1. BBeaenue.

[Ipu obpaboTke uHpOpPMAIUK, CBI3aHHONW C W300paKEHHUEM Ha MOHUTOpPE, MPHUHITO
BBIJICNISITh TPY OCHOBHBIX HANPABICHHS: Paclio3HaBaHKe 00pa3oB, 00padoTKy H300parKeHHI U
MAIIMHHYIO rpaduKy.

OcHOBHasE 3ajJada pacmo3HaBaHHsA OOpa3oB COCTOMT B MNPeoOpa3oBaHUH  YKe
uMeromerocss u300paxeHns Ha (OPMaJbHO TOHATHBIM SI3BIK CUMBOJIOB. Pacnosnasanue
obpaszoe unu cucmema mexuuueckozo 3pernus (COMPUTER VISION) — coBOKyITHOCTB
METOJOB, IO3BOJIIOMIMX IOJNIYYUTh OMKMCAaHUE H300paXEHHs, MOJAHHOTO Ha BXOI, JMOO
OTHECTH 33JaHHOe H300paKeHHe K HEKOTOPOMY Kiaccy (Tak IOCTYMAloT, HAIPHMEp, HpH
coprupoBke moutsl). Oxnoit m3 3amaau COMPUTER VISION sBisiercss Tak HassiBaeMmast
cKJeTu3alus OOBEKTOB, IPU KOTOPOW BOCCTAHABIMBACTCS HEKas OCHOBa OOBEKTa, €ro
«CKeJeT».

Oébpabomka uzoopancenuii (IMAGE PROCESSING) paccmarpuBaer 3agaquud B
KOTOPBIX U BXOJHBIC U BBIXOJIHbBIC JaHHBIC ABIIOTCS H300paxeHusMu. Hanpumep, mepenada
n300paKeHUs] C YCTpaHEHHEM IIYMOB M CXKAaTHEM [aHHBIX, MEPEeXOA OT OJHOTO BHIA
u300paxkeHust K Apyromy (OT BETHOTO K YEPHO OEIOMY) H T.[I.

Komnvromepnaa (mamunnasn) zpagpuka (COMPUTER GRAPHICS) Boctiponssoaut
n300pakeHne B ciiydae, KOrJa HCXOAHOW SBIsIeTCS WHQpOpPMauus Heu300pa3uTenbHON
npupoabl. Hampumep, BHU3yanu3aius 3KCICPUMEHTAIBHBIX NaHHBIX B BHAE TIpaduKOB,
THCTOTPAaMM KJIM JHarpaMM, BBIBOJ MH(OPMAIUK HA SKPAH KOMIBIOTEPHBIX MIPAaX, CHHTE3
CIICH Ha TpeHa)Kepax.

Image Processing

Kommbro
TepHas
rpaduka
M306paxeHune <+
y
Computer c
Vision omp_uter
Graphics

OnucaHue

Puc. 1.1

Komnvromepnaa zpagpuka — 3T0 HayKa, IPEIMETOM H3YUEHUS] KOTOPOW SIBISIETCS
co3/anue, XxpaHeHue u o0paboTka Mojeneit u ux mzodpaxenui ¢ nomomisio D9BM. B Tom
cilydae, €ciH II0JIb30BAaTENb MOXKET YIPAaBIATh XapaKTEPUCTUKAMH OOBEKTOB, TOBOPAT 00
WHTEPAKTUBHOW KOMIBIOTEPHOH rpaduke. OUeBHIHO, YTO HEMHTEPAKTHBHAS KOMIIBIOTEPHAs
rpaduka sBISEeTCS YaCTHBIM CITy4aeM HHTEpaKTUBHOM.

CymiecTBYIOT H300paKeHUs BYX THUIIOB. aHAJIOrOBbIE U U POBBIe. BO3MOXKHBI CHHTE3
n300paKeHUH B peallbHOM BPEMEHH M BBICOKOpEANIMCTHYECKUU cuHTe3. B maHHOM Kypce
paccMmarpuBaeTcs mpobiaeMa CHHTe3a HU(PPOBBIX U300paKeHHU I B pealbHOM BPEMEHH.
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2. AIropuTMBI PAaCTPOBOii rpauKH.
2.1 PactpoBsie mpencTaBiaeHus H300pakeHU.

TepmuH pactpoBas Trpaduka JOCTaTOYHO OYEBHUIEH, €CIH YCBOUTH IIOHSATHA,
OTHOCSIIIMECS K PacTPOBBIM H300pakeHUSAM. PacTpoBble M300paKeHUS] HAIIOMHHAIOT JIACT
KJeT4aroid Oymard, Ha KOTOpOM Jro0as KJeTKa 3akpaimieHa JIMOO 4YepHbIM, 00 OelbiM
BETOM, 00pa3ysl B COBOKYIIHOCTH PHUCYHOK. IIMKCEeT - OCHOBHOW JJIEMEHT PacTPOBBIX
n3zo0pakeHuil. IMEHHO U3 TaKHUX JJIEMEHTOB COCTOUT PacTpOBOE H300paKeHHE.

Hugposeoe u3zobpasrcenue — >5TO COBOKYNMHOCTh TmKcener. Kaxmenii mukcen
pacTpOBOro U300pAKEHUSI XapaKTePU3yeTCs KOOpIUHaTaMu X U Y U spkocthio V(X,Y) (mms
4epHO-Oenbix M300paxenuii). [10CKOIbKY MUKCETbl MMEIOT AMCKPETHBIA XapakTep, TO HUX
KOOPJIUHATBI- 3TO TUCKPETHBIE BEJIMYHMHBI, OOBIYHO IIeNible WM palioHalbHbIE Yncia. B
cilydae [BETHOTO M300paKeHHs, KaXKIbIH MUKCEN XapaKTepU3yeTcs KOOpAMHATaMU X U Y, U
TpeMs SIPKOCTSAMHU: SIPKOCTHIO KPACHOTO, SPKOCTBIO CHHETO M SPKOCTHIO 3EJIEHOTO LIBETOB
(Vr, VB, Vg). KoMOunupyst maHHble TpU IBETa MOXKHO MOJYYUTH OOJBIIOE KOJHYECTBO
Pa3IMYHBIX OTTEHKOB.

3aMeruM, 4TO B Cilydae, €CIM XOTS Obl OJHA W3 XapaKTEPHUCTHK H300pa)KeHHs He
SIBIISIETCS. YUCIIOM, TO H300paXXe€HWe OTHOCHTCS K BHAY aHa10208bix. llpuMepamu
AHAJIOTOBBIX H300paKeHUH MOTrYT CIYXHTh raiorpamel u ¢ororpadpuu. dns paboTsl C
TaKUMH H300pPKEHMSAMH CYIIECTBYIOT CIIEUAJbHbIE METOJbl, B YaCTHOCTH, ONTHYECKHE
npeoOpazoBaHus. B psge ciaydaeB aHaIOroBble M300paKeHUs MEPEeBOAAT B (POBOI BUI.
Oty 3amauy ocymiecTsiseT | mage Processing.

0 X

o
ﬁ//ﬁ\ R(x,y) - oT RED

G(xy) - oT GREEN
B(x,y) - ot BLUE

V(X,Y) - APKOCTb TOYKM

Puc. 2.1.1

[IBer nr00OrO THKCENa pPacTpOBOrO0 H300pPAKEHHS 3alOMUHAECTCS  C TOMOIIBIO
koMOuHaiuu 6utoB. Yem Oosbiiie OUTOB JJIi 3TOrO HCIOJB3YETCs, TeM OOJIbIIE OTTCHKOB
[[BETOB MOXHO IONy4uTh. [l0 Tpaganuio sSpKOCTH oObI4HO oTBOmurcs 1 Oaiit (256
rpaganuii), npuaem 0 — depHbIi 1Bet, a 255 — Oenplit (MakcUMasbHAas WHTCHCHBHOCTD). B
clyvae LBETHOI'0 M300paKeHUs OTBOJUTCA MO OaWTy Ha Tpajlalliu SIPKOCTEH BCEX Tpex
[BETOB. BO3MOXXHO KOJMPOBAHUE TPaJaLlUii APKOCTH APYTUM KoindecTBoM OuroB (4 win 12),
HO 4YeJIOBEUECKUH T1a3 CIIOCOOCH pa3inyarh TOJbKO 8 OUT rpajanuii Ha KaxAbld 1BET, XOTS
crielMaibHas anmnaparypa MoXxer nmorpeboBarh W Oojiee TOUHYIO mepenady LBeToB. l[Bera,
onuckiBaeMble 24 Outamu, oOecreunBaoT Oosiee 16 MHIUIMOHOB JOCTYIHBIX I[BETOB M UX
YaCTO HA3BIBAIOT €CTECTBCHHBIMHU I[BETAMH.

B 11BeTOBBIX MaNMTpax KaXJIbli MUKCEN ONMUCaH KOAOM. [loiepKuBaercs CBA3b 3TOr0
Koma ¢ Ta0suieil 1BeToB, cocrosiied u3 256 sdeek. PaspsmHocTh Kaxaow sueiiku- 24
paspsiia. Ha Beixoje kaxaoi sueiiku- 1o 8 paspsiioB Juiss KpaCHOTO, 3€JICHOTO M CHHETO
LIBETOB.
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[IBeToBOE MpPOCTPAaHCTBO, OOpa3yeMoe WHTEHCHBHOCTSIMH KPAacHOro, 3€JCHOr0 |
CUHET0, MPEICTABISIOT B BUJIC I[BETOBOTO Ky0a.

A

Green

B Blue

Puc. 2.1.2 «lieroBoit Kyo»

Bepmmaber kyoa A, B, C sBIsAIOTCS MaKCHUMalbHBIMH HHTEHCUBHOCTSIMU 3€JICHOTO,
CHHETO M KPacHOTO COOTBETCTBEHHO, a TPEYrOJNBHUK KOTOPBIE OHH OOPa3yrOT Ha3bIBAETCS
mpeyzonvnukom Ilackana. TlepuMerp 3TOr0 TPEYroNbHUKA COOTBETCTBYET MaKCHMAaJbHO
HACBHIIEHHBIM IIBeTaM. l[BeT MakCHMallbHOM HACHIIIEHHOCTH COJEPIKHUT BCEra TOJBKO JIBE
komroHeHThl. Ha otpeske OD HaxomsTcsi OTTEHKH ceporo, npudeMm Toka O coOTBETCTBYeT
yepHOMY, a Touka D Oenomy 1sery.

Pacmp — 570 TOPSIIOK PACIONOKEHUs: TOYeK (pacTpoBbix nmementoB). Ha pue. 2.1.1
n300paKeH PacTp DIEMEHTaMH KOTOpPOTO SIBJISIOTCS KBAApaThl, TAKOH pacTp Ha3bIBaeTCs
NPAMOY20NbHBIM, UMEHHO TaKHE pacTpbl HaOOJee 4acTO UCIONBb3YIOTCSA. XOTS BO3MOXKHO
HCIIOJIb30BAHNE B KA4EeCTBE PAacCTPOBOTO dJIeMEHTa (UTYpHI APYroil (OpMBI. TPEeyrojbHUKA,
LIECTUYTOJIFHUKA; COOTBETCTBYIOIIETO CIEIYIOUINM TPEeOOBaHHAM:

1. Bce urypsi 10mKHBI OBITH OJJUHAKOBBHIC;

2. JIoIKHBI IOTHOCTBIO MOKPHIBATH TNIOCKOCTH 0€3 Hae3KaHHs U JBIPOK.

Tak B KayecTBE pacTpOBOrO AJIEMEHTa BOSMOXKHO HCIIOJIB30BAHHE PABHOCTOPOHHETO
Tpeyrompauka puc. 2.1.3, mpaBuibHOro mectuyroinbHuka (rexcasmpa) puc. 2.1.4. MoxHo
CTPOUTH PACTpPBI, UCIOJIB3YS HENPABWIbHBIE MHOTOYIOJbHUKH, HO MPAKTHYECKHA CMBICT B
MOJJ00HBIX pacTpax OTCYTCTBYET.

AL n
. ™ ~ A N
N IVAVAVAVAVAN -
N~ N—
Puc. 2.1.3 «TpeyrosbHbIi pacTp» Puc. 2.1.4 «["ekcaroHanbHbIH pacTp»
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PaccMoTpuM cmocoObl TOCTPOEHHS JIMHUH B TPSMOYrOJNbHOM U TEKCAarOHaJbHOM
pacrpe.

B mpsiMoyronpHOM pacTpe NOCTpOCHUE JTMHUK OCYIECTBISIETCS IBYMS CIIOCOOaMU:

1) Pesymbrar — BocbMUCBs3Has JuHus. COCEIHUE MUKCENH JIMHAK MOT'YT HAXOIUTCS
B OJIHOM U3 BOCbMH BO3MOXHBIX (cM. puc. 2.1.5a) momoxenusx. Hemocratok —
CITMIIKOM TOHKAsl JIWHUA NpH yrie 45°.

2) Pesymprar — derbipexcBsa3Has JuHMA. CoOCemHHME MHMKCENU JIMHAH MOTYT
HAXOAUTCA B OJHOM M3 YETHIpEeX BO3MOXKHBIX (cM. puc. 2.1.560) monokeHusx.
Henocratok — u30bITOYHO TOJNCTAst TMHUS TIPH yriae 45°.

a 6
Puc. 2.1.5 «IlocTpoeHne TUHIH B IPSMOYTOJIBHOM PacTpe»

B rekcaroHajabHOM pacTpe JTUHUM [IeCTUCBs3HBIC (cM. puc. 2.1.6) Takue muHuE Goee
CTaOWIIbHBI 110 UPHHE, T.€. JUCIEPCUs IMUPUHBI JMHUU MEHbIIIE, YeM B KBaJIPATHOM pacTpe.

Puc. 2.1.6 «IlocTpoeHre THHUK B T€KCArOHATILHOM PACTpe»

Kakum 06pa3oM MOKHO OLIEHUTH, KaKOW pacTp Jrydie?

OpmHUM U3 CIOCOOOB OLIEHKH SBISIETCS Mepeaya Mo KaHaly CBS3H KOAMPOBAHHOTO, C

Y4ETOM HCIOJNB3YEMOTO0 pacTpa, H300paXeHHs C TMOCIEAYIOIIUM BOCCTAHOBICHHEM H
BU3YaJIbHBIM aHAJIW30M JIOCTUTHYTOI'O0 KadecTBa. ODKCIEPUMEHTAJIbHO M MAaTEeMaTHYECKH
JIOKa3aHo, YTO TeKCarOHaJbHBIM pacTp Jydile, T.K. 00ecredrnBaeT HauMeHbIlIee OTKIOHEHHE
oT opuruHaia. Ho pa3Huma He Benuka.
Mooenupoeanue 2excazonanvHozo pacmpa. BO3MOXHO TOCTPOEHHE T'€KCArOHAIBLHOTO
pactpa Ha OCHOBE KBaapaTHOro. /[l 53TOro TreKkcayrojbHHK NPEACTABISIOT B BUAE
npsMoyronsauka (cm. puc. 2.1.7).

OnpenenuM, Kakue IpOMOPIIH JOJDKHO HMETh T'eKcaroHalIbHOe n300paxeHne?
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Puc. 2.1.8

a .
I_X_Extan(so)xz_i_
1, 3 73’

Texauueckas  peanu3arus

T'€KCAaroHaJibHOro pacTtpa HC CJIOKHA.

reKCaroHaJIbHOTO PacTpa MOJYydaloT U3 MPSMOYTOJBHOrO, 3aepikaB Ha 1 mukcenb KaxIyro
HEUETHYIO CTPOYKY H300paKEHHs, W PacTAHYB M300paKeHHME Ha JKpaHe TaKhM 00pa3oM,
|
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Puc. 2.1.7 «IlocTpoeHue rekcaroHaJbHOro pacTpa Ha KBapaTHOM»

ToT ¢axT, 4TO reKcaroHaIbHBIA PAcTp HE HCIONb3yeTCs, OOBSICHACTCS CIENYIOIIMH
MPUYHHAMU:

1. HEKOTOpOE YCIOKHEHHE AJITOPUTMOB;

2. IPerMYIIECTBO reKCaroHAILHOT'O pacTpa He O4€Hb BEJHKO,
3. ucTopryecKas OpHEeHTAlMsl Ha IPSMOYTOJIbHBINA pacTp.

Jii mporpaMMHOTO MOCTPOEHHS T'eKCarOHAJbHOTO pacrpa B KBAaApAaTHOM MOXKHO

HCIIOJIB30BaTh MOJIETb MPeCTaBIeHHYIO Ha puc. 2.1.8.
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Puc. 2.1.8 «IlocTpoeHne rekcaroHajJbHOTO pacTpa B KBaJpaTHOM
2.2 IlocTpoeHne TMHUN B KBaJpaTHOM pacTpe.

IMockonbKy SKpaH pacTpoOBOro MHCILIES C 3JIEKTPOHHO-Ty4eBoil TpyoKoi (DJIT) moxHO
paccMaTpHBaTh KaK MATPHIy AUCKPETHBIX DJIEMEHTOB (IMKCENei), KaKAbI U3 KOTOPBIX
MOXeET OBITh IIOACBEYEH, HEINb3sl HEMOCPEICTBEHHO MPOBECTH OTPE30K W3 OJHOH TOYKH B
apyryto. IIponecc onpeneneHus MUKceIel, HAMTyYIIM 00pa3oM ammpOKCUMHP YIOLIUX 3a-
JAHHBINA OTPE30K, HAa3bIBAETCS PA3JIOKEHHUEM B pacTp. B coueranuu ¢ mporeccoM NOCTPOYHOM
BU3YalIM3aliy U300paKeHUs] OH M3BECTEH Kak Mpeo0pa3oBaHHE PacTpoBOW pazBepTkH. Jlis
TOPU3OHTANBHBIX, BEPTHUKANBHBIX W HAKIOHEHHHIX NOA yrioMm 45° oTpe3koB BHIOOp
pacTpoBBIX 3JIEMEHTOB OueBHIeH. llpu 000N Apyrodl OpHEHTAlMH BHIOpATh HYKHBIC
MTUKCEH TPYAHEe, YTO MOKa3aHo Ha puc. 2.2.1.

Puc. 2.2.1 «Pa3noxeHne B pacTp OTPe3KOB»
Oougue mpedosanus K u3o0parceHuro ompesKa.

* KOHIBI OTPe3Ka JODKHBI HAXOAUTHCA B 33/IaHHBIX TOYKAX;

* XOPOUIHA 3pUTENBHBIN 3D EeKT;

* SIPKOCTB BJIOJIb OTpE3Ka JO0JDKHA OBITh IOCTOSHHOM U HE 3aBUCETh OT UIMHBI U
HaKJIOHA,

* ¥, HAKOHEIl, aJrOPUTM PUCOBaHUS JOIDKEH padoTaTh OBICTPO.
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Hu 071HO 13 3THX YCIOBHIA HE MOJKET OBITH TOYHO BBIITOJIHEHO HA PACTPOBOM JHCIUICE B
CHJTY TOr'0, YTO U300PAKEHUE CTPOUTCS U3 IIMKCEIOB KOHEUHBIX Pa3MEPOB, a IMECHHO:

KOHIIBI OTpe3ka B OOILIEM CiIydae pacojararTcs Ha IHKCeNnaX, JUIIb Haubosee
OIM3KUX K TPEOyeMbIM TTO3HUIIUSIM U TOJIBKO B YACTHBIX CIydasx KOOPAUHATHI KOHIIOB OTpe3Ka
TOYHO COBIAIAIOT C KOOPAUHATAMH MTHUKCENIOB;

OTPE30K ANMPOKCHMHUPYETCS HaOOpOM IMHKCEIOB W JHMIIb B YACTHBIX CIIydasx
BEPTHKAIbHBIX, TOPU3OHTANBHEIX U OTPE3KOB 10A 45 OHM GyayT BEIFISIETh MPSAMBIMH,
OpUYeM TIaJKUMU OPSIMBIMA 0€3 CTYIEHEK, TOJNBKO il BEPTUKAIBHBIX U FOPU30HTAIbHBIX
orpeskos (puc. 2.2.1);

+ SIPKOCTD JJISl PA3JIMIHBIX OTPE3KOB U JIKE BIOJb OTPE3Ka B OOIIEM Cilydae pa3jindHa,
TaK KaK, HAIIPAIMEP, PACCTOSHUE MEXKIY LICHTPAMU MMUKCENIOB sl BEPTHKAJIBHOIO OTPE3Ka U
orpeska mox 45 pasmmuno (cM. puc. 2.2.1).

OOecrieueHne OMUHAKOBOM SPKOCTH BIOJNb OTPE3KOB PA3HBIX JJIMH M OPHCHTAIMU
TpeOyeT W3BJICYCHHs KBAIPATHOrO KOPHS, a 3TO 3aMeaisier Beruucienwus. lllupuna nunwuii,
MPOBEACHHBIX [OJ] PA3IMYHBIM YTIIOM, KOIEOIeTCsI:

IUIA BOCBMHUCBSI3HBIX OT —— 110 1;

2

JUISL YETBIPEXCBA3HBIX OT +/ 2 10 1.

OOBEKTHBHOE YIy4IIEHHE AaIlPOKCHMAIMU JTOCTUTAeTCs YBEIMYEHUEM pa3pelieHus
JVICIUIES, HO B CHUTY CYIECTBEHHBIX TEXHOJOTHYECKHX MPOOIIEM pa3peleHne sl paCTPOBBIX
CHCTEM MPHEMIIEMON CKOPOCTH pa3pelleHne cocTaBiseT nopsaka 1280x1024.

CyObeKkTHBHOE YAy4YIIeHHE ANNpPOKCHMAIMd OCHOBAHO Ha IMCHUXO(U3MOIOTHYECKHX
0COOEHHOCTSIX 3PEHHUS U, B YACTHOCTH, MOXKET JOCTHIaThCS MPOCTO YMEHBIICHHEM Pa3MepoB
sKkpaHa. [pyrue cnoco0bl CyObEKTHBHOTO YIyYIIEHUS KadecTBA allPOKCUMALH OCHOBAHBI
Ha Pa3JIMYHBIX IPOrPAMMHBIX YXHUIIPEHUSX 110 "Pa3sMBIBAHUIO" PE3KHX rPaHUI] H300pakeHus .

2.3. [Ilapamerpuueckuii aarOpuTM PUCOBAHUS JTHHUU.

SIBISIETCST CAMBIM MPOCTHIM CIIOCOOOM PUCOBAHUSI IMHUH. 31€Ch YMECTHO OrOBOPHUTHCS,
9T0 y OSTOr0 METOAa €CTh CYIISCTBEHHBIC HENOCTaTKH, a HMEHHO. HEO0O0XOIMMOCTb
BBIMTOJTHEHMS OTIEPAIlHii Ha/l BENIECTBEHHBIMH THCIAMHU M UCIIOIB30BAHMS OTIEPAIIHH JCIICHMS,
YTO 3HAYMTEILHO YCIOXHSET allapaTHY OPTraHW3alldi0 W YBEIHYMBAET BpeMs paboThl
anropurMa. HeoOX0qiMo TIpOBECTH JIMHUIO M3 TOUKH (X1, Y1) B TOUKY (X2, Y2) € YUETOM TOTO,
YTO 3aJ[aHbl APKOCTH B HAYATLHOW W KOHEYHON TOYKAX JIMHHUH, U 110 SPKOCTH TPOU3BOUTCS
NUHeWHas uHTepnoysud. puc. 2.3.1

Ay
X2, Y2,V
0 X
X1,¥1, V1
Puc. 2.3.1

JIto0yro TOuKy Ha 3TOM JIMHUU MOXKHO MPEJACTABUThH B BUJIC

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

K =l + 0k - 1)

y = ]yl +t >(y2 - yl)[ e t1 [0;1] , ][ — 3HaK OKpyrJIeHUs 10 IEI0ro.
\ =]V1 +t>(V2 - Vl)[

Heob6xoamMo BeIOpaTs onTuMansHBIN mar npupamenns {. OH BeiOupaercs kak

1

t= mex{ - %] | y2- Y|} = » tae N — 1mHa TMHUN B TTHKCEIISX.

! N-1

Mo:XHO IPOBOJUTH BBIYKUCIIECHUS Uepe3 IpupalleHue koopaunar X, Y, V(c

HavansHeM ipucsoennem X= X1, Y= y1, V=V1) na

Dx = X5 - Xl'Dy: Yo - y1.DV:V2'V1
N- 1 ’ N- 1 ) N- 1 COOTBETCTBEHHO.
3HavyeHUs] TMPUPAICHUH CYUTAIOTCS B Hadane (QYHKIUM W HE BXONAT B LIHUKII
MOCTPOCHUS IMHUU Ha DKpaHe, 3a CYET YEro MOBBIIIAETCS OBICTPOACHCTBHE.
K nocromncrtBam anropurMa cieayeT OTHECTH. IPOCTOTY €ro INporpaMMHOM, B
YaCTHOCTH, peajM3alliyd JMHEWHOM MHTEpHosiIMM 1O SPKOCTH. AJbTEpHATHUBOM
MIPUBEEHHOMY aJITOPUTMY SABJISIETCSI alropuT™M bpesenxema.

2.4 Anroputm bpe3enxema prcoBaHUs JTUHHU.

B 1965 rony bpesenxemom ObLT PEIOKEH MPOCTON LETOYHCISHHBIN aJlrOpUTM IS
pacTpOBOro MOCTPOCHUSI OTPe3Ka. PacCCMOTPUM aiNroOpuT™ AJIsl YACTHOTO CIydasi — PUCOBAHUS
JIMHUM W3 Hadajda KOOpIMHAT moj yrioMm k ocu ( menee 450, te. 1 >0,9>0,r3 q.

[Tockombky I3 Q, To Ha i-0if uTepanuu 3Ha4uenue I, paccumthiBaercs tak: I =TI, +Dr,

rae Dr =1. TTo xony IBMXXEHHS [0 OCH I AITOPHUTM CMOTPHT, HACKOJIBKO MIUKCEN OTKJIOHUIICS
OT peaslbHOM JMHUHU 10 ocH (. Ecnm ommOKka HACTONBKO BENHKa, YTO COCEAHUH MO OCH (]
MTUKCEJ OKa3bIBAETCs OJIMKE K pealbHOU JIMHUY, YeM TOT, YTO Mbl COOMpaeMcsi IOCTaBUTh, TO
QITOPUTM  IIEPEXOTUT Ha COCeOHMH MO 9JTOM ocu mukcen. Takum oOpazom

g =9.,+1- Dg,, rne Dg; =0, nmpu h, £05 u g =1, mpu h >0. B amropurme

HCITONB3YETCS YIIPaBIISIONIas mepeMennas h;, koropas Has3sIBaeTCst OMIMOKOW OTKIIOHEHHUS Ha

a- (ri—l +1)' Qi.1-

KaXIOM i-OM II1are ¥ pacCIYUTHIBACTCS KaK hi =—

J
(r.a)

N
/
(N
./

O

Puc. 2.4.1. Texymias ommbka B anropurme bpezenxema
CornacHo pucyHky 2.4.1 nuuus naunHaercs B Touke (0,0), 1 B 9T0it Touke ormmbOka

orkinoHenuss papHa 0. Cremyrommid nmkcen mo ocu I Oyaer uMerb koopauHary 1.
BeprukaneHas koopauHarta cienyromero nukcena oyzaer nmubo 0, mibo 1. Tekymas ommOka
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[0 PUCYHKY OOJIbIlIe, YEM IMOJIHUKCENa, TOITOMY BEepTHUKAIbHAS KOOPIMHATA MepexoauT B 1.
Crnenyrolias TOYka CABUraeTCs IO OCHU I Ha OJIUH ITHKCEII, a 1o ocu ( ocraercs B 1. Hakower,
MOCTENHSAS TOYKa B JIMHMM KMMEET OIIMOKY MEHbIIE TMOJNUKCeIa U, CIEJI0BaTEIbHO,
CIIBUTACTCS TI0 BEPTUKAIN HA €ANHUILY.

Baenem BecoMorarensuyio Gyakmuo d.

d =2h-05"r :2q(ri_l+1)— 20, ,r - r, Torma

Dg, =Ompud, £0

Dg =1mpud, >0

di,, =d; +Dd;,,

Dd,, =d,,; - d, =2(h.; - 05) r-d, =2q(r, +1)- 2qr - r-d, =2q- 2Dgr
Torna Bo3mokHble ipupamtenus: Dd (= 2q

Dd«=2q- 2r u3asucumocrs Dd,,; Takosa:

Dd,,, =DdCnpu d, £0

Dd.,, =Dd€mpu d, >0

Takolf anropuT™M HE HCIIONB3YeT OIEepalMil C IUIaBarolledl TOYKOM, HE MMEET B
OCHOBHOM LIMKJIE HHU JI€JICHHM, HU YMHOXXEHHUH, M €ro peajn3auus 3aHHMaeT O4YeHb Majio

MecTa.
CymiectByeT MoaubHUKanus JaHHOTO alrOpUTMa, KOTOpast MO3BOJIIET HONYUYHUTh €I
OoJiee MPOCTYIO MPOrpaMMy.
(x.y:)
(%.y2)
Puc 2.4.2
D, =X, - X MD, =|D,|
Dy:yz_ Y1 I\/IDy:|Dy|
Dx=1nopu D, >0 Dy=1mpu D, >0
Dx=0mnpu D, =0 Dy=0mpu D, =0
Dx=-1mpuD, <0 Dy =-1mpu D, <0

Baenem npucsoenns: X=X,y =Y;,d, =MD, ,d, =MD, .
D = max (MD,,MD,)
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for (i=0;i<=D+1;i++)
{ PutPixd (x,y);
d,+=MD,;
d,+=MD,;
if d,>D) {d,- =D;x+=Dx}
if [d,>D) {d,- =D;y+=Dy}
}

Juanasonst usmenenns d,ud,: 0£d, £2MD,
O£d, £2MD,

PaccMoTpeHHBIH anropyuT™M BEIBOAUT BOCBMUCBA3HYIO JIUHUIO.
JluHeWHasi MHTEPIIOJSINA [0 SIPKOCTH IIPU MTOCTPOEHUH OTpe3Ka 1o anropurmy bpezenxema

Vz' V1

MOJYYa€eTCs TTaPaAMETPUIECKUM CIIOCOOOM, T.€. V=V_,+DV;DV = ,rme N —

JUIMHA OTPE3Ka B IMTUKCEIIAX.

2.5 AITOpUTMBI TOCTPOCHUS OKPYKHOCTH.

PaccmoTpuM OKpYKHOCTH C LIEGHTPOM B Havalie KOOPIAWHAT, sl KOTOPOH x2+y2:R2,
WK B TapaMeTPHUECcKoi opme:
1. x=Rxcos(a);
2. y=Rxsin(a).
To ecTb Jerko HamMUcaTh NPOTrPaMMYy PUCOBAHUS OKPYKHOCTH.
void Circle(int x, inty, int R, int color)
{ .
inta
int x1;
int x2;
intyl;
int y2;
X2=x+R;
y2=y;
for (inta=1; a<=360; at++)
{
x1=x2; yl=y2;
x2=round(R* cos(a))+X;
y2=round(R*sin(a))+x;
Line (x1, y1, X2, y2, color);

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

¥

Puc. 2.5.1.

Eciau BOCIONB30BATHCSI CHMMETPHEH OKPY)KHOCTH, TO MOXKHO IMOCTPOUTH Ooiee
sddexruBnbIii anmroput™m. Ecnu Touka (X, Y) JEKHUT HA OKPY)KHOCTH, TO JEIKO BBIYHCIHUTDH
CeMb TOYEK, IPHHAICKAIINX OKPYKHOCTH, CHMMETPHYHBIX 3TOH. T0O ecTh, uMest ()yHKIIHIO

- 0 0
Beraucienns 3Hadenus Y mo X=0..R/SQRT(2) mns moctpoenus nyru ot O° mo 45°. Tlocrponm
IpoLenypy, KOTopast OyaeT mo OAHONW KOOPAMHATE CTaBHUTh BOCEMb TOYCK, CHUMMETPHYHBIX
LEHTPY OKPYKHOCTH.

void Circle Pixel(int  x0, int Yo, int X int vy, int  color);

putpixel (xO + X, yO + y, color);
putpixel (xO + vy, yO + X, color);
putpixel (xO + y, y0 - X, color);
putpixel (xO + X, yO - y, color);
putpixel (x0 - x, yO - y, color);
putpixel (x0 - vy, yO - X, color);
putpixel (x0 - y, yO + X, color);
putpixel (x0 - x, yO + vy, color);

TakuM 00pa3oM MOXHO HAITUCATh IPOrPaAMMy PHCOBAHHE OKPYKHOCTH 10 TOYKaM:
void Circle (int X0, int yO, int R, int color)

{
for (int x=0; x<=R/sqrt(2); x++)
{
inty = (int)(sqrt(sar (R)-sar(x)));
Circle Pixel (x0, Y0, X, y, color);
}
}

Aneopumm bpesenxema zenepayuu okpyscnocmu. bpesenxem pazpaboran aaroputm
Oonee dPQPEKTHBHBINA, YeM KaKIbI PACCMOTPEHHBIN BHINIE. 37€Ch HCIOIB3YETCS TOT Ke
NPUHIWI, YTO WM A PHCOBaHUS JHHUHM. bylneM paccMaTpwBaTh CErMEHT OKpPYXKHOCTH,
COOTBETCTBYIOLIHN X=Xo.. XotR/SOrt(2). Ha xaxmom iare BeiOMpaeM TOUKY, OJIKANIIYIO K
peabHOI OKpyKHOCTH. B KauecTse oum6ku BossMeM Bemmauny D(P)=(x%+ y?) — R%.

Paccmotpum puc. 2.5.2 , Ha KOTOPOM IIOKa3aHBl PA3JIUYHBIE BO3MOXHBIE CIIOCOOBI
MIPOXOXKIAECHUSI UCTUHHOM OKPYXHOCTH dYepe3 cerKy muckcenoB. [lycts mukcen Py yxke
HalileH Kak OMmKaWIIui K pealbHONH H300paKEHHOH OKPY)KHOCTH, W Temeph Tpedyercs
OTPEeNeNIUTh, KaKOi W3 MHUKCEJIOB JOKEH OBITh YCTAHOBJEH clieayromum: T wm S. s
9TOr0  OMpEAETMM  TOYKY, KOTOPOH  COOTBETCTBYeT  MHHHMMAaibHas  omHMOKa:
D(S)=((a+1)*+ p*) =R, D(T)=((a+1)*+ (p+1)*) R

Eciu |D(S)| < |D(T))|, To Beibupaem S, unaue - T;. Bemem Benumuuny d = |D(S)]| -
[D(T)|, Torma S; Betbupaercs npu o < 0, unaue Beibupaercs T;. Ecnu paccmarpuBarh TOIBKO
gacts okpyxHocrH, ayry or 0° 10 45°, to D(S) > 0 Tak Kak TO4KAS JTEKHT 3a Mpeaenamu
okpyxuoctd, a D(T;) < 0, tak kak T, HAaxXOAWTCA BHYTPHU OKPYKHOCTH, HOITOMY
di= D(S) + D(T|)
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/

Birte, \
. \ Si=(f‘+1, q)

T=(r+l, g-1)

Puc. 2.5.2

AunrebpanvecKue BBIYUCICHUS, aHAIIOTHYHBIE TEM, KOTOPBIE IPOBOIMINCH MJISI JIUHHH,
MOPUBOMAT K PE3YIbTATY:

d;=3-2R.

Ecmu Beibupaem S (korma di < 0),

D=4x.1+6;

eciu Beioupaem T; (korma d; >=0),

D i:4(Xi-1 * yi_l) +10.

brok-cxema atoro anropurma (puc. 2.5.3).

%g ¥ B color

v

d=3-IR
X=X,
¥=%o

I

Circle_Fixel(x, y, colof) | g

v

h=4 (-0 HET AA A=dx+6
y=y+l

‘ d=d+Ax=x+1 |

v

KOHELL | by D+Ra‘*\|'2
-4

HET

Puc. 2.5.3

ANTOpUTM XOpOII TEM YTO OTCYTCTBYIOT OIEPALMU C IJIABAIOIIEH TOYKOM, a Takke
OIEPALNHU JEICHYS U U3BICUYCHUS KOPHSL.
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2.6 Orceyenne o IOJIF0 BBIBOJIA

Ha puc.2.6.1. nmokazaHa IUIOCKas CIIEHA U OTCEKAIoIIee OKHO PeryisipHOH (opMbl.
Oxkwo 3amaercs aessiM (JI), npaseim (1), Bepxuum (B) u Hmwkaum (H) aBymepHsiMu pedpamu.
PerymsipHeIM OTCEKAarOIIUM OKHOM SIBIISIETCS NPSIMOYTOIbHHK, CTOPOHBI KOTOPOTO
napajsieNbHbl OCSIM KOOPAMHAT OOBEKTHOrO MPOCTPAHCTBA WJM OCSM KOOPAWHAT JKpaHa.
Lenpro anropuTMa OTCEUEHUS SBISIETCA ONpEACICHUE TeX TOYEK, OTPE3KOB MM MX YacTel,
KOTOpBIE JISKAT BHYTPU OTCEKAIOIIEro OKHA. JTH TOYKH, OTPE3KH WIIM MX YaCTH OCTAIOTCS
JUIL BU3yali3alMd. A Bce ocTalibHOe oTOpackiBaercs. [I0CKONbKY B OOBIYHBIX CIICHAX MU
KapTUHKaX HEOOXOAMMO OTCEKaTh OONBIIOE YUCIO OTPE3KOB U TOYEK, TO dPPEKTHBHOCTH
AJITOPUTMOB OTCEUYEHUS MPENCTABIsIET 0COOBI HHTEepec. Bo MHOrUX ciydasx momaBisolIee
OOJIBIIMHCTBO TOYEK MM OTPE3KOB JIGKHUT IIEIMKOM BHYTPH HJIM BHE OTCEKAIOIIEro OKHA.
[TosTOoMy BakKHO yMeTh OBICTPO OTOMPATH OTPE3KH, MOA00HBIE ab, i ToukH, momxobHbIE p, U
0TOpackIBaTh OTPE3KH, MOM00HBIE ||, Wi TOUKH, MOA00HkIe ( Ha puc.2.6.1.

Toukw, Nexanre BHyTPH OTCEKAIOIIEro OKHA, YIOBIECTBOPSIOT YCIOBHIO: X, <= X <= X;
U Yy <=y <= Yy, 3HaK paBEHCTBa 3[1€Ch IMOKA3bIBAET, YTO TOUYKH, JIOKAIINE HA TPAHUIIE OKHA,
CUUTAIOTCS HAXOMAIIMMHUCS BHYTPH HETrO.

oF

S~

| | / |

Puc. 2.6.1.

OTpe30K JeKUT BHYTPU OKHA M, CIEIOBATEIBHO, SIBISETCS BUIMMBIM, €Cli 00e ero
KOHIICBBIC TOYKH JISKAT BHYTPU OKHA, Hampumep oTpe3ok ab ua puc. 2.6.1. Oxnako eciu 06a
KOHIIa OTpE3Ka JISKAT BHE OKHA, TO 3TOT OTPE30K He 00s3aTENbHO JISKUT IIETMKOM BHE OKHA,
Hanpumep otpe3ok gh Ha puc. 2.6.1. Ecnu xxe 06a KOHIa OTpe3Ka JieKar Crpasa, CIICBa, BBIIIE
WM HWKE OKHA, TO TOT OTPE30K IEJTMKOM JISKUT BHE OKHA, a 3HAYMT, HeBHAUM. [IpoBepka
MOCIIEHEr0 YCIOBUS YCTPAHUT BCE OTPE3KH, MoMedeHHble ij Ha puc. 2.6.1. Ho oma He
ycTpaHuT Hu OoTpe3ka gh, KOTOphIi BUAMM 4YacTHYHO, HH OTpe3ka K, KOTOpBIH HemuKoM
HEBHUIUM.

Anzopumm Kosna-Caszepnenoda. ITot anroputM HaleJIeH Ha TO, YTOObI MAKCUMAJIbHO
3¢ (deKkTUBHO 0TOPACKIBATD JIMHUH, 3aBEJOMO HE TOMAaloIIKe B MoJe BeiBoAa. Jlis peleHus
3aJa4d ONpeAeeHUs NPUHAISKHOCTH OTpe3Ka IONI0 BBIBOAA HCIIONB3YETCS CIIEHYFOIIUI
meron. IIpoctpaHcTBo pa3duBaercs Ha 9 olmacreif, kaxkmas w3 o0JacTeil KoaUpyercs
OuHapHBIM 4-X OWUTHBIM KOJOM puc. 2.6.2. CaMo moiie BbIBOJAa Ha PHUCYHKE IMIOMEYEHO
uynesbiM komom (0000).
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1001 1000 1010

Kon
Mone BbiIBOAa
[x[xx[x]
A A A t
///// nesee Mons BblBOAA
0001 0000 0010 L npaeee nons BbiBOOA

HWpKe Nons BbiBoOAa

BbilLIe NOns BbiBOAA

0101 0100 0110

Puc. 2.6.2. «<KogupoBaHue nIpocTpaHCTBa»

Jlnst kaxIo0ro oTpe3ka paccuutsiBaroTes Koabl KoHIOB (K1, Ky) 3arem npoussoaurcs
JKCIIpecc aHaIu3!

Ecmm K UK , 1 0, Torga OTpe3oK JIeKHUT BHE MOJISE BBIBOA — OTPE30K
orOpackiBaeTcs;

Ecmn K; =K, =0, Torzma oTpe3ok MoIHOCTBIO JKUT BHYTPH TI0JIS BHIBOJA —
OTCEYEHUE HE HY)KHO, OTPE30K MOJHOCTHIO MPOPUCOBBIBAETCS;

Ecmm K UK , =0, oTpe3ok MOXKeET YaCTHYHO JIEKATh BHYTPH [OJIS1 BEIBOAA —
HEOOXOIMMO OTCEUEHHE TI0 MOJI0 BBIBOAIA.

Anzopumm omcedeHus no npAMOy20nvHoul ooéaacmu. OTMETUM, YTO OTCEUYCHUE
yIoOHO MPOBOJUTH IO KAKAOH M3 TpaHMI HONsI MO TNopaaky. Hampumep, cHauana
OCYILIECTBUTh OTCEUEHHUE N0 BEPXHEW IOPU3OHTANIBHOM, 3aTEM I10 MPaBOW BEPTHUKAJIHHON U
T.A. puc. 2.6.3. TakuMm o00pa3oM MHOTOKPaTHO IIOBTOPSETCA TIPOLECC OTCEUEHHs II0
noiymiockoctd. Ha puc.2.6.3. KHpPHBIM BBIJENIEHO peOpo MO KOTOPOMY IPOHCXOIUT
OTCEYEHHE.

a) 6) B)

n a)
Puc.2.6.3. «Otceuenne oTpeska o NpsMOYroJbHOH obiacTi»

Uro0bl pemwuTh 3aJady OTCEYEHHUS 10 OTHOWIEHWI0O K OJHOM M3 TpaHHIl Hago
paccMOTpeTb BCe BO3MOXKHBIE BapHaHTBl  PACIOJIOKEHUS JIMHUM  OTHOCHTEIILHO
MOJYIUIOCKOCTH:  PACIIONIOKEHUE «BHYTPH» TOJYIUIOCKOCTH, PACIOJIOKEHUE <«BHEY,
pacIoyioxXeHne «BHYTPH-BHE», PaclONIOKEHHEe «BHE-BHYTpW». Tarkke HAZ0 OTMETUTh, YTO
TOYKH JIS)KaIlIMe Ha TPAHUIIE TIOJISI BEIBOAA PUHAUIEKAT MO0 BBIBO/IA.
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Xo

a) b)
Puc.2.6.4.
Ha kaxxiom 1miare oTcedeHus BEIYUCISIOTCS HOBBIE KOOPAMHATHI OJTHOM TOYEK, HailaeM

(OpMYIBI ISl BBIYMCIIEHHUSI HOBBIX KOOP/IMHAT.
dopMyIbl 711 pacueTa HOBBIX KOOPIWHAT

IS BEPTHKATBHOM IPAHHIIBL: 171l TOPU30HTAIBHOM TPAHHIIBI:
QX Yo:Vo) QX1 Yo:Vo)
— X5 - Xg . — Yo~ ¥s
Yo =Ys +o—2AYo- V)i 6) X =Xg +21= X, - Xg)
9 s X, - % p- Ys Xq = Xg V.- Ys P Xs
- X -
Vq :Vs+b><VP_VS) Vq :VS+M><VP_VS)
Xp T As yp - JYs

2.7 Metoapl ycTpaHEHHSI CTYIEHYATOCTH.

[TycTh MMeEIOTCS TOJILKO JBE€ IIBETOBBIE I'pafalldy: YepHas W Oenas W CTOWT 3ajada
MOCTPOEHUS TIOJYTOHOBOT'O M300pakeHus puc. 2.7.1., T.e. HEOOXOAMMO MONYYUTh OTTEHKH
ceporo. B ycnoBusx orpaHMYeHHOH 1BeTOBO# manuTphl (8 IBETOB HAa TOYKY) peam3ariis
LBETOBOT'0 KIIMHA 00OpaYMBaETCs MOTYYEHHEM BOCBMH YETKO Pa3/IeNeHHBIX MOJIOC Pa3HBIX
OTTEHKOB W TMOTeped IUIaBHOro mnepexoxa usera. Jis ycrpaneHus takoro s3¢ddexra
CYLIECTBYIOT METO/Ibl YCTPAHEHHUS CTYIIEHYATOCTH.
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LiBeToBOWM KINNH

E-

Puc. 2.7.1. «lIBeTOBOI KITUH»

Memoo nonrymonog. CylnHOCTh: KaXK]IbIH TUKCETb UCXOIHOTO H300paKeHus
3aMeHsIeTCs TPYIIoN nuKcenel puc.2.7.2.

o
-

b

2 3 2

" ol
.

Puc. 2.7.2.

IMpu Tako# opraHU3aly MOTYyIaeTCs ATh BOSMOXKHBIX YPOBHEH uiu TOHOB ceporo (O-
4). B obuiem ciyuae ISl JBYXYPOBHErO MHCIUICS YHUCIO BO3MOXKHBIX MHTEHCHUBHOCTEH Ha
eIMHHIY OOJIbIIe YKCIa MUKCETIO0B B KiieTke. [Ipu BeIOOpe KOH(pUTypalid cieayeT posBIsSTh
OCTOPO)KHOCTh, TaK KaK HMHa4e MOI'YT BO3HHKHYTH HEXeJaTellbHble MeIKOMacCIITaOHbIE
CTpYKTYpHL. Hampumep, He cieqyer NpuMeHATh HA OAHY U3 KOH(QUTypaluii, n300paKeHHBIX
Ha puc.2.7.2. b wiu ¢, nHaYe 3T0 NPUBEAET K TOMY, 4TO st OONBIION 00JaCTH C IIOCTOSHHOM
WHTEHCHBHOCTBIO Ha W300paXEHUH TOSABATCS HEXKeNaTellbHbIe TOPU30HTAJbHBIC WU
BEpTUKAJNbHbIE JTMHUU. YWCIIO AOCTYIHBIX YPOBHEH HMHTEHCHBHOCTH MOXKHO YBEIHYHUTH C
MIOMOIIIO YBETUYEHHS pa3Mepa KIETKU.

HcnonbzoBanne KOHQUTypalyil BeJeT K MOTepe MPOCTPAHCTBEHHOTO Pa3pelICHHs, YTO
MIPUEMIIEMO B ciydae, KOrja paspelieHne n300pakeHns MeHbIIe pa3pelIeHus! JUCIIIIes.

Memoo nepenoca. MeroJ TaeT MOJYTOHOBBIE U300paXKEHHS C HETUIOXUM Ka4eCTBOM.
B nmanHOM MeToze paspeluieHne n3oOpaxeHus He m3MeHsercs. CyIIHOCTB: MpeaBapUTeIbHO
3aJaeTcsl YHMCIO0 TPajalldii ceporo, BBIUUCISAETCS CepelrHa STOro AWarna3oHa M, NPOXOJs
n300pakeHrne B HANpPaBIICHUH CIIPaBa - HAJIEBO U CBEPXY — BHH3, PACCMATPUBAIOTCS TOYKH
M300paKeHUs | €CIU SIPKOCTh TOYKU OJIKe K OeloMy, TO CTaBUTCS Oenasl TOYKa, a €Cliu K
YepHOMY, TO CTABHTCS YepHas TOYKA, IOJIOBUHA IOJIYYEHHOH OIMOKH mpubaBisieTcs K
SIPKOCTH TOYKH CIIpaBa, a BTOpas MOJOBHHA K SPKOCTH TOYKU CHHU3Y (MPOMOPIIMU MOMKHO
U3MECHSITD).

[Mpumep peanuzany JaHHOTO aNrOPUTMA JIJIA IPAMOW MpUBeNeH Ha puc.2.7.3.
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+70 -105 +45 -110 +90 +65

. . e
70 80 | 150 | 100 | 200 | 220 | 90

Puc. 2.7.3.

Meroz niepeHoca MOXKHO UCII0JIb30BaTh U B ClIydae OOJBIIEro YKcia rpajaimii.

C mnomomplo MoZOOHOTO METoJa MOXKHO pHCOBATh IIBETHYIO KapTHHKY. Ecmu
UCXOMHBIX Tpamammii 16, To TEeKylIyro SpKOCTh CPaBHHBAIOT C ONKaiIel, mocie 4ero
BBIOMPAIOT COOTBETCTBYIOLIYIO SPKOCTH, BHIYUCISAIOT OMIMOKY M MEPEHOCIT Ha CIEAYIOIIYO
TOYKY. AJITOPUTM HCIIONB3YeTCs OTACIBHO JUIS KaXKJOro [IBETa.

Xopome pe3yabTaThl MONYYalOTCd B TOM ClIydae €ClIM HadajJbHOe 3HAadcHUE
MOTPEITHOCTH JJISI KaXIOW CTPOYKH Pa3bITPhIBACTCS CIy4ailHBIM 00pa3oM, TakuM 00pazoMm
YCTpaHsAeTCs PEryIsIpHOCTh KApTHHKH.

2.8 3akpacka obnacteit

CymiecTByeT HECKOJIbKO BapHAHTOB 33/1aHUS 001acTel.
1) BuyTpeHHEe onpeieneHHbIe 00TaCTH.
[Ipenmonaraercs, 4YT0 CYIIECTBYIOT TPYIIBI TOYEK, UMEIOLINX ONPEICICHHOE 3HaueHHUe
KO/, OTJIMYAIOIIeecs IS TOYEK, HAaXOMSAIINXCS 32 TIpeAeIaMu TPaHHIbl 00JIacTH.

3TH 00J1aCTH MOTYT OBITH!
a) 4 — X CBSI3HBIMH,
6) 8 — U CBSI3HBIMU;

V,; = const

Puc. 2.8.1.

2) T'paHnuHO-OMpEICICHHBIC 00IACTH.

J1aCTh aHUIA.
—— Vauyre! Vriean Obuacr, rp 1

~]"" Vipan=const a) 4 — cBs3Has;
™ VBHEm?! Vipap 0) 8 — cBs3Has;
Puc. 2.8.2.

CyllecTBYIOT HEKOTOpbIE “3aTpaBOYHbIC” TOYKH, COOTBETCTBEHHO KOTOPBIM
HeoOXOJMMO 3aKkpammBaTh obOnacte. [l ymepxkaHus 8-CBI3HOH 00JNacTH  HYXHO
WCIONB30BaTh 4-X CBS3HBIC TPAHULBI, A yAep:KaHUs 4-CBS3HOH 00JacTH HOCTaTO4HO 8-u
CBSI3HBIX TPaHMUIL.

3) Ob6nacte, 3amaHHAs MHOTOYTOJBHUKOM, T.€. COBOKYITHOCTHIO 3aJaHHBIX OTPE3KOB-,
MPEACTaBIIAIONIAs COO0H HEKOTOPYIO HEMEePECEKAOIIYIOCS JJOMAHYIO.
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Puc 2.8.3

3axkpacka zpanuuHo-céa3Hou oonacmu. CyIMIeCTBYeT HECKOJBKO allOPUTMOB 3aKPacKu
Takoi obnactu. PaccMoTpuM 11Ba U3 HUX.

1) PekypcuHbIi MeTon. MeTos mpoCT [ist IPOrpaMMHUPOBAHUS, OIHAKO KpaiiHe HedaddeKTHBeH.
[To oTHOmIEHUIO K 3aTPaBOYHOM TOUYKE MPOCMATPUBAIOT BCE TOUKHU. Ecii OHM He rpaHUYHEIE,
3aKpaIIUBAIOT U IIOCHUIAIOT B CTEK. Jlaiee BRITACKMBAIOT U3 CTEKA, W €CIIH TOYKA HE SBIAETCS
TPaHUYHOM W 3aKpallleHHOH, eNaroT To e camoe. CM. Omok-cxemy puc.2.8.4.

3atpaBouHYIO TOUKY (Xg ,Yo)
nomemaem B 6ydep (LIFO, FIFO)

HE IyCT mycT

W3BrnekaeM T. (X,y)

3aKpaneHa HE 3aKpalleHa - N
i —» XonocToii Ipo6er 1o NeBoii rpaHuIIbI T. (Xo,y)

IMomectuts B 6ydep T. (Xo, y+1) u
T. (Xo, y-1), €cli OHH He 3aKpaIleHbI

‘

JIBUTaThCs MO TEKYILIEH CTPOKE Y 10 MPaBOil I'paHUIIb], IIPH 3TOM:

1. 3akpamuBaeM TOYKHU CTPOKH

2. mnowmeniaeM B Oydep TOUKU BEpXHEH M HUXKHEH CTPOKH, €CJIH OHU OKa3bIBAIOTCS
PSIOM cIIpaBa OT JIEBOY I'paHUIIBI U €CJIM OHU HE 3aKpallleHBbI.

Puc. 2.8.4.

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Crnenyromas Touka B Oydep npu
JIBUOKEHUU

| — I'panuna 3
| Tlome xomocToro xoja /0 JIEBOM IpaHULIbI

N

N\

N\
’
\
\

DN
N

4
7

N

X - 3aKpacuTh
® - B Oybep

\
NN

Puc. 2.8.5.

2). AlIrOpUTM C MPUMEHEHHEM METO/Ia IIOCTPOIHOTO CKAHUP OBAHHS.

puc 2.8.6

Meron TpUMEHSETCS TPH YCIOBHH MPEIBAPUTEIHHO MPOM3BEICHHOTO  OTCEYCHHS
MHOTOYrOJbHUKA IO MOJIIO BbIBoga. OOmas uaes MeToJa 3aKIoYacTcs B 3allOJHEHHUH
00JIacTH MyTeM PUCOBAHUS TOPU3OHTANBHBIX (BEPTUKAIBHBIX) CTPOK. JIMHHK MpOBOASATCS
MOCTPOYHO OT OJHOrO pedpa MOl BBIBOJA K NPOTHUBOIOJIOKHOMY B JBYX PE&KHMax: C
IpOpUCcOBKOW (TOYKHM 3akpamiuBaroTcs) u 6e3. [lpudeM cMeHa peKHMa MPOUCXOIMUT MIPH
JOCTIKEHUU JIMHKUEH TpaHullel pedpa 3akpammBaemoit obmactu (puc 2.8.6). Orcneaurs 310
coOBITHE HETPYJHO MpPU H3BECTHHIX YpaBHEHMSIX Bcex pedep. HeoOxommmo ompenenutsb
TOYKH TJO0ANTBHBIX H JIOKAJbHBIX MAKCUMyMOB H(Mi) MUHEUMYMOB (urypsl. [Ipu stom
cleayeT HWMETh BBHJIY, 4YTO B TOYKax JIOKAJbHBIX OKCTPEMYMOB CMEHBI pPE&KHMa HeE
npoucxoaut. Eciu rpanuia Gurypsl ComepKuT ropu3oHTaIbHbIe (BepTUKABHBIE) pedpa, TO
Takue pedpa He YUUTHIBAIOTCS.

Humepnonayuna apkocmu npu 3axkpacke oonacmeit. O TMHEHHOW WHTEPHIOIALUHN SPKOCTH
MIPU 3aKpacKu 00JIACTH MOXHO TOBOPHTb, €CIIH 3aKpalinBaeMas GUrypa miockas T.e. JISKUT B
oJHO# iockocTH, Hanpumep (XVY).

V O6JI3CTI> B INIOCKOCTHU Torz[a MOJXHO HaImicaTb YpaBHCHUC TIJIOCKOCTH.
4 Ax +Bey+CV +D=0, C!0;
v
p X
Puc. 2.8.7.

[TnockocTh onpenensieTcs Mo TPEM TOYKaM:
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(x3, ya, V)

(X2, Y2r V2)
(X1, Y1 V1)
Puc. 2.8.8.

yl Vl Vl Xl Xl yl Xl yl Vl
A=y, V, ; B=|V, X, ; C=x, VY, ; D=-|x, VY, V,;

y3 V3 3 X3 XS y3 XS y3 V3
|| || - ompenenuTens MaTpuiisI;

A-x+B-y+D A B D

V=- 37437437437&1:374374374 —a-x+b-yt+graea=- 3(/;1, b=- 3é ,g=- :é/ft;

V =Vi+a(x-x)+p (y- yi), re

V — SpKOCTh B MPOU3BOILHOM TOUKe, V1 — IPKOCTh N3BECTHASI.

AdnroputM paboTaeT ¢ HOMOUIBIO 2-X TaOJIHII

1. Tabmana pedep (TP);

2. Tabmina aktuBHbIX pedep (TAP).

B TP 3anocarcs Bce peOpa, a B TAP numb Te pebpa, KOTOpble IepeceKaloTcs IpH
CKaHHPOBaHUU.

Cocrasnenne TP:

Bce pebpa mensrcs Ha TPYNIBI IO HAPACTAHUIO Y-KOOPJMHATHI, a BHYTPH TPYIIIEI p&dpa
YIIOPSIOYUBAIOTCS B COOTBETCTBUH C HAPACTAHUEM Xy,q, PEOPO B TAOIUILY 3aHOCUTCSA TOJBKO
1 pa3, copuzonmanvvie pebpa ueHOPUPYIOMCAL.

9 A (11 2)

B B (41 8)
8 C (8, 6)
. D (7,2)
6 ¢ E (5, 4)
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Tabmmua pédep.

I'pynma, Ne Pebpo Ymin Ymax XHAY XKO AX Viay Vxoney AV
1 AB 8 1 4 0.5
AE 2 4 1 5 2
DC 6 7 8 0.25
DE 4 7 5 -1
2 CB 6 8 8 4 -2
XK(3)H ¥ XHAY VkoHEy 3/5 ViHay
Dx =3%%%%%%;, DV =%%%%Ya%%;
Ymax Ya ymin ymax Ya ym‘n

Anroputm:

1. ®opmupyercs TP u uanmmanuszupyercs TAP;

2. Broibupaercs nepBasi KOOpMHATA CKAHUPYEMOW CTPOKHU: Y = MiN {VYmin};

3. Eca y = Ymin, TO ocymiecTBisiercss nepeHoc rpymmsl u3 TP B TAP (ropusoHTanbhsie
pebpa B TabnuIly He 3alKUCHIBAIOTCS).

TaOsmu1a akTUBHBIX pedep.

PerO ymin ymax XHAY AX \Y HAY AV
AB 2 8 1 0.5
AE 2 4 1 2
DC 2 6 7 0.25
DE 2 4 7 -1

4. VYuopsanouuBanue pedep B TAP mo Bo3pacTaHHIO Xpay;

5. CkanupoBanue (IIPOBOASAT CKaHHP YIOIYIO CTPOKY);

a) TIEPEKITIOYEHNE PEKUMOB TIO XAy,
0) y4éT JIOKaIBHBIX 3KCTPeMYMOB. ECITi BepiiinHa — JTOKAIbHBIH 3KCTPEMYM, TO PEKUM
ClleyeT COXpaHuTh. JIJIs OTCIISKUBAHUS JAHHON CUTYAIIHH MOYHO BKITIOUHTE B TP Ve, TIpH
COBIIaZIEHN U HEOOXOIUM JIONONHHUTEILHBIN aHaIN3,
B) TIPOBOAWTE JMHEHHYIO HHTEPIIOJBIIIHIO APKOCTH TIPH 3aKpacke OT (Xuau, Vuau)i 10 (Xpau ,

VHALI)i+l-

6. VYnamute u3 TAP Te pebpa, 1 KOTOPBIX CIIPABEIUBO Y = Ymax:

7. s Bcex anemeHTOB B TAP mpousBecTr: Xpay = Xgay + AX; Vaay = Vhay + AV,
8. Ilepexon K crnenyromiell CKaHUPYIOLIEH cTpoke: Y=Yy+1;
9. IIpoBepka Ha OKOHYAHHE. €CIH Y>MaX{ Ymax}, TO KOHEL, MHAYE OCYLIECTBUTH MEPEXOI K

m.3).

Omceuenue nnockux ¢uzyp (anzopumm Kosna-Cazepnenoa).

PaccmoTpum 3amauy 00 oOTcedeHMH NPOM3BOJILHOTO MHOTOYTOJBHHKA IIO
rpaHuLie 33aJaHHOTO BBINYKJIOTO MHOTOYrojibHuKa. OgHuM u3 Hambosee MpPOCTHIX
AITOPUTMOB IS PelIeHus 3TOH 3a7aun siBisercs anroput™m Kosna —Cazepnenaa.

AnTOpUTM CBOOUT OCHOBHYIO 3aJadyy K CepUH 0Oojee MpOCTBIX 3agad o0
OTCEYCHUH MHOTOYTOJIbHMKA BIOJb NPSMON, NPOXOAsMIEH depe3 OgHO Hu3 pedep

OTCCKAIOIIETO MHOT'O YI'OJIbHUKA.
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1

N
2R

CDHrypa 3aJlaHa CIIMCKOM BEpIIHH:

8/\ 3 {1,2,3,4,5,6}
4 9 Heo0xoaumo moryduTs:
J:O/ {7,8,9,10,4,11, 12, 13,14}
1
/I Iloxe BEIBOAA.
14
13 1 2
3@
Puc. 2.8.9

Ha xaxmom mare BeiOupaem ouepemnoe (puc 2.8.10) pebpo oTcekaromero
MHOTOYrOJbHHKAa. B Hamem cimydae 3To0 pebpa TmOMeEYeHHBbIE Huppamu.
[IpenBaputenbHO HEOOXOAMMO [OTOBOPUTHCS O HamNpaBiIeHHMH o00X0Aa BEpIIMH
OTCEKaeMOro MHOTOYrOJIbHUKA (110 4acoBOM cTpeinke win npotus He€). I[locne atoro
[IOOYEPEHO TPOBEPSAETCA IOJIOKEHUE BCEX BEPIIMH [JTAHHOIO MHOTOYTOJBHUKA
OTHOCHUTEJILHO NPAMOH, IPOXOsiel uepe3 BeiOpaHHoe Tekyiiee pedpo. [Ipu stom B
PE3yABTUPYIOMNK MHOTOYTONBHUK Ho0aBmsiercs: 0,1 nmm 2 BepmuHEbL.

11

Puc 2.8.10
[Tpu nmocnenoBaTenbHOM OTCEYSHUH MHOTOYTOJIBHUKA MO YETHIPEM IpaHHIIaM
BO3MOXHBI 4 pazmuynbix cutyaiun (puc 2.8.10). MoxeT Takke BO3HUKHYTh BAPUAHT,
Koraa pedpo coBmamaeT ¢ TpaHuIei.
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4

1 2. 3, .
P
PeV P S
Q Q
s s
P S
BHYTpHU BHC BHYTpHU BHC BHYTpU BHC BHYTpHU BHEC

Puc 2.8.11

[MpemmonoxxuM, 94To ToUKa S yxe oopadoTaHa.

B cnygae 1: pebpo memmkoM JEXKHAT BO BHYTPEHHEW oOmacth u Touka P
00aBIsIeTCA B PE3YABTUPYIOMIUNA MHOTOYTOJIBHUK.

B cnydyae 2: B pe3ynabTHPYIOMINNA MHOTOYTOJIBHUK JOOABNISIETCS TOYKA Tepe-
ceuenus Q.

B cnydae 3. obOe BeplIMHBI JIG)KAT BO BHEIIHEH OOJIACTH M TMOSTOMY B
PE3yABTUP YO MHOTOYTOIFHUK HE JOOABISIETCS HU OTHOW TOUYKH.

B caysae 4! B pe3ympTUPYIONMHA MHOTOYTOJNBHUK JOOABISIOTCS TOYKA
nepeceuenus Q u Touka P.
[TpumMep: MHOTOYrOJIBHUK 3a1aH cruckoM Bepimh {1,2,3,4,5,6,7,1}

2

OTcuer HEOOXOAMMO HAYMHATH
C TOYKH, HAXOMSALICHCS BHYTPH
IPAHHMIIBL.

BHyTpu ! BHE

[MocnenoBatensHo nepedbepém Bce pédpa. Haunem mpomecc ¢ Touku 1 u pedpa 1-2.
Hauném QopMupoBaTe HOBBI CIUCOK BEpIIMH. B COOTBETCTBHMM ¢ OpHeHTanued pedpa
3aHecéM B BBIXOAHOW cmucoK BeprmHy 2 => {2}. [lamee paccmorpum pebpo 2-3:
nobasmsiercst Touka 8 => {2, 8}
3-4:{2,8,9 4}.

4-5: {2,894, 10}.

5-6: {2, 8,9, 4, 10}. PeOpo MOTHOCTHIO 0KA3aJI0Ch BHE, TIOTOMY HUYETO HE T00ABIISIETCS.
6-7:{2, 8,9, 4,10,11, 7}.

7-1:{2,8,9 4,10,11,7, 1}.

TakuMm 06pa3oM, HOBBII crimcok BepwH: {2, 8, 9, 4, 10, 11, 7, 1}.

OnpeneneHue IpKOCTH B TOUKE IIEPECEUEHHUS] ¢ 00IaCThIO BEIBOJIA.

V, (X2 ¥2)

Vq (Xo Yo)

Vi (X, Y1)
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Brrancnenus npoBoasATCs MO OJHOM U3 ABYX HOpMyI:

Yo- Y

(1) VQ :V1+¥X(VZ'V1);
P 1
Xo - X

(2) VQ :V1+—X(VZ'V1);
27 %

IIpumeyanue:
ITo dpopmyne (1) cuuraror, e |y2— yi1| 2 [x2 — X1|, mo popmyse (2) - eciu
ly2—yal < Ix2 = xal;

3. 'eomeTpuyeckue npeodpazoBaHus
3.1 Koopaunatsl u npeoOpa3zoBaHus

Onwucanne, KOHCTPYHpPOBaHHWE, MAaHUIYIMPOBAaHHE W  NPEICTABICHHE
TE€OMETPUYECKUX OOBEKTOB SBISIOTCS LEHTPAJbHBIMH paboTamMu B TpadUIecKux
cucremax. Mx mnoazepxka B TpeOyemMoM o0O0beME 3a CYET COOTBETCTBYIOLIMX
MaTeMaTHYECKUX METOJOB, aJrOPUTMOB M IPOTPaMM OKa3bIBAIOT CYIIECTBEHHOE
BIMSIHAE HA BO3MOXHOCTH M 3(dekTuBHOCTh Tpaduueckoil cuctembl. B manHOM
pazmene Oyayr paccCMOTPEHbl MareMaTHYeCKMe METOAbl Ul  ONHMCaHUsA
reOMEeTpHYECKUX MpeoOpa3oBaHUM KOOPAMHAT B JBYX M TPEXMEPHOM ciiydae, OynyT
00CYXI€HBl HEKOTOPBIE BOMPOCH PPEKTUBHOCTH, PACCMOTPEHBI T'€OMETPHUYCCKHE
peoOpa3oBaHus paCTPOBBIX KAPTHUH.

Hanee 6onpmmmu 6ykBamu X, Y, Z 0yayt 0003HauaThcsi OObIUHBIE IEKaPTOBbIE
KOOpJUHATHI, a MajieHbKue OYKBbI X, Y, Z OyIyT MCIOJIb30BaThHCS IJIs1 0003HAYCHUS
T.H. OTHOPOJHBIX KOOPIUHAT.

3.2 Addunnsie npeoOpa3zoBaHus Ha MIIOCKOCTU

B kommbeTepHOW Tpaduke BCe YTO OTHOCHUTCS K JIBYyMEPHOMY CIIydaro,
npuHsITo 0003Ha4aTh cumBosioM 2D (2-dimension). 3aeck MOTOBOPUM O TpeX THIAX
MpeoOpa3oBaHuii: MapasieIbHOM IepeHoce, MaciITabupPOBaHNH, TIOBOPOTE.
Ilapannenwvuwiii nepenoc

Y

(xy)

Puc 3.2.1

JlomycTuM, 4YTO Ha IUIOCKOCTH BBEICHA MPSIMOJMHEHHAS KOOpAMHATHAS
cucteMa. Tora Kaxa0il ToUKke CTaBUTCSl B COOTBETCTBUE YIOPSIIOYCHHAS Mapa YUCe
(X, y) ee xoopaunat (puc 3.1.1). BBoas Ha IJIOCKOCTH €lle OJHY MPSMOJIUHEHHYIO
CHCTEMY KOODPIMHAT, Mbl CTABHM B COOTBETCTBHE TOI JKE€ TOUKE APYI'YIO Mapy YHCEN —
(X', y"). [apamienbHblil IEpEeHOC B TIOCKOM CITy4ae HMEET BHL:

{x‘:x+Dx
y =y+Dy
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[\)i,\:—y;] :M + [Dx, Dy]
P

P T

WM B BEKTOpHOU hopme:

PP=P+T,

rae

P* =[x y] - Bekrop-cTpoKa mpeoOpa3oBaHHBIX KOOPAUHAT,
P =[x y] - BekTOp-CTpOKA HCXOAHBIX KOOPIMHAT,
T =[Tx Ty] - BekTOp-CTpOKa CABHUTA,
X',y - mpeoOpa3oBaHHbIE KOOPIHHATHI,
X, Y - HCXO/IHBIE KOOPANHATHI TOUKH,
TX, Ty - BenmuumHa CABUTA 10 OCSIM.

Macwmabuposanue
Y, V4
x,y) x.y) -
X > %

Puc 3.2.2

[Ipeo6pa3oBanre MacITabOUPOBAHUS IPEACTABISIETCA KaK MPOU3BEACHHUE UCXOIHBIX
KOOpJIWHAT U MaTpHULbI MPeoOpa30BaHus U OTHOCUTEIIBHO Hayaiaa KOOpIUHAT UMEET
BU!

{ X =X-SX
y =y-Sy
Wi
Sx 0
X, y1=[xY]
P P S
S
WM B MAaTPUYHOU (opme:
P=P-S
e

SX, Sy - ko3¢ duIUeHTH MacTaOUPOBAHUS IO OCSIM, a
S - maTpura npeoOpa3oBaHus
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Ilosopom

Y. o Y.

xy)

*x.y)

> x
Puc 3.2.3

[IpeobpazoBanme MOBOPOTa OTHOCUTEIHHO Hauajaa KOOPAMHAT HMEET B!

X'= - cos(¢) —y-sin(¢)
y'=x-sin(p) +y-cos(e)

NIIn
cos(p) sin(e)
X, y1=[x1Y]
" " —sin(p) cos(o) , TIIe
P P “ — )
R

R — maTtpua noBopora
¢ — TOJIOKUTENBHBIN YroJ MOBOPOTa (HAMPABICHUE MPOTHB YaCOBOM CTPEIIKH).

WM B MAaTPUIHOU (opme:

P =PR,

Ilpeobpa3zoeanue 6 00HOPOOHYIO cUCHEMY KOOPDOUHAM

Kak BugHO nBymepHble mpeoOpa3oBaHUS MMEIOT pa3idyHbld Bu. CaBur
peanmu3yeTcsl CIOKEHHEM, a MacIuTabupoBaHHE W TIOBOPOT - YMHOXXEHHEM. OTO
pasnuyme 3arpynHseT (pOopMHpPOBaHHE CyMMapHOTO MpeoOpa3oBaHUA. DTO MOXKHO
YCTpaHUTh, HAPUMEpP, TaK: NEPEUTH K OMHCAHUIO MPOU3BOJIBHON TOUKH IIOCKOCTU
HE YNOPSAMAOYEHHOM mIapold 4YHCeN, KaK B JEKapTOBOM CHCTEME KOOpAHMHAT, a
YIOOPSIOYEHHOU TPOUKON YUCET:

[XYW].

OnHOPOOHBIMU KOOPJIWHATAMH HPOU3BOJIBHOM TOYKHM IUIOCKOCTH, 3aJaHHOU
KOOpAuHATaMU X W Y, Ha3bIBaeTCs Jo0asi TpOWKa OJHOBPEMEHHO HEPABHBIX HYIIO
gucen X, Y, W, cBs3aHHBIX C 3aJaHHBIMH KOOpDAMHATAMU X U Y CIEAYIOLIMMH
COOTHOILCHUSIMH .

X= 1; y= i;W 10
Y W

OnmHOpOAHBIE KOOPAWHATEI MOYKHO IMPENCTABUTH KaK MPOMAaCIITaONpPOBAHHEIE
¢ koadpduruenrom W 3HaYCHHWS JABYMEPHBIX KOOPJAWHAT, PAacCIOJIOKCHHBIC B
wiockoctu ¢ Z = W.
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B cuny npousBonbHOocTH 3HaueHus W B OZHOPOOHBIX KOOpAMHATAX HE
CYIIECTBYET €QWHCTBEHHOTO TNPEACTABICHUS TOYKH, 3aJaHHOH B JEKapTOBBIX
koopauHarax. [IpeoOpa3oBaHus mNapaUieIbHOTO IEpeHOca, MaciuTaOMpOBaHUA U
MOBOPOTA B OJJTHOPOJIHBIX KOOPJAMHATAX OTHOCUTEIBHO LIEHTPAa KOOPAUHAT BCE UMEIOT
OJIMHAKOBYIO (HOpMYy TPOU3BENEHUS BEKTOpAa HCXOMHBIX KOOPAMHAT HA MAaTpPHILY
npeoOpazoBaHwus.

[Ipn nmomomm TpoeK OAHOPOAHBIX KOOPIMHAT M MATPHUL TPETHETO MOpSAKA
MOXKHO ommcaTth Jtoboe adpuHHOE mpeoOpa3oBaHHE IUIOCKOCTH. B camom nerne,
cuntas W=1, Tpu BbIlIE pPACCMOTPEHHBIC OIEPALMUA MOXKHO 3allUcaTb B BUJE
MPOU3BEICHUS HA COOTBETCTBYIOIINE MATPHIIBI:

Ilapannenvnuiii nepenoc:
1 O

X7, Y, =X, Y, 1] 0 1

X Dy

)
oo

[MepemuosxuB, moayaum: [X + DX, Y + Dy, 1]. Ilepexoa B AeKapTOBY CHCTEMY
KoopauHaT aact [x+Dx, y+Dy].

Macwmabuposanue:.
¢S, 0 0y
S _ ' _é a
P =PS rz[eS—éO S, Ol]’
go 0 1y
Ilosopom:
é cos) sinj Og
P'=P-R; rz[eR:g— sinj  cosj 03
g 0 0 1y

Paccmotpum  mpumepbl  ahGUHHBIX TpeoOpa3oBaHUN IUIOCKOCTH. 3anady
MOBOPOTA BOKPYr (PMKCHPOBAHHOHN TOYKH TIPOIIE pelaTh, pa3eiuB ¢ Ha Tpu Ooliee
MPOCTHIX MOJA3aJa4u. TpeoOpa3oBaHUE CMEIICHUS, MPeoOpa3oBaHUE TOBOPOTA,
peoOpa3oBaHUE CMEIICHHUS.

X X (o) (Xo, Yo)
L@ T
’ y y

P =P-M,
Ilpeobpa3zosanue cmeuienun

npencrasisier coboit mepenoc Ha Bektop T(-Xo, - Yo) ms coBmemenns
LIEHTPa MOBOPOTA C HAYAIOM KOOPIUHAT;

1
T=10
-X

<Fo

0
0
1

o~ To
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IIpeobpa3zosanue nosopoma
IToBopoT Ha yroi ¢:
cos(e) sin(p) O
R(g)= | —sin(p) cos(e) 0
0 0 1

Hpeobpazosanue cmewenus

npencrasiseT coboi nepenoc Ha Bektop T (Xo, Yo) 11 BO3BpaleHus LEHTPa
HOBOPOTA B IPEXKHEE MOJIOKEHHE.

[TepeMHOKUM MaTPUIIBI B TOM K€ HOPS/KE, KAK OHH BBIIUCAHEL

T(-Xo, = Y0) "‘R(9) T(Xo, Yo).
Va

CMmeniaeM TOUKY Bo3sspamiaem Touky
B HA4aJI0 KOOPJIUHAT B HCXOJHOE COCTOSTHUE

B pesynbraTte npousBeaeHr MaTpuUIl OJTydaeM MaTpuily npeoOpazoBanus M:

1 0 O cos(p) dSn(p) O 1 0 O
M= 0 1 O0/| | —sin(p) cos(p) O - 0O 1 0| =
—Xo Yo 1 0 0 1 Xo Yo 1
cos(¢) sin(e) 0
= —sin(o) cos(¢) 0

Xo- (1-cos(9))+Yo-sin(g)  Yo- (1-cos(¢)) —Xo- SiN(p) 1

B o6mem ciryaae matpuity nmpeodpa3oBaHUil MOXKHO 3alHCaTh CICTYIOMAM 00pa3oMm:

X = X My1+Yy- My + Mg
[epeiiném k anreOpandeckoMy BbIPasKEHHIO:
Y = XMty Myp+ Mg

3.3 TpexmepHbie reoMeTpUIECKUE TPEOOPa30OBaAHUS

O6parumcs Teneps kK Tpexmepromy ciydato (3D) — (3-dimension). [lanee mpu
pacCMOTpPEHHH TPEXMEPHBIX NpeoOpa3oBaHM, B OCHOBHOM, HCIIOJb3YETCS
OOILEeTIPUHATAS B BEKTOPHOU anredpe npasas cuctema koopaunat (puc. 3.3.1a). [Ipu
3TOM, €CJIM CMOTPETH CO CTOPOHBI MOJIOKUTEIBHON MOJIYOCH B LEHTP KOOPAHHAT, TO
noBopoT Ha +90 (IPOTHB YaCOBOI CTPENIKH) IEPEBOIUT OIHY MOIOKHTEIBHYIO OCh B
Apyryro  (HampaBieHHE  ABMDKCHHUS  pACMOJOXKEHHOTO  BAOJIb  OCH |
MOBOPAYMBAIOLIETOCS MPOTHUB YaCOBOM CTPENKH TPABOTO BUHTA M TOJIOKUTEIHHOMN
MOJYOCH COBNANaiOT). B HEKOTOPBIX, CIEHAIbHO OTOBAPUBACMBIX CIIyYasiX,
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UCIOJIB3yeTCsi JieBasi cucrtema koopauHat (cm. puc. 3.3.16). B TtpexmepHoii
MalnivMHHON Tpaduke Ooyee ymoOHOW SBISETCS JeBas cHcTeMa KoopawHar. Toraa
€CJIA, HapuMep, MMOBEPXHOCTh IKpPaHa COBMEIIEHA C MIOCKOCTEI0 XY, TO 0OJBITUM
YIOAICHUSM OT HaOJIIOAaTeNsl COOTBETCTBYIOT TOYKH C OOJBIIUM 3HaueHHeM Z (CM.
puc. 3.3.10).

Puc 3.3.1

PaGota ¢ OJZHOPONHBIMH TPEXMEPHBIMH KOOpDAWHATAMH W MaTpPHIIAMU
npeoOpa3oBanus (hopMHpPOBaHHE U KOMIIO3LHIIMSA) TOAOOHA TAaKOBOM s
JBYMEPHOTO Ciydas, IO3TOMY 3Aechb OyAyT pacCMOTPEHbl TOJIBKO MAaTPHIbI
mpeoOpa3oBaHuWi  caBUTa,  MaclITaOMpOBaHMA W TMOBOPOTa M MPUMEP
KOHCTPYMPOBAHUS MaTPHUIIbl MPeoOpa30BaHus 10 U3BECTHOMY €r0 PE3yabTary.

[Tomo6HO TOMY Kak B IByMEPHOM ClIydae TOYKa B OJHOPOIHBIX KOOpAHMHATAX
npezacTaBiseTcs TpexMmepHbiM BektopoM [ X Y W ], a marpuisl npeoOpazoBaHuii
UMEIOT pasMep 3x3, Ui TPEXMEPHOTO Ciydas TOYKa IPEACTaBIsSETCS
gyeTbipexMepHbiM BekTopoM [ X Y Z W ], rme W He paBHO HYIIO, a MaTpHIIbI
mpeoOpa3oBaHuil UMEIOT pazmep 4x4.

X Y Z
dopmymsl g1 mpeodpasoBanus. X=—; y=—; z=—; W11 Q;
PMY. peoop Y, y Y, Y,
Ilapannenvuwiii nepenoc
P =PT;
1 0 0O O
_ 10 1 0 0| -wmarpuma nepenoca
feeT="10 0 1 o0
Dx Dy Dz 1
Macwmabuposanue
P' =P

o© o

SX 0
I'me S= 0 Sy
0O O
0O O

oo
o

Ilosopom

[TepBoit 0cOOEHHOCTHIO TOBOPOTA B 3-X MEPHOM IPOCTPAHCTBE SBJIACTCS TO ,
YTO OJUH TIOBOPOT B NMPOCTPAHCTBE CIEIYET PacKIaIbIBaTh HAa 3 TIOBOPOTA: BOKPYT
ocu abcuucc, BOKPYT OCH OpAHMHAT, BOKPYT OCH amiIMKar. Bropas 0coOeHHOCTB- 3TO
HaIlpaBJICHUE YyTJjia IMOBOPOTA. CYH_IGCTByeT AOrOBOPEHHOCTDH, YTO IOJIOXKHUTCIbHBIM
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HampaBlIeHHEM yrjla TOBOpOTa i O0EeWX CHUCTEM KOOPAMHAT CUMTAETCSl TO
HaIlpaBJICHUE, TIPH KOTOPOM OCYLIECTBISETCS KpaTyalIliii epexot:

Hna X:Y—Z
Y:Z—-X
Z: X—>Y
B neBoii cucremMe KOOpaMHAT MOJIOKHUTEIBHBIMU Oy1YT IOBOPOTHI [0 4YaCOBOM
CTpPEJIKE, €CJIM CMOTPETH C IMOJIOKHUTENBHOIO KOHIA MTOJYOCH; I NTPaBOM — IMPOTHB
vyacoBoii cTpenku(puc 3.3.2).

neBas npasas
Z Y
J x X X
</jz Ty
Y Z

Puc 3.3.2
Panee paccMoTpeHHas JJsi ABYMEPHOTO Cily4asi MaTpHIa MOBOPOTA SIBJISETCS
B TO XK€ BPEMs TPEXMEPHBIM MOBOPOTOM BOKPYr ocu Z. Tak Kak MpH TPEXMEPHOM
MOBOPOTE BOKpYr ocu Z (moBopoT B miockoctd XY) pasMmepbl BOOJb ocu Z
HEHM3MEHHBI, TO BCE 3JICMEHTBI TPEThEH CTPOKH M TPEThero ctosdna pasubl 0, Kpome
JMarOHAILHOTO, paBHOTO 1!

cos( ;) sin(e2) 0 0
Rz(¢p,) = —sin(e2) cos(¢z) 0 0
0 0 1 0
0 0 0 1

[Tpu moBopoTe Bokpyr ocu X (B mwiockocTu Y Z) pa3Mepbl BAOJb OCH X HE
MEHSIIOTCSI, TIOATOMY BCE DJICMEHTHI NIEPBOW CTPOKH U MEPBOTO cTOsIONA paBHbl 0, 3a
UCKITIOYECHHEM THAarOHAJIBHOTO, PaBHOTO 1:

1 0 0 0
Rx(¢9x) = 0 cos(¢x ) sn(ex) 0
0 —sin(¢ x) cos(@ x ) 0
0 0 0 1

[Tpu moBopoTe Bokpyr ocu Y (B mwiockoctu XZ) pa3Mepbl BAOJb OCH Y HE
MEHSIFOTCSI, IOATOMY BCE DJIEMEHTBI BTOPOI CTPOKH M BTOPOTo cToJ01a paBHbI 0, 3a
UCKITIOYEHHEM JTHarQHaIbHOTO, PaBHOTO 1:

cos(py ) 0 —-sin(py) 0

Ry(py) = 0 1 0 0
sin(py) 0 cos(py ) 0

0 0 0 1
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B o6mem cnydae m000i MOBOPOT B MPOCTPAHCTBE MOXKET OBITh OMHUCAH C
MOMOLIBI0 HEKOTOPBIX KOMOMHALMK 3TUX TpeX MOBOPOTOB. [IpnuéM moBOpOTHI HE
ob6mamaroT cBo¥icTBOM KoMMmyTaTUBHOCTH: Ry - Ry * Rz # Rz - Rx - Ry, Jlro6Goii
MIPOM3BOJIBHBII MOBOPOT MOKET OBITh MPEACTABICH 6 COYETAaHHSIMHU SJIEMEHTAPHBIX
noBopoToB. [lpuyeM B KaxkaoM ciydae OyayT CBOM Yriibl (32 HCKIHOYCHHEM
BBIPOXK/ICHHBIX CHTYaIIHH).

Jorosopumcst B 00111eM ciiydyae MaTpuily OBOPOTA 3aMKChIBATh B CIEIYIOIIEM
BUJE!

a & a 0
R= bl bz b3 0
ct ¢ ¢ 0
0O 0 01

JIns Hee eiicTBYeT cBOICTBO opToronamsHocTn: R =R'.

PaccMoTpum  curTyamuro, Tr€ KOOpIWHATHas cHcTeMa 2 TIOBEpHyTa
OTHOCHUTEJILHO CUCTEMBI 1.

cucrema koopaunarl: OXYZ
cucrema koopaunar2: OX'Y 'Z°

P=P.R"'=P"-R";rae R - marpuma nosopora.

P =[X,Y,Z,1];

P=[X,Y,Z1];

Torma Bce oanemeHThl R Moryr ObITh WHTEPHIPETHPOBAaHBI KaK KOCHHYCHI
COOTBETCTBYIOLMX VIJIOB, a MaTpHlla Ha3blBaeTCA MaTpHULEH ‘HampaBIIOMIMX

KOCHUHYCOB" .
a & a 0 cog(XOX") cos(XOY') cos(XOZ) O
R=| b1 b bs O = cos(YOX’) cos(YOY’) cogYOZ') O
ct & ¢c3 O cos(ZOX’) cog(ZOY’) cos(zOZ') O
0O 0 01 0 0 0 1
DneMeHThl MaTpULBl R MOKHO Takke paccMaTpuBaTh B BUAE BEKTOPOB:
4
Y
W 175
> X

i, 7], k—05T0 BekTOpa €IMHUYIHOM JIMHBL

BBe):[eM BCIIOMOTaTCIbHBIC BEKTOpPA.

‘le‘i-a1+‘j-b1+‘k-cl \Mlz\i'al+\j'az+\k'83
\sz\i'ag‘i'\j'bz‘i'\k'Cz \Mzz\i'b1+\j'b2+\k'b3
\N3=\i-a3+\j-b3+\k-C3 \M3=\i-C1+\j'C2+\k'C3

Moynm BceX BEKTOPOB PaBHBI CAMHUIIE! |KI2| = |KI3| = |N1|: |I\_/I = I\_/I2|:| M3|.
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Bce ckansipHbIe MTPOU3BEAEHUS PaBHBI HYIIO!
\Nl'\sz\Nl'\N3:\N2'\N3:O.

3anuirem BEKTOPHOC NPOMU3BCICHHUC.

“N;y” Np="Ns

*Np” *Ns="Nj

*Ns” *Ni="N,
[Ipusenem

\Ml, \MZZ\M?’
\MZ, \M3:\M1
\M3, \Ml:\MZ

BOXHBI  TpUMEp  TOCTPOCHUS  MaTPHIIBI
npeoOpa3oBaHus IO €ro TEeOMETPHYECKOMY oOmucaHuio. [locTpoum Matpuily
BpallleHHUs] HAa YroJl j BOKpYr mpsiMoi L, mpoxozsiieil uepe3 Havano KOOPAMHAT M
UMEIOLIYI0 Hanpasisironuid Bekrop (I,m,n).

I>+m?+n’=1,T.e. KOOPAMHATA HOPMHPOBAHA

>N

(I, m, n)

CJIOXXHOTIO

Pemenue chopmynnpoBaHHO# 3aa4u pa3dUBaeTCs Ha HECKOJIBKO IIaroB:
1. CoBmemieHue ocu amiuIMKar ¢ ONpsMoil L nBymsi moBOpoTaMHu BOKpPYT
ocH abCIycC U OCU OpAUHAT,
2. Bpaenue Bokpyr npsimMoii L Ha 3agaHHbIf yroi j ,
3. IloBoOpoT BOKpYT Oocu OpAMHAT M aOCIUCC HA YIIIbl MIPOTHBOIOIOKHEIC
10 HAMpPAaBJICHUIO yIilaM [I0BOpOTa Ha mmare 1.
Ha xaxnmom mare crpourtcs marpuna nosopota. [Ipm 3ToM KpailHE BaKHO
3aMETUTh, YTO BpalleHHWE B NPOCTPAHCBE HEKOMMYTATHBHO, MO3TOMY MOPSIOK, B
KOTOPOM  TMPOBOASTCA
HalICHHbIE MATPHULIBI B TIOPSAKE UX MIOCTPOEHUS, OJIYIUM CIEAYIOLIYIO MaTPHULLY:

I*+cos(j )- (1+47)

M= 11 (1—c0(j ))-m

[- (2—cos(j ))- n+tm-sin(j ) m-(1—cos(j ))- n--sin(j )

0

BpaliCHus, SABIIACTCA CYHIE€CTBCHHBIM.

[- (1—cos(j ))- m+n-sin(j )

m?+cos(j )- (1-m?)

0

[TepemuoOxuB

[-(1—cog(j ))-n—m-sin(j ) O

m- (1-cos(j ))- n+l-sin(j ) O

n*+cos(j )- (1-n°)
0

M —B obmmem cirydae He OPTOTOHAIbHAS MATPUIIA, T.€. MM,
a R—oproronamsuas (R'=R").
B o6mem Buae matpuia npeodpa3oBaHuil IMEET BUA!

Ma11 M2
M= |my my
M3z Ma2
Mays Mgz

M3
ma3
Maz3
May3

R oOoo
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KoOpAMHATEI TOYKH BBIYMCIISIOTCS 110 CIEAYIOMUM (POPMYIaM:
X = X*my+Y* Myt Z* Mgyt mMag
Y™ = XMyt Y* Mpot Z* mMgot My,
Z = X*MyatY* Mogt Z* Mgzt Mys

3.4 [IpoenpoBanme

N300paxenne 00ObEKTOB Ha IUIOCKOCTH CBS3aHO €IIE C OJHOW omepanueil —
MPOELMPOBAHUEM NPY MOMOLIM My4Ka NPAMBIX. J{JIs1 mOdydeHus] IpOeKIUn 00BbEeKTa
Ha KapTUHHYIO IUIOCKOCTh HEOOXOAMMO MPOBECTU Yepe3 KAKIYIO €r0 TOUKY MPSMYIO
W3 3aJaHHOTO TPOEKTUPYIOLIETO IydKa M 3aTéM HAaWTH KOOPAWHATBI TOYKH
MepeceueHNs] 3TOU MPSIMOM € TNIOCKOCTHIO N300paKeHHUs.

Ilenmpanwvnoe npoeyupoganue.

B cnydae meHTpanpHOTO HPOELUPOBAHUS BCE NPSAMbIE MCXOIAT U3 OJHOM
TOYKH — LIEHTPa COOCTBEHHOTO My4Ka.

UtoObl mepedTH K OOCYXKIEHHIO Ipolecca MOJNy4eHHs MPOEKUUU
MaTeMaTHYECKU BBEJEM €Ie HECKOJIBKO MOHSATHI!
[Mukcens, ToUKa — HEHTP NPOCLHUP YIOLIETO MyUKa,
KapTunHas mnockocTs - MI0CKOCTh, Ha KOTOPYIO IPOELUpPYyeTcs 00BEKT;
OO0BeKT, KOTOPBI HEOOXOAUMO IPOECLIUPOBATD;
[lpoekTop — NMHUM dYepe3 LEHTP M TOYKUM oObekta (B oOmeM ciydae
MPOCKTOPBI — 3TO HE TPSAMBIC JINHHH).
Eciu xaptuna mnosepxHoctu (KII) — miockas, TO TOBOPAT O IUIOCKHX
npoeknusix. Eciu NpoexkTophl SBISAIOTCA MNPSMBIMH JIMHUSIMH, TO TOBOPST O
TeOMETPUYECKUX Mpoekuusx. [Ipum Hammumum 000MX ATHX (DAaKTOPOB TOBOPAT O
wiockux reomerpudeckux npoekiusx ([1ITT). Umenno TII'TI otoOpaskaroT mporecchl
¢doTorpadupoBaHUs U 3pECHUSI.

Beenem MMpoByI cucteMy KOOpAMHAT U paccMOTpuM HalOmoparens. LleHTp

MIPOCTIMPOBAHHUS CBSI3aH C HAOIIOAATEIIEM.
z N,

PR

LYo Z)

>

X
Puc 3.4.1

BBenmeM rnaBHBIA JIyd [POCHHMPOBAHUS MEPHCHIMKYISIPHO IUIOCKOCTH
n3o0paxenus - ero 3amaror Touku P u L (puc 3.4.1). Hayano koopauHar 0OBIMHO
CBSI3BIBAIOT C TOYKOH MepeceueHHs IJABHOTO Jyda W IUIOCKocTH. (YL — Touka
¢ukcanuu B3rsiga (ToYka, B KOTOPYHO CMOTPUT HaOrogarens). Mbl HaHH3aIH
IUIOCKOCTh Ha JIyd MPOCHHUPOBAHHs, TEMEeph €€ Halao 3a(UKCHUpPOBATh, IS 4YEro
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yKa3bIBalOT (POKycHOe paccTosiHMe. F — 3To paccrosiHue OT HabmromaTens [0
wiockocty (no nyay)(puc 3.4.1).

MosxHo 3anate Bekropa Ni (ompenemsier och x), N2 (ompenemnsier och y) u N3
(ompenensier ock z). Ocu X ¥ 'y — OCH BHAOBO#l CUCTEMbI KOOpAUHAT (CBSA3aHHOM C
IUIOCKOCTBIO).

JInist OpUeHTAIMH TUIOCKOCTH B MPOCTPAHCTBE 33al0TCS | [JIABHOE MOJIOKCHUE —
3TO TMOJIOKEHHUE, IPH KOTOPOM OTCYTCTBYET KPEH, T.€. OCh X HMapaule/ibHa MJIOCKOCTH
XOY MHpOBO#i CHCTEMbI KOOPIUHAT WM YrOJI TIOBOPOTA €€ OTHOCHTEIBHO TJIABHOM
ocH.

HeoOxoaumo HallTH 3aBUCUMOCTS!
1 X=X(X,Y,Z, napamempui)
% y=Y(X,Y,Z, napamempoi)

[Tapamerpsr npoenuposanus: (¥ P(xp, yp, Zp), F, opuentarus miockoctu (L, Ni, Np).
BBenem Be BCIOMOTaTeNIbHBIX CUCTEMBI KOOPAUHAT: C OJJHUM IITPHXOM
XY'ZzZ: PX’ [lox

PY’|loy

PZ’ — nponomxenue LP
U JIByMsI IITPUXAMHU:
X"Y"Z": PX"||OX

PY”||OY

PZ"||0z
B cucreme PX'Y'Z' paccMoTpuM KOOpAMHATY TPOCTPAHCTBEHHOM TOYKHU
T(X',Y’,Z"), uMmeroriieii Taxke MPOSKIHIO B BUA0BOM cucteme koopauHart (.)t(X,y, -F).
CocraBum ypaBHeHue npsimoit PT:

Xyl ZzZ
Xy -F
N |
Ix:—FxL
i Z!
i | 1
Iy:_FxY_
1 Z!

(2)§-é % A 1§:[x'v' Z' M (2)
& 0 0 Oy
& G
wo® 100
@ 0 0 10
© 0 a 0§

Yo6enumcst, uto (2) abcomoTHo uaeHTHYHO (1).
[ X'y zh s =[X! Ya Z'];

Ilepeiinem K 1eKapTOBOM CUCTEME KOOPIUHAT.

éx'Yla o
§z' 21z}
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Ocraercsi ~ CpaBHUTb  TOJY4EeHHOE  BblpakeHue ¢ (2). Nmeem

| |
_lzi; _l:Y_; A:i;alo_
F 2z F Z z

-S' = 1z, cneposatensHo S= -Z'. BemwunmHa S HOCHT Ha3BaHHME TITyOHHBI
NPOCTPaHCTBEHHOM TOYKHU. OLEHHB 3HAK S, MOKHO CKa3aTh, HAXOJUTCS TOYKA MEPEe/
HaOmoaarenem (3HaK +) WK ¢3¢ HEeTo (3HAaK- ).
Toraa MaTpUYHOE BBIPAXKEHHE ISl BUAOBOI CUCTEMBI KOOPIUHAT COTJIACHO
é X 1.0 X! Y'
c XY, Sy Over x=-F—oy=-F,5=-2
S z z

g F F S

z
!
0 > x
Puc 3.4.2
XY Z 1]=[X" Y” Z" 1]'R, rne R — marpuna noBopora.
cos(X"'PX’) cos(X"’PY’) cos(X"'PZ’) 0 a a a 0
R = cos(Y''PX’) cos(Y'PY’) cos(Y'PZ) O | =| byt b bs O
cos(Z'PX’) cos(Z'PY’)  cos(Z''PZ) 0 ct ¢ ¢ O
0 0 0 1 0 0 01
- -
XY Z 1]=[X" Y” Z" 1]-RM; OpHUeHTaIHsI HabIroaTens
@ 2 0 au
% b, 0 b y
RM=Q=¢ l , Q — Marpuua npoenupoBaHus B MHPOBOU CHUCTEME
iml CZ O CSl;I
0 0 1 0p
KOODP/IUHAT.

Matpuna Q o61agaeT cBoiicTBaMu opToroHambHocTH: Q' =Q.
Pemrenue 3amayu B 00IIEM BHJIE:
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% - st 1‘éz[x- XpY-YpZ-2pQ=[XYZy-T (- X,-Y,-2)

_X_'l l;': . .
£ ST XY z1- TR M,

T,R- HekorTopas Mmarpuua ONMChIBAIOWIAs HAOOAATENS WHOTAA €€ Ha3bIBAKOT

marpuuei kameper M .
[Ipeobpaszyem mepByr0 CKOOKY TaKUM 00pa3oM, 4TOOBI M30aBUTHCS OT F 1 3HaKa «-».

él

¢l 0 0 Ou
. . a
é—é % - St 1§:[x y Fs* —F]:[x y St 1]:[x y S 1]%2 ; IC:) gg
@ 1092458

re. [xysSt*y=[XY z4- TR M-M;
[XYzi=[xYZ1 M™,;
ys*d=[x vz i 1M - M

MaTpUIBl  MaTpula
apPUHHOTO TPOCIUPOBAHHS

mpeoOpa3zoBaHUs

1 0 0 O0¢
élooougtl) i&ao0 0 0ou
2 w0 1 0 0 - & U
0 1 0 0% 1 U 91 0 o0
M, =€ W 0o = ou=¢ L
» & 0 0 1Ua F g €0 0 0 -F*0
é 3 1a € -1 u
D010 00 -2Y 0o0F 0 §

‘€ FH

JI7st mpoenupoBaHusi HEOOXOAUMO 3a/1aTh CJICTYIOLIUE TapaMETpPhI:
1. MecropacnosoxeHue HaOmoaaTens - ero koopaunatel: P(Xp, Yp, Zp).
2. Koopnunarsl (AL — Toii ToukH, B KoTOpYt0 Habronarens cMoTput: L (X, Y, Z,).
3. F— dokycHoe paccrosiHue.
4. KoahdunueHTs! &, &, & 331af0T HA0IOaTEs.

Anrebpamueckas popma 3amucu:

( X =_F. a- (X-Xp) + ba1- (Y-Yp) + c1- (Z-Zp)
ag- (X-Xp) + bs- (Y-Yp) + c3- (Z-Zp)
< y=—F. & (X-Xp) + b2- (Y-Yp) + c2- (Z-Zp)
ag' (X-Xp) + bs- (Y-Yp) + c3: (Z-Zp)

| S= — (@ (X-Xp) + bs- (Y-YP) + s+ (Z-Zp))

Bekrophas gopma 3ammcu:
N\ '8.1+\j b1+ k-c;
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"No- i -az+\j by +7k-C
"Nz '&3+\j b3+ k-c3

[X=Xp, Y=Yp, Z-Zp] = PT,;

Torna mosydnm CIEAYIOIYI0 CHCTEMY YPaBHEHHMIA:

x:-FElP_T
Ns P,
y:—FEZE
Ns P,
S=-N, P

Bemmuuner X, Y, Z, Xp, Yp, Zp, X, Y, S BeIpaxkaroTrcss B MeTpax, HO & b, C —
Oe3pasmepHbie. M3mepuB X, Y B MeTpax BeIMYMHY F MOmyduM Tak XK€ B MeTpax.
Tenepb Jerko MPOBECTH aHATIOTHIO ¢ MporeccoM (GoTorpadupoBaHus.

Iapannenvnoe npoeyuposanue

[lpu mapawiesbHOM TPOCHUPOBAHUU LEHTp (HECOOCTBEHHOrO) MydKa
CUMTACTCS JISKAIIMM B OeckoHedHOCTH. [lapamnenbHOoe MPOCHUPOBAHHE SBISETCS
YACTHBIM CIIy4aeM [EHTPAIbHOTO.
dopMmyIibl 47151 TPOSIUPOBAHKSI MOT'YT OBITh MOJYYCHBI U3 OOIIETO CIydasi.

y S / N\

Puc 3.4.3
Cormacuo puc. 3.43 T — Touka, KOTOpPYIO MBI mpoemupyeM, a L — Touka
¢ukcanuu B3rIAAa, P- Touka, B KOTOPOI HAXOMAHUTCS HAOIOAATENb.

[MapamenbHyr0 MPOEKIMIO MMOJydaeM CMeCTHB LeHTp mpoekiuu B ()P

F— —

ix=— NPT

RS

|

l _F'—>—
=—N,PT

.:.y g ?

IS=-N;PT

—_—
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—_— — —

PT=PP+PT

3armiiem Te k€ COOTHOIIICHWS, HO TeNeph s Touku P:

_)______:__/

Urak, ycrpemuB F k 0, a S - k F’ 3anmceiBaeM BeKTOpHYIO Gopmy:

X =Ny XPT
Y= NPT
5= NosPT

B mMaTpruHOM BUE BEKTOPHOE BBIPAKEHHE SKBUBAJICHTHO CIEAYIOIIEMY.:

[xy-S1=[X-Xp Y-YpZ-2Zp1=P,rze

éa, a, a, O

u

o &, b, b, o@
g:l CZ CS Oljl

e u
&0 0 0 1§

& 0 0 Oy

9 1 0 oY

P=R-M=R,tx.M =E° € u
e 01 Ou

U

D o0 4

MaTpHIla MapauiCIbHOTO
MNPOEUUPOBAHUS B BUAOBOM
CHUCTEME KOOPAUHAT

[Mepetinem k anredpandeckoii hopme:

I X=(X- Xp)xa, +(Y - Yp)xb, +(Z - Zp) xc;;
Y= (X - Xp)xa, + (Y - Yp)b, +(Z - Zp)
1S=-[(X - Xp)xa, + (Y - Yp)*b, +(Z - Zp)>c,];
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[MapaymensHOE MPOEHMPOBAHHME IMIMPOKO MCIOJIB3YETCS B YEPUYEHUH IS
MapajUIeIbHBIX M KOCOYTOJIbHBIX MPOEKLUMH, A1 BBICOKOTOYHBIX H3MEPEHHM IO
YEPTEKY.

Ipumep 3a0auu, céa3anublil ¢ NPOEUUPOBAHUEM

Ectp Habmonarenb, KOTOPBIA CMOTPUT HA JOPOTY:

gopora TP el

-
~< ——

Yy
A 0 y
; 410 OJTYYHTh 110 ITOH KAPTHHKE
IUIaH JIOPOTH, T.€. H300pakeHue
0e3 uckaxkenuii (|| mpoerupoBanue)
X
>
°
X,y
ﬂ OO6parHblil epexon
OCYIIECTBIACTCS IPU
y Z=0
»x
[ ]
X,¥,2)

Bynem cuutark, uto Z — ypoBeHb JOPOTH — M3BeCcTeH. Torma Haliaem koopauHathl (X,
V), uepe3 BhIpakeHue:

é X y 1 LU

~— -= -8S ~=[X-XpY-YpZ-2ZplxQ;

§F E 1H [ p p p1xQ
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Orcrona:

e X y TRV [Pt

X-XpY-YyZ-Zpl=54— -= -S 7 :
[ p P p1 §F = 1H>Q
rae

éa, b c O

€, u
leQT:éaz bz C, Ol:l-

€0 0 O 1U

e u

&, b, c; Og
[TepeMHOXHUM MaTpHILIBL:
F o, Yoo, 00,08 Xt L, 10,88 X Lo, eS80

2} u

=[X- Xp,Y-Yp,Z- ZpJ;

Pasnesum Ha S, Torma

X—Xp:—g?lmi—lmﬁaggs;
e F F
V-Yp=-F Xy - y>b +b, ><s

e F
Z-Zp:-?ﬁlml—lmﬁcs%e;
e F F @

T.K. Z U3BECTHO, HAWIeEM S U MOACTaBUM B 2 BEPXHUX YpaBHCHUS.
X>a, +yra, - Fra

X =Xp+(Z- zp)e—a V8" T4,
XxCc, +yxc, - Fxc,

X><bl+y><bz - FXb3 .

X3, +yxc, - Fxg,

Tenepb MOKHO TEPECUYUTATH B IUIAHE TPOCTPAHCTBEHHBIC KOOPAUHATHIL.
Yacmmuple ciyuau pacuema 31eMeHn08 MAMPUYbL RPOEUUPOBAHUA

1. [oner 6e3 KpeHa TpHU YCIOBHU (UKCAIIMH B3TIIsIIa B OJHOW Touke. Pacyer
OCYIIECTBIISIETCS IO KOOPAWHATAM 3TOW TOYKH.

Y =Yp+(zZ- zp)x

é Y, X/Z, Xu
€ 77 [ u
@ aay 6 v b Ly
: b bl;:éxu _Yuzu Ll:l
€ u e LL LU
gc c cyg & ™ ny a
€0 v Lud
8 L L @
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X, =X, - X,

— 2 2 . 2 2 2
Y=Y, - Y, L, ° X 2+4Y,25 Lo X, 2+Y,2+22,
2,=2,-2,

OTnenbHOTO  PacCMOTPEHUsI  3aCHYyKMBAeT CHTyalnus, KOTrJa TOJeT
OCYIIECTBIISICTCS HAJl TOYKOW (PUKCAIVK B3TJIsI1a.

2. Toyet ¢ KpeHOM.

Puc 3.4.4
é a aH gSInj  C0Sj - cosj  snj . snj . sinj sinj  +cosj  sinj cosj,
P b by=g cosj cosj, -sinj snj, snj, -cosjsnj, +sinj sinj cosj,
fc c cg € - cosj , sinj cosj , Cosj

- cosj ,, Cosj , U

. .
- sinj , cosj , g, rae

sinj , t
J Ky
- KYpCOBOH yro;
J
- yroJ TaHTaxa;
J
- YIOJI KpeHa.
- b, : - a, .
dnj = —— cosj , =——=——:sinj , =c;
a3 +b3 a3 +b3
. -C c
snj , =——=—cosj , = 2__:00Sj , =41- ¢,
a3 +b3 a3 +b3

3 JIBmxeHue 1o pensedy

Hopwmans x moBepxHocTH onpeneinsieT Np => &lb,Co
V; Kak IpaBUJIO HE U3BECTEH
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\7(VX,VY Vz)

3amaercs KypcoBoi

yromu
J
Ky
{VxVv} —  KOMIIOHEHTHI
BEKTOpa
Puc 345
Y
A
Hopmane Kk  HOBEpXHOCTH  pelbeda
coBnaznaet ¢ BeKTopom N,
CropoenupoBaB BEKTOp CKOPOCTH Ha
— TJIOCKOCTH XY TIOJTydaeM KypCOBO# yrod.
- [Tpu sTOoM pembed 3amaeTcss ¢ MOMOIIBIO
X mockux (& bz ©)
r
=-N,

=<i<

vy

OCITIONIB3yeMCsl POPMYIION:
Puc 3.4.6

1 1
N,*N,; =0
Haxoaum 3uauenue Vo

[ToBepxHOCTB penbeda OMUCHIBACTCS PErYISIPHON CETKOW BBICOT.
I I

X® N; z® N,
CMmoTpuM CBEpXY y
z A f —»  JIuuus npocMotpa
Y => A
/r/' 7 7l Vi 7
| el Vil Vi Vil Ve Ve
i Vil Vil Vil Vi §
WX »
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Puc 3.4.7 Puc 3.4.8

[Tpocmotp HaunHaeM ¢ ToukH A.(puc 3.4.7)

4. JIBmkeHne Haj penbedom
Hano y4uThiBaTh, 4TO MPH JBIKCHUU HAZ PeIbe()OM HEOOXOAUMO YIUTHIBATD

BBICOTY HaOmoaresst h.

‘A

P(xp, yp, zP)

X, Y.Z(x,y))

X Z(x,y) — pynkuus penseda
P(Xp,Y p,Zp) — mosto’keHIE HAOTIO1ATEIS

Torna B muaHe Noay4uM:

-

(x,y)

Takum 00pa3zom, mojgydyaeMm CIEAYIOLHEe KOOPANMHATH HaOIOAaTessl C y4eTOM TOro,
YTO OH MPHUIIOIHAT HAJl pelbedoM.

I Xp=X+hxq,

Yo=Y +hxp,

1Zp=2(X,Y) +hx,

PeanmpHOCTE KapTHHKE NPHUIAET JIMHUSA TOPHU30HTA. B cilydae OTCYICTBHS TaHTaXa

(maxnon otpe3ka PL(naOmomaTens)) W KpeHa JIMHUS TOPU3OHTA  SIBISICTCS
TOPU3OHTANEHON. Pacmonmoxute ee MOXHO w00 CTpOro MO cepeauHe, Jmbo

HUCKYCCTBCHHO IIPHUIIOAHATH UJIN OITYCTUTb.
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______ - IOJIOKUTENBHBIN KPEH
— - OTpHIATEJIBHBIA KpEH

i
/,/—"’// Qb)@

0 xm

>

B ciydae Hanmmuums KpeHa JIMHHS TOPU30HTA OyAEeT NMOBEPHYTa HAa HEKOTOPBIN
yroa (B 3aBHCHMOCTH OT yria KpeHa). [lpy Hanuuyuu TaHraxka JHUHUS Oyaer
cMmemarecsi JMO0 BHU3, b0 BBepX. Takum o00pa3oMm, JHMHHS TOPH30HTA,
HapHUCOBAaHHAs C yJ4ETOM KpPEHa MpU HAJMYWUU TAHTAXa, CMEIIASTCS MapajuielIbHO
camoii cebe. Heo0xoqumo paccuuTarh TOYKH Y1 U Y2 (MX KOOPAUHATHI).

i Y Xmax g :
fyl:T_T)qu re = F RO Tan
|

Tyz_T'T){gJ rRP " )‘tgj TAH

MOXHO TakKe HWHTEPHOJIUPOBATh SIPKOCTh 3aKpacKh <«HE0a» W <« GeMII»,
MIPOPUCOBBIBATH OT/EIBHBIC JIIEMEHTHI penbeda.

3.5 CunHTe3 TpeXMEepHBIX CIIEH.

OnHoil W3 BaXKHEWIIMX 3a7ad TPEXMEPHOH TpaduKu SBISETCS CIEAYIOIas:
OIIPEICINTh, KAKUE 4acTH OOBEKTOB (peOpa, rpaHu), HAXOASIIMECS B MPOCTPAHCTBE
OyayT BUIHBI NIPU 33AaHHOM CIOCOOE MPOCIMPOBAHHUS, a KaKue OYAyT 3aKpBITHl OT
HaOmoaTens ApyruMu obbekramu. B kauecTBe BO3MOXKHBIX BHIOB MPOELHUPOBAHUS
TPAAULIMOHHO PACCMATPUBAIOTCS NappalelbHOE M LEHTpAIbHOE . 3ajada ydaJeHus
HEBHUIMMBIX JJMHUHA ¥ MOBEPXHOCTEH SBISETCS JOCTATOYHO CIIOXKHOM M 4acTo TpeOyeT
Oonpmimx 00beMOB BeIuMCIeHHH. [losTOMy cymiecTByer wLenbld psii METOIOB
pELICHUS ATOU 334 u.

Anzopumm xyoorcHuKa.
[TpopucoBka HaYMHAETCS C 3aIHETO TUIAHA 10 Mepe MPUOIMKEHUS K HaOII0aTero.
Cytb: ecnu s AByX TpaHeilt A u N
r
B camas mampHssS TOuka Tpanu A ——>  JTusus npocmorpa
OmmKke K HaONOAaTeNio, dYeM

camas ONMVDKHSISI TOouka TpaHu B,

TO rpaHb B Hukak He MOXeT A
3aKpBITh rpaHb A OT
HaOJIroAaTeN. Peammzanms.

MHOXXECTBO  JIMLEBBIX  TIpaHeu
coptupyercs 1o Ommxaimemy
pacCTOSHUIO 10 KapTUHHOMN
IJIOCKOCTH M TOTOM OTH TPaHH p g
BBIBOJSATCA B MOPSAIKE NPHOIN

y
A
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*eHus K HaOmoxarento. (puc 3.5.1) Puc 3.5.1

+
Pazbuenue.
Jemim nornie penseda Ha cekropa. B
KaXXJIOM CEKTOpE MPUMEHIEM P
nepBsbiil anroputMm. (puc. 3.5.2) v
\\
’ Tone penseda
Puc 3.5.2

Anzopumm oygpepa enyounvi. Cuates n300pakeHNs B OOIEM Cllydae: alTOpPUTM C
WCTIOJIb30BaHNEM Oydepa TTyOruHBI.

IMone n300paxxeHus

° gx.y)

Bydep rnyouns

Puc 3.5.3
Cyrb MeroAa: KpoMe IUIOCKOCTH H300pakeHUs! pe3epBHPYEM MaMATh, TOYHO
COOTBETCTBYIOIIYI0 00BeMy H300pakeHHs, a B Oydep TIyOMHBI 3aluChIBaeM
BenmunHy (Q) paBHYIO YHaJICeHHOCTH TOYKH oObekTa oT Habmomarens.(puc 3.5.3).
[Ipn oOpabGoTku m000H TOYKM CpaBHHBAaEM YAAJCHHOCTh TOYKA C BEJIMYHHOH,
XxpaHuMoii B Oydepe. B Oydep riryOnHbI MOKHO 3anuceiBaTh EBKIIIOBO paccTosHUE.

MosxHo BOCCTaHOBHUTh MPOCTPAHCTBEHHYIO
KOOpAMHATY W mocyuTarh R st moOol TOYKH
(HyXKHO 7SI TPOPHCOBKH OTpE3Ka Ha IMOJIe
U300paxKeHs).

Puc 3.5.4
Curyanms, xorma B Oydep rimyOmHBI 3ammceiBaeM EBKIMIOBO paccTrosHEE
npencrasieHa Ha puc 3.5.5.
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B pe3ynbrare WHTEPHOJIILHUH
EBKIMA0OBO paccTosiHUE 3TO CEpeIHHA
otpeska. B Oybep G 3anuceiBath
BEJIIMYUHY R npu JIMHEHHON
HHTEPHOJAIUN Henb3st. [nyouny (S)
TOKE HENb3s 3amuchiBath B Oydep
ryOuHBI, T. K. €€ Hemb3ss Oyner
JMHEHHO uHTepnomuposBar. Ho B
Oydep TIYOMHBI MOXHO 3amlmcaTh
napametp riyounst (h),t. k. h moxer
OBITh JIMHEHHO WHTEPIIOJMPOBaH B
MIJIOCKOCTH U300paKeHUS .

2
(Ri+R2)/2

Puc 3.5.5

hzg— B, rue A u B —mo0sie yucia

Jnst Benmmuunsl h BBogmM Oydep rnyounst H. H-Oybdep — 310 HekoTopas 061acThb
mamsti. OHa wMeer paspsgHocTh. Pa3smep »dToit o0mactu paBeH pasMepy

n300paKeHHS.

h=0..2" - 1, rue r- paspsyarocts 6ydhepa riyOuHbI.

h,, =0 npu S=S_,; Sthex — 3a1HHH 1171aH
o =2"'-1 mpu S=S;,; Shin — IEPEIHUIA TUTAH

Puc 3.5.6

3naveHust Nmax ¥ Nmin OTMpenensor Tak Ha3bIBAEMOE OTCEUCHHE MO TIyOUHE.
Bce uTo HaxoauTes 3a Syax ¥ mepen Syin oTcekaercs. [lupamuaa BUAUMOCTH — 3TO
NPOCTPAaHCTBEHHAsT muUpamuaa (BCe UYTO HAXOMUTCS B HEH Momamaet B IOJE
BUMMOCTH). Eciin 00beKT HaXxoMuTCs 3a MpeeaMi MUPaMHIbl BUUMOCTH, TO OH HE
n3o0paxkaercs.
h o6amaet psa0M TOCTOUHCTR:
1)cooTBeTCTBUE, T. €. Smin COOTBETCTBYET Nmayx, Smax COOTBETCTBYET hiiin
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yIOAJCHHBIC JJICMEHThl MMEIOT MEHbIee 3HaueHHe N, mpuOIMKEHHBIC JIEMEHTHI —
Ooubiniee 3HaueHue h.

2)spKocTh MOXHO cBsi3ath ¢ h. Uto Ommke Oonee sipkoe, 4TO Janbline, TO Oolee
TEMHOE.

[Tpu BBIOOpEe pasmepHOCTH Oydepa TIIyOMHBI HYKHO YYHUTBHIBATh NPOOIEMY
IUIOXOr0 paspeuieHus no rryoune. CrocoOsl petieHus 3TOW NpoOIeMbl: YBEIUUECHUE
paspsaHocTH Oydepa TayOMHBI, MOAOOP ONTUMAJBHBIX B3HAYCHUH Syin,  Smax,
no0uBasch HanboJIee ONTUMAIIBHOTO COOTHOIICHUS STUX BEJIIMYHH.

O6paboTka h npu HemocpenCTBEHHOM CHHTEe3€e M300PaKEHHSI.
ITopsimok B KOTOpPOM MBI NPOEHHPYEM TpaHU HEe urpaer posu. Ilpu sTom
pabora mmer ¢ 2-ms nomamu © V um H. Ilpu cunTese m3oOpaxenus B mone H
3aMChIBAEM BEJIMYHMHY, XapaKTEPU3YIOIIYIO YAAJIEHHOCTh TOYKM OT HAOIIOAATeNs

(R1), cpaBHMBasI TEKYIYIO TOYKY C TIOCIEAYIOLICH 00padaTbiBaeMoii.

H \%

hl h2 Vi Va2

hs V3

1. Uaummanusupyem nosst V, H = 0. Ouurraem none V (Hampumep, geaaeM €ro
yepHbIM). B H 3anuceiBaeM MHHUMalbHOE 3HAYEHHUE, T. €. 3aMOJHIEM €ro HYISIMH.
MunnManeHbIE 3HAYEHUSI COOTBETCTBYIOT MAKCUMAIBbHON yIaIeHHOCTH.
(xey2hev2) 2. Jlns mpOCTPaHCTBEHHOTO MHOTOYTOJIbHUKA
ompenensieM Touku ¢ koopamnatamu (X,Y,Z,S).
JImst  TIIOCKOCTH  M300paKEeHUS HCIOJIB3YHOTCS
koopauHaThl (X,Y,h,V), Tae V — 3T0 spKOCTh B
TOYKE.

(xzy1havi) (xsyshsvs) 3. Hcronb3yeM — alirOpUT™M  TOCTPOYHOTO
CKaHUPOBAHWUSL.

hu v — muHeiHO HHTEpHIOMpPYEeM

(xy.hv)
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O0paboTka TeKyIel TOUKH:

ROAAL

h>H(x,y)

Her
Touka He BUIHA

Ha

Touka BuaHA i

H(x,y):=h
V(X,y):=v

T

OO6paboTka cienyomen TOYKu

a) TOYKa BIAJIA

‘|A_ hmax. Smin. Smax
{ Smax- Smin
I
i _ hmax. Smin
| Smax- Smin
S= A : h =0
h+B h, =1
A A
DS=5(0)- ST -—
0)-s® @ - 2~
DS(0) = Smax. (S max- .Smln)
hmax. Smin
0)Touka BOIM3H
h, =h,. h =h -1

DS(hmax- 1) » A

Smin )(Smax B Smin)
h XS

max

DS(h,., - 1) =

max

ITpumep:
[Tycts, Smax =1000m
hmax = 255
hmin=1
a) TOYKa BIAJIA
1000.- 1000

DS(0) = o550 @400m ommbKa 1o riryOuHe

5X10

0) Touka BOJIU3U

DS(h.. - 1) = 101000

= 20200 a0.04
2551000 2004

h.,-1+B h_ +B
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ITpu manopaspsigHoM Oydepe oTHOIIEHHE SMiN 1 SMaX yMEHbBIIIaeTCsl.
3uaueHne h — HeTMHENWHO 3aBUCUMOE pa3pellieHUe 110 TIYOUHE OT JaIbHOCTH.

Ecmu 3anmuceiBates B G 3HaUeHHE S, TO HENB3s IMHEHHO WHTEPIIOINPOBATD.

i
h=h +N—_1>‘(hz - h,)

JlnvHa TUHUN

N Touek
S=A/(h+B)
A A
=< - B hzz_' B,
s s,
dopmysna HeMMHEHHOW UHTEPHOJISAIUN BETUIHHBI S
1
S= -
1 1 1 I
S X
s, 'S, S N-1
Henocrarku:

00JIbIIINE BEIYUCIUTEIBHBIE 3aTpaTrhbl HA KAXKAYIO TCKYIIYIO TO‘IKy;
S wumeer paBHOMEpHYIO (T. €. TOCTOSHHYIO) pa3pemarilyl0 CHOCOOHOCTh IO

riyOuHe;

BMECTO JIUHEHHOM - HETMHEWHAS! UHTEPHOJISLIHSL.
Smin=0 S= S»°S,(N-1)
Smax > Smin S%H+S,(N-i-1

Anzopumm omceueHus no NUPAMUOE 6UOUMOCHU.

HeoOxogumocTts B 3TO#l mpoueaype BO3HUKAET, KOI/a, B KOHLE KOHIIOB,
OKa3bIBAETCs, YTO HAJ0 HAPUCOBATh I'PaHb, y KOTOPOM YacCTh BEPIIUH JIEKHUT HEPE
KaMepoi, a 4acTh — 3a Kamepoi. To ecTb rpaHb, NepeceKanyrocs ¢ 3kpaHom. Cama
o ce6e OHa NPaBUJILHO HE HAPUCYETCH.

ITockobpKy KaMepa BHAMT TOJBKO TO, YTO TEpea HEH HaXOMUTCS, BCE TE
TOYKH, JUII KOTOPBIX SMin > z > SmaX, pucoBaTh He HaJ0. TO eCTh, KaXIyl0 IpaHb
HaI0 00pe3aTh IIOCKOCTAMHE Z = SMin u Z = Smax.
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B mnockoctk n300pakeHus NOMagatoT TOJIBKO T€ TOYKU, KOTOPbIE HAXOAATCS
BHyTpH [IB.
Anropurm:

B kadectBe mepBoro mara ciemyeT HPOBECTH SKCIPECC aHAINW3 Ha MPEAMET
nmonazaHus oObekTa B OUpaMmuay, JuOO0 TOJHOTO HEMNONaJaHdhs B  HEE.

[TycTh UMeeTCs MPOCTPAHCTBEHHBIH MHOTOYTrOJbHUK ¢ BepimuHamu i = 1...n. Jlns
KKJIOW BEPIIUHBI BeIUUCIsAeM 3HaueHus S, X¢ u Y ¢, xoTopsie OyayT UCXOIHBIMU
JaHHBIMHA
( Y.(
X; =Fx vy, :in';
S S

X@=a,(x; - X,) +b(y, - ¥,) +¢.(z - 2,);
Yi¢:a2(xi - Xp)+b2(yi - yp)+C2(Zi - Zp);
S =-(as(x; - Xp)+b3(yi - yp)+c3(zi - Zp))'

Wtak nns cnydas HEHTPAIBLHOTO MPOEHUPOBAHUSI UMEEM CXEMY.:
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HET

Haugano

C D

& S <Su) V & (S>Sw)

Ja

HET

HET OtOpackiBaeM 3TOT MHO-
TOYT'OJIbHUK U IEPEXOIUM K
CIEaYIOUIEMY
n n
. & Xma>S<XG>F) V &(ymaX>S<Yﬂi>F) Vv
a i=1 i=1 Her
n n [
& Xnin>S>XF) V & (Ymin XS >YExF)
i=1 i=1
OtOpackiBaeM 3TOT MHO-
TOYT'OJIbHUK U NIEPEXOIUM K 1a n n
[S1(514%10)11(5)% 3% (S < Smn) V (S > Srmx)
i=1 i=1
Orceuenue 10 Sin, Smax;
n=3...n+2
(orceuenue mo riyouHe)
I
n n
. . Y5 <YG»
na §L1(XM>S<X(|>F)V i&iLl(ymax S<Y(>F) V et
1 n n 4
& Knin>S>X>F) V & Ymin>S>YG>F) V
i=1 i=1
OT10packIiBaeM 3TOT MHO- _ = Xf _ e Y
TOYT'OJIbHUK U IEPEXOAUM K Xi - F S ’ yi - Fxg .
CTTATVINTTTANM Y i i
i=1..n
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BBIBOJA Xmin, Xmaxs Ymin,
n=3...n+4
[

3akpacka MHOTOYrOJIbHUKa

Ymax;
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