Komnblomegzua}l zgzadguka.

1. KommeroTepHas rpaduka

2. laTepakTuBHBIEC TPAQUUECKIE CUCTEMBI.

3. AHnuMarus u BUaeoTpaduKa.

KI' — st0 oOmactp oTHocsmascs k mHpopMaTthke. B cdepy mHTEepecoB 3TOW HAyKH BXOMIST
aCIIeKTHI CBS3aHHBIE C (POPMUPOBAHHEM H300pAKEHUS.

OBM wucnone3yercs musi:  (GopmupoBaHus, mpeoOpa3oBaHusi W BbIBoJa H300paxeHus (
rpaduyecKux 0ObEKTOB)

Ipupoaa uzodpaxeHus

y y

HckyccTBeHHAsN EcrecTBeHHasn

(pe3yabTaT abCTPAKIIMOHHOTO (mpencraBieHue pearbHOro
MOJEIMPOBAHUS U CHHTE3UPYETCS B n300paxeHus , KOTOpbIe
COOTBETCTBUU C MATEMATUYECKUM npencrasisaoTes B OBM B
OIMUCAHHEM U MaT. METOIOM) rdpoBOM BHIE)

IToHsiTHE MAIIMHHOM TPAPUKH:

B mmpokom cwmbicie OTBEYaeT 3a KPyr BOMPOCOB CBS3aHHBIX C I€OMETPUUECKONW MOJEIBIO,
uppoBoi 00pabOTKOM M aHATM30M H300paKEHUs , MAITMHHBIM 3pDCHHEM H T.JI.

B y3KOM CMBICIIE CYIIECTBYET NPOSPAMMHAA U IMEXHUYECKAA.

Texnuueckas ywacmo — MOHUTOPBI

Ilpoepammmnasn wacmov — ApaiiBepa, MakeThl rpadUIECKUX IPOTpaMM, rpapudecKre MPOTOKOIbI ’
CETEBbIE MPOTOKOJIBI.

OcuoBHbie mousaTusa KI'

- [IpuHUMIBI ONIMCaHus U IpeACTaBICHUS UX B mamstu DBM

- Anroput™sl GOpMUPOBaHHS U IPEOOPA30BAHUS H300pKESHUS

- IpUHIUIBI ocTpoeHus Tex. CpeacTB BBOJa BRIBOJA H300paskeHUs

- IPUHIIUTIBI OPTaHU3AIUU CHCTEM MAIIMHHON TpadMKH MX MPOTPAMMHOTO 0OecTied eHUs
CyiecTByeT 3 HanpaBJICHUS

- kommnetotepHoe 3penue ( Comp.Vision (CV))

- 00paboTka nzobpaxenus (Comp. Image Proc.(CIP=IP))

- kommneioTepHas rpapuka (Comp. Grath. (CG))

CV — y Hac ecTb n300paskeHHe, XOTUM TOJTyIUTh OTIUCAHKE T.€. 3aHUMAaEMCs aHAIN30M 00pa3oB

Nzobpakenne cv .| Ommcanne
CG - wumeercss onmcaHWe, XOTHUM IMOJY4UTh OTOOpakeHHEe (CHHTE3 HW300paKeHUs)
CG

Onucanue Uzobpaxenue

IP- ectb n300paxkeHHe a Mbl IPOU3BOJUM €0 00paboTKy
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IP

Uzobpaxenue Uzobpaxenue

Cxema n306pameﬂml nmpoueccoB B rpaqmquKoﬁ CHUCTEME.

BBox o m e
v E
N300paxeHue ObpaboTka N300paxeHue
~ P BrBog
A A
Anamms BJ1 Cuntes
——» >

Bgog

BJ1 —6a3a maHHBIX CTPYKTYPUPOBAHHOTO OMUCAHMS N300paKEHHUS
dopmupoBaHHe 3IEMEHTOB, XpaHsmmxcs B BbJ] Ha3piBaeTcs cuHTE30M H300paxeHus ( M.
MPOXOJHUTH KaK MO 3aMKHYTOMY TaK U 0 Pa30MKHYTOMY LIUKJY)
AHanm3 — OIleHKa, HISHTU(QUKAIIS H3MEPEHUS H300paskeHHS
OO6paboTka — mpOLECC KOTOPBIA HCHOJB3YETCA Ui YIY4IIEHHS KadecTBa H300pakeHus
(mpuBeneHus U300pakeHUs K BUIY YIOOHOMY JUISL €ro MOCIEAYIOLIeT0 aHaln3a i CHHTE3a)
Bunst nadopmarym:
Wudopmanns m.0. :
- KOOpIuHaTHAs ( MECTO PacloIOKeH s, 2-MepHasi, 3- MEpHas U T.]I.
- 3HaKoBas (XpaHuTCcs B WMf B B HEKOTOPBIX 3HAKOB)
- BUACOM300paKeHUs
uHpopMalus mpeacTaBisiercss B WMf MaccuBe KBAHTOBAaHHBIX OTYETOB Ha MoJie (IUCKPETHOE
moJie)
JIucKpeTHOe MoJjie — COOTBETCTBYET PEIIETKE M 3Ta pelieTka 0ObIYHO ObIBAacT paBHOMEpHOU ( K
ee y3JlaM MPUBSI3BIBACTCS Hallla MH(POPMAIIHS ), 3TOT JIEMECHT Ha3bIBACTCS PACTP

DopMBI pacTpa

A
v

2
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I'eomerpuyeckoe MoJeUpOBaHHE
Hensto I'M siBsieTcst mpencraBieHue 0ObEKTOB
Yare Bcero 0OBbEKTHI peabHbIE
TpeboBanusi k I'M :
- JIrobas Mozenp, KOTOPYIO MOXHO CKOHCTPYHMPOBATh HE JOJDKHA IMPOTHBOPECUUTH PEATBHOMY
00BeKTy
- JIonycTHMOCTD KOHCTP yMPOBAHUS MOJCIH IIETMKOM ( MOIIHOCTH MOJICIIH)
- Bo3moxkHOCTB BeIuuCeHus go1. [lapameTpoB (00bema, Beca U T.11.) BerauciaseMocTs MOCTH.
KomnakrHocTh MOzenun — KoiamdecTBO HHGOpManmuu HEOOXOAUMOe YTOOBI 3Ty MOMAETh
HCIIOJB30BaTh B PA3JIMYHOM AJITOPUTME.
XapakTep OTKPBITOCTH — BO3MOKHOCTh IPUMEHEHUS MOJIENN B APYTUX CUCTEMAX.

Mamemamuueckue 0CHO6bl KOMRBIOMEPHOIL ZPadhuKu

Croco0bI mpezicTaBieHUs] 0a30BBIX TEOMETPUUECKHX 00BEKTOB(THUIIOB), MPe0Opa30BaHUs
[Ipencrapienne reoMeTpUYECKUX OOBEKTOB HE 3aBUCUT OT KOHKPETHOTO BPEMEHH.

1. TlpencraBneHus 0 rEOMETPHIECKOU CYIIHOCTH

2. CriocoObl onricaHust 3TOW CYIIHOCTH B KOHKPETHOW CHCTEME KOOPAWHAT

3. CrocoObl onmrcaHus MaTeMaTHIeCKON abCTpaKIuu
bazupyercst Ha moHsATHN aQPUHHON TEOMETPUN U TPOSKITHOHHOTO TIPOCTPAHCTBA.
basupyercst Ha 3-X TUMAaX: CKaJSAPbl, TOYKU U BEKTOpa. (HOCAT reOMETPUIECKYIO CYIIHOCTD)

Feomempuuecxue onpedeﬂenu}l bazoevix munos

Ponb pynnamenta —nonstue Touku R°, R, R*, R?,.....

B 2-mepHoii reoMeTpuH TOYKa — 3TO MOJIOKEHHE ¢ (€IMHCTBCHHBIN aTpuodyT)

EcTp HEkas cucrema KOOpAMHAT

Ectp 3 mpocTpaHcTBa MHTEPECYIOMMX HAC: BEKTOPHOE MPOCTPAHCTBO, ah(HhUHHOE TPOCTPAHCTBO,
€BKJINJIOBO IIPOCTPAHCTBO.

Ckaisip — HeKOe BEILECTBEHHOE YHCII0, 337]aBaeMOe JJIsl OIUCAHUS O0BEKTOB, CYIIIHOCTEH.
Bekrop — Hekast HanpaBJIeHHast TMHUSA OT 1-0if TOUKH KO 2-01

Jluann 2-X CyMHOCTEH B BEKTOPHOM MPOCTPAHCTBE. CKAJSIP U BEKTOD.

B addunrHOM npocTpaHcTBE JOOABISIETCS THIT TOYKA. B €BKIMIOBOM MpOCTpaHCTBE H00aBIIETCS
MIOHATHE PACCTOSHHUE.

CucremMa KOOpAUHAT
[TonoxeHre Toukn t B MPOCTPAHCTBE MOXKET OBITH OMKCAHO B BHUJE HEKOTOPHIX JIMHEHHO
HE3aBUCUMBIX BEeKTOpPOB (V;,V,,V,) A BBes CKaJsiphl (a,,8,,8,) MOXKHO OIHCATh BEKTOP.

W=a,v, +ta,v, +a,v,

JexaproBa (KapTe3nanckas) cucreMa KOOPAMHAT
CrpykTypa B3auMOCBA3EH MEXIy CUCTEMaMy KOOPAMHAT

3
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KpuBonuneiinas cucrema
koopuHaT (1)

A

JlexapToBa npsAMOYrojabHas
cucTeMa koopauHar (2)
l y

[TonsipHBIE KOO IMHATEI
JexapToBa npsm. (4)

CHUCT. KOOpJAWHAT Ha
mrockoctH (3)

A A A

JlexapT. npsiM. CHCT. Hnmiaapuyeckas Coepuueckas cucrema
KOpI. B 3-MEpHOM cucreMa koopauHar (6) koopuHat (7)

npoctpaHcTie (5)

A y

[IpaBocTopoHHsIs JIeBocTOpOHHSS
CcHUCTEeMa KOOpAUHAT cUCTEMa KOOPAUHAT
(8) (9)

1) bazoBasi KOCOYroJibHasi CHCTEMa KOOPIUHAT
KoopauHaTh! onpenessirorest ocsimu ( X —0ch adCIuce, Y - OCh OpAMHAT)
Paccrosinue onpexaensercs npoekiusimu P(X, y)

4) TlonsipHasi cucTemMa KOOpAUHAT

()0 —momroc,] - mONAPHBIHA yroi , I — moysipHOE paccrosiHue. M(r, | )
X =T Cosj
CoOTBETCTBEHHO -
y=rsnj

6) LlpumuHIpUYIeCKre KOOPIUHATHI
EcTh HEkas II0CKOCTH

z Z npoekiys Ha TouKy M

S =

7) Chepuyeckne CHCTEMBI KOOPJMHAT

4
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yroJ (] - MOJSIPHOE PACCTOSTHUE
yroa | - JoJrota

X=rsinj cosq
CooTBercTtBeHHO Y =T Sinj Sing

Z=rCOS|
] 1. r=[OM|
2.
3.q
KocoyronbHas cucrema KoopaAnHAT
y//
% AR
JlekapToBa cucrema M(X,y,2)
KOOpAHMHAT
ITonsapuas M(r,j ,q) X =T cosj
y=rsnj
Lmmaapraeckas M(r,] ,2) X =1 CO0g|
y=rsinj =z
Coepuueckas ¢ Koop. M(r,j .q) X=rsinj cosq
y=rsinj sing
Z = zcosj

0 B cepenune skpana y KBapre3nancr.

(.) P(X,y) Bce Hamm npeacrasieHus: B BEKTOpax , B BUIC MaTPUIIbI |X, y|,

)

IIpeoOpaszoBanye B KOMIIBIOTEPHOU rpaduke

- IPOEKIIMOHHOE NpeoOpa3oBaHue
- reomerpuueckue (addpuHHBIC) TPeoOpa3zoBaHus

5
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& I'eomerpuyeckue mpeoOpa3oBaHus B KOMITBIOTEPHOM rpaduke.

AddunHBIE TPEOOpa3OBAHUS.

[MpeoOpazoBaHus CBA3aHHBIE C HEKOTOPHIMH U3MEHEHHUSIMHU 00BEKTA.

- [Tepenoc

- [ToBopoT

- MacmrabupoBanue

I CB - B0 adpuHHBIX TpeoOpa3oBaHMiA

Ce-Bol T*R®’® R’ Bceraa mepeBoasr npamyio Q B T(&) Tak 4To MHOKECTBO TOUEK MPAMOi &
otobOpaskaercst Ha MHOXKecTBO (.) T(Q)

Ce-Bo 2 Ecmu MHOXECTBO MpsIMBIX a © D mapamiensHel W 3a7aHO Hekoe adpuHHOE
npeobpazoBanue T(a) u T(b) OyayT Taxke mapasieabHbI

JONOJIHATENBHBIE CBOMCTBA
[Mpounssenenue 2-x apduHHBIX MpeoOpa3oBanmii Takke apPuaHOE IPeoOpa3oBaHme
Hns xkaxgoro mpeoOpazoBanus T cymectByeT Takoe T — 1, koropoe TOXe sBIAETCS
apuHHBIM TIpeoOpa3oBaHUEM.
PaccmoTpum nocnenoBarensHo adduHHBIE TPpeoOpa3oBaHue.
(') MacmrabupoBanue (scale)

A
X
Ecimm umeem P = y‘
Y, S
,a 8= OX s S,. S, - k03(. Mociurabupos.
Y1 Y
[] IX(= xS,
, TO |
1 yé=y*S,
Xl X2
CaoiicTBa npeoOpazoBaHus MacITaOUPOBaHUS
- HEe coXpaHsercs JIUHHA
- HE COXPaHSIOTCS YIJIbl
(!) MoBopor (rotate)
A
X
P=
Y|
<> Ecmn P(=S*P 10 P(=R, *P

I X(=xcosg - ysing
%yd:: ysing + ycosq

[]

q
co - §in
CoOTBETCTBEHHO MaTpHIla oBopoTa Ry =| ] a
snq  cosq
(!) Mepenoc (Trandate)
6
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[]

v

D

X

(1) Orpaxenune (Reflection)

X(=-X
1 ye=y
REy=|
Y7o
X X
(') Ckoc (camocTOsITEILHO)
A
(1) PacTsizkeHue u cxxaTHe
+ i X(=ax
i
1y¢=Dby

v
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a d g/ |axthy+cz |a b c|x
[x,y,z] b e h=dx+ey+fz={d e f|y
c f i |gx+hy+iz |g h i|z

Marpuua npeobpazoBaHusi B OZTHOPOJHON CHCTEME KOOPAUHAT.

P(=P+T

pPC¢=SP [Tycts TOuka M cyIiecTByeT Ha IIIOCKOCTH ¢ KoopauHaramu (X,y)

P¢=RP

OIHOPOIHOH cuCTEeMON KOOpAHHAT OyleT Ha3bIBaThCS (X, X,, X;) CBA3aHHAS ¢ TOYKOH (X,Y)
X

T2
X3

COOTHOIIIEHUSIMHA X = y=

1
X3

M, (% Y]

______________________________

Mosket ObITh 331aHa IPOU3BOJIBHBIM HAOOPOM KOOPJIMHAT
Marpuma 3x3 11 2X MEpHOTO MPOCTPAHCTBA

Marpuia 4x4 st 3X MEpHOTO MIPOCTPAHCTBA

(V. W, W)

npomocirabupyem ¢ koddurmdarom W B 2X MEpHOI IIIOCKOCTH

X
i
1 0 d
T(dx,dy)=|0 1 d
0 0 1
S

x

y
0 1
cosj - sSinj
R( ) =|gin] Ccosj
0 0 1

[TocTpouTh MaTpHILy TOBOPOTA BOKPYT POU3BOJIBHOM TOUKH Ha IIIOCKOCTH (8,h)
[Tarn:

1) Iepenoc Ha BekTop b =-a—b

0
S(S..S,)=|0 S
0

8
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1 0 - A
T,=0 1 -b y
o <
2)I10BOPOT Ha Yroj | Havajia KOOpAMHAT A _________ j
R =|- - >
00 X
3)IIepenoc B (.) A ¢ KOopAHHATAMUA
1 0 A .
T,=0 1 b y i
001

IIepenoc —IlepeHoc -> koMMyTaTUBHBIE onepanyd [« X |
Macmra6- Macmrab PSR R

[ToBopoT- IloBOpPOT

v

[Tepenoc — MacmTab ->HEeKOMMYTaTUBHbBIC OTIEPALHH

X
ITosopor - Ilepehoc  Fmmmmmomoo-e
Ilpeobpazosanue ¢ npocmpancmee
[Taru npu npeobpazoBanuu B VP
! Xirex Y mex 2A LT
; T
Xein Vi : /
HauanbHbie KOOpIUHATEI
34 (0,0) N g DKpaHHbIE
KOOpUHATHI
Hopmanuzarus 8 (U,V) U. V.
mn -~ mn

»
»

ITepenoc B mons BeIBOJA
JKpaHa

LY e (4xa)
W W W

[IpaBOCTOPOHHSIS MM JIEBOCTOPOHHSAS IO MpaBULy OypaBuuKa

[TonoxuTenbHBIMU OyIE€M CUUTATh MOBOPOTHI (€CIM CMOTPETh C KOHIA TOJIOKHUTEILHON
MOJIYOCH B CTOPOHY Hayuasia KOOPAHMHAT) MPpH KOTOPBIX MOBOpOT Ha 90 rpasycoB NpOTUB 4aCOBOM
CTpENKH OyAeT MPOBOAMUTDH OJIHY MOJIOKUTEIBHYIO OCh Ha JPYTYIO.

9
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e
.

NI

1. [Tepenoc
1 00
T(dx,dy, dz) 010
0 01
0 0O
2. Macmira6
S, O
— O Sy
S(S,.S,,S,) = 0 o
0O O
1 0 0
|0 cosO -sin0
RO)= 0 sn0O cosO
0O O 0
cosO 0 snO
| O 1 0
R©O= -sn0 0 cosO
0 0O O
cosO -sn0 O
sn0 cosO O
R,(0) =
0 0 1
0 0 0

ocH [TonoxuTenpHO 6. HaNPaBICHO
> X OTYKZ

y OT ZK X

z OT XK Y

dz

oW o o
H

Komnozumus 3-x MepHBIX IpeoOpa3oBaHHi

10
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1 0 0 d cosO -sn0 O
010 d sin0 cosO O
0O0o01d 0 0 1
0 00 1 0 0 0
S, 0 O X
0 Sy 0 _
0 0 S, Z
0O 0O O 1
S, 0 O
0 S 0
X z y
| y :qO 0 S,
0O O O 1
cosO -sn0 O 1 0 O
sn0 cosO O 0O 1 O
0 0 1 0O 0 1
0 0 0O ldx dy dz 1
y
y P3 IToBop. Bokpyr H.K.
< Yr1o6s1 P1 u P2 coBmecTriucs ¢
P1
P1 P2 P3 Ocnbio Z
P2
z
z X
X
1. Tlepenoc P1 B H.k.
1 0 0 -x
010 v i P&=TR U
T(CX-Yim2) = Y } Pg= szi'/HOCﬂel- 20 waea
001 -2z IP¢—TP :
000 1 175 1sp
Pl(
P

\
\
\
\
\
\
\
\

2. [ToBOpOT BOKpYr oOCH'y (] - HOJIOXKHUT., A(Q( — MOBOPOT B OOPATHYIO CTOPOHY
q¢=-(%0-q)
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cosq(=z§/D, sinq(=x§/D,

D, =(z9)° +(x§)° P#= R, (@ - 90)P¢

A

y

z
3.IloBepn. Ha yron | oTHOCHT OC X

cosj = 222 /D, d8nj = yZ2 /D,

D, =[P@$=[PPR,| = (X, - X)7+(¥, - %)’
P$=R| |[P$=P,| |R (0 - 0)Pg

4. Tlomectuts P, B mnockocts YOZ — caMOCTOSTENBHO.

MHoroMepHbIe MPOCTPAHCTBA U MPOCKIUK
Camas yacto BCTped.
1. Cummetpusi oTOOpaXKeHUs (3epKaibHasi CAMMETPHS)

2. [loBopor  OtnHomenne cummeTp. CB0O. K mOBOpoTY Ha OmpeeneHHbIi yroJ.
Ock MoBOpOTa — HOBOPOTHASI OCh CUMMETPHH.
IToBOpOTHAsA OChb — OChb BOKPYI KOTOPON MOKET OCYHIECTBUTBH MOBOPOT O COBMEIIEHUS C
caMHuM COOOH.
Haumenbimii yron Ha KOTOPBIA HE MOBEPHYTH — 3TO DJieMEHTapHBIN yroj. OH onpeaesnseT
MOPSI0K, OCh CAMMETPHH.
f.c. 90° ® 360=90* 4b 4-plii IOPANOK OCH CUMMETPHH
120 — 3-ii mopsIoK.
3. CummeTpust nepeHoca — TPaHCISIIUS
[ToBTOPsIEeMOCTH (DPUTYpPBI B IPOCTPAHCTBE OCYIIECTBISETCS U/3 HEKOTOPOE PACCTOSIHUE.
Taroke Ha3bpIBaeTCS CUMMETPHEH 2-T0 mepeHoca
5. BunroBas cummerpus
IIpoucxoauT nepeMeneHre u MOBOPOT MO ONPEAEICHHON TPAEKTOPUHU
MHoOTrOrpanHuK: — TEJIO0, OTPAHUYEHHOE OMPENENEH. KOJIMYECTBOM MOBEPXHOCTEN KOTOpBIE
MpeCTaBIsAeT COOCTBEHHBIE MHOTOYTOJIbHUKH.
npuM. [Ipusma, nupamuna.
[IpaBuibHBIH — BBINYKJIBIH MHOTOYTOJBHHUK OONAarOmMiA MaKCHMaJbHON 3-XMEpHOM
IUIOTHOCTBIO YITAKOBKH.

12
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W3BecTHO S5 TaKUX MHOTOTPAHHUKOB!

[TmaToHOBO TEMO Yucno Uucno pedbep | YUucno pedep Uucno O61mee uncio
CTOPOH Y Y BepLINH BEpIIMH pebep
rpa”ei

Tetpasap 3 3 4 4 6
Ky6 (ukcasap) 4 3 6 8 12
Oxkrasap 3 4 8 6 12
Honaexarap 5 3 12 20 30
Hxocosnp 3 5 20 12 30

1. Onu M. 6. TOCTPOECHBI OHU U3 JP.
2. Boxpyr kaxa. M. ornmcartb chepy U Kakablil M. Biucath B chepy. U3 kyda — oxroap:
Bepmmna okrasapa — ueHTpanbHBINA rpaHei Kyoda.

JlanHbIe Tema 00Iaar0T CUMMETPHUE MHOTOTPaHHUKOB.

1. Ectb uentp. Cummerpun

2. CymecTBYIOT IIOCKOCTH CUMMETPUHN
- 3 IJIOCKOCTH CHMMETPHUH TIEPIICHAUKYIISIPHBI peOpaM B MX cepeinHax.

- 6 mI0CcKOCTEH CHMMETPHH MPOXOIAIINX Yepe3 IMPOTHUBOIIONIOKHBIE pedpa.

3. Ocu cummeTpun
- CylIeCTBYIOT OCH CUMMETPHH 4-T0 TMOpsi/IKa
- OHU TIPOXOJIAT Yepe3 LCHTPhI IPaHeit
- 6 oceit cumMMeTpHH 2-T0 TOPSIAKA — MPOXOIST Yepe3 CEpEeAMHbBI IPOTHBOIONOXK. Pedep

- 4 ocu 3epKaNIbHOM CUMMETPHH — IIPOXOJISAT Yepe3 CEPEANHBI MMPOTUBOTIOJIOKHBIX pebep.
Amnanor M. 1yt Beex [11aToOHOBBIX T
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Dpaxman

1985 r. (IBM) Kpacora ¢pakrana

Kpusas [IMAHO
PexypcuBHa, B KaKIOM 4acTH OTpe3Ka MPUMEHSAETCA
IIpouenypa
®pakTan — 3T0 BbI30B 0J0OHOTO cede.

C

y

F(x,) f(X,.C) o f(X)

IToka c 11ej10€ — HUYEro 0COOEHHOT0
C BEIECTBEHHOE — MHOeCTBO MOHICHOpOTa
CaoiicTBa hpakTaaos

1. KommakTHO 1 OTpaHHYEHO.

2. Jlnsa 1:000# JOCTATOYHO MAJIOH YaCTHIIBL.

3. JocraTto4yHO OOJIBIIAs YacTh HOHMO0HA el

CamororoOre — 0CHOBHOE CBOWCTBO (hpakTaia

4. @pakran — Hekas TeoMeTprueckas Gurypa , cocTosias U3 yactei, Kaxaas U3 KOTOPhIX
MPEACTaBISAET COO0H YMEHBIICHHYIO KOTIHIO UCXOAHOH (DUTYPHI.

5. Hekas rpanmvHas JuHWS, WMEMOIIas OECKOHEYHYIO MIMHY, HO BBOJIS JPOOHYIO
Pa3MepHOCTh MOXHO FOBOPUTH O €€ JJIMHE.

JIuHus He camonepecekaeTcs.

Bugsr ¢ppakranos.

I'eomeTpruecknii

Anrebpanmdeckuii

Cucrema HHTETPHPYIONMX () YHKITHIHA
CroxacTuueckuit

PODNDPE
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1) Teomerpuueckuit — (¢pakTaa MOJMydaeMblii MyTeM MPOCTBIX T'€OMETPUUECKUX
npeoOpa3zoBaHUM
Kpugas [Muano, Caexxmaka Koxa.

LN

EUNED 2 &N

L- System ( omHOBpeMeHHO ¢ “depemnaiibeii TpaduKoi” — MTPUX PHUCOBAHHE)
Ecmu F — npoueptuth 0Tpe3ok
+ - IOBOPOT I10 YaCOBOM CTPEJIKE
- - IOBOPOT IIPOTUB YaCOBOM CTpEIKe
to kpuBas Koxa F=F+F—F+F
2) AnreOpandeckuii — CTPOSTCSI HA OCHOBE HEKOTOPBIX alreOpandeckux Gopmy.
MHOTOKpaTHBIN UTEPALIMOHHBII MPOLIECC BBI30Ba (DYHKIIMI ¢ HEKOTOPOit CONSt ¢ (BelecTs.
, KOTOpas TIOCKOCTh)
3) Cucrema urepupyromux pyskuuii |FC I[IpuMenenne Takux nmpeoOpa3oBaHuii, KOTOPbIC
Jar0T Ty QUTYpy KOTOPYIO HE0OXOIHMO.
[ManopoTtHuk — (peKypcuBHas PYHKIHS C TpUMEHEHHEM a()(UHHBIX OTICPAI[Hii)
PexypcuBnas onepauus TpedyeT 60IbII0ON BEIYUCIUTEIEHOM MOLITHOCTH .
4) CroxacTHYCCKHiA
[Tpnm. ITnazma.
Ecmm He nBeT, a koopauHara P miockocTs

HexoTtopbie Bo3MyIIEHUSA
et 1 p v

IBet 3 IBer 2

Ilpoexmusnan 2eomempus

[IpoexTuBHAs MIIIOCKOCTh — B OTIMYKE OT ABKIMI0BOM HE UMEET O€3KOHEUHOM MPOTSHKEHHOCTH.
B 31011 reomMeTpun He ObIBaeT MapayiebHBIX TUHHUM.

a'- IPOEKIMOHHAS TITIOCKO
A'B'C* - mpoexrus ABC
. M,l,N — IpOeKIHOHHBIE JTyIH

==\
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A

OKHO

10,10

50,00 )\J‘
X\

&
<«

A

HK- HOpMaTHBHbIE KOOPAUHATHI MK- MupOBEIE KOO THHATHI

otoOpakaeM Ha HOPMAJIM30BAHHYIO TIJIOCKOCTb.

Konuenmyanonaa mooeawv npouecca 3D gbvleooa.

Otceuenne -
OTHOCHUTEIILHO IpeoGpazora bIBOJ
» 1 PCOOD —>» HaTIONI |——p
™ BuauMoro KII
HHC Ha BBEIBOJA
o0BeMa
Bl OK
MK HK °D
YcedyeHHbIE KOO /THHATEI

MK

1T .
H?'; touka VP viewplace ¢ 3ms napamerpamu

1) Onopnas Touka

2) Hopmaiib K KApTUHHOMW TIOCKOCTH

3) Paccrosinue no kaprunHoii miockocTH.(KIT)

OmnopHasi (.)

Bepetca BMK ..o
Paccrosinue no KII — paccrosiHue ot onopHo# (.) B HaNpaBJICHUU BEKTOPa HOPMAJIH
KapTHHHOM IMJIOCKOCTH.

Nneonorus << PHIGS, GKC,GORE >> crangapThsl

Onopnas Touka — VRP

Hopwmans k xapTuaHO# miockoctu — VPN

Bexrop nanpasnenus — VHP

16
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VHP

(Vi s Vi)

/ VPN

U
N ViinVoin)
lenTpansHbIC [TapamnensHble
MPOEKLHU MPOEKIHNU
1D)IlapamienbHbie
MPOEKLIHU
A
2)Oprorpadudeckue Kocoyronnusie
MPOCKLUH MPOEKIUH
Bun 3) AKkCOHOMETpHUYECKHE
Ciepxy NpOeKIHH KaOuHe KOBaJIbe
y
Bun
Cooky
A Tpumerpuueckue
Bux MPOEKLIHU
CHuzy
y
HumeTrpuueckue H3omerpuueckue
MPOEKLIHU MPOCKIUH
17

PDF created with pdfFactory trial version www.pdffactory.com


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

eHnTpanbHas IpoeKIus

.

OJHOTOYCYHAsA ABYXTOYCYHAasA TPEXTOUCUHAaA

- [IpoenmpoBanne 3Xx MEPHOTO OOBEKTA CTPOUTCS C MCIOJH30BAHUEM KAPTUHHOM IIOCKOCTH U
Jydeil mMpoeKuil s MOTy4eHus: u3 N — MepHo# npoekuu N-1 — yio
[IpudeM oTMETHM UYTO JIy4H MPOEKIUH MPOXOIAT Yepe3 KaXAYI0 TOUKY 00BbEKTa.

1) OmpenensieTcss OTHOIICHUEM MEXKAY HAMpPAaBICHHEM MPOCLUPOBAHHUS U HOPMAJBIO K
KapTHUHHOM IIJIOCKOCTH.
B oprorpaduueckix MpOEKIHUsIX 3TH 3TH COOTHOIICHHs COBMANAIOT , & B KOCOYTOJbHBIX
Hao00pOT.
2) Optorpaduyeckue mpoeKIHH
Hcronb3yroTes IIIOCKOCTH HE MEPICHIUKYIISIPHBIC TIIABHBIM OCSIM.
3) Ilpu aKCOHOMETPUYECKOM MPOCHUPOBAHHH COXPAHSACTCS MAPAICIBHOCTh JY4eH, YIJIbI
MEHSIIOTCSI, TIPH TOM MOXET OBITh U3MEPEHO PACTOSHUE JIO TJIABHBIX OCEH.
B 3aBHCHMOCTH OT B3aMHOTO PACIIOJIOKEHUS IIIOCKOCTH MPOCIUPOBAHKS M KOOPANHATHBIX
oceil paznuyaroTcs 3 Bua akCOHOMETPUYECKHUX MPOCKIIHA:
- AKCOHOMETpHUSL:
Bce 3 yriia MeX1y KOOpAHHATHRIME ocsiMu U HopMabto KIT paBHbI Mexay co00#
- JluMmeTpust
nBa yria Mmexxny Hopmaibto KIT 1 KoopAHHATHBIME OCSMH PaBHBI
- Tpumerpus
BCE yrIibl My HOpMasbio KIT U KOOpAMHATHBIME OCSMU Pa3IHIHBI.
Bce aTu mpoeknuu nony4arTces KOMOUHAIIMEH TOBOPOTOB, 32 KOTOPBIMHU CJIEAYET MapalieibHOEe
MPOCKTUPOBAHUE.
[Tpu moBOpOTE HA YroJ1y OTHOCHTEIHLHO OCH OpJAWHAT OTOM --//---/[---/} ---/[--/]--- abGcumce u

MOCJICAYIOLICC NPOCHMPOBAHUE BIOJIb OCH allIIMKAT MOJYYUM MAaTPHUILY.

cosy snjsny O
0 Cosj 0
Makc = - Ha
sny -snjcosy O
0 0 0

CaMOCTOATENBHO OCTPOUTH MATPUUHYIO IPOEKIUIO Ha MJIOCKOCTh HapajeabHyI0 0CIM
X=0y=0 (z* 0 const)
U3omerpuueckoe npoennpoBaHue 001aJaeT CBONCTBOM :
Paccrosiane mo BceM 3M IIIaBHBIM OCSIM YKOPAYHMBACTCS C OJHUM M TeM ke K03 (UIHEeHTOM,
MO3TOMY BO3MOKHO C OJTHAM H TEM ke MacmTad kKod(¢. 1mo BceM 3M 0CsM.
Kocoyromnpaast
Coueraet B cebe CBOMCTBA OpTOTPAPUUECKOM MPOSKIIMKA CO CBOHCTBAMH aKCOHOMETPUH.
1) IIpoekunoHHasl IUIOCKOCTh MEPICHAMKYISPHA TJIABHOH KOOPIWHATHOW OCH CTOpOHA
o0beKTa , mapajnenabHasi 3TOM IUIOCKOCTH MPOCHUPOBAHUS T. O. , TO UTO MOKET U3MEPUTH
YIJIBL U PAcCTOSTHUSI.
2) TlpoenupoBaHue APYrUX CTOPOH TO3B. C MOMOIIbIO MPOCTEHIIUX TCOMETPUUECKUX
npeoOpa3oBaHuil OMPEACIATh PACCTOSHUS U YIIIbl (JIMHEHHOE BHIYHCIICHHE)
3) Hopmams KII u HampaBieHHEe NpPOCHUPOBAHUS MNPU KOCOYTOJBHOW MPOCKIUH HE
COBMAJAIOT.
Cs0600H0e npoeyuposanue (kosanve)
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Yrael B HampaBieHUH NPOCLHUPOBAHUS COCTABISIIOT C IJIOCKOCTBIO 45 TpanmycoB. B
pe3yipTaTe MPOEKIHH OTPE3Ka MEPHEHANKYIIPHOTO MPOELHUPYIOLWEN TUIOCKOCTH UMEET Ty
K€ JJINHHY, 4TO U CaM OTPE30K.

45°

v

Kabunemnoe npoexkmuposearue (Ka6uH€)

1
Hanpagnenue nmpoenupoBaHus ¢ IIOCKOCTHIO yroj arctg (E)

[Tpu 3TOM cooTHOIICHUE OTpe3ka neprennukyispHoro KII 1:2 (cooTHomeHne JUIMHHE OTPe3Ka U
€ro MPOCKIIUH)

I 112

Tabn. napanenviioe npoeyuposanue

»
»

MHoroBuIoBast opTorpadus
DOP  BDOP - direction of projection

VPN napanenbHa BceM 0csiM
DOP napanensna VPN
BupaHa Bcs rpanb

VPN

v KTI

AxcoHOMETpHYECKast IPOESKITHS
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v

Kocoyronbnas npoexuust

|-
>
. DOP
N
N AN
) ~ ) ~ \\
N
Y N N
Y N ~
. .
N N
v VPN KTT

Ilenmpanvnoe npoeyupoeanue

3X TOYeyH

<0
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VPN He mapanensHa
DOP ne mapanensna VPN
M3MeHeHuEe rpaHedl 3a UCKIIOYCHHEM

napanensHoit KI1

VPN He mapanenbHa 0csiM KOOOPIUHAT
DOP napanensna VPN

Wsmensiercs pasmep. Pasmep — ¢dyHKums
yIi1a MexXay HopMaibto rpanu u DOP

1-touey
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OOBEKT MOAB. LICHTP NPOCLHUP.

"3 000 TOUKH.

Mamemamuueckoe onucanue UeHmMpPAIbHOU NPOEKUUU.

A
Yy
P(x,y,2)
v,
> .
XV
a Xp X Yo _ Y
| & a z' a p
s oy
| "// p = —Z ; b = Z_
X, X, :T P(xy,2) /a /a
. Q. 1 0 O
Y O o1 o
Q:( ,’1' P((X, Y, 2)\ M yewmp 0 0 1
y ’ .
o 0 0 ya
| .
.
P®|x v z 1
10 0 O
- 01 O
|X y z V\4 = Mueumpp = O O 1
00 %

|zyZV\4T:|xyz%|
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[Mupamuna BugUMOCTH

Paccrosnme o
KapTHHHOM MJIOCKOCTH

Ilepennsisa u 3agHss
CEKYIIHE TUIOCKOCTH

a [TapammenorpamMM BUOIUMOCTH

VPN

»

A
A
Y,

Humepnoaauyus u annpokcumauus KpUusvlxX U n08epxXHocmeil

B komIuiekcHO#M rpaduke 4acTo 3ajada BOCIIOJHEHUS JaHHBIX (HECKOJBKO TOYEK 4epe3 uepes
KOTOPYIO ¥ TPOBECTH KPHUBYIO). DTO U €CTh MHTEPIOJISIIUS, YACTHBIN CIydail anmpoKCUMAITHH.
Ecnu HyxkHO anmpokcumupoBath Hekotopyto f(f), To Hamo HMCKaTh HEKOTOPYHO KOHEUHYIO

CyMMYy.

n
(o] - g P

g(t)=a Cj (i),e0ej (i)ne xoropsle mpocThle ¢(-IMH, TAaKME YTO MOJKET BBIIIOJIHHUTH
i-1

orpaHuYeHUs HasoxeHbie Ha g(t)

Ha g(t) Hy)HO HAJNOKXHUTh N OrPaHUYCHHI

(Xopomuree npudmnkenue) f(t)

Humepnoasyuonnoe ocpanuierue

1)gt)=f(t) 20eil [L...n|
3TI/I 2 q)YHKLII/II/I JOJIKHBI UMCTh OTMHAKOBBLIC 3HAYCHUS B BBIJACIICHBIX TOYKAX.
2)3T0 cMech UHTEPIOSAIUOHHBIX OTPAHUYCHUN U OTPAHNY CHHUI TJIaJIKOCTH

a) g(t;) = f(t)
6) g(t) = () (=1i=k)
B) g(t) C?
T.e. g(t) nBaxasl nudpepenupyema(HenpepbiBHA)
B MammnHHOW rpaduke HAac HMHTEPECYeT KavyeCTBO OOBCKTOB C KOTOPBIMH MbI paboTaem
(kayecTBO anmpOKCUMAIIHH)
CBoiicTBa BRIpaKarOTCS Yepe3 BHEITHUI BUI OOBEKTA -> CBOHCTBA (DOPMBI.

B mamuHHOM rpad ke HEBO3MOXKHO 3amucaTh 00bEKT BHOPME Y €CTh PYHKIHS OT X
[Touemy?

22

PDF created with pdfFactory trial version www.pdffactory.com



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

®dopma GONBIIMHCTBA 0OBEKTOB HE 3aBUCUT OT KoopauwHaT . Ecmm Hamo BOCCTAaHOBUTH
KPUBYIO TI0 HECKOJIbKUM TOYKaM, KOTOPYIO MBI H3M-EM Ha OOLEKT TO BaXHEUIIHH (hakT,
3TO COOTHOILIEHUE TOYEK HE 3aBUCHUT OT CUCTEMBbI KOOPUHAT.

dopMa pearbHBIX 00bEKTOBUECTO MMEET BepTUKaIbHBICKacaTenbHbIe. Ecim Ecmu takoit
00bEKT BBIpaXXaeTCA HYepe3 y OT X TO HEBO3MOXXHO BBISBUTH OTy IIOBEPXHOCTH
AHAJIUTUYECKUM MTYTEM.

B MammHHOW NpakTUKE MBI 4acTO MMEEM JEJI0 C HEIUIOCKUMU M HE3aMKHYTHIMU
MOBEPXHOCTSAMHU KOTOPHIC HE MOTYT OBITh MPEJICTABICHBI OOBIYHBIMHU () YHKIIASIMU.

Henasn u neasnasn napamempuueckas opmyna

SIBHast popmyia 3to ypaBHeHue Buga Y = f(X)
- b jax+by+c=0
esiBHast popma : |
TXZ + yz -R2=0

f (X, Y, Z) = OypaBHEeHUE OMUCHIBAIOIIEE IOBEPXHOCTD

[MapameTpuueckas Gpopma

Kaxnas koopanHaTa TOUKH, IPHHAJISKAINAS KPUBOU MpeCTaBisieTcsl (yHKIMEH He3aBUCHMOM
IIEpEMEHHOM t KOTOpas Ha3bIBae€TCA MApaMeTPOM 3TOM KPUBOM.

i x=x(t)
X, Y, Z 3aIuIeM Kak % y = y(t)
1z=2(1)

P = [X(t),y(t),z(t)] MaTpHYHOE TIPE/ICTABICHUE

JI0BO/IbI B TIOJIB3Y MCITOJIB3YEMBIX TTApaMETPHY.

B03MOKHOCTB JIOKaTBHOTO KOHTPOJISI (POPMBI

I'maikoCTh U HEMPEPBIBHOCT B MATEMATHYECKOM CMBICIIE

BO3MO’KHOCTh MAaTEMATHYECKOTO BBIYUCIICHHS TTPOU3BOTHBIX

VY CTOWYMBOCTD K MAJIBIM BO3JICUCTBUSM (BO3MYIICHHUSIM)

B03MOXHOCTh HCIOJIb30BaTh MPOCTHIE W 3HAYUTEILHO BBICOKOCKOPOCTHBIC METOJIbI
3aKpacKu

Cuyenaputi pabomul ¢ Kpuebimu

agkrwpnNE

B nponiecce xonctpynpoanus ectb Py PP, PP, ->(.)

AnnpokcuMupoBaHue (KOHTPOJIBHBIC TOUKH)

Anroputrm
rapaMeTpUIecKOW KpUBOH

P.P.P

v

P(t)

1) OrmeuaeMm HavabHbIC KOHTPOJILHBIC TOYKH
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2) TenepupyeM C MOMOIIBIO AITOPUTMA
3) Koppekius KpuBOW HCIPaBII. KOHTPOJIbHBIEC TOUYKH

Humepnonauua e cpagHenuu ¢ annpoxkcumayueil

1) Ecnu MBI HMHTEPHONMPYEM KPHBYIO TO QJITOPUTM TO AalrOPUTM HHTEPHOJISIUH
Bo3Bpaaer (.) B1oab kKpuBoi P(f) koTopasi B ompe/eieHHbIII MOMEHT BpeMeHu t uepes
9TH TOYKHU MPOXOTUT

[TpomMexyTOK MEXITy STHMH TOYKaM# (GOPMHUPYETCs B BUIE TJIAAKONW KPUBOH .

2) Kpusas P(f) anmpokcMMupyeTcss KOHTPOJBHBIMH TOYKAMH U OCYIIECTBILSICTCS
NpUOTKCHUE KPUBOI K 3TUM KOHTPOJIBHBILIM TOUYKAM.

B kadecTBe OJIMHOMA HaM HY)KHO: Y€M BBIILIE CTEICHb MOJIMTHOMA TeM OOJIBbIIE BBIYUCICHUN

1 Ha000pOM.

Hau6onbimit a3 dext npu npuMeHeHHH KyOUYeCKUX MOJIMHOMOB.

[TapameTrpuueckne KyOUYECKHE KPUBBIE — 3TO KPUBBIC B KOTOPBIX X Y Z MHOTOWIEHBI 3ro

MOPSIAKA OTHOCUTEINBHO t

ixt)=at’+bt*+ct+d,

I, _ 3 2
i y(t)=at’+bt° +ct+d,

|
1zt) =at’ +bt> +ct+d,

—=3at’+2bt+c,
— 2
=3a,t"+2bt+c,

2= 3a,t* +2bt +c,
dt

OTu ypaBHEHHS 334a10T BEKTOp a tQg yria HakjioHa

& Y ox_ e

= =

dx d>(/jt dz d "

l'oBopuM 0 KpuBOii 3r0 MOpsiIKa T.K. HET KPUBOHM OoJjiee KPYMHOTO TMOpPsIKa KOTOpas ObI

o0ecnieurBaia B TOYKE COTPSHKEHUS KPUBBIX APYT C APYrOM HEMPEPBIBHOCTh MOJOKEHUS U

HAaKJIOHA .

U B ToxE Bpems obecrieunBaioa MPOX0KIEHHE KOJBLEBBIX TOUEK CETMEHTA Yepe3 3aJaHHbIe

TOYKH

TIpy ONMCAaHUK KPHBBIX MOKHO TIONE30BaThca 0003HaueHnamu C

3HavyeHuE | OnpeessIeT CBONCTBA:

C° - HempepHIBHBI €CIIM HE MMEIOT Pa3phIBOB

C'- kpuBBIE HENPEPHIBHEI €CIIM KPOME TOTO HEMPEPHIBHBI U HX KACATEILHEIE.

C'-  5Ta HempephIBHOCTh 0003HAYAET YTO HENPEPHIBHOCTh (-IMM M €¢ IEpPBBIX

IPOU3BOAHBIX.

1) Mertoa JpMuTa — B KOTOPOM 3aAIOTCSl TOJIOKCHUS HAYalbHBIX, KOHCYHBIX TOYEK
KpHUBOW M BEKTOPA K HUM

2) Merton Besbe - 3a/1aeTCsl MOJIO)KECHUE KOHEYHBIX TOYEK KpPUBOHM, a ISl HESIBHOIO
3aJJaHHsI KacaTeIbHBIX MCIIONB3YIOTCS 2 IPYrHe TOYKU HE JIeKAIIHe Ha KPUBOM.

3) B- cnaaifHbl - U1 9TOrO METO/1a KOHEYHBIC TOUKHU HE JIe)KAaT Ha KPUBOii B pe3yabrare 1
1 2 IPOU3BOHBIC SBISIOTCS HEMPEPHIBHBIMH Ha KOJIBIIEBBIX TOUKAX.
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Kpusaa Ipmuma

KyOuueckas kpuBasg IpPH KOTOPOH OIPENENAOTCS KOJBLEBBIE TOYKH, M OIpPEIEICHBI
KacareybHble BekTopa stoi kpusoi P, P, R, R,

OpmutoBslil BekTop G, = [Pl, PR, R4]
ixt)=at’+bt*>+ct+d,

Hcnonb30BaTh  €ro K: y(t) =at’+bt? +c t+d IMAIEM TOJbBKO JUIA X s
} z(t)=at®+bt*>+c,t+d,

3KOHOMHH MecTa!

QO

x(t):[t3 t2 t 1

X

o O T

x(t):[t3 t? t l]CX
X(t) =TC,

x(0)=P,=[0 0 0 1c,
x1) =P, =[1 1 1 1c,
Ipooughghepenyupyem
x%0) =R, =[0 0 1 olc,
x¢) =R, =[3 2 1 Olc,
x¢)=[x® 2t 1 ofc,

Pl [0 0 0 1
PRI 1111 1
= C,®
Rl [0 01
R|] |3 21
2 -2 1 1|R
-3 3 -2 -1P
Cx: 4_Mth
0 1 O|R 1
0O 0 O|R

180 I@v 135

0 45

CBolicTBa

25

PDF created with pdfFactory trial version www.pdffactory.com


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

1) C® - rmankas xpuBas

2) npoxoaut uepes BepmuHsl Py, P,

3) KacaTebHBIN BEKTOP OJHO3HAYHO OIPEAEISAETCS Yepe3 MaccuB BepuinH P

4) He niesxut B BBIMYKJIOH 000JI04Ke MOPOKICHHOW MaTpHIlell 00pa3oBaHHOI BepiinHaMu P

5) AddunHO — MHBapHaHTHA

6) IIpu noGapneHnu XOTs Obl 1 TOYKHM BEPUIMHBI BO3HUKAET HEOOXOAUMOCTb MOJIHOTO Mepecyera
BCEX MapaMETPUUECKUX ypaBHECHUI.

7) Uzmenenue xotst Obl 1-if BepIuHbI | KacaTeIbHOW BEKTOpPA B KOHIIEBBIX TOYKAX MPHUBOIHUT K
M3MEHEHHIO (POPMBI KPHUBOIA .

Kpugas besne.

Omnpenensiemass MaccuBoM P Has3bpiBaeTcsi KpuBas omnpeneisieMas CJlICIyIOIIUM BEKTOPHBIM
YpaBHEHUEM.

rf)=q C't'@- )™ P, 0O<t£1
i=0
i ml
rne C, :ﬁ KOAQPUIIUIHTE B pa3nmuuHbix OmHOMAax. CyTh 3THX KO3()(UIMEHTOB B
rim-1)!

o [o]
BepiunHax P — yHuBepcanbHble MHOTO4IeHB! bepHmreiina; onu >0 g =1

CBoricTBa

1) T'naakas kpuBas

2) Jlexwur B BRIIYKJIO# 000I04Ke

3) AccuMeTpudHO coxpaHnser GopMy IpHU MEPEMEHE MOPs/IKa BEPIINH B MACCHBE BEPILIHUH.
4) AddunHO — MHBapUAHTHA

5) TloBTOpSIET OMIOPHYIO JTIOMAHYIO

6) Ecmu toukm P,,P, mexar Ha oxHO# mpsMoii (ropn30HTaIbHON| BEPTHKAIBHOM), TO TO

KpHBas COBIIAJAECT C JOMaHOM.

7) Crenenb (yHKIMOHAIBHOTO MHOTOYJICHA HAIMPSMYIKO CBSI3aHA C KOJMYECTBOM BEPIIMH
(Ha 1 GoJiblie) U PACTET MPU €T0 YBEIUYCHHN)

8) Ilpu moGaBrneHuU XOTS ObI OMHOW BEPIIMHBI BO3HHUKACT HEOOXOJUMOCThH Iepecdyera
MapamMeTpUIEeCcKOro ypaBHEHHS KPUBOH.

9) Usmenenue lit BeplIMHBI IPUBOJUT K 3aMETHOMY M3MEHEHHUIO KpUBOii besbe.

10) T.x. noBeneHue kpuBOi be3be ompenenmsieTcss HETOJBLKO HA0OpPOM BEpIIMH, HO H
napaMeTPUIEeCKUMHU KOI(DHUIIMEHTAMH, MX HAa3bIBAIOT BECOBbIMH Kod(duimenramu (
napamerpsl GOpMmbI)

11) ®opmoii kpuBoit be3be MOXKHO yHOPaBIATH H3MEHSS BECOBbIe KOIDPHUIUIHTHI|
napamMmeTpudeckue Gopmsl.

OnopHas 1omaHas.
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[Tpu M =3 noay4uM yHUBEpCATbHYIO KYOUYeCKyr KpHBYI0 besbe ( yHUBEpCallbHBIC BEpIIMHBI
( RRP,R,) n yausepcanpsHOe mapamMeTpHyecKoe ypaBHEHHE

f(t) =((L- t)P, +AR)(L- t) +A°R,)(L- t) +t°R, (0<t£1D)

f(t)=PM,T
X(t) XO Xl XZ XS
ft)=|y®), P=|P, B P, R[=lY, Y1 ¥, ¥
2(t) 2, 2, 7, z
1 -3 3 1
0O 3 - t . .
M, = 0 o 3 T= 2 20e M - basucnas mampuyakybuueckou kpueoii besve
O 0 O t3

Kak 3aBucur opma kpuBoit besbe 0T U3MEHEHNUS MMOJI0KEHHSI TOUEK.
4
2 1 3
1
1 5 5 4
4
3

B — cnaaiinst
1946 1.

33.)13,IOTC$I KOS(b(bI/IL[I/IeHTLI CpaBHUTCIIbHO HEOOJIBIIIETO YHCIA OIIOPHBIX TOYECK JICXKAIIETO Ha
MMOBEPXHOCTH U YEPE3 TOUYKHU ITPOBOAATCS IJIABHBIC ITIOBEPXHOCTU.

Kpusbie npencraensitorcss B Buie kyomdeckux B — cruiaiiHoB. B oOmem croiaiiH MOXeT
MPOXOIUTH Yepe3 JII000€ KOJMYECTBO YINPABISIOMINX TOYEK.

ObecnieunBaeTcst HAMPaBICHHOCTH 1-if U 2-1f POU3BOJHON B KOHEUHBIX TOUKAX.

X(t) =T™ (G
1 3 -3 1
3 -6 3
v, -1
6)-3 O
1 4 1
P..
i _| R
G, =
Pa
P..
- reomerpuueckuii koapdunueHt B — crutaiina (2 <i £ m- 2)
B — crinain

besbe

B - cinaiHEI
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CaoiicTBa kpuBoi B-crinaiina

1) C- rnanxoii

2) He MPOXOAUT HU Yepe3 1 TOUKy MaccuBa

3) JISKUT B BBIMYKJIOH 000JI0UKE MOPOKIAEMON STHM MaCCHBOM

4) OBTOPSIET OTMIOPHYIO JIOMAHYIO

5) eciu ONOpHBIC TOYKU HAXOATCS HA MPSIMOiA, TO B — CITaliH JISKHUT HA ITOM MPSMOii.

6) ecnu ONMOpHBIC TOYKH JIEKAT B OMHOW ImockocTH ( KOMILTaHapHbIE), TO cocraBHas (B-
CIUTaiHOBAsI) KPHUBAsi JISKHUT B 3TOMU IJIOCKOCTH.

7) U3MEHEeHUE OJTHOM M3 BEPIIUH MPUBOIUT TOJBKO K H3MEHEHHUIO YacTH KPUBOI

8) Ipu noGapnennu 1 BepuIMHBI BOZHUKAET HEOOXOIUMOCTD mepecuera 1-X 3JIeMEHTOB KPUBBIX
(mapamerpuyeckoe ypaBHEHHE)

9) aphunHO MHBapHaHTHA

10) npoekTHBHO MHBapHaHTHA ( MPOEKTHBHBIC MPEOOpa30BaHMs HE BIUSIOT HAa (GopMy Halen
KPHBOI1)

11) cymuiecTBYIOT BECOBbIE KOIPPUITHCHTHI

JI\3 kyOuueckre moBEPXHOCTH.

Anzopummul pacmpoeoii zpaduxu

I"enepanusa nuani

1) T'enepupyeMmblit OTPE30K TOJDKEH OBITh IPSMbBIM
2) HauuHaThCs M 3aKAaHYMBATHCS B 3aJaHHBIX TOYKAX.
3) SlpkocTh oTpe3ka Mo BCeil JUIMHHE J0JDKHA ObITh OJIMHAKOBAs U HE 3aBUCETh OT yIrJa W
HakKJIOHa
4) AnropuT™M pUCOBAHHUS JIMHUHN JOJDKEH OBITH OBICTPHIM
Bce 4 ycoBust oTHOBpEMEHHO HE MOTYT OBITH COOIIOICHBI

AnTOpUTMBI 17151 TEHEPALUU JIMHUH.
1) HaxoasT npuOmmKeHHYIO JUTMHHY OTpe3Ka.
2) CraparTcsi CBECTH BBIUHCISIEMBIC OINepanuu K MHHUMYMY. CTaparTcs NpPHATH K
LETOCTHBIM JAaHHBIM.

3) IlepeBecTu peanu3anuio TUX ATOPUTMOB.HA alapaTHBIA YPOBEHb.

[IpocToii MOmAaroBeIil AITOPUTM.
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Haugamo

|
X=1103

(mo3-koHeI)<ToYKa

Brixon

\4
I103=1o3+mmar I103=103-11ar

QMQQOBOE? 0ugéd)epenuuaﬂbublﬁ anajiulamop.

PasnosxeHue oTpeska B pactp (reHepaius OTpe3Ka)cocTouT B pemenuu Y.

d
d_y = const
X
Y, - HAa4aJIbHOE 3HAYCHUE [JId OUEPEAHOrO 1Iara BAOJb OTPE3KA.
ﬂ — Y- %
Dx X,- X
yi+1 = yi + Dy

Yia =Y #DX(Y, - Y1) /(X; - %)
X;, Y, - KOHIIBI OTpE3Ka
Xz}Y2

[Ipouenypa paznoxxenus B pactp no merony LIJIA
1) IIpexamonaraeTcs, 4YTO KOHIBI OTPE3KOB HE COBIAIAIOT
2) AnpokcUMHpYEM JIMHHY OTpe3Ka.

if abs(x, - x,) >=abs(y, - ;)
then /Jnunna = abs(x, - X,)
else Jnunna=abs(y, - y,)

end
3) Tlonaraem Gosbliee U3 TPUPAIICHU

Xp = X umt Y, - y; =1
Dx = (X, - X,)/ Anunna
Dy = (Y, - Y1)/ Anunna

OxpyrisieM BEIMYHUHBI HO HE 0TOpachiBaeMAPOOHYIO 4aCTh.
Bocmnonbzyemcst Gpynknueit Sign:
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X =X, +0,5* sign(Dx)

y =y, +0,5* sign(Dy)

4) Hadaao 0OCHOBHOTO ITHKJIA
n=1

while(i <= onunna
Plot(Integer (x), Integer(y))

X =X+Dx
y=y+Dy
i=i+1
end

Merton geneHus OTpE3Ka IOoIoJIaM.

/ Jenat nomonam

Anropurm besenxeiima.

X| y3aBucaT oT yriaoBoro Kod(hGHIMIHTA HU3MEHSETCS Ha eAMHHIY (B 3aBHCUMOCTH OT

KO3(UIMIHTA)

(0.1)

0’5 -------- ’: bid "-:'———-—-_-_—,:—— ! I

(1,0)

Koopaunara npyroii 3aBUCHT OT pacCTOSIHUS MEXAY ACHCTBYIOLINM IIOJIOXKEHUEM OTpe3Ka U

ONMKHEW KOOPJIMHATON CETKH.

Pacmgzosa}l paszeepmKa 6 peajibHoOM 6pemMenu

2 timna uHpOpMaIuH:
1) Bupryanbnbie aTpuOyThl (CBET, IIBET, OTTEHOK)

2) reomerpuyieckie aTpuOyThl (KOOPIMHATHI X,Y, TEKCTOBask HHPOPMAIIHS)

Wudopmanus Oyaer yrnopsiodeHa.
BrruncnsieTcst HHTEHCMBHOCTD BBIBOJIA HAa SKPaH.
CH0KHOCTB B TOM : CKOPOCTH BBIBO/Ia HA DKPaH.
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Ipocmeiinwuil anzopumm noCmpoUHO20 CKAHUPOBAHUA.

A
CkaHupoBaHUE
CTPOKHU
v
1 2 3 > 1 2 3
BC BC B B BA BA
BA BA BA C BC BC
BD BD BD BD BD BD
CD CD CD CD CD CD
AD AB AD AD AD AD

2 (hopMBI COPTUPOBKHU
[Topsiok cCOpTUPOBKM HAYMHAEMBIH C Y BIMSET HAa pa3Mep CIIMCKa aKTHUBHBIX pedep.
JInGo obpabaTeiBaeTcst Oobie HHPOPMAIIIH YeM HYKHO JUIS JAHHOW CTPOKH.

PasBepTKa ¢ IrpYIIIIOBOM COPTUPOBKOM.

[Mpo6nema 60pbOBI ¢ M30BITOYHON MH(pOPMAIHEH peraeTcs 3a CYeT BBEICHUS
JOTIOJIHUTENBHBIX JaHHBIX.
Bnayane BeInoNHsIETCS TPYNIIOBasi COPTUPOBKA MO y BCEX OTPE3KOB M300paKEHUSI.

1 B V —rpynma
1- nycto
2 \ C 2 _ XBA’ DXBA’ DyBA
XBC ! DXBD 1 [).)/BC
4 / 3—mycTo
5 \ 4 - Xep, DXep , Dyep
6 \/ 5 —mycTo
7 6- XDA’DXDA’DyDA
D [ —mycTo
8 —mycto

[Ipu rpynmnoBoi cOpTUPOBKE MO Y 00pa3yroTCs 00IACTH MaMSITH WM TP YIIIIbI.
[Tpu mpocMOTpe TUCTIIICHHOTO CIHCKA 3aHOCUTCS MH(POPMALKS B TPYIITY, COOTBETCTBYIOIICH
HauOOoJbLIEH y KOOpAUHATE.
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X —KOOpAMHATa TOUYKHU IIEPECEUCHHS] CO CKAaHUPYIOLIEW CTPOKOM.
DX - n3MeHeHrne KOOpAMHATHI X IIPH NEPEXO0I€ OAHON C APYron
Dy - urcno ckaHMP YIOLIUX CTPOK MEPECEKAeMbIX JaHHBIM OTPE3KOM.

Anzopumm

1) Crhucok akTHBHBIX pedep AJisl KaI01 CKaHUP YIOLIeH CTPOKHU (GopMHpyeTCs
no0aBreHreM MH(POPMAILIUH U3 KaXIOW Y TPYIIITBI COOTBETCTBYIOMICH CKaHUPYIOIEH
CTpOKE.

2) KoopauHaThl X TOYEK IEpeCcey CHUs

COpPTHpYETCS B MOPSAKE CKaHUPOBaHUs, a pedpa U3 CIHCKa aKTUBHBIX pedep

MPeoOpa3yIoTCsl B PaCTPOBYIO POpPMY.

3) s xaxxaoro oTpesKa CIHCOK aKTHBHBIX pebep (Dy) YHCJIO IIEPECEUYCHHUS CO
CKaHUPYIOLIEH CTPOKOW yMeHblIaeTcs Ha enunuily. Ecniu Dy oTpunarensHblil TO OTpe30K
HCKJTIOYAETCs U3 CIIUCKA.

4) J1ns KaXJI0r0o OTpe3Ka KOOPIMHATA X HOIy4aeTcs J00aBIeHHEM

X =X + Dx

mexyuy nepec.npeowio

CIUCOK aKTHBHBIX pedep
Xga T Xpgas DXBA’ DyBA -1

CKaHHPOBAaHUE CTPOKHU 3
Xge T XDBC’DXBC’DyBC -1

Xga +3XDBA’DXBA’[))/BA -3
Xep +XDCD’DXCD’DyCD -1

CKaHUPOBAaHUE CTPOKH

Xep +3XII:D’DXCD’DyCD -3

CKaHUPOBAaHUE CTPOKH /
Xpp T XDAD’DXAD’DyAD -1

THUII TPAHUYHO OTPE/ICIICHHBIH T T
4-pex unu 8-MH CBSI3HBIC TTHKCEITBI

" - > <« -
4-x CBS3HBIN CBSI3aH B 4-X HAMPaBICHUSIX
8-MU CBA3HBII COOTBETCTBEHHO B 8-MU v v

(MCTIONIB3YIOTCSL PEXKE — CIIOKHBIH AITOPUTM MHOTOITPOXO,THBIN)
IIpocToli peKypCHBHBINA aITOPUTM 3aKPAIIABAHMS 110 3aTPABKE

HaygaJo

%y - Tex=new_value
I
I
Old_value xiy-1
I I
New_value xiy+1
I
KOHeEI .
< Texr(X,y)= x-Ly
old_value T
x+1y

Xtek= Xtek+1
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O crynenuaroctu : (classing)

Ecmm ecTh: cTyneH4aToCTh

Ortceuenne

B rno6ansHOM CMBICTIE B IIMPOKOM CIIEKTPE 33a7ad MPUMEHSETCS AITOPUTM OTCEU CHHUS.
[Mpomecc oTceueHus — 3TO BIZCICHHUE OTIpeeNieHHOH 0a3bl JaHHBIX. [IpuMeHstoTCS B
aNTOpUTMax yJaJeH!s HeBHIUMBIX OBEPXHOCTEH, B METO/IaX MOCTPOSHUS TeHEH, B METOax
[Moctpoenus TekcTypsi ( pakTyphi). Boiensercs 2-x MepHOE OTCEYCHUE U 3-X MEpPHOE.
AJNTOTPHUTMBI MOTYT PEaJM30BBIBATHCS KaK MPOTPAMHBIM TaK M alllapaTHBIM CIIOCOO0M.

2-X MEpPHOE OTCEYECHHUE.

OmpenenuTs OTPE3KU MMONaJaroITIe
BHYTPbH MPSIMOYTOJTHLHUKA

X, <X>X,

OtceueHue

CnocoOsI BEIOOpA MPOCTOTHI pelIeHuit => 2 Buaa

1) AnropuTmbl HCHONB3YIOLIKE (TPyHIbl anroputM. OTceueHus) KOAUPOBAHUE KOHIIOB
OTpe3Ka WK BCEro OTPE3Ka.

2) ANTopHTM HCHOJB3YET MapaMeTPHIECKOE OMMCAHKE OTPE3Ka H CAMOTO OKa OTCEUCHHSI.

1. Aunroputwm nenenus orpeska nonosiam CS Koitna — Cazepnienna; FS —anropurmbi(fast
clipping)

2. Anroput™ Kupyc-beka.

Anzopumm Kona — Cazepnenoa.

OddeKTHBeH ecau ecTh OTPE3KU BHYTPH 1001 1000 1010
¥ BHE U MaJIO OTPE3KOB Ha IepeCcedeHHH .\\.

“

\. /
0101 / 0100 0110

Henurcs Ha 8 obmacTeil, Kaxnas Kogupyercs 4-X pa3psaHbIM KOJIOM.
Buytpennsis o6macts: 0000

1-na B paspsize TOBOPHUT O TOM K KaKOH 00JIaCTH MPUHAATIEKUT OTPE30K
1-mia B mepBOM pazpsiie => HaJl OKHOM

1-na Bo BTOpOM paszpsizne => noja OKHOM

1-na B TpeTbeM paspsiie => Haj Mpasee

0001
0010
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[ITarm onpenenstoTcs HAX0KIEHUEM MOJIO0KUTEIBHBIX OTPE3KOB.

1) Camu Ko/ibI 000MX KOHIIEBBILIX TOYEK OTPE3Ka => OTPE30K B OKHE

2) Ecmu noruveckoe U komoB 000MX KOHIIEBBIX OTPE3KOB He = 0 => OTpE30K LEMKOM BHE
OKHA

3) Ecmu noruveckoe 1 komoB 060ux KoHIOB = 0 => 3TOT M0/103- HBIil OTPE30K MOXKET OBITh
YaCTHUYHO BHIUM HIIM LEJIMKOM HEBUAUM T.€. HA TPAHULIEC => ONPEACISIIOTCS TOUKU
MIEpECEYEHUS C OKHOM.

FC — anropurm.

Jemurcs Ha 5 oOacTeid.

Koauposka camoro oTpeska 16 — pudHBIM KOJIOM , & HE KaK B PEIABIAYITIICM alTOpPUTME
KOHIICBBIX TOYEK.

AnroputM paboTaeT 1o onpeaeNeHHON TPUHAJIS)KHOCTH OTPE3Ka K 00IacTsIM .

MHoroypoBHeBasi JIOTHYeCKasi CTPYKTYPa pacTpoBoii rpaduyeckoii cucTeMsl.

IIpoueccop
Henrp l obpabat. M300pax.
YpoBeHb namsTH 306 paske I 3
n300paKeHUS
KoHTposns namstu
n300pakeHus ¢
Kontpoims mapam. M300p. }411
YpoBeHb nporeccopa 5
BU3YaIHU3aluU ITamATH IPOEKT. Ipoueccop
Tabmn LUT BU3YaJIM3alluu
A ﬂ‘
CAIl Wnnukarop |
YpoBEHb TOBEPXHOCTH 1
0TOOpaKeHUsI
L VYerpoiictBo P
h rpaduyeckoro BBosa h
—+ [MamsTh mucka daiina }4—’
YpoBeHs rpaduuecKkoro
p HpOI;II)eC%)Opa Ipaduueckuii 4
Iporeccop
| | Hpeo6pasosanue V ® R ’
Bek. Pacr.
ITaMsITh CErMEeHTOB ITpoweccop rp.aapa
YpoBeHs mpoiuecco 7y ot p:p als 5
rpaduuecKoro sapa |
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YposeHb mporeccopa IIp. ynpaBnenus .|  Ip-op ymp B
LIIpaBJICHUA BHCITHUMHA <> JI1aJI0roMm -
CBA3sIMHU
6
CereBoil P .| Ilp. ynpasrnenust
Tporeccop = Tiepeajipecom.

VYposenb [10:Ha wero nocynaet Buzneo cursai, 4ToObl mpeoOpo30BaTh €ro U Ha HHAUKATOP HAl0
LIATI (mudopoBoe aHAIOTOBOE MPEOOPO30BaHME)

UYacroTa curHana nocrymarorniero oT [IAIl onpexnensercs 4acToTO BRICBEYNBAaHMS CHTHAA HA
upoBoii TpyOke P WHAWKATOp — 3TO 3aJa4HUK.

LUT -no3BosisieT U3MEHTh JaHHbIE BEIBOJUMbBIC HA YCTPOICTBO M300pakeHUs 0e3 U3MEHEHHS
M300paKeHUs] HAXOASIETOCS B MaMATH.

[TPoecc obpaTHOTro M300paxeHus OCYLIECTBISET BCE NPeoOpO30BaHus N300paKeHNU KOTOPBIE
CYIIECTBYIOT B pacTpOBO# opme.

4-yii ypOBEHb. OTIpeiessieT TpH OJIoKa.

[MamsTe gucreiiHoro (aiina — coaepKUT n300pakeHNe MPEACTBICHHOE B YI0OHOM BHIE JIJIS
npeobpo3oBanus V ® R.

Ha Beixoze BekTopHast nHpopmanusi. ba3oBblit ypoBeHb (4-blit).

I'padiaeckuii mporieccop OCymecTBIoseT (IPOSKIMOHHOE PE0OPO30BaHNE), TEOMETPHIECKOES
npeoOpo30BaHKe HA YPOBHE BEKTOPOB (adpuHHBIE)
I'padmaeckuii mporeccop OCYIIECTBIACT yIpaBICHHE.

YpoBensb 5 nnpopmarnus (1300paxkeHne ) XpaHUTCS B BUJIE TIOCISIOBATEIBHOCTH KOMEH]I.
[Tam. cerm. cTpyKTypHupyeT Hamm rpaduuecKue JaHHbIE B COOTBETCTBHU C HAIITUMHU
CTaHJapTaMH.

Wuaukarop (aucruiei, MOHUTOPBI)
DTOT OJIOK OJTMH M3 OCHOBHBIX B TpaHIECKON CHCTEME
2-e TpYNITbl HHANKATOPOB
1) pactpoBast
2) BeKTOpHast
2. Ha 6a3e DJIT ucnonb3yroT U MOHHTOP

- C KOPOTKHM BPEMHUHEM CBEUYCHUS
Jlucruieii ¢ mpor3BOJIBHBIM BpEeMEHEM CKaHUpoBaHus (CKaHUpyeT oueHb yacto Min 30-40 Hcek)
Jlist paboThI BEKTOPHOTO JIUCILICSL.
1) Mucnueiinsiii Oydep - Bes mHGOpMAIHs KOTOPOTO J0JKHA OBITH BBIBE/ICHA.
2) Jucnneitnblit — koHTpoJUIep (penakTupyer uH(. MHAUKATOP)
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2 CXEMBI

| | | Teom. Hucnn. | | Jducrmevtn. | | T'em.
Iy [p-p. Bydep. KOHTPOJUIEP VIR
|| Hucnm. | | | Teom. | | | JucrnieiH. I'em.
Iy Bydep. [p-p. KOHTPOJUIEP VIR

[epBas cxema ncnoab3yercs npu Oypepusanuu.

I'eomeTpruecknii Mpoueccop He yCIeBaeT.

Crno>xHble n300paskeHHs 32 OJUH UK peTeHupanuu P aucruteit ¢aiin nenmurcs Ha 2-¢ 9acTu.
Bropas cxema

Bce mpeoOpo3oBanus BEITOHHSIOTCS Ha JIETY 32 OJWH LIUKJ TE€HUPALIUU.

PactpoBslil nucreil.
B BHJie MaTpHIIhI: T/Ie HAXOAATCS 3HAYCHUS MHPOPMAIIMH C KOTOPOl OyneM paboTaThb.

aTkn

\
cHeT \\

30.04.04

1) BekTopbIHii AUCILICH TPEACTBISAET COOOH IITOP BBICTOKOTO KauecTBa.

2) Jlunamuueckoe mpeoOpo30aHue OCYILECTBISIETCS B PEalbHOM BPEMEHHU.

3) Bbicokasi HHTEPAaKTUBHOCTb.

B 80x romax 6 teicsi BekTopoB nipu paspemennn 2048x2048

[IpumeHnsroTCS B cucTeMax aBTOMAaTHIECKOTO MPOECTUPOBAHUSI.

ObecrieueHre HaUBBICILIETO Ka4eCTBa MPHU HU3KOW CKOPOCTH.

«+» y pacTpoOBOM: MPEICTABICHUE [IBETOBBIX BO3MOXHOCTEH U OBICTPOE NPEACTBAJICHHUE
BO3MOYKHOCTbH CMILIUBAHUS C T€JICBUICHBS. UTO MO3BOJISIET CHHTE3UPOBATH HOBBIM
M300paKeHHUS .

CriocoOHOCTh HEMEPLAIOLIETO U300paKeHHsI MPAKTUYECKH HEOTPAaHUUEHHA.
B03M0OKHOCTH OTHOBpEMEHHOM peanm3annu. KoMmnbroTepHoil rpaduku 1 BEKTOPOHOTO
n3zo0paxenus, o0pabOTKH ero.

Koms110 B 3:mekropmaraute

3JIEKTOPO CTATHYHOCTH B HYTH TPYOKH
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KonbWo B SNekTORME HMTE

ANeKTOpo
CTATHHYHOCTE B
HYTH TRy EKK

Dokycupyloas cucTeMa
1) c 37ecTpoCTaTHYECKUM OTKIFOUYCHUEM
2) C MarHUTHBIM OTKIIFOUCHUEM
Cpasuaum ux: [Ipu 2-om criocobe koHCTpYKIHs ypomaercs. [Ipome hokycupoBars Tyd.
[Tonyuenue 6omee ApKOTO M300paKEHUS 3a CUET MOBBIICHUS HHAPSKEHUS .
Ho 6onee 6onee mmpokroe pacmocTpaHeHUE dIIEKTPOCTATUIECKUE
Bonee BbicOKasi CKOPOCTh T€HEPUPOBAHUS U300paKEHUS .
- BBILIE TOYHOCTH MO3ULHOHUPOBAHUS JTyda
- OrcyrBue U300pakeHUS NPSMOYTOJIBHON CETH.
VYposenb [10:Ha nero nocynaet Buzieo cursai, 4ToObl mpeoOpo30BaTh €ro U Ha HHAWKATOP HAlI0
LIATI (1udopoBoe aHATIOTOBOE TPEOOPO30BaHME)
YacroTa curnana nocrymaroriero oT [IAIl onpenensercs 4acToTO BRICBEUNBAaHMS CUTHAA HA
upoBoii TpyOKke P WHAWKATOp — 3TO 3aJa4HUK.

LUT -mo3BossieT u3MEHSTh JaHHbIE BBIBOAUMBIE HA YCTPOMCTBO M300paskeHUs 0€3 N3MEHEHUS
M300pakeHHsT HAXOISIIErOCs B ITAMSITH.

[TPoecc ob6paTHOTro M300paeHus OCYLIECTBISET BCE MPeoOpO30BaHus N300paKEHNU KOTOPBIE
CYILECTBYIOT B pacTpoBoii (hopme.

4-yii ypOBEHb. OTIpeiessieT TpH OJIoKa.

[MamsaTe gucmeiHoro (haina — coaepKUT U300paKEHUE TIPEIICTRICHHOE B YIOOHOM BHJIE JUISI
npeobpo3oBanus V ® R.

Ha Beixoze BekTopHas nHpopmanusi. ba3oBblit ypoBeHb (4-blit).

I'padigeckuii mporieccop OCyImecTBIoseT (IPOSKIIMOHHOE PE0OPO30BaHNE), TEOMETPHIECKOES
npeoOpo30BaHKe HA YPOBHE BEeKTOPOB (adpuHHBIE)
I'padmuaeckuii mporeccop OCYIIECTBIACT yIpaBICHHE.

YpoBensb 5 nnpopmarnus (1300paxkeHne ) XpaHUTCS B BUJIE TOCISIOBATEIBHOCTH KOMEH]I.
[Tam. cerm. cTpyKTypHupyeT Hamm rpaduuecKue JaHHbIE B COOTBETCTBHU C HAIITMMHU
CTaHJapTaMH.

Wuaukarop (aucruiei, MOHUTOPBI)
DTOT OJIOK OJTMH M3 OCHOBHBIX B TpaHIECKON CHCTEME
2-e TpYNITbl HHANKATOPOB
1) pactpoBast
2) BeKTOpHast
2. Ha 6a3e DJIT ucnonb3yoT U MOHHTOP
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- C KOPOTKHM BPEMHUHEM CBEUYCHUS
Jlucnieii ¢ mpor3BOJIBHBIM BpeMEHEM CKaHUpoBaHus (CKaHupyeT oueHb yacto Min 30-40 Hcek)
Jlist paboThI BEKTOPHOTO JIUCILICSL.
1) Mucnuieiinbiii Oydep - Bes mHGOpMAIHs KOTOPOTO JI0KHA OBITH BBIBE/ICHA.
2) Jucnneitnblit — koHTpoJUIep (penakTupyer uH(. MHAUKATOP)

2 cxeMbl
| | | T'eom. Huermn. | | Hucnnein. | | Tem.
Iy [p-p. Bydep. KOHTPOJUIEP VIR
|| Hucnm. | | | Teom. | | | JucrnieiH. I'em.
Iy Bydep. [p-p. KOHTPOJUIEP VIR

[epBas cxema ncnoab3yercs npu Oypepusanuu.

I'eomeTpruecknii Mpoueccop He yCIeBaeT.

Cnoxxuble n300paskeHHs 3a OJUH MUK peTeHUpanuu P aucruteii aiin nenmurcs Ha 2-¢ 9acTu.
Bropas cxema

Bce nmpeoOpo3oBanus BEITOHHSIOTCS Ha JIETY 32 OJWH LIMKJI TE€HUPALIUU.

PactpoBsiil nucrieil.
B BHJie MaTpHIIhI: T/Ie HAXOAATCS 3HAYCHUS MHPOPMAIIMH C KOTOPOl OyneM paboTaThb.

aTEn

\
cueT \

30.04.04

1) BekTopbIHii AUCILICH TPEACTBISAET COOOH IITOP BBICTOKOTO KauecTBa.
2) Jlunamuueckoe nmpeoOpo30aHue OCYILIECTBISIETCS B PEalbHOM BPEMEHHU.
3) Bbicokasi HHTEPAaKTUBHOCTb.

B 80x romax 6 teicsi BekTopoB nipu paspemennn 2048x2048
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[IpumeHnsroTCs B cucTeMax aBTOMAaTHIECKOTO MPOECTUPOBAHUSI.

ObecrieueHre HaUBBICILIETO KA4eCTBa MPHU HU3KOW CKOPOCTH.

«+» y pacTpoOBOM: MPEICTABICHUE [IBETOBBIX BOZMOXHOCTEH U OBICTPOE NPEACTBAJICHHE
BO3MOYKHOCTbH CMILIUBAHU C T€JICBUICHBS. UTO MO3BOJISIET CHHTE3UPOBATH HOBBIM
M300paKeHHUS.

CriocoOHOCTh HEMEPLAIOLIETO U300paKeHHsI MPAKTUYECKU HEOTPAaHUUCHHA.
B03M0OKHOCTH OTHOBpEMEHHOM peanm3annu. KoMmnbroTepHoil rpaduku 1 BEKTOPOHOTO
n3zobpaxenus, o0pabOTKH ero.

Koms110 B a:mekropmaraute

3JIEKTOPO CTATHYHOCTh B HYTH TPYOKH

KONbUD B SNekTORME MHMTE

JNeKTOpO
CTATHHHOCTE B
HYTH TRy EkK

PoxycHpyroIas cucTeMa
1) c 37ecTpoCTaTHYECKUM OTKIIOUYCHUEM
2) C MarHUTHBIM OTKIIFOUCHHEM
Cpasuaum ux: [Ipu 2-om crioco6e koHCTpYKIHs ypomaercs. [Ipome hokycupoBars yd.
[Tonyuenue 6oree ApKOTO M300paKEHUS 3a CUET MOBBIICHUS HHAPSKEHUS .
Ho 6onee 6osee mmpokoe pacrocTpaHeHUe 3JIEKTPOCTATHIECKUE
Bonee BbicOKasi CKOPOCTh T€HEPUPOBAHUS U300paKEHUS .
- BBILIE TOYHOCTH MO3ULHOHUPOBAHUS JTyda
- OrcyrBue U300pakeHUS NPSMOYTOJIBHON CETH.

Cxema.

|

Omue. L | Cosman. | | Bugeo | | Bunmeo T
1306p. 1300p aMATh KOHTPOJI.

JIT (mucrut. mporeccop)

[Mepudepus

Buneokontposep [ ocymecTBisieT (hopMUpOBaHUE H300pKEHUS HAa DKPaHE ITYTEM €T0
MOCTPOYHOTO BbIBOAA. [Ipn 3TOM KOHTpOJIIEp TOUHO COOMIOIACT BpeMsl pPa3BEPTKU CTPOKU
KOTOpast MO0 COOTBETCTBYET TEIICBU3MOHHBIM KaJpaM JI0O0 BBEIOMPALT 10 3a/1aHHBIM
napameTpam.

- ITupoTa noJy1ocsl
- HacToTa CTpOK U KaJpoB HacrpaunBaemsle mapameTpsl

Mosket ObITh TPU BHAA PA3BEPTKH U300paKEHUS .
- Yepes cTopuHas
- CtpouHas
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- KomOuHauus yepe3cTpodHOM U CTPOYHOM
Jj1s1 coxpatieHus IUPHUHBI MOJIO0CH MPOIMYCKAHMS CTPOUTCS Yepe3 Uepe3CTPOUHas pa3BepTKa.

N300pakeHne IeNUTCs Ha 2-¢ KapTUHKH UMEIOIIEe MOJOBHHHOE BEPTUKAIBHOE pa3pelleHHUE.
1) BKIIOUYACT BCE YCTHBIC
2) BKJIIOYACT BCC HE YCTHBIC.
Takoii cnoco0 B TEIEBU3MOHHOM BEIaHUU.
Bpemst koTopoe HeoOX0AUMO /ISl BBIBOJIA HA 9KPAaH KAPTUHKH OMPEICISIeTCS YacTOTOM KaapoB,
U TaK e CKOPOCThIO 00pPAaTHOO X0/1a JTy4a.

ITpnmep:
Jliis cranmapTa teneBuaeHus 625 ctpok.
JmurensHOCTH cTpoku 65 M cek. I'ne 20% sto Bpemst oOpaTtHOTO X0/1a JTyda.
Baxneitmuii napamerp Bpemsi oOpabotku 1-oro mukcena, cBi3aHo co BpemeHeM o0paboTku 1-
OU CTPOKH.
_ 1/uacm.xaopos- t obp.x.yua

YUCTIO 8UO CIPOK 8 NUKCUNIX
t, - tobp.x.cmpoku pazeepmxu

E YUCTIO NUKC 8 CMPOKeE

2-e TPYNIIBI TUCTIIICEB.

-TlosnHO1BETHBIE (7151 MUKCENSE XpaHUTCs cBOoe 3HaueHne RGB mukcenu uMeroT o ogHOMY
0alTy Ha COCTOBIISAIOIIYIO)

-Jlucruteit ¢ mpocmarpuBaeMoii TabmIel (3HaYeHNE MUKCENa He Cpa3y MepenacTcsi, a MPOXOIUT
yepes JTOTIOHUTENbH YIO TaOJIHUIy B KOTOPOW 3HAYCHHE ONIEPAaHI0B Pa3IMYHBIX
npeoOpa30BaHHBIX aJPECOB).

[O[1]1]

TpexOutoBas MIOCKOCTh
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Tabnuua ueeTos(LUT)

// AT
EK N=3 ——

=3

o1 noz B

0 U Be

XapaKkTepUCTUKH
M300paKeHUs

Koaddumment

sIpxocts KOHTpacTa

Menbkanue IIBer

Paspemaromas Pazpemenue
COCOOHOCTD JKpaHa

SIpKOCTh —MHTEHCUBHOCTH CBeYeHHS B CTpoKy Habmnaremns 0.1-1 spkocTs n300pakeHus .
BocnpranMaemas yactoTa 3aBHCHT OT SIPKOCTH U YAaCTOTHI MEJIbKaHUS.

YacToTa MeNbKaHHs HEPA3JIEYNMa KOTAa OAX0IUM K KPUTHYECKON BBICOKOM 4acTOTE
Menbkanus. Ecnu yactora menpkanus 6ombie uem KM To ApKOCTh = ycpeaHEHHOH SIPKOCTH.
F.=aly *se

KM

rae a =155ams ApKUX U IBETHBIX U3300pakeHUi

3akoH Deppu [lotrep.
L, - CpeaHsist IpKOCTh H300paKCHHS.

C pocuam yrosoro kodduruenra DKM pacrer.

[TapameTpuueckoe 3peHne 60iee CHIIFHOE YeM [IEHTPaIIbHOE.

Koaduument konTpacra.

Otpaxaer QpyHIaMeeHTAIN3M NPEACTABICHHS O CBETE.

KonTtpact BocmpusiTHe KaueCTBEHHOTO M KOJMYECTBEHHOTO HUTO Pa3HO 2 YacTeH MO BUAEMOTO
3peHHs.

I'ma3 pazmuaer 1 npupamenne pKOCTH.

Pazpemaromiast cmocoOHOCTB.

XapakTepu3yer B CAHTUMETPAx pa3Mepbl KOTOPbIE Mbl MOXKEM BBIBOAMTH Ha IKPaH.
MakcumarnbHasi pa3periaronas CocoOHOCTh ONPENEISIETCS] pa3MEPOM PELIEIITOPOB X
pacronoxeHueM B cetuarke (1 MUKpOH)
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OcTpoTa 3peHust CHIKAETCS OT PACIIOJIOKEHUSI ONTUYECKOH OCH.
B mucrnee paspemaromasi criocoOHOCTb 2-MUKPOHA.
Pa3mep skxpana Onpenenser pazmep BBIBOAUMOTO U300paKeHUS
LBer.
L{Ber mapameTp AMCILIES, CHCTEMBI YIIPABJICHHSI KOTOPBIM TTO3BOJIIET (POPMUPOBATH
n300pakeHue.
1) Ceernocts uiu sipkocth Lighthess

2) llBeroBoii TOK
3) HacebimeHnocTs 11BeTa .
et
Cser
Crang
[Ipupona cBera ecTb eKTpOMarHuTHasl.
YacToTHBIN COEKTP BOCIPUHUMAEMBIN HAIUM T[JIA30M.

YR EEHE
Yy BECTEMTENBHOCT FN&S

380 760  JAMHa BonH

Pasperatorasi cnocoOHOCTB J1a3a 3aBUCHT OT cBeTa (YepHO-Oelblil 1 3eNICHBIIT)
3eneHblil HanboJee MPUATHO TJIa3y.
Konopumerpust — Hayka o 11BeTe
LBeT — cymecTByIOT 3aK0HBI [ pocMoHa
1) LIBer umeeT 3X KOMIOHEHTHYIO TIPUPOJIY: HACHIIIIEHHOCTD IIBETOBOI, sipkocTh (HIL )
2) Bce cocTaBisifolIMe TMHEIHO 3aBUCHMBI
cl>eR+bB+9gG c,r,b,g* 0
3) LlBeToBOE MPOCTPAHCTBO HEMPEPHIBHO.
Cy1ecTByeT JOKYC [IBETOB WJIHM IUarpamma LBETHOCTH

(He crieKTpasbHBIC M BCE BHE JIOKYC CIICKTPE)
[TypriypHbie 11BeTa (HE BXOJAT a CIIEKTP)
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()b (0,33,0,33)
(+) uepHoro Bera — HeT
MKO — mexxayHapoIHbIil KoJgoMeTprdeckuii crangapt 1931

Ecte RGB

CMY
LiBet — pazaenseTcs MOHOXPOMATUYECKHIA U aXPOMATUYECKHA (TOJIBKO MOJIyTOHA OEoro -
YEPHOTO)
BusyansHO
16
32
64 |- KoMMYecTBO HA TPAHUIIE
128
256
MoHoXpoMaTHIECKU I

Bensii Pasgen YepHeIA
UgeToE oM TOH
Cepeii

OTTEHOK

paszeen ® nobasn. benoii cocT.
Otrenok ® noGasn. YepH cocTB.

Cranpg
B ycrpoiicTBax oToOpakeHus: TUIIA MOHUTOPA.
[Ipu cmemmBaHUY JOTIOTHUTEIBHOTO [BETA 3€JICHBIN U CHHUM — roJIy0oit

3eseHblid U KpacHbIN — MypIypHBIN
KpacHslii u 3e1eHbIi — KeThIi

A A ﬁ
o BEANG 6
@ EI

YUuCTHIN LBET NOJTYIUTh CIOXKHO

43

PDF created with pdfFactory trial version www.pdffactory.com



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

g

CMY

g

HS. - mogens
A Black
|
| e -H
I T Z-5
/_'74 o
I
I
|
| hite
Moaens MakcBemia
R
e & OTTEHEM
tirts
b R
(€] = YHUCTRIM UEET
1]
B
@ ——= TeHM shades
Wy
H=L
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Cser - CBeT|0Ba$I 3@@%;{ 3aBUCHUT OT JIJIMHBI BOJIHBI)

[Tornpmenne oTpa’keHHe TPOHUKHOBEHUE ‘1epe3 MPEIMETHI
Brigensiercs remnso l 3epkanbHas AuQQy3noHHAS

Hcrounuku uBera [ToBepxHOCTH

Opuenramuss CBolcTBa OBEPXHOCTH

CTpOGHI/Ie HCTOYHHUKA HanpaBneHI/Ie HCTOYHHKA

PacnpegeneHublit
Toueuno ]\4

PaCieHHHHﬁ
(JTamma) (ConnHeuHslit cBeT)

PaccesHHBLIN cBET

& | cos"B N
I =1, K, +q ————* Ka x0s(Q) + K* cos"(a) uem BbIiIe N TeM yxKe
i=1
OJIMK

n*L
cosQ =-——; cosa

_ RS
Inj RIS
Bunsl 3akpacky MoJMroHanbHas
- 1o I'ypo
- 1o PoHroO
N I'ypo u ®oHTO XKUBBI

hd

KOOpPAMHATHI 1 HOPMaJIH
CUUTAETCS] MHTEHCUBHOCTD B KaXIbIH MOMEHT BPEMEHU

bepem HHTEHCHBHOCTH M MHTEPIIOJMPYEM JIJISl JAHHOTO TOJIMHOMA.
ITomocsr JIerimana
UTOoOB! UCKITFOUUTE pe3. [ paHullsl qepparMeHTHPYEM MOBEPXHOCTb.
Crarnmaptuzamus.
KI'
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79-85 88 93 92-2000 95-2003

GKS GKS JAVA JAVA 3D

3D PHIGS
CORF g | —T—

| priGS | Gl | oPENG | _»

v

- bazucuHeit

- OcHoBHOH’

- AnmapaTHO 3aBHCHMBIH
Tpu ypoBHs
+ Ba3ucHslif rpadMyecKuii ycTponucTBa.
+ Hnrepd. Yerpoiictaa.
+ ®opwmar olbrmienc. rpad. TaHHBIX.

Jlomaiinue 3agaHusl.

/_PS
P

2

7 *

1) Ilepenoc toukn P, B Hawano KOOpAMHAT

2) TIoBOPOT BOKPYr OCH Y JI0 COBMeIIeHns PP, ¢ momomsio Yz

3) TToBOPOT BOKPYr OCH X JI0 COBMeIernus PP, ¢ oTpuIaTebHOi Moy 0Chio

4) TIoBOPOT BOKPYr OCH Z 10 COBMEMEHHS PP, ¢ IIOCKOCTBIO YZ
Hemaem 1 mar.

é1 0 0 Ou
€0 1 o oY
ITepenocum P, B Hauano koopauHat T (- X,- Y,- Z) = g 0 0 1 OH
é U
gx -y -z 1j

IMpumenenne T x PP, n P, Ham naer cinenyromee
(
R =R (- %,- yi,- 2,) =[000]]
(
P, =h T (- T /T 21) = (Xz XL Yot Y4 - 21’1)

(
P =PXT(- X, VimZ) = (X - %, Y5~ V1,25~ 2,1)
Jlenaem tmar 2.

[ToBopaunBaem BOKpyr ocu Y Ha yroa Q
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( ( ( ( ( ( (
P, =(%,Y,,2 )(X,,0,, )R, R,

f

(x5 0,2, )

3naunt CosQ = - 4 _-(2-2)
Dl Dl

Sanx_gz—Xz_ X
Dl Dl

rre D, =4/(z, - )%+ (%, - %)

2_,¢ _ - (% %) - (2-2)°
Pz - Pz XRy (Q) _[O’ Y21 Y1 Dl ’ Dl ,1]

Jenaem mar 3
IToBopaunBaem BOKPYr OCH XHa OTPHULATENBHBINA YTOMI | !

2
-z
cos(-j )=cosj =—=%
Pl
- y 2
N T

[RP]- s R,

2 . ( . . ——
PP, R,()=P,R(Q*R()=PTR QR )=[00- |[RP,|1
Henaem mar 4.

IToBopaunBaeM BOKPYr OCH Z Ha yroia a

N Tak

PI= Py 3T (XE y& z81) = BT (- X, Y1 - 2)R (Q) >R, ()
D SURNND

cos(a)—l:)—z,sm(a)—D—2

D, =+ (XQZ +(y$
COOTBETCTBEHHO PE3YIILTUPYIOIAs MATPHIIA;

TEXx-y-2R QR ()R @)=TR

VY ceueHHbI BUIUMBINA 00bEM UISI Cydasi OpTOrOHAIBHOMN HapasuieIbHON MPOEKIIH.
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MepegHAA Ceky WaA NNOCKoCTE

KM
,r JaAHAA CEKYWAA NNOCKOCTE
[ [ /
Hanpae neHue WP
MPOELMROE SHMA
F B

YceueHHbl BUAUMBIA 00BEM

3aHad Ceky WA A NNOCKOCTE

Kybuueckas nmoBepxHocTh

x(s,t) = a,s°t® +a,s’t” +a,,s’t +a,,S’t +a,,8°t* +a,,5°t” +a,s’t +a,s’ +a, s’ +a, s’ +
+ 83382'[ +85,S+ ai4t3 + a42t2 +ta,tta,

O£s£1 0£t£1

x(s,t) =SC,T;

S=[S*S*S]1 , T =[t*t*t]]

C, - ko3hduueHTs ONKyONIeCKOro MHOTOWICHA.

c,C, u y(s.1), Z(s.1)

®dopmbl IpmMuTa

é2 -2 1 1u
é U
|\/|:é_3 3 -2 _1l.,]
*"80 0 1 o040
e u
g1 0 0 04§
eR u
ep U
G :ép“l]
hx éRlu
&
A0

X(S’t) = SVI ath (t) = SVI a
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&R0
é a
FAUR
eR (1)U
é 1]
&R, (D

Rt R

€0, U
u

P =TM, § 20 P, =M, E=0 R,0)=TM,

A3 7 <1237
e, u e u
& Oy 24 0y

(ABC)" =C"BT AT

P (t)U €y G, G Ol

SP4(t)H:221 Ux O q24HM;TT:Q MITT
gRl(t)S 2%1 O, O %43 "
R0 & Y s Gud

X(st) =M, QM TT

y(st) = SM QM T"

z(s,t) =M, QM T'

0y = X(0,0)
0, = X(0,0)
dx
=—(0,0
Ohs OIt( )
d?x
=——(0,0
Os3 det( )
é dx dx, u
g Xoo Xo1 (a)oo (a)m 3
= dx dx .
? L L M (_)10 (_)11 u
QU=8ax. d o dx.
x @8 X X X, U
s M(—2= -
daln (o gggde (oo
= dx dx d“x dox, -~
A— N—— u
S (gn Moo (oul
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®opma besre
x(s,t) =SM,PM,T'
x(st) =SM,PM,TT
Z(s,t) =SM,PM TT
&1 3 -3 1u

é a
M =@ 3 -6 3 Ou
&3 3 0 00
e u
gl 0 0 Op
Omna o6magaer CBOWCTBOM BBIMTYKJION 000I0YKH.
J.D lD31 lDﬂl
41

®opma B - crumaitHoB

50

PDF created with pdfFactory trial version www.pdffactory.com



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

x(s,t) =M PMTT
y(st)=SMPMT"
Z(st)=SM PM[T'

C® - menpepsIBHOCTS
&1 3 -3 1o

é a
M. = lé 3 -6 -3 Ol:l
S A p
663 0 3 Qu
e u
el 4 1 0Oy
Anropurm bpesenxeiina
W

(017 J/
/

oo &

1 E£1(0LLII/I6I<.21 30)
a Dx

O£g<£(omn61<a <0)
Dx 2
Dy

1
Wnnnmanu3upoBaTh OMIMOKY B - > omunOKa poBHA OMIMOKA [TF0C ——

Anroputm bpesenxeitna aist neporo okrana T.e. 0 < Dy £ DX
JlaHo: KoHIIBI oTpe3ka (X, Y;)u (X,,Y,) - He cOBIAIAIOT
Integer - Gynkmus npeodpazoBanus B 1esoe X, Y,

DxDy - neinsie
| - BemecTBEHHOE.
WHuiuanusais nepeMeHHbIX.
X=X,
Y=%
Dx=x,- X
Dy=y,- v
o 1
Wunnumanusanus (¢ mompaBKoii) > TTUKCETIS.

c=

Dx

Haugajio ocHOBHOTO ITHKIIA.
for i =1 to Dx

Plot(x, y)
Whilg(l 3 0)
end while
X=X+1

Dy

e=|+—
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next i
fihish
OO00011IEeHHBIH LETOYUCICHHBINA alTOPUTM
Hano Konusl otpeska (X,Y,;)H(X,,Y,) HE COBIAAAIOT, BCE IIEPEMEHHBIE 1IE/IbIE
1 - 1 oTpuMIaTENbHBIA apTyMEHT
sign = % 0 HYJIEBOW apryMeHT

{ 1 N0J0XKUTENBHBINA APTyMEHT

X=X ™

Y=%

Dx = abc(x, - %)

Dy = abc(y, - v,) > Nuannuanusanys nepeMeHHbIX
S = Sign(xz - Xl)

s, =sign(y, - ;) »,

if Dy > Dx then
Bpem=Dx

Dx =Dy

Dy =Bpem
O6bmen.=1

ese oomen =1
ese oomen =0
end if
Nuaunmanuzamus €
€=2°Dy- Dx
OCHOBHO ITHKIT
for i =1 to Dx

plot(X, y)
while(g 3 0)

if oomen=1 then
X=X+s§

dse

y=y+s,
end if

e=ge- 2>Dx
end while

if oomen=1 then
y=y>s2

else x=Xx+s
end if
e=e+2>Dy
next i

finish
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