ctB

OCKUIBKH IIi KOOPJAWHATH B CyMi 3aBXKJIW CTaHOBJIATH OJWHHIIO, a KOXKHA 3
KOOPJIWHAT JICKUTHh y fiarma3oni Big 0 mo 1, Te BCi mpencTaBieHl B Takui Crociod
KpAaIK{ MpOCTOPy OyayTh JCKATH B OJIHIHM IUIOIMIMHI, IPUIOMY TUIBKHA B TPUKYTHHKY,
10 BIATHHAETHCS BiJ 1i ITO3HMTUBHHM OKTaHTOM CHCTEMH KoopauHat (puc. 3.5a).
ScHo, MO TpM TakOMy TMOJaHHI BCs O€3/Mid KpamoK IIhbOTO TPUKYTHUKA MOXKHA
OTHCATH 3a JOTIOMOTOI0 JBOX KOOPJAMHAT, TOMY IO TPETS BUPAKAETHCS YEpe3 HUX 3a
JOTIOMOTOXO CITiBB1THOIIICHHS

b=1—7r—g.

Takum 4MHOM, MU TEPEXOJUMO JI0 ABOBUMIPHOTO MOJAHHS 00JacTi, TOOTO 10

IPOEKIIii 00acTi Ha MIoIMHY (puc. 3.50).

a) 46 0)
c(r,g,b)

— [MnowmHa
R+G+B=1

«l
7

\ 4
o)

ol
|

|

L

Puc. 3.5. TpuBumipHMii KOJIPHUIN TIPOCTIP

3 BUKOPHUCTAHHSIM Takoro rnepetBopeHHs B 1931 p. Oynu BupoOeH1 MI>KHAPOTHI
CTaHJApTHU BU3HAYCHHS W BUMIpPY KoJbOpiB. OCHOBOIO CTaHJApTy CTaB TaK 3BaHUU
nBoBuMipHuii  komipuuit  rpadik  MKO. Ockinbku, gk mokazanu  (Gi3u4Hi
€KCIIEpUMEHTH, JOJaBaHHAM TPHOX OCHOBHHMX KOJBOPIB MOKHA OJIepKaTH HE BCi
MO>KJIMB1 KOJIpHI BIATIHKH, TO B SIKOCTI 0a3ucHUX Oyl 0OpaHi 1HII HapameTpu,
OTpUMaHl Ha OCHOBI JOCJIDKCHHS CTaHJAApPTHUX peakiliii oka Ha cBiTio. Lli
mapamerpu — -%1Y:Z — € UHMCTO TEOPETUYHHMH, OCKUIBKH TOOYmOBaHi 3
BUKOPUCTAHHSM HETaTUBHMX 3HAYCHb OCHOBHUX CKJIAJOBI KOJIBOPU. TPHKYTHHK
OCHOBHHUX KOJIbOPIB OyB MOOYAOBaHUM TaK, 100 OXOIUIIOBATH BECh CIIEKTP BUIUMOTO
citia. Kpim Toro, piBHa KUIBKICTh BCIX TPHOX TIMOTETUYHHX KOJBOPIB y CyMi Ja€
oumit komip. KoopaumHaTi KOTOpOBOCTI OyAyHOThCS TaK caMoO, K 1 B HaBEICHIM
BuIie Gopmyi:

X Y ) Z
Txvv+z YT X+v+z ST XfY1Z

[Ipu mpoekiii bOro TPUKYTHHKA HAa TUIONMIMHY BUXOJUTH KOJIPHUU Tpadik

MKO. Ane koopauHAaTH KOJHOPOBOCTI BH3HAYAIOTh TUIBKH BIJHOCHI KUIBKOCTI

r+y+z=1
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OCHOBHMX KOJIbOPIB, HE 3a/1al04M SICKPABOCTI PE3yJbTYIOUOT0 KOJbOpPY. SICKpaBiCTh

MO’KHA 3aJ1aTH KOOPAHHATO0 Y, a ¥ < BU3HAYMTH BUXOMSIYH 3 BEJINUMH (z,1,Y),
o opMyax

Y Y
N=—r1r, Z=—[1—-x—1y).
i Z=s(i-2-y)

0.9,

0.84

0.54

=TT,
0.0 0.1 0.2 03 04 0.5 0.6 0.7 0.8

Puc. 3.6. Konipuuii rpadgix MKO.
Ha koHTypi 3a3Hau€eH1 JOBXUHHU XBHJIb Y HAHOMETPAX

Komnipuuii rpadik MKO HaBenenuii Ha puc. 3.6. Ob6nactb, oOMexeHa KPHUBIH,
OXOIUTIOE BECh BUIUMUH CIIEKTP, a caMa KpHBa HA3UBAETHCS JIHIEIO CIIEKTPaIbHUX
KOJbOpiB. Yucna, NOpoOCTaBiE€HI HAa MAaIOHKY, O3HAYalOTh JOBXUHY XBWI Y
BiamoBigHii kpammi. Kpanka ', mo BiAMOBigae MONyACHHOMY BHCBITJIEHHIO MPU
CYIUIbHIN XMapHOCTI, MPUHHATA B IKOCT1 OMOPHOTO O1710T0 KOJIBOPY.

Konmipauit rpadik 3pyunuii s 1mijgoro psay 3aBaaHb. Hampukiaa, 3 #oro
JIOTIOMOTOI0 MOJKHa OJIepKaTH JIOAATKOBMM KOJIIp: AJi1 LbOro Tpeda MpoBeCTH
MPOMiHb BiJl JAHOTO KOJHOPY Yepe3 OMOpPHY KpamkKy 10 TMEPETHUHAHHS 3 IHIIOIO
CTOPOHOIO KPHUBIH (KOJLOPH € JOAATKOBUMM JIPYT JI0 APYTa, SKIIO MPHU JOJIaBaHHI 1X
y BIMOBITHIA TPOMOPINT BUXOAUTHh Oimui Kojip). Jlyisi BU3HAYEHHS JOMIHYHOYOi
JOBXUHHM XBUJI SIKOTO-HEOYZhb KOJHOPY TAKOX IMPOBOJUTHCS MPOMIHBL 13 OMOPHOI
Kpanmkd J0 TepeTHHaHHS 3 JaHUM KOJLOPOM 1 TpUBae 10 TIEpEeTUHAHHS 3
HaWOIMKYOI0 KPAIKOIO JIIHIT KOJIbOPIB.

Jlnis 3MimaHHs JBOX KOJBOPIB BUKOPUCTOBYIOThCS 3akoHU ['paccmana. Hexait

mBa Kkompopu 3amani Ha rpadiky MKO koopmmmatamm 1= (r1,v1, Y1)
D3 = (22,42,Y2) Toxi 3mimanns ix nae komip P12 = (z1+z2, 1 + U+ 2,21 + 22),

i Vo
1 = =1 T = —
SKmo BBECTHM NO3HAYEHHS v1? V2 TO OHEPKUMO KOOPAMHATH
KOJILOPOBOCTI CyMillli
[ r1t1 + T2tz - Y1ty + Yotz Y, =Y, LV
2= ——7F 737 » Ye=—7F—7 » fn=nh 2-
Iy + 13 t; + 12
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Koopaunatn MKO € TouHUM cTaHIapTOM BU3HAYEHHS KOJIBOPY. AJie B PI3HHUX
00J1acTsIX, IO MAlOTh CIpaBy 3 KOJLOPOM, € CBIM MIAXiJ OO0 HOTO MOJICITIOBaHHS.
30kpeMa, MOXKE BHUKOPHCTOBYBATHCS IHIIMA HAOIp OCHOBHHX  KOJBOPIB.
Komm'totepHa rpadika ommpaerbcs Ha cucreMy HGB | ToMy CTaHOBHTBH IHTEpEC
mepexii MK MMM JBOMa HaOopaMy KOJNBhOPIB (IHIIMMH CJIOBaMH, MEPETBOPCHHS
KOOPJMHAT KOJIBOPOBOCTI).

3.3. Kouaipni moaeni RGB i CMY
KoutipHi Mozeni, BAKOPHCTOBYBaHI B KOMITIOTEepHIM rpadiiii, — e 3aco0y onucy
KOJILOPIB Y TIEBHOMY JTiama3oHi.
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Puc. 3.7. Komnipuuii ky6 ans mozeneit RGB 1 CMY

Ha ocHoBi omucanux Buiie (Gpi3UYHUX TOJIaHb Y KOMITHOTEpHIM rpadimi Oyia
NPUIHATA TaK 3BaHa aJIMTHBHA KOJipHA MO/eJIb, 1110 BUKOPUCTOBYE TPH NMEPBUHHI
ckiaaaoBi koabopu. Ils ™Momens mnpumyckae, 1O OyIb-SKHH KOJIP MOXKHA
PO3IIISIaTH K 3BAKEHY CyMYy TPhOX OCHOBHUX KOJHOpIB. [IpoimtocTpyBaTH ii MOXKHA
Ha TMpPUKIaAl BHUCBITJICHHS CLEHM 3a JOMOMOTOI TPbOX ITPOKEKTOPIB PIZHOTO
Kombopy. KOXHHII NpPOXKEKTOp YHpaBIsSEThCS HE3aJNEKHO, 1 MIIIXOM 3MiHU
MOTY>KHOCTI KOXHOTO 3 HUX MOHA BIATBOPUTHU MPAKTUYHO BCl KOJBOPU. Y MOJAEI
RGB koxip MoXHa MNpeACTaBUTH Yy BHIJISAlI BEKTOpa B TPUBUMIpPHIA CHUCTEMI
KOOpJMHAT 3 moyaTtkoM Biwiky B kpari (0,0,0). MakcumanbHe 3HaU€HHS KOXKHOT 3
KOMITOHEHTIB BekTopa mpuiimemo 3a 1. Toxi Bektop (1,1,1) Bigmomimae Oiiomy
KOJbOpYy. Bcl KOJipHI BEKTOpPH, TAKUM YHHOM, YKJIAJEHI ycepeauHl OJMHUYHOTO
Ky0a, Ha3MBAaHOTO KOJIpHUM KyOooM (puc. 3.7a).

[HIIIa Momens 3MilaHHsS KOJBOPIB — CYOCTAHTHMBHA KOJipHA MojAeb, a0o
mozaenb CMY, 1m0 BUKOPHUCTOBYE B SKOCTI MEPBUHHHUX CKJIanoBi kombopu Cyan,
Magenta, Yellow (OGmakuTHu#l, myprnypHUid, *OBTHH), K1 € nogaTKoBUMU 10 Red,
Green, Blue. ¥V miii Mmozeni BIATIHKH KOJBOPH BUXOMSTH IIISAXOM '"BHpaxyBaHHS" 3
MaJ]al0v0ro CBITJIa XBUJIb MEBHOI NOBXKWHU. Lel miaxin Mae moTpedy B MOSCHEHHI. Y
i cucremi koopauHat Bektop (0,0,0) Biamoigae O1JI0OMYy KOJBOPY, @ BEKTOP
(1,1,1) — yopuomy. BianosigHuii komipHuii Ky0 npeacTaBieHuid Ha puc. 3.70.
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3B8's3ok Mk 3HadeHHsmMu (R,G,B) 1 (C,M,Y) mns toro camoro
BHPAXKAETHCS (HOPMYIIOIO0

R - 1
Gl+lM =11
B Y 1

RGB CMY

Magents

Magenta ¢ Green

Puc. 3.8. Cxewma 3mimanHs koiabopiB 11 mojenei RGB 1 CMY

KOJIbOpY

Konbopy oaHi€i Mojeni € 10JaTKOBUMHU J0 KOJIbOPIB 1HINOI (JI0JJaTKOBUN KOJIP
— 1I€ KOJIIp, pe3yJIbTaTOM 3MIIIYBaHHS SIKOTO 3 JaHUM € Outnii). Cxema 3MilTyBaHHs
KOJIbOPIB JJIsI IBOX MOJiesel npesacrapieHa Ha puc. 3.8. [Ipukinan cyOCTaHTUBHOTO
dbopMyBaHHS BIATIHKIB Moka3zaHuii Ha puc. 3.9. [Ipu BUCBITIEHHI NafalouyuM OLTUM
cBiTiioM y tmapi 6makutHui (Cyan) ¢apbu 31 ciekTpa 617100 KOJIbOPY MOTIWHAETHCS
(BiTHIMAETHCA) 4YEpBOHA YACTHHA SK JOJAATKOBUW KOJip, TOTIM 31 CBITJIa, IO
3anumuiocs, y mapi myprnypHoi (Magenta) ¢apOu moriMHaeTbes 3eJeHa YacTHHA
CIEeKTpa, 1, HaApemTi, BiJ 0101 MOBEpPXHI BiIOMBAETHCS CUHIA KOMIp, IO MH M
6aunmo. TakuMm YMHOM, 3MillIaHHA OJIAKUTHOI M MypIypHOi KBITOK Ja€ B MiJICYMKY

CHHIH KOJTIp.

Binui Cunin

BiaHIM3ETLCA YepBOHMM

BiaHIMaETbCA 38NeHUIA

binuit xonct

Puc. 3.9. Cyb6ctpakTiBHE (hopMyBaHHS BIATIHKIB

PactpoBi nmucruiei, sk mNpaBWIO, BUKOPHUCTOBYIOTH amapaTHO- OPIEHTOBAaHY
Mozenb KoisopiB RGB. IcHyioTh Takox awcruiei 3 TaGJuIel0 KOJbOPOBOCTI, 110
MpPEACTaBIsiE COOOI0 MATPHINO, KOKHUW EJIEMEHT SKOi — JESKHA KOJip (BEKTOp
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RGB). V¥ takux nucriesix 3Ha4€HHsI KOAIB IMIKCENIB, 0 3aHOCSITHCS Y B1JI€ONaM'sITh,
SBJISIOTh COOOI0 IHJIEKCH MaTpHIll KoJbopoBOCTi. IIpm BimoOpa)keHHI IESIKOTO
TMIKCEJsI Ha €KpaH 3a 3HAYCHHSIM KOAY BUOUPAETHCS €IEMEHT TabJuIll KOJIhOPOBOCTI,
o0 MICTUTh TPiKy 3HadeHb R, G, B. Ila Tpiiika i mepemaeTbcss HA MOHITOP IS
3aBJaHHS KOJBOPY IIKCENIS Ha SKpaHi.

Y TMOBHOKOJBOPOBUX JUCIUIESX IS KOXKHOTO IIKCEIS Yy BiJeonam'sTh
3aHOCHUTHCS Tpilika 3HaueHb R, G, B. YV npoMy Bunaaky st BigoOpa>keHHS MiKCems 3
BiJieornam'siTi O0e3nocepeIHpO BUOMparoThes 3HaueHHs R, G, B, ski it mepenaroThcs Ha
MOHITOD (aJie MOXYTh 1 TIepeIaBaTUCS B TAOIHUII0 KOJTLOPOBOCTI).

Y moxensx RGB 1 CMY Jerko 3ajaBaTu SICKpaBOCTI ISl OJHOTO 3 OCHOBHHX
KOJILOPIB, ajie¢ JOCHTh Ba)KKO 3aJaTH BIATIHOK 3 HEOOXITHHWM KOJIPHHM TOHOM 1
HACUYCHICTIO, IO BIAMOBIAa€ SKOMY-HEOYIb 3pa3Ky KOJbOpy. Y PIZHOrO poay
rpadiyHUX pPENaKTOpax 1€ 3aBJaHHS HaM4YacTIIe BHUPIIIYETHCSA 3a JTOMOMOTOIO
IHTEpaKTUBHOTO BHOOpPY 3 MaJITPU KOJBOPIB 1 (POpMyBaHHSIM KOJHOPIB y MHaTITpl
HNUIAXOM MiAOOpa 3HA4Y€Hb KOOPJAWHAT 1O OJIEp)KaHHS HEOOX1THOTO BI3yaIbHOTO
pe3ysbTary. [HOMI Taka majiTpa HAOYHO BijoOpaxkae BUOIp BEKTOpa 3 KOJIPHOIO
Ky0a: CroyaTKy 3a JIOIOMOTOI0 OJTHOTO JIBFDKKA BHOHMPAETHCS KOJIpHA IUIONIMHA, a
MOTIM Ha I1{ TUIONIMHI BUOMPAETHCA KOHKPETHA Kparka. Ajie i TaKuM METOJIOM HE
Bi/Ipa3y BIAETHCS AOCITTH OakaHOTO €(EeKTy, OCKUIbKM HE TaK IMPOCTO BUOpaTU
MIPaBUJILHY KOJIIPHY TUTOIIHHY.

3.4. Koaipni moaeni HSV i HLS

HaBeneni moneni He OXOIUTIOIOTh YChOrO Jiana3oHy BUAMMOrO KOJIbOpY,
OCKIJIbKH IXHIM KOJIPHHI OXBaT — 1€ JiMile TpUKyTHUK Ha rpadiky MKO, BepmrHam
SIKOTO BIJMOBIAAI0Th 0a30B1 KOJILOpU. BOHM € amapaTHO OpIEHTOBAaHWMH, TOOTO
BIJIMOBIJAIOTh TEXHIYHIN pealizallii KoJbopy B MPUCTPOSIX IpadiuHOro BUBOILY. AJie
MCUX0(1310J0TIYHE CHPUMHSTTS CBITJIa BH3HAYAETHCS HE I1HTEHCUBHICTIO TPbHOX
NEPBUHHUX KOJIbOPIB, a KOJIPHUM TOHOM, HACHUCHICTIO ¥ cBiTIiCcTIO. KomnipHuit ToH
JI03BOJISIE PO3PI3HATH KOJILOPH, HACHUYCHICTh 3aJla€ CTYIIHBb "PO3BEACHHA" YHCTOTO
TOHY OIJTUM KOJBOPOM, @ CBITJICTh — II€ IHTEHCUBHICTh CBITJIA B IIoMy. Tomy juis
aJICKBaTHOT'O HAIIOMY CIIPUUHSATTIO Mi100pa BIATIHKIB OUIbIIIE 3pYYHUMHU € MOJIEINI, Y
gucit mnapaMmeTpiB skux € mnpucyTHiM ToH (Hue). Lle#i mapamerp npuifHSITHIA
BUMIPIOBATH KyTOM, BIJUTIYYBaHMM HABKOJIO BepTUKaIbHOI oci. [lpu 1mpomy
4epBOHOMY KOJbOpY BiamoBigae kyT 0°, 3enenHomy — 120°, cunbomy — 240°, a
JOTIOBHIOIOY1 OJIUH OJTHOTO KOJIbOPH PO3TAIIOBaH1 OJMH HAIPOTH 1HIIIOTO, TOOTO KyT
Mk HuMH cTaHoBUTH 180°. Kombopu CMY posramioBaHi mHocepeauHl MiX
CKJIAZIOBUMU iXHIMH KoMroHeHTaMu RGB. Icnye aBi moneni, 1o BUKOPUCTOBYIOTh
L[eW mapamerp.

Mogens HSV (Hue, Saturation, Value, abo TOH, HacCH4Y€HICTh, KUIBKICTh CBITJIA)
MO>KHA MPEJCTABUTH y BUTIISII CBITJIOBOI IIECTUTpaHHO1 nipamiau (puc. 3.10), mo oci
SKO1 BIJIKJIQMA€ThCs 3HAUYCHHS V, a BIICTaHb BiA oci 10 Oi4HOi TpaHi B
TOPU30HTAJILHOMY TIEPETHHI BIAMOBITAE TapameTpy S (3a [iama3oH 3MIHH IUX
BEJIMYMH TPUHUMAETHCSA 1HTEpBAN Bi HyJIS 10 OAWHMIN). 3HAYCHHS S JOPIBHIOE
OJIMHMUII, SKIIO Kpamka JIOKWTh Ha OluHii rpani mipamigu. lllectukyTHuk, o
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JIEKUTH Y MIJCTaBl MipaMiiM, SBJISE€ COOOK MPOEKII KOJIPHOr0 Ky0a B HaNpsSIMKY
fioro rosoBHoi giaronam (puc. 3.11).

3eneHum osTuit

fony6uii

fony6uit <

Puc. 3.11. Komipuauit npoctip HLS

[TepeTBopennst komipuoro npoctopy HSV B RGB 3xiticHioeThest 6e3mocepeiHbo
3a JIONOMOTOK) T€OMETPUYHHMX CIIBBIJHOIIEHh MIDXK IIECTUTPAHHOIO MIPaMiIol0 MU
KyOoMm.

Komipua momens HLS (Hue, Lightness, Saturation, a6o TOH, CBITJICTb,
HAaCUYCHICTh) € po3mupeHHsaM wojeni HSV. Tyt komipHudt mOpocTip  yxe
IPEACTABISAETHCS Yy BUTIISAI TOABIAHOI mipamigu (puc. 3.13), y sKiii Mo BEpTUKAIbHIM
oci BiKJIamaeTbess L (CBITUIICTR), a 1HIII JiBa MapaMeTpU 3aat0ThCsl TaK CaMo, 5K 1 B
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nonepeaHid Mojeni. Y jiTepaTypi i mipamiayd 1HOJI Ha3WBaIOTh HIECTUTPAHHUM
KOHYCOM.

Ha puc. 3.12 1 3.13 naBeneHi 610k-cxemu neperBoperns moaeneid HSV 1 HLS y
mozaenb RGB. AnropuTmMu 3BOPOTHOTO MEPETBOPEHHS MPOIMOHYIOTHCS YUTAYEBI 5K
BIIpaBa.

VY mepriomMy anroputMi BHUKOPUCTOBYEThCS (yHKIiss Ent, mo o3Hauae iy
JacTUHY uwmcia. KpiM TOro, BUKOPHCTOBYETHCS OIEpallisi TPHCBOIOBAHHS IS
BektopiB. Koncranta ndf (ckopouene Bim BupaxkenHs "not defined")
BUKOPUCTOBYETHCS TPU BXOJl B aJITOPUTM I TOTO, MO0 3'ACyBaTH, YW 3a/laHe
3Ha4yeHHs 3MiHHOT H. Hampurian, 3a 3romoro ndf moxe OyTu AesKMM HEraTUBHHM
3HAYEHHSM, TOMY 1110 TOH — 11€ 3aBXK/]Y [MO3UTHBHA BEJIMYUHA. Y JPYroMy aJrOpUTMi
3acTocoByeThCs AonoMikHa ¢yHkiis Value (H, M1, M2) nys o6uncieHHs 3HaYCHHS

komrnoHeHTH R, G abo B 3anexHo Bia cutyarii.

T %

R=V
SR e H
820 e Fm > Y - G=V
N o B=V
HI TaK
[Tom ?/ »-
H | wi A LT
S = TH=360" =
H=% s ’}0/ S Y

=BPut(H) F=H-I
M= (1-5)
N=(1-8F)

¢ = V- {1-8-(1-F))

.<fﬂ;\>_@ﬁ_..| (&, G, B)=(V, K, M) |———

Hi
/L\
<J=2 >R G H=WN VM —
\"Hi
/ TaK
< & =>——1 (R, G, B)= (M, V, §) |———

“

2wl (R, G, B)= (M, N, ) ——!

<{I=

N

iu.

<f= j/\ﬂ'l R G, B)=(K, M, 1) F——
Hi

4{\6\-&‘4(? G, B)= (V, M, m}—>
(Nomwunka ,—bﬁBuxm D

Puc. 3.12. IleperBopenns moneni HSV B RGB
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AJTOpUTM TIEPETBOPEHHS:
[Tpusenenns H 10 3aganoro niana3oHy:
[Toxkun H<0 H=H+360
[Toxu H>360 H= H-360
BusnaueHHs koopauHaT
Sxmo H<60 to Value=M1+(M 2-M1)*H/60
Sxmo 60<=H<180 to Value=M?2
Sxmo 180<=H<240 to Value=M1+(M 2-M1)*( 240-H)/60
SIxmro 240<=H 1o Value=M1

[MZ2=L+5-L S}=" T3 ol ar2=1-(1+5)]

'

Qo
1]
e T e

@

R=Value (H+120, M1, M2)
G =Value (5 , M1, M2)
B =Vaiue (H—120 , M1, M2)

Puc. 3.13. IleperBopenns moxaem HLS B RGB

3.5. IIpocrip CIE Luv

OmuH 3 ICTOTHUX MIHYCIB KOJIpHOTro mpoctopy XYZ — 1€ Te, 110 BOHO HE €
NEepCHeKTUBHE (BI3yallbHO) PIBHOMIPDHUM 1 HE MOXKE€ BHUKOPUCTOBYBATUCS MJis
oOuucnennss komipuux Biactaneil. Tomy CIE (MKO) mnponosxkuna po3poOKy
NEPCHEKTUBHOI PIBHOMIPHOTO Mpoctopy. Meroto komitety CIE Oyno cTBOpeHHs
MOBTOPIOBAHOI CHCTEMM CTaHJAPTIB Nepenadi Koabopy sl BUPOOHUKIB (apO,
YOpHUJIA, MITMEHTIB 1 IHIIUMX OapBHUKIB. HaiiBaxxnuBima QyHKIIS IUX CTaHIAPTIB —
HaJaTH YHIBEpPCAIbHY CXEMY, y paMKax sSKoi MokHa Oyiao O yCTaHOBIIIOBATH
BIJIMOBIAHICTH KOJBOPIB.
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Y pesynbrati OyB cTBOpeHuil komipuuit mnpoctip CIE Luv, mo mo3Bosise
BH3HAYNTH PO3PI3HECHHS KOJBOPIB I JIOMMHH 3 'ycepeaHeHuM' 30poM, (ToOTo
pi3HI JIIOJYM HEOJHAKOBO CIPUKMAIOTh PIZHUINO MiX Koibopamu). CBosi Ha3Ba
MPOCTIp oJepkaia 3aBAsSKH Woro kommoHeHTaM L, u 1 v. [Tapamerp L BiamoBimae
SICKPaBOCT1 KOJIOPY, U BIIMOBIZA€E 3a TEPEXiJ BiJ 3€JICHOr0 0 YEPBOHOTO (TIpH
30UTBIIIEHH1), a TIpH 301IBIIICHHI TTapaMeTpa vV BiIOYBA€ThCsI MEePEXia Bil CHHBOTO 0
¢ioneroBoro. fAxmo u i v piBHi 0, Te, MiHAO4YH L, omepkKyeMo KOIbOPY, IO €
rpajarisiMu ciporo.

Ileit xomipHuit mpocTip OyB po3poOJeHHM Uil KUIBKICHOTO — BHUMIPY
po3xoxeHHs 1BoX KoibopiB. CIE Oynu mpoBeieHi JOCTIIKEHHS 32 YYacTIO BEJIMKOI
KUIBKOCTI JIFOJIEH, pe3yiabTaTOM YOro 3'sIBUJIOCS CTBOpEHHS mpocTtopy Luv. Bumipu
pPOBOIMWIKCS B "rapHUX" yMOBax (JOCTaTHE BUCBITIECHHS M HESCKpaBE MOHOTOHHE
TJI0); Tepe] BUMPOOYBaHUM IMepeOyBaJid JBa apkyln mnamnepy, nodapOooBaHUX
BIANIOBITHO JBOMAa KOJIhOpPaMHM, 1 BiH NMOBUHEH OyB JaTH BIAMNOBIIb, HACKIIbKH, Ha
HOro JyMKy, pO3pI3HAIOTHCS I KOJBOPU. Y BHUIMAJKY pEalbHUX 300paKEHb MU
MOBUHHI 3HAXOJUTH PO3XOJKEHHS MK KOJIbOpaMU Ha OUIblle CKIATHOMY TJi, MpHU
1IbOMY HE 3aBXK/JM IPU FapHOMY BHUCBITJICHHI (HANPUKIIAJI, 3aHA/ITO SICKpaBOMY). AJie
BHUCBITJICHHS 3aJICKUTh 1 BIJ MPUMIIICHHS, 1 BIJ 9Yacy J00H, 1 BiJ TOTO, MiJ SKHAM
G, B:

.5.5)

KyTOM IlepeOyBa€ MOBEPXHs 10 J)Kepela CBITa.
[Tepexin 3 RGB B Luv 3aiiicHI0€ThCs B Takuil cnoci6. CroyaTtky HOpMyeMo R,
- .
GY | =
B' _
Hani poobumo nepersopenns npocropy RGB B XYZ:

&
[T e I )
o

o G

X 0.412453  0.35758 0.180423 R’
Y | = 10212671 0.71516 0.07216D | x | G*
Z 0.01833+ 0.118153 0.550227 B

Komipuuii ipoctip CIE Luv — 6e3nepepBHe 0HOPIAHE MTEPETBOPEHHS IIPOCTOPY
CIE XYZ, onucyBane HaCTyTHUMHU (POPMyJIaMu:

JY 1

116 x ¢/ — — 16, — > 0.008856

L — \ln'l 111 -}-11
no. ¥ Yy
903.3 x ANETA < 0.008856
; 1X ir . 9Y 9y
u = = = =
X +18Y +3Z —2r+12y+3’ X+ 1Y +3Z2 —-2r4+12y+3

u=13L(u" —u,), v=13L{v —v,)

JIyisi BU3HAYEHHS MapaMeTpiB Yo, Unj Un, YBOJUTHCS MOHATTS OL10I Kpanmku
(white point). bina kparnka — 11e mapu napaMmeTpiB KOJIbOPOBOCTI (X, y), 10 BU3HAYAE
€TajoH OLI0T0 KOJIBOpy s pizHUX xepen cBimia. CIE ckiama Tabmuiro O11MX
Kparok JIJIsl JKepeJl CBITIIA PI3HOI sickpaBoCTi. [Ipu nboMy 3HaUY€HHSI KOMIIOHEHTa Y
6in0i kpanku B XYZ HopMmanizosaro 10 100 (y HaBeneHi Bume (opMymax Y=came
BIJIMOBIJIa€ HOPMaTi30BaHOT Y KOMIIOHEHTY). [lapameTrpu Unii ¥n 0OUUCIIIOIOTHCS 1O
THMI % QopMysam, o U if v, y SKHX BHKOPUCTOBYIOTHCS 3HAUECHHS X i JUIA Ginoi
KpAaIiKH.
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Sk yke 3rajyBajnocs BHIlle, KOMIIOHEHTa L BIJIMOBIIA€E ACKPABOCTI KOIBOPY, a 3
dbopmyn BUAHO, 1m0 L mpomopiiiiiHo KyO0idHOMY KOpPEHIO 3 KOMIIOHEHTa Y TPOCTOpY
XYZ. Opnak icHye JyMKa, IO JIOJICBKOMY CHOPHHHSATTIO OLIbIIE BIAIIOBITa€ KOPiHb
JIPYyToro CTymeHs 3 OCBiTIeHOCTI. Tak, Hampukiam, y KoJipHOMYy mpoctopi Lab
napameTp L 00UnCIIoeThCS 3 BAKOPUCTAHHSIM KBaJIPATHOTO KOPEHSI.

Hebararo nipo BiractTuBOCTi BenmuuuH L, u, v:

— L minsternses Big 0 mo 100;

— u, v aexats y mexax -200, 200;

— U BIAIOBIJAE 3a IIEPEXiJI Bij 3€JICHOTO JI0 YePBOHOIO (IIpH 301JIBIIICHHI 1),

— V BIJNOBIJIA€ 3a MIEPEXiJT BiJ CUHBOTO J0 (h10JETOBOTO (IIPH 301IBIIIEHHI V);

— sKkmo u 1 v piBHi 0, MiHgouu L, ogepxyeMo 300pakeHHS, 110 MICTUTh TI'pajaarii
ciporo (grayscale).

Hapemiri, HaliBaxxuBiIie, 70 4Oro MU MparHyJid, NEPexXoasud B LEW MpoCTip.
Ham 3amani nBa xompopu — Liyui,v1i L2,u2,v2, gk pusHauntn BIJICTaHb MIX
KOJIbOpaMH, TOOTO HACKUIbKK JIIOJMHA TOMITHIA O PO3XOJKEHHS MK HUMH?
BusBnseTncs, BOHO 3a/1a€ThCS €BKJIIJOBOIO HOPMOTO

D= /(L1 — L)% 4 (ur — u2)? 4 (11 —12)?

ITpu BigcTaHi MiXx 1BOMa KoJibopamu L = 3 OiIbIIICT JIO/IEH YKe 3ayBaKyIOTh
posxokenns, npu L) = 10pono momitHO BCiM. Y LBEOMY ¥ CKIIAZA€THCS TOJIOBHE
nepeBara I1p0ro MpocTopy. BoHO BpaxoBye CHPUHHATTS KOJLOPIB JIIOJAUHOMNO, 1
PO3XO/KEHHSI MK KOJIbOPAMHU BU3HAYAETHCS TyKe MPOCTor0 popmytioro. HeodxinHo
MOMITUTH, IO LS (opMysa 3aCTOCOBHA B NMEBHMX yMOBaX: BHCBITJIEHHS, TJIO HE
MOBUHHI 3aBa)KaTH 1 B1JIBOJIIKATH.

OnnovacHo 3 po3pookoro CIE Luv Oyno Takoxx po3poOsieHe MeplenTUBHO
piBHOMipHU# KomipHuii mpoctip CIE Lab. I3 nux nBox mojeneit OLIbIn MIMPOKO
3actocoByeThes mosiens CIE Lab. Ctpykrypa kosipHoro npoctopy Lab 3acHoBana Ha
Ti# Teopii, 10 KOJip HE MOXe OyTH OJIHOYACHO 3€JICHUM 1 YEPBOHUM a00 JKOBTUM 1
cuiMm (puc. 3.14). Omxe, I omnmcy aTpuOyTiB '"depBOHMI/3eneHUA" 1
"JKOBTUI/CUHIA" MOXXHA CKOPUCTATUCA THUMH CcaMUMHU 3HadYeHHAMH. Dopmynu
nepexoay BiJ mpoctopy XYZ no npoctopy Lab 37ilicHIO€TECS B TaKui crIocio:

116 [(Y/ Y)Y = 16 ecom (Y/Y,) > 0.008856 a =500 [f(X/X,)— f(Y/Y,)]
| 9033-Y/Y, ecrm (Y/Y,) <0.008856 b=200-[f(Y/Y,)— f(Z/Z,)]
. $1/3 ecm (Y/Y,) > 0.008856
rae f(t) = "

7787 -t +16/116 ecom (Y/Y,) < 0.008856
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Puc. 3.14. TlogaHHs KOJIBOPY B Puc. 3.15. Bugumuii crangapTHUM
npoctopi CIE Lab cnoctepirayem npoctip Lab

Koxna komipHa Mojenb, KpiM IiepeBar, TakoX Ma€ W CBOI 1HJUBITyasibHI

HEeJO0JIKH. ICHYIOTB 1 1HIIIl MOJIE, SIK1 TYT HE PO3TIISAAI0THCS.

3.6. Iluranus i BOpaBu

1.

abswn

o

8.

9.

Posraiyere B 3BOpOTHOMY TOPSIKY UYTJIUBICTH PEIENTOPIB OKa O KOJHOPIB:
YEpPBOHUM, 3€JICHUHN, CUHIH.

[I{o Take XpOMaTUYHHI CIEKTP?

[I{o Take axpOMaTUYHUMN CIIEKTP?

Sk 311ACHIOETHCS MPOEKITiSE TPUBUMIPHOTO KOJIIPHOTO MPOCTOPY HA IJIOMIUHY ?
Yum BizpizHseTbes KodipHui rpadgik MKO Bi TpUKyTHOI MpoeKLiiHOI 001acTi
KOJIIPHOTO MPOCTOPY?

[Ilo Take nomaTkoBUM KOJIp?

[Ilo Take anuTUBHA i CyOCTaHTMBHA KOJiIpHI Mojeni? UuM BiAPIZHSAIOTHCS 1XHI
KOJIpHI KyOu?

[Ilo € ocHoBoIO KOJIpHOT MOoaei HSV 1 HLS?

Uwu € xomipui moneni HSV 1 HLS aputuBarmu ab6o cyOCcTaHTUBHUME?

10.TTob6yyiite anroputm neperBopenHs mojaeni RGB B HSV.
11.TTo6yayiite anroputm neperBopenHs moxaeni RGB B HLS.
12.¥V yomy ckiaga€eThCs roJIOBHE TiepeBara KoJiipHoro npoctopy Luv?
13.Y yomy ckiagaeThCs roJIOBHE TiepeBara KoJjipHoro rnpoctopy Lab?
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Tema 4. TEOMETPHUYHI IEPETBOPEHHS
CucreMu KOOpPAMHAT 1 TEOMETPUYHI TMEPETBOPEHHS (MapajenbHUIl IepeHoc,
MaciTadyBaHHs, 00epTaHHs). 3aBIaHHS T€OMETPUYHHUX MEPETBOPEHB 3a JOMIOMOTOIO
Mmatpuilb. KoHrpyeHTHi meperBopeHHs. Ilepexim B iHIIY cHCTeMy KOOpAHMHAT.
3aBaaHHs 00epTaHHS 100 JIOBUIHHOI OCI.

4.1. CucrteMu KOOPAUHAT i BEKTOPH

JIns momanbIIoro BUKJIAMY HaM 3HAMOOIATHCS JESIKI BIIOMOCTI 3 aHATITHIHOL
reoMeTpii il miHiiHOT anrebpu. He craBnsum mepex co0oro 3aBAaHHS JOKIJIAIHOTO
pO3MJIAAY BCIX IUX IMHUTaHb, IpuBeAeMo (a00 HarajgaemMo) Ti OCHOBHI TOHATTS i
oreparlii, skl BAKOPUCTOBYIOTHCS B aJITOPUTMAX KOMIT'IOTEPHOI Irpadiku.

JIB1 B3a€MHO MEPINEHIUKYJSPHI TEpeciuHi MNpsMi 13 3aJaHUM MaclTaboM
YTBOPATH [1€KAPTOBY MNPSAMOKYTHY CHCTeMY KOOpPAMHAT Ha mJommui. Kparnka
nepetruHaHHs O Ha3MBAETHCS MOYATKOM KOOPAMHAT, MPSMI HA3WBAIOTHCS OCSAMU
koopauHat. OaHy 3 oceil Ha3uBawTh giccio OX, abo Bicclo adcuuc, HITY — Giccro
OY, abo siccto opounam. 11i oci TakoK HA3UBAIOTH KOOPAMHATHUMHU OCSIMHU.

BiseMeMmo 10BinbHY Kpanky M Ha IUIOIUHI i3 3a1aHOK0 CHCTEMOKO KOOPIUHAT.

Hexait M= i My _ IPOEKIIii IMi€l Kpanmkud Ha ocl abcuuc 1 OpJauHAT BiAMOBIIHO,

nprdoMy joBxkuHa Binpizka &M= nopiHioe T, a moxkuHA oM vnopiBHtoe ¥ . Tomi

rapu yucesn (z,¥) nasusaernes JIEeKapTOBUMHK KoopauHaTtaMu Kpanku M Ha muronguHi
(adcuucoro it OPAMHATOIO KPAIIKH).

Tpu B3a€EMHO NEpPHEHAMKYJSAPHI NEPECiuHl MpsAMI 13 3aJaHuM MaclmTadboM
YTBOPSITH 1eKAPTOBY MPAMOKYTHY CHCTEMY KOOPAMHAT y mpocTopi. Tak camo 5K i
y BUIAJKY TUIONMIMHU, Kpanka nepetnHanHs O Ha3WBAa€ThCS MOYATKOM KOOPJAUHAT,
npsiMi HAa3UBAIOTHCS OcsAMM koopauHat. OnHy 3 oceil Ha3uBawOTh giccio OX, abo
Biccro abcumc, iHITY — 6iccro OY, abo Biccro opauHAaT, TpeTio — giccio OZ, abo Biccro
anJikar.

Hexait M, Muj M. _ npoekiiii moBineHOT Kpamku M B mpocTopi Ha oci
abceIic, OpAMHAT i aIITiKaT BiAIOBIIHO, IPHYOMY JIoBXHHA Biapizka &M= nopisHioe
I, TOBXKHMHA o H—“):[opiBH}oe Y, a mosxuna M = opiBHIOE = . Toml Tpiiika yucen

T, Y, “ HazuBaeThCA JEKapTOBUMH KoopanHatamu kpanku M B mpoctopi (abcuucoro,
OPIAMHATOIO i1 ANJTIIKATOI0 KPAIIKH).
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Puc. 4.1. Cucrema koopiUHAT Ha Puc. 4.2. Cucrema koopiHaT y
IO HI poCTOpI

Hexali Ha muommHi 3ajaHa JeKapToBa cUCTeMa KoopauHaT. Bizbmemo 1Bi

Kpanku 3 KOOpJIWHATaMH (T1,v1) 3 r-r_rf:'yz,-lBiJlHOBiI[HO. Toni, BUKOPUCTOBYHOYHU
tepemy Ilidaropa, MokHa ojep)kaTH, IO BIJCTaHb MDK UMM JBOMa KpamKamu

BUPAXKAETHCS (DOPMYIIOI0 Virz —11)® + (2 —wm)?

Biacranp MK ABOMa KpamkaMd B TIPOCTOpPI 3 KOOPAMHATAMH (T1,91,21)
(2,v2, 22) BUPAKAETHCS aHAIOTTYHOIO (POPMYJIIOLO:

Virz — 1)+ (v2 —w)? + (22 — 21)%

Biapi30k Ha muIonIMHI ¥ y OpOCTOpI 3aJA€ETHCS 3a JOMOMOIOI0 IBOX Kparok, L0
BKa3yloTh Horo rpanuill. ['eoMeTpHYHUM BeKTOPOM, a00 MPOCTO BEKTOPOM Yy
npocropi, OyJeMo Ha3MBaTH BIJIPI3OK, Y SKOTO 3a3HAYEHO, siKa 3 WOTO TpaHUYHUX
KpaloK € TMOYaTKOM, a fKa — KIHIEM (TOOTO 3a3HauYe€HH HANMPSAMOK BEKTOPA).
IloyaTok BeKTOpa Ha3MBAIOTh KPANKOK HOro 104aTKa. BekTop Ha3uBaeThCH
HYJBOBHM, SKIIO HOro MOYaTOK 1 KiHEUb 30iratoTbca. BeKTopu Ha3MBarOThCA
KOJIIHEAPHMMH, SIKILIO BOHU JIEKATh HA MapajelbHUX MPSIMUX. BEKTOpU BBaXKArOTHCS
PIBHUMH, SIKIIO BOHM KOJIHEAPHUMH, MalOTh OJHAKOBY JOBXKHHY M OJHaKOBUM
HanpsIMOK. TakuM YMHOM, BCl BEKTOPH, L0 BUXOMAATH MapalieIbHUM IEPEHOCOM 3
TOTO CaMOT0 BEKTOPa, piBHI Mk co0010. Byib-sika Kparika Ha IJIOMIUHI M y TPOCTOPi
MOKE€ PO3IJIAATUCS K BEKTOP, MOYATOK SKOTO 301raeTbcs 3 MOYATKOM KOOpPJIUHAT
(pamiyc-BeKTOp), a KOXXHHU BEKTOP, MEPCHECEHHH Yy MOYAaTOK KOOPIHMHAT, 3aja€
CBOIM KIHIIEM €JIMHY Kpamnky HpocTopy. Tomy Oyab-sIKuii BEKTOp Moxke OyTu
NPEICTaBICHUN CYKYITHICTIO CBOIX KOOPJIMHAT y IEKApTOBIA CUCTEMI.

JliniiilHMMu omepaunisiMM HajJg BeKTOpPaMHU T[PHUIHATO HA3WBaTH oOmeparlii
JI0J1aBaHHs BEKTOPIB 1 oneparilo MHOKEHHS BEKTOpa Ha YHUCIIO.

CyMOI0 IBOX BEKTOpiB @ i b Ha3MBAETBHCSA BEKTOP, IO M€ 3 MOYATKY BEKTOpa

'@ B KiHelb BEKTOpa b , 32 YMOBH, IO BEKTOP b IpHKIafeHUi 10 KiHIHA BEKTOpa

a .
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ITepeniunMo OCHOBHI BJIACTUBOCTI omeparlii 104aBaHHs BEKTOPIB:

_ @4+b=0b+7.
(G+b)+T=a+(b+7).

— IcHye HynbOBUI BEKTOP 0 , Takuii, mo @ + 0=1a 1715 Oy Ib-KOTO BEKTOpa o .
— JIJIst KOXKHOro BEKTOpa ?iCHye NPOTHICKHUN MOMY BEKTOP ?'r, TaKui, 110
T+aT =0

PizHuIEI0 IBOX BEKTOPIB @ i b Ha3MBAETHCA TAKMil BEKTOp C , IO Yy CyMi 3
BeKTOpoM b 1ae BekTop @ .

JloOyTKOM ' @ BEKTOpPa @ HA YHCJIO0 O HA3UBAETHCSA BEKTOD b , KOJIIHeapHUH

BEKTOPY @ , IO MAc JOBXKHUHY laf -[a] i HaIpsIMOK, 110 301ra€ThCS 3 HAMPSIMKOM

BekTopa @ mpu @ > Oi nporucraBnene Hampamky @ npu @ < 0. Teomerpuunuii
3MICT MHOXKEHHS BEKTOpa Ha YHCIO IMOJsra€ B TOMY, IO JOBXHHA BEKTOpa

301JIBIIY€THCS B |af pas.
Ornepaltiisi MHOKEHHS BEKTOpa Ha YUCJIO MAa€ HACTYTHI BIACTUBOCTI:

a(d+b)=aad +ab (po3moAlIbHA BJIACTUBICTH YWCIIOBOTO CIIBMHO)KHUKA
I0JI0 CYMHU BEKTOPIB);

~ (@+B8)d =ad +5a (posmoAinbHA BJIACTUBICTh BEKTOPHOIO CIIBMHOXHUKA
1010 CYyMH YHCEN);

(af)d =a(5d) (cTioy4YHa BIACTUBICTh YMCIOBUX CITIBMHOKHHKIB);

— SKIIO BEKTOp U KoJiHeapHWW HEHYJIhOBOMY BEKTOPY @ , TO ICHY€ PEYOBHHHE
gucno &, rake, mo b =5a .
Jlinilinoro  komGinmamicrlo  BekTOpiB @ i b Ha3MBa€TbcA  BEKTOP

c=aa+5b  Tlpp mpomy wumema @i 7 Ha3MBAIOTHCS Koe(inieHTaMu
PO3KJIAIAHHS BEKTOpa C I10 BEKTOpax @ i b .
Axkmo naBa Bektopu T 1W T 23agaHl CBOIMH KOOpAMHATAMH ':r.f'l:ylai'l,lﬁ

(z2, 2, “2), TO omepallii HaJl HUMH JIETKO BUPA3UTH Yepe3 11 KOOPAUHATH:

_ Ti+ =T =(T1+ T2, ¥1+ Uz, 21+ T2):
_ Ti1—T2=7=(T1— T2, ¥1— ¥z 21— T2
N ai'_‘]_ =7 = [ilfh?l:.ah?'l:a?]-;]'

Bekropn @, b i C HA3MBAaIOTHCS KOMILIAHAPHMMM, SKIIO BOHM JICKATH B
OJTH1H IUIOIIMHI.

BekTopn HazuBaOThLCSA JiHIHHO He3aJIeXKHMMM, SKIIO PIBHICTh HYJIO iXHBOI
niHi#HOT KOMGIHALIT MOYIIHBO TITBKH Y BUMAAKY PIBHOCTI HyImo Koedimientis i & .

CrpaBennuBi HaCTYITH1 BIACTUBOCTI:
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— ki 6 He OynM HEKOJiHEapHi BeKTopu @ U b , 11g Oyab-KOro BEKTOpa C , IIO

JICKUTh B OAHIN IUIOIIMHI 3 HUMH, ICHYIOTh YHCIa & i g ,Taki,mo € =aa +5b
IpHYOMY TaKa Iapy 4Hcel I KOKHOTO BeKTopa €uHa. Take MoJaHHsA BEKTopa C

HA3UBAETLCSA PO3KIIAJAHHAM MO BEKTOpax @ i b .

— ki 6 He Oy/IM HEKOMIUIAHAPHI BEKTOPH @ , b i € | g Oyap-9Koro Bekropa d
icaytotp uncma @, Ji 7, taki, mo € =aa@ +05b +7C | npuyomy ws Tpiiika

yyceNn MJisi KOXKHOTO BEKTOpa — €auHa (pO3KiIaJaHHs BeKTopa d Mo BeKTopax

a,b,c),
— bByap-sKi Tpy BEKTOPU B CUCTEMI KOOPJIMHAT IJIONIUHU € JIIHIHHO 3aJIC)KHUMU.
— Byab-sK1 4OTUPHU BEKTOPHU B CUCTEMI KOOPJIMHAT MIPOCTOPH € JIHIHHO 3aTCKHUMH.
["oBOpPSTH, 1110 Mapu JIHIHHO HE3aJEKHUX BEKTOPIB HA TUIOLIUHI (TpiiiKa J1HIHHO
HE3aJIEKHUX BEKTOPIB y MPOCTOP1) YTBOPSATH OA3UC, OCKIIBKUA OYJb-SIKHI BEKTOP
MOK€ OyTH TpEACTABICHHM Yy BUIJIAMI JIHIAHOT KOMOIHAIT IIMX BEKTOPIB.
KoedimienTn poskiamaHHs BeKkTopa MO Oa3MCHUX BEKTOpaX Ha3HBAIOTHCS
KOOPJAMHATAMM BeKTOpa B HbOMY O0a3uci. Skmo BekTopu 0a3ucy B3aEMHO
NEPHeHAUKYJIApHI W MalTh OJIMHUYHY JIOBXKMHY, TO 0a3uc Ha3MBA€THCA
OpPTOHOPMOBAHUM, a BEKTOpU 0a3UCy HA3UBAIOTHCS OPTaMH. TakuM YMHOM, Oa3uc 13
OJIMHUYHUX BEKTOPIB, CIIPSIMOBAHUX y3I0BXK OCEH JIEKapTOBOi CHCTEMH KOOPAUHAT, €
OPTOHOPMOBAHHM.

CkaasipuuM 100yTKOM BeKTOpPiB 7 11 7 2HA3UBA€THCS YUCIO, PIBHE TO0YTKY
JOBXHH ITUX BEKTOPIB Ha KOCHMHYC KyTa M HUMHU. BylneMo mo3HauaTu CKalsspHUN

100yTOK BEKTOPIB CHUMBOJIOM (71 72), Toni ckansgpuuii TOOYTOK MOKHA BUPA3UTHU

dbopmyoro (F1-Ta=r1] |7 2|cosa).

HecknagHo 1oBecTH HACTYIHI BIACTUBOCTI JaHOI OTepaiiii.
— CkangpHuid 10OYTOK JBOX HEHYJHOBUX BEKTOPIB JOPIBHIOE HYJIO TOJI W TUTBKH
TOJI1, KOJIU 11l BEKTOPU OPTOTOHATHHUMHU.
— SKkumo KyT MIXK IBOMa BEKTOpaMU FOCTPUIA, TO CKaJsIpHUI JOOYTOK IIMX BEKTOPIB
MO3UTHBHO, SKIIO X KYT TYIHH, T€ CKATSIPHUN JOOYTOK HETaTUBHO.

— (Fure) = (T2 T (BJIaCTUBICTH KOMYTAaTHBHOCTI).

a(T1 - 72)=(a7T1-T2)=(T1 aT2)(cnonyune 110,10 YHCIIOBOTO
MHOKHUKA BIIACTUBICTb).

(F1+72) T3)=(T1-73)+(72-73) (po3noaiIbHE MO0 CYMU BEKTOPIB
BJIACTUBICTb ).
— CkaygpHuii T0OYyTOK BEKTOpa CaMOTO Ha cebe JOPIBHIOE KBAApaTy IOBXKHHH
BEKTODA.

[TpuBenemo aesiki GpopMyiH, MOB'sI3aHI 3 PO3KIATAHHIM BEKTOpa B JIEKApTOBIM

CUCTEMI KOOpPIUHAT.

[

Hexail Bextopm T 1l 7T 23ajaHi CBoiMM KoopaMHaTamu (T1,¥1;71) i
(22,2, 22) Topi ixniit CKalpHUI 100yTOK MOke OyTH obuucieHe 1o GopMyJi
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(?1 . i'_z,J =I1T2 + Wy + 2122, (4.1)
3Bijfcu Tpeba yMOBa MePHEeHIUKYISIPHOCTI BEKTOPIB:
r172 +yiyz + 1z = 0.
[, HaperTi, KOCUHYC KyTa MK BEKTOpaMU OOYHCIIIOETHCS TI0 hopMyTi
1Tz + Ul + 212
5/ - 4.2
2yai+u + 2l VIt + (4.2)

Temep BigcTaHhP MK JIBOMa KpalmKaMHd 3 KOOpAWHATAMH (z1,91,71) 3

CcoOS @ =

(2,22, 22) moxua BHUPA3HUTH Yepe3 CKAIPHUN JOOYTOK BIIMOBITHUX BEKTOPIB:
d= 1r?_L — T3).
VYBeneMo 1€ OJHE TMOHATTA, IO CTOCYEThCA BEKTOpiB. Tpu BekTOpH

HA3MBAIOTHCSA BIIOPSIKOBAHOIO TPIMKOIO, SIKIO 3a3HAYEHO, KU 13 IUX BEKTOPIB €
nepuuM, sIKui — ApyruM 1 akuid — TpetiMm. [lpu 3amuci Tpidiku BEKTOpiB OyaeMo

PO3TaIIOBYBAaTH I[i BEKTOP y MOPSAAKY iXHHOIO IpoXomkeHHs. Tak, 3amuc b @ ¢

03HayJae, 10 EPUIMM BEKTOPOM TPiiiKku € BeKTop b , apyrum — @ , TpeTiM — € .
Tpilika BeKTOpiB Ha3MBAa€ThCS MPaBoi (JTiBOI), AKIIO MICIs MPUBEACHHS 0

3arajJJbHOIro 1o4aTkKy BCKTOP ?pO3TaHIOBy€TBCH II0 Ty CTOPOHY BiI[ IIJIOIMKWHM, IO

MICTHTh BEKTOPM @ , b , 3BiJKM HalMKOPOTIIMH IOBOPOT Bim @ n0 b 31aeThes
NMPOTH FOAUMHHUKOBOI CTPLJIKH (32 TOAHHHHKOBOIO CTPLJIKOIO).

BekTopHuM 100yTKOM BEKTOpa @ HAa BEKTOpP b Ha3suBaeTbCs BEKTOp C ,
03HAYYBaHUN CUMBOJIOM ¢ X D i3a10BONBHAIOYOK0 HACTYITHOIO BUMOTAMM:

— JIOBXKHMHA BEKTOpa C JOPIiBHIOE JOOYTKY JOBXKHH BEKTOPiB @ , b Ha CHMHYyC KyTa
MIX HUMH, TOOTO

G| =|d]|-| b |sine:;

— BEKTOp C OPTOrOHAIBHMI BeKTOpaM @ , b ;

— BEKTOp € CHPSAMOBAaHUIA Tak, IO TPiliKa BEKTOPIB ThCe paBoIo.
[TpuBenemo (0e3 10Ka3y) OCHOBHI BIACTHBOCTI BEKTOPHOTO JOOYTKY.
[a x F] = _[F x a] (aHTHCUMETPHYHICTB);
a[@x b]=lad x b] (CrIOJIyYHa BJIACTUBICTD LI0/I0 MHOKEHHS Ha YKCIIO);
(T+ b)xC)=[a xT]+[b x 7]

JOJaBaHHs );

(po3moaiibHA ~ BIIACTHBICTH  IIOJIO

— [@ %@ =0ppy 6ynp-sxoro BexTopa @ .
SIcHO, MO BEKTOpPHUI JOOYTOK BOX KOJIIHEAPHUX BEKTOPIB JA€ HYJIbOBHIA
BekTOp. BuBenemo temep Qopmyny s BekTopHoro ao0OyTky. Hexait 6asucHi

BEKTOPH JIEKapTOBOi CHCTEMH KOOpAMHAT !, J, ¥ yTBopaTh mpaBy Tpiiiky. Tomi
CIIpaBeIJIMB1 HACTYIIHI CITIBBITHOIICHHS:
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TxT)|=F=-[FxT) [TxFl=T=-[F x 7]

[k x i]=7 ==[7 x k]
Sxio 3aJ1aHi JBa BEKTOpH Ti=r1i+wmi+ak i
Ta=121 tu2j + ;-;E’ T€, 3 OIJSIy Ha BJIACTUBOCTI BEKTOPHOTO JOOYTKY,

3BIJICH JIETKO BUBECTH, 10 @ 3 — [TixT2]=23i tusj t23k,
e
Iy = 4122 — Z1Y2, Y = 21Xz — I'1 22, 3= Iz — 1Tz (43)

4.2. PiBHSIHHA NPAAMO]I HA TUIOIIMHI
PiBHSIHHS mpsIMOT HA TUIOIIMHI B JEKApTOBIM CUCTEMI KOOPAUHAT MOKHA 3a/1aTH

pirsiaEsM Buny Y = KT + b 1ng Bumanky, xomm mpsiva me mapanensra oci OY, i
PIBHSIHHAM I = €, JUId BEPTUKAIbHOI IpAMOI. AJie mpsiMa MOXke OyTH TakoX 3ajaHa

i 1HIKUM criocoOoM. JIoCUTh yKa3aTh BEKTOP HANpPsIMKY Il mpsMiid U= (lesLy)

AKIA-HEOy b Kpamnmi " 0 = (zo, ¥o), mo nexxuth Ha 1ii npsimii. [Ipu nboMy kparmnkw,
110 JISKaTh Ha MPsMii, MOXKYyTh OyTH 3aj1aH1 3 BUKOPUCTAHHSIM BEKTOPHHX OTepalliii

y BUIISAI TaK 3BaHOTO NMAPAMETPUYHOIO PiBHSAHHS MNPSMii T=Tottl, y
sSKoMYy IapameTp t mpobirae Bci 3Ha4Y€HHS 4YHCIOBOI mpsaMoi. KoopauHaT Kpamnkw,
[0  BIANOBIZAE€  JEIKOMY 3HAUECHHIO I[LOTO  TapaMeTpa, BU3HAYAIOThCS
CITIBBITHOIIICHHSIMU

r=x0+1t;, v=uwu+1tl. (4.4)

[Ipsimy B mpocTOpi TEX MOKHA 337]aBaTH MMapaMETPUYHUM PIBHSHHSM, 1110 Ty>Ke
JIETKO OJIEpXKaTH 3 MOMEPEIHIM MPOCTUM MEPEXOJ0M Bijl JBOBUMIPHUX BEKTOPIB 10

tpuBuMipHoro. Hexait | = (lzyly,12), 7o = (z0,u0,20) Toni ne piBHSHHS Oyne
BU3HAYATH TNPsIMy B TMPOCTOPI, a KOOPJAWHATH Kpamok il TnpsMiid OyayTh
BU3HAYATHUCS POPMYIIaMHU
r=10+1t:, v=w+itly, z=z=+1l., —o0<i< +co. (4.5)
Sk BIAOMO 3 €JIEeMEHTApHOI reOMeTpii, uepe3 OyAb-sIKi TPU KparKu B MPOCTOPI
NPOXOAUTh IJIOMMHA. 3 1HIIOTO OOKy, 4Yepe3 KOXKHY KpamkKy TUIOIMIUHA MOJKHA
NPOBECTH €JIMHY TPSAMY, MEPICHIUKYJSAPHY MaHoi romuHd. [Ipyu mpomy Bei 1mi
npsiMi OyJQyTh MapayieiibHl OJAWH OJAHOMY, a BHUXOAWTb, BOHM MAalOTh 3arajlbHUN
BeKTOp HarpsMKy. Llelr BekTop OyaemMo Ha3MBaTH HOPMAJLIKO A0 IUIOMIUHHU. KO
JOBXKMHA BEKTOpa JOPIBHIOE OJHWHMII, MU OyJeMO Ha3uBaTh HOT0 OJUHUYHOI)
HOpMAJLIIO. Y KOMMI'IOTEpHIN rpadilli 9acTo TOBOAWTHCS BUPINIyBATH 3aBIaHHS
moOyJJOBM HOpMaJli JI0 JESKOi IUIONIMHM, 3aJaHOi TphbOMa KpamKkaMu, a TaKOX
3aBAaHHS TIEPETUHAHHS MPAMIH 13 TUTONTUHOO i TBOX TUIOITHH.
[TnomuHa B mpocTopi MOKHA 3a7aTH, YKa3aBIIW BEKTOpP HOpMaJi 70 Hei 1 SKy-

HeOyab KpamnKy, IO HAJICKHTh JaHoi ruromuan. Hexann ™ = f.”l: 2,13) — BekTOp

OJIMHWYHOT HOpMauti, a ' 0 = (zo,un, 20) — JesKa Kpamka Ha ruiomuHi. Tomi ais
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Oynb-siKOi kpanmku T = (z,v, Z), 1m0 JNeXWUTh HA TUIOIIMHH, BEKTOP T —Tq oyne
OpTOTOHAJIbHE BEKTOPYy  HOpMaIIi, a OTXKE, BUKOHYETHCS  PIBHICTH
(7" — 7o) -m)=0.

PoskpuBaroun 11¢ BUpakKeHHS B KOOPJIUHATHOMY BH/Ii, OJCPIKYEMO

n1r +nsy +nsz— n1ro — Nayo — Nszp = O.
Tenep nepemnuiemo 1€ piBHIHHS y BUTIISAIL
nir+ nay+nsz+d=20, (4.6)
me @= —7M1To— M2Yn — N3Z0, [[e piBHSIHHS HA3UBAECTHCS KAHOHIYHUM PIBHSHHSIM

mwomuHHA. ITpu 11boMy 30BCIM SICHO, IO SKIIO BCE 1€ PIBHSIHHS IIOMHOKUTH Ha SKUM-
HeOyab BIAMIHHHM BiJ HYJIS MHOXHHK, TO BOHO OyJe ONHCYBaTH Ty XX camy
IUIOMMHY, TOOTO KoedimieHTH 172,73 119 KOXKHOI IUIONIMHKA 3aJal0ThCA 3

TOYHICTIO a0 I[OBiJ'II)HOFO HCHYJIBOBOT'O MHOKHHKA. Ane SAKIOIO IIPH IbOMY BCKTOP n

Ma€ OAUHUYHY JOBXHUHY, TO 4| 3anae BIICTaHb BiJl NMOYATKy KOOPAMHAT JO JTaHOi
TUJTOIIMHH.

B amroputmax komm'roTepHoi rpadikd  JOCUTh  YacTO  JIOBOJHUTHCS
31IITOBXYBATHUCS 13 3aBJaHHSIM MOOYI0BU IUIONIUHU, 110 MPOXOJAUTH Yepe3 TPH 3aJ1aHi
kpanku. Hexait Tpu kpanku 71, 721 73, mo He JeXaTh HA OJIHIA MPsIMiNA, MAIOTh
KOOpJIUHATAMHU (z1,v1,21), (T2,¥2, 22) 3 (73,03, 23), JIns KaHOHIYHOTO PIBHSHHS
HEOOX1AHO MOoOyAyBaTH HOpPMaib JO0 IUIONIMHU, IO JIETKO MOXKHA 3J1ACHUTH,
BUKOPUCTOBYIOUM  OMNEpallil0  BEKTOPHOTO  JOOYTKY.  OCKIUIBKM  BEKTOPH

V1= Tz2— Tl V2= T3~ Tingexarb y MIyKaHid IUIOMKMHI, TO BEKTOP
N =11 ¥ U26yne oproronansuuii wiei momman. Hexaii N = (N, D
z4+D=0.

yy DN -J, TO1
PIBHSIHHS IUIONTUHU Oy1€ MaTH BUTJIS Nexr + Nyu + N,

3anuImaeThCss BU3HAUNTH 3HaueHHs L. Tomy mio kpamka ! 1HAJCKHTh IIiif
IUIOIIMHI, T€ 1I KOOPAMHATH TOBHHHI 33J0BOJILHATH OTPUMAHOMY PIBHSHHIO.

MincrasuMo ix y pisHsHHA #f ogepkumo =il tNutn +Nozn+ D=0, e
D = —Nex1 — Nyt — Na21, § picng nijicTaHOBKM OCTATOUHO OEPKUMO:

Nelr—zm) 4+ Nylu— ) + No(z—2:1) =0 (4.7)

Y OiNBIIOCTI aNTrOPUTMIB, IO BUKOPUCTOBYIOTH IUIONIMHU, JOCHUTH 3HATH

HOpMaJb [0 Hei i AKy-HeOyab KpamKy, 0 HalIeKuTh miomuad. O4eBuaHo, mo 3a

aHAJIOTIEI0 MOYKHA BHBECTH KAHOHIYHI PIBHSHHS MPSMOI Ha IJIOMIMHI, SKIIO 3a7aHO
HOpPMaJIb JI0 Hel 1 MPUHAICKHIN MPSAMIN Kparka.

4.2.1. AHajliTUYHe NMOIaHHS KPUBUX i IOBEPXOHb
Hexaii Ha mutonuH1 3a1aHa AeKapTOBa CUCTEMa KOOPAUHAT.

KpuBa Ha miommuHi — 116 TEOMETpUYHE MICIIE KparoK 'il":y}, 1o
3aJI0BOJIBHSIIOTH PIBHSAHHIO

F(zr,y)=0 (4.10)
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ne £ — dyHkuis qBox 3MiHHUX. SICHO, 110 JalleKo He KOxKHA (QyHKIlisA Oyae 3aaaBaTH

migiro. Tak, HapPHUKIa, PiBHAHHIO T +u+1=0 g 3aJI0BOJIBHSIE JKOJTHA Kparka
2 2 , \

IUIOIIMHY, a PIBHIHHAM + 4" = 0 3a00BonBHAE TiAbKE O1HA Kparka (0,0

JIns aHAMTHYHOTO IMMOJAHHS KPHBOI B 0araTbox BHUIAJIKAX 3PYUHIINEC 3aaBaTH
KpUBY TlapaMETPUYHUMH DPIBHSHHSIMH, BUKOPHUCTOBYIOUHM JOTIOMDKHY 3MIHHY
(mapameTtp) t :

r=p(t), wy=1(t),t€ |ab] (4.11)
ne ¥ % — OesnmepepBHI GYHKINT Ha 3aaHOMY 1HTEpBaJl 3MiHU MapameTpa. SKIo
. o R P .
byHKITiSA () Taka, IO MOXXHAa BHpPA3WTH ! Yepes z(t = ¢ (z)) , TO BIJ
napaMeTPUYHOTO TTOTaHHs KPUBOT JIETKO Tiepeitr 10 piBHAHHA (4.10):

y=v(p~M(t)) = 0.

Cucremy piBHsHB (4.11) MOHa 3anucaTv y BEKTOPHOMY BUJI:

F=TFW, T=(u F =0,

Bigpizok mpsiMoi  siBiis€ COOOIO0 OKpEeMHUN BHUIAJIOK KPUBOI, MPUUOMY
NMapaMeTpHuHe MOJaHHs ioro Moxke matd surisyy © =6 v =at+b, 1€ [h, 1]
260 £ =at +by=1t1€ [t1,t2]

OKpyXHICTh pajilyca 7 13 IIEHTPOM Yy Kparii (0, ¥0) moske OyTH mpeJicTaBiIcHa
napaMeTpHIHIMHE piBHsAHHsAMH L = T0 + 7 -cost,  y =yo+ 7 -sinf,t € [0, 2]

[lepeiizemMo 110 TPUBUMIPHOTO MPOCTOPY 13 3aJaHOI JEKAPTOBOI CHCTEMOIO
KOOPAUHAT.

[ToBepxHs B TpoOCTOpPI — 1€ TEOMETPUYHE MICIE Kparok (z,, <), 10
3a/I0BOJIBHSIIOTH PIBHSIHHIO BUTY
F(r,y,z)=0. (4.12)
Tak camo 5K 1 y BHIIAJKy KPHBOI Ha IUIOIIHMHI, HE BCsika GyHKIis I onucye sKy-
-2 2, .2 4
HeOyap mosepxHio. Hanpuknaz, piBmstaaio -~ T ¥ + 27 +1=0 ye sanoponsuse
OJIHa Kpanka nmpoctopy. [loBepxHs Takox Moke OyTH 3a/laHa B IapaMeTPUYHOMY
BH/Ii, ajJie Ha BIAMIHY BiJ] KpWUBOi IJii LBOTO MOTPiOHI JBa JOMOMIXKHI 3MIHHI
(mapametpmn):

r=pu,r), v=1uyr), z=C(ur), uelad], velqd. (4.13)
Hampuknan, cdepa paaiyca 713 HEHTPOM Yy Kparmii (z0, ¥n, 20) MosKe OyTu
3aj1aHa PIBHSHHSIM (z—z0) " +(y—w) +(2—2z) —r" =0 abo K
rapaMeTpUYHUMH PIBHIHHIMH
I=rg+r-cosu-cosv, Y=Yp+7r-sinu, z=2z+7 -cosu-sinv.

KpuBy B mpocTopi MOKHa OmMHcaTH SK MEPETUHAHHS IBOX IMMOBEPXOHb, TOOTO 3a
JIOTIOMOTOI0 CUCTEMH PIBHSIHB

Fi(r,y,z) =0, falr,u,2)=0 (4.14)
a00 mapaMeTpUYHUMH PIBHSIHHSIMU BUTY
r=(t), yv=(t),z=([f), tE[a,b]. (4.15)
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4.3. [lepeTHAHHSA MPOMEHIO i3 MJIOIINHOIO i c(heporo

[Ipsima Ha TIOIIMHI M Yy IPOCTOpPI € HECKIHYEHHOIO B 0OuiBa O60oku. Ilpomenem
Ha3MBA€ThCS HaMiBMOpsMa, TOOTO O€371d BCiX KpamokK IpsMiH, 10 JISKATh MO OJHY

3a/laBaTl B MapamMeTpUYHOMY BHJI, SK II¢ OyJI0 OMKUCAaHO B OJHOMY 3 MOIMEpPEaHIX

po3ainiB. Hexaii D= (e ly, 1) HaIMPSIMHUANA BEKTOp TPAMIH, a 7o = (0,0, 20)
MoYaTKoBa Kpamka. ToJi KOOpIWHATH KparmoK NPOMEHIO OyIyTh BHU3HAYATHCS
bopmynamu

r=ro+t:, v=wnt+tly, z=z04+1.. (4.8)

o " E4+124+L7=1
Bynemo BBaxkaTH, 1110 HAIIPSIMHUM BEKTOP OJUHUYHUHN, TOOTO = Ty T L :

CnouaTKy pO3TJISHEMO 3aBJaHHS IIPO 3HAXOMHKCHHS KpamKh TMepeTHHAHHS
IIPOMEHIO 13 TJIOIIMHOKO, 33/1aHO01 KAHOHIYHUMHU PIBHSHHSIM

nir+nay+nsz+d=0. (4.9)

Bekrop Hopmam " = (n1,m2,m3) e OynemMo BBakaTtu OoAMHUYHUM. Crio4aTKy
Tpeba BU3HAYMTH 3HAYCHHS MapameTpa t, mpu SKOMY MPOMiHb MEPETUHAE TUIONTUHA.
J1J1st IbOTO M1JICTaBUMO KOOpAUHATU 3 popmyiu (4.8) y piBHSIHHS (4.9) 1 onepKUMO
ni(zo + ) + na2(w +tly) + na(z + 1) +d =0, 3BIJKM JIETKO BU3HAYWUTH, IO
MIPOMiHb MEPETUHAE TIIOIIMHA B Kpamill 31 3HAYSHHIM
tp = —————.

(1 -7)

OudeBUIHO, MO Taka Kpamka iCHy€ TITbKH 32 YMOBH (1-7)#0 vy coro

Yepry, U BEIMYHMHA 3BEPTACTLCA B HYIb TUIBKH y BUNAAKY, KOJIM BEKTOpH [ ¥ 70
OpPTOTOHAJILHI OJIUH OJTHOMY.

Hexaif Temep Ham 3amaHa cdepa i3 HEHTpOM y Kpammi ' ¢ = (Tc,ve, %)
pamiycom d . Tosi piBHSIHHS chepu Oyae MaTH BUTIIS

(r— .rk.'jj + (v — ycjj + (z — f = d°.

[lincTaBUBIIM CIOAM KOOPAMHATH MPOMEHIO 3 PiBHAHHS (4.9), omepkumo, 110
napameTp, MpU SKOMY TMPOMiHb TNepeTuHae cdepy, MNOBUHEH 3aJ0BOJBHATU

KBazpaTHOMY piBHsHHI0 Ofn + bfn +c=0,

-

2 b=2(To=Tc) 1), c=|Ta—T.

-

— n:f“

ne =17 BH3HaYUMO KOpiHb

IIbOTO PIBHSIHHS. SIKIIIO TUCKPUMIHAHT , TO KOPiHb iCHYIOTb. IX MOKe

Oytu abo nBa (D > 0), a6o oxuu (D=0) vy MEPIIOMY BHIMAJKy MAEMO JBI Kpamku
MepeTUHAHHS, Y IPYTOMY — OJIHY (MPOMiHBb CTOCY€ThCA cpepn). BinmoBiaHi 3HaAUCHHS
napameTpa BU3HAYAIOTHCS CITIBBITHOIICHHIM

b /
tl.: :—; :F "n.-"'.D

Fa
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4.4, Intepnoasinisi GpyHKUii ogHiel i ABOX 3MiHHUX

Kpim dyHkmii, 3agaHux aHaliTUYHO (TOOTO 3a JOMOMOTOI0 eJIeMEHTapHHUX
GbyHKIIIH, 3HAUeHHS SKUX JIETKO MOXKYTh OyTH 00YHCIIeH] B OyAb-sKii Kpamili 00yacTi
BU3HAYEHHS), HA MPAKTHUIl YacTO JOBOJUTHCA MATH CIpaBa 3 TaOJIMYHO 3aJlaHUMU
byHKIiAsMH. Y 1IbOMY BHUMAAKY (YHKINS 33/1a€ThCSl CBOIMHU 3HAUCHHSAMH Ha JICSIKIM
JTUCKPETHIN Oe3mui Kparok (BYy3JiB) 3 o0jacTi BHU3HA4YeHHA. SIKIIO HEOOXITHO
oJiep>KaTh 3HaueHHS (YHKII B SKiIM-HEOyIb Kpamill, 10 HE 30Ira€ThCsi 3 BY3JIOM,
BUKOPUCTOBYIOTH Pi3HI METOAW HAOIMKEHOTO0 OOYHWCIICHHS, SKI TPYHTYIOThCS Ha
JeSKUX arpiopHUX MPUMYIMIEHHAX o0 1iel ¢ynkmii. [Ipu nmpoMy cama mporenypa
OOYHNCIICHHS HA3UBAETHCA IHTEPMOJISIEI0 Yy BUIAIKY, KOJM Kpamka HaJICKUTh
3a/1aHii 00J1aCTi, 1 EKCTPAIOJIAIIEI0, SIKIIO BOHA JICKHUTH 11032 00JIaCTIO.

Ak mpunymieHHs: Opo XapakTep JUCKPETHO 3a/laHoi (YHKIIT HalOIbIIE YacTo
BUKOPHUCTOBYBAaHOI W MpOCTIA € Te, IO BOHA KYCKOBO- JIiHIMHA, TOOTO IO B
IPOMDKKaxX MK By3JlaMU BOHA IMOBOJMTHLCS BIAMOBIIHO O JIiHIMHOTO 3akoHy. Toi
IHTEpHOJIALliS HAa3UBAETHCA JIHIMHOL, 1 el MeTon MU OyJneMO JOCHUTh 4YacTo
3aCTOCOBYBATH B aJITOPUTMaX KOMITHOTEPHOI Ipadiku.

Hexail Ha turomuni 3amana cuctema koopauuar X OV igpizok [1,72]Ha oci
OX | Ha KiHIEX SKOro 3a1aHi 3HaueHHs Y1,Y2 negxoi Jimiiinoi ¢pyukuii (puc. 4.3).
To;:u Juist Oy/1b-SIKOT Kpanku I ycepeuHi 3a/1aH0TO Bilpi3Ka Bi/OBi/HE 3HAYEHHS ¥

o6umcoeTses o popmymax ¥ = U1 + (1 — 1), t=(r2—1)/(12— 11).
Y A

Y

Vi

O x’- x x} X
Puc. 4.3. JliniitHa iHTepriosiis GyHKIi ogHi€l 3MIHHOT

3BepHEMOCS TeTep 10 3aBAaHHS IHTEPHOJIALIi (YHKIH ABOX 3MIHHUX. Y IIOMY
BUITAJIKYy HAUOLITBII IPOCTOT TAKOXK € THTEPIOJISAIIS M0 TPHOX 3aIaHUX KparKaxX 3HOBY
) 3a JIOTIOMOTIOI0 KYCOYHO-JIIHIHHOT (byHKuu Hexaii ©Ha 1wionmHl 3amaHui

TPUKYTHHK 3 BEPLIMHAMHU (r1,1), (z2,v2), (73, v3) 3 3a/laHl 3Ha4eHHs (QYHKIIIT B IUX

Kpamnkax ~1:~2;<3, Toml Tpu Kpamku (74, ¥, %) pusnauaroTs y MPOCTOP1 TPUKYTHHK,
o € IUI0cKor ¢iryporo. IlependavaeTncs, Mo IUIOMIA TPUKYTHHUKA OLIbINE HYJIS,
a00, SIK TOBOPSITh, TPUKYTHUK HEBUPOKeHUH. J[71s1 BU3HAUeHHS 3HaYeHHS (QYHKITIT

B JIOBUIbHIN Kparliii (z,v J, 10 JCKUTh yCepearuHl TPUKYTHHKA, CKOPUCTAEMOCS TakK
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3BAaHUMU OAPUIEHTPUYHUMHU KOOPAMHATAMM (a, 3, ’fl)uie'l' Kpanku. [ 'eomeTprnunui
3MICT IIUX KOOPAMHAT TIOJISATAE B TiM, IO BOHHU JOPIBHIOIOTH BiIHOIICHHIO TLIOII
TPUKYTHUKIB, 300paxeHuX Ha puc. 4.4:

Y a
(x,y) (x,).)

(x,y,)
(x3,)3)

0 X

Puc. 4.4. JliniitHa iHTepnionsia GyHKIT ABOX 3MIHHUX

S S, S
a:h?,ﬁ:E,j:?,S:Sl—l—Sg—l—Ss.

i uncna HeHeraTUBHI 1 3a10BOJIBHSIIOTh HACTYITHUM CITIBBITHOIIEHHSIM:
at+s5+y=1

ary + 8ra+yrs=r=x

ay + Oz +7Ys =V

i criBBigHOLIEHHA OyA€MO PO3IJIAJATH SIK PIBHAHHS JIs1 3HAXO/KEHHS YUCEN

(ﬂ:"-?:’]).

Bu3HauHuK L1€i cUCTEMH PIBHSIHb €

1 1 1
A=l 1, I3 :(Iz—Ilj(L’E—yl)—(l"s—i"l)(yz—yl):
1 Yz Us

1 BIH MO MOAYJ JOPIBHIOE TMOJBOEHOI IJIONI TPUKYTHUKA, TOMY A#0 orxe,
CUCTEMa Ma€ €JWHe PIIIeHHS MNpu Oyab-sKid mpaBiii yacTuHi. CKOpHUCTaEMOCH
dbopmynamu Kpamepa i BUITUIIIEMO BU/T IIbOTO PIILICHHS:

A
C‘:El: ﬁ:f: YT=1—a—3,
e
1 1 1
Ay =z 15 T3] = (1205 — T3%) + 2(¥2 — vs) + (x5 — 12),
¥ Yz Us
1 1 1
Az=|r1 1 13| = (231 — 71%) + 2(ys — 1) + y(z1 — 73).
i v 3
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[Ticns Toro sK oTpuMaHi OapUICHTPUYHUMH KOOPAWHATH KpalKd ':r_i":!ﬂ‘}',
3HaueHHs QYHKIII B Hill po3paxoByeThes o opmyri © = @71 + 522 + 723,

[caytoTh 100pe po3pobIeH] METOAH TAaKOi IHTEPHOALil GpyHKIiil. OcobauBo
9acTO TPH IHTEPHOJIAIil KPUBUX 1 MIOBEPXOHb BUKOPHUCTOBYIOTHCS CIUTaliH-(pyHKIIIT,
K1 TJIaJKo '"CKIICIOIOThCsA" 3 mojiiHoMiB. Cepel HMX BapTO BHUIUIMTH KYOiuHi
cIuIaiiHM, SKi OyAylOThCAd 3 TIOJIHOMIB TPETHOTO CTymeHs. BoHM 1mmpoko
BUKOPHUCTOBYIOTHCS B 1HXKEHEPHIM reoMeTpii 3aBASKH MPOCTOTI IXHLOTO OOUYHCIICHHS
il IHIIMX KOPUCHUX BJIACTUBOCTEH. MM iX pPO3IIISTHEMO MOKJIATHIIIE B HACTYITHHUX
r7IaBax.

4.4, MaTpui

I[JISI BHUKOHAaHH IICPCTBOPCHDb BGKTOpiB y HpOCTOpi MH 6y,Z[CMO
BHKOPHCTOBYBATHU ManH‘{HI/Iﬁ MECTO/. ManI/IHelO pOSMipHOCTi X Tl Ha3UBAETHCS
Ta6J]I/IH}I YUCCII BUOAY

.t't]_l 12 . 1] n

Loy oo e

A=

ﬂnl - e .

Haz[am 6y,ZI€MO BHKOPHUCTOBYBATHU CKOpO‘{eHI/IH 3aIimuc AJrt ManI/II_II A= f_ﬂ -_'j,] .

Psigka  MaTpumi ‘i = (@i, a:2,...,ain) OyieMO Ha3MBaTH BEKTOP-PSAAKAMH

(OCKUIbKM KOXHA 3 HUX BHU3HA4ae BeKTop), a cToBmIi -’ - BEeKTOPAMM-CTOBIISIMH.

Martpuii € epeKTUBHUM IHCTPYMEHTOM I BUKOHAHHS EPETBOPEHD Ha IUIOIIMHI U

y mpocTopi. Y IMX BHTAAKaX 3aCTOCOBYIOTECS MaTpHIli pos3MipHocTi 2 % 2 i 3 X 3,
CrioyaTKy BBEJIEMO pAJl ONepaLiii HaJl ManI/II_[}IMI/I 1 BEKTOpaMH.

HexaH 3a7aH1 MaTpPHII 4= "r“ 3|1 = "rb'JJ CyMo010 MaTpullb Ha3UBAETHCS
MaTpuI = = (€:) , elleMeHTaMH siKoi € 5 = %ii T big
Busznaunmo Tako ornepaiito MHOKEHHS ManI/Illl Ha 4uca0. Pesyneratom

MHOKEHHSI MaTPHILi A= (i) ga aucno € MaTpHUL rb'JJ

bi; = ati;

CJIICMECHTH SKO1

A= frt't.'j;]i —frlii'

Jo0yTkoM JBOX MAaTpullb 'JJHa:sHBaeTbc;[ MaTPHIIS

= (ci5) , CICMEHTH SIKO1 BU3HAYAIOTHLCS B TAKHUH CIIOCIO:
- 5 il .l'cj .
k=1

JloOyTOK  MaTpuilb HEKOMYTaTMBHO, TOOTO B 3arajbHOMY BHUIAAKY
A-BxBE- A

[Tonepenni BU3HAYEHHS MU BBOAWIM I MaTPHIlh JOBUIBHOT PO3MIPHOCTI.
Hactynni onepariii OyayTh TOB'si3aH1 3 BEKTOpamu, 1 MU OyJeMO MaTu Ha yBasi, 10

n = 2abo0 17 =3, Hexail 3amaHa MaTpHUIL A= (aij) 5 BeKTOp | = (71,5 7n),

. r 0 0
PesynbraToM MHOKeHHSI MATpHLi Ha BeKTOp € Bekrop ' 0= (1, Tn),
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KOOPJIMHATU SIKOTO OOYMCIIIOIOTHCA SIK CKaJsIpHUN JTOOYTOK psjiKa MaTpulll Ha
BEKTOP:
T

=N ar = (4, ST ).
8 : F - . -
k=1

B= -r.biiJOTpHMaHa 3 MaTpumi * — (:7) mnsxom 3amism Beix

BEKTOP-PS/KIB Ha BEKTOPH-CTOBNL{, TOOTO Ui = Gity 5 J=1L,o0im - pg yey

Skuo maTpuils

HA3MBAIOTb TPAHCIIOHOBAHO MaTpuueto - i mosnauarors A’ .

AHanorivHUM 00pa3oM BH3HAYAETHCSI MHOKEHHSI BEKTOPa Ha MATPHUUIO,
TUTBKH B I[bOMY BHUIIAJKy BEKTOP CKaISIPHO MHOXHTHCS Ha BEKTOP-PSIKa MATpHIIL.
Martpuus Bugy

1 0 ... 0
01 ..0
E =
00 ... 1

Ha3MBAETHCS OIMHUYHOI i Ma€ HACTYIHI BIACTUBOCTI:
— A-E=FE- A=A g 6ynp-aKoi MaTpumi - .
— 1 = A- 7 nng Gyae-gxoro BekTopa T .
— Sxmo mis matpuni A icuye matpung B | taka, mo A - B = E | 10 B HasuBaerncs
3BOpOTHOI  Martpumero 10 A1 mosmawaetsess  AT'.  Ilpu  mpomy

A A=A A=F igm OyIb-SIKOTO BEKTOpa T OAEPXKYEMO CITiBBIAHOIICHHS:

gkmo 7 =A-7T e T = AT T
— Skmo mis marpuns i B icHyOTH 3BOPOTHI MaTpHI, TO iCHy€ W 3BOpPOTHA
MaTpHUILS JJIs iIXHBOTO TIOOYTKY i (@- BJ_L =Bt -'rl.

3aBasku omepallii MHOKEHHST MaTPHIll Ha BEKTOp Oy/b-sIKa MaTPHIld BH3HAYAE
IEPETBOPEHHS B MPOCTOPi, MO SIKOMY KOXXHOMY BEKTOPY 31CTaBIISE€THCS JCIKHMA
IHIITKH T10 I[IJTKOM ITEBHOMY 3aKOHI.

Bigznaunmo, 1m0 11 T€OMETPUYHHUX IIEPETBOPEHb 3PYYHO BHKOPHUCTOBYBATH
MaTpPHIll PO3MIPHICTIO Ha OJIMHMINIO OUIBIIE, HIK PO3MIPHICTH MPOCTOPY, aje Mpo 1ie
TOKJIaTHIIIIe MOBAa UTHME B HACTYITHIH TJIaBi.

4.5. 'eomeTpuuHi nepeTBOpeHHs (MepeHOC, MACIITAOYBAHHS, 00€PTAHHS)

['eomeTpuyHi 00'€KTH HA IUIOMIMHI M y TPOCTOP1 MOKHA MIJAaBATH PSAAY PI3HUX
nepeTBOpeHb. HallO1mbI y)KUBaHUMH B 3aBJIaHHAX KOMIT'IOTEpHOT Tpadiky €:
— mnepeMillleHHs (MapanelbHUuil epeHoc);
— 3MiHa po3MipiB (MacuITabyBaHHs);
— TOBOPOTH HABKOJIO JIEAKOI KpalKd Ha IUIOMKHI a0 JesKiii oci B MpOCTOpi
(oGepTanHs).

Hapnami Mmu gacTo 6yJ1eMo OTOTOKHIOBATH KPAIlKH IIPOCTOPY 3 PaaiyCc-BEKTOPOM,
00yMOBJICHUM ITI€I0 KPAIKOIO.

CnoyaTtKy pO3TISHEMO TII€PETBOPEHHS Ha IUIONIMHI, a0o JABOBHMIipHi
nepeTBOPEHHS.
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[TapanenbHuii mepeHoc 00'eKkTa 3BOAUTHCS A0 MEPEMIIIEHHS BCIX HOTO Kparok

Ha Te caMe BiacTaHb @y TOMY CaMOMY HAIPSIMKY, 3aJaHOMY [IEBHUM BEKTOPOM U
SIKIIO LEell BEKTOP Mae€ JOBXKHMHY @, TO OIepallis IEPEHOCY MOXe OyTH peajizoBaHa

IUISIXOM J0JAaBaHHs BCiX Kpamok 06'ekTa 3 BEKTOpoM U . JIOCUTBH IIPOCTO [OBECTH,
10 MPpHU Takii omeparlii 30epiraroThCs BiACTaHI MK KpamKaMH ¥, sIK HACIJI0K, KYTH
MK BiJIpi3KaMu. 3pO3yMIJIO TaKOX, IO BIAPI3KK MPSMUX MHEPEeUIyTh Yy BIAPI3KU
npsMux. ToMy nmpu mepeHoci 0araTOKyTHHKa HeMae HEOOXITHOCTI MijgaBaTH ITi€l
omepariii HeCKiIHYeHHa 0e3J1iY Kparok, TOCUTh MPOCTO MEPEHECTH BEPIIUHHU, a MOTIM
3'eTHATH IXHIMH BiApi3KaMHU.

MacmTabyBaHHs 00'€éKTa MOYKHA peasli3yBaTH ILIIXOM MHOXKECHHS KOOPIAMHAT

BCIX HOro Kpamok Ha Jeske yucio. Hexalh € kpamku 3 KOOpJMHATaMu (1,21) 3

(2,%2) | man sxumu BUKOHYETBCS TaKe NMEpeTBOpPeHHs. PesynbraToM OyayTh HOBI
(Sex1,Sy1n) g (S=72,Suu2)

—

S =8y = 5o
Kpanku 3 KOOpJAWHATAMU SAkmo “= 2 , TO

HECKJIATHO JIOBECTH, IO OOHWIBI KpANKH TEPEMICTATHCA Y3I0BXK NPSIMHUX, IO
IPOXOJIATh Yepe3 caMy KpamkKy W MOYaTOK KOOPAMHAT, TOOTO B HAIMpPSIMKY CBIH K€
pamiyc-BekTopa (puc. 4.5). ITpy IbOMY Bi/ICTaHB MiX HOBHMH KpalkaMH 6yje B =0
pa3 BIAPI3HATUCS BiJ KOJHUIIHBOTO, aje KyTH MDK Bifpi3kamu 30epexyTbes (11e
MOXXHA TIOKa3aTH, SKIIO BUPA3UTH KOCHUHYC KyTa Yepe3 CKaIApHUN JT00YyTOK
BeKTOpiB). SICHO, MmO AKIIO KoedillieHT MaciTabyBaHHA ~0G6iNblIe ONMHMIN, IO
BIJIMIOBIJIA€ BIAPI30K PO3TATYETHCS, a SKIIO MEHIIE, T€ CTUCKYeThCs. Kpim Toro, npu

TaKOMYy HepeTBOpeHHl 00'exT 3M1HJ;a€TI>C$I
S =+ 5

e ——

VY Bunmaaky, KoiM ~F 7 “¥, BIJICTaHI MIX KpallKaMu 3MIHSATbCS HEPIBHOMIPHO,
OCKIJIbBKM PO3TATaHHS B TOPU30HTAJIBHOMY W BEPTHUKAJIbHOMY HaIpsiMKax OyAyThb
pizaumu. KyTr Mixk Bipi3kaMu Takox He 30epexyThes (puc. 4.6).

/ y 4

[~

.
y ot

X
Puc. 4.5. MacmraGyBanHs 31 Puc. 4.6. MacmraOyBaHHs 3
30epeKEHHSIM KYTiB NePEKPyUyBaHHSAM KYTiB

OOGepTanHs B ITUIONIMHI TMEPEMIMIAIOTh KpANKH IO y31 Koja, IHEHTP SKOi
nepebyBae Ha MOYaTKy KoopAauHAT. Po3risHeMo crmoyaTky pyX OJHIE€l KpamKu mpu
MOBOPOTI Ha KyT < (MMO3UTUBHUM € HAIMPSMOK MPOTH TOJMHHUKOBOI CTPLIKH), TOOTO
MOBOPOT pajiyc-BekTopa Ha KyT (puc. 4.7). Hexaif kpamka posramioByBajacsi Ha

BificTaHi T Bij MoYaTKy KOOpAHMHAT, a 1i paiiyc-BEKTOp CTAHOBUB KyT © 3 BicCkO
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aocruc. Toni KOOpJIUHATHU Kparku BU3HAYAIOTHCS dbopmynamu
r=rcos¥, y=rsngj.
[licast MOBOPOTY BEKTOp Oyae CTaHOBHTH KyT O T @, a HOBI KOOpAHHATH
Kparku OyJyTh BU3HAYATHUCS CITiBBIIHOIICHHSIMUA
= ;"ccsl’j’-l— CLJJ =reosfeosa—re8inSsino =rcoso — usma

(4.7)

P

y = r‘smff_j'—l— a; =rsinScosat+reosGsina = rsina + yccsa

MoskHa mokaszaTH, M0 MPU TaKOMY TEPEeTBOPEHHI 30epiraloThCsl BIACTaHI MIXK
KparkKaMH, a 0TKe, 1 KyTH MK BiJpi3KaMH.

Y4

c A
&

\/

X

Puc. 4.7. TloBopoT Ha MJIOMIMHI Puc. 4.8. TloBopoT y mpocTtopi

VY BUMaKy TPUBUMIPHOTO MPOCTOPY MIPKYBAaHHS, 110 CTOCYIOThCS TIEPEHOCY i
MaciTabyBaHHs, TIOBHICTIO aHAJIOTIYHI, TUIBKM BOHM TOIIUPIOIOTHCS HA TPETIO
KOOPJIMHATY KparmokK. 3 00epTaHHsM K€ 1HIIA CTIpaBa, OCKUIBLKUA TYT 00EpTOBUIN PyX €
MepeMIIEHHS y3JJ0BX MOBEpXHI chepu i MOBOPOT HA SKHUICH KyT MO0 KpamnKud He
MO’KHa BU3HAUYMTH OJTHO3HAYHO. AJie TIEPEMIIIECHHS 3 OJHI€T Kpanku cdepu B 1HIITY
3aBXIM MOKHA 31MCHUTH TMOCHIZOBHICTIO MOBOPOTIB MIOJ0 OCEH KOOPAUHAT, TOMY
BUBEZIEMO (HhOPMYIH TSI IIUX TPHOX 00EPTaHb.

IMpu mosopori momo oci VX ma Kyr @y BCiX Kpamok KOOpIuHara I
3aJIMIIA€ThCA HE3MIHHOI. SIKIo auBuTHCS Ha tuomuHy Y OZ 3 Goky Kinug oci OX |
TO Oci OyZyTh pO3TallOBaHi TaK, K MoKa3aHo Ha puc. 4.8. [I03uTUBHUM yBaxkaeTbcs
noBopot Big oci OY mo oci UZ . Skmo ckopucrathcs (GopMyaaMu IS TUIOCKHX
HOBOpOTlB TO KOOpJMHATH v'i 2" Hopoi KpaIky BU3HAYAIOTHCS BUPKCHHSIMHA

y' =ycosa — 2 > 8in a

=ysina4 zcosa.

dopmyi TOBOPOTY 11010 oci U Z MOBHICTIO 36iralOThCs 3 TUMH, SIKi MEHYJIOTO
BUBEJIEHI JUIS IIOCKOTO BUIAKY, a IIOBOPOT 11010 oci Y Burmsmae rax:

' =rcosa+ zsina

2= —resina + zeoso.
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VY Bcix nux QopMyiax BapTO 3BEPHYTH yBary Ha 3HAKH, TOMY IO BOHH
3aJIe)aTh BiJ TOTO, SIKMA TTOBOPOT YBAKAETHCS MO3UTUBHUM (y IIbOMY BHUIAJKY MH
Ma€eMO CIpaBY 13 MPABOIO TPIKKOIO OA3UCHUX BEKTOPIB).

[TepeTBOopenHst MacmTaOyBaHHS 1 MMOBOPOTY HA IUIOMIMHI M Y MTPOCTOPI MOKHA
BUPA3WTH 3a JOMOMOTOI0 MaTpwilb. Ko 3amaHi koedimieHTH MacmTaOyBaHHS

S

-

Ty

- (R
v:=2 TO TEPETBOPEHHS KpamKHh 3IIHCHIOETHCS 3a JOTIOMOTOI) MHOMKCHHS
MaTpHulll Ha 11 pajilyc-BEKTOp,

S, 0 0 T S.r
S, 0 ul = | S |- (4.8)

i

Il
f_||l'J
Il
o

=,
]

0
JIBOBUMIpHUI BUITAIOK BUTIISAAE MTOAIOHIM K€ YHHOM.

[ToBOpOT Ha MIIOIIKHI MOKHA 3IMCHUTH 32 JOTIOMOTOI0 MaTpPHIIi

(cosa —sina)

R=| | (4.9)

\sino CcOS o J '

. Uy

I HapeiuTi, MOBOPOTH B MPOCTOPI IMIOAO OCEH KOOPJIMHAT MO>KHA BUKOHATH 32
JOTIOMOT'OK0 TPhOX MaTpULlb 00€pTaHHS

1 0 0 ‘cosa 0 sina
R (a)=|0 cosa —sina|, R, a)= 0 1 o0 |,
0 sna cosa —sina 0 cosa
cosa —sina 0 (4.10)
R.(a) = |sina cosa O
] 0 1

HeBaxkko  mepeBipuTH, 1m0 I MaTpUllb OOEpTaHHS  CIPaBEIJIUBE
CITIBBIAHOIIECHHS

A(—a) = R~ 1)(a)

Jlist BUKOHAHHS TOCIIiJOBHAX [OBOPOTIB HAaBKOJIO oceil Ha KyTH %77 MoKHa
CTBOPUTH MATPUITIO MIEPETBOPEHHS IIUISIXOM MEPEMHOXKYBAHHS TPHOX MATPHIIh:

R =R.(7) Ry(5) - Bz(a).

Bukopucranns 11i€i Matpuill J1acTb TOMITHY €KOHOMIIO B OOYHCICHHSIX Y
MOPIBHSHHI 3 MOCITIZIOBHUMH MHOXKEHHSIMH Ha KOXKHY 13 TPHOX MaTPHIlL OOEpTaHHS.

4.6. Ilepexin B iHIIy cUCTeMY KOOPAMHAT

Mu po3rasiHyId TEePEeTBOPEHHS TE€OMETPUYHUX OO0'€KTIB, 3aJlaHUX Yy TIEBHIM
JIEKapTOBIN CHCTEM1 KOOpAWHAT. Ajie B 0aratboxX BHUIMAJKaX 3py4YHO PO3TIISIAATH Tl XK
00'eKTH B 1HIIN CHUCTEMI KOOPJIWHAT, OCKIIBKMA iXHIA OMUC MOXE CTaTh OUIbIIe
npoctuM. HaiinpocTimmii npukian — 3aBIaHHS KOOPAWHAT Mapajeernineaa:
MPOCTIIIE BCHOTO 1€ 3pOOUTH B CHUCTEMI1 KOOPIMHAT, CIIOJYYEHOI 3 OJHIEI 3 HOro
BEPILIMH 3 OCSMH, CIPSIMOBAaHUMH Yy370BXK pedep. Y 3B'SI3KY 13 IIUM 3yNMHUHUMOCS Ha
NUTaHHI, K 3MIHATHCA KOOPJAWHATH KpAINKH IMPHU MEpPEeXoJi BijJ OJIHIEI JEeKapTOBOI
CUCTEMHU KOOPJMHAT A0 1HIIO].
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Puc. 4.9. JIBi cuctemMu KOOpJUHAT y MPOCTOP1

—_—F —F

Hexaii olMHIYHI OPTH MEpIIOi CHCTEMH KOOPMHAT MO3HAYaoThes 5> J, K | a
oci koopauuar — X, OY, 02 ypenemo me omHy cHCTEMY KOOPAMHAT, OXMHAUHI
OpPTH SIKOI TO3HAYMMO ?1:?2:?3, a ocl KOOpJIMHAT — o'X",0Y",0 E’. s
CUCTEMa Ma€ CBI MOYATOK KOOPIMHAT 1 CBOI HAMPSMKHU OCEHl. YBaxaemo, 10 B 000X
crcTeMax KOOpJAWHAT OPTH YTBOPATH MpaBy TPikky (puc. 4.9).

CriogaTKy pO3TIITHEMO CHTYyaIlifo, KOH kpanka O'36iraerses i3 kpamkoro O .

Bextopu €1, €2, € 3Mo0HaA 3a7aTH B MEPIIiil CUCTEMI KOOPIWHAT, PO3KIABIIU X

_-._-._'..

10 BEKTOpax 1,3,k
?1:Eiz —|—EJ-|—EL
?zzfil -|—EJ-|—EL

E'Szef‘,_i -I—E“;j -I—Ef.’f

SIkmo B mepimiii cuctemi kpamka M Mae koopauHaTH (r,v,2), a B ApyTiit
. P F— F— —_ -, 3
cucremi — (25Y, 7 ),Te,Ma6YTb, re1+yestzes=rit+yj+zk.

MHoXauu CKaJspHO 1€ CITIBBIIHONIICHHS Ha BEKTOpu © 1 € 2: €3 onepKuMo
3B'SI30K MIXK 3HaquH$1MI/I KOOpI[I/IHaT y PI3HUX CHCTEMaX:

= iz + E‘ U+ E‘ 2
r 2
U =e.r+ E‘ JU Tt E‘ 2
2= e ST+ E‘ I E‘ 2
L1i criiBBiTHOIIIEHHS MOYKHA 3alMMUCATH B MATPUIHOMY BH/II
/)] = (& €y etffer e efjed € ). (x/ful/e  (@11)

a60 y BekTopHOMy 3armci M’ = A - M.
IIpunyctumo, 1m0 Apyra CUCTEMa KOOPAMHAT OTpPUMAaHa 3 IEPIIOl NUIIXOM
noBopoTy Ha KyT ¥ mozo oci OY . Toxi

67



1 " cos v 0 0

Ti=R,(p)-[0|=| 0 |, F2=R(e)-|1|=[1],
0 —sin 0 0
0 sin @ ' '

€s=Rylp)- [0 =| 0 |,
1 COS (2

OTXE
cospy 0 —sing
A= 0 1 0 = thr—k,"Jll = HL_L IFL,_"JJ

sing 0 cosyp
TakuMm 4MHOM, MPU MOBOPOTAX CUCTEMHU KOOPAMHAT HOBI KOOPAMHATH KpAaIoK
BUXOJIATh IUISIXOM MHOKE€HHS MAaTpHIll MOBOPOTY Ha MPOTUJICKHHUIN KyT Ha BEKTOP

BUXI1JIHUX KOOPMHAT.
Skmo HOBa cucTeMa KOOpPAMHAT OTpUMaHa 31 CTapoi IUIIXOM 3pYIIEHHS Ha

BCKTOP 3 _I" L'?lil J'I TO O‘-IGBI/II[HO H_IO HOBI KOOpAWHATH KpallKh 3addl0TbCA

bopmynamu * T_E“’ y'=y-l, z'=z-L.

Tenep MOXKHa pO3TISHYTH KOMIIO3MIIIIO JBOX IE€PETBOPEHb CHUCTEMH
KOOpAWHAT — MepeHocy il o0epTaHHsa. To/al KOOPAMHATU KPAMOK MEPETBOPSITHCS IO

dopmyi

M'=A-(M-1). (4.12)

4.7. 3aBnaHHs 00epTaHHS 11010 T0BLILHOI OCi

OOGepTanHs WIOAO JMOBUIBHOT OCI TaKOX MOKHA peaiizyBaTh 3a JOMOMOTOIO
MHOXEHHSI MaTpPHIll Ha BEKTOP, aJie MOMEPEaHbO II0 MaTPHUII0 Tpeda MmoOyIyBaTH.
[Tpunyctumo, 1o npsiMa IPOXOIUTh Yepe3 MOYaTOK KOOPJIMHAT 1 3a7aHa OJIMHUYHUM

BEKTOPOM T = = (lz, 1y, J 1 MOTPIOHO BUKOHATH MOBOPOT KPANKHU HA KYyT & IIOAO ii.

JI7Ist [BOTO CKOPMCTAEMOCS HACTYITHUM aJTOPUTMOM:
1. Cnomyunmo mipsimy 3 Biccro (£ 3a TOMMOMOTOIO TIOBOPOTY CHCTEMH KOOPAWHAT
o0 oci VX Ha xyt ¥, a motiM moBopoTy 110,10 oci VY Ha kyt
2. Bukonaemo moBopoT mo0 oci UZ Ha KyT & .
3. BukoHaEMO MOBOPOTH CHCTEMH CIIOYATKy o0 oci Y ma kyr —%, a mortim
momo oci X ma kyr ~Y¥(y 3BOPOTHOMY IOPSIIKY CTOCOBHO IIEPIIMX
MMOBOPOTIB), TAM CaMHUM TOBEPTAIOYH 11 Y BUX1THE MOJIOKECHHS.

[TimcymkoBa MaTpuils MEPETBOPEHHs, TAKUM YHHOM, € JOOYTKOM JEKIIHKOX
H=H: '!'*1) : HJ—'{_’-';‘J i faJ : HJ—"-J__’-'.,] ' Hx-r__ﬁ-?j'

. 3 a0 w I
Matpuni Ry(—), Bz(=v) ¢ MATPULSAMH TIEPETBOPEHHS KOOPAMHAT MPH
MMOBOPOTaX CHUCTEMU KOOPJWHAT, AK OyJI0 TMOKa3aHO B TMOMNEPEIHBOMY PO3ILTi.
BusHaunmo criouatky KyT ¥ , 10 € KyToM Mix Biccio U2 i I‘/’Ioro MIPOEKITIEI0 BEKTOPA

MaTpullb, a CaMe

. - -. 1= 2
| Ha TIUIONIMHY Yoz f'L—f.DJ.uJ-J. i 1'\ S+

Hexait — JOBXHMHA 1€l

cosy = 5, siny = —

T
Ly

. - o . .
ITPOCKIILL. TO,Z[I d, (CI/IHYC HETAaTUBHHUHU, OCKUJIBKH ITOBOPOT 1€
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Big oci UZ no oci UY | 100TO B HEraTUBHOMY HampsMKy). ITicist HOBOPOTY CUCTEMHU

KOOP/MHAT HOBUMH KOOpAHHaTamu Bekropa | Oyayts =10 @ Kyt ¥ — e kyr mix

BekTOpamMu | 1if [ , Tomy oS = d,sin1l = Iz Tenep MU MOXEMO BUIIUCATH B/
MaTpUllb MEPETBOPEHHSI KOOPJMHAT JJIsI KOKHOTO KPOKY ajJrOpUTMY, 3BaKalouu Ha
Te, MO MATPHUIll TMEPETBOPCHHS KOOPAMHAT TPHU TIOBOPOTI CHCTEMH KOOPIWHAT
000pOTHI CTOCOBHO BIIMOBITHUX MaTPHIlhL OOCPTAHHS:

1 0 O d 0 —I,
R.p)=(0 & -%|, RM=)|0 1 o],
0o b L . 0 d
cosa —sina 0
R.(a)=|sina cosa O
0 0 1

. 3 _l'. .
HeBaxxko mnepekoHaTHCs, 10 MNOCIIIOBHE MHOXXEHHS MaTpPUIlb h:'i_ﬁ—',l 1

_.‘ - l.l . . '. o
Ry P5t)pa Bextop | namyTh y pesysbTaTi BEKTOD (0,0, lJ, TOOTO 1€ BEKTOP
JIHACHO CTaHE BICCIO arlIiKar.

3aIMIIAETECS TIIBKH BHIIMCATH OCTATOYHMU BHMI Marpuii £ (s ckopouyeHHs

3aIIKCy BBEJEMO HACTYIIHI MO3HAYeHHs: © = COSQ, § =sina, ¢ =1 —cosa):

e‘f_-l—c' lelycr —1l.s ll.en 4 1ys
R=|llye0+1.s Beydc llep—lzs|. (4.13)
Ileg—1,5 I l.cq+1.5 l’c; 4+ ¢

Harapaemo, mo Ly Ly L HaNpPsSMHUMU KOCHUHYCaMM MPAMOI, IWIOAO SAKOI
BUKOHYETHCSI MOBOPOT. HeBakKO mepeKkoHATUCs, M0 SKIIO K Ooci 00epTaHHS B3ATU
0C1 KOOpAWHAT, TO MU B TOUYHOCTI ofiep>kuMo popmyiu (4.10).

4.8. I[IuTanHs i BIpaBH

1. JlaiiTe BU3HAYEHHS JEKaPTOBOI CUCTEMH KOOPJAMHAT.

2. 1o Take BexkTOp?

3. SIxi BEKTOpU BBAKAIOTHCS PIBHUMHU?

4. SIxi BeKTOpH Ha3UBAIOTHCS JIHINHO HE3AIC)KHUMHU?

5. Sk BUpa3uUTH JOBXKHUHY BEKTOpPA, BHKOPHUCTOBYIOUM OMNEPAIlI0 CKAISIPHOTO
n00yTKy?

6. Sk BM3HAYUTH KOCHHYC KyTa MIX BEKTOpamMH, BUKOPHCTOBYIOUM OIEpaIliio
CKJISIPHOTO 100y TKY?

7. JloBemiTh, 110  BEKTOpPHHMM  JOOYTOK  3aJ0BOJIBHSE  CITIBBIJHOIICHHIO
ﬂ[i'_‘l > i'_j] = [i'_“L > rﬂ?_j”

8. Sk 3 MOBUIBHOTO BEKTOpa I Ofep>KaTh OJAMHUYHHUIA BEKTOp, IO 30IracThes 3
HUM 110 HanpssMKy? (L{s orepaltisst HAa3UBAETHCS HOPMYBAHHSI BEKTOPA).

9. Slke MmakcuMaJIbHE YHCIIO JIHIHHO HE3aJIC)KHUX BEKTOPIB Y IPOCTOpPi?

10.1Ilo Take optH?

11.5lx moOyayBaTu mapaMeTpUYHE DPIBHSHHS NOPSAMOI, 110 MPOXOAUTH Yepe3 Bl
3a/1aH1 Kparku IJIOMUHA 200 MPOCTOpy?
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12. JloBenith, mo skmo y ¢opmym (4.7) 3aMiHUTH KOOPJIWHATU (r1,v1,21)
KOOpJIMHATaMHU OyAb-sIKOT 1HINOI KpamKd IUIONMIMHHA, TO PIBHSAHHA Oyje
OMMCYBATH Ty X caMy IUIONMHY. Bka3ziBKka: Bi3bMiTh JOBUIbHY Kpamky, IO
3aJI0BOJIbHSE PIBHSHHIO (4.7), HAMUIIITH HOBE PIBHSHHS IUIOMIWHA W MMOKAXKITh,
10 Oy/b-sIKa Kparka JApyroi MIOMWHN HaJIC)KHUTh MEePIIoi i HaBITaKH.

13.V axux BUMaaKax MIPOMiHb 13 TUIOIIMHOIO HE TIEPETUHAIOTHCS?

14.V axux BUIMaaKax IPOMiHb IIepeTUHAE cPepy TUIbKU B OHIN Kpariii?

15.Buxonsun 3 BH3HAYCHHS MHOXKEHHS MAaTpHUIli HA BEKTOp, MOBEIiTh, IO IS

Oynb-KMX IBOX BeKTOpiB ' 1» T 2i Oymp-fKoi Marpuii <1 cripaBemjiMBe

ciggigpomenns 4 (T1+ 72) =4 - 714+ 475

16./ToBeiTh, 110 JJIs OyAb-IKOTO BEKTOpa T , 4ykcia & i MaTpHI <1 cripaBejInBa
CITiBBiHOIIEHHS 1 * (a7T)=a(A-7)=(ad)-T.

17.1Tpwm sixiit yMOBI MacITaOyBaHHs 30€pirae KyTyu MIX Bipi3KaMu?

18.5Iky Tpa€ekTOpito OMUCYIOTh Kpanku 00'eKTa pu MOBOPOTi?

19.HagBkoJ10 4oro 31HCHIOETHCS MIOBOPOT Ha TUTOIIHMHI?

20.HaBko:10 9oro 3A1HCHIOETHCA TOBOPOT y MPOCTOP1?

21.5lxi KpOKH BUKOHYIOTBCS B QJITOPUTMI IOBOPOTY IIOJI0 JOBUIBHOI OCI B
pocTopi?

22.J10BEiTh, 10 SKIIO MATPHUI <1 € MAaTPHUIIEIO TOBOPOTY, TE 1 - AT =F,
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Tema 5. IOJAHHS TEOMETPUYHOI IH®OPMAIIII
I'eomerpuuyni npumituBu. CHCTEeMH KOOpAMHAT: CBITOBOTO, 0O0'€KTHa,
cnocrepirada ¥ expaHHa. OOHOPIAHI KOOPAMHATH. 3aBJaHHS TE€OMETPUUYHMX
HepETBOPEHD B OJTHOPIAHUX KOOPJMHATAX 32 JOMOMOTOI0 MaTPHIIb

5.1. 'eomeTpu4Hi NPUMITHBH

[lim reoMeTpUYHMMH TPUMITHBAMH PO3YMIIOTH TOW 0a3oBWil  HaOIp
reoMeTpuyHuXx QIryp, Mo JEKUTh B OCHOBI BCiX rpadiyHUX MOOYIO0B, MPUYOMY Iii
¢birypu moBuHHI1 yTBOpIOBaTH "0a3uc" y TOMY pO3yMiHHI, IO JKOJEH 13 IIUX 00'€KTiB
HE MO)XHa MoOyayBatu uyepes iHimil. OJHaK MUTaHHS IPO Te, IO BKIOYATH B HAOIp
F€OMETPUYHUX TMPUMITUBIB, HE MOKHAa BBaXAaTH OCTATOYHO BHUPIIICHUM Y
KOMIT'IOTepHIii rpadiii. Hampukiaza, KiabKiCTh MPUMITUBIB MOKHA 3BECTHU JI0 SIKOTOCh
MIHIMyMY, 0€3 SIKOTO HE MO>KHa OOIATHCA, 1 e MIHIMYM 3BOJUTHCA JO amapaTHO
peanizoBaHux rpadpigyHuX 00'€KTiB. Y 1IbOMY BUIAJKy 0a3uCHUN HaOIp OOMEKY€EThCS
BiApi3KOM, 6araTOKyTHHKOM 1 HA0OpOM JiiTep (CUMBOJIIB).

[H11a TOYKA 30pY MOJISATAE B TOMY, 1110 B HAO1p MPUMITHUBIB HEOOX1THO BKIIOUUTH
rIagKkl KpUB1 pi3HOTO poay (Koja, eJirncH, KpuBl be3be), MesKi Kiacu IMOBEPXOHB 1
HaBITh CYIUIBHI TE€OMETPUYHI Tina. Y SKOCTI TPUBUMIPHUX T'€OMETPUYHUX
MPUMITHBIB Y TAKOMY BHUIAJKY MPOIMOHYIOTHCS MPOCTOPOBI KPHUBI, Mapayeienine/u,
MipamMiau, eIncoiau. AJe Ko TaKUuil po3IUpeHruid Hab1p MPUMITHBIB TMOB'sI3aHUI 3
anapaTHOIO peai3alli€ro, TO BUHUKAE IpodieMa MepeHeceHHsl MPOrpaMHUX JTOAAaTKIB
3 OJTHOTO KOMIT'FOTepa Ha 1HIIIH, OCKIIBKY TaKa arnapaTHa MiITPUMKa iICHy€ JaJIeKO He
Ha BCiX Trpadiuaux cTadmisx. KpiM TOoro, mnpu CTBOPEHHI TPUBUMIPHUX
T€OMETPUYHUX MPHUMITUBIB MPOTPaMICTH 3IIITOBXYIOTHCS 13 MPOOJIEMOIO IXHBOTO
MaTEMaTUYHOTO OMHUCY, a TaKOX PO3POOKH METOMIB MAHIMYJIOBAaHHS TaKUMU
00'ekTamMM, OCKUTHKM T1 TUIMH O0'€KTIB, SIKI HE MOTPAMNMIA B CIHCOK 0a30BUX, Tpeba
BMITH HAOIFM>KaTH 32 JJOTIOMOTOIO X IMPUMITHBIB.

Y  OarathOX  BHMaAKax JJIg  anpoOKCHUMAIli  CKJIAJHUX  IOBEPXOHb
BUKOPHUCTOBYIOThCSI OaraTorpaHHuku, ajie ¢Gopma rpaHed Moxke OyTH PI3HOI.
[IpocTopoBHil GaraTOKyTHUK 13 YHMCIOM BEpIIMH OUIbLIE TPHOX HE 3aBXIU OyBae
IJIOCKUM, a B IIbOMY BHUIAIKy aJTOPUTMHU 300pakeHHs OaraTOrpaHHUKIB MOXYTh
IIPUBECTH IO HEKOPEKTHOTO Pe3yJbTary. TOMy MIpOrpaMmicT IMMOBHHEH caM IOA0aTH
npo Te, 100 OararorpaHHWK OyB OINHWCAHWKA TPABWIBHO. Y I[bOMY BHITQJIKY
ONTHMAJIBHAM BHXOJIOM 3 TIOJIOKCHHS € BUKOPHCTAHHS TPHKYTHHKIB, OCKIJIBKU
TPUKYTHUK 3aBXKIHM € TJIOCKUM. Y cydacHid rpadimi e, MaOyTh, HAUMOITUPEHIIINAN
X1,

Ane icHye ¥ ambTepHAaTUBHUN HAMPSIMOK, IO HA3WBAETHCSA KOHCTPYKTHBHOI)
reoMeTpi€Io Tijl. Y cuctemax, 1o BUKOPUCTOBYIOThH 1€l MiIXif, 00'€KTH OYIyIOThCS
3 00'€eMHMX TPUMITHBIB 3 BUKOPUCTAHHSM TEOPETUKO- MHOXUHHUX OTEpaIlii
(o0'eqHaHHS, IEPETUHAHHS).

bynp-sika rpadiuna Oi0mioTeka BuU3HAauyae CBIA HaOlp mNpuMITUBIB. Tak,
HAMpPUKJIaJ, [MHUPOKO PO3MOBCIO/KEHA 1HTEPAKTHBHA CUCTEMAa TPUBUMIPHOI rpadiku
OpenGL BxJIOYae 10 CHOUCKY CBOIX MPUMITHBIB Kpamnkud (BEpIIMHHU), BIAPI3KH,
JaMaHi, OaraTOKyTHUKH (cepea SKUX OCOOJMBO BUIAUISIOTHCS TPUKYTHUKH ¢
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YOTUPUKYTHUKH), CMYTU (TPYNH TPUKYTHUKIB a00 YOTUPUKYTHHKIB 13 3arajibHUMHU
BepmmHamu) i mpudtu. KpiMm Toro, y Hei BXOAATH 1 €Ki TeOMETpUYHI Tia: cdepa,
IAJIIHIP, KOHYC 1 1H.

3po3yMifio, mo I 300payKeHHS TaKUX MPUMITHBIB TOBUHHI OyTH pO3po0IieHi
edeKTUBHI ¥ HaAIHI aNTOPUTMH, OCKUTBKH BOHH € KOHCTPYKTUBHUMH €JIEMECHTAMH.
[cTOpUYHO 3JI0XKUIOCA TaK, IO TepIr AucIuiei OyJin BEKTOPHHMH, TOMY 0a30BUM
npuMiTUBOM OyB BiApi3OK. Ale, fK yXe Oylo BIA3HAYEHO B MEPIIOMY PpO3ILIi
HAIIOro Kypcy, Hailmnepiia iHtepakTuBHa mporpama Sketchpad A.Cazepnenga B
SIKOCT1I OJIHOTO 13 TPHUMITHUBIB Majla TPSAMOKYTHHK, IIICIS YOro Ied 00'e€KT yxke
TpaAUIIHHO BXOJAUB Y Pi3HI rpadiuni 01010TEKH.

TyT Mu po3riisiHEMO Taki MPUMITHBH, SK BepPUIMHA, BiApi3ok, BOKceJb 1
MOJIel, 0 OYIyI0ThCA Ha iXHI OCHOBI, a TaKOXK (PyHKIIOHAJIBHI MOJIeJIi.

5.2. oJaironaabHi Moaesi

JIJist IUX MPOCTOPOBUX MOJIENEH BUKOPUCTOBYIOTHCS SIK MPUMITHBU BEPIIHHU
(kpanmkd B MpPOCTOp1), BIAPI3KU NPsIMUX (BEKTOPH), 3 SKUX OYAYIOTHCS MOJILTiHIT,
MOJIIrOHM ¥ MOJIIroHA/IbHI MOBepPXHi. ['0JJOBHUM €JIeMEHTOM OIMCY € BEpIlHUHA, BCI
IHII € MOXIAHUMHU. Y TPUBUMIPHOI JEKapTOBIM CHCTEMI KOOPAMHATH BEPIIWHU
BU3HAYAIOTHCS CBOIMU KOOpAUHATaMH (X,Y,Z), JIHIS 33Ja€ThCsl IBOMA BEPIIMHAMU,
MOJILJTIHIA SIBJISE COOOI0 HE3aMKHYTY JIaMaHy JIiHIIO, MOJIITOH — 3aMKHYTY JamMaHy
minito. [loniron Mopentoe IJIOCKUNA O00'€KT 1 MOXKE ONUCYBaTH IUIOCKY TI'paHb
00'eMHoro o0'ekta. Kinbka rpaHeil CTaHOBIIATH Led 00'€KT y BUIIIAJIL MOJITOHAIBHOI
MOBEPXHI — OararorpaHHuK a0 HE3aMKHYTa MoBepxHs ('moniroHanbHa citka").

- N DB

BepliunHa NiHiA MoniniHia MoniroH MoniroHanbHa
NOBEepXHA

Puc. 5.1. TlomironanesHi Moaenl

Y cydacHiii komm'toTepHid Tpadimi BEKTOPHO-TOJITOHAIbHA MOJETh €
HaWmomwupeHimow. BoHa 3acTOCOBYEThCS B CHCTEMax aBTOMAaTH30BAaHOTO
MIPOCKTYBaHHS, KOMITIOTEPHUX irpax, TpeHaxkepax, [ UC, CAIIP i T.x. IlepeBaru i€l
MO/ICIIi TIOJISITAI0Th Y HACTYITHOMY:

— 3pyuHicTh MacHITabyBaHHS 00'€KTIB.
— HeBenukuii 006CsT MaHUX I OTUCY MPOCTUX TTOBEPXOHb.
— AmnaparHa miaTpuMKa 6aratbox ornepartiu.

Jlo uymciaa HENOJIKIB MONITOHAIBHHUX MOJEIEM MOXHA BIJHECTH Te, IO
AJTOPUTMH Bi3yasri3allii BUKOHAaHHS TOIOJIOTIYHUX omepalliid (Hampukiam, moodyaoBa
MEPEeTUHIB) JOCUTHh CKiaaHi. KpiM Toro, ampokcumarlis IUIOCKUMHU TpaHIMU
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HPUBOJUTL JIO 3HAYHOI TOIPINIHOCTI, OCOOJMBO MPH MOJICIIOBAHHI TOBEPXOHb
CKJIaTTHOT (POpMHU.

5.3. BokceabHi Mmoaeti

BokcenpHa Momenb — 11e TojmaHHs 00'€KTIB y BWIJISAI TPUBUMIPHOTO MAaCHUBY
o0'eMHux (kyOiuHux) enmeMeHTiB. Cama Ha3Ba "BOKcenb'" CKJIAIEHO 13 JBOX CIIIB:
volume element. Tak camo sK 1 MIKCENb, BOKCEIb Ma€ CBOI aTpuOyTu (KOJIip,
po30picTh 1 T.m.). IToBHA MPO30PICTh BOKCENSI O3HAYAE MOPOKHEUY y BiAMOBIIHIM
Kparii o0csry. Uum O11bIiie BOKCENIB y IEBHOMY 00CsI31 i MEHIIIE TXHIM pO3Mip, TUM
TOYHIIIIE MOJICTIOIOTHCS TPUBUMIPHI 00'€KTH.

YAV A A4

®

A

\

Bokcenks

Puc. 5.2. BokcenbHa MOJIEID

[To3uTUBHUMU prCaMU BOKCEJIBHOI MOJIENI €:
— MoOXIMBICTh MPEACTABIATH BHYTPIMIHICTh 00'€KTA, a HE TUIbKM 30BHIIIHIN 1Iap;
MpoCTa Mpolieaypa BiioOpakeHHs 00'€MHHUX CLIEH.
— TlpocTte BUKOHAHHS TOMOJIOTIYHHUX OTEpalliii; HampuKIIa, mob moka3aTu NepeTuH
IPOCTOPOBOTO TiJia, TOCUTH BOKCEI 3pOOUTH MPO30PUMH.

J1o ii HeOJIIKIB CTABJISATHCS:
— Benuka kinbkicTh iHpOpMaItii, HeoOXiHe I MOAaHHS 00'€MHUX JTaHUX.
— 3HayHl BUTpPATH NaM'ATi, MO0 OOMEXKYIOTh pPO3B'SI3HY 3AATHICTh, TOYHICTb
MO/ICTFOBAHHSI.
— IlpoGmemu mpu 30imbIIEHHI a00 3MEHIICHHI 300paXEHHS; HaNpUKIad, 31
30UTBIIEHHSM TOTIPITYETHCS PO3/IIbHA 3/IaTHICTh 300pasKeHHS.

5.4. lloBepxHi BiibHUX (opM (PyHKIIOHATBHI MO/IeJTi)

XapakTepHOIO PUCOI0 MPOIMOHOBAHOTO CIOCO0Y 3aBAaHHS MOBEPXOHb € Te, 1110
OCHOBHMM TNPUMITUBOM TYyT € TMOBEPXHS APYyroro NOpPAIKY — KBaApPHUK. BiH
BU3HAYAETHCSI 32 JONOMOIOI0 PEYOBMHHOI Oe3nepepBHOI (PYHKIII TPbOX 3MIHHHUX

(z,v, ?)y Burasami HepiBHOCTI F(z,y,z) = 0.
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TakuM 4YMHOM, KBaJpUK € 3aMKHYTa MiJIMHOKMHA E€BKJIIZOBa MPOCTOPY, BCI

KPAIIKH SIKOTO 3aI0BOJIGHSIIOTH 3a3HadeHill HepiBHOCTI. PiBmstHHS £ (z,v,2) =0
OMHCY€ TPaHMIIO ITi€l Oe3miui. besmiu kpamok, 1Mo 3a10BOIBHSIIOTH HEPIBHOCTI

Flz,u,2) <0, YTBOPUTH 30BHIIHIO 00J1aCTh KBaJIpUKA.

Binbna ¢opma — 1e J0BUIBHA TMOBEpPXHS, IO BOJIOAIE BIIACTUBOCTAMHU
IIAIKOCTI, Oe3MmepepBHOCTI 1 Hepo3puBHOCTI. Ha 6a3i kBaapukiB OyayrOThCS BiIbHI
dbopmu, K1 ONMUCYIOTh (DYHKIIOHATBHI Mojeli. BiibHa dopma, modyioBaHa Ha IHUX
MPUHITUTIAX, Ma€ psAI TOCTOTHCTB, JO SKHX, Yy TeEpmry uepry, Tpeba BimHECTH
HACTYIIHI:

— Jlerka mpomemypa po3paxyHKy KOOpPIUHAT KOXKHOT KPaIKH.

— Hesenukuii o0csr iHGopMarii 1151 OMKUCY TOCUTh CKITHUX (GOPM.

— MoxuBicTh OyAyBaTH MOBEPXHI HAa OCHOBI CKAIIPHUX JaHUX 03 MomepeaHboi
TPlaHTyJISIIII.

Ieit miaxig Oyae OlIbII JOKJIAJHO BUKIAAECHUM Y HACTYITHHUX TIaBax.

Y HamiM Kypci nependayaeTbes PO3IIISTHYTH PACTPOBI  aITOPUTMU IS
300paK€HHSI TAKUX T€OMETPUYHUX MPUMITHUBIB, SIK BIIPI3KH, OAaraTOKyTHUKH, KOJa U
emncu. AJle CoYaTKy MU 3aliMIMOCh THM T€OMETPUYHUM amapaTtoM, IO JO03BOJIUTH
aJIeKBaTHO OIMCYBAaTH OO'€KTH B MPOCTOPI, MpaloBaTd 3 HUMU ¥ (opmyBatu
300paKE€HHSI.

5.5. CucreMHu KOOpAMHAT: CBITOBOI0, 00'€KTHA, crIocTepiraya i eKpanHa
9 9

OpHi€el 3 pO3MNOBCIOPKEHUX 3aBAaHb KOMM'IOTEPHOI rpadiku € 300pa’keHHS
JIBOBUMIpHUX TpadikiB y nedkiid cuctemi koopauHat. L1 rpadiku npusHayeHi ais
BIIOOpaXEHHsI 3aJ€KHOCTI MDK 3MIHHMMH, 33/1aHOi 32 JOMOMOIOK (yHKIIII.
Hanpuknazn, y apyromy po3aiii COpaBXHbOTO Kypcy HaBeAeHUH psn rpadikis, IO
XapaKTepU3yTh COPUNHATTA CBITIa okoM JiroauHu. 11lo0 oxepkatu Takuit rpadik,
NPUKJIaJHA TIPOrpaMa MOBUHHA OMUCATH PI3HI BUXITHI MPUMITUBH (Kpamku, JiHIi,
JAHIIO’)KKA CUMBOJIB), YKa3aBIIM IXHE MICI€ pO3TAllyBaHHA W pO3MIpU B
OPSIMOKYTHIN cucteMi koopAauHaT. OAUHUIN BUMIPY, Y SKUX 3aJa0ThCS 111 00'€KTH,
3aJie’aTh BiJl IXHBOT IPUPOAM: 3MiHA TEMIIEPATyPH, HAIPUKJIIAJ, MOKHA BlIOOpakaTu
B Ipajlycax 3a TOJUHY, MEPEMIIEHHS Tijia B MIPOCTOPI — Y KUIOMETpax y CeKyHIy, 1
.. i mpuknagai (abo opieHTOBaHI Ha KOpPUCTyBauya) KOOPJIWHATH JTO3BOJISIOTH
3aaBaT O0'€KTH y JBOBUMIPHOMY a00 TPHUBUMIPHOMY CBITI KOpHUCTyBaya, 1 iX
NPUIHATO Ha3UBATH CBITOBMMH KOOPAHHATAMM.

300pakeHHsI TPUBUMIPHUX OO'€KTIB CHOJYYEHO 13 IUIMM PSAIOM 3aBIaHb.
Hacamnepen tpeba nmam'sataTtu, o 300pa)keHHs € TJIOCKUM, TOMY Tpeba JTOMOTTHCS
aJIeKBaTHO1 Tiepeqayl Bi3yaJlbHUX BJIACTUBOCTEH MpPEAMETIB, JAaTH JOCUTh HAOYHE
nofaHHs npo riubuny. Hapmam rpynu TpuBUMIpHHUX OO'€KTIB, MPU3HAYEHUX JIA
300pakeHHs, OyJIeMO Ha3MBaTH MPOCTOPOBOK CIIEHOI0, a 1ii JIBOBUMIpHE
300pakeHHS — 00pa3oM.
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Kappoee
BiKHO

O6ekTHa
KOOpAMHATHA

cucTema ’x

. Touka
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Hanpam

. 3opy
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Puc. 5.3. O0'exkTHa cucTemMa KOOpJUHAT 1 cCCTeMa KOOpAMHAT criocTepiraya

Sk 1 y BUMaAKy 13 JBOBUMIPDHUMHU 00'€KTaMH, MEPIIUM KPOKOM MOOYJOBU €
BBeAcHHS 1HpopMarlii nmpo 06'ektu. CiieHa 3aiiMae sKech IMeBHE MiCIIe B IMPOCTOPI, a ii
OIHC TPUB'A3YETHCA 10 TPUBUMIPHOTO JIEKAPTOBOM CHCTEMI KOOPJIMHAT, MOB'A3aHOI 3
HEelo, — 00'eKTHi koopauHaTHii cucremi. KoopiuHaTu 00'€KTiB, IO CTAHOBIIATH
CIICHY, BHU3HAYAIOTbCSI HAa OCHOBI IXHIX pEaJbHUX PO3MIPIB 1 B3aEMHOIO
po3TantyBaHHs. 3aJICKHO BiJl KPAIKH, 3 K0T PO3TIIAIAETHCS CIIEHA, MOYKHA OJCpKaTH
0e3m4 pi3HUX 1i 00pa3iB. SKIo moOyI0BaHO JOCHTH O0araTo Takux 00pa3iB, TO IO
HUX MOXHa BIJJHOBUTH 00'€MHY CTPYKTypy mpeamera. Bubip kpanku il HampsiMKy
30py TEX MOXKHA ONMMCATH MATEMaTHYHO, YBIBIIU JIEKAPTOBY CHCTEMY KOOPIAMHAT
crocTepiraya, noyaTok sSikuil nepeOyBae B Kparilli OTJIs1y, a OJHa 3 Ocel 301raeThes
3 HanpsaMkoM 30py (puc. 5.3). Ilepexim Big 00'€éKTHHUX KOOpPAWMHAT JO KOOPJAWHAT
crocTepiraya MaTeMaTHYHO PEali3yeThCsl Tak, SK 1€ OyJ0 OMUCAHO B TPETHOMY
po3auti. Ha nboMy eTami nepeTBopeHb 30€piratoThCsi peasibH1 po3Mipu 00'€KTIB.

Buaumuii o6pa3 ¢popMyeThes Ha ACSIKIN TUIONINHI, 110 Haaasul OyJemMo Ha3uBaTH
KAPTUHHOKW MWiommHow. Crocobu mNepeTBOPEHHS TPUBUMIPHOTO 00'€KTa Y
IBOBUMIpHUN o0pa3 (mpoekuii) MOXyTb OyTH pi3HMMHU. Tak uYM 1HaKmie, ajie
OoTpUMaHuii 00pa3 TaKOX MOBUHEH OYTH OMHMCAHWH y JIESKii TBOBUMIPHIM cHUCTeMI
KOOPJIMHAT. 3aJIeXHO BiJ CrIOCO0Yy MOro oJiepKaHHS pealibHI PO3MIPU 00pa3u TAKOX
MOXYTb OyTW pi3Hi. Pi3HI BUOu NpOeKTyBaHHA OyIyTh IOKJIAJHO PO3IJISHYTI B
HACTyITHUX TJIaBax.

YJL

VI I S — ! [T B !

Puc. 5.4. KapTuHHa miomuHa i eKpaH
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OCKUIbKHM HAIOI0 KIHIIEBOIO METOIO € OJIEp)KaHHS 300pakKeHHS Ha €KpaHi, TO
IIEpEHECEHHS 00pa3a CyImpOBOKYETHCS 3MIHOK MaciiTady BIAIIOBIAHO A0 PO3MipiB
eKkpaHa. 3BUYaHO MOYATKOM KOOPJMUHAT Y CHUCTeMi KOOpAMHAT 00pa3a BBAXKAETHCA
JIBUN HIKHIM KyT apKyla i3 300paxkeHHsaM. Ha ekpaHi gucriies mo4aTok KOOpAUHAT
TpaAuIlIiHO TiepeOyBae B JIBOMY BepXHbOMY KyTi. BimoOpakeHHsS MaylfoHKa 3
KapTUHHOI IUIONIMHA Ha ©KpaH T[OBWHHE BUPOOJATHUCS 3  MIHIMaIbHUAM
MepPEeKPyYyBaHHAM TMPOMOPITiNA, MO0 caMe MO0 co0l BHOCHTh OOMEKEHHS Ha 00J1acTh
€KpaHa, 3aliMaHy MAaJIFOHKOM. 3MiHa MacmTa0y IIOBHHHE 3iHCHIOBAaTHCS 31
30epekeHHsIM TIporopItiid ooacti (puc. 5.4).

OO0'exTH B cuUCTEMI KOOpPAMHAT KAPTHUHHOI IUIOMIMHU 33Jal0ThCsl B SIKUX- a00
OJIMHULISIX BUMIpPY, MPUYOMY MacIITad OJHAKOBUM MO 000X ocsix koopauHaT. Ha
€KpaHl OJUHUIICI0O BUMIPY € TIKCEelb, SIKOMY BapTO PO3MVISIIATU SIK MPSAMOKYTHUM,
TOMY MaclITabu MO TOPU3OHTANIBHIN 1 BEPTHKAIBHINA OCAX MOXYTh OyTH pi3Hi, IO
HEOOX1JHO BpaxoBYyBaTH NPH 3aBJaHH1 KOe(ill€eHTIB MaclITa0yBaHHS.

PosrnsiueMo cuTyariito, Koiau 300pakeHHs 3aiiMae Ha KAPTUHHIA IUIONIMHI

IPAMOKYTHY obnmacte T1 = T2, U1 = U = U2 [pu BimoOpakeHHI MAIIOHKA Ha €KPaH
KOXKHa KpAIKa BHXiJHOTO MPSIMOKYTHHKA 3 KOOPAMHATAMH (z, l:‘,Jnepelzme B JICAKY

KparkKy i3 IIOYHCIOBUMH KOOPIHHATAMH (4,3). VBeneMo Io3HaYeHHS
Ar=z1:—1, Ayv=w—wn, Ai=iz—i1, Aj=j2— 7,

. A . Aj
D= o, S, = —
QI - _\y
(Hep eﬂ6aqa€“’c’[ mo 300pakeHHs  3afiMe  Ha  eKpaHi  TPSMOKYTHHK
N SiZis 0 J'") Busnaunmo TEPETBOPEHHS KOOP/IHHAT 06pasa (z,¥)p eKpaHHi
KOOpAWHATHU EE:JJ(bopMyHaMH =i+ S:(x—11), F=J2— Sulv—w).

ScHo, 1m0 Tpu TakoMy BiAOOpakKeHHI MPSIMOKYTHA 001acTh o0pa3a B TOYHOCTI
nepeine y BIAMOBIIHUN €KpaHHUN MPSIMOKYTHHK, SIK TIOKa3aHO Ha MalIOHKY. Temep
Tpeba BHU3HAYUTU CaM EKpaHHUW TMPAMOKYTHUK Tak, I00 #oro mpomnopirii

BIIMOBI AT TIPSMOKYTHHKY 00pa3a, To0TO
Ax Ai g JAY)

= ==k

Ay Aj-l, A
ne ley Ly TOPU3OHTAJILHUM 1 BEPTUKAIBLHUN po3Mip oaHoro mikcens. L1 mapameTpu
JIETKO  BCTAHOBUTH, 3HAIOYM po3Mipu eKpaHa W J03BUI. 3BIACH OJEPKYEMO
_I"'\J—J'--. e j.t,r:, S_I__.:,F.:-S:

Tenep mocuTh 3amaT Ha €KpaHi MOYATOK BIJIIKY W TOPU3OHTAIBHHUN PO3MIp
BIKHA, a 1HIII MapaMeTpH JIETKO OOYUCITIOIOTHCS.

5.6. OnHopiani koopauHaTH. 3aBIaHHS TeOMETPUYHUX TMeEPEeTBOPeHb B
OJTHOPIAHUX KOOPAMHATAX 32 JONOMOI0I MATPHUIlb

VY momnepenHiil T1aBi OMUCYBAIKCS TEOMETPUYHI MEPETBOPEHHS HA TIJIOMIUHI U Y
IIPOCTOPI, a TAKOXK OYJI0 MOKa3aHO, IK MO’KHA BUKOPHCTOBYBATH artapaT MaTPHIlb JJIs
TakuxX 3aBlaHb. [[1s mepeTBOpeHh Ha IUIONIMHI 3aCTOCOBYBAJIMCS JIBOBHUMIpHI
BEKTOPH # MaTpul po3mipricTio 2 * 2.V mpocropi, BinmoBigHO, i3 i€l %e METO0
BUKOPHCTOBYBAJIMCS TPHBHMIPHI BEKTOpH it MaTpuii = % 3. Ase Takuil miaxim He
JT03BOJISIE€ 3a/1aBaTH 3a JIOTIOMOI'OK0 MaTPHIlb NMEPETBOPEHHS MEPEeHOoCY U mpoekiii. Y
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3B'SI3KY 13 IIUM Y TPOEKTUBHIN reomeTpii OyB po3poOiieHui amapar, 1o J03BOJISIE
yHI(pIKYBaTH BCl TE€OMETPHYHI TEPETBOPCHHS IUIIXOM BBEICHHS TaK 3BaHHX
OJHOPITHMX KOOPJAUHAT.

JIJIsl TOSICHEHHST TaKOTO IMiIXOAY CIOYaTKy PO3MVISTHEMO BHITAJIOK JBOBHMIPHOTO

npoctopy. KokHa kpamnka IJIOIMMHU 3 KOOpAMHATaMU (z,¥)moke onHOUACHO

pO3IIsAaTUCS K Kpallka TPUBHMIPHOIO IIPOCTOPY 3 KOOpJAMHATAMHU (z,u, U, TOOTO
K Kpamka, IO JIeKWTh Ha IutommHi = = 1. 3 iHmoro OOKy, KOXHIiM Kparmii

TPUBUMIPHOTO TPOCTOPY (z,u,2)3a ymoBu © 7 UBinmoBimae examHa kpamka wiei x

MIOMHMHEN = =R [Ipy 11bOMY BHXOAMUTH, IO KOXKHIM Kpamili ILIOIIHHHA (z,9,1)
BIMIOBiIa€ TIpsAMa, 10 MPOXOAWTH Yepe3 IMOYaTOK KOOpPAWHAT, TOOTO
BCTAHOBJIIOETHCS B3a€EMHO OJHO3HAYHA BIAMOBIAHICTH MK KpamKaM{ IUIOIIMHH M
6esmivamu (1T.tY,1), —oo <t < co, 1 #0

SAkio Tenep po3risaaTH Kpanky IUIONUHU SK MPUHAIC)KHOMY TPMBHMiIPpHOMY
IIPOCTOPY, TO ii IBOBUMIpPHI IMEpETBOPEHHS MOXKHA OyJie ONMUCYBATH 3a JIOIIOMOTOIO
MaTpuLp 3 X 3, IpHYOMy MOXKHA Oye 3aJaBaTH TAKHUM CIOCOO0M HE TLIbKH
MOBOPOTHU ¥ MacimTaOyBaHHs, ajie ¥ 3pylIeHHs W mpoekIli (SK oprorpadiyHi, TaK i
IIEHTPAJIbHI).

[ToBopoT Ha KyT O BIZHOCHO TMOYAaTKy KOOpPAMHAT MOXHa 3AIMCHUTH 3a
JIOTIOMOT'OX0 HOBOi MaTpHIll TOBOPOTY:

I cosa —sina O

I
y'| = | sinae  cosa O Yy
1 0 0 1 1
Onmneparrist MaciiTabyBaHHs MOKe OyTH 3amucaHa y BUTIISII
ar @ 0 0 T
by | =10 b 0O Y
1 0 0 1 1
ITepenoc Ha BEKTOD (zo, L‘UJ_TaKom MO>KHA 3aJaTH 3a JI0TTOMOTOI0 MaTPUIIL:
r+ xn 1 0O xq T
vtuw (=0 1 wa v
1 o0 1 1

ITpoekmii kpamku Ha OCI KOOpJAMHAT BHU3HAYAIOTHCS 3a JOTOMOTOI0 MATPHIlh
MIPOCKIIIi:

1 0 0 0 0 0
pP.=|0 0 0|, B=|0 1 0
00 1 00 1

[lepeiinemo tenep 10 TpuBUMIpHOTO TIpocTopy. KoxHii kparii (z,v, i'j6yaeM0

CTaBUTU Yy BIANOBIJHICTh KPAmKy YOTHPbOXMIPHOTO MPOCTOPY (z,v,2, L), a mns
BUKOHAHHSI OCHOBHMX MEPETBOPEHb OYJIEMO BUKOPHUCTOBYBATH MATPHUILIl PO3MIPHICTIO
+ > 4 BynyloThcsi BOHM 30BCIM aHAJIONIYHO TOMY, SIK 1€ POOHMIIOCS Y JBOBUMIPHOMY

BUNAAKY. MaTpuls 3pyIlIeHHs Ha BEKTOP (70, s, z0) Mac BUTJIA
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00 MaTpHlsg MaclITa0yBaHHS TEK OYEBHIHUM 00pa3oM OyayeThCs 13

TPUBHUMIPHOI MaTpPUIIL:

g

oo o=
[ I o B Y v
o © O
= o OO

[Tpoekriii kpamok Ha KOOPAWHATHI IJIONIMHU 3IHCHIOIOTHCS 32 JOTIOMOTOIO
MaTpuib (O1IbLI JOKIAJHO NPOEKIIi 1 IXHIX BUIB OyIyTh PO3IIIAHYTI Mi3HILIE):

1 0 0 0 00 0 0 1 0 0 0
01 0 0 01 0 0 000 0
Pev=1000 0| *==|oo 1 0ol =00 1 o
0001 0001 0001

MHOXEHHS IIUX MAaTPULlb HA BEKTOP IPUBOJIUTH IO TOTO, III0 OOHYJIIOETHCA OHA
3 KOOPJAMHAT, 1 B PE3yJbTaTl OJEPKY€EMO MPOEKIIII0 KPAIKH Ha BIAMOBIHY IUIOLIUHY.
Marpung nosopoty mogo oci &X Ha KyT ' BUTTIAa€ B TaKHH CII0CIO:

1 0 0 0

R — 0 cosa —sina 0
= 0 sina cosa O
0 0 0 1

3BIJICU JIETKO 3pO3YMITH, SK OyJIyIOTbCSI MATpPHUIll MOBOPOTY IOJO 1HIIMX
KOOPJIMHATHUX OCEH, a Tak0oXX MAaTpHIlsl MOBOPOTY ILIOAO JOBLIBHOI oci. IIpocto
OepeMo MaTpuili, MOOYIOBaHI B TPETbOMY pO3ALIl, 1 PO3MMUPIOEMO IX HUISIXOM

AO0JIaBaHH BXKC BiI[OMI/IX OIWHHWYHHX BCKTOpA-pAAKa 5 BCKTOpPA- CTOBIIIIA:
£ ox % 0

0
# % % 0
00 0 1
HInsixom o00'enHaHHS HaBEACHUX EJIEMEHTapHUX IEPETBOPEHb MOXHa
noOyyBaTH il OblIe CKIaAHI. Y TPEThOMY PO3/LII MU BUKOPHUCTOBYBAJIU 100YTOK
MPOCTUX MATPHUIb 00EPTaHHS JIJIsl TOOYJOBU MAaTPUIll MOBOPOTY IIOAO JOBLIBHOI OCI.
[IpuBenemMo OJIMH MPUKIIA.
Hexait y mpocropi 3amani nsa Bimpisku — A5 i1 CD . bymemo Oymysaru
MaTPUII0 TEPETBOPEHHS, 10 MEepeBOAUTh Mepuuid Biapi3ok y apyruil. Lle

NEepPETBOPEHHS PO3KJIaJeMO Ha HACTYIHI €JIEMEHTapHI1 Jii.

1. 3pymienHs, o  mepemimiae  Kpamky ~ ‘r = (Ae, Ay, ALy

I:__1 — [i':__‘;-;:, ':__1!_.-:,':__1_;]

Kpanky

2. 3pylieHHs TOYaTKy KOOPAUHAT Y III0 e KParKy.

3. Skmo Biapi3Ku HEKOJIIHEapHi:
— OyayeTbcs BEKTOpP HOpMaJl IO TUIONIMHU, y SKIM JIeXaTh BIAPI3KK (I IBOTO
MO’Ha BUKOPUCTOBYBATH BEKTOPHHI TOOYTOK BHXITHUX BEKTOPIB);
— TOBOPOT IIOJI0 BEKTOpa HOPMAJIi, 1[0 CIOJYyYae JIBa BIAPI3KH MO HAMPIMKY (KyT
MOBOPOTY MOHAa BH3HAYUTH 32 JOMOMOIOK CKAIAPHOTO JOOYTKY BHXITHHUX
BEKTOPIB).
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4. MacmtaOyBaHHs 3 METOIO BUPIBHIOBaHHS JOBXWHU BIAPI3KiB.
5. TloBepHEHHS MOYATKy KOOPAWHAT Y BUXITHY TOUKY.
KoHe 13 1ux mepeTBOpeHb peai3yeThCs 3a JOMOMOTOI0 MATpHIl, a TOBHE
MEPETBOPECHHS MOYKHA BUKOHATH, BUKOPUCTOBYIOUHN JOOYTOK MAaTPHIIb.
BukopuctanHs MaTpuilb Ty>Xe 3py4YHO 711 BAKOHAHHS TIEPETBOPEHB y MPOCTOPI,
Xo4ya B JCSIKAX BHUMAJKaX II€ MPUBOIAUTH 0 HAIWIIKOBOTO YHCIIA BUKOHYBAHHX
omepaniid. Hampukiaza, moBopoT ofHIET Kpanku B MPOCTOPI MIOJI0 KOOPAUHATHOI OCI
(Z'3a JOMOMOrOI0 MAaTpPHUIlb B OJHODPITHMX KOOpAMHATaX BuUMarae 16 omepariii
MHOXEHHsSI ¥ 12 omepariii gogaBaHHsA. Y TOW JX€ 4Yac BIH JIETKO MOXE OYyTH
BUKOHAHMM 32 JOMIOMOTO0I0 (DOpMYII TEPETBOPEHHS
' =rcosa— ysina

P

y' = zsina +ycosa’ o670 3a JIOTIOMOTOI0 BCHOTO JIUIIIE YOTUPHOX MHOXKEHb 1
OJIHOTO JI0JaBaHHs ¥ OJHOrO BupaxyBaHHA. Omepailii 3pylIeHHsS TaKOX Habarato
OUIBIII €KOHOMIYHO BHUKOHYBaTH 0€3 BUKOPUCTaHHS MaTpHilb. AJlile KOJU MOBa He
PO CYIEPHO3uIliI0 0ararboX MEPEeTBOPEHb (SIK, HAMPHUKIIAJ, y BUIAJKY MOBOPOTY
1010 JOBUIBHOI OC1), T€ JOIJIBHO 3aCTOCOBYBATH BIJAMOBIAHY MATPHUIIIO MTOBOPOTY.
EdexTuBHICTE MATPUYHOTO MIJAXOY TyKE CHIBHO 3pPOCTAE, SKIIO MAaTPUYHI onepartii
peanizoBani amapaTtHo. [lutaHHs mpo Te, y SKUX BUMNAJAKAX BUKOPUCTOBYBATH
MaTpHIll, a B IKUX Hi, 0araTo B 4OMY 3aJICKUTh B1JI MOKJIMBOCTEH OOUYHCIIIOBAIBHOI
TEXHIKH, PIBHS CKJIAQJHOCTI 3aBJaHHS ¥ BHUMOT JI0 TUMYACOBUX XapaKTEPUCTUK
MPOIIECy Bi3yasli3allii.

5.7. IlnTaHHs i BIPpaBH

1. SIxi reomeTpudHi 00'€KTH BBAXKAIOTHCS MPUMITUBAMU?

2. Sxi BUMOTH TIpeN'sIBISIIOTHCS 10 HA0OPY T€OMETPUIHUX MPUMITHUBIB?

3. YV kil mporpami BIepiie SK T€OMETPUYHUN TPHUMITUB BUKOPHUCTOBYBABCS
MPSAMOKYTHHK?

4. 1o take 00'ekTHA cucTeMa KOOPAUHAT?

5. o Take cucTteMa KOOpAUHAT criocTepiradya?

6. Uu BiAMOBiAAIOTH PO3MIpH O0'EKTIB y CHCTEMI KOOPAMHAT CIIOCTEpirava ixHim
peanbHUM po3Mipam?

7. 1o Take KapTUHHA ILIOIIMHA?

8. Sk Ha3uBaeThCs omepalis Mepexoay BiJ TPUBUMIPHOT CUCTEMH KOOPAMHAT 10
JIBOBUMIPHOTO?

9. Illo BimOyBaeThcsl TPH MEPEHECEHHI 300pa)KEHHS 3 KApPTUHHOI TUIONIMHU Ha
eKpaH?

10.Yum BiApI3HAIOTBCA OJHOPIAHI KOOPAWHATH KpamKd Bi 3BHYAMHUX
JIEKapTOBUX KOOPAUHAT?

11.3 s1Kk010 METOIO BBOJSATHCS OJHOPIIHI KOOPAUHATH?

12.Ckinpkd eneMeHTapHUX 1 TOTpIOHO IJIsi CHOJIYYEHHSI JIBOX BIJPI3KIB Y
poctopi?

13.Yu 3aBkaM BUKOPUCTAHHS MATPHIlh IS BUKOHAHHS MEPETBOPEHH Y MPOCTOPI
edeKTUBHIIIE, HIXK 1HII CITOCOOU iXHBOI peasizamii?
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Tema 6. AITOPUTMU PACTEPU3AILLILIL BIJIPI3KIB,
KLJI I EJIIICIB

BBenenns B pactepuzailito KpUBUX. 300pa)KeHHS BIApi3Ka 13 IIJIOYUCIOBUMHU
KoopauHatamMu KiHIIB. [ludposuit mudepeHmiansHuil  aHamizaTop. AJTOPUTM
bpesenxema. Anroputm Kactna-IlitBes. 300pakeHHs BiApi3Ka 3 HEIIOYHCIOBUMHU
KOOpJIMHATaMH KIHIIB. 300pakeHHS OKpykHOcTed. AnroputMm bpesenxema.
3o00paxxennst eminciB. [loOymoBa mo HesBHiN ¢yHKII. [loOygoBa NMUISIXOM CTHCKY
KoJ1a.

Le#t po3aia MpUCBSYCHUI pacTepu3allii HaHIPOCTIIHUX TEOMETPUYHUX 00'€KTIB,
TaKuX SIK BIAPI3KH, KOJIa ¥ €JIIICH, Ha TUIOIIXHI.

6.1. BBeieHHsI B pacTepu3aiilo KpUBUX

Hexaii y Hac € nmesika KpuBa, 1 MU XoueMO MOOyAyBaTH ii 300pa’keHHS Ha
pacTpoBuX TIparax. BuHMKae mNHTaHHS: SKI 3 HaWOMDKYMX IKCEIB BapTo
3acapOoByBaTu? Y HaHIi 1 HACTYMHIN JIEKIIAX MU PO3TJITHEMO BUIMAJ0K MOOYI0BU
Ha MOHOXPOMHOMY pacTpi, KOJIM MOXJIMBI TUILKH JIBa PIBHI I1HTEHCHBHOCTI
3adapOyBaHHs TiKceass — 'MOBHICTIO 3adapOoBaHuil" abo '"MOBHICTIO HE
3adapOoBanuii”". SKIO X NPUITYCTUMI KUIbKa PIBHIB 1HTEHCHBHOCTI, TO MOKHA
pacTepu3yBaTu OUIBII  aKypaTHO, 3MEHIIyr4Yu edekTn amiacudra (To0To
CTYMIHYACTOCTI).

SN

7

Puc. 6.1. 300pakeHHs1 KpUBUX Ha pacTpi

Hexaii (Xo, Yo) — (ikcoBanuii mikceiab, a (X, Y) — OCSIKUIM 1HIIUK MiKCEab Ha
rtontuHi. Tosl A1 BU3HaUEHHS iXHBOT OJIM3BKOCTI BBOJSATHCSA HACTYITHI TIOHSTTS:

e o o
1. 4-3B's13HICTH 0‘—‘—'0
[X-Xol + [y-Yol=1 o & o

2. 8-3B'A3HICTH
max{ [X-Xo|+ [y-Yol|}=1

VY momanbmmx MipKyBaHHSIX BiJICTaHb OyJeMO BBa)KaTH 33JlaHUM CTaHIAPTHOIO
€BKJIi/IOBOIO METPUKOIOL,
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6.2. 300pakeHHsI Biapi3Ka i3 HUIOYHCITOBUMH KOOPAHMHATAMM KiHIIB

Hexait namr Bigpizok — e AB. Ilepeiinemo Bix cuctemu koopauHat OXy 10
AX'y' (muB. puc. 6.2, eran 1). Biapizok Moxe jexaTd B KO)KHOMY 3 8 OKTaHTIB, ajie
3aBXKIU ICHYIOTh CHUMETpii MO0 OCed, IO PO3AUIIIOTH II OKTaHTH, CHUMETPii
BHU3HAYAOTHCS MAaTPHUIIMU

+1 0
0 =1
0 =1
+1 0 '

IO J03BOJIAIOTH 3BECTH 3aBJIaHHS J0 BUMAJKY BIAPI3Ka, MIO0 JEKHUTh y TMEPUIOMY
OKTaHTI (MpUKIaa JUB. HAa puc. 6.2, eTan 2, y HhOMY MaTPHIIS Ma€ BUTIISA

0 1
1 0/
HaszBemo Takuii BUIAJOK KaHOHIYHUM, Hajall OyAyTh PO3TJSHYTI aJrOpUTMH
JUIS IIbOTO BUIAJKY. Y KaHOHIYHOMY BHIIAJIKy IPOIEC MaFOBaHHS 8-3B'sI3HOI JIiHIT
MO’KHA 3aKOAYBaTH MOCIIAOBHICTIO BHay: SASSA... (muB. puc. 6.3), ae

S — TOPU30HTAIBHHIA 3CYB;
d — miaroHaJ BHHI 3CYB.

¢} X

1 2

Puc. 6.2. Ilepexia A0 KAHOHIYHOTO BUIAJIKY Y JIBa €TAINH

EkBiBajieHTHO 11i€1 TMOCJIIOBHOCTI MOKHa 3icTaBUTH OiHapHuil ko, ne 0

BignoBimae S, a 1 BignoBimae d. Takuii Ko;x I MadlOBaHHS Bigpi3Ka
)

(0,0) — (p,q),P > @ € N gasupaerncst koaoM Pormteitna [46] s <.
Hexaii plot(x,y) — dyskmis, mo 3adgapOoBye Kpamnky pacTpa 3 KOOpJAHHATAMHU

(X,y).

Puc. 6.3. KonyBanus 3adapO6oByBaHHs BijJipi3Ka (a00 koa PoTmireiina)
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6.2.1. lilndporuii nudepenuiaabHNi aHagizaTop

Anroputm IHudpoBuii nudepenniaabunii anajiizarop (auri. DDA — Digital
Differential Analyzer) 6yaye 8-3B's13HY JIiHIO.

Jns mouatky, Hexait Py = (0, 1); P, = (1, 1). Jlna Bu3HAYCHHS TOIO, SIKUH 3
nkceniB, — P1 abo P,, — Bapto 3adapOyBaTu, 3piBHAEMO BIJACTaHI J0 HUX. Y CHIY
0001 TPUKYTHHUKIB, YTBOPEHUX IMEPETUHAHHSAM BIJIpI3Ka, [0 MAJIOETHCS, MPSMIM
X = 1 1 nepnenaukyasapamu 3 pl 1 p2 Ha BIAPI3OK (TUB. pUC. 6.4), TOCUTH 3PIBHATU €

1
(opauHaTy mepeTHHaHHS BiApi3ka ¢ npsimii X = 1) ¢.z Jlami, Juist HACTYITHOTO KPOKY
QITOPUTM TMPALIOE AHAJIOTIYHO 3 ypaxXyBaHHSM 3MIHM € — OPJAMHATHU MEpPETUHAHHS
BiJIpi3Ka 3 HACTYITHO1 BEPTUKAILHOT IPSAMOi + — k ke N,

Y B (a,b)
1
0.5
e
AQO)—5 > 1Py X Puc. 6.4. Ludposuii nudepeHuiaibHuii

aHasizaTop

NOmd X
// Koopaunatu kiniiB Bigpizka — (0,0) 1 (a,b)

e = b/a; // llotouna opauHaTa
?e = b/a; // 3061nbIIEeHHS OpAUHATH

Il (X,y) — KoopiuHaTH MOTOYHOT KPAIKH

x=0;y=0;
while(x < a)
{
plot(x, y);
if(e>1/2)
{

// d : mlaroHadBLHUN 3CYB
X++; y++;

// T.K. B1IOYBCA 3CYB 110 y Ha 1 Haropy
e+="%-1,
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else

//'s : TOpU30HTANBHUM 3CYB
X++:
e +=7;

k

Jlictunr 6.1. Hudporuit audepeHiianbHUN aHali3aToOp
Hepnomnikom naHOTO anropuTMy € T€, IO BiH MPAITIOE 13 YUCIAMH 13 MJIaBAI0YOI0
Kpamkoro.

6.2.2. Arroputm bpe3enxema

bpezenxem [16] monudikyBaB anroput™M DDA, mo0 BiH mpaliioBaB y IIHX
yucnax. MonudikyemMo anroput™ y Takuil cocio:
1

— 3MEHIIUMO CKpi3b € Ha 2, mo6 mopiBHtoBaTH 3 0]

— JIOMHOXHMO € 1 Ae Ha 2a:; o = 2b - a, Ae = 2b.
[IpuxoaumMo 10 HACTYITHOTO aJITOPUTMY:

// Koopaunatu kiHiiB Biapizka - (0,0) 1 (a,b)

e=2b-a;
?e = 2b;
?e =2b - 2a;

x =0;y=0;/ (x,y) — KoopauHatu OTOYHOI Kparku

while(x < a)

{
plot(x, y);

if(e > 0)

{// d : niaroHanbHMII 3CyB
X++; y++;
e += 7,

¥

else

{// s : ropU3OHTATBLHUH 3CYB
X++:

e += ?e;

¥
¥

Jlictunr 6.2. AnroputMm bpesenxema ajist Biapizka

Anroputm bpeszenxema OyB CTBOpeHMIA iM [l BUBOJY BIAPI3KIB Ha IU(POBUX
IHKpEMEHTANIbHUX TpagoOyAiBHUKAX, SIKI MOTJM 3AIMCHIOBATH JIMIIE MPOCTI
ONMHWYHI 3pYIIEHHS NOpyKyto4oi TojoBku. [lomanbima omrtmmizamiss MoXke OyTH
3po0JieHa, SKIIO TMOMITUTH, IO BIAPI30K CUMETPUYHHA BIHOCHO TMPSMii, IO
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IIPOXOJIUTH MEPICHIUKYIAPHO HOMY Yepe3 HOTo CepeIuHy; Y [IbOMY BHITaJIKy MOYKHA
ITOYMHATH MaJIOBATH BiJIpa3y i3 JBOX KIHIIIB, IO CKOPOTUTH YHCIIO ITepaIlii UKy B
aNTOPHUTMI BABIYI.

6.2.3. Anroputm Kactaa-IlirBes

Ileit anroput™M HabaraTo MeHI €(pEeKTUBHUM 3 OOYMCIIIOBAIIBHOI KpaIlKW 3pEeHi,
YuM aiIroput™M bpe3eHxeMma, OJHAK Mae€ TapHy MaTeMaTU4HY CTPYKTypy. BiH
3aCHOBaHMI Ha 17€i, CXO0XO0i 3 BILAOMHUM ajropuTMoMm EBKiija 3HaXOMKEHHS
HatiGinpmoro 3aranproro [[impHUKA 1BOX HaTypaibHHUX yucen [19].

bynemo mpamroBaté 3 psakamu, 1Mo KOAYIOTh TOCIITOBHICTH 3adapOyBaHHS
(TOOTO CKJIaIatOThCA 13 CHMBOJIB S 1 0, IEBHUX BHIIIE).

Busnaunmo 11B1 onepailii HaJ TAKUMU PSIKAMU:

— ‘D — koHKaTeHais psAAKiB, Hanpuknay S5ds” B Vsddd — Vssdssddd”
— = "mepeBopoT" psAaKa, HaNpUKIAd ~ ("ssdds”) = "sddss”
/I Koopaunatu kiuiiB Biapizka — (0,0) 1 (a,b)
y=b;
X=a-b;
ml="s",
m2 ="d";
while( x\ney)
{
if(x>y)
{
X=X-Y;
m2=mle ~m2;
¥
else
{
y=y-X
ml=m2 & ~mi,
¥
¥

Jlictunr 6.3. Anroputm Kactna-IliTees

I[licns 3aBepmieHHS pPOOOTH airopuTMy 1 = 2% ~ Mizanae  noTpiOHY
MOCTIIOBHICTh 3pyIIeHb. JJoKa3 KOPEKTHOCTI pOOOTH I[HOTO AITOPUTMY MU OITyCTHMO
gyepes WOoro rpoMi3JIIKICTb.

6.3. 300pakeHHsI Biapi3Kka 3 HEHIJIOUMCJIOBUMHU KOOPANHATAMU KiHIIIiB

Jlns Bigpi3ka 3 HEMUIOYHCIOBMMH KOOpJAMHATAMH KIHIIIB OyaeMo OyayBaTh
BIJIMOBIIHY 4-3B'SI3HY JIiHIIO Ha PacTpi.
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Puc. 6.5. MaitoBanHs BiJipi3Ka 3 HEIIJIOYMCIOBUMHU KOOPAMHATAMHU KiHIIIB

IcHye nBa migXxomau.

1. OkpyriuTy KOOpJAUHATU KIHIIB JI0 IIJOYUCICHUX 1 CKOPUCTATHUCS aITOPUTMOM
JUIS  [UIOYMCIOBOTO  ciydaroud. Hemomik: Moke BHUKJIMKATH  1CTOTHI
nepeKpydyBaHHs (0COOJIMBO Y BUITAJIKY BiIPI3KIB HEBEJIMKOI JIOBKUHU).

2. IlepetimeMo 0 HAMIOTO KAHOHIYHOTO BUMAJKY, IO TEMEP XapaKTePU3YEThCS

TUM, IO BIAPI30K JICKUTh Yy MEPIIOMY OKTAHTI, aje KOOpAUHATH Alra,ua)p
IbOMY BHIanKy: <4 € [0,1),v4 €[0,1), [TapameTpusyemMo Haml BIIPI30K
CTaHJapTHUM 00pa30M:

B—A
(I,y) =A+t- T:fE [D:C]:

ne A 1 B — kiHneBi kpanku, C > 0 — sgkuiich MacmTabHuN KoedimieHT. 3podumo ¢
JIOCUTh OUIBIIIUM IIUTMM YHUCJIOM, 00 3MEHIIWTH TMOMUIKH OKpyrjieHHs. Tomui

PO3IIITHEMO
c
Ah =
IE— T4
- 30uIbIIeHHS t, Tpy 3pyieHH] Ha 1 mikcemns o X;
c
A= ———
UE —UA

- 30uIbIIeHHS t, Tpy 3pyieHH1 Ha 1 mikcens mo Y.

ByneMo mopiBHIOBaTH MOTOYHI 3HA4YeHHSA N 1V, a MOTIM, 3aJIeKHO Bij I[OTO,
poOuTH KpOoK Mo X abo Y 1 HajgaBaTH BIAMOBIAHI 30UIbIIEHHS N 1 V. AJNroputm
3aKiHYUTHCS, KOJ h abo V mepeBUIuTH C.

h: .--xh Ah Ah Ah Ah
— A P, e /’\

RS V\/\_/\/vvc

V: .-i\VU AV AV AV AV

Puc. 6.6. 3mina mapametrpiB hiv

x =0; y =0; // KanoHI4YHUI1 BUTIQJIOK: TTOYATKOBA Kparka
// nexuts B [0, 1) # [0, 1)

/* 361blIeHHS t, 1110 BIAMOBIIAIOTH 3CyBaM BiJ MOYaTKOBO1
Kpanku 70 TPaHUIb IEepUIOro MiKcens. */

h=2h* (1-x); // 2h0
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v=2v*(1-y);/Iv0

while( (h<c) AND (v<c))
{
plot(x, y);

ifth<v)

{
// 3pylleHHs 10 TOPU30HTAI
X++; h += ?h;

by

else if(h>v)

{

// 3py1IeHHs 110 BEpTUKAI1
y++; v += 72V,

b

else

{
// ' h = v : BUpopkeHHI BUTIAIOK (IUB. puc. 6.5)
// MaIIIOEMO JOBUILHUM 13 IBOX MOKJIMBUX ITIKCEIIIB,
// HaTIpUKJIIaJl, BEPXHIM:
plot(x,y+1);
X++; y++;
h +=?h; v += ?v;

¥

¥

Jlictuar  6.4. Anroput™m  BigoOpakeHHS BIApi3Ka 3  HEIJIOYMCIOBUMHU
KOOpAWHATaMH KIHIIIB

3ayBaxkennsi. HaBeneHuil Bullle alrOpUTM JIETKO y3arajJbHIOEThCS HA N-MIpHUHN
BUIIAJIOK.

6.4. 300paxkeHHs KiJj

JIyist movatKy meperneMo 10 KaHOHIYHOI CHUCTEMH KOOPAWHAT, Y SKIM IEHTP
KOJ1a 30Ira€ThCs 3 MOYATKOM KOOPAMHAT. TO/1 MOKHA MMOMITUTH, [0 B CHUTY CUMETPIi
KOJia BIJIHOCHO TPSIMUX, IO PO3JUIAIOTH OKTAHTH, JIOCHUTh MOOYAyBaTH pPacTpOBE
MOJIaHHS B OJJHOMY OKTaHTI, a IOTIM 3a JOIIOMOTOI0 CUMETPIN 0/IepkaTH 300paKEeHHs
B IHIIMX OKTaHTax (auB. puc. 6.7). byaemMo KopuCTyBaTHCs 3aBIaHHSIM Kojia y
BUIJIA/I HesBHOI yHKmii: X2 + y? - R> =0,

86



A
¥

(-R,0)] [ ;(R,Q

&
Iy g -

/ Nk
(0,‘R)

Puc. 6.7. Cumertpii npu 300pakeHH1 Koja

Hexaii f(X, y) = x? + y? - R% ByneMo MaloBaTH 4acTHHY KOIa B 4-M OKTAaHTI,
noyrHatouu i3 kpanku (-R, 0) (muB. puc. 6.7, moka3aHo CTPIIKOI0).

Hexait £ € N, toni f(7,¥) € Z ana 1 € Z,u € Z Hexait dynkuis plots(X, y)
BijoOpaxkae Ha pacTpi BCi 8 Kparok, oTpuMaHuXx 3 (X, Y) 3a JOIMOMOTOI0 CHMETPI.

6.4.1. Anroput™m bpe3enxema

Bbynemo wipkyBatu mnoaiOHO anroputMmy bpesenxema s BiIpi3KiB - (3
BIINOBITHUMHU BUIIPaBICHHSAMU Ha 4-i okTaHT) [17]. I3 ABOX MOXJIMBUX MIKCEIIB B
4-my OKTaHTI (BIANOBIAHUX BEPTUKAJIBLHOMY W J1arOHAJILHOMY 3CyBaM, Kl
M03HAYAIOTHCSI AHAIOTIYHO KOJMIIHIM S 1 d, muB. puc. 6.10) Oyaemo BHOUpaTu TOMH,
BIJCTaHb Bl KOJIa 10 IKOI'O MEHIIIE.

YA

Rs R Rd A

Puc. 6.8. Bincrani 10 kona
Jlngs Toro mo0 BHOpaTH OJMH 13 JBOX MOXJIMBHX IIIKCEIiB, OyaeMo
MOPIBHIOBATH BIJICTaH1 B HUX JIO KOJIA: JIe BIJICTAHh MEHIIE — TOW MiKCeb 1 Oyae

3HaWIeHUM. Y TIPUKIIAJli HA pHC. 6.8 PIBHIIOTHCS BIACTaHI BiJ Kpammok S(Xs, Ys) 1 D(Xq,
Yd) 10 KoJia 3 pajaiycoM R. 3 eBKI1I0BOT METPHKHU OJICPIKYEMO:
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AR.=\/zi+ v — R
ARs=ER—/ri+v3.
Arne OO4YHCIICHHS KBaJpaTHOTO KOPEHS - TPYIOMICTKA oOIeparlis, TOMYy IpHU

nocuTh OuUTbmuX R Mum OyaemMo 3aMiHATH TOpPIBHSHHS BiJICTaHEH MOPIBHSIHHIM
HaOJIMKEHUX 3HAYCHb TXHIX KBajapariB (uB. puc. 6.9):

(AR’ = (ARs) =2l 402 - 2R\/22 + 2 + B> — 13—yl + 2R\ /23 + 03— B°.

R=rzA
2
Rs —————
R2
1
R} [
|
(|
|1
- | | »
RgR Rg (= Xery?

Puc. 6.9. HaGmmxeHe mopiBHAHHS BiJICTaHEH

3MEHIINMO JIBa JOJaHKH Ha IPUOJIN3HO OJHAKOBI BEJIMUUHU:
_ 2 2 . :
20 T5 + Vs saminnmo na —2H - R
; 2 2 b 2 2 2 2
+2E\ 13+ Y3 3aminnmo Ha 2y + i - Ve + v
OJIEPKUMO
(AR)* — (ARg)* = x4+ v —2R-R+ R*—
b Bl - R VES RN RRVES R Rl s
=124+ vyl + i+ vl - 2R
Takum ynHOM, MTPUOTU3HO
2, 2, .2, 2 op?
1. D 6mmxkue 10 kona, uum S = Te Ve +rg+uy — 2R > 0
2, 2, 2, 2 a2
2. S 6mmkde 0o Kona, unm D = T TV + T+ Vg — 2R" < 0.

+1,y+2
¢ (x+1,y+2)

(x+1,y+1)

=y

(%y)=(-R,0)

Puc. 6.10. Anroput™ bpezenxema aiist kona
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Hexaii (X, Y) — motounuii mikcenb. [To3naunmo
Fo=flz,y+1) =2+ (y+1) - B> >0,
Fi=flz+Luy+1)=(z+1) " +@w+1)° - R <0,
F=F+Fa

AF(s) = (AF npu nepexoze s: (r,y) — (r,y+1)) =
= flz,y+2)+ flz+ 1L,y +2) - flz,y+1) -

— flz+1Ly+1)

=ty + 6,

AF(d) = (AF npu nepexoge d: (r,y) — (r+ 1,y +1)) =

=fle+Lu+2)+ flz +2,u+2) - flz,u+1) -

— flz+1Ly+1)

=4ir+ 4y + 10.

Toni i3 7BOX MOXKJIMBHX 3CyBiB O 1 S BUOEpeMo.

1. F=F.+Fa<0<= F.< —Fa 10o6r0 (X + 1, y + 1) Gummmkue 10 Koa,
gum (X, y + 1):
d: IMepexoaumo B (X + 1,y + 1) i Hamaemo BianosiaHi 30iabimenns F, AF(s), ?F(d):

F=F +?F(d); ?F(s) = ?F(s)+4; ?F(d) = ?F(d)+8.

2. F=F.+Fs<0<= F.<—Fa o610 (X, y+1) 6Gmmkue 10 Koma, uuM (X
+1,y+1):
s: Ilepexoaumo B (X, Y + 1) i Hamaemo BiamoBiaHi 30itbmeHHs F, AF(s), AF(d):

F=F +?F(s); ?F(s) = ?F(s)+4; ?F(d) = ?F(d)+4.

Sxmo mu nounHaemo 3 (-R, 0), To movyaTkoBi 3Ha4YEHHS OYyTh HACTYITHUMHU:

F=F.+Fi=(-R’+1*-R)+((-R+ 1) +1*- rR?)

=14 (—2B+1+1)=3-2R,

AF(s)=1-04+6 =6,

AF(d)=4-(-F)++-0+10=10— 4R.

Jlerko OaumTH, IO B aJIrOpUTMI BCl BeIWYMHHU, TOB's3ani 3 F, kpim F
MOYaTKOBOTO, OYIyTh KpaTHi 2. AJe, SKIO MU TOJIIUMO BCl Il BEJIMYMHU HA 2
(Hamami 3HAa4YeHHS BCIX BEIMYMH YK€ PO3YMIIOTbCS B I[OMY 3MICTI), T€
Fyan = % +1-
ref = % + T, ne I € Z; 1o0TO SAKIIO BiAHATM 2Bijg BCiX 3HAYEHb, TO 3HAK F He
3MIHUTBCS 151 BCixX T, kpim T = 0. [{st Toro mo0 pe3ynbTaT NOPIBHSIHHS 3aJIUIITABCS
KOJMILIHIM, OyaeMo BBaxaTH, o F = 0 Tenep BiANoOBiga€ 3CyBY S.

X=-r,y=0;

i Tomy 110 301IbIIEHHST F MOXYTh OYTH TUTBKH I[IJIOYUCIOBUMH,
1

F=1-r;
?Fs=3;
?Fd = 5-2*r;

while( x +y <0)
{
plot8( X,y );

if(F > 0)
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// d: liaroHanbHU# 3CYyB
F +=?Fd;
X++; y++;
?Fs +=2;
?Fd +=4;
k

else

{

//'s: BepTukanbHHil 3cyB
F += ?Fs;
y++;
7Fs += 2,
?Fd +=2;
b

Jlictunr 6.5. Anroput™m bpesenxema a1 kojia

Po3mipHicTh 00UYKCIIEHD IILOTO AITOPUTMY (TOOTO BIJHOIICHHS MaKCUMAJIbHUX
MOJyJIIB 3HAYEHb BEJIWYHUH, 3 SKUMHU BIH ONEpPy€e 10 MOJYJNIB BUXIAHUX AaHUX (Y
1poMy BUMaaky R)) nmopiBHIoe 2.

6.5. 300pa:xkenns eqincis

Hacamnepen Big3Haunmo, 10 B €lirica, Ha BiAMIHY BiJ Koja, ychboro 2 oci
CHUMETpii, TOMY I10 Kparkax npuiije OymyBatu Bxke 2 OKTaHTH (auB. puc. 6.11).

(a,OL
X

Puc. 6.11. 300pakeHHs eminca

6.5.1. Ilo0ynoBa no HesiBHil pyHKuil

Bbynemo mipkyBaTu no1ioHO anroputMy bpesenxema aJist OKpy>KHOCTEH.

HesBna ¢yHKIis, 110 3a/1a€ €IIIC, Ma€ BUTIISL

IEI2 + I%I2 —1=0,a=0b

b2r? 4+ a?y® — a?b? =0

Veenemo f(x, y) = b?x? + a?y? - a’b?,

AHAJIOTIYHO AJITOPUTMY JUTSl KOJIa MOYKHA TIOPIBHIOBATH f IS TBOX MOMIIMBUX
BapiaHTiB. JlokIagHUN BUBIJ 3QJIMIIIAEMO YUTAYEBI SIK BIPaBa.
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6.5.2. IloOynoBa MIISIXOM CTHCKY KiJI

CkopucTaeMocs THM, IO €IIIC 13 mapamerpamu a, b (Hexait a < b) BuxomuTs 13
KoJIa pajiyca a cTUCKoM 1o oci Y B a/b pa3. [1oOyayeMo aJropuT™, IO € SIKOKOChH
KOMOIiHaII€r0 aaropuT™MiB bpe3enxema s Koa i s Bigpiska (auB. puc. 6.12).

vh
(0,) =2
e
OOt T\
I.)'O,"‘\,.o
%0
-
(0] X
7\
05) )
‘:.v".»"" 4
o
P i (2,0)
o >
0 X

Puc. 6.12. IloGynoBa enirnca NUisIXoM CTUCKY KoJja

Puc. 6.13. 3mimiana 3B's13HICTb

[Tounemo i3 kpanku (a, 0) Ha kom #u i3 kpanku (0, 0) Ha Biapisky. bymemo
OyIyBaTH €JIIIC TOYHO TaK CaMo, K OKPY>KHICTb, ajie 3MIIIATH MOTOYHY KpPaIKy 1o Y
TUIBKU B TOMY BUNAJKY, KOJIM TaKUW 3CYB BIIOYBAETHCS B MOTOYHOMY KPOIIl BXKE JIJIS
Bipi3ka, TOOTO mOOyJ0Ba BiJpi3ka caMe 1 € peali3alli€ld CTUCKY B
a/b pa3 (Tounimie, HOro AMCKPETHOIO ampokcumariero). lLleit anmroput™M Tex Mae
HEJIOJTIK: MOJKJIMBA 3MillIaHa 3B'SI3HICTh OTPUMAHOI JIiHiT (uB. puc. 6.13).

1) dist(P1,P2) = (XL - x2) + (y1 - y2)2)1/2
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Tema 7. BIACIKAHHSA (KJlinyBanns)) TEOMETPUYHUX TPUMITUBIB

Anroputm po3snoairy Biapizka HaBmil. Komu Cazepnanga-Koena. KiminmyBanHs
O0aratokyTHukiB. lllTpuxyBanHs OaratokyTHOi oOmacti. Ilepexim 10 TpUBHUMIPHOTO
KJIIITyBaHHS MipaMiJIo0 BUIUMOCTI.

Y komm'toTepHii rpadimi 4acTo JTIOBOAUTHCS BUPINIYBATH 3aBAaHHS BUILJICHHS
JesIKOi 001acTi 300pa)KyBaHO1 CLIEHU, IPUYOMY 3aBIaHHS 1Sl MOKE BUPIIIYBATUCS SIK
y 3aCTOCYBaHHI /IO IUIOCKOI 00JacTi (SKIIO CIIEHA BXKE CIPOCKTOBaHA Ha KapTUHHY
IJIONIMHY), TaK 1 JI0O TPUBUMIPHOTO. AJTOPUTMH BiJICIKAHHS 3aCTOCOBYIOTHCS IS
BHUJIAJICHHSI HEBUIMMUX MOBEPXOHB 1 JiHIN, 71 MOOymoBU TiHEH, mpu (GopmMyBaHHI
TekcTyp. OO0nacTh, WO BIATUHAETHCA, MOXKE OYTH SIK TPaBWIBHOI (HOpMH
(mpssMOKYTHHK a00 Tapasenenines; 31 CTOpOHaMH, MapajeIbHUMH OCSIM KOOPJIHHAT
a00 KOOPAMHATHUX IUIONIMH), TaK 1 HEMPaBWIbHOI (JOBLILHUNA OaraTOKyTHUK abo
OaratorpaHHuk). [[ns Toro mo0 1i aaropuTMM MOKHA OyJI0 BHUKOPUCTOBYBAaTH B
3aBAAHHSAX 300paXeHHS [MHAMIYHUX CII€H, BOHM MOBUHHI OyTH €()EeKTUBHUMHU
BIIHOCHO 4acy oOuucieHb. Mwu po3rIsTHEMO TPOXM  HAWOUIbIIE  YacTo
3aCTOCOBYBAaHUX QJITOPUTMIB.

7.1. AnroputMm Ca3zepJienaa-Koena BigcikaHHsi IPIMOKYTHOIO 00/1aCTIO

PosrnsHemMo MIOCKY CIEHY, IO CKJIAJa€ThbCsl 3 BIAPI3KIB PI3HOI JTOBKUHHU
HamnpsMKIB, y SKiii Tpeba BHUIUIMTH YacCTHUHY, 1[0 IepedyBae ycepeauHi
npsIMOKyTHUKA. [IpAMOKYTHHK 3aJlaHuil criuckoM pebep: t<op>, b<ottom>, I<eft>,
r<ight>, Bigpi3ku Takox 3a/al0THCSI KOOPJMHATAMH KiHIIEBUX KparoK. O0acTh, 110

BIJITHHAETHCS BIKHOM (3 ypaxyBaHHSIM HOTO TpaHUIl), CKJIAJAETHCS 13 Kparmok (z,v J,
110 33/I0BOJIBHSIIOTH CITiBBITHOIIICHHSIM
Ut (7.1)

Hexali xiHLI BiApi3Ka 3aJaHi KpankaMu (r1,01) 1 (72,v2), [lepmmii Kpok
JITOPUTMY HAIlIJICHUH Ha Te, 1100 BUSBUTH MOBHICTIO BUJIUMI i TOBHICTIO HEBUIUMI
BIJIp13KU. BiApi30K LIJIKOM HaJeXUTh BUAUTIOBAHOI (KJIIITYyeMOT) 00J1acTi, SIKIIO 000€
Horo KiHLS 3aJJ0BOJIBHSIOTE yMoBaM (7.1).

Y=

TSI =Tr, U=

L R

C,,=1001 C,= 1000 C,,=1010

C;= 0001 C,= 0000 C,=0010

C,,= 0101 ;= 0100 Cp,=0110

Puc. 7.1. Komau Cazepinenma-Koena qis obnmacreit

Biapizok nmoBHICTIO HE 6a4UMO, AKIIO0 000€ HOTO KIHIIA JIeXKaTh
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npaBopyd Bix pedpa T(T1 > Tr, T2 > 1)

J‘[iBopyq BiI[ pe6pa f[r_I]_ = Iy, Io = Iy :

wnp =

3HH3Y Bijg pebpa blur < we, ¥2 < ws);
4. 3BepXxy Big pebpa tur > wey w2 > ),

VY BCiX IHIIMX BUMAAKaX BIIPI30K MOXke (ajge He 3000B'I3aHMI) NEPETHHATH
MPSIMOKYTHE BIKHO.

Jlns BUKOHAHHS aHaI3y IIOBHOI BHUJUMOCTI a00 HEBHJAMMOCTI Biapi3Ka
A.Cazepniennn 1 [[.Koen 3ampononyBanu HacTynHuil anroputm. Ilpsami, sKkum
HajleXaTh pedpa MNpPSAMOKYTHHKA, pO30MBAaIOTh IUIOLIMHA Ha JEB'ATh O0JIACTEH,
KOXHOI 3 SIKUX MPHUBIACHIOETHCS YOTUPbOXPO3pAaHui ko, KoxxHuit 61T boro Koy
"BiamoBinae" 3a oaHy i3 npsaMux: 1-i (crapmmii) 6iT — 3a npsiMy ¢, 2-if — 3a npsimy
3-ii-3al,4-ii-3a 7. SIkmio B Koxi 061acTi SKuii-HeOy Qb OIT yCcTaHOBJIEHUH B 1, TO
I1e 03HaJae, 10 BOHA BiJIiICHA BiJ BiKHA BIAMOBIAHOL psaMoi. Cxema 11eHTudIKaii
oOacTeii HaBesieHa Ha puc. 7.1.

KinneBum kpamnkam BiJpi3KiB CLIIEHH TEMEp MOXXHA MPUBJIACHUTH KOIU 3aJIEKHO
BiJI pO3TallyBaHHS Kpanok. SICHO, 0 SKIIO KOAW 000X KIHIIB BiApi3Ka JOPIBHIOIOTH
HYJIO, TO BIIPI30K TMOBHICTIO JICKUTh yCEpEAWHI BiKHA. J[Ji1 MOJanblIOro aHali3y
CKOPHCTAEMOCS OTEPAIli€I0 JIOTTYHOTO MHOXCHHS KOJIiB (rmopo3psaHe jorigde "I').
Tomi TaOmuusg ICTUHHOCTI 1Ji1 KOJIB, BIAMOBIAHO N0 cxemu Ha puc. 7.1, Oyxae

BUTJISLIATA B TAKUH CIIOCIO:
Tabmanig 7.1.

3HaueHHs ICTUHHOCTI JUIS JIOTTYHOTO MHOKEHHS KOJIIB 00JIacTel

Cr G Gz Cp Chs Crys Cas Cay

coc T F F F T T F F
c, F T F F F F T

cs F F T F T F T F
c. F F F T F T F T
cs T F T F T T T F
cu T F F T T T F T
T T T F F T T
Ca F T F T F T T T

I3 3icTaBneHHs TaOJUIll 3 MAJFOHKOM BHJIHO, IO SKIIO JOOYTOK KOJIB KIHIIIB
BiJIpi3Ka MpuiiMae 3Ha4YeHHA | <rue>, Te BiIPI30K LIJIKOM JICKHUTh 1O OJHY CTOPOHY
AKOICh 13 MPSAMUX, MPUYOMY 30BHIIIHIO CTOPOHY CTOCOBHO BiKHA, OTK€, BIH IMOBHICTIO
HEBUJIMMUNA. Y BCIX IHIIMX BUIAJIKAX BIIPI30K MOKE YACTKOBO JIEKATU yCEpPEIMHI
BiKHA, TOMY JJIs BU3HAYCHHs IXHBOT BUIUMOI YaCTUHU Tpeba BHUPIITyBaTH 3aBIaHHS
po TepeTUHAHHS BiAPI3KiB 3 peObpamu BikHA. [Ipu mpomy OakaHO MO MOKIJIHUBOCTI
CKOPOTUTHU YHUCJIO TIap, 10 MepeduparoThes, ""Bipi30K-pedpo”.

VY camomy 3araJlbHOMY BUNAJKY ICHY€E JBI KpalKu TEPETUHAHHS BiApi3Ka 3
pebpamu, 1 mi ABI KpamkKu TPUAMAIOTHCS 3a HOBI KIHIIEBI KPamKd 300pakyBaHOTO
BiJIpi3Ka. AJle CIOYaTKy MOXXHa BUAUTUTH AEsKl Olbllle MPOCTI OKPEMl BHIIAJKH,
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MOIIYK NIePETUHAHb JJI SKUX € Oubllie epekTuBHUM. Hacammepen 11e ropu3oHTalIbHI
1 BepTHKAIBHI BIAPI3KH, IS AKUX TMONIYK KPAIKH MMepeTUHAHHS TpuBiansHUi. [ani,
SKIIO KOJ OJIHOTO 3 KIHIIIB BiApi3ka JOPIBHIOE HYJIO, TO ICHYE TUIBKH OIHE
MepeTUHAHHS IIHOTO Bijpi3ka 3 pedpoM (abo i3 aBOMaA pedpamu, SKIIO BiIPi30K
MIPOXOJIMTH Yepe3 KyTOBY Kparky BikHa). Ha puc. 7.2 HaBeneHa 3arainpHa OJI0K-cxema
ANTOPHUTMY BiJICIKAHHS ISl OJJHOTO JTIOBUTRHO CIPSIMOBAHOTO BiApi3Ka.

Ci=GetCode(ri)
C2=CetCode(r2)
Ix=x2-xI
p=p2yl
IsVisible=1

riQ=ri r20=r2 —"

IsVisible=0 — =

r20=Mfersec(ri, I )
rif=rl

rl0=Infersec(r2~1)
r20=r2

b Ofrir2
| mtersecO(ri,r2) ] Y

Puc. 7.2. bnok-cxema anropurmy Cazepnenna-Koena

VY 6I10K-cXeMi1 BUKOPUCTOBYIOTHCS HACTYIHI YTOIU W MO3HAYEHHS:

—_—

— BXIIHUMHM J@aHUMH € Kpamku ' 1 = (r1,01), T2=(z 2:31’2), MacHUB KOOPJMHAT

pixga ¥ ={L,B,B,T}: | =(r2— 11,10 — ) = (lzsly) -

—_— —_—

— Ha BUXOJ1 OJIEPKYEMO HOBI KIHIIEBI KpaIKu r 10 = (rio,v0), 720 = (Ta0, qu),
a Takox 3HayeHHs 3MiHHO1 ISVisible (0 — Bigpi3ok BuauMMiIA);
— BUKOPHUCTOBYIOTHCSI HACTYIIHI TONOMIKHI (PYHKIIII:

GetCode(r) — Bu3HaueHHS KOy KparkKu;
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IntersecO(rl,l) — momryk mepeTrHaHHS BiApi3Ka 31 CTOPOHAMH BiKHA 332 YMOBH,
10 0OM/IB1 KPAIIKH JIeXkKaTh 1032 BIKHOM; SIKILIO TIEPETUHAHHS Hi, YCTAHOBIIIOE 3MIHHY
IsVisible B 0;

Intersec(rl,l) — mouryk mepeTrHaHHS Biapi3Ka 31 CTOPOHAMH BIiKHA 32 YMOBH, IO
Kparka 'l JeXuTh y BIKHI;

C1, C2 — komu xpanoxk I'l, r2.

VY HaBeleHOMY aJTOPUTMI TEMep 3aTHUIIAETHCS TUIBKU JeTami3yBaTH (yHKIIT
IntersecO 1 Intersec, edexkTUBHICTE pPOOOTH SKUX € KIOYOBUM MOMEHTOM.
PosrissHeMo oMH 3 METO/IIB MONIYKY MEPETHHAHD, 1[0 BUKOPHUCTOBYE MapaMeTPUIHE

PIBHSIHHS TIPSIMOI, 1110 POXOAUTD Yepe3 Kpanku T1=(11,0), T2 =(22,02):
T =T1+s(T72—71), s€ [—00,+00],
a00 B KOOPJAMHATHOMY BUJI1
r=11+58l:, v=wm1+5sly, l:=12—11, ly=1w—u.
CnpoOyeMo BU3HAYUTH KpANKy MEPETUHAHHS BIpPi3Ka 3 BEPXHBOI IPAHULEIO
BikHA. OCKIJIBKH 1151 TPAHUIIS ONTUCYETHCS CITIBBIIHOIICHHSIMU L=r=h, wv=T,
Ta yMOBa MEPETUHAHHS 3 HEIO KIIIMOBAHOTO BiJIpi3Ka BUIJISIIA€ B TaKUil CIOCIO:
T'—wu
I,
AHanoriyHO BUTISAAI0TH (OPMYIH M JUIs IHIIKMX TPaHUIlh BIKHA. SIKIIO Kpamka

" 1po3TalioBaHa ycepeauHl BIKHA, Te, 3aJIe)KHO BiJ 3HaKa ‘?-“, BapTO IIyKaTH

nepeTuHaHHs abo 3 BEPXHBOi, a00 3 HIKHBOIO TpaHuilero BikHa. [Ipu BiacyTHOCTI
TaKUX BIJIIIYKYIOTbCS TEPETUHAHHSA 3 JIIBOIO ab0 MpaBOI CTOPOHOIO BiKHA. Aute

mepur  HDK  mepedupaTd Il BapiaHTH, HEOOXIJHO BUKJIIOUYUTH  BUMAIKU

TOPU30HTATBHUX (ly = 0); BEPTHUKAJIbHUX (I =0) HaIpsIMKIB BiJpi3Ka. Y MepHiomy

BUIAJIKy KpanmKamH MEpeTUHAHHS 13 MpaBor0 abo0 JIBOK TPAaHULECIO (3aJIEKHO Bij

o

T = L<ur +s7l. = R

3HaKa = ) MOXyTH GyTH (L,11)a60 (B, Hl.;", a B IpyroMy — (1, B)ago (71,T),

[leit anroput™m peanizoBaHui y Burisaal QysHkimii Intersec, Giok-cxema sKoi
HaBeJIeHa Ha puc. 7.3.

Tenep po3risHEMO BHUIIAJIOK, KOJM JKOACH 3 KIHINB BiJpi3Ka HE JICKUTH
ycepeauHi BikHa. TyT MM MOXXEMO 3HAMTH Hepily Kpamnky NepeTUHaHHS, 3aMIHUTU
HEI0 OJWH 3 KIHIIB BiApi3ka W BUKOPUCTOBYBATH TMOIMEPEAHIN alrOpUT™M
3HAXOKEHHsI Ipyroi kpamnku. [loMiTUMO, 1110 B bOMY BUMNAJKY NEPIIMA KPOK HE
3aBXIM KIHYAE€THCS YCHIITHO, OCKIIBKH TMOMEPEIHIN aHaji3 He J03BOJIIE€ MOBHICTIO
BUKJTFOYMTH BCl HEBUAMMI BIAPi3KH. SIK 1 B MOMEPEAHHOMY QJITOPUTMI, CIOYATKY
BUKOHYETBHCSl TEPEBIpKA Ha TOPU3OHTAIbHE W BEpTHKAJIbHE HANPSIMKHU BIAPI3KA.
OCKUTBbKM YacTHHA BIIPI3KIB MU BKE€ BUKJIIOUUIIN 3 PO3TIISLY 3aBJSKU MONEPEIHBOMY
aHajizy, TO JUISl IUX MPOCTUX CHUTYyallll 3aJIMIIAIOTHCS TUIBKU JIBI MOKJIMBOCTI,
HaBeneHi Ha puc. 7.4. TyT Kpanku nepeTHHAHHS BU3HAYAIOTHCS 30BCIM OUYEBUTHUM
oOpasoM, mpuuoMy Bifpa3y OOUIBI.
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[ToTiM MOCHIAOBHO PO3MNIANAIOTHECA YOTUPH BUNAAKH PO3TAIIYBAHHSA KparKku
" 1BIIHOCHO TPSIMHUX, 10 OOMEXYIOTh BIKHO. SKIIO B AKIMChH 13 BapiaHTIiB Oyne

3Hali/leHa Kpalka MEePeTHHAHHS, TO aHAJi3 NPHUIMHIETHCS, KPAmKa ! 13aMiHA€ThCs
HOBOIO KpAaNKOI W BUKIMKAEThCS GyHKIIA INtersec. Y Bumaaky >k, KOJU BC1 YOTHUPH
BapiaHTH HE Jalli TO3WTHUBHOTO pe3ynbrary, 3miHHOI ISVisible mpuBnacHioeThes
3HadeHHs 0. Anroput™ peani3dyerses pynkiiero IntersecO (6mok-cxema Ha puc. 7.5).

3anponoHOBaHa peatizallisi aIropuTMy BiJICIKAHHS HE € €TMHOIO0 Y CBOEMY PO/II.
[cHYIOTH 1 1HII T1X0JIU, 30KpeMa BUKOPUCTaHHS METOAY PO3MOLTY BiApi3Ka HABIILI
JUTSL TIOIITYKY KparoK MepeTUHAHHS W BUSBJICHHS BUJIMMOI YAaCTUHU Bijpi3ka. Takuii
BapiaHT aJropuT™My OyB 3amporoHoBanui CasepieHaoM 1 CopysioMm aJis anmapaTtHoi
peanizauii, age BIH MOXe OyTHM peasli3oBaHUN 1 HA IPOrpaMHOMY PiBHI, XO4ya MpH
IbOMY €(EeKTUBHICTh HOTO Oyje HUXKYE, HIXK Yy TMoInepeaHl. Y HbOMY HEMa€ MPSMOro
0OYHUCIICHHS KOOPJMHAT HOBOI KpalKW IO SBHUX ainreOpaidHUX CITiBBITHOIICHHSIX.
[Tomryk 3a1MCHIOETBCSA 1TEpalliiHUM METOJIOM, Y SKOMY Ha KOXXHOMY KpOIll AJisi
BIJIpI3Ka, '"MiJIO3pIOBAHOr0" y YACTKOBIM BHUIMMOCTI, mHepeOyBae HOro cepenHs
Kparka, BUBHAYAE€ThCS 11 KOJI, MOTIM 13 ABOX BIJIPI3KIB 3aJIMIIAIOTHCS a00 000€ (KO0
BOHU 00O€ HE BUSBISTHCA IMOBHICTIO HEBUAMMHUMH), a00 TUIBKK OJIUH, MICJS YOTO
omepanii TPUBaIOTh 13 HOBUMHU Biapizkamu. Curyallis, KOJU TOJAJBIIOMY
IpOOJICHHIO MIJAAI0THCA Bipasy ABa 3HOBY OTPMMAHMX BIJIPI3KH, MOKE€ BUHUKHYTH
TIJIbKM HA MEPUIOMY IT€paliiHOMY KpOLl B THMX BHIIaJIKaX, KOJU BUXIJHUN BIIPI30K
Ma€e Bl KpamnKyd TMEepPEeTUHAHHS 13 TpaHULsIMU BikHAa. Ha HacTynmHuUX iTepauiifHuX
KpPOKax KUIBKICTh aHATI30BaHUX BIJPI3KIB yxke He Oyae 30utbnryBatucs. [Iporec
TPUBAE JIOTH, MIOKHU JIOBXKMHA YEProBOTO Bipi3Ka HE CTaHE MEHIIE Hamepe] 3aaaHii
To4HOCTI. [licns 1poro 3HalieHa Kparnka nepeBIpseThC Ha IPEIMET NepEeTUHAHHSA 31
cTopoHOI0 BikHa. Ha puc. 7.6 HaBeAeH1 Tpu BapiaHTH BIAPI3KiB, NOMEPEIHIN aHaI3
AKUX HE KJIacu]ikye iX SK MOBHICTIO HEBUIMMI, 1 TTOKA3aHUM NEPIIUNA 1TepaliifHIMA
KpOK. Bimpizok a miciis mepioro po3mojiuly Aa€ ABa YaCTKOBO BUIWMHUX BIAPI3KH,
MICJISl 4OTO IIYKAIOThCS JIBl KPANKW MEepeTHHaHHA. B 1HIMX BUMaaKaxX 3aJIUIIAETHCS
JIMIIIE OJIUH 13 IBOX BIAPI3KIB, MNPUUOMY Yy BUIAJKY BIJIpi3Ka C Kpanka nepeTuHaHHS 31
CTOPOHOIO BiKHA BIJICYTHIM, TOOTO BUSBISETHCS MMOBHA HEBUAUMICTH Bijapizka. I1o
CyTi CHIpaBW 3araJIbHUI alTOPUTM, TIOKa3aHa Ha puc. 7.3, 30epiraeTbcs, 3MIHIOETHCS
JIUIIIE METO/] TIOIITYKY KPArKy MepeTUHAHHS.
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=(L -xi)/i
e

s=(R -xi)fix
X=R

y=yi+s-ly

s=( T -yi)fly
y=r

s=(B -yi)ly
y=58

¥

Puc. 7.3. bnok-cxema dyHkiii Intersec

Puc. 7.4. Bingpizku napaneiabHi CTOpOHaM BiKHA
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xi0=xi x20=xi -
yiO=B y20=T

yiO=yl y20=yi -
x10=L x20=R

s=(L -x1)fIx x10=L
| yiO=yi+sly

[S=(RI)fix x10-R|_,_ 50 oo ran_|

)v[ Ozyl +_';.by

Hi

Tak__ | s=(B -yl)fly yl0=B
xi0=xl+slx

s=(T-yi}ly yi0=T
| x10=xi+s-x

Ix=x2-x10 ly=y2-y10

™| r20=intersec(ri0,l) ’@

Puc. 7.5. Bbnok-cxema ¢dynkiii IntrsecO

—

IsVisible=0

// *

A
N\\ /
.
x -

Puc. 7.6. JloBuUIbHE pO3TalllyBaHHS BIAPI3KIB

7.2. BiacikaHHsl ONYKJINM 0araTOKyTHUKOM

VY GaraTthox 3aBAaHHSIX KOMITIOTEPHOI Irpadiku 4acTo JOBOJUTHCS MaTH CIpaBa
3 BIJICIKAHHSM HE€ TUIBKHA MPOCTUM TMPSMOKYTHUM BIKHOM, ajie ¥ BIKHOM JOCHTH
JIOBUIbHOT TeoMmeTpii. 3o0Kpema, Taki 3aBJaHHS MOXYTh BHUHUKHYTH TIpU
BUKOPUCTaHHI MEPCHEKTUBHUX MPOEKII TPUBUMIPHHUX CIEH, ajié HE TUIbKU B LMX
BHIMaaKaX. TOMy aKTyaJlbHOI € 3aBJIaHHS BiJICIKAHHS OIMyKJIUM OaraTOKyTHHKOM.
SAcHo, o mpocTuil aHai3 3a qonomororo kojiB Cazepienaa-Koena B Takiit cutyartii
He 3actocyemo. TyT mnoTpiOHMM HamIMHUK 1 JOCUTh €(EKTUBHUN aJTOPUTM
3HAXOXKEHHsI KpanKy MEepEeTUHAHHS IBOX JOBUIBHO OPIEHTOBAHMX BiJIPI3KIB, a TAKOXK
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QITOPUTM BU3HAYCHHsS MiCI pO3TAIlyBaHHS KpamkKk I0J0 OaraTOKyTHHKa
(ycepenuHi, 30BHI 200 Ha TPaHMII]).
PosrnsmemMo  3aBmaHHA ~ MpO  MEpPEeTHHAHHA  BiApi3ka 3 KIHIAMH

r1=(71,u1), T2=(12,u2)3 ONMYKJIUM 0araTOKyTHHKOM, 3aJaHUM CITMCKOM
pebep. Pebpo Moxe OyTu 3amaHe y BUIUISAI Mapu Kpamok 3 Oe3fidl BEepIIMH

GaratokyTHHKa 1t = (P, ), P =(p=spu)y @ = (az,) (puc. 7.7). Ta obcraBuna,
mo OaraTOKyTHHK OIYKJIHHA, € Ay>K€ ICTOTHUM: II¢ JO03BOJISIE BHUKOPHCTOBYBATH
JIOCHTh TPOCTUH ANTOPUTM, IO BUKOPUCTOBYE BHYTPIIIHI HOpMaJi A0 WOTO CTOPIH.
[Tim BHYTPIMIHEOIO HOPMAJIIIO PO3YMIETHCS BEKTOP, MEPICHIUKYJISIPHUN CTOPOHI U
CIpsIMOBAaHUN ycepeauHy OaraTOKyTHHKA. SIK 1 B TIONMEPEIHHOMY aITOPHUTMI,
CKOPUCTAEMOCS] TIapaMETPUUYHUM PIBHSAHHAM MPSIMOi, IO MPOXOJUTh Yepe3 KIHII

BijIpi3Ka: T =T1+s(T2—7T1), Skio npu aeskoMy 3HA4YeHH1 mapamerpa S01s
npsiMa MEePEeTUHAETHCA 13 MPSIMOI, 1[0 MPOXOJUTh Yepe3 Kparku P, 4 10 BEKTOD,
o 3'€/IHy€ JNOBUIbHY Kpamky pelOpa 13 Kpamkoro To=T1+s0(T2— ?1;], oyne
HEepHEeHIUKYISpHUI BekTopy HopMami. OTxe, CKalspHUil HOOYTOK BEKTOpiB 12 i

p—r ':'6}/,[[6 IIOpiBHIOG HYJIIO. 3BiJCH IIJISIXOM HECKJIAJHUX BHKJIAJCHb OACPKYEMO
iE—=71)m)
(T a—7T21)m)"

a0 =

h

Puc. 7.7. Tleperunanns Bifpi3zka 0araTOKyTHUKOM

3BUYAlHO, BUKOPHUCTAHHS i€l dbopmynu MIPUITYCKaE, 101(0)

d=((T2—"11) 1) #0 10610 WO BIIPI30K HE TMapajeibHUN  CTOPOHI
0araToKyTHHKa, aje Ieil BUNAJoK pO3IISJA€ThCS OKPEMO. 3HaiifieHa Kparka
HaJISKUTh Bifpi3Ky 3a ymoBu O = 50 = 1 VmoBa npunanexnocTi miei kpamku pebpy
0araToOKyTHHKAa TAaKOK MOYKHA BHMPA3UTH Yepe3 CKaAIpHHI H0O0YyTOK, TOMY IO
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Bektopu F — Tojp To— Gy ppoMy BUMAQAKY TOBHHHI OYyTH OJHAKOBO
CIIPSIMOBaHUMU, TOOTO ”E — o) [r.?ﬂ -q))=0

JIJIsi KOXKHOTO BiJIpi3Ka MOXJIHMBI TPU BHUMAJAKH B3a€EMHOTO PO3TAIIyBaHHS 3
0araToKyTHUKOM:
— Kparok NepeTUHAHHS HEMAE;
— 1CHy€E OJIHA KpaIllka MepeTUHAHHS;
— ICHYIOTH JBI KpamKu MepeTHHAHHS.

VY K0>)XKHOMY 13 IIUX BapiaHTIB I 3HAXOKEHHS TIEpPEeTUHAHHS BiJIpi3Ka 3 BIKHOM
HEOOX1JTHO BMITH BU3HAYATU MPUHAICKHICTh KPAKW OMYKJIOMY OaraTOKyTHHUKY. 3

puc. 7.7 BUAHO, IO SKIIO A1 OyAb-sSKOi Kpanmku E, [0 HAJICKUTh 0araTOKyTHHUKY

(abo jioro rpanmui), i 10BiTBHOI Kpanku pedpa J moGymysat Bextop ™ = g — f |

TO BHUKOHYETHCS YMOBa (m-n = 0), OCKiBKH KyT MiX BEKTOpaMH HE MOXKE
nepeBuiyBatd 90°. Takum 4MHOM, SIKIIO JJaHa YMOBa BUKOHYETHCS JJIsl BCIX pedep
0araToKyTHUKA, TO Kparka € BHYyTPILIHBOIO.

TakuMm YWHOM, aNropuTM BIACIKAHHS BIApPI3KA TOYMHAETHCS 3 aHAIIZY
pO3TalllyBaHHS KIHIIIB BiJpi3ka CTOCOBHO BiKHA. SIKIO OOWIBI KpamKd JIekKaTb
yCepelMHl BIKHA, TO BIJAPI30K TMOBHICTIO BUAWUMHUHN, 1 MOAAIBIIANA TOIIYK
NPUNUHAETHCS. SIKIO TUIBKU OJIHA 13 KPAroK JISKUTh YCepEerH1 BIKHA, TO MA€ MICIIE
Bumaok 11, 1 mae OyTu 3HANTH OHY KpanKy nepeTuHaHHs. |, HapemTi, sIKIo o0uB1
Kpamku Jie)aTh 1M03a BIKHOM, TO ICHYIOTh a0O0 JIB1 KpamKkd MepeTHHaHHS (BiApi30K
NepeTHHAE JABl TPaHUIll BikHA), a00 Hi O/HI€T (BIAPI30K MOBHICTIO HE 0aunMo). BTiMm,
JIB1 KpamKu TEpPeTHHAHHS MOXKYTh 30iraTucsi (SIKIIO BIJIPI30K MPOXOJIUTH uepes
BEpUIMHY OaraTOKyTHHKA), aje I[ell BUMaJAOK Yy JOJAaTKOBOMY aHali3l HE Mae€
noTpeou.

Jlanmi BUKOHYETBCS LMK MO BCiX pedpax 0araTOKyTHUKA 3 METOK 3HAXOKEHHS
KparoK mepeTHHaHHA. [ KO)KHOTO pedpa mepes MoYaTKoOM TONIYKY MepeTHHAHHS
HEOOX1JHO MEpPEeBIPUTH, YU HE MapajieIbHO BOHO 3 BIAPI3KOM. SKIIO 1€ Tak, TO
MOKHA OOYHMCIIMTH BIJICTaHb BiJ OJHOTO 3 KIiHIIIB BIJpi3Ka JI0 MPSAMOi, 1110 MPOXOIUTh

gepes pebpo = (Fr—"p) 7). IMpu d = OBigpi3ox NICKUTH HA MpAMii, i
3QJIMIIAETHCS. BU3HAYUTH B3a€EMHE PO3TallyBaHHS KIHI[IB Bipi3Ka i KIHIIB pedpa, 1o

MOYHA 3pOOHMTH MPOCTHM MOKOOpAMHATHEM mopiBHsHHaM. IIpu @ 7 Oinpisok me
Ma€ 3arajibHUX Kparok 3 JaHUM PeOpoM.

7.3. KininyBanHs1 6araToKyTHHMKIB

Bin 3aBganHs BifCiKaHHS BiPI3KIB MOXKHA TEPEHTH 10 OUIbIIE CKJIAIHOTO:
KJIITyBaHHSA JOBUIbHUX OaraTOKyTHHKIB. SKio OaraTOKyTHHK HEOMYKJIHH, TO B
pe3yibTaTl MEepeTUHAHHS HaBITh 13 MPSMOKYTHUM BIKHOM MOKE€ BHUTH TPOXHU HE
3B'I3aHUX MK c00010 (Piryp, sK 1€ mokazaHo Ha puc. 7.8.
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Puc. 7.8. BiacikaHHs HEOMYKJIOro 6araToKyTHUKA

Konu komtye 3aBnaHHS IITPUXYBaHHS 3aMKHYTOI 0O0JIacTi OJHOYACHO 13
3aBJAaHHSM BIJICIKAHHS, T€ BAXKJIMBO MPABWJIBHO BU3HAYUTH MPUHAJICKHICTH 3HOBY
OTpUMaHUX (Iryp BHYTPIIIHBOI a00 30BHIIIHBOT YACTUHU BUXIJTHOTO OaraTroKyTHHUKA.
Hexaii BuxigHuii 0araTOKyTHUK 3aJaHUN YHOPSAKOBAHUM CIHCKOM BEPIIHUH
{P1,P2...,Pn , 10 BIJIIIOBIJIAI0Th pebpam
(P11, P2), (P2, D3)y oy (D1, Bn)y (Pny 1, Jist  BIACIKaHHS ~ TaKoro
0araTokyTHMKa  MNPSAMOKYTHHM  BIKHOM  MOXHa  3aCTOCYBaTH  QJITOPUTM,
3anponoHoBaHuii CazepieHsioM 1 XoKMEHOM. Inest oro momisirae B MOCIIIOBHOMY
BIJICIKAHH1 YaCTHHU OaraTOKyTHHKa IMPSMHMH, IO BIJAIMOBIIAIOTh CTOPOHAM BiKHA.
PesynbraTrom iioro po6oTH € BIOPSAKOBAHUN CITUCOK BEPIINH, 1110 JIEKATh Y BUTUMIN
yacTUHI BikHA. Ha KO’KHOMY KpOIll aJIrOpUTMY YTBOPHUTKCS Jiesdka nmpomixkHa dirypa,
TAaKOX TMPEACTaBICHA BIOPSAKOBAHUM CIIMCKOM BepiinH 1 pedep. [Ipukiman takmx
MOCJIJOBHUX BiACIKaHb MOKa3aHUM Ha puc. 7.9. Y mporieci BiJICIKaHHS MOCIIOBHO
00XOUTHCS CITUCOK BEPIIWH, MPUIOMY KOKHA YeproBa Kparka 3a BUHATKOM TEpIIoi
PO3MIIIAETHCA K KiHIIEBA KparKa pedpa, MOYaTKOBOK KPAIKO SKOTO € TONEPEIHS
Kpamka 3i cnucky. llopsmok, y sSKoMy pO3TJISIaloTbCs CTOPOHM BiKHA, HE Mae
3Ha4YeHHs. Y mpoiieci 00Xoay GOpMy€EThCSl CIMCOK HOBUX BEPIIMH OaraToKyTHUKA.

Puc. 7.9. TlocnimoBHI KPOKHM KIIITyBaHHS JOBUIHHOTO 0araTOKyTHHUKA

Ha mnepmomy kpori s mepmioi BEpIIMHU B CIOHCKY BU3HAYAETHCA 1l
MPUHAIECKHICTh BUAUMOI 00OJacTi. SIKII0 BOHA BUANMA, TO BOHA CTA€ TMEPIIOIO
KPAIKoI TMepIioro o0po0aroBaHoro pedpa i 3aHOCUTHCS B CIIMCOK HOBUX BEPIIIHH.
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S0 K BOHA HEBUIMMA, TO B CITUCOK HOBHMX BEPIIHMH HE 3aHOCHUTHCS, ajie OJHAKOBO
CTa€ MEePIIOI0 KParKow pedpa.

Jlist aHamizoBaHOTO pedpa MOXIIMBI YOTHPHU BUITAIKH PO3TAIIYBAaHHS IIOJI0

BIKHA.

1.

no

PeGpo moBHicTIO BumMe. Ueprosa kparka 3aHOCUTHCS B CITUCOK HOBUX BEPIIIHH
( mo dYekae yke TMOBHHHA TMepeOdyBaTH B I[bOMY CIIHCKY, OCKUIBKHA pPedpo
MTOBHICTIO BHIMIME).

Pebpo noBHicTIO HeBUAMMO. Hisikux 11kt HE BUPOOIIIETHCS.

Pebpo Buxomuth 13 o6Omnacti. IlepeOyBae kpamka nepeTuHaHHsS pebOpa 3i
CTOPOHOIO BIKHA i 3aHOCUTBCSI B CITUCOK HOBUX peoep.

Pebpo BXxomuTh B 001acTh. TakoX BIAIIYKYETbCS Kpamka MEpeTHHAHHS 3i
CTOPOHOIO BiKHA M 3aHOCHUTHCSI B CIIMCOK HOBMX BepiuH. KiHIleBa Kparika Tex
3aHOCUTBHCS B CIIMCOK HOBUX BEPIIIHH.

VY 1poMy alroputmi MHOCTIMHO JOBOJWTHCS BH3HAYATH BHUIUMICTH KpamKh

CTOCOBHO KOHKPETHOIr'o peOpa BikHA, IO BiATHHAE. BIKHO TakoX MOXHA 3aJaTH Y
BUTJISAJII BIOPSIZIKOBAHOTO CITUCKY BEPIINH. SIKII0 00X1]] BEPIIMH BiKHA 3/IIMCHIOETHCS
3a TOAWHHUKOBOIO CTPLIKOI, TO HOro BHYTPIIIHA 00gacTe Oyje po3TalioBaHa

mpaBopyd Bif Tpanuili. [Ipm mpomy posTamryBaHHs Kpanmku F BIZHOCHO TpSIMIiH,
SIKUW HAJIKUTH peOpOo, MO’KHA BCTAHOBIIIOBATU PI3HUMHU CIIOCOOAMU:

1.

Bubupaerbcss modaTkoBa Kpamka S JaHOro pebpa U OyAyeTbCs BEKTOP

r=p - 5] BEKTOp BHYTPIIIHBOI HOpMail 7@ 10 rpaHulll (pedpy) BiKHA.

OGUHCITIOETHCS CKAAPHMI 100yToK & = (7 7). Sxmo 4 = 0 1o kpanka P €
BUIIMOIO.
BymyeTbess MPOCTOPOBUM BEKTOp 7 (TPETIO KOOPAMHATY MOYKHA MOKIIACTH

piBHOi Hym0). Bektop [ (TakoX MpOCTOPOBUHA, Jieauuid y Tid ke TUIOIIMHI,
oo ¥ ) cnpsAMOBaHMM Y3A0BXK pebpa (3 ypaxyBaHHSM HAmpsSMKYy OOXOIy).

T=[7Fx 1]

OOUYHCITIOETHCST BEKTOPHUN JTO0YTOK . SIxmo koopauMHaTa 2y

BEKTOpa U IO3MTHBHA, TO KpAIKa D jexuTh paBopyd Bijg pedpa (€ BUIUMOIO).
Bunucyerbcs  KaHOHIYHE  PIBHAHHS  MNPAMOi, IO MTPOXOAUTH  dYepe3
pe6po: flr,u) +by+c=0

JInst AOBUIBHOI BHYTPINIHBOI Kpamku BIKHA (0, ¥0) o6uncmoersest 3HAUEHHS
d= fl:r_:.:".;,,y.;,;]’ a TaKOX IUIS KpamlKu 7 = (r1,u1) oGumemoersesn A = f(z1,11),
Sxmo uncna d i d1 MaroTh OJHAKOBHUH 3HAK, TO Kpamka r € BUJMMOIO.
HaiiGinpiie mpocTo 11i aNTOPUTMHU  PEAN3YIOThCA y BUMAAKY BIICIKAHHS

MPSIMOKYTHUM BIKHOM 31 CTOPOHAMHU, MapajeIbHUMHU OCSIM KOOPAUHAT.

7.4. IIuTaHHs i BIpaBuU

1.
2.

[lo Take kiimyBaHHs?
Sxmo kinmi BiapizkiB MaroTh Koau 1000 1 0100, CKiTBKK CTOPIH BIKHA BIiH MOXE
NepETUHATH?
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[Ipu sikoMy 3Ha4YeHHI KOJy OJIHOTO 3 KIHIIIB BiJIpi3Ka BiH OOOB'SI3KOBO Oyje
YaCTKOBO BUIUMHUM?

. Sxmo oOuaBa KiHII BiApi3Ka JekKaTh 103a BIKHOM, TO IIPH SKHUX KOJaX KIHIIB
BiH MOX€ TIPOXOJIUTH y30BXK JllarOHaITI BikHA?

. SIkuii 3 anropuTMIB BIIACIKaHHS BIAPI3KIB €(PEKTUBHIIIE: HABEACHHA y OJIOK-
cxemi 7.3 ab0 3acCHOBaHUN Ha PO3IOLII Biipi3Ka HABIILI?

3a J0MOMOTOI0 SKOi YMOBH MOXHA BH3HAYUTH TPUHAICKHICTh KpPAIKU
OITyKJIOMY 0araTOKyTHHUKY?

. YUu Oyne 1s ymoBa 3aCTOCOBHA Y BHUIAAKY JOBUIBHOTO OaratoKyTHUKa?
(miaTBEepaAUTE CBOIO BIJIMOBIIL MPUKIIAIAMU).

. SIx1 BUDAAKW po3TallyBaHHS pedpa 1100 BIKHA PO3TISAAIOTHCA B ajIrOpUTMI
KJIITYBaHHS JOBUIHHOTO 0araTOKyTHHKA?
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Tema 8. BUJAJIEHHSI HEBUJIUMUX ITOBEPXOHB 1 JITHIMI

IcTopuunuii ekckypc. Meroau nepedopHoro tumy. Meton Z-bydepa. Metoau
BUJIAJICHHsI HEJMIIbOBUX IpaHel OaratorpaHHuka. AnroputMu Baphaka i Beiinepa-
AzepToHa. MeToiu NpiOopUTETIB (XyA0KHUKA, IO IJIaBae o0piro). Metoa ABIHKOBOT
PO30MBKH MPOCTOPY. AJITOPUTMHU MOPSIKOBOTO CKAaHYyBaHHS JUIsl KPUBOJIHIMHUX
MOBEPXOHb. AJITOPUTM BU3HAYCHHS BUJIMMHUX I[TOBEPXOHb IUISXOM TpacyBaHHS
IIPOMEHIB

3aBaHHS BUAAJICHHS HEBUIUMUX JIiHIN 1 IOBEPXOHb € OAHIET 3 HANIIKaBIIIKX 1
CKIQIHUX y KOMMO'IOTepHId Tpadimi. AJTOPUTMH BUAAICHHS TMOJSTAIOTh Y
BU3HAYCHHI JIiHINA pedep, MOBEpXOHb a00 OOCATIB, sIKI BUAMMI a00 HEBHIWUMI IS
cIiocTepirava, 1o nepedyBae B 3ajiaHiii Kpamiil MpoCTopy.

HeoOxigHicTh BUAalCHHS HEBUIUMHUX JIiHIA, pedep, MOBEpXOHb ab0 OOCSTiB
MPOUTIOCTPOBaHa Ha puc. 8.1. MaaloHOK HA0YHO AEMOHCTPYE, 110 300pakeHHs 0e3
BUJIAJICHHS] HEBUUMUX JIIHIM CIPUAMAETHCA HEOAHO3ZHAYHO.

Fa
.

.

P

Puc. 8.1. HeonHO3HAYHICTD CIPUNHATTS 300paskeHHs Ky0Oa

CknagHiCTh 3aBJIaHHS BUJIAJICHHS HEBUJMMMX JIIHIM 1 TOBEPXOHb MpHBEIa IO
MOSIBU BEJIMKOI KIJILKOCTI PI3HUX CMOCOOIB 1i pimieHHs. barato XTo 3 HUX OpiEHTOBAHI
Ha creriaigizoBaHl AoJaTku. €IUHOTO (3arajJibHOr0) pIlICHHS I[HOTO 3aBJlaHHS,
MPUAATHOTO JJIs PI3HUX BUNAAKIB, NPUPOJHO, HE ICHYE: JUJISI KOXXHOTO BHIAJKY
BUOMpAETHCS HAWUOLIBII MiAXoaamuii Meton. Hampukman, s MOJEIIOBaHHS
MPOIIECIB Yy pEaJbHOMY Yaci MOTPIOHI IIBUJKI alTOPUTMH, Yy TOW Yac SIK IS
(dbopMyBaHHS CKJIQJHOTO PEATICTUYHOTO 300paKEHHS, Y SKOMY MpEJCTaBICHI TiHI,
MPO30PICTh 1 (haKTypa, 10 BPaXOBYIOTh €(HEKTH BIAOUTTS U MEPEIOMIICHHS KOJIbOPY
B JpiOHMX BIiATIHKaX, (akTOp dYacy BUKOHAHHS BXKe He Tak sBHuiA. [lomiOHi
QITOPUTMH TIPAIIOIOTh MOBUIBHO, 1 HayacTimie Ha OOYMCIICHHS MOTPIOHO KijbKa
MiHyT a00 HaBiTh ToAWH. ICHye TICHHN B3a€MO3B'SI30K MK MIBHIAKICTIO POOOTH
AITOPUTMY ¥ JETABHICTIO HOTO pe3ynbTary. JKojeH 3 airOpUTMIB HE MOXKE JOCITTH
TapHUX OIIHOK JUTSI ITUX JIBOX TTOKA3HHKIB OJJHOYACHO. Y MIPY CTBOPEHHS yce OUbIie
IIBUJKUX aITOPUTMIB MOXKHA OyAyBaTH yce Ouibliie JeTainbHl 300pakeHHs. PeanbHi
3aBJIaHHSI, OJTHAK, 3aBXK]I1 OyAyTh BUMAratu 00Ky I1ie OUIBINOI KiIJIbKOCTI JIeTaleH.

Bci anroputMu Takoro poay Tak YW 1HAaKIE MICTATH y co0l COpPTyBaHHS,
MPUYOMY TOJIOBHE COPTYBAaHHsS BEAEThCS MO T'€OMETPUYHINM BIACTaHl BIJ Tijia,
MOBEpXHI, pedpa abo Kpanku 0 KpamnKkd CIOCTEPEKEHHS a00 KapTHUHHOI MIIOIIMHH.
OcHoBHa 1/1e1, TOKJIa/IeHa B OCHOBY COPTYBaHHsI 1O BIACTaHi, MOJSATAE B TIM, 1[0 YUM
JaJli po3TaIIOBaHO O0'€KT BiJl KPAIlKH CIIOCTEPEKEHHS, TUM OLIbIIe WMOBIPHICTD, IO
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BiH Oyjie MOBHICTIO 200 YaCTKOBO 3aKPUTUM OJHUM 3 00'€KTiB, OUIbIIE OJU3BKUX 0
Kparku crioctepexenHs. [licis Bu3HavueHHs BijcTaHel abo mpiopuTeTiB 1Mo rinOuHi
3ITAIIAETHCS POBECTU COPTYBAHHSI IO TOPU3OHTAI ¥ TIO BEPTHKAJI, 00 3'sCyBaTH,
9 Oyzie pO3TIISIHYTHH 00'€KT MIMCHO 3aKpUTHH 00'€KTOM, PO3TAIIOBAHUM OJIMKYE J0
KpaIiKu CIIOCTEPEKCHHS. EQEKTUBHICTh Oyb-SIKOTO aTOPUTMY BHIIAJICHHS 3HAYHOIO
MIpOTO 3aJICKUTH BiJl €hEKTUBHOCTI MPOIECY COPTYBAHHS.

ANTOpUTMH  BUJQJCHHA HEBUIUMUX JiHIK a00 TOBEPXOHh MOXKHA
KiacugiKyBaTH MO CIoco01 BUOOPY CHCTEMH KOOPJIMHAT abo0 IMPOCTOPY, Y SKOMY
BOHU IPAIOIOTh. AJITOPUTMH, IO MPAIIOIOTh B 00'€KTHOMY MPOCTOP1, MAIOTh CIIpaBa
31 CBITOBOIO CHUCTEMOIO KOOPJIMHAT, Y SIKii omucaHi 11 00'ekTh. [Ipu boMy BUXOISITh
JOCUTh TOYHI pe3yJIbTaTH, OOMEXEeHI, 3arajoM KaXyud, JUIIe TMOTPIIIHICTIO
oOuucienb. OTpuMani 300pa)KeHHs MOXHA BUIBHO MaclTadyBaTH. AJITOPUTMU, IO
IpaIolTh B 00'€KTHOMY IMpPOCTOPl, OCOOJIMBO KOPUCHI B THUX J0JaTKax, Ji€
HEO0O0X1Ha BUCOKA TOYHICTh. AJITOPUTMH XK, IO MPALIOIOTh Y TPOCTOP1 300pasKeHHS,
MalpTh CIOpaBa 13 CHCTEMOIO KOOpAMHAT TOrO0 €KpaHa, HAa SKOMY O0'€KTH
BioOpaxaroThcs. [Ipu bOMy TOUHICTH 0OUKCIIEHH OOMEXEHA PO3B'SI3HOIO 3J]aTHICTIO
eKpaHa.

Mu nipuBeieMo Jesiki 3 aITOPUTMIB, 10 MPALIOIOTh K B 00'€KTHOMY MPOCTOPI,
TaK 1 B IPOCTOP1 300pakKeHHs, KOKHUN 3 SIKUX LTIOCTPYE OJIHY a00 KiJIbKa OCHOBHUX
171eil Teopii aNropuTMIB BUJATIEHHS HEBUIUMUX JIIHIH 1 TOBEPXOHb.

8.1. Anroputm Pobeptca

[eit anroput™, 3anponoHoBanuii B 1963 p., € nepiior po3poOKOI0 TAKOTO POAY
W mpu3HAYeHW U1l BUJAJICHHS HEBUIUMUX JIHIA NPHU IITPUXOBOMY 300pa’KE€HHI
00'eKTIB, CKJIAZIEHUX 3 ONMYKJIMX OaraTorpaHHUKIB. BiH CTaBUTBHCS 10 alrOPUTMIB, 10
MPAIIOI0Th B 00'€KTHOMY IPOCTOPI, 1 Ay’KE €JIEraHTHUM 3 MAaTEMaTUYHOI TOUYKHU 30DYy.
Y HbOMY JyXe BIAJO CIOJYYarOThCs T€OMETPUYHI METOAM W METOAM JIIHINHOTO
IporpamyBaHHS.

Onyxnuii OaraTorpaHHUK OJHO3HAYHO BHU3HAYA€THCS HAOOPOM IUIOMIMH, LIO
yTBOPSATH HOr0 rpaHi, TOMY BUXIJIHUMHU JaHUMH JUIsl QJITOPUTMY € OaraTOrpaHHUKH,
3aJlaHl CIIMUCKOM CBOiX TpaHel. ['paHl 3a1al0ThCsl Yy BUIJISAL IUIOIIMH, 3aJIaHUX Y

KaHOHIYHIA ¢dopmi (muB. Jsekiito 3) B O00'€KTHIA CHUCTEMI KOOPJWHAT:
ar+by+ecz+d=0

Puc. 8.2. 3o0BHimIHI HOpMaJli TeTpaeapa
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Takum YMHOM, KO’KHa IIJIOIMMWHA BU3HAYa€TbCA tIOTI/IpBOXMipHI/IM BEKTOpPOM P ,a

KOXKHA Kpamka 7 , 3aJaHa B OJHOPIJHUX KOOPAMHATAX, TaKOX SBISLC COOOKO

YOTUPHOXMIPHUN BEKTOD:

(I I

. b . 1

F = , T ="

[ 2

d 1
[IpuHaneXHICTh KpanmKyd IUIOIIMHHA MOXHAa BCTAaHOBUTH 33 JOMOMOTOIO
CKAJISIPHOTO JOOYTKY, TOOTO SKIIO (P-7)= 0 e kpamka HaNeXHTH TIOUIMHH,

AKIIO K Hi, T€ 3HAaK MOOYTKYy MOKa3ye, MO Ky CTOPOHY BiJ IUIOIIMHU L Kpamka
nepedyBae. B anroputmi PoOeprca miomuHu OyAyHOThCS TaKUM YHHOM, WIO
BHYTPIIIHI KpamnKkyd OararorpaHHUKa JIeKaTb y TO3WTUBHIN HamiBiwomuHi. [le

O3HAYyae€, II0 BEKTOP (4,B,C) ¢ 30BHIMHBOIO HOpMAJLJII0 JI0 OararorpaHHUKa
(puc. 8.2). 3 BEKTOPiB IIIOIKMH OyXyeThCS NPSAMOKYTHA MATPHUL MOPSAAKY + % 7 1m0
Ha3UBACTHCS y3arajbHEHOI0 MATPUIECIO ONMCY 0AraTOrPAHHMKA!

[15] [} 3 . n

A — by b b3 ... b,
& [l 3 . Cn
dy da ds ... dn
MHOa41 CTOBIIL MAaTPUIll HA BEKTOP 7 , OJIEPsKUMO N-MipHULl BEKTOP, 1 AKIIO

BCl MOro KOMIIOHEHTH HE HEraTWBHI, TO KpamKa HaJeXuTh OararorpaHHuky. Ll

(7 M) =z O(MaeThest Ha yBasi MHOXKEHHS

yMOBa OyJeMO 3alucyBaTH y BUTIIAMIL
BEKTOP-PsI/IKA HA MATPHULIIO).

VY cBoeMy anroputmi Pobeptc po3risgae TUIbKU BIPI3KH, 110 € MEPETUHAHHSAM
rpaHeil baraTorpaHHMKa.

3 y3araJilbHeHOi MaTpulll MOXKHA ojepkaTh 1H(opmalliio mpo Te, Kl TpaHi

OararorpaHHrMKa TEpEeTUHAIOThCS Yy BepmmHax. JlificHO, SKIIO BepIIMHA

v = (2,4, %, 1) ganesxurs IpaHsIM P1, Py, Ps3 1o BoHA 3a10BOIBHSE PIBHSIHHSIM

(T - P)=0 o
(T - P3)=0 _ 0
' . Py roe ey = 0
{T-Pajzﬂ 1
(T -F4)=0 |

r

[{ro cuctemy MOXHa 3aMyMcaTé B MATPUIHOMY BU/IL:

) = ?4_,

e @ _ MaTpuIlsd, CKJIajJeHa 3 BEKTOP-CTOBIIIIIB Py, Py, Ps, '€, BuxoanTs,

KOOPJIMHATA BEPIIMHA BU3HAYAIOTHCS CITIBBIJHONICHHSIM & — Y, TOOTO
BOHU CTaHOBJISITH OCTAHHINA PSAOK 3BOPOTHOT MATpPHIl. A 1€ 03HAYAE, MO AKIIO JJIS
SKUX-HEOYIb TPHOX TUIONIMH 3BOPOTHA MATPUIIS iICHYE, TO IUIOIIUHA MAIOTh 3arajbHy
BEPILUHY.
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AJNTOpUTM HacamIiepe]] BUJAIS€ 3 KOXKHOIo OaraTorpaHHuka Ti pebpa abo
IpaHi, sIKi €eKPaHYIOTHCS CaMUM TUIOM. PoOepTc BUKOPUCTOBYBAB IS IIHOTO TIPOCTHIA
TECT: SAKIIO OJHAa abo OoOWABI CyMDKHI TpaHi 3BEpHEHI CBOEIO 30BHINIHHOIO
IIOBEPXHEI0 70 CIocTepirada, To peOpo € BUAUMUM. TecT Iled BHUKOHYETHCS
OOYHMCIICHHSIM CKaJSIPHOTO JOOYTKY KOOPAMHAT CIIOCTEpirada Ha BEKTOP 30BHINIHBOI
HOpPMaJITi TPaHi: KO pe3yIbTaT HETATUBHHM, TO TPaHb BUIUMA.

[ToTiM KOXHE 3 BHUAMMHUX pedep KOXKHOro OaraTOrpaHHUKA PIBHSIETHCS 3
KO)KHMM 3 0ararorpaHHHKIB, [0 3aJHIIWINCS, JJI BU3HAUEHHS TOTO, SKa MOTO
JacTHHA a00 YaCTUHH, SIKIIO TaKi €, eKPaHYIOTHCSA IUMU TijdaMH. [[Js1 IbOTo B KOXKHY
Kpamky peOpa TMPOBOIUTHCS BiIPI30K MPOMEHIO, IO BHUXOAWTH 13 Kpamku
po3TamryBaHHS ~crHocTepirada. SIkmo BiApi30K HE TEpeTHHAE JKOJHOTO 3
OararorpaHHUKiB, TO Kpamka Buauma. Jlns  pillleHHd [bOTO  3aBJAHHSA
BUKOPUCTOBYIOTHCA MapaMETPUUHI PIBHSIHHS NPSAMOIi, III0 MICTUTh PeOpo, 1 IPOMEHIO.

Slkio 3ajaHi KiHIi Bigpiska T M 5 , a cmocTepirad po3TAIlOBaHWK y KpaIlLi
U, TO BiIPI30K 3a1a€THCSA PIBHAHHAM

T =T+t (5-T)=7T+¢t-d, 0<t<l,
a mpsimMa, 1110 /1€ B Kparky, 110 BIAMOBIAA€E apamMeTpy t , — piBHIHHIM
T=T+7-G=T+t-d+7-7.

JIst BU3HAUEHHSI TO1 YaCTUHU BIJPI3Ka, IO 3aKPUBAETHCS SIKUM-HEOYIb TLIOM,

JOCUTh 3HAMTH 3HAYEHHA {H T, IpH AKUX NOOYTOK BEKTOpa U HA y3arajbHEHy

MATPHUIIIO TTO3UTHBHO. JJIst KOKHOI ILIOMMHE £ i 3aIHCyeThCs HEPIBHICTD

q; = fTFI) —I—i‘[r_ i FI) —I—T[r_E F” = (),

[{i yMOBY MOBMHH1 BUKOHYBATUCS JIJIS1 BCIX TUIOIIHH.

Tymatoun % = O onepxyemo crcTeMy piBHSHB, pIlICHHS SIKOI JAIOTh HAM
Kpanku "3MiHM BHIMMOCTI" Biapi3ka. Pe3ynbrar MoOXHA OJA€pX aTh MNUIIXOM
CHUJIBHOTO PIIIEHHS BCUISKMX Map PiBHSAHB 13 Li€i cucTeMu. YUCIO BCUISKUX pIlIEHb
npu NV miomunax gopisHioe 1V - (V=-1)/2,

Tomy 1m0 oOcsr oOuncieHb pocTe 31 30UIBIICHHSIM YHUCIa 0araTOKyTHUKIB, T€
OakaHO B MiIpy MOXKJIMBOCTI CKOpOYYBAaTH IXHE YHCIO, TOOTO SKIIO MU
alPOKCUMYEMO  JICSIKy TIOBEpXHIO 0araTrorpaHHUKOM, TO SK TpaHl MOKHA
BUKOPUCTOBYBATH HE TPUKYTHHUKHU, a OUIbIe CKIagHi OaraTokyTHHKHU. [Ipu 1pomy,
3pO3yMijio, BCTa€ mpobiieMa, K MoOyayBaTH Takui OaraTroOKyTHUK, 100 BiH Majo
BIJIXWJISIBCS B1JT TIOCKOT Pirypw.

8.2. Anroputm BapHoka

Ha Bigminy Big anroputmy PoGeptca, Bapuok B 1968 p. 3ampomoHyBaB
ITOPUTM, IO TIPAITIOE HE B 00'€KTHOMY MPOCTOP1, a B MPOCTopi obpasa. Bin Takox
HaIUICHUI Ha 300pakeHHs OaraTorpaHHUKIB, a TOJIOBHA iJies HOro 3acHOBaHA Ha
rinoresi mpo crnocid 00poOku iHpopMaIlii, IO BTPUMYETHCS B CIIEHI, OKOM 1 MO3KOM
moaunu. L rimoTesa mossrae B TiM, 1[0 BUTPAYAETHCS Ty’KE MaJIO 4acy ¥ 3yCHJIb Ha
00poOKy THX 00JacTei, ki MICTATh Mao iHpopMmarltii. binbina yactuHa vacy i npartii
3aTpadaeThCcsl Ha 00JIaCTI 3 BUCOKUM 1HGOpMaIIMHUM yMicTOM. Tak, HampuKIa,
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pPO3IUISIal0UM TPUMIILIEHHS, y SKOMY € TUIbKM KapTHHAa Ha CTiHI, MU IIBUAKO
OTJIIIAEMO CTIHH, MAJIOTY M CTEINS, a OTIM BCS yBara 30CepeKyeEMO Ha KapTHHI. Y
CBOIO UepTy, Ha I[ii KapTHHI, AKIIO IIe MOPTPET, MU IIBUIKO BiJ3HAYAEMO TJO, a
ITOTIM OLIBII YBAXKHO PO3MIISAAEMO 0CO0Y 300pakKE€HOTO IEepCOHa)Kka, 0COOJIMBO OKa,
ryou. Sk mpaBuio, JOCUTH JE€TAIBHO PO3IIIAIAIOTHCS 1IE M PyKU U 3 JIeJIBE€ MEHIIOIO
YBaror — OJIsT.

B anroputmi Baphoka 1 #ioro BapianTtax poOoutbcs crpo0a CKOPUCTATUCS THUM,
mo Ouapini  obnacTi 300pakeHHS OMHOPiAHI. Taky BIacTUBICTh HA3WBAIOTh
KOTePeHTHICTI0, MalO4YM Ha yBa3i, 10 CYMIXKHI 00acTi (miKceni) y370BXK 000X oceit
X ¥ 8 MAIOTh TEHACHIIIIO 10 OJHOPITHOCTI.

VY npocTopi 300paxkeHHs PO3TISIAETHCS BIKHO ¥ BUPIIIYETHCS MUTAHHS MIPO TE,
Y1 MOPOKHBO BOHO, a00 MOro BMICT JIOCUTH MPOCTO JUIs Bizyauizalii. Akio e He
TaK, TO BIKHO PO30MBA€ThCS HAa (parMeHTH JOTH, MTOKU BMICT (pparMeHTa HE CTaHE
JIOCUTh MPOCTUM IS Bi3yanizailii abo HOro po3mip He JOCATHE HEOOX1THOT MEXi
posmpeHHs. B ocraHHbOMy BUMNAKy iHGOpMaIlis, M0 BTPUMYEThCA Yy BIKHI,
OCEpPETHIOETHCS, 1 PE3yJbTaT 300paKye€ThCAd 3 OJHAKOBOIO I1HTEHCHUBHICTIO abo
KOJBOPOM.

KonkpeTtna peamizaiiis anroputMy BapHoka 3aleXuTh Bl METOAY pPO30OMBKHU
BiKHA U Bij JeTajell KpUTepiro, BAKOPUCTOBYBAHOTO JJISl TOTO, III0O0 BUPIIIUTH, YU €
BMICT BIKHa JOCHUTh NPOCTUM. B oOpuriHanbHIA Bepcii aNropuTMy KOXKHE BIKHO
po30uBajoCs Ha YOTUPH OJIHAKOBUX IMiJIBIKHA. bararokyTHUK, II0 BXOJUTH Y
300pa)kyBaHy CIICHY, CTOCOBHO BikHa OyjeMo Ha3uBatu (puc. 8.3)

— 30BHINIHIM, SKIIIO BiH IUTKOM IepeOyBac 1mo3a BIKHOM;

— BHYTPIilIHIM, SKIIO BiH LIJIKOM PO3TalllOBaHUI ycepearH] BIKHA,
— 10 MePeTHUHAE, SKIIIO BiH MEPETUHAE TPAHUITIO BIKHA;

— 110 OXOILJIIOE, SIKIITO BIKHO ITIJIKOM PO3TaIllOBaHE BCEPEANHI HHOTO.

S

a) b) c) d)
Puc. 8.3. BapianTtu posrainryBaHHs 0araTOKyTHUKa CTOCOBHO BiKHA

Tenep MokHA B caMOMY 3araJlbHOMY BHJI1 OIHCATH aJTOPUTM.
J171s1 KO)KHOTO BiKHA:

1. SIxmio Bci GaraTOKYTHUKH CIIEHU € 30BHINIHIMU CTOCOBHO BiKHA, TO BOHO MYCTE;
300paxyeThcsi HGOHOBUM KOJHLOPOM 1 MOAAJIBIIIO PO3OUBKOIO HE MiIsATAE.

2. SIkmo TiABKM OAMH OaraTOKyTHUK CIIEHM Ma€ 3arajbHI KpankKd 3 BIKHOM 1 €
CTOCOBHO HBOTO BHYTPIIIIHIM, TO BIKHO 3aIlOBHIOETHCS (DOHOBHUM KOJBOPOM, a
caM 0araToOKyTHUK 3allOBHIOETHCS CBOIM KOJIbOPOM.
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3. Skmo TinbKM OAMH OaraTOKyTHUK CIIEHM Ma€ 3arajbHl KpalKu 3 BIKHOM 1 €
CTOCOBHO HBOTO III0 TIEPETHUHAE, TO BIKHO 3aMIOBHIOETHCS (DOHOBUM KOJBOPOM, a
yacTMHA O0araTOKyTHHKa, IO HAJICKUTh BIKHY, 3alOBHIOETHCS KOJIHOPOM
O0araToKyTHHUKA.

4, SIkmo TIIRKM OAWMH OaraTOKyTHHK OXOIUIIOE BIKHO I HEMae 1HIIHMX
0araToKyTHHUKIB, 1[0 MAIOTh 3arajbHI KPaK{ 3 BIKHOM, TO BIKHO 3alIOBHIOETHCS
KOJIbOPOM I[bOT'0 0araTOKyTHHUKA.

5. Skmo icHye xo4ya 0 OJMH OaraTOKyTHHK, IO OXOIUTIOE BIKHO, TO CEepel BCIX
TakuxX 0araTOKyTHUKIB BHOMPAETHCS TOW, KOTPHUM PO3TAIIOBAHUI OJMKYE BCIX
0araToOKyTHUKIB JI0 KpalKd CHOCTEPEKEHHS, 1 BIKHO 3aMOBHIOETHCS KOJIHOPOM
[LOTO OaraToOKyTHUKA.

6. Y nmpoTuBHOMY BUIAJIKy BUPOOJIIETHCA HOBA PO30OKMBKA BIKHA.

Kpoxku 1-4 posrismaroTh CUTyallll0 MEePEeTHHAHHS BiKHA TIIBKH 3 OJHHUM
0araTrokyTHUKOM. BOHM BUKOPHUCTOBYIOTHCS JIJIsI CKOPOUCHHS YHcia po30uBoK. Kpok
5 Bupimye 3aBIaHHS BHJIAJCHHS HEBHIMMHX IIOBEPXOHb. baraTOKyTHUK, IO
nepe0yBae OMK4e BCIX 10 KPAKU CIIOCTEPEIKEHHSI, €KpaHy€e BCI 1HIIII.

Jns peanizaifii anroputMy HeEoOXiTHI (QYHKINI, [0 BHU3HAYAIOTh B3aEMHE
pO3TalllyBaHHS BiKHA i OaraTOKyTHUKa, SIKI JOCUTh JIETKO PEali3ylOThCA Y BUIAIKY
NPSMOKYTHUX BIKOH 1 ONYKIUX OaraToKyTHUKIB. J[Ji1 BU3HAYEHHS, YU €
0araToOKyTHUK IO OXOIUIIOE, 30BHINIHIM a00 BHYTPIIIHIM, MOXHa CKOPHCTAaTHCS,
HaAIMPUKJIaJ, 3aHypPEHHSIM 0araTOKyTHUKa B MPSIMOKYTHY OOOJIOHKY. [[71s1 BUBHaueHHs
HAsSIBHOCTI TMEpEeTHHAaHb MOKHA BUKOPUCTOBYBAaTH OMNOpHI Mpsmi (Tak camo, sK
BUKOPUCTOBYBAJIMCS ITUIONIMHU B anroputmi Pobeprca). Skmio x OaraToOKyTHUK
HEOMYKJIM, TO 3aBAaHHS YCKIAIHSIEThCSA. MeToau pillleHHsS TaKoro POy 3aBllaHb
OyIyTh PO3IMJISHYTI B TJIaB1, III0 CTABUTHCS JI0 TEOMETPUIHOTO TIOIIYKY.

Bapro momituTH, 1Mo ICHYIOTH pi3HI peanizaiii anroputmy Bapuoka. Bymu
3aMpONOHOBAHI BapiaHTH ONTUMI3allii, 10 BUKOPUCTOBYIOTh MONEPEIHE COPTYBAaHHS
0araToKyTHUKIB IO MMOWHI, TOOTO MO BIACTAHI BiJ KPanKy CIIOCTEPEKEHHS, 1 1HIII.

8.3. AuroputMm Beilsiepa-A3epToHa

Beitnep 1 AzepToH crpoOyBajau ONTHMI3yBaTH aJroputM BapHoka BiIHOCHO
YHuCiia BUKOHYBAaHWX PO3OMBOK, MEPEHINOBIIN BiJl MPSIMOKYTHUX PO3OHMBOK 0
pPO30MBOK  y37OBXK TrpaHullb OaratokyTHukiB (1977). [ns 1mporo BOHH
BUKOPUCTOBYBAJIM HHMH 3K PO3POOJICHHMI aNrOpUTM BIJACIKaHHS OaraTOKYTHHKIB.
ANTOpUTM mpalioe B O00'€KTHOMY MpPOCTOPI, 1 pe3yJabTaToM HOro poOoTH €
0araToKyTHUKH. Y caMOMY 3arajlbHOMy BUJ1 BiH CKJIQAETHCS 13 HOTUPHOX KPOKIB.

1. TlonepenHe copTyBaHHS MO TITUOMHI.

2. BijgcikaHHs 10 TpaHUIl  HAWOIMKYOro JO KpamKd  CHOCTEPEKCHHS
0araToKyTHUKa, HA3MBaHE COPTYBAHHSAM 0araTOKYTHHKIB Ha IJIOLIUHI.

3. BupanenHns 0OaraTOKyTHHKIB, €KpPAaHOBaHHMX OLIbIIe OMU3BKUMU [0 Kpamnku

CIIOCTEPEKEHHS 0araTOKyTHUKaMHU.

4. Slxmo motpiOHO, TO peKypCUBHA PO30MBKA i HOBE COPTYBaHHS.

Y mpoueci MomepeaHbOr0 COPTYBAaHHS CTBOPIOETHCS CIHUCOK MPHUOIU3HUX
MPIOPUTETIB, TPUUOMY OJM3BKICTh 0araTOKyTHHKAa 10 KpaIlKH CIIOCTEPEKCHHS
BHU3HAUYAETHCS BIJCTAHHIO N0 HaOmmkuoi no Hei BepmuHHU. [lOTiM BUKOHY€TbCA
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BIJICIKAHHS TI0 HaHWmeprioMy 3 0araToKyTHHUKIB. BijcikaHHIO miggaloThCs BCi
0araTOKyTHUKH 31 CIUCKY, TIPUYOMY IIsl OTIEpaIlisi BUKOHYETHCS HAJ TPOCKIIISTMU
0araToKyTHUKIB Ha KapTUHHY IUIomuHy. [IpM 1hOMY CTBOPIOIOTBCS CHHCKH
30BHIINIHIX 1 BHYTpimHIX (iryp. Bci momasmii B CrUCOK 30BHINIHIX HE €KPaHYIOTHCS
OararokyTHUKOM, 10 BigTHHAE. [loTiM pO3TISAAETBCS CHUCOK BHYTPINIHIX
0araToKyTHUKIB 1 BHKOHYETHCS COPTYBAaHHsS IO BiJICTaHI /10 OaraTOKyTHHKA, IO
BiTHHAE. SKIIO BCi BEPIIMHM JCSKOTO OaraTOKyTHHUKA BHUSBISIOTHCS Maji Bijg
croctepiraya, Y4MM caMa BWJIy4YE€Ha 3 BEpPIIMH 110 €KpaHy€e, TO BOHU HEBUIUMI, 1 TOJI
BOHU BiAaIsIt0ThCs. [licis 1iboro po6oTa airopuTMy TPUBAE 13 30BHIIIHIM CITUCKOM.

S0 siKack 13 BEpUIMH BHYTPIIIHHOTO 0araTOKyTHHUKA BUSBJISETHCS OJMHKYE J10
croctepiraya, 4YuM HalOJIMK4a 3 BEpIIMH OaraTOKYTHHKA, IO €KpaHye, TO TaKuu
0araTOKyTHUK € YacTKOBO BHUIAMMHUM. Y I1IbOMY BHIIQJIKy IOMEPEAHIN CIUCOK
NPIOPUTETIB HEKOPEKTHUHM, 1 TOJ1 B SKOCTI HOBOTO OaraToKyTHHKa, 110 BIATHHAE,
BUOMpAETHCS caMe 1el "mopymHUK nopsiaky". Ilpu 11boMy BUKOPHUCTOBYETHCSI CaMme
BUX1IHMI 0araTOKyTHUK, a HE TOM, 110 BUMIIIOB Y pe3yJIbTaTi MEPIIOro BiJCIKAHHS.
Takuii maxig J03BOJISIE MIHIMI3yBaTH YHCIIO PO30OMBOK.

Ieit anroputm Hagam OyB y3arambHeHud Ketmynom (1974) mist 300pakeHHs
MIaNKUX OiKyOiYHMX IIOBEpXOHb. MoOro miaxix momsraB y TiM, IO po36GHBII
migaaBagacs moBepxHsa. KopoTko 1el aaropuTM MOKHA OTMCATH TaK:

1. PekypcuBHO pO30MBA€ThCS MOBEPXHS [OTH, IOKM MPOEKLIS €JIEMEHTa Ha

IUIOIIMHY 300paKeHHs He OyJie TOKPUBATH HE OUIbIIE OJTHOTO IMIKCEJS.

2. BusHauutu aTpuOyTH MOBEPXHI B IOMY TIKCeIl i 300pa3uTu Horo.

EdexTuBHicTh Takoro wmetomy, SK 1 anropuT™ BapHoka, 3aleXuTb Bij
edexTuBHOCTI po36uBoK. Hagaumi meit anroputm OyB pO3MOBCIOKEHUN Ha CIIAHHOBI
TOBEPXHI.

8.4. Meton Z-bydepa

Ile omuH 3 HAWMOPOCTIIIMX aNTOPUTMIB BHUJIAJICHHS HEBUJIUMUX TOBEPXOHD.
VYnepuie BiH OyB 3anpornoHoBanuii Kermynom B 1975 p. Ilpamtoe et anroputM y
npoctopi 300pakeHHs. [nes Z-bBydepa € mpoctum y3aranbHEeHHSM in1ei po Oydep
kanpy. bydep kanpy BUKOpUCTOBYETHCS AJIA 3amaM'iTOByBaHHS aTpUOYTIB KOKHOTO
miKcels B MPOCTOpi 300paxkeHHs1, a Z-bydep npusznaueHuid s 3anam'sTOByBaHHS
rIMOWHY (BiJICTaH1 B/l KAPTUHHOI IJIONIWHN ) KOKHOTO BUIUMOTO MIKCENS B TPOCTOPI
300paxeHHs. OCKIIBKHA JTOCUTh PO3MOBCIOUKEHUM € BUKOPHUCTAaHHS KOOPJIWHATHOI
mwiomuan X OY gk kapTWHHA TIUIONMHA, TO TJHOWHA JOPIBHIOE KOOPAWHATI =
Kpamnku, 3BiJIcM W Ha3Ba Oydepa. Y mporeci poOOTH 3HAYEHHS TJIMOMHU KOKHOTO
HOBOT'O MIKCENsl, IKOMY MOTpIOHO 3aHecTH B Oydep Kaapy, pIBHIETHCS 13 MITHMOUHOIO
TOTO MIKCeJs, 10 BXe 3aHeceHui B Z-bydep. Skiio 1e mopiBHIHHS MOKa3ye, 110
HOBUM TKCEIh PO3TAIIOBAHO CIIepeny Mmikcess, 1o nepedyBae B Oydepi kaapy, Te
HOBUH MIKCEJIb 3aHOCUTHCS B 11l Oydep 1, KpIM TOT0, BUPOOISIETHCS KOPEKTYBaHHS
Z-bydepa HOBUM 3HAUCHHSM TIMOWMHU. SIKIO X TOPIBHSHHS Ja€ MPOTHICKHUN
pe3yibTaT, TO HISKUX M1 He BUpoOseThes. [1o cyTi, anroput™ € momnrykom mo - i ¥

HaWOIBIIOTO 3HAYEHHS PYHKIIIT ~ (x,),
['onoBHa mepeBara anropuTMmy — Horo mpoctoTa. Kpim Toro, mei anroputm
BUPIIIyE 3aBIaHHS MPO BUIAICHHS HEBHIMMHUX IMOBEPXOHb 1 POOUTH TPHUBIAIBHOT
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Bi3yali3allito MepeTHHaHb CKJIaJAHUX MOBepXOHb. CLIEHH MOXYTh OyTH OyIb-iKOT
ckinagHocTi. OCKIIbKH TabapuTH MPOCTOpPY 300paxkeHHS (iKCOBaHI, OIIHKA
0OYHMCITIOBAIEHOT TPYAOMICTKOCTI alNTOPUTMy HE OUThII HDK JiHIMHA. OCKIUIBKH
€JIEMEHTH CIIeHU a00 KapTHHKKA MOXHa 3aHOCUTH B Oydep kampy abo B Z-bydep y
TOBUTHHOMY TIOPSZIKY, iX HE MOTPIOHO TOMEPEeIHBO COPTYBAaTH IO TPIOPHUTETI
rmOuHu. ToMy 3a0apKy€eThCss 0O0UNCITIOBAIFHUIN Yac, 3aTpadyyBaHe Ha COPTYyBaHHS
10 TTIMOWHI.

OCHOBHHI HEJIONIK AITOPUTMY — BEJIMKUN 00car HEoOX11HO1 mam'saTi. OCcTaHHIM
4acoM Yy 3B'SI3KYy 31 HIBUJKUM POCTOM MOKJIMBOCTEH OOUYMCIIOBAILHOI TEXHIKU LW
HEJOJIK CTae MEHII JIMITye. AJie B TOM 4Yac, KOJHM aJrOpPUTM Il TUIbKU 3'SIBUBCA,
JIOBOJAMIIOCS BUHAXOJUTU CIIOCOOM CTBOpeHHs Oydepa sk MOXKHa O1IBIIOro 00CATYy
IpY HAsIBHOMY pecypci mam'siTi.

Hampukinan, mokHa po3OuBaTul mpocTip 300pakeHHs Ha 4, 16 abo Ouiblie
MPSIMOKYTHUKIB 200 cMyT. Y TpaHMYHOMY BaplaHTi MOXKHAa BUKOPHCTOBYBATU Oydep
PO3MIpOM B OJIMH PSAAOK pO3rOpHEHHs. [[1s1 0CTaHHBOTO BHMAAKy OyB PO3pOOJICHUM
AJITOPUTM  TOPSIIKOBOI0 cKaHyBaHHAA. OCKITbKM KOXHHUW €JIEMEHT CIICHU
00poOisieThest OaraTto pasiB, TO cerMeHTyBaHHsS Z-bydepa, 3aramom Kaxyuw,
MPUBOJIUTH /10 30UIBIIEHHS Yacy, HEOOX1AHOTO AJisi OOpOOKHU CIICHH.

[HImIMI HEOMIK AITOPUTMY CKJIAJIa€ThCsl B TPYAOMICTKOCTI peaii3allii e(eKTiB,
MOB'A3aHUX 3 HAMIBIOPO30PICTIO, 1 PsAy IHIIMX CHEHIAIbHUX 3aBAaHb, IO
M1JBUILIYIOTh PEATICTUYHICTh 300paskeHH. OCKUIBKH alrOPUTM 3aHOCUTH MIKCENl B
Oydep Kaapy B JOBUILHOMY MOPSAKY, T€ JIOCUTh CKJIQJHO OJAEpKaTH 1HGOpPMAIIILO,
10 HeOOX1HA JJIS METO/IIB, IO IPYHTYIOTHCS HA MONEPEAHHOMY aHai31 CIICHHU.

VY oMy anropuT™ BUTIISIAE TAK:

3anoBHuTH Oydep Kaapy GOHOBUM 3HAUCHHSM KOJIbOPY.

3anoBHUTH Z -0ydep MiHIMATHHUM 3HAYEHHSIM Z (TTTUOMHM).

[IepeTBOpUTH 300pakyBaHi 00'€KTH B pacTpoBY (HOpPMY B IOBIIILHOMY MOPSIAKY.
Jlns ko>xHOTO 00'€KTA:

W e

4.1. 1711 KO’KHOTO TIKCEJIs (z,v) o0Opa3a 00YMCITUTH HOTO TITMOUHY ~ (z,u),

4.2. 3piBHATH TIUOUHY 2(Z,¥)3i snavennsm rMOWHYU, 0 30epiracTbest B Z-
Bydepi B miif >xe mo3uiii.

43. Sxwo =(1,¥) > Z— ﬁ.'ﬁ"|“‘1"':r.f:5‘,], T€ 3aHECTH aTpuOyTH mikcens B Oydep
Kafpy i 3aminuTa £ — Gydep(z,y)naz(z,v) v MPOTUBHOMY BHUIIAJIKY HISIKUX TN HE
poouTH.

Anroputm™m, mo BHUKOpHUCTOBYEe Z-bydep, MokHA TaKOXK 3aCTOCOBYBATH IS
MoOyI0OBU MIEPETUHIB MOBEPXOHB. 3MIHUTHCS TUIBKU OTIEPATOP MOPIBHSHHS:

z(r,y) > Z — 6ydep(z,v) u z(r,y) = = cevenus
Je 2 CeYeHHs] — rIMOWHA ITyKaHOTO TIePETHHY.

8.5. Metoau npiopureTiB

TyT MU po3riiiHEMO TPYIy METO/IIB, 110 BPaXOBYIOTh crieniuiky 300pakyBaHOi
CIIEHU /I BUIAJICHHSI HEBUIUMHUX JIiHIN 1 TOBEPXOHb.

[Ipu 300paxeHHi CIeH 13 CyUUTbHUM 3a(apOOBYBaHHAM IOBEPXOHb MOXHA
CKOPHUCTAaTUCS METOJOM XYAOKHHKA: €IEMEHTH CIEHH 300paXyrThCs B
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MOCTIJOBHOCTI BiJI HaMOUIbII BUJIYYEHHUX BIJ criocTepirada j0 Ouibiie OJU3BKOTO.
[Ipu expanyBaHHI OJHUX JUISHOK CIICHH IHIIMMH HEBUIUMI JIJISHKA TPOCTO
3a¢apOoBYIOThCs. SIKIIO 0OYMCITIOBAIbHA TPYMOMICTKICTh OJIEpPKaHHS 300pa’KCHHS
JUTSI OKPEMHX €JIEMEHTIB IOCUTh BHCOKA, TO TaKUi allrOpUT™M Oyje HE HAHKpaIuM 110
e(eKTUBHOCTI, ajie 3aTe MA YHUKHEMO aHami3y (i IUIKOM MOJIUBO, TEX IOPOTOTO0),
0 JT03BOJISIE BCTAHOBUTH, SIKI K 3 €JIEMEHTIB 300pakyBaT HE Tpeba B CHITy IXHBOI
HeBuaMMOCTI. Hampukian, mpu 300paxeHH] MNpaBUIBHOTO OaraTOrpaHHUKAa MH
JOCUTH JIETKO MOXKEMO BIIOPSAKYBATH HOTO T'paHi MO TIUOWHI, ajie TaKe COPTYBaHHs
JUIS JTOBUTLHOTO OaraTOTrpaHHHWKA MOJKJIMBI JAIeKOo HE 3aBXIu. M poO3TIsHEMO
3aCTOCYBAaHHS I[LOTO METOJy Ha MPUKJIAAl 300paKeHHsI MMOBEPXHi, 3a/1aHO1 y BHUTJISII
OJIHO3HAYHOT (PYHKIIIT IBOX 3MIHHUX.

Hexaii moBepXHs 3a1aHa PiBHAHHAM © — J (z,v), a<zr<b, c=y<d.

SIK KapTHHHA IUTONIMHA BuOepeMo miommuy X UY. B ob6macti 3aBmaHHs
(GyHKIIT Ha OCSAX KOOPAUHAT MOOYIyEMO CITKY BY3JIB:

G=Ig< T < ...<Tpn-1=0b, c=w<wm<...<UYn-1< Ym = d.

Tomi <o =/ (z:,%) qeioms  cooro Habip "BucoT" mnd JaHOI MOBEpXHI
crocoBHO TuronwHu -t UY . TToBepxHs OymeMO amnpoKCHMyBaTH TPUKYTHHKAMH 3

rii = (T Ui “ii) Tak, 1O KOKHOMY IIPSAMOKYTHHKY CITKH
_ . . T T~
BY3IiB OyIyTh BiANOBiZaTH IBa TPUKYTHMKH: 5 J U7y Tty Tkl

T == :
3= AT Tigtn, Tt} Jliist moGyI0BM HAOUHOTO 300paXKEHHs TIOBEPXHI

HOBEpHEMO ii Ha JesKMd KyT crmodarky momo oci X | a morim momo oci OV,
NpUYOMY HAmNpsSMOK OOepTaHHS BHOCPEMO TaKMM YHHOM, IO KpaIKH, IO
BIJIMOBIIAIOTh KyTaM KOOPJAMHATHOI CITKH, PO3TAIIYIOThCS B HACTYITHOMY MOPSIKY

BCpIIMHAMM B KpallKax

M0 JTAJICKOCTI Bil KAPTUHHOI IUIOMMHK: ' nmy T ndy T 0m, T 00 1oOTO Kpamka T nm
BUSIBUTHCS HAaWOLIbII OJU3bKOI 10 KAPTUHHOI TUIOWMHU (1 HAO1IbII BUITYYEHOI BiJl
cnoctepirava). [lepenbadaerbes, mo crnocid 3adapOoOByBaHHS TPHUKYTHHUKIB YKe
BU3HaUYeHMM. Toi mporiec 300pakeHHsI TOBEPXHI MOYKHA KOPOTKO 3aMHUCcaTH TaK:

Hnai=mn,...,1

Hma 5=m,...,1
Hapucogats 17} ;: HAPUCOBATE 177 ;.
[Tpu Taki¥i MOCIIOBHOCTI BUBOAY 300pa)KEHHS MU TPOCYBAEMOCS BiJl CaMOro

BWJIYYCHOTO TPUKYTHUKA JI0 yce OuIbIie OJM3BKUX, YaCTKOBO 3a(hapOOBYIOUM BKE
300pakeHi IJISTHKY MOBEPXHI.
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Puc. 8.5. KapkacHe 300pakeHHsI 1larOHAJIbHUMH pedpamMu

ANTOpUTM XyAOXKHUMKA MOXHA 3aCTOCOBYBAaTH [JIsl MOBHICTIO 3adapOoBaHOi
CIIEHHU, a Il KapKacHOTO 300pa’KE€HHS, KOJU O0'€KT MPEICTaBISAE€TbCS Yy BUTIISAII
Ha0Opy KpuBUX a0o0 JaMaHWUX JIiHIA, BIH HenpwaaTHUH. JIIs IIbOTO BHUIIAJKY
3aIPOIIOHOBAHUMN III€ OJWH METOM, JOCHUTh €(PEKTUBHHM — MeTOd IJIaBaK4voro
o0piro. [ToBepHeMocs 10 OMIEPETHHOTO MPUKIIALY 300pakeHHs ToBepxHi. KapkacHe
300paX€HHsI BUXOJUTh HUIAXOM 300pakK€HHS KPHUBHUX, OJEPXKyBaHUX TpHU
NepeTHHAHHI I1i€l MoBepXHi miomuHamu £ = Ti if ¥ = Ui (puc. 8.4).

HacmnipaBai Mmu OyzieMo MairoBaTh YOTUPUKYTHHUK 1 OJ[HA JiaroHaib. Y Tpoiieci
MaJIFOBaHHs HaM 3HaI00JSATHCS 1Ba IimouncieHnx Macuu: LH or (Hukuiit o0pii) i
H Hor (BepxHiit 00piif) pO3MIpHICTIO, IO BiJMOBiZa€ TOPU3OHTAIBHOMY PO3MIpY
eKkpaHa B mikcessx. BoHu nmoTpiOH1 Ay aHai3y BUAMMOCTI JUISHOK 300pakyBaHUX
Bipi3kiB. CroyaTky MM IHILIAJTI3yeEM BEpxXHIA OOpid HyJeM, a HWXKHIA —
MaKCHMaJbHUM 3HAYCHHSM BEPTHKAJIbHOI KOOpAWHATH Ha ekpaHi. KokHa BUBeneHa
Ha €KpaH Kparka MO 3aKpUBATH 1HIII KPanKH, siKl "XoBaroTbcs 3a 00piem". Y mipy
MaJIOBaHHS HIDKHIA OOpid "omyckaeThcs", a BepxHIN "MiHIMAETHCS", MOCTYIOBO
3aJIMIIAI0YN yCe MEHIIIE He3aKpUTOTO IpocTopy. Ha BiaMiHY Bix METOTY XyAO0KHUKA,
TYT MU NPOCYBAEMOCS BiJ] OJIMKHBOTO KyTa JI0 ajeKoro. Temnep onumemMo aaropuTM
JIOKJIQ THIIIIE.
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®ynkuia S€I9MEN g poMy (parMeHTi NpH3HAYEHA I BUBOLY HAa EKPaH
BiJIpi3Ka TPSMii, MPUIOMY B MOMEHT IHIMiai3aIlii 9eproBOro IMKCEsI (,7) Bona
BUKOHY€ HACTYTIHI Jii:

Fenn [HHG?*[;'] < ), TO HHGP[.;'] = j: BRIBECTH MHKCETH:

Hnaue econ (LHor[i] > ), To LHor|i] = j; BBIBECTH NHKCEh.

Takum 9rMHOM, TIKCEIIb BUBOJIUTHCS TIIBKH B TOMY BHUITJIKY, SIKIIO BIH BUIIEC
BEPXHBOI'0 200 HMKYE HUIKHBOTO OOpII0, MICIS YOro MOro KOOpAWMHATH BXKE cami
CTaloTh O,HHI/IM 3 06p11B A B 1iIOMy anropuT™M OyJe BUTIISIIATU TaK:

Hna 1 = ,n—1
a3 :D,,,,,m—l
segment(Ti, Ui, Tit1,Y;); SEgment(Ti, Ui, Tit1, Ui+1):
segment(Ti, Ui, Ti, Uit1).
Ha puc. 8.5 HaBeneHuil mpukiajg 300pakeHHS MOBEPXHI 3 BHKOPUCTAHHSIM
IIbOTO AJITOPHUTMY.

8.6. AIropuTMHU MOPSAAKOBOI0 CKAHYBAHHS [IJIsi KPUBOJIIHIHHUX MOBEPXOHb

Ines mopsimkoBOro CKaHyBaHHsA, 3ampornoHoBaHa B 1967 p. VYaiinu, PomHw,
EBancom 1 EppanoM, nonsrama B TiM, 0 ClEHa OOpOOISETHCS B TMOPSAKY
MPOXOJKEHHS CKaHyouik mnpsmid. B 00'ekTHOMY TmpocTOopi 1€ BiAMNOBIIAE
IIPOBEJICHHIO CIYHOI TUIONIWMHU, MEPIEHIUKYISPHOI MpocTopy 300pakeHHs. CTporo
TOBOPSIYM, AJITOPUTM TPAIIOE caMe B MPOCTOP1 300pak€HHs, BIIIIYKYIOUH KpamnKu
NEepeTHHAHHS CKaHyIould mpsMiii 3 pebpamMu OaraTOKyTHHKIB, IO CTAHOBIISATH
KapTuHy ([UIsi BHUMAAKy 300pakeHHsl OaraTOrpaHHHKIB). AJie TIpU TMEepeTHHAHHI
YeproBOro €JIEMEHTa MAJTIOHKA BUKOHYETHCSA aHAI3 TJIMOMHU OTPUMAHOI KpAanKu i
MOPIBHSHHS i1 13 TJIMOMHOIO 1HIIUX KParmoK Ha CKaHYIOUIM TUIONMHH. Y JEIKuX
BUIIAJIKaX MOKHAa TOOYJyBaTH CIHMCOK pebdep, YMOPSAKOBAHWUN MO TJIHUOWHI, ale
Hal4acTIIe 11¢ HEMOXKJIMBO BHKOHATH KOPEKTHO. TOMy CKaHyBaHHS CIIOIy4aTh i3
1HIIMMHA METO/IaAMHU.

OnuH 3 TaKUX METOJIIB MU BXK€ po3riisaaanu — Metof Z-bydepa, y ssikomy 0ydep
HIIIOETHCST 3aHOBO JUISl KOKHOI CKaHYHYOTo psjka. [HImui MeTon Ha3MBaIOTh
IHTEPBAJILHUM AJITOPUTMOM IOPHAAKOBOI0 CKAHYBAHHSA. Y HBOMY CKAaHYKOUYUU
PAIOK PO30MBAETHCS MPOEKLISIMU KpaIloK MepeTHHaHHs pedep 0araTOKyTHHKIB Ha
1HTEepBaJIM, MOTIM y KOKHOMY 3 IHTEpBaJiB BUOWMPAIOTHCS BUAMMI BIAPI3KHU. Y IIIH
cuTyamii X y)e€ MO’KHa BIJCOPTYBaTH MO TAWOMHI. Mu 3ynmuHUMOCS JieJBE
JOKJIATHIIIE Ha METO/II MTOPSAIKOBOrO CKaHYBaHHS JIJIsl KPHBOJIHIHHUX ITOBEPXOHD.

B ommci meTomy mpiopuTeTiB MOBEPXHS 3aJaBaiacs y BUTIAAI (PYHKINT TBOX
3MIHHUX, TYyT MU OyZIeMO 3a/1aBaTH MIOBEPXHIO MapaMeTPUIHUMHU PIBHIHHSIMU:

r=rzu,v), v=vlur), z=zu,r).

[TepeTtunanus ckanytouoi miomuuaud Y = Y13 moBepXHEO Ja€ HaM TaK 3BaHy
JiHilo piBHA, ab6o i3oJjinil0. Ils kpuBa Moxxke OyTH HEOJHO3B’SI3HOI, TOOTO
CKIA[ATHCS 3 JICKUIbKOX OKpeMux KpuBHX. [1[06 onepxaTi 10 KPUBY, MU TIOBHHHI

BUPIIIUTHA PIBHSIHHS u(u,v) =w 1, BU3HAYMBIIM 3HAYCHHS MapameTpiB | 3HAHTH
Kpankud KpuBoi. Jlis ofepskaHHs pIlIEHHS MOXKHAa CKOPHCTATUCS YHCEIbHUMHU
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ITepalliftHUMU METOJIaMH, ajieé 1€ BHOCHUTbH JIOJIaTKOBI MpoOsieMu (HampuKiIad, IpU
MMOTAaHOMY BHOOPI MOYaTKOBOTO HAOIMKCHHS 1TEpAIIHUI TTPOIIeC MOXKE HE 31UTHCH).
Bubip migxomasmioro METomy PpillleHHS JICKUTh 1032 3aBJaHHSIMH HAIIOTo KypCy,
TOMY TIEpEHIEMO JI0 OMUCY AJTOPUTMY, YBaXKalOuH, 110 BIH YK€ OOpaHHi 1 HAIIHHO

TpAITIOE.
Jnst ka0l CKAHUPYIOMIEH CTPOKH €O 3HAUEHHEM OPJIHHATEL Y; :
s kaxaoro 3HaveHns abeuecsl 75 :
Hna Beex pemennii ypasaennit v = u(r;,y;), v =v(z;,v;)
BRIMHCTHTE tnybuay z=z{1,v).
OnpesenuTs TOUKY ¢ HANMEHBITHM 3HAYCHHEM TITyOHHbL

H H:i[]ﬁ[)ﬂ:i]’l'l']:.
Jlpyruii KpoK I[bOTO aNTOPUTMY MPHUIYCKAE, IO PIllICHHS BiIIIYKYETHCS TiTBKU
JUISL TUX €JIEMEHTIB MOBEpXHI (a00 IpyIu MOBEPXOHb, SKIIO MOBA e Mpo Ouibiie
CKJIQJIHY CIIEHY, 1110 MICTUTh CKJIaJIeH1 00'€KTH), SIK1 IPU JAaHOMY 3HAYEHH1 OpJIMHATU
MEePEeTUHAIOTh CKaHyiody tuionuHy. [lomepenniii aHami3 y AeSKMX BHUNAJKaX
J03BOJISIE ONITUMI3YBaTH AJITOPUTM.

8.7. MeTton ABiliK0oBOI po30MBKH NMPOCTOPY

Tenep po30epemMo OJUH CIHOCIO BUKOPUCTaHHS METONY XYAOXKHUKA MpHU
300pak€HH1 MPOCTOPOBUX CIIEH, IO MICTATh KUJIbKa 00'€KTIB a00 CKJIaJI0B1 00'€KTH.
Ile Tak 3BaHMI1 MeTOJ ABIHKOBOI PO30MBKH NMPOCTOPY IJIOMIUHAMU. [[m0omIMHY, K

3BUYAHO, OyayTh 3aJlaBaTUCS 3a JOIOMOI'OK BEKTOpa HOpMali 71 ¥ BijcTaHi 10
0YaTKy KOOpAMHAT ¢ (3 TO4YHICTIO 10 3Haka). Hexaii 300pakyBaHa cleHa
CKJIaJIa€ThCsl 3 HAOOpY HEMEpPEeCIiuHUX TpaHeu F1,Fa2y .o, Fr(Bonn MOXYTh MaTH
3arabHi IpAMOMNiHiHHI AinsHku rpanmmi). [Iposegemo maommny £1, mo po36uae
BECh NPOCTIP Ha JBa MIBOPOCTOPH, B OJAHOMY W3 SIKMX IepedyBae crocTepirad.
[IpunycTrmo, 1o TUIOUIMHA MPU OMY HE NIEPETHHAE HI OJIHY 13 TpaHel (ajie Moxe
MICTUTH JIISHKY 1i rpanuili). Toxai rpaHi, 1o nepe0yBaroTh B OJHOMY MIBIPOCTOPI 31
CrocTepirayeM, MOXYTh 3acCJOHSATH BiJI HBOIO 4YacTHMHA TpaHEeW 13 JpPyroro
MiBIIPOCTOPY, aje He HaBmaku. Lle o3Hadae, 1m0 BOHM TMOBUHHI 300pa)KyBaTHCS
misHime. Po3i6'emo muommuHo £2apyruii miBmpocTip i 3HOBY BU3HAUNMO, SIKa TPyTIa
rpaHeil 3 HROTO MOBUHHA 300pakyBatvcsa padimie. [IpogoBxkyroun 1ei mporec 10
TOTO PiBHS, KOJM BECh MPOCTIp Oyae po30MTO IJIOMIMHAMH Ha CEKIIil, Y KOXHIN 3
aKuX Oyne mepeOyBaTv TUIBKM OJHA TPaHb, MU OJICPKUMO BIIOPSIIKOBAaHUN HaOIp
rpaneit. Lleit mopsiiok MokHa 300pa3uTH y BUTIISIIL ABIHKOBOTO epeBa. Y KOHTEKCTI
PO3IIITHYTOIO AJITOPUTMY II€ IEPEBO SBJISIE COO00 CTPYKTYPY HaHuX L, eJeMeHTaMu
SKOT € TIOKQXYHMK Ha TrpaHb 300paKyBaHOI CIICHH, IUIONIWHA, IO BiJOKPEMITIOE IIHO
rpaHb, TMOKQXYMKA Ha JiBe ¥ mnpaBe mimmepeBo I L i TH, Takwmii emeMeHT
HA3MBAETHCS BY3JIOM JepeBa.

Y KoXHOMY BYy3J1 JepeBa JiBe MiAAepeBO Oyae MICTUTH TpaHl, BIIAUICHI
IJIOIMHOIK, a TMpaBe — HE BUIAUICHI. MatoBaHHsI CIIEHU 31MCHIOEThCS 3a
JOTIOMOT'OF0 PEKYPCUBHOTO aJITOPUTMY HACTYITHOTO BUTY:
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Pucyem mepeso (T') :

Eenmu mabmogaTent HAXOTUTCA B TDOJTOKATEIEHON TOTYILIOCKOCTH, TO:
Eecmun npasoe nogmepero T A He mycTo, pHCYEM TEPEBO fIH}
Pucyem KOpHEBVIO IDAHb.

Femn neroe nommepeso T L He nycTo, PHCYEM TEPEBO I’TL)

Haaue
Ecmn neroe noggepeso T L He yCTo, PHCYEM IEPEEO I’TL)
Pucyem KopHeBYH) TDAHE.

Eenu npasoe noggepero T A He yeTo, PHCYEM TEPEBRO fTR)

[
3
{,*D

)
g ®
J

RC

rd

TL G") TR
1

Puc. 8.6. Po36uBKa nmpocTopy il BiJINOBIIHE HOMY JI€pEBO

[TobynoBa TuIONIMH 1 JIepeBa B 1bOMY BUMNAAKY 3AlHCHIOETbCA "Bpyuny". Jlis
e(eKTUBHOCTI poOOTH airoputMmy Tpebda MparHyTH 10 TOTo, MO0 JepeBo OyIio
30amaHCcOBaHUM. SIKIIO SIKICh TpaHi HE BAAETHCS BIJIOKPEMUTH, TO iX MEPETUHAIOTH
IJIOMUHAMU ¥ MaioloTh K ABa 00'ekth. Crioci0 BH3HAUCHHS, IO SKY CTOPOHY
IUTONTMHU Tiepe0yBae crocrepirad, a mo siky — rpaHb, Qyke mpoctuid. [lapametp
IomMHN 4 Il KOKHOI TpaHi OyaeMo 3aJaBaTH Tak, 1100 rpaHb nepeOyBajia B
MO3UTUBHIN HamiBIUIONMHI. Tol KO MPHU MiJCTAHOBIII KOOPJWHAT CIIOCTEpiraya B
1€ pPIBHSHHS OJIEPKYEMO TIO3UTHBHE 3HAYEHHS, TO BiH TepedyBae B OJHIN
HAaITIBIUIOIIMHI 13 TPaHHIO, SIKIIO Hi, T€ B PI3HI.

ANTOPUTM MOXE 3aCTOCOBYBAaTUCA HE TUIBKA [0 OaraTOrpaHHUKIB, ane u
B3arajii 4o OyJb-iKOi CLIEHH 3a YMOBH, IO € aJTOPUTM 300pa)K€HHS CKIAJOBHX ii
o0'extiB. Ha puc. 8.6 300pakeHa mMOpOEKIlis CIEHU, PO30UTOI BEPTUKATHLHUMHU
IJIOMMHAMHY, 1 BIiAmoBimHE ik JgepeBo. IlomokeHHS cmocrepirada Bi3HAdYCHE
kpyxkom 3 OykBoro H. Ilpu 1miit Touri 3opy o00'ekTHi OyayTh 300pa)kyBaTHCS B
MOCHIOBHOCTI 5, 6, 1, 2, 3, 4.

8.8. MeTtoa TpacyBaHHsI IPOMeEHIB

['omoBHa 17es 11bOTO aNropuT™My OyJia 3ampornoHoBaHa B 1968 p. A. Amnmenewm, a
nepia peanisaiis 0yiaa BukoHaHa B 1971 p.

Crnocrepirad 6a4uTh Oyab-SKHH 00'€KT 3a JIOIMTOMOI'OIO CBITJIA, IO BUITYCKAETHCS
SKAMCh JDKEPEJIOM, IO IajJia€ Ha IIed 00'€KT, BIIOMBAETHCA ab0 IMEPEIOMIIIOETHCS
BIAMOBIAHO [0 3aKOHIB ONTUKH W IMOTIM SKUMOCH MNUIIXOM JOXOIWTH O OKa
croctepirada. 3 BeIM4Ye3HO1 0e3114i TPOMEHIB CBITJIA, BUMTYIICHUX JHKEPEIOM, JIUIIE
HEeBEJIMKa YacTHHA JAiie 10 crocTepirada. OTxe, BIACTIAKOBYBATH IUISIXU MPOMEHIB
y TakoMy TMOpPSAKY Hee()EKTUBHO 3 TOTJSAY OOYHMCIICHb. ATMENb 3alpOTOHYBaB
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BIJICJIIIKOBYBaTH (TpacyBaTH) IMPOMEHI y 3BOPOTHOMY HalpsSMKy, TOOTO Bij
croctepirada g0 o0'ekta. Y mepmiiidi peamizarii mbOr0 METOAY TpacyBaHHS
MPUNUHSIIOCS, SK TUIBKHM TIPOMIHb TMEPETHHAB IMOBEPXHIO BUAMMOTO HEMPO30POTO
00'ekTa; TOOTO TMPOMIHb BHUKOPHUCTOBYBABCS TIJIBKHA I OOpOOKM CXOBaHUX abo
BHJIMMUX IOBEPXOHB. 3rooM OyJIu peali3oBaHi aJlfOPUTMH TPacyBaHHS IIPOMCHIB 3
BUKOPUCTAHHSAM O1JIbIIIE TOBHUX MOJEICH BHCBITICHHS 3 ypaxXyBaHHSM e(eKTiB
BIIOMTTS OJHOTO O0'€KTa BiJ MOBEPXHI IHIIOrO, IMEPEIIOMIICHHS, IMPO30POCTI M
3aTiHEHHS.

Puc. 8.7. TpacyBaHHs napaneibHUMH IPOMEHIMU

Puc. 8.8. TpacyBaHHs 13 LIGHTPaJIbHOIO KPAIMKOIO
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VY 1mpomy anroputMmi nependavyaeThes, 10 CIieHa BXKE MEepeTBOpPEeHa B MPOCTIP
300paxkeHHs. SIKII0 BUKOPUCTOBYETHCS OpTorpadiuHa mpoeKilis, TO ToUKa 30py abo
croctepirad mepebyBae B HECKIHUCHHOCTI Ha MO3MTHBHIN miB oci UZ. ¥V mpomy
BUIAJKy BCl CBITJIOBI MPOMEHi, IO HAYyTh BIJ clOCTepirada, mapajieibHl oOci
(puc. 8.7). Koxxuuii MpoMiHb POXOIUTH Yepe3 MiKCeb pacTpa JI0 clieHH. TpaexTopis
KOXKHOT'O TMPOMEHIO BIJICIIJIKOBYEThCS, 100 BHU3HAYUTH, SIKI caMe O0'€KTH CIICHH,
SKIIO TaKl 1CHYIOTb, MEPETUHAIOThCA 3 JaHUM mHpoMeHeM. HeoOximHo mepeBipuTu
NEepPeTUHAHHS KOXHOTO 00'€eKTa CIEHHM 3 KOXHUM IMpOMEHeM. SIKIIO0 MNpOMiHb
nepeTrHae 00'eKT, TO BU3HAYAIOTHCSA BCl MOXIIMBI KpanKH MEPETUHAHHS IPOMEHIO i
o0'exta. MOXkKHA OJIep>KaTu BEIIMKY KUIbKICTh MEPETUHAHD, SKIO PO3TisaaTu O0arato
o0'ektiB. Lli mnepernHaHHs BHOPSAAKOBYIOTbCS 10 TyMOuHI. IlepernHanHa 3
MaKCUMaJIbHUM 3HAYEHHSAM < MPEACTABISIE BUIUMY MOBEPXHIO ISl JAHOTO IIKCEJIs.
ATpuOyTH 1bOro 00'€KTa BUKOPUCTOBYIOTHCS JJII BU3HAYEHHS XapaKTEPUCTHUK
KCeJIs.

Sxmo Touka 30py nepebyBae HE B HECKIHUEHHOCTI (MEPCHEKTUBHA MPOEKILis),
QITOPUTM  TpacyBaHHS TMPOMEHIB JIMIIE HE3HAYHO  YCKIAAHAIOTHCS. TyT
nepeadavaeThCs, M0 CIOCTepiray sk i paHiie nepedyBae Ha MO3UTHBHIMH miB oci U2
. Kaptunna miomaa, To6TO pactp, MeprIeHAUKyspHa oci (2, sk Moka3aHO Ha
puc. 8.8.

HaiiGinpimr BaXJIUBUM 1 TPYAOMICTKUM €JIEMEHTOM IbOTO QJITOPUTMY €
mporeaypa BU3HAUCHHS IEPETHHAHb, OCKUIBKM 1I€ 3aBIAaHHS BiJHIMAe HaNO1IbITY
YacTUHY dYacy Bciei pobotu anroputMmy. ToMmy eQEeKTUBHICTH METOIIB MOIIYKY
oco0nmuBo BaxiuBa. OO'€EKTH CLIEHHM MOXKYTh CKJIagaTUCS 3 HAa0Opy IUIOCKHX
0araTOKyTHUKIB,  OaraTorpaHHMKIB  a00  TUI, OOMEXKEHMX  3aMKHYTUMH
nMapaMeTPUYHUMH TOBEpXHAMHU. J[JI1 TIPUCKOpPEHHS TIOMIYKY BaXXIMBO MATH
e(eKTUBHI KpUTEPIi, 10 JO3BOJISIOTH BUKJIFOUUTH 13 MPOILIECY CBIOMO 3aiiBi 00'€KTH.

OmHuM 31 CHOCOOIB CKOPOYEHHS 4MCla TEPECiYHMX OO0'€KTIB € 3aHypeHHS
00'eKTIB B OMyKJIy 000JIOHKY — cepuuny abo y dopmi mapanenemninega. [lomryk
MEepeTUHAHHS 3 TaKOI OOOJOHKOIO JIy’K€ MPOCTHM, 1 SKIIO MPOMIHb HE TIEPETUHAE
000JIOHKH, T€ HE MOTPIOHO OlJIblIEe ITYKaTH NePETUHAHD IbOTO 00'€KTA 13 MPOMEHEM.

Oco0MMBO MPOCTO BHUKOHYETHCSI TECT HA TMEPETUHAHHA 31 CPEpPUUHOIO
000s0HKO0 (y JeKIii 3 OyJu pO3TJISHYTI 3aBJaHHS MPO MEPETUHAHHS MPOMEHIO 31
cheporo i mIomuHow). Tpoxu OUTBIIOro 00CsATy 00UMCIICHh BUMArae 3aBJaHHS PO
MEepEeTUHAHHS 13 MPSIMOKYTHHM Tapasielerine/[oM, OCKUTbKM HeOOX1THO MepeBipUTH
MepeTUHAHHS TIPOMEHIO MOHAWMEHIIE 13 TPhbOMa HECKIHUYCHHUMH IUIOIIMHAMH, IO
OOMEXYIOTh TIPSMOKYTHY O0O0OJOHKY. OCKUIBKM KpamKe TEepPEeTUHAHHS MOXYTh
BUSIBUTHCS 11032 TPaHsSMHU [bOTO Tapajeneminena, A KOXHOI 3 HUX Tpeda, KpiM
TOTO, 3pOOUTH TIEPEBIPKY Ha BIIy4eHHs ycepeauny. OTxke, Juisl TphOX BUMIPIB TECT 13
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IPSMOKYTHOIO 00OJIOHKOIO BUSIBIISIETHCS OLIbIIE MTOBUIBHUM, YUM TECT 31 C(HEPUUHOIO
000JIOHKOIO.

[Ticns BUKOHAHHS IIUX TIEPBUHHHUX TECTIB IMOYMHAETHCS TMPOIEC TOIIYKY
nepeTuHanb 13 00'€eKTaMu, IO TOTPANWId B CHHCOK MOTEHIIHHO Buaumux. [lpu
IbOMY 3aBJIaHHS (OPMYBaHHS 300pa)KEHHS HE BUYEPITYETHCS 3HAXOKEHHSIM CaMoi
Kpanky TMEepeTUHAHHS: SKIIO MU BpPaxoBYeMO €(GEeKTH BIIOUTTS I MepeoMIICHHS,
HEOOX1THO BIJICTIAKOBYBATH MOJANBIIMA NUIAX MPOMEHIO, JJIS YOro, SK MPaBUIIO,
NOTPIOHO BIJHOBUTH HOpPMajib JIO TOBEPXHI, a TaKOX BHU3HAUUTU HAIPSIMOK
BIIOMTOTO 200 TMEPEIOMIICHOTO TPOMEHI0. Y 3B'S3Ky 3 yCiMa IIMMH 3aBIaHHIMH
BKJIMBO BUOpATH JOCUTH 3pyYHI alpOKCUMAIIl TOBEPXOHbB, 110 CTAHOBJIATH CIICHY.
BusnadenHnsi arpuOyTiB MiKcessi, BUBEACHOTO B OCTaTOYHOMY IMIJICYMKY Ha €KpaH,
3aJIeKUTH BiJl BUOOPY MOJIEII BUCBITJICHHS, PO 110 OUIBII JOKIAAHO OyJie po3Ka3aHo
B HACTYIHUX JIEKIIIsIX.

ANTOPUTM TpacyBaHHS MPOMEHIB VISl MPOCTUX HEMPO30PUX MOBEPXOHb MOXKHA
IPEACTAaBUTH B TAaKUM CTIOCIO.

CTBOpUTH CITUCOK 00'€KTIB, 1110 MICTHUTH:

— TOBHMI onuc 00'€KTa: TUI, TIOBEPXHS, XapaKTEPUCTUKH, TUIT 0OOJIOHKH H T.I1.;
— onuc OOOJNOHKM: WEHTp 1 paailyc maia cdepu abo IWICTh 3HAYEHb IS

Hapaﬂeﬂenineﬂa |:r_~"f'm iny fmazy Yminy UYmazy Sming &m a.::,:l_

JI1s1 KO)KHOTO TPACYHOUOTO MPOMEHIO!

BukoHatu 1 KOXHOro 00'€eKkTa TPUBUMIPHMM TeCT Ha MNEPETUHAHHS 3
000JIOHKOI0. SIKIIIO0 MPOMIHb MEPETHHAE 1[I0 000JIOHKY, TO 3aHECTU OO'€KT y CIIHUCOK
aKTUBHUX 00'€KTIB.

SIKI0 CHHMCOK aKTUBHHUX OO'€KTIB MOPOXKHIN, TO 300pa3uTH JaHUM MIKCENb 13
(POHOBUM 3HAYEHHSM KOJILOPY ¥ MPONOBXKYBATU POOOTY. Y HNPOTUBHOMY BHIAJKY
JUTSl KOYKHOTO 00'€KTa 31 CIIUCKY aKTUBHUX 00'€KTIB:

— 3HaiiTu epeTUHAHHS 3 yCiMa aKTUBHUMU 00'€KTamHu.

— Slkio cnucok nepeTuHaHb MOPOXKHIN, TO 300pa3uTh JaHUM MiKCeIb 13 POHOBUM
3HAYEHHSAM KOJIbODY.

— YV [OpoTMBHOMY BWINAJIKy B CIUCKY NPUIMHEHb 3HAWTH HaWOmmx4e 10
croctepiraya (3 MaKCMMallbHUM 3HAUYEHHSIM < ) 1 BU3HAUYUTU aTPUOYTH KPAIKH.

— 300pa3uTH aHUW MIKCEIb, BAKOPUCTOBYIOUM 3HAMIEHI aTpUOYyTH MEPECideHoro
o0'exTa ¥ BIAMOBIIHY MOJEIb OCBITJIEHOCTI.

VY 1eit yac anropuT™ TpacyBaHHs, HE3Ba)KalOUU Ha OOYHCIIIOBAJIbHY CKJIAIHICTb,
CTaB Jy)K€ TMOMYJSIpHUW, OCOOJMBO B THUX BHUIAJKaX, KOIM Yac (popmMyBaHHS
300pak€HHsI HE [Jy>K€ ICTOTHO, aJieé XO4YeThCS JIOMOITHCS SK MOXHa OUIBIIOT
pPeaTiCTUYHOCTI 300paKEHHSI.
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8.9. [luranus i BIpaBu

— ¥V yomy nosisirae CyTh BUAQICHHS HEBUAUMUX JIHIN 1 TOBEPXOHB?

— V skoMy IIpocTopi mpairoe aaroput™ Podeprca?

— Jlns sskux 00'ekTiB IpuMipHUThCS anroput™ Pobeprca?

— Illo sBUse CcOOOIO  BEKTOP-CTOBICLb  Yy3araJlbHEHOI  MaTpUIll  OMHUCY
OararorpaHHuKka?

— Sk 1HTEepIPETYETHCS BUPAKCHHS (7 M) = O(M - ysaramprena matpuis) B
anroputmi PobGeptca?

— ¥V gaxomy mpocTopi npaiiroe anroput™ BaprHoka?

— dxi TEHmM posTamryBaHHA OaraTOKyTHWKA MO0 BIKHA PO3TISTAIOTHCS B
anroput™Mi BapHoxka?

— Slkuit 13 1IeCTM KpOKIB aJropuTMy BHPINIy€ 3aBAaHHS MPO BUJIAJICHHS
HEBUJUMUX TOBEPXOHb?

— ¥V axomy mipoctopi npaiiroe anroput™ Beitnepa-Azeprona?

— Y 4oMy MOpUHIMIIOBA BIAMIHHICTH anroputMmy Beilinepa-AzeptoHa Bij
anroputmy BapnHoxka?

— Slxe y3aranpHeHHs anroputMmy Belnepa-A3zeptona 3anpononyBas Ketmyn?

— Kum 3anpononoBanwii anroput™m Z-bydepa?

— Y yomy Henouiku anroputmy Z-bydepa?

— Ha yoMy 3acHOBaHI METOAU IIPIOPUTETIB?

— Jns sikoro Buy 300paxkeHHs pO3pOOIEHUN METO XyJ0KHUKA?

— s sikoro Buy 300pakeHHs po3pO0ICHHI METO/I TIaBatoyoro oopito?

— Illo 3arasibHOrO MDXK QJITOPUTMOM TMOPSIAKOBOTO CKaHYBaHHS W METOJAOM Z-
bydepa?

— YV 4oMy CKJIaJIa€ThCs 171es1 METOTy TpacyBaHHs?

— ki OyBaroTh BUIM TpacyBaHHs?

— Sxi npuiioMd BUKOPUCTOBYIOTHCS JJIS IMiJABUIICHHS €()EKTUBHOCTI aJITOPUTMY
TpacyBaHHS?
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Tema 9. IPOEKTYBAHHS NIPOCTOPOBUX CHHEH
OcHoBui Tunu mnpoekmil. [Ipsma ¥ nepcrnektuBHa mnpoekiis. CrerianbHi
kaprorpadiuHi mpoekiii. Ek3oTuuHi npoexkiiii 3eMHoi cepu.

9.1. OcHOBHI TUIIH MpoeK Uil

Y mareMaTHYHOMY 3MICTI TPOEKIii — I1e¢ MEePETBOPECHHS KpPArmoK MPOCTOPY
PO3MIPHOCTI N y KpamkKd TPOCTOPY PO3MIPHOCTI MEHIOI, uuM N, abo, sK IIe
TrOBOPSATH, HAa MiAMPOCTIP BHXiAHOro mpocTopy. Y KOMI'IOTEpHIN Tpadimi
PO3TISAAIOTECS  TEPEBAXKHO MPOEKIT TPUBHUMIPHOTO TPOCTOPY oOpaza Ha
JBOBUMIpPHY KapTUHHY IUIOLMHY. [Tpoekiiss TpUBUMIPHOTO 00'€KTa, MPEACTABICHOIO
y BUIJISIII CYKYIHOCTI Kpamok, OyIyeThCs 3a JIONMOMOTOI0 MPSAMHUX IPOMEHIB, IO
IPOEKTYIOTh, SIKI HAa3MBAIOTHCS MPOEKTOPAMU 1 AKI BUXOAATH 13 LIEHTpa MPOEKIIIi,
IPOXOJIATh Yepe3 KOXKHY Kparky oO0'ekTa U, MepeTHHAIOUM KapTHHHY IUIOIIUHY,
YTBOPSATH MPOEKIIIIO.

[leBuuit y Takuii cmoci® Kjac MPOEKIIH  HAa3WMBAIOTh  MJIOCKUMH
reOMeTpUYHUMHU TPOEKUiAMM, OCKUIBKHM TPOCKTYBaHHSI B I[bOMY BHITQJIKY
BUPOOJISETHCA HA MPOEKIiiHY MJIOMIUHY 1 SIK POEKTOPY BUKOPUCTOBYIOTHCS MPSIMI.
[CHYIOTH 1 1HII OPOEKIli, y SKUX MPOCKTYBAaHHS 3IMCHIOETHCSA HAa KPHUBOJIHINHI
MOBEpPXHI a00 X MPOEKTyBaHHS 3MIMCHIOETHCS HE 3a JIOMIOMOTOI MHpsAMHX (TaKl
MPOEKIIT BUKOPUCTOBYIOTHCS, HAIPUKJIIAJ, Y KapTorpadii).

Crmia 3a3Ha4YWTH, 110, MPUBOASYM UIIOCTpaIlli A0 JaHOI TJaBH, MH 3MYIIEHI
BUKOPUCTOBYBATH TI K caml MPOEKLii, METOAN MOOYAOBH SIKHUX 30MpaeMOCsl OITUCATH.
Xo4eThCs CIIOAIBATHUCS, 10 MaTepiai yepes 1ie He Oyie BUTIISIaTh OUTbIe HESICHUM,
YUM TIPU B1JICYTHOCTI MaJTFOHKIB.

MpoeKToBaHa
NAOWMHA

\\\4/
A. \»\\—“M~ s A

MpoekTopu \\
-« EH\‘-\ \. b, S B
L '
ST

Puc. 9.1. Tlpoekiis napaneabHUM TyYKOM MPOMEHIB

MNpoeKkroBaHa
nNoLWnHa
LeHTp R'\ T A
npoexuji - i —— —I—‘" \
e lMpoeKkTopu
SRR /s s _ “
S —— B

Puc. 9.2. TlenTpanbHa mpoexitis
[I1ocki reomeTpuyHi MpoOeKUii MiAPO3AUIAIOTHCS HA JBa OCHOBHUX KIIACH:

IEHTpaJIbHI 1 apayienbHl. PO3X0KeHHS MK HUMU BH3HAYAETHCSI CITIBBITHONIIEHHSIM
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MDK IIEHTPOM MPOEKIi ¥ MPOEKIINHOK IJIONMHOK. SKIIO BiACTaHb MK HUMH
3BHYANHO, TO MPOEKIis OyAe HEeHTPaIbHOI, SKIIO K BOHO HECKIHYEHHO, TO MPOESKIIis
Oyne mapanenbHoro. [lapanmenpHi MPOEKIli Ha3BaHI TaK TOMY, IO IIEHTP MPOEKITii
HECKIHYEHHO BHWJIyYEHHUH 1 W BCl MpoeKkTopH mapaienbHi. [Ipu omuci neHTpasbHOT
IIPOEKIIIi MU SIBHO 337a€MO 11 IIEHTP MPOEKIIii, Y TOM Yac K, BA3BHAYAIOYH TapajeibHy
IIPOCKIIIF0, MU BKa3yeMO HampsMOK IpoekTyBaHHs. Ha puc. 9.1 1 9.2 mokazani 1Bi
PI13H1 IIPOEKIIIT TOTO CaMOT0 BIJIPi3Ka, a TAKOXK MPOSKTOPH, IO MPOXOAATh Yepe3 Horo
KiHIeBl Kpankd. OCKUIBKM TIPOEKIiS Bifpi3ka cama € BIJIPI3KOM, TO JOCHUTh
CIIPOCKTYBATH OJHI JIUIIIC KIHIICBI KPANKK i 3'€THATH iX.

[lenTpanpHa MPOEKIIS MOPOPKYE Bi3yallbHUN €(PEKT, aHAJOTIYHHNA TOMY, [0
SKOr0 MNpUBOAATH (portorpadiunHi cucreMu abo 30poBa CUCTEMa JIOJIUHHU, 1 TOMY
BUKOPDUCTOBYETbCS Yy BHUIAAKaX, KOJIM OaXaHO JOCSIITH MEBHOTO CTYIEHS
peanictuyHOCTi. Llei epexT Ha3UBaETHCS MEePCNEKTUBHUM YKOPOUYYBAHHAM: y Mipy
30UTBIIIEHHST BIJICTaHI BiJI LEHTpa N0 OO0'€KTa PO3MIP OJEPKYBAHOI MPOEKINi
3MmeHIyeThes. Lle, 3 iHmoro 60Ky, o3Havae, 10 Xxo4a IeHTpajibHa MPOEKIlis 00'€KTIB
€ pealiCTUYHOI, BOHA BHSBIISIETHCS HENMPHUAATHOI JJIS MOAAHHS TOYHOI (popMmMH i
po3MipiB OO'€KTIB: 13 MPOEKLIi HE MOXXHA OJepkKaTH 1H(OpMAaLi0 TPO BIIHOCHI
BIJICTaHI; KyTH 30€piraloTbCi TUIBKM Ha THUX TIpaHsaX 00'€kTa, sKI MapayelbHi
MPOEKIIHHOT TUIONIMHY; TPOEKI[l MapaylebHUX JIHIA Yy 3arajJlbHOMYy BUIIAQJKy HE
napasienbHl. Tak, TMpW LEHTpalbHIN Mpoekiii Kyba B OUIBIIOCTI BUMAIKIB MU
0JIepKYyEMO KapTUHY, IO B3araji He Ma€ MapajielibHUX BiJIPi3KiB.

[TapanenbHa MPOEKIliA MOPOKYE MEHII PeaiCTUYHE 300pa)KEHHS, OCKUIBKH
BIJICYyTHE MEPCIEKTUBHE YKOPOUYYBAaHHS, X04a MPU IbOMY MOXYTh MaTH MicCLE Pi3HI
MOCTIHI YKOPOYYBaHHS Y3JI0BXK KOXHOi 3 ocell. IIpoekiis dikcye mupi po3mipu (3
TOYHICTIO JO CKaJSIPHOTO MHOXHHUKA), 1 TMapajenbHl MOpsMi 3aJuIIaloThCs
napajiegbHUMHU. SIK 1y BUNIAJKy HEHTPAIBbHOI MPOEKIii, KyTH 30€piratoThCs TIIBKHU HA
TUX TpaHsAX 00'€KTa, K1 MapajeibHl MPOEKIIHHOI MIOMUHH.

9.2. IlapaneabHi npoexkuii

[TapanensHi TPOEKIII PO3AUISIOTECS HA JBAa THUIHW 3aJI€KHO BiJ CITIBBIIHOIIECHHS
MDK HampsIMKOM TMPOCKTYBaHHS ¥ HOPMAJUIIO JI0 MPOEKINHOI rmmomunan. SIKIo 1
HaIpPsIMKH 301Tal0ThCs, TOOTO HAMPSMOK MPOEKTYBAHHS € HOPMAJUTIO J0 MPOEKIIHHOT
IJIONIMHU, TO TPOEKIlS HAa3UBAETHCA OPTOrpadiuHoro. SKmo X NPOEKTOpH HE
OpPTOTOHAIBHUHN J0 MPOCKIIIHHOT TUIOIIMHH, TO TIPOESKIIiSl HA3UBAETHCS KOCOKYTHOI.
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Puc. 9.3. Oprorpadiuni npoexiii

B imxeHepHiii rpadiml HaOLIbIIE MHUPOKO BUKOPHUCTOBYBAHUMHU BHUJIAMHU
optorpad1yHUX MPOEKI € BUJ MOMepeay, BU 3BepXy (IJ1aH) 1 BUA 300Ky, y SKHX
MPOEKIUIHA TUIOUIMHA MEPHEHAUKYISIPHA TOJOBHUM KOOPJAUHATHUM OCSM, WIO
301raloThCsl BHACIIJOK LOTO 3 HANpPSIMKOM MpoeKTyBaHHA (puc. 9.3). OcCKUIbKH
KOXHA TMPOEKIlis BiAoOpaXkae JUIIe OJHY CTOPOHY 00'€KTa, 4acTO 30BCIM HEMPOCTO
ySBUTH €001 TPOCTOPOBY CTPYKTYpY IPOEKTOBAHOTO 00'€KTa, HAaBITh SKIIO
pO3rIsAaTH BiApa3dy KuUIbKa MPOEKIA Toro camMoro o0'ekta. Aje MpoTe Taki
KPECJIEHHS JO3BOJISIIOTh BU3HAUATH peaibHl po3MipH 00'eKTa.

VY BUMAIKy aKCOHOMETPUYHHUX OPTOrpadiyHUX MPOEKIIH BUKOPUCTOBYIOTHCS
MPOEKINIHI TUIONMIMHY, HE MEePIEeHIUKYIISPHI TOJIOBHUM KOOPJIWHATHUM OCSIM, TOMY
Ha HUX 300paxXyeTbCs BiApa3y KidbKa CTOpPIH 00'€kTa, Tak camMoO SIK 1 TIpH
LEHTPAJIbHOMY IPOEKTYBaHHI, OJHAK B aKCOHOMETPIi YKOPOUYBaHHS MOCTIMHO, TOJI
AK Yy BUIAQJKy LEHTPaJbHOI MPOEKLIi BOHO TMOB'S3aHE 3 BIACTAHHIO BIJI LEHTPA
npoekuii. Ilpy akCOHOMETpUYHOMY NPOEKTYBaHHI 30€piraeTbCs MapayesbHICTh
NpSIMUX, a KYTH 3MIHIOIOTBCS; BIJCTaHI X MOKHAa BUMIPATH Y3J0BX KOXHOI 3
TOJIOBHUX KOOPJIMHATHUX Ocei (y 3arajJlbHOMY BHUIIQJKy 3 PI3HUMU MAacIITaOHUMU
KoeirieHTamm).

MpoekToBaHa
nAoLWmHa

Ya

I'Ipoeg'ropn N&E :

Puc. 9.4. [3omeTrpuuHa mpoekiis
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AKCOHOMETPUYHI TPOEKIIi MiAPO3AUISIOTECS HAa TPU TPYNH BIAMOBIIHO 0
po3TantyBaHHS MPOEKIIHHOI MJIOMKWHA CTOCOBHO OCEH KOoOpAWHAT. SKI0 HOpMAab
70 TPOEKIINHOI TUTONUHU YTBOPHUTH TPH PI3HUX KYTH 3 OCSIMH, TO IPOEKIiS
HA3WBAETHCS TPUMETPHYHOK (TpUMeTpi€ro). SIKIIo aBa i3 MUX KyTiB OJHAKOBI, TO
OJICP)KYEMO JAUMETPUUYHY TIpOeKIito (aAuMeTpiro). I, HapemTi, SKIO0 BCl TPH KyTH
piBHI MDK C00010, TO TIPOCKIiS HA3HBAEThCA i30MeTpuuHOi (i3oMeTpicio).
[3omMeTpuuHa MpOEKIlis BOJIOJi€ TUM BJIACTUBICTIO, 110 BC1 TPU TOJIOBHI KOOPAWHATHI
0Cl OJJHAKOBO KOpPOTIIAlOTh. TOMy MOXHA MPOBOJAUTU BUMIpPY y3z[013>1< HaHpHMKy
OCCI/I 3 TI/IM camMmuM Maciitabom (3BiAcu HasBa: "3", mo o3Hayae "mopiBHIOE", 1

"Metpisa" — "Bumip"). KpiM TOro, rosioBHi KOOpJMHATHI OCI MPOEKTYIOThCS TaK, 1110
iXHBOT MPOEKIIIT CTAHOBJIATH PiBHI KyTH OAUH 3 OAHUM (puc. 9.4).

KocokyTH1 mpoekilii Takox € mapajielbHUMH, MPUYOMY IPOEKI[iiiHA MIIONIMHA
NEePHEeHIUKYJIIpHA TOJIOBHOI KOOpAUHATHOI oci. CTopoHa 00'ekTa, mapajiesibHa i€l
IJIOIIMHU, TPOCKTYEThCA TakK, M0 MOXHA BHUMIPIOBAaTH KyTH U BIACTaHI.
IIpoekTyBaHHSA I1HIIMX CTOPiH OO'€KTa TaKOX JOIyCKa€ MPOBEACHHS JIHIMHUX
BUMIpPIB (aJIe HE KYTOBHMX) Y3/IOBX TOJOBHHUX OcCei. MM TOpKHEMOCS TUIBKH JBOX
HaOUIbIlIE YacTO BUKOPUCTOBYBAaHUX KOCOKYTHHUX IPOCKIIM: MPOEKIi KaBajbe
(cavalier) i ka6ini (cabinet). V BiTUM3HSAHIA MpakTUIN Ii MPOEKIii HA3HBAIOTh
TOPU30HTAJIBHOI KOCOKYTHOIO i30MeTPi€l0 i Ka0iHETHOIO MPOEKUi€IO.

a) b)

Y Y

¥
v

Puc. 9.5. T'opuzoHTanbHa KOCOKYTHA 130MeTpis (a) 1 kabiHeTHa rpoekiis (0)

VY mpoekiii ropu30HTAIBHOI KOCOKYTHOI 130METpli HAaNpsIMOK MPOEKTYBAHHS
CTAaHOBUThH 13 IUIONIMHOK KyT 45°. 'V  pe3ynbrari Mpoekiis Biapi3Ka,
NePIEHIMKYJIIPHOTO MPOSKIIIMHOI IJIONIMHU, MA€ Ty X JOBXKHUHY, 1110 i caMm BIJIPI30K,
TOOTO yKOpouyBaHHs BIACYTHE (puc. 9.5a). KaOiHeTHa mpoekiisi Mae HAmpSIMOK
MPOEKTYBAHHS, 10 CTAHOBUTH 13 MPOEKINIHHOIO TUIOIMIMHOK KYT arctg(1/2) [Tpu
IIbOMY BIJIPI3KH, MEPIEHIUKYJISPHI MPOEKIIAHOT TUIONIMHM, TICIS MPOCKTYyBaHHS
CTAHOBJIATH 1/2 1iXHBOT MAIMCHOT JOBXKWHHU, IO OlJIbIIE BIJAMNOBIAAE HAIIOMY
Bi3yaJILHOMY JIOCBiTy, TOMY 300pa)KE€HHSI BUTJIAA€ OB pealicTHuHO (puc. 9.50).

9.3. llenTpaJjbHi npoexkuii

Konu mydok mpoekTopiB BUXOAWTH 13 33JaHOTO IIEHTPA MPOEKIIii, Te mapajeibHi
BIIPI3KM Ha IUJIOLIMHI MPOEKII Bke HEe OyayTh NapajelbHUMH, 32 BHHITKOM
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CIy4Yar4H, KOJIM BOHU JIeKaTh Yy IUIONIMHI, TapajienabHol mpoekiiiHoi. [Ipu
MPOCKTYBaHHI JACKIIHLKOX MapaliebHUX MPSIMHUX iXHBOT MPOEKIl NEPEeTHHAIOTHCS B
TaKk 3BaHIA Kpanmi cxoay. SKImo CyKymHICTh NpsIMHUX TapajeibHa OHI€eT 3
KOOpPJIMHATHUX OCEH, TO 1XHS KpalKa CXOJy Ha3MBA€ThCSA I'OJIOBHOI. Takux Kparok
MOke OyTth He Oinpine TpboxX. Hampukmanm, SKIIO MPOEKIiHHA IIIOIIWHA
HNEepIEHIUKYIISIpHa oci )2 | Te uIIe Ha IMiii oci Oyjie JIe)KaTH roJoBHa KpalKa CXO.y,
OCKIJIBKM IpsiMi, mapanenbHi sk oci OX | rtak 1 OV, mapanensHi Takox i
MPOEKIIIIHOI MIIOMMHKA i TOMY HE MAalOTh KpaIIKI/I CXOy.

[lenTpanbHi npoekIlli K1acudiKyrThCs 3aJIEKHO Bl YMCIIa TOJOBHUX KpaIlok
CXOJy, SIKHNMH BOHHU BOJIOJAIIOTH, a OTXKE, 1 BIJl YMCIa KOOPJAMHATHUX OCEH, SIKI
nepeTuHae TpoekiiitHa miomuda. Ha puc. 9.6 HaBeneHi Tpu pi3HI OAHO KpamKoBi
MPOEKIIii KyOa, MPUYOMY JBI 3 HUX MAIOTh OJIHY KPAINKy CXO/dY, a TPETS — JABl KPaIKH.

a) W) c)

Puc. 9.6. OnHOKpankoBi il ABOXKPANKOBI MPOEKIIii

JIBOXKpamkoBa  IIEHTpajbHa  MPOEKIlA  IMHPOKO  3aCTOCOBYETHCS B
apXITeKTYpHOMY, 1HXKEHEPHOMY M TPOMUCIOBOMY TMPOEKTYBaHHI M y PEKIAMHHX
300paKEHHSIX, Y SIKUX BEPTUKAIBHI MPsIMI TPOCKTYIOTHCS SIK MapaleibHi i, OTXKe, He
CXOIAThCA.  TpPBOXKpANKOBI  IEHTpaJibHI  MpOEKIii  Maibke  30BCIM  HE
BUKOPUCTOBYIOTHCA, MO-TIEpIE, TOMY, IO iX BaXXKO KOHCTPYIOBATH, a MO-IpPYTE,
4yepe3 Te, 1110 BOHU JI0/Ial0Th Majo HOBOTO 3 MOTJISAY PEATiCTUYHOCTI B MOPIBHSHHI 13
JBOXKPAIKOBOIO MPOEKIIIETO.

9.4. MaTemaTH4YHUIi anapart

JIist  BUKOHAHHS TPOEKTHMBHUX TEPETBOPEHb Oy/IeMO BUKOPUCTOBYBATH
OJTHOPITHI KOOPAWHATH W MATPHIll NEPETBOPEHb, PO3TIIAHYTI paHilie B JeKIli 4.
[Tpoexiriss BAKOHYEThCS B CHCTEM1 KOOPAMHAT CTIocTepiraya.

9.5. OpToroHajbHi npoekirii

CnoyaTky po3rJIsIHEMO MAaTeMaTUYHUM ONMUC MapaliebHUX MPOEKIINA K OlIblie
npocTux. BUmaaok, Kojau KapTHHHA IUIOIIKMHA IEpIEHIUKYIIIpHa oci O Z i 3aaeThes
piBastHHsM 2 = O(TOOTO OpTOrpadiuHa TpoeKiisn), (GaKTHYHO BKE PO3IIIAAABCA B
nexiii 4, n1e OyB HaBEEHUH BUJI MATPHIlh MPOEKIIi HA KOOPAWMHATHI TUIOIIHHH.

Bunagok  akCOHOMETpPHYHOI  MPOEKIi  3BOJMTBCA JO  TOCIIJIOBHOCTI
MIePETBOPEHD, TIO/II0HO TOMY K 31HCHIOBABCS TOBOPOT y MPOCTOPI IMIOAO0 AOBUIHHOT

oci. Hexail miomuna 3a1a€ThCsl ONMHUYHUM BEKTOPOM HOpMami '* — (23724, m2) 5
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BIJICTAHHIO BiJ MOYaTKy KOOPJWHAT d = 0, Kanoniune PIBHSIHHS IUTOIIUHU, TaKUM
YUHOM, Ma€ BUIIAA = "% +ny - y+n. -2 —d=0.

Bexrop, cnpsiMmoBaHUT O HOpMAaJIi BiJl MOYaTKy KOOPAWHAT JI0 MEPETUHAHHS 13
IIJIOIINHOIO, € N=d-m= (nzd: nyd: 1. d) - (-"‘II"'I: -'n'"'y: -'n"";)'

Koopaunatu BekTopa OJMHUYHOI HOPMaJIl € 1i HampsIMHUMH KOCUHYCaMH.

[TpoekTyBaHHS B IIPOCTOPI OAHOPITHUX KOOPAHMHAT 3IMCHIOETHCS HACTYITHOIO
MOCTIJOBHICTIO KPOKIB.

— 3pymIeHHS HAa BEKTOp — <Y 32 JOMOMOTO0 MATpPHLI

1 0 0 —N,
< _|0o1 o -n,
710 0 1 —N.

000 1

— TloBopor, M0 cIOJy4Yae HampsMOK HOpPMajii 3 HampsMkoM oci UZ. Sk Oyiio
M0Ka3aHo B JIeKIil 4, 1ieil MOBOPOT MOKHA pealli3yBaTh Y BUIJISI ABOX MOBOPOTIB:
nepimii (moa0 oci UZ) mepeBoaWTh HOpMaidh y IUIOmUHY Y OZ | a moTiM —
OBOPOT Moo oci Y 1o cronydenns HopMani 3 Biccro UZ . BignoBigHy MaTpHIIO
obepTaHHs1, 10 € J00YTKOM JBOX MaTPHIIb, II03HAYNMO i .

— TlIpoekuis Ha mwronwnay X OY 3a 10moMororw Marpmiii

P, =

o e
o o= O
e R e R i
= o oo

. H_l

— IloBopoT 3a 1ONTOMOrOX0 MaTpuIIl .
= . a1
— 3pyuieHns Ha BEKTOp V 3a J0OIIOMOIO MaTpuUIl =1

IloBHE MNEPETBOPCHHA, TAKUM YHMHOM, BU3HAYAECTHCA MATPHUIICTO
Pr=sS/' R P, R-S.

9.6. KocokyTHi npoekuii
Po3riisHEMO KOCOKYTHY TMpOeKIifo Ha monmuy XOY, mpm skiii opt

—_—

€3 =(0,0, l)nepexogmn, y Bektop 0= (a,b,D)’ TOOTO HANpPSIMOK MPOEKIIIT

3Q1a€ThCSA BeKTOpoM F = 70— €3 = (a,0,=1) Take MIePETBOPEHHS B IIPOCTOPI
OJTHOP1ITHUX KOOPJIMHAT MOYKHA 3a1aTH 32 JIOITOMOTOI0 MaTPHIT

V npoekuii KaBaabe BEKTOp € 3MepexOquTh y BEKTOP (cos(m /4),cos(m/4),0) ,a
B KaOIHETHIM MPOEKIli — y BEKTOP (0.5 - cos(m/4),0.5cos(/4),0) , IPUIOMYy B 000X
npoexkiisix @ =0,
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9.7. llenTpajabHi mpoexuii

[IpumycTuMO, IO LEHTP Npoekiii nmepedyBae B kpammyi © — EC:FI-L'?C-J, a
KapTUHHA IUIONIMHA 30iraeThest i3 miommuor X OV, BispMeMO [OBIIBHY Kparmky
M =(2,%2) % pusmaunmo i IPOEKII0 Ha 0oOpaHy

300paxyBaHoro o0'ekTa
wionuHy (puc. 9.7).

(x, ', 0)

Puc. 9.7. IlenTpanbHa mpoekiiist Ha riomuay XOY

[IpsaMy, MO TPOXOMMTH Yepe3 Kpamku C i M | 3amacM0 B mapaMeTpUYHOMY
BH/IL

TH)=CT+t- (M=7C)=(c,+t - (r—c.)e,+1-(u—c,),c. + 0.1)

+t-(z—c.)). '

Tenep 3HaiiieMoO Kpamnky MEpeTHHAaHHS LI OpsMiid 3 KapTUHHOIO IUIOMIMHOIO.
Bona Bu3Ha4yaeTbcs 3 yMOBH PIBHOCTI HYJIIO TPETHOI KOOPAUHATH:

c.+t-(z—c.) =0,
3BIJIKM BH3HAYa€MO 3HAUEHHS MapameTpa !, Ipu SKOMY Kpamka MpsMOi HaJICKHUTh

KOOPAWHATHIN TJIOIINHI:
e 1

tt = — = .
Cc, — 2 1_;_'.

[lincraBnsroun e 3HaueHHs y ¢opmyny (9.1), MU oAepKUMO KOOPAMHATH

IPOEKIIT Kpanku M :

' =c; + - -w, y{:C.L-'-I_L z " (92)

r—c, U — Cy
1

dakTopoM, M0 BIUIMBAE HA TEPCIEKTUBHY 3MIHY pO3MIpiB, € HasSBHICTb
KOOpJAMHATH <ZB 3HAMEHHUKY. UuM Ommkye BHUABISAETHCS Kpalka J0 LIEHTpa
MPOEKIii, THM OLTbIIIE 3HAMEHHHUK, a BIMOBIIHO i KOOPIMHATH KPATIKH.
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Mu OymeMo po3riIsaaTH CHTYaIlilo, KOJIHM HEHTP IPOEKIil JeKUTh Ha oci U2 | a
camMa BICh CIpPSMOBaHa BiJ CcHocTepiraya 0 MPOCKIIHHOI IUIOMHWHA, TOOTO
c: =1y =0, e =—d, d>0 101 popmymn (9.2) 3106yBatoTs B

. T _ Yy
¥ * =

“1ys Y T iy (9.3)

B omHOpigHMX KOOpAMHATaX Take IEPETBOPEHHS MOXKHA 3amlmcaTtd 3a
JOTIOMOTOI0  J1BOX omepaniid. CrnoyaTky MHOXHMO MATPHUII0 MPOEKTUBHOIO
TepeTBOpeHHs 1 :Ha BHXiTHY TOUKy # OJepKyeMO Kpamky B 4OTHPHOXBUMipHOMY
IPOCTOPI:

I

r 1 0 0 0 T r
y(f _ (0O 1 O O T Y

Pod2l=1loo o oll:|T| o |- (9.4)
1 0O 0 lll."'ld 1 1 1+ :I;"f:i

[ToTiM MpOEKTYyeMO 1LI0 KpamnKy B MPOCTIP OJHOPIAHMX KOOPAMHAT LUIIXOM
PO3MO/TY Ha UETBEPTUI KOMIIOHEHT:

(z*,v",0,1) = (z/p,u/p,0,1), p=1+z/d

[ToguBuMOCS Tenep, O BIAOYBAETHCS 3 MyYKOM NapajieIbHUX NPAMUX IT1JT J1€0
Matpuill mnpoekmii. Hexalt 3agaHuii My4oK MpsSMUX, TMapajelbHUX BEKTOPY

v = (a,b,¢), Tonai mapameTpuyHe PIBHSHHS MPSAMOi, 1[0 HAJIECKUTH LIOMY IYYKY,
mae pursn T = (2 +at,y + btz 4 et).
3 ¢opmynu (9.4) Tpeba, MO B pe3ysbTaTi MPOCKTYBAHHS OJICPKUMO Oe3Jiy
Kparok
x4 ct
<I+aﬁy+bﬁml+——g—>.

[lepexoasium A0 OMHOPITHUX KOOPAWMHAT 1 TIOMHOXXMBIIM YHCEIBHUK 1

—_—

3HAMEHHHUK KOXKHOTO Apo0y Ha d , 0IepKUMO Kpanku 7 0BHIy

. : bt
r'u:(d rtal YT ,0,1).
d+z+ct’ d+z4+ct

Tenep y K0’KHOMY KOMIIOHCHTI BEKTOpa YHCEIbHHUK 1 3HAMCHHHUK ITOIJIUMO Ha

= rft+a y/t+b o1
T\ dr ot A )t e
[Tepexoasum 10 Mex1 pu © — OO | OIEPKUMO KPAMKy

. da db
Feo=|—,—,0,1].
[ i

Takum dYHHOM, OJEPXKYyEMO, IO TMICIsS MPOEKTYBAaHHS IYyYOK mMapajeabHUX

MPSAMUX MTEPETUHAETHCS B TOYIll CXOTY T oo 3po3yMmisio, 0 B KOXKHOTO MTy4Ka CBOS
Kparka cxoy. SIKIIo My4oK MpsIMUX TapajieabHuil miomuan X OY ) to6ro ¢ = 0, o
KpankKa CXOJy BUSIBISETHCS HAa HECKIHUCHHOCTI, @ BUXOIUTh, MPSAMI 3aJIUIIAIOTHCS
napajeIbHUMU.

Jns moOynoBM TEPCIEKTUBHOI TMPOEKIi 3 JEKUIbKOMa KpamKaMH CXOMIY
BUKOPHUCTOBYETHCS MATPHUIIS IEPCIIEKTUBHOTO MEPETBOPEHHS 0€3 MPOCKTYBAHHS:
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1 0 o 0
0 1 0 0
P= O 0 1 0

_1.-""Itf1 l/da 1/ds 1
Temep kpamku TPOCTOpPY  CHOYATKy  MIAAIOTHCS  MEPCHEKTUBHOMY

IIEPETBOPEHHIO, a TOTIM 3IIMCHIOETHCS IIPOCKITI.
BusHaurmMo Kpamku cXomy I HMPsSMHX, IMapajebHUX OCIM KoopauHat. Jis

IPSAMUX T =(z,y,2+ f'f;'pe3yJ1_bTaT0M IIPOCKTUBHOTO TIEPETBOPEHHS Oyzae Oe3miu
KpanoK (z/fiu/filz+ct)/F1), qe f=z/di+y/da+(24ct)/ds+1 Tpu

I — 00 OJIEP’)KUMO Kpamnky 3 KOOpAUHATaMu (0,0,ds,1) . [Ipu npoexiii Ha TUIOUIUHY

XOYonepxumMo  Kparky (0,0), [lydok mpamux | = (x+ct,y,2) nepeiiae B
((z+ct)/fyu/f1 2/ 1), i =(z +ct)/dity/d2+z/ds+ 1 4 kpankoro cxony

IUTsl HbOTO Oyze (d1,0,0,1) , 110 TIpU TIPOCKTYBaHHI MEpeiiie B KParnkKy, 10 JEKUTh

na oci OX (41,0) Ananoriuno JUIS TIydKa TPSAMEX, apajiensHi oci QY omepxumo

Kparky cxomy Ha oci OV (0,dz), I[li Tpu kpamku Ha IUIOUIMHI € TOJOBHUMH
KparnKaMm# CXOy.

9.8. CnenianbHi kaprorpadiuni npoekuii. Ek3oTu4uHi npoekuii 3eMHoi cdepu

3 pPO3BUTKOM TOPTiBIl ¥ mopopoxed mnpupbana OUTbITY BaKJIMBICTh JOCHUTH
HEMPOCTEe TEOMETPUYHE 3aBJIaHHS: SIK TMEPEHECTH Ha TUIONIMHY YacTHHA 3E€MHOI
MOBEPXHI, MO0 BIACTaHI MDK OyIb-SKMMH JBOMAa KparkaMd Ha Hil 3aIUIIAINACA
HecnoTBopeHUMHU? Pi3HI BUEHI MPOTAroM 0araThOX CTOJITh HaMarajaucs po3B's3aTu
1[I0 MpoOJieMy IO 3aMOBJICHHSIX CBOIX YPSIiB, BEJIMKUX KOMEPCAHTIB a00 MPOCTO
MaHJpIBHUKIB, JJI1 SKUX Taka kapTa Oyna O CHpaBXkHBOK 3HAXIJKOI, TOMY IO
ICTOTHO TOJIETHIMIIA O HABIralio, SK MOPChKY, TaK 1 MOBITPSHY.

VY nisioMy 1e 3aBIaHHS BHUSBUIOCS HEpo3B's3HOMO. [loBepxHs muiiHapa ado
KOHyca MOKHa 0e3 TMepekpyuyBaHb MEPEHECTH Ha IUIOMIMHY (Taki TMOBEPXHI
HAa3UBAIOTHCS 110 PO3rOPTAOTBLCA), BIAOOPA3UTH X Ha IUIOLIMHY MOBEPXHA cdepu,
30€epiriM BIACTaHb MK OyJb-IKUMHU JBOMa KpankaMu, HeMoxiuBo. CripaBa B TOMY,
0 HaBITh Mally o0yacTh cepuyHOi MOBEpxHI (HA BIAMIHY BiJ IWJIiHApPa abo
KOHyCa) HEMOXJIMBO PO3TOPHYTH Ha IUIOMMHI 0€3 TPIUWH, CKJIaJ0K abo
nepeKkpydyyBaHb. byap-sika 1miocka kaprta 3emuti a0o0 SIKOiCh 1i YaCTHHH HEOJIMIHHO
OyJie CioTBOPIOBATH SIKi-HEOY b BIAaCTUBOCTI. ToMy B 11e#i 4ac Tak HEOOX1H1 KapTH 3
MiHIMQJIBHAMH (11 Kpalle HyJIbOBUMH) MEPEKPYIyBaHHSIMHU THX BIACTUBOCTEH, IS
nepefadi  SKUX TMpU3HAYaeThesl KapTa. bakano, mo0 1 1HIIMX BIACTUBOCTSIX
nedopMmyBanucsi  SKHaWMEHINIE. YChOrO  ICHY€ YOTHUPU  OCHOBHUX  THUIIH
NEPEKPYUyBaHb:

— MepeKpydyBaHHS JIOBXKUH (JIiHIi, OJJHAKOBI Ha MOBEPXH1 3eMJIi, 300paKyIOThCs Ha
KapTi BiJIpi3KaMu pi13HOT JIOBKUHN);

— TMepeKkpydyBaHHS KyTiB (KyTH Ha KapTi MK Y3SITHMH HalpsMKaMd He
JOPIBHIOIOTh TOPWU3OHTAILHUM KyTaM MiX THMH >K HampsMKaMH Ha TOBEPXHI
3eMHOTO eJIIICoiaa);
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— mnepekpydyBaHHs popm (dbopma munstHKA abo 3aitHATHUN 00'€KTOM TEpHUTOpPii Ha
KapTi BiIMiHHA BiJ] iXHBOI (hOpMHU Ha MOBEpxHI 3emi);

— mnepekpydyBaHHs Mo (ToB's3aHe 3 MaCIITa0OM IUIONIL: TP CTAIOCTI BENTUYUHU
MaciTaly TUIOII IO BC1M MOBEPXHI KapTH MepeKpydyBaHHS IUIONT HA HI HEMae).

Kpim kmacuynux kapt, OinbIlla yacTUHA SKUX Oyia po3poOjieHa B CepejHi
CTONITTA, (aHTa3isl BUCHMX HajJaBaja HaBiraropam JOCUTh HE3BHYalHI CIIOCOOU
IPOEKIli 3€MHOI TOBEpPXHi, aje TMepll HDK ONHcaTH CIIOCOOM CKJIaJaHHS
HE3BUYAWHUX KapT, PO3IJITHEMO JIesKl KJIaCHYH1 METOIM KapTorpadii.

Lentp npoekiiii Moxke OyTH JOBUIBHUM CTOCOBHO MPOEKTOBAHOI cepu; TaKuM
YUHOM, ICHY€ HECKiHYeHHa 03U YCUIAKHX PI3HMX NpoeKmiil. SKkmo mpoBoauTh
MPOMEHI 3 AESKOl KpamkW, y34TOi Ha TPsAMid, IO MPOXOJUTh Yepe3 IEHTP Ky
MEPIEHANKYJISIPHO JESKOI TUIOMIMHK, TO OACPKUMO Ha I TUTONIUHI MEePCIEKTHBHY
npoekiiio. Po3riasHemMo aeski 13 IMX MPOCKIIM, HaMOIBIT KOPHUCHI 3 MOTIISIAY

Kaprorpadii.
9.9. Crepeorpagiuna npoekuis

BaxxnuBa BiacTUBICTh Oy/b-KOi KapTH — 30€peeHHs KYTiB (KyT MiX Oy/b-
SAKUMH JBOMA JIIHISIMU Ha KapTi MOBUHEH OYTU TaKUM Ke, SIK KyT MIX MpooOpazamu
IMX JIHIA Ha 3€MHIA MOBEpXHi). 30€peXeHHs KYTIB OCOOJMBO BAXKIUBO IS
MOpEIIaBaHHs ¥ a€pOHABTHKH, TOMY II0 BOHO O3HAYae, 110 CIIOCTEPEKYBAHUU KYT
MDK OyJb-SIKHMH JBOMAa OPIEHTUPAMH JOPIBHIOE KYTY, BUMIPIOBAHOMY Ha KapTl 3a
JOTIOMOTO10 TpaHcropTupa. KpiM Toro, Ha Takiii KapTi 3aJIUIIAIOTHECS HE3MIHHUMU I
ol Manux obnacteil. Kaptu, mo 30epiratoTb KyTH, Ha3UBalOTHCI KOH()OPMHUMM.
Haiinpocrime noOyayBatd KoHGOPMHY KapTy 3a JOMNOMOIrow crepeorpadiuyHoi
MPOEKIIii.

Ha puc. 9.8 mokasamo, sk MOBEpXHs CepH B KPaIIli SIPOEKTYETHCS 13 KPAIKH
A(npunanexuiii cdepi) Ha IUIOmMMHY, AOTHYHY 10 cdepu B AiaMETPaIbHO
nporunexHiii  kpanmi  (amTumox  kpanku  A).  IIpoekuis — Ha3HMBACTHCA
€KBaTOPIaJbHOIO, MOJSPHOI ab0 KOCOK 3aJIeKHO BIJ TOro, e MepedyBaroTh
AHTUTIO/U: HA €KBATOPI, MOJ0cax a0o0 B sAKiM-HEOYAb 1HIIN Kpamili 3eMHOI TOBEPXHI
BimoBiAHO. Ha kanb, KOH(GOPMOBICTh BUKJIHMKAE MEPEKPydyBaHHS MacmTaly, 110
3pocTae 31 301IBIISHHSIM BIJICTaH1 BIJ] IIEHTPa KapTH.
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OprorpadiuHa

MnowmHa A

npoekuji

B| CrepeorpadiuHa

THOMOHIYHA

1/
7] Thowo

MaowmHa Kaptu

Puc. 9.8. Tpu mpoexiii

[To3HaYMMO 3a JOBIOTY ¥ JOMOBHEHHS JI0 IIUPOTH Kparku Ha chepi OykBamu A
i ¢ BiAmoBigHO, Y = = y U2 P = L8Y "agepe3 I'1 ¥ — koopauHATH NMPOEKLIN
11€1 KpaIKku B JIESIKOI IEKapTOBOI CUCTEM1 KOOPAWHAT, 3a/1aHO1 Ha IJIOIIMHI MPOEKIIii.
Bignosigni popmynu npoextyBaHHs it [[1IBHIYHOT MiBKYJII MatOTh TAKWWA BUTJISI:

r=tg#/2cos(A — 135%);

y =tg #/2sin(A — 135%)

Tyt i Hamam paaiyc yBaKaeTbesl piBHMM oauHHUIN. Bick X crnpsiMoBana y3m0Bx
Mepuaiana 135°.

9.10. I'nomoHiYHa npoeKuis

BigoOpaxxeHHst Kpanku i3 meHTpa 3eMHOI Ky BHa miomuHy kapTi B Kpanky
B nopomxye raomonmuny npoekuito (puc. 9.8). TIpoekmis omepixana Taky HasBy,
TOMY 110 BOHA Harajaye€ KOHCTPYKIIIO COHSTYHUX T'OJUH 13 THOMOHOM. byab-sika ayra
BEJIMKOI0 KOJIa Ha TTOBEPXHI 36MHOI KyJIl IEPEXOAUTH Y MPSIMY Ha THOMOHIYHIN KapTi.
BinbmMM K0JI0M Ha3MBAETHCS OKPYXKHICTh Ha cdepi, MJIOMIKMHA SKOI MPOXOAMTH
yepes ii 1enTp. Taka kapTa He BoJioflie KoM(GOPTHICTIO, ajie HaBIraTOpH IIHYIOTH ii 3a
OJIHa BAXKJIMBA BJIACTUBICTH, BIJICYTHE Yy BCIX IHIIMX MPOEKIiHA chepr Ha TUIOMIHUHY:
npsiMa MK OyJlb-IKUMU JIBOMa KpalkaMy Ha THOMOHIYHIN KapTi € reofe3uyHoi, abo
HaWKOPOTIIIOIO IYTOI0 MK IIMMH JBOMA Kparkamu, 1 BIATOBIIA€ My31 BETUKOTO KOJIa
Ha TTOBEPXHI 3eMi.

9.11. Oprorpadiuna npoexuis

Sxmo ueHTp mpoekuli nepedyBa€ B HECKIHUEHHOCTI (BCl MPOMEHI, IO
POEKTYIOTh, TTApaJie)IbHi), TO MpoeKilisg Oyae oprorpadiunoi (puc. 9.8). Hanpuknan,
TUBISAYUCH, Ha Micsaup 13 3emu, crocrepirad 0aunth Micsllb MPaKTUYHO B
oprorpadiunoi mpoekii. Y Kkparo oprorpadidHOi KapTh BIiACTaHI CHJIBHO
nepekpydeHi. Optorpadiyna xkapTa He 30epirae Hi IJIOMI, HI KyTIiB, ajie, BUKOHAHA
JOCUTh MHUCTEIbKU, CTBOPIOE CUJIbHY UTI03110 KyJssictoi 3emui. Kaptu, Hakpecneni 3

131



HOTJISAY CriocTepiraya, 1o nepedyBae HaJl 3eMHOKO ITOBEPXHEI0, HE TOYHI B IIepeaadi
OaraThoX ii BJIACTUBOCTCH, ajie HaWOLIbIIE BIPHO BIANOBIJAIOTH HAIIIOMY 30POBOMY
CHPUKHATTIO ChEepH.

Ll mpoexiisi BUXOAUTH MPU MPOEKTYBaHHI Ha IJIOLIMHY, JOTHYHY 70 chepu B
IEeHTpl  300pakyBaHOTO  SIBHIIA (Ao, fo) , 33  JOTIOMOTOI0  TPOMEHIB,
NEePIEeHIUKYISIPHUX i€l TiomuHu. GopMyIu 1€l MPOEKIlii HACTYIHI:

r =sinfsin(A — Ag)

y = sin fg cos§ — cos fy sin f cos(A — lambdag)

9.12. IIpoekuii Ha HUTIHAP

[ToBepxHsT cdepu TakoX MOXKHA TPOCKTYBaTH Ha IWIHIPH W KOHYCH,
"HagarayTi" Ha cdepy. Ilicas moOymoBH IUIIHAPUYHOI a00 KOHIYHOI MPOEKIIii
MTOBEPXHS PO3PI3a€ThCS W PO3TOPTAETHCS HA TUIOIIHHY.

[IpoMeHi, 0 TMPOEKTYIOTh 3€MHA KyJsl Ha LWJIIHIP, BUOMPAIOTHCS Tak, 1100
BOHU OyJIM MapaselibHi IUTOIIMHH, 1[0 BUCIKAE OKPYKHICTB, 1O K1 cepa i HUIiHIp
CTUKAIOThCA (pHUC. 9.9). SIKIIO HUIIHIAP CTOCYETHCA 3eMJIl Y3[I0OBXK €KBaTOpa, TO BCI
MEpHUIiaHu W mapalenl Ha KapTi MepexoldaTh y MpsiMi, M0 MEPEeTUHAIOTHCSA i
IPSIMUMU KyTaMH.

LinniHAPUYHI npoekuii

— TOUKM 3eMHOI
MOBEPXHI
» NepeHocaTb
i Y . } Ha YABHUM
= UnuniHap

Puc. 9.9. Meton nuimiHApUIHOT IPOESKITIT 31 30epeKESHHSIM TLIOII]

[uninapuyHa KapTa HE 3aBXKIU BOJIOJIE KOMGOPTHICTIO W MOXE CHIIBHO
CIIOTBOPIOBATH BijcTaHi i hopmy oOnacteil. Big3znaunmo, 110 k0JHa KapTa HE MOXKe
0JIHOYaCHO OyTH KOH(OpPMHOI ¥ 30epiraTu moili. bynao 3amponoHOBaHO BEIUYE3HE
YUCJIO 1HIIMX MPOEKIiH, 10 30epiraroTh IJIONIY; Y Cy4YacHUX aTjiacax HaldacTiiie
3yCTpIYalOThCA IUIONII, M0 30epiraroTh, KapTH, IMOOYyJAOBaHI 3a JOMOMOTOIO
UATIHAPUYIHOT TpoeKIlii, 1o Oyna 3anpornonoBana Kapiom b.M onsseitne B 1805 p.
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9.13. Ipoekuist MepkaTopa

B XVI cromitri ¢unamanncekuit kaprorpad I'epxapn Mepkatop cTBOpUB
3HAMEHUTY I[WIHIPUYHY TMPOEKII0, [0 BOJIOAIE BIACTUBICTIO KOM(MOPTHOCTI.
KomdoptHicte y mpoekuii MepkaTtopa A0cSraeTbCs 3a paxyHOK pO3TITYBaHHS
HWJIIHApPA 32 TOJIIOCH, MPU I[bOMY y BEpXHINH 1 HIDKHIM YacTHHI IOTO LUJIHIpA
MacmTab crae ayxke nepekpydeHuM. HesBakarouum Ha 1€ JaHa TPOEKINsl BOJIOJIE
OJIHIEI0 YYyJOBOIO BIIACTUBICTIO, JMAy>K€ TMOTPIOHMM JJii HaBIraTopiB: MpsMa,
MpoBeicHa 4epe3 Oyap-sAKi JBI KpalKd Ha KapTi, € JIOKCOAPOMOIO, abo JIiHI€I0
nmocTiitHoro pymOa. Jlokcompoma Ha cdepi abo skii-HEOyAb IHIIINH MOBEPXHI
oOepTaHHsI IepeTUHAE BCI MEpUIiaHu i nocTiitHuM KyToM (puc. 9.10).

[Tpoexitis Mepkaropa 3a1a€ThCsl HACTYITHUMH (POPMYITaMHU:
A/180° mpm 0° < A < 180°,
A/180° — 2 mpu 180° < A < 360°
y = In(tg(90° — 0.56) ) /7.

Ir =

Puc. 9.10. Komdopraa npoekuis Mepkaropa.
Ha xapty HaneceHi jokcoapomu 3 Hero-Nopka

9.14. Ilpoexuii Ha 6araTorpaHHUK

bynemo nazuBaTu po3pizaHy KapTy MUPY, CIIPOCKTOBaHy Ha TOW a0o0 I1HIIHIA
BI3EPYHOK 3 SKUX-HEOyap OaraToxyTHuKiB. [licis ckimamanHs 1UX (QparMeHTiB
YTBOPHUTHCS KapTa 3 po3pUBaMU Oyab-SKOi YacTHHH 3eMHOi Kyii. OmHy Taky
KOoHGOpMHY KapTy ckiaB ¢igocod 1 maremarmk Y. Ilipc. 3emHa mnoBepxHs
CIIPOCKTOBaHa Ha IIi KapTi Ha BIiCIM PIBHOOEAPEHUX TPUKYTHHUKIB, SKI MOXKHA
pO3MIIAIaTh SK TpaHlI OKTaeApa, M0 CIUTIONIYEThCS JOTH, TOKH JOBXHHA MOTO
MIPOCTOPOBOI Jl1IaroHaji HE 3BEPHETHCS B HyJb. BepmmHam HyIbOBOI JllaroHaji Ha
kapti [lipca BiiMOBiAAIOTH MIBHIYHUK 1 MIBICHHHUI TOJIFOCH.
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Puc. 9.11. "JlinkarnoOyc" . ®@umiepa, Mo CKIATAETHCS B IKOCASIP

[Ipubnu3HO B TOHM K€ dYac aHaJOTIYHA iAes crajga Ha JYyMKY BHUJIATHOMY
€KOHOMICTOBI 3 €JIbCHbKOTO yHiBepcuteTy IpBiHry Dimepy: BiH 3aAyMaB 3M1MCHUTH
THOMOHIYHY TPOEKII0 MoBepxHi 3emii Ha 20 TPUKYTHUX TpaHsX ikocaeapa (puc.
9.11). Ikocaenp € HaWOLIBII OJM3BKUM [0 iAcaly OaraTorpaHHHKOM IS
po3pizyBaHHs "Ha KapTH'.

9.15. He3BuuaiiHi npoexuii

Kaprorpadu npumymyBanu HaWpi3HOMAHITHINI BHIA MPOEKIIH, MO YacoMm
JMBHO BUTJISIIAIOTH 1 TIPU 1IbOMY BOJIOJIIOTH JIOCUTh HEMOTAHUMH BJIACTUBOCTSIMH.
Onny 3 Takux Kapt y ¢opmi kapaioigu (cepisi) nmpuayma lorann Bepnep. 1ls kapra
30epirae mioini. Bona kopuctyBanacs mupokoro nomnyispHictio B X VI B., ane 3apas
HEIO BXXE JIaBHO HE KOPUCTYIOTHCA. Y 3BITI PO KapTorpadiuHi KypHo3H, HAMUCAHOMY
JUTSI BHYTPIITHBOTO KOopucTyBaHHs (ipmu "Jlaboparopii bemna", maremaruxk Exarap H.
I'nGepr nwmmre: "...He3acmyxeHo 3a0yta. CHIBHO TEPEKpydYeHI YAaCTHHH KapTh
JeXaTh JAJIEKO BiJA OCHOBHUX Mac cymil. CKpUBJIEHI Mapajeii HaJalTh KapTi
MIPUEMHY 1TI03110 OKpYyIJIOCTi... [lapanem sBIsSIOTH COOOK0 JyTM OKPYKHOCTEH,
pO3TalllOBaHl Ha OJHAKOBIM BIJICTaHl APYr BIJ JApyra, 13 HEHTPOM Y MIBHIYHOMY
noitoci. Mepuianu, poBeISHI JJIsl BKa31BKH BIJACTaHEW y37I0BXK Mapajesei, Taki
sK Ha cepi".

CkynueHHs MaTepuKiB Ha KapTi BepHepa BinmOuBae HEpIBHOMIPHHM pPO3MOILT
cymri mo moBepxHi 3emii. Tuxuii okeaH HACTUIBKH BEIIMKHUM, IO SKIIO JUBUTHCS HA
3eMITI0 13 Kpallk, po3TalloBaHOi Hal MPOTOKO0 Jla-MaHiil, To MoriIsay BiIKPHETHCS
omms3pko 80% BCi€l cymii, a TPOTUJICKHA MIBKYJS Oy/ie MaiXKe CYIUIBHO MOKPUTO
BOJIOIO
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Puc. 9.12. IlonikoniuHa kapTorpadiuHa mpoeKiis

JlocuTh He3BHMYaliHA TOJIIKOHIYHA KapTorpadiyHa MpOeKIlis — KapTorpadiyHa
MPOEKITisA, MO OyIyeThCs 3a JTOMOMOTOI0 PSIy KOHYCIB, MTOTHYHHX JO 3EMHOTO
emncoina (kymi). Y MOMKOHIYHIN KapTorpadiyHiii MpOEKIli mapayiesi HOpMaJTbHOI
CITKM — JIYTH EKCIIEHTPUYHUX OKPYKHOCTEH, OChOBUN MEpHJliaH — MpsAMa, Ha SKii
pO3TaIllOBaHi IIEHTPH Napaesei, a iHi Mepuaianu — kpusi (puc. 9.12).

9.16. IluTanus i BNpaBu

1. Ha3BiTh ABa OCHOBHHMX BUJM MPOEKI[ii, 00YMOBJIEHHX TUIIOM ITy4YKa MPOMEHIB.
2. Ha3zBiTh yoTHpH BUAM NapaleIbHUX MPOEKITIH.

3. CKUIBKHM KPOKIB B aJITOPUTMI OPTOTOHAILHOT MPOEKIIi1 Ha TOBUIbHY TUIOIIUHY ?

4. Slxkuii BMJI Mae MaTpHIll KOCOKYTHOI Tpoekmii Ha mmiomuHy -XOY | o
nepesouts sekrop (050, 1)y pexrop (%,¥,0)7

Hanunite ¢hopMynu nepeTBOpeHHs KOOPAMHAT MPHU LIEHTPaIbHINA MpOEKIi Ha

o1

wronway X OYi3 mentpoM y kpammi (0,0,¢) . sk BUTIIAAA€ MATPHIS TaKoi
MPOEKIIi B OAHOPIAHIN CUCTEMI KOOPIUHAT?

6. Illo Take mepcreKTHBHE YKOPOUYBAHHSI?

7. o Take kpamnka cxony?

8. Sk peami3yeThCsi MPOEKIIis 13 TPhOMa KparmKaMu CXOTy?

9. SIkoro BIACTHUBICTIO BOJIOJII€ KOH(OPMHA IIPOCKITis?

10.51x0r0 BIACTUBICTIO BOJIOJIE MMTIHAPUYHA MPOCSKITis?

11.Y oMy 1miHHICTB TIpoeKIlii Mepkaropa?

12.SIxuii 6GaraTorpaHHUK HAWOUIBIN 3pyYHUN JUTsl TOOYI0OBU PO3pPi3aHUX KapT?
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Tema 10. PACTPOBE IIEPETBOPEHHS 'PA®IYHUX ITPUMITUBIB

AnroputmMu  bpe3eHxema pacTpoBOi JHMCKpeTH3allii Bipi3ka. AJTOPUTMH
bpe3enxema pacTpoBOi JIMCKpeTH3allii Koia W enirnca. AJTOPUTMH 3allOBHCHHS
BHYTPIIIHIX oOJlacTei

Expan pacTpoBOro aucIiess MOXKHaA pO3TJISAaTH SK MaTPHUII0 JHCKPETHHX
eleMeHTiB, abo mikcenmiB. [Ipormec  BHU3HAueHHsS  MIKCENIB, IIIOHAMKparie
aIPOKCUMYIOUY JIeIKYy TeOMETpUYHY (irypy, Ha3UBa€TbCS PO3KIIAJaHHAM Y pacTp,
a00 1moOyoBOIO pacTpoBoro obpasa ¢irypu. IlopsakoBa Bizyamizallis pacTpOBOIrO
o0Opa3a Ha3UBAETHCSI PACTPOBUM PO3TOPHEHHSIM J1aHOT PIrypH.

10.1. Anroputm bpe3enxema pacTpoBoi IMCKpeTH3auii Bigpizka

[Ipu mnoOynosi paCTpOBoro oOpaza Bigpi3ka HEOOXIJHO, HacaMmIepes,
YCTAaHOBUTH KpuTepii "rapHoi" anpokcumaiii. [lepira BuMora mossirae B ToMy, 110
BIJIpI30K TOBMHEH IMOYMHATUCS W KIHYATHUCA B 3aJaHUX Kpamkax 1 IpU IbOMY
BUTJIAJIATH CYIIJIBHUM 1 OpsMUAM (TP TOCUTh BHUCOKOMY JO3BOJII JIUCIUIES] LBOTO
MOXHa jgomortucs). Kpim Toro, sckpaBiCTh Y3JOBX BiApi3ka MNOBUHHA OYyTH
OJIHAKOBOI M HE 3ajieaTu BiJ HaXWIy BiApi3ka 1 Horo noBxkuHH. [l Bumora
BUKOHATU CKJIQJIHIIIE, OCKUIBKM TOPU3OHTAJIbHI W BEPTUKAIbHI BIJIPI3KU 3aBXKIU
OynyTh SICKpaBillle MOXWIMX, a TMOCTIMHA SICKPaBICTh Y3JIOBXK BiJpi3Ka 3HOBY X
JOCSITAETHCA HA BEPTUKAJIBbHUX, FOPU30OHTAIBHUM 1 HaXWJEHUX MiJ KyToM B 45°
niHIgX. [, HapewITi, anropuT™ MOBUHEH MPaLIOBaTH MBUAKO. I 1IbOro HEOOXI1THO
M0 MOXJIMBOCTI BHUKJIIOYUTH oOIlepalii 3 pEeYOBUHHUMHU YHCIaMU. 3 METOIO
IPUCKOPEHHSI POOOTH aJITOPUTMY MOXKHA TaKOXX peaii3yBaTH HMOro Ha amapaTHOMY
PIBHI.

I
Puc. 10.1. PactpoBuii oOpa3 Biapizka

VY OuIbLIOCTI aITOPUTMIB BUKOPUCTOBYETHCS MOKPOKOBUI METOJ 300pakeHHs,
TOOTO [IJI1 3HAXO/DKEHHS KOOPAMHAT HYEProBOI KpamKud pacTpoBoro oOpasza
HAPOIIYETHCS 3HAYCHHS OFHIET 3 KOOPJAMHAT HA OJUHUINIO pacTpa il 0OUUCITIOETHCS
301IBIIICHHS 1HIIIOT KOOPAMHATH.

3aBgaHHs ToJsATaE B MOOYMOBI BiApi3Ka, IO 3'€IHYE HAa €KpaHi Kpamkd 3
KOOpJWHATAMHU (1,71), (22, 32) (OynmeMo BBakaTH, 1110 I #F 3'2). s moOyaoBu
BiJIpi3Ka NpsIMii Ha IUIOLIMHI 3 PEYOBUHHUMHU KOOPJAMHATAMHU MOKHA CKOPUCTATUCA
PIBHSIHHSIM TIPSIMO1, 110 MPOXOJUTH Yepe3 JIB1 3aJaH1 Kpanku, [0 Ma€ BUTJISI
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j=h+k(i—i), k=(-5n)/(i2-1i).

Temep, yBaxaroum, mo O =F =1, (3,7) — KOOPJAWHATH MOTOYHOI KparKu
pactpoBoro obpasza, a ¥ — TO4YHe 3HA4YCHHS KOOPIWHATH KpAIKH Bigpi3Ka, MOXXHA
oGy TyBaTh HacTymHy kpanky: ¢ =i+ 1, i =u+k

BapTo MOMITHTH, IO IJOYHCIOBA KOOPAMHATA J 3MIHUTBCS TIIBKH B TOMY

BUMAJIKY, SKIIO Y MEPEBUILIUTH BEIIMUUHY 7405 (J' " ¢ HaliGmKe no Yine yucno,
OTpUMaHE B pe3yJbTaTi omepaiii OokpyrieHHs). Haenenuil mnpukiaa BKIIOYAE
omeparlii 3 pPeYOBHHHUMHU YHCIIAMH, SKI BHKOHYIOTHCS ICTOTHO IIOBUIBHIINE, HIX
BIIMOBITHI ITIJIOYMCIIOB] ormepaliii, a mpu IMoOyaoBi pacTpoBOro odpasza Bigpi3Ka
OaKaHW aJITOPUTM, TI0 MOXJIMBOCTI 3BEPTAETHCA TUIBKH O IIJIOYUCIOBOI
apupmetukn. KpimM TOro, anropuT™M TOBHHEH TMPAIlOBATH MPU OyIb-IKOMY
B3a€EMHOMY PO3TalllyBaHHI KIHI[IB BiApi3Ka.

Anroputm bpesenxema moOyaoBHM pacTpoBoro oOpasza Biapizka OyB
CIIOKOHBIYHO po3p0o0ieHui A rpagoOyAiBHUKIB, ajie BiH MOBHICTIO MIAXOAUTH 1 AJIs
pacTpOBUX AMUCILICIB. Y Mpolieci poOOTH 3aIeKHO BiJl KyTOBOTO KoediIlieHTa BiJipi3Ka
HAPOIIY€THCSA HA OAMHUIIO abo I, abo J , @ 3MiHa 1HIIIOT KOOPJIMHATH 3aJIeKUTh BiJI
BIJICTAaHI MDK JIMCHUM TMIOJIOKEHHSM Kpamnkd W HaMOIMKYOI Kpamkow pactpa
(3cyBy). AnropuT™M NoOYA0BaHM TaK, 1110 aHATI3YETHCS JIUIIE 3HAK I[LOTO 3CYBY.

(0,1) ’?)/(1,1)
- ﬁ—; <1
e
0 < ﬁ—;f <1
; X
(0,0) (1,0)

Puc. 10.2. 3B'a30Kk KyTOBOro KoeQili€eHTa 3 BAOOPOM MiKCest

Ha puc. 10.2 ne umocTtpyeTbes Uil BiApi3Ka 3 KYTOBUM KOE(IIIEHTOM, IO
JIEKUTH Yy Jl1arma3oH1 BiJ HYJS 10 OJUHMIN. 3 MaJIOHKAa MOXXHA MOMITHUTH, IO SKIIO

KyTOBUH KOE(IIIEHT k2 Z, TO IPU BUXO/I1 13 KpANKH (0,0) MIEPETUHAHHS 13 TPSAMO1

r =1 6yne 6mmkde 1o opsivoi ¥ = 1, anm mo mpsivoi ¥ = 0. Omxe, kpamnka pacrpa

[

(1,1) Kpale anpoKCHUMY€ TPOXOJDKEHHS BiJIpi3Ka, YMM Kparka (1,0, [Tpu k<
BIPHO 3BOPOTHE.
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Ha puc. 10.3 moka3ano, sskuM o0pa3oM OyAyIOThCS KparKu pacTpa i Biapi3Ka
3 TAHIEHCOM KyTa Haxmny /5, a ma puc. 10.4 — rpadik 3cyBy. Ha mouatky

06y IOBH 3CYB MOKIANAETHCS PIBHHEM * — 1.-"'2, a TOTIM Ha KOXXHOMY KpOIll BOHO
HAPOIIYETHCS HA BEIIMYMHY K , 1 SIKIIO TPH [[bOMY BEPTHKaIbHA KOOPAWHATA KPAIKK
pacTpa 30UTBIIYETHCS Ha OJUHHINO, TO 3CyB y CBOIO UEpPry 3MCHIIYETHCS Ha
OJTMHUIITIO.

Ha puc. 10.5 mHaBegena  ONOK-cXxeMa  alTOPUTMY  JJISl  BHITAJKY
Iz =11, J2>11, k>0 Hepaxko 3posymiTH, K Bif Or0 aIrOpUTMy MEPEHTH
70 IIJIOYHCIIOBOTO: JIOCUTh 3aMICTh BEIUYMHH 3CYBY € TEPEUTH A0 BEITUYHHH
e=2Ai-e.

1 ¥ )
.,-f"ﬂ_fff
_o-‘_f#f
-"-H-H_-H--H-F
_ﬂ"'fr
0 (5~ >
0 1 2 3
Puc. 10.3. Ilikceni, 10 HaJIe)KaTh PO3TOPHEHHIO BiJIpi3Ka
1
0.5
0 _
05 4+— e
1

Puc. 10.4. T'padik 3MiHU BIIXUICHHS

[IpuBeneMo 3aranbHUM anroput™ bpe3eHxema, IO BpPaXOBYE BCl MOXKIIMBI
BUIAJKK HAIMpPSMKY BIJIPi3Ka, PO3IJISTHYTOrO K BEKTOP HAa KOOPJIMHATHIA TJIOLIMHI
(ma puc. 10.6 BumizeHi yoTUpu 00JacTI ¥ 3a3Ha4Y€HI OCOOJMBOCTI AJITOPUTMY B
KOJXKHIH 3 HUX).

B onmci anroputMy BUKOPUCTOBYIOTHCSI HACTYITHI (DYHKIIIT:
swap (a, b): 0OMiH 3HaUEHb 3MIHHUX a, b;
abs (a): aOCOJIFOTHE 3HAYCHHSA a;
sign (a): 0, sixmio a= 0, 1, skmro a>0, -1, ko a<0;
point (i, J) - iximiamizaiis kpank# (i, j).

[lepenbayaeThes, MO KIiHIN BiJpi3Ka (41, 41), (12, J2) e s36irarorses i 10 BCl
BUKOPHUCTOBYBaHI 3MIHHI € IIUIUMHU.
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&

=y J=
Ai=ip & Aj=)-
e=Aj/A4i-0.5

S
Il
b

m=Ai >

Hi

IHiULianizayia
TouKM (i,])
A E
e i=i+i
e<Q = c=e¢+Aj/ Al
. m=m-+ti

Hi
J=jtd Y
e=e-1

L

Puc. 10.5. briok-cxema ojiHi€l rairy3i airoputmMy bpezenxema

I=il;

=it

di=i 2-i1;

dj=j 2-j1;
s1=sign(i 2-i1);
s2=sign(j 2-j1);
di=abs(di);
dj=abs(d));

if (dj>di)

{

swap(di,dj); c=1,;
b

else c=0;

e=2* dj-di; // THimiami3aris 3cyBy

139



// OCHOBHHH LIUKJI
for (1=0; I<di; I++)
{
point(i,j);
while (e>=0)
{
If (c==1) i=i+s];
else j=j+s2;
e= e-2*di;
¥
if (c==1) j=j+s2; else i=i+sl;
e=e+2*dj;
¥

I : 36inbleHHa j Ha 1
II : 36inblueHHs i Ha 1

III : 3meHweHHa J Ha !
IV . 3MeHIUeHHA [ Ha 1

Puc. 10.6. YoTupu MOXIJIMBUX HaNPSIMKH BIApI3Ka

10.2. Anroputmu bpe3enxeMa pacTpoBoi JUCKpeTH3allii KoJia i ejinca

AnTOpUTM 300pa)KEHHS KOJIa TPOXU CKIJIAJHIINIE, HIX MoOyaoBa Biapizka. Mu
PO3MIITHEMO KOTO JUIsl BUTIAJKY KOJa pajiyca T i3 IEHTPOM Ha MOYaTKy KOOpIWHAT.
[lepenecennss Horo Ha BUMAJOK JOBUILHOTO IIEHTpAa HE CTaHOBUTH mpari. [lpwu
noOyZ0B1 PaCTPOBOTO PO3TOPHEHHS KOJIa MOXHA CKOPUCTATHUCS ii CUMETPIEIO 1100
KOOPIMHATHHUX oceil i mpsimux ¥ = T . HeoBXifHO 3reHepyBaTH JIHIIE OXHY BOCHMY
YaCTUHY KOJia, a 1HII 11 YaCTUHU MO>KHA OJIepKaTH MUISTXOM BiOOpaKeHb CUMETPII.
3a OCHOBY MO>KHa B3ATH YacTUHA KOJIa BiJI
0 no 45° y HanpsIMKy 3a TOJMHHUKOBOIO CTPUJIKOIO 3 BHUXIJHOIO TOYKOIO MOOYI0BU
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(r,0), vy IIbOMY BHITQJIKy KOOpJWHATAa KOJIA I € MOHOTOHHO YOYTHOIO (DYHKIIIEIO
KoopAauHATH ¥ .

(o) d (x+i,y)
@

(x.p-1) (x+iy-1)
Puc. 10.7. HaiOmmx4auii mKcelIb Ipu Pycl 10 KOy

[Ipu oOpaHoMy HampsMKy pyXy MO KOJia € TUIBKM TpPU MOKJIUBOCTI JJIs
pO3TalllyBaHHS HAUOIMKYOTO TIKCENIS: Ha OJIMHUIIIO BIPABO, HA OJUHUITIO TOTUTHILH 1
no giaronani goninuik (puc. 10.7). Bubip BapianTa MokHa 31HCHUTH, OOYHCIIUBIIN
BIJICTaH1 JIO IUX KPaIoK 1 BUOPaBIIN MiHIMAJIbHE 3 HUX:

dn, = 5,.'1|, dy = 6.,-|, dq = ,
sp=(r+1)0+v*—r? s,=2"+(y—1) -1,

sq=(r+ 1)+ (y—1)* -1~
AJropuTM MOKHA CHPOCTUTH, MEPEHILIOBIIM [0 aHaji3y 3HAKIB BEJIWYUH
SkySvy5d . [Ipm 54 < OpjaromansHa Kkpamka JeXHTh yCEpeIMHI Kola, TOMYy
HaMOMMKIMME KPAllKaMi MOXYTb OyTH TUIBKH AlaroHanbHa ii npasa. Temep pocuts
npoaHamisyBatH 3Hak BupaxenHs O =dv—dd. fJxmo A =0 puGupaemo

TOPU30HTAIBHUN KpOK y HpOTHBHOMy BI/IHaI[Ky miaroranermit. dkmo x 4 > 0 1o

\_.\_1

Bu3HauaeMo 3Hak O = da — dy , 1 K110 At < = 0, pubupaemo miaroHaNBHEH KPOK, y
IPOTUBHOMY BHUMAIKYy - BepTI/IKaJ'IBHI/II/I [ToTiM 0OYHMCIIOETHCA HOBE 3HAUYEHHS 5d
npudyoMy OakaHO MiHIMIZyBaTH OOYMCIEHHS HE TUIbKM I[1€i BEJIMYMHHU, ale WU

1
BemmunH 2 2 Ha koxHOMY Kpoui anroputMy. 1IUISIXOM HECKIaIHUX TEpPETBOPCHD
MOKHA oJlepKaTh TSI TIePIIIOTO KPOKY aJITOPUTMY, 110
A=2s1+y) -1, A'=2(sat+z)-1

Micns mepexony B kpamky (Z,¥'), ' =r+1, v =vu+ lno niaroHaii HoBe
. . s 495 — 9y 4+ 9
SHAUeHHs 54 O0UMCIIOEThCE 10 opmymi 54 — 54 T2 ' =2y'+2 , IIpu

P

TOPU30HTATLHOMY  IIEPEXO.i ('=2+Lv =y sy=sat2'+1 npu
L

[ = p—
— 3

a

BepTHKaTbHOMYy (& = T,¥' =u—1). 5
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TakuM YWHOM, aNrOPUTM MAJIOBAHHS IIi€] YACTUHU KOJa MOKHAa BBaKaTH
ITOBHICTIO onrcanuM (OJI0K-cxeMa oro HaBeaeHi Ha puc. 10.8). Bei ii yacturm, mo
3aUIIMINCS, OYIyIOThCS TMapajieldbHO: MICIs OJEpXKaHHS YEeproBoi (=, ') KparKu
MOYHa HIIIFOBATH e ciM Kparok 3
(_'I’:yr): (_'Ir:_'y’)! (I’:__y’): (y’:lJ)! (y’:__lJ): (__y’:_'lJ): (__y’:r’)
KOOPJIMHATAMH .

Jliis moOyI0BH PacTPOBOTO PO3TOPHEHHS €JIIIca 3 OCSIMHM, MapajJeIbHUMU OCSIM
KOOD/MHAT, 1 pagiycamu @ P ckoprcTaeMocs KAHOHIYHIM PiBHSHHSIM

2 2

atpE=h
SIKE€ TICPETIUIIIEMO Y BUTTISIIL flz,y) =b"2" + 2%y’ — a’p* = 0.

Ha Biaminy Big Kkoja, A sKoi OyJ0O JOCHUTh MOOYIyBaTd OAHY BOCBMY ii
YaCTUHY, a MOTIM CKOPUCTATUCS BIACTUBOCTSIMU CUMETPIi, €JIIC Ma€e TUIbKHU JIB1 OCI
CUMETpii, ToMy Tpuiie OyIyBaTh OJHY YBEPTh BCi€l Pirypu. 3a OCHOBY Bi3bMEMO
IyTy, 0 JISKUTh MK KparKkamMu (0,b)3 (a:D)y MIEePIIOMY KBaJIpaHTI KOOPAMHATHOL

IIJIOIIIHHU.
By

¥
x=0 y=r
Sd=2(i-r)

IHiLitOBaHHA
TouKM (ij)

A=2(5d+y)-1 |

y=y-] x=x+i y=y+i x=x+i
Sd=Sd-2y+1 Sd=5d+2x-2y-2 Sd=Sd+2x+1

¥

Y

Puc. 10.8. biok-cxema noOy10BM BOCBMOI YaCTHHH KOJia

Y  KoxkHIN Kpamii (z,¥) eninca ICHy€E BEKTOp HOpMaJli, IO 3aJa€ThCA
rpajgieHToM (QyHKIIT f, Jlyry po3i0'eMo Ha JBI YaCTUHU: TEpIIa — 3 KyTOM MiX
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HOPMAJUTI0 ¥ TOPU30HTAJILHOIO Bicclo Ouibiie 45° (TanreHc Oubmie 1) 1 apyra — 3
kytomM, MmeHmmM 45° (puc. 10.9). Pyx y3m0Bx ayru Oynemo 3AiMCHIOBaTH B

HaIpPsIMKY 332 TOJWHHAKOBOIO CTPIIKOIO, TOYMHAIOYH 13 KPAIKU (0,b) . V3nossx Beiei
YT KOOpAMHATa € MOHOTOHHO YOYTHOIO (D)YHKIII€IO BiA T , aje B MEpIIid YacTHHI
BOHa yOyBa€ TOBUIBHIIIE, HIK POCTE apryMeHT, a B Apyruil — mBuame. Tomy npu
moOy/1I0B1 pacTpoBOIro oOpa3a B MEPIIiil YacTUHI OyaeMo 301IbIITyBaTH I HA OJUHUIIIO
Il IIykaTy BiMOBiAHE 3HAYCHHA Y, a B APYTUd — CIIOYATKY 3MEHIITYBaTH 3HaUCHHS Y
Ha OJIMHMIIIO ¥ BU3HAYATH BiJIIOBITHE 3HAYCHHS T .

Hamnpsimox HoOpMasti BiZIIOBIIa€ BEKTOPY

grad(z,y) = (g—i, 3_{!) = (2b°z,2a%y).

: . t=a’y/br
3BiJICM 3HaXOJMMO TaHT€HC KyTa HaXWJIy BEKTOpa HOpPMAJIi: Y, .
JIOp1BHIOIOUM MOTO OJAMHUII, OJAEPXKYEMO, 110 KOOPAUHATH KpamKu PO3MOALTY IyrH

. . o2 o2 .
Ha BHIICBKA3dH1 Y4aCTHMHHU 3aAO0BOJIBHAIOTL PIBHOCTI b'r =a v, TOMy KPpUTCP1EM
TOro, Mo MM IepexoaumMo a0 I[per‘l' o0acTi B IIiJ'IOLII/ICJIOBI/IX KOOpAnHAaTax, 6yI[e

CHIBBIIHOIIIECHHS az(y - 1.-’:2) = '5'2(1" + 1), a0, Tepexoasud JI0 IJIOYHCIOBUX
omepaiii, @ (2¥— 1) < 2b%(z + 1),

Ay

[ : 36inbweHHsa X Ha l

II : 3meHweHHa ¥ Ha l

I gradfx,y)

| ke

Puc. 10.9. JIBi obmacTti Ha AUISHIN eJlirnca
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. y) (ot ¥ (., ) G+, )

(c+i, y—1/2) (x+i, y—1/2)
{x, y—1) fx+i,¥-1} . y—1 fx+i, ¥y—1)
a)
x, 3 (i, ¥) i, ¥ (1, ¥)
1, y—1) Gc+1, 1)
(x, y=1) (y—1)
G+1/2.y—1 ) +i/2,y-1 )

o)

Puc. 10.10. Cxema nepexoay B nepuiii i Apyriil 00macTsIX Qyru enirnca

[Ipu mepemimieHHl y3[0BX TMEPIIOi IISHKH OYTd MH 3 KOXHOI Kparku
nepexoanuMo abo Mo TOPU30HTaNl, ad0 IO AiaroHaidi, 1 KpUTEPid TAaKOTO MEpPeXoiy
Harajaye TOM, KOTpUil BUKOPUCTOBYBABCS IMpHU MOOYIIOBI pacTpoBoro obOpasa KoJja.

[lepebyBatoun B  Kpari ':r.l":é‘,], MU  OygemMo  OOYHMCHIOBATH  3HAYEHHS
A=flz+Lu-3), SIKIo ne 3HaYeHHs MEHIIEe HyJsd, TO JOJATKOBAa Kparka
7 J‘ | . . o
(2 + 1LY = 3) newcurs ycepeauHi ejinca, OTKe, HalOIWKYa Kpamka pactpa €
(r+ L,¥), y nporuBHOMY BHITafKy Lie Kpamnka (r+Luv+1) (puc. 10.10a).
Ha npyri#t ninsami 1yru MoIIHBI iepexia abo mo giaronani, abo mo BepTUKai,
TOMY TYT CIOYaTKy 3HAYCHHS KOOPAMHATH Y 3MEHIIYETbCS HA OJUHUIO, MOTIM

oGuncmoerses D = (T + 50— 1) HANPSAMOK IIEPEXOLY BUOMPACTHC AHAIOTTYHO
nonepenHboMy Bumaaky (puc. 10.100).

3aIMINAETHCSA ONTHMI3yBaTh OOYKMCIICHHS TTapaMeTpa 2\, TOMHOXKHUBILIN HOTO Ha
4 1 mpenctaBUBIIM Y BUIIISAL (YHKIII KOOpAMHAT Kpankd. Toml s mepuioi
TIOJIOBUHH YT MaEMO

Alr,y) = 4A(z,y) = 4% (r +1)> 4+ a®(2y — 1) — 4a?b?,
Az +1,u) = Az, y) + 407(2z + 3),

Alz +1,u—1) = Alz,u) + %2z + 3) — 8a%(y — 1).
JI7 npyroi noJ0BUHU IyTH OJIEPKUMO
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il’r,u; = 1A(z,y) = (22 + 1)* + 1a?(y — 1) — 1a?d?,
Alr+1,y) = Az, u) + 862 (z + 1),

Alz +1,u—1) = Alz,y) + 8% (z +1) — 4a?(2y + 3).
Bci myru, mo 3amuamuiacs, emnca OyayrThCs HapaieibHO: MICI OJCpKaHHS
yeprosoi (I ¥')kpanku , MokHa iHilfifoBATH e TpH  Kpanmkd 3

(—2",u), (=2",=v"), (=", =) xoopnumaramu . Briok-cxeMmy He NMpHBOAMMO Uepes
IIPO30PICTh AITOPUTMY.

10.3. AnropuTmMu 3anioBHeHHs o0J1acTeil

JIyist 3ammoBHEHHS 00J1acTei, 0OMEXCHUX 3aMKHYTOIO JIIHIEI0, 3aCTOCOBYIOTHCS
JIBa OCHOBHHX ITIJIXO/IM: 3aTPABOYHE 3alIOBHEHHSI i paCTPOBE PO3TOPHEHHS.

Meroau mepuioro THUIy BUXOJSTH 13 TOTO, IO 33JlaHO JESIKY Kpamky (3aran)
yCepellMHI KOHTYpY ¥ 3aJaHuil KpUTEPiil MPUHANIEHKHOCTI KpalKd TpaHulll 00J1acTi
(manpukian, 3aJaHuil KoJip rpaHuill). B anropurmax mrykaroTh Kpamku, CyCiJHI 13
3aTpaBOYHOIO 1 PO3TAIIOBaHI YCEPEIUHI KOHTYPY. SKIIO BUSABICHO CYCIIHIO KParKy,
10 HAJIEKUTh BHYTPINIHBOI 00JACTI KOHTYPY, TO BOHA CTa€ 3aTPaBOYHMI 1 MOIIYK
TPUBAE PEKYPCUBHO.

Metoau pacTpOBOrO pO3TOPHEHHSI 3aCHOBAaHI Ha CKaHYBaHHI PSAJKIB pacTpa i
BU3HAYCHHI, UM JICKUTh KpalKa yCepeauHi 3aJaHoro KOHTypy obOnacti. CkaHyBaHHS
3MIMCHIOETBCS  HalyacTiime "3BepXy JOJUIMIB', a aJropuT™M BU3HAYCHHS
MPUHAJIEKHOCTI KPanKy 3aaH0i 00J1aCT1 3aJIEKUTh BIJl BUY i1 TpPaHUIIL.

CrnoyaTky poO3IJISIHEMO TMPOCTHA ajarOpuUTM 3alOBHEHHS 13 3anajoM 3
BUKOPUCTAHHAM CcTeKa. [1i1 cTeKoM y IbOMY BHITaJIKy MH OYJ€MO PO3YMITH MacHB, Yy
SKAA MOXHa TIOCJIIJIOBHO TOMIIIATA 3HAYCHHS M IOCTIJOBHO BHUTATATH, TMPHYOMY
BUTATAIOTh €JIEMEHTH HE B MOPSAKY HAAXO/KEHHS, a HaBMAKH: 3a MPUHIIMIIOM
"mepmmM npuiimoB — octanHiM mimoB" ("first in — last out"). AnropuTM 3anoBHEHHS
BUIJISIIA€ B TaKUil cociO:

[TomicTuTH 3aTpaBOYHUI MIKCEIb Y CTEK

IToku cTek HE MOPOKHIMN:

Butsrtu mikcens 31 cTeka

[HimiroBaTH MiKCEIIH

J171s1 KOXKHOTO 13 YOTUPHOX CYCI/IHIX IMIKCEIB!
[lepeBipuTH, UM € BiH TPAHUYHUM 1 YU OYB BIH 1HILIHOBAHUM
K110 Hi, TO TOMICTUTH MIKCEIIb Y CTEK

Anroput™M MOXXHa MOJU(IKYBaTH TaKMM YHHOM, IO CYCIAHIMH OyIyTh
YBKATHUCS BICIM MIKCENIB (OJAIOTHCS €JIEMEHTH, PO3TAlllOBaHI B Jl1arOHAJbHOMY
HaIpsMKy).

Metoau pacTpoBOTO PO3TOPHEHHS PO3TIISTHEMO CIOYaTKy B 3aCTOCYBaHHI [0
3aMoOBHEHHS OaratokyTHUKIB. HalimpocTimuii MeTo moOya0BH MOJSTaE B TOMY, 1100
JUTSE KOKHOTO TIIKCENI pacTpa TMEepeBIPUTH HOro MPUHAICKHICTH BHYTPIITHOCTI
OararokyTHUKA. AJie Takui mepedip 3aHaATO HEECKOHOMIYHHM, OCKUIbKH ¢irypa
MOK€e 3aiiMaTH JIUIIe HE3HAYHY YaCTHHY €KpaHa, a TEOMETPUIHUI TOIIYK — 3aBIaHHS
TPYJOMICTKA, CIIOJyY€Ha 3 JIOBTUMH OOYHMCICHHSAMH. AJITOPUTM CTaHE OijIbIle

145



€(EeKTUBHUM, SIKIIO MOMEPEIHbO BUSBUTU MIHIMAIBHUNA NPSIMOKYTHHUK, Y SIKUAN
3aHypEHUH KOHTYp 0araToKyTHHKA, ajie i ITbOTO MOKE BHSIBUTHUCS HEJOCTATHHO.

VY Bumanky, Kojau 0araTOKyTHHK, IO OOMEXye 00JacTh, 3aJaHUN CIHUCKOM
BepIInH 1 pedep (peOpo BU3HAYAETHCS SIK Mapa BEPIIHMH), MOYKHA 3alPOTIOHYBATH I11¢
OuThII omamIMBUN MeToA. [ KOKHOT CKaHyIUOl PSAAKH BU3HAYAIOTHCS KPAIKH
nepeTuHaHHs 3 pebpamMu OaraTorpaHHHUKA, SIKI TIOTIM  YIOPSAKOBYIOTHCS TIO
KoopauHaTi T . Bu3HaueHHA TOro, SKMil 1HTEpBal MK MapaMu MEpPEeTUHaHb €
BHYTpIIIHIA 11 OaraTorpaHHUKa, a SKUM HI, € JOCUTh IPOCTUM JIOTITYHUM
3aBAaHHsAM. [Ipu 1BOMY SKIIO CKAHYIOUMHM PSJOK MPOXOJUTH 4YEpe3 BEPUIMHY
OararorpaHHvKa, T€ 1€ MEepPEeTUHAHHS MOBHMHHE OYyTHM BpaxoBaHE JBIYUl y BHUMAJKY,
KOJM BEpUIMHA € KPAMKOIO JIOKAJbHOTO MiHIMyMy abo makcumymy. Jlisi momryky
NepeTHHAHb CKAaHYIOYOro psjaka 3 pebpaMu MOKHA BHUKOPHUCTOBYBAaTH aJTOPUTM
bpeszenxema nmoOy10Bu pacTpoBOoro oopasa BijpizKa.

Ha 3akiHueHHs sIK MpUKJIaJ] MPUBEAEMO aITOPUTM 3adapOyBaHHS BHYTPIIIHHOT
00J1acTi TPUKYTHUKA, 3aCHOBAaHUM Ha CKJIaJaHHI MMOBHOTO BIOPSAKOBAHOTO CIUCKY
BCIX BIApI3KIB, IIO0 CTAHOBJATH 1€ TPUKYTHUK. J[ns 3amucy ropuU30HTaIBHUX
KOOpJMHAT KiHIliB IMX Bi/Pi3KiB Oy/NeMO BHKOPHCTOBYBATH IBA MACHBH -‘minif
Xmaz po3MipHicTIo, piBHOI 4HCITy TiKCeNiB pacTpa o Beprukani (puc. 10.11).

[To6y0Ba MOYMHAETECS 3 iHIIiaTi3amii MACHBIB -Lmini Amaz: Macup “Lmaz
3aIIOBHIOETHCA HYJIAMH, 4 MACHB ~Lmin — ypcaoM [V | piBHEM YHCITy TKCEIB pacTpa

mo ropmsontami. IIoTIM BH3HAYAEMO 3HAYCHHS Jmin,Jmaz | mo 0BMEXYIOTh
TPUKYTHUK Y BEPTHKAIBHOMY HANpsiMKy. Terep, BUKOPUCTOBYIOUN MOAU(DIKOBaHHIA
anropuT™M bpe3eHxema, 3aHeceMO TPAHHII BiAPi3KiB y MacHBH “‘minif Xmaz . Jlna
IILOTO IIOpa3 MpH TMEePexo/i 0 YepProBOro Mmikcento Mpu (GOpMyBaHHI BiApi3Ka
3aMicTb iforo iHimiamisamii GygeMo MopiBHIOBATH fOr0 KOOPAHHATY i i3 ymicToM J -if
oCepeIKy MacHBiB. SKio ~Lmin U] =7 10 3aIICYEMO KOOPAMHATY I B MACHB “Lmin
AHaJIOTIYHO 32 YMOBH Xmaz[j] < i KOOPIHMHATY  3aIHCYEMO B MAaCHB -\ max

SIKo Temep MOCHIIOBHO 3aCTOCYyBaTH aJropuTM bpesenxema 10 BCIM TpbOX
CTOpOHaM TPUKYTHUKA, TO MHU OJIEP)KMUMO MOTPIOHMM 00pa3oM 3aloOBHEHI MacUBU
rpaHUllb. 3aJMINAETHCA TIUIBKM TMPOIHINIIOBATH TIIKCENl YCepeluHl BIAPI3KIB
{(Xminli].5)y (Xmazld]sd)}

Lle#t anropuT™M MOXHa JIETKO TMOIIMPUTH Ha BUIAJOK JIOBIIHHOTO OMYKIIOTO
0araToKyTHHUKA.
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Puc. 10.11. Cxema noby0Bu pacTpoOBOTO PO3TOPHEHHS TPUKYTHHKA

10.4. Ilutanus if BIpaBu

1.

© 0~

[I{o Take po3kiiaJaHHs B pacTp?

2. Slxa MaTemMaTHyHa OCHOBA PACTPOBOIrO PO3KJIaJlaHHA B anroputMmi bpesenxema?
3. 3a SKUM KPUTEPIEM IHIIUTI3YEThCS MIKCETb Y IbOMY aJITrOpUTMi?

4.

5. Slky wacTuHy Kojia JOCUTh MOOyayBaTd, N[00 TOTIM IUIAXOM BiJOUTKIB

Uum BIIPI3HAIOTHCS Tally31 alTOPUTMY MPHU KyTax Haxuimy <45°1>45°7

OJIep>KaTH OKPY>KHICTh LILIIKOM?

SAxy yacTuHy eminca JOCUTh MOOyIyBaTH, 100 MOTIM NUIIXOM BiJIOWUTKIB
OJIEPKATH EJIIIC IITIKOM?

Ha3BiTh ABa TUIIM aNrOPUTMIB 3aIIOBHEHHSI 001acTeM.

Ska cTpyKTypa JaHUX BUKOPHCTOBYETHCS B aIrOPUTMAax 13 3araaom?

SAxi fAaHi BUKOPUCTOBYIOTBCA TMpU MOOYIOBI PacTpOBOTO PO3TOPHEHHS
TPUKYTHHUKA?
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Tema 11. SAGAPBOBYBAHHS. PEHJAEPHUHT ITOJITOHAJIBHAUX MOJEJIEHN

Mopneni BucBitTieHHs. 3adapOyBaHHS TpaHEe: Tuiocke 3adapOoByBaHHS, METO
I'ypo, Metog donra. YcyHeHHs CTyniHYacTOCTI (AHTUEIAN31HT).

BizyanbHe CHpuUHHATTS 0O0'€KTIB HABKOJMIINHBOI JIMCHOCTI SBJIsE€ COOOIO
CKJIQJHUM Tpoliec, M0 Mae gK (Pi3uyHi, Tak 1 NMCUXOJOTIYHI aCMeKTH. Y Ipyromy
PO3ILIT MU BXKE€ OOTOBOPIOBAIM JIESIKI OCOOJMBOCTI CIPUUHSATTS CBITJIA M KOJIBOPY
okoM JonuHu. Jlo Toro, Mo Bke OyJIO CKa3aHO MPO CHEKTpajdbHY YyTJIMBICTH OKa,
Tpeba J0/1aTH IIe KiJTbKa MOMEHTIB.

Puc. 11.1. Edextu cipuiHATTS 300paKeHHs

Ouell ananTyeTbesl 10 CEPEIHBOI SACKPABOCTI PO3MJISTHYTOI CIIEHU, TOMY MpH
3MiHI TJIa 3MIHIOETHCA CHOPUUHATTS clieHW. Hampuknaa, omHopigHo mnodapOoBaHa
o0nacTh Ha OUTbLIE TEMHOMY TJi Oyje 37aBaTHCs OUIbIIE SPKOIO, YUM Ha CBITIOMY.
Kpim toro, BoHa Oyze cripuiiMaTHcs sk Ouibiie Benuka (puc. 11.1).

[Ile ogHa OCOOMMBICTH CHOPUMHATTS MOJSTa€ B TIM, IO TPAHULS PIBHOMIPHO
OCBITJICHOI 00J1acTi 3/Ma€TbCs OLbINE SICKPAaBOi B TOPIBHSHHI 13 BHYTPIIIHIMU
yactuHamu. Lle sBue Oyso BusiBiaeHo Epactom Maxom, ToMy BOHO 0/iepKajio Ha3BY
eexTy emyr Maxy. Taki 0co6IMBOCTI HEOOX1THO BpaXOBYBAaTH, SKIIIO MU IIParHEMO
JI0 CTBOPEHHS PEaTiICTUIHUX 300paKeHb CIICH.

[Ipu dopmyBanHi 300pa)keHHs CIIEH, 10 MICTATH JA3€pKalibHI W HaIiBIPO30Pi
MOBEPXHI, BapTO BUKOPUCTOBYBAaTHM 3aKOHM T'€OMETPUYHOI  ONTUKH, WIO
MEePEIOMITIOIOTH BIACTUBOCTI MaTepialiB, €()EeKTH 3MillIaHH KOJbOPIB 1 T.JI.

11.1. IIpocTa Moae b BUCBIT/ICHHSA

OO0'eKTH HABKOJIUIIHBOTO TMPOCTOPY CTAIOTh BUIUMUMHU JUJII OKa 3aBISKH
CBITJIOBIW €HEprii, 10 MOKe BUIPOMIHIOBATUCS MTOBEPXHEIO MPEaMEeTa, BIIOMBATUCS
a00 MPOXOaUTH Kpi3b Hei. Y CBOIO Uepry, BIAOWUTTA CBITJIA BiJ MOBEPXHI 3aJCKUThH
Bil (pI3MYHUX BIACTUBOCTEH Marepianay, 3 SKOTO BOHAa BUTOTOBJICHA, a TAKOX BiJ
XapakTepy ¥ posTamlyBaHHsI pKepena cBiTia. SckpaBicTe (a00 I1HTEHCUBHICTB)
BHUCBITJICHHSI 3aJICKUTh BiJl €HEPrii CBITJIIOBOIO MOTOKY, III0 00OYMOBJIIO€E, MO-TIEpIIIe,
MOTY>KHICTIO JDKepena CBITJa, a Mo-Apyre, IO BiAOMBAaIOTH 1 MPOMYCKAIOTh
BJIACTUBOCTSIMU 00'€KTa.
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CroyaTky MU PO3TVITHEMO MOJIENb BUCBITICHHS, 110 BPAXOBYE TIIbKH BIJOUTTS.
BractuBoCTI BiIOUTOTO CBITIIA 3aJI€’KaTh TOJIOBHUM YHHOM BiJl HAITPSIMKY ITPOMEHIB 1
XapaKTEPUCTHUK TTOBEPXHI, 10 BiIOMBAE.

BigoutTs moxke Oytu nBox BuiaiB: aAudy3siiiHe i n3epkajibHe. Ilepme 3 HuX
BHHUKAE B CHUTyallli, KOJU CBITIO sSK OHM IIPOHUKAE IIiJi IOBEPXHIO 00'€KTa,
MOTJIMHAETHCS, a TTOTIM PIBHOMIPHO BHIIPOMIHIOETHCS Y BCIX HampsMKax. [loBepxHs B
IIbOMY BUTIAJKY PO3TISIAETHCS K 1I€IbHAN po3citoBad. [Ipu mboMy BUHHUKAE edeKT
MaTOBOI'0 CBiTJa, a BHJAMMa OCBITJEHICTh TOi a0O0 IHINOI JIISHKH TOBEPXHI HE
3aJIC)KUTH BiJI MOJIOXKEHHS CIiocTepirada. J[3epkajabHe BiIOWTTS, HaBIIaKH, MIOXOIUTh
BiJl 30BHIIIHBOI TOBEPXHI, 1HTEHCHUBHICTh HOTO HEOJHOPIJHA, TOMY BHIUMHI
MaKCHMYM OCBITJICHOCTI 3aJI€KUTh B1JI MOJIOKEHHS OKa CIIocTepirayva.

Puc. 11.2. BucsitieHHs KparKkoBUM JIKEPEIOM

CBITJIO KpamKOBOTO JpKepesia BIAOMBAETHCS BiJ TOBEPXHI po3CiloBaya 3a
3aKoHOM JlamOepTa: 1HTEHCUBHICTH BIIOWUTTS MPOMOPIIiHHA KOCHHYCY KyTa MIiX
30BHIIIHBOK0 HOPMAJLIIO JIO MOBEPXHI M HAIPSIMKOM JI0 JpKepena cBitia (puc. 11.2).
Sxmo s — inTencuBHiCTH mKepena cpiTma, ¥ — KyT MiX BEKTOPOM 30BHIIHBOI
HOpPMaJIl 1O TIOBEPXHI i HAMPSAMKOM JI0 JKEpeJia CBITI/Ia, TO IHTEHCUBHICTD BIJOMTOTO
CBITJIa BU3HAYAETHCS (POPMYIIOIO

Iscospupun 0 < p < 7/2

I= (11.1)

Or NPOTHEHOM CJIY Hae

[Ipu TakoMy po3paxyHKy IHTEHCHBHOCTI BUHJE IyK€ KOHTpAacTHa KapTHHA,
TOMY IO JUISTHKMA TOBEPXHi, Ha sIKI MPOMEH1 BiJl JyKepelia He MOMaJar0Th MPsIMO,
3QIMIIATBCS A0CONIOTHO YOpHHUMH. J[JIS MIABHINEHHS PealiCTHYHOCTI HEOOX1THO
BpPaxoOBYBaTH PO3CIIOBaHHS CBITJa B HABKOJHUIIHBOMY MPOCTOpi. TOMy BBOIUTHCA
donoBa oCBiTJeHicTh, IO 3alEKNTh BiJ iHTEHCHBHOCTI poscisHOro cpitma 1F, i
IHTEHCUBHICTH BIIOMTOTO CBITJIa BU3HAYAETHCA BUPAKECHHAM
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Irkr+kdscosp npun 0 < < 7/2

I= (11.2)

Ij—';-.‘j-' B MPOTHEHOM CJITY Yo

e ks — koedirieHT audy31HHOro BiAOHTTS PO3CISTHOrO CBITIIA, kr — Koe(iIlieHT
mudysiitHoro BimburTs magarouoro ceirma, 0 = ks =1, 0= kr = 1
B onmcaniif Mmojieni MOKK HisIK HE BpaxoBYyBaJlacs JaJCKICTh JyKepea CBITIIa Bl
MIOBEPXHi, TOMY II0 OCBITJICHOCTI JIBOX O0'€KTIB HE MOXKHA CYJUTH MPO IXHE B3aEMHE
PO3TalllyBaHHS B IPOCTOP1. SKIIIO MU XOYEMO OJCp>KaTH NEPCIEKTUBHE 300paKeHHS,
TO HEOOXIJHO BKJIIOYUTH 3aracaHHs IHTEHCHBHOCTI 3 BIJACTAaHHIO. 3BHYaAHO
IHTEHCHBHICTh CBITJIa OOCPHEHO IPOMOPIlIHHA KBaJpaTy BIJCTaHI Bia Jkepena. Sk
BIJICTaHb JIO JPKepella y BHUIAIKYy IEpPCHEeKTUBHOIO IEPETBOPEHHS MOXKHA B3STH
BiZICTaHb J0 IEHTpA MPOEKIIi, 1 AKIIO BIH JOCHUTh BHIIYUYCHHUM, TO 300pakeHHs Oy/e
JIOCUThH aJIeKBaTHUM. AJie SKIIO IEeH IEHTP PO3TallOBaHUi OJIM3BKO A0 00'€KTa, TO
KBaJpaT BIJACTaHI MIHSAETbCA JyXK€ IIBHUAKO, 1 B I[bOMY BHIIQJIKy KpaIle
BUKOPUCTOBYBATU JIiHIMHE 3aracaHHs. Y 1bOMY BHIIQJIKy 1HTEHCHUBHICTb B1JIOMTOrO
cBiTJIa BiJ Oe3mMOoCepelHhO OCBITICHUX JUISHOK TOBEpXHI OyJae 3aaaBaTHCs
dbopmyIioro
k SI 5 CO3 0
I=1Ipkr+ it C (11.3)
ne d — BimcTaHb OO UeHTpa mpoekiii, a C' — noBiAbHA mMocTiiiHA. SIKIO LEHTp
IPOEKIIii epedyBae Ha HECKIHYEHHOCT1, TOOTO MPH MapaieIbHOMY MPOEKTYBaHHI, TO

B SIKOCTI & MO’KHA B3ATH BiZCTaHb 10 00'€KTa, HAHOUIBII OJU3EKOI0 0 CIIOCTEpiraya.
. B
a) b)

0

D

Puc. 11.3. [I3epkanbHe BiAOUTTS

Ha Bigminy Bix nudysiitHoro, n3epkaibHe BIAOUTTS € CIIPSIMOBAHUM. [meanbHe
JI3epKaJio BiIOMBA€E MPOMEHI 3a MPUHIMIIOM "BiAOUTHIA 1 TaIat0unii IPOMEHI JISKATh
B OJIHIA TUIOIIMHI, TPUYOMY KYT MaJliHHS JOPIBHIOE KyTy BimOUTTSA" (MaeThCcs Ha
yBa3il KyT MK HapsSIMKOM MTPOMEHIO i HOPMAJUTIO JI0 TIOBEPXHi). SKII0 mOBEpXHS HE
17IealTbHO JI3€pKajibHa, TO IPOMEHI BIIOMBAIOTHCS B PI3HUX HAMpPsIMKax, ajie 3 PI3HOIO
IHTEHCHUBHICTIO, a ()YHKI[ISl 3MIHM 1HTEHCUBHOCTI Ma€ YITKO BUPAXKEHUU MaKCHUMYM.
Ockinbku  (Pi3WYHI BJIACTUBOCTI A3€PKAIBHOTO BIJOUTTA JOCUTh CKJIAIHI, TO B
KOMIT'IOTepHIM Tpadili BUKOPUCTOBYEThCA emmipuyHa Mojenb ®onra. Cyrth il
noJisira€ B TIM, IO JUIi OKa CIOCTepirada 1HTEHCHUBHICTh J3€PKajJbHO B1JOUTOTO
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IIPOMEHIO 3aJICKHUTh BiJl KyTa MDK 171€aJbHO BIIOUTUM MPOMEHEM 1 HAMpPsIMKOM JI0
crioctepirava (puc. 11.3a). Kpim TOro, ockiabku a3epKajabHE BIIOUTTS 3aJICKHUTH IIIE
1 B TOBXWHU XBWJI, 1€ TaKOX OyZeMO BpaxoByBaTd y (HOpMyJi st OOYHCICHHS
iHTeHCHBHOCTI. Moniens DOHTa OMUCY€ETHCS CITIBBITHOIICHHIM

Iz =w(p,A) - Is cos™ ) (11.4)

ne wlw,A) — GyHKIisS BigouTTsa, A — noBxkuHa XBWIl. CTyIiHb, y SKY 3BOJAUTHCS
KOCHHYC KyTa, BIUIUBA€ Ha PO3MIPH CBITIOBOTO BITOJHMCKY, CIIOCTEPEKYBAHOTO
rsnadeM. ['padiku miei ¢yakmii HaBegeni Ha puc. 11.4, 1 BoHH came €
XapaKTEPHUMH KPUBUMH TIOBOJDKEHHS (DYHKIlI 3MIHM 1HTEHCHUBHOCTI 3JIC)KHO Bij
BJIACTUBOCTEH TTOBEPXHI.

Puc. 11.4. [3epkanbHe BiIOUTTS

Tenep Mozenb OCBITICHOCTI, 110 BPaxoBYeE JI3epKaibHE ¥ nudy3iitHe BIAOUTTS,
MOXKHa omMcaTy (popMyI0r0
Is(kecosip +w(p, A) -cos™ 1)

I = L'.-;-.‘J':
+ d+ &

(11.5)

BukopucroBytour OgMHHYHI BekTopu L (HampsMok g0 Jokepena) 10 7
(30BHIIIHSA HOpPMallb), KOCHHYC KyTa ¥ MOXXHa OOYHCIUTA 4Yepe3 CKaISIpHHMA

cosp = (L -

100y TOK: "t} Jlnst po3paxyHKy iHTEHCHBHOCTI J3€PKAaIbHOIO BiIOUTTS
crouaTky TpeOa BU3HAUMTH BigOutuii BekTop 7 . 3 puc. 11.3b BuanO, 1m0
F = |AB|-

7 =L 3 jumoi croponn AB e miaronanmo pomba AA'BC | tomy

—9. (L .7} Co
[AB[=2-(L-7) 3 OIJIsA/ly Ha BCi L CHiBBiAHOIIEHHS, OJEPKYEMO HOPMYITY

Is{k (L W) +w(pA) -2-(L-7)-(€-7)— (€ - L)} (11.6)
dad-+ & ] .
B anroputmax 3adgapOoByBaHHS 3 BHUKOPUCTAHHSIM KOJIIPHUX MOJENeH

IHTEHCUBHICTh PO3PAaXOBYETHCS MJIsi KOXKHOTO 3 0a30BMX KOJBOPIB, OCKUIBKU 3MIHA
IHTEHCUBHOCTI NIPH JI3epKaJIbHOMY BITOUTTI 3aJI€KUTh Bl JIOBXKUHU XBUIII.

IT=Irkr +
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11.2. 3apapOyBanns rpanei

11.2.1. Ilnocke 3apapooByBaHHA

SIKmo mpUMyCcTUTH, IO JPKEpPEeso CBITIa mNepedyBae Ha HECKIHYEHHOCTI, TO
MIPOMEHI CBITJIA, IO MaAaf0Th HA TTOBEPXHIO, MapajeibHI M CO00t0. SIKIIO 10 IIHOTO
J0JaTH YMOBa, IO CIIOCTepirad nepedyBae B HECKIHUEHHO BWIIYUYEHIH Kparll, TO
edexToM ociabieHHs CBITJIA 31 30UIbIICHHSM BiACTaHI BiJ JDKepeia TaKoXX MOKHA
3HeBaXUTH. KpiM TOro, Take MOJIOKEHHS CIIOCTepiraya oO3Hayae Ime W Te, W0
BEKTOPH, CIPSIMOBaHI BiJl PI3HUX KpaIoK IMOBEPXHI /IO CIlocTepiradya, TakoxX OyayTh
napanenbHi. [Ipy BUKOHaHHI BCiX IUX yMOB, K Tpeba 3 gopmynu (11.6), miocka
IpaHb y BCIX KpalKax MAa€ OJHAKOBY IHTEHCHUBHICTb BHCBITJICHHS, TOMY BOHa
3aapOOBYETHCS OJHUM KOJILOPOM. Take 3agapOoByBaHHS HA3UBAETHCS MJIOCKUM.

SIKIo MU anpoKCUMY€EMO JESKY TJIaJKy MOBEPXHIO 0araTOrpaHHUKOM, TO TMPHU
iockoMy 3adapOoByBaHHI HEMUHYUYE BUSIBISATHCS peOpa, OCKUIBKUA CYCIIHI T'paHi 3
PI3HMMH HanpsIMKaMH HOpMasieil MatoTh pi3HUil kouip. Edexkt cmyr Maxy noaaTkoBo
MIJICWII0E Tiel Henomik. s Moro yCyHeHHSI NMpU BUKOPUCTAHHI I[OTO CHOCOOY
3a¢apOOBYBaHHSI MOXKHA JIMIIE 30UIBIIUTH YHUCJIO TpaHEd OaraTorpaHHHKa, IO
PUBOJIUTD JI0 30UTBIICHHS] O0YHCIIIOBATBHOI CKJIAIHOCTI aITOPUTMY.

11.2.2. 3apapoyBanns metoaom ['ypo

OpuH 31 cioco01B YCYHEHHS TUCKPETHOCTI THTEHCUBHOCTI 3a(apOoByBaHHs OYB
3amporioHoBannii I'ypo. Moro meron momsrae B TiM, IO BUKOPHUCTOBYIOTHCS HE
HOpMaJIi 10 TUIOCKUX TpaHei, a HopMaJi 10 almpOKCUMOBAHOI MOBEPXHi, MO0y 10BaHi
y BepuimHax OaratorpaHHuka. Ilicis 1bOoro OOYMCHIOIOTHCA IHTEHCHUBHOCTI Y
BEpIIMHAX, a MOTIM Yy BCIX BHYTPIIIHIX Kpankax OaraTOKyTHHKa BHUKOHY€ETHCS
OLTiIHIITHA THTEPIOJIAIIS IHTEHCUBHOCTI.

MeTo CHOTy4YaeThCsl 3 AITOPUTMOM MOPSAIKOBOTO cKaHyBaHHs. [licis Toro sk
rpaHb BiJIOOpa)keHAa Ha TUIONIMHY 300pa)KEHHS, 1 KOKHOI CKAaHYIOUOi PSJIKH
BU3HAYAIOTHCA ii KpalKu MEpEeTHHAHHS 3 peOpaMu. Y IUX Kpamnkax 1HTEHCUBHICTb
OOYHUCITIOETHCS 3a JIOMOMOTOIO JIIHIMHOI 1HTEpPHOJIALIl IHTEHCUBHOCTEH y BepUIMHAX
pebpa. IloTiM 1 BCiX BHYTPIIIHIX Kpamok OaraTOKyTHHKa, IO JIeXaTb Ha
CKaHyIOUOl PSAKY, TaKOX OOYMCIIOETbCS 1HTEHCHUBHICTH METOJOM JIIHIMHOI
IHTEepIoAIli JBOX OTpUMaHMX 3HadeHb. Ha puc. 11.5 mnokazaHuii ma0CKUi
0araToKyTHUK 3 O0OYHCIIEHUMH 3HAYEHHSIMHU 1HTEHCUBHOCTEN y BepIIMHAX.
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CKaHytoua

Puc. 11.5. IaTepmonsiis iIHTEHCUBHOCTI

Hexaii 14,18,Ic _ jurencusHocrti y BEpLIMHAX 4,B,C r4,1B,TC _
TOPU30HTAJIbHI KOOPAMHATH WX Kparok. Tojl B Kpankax NepeTUHAHHS CKaHyI04Yoro
psiaka 3 peOpamu O6araTOKyTHHMKAa 1IHTEHCUBHOCTI MOXHA OOUYMCIUTH 10 (popmynax
THTEPHOJIALIII:

E

Mo M
3 I

L=thls+(1-t)Ig, t=
I =tla+(1—t2)lc, t=2=<,

(11.7)

My M

I =
[

i
[

[licns UBOro IHTEHCHUBHICTh Yy Kpamii I OAEPKYEMO MLUISXOM IHTEPHOJIALIL

3Ha4Y€Hb Ha KIHIAX BiApi3Ka:
[=th +(1—#)I, t=-—2"2" (11.8)
T2 — I
o HenmomikiB MeToay I'ypo BapTo BIIHECTH Te, 1110 BiH JOOpE MpaIlto€ TUIBKH 3
nudysiiiHo0  Mojeuo  BiAOUTTS. PDopma BIIONHMCKIB Ha TMOBEpPXHI 1 iXHE
po3TallyBaHHs HE MOXYTbh OyTH aJ€KBAaTHO BIJITBOPEHI NpPH I1HTEPHOJALIi Ha
OararokytHukax. Kpim Toro, € mpobiema moOyqoBHM HOpMasield 10 MOBepxHi. B
anroputMmi ['ypo HOpMans y BepiiuHI OaraTorpaHHUKAa OOYHCIIOETHCS MUISTXOM
ycepeaHeHHsS HOpMaJjiel 10 TpaHel, MOB'I3aHUM 13 I1€10 BEepIIMHOI. Taka modyaoBa
CUJIBHO 3JICKUTH BiJl XapaKTepy PO3OUBKHU.

11.2.3. 3apapoyBanns metogom doHra

@OHr 3ampornoHyBaB 3aMiCThb IHTEPHOJIALII IHTEHCUBHOCTEH  3pOOHUTH
IHTEPIIOJIAIII0 BEKTOpa HOpMaJll JI0 MOBEPXHI Ha CKaHyrouoMy psaky. Lleit meron
BUMarae OUTbIINX OOYUCITIOBAIILHUX BHUTPAT, OCKUIBKKM (POPMYyNIH 1HTEPHOISIIT
(11.6)-(11.7) 3acTOCOBYIOTHCS 70 TPHOX KOMIIOHEHTIB BEKTOPAa HOpMaJTi, ajie 3are Jae
Kpallly arpoKCHUMaIlil0 KpUBU3HU MOBEPXHI. ToMy A3epKaibHI BIACTUBOCTI TOBEPXHI
BIITBOPIOIOTHCS HabaraTo Kparie.

Hopwmaii 1o moBepxHi y BepmMHaxX OararorpaHHUKa OOYMCIIOIOTHCS TaK Camo,
gk 1 B MeToai ['ypo. A moTiM BUKOHY€eTbCs OUTiHINHA 1HTEPHOJALIA B CIIOIYYEHHI 3
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MOPSIIKOBUM CKaHyBaHHAM. [licis moOyaoBu BeKTOpa HOpMalli B 4EProBiil Kpariii
O0OYHUCITIOETHCS IHTEHCHUBHICTD.

Puc. 11.6. Tpu criocodu 3apapOoByBaHHS

Ile#i Meron m03BOJIsAE YCYHYTH psifi HENONIKIB MeTony ['ypo, ane He Bce.
3okpema, edext cMyr Maxy B okpeMuXx Bumajkax y meroai d@onra OyBae HaBITh
CUJIBHIIIIE, X0Ya B MEepeBakHIN OUIBIIOCTI BUIAJIKIB arpokcumariis PoHra gae Kpari
pesynbTatu. Ha puc. 11.6 HaBemeni pesyibTaTd 3adapOOBYBaHHS IOBEpPXHI
oOepTaHHs, aNpPOKCUMOBAHOiI OaraTOrpaHHUKOM, MI0 CKJIAJEHUN 13 TPUKYTHUX
rpaHeii: a) — miocke 3adapboByBaHHs, b) — 3adapboByBanHs o meroay ['ypo, ¢) —
3adapOoByBanHs 110 Metoay donra. [lepmuii 3 BapiaHTiB ga€ 300paKeHHS peOPUCTOI
MOBEPXHI 3 Jy>X€ KOHTPACTHUMHU IEpexoJaMu BiJl OJHI€l rpaHi jo0 iHmoi. Jlpyra
MOJIelb Ja€ Oulbllie TJaJKe 300paKeHHs, aje B pailoHi BIAOJMCKIB YITKO
CIIOCTEPIraroThCs JIiHIT pedep, xoua U 3riamkeHi. TpeTiit BapiaHT BUHIIIOB HANOIBII
IJIaJIK1, I3epKalibHI BIAOJIMCKU MalOTh JOCUTh PEATICTUUHY (hOopMYy.

11.3. Biabire ckaaaHi Moaesi BUCBITICHHA

Komu mu po3rasganu anropuT™Mu BUJajIeHHS HEBUIUMUX JIiHIH, iepeadadanocs,
[0 CIIEHA BKJIIOYAE TUTHKK HEMPOo30pi 00'€KTH. Y MPOCTOT MO BUCBITJIICHHS TEX
MOBa WIIIa TPO HEMmpo30opl MOoBepxHI. Temep MOXHA YCKJIAIHUTH 3aBlIaHHS,
BKJTIOUMBIIIM B MOJEJIb HE TUTBKH BIIOUTTS CBITJIA, ajie U MepeTIOMIICHHS.

Puc. 11.7. Tlepenomienuii 1 BiTOUTUN TPOMEH1
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KapTuHHa nnowmHa

Puc. 11.8. IlepenomienHs B mpu3Mmi

IIpu mepexonl MNPOMEHIO 3 OJHOrO CEpPEOBUINA B IHIINY MHOTO HAMpsSIMOK
3MIHIOETHCS BIAMOBIIHO A0 3akoHy CuHeniyca: nepeaoMIeHUN MPOMIHb JIEKUTh Y
TUIONIMHI, YTBOPEHOIO HOPMAJUTIO 10 TUIONIMHH W TaJalouuM TPOMEHEM, a KYyTH,
YTBOPEH] MPOMEHSMH 3 HOPMAITO, 3B's3aHi (opmymoro 71 SHF1 = 12862, pe
M, 72 — moka3HMKHU TepenoMiieHHs JBox cepeaoBuil (puc. 11.7). IlpomymieHHs
CBITJIa TaKOXX MOKe OyTH Mudy31iMHUM (SKIIO YaCTHHA €HEprii CBITJIa PO3CIFOETHCS
cepenoBuilieM) abo CHpsSMOBaHUM. Y TMEpIIOMY BHUIAIKy MH MAaeEMO CIpaBy 3
HaIBIPO30PUMH TUIAMHU, K1 3MIHIOIOTH (PapOyBaHHS BUIUMHX Kpi3b HUX 00'€KTIB. Y
JIPYroMy BHUITQJIKy TLJIO € TIPO30PHUM, 1 BOHO BI3yaJIbHO BHUSBIISIETHCS TIIBKU 3aBISKH
NEepPEeKpyUyBaHHSIM 00'€KTIB 32 paXyHOK IMEPEIOMIICHHS MPOMEHIB.

[Ipu HasgBHOCTI B MPOCTOPOBIH CIIEHI MPO30pHX a00 HAMIBIPO30PUX O0'EKTIB
Tpeba BpaxoBYyBaTH, IO 300pakeHHs I1HIIUX OO0'€eKTIB OyAe BIAPI3HATHUCS BIiJ
3BUYAHOI Mpoekiii Ha KapTuHHY miomuny (puc. 11.8). L1 epextn nodpe 3Hailomi
BCIM, XTO 3IIITOBXYBaBCS 3 PI3HUMHM JiH3aMHU. [ moOynoBu 300pa)keHHS TaKUX
CIICH JIOIJIbHO BUKOPHUCTOBYBATH AITOPUTMH 31 3BOPOTHUM TPACYBAHHSIM IIPOMEHIB.

J71st 300paskeHHs HaNlIBIPO30PHUX MOBEPXOHb 0€3 00Ky MepeIOMIICHHS MOKHA
BBECTHM TaK 3BaHUN KOE(ILIEHT MpO30pOCTI K, IO JO3BOJISIE 3MIIIyBaTH
IHTEHCHUBHOCTI TSl BUJIMMOI TTOBEPXHI ¥ Ti€i, IO PO3TAIIIOBAHO 32 HEIO:

I=kh+(1—k)L, 0=k<=1

Ilpu # = lnosepxus Hemposopa, npu # =0 — mosuicTIO mpo3opa. s
HaIBNPO30pHX T1J HEOOX1HO BPAXOBYBATH iXHIO 00'€MHY CTPYKTYpY.

Meroan mnoOyAoBM 300pakeHb CLEH 13 MPO30PUMHU W HAMIBIPO30PUMHU
o0'ekTaMu OyAyTh OUTBII TOKJIAHO PO3IJIIHYTI B HACTYMHIN JIEKII].

11.4. YcyHeHHs1 CTyNiHYACTOCTI (AHTHeJIAM3IHT)

[Ipu moOya0Bi pacTpoBoro obpasza JiHii (IMB. JIEKIO 8) MU 3IIITOBXYEMOCS 3
e(EeKTOM CTYIIHYACTOCTI, IMOB'SI3aHUM 3 JHCKpETH3aIll€l0 Oe3repepBHOro 00'e€KTa.
IlepekpyuyBaHHs iieaibHOTO oOpa3za BiAOyBa€TbCSs TOMY, IO 13 YChOro Oe3midi
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KparoK MU BHOMpPAEMO TUIBKHU Ti, SIKI BUSIBISIOTBCSA OJIM)KU€ BCHOTO 10 IIEHTpa
€JIEMEHTA pacTpa, 1 iHIMII0EMO LIEH CIIEMCHT.

¢ EKpaHHUM nikcenb
O6yncneHu nikcenb

Puc. 11.9. Po3noain Bar npu 3011bII€HH] PO3IIKMPEHHS B 4 pa3u

O EKpaHHUI nikcenb

6|86
9 [12[9]6
12[16) 12| 8
9 [12]9]6
64

—INW| | W —
NIV N K|

Ll B SO RN UST  SN BR SR I S I

Puc. 11.10. Posnomin Bar mipu 3011bII€HH] po3upeHHs B 16 pa3is

Jlnst 3amo0iraHHs CUJIBHUX TMEPEeKpydyBaHb y IbOMY BHIIAJKy MOXKHA, IIO-
nepiie, MiJBUIyBaTH JI03BUT pacTpa, M0 J03BOJIsSE BioOpaxkatu yce Oinbiine ApiOHI
netam 00'ekTiB. Ajie B IIbOTO MAXOAY € CBOi yucTo (hizuyHi oOMexeHHs. Jpyruii
MIIX11 MOJSATae B TIM, IO PacTp PO3PaxOBYETHCS 3 OUIbIIE BUCOKUM JI03BOJIOM, a
300paKy€eThCs 3 OUIbLIE HU3BKMM — HIUISIXOM YCEpEIHEHHS aTpuOyTIB IMIKCEIIB
MepuIoro OUIbIIEe AETaTbHOTO pacTpa 3 MEBHUMH BaraMmu. SIKIIO Baru OJHAKOBi, TO
MU OJIEP)KYEMO PIBHOMIpPHE YCEpEIHEHHs, sk Moka3aHo Ha puc. 11.9. Kpamux
pe3yabTaTIiB MOKHA IOCATTH, SIKIIO BUKOPUCTOBYBATH P13HI Bark B MIKCEJIB MEPILIOTO
pactpa. Ha puc. 11.10 nokazanuii po3nojai Bar mpu JAeTani3ailii miKcelas eKpaHHOTOo
pactpa.

[HIMiIA MeTON YCyHEHHS CTYMIHYacTOCTI TOJIATa€ B TOMY, II00 pO3IIIsAaTH
MIKCeNb HE SK KpamnKy, a SK JAesIKy KiHIeBy o0iacTh. B anroputmax moOyaoBu
pacTpoOBOTO  PO3TOPHEHHS  MIKCENIb  YBAXA€ThCSd  NPHHAICKHOI  00JacTi
3aapOOBYBaHHS, SKIIO HOTO IEHTp TMepedyBaB ycepeauHi ijealbHOro o0Opasa
obnacTi. SIKIIO MaTlOHOK YOPHO-OUIHIA, TO YCYHYTH €(EeKT CTYyHiHYacTOCTI pacTpa
MPaKTUYHO HEMOJKJIMBO. AJie IpPH HASABHOCTI BIATIHKIB ITIBTOHIB MOJKHA 3ajaTH
IHTEHCUBHICTb KOJIbOPY IMIKCENS 3aJI€KHO BiJl TUIOLII HOT0 NEPETUHAHHS 3 00JIACTIO.

PosrnsiHeMo 3acTocyBaHHS I1IbOTO METOJy Ha MNpUKIaAl po3dapOyBaHHS
OararokyTHuka. PeOpo OaraTokyTHHKa OYyIy€TbCS 3 BUKOPHUCTAHHSIM aJITOPUTMY
bpesenxema, onrcanoro B jiekiii 8. TyT y neit anroputm OyAayTh BHECEHI 3MIHH, 110
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BKJTIOYAIOTh TTapaMeTp MAaKCUMAJIBHOTO YWCia PiBHIB IHTEHCUBHOCTEH. Bu3Havaroun
MIPUHAICKHICTD MKCEIS 0araToKyTHUKY, MU OyZIeMO BUKOPHUCTOBYBATH SIK MTOMUJIKA
€ YaCTKYy IUIOIIII, 0 HAJICXKHTh ieanbHii dirypi (puc. 11.11).

k=y,-y=Dy/Dx

/ S=1-(1-y)¥2k
Yi

| s=y+k2 S48~y +k/2

i i+1 i i+l

Puc. 11.11. mnoma, [llo BinTuHaeThCs BiIpi3KOM, MIKCEIsS

PosrnsiHeMo 3HOBY BHMANOK, KOJM BIAPI30K CHPSIMOBAHUN Yy MO3UTHUBHUM
KBaJIpAaHT KOOPJWHATHOI IUIONIUHM IIiJI KyTOM, MEHIINM T/+ IneanpHuii B1/IP130K
IpY 3aJaHOMY 3HAYEHHI IIJOYMCIOBOI KOODAMHATH I MOKE IEPETHHATH OIUH abo
NBa MiKcend. Y TMomepeaHid Bepcii alropuTMy BHOMpABCSl MIKCENb, LIEHTP SKOTO
po3TanoByBaBcs OJMK4Ye 10 Bijpi3Ka. Tenep IHTEHCUBHICTH JUisl 000X MIKCeNiB Oyie
3a/1aBaTHCS 3aJIe)KHO BiJl CTYNeEHs1 0JIM3bKOCTI KOXKHOTO 3 HUX. [Himiamizamis mKcess
Oy/Zile BUKOpPUCTOBYBAaTH IHTEHCHUBHICTH sIK mapameTtp. [lependauaernscs, mo Biapi3ok
MIOYMHAETHCA 3 KyTa MEPIIOro MIKCENs, BUXOASIYM 13 4OT0 W 3a/Ja€ThCsl MOYATKOBA
1HTEHCUBHICTbh. biiok-cxeMa anroputmy HaBeneHa Ha puc. 11.12.

YcyHeHHsT e(peKTy CTYMIHYaCTOCTI 3 MaTeMaTHYHOI TOYKU 30pYy € 3aBJIaHHAM
3riaaJKyBaHHs. HaBeneHuii TyT aaroputM, 1o BUKOPUCTOBYE IUIOINI MEPETUHAHHS
pacTpa W imeasibHOrO 00pa3a, MOXKHA OIKMCATH 3a JOIMOMOTOI0 OIlepallii 3ropTKU

dynkmii. CrodaTky mamMo HeoOXimHi BH3HAdYeHHs. 3ropTkol0 OdyHkumii | (z)

HA3UBAETHCS 1HTErpaj BULY
+ o

o(e) = f K (& — ) f(8)dt. (11.9)

Oyukmis 4 (*)nasuBaeTbes SIAPOM 3rOPTKHU. SIK AIpo 3rOpTKH 3BUYANHO
BUKOPUCTOBYETHCS 200 (yHKIIISI 3 KIHIIEBUM HOCIEM (TOOTO BiIIMiHHA BiJl HYJISI JIUIIIE
Ha JIeIKOMY KIHIIEBOMY 1HTEpBai), a00 MIBUIKO yOyTHA HAa HECKIHYEHHOCTI (QYHKIIS
(e Moxke OyTH HEOOX1THOIO YMOBOIO ICHYBaHHS 1HTErpania).

Po3srasineMo sik 3ropTraeTbes PyHKIS 1 8apa HACTYIHI (DYHKIIII:

. raopu 0 < r <1 _ lopu 0 < r <1
flz) = 1 o , K(r)= 1 - =

Ompur <0uxr>1 Ompur<0wmzr >1
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i=n Jj=j
Ai=iy i Aj=_}'2—j!
L= 4ucno pisHi iHT.
k=L Aj/4i f=L-k
e=1L/2

'

IHiLiloBaHHA
Toukm (i,j,e)

m=1

i=i+1
m=m+1 [

i

|HiLitoBaHHA
ToukM (i,j,e)

| =

Puc. 11.12. bnok-cxema moaudikoBaHoro aaroputmy bpesenxema

Toni, y cuiy Toro, mo mifiHTErpajbHE BUPAKEHHS 3BEPTAETHCS B HYJb IPH

E—1<04npu £ — >0 onepxyemo
i
o(e) = f F(#)dt.
-1

3 ormsimy Ha Bun ¢ymkii | (z) , OJICPKYEMO, 1110 3ropTka Oyjae BiJIMIHHA BiA
Hy1st Tineku Ha inTepani 0 < £ < 2. 3HaucHHS 3rOPTKH B AEAKHX KPAlKax HABEICHI
B Ta0ymm 11.1.

Tabmuus 11.1.
3HaueHHsI 3TOPTKHU y By3J1ax

£ 0 1/2 1 3/2 2
C(e) 0 1/8 1/2 3/8 0

OdyeBugHO, IO Hamla 3TOpTKAa Ja€ IUJIoMa TEPETHHAHHS TPUKYTHUKA,
YTBOPEHOTO 3rOpTA€ThCA (DYHKITIEIO, 110, 13 KBaApaTOM, MiACTaBa SIKOTO € BiIPI30K

[, 71 + 1] ga oci OX |
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Puc. 11.13. ®irypwu, 1110 BiANOBIIaI0Th 3HAYCHHSIM 3rOpTKH 3 Tabmuii 11.1

Ha puc. 11.13 HaBegeHuidd BUJ TMEpETHMHAHHSA IS BCIX I'SITU BHUIIQJIKIB 3
tabmuil 11.1. SAxmio 3piBHATH 11 pe3yibTaTy 3 puc. 11.11, Te BUAHO, 110 3HAYCHHS
sroptin 1ipr © = 1 arote moma Toi yacTHHM mikcens, mo mepebyBae ycepeauHi
GaraToxkyTHuka (Km0 BBaxkatd Yi =0) a mpm k> 1 — cymy miom IBOX
MepeCIYHUX ITIKCEJIiB.

Ha 3akiH4eHHs! IpOLTIOCTPYEMO pe3yJIbTaT 3aCTOCYBAaHHS aJITOPUTMY YCYHEHHSI
CTYMIHYACTOCTI Ha MPUKIAIl 300pa)K€HHS, OTPUMAHOTO 3a JIOMOMOTOI0 MPOTrpaMu
CorelDraw. Ils mnporpama sBisie co00I0 pO3BUTUM TpapiyHUNA pPEIAAKTOpP, IO
no3BoJisie OyayBaTh 00'ekt BekTopHoi rpadiku. Ha puc. 11.14 mnoxkaszane
300pa)K€HHsI MMPOCTUX T'palyHUX MPUMITUBIB, MOMEPEIHBO MEPEBECHE B PACTPOBY
dbopMy, Ha SKOMYy TMpPH BEIMKOMY 301JIbIICHHI IOMITHE 3IVIQJ)KyBaHHSI 13
3aCTOCYBaHHSM BIJTIHKIB CIpOT0 KOJIBOPY.

Corel Draw

Puc. 11.14. 3rnamxeHi 300paxeHHs

11.5 IInTanus ii BIpaBu

1. IIlo take edext cmyr Maxy?

2. Yuwm BiapizHsaeThes Audy3iiiHe BIAOUTTS BIJ A3€pKaTBHOTO?

3. Bim 4Yoro 3ameXuTh IHTEHCHUBHICTh BHCBITJIEHHS KpamKd IIOBEPXHI MpH
nudy3iiHOMYy B1IOUTTI?
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4, Bigx 4YOro 3alie)KUTh 1HTEHCHUBHICTh BHCBITJIECHHS KpamKW IOBEPXHI MpH
J3epKaIbHOMY BiJIOUTTI?

5. Sxi mapameTpu BpaxoBy€ MOJEIb A3EPKATBLHOTO BIAOWTTS, 3ampoOIOHOBaHA
®oHrom?

6. Un MiIHS€TBhCS 1HTEHCHBHICTh BHCBITJIICHHS TIPH IUIOCKOMY 3adapOoByBaHHI

rpaHi?

SAxwnii mapaMeTp IHTEPIIOTIOETHCS TIpH 3adapOoByBaHHl MeTo1oM ['ypo?

Sxuit napameTp iHTEpPHONIOEThCS MpH 3apapOoByBaHHI MeTo0M DOHTa?

9. V 4doMy cKiamaeThcs 17iesd aJTOPUTMIB aHTHEIal31HTa, 3aCHOBaHUX Ha PIBHI
neranizaiii pacrtpa?

10.5kmii mapaMeTp BUKOPHUCTOBYETHCS B aJrOPUTMI aHTHENAM3iHTa, 110 BPaXOBYE
po3Mipu Tikcens?

0o N
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Tema 12. BI3YAJIIBALIA ITPOCTOPOBUX PEAJIICTUYHUX CLHEH
CeiTno-TinpoBui aHam3. Meton BumnpomiHiOBaHHS. [J00anbHAa MOJEHb
BUCBITJICHHSI 13 TPACyBaHHIM MPOMEHIB. AJITOPUTM 3BOPOTHOTO TpacyBaHHS.

12.1. CBitio-TinboBul aHaJi3

TiHl BUHHKAIOTH K pe3yJbTaT €KpaHyBaHHS JDKEpENa CBITJIA MpeaMeTaMu, M0
CTaHOBJISITH clieHy. [Ipu 1bOMy ICHYIOTH TOBHI TiHI ¥ TMIBTIHI, IO TIOB'I3aHE 3
(GI3MYHOI0 TPHUPOAOI0 CBITJIA: TIOBHA TiHH YTBOPHUTHCS B IIEHTPAIBbHIN YacTHHI
3aTiHEHHS, a MIBTIHb — NOOIM3Y 11 TpaHuIls. Y HAIIM Kypci MU OyJeMO CTOCYBaTHCS
TIIBKK TIOBHOI TiHI, Xoua ¥ ICHYIOTh TEXHOJIOT1l 300pa)KCHHS HaMiBTIHEH, IO
CYIPOBOJIKYIOThCS OLIBIITUM 00CSATOM OOUYHCIICHbD.

Sxmo BBakaTH, IO CHOCTepirad rnepedyBae B OJHIM Kparlll 13 JKEPeIoM
CBITJIA, TO TiHI B CIIOCTEPEXKYBaHIM CIICHI HE BUHUKAIOTh: 3aTIHIOETHCS 00J1aCTh, 1110, €
HEBUJMMOIO. Y BCIX IHIIMX BUMNAAKaxX TiH1 BUJHI. J[epeno cBitia Moxe nepedyBaru
HAa HECKIHYEHHOCTI a00 Ha KIHIIEBIM BIACTaHI, MPUYOMY B JIPYroMy BHUIIQJKy BiH
MO>K€ BUSBHUTHCSA B TOJIE 30py CIIOCTEpiraya.

[xepeno
csitha
-

+ [poekTopu

Puc. 12.1. YTBOpeHHs TiHEH NpH KIHUEBIM BIACTaHI 10 JKepena CBITIa

JIisi HECKIHYEHHO BHWIIYYEHOrO JKEpesia CBITJAa TiHI Ha KapTHHHIN MJIOMIMHI
BUXOJISITh Y PE3YJIbTATI MapajebHOI MPOEKIlli 00'€KTIB, a 1Jisi OJIU3BKOTO JHKepena -
IEHTpalbHOI mpoekiii. O0'ekTH 1 iXHI YaCTHMHHU CTAalOTh HEBUAUMHUMH, SKIIO BOHH
MOMaJaf0Th B 00JacTh TiHI, TOMY TpuU MOOY/IOBI 300pakeHHS 3aBAaHHS PO
BHJIAJICHHS HEBUIMMHX 00JIaCTeH BUPINIYETHCS JIBIYi: MO0 CIIOCTEpiraya B Mpoleci
MPOCKTYBaHHS M mI0A0 pkepena cBi™ia. [lpum Bu3HAYEHHI pO3TAllyBaHHS TIHEH
OyIyrOThCS MPOEKIli HEBUAUMUX 3 TMO3HUIIIT JHKepena CBITIa TpaHel (HEOCBITICHUX )
Ha KapTUHHY IUIONIMHY, Y PEe3yJbTaTi 4Oro BUXOJATh TIHbOBI OaraTokyTHUKH. Lli
0araToOKyTHUKH OYIyHOThCA JiA BCIX OO'€KTIB CIIEHM W 3aHOCSATHCA B CIIHMCOK.
Bigznaunmo, 1110 TiHROBI OAraTOKYTHUKU HE 3aj1€XaTh BiJ] MOJOXKEHHS CIocTepirayva,
TOMY TpPH OTJISiAl CLIEH 3 PI3HUX TOUOK 30pYy BOHM OYIyIOTbCA TUIBKM OJUH pa3.
Heocgitneni 001acTi BU3HaYalOThCsl TUMHU K METOJAMHU, sIK1 OyJIM OIKCaHl paHilie B
Jekiii 7, a juis moOyAOBU TMPOEKIIH BUKOPHUCTOBYIOTHCS METOAM, JEAKl 3 SIKUX
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omucaHi B Jekmii 8. 3o0kpema, MOXHa 3aCTOCOBYBATH MAaTpHIll MPOEKIHA B
OJTHOPITHIN CHCTEMI KOOpAUHAT.

VYmepmie iges CHOAYyYEHOTO aHamily BHIMMOCTI W 3aTeMHEHHA Oyna
3ampornoHoBaHa B 1968 p. Anmenem. Sk mpukiaj po3rjSsHEMO OJIMH alTOPUTM Ha
OCHOBI ITOPSAAKOBOI0 CKaHYBaHHS, 10 CKJIAJa€ i3 IBOX OCHOBHUX €TAaITiB.

. AHami3 cmeHH CTOCOBHO /Kepena cBityia. [l Bcix 0OaraToKyTHHKIB,
OTPUMAaHHUX Y pe3yJbTaTi TPOEKTYBaHHS CIICHW, BU3HAYAIOTHCS HEOCBITIICHI
(3aTiHeH1) JAUISIHKM ¥ TIHBOBI 0OaraTOKyTHUKHM (MPOEKIINHI TiHI), MPUUOMY
0araTOKyTHUKH YTBOPSATh MPOHYyMEpOBaHWH cmucok. [[msi mmx OaraToKyTHHKIB

bOpMYy€ETBCA  MaTPHUIIS A= (a 7/, mO [03BOJSIE BU3HAUUTH, UM BIIKHUIAE
0araTOKyTHHUK TiHb 1 SIKi 3 0araTOKyTHHKIB BiH MOXE 3aKpUBATH. SIKIIO IS JTCIKHX
3HaueHp 7 P = l, TO II€ O3Haya€, MmO OaraTOKyTHUK 3 HOMEPOM I MOKE
BIJIKUJIATH TIHb Ha 0araTOKyTHHUK 3 HOMEepoM - .

TakuM 4YWMHOM, Ha I[BOMY €Tali OCHOBHHUM € THUTaHHA MNpo e(PeKTHUBHUMN

aJITOPUTM MOOYI0BU TaKOl MaTpuIli. SIKIIO MpOoeKIlis BKIoYae v 6araToKyTHHUKIB, TO

HEOOXinHO posrisiHyTH "B3aemmun" Y (V= l)map GaratoxyTHuKiB. CKOpOTHTH
nmepedip MOXKHA 3a paxyHOK 3aHYpEHHs O00'€KTIB y MpsSIMOKYTHI abo chepudni
000JI0HKH 200 NUISIXOM BUKOPUCTAHHS COPTYBAHHS IO TJIMOWHI.

II. Amnami3 CIEHH CTOCOBHO cmocTepiradya. BUKOHYIOTBCS JBa IIPOIECH
ckanyBaHHs. [lepmnii — qy1s1 BU3HAYEHHS BIJIPI13KiB, BUIMMHX 3 O3ULII criocTepiraya
(mpo HBOTO po3MOBiAANOCA paHime B Jekuii 7). Jpyruih — st BU3HAYCHHS
NepeTHHaHb BIAPI3KIB 3 TIHROBUMHU OaraTOKyTHHKaMHU 31 CHHUCKY. PekypcuBHuUiA
ITOPUTM JIPYTOTO CKaHYBaHHS CKJIAJIA€THCA 13 YOTUPHOX OCHOBHHUX KPOKIB.

J17151 KO’KHOTO BUIMMOTO BiJIpi3Ka

1. Sxmo Hemae >XKOJHOTO TIHBOBOT'O 0araTOKyTHHKA, TO BIIPI30K 300paKy€eEThCS 3
OCHOBHOIO IHTEHCHBHICTIO.

2. Sxmo OaraTOKyTHHK, IO MICTHTh BHJIMMHUI BIAPI30K, HE TEPETHHAETHCS 3
TIHBOBUMHM OaraTOKyTHHKaMH, TO BIJPI30K 300paxXyeTbcsi 3 OCHOBHOIO
IHTEHCHUBHICTIO.

3. SIKmIo Biapi30K MOBHICTIO 3aKPUBAETHCS JACSIKUMHU TIHBOBUMH 0araTOKyTHUKaMHU,
TO 1HTEHCUBHICTh HOr0 300paXKCHHsSI BU3HAYAETHCS 3 ypaxyBaHHSM 3aTIHEHHS
BCIMa LIMMHU 0araTOKyTHUKAMH.

4. Slkiuio KigbKa TIHBOBUX 0AraTOKyTHUKIB YAaCTKOBO 3aKPHUBAIOTh BIJIPI30K, TO BiH
pO30MBAETLCA HA PA  BIAPI3KIB KpanmkaMd TIEPETHHAHHS 3 TIHHOBUMH
0araToKyTHUKaMH.

Ileit anropuTM NpHUIyCKae, IO 3aTiHEHHS HE aOCOJIFOTHE, TOOTO 3aTiHEHI
IUITHKU BCE-TaKUM € BUAMMHMH, TUIBKH IXHS OCBITJIEHICTH IIaJa€ 3aJIEXKHO BIN
KUIBKOCT1 ¥ OCBITJICHOCT1 0araTOKYTHHKIB, 110 3aTiHIOIOTH. [Ipy MOBHIM 3aTiHEHHI B
TPETHOMY IYHKT1 QJITOPUTMY BiIPI30K CTA€ MOBHICTIO HEBUANMHUM, & B UETBEPTOMY
NOJAIBIIIOMY aHaJli3y MiAAAI0ThCS TUTBKA HE3aTIHEH1 BIJIPI3KH.

CnocoOu po3paxyHKy IHTEHCHUBHOCTI IPU HEMOBHIM 3aTiHEHHI MOXYTh OyTH
pi3HI. Y IIbOMYy BHUITQJIKy BCI 3aTiHEHI 0araTOKyYTHHKHW MarOTh CBOK 1HTCHCHBHICTH
3QJIEKHO Bl oOpaHoi Mojeni ocBiTieHocTi. [Ipu 1nbomMy MoXKHa BpaxoByBaTH
B1JICTaHb 3aTIHEHOT AUISTHKM BiJ] TOBEPXHI, 1110 BIIKU/IA€ TiHb.
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[Ile omuH aaropuT™M, YacTo 3aCTOCOBYBAaHWUM NpHU MOOYIOBI TiHEH, 3BEThCA
MeToay TiHrOBOTO Oydepa. Bin Oyayerbcs Ha ocHOBI MeTony Z-bydepa, onucanoro
B siekiii 7. TinpoBuii Oydep — 1e To¥ ke Z-bydep, TUIbKU 3 TOTISALY HKepena
cBiTia. TakuM YWHOM, BUKOPHUCTOBYIOTHCSA NBa Oydepu: OAMH — JJIs BiJICTaHI Bij
KapTUHHO1 TUTOIITMHY JI0 KParoK 300pa’KyBaHO1 CIICHH, a 1HIIOT — JUIsl BiACTaHEH Bif
UX K€ KpamoK A0 JKepena CBITMIA. AJNTOPUTM 03BOJIsA€ 300pakyBaTh CICHH 3
MTOBHUM 3aTIHEHHSM 1 3BOJUTHCS JI0 IBOX OCHOBHUX €TarliB:

1. Cuena po3risiiaeTbes 13 Kpanku po3TallyBaHHS JpKepesa CBITIA y BiJIMOBIIHIN
cucremi koopauHar. [lizcymMkoM moOyI0BH € MOBHICTIO 3alIOBHEHUN TIHBOBHM
oydep.

2. CueHa po3risfaeTbcsl 3 MOTJSAY CIOCTEpirada, 3acTOCOBYETHCS 3BUYAMHUN
Meton Z-bydepa 3 HeBeIMKUM JOMOBHEHHSM. SIKIIO Kpamka (r,v,7)¢ BUIMMOIO
B LI CHCTEMI KOOpPAMHAT, TO OOYMCIIOIOTHCS 1i KOOpPAMHATH B CHUCTEMI,
MOB'A3aHOT 13 JPKEPEJIOM CBITIA — (=, v, 2 'r,], MOTIM TIEPEBIPSAETHCSA, YU € Kparka
BAAUMOI i3 miel mo3umii. [l bOro 3HAYCHHS Z PIBHSETHCS 3i 3HAUYCHHSM, IO
BTPUMYETHCSI B TIHBOBOMY Oy(epl mis i€l Kpanku, 1 y BHIAAKY BHUIUMOCTI
3HAYEHHS IHTEHCUBHOCTI1 3aHOCUTHCS B Oydep Kajapy B Kpariiii (z,v).

O060€ HaBeJIEHNX AITOPUTMY MPAIIOIOTh Y MPOCTOP1 300paxeHHs, TOOTO MalOTh
cIpaBa 13 MPOEKIISIMA Ha TUIOLIMHY M JIeIKy TOJAaTKOBY 1H(OpMAIliI0 MPO Kpamku
CIICHHM, 1110 BIAMOBIJAIOTH IIUM MPOECKIISIM. ICHYIOTH alropuTMu, 110 MPalO0Th Y
TPUBUMIPDHOMY  OO0'€KTHOMY  TMpocTOpl. 30Kpema, g 1OoOyJOBH  TiHEH
BUKOPUCTOBYIOTbCA Moaudikaiii aiaroputMmy Beilnepa-A3zeproHa, ONUCaHOTO B
nekuii 7. Monudikauis nonsrae B TiM, 110, SK 1 y BUOAAKY TIHBOBOro Oydepa,
3aBJaHHS BUAAIICHHS HEBUJIMMHX TPaHEH BUPINIYETHCS CIIOYATKY 3 TO3MIIT JpKepena
CBITJIa, a MOTIM oOTpuMaHa iHdopmanis Npo 00'€KTM BUKOPUCTOBYIOTHCA MpU
noOy0B1 300pakeHHs 3 MO3UIlli crocTepiraya. 3arajoM KpPOKH aJrOpPUTMY MO>KHA
OTHCATH TaK:

1. BusnavaroTbcs TpaHi, BUAMMI 13 KpanKd pO3TallyBaHHS JpKepela CBITJIA. 3
METOIO MiJIBUIICHHS €(EKTUBHOCTI 3alaM'sTOBYEThCA 1H(GOpPMAIIis TUTBKUA TMPO
BUIMMI TpaHi. OCKIJIbKY aHaji3 BUKOHYETHCS B CUCTEMI KOOPAMHAT, MOB'SA3aHOT
13 JDKEpeJloM CBiTIia, T€ OTpUMaHl BUIWMI OaraTOKYTHHUKH TOTIM 3aHOBO
MIPUBOISITHCS 0 BHUXITHOI CUCTEMH KOOPJIWHAT. baraTOKyTHUKH 3B'S3YIOThHCS 13
IpaHsAMH, SIKHM BOHU HajexaTh (y pe3ysbTaTi 3aTIHEHHA OJHA TpaHb MOXe
MICTUTH KUJIbKa OaraTOKyTHUKIB).

2. Cuena oOpoOsieTbesl 3 MOJIOXKEHHSI crioctepirava. [Ipu 300paskeHHI BUIUMOI1
IpaHi BpPaxOBYIOThCS TUIBKA TiI 0araTOKyTHUKH, $KI BXOJSATh Yy CIIHCOK,
OTPMMaHUW HAa MEpUIOMY €Tami, TOOTO TpaHb PO3IIIANAETHCA SIK CYKYIHICTb
TaKUX 0araToOKyTHHUKIB.

[Ipr HasgBHOCTI JAEKUIBKOX JDKEpEed CBITJIA KUIBKICTh OCBITICHHX JUISHOK
MIPUPOTHO 301IBITYETHCS.

12.2. MeTrox BUNIPOMiHIOBAHHS

Y 1w dekiii BXKe TOBOPHUJIOCS, IO OCBITJIEHICTH IOBEPXHI BU3HAYAETHCS
BJIACHUM BUIIPOMIHIOBAaHHSM T1JIa ¥ BIAOUTHUX MPOMEHIB, 110 MAJA0Th B1J] 1HIIMX T
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(mxepen). Mojenbs BUNPOMIHIOBaHHSI BKJIFOYa€e 00o0€ I (pakTopiB 1 3acHOBaHA Ha
PIBHSHHSX €HepreTH4Horo Oamancy. Ilpm 1mbhOMy BHKOHYBaHI pO3paxyHKH
BpaxOBYIOTh TIIbKH B3a€MHE PO3TAIlyBaHHS CJIEMEHTIB CIICHH M HE 3ajJeXaTh Bif
MTOJIOKEHHS CIIoCcTepiraya.

IIpeacraBumo cueny 3 IV eneMeHTiB (IUISHOK MOBEPXOHB). OCBITIEHICTH
OyZneMo MOJENIOBaTH SK KITBKICTh €HEprii, BHMPOMiIHIOBaHA TMOBepXxHEr. Jlims

KOXKHOT'O €JIEMEHTa I KUIbKICTh €HEprii CKJIaJa€eTbCs 13 BJIACHOI eHeprii (Ek)
B1IOUTOI YaCTKU €HEeprii, oTpuMaHoi Bij 1HIIUX 00'ekTiB. Ilependavaerbes, Mo s
KOKHOI IMapH €JIEMEHTIB 3 HOMepamu ’»J MOKHA BH3HAUUTH, SKa YacTKa E€HEPTii
OJIHOTO TIOTa/ia€ Ha IHIIIN (w:) Hexait @i — xoe(iicHT BinOMUTTA eHeprii ! — M
eneMeHTOM. Toai TOBHA €HEPris, BHUIPOMIHIOBaHAa IUM €JIEMEHTOM, Oyje

. N .
. Lg:Eg—l—a._-T._lu'gij
BHU3HAYAaTHCA P1IBHAHHAM 1= .

Takum YMHOM, MU OJEPKYEMO CUCTEMY PIBHSHB JJIsI 3HAXOKCHHS 3HAYCHb Ui
0 Y MaTPUYHOMY BHJI BHUIVISAA€ B TaKui cnoci6:':r.lr -W).U=FE ne I —
omuanyHa Matpursg, L'i 1 — BeKTOpM BHMIIPOMIHIOBAHOI ¥ BJIACHOI €HEprii, a
marpuis W ckiagaeTscs 3 eIeMEHTIB (u “ii) | OCKiIbKM 9acTHHA BUIPOMIHIOBAHHS
eJIEMEHTa MOJKe He IToNaaaTH Hl Ha OJMH 13 [0 3aJIUIININCS, T

N
Z wi = 1,
i=1

a I YMOBA B CIIOJTydeHHi 3 THM, 0 & = 1 (BigOUTTS He € MOBHUM), IPHUBOIMTH JIO

TOTO, IO MAaTPHIl CHUCTEeMH Ma€ TaK 3BaHy /AiaroHaJbHY mepeBary, TOOTO

JlaroHaJbHUN E€JEMEHT IO aOCOMIOTHIM BEIWYMHI OUIbINE, HIK Cyma 1HIIUX

€JIEMEHTIB psiKa. Y TaKkOMY BHIMAJKy CHCTeMa PIBHSIHb Ma€ PIlIEHHS, SKE MOXKHA

3HAUTH 3a JOMIOMOTOI0 YUCEITHHUX METO/IIB.
OTxe, KPOKH aJITOPUTMY 300paKEHHS CIIEHU 3BOJIATHCS /10 HACTYITHUM:
1. Cuena po30HMBaEThCS HA OKpeMi NUISHKH, JJISI KOXHOTO 3 SKUX BU3HAYAIOTHCSA
SHAYCHHS .E._':,ﬂg:,u_'g_?', __}':].:,2:,,,,,_1".-.

2. IlepebyBaroTh 3HayeHHsA L qas KOXKHOTO i3 TPhOX OCHOBHHX KOMIIOHEHTIB
KOJIBODY.

3. Jlma oOpaHOi Kpamnkyd CHOCTEPEKEHHS CTOITh TPOCKIisl 3 BUAAJICHHSIM
HEBUJAUMUX TpaHel 1 3aildcHIoeThCa 3adapOoByBaHHS, M0 BUKOPHUCTOBYE
3HayeHHs LU 3aBHAHHSA  iHTGHCHMBHOCTI. IIpm  IbOMy  MOXYTb
BUKOPHUCTOBYBATUCS SKi-HEOyJb aJITOPUTMH, IO JIO3BOJISIOTH  3TJIAIUTH
300paxKeHHs.

CxialHUM MOMEHTOM Y MOJIeJIi BUIPOMIHIOBAHHS € PO3PaXyHOK KOE(IIi€HTIB
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Puc. 12.2. JIBa emeMeHTH CLICHU

Posrissremo oauH npukian. Hexaii € 1Ba eneMeHTH ciieHH <Ll <1(puc. 12.2).
OCKUTbKM BUKOPUCTOBYETHCS NU(y3iifHA MOJENIb BHUCBITICHHS, TO YacTKa E€HEprii

Matol JiasHKH 4513 HOpMaJUTIO "1, BUMPOMIHIOBaHA ITiJT KyTOM 21710 I11€1 HOpMalli,
mpornopliifHa KocuHycy KyTa. OTke, Y HampsAMKY €JIEeMEHTapHOI JIUISHKU dS24ie
yacTKa €Heprii, MpomnopiliiiHa KOCUHYCY KyTa MK 7211 BIAPI3KOM, IO 3'€AHYE Il
IOUISHKY. BI1OnoBinHO, olepKyBaHa ApPYyrol0 IIISHKOK 4YacTKa Il€i eHeprii Oyne

OpoNopLiiiHa KOCUHYCY KyTa MK HOpMaJuTto " 21 1um ke BiapizkoMm. OTxe, yacTka
eHeprii,  oJepXyBaHa  €JIEMEHTOM dSapin  emementa dS, —
dwz = cos(a) 'CCE{C‘E;].-""IW“E, ne T — BiAcTaHb MiX eneMeHTtamu. Kpim Toro,
HEOOXIHO BpaxyBaTH, IO BHUIIPOMIHIOBAaHA EJEMEHTAPHOK [IJSHKOI €HEepPTis
PIBHOMIPHO pPO3MOJLJIEHA B YCIX HampsiMKax. [, HapemTi, y KOXHIH CLIeHl OJHI
00'€eKTH MOXKYTh YaCTKOBO €KpaHYyBaTH 1HII, TOMYy TpeOa BBECTH KOE(QILIEHT, L0
BHU3HAYA€ CTYMIHb BUAUMOCTI 00'€kTa 3 MO3MULi 1HIIOro0. Jlam oTpuMaHe BHUpPa)KEHHS
iHTerpyeThes mo S1i 52, 1m0 Takok Moke OyTH CKIaTHAM 3aBIAHHIM.

3BiICM BHJHO, HACKUIBKM TPYJAOMICTKOI MOXE€ BHUSIBUTHUCS TMpoleaypa
o0uucienns koedinieHTis i, ToMy, SK NPaBUIO, BAKOPHCTOBYIOTHCS HAOIMKEHI
METOAM IXHBOTO OOYHMCIEHHS. 30KpeMa, MOKHA PO3IJIsAaTH MOBEPXHI O0'€KTIB SIK
0araTorpaHHUKH, TOJAl €IEMEHTaMU CUEHU OYyAyTh MIOCKI 0araTOKyTHUKH, IJIsl SIKMX
(bopMyITH TPOXH CIIPOIITYIOTHCS.

12.3. I'nno6anbHa Mo/ie/Ib BUCBITJIEHHS i3 TPACYBAHHSAM NPOMEHIB

Mu Bxe CTOCYBalMCsl paHIlIE TOHSATTA TPACyBaHHS MPOMEHIB MpPU OIMMKCI
ANTOPUTMIB BHJAJICHHS HEBUAMMHX rpaHeil. Temep posristHEMO aHaNOTIYHY
IpoIeaypy B 3aCTOCYBaHHI JI0 MoOJiefied BUCBITJEHHA. Y TOMNEpeaHidl riaBi Oyiu
OTIMCaH1 MOJIEJI OCBITJICHOCTI Bij AESKOTO JHKepesia cBiTia 0e3 00J1iKy TOTO, 10 caMi
00'€KTH CIIEHM BHCBITIIOIOTh OJWH OJHOTO 3a JOMOMOIrOK BIIOUTHX IPOMEHIB.
Meron BuUnpOMiHEHHS, PO3pOOJieHnN it Judy31MHOI MOJENl OCBITJICHOCTI, YK€
BpaxoBYe 11eH (akTop.

['moGanbHa MOENb OCBITJICHOCTI 37]aTHA BIATBOPIOBATH €(PEKTH N3EPKATBLHOTO
BIIOUTTA W TMeperoMJICHHsS MPOMEHIB (MPO30pIiCTh 1 HAMIBIPO30PICTH), a TAKOXK
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3aTiHeHHsA. BoHa € CKIaJ0BOI0 YAaCTHHOK QJITOPUTMY BHUAAJECHHS HEBUIUMUX
MMOBEPXOHb METOIOM TpacyBaHHSI.

Km0 po3TISHYTH CIEHY, IO MICTHTh y YHCHI IHIOUX J3€pKaJbHI ¥
HamiBIpo3opi moBepxHi (puc. 12.3), To 300pakeHHs Oyae BKIIOYATH, MO-TIEPIIE,
MPOEKITli caMUX O0'€KTIB, OCBITIICHUX OJHUM a00 JACKUTbKOMA JpKEpellaMy CBiTia. Y
JESKUX CBOIX YaCTHHAX I11 00'€KTH OYyIyTh MEPEKpyUCHi 32 PaXyHOK IMEPETOMICHHS
MPOMEHIB Y MPO30pux 1 HamiBOposzopux Tinax. [lo-gpyre, yacTuHa 00'ekTiB Oyze
B1IOMBATUCS A3€PKATIBHUMHU TOBEPXHAMH, 1 11 BIIOWUTTS 3'SBISATHCS HA IMPOCKIISIX
I3epKabHUX 00'ekTiB. Y 300pakeHiid Ha puc. 12.3 clieHi Kpanmku Ha IMOBEpXHI

— . oo . . . . . w

npmmu > D Bunni Ha kapTHHHIN mIOmMH] ABidi: OMMH pa3 — KPi3b HAIMBIPO3OPHil
. . = - . . . .
mapanenermines y Burmsim kpamok C» U a gpyrmit pas — sk gsiui Bigburi

HEBUIMMOIO TIOBEPXHEI0 mapanenerninena i mepkaiom & » D . IMapaneneninen y
1IIbOMY BHUIIAJIKy YACTKOBO MA€ J3e€PKallbHi BIACTUBOCTI.

S

r\

1
‘o
\
'V

e

c . B

[Oxepeno
cgitnha

v/v

e ® g D"

Mo3uuia cnocrepiraya

Puc. 12.3. Cuena, 110 MiCTUTh A3€pKajbHI i HANIBIPO30p1 MOBEPXHI1

I'moGanpHa MoOAENb BUCBITIICHHS JJI1 KOXKHOTO MIKCENsl 300pakKeHHs BU3HAYa€
HOro 1HTEHCUBHICTh. ByaemMo s mpocTOTH BBaXkKaTH, IO BCl JKEpesa CBITIA —
kpankoBi. CroyaTKy BHU3HA4YaeThCsAd Oe3MocepeHs OCBITICHICTh JpKepenamMu 0e3
00JTiKy BiIOMTTIB Bi/I IHIIIUX TTOBEPXOHB (BTOPUHHA OCBITICHICTH): BIJCITIAKOBYIOTHCS
MIPOMEHI, CIPSAMOBaHI J0 BCiX kepen. Tojl crmocTepekyBaHa 1HTEHCHBHICTH (200
B1I0MTa KPAIMKOIO €HEPTisl) BUPAKAETHCS HACTYITHUM CITIBBITHOIIICHHSM:

I=kalo+kaY L(T7- 1) +k Y L5 757+ kI + kL,
I J
ne ko — xoedinienT GoHOBOTO (HEYBaXKHOTO) BUCBITIICHHS;
ka — xoedinient qudysiitHOrO BigOUTTS:
K — xoedimieHT N3epKaTBHOTO BiTOUTTS;
k: — xoedimienT nmponymeHHs;

N — OAMHUYHUN BEKTOP HOpMaJIi 10 TOBEPXHI B Kparlili;
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i — OMMHUYHUNA BEKTOP, CIIPSIMOBAHUM A0 J -My JKepena CBITIa;

5 — OJJMHUYHUH JIOKAJILHUNA BEKTOpP, CIPSIMOBAHUHN Y KpANKy CHOCTEPEKEHHS;

"7 — BinOuTHI BEKTOP [ X

Iy — jHTeHCHBHICTH (DOHOBOTO BHCBITICHHS;

Ii _ inrencusmicts J -ro JKepera CBITIa;

I+ _ iHTEeHCHBHICTS, 110 IPUXOJIUTH 1O JI3EPKAIbLHO BiIOUTOMY IIPOMEHI;
It _ iHTeHCHBHICTB, IO IPUXOINTH O HEPEIOMICHOMY IPOMEHI.

B anropuTtmi BupasieHHS HEBHAWMHMX JIIHIM TpacyBaHHS MPOMEHIO TpUBaja [0
MEPIIOTO TMEepPEeTUHAHHSA 3 TOBEpXHEI. Y TJ00adbHIA MOMAENI BHUCBITICHHS UM
cupaBa He OOMEXKYETBhCS: 3IIMCHIOETHCS TIOJMAJIBINC TpacyBaHHA BigOWTOrO W
NEePeIOMIICHOT0 MPOMEHIB. TakuM YMHOM, B1I0YBA€ThCA PO3TATYKEHHS aJTOPUTMY Y
BUJISIAI ABIMKOBOro naepeBa. Ilporec TpuBae OOTH, MOKH YEproBl MPOMEHI HE
3anumaTtkess 0e3 mepeTvHaHb. BiaOuUTTs ¥ mepernoMIieHHS pO3paxOBYIOTHCS 3a

3aKOHaMH FGOMCTpI/ILIHO.l' OIITHKH, SIK1 BKE PO3TTELOAINCA B HonepenHiﬁ TJ1aBl.

t

1
K

Puc. 12.4. [I3epkanbHe BiIOUTTS U NEPEIOMIICHHS

Hexaii > 7» ! - HampsAMKy Tafalounx, BiIOMTHX i TIepenoMIIEHOTo TIPOMEHIB

(puc. 12.4), t1= 1/ C‘-"E'it}l,l, 7 — OJWHWYHA 30BHINIHA HOpPMayb, 1.7
Koe(iIliEHTH TepeIOMJICHHS CEpPEIOBHUIL, PO3AUICHUX TMOBEpXHE. Toal MokHa
MOKa3aTH, 10
Ti=Uv1+2- 1, i"LZH[iE-I—l'l;]—H
2 4 A 4 — A =1/ i~
k= (kZ-[0P = |vh+7?)7E k= B

m

L -~

BianoBigHiI 0qUHUYHI BEKTOPH OJIEPIKATH HEBAXKKO.

JIBiliKOBE JepeBO MPOMEHIB MOHa OyJIyBaTH 3a MPUHIIUAIIOM 'JTiBE MiAnepeBO
BIJINIOBI/Ia€ BiIOMTOMY MPOMEHIO, a MpaBe — nepenomiieHomMy". Ilicis Toro sx BOHO
moOy1I0BaHO, MOXHA OOYUCIHUTH 1HTEHCUBHICTD y Kpamiil. J[Jis boro 3MiHCHIOETHCS
3BOPOTHUI MPOXij BiJ BEPIIMH 10 KOPEHS, 1 TPU MPOXOKEHH] BY3J1B IHTEHCUBHICTh
yOyBae.

TeopeTnyHO €peBO MOXKE BUSBUTUCA HECKIHUEHHUM, TOMY MPH HOTO MOOY10BI
O0aXaHO 3aJaTH MaKCUMaJIbHy TJIMOWMHY, 1100 YHHKHYTH TIE€PETNOBHEHHS MaM'aTi
KOMIT'FOTEepa.

OcCK1IbKM 3HaYHA YaCTHHA MPOMEHIB, 1110 BUXOJIUTh BiJl JKEpEJ CBIT/Ia U 1HIIMX
MOBEPXOHb, HE TMOMAAa€ B MOJIE 30py CrHOcTepiraya, TO BIACHIIKOBYBAaTH iX yCe€ HE
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Mae 3micty. Tomy miusg ¢dopMmyBaHHS 300pakKCHHS BHKOPHCTOBYETHCS 3BOPOTHE
TpacyBaHHS, TOOTO MPOMEHI BIJCIIJIKOBYIOTBCS y 3BOPOTHOMY TIOPSIKY: BIJI
ITOJIOKEHHS CITOCTEepiravya yepe3 BCi KpalKu KapTHHHOI IUIOIIMHHM 10 00'€KTIB 1 Jai —
10 BIAOWTHX 1 IEPEIIOMIICHUX MMPOMEHSX.

12.4. Tekcrypu

TekcTypa moBepxHi - e jaeTami3alis ii OyJ0BU, III0 BpaxoBYy€e MiKpopeabed 1
ocobnuBocTi papOyBanHs. [To-niepiie, riaaka MoBepxHsS MOXe OYTH MOKPUTA SIKUM-
HeOy1b BI3epyHKOM, 1 TOJ1 MpH ii 300pak€HH1 BUPIIIYETHCS 3aBAAHHS BiIOOpaKCHHS
IIOTO BI3epyHKa Ha TPOEKIli ¢parMeHTiB moBepxHi (OaratokyTtamku). [lo-mpyre,
MMOBEPXHS MOXe OyTH IIOPCTKYBaTOi, TOMY IMOTPiOHI CIeliadbHI TPHHOMH 1MITaIlii
TaKoTo Mikpopenbedy mnpu 3apapOoByBaHHI.

Cnouatky po3rJISHEMO METOAU BifoOpaxkeHHs BizepyHKiB. Haifuacrime
BI3€pPYHOK 3a/Ia€ThCSl Y BUTIISIAI 3pa3ka, 3alaHOTO HA MPSIMOKYTHHKY B JIEKapTOBIH

cuctemi koopamuar "<y mpoctopi Tekcrypu. MparMeHT MOBEPXHI MOXKe OyTH
3a/laHuil Y MapaMeTPUMHOMY BH/Ii B TPHBUMIPHOI ICKapTOBI CHCTEMi KOOP/HHAT:

r= flu,v), v=gluv), z=~h{u,v), a<u<bh c<v=d.

Tenep nmocuth MoOymyBaTH BII[O6pa)KeHH5[ o0JlacTi B MPOCTOPI TEKCTypH B
00J1acTh apaMeTpiB MOBEPXHI “ = w(n &), v=1©(n¢), a6o

n=x(u,v), £=6(w,v),i tum cammm KOXKHiii Kparili TOBepXHi OyJe
BIJIMOBIAATH Kparmka 3pa3ka TeKCTypH. Hexaii, Hampukiaa, MOBEPXHS SBISE COOOIO
OJIMH OKTaHT c(hepu OIMHUYHOTO pajilyca, 3aJaHuil GopMmyaamMu

r=sna-sin®, y=cosJd, =z=cosa-sn/jJ,

O<a<u/2, a/ft<3<x/2
a 3pasoK TeKcTypu 3amammii Ha kBagpari O =7=1, 0=C=1 Ton wmoxua
CKOPHCTATHCS JIHIHHIM BimoOpaxxeHHsM Bugy & = a7 +b,  G=cn+d.

Skmo mokmactu® =7/2, b=0, c=-7w/4 d=7/2 19 kyru 3paska
B1100pa3sAThCAd B KyTH KPHUBOJIHIMHOIO YOTUPUKYTHHUKA, SIK € MOKA3aHO Ha pPHC.

12.6.

Y
A

»<

Ny

Puc. 12.5. TekcTypa Ha cepuyHiii MOBEPXHI

3BOPOTHE B1JJOOpaKEHHS Ma€ BUTJIS
T2 —
¥ ¢ _ A &)
foy Y = ¢
/2 T/
OTXKe, BEPTUKAJIbHI W TOPU30HTANIBHI JiHIT 3pa3ka BiAoOpa3saThcs Ha (OHI BEIUKOTO

KoJa cepu.

M= 1
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Hexaii Tenep moTpiOHO HAHECTH TEKCTYpPY MPH MEPCIECKTUBHOMY MPOCKTYBaHHI
JOBUTHAHO OpPI€HTOBAHOI MPSIMOKYTHOI rpaHi. I'paHp 3amaHa B mpocTopi HaOOpoOM

CBOIX BEpIIUH A,B,C,D [To6ynyemo Bektopu €1 =5 — Ay €2=D-4,
CIPSIMOBAH1 y3/IOBX CTOPIH MPSAMOKYTHHKA. Byb-sKy Kpalky NpsMOKYTHHKa MOKHA
€IMHIM 00pa3oM npeacrasuT y Burisini & = A+ uer +ves.

bynemo  BBaxkatM, 110 BHUKOPHCTOBYETHCS  HAWMPOCTIMIMA  BHUMAIAO0K

MEPCIEKTUBHOTO MEPETBOPEHHS, 10 33A€THCS (hOpMyTIaMu
I
r f
T = T’ y = y:_

3HaﬁHCMO O6p33 KpallKu P IIpU TAKOMY HepeTBOpeHHi:
IJ'_A-I -I_ue.l.r-l_t E.E.r U:_*"]-y-l_ue.ly-l_t E.Ey

:1;_ + U?l; + L'?Z; , ) :L + u?l; + L'?E.r ,
abo

u(f?h — ?11) + '.L'(IF?L. — ?zzj =4, — A1

u(yhr?l; - ?ly:l + l‘(yF?z; - ?29-:] = 4"13.- - 4"]-;. yF
Akmio Terep po3rSLAATH Il CIIBBIJIHOIICHHS SK CHUCTEMY PIBHSHB IS
3HaXO/KCHHsI mapameTpiB * v, Te, BUPIIUBIIM ii, OJEP)KUMO HEOOX1JHE 3BOPOTHE

nepeTBopeHHs. [l  pimeHHs MO)KHAa CKOPUCTATHCS, HAINPHUKIAA, IPaBUIOM
Kpamepa:

u=AL/A, v=A/A
e

ﬂ = (I’?]_,_ — ?1;) . (y’?z- — ? u:l

—_—

2y — (Ir?z; - ?2:) " (y’?l; - E.ly):'
ﬂl = [::]_I — :1; .I":] . (y’?z; — ?Ey:l - (I’?z; - ?21) ' [:f]-y - fl; E-Ir:l
Ao = (20— 1) - (dy = At)) = (Ae — A7) - (V0. = ).

3Haiieni mapaMeTrpu OyAyTh BH3HA4YaTH Kpamky TEKCTYpH, IO BiAMOBIAA€E
Kparllii MPOeKITii.

Puc. 12.6. TekcTypa npu nmepcrneKTUBHIN TPOSKITii
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MoxHa po3TJissHyTH OUIbIIIE 3arajlbHUM BUMAAOK MEPCIEKTUBHOI MPOEKIIii, 110

3aa€THCA CITIBBIIHOIIEHHIMUA
by Y
' r -

= ! 1'-1" = E

1+ 2 142
Tomi piBHSHHS 119 BU3HAUYCHHS “» ¥ HebaraTo yCKIaIHATHCS:
u(z' €. /d—"€1.) tr(r € /d— €)= A — (1 + A, /d)2’

I

ul(y' €. /d— e 1y) trly e fd— Eay) = Ay — (14 A, /d)y

BignoBigHO, 3MIHUTBCS W PIIICHHS:

A= (" /d="€1:) (V€2 /d— €2)—

— (2" /d— €2 ) - (¥ €1 d— E1,):

A= (A, — 1+ A /d)z") - (€2 /d— €ay)—

— (2" /d— ") - (A, — (L + A./d)y")

Apg=(2"€1./d—E1) - (A, — (L + A, /d)y)—

— I::II — (1 + ‘Fl;llr"d:]:{"’:l . (y’?lﬁ.:ﬁ'd— ?ly:‘-

VY pO3MISIHYTHX MPUKIagaX MU MaJld CIIPaBY 13 TIAJIKUMU IMOBEPXHAMU. MOKHA
IMITYBaTH IIOPCTKICTh IIJISAXOM BHOOpPY MIAXOMASIIOrO 3pa3ka HEperyssipHOi
TEKCTYpH, ajie OJIHAKOBO 300pakeHHs Oyjie BUIJISAATH TaK, HEMOB HEOJHOPIAHOCTI
HaHeCeH1 Ha rJaakiii moBepxHi. Jlyisi mMonemtoBaHHS Mikpopenbedy Jbx.MiuHerns
3aMponoOHYyBaB METO/I, 3aCHOBAHM Ha 30ypIOBaHHI HOPMaJIi /10 TTOBEPXHI.

Hexaii, sk 1 paniie, moBepxHs 3ajaHa B MapaMeTPUYHOMY BHU/Il 32 JOIIOMOTOIO

BekTopHOi QyHKUil (1) v owmmiit i Kpamnii MO)KHa MOOyIyBaTH BEKTOD
HOpMaJi, CKOPUCTABIIUCh YaCTKaMH MOXIAHUMHU I1i€i ¢yHKIi. BimomMo, 1o moxigHi

—_ —

Fui Fogpnsiors co600 BEKTOPH, WO JIEXKATh y JOTHYHO! IUIOMIMHH TaHOI
noBepxHi. Tojl BEKTOp HOpMaJi MOXe OyTH OTpUMAaHUI K BEKTOPHUHN TOOYTOK IMX

nBox BektopiB 7 = Fw X Fu_ Tlicist 1poro Kpamky MOBEpXHI MOXHa BiIXHITHTH
B1Jl TIEPBICHOTO MOJIOKEHHA B HANpsIMKy HOpMajl Ha AESKYy Mally BEJIMYMHY, L0

3a71a€ThCA 3a JOMOMOT00 (yHKIiT 36yproBanus (u,2);

F'(u,v) = F(u,v) + Plu,v) -7 (u, ).

Mo>Ha mokasatu, 1110 HOpMaJib J10 HOBOi 00ypeHO1 MOBEpxH1 Oye BU3HAYATHCS
BUPAXKEHHSIM

EFZE‘-I—PH(E’_LLX Fu) PL(E;;XFL)
7] El
3aCcTOCOBYIOYM B MOJIEJl BUCBITJIEHHS HOBY HOpMaJlb, MOXHA OJIepKaTH €(PeKT

HIOPCTKOCTI MOBEpXHi. Sk QpyHKIIA 30yproBaHHS MOKHAa BUKOPUCTOBYBATH JOBUIbHY
nudepeHIiioBany Mo KOXKHIN 31 3MIHHUX (yHKIIIFO.

12.5 lMutanns it BIpaBu
1. Sxi eTanu BUILIAIOTHCS Y CBITJIO-TIHBOBOMY aHai31?
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o

8.
Q.

Jlo sKOro THUIYy CTaBUThCA AQITOPUTM Ammens: iTepaTUBHOMY  abo
PEKYpPCUBHOMY?

Un MOXIMBO BUKOPUCTaHHS alNTOPUTMYy ATMENs s CIeH 3 HETOBHUM
3aTiHCHHSIM?

[llo Take TiHROBUU Oydep? YUuM BIH BIIPI3HIETHCSA BN TPATUIIAHOTO Z-
bydepa?

Y domy cknamaetecsi Moaudikamis anroputMmy Beiinepa-AszepTrona s
BUKOHAHHS CBITJIO-TIHLOBOT'O aHAIII3Y?

VY sKiit MOJIesIi OCBITJICHOCTI MOYKHA BUKOPHUCTOBYBATH METO/ BUIIPOMIHECHHS ?
UuM BIiApI3HAETHCS TpacyBaHHS IPOMEHIB y IJI00albHIM MOJEN OCBITICHOCTI
BiJl METO/Iy BUJIAJICHHS! HEBUJIUMUX TpaHei?

Ski cki1amoB1 IHTEHCUBHOCTI PO3TIISAIAI0THCSA B METO/I1 TpacyBaHHs?

Axum o006pa3oM MOKHA BHUKOPHCTOBYBATH JIBIMIKOBI JiepeBa B alTOPUTMI
TpacyBaHHS?

10.5Ixuii crioci6 3aBaaHHS TOBEPXHI HAUOIIBIN 3pYYHUHN I TEKCTYPyBaHHS?
11.Y 4yomy ckIagaeTbcsl 17ess MOJEIIOBaHHSA MIKpOpebey MpU HAHECEHHI

TEKCTYyp?
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Tema 13. AITOPUTMU CTUCKY 30BPAKEHDb BE3 BTPAT
HeoOxianicTe cTHCKy 300pakeHb. HeicHyBaHHS 17€anbHOTO aJITOPUTMY.
Anroputmu koayBaHHs qoBxkuHU moBTopeHHs (RLE): RLE — 6itoBwuii piBens, RLE —
OaifToBuil piBeHb. CIOBHUKOBI anroputmu: anroput™m LZ77, anroputm LZW.
ANTOPUTMHU CTaTHCTUYHOTO KoAyBaHHs: Ausroputm XaddmeHna. ApudpmernyHe
KOJyBaHHSI.

13.1. HeoOXiaHicTh CTHCKY 300paxeHb

Tunoe 300pakeHHs, OTpuMaHe MUGPOBOIO POTOKAMEPOIO, MAE O3B MOPSIAKY
3000%x2000, ToOTO OnM3BKO 6 MeramikcemiB; Ui Mepenadl KOJbOpYy 3BUYANHO
BUKOPHUCTOBYEThCS 24 OiTa Ha mMiKCeNlb. TakWM YHWHOM, OOCST BHUXITHUX JaHUX
CTaHOBUTH TmOpsAKy 17 wmeraGaiit. [ns mnpodeciiHuX TPUCTPOIB BBEICHHS
300pak€Hb PO3MIp OJCP)KYBAaHOTO pacTpa MOXKe OyTH 3HA4HO OUIbINE, a IIMOMHA
KOJIBOpY - focsirat 48 01T Ha mikcenb (AUB. Jekiio 2). BinmnosiiHo, po3mip 0AHOTO
300paxkeHHst moxke Oytu Ounpiie 200 meraGaiit. ToMy OOCUTH aKTyalbHUMH €
AITOPUTMHU CTUCKY 300pakeHb, 00, IHIIIUMH CIIOBaMH, aJITOPUTMH, K1 TO3BOJISIIOTH
3MEHIIIATH OOCST TaHUX, IO MPEICTABIISAIOTh 300paKeHHS.

[CHYIOTh IBa OCHOBHHUX KJIaCH aJITOPUTMIB:

1. A Ha3uBa€eThCS aJTOPUTMOM CTHCKY 0e3 BTpart (aHri. lossless compression),
AKI0 1cCHye anroputM A-1 (3BopoTHuii ao A) Takuif, 1o s OyJb-SKOTO
300paxkenns | A(l) = 11 1 A-1(l1) = |. 3o06paxkenns | 3amane sk 0e3/i4 3HAYCHD
aTpuOyTIB MIKCENIB; Micisl 3acTocyBaHHs 10 | anropurmy A onepxyeMo HaOip
nanux li;. Ctuck 6Ge3 BTpaT 3aCTOCOBYETHhCS B TakuxX TpadiuHux dopmarax
nonanHs 306paxens, sk: GIF, PCX, PNG, TGA, TIFF 6esniu BnacHux
dbopmariB BiJ BUpOOHUKIB 1M (ppoBUX doToKamep, 1 T.1.);

2. A Ha3uBaeThCS AITOPUTMOM CTHCKY ¢ BTparamm (aHri. lossy compression),
KO BIH He 3a0e3leuye MOXJIMBICTh TOYHOTO BiJHOBJICHHS BHUXITHOTO
300pakenHns. [lapamii 1o A anroputm, 110 3a6e3nedyye 3pa3koBe BITHOBJICHHS,
Oynemo nmosHadatu Sk A: s 3o0paxenns | A(l) = 1y, A*(l1) = |, i npu upomy
OTpUMaHe BIJHOBJEHE 300pakeHHs | He 00OB'SI3KOBO TOYHO 30iraerbcs 3 .
[Tapu A, A" M1I0UPAEThCA TakK, 100 3a0e3meunTy O1IbII KOS(IIEHTH CTUCKY U
npoTe 30eperTv BI3yallbHY SIKICTh, TOOTO JOMOTTHCS MIHIMAJIbHOI PI3HUII B
cnpuitHaTTi Mixk | 1 l,. CTuck 13 BTpaTamu 3aCTOCOBYETHCSI B HACTYIHUX
rpadiunux popmarax: JPEG, JPEG2000 i 1.1.

[ls1 nexuis mpucBsSAYE€Ha CTUCKY O€3 BTpar, 10 MOTPIOHO y BHUIAJKaX, KOJIH
iH(popmarris Oyina oTprMaHa BEJIMKOIO IIHOK (HAMIPUKIIA], MEANYHI 300pakeHHs abo
3HIMKM 13 CyNYTHHKIB), a00 B IHIIMX BUMNAJAKaX, KOJM HAaBITh HaWMEHIII
nepeKkpydyBaHHs HeOaxaHi [2].

13.2. HeicHyBaHH$ i1eaJIbHOT'0 AJITOPUTMY

Sk yxe OyJo 3rajjaHo B MONEPEAHbOMY MyHKTI, 300paskeHHsl | po3risigaeTbes sk
0e3i4 (MOCIIAOBHICTh) 3Ha4YeHb aTpuOyTiB mikcemB. Hagam B wmid Jekiii Bci
AITOPUTMH W TBEPDKCHHS CTAaBIATHCS SK 10 300pakeHb, TaK 1 JO JIOBUIBHHX
MOCITIIOBHOCTEH, €JIEMEHTH KX MOXKYTh IPUIMATH KIHIIEBY KUIbKICTh 3HAUEHb.
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TBepmxenns 13.2.1. He icHye anroputMy, 1o CTHUCKae 0e3 BTpaT OYIb-sIKUM
Ha0lp TaHUX.

28

Icaye 2N nocnigosrOCTEH po3mipy N 6iTis {Ik bz (Oyaemo posrisaaTtu OIT K
MiHIMQJIBHUM HOCIH iH(opMmarii). Hexail HalimeThcs anroputM A Takul, 10
vk =1,..,2%, |A(Jk)| = Mk < |Ii| , e |l| - obcsr manux (IOBKHMHA ITOCIIOBHOCTI).
Hexait M = max My, Toxi M < N. Icaye 2% + 2% + ... + 2M nocnigoBHOCTEH 10BXKUHY,
MeHmoi abo piBroi M. Ane 21422+, +2M = 2M* 12 < ON TIpoTupiyus.

I3 TBepmkeHHS Tpeba, 10 Mae CEHC PO3POOJIATH aITOPUTMH, SKi O €EKTHBHO
CTUCKAJIM TIEBHUU KJIAC 300paKEHb, Yy TOW K€ Yac IS MHUX aJITOPUTMIB 3aBXKIU
OyIyTh iICHyBaTH 300paXeHHS, I IKUX BOHU HE 3a0e31evarh CTUCKH.

13.3. Aaroput™Mu KoayBaHHs J10B:kuHN MoBTOpeHHs1 (RLE)

[eit THUT aJITOPUTMIB (anropuT™Mu KOJTyBaHHS JIOBXKUHU
nosropeHHs2(RLEY))6a3yeTbcss Ha HaiimpocTilioMy NpPUHIMII: OyIeMO 3aMiHATH
MOBTOPIOBaHI TPYNM €JIEMEHTIB BHXITHOI IOCIIZOBHOCTI Ha Tapi (KUIBKICTb,
€JIeMEHT), a00 TIJIbKHU Ha KIJIbKICTb.

13.3.1. RLE — 6iToBuii piBeHb

bynemo posrasgaty BUXiAHI JaHI Ha PiBHI MOCIIIOBHOCTI O1TiB; HAIIPUKJIIAI, 110
IPEICTaBIAIOTh, YOpHO-O171e 300paxkenHs. [limpsia 3Buuaiino ine tpoxu 0 abo 1, i
MOKHA TIaM'siITaTH JIMIIE KUIBKICTh OJHAKOBUX MUGp, IO HIyTh mmiapsa. T.e.
nocaigoBHocti 0000 11111 000 11111111111 BianmoBimae HaOip YMCEN KUIBKOCTEH
noBTopeHb 4 5 3 11. BuHuKae HACTyNHUM HIOAHC: YKCJIA, IO MTO3HAYAIOTh KUIBKICTh
MOBTOPEHb, TAKOXK Tpeda KoayBaThW OiTamMu. Mo’KHa BBaXaTH, IO KOKHE YHUCIO
MOBTOPEHb 3MIHIOETHCS Bij O 10 7 (TOOTO MOYXHA 3aKOAYyBaTH PIBHO TphOMa O1TaMu),
toi mocaigmoBHocTi 11111111111 moskua 3ictaButh yucia / 0 4, to6To 7 ogunmIk, 0
Hy B, 4 ogunauIl. [ mpukiana, mociiIoBHICTh, O cKiIaaaeThes 3 21 ogunui, 21
HyJIs, 3 OOUHUIG 1 7 HymiB 3akoayerbes Tak: 111 000 111 000 111 111 000 111 000
111 011 111, ToOTo0 3 BHXIJIHOI MOCIOBHOCTI, III0 Ma€ JOBXUHY 51 01T, oaepkanu
IIOCJIIJOBHICTH JIOBKUHOIO 36 OIT.

[nest 1bOro METOy BUKOPUCTOBYETHCS TIPU Tepeaadi Ppaxcis.

13.3.2. RLE - 6aiiToBuii piBeHb

[IpunycTtrmo, 110 Ha BX1J] MOAAETHCS HAMIBTOHOBI 300pa)XE€HHs, /1€ Ha 3HAYCHHS
IHTEHCUBHOCTI TKcens npuauisierbcss 1 6alT. SICHO, 110 B MOPIBHSHHI 13 YOPHO-
OUTMM pacTpoM OYIKYBaHHS JIOBFOTO JIAHIIO)KKA OJHAKOBUX OITIB 1CTOTHO
3HIKYETHCHS.

Bynemo po30OuBatu BXimHMIA MOTIK Ha OalTh (OyKBM) 1 KOAYBAaTH MOBTOPIOBAHI
OyKBU Taporo (KUTbKICTh, OYKBa).

To6to AABBBCDAA konyemo (2A) (3B) (1C) (1D) (2A). OmHak MOXYTh
3yCTpi4aTHCs JOBT1 BIAPI3KH JaHUX, /1€ HIYOTO HE TOBTOPIOETHCS, & MU KOJIYEMO
KOXKHY OYKBY mapoto (udpa, Oyksa).

Hexaii y nHac € ¢ikcoBane uucio (0ykBa) M (Bim O mo 255). Toai onuHOUYHY
oykBy = = M MosxHa 3aK0MyBaTH HEIO CAMOIO, — BUXiJ = S, a SKIIO OYKB TPOXH 200
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St M < 5=255 1e guxin = CS, ne C > M, a C - M — KiIbKiCTb OYyKB, 11O M1JIPSI]T
imyTh, S. Jlst mpukIamy mpruBeaeMO TiTbKU aTOPUTM JEKO Ty BaHHSI.
/[ M — (ikcoBaHa rpaHuIs
// 3UATy€EMO CUMBOJIH MOCTIIOBHO 13 BX1IHOTO MOTOKY
I/ in — BXig — cTHCIIA ITOCITIIOBHICTh
I/ out — BuXig — po3mirnieHa mocyiI0BHICTh
while( in.Read( c))
{
if(c>M)
{ // BUmaaoOK MYUIbHUKA
n=c—M;
in.Read( c);
for (I=0; i<n; i++)
out.Write(c);
¥

else // BUIajiok MpOCTO CUMBOJITY
out.Write( ¢);

Jlictunr 13.1. Anroput™m nekonyBanHsi RLE — GaliToBuil piBeHb

Yucino M 3BuvaitHo gopiBHIOe 127. Yacrime BUKOPUCTOBYETHCS MOAMQIKAIISL
IIOTO AJTOPUTMY, JI€ O3HAKOK JIYMJIbHUKA CIYKUTh HAsSBHICTh OIWUHUIL B 2
cTapux 06iTax 3YMTYBaJIbHOTO CUMBOIY. [HIII 6 GiTIB CyTh 3HAYEHHS JIITYMIbHUKA.

Taka monmudikaiiss JaHOTO aNTOPUTMYy BUKOPUCTOBYEThCS y (opmari PCX.
Opnak Momudikallii JaHOTO AJITOPUTMY PIAKO BUKOPUCTOBYIOTHCS caMi IO coOi,
TOMY IO TIKIIAC MOCIIIIOBHOCTEH, Ha SIKUX JAHUW aIropuT™M €(EeKTUBHUMN, BIITHOCHO
By3bKkui. Moaudikailii anroputMy BUKOPHCTOBYIOTHCS SIK OJIHA 31 CTaJlii KOHBEEPA
ctucky (Hanpukian y opmari JPEG, nus. po3ain 13.4).

13.4. C10BHUKOBI aJITOPUTMH

['onoBHa 17€s, O JEKUTh B OCHOBI QJITOPUTMIB JAHOTO THUITY, MOJISATAE B TiM,
[0 3aMICTh KOJYBaHHS TUIBKM II0 OJIHOMY €JIEMEHTI BXITHOI IIOCIIJIOBHOCTI
BUPOOJISETHCA KOAYBAHHS JIAHIIOKKA €JIeMeHTIB. [Ipu 11bOMy BUKOPHCTOBYETHCS
CJIOBHHMK JIAHITFOXKKIB (CTBOPEHUH 110 BXIJIHIN MOCIIIOBHOCTI) JIJIsl KOJyBaHHS HOBUX.

13.4.1. Anropurm LZ77

Januit  anroput™  (anmroputm  LZ774)6ys  oaHuM 3 HepmmMX, IO
BUKOPHUCTOBYIOTh CJIOBHHUK [55]. SIK CITOBHUK BUKOPHUCTOBYIOTHCS N OCTaHHIX yxke
3aKO/JIOBAHUX  €JIEMEHTIB  TOCHIJIOBHOCTI. Y  TpOIeCi CTUCKY  CIIOBHHUK-
MIAMOCHIIOBHICTh  mepemimaerbess  ("'CkoB3a€') 10  BXIOHIA — TIOCIITOBHOCTI.
JIaHIIFO)KOK ~ €JIEMEHTIB Ha BHUXOJ1 KOAYEThCA B TAKUM CHOCIO: ITOJOKCHHS
CIIBIAJAI0Y0i YaCTUHU OOpOOIIOBAHOTO JIAHITIOKKA CJIEMEHTIB Y CIOBHHUKY — 3CYB
(11010 MOTOYHOT MO3MILIT), IOBXKWHA, TIEPIIUNA EJIEMEHT, 110 BUIUIMBAE 3a YaCTUHOIO,
110 30iryacs, JaHIoxkKa. JIoBKiHA JIaHII0KKA 30Ty 0OMEXKY€EThCS 3BEPXY YUCIIOM .
BiamoBimHO, 3aBOaHHS IOJATa€ B 3HAXOMKEHHI HAWOLIBIIOrO JAHIIOKKA 31
CJIOBHHKA, IO 30iraec 3 0OpoOJIFOBAaHOK IMOCHITOBHICTIO. SIKIIO » 30IriB Hi, TO
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3aMUCYEThCS HYJNIBOBHHM 3CYB, OAMHUYHA JOBXKHHA W TUIBKM TICPIIUN CIEMEHT
He3akogoBaHoi mocmmoBHocTi — {0, 1, e}.
Omucana BuIe cxeMmMa KOJyBaHHS MPUBOJWUTH JI0 TOHSTTS KOB3HOI0 BiKHA
(anr. sliding window), 1m0 cKiajae i3 ABOX YaCTHH:
1. mAmOCIiIOBHICTH y)KE€ 3aKOJ0OBAHUX €JIEMCEHTIB JOBXKHUHH N — CIIOBHHK — Oy(ep
nomyky (anri. search buffer );
2. TIiAMOCTIIOBHICTh JOBXHHH N 3 JIAHIIOKKA €JIEMEHTIB, TSl K01 Oyne 3pobieHa
crpoda momyky 30iry — oydep nmomepeannoro neperusaay (anri look-ahead

buffer).

VY TepMiHaxX KOB3HOTO BiKHA aJlTOPUTM CTHCKY OIUCYEThCS TakK: SKIIO €1, . . . ,
i — y’Ke 3aK0/I0BaHa IiMOCTIIOBHICTh, T€ €1-N41, . . ., 8§ — CyTh CJIOBHHUK abo0 Oydep
MOIIYKY, a €i+1, . . . , Ei+n — Oydep MomepeTHpOro Meperisiay. AHAIOTIYHO, 3aBIaHHS

MOJIsITa€ B TMOIIYKY HaWOUIBIIOTO JIAHIIOXKKA €JIeMEHTIB 3 Oydepa morepeaHboro
neperisiay, NMOYMHAIOUM 3 eJEeMEHTa €41, 110 30irae 3 JaHIIOKKOM 3 Oydepa
MOIIYKY — IIeld  JIAaHIFO)KOK  MOXKE TOYMHATHCS 3  OyIb-IKOTO  eJeMEeHTa
e 11— N+ 1=k =1} 3akinuyBaTucs Oyap-ikuM enemeHToM €l :hk =[l=<i+4+mn
TOOTO BUXOAUTH 3a MeXi Oydepa MOIIyKy, BTOprarouuch y Oydep momepeaHboro
nepersay. [IpupoaHo, MO0 BUXOJUTH 32 MEX1 KOB3HOTO BiKHA He MOkHa. Hexait y
KOB3HOMY BIKHI 3HaiJicHa MaKCHMajbHa II0 JOBXHMHI JIAHITIOKOK, IO 301rcs,
CJIIEMEHTIB €i-P, . . , €j+q, TOAI BOHA Oyje 3aKoioBaHa B Takuii cmoci0: {p+1, g+p+1,
Ci+p+q+2} — 3CYB BIIHOCHO MOYATKy Oydepa monepeaHporo meperaiay (1), J0BKHHA
JIAHITIO’KKA, IO 301II0Cs, €JIEMEHT, IO BHINIMBAE 3a JIAHIIOKKOM, IO 30ircs, 3
Oydepa monepeHLOTO Tepersiay. SKIo B pe3yabTati MOIyKy 3HalAeHO JaBa 30iru 3
OJIHAKOBOIO JIOBXKMHOIO, TO BHOHpaeThcs HaWOMmkde 10 Todatky Oydepa
nonepenuboro nepersiay. [licns 11boro KOB3HE BIKHO 3MIMIAEThCS Ha P + ( + 2
€JIEMEHTIB yTmepe/l, 1 mpoleaypa MOITyKy MOBTOPIOETHCS.

Bubip uucen N 1 N € okpemMoro BaKIUBOIO MPOOIEMOI0, TOMY 1110 YuM Ouibie N
1 N, TuM OuIblIe Micld TOTPIOHO nJisi 30epiraHHs 3HAYeHb 3CYyBY W JOBXKHHH.
[IpupoaHo, 1m0 Yyac po6OTH aropuTMy Takox 3poctae 3 poctom N i1 n. Bigznauumo,
110 3Bu4aitHo N 1 N po3pI3HAIOTHCS HA MOPSAOK.

[IpuBenemMo TmpuKIag CTUCKY JaHUM  anropuTMoMm. CTHCHEMO  PSIIOK
"TOBEORNOTTOBE" 3 mapametpamu N = 101 n = 3:

KPOK KOB3HE BIKHO MaKC. JaHITIOXKOK, M0 30IrCs BHX1JI
1 "+"TOB" T 0,1,T
2 "T"+"OBE" 0 0,1,0
3 "TO"+"BEO" B 0,1,B
4 "TOB"+"EOR" E 0,1,E
5 "TOBE"+"ORN" 0 3,1,R
6 "TOBEOR"+"NOT" N 0,1,N
7 "TOBEORN"+"OTT" O 3,1,T
8 "TOBEORNOT"+"TOBE" TOB 9,3,E

Axio BUALIMTH A1 30epiranHs 3cyBYy 4 01TH, TOBXUHU — 2 O1TH, a €JIEMEHTIB —
8 O0IiT, TO MOBXHHA 3aKOJOBaHOI MOCIIOBHOCTI (0€3 00Ky MO3HAYEHHS KIHIIS
MOCIITIOBHOCTI) ckiaae 4 X § + 2 x 8§ + 8 x 8§ = 112 6ir, a Buxignoi — 102 Gita. Y
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IIbOMY BUIIQJIKy MU HE 3)KaJld MOCJIJIOBHICTb, a, HaBMaKH, 30UIBIIWINA HAIMIPHICTh
nojganHs. 1le moB's3aHe 3 TUM, IO JOBXKHHA ITOCIIIIOBHOCTI 3aHAATO Maja JJIs TAKOTO
anropuTMy. AJie, HaPHUKJIAA, MAITIOHOK KOJ0BOTO AepeBa Xadhdmena Ha puc. 13.1,
mo 3aiiMae 420 KiT0OalT AUCKOBOTO MPOCTOPY, IMICIS CTUCKY Ma€ po3Mip OJM3BKO
310 kinobaiurT.
Hwxye HaBeaeHU ICEBAOKO aITOPUTMY CTHUCKY.

Il M - ¢pikcoBaHa rpaHUIIs
// 34UTyEMO CUMBOJIM TIOCJIIIOBHO 13 BX1JTHOT'O ITOTOKY
/] In - BXij - cTUCIIA TTOCIIiOBHICTD
/I N - MaxcuMaJIbHA JOBXKHUHA JIAHIIOKKA
/] pOS - moJI0KEHHS B CIIOBHHUKY, len - TOBXKHMHA JTAHIFOXKKA
/I nelem - exeMeHT 3a TAHIFOKKOM, Str - 3HAMIEHUH JTaHIFOKOK
/I in - BXizx, out - BUXIL
I/ SlideWindow - 6ydep momryky
while( !'in.EOF() ) //moku € nani
{

// llyKaeEMO MaKCUMaJIbHUM 301T 1 HOro mapameTpu

SlideWindow.FindBestMatch( in, n, pos, len, nelem);

// mAIIEMO BUXI1J: 3CYB, IOBKHHA, CJIEMEHT

out.Write( pos );

out.Write( len);

out.Write( nelem );

// 3pyIIMMO KOB3HE BIKHO Ha len + 1 eemMeHTIB
SlideWindow.Move( in, len + 1);

Jlictunr 13.2. Anroputm ctucky metogom LZ77

JlekoayBaHHSI CTHCJIOl MOCHIJOBHOCTI € MPSMOIO PO3IMIKU(PPOBKOIO 3aMUCAHUX
KOJIIB: KOXXHOTO 3aIUCy 3ICTABJISETHCS JIAHIIOKOK 31 CJIOBHHMKA 1 SIBHO 3aIlMCAHOTO
€JIEMEHTA, MICJIS YOTO BUPOOJSETHCS 3pYyIICHHS CJIOBHUKA. OYEBUIHO, IO CIOBHUK
BIJITBOPUTHCS B MIpy pOOOTH alrOpUTMY AEKOAYBAaHHS.

Buano, 1o nporec AeKOAyBaHHS 3HAYHO MPOCTIIIE 3 OOYUCTIOBAIBHOT TOYKH
30py.
/I N - MakcUMaJIbHA TOBXKMHA JIAHIIOKKA
// pOS - MoJIOKEHHS B CJIOBHHUKY, len - TOBXKHMHA JIAHIIOKKA
/I nelem - exeMeHT 3a JIAHIIOKKOM, Str - 3HAWICHUHN JTaHIFOKOK
/I in - BXizx, out - BUXIzX
/I Dict - cnoBHUK

while( !in.EOF() ) //mokwu € nani

{
in.Read( pos );

in.Read( len );
in.Read( nelem);
if(pos==0)

{ //HOBHUI OKpEMUI CUMBOJI
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//BUIANSEMO 31 CIIOBHHMKA MEePIINH (JaleKuii) OJuH eJIEMEHT
Dict.Remove( 1);

//mo1aeMO B CIIOBHHK €JIEMEHT

Dict.Add( nelem );

out.Write( nelem );

}

else
{
//CKOTIIIOEMO BIJITTOBITHUM PSIIOK 31 CIOBHHUKA
str = Dict.Get( pos, len );
//BAUIAIUMO 31 cJIoBHMKA len + 1 ereMeHTIB
Dict.Remove( len +1);
//JlomaemMo B CIIOBHHUK JIAHIIOKOK
Dict. Add( str + nelem );
out.Write( str + nelem);

Jlictunr 13.3. Anroput™

JlaHuit aaropuT™M € POJOHAYATLHUKOM IIJIOTO CIMEHCTBA ajJrOpUTMIB, 1 CaM TI0
co01 B CHOKOHBIYHOMY BHJII TPAKTUYHO HE BUKOPUCTOBYEThCA. Jl0 MOro TOCTOIHCTB
MOYKHa BIJIHECTH MPUCTOWMHUHN CTYMiHb CTUCKY HA JOCUTH OUIBIIMX MOCIJOBHOCTSX,
IIBUIKE PO3MAKYyBaHHsA, a TAKOX BiICYTHiCTh maTeHTy2Ha amroputm. Jlo HemoNmiKiB
BIIHOCSITh TMOBUIbHY IIBUAKICTH CTHUCKY, a TaKOXX MEHIIY, YAM B aJbTEPHATUBHUX
AIrOPUTMIB, CTYMIHb CTUCKY (MOIU(]iKaLi aIrOpUuTMy OOPIOTHCS 13 LIUM HEJIOIKOM).
Cnonyuenns anroputmiB Xadpdpmena (Huffman) (muB. posminm 13.5) 1 LZ77
HasupaloTh MertojoM DEFLATE® Meroq DEFLATE  BHKOPHCTOBYETHCS B
rpadiunomy dopmari PNG, a Takox B yHiBepcaabHOMY (hopmaTi cTUCKy ganux ZIP.

13.4.2. Anropurm LZW

Januit anroputm (anroput™ LZW2D)e Moaudikalicro iHIIOrO METORy Bif
Abpaxama Jlemmens (Abraham Lempel) i SIko6a 3iBa (Jacob Ziv) — LZ78 [56].
ABtop momudikamii — Teppt Yemu (Terry Welch) [51]. CnoBauk y mnaHomy
QITOPUTMI SBJISIE COOOI0 TAONUITIO, IO 3aMOBHIOETHCS JIAHITIOKKAMH E€JIEMEHTIB Y
Mipy poOoTu anroputmy. llpuuomy mijg Yac JeKOAyBaHHS CIIOBHUK Oyne
moOyJOBaHUN aBTOMAaTUYHO, OTXKE, HEMae MoTpeOu 30epiraTd HOro pasoMm 3i
CTHUCJIOIO TOCTIOBHICTIO. 3BUYAHO TAOIMIlS 1HIMIATIZYEThCS TaK, IO TEPII PIIKH
3alIOBHCHI BCIMa PI3HMMH JIAHIIO)KKAMH 3 OJHOTO eJIeMEeHTa. Y IIPOIeCl CTHUCKY
BIJIIYKYETHCSI HAWOIBII JOBTUH JIAHLIOKOK, YKe 3anucaHa B cioBHUK. [1lopas, konu
HOBUH JIAHITIOXKOK €JICMEHTIB HE 3HAWJICHUH y CIIOBHHUKY, BOHA JIOJA€THCS B CJIOBHUK;
IPU LIbOMY 3alIUCYETHCS KOJI JIAHIIFOKKA, JIJIS1 SIKOi € 301r 31 CJIOBHUKOM. Y Teopli Ha
pO3Mip TaOJIMII HE HAKJIAIa€ThCsl 0OMEXEHb, OJTHAK OOMEKEHHSI Ha pO3Mip J03BOJIsIE
MOJIMIIUTH CTYMiHb CTUCKY, TOMY III0 HaKOMUYYIOThCS HENOTPpiOHI (MOXKIIUBO, IO
OlbIIIe HE 3yCTPIYaIOThCS) JIAHITIOKKA. UMM OLIbIlle BXOJKEHb Ma€ TaOJUIls, TUM
Oinpme iHMopMamii TOTPiIOHO BHAUIATH s 30epiraHHs KoJiB. BiamosigHO
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PE3EPBYEThCS CIELIAIBHUN KOJ, 10 T03HAYa€ OYMINCHHS Tabuuil (TOYHIIIE,
MIPUBEIEHHS ii 0 BUXITHOTO CTaHy).

/I elem - ememenT, chain - JaHIFO)KOK €JIEMEHTIB

/l'in - BXizx, out - BUXIT

/] Table - Tabaums naHIrOKKIB

/l Table.Find - moBeptae ko, 1o BiAmoBigae

// mautrokky (0 iHAKIIIE)

str =""; // TOPOXKHI JTAHITIOKOK
while( in.Read( elem ) ) // moku € nani
{

// IEpEBIPSEMO, € UM BXKE B TaOIUI[I HOBUM JIAHITIOKOK
if( Table.Find( chain + elem))
{ /e
// 306epexeMo HOBHI JIAHIIOKOK JIJIs1 MalOYTHIX TIEPEBIPOK
chain = chain + elem;
}
else
{ // nemae
// 3amMIIeMo Ko, mo BiamoBigae chain
out.Write( Table.Find( chain) );
// 1o1a€MO B CJIIOBHHUK
Table.Add( chain + elem);
chain = elem;
}
}

//3aUIIAETHCS OJIMH HEOIpallbOBAHUH JTAHITIOKOK
out.Write( Table.Find( chain ) );
Jlictunr 13.4. Anroputm ctucky LZW

PosrnsiueMo mpukiiaz CTUCKY alroputMoM. bynemo, sk 1 B TONEpeIHBOMY
nyHkTi, ctuckatu psanok TOBEORNOTTOBE". Hexaii Tabmuug iHiniagizoBaHa
256 cumBonmamu koay ASCII. Ilpunmyckaemo, 110 TaOaUIE MOXKE MICTUTH
512 BXOomKeHb, TOOTO HaM MOTPIOHO 30epiratu 9 OIT ST KOXKHOTO KOMdY; IS
3pY4YHOCTI HEXal BUXIJTHUM CIIOBHHUK BUTJISAIA€ TaK:

PAIOK KO
1

Z o mwmW O -
o o~ w N

CLT 256
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Tyt CLT o3nadae "ouuctutu (iHIMIQTI3yBaTH) TaONMIO" camMui JTOBTUM
JAHITIXKOK, 110 30ircst, — "T", Buxig — {1}, cIOBHHK:

PAITOK KOJI
T 1
O 2
B 3
E 4
R 5
N 6
CLT 256
TO 257
caMHil JOBTUi JAHIIOXKOK, 0 30ircsa, — "O", Buxig — {2}, CIOBHHK Ma€ TaKHi
BUTJISIL
PAOOK KOJ
OB 258

JHami  momiOHMM  4YMHOM Yy BHUXIJ  3alHCY€ETbCA  IOCIHIJIOBHICTD

{3HAH1H5}{6}{2}, micna mporo cammii AOBTMH JIAHIOXKOK, 1o 30ircs, — "T",
Buxia: {1}, CIOBHHK Ma€ TaKui BUTIIS;
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PsLIOK Ko

TO 257
OB 258
BE 259
EO 260
OR 261
RN 262
NO 263
oT 264
TT 265
caMHil JOBTHi JIAaHIIOKOK, 1o 30ircs, — "TO", Buxim: {257}, CIIOBHUK Ma€ TaKHii
BUTJISI:
PATOK KO
TOB 266

caMuii TIOBI'HMi JIAHIIFOXKOK, 1110 30ircs, — "BE", Buxia: {259}.

Yy pe3yJbTari 3aK0J0BaHa IMOCJI1IOBHICTD BUTJISAIAC TaK:
{CLTHIMH2}BHAHLHOHOH2H{1H{257}{259}  (3BuuaiiHO Ha  MOYATKY
3aKOJI0BAHOI IMOCJIOBHOCTI 3aIlMCYIOTh KOJI OYHMIIEHHS TaOJMI JUIs CIPOIICHHS
nekojsiepa). OtpuMana mociiioBHICTE Mae oOcar 108 6iT (6e3 00Ky Mmo3Ha4YeHHS
KIHIIS TIOCTIIOBHOCTI), mo Ounbie, HiK BuxigHa (104 6ita). Y mpoMy BUMAIKY 1€
00YMOBJICHO 3aHAATO MAaJiOl0 JOBXKHHOI BHXIJHOI MOCHigoBHOCTI. OmHAK yKe
sragyBanuii puc. 13.1 komoBoro aepeBa Xad@dMeHa CTUCKYETHCS 32 JOIMOMOTOIO
AaHoro anroputmy 3 BuxigHux 420 xino6aitt 10290 kinoOauT.
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/I chain - MaHLI0XOK HE3AKOLOBAHUX EJIEMEHTIB

/I in - BXizx, out - BUXILT

/I lcode, code - eteMeHT 3aK010BaHOI TOCIII JOBHOCTI

/] Table - Tabaus naHIOXKKIB

Il Table.Get(code) - moBepTae JaHIIOKOK 3 KOJI0M code

Il Table.IsOccupied(code) - € yu 3anuc y clIOBHUKY 1151 code
Il Firstelem(chain) - moBeprae mepimii €JIeMEHT JaHITFOKKa

while( in.Read( code ) ) // moku € nani

{
if( code == CLT ) /mpounTtanuii KoJ OYUIIEHHS TaOInIIi?
{ // na
Table.Init();
If ( !in.Read(code) ) break; // 611bp111€ HEMae 1HpoOpMartii
out.Write( Table.Find( code ) );
Icode = code;
}
else
{ // nemae

if( Table.IsOccupied( code ) )
{
out.Write( Table.Find( code ) );
// 3aIIOBHIOEMO CJIOBHHUK HOBHUM JIAHIIFOKKOM
Table.Add( Table.Find( Icode ) +
Firstelem(Table.Find( code) ) );
Icode = code;
¥
else
{ // code He mae BIJIMOBIAHOTO JIAHITIOKKA
chain = Table.Find( lcode ) +
Firstelem( Table.Find( Icode ) );
out.Write ( chain ); // 3anuiemMo JaHIFOXKOK
Table.Add ( chain ); // 1 togamo B TabnHIIIO
Icode = code;

}
}

b
Jlictunr 13.5. Anroputm nekonyBanus LZW

JlexogyBaHHsl mojsirae B TOpsMid  po3mu@poBLl KOAIB, TOOTO B MOOYAOBI
CJIOBHUKA ¥ BUBOJY BIJMOBIIHUX JIAHIFOXKKIB. CJIOBHUK 1HIIIIOETHCS TaK CaMo, 5K 1 B
KOZEPI.

J10 TOCTOTHCTB aArOPUTMY MOKHA BIJTHECTH BUCOKHH CTYMiHb CTUCKY W JIOCUTH
BUCOKY WIBUJKICTh SIK CTHUCKY, Tak 1 posroptadHi. [0 HeIOdiKiB JIOHETaBHA
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BIJIHOCWJIM TIATEHTHY 3aXMIIECHICTh aIrOpuTMy, OJHaK 13 cepeaunu 2004 poky nei
HEJIOJIIK HE aKTyaJIbHHM.

HaBenenuit Buie anroputM Mae O0e3miu Moaudikaiid, HampukiIaa: pi3Hi
BapiaHTH TIOJAaHHS TaOJHWIL 1 MOIIYKy B HUX, 3MIHHa JOBXXHHA KOJMIB 1 T.H.
Momudikamii LZW BUKOPHCTOBYIOThCS B 0€3Iiui  apxiBaToOpiB  3arajabHOTO
MpU3HAYEHHS, a TakoXkK y Takux Gopmatax sik GIF 1 TIFF.

13.4.3. AIrOpUTMH CTATUCTHYHOTO KOAYBAHHS

ANTOPUTMHU CTATUCTUYHOTO KOIYBaHHS CTaBIIATH Yy BIAMOBITHICTH KOKHOMY
€IEeMEHTY TOCIIITIOBHOCTI KOJ TakK, MO0 HOro JOBXKHMHA BiAIMOBi/Iajda WMOBIPHOCTI
MOSIBU €JieMeHTa. TakuM YMHOM, CTHUCK BiOYBa€ThCS 3a paxXyHOK 3aMiHH €JIEMCHTIB
BHUXIHOI IOCJIOBHOCTI, III0 MAalOTh OJIHAKOBI JOBXHHH (KOXKHHUU €JIEMEHT 3aiiMae
OJIHAKOBY KUJIBKICTb OIT), Ha €JIEMEHTH PI3HOI JOBKUHU, MPONOPIIIITHOT HETATUBHOMY
sJorapudmy BiJl IMOBIPHOCTI, TOOTO €JIE€MEHTH, 10 3yCTPIHAtOThCS YaCTIIIe, HIXK THIII,
OynyTh MaTh KOJ MEHIIO1 JMOoBXWHU. BiamoBimno no teopemu IlleHHona mpo
KOJIyBaHHS JpKepesa 0e3 mepemkon [5], ontumanbHa JOBKUHA Takoro koay € — 10Qs
P, 1e P — IMOBIPHICTh IMOSBU €JIEMEHTa y BXIJTHIA MOCIIJIOBHOCTI, a S — MiJCTaBa
CUCTEMU YHCIICHHS, Y SIKI MPEACTaBISETHCS 3aKOI0BAHUN €IEMEHT (KO €JIEMEHTA).

13.4.4. Anroputm Xaddmena

Anroputm XaddmenallBukoprucroBye ocobnuBuii BUA NMOJAHHS EIEMEHTIB —
npegikcanii koa. IlpedikcHuil koA — 1Ee KOJ 3MIHHOI JOBXHHH, IO BOJIOAIE
OCOOJIMBOIO BJIACTHBICTIO — BJACTHBICTIO Tpedikca: MEHII KOPOTKI KOAW He
30iraroThcsi 13 mpedikcoM (MOYATKOBOIO YACTHHOK) Ounble MOBrux. Takui Kon
JI03BOJISIE  3IIACHIOBATH B3a€MO-OJTHO3HAYHE KOJyBaHHA. BiamoBigHO, MOTPIOHO
noOyayBaTH CcrHoci®d CTHUCKY, IO BUKOPUCTOBYE Mpe(iKCHUM KOA 1 MpH I[HOMY
3a0e3neuyounii MakKCUMaJIbHO MOJIMBUNA CTYMmiHb CTUCKY. Dopmanizyemo
3aBAaHHS.

JlaHo Ha BXOI:

Andasit A={as, ..., an}

besmu P = {p1, . . . , Ppn} — po3moAiN iMOBiIpHOCTEH TMOSIBH ab0 TaOIUIA
KinbKocTeil exeMeHTiB 3 A, pi = Prob(a), 1 =1 < 7. Jlani P: € P Gynemo nasusaru
Barox a;.

HeoOx11H0 Ha BUXO/I:

Kon (an(baBlT) H(A P) = {hy, . .., hn} — Habip koxiB (mani GiHAPHUX), TaK IO
h; = Code(a;), 1 =

3aBIaHHA:

HexaitS () = 2iz pi - 1(:) | pe I(hi) — moBsxuna komy hi. S(H) — 3Baxena

JTOBXHHA IIJISAXY (MOSICHEHHS! JAHOTO TEPMIHA JTUB. HUXKYE).

ITotpi6HO, 106 H 6ysi0 onTUManbHO, TOOTO

S(H) < S(T) WT(A,P).

Anroputm Xadbdmena e pimeHHsM gaHoro 3aBaanus [36], [37].

[ToObymoBa HAOOPY KOMIB 3BHYAWHO 3IIACHIOETHCS 3a JOMOMOTOI0 TaK 3BaHUX
KOA0BHX JAepeB. [IpurnycTumo, M0 BUKOPUCTOBYIOTHCS OlHApHI KOJH, TOJ1 JAEPEBO
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Oyne OiHapHuM (y 3arajJibHOMY BHIIQJIKy CTYIIHb PO3TaNTY>KEHHS 3aJICKHUTh Bij
MiJCTaBU CUCTEMHU YHMCIICHHS MOJaHHS KOMiB). TepMiHabHI BY3JIHM JepeBa MICTATh
caM eneMeHT an(dagiTy, Horo Bary, MOCHJIAHHS Ha OaThKIBCBKHM BYy30J (BTIM, II€
3aJIeKUTh Bl KOHKPETHOI peanizaiii). BHyTpimHI By31M MICTATH CyMy Bar CBOIX
BY3JIIB-HAIIQJKIB, TIOCWJIAHHS Ha BY3JIHU-HAIMAIKA ¥, MOXJIMBO, TOCHJIAHHS Ha
0aThKIBCHKHM BY30JI. PeOpam nepeBa 31CTaBISIIOTHCS HYJb 1 OJUHHMI, JUIS JIBHX 1
npaBux BianoBiAHO. [loBHICTIO 10OyAOBaHE JepeBO Mae N TEPMIHAIBHUX BY3IIB 1
N-1 BHyTpimHIX. PoOsTan mpoxi Big KOPEHs 0 TEPMIHAIBLHOTO By3Jia i BUITUCYIOUN
mo nmusixy O 1 1 ang pebep, 1m0 3yCTpiduarOThCS, OJIEPKUMO KOJ €JIEMEHTa B
TePMIHAIBHOMY BY3JIi.

Tenep craB 3po3yminuii 3mict Ha3zBu S(H), Tomy 1o gosxkuna koxy I(hi) cyts
JOBXHMHA MIJISTXH B1J KOPEHS 10 BIAMOBIAHOI TEPMiHAIBHOI BEPILIMHU.

OmnumemMo anroput™ noOyA0BH KOA0BOT0 AepeBa XadgmeHna.

1. CtBOpUTH N TEpMIHAIBHUX BY3JIB MO YKCIY €JIEMEHTIB B andaBiTi. Y KOXHUI
BY30J1 3alMCaTH BIJAMIOBIAHI Bary.

2. CtBopuTtH 0aTHKIiBCHKHI BY30JI 1 3'€JHATH 3 HUM JIBa BIILHUX (TOOTO HE OATHKH,
[0 MalwTh) By3Jia 3 MIHIMAJIBHUMU BaraMu, 3allMCaBIIM B HHOTO CyMYy Bar
Oe3mnocepeHIX HAIIaIKiB.

3. Skmo KiMbKICTh BUIBHHMX BY3JIIB OijIbIIE OJHOTO, TO TMEPEHUTH IO MYHKTY 2.
Inakuie nanuii By30:1 — KOpiHb aepeBa Xaddpmena.

[Ipomec cTHcKy mossrae B 3aMiHI KOXKHOTO €JI€MEHTa BX1JIHOi IOCIIJIOBHOCTI
roro xogoM. Ctucaemo HactynHuit psiok "TOBEORNOTTOBE",
1. Cknagemo TaGIHIIIO Bar:

eJeMeHT andaBiTy

Bara
2. IToOymyemo nepeBo Xaddmena (aus. puc. 13.1):

— TPOIHILIIEM JIEPEBO TEPMIHATBHUMU By3JIaMH,

— ctBopuMoO OatbKiBchkuii By30a N1 nmst By3niB enementiB "N™ 1 'R" 3 Baroro 2;

— cTBOpUMO OatbKiBChbKUid By30a N2 115 By3na enemenrta "E" 1 By3na N1 3 Baroto 4;

— cTBOpUMO OatbKiBchbkuid By30a N3 st By3niB enementiB "T" 1 "B" 3 Baroto 9;

— cTtBOopuUMO OatbKiBChKU By301 N4 mist By3ma enementa "O" 1 Byzna N2 3 Baroro

— ctBopuMO OatbKiBchKkuid By30a NS st By3miB N3 1 N4 ¢ Baroro 13.
3. TIpoBenemo komyBanHs. CkiIageMo sl 3py9YHOCT TaOJIUIIO KOJIB:

€JIEMEHT andaBiTy | E R N

KOJI 0 o 1 010 0110 0111

4. Omxe, onepxxumo nocaigoaicts 10 00 11 010 00 0110 0111 00 10 10
00 11 010",
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OTpuMaHa TMOCHITOBHICTE Mae JOBXHUHY 32 Oita. BuxigHa, SIKIIO BBaXXaTH

andasitrom HaGip ASCII — 104 6ita, skmo BBakaTth andaBiTOM TUIBKH HAOIp
"TOBERN" — 39 6ir.

JNerenaa eysna:

o o> o e = o
Puc. 13.1. Ilpuxnan nepeBa Xaddmena

[TomiTiMO, 10 B Tiporieci MoOyJ0BM JE€peBa BUHUKAIA HEOJHO3HAYHICTH Y
BUOOpP1 JBOX BY3JIB Uisi 00poOKW. Y HamiM mnpukiaai BuOip OyB 3poOseHuil Ha
KOPUCTh HAOYHOCTI TMOJ@HHS, OJHAK HISKOTO BIUIMBY Ha SIKICTb CTUCKY BOHO HE
poOUTE.

JlexoayBaHHS 3/IIACHIOETHCS TIPSIMOIO 3aMIHOIO KOAY Ha BIAMOBIIHUN eleMeHT. |
B CHJIy TOTO, III0 BUKOPUCTAHO NMpediKCHUN KO, He OTPIOHO BiJA3HAYATH MOYATOK 1
KIHEIlb YePTOBOT0 KOy .

Hapenennii Buie anroputM € aBoxnpoxigHuMm. Ilepmmit  mpoxig 1o
300paKEHHIO CTBOPIOE TAOJUIIO KUIBKOCTEH (Bar) eleMEeHTIB, a MiJ Yac JIpYyroro
BiIOYBAETHCS KOJyBaHHA. [CHYIOTH peaiizallii aliroputMy 3 (hiKCOBAHOIO TaOIHUIIEIO
(CCITT Group 3 — BHUKOPHCTOBYETHCS Ul Imepenavi (haKCUMIIbHUX 300paXKCHb).
Yacto OyBae, 10 HaM HEBIJAOMO ampiOpHUN PO3MOAIT IMOBIPHOCTEH E€JIEMEHTIB
andaiTy, TOMY 1110 HaM HE JIOCTyITHA BCsI MOCIIIOBHICTh BiJipazy. A00, HaNpUKIa,
O0akaHo TO30yTHCS BiJ HEOOXITHOCTI 30epiratv TaOJUIKO Bar Jjis JEKOJyBaHHS.
BignosigHo, Oynu 3anpornoHoBaHi aganTuBHI Moaudikaiii anroputMy Xaddmena.

PosrinssnemMo mMoaudikamio aiaropurMmy, y SKiil aepeBo OyAyeTbCs B MIpy
HAJIXO/PKEHHS HOBUX €JIEMEHTIB Tak, 1100 30epirajgacs BHOPSJIKOBAHICTh MO Baram
BY3JIiB. YTIOPSIIKOBAHICTh HACTYITHOTO BHJY: TIPU MPOXOJ1 KOKHOTO DPIBHS JEpeBa,
MOYMHAIOYH 3 HIKHBOTO JIIBOPYY MPaBOpPYY, Baru By3idiB He yOyBaroTh. [loOymoBa
JiepeBa BUKOHYETHCS B TAKUM CIIOCIO.

o Ha mepmomy kportti Oyayerscs 3Buuaiine aepeBo XaddMena, yBakaruu, 110
Baru BCIX BEPIIMH piBHE (Take JepeBo Oy/ae BHOPSAKOBAHUM y 3a3HAUCHOMY
BHIIIC 3MICT1).

o [Ilpu HagXOMKEHH] UEPTOBOTO €JIEMEHTA BUKOHYETHCS HACTYITHE:
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o EJEeMEHT KOAYEThCS;
o 30UIbIIyeThCA 3HAUYEHHS Baru y BIAMOBIIHOMY TEPMiHATLHOMY BY3i;
o 30UIBIIYIOTHCS 3HAUYEHHS Bar y BIAMOBIJHUX BEpIIMHAX MO HUISIXY BiJ
LbOT0 By3JIa 10 KOPEHS;
o SIKIIO TICJS IILOTO BIOPSIKOBAHICTH JepeBa MOPYyIIEHa, TO:
= IS Takoro By3ma (A) cepem CyCimiB TpaBOpyd IIYKAETHCS
KpaitHiit By3on (b), Bara sikoro MeHiie;
 By3Id A u b MIHAIOTBCS MICISIMH, TIPH I[bOMY Barv BY3JiB Ha
NUIAXax BIJ TEPEeCcCTaBICHUX [0 KOPEHS  KOPEKTYIOThCS
BIJIIOBIJHUM YHHOM;
o SIKIIIO AEPEBO 3HOBY 3, TO 3HOBY BUKOHYETHCS MOMEPEAHIN KPOK.

JlekoryBaHHS BHUKOHYETBCS 3a aHAJOTIYHOIO CXEMOIO: iHiIiasi3alis JepeBa,
oJiepKaHHS KOy, po3mH(pOBKa, BITHOBJICHHS JepeBa, repedyioBa jepeBa (SKIIO
HEOOXIJIHO), 1 T.]I.

Anroput™m XaddhmMmeHa BUKOPUCTOBYEThCA Ha OJHIN 31 CTaAill CTUCKY y (popmarti
JPEG, sax cknagoBa yactuHa metony DEFLATE, a Takox y OaraThoX 1HIIUX
yVHIBEpCaJbHUX Kojaepax. Xodya JaHWUH METOJM YCTYyMae€ II0 CTYMEHI CTHCKY
apu(pMeTHIHOMY KOJyBaHHIO, HOT'0 MPOCTOTA, IIBUAKICTh 1 TEPMIH, 110 3aKIHYMBCH,
111 TaTEHTIB 3a0€3Me4yI0Th IUPOKY MOIIUPEHICTb.

13.4.5. ApudpmeTHdHEe KOTYBAHHS

KracuyHi CcTaTMCTHYHI ~ QJITOPUTMHU  3ICTABIISIIOTH  €JIEMEHTY  KOJYIOuOl
MOCJIIOBHOCTI SIKUHCh KOJ. AJNTOPUTMU apuPMETHYHOIr0 KOJAYBAHHS KOAYIOTb
Bifpasy JAHIIOXKOK ENEMEHTIB y 4ucno-mpid | 0<f< 1.,][40]. [Ipu ubomy
BPaxOBYETHCS PO3IOI1T IMOBIPHOCTEH IMOSBU €JIEMEHTIB Y ITOCI1JOBHOCTI.

Hexait a;, . . ., @, - asipaBit, BCi MOXKJIMB1 OJHOCIEMEHTHI JIAHITIOXKKH; P1, . . . ,
Pn — IMOBIPHOCTI TI0siBU enieMeHTiB (Bar) (P; = Prob(a;)). Po3i6'emo HamiBinTepsan [0,
1) Ha N HemepeciuHuX HamiBiHTEepBamiB |1, . . . , |y, 10 BIAMOBIZAIOTH CIIEMEHTAM
ai, . .., an, IPUYOMY JIOBXKHHA |; IporopiiitHa .

Hami 6ynyeTses api0, 1m0 Koaye: BUPOOIISIEThCS TTOOY/I0Ba CUCTEMHU BKIIQJICHUX
HaIlIBIHTEPBAIIB TaK, 110 KOXXHUW HACTYNHHUI HaMiBIHTEpPBaJ 3aliMa€ B IOIEPEIAHE
MiCIIe, 1[0 BIAMOBIAAE MOJOKEHHIO €JIEMEHTa Y BUXIJTHIA pO30MBIIl HaIiBIHTEPBATY
[0, 1).

Kopotko nporiec Burisgae Tax:

— 34YHUTYBaHHS YE€PrOBOTO €JIEMEHTA;
— BUOIp BIAMOBIAHOTO HAMIBIHTEPBATY 3 PO30OMBKM MOTOYHOTO HAMIBIHTEpPBaIy (Ha
nepiiomy kporti — [0, 1)).

[To 3akiHUEHH] LBOTO MPOLECY MOXHA B3SITH OyAb-sIK€ YKCIIO 3 HaIlIBIHTEPBAY,
10 BUMIIOB. 3BUYaiHE YMCJIO BUOMPAIOTh Tak, MI00 HOro 3amuc y ABIMKOBOMY BHI
Oyna camoi KOpOTKOro. TakoX YacTo HaKJIAQJaloTh OOMEXEHHs Ha JOBXHUHY
JBIKKOBOrO ApoOy, mo Buinuio. Ilpu mepeBUIIeHH] HBOrO0 OOMEXEHHS MOTOYHUN
Ipi0 BHUBOJMUTHCS, 1 MOYMHAETHCS CHOYATKY (POpMyBaHHS HOBOI, IO JOMOBHIOE
nonepeaHio(ue).

Il elem - enemenT
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/I In - BXizx, out - BUXIL

/I cleft - moTouna iBa rpaHUI HaIiBIHTEPBATY

/[ cright - moTouyHa mpaBa rpaHUIsI HAiBIHTEPBATY
Il interv - MmacuB rpaHUIb y BUXiTHIA PO30OHBII

cleft = 0;
cright =1,
while( in.Read( elem ) ) // moku € nani
{
// TOBXXMHA TTOTOYHOTO HAMIBIHTEPBATY
d = cright - cleft;
// 0GYMCIMMO TPaHUIll HOBOTO HaIliBIHTEPBAITY
cright = cleft + d*interv[elem].right;
cleft = cleft + d*interv[elem].left;
}
// mrykaemo npi0 ycepeauHi [left, right)
frac = Between( left, right );
out.Write( frac);
Jlictunr 13.6. Anroput™ apu@mMeTHYHOTO KOJTyBaHHS

Crucuemo HactynHy nociinoBHicts ' TOBEORNOTTOBE".

CKH&I[GMO Ta6J'II/II_[IO Bar:

eJeMeHT andaBiTy

Bara

[ToGymyemo po30uBKy HamiBinTepBay [0, 1):

0 2/13 4/13 5/13 9/13 10/13
I | L L

B E N O R T

10

]

— Ha Bxoxi T, Toai npaBa rpanuls HamiBiHTepBaly Oyae 13, jiBa - 1, ToBxuHa - 13;

145

167

— Ha Bxoni O, Toa1 npaBa rpaHuIs HamiBIHTEpBaLy Oyjae 169, JiBa - 169, JOBXKHUHA -

12

160,

1385

la04

— Ha Bxoxi B, Toai mpaBa rpanuiis HamiBiHTepBaTy Oyae 2197, JliBa - 2107, JOBXKHHA

24

- o7

k=
1

-]

— Ha Bxomi E, Tonmi mpaBa rpaHuisl HamiBiHTEpBally Oyne
18
JOBXKWHA - 2197,
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' , . 26068081T264860
— Ha Bxomi E, Toni mpaBa rpaHuiisi HamiBIHTEpBaJly OyJie 302876106502253, JIiBA -
2606808173 75461 110592
302875106602255 , JJOBXKUHA - 302875106602263 ,

JIBiiikoBuil api6 MoxkHa B3sATH Taky: 0.1101110001010110000001000000101,
TOMY IO JBIMKOBHM 3alMC TPaHUIIb IT1ICYMKOBOTO HaIllBIHTEpBay HACTyITHA: JiBa -
0.1101110001010110000001000000100111010011000101101, npaBa -
0.1101110001010110000001000000101101100100100100001.

3akoj0BaHa TOCHIIOBHICTh Mae JoBXHMHY 31 01T. BuximHa, sKIIO BBaKaTH
angasirom Habip ASCIl — 104 6ita, skimo BBakath andaBiTOM TUIBKK HaOIp
"TOBERN" — 39 6ir.

JlexogyBaHHsT TOJdSTaE B po3mudpOBI ApoOy MO BITOMOMY PO3MOALT
HMOBIPHOCTEH TIOSIBM €JIEMEHTIB y mociigoBHocTi. OTke, moTpiOHO 30epiratu abo
nepeaaBatv iH(OpMAIlIO TTPO PO3MOALT IMOBIPHOCTEH MOSIBU eleMeHTIB. s Toro
1100 OOIUTH 111 BUMOTA, a TAKOXK ISl TOTO 100 Mo30yTHCS Bl HEOOXITHOCTI pOOUTH
JBa TPOXOJX II0 IOCTIIOBHOCTI, OYyJM 3ampOIOHOBaHI aJanTHBHI Moaudikaiiii
aNTOPHUTMY.

/I elem - eemeHT, in - BXix, out - BUXIJ

// interv - MacuB rpaHULb Y BUXITHIN pO30HUBII

/I frac - npi6, mo Koxye

/[ cleft - moToyHa JiBa rpaHUIlS HAIiBIHTEPBATY

/[ cright - moToyHa mpaBa rpaHuIlsd HAIBIHTEPBATY
I/l nelem - KiJBKICTH €IEMEHTIB, 3aKOJ0BaHa JPOOOM

I = nelem;
in.Read( frac );
while( 1> 0 ) // moku Tpebda nekomyBaTu
{
// ITyKaeMO €JIEMEHT M0 Apo01 i1 po30MBLII HaIIBIHTEPBALY
elem = GetElem( interv, frac);
out.Write( elem);
// 0GYMCIMMO TPAHUIIl HATIBIHTEPBAITY
cright = interv[elem].right;
cleft = interv[elem].left;
// nOBKHWHA HAMIBIHTEPBAILY
d = cright - cleft;
// mepeTBOpUMO JIpi0
X = (x - cleft) / d;
// Bi1A3HAYMMO 00pOOKY 4eproBOro eJIeMeHTa

i-i--;
Jlictunr 13.7. Anroputm apudmMeTHUHOTO AEKOAYBaHHS

Omumemo imero amantuBHOI Momudikaiiii. CIIOKOHBIYHO TMependadaeTbes, Mo
MOsIBa BCIX €JIEMEHTIB PIBHOMOXJIIMBA. Y Mipy HaJXOKEHHS HOBHX €JIEMEHTIB Baru
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11 po30MBKa HaIIBIHTEPBAIY KOPEKTYIOThCA. [Ipu AeKoyBaHHI TaKOX 31MCHIOETHCS
KOPEKIIisl MiCJIsi 00pOOKH Y4eproBOTO EIeMEHTA.

ApudmMeTnuHe KOMYBaHHS € Maibke ONTHMAJIBHHM BHJIOM KOJYBaHHS, TOOTO
Ja€ KOJM, Maike PiBHI JOBKHMHAM ONTHUMAaJIbLHUX KOAIiB 3 TeopeMu lllernona. OmHak
Taka e(EeKTUBHICTH JOCATAETHCS 32 PAXYHOK OILTBIIMX OOYHCIIIOBAJIBLHUX BHUTpAT.
[cHyrOTE MOAM(pIKAIi ANTOPUTMY, IO BUKOPHUCTOBYIOTh TUIBKH OTepallii 3pymieHHs
i momaBaHHS 0€3 pO3MOALTY i MHOXEHHS JIJIsl TPUCKOPEHHS Tpoliecy KoayBaHHs. Ha
’KaJjb, IPAKTUYHO BCl Taki MoaudikaIlii 3axuiieHi nateHTamu. YacTuHa 1uX maTeHTIB
y’Ke€ MaloTh TEPMiH, IO 3aKIHYUBCS, [1i, 1HIIA YaCTHHA — HeMae. TakuM YUHOM, Y
MIpy BUTIKaHHS CTPOKIB IMAaTEHTIB e(EKTHBHI peaiizaiii Moaudikaiiil aaropurmy
apu(METUYHOTO KOAYBaHHSA OYyIyThb BUTICHATH adroput™ Xaddmena B chepax, ae
IPOJYKTUBHICTh HE € KPUTUYHOIO BUMOTOIO.

1) 3arajgoM Kaxyuu, T1aHui (GopMaT TaAKOXK MIATPUMYE CTUCK i3 BTpaTaMH.

2) Y mitepaTypi 4acTo 3yCTPIida€eThCs ¥ 1HIA Ha3Ba — IPYIIOBE KOTyBaHHS.

3) anri. Run Length Encoding

4) Ha3panwmii o iMmeHax aBTOpiB AOpaxama Jlemmens (Abraham Lempel) i
Sxo6a 3uBa (Jacob Ziv). Ony6aikoBanuii B 1977 porii.

5) nmokymeHT, 1m0 3a0e3leuyye BHKIIOYHE TPAaBO EKCILIyaTyBaTH BHHAXIJ
MPOTATOM BIJJOMOTO 4acy (3BuuaiftHo 15-20 pokiB)

6) Tak Ha3uMBaeTbCs CTUCK, a padxkarue HasuBaeTbcs INFLATE (anrm.
DEFLATE — 3nyBatu, INFLATE - nagyBatn).

7) Aunroputm Ha3BaHuit 1o iM'to aBTopa Teppu Yemu (Terry Welch) i Ha3Bu
BuxigHOrO anroputMy LZ78 (takox Big imen Jlemmens # 3uBa). Bin Oys
omy0OikoBanuii B 1984 porii.

8)  Huffman coding. Astop amroputmy — J[aBux Xaddmen (David
A. Huffman). Ony6nikoBanuit B 1952 porii.
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Tema 14. CTUCK 30BPAKEHbD I3 BTPATAMU
HeoOxianicts ctucky i3 Brpatamu. OIliHKa BTpaT. 300pa)xeHHs SK (YHKIIS:
nuckpetHe [leperBopenHst Dyp'e, NUCKPETHE KOCUHYCHE MEPETBOPEHHS. AJTOPUTM
ctucky 300paxkenb JPEG. Beiiner-IlepetrBopenns. @pakraibHUM CTUCK.

14.1. HeoOXiaHicTh CTHUCKY i3 BTpaTamu

Sk 3a3HavyeHo B mepmoMy maparpadi momepeaHnoi Jekiii, obcsar iHdopmariii,
OTPiOHOT 11 30epiraHds 300pakeHb, 3BUYANHO Beaukwil. [Ipy mpoMmy 3 KOXXHUM
JTHEM pO3/AlIbHA 3/IaTHICTh MPUCTPOIB BBEIECHHS 300paxeHb pocte. SKuiich yac Ha3aja
CTaJI0 OYEBUHO, 110 KJIACHYHI JITOPUTMU HE 3a0e3MeUyI0Th JOCTATHHOIO CTYIICHS
CTUCKY. bylnyun anropurMamu 3arajbHOTO MPU3HAYEHHS, BOHM HE BPaxOBYBAJIU
TOTO, MO cTUciauBa iH(opMallis € 300paxkeHHs. BinmosimHo, Oynau po3pobiieHi
QITOPUTMH, 110 3a0€3MedyloTh CTUCK 13 BTparamu 1HOpMaIlii, K1 JO03BOJIHIN
1CTOTHO MITHATH CTYIIHb KOMIIPECii.

Ctuck 13 BTpaTaMu TIPYHTYEThCS Ha OCOOJMBOCTAX CIPUUHATTS JIIOJIUHOIO
300paXk€HHsI: HAWOLIBIIOT YYTJIMBOCTI B TMEBHOMY Jlana3oHl XBWIb KOJIbOPY,
3MaTHOCTI CHpUAMAaTH 300paX€HHS SAK €IWHE IIJIe, HE 3ayBaXyH4u JIpiOHUX
MepeKpydyBaHb. TaKoX BHUKOPUCTOBYEThCA TOW (haKT, IO 300pakKeHHS —
JTBOBUMIpHUN 00'eKT. ['0710BHUI Kj1ac 300pakeHb, HA KWW OPIEHTOBAHI aJrOPUTMHU
CTUCKY 13 BTpatamu, — ¢otorpadii, 300pakeHHs 13 IUJIABHUMHU KOJIPHUMHU
nepexo1aMu.

14.2. Ouinka BTpaT

Haranmaemo, 1o A Ha3uBaeThCs aITOPUTMOM CTHCKY ¢ BTpatamu (aHri. lossy
compression), SKII0O BiH He 3a0e3neyye MOXIJIMBICTh TOYHOIO BIJIHOBJIEHHS
BUX1THOTO 300pakeHHs. T.e. miadupaeThes mapa A, A", e A" NPUOJIM3HO BITHOBIIIOE
300paskeHHs: s Oyab-skoro 3o0paxenns | A(l) = Iy, A*(l) = 1, i mpu upomy
OTpUMMaHEe BIAHOBIIEHE 300paxeHHs | He 000B'A3k0BO TOUHO 30iraetscs 3 | (nuB.
BU3HAUCHHS B TMepuioMy maparpadi momepeaHboi Jekiii). BUHMKae mUTaHHA: SK
OI[IHIOBATH BTPATH Bi3yanbHOI 1H(OpMarlii, To6To Mipy BiaminHocTi | Bix 1,? Ichye
0e3111Y rapHUX Mip JUIA OIIHKHM TaKUX BTpaT, OAHAK JJIsl BCIX 3 HUX MOYKHA MigiOpaTH
TakKi J1Ba 300pa’KeHHS, M0 TXHS Mipa BIIIMIHHOCTI OyJie IOCUTh BEIMKHUM, ajie HAa OKO
PO3XO/KEHHST OyIyTh Maibke HemoMiTHUMH. | HaBmaku — MoOXxHa migibpaTu
300pakeHHsI, 10 CHUJIBHO PO3PI3HSAIOTHCS HA OKO, ajie¢ SIKI MalTh HEBEJIHKY Mipy
BIJIMIHHOCTI.

VYBeneMo cro4atky HOpMy JJis 3Ha4eHb aTpuOyTIB TKceiB. J[s HamiBTOHOBUX
300pakeHb, JI€ Ha KOXXHE 3HAayeHHs arpuOyTa MiKCelas  MPUALIIETHCS
8 6iT:

176G, Nl =1 1G,5)

Hpugomy M " =maz - | , TOOTO MaKCHUMaJIbHO MOKJIMBE 3HAYCHHSI JIJIST TaKO1
HOPMH JOpiBHIOE 255 X 255 = 65025. Jlyg MOBHOKOMIPHUX 300pakeHb 13 TphoMa 8-
OITHUMU 3HaYEHHSMH aTpUOyTa MiKceNs (Tphoma 8-01THUMU KaHAJIaMH):

176G, 3)l = | R, 5) " +1 GG, 4) I+ BG,5)

omke M”™ =3 x 255 x 255 = 195075.
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CraHnapTHOIO MIPOIO BIIMIHHOCTI € Mipa BiIHOCHMHH CHUTHAJY [0 IIyMYy
(PSNR — anrm. Peak Signal-to-Noise Ratio), o0ymMoBiieHa Tak:
A
PSNR(L,I.) =10
(1, I2) e (MSE(Il,Iz)) !
e MSE(11, 12) — inma Mipa — cepeaHboKBaapaTuyna momuiaka (L 2-mipa, MSE —
anri. Mean Squared Error), o0ymMoBieHa Tak:

1 m—1ln—1

MSE(I, L) =—> Y |IL(i,j) — L3)||

mn i=0 7=0

[Ipore HaiiBaXxIMBIIIOK "MIpo" OIHKK BTPAT € JAyMKa crocTepirada. Ymm
MEHIIIe PO3XO/KEHb (a Kpale — IXHs BIICYTHICTb) BUABIISE CIOCTEpirady, TUM BHUIIE
AKICTh aJITOPUTMY CTHCKY.

Bigznaunmo BaxiuBuii (aKT, MO aNTOPUTMHU CTHCKY 13 BTpaTaMH 4YacTo
HAJAI0Th KOPUCTYBAau€Bl MOMJIMBICTH BHOMpaTH oOcsar "" JaHUX, 110 BTPAdyarOThCs.
Takum uuHOM, iCHye BHOIp MDK SKICTIO W PO3MIPOM CTHUCIOTO 300pa)KEHHS.
[IpupoaHo, 1m0 YMM Kpalie BidyalibHa SIKICTh MPU OUIBIIOMY KOE(DIIIEHTI CTHCKY,
THM aJTOPUTM Kparlie.

Puc. 14.1. 8-6iTHe HaMiBTOHOBE 300payKEHHS

14.3. 3o0pakenHst sIK QPyHKIisA

Bbynemo posrisinatu 300pakeHHs K (DYHKITIIO JBOX 3MIHHHX, TIEBHY B Kparkax
KIHIIEBOTO pacTpa (Ma€eThCsl Ha yBa3l KpalKoBa MOJENb pacTpa, JUB. BUBHAYCHHS B
I(X, Y) — 3Ha4YeHHs aTpuOyTa miKcens (HampHKIag HOMEp y MaliTpi, IHTCHCUBHICTS),
0 3aJeKUTh BIJ KOJIPHOI MOJEN ToJMaHHs 300paxeHHs (auB. puc. 14.1 1
puc. 14.2). be3niu takux ¢YyHKIIH Ha Kpamnkax (piKCOBAaHOTO KIHIIEBOTO pacTpa
yTBOPATH KiHEYHOMIpHMI eBKIifoBuii mpoctip R™Y posmiprocti m x n (|X|=m,|Y|=
N) 31 CKaJISIPHUM J00YTKOM
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I4TescuasicTs Iixy)

Puc. 14.2. 3o0paxeHHs K QYHKIlIS TBOX 3MIHHUX

Bbynemo oTtoroxkHioBaTH 3 TakuM mpocTtopoM Lo(X X Y ). ¥V Takomy npoctopi

k=mxn
icHye 0Oazuc (auB. [3]), TOOTO Taka cUCTEMa €JIEMEHTIB {erfro

. : USRI (o8 Lt
Habip He PIBHUX OJHOYACHO HYJIO KoedimieHTiB L~ Ffk=1
¢yHKuii | 13 1bOro NpocTopy BUKOHAHE

m-Ti

I = Z CrLe.
k=0

SIKI0 10AATKOBO MPUITYCTUTH OPTOHOPMANIBHICT 0a3ucy, TOOTO
( e e ) _ 0, p#q
Py -q 1: p — q !

Te BUKOHYEThCS HacTynHe criBBigHOmeHHs: Cy = (I, e).

3 R*Y i Takwmii

, o s OyJab-aKoi

14.4. InckperHe IleperBopennst Dyp'e

Haragaemo BuW3HaueHHsS JBOBHMIPHOTO JHCKpPETHOro meperBopeHHst Dyp'e
bynakmii |

Fk,)=)_ > I, gle™ ke SR

miBeixk=1...m, | =

1...n.3BOpOTHE NEPETBOPEHHS BUZHAYAETHCS TaK:

1 — - __ 2wik E_Err:i.:
I(p,q) = — 3 3 Flkl)e = w50

k=0 =10
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Cucrema ¢GyHKIIH f k. =0yTtBOopuTh 0azuc y mpocTopi (PyHKIIiii-
300paxeHsb (cM. [3]).

Take mepeTBOpeHHS JayKe MOMYJIpHO B 00acTi 00poOKu 300pakeHb, OJTHAK Y
3araJlbHOMY BUJII MPAKTUYHO HE BUKOPHUCTOBYETHCS I CTUCKY 300pa)Ke€Hb depes

MOTaHy YaCTOTO-MPOCTOPOBY JIOKAJI3AIIIIO.

14.5. IuckpeTHe KOCUHYCHE MepeTBOPEHHS

Po3rasiHeMo BH3Ha4Y€HHS AUCKPETHOr0 KOCHMHYCHOro mepersopeHHs (/IKII)
[43]. Hexaii 300paxenns mae po3Mmipu N X N. Ilpsime mepeTBOpeHHs 3alUCyEThCS
TaK:

N-1N—1 . .

: L _ (2k 4+ 1)un (20 + 1)
tu,v) = e(u)e(v) 2 ; I(k,l)cos - '—EI__YJ cos - i,:}_’l :
(T,

5, =0,..,N—1,¢c(i) = y L’
JE i20

3BOPOTHE NEPETBOPEHHS MA€ TAaKUM BUTJIAA!

N—1N—1 . .

: L _ (2k + 1)unm (20 4+ 1)vm
I(k,1) = ; UE_; clu)e(v)t(u,v) cos = _-;Y’Iu CcOos - ;,I:I’H :
( /1

5,7 =0,..,N—1,¢c(i) = V %’ o
1,&,.-"?, 1= 0

JluckpeTHe epeTBOPEHHS Ma€ BIACTUBOCTI.

— HexopenaoBanHus koedinienTiB. KoedimienTn He3anexHi ApyT Big apyra, ToOTO
TOYHICTb MOJAHHS OHOTO KoedillieHTa He 3aJIeKUTh Bl Oyb-SIKOTO 1HIIIOTO.

"YmigbHenns'" eneprii (aHri. energy compaction). IleperBopenHst 30epirae
OCHOBHY 1H(OpMaIliI0 B Malill KUIBKOCTI KoedirieHTiB. /[aHa BIaCTUBICTh CUIIBHIIIE
BCHOI'O MPOSIBISETHCSA HA (POTOPEATICTUIHHUX 300PAKEHHSIX.

Koegimientn t(U, V) — e amMIUNTyAd NPOCTOPOBHUX YaCTOT 300paskeHHs. Y
BUMAJKy 300pakeHb 13 IUIABHUMHU TiepexojamMu Oulbllla YacTuHA 1H(opMalii
BTPUMYETHCS B HU3bKOYACTOTHOMY CITEKTPI.

Bimznaummo, 1m0  3acTOCyBaHHS  JUCKPETHHH  KOCHHYC-TICPETBOPCHHS
€KBIBAJICHTHO 3aCTOCYBaHHIO JUCKPETHOTO TMepeTBOpeHHs @Dyp'e mpubIM3HO
MO/BIAHOT TOBXUHU JI0 IWCHOTO (HEKOMIUIEKCHHUM) 1 MapHO CUMETPUYHUM JTaHUM
(eKBIBAJICHTHICTh BUILJIUBAE 3 TOTO, IO MepeTBopeHHst Dyp'e mapHOi AiiicHOT QyHKITIT
MapHo U JIHCHO).

14.6. Anroputm ctucKy 300pa:xkenb JPEG

ANTOPUTM CTUCKY, BUKOPUCTOBYBaHUN y QopMari 30epiraHHsi 300pakeHb
JPEGY[49],n00y10BaHMii ~ HA  BUKOPUCTAHHI  JMCKPETHOIO  KOCHHYCHOTO
neperBopeHHs. (Cxema CTHUCKY B alrOpUTMI SBJIsiE COOOI0 KOHBEEp, e JaHe
MEPETBOPEHHS — JIMIIE OJHA 31 CTaflil (X0ua, MOXKIIUBO, 1 HalBaxkuBima). OnumemMo
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QITOPUTM, MPUITYCKAIOUM, 10 Ha BXiA JgaHi 24-0iTHe 300pakeHHs, 3HAYCHHS
aTpUOYTIB IMIKCEIIB IKOTO € eJIEMEHTaMH KoJipHOro npoctopy RGB.

1. Mepeknan y kojipuuii mpoctip YCbCr (noxnagnime aus. nekiito 1). Tyt Y —
KOMIIOHEeHTa sickpaBocTi, Cb 1 Cr — xoMnoHeHTH KoJahopoBOCTi. JIT0AChKE OKO
OinbIIe YyTJIMBE O SICKPABOCTI, YUM 10 KOJILOpY. ToMy BakiauBimie 30epertu
OUTBIIly TOYHICTH MpH Tepenadi Y, unM mpu nepemadi Cb 1 Cr. Ilepexman
3IIHCHIOETHCS TI0 HACTYIHIN (HOpMyJIi:

Y 0,299 0, h87 0,114 R 0
ch | =| —0,1687 —0,3313 0,5 G |+ 128
Cr 0,5 —0,4187 —0,0813 B 128
3BOPOTHUN MEPEKIIA:
'R 1 0 1,402 ' Y
G | =| 1 —0,34415 —0,71414 Ch— 128
B 1 1,772 0 Cr — 128

2. CyOauckperu3anis KOMIOHEHT KOJbOPOBOCTI. [licisa nepeknanay B KoJipHUH
npoctip  YCbCr  3;ilicHIOETBCSA ~ CYOJNMCKpEeTH3allis [0  HACTYIHHX
cniBBiAHOMEHHAX: 4:4:4 (BIACYTHICTH TIEepeArCKpeTH3allii), 4:2:2 (KOMIIOHEHTH
KOJTLOPOBOCTI MIHSIOTBCS 4Yepe3 OAHY Mo ropwm3oHTami), 4:2:0 (KOMIIOHEHTH
KOJIbOPOBOCTI MIHSIFOTBCSI YE€pPE3 OJIHY [0 TOPU3OHTAJI; MPU [ILOMY 10 BEpTUKAaII
BOHU MIHSIOTBCA 4epe3 paAnok). I[lpouttocTpyemMo  JOKJIajHIIIE — J1aHi
CHIBBIIHOLIEHHSI Ha Npukiagax. bynmemo meperBoproBatu 00K 4 X 4 mikcens
300paKEeHHS:

1. Y00CbooCroo Y01CboiCror Y2Cbo2Croz Yo3ChosCros
2. Y10Cb10Cri0 Y11Cb11Cr11 Y12Cb12Cri2 Y13Cb13Craa
3. Y20Cb2oCra0 Y21Cb21Cra1 Y22Ch2Crap Y23Ch23Craz
4. Y 30Cb30Crzo Y31Cb31Cra; Y32Ch3,Crsz Y33Ch33Cras
TOJI:

4:4:4, CyOauckpeTu30BaHuii 010K Oyjie TaKuM XKe.
4:2:2. CyOauckpeTu3oBaHuii 010k Oyje TaKuM:

Y 00CbooCroo Yo01CbooCroo Yo02Cbo2Croz Yo03Cho2Croz
Y10Cb10Cri0 Y11Cb10Crio Y12Cb12Cri2 Y13Ch12Cryo

Y 20C020Cr20 Y21Ch20Cr20 Y 22Ch22Cr22 Y 23Ch22Cra2

Y 30Cb30Cr3p Y31Cb30Cra0 Y32Cb32Crz; Y33Ch3Cra;
4:2:0. CybauckpeTn3zoBanuii 010k Oyje TaKuM:

Y 00CbooCroo Y01ChooCroo Y02Cbo2Cro2 Y 03Cho2Croz

Y 10CbooCroo Y11CbooCroo Y12Cbo2Croz Y 13Cho2Croz

Y 20Ch20Cr20 Y21Ch20Cr20 Y 22Ch22Cra2 Y 23Ch22Cra0

Y 30Ch20Cr20 Y31C0h20Cr20 Y32Ch22Crz0 Y33Ch22Cra
Hanami koMmoHeHTH 0OpOOJISIOThCS W 30€piraroThesl OKpeMo JIpyT Bij Apyra.

Takum 4rHOM, B OCTaHHIX JBOX BHUIIaJKaX MH Bijipasy 3abpanu %171 %iH(l)OpMaHﬁ
Bi/ImoBiIHO. Bubip Toro abo iHmoro crnocoly mepeaucKpeTu3ailii BIUIMBAE HA 3MIHY
cTyness cTUcKy. O4eBHIHO, IO TIPH BIJCYTHOCTI IEPEANCKPETH3AIIT CTYITIHb CTUCKY
moTipImuThCs, a mpu cxemi 4:2:0 Oyae HanO1LIBIIOK. SKII0 300pakeHHST HE TUTATHCS
Hanyio Ha OJOKkuM 4 X 4, TO BOHO JOMOBHIOETHCS MO OE3MEepPEepBHOCTI, TOOTO Y
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BUIAJIKY, SIKIIO PO3MIp MO BEPTUKAI HE JIIUTHCS Ha 4, TO AOJA€ThCS I11€ B OAHIET
70 TPHOX PSAKIB, IO 30ITafOTHCSA 3 OCTAHHBOIT 3HU3Y. AHAJOTIYHO POOUTHCS, SKIIO
PO3MIp IO TOPU3OHTANN HE IUIMTHCS HAa 4 — JOMArOTHCS CTOBIIII, IO 30iratloThes 13
CaMUM TTPaBUM.

3. 3acTocyBaHHsl  JUCKPETHOr0  KOCHHYCA-TlepeTBOPeHHs.  300pakeHHs
(TouHime, OTpUMaHi MICIs CyOAMCKpETH3alli KOMIIOHEHTH) PO30OHMBAETHCS Ha
Oomoku 8 X 8; 0 KOXKHOTO OJIOKY 3aCTOCOBYETHCS MHCKPETHE KOCHHYC-
neperBopeHHs (okpemo s kommoHeHTiB Y, Cb i1 Cr). fkmo 300paxxeHHsS He
JITUTHCS HAIILIO HA OJIOKU 8 X 8, TO JOJAETHCS BIAIMOBIHA KUIBKICTh PSIIKIB 1
CTOBIIIIIB 110 O€3MepPEePBHOCTI.

4, KBantyBaHHsl. JIIOAChKE OKO TMPaKTUYHO HE 3ayBaXy€e 3MIHH Y
BHCOKOYACTOTHUX CKJIQJOBUX, OTXe, KOoe(iIlleHTH, BIAMOBIAaNbHI 3a BHCOKI
4acTOTH, MOKHA 30€epiraTu 3 MEHIIOI0 TOUHICTIO. KBaHTyBaHHS 311MCHIOETHCS 3a
JONIOMOTOI0 MHOEeHHsI Matpull koedimientiB JIKII Ha Tak 3BaHy MAaTpPHIIO

KBAHTYBaHHS ! _ _
t11 ... t18 gll ... gql8 ril1 ... T18
: . : 1= : . : = : ) : y
t81 ... 188 g8l ... g88 Isl ... T8B
ne © o3zHauac IIOKOMIIOHEHTHE MHOKEHHS M y3aTTS 11101 YacTUHH, TOOTO
Ti = [tiqi 1, me tj — Buximai koedimientn JKII, ¢ — KOMIIOHCHTH MAaTpPHIIi

KBaHTYyBaHHsA, [| — omeparis y3sATTS [0l 4acTHHU. TakMM YHHOM, BiJIOYBA€THCS
KBaHTYBaHHSl 00JacTl BHU3HAYEHHS KOe(DIIIEHTIB BUXIAHOI MaTpuili. Matpuii
KBaHTYBaHHS Pi3HI ISl KOMIIOHEHTIB KOJIBOPOBOCTI 1 SICKPABOCTI.

Ha naniii cragii MokHa 3aaBaTd CTYHIHb CTUCKY IUISIXOM 3MIHM MaTpHIb
KBaHTyBaHHs. UnM Onmkde 10 HyJs €EeMEHTH MaTpHUlli KBaHTYBaHHS, TUM MEHIIE
Oyne aianma3oH 3HaUYCHb €JIEMEHTIB MaTpHuIll [jj, a BUXOJUTh, iX MOKHA 3aKOAYyBaTH,
3aTpaTUBIIM MEHIIY KUIbKICTh 1HGopMmainii. Hanmpuknaa, skuo eixeMeHTH (ij JOCHUTh
OJIU3BKI 10 HYJIS, TO OUIBIICTH €IEMEHTIB i Oye HyJIsIMHU.

Martpuili KBaHTYBaHHS 3aCTEPEXKEHI B CTaHIAPTI, a NIl 3MIHU CTYTEHSI CTUCKY
iX MHOXkaTh Ha meBHMM KoedirieHT. OdYeBUIHO, IO BTpaTH Ha I cTagii cami
OB SKIO 3a0paTH 3aHaaTo O6arato iHdopMaIli 3 HU3bKOYaCTOTHUX KOMITOHEHTIB
(ToOTO 3aHaATO CHJIBHO OTPYyOITH KOMIIOHEHTH), T€ 3'ABIATHCS apTedakTH:
po3nafaHHs Ha kBajgpatn 8 X 8, edpekr ['mbOOca (BUHMKHEHHs oOpeoJyia Mmopyd i3
MICIISIMH Pi3KUX KOJIPHUX TepexoiB) (auB. puc. 14.3).

5. 3ur3zar-snopsiAkyBaHHs. J[0 K0’KHOI KBAaHTOBAHO1 MATPUIIl 3aCTOCOBYETHCS TaK
3BaHe 3MI3ar-BHopsAaKyBaHHs. Lle oco0nmMBuil mpoxig MaTpUIll A OJEp>KAHHS
nocaigoBHOCTI (auB. puc. 14.4). Criouatky e enemMeHT [ oo, MOTIM To1, T10, T11 .
.. [Ipuyomy mJiga TUNoOBUX (POTOpEATiICTUYHUX 300paKeHb CIIOYaTKy OyAyTbh 1TH
HEHYJIbOBI KOe(DIIli€HTH, IO BIANOBIIAIOTh HU3bKOYACTOTHUM KOMIIOHEHTAM, a
MOTIM — O€3J11Y HYJIB.

6. Cruck meronom RLE. Otpumana mociigoBHICTh KOAYETHCA 3a JTOTIOMOTOO
MOJIM(PIKOBAHOTO AJTOPUTMY T'PYIOBOrO KOAYBaHHSA. BUBOAATBCA mapu uucen:
nepiie — YUCJIO HYJIB, JPyre — 3HAYeHHS IICIs IMiMOCHTIIOBHOCTI HYJIB.
Hampuknaz, 3akoayemo Taky nociigoBHicTs: 122 012500440000 -1.
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Onepxumo: (0, 122) (1, 125) (2, 44) (4, -1). Takox icHye crieliaaIbHUH KO IS

MO3HAYEHHS TOTO (aKTy, 10 3HAYEHHS, 10 3AJUIITHINCS, Y TTOCITIIOBHOCTI CYyTh HYII.

7. Ctuck meronom Xaddmena. [IpoBoauThcsi KomyBaHHAM MeTo0M XaddmeHa
31 CHIEIIaTbHOO (PIKCOBAHOIO TAOIHUIICIO.

Puc. 14.3. Apredaxtu JPEG. Yropi — Buxijine 300pakeHHsI, yHU3Y — 300paKeHHS,
ctucie B 30 paziB anropurmom JPEG

e » - -
lﬂﬂ' 0l (1K} [ 0s 18 07

I 0 11 12 13 14 15 16 17

20| Y21 | Jar| Yo | Yos| Yas| Y6 |

- - ) - - - - -
1 0 K} a2 33 34 a5 36 37

- T - - - e -
I 40 )| a2 43 2 45 46 47
r 0 V.l 52 53 54 35 5h 57
- - -
2 -

Téor % | T % | T | Tt

Puc. 14.4. 3urzar-ynopsiKyBaHHs

ANTOPUTM BITHOBIICGHHS 300paK€HHS CYTh I1HBEpCISA BUIIICHABEICHUX JIiH.
Cryninb ctucky Bim 5 mo 100 1 Oumbinie pa3 (Bapiro€ThCS 3a JOTMOMOTOIO MATPHIlh
KBaHTYBaHHS W 3aBJaHHs METOAy cyOauckperu3aiii). [lpu npboMy Bi3yasibHa SIKICTb
JUTsE O1IBIIOCTI POTOPEATICTUYHUX 300paKeHb 3AJIMIIAETHCS Ha TAPHOMY DIBHI MpU
cTucky 1o 15 pasis.

Januit anroput™ 1 GopmaT € HAaUNOLIMPEHIIUMU JIJIsl Tepeadl i 30epiranHs
MOBHOKOMIPHUX 300paxkeHb. HacTUIbkM I[IUPOKE TMOUIMPEHHS MOSICHIOETHCS
JeKUIbKOMa MPUYUHAMU: 100 HEBUCOKOK 00UHCIIIOBAILHOKO CKJIAIHICTIO (1110 OYJ10
Iy’Ke aKTyallbHO 710 1996 poKy), 1OCTaTHIM CTyIIEHEM CTaHJIaPTU30BaHOCTI popMary
i aaropuTMy, a TaKOXK BIJICYTHICTIO HEOOXITHOCTI IUIATUTH SKi-HEOyAb JIICH31MHI
BipaxyBaHHS (TOMy IO BIiJACyTHI TATEHTOBaHI anropuTMmu). Jlo HemoikiB
QITOPUTMY BIJHOCSTh BUHHUKHEHHS 3TaJlyBaHUX BHWINE apTe(daxTiB, sSKi 3aHAITO
MOMITHI JIsI TFOJICBKOTO OKa.
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Omnucana BUIIIE CXe€Ma CTUCKY € THUIOBOIO JIJISl AITOPUTMIB CTUCKY 300payKeHb 13
BTpaTaMu (3a BUHATKOM (paKTaIbHOTO). BiIMIHHICTF B OCHOBHOMY CKJIQJAa€THCS B
TUII IEPETBOPEHHA Ha Kpoti 3. Jlani My po3rJIsTHEMO 1HIINUN BU] IEPETBOPEHHSI.

14.7. BeiiBaer-IlepeTBopeHHst

Ines BeliBiieT-mepeTBOPEHHsI CKJIATAEThCS B PO3KiagaHHl curHany ( QyHKIi-
300pak€HHsI) MO CUCTEM1 (PYHKIIIH, 110 MArOTh JIOKAJIBHUHN CILJIECK 1 IMIBUJIKO YOYTHUX
Ha HeckiHueHHOCTI [20]. ¥V mpomy W HacTymHoMy mnaparpadax mnependadaeTbes
3HAMOMCTBO YHWTa4ya 3 0a30BUMHU TMOHATTSAMU (DYHKITIOHAIIBHOTO aHajizy (mouB.,
nanpuknaj, [3]). 3Buyaiino Taki QpyHKIIi BeilBIeT-IepeTBOPEHHAZBUBOAATECA 3 TaK

3BaHOTO MATEPUHCHKOIO BeiiBjieTa. MaTepuHCHKUI BEUBIIET — 1€ (PYHKITIS

f | (8) | dt < m,f | (#) [Pt < oo,
- oo

Tom ¥ € LE(H) NLi(R ; TAKOXK TIepe0avaeThesl, mo

f t)dt =0 f | (2) |Pdt = 1.
o0 [ o]

MartepuHChKHI BEUBIIET MEPETBOPIOETHCSA B TAKUM CIIOCIO:

valt) = \/iT| . (f - a) |

ne (a,b) € R\{0} x R [Ipuknaan MaTepUHCHLKUX BEUBIETIB AUB. Ha puc. 14.5. YV
3arajibHOMY BUMAJKy BEUBJIET-TIEPETBOPEHHS 3aMIUCYETHCS TAK:

W, fla,b) = ﬁ f_z 2 (?)f(tjdf.

Puc. 14.5. Ilpuknaau MaTepUHCHKUX BEUBIICTIB

[Ipy mnpakTUYHOMY 3aCTOCYBaHHI BEWBJIET-TIEPETBOPEHHS aHAJ3 TaKOTro
MOTY)KHOTO (a camMe KOHTHHYyM) Oe3iivi koedinieHTiB HeMoxuBuid. Tomy (@, b)

BUOWPAIOTHCS 3 PAXyHKOBOI MiJAMHOXXWHU TIJIOIIWHA B\{0} x B 3pyvaitno
MaTePUHCHKHI BEUBIIET 1 Oe311id 3HaueHb (@, b) BuOMparoTh Tak, mob cucrema (et
YTBOpPIOBajia OPTOHOPMOBAHUN 0a3uc y mpocTopi L>(R). Toni Oynb-aKy (yHKIIiTO

f(X) 13 11bOro MPOCTOPY MOXKHA PO3KJIACTH IO IIbOMY Oa3Hci flz) = 2; p cantbin(z) :
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[TosicHUMO SIK 3aCTOCOBYBATH BEHBIIET-TIEPETBOPEHHS O JTUCKPETHOTO CUTHAITY
(mampukiiam, 300pakeHHI0). s mpocTtoTH OyaemMo po3risigaTH  OJTHOMIPHHMA

Oy iy

BUIIAJ0K — MOCJIJOBHICTh KIHIIEBOI TOBXKUHU . Toxi, 3a ymoBH 1O
MaTEePHHCHKHUI BeﬁBneT i € L2(R) nepeTBopeHHﬂ MOYKHA 3aIIMCaTH TaK:
:\' 1 i1
W.(a,b) = c.j.f .N,b=0,..N—1.

Posrisinemo Haﬁnpocnmoi BeliBiieT — BeiiBiaer Xaapa (anri. Haar wavelet).
Posrisiemo mpoctip L2 (R) .y IIbOMY ITPOCTOPI OPTOHOPMOBaHA HACTYITHA CUCTEMA!

1, re [D: %:l |
.T'L'UU(I) = -1, E. [%:1] !
0, z¢[0,1).

Xam(1) =292 x00(2% — m),q € Z,m € Z.

-
=
h
n

Ic
1

Puc. 14.6. Marepuncbkuii BeliBiier Xaapa

JlaHa cucTeMa Ha3MBaeTbCs cHcTeMOl0 Xaapa. Jma Takoro BelBieTa
MAaTEePUHCHKUM € X00(muB. puc. 14.6). V mnpomy Bunaaky (a, b) oOpani i3

B\ {0} % R 33 takum 3aK0HOM:
a=2" 2 =jijez
a
Jlist BeliByieTa Xaapa Ha IOCIiJOBHICTb, IO CKIafaeThes 3 2N eeMeHTiB, MOXKHA
PO3TIISAAATH TaK: €JIEMEHTH T'PYIYIOThCS MO JBOX, OOYHCIIOETHCS CyMa M DPI3HHIIA
KOXKHOT Mapu, pi3HUIll 30epiraroThcs, a 13 CyM (POpPMYy€ETHCS MOCTIJOBHICTH JTOBKUHU
2 N-!; mami mepeTBOpeHHsS BHKOHYETHCS JOTH, IIOKHM HE 3aMIIMTLCA OJHA CyMa i

Bignosigao 2V - 1 pisuung. Take IEepeTBOPEHHS 3aJa€ThCs TAK 3BAHOK MATPHIEIO
Xaapa:

1 1
et 1)

[MocaimoBHicTk (Ao, . . . , don+1) TpencTaBuMo Tak: ((ag, a1), . . ., (Azn, aan+1)).
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Tenep MOMHOXXMMO MpaBOPYY BEKTOpH (&i, ai+1) Ha Marpuir Hy. Onepkumo

MOCIINOBHICTh ¢yM 1 pisHUIE ((So, do), . . . , (S, d)). SIkmio moOCHiTOBHICTH Ma€
JIOBXHUHY, KpaTHY 4, TO MOXHa 3aCTOCYBAaTH HACTYITHY MaTpUII0 Xaapa:
1 1 1 0
1 1 -1 0
=11 1 o 1

1 -1 0 -1
OdeBuaHO, IO JaHI MEPETBOPEHHS JIETKO OOOpOTHI. 3 TaKUM BEUBIET-
NEPETBOPEHHSAM TICHO 3B'si3aHe Tak 3BaHe S-IlepeTBopeHHs. SIKIIO0 MU HE XO4YeEMO,
mo0 Mpu MEepeTBOPEHHI Xaapa TIpaHUIll 3HAYEHb IMOCIIIOBHOCTI IOJIBOIOBAJIHCS
(depes miacyMOBYBaHHs), Tpeba Opatu HamiBcyMy. OJIHaK MpU IIJIOMY PO3MOALT Ha
2 MH BTpavyaeMO TOYHICTh. PillleHHsS mAaHOI MpoOJeMH BUIUIAJAE Tak: Hexail a 1 b -
rapy 3Ha4eHb 13 BUX1AHOT ocigoBHOCTI. Toi

b
s:[a-'_ },d:a—b,

2
IIpu ObOMY Bi,[[HOBJ'IGHHH BUTI'JIAA€ TAK:

o e

npu npomy, ko d — Hemapue, To mpu d > 0 g0 a gogaerbes 1, a ko d < 0, To g0 b
nongaerbes 1.
Il's - cyma, d - pizHHUISA
// Round(X) - y3sTTs 111101 YaCTHHH
/[ 1sOdd(X) - un € HemapHUM
a=s+Round(d/2);b=s-Round(d/?2)
if( 1sOdd(d))
{
if (d>0)
a++:
else
b++;

Jlictunr 14.1. Anroputm
B anroputmi JPEG2000 [10] BUKOpHCTOBYIOThCSI Tak 3BaHi BeiiBieTu Jlobemnm

(aarn. Daubechies wavelet). Y MarpuuroMy Buai JJis il Ha BEKTOp A JOBXHHH 8
JlaHe TICPETBOPEHHS 3a/1a€ThCS TaK:

hao hi ha hs 0 0 0 0 0 0\
g g g2 g3 O 0 0 0 0 0
0 ] hu fl]_ hg hs 0 0 0 0
Dy — 0O 0 go g g g 0O 0 0O O
*~l o 0 0 O hy hy hy hy 0 0O |°
O 0 0 0 go @@ g2 gz 0 O
0 0 0 0 0 0 hu h]_ hg "13
\0 0 0 0 0 0 g g g g )
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ne
hg =13 p) =303 p, = 3=y3 p, — 1—v3
_1_\‘_ 2 '-I-"\'\' 2 = _1_\‘_ 2

2 2 2 12 !

go = hs,g1 = —hz,92 = h1,95 = —h - 0.

Sk BumHO, MaTpuus Mae po3mipu 8 X 10 uepe3 HEOOXiAHICTH yd4acTi B
M1JICYMOBYBaHHI YOTHPbOX KOMITIOHEHTIB. T.e. HacmpaB/i, Taka MaTPULE MHOKHUTHCS
Ha HACTYITHHI BeKTop: A = (a18,8304a586878820810) " .

3BUYaiiHO qymaroTh abo dg = a1, a0 = dp, ab0 dg = as, a0 = a7. BukopucTanus
BEUBIIET-TIEPETBOPEHb MPU CTUCKY 300pa)K€Hb AHAJOTIYHO BUKOPUCTAHHIO
JTUCKPETHUN  KOCHHYcC-TiepeTBOpeHHs B aimroputmi  JPEG, ToOTOo  came
NEePETBOPEHHS — JIMIIIE I[a0esIb KOHBEEPA CTUCKY .

BeiiBner-IleperBopeHHss ~ mMaioTh  JQyK€  TapHy  YacTOTHO-TIPOCTOPOBY
JOKami3amilo M MO0 I[bOMY IIOKa3HHUKY II€PEBEPINYIOTh TpPaduIliiiHI KOCHHYC-
nepeTBopeHHss W iHmI neperBopeHHss @Dyp'e. Takum 4YUHOM, CTa€ MOMKIJIMBO
3aCTOCOBYBaTH  OUIbIlIE  CHJIbHE  KBAaHTYBaHHS, TMOJINIIYIOYM  BJIACTUBOCTI
MOCJIJOBHOCTI JIJI1 HACTYITHOTO CTUCKY 0€3 BTpaT. AJITOPUTMHU CTHCKY 300pa’KEHb,
3aCHOBaHI Ha I[bOMY MEPETBOPEHHI, IIPHU TIM € CTYIEHI CTUCKY IMOKa3ylOTh Kpallli
pe3yJbTaTh MO 30€pekKEHHIO SIKOCTI 300paxkeHHsA. J[0o TOro X OOYHMCIIOBaJIbHA
CKJIaaHICTh nyxe Hu3bka i craHoBUTH O(N) (Tyr N — MOB)KMHA MOCIHIJOBHOCTI, 110
AKOI 3aCTOCOBY€TbCS meperBopeHHs). OpHak moOmMpeHicTh (QopMmaTiB, IO
BUKOPUCTOBYIOTh CTHCK Ha OCHOB1 BEUBIIET-TIEPETBOPEHHS, HEBEIUKA Yepes
HasIBHICTh MATEHTIB, a TAKOXX Yepe3 BEJIUKY MolupeHicTh 3euuaiinoro JPEG, mo nae
IIIJTKOM TIPUMHSTHI pe3yJIbTaTH.

14.8. ®dpakTajbHUil CTUCK

@dpakTajJbHUIl CTUCK TPYHTYETHCS Ha TOIIYKY W KOJYBaHHI CamMoOIOIIOHUX
obOnacte#t y 3o00pakenHi. [Ipu 1bOMy BHKOPHCTOBYIOTHCS CHCTEMH ITepyeEMMX
¢ynkuiii (anr. IFS — Iterated Function System) [31], [12].

Buznavennss 14.6.1. BimoOpaxeHHs frH—Hy MIOBHOMY METPUYHOMY

pocTopi (F, p) nasusaerses CTHCKAKY0I, AKIIO
Ja << 1: Y,y € Rp(f(z), flu)) < ap(z,y)
CucremMa 31 72 CTHCKAIOYHMX BiTOOpaKECHB F=fi,.frn, mo nirors y MOBHOMY

. w R . . .
METPUYHOMY MPOCTOPI ':r.hrﬁ'), CTaBUTHCA Yy BIANOBIAHICTh ONEPATOP CUCTEMH
iTepyemux GpyHkuii
T

F'(X)= U fi(X),
i=1
ne XCHFX)={f(r)lr€ X} Tage BiIOOpaXeHHS € CTHCKAlO4MM 3
. = max o;.
KoedilieHTOM 1<i<n
ITo Teopemi mpo cTuckarodi BimoOpakeHHS [3] iCHye HepyximBa Oe3mid

S: F*(S)=S
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Puc. 14.7. Tpukytauk CepnuHCKOro

POSFHHHCMO HpI/IKHaI[ I[ll CUCTCMHU lTepy€MI/IX (bYHKHlI/I Hexamn
.}Llrrr U,J: :ﬁul .J]LF"rrr u,-l_l_r—l_ﬁ:ﬁ..,.:
falz,u) = I —r+ Liu+ ﬂ—}l

TIOTh Y HpOCTOpl R = [0; 1]? 3 eBkmigoBoro MeTpukowo. JlaHi BimoOpaskeHHS €

r’a.:ﬂ

CTUCKAIOYNMH 1 IXHI HEpPYyXJIMBl KpalKh € BEPLIMHU PIBHOCTOPOHHLOTO

TPUKyTHUKA (IXHBOI KOOpPJMHATU (0,0),(1,0), (3 Jr:’_*JBiz[HOBi):[Ho). Cnouatky

OyZIeMO TIOCIIIZIOBHO 3aCTOCOBYBAaTH OINEparop F JIaHuX MepeTBOPEHb 10 Oe3miui,
0OME>KeHI PIBHOCTOPOHHIM TPUKYTHUKOM (HANpHUKIAA, 3 KOOpAMHATAMHU BEpIIHH,
3a3HayeHuMU Bulle). HepyximBa Oe3miu S, ojepKyBaHe IpH Jii onepaTopa JaHO1
CUCTEMU ITepyeMHUX (DYHKIIIH — 1€ Tak 3BaHUN TPUKYTHUK CepruHCKOro (IUB. pUC.
14.7). Ilponec moOymoBu TpukyTHuka CepnuHckoro auB. Ha puc. 14.8. Moxna
MoYaTh 3aCTOCOBYBATH OMNEPaTOp JaHWX IEPETBOPEHb HE 10 TPUKYTHHKA, a 10
kBajgpaTta. HepyxnuBa 6e3mniu Oyzae Ttakum ke (auB. puc. 14.9). HeBaxiauso, 3 sKoi
o0nacTi moynHaTU (MOTPIOHO TUIBKM KOMIIAKTHICTB), — OJEPKUMO TPUKYTHUK
CepnuHCKOTO.

[HIIMM TOPHUKIAgOM HEPYXIMBOi Oesmiwi S mna omeparopa F - mns gesxoi
cucteMu F i3 oTnphox adhiHHUX TIEpPEeTBOPEHB € ManopoTh bapHcii (nuB. puc. 14.10).

AL G4

Puc. 14.8. IloOynoBa TpukyTHHKAa CEpIIMHCKOTO

_ [ ¥- ¥

Puc. 14.9. Ilo6ynoBa TpukyTHuKa CeprMHCKOTO 13 KBaapara
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300pakeHHS TAIoOpPOTI MOXKE 3aiimath (y TapHOMY J03BOJi), a HOTrO OIHC 3a
JOTIOMOTOI0 TIapaMeTpiB aiHHUX MEPETBOPECHHS — KiJIbKa COTCHb OaiT! BiamoBimHO,
i7Ies CTHCKY CKJIAJa€Thcsl B IOIIYKY TaKMX CHCTEM IIEPETBOPEHb, sKi O y mpoleci
iTepyBaHHS HaOMKamyu OakaHe 300pakeHHsS. 3aBIaHHS CTaBUTHCA TaK: MO JIaHIN
0e3midl S 3HAUTH cUCTeMY iTepyeMux (PpyHKIIH F Tak, mo HepyXJnBa 03714 CHCTEMH
JIOCHUTH T0Ope HaOmmKae S.

CkafHICTh TAaKOTO 3aBJaHHS B 3arajbHOMY BHMAJAKy Jyke BHcoka. OJHaK,
SKIIO PO3TIIAIATH 300pakeHHS K (DYHKIIO (AMB. BBeACHHS posnarHyia 14.3) 1
0OMEXyBaTH BUJI IIEPETBOPEHB Y TAKMH CIIOCIO:

a b 0 o u
flr,y,I(z,y))=| ¢ d O y +1 v |,
0 0 L)\ Iz,y) Q

TOOTO aiHHUMU MEPETBOPEHHSAMH, TO 3aBJAaHHs cupouryerbes. [Ipore yac poboTw,
HEOOX1JHE Il TOUIYKYy KOe(IIE€HTIB TEPEeTBOPEHHS, 3aHaaTO Benuko. Jlis
IPUCKOPEHHSI AJITOPUTMY TMOIIYKY KOe(III€EHTIB HAKIAAAIOTh ClelialbHl 0OMEKEeHHS
Ha BUJ 1 po3Mip Oe3iiueil, 70 SKUX 3aCTOCOBYIOTHCS MIEPETBOPEHHS, a TAKOXK HA caM
BUJl TIEPETBOpPEHb, TOOTO (ikcoBaHa O€37114 KYTIB IMOBOPOTY ¥ KOEPIIIEHTIB
MmaciTabyBaHHs. TakuM YMHOM, 3aBJaHHS CTa€ JUCKPETHOI ¥ MOKIMBUN MPSMUN
mi00p mapaMmeTpiB.

Puc. 14.10. ITanopots bapHuci

VY peasbHOMY KHUTTI 300pakeHHs, TOAIOHI 10 mamopoTi bapucai (ToOTO
CKIIQ[IAIOThCS TUIBKUA 13 camMomojo0u), 3yCTpIYalOThCs PIAKO, TOMY OYIKYBaTH
CXOXKOTO CTYyNEHS CTUCKY He MoOkHA. [IpoTe sKICTh BIHOBIEHUX 300pa’K€Hb MpHU
BUCOKHX CTyMHeHSX CTUCKy 3HauHo mepemepurye JPEG. Jlo HemounikiB anroputmy
BITHOCSITh Jy>KE€ JIOBTMM Yac CTUCKY B TOPIBHSHHI 3 IHIIMMH METOJAAaMH, a TaKOX
HasBHICTh MTATCHTIB.

14.9. Cnucok Jitepatypu
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Tema 15. AITOPUTMU CTUCKY BIJJEO
B nmamiif nekmii MoBa ITHME MNpO AJITOPUTMH CTUCKY Bifeo. byne nanuit
JTOKJIaJHUMA TepetiK crnenudiuHuX BUMOT, MPOMOHOBAaHUX 1O LUX aJITOPUTMIB. Y
JIEKIIi1 AOKJIAIHO PO3rIsiHyTHH anroputM ctucky MPEG, Bij icTopii #loro cTBOpeHHS
JI0 TIOCITIJTIOBHOCT1 KPOKiB, BAKOHYBAHHUX MPU CTUCKY 300pakKeHHS

15.1. BBenenus

OCHOBHOIO CKJIQAHICTIO IPH poOOTI 3 BiJIcO € OUIBII OOCATH JHCKOBOIO
pOCTOpYy, HEOOXIAHOTO AJisi 30epiraHHsl HaBiTh HEBENUKHX (parMeHTiB. [Ipuuomy
HaBITh 3aCTOCYBaHHS CYYaCHHUX aJrOPUTMIB CTUCKY HE 3MIHIOE CHUTYaIlIo
kapauHainbHO. [Ipu 3amuci HAa OMH KOMMIAKT-IUCK "y MOOYyTOBIN SKOCTI", Ha HHOTO
MO>KHA TIOMICTUTH KUIbKa TUCSY (poTorpadiii, mpudiuzHo 10 ToguH My3UKH il yChOTO
niBroguHu Bifeo. Bimeo "tenesiziiiHoro" ¢opmary 720x576 mikceniB 25 KaapiB y
cexkyHay B cucteMi RGB Bumarae noroky manux npudnussno B 240 Mo6it/cex (To0TO
1.8 T6 y wminyry). Ilpu upoMy TpaguiiiiHi aarOpUTMHU CTHUCKY 300paKeHb,
OpIEHTOBaHI Ha OKpeMi KaJpW, HE PATYIOTh CHUTYyallli, OCKUIbKH HaBITh MpH
3MEHIIIEHHI MOTOKY B 10 pa3iB BiH CTAHOBUTH JOCUTH O1JIbIIIT BEIMUYMHH.

VY pe3ynbTari nepeBakHa OUIBIIICTh CHOTOHIIIHIX aJTOPUTMIB CTUCKY BIACO €
aIrOpUTMaMH 13 BTpaTol0 JaHuX. [IpM CTHCKY BUKOPUCTOBYETHCS KIJIbKa THIIIB
HaJIMIPHOCTI:

— KorepentHictb o0Js1acTeii 300paskeHHs1 — Majia 3MiHA KOJbOPY 300pa)KEHHS B
CYCIIHIX TIKCeNsIX (BIACTHBICTh, IO EKCIUTyaTYIOTh BCl QITOPUTMH CTHUCKY
300pakeHb 13 BTpaTamu).

— HaamipHicTbh y KOJIpHUX IJIONIMHAX — BUKOPUCTOBYETHCS O1IbIIIA BAXKIIUBICTh
SICKPaBOCT1 300paXeHHS I CIIPUHHSATTA.

— Ilopo0a mizk KagpaMu — BUKOPUCTAHHS TOTO (paKTy, 10 HA MIBUAKOCTI 25 KaJpiB
y CEKyHAY, SIK PAaBUJIO, CYCIHI KaJIpy 3MIHIOIOTHCSI HE3HAYHO.

[lepmi pgBa MyHKTH 3HAalOMI BaM MO aJIrOPUTMax CTUCKY TIpadiku.
Bukopucranas mnomobu MK KaapamMu B HaWIMPOCTIIOMY ¥ HalOUIbIIe YacTo
BUKOPUCTOBYBAaHOMY BHITQJIKy O3HA4Ya€ KOJIYBaHHS HE CaMOTO HOBOTO KaJipy, a MOTo
pI3HHMIII 3 ToTnepeaHiM KaapoM. st Bimeo Tuiy "MoBenb rojioBa” (mepeaada HOBUH,
BijeoTesnieponn), OlbIla YacTUHA KaJApy 3aJIMINAETHCS HE3MIHHOI, 1 HaBITh TaKUU
MIPOCTUI METOJ JI03BOJISIE 3HAYHO 3MCHIIUTH ITOTIK JaHUX. BiibIne cKIagHuii METO
MOJIATa€ B 3HAXO/UKEHHI IS KOXXKHOTO OJIOKY B CTHCIMBOMY KaJapi HaWMeEHII
OTJIMYAIOIIETOCS BiJl HHOTO OJIOKY B KaJpi, BUKOPUCTOBYBAHOMY B SIKOCTI 0a30BOTO.
Jami KomayeTbCs pI3HULA MK IuMu  Onokamu. llelt Meton 1cTOTHO OijbIne
PECYPCHOMICTKHA.

15.2. OcHOBHI MOHATTH

BusnauumMocsi 3 OCHOBHUMH TOHSITTSIMHU, SIKI BUKOPUCTOBYIOTHCSI MPU CTUCKY
Bijleo. BinmeomoTik XapakTepuszyeThCs A03BOJIOM, YACTOTOK KaJpPiB i CHCTEMOIO
NMOJAHHSA KOJILOPIB. 3 TeNEBI31IMHUX CTaHJAPTIB NPUNALUIM po3IMpeHHs B 720x576 1
640x480, i gacrotu B 25 (crangaptu PAL a6o SECAM) i 30 (crangapt NTSC)
KaJpiB y cekyHay. /s HU3BKHUX J03BOJIIB ICHYIOTH chemiaibHi Ha3Bu CIF —
Common Interchange Format, piBamii 352x288 1 QCIF — Quartered Common
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Interchange Format, pieamii 176x144. Ockinekun CIF 1 QCIF opienroBani Ha
BKpail HEBEJWKI MOTOKH, TO 3 HUMH TMPAIIOIOTh Ha YacToTax Bix 5 mo 30 kaapiB y
CEKYyHIY.

15.3. Bumoru 10JaTKiB 10 aJITOPUTMY

JInst anropuTMIB CTUCKY BiZIeO XapaKTepHa OUIBIIICTh THUX K€ BUMOT J0JIATKIB,
SIK1 TIPEJT ABJISIIOTHCS 10 aJITOPUTMIB CTUCKY Tpadiku, OJHAK € 1 MeBHa crienudika:
— JloBuIbHHMIT 7OCTYNn — Mae Ha yBa3li MOXKIMBICTh 3HAWTH 1 TIOKa3aTH OyIb-SIKUit
Kaap 3a oOMekeHui dac. 3a0e3meuyeThCcsl HAsBHICTIO B IOTOIl JAHUX TaK 3BaHHUX
KparoK BXOAYy — KaJpiB, CTUCIMX HE3QICKHO (TOOTO SK 3BUYAHE CTaTHYHE
300pakenHst). [IpUWHATHUM 4YacoM TMOIIYKY JJOBUIBHOTO Kaapy BBa)kaeThcs 1/2
CEKYH/IH.
— IIBuaKUII MOIIYK ynepea/Ha3ajq — Ma€e Ha yBasi MIBUIKUNA MOKa3 KaJpiB, IO HE
BUILIMBAIOTH OJIMH 32 OJHUM y BHUXIJTHOMY IMOTOIll. Bumarae HasBHOCTI J10JaTKOBO1
iHpopMmarii B morori. I{d MOXIMBICTP aKTMBHO BHUKOPUCTOBYETHCS BCUISKHUMU
porpaBayami.
— Iloka3 kaapiB ¢isibMy y 3BOpoTHOMY HANPAMKY. Piko moTpiOHO B JoAaTKax.
[Tpu TBepauXx 0OMEKEHHSX Ha Yac MOKa3y YeproBOro KaJapy BUKOHAHHS ITi€i BUMOTH
MOY€E PI3KO 3MEHIIIUTH CTYIIHb CTUCKY.
— Ayauo-BizyajibHa cMHXpOHi3amisi — cama cepiio3na Bumora. JlaHi, HeoOXimgH1
JUIL TOTO, 100 JOMOITHCS CHHXPOHHOCTI ayaio H BiJeo JOPIKOK, 1CTOTHO
30UTBIIYIOTE po3Mip GirbMmy. sl BigeocHUCTeMH 1€ O3HAYae€, IO, SKIIO MU HE
BCTUTAEMO JICTAaTH ¥ TMOKa3aTH B TMOTPIOHUNA MOMEHT 4acy SIKHWUCh Kajap, TO MU
MOBUHHI BMITH KOPEKTHO TMOKAa3aTH, HAMPUKIIAJ, KaJap, 1110 BUIUIMBAE 32 HUM. SIKIIO
MU MOKazyeMo (piibM 0€3 3ByKY, TO MOKHA JO3BOJIUTHU COO1 JieaBe O1IbIIE MOBIILHUM
a00 Oubllle MBUAKUN MOKa3. Y 4acu MOPIBHIHO HEJOCKOHAJIOTO HIMOTO KIHO KaJpu
WIUIM HACTUIBKM HEPIBHOMIPHO, HACKUIBKH HEPIBHOMIPHO KPYTHUB PYUYKY Kamepu
onepatop. [loka3 6e3 3ByKky (uIbMy, 3HITOTO HACTIIBKA HETOCKOHAJIUMHU METOJIaMH,
CIIPUMMAEThCS HOPMAJIBHO HaBiTh 32 YMOBH, IO YacTOTa ITOKAa3yBaHUX KaapiB
nocTiiiHa (1 repoi (UIBMYy MNEpeCcyBalOThbCs KAPUKATYpPHO IIBUAKO, Ta IMOBUIBHO).
Opnak nuBuTHCS GUIBM (HanmpukiIad, OOHOBUK), Y SKOMY B1JI€OCHCTEMA HE BCTHUTA€E
3a 3ByKOM - CTa€ My4YCHHSIM.
— CrilikicTh 10 MOMWJIOK — BUMOTa, OOyMOBJIEHA THM, IO OUIBIIICTh KaHAIIB
3B'I3KM  HEHaAiiHI. 3iMCOBaHE TMEPEIIKOA00 300pakKeHHS TMOBUHHE IIBHIKO
BITHOBJTIOBATHCS. BuUMora JOCHTH JIETKO 3aJ0BOJIBHAETHCS HEOOXITHUM YHCIIOM
HEe3aJIeKHUX KajapiB y moToii. [Ipy 1bOoMy TakoXX 3MEHIIYETHCS CTYIIHb CTHUCKY,
TOMY 110 Ha ekpani 2-3 cekyHau (50-75 kanpiB) Moxke OyTH Te came 300pakeHHS,
ajne M1 Oy/IeMO 3MYILIEHI HABAHTAXKYBATU MOTIK HE3AJIC)KHUMHU KaJIpaMHU.
— Yac koayBaHHfI/IeKoayBaHHs. Y  OaraThoX CcHUCTeMax (HAampUKIA,
BifleoTenepoHax) 3arajbHa 3aTpUMKa Ha KOJyBaHHS-TIEpeaady-IeKOTyBaHHS
MMOBMHHA cTaHOBUTH He Oumbie 150 mc. Kpim Toro, y momarkax, Ae HEOOXiJIHE
penaryBaHHs, HOpMaJbHa IHTEpPAKTUBHA poOOTAa HEMOXKIIMBA, SIKIIO Yac peakilii
CUCTEMU CTAaHOBUTH Olnbie 1 CeKyH/IH.
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— PenaroBanicth. I[lin pegaroBaHiCTIO pPO3YMIETHCS MOMKIIMBICTh 3MIHIOBATH BCi
KaJIpy TaK CaMo JICTKO, K SKOW BOHH OyJIM 3amicaHi He3aIexkKHO.

— MacmraboBaHicTh — mpocTroTa peamzaiii KoHmeniii "Bimeo y BikHI". Mu
MOBHHHI BMITH IIBHUJKO 3MIHIOBAaTH BHUCOTY W HIMPUHY 300paK€HHS B IIKCEJISX.
MacmtabyBaHHs 3jJaTHE TOPOAUTH HEMPUEMHI €(PEKTU B AITOPUTMAX 3aCHOBAHUX Ha
JKIT (nuckpeTHOMy KOCHMHYCHOMY mepeTBopeHH1). KopekTHo peanizyBaTH 1110
MoxnuBicTh it MPEG Ha nganuii MOMEHT MoOKHa, MaOyTh, JIUIIE MPU JOCHUTH
CKJIAJIHUX amapaTHUX peai3aiisax, TUIBKA TOJl aJrOpUTMH MaciiTaO0yBaHHS HE
OyIyTh ICTOTHO 301/IbIITYBaTH Yac JeKoayBaHHs. [{ikaBo, 1110 MaciTaOyBaHHS JOCUTh
JIETKO 3JIHCHIOETHCS B TaK 3BaHUX (PPAKTATHHUX aNTOpUTMax. Y HUX, HaBITH MPHU
30UTBIIIEHH] 300pa)KEHHS B KUIbKa pa3iB, BOHO HE PO3MANa€ThCs Ha KBAApaTH, TOOTO
BiICYTHI edekT "3epHucTOCT!". SKIIO0 HEOOXITHO 3MEHIIYBAaTH 300paxkeHHs (1110,
X04 1 piako, ajne OyBae MOTPIOHO), TO 3 TaKUM 3aBIAAHHAM J00pE CIPaBISIOTHCA
aJIrOPMTMH, 3acHOBaHI Ha wavelet meperBopenHi (auB. onuc JPEG-2000).

— HeBenuka BapricTh anapaTHoi peadizauii. [Ipu po3po6ii xoua 6 npuOIM3HO
MOBUHHA OIIHIOBAaTHCS M YpaxoBYBaTHCs KiHIIEBAa BapTICTh. SIKIIO I BapTICTh
BEJIMKA, TO HAaBITh MPU BUKOPUCTAHHI AJITOPUTMY B MIKHApOIHUX CTaHJapTax,
BUPOOHUKHU OYyJIyTh MPOMOHYBATH CBOi, OLIBIIE KOHKYPEHTOCIPOMOKHI, alITOPUTMHU
i pimends. Ha mpakrtumi 11 BUMOra oO3Hayae, IO aJTOPUTM IOBUHEH
peasni3oByBaTUCA HEBEJIUKUM HA0OPOM MIKPOCXEM.

Bnpasa: IlokaxiTe, 0 BHUMOTH JOBIIBHOTO JOCTYMY, IIBHJIKOTO TIIOIIYKY,
MOKa3y y 3BOPOTHOMY HANpSAMKY, ayJ10-BI3yaJlbHIM CHUHXPOHi3aulii il CTIHKOCTI 10
MMOMUJIOK CyIlepevaTh YMOBI BUCOKOTO CTYIIEHS CTUCKY TTOTOKY.

OrnucaHi BUMOTH JI0 alrOpUTMy cynepewinBl. OUeBHIHO, 110 BUCOKHUI CTYIIHb
CTUCKY Ma€ Ha yBa3l apxiBallil0 KOXKHOTO HACTYIIHOTO KaJpy 3 BUKOPUCTAHHSIM
nonepeaHi. Y TOW e 4yac BUMOTH Ha ayJi0-Bi3yallbHy CHHXPOHI3AII0 i JTOBUIbHUN
JOCTYT 70 OyAb-SIKOTO KaJpy 3a OOMEXEHUHN Yac HE Jal0Th MOXJIMBOCTI BUTSATHYTU
BCl KaJpu B JAHIIOKOK. [, mpore, MOxHaA CHpoOyBaTH MPUUTH O JAESIKOTO
KOMITpoMicy. 30ajaHcoBaHa peai3allisi, [0 BPaXOBY€ CHUCTEMY CYIEPEWINBUX
BHUMOT, MOXKE JIOCSTAaTUCS Ha TMPAKTHUIll 32 PaXyHOK HACTPOIOBAHb KOMIIpECopa Mpu
CTUCKY KOHKPETHOTO (iIIbMY.

15.4. BuzHnayeHHda BUMOT

[lim mnporeaypor0 BU3HAYEHHS BHUMOT, MPOTMOHOBAHUX [0 aJITOPUTMY,
PO3yMIEThCS 3'sICYBaHHS KJIACiB MPOTPAMHOTO M amapaTHOro 3abe3redeHHs, Ha sKi
BiH OPIEHTOBAHMH 1, BIIMIOBITHO, BUPOOITOK BUMOT JI0 HHOTO.

Hocii indopwmartii, Ha siKi OpIEHTOBAHHM aJITOPUTM:

— DVD-ROM — mnopiBHSIHO HHU3bKa BapTICTh, AYXE€ BHUCOKA IIIIBHICTH 3aluUCy
iH(dopManii pobsATh WOro HaMOUIbII MEPCHEKTUBHUM NPUCTPOEM ISl 30epiraHHs
o1(poBaHOTO BIJICO.

— CD-ROM — Hu3bKa BapTICTh MPU BUCOKIH MIUTHHOCTI 3amucy iHpopMallii poosisaTh
Horo HabOUIbI TPUBAOIMBUM MPUCTPOEM i 30epiranHs onudpoBanoro Bigeo. o
HEJIOJIIKIB CTaBUTBLCS IOPIBHAHO Majdid OOCSAT, OJHAK JHUCK Ma€ PEKOPJIHO HHU3BKE
BIJTHOILIEHHS BapPTOCTI AUCKA 10 00CsTY.
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— JKopcTkuii [uCK — HAWOLIBIT MIBUIKUK 1 THYYKHA MPUCTPIMA, IO BOJIOJIE TyXKe
MaJIUM YacoM IONIYKY, 0 HEOOXIAHO s AesIKUX noaatkiB. OMHAK BiH Ma€ BUCOKE
CIIBBIAHOIIEHHS BAPTOCTI IUCKA 10 OOCATY.

— TIlepe3anucyBaHi ONTHYHI TUCKH — OAWH 3 HAHOUIBII MEPCHEKTUBHUX MPUCTPOIB,
3aTHUX CHONMy4uTH B co01 nepeBaru CD-ROM (Hu3bka coOiBapTicTh 30epiraHHs
iHpopMmarii, Benukuii 00csT, TOBUIBHUM JOCTYIT) 1 )KOPCTKOTO JHUCKa (MOXJIMBICTh
nepe3arnucy).

— Kowmm'torepHi Mepexi (SK Ti00anbHI, TaKk 1 JOKajdbHi). XapaKTepHU3yIOTHCS
MOJIUBICTIO MIBUIKO OJCPKYBATH MPAKTUIHO HEoOMexeH1 obcsru inpopMmarrii. [{o
HEJIOIIKIB MEPEK, 3 IKMMHU OOPIOThCS Tak 3BaHi TexHoJorii Qo (Quality of Service —
rapaHTOBaHA SIKICThb CEPBICY), CTABIATHLCS MOJXKIIMBI 3aTPHMKH IAKETIiB, 1 JIOBUIbHA
3MiHa MPOMYCKHOI 34aTHOCTI KaHaIy.

[IporpamHe 3a0e3neueHHs, M0 BUKOPUCTOBYE BIJIEO-KOMIIPECII0, MOXKHA
MPO3IUTMTH Ha Bl TPy — CHMETPHUYHE i1 acCHMeTPUYHe.

AcuMeTpHYHi [J0JAaTKM BHCYBalOTh CEpPHO3HI BUMOTHU JO JeKojepa (K
paBWJIO, 32 YacOM 1 MaM'sTTIO), ajie JJId HUX Oaiily>kKHI BUTpATH PECYpCIB IMpHU
KoayBaHHI. [Ipukiagom € pi3HI MyJIbTUME/1a CHITUKIONET11, MyTIBHUKH, JOBITHUKH,
irpu ¥ mpocto ¢umeMu. [Ipu Takiii MOCTAHOBIN 3aBIAHHS 3'SABISAETHCS MOXIUBICTH
3aCTOCYBaTH CKJIQJHI aJrOPUTMHU KOMIIPECii, 10 JO3BOJISIIOTH OJIEPKATH OUTBIIHIA
CTYIIiHb CTHCKY JIaHUX.

CuMeTpu4Hi 10JaTKH NPEa'sBISIOTH OJHAKOBO TBEP/A1 BUMOTH HA Yac, MaM'aTh
1 IHIIl pecypcH, SIK MpU KOJAyBaHHI, Tak 1 mpu JAekoxayBaHHI. [Ipukiagamu Takoro
pOAy IOMATKIB MOXYTh CIY>KUTH BIJEOMOINITa, BifeoTenedoH, BiaeoKoH(epeHIlis,
penaryBaHHs i MATOTOBKA BiJieoMaTepiaib.

15.5. Orasa cranaapriB

B 1988 poui B pamkax Mixknapomnoi Opranizanii mo Cranmaprusanii (I1SO)
nouaya pooory rpyna MPEG (Moving Pictures Experts Group) — rpyna ekcriepTiB B
o6uacti udposoro Bigeo ( [SO-IEC/IJTC1/SC2/WG11/MPEG). I'pyna npairoBana B
HaTpsMKax, ki MokHa yMoBHO Ha3BaTH MPEG-Video — cTuck BiieoCUTHATY B TIOTIK
31 mBuaKicTio A0 1,5 Moit/cek, MPEG-Audio — crtuck 3Byky a0 64, 128 a6o
192 Ko6it/cek Ha xaHan 1 MPEG-System — cunxpoHi3auisi Biieo i ayAauo MOTOKIB
[15.1]. Hac B ocHoBHOMY OyayTh IikaButu npocsirHenHs MPEG-Video, xoua
OYEBHJIHO, 10 0OaraTo pilieHb Yy [OMY HAMpsIMKYy MNPUAMATINCS 3 ypaxyBaHHSIM
BUMOT CHHXPOHI3aIlii.

SAx amroputm, MPEG w™mae Ttpoxm mnonepennukiB. Ile, Hacammepern,
yHiBepcanbhuit anroput™ JPEG. Moro yHiBepcanbHicTs 03Hauae, mo JPEG mokasye
HETOTaHi pe3yIbTaTH Ha MUPOKOMY Ki1aci 300paKeHb.

SAxmo Oytu Oinmbie ToyHUM, TO cTaHmaapt MPEG, sk 1 iHmi crangaptd Ha
CTHUCK, OIKCY€ JIMIIE BUXIJTHUM OITOBUM TIOTIK, HESIBHO 3aJal04M aJTOPUTMHU
KOAyBaHHS U JexkoxyBaHHA. [lpu mpoMy iXHA peanizaiisi NEpeKIagaeTbcsl Ha
IpOrpamicTiB-po3pooOitoBayiB. Takuil miaxXia BIAKPUBAE IIUPOKI 0Opii AJid THX, XTO
O0axkae ONTHUMANbHO pealli3yBaTH aJITOPUTM JJIsi KOHKPETHOTO OOUYMCIIOBAIIBHOIO
npuctporo (koutposepa, [1K, po3nosaineHoi 004rCIIOBAIBHOI CUCTEMH ), ONIepaIliifHOT
CUCTEeMH, BifeokapTu i T.m. [15.2]. [Ipu cnemianizoBaHuX peanizaiisix MOXYyTb OyTH
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BpaxoBaHI JOCUTh crenudigyHi BUMOTH Ha 4Yac poOOTH, BUTpaTa MaM'sTi 1 SIKICTh
OJIep)KyBaHUX 300paKeHb. AJTOPUTMHU CTHCKY BiJI€O JOCHUTh THYYKI W HaiacTiiie
JUTSL PI3HUX TIAXOMIB A0 peaizallii, MOKHA OJIepKaTH ICTOTHY PI3HHINIO MO SKOCTI
B1JI€O, TIPH OJHIHM 1 TIM K€ CTYIICHI CTUCKY. BijbIle TOTO - 1711 TOTO CaMOTO CTHUCIIOTO
daiiiry 3a JOIOMOTOI0 PI3HHX alrOPUTMIB JEKOJYBaHHS MOJKHA OJIEP)KATH 1CTOTHO,
[0 PO3PI3HAIOTHCS M0 Bi3yanbHIN skocTi pimbmu. Haituacrime "mpocTa" peamizaris
CTaHAAPTYy Ja€ BiACOPsA, IO CMHUKAE, 3 T0Ope MOMITHHUMH OJIOKaMH, y TOM dYac SK
IporpaMu BIJIOMHX BHPOOHHKIB MPOTParOTh Iied ke ¢aiia IIJIKOM IJIaBHO U 0e3
Kuar4oi B 04l 6ouHocTi. L{i HroaHcH HeoOXiHO H00pe coO1 MPEACTABIATH, KOJIH
MOBA 3aXOJIUTh MPO MOPIBHIAHHS PI3HUX CTAHJIAPTIB.

Y Bepecni 1990 OyB mnpenctaBieHUN TMOMEPEAHIN CTaHAAPT KOJAYBaHHS
MPEG-1. V¥ ciuni 1992 po6ota nHan MPEG-1 6yna 3aBepiiena, 1 moyara podoTa Ha
MPEG-2, y 3aBiaHHS SKOTO BXOJWB OIMC MOTOKY JaHUX 31 MIBUAKICTIO Bif 3 10
10 M6Git/cek [15.3]. IIpakTruHO B TO¥ ke yac Oyna moyaTta podora Hax MPEG-3, mo
OyB mnpusHaueHuil mns onucy mnoTokiB 20-40 Mo6it/cex. Opnak He3zabapom
3'sicyBasiocs, o anropuTtmivdi pimeHHs misi MPEG-2 1 MPEG-3 npuHIUmoBo
Omm3pki W MokHa Oe30omicHO po3mmputd pamkd MPEG-2 mo mortokiB B
40 Moit/cex. Y pesynbTati pobora Ham MPEG-3 Oyma npunuaena.MPEG-2 0Oys
OCTaTOYHO JopobaeHuit 10 1995 poky.

B 1991 rpynoro ekcneptiB mo Bimeorenedonax (EGVT) npu MixxkHapoaHOMy
KOHCYJNbTaTUBHUN KomiTeT 3 Tenedonii i Ttenmerpadii (CCITT) 3anmponoHoBanHwMit
cranaapt BigeorenedoniB px64 Kbits. 3ammc px64 o3Hauae, MO0 aAITOPUTM
OpIEHTOBAaHWU Ha TMapajiejbHy Iepeaady oOIu(pPOBAHOTO BiI€O300PAKEHHS IO P
KaHalax 13 mpomyckHoro 3aatHicTio 64 Ko6ita/cexk. TakuM 4YMHOM, 3aXOILTIOIOYH
KUTbKa Tele(OHHUX JiHINA, MOXKHA OACPKYyBaTH 300paKCHHS IIUIKOM MPUUHSITHOI
axocTi. OIHUM 3 TOJIOBHUX OOMEXEHb IIPU CTBOPEHHI aIrOpUTMY OyB 4ac 3aTPUMKH,
[0 MOBUMHHE Oyno cTtaHOBUTU He Oumbmie 150 mc. Kpim TOro, piBeHb Nepemkos y
Tene(OHHUX KaHallaXx JIOCUTh BHUCOKHM, 1 1€, TPUPOJHO, 3HAUIUIO BIIOUTTS B
anroputmi. MokHa BBaxatH, 1o px64 Kbits — nonepennrik MPEG-A nnst nmoTokis
naHux MeHi 1,5 Moit/cek 1 cnierudigHoro Kjiacy BiJeo.

Y rpyni npu CMTT (cninsauit komiter nmpu CCITT 1 CCIR — International
Consultative Committee on bRoadcasting) pobotu Oynu cnpsMOBaHiI Ha Tepenady
oIM(POBAHHOTO BIACO MO BUIAIJICHUX KaHaJax 3 BUCOKOK MPOMYCKHOK 3AaTHICTIO ¢
pamioniHisM. Binmosimai ctanmapta H21 1 H22 opienToBani Ha 34 1 45 MG6iT/cexk, 1
CUTHAJI TIEPETAETHCS 3 TYIKE BUCOKOIO AKICTIO.

MPEG-4 cniokoHBIYHO OyB 3aAyMaHUi K CTaHAAPT ISl POOOTH 3 HATHU3bKUMH
notokamu. OHAK y TIPOIIECi TOCUTh JOBTO1 MIATOTOBKH CTaHIAPT NEPETEPITiB 30BCIM
PEBOJTIONIHHI 3MIHU ¥ 3apa3 BIACTUBO CTHCK 13 HU3LKUM IOTOKOM BXOJUTH y HHOTO
SK OJIHA CKJIaJ0Ba YaCTUHA, MPUYOMY JIOCUThH HEBEJIMKa 1o po3mipi. Hanpukmnan, cam
dbopMart cbOro/iHiI MICTUTh y OOl TaKi peul, IK CHHTE3 MOBH, PEHIEPHUHT 300pakeHb 1
OMKCY MapaMeTpiB Bizyallizallii 0cOOM Ha CTOPOHI MPOTPaMU MEPETIIsLY.

Po3podka MPEG-7 6yna nouyata B 1996. BnactuBo 10 anroputmiB CTUCKY BIJIEO
el craHaapT Mae Ie MeHiie BigHomeHHs, yuM MPEG-4, ockinbku HOTO OCHOBHE
3aBJIaHHSI TIOJISITa€ B OMMCl KOHTeHTa ¥ kepyBaHHI iM. Onuc MPEG-7 Buxoauts 3a
PaMKH 11€ KHUTH.
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[TapanensHo Bce 1e yac icHyBanu ¢opmatu Motion-JPEG 1 HemaBHO 3'SBUBCS
Motion-JPEG2000, npu3HayeHi B OCHOBHOMY ISl 3PYYHOCTI OOpPOOKH CTHCJIOrO
Bijico. Po3riisHEMO OCHOBHI CTaHIApTH W JIeKadli B IXHIH OCHOBI aJrOPUTMH
JETAIBHIIIE.

15.6. ba3oBi TexHoJI0Tii CTHCKY Bieo

15.6.1. Onuc anropurMy Kommpecii

Texnomnoris ctucky Bigeo B MPEG posnangaeTbest Ha B YaCTUHU: 3MEHIICHHS
HaJIMIPHOCTI BifcoiHdopmMallli B TUMYACOBOMY BHUMIpi, 3aCHOBaHUN Ha TIM, IO
CYCiJH1 KaJIpH, K TIPaBUJIO, BIIPI3HAIOTHCS HE CUIIBHO, 1 CTUCK OKPEMUX 300pakKeHb.

Jlsist Toro 1mo6 3a0BOJIBHUTH CYNEPEWIMBUM BUMOTaM 1 30UIBIITUTH THYYKICTb
AITOPUTMY, PO3TISIAETHCS YOTUPHU TUITH KAJPIB:

— |-Kagpu — kaapu ctucii He3anexxHo Bing inmux kaapis (I-Intra pictures),

— P-Kagpu — crtucii 3 BUKOPHCTaHHSM IIOCWUJIaHHS Ha oOJHE 300paxeHHs (P-
Predicted),

— B-Kagpu — cruciai 3 BUKOPUCTaHHSM TOCWJIAHHS Ha JiBa 300paxkeHHs (B-
Bidirection),

— DC-Kanpu — He3aIe)KHO CTHCII 3 BEIMKOIO BTPATOIO SKOCTI (BUKOPHUCTOBYIOTHCS
TUIbKH MIPU HIBUJIKOMY TIOIIYKY).

I-Kanpu 3a6e3meuyoTh MOXKIMBICTD IOBUIBHOTO JOCTYITY 10 OY/ib-SIKOTO KaJpy,
Oyly4u CBOEPIIHUMU BXIJHUMH KpamKaMH B MOTIK JaHUX i nexoxaepa. P-Kampu
BUKOPUCTOBYIOTh MpHU apXiBalli nocunanHs Ha oguH I-1- abo P-kanp, miasuuryrouu
TAM CaMHUM CTYIIHb CTUCKY (iibMy B wnuiomy. B-Kanpu, BukopuctoByrouu
MTOCWJIAHHS Ha JIBa KaJpH, 110 NepedyBaroTh criepey i 3a, 3a0e31euyoTh HAMBUIIHIMA
cTymiHb cTucKy. Cami SK TOCWUJIaHHS BHUKOPHUCTOBYBAaTHUCS HE  MOXYTh.
[TocmimoBHicTh  KaApiB y  GuibMi  Moxe  OyTd,  HampuKiIaa,  TaKHi:
IBBPBBPBBPBBIBBPBB... A60o, K10 MH HE 3a0IIaPKYEMO Ha CTYIEHI CTHUCKY,
takuit (puc. 15.1):

& D g Slnadr | Slnade Sl & D
I E E E E E E F I F
o - R N R N e

Puc. 15.1. I-Kagpu — nesanexuo cruchi (I-Intrapictures), P-Kagpu — ctuci 3
BUKOPHCTAHHSM MOCHJIAaHHS Ha oaHe 300pakenns (P-Predicted), B-Kanpu — ctucoi 3
BUKOPUCTAHHSM TIOCWJIaHHS Ha JBa 300paxenHs (B-Bidirection)

Yacrota [-KanpiB BUOUpaeThCs 3aJIe’KHO Bl BUMOT Ha 4ac JOBIILHOTO JIOCTYITY
1 HaIMHOCTI OTOKY MpHU Nepenadl yepe3 KaHai 3 nomuwikamu. CriBBigHOIIEHHS P-
P- 1 B-kaapiB miadupaeTbes, BUXOASYH 3 BUMOT 0 BEJIMYMHU KOMIPECii i 0OMexKeHb
nexozepa. Sk mpaBwio, nekoayBanHs B-Kanpis Bumarae Ounbiiie 004YHCITIOBATBHUX
MOTY>KHOCTEH, OJHAK JO3BOJIAE€ IMABUIIMTH CTYIiHb CTHCKY. Came BapirOBaHHS
4aCTOTH KaJApiB PI3HUX THUMIB 3a0e3Medye aaropuTMy HEOOXIAHY THYYKICTh 1
MOJIUBICTh PO3MIMPEHHS. 3p03yMijio, o I Toro, mob po3nakyBatu B-Kamp, mu
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MOBHHHI BXX€ pO3MaKyBaTH Ti KaJpu, Ha K1 BIH TMOCWUJIAEThCA. Tomy s
nocminoBHocti |IBBPBBPBBPBBIBBPBB xampu y ¢inbemi OyayTh 3amucaHi Tak:
0**312645..., ne nudpu — HOMEpa KaapiB, a 3ipoykaMm BianmoBigarTh ado B-Kamapu 3
HOMepamu -1 1 -2, Ko Mu nepedyBaeMo B CEPEeAMHI MOTOKY, a00 TOPOKHI KaapH
(aidoro), skmo MU Ha mo4aTky ¢iabmy. [lomiOHu dopMar Mae JOCHTH BEIHKY
THYYKICTb 1 37JJaTHUH 33JOBOJILHATH BCUISKUM HaOOpaM BHMOT.

OmHuM 3 OCHOBHHX TOHSATH TNPH CTHCKY IEKUIBKOX 300paKe€Hb € TOHSTTS
MakpoOsoky. Ilpu ctucky kamap 13 komipHoro mpoctopy RGB mepeBoauThcs B
kompuuii npoctip YUV. Koxna i3 mmomun cruciauBoro 3o0paxenss (Y, U, V)
po3ainsieTbes Ha Onoku 8x8, 3 sxumu mipatroe JIKII. ITpugomy mmommau U 1V, 1o
BIJIMOBIJIAI0OTh KOMITIOHEHTY KOJILOPOBOCTI OEPYTHCS 3 T03BOJIOM Y JIBa pa3ud MEHILIUM
(o BepTHKaI ¥ TOPU30OHTAIL), YUM BUX1AHE 300pakeHHs. TakuM YMHOM, MU BiApaszy
0JIEP’KYEMO CTHUCK Y JIBa pa3u, KOPUCTYIOUHUCH TUM, III0 OKO JIIOJIMHU TipIlie PO3pi3Hse
KOJIIp OKpPEMOi Kpamku 300paKeHHS, 4YUM ii SICKpaBiCTh (JOKIAAHIIIE MpO Il
MepeTBOpeHH auBuTecs B omuci anroputMmy JPEG). bmokm 8x8 rpymyrorbest B
MakpoOJoku. MakpoOJIOK — 11€ TpyIia 13 YOTUPHOX CYCIHIX OJIOKIB y IJIOMIMHI SPKOT
KOMITOHEHTH Y (MaTpuilg IikcemiB 16x16 eiaeMeHTIB) 1 JBa BIAMOBIAHHUX M IO
po3TalllyBaHHIO OJIOKY 13 TUiomuH KojwopoBocTi U 1 V. Takum uymHOM, Kaap
PO30MBAETHCSA HA HE3AJICKHI OJMHUIN, 10 HECYTh MOBHY 1H(OpPMALIiIO MPO YACTUHY
300paxkenHs. [Ipu nbomMy po3Mip 300pakeHHsI TIOBUHEH OyTH KpaTHUM 16.

OxpeMi MakpOOJIOKH CTUCKYIOThCSI He3allexHo, ToOTo B B-Kaapax mu moxkeMo
CTUCHYTH MaKpoOJIOK KOHKpeTHuUi sk [-briok, P-6510k 3 mocuiiaHHsIM Ha monepeHini
kajnp, P-biok 3 mocunanHsaM Ha HacTymHUM Kajp 1, HapemTi, sik B-biok.

AnroputM cTUCKy okpeMux kajpiB B MPEG cxoxwuii Ha BiIMTOBITHUN alTOPUTM
Uit cTaTUYHUX 300paxens — JPEG. Skmio roBOpuTH KOPOTKO, TO caM ajirOpPUTM
CTUCKY sIBJsie €000 KOHBeep meperBopeHb. lle JucKkpeTHe KOCHHYCHE
MEPETBOPEHHS BUXIJHOI MaTpulll 8X8, KBaHTYBaHHS MATpULIl i BUTATYBAaHHS ii Y
Bektop V11,v12,v21,v31,v22,...,v88 (3ursar-ckaHyBaHHS), CTUCK BEKTOpa I'PYHOBHM
KOJITYBaHHSIM 1, HapelITi, CTUCK Mo anroputmy Xaddmana.

15.6.2. 3araabHa cxeMa aJropuTMy

VY 1igoMy Bech KOHBEED MEPETBOPEHHh MOYKHA MIPEICTABUTH TaK:
— IliaroToBka MakpoOJIOKiB. [[1s KOXXHOro MakpoOJIOKY BH3HAYAETHCA, SKUM
obpaszom BiH Oyze ctucauit. B I-Kagpax Bci MakpoOIOKU CTUCKYIOThCSI He3alexHo. B
P-Kanpax 6510k a00 CTHCKY€EThCSI HE3aJIekKHO, a00 SIBJIIE COOOK0 PI3HULIS 3 OJTHOMY 3
MaKpoOJIOKIB Yy MOIMEPETHHOMY OMTOPHOMY KaJipi, Ha SsKoMY Tocuitaethest P-Kamp.
— TIlepexnan wmakpoOnoky B komipHuii mpoctip YUV. OpepkanHs mnoTpiOHOT
KUIBKOCT1 MaTpuUilb 8X8.
— Jlns P-bnokiB 1 B-0510kiB BUpOOJSETHCS OOYMCIICHHS PI3HUI 3 BIJAMOBIAHUM
MakKpoOJIOKOM B OITIOPHOMY Kajpi.
— JIKIL.
— KBanTyBanHs.
— 3ur3ar-ckaHyBaHHSI.
— I'pynoBe koyBaHHS.
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— KonyBanns Xaddmana.
IIpn nexomyBaHHI BeCh KOHBEEP IOBTOPIOETHCS JIJIS 3BOPOTHHX IIEPETBOPCHb,
MOYUHAIOYM 3 KIHIIA.

15.6.3. BukopucTaHHsl BEeKTOPiB 3CyBiB 0J10KiB

Haitnpocrimmii cnoci®6 ypaxoByBaTH Moao0y CYCIIHIX KaapiB — II€ BIIHIMATH
KOXKHUW OJIOK CTHUCIMBOTO KajJpy 3 BIAMOBITHOTO OJOKY momepeanporo. OgHak
OLIBIIIE THYYKHM € aJITOPUTM TONIYKY BEKTOPIB, HA K1 3pYIIMINCS OJIOKH TTOTOYHOTO
KaJpy CTOCOBHO momepeAHiid. J[JIg Ko)KHOTro OJIOKY B 300paK€HHI MU 3HAaXOIHUMO
OJIOK OJIM3BKUIA IO JAESKiN METpUIll (HAIPUKJIIAI, IO CyMi KBaJIpaTiB Pi3HHMIII ITIKCEITIB)
y TOIEPEIHbOMY Kaapi B JEAKid OKOJHUIl HOTOYHOIO IOJOXKEHHS OJoKy. SIKIIo
MIHIMaQJIbHA BIJCTaHb O OOpaHiil MeTpull 13 OJOKaMU B NONEPEIHBOMY Kajapl
OisbIIIe 0OpaHOro Mmopora — OJOK CTUCKYEThCS He3alexHo (puc. 15.2).

3HangeHwi
noaibHmiA

A =
pd
T = [
\ y
ll"l / J
- ;'F CymicHicte Bnoky
CTUCHeHMi Bnok, Ana akoro & nonepeaHLoMy
306paKeHHs MM WyKaem nogibHwi Kaapi

Puc. 15.2. Cxema cTuCcKy OJOKIB

Takum 4YMHOM, pa3oM 3 KOXHUM OJIOKOM Yy TOTIK Tenep 30epiraroThes
KOOPJIMHATH 3CyBY MaKCUMAaJIbHO CXOXOTO OJI0Ky B momnepenusomy I-1- abo P-kampi,
ab0 03HaKa TOTO, IO JIaHi CTHCII He3alexHo. L{i koopauHaTH 3a/1al0Th BEKTOP 3CYBY
omoky (motion vector). ¥V cuTyarisx, KoiaM Kamepa HaDKkae Ha 00'ekT abo nae
MaHOpaMy, BUKOPUCTAaHHS BEKTOPIB 3CYBIB OJIOKIB JO3BOJIAE€ 3HAYHO 3MEHIIHUTU
aMILTITYly PI3HUI KaJpiB, 1 IK HACTIOK — 3HAYHO MITHATH CTYMiHb CTUCKY.

Sxmo My mpoaHami3yeMO peasibHi (ITbMU, TO BUSBUTHCS, IO YacTO OJIOK
3pYLIYETHCA HE HA KpaTHE YMCIIO MIKCeNiB, a, Hanpukiaa, Ha 10.4 mikcens (kamepa
IIBUKO PYXA€ThCSl BIPABO, TJIaH 3HOMKH 3pYIIYETHCS PIBHOMIPHO W IIPOXOJUTH
MOBHUM Kajp po3mipom 352x240 3a 1.35 cexynam). [Ipu 1iboMy BUABISETHCSA, IO IJIS
MBULIEHHS CTYIIEHS CTUCKY BHUTIJIHO OyyBaTu 4 00J1acTi MOIIYKY BEKTOPIB 3CYBIB:
BUXIJHY, 3pYyIIEHY Ha MIBIIKCENs MO TOPU30HTANI, 3pYyUIEHY Ha IMIBOIKCENs IO
BEPTHUKAJI i 3pyIlIEHY Ha MIBIIKCEJs MO TOPU30HTAII i 10 BepTHKail (10 AlaroHani),
Kl OyaylOThCS 3a JOMOMOTOI0 JOCHUTh INBUAKWX aJTOpPUTMIB OuTiHIMHOI abo
KYCOYHO-JIIHIHHOI anmpokcumariii. [lefi nmpuifoM TakoX J03BOJISIE€ 3MEHIIUTH Pi3HULS
MDK OJOKaMH ¥ MIiABHINUTH CTYIIHb CTHCKY MpH MiHIMAJIbHIA JOJATKOBIM
iH(dopmartii, Ky Tpeba 30epiratu y daiin (oc 2 6ith Ha KoxHUN 0y10K). [IpaBma
OyayBaTu ampoOKCUMOBaHI OJIOKM TMpHiie W mpu JeKoMIpecii, OAHAK 1€ MOPIBHIHO
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JelieBa 3a YacoM OIlepairlis, [0 JJOCUTh HE3HA4YHO 30iIbIIye 3araJbHUN dac
JIEeKOMIIpeCii.

Takox Tpeba po3ymiTH, IO AITOPUTM IMONIYKY ONTUMAJIbHUX BEKTOPIB 3CYBY
MoJIsITae, 3arajoM Kaxydd, y mepedopi. ICHyroTh pi3HI METOAM 3MEHIICHHS IHOTO
nepebopy, 1 HACTPOIOBAHHS BiJCO-KOJEKIB, IO PETYJIOITh IMBHIKICTH CTHCKY
HEPIAKO BapilOl0Th CaMe IMapaMeTpu METOy Tiepedopy.

15.6.4. Mox/JMBOCTi 110 po3napaJie;IiOBaHOCTI

HaBiTh mBuaKu# TOTIISA HAa e y3araJbHEHUN alrOPUTM JTO3BOJISIE TIOMITHTH,
0 BIH IIOPIBHSHO JIETKO PO3MApajeIiol0Thesa. 300pakeHHs 320x288 MiCTHTh
330 MakpoOJIOKiB, sKI MOXHA KOIyBaTH W JEKOMyBaTH He3alnexHo. Kokawmit
MaKpOoOJIOK, Y CBOIO Yepry, MICTUTH ImicTh OjokiB manux mis JKII. Po3napanenutu
JKII myxe BaXJIMBO, TOMY II[0, HE BBa)KalO4UW MOIIMYKY BEKTOPIB 3CYBY, II¢ caMa
noBUIbHA  omepauia. [lomiTUMO  TakoX, IO IHIII HEPETBOPEHHSA  JIETKO
KOHBEEPU3YIOThCA. Y PE3yJbTaTl MU OJEPKYEMO NapajelibHO-KOHBEEPHY CXEMY
00pOoOKM MOTOKY BIJICO/IaHUX.

JlocuTh 3aMaHJIMBO BUIJIAJA€ MOXJIUBICT Po3mapanenutu oOpoOKy pi3HHX
KaJpiB, ajie TyT MM 3IIITOBXYEMOCS 31 CKJIAJHOCTAMHU. SIK HpaBHIIO, KOMIIPECOP
OyIyeTbCcsl TAKUM YMHOM, 100 MICIS CTHCKY 300paKeHHS MiJIIaBajioCcs] 3BOPOTHUM
HNEPETBOPEHHAM. TakuM YMHOM, MU OAEPKYEMO KaJp 13 BTpaTaMu i apXiByeMO 1HIII
KaJpH, BIJIITOBXYIOUMCH BiJ] HboOro. lle no3Boisie HE HAKONMMYYBATH IOMUJIKH,
OJIepKyBaH1 L€ MPU KBAaHTYyBaHHI. TakKMM YMHOM, SIKIIO HA €KpaHi MK KaJpaMu
crocTepiraiucs OuIbIN 3MIHH, 1 SKICTh 300pa)K€HHs JTOBEJacsl MOHU3HUTH, TO MpHU
cTabim3anii 300pakeHHs SIKICTb IIBUAKO MIABUILIYETHCS MPAKTHUYHO JO SKOCTI
BUX1HOTO Bieopsany. HenpueMuuii epext, opoaKyBaHUN UM MPUHOMOM, MOJISITA€E
B TIM, IO 3'SBJISETHCA MEPEXTIHHS OKpPEMHX Kparok (abo obnacreil) 300pa’keHHs,
3HAYEHHS KOJIbOPY B K1 OKPYIJISIETHCS T€ B OUTBLIY, TO B MEHIILY CTOPOHY.

[Ipu po3nakyBaHHI HaIll MOKJIMBOCTI MO MapajeibHiil 00poOIl Pi3HUX KaapiB
JIOCUTh OOMEXKEH1, OCKUIBKH BEIMKO 3aJ€KHICTh MK KaJpaMy B TMOTOLI (BETUKUIA
Bijgcotok P-P- i B-kampis).

15.7. Inmi masixy miABMIEHHSI CTYNEeHs CTUCKY

Onucanuid BUILE QITOPUTM Y IUIOMYy BKpail OJIM3bKUNA  OLIBIIOCTI
3aCTOCOBYBAHUX 3apa3 Ha MPAKTHUIll aJrOpUTMaM CTHCKY Bizmeo. OmHak HOBI (a0o
nobpe 3a0yTi cTapi) i€l 3'IBJISIIOThCS MOPIYHO. SKIO AJIsI aJrOPUTMIB CTUCKY 0€3
BTpaT MO>KHA TOBOPHUTH TIPO PICT CTYIEHS CTUCKY Ha 1% y pik (110710 TOmepeIHbOTO
POKY) JUISl JOCUTh BEIMKOTO0 TECTOBOTO MACHBY JaHUX, TO IS aJTOPUTMIB CTHUCKY
BiJiIc0O MoOBa 3BMYaiHO #ae 00 3-5% 30iIbIIIEHHS CTYNEHS CTHUCKY IS JIOCHUTH
BEJIMKOTO BijieoyparMeHTa MpHu Tik ke Bi3yalbHIN SKOCTI.

Onnak crape mg00pe 'mpaBuio Baxkensa', BUHaWeHe 1e ApxiMenom,
JTOTPUMYETHCS M TYT. | AKIIO 3 OFHIET CTOPOHM MiABUIIYETHCS CTYIIHb CTUCKY, TO 3
1HIIIOT CTOPOHU JIOBOJIUTHCS MPOUTH, JOJIAF0YM TY K CUITy, Habarato OUIBIIMM MIISAX.
VY 11boMy BHIIAJIKy POCTE CKJIAIHICTh MPOrpaMu M ymaje MBUAKICTb POOOTH, K MpU
KOMIIpecii, TaK 1 MpU JEKOMIPECii.

[lepeniunMo OCHOBHI IIJISIXU MIABUILICHHS CTYTIEHS CTUCKY:
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— 3mina aaropurmy ctucky I-Kaapis. Buille HaBeeHuil anroputm, 3aCHOBaHa Ha
JKII. Croromni Bci dYacTillie BUKOPUCTOBYIOTHCS QITOPUTMH, 3aCHOBaHI Ha
BeliBneTax (nuB. onric JPEG-2000).

— 3miHa ajaroputMy cTHCKY 0e3 BTpar. Builne HaBeOeHUU alropuTM, IIO
BUKOPUCTOBYE CTUCK M0 anroputMy Xaddmana. OpHak HEIABHO 3aKIHYMBCS
OCHOBHM MaTEHT Ha apu(pMETUYHUN CTUCK (natoun nepesary 2-15%) 1, BiIMOBIIHO,
BCI1 YacTillle BAKOPUCTOBYETHCS CaM€ BOHO.

— 3miHa ajaropuTMy pod0oTH 3 BeKTOpPaMH 3CcyBY 0.10KiB. [1in60p BEeKTOpiB 3CYBiB
OJIOKIB 10 HAWMMEHIIOMY CEpeIHbOKBAJAPATUYHOMY 3CYyBl HE € ONTHMAJIbHHM.
[CHYIOTh aNTOPUTMHU MArOYM KpalTuil pe3yiabTaT MPHU JESIKUX J0JaTKOBUX BUTpaTax
qyacy IpU CTUCKY.

— 3acrocyBaHHs 00poOKu KoedimieHTiB. MoxHa HaMaraTuCsi oJiep>KaTH OlJIbIIe
iH(dopmarlii npo 300pakeHHs 31 30epekeHux koedimieHTiB. Hampukman, MoxIMBO
mBuAKe TmopiBHAHHA KoedimienTiB micas JKII y cycigaix Onmokax 1 iXHe
YCEpETHEHHA MO0 JOCHUTh CKIQIHUX anropuTmax. lledi mpuiioM MOMITHO 3HUXKYE
KUIBKICTh apTedakTiB BHeceHUX y 300paxkenns [KII, mpu upomy nomyckarouu
peanizalliio, 110 MPaloe B peaJbHOMY Yacl.

— 3acrocyBaHHsi 00pOOKH KaJpiB, 0 BHXOAATH. Bigome IMXO0 aaropuTmiB
CTUCKY 300pakeHb — HeMHUHY4a "0J04HICTE" (00pe MOMITHI TPaHMIII MaKpOOJIOKIB).
VY npuHLHII iICHYIOTh aITOPUTMH, IO MPAIIOIOTH 13 KaApiB 30BCIM 0€3 3aCTOCYBaHHS
0JIOKIB (HaBITh 0€3 BEKTOPIB 3CyBY OJIOKIB), aj€ TaKHil MIAXiJ MOKUA HE BUIIPABIYE
cebe Hi MO CTYNEHI CTUCKY, Hl MO IIBHUIKOCTI poOOTH nekojepa. OIHaK MOXKHA
noOyayBaTH JOCUTh IIBHJKI QJITOPUTMU TOCTOOPOOKH, SIKI JOCHUTH aKypaTHO
3a0epyTh BUAMMI TPaHUIll MK OJOKaMHU, HE BHOCSYM ICTOTHUX TMEPEIIKOJ] Yy caMme
300pakeHHs. [CHYIOTh TaKOX aJrOpUTMHU, III0 YCYBalOTh Ha JieTy edekt ['160ca (auB.
omuc JPEG) 1 T.n. Takum dYMHOM, ICTOTHO TOJIMIIYETHCS Bi3yaldbHa SKICTh
300pakenHs. 1{e Takoxx 03Hayvae, 1Mo MOKHA MIJBUIIUTH CTYIIHb CTUCKY MPH Tii XKe
BI3yaJIbHIN AKOCTI.

— TloainumeHHs1 aIropuTMiB MacuTadyBaHHs 300paxeHb. SIk mpaBuio, BiA€O Ha
KOMIT'FOTEpl MeperisagalTs y Bech ekpaH. [Ipu 1ipoMy HaBiTh 3aCTOCYBAHHS Iy)Ke
MPOCTOr0 ¥ MIBUJKOIO KYCOYHO-JIIHIMHOTO MAacIUTa0yBaHHS 3/1aTHA KapJWHAJIbHO
3HU3UTH MIBUJKICTH TPOTPaBaHHS poJuKa. 100TO TPUMITHBHA  OIEpalis
MacmTaOyBaHHS 300pakKeHHs Oyje TMpaioBaTH TOMITHO JOBIINE, HIK CKJIaJHUN
anroputm Aexkojaepa. OHaK MIBUAKOCTI Cy9aCHUX KOMI'TOTEPIiB MIBUAKO POCTYTh 1 Ti
QITOPUTMH, IO BUKJIMKAJIM MAIHHS MBUIKOCTI 10 7 KaapiB y cekyHay Ha Celeron-
300 marote xuBe Bimeo — Outeme 30 kaapiB Ha P 4-1200 (mouwmHae
BUKOPUCTOBYBATHUCS PO3IMIMPECHUN HaOIp KOMaH/ 1 T.11.). T.e. 3'IBIS€ThCS MOKIUBICTh
BUKOPHUCTOBYBATH OLIbIIEe CKJIAAHI 1 SKICHI aJrOPUTMH MacliTaOyBaHHS Ha BECh
€KpaH, OJEp)Kylouu OuIbllle BUCOKY SKICTb, YUM JJIi BHUKOPUCTAHHSA paHilie
OUTIHIAHOT 1HTEPNOJIsALIT (Y OLIBIIOCTI BIIEOKAPT peai3oBaHOT amapaTHO).

— 3acrocyBaHHSl NONEPeAHbBOI 00pPOOKM Bigeo. SIKIIO MU XOUEMO OJEPKATH
JOCUTh BUCOKHMI CTYIiHb CTHUCKY, TO MOXHa 3a3[ajieriib MPOPOYUTH, 110 B HAIIIM
300pakeHHI MOCTPAKIAI0Th BUCOKI 4acTOTH. BOHO cTaHe 3rIayKeHUM, TPOIaTyTh
O6arato apiOHux pnetanedd. Ilpm 1bOMy, SK TpPaBUO, 3'ABIAIOTHCS JOJATKOBI
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apTedakTd y BUIJISII CMYXKOK, OpEOJIIB y PI3KUMX TpaHUllb, XBUJIb. 3HAYHO
IMIIBUIIUTH SKICTh 300paKCHHS IIICII KOAYBAaHHS JIO3BOJIIE TIepeaoOpoOka 3
BHUJIAJICHHSM BHUCOKHX 4YacTOT. [Ipy 1IbOMY ICHYIOTH aJITOPHTMH, 110 O0OpOOIISIOTH
MOTIK TAKUM YHHOM, III0 BI3yaJbHO SKICTh 300payKCHHSI HE 3MIHIOETHCS, OJTHAK ITiCIIS
JeKoJIepa MU OACPIKYEMO 1ICTOTHO O1MIbIIE SIKICHE 300paskeHHS.

Bumie mepepaxoBani nwire okpeMi HampsMKu po6it. @aktuuno 3a 90-¢ poku
3MIHM W TIOJIMIIEHHS TOPKHYJIUCSA BCIX MOJIYJIB ajJrOpUTMy, MOOYJOBAaHOTO 3a
KJacuyHoro cxeMoro. CBOI0 JenTy B 1€l Mpolec BHOCATh TAaKOX BHUPOOHUKHU
MikporpoliecopiB 1 ocoomuBo Intel. Ilpomecopu, moumHatoun 3 P4, crmemiaibHO
npu3HavyeHi sl 00poOKku MoTokoBUX AaHUX. OCOOIMBOCTI apXITEKTYpH MpoIecopa
(30KpemMa HEBENMKOI B TMOPIBHAHHI 13 mporiecopaMmu AMD kemnn mepiioro piBH#),
JAI0Th 3HAYHA MepeBara OJHUM alropuT™Mam 1 poosisiTh HeeeKTUBHUMU 1HII. OHAK
3arajbHe BJIOCKOHAJIIOBaHHS aJFOPUTMIB CTHUCKY BIJEO WIE JyXKe IIBUIKO W
HAWOJIMOKYMM YacOM MOJKHA YEKaTH TUIbKU 30UIBIIECHHS IIBHAKOCTI IOSBH HOBHX
PO3pO0OOK.

15.7.1. Motion-JPEG

Motion-JPEG (abo M-JPEG) € HaiO1IbII IPOCTUM aJITOPUTMOM CTHCKY BijI€O.
Y HbOMYy KOXHUW KaJp CTUCKYeThcs HezanexHo anroputmom JPEG. Lleit mpuiiom
Ja€ BHCOKY MIBHJKICTh JOCTYITy /10 JAOBUIBHUX KaJpiB, K Yy MpsAMOMY, TaK 1y
3BOPOTHOMY MOPSAKY HPOXOJKEHHS. BiANOBIHO JIErKO peai3yloThCs IUIaBHI
"mepeMoTyBaHHs" B 000X HampsAMKax, ayAio-Bi3yalbHa CHHXPOHI3alls W, M0 came
rojloBHe — penaryBanHs. TumoBi omnepauii JPEG 3apa3 miaTpumyroThcsi Ha
anapaTHOMY PiBHI OUIBIIICTIO BiA€OKApT 1 NaHUW GopMaT JO3BOJISIE JIETKO ONEPyBaTU
OuUTbIIMMHU OOCSTaMHM JaHUX MPU MOHTax1 (QiabMiB. He3zanmexHUN CTHCK OKpeMHX
KaJpiB J03BOJISIE HAKJIAAATH Pi3HI €deKTH, HE MOOOIIOUUCH, 1110 B3a€EMHHI BILIWB
CYCI/IHIX KaJIpiB BHECE JIOAATKOBI NEPEKPYUYBaHHA y (LIbM.

Xapaxkrepuctuku Motion-JPEG

IoTik, g03Bia (cTuck): [ToTik 1 703B1T TOBUIBHI, CTHCK B 5-10 pa3iB

Ilnrocu: 3abesneuye mBHAKUN JOBUTBHUI AocTyn. JIerko penaryBaT MOTIK.
Husbka BapTicTh anapaTHOi peanizaiii.

Minycu: [TopiBHSIHO HU3BKUI CTYIIHb CTUCKY.

15.7.2. MPEG-1

Anroputm MPEG-1 y minomy BIiANOBiae omuicaHid BUIIE 3arajibHIA cXemi
MOOYIOBU JITOPUTMIB CTHCKY.

Xapakrepuctuku MPEG-1

IoTik, po3Bia: 1.5 M6i1/3, 352x240x30, 352x288x25

ILarocu: TopiBHSHO TIpOoCTHiA B amapaTHii peasi3allii, MICTUTh MTEPETBOPEHHSI,
MiATPUMYBaH1 Ha arapaTHOMY PiBHI OUTBIIOIO KUTBKICTIO BiJIEOKAPT.

Minycu: HeBucokuii ctyninb cTucky. Masa rHyukicts popmary.
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15.7.3. H.261

Cranmapt H.261 cnemudikye KOAyBaHHA W JEKOJYyBaHHS BIJICOMOTOKY IS
nepeaaydi no ka"am p*64 Koit, ne p=1..30. Sk kaHan Mo)ke BUCTyNaTH, HaAPUKJIaJ,
KUIbKa TeJe(OHHMUX JIHIN.

Bxigauit popmat 306pakenns — posmupenss CIF a6o QCIF y ¢opmati YUV
(CCIR 601) gacrorta xaapiB Big 30 fps 1 Hmkue. BUKOPHCTOBYETHCS 3MEHIIICHHS
PO3UIMPEHHS B 2 pa3u JUIsl KOMIIOHEHTIB KOJILOPOBOCTI.

VY BUXiTHHIA TOTIK 3anmucytoThbes ABa Tumu KaapiB: INTRA — ctucni HezaiexHO
(BigmoBigarote [-Kampam) 1 INTER — cTucni 3 mocunaHHSM Ha TOTIEpETHINA Kaap
(BimmoBigatote P-Kampam). ¥V mepemanomy kaapi HE OOOB'SI3KOBO MPUCYTHI BCi
MaKpoOJIOKH 300paKCHHS, SKIIO OJOK 3MIHHMBCSA HE3HAYHO IIepeAaBaTH MOTO
3BuuaiiHo Hema pairii. Ctuck B INTRA kanpax 3a1MCHIOETBCS 32 CXEMOKO CTHCKY
okpemoro 300paxkeHHs. B INTER kaapax BupoOiisgerbest aHanoriyHuil CTUCK pi3HULI
KOXXHOTO TIEPEIaHOr0 MakKpoOJOKy 3 "HaWOUIbII CXOXHM" MakpoOJOKOM 3
MOMEepPeTHLOTO KaJipy (kKommeHcariss pyxy). s 3rmamxyBanHs aptedaktiB JIKII
nependayeHa MOXJIMBICTh 3aCTOCYBaHHS PO3MUTTS yCEepeArHI KOKHOTO OJIOKY 8x8
nikceniB. Crangapt Bumarae, mo6 INTRA kaapu 3yctpivanucs B MoTOIl HE pijlie
gyuMm uepe3 koxHI 132 INTER kampy (mo0 He HakomuuyBajacsi MOTPIIIHICTb
KOJyBaHHS 1 OyJia MOKJIUBICTh BIIHOBUTHCS Y BUIAJIKY TOMUJIKU B MOTOII1).

CtTyniHb CTHUCKY 3aJie’KUTh B OCHOBHOMY BiJI METOAY 3HAXOKEHHS 'CXOXKUX"
MakpoOJIOKIB Yy TMOMEPEeHbOMY Kajpi, aIrOpuTMy PpIIIEHHS YU T[epeaBaTu
KOHKPETHHI MAakpoOJIOK, BUOOpY cmocoOy KOJYBaHHS KOXHOTO MakKpoOJIOKY
(INTER/INTRA) i Bubopy koedirientiB kBantyBaHus pesynbraTiB JIKII. XKoxen 3
nepepaxoBaHi MUTAHHS CTAaHAAPTOM HE PETIaMEHTYIOTHCS, 3AIHINAIOYHA BOJIO IS
MOOYIOBY BJIACHUX ONTHUMATBHUX aJITOPUTMIB.

Xapakrepuctuku H.261

IoTik, no3Bin: p*64 Koit, p=1..30, CIF a6o QCIF

Iarocu: [Ipoctuii B amapatHiid peami3aiiii.

Minycu: HeBucokwuii ctymniab ctucky. OOMexeHHs Ha hopmar.

15.7.4. H.263

Jlanuii craHgapT € pO3IIMUPEHHSM, JONOBHEHHSM 1 3HAYHUM YCKIJIAJHEHHSIM
H.261. Bin wmictutrh "0a30BUH" CTaHAApT KOAYBAaHHS, W10 MPAKTUYHO HE
BIJIPI3HSIETHCS IO AITOPUTMAX CTUCKY BiA H.261, muroc Ge3niy onmioHaIbHUX HOTro
po3ipenb. KopoTko nmepeniynmo HaiO1IbIT BaXKJIUB1 BIIMIHHOCTI:

— Bukopucranas apupMeTHYHOro0 KoAyBaHHsl 3amicTh koaiB Xaddmana. [lae
MOXJIUBICTB Ha 5-10% MiABUIMTH CTYIIHb CTUCKY.

— MokauBicTh 32aBJaHHS BEKTOPIB 3CYBY, III0 BKa3yIOTh 3a MexXKi 300pasKeHHs.
[Ipu 1bOMy IrpaHHYHI MIKCEIH BUKOPUCTOBYIOTHCA JJI MPOPOKYBAHHS MIKCENB M03a
300paxkeHHsIM. JlaHul TpUioM YCKJIQTHIOE aJITOPUTM JEKOAYBaHHS, ajie J03BOJISE
3HAYHO MOJIIIIUTH 300pa)KEHHS MPH Pi3Kiil 3MiHI [JIaHY CLICHH.

— MoxJauBicTh 3aBJAaHHA BEKTOpPa 3CyBY /Js KOKHOro O0Jioky 8x8 vy
MakKpoOJIOIl, 110 B PSAli BUIAJKIB ICTOTHO 30UIBIIy€ CTHCK 1 3HWKYE OJIOYHOCTH
300paKeHHSI.
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— IlosBa B-KaapiB, mo m03BOjsi€ 30UIBIINTH CTYIIHb CTHUCKY, 3a PaxyHOK
YCKIJIQIHCHHS 1 301JIBIIICHHS Yacy poOOTH JIeKoaepa.

— IlinTpumka Besmkoi KijbkocTi ¢opmatiB Bxignux Bigeomanux: sub-QCIF,
QCIF, CIF, 4CIF, 16CIF 1 nanOynoBany okpeMo. OCHOBHa BIIMIHHICTb Bij] OUIbIIIE
yHIBepcaJIbHUX (DOPMATIB IMOJIATAE B afanTalii Jjis 1eKiIbKOX (piKCOBAHUX JI03BOJIIB,
10 JI03BOJIIE POOUTH MEHIII YHIBEPCAJIbHI, ajie OiIbIle MBHUIAKI MPOIEaypU 00pOOKHU
kanapiB. [loOyaoBaHuii y Takuii Criocio AEKOJEP MPaIfo€ TPOXH IIBHUIIIE.

— KomneHncauisi pyxy i3 cyonmikce1bHOI0 TOYHiCTIO. MOXIHUBICTh 3PYIIUTH OJIOK
Ha IIOIBIIKCEIS TaKO)K 30UIbIIyE CTYIIHb CTHUCKY, aje 30uIblIye Yac poOoTH
JeKoJiepa.

— Oco0uuBnii pexxum cTucky INTRA makpo0J10KiB 3 MOCHJIAHHAAM Ha CYCiIHI
MaKpoO0JIOKH B OOpOOJIOBAaHOMY Kajpi, OCOOJMBUN pEXUM KBAHTYBaHHS U
crieniasibHa Tabymisg Xaddmana s nominmeHHs cTucky [-Kanpis y psial Bunaaxis.
— 3riagxKyBaHHs IPpaHUlb OJIOKIB JI€KOAOBAHOI0 300paKEeHHS ISl 3MCHILICHHS
edexty "Omounocti". HaltyacTiie mpu pizkoMy pyci B Kapi OpHU CTUCKY allTOPUTM
BUSIBIIIETHCS 3MYIICHUHN MIJABUIIUTU CTYMiHb KBaHTyBaHHs OsokiB micis JIKIT o6
YKJIACTHCSl Y BiJBeNeHUM Ha mnepenady OitoBuil moTik. Ilpm mpomy B Kaapi
BUHUKAIOTh J00pe Bam 3Haiiomi mo JPEG Omoku posmipom 8x8. Sk mokasana
MpaKkTUKa, '"3polryBaHHS" TrpaHUllb, KOJU KpailHl Mmikcell OJOKIB 3pyHIyIOTh IO
SCKpPaBOCTI Tak, I[00 3MEHIIUTH PIZHUIO, JO3BOJISE HAWYACTIIIE ITOMITHO
M1JIBUIIUTH Bi3yaJibHa SKICTh (DUIbMY.

— 3miHa po3miupeHHs i AepopMyBaHHs 0230BOT0 KaAPy, 0 BUKOPUCTOBYETHCS
B SIKOCT1 0a30BOT'0 TIPH CTHUCKY.

— Pi3HI pexxMMHy KBaHTYBaHHsA ¥ KoayBaHHs 10 Xappmany.

Xapaxrepuctuku H.263

Morik, go3sia: 0.04-20 Mo6it/c, sub-QCIF, QCIF, CIF, 4CIF, 16CIF i no3Bonu,
110 HaO0YTIOBYIOThCSI OKPEMO.

Iimocn: Anroputm H.263 takox sk H.261 pomyckae mBuAKy amapaTHy
peanizalio, OJHaK MpH [[bOMY JI03BOJISIE IOMOTTUCS OLIBIIOTO CTYNEHS CTUCKY MPHU
TIM ke SKOCTL. [ligTpuMye€e CTUCK 3BYKY.

Minycu: 1o xinmpkocTi 3aknaaenux ijei nepedysae mix MPEG-2 1 MPEG-4.

15.7.5. MPEG-2

Sk yxe rosopunocsa, MPEG-2 3aiimaeThcsi CTUCKOM OLM(POBAHOTO BiI€O MpHU
nototi gaHux Big 3 g0 10 M6it/cex. barato yoro B HbOMy 3amo3uyeHo 3 dopmaTy
CCIR-601. CCIR-601 sBnsie coboro cTaHmapT LHU(PPOBOrO BIAEO 3 PO3MIPOM
nepepanoro 3o00pakenHs 720x486 mpu 60 HamiBKagpax y CeKyHAy. Psaka
300paKeHHSI TIEPENAIOTHCS 13 YePTyBaHHSM, 1 1Ba HAMIBKAJAPW CTAHOBIATH Kajp. Lleit
MPUHOM HEPIJKO 3aCTOCOBYIOTH JIJISi 3MEHIIEHHS MEPEXTIHHsS. XPOMaTHYHI KaHAJIA
(U iV B YUV) nepenatotscsi posmipom 360x243 60 pasiB y CeKYHAY H TaKox
4epryoThes Bxke Mk co0oro. [lomiOuuii posmosin HasuBaeThes 4:2:2. Ilepexman 3
CCIR-601 B MPEG-I mpoctwii: Tpeba moaiMTy B 2 pa3u SPKOCTI KOMIOHEHTY TIO
TOPU30HTAJI, MOAUIMTA TMOTIK B 2 pa3du B THUMYACOBOMY BHUMIpi (3a0paBiiu
YyepryBaHHs), AOJATU APYTHUil XpOMAaTUYHUM KOMIIOHEHT 1 BUKMHYTHU "3aiBi" psIKH,
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mo0 po3Mip 1O BepTUKadl JiauBcs Ha 16. Mu oxepkumo motik YUV kanapis
po3Mmipom 352x240 i3 yactotoro 30 kaapiB y cekyHay. TyT Bce poCToO.

[IpoGiieMu MOYMHAIOTHCS, KOJU 3'SBISETHCS MOXIIHMBICTH 30UIBIIMTH ITOTIK
JTaHUX 1 gJoBecTH sKicTh 300paxkeHHs 7o CCIR-601. Ile He Take mpocTe 3aBIaHHS, K
3maeTbes. [Ipobnema ckiiamaeThcss B YepryBaHHI HAIiBKaApIB y BXigHOMY (opmarti.
TpuBianpHe pimieHHS — mpaioBaT 3 Kaapamu 720x486 npu 30 kagpax y CeKyHIY,
AK 31 3BMYaHUM Bigeo. llell msx npuBOAUTH MO0 HEMPUEMHHUX €(EKTIB Tpu
IIBUJIKOMY pyci 00'€KTiB Ha eKpaHi. M JBOMa BUXITHUMHM HamiBKaapamu 720x243
3pyIICHHS CTa€ TIOMITHHM, a TOMY IO Haml Kaap (OpMyeTbcs 3 BUXITHUX
HaIlIBKAJIPIB 4Yepe3 PSJIOK, TO IMPH CTHCKY BIIOYBA€ThCS PO3MHUBaHHSA 00'€KTa, IO
pyxaetbcsi. Bunno B 1mpomy edekti JKII, 1 sSKoch BHNpaBUTH CHUTYyallilo, HE
3MEHIIMBIIKN CTYIEHSI CTUCKY Bi/ieo, a00 HE BTPATHBIIM Y BI3yaJIbHIM SIKOCTI HE
MOXHa. JloCHTh pO3MOBCIOJPKEHUM € 3aCTOCYyBaHHS '"nmeiHTepieiizinra" (Bia
anriificekoro deinterlacing — Bunanenns depryBanus psaakiB). Ls onepairist 103B0oIIsI€
BHUJIAJIUTH YEPTYBaHHs, 3MIIAIOYN MapHI PSIAKKA B OJHOMY HAaIpsSIMKY, a HETMapHi B
1HIIOMY, TMPOMOPIINHO BIAHOCHOMY pyXy oO'ekTa B JaHiii o0iacTi ekpaHa. Y
pe3ynbTaTi MU OJIEPKYEMO Bi3yalIbHO O1JIbIIE SIKICHE 300paKeHHs, ajie TPOXH OLIbIIIe
TpUBAILy IepeaoOpOoOKy mepes] CTUCKOM.

[HIIMM pimeHHAM € apXiBallis mapHux 1 HermapHuX KaapiB y norori CCIR-601
He3asiexkHo. [Ipu nboMy MU, 3BU4aiiHO, 030yAeMocs BiJ apTedakTiB, IO BUHUKAIOTh
IIPYU MIBUJKOMY pycl 00'€KTiB, ajie¢ ICTOTHO 3MEHIIUMO CTYIIHb CTUCKY, TOMY IO HE
OyIeMO BHUKOPHUCTOBYBAaTH HAMBAXKIIMBIIIOI peyl — HAIMIPHOCTI MDK CYCITHIMU
KaJpamu, 1110 Jy>Ke BeJIuKa.

Xapaxkrepuctuku MPEG-2

Iotik, no3Bin: 3-15 M6iT/c, yHiBepcanbHUN

Ilarocu: IligTpumka mocuTh cepito3Hux 3BykoBux cranmaptie Dolby Digital
5.1, DTS, Bucoka yHiBepCcallbHICTbh, TOPIBHSIbHA IPOCTOTA allapaTHOT peasizarii.

Minycu: HenoctaTHs Ha CbOTO/IHI CTYIIHb CTUCKY, HEAOCTATHS THYYKICTb.

15.7.6. MPEG-4

MPEG-4 xapauHanbHO BIJIDI3HSETHCS BiJ MPUAHATUX paHIIIE CTaHIAPTIB.
PosrasineMo Haiiilikasinni i KOpUCHI HOBOBBEICHHS.
— Po3paxyHOK TpUBHMIpPHMX ClHeH i po0oTa i3 CMHHTeTHYHUMH 00'ekTramu. J[o
ckiany nekonepa MPEG-4 sk ckiagoBa 4YacTMHA BXOJUTH OJIOK Bi3yamizarlii
TpuBuMipHHX 00'ekTiB (Animation Framework eXtension - AFX — Tte, mo B
IPOCTOPIUYl HA3UBAIOTh JAHUMH JIJIsl TPUBUMIPHOTO ABMXKA). T1, XTO KO/yBaB BiI€O0,
3HAIOTh, CKUIBKA MPOOJEM JOCTaBIAIOTh TUTPU W B3arajai Oyab-sfki 00'€KTH, IO
HAKJIJAI0ThCs MOBepX (iJIbMY, (JJOTOTHIH, 3aCTaBKH U T.1.). SKiIo 100pe BUTIsAAE
OCHOBHHM TIaH — OyIyTh MIAMOPYCHI HAKIAAAIOTHCA 00 €KTH, IO, SKIO I00pe
TUBJSATECA BOHU — Oylne HH3KOIW 3aradbHui CTymiHb ctucky. B MPEG-4
MIPOTIOHYETHCS BUPIIIUTH TIpoOsieMy KapauHainbHO. OO0'€KTH, 1O HAKIIAJAIOThCS,
pO3paxoBYIOTbCA OKpeMO W  HakiajgaloTeess moTiM. Kpim  Toro, MokHa
BUKOPHCTOBYBATH BIJICONOTIK HAaBITh SIK TEKCTYpy, IO HAKIATAETHCS HA MOBEPXHI
00'eKTIB, 10 pO3paxoByrOThCs. Taka rHyuka poOoTa 13 TPUBUMIPHHUMH OO0'€KTaMu
JI03BOJISI€ ICTOTHO MIIHATH CTYMIHb CTUCKY IIPH MTOMITHO Kpallliii IKOCT1 300paKeHHS.
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binbiie Toro — HIXTO He 3aBaka€ pOOUTH BIJICOPOJIMKU B3arayi 0e3 KMBOTO BiJI€O, a
SK1 CKJIQJAIOThCS TUTHKU 3 PO3paxOBaHUX (CMHTETHUYHMX) 00'€kTiB. Po3Mip IXHBOTO
onucy Oyje B pa3u MEHINE, HK PO3MIp aHAIOTTYHUX (PUIBMIB, CTHCIIHX MPOCTO 5K
moTik kazapiB. Jlo pedi, okpemo B cTaHIAapTi mepemdadeHa podoTa 3 "crpaiitamu' —
CTAaTUYHUMH 300paKCHHSIMH, IO HAKIAJAAIOThCA Ha Kaap. [lpum mpoMmy posmip
crpaiiTa Moke OyTH SIK 30BCIM MJICHBKUH (JIOTOTHIN KaHATy B KyTOUKY €KpaHa), TaK
1 IepeBUIIyBaTH pO3Mip Kaapy i "mporopraTucs’ (ToOTO B sIKOCTI "crpaiTa" Moxe
OyTH 3aJaHUi TJIO, a HEBEJIMKI BifIc0-00'€KTH, HAIIPUKIIAJI, TOJIOBY JUKTOpA, OYAYTh
Ha HbOTO HakiaaatH). Lle gae 3HauHy rHyukicTh npu crBopeHHI MPEG-4 ¢inpMiB 1
JT03BOJISIE€ TIOMITHO 3MEHIITUTH 0OCAT KOJ0BaHOI 1H(pOopMaIlii.

— OO0BbeKTHO-OPHEHTHPOBAHHAsA P00OTA 3 NMOTOKOM JaHUX. Temep pobota 3
MMOTOKOM JIaHUX CTa€ 00’ €KTHO-OpieHTOBaHUM. [Ipu 1bOMYy ndaHi MOXyTh OyTH
KUBAM BiJIO, 3BYKOBUMH JaHUMH, CHHTCTHYHUMH OO'€ekTamMu W T.1. 3 HHX
CTBOPIOIOTBCSI CIICHU, ITUMHU CIICHAMH MOKHA YIPaBIATH. [[71s mpOCTHX CMEpTHUX
Ipd [HOMY Majio IO 3MIHHUTHCS, OJHAK JJIS MPOrpaMiCTIB OO'€KTHE CEPEIOBHIIE
O3HAYa€ KapJAWHAIBHE CIPOIICHHS pPOOOTH 3 BUHUKAIOYUMHU  CKJIQJHUMH
CTPYKTypamHu.

— IlpumimeHHss B moTik ABiHKoBOro koay ''3++ momionoro'" moBu BIFS. 3a
nornomororo BIFS y moTik gomaroThes onucu 00'eKTIB, Ki1aciB 00'€KTIB 1 ciieH. Takox
HA HHOMY MOKHA MIHATH KOOPJIMHATHU, PO3MIPHU, BIACTUBOCTI, IMOBOKCHHS W
peakiiiro o0'ekTiB Ha J1i KopucTyBada. ¥ cBiii yac Flash OyB Ha3zBaHMil peBOIOIIEIO
2D rpadiku B [HTepHeTi. AHanoriyHui npopuB B obiacti Biaeo poouts MPEG-4.

— AKTHBHA riasijaubka mno3umisi. Sk Oyno 3amiueno Bumie, BIFS mo3Bonsie
3a/laBaTd PpeakKiiro OO0'€KTIB CIleHW Ha Jli KopucTyBauda. [IOTEHIIIHO MOXKIIMBE
BUJIAJICHHSI, J0JIaBaHHs a00 mepemileHHs 00'€KTiB, BBEACHHS KOMaH/I 13 KJIaBlaTypH.
ITogieBa Momenp 3amo3WueHa 3 MOBH, IO BXXKE PO3BUBAJIOCSA JOBIHH dac,
MOJIeTIIOBaHHS BIpTyalibHOI peanbHocTi VRML. Jlng Tux, XTO rpaB y HamucaHi Ha
VRML rpu, mabyts, mo B MPEG-4 Gyne 30BciM peanbHO CTBOpIOBaTH "KBecCT'-
noniOHi (1 He TiIbKK) Tpu. HaWmupmwmii mpocTip BIAKPUBAETHCS JISI CTBOPEHHS
HaBYAJIBHUX 1 po3BaxanbHUX mporpam. [Ipencrasnsere, ckauyere 3 [HTepHETY OJMH
daiin, mo Bipasy B co0l MICTUThH yce, 1[0 HEOOX1THO JJIsl HEBEITUKOTO KYpCY JEKIIiH,
IPUYOMY BH MOXKETE MPOCIyXaTH HOro, 0a4uTH MOBEIb T'OJIOBY BHUKJajada, abo
BIIKJTIOYMBIIHA HOT0, MOXKeTe 301IbuTH (hparmentu ("cripaiitu') 3 Marepiaiamu. A
HAIMPUKIHLI — IPOUTH KOPOTKUHM TECT HA pO3yMIHHA npeameTa. J{o peui — y crangapTi
nepegdbayeHa oOpoOka KOMaHJ Ha CTOPOHI cepBepa, TOOTO MporpamMa-mepersisaad
MOXKE BiJICIaTH JaHI Ha cepBep 1 OAEp)KAaTH 3BIATH OIIHKY. BiIMIHHICTH Bif
MONEePeHIX CTaHAAPTIB PEBOIOLIIIHE.

— Cunre3atop ocid i ¢iryp. Y cranmapr 3aknanenuii iHTepdEUC M0 MOy
cunTe3y ocib 1 ¢iryp. Hanpukinaz, y daitni 30epiratoTbCsi KIIFOUOBI JIaH1 PO MpodiTb
oco0u i TeKCcTypu ocoOu, a mpu 3anuci ¢iapMy 30epiraloTbes TUTBKH KoeDimieHTH
sMminu dopmu. s mepenad THIy HOBUH, II€H MPUIIOM JO3BOJISIE B JIECSATKU Pa3iB
CKOPOTUTHU po3Mip ¢aility mpu 4yA0Biil IKOCTI.

— Cunre3atop 3BYKIiB i MoBU. Kpim cunte3y oci6 y cranaapt MPEG-4 Takox
3aKJIaJieH] alfOPUTMH CUHTE3Y 3BYKiB, 1 HaBiTh MOBHU(!).
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— TloginmeHi ajropuTMm CTHUCKY Bimeo. Y cranmapti nepembadeHi OI0KH,
BiIMOBiIanbHI 32 TOTOKH 4.8-65K0611/i3 13 MpOrpeCMBHUM PO3TOPHEHHSM 1 OiIBII
ITIOTOKH 3 IMIATPUMKOIO YEPECCTPOKOBOTO PO3ropHEeHHs. |1 mepeaadi mo HeHaJIHHUX
KaHaJIaX MOKJIMBE BUKOPHCTAHHS 3aBaJIOCTIHKMX METOIB KOTyBaHHS (32 paxyHOK
HE3HAYHOTO 30UIbIIEHHSI 00CITY MepelaHuX JaHUX PI3KO 3HMKYETbCA HMOBIPHICTH
nepekpyuyBaHHs 300paxeHHs). [Ipu mepemadi Bifjeo 3 OJHOYACHUM TEPETISAOM
3aKjiaJieHa MOXKJIMBICTh OTrpyOiTH 300paK€HHsI, SKIIO JEKOoJep uepe3 OOMEKCHHS
KaHally 3B'A3Ky HE BCTUTa€ OJIepaTu BCIO 1HQOpMaIii. YCbOoro B CTaHIapT
3aKkjafgeHo 3 piBHI Aetamizamii. Ll MOXIMBICTH J03BOJUTH JIETKO aJallTyBaTH
AJTOPUTM JIJISl TPAHCIIAIIT BIJICO TIO MEPEXKi.

— IlinTpumka mnpodiniB Ha piBHI cTaHgaprty. 3po3yMmisio, IO peamsallis BCIiX
MOXJIMBOCTEH CTaHAApTy MEPETBOPIOE JEKOAECP Y [JIOCUTh CKJIaaHy W OUIbIIy
KOHCTpyKIito. [Ipu 11boMy manexko He A BCIX JIOJATKIB HEOOXITHI SIKICh CKJIaHI
cietudiunl GyHKIIT (HaOpuKIana, CUHTE3 MOBHU). TBoOpil CTaHAapTy HaAIRIUIM
IIPOCTO: BOHU OOMOBMJIM HAOOpH MpoQLIiB, KOKHUN 3 SKHUX MICTUTh y cOO1 HaldIp
000B's3k0BUX (QYHKIIN. Akmo y ¢inbemi 3ammcado, mo HWOMY JUisl TpOrpaBaHHS
HEOOX1HI TakuW-TO MpoduIb 1 JAekoAep el mpodiib MIATPUMYE, TO CTaHAAPT
rapanrye, mo ¢iasM O0yJie TPOrpaHuii MPaBUIBLHO.

Bume koporko mepepaxoBani jaesiki BiamiHHOocTi MPEG-4 Bin momepeaHix
ctaHaaptiB. Tpeba BiA3HAYMTH, IO HA MOMEHT CTBOPEHHS CTaHIAPTY TOCTPOi
noTpedu B OMUCaHI BUILE pevax Iie He Oyio. [Hakiie kaxydu, MU MaeMO CIIpaBy 3
n00pe mpolyMaHo poOoTor0 3 (hOpMyBaHHS CTaHIAPTY, 110 OyJia 3aKiHUEHA Ha TOU
yac, Ik Yy HbOMY BUHUKJIA MepIiia HeOOX1HICTb.

Tropusimu MPEG-4 BpaxoBanuii 1ocBia nonepentukis (3okpema VRML), konu
3aHAATO pPAHHS MOSBa CTAaHAAPTY ¥ BIACYTHICTb Yy HbOMY MEXaHI3My MNpoQiIiB
CEepHO3HO TMIJIpBAJI0O HOro MacoBe 3acTocyBaHHs. bynemo cmojaiBaTucs, 110
MacoBoMy 3actocyBaHHi0O MPEG-4 taki mpoGiemMu He 3arpoxKyIOTh.

Xapakrepuctuku MPEG-4

Iotik, mo3Bia: 0, 0048-20 MOit/c, miATPUMYIOTHCS BCl OCHOBHI CTaHIAPTH
BiJICOTIOTOKIB.

Ilarocu: TligTpuMka MOCUTH MPOTPECMBHHUX 3BYKOBHX CTaHAApPTIB, BUCOKHIA
CTYMiHb YHIBEPCAJIBHOCTI, MATPUMKA HOBUX TEXHOJOTIN (Pi3HI BUIU CUHTE3Y 3BYKY
1 300paKeHHS ).

Minycu: Bucoka ckiagHICTh peani3alii.
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15.7.7. IlopiBHSIHHS CTAHAAPTIB

Cucremaruzyemo cragaaptu (Tadia. 15.1) 1 ixapoi xapakTepuctuku (Tadmu. 15.2)

HazBa Pix

MPEG-1 1992
H.261 1993
MPEG-2 1995
H.263 1998

MPEG-3 ne 1993-95

MPUNHATHA

MPEG-4 1999

3a paxyHOK 4OTO

J103B1II 1 ITOTIK

352x240x30,
352x288x25, 1.5
MO0i1/3

352x288x30, —
176x144x30, 0, 04-

2 Moit/c (px64
Ko6i1/3, ne p Bix 1

10 30)

VYuiBepcansuuit, 3- MPEG-1 Layer Il,

15 Moit/c Dolby Digital 5.1,
DTS

sub-QCIF, QCIF, IliaTpumyerbes

CIF, 4CIF, 16CIF i

Ha0yIOBYIOTHCS

0Cc00JIMBO

Aynno
MPEG-1 Layer Il

TenebaueHHs
BHCOKOIT YITKOCTI,

20-40 Moit/c

VYuiBepcansuuii, 0, MPEG-1 Layer II,

0048-20 Moit/c
Dolby Digital 5.1,
DTS

Taomug 15.1.
3acTocyBaHHS

VideoCD mniepiioro
MTOKOJIIHHSI

ArmapaTtHo
peasi3oBaH1 KOJICKH,
BiJIcOKOH(epeHIIii

DVD

AmnapatHo
peasi3oBaH1 KOJICKH,
BijcoTenedoHH,
BiJICOKOH(EpeHIIii

HDTV

VideoCD apyroro

MPEG-1 Layer Ill, mokosmiHHS

Taomurg 15.2.

Haszsa HOCSTAETRCS CTHCK Jlo1aTKOB1 MOKIIMBOCTI

MPEG-1 ICT, DCT

H.261 ICT, DCT, MC [lepenaua mOTOKY MaHUX IO p-KaHAJIAX 13
MPOMYCKHOO 37aTHICTIO 64K0i1T
(TenekoH@epeHIIii Mo AEKUTBKOX TeJIePOHHUX
JHIAX).

MPEG-2 ICT, DCT, MC

MPEG-4 ICT, Wavelet, MC, Boynosana moBa onucy BIFS, cunrteszarop

cripaiTu, 00'eKTH 13
po30puM TioMm, 3 d-
PEHICPUHT

T.0y .
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15.8. IIuTaHHs 1JI CAMOKOHTPOJIIO

1.

2.

o o

Sxi mapametpu Tpeba BH3HAUUTH, TEPII HDK TOPIBHIOBATH JBa aJIrOPUTMU
CTHUCKY Biie0?

[IpuBeniTh MpUKIAAN CUTYalllid, KOJU apXIiTEKTypa KOMITIOTEpa Jla€ MepeBaru
TOMY a00 1HIIIOMY aJTOPUTMY CTHUCKY BIJI€O.

SxUMH BIACTUBOCTSIMU B1IEONIOTOKY MU MOXEMO KOPHCTYBATHUCS, CTBOPIOIOYU
anroputm ctucky? [IpuBeniTh NpUKIaAN.

[Ilo Take aymio-Bi3yasibHa CHHXpOHI3aIlia? YoMy BHKOHAaHHS il BUMOT 3HAYHO
3HIKYE CTYIIIHb CTUCKY?

Ha3BiTh OCHOBHI BUMOTH JI0 aJITOPUTMIB CTHCKY BiJI€O.

o take I-Kanpu, P-xanpu?

[IpuBeniTh TpUKIAIXM MPOTPAMHO-AMAPATHOI peasizalli alrOpUTMIB CTUCKY
B1J1€0 (ITOBCSKJEHHI ¥ IOCUTH HOBI).

[TpuBeniTe npukiaau obsactelt BUKopucTanus Bijjeo HE KpuTH4HUX 10 BUMOTH
"CTIAKOCT1 1O HOMMJIOK".
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Tema 16. HU®POBE ®OTO

16.1. IcTopis doTorpadii

B ocHOBy cyuacHuX mHdpoBUX (OTOTEXHOJOTIA 3aKiIaaeHl pe3yJIbTaTH
200-7iTHIX TOMIYKiB B 00JIaCTI BIOCKOHATIOBAHHS TpaauiliitHoi ¢otorpadii. Tomy B
OyIp-IKOMy cy4dacHOMY TIMdpoBoMy QoToanapaTi SBHO TPOCTEKYIOThCS PHUCH
KJIACHYHOT BY3BKOILTIBKOBOI Kamepu Leica, CTBOpeHOi HIMEIBKAM 1HKEHEPOM
Ockapom bapHakom i #10T0 ITOCTIJOBHUKAMU.

[{ime nexmii — maTv 3arajgbHEe MOJAAHHS PO OCHOBHI ICTOPWYHI BiXHM HA ILIAXY
BUHAXOJy ¥ YIOCKOHAIIOBaHHS (oTOTeXHOJOTiM. TyT e omucaHuii NpUCTPIi
"KJTacM4HOTr0" J1aJIeKOMIPHOTO TUTIBKOBOTO (hoToamnapara.

Mu naBHO 3BHUKIIM JIO HABKOJIMIIHIM HAC pedaM, HE JUBYIOUHCH TOMY, SIK K€
YyJIOBO BOHHU BJIAIITOBaHI. Bi3bMITh y pyKd OyIb-SKHI 1TOCTPOBAHUHN KypHal.
['naupTe Ha HOro OOKIAJAUHKY, TMEPEropHITH CTOpPIHKK. YyaoBI KOJBOPOBI
doTorpadii — mopTpeTu, apxiTEKTypHI U Mei3a)KH1 3HIMKH, KaHPOBI CIIEHKU. SIKe 11e
yyn0 — 3yNUHEHa MHUTh >KUATTSI! MDK 1HIIMM, cOpaBXkHs '"MalmuHa yacy", 110
MePEHOCHUTH Hac y MuHYJIE. [loMipkyeTe cami — OT KBiTKa, 10 TIEpeIBija POKH Ha3a.
Och goma, sKi ChOTOJHI BHUIUIAAAIOTH 30BCIM 1HAKINE. [JIyMIMBO BCMIXHEHHUU
Xeminryeu, potenmnuii 1 yimmBuii bepnapa Illoy, mpekpacna I'pera I'ap6o...
®doTtorpadis 11e MUTTEBUM 3pi3 yacy ¥l caMOCTIMHHUM BUJ MHUCTELTBA, IOCTOBIPHUM
1ICTOPUYHUI JOKYMEHT 1 Xyn0xHii TBip. Dotorpadis — e pororpadis.

Y dotorpadii gosra icropis. Kamepa-Obckypa 3'aBunacs 3a JaBHIX JIT. Y
CepelHi CTOMITTS BOHa OyJla €IUHUM TPUCTPOeEM i (ikcaiii HEPYyXJIUBHUX
300pakeHb. Aue Bce-Taku Oyma! Mwu-Te 3BUKIM BBaXaTH, IO JO BHHAXOIY
CBITJIOUYTJIMBUX MatepiaiiB 1 (oroamapara moad W ysSBUTH coOi HE MOIJIH, IO
300pakeHHsI MOKHA SKUM-HEOY/lb 00pa3oM 3amaM'sTaTd 1HaKIIe, YAM 3MaTIOBABIIH
roro 3 Hatypu. OnmHaK Kamepa-oOCKYypa BUKOPUCTOBYBAjacsi JIOCUTH IUPOKO M
30BCIM HeE OyJia IHCTPYMEHTOM JIJ1s1 BUOpAHHUX.

v

i

Puc. 16.1. Kamepa-O6ckypa

BrnamroBano kamepy-oockypa ayxe mpocto. Ii 6e3 oco0nuBoi mpaiii MoXHa
3poOuTH camocTiiiHO. Bi3bMiTh 3BUYaiiHy OJsiiiany OaHKy 3-TiJ KOHCEpBIB. Y ii AHi
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IITMJIOM MPOKOJIITh HEBEJIMKUNA OTBIp. Ha BIIKpUTY YacTUHY OaHKH HATATHITH apKyIIl
[UrapkoBoro mamnepy. HampaBre oTBip OaHKM Ha SCKpaBO OCBITJICHHWH O0'€KT 1 Ha
[UTAPKOBOMY Tanepi MPOCTyNUTh ThMSHE, ajie I[IJIKOM MoMiTHe 300paxkeHHs. 11[o0
foro  Oymo  Jlermie  pO3MJISIHYTH,  CKOPUCTalTecs  IIMATKOM  IIUTBHOI
CBITJIOHETIPOHUKHOI TKAHWHU — SIK 1€ poOmmu ¢oTorpadu MuHYJIOTO0. SIKII0 00BEeCTH
OJIIBIIEM KOHTYPH 300paKCHHS, TO MH, HaBiTh HE BMIIOYH MAJIFOBATH, OACPKHMO
MaJtoHOK 3 HaTypH. OT 11€ 1 € kKamepa-oocKypa.

Omnum 3 BuHaxigHUKIB (ororpadii 0y dpany3 Kozedh Huceghop Hwenc
(poxu skurTs 1765-1833). Jlo 1813 poky Heemnc mpairoBaB Haj MOJIMIICHHSIM
croco0y MIOCKOro APYyKY 300pakeHb — Jitorpadii, BuHanaeHoi B 1796 porii loxanom
Anoicom 3enedenpiaepoM. Bamusk, mo 3eHedenbaep BUKOPUCTOBYBAB IS
BurotoByieHHsa (opm, Heernc 3aminuB >xkepctuHoo. Ha nboMy apkymii cun Heenca
KOJILOPOBUMHU OJIBISIMA MaJIIOBAaB KapTUHKH, 1110 EPETBOPIOBAIMCS MOTIM 0aTbKOM

y ApyKoBaH1 (opMu.

Puc. 16.2. Hucedop Hrerc

Cam Hucedop Heernc mamoBaTé He BMIB (@ 3MYXHIJIOTO CHMHA MPU3BAIA Ha
apMiiCBKy cily>k0y), TOMY BUPIIIMB 3HAUTH CIIOCIO 3MYyCHUTH MaJIlOBaTH CaM€ CBITJIO.
3pelTo BIH BUHAWIIOB MEpPLIMH CBITJIOYYTJIMBHA Marepian, M0 MaB JOCHUTHb
CKJIagHUM cocTaB. Po3uMHMBIIM y TBapMHHOMY Macii ac(hanbTOBUN JIaKk — OITyM,
Hpernc HaHocuB #Oro Ha CKJISIHY, MiHy a00 CBHUHLIEBO-OJIOB'SIHY IUIACTHUHKY, IO
MOMIIIAB Y kamepy-oockypy. Excnosuinis TpuBaia Kiibka roaud. Ko mmacTuaHui
OITYMHHMI mIap 3aTBEP/KYyBaB 1 HA HHOMY IMPOCTYIAJIO BUANME 300paxkeHHs, Hoperc
BUIIMAaB MUIACTUHKY M y TeMHI KiMHATI 0Opo0JsiB 11 kuciaoToro. Kucnora po3unHsiia
HEEKCTIOHOBaHI [IIJISTHKH CBITJIOYYTJAWMBOrO Immapy. I[loTiM BuUsBIIEHA TIIJIaCTUHKA
nepenaBajgacs rpaBepoBi, 110 MPOPHUCOBYBaB KOHTYpPH 300pakeHHA W MOKpHUBAI
IJIACTUHKY YOpHWIOM. [licas mporo i3 miacTMHKKM MOHa OyJo ojep:KaTh BIAOUTOK
Ha Tmamepi — TpaBiopy, mo Heenc HazBaB eeniocpagicto (TOOTO "HamalbOBaHOT
cBiTIOM").

[lepumuii ctidikuii 3HIMOK OyB oTpumanuii Heemcom B 1822 pomi. Ane a0
HAIIOTO dYacy Aiinuia Oinbine mi3Hs remiorpadis, 3podiaeHa B 1826 pomi. Kpim
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remiorpadii Heenc BunHaiimoB agiadparmMy — mpocTuii MexaHi3M 3MIHM JlaMeTrpa
OTBOPY KaMEpHU-0OCKypu, O A03BOISLE 30LIBIIATH PI13KICTh 300pasKCHHS.

Puc. 16.3. T'emorpadis Heerca 1826 poky

[Ipo nocin Heenca nosinascs GhpaHIly3bKHI XYT0KHUK 1 BUHAX1THUK JIyi Kax
Manoe Jlacep (poxku xuttsa 1787-1851), aBTop 3HAMEHUTOI MAPU3bKOI T10paMH —
00'eMHOT ManbOoBHUYOI KapTuHU. B 1829 pomi BiH ykmaB 3 Hweencom yroma mpo
po3Butok remiorpadii. B 1837 pori micns 6aratopiuHux AOCHiAiB Jacep onepxkan
NepIIrii 3HIMOK Ha MOBEPXHI MOJIPOBAHOI CPiOHOT IUIACTHMHM, MPOCOYEHOI MapaMu
Hony. Illap coseit cpibia HanaBaB IUIACTUHI BJIACTUBOCTI CBITJIOUYTIUBOCTI. /lazcep
MOMICTUB CpIOHY IUIACTUHY B KaMepy-oOckypy, mianas ii excrnosuuii (Big 15, mo 30
MIHYT) 1 BUABHUB mapamu pryTi. OTpumaHe HeECTiiike 300pakeHHS BIH MPOMHBAB
HACHYEHUM PO3YMHOM COJIi ¥ rapsvor0 BOAOK0. Y pe3yJbTaTi 3 MOBEPXHI IJIACTUHU
BUMHBAJIMCS HECKCIIOHOBaHI MIISHKH Hoaumy cpibma. B 1839 pormi sik dikcyroda
pEYOBHHA CTajla 3aCTOCOBYBATHICS TIMOCYJb(IT HATPIIO, BIAKPUTHI aHTIIHCHKUM
yueHuM Jxxkonom I'epesiem (poku sxuttst 1792-1871).
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Puc. 16.4. Jlyi [larep

Jlazepomunia — Tax Ha3uMBaBCS HOBUU CIIOCIO oOJlepKaHHS 300paKEeHb —
J03BOJISIIa  OJIEp’KaTH TO3WTUBHUN 3HIMOK Yy eauHOMy ek3emiunsipi. [IpaBna,
300paKeHHSI BUXOJWJIO J3€PKAJbHO 3BEPHEHUM 1 PO3IVIAHYTH HOTO MOXXHa OyJio
JIMIIIE TIi]] IEBHUM KYTOM.

Puc. 16.5. CraponaBHiii marepoTun
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[lle omuum "Gatbkom dotorpadii”, mopsn 3 Heencom 1 [acepom, yBaxKkaeTbcs
aHTIIACHKAN (Qi3UK 1 XiMIK Binesam [enpi @oxc Torbom (poxm xwutts 1800-1877).
Moro 3acmyra y BuHaxXoai (OTONANepy i KIACUUHOZO He2AMUEHO-NOSUMUEHO20
npoyecy opaecpxaHHsi (Horo3o0pakeHb. Sk cBITIIOUYyTIHMBUN Martepian Tonbor
3aCTOCYBaB MPOCOUYCHY XJIOPUCTHM Cpibiom marip. [|jst iboro BiH 3aHYpIOBAB apKyIII
narnepy B CJIaOKHid pO34HH COJIi, a MOTIM y PO3YHH HITpaTy cpiodia.

Puc. 16.6. Binbsam Tonbot

CeiTnouytnuBuii nanip ToJIOOT €KCIOHYyBaB y Kamepi-oOcKype, TPOSIBISB 1
MMOBTOPHO EKCIIOHYBAB, NMPHUKIABIIM JO OTPUMAHOTO HETaTUBAa TaKWW K€ apKyI
narepy. Y pe3ynbTaTi BUXOIUJIO IIO3UTUBHE 300paKCHHS.

[Tepmmit 3HiMOK OyB 3po0neHuit Torbomom me B 1835 pomi. VY ciuni 1839 poxy
BUHAXITHUK JOBIMA€ThCA TPO BUHAX1N /[acepa, MyONiKye TOBIAOMIICHHS MPO CBIii
croci® onepykaHHs 300pakeHb 1 3BepTaeTbes a0 Maiikiny dapazges 13 mpoxaHHIM
MIPOJIEMOHCTPYBAaTH 3HIMKH Ha 3acimaHdi KopoimiBcbkoro cycmigberBa. 31 ciuHs
1839 poky nomoBiae Toaboma Tpo CBIA CHociO ojaep)KaHHS 300paKeHb CTaB
HaJg0aHHSAM HAyKOBOi TPOMAaJACHhKOCTI. BuHaximuuk ¢ikcyrodoro poszuuHy J[xoH
I'epmiens Bigpasy npuaymye Ha3By BuHaxody ITonboma - dotorpadis, 1 Brepiie
BBOJUTH B 00Ir TepMiHM "HeratuB" 1 "mo3utuB". Tonb6om TpalIoe HaT
yanockoHajeHHssM  Qotomporiecy ¥ B 1840 pori  jgoMaraerbcs  301IbIICHHS
CBITJIOUYTJIMBOCTI Marepy, Mo JA03BOJIUIO CKOPOTHUTH €KCIIOHYBAaHHS JI0 JEKUJIBKOX
MIHYT.

226



Puc. 16.7. Jxonu I'epmrens

Hosuit cnoci6 opepxkanHsi (oro3zodpaxkeHb 7Tor6om Ha3BaB '"kamoTtumis', a
dotorpadu B moOyTi Ha3uBaIKd HOro "MOKpHUM'", OCKUIBKU CBITJIOUYTJIUBHUU Marip
JIOBOJIUJIOCSI BUTOTOBJISITU BpPY4YHY Oe€3MocepenHbo mnepes 31ioMkor. "Mokpuit”
croci6 mpoicHyBaB ax 10 BuHaxoay B 1880 poui amepukaniueMm /ocopodcem
Hcmmenom cyxoi xenaTuHOBOT (POTOEMYIIbCIi, III0 HAHOCHIIACA Ha CKJISTHI HETaTHBHI
miactuHku. Cam ke Tonbom, mo 3amarentyBaB B 1841 poriil cBiif BUHaXiJ, 3irpaB y
ctaHoBiieHH] (¢oTorpadii HE TUIBKM TO3WTUBHY pOJb. [3 MNPUBOLY KOXKHOTO
BJIOCKOHAJICHHsI (poTompoliecy BiH 3aTiBaB CYJOBUH T1030B, yBaxaiouu cebe
0JIHOOCO00BUM aBTOPOM (hoTorpadii.

®dirypa [owcoposca Icmmena (poxu xkuttss 1854-1932) B ictopii CBiTOBOL
doTorpadii KomTye 0COOHAKOM. MOro TreHieBi HAIEKUTh HE TINBKH BHHAXIZ
KEJATUHOBOI eMYJIbCli M CKIISIHOT (DOTOTIIACTUHKY, ajie i CTBOPEHHS BEJIMKOI MEPExKI
dboTosrabopaTopiii, mocayramu IKUX MU KOPUCTYEMOCS 1 ChOTOJTHI.
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Puc. 16.8. Ixopmxk Ictmen

B 1880 pomi owcoposc Icmmen 3acHoBye kommanito Eastmen Dry Plate and
Film Company, mo B 1892 pori nepeiimenoByethesi B Eastmen Kodak Company.
Hogsa ¢ipma 3aiiMaeTbest BUITyCKOM (DOTOTUTACTHHOK 1 CBITJIOUYTIMBUX MartepianiB. B
1888 pormi 3'sBiserscs mepma macoBa (orokamepa Kodak, a pasom 3 Hew i
3HaMEHUTHUH N1eBi3 KomnaHii — "HaTucHiTh KHOMIKY, a MU 3po0uMoO iHIIe!".

doroamapaT SBISAB COO0I0 TPOCTY CKJIQJHY Kamepy SIIAKOBOTO THITY,
3apsAJKEHY POJIMKOM CBiTiIouyTiauBoro mnamepy Ha 100 3nimkiB. Kamepa Oyia
HEpo30ipHOI ¥ 3apspkanacs TUTbKH y ¢ipMoBux myHkTax Kodak. Bim3usBiim coTHIO
KaJIpiB, BJACHUK KaMepu 37aBaB (hoToamapar y JiabopaTtopito KOMIaHii il oJepKyBaB
Horo mnepe3apsKeHUM pa3oM 3 BUAPYKYBAHMMH 3HIMKamMu. Takux NYHKTIB [0
noyarky 20 cTONTTS B AMEpHIlll HamiuyBajgucs TUcs4dl U Tucadl. ChOTOJHI BOHU
(3po3yMmisio, Ha 30BCIM 1HIIIOMY TEXHOJOTIYHOMY PiBH1) MPAIIOIOTh y BCIX KpaiHax
MUpY 1 44 HE Y BCIX MICTax.
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[lepma # apyra momeni kamep Kodak maBamu Kpyriii 3HIMKH HEBEJIHKOI'O
dopmary. Il  ocobauBiCTH  OOYMOBIIOBAJIa  THIIOM  3aCTOCOBYBAaHOI'O
CBITJIOUYTJIMBOTO MaTepialy — Tamnepy, BIIOUTOK 3 SIKOT OJEPKYBaIM KOHTAKTHUM
cmocooom. B 1889 pomi Icmmen BHHAXOIWTh IMHPOKO(GOPMATHY MPO30PY
doTOIIiBKY, 3 SKOi MOXHa JApyKyBath Qortorpadii ONTHYHUM CTIOCOOOM  3i
30utemeHHsIM. A B 1900 porii Ictven Buimyckae momy assipHEHIITYIO MOJEINb TITiBKOBOT
kamepu Brownie, mo mpomaBaiiacs MO PEKOPAHO HU3bKIKH 1iHI — 1 momap.
doToamapat po31UIIOBCS M0 YChOMY CBITI B MUIBHOHAX €K3eMIUISIPIB 1 CTaB MEPIIUM
B iCTOpIi BUIOM BHCOKOTEXHOJIOTIYHOTO TIPOMHUCIIOBOTO TOBapy MacOBOTO IMOMUTY. A
IDicopooicesi  Icmmeny BHamocs mnepeTBoputu ¢otorpadiro B OJHE 13 CaMUX
MONYJISIPHUX 3aXOIUICHb Y CBITI.

Puc. 16.9. Kodak Brownie

Jlo mouatky 20-ro cTOpiuysi JHOJCTBO BIPUTYJ HiAIAIIIO JO JTBOX BUHAXOIB B
obnacTi ¢oTtorpadii, Kl MOTIM y MOBHOMY 3MICTI 3MIHWJIA Halle XUTTA. MoBa npo
KiHemaTorpad 1 By3bKOILUIIBKOBO1 35-Mi1iMeTpoBoi pororpadii.

Im's BUHaXiAHUMKA, IO 3pOOUB, SIK 1 orcopoac Memmen, CIpaBKHIO PEBOJIIOIIIO
y ¢otorpadii — Ockap bapnax (poxu xutts 1879-1936). B 1911 pori Himenbkui
imxeHep baphak, 10 CIYKUB 10 IbOTO B KoMmmaHii Vetzlar, BmamtyBaBcs Ha poOOTY
B onTUYHY KoMmraHiro Ernst Leitz 1 y3sBcs 3a po3poOKy mepiioi y CBiTI KOMITAKTHOT
JaneKoMipHoi (oTokamepu, y SKid BHUKOPHCTOBYETHCS BY3bKa 35-MUTIMETpOBa
KIHOTLJTIBKA.
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Puc. 16.10. Ockap bapnak

3HaMEHHO caMme pIIIEeHHs BUKOPUCTOBYBaTH y (ororpadii HOBuM ¢opmar
rTiBkH. [Ipu sBHOMY MOTIpIIIEHH] SKOCTI 3HIMKA — 35-MUTIMETPOBUN KaJp MEHIIIE IO
IJIOII KaJpy IIUPOKOi 6-CAaHTUMETPOBOI IUIIBKH, IO Y TI POKH OyJia BXKE B XOJl —
dotorpad oaepKyBaB BOICTHHY MOPTaTUBHY CHCTEMY, IO JO3BOJISIIA JyXKe
ornepaTUBHO (potorpadyBatu il CIPOCTUTH HACTYMHY OOPOOKY IUIIBKH 3a JOTIOMOTOIO
HeCKJIaJgHuX TpucTpoiB (dorobaukiB). I[IpobGmema MIPUHIIUIIOBOI HEMOXKIUBOCTI
KOHTAKTHOTO JIpyKy ¢oTrorpadiii 3 By3bKOIUTIBKOBOTO KaJpy BHUpIIIyBajacs 3a
JOTIOMOIOK0  30UTbIIyBa4a — MOpHJIALy ONTHYHOIrO JpykKy. Ilpm upomy pazom 3
pO3MipaMu 3HIMAIBHOI anapaTypy 3HUKYBAIHUCS i BUTpaTH Ha MaTepiaiu — IMUIBKY U
peakTuBH. binpllie TOTO, P MAcOBOMY BUPOOHHUIITBI By3bKa IUTIBKA BUSBHIIACS
JIeIIeBINe MUPOKO(HOPMATHOIO.

Brim, By3bka 35-misniMeTrpoBa (poTOTUIIBKA HE 3aBXKau Oyiia Takui, KU MU ii
3HaeMoO. Y mepmux ManodOopMaTHHX KaMepax 3acTOocOoByBajiacs HernepdopoBaHa
PYJIOHHA IUTIBKA, aje BIiA 1i IIBUAKO BIAMOBHJIHMCS, OCKUIBKH BHITYCK TaKHX
dboToMarepiaiB 3BOJAMB HaHIBEIb OJHE 3 TOJIOBHUX JIOCTOIHCTB — BUCOKY CyMICHICTb
dopmariB KiHO3HIMaiIbHOI ¥ (oroamaparypu. BriMm, HabOarato OuIbLIE ICTOTHI
CXOBAHOI'0, HEBUJMMI OKa BIIMIHHOCTI. Y MEPIIMX IUNBKAX SIK OCHOBY (IT1JJI0KKH)
BUKOPUCTOBYBABCSl HEJIOBMOBIUHUM I1IEJTYJI01A. 3r0JIOM BiH OBTI€, CTA€ TCHAITHUM 1
pyHHY€EThCS. 3aCTOCYBaHHS JIABCaHY M CydacHHX IMOJIMEPIB YCYBa€ 110 TpoOJieMy.

IIpocta doroeMynnciss Ha OCHOBI TrajoreHuja cpibjia Ha TEepIMX IUTBKaxX
3aKpiIuTIOBajiacs JKeJaTHHOM. I[IOBEepXHS CBITIIOUYTJIIMBOTO IIApy TOKpHUBAIACs
TITPOCKOMIYHUM JIaKOM (1100 TMPOMyCKaTH yCepenauHy Iapyrdu po3dnHu). Cam
CBITJIOUYTJIMBUN 1map OYB HEOJHOPIAHMM 1 MaB HEPIBHOMIPDHY TOBIIUHY.
Hanaromxenns texHosorii 3aiHsio gecatimtts. Ctapi pororpadii BUTIISIAIOTh TakK
apxaiyHo TOMY, II0 BUPOOHHUIITBO (hoTOMaTepiaiiB y TOW 4ac mepedyBasio B cTafil
BJIOCKOHATIOBAaHHS. A sKicTh (poroamapariB 30-X pokiB OyJI0 HACTUTEKH BUCOKUM, 11O
Ii€1 KaMepH TPAIOIOTh CHOTO/IHI 13 Cy4YaCHUMHU IIJTIBKaMu 0e3 cyuka i 3aaupku. Sk 1
TOJIUTHCS CITPABXKHIN KaMepi.

[Ile xinpka ciiB npo ¢oTomaTepianu. [loBTopuMoO ay’ke KOPOTKO CyTh IPOIIECY
oJIep)KaHHS 300pakeHHs 3a J0moMoror (¢GOTOIUNBKM M (QoTomamnepy Ha OCHOBI
rajoreHuiB  cpioma. Ilimx BmIMBOM CBITJIa YacTKM TajoreHuaa cpidnia
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NEPETBOPIOIOTECA B MeTasieBe cpi0io. JIy>kHUN pO34MH, 110 TPOSBIISE, BiIHOBIIOE
raJIoTeHHE Cpi0JI0 HA 3aCBIYEHI MPH €KCHO3UIlT AUISTHKAX (HOTOEMYJIbCIl IITIBKU 10
MetaneBoro. Kucnuii (ikcyrounii po3unH 3ymuHSIE TPOIEC NPOSBY W BUMHUBAE 3
eMYJIbCIl 3JIMIIKKA SKI HE 3a3HATM 3acBITKM YaCTOK TaJOTeHHUIIB. Y pe3ysbTari
XiMI9HOT OOpPOOKH TUTIBKM MU OJACPKYEMO HETAaTUBHE 300pakeHHS Ha (HOTOILTIBIII.
[Ipomec npyky aHaAJOTIYHHI, 32 TUM JIMIIE BUKIIOYEHHSM, IO MPU C€KCTIIOHYBaHHI
MPO30pPOTO TUTIBKOBOT'O HETAaTHMBAa Ha HEMpo30puid (oTomamip BUXOAUTH MO3UTHUBHE
300pakKeHHs.

doTomarepiany I8 MOHOXpPOMHOI (OUT0r0-O1MIM-uopHO-017101)  poTOorpadii
MICTSITh OJIMH CBITJIOUYTJMBHH IIap, /U1 KOJIOPOBHUHN — SIK MIHIMYyM, TpH (Y JEIKUX
IUTIBOK MOXe OyTh ¥ Ouibie). Y CBOIWO 4Yepry KOXKHHUH CBITJIOYYTIMBHUM IIAp
NOKpUTHI 1nodapOoBaHUM (PUIBTPYIOUUM IIIAPOM, LIO MPOITYCKA€E CBITIOBI MPOMEHI
MIEBHOI YaCTHHM CIIEKTpa — YEPBOHOI, 3eJeH0i abo ronyOuii. Ilicns mposBieHHs i
¢dikcyBaHHS Ha ILTIBLI BHUXOAUTHh HETaTHMBHE 300paxkeHHs. Emynbcig ¢oTomarmepy,
MPU3HAYEHOT I KOJBOPOBOTO JIPYKy, yJIallITOBaHA B Takwil ke crmoci0. [lpwu
€KCIIOHYBaHHI HETAaTHUBHOTIO 300pa)KEHHS CBITJIO PO3KIATAETHCA (PUIBTPYIOUUMHU
IapaMu Ha Ti K 0a30B1 KOJIPHI CKJIaa0Bi. Y pe3ynbTaTi 300paKeHHs BITHOBIIOETHCS
710 KOJTBOPOBOT'O TO3UTHBHOTO.

Ile myxe crporennit onuc ¢ororpadidnoro mpoiecy. Ha mpakTuiil Bci Tpoxu
cknagHime. doTomarepialii MICTATb Yy CBOid €MyJbCli JOJATKOBI IIApu —
¢binpTpytoui abo 3axWicHi. A B TIpoleci XIMIYHOI OOpOOKH 3aCTOCOBYIOTHCS
JIOTIOMI>KHI peareHTH — IyOWIIbHI (3MILHIOBAJIbH1) €MYJIBCIIO, 10 3YMUHSAIOTh MPOIIEC
IPOSBY, IO CTA01TI3yIOTh NIUTHHICTh CBITJIOUYTJIMBOTO MIAPY U TaK Jaji.

Henomnixu Tpaguiiiinoi dotorpadii Oysau oueBHUIHI 111€ B YaCH 1 CTAHOBJICHHS.

— Tlo-mepie, 1€ BUCOKA BapTICTh MaTepialliB — BCE-TaKu CPiOJIO HE HaMACIIeBIINI
Metan (a poToxiMiyHa YK MPOMHMCIOBICTh HE OCHOBHUM CIOKMBA4 LIbOI'O METAIY).

— Tlo-gpyre, HEOOXIAHICTH XIMIYHOI OOpPOOKH YCKJIAQIHIOE MPOLEC OJEpP’KaHHS
(hOTO3HIMKIB.

— Tlo-tpete, sskumu O 3poOneHumHu He Oynu (oromaTepiaiivd, a BOHM MiJJIaHI
pYWHYBaHHIO, OCKUIBKM TIOBHICTIO BHJAJWTH 3 €MYJbCli rajmoreHuau cpibia
HEMOJKJTUBO.

Henoniku negomnikamu, a "cpibHa" dotorpadist )KuBe IPyry COTHIO POKIB 1 MOKH
HE JTyMae 37aBaTucs!

B 1913 poui bapmax mnpencTaBisie KEpIBHUITBY MOBHICTIO TOTOBUHM 3pa30kK
(BmacHuk kommanii JleWtn HaBiTh Oepe ¢oToamapaT i3 cobow B AMEpHKY), ajie
BUPOOHHUIITBO HOBOI KaMepHU BIAKIANAE€TbCA yepe3 movarok [lepinoi cBITOBOT BIHH.
B 1924 poui y cBIiTJIO BHXOJWTH Iepiia cepiliHa Mopaenb ¢oroamapara Leica
(ckopouene Bina Leitz Camera) 3 ¢popmaroM kajapoBoro BikHa 24x36 MM 1 IITOPHO-
IIUTMHHUM ~ MaTep'sHuM  3aTBOpoM. (OcHaleHa BHUCOKOSIKICHUM O0'€KTUBOM  3i
CKITaJHUM TyOycOM, BIAMIHHO CIpOEKTOBaHa, MajeHbKa, 3pydHa Leica crae
3araJbHOBU3HAHMM KAaHOHOM CBITOBOTO (QoToanapaToOymayBaHHs. YucieHHI Kormii
Leica, Bxarogaroun paasacbki "®EJ/u" 1 "3ipki", HaBOAHIOIOTH PUHOK, ajie KOHA 3
HUX HE MOKE TIOBHOIO MIPOFO 3PIBHITHCS 13 TPOTOTUIIOM.

231



Puc. 16.11. Onna 3 nepmux kamep Puc. 16.12. "®E]]" — paasHCchKa KOTIis
Leica aerenpapHoi Leica

Puc. 16.13. Haiinepmia Leica BumyckaeThcst JoTenep — sl KOJICKIIOHEPIB

dotoamnapaT MozeNl, M0 sunyckacmuvcsa domenep cepiitHo, Leica MP 30epirae
pucu xnacuuynoi kamepu Ockapa bapnaka. BiH sk 1 paHilmie He Mae SKOi-HEOYIb
aBTOMaTWKku (€ Jsumie BOYJOBaHUM aBTOHOMHUM E€KCIIOHOMETP), TMOCTaueHUI
MEXaHIYHMM  IITOPHO-IIUIMHHUM  3aTBOPOM 1  JIaJIGKOMIPHUM  MEXaHI3MOM
(dokycyBaHHs1 00'ekTuBa. ChHOTOJHI, B €MOXY MOBCIOJHOTO IMOUIUPEHHS HU(PPOBUX
kamep, Leica oawH i3 caMHX KOHCEPBATUBHUX IO KOHCTPYKIIii, HAWIOPOKYMX 3a
BapTICTIO, ajie B TOM )K€ Yac OJIMH 13 CaMUX 3p00JIeHUX (poToamnaparis.

Bunaxin Ockapa bapraka BIJIMHYJIO Ha BCIO IHAYCTPIIO CBITOBOTO
dboroanapaToOyayBanHs. HaBiTh cepes HOBITHIX MNUGPOBUX KOMIIAKTHHX 1
J3epKAIbHUX KaMmep MOKHa ©0e3 ocoOMMBOi Mparll BIAINIyKaTH pIIIEHHS, IO
3aCTOCOBYBAJIHMCS B TIM apXaidyHOMY Ha CyYaCHUM MOTIISA IPOTOTHMI nieproi "JIiku"
1913 poxky.

I By)x TUM Oinbllle XapakTEepHI PUCH, BIACTHBMM IepIIUM KamepaMm Leica,
MOXKHa PO3IJISIHYTH B YCIX 0O€3 BHHATKY CY4YacCHHUX Mallo)OpMaTHHUX IUTIBKOBUX
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doToanaparax. B icTopii TeXHIKM 1€ Ha/J3BUYaiHA PI1IKICTh — CTBOPUTH arapar, 1o
Bi/Ipa3y K CTaB KAaHOHOM, 3a/1aB OCHOBHI TEXHIUHI IMTApaMETPH IILIO01 raaysi.

Sk 1 maiinepma Leica, Oyap-skuii cydacHUM niiskosutl ¢omoanapam
CKIIaJIA€ThCS 3 KOPIYCy, 3aTBOpa, MEXaHi3My IHPOTITaHHS ILTIBKH, OO0'€KTHBAa M
Bujomykada. [lpy mpoMy KOXHHEI By30J (OTOKAMEpPH Ma€ JOCHTh CKIJIAIHUAN
MPUCTPIA 1 MOXE PO3TIIANATUCA, SIK CAaMOCTIMHHK MexaHi3Mm. [IpumipoMm, 00'exTuB
¢doroanapaTa MICTUTH y c001 JBa MEXaHIYHUX MPHUCTPoi — miadparMmyBaHHsS (3MiHU
CBITJIOCHUJIM OO'€KTHBA HUIIXOM 3MIHU JlaMeTpa OTBOPY PYXJIMBHUMH MIXKIIH30BUMHU
MITOPKaMK) 1 HaBeJIeHHS Ha (oKyc. Y cydacHUx (oToamnaparax 0 LbOro A0JAETHCS
TpEeTI NMpUCTPpIA — 3MIHKU (POKYCHOI BiJcTaHi 00'€KTHBA, IO BIUIMBAE HA MacIITad
0JIEp>KYBAHOTO Ha TUTIBIII 300paKeHHS.

O0'eKTUB MOKE KPIMUTHUCS IO KOPITYCYy KaMepH KOpPCTKO abo OyTu 3HIMHUM. B
OCTaHHBOMY BHITQJIKY KPITUICHHS 00'€KTHBAa BUKOHYETHCS PI3bOOBUM (SIK Y KIIACHYHOT
Leica), abo OailioHeTHUM (CIEIiadbHUI 3aMOK — OailOHET, Ha3UBaHUH II¢ "IITHKOBUM
3aMKOM", 110 3aCTOCOBYETHCS Y BCIX BHUITYCKax HUHI JAJICKOMIPHUX 1 J3EpKaTbHUX
Kamepax 31 3MIHHOIO ONITHKOIO).

BupoOHUIITBO 3MIHHOT ONTUKU — I[1J1a Tay3h TPOMHUCIOBOCTI. CBITIOCHIBHUH,
no0pe COpOeKTOBAaHWM 1 SKICHO 310paHuii 00'€KTUB MOXE B JIECATKH pa3iB
TepeBepITyBaTH 3a BapTicTIO oToamapar, 10 SKOro BiH OyB BuUMyIIeHHUN. BapTicTh
TOBroOKyCHUX OO'€KTHUBIB MJi1 3MOMKM Ha BEIMKOMY BHUAQJICHHI I3€pKaTbHUMHU
doToanapaTtamu J0X0aAUTh 10 40 THCSY J0TIAPIB.

[H111 mexanizmu otoamnapara 06'eTHaHI B 3arajIbHUNA KOHCTPYKTHUB 1 HE MOXKYTh
OyTH 3amiHeHI, 1[0 HE 3aBa)ka€ iM OyTH NTOCUTH CKIIAJHUMHU MO Tpuctpoi. HasiTh
KOPIyC KaMepH, BEIy4Wil MOXOJKEHHS BiJ JEPEB'SHOI IIYXJISAJKH, CKIAAA€ThCs 13
1JIoro Habopy neranedl — pamu, 00'€KTUBHOI JOIIKKA (10 HEl KPIIIATHCS AeTai
OalioHEeTHOTO 3aMKa OO0'€KTHMBa), 30BHINIHIX ITaHeNed. 3aJHsA dYacTHHA KOPITYCY
MOCTa4€Ha 3HIMHOKO a00 BIOKUIHOIO Kpulukoro. [lpm npoMy pama 3BUYAITHO
BUTOTOBJIAETHCS 3 METaly a00 TBEPAOro IJIACTUKY. A B JEIKHX OCOOIMBO MILIHMX
kamepax, Hanpukiaa, B Nikon FM 3A 1 Leica Minilux, pama BuUrorosieHa 3
TUTAHOBOTO CIIaBy (B Minilux 3 TUTaHa BUKOHY€ETHCSI BECh KOPITYC).

Puc. 16.14. Nikon FM 3A
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JIOBroBIYHICTh TUTIBKOBOI KaMepH BH3HAYAETbCS HAMIMHICTIO MPOTSKHOTO
MexaHIi3My ¥ 3ameopa. Bka3iBka B XapaKTepUCTHKax (Qoroamapara KUIBKOCTI
CIIpallbOBYBaHb 3ameopa — Iie 1 € pecypc Kamepu. Y mnpodeciiiHux ¢doToamapaTax
KUIBKICTh CIIPaIlbOBYBaHb M0 TEPIIOTO BUXOAY 3ameopa 3 namy (ToOTO A0 SBHUX
O3HAK 3HONIYBaHHA) CTaHOBUTH He MeHI 100 Tucsdy. B aMaTopchkux I3epKaibHUX
KaMmepax cepeqHboro kiacy pecypc meniie — 20-30 Tucsd crpalbOByBaHb 3ameopd,
0 BIiATOBIMa€ 3HOMIII TPHOIM3HO A0 THUCAYl 36-KaapoOBHX IUIIBOK (JOCHTH
Bpakalouuil pe3yJbTar).

3ameop nepioi Leica Bu3HAYMB apXiTeKTypy (DOTOTEXHIKM Ha IiJIe CTOPIYYs.
Jlo mouatky 20-ro cTomTTs (OTO3aTBOp SBJISUIO COO0I0 ab0 PyXJIMBI METIOCTKH,
posramioBadi 'y (QokanpHI o00sacTi o0'ekTMBa (LIEHTpajJbHUM 3aTBOp), abo
MEXaHI30BaHy 3acyBKy, IO Kpimwiacs mnepen oO'ektuBoM. Ha Leica Oys
3aCTOCOBAaHUN IITOPHO-UIUIMHHUN 3ameop. BiH 3acBidyBaB IUIIBKY IOCIIIOBHO.
IBUAKICTE pyXy MaTep'ssHUX IITOPOK Oyjia MOCTIHHOIO (110 CHPOIIYBaI0 MEXaHI3M
3aTBOpa ¥ 30UIBIIYBaJO HOro HAJIMHICTH), a BEJIMYMHA BUTPUMKHU PETYIIOBAIACS
pO3MIpOM WIUIMHU MK IITOopkKamu. [lpu TpuBamux BHUTPUMKAX BIJICTaHb MIXK
CBITJIOHETIPOHUKHUMU IITOPKAMHU 301IBITYBATIOCS, IPU KOPOTKUX — 3MEHIIIYBAJIOCH.

by ——
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Puc. 16.15. Cxema mpucTporo ITOPHO-IIUIMHHOTO 3aTBOpa

Cepiio3Huil HENOJIK IEHTPATBLHOIO MEIIOCTKOBOTO 3ameopa — HEMOXKIHUBICTD
peamizamii Jy’e KOPOTKHMX BHTPHMOK, HEOOXITHHUX TIpH 3HOMII IIBUAKO, IO
pyxarThcsi 00'ekTiB. HaBiTh y Cyd4acHHMX €IEKTPOHHHX 3ameopax (MOBa TITBKH TPO
IUTIBKOBY amaparypy) HEeTIOCTKH 3/1aTHI BiINPaIlbOByBAaTH BUTPUMKUA HE KOPOTIIIE
1/750 cexynmu. Itopuo-llimuaHOMY 3ameopy  JOCTYNHI BUTPUMKH  JIO
1/8 000 cexynmu (y MEXaHIUHUX 3ameopax 03 3aCTOCYBaHHS €JICKTPOHIKH — [0
1/4 000 cexyHmm).

[HIIUM HENOJIKOM IEHTPaJIBHUX 3ameopié € HECTaOUIBHICTh mapameTpiB. Y
MIEIFOCTKOBOMY 3ameopi 3aHaJITO 0araTo BY3JIB TEPTS, a MEIIOCTKH MAaOTh BEIIUKY
Macy H, sk HaclioK, 3aiiBO iHepTHI. KpiM TOro, y HEHTpaJbHOMY 3ameopi BakKKO
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PO3MICTUTH TOTYKHY MPYKUHY MpUBOAa. Bcix mepepaxoBaHux mpoOieM HeMae B
IITOPHO-IIUTUHHOMY 3ameéopi. Y 0OapabaH, Ha SKUA HAMOTYIOThCS ILITOPKH,
BOy/JOBaHa TMOTY)KHAa IWIIHAPUYHA TPYXXWHA 31 CTAOUTBHUMH MEXaHIYHUMU
napameTrpamu. [lITopku erki, OCKUTBKM BUTOTOBJIEH] 13 MPOTYMOBAaHO1 TKAHWHH, a HE
3 metaity. llITopHMit 3ameop NETKO OCHACTUTH MIIIUITHUKAMH, 10 3HWKYIOTh TePTH,
(Y HbOMYy HEMa€ TePTHOBUX TUIOMIHH, SK ¥ IICHTPAIILHOMY 3aTBOPI).

Hespyunuit mropauii 3ameop y mmpokodopMaTHUX Qoroamnapatax. Tam, ne
IJIOMIa KaJpOBOTO BIKHA BeEJMKa, € HeOe3leKka HEPiBHOMIPHOI 3aCBITKH PI3HUX
TISHOK  Kaapy. Ilpum mocmigoBHOI 3acBiTII CBITJIOBa OOCTaHOBKA B MEPiojl
€KCIIOHYBaHHS TUTIBKM MOXe 3MIHUTUCA. LleHTpasibHuii xe 3ameop 3acBiuye Biapaszy
BCIO TIOBEPXHIO KaJIpy.

Marep'ssHuii ITOpHO-UIIMHHUN 3ameop bapnaka Bunaiinenuit im 6 1904-
1910 pokiB (3a JaHUMU PI3HUX JPKEpeN), )KUBHUM JoTenep. Y KIaCMYHOMY BUJI BiH,
SK 1€ Hl JHUBHO, € TIPUCYTHIM Y KaMmepax pOoCICbKOro U OLIOPYCHKOTO
BUpOOHUIITBA — y (oroamaparax "3enit" 1 "®OEJ[". V¥V MoaudikoBanHoMy — y BCIX
JAJIEKOMIPHHUX 1 I3epKaIbHUX KaMepax MUpY.

BigmiHHOCTI cCyyacHHX 3ameopié Bl CBOTO MpadaThka HE TaK BYXK BEJIHKI.

— Tlo-nepiie, MTOPKH MEPEOPIEHTYBAHHI HA KOPOTKY CTOPOHY KaJIpy (PyXaroThCs HE
IpaBOpyY JIBOPYY, a 3BEPXY JOJIHILS).

— Ilo-npyre, mnporymMoBaHa TKaHMHA 3aMiHEHa a00 MeTajaeBoi (JaTyHHOI)
ropoBaHOI0 CTPIYKOIO, yIEpIlle 3aCTOCOBAaHOI B HiMelbKux kamepax Contax, abo
Ha0OpPOM PYXJIMBO CKPIMJICHUX TMEIIOCTKIB — JlaMeJieid, BUKOHAHUX 3 JIETE€HIB (1
3HM>KEHHSI MacH) CIJIaBiB a00 BYTJIEIIJIACTHKA.

Moaudikaiiss MLITOPHO-IIUIMHHOTO 3ameopa — JlaMelbHuid 3ameop. lle
KOMIIPOMiCHa TeXHoJjoris. Excro3uliisi BUpOOISEThCS, K 1 B IITOPHOMY 3ameopi,
IIIJTUHOIO, YTBOPEHOT METAJICBUMU JIaMeJIIMU. AJie caMi JlaMelli He 310paHi B IITOPKY,
a 3aKpiluieHI B OJHOMY BY3Jl, TOOTO MpH CHpallbOBYBaHHI MOBEPTAIOTHCSA, a HE
pYXaloThCs OJHA 3a I1HMIOK. TakuM YWHOM, JaMENbHHUH 3ameop Mae Oararo
3arajJpHOTO ¥ 31 INTOPHO-IIUIMHHUM, 1 13 UEHTPAJIbHUM 3aTBOPOM, aje IIo
XapaKTEPUCTHKAX BCE-TAKW OJIMKYE JI0 TIEPIIOTO.

3aMicTh MpPYXUHH, 10 TEPEMIIIAE IMTOPKU B KIACUIHOMY 3ameopi bapuaxa, y
CydacHHX KaMepaX 3acTOCOBYIOThCS €JIeKTPOMATHiTH. IXHs IlepeBara — BHCOKa
TOYHICTH BIAIpaIllOBAaHHSI BUTPUMOK, HEJOJIK — HEMOXJIMBICTh POOOTH KaMepu 0e3
€JIeMEHTIB  KuBJeHHA. Tomy B mpodeciiiHnx  (Qoroamaparax  dYacTile
BUKOPUCTOBYIOTh MEXaHIUHI 3ameopu, NOMOBHEHI PI3HUMHU MeEXaHi3MaMu '"M'akoro"
CIyCKa i eJIeKTPOHHOTO KOHTPOJIO BUTPUMOK. ..

[Ilo HaiibinbIIe Haragye crapa i BoicTUHY BiuHa Leica, konm mu Oepemo 1o
Kamepy B pyku? HameBHo... peBoibBep. | rapHi MexaH14H1 TOJUHHUKHU.

3 peBoJibBEpOM Iiek (poToamapar pigHUTH 3JIarojpkeHa poOoTa MEXaHIKH. Alie
YoMy — TOAMHHHUKHA? MOXIMBO, TOMY, IO B3BOJ 3ameopa W TEPeKIal Kaapy
(TpaHCTIOPTYBaHHS IUTIBKM) BHUPOOJISIETHCS 3aBOJAHOIO TOJIOBKOKO, K Y TOJIMH.
[TpaBna, Haitneprr Leica i 1i MOC/IiJOBHUKYA MaJld OKpPEMi, HE CIIOJydYeHI MEXaHi3MH
B3BOJY 3ameopa W TPaHCTOPTYyBaHHs IUIBKU. Ockap bapuax BUIUIMBAB yCTOSHOI
TpaaMIIii — y MOMYJIAPHI Ha TOM MOMEHT TUIACTUHKOBUX KaMepax IMmepeMOTyBaTH OyJio
nonpocty HeMa yoro. Jlo pedi, KypkOBUH B3BOA 3'BUBCS Bxke TMicas bapHaka.
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['onoBka B3BOay AOBro "mpydvanacs', aje, 3pelITor0, NOCTyNUIacs MICLIEM 3PYYHOMY
I IIBHUAKOMY B3BOJY CIICIliaIbHUM BaxkeleM, SKuM (ororpad OJTHOMOMEHTHO M
MePEMOTYBAJIM TUTIBKY Ha HACTYITHHUH KaJp, 1 3BOJIUB MPYKUHY 3ameopd.

Hapemti, mexanism ¢oxKycyBaHHS, 3acTOCOBaHMA bapraxkom y ¢oToamaparti
Leica. Bci cyuyacHi kamepH, SKIIO BOHHM HE IOCTaueHi 00'€KTHMBOM 3 (hiKCOBaAHUM
(dhoKyCcOM, YCITaJIKOBYBalld MeXaHi3M (POKYCyBaHHS B I[bOI'O CJIABHOI'O HIMEIBKOIO
npabateka. Kiiacuunmii danekomip — 11e ABa Bi3Upi B OJHOMY OKYJisipi. JlomomikHMIA
BI3UD INepeae 300paxeHHs 3a IOOMOT00 A3epKala, 1110 Yepe3 Baxkiib MOBEPTAETHCA
Ipy BUCYBaHHI OMpaBH O0'€KTHBa — IiJi YaCc HABEJEHHS Ha Pi3KicTh. CrogyyeHHs
JBOX KApTHMHOK B OJHY (yCyHEHHS TIOJBIMHOTO 300pakeHHS) 1 € Mpoleaypa
dbokycyBaHHs. TOYHICTH 3a0€3MEUY€EThCS CICHiaTbHOT IOCTUPOBKOI, Y T1 Yacu —
PYYHUN 1HIUBITyaJbHOI, y Halll 4Yac — JOTPUMAHHSAM TEXHIYHUX JOMYCKIB MpH
MacOBOMY BHPOOHHIITBI.

[lepuri Oanexomipu Oynu BHUHECEHI 3a MEXI IITATHOTO BHUIOIIyKadya. Y
posnopsmkeHHl GoTorpada Oyno aBa okyasapu. Uepe3 oauH BiH HABOJMB Pi3KICTh,
yepe3 Apyruil KoOMIIoHyBaB Kajap. [1oTiM 000€ ONTHYHUX TPUCTPOIO OYJIM CIIOTYYCHI.
[Imoma pomomixkHOro Bi3upa Oyjia 3MEHIIEHA, 30HAa HaBeJICHHS Ha (okyc
CKOPOTHJIACS JI0 HEBEJIMKOI MUISTHKH B IIEHTPl BiKHA Bujolrykada. lle miaBuiumio
OTIEPATUBHICTH 3HOMKH.

Puc. 16.16. Hanexomip

[ikaBo, ane oanexomip bapnaka Tako} 3aCTOCOBYETHCS B Cy4YacHIW amapartypi,
y ToMy uuchai i mudposuii. [IpaBna, He B KJTaCHYHOMY BUJI1, aji€ OCHOBHI TPUHIIUITH
3QJIMIIAIOTHCS] HE3MIHHUMH.

JleTanpHile mpo MpUCTPid MexXaHi3MiB (DOKyCyBaHHS OO'€KTHBA MOTOBOPUMO
OKpEeMO, TIOKM 3K SIK TPUKIAJ] HETIIHHOCTI 3Haximok Ockapa bapuaxa KOpPOTKO
MMO3HAYMMO 3aCTOCOBYBaHI ChOTO/IHI CHCTeMH (POKYCYBaHHS (oTOaraparis.

Y cywacHux 1mdpoBUX 1 IUTIBKOBHX KamMepax BUKOPHUCTOBYIOTHCS [IBi
TEXHOJIOT1] - aKTUBHA i TacBHA. AKTHUBHE ()OKYCYBaHHS — 1€ KJIACUYHUN Oa1eKoMip
3 MOTOPHHUM MPHUBOAOM 1 iH(PpauepBOHUM CBITJIOAIOAHUM MpoxKeKTopoM. IlacuBHe
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(doKycyBaHHS (KOHTPACTHOTO THITY) 3aCTOCOBYIOTHCS B A3€pKajibHUX (poToamaparax.
KinematnyHa cxema TIACHBHOTO  OajleKomipa  BUTISAJA€E  TPOCTIMIE,  aje
CBITJIOUYTJIMBUH €JIEMEHT (3BHYAMHO HE OJMH, a Iijja MaTpHIll 3 MOJIOHHX
€JIEMEHTIB) 1 €IEKTPOHHA CXeMa KepyBaHHs CKiaaHime. JIoriyaa enekTpoHHa cxeMa
doToamapata ga€ KOMaHIy MOTOPHOMY MPHBOAY (POKYCHPOBOYHOTO MEXaHI3ZMY
o0'ekTriBa Ha BUOIp BiacTaHi (OKycyBaHHA. SIK TITbKM KOHTPAcT 300paKeHHs Ha
JTaTYMKAX, YCTAHOBJICHUX HA TMEHTONPHU3MI, JOCATAE MaKCUMyMy (a OTXKe,
MaKCHUMaJIbHUM CTa€ W CTPyM Ha BHMBOJAX CBITJIOUYTJIMBUX €JIEMEHTIB), (poToamapar
"pobuTh BUBIA", 0 (pokyc HaBeAaeHUM. [Ipu HemOCTATHIM BUCBITICHHI Ha JIOTIOMOTY
aCUBHOMY aBTO(MOKYCY MPUXOAAThH JIAMIIM MiJICBIYYBaHHS - BOYJOBaHUN y KOPIYC
dboTokamepu TpoxkeKTOp abo BOyAoBaHMM cranax. [Ipo’KeKTop BKIIOYAETHCS Ha
KOPOTKHII Yac, crajiaX Jia€ Cepito MaJoMOTYKHUX 3acBITOK. L[pOro HijIkoM TOCTaTHHO
JUISL CIIpallbOBYBaHHS MEXaHI3My aBTOMAaTHYHOro ()OKYyCyBaHHS HaBiTh y MOBHIN
TEMpSIBI.

Kpim onucanux cxeM aBTOMAaTUYHOTO (POKYCYBaHHSI € O€3714 pI3HUX BapiaHTIB,
HalnpukiIaj, yiabTpa3BykoBe pokycyBanHs. Lle Ta x akTuBHaA aBTO(OKYCyBaHHs, aJie
3aMICTh 1H(pPauepBOHOTO TPOMEHIO TYT BUKOPUCTOBYIOTHCS BUIPOMIHIOBaHI
KaMepoI YIbTPa3BYKOBI XBWIl. Y ¢oToamaparax Ijs 3araJlbHOTO 3aCTOCYBaHHS
MOAIOHI CXEMH BUKOPHUCTOBYIOTHCSA PIAKO, OCKIIBKH TOYHICTH YJIBTPAa3BYKOBOTO
oaniexomipa HEBUCOKA.

Jlo pedi, TPUHIIMI BUMIPY SICKPABOCTI CBITJIOBOTO MOTOKY BUKOPUCTOBYETHCS ¢
B €KCIIOHOMETPUYHHUX CHCTEMaxX aBTOMAaTHYHUX Kamep. Ale B yacu bapraka noAiOHI
IPUCTPOT (EKCITIOHOMETPHU) TUTHKU MPOCKTYBAIUCH. ..

Bnacuukn kmacnunux Leica — macnuBi groan. BoHn MOXyTh cOO1 J03BOIUTH
KYIUTH OAHY 3 HAaWJOPOKIUX MalohOpMaTHUX Kamep, a00 BOJIOIIOTH €K3EMIUISIPOM
craporo ¢oToamnapara, IO JOTenep mpairoe (Hempamrrda Leica, koimu 6 BoHa He
OyJia BUITyIlI€HA, TaKa X PIAKICTb, IO K HE BMI€ IIaBaTH puda).

HaBiTh y Hamii JHi, KOJIM IUTIBKA CTPIMKO BUXOJIUTH i3 00iry, goroamapat Leica
3AJIMIIAETBCS Mpier0 Oaratbox (ororpadis, MpeAMETOM KOJEKIIOHYBaHHS M HaBIThH
nokJioHiHHs. CripaBa, 3BUYaiiHO, HE TUIBKM W HE CTUIBKM Yy BUCOKIH HaJIIMHOCTI U
JOBroBiYHOCTI 1i€i kamepu. CekpeT HeBracawouoi 3arpeOdyBaHOCTI ¢oToamapara
Ockapa bapnaxa B Tim, mo Leica HaWpiamui MpHKIaL TOTO, SK CICMiali30BaHe
OPUCTPINA IIJIKOM MPHUKIIATHOTO MPU3HAUYECHHS IEPETBOPUIIOCS B CIIPABXKHINA MpeaMeT
MUCTEIITBA.

16.2. Bix naiBku 10 uudponoro ¢poto

Ha mepmmii nornsan mnepeBaru 1udpoBoi dortorpadii mepen dororpadiero
TpPaJMILIIHOI HE IIJIKOM OYEeBUIHI. AJie HacmpaBAl 1€ CHPaBXHS PEBOJIOLIS Y
CBETOMUCH, 1110 MOBHICTIO yCYBa€ caMe MOHSTTS CTapiHHS OpUTiHAIIB 3HIMKIB. Kpim
nporo mudpori meroau dikcamii 300paxkeHb 3podusin  (dororpadiro BOICTUHY
MAacoOBOLI.

[{ine sexIii — po3MOBiAL MPO TPUHIIMIIOBI PO3XOKEHHS MK TPATUIIIHHOIO
aHAJIOTOBOI0 M HOBOIO IU(POBUI (POTOTEXHOJOTIAMU. TyT K€ MNPUBOAATHCA
BIJIOMOCTI Mpo OyJ0BY CBITIIOUYTJIMBHX MaTepiajiiB HA OCHOBI TaJOT€HUAIB cpibiia i
U(POBUX CBITIIOUYTIIMBUX MaTpPHULIb.
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VY Ham yac QoroanapaT € HE TUIbBKM B KOXXHOMY OyAMHKY, aje i MpocTo B
KOJKHOT JIFOJMHHM (SIKIIO, 3BUYAfHO, YBaKaTh (poToamaparoM CTUTHHUKOBUN TenehoH
3 BOyZnoBaHOIO0 Kameporo). [Ipuuomy, MoBa e TinbKu mpo mudpoBi (oToamaparw.
Hikonu mOBCIOAHO pO3MOBCIOKEHA IUTIBKOBA Kamepa, MPOWIIOBIIM Maibke
JABOXCOTIITHIHN IIISX PO3BUTKY, 31MII1a 31 CLIEHH.

Hawm 3maBanocs, o miiBka e Oyje )KUTH — He SK IHCTpyMEeHT npodecionana (a
BOHA B IIii SIKOCTI MPOICHY€ Ty>KE€ OBT0), a SIK MOMYJISIPHUMA, TOCTYITHUI, HETOPOTUA
HOCiM 1Hdopmaliii. Ale 3 MOMEHTY BHIYCKY Ha MacOBUM PHHOK JOCTYITHHUX
ppoBUX KaMep MpOUILIO BChoro 6-7 pokiB. M Bxe Ha moyatky 2007 poky mu 13
mparer BIANIYKAaEMO Yy CBOEMY MICTI rapHy JjiabopaTopiro 1mo oOpoOIl ¥ medarin
dboTorpadiit, mo mpairoe 3a TPAAUIIHHOI TEXHOJOTiIE. A B MarasmHax Maibke
HEMa€e TapHHUX IUTIBKOBUX Kamep (I TapHUMH MalThCs Ha YyBas3l JOCTYIIHI
I3epKaiibHl  ¢oToanapaTd aMaTopchbKOro Kjiacy ¥ OUIbII-MEHII 3poOJeHl B
TEXHOJIOTIYHOMY 3MicTi "MuibHHIN"). | B3arami, CTONITTS IUTIBKA 3aBEPIIUBCS.
Hactynuo cromitrs "uudpu'...

[3 nporo mpmBOLYy MOKHA 3aCMy4yBaTHCA, a MOXHa M paxyBartucs. SIKmo
BUHAxX1J y KiHU1 19 cromitrs Jxopmxem IctMenom, 3acHoBHMKOM kommnaHii Kodak,
MiHi-1abopaTopii 1 gemeBux (oroanapatiB 3poousio (ororpadito AOCTYMHOI, TO
BUHAX1J y KiHUI 20 CTOMITTS HUPPOBUX Kamep 3poOuiio ii BoicTuHy MacoBoi. [lpu
IbOMY TIJ CIOBOM '"MacoBa" MU PO3yMIEMO NOIIMPEHICTh BCEOCSHKHY W HaBITh
a0COJTIOTHY .

JlilicHo, 110 KOIITYBAaJIO 3axOIUIeHHs QoTorpadiero 3BUYANHIN JIOAMHI,
ckaxkeMo, B 70-€ POKM MHHYJIOTO CTOJITTS, KOJU BHUITYCKAJUCS TUIIBKOBI KaMmepu
KJIACUYHOI KOHCTPYKI[li, HA PUHKY 3'IBUJIUCSA 1HTEJICKTyaJbHI aBTOMATHYHI
doToamapatu, a MO yChOMY CBITI, SIK TPUOW MICHS JOILy, 3'SBISUTHCS HEBEIHUKI
nabopaTopii MpOsIBIICHHS ¥ JIpyK 3HIMKIB? BapTicTh camoi KaMepu B PO3paxyHOK
MOXHa He OpaTtu — 1€ pa3oBl BUTpaTH (HaBITh SKIIO 3700YBA€THCA JOPOTHIl
n3epkanbHui Qoroanapar). [niBka, nposiBIeHHs, narip, nedarka. ['pou Haueo6To O 1
HEBEJIMKI, ajie — TPOIIIi.

A CBOTOJIHI JOCUTh KynuTH Jjuiie Qoroamnapar, a Komm'rorep, Iudposa
"nabopatopia" nmo odopoOIi 3HIMKIB, He3a0apoM Oyje B KOKHIM poauHi. | BUuTpatu Ha
IIOJICHHY 3WOMKY (SIKIO, 3BMYAllHO, HE PO3APYKOBYBAaTHM BCl KaApu MIAPsA Ha
namnepi) BUXOASATh, NPAKTUYHO, HYJIbOBI.

Ot ne posmosuts 3axorieHoMmy doTorpadieto mroauHi! Xoya, YoMy TIIBKH
3axomieHoMy? HaBiTh SKIIO MM 3HIMAEMO JMILIE 4Yac BiJ dYacy, IO CBSTax, Yy
TYPUCTUYHUX TOI3JIKaX — MU TEX 3 MMOBHUM Ha T€ MPABOM MOXKEMO Ha3UBaTH ceOe
dotomobuTensimu. Hexailt ¢QororpadyBanns He mepedyBac B YHCHII HaIIUX
ynro0eHnx 3aHsaTh. Hexaii poroamapar Mu BUKOPUCTOBYEMO TUIBKH SIK PEECTPATOP
MOJTiH, 3HIMAEMO BHUHATKOBO MOOYTOB1 CIOXKETH H, SIK TOBOPUTHUCS, "31pOK 3 HeOa HE
BUCTayaemMo". 3peliToro, BJIACHUK TapHOI pydYyKM He 3000B'si3aHuil  OyTH
IMMCHbMEHHUKOM, a BJIACHUK aBTOMOO1IA — FOHIIMKOM. TOYHO TakK caMo JIFOJHMHA, 110
Kynuia uu@poBy Kamepy, BUIBHHUI 3HIMATH TOMAl, KOJM 3aX04eThbcsl ab0 KoJiau Oyne
noTpioHO...

Oxkpema po3mMoBa Mpo kamepodoHax — Mpo TriOPUIU CTUIBHUKOBOTO TeliepoHy i
udpoBoro ¢doroanapara. 3BUYaiiHO, 11e HE ¢oToamapaTd B IMOBHOMY PO3yMIHHI
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cioBa. I{e — HeoOOB's13kOBE MYJIbTUMEIMHE TOMMOBHEHHS 10 TeyedoHy (cMapThoHy
ab0 KOMyHIKaTOpYy). BiIbIIICTh 13 HAaC yKe 3HAa€ — 3HIMATH KaMepo(hOHOM MOXKHA, aje
pO3paxoByBaTH Ha TapHI B TEXHIYHOMY IUIaHi (PO TBOPYICTH TYT TOBOPUTH HE
OynmeMo) pesynbTaTh He KomTye. Tomy kamepodon ¢otoamapara He 3aMIHUTH. |
HaBITh TaK — JIy’)Ke TapHUH, cCaMUil JOPOTor0 Kamepo(doH He 3MaTHUH KOHKYPYBAaTH 110
AKOCTI 3HIMKIB 13 CamMOI0 HEAOPOrow IudpoBoio "MuibHHUICI". Y BCIKOMY pasi —
noku. A 110 Oy/e aani, MoAUBUMOCH.

Tak mo x — mkoxa miiBky? Illkoma. I pasom 3 TuM, OypXJMBHN PO3KBIT
mudpoBoi ¢otorpadii cTaB THUM TOMIE0, IO 37aTHA 3MIHHUTH CaMy KapTHHY
OyJICHHOTO >KUTTSI — TaK caMo, sIK 3MIHMB ii CTUIBHUKOBHH 3B'SI30K. I, CJTIOBO YecTi, TYyT
HEMae HI HaWMEHINOi MNPUYMHU Ui 3HeBipu. HammpoTw, Bce IikaBe TIIBKH
MTOYUHAETHCH. ..

3HOBY MOBEPHEMOCS J0 1CTOPII.

Ak 1ne HI JAMBHO, poJoHayaldbHUICl0 IUdpoBoi doTorpadii crama He
"hororpadiuna" KommaHis, a eJIeKTpoHHHH Tirant Sony. Came B Haapax
nabopatopiii Sony Ha MOYATKY BICIMJECATUX POKIB JABAAISTOrO CTOJITTS HApOJIUBCS
npoekt Mavica, y skomy Oynm chopMyiibOBaHi, a THOTIM 1 peali3oBaHi OCHOBHI
npuHIMIU HU@PpoBoi GoTorpadii, B OCHOBI CBOET 3aJMIIHUBIINCH HEMOPYITHUMU 10
X TIOP.

Y 4Yomy mnpuHUMIOBA GiOMiHHICMb Yupposoi gomoepagii 8i0 Gomoepaghii
nuiekogoi? Y cnoco0i peectpaiii i 30epiranns 300paxens. Tpaauiiiina gororpadis
¢ikcye 300pakeHHs] B aHAJIOroBoMy Buii. CBITIIO, 110 MPOXOAUTH Yepe3 00'€KTHUB 1
chanpbOBaHUM HAa TOBEPXHI IUIIBKH, BUKJIMKAE 3MiHA ONTHYHOI IIUIBHOCTI COJIeH
cpibya CBITIOUYTIMBOI eMyJbCii. CTyIiHb MOTEMHIHHS €MYJIbCii BIATIOBIAAE PIBHIO
3acBITKH. TOOTO CBITJIOUYTJIMBUI €JEMEHT IUIIBKM — 3€pPHO raJjioreHiga cpidjaa —
3MIHIOE CBO1 XapaKTEPUCTUKHU TPOIOPIIiitHA €KCITO3HUIII].

JIns onep>KaHHST OCTAaTOYHOTO pe3yJibTaTy 3WOMKM — TOTOBOTO BiJOUTKA —
IUTIBKY MIAAAI0Th XIMIYHIA 00poOui, ToOTO MposiBY, 3aKPIIUIEHHIO, IPOMUBAHHIO i
cyunnHio. [lmiBka B TpaauuiitHii ¢oTtorpadii — e npoMiXHUN HOCIM 1HpOpMalii.
IIpu upomy 300pa’keHHS Ha (DOTOIUIIBII MICIS MPOSIBJICHHS CTAa€ BUAMMHM, aje
HETaTUBHUM 1 J3¢PKaJIbHO 3BEPHEHUM.

Jlani 13 TUTIBKOBOTO HeraTuBa 300pakKeHHS MEePEeHOCAThCA Ha doTomamip 3a
JOTIOMOT'O10 MOBTOPHOI ekcno3ullli. Yepes 301i1blryBay abo BepcTaT /11l KOHTAKTHOTO
JIPYKy HETraTUBHE 300paKeHHS MPOEKTYEThCS HAa TIOBEPXHIO CBITIOUYYTIUBOTO
dotomanepy. IloTiM mpoeKkCmOHOBaHWII TAamip MPOSBISETHCA, (IKCYETHCA,
MIPOMHBAETBCSL W TIpocymnyeThbes. Lleit mpoliec MpakTUYHO 1ACHTUYHHUA TPOIECY
00pobku (oTommiBku. Potomamip y LOMY BHIIAJKy CTa€ OCTATOYHHM HOCIEM
iH(bOopMartii...

Is1, 3maBanacst 0, eJIeMEHTApHO MPOCTa TEXHOJIOTIS oAepKaHHA (POTO300paKECHb
HACIpaB/l 3aHaATO CkiaaHa. bararoctymiHuacta oOpoOka Ie He HaWOIIbIIUNA 11
MiHyc. OCHOBHUH Hedonik mpaouyiitnoi gomocpaghii B TiM, 1O B HIil
BUKOPHUCTOBYETHCS PI3HOPIJIHI M HECYMICHI H1 13 UMM HOCIT iH(popmarlii.

CnpoOyiiTe, TpUMIpOM, TMPOITIOCTPYBATH 3BUYANHUN JIMCT SIKOIO-HEOYb
"manepoBor" ¢otorpadicro. Crocid nmine oauH — HakiIeiTh (OTOBIIOMTOK Ha
apKyll narnepy, Ha sIKoMy HamucaHe 1ed Juct (To0To crnpoOyBaTh CHOJYYHTH JBa
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MPUHIIUIIOBO HECYMICHMX HOCIi 1Hdopmarllii)... A SKIIO MOBa ijae Mpo APYKOBaHE
BUJAHHA? A Tpo BiAeo(dUIBM, SIKOMY HEOOX1IHO TOMOBHUTH (POTO300pakeHHAMU
(Tak mie # cremiaTbHUM 00pa3oM TpaHc(hopMoBaHUMU)?

Jlam — 30epiranHs 3HIMKIB. MU 3BUKIIN J0 TOTO, IO OCOOUCTUN a00 CIMEHHMIA
doToapxiB 30epiraeThCs y BUTIIAAI (OTOATHOOMY — MAnepoOBOi KHUTH 3 YKICEHHUMH B
HBOTO (200 3aKpIMICHUMH SIKUM-HEOyAb 1HIIUM criocobom) (oToBiaOuTKamu. Ase
1HO/II BUHUKA€E HEOOX1THICTh BITHOBUTH BTpadeHi abo 3imcoBaHi yacoM 3HIMKH. be3s
MOBTOPHOTO JPYKy TyT He 00idThcsa. ToMmy mu 3mylieHi 30epiraTd Ie W apxiB
IUTIBKOBHX HEraTHUBIB.

CXOpOHHICTh BUSIBJICHOT (POTOIUTIBKH, SK, BTIM, 1 MamnepoBuX (HOTOBIIOUTKIB,
3JICKUTH BiJ JBOX (PakTopiB — BiAg (DI3UYHUX XapaKTEPUCTHUK caMoOi IUTIBKH (abo

Crapi HeraTWBHI IUTIBKM Majd LEIYJIOiNHY MIAKIAIKY. 3TroJIOM IENIyJI0ia
MO/IJIOKKHU 30€3BOTHIOETHCS M cTae maMKUM. CTapi HEeraTuBH JyXe BaKKO 30epertu
HEYIIKOKEHUMHU.

JlocuTh HENpOCTO CKJIAJAEThCS CIpaBa W 31 CXOPOHHICTIO eMYJIbCil.
BuroTtoBieHa Ha OCHOBI JKEJIATUHY €MYJIbCISI TAKOXK MiAnaHa BucuxanHio. Kpim Toro,
eMyJIbCiS CTapuX IUIIBOK 1 Manepy CXWjbHa J0 3MIHU KOJILOPY — 3 POKaMU BOHA
KOBTIE.

Y  cyyacHux (OTOTEXHIYHMX MaTepiajiax MpodiemMa JOBrOCTPOKOBOTO
30epiraHHsi HEraTWBIB 1 TOTOBUX 3HIMKIB y 3HayHid Mipi BupimeHa. [liaknanka
IUTIBKM BUTOTOBJISIETHCS 3 JOBIOBIYHOTO JaBCaHy M IHIIMX IITYYHUX Marepialis,
eMYJIbCIHUI Tap TUTIBKY 3aXUINEHUN JIACUH, a manepy — MOJIMEPHUM MOKPUTTSM.
Ane e He 3HIMae MpoOJEeMU MEXaHIYHUX YIIKO/PKeHb HeratuBiB. [LmiBKy MoskHa
MOJIPSATIaTH, 3a0PYTHUTH, YIIKOJUTH PO3UMHHUKAMU 1 TaK JaJii.

[Ile omHa HempueMHA BJIACTUBICTH apxXiBy TIUIIBKOBUX HETaTUBIB — MOTO
abcomoTHa He (QyHkuioHanbHICTh. Lllo Take apxiB HeratuBiB? KypHi KOpoOKu 3i
3HATUMU IUTIBKAMHU, SIKI 30epiratoTbes Ae-HeOyap y madi il He BUKOPUCTOBYIOTHCA
Higk. HeratuBu moTpiOHI JuIIe SK CTpaxoBa KOMis anbOOMHUX (POTOBIIOUTKIB, L€
€IMHE IXHE MPU3HAYEHHSA. A Miclle B MPOCTOpl Hamux OyAMHKIB 1 O(]iCiB BOHHU
3aiiMaoTh (1 uumanie, AKIO (QOTOMOOUTENh 3HIMA€e OUIBII-MEHII AaKTHUBHO, 1
BEIMYE3HE, SKIIO MOBa WHAE MpO pEeJakiiio MNepioJAUYHOr0 BUJAHHA ab0 Tpo
creniagi3oBaHui apXiB).

l'onmoBHEe mnepesaza uugpoeoi gomozpaghii B TiM, 1O 3HATI 300paKCHHS
30epiratotbes y Burisni nudposoro koxy. [udposuit hoTo3HIMOK — 1€ SKHUICH
o0csr omudpoBanoi iHGpopMaIlii, IO MOKE BUKOPUCTOBYBATHUCS Pa3oM 13 IU(PpOBUMH
JaHUMHU OyJIb-SKOTO 1HIIIOTO THITY, HAampHKiIad, 3 TekcroBuMmu. Komm'torep 3uutye
nmudpoBi maHi 3 Hocis iHGopmarii ¥ Oyaye Ha eKpaHi MOHITOpa 300pa’KeHHS,
IZICHTUYHE TOMY, 110 OyJi0 3ahiKCOBAHO CBITJIOYYTIMBUM CEHCOpOM (hoToamapara B
MOMEHT 3lOMKH.

Hudposi dotorpadii 30epiratoTbecsd B nam'sTi kommn'torepa abo Ha HOCIAX Y
BUrsiAl rpadiunux ¢aiiB crangaptHux Tumis. Lle 103Bosse yHI(DIKYyBaTH 3HIMKH,
3pOOMBIIM  iX CYMICHUMH 3 OyJb-IKUMU KOMI'IOTE€paMH, APYKYBIbHUMHU
IPUCTPOSIMU, 1HIIKUMH TUGpoBUMH doToanapaTamu. [IpuMipoM, 3HIMKH, OTpUMaHI1 3a
JIOTIOMOTOI0 OJTHOTO (hoToamapara, MOKHa TEpenucatd Ha KapTy Quenr-mam'sri,
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nepeHecT Ha 1HmUK ¢doToamapaT 1 MEperjiiHyTH iX Ha #oro BOyJI0BaHOMY
KOHTPOJIbHOMY AucCIUIei. SIcHO, mo moTpebu B moniOHIN mpolenypi He BUHUKAE (a
cama MOXJIUBICTh ICHY€ TIJIbKA TEOPETHYHO, OCKIIBKU KOXKHOMY 3HIMKY KOMIT'IOTEp
doToamapaTa MPUBIACHIOE YHIKaTbHE IM'St ¥ TIparioe TUIBKM 3 HHM). Habararo
YacTillle HaM JOBOJIUTHCA TiepeHocuTr IudpoBi ¢ororpadii 3 komm'itorepa Ha
KOMIT'IOTEp, Y TOMY YHCJII i Ha KHIIEHbKOBUMN, a00 PO3IPYKOBYBATH Ha PI3HOTO POAY
IPYKyBaJIbHUX MPUCTPOsiX. | Te, 1 1HIIE HE BUKIMKAE MpoOiieM came yepes Te, IO
3HIMKH 30€pIraloThCsl y BUTIIAAI CTaHIAPTHUX TpadiuyHux ¢aiis.

[Ipouiec ounudpoBku 300paxkeHHss HUPPOBUM (PoToanapaToM BUTIIAIAE B TaKUH
cnoci6. CBITIOBUM MOTIK POKYCYeThCS 00'€KTHBOM (TakuM >Ke, SIK 1 B IUTIBKOBOMY
doToanapaTi) Ha TOBEpXHI MATPHIi MIKPOCKOMIYHUX HAIIBIPOBITHUKOBHUX
CBITJIOUYTJIMBUX €JEMEHTIB. Y MOMEHT CHpalbOBYBaHHS 3aTBOpa abo 3aIlmycKy
CJIEKTPOHHOTO MEXaHI3My MMUTTEBOTO 3UMTYBAaHHA CTaHy MaTpuill (OCTaHHE
3aCTOCOBYETHCS B KAMEPAX MOYATKOBOIO PiBHS) KOMI'tOTEp poToKamepu (Pikcye cTaH
3acBiYCHHX eJeMeHTiB. [Ipu mpomy anajoro-mudposuii nepersoproBad (ALLII)
dboToanapata MEPETBOPUTH EJIEKTPUYHI MOTEHIIAJIM KOXHOTO €JeMEHTa B Habip
nUPPOBUX CHUTHATIB (JIOTIYHUX HYJIB 1 oAuHUIL). [HPopMmaris QikcyeTbcs B
JTUCKPETHOMY BHJl - 3aCBIUCHHMI eJeMeHT MaTpuilli ado He 3acBiueHuid. [loTim
oruppoBane ALl 300paxeHHs 3anucyeTbes Ha 3rafky (oToamnapara.

Ile rpanuuyHO crpoiieHa cxema poOOTH LUPPOBOI KaMmepu, IO Ja€ JUIIES
3arajbHe MOJAaHHS MPO MPUHIIMIIOBI PO3XOPKEHHS MDK TPAAHUIINHOIO IJIIBKOBOIO U
mugpoBoro ¢otorpadiero. Ane W BOHA MOKa3zye, MO YCKIATHEHHS TEXHOJOTII
dikcarii 300pakeHHS HACHpaBll TPHUBOAUTH JO 3HAYHOTO CIPOIICHHS HOTO
MOIaJbII0T 0OPOOKHU ¥ TBUIIIEHHIO TOYHOCTI poOOTH oToarnapara.

CnouaTKy 3BEpHEMOCS caM€ JI0 TOYHOCTI. Bi 4oro 3ajIe)XuTh TEXHIYHA SKICThH
IUTIBKOBOTO 3HIMKA? SIK BHAHO, BiJ KOHCTPYKIii camoro ¢doroamapara (ioro
o0'ekTHBa M 3aTBOpa), MPABWIBHOI YCTAaHOBKHM E€KCIO3WLIMHHUX MapaMeTpiB 1, caMme
TOJIOBHE, BIJI XAPAaKTEPUCTUK 1 SKOCTI  BHUTOTOBJIEHHS  3aCTOCOBYBAHUX
(doTomMarepiaiis.

Cseimnouymausuil wiap HEraTUBHOI (OTOIUIIBKM CKJIQJA€ThCsl 13 3€peH
rajioreHiiiB cpidia, pIBHOMIPHO PO3MOIICHUX Y TOBII eMyJbcli. OIHaK BeIUUMHA U
(dopmMa 3epeH He 1IEHTUYH] — HaBITh IPHU CYYaCHOMY PiBHI TEXHOJOT1 JOCITTH LIbOTO
HeMOXuBo. OTke, JIesIKI 3€pHA TaJOreHiAiB  MalTh OUIbIIE  BHCOKY
CBITJIOUYTJIMBICTh (OCKUIBKM B HHUX OILIbIIE cojle cpibna), iHIN — MEHIIO].
Buxoauth, 1 cTyminp (ikcaiii 3acBITKM Ha PI3HHUX JUISTHKAX €MyJbcii Oyae Xod
HE3HAYHO, aJie BIIPI3HITHUCS.

[Torim HacTtymae depra camoi pe4doBUHU eMyinbcii. [lonmuB emynbcii Ha
MIIKIAIKY TUTIBKU 3IACHIOETHCS CIICMiaIbHOI0 MamuHOow. [IIBUAKICTh mpoTsTraHHs
IIPO30pOi JIABCAHOBOI CTPIYKM TIOCTIMHA, aje He aOcoNlfoTHA. A comva, 3 SKHX
€MyJIbCisl BUIUIMBAE Ha MIAKIAAKY, MOXYTb MIHSATH NPONYCKHY 3aTHICTh —
3acMmivyBaTucs, NepeOyBaTh B PI3HUX TEMIIEpaTypHUX peKUMax (COTI YacCTKU
rpajyca, 1 eMyJbCis cTae JenBe Oublie piikoi ado B's3anHsAM). | Tak gani... Bee me
YKJIAJa€ThCsl B HOPMU TEXHOJIOTTYHUX JIOMYCKIB, ajieé MEePEeKOHYE B TiM, IO HisKa
dboToruTiBKA HE 3/1aTHA JaBaTH MPU €KCIIOHYBaHH1 aOCOJIOTHO 1IGHTUYHI PE3yJIbTaTh

241



HaBITh B 00JIaCTI KaJApoOBOro BikHa (oToamapara, HE TOBOPSYM BXKE TMPO BCHO
MTOBEPXHIO POJIMKA TUTIBKH.

Ha BimMiHy Bix (OTOTUTIBKM CBITIOUYTIMBA MaTpHIls 1udpoBoro goroanapara
¢ikcye nuckpeTHi 3HaYeHHS 3acBITKU. TOOTO Tam, e 3epHO TajoreHiay cpidbia Moxe
MaTH PI3HUN CTYIiHb 3aTEMHEHHS, €IEMEHT MaTPHIll BUIAIOTh TOYHY 1H(pOpMAIIiI0 —
€ 3aCBITKA YW eJeMeHTa Hi. | MaTpuIld, TaKUM YWHOM, TMpaIloe Habarato TOYHIIIE,
HDDK eMyJIbCisi (DOTOIUTIBKU. AJie TUTbKM TeopeTudHo. Ha mpakTuili KOHKypyBaTH 3
(hOTOTUTIBKOIO CBITJIOUYTIIMBOMY CEHCOPY ItM(dpoBoro ¢oToamnapara MoK BaKKO.

CnpaBa B TOMy, 110 CaMUW MIHIATIOPHUNA CBITJIOUYTJIMBUHN €JIE€MEHT HU(PPOBOI
MaTpHlll BUSBJISETbCS Ha0arato KpYMHIIIUMKA 3epHa rajoreHiza cpibia camoi
rpy6o3epauctoi ortomniBku. CaMm enemenm — 11e HANIBIPOBIIHUKOBUM Mpuian i3
BMOHTOBAaHMMH B  HBOIO  NPOBIIHUKAMHU. 3a0€3MEUUTH  TaKUW  CTYIIHb
MiHlaTIOpu3allii, mob eJeMeHT ceHcopa OyB Xxoua O 3pIBHIEMO 13 3EpPHOM
dboToEMyIIbCIi IO BETMYUHI, Cy4acH1 TEXHOJIOT1T MOKU HE B 3MO3I.

Ile mepma mnpuumHa. Jlpyra mpuYMHAa KPUETHCS B CIOCO0AX OepKaHHS
KOJIbOPOBOTO 300paxkeHHs. Ha gomonnisyi xonvopose 300padicenns OyIyeThCs 3a
JOTIOMOIOK0  TpbOX (1HOAI OuIblIE) CBITJIOYYTJIMBUX IIAPIB, KOXHUWA 3 SKHUX
BIIJIIJIEHUH B1J1 MONepeaHIM mopapOOBaHUM MPO30PUM IIAPOM, IO BUKOHYE (YHKIIIT
cBiTHOpiabTpa. Ha CBITVIOYYTAMBOCTI W BEIWYMHI 3E€PHUCTOCTI IUNBKH L€
MMO3HAYAEThCA Majio (Xouya BEJMYMHA 3€pEH TaJOreHiAIB y TJIMOMHHUX IIapax
eMyJibCii TOBMHHA OyTH OuIbIlle, HDK y IIapax 30BHIMIHIX — Ui 3a0e3MedeHHs
PIBHOMIPHOT CBITJIOYYTJIUBOCTI).

Y  uudpoBoMy ceHcopl NS OAEPKAHHS — KOJIbOPOBO2O  300pAHCEHMS
BUKOPUCTOBYIOTHCS, B OCHOBHOMY, JBa CrocoOu. Y Ouibiie 3po0jaeHuX HUPPOBUX
Kamepax mnpodeciinoro piBHs (y cnemiaigbHl GoTo W y OUIBIIOCTI MacoBUX 1
npodeciiiHuX BiJIeOKaMep BUCOKOTO PIBHSI) 3aCTOCOBYIOTHCS TPU PO3/IITIBHI MaTpPHII],
KOKHA 3 SKUX MOCTa4€Ha CBITIO(PIIBTPOM 0a30BOr0 KOJbOPY — YEPBOHUM, 3E€JIECHHM,
CUHIM. Matpuli po3TaloBYIOThCS MiJ KyTOM JApYyT A0 napyra. [Ipomeni cBiTia, 1o
MIPOXOJSTh Yepe3 00'€KTUB, EPEIIOMITIOIOTHCS CIELIATBHOI0 MPU3MOIO U JUISATHCS Ha
TPU MOTOKHU, KOKHHUM 3 AKUX €KCoHye "cBoro" maTtpuiro. Ha ocHOBI TppoX 0a30BUX
KOJIIPHUX KaHaIIB €JIEKTPOHIKOIO KaMepH il OyAy€eTbCs MOBHOKOJIPHE 300paXEHHSI.
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Puc. 16.17. Cencop nudpoporo doroanapara

VY Ginpmmocti mudpoBux ¢GoToanapaTiB 3aCTOCOBYEThCA 1HIIA TexHOMOTrisA. [ToTik
chanbllbOBAaHOTO O0'€KTHMBOM CBITJIa MPOXOJIUTh 4Yepe3 MacHB KOJIbOPOBHX
CBITIOQIIBTPIB Tak 3BaHOi "KomipHOi Moxeni baiepa". Y il cuctemi 4epBOHI,
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3eJIeHl W CuHI (UIBTPU PO3TAIIOBaHI B IIAXOBOMY MOPSIKY, a KUIBKICTh 3€JICHUX
¢GinbTpiB y 1Ba pa3u OinbIe, HIX YepBOHUX a00 cuHixX. [Ipu 1IbOMy YepBOHI i CHHI
GiAbTpU  pO3TAIIOBaHI MDK 3€JICHUMHU. biibllla KUIBKICTh 3€lIeHuX (PuIbTpiB
00yMOBJICHE THM, IO HAIIl 04l OLTBIIE Yy TJIMBI A0 3€JIEHOTO KOIbOPY.

MacuB QinbTpiB ckiIagaeTbess 3 0e€3niyl MIKPOCKOMIYHUX CBITIO(UIBTPIB,
KOXXHUW 3 SKUX B3aEMOJIIE 3 OJHUM OCEPEAKOM CBITIOYYTIWBOI MaTpuIl. ToOTo
MOJKHA CKa3aTH, O[O0 KOXXHHUW EJIEMEHT KOJhOPOBOTO 300pakeHHs (MmiKcesb)
CKIIQJIAEThCSl 13 TPhOX CyO€leMEHTIB. AJle Npu IbOMY JO3BUI CEHCOpa He
3MEHIIYEThCS BTPOE, OCKIIBKH 300pa)k€HHS OYJIyeThCS Ha OCHOBI MeEXaHI3MIB
1HTepnoAlli, ToOTO 3 ypaxyBaHHSM SCKpPaBOCTI (IHTEHCHMBHOCTI TE€HEPYHYOTO
OCepeIKaMH eJIEKTPUYHOTO CUTHAITY) BCIX €JIEMEHTIB.

VY dotoamaparax 13 cenHcopamu I[I13C (CCD) dopmyBaHHS KOJIHOPOBOTO
300paxkeHHs OyAy€ThCS B CIIELIAIbHOMY HPUCTPOI MICIS NEPETBOPEHHS aHAJIOTOBOTO
curHaily B uu¢poBuil curnan. Y ¢ortoamaparax 13 ceHcopamu apxitektypu KMOII
(CMOQOS) 3miianHs KOJIbOPIB MOKE BUPOOJISATUCS 0€3M0CEPEIHBO B CAMOMY CEHCOPI.
Ane ¥ y TiM, 1 B 1HIIOMY BHUIaJKy, IOBTOPUMO WIE pa3, KOJbOPOBE 300paKEHHs
OyIyeThbCsl MO CHEliadlbHUX MAaTEMATHYHUX AJITOPUTMAxX METOJOM IHTEPIOJISIIT —
TOOTO 3 ypaxyBaHHSIM SICKPABOCTI CyCIJTHIX €JI€MEHTIB KOXHOTO 3 0a30BUX KOJIbOPIB.

Cencopu mudpoBux (QoroamnapariB nporparoTh (OTOIUIBII MO Oe3miul
napameTpiB. CeHCOpH MarOTh HEBEIMKUM AUHAMIYHMK Jiana3oH (YUCIO MOMITHUX
rpajamii Mi>k a0COFOTHO OLTUM 1 aOCOJIFOTHO YOPHUM ), CXWJIbHI 10 KOJIPHUX IIyMiB
(opeosiaM HaBKOJO TpaHUIlb, MO PO3AUISIOTH €IEMEHTH 300pa)KeHHS 3 OUIBIINM
nepenajoM sSCKpaBOCTi, HAMPHUKIIAJ, HABKOJO (iryp, 3HATUX HA OCBITICHOMY TIi),
MaloTh HEBUCOKY CBITIOUYTJIUBICTH (3BUuaiiHo 611t 50-100 onuuuns [SO). Haperri,
Gb13u4HM pO3Mip HAUTIOMIMPEHIIINX CEHCOPIB MEHIIIE, HI’K CTAaHJAPTHHUM JIs1 BY3bKOT
TUTIBKH PO3MIp KaJIpoBOTO BikHA 24X36 MM.

OcranHiii napamerp — Qpi3UYHUNA PO3MIP — MA€ MPUHIIMIIOBO BAKIMBE 3HAUCHHS.
ApPryMeHT eJeMEHTapHO MPOCTii — Ha OUTbLIIN MJIOLII KaJpy BMIIIAETHCA OlIbIIa
KUIBKICTh CBITJIOUYTJIMBUX €JEMEHTIB, 3€pEH rajoreHiay cpidia abo elIeKTpOHHUX
eJeMEeHTIB ceHcopa. YuM Oisbllie CBITIOUYTIMBUX €JIE€MEHTIB, TUM Olyibllie IpiOHMX
neranei 300paxkeHHs Oyne 3adikcoBaHo ¢oroanapaTtom. I Tem Oubie Oyae 103BLT
3HIMKa, 110 J103BOJIsA€ 30uIblIyBaTH (hoTorpadii nmpu neyatui 6e3 BUAMMOI BTPATH
SIKOCTI.

B icropii doTorpadii Bimomi Bumagku cnpod BBEACHHS HOBUX CTaHIApPTIB HA
BY3bKY IUIIBKY. Y TPUIIATI POKM MHHYJIOro CTONTTS B JlaTBii OyB BUIyIIeHHN
HaJKOMITaKTHUI ¢oToamapaT Minox, mpu3HAYCHUH I 3HOMKH Ha 16-MUTIMETPOBY
HernephopoBaHy HEraTuBHY IUIIBKY. DoToanmapaTr MaB ClieliajibHe MPU3HAYCHHS (BiH
3aCTOCOBYBABCSI B PO3BIIII) 1 BUMIIIOB Ty>K€ BAAIUM. Y IIICTACCATI-CIMIIECATI POKU B
CPCP Bumyckamucs #oro ¢yHKIIOHATRHI aHamorun — ¢otoanapatu "Hapruc" 1 "
Kuis-Bera". CyuacHi BapianTu 16-MM (oToamnapatiB BUIMYCKaIOThCA MIBEUIIAPCHKOIO
¢dipmoro Minox 1 CbOro/iHi, ajie TUIbKH K MIHIaTIOpHI KOMii KilacuuHuX kamep Leica,
MPU3HAYCHUX JIJIs1 KOJIEKI[IOHEPIB 1 aMaTOPIB TAKOT'O POy TEXHIKHU.
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Puc. 16.18. "IlInuryncekuit" miuiBkoBuit Minox

16-mimiMeTpoBuid (popmaT TUTIBKM HE MPWKHUBCS TOMY, IO IUIoNIa Kajapy Oyna
HEJOCTAaTHBOI  JUJII  JAPYKY [anepoBUX 3HIMKIB  pO3MIpOM  OuIbIle, HIX
Ox12 cantumetpiB. HaBiTh CBOTrOAHI, KOJIM KOJbOPOBA HEraTMBHA ILIIBKA
HalOUIBIIMX CBITOBUX BHUPOOHUKIB Ma€ MaKCUMajbHy, IO HAOIMKAETHCA 10
TEOPETUYHOT MEXI1, [0 JI03BOJSE 3AATHICTh, 16-MUTIMETpOBUN (opMar is
oJiepKaHHSI BIIOMTKIB HOPMAJILHOTO pPO3MIPY SIBHO HEIOCTaTHIM (Xoya momaiOHa
IUTIBKA BUITYCKAETHCS M NMPOAAETHCA B HEBEJIIMKUX KUIBKOCTSAX I TIEKO K€ MapKOIO
Minox).

Le#t npukIiag MOKa3ye 3HAYUMICTh TAKOI XapaKTEPUCTHKH, SIK pO3Mip KaOpo802o
6ikHa, a B u(ppoBOMy (poToanapari — CBITIOUYTIMBOTO CEHCOPA.

[TonoxenHst 30UTBIITYEThCS 1€ W TUM, 0 MaTpuils HMudpoBoro Qoroanapara
BUKOPHUCTOBYETHCS HE MOBHICTIO. O0NAaCcTh KaJIpOBOr0 BIKHA 3aiiMae OUIbIY YaCTUHY
LIEHTPaJIbHOI O00JIaCTI CEHCcopa, aje KpailHl psiau eJIEeMEHTIB ceHcopa y ikcarii
300pakeHHsI He OepyTh y4acTh, BUKOHYIOUH CIIy>k00BI1 (DyHKIII1 (TOMY TOBOPATH PO
MOBHI 1 €()eKTUBHI 3HAUECHHS PO3LIMPEHHS MaTPHIIL).

He cnig 3a0yBatu ¥ npo "BpomKeHi MOPOKH" CBITIOYYTJIMBUX CEHCOPIB,
30kpema, npo "OuTui mikcensax". Y mporeci MacoBOro BUPOOHHUIITBA BUTOTOBUTH
CTOIIPOLIEHTHO Tpale3aTHy MAaTPHII0 MPAKTUYHO HEMOXXIUBO. KOXKHMIA eleMeHT
CEHCOpa Ma€ HACTUIBKM Malli pO3MIpH, 110 MOYMHAIOTH MO3HAYATHUCA OCOOJIMBOCTI
MOJICKYJIIpHOT OyJOBH 3acTOCOBYBaHUX MarepiamiB. Kinbka MoJjekyn rasy, mio
MPOHUKHYB B 00JIACTb TPHUKOPJIOHHOTO IIapy HAIiBIPOBIJHUKA, 37aTHI BUBECTU
CBITJIOUYTJIMBUN €JIeMEHT 13 Jamy. Y pe3yJbTaTi CEHCOpPH BCiX MH(PPOBHUX
doToamapaTiB MarTh KiJTbKa HEMPAIIOIOUUX CBITJIOUYYTIMBHX €JIEMEHTIB. Aje 0e3
CHeIiaJbHUX TECTOBUX OMEpaIliii BUSIBUTHU Il MOPOKH BAKKO, OCKUTBKHA OJWHUYHI
HEMpalroyi eJIEMEHTH M0 KpasiX KaJpoBOro BiKHA HEMOMITHI, a CeHCOpH 3 "Outumu"
eJeMEeHTaMu B Tpynax BiIOpaKOBYIOThCS Ha 3aBOJI.

[Ile onna 6e3cymHiBHA nepeBara MudpoBoi Gotorpadii CKIIa1a€TbCs B MPOCTOTI
0o0poOKM TrOTOBMX 3HIMKIB. sl 3aHATh TBOpYOIO (QoTorpadiero BIACHUKOBI
IUTIBKOBOI KaMepH Npuiie o03aBecTHCs HEOOXIJHUM YCTaTKyBaHHSM — IPOSBHOIO
MalrHow (260 Habopom 0aykiB 1 BAHHOYOK), 301/IbIITyBaYeM, HAOOPOM PEAKTHUBIB 1
caMOl0 TeMHOK KiMHaTow. [0 mpakThyHO piBHO3HAYHO MpPHUI0AHHIO B OcoOHCTE
KOPHCTYBaHHSI BChOI'O KOMILUIEKCY BCTAaTKyBaHHS MiHi-TabopaTopii (sKi, sIK MU BXKe
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TOBOPWJIH, 3)KMBAIOTh ceOe, MOCTYIMAYUCh MiclleM IudpoBuUM MiHi-1abaM). A6o...
BCE-TaKu MEPEMIHUTH IUTIBKOBY Kamepy Ha HMU(poBuil (oToanapar 1 mepcoHaIbHUAN
KOMI'TOTEp.

Came nepconanvhuii xomn'romep € Gomonabopamopicto 0 yupposoi
gomoepaghii. Cam dortoamapaT TpU IILOMYy MOXXHA PO3TISAIATH SK YEProBUN
nepudepivinuit npuctpiit g [1K, TpuBuMipHuil ckaHep 3 MOKIIUBICTIO BUIYYEHOTO
i aBTOHOMHOTO (DYHKIIIOHYBaHHS.

——
Puc. 16.19. Komm'totep MakinTot1i1, BiIMIHHE PIIICHHS IJI1 aMaTOPChKoi oTorpadii

Ane B ocTtaHHI pokd (POTONMIOOUTEN OJepKaJld OLIbIIEe MIHUPOKI MOKIUBOCTI.
Kpim mocnyr cnemiamizoBanux JabopaTopii abo mpuaOaHHS MEPCOHAIBHOTO
KOMIT'IOTE€pa, BOHU MOXYTbh MNpUAOATH HEBEIMKUN 1 HENOpOTUH npunmep Ol
npamMoco OpyKy 3xHimkie. MoBa mpo cyOmiMarliiiti 1 CTpyMEeHEB1 KOJIbOPOB1 MPUHTEPH,
po3paxoBanux Ha (pikcoBanuil popmar BimOuTKa (3BMUaitHo 10x15 auB 1, sk omiis,
MeHIue). BTiM, 11 HeAopori IpyKyBadbHI MPHUCTPOI 3100yBalOThCA HailyacTilie He
3aMiCTh KOMITHOTE€pa, a Ha JOAATOK 10 HHOTO — SIK MOPTATHBHHUHN MPUHTEP, IO
JI03BOJIIE OACp)KyBaTH (OTOBIAOUTKH, KOJM KOMITHOTEpP HEAOCTYMHHM. SKio x
BUKOPUCTOBYBATH TUIbKM Mapy '"¢oroanapaT-npunrep” 1 cnpodyBaTu oOiTHCS 6e3
KoMM'toTepa, TO (HOTONHOOUTETb OJIEPKUTH OUIBIIE JOPOTUN aHAJOr MOCIYT MiHi-
nabopaTopii, 0 Mpaloe 13 IUIIBKOBUMU HeraruBamu. HaOip 1HCTpyMEHTIB st
00poOKM 3HIMKIB Oyje JenBe PO3MHUPECHUN (CTaHYTh JOCTYIMHUMH EKCIIOKOPEKIIiS
MpU T€YaTili, BUIPABICHHS KOJIPHUX TMEPEeKpydyBaHb 1, MOXJIHUBO, HEBEIUKE
MaciTabyBaHHS), ajie I TBOPYOCTI 3aJUIITUTHCS SIBHO HEJOCTATHIM.
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Puc. 16.20. IlopratuHuii GoTONPUHTED

Hapemuti, me npo oaHy oudeBHIHY nepeBary LudpoBoro (oroamapara mnepen
IUTIBKOBUM. Byzb-sika cyuacHa nu¢poBa kamepa OCHallleHa KOJbOPOBUM AUCILIEEM. |
1€ YyJOBUM IHCTPYMEHT JUIsi HaB4YaHHS a3zaMm ¢oTorpadii W yJOCKOHAITIOBAHHS
MaNCTEPHOCTI, 10 BaXKO MEPEOLIIHUTH.

Tiapky 1O 3HATUM KaJp BUBOJUTHCS Ha BOYIOBaHUMN y KaMmepy ekpaH. 3HIMOK
MOKHAa 30UIBIIMTH, 100 PO3IIIAHYTH JeTaii. MoxHa OLIHUTH MPaBUIIbHICTE BUOOPY
€KCIO3UIIIHUX MapaMeTpiB 1 KOMIO3UIiHEe pimeHHd. ko ¢ororpad unmch He
BJIOBOJICHHM, MIEPE3HITH KaJp MOKHA BiIpasy, HE YEKAIOUH JIa0OpaTOpHOi 0OpOOKHU 1
po3apykiBku Ha manepi. Ilorogutecs, kpaimoro (Qortoanapara sl HaBYaHHS HE
3HaiiTh. HaBiTh 13 Jyke SKICHUM IUTIBKOBUM (oToanapaToM MNOYUHAKOUMMA
doTomobuTeNs HE OACPKUTH HI HAWMEHIIOTO MOJAHHS MPO T€, YH MOMIIMBCS BiH
TITBKH 110, 3HSABIIU ITIKaBUK KaJp, HACKIJILKM 3HIMOK BHUSIBHUBCS BJQJIMM, IIIO BapTO
3MIHUTH, 100 HE MOMYyCTUTH TMOMIOHMUX TOMUJIOK y MaiOyTHhOMy. 3ragaTu
00CTaBMHM 3MOMKHM TMOTIM, KOJHM MiHI-Taboparopis BiAApyKye roToBi (ororpadii,
nyke HermpocTo. OCcoOMMBO SKIIO B JIAOOPATOPIIO 3[A€THCS KUTbKA IJIIBOK CKOIIOIO
(sIK 3BUYAITHO U TPAIII€ThC).

[nme BaxwMBe mepeBara BOYJIOBAHOTO KOHMPOJbHO20 OUcniesi — MOXKIUBICTh
HOTO BHUKOPUCTAHHS SIK EJIEKTPOHHHHM BHIONIyKad, (YHKI[IOHATFHOTO aHaJIora
MaToBoro ckia. lleit Heabusk 3a0yTuil IHCTpPYMEHT — MaTOBE CKJIO — 3aCTOCOBYBAaBCSI
B TUIACTMHKOBI ¥ J3€pKalbHUX OJHO- 1 JBOX00 €KTHBHHX CepeIHbOPOPMATHUX
KaMmepax i TOYHOI MOOYJ0BH Kaapy. Y NPHUHIIUII, KOPUCTYBATUCS KOHMPOIbHUM
oucnieem 1udpoBoro ¢oroamnapara, SIK BHAOLIyKaueM, HaBITh 3py4HIIIE, OCKUIbKU
KJIACUYHE MATOBE CKJIO J1a€ TIEpeBEPHEHE 300payKEeHHSI.

Hucnuieit 3naTHUN (QYHKIIIOHATIBHO 3aMIHUTH W BHJIONIYKad BY3bKOIUTIBKOBUX
I3epKabHUX (oToamapaTiB 3 BOYIOBaHOI M0 00epTae MeHTAPU3MOI0. 300paKeHHS
Ha KOHTPOJBHOMY eKpaHi IudpoBoro Qoroamnapara BIAMOBiIAE 300pa)KEHHIO, IO
(piKCyETHCS CBITIIOUYTJIIMBUM CEHCOpPOM. ToOTO oTorpad 6aunTh Ha €KpaHi caMe Te,
o Oyne 3HsaTO. Jly’ke 3pyqHO JUTsi MaKpO3HOMKH 1 3MOMKH 4epe3 MIKPOCKOIL.
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Puc. 16.21. OG'extuB poroanapara Canon PowerShot G7

binbuie TOro, y KOMHAakTHUX 1 YJbTPaKOMIIAKTHHX KaMmepax IMOYaTKOBOTO M
CEPEIHbOI0 PiBHS, Y IPOCBIOMEPCKUX amnaparax, NpU3HAYEHUX ISl TBOPUOI 3HOMKHU
W HaBITh y Takux HamiBopodeciitHux "yapTpazymax", sk Sony DSC-R1,
€JIEKTPOHHUM KOJIBOPOBUM JUCIUIE BUKOPUCTOBYETHCSI B SIKOCTI OCHOBHOTO 1
€IMHOTO BUOIIyKaya. Xouya B A3€pKajJbHUX LU(PPOBUX Kamepax (1 B LbOMY IXHE
0e3CyMHIBHE IiepeBara) BUKOPUCTOBYETbCS BHUHSATKOBO ONTHYHHUWA BHIONIyKad
pEaIbHOTO 300paKE€HHS, a KOHMPOJbHUU OUCHeli BUKOPUCTOBYETHCS JIMILIE JIS
Heperisily TOTOBUX 3HIMKIB 1 JUIsl KEpyBaHHS KaMEpOK 3a JOMOMOIOK CHCTEMHU
€KpaHHUX MEHIO.

Puc. 16.22. [Mudposa kamepa Sony DSC-R1
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16.3. YMoBHa kiaacudikauia uudposux ¢poroanaparis

CBiTOBa TMPOMUCIIOBICTh BHUITYCKA€ BEIMYE3HY KUIBKICTh (POTO3HIMAIBHOI
TEeXHIKH. AJle HACIIpaB/il TajiaHa PO3MAITICTh HE TaK BY)K BEJIMKUU, KaMEPU BIJIMIHHO
YKJIQJal0ThCs B paMKH HEO(DIIiHHO1, ajie ByKe yCTOSHOT Kiacudikariii.

[inp JekIiii — po3moBicTU Mpo Kiacudikamio nudpoBux ¢oToamapaTiB 1 Mpo
MOJICNTBHY JIIHINKY KaMep HaHO1IbIITNX CBITOBUX BUPOOHHUKIB.

udpori dhoroanapaTty, K 30BCIM HEJaBHO (poToarapatu IIBKOBI, IO CBOEMY
MIPU3HAYEHHIO MIPO3AUIIIOTECS Ha KUTbKa Tpym. Y camoMy "HH31" — JemieBi i MpocTi
aBroMaTu4Hi "KommnakTu" a6o "mmibHMI" (iX Ha3BajIM Tak TOMY, IO KOpITyca ITUX
KaMep 1 CHOpaBai HaraaymTh IUIAaCTMAcoBI MWIbHHUIN). OmHak, mapajiens i3
TJTIBKOBUMH aBTOMAaTHYHUMH KaMepaMu TYT JOCHTh YMOBHA.

Bynp-sika HalnpocTima 1UTiBKOBa 'MuwibHULA" 1 1udpoBuil poToamapar
[IOYaTKOBOIO PIBHA M€ Aajlieko He Te came. [lounemMo 3 Toro, mo wu@poBHii
doToamapar yiamTOBaHMII Habarato cKJIajHile IUIBKOBOoro "amamora". Moro
CBITJIOUYTJIMBUM €JIEMEHTOM, III0 3aMIHHMB IUIIBKY, € CEHCOP — CBITJIOUYTJIUBHIA
JATYHK, 110 CKJIAIAE€ThCS 13 COTEHBb THUCSY 1 MIJTBHOHIB (KIJIBKICTh 3aJICKHUTh Bl KJlacy
KaMepu) MIKPOCKOIMIYHUX EJIEMEHTIB, 310paHUX Yy MPSIMOKYTHY IIJIOCKY MATPHIIIO.
Koxuuii eneMeHT MOHa 3pIBHATH 13 KPYNUHKOIO TaJIOTeHIAYy cpibiia (OTOILTIBKH.
Tinbku 300paskeHHsI TYT OYyIy€ThCsI 110 30BCIM 1HIIUX (QI3UYHUX TPUHITUIIAX.

Ham — y nudpoBiii kamepi Mpaiioe MOTYXHUN KOMITHOTEDP, 110 BCTAHOBIIIOE
eKCTo3ullil0 (BUTPUMKY U aiadgparmy), TNepeTBOPUTH E€JICKTPUYHI CUTHAJH,
oJlepKyBaH1 3 MaTpuill, y HudpoBUi Ko, yIpasise BCiMa By3JiaMu (poToanapara.

Hapemri, ontuka. VY gemeBuxX IUIIBKOBUX '"MUJBHULAX" TyX€ YacTo
BCTAHOBJIIOBAJIA MPOCTUI OO'€KTHB, JIIH3U SKOrO OyJM BUTOTOBJIEHI 13 IJIAaCTMAacH.
[TnacTkoBa ONTHKA 3yCTpiYaeThes i y MU(PPOBUX KaMepax MOYaTKOBOTO piBHs. Ajie
30BCIM TPHUMITUBHUX ONTHYHUX CXEM, SK 1 ONTHKA HEBHUCOKOi SKOCTi, TYT HE
3ycTpiHent. SIKuil 3MICT yCTaHOBJIIOBATH 3a MPHUMITUBHOIO TUIACTHKOBOIO JIIH3010
JIOPOTOI0 BUCOKOTEXHOJIOTTYHUIA ceHcop?.

[Ile yoTupu-m'aTh pOKIB TOMY Kiacudikalis nu@poBUX Kamep MoYuHajIacs 3
Hegoporux (1o 100 momapiB) nudpoBux dortoamaparis 13 cencopamu CMOS, o
MatoTh 103BUT VGA — 350 Tucsu eneMmeHTiB (mikcemniB). Alie el Kjac amaparypu
31MIIOB 31 CIIeHW MpsMO Ha Hammx odvaxX. ChOrojHI BiH TOBHICTIO BUTHCHYTHUUN
HEJIOPOTHMH CTITLHUKOBUMH TeledoHaMH 3 TaKUMH K ceHcopamu VGA 1 Takoro xe
MIPOCTOIO ONTHKOIO.

L1 xkamepu — nepiia KepTBa PO3BUTKY LHUPPOBUX POTOTEXHOJOTIN. AJle cripaBa
BOHU CBO€ 3pOOWJIM, CTABIIN CTAPTOBOIO IUIOMIAIKOIO Il KaMepo(dOHIB 1 3a/1aBIIN
NOYaTKOBHI piBeHb HUPpoBUX (poToanapari. CripaBa B TOMY, 11O 111 JACIIEBl KaMepu
(3ramaemo mapku — Aiptek, Agfa, Volkano i Ttak nmani) cnpuitmanucs, ckopiiie, siK
Irpalllki, HIXK cepilo3Ha 3aMiHa IJIiBKOBOMY (hoToamapary. Tak BOHO, y MpHUHIIMMI, 1
Oy1o. 3poOUTH TEXHIYHO 3POOJICHUI 3HIMOK MPOCTOI0 KaMepor OyiIo HEMOXKIIUBO
(IK HEMOJKIIMBO 3pOOHUTH MOTO CTIILHUKOBUM TellepoHOM 13 ceHcopom VGA).

Ane CBhOTONHINIHI TPOCTI KamMepW 30BCIM HE TaK TMPOCTi, SK 3JAI0ThCS
(0co0uBO, SKIIO CYAMTH MPO IXHIO OCHAIIEHICTh MO IiHHUKAX). Ile moBHOIIIHHI
¢doroanapatu, SKUMHU MOXHaA pOOMTH Tyke HemoraHi 3HIMKU. HaBiTh y pykax He
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caMoro BMuJIoro ¢oTosiroouTeNs nudpoBa Kamepa Mo4aTKOBOroO PiBHs Oyj/ie BKE HE
Irpamikor, a cCaMMM IO Hi Ha € (POTOIHCTPYMEHTOM. | TeXHIUYHUHN PIBEHb CYyYaCHHX
midpoBux ¢oToamapaTiB MOXKHA CMIJIO 3pIBHATA 3 PIBHEM JaJCKOMIpHHX 1
aBTO(OKYCHUX TUTIBKOBHUX (DOTOAMmapaTiB HEAABHROTO MUHYJIOTO, IO CTABJIATHCS 0
cepeaHbO1 I[IHOBOI KaTeropii.

[Ipo ocobnuBocTi TpUCTPOIO IUGPOBUX '"MIIBHULL' MOTOBOPUMO TPOXH
Huk4de. [loku X Mpo BIAMIHHOCTI ycepeauHl i€l Tpynu. 3ailllloBIIM B MarasuH
1M(POBOT TEXHIKH JETKO TTOMITHTH, 110 KOMIAKTHI U(poBi doToamapaTu Iyxe 1mo-
pizHOMY KOmITy0Th. Cepel HUX € JEMOKpaTH4HI MOJENi, M0 NpoaaroThes 3a 120
noyiapiB 1 € miHiaTiopHl kamepu 3a 400-500 1 GinbIne gojapiB. 3BIAKH 11 PI3HUL B
1iHi? Y yomy otyT cripaBa?

Moske 3matucs, 10 roJIOBHA MpUYMHA — J03BUI ceHcopa. lle i1 Tak, 1 He Tak
onHovacHo. CrpaBa B TOMy, IIO KaMe€pH BCIX LIHOBHX TPyl MNparHyTh (HE cami
KaMepH, 3BUYAIHO, a IXHI KOHCTPYKTOPH i BUPOOHUKHU) 0 30UTBIICHHS PO3IITUPEHHS.
I cboromni 120-monapoBa "MHIIBHHISL" MOXE MaTH CEHCOp A03BOJIOM B 4 abo
5 meramikceniB, a kamepa 3a 500 momapiB — ceHcop 6-Tu ab0 7-MeramikcelbHOro
po3ipenHs. Pi3Hulsg 30BciM HeBenuKka. | MOokHa CIIOAIBATUCS, 110 B HAUOIMHKIOMY
MaliOyTHBOMY 15l PI3HHULA CTaHEe ado 1€ MeHIIe, a00 30BCIM 3HUKHE.

HacmpaBni mina kamepu 3anexuTh Bif Oesniui gakropiB. Kpim cencopa — a B
JielIeBl KaMepu BOYJIOBYIOTh 3BMYAlHO CEHCOPU MOMNEPEIHbOTO IMOKOIIHHS, y TOU
4ac, SIK J0pOri KOMIAKTU OCHAIIYIOTh CEHCOpaMu HOBITHIX PO3pO0OK (a 11e ¥ 103BiJ,
1 CBITJIOYYTIIMBICTb, 1 IUHAMIYHUN 1ana30H 1 0€3/114 1HIINX XapaKTePUCTUK, PO SIKI
00O0B'SI3KOBO TIOrOBOPUMO) — oToanapar II€ MICTUTh Yy €001 BHUCOKOSIKICHY
CBITJIOCHJIBHY OITUKY, MIBUAKOMIIOYUI MpoIlecop 0OpoOKH 300pakeHb (TOM caMuid
KOMI'IOTEp, M0 MU BXKE 3rajyBaji), €JICKTPOMEXaHIYHUU 3aTBOp (HAHUMPOCTIII
kamepu VGA, sSKuX yXe He 3yCTpiHell y MarasuHax, i ¢ororenedoHu 3aTBopa He
MaroTh 30BciM). [liroc MaTepian kopmycy, akyMyJIsITop, IUTHOC SICKpaBUi KOJIbOPOBHIA
muctiedd. Ot 1 HabiraroTe yuMaii rpomri. He Oynemo 3a0yBatu ¥ mpo Te, IO y
BapTICTh HOBITHIX MOJEJIE BXOJATh BUTPATH Ha MEPCHEKTUBHI pO3pOOKH i HAYKOBI
BumnykyBanHsa. [{ludposa gororpadis onHa 3 HaWOUIBII HAYKOMICTKUX Tally3eH, 110
BHUMarae NMocTiHHNX (DIHAHCOBHX yJIMBaHb 1 IHTEHCUBHUX HAYKOBUX JTOCIIIKEHb.

OT 1 BUXOAWUTH, IO B Tpyny LHUPPOBUX "KOMIAKTIB" MOXKHA BKIIOYUTH W
Helopori GoToanapary, i KaMepu piBHEM BHILE... Y 4oMy BiMiHHOCTI? IxHs Gesmiu.
OnHe 3 OCHOBHUX — po3Mipu Kamepu. dDoToanapatu mo4aTkoBOro piBHSA KOMIAKTHI,
ane He MiHlaTIOpHI. [le 00yMOBIE€HO W KOHCTpPYKIi€r0 00'ekTHBa, 1 crenudikoro
aBTOHOMHOTO JKHMBJIGHHsA. Y 1ux (oToamaparax SK JDKEpeNo  KUBJICHHS
BUKOPUCTOBYIOTHCS CTAHJIAPTHI HIKEIb-METAITIAPUIIHI aKyMyJsaTopu dopmary AA
(Tak 3BaHl "mampb4yuKoOBi"). Y KOMIUIEKT HAWACIICBIINX KamMep BOHU HE BXOISITH —
dboToanmapaTd KOMIUICKTYIOTbCS "HMPOOHUMH" Jy>)KHUMU €JIeMEHTaMHu, $KI MH
Ha3uBaeMoO "ajKalliHOBUMHU OaTtapeiikamu'. I3 mUMH eJeMEHTaMH KaMmepa Ipalroe
nora”o. JIy>)KHUI eeMeHT He 3JaTHUM JOBIMH 4Yac BiJJIaBaTH BEIUKHUU CTPyM, a
€HeprocCroKuBaHHs (poToamapara Take, 110 B JIEIKI MOMEHTH BIH CIIOXKHMBA€E CTPyM
cuioro B 1 1 HaBiTh B 2 amriepu (i OiibIe, He OyaemMo 3a0yBaTv PO €HEPTOEMHMIA
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KOHJIEHCATOp BOYJIOBAHOTO Crallaxy, ICKpaBUM JUCIUIEH 3 JaMIIO0 MiJICBIYyBaHHS U
caM CeHCOp). Y pe3yibTaTi eJIeMEHTH PpO3PSKAIOThCA INBHAKO My caMuit
HEBIJIMOBITHUN MOMEHT. [TpopounTt yac po3psty HEMOXKIUBO. AJjie MIiCIsl KOPOTKOTO
"TOJIOMHOI ~ HENMPHUTOMHOCTI"  adKaJliHOBI  €JEMEHTH  BiJHOBIIOIOTH  CBOIO
E€HEPrOEMHICTh 1 MOXYTh CIYXKUTU SIKHICh Yac JHKEpENIOM JKHUBJICHHS — [0
HACTYITHOTO Herepea0ayeHoro MBUAKOTO PO3PIILY.

VY Oinblile JOPOTUX KaMepax BUKOPUCTOBYIOTHCA JIiTIEBI ( JiTii-10HHI 200 JIITI-
MOJTIMEPHI) aKyMYJIATOPH. | 1€, MiXk 1HITUM, OJWH 13 TUTFOCIB HEIOPOTUX KaMep, KpiM
MOBCIOJTHO  PO3MOBCIO/PKEHOTO  (popMaTy aKyMyJsaToOpiB. A TUIIOCOM  Olnblme
"MpoCyHYTHX HUGPOMUILHULIL" € T€, M0 iXHI aKyMYyJISITOpU OUIbIlIe KOMIIAKTHI U
MaloTh BHCOKY €MHICTh. Te, 110 BOHM MalOTh HECTAaHAAPTHHUM, HE yHIBEpCaIbHHIA
dbopMar HEIOTIKOM yBa)kaTH HaBPsJ YU BCe-Taku Tpeda, TOMY IO yCepeauHi
MOJIEIBHOT  JIIHIAKM ~ KOXKHOi ~ KOMMAaHIi-BUPOOHHUKA  aKyMYJSITOPH  YKOPCTKO
cTtaHgapTuzoBaHi. ToOTO 10 CBO€i KaMepu, SKUH YK€ HE MepIIuid piK BiJ poiy,
aKyMyJIITOp MO’KHa TiaiOpaTtu O€3 BEMUKOi mpall - [KIO0 Kamepa I Mae iM's
Bijjomoro BupoOHuka (Canon, Nikon, Sony 1 Tak nani).

Hactynna npuynHa MigBUINEHHS BapTOCTI KOMIAKTHUX KaMep — 3MEHIICHHS
PO3MIPIB KOPIYCY 10 PEKOPJAHHUX BEIMYMH NPH OJHOYACHOMY 30UIBIICHHI PO3MIPY
matpuii XK expana i1 3acrocyBaHHI B KOHCTPYKIIii ¢oToamnapaTta BUCOKOMIIIHOTO
JIETKOT0 MeTally (3BUYaiiHO I1¢ MarHieBuil cruiap). [loguBurtecs cami — MaJIFOCIHBKI
kamepu Big Sony, Olympus, Canon 3po6iieHi cymuibHO 3 Metamy. Jucrei
MOKPHUBAIOTh, MPAKTUYHO, BCIO TUJIBHY YaCTUHY KOpIyCy (poToamapaTa. A ONTHYHOTO
BUJOIIyKaya TyT He 3HaWTHW... llle onuu mmoc OromxeTHux QoroanapariB? Tak,
HaTeBHO. AJie B YIbTPAKOMIAKTHUIA KOPITYC TEJIECKOMMYHUNA BUIONTYKay, TaKHii, 1100
3 HUM MO’KHa OyJI0 peajbHO MpalfoBaTH, BMOHTYBaTH HEMOXKIIMBO B MPUHIUII. Tomy
y BCIX YJIBTPAaKOMIAKTHUX KaMmepax SK BHJIOIIYKAd BUKOPUCTOBYETHCS TUIBKH
PIAKOKPUCTATIYHUI TUCTLIEH.

[Ipo He HACTUIBKHU SBHI BIIMIHHOCTI TIOTOBOPUMO HUXKYE. A 3apa3 3BEpPHEMOCS
J10 HACTYITHOTO KJacy (JOTO3HIMAILHOI anapaTypH — 10 KaMep JUIs eHTy3iacTiB. IX e
Ha3uBaloTh 'mpocbtomepkamu" (Big Professional Consumer, MoXXHa BUIBHO
nepeBectu gk "mpodeciiiauii cnoxkusad"). Ilpocvromepku — 1e Ounbin UG POBI
KaMepu 3 KOPCTKOBOYJOBAaHOIO (HE3MIHHOI) OITHUKOI, CEHCOpaMH OlIBIIUX
PO3MIpiB, PO3BUTHI aBTOMATHKOIO, HASBHICTIO PYYHHX PEXUMIB (y TOMY YHCII ©
pyuHoMy (OKyCyBaHHi), ajie MpU TOBHIM BIJICYTHOCTI ONTUYHOTO BHUJOIIyKaya.
3aMiCcTh TeNeCKOmYHOro abo 3epKaIbHOTO BHJAOIIyKadya B IHUX Kamepax
BUKOPUCTOBYIOTHCSA BEJIMKUN 30BHIIIHIN 1 MaJeHbKUM BHYTpIIIHINA (BOyJOBaHUHN B
okyJsip) mucmiei. [lo onHOMy MOkHA opieHTyBaTHCs abo OyayBaTH KaAp Ha JEesKid
BIICTaHl BiJ KaMmepu, MO I1HIIOMY — OPUIMHYB [0 OKYyJspa, SIK y BHIAJIKy 13
I3epKATbHUM 200 KIACUYHUM JAIEKOMIPHUM (POTOAMapaTOM.

Spxuit npuknax BiAMiIHHOI mpockiomepkn — kamepa Sony DSC-R1. lyxe
rapauii ¢poroanapar. Ane... lle 3HoBYy Takuii nudpoBUil OPOHTO3aBp, MPEACTABHUK
BUMHPAIOYOTO Kiacy ¢oroanaparypu. Tak, Tak, TUIBKHA-HO 3'SIBUBIIWCH, MPOKHUBIIIH
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OypXJIMBE JKUTTSI, IOBHY HOBAIlI, BIAKPUTTIB, CTPIMKOTO 3POCTaHHS, MPOChIOMEPKH
3BUIBHSAIOTH JIOPOTY A3€PKATIbHUM KaMepam.

Ile Hemunyumii mporuec. IlmiBkoBa (oTOTEexHIKAa BIOCKOHAIOBAACs Makxke
JBICTI POKIB 1 MPUHAIILIA 1O ONTUMATBHUX (HPOPM — JI0 13€pKATBbHOI ONTUYHOT CXEMH i
TUX TPOIOPIIiH, SKI MU MPEKpacHO 3HAeMO 1o npodeciinux (poroanaparax Canon,
Nikon, Minolta. 1 mudpoBa 3HIMambHA TEXHIKa MPOWIIOBIIM KOPOTKUH IIJISX
EKCIIEpUMEHTY 3 (HOPMOIO KOPITYCY, 3 €PrOHOMIKOIO KHOIOK 1 JUCKIB KEpyBaHHS,
BEpTAETbCA J0 NEpeBipeHUX pimeHb. Bee e A0 TOro, 1Mo Ha PUHKY 3alUIIaThCs
TUTBKM KOMITaKTHI "MUIBHUIN" (SKI BCE-TaKW JOCHTHh PI3HOMaHITHI ¥ 3a (OPMOIO
KOpITyca ¥ 10 TeXHIYHUX PIMIEHHSX) 1 OJM3bKI 10 KJIACHYHUX MPOMOPIINA A3epKAIbHI
KaMepH.

Yum rapHuil a3epkanbHuil  ¢oToamapaT 1 B YoMy Horo wminycu? Jus
HEJOCBIAYEHOro (HOTOMOOUTENST 11 OCOOJMBOCTI MOXYTh OYTH HEOUYEBHIHHUMH.
[Ipote Te, 1m0 MOXKe A3epKaIbHA KaMepa, KOMIAKTy He MiJl CHly B mpuHIumni. Mosa
npo mariuny adpesiarypy I'P3II — npo rmuOuHy pi3ko 300pakyBaHOTO MPOCTOpy. A
TaKOX MPO MOB'A3aHIi 3 HUM PyYHOMY (POKYCYBaHHIO 00'€KTHUBA...

3rajaeTe rapHUil MOPTpEeT poboTu Bigomoro Gortoxyaoxkuuka. [1{o BiapizHse
Woro B mepmy 4yepry? BupgineHHs pi3KicTiIO OKO U Jjeredss "po3MuUBaHHS'
JIPYTOPSIAHUX JACTajieH - Bojoccs, ByX 1 TM Ouiblie Tia. Ie 1 € edexr By ['P3I1.
BukopucTtoByBatH 11ei NpUiioM MOYHA TIIbKH BIIKIIOUMBIIN aBTO(QOKYC, TOBHICTIO
BIJIKpUBIIH Jiadparmy 00'eKTUBA U MIIOMPAIOYH €KCIO3UIIII0 YCTAHOBKOIO BUTPUMKHU
3aTBOpa. TOOTO Kamepa Mpaltoe SKIIO HE B MOBHICTIO PyyHOMY, T€ Xoua O y
HaIliBaBTOMaTUYHOMY PEKHMI, a aBTO(OKYCUPOBKA BIJIKJIFOUAETHCS 30BCIM.

Ane ne I'P3Ilom equnum xuBa TBOpua (ororpadis. [[3epkaibHuii BUAONTYKAY
J03BOJISIE YK€ TOYHO OyIyBaTHh KaAp, OCKUIbKM Halle OKO OayuTh PIBHO T€, L0
BiIOOpaXa€ThCsl HA TIOBEPXHI CBITVIOYYTIMBOTO ceHcopa. Jl3epkanpbHa Kamepa
MpaIfioe JAyXKe IIBUAKO, MPUKPI 3aTPUMKHA MK JBOMa HATHCKAHHSMU Ha CITyCKOBY
KHOIIKY 3aTBOpa BIJCYTHI B MPHUHIMII (HACHpaB/l MPOCTO Iyxe Mmanii). BracHuku
"unpomMuIbHUI" 3HAIOTH, KA 1I€ HENPUEMHA IITyKa — TpUBaja 3aTPUMKA MIXK
KaJpaMu. 3aTpUMKaMH CTPaXKIal0Th HaBiTh JOPOTi mpocbiomMepku. [Ipumipom, y Toi
x Sony DSC-R1 npu 36epexensi kaapiB B RAW (oco0iauBuii HECKOMITPECOBAHUIMA
dbopmar rpadiuHoro ¢aiay, IO BUKOPUCTOBYETbCS TpodecioHaaMu IS
KOPEKTYBaHHS MMapaMeTpiB 300paKeHHSI HA KOMI'IOTEpl) 3aTpUMKa MOXKE CTAaHOBHUTH
10 10 c. CeHncopu 3epKalbHUX KaMep MaroTh caMi OuTbii (hi3uYH1 pO3MIpH — BOHHU B
1, 6-1,5 pa3y MeHIIe CTaHIAPTHOTO KaJIpOBOTO BiKHA IJIIBKOBOI kKamepu (24x36 mm).
Yuwm Outbiie (G13M4HUA po3Mip CEHCOpa, TUM BHUIIE SKICTh 3HIMKA.

Hapemri, 13 [m3epKaJibHOIO KaMepor MOXKHA BUKOPHUCTOBYBATH BECh MapK
3MIHHOI ONTHKH, IO BUMYIICHO MPOBIJHUMHU KOMITAHISIMH MHPY 3a JECSTHIITTA
BUPOOHHUIITBA IUIIBKOBUX J3€pKaIbHUX (oTOanaparis.
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Puc. 16.23. Habip 3MiHHOT ONITUKY JIs A3€pKaTbHOTO (hoTOarmapara

A memonmiku? Ix Tex Bucrauae. Ilepme — mina. Haiimemepma mudposa
"3epkanka" komrtye 6au3pko 600 momapis. [dpyre — aucruieit q3epkaibHOT KaMepu He
npaiftoe sk Bugornrykad y npusiumni. Ha KK expani MoxHa TUTBKY MEPETISIHYTH BXKE
3HATI Kaapu. Tpere — A3epkaigbHa KaMepa HE BMI€ 3HIMATH Bieo (10 clioBa, cama
3pobieHa mpockiomepka Sony DSC-R1 — tex). I derBepre, HaBpsa 4u HiI came
rojioBHe... CeHcop A3epKanbHOTO ¢oToamapara 31 3MIHHOI ONTHKOI MOXE OYyTH
3aCMIYeHUM MriIoM. BupanuTu 1ed muia caMOCTIHHO Jyke ckiaagHo. EimemenTn
CBITJIOUYTJIMBOI MATPHUI[l MalOTh MIKPOHHI po3Mipu. MairociHbka MOPOIIUHA
3aKpUBa€ BiJipady KiIbKa JECATKIB OCEPEJIKiB, BIJMOBIAHO, BUBOJSYH 3 Jady KUJIbKa
JIECATKIB MIKCEJIB.

VY nopori (1 HE OyXke) Kamepax BUKOPUCTOBYIOTHCS CXEMH YJIbTPa3BYKOBOTO
CTpyIIyBaHHS Ty 3 TIOBEPXHI CEHcopa (HANpUKIAI, y M3epKaJTbHHX Kamepax
Olympus). Bci kamepu MaroTh cheliaIbHUM pPEXUM OYHUIICHHS CEHCOpa, KOJIH
T3epKaJI0 MAHIMAETBCS W YTPUMYETHCS 10 BHUMHKAHHS Kamepw. Y IIed MOMEHT i3
KaMepH 3HIMaIOTh 00'€KTHB 1 3yBarOTh MHJI CIEIIaTbHOI TYMOBOIO TPYIIIOI a0o 3a
JIOTIOMOTOI0 0ajloHa 31 CTUCHEHUM TOBITpsIM. AJlle, SIK TMOKa3ye MpaKTHUKa, IMOBHE
00e3MIWICHHS CEHCOPa MOKITMBO TUTHKK B yMOBaX JI00pe OCHAIIEHOT MalCTepHi.

Kpim onmucanux rpyn 1udpoBoi (POTOTEXHIKM OCOOHSIKOM KOIITYIOTh
doroanapatu mnpodeciiini. BonHum KiacudiKyrOThCS 3a BIACHHUMH IIpaBHJIAMH,
po3rIsIaTi sKi MU TyT He Oymemo... Halimpocrtimie opieHTyBaTHCS 3a BapTICTIO.
Amartopchka amapatypa — a3epkaipbHuil ¢doTtoamapar 3 "KuToBUM' 00'€KTHBOM (3
HaWnpocTimuM 00'eKTuBOM-TpaHcokaropom) — komrye Big 600 go 1200 momapis.
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IIpodeciitni kamepu — Big 1500 1 1o 30 1 Ginbie TUCAY AoJjiapiB. Alie Biapasy
IIOMITHMO, IO OCHAIICHICTh CYYaCHHX aMaTOPCBhKUX '"3epKaJoK" JIOPIBHIOE
ocHaIeHOCTI mpodeciitnux mudpoBux (oroamapariB MECTH-CEMUPIYHOI JaBHUHHU.
Tobt0 BHOCKOHAMIOETHCA MpodeciiiHa amaparypa, a pa3oM 3 HEIO BIOCKOHATIOETHCS
il ammapatypa amMaTopchKa, ImepeiiMarodu B IpodeciiHol BCl 1l HeJaBHI JIOCATHCHHS ¢
TEXHOJIOT1i.

JleTanbHO TOBOPUTH PO MPOodeciiiHy TEXHIKY 3MICTY Hi, OCKUIBKH 1€ OKpeMa i
30BCIM caMoOCTiiHa Tema. TyT K€ BIJ3HAYMMO JIMIIE HaWOLIbII XapaKTepHI
0COOJIMBOCTI MOJIIOHUX Kamep.

[Ipodeciitni oToanapatu OCHAIIYIOTBCA CEHCOpaMH 3 OUTBIIUMH (HI3UYHUMH
posmipamMu — 10 24x36 MM, TOOTO TMOBHICTIO CIIBIAJAIOUYUX 3 poO3MipaMu
Ma0(OpMaTHOTO IUIIBKOBOrO Kajapy. lle m03Bossie BUKOPHUCTOBYBAaTHM BECH MapK
3MIHHOI oONTHKKM 0e3 00Ky Kpom-(gakropa (30iUIblIeHHS (OKYCHOI BijJCTaHi
00'ekTHBa uepe3 3MEeHIIeHHs (PiI3MYHUX PO3MIPIB cCeHcopa). B amaTopchkux kamepax
cragmaptHuii 50-mMM 00'ekTuB Mae ¢GokycHa BiAcTaHb abo 75, abo 80 MM s
ceHcopiB 13 kpom-paktopom 1,5 1 1,6 BigmoBigHo. ToOTO 3aMiCTh TapHOTO
HOPMaJIBLHOTO O00'€KTHBA BUXOIUTH "MOPTpeTHUK' 1 HaBITH "TeneBuk". HaitOinbimi
mpoOJeMu y 3B'S3KYy 13 ITUM BHUKIWKAE 3aCTOCYBaHHS IMHPOKOKYTOBOI ONTHKH -
npodeciitHi kKaMepu [UX TPYAHOIIIIB O30aBJICHI.

Jam — 31 CBITJOYYTJIMBICTIO i IHIIMMHU XapaKTEPUCTUKAMH SICHO W TaK, y
JOpOTy amapaTypy BCTAHOBIIIOIOTH caMl HOBi, cami 3poOJyieHi ceHcopu. A oOT 3
IHIITMMU XapaKTepUCTUKAMU CIpaBa CKJIaIHIIIE.

€ B mpodeciitHomy (HOTOMOOYTI Take MOHATTS, SK pecypc kamepu. Lls mocutsb
cyO'ekTBHA ¥ TpUOIM3HA XapaKTepUCTHKA TMpUHIUIa 3 00JacTi IUTIBKOBOI
anmapatypu. Panimie BBakasocsi, 110 J3€pKalibHa IUTIBKOBAa Kamepa amMaTOPChKOTO
piBHS (i3 TUIacTMacoBUM (ITBMOBUM KaHAJIOM, €JIEKTPOMOTOPOM, JaMeIbHUM
METaJICBUM 3aTBOPOM, aBTO(OKYCcOM) MaJia pecypc npuodim3no B 20-30 Tucsa Kaapis.
ToOTo *UTTA Kamepu 10 ii 3HONIYBaHHS oOOMexyBasacd 3iioMkow Bim 600, mo
1000 36-kagpoBux 1uTiBOK... CKaxeTe, Mano? AJe un 6arato XTo 3 Hac, y KOro Oymu
(1 €) mmBkoBl Nikon, Canon, Olympus a6o Minolta 3imToBxyBamucss 3 THUM, IO
Kamepa po3curiaiacs Bij CTapocTi? 31a€Thesl, 1ajIeKO HE BCI.

Otox, npodeciitHi MIIBKOBI KaMepy MalOTh pecypc Ha Nmopsiaiok Buile — a0 100
THCSY KaapiB. Jlo moaiOHMM A0 KaMep MOXHa BIJHECTH B IMMOBHOMY 3MICT1 BEJTUKUN
MexaHiyHui ¢otoamapar Nikon FM2. Hy a kamepu Nikon F3 1 mamexkomiphi
dotoamapatu Leica Manu (aHTacTHUHY JOBTOBIYHICTH Yy KUIbKAa COTEHb THUCAY
Ka/IpiB.

Sxuii pecypc cydacHux mudpoBux npodeciiHux "3epkanok”, cKazaTH BaxkKoO.
3HOITYBaHHS IUTIBKOBOI KaMepW BH3HAYaBCS OUIbIIE 3HOIIYBAaHHSM 3aTBOpa W
MEXaHi3My TpPaHCIOPTYBaHHs IUIIBKM, TOTO CamMoro BYy3/a, L0 BUIPOOOBYBaB
HEXapTIBJIMBl TEpeBaHTaXEHHs (HA MOpO31 IUIIBKAa CTaBajia TBEPAOi, y Kapy
OpWInIana 0 HANpsMHUX 1 TPUTHCKHOTO CTONMKA). Y HUQPOBIA KaMmepl MUIIBKU
HeMae. € 3aTBOp, ONTHKA i ceHcop. Pecypc 3aTBopa JiyKe BEJIMKUM — HisIK HE MEHIIIE
100 Tucsu crpanboBYBaHb. Y IIbOMY 3MICTI aMaTOPChbKi KamepH BiJ MpodeciiHuX
BiIPI3HAIOTBCS HE HACTIIBKM CHIBHO, SIK MOXeE 37aThcs. A oT ceHcop... Moro
JIOBIOBIYHICTh TMOKHM HIXTO He mepeBipsB. [ludposi kamepu Kodak, Bumyieni Ha
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mouyatky 90-X pOKIB Ha OCHOBI TOMOBHX Mojeneil IiBKkoBux kamep Nikon,
MPAITIOI0Th JoTenep. Xo4ya CBITIIOUYTIMBICTh CEHCOpA TMTOBUHHA 3a Il POKHU (OIM3BKO
14 pokiB!) 3HU3BHTHCS.

Sk 6u TaM He OyIo, aiie B mpodeciitHiil anmapaTypi BUKOPUCTOBYIOTHCS METAJICB1
KOPITyCH, BUCOKOTOYHI ¥ BHCOKOHAJIMHI JaMenbHI 3aTBOPH. | BHUMAaAKU MOJOMOK y
UX CKJIQJHIMMUX Kamep BKpai piaki. [IpodeciitHa TexHika MOBHHHA OyTH
6e3noranHoi. Inakme — komy BoHa Oyae motpibna? Komy 3aBromHo, TibKU He
CIIPaBXHIM PEnopTeEpaM 1 XyA0KHUKAM...

B iHmycTpii mmdpoBoi 3HIMAIBHOI amapaTypu 3JI0KHJIacs BJIaCHA iepapXis
openaiB. Ha »xanb, He BCl kKimacuuHi Mapku Brokwid. CrajgaxHysa i 3racia Minolta,
IO ChOTOJIHI BIAPOIKYETHCA B 00pa3i MPUTOJIOMIIUIUBOIL JI3€pKaIbHOI KaMepu Sony
Alpha DSLR-A100 (xoHcTpykilis Oyja KyIJeHa SIOHCHKMM TiraHtoM Sony y
koHcopiiymy Konica Minolta). [leski MOryTHI B MUHYJIOMY KOMIIaHii, Ha4yeOTO
Polaroid, mpocTo 30aHKpyTyBayik. Ajie BUHUKIN M HOBI IMEHA, sIK1 paHiIlIe BIIHOCHHHU
10 (GOTOTEXHIKM HE Majd — Hampukiaj, Panasonic (ToproBeiibHa Mapka KOMIaHii
Matsushita).

3poOUMO KOPOTKHM €KCKYpC MO MOAEIbHOMY psll nudpoBux doToanaparTiB
HaBIOMIIIUX CBITOBUX BUPOOHUKIB. [Ipu 1mpomy OyaeMo maTu Ha yBasi, IO ILEi
OTJIAJl HI B SIKI Mepl HE MOXE BBaxaTucs BuYepmnHoi. B o06macTi BUpOOHUIITBA
1r(poBo1 GOTOTEXHIKH MPALIOE BEINYE3HA KUIBKICTh €JIEKTPOHHUX KOMITaHIH. .

Komnanis Canon. Moaenbauit  psg  ¢goToamapaTiB  MOTO  HANMOUIBIIOTO
CBITOBOTO BUPOOHUKA MPSIMO-TaKU Bpaxkae. Yoro TyT TUIbKU HeMae... [TomiTuMo, 1110
IPOBIHOI KoMmMaHii B 001acTi (OTOTEXHIKM 3BHYAWHO POOJISATH 1 CBITJIOYYTIUBI
CEHCOpU I CBO€l amapaTypu. BoHM X MpomarTh I1II CEHCOPU KOMIMAHIsSM-
koHkypeHTam. IIpumipom, y ¢doroanaparax Nikon (y aA3epkanbHi TOYHO)
BUKOPUCTOBYIOTHCS CEHCOPH BUPOOHUIITBA Sony.

Orox, Bci mudpori kamepu Canon (rOBOPUMO TiIBKM TIPo (POTO, KOMMaHis
BUITYCKAa€ I1I€ ¥ 4yAOB1 BiJIEOKaMepH) MIAPO3AUIAIOTECS Ha KiJbKa rpymn. Bigkpuae
MOJIebHY JiHINKY kamepu PowerShot Axxx. [le amatopchki kKaMepu MOYaTKOBOTO i
CepeaHhOr0 piBHA. Bci BOHU BIJIPI3HSIOTBCSA JOCUTH BEIUKUMU (MO0 MIpKax
KOMITAKTHUX HUGPOBUX (QoToanapaTiB) KOpOycamMH 13 IUIACTHKY, HAasBHICTIO
TeJlecKONmiYHoro Bujaomrykada (€, 3posymino, 1 KK aucmiei) 1 >KUBIEHHAM BiJ
eneMeHTiB (akymysatopiB) ¢opmaty AA. Cepis A4xx BKIOYAE YOTUPU MOJECII -
A420, A430, A450 1 A460 — BUKOHAH] B €IMHOMY KOHCTPYKTHBE, III0 MA€ BUTSATHYTY
dbopmy, 1 ocHamieHi 1/3-m0iMOBUMH CeHCOpaMH. BiIMIHHOCTI B J03BOJIi CEHCOPIB
(Bix 4 meramikceniB B A420, no 5 meramikceniB B A460), B ontuky ( 3-x 1 4-X KpaTHi
3yMH) 1 B po3Mipax KOHTPOJIbHUX nuciieiB (1,8 mroiima mo miaroHasisi B MOJIOJIIUX
Mozelnei 1 2 aoiMu 1o aiaroHani B crapmmx). Lle maimpocrinn # cami 1ocTymHi
kamepu B cimeiictBi Canon, #Ki, TpOTe, NPUIAATHI JUISI 3aHATTS TBOPUOIO
dboTorpadicto, OCKIIbKY HAAICH] HAlliBABTOMAaTUYHUMH PEKUMAMHU, 1 JAIOTh 4y0BI
3HIMKH.

Cepia PowerShot A5xx, BukoHaHa B OublIe "yXBaTUCTOMY" KOPIYCl, MICTUTh Yy
co61 Tpu mozaem — A530, A540 1 A550 (mo 7 meramikceniB). BigaMiHHOCTI puOIU3HO
Taki X, K 1 B cepii A4xx. Cepis PowerShot A6xx - 1ie aBi moaem A630 1 A640
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(mo3Bin cencopa a0 10 meramikceniB). Cepis PowerShot A7xx — nBi moaen A700 i
A710 (mo 7,1 merarmikcelniB).

Oco0OHsikoM KOmTYIOTh Kamepu PowerShot S80, sk KOMITakTHE pIIICHHS B
OromkeTHiM miHikmi. A Takox kamepu G7 (cencop 10 meramikceniB) i S3 IS (cencop
6 weramikceniB). Ocrtanas Moxaenb PowerShot S3 IS craBuThes 1m0 Kimacy
MIPOCHIOMEPOK.

KomrimakTHi kamepu CepemHbOro Kjacy MPEICTaBIICHI BEIMYE3HOI MOJCITHHOIO
minirikoro Digital IXUS, mo Bkitouae Hi 6araro, Hi mano 10 moneneit poroanapartis.
[xHBOT BiMIHHOCTI — KOMMAKTHHiI MeTajeBHii (KOMOiHOBaHMIA, i3 3aCTOCYBaHHSIM
IJIACTUKY) KOPIYC, 3acTOCyBaHHS (IPMOBHUX aKyMYJSATOPIB  (BHYTPIIIHBOTO
KOPIIOPAaTUBHOTO cTaHaapTy). [Ipu 11boMy nesiki MoJiesIi He O0AiIeH]1 TeIeCKOMIYHUM
BujomykaueM. Canon Digital IXUS nepmuii ynbTpakOMIIaKT Ha PUHKY HHUQPPOBOI
doToamnapatypu. [IpaBaa, yxe 1aBHO HE €JUHUM.

3 HeJmaBHIX IOp aMaTopchka IudpoBa a3epkanpHa kamepa Canon EOS 400D
nepeminmwia nonyispHy monaens EOS 350D. Kpim mporo ¢otoamapara KomIiaHis
BUNyckae me 4 mojaeni HamiBnpodeciiHux 1 mpodeciiHUX A3epKadbHUX KaMmep,
HanBimomima 3 skux EOS-1D Mark Il N ¢ 8, 5-meramikcensHUM CEHCOPOM i
pecypcom B 200 TucAY KaapiB.

Komnanis Canon oauH 31 CBITOBHX JIJIEPIB BHUPOOHHUIITBA LHU(PPOBOI
¢doToanapatypu. ¥ Hegopori U@ poBi kamepu BoHa ctaBUTh ceHcopu CCD BiacHoro
BUPOOHHUIITBA, a B A3€pKalibHI Kamepu YHikainbHI ceHcopu CMOS, Takok CBOro
BupoOHunTBa. | 1e mocutes mpumitHuil daxrt... [Ipo mpuctpiii ceHcopiB Mu 1Ie
MOTOBOPUMO, a 3apa3 BII3HAYMMO OJHY XapakTepHy pHUCY IbOTO THITY
CBITJIOUYTJIMBUX JaTYMKIB — BOHU Ayke cTaOUTbHI ¥ moBrosiuHi. Cencopu CCD
CXWJIBbHI JI0 Jnerpajaiii. 3rooM Yy HUX 3HUXKYETbCS UYTJIHUBICTh, 3HUKYIOTHCA
XapaKTEPUCTUKHU, BUXOMIATH 13 JIaly OKpeMl CBITJIIOWYTNMBI ocepenku. CeHcopu
CMOS uuMm mopokam He TijgaHi, o0epexkHO noAaiiMo — TeopeTuyHo. [IpakTuka
Mokasye, 1o A3epkaibHi kamepu 13 cencopamu CMOS 1 CCD y miaHi ¢cTaOUIbHOCTI
XapaKTEPUCTHK APYT Bij Apyra HE BIAPI3HAIOTHCS.

MopenbHuii psl NPOBIIHUX CBITOBUX KOMIIAHIM MOCTIHHO MiHSEThCS. Buxonstsh
HOBI KaMmepu, 3HIMalTbCs 3 BUpoOHuUITBAa crapi. Hosi ¢otoanapatu Canon
OJICP)KYIOTh CEHCOpHM OibIlle BHCOKOTO PO3IIMPEHHS, HOBI TIPOIECOPH, HOBI
KOHTPACTHI, ICKpaBi AucIuiei. Tak 110 MorHaTUCS 3a BCiMa HOBUHKAMU JIyXKe U JTyKe
HEMpOCTO...

Te x came — 1CTOTHa KOpEKIisl MOJEIBHOTO psiay udpoBux QoroamapaTiB —
BiIOYBAETHCS ¥ B 1HIINIIN BEJMKiN KOMMaHIT MUPY, BIJIOMOT CBOIMH BHJIATHUMHU y BCIX
BiHOCMHAMU kamepamu. MoBa mpo Nikon, iM's sikoi JaBHO CTajgo CHUMBOJIOM
HAIIHHOCTI 1 IKOCTI.

Nikon, six i i MoryTHiii KOHKYpeHT Canon, BHITyCKa€ MOBHUN CIIEKTP MOJEIeH
(GoTO3HIMANBHOI amapaTypd, I[OYMHAIOYM 13 TMPOCTUX aMaTOPChKUX Kamep,
3aKIHUYIOUM CKJIAIHIITUMH MOJICIISIMU JJIsI MpodecioHaTiB.

Mopemni, npusnaueHi s gpotomooduTeniB, Nikon HaszBaB Coolpix. KommnakThi
kamepu (1udpoBi "MUIBHUIN") KOMIaHIA TIAPO3AUISLE HA TPU TPYIH - IPOCTY, Y SIKY
BxoaaTh Mojeini Coolpix Lxx, cepennboro piBHs (Tak 3BaHa "CTHiIbHA" cepis), Y AKY
BKJIFOUEHI MOJeNl SXX 1 mpeMuyM-Kiacy, y saky BxoasaTbh Mojeni Coolpix Pxxx.
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"IIpockromepok" Nikon Oinbilie He BUITyCKae, 3pOOMBIIM OCHOBHHMH aKIIEHT Ha
BUPOOHMIITBI J3epKATBHUX KaMep aMaTOpchkoro piBHA. Hy # came coboro po3ymie —
kamepu nipodeciiiai. Tyt B Nikon konkypeHnTiB Mano (kpim Canon).

[TouatkoBa cepiss Coolpix Lxx — me 7 wmonenedt (Ha mrOTHI-Oepe3eHb
2007 poky), moumHarouu 3 HaimemenBmoi L2 (3 6-meramikceabHUM CEHCOPOM),
3akiHUyoun Kameporo L12 (3 7, I1-meramikceabHHM 103B0oJIOM). (OCHOBHI
0cobmmBOCTI cepii LxX — mimacTMacoBUil KOHCTPYKTHB, 3aCTOCYBaHHS $IK HOCII
iHdopmaiii kapt nam'sti dopmary SD (Secure Digital), Tpukparauii 006'eKTUB-
TpaHc(okaTop, BIJACYTHICTh OINTHYHOIO BHUJOIIyKada (y MOro pojii BHUCTYyHae
PIIKOKPUCTATIYHUN KOJbOPOBUM JTUCILIEH), BEIMKUN HaOlp aBTOMAaTUUYHHUX PEKUMIB
BIJIMPAaIlbOBYBAaHHS €KCIO3MIlli ¥ IMOBHA BIJICYTHICTh PYyYHHX pexumiB. Kamepu
Nikon Coolpix LXX — BigMiHHHN BUOIp I/ MMOYMHAIOYMX (POTOIIOOUTEIIB 1 s
JOJIeH, M0 MparHyTh MaTU TEXHIKY HaWBIJIOMIIIOTO BHUPOOHHMKA 3a BIJHOCHO
HEBEJIUKI TPOIIIi.

Cepengus rpyma amatopchkux kamep — Nikon Coolpix Sxxx. V¥V miit cepii
BUITYCKAIOThCA 8 KOMITAKTHUX MOJIEJICH, sIKi 3HAYHO BIJIPI3HSIOTHCS APYT BiJ Apyra
(BimMiHHOCTEH OUIbINE, HIXK y cepii Lxx). MoaenbHull psij BIIKPUBAETHCS KaMEPOIO
S5. Ile ynpTpakOMMOakT y TOHKOMY METaJI€BOMY KOPIYCl, 3 OINTHKOI OCOOJIMBOIO
MpUCTPorO (OoIpaBa 00'€KTHBA HE BUCTYIIAE 3a MEX1 Kopmycy), 13 JKk-Jlucmmeem sk
BHJIONITyKaY.

Hocuth 11ikaBa 6-merarmikcenbHas Mojaenb S10, BUKOHaHa B TMOBOPOTHOMY
KOHCTpPYKTHBe, Hikoau "ymoOnenomy" kommnanieto Nikon. Kopryc kamepu
PO3AUICHU HAa JBI YaCTUHU 3'€JHAHUX BEPTUKAIbHUM MmapHipoMm. OO0'ekTHBHA
MOJIOBUHKA MOE TMOBEPTATUCS 1100 OCHOBHUH, IO JJO3BOJISIE 3HIMATH M1/l PI3HUMU
KyTaMU ¥ 3 pi3HHX PaKypciB.

Crapmma monens miHidkun S500 ocHareHa MoTy>KHUM TpaHCHOKATOpOM, OIpaBa
SAKOTO BUCTYTAE 32 MEXI1 KOPITyCy KaMepH, 1 7, 1-MeranikcelIlbHUM CEHCOPOM.

Kamepu wmopensHoro psgy Coolpix Sxxx roastees W Il MOYMHAIOYOTO
dboTonrobuTens, 1 s poTorpada-amaTopa cepeHbO1 KBamidikaiii. A 1 Moi3A0K 1
MOJOPOXKEN 111 KaMepH MPOCTO HE3aMIHHI, OCKUIBKM TPAHUYHO KOMIMAKTHI, MIITHI i
J03BOJISIIOTH JOMOTTUCS] BUCOKOI SIKOCTi KapTOK.

MopnenbHna niniiika Nikon Coolpix Pxxx — ycboro tpu kamepu. Aje siki kamepu!
Cama mononma P4 HamisieHa ceHCOpoM 3 JI03BOJIOM B 8, 1-Merarmikcessi, MOTY>KHOIO
ONTHUKOIO ¥ TPAJAUIIIIHUM (3aMO3UYCHUM Y YACTHHI €PrOHOMIKH B IUTIBKOBUX Kamep)
KOpIycoM. BiaMiHHUI 1HCTPYMEHT [JIi TBOPYOCTI, OCKUIBKM TYyT € W ONTHUYHA
ctabim3aiis 00'eKTHBa (3aXKUCT BiJI MUMOBUIBHHUX 3CYBIB 1 TPEMTIHHS PYK), 1 PEKUM
npioputeTy aiagparmu (MOKHA BpyYHY BUOpaTH BUTPHUMKY ), 1 BIIMIHHA OTITHKA.

[Ile mikaBimmii P3. He3Bakaroum Ha MOJIOAIIMK 1HIACKC, BOHA JICIBE CydacHIIIa
mozaem P4, ockinbku wmae BOygoBaHuWii Oe3mpotoBmit amantep Wi-Fi  (iHmm
xapaktepuctuku Ti k). o me mae dotorpadosi? MOXIMBICTH NEpenucyBaTH
3HIMKM Ha KOMIT'IOTEp, JpPYKyBaTH, OOMIHIOBATHCS 3HIMKaMH 3 1HIIMMH
NOPTATUBHUMH IIPUCTPOSIMU 0€3 KaOeIbHOTO MIIKIIOUYEHHS. YHIKadbHa (PYHKIIIs, 110
BaYKKO MEPEOLIIHUTH.

Hapemti, mogens Coolpix P5000. Camuii 3podnenuit xkommakt Big Nikon,
ocHaileHuid 10-MeramikcellbHUM CEHCOpPOM, 3, S5-KpaTHUM 3yMOM 3 ONTHYHOIO

256



crabiizaifiero, HAOOPOM aBTOMATHYHUX 1 PYYHOTO PEXKHUMIB YCTAaHOBKHM €KCIIO3HIII],
[0 BOJIOJII€ PEKOPJHHMM JUIS KOMIAKTHHX Kamep mBHakoxiero. Kamepy P5000
MOXKHAa CMIJIO Ha3BaTH CIAJKOEMHUIICIO TpochioMepok Nikon, mo Oyae KopuwcHa i
3BUYaiiHOMY, 1 "mpodeciiinomy" ¢doTomoOuTenesi (€ Takui yYMOBHHM TEpMiH B
obmacTi ¢oTOCIpaBu).

JI3epkanpHi kamepu Nikon — ocobmmBa Tema. Mopenei iCTHHHO aMaTOPChKOTO
kimacy Bceoro Tpu — D40, D50 1 D70s (immi mopmen HamiBmpodeciitHoro i
npodecifHOro piBHA, iX MU PO3IJISAaTH He OyJIeMO uepe3 BHCOKY BapTICTh 1 IXHE
HeaBo3HayHe npu3HaueHHs). Nikon D40 — cama poctymnHa a3epkajibHa Kamepa JUis
doTomOOUTENIB, OCHAIllEHa MOBHOPO3MIPHUM ceHcopoMm ¢opmaty APS (tobTo
3MeHIIeHUM B 1,5 pa3u B MOPIBHSAHHI 31 CTAaHAAPTHUM KaJIpPOBUM BIKHOM ILJIIBKOBOI
Kamepu). Y MOpiBHSIHHI 3 Kameporo D50 y mosoamoi Mojaesi HeMae LJIOTo psiay
JIOTIOMDKHUX MEXaHI3MIB 1 cipoleHuit cam (oroanapar. [Ipumipom, y 1mid kamepi
HeMae KHONKM 3akpuTTs giadpparmu st omiHku ['PUIl  (rmuOunm  piskoro
300paxkeHHs). Y  Kopmyc KaMmepu He  BOyJOBaHMM  MOTOp  IpPHUBOJA
aBTO(OKYCYBaHHSI —TOMY 3 KaMepol B pPeXHMI aBTO(POKyca IpaliolOTh TIIbBKH
crieriajgbHi 00'€KTHBH 3 BOYJOBAaHHM MOTOPOM. 3MEHIICHO KIJIBKICTh JaTYMKIB
(mo 3-x) y cencopi aBrodokyca. Nikon D40 ocnamryerscs 6-meramikcenpaum CCD
CEHCOpOM BHUPOOHHMITBA Sony, a HOBITHI Moaudikamis D40x — 10-meramikceabHOT
MaTpull.

Kamepa D50 3aiimae B 1ibomy psi cepenne nonoxenus. Bin D40 ii Biapi3HAIOTH
OUTBIII PO3MIPH W HASBHICTH JPYroro MOHOXPOMHOIO JMCIUICS Ha BEPXHIiM MaHemi
doToamnapara (Turroc yxe Bia3HadeH1 BiaAMiHHOCTI). A Bix D70s — 3acTocyBaHHS KapT
nam'ati SD 3amicte Compact Flash 1 BigCyTHICTh 3aXHCTy KOHTPOJBHOTO JUCILIES
cnemiansHo0 kpuikor. B D50 1 D70s BOymoByrOThCS 6-MeramikcenbHI CEHCOpH
CCD (Tex BupoOHHIITBA Sony...

3 m'ATIpKK OPOBIAHUX CBITOBUX BUPOOHMKIB IUIIBKOBOI amapaTtypu B U(poOBY
enoxy Ha tuiaBy samumwmcs dotupu — Canon, Nikon, Pentax i Olympus. Qs
pociiicekux (hoTosoOuTeNniB 0codauBuil iHTepec npeacTanise Olympus, OCKIIbKH LIS
KOMITaHisl KpiM YyJOBUX LU(PPOBUX KOMIIAKTIB BHUIYCKA€ JOCTYIHI 3a LIHOIO
undpoBi A3epKabHI (hoToanapary.

L1 kamepu (camuii sickpaBuii mpukiag Olympus E-300 1 E-400) Bigpi3HsAOTHCS
BiJl HU(POBUX J3EPKATBHUX KaMmep IHIIUX BUPOOHUKIB THM, 10 kKomnaHis Olympus
BIIMOBUJIACS BiJl CYMICHOCTI (poToamapariB 3 ONTUKOIO ISl TUTIBKOBUX KaMep CBOTO
BUPOOHUIITBA — Yy IIMX 3€pKajJKax BHUKOPHUCTOBYETHCS "CBOs", HI 13 4YUM OUIbIIE
HecyMicHa onTuka. [IpuunHa Takoro pilieHHs — y 3aCTOCYyBaHHI ceHcopa (opmarty
4/3 moiima (Tob6To 22,5 MM mo mgiaronami). lle BaBiui MeHmie miaroHam 35-mm
BY3bKOIUTIBKOBOTO Kaapy. OTKe, 3acTOCYBaHHS ONTHKM BiJ TUTIBKOBUX Kamep
Olympus MOXJIHBO TUIBKH 3 ypaxXyBaHHSM JIBOPA30BOTrO 30UIbIIEHHS (POKYCHOI
BiJIcTaH1 00'€eKTUBIB ( KpOM-(paKkTop), 0 HAWYACTIIIE HABPSA UM MIPUIHATHO.

Cepen 1HmMX BIAMIHHOCTEW a3epkaibHuX Kamep Bin Olympus — HasBHICTb
CHEIIaTLHOTO YJIBTPA3BYKOBOTO MEXaHI3My CaMOOYHIICHHS CEHCopa BiJ Mmuiy. A B
KOMIIAKTHUX IU(GPOBUX Kamepax I[i€l KOMIMAaHIi BUKOPHUCTOBYIOTbCS KapTu
yHiKanpHOTO cranaapry x-Picture Card, 1o A10BOIUTHCS BpaxOBYBaTH MPU MOKYIIILI
KaMepHu.
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Hudpori kamepu Pentax (1 KoMmmakTh, 1 J3€pKajbHI, IO BHUITYCKAIOTHCS
AMOHCHKOIO KoMmraHiero Asahi Optical) Bimpi3Hs€ BUCOKA SKICTh O00'€KTHBIB 1
30aJIaHCOBAHICTh XapaKTEepUCTUK. He MorkHa cka3aTu, IO KOMIIaHIs 30eperia
MTOBHOIO MipOIO CBOI IMO3HIIIT HA PHHKY aMaTOPCHKOI amapaTypw, ajieé CBO€E MICII€ BOHA
BTPUMY€E MIMHO. SIKICTh 1 MPOAYMaHICTh KOHCTPYKIli kamep Pentax sk i pamnimie
3aJIydae 10 HUX YUMaJly YaCTHHY (hOTOIFOOMTEIIB. ..

Ha punky mudposoi poroanaparypu yumano TiaHuX TpasiiB. YacTuHa 3 HUX —
IIe BEJIMKI €JICKTPOHHI KOMIMaHii, 110 OCBOiIM HOBY Mg cebe oOmacTh. Ilpukman —
KaMepH i Mapkoro Panasonic Lumix, Haa po3poOkoro skux kommanis Matsushita
mpaifroe pasom i3 npocnanieHoi Leica. [{i kamepu Biapi3Hse pipmMoBa onTuka (came
mig mapkoro Leica), ceHcopu BiIacHOi poO3poOKM W BUPOOHMIITBA, BIIMIHHE
CIIOJIyYeHHSI XapaKTePUCTHUK 1, SIK HACTIJOK — HOHYJIHleCTB y doTomoduTeniB. Y
MOJICILHOMY Dsiii KOMITaHil € W MpocTi Mojeni, 1 "iMemkeBi" yIbTpaKOMMIaKTH, 1
MIPOCBIOMEPKH, 1 I3epKaibHa Kamepa (dhopmary 4/3, ax 1 Olympus).

Hapemri — Sony. He3pakaroun Ha "He doTorpadiunuit” iMimk HaWOILIBIIIOTO
CBITOBOT'O BUPOOHHKA CIIOKMBYOI €JIEKTPOHIKH, I T'paH103Ha IO CBOiX MacIiTadax
KOMMaHisg B o0sacTi udpoBoi anapaTypu 3aiimae ocobnuBe nojoxkeHHs. Came Sony
nojapyBajia HaM IM(poBuil ¢oToamapar TakuM, SKMM MH HOT0 3HAEMO CHOTOIHI.
Came Sony BumycTwia Ha mo4yatky 80-X pOKIB MUHYJIOTO CTOJITTS mepiii nudposi
¢doroanapatu (3HaMeHuTHI poekT Mavica). TuM TUBOBMIKHA BEJIMUYE3HA MMay3a MiXK
BUIYCKOM TEPIIMX KaMmMep 1 BHUIYCKOM Ha IIMPOKUA PHUHOK JI3€PKATBHOTO
doToamnapara mig uuM OpeHJoM. MU TOBOPUMO MPO YHIKAJIbHY IO CHOJYYEHHIO
xapakTepucTrk 10-meramikcensHon nugposuii "3eprani” Sony DSLR-A100 Alpha.
s xamepa — cnaakoemuils 1udpoBuit 3epkanku Minolta (mogeni 5D). Bignosiguo,
710 Hel MIIXOIUTh ONTHKA BiJI IUTIBKOBUX (poToarmapariB Minolta.

[Ilo >k crocyeTbcs MUGPOBUX KOMIIAKTHHUX KaMep Sony, Ta iXHS KUIBKICTb
HACTIIbKM BeEJIMKa, IO HAaBITh KOPOTKHM oOmnuc 3aiiMe He OAHY CTOpiHKy. Lli
dboToanapaTu BiAPI3HAIOTHCS BUCOKOIO SIKICTIO BUTOTOBJIEHHS M 3aCTOCYBaHHSAM KapT
nam'sTi pipmoBoro cranaapty Memory Stick (pisHoBuay — Duo, Pro Duo).

Kpim 3raganux kommadiii, tuppoBy (oToanapatypy BUIYCKAIOTh 1 1HII TPaHIU
BUPOOHHUIITBA €JIEKTPOHIKH, HAIIPUKJIA, Samsung...

Mapka kaMmepu 3HAYC€HHS, 3BUYAlHO, Mae€. AJie HE MEHII BaXJIUBI W
XapaKTEPUCTHKU KOHKPETHOI Mojenmi. [lumM xapakTepuCTHKaM MH TMPUILTAMO
0COONMBY yBary, aje CIOYaTKy NPUIUBAMOCS 10 OCHOBHHX BY3JIB IH(PPOBOrO
doroanapara. Xoua O a1 TOro, 100 3pO3yMITH, IIPO SIKUX, BIACTHUBO,
XapaKTEePUCTHUKAX IT1JIe MOBA.

16.4. Cencopu uudpoBux oroanaparis

MatpuIld  CBITJOUYTJIIMBUX €JIEMEHTIB — OCHOBHHMM BY30J ITU(GPOBOTO
doToamapara. 3po3yMiTH TPUHIHMI HOTO POOOTH — 3PO3YyMITH MPHUHIUI CaMOi
nudpoBoi dororpadii. Y miii maneHpkiii 1Mo (PI3MUHMX po3Mipax MIKpOcXeMi
OCEpEeIOK CyYaCHUX BUCOKUX TEXHOJOTIH.
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[is1p €Kil — pO3MOBICTH TIPO MPUCTPiH 1 mpuHIUn 1ii cencopiB CMOS 1 CCD.
TyT ke MOKIagHO PO3TIISIIAIOTHECS HAWBAKIIMBIII XapaKTEPUCTUKH CBITIOUYTIIMBUX
CEHCOPIB.

Sxicamii  piBeHb CcydacHOro nudpoBoro (doroamapara BHU3HAYAETHCH,
HacaMIiepes], TEXHIYHOI0 JOCKOHATICTIO BCTAHOBJICHOTO B HHOMY CEHCOpa — MaTPHII
CBITJIOUYTJIMBUX €JIEMEHTIB. [{e Halimopokyda i HalOUIbII 3HAYMMA JeTaTb UPPOBOI
KaMepH.

Perictp BepTUKanbHOro nepeHocy

Enement -~

onwenn ~IH'| (3| 3| B3

Bum«::} A S B

[OpHM30HTaNbHUIA PEricTP 3UUTYBaHHA
Puc. 16.23. Cencop CCD mudpooro ¢goroanapara

Ha cporomuimHid JgeHb Yy BHUPOOHMIITBI  CBITJIIOUYTJIMBUX  CEHCOPIB
3aCTOCOBYIOTHCA JIBI KOHKYpYtoul TexHoJorii. [lepia, Oubiie mpocta y BUPOOHUIITBI
il mo psny o3Hak Oinbine nepcrnektnBHa — TexHosoris CMOS (Complementary
Metal-Oxide-Semiconductor). ¥V mepekmazni s texuojoris HazuBaerbcs KMOII -
KOMILIEMEHTAPHUI MeTajl-OKHCeI-HANIBNOPOBIAHUK. Y CWIy pI3HUX NPUYUH
ceHcopu, noOyaoBani 3a TexHoJyorie;o CMOS, ycTtaHoOBII0I0TECS Y oToTenehoHH i
y a3epkaibHi kamepu Canon 1 Sony.

Jlimupyrodoi Ha puHKy nudposoi ¢ororexHiku € Texnosoris CCD (Charge-
Coupled Device). ¥V pociiicekomy niepekiai el tTun cencopiB HazuBaeTbes M3C —
npuiaaja i3 3apsiioBUM 3B'SI3KOM. bBijblie TpyJIOMICTKI y BUPOOHUITBI, CEHCOpPU
CCD, mnpore, yCTaHOBJIEHI B TNepeBaxHId OulbIOCTI HudpoBUX ¢oToanapaTis
aMaTopPChKOTro i mpodeciiftHOro Kiacy.

Y cnpouieHoMy BHJI TPUHIUIT 1 MaTPHUIll CBITJOYYTJIUBUX €JIIEMEHTIB
nudpoBoro Qoroanapara Burisinae B Ttakuii croci6. Cencop CCD cknamaerbes 3
NiAKJIaJKH, BUTOTOBJICHOI 3 MOHOKPUCTAIIYHOTO HAIiBIPOBITHUKOBOTO MaTepiaiy,
0 130JIF0€ TIapy OKHUCY, IO TOKPUBAE TMIIKIAIKY, 1 HA0Opy MIKPOCKOMIYHUX
(MIKpOHHUX PO3MIpIB) METAJIEBUX MTPOBITHUKIB-eJIeKTPOAIB. J[0 e1eKTpo1iB MaTpHiIi
MiBOJAUTH CICKTPUYHUNA CTPyM. 3aCBITKA MOBEPXHI MATPUIll IPUBOAUTH J0 TOTO, IO
cuia cTpymy (3apsi]) Ha BUBOJIaX €JIEKTPOIIB 3MIHIOETHCS, TOOTO KOKHUM OCEPEIOK
CBITJIOUYTJIMBOI MATPHUIll pearye Ha 1HTEHCUBHICTh 3acBITKU. L{i 3MiHU 34UTYIOTHCS
€JIEKTPOHHOI0 CXeMolo ¢oToamapara, 1 Ha iXHIM OCHOBI OyJaye€ThCs KapTHUHKA, IO
BiJIMOBiAa€ caablibOBAHOMY Ha TIOBEPXHI CEHCOPA 300pa’KEHHIO.
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Ocepenky wMarpuili, moOyaoBaHoi 3a TexHojoriero CMOS, 1e mnoapoBi
TPAH3UCTOPH, SIKIi TP 3aCBITIII 3MIHIOIOTH CBIAd CTaH, MEPENTKOIKAIYH
MPOXO/DKEHHIO ENIEKTPUYHOTO CTPyMy uepe3 BHUBOAM OCEpelnKy abo, HaBIaKH,
MiICUIIOI0UN  curHajil. EnekTpoHHa cxema (oToamapara 34YMTYy€ 3MIHH CTaHY
OCEpeIKiB MATpPHIIl ¥ Ha IXHIA OCHOBI Oy/ly€ KapTUHKY.

Martpurii CMOS y nopiBasiHHI 3 MaTpuisiMu CCD Bipi3HSIOTBCS 3HUKCHUM
€HEProCIOXKUBAHHIM 1 BUCOKOIO TEXHOJOTIUHICTIO. 3 1HIIOTO OOKY, 03B1JI MaTpPHUIlh
CMOS, ixHs CBITIOYYTIUBICTh, TMHAMIYHUN Jlana30H 1 CTIMKICTh 0 IIYMIB HUXKYE,
HiX y MaTpuilb CCD. Lle mosicHIO€TbCS CKIIA/IHICTIO MPUCTPOIO, @ TAKOXK 3HUIKEHOIO
CBITJIOUYTJIMBICTIO TIOJILOBHUX TPAH3UCTOPIB Yy TOPIBHSAHHI 3 OCEpeaAKaMH 13
3apsAJI0BUM 3B'S3KOM.

Vemanoeniosani 6 cminonuxosi kamepogornu cewcopu CMOS BUKOHaHI y
BUTJISIII BEJIMKOT TIOpUIHOT MIKPOCXEMH, Ha KPHUCTalll SIKOI 3MOHTOBaHI 0araTto
cepBicHUX cxeM BOyaoBaHoro B TenedoH ¢dortoamapata. Lle ¥ anamoro-nudpoBuii
neperBoproBay (AILIID), 1 enekTpoHHMI 3aTBOP (CXE€Ma MUTTEBOIO 3UUTYBaHHS CTaHY
MaTpHIll), CXeMH OajlaHCy OLIOro ¥ CTHCKY 300pa)keHb. Y MacOBOMY BHPOOHHIITBI
CMOS-CeHcopr BHSBISIOTHCS JICIICBINE, OCKUIBKM KOXXHHH €JIEMEHT MAaTpHIIi
Olnpmmii, unM ocepenok cerHcopa CCD. A HalmpocTiiUM KaMepaM Ha OCHOBI
CMOS-CencopiB He mOTpiOHI OaraTo JOMOMDKHHUX EJIIEKTPOHHHX MexaHi3MiB. 1o
CyTl HEJAaBHO IlI€ MOIYJISIpHA, a CbOTOJIHI 31MIUIA 31 CIIEHH JelIeBa BeO-KaMmepa 3
(GyHKIII€I0 aBTOHOMHOT po0OTH siK IudpoBUil (oToanapaT CKIAaeThCa 3 KopIyca,
OaTtapelHOro 0JIOKa >KUBJICHHSI, IPOCTOr0 00'€KTHMBA, HEBEJIIMKOT0 HAOOPY MAaCHBHUX
eneMeHTiB  (Y3ro/uKyBaJIbHMX — pe3uctopiB, mopty USB, mapum  KHOMOK),
MOHOXPOMHOT'O CUMBOJIBHOTO JUCILIES] M OJIHIET MIKPOCXEMH, Ha SIKY TOKJIaJIeHa BCS
poborta 3 onuppoBKU i 00pOOKM 300pakKeHb. 3BIJACH W HaI3BHYAHHO HU3bKA IliHA
noai0HUX oTOoKamep.

['oBopstun nipo nepcnektuBu ceHcopiB CMOS, He BapTo 3a0yBaTu, IO LE yXKe
MoJIoJa TexHojorii. BoHa BHHMKIA, SK aJdbTepHATHBA TPYAOMICTKOI i
ManoedexTuBHOI TexHouorii ceHcopiB CCD. Jlocuth ckazatu, 110 BUXiJ NPUIATHOI
MpoayKuii mpu mMacoBoMy BHpOOHUITBI Matpullb CCD 1ie micTh-ciM POKIB TOMY
nepedyBaB Ha piBHI ABOX BiACOTKIB. Ilo3HayaroTbest po3Mipu €1€MEHTIB (IOPSIAKY
TUCAYHUX YACTOK MUTIMETpPA) 1 {y>K€ BUCOKI BUMOTH JI0 TEXHOJIOTTYHUX JTOMYCKIB.

VY 1ol ke Yac, KOHCTPYKTOpH J3epKaibHUX HHU(poBux ¢oToamnapatie Canon i
npoceomMepok Sony (mpuknaa — kamepa Sony DSC-R1) ycraHoBmoTH y CBOI
dortoanapatu came cencopu CMOS, OMOBHIOIOYH iXHIMH CICHIAIBHUMH CXeMaMHU
npuaymieHHss 1mymiB. Ille omna mo3utuBHA crTopoHa Matpuib CMOS — ixHi
CTaOUTBHICTH 1 JOBTOBIUHICTh. [IprunHa, 3HOBY K, Y 3aCTOCYBaHHI SIK CBITJIOUYTJIUBI
€JIEMEHTH TOJIbOBUX TPAH3UCTOPIB, y OUTHIIUX pPO3Mipax KOXKHOTO €JIEMEHTa U y
BHCOKI TEXHOJIOT1YHOCTI MacOBOT'0 BUPOOHHMIITBA. ..

MIKpOCKOITIYHI OCepEAKH CBITIOUYTIMBOI MAaTPUIll 3[aTHI BipearyBaTH TUIbKU
Ha CHJIy CBITJa, IO MONAaJa€e Ha HUX (HAa 1HTEHCUBHICTH CBITJIOBOTO MOTOKY). Jlis
TOTO, 100 oJep)aTu 300pa)KeHHs, 10 HAOJMIKAETHCS MO SKOCTI JO IUIIBKOBOTO
dboTo3HIMKa, U poBUl (hoTOanapaT MOBUHEH PO3IMI3HABATH 1€ M KOJIPHI BIATIHKH.

Ane mepmr HDK TOBOPUTH TMPO TEXHOJIOTIHO OLMQPPOBKH KOJIHOPOBOTO
300pak€HHsI, BapTO MOMITUTH, IO JJis 301IBIIEHHS TOYHOCTI POOOTH MATpHIIi
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(TmoJyinIIeHHsT CIMBBIAHOIICHHS CUTHAJ/IIyM) 1 MJABUIIEHHS CBITJIOYYTJIHUBOCTI,
KOXXHUU OCEpeZIoK 3a0e3MeuyeThCsl MIKpOJiH3aMH, M0 30HUparoTh, (HOKYCYHOUHUX
cBiTioBHH 1OTiK. OcobmuBoO 1e cTocyerbes Matpuilb CMOS, e 6e3 moaiOHuX JIiH3
HEOOX1THOT TKOCTI 300payKEHHS JOMOTTHUCS BasKKO.

Onepxati KOJTLOPOBE 300pakKeHHS, 1 MU TIPO IBOTO BY’>Ka TOBOPHWJIM, MOKHA
pizHUMH criocobamu. Y mpodeciiiHii 3HIMaIBHIN armaparypi 3aCTOCOBYEThCS cXeMa 13
TphbOMa CBITIOUYTIAUBUMH MaTpuisiMu. CdanbiiboBaHe 00'€KTMBOM 300paKeHHS
PO3UICTUTIOETHCS  CIELIATIBHOIO MPU3MOI0 Ha TPU 1IGHTUYHUX CBITIOBUX MOTOKH,
KOXKHUM 3 SKHUX 3aCBIYy€ CBOIO MATPHIIO Yepe3 CBITIOQUIBTP OJHOIO 3 0a30BUX
KOJBOPIB — 4YepBOHOro, 3eneHoro i OmakutHoro (RGB — Red, Green, Blue). Ls
TEXHOJIOT1sI O3BOJISIE JOMOI'TUCSI BUCOKOT SIKOCTI Mepeiadi KoJIbopy, ajlie YCKIIaTHIOE
KOHCTPYKIIII0O KaMepu il BinOMBaeThcs Ha ii BaptocTi. Halwactimme Tpu martpwui
BCTAHOBJIIOIOTHCS B JOPOTUX ITUPPOBUX BiI€OKaMEPaAX.

VYV dotoamaparax xe (KpiM mpodeciiHuX Kamep CHEIlalbHOIO IPHU3HAYCHHS)
BUKOPHUCTOBYETHCS 1HIIIA TEXHOJIOTIS — 3 OJJHUM ceHcopoM. Hasr moBepxHero ceHcopa
BCTAHOBJICHUN OJOK MIKPOCKOMIYHUX CBITIO(MUIBTPIB, PO3TAIIOBAHUX Y HIAXOBOMY
MOPSAKY BIAMOBIAHO A0 KoJipHOi Mmojeni baitepa. Ileit anroputMm moOynoBH
KOJIbOPOBOTO 300paK€HHSI Ma€ Ha yBa3l MOJBOEHA KIIBKICTh 3€JIE€HUX (UIBTPIB y
MOPIBHSHHI 13 YEPBOHE ¥ CUHIMH, OCKUIBKH JIFOJIChKE OKO O1IbIIe YyTIMBE 0 3€JIEHOI
YaCTUHM CBITJIOBOTO crekTpa. KoiabopoBe 300paxeHHs] OyIyeThCA €IEKTPOHIKOIO
KaMepu BXKE IIICIs TEePETBOPEHHS AaHAJIOrOBOrO EJIEKTPUYHOIO CHUTHAIY, IO
3HIMAEThCS 3 OCEPENIKIB CEeHCOopa KaMmepu B LU(PPOBUN KOJ aHAIOTO-IIU(PPOBUM
neperBoproBadeM AIIIl (sxmo roBoputu npo ceHcopu CCD, cencopu CMOS cami
MOXXYTb OOpOOJISITU KOJIIPHY CKJIAIOBY CHUTHATY, OCKUIBKM 3BUYAWHO 1€ OUIbIII
6araroyHKIIIOHAIBEHI MIKPOCXEMH).

B onepxanni xonipHoi iHpopMallii 6epyTh y4acTh BC1 €KCTIOHOBaHI €JIEMEHTH
ocepenky. [Ipu oOpoO11i ii 3aCTOCOBYIOTHCS CKJIAJIHI METOAM iHTepmoJsuii. 30kpema,
ypaxoBY€EThCSl KOJIpHA CKJIaJ0Ba CYCIIHIX e€JeMEHTIB (miKcenmiB). Y pe3yibTaTi
€JIEKTPOHIKA KaMEpW BHJA€ PEATICTUYHY NOBHOKOJIPHY KapTHUHKY MaKCHUMAalbHO
BIJIMOBIAHOMY JIIICHOMY 300pa>KE€HHIO.

[{o6 xparie 3po3yMiTH 1€ MeXaHi3M, 3BEpPHEMOCS JI0 1HIIIOI TEXHOJIOT11 (TOOTO
MIJEMO BIJ MPOTHIEKHOTO MEXaHi3My), [0 NPUHIUIIB MOOYIOBU KOJbOPOBOIO
300pak€HHSI KOJBOPOBUX PIJKOKPUCTAIIYHUX MOHITOpiB. Tam Bci enementu PK
MaTpHIli, [0 TMPEACTaBISAIOTh COO0I0 MIKPOCKOIIYHI Kalcyidd 3 PIIKUMH
KpUCTaJaMHi, YTBOPEHI 13 TPbOX CYOEJIEMEHTIB, KOXHUU 3 SKUX MPUKPUTHIMA
CBITIOQIIBTPOM TPhOX 0a30BUX KOJBOPIB — UEPBOHUM, 3€JIEHUM 1 CHHIM.
300paxxeHHs OyayeThCcs METOAOM JIOJAaBaHHS KOJbOPIB. 3aleKHO BijJ IHTEHCHBHOCTI
CBITIHHS CyOelieMeHTa TiKcelb (ocepeloK Marpuili) 3700yBae TOW abo 1HIIUN
KOJIIPHUM BIATIHOK (TIPH IIOMY CaM OCEPENIOK 3 PIAKUMU KPUCTATaMHU HE CBITUTHCH,
a JIMIle nepeKpuBae abo MPOIyCKa€e CBITIIOBUH MOTIK JaMIU MJACBIYYBaHHS €KpaHa).

[Tpubmuzno Ttak camo mpamoBain KMOII cencopu mnepunx 1udpoBux
¢doToamnapaTiB 1 HaigenieBur BeO-kamepu. ToOTO KOXHMI eneMeHT MaTpuill OyB
NPUKPUTUMN 1HIUBIAYAIBHUM MIKPOCKOIIYHUM CBITIOMUILTPOM. AJle B CyYaCHHX
CEHCOpax L TEXHOJIOTIS HE 3aCTOCOBYEThCA. Y MOOYNOBI KapTUHKU O€pyTh y4acThb
BC1 3a/isH1 ocepeaku (ajge He BCl OCEPENKH CEeHCOpa — YaCcTHHA 3 HUX BUKOHYIOTH
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CepBICHI (PyHKIII, TOMy TOBOPSTH PO MOBHUH 1 ePpeKTUBHUMA 03B ceHcopa). Lle
crocyethest 1 ceHcopiB CCD, 1 cercopiB CMOS — y BcsikoMy pasi, Cy4acHHX, SIKi
BCTAHOBITIOIOTKCS B 1M (PpOoBI (hoTOamapatu, M0 BUITYCKAIOTHCS CHOTOIHI. ..

[Ile omHa BakIMBa JeTaldbh NPHUCTPOIO CBITIOYYTIWBUX MATPHUIlL — CIIOCIO
peectpanii 300paxerns. Marpunsg CCD ckiramaerbes 13 IBOX 1ICHTHYHUX HAOOPIB
OCEpPEeIKIB — CBITJIOUYTJIMBUX EJIIEMCHTIB, IO YTBOPSTH CEKIi0 HArpoOMaI:KeHHS
3apsigiB, 1 €JEMEHTIB, II0 YTBOPSITH CeKUil 30epiranHs 3apsaiB. Enextpuumni
3apsAqd, AKi BUHUKAIOTh IIPU OMPOMIHEHHI €JIEMEHTIB CEHCOpa CBITJIOBUM IMOTOKOM,
HAJXOATh B OCEPENIKH CEKIIll HarpOMaJXKEHHSI M IEPEeMIIIAtOThCA B OCEPEIKU CEKIIii
30epiraHHs 3apsjiiB, 3BIKH MOTIM 4Yepe3 pericTpu BePpTUKAJIbHOIO 3pPYUIEHHSI — Y
BUXITHUN migcmimwoBady  marpuui. Ocepenky cekiii  30epiraHHs MPUKPUTI
CBITJIOHEIPOHUKHUM (DIJILTPOM, & TOMY Ha CBITJIOBUM IMOTIK HE pearyroTh. Aje mnpu
Nepexo/i 3aps/iB 13 CEKIlli HarpoOMaJKEHHSI B CEKIIi0 30epiraHHsl BapTO 130J1I0BATU
HETIPOHUKHOIO 3aCJIIHKOIO ¥ CBITJIOUYTIMBI OCEpEeaKH, 100 HE 3MIllyBaTH BUHUKII
IIpU OMPOMIHEHHI HOBI 3apsi/Iu 13 yxKe 30epekeHUMU (1HaKIIe 300paKEHHSI TPOCTO HE
BUiiIe), BUKOPUCTOBYIOUMU JUIsi 1OTO B IudpoBux ¢doToanapatax 3BUYANHUN
€JIEKTPOMEXaHIYHUM 3aTBOP.

[Ist 0cOONMBICTh CTOCYETHCA MATPUIlh 13 MOPSAKOBUM MEPEHOCOM 3apsiiiB. Y
doToamapaTax 3 MaTPHUIIMHU 3 MOKAJAPOBUM TIEPCHOCOM 3aps/IiB 3aTBOP BUSIBIISETHCS
HETOTPIOHUM, OCKIJIBKM 3apsiii  OCEPE/KIB HAKOMUYYIOThCA BIIpazy 3 YCIEIO
MOBEPXHI MATPHIIl i 13 CUTHAJIAaMHU OCEPE/IKIB HArpOMaJPKEHHS He 3MIITytoThcs. [Ipu
IIbOMY PETiCTpaMU BEPTUKAIBLHOTO 3PYIICHHS, IO MPEACTABISIIOTH COO0I0 MPOCTI
IPOBIIHUKHK,  3a0€3MEUyEThCS  KOXKHUW  CBITJIIOUYTJIMBUNA  OCEPENOK  CEKIIii
HarpoMajpKeHHS 3aps/iiB, a CBITJIOI30JbOBAHA CEKIllsA 30epiraHHs 3apsaiB 3aiimae
okpemy o0Onacte ceHcopa. [IpoGiema B TiM, IO 3aCTOCYBaHHSA TOKaJAPOBOTO
MIePEHOCY 3apsJiiB 301IBIIIY€E PO3MIPH CeHCOopa M Y TOM K€ Yac 3MEHIIY€E HOro J03Bi.
ToMy cbOr0/IHI 3aCTOCOBYETHCSI TEXHOJIOT1SI KOMOIHOBAHOTO MOCTPOKOBO-KAAPOBOI0
nepenocy. Illo no3Bosise, 3 oAHOrO OOKY, OJIEPKYBATH MOCTIMHUI CUTHAJI 3 MaTPUIIL
# BHUKOpPHCTOBYBATH MoOro mis moOynoBU 300pakeHHS Ha BOYJIOBaHOMY
KOHTPOJIBLHOMY JHCIUIET oToamapara, a 3 IHIIOTO0 OOKY - OJIEpKYyBaTU BUCOKOSIKICHI
300paX€HHS 3  TMOPSAKOBUM  3UMTYBAaHHSAM  3apsAliB 1  3aCTOCYBaHHSM
€JIEKTPOMEXaHIYHOTO 3aTBOpA.

Y dotoanapatax 13 cencopamu CMOS (y HaWOpoCTIIMX 3 HUX 1 Y
doToTenedoHax) eICKTPOMEXaHIYHUN 3aTBOP HE 3aCTOCOBYETHCS 30BCIM, OCKUIBKH
iH(doOpMaIlis TPO CTaH OCEPENKIB MOAIOHOT MATPUIll 3YUTYETHCS OE3MOCEPENTHBO 3
BUBOJIIB MOJHOBUX TPAH3UCTOPIB, IO YTBOPATH Marpuilto. ONHAK, Y M3epKaTbHHUX
doToanaparax i3 ceHcopamu CMOS i1 TOYHOrO BiANPAIlbOBYBAaHHS EKCITO3MITIT
EJICKTPOMEXaHIYHUHN 3aTBOP YCTAHOBIIOETHCS 00OB'I3KOBO.

Enementapni BimomocTi mpo mnpunnun fAii ceHcopiB CCD BaxknuBi s
doTomoOuTeNs M 13 MpakTU4YHOI TOYkW 30py. CmpaBa B TOMy, IO HpHU MOKYIII
HOBOro (poroamapara, Io3a 3aJEXKHICTIO BiJ pIBHA TEXHIKM 1 ii BapToCTi, Yy
dotorpada, K 1€ HI CYMHO, 3aBXJIM iCTU IIAHC JAOTOAUTH Ha Kamepy 3 "Outumu"
nikceasaMu. "buTuit" mikcenb — 1e CBITJIOUYTIUBHM €IEeMEHT, Y CHIIY PI3HUX MPUYHUH
BTpaTUBILIM 3JAaTHICTb pearyBaTd Ha CBITJIOBE omnpoMmiHeHHsA. [lpu 1pomy
Oe3IIsUTbHUIN OcepeIoK MOXke OyTH 30BCIM HEMOMITHA Ha 3HIMKY, SIKIIO repeOyBac B
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HWKHIA YacTUHI MaTpulll, Ha SKYy JOBOJUTHCA Ta YaCTUHA KajApy, A€ 3BUYANHO
PO3TaIIOBYETHCS 3€MJISA, J€ MaJi0 CBITJIIMX NOUISHOK, Ha SIKAX OJHA YOpHA Kparka
Moxe OyTu 1o0pe momiTHA. [HITIa cipaBa BEPXHS YaCTHHA MATPHII, 1€ 300paKy€eThCs
He0Oo i 1HIII CBITII 00'€KTH.

OnmuH-1Ba OUTUX TIKCENs pid IS aMaTOPChKOi KaMepu 3BU4YaitHa. ['ipiie, Konu
TaKUX MIKCEIB TPOXU i BOHM 00'€HaHI B rpymmy. Tomai TeMHa Kparka Ha 3HIMKY CTa€
MOMITHOI HaBITh NMPH 3HOMIII 3 HAUBUIIMM J03BOJIOM, KOJIM B TIOOY/T0BI 300paskeHHs
OepyTh y4acTh BCl CBITJIOYYTJIMBI OCEPEAKM MATpHUIll. Y Mara3uHi OUTI MIKCEIH
MaTpHlll MOOAUYUTH YK€ BAXKKO, a B XOJ1 MPAKTUYHOI POOOTH 3 KaMepor MoiiOHa
HEMPUEMHICTB OyJie HEOJIMIHHO BHUSIBJICHA...

Mu Bxke roBOpWIM MO Te, IO TEXHIYHA JOCKOHAIICTh KaMEpU BU3HAYAETHCS
AKICTIO CEHCOpa, a sIK 1 YMM BHM3HAYAEThCS SIKICTh camoro ceHcopa? IcHye psia
XapaKTEPUCTHK, 110 MAIOTh JJIS CBITJIOUYTJIMBOI MaTpuill 1udpoBoro doToamnapara
MePIIOPSAHE 3HAYCHHS.

YV mepmry uwepry e Jo03Bia1 MaTpuill. Yum OUIbIIE O3B MaTpHIIl
CBITJIOUYTJIMBHUX €JIEMEHTIB, TUM BHIIE SKICTh KIHIIEBOI'O IAIEPOBOTO BiAOHWTKA abo0
eaeKTpoHHOTO (poTo300pakeHHs. KilbKicTh €(PEKTUBHMX MIKCEIIB Ha MaTpHIIl
nudpoBoro ¢oroamapara BU3HAYAE J03BUI OUM(GPOBAHOTO 300pakKEHHS, OCKUIBKU
MaKCUMAJIbHUN JIO3BUI 3HIMKA JIOPIBHIOE KIUJIBKOCTI TIKCENIB CBITJIOUYTIMBOTO
ceHcopa.

[HOMI y 3BENEHHI TEXHIYHMX XapaKTePUCTUK (1€ CTOCYETbCS TIIbKU
HaWJCHICBIINX KaMep) MOKHA BHUSBUTH, 10 MaKCUMaJIbHHM J03BUT (POTO3HIMKIB
NEPEeBUIIY€E KIJIbKICTh MiKCeNniB MaTpulll (oroanapara. [lum 3asiBaM BUPOOHUKIB HE
BapTo AOBIpATH. [liABUIIIEHUN MTO3BUI JOCATAETHCS MPOTPAMHOIO 1HTEPIIOJISIIIELO,
KOJM BIJACYTHI €JIEMEHTH 300pa)K€HHsS CHUHTE3YIOThCS Ha OCHOBI YCEPEIHEHHX
3HAYEHb SICKPABOCTI CYCIJHIX TIKCeNiB. [HTeprosiis 30UIblIy€e KITbKICTh MIKCENIB,
ajie 3aBXK/U 32 paXyHOK peajibHO1 SIKOCTI 300paxkeHHs. Ha 1HTepnoaps0BaHOMY 3HIMKY
rpaHuill 00'€KTIB BTPAayalOTh PI3KICTh 1 MOTIPUIYEThCS AeTam3alis. Y HalKpamomy
pasi 103BUI 3pocTae 6e3 skoro 6 Te He OyJo MONINIIeHHs 300pakeHHs. ToMy pi13HOTO
BUYy IHTEPNOIALINAHY 00OpOOKY, SKIIO Taka (PYHKIIS MPUCYTHS B Kamepi, Kpaile He
BUKOPUCTOBYBATH 30BCIM.

Jo3Bi1 (abo po3AinbHA 30aTHICTH) CBITIOYYTJIMBOIO CEHCOpa, K 1 JO03BLI
eKkpaHa MoHiTopa (i, 10 pedi, KOHTPOJIBHOTO AUCIUIes (poToarnapara), BUpaKaeTbCs B
nikcensix. [Ipy mboMy eKpaHHHUI J03BUT MOHITOpPA BU3HAYAETHCS BETUYMHOIO CBITHOI
€KpaHHOT KpamKyd — IMIKCENs, YTBOPEHOTO JIIOMIHO(OPOM €JIEKTPOHHO-TIPOMEHEBOL
TpyOKH 200 OCEepPEeaKOM PIAKOKPUCTATIYHOI MATpHlll (Y IIbOMY BHITQJIKy CBITUTHCS HE
€JIEMEHT, a Jlamna 3a HuM). ExpaHHuil 703BUT BelMYMHA MOCTiHA. BOHO 3a5exuTh
TITBKA BIJ PO3MIpy mikcenss ekpaHa MoHiTopa. CTaHmapTHI 3HAYCHHSI BEITUYHHH
mikcenst 0,25, 0,28 1 0,31 mm. CrangapTHi 3HAYEHHS EKPAHHOTO PO3ITUPECHHS
KOMIT'TOTEpHUX MOHITOPIB 72 ab0 96 mikceniB Ha KBaApPaTHUN JIOUM.

JI03BUT CBITJIOYYTIMBUX CEHCOPIB TEX 3aJCKHUTh Bl PO3MIpY MiKCeNs, aje
AKUX-HEOYb CTAaHAAPTIB TYT HE icHY€E. UMM MeHIIe BEIMYUHA KOKHOTO MIKCENs, TUM
OinbIe TiKcediB (TOOTO CBITIOYYTIMBHX €JIEMEHTIB) PO3MIIIAETHCS HAa TOBEPXHI
MaTpulll i, K HACIIOK, TUM OUIBIIMM JIO3BOJIOM BOJIOJIE caMa MaTPHIIS.
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Kpim ekpaHHOro po3ImMpeHHs W po3IIUpeHHs ceHcopa UpPOBOi KaMepH 1ICHYE
1€ OJIHA Ba)KJIMBA XapaKTEPUCTUKA — JO3BUI IPYKYBaJIBLHOTO MPUCTPOIO (Y MPaKTHUIIL
amMaTopchbkoi 1MpoBoi ¢doTorpadii, SK MPaBUIO, KOJIBOPOBOTO CTPYMHHHOTO
npuHTepa). OgHAK TO3BUI MPUHTEpPA BUMIPSETHCA HE B TMIKCEIAX, a B Kpamkax. A
BUPAXAETHCS JO3BLI MPUHTEPA B Kpalrkax Ha KBaapaTHUN AronM. it poTomroouTens
MIPUHITUTIOBOT PI3HUIN MK TKCEJIeM 1 KparKow Hi, TOMy OOHWIBI OJWHHII BUMIPY
PO3B'SI3HOT 3JaTHOCTI MOKHA BBaXXaTH PIBHO3HAYHUMU. PO3XOIKEHHS MK KPAIKOIO
I MmiKceJaeM HOCSTh TEOPETUUYHHUM XapakTep, 10 Mae 3HAYCHHS JUIsl pO3pOoO0IIIOBayiB
U(ppPOBOI TEXHIKU. YBaXKA€ThCS, 10 MIKCETb Ma€ MPaBUIIBHY MPSMOKYTHY (opmy,
OJM3bKY 110 KBajparta (Ha MPaKTHUIl €KpaHHI MIKCeIl MOXKYTh MaTu ¢opMmy KoJia abo
BUTATHYTOTO 10 BEpPTHKaJl NPSIMOKYTHHMKA 3aJ€KHO BiJI THUIY EJIEKTPOHHO-
IPOMEHEBOI TPYyOKM — 13 IIIJIMHHOK MAackow abo 3 amnepTypHUMH IpaTraMu
BIJIMOBITHO, a IMIKCEeNIb MaTpuil mudpoBoro Qoroanapara Moxe Matd Gopmy
KBajJipata a00 BOCBMHUKYTHHKA — Hampukiaja, ocepenky marpuiil SuperCCD kamep
Fujifilm FinePix). IlpunTepHa >k Kkpamka Mae HeEmpaBmiIbHY (opMy OJIM3BKY 10
KOJA...

CydacHa mudpoBa kamepa JJjis OLIbII-MEHII CepUO3HUX 3aHSATh aMaTOPCHKOIO
dboTo3itomkor0 — 11e (hoToamapaT i3 CEHCOPOM JA03BOJIOM HE MEHIN 4 MeramiKcess.
Yomy He 2 Meramikcels (He TOBOPSYH BXKE MPO MEHINI 3HAYCHHS PO3IIMPEHHS)?
CnpaBa B TIM MOTEHLIaNl, MO 3aKiIaAeHo Yy (oTorpadito BUCOKOTO PO3LIUPEHHS.
3HiMOK 3 A03BosioM B 2272x1704 mikcenst (HOpMalbHUW JIO3BUI JJIsi CEHCOpa B
4,23 Merarikcens) Jerko MijUlaeThesl KaApyBaHHIO. Moro MoxHa 6e3 KX OU Te He
OyJi0 BTpaT BUBECTU HA €KpaH y BIKOHHOMY i TOBHOEKpaHHOMY pexxumi. Hapernri,
doTorpadito MOxkHaA pO3NPYKYyBaTH Ha mamepi, oaepxaBiu Binoutok 10x15 aus
Ty’Ke TapHO1 SIKOCTI ¥ HaBiTh opmaTy A4 (cTaHAapTHUN aTbOOMHUN apKylil) MpU
IIIJTKOM TIPUUHATHIN siKocTI. 31 3HIMKOM 103BoJIoM 1600x1200 mikceniB (HOpMaIbHUIMA
JIO3BUI ISl CEHCOpa B 2 MEraIikcess), sk Ou 100pe BiH He BUIIISLAAB (2 BUTJISIAE BiH
1 cpaB/i 4yA0BO), NOA10H1 MaHIMYJISLIT JOCUTh TPOOJIEMaTHYHI.

Jlpyra HalBa)XJUBIIIA XapaKTEPUCTHKA CBITJIIOYYTIMBOIO CEHCOpa — MHOTO
¢iznunmnii po3mip. BiH BuMipseTbcs Mo JiaroHainl W IMO3HAYAETHCS B YaCTKaX
morima. [Tpu uboMy popma ceHcopa, sk IpaBuIIo, MPSIMOKYTHA 31 CIIBBIAHOLIEHHSM
ctopiH 4:3, xo4ya B MarazpyHax YK€ MOXHa Kynutu Qoroamapatu 13
MHUPOKO(HOPMATHUMU CEHCOpaMU 31 CHIBBIAHOLIEHHSIM cTOpiH 16:9 (moaiOHiI kamepu
Burryckae Samsung, Kodak, Matsushita 1 inm11 komrmasif).

Tyt e kpueThcs oHE 1ICTOPUYHO chopmoBaHe He criBBiAHOIIEHHSA. CripaBa B
TOMY, 110 CIIBBIAHOIIEHHS CTOPIH CTAHAAPTHOTO NJIsi OUIBIIOCTI KpaiH ManepoBOro
BimouTKa 10x15 cantumeTpiB piBHAETHCs 2:3 (abo 3:2, 11e He MPUHIUTIOBO). YoMy xk
CEHCOpU MAIOTh CIIBBIAHOIIECHHS CTOpIH 4:3, aJke Mpu Tedvaril 3HIMKa Ha manepi
yacTUHA 300paKeHHs, Kpalo KapTUHKU, OynyTh 00pizani? Tak, OyayTe. Lle HemMunyui
BUTpaTH LUPpoBoi ¢oTorpadii. CrpaBa B TOMY, 1110 pO3MIpU CEHCOpPA ONMTUMI30BaHI
miJ] BUBIJ 3HIMKA Ha KOMI'IOTEPHUN MOHITOP y IOBHOEKPAHHOMY pexuMi. A
CITIBBIJTHOIIIEHHS CTOPiH CTaHJAPTHOT'O KOMI'IOTEPHOI'O MOHITOpa caMme U BiJIIOBIIA€
criBBiHOIIEeHHIO 4:3. [IIupokoekpaHHI MOHITOPH MAalOTh CHIBBIIHOIICHHS CTOPIH
16:9. A d¢oronamip — 3:2... IlpaBna, y npeskux kamepax (MpUKIa — KaMmepu
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Panasonic, Canon cepii Digital IXUS 1 iHmi) A03BOJSIIOTE 30€piratd 3HIMKH 3i
CIIBBIAHOIIEHHSM CTOPIH 3:2, ajie IIHOI0 3MEHIIICHHS PO3IINPEHHS.

Yum Ourbme  (i3udHU  po3Mip CEHCOpa, THM BIH TMIpaIloe TOYHEH 1
edextuBHime. Cercop po3mipom B 1/1,8 mrolima Kparmie, HDK CEHCOp PO3MipoM
1/3,2 mroiiMu, OCKIIBKH Ha OLNBIIIH ILIONI KpHCTajla BMIMIAETHCS OiNbINa KUIBKICTh
CBITJIOUYTJIMBUX OCEpPEAKiB (BUXOAWUTh, BWINE ¥ M03BUT). binmpmie Toro, mpu
OJTHAKOBHUX 3HAYEHHSX PO3IIMUPEHHSI CEHCOpP OUIBIIOTO po3Mipy Kparie, HiK CEHCOp
MEHIIOTO po3Mipy. Y 1bOMY BHUIAIKYy OCEpPEIKY CEHCOpa MaroTh OUIBII PO3MIpH,
3HAUUTh 1 TaKl MapaMeTpu OLM(PPOBKU 300paKEHHS, SK JUHAMIYHUN Jiana3oH 1
CTIMKICTB J10 IIIyMiB, BHIIIE.

Po3mip ceHcopiB A3epKabHUX KamMep BUMIPSETHCS B MIJIMETpax MO CTOPOHAX
kajgpoBoro BikHa. CmpaBa B TOMY, IO BEJIMYMHA MAaTpHIll LHUX QoToanapariB
BIIPUTYJI  HaOMMKAETbCS  JI0  CTAHAAPTHOTO  PO3MIPYy  KaJpoBOrO  BIKHA
BY3bKOILTIBKOBOI 35-MM Kamepu, ToOTO 36x24 MM, 1 B 3araJlbHHUX BHIaJKax
BiAMOBiae 1UIiBKOBOMY cTaHnapty APS. Ile n03Bosisie BUKOPUCTOBYBATH Ha
uudpoBomy (oToanapaTi CyMICHY ONTUKY BiJ IJIIBKOBUX KaMmep TOTO K BUPOOHUKA.
AJle Ipu IbOMY BapTO BpaxoBYBaTH 3MiHY (DOKYCHOI BiJICTaH1 3MIHHUX O0'€KTHUBIB —
Tol camuii kpom-paktop. Ilpumipom, Ha ¢otoanmaparax Canon EOS 400D i3
CEHCOpOM pPO3MipoM
28,7 mm 1o ropusoHTanm ¥ 19,1 MM no BepTukam 3MiHa (OKYCHOI BIJCTaHI BCI€i
JiHIMKKA 00'€eKTUBIB 1Jis TUTiBKOBUX Kamep Canon Oyne kpatHa 1,6 oguHUIL yOIK
30UTBIIEHHSI — PIBHO HACTUIBKU, HACKIIBKA MATPUIISI KaMEPHU MEHIIE CTaHJapTHOTO
KaJ[poOBOr0 BIKHA IUTIBKOBOrO (oToamnapara. B aMatopchkux I3epKalbHUX Kamep
Nikon kpomn-dakrop menmie — 1,5, a B Olympus 1 Panasonic (BoHH CTaBISTBCS 10 TaK
3BaHOTO CTaHAapTy 4/3, OCKIIBKM IXHI CEHCOPHU MEHIIE MO POo3Mipax, YUM pO3Mipu
kanpy APS) 6Ginpme — 2. Tob6to HOpManmbHuii 50-MM 00'€eKTHB Ha HHUQPOBIi
n3epkanbHid kamepi Nikon D50 (mpuBoaumo miis npukiany) Oyae matu oxycHa
BIJICTaHb B 75 MM (BUXOAUTh HE HOPMAJIbHUI yHIBEPCAIbHUI 00'€KTUB, a MOMIPHUN
TEJEBUK, IO MIIXOAUTh JUIsl HOPTPETHOI 3HOMKH).

Hactynna Bkpali BaxiMBa, aji€é JIOCUTh TSKKO BU3HAU€Ha 0€3 CHeliaabHOro
YCTaTKyBaHHSI XapaKTePUCTUKA CBITJIOYYTIUBUX CEHCOPIB — CIIBBIJHOIICHHS
curHaj/mym. Y TiM a0o0 IHIIOMY CTYIEHI IIyMJISITh OY/Ib-5IKi CEHCOPH, BKJIFOUYAIOYH
I cami Ha CbOTOJHIIIHIN eHb 3po0iieHl. KomipHi mrymMu NposBISIOTHCS HA 3HIMKY Y
BUTIISIIL ApiOHKMX modapOoBaHuX Kparok (apTedaxTiB) y TIHAX 1y BUTIISAL KOJIPHUX
OpEOJTiB HABKOJIO KOHTYPIB (iryp Ha TPAHMIIX KOHTPACTHUX TepexoaiB. boportucs i3
IIyMaM# Jy»Xe Baxko. SIKio Oyjae moTpeda 3aCTOCOBYIOTHCS CHeIiaabHl GUIBTPU —
YTWIITH, IO TPAIIOI0Th y MPOTpaMHOMY cepenoBuIii rpadiunoro penaktopa Adobe
Photoshop. ®inbrpu 3maTHI 70 [€AKOi MIpH 3M'SAKIINTH IIyMH, 3aMIMIAI0ud
apTedakTd KpamkaMy 3 yCepeIHEHWMHU 3HAYCHHSIMHU KOJhOPY 1 SCKpaBOCTI. SKIIO
G1apTpH HE 31aTHI 3a0pat BCl apTeakTu W Opeosin, JOBOAUTHCS MPABUTH 3HIMOK
BPYYHY, CHUIBHO 301JBITYIOUH W PETYIITYIOYH CIIEMEHTH 300pakKeHHS.

XKopen croci6 BUMpaBIEHHS 300pa)KEHHS HE JIa€ CTOBIJICOTKOBOTO PATYBaHHS
Bin mymiB. Tomy ¢doronroOuTeneBi, SKIO SKICTh 3HIMKIB IS HBOTO CIpaBi
3HAUYUMO, JOBOJUTHCA JOJEP)KYBATUCA €JIIEMEHTAPHUX TMpaBWi SK TOpH BUOOPI
KaMepH, Tak 1 mpu mpakThuHii 3iiominl. [lepiie npaBuino — He 3100yBaTH ACIHICBUX
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KaMep 3 MaTPHUISIMH HU3BKOI CBITIOUYTIMBOCTI. CXUJIBHICTh JO IIYMIB HAHOUIBII
BractuBa ceHcopaM CMOS, ski BCTaHOBIIOIOThCA Yy (oToTenedonu, i ceHcopam
CCD mnaiigemeBmmx KOMITAKTHUX KaMep, Y SKi 3BUYAifHO BOYIOBYIOTHCS CEHCOPH
MOTIEPETHBOTO TTOKOIIHHS, TaK A0 TOTO X 1 Ty>KE€ HEBEJIMKI TIO PO3MIpI.

IymasaTe ceHcopw ¥ y Oinblie ceplo3HMX Kamep. TexHosoris mudpoBoi
dortorpadii mgyke Momoga, a TOMY BHPOOHHIITBO CCHCOPIB  OypXJIMBO
BJIOCKOHATIOETHCSA. [IOKOMIHHS MaTpHIlh MOMIHSIOTH OJWH OJHOTO IIBHIIIE, YAM
MOpPaJIbHO 3acTapiBalOTh KOHKPETHI Mojeli ¢oToamapaTiB (a BOHHU 3acTapiBalOTh
JOCUTh MIBUAKO, MPOTATOM MpHUOJMU3HO JABOX pokKiB). CeHcopu J03BOJIOM B
4 merarikcens, skl BCTAaHOBJIIOBAJIMCS B KaMEpH CepeHbOI i HAaBITh CTAPIIOL IPyIU
IBa-TPU POKHM TOMY CBOTOJHI 3aCTOCOBYIOTHCS B HEIOPOTMX aMaTOPCHhKUX
(oToanaparax. IxHe mice 3aiiMarOTh MaTPUIIL 3 i BULIEHUMH XapaKTePUCTUKAMH, Y
TOMY 4YHCII ¥ MO cTiiikocTi 1o 1mymiB. OTke, BUOUpatu Tpebda Ty MOJENb, IO
BUITYCKA€ThCS HE 3aHAJATO JOBro, He OuIbie poky. Tomi y dortorpada OymyTh
MiJCTaBU TPUITYCKATH, IO CEHCOp HOT0 KaMepW CXWIBHHA A0 IIyMiB Y
MIHIMaJIbHOMY CTYTIEHI.

JIlpyre mpaBuiIO CTOCYETHCS 3MIHU CBITJIOUYTIMBOCTI CEHCOpa. Y OUIBIIOCTI
uudpoBux (QoToamapariB 3 JOCUTb PO3BUHEHHWMH CEPBICHUMH (QYHKI[ISIMU
CBITJIOYYTJIMBICTh YCTAHOBJIOETHCS SK aBTOMATHYHO, TaK 1 Bpy4dHy. Y peXumi auto
KOMIT'IOTEp (poToanapara cam BUOMpae 3HAYEHHS CBITJIOUYTIMBOCTI CEHCOPA 3aJI€AKHO
BiJI PIBHS OCBITJIEHOCTI 00'€KTa, IO 3HIMAETHCS, 1 BCTAHOBIIEHOT'O IPOTPAMHOIO
pexumy pobotu kamepu. Hanpukiaz, y pesxkumi "HIYHUA OPTPET" CBITIOUYTIUBICTh
Oyne oOpaHa MakCMMAalbHOI, @ y 3BHYAHHOMY PEXKHUMI — MIHIMAJIBHO MOKJIUBOI
(SIKIIIO JT03BOJISIE BUCBITICHHS).

Uum BUIlle 3HAYEHHS CBITJIOYYTIMBOCTI MATpHIl, THM BOHA OUIBIIE IIyMHUTh.
OTxe, Kpaiie 30BCIM BIIMOBUTHCS BiJ 3aCTOCYBAaHHS aBTOMATHYHOTO PEXUMY MU
BUCTABUTU CEJICKTOP BUOOPY 3HAUYECHHS CBITJIOUYTIMBOCTI CEHCOpAa HA MiHIMAaJIbHE
3HAYEHHS, OCKUIbKM MIHIMAJIbHE 3HAYEHHS BIJNOBIJIA€ PEaIbHIN CBITIOUYTIMBOCTI
ceHcopa. Y LbOMY PEXHUMI HE 3aJlisiH1 €JIEKTPOHHI CXeMHU MOCUJICHHS CUTHAITY, SIKi
BHOCSITh JTOJATKOBI MEPEKPYyUYyBAHHS W MPUBOAATH A0 MOSABH apTePakTiB y TIHAX.
Sxmo K yMOBHW BHCBITJIICHHS TaKi, IO aBTOMAaTHMKa KaMEpPH BCTAHOBIIIOE 3aHAJITO
TPUBAJIy BUTPHMKY, 3 SIKOI HEMOXJHBO 3HIMATH O€3 IITaTUBA, TO 3HAYCHHS
CBITJIOUYTJIMBOCTI MOKHA 301IBIIUTH, aJIe NPU I[bOMY Tpeda OyTH TOTOBHUM JI0 TOTO,
110 PiBEHb ITyMIB iICTOTHO ITiIBUIITUTHCS.

I me oxHe mpaBUiI0, IO MOJIATAE B TiM, IO HE CIIIJ MPEI'ssBISTH J0 HUGPOBOTO
doToamapaTa 3aBHIIEHHX BHUMOT. Te€, MO MiJ CHUIy BHUCOKOSIKICHIM (POTOTLIIBIIL,
nmudpoBomy dotoamnapaty He Tif cwiy B npunnumi. [{udpoBuit dboroanapar He
3MaTHUH 3HIMATH B YMOBAaX 3aHAaJITO HU3BKOI OCBITIICHOCTI 0€3 3aCTOCYBAHHS JKEPEI
IITYYHOTO CBITJA, IMOYJbCHUX (oTocnanaxiB abo JlaMI HakadioBaHHSA. A
npodeciiiHa miBka cBiTI0uyTIUBICTIO B 3200 onunuils [SO BUTSITHE 3HIMOK HaBITh
IpU CBITJII OAHIET CBIYl (MpUUOMY, y OYKBaJIIbHOMY 3HAY€HHI).

JIB1 SIKICHI XapaKTEpUCTHKH, L0 MPSIMO BIUIMBAIOTh HA pPE3yJbTaT 3UOMKH —
AUHAMIYHMEA Tianma3oH ceHcopa il po3psAAHicTh MOJaHHS KOJAbLOPY. llepiia 13 nux
XapaKTepUCTUK BiIOMBAE 3JIaTHICTh MATPHIll MEpe/laBaTH CBITJIOB1 BIATIHKH, Apyra
CTaBUTbCS HE TUIBKM BJIACTMBO JO CEHCOpa, ajlle W J0 aHajoro-uudpoBoro
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NepeTBOpIoBaya, M0 MNEPEBOAUTHh EJIEKTPUYHI CHUTHAJIM 3 BHUBOJAIB MaTpHUIll B
udpoBUii KOJI.

JluHaMmiuHME Jiama3oH — 1€ KUIBKICTh BIJATIHKIB ciporo (ToOTO piBHIB
SICKPABOCTI), SIKI 3AaTHUN PO3PI3HUTH CBITIOUYTIWBUNA MaTepian (doTorutiBka abo
ceHcop 1udpoBoi kamepr) MiK aOCOTIOTHO YOPHUM 1 aOCOJIFOTHO OLTMM KOJBOPOM.
UuM BuIlle OWHAMIYHUK JOiama3oH, THM BHIIEC BIpOTiAHICTE 300paKCHHS Ha
€KCIIOHOBaHOMY HOcii. HalBuImmuM guHAMIYHUM iala30HOM BOJIOIIE€ HETaTHBHA
doTomniBka. Tomy jgoTenep, He3Ba)XKalouul Ha JOCSITHEHHS U(POBUX TEXHOJIOTIH,
U1l IeMOHcTpallli ¢piapMIB y KIHOT€aTpax BUKOPUCTOBYIOTHCS 3BUYAlHI TUTIBKOBI, a
He 1TU(PPOB1 IPOESKTOPH.

Cepen nudpoBUX MPUCTPOIB HAUOLIBIITUM JUHAMIYHHUM J11alla30HOM BOJIOJIFOTH
OapabaHHI CKaHEpH, SIKI 3aCTOCOBYIOThCS B mojirpadii il KOIMTYIOTh ACCATKA TUCSY
nosapiB. JlunamiuHui miama3oH miaHmeTHux ckanepiB CCD nabaraTto MeHIie, aie
e MEHIIe JWHAMIYHUK J1ama30H CeHcopiB ImdpoBux ¢oToamapariB. Y
HaIopokuux mpodeciiHuX (QoToamapariB el MOKA3HUK JIUIIE HAOIMKAEThCA 10
piBHS (oTomanepy Ha OCHOBI TaJOT€HIAIB cpibiia (a 1i JAUHAMIYHUN [1ama3oH,
BIAMIOBITHO, Y JIECSTh Pa3iB MEHIIE J1ana30Hy (POTOILIIBKH).

SAxicTe nepeaadi koibopy 1udpoBoro Goroamnapara BUPAKAETHCS POIPSIHICTIO
KOJIbOpY. PO3psiHICTE KOJIBOPY — 1€ CyMa 3HA4Y€Hb PO3PSIHOCTI OIU(POBKU
KOXKHOTO KOJIIPHOTO KaHaiy. [IpumipoM, KOXHHM KOMIPHUA KaHajd OUIBIIOCTI
MaTpuilb 1UdpoBUx (oToamapaTiB aMaTOpPChbKOTO Kiacy 3AaTHUM 3adiKcyBaTH
256 BiaTiHKIB (a00 Tpajmariiii) ciporo, IO CTaHOBUTH 8 OIT. Y LBOMY BHITQJIKY
PO3psAIHICTE ceHcopa Oyne 8+8+8=24 6ita, o 8 OIT Ha KOXHUK KOJIPHHM KaHAI
(uepBOHUH, 3eneHUM, ronyOuit). Y npunnumi, 24-01THOTO MOJAAHHS KOJBOPY IIJIKOM
JIOCTaTHBO JJI OJIEPKAHHS SKICHOTO (POTO3HIMKA, OCKUIBKU B 1IboMy Bumanky ALIIT
KaMepH BHIAIOTh 3HIMOK, IO MICTHTh 16,7 MIIH. KOJTIPHUX BIATIHKIB. AJle B IpOdaxi
MOYKHA 3yCTPITH KaMepH SK 3 OLIbIIe BUCOKOI PO3PSAHICTIO KOyBaHHS KOJbOPY IO
10 ab6o 12 OiT Ha kaHal, Tak 1 3 HU3KOIO — 110 4 abo 6 OiTh Ha kaHain. Hagmumkoa
po3psAHICTB A0 36 Oi1T(TOOTO MO 12 OIT HA KaHall) BUKOPUCTOBYETHCS B TPOdeciitHuX
KaMmepax, MPU3HAYEHHX [JIs1 OJIEpKAHHS 3HIMKIB 3 MaKCUMaJbHO JOCTOBIPHOIO
MepeIaueto KOJIbOPY. XOdYa ChOTOJHI CEHCOpaMH 3 TMIABUIICHOI PO3PSTHICTIO
KOJIIPHOTO KOJyBaHHSI OCHAILYIOTh 1 KaMepu amMaTOpPChKOro Kiacy. A mMarpuul 3i
3HMXKEHOI0 PO3PAIHICTIO B 12 260 16 OIT yCTaHOBIIOIOTHh Y OOKETHI CTLIBHUKOBI
doTorenedonmu.

Marpuiisl CBITJIOUYT/IMBUX €JIEMEHTIB HE TUIBKHM caMa CKJIaJIHa ¥ Halgopoxda
netanb 1udpoBoro ¢oToamapara, ajge W cama ypasziuBa. BoHa migjgaHa CTapiHHIO
(eJIeKTpOXIMIYHOMY 3HOIIYBAaHHIO) 1, SIK HACTIJOK, 3MiHaM CBITJIOYYTJIMBOCTI, a
TaKOX, SIK BUIHO, BUXOY 3 JIaJTy OKPEMUX OCEPENKiB. SIKIO Ha MPUPOIHE CTAPIHHS
MaTpHIll BIACHUK (hoToamapata HE MOXE BIUIMHYTH HISK, TO MOXJIUBICTh yOepertu
CEHCOp BiJl HEOAKAaHMX BIUIMBIB HABKOJMIIHLOTO CEpEIOBUINA U, TUM CaMUM
IPOJOBXKUTH TEPMIH CTy>k0u (hoTOanapara B IJIOMY, Y HbOTO €.

Ak Oynb-sIKMil CKJIaJAHUN EJIEKTPOHHUHN MPUCTPIM, IO CKIAJAEThCs 3 Oe3midi
MIKPOCKOTIIYHUX  €JIEMEHTIB, ceHcop LHudpoBOi KaMepu OOIThCA  PI3KHUX
TEMIIEPATypHUX TIepernajiB, IpU SKUX Y MaTepianai MiAKIaAKA W TUTIBKOBUX IIapiB
OonNTUYHUX (UIBTPIB BUHUKAIOTH BHYTPIlIHI AedopmMaliii, a Ha TMOBEpPXHI CeHcopa
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YTBOPUTHCS KOHJEHcAT. SIKIIO IUIIBKOBAa Kamepa, OCOOJIMBO MEXaHIuHa, 3/1aTHa
MpaIioBaTH TMpU Jy)KE HU3BKUX TeMmIeparypax, TO HUGPOBHM QoToamapaT mnpu
HETaTUBHUX TEMIIepaTypax mpamioBatd He Oyxae. [lo-mepiie, HaBITH Ha JIETKOMY
MOPO3i CeHCOp MU(PPOBOT KaMEPH MOXKE 3MIHUTH CBITIOYYTIMUBICTh YOIK 3MCHIIICHHS.
[To-npyre, 300paskeHHsT Ha BOYIOBAaHOMY KOHTPOJIBHOMY JHWCIUIEI CTaHE 3aHAaJTO
CBITJIUM 1 MaJIOKOHTPACTHHM, 100 KOPHUCTYBATHUCS NUCIUICEM SK Bupomrykad. [lo-
TpETe, MOCTPAKIAIOTh €JIEMEHTH >KUBIICHHS (JIITIEBI aKyMYJIITOPU TPH TEMIIEpaTypi
MiHyc 10 rpaayciB MOXKYThb ITOIIPOCTY BUOYXHYTH).

Akmo BUHHMKAaE HEOOXIJIHICTh 3HIMATH HUGPOBOIO KaMEpPOW TNPH HHU3bKUX
TeMIlepaTypax, BapTo noadatu mpo HaaiiHuil 3axuct ¢dotoamnapara. Kamepy Bapto
TpUMATH B TEIUI, IMiJ BEPXHIM OJSITOM, BHiiMarouum (oroamapar ajs 3HOMKH U
BiJIpa3y XoBarouu oro mij uryOy ado nmanbTo. PoboTa 31 mratuBoM abo HEKBAILIMBE
KaJpyBaHHS BHUKIIOUAIOThCSA. Y KpallHbOMY BHIIAJIKy BapTO CKOPUCTATUCS
YTEIUICHUM XYTPSHUM a00 TKAaHEBUM YOXJIOM. AJle TIpH IIbOMY Tpeba mam'sTaTu, 1o
OCTHIJIa KaMepa MpU MepeMillieHH] B TeII0 (HaBiTh Mij 11yOy) BiApa3y MOKPUETHCS
KpamenbkaMu BOJIOTH. [3 3amep3ioi kamepu Tpeba HETailHO BHUIAINTH EJIEMEHTU
YKUBJICHHS a00 aKyMyJiaTop 1 3a0paTu oToamapar y 40XoJ JO TOrO MOMEHTY, MOKH
TEeMIIepaTypa HE BHUPIBHAETHCA. Y TMPOTUBHOMY BHUIIAJIKYy Ha IMOBEPXHI CEHCOpa M
JiH3aX 00'€KTHBAa MOXXYTh YTBOPUTHUCS Kparull BOJIOTH, sIKI MPUBEAYTh IO KOPOTKOTO
3aMHUKaHHS eJIEKTPUIHUX KiT KaMepH W 1HIIUX HETIPUEMHOCTEH.
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Tema 17. IOJAHHSI CAUTY

VY nmauiit nekuii po3risiAaloThes Pi3HI BUAM PYXY: 3MEHIICHHS MIBUIAKOCTI PYXY,
JOIABaHHs MPUCKOPEHHS W KOJIMBAHHA PyXY, IMOKAAPOBUM PyX. Tako)K ONUCYIOTHCSA
MO>KJIUBOCT1 KEpyBaHHS PyXOM, IPUBOAUTHCSA HAaBYAIbHUN TTPUKIIA].

17.1. Pyx

Onniei 3 ocHoBHUX ocoOnuBocTeil Flash € MoxuBICTh pyXy 00'€KTiB; 00'€KTH,
IO pyXaroThCs, MOXKHA JI0J]aBaTH JI0 BChOTO, IO CTBOpIOeThes B Flash. V miif nexii
MU PO3IJITHEMO JiesiKi 31 croco0iB cTBopeHHs B Flash MX pi3Hux Tumis pyxy.

JlesskuM yuTavyaMm 1l TPUHIMIN BXXE MOXKYTb OyTH 3HAMOMI, OJTHAK MH TaKOX
Oynemo BuBYatu HOBI MOxJMBOCTI Flash MX, o no3BossitoTh 3a0e3mneuyBatu pyx
HAWOUIBII TPOCTUMU M e(PEeKTUBHMMH MeTOAaMH, HDK 1e Oyso koiuck. I[1[o0
MPOJIEMOHCTPYBAaTH THYUKICTh Flash, po3risiHeMo Kinbka pi3HUX TUIIB pyXYy, 11O BH,
MOXJIMBO, 3aX0TUIM O I0JIaTU Y CBO1 MPOEKTH, a TAKOXX CIIOCOOU HOTO 3aCTOCYBaHHS.
[noat Mu Oynemo BHKOpUCTOBYBatu ActionScript ajig oAep>KaHHA HACTYIIHUX THIIB
pyxXy: _

o 3MEHIIICHHSI: 3MEHIICHHS MIBUAKOCTI PYXY;
o CBIHT: JIO/JIaBaHHSI IPUCKOPEHHS 1 KOJIMBAHHA PYXY;
o IOKQIPOBU pyX: JOCATHEHHS PyXy 3 BUKOPHCTAHHSM KaJIpiB.

CroyaTky pO3IJIIHEMO, SK MOXHAa BHUKOPUCTOBYBAaTH Il THUIU PYXy JJIs
nepeMimieHHs 00'eKTiB 31 CliJIoM BiJ pyxy 1o ocsix X 1 Y. Takox o00opoTHUM yBara
Ha Te, SIK 3aCTOCYBATH IIeH pyX JI0 1HIIMX apaMeTPiB, TAKUM SIK po3Mip 00'e€KTa.

Kpim camoro pyxy, Mu pO3IJISHEMO Pi3HI CHOCOOM 3aCTOCYBAaHHS PyXy 3a
nomoMororo  ActionScript: SK BHUKJIMKAaTH pyX KIAlAaHHSAM MUII 1 SIK Kpalie
MiATPUMYBATH PyX, TOOTO SIK TOYATH KOTO 1 SIK 3aBEPIIUTH.

Hapemiti, 3ynuHMMOCS Ha HaBYaJIbHOMY MPUKIAAl, IO MICTUTh KUIbKa
KApTUHOK, 110 3'SBJISIOTHCS B 00J1acTi MeperisAy Npu KiamaHHi Ha kHomi. [Tigxoau,
OMKCaHl y BOpPaBl, MICTATh y cOO1 CTBOPEHHSI Macku 3a AornoMororw ActionScript, a
TaKOXX TUHAMIYHE 3aCTOCYBAaHHS KHOIKH.

Otxe, xapTy yoik! [TouHeMo 3 po3risiy MOKaIpOBOTO PyXYy.

17.2. 3MeHIIEeHHS BUIKOCTI pyxy

[lTepmmm TuUmmOM pyxy, Tmpo sIk€ MU O XOTUIM PO3MOBICTH, € 3MEHIICHHS
IIBUJKOCTI PyXy: OO'€KT CIOYATKy PYXAEThCS JOCUTh INBUAKO W TIOCTYIOBO
BIIOBUTLHIOETHCS, TIOKHM, HAPEIITI, HE 3yMUHSAEThCSA Jocsarimm MmeTu. el tunm pyxy,
IMOBIpHO, HaWOUIBII TPOCTHA y peamizaimii — TOTPIOHO 3'CyBaTH, SIK JaJIEKO
nepedyBae 00'€KT Bil METU U TOTIM TEPEMICTUTH OO'€KT 10 METH, PO3AUIMBIIN
nucTaHIlio Ha yactuHi. OTxe, SKio 00'ekT nmepedyBae Ha BifacTaHi 100 mikcemiB Bif
KIHIIEBO1 KpamKku, MU MOKEMO MEPEMICTUTH MOTO Ha IMOJIOBUHY II1€i B1JICTaHI, MICJs
4yoro BiH Oyje B 50 mikcemnsx Bij MeTH, najii — B 25, motiMm B 12,5 1 Tak gami. Pyx npu
IbOMYy OyJle TIJIaBHMM; a/PK€ MM 3BHUKJIM CIIOCTEPIraTH MOCTYIOBY 3 00'€KTIB, a HE
NepPEepUBYACTI PYXHU.

Ha mantonky Hmk4ue JaHuN pyX MOKa3aHWM y Jii, IPUYOMY KOKHA JIIHIS SIBIISIE
co6or0 kajzip nepeMiiieHHs 00'ekta Ha 200 mikceiB.
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3 KOKHUM KaJIpOM BiJICTaHb O0'€KTa 10 METH CKOPOUY€ETHCS HAMOJIOBUHY. Y
kazapl 1 o0'ext nepemimaersest Ha 100 mikceniB, y kaapi 2 — Ha 50 mikceniB, y Kaapi
3 — Ha 25 mikceniB, motiM Ha 12,5 mikceniB, noTiM Ha 6,25, moTiM Ha 3,125 1 Tak gaii.

PosrnsHemMo mnpakTUYHE 3aCTOCYBAaHHS I[LOTO PYXYy, CTBOPUBIIM OO'€KT, MIO
BUIUIMBAE 3a MUIIC0. Hiuoro HOBOro i IiKaBOro B IIbOMY Hi, ajie Hallle 3aBJaHHS —
po310paTucs B MPUHIIUII PYXY.

17.2.1. CtBopeHHs KJinmy 3i 3MeHIIEHHAM HIBUIKOCTI pyXy

1. Biakpuiite HoBuit Qaitn Flash 31 3HaueHHSIM pO3IMIUPEHHS 32 3aMOBYYBaHHSIM
(550x400). B Property Inspector ycranoBute Kojip Tjia Ha OUIMI 1 4acTOTy 3MIHU
KanpiB Ha 3HaueHHs 31 kamp y cekyHay. (Mu OyaemMo BHKOPHUCTOBYBATH IIi
HaCTPOIOBaHHS 3aBXk/M MpU cTBOpeHHI (ainy Flash y miit vactuni kHurny. )

2. Hamanroiite 4opHe Kojo, mepeTrBopiTh Horo B cumBoin kiimy (F8) 1 motim
MPUBJIACHITH KIIIITY M.

3. Bigkpuiite Property Inspector i mpuBnacHiTh iHcTaHcy* kiimy iM'st 'ball_mc'.

Mu BukopuctoByeMo cygikc '_MC' B iM'i BIANOBIAHO 10 BCTAHOBJIEHUX
Macromedia nepeTBOpeHHSIM iMeH. BUKOpUCTaHHS LbOTO MpaBujia Mae /Bl IEpeBaru:
no-nepuie, e J0MoMarae Biipi3HATH Pi3HI TUIIK 00'€KTIB y KOJI, a MO-Apyre, Y TaKUii
croci0 3a0e3neuyeThesl MosBa IMAKA3KU B KOA1 MOTPIOHOTO TUIY MPH YBEACHHI KOTY
B CEPEIOBUIII PO3POOKH.

Mu nipopo6usiu ocHOBHI Jiii. Tenep mormOumMocs B mpoiiec poooTH.

4. Tomy mo B OUTBIIOCTI BUMAJAKIB Kpalle MICTUTH Aii B OKpEMOMY IIapi Bif
HITIOTO BMICTY, JTOJATe HOBHI Map Mia MOTOYHUM mapom. Kpaire 3aBxnu naBatu
iMeHa BCiM BUKOPHCTOBYBaHHM ImapaM. Hammi miapm mm Ha3Baiau mpocto Circle i
script.
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5. BubepiTh mepmmii kagp nepuioro mapy d BiAKpuiiTe mnaHenb Actions.
KnanHiTh Ha ManeHbKOMY O110My 3HA4yKy MapaMeTpiB y MpaBoOMY KyTl HaHem U
nepeKkoHaeTecs, 1O BiA3HaueHo mnapamerp Expert Mode. Kpamum cnoco6om
HIBUAKOTO O3HAMOMJIEHHS 3 KOJIOM € MOro BBEJCHHS, 11€ MOKEe OyTH HENIPUEMHO, ajle
KOPHCHO.

6. Orxe, nepeizemo a0 koay. Ham motpiOHO 3acTOoCyBaTH MOAI0 O HAIIOTO
¢biapMy, 0 y KOKHOMY KaJIpl TEpeBipsie, Ae nepedyBae MOKKYUK MUIII, 1 MOTIM
nepeminiaeThes 3a nuM nokaxkuukoM. B Flash 5 e npoctimie Bcroro 6yso 6 3podutu
BUIUICHHSIM (QiTbMy ¥ MpUKpimIeHHIM 10 Hboro noxii onClipEvent (enterFrame).

3aBngku HOBIiM 00'exTHIN Mozeni, B Flash MX niporo mosxHa 01y1bIiie He pOOUTH.
Mu wmokemo nuHamiuHO mpHKpirmroBaT moxaii ClipEvents mo ¢imemiB, 1o
J03BOJINTh BCbOMY a00 Maif’ke BChbOMY KOJYy IepeOdyBaTH B OJHOMY MICIIi, a TaKOX
J03BOJIUTH MAHIMyJIIOBATH IIUMH MOIISIMU TIiJ1 YaC BUKOHAHHS, HATIPUKIIA]], BKIIOYATH
1 BUKJIFOYATH iX 200 3MIHIOBATH SIKYy-HEOYb (YHKI10HATIBHICTb.

Lle nocsiraeTbcs 3a TONOMOTOK MPHUCBOEHHS (PYHKIII KEPYyHOUOMY EIEMEHTY
bimemy oOnEnterFrame. Sxmo ¢inebM Mae (QyHKIIIO, NPUBIACHEHY 10 WHOro
Kepyrouoro enementa OnEnterFrame, To Bin mopas Oyje BUKOHYBATH 1110 (DYHKIIIIO.

VYBeniTh HACTYMHUN KO y Kaap 1 mapyrouu SCript:

ball_mc.onEnterFrame = function() {

this._x += (this._parent._ xmouse-this._X) /4 ;
this._y += (this._parent._ ymouse-this._y) /4;

}

[leli ko crmoyaTKy CTBOpPIOE (YHKIIIIO, L0 MPHUBIACHIOETHCS KEPYIOUOMY
enemeHty OnEnterFrame ¢inemy 'ball mc'. Kox ui€i ¢ynkuii crnovarky 3'siCOBye,
HACKIJIbKH JaJIeKo TiepedyBae 00'€KT BiJl MOKaKYMKA MUIII, 1 TOTIM JIOJ1a€ YBEPTh i€l
BiJIcTaHl 10 mo3ulii giapMy. SKkmo BaMm motpiOHO Oyso O HamucaTu 1EeW KOJ, Tak
CKa3aTH, CBOIMHM CJIOBaMH, TO BHMILIO O HAcTymnHe: "OOUMCIUTH PIZHUIIO MIXK
MO3HITISIMA TTOKKYHMKA MO OcsaX X 1 Y, MOTIM 30UIBIIUTH MO3HUIII0 X Ha YBEPThH
I[LOT'0 3HAYEHHA".

7. 30epexere Bam ¢inbM y daitni ball motion_01.fla i mporectyiire fioro.

Bu moGaunte, mo o0'ekT Tpeba 3a MOKAKYMKOM MHUII, TaK CaMO SK MH
MOKa3yBajJM Ha BUXIJHIM Aiarpami: CoyaTKy OO'€KT pyXaeThCsl HIBUIKO, a MOTIM
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fioro mBUAKICTH 3MEHITY€eThCs. Ha mboMy eTami Mae ceHe crpoOyBaTH 3aCTOCYBaTH
1HIIT 9rcnia 3amicTh 4, o0 modadnuTh pi3HI pe3yabTyI0Ul 0COOIMBOCTI pyXy. SKIIO
BU 30MpaeTecs MPaIoBaTy 13 UM TUIIOM PYyXy, BU TIOBHHHI 3HATH, SIK BIUIMHYTH Ha
HbOTO. AJle, Hacamriepea, BaM BapTo 3abpaTu umciio 3 (QyHKIT ¥ 3poOUTH HOTO
3MIHHOI, KOTpa J03BOJHUTH 3aCTOCOBYBATH Pi3HI YKciia HeOaraTo mBHIIIIE.

17.2.2. JlonaBaHHs1 3MiHHOI IIBUAKOCTI pyxy

[Ilo6 Oymno Jjermie MIiHATH MIBUJKICTh pyXy oO0'ekTa y BamiiM (piabMi, J0JalTe
3MIHHY HIBUJKOCTI (4UM MeHIIe OyJe 3HA4eHHS, TUM IIBUIIIE OyJe pyXaTHcs
00'eKT).

1. BukopucroByroun Ti k MOMepeHi 1ii, Mo ¥ y monepeaHix IpuKiiagax,
3a J0MOMOTOI0 TaHeni Actions JojaiiTe HacTymHUW Kona y Kaap 1 Bamioro mapy
script:

var speed = 4;

ball_mc.onEnterFrame = function() {

this._x += (this._parent. _ xmouse-this._X)/speed,;
this._y += (this._parent. _ ymouse-this._y)/speed,;
Y

3BepHITh yBary Ha Te, 1m0 ycepeauHi ¢yHkimii onEnterFrame crnoso 'this'
MOCHITa€ThCsl Ha (iibM, siKi BM Ha3Bayu ball mc, ToMy HaBiTh mpu 3BepTaHHI 10
3MIHHOT MIBUAKOCTI 3 QyHKIT moTpiOHO BBoauTH this.parent.speed, o0 BUBUTHCS
Ha TiM piBHI, Ha sikomy TiepeOyBae dimbm. PiBenn root level e piBaeMm, Ha skomy
BU3HAYCHA 3MiHHa Speed.

2. 36epexere Barr diasM sk ball motion 02 speed var.fla i 3anmycTure #ioro.
Pyx BigOyBaeTbcs B Takul ke crociO, OJJHAK TETep Jerime BHECTH 3MiHa B KOJ.

17.2.3. Inimiagizamist pyxy KJIanaHHAM MUIIi

Tenep Mu 3Ha4HO 3MIHUMO KOJI, 100 (17IbM MepeMimiaBcst B Oyb-gKl MiCLs, A€
KOPUCTYBau KJIAllHE MUIIC0. AHAJIOTIYHO TOMY, SIK MU MPHUBJIACHIOBAIM (PYHKIIIIO
onEnterFrame ¢inbmy, Mu MoOxkeMo mpuBIacHUTH oMy ¢yHKuiro onMouseDown.
s ¢ynkuis Oye BUKOHYBAaTUCS MPU KOKHOMY HAaTHCKaHHI KHONKH MHILI B Oy/b-
AKOMY MICIII Ha TOJOBHOMY (QinbMi. OTXe, KOJIM KOPHCTYBay KIAlla€ MHUIIEIO,
MOTPiOHO CMOYATKy BCTAHOBUTH TO3UINI e (iapbMy Ha MicCIie po3TallyBaHHS
KJIallaHHS, a TOTIM BUKOHAaTH (yHKIit0 ONENterFrame mist mepemiiieHHs Ha IO
MO3UIIO:

1. BuUKOpUCTOBYIOUM HACTpPOIOBaHHS KaJApy, 3aCTOCOBAaHI B MOIMEPEAHIX
MPUKIaJaX, CKOpUCTalTecs MmaHeo Actions AJis JOJaBaHHS HACTYIMHOTO KOAY B
kazap 1 mapyroun SCript:

var speed = 4;

/I set up target variables

ball_mc.target =0

ball_mc.target =0
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ball_mc.moveToMouse = function() {
this._x += (target-this._x)/speed,;

this._y += (target-this._y)/speed,;

Y

triggerMotion = function() {
/] reset target variables on click
target = Xmouse;
target = _ymouse;
/I set the movieclip in motion
this.onEnterFrame = this.moveToMouse;

}

ball_mc.onMouseDown = triggerMotion;

Mosxna OauutH, mo el ActionScript KapJuHaIbHUM 00pa3oM BIJIPI3HIETHCS
Bii mnomnepenHboro ActionScript. SKmio paime MU TpUEAHYBaIU (DYHKIIIIO
0e3IocepeIHbO 10 Kepyrodoro enxementa OnEnterFrame, To uporo pasy Mu cnodatky
BU3HaYaemMo (QyHkmito moveToMouse, 1 mpu KIalaHHI MUIIEI BUPAKEHHA
this.onEnterFrame yka3ye Ha 110 QyHKIIit0 i BUKIHKAE i1 B KOXKHOMY Kajpi. DyHKIIis
caMa 1o co0l Mpairoe Tak caMo, SIK 1 KOJIMCh, 32 BUHSATKOM TOTO, IO MEPEMIIIECHHS
B1IOYBAa€ThCS HE Ha TO3MIIIO MOKaXYMKAa MUIII, a HAa 3HA4YCHHS 3MiHHHX target i
target, mo € 3MIHHUMHU MICISI PO3TAlllyBaHHS MOKKYMKA MUIII, 3HAYCHHS SKUX
BU3HAYAIOTHCS MIPU KOKHOMY KJIallaHH1 MUIIEI0 KOPUCTYBAUEM.

e miaxin Buriasgae Oupire epeKTUBHUM, TOMY IO IMOTPIOHO JIMIIE OJWH pa3
BU3HAUUTH (YHKIIIIO, a MOTIM aKTUBI3yBaTH ii, yka3aBmu 1jsi Hei OnEnterFrame.
Axmo 3rogom moTpiOHO OyJie BUKIIOUHTH PyX, II€ MOXKHA 3pOOHMTH, BUIAITUBIIN
this.onEnterFrame.

2. 30epexxere Bam ¢iapM y daiimi ball motion 03 click to move.fla i
3aIyCTUTE HOTO.

Bu no6auuTe, 1110 00'eKT nepeMiliacTbCs Ha T€ MICIE, /1€ BU KJIAI[HYJIH MUIIEIO,
1 MOTIM, IIAIIOBIIM A0 I[LOTO MICLISI, IPUITHHSIE CBIA PyX, IO SIBJISIE TAPHUNA NPUKIIA]T
31CTaBJICHHS 3 TUM CIIy4a€MO, KOJIM KYyJIbKa MOCTIMHO BUILJIMBAJIA 32 MUIIIEIO.

17.3. JlonaBanus ciainy Big pyxy o00'exra

OnHuM 3 JOTMOBHEHB, IO 3a0€3MEYUTh YITKICTh PyXy 00'€KTa, € HOTo Ciif, 110
3QJIMIIAETHCS HA TUX MICISIX, /1€ TUIbKU 1110 nepedyBaB (iibM. Y HalIliM BUOAAKY L€
KOPUCHO IJisi PO3YMIHHSI TOTO, SIK IpAaIlO€ CHOBUIBHEHHS PyXy, OJHAK TakKi CIiJIU
MOXYTh 3aCTOCOBYBATHCS TaKOX 1 B 1HIIMX OOcTaBuMHAX: a00 SIK, IO PYyXa€ThCs
3HAUOK, IiJI Yac 3aBaHTaXEHHS Yoro-HeOyab, ab0 K y BHUIUISIAL CBOTO POJIY
PO3MHUTOCTI 00'€KTa, BUKIMKAHOI Horo pyxom. Taki ciiid MOXYyTb OyTH JIETKO
CTBOpEH1 3a JOMOMOro AyIuiikauii ¢iabMy B KOXHOMY KaJpl 3 BUKOPHCTAHHSIM
¢ynkmii duplicateMovieClip. st mboro moTpiOHO JHIE JOAATH PSIOK KONy, IO
3011y € 3HAUE€HHS 00t 1 MOTIM CTBOPIOE TyOJiKaT MOTOYHOTO PiIbMY.
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Jlybonikat mepeOyBae 3a 3aMOBUYBAaHHSIM Ha TIH JK€ MO3UIIII, 110 ¥ BUXITHUM
¢inem. HacripaBai, 1yOmikaT Mae BCl Ti K MapaMeTpu, M0 W BUXIAHUNA (PiTbM, Taki K
alpha, xscale, yscale i t.1., ogHak y Hboro Hemae ¢yHKIiH OnEnterFrame a6o
3MIHHHX, SIKI MO>K€ MICTUTH BuxigHuii pineM. Lle oxue 3 Binminnocteit Big Flash 5,y
SKOMY SIKIIIO CTBOPIOBaBcs MyOmikar (impMy i3 mpuBiacHeHo mogiero ClipEvent,
TaKOXX CTBOPIOBABCA AyOiKaT miel moii, mo BigOyBasocs i Ha ayOmikari (GuibMy.
Mu po3TamoByeMO KOXKHHMM JyOliKaT Ha OJWH PIBEHb BHINE MOMEPEAHHOTO, 32
JIOTIOMOTOI0 JIOJIJaBaHHsI 3MIHHOI TJTMOMHU 71 'TOOU, 3HAYEHHS SKO1 30UIBIIYETHCA 3
KOKHHM KaJI[POM.

DuplicateMovieClip moxHa IHTEpHpeTYBaTH, K BUPOOHHUK IyOJIiKaTiB, 30BHI
1IEHTUYHUX BUX1THUM (piabMaM, Y SIKUX, OJJHAK, HE MOBTOPIOIOTHCS HIAKI 3 BUX1THUX
nii. Y HalnM BUMAJKY, AyOJiKaTH HE BUILIMBAIOTH 32 MOKAXYMKOM MHUIII, a MPOCTO
3aJIMIIAIOTHCS TaM, JIe BOHU OyJIM CTBOPEHI.

1. BukopucTtoByiTE Ti K HACTPOIOBAHHS, SIK 1 B MONEPENHIX MPUKIaAax, 1
nonante HacTynHuil ActionScript y Bain Gpuibm:

var speed = 4;

ball_mc.moveToMouse = function() {
this._x += (this.target-this._x)/this._parent.speed;
this._y += (this.target-this._y)/this._parent.speed;
this.duplicateMovieClip("dupe"+this._parent.depth,
this._parent.depth++);

¥

ball_mc.onMouseDown = function() {
this.target = this._parent._xmouse;
this.target = this._parent._ymouse;
this.onEnterFrame = this.moveToMouse;

}

2. 36epexere dinpm y ¢aim ball motion_04 click for trail.fla. fAxmio
Tenep 3amyCcTUTH (iabM, BU Bijpa3zy nobauuTe, SK Mpalioe g 3, 1 3aMeTere, 1o Le
Jy’Ke CXOXke Ha Te, 110 O0ys10 300pa)KeHo Ha Jiarpami.

o 0o

Start position Target

[Ipu knamaHHi Ha HOBOMY MIiCIll AyOJIIKATH CHOYATKYy CTBOPIOIOTHCA ITOCHUTH
JaNeKo ApyT BiA Apyra, 1 MOTIM CTAarOTh BCl OJIMKYE W Onmskye Ipyr A0 Apyra JOTH,
IIOKM HE TEPETBOPATHCS B MOHOTOHHY KAapTHUHY B KIHIIEBOI Kpamnku. OgHaK 4UCIO
00'eKTIB TyT pocTe, MOKM (IIbM BHUKOHYETHCA, 1, 1100 YHUKHYTH "MiIIaHUHU'",
NOTPIOHO MOCTYMOBO 3MEHIITYBAaTH KOKHUU AyOJiKaT 10 HOro MOBHOTO 3HUKHEHHS. Y
HACTyTHOMY TIPUKJIA1 MU peajizyeMO caMme I1€ IOTIOBHEHHSI.
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17.3.1. 3HuKHeHHS cJiny

[Io6 He 3abuBatH (PiIbM 3aHAATO OUIBIIOI KUIBKICTIO AyOJiKaTiB TOTO CaMOT0
00'ekTa, MU MO’KE€ NPHUBJIACHUTH KOXHOMY JyOJiKaTy CBOIO BjacHy (YHKIIIIO
enterFrame, mio Oynae 3a0e3medyBaTH 3MEHIIEHHs AYyOJiKaTiB 3 KOKHHM KaJpoM 1
MOTIM BUAQISTH 1X IO JOCATHEHHI IIEBHOTO PO3MIpY.

Tomy mo Mu 30upaemMocs TpaIfoBaTH 3 KOXXHUM 3 JIyOJIIKaTiB, Ma€ CEHC
npuBnacHuTH 00'ekTy ball mc #ioro Bnacuy dynkuito duplicate(). Ipusenemo xox 3
BHUJIIJICHUMH HOBUMHU YaCTHHAMH, 1110 BBOASTHCS:

var speed = 4;

ball_mc.moveToMouse = function() {
this._x += (this.target-this._x)/this._parent.speed;
this._y += (this.target-this._y)/this._parent.speed;
this.duplicate() ;
¥
ball_mc.duplicate = function() {
var dupe = this.duplicateMovieClip("dupe"+this._parent.depth,
this._parent.depth++);
dupe.onEnterFrame = this._parent.diminish
¥
ball_mc.onMouseDown = function() {
this.target = this._parent. xmouse;
this.target = this._parent._ymouse;
this.onEnterFrame = this.moveToMouse;
Y
function diminish(){
/I reduce scale gradually
this._xscale = this._yscale-=2;
/lremove movieclip when scale goes below zero
if (this._xscale <=0) {
this.removeMovieClip();
¥
¥

Otxe, mu nomanu Bukiuk ¢ynkuii duplicate() i 3HAYHO 3MIHMIM BUKIIUK
duplicateMovieClip, BunecyBmm Brepen var dupe=. HesBaxarouu Ha Te, IO B
cioBHUKY ActionScript 3a3Haueno, mo duplicateMovieClip He moBeptae HisikOro
3HAYEHHS, HACIIPaB/ll, BEPTAETHCS MOCUIIAHHS HA CTBOPEHUM (PiIbM.

Tyt Mu Opanu 1e 3HaYCHHS W TOMIIIAIM Woro B 3MiHHy dupe. Mu oronocuiu
3MIHHY 32 JIOTIOMOTOI0 BUPQ)KEHHS var Tak, IO 1€ 3HAYeHHsS ICHY€ TUIbKHU ITiJI Yac
BUKOHAHHS (YHKIIi, 1 MO 3aKkiHYeHHI 1ii BHUKOHAHHS BOHO 3HHKA€E Yepe3
HETMOTPiOHICTh.

Tenep Mu moxkeMo BHUKOpUcCTOBYBaTH dupe Al MOCHJIAHHS Ha HAll HOBHI
ayouikat ¢iapMy ¥ st mpucBO€eHHS oMy ¢GyHKIii onEnterFrame, ¢ynkmii diminish,
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nesHoi B _root. ¥ ¢yskuii diminish mu 3menmryemo inkpementn Xscale i yscale 3
KOXXHHUM KaJIpOM, 1 KOJIU BOHU JIOCSTHYTH HYJISI, PLIbM BiIIANII€THCS.

SIkmo 3amyctutd (iIbM 3apa3, Oyne HabaraTo MeHIIe HEemoTpiOHMX (iIbMIB,
TOMY IO KO>KHMH 13 KJIIMIB BUKOHYE Ti [ii, sIKI HOMY 3allpOIIOHOBAHI.

17.3.2. IlinBuienHsi epeKTUBHOCTI

Tenep Bce mpaitoe 4iTKO, 1 KUIBKICTh (DUIBMIB JIEKHUTh Y MEXKax PO3YMHOTO.
OpHak BU, HAallEBHO, MOMITHIIH, IO (LIBM MPOJOBKYE UTH 1 CTBOPIOBATH AYyOIiKaTH
caMoro ce0e HaBITh MO JTOCATHEHH] KIHIIEBOTO MYHKTY. MU HE MOKEMO CIIOCTEPIraTu
pyX, TOMYy IO BOHO J1y’K€ HE3HAYHO, 1 HE MOKHA PO3PI3HUTH AyOJIKATH, TOMY LIO
BOHU NepeOyBalOTh Ha TIM K€ MO3ULIi, N0 ¥ BUXIAHUA 00'exT. Ko moTpiOHO
MEPEKOHATHUCS B LIbOMY, NIEPETIIIHETE 3MIHHI 200 00'€KTH Mij Yac neperysiny GuibMy.
Hawm e notpiOHO 3'scyBaTH, KOJU (P1IIbM JOCATHE KIHLS, 1 TOTIM BUKJIIOYUTH HOTO.
Toit daxt, mo 1ek (UM BIATBOPIOETHCS HECKIHUYEHHO, MOKH HE € MPOOJIEMOIO,
OJIHAaK SKIIO IIel 00'eKT Oyjie BUKOPHUCTOBYBATUCS ISl BIIOOPaKEHHS, HATIPUKIIA,
IMYHKTY MEHIO, /10 TOTO K BUSIBUTHCSI HE €IMHUM, TO YHCIIO BUKOHYBAHUX I MOXKeE
BUSIBUTHUCS 3aHaATO OumbmmM. s 1XHBOT OJHOYACHOI peanizallii 3arpadanocs O
3aHAATO 0arato pecypciB KOMIT'IOTEpa, TOMY AYXKE BAKIWBO MPUMUHATUA OyAb-sKi
CHOBUIBHIOIOY1 pOOOTY Iii.

OTtxe, y Mipy MpOJIOBXKEHHS PLIbMY, MOTPIOHO MEPEBIPATH, YU NIepeOyBa€ BiH Yy
CBOIHM KIHIIEBIM Kpamii, 1, SKIIO I TaK, 3aBepIIyBaTH ioro. 3gaBanocsi 0, JEeTKo
BU3HAYUTH, UM € MO3ullig (iapMy X piBHOI mosuiii ¢inemy y, 1 T.4. Hacnpasni, y
BUIAJKY 3 JAHOIO 31 HIBUIKOCTI, (DIIbM HIKOJIM HE JIOCATAE CBOET KIHIEBOI METH, a
JINIIE HECKIHYEHHO HaOMMKaeThes 10 Hel JOTH, IIOKM BIJICTaHb HE CTaHe
IpPEeHeOPEKNUMO MATTUM.

K110 MOBEPHYTHCS 10 BUXITHOTO MPUKIALy 00'€kTa, 10 pyXxaerbes Big 0 10
200, 3 po3OMBKOIO KOXHOTO BiJpi3Ka JHCTAHII HA JIBI YaCTHUHHU, TO JJISI KOXKHOTO
Kaapy Oynyts HactymHi mosumii: 100, 150, 175, 187,5, 193,75, 196,875, 198,4375,
199,21875, 199,609375, 199,8046875. lle Ha3uBaeTbcs MNapagoKCoOM 3€HO, IO
MOJISITa€ B TIM, IO AKIIO 00'€KT 3aBXKIU MEPEMINIAETHCS HA TOJOBUHY MOMEPEIHBOT
MUCTAHIIIl, TO BIH HIKOJIU HE JOCITHE METH, BCl HAOIIMKAIOYNChH 1 HAOIMKAIOUKUCEH 10
Hei. ToMy 110 HEMOXJIMBO PO3AUIATH Ha JIBI YACTHUHHU OJWH IMIKCEh, KApTUHKA Oye
3/1aBaTHCS HEPYXJIMBOi, oJlHaK ActionScript bOro He BpaxoBY€. 3aMiCTh TOTO 1100
nepeBipATH, 4u TepedyBae (UIBM y CBOEMY KIHIIEBOMY IOJIOK€HHI, MU OyAeMO
nepeBipATH, 4u nepedyBae BiH MOPyY 31 CBOEK METOIO, 1 UM MEHIIE 3aJlaHOro
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BiJICTaHb MK 00'ekTOM 1 Horo meroro. IIpu migxosai o0'ekTa 0 KIHIIEBOI Kpamku
MOKHA 3yIMHUTH HOT0, BUIAMBIIN Kepyrodnii eeMeHT onEnterFrame.

[TowaBmm 3 HamOro TMOMEPEAHBOTO KOIy, MH J0JaMO HOBY (YHKIIIO
checkDistance mist mepeBipkr TOTO, YM € BiJICTAaHb MEHIIAM, HiK TIEBHE YHCIIO.
®dinpM MOTIM TIepeiiic y CBOE KIHIICBE TOJOXKEHHs, 1 (YHKINS, MPUBIACHEHA
onEnterFrame, Oyae BuwiyueHa. JlomaliTe HACTYmHMM KOJA TMICHS BXE HASBHOI
Mporpamu:

ball_mc.checkDistance = function() {

/I check movieclip is within 0.2 pixels of target

If (Math.abs(this.target-this._x)<0.2 && Math.abs(this.target-this._y)<0.2) {
this._x = this.target;
this._y = this.target;
delete this.onEnterFrame;
}
o

Hacamniepen, y Hac € yMOBHE BUPaKEHHsI, L0 MEpEBIpsi€, Un nepedyBae (piibm
ycepenauHi Binpizka momxkuHoro 0,2 mikcens Bix merm. Y koxi this.target-this. x
MIPE/ACTABICHA BIACTaHb BiJ (UIBMYy 10 METH HO oci X, 1 MU BUKOPHUCTOBYEMO
Math.abs nmnst mepeTBopeHHS 1LOTO 3HAYCHHS B IMO3UTHBHE, TOMY IO Oaifmyxe,
npaBopy4 a0o JiiBopy4 nepedyBae PpiibM BiJ] KIHIIEBOI Kpanku, TOOTO Mix -0,2 1 +0,2.
Hapermri, y ¢ynkiii moveToMouse mu gogaemo Bukimk ¢yHkiii checkDistance:

ball_mc.moveToMouse = function() {

this._x += (this.target-this._x)/this._parent.speed;
this._y += (this.target-this._y)/this._parent.speed;
this.duplicate();

this.checkDistance();

}

BukoHaHHS 1IHOTO KOy TMPHUBEIE IO TOTO X pe3yibTary, MO0 W y BUMAAKY 3
nonepeaniM Qaitmom. OmgHak skmo BuOpatn komanay Debug>List Variables y
pexumi Test Movie micist 3akiHU€HHS PiIbMYy, BU OOA4YMTE, 10 TyOJIIKAaTH BIACYTHI,
i ¢imem ball_mc ve mae dynkuii onEnterFrame. [lo BeaukoMy paxyHKy, y HallliM
¢b17pM1 HIYOTO HE BiIOYBA€THCA - BIH MPOCTO TMepedyBac uyeKaroyu KJIallaHHS MHUIII,
1100 3aIyCTUTHUCS 3HOBY.

JlaBaiiTe Temep mepenieMo 10 PO3IIILYy TOTO, SIK MOKHa CTBOPUTH TOCTIiiHE,
3aCHOBAHE Ha 4aci, pyx.

17.4. TloxkagpoBuii pyx

[Tounemo 3 ofepskaHHs PyXy 3 MOCTIHHOIO MBUIKICTIO. Bkasxkemo y ¢inabmi, 110
HEOOXITHO TepelTH 13 Kpamku A y Kpanky B depe3 meBHy KiIbKICTh KaJpiB,
MEePEeMINIAI0YUCH 13 KOXKHUM KaJIpOoM Ha Te came BiacTaHb. el Tum pyxXy KOpUCHHIA,
KOJIU TOTPiOHO, 00 MOCh BiAOYBANOCS 3a TMEBHUM MPOMDKOK 4acy. Y IbOMY pyci
BIJICYTHA Ta IJIABHICTb, IO BU CIIOCTEPIraid B METO/I1 3MEHILEHHS IIBUIKOCTI, OJTHAK
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TyT BCl Habarato MpoCTille: HaM BiAOMO, IO OO'€KT JOCSITHE CBOET METU IMICIIs
MEBHOT KIIBKOCTI KaJipiB. JlaHuit pyx BUTIIs1a€ OUTBII COJITHO.

O VB W N -
L J

i [ [ 1 i 1
0 40 80 120 160 200

Biacranp, Ha sKe mepeMImIaeThCsl 00'€EKT, OAHAKOBO y BCiX Kaapax. [Ipoiinena
BIJICTaHb JIOPIBHIOE BCIH BiFICTaHi, IUJIGHOMY Ha YMCJIO KaApiB, Y koMY BUTIAAKY, 200
MIKCENIB IUTMTHCS Ha 5 KaJapiB 1 BUXOAUTh 40 MiKCENTiB HAa KOKHUM KaJp.

17.4.1. IlocTriiina MBUAKICTH

Bu noOauute, 10 B KO)KHOMY KaJipl MepedOpIOeTbCa T€ came BiacTaHb. [
MOYaTKy pyxXy HEOOXiHO 3HATH, HACKILIbLKM TMOBUHEH MEpEeMICTUTUCT (PUIbM, 1
MPOTSrOM CKIJIBKOX KaJpiB L€ NOBUHHE B1AOyTHCA. OOUMCIEHHS BIJICTaHI Ha Kajap
MICTUTH y cOOI1 JIMIIIE PO3MOALI BIJICTAHI Ha 3arajibHE YHCIIO KapiB.

1. IlpopoOiTb Ti 3 KpPOKM, IO W Yy TMONEPEAHbOMY MPHUKIAIl, 1100
MPUTOTYBaTUCS A0 JojaBaHHs ActionScript y maHenb Actions.

2. Orxe, nepeiiiemMo a0 nporpamu. Ham moTpiOHO MPUBIACHUTH 110 HAIIIOMY
¢biapMy, 3a JOMOMOTOI0 SIKOTO B KOXXHOMY Kajipi Oyae BHSBISATUCA MiCIe
pO3TallyBaHHs MOKAKYUKA MHUII, TICAsS 4oro (uibM Oyae mepeMillaTucs B IO
kpanky. B Flash 5 me moxna Oyno 6 jerko 3poOutu 3a JOMOMOTOIO BUJIIJICHHS
¢ineMy i npucBoenns iiomy onClipEvent (enterFrame).

3. Hacammepen, mu BBeaemMo 3MIHHY ISl 30€piraHHs 4Ymciia KaapiB PyXy.
[Totim Mu BcranoBumo ¢yHkiiro onMouseDown mis ball_mc. s dynkmis Oyzae
00YHCITIOBATH 3arajibHy BIJICTAHb IO OCSAX X 1Y 1 MOTIM JUIMTH 1€ YUCIIO HA 3HAYEHHS
3MIHHOI KaJpiB JUisl 3'sCyBaHHS BIJCTaHl, Ha sike Oyne mnepemimartucs QuibM y
KOXKHOMY KaJpi.

4., Mu Takox yBedAemo 3MiHHy-muwibHUK  frameNum, mo Oyne
BUKOPUCTOBYBATHUCS JUIsl BUBHAUEHHS TOTO, HA AKY BIACTaHb MEPEMICTUBCSA (PiIbM —
MU OyneMo JoJaBaTv A0 ii 3HAYEHHS OJAMHUIII0 B KOXKHOMY Kaapi (QiabMy, 1 KOJIH
BOHA Oy/Ie JOPIBHIOE 3HAYCHHIO 3MIHHOI KaJpiB, pyX Oy MPUITUHSATHUCS.

this.frames = 30;

ball_mc.onMouseDown = function() {
this.frameNum = 0;
// calculate how far to move each frame on the x and B axes
this.xStep = (this._parent._ xmouse-this._x) /this._parent.frames ;
this.yStep = (this._parent._ ymouse-this._y) /this._parent.frames;
this.onEnterFrame = moveToMouse;

}
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5. Jlami mam motpibHO Oyme Hamumcatu ¢yHKIiro moveToMouse, mo Oyxae
CIIOYaTKy J0AaBaTH 3Ha4YeHHs XStep 1 yStep, nonaBatu AyOmikaT 1 HOTIM MEPEBIPSITH,
9H JIOCAT BIH CBOET KIHIIEBO1 KPATTKU:

moveToMouse = function () {

/l add the step value each frame

this._x += this.xStep;

this._y += this.yStep;

this.duplicate();
this.checkTime();

}

6. ®yukmii ayOnikaTa ¥ 3MEHIICHHS 1ACHTUYHI THM, SKI MH TUIBKH IO
BUKOPHUCTOBYBAJIU.

7. OcraHHIM JoAaBaHHAM y Hamr kojx Oyme ¢ynkmis checkTime, mo mnomae
OJIMHHMINIO 70 3Ha4eHHs 3MiHHOI frameNum i moTiM mpumuHSE PyX MO JOCATHEHHI
KIHIIEBO1 Kpanku, TOOTO YKciia KaJpiB, 3a3HAYEHOr0 HAaMH Ha MOYaTKYy:

ball_mc.checkTime = function() {

this.frameNum++;
If (this.frameNum == this._parent.frames) {
delete this.onEnterFrame;

}
};

8. 30epexere ¢iapm y daiini frame based motion.fla i 3amycrute #oro. ITpu
BUKOHAHHI IIbOTO KOJYy BH I00AQUMTE, MO TyOJIKATH CTBOPIOIOTHCS OE3yNMUHHO, 1
(b116M O€3MocepeIHbO AOCATAE KIHIIEBOI KPAIKH.

Target!

Target2

Targets

SxicTh pyXy B LbOMY MPUKIAl CUIBHO BIAPI3HAETHCS BiJ TOrO, KOTPE MU
po3riisiHeMO Hmkye. JlaBaiiTe cTynmHemo jani ¥l po30epeMo NPHUCKOPEHHS i
KOJIMBAHHS B HECKJIAJIHUX pyXaX.
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17.4.2. KoauBajabHuii pyx

Ieit Tun pyxy mo cBoeMy eeKTi CXOKUM Ha JIIOAUHY, 1110 O1’KUTh, IPUB'SI3aHOTO
710 €TaCTUYHOrO Tpoca. YSBITh, 110 JIFOJAUHA ODKUThH y HAMPSMKY JO KpaIKH, Yy SKii
3aKpIIJICHU TYMOBHUM KaHaT, 1, MPOOITIIM MMOB3 KpanKy 3aKpillJICHHS, HaMara€TbCs
BTeKTH BIiJ 11 skHaiigam. MovieClip (To6To mroguHa, mpuB'A3aHa J0 KaHaTa),
00YHCITIOE BIICTaHb JI0 METH (Kpalka 3aKpilUICHHS KaHaTa) 1 MOTIM JI0Jla€ YyacTHuHA
I1€1 BEJIMYMHU JO 3HAYCHHS 3MIHHOI MBHAKOCTI. PibM OyJe MPUCKOPIOBATHCS B
Mipy CBOT0 HaOJM)KEHHSA 10 KIHIIEBOI Kpanku (MPUCKOPEHHS JIIOJAMHHU, 10 O1KUTBH), 1
MOTIM, BiJJAJIMBIIUCH B KPaIlKH, MOBEPHETHCS Ha3aJ, MICIs YOTO IIBUIKICTD PYXY
BIIAJIC.

Y KOXKHOMY KaJpl MU MHOXXHMMO 3MiHHY speed Ha pe3yJbTaT pO3MOILTY IS
3MeHIIEeHHs wmBHAKocTi. Ha rpadiky HuXKYe MOKa3aHO, SIK TPUBAE pPyX MIiCI
MPOXOJIPKEHHS KIHIEBO1 KPallKH, 1 HACTYITHE TOBEPHEHHS 00'€KTa.

-
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[IBuakicTe 00'ekTa 30UIBIIYETHCS B MPOMOPIIT 3 BIJICTAHHIO, Ha SKOMY BIH
nepelOyBae BiJ KIHIIEBOI KpamKW. 3 MaJlOHKa BHJIHO, IO CIOYaTKy BIH CTPIMKO
MPUCKOPIOETHCS, MPOXOAUTH KIHIEBY KpamnKy i MOTIM BEpTAEThCSA Ha3al. AMILTITyAa
HOTO KOMMBaHb OISl METH MMOBUIBHO 3MEHIITYETHCSI.

Icaye 6e3mi4 pi3HUX ePEeKTiB, KU MOXKHA JTOCSATTH 3a JOTIOMOTOIO IIBOTO THITY
PYXY, TOMY 11O TYT 3aCTOCOBYIOTHCS JIBa HACTYIIHI TapaMeTpH.

1. Posmomin BijicTaHi B/l KIHIIEBOT KPAIKH, IO TOJAAETHCS 10 IMIBUIKOCTI.

2. Posmonain, Ha sike MHOKUTBCS HIBUAKICTD A7 11 3SMEHIIICHHS.
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Ocrarounuii eeKT MOke OYyTH y BUIVISAI OYIKYBAaHOTO KOJMBAHHS BIEpE] Ta
Hazaj Ol KIHIIEBOi KpalKu i Habarato OUTbINE IJIAaBHOTO 3HUKHEHHS, a00 eeKTy
P13KOi 3yMTUHKH.

1. Ils BmpaBa OyJe BUKOPHCTOBYBaTH Ti K OCHOBHI YCTaHOBKH, siKi Oyiu
HACTPOEHI paHimre 3 (GiIbMOM, po3MilIeHNM Ha pobodomy micmi 3 iM'sm ball_mc i
OKpPEMHUM MIapOM JJIsl KOAy. MU TakokK MOXEMO BHUKOPUCTOBYBATH JACSIKUM KOJ, IO
OyB 3acTocoBaHmii panime ((PpyHKI1, M0 MEepeBipSIOTh BiACTaHb, IO CTBOPIOIOTH
ciiau # oOpoOHy mojairo mouseDown), ane BiH sBiIsIE COOOO JIMINE caM pyX, 1 HaMm
HEOO0X1JHO 3MIHUTH HOTO.

ball_mc.checkDistance = function() {

If (Math.abs(this.target-this._x)<0.2 && Math.abs(this.target-this._y)<0.2) {
this._x = this.target;
this._y = this.target;
delete this.onEnterFrame;
b
o

ball_mc.duplicate = function() {
var dupe = this.duplicateMovieClip ("dupe"+this._parent.depth,
Kthis. parent.depth++);
dupe.onEnterFrame = this._parent.diminish

}

function diminish(){
/I reduce scale gradually
this._xscale = this._yscale-=2;
/lremove movieclip when scale goes below zero
if (this._xscale <=0) {
this.removeMovieClip();
}
}

ball_mc.onMouseDown = function() {
this.targetx = this. parent. xmouse;
this.target = this._parent._ymouse;

this.onEnterFrame = this.moveToMouse;

}

2. €nuue, mo HaM mOTpiOHO Aomatu, me GyHkiis MoveToMouse, 3MiHHI
MBUJAKOCTI U T.4. CrioyaTky HEOOX1JHO BU3HAYWTH JBa HAIIMX MapaMeTpH, SKI MU
Oynemo HasuBaTu acceleration (mpuckopenss) i friction (koawBaHHS). YCTaHOBUMO
U1 HUX 3HadeHHs 12 1 0,8, He3Baxarouu Ha Te, 110 B Hac Oy/1e MOXKJIMBICTh 3MIHUTH
iX mi3Hime I8 AOCSITHEHHs pi3Hux edekrtiB. [omaiiTe 11 ABa PSAAKH Tepen
BU3HAYEHHSIM (YHKIII1, y BEpXHIN 4aCTHUHI KOY:

var acceleration = 12;
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var friction = 0.8;

Otxe, acceleration Oyne 3HAYECHHSIM, Ha SK€ MH JUIMMO BIACTaHb TEpe
J0JTaBaHHSIM HOTO IO MIBUAKOCTI Hamoro ¢iabMy, a friction Oyme 3HaYeHHSAM, 110
MHOXHUTBCSI Ha IIBHJAKICTh KOXXKHOTO Kaapy OAWH IO OJHOMY IS 3MCHIICHHS
IIBUAKOCTI PYXY.

Mu mnpopoOumMo koA pyxy MO OCl X MepeA AOoJaBaHHSAM HOTO y (yHKIO
moveToMouse.

3. Hacammepen, Mu CTBOPMMO THMYAcOBY 3MIHHY JjIsi 30epiraHHs BiJCTaHI
MDK HammMm (PUIbMOM 1 KIHIIEBOIO Kparkoro. HacTymHuit ko mnpusHauyeHU s
dbyukiii moveToMouse.

var xdif=this.target-this._x;

4. TlotiMm MU J0oAaMo pe3yJbTaT PO3MOJAUTY I[HOTO 3HAYEHHS 0 HAIIOro
3Ha4YeHHs XSpeed (3MiHHa, 110 MPEICTaBIISIE MBUIKICTH PiIbMY IO OCi X):

this.xspeed+=xdif/this._parent.acceleration;

5. Tlorim wmHOXHMMO 3MiHHY Speed Ha 3MiHHY friction misi 3MEHIICHHS
MIBUAKOCTI. K0 He poOUTH 1boro, Ham (uIbM OyJe KoJMBAaTHCS OLIs CBOEI
KIHIIEBOI Kparnku, He HaOIMXKalouuch 10 Hei. [{e MHOXEeHHs 03Havae, 10 aMIUTITyAa
3MEHIITYETHLCS 3 KOKHUM pa3oM. SKimo 3a0paTu 1iei psaaoK 3 BUXITHOTO KOy HAIIoTo
OCTaTOYHOI'O Pe3yJbTary, (hUIbM HE 3YNMUHUTHCS HA CBOIM KIHLIEBIA Kpamil, a Oynae
pyXaTtucs BIiepe-Ha3aj Ha Te caMe BiJCTaHb.

this.xspeed*=this._parent.friction;

6. Hapemri, oO6HOBIIEMO (GIIBM, AOJAIOYM 3HAYEHHS WOTO MIBUJKOCTI JO
MOJIOKEHHS Ha OCl X:

this._x+=this.xspeed

Tenep mu noeanyeMo Bce 11€ B o/iHy (dyHKIito move ToMouse, nomgarodn Takox
BUKIUKK AyOmikaTa i checkDistance. Hukue HaBeneHMi MOBHHMI KO MIPOrPaMu, SIK
JIJIsL OC1 X, TaK 1 JjIst ocCl Y-

ball_mc.moveToMouse = function() {

// calculate difference on x and B axes
var xdif = this.target-this._x;
var ydif = this.target-this._y;

/l increment speed values
this.xspeed += xdif/this._parent.acceleration;
this.yspeed += ydif/this._parent.acceleration;

I/l dampen speed values
this.xspeed *= this._parent.friction;
this.yspeed *= this._parent.friction;

// add speed values to x and B properties

this._x += this.xspeed;
this._y += this.yspeed;
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/I create duplicate

this.duplicate();

/I check if the movieclip has reached its target
this.checkDistance();

1

7. 306epexere Bam ¢imeM y daiini swing.fla i 3amycture ¥ioro. Bu mobauunte
eeKT KOJMBaHb, MPUUOMY OO0'€KT Oyae oOepTaTucs Maibke 1O KOJIy HaBKOJIO
KIiHIIEBOT KpaIKu:

3mina 3Ha4yeHp acceleration i friction cunpHO BIUIMHYTH Ha SKICTH PYXY.
[IpoekcniepuMeHTyiTE ¥ CHpoOOYyWTE 3MIHUTH iX, 00 HAOYHO 3PO3YMITH, SK IIi
napaMeTpy MOXYTh BIUTMHYTH Ha PYX.

3arajioM KaxXyud, YAM HW)K4Ye 3HadeHHs acceleration, tum mBuame Oyxae
CTIOYATKy pyXaTucs GuTbM, 1 YiM Oyimkde 10 ofauHHUIl 3HavueHHs friction, Tum OinbIie
¢biapM Oyne KonmuBaTHCA BIEpen Ta Haszad. [leski 3HaYeHHS MOXKYTh 3pOOUTH IieH
IPUKIIAJ] Ty’K€ CXOKMM Ha BUIMAJOK 31 3MEHIIEHHSIM LIBUAKOCTI, PO3IJISHYTHI HaMu
B mepmry uepry. Hampuknan, cnpoOyiite BBecTH 3HaueHHs acceleration = 17; i
friction = 0.4; i 30epexkete Bam ¢iabM y daiimi swing02.fla. PisHur B TiM, 1110 B Hac
€ 3MiHHA, O 30epiraeTbhCcs MiJl Yac TPOXOJDKEHHS KaapiB, 1 (UIbM HE 3MIHIOE
MOMEHTAJbHO HANpsSAMOK CBOTO pyXy, fK 1€ OyJo y BHUINAAKy 3 BHUXIJIHUM
3MEHIIEHHSIM MIBUAKOCTI pyXy, abo pyxoM IO KajapaMm, 1 TOMY Ii 3MIHHU
B1/10YBaIOTHCSI TJIABHIB.

Ile Bce mpailtoe HAJIGKHUM YHUHOM, OJHAK € IIe OJHA JeTajb, Ky MOTPIOHO
3MiHuTU. bepyun A0 yBaru mnomnepeAHid NpuUKIIa] 31 CIHOBUIBHEHHSM pPYXY, CTa€
3p0O3yMiIO, 10 pyX (GUIbMY MOBUHHE OYJIO MPUIMHUTHUCS BIIpa3y MO MPOXOKEHHI
NEBHOI BIJACTaHI BIJ KIHLEBOI Kpamkv, y LbOMY BHUNAAKY (uUIbM, NPUOIHU3HO,
NpOUIIOB OM TMPsIMO HaJ KIHIIEBOIO KpAaIKOK TMEepell MEepeXxoJoM Ha MPOTHICKHY
cropony. lle o3Hauae, mo Ham TMOTPiOHO 3MiHMTH Hamy ¢yHKIiro checkDistance,
00 MBHUIAKICTh QUIbMY Oyja TakoX HMXK4YE MEBHOTO YHCIA, 11100 MOMHUIIKOBO HE
BiJI0OYBaJIOCS PaAalTOBOTO MPUITMHEHHS PYXYy DiIbMY.

Ile 6inpire mpocTUit BUMIAAOK: yce, 0 HaM MOTPIOHO, 11€ BCTABUTH BUPAKCHHS
if y Hamy QyHKIiIO A8 NepeBipKH TOTO, YU € MIBUAKICTH JOCUTh MaJjloi MiCIs
BIIyY€HHS BIJICTaHI B Jllala3oH:

ball_mc.checkDistance = function() {

Il check that distance is within range
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If (Math.abs(this.target-this._x)<0.2 && Math.abs (this. target-this ._y) <0.2) {

Il check that speed is nearly zero
iIf(Math.abs(this.xspeed)<0.2 && Math.abs(this.yspeed) <(0.2) {
this._x = this.target;
this._y = this.target;
delete this.onEnterFrame;
}
}
3

HaBenenwuii Buiie crenapii, mo Brpumyerses B Swing3.fla, rermep 3axuinenuii
BiJ1 OyIb-SKHX Herepea0aueHnX 0OCTaBHH.

Bu Moxere BHUKOPMCTOBYBAaTM 1[I OCHOBHI MPUHLMIKA B PI3HUX CHUTyalllsX,
KOHTPOJIIOIOYM MIBUAKICTh 00'€KTa PI3HUMHU croco0amu. 3apa3 Ha MIBUAKICTD
BIUIMBA€E TOJIOKEHHS KIHIIEBOI Kpamku (LOCh CXOKE€ Ha MarHeTH3M), OJHAK BH,
HaNpPUKIIaJ, MOTJIM O HATUCHYTH KHOIIKY NPABOT0 Kypcopy M oiaTu 5 10 3HA4Y€HHs
xspeed. Ie mepeMicTUTh 00'€KT CHIIBHO BIPABO MEPEa THM, K HOTO IIBHIKICTH Oye
3MEHIIYBAaTHCS 10 MOBHOI 3yITUHKH.

S0 BaM 1iKaBi CIOCOOM CTBOPEHHS IHIIUX THIIB PyXy, PEKOMEHIAYEMO Bam
3BEpHYTH yBary Ha piBHSIHHS 3 Ha caiiTi www.robertpenner.com. BukopucroByroun
11 PIBHSIHHS, BU MOXETE BKa3yBaTH KUIBKICTh KaJpiB, IKUH HEOOXIAHO AJIsi MEBHOI
TPUBAJIOCTI PYXY, 1 (17bM OyJie CIOBUIbHIOBATH CBIM pyX Bia Kpanku A 10 kpanku B.
Ha ponmatok 1m0 1mporo, BM MOXKET€ BHUBUMTH 3aCTOCYBaHHS IIMX pIiBHAHb Ha
www.gizma.com/easing. Skmo Bam mikaBi i piBHsAHHA, Chris Andrade 3
www.fifthrotation.com omny6ikyBaB TOKyMEHT, 1110 ONMKCY€E IXHIN BUBIM, 32 apecor0
http://www_fifthrotation.com/u2/parabolic_ease.zip.

17.4.3. 3mina po3mipiB y pyci

J1o IbOTO MOMEHTY MM PO3TJISAANH Pi3HI TUIM 31 CTOCOBHO JI0 PYXY IO OCsX X i
Y, OJHAK BHUKOPUCTAHHS IHOTO THUIY pyXy HE OOMEXKYEThCA SIK TITbKA IMMHU
napaMerpamMu. MoHa NEepPEXOINUTH Bl OJHOTO 3HAYEHHS JI0 1HIIOMY i CTBOPHOBATH
pPyX, 3aCHOBaHMM Ha 3MiH1 PO3MIpIB 00'€KTIB.
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VY naHiil BnpaBi MU peali3yeMO TPYXKHHH PyX, IO TIABKK IO OYyJI0 HaMH
po3rsitHyTe. Mm  OymeMo  BWU3HAYaTH  KOOPAWHATH  KIIAIIAHHS —~ MHUII |
BUKOPHUCTOBYBATH iX JJIsI BUSHAUEHHS pO3MIpY, IO Oyje MpuilMaT Hall (QiIbM.

1. CrBopite ¢aitn i3 ¢iapbMOM y Takwii e Cmocid, fK 1 B MONEPeaHiX
npuKIaaax, 3 im'sm gimemy ball_mc, ane mporo pasy posramyere (iabM, yKa3zaBIH
sHadeHHd X = 2751 Y = 200 (61151 cepenuHu poOOYOTO MICIIA).

P ———— o e A 5 % e A Tt T T T S WG P il 8} VT WD

I Movie Clip .'_I | Instance of:

lal_m-:: | Swap... ]

w: [#00 x[z7e0

H 40.0 b I/ljn:l 0

—— s - e s Wy e o b e

2.  Mu noyHemo 3 BU3HAYEHHS (1)yHI<u11 mouseDown CknanemMo KOOpJIWHATH
X 1Y nokaxxyumka MUUIl, TOTIM MOMHOKHUMO pe3yJIbTaT Ha /iBa i1 BUKOPUCTOBYEMO
HOro Juisi BU3HAYEHHS KIHLEBOIO pO3MIpy Hamoro ¢uibMy. SKIIO KopucTyBad
KJIalIHE Ha JIBOMY BEPXHbOMY KYTI, PIbM MPUHAME pO3MIp, JOPIBHIOE HYIIIO, & AKIIO
KJanaHHs Oyae B MPaBOMY HIDKHBOMY KyTi, Toai po3mip ctaHe piBHuM 1900, ToOTO
(550+400)*2.
ball_mc.onMouseDown=function(){
this.targetScale=(this._parent._xmouse+this._parent. ymouse)*2
this.onEnterFrame=this.scaleMe

¥

OTxe, MU B3SUTH 11 3HAUYCHHS ¥ 3anucany iioro B 3MinnHy targetScale dinbmy.

3. Tenep Ham moTpiOHO Bu3HauMTh (yHKIO ScaleMe, mo Oyme 3MiHIOBaTH
po3mip GUTBMY 3 IIOTOYHOTO JI0 KiHIIeBOro. I{e poOuThes 3a JOMOMOTO0 JOCITHEHHS
MEBHOI KpPamKu Ha OCSX X 1Y, aHAJOTIYHOTO PO3TJSHYTOMY paHimie. €1uHa pi3HULA
MOJIATAaE B TiM, IO MU OyJeMO 3MIHIOBATH mapaMeTpu _Xscale i _yscale 3amicts X i
_y. Tomy 1m0 Mmu xo4ueMo JopiBHATH _Xscale mo _yscale, Mmu MokeMO TIPOBOJMUTH BCi
OoO0YMCIIEHHSI 3 BUKOPHCTaHHsAM _XScale i moTiM ycraHoBuTH _Yyscale Ha Take X
3HAYCHHS:

this.acceleration = 12;

this. friction = 0.8;

ball_mc.scaleMe = function() {

var scaleDiff = this.targetScale-this._xscale;
this.scaleSpeed += scaleDiff/this._parent.acceleration;
this.scaleSpeed *= this._parent.friction;

this._yscale = this._xscale += this.scaleSpeed;
this.checkScale();

}

[Tepmni Tpu psaku QyHKIIT Taki K, SK 1 paHillle — BOHU OOYUCIIOIOTH PI3HULIIO
MK TOTOYHUM PO3MIPOM 1 KIHIIEBUM pO3MIPOM, 1 PO3pPaxoBYIOTb, HAa CKIUIbKH
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301bIIyeThest ScaleSpeed. IloTiM 3MiHHA MIBUAKOCTI 3MEHIIYETHCS 3a JOIOMOIOIO
MHOJKEHHS Ha KoHcTaHTy friction.

VY HacTynmHOMY pAIKY MU poOHMMO JIBi [Iii, €eKBIBaJICHTHI HACTYITHUM PSIKaM.

this._xscale += this.scaleSpeed;

this._yscale = this._xscale;

Komu Flash BusBisie psaok Komy, aHAJIOTIYHY TOi, KOTPY MU BUKOPHUCTOBYBAJIH
B JJaHOMY TPUKIIAl, BIH MOYMHAE BUKOHYBATH Aii mpaBopyd JiBopyd. Crovatky 10
3MIHHOI IIBHJIKOCTI Joga€Thcsi _Xscale 1 micimsa mporo _Yyscale mpupiBHIOETBCS 10
xscale.

4. 30epexete Bam imeM y daitmi scale.fla i 3amycTure fioro — tenep 00'ekT
Oyne mpuiMaTH pi3HI PO3MIPH, 3aJIeKHO BIJ TOr0, Ha SKOMY MICI BU KJIAIHITH
MUIIEIO.

5. Ocranne, 110 MOTPiOHO 3poduTH, 1Ie AoAatu ¢yHkito checkScale. Bona
OumprI-MeHII cxoxka Ha ¢yHkiiro checkDistance, 3 sikoi Mu Manu cripaBy paHiiie, i
MpU3HAaY€Ha I NEPEBIPKA TOro, L0 PO3MIp (PiabMy OLIbII-MEHII ONM3bKHUI 10
KIHIIEBOTO PO3MIpY, 1 1110 HOro MBUAKICTh MaliyKe JOPIBHIOE HYJIIO:

ball_mc.checkScale = function() {

If (Math.abs(this.targetScale-this. xscale)<0.2) {
If (Math.abs(this.scaleSpeed)<0.2) {
this._xscale = this._yscale=this.targetScale;
delete this.onEnterFrame;

}
}
};

Hes3Baxkaroun Ha Te, 10 MM BUKOPUCTOBYBAJIM IIeH MIAXiJ JIMIIE TSI 3MIHH
po3mipy 00'ekTa, BIH MOYKE TaKOX 3aCTOCOBYBATHCS I 3MiHM napamerpiB _alpha,
rotation a6o Oyab-KO1 1HIIIOT BIACTUBOCTI BalIoro QiabMy.

17.5. KepyBanHsi pyxom

Tenep Bu Bxke HeOaraTo po3OHpaeTecs B TiM, SK MPALIOIOTh PO3TISHYTI
PI3HOMAaHITHI METOJM CTBOPEHHS CIICHapiiB pyxy. Mu mepexoaumMo 10 pO3TISay
PI3HHX CTIOCO0IB KEPYBaHHS PyXoM. MeTo, 10 BUKOPUCTOBYBABCS JOTENEp, Mac Ha
yBa31 BUKOPUCTAHHS YMMAaJIOi KUJIBKOCTI PI3HUX pOOOYMX MiCIlb, @ MM HACTPOIIH MO0
Ha poOOTYy 3 OTHUM (PLIBLMOM.

byno © nabararo kpaime OpaTu Oynb-sKMi MEBHUH (PUIBM 1 CTBOpIOBATH
myMovieClip.slideTo(100,200), m06 ¢inpM Mir mepeMimarucs 10 Ii€i Kpankud i
3YNUHATUCS, 0€3 TOTpeOUu MNpHUBIACHIOBATH (UIBMY BPYUYHY KEPYIOUHMH €JIEMEHT
clipEvent a6o ¢yHKIIir0 IS TEPEBIPKU JOCATHEHHS KIHIICBOT KPAIKH, 1 T.]I.

Jam mMu OyaeMo po3riisaiaTy pi3Hi METOJIM CTBOPEHHS CIIEHAPIiB MOYATKY PyXY
o0'ekta. Mu He OyzieMo BKa3yBaTH Ha TOW a00 1HITUIM TTEBHUI CTIOCIO 1 TOBOPUTH, IO
BIH € HaMKpamuMm, a 3aMiCTh LIbOIO MPOAEMOHCTPYEMO BaM KUIbKa MOXKIIUBOCTEM,
11100 BU MOTJIM BUOMPATH 3 HUX MOTPIOHE JIst pOOOTH 3 BalIMMU IIPOEKTAMHU.
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17.5.1. KoB3auus

1. Biakpuiite HOBHM GUIbM 1 PO3MICTHTE Ha POOOYOMY MICIl 1HCTaHC
ball_mc.

2. Ilepme, mo MU 3poOMMO Ha OKpEeMOMY IIIapi CIIEHApiiB, I J0JaiMO
Bukiauk (yukmii slideTo, mo Oyme BHKOHYBATHCS IIOpa3 MPU KJAllaHHI MHIICIO
KOPHUCTYBAYECM.

3. Mu oyaemo nepenaBatu ¢yHKIi SlideTO Tpu mapameTpu: MO3HMIIIIO MO OCI
X, TIO3|IIIIO TI0 OC1 Y 1 IIe OHE 3HAYCHHSI, 10 Oy/e BKa3yBaTH IMIBUAKICTh KOB3aHHS:

_root.onMouseDown = function() {
ball_mc.slideTo(this._xmouse, this._ymouse, 4);

o

4. Temep Ham mNOTpiOHO cTBOpUTH Oe3mocepennpo (yHkmito SlideTo, mro
MMOBMHHA OyJie BUKOHYBATH JIB1 OKPEMHUX il

o  ycraHoBmIIoBaTH y (iabMI 3HaUeHHs target 1 target;

o  HaOyJOByBaTH Kepyrouuil eremeHt enterFrame dbiumeMy it 3a0e3neueHHs
MOro KOB3aHHS B HAIIPSIMKY JI0 KIHIIEBOT KPAIKHU.

3amicTh TOro 100 BH3HAYATH IO (PYHKIIIO I OKpeMoro (uibMmy, K Mu
poounu B momepenHix ¢ynkuisx ball_mc.checkDistance, mu mnomictumo ii B
MovieClip.prototype. Bei dynkuii ycepeauni MovieClip.prototype moctymHi piBHOO
Mipoto BciM dimpmam. Bei BOyaoBaHi MeToau ¢inbMiB, Taki sik g0 TOANdPlay, Takox
npucyTHi B movieclip.prototype. Ilpu BuxiMKy ¢QyHKIii BOHa TOBOAUTHCS TaK, HIOH
BOHA OyJa ycepeauHi Qpiiabmy.

MovieClip.prototype.slideTo = function(x, y, speed) {

/I set up targets and speed variable
this.target = x;

this.target = y;

this.speed = speed,;

/I create onEnterFrame function
this.onEnterFrame = function() {
/[ take care of motion
this._ x += (this.target-this._x)/this.speed;
this._y += (this.target-this._y)/this.speed;

Il check if near target
iIf (Math.abs(this.target-this._x)<0.2 && Math.abs(this.target-this._y)< 0.2)

this._x = this.target;
this._y = this.target;
delete this.onEnterFrame;
¥
}
¥
[lepui Tpu psagku QyHKOii OepyTh mapameTpu, sKi il mepenaroTbes, 1
30epiratloTh iX y 3MIHHHMX ycepenuHi ¢inbmy. [loTiM npuBiacHOeTbes (yHKIIISA
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onEnterFrame, mo nepecyBae pibM, a TAaKOXK BUKOHYETHCS NEPEBIpKa JOCATHEHHS
KIHIIEBOT KpaIKH.

o  30epexere Baur ¢aiir mix im'sm issueCommand1l.fla i 3amycTure #ioro. [Ipu
KJIallaHHI MATIe0 GibM Oyjie CKOB3aTH 10 MICIIS KIIaIllaHHS.

o Mu TakoX MOXeMO CIIpoOyBaTH 3aCTOCYBaTH TOM e CaMUi MIAXiJ y ABOX
¢inbpMax - cTBOpUTH Komito BuximHoro ¢inmemy ball_mc i natn HOBoMYy iHCTaHCY iM'st
ball_mc2 3a momomoroto Property Inspector.

o  Ilepersruere incranc ball mc2 nHa poGoue micue K HOTIM BiIKpUITE
naHenb Actions juis 3MmiHd koay onMouseDown, BiAMOBIAHO A0 TEKCTY KOIy,
HaBEJICHOMY HUKYE:

_root.onMouseDown = function() {

ball_mc.slideTo(this._xmouse, this._ymouse, 4);
ball_mc2.slideTo(this._xmouse+19, this._ymouse, 1);
h¢

o  30epexere ¢impM y daiimi issueCommandlb.fla i 3amycTture foro. Bu
3aMeTeTe, 10 APYruil (uIbM NMEepeMINIA€ThCsl 3HAYHO MPaBilIe MOKAXYMKA MUIII U 31
3HAYHO MEHIIIOIO IIBUAKICTIO.

Otxe, Haml (UIBM IpaIioe K Tpeda, OAHAK NpPH OLIbIIE I€TaIbHOMY PO3IIIAIL
OyIyTh BUSBIICHI JI€Kl MPOOJEMH NPHU BUKOPHUCTAHHI JaHOro miaxonay. HaiOinbia
MOMITHUN HEAOJIK MOJISTaE B TIM, 0 Oyab-aKUi (LIbM MOXXE MATH TUIBKH OJHY
¢GyHKIIII0, MPUBJIACHEHY MOro Kepyrwouomy eiaeMeHTy OnEnterFrame: sikmio ¢inesm
y)Ke TNpuOIM3HO MaB (YHKLIIO, TMPUBIACHEHY MOro KEpyrouoMy €JIEMEHTY
onEnterFrame, a mu mpuBnacHuinu Homy iHIIYy (YyHKIO, T€ Apyra QyHKIs Oynue
3amucaHa moBepx rnepiioi. Lle Moxe TpanuTucs, sKio 10 ¢piapMy O0yja0 3aCTOCOBaHO
TUTaBHE 3HUKHEHHS, 301IBIIICHHS pO3MipiB 200 10 SIKUX-HEOY/Ib 1HIINX MPUYHHAX.

[Hmra mpo6yiema mossirae B TOMy, 1[0 MU TIOMIIIIAEMO Y (QUIbM 3MiHHI, TakKi SK
target, target i speed, siki MOXyTh yK€ BHKOPHCTOBYBATHUCS Yy (UIbMi 3 IHITUMH
uiIssMd. BoHn OynyTh TpOCTO 3amMcyBaTHCs TMOBEPX CTapuX, IO BIJAMOBIIHUM
YMHOM BIUTMHE Ha (DYHKIIOHAJBHICTh Q1abMy. He3Baxkaroun Ha Te, 1110 MU 3BUYAITHO
naMm'siTaéeMo 1IMEHa, 10 MPUBJIACHIOIOTHCS 00'ekTam y HamiiMm ActionScript, KOPUCHO
BUKOPUCTOBYBATH 1H(QOPMATHBHI 1 HE 030aBJICHI 3MICTY HAa3BH.

17.5.2. BukopucTaHHsl NOPOXHIX PiabMiB

Tenep posriassHeMO Bce MOTEHUIMHO MOXIIMBI MpPOOJEeMHU, SAKI MOXKYTh
BUHUKHYTH TPU CTBOPEHHI MOPOKHBOTO (UIbMY yCepeauHl Bxke icHyro4doro. Mu
OyZIeMO BUKOPUCTOBYBATH BHYTPIIIHIA QUIbM SIK 00'€KT, y IKOMY NepeOyBaroTh BCI
3MiHHI, 1 BIH OyJie Takox OyTH 00'€KTOM, O KOO MOKHA NMPHUBJIACHUTH KEPYIOUUn
enemeHT ONENnterFrame, ne moGororouKch BUXOY 3 Jady SIKOI-HEOYb MONEpeaHbOi
(yHKIL10HATBHOCTI.

Kepyrounii enementT mouseDown HaOyA0BYy€EMO Tak caMo, SIK 1 KOJHUCH:

_root.onMouseDown = function() {
ball_mc.slideTo(this._xmouse, this._ymouse, 4);

¥
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Tenep namia ¢yukiis slideTo Oyae BurnsgaTh Maike Tak camo, SK paHilie, i
OCHOBHOIO BIIMIHHICTIO € T€, II0 KOJUCh (iIbM ympapisiia cam co0oro, a Temep
¢ineM BUKOHYE ycepenuHi cede meBHi aii. Lle Bumno 13 3aminm 'this' Ha 'this._parent'
npu 1ocTyti abo 3miHi mapametpiB X 1 Y. Ham kepyrounii GpinbM 3A1HCHIOE TOCTYI 1
KEepyBaHHs MapaMeTpaMH CBOTO OaThKIBCHKOTO (iibMy, TOOTO TOrO (QUIbMY, SIKOMY
HEOOX1THO IMepEMIIIaTH.

MovieClip.prototype.slideTo = function(x, y, speed) {

/I create controller movieclip
var control _mc = this.createEmptyMovieClip ("slideControl",
Kthis.depth++);
control_mc.target = x
control_mc.target = y;
control_mc.speed = speed;
control_mc.onEnterFrame = function() {
/I this._parent is the movieclip we're moving
this._parent. x += (this.target-this._parent. x) /this.speed;
this._parent. y += (this.target-this._parent. y)/this.speed;
If (Math.abs(this.target-this._parent._x)<0.2 && Math.abs(this.target-
Kthis. parent. y) <0.2) {
this._parent._x = this.target;
this._parent._y = this.target;
this.removeMovieClip();

}

b

Sk 1 BigHocHo Qyukmii duplicate, cTBOpeHOiI HamMu paHinie, MH
BUKOPUCTOBYBAJIM MOCHJIAHHS, IO TIOBEpTaeThes GyHKiieto createEmptyMovieClip
JUTS 3BepTaHHs JI0 3HOBY cTBopeHoro movieClip. Oaniel 3 MOXIMBHX "MAacTOK" MpH
BUKOPHCTaHHI 11boro mMetody 3 createEmptyMovieClip e te, mo kopuctyBad Moxe
3anucaTt (pUIbM NOBEPX YXKE HAsIBHOrO ycepenuHi. [Ipocriie ropopsiuu, 1e Te, 4oro
MOTPIOHO OCTEpiraTuca Npu KepyBaHHI (HIIbMOM; HEOOXIAHO MATH SIKUHCh MEXaHI3M
BU3HAYEHHS TOT0, HA SIKIM IIMOMHI epe0yBatoTh 00'€KTH i CUMBOJIU. 3a JI0IIOMOTOIO0
BBEJCHHS 3MIHHOI TJIMOMHHU IS KOXXHOI THMYacoBOi1 JiHIT MOXHa e()EeKTUBHO
peanizyBaTd JaHWN 3amoOLKHWM 3axill, 3aCTOCOBYIOUM IIe¥ CIOCiO Imopas mpH
CTBOpeHH1 ¢QuIbMy. 3 IHIIOTO OOKY, MOXKHa OyJi0 O OrojlocUTH TJI00AIbHY 3MIHHY
TJIMOWHU JIJIST BCIX TUMYACOBHX JIIHIN, OJHAK BCE-TaKU Kpallle MaTH OJHY 3MIHHY JUIsI
KOXKHOT TUMYACOBO1 JIiHI1, 100 HE BTpadyaTh KOHTPOJb HAJl 3HAUCHHIMU. 3aJIUIIAEMO
paBo BUOOPY 3a BaMH.

Bu mornu 6 BukopuctoByBatd addProperty ansi aBTOMaTHYHOTO JOJaBaHHS
MIMOWHM 1I0pa3 MpH CcrpoOl JAOCTYIy, OJHAK JOBEJOCsS O poOUTH 1€ JJIsI KOKHOTO
G11pMy OKpPEMO, TOMY CTaTHYHA 3MiHHA, 110 30UIBIIYETHCS HA OAUHUIIO 3 KOXKHUM
pa3oMm, OyJae ONTUMAIBHUM DIMIEHHSM. [HITMM MOXIMBUM TMiAXOJOM MOXE OyTH
[UKJIOBE TMPOXOKEHHSI (IIbMIB IIIJIKOM B OKPEMOMY MiCIl, 1 BHUKOPUCTaHHS
getDepth() y xoxxHOMYy 3 HuX Ui 3'siCyBaHHS TJMOWH, OJHAK 1€ JIOCHUTh
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HEpalloHAJbHUM CIoci0, TOMy 1[0 TyT TMpUKe pOOUTH BeIUKAa KUIBKICTh
HEMOTPIOHMX 3aMUTIB Ha Jii.

30epeskere Bam ¢iapM y daitm issueCommand?2.fla. SIkmio Bu 3anmyctute Giabm
Ha JIAHOMY e€Tami, BH 3aMeTeTe, M0 pyx OyAe NPUMUHEHO MPU IIBUIAKOMY
MOCJTITIOBHOMY KJlallaHHi Muiero. Skmo Bukonatu komanay Debug > List Variables,
CTaHe BHJHO, II0 MPUYMHOIO IIOTO € MPUCYTHICTh OUIBII HIXK OJHOTO 1HCTaHCa
slideControl y mamrim ¢inbpMi — Bci BOHM TPAIIOIOTH 13 Pi3HUMU HanpsiMKaMu. Takum
YMHOM, HaM MOTPIOHO MPHUIyMaTH IIOCh Take, 3a JOMOMOIOI0 4YOoro MoHa Oyne
NEPEKOHYBATUCS B MPUCYTHOCTI B OYyJlb-IKMH MOMEHT 4acy JIMIIE OJHOTO 1HCTaHCa
I[OT'0 KEPYIOYOTO KIIITY yCePEeANH] HAIOTO (HUIbMY.

MosxauBUM pilieHHSAM Iiiel mpoOiaemu € ctBopenHs ayoOmikatis slideControl
mopa3 Ha OJHIM 1 TIH K€ TIIMOWHI, 100 KOJHUIIHIA 1HCTAaHC aBTOMATHYHO
nepe3anucyBaBcsi HoBuM. OJIHAaK Kpale He BUKOPUCTOBYBATH €M MiAXiJl, TOMY IO
BIH MOPYIIyE CXEMYy TJIMOMHU, MPO Ky MU TUIBKH 10 roBopwid. Ha gomarok no
I[HOTO, SKIIO MU BUKOPHUCTOBYBAJIM METO]] KOJIUBAHb ISl 3a0€3MeUeHHS PyXy HAIIOTrO
¢11pMy, HaM 30BCIM HE MOTPIOHO OyJe mepe3anucyBaTH Oy/b-sIKI 3MiHHI IIBHJIKOCTI
ycepeauHi (GuIbMy U nepepuBaTH KOTO PyX; HAM HEOOXiTHE 30€pEKEHHS [INX JaHUX
710 3yNIUHKHU (QLIEMY.

binbmie po3ymMHUM pilleHHSM OyJe IepeBipKka TOro, 4ud € Bke (UIbM
slideControl. SIkmio 1ie He Tak, TO BaM MOTPIOHO Oyje CTBOPIOBATH HOTO, a SIKIIO BiH
y>Ke IPUCYTHIN, TO MOTPiOHO Oyne nepe3anucyBaT 3MiHHI X 1 Y KIHIIEBOI Kpamku i
nozis onEnterFrame.

OO6uaBa miaXoau TPUBEAYTH A0 OJHOTO M TOMY X Pe3yibTaTy. 3MIHEHUH TEKCT
KOy BUJIUICHUN KUPHUM MIPUPTOM:

MovieClip.prototype.slideTo = function(x, y, speed) {

var control_mc
iIf (this.slideControl) {
//if slideControl already exists
control_mc = this.slideControl;
b
else {
/1if slideControl doesn't exist then create it
control_mc = this.createEmptyMovieClip ("'slideControl", this.depth++);
b
control_mc.target = x;
control_mc.target = y;
control_mc.speed = speed;
control_mc.onEnterFrame = function() {
this._parent._x += (this.target-this._parent._x)/this.speed,;
this._parent._y += (this.target-this._parent._y)/this.speed;
if (Math.abs(this.target-this.__parent._x)<0.2 &&
KMath.abs(this.target-this._parent._y)<0.2) {
this._parent._x = this.target;
this._parent._y = this.target;
this.removeMovieClip();
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36epexere daiin mix im'sim issueCommand3.fla i mpu 3amycky ¢ineMy 3BepHITH
yBary Ha Te, 10 Terep BiH MOBOAUTHCS MOTPIOHUM 00Pa30M.

He3Bakatoun Ha TO3UTHBHHUM pe3yibTaT, AAHWM MiIX1JA HECIIPOMOXKHHUU 13
MPAKTUYHOT TOYKU 30py, TOMY II[0 MU HE MOKEMO BHU3HAYMTH MOMEHT, KOJH (PLIbM
Jocsirae CBO€ET KIHIEBO1 MO3MIli. Pyx HacmpaBal NPUNIMHAETHCA, ajle HaM 4acTo Oyje
BUMAaraTuCsi BUKOHATH JiesIKa 1HIIA i MO 3aKiHuYeHH1 pyxy. Ilpunaiimui, Oyno 6
HEIOTraHo 3HaTH, KoJIK (PiIbM mepedyBae B pyci, a KOJIU HEMAE.

Jlns pimeHHs i€l mpoosieMu 3BepHeMocs 10 (PYHKIIT 31 3BOPOTHUM 3B'SI3KOM.
Yce Oyne mpaitoBaTd B TaKHM K€ CIOCIO, SIK 1 JIEsIKI 1HIII KOMIIOHEHTH — BOHU
OyIyTh BUKIUKATH (DYHKIIIO TIPU 3MiHI 3Ha4Y€HHS a00 BiJIHOBJIEHHI SIKUX-HEOYb
nanux. [Ipyu nmpunuHeHH1 pyxy Oyae BUKIMKATHCS 3a3HaueHa Hamu (yHkiis. OTxe,
HacaMIiepesl, MU CTBOPUMO (PYHKI[It0, 110 OyJ€ BUKIMKATUCA MPU 3aKIHYEHHI PyXy
¢11pMy. Y MOMEHT, KOJIH 11€ Oy/1e MOTpiOHO, MOKHA BUBOJIUTHU MTOBIJOMJICHHS Y BIKHI
Output 13 BKa3iBKOIWO 1M'S (QuIbMy, IO 3aBEpIIMB CBIA pyX, IO MH OyaemMo
BUKOPHUCTOBYBATH SIK TapaMeTp.

function slideDone(mc) {

trace("movieClip "+mc+" has finished moving");

¥

3aranoM Kaxydu, Ko pyx (piibmy Oyje mpunuHsTUCA, OyjAe 3/1MCHIOBATUCA
BukianK QyHkiii slideDone B _root. Ilpu Bukiuky ¢yskmii slideTo, Ham moTpiOHO
Oyne momaru nBa inmmx napametpu — callBackObj i callBackFunc. callBackObj e
MICIIEM pO3TalllyBaHHs BHUKIWKYyBaHOi ¢yHKIiI (y [IbOMy BHUIAAKy, _root), a
callBackFunc — im'sim BukiukyBaHoi (QyHKIIi, TOOTO, Yy HaIlM BHMAAKy, (QyHKIIT
slideDone. Otxke, crioyaTky MOTpiOHO A0AaTH B Hamry (YHKIIIO JBa JOJaTKOBUX
napaMeTpHu:

_root.onMouseDown = function() {

ball_mc.slideTo(this._xmouse, this._ymouse, 4, _root, "slideDone");

g

[ToTim Ham Oyne notpiOHO HacTpoith QyHkuUiO slideTo mist podoTn 13 HUMH
JBOMa MapaMmeTpaMu W juis 30epiranus ix y ¢imemi slideControl (3a momomororo
JI0JTaBaHHS KOy, 110 HA TIPHUKJIIl HIDKYE BUIUICHUHN )KUPHUM MIPUPTOM):

MovieClip.prototype.slideTo = function(x, y, speed, callbackObj, callbackFunc)
{

var control_mc
if (this.slideControl) {
control_mc = this.slideControl;
}
else {
control_mc = this.createEmptyMovieClip("slideControl", this.depth++);
}
control_mc.target = x;
control_mc.target = y;
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control_mc.speed = speed;
control_mc.callBackObj = callBackObj;
control_mc.callBackFunc = callBackFunc;
I3

Hapemri, Ham motpiOHO 3'sicyBatH, sk Bukiukata _root.slideDone 3
BuKkopucTaHHsaM aBox 3MmiHHuX CallBackODbj i callBackFunc. Ile nacmpaBmi myxe
MPOCTO ¥ POOUTHCS MPAKTUYHO B TaKHl ke CrociO, sIK 31MCHIOETHCS, HAPUKIIA,
JIOCTYT JI0 3HAY€HHS B MacuBi, a00 JMHAMIYHE CTBOPCHHS MOCWIAHHS Ha PUIbM:

this.callBackObj [this.callBackFunk] (this._parent)

YactrHa Koy Tiepe]l KBaJpaTHUMHU Ty>)KKaMH € MiCIIeM pO3TallyBaHHs (YHKIIi1
(_root). YMicT y KBaapaTHHX AYXKKax 3[IMCHIOE IOIIYK 3HAYEHHS, IO BIAOBIIAE
naHoMmy psnaky (y HamiMm Bumaaky, SlideDone), i moTiM 3Ha4YeHHS B JIyXKKax
nepenaeTbcs y BUMSLAL mapamerpa. llepenane TyT 3Ha4YeHHS € 3BEPTaHHSAM JI0
¢inpMy, 110 MU repemirnainy, Tooto this._parent, our ball_mc. Hama ¢yHskis minkoM
BUIJISIAA€ IPUOIU3HO TaK:

MovieClip.prototype.slideTo = function (X, Yy, speed, callbackObj,
callbackFunc) {

var control_mc
if (this.slideControl) {
control_mc = this.slideControl;
¥
else {
control_mc = this.createEmptyMovieClip ("slideControl", this.depth++);
¥
control mc.targetx = Xx;
control_mc.target = y;
control_mc.speed = speed;
control_mc.callBackObj = callBackObj;
control_mc.callBackFunc = callBackFunc;

control_mc.onEnterFrame = function() {
this._parent. x += (this.target-this._parent. x) /this.speed;
this._parent._y += (this.target-this._parent._y) /this.speed;

if (Math.abs(this.target-this._parent. x)<0.2 &&
KMath. abs(this.target-this._parent._y)<0.2) {
this._parent._x = this.target;
this._parent._y = this.target;
this.callBackObij[this.callBackFunc](this._parent);
this.removeMovieClip();

b
h¢
I3
36epexere Bai pitbM y daiim issueCommand004.fla 1 npu 3anycky GpiabMy BH
nobauwnte, Mo y BikHi Output BimoOpasuthes mosimomutenHs "movieClip_level0.mc
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has finished moving", To0To moBiTOMIIEHHS PO 3aBepIieHHs pyXy (inbmy. Lle Oyae
BiI0yBaTUCA IIOpa3 MpU 3yNUHIN PiIbMy.

Bu wmoxere 3minuTi BMmict ¢yHKiii SlideDone mist 3milicHeHHST Oyab-SKHX
noTpiOHUX BaM niid. Hampuknaza, y Bac Moxke OyTH MacuB, 110 MICTUTH JIaHI IIPO T€,
Akl (piIbMH 3amylieHi, 1 BU MOXET€ BUKOPHCTOBYBAaTH HOTo i 3a0e3MeYeHHS
MMOYaTKy BUKOHAHHS HACTYITHOI CTaJli MPOEKTY TIIBLKH 10 3aBEPIIIESHHI MPOAOBKCHHS
biabMmy.

®ynxiris callback no3Bosisie HaM BUKOPUCTOBYBATH JIy)KE€ BaXKJIMBY MOJIIUBICTh
3BOPOTHOTO 3B's3ka. MM MOXEMO 1HIIIIOBATH IMOYaTOK PYXy (iabMy 0 HEBHOIO
MICIIS 1 3JIMIIIATH TIEH MPOIIeC Ha CAaMOCTiHE 3aBEpIICHHSI, TOMY IIIO IO 3aKiHUEHHI
PyXy BiJI HbOT'O Hajiije BIAMOBIJHE MOBIAOMIICHHSA. HammmMm HacTyNmHHM KpPOKOM
Oyne HacTporoBaHHS (YHKIIII, IO 3MOXKE IOTOJUTHUCS 3 OyAb-IKUMU TOTPIOHHUMH
HaM TapameTpamu, 3MIHEHUMH Yy (iIbMi, miciisg yoro ¢puibM Oyne 3MiHIOBAaTH BCI 1
napameTpH OJHOYaCHO. MU MoBepHEMOCS 0 11€i TEMU B OAHIN 3 HACTYIHUX JIEKIIIH.

17.6. Peanizanis miaxoaiB Ha nmpakTumi

3apa3 NpUNIIOB Yac 3HOBY 3BEPHYTHCS [0 JEAKUM 13 YK€ PO3TISHYTHX
nigxomaiB. Te, Mpo 110 MU TOBOPUIIM PaHIIIe, MOXKE 3[IaTUCS OJHOMAHITHUM, OJHAK
3apa3 MU MPUBEIEMO HECKIIQJHUN MPUKIAJ], 110 BUKOPUCTOBYE €Kl 3 BUBUCHUX
HaMHu crioco0iB. Sk mpukiaa cTBOpUMO cTopinky Flash.

17.6.1. Orasaa4 300pakeHb

Mu mianyeMo CTBOPUTH HaOlp 3 JeKiIbkox doTorpadiit Tak, Mo Mpu KJIalaHHi
Ha KHot1l Gororpadii OyayTh MepeMilIaTUCS 1T MACKOIO W PyXaTUCS TaKUM YHHOM,
110 B KIHIIEBIM 001acTi 3'IBUTHCS TOTPiOHA oTorpadis.

1. Bigkpuiite HoBui (inbM 3 mo3Bosom (550x400 mikceniB) 1 MOTIM B
Property Inspector ycTaHOBUTE 4acTOTy KaJpiB Ha 3HaueHHs 31.

2. Immoptyiite gortorpadii, mo mepedyBaroTh y Qailiax Ha KOMIAKT-IUCKY,
npukiagaenomy jao kauru (001.jpg — 009.jpg), i mepeTBOPITH KOKHUIA 3 HUX Y GLIBM 3
JIBUM BEPXHIM KYTOM SIK KparKa 3aKpiIUIeHHsS, Ha3BaBIIM iX BIAMOBIIHO OJIUH IO
onnomy imeHamu 001-009.

Convert to Symbol B x|

Name [m’. | oK I
Behavior ¢ Movie Clip Registration a{\{g Cancal l

" Button
A Advanced | Hep |
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3. Temep mnotpiOHO pgatu imMeHa BciM ¢imbMaM 13 300pakeHHSAMHU. 3a
noromororo Property Inspector mpuBiacHITh iM iMeHa iHCTaHCIB 3 ¢l 1o ¢9.

4. Po3sramryeTe MAIOHKU TaK, 00 BOHH MPWISATAIN JAPYT 10 APYTra B MOPSAKY
3x3, 1, BUIUIUBIIN BCI MAJIOHKH, MEPETBOPITH BUAUICHY 00JacTh y GUIbM 3 iM'siM
holder, ykazaBmm kparnky 3akpiluieHHS B JIIBOMY BEpXHbOMY KYTi.

e, e
AT NSCRIAT

S DI T s

FLASH MX

PHOTOSHOP 7.0

APGRADE EIAENTMLY

Fiash L0 Litwary com

Omxke, Temep y Hac Ha poOodomy Micii € iHcranc holder y kopeHesii
THMYacoBii aiarpami. Mu gonaiiMo pyx, nepemictuBiy ¢inpM holder mig Macky Taxk,
11100 MOTPIOHUM MaTFOHOK BUSIBUBCS HAa MOTPIOHIM MO3UIIII.

5. BwuamimuBmm ¢inem holder, BukopucrtoByiite Property Inspector, o0
3aaTh oMy im's iHctanca holder i Bka3zatu #oro 3HadeHHs X 1 Y, yCTaHOBMBIIHN 1X
Ha 0,0. [Ticns 11poro Kpamnka 3akpirnjieHHs Oy/e po3MillieHa B JIIBOMY BEpXHbOMY KYTi
pobouoro micis. HapernTi, Ha3BiTh NOTOYHUHN mIap 'pictures’.
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6. Hawm moTtpibHO Oyae CTBOPUTH MAcKy, TOMY JOJalTe HOBHM Iap Hal
mrapom PIiCtures i mosHayre WOro SIK Macky.

7. Hawmamroiite mpsmokyTHUK 200x240 mikcemniB Oyap-SKOTO0 KOJIBOPY W 3a
noromoroto Property Inspector 3amaiite 3nauenns X 1Y, piBui 180,89.

8. [IleperBopiTh BUALICHHN TNPSIMOKYTHHK y ¢inbM 3 iMm'sm MmaskSquare,
MEPEKOHABIIUCH, 110 Kpamka 3akpiluieHHs TnepeOyBae B JIIBOMY BEPXHBOMY KYTi.
Hapemri, 3a qonomororo Property Inspector naiite ¢pinemy maskSquare iM'st iHcTaHCY

— maska.
I E I Movie Clip __:_l
- [maska

Ww: 2000 &:[1800

H: {2400 y:|8s0

9. Tenep noTpiOHO AOAATH NESIKUN KO, 0O 3p0OUTH MIPSIMOKYTHUK MACKOIO.
CTBOpITh HOBHIA Iap 3 im'sitm SCriptS i B HOBOMY Imapi BiIKpHTEe MmaHedb Actions,
1100 JToAaTH HACTYITHUN KOJI:

holder.setMask (maska);

3a JOMOMOrOI UBOTO BUPAKEHHS (UIbBM ycepeauHl IyXok (maska) crae
Mackoro i pineMy, 1o OyB Bukimkanuii metonoM (holder). Skio 3apa3 3anyctuTtu
¢Gi1bM, TO CcTaHe BUIHO, IO MiJI Mackow OyAyTh nepeOyBaTW TUIbKH TI YaCTUHU
holder (Habopy 3 AeB'SITH MATFOHKIB), SIKi IPOCBIUYIOTHCS, & 1HII OyayTh 3aTEMHEHI.

10. 3apa3 Mu CTBOpPUMO KaJIip JJIsl IPO30POi 00JIaCTl 32 TOMOMOTOIO J10/IaBaHHs
JIBOX HOBHUX IIapiB, M0 MICTATh MPSMOKYTHUKU, OJWH 3HAYHO OUIBIIE I1HIIOTO.
JlomaiiTe 1Ba HOBUX IAPH I HASBHUMH Yy Bac IapaMu i Ha3BiTh ix backgroundl i
backgruond?2. Illapu B TumuacoBiii miarpami OyayTh repeOyBaTH B HACTYITHOMY

MOPSAKY:
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'\.JScnptS \ATES D .:
i/ mask ¢ o i
i/ pictures | e « B :
L/ backgroundi o e Z
W background2 ol 14

11. Jami, nwa mapi backgroundl namamroiiTe scCHO-CipHii TNPSMOKYTHHK
202x202 mikcens it 3a monoMoroio Property Inspector 3anaiite fioro 3nadernst X 1Y,
piBHi 179,88. Tenep na mapi background? mamanroiite iHIIMNA Cipwid MPSIMOKYTHHK
OLITBIIIE TEMHUM KOJIBOPOM 1 po3mipoMm 204x244, 3agaBiy A HbOTo 3Ha4eHHS X i
Y, piHi 178,87. 1le Oyae rpaHuiiero Hammx (GpuibMiB.

Bu moxere nogatu Oyap-sKi iHII MOTPiOHI BaM 300pakeHHs Ha (DOHOBI HIApH.

12. 11106 Hanmatu pyxy ¢iteMy holder, Mu 6yaemMo BUKOPHCTOBYBATH (YHKIIIFO
slide, cTBopeny panime. [lonaiiTe HacTymHWA KoJ y map SCrptS Hax TLABKH IO
BCTaBJICHOIO BAMHU PSIKOM KOJY:

speed = 4;

MovieClip.prototype.slideTo = function(x, y, speed, callbackObj, callbackFunc)

Var mc_control
if (this.slideControl) {
mc_control = this.slideControl,;
}
else {
mc_control = this.createEmptyMovieClip (“slideControl™ , this. depth++) ;
¥
mc_control.target = x;
mc_control.target = y;
mc_control.speed = speed;
mc_control.callBackObj = callBackObj;
mc_control.callBackFunc = callBackFunc;

mc_control. onEnterFrame = function() {

this._parent._x += (this.target-this._parent. x) /this.speed;

this._parent._y += (this.target-this._parent._y) /this.speed;

If (Math.abs(this.target-this._parent._x)<0.2 && Math.abs(this.target-

Kthis. parent. y)<0.2) {

this._parent._x = this.target;
this._parent._y = this.target;
this.callBackObij[this.callBackFunc](this._parent);
this.removeMovieClip();

}
};
};

function slideDone(mc) {
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trace("movieClip "+mc+" has finished moving");

¥

Jl7is BUKOHAHHS I[HOTO KOAY MM CTBOPHUMO KiJIbKa KHOIOK. 3aMiCTh TOTO IIO0
JUHAMIYHO CTBOPIOBATH KHONKW 3 BUKOpHcTaHHsAM CreateEmptyMovieClip i
createTextField (1i miaxomu MU po3risTHEMO MI3HIIIE), MH CTBOPUMO CHUMBOJI BPYUYHY
i TOTIM TMHAMIYHO 3aCTOCYEMO HOTO.

13. CtBopiTh HOBuH (imbM 1 Ha3BiTH Horo butt. Bupinure ¢inmem B Library i
KJIAlHITh Ha OUIOMYy 3HAayKy MEHIO Bropi mnaHemni 3arosioBka Library. V wmento
BuOepiTh mapametp Linkage:, mo6 Bigkputu BikHO Linkage Properties.

14. Bigznaute mnone Export for ActionScript, mnpUBIacHITE CHUMBOIY
imenTudikarop butt i HaTucHITS KiaBimy OK.

Linkage Properties A '-'_ A5 l‘.l

Identifier: lbutt I OK '
Linkage: ¥ Export for ActionScript
[ Export for runtime sharing

J's mport t.:;-[ {l_;:';hm»" shanng Help
[V Exportin first frame

Cancel

15. Temep Bu Oyznere mnepeOyBaTh B KOpeHeBOMy Iapi (imemy Dbutt.
Po3smicture mone Dynamic Text ycepenuni ¢inbMy i paiite oMy iM's iHcTaHca tf 3a
nonoMoror Property Inspector. Po3mip TekcTy Hamoro noist A0piBHIOE 9, mipudt —
Arial, 6e3 BOy10BaHUX HIPUPTIB.

16. Jlns aBTOMaTHYHOTO JI0JIaBaHHSA KHOTIOK HaM MOTPIOHO TOaTH HACTYITHHUNA
KOJ1 y map SCripts HaIIoi KOPEeHEeBOT TUMYACOBO] Jiarpamu (i1 y>Ke HASBHUM KOJIOM).

holder.setMask(maska);

for (var i =1;i<=9; i++) {

var mc_control = _root.attachMovie("butt”, "butt"+i, i);
mc_control._x = 175+i*9;

mc_control._y = 375;

mc_control.mc = this.holder["c"+i] ;

mc_control.tf.text =i

¥

[e# Koa MUKIIIYHO BUKOHYETHCS JUIsl KOXKHOTO (inbmy 3 oTorpadieto i noaae
KHONIKY. Y HBOMY BHUKOPHCTOBYETHCS iTeparop 'i' JJIA YCTAaHOBKH TEKCTOBOTO
3HadeHHs noJis 'tf', Tomy B mose 3'sBisiThes yucna Bix 1 1o 9. Ha momarok g0 mporo,

(M)

BUKOPUCTOBYETHCSI 3HAYEHHS 'l' Uil YCTAHOBKM KIHIEBOrO (inbMy JUIsl KOXKHOI
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KHOIIKK (He3BaXkarou Ha Te, 1o butt € ¢iabmMom, el 00'ekT Oye KHOIMKOK, TOMY
mo M OyaemMo MpUBIACHIOBATH Homy moxiss ONPress). Yucmo 9 wHampukiHii
YEeTBEPTOrO psAJKA KOAY KOHTPOIIIOE BiICTAaHb MK BCIMa (DLITbMaMU-KHOTIKAMHU.
[lepen mpucBoeHHsAM o1l ONPress Ham moTpiOHO BUPILINTH, SIKE caMe i Oyie
BUKOHYBATHCS TPH HATHCKaHHI KHOIMKH, TaK caMO SK 1 Micle, y SIKe TOBHHEH
nepemictutucs holder mis kopekTHOro BimoOpakeHHS KOXHOI ¢otorpadii mia
MAacCKO¥O.
Bce e MoxkHa 3p0OHTH, PO3TISHYBIIN KOHKPETHHH BUMaI0K. Hampuknan, skOu
B Hac OyB ¢inbpM, posramoBanuii y kpammi 300,300 y ¢inemi holder, ne moBunaeH OyB
O6u Oytu posramoBanuii holder, mo6 mnpaBwibHO BimoOpaxkatu (oTorpadii min
Mackoro? SIkOm mm po3ramryBanm holder ma Tim ke Micmi poOodoro croja, mo u
MacKy, TO BigoOpaxanocs 6 yce, mo 0yno 6 Ha nosuuii 0,0 B holder. IpynTyroumncs
Ha [bOMY, MU MO>XE€MO 3pOOUTH BUBIJ, IO SIKOM HaAM MOTPIOHO OyJo BimoOpakaTu
o6'ekt Ha mo3umii 300,300 B holder, Mu wmormu © mnepemictutd holder Ha
300 mikceniB yIiBO ¥ Ha CTUIBKH K HAaropy. ¥ Kojii Mu 0 yKa3aiu 1€ B TaKUi CIocio:
(maska._ x-300, maska._y-300);
Tenep, K0 MU 3BEpHEMOCS A0 KOOPAMHAT _X 1 _Y KOXKHOTO 3 Halux (PiibMiB
13 300paXeHHSMH, TO OJCpKUMO KoopauHatu ¢(imbmy ycepemuni holder. Orxe,
MOKHA CKa3aTH, 10 IS TOTO, 00 KOKHUK (Pi1bM OYB PO3TAIIOBAHHUM CTPOTO Mij
MacKo0, HaM HeoOXiaHo nepeMimiatu holder va HacTynHe Micrie:
(maska. x-mc._X, maska._y-mc._y);
17. Omxe, Tenep Mu MOXeMo moOyayBatu (yHKIit0O ONPress s Hammx
KHOTIOK:
for (var 1 =1;i<=9; i++) {
var mc_control = _root.attachMovie("butt" , "butt"+i, i);
mc_control._x = 175+i*9;
mc_control._y = 295;
mc_control.mc = this.holder["c"+i] ;
mc_control.tf.text = i;
mc_control.onPress = function() {
var x = this._parent.maska._ x-this.mc._X;
var B = this. parent.maska. y-this.mc._y;
this._parent.holder.slideTo(X, y, this._parent.speed,
Kthis. parent, "slideDone") ;
b
b

Buknmuk ¢ynkmii slideTo BimOyBaeThcsi B Takuii ke crmoci0, sk i paHimie, 3
BUKOPHUCTAHHSAM IOKa3aHOTO paHimie OOYMCIEHHS IJi1 BKa3iBKU KoopauHat X 1 Y
KIHIIEBOiI Kpamku KoB3aHHs. HaM HeoOoB's3koBO 3amucyBaTu 3HaueHH X 1 Y y
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3MiHHI, TOMy MM MOKE€MO 3a0paTH 3 KOJAY BIAMOBIIHY HOTO YaCTHHY W BUKOHYBaTH
OOYHCIIEHHS! ycepenuHi BHUKINKY (yHKIII. 3a3HayeHW KOJ BUIUICHHHA >XHUPHUM
mpudTom:
for (vari=1;i<=9; i++) {
var mc_control = _root.attachMovie("butt”, "butt"+i, i);
mc_control. x = 175+1*9;
mc_control._y = 295;
mc_control.mc = this.holder["c"+i] ;
mc_control.tf .text = i;
mc_control.onPress = function() {
this. parent.holder.slideTo(this._parent.maska.
J1O _ x-this.mc._x, this._parent.maska._ y-this.mc._y,
Kthis. parent.speed, this. parent, "slideDone");
jo
by
30epexere ¢inpM y ¢arim pictureMask.fla. ITpu #oro 3amycky Bu modauunte, 1o
MpU KOB3aHHI KOXHOTO MaJllOHKa Ha HOro MO3UII0 BiIOYBAETHCS peeCTparis
BUKOHYIOUYOro y BikH1 Output. 3apa3 [j1s Hac 1€ He Ma€ 3HAYECHHsI, OJJHAK Mi3HIIIE MU
po30epeMocs, K BUKOPUCTOBYBATH IF0 MOXKJIMBICTh JIJIs1 BUKJIUKY SIKOi-HEOY b MO/IIi,
HaANpUKJIaa, TeKcToBoro edexry. lle nuiie omHa 3 MOXIMBUX 3aCTOCYBaHb IBOTO
BikHA. OjHAK 1€l BUJ KEpyBaHHS TaKOX MOXE OYTH BUKOPHUCTAHHM IJII BUBOIY
JESKOTO TOSCHIOBAIIBHOTO TEKCTY, TaK, 00 MaIIOHKW OynH TJIoM iHTepdelcy, ado
TSt 3amycKy a”imanii. HeoOXiqHO MOMITUTH, IO MU YIIPABISIEMO PYyXOM, IO cami X 1
HiIitoBaM. MU 3Ha€EMO, KOJM BOHO MOYMHAETHCS, 1 MOKEMO OyTH CHOBIIIECHI MPO
Horo 3aBeplIeHHS, a 11€ 03HAYae, 1110 BOHO MOYKE CTaTH YaCTUHOIO JIAHIIFOTa MOI1i.
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