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BBEJIEHUE

KomnerotepHas o0paboTka rpadudeckoit HHQOpPMAIUK CBOAUTCA K
PELICHHUIO TPeX KIacCOoB 3a/1ad.

1. 3apmaum pacrno3HaBaHMs 00pa3a: Ha OCHOBE HMEIOLIETOCS OLU(PPOBAHHOTO
HU300paKEHUS OCYIIECCTBUTh UACHTU(DHUKAIIMIO 00BEKTa, TO €CTh MOJYYHTh €ro
ommcaHue. 3/1eCh BHIMONHACTCS MPEoOpa30oBaHUE U300padiceHue — OnuUcaHue
obvexma.

2. 3agmaya  00pabOTKM  HM300paKEHUsS:  OCYIIECTBHTH  IPEOOpa3oBaHUE
HUMeEIoLIEerocsl H300paXkeHHs ¢ 1IEIbI0 U3MEHEHHSI ero CBOMCTB. BuInonHsercs
peoOpa3oBaHuE U300padCeHUe — U300padceHue.

3. 3ajgaya mocTpoeHHsT M300paKEHHUs: 10 ONMCAHUI0 OOBEKTA IOCTPOHUTH €ro
n3o0paxkeHrue Ha  rpaduyeckoM  yCTpoiicTBe. 31eCh  BBIIOJIHACTCS
peoOpa3oBaHUE onucanue 00beKma — uz00padiceHue.

WmeHHO 3TO# TpeThel 3aj1aue MOCBsIeHa 3Ta KHura. [Ipu 3TOM omucaHue
00beKTa JIOJDKHO UMETh BUJI MaTeMaTu4eckoi Mozenu. Takum oOpa3oM, B pamkax
KOMIIBIOTEPHOU rpa(UKy PEIaoTCsl ABE OCHOBHBIC TI013a1auH:

—  TNOCTPOEHHE MAaTeMaTHYECKOW MOJIENN H300paKaeMoro 00beKTa;
—  BU3yanu3aius 00beKTa B COOTBETCTBHHU C ATOH MOJECIIBIO.

B kHHTe M3MOXKEHBI OCHOBHI mporpammupoBanus 2D u 3D rpadukm Ha
s3pike C# B cpeme .Net Framework, ommcanbl cBOMCTBa M METOABI KIACCOB
Graphics, Color, Pen, Brush, Font, npenHa3Ha4yeHHBIX i1 PUCOBAHMS.
Omucanbl Momenu 1BetoB: RGB (Red, Green, Blue), CMY (Cyan,
Magenta, Yellow), CMYK, HSBu Lab.

B TpeTbhell TiaBe pacCMOTpPEHBI 3aJayd: WHTEPIOJLSIIUN IOJMHOMAMH,
WHTEPIIOJSIIUY KyOUYeCKUMH CIUTaliHaMHU, CTII&XKUBAHUS M annpokcuMaruu. lanee
B 3TOH IlaBe paccMaTpuBaroTcs adGuHHBbIE MPeoOpa3oBaHMs HA IJIOCKOCTH U B
npoctpaHcTBe. JIOCTaTOYHO MOAPOOHO ONMCBHIBAIOTCS BHIBI NPOCHUPOBAHMS —
oprorpauueckoe, aKCOHOMETPUYECKOE, KOCOYrOJIbHOE W  LEHTPaJbHOE.
[IpuBenena xiaccudukanus Mozeiaed TPEXMEpHBIX TeNl: KapKacHbIE MOJIEIH,
IpaHUYHBIC, TOBEPXHOCTHBIE MOJIEITH, CIIJIOIIHBIC MOJIEITH.

B uerBeproii miaBe O00CYXHAIOTCS TPOCTBIE TpadHUecKue MPOEKTHI:
COPTHPOBKa OJJIEMEHTOB MaccHBa, MOP(QWHI, MaJeHHe TII00yca, BEJIOCHIIE,
nedopmanus n300paxkeHui, pacTpOBBIi peakTop, peaakTupoBanue rpada.

Bes ndaras rnmaBa mocsdiieHa npoekTy «BekTopHblid penaktop». B Heit
00CYXIat0TCsl CTPYKTypa JaHHBIX, MACIITAOMPOBaHHE, CO3JIaHHE, MMPOPUCOBKA U
HU3MEHEHHE 00BEKTOB, 3aIHCh M YTEHHUE JTAaHHBIX.

B 1miecroii riaBe omucaHbl NPOEKTHI JUIS MOCTPOEHHUS! TPpadMKOB (QyHKUIUI
OJIHOH U JBYX IIEPEMEHHBIX. B 3TOH ke riaBe NpUBENEH NPOEKT [UIsl IOCTPOCHUS



HMHTEPHOJALMOHHBIX KPUBBIX MHOrowieHamu Jlarpanxka, METOJOM HaMMEHBIIUX
KBaJIpaToB, KyOMYECKUMHU CIUIaiiHaMU, KpUBBIMH be3be.

B rnaBe «bunapHble omnepauuu» INpeNgaraeTcs HHUUICHTHBIA Jy4eBOU
QNrOPUTM  ONpPENAETCHUS  NPUHAAIECKHOCTH  TOYKHM  MHOTOYTOJIBHHUKY |
HOCTPOEHHBIA Ha €r0 OCHOBE AaJITOPUTM OIpENEeNICHUs pe3ysbTaTa OyIeBCKUX
orepauuii HaJ| IByMsI MHOTOYTOJIbHUKaMH WJIK MHOTOTpaHHUKaMU.

B rnaBe «IlnaroHOBBI Tenmay OMMUCHIBAETCS MPOEKT I MOCTPOCHUS
TeTpa’apa, OKTa’apa, AoAekadapa. IIpoekT mo3BoiseT BpamiaTh Tela U CHCTEMY
KOOpAMHAT, PUCOBaTh TEHb, IBUraTh JABE TOUYKHA CXOAA JUI MOAEIMPOBAHUS
TIePCIIEKTUBBI, UMUTHPOBAThH OCBEIIEHHUE M CTPOUTH CTEPEON300paKeHHeE.

B mocnenneit rmaBe «Mcnonp3oanne rpaduyeckoit dudbmmorekn OpenGLy
MIPUBOJUTCS. TOPAJAOK YCTAHOBKM, MHHUIMAIN3AIMKM W 3aBEpHICHHs paboTel c
OpenGL, omuceiBatocs komaHasl u mpuMuTuBel OpenGL. K atoif rnaBe
IpUjIararoTcs ABa MPOeKTa: I ABYMEPHOH U TPEXMEPHOU TpauKH.

Texct comepxut OOJbBIIOE KOIMYECTBO NPUMEPOB MPOrpaMMHOIO KO.a,
CIIOCOOCTBYIOIIMX YCBOEGHHIO Marepuana. KHura paccuuTaHa Ha CTyJEHTOB
BBICHIMX Y4YeOHBIX 3aBEJCHWH, Y4YalllMXcs CTaplIMX KJIaccoB, a TakKXke JIUI,
CaMOCTOSTENIEHO U3YUaIOIINX SA3bIKU IPOTrPAMMUPOBAHUS.



I'naBa 1. OCHOBHBIE TPA®UYECKHUE KJIACCHI C#

Bo3smoxnoctu BuzyanbHOi cTyauu NET 1no3BoJIsIIOT Hamucarb CIOKHBIE
NPWIOKEHUS], UCIIOJIB3YS TOJBKO CPEICTBa YIpPaBJIEHHsl, AOCTYIHbIE B Habope
KOMIOHeHTOB. Habop KOMIIOHEHTOB BKIJIIOYAET B ceOs CPEACTBA YIPABICHUS LIS
MOKa3a JAaHHBIX (SIPJIBIKM, KaJIeHAApH, CIHMCKU W T.JA.), HAOOPH! (paguo-KHOIKH,
CheckBoxes, criucku u T.1.) W KOHTeHHepsI 1is coopa nanusix (DataGrids,
TextBoxX u T.1.). KpoMe TOro, HeCKOJIBKO CPEJCTB yNPaBIEHHS U KOMIIOHEHTOB
YIpaBIAIOT 1aroii u Bpemenem (TImer u 1.1.).

OyiHaKo, 9aCTO BO3HUKAET HEOOXOJMMOCTh TIOKa3bIBaTh TAHHBIE, UCIIOJb3YS
UHCTpyMeHTHl noctyna uepe3 GDI+ (Graphics Device Interface — unTepdeiic
rpa)u4ecKux yCTPOUCTB) U rpaduyeckre 00bEKTHI.

Jnst neMoHCTpany BOSMOXKHOCTEH 3THX HHCTPYMEHTOB 3Ta M CIEAyIOIIast
IJIaBBI OMUCBIBAIOT OCHOBBI PO PaMMHPOBaHUSI TPAQUKH C IIPOCTHIMU ITPOTrPaMMaMH.

1.1. ITPOCTPAHCTBA UMEH 'PA®UYECKHUX KJIACCOB

Kiacchl, mpenHa3HaueHHbIC A PHUCOBAHMS, 3aKIIOYCHBI B OMONHOTEKY
System._Drawing.dl I, xotopas onpenensier HECKOJIbKO MPOCTPAHCTB HMEH.

Tab6muma 1.1
OcuoBHBIe nipocTpaHcTBa MeH GDI+
IIpocTpaHCTBO HMEH Hasnauenue
System .Drawi ng Onpe;:[enﬂeT TUIIBI JUUI BU3yalIu3aliu: IJJpI/I(bTI)I,

niepbst, kuctu u 1.11. Cozmepskut kinace Graphics
Drawing.Drawing2D | IIpeacTaBiseT KIacchl, HCIONB3YEMBIE IS GOJIEe
pa3BuToi GPYHKIMOHAIBHOCTHU Tpaduku
(TpaaueHTHBIC KHCTH, KOHIBI IIEPHCB,
reOMETPHYCCKHE TpaHCHOpMAIIMK U T.11.)
Drawing.Printing Omnpeenser KIacchl, O3BOJSIONIME MeYaTaTh HA
OyMare, B3aMMOJICHCTBOBATH C IPUHTEPOM U
(dhopMaTHPOBATh OOIIHIA BU IEYATH

Drawing. Imaging Onpexenser Kaacchl, TO3BOJISIONIUE paboTaTh ¢
rpaduyeckumu painamMu (M3MEHSTh MATUTPBI,
U3BIICKATh METaJaHHbBIC H300paXKeHHUIH,
MaHHITYJIMPOBaTh MeTadaiiiaMu U T.11.)
System.DrawingText | Ilozsonser paboTaTh ¢ KOJNIEKIMAMY IIPH(PTOB




1.2. ITIPOCTPAHCTBO UMEH SYSTEM.DRAWING

BonpmmHCcTBO TpadMuecKux KiaccoB M APYTMX THIIOB HaxXOAWTCS B
npocTpancTBe uMeH System._Drawing. B Hem ecTh Kiacchl, IPEeICTaBISIFOIINE
KHCTH, Tiepbsi, WpuThl U n3obpaxenus. [IpocrpaHcTBo umeH System.Drawing
OIpEJeIsIET TaKKEe MHOXKECTBO CIIY)KEOHBIX CTPYKTYP M KJAcCOB, TaKuX Kak

Color, Point, Size u Rectangle. B Tabmuie 1.2 mepeunciieHs!
HEKOTOPBIE OCHOBHBIC THIIBL.
Tabmuma 1.2
OCHOBHbIE THIIBI IPOCTPaHCTBA UMeH System.Drawing
Knace Ha3znauenue
Bitmap [IpencraBnsieT MONOTHO Uil PHCOBAaHUS B TAMSTH.
Wukancymmpyet m3o0paxernus (*.bmp u T.11.)
Brush OOBEKTHI KHCTEH NCTIOIB3YIOTCS IS 3aIIOTHCHHS
Brushes BHYTpEHHHUX oOmacTeil rpaduiaecknx Gpuryp, Takux Kak
SolidBrush IPAMOYTOJIHUKH, SJLUTHIICHl K MHOTOYTOJIHUKH.
SystemBrushes V kiacca Sol 1dBrush ects coiicteo Color
TextureBrush
Color OmnpenensroT ~ MHOXKECTBO — CTaTWYECKHX  CBOWCTB,
SystemColors HCIIONB3YEeMBIX [UIs1 OJTy4eHHsI LIBETOB IIEPhEB M KUCTEH
Font Wukancynupyer coiictBa mpudra (Ha3BaHHE, CTHIb,

FontFamily

KypcuB, pasmep u 1.11.). FontFami ly npenocrasisier
a0CTpakIMI0 JUIs TPYMIIbl  MIPUPTOB, HMEFOIIIX
CXOJHBINA J3aifH, HO pa3INdus B CTHIIC

Graphics [IpencraBnsieT TOBEPXHOCTh PHCOBAHUS M MHOXKECTBO
METOJIOB JUI BU3YyaJIM3allMU TEKCTa, M300paXeHUH H
TeOMETPUYCCKUX I1a0JIOHOB

Icon [IpencraBnsroT MUKTOTpaMMBI, a Takke Habop

Systemlcons CTaHAAPTHBIX CUCTEMHBIX MHUKTOTPaMM

Image Image — abcrpakTHbIH 6a30BBIH Kiacc,

ImageAnimator NPeNOCTABIAIOMMN (yHKIHOHATBHOCTD JIS KJIACCOB
Bitmap, lconuCursor. Kiacc
ImageAnimator anuMupyer nu3obpaxeHue

Pen [epbst — 3TO 0OBEKTHI, HCIOJIB3yEMBIE TSl PUCOBAHHS

Pens nuani. Kmacc Pen ompenenser HaOOp CTaTHUECKUX

SystemPens CBOICTB, BO3BpAIIAIONINX PeN 3aIaHHOTO I[BETa

Point CTpYKTYphl ONHCBHIBAIOT LENIBIE WIIM BEIECTBEHHbIE

PointF KOOpAMHATHI (X, ¥)

Rectangle CTpyKTYypbl ONUCHIBAIOT NPAMOYTOJbHBIE O00IACTH C

RectangleF L[EJBIMU TN BEIIECTBEHHBIMU MTApaMeTpaMu

Size CTpYKTYphl ONHUCHIBAIOT IIHPHUHY/BBICOTY C LEIBIMH

SizeF

NJIK BCIICCTBCHHBIMMU IMAPpAMETPAMU
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[Ipomomxenne Tadu. 1.2

Kuaace Haznauenne

Stri ngFormat Hcnone3yercs Ais1 MHKANCYJIALMK Pa3IUYHBIX CPEICTB

TEKCTOBOH KOMITOHOBKH (HAmpuMep, BBIPaBHUBaHUE,

MEXCTPOYHBIN HHTEPBAJ U T.11.)

Region Tun onuceiBaeT BHYTPEHHIOIO YaCTh T€OMETPUUECKOTO

00pasa, COCTOSAMIETO U3 MPSIMOYTOIBHUKOB M MyTei
Bce »Tm kmaccel OyayT [nanee ONHUCAHBI, MOCKOJIBKY HMMHU TPUXOIUTCS

MTOJIL30BAThCS, HO TIEpe]] MEPEX00M K HUM JaBalTe MOAPOOHO M3yYUM OCHOBHOU

knacc Graphics.

1.3. Ki1AcC GRAPHICS

Kimacc Graphics mpeacrasmser GDI+ TOBepXHOCTh PUCOBAHHSL.
I'paduaeckuil 00BEKT MOIIEPKUBAET JUISl MOBEPXHOCTH PHCOBAHMSA: MAcLITap,
C€AWHUIBI, OPUCHTAIUIO IMTOBEPXHOCTU PUCOBAHUA.

IpuBeneM mpuMep MPOCTENIIErO MPHIOKEHHS, KOTOPOe Ha (GopMe pHCYyeT
SIUTAIIC:

¢ JIucrunr 1.1. Tpocreiimas rpaduyeckas nporpamMma

public partial class FormMain : Form

{
Graphics g;
private void Draw(Q)
{
g = CreateGraphics();
g-Clear(Color_White);
g-DrawEllipse(Pens.Black,10,10,200,100);
g-Dispose();
¥
private void FormMain_Paint(object sender,
PaintEventArgs e)
Draw();
¥

PesynbraTt paboThl MporpaMMbl oKa3aH Ha pucyHke 1.1.

ot FormMain l oo S

%

Puc. 1.1. IIpocreiimas rpaduyeckas mporpamma
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OTMeTnM BaXKHBIE MOMEHTHI, KOTOpBIE HEOOXOOMMO COONMIOAaTh WpHU
coznanuwu Jroooro GDI-mpoekra:

—  IODKHO GBITH OpeieNieHo cBoicTBO g Kiacca Graphics;

—  HeobXoauMo co37aTh 0Opaborunk cobbitHss ONPaint, B KkoTopoM
Oymet BBI3BIBaTHCS MeTO prcoBanus Draw().

B metone Draw():

meroaom CreateGraphics() neobxoaumo co3aarh 0OBEKT J;

— wMerogom Clear () ouncTuTh IOBEPXHOCTH PUCOBAHMS;

—  9TO-HUOYIb HAPHCOBATD;

—  0CBOOOAWTH MAMATH OT 00BEKTA J.

Kmacc Graphics comepxutr MHOrO cBOHCTB. YacTo HCIOIb3yeMbIe
CBOWCTBA TepedncieHsl B Tabmume 1.3, OONBIIMHCTBO KOTOPBHIX Oynmer
JIEMOHCTPHPOBATHCS TTO3Ke. Bce OHM MO3BOJISIOT HE TOMBKO YMTATH CeOsl, HO U
U3MCHSTH.

Tabaumna 1.3
CaoiicTBa kiacca Graphics
CBoiicTBO Kaace Onucanue
Clip Region Bosspamaer win 3agaeT o0bekT Region,

OI‘paHI/I‘{I/IBaIOIlII/Iﬁ o0nacts PpUCOBaHUA
JAaHHOT'O 00BeKTa

Dp iXx/ Float / 3aaet 3HaYCHUE TOPU3OHTATIBHOTO U
DpiY single BEPTHUKAJIBHOIO pa3pelICHHs B TOYKaxX Ha
IIONM
PageScale | Float / 3agaer 3HaueHUE VIS MAcUITAOUPOBAHUS

single MEXIy YHHBEPCAJIBbHBIMH EIUHHLAMH H

SIMHHUL[AMH CTPAHHIIBL
PageUnit GraphicsUnit | Bosspamaer win 3a0aeT €IAHAILY
W3MEPEHUS [UTsl KOOPAUHAT CTPAHHUIIBI
JIAaHHOTO 00BEKTa

Croiicteo PageScale ycranaBimBaeT MacmITaOUPOBaHHE  MEXKIY
MHpPOBBIMH €INHULAMH U SIHHUIAME CTPAHHLIBL.

1.4. KOOPIUHATBI

B ompenenennn nekapToBoi cucTeMbl KoopauHat ocu X U Y IPOXOJAT Tak,
KaK IIOKa3aHO Ha pucyHke 1.2. 3HaueHMs CHpaBa M BHIIIE LEHTPAa KOOPIHHAT
ABJISIOTCS MTOJIOKUTEIBHBIMH, a 3HAYCHUS CJIeBA M HIDKE — OTPHLIATEIIEHBIMU.
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Puc. 1.2. JlekapToBbI KOOPIUHATHI

B rpaduueckux mporpaMMHBIX Cpelax CHCTeMa KOOPIUHAT UMEET Hadajo
KOOpJAUHAT B BEPXHEM JICBOM YIJIy, U OCH KOOPAWHAT HAIIPpaBJICHbBI HAIpaBO H
6HU3, KaK TIOKa3aHO Ha pucyHke 1.3.

0 1 2 3 4 5 6
— | | | | |

‘17
Puc. 1.3. MupoBble KOOpAUHATHL
KOOp):[I/IHaTLI, HCIIOJB3YEMBIC B MCTOJAaX KJacca Graph i CS, Has3bIBaroT
MUpoevimu Koop()uHamamu.
1.5. IIPEOBPA3OBAHUE KOOPAMHAT

MupoBble KOOpPAMHATHI TPEOOPA3OBBIBAIOTCS B KOOPOUHAMbI  CHPAHUYbL
MUPOBLIMU  NPEodPA308AHUSMU. MupoBeie  mpeoOpa3oBaHus, HaIpumep
TranslateTransform(), ScaleTransform() u RotateTransform(),
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UCIIONIB3YIOTCSL UL TOTO, YTOOBI YCTAaHOBHTH LEHTP M IIOBOPOT CHUCTEMBI
KOOpJIMHAT.
Croiicteo PageUnit ycranaBnuBaeT eAMHHMIY MJIS NpeoOpa3oBaHHS U

MacmTaOMpOBaHUs PUCYHKOB. OTH CIUHWIEI — OJHO W3 BO3MOXKHBIX
GraphicsUni ts-niepe4nciieHHbIX 3HAYEHHI, TPUBEACHHBIX B Tabuie 1.4,
Tabnuma 1.4
Iepeuncnenne GraphicsUnits

IHepeunciaennas Enunnna usmepenus

Display 1/75 mrotima

Document 1/300 nroiima

Inch 1 mroiim

Millimeter 1 MULTHMETD

Pixel 1 mukcen

Point 1/72 mrotima

World MHuUpOBBIE €MHUILIBI

B cnenyromem npumepe prucyercs 6 3JUIMIICOB C Pa3IHYHBIMHU €IWHHIIAMU
U3MEpPEHus.

* JIuctunr 1.2. PHcoBanHe 3JIHIICOB ¢ PA3THIHBIMA eTHHAIAMH H3MepeHus!

private void Draw()

{
g = CreateGraphics();
g-Clear(Color._White);

g-PageUnit = GraphicsUnit.Pixel;
g-DrawEllipse(Pens.Black, 10, 10, 200, 100);

g-PageUnit = GraphicsUnit.Display;
g.DrawEllipse(Pens.Black, 10, 10, 200, 100);

g-PageUnit = GraphicsUnit.Point;
g-DrawEllipse(Pens.Black, 10, 10, 200, 100);

g-PageUnit = GraphicsUnit_Millimeter;
g.DrawEllipse(Pens.Black, 10, 10, 20, 10);

g-PageUnit = GraphicsUnit.Document;
g-DrawEllipse(Pens.Black, 10, 10, 200, 100);

Pen myPen = new Pen(Color.Black,0.05F);
g-PageUnit = GraphicsUnit.Inch;
g.-DrawEllipse(myPen, 1, 1, 2, 1);
g-Dispose();
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Jns mepBBIX IATH SJUIMIICOB HCIIONIB3YETCS MEepo TONMMHOM 1, a s
IIECTOr0 3JUIMICA co3aaeTcs nepo tommuHon 0,05 mroiima. PesymbraThl paGoThI
MPOTPaMMBI ITPECTABICHBI HAa pUCYHKe |.4.

O o — —
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-

o

Puc. 1.4. Dunurcer ¢ Pa3iM4YHbIMU €IUHUIIAMHU U3MEPCHUSL

OTMeTHM, 49TO:
—  JJUIMICHI, HapucoBaHHble ¢ eauHunamu usmepenuss Pixel u Display,
COBIIAJIM MEXKITy COOOI;
—  JIMHUS DJUIAICA, HAPUCOBAHHAS C CUHHUICH W3MEPEHUS MUIUIUMETpP, UMEET
TONIHUHY 1 MM.

1.6. 'PA®UYECKHE METO/IbI

Kiacc GraphicCs comepKUT MHOTO METOAOB Ul PUCOBAaHHS JMHHA Ha
rpadudeckom ycrpoiicte. FiMeHa 3THX MeTo0B HaunHaroTca ¢ Draw:

DrawArc Drawlcon DrawPath
DrawBezier DrawlconUnstretched DrawPie
DrawBeziers Drawlmage DrawPolygon
DrawClosedCurve DrawlmageUnscaled DrawRectangle
DrawCurve DrawLine DrawRectangles
DrawEllipse DrawLines DrawString

I'paduueckuit kmacc Graphics Ttakke BKIOYaeT B Ce0S  METOJBI
3aroJTHeHHs 00acTeil, MeHa KoTopbix HaunHatotest ¢ Fill:

FillClosedCurve FillPie FillRectangles
FillEllipse FillPolygon FillRegion
FillPath FillRectangle

Metomst Draw*** pucyior koutyp uryper; wmeroxapr FilI***
3aMOJTHSIOT (DUTYPBI [IBETOM U CTHJIEM TEKYLICH KUCTH.
YacTo ucnosib3yeMblie METOIBI NPEICTaBICHBI B TabmmIe 1.5.

Tab6nuna 1.5
Merossl kinacca Graphics
Meton Onucanme
Clear OuyuIaer MmoJIOTHO PUCOBAHUA U 3aIIOJHSICT €€
yKaSaHHI)IM IBECTOM
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[Ipomomxkenne Tadm. 1.5

Meton Onucanne

DrawString PucyeT CTpoKy, HCTIONB3Ys YCTaHOBICHHbIC
KUCTb ¥ LIpUdT

DrawLine Pucyet oTpe3ox npsMoi JINHIM MEXIY ABYMS
TOYKaMH

FillEllipse 3aMoJIHSET DIUTUIIC, OTPaHUYEHHbIIH
OPSIMOYTOJIbHUKOM

MeasureString Boseparaer pazmep npsIMOyroJibHHKaA, B
KOTOPOM HapHCOBaHA CTPOKA.

RotateTransform [IpumMeHseT BpalleHue, OpeaeIeHHOe

Marpulel TpanchopMaryy, K MUPOBOH
cHCTeMe KOOpAHWHAT

ScaleTransform [MpumensieT MacmTabupOBaHIE CHCTEMBI
KOOPJHHAT, OIIpeIeNIeHHOE MaTpHIleit
TpaHchopManmu

TransformPoints TpancdopMupyeT MaccuB TOUYEK, HCTIONb3YS

MaTpHILy TpaHchopMarmm

TranslateTransform | [Ipumenser cmemenne rpadhrIecKoro 06beKTa,
OlIpe/ieNIeHHOe MaTpHLeil TpaHc(opMaIuu
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I'nmaBa 2. [IPOCTPAHCTBO UMEH SYSTEM.DRAWING

IIpoctpanctBo wumen System._Drawing comepxutr B cebe 1sTh

MIPOCTPAHCTB UMEH.

1.

IpoctpanctBo mmeH DesSign comepkUT KIAcChl, KOTOPBIE PACLIMPSIOT
JIOTHYECKUE U TpaduuecKkue BO3MOXHOCTH mHTep(deiica monb3oBatens (UI).
Knaccer 3TOrOo mpocTpaHcTBAa HMEH  HCIONB3YIOTCS A CO3JAHHS
HACTpaMBa€MOM MaHENIM 3JEMEHTOB; PEIAKTOPOB 3HAYCHUH ONpPENEICHHBIX
TUTIOB, KOTOpBIE MOIYT pENaKTHPOBaTh M TIpadUuecKd IPEICTaBISATh
3HAUEHHs MOJICPKMBAEMBIX THUIIOB; MpeoOpa3oBaTesiel, KOTOpPbIE MOIYT
IIpeoOpa30BEIBATh 3HAYCHUS OINPEIECIICHHBIX THUIIOB. DTO NPOCTPAHCTBO UMEH
NPEAOCTaBIsIeT ©0a30ByI0 apXWUTEKTypy JUIA CO3JaHMS  PpacIIMPEHUH
TI0JIb30BATENBLCKOTO HHTEepdeica BpeMEHH pPa3padOTKH.

Ipoctpancteo umeH Drawing2D  mpemoctaBiseT — paclIMpEHHbBIC
(YHKIIMOHAIBHBIE BO3MOXKHOCTH BEKTOPHOW M IByMepHOH rpaduku. B atom
MIPOCTPAHCTBE COAEpKAaTcsl Kiacchl rpaduKd M rpadHYecKuX KOHTYPOB;
TUTBI, OTHOCSINMECS K MaTpulle npeoOpa3oBaHus; Kiaccel Brush,
MICPEUNCIICHNS], CBSI3aHHBIC C JIMHUSAMM; TIEPEUYHCIICHHS, CBSI3aHHBIE C
3aroJIHeHHeM (GUryp 1 KOHTYpOB.

IMpoctpanctBo umeH Imaging paciuupsier GyHKIHOHATIBHBIC BO3MOKHOCTH
BU3yaIM3allMd HM300pa)KeHUs, pEaM30BaHHbIE B MPOCTPAHCTBE HMEH
System.Drawing:
—  Kyacc Metafile conep>XuT METO/BI ISl 3amicy MeTadaiiios;
— xinacc Encoder mpepocTaBiseT BO3MOXHOCTh pacmmputh GDI+ mis

TIOJI/IEPXKKH JTI000T0 hopMmara H300pakeHHI;
— wiacc Propertyltem comepXuUT METOIBI AJISI COXpaHEHHs MeTadailioB B
(haitrax n300pakeHUI ¥ UX U3BIICYCHUS.

IpoctpanctBo umen Printing obecrmeunBaeT (YHKIHH, CBS3aHHBIC C
TIeYaThIo.

IpocrpanctBo umen TeXt npenocTapisieT paciiupeHHble (yHKIHOHAIbHbIC
BO3MOXKHOCTH JIJIsl pa0OTHI C TEKCTOM.

Tak kak 0a3oBble rpaduueckue CpelCcTBa peaM30BaHbl B IMPOCTPAHCTBE

umen System.Drawing, To wusyueHnme TpadHUECKUX CBOMCTB W METOJOB
HAa4yHEM C 3TOTO IPOCTPAHCTBA HMEH.
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2.1. CO3JAHUE U YIAJIEHUE OFBEKTA KJIACCA GRAPHICS

Kiacc Graphics comepkur moBepXHOCTh prcoBanus. CYIIECTBYIOT TPH
BHUJIA TOBEPXHOCTEH PUCOBAHMS:
—  OKHa ¥ KOMIIOHEHTHI;
—  CTpaHWIIBI, OTIIPABISEMEIE Ha TIPUHTED;
—  OHWTOBBIE KapPTHl M M300PAKECHUS B TIAMSITH.
Kiacc Graphics npemocTaBisieT METOIBI Il PUCOBAHUS Ha 000U U3 STUX
MOBEPXHOCTEH PHCOBaHMSA. Ero MOXHO WCIIONB30BaTh ISl PUCOBAHUSA YT, KPUBBIX,
KpUBBIX be3be, IUIHIICOB, N300paKeHUH, JTMHHUHN, IPAMOYTOIBHUKOB U TEKCTA.

2.1.1. CO3JAHUE MIOBEPXHOCTH PUCOBAHMUSI

O6bext Graphics amst GopMbl MOXKHO MONXYYHTH MHHHMYM YETHIPHMS
Pa3IUYHBIMU CIIOCOOAMHU.

IlepBoIii cmocod. Br3oB Merona pucoBaHMs B 00pabOTYMKE COOBITHS
Paint():
private void FormMain_Paint(object sender, PaintEventArgs e)

{
}

Draw(e.Graphics);

Croiicteo e.Graphics tuma Graphics mnokasbiBaeT Ha MOJOTHO
pucoBanus FormMain.

Bropoii cmoco6. Ilepeonpenenenre meroma OnPaint(). Kmacc Form
Hacieayer merox OnPaint() us wiacca Control, u stor meronx sBisercs
obpaboTunkoM cobwiTHsi  Paint, KoTropoe TeHepUpyeTcs IMpH  KaXIOM
MePEPHUCOBBIBAHUM 3JIeMeHTa yrpasieHus. O0bekT GraphiCS MOXHO MONTy4YHTh
u3 kimacca PaintEventArgs, koTopslii iepeaaeTcst COOBITHEM:

protected override void OnPaint(PaintEventArgs e)

{
Graphics g = e.Graphics;
// pucoepanme

}

B gpyrux croydasx MOXeT MOTPeOOBAThCS —BBIMIOJHEHHE PUCOBAHHS
HEMOCPEICTBEHHO B OKHE, HE JOXHIasch reHepaiuu coObitus Paint. Takas
CHUTYaIliisl MOKET BO3HUKATH JUIS YCTPAHEHHsI MEPIAHUS MPH CO3JaHUU KOJa JUIs
BbIOOpA IpauuecKoro 0ObEKTa B OKHE UITH MEPETACKUBAHUN 00HEKTA MBIIIBIO.

Tperuii cnocod. O0vexT GraphiCS MOKHO MOIYYHTh, BBI3bIBAs B (hopMe
meroxn CreateGraphics():

Graphics g = this.CreateGraphics();
// pucosanme
g-Dispose();
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B sToM ciryuae pucoBanue OyZeT MpoUCXoAuTh Ha (opme. [ pucoBanus
Ha JIO0OM JpYroM JIeMeHTe, HanpuMep Ha manenn panell, HeoOxoammo
HEMHOTO U3MEHUTH KO

Graphics g = panell.CreateGraphics(Q);

YerBepThiii cmocod. [Ipu BeIOOpe Trpaduueckoro o0bEKTa B OKHE WIIH
NepEeTaCKUBAaHNK O0BEKTa MBIIIBI0 MOXKET BO3HUKATh Meplanue. s ycrpaneHus
MepLaHusi HeoOXOJUMO pHCOBaTh B mamsaTd Ha bItmap, a 3areM KOmupoBaTh
bitmap na nonotHo pucoBanusi Gopmbr:

Graphics gScreen;

public FormMain(Q)

{
InitializeComponent();
gScreen = this.CreateGraphics();
¥
public void Draw()
{
Bitmap bitmap = new Bitmap(Width, Height);
using (Graphics g = Graphics.Fromlmage(bitmap))
Draw(Qg);
gScreen.Drawlmage(bitmap, ClientRectangle);
}
bitmap.Dispose();
¥

2.1.2. YIAJEHUE OB BEKTOB PUCOBAHUSI

[Ipu paspabotke mpuinokeHnH, ucnonp3ytomux GDI+, nmpuxomurcs nMeTh
ZIeN0 C HECKONBKMMH THIIAMH JAaHHBIX, JUISI KOTOPBIX BaJKHO BBI3BIBATH METO[
Dispose(), uHaue HEKOTOpbIE pecypchl He OyayT ocBOOOXIeHBI. Hampumep,
kiaccel Graphics, Pen, Brush, Font peamusytor untepdeiic IDisposable

Ilpn monyuennn o0wvekra Graphics w3 meroma OnPaint() wm
Paint() ou He co3maercs, noatomy meron Dispose() Bo3biBath He Hamo. Ho
npu BeoBe Meroga CreateGraphics() BemoB wmeroma Dispose()
obs13atesieH, ecnu 00bekT GraphiCS onucan U co3aaeTcs B METO/IC PUCOBAHUSL.

I[J'ISI OCB060)KZ[CHI/I$I MaMsITH MO>KHO HCIIOJIb30BaTh TAKOH KOJI:
g = this.CreateGraphics();
try

// pucosaHue

}
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finally

if (g = null)
((IDisposable)g) .Dispose();
¥

CymectByer Oosee TPOCTOM cmocod paboTel € O0OBEKTaMH, KOTOpBIE
HE00X0MMO yaauATh. Jiist 3TOro mpeHa3HaueHa KOHCTPYKIHsS USINg, KoTopast
aBTOMaTu4ecku BbI3bIBaeT MeTol Dispose(), korga oOBEeKT BBIXOAUT U3 OJI0Ka
using. Cnenyrommii Ko JEMOHCTPUPYET MPUMEHEHHE KITFOUEBOro ciioBa USINg

1 MIOJTHOCTBIO SKBUBAJICHTEH MPEABIAYIIEMY:
using (Graphics g = this.CreateGraphics() )

// pucosanue

}

Co3manne u ynaiaeHue OOBEKTOB PHCOBAHHS 3aHUMACT OIPEIEICHHOE
BpeMsi, MOTepsi KOTOPOrO 3aMETHA HPH YaCTOM HPOPHCOBKE, HAIPUMED IIPU
MEepPEMEIICHNN MBIIIA WA CO3JaHHH MyIbIUMKaiumil. [losromy rpadudyeckue
00BEKTBI MOKHO CO3/1aTh OJIMH pa3, HampuMmep B KoHcTpyktope FormMain()
wm B Meroge FormMain_Load(). Torma Her HEOOXOIMMOCTH IIOCIE
3aBEPIICHUS PUCOBAHUS YAATATH OOBEKTHI PHCOBAHHSL.

2.1.3. IIOPSAIOK BHINOJIHEHUSI JEMCTBUM IIPU PUCOBAHUHA

1. Omnmucars noJje g xinacca Graphics B knacce FormMain.

2. Cospmats meton pucoBanust Draw():
private void Draw(Graphics Q)

Color cl = Color.FromArgh(255, 255, 255);
g.-Clear(ch);
// pucosanve tuna g-DrawLine()
}
3. Cosmate Metoq onPaint(), B xotopoM Hanpaeuth g Ha €.Graphics u
BbeI3BaTh MeTox Draw():
private void FormMain_Paint(object sender, PaintEventArgs e)

{
g = e.CGraphics;
Draw(Q);

2.2. CTPYKTYPBI IPEJICTABJEHUS KOOPJIUHAT

st ykazaHus KOOpPAMHAT NPU PUCOBAHMU MCIIONB3YHOTCSI TPU CTPYKTYPBI:
Point (touka), Size (pa3mep) u Rectangle (mpsmoyronsHuK).
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Crpykrypsr Point wmm PointF wucnonp3yioTces aisi OpeacTaBiICHUS
TOYKH, UMEIOIICH 1eIOUNCICHHBIE WM BellecTBeHHble KoopauHatel X U Y. OHu
MPEJICTaBIAIOT COOOM TOUKY Ha JBYMEPHOW IJIOCKOCTH, TO €CTh KOOPIMHATHI
mukcesst. Metoel, Takue kak DrawLine(), DrawRectangle(), npunumaror
Point B kauectBe aprymenra. Cosmanue cTpykTypsl POINt BbImonHseTCs
CJIEYOIIIM 00pa3oM:

Point p = new Point (1, 1);

Jnst nomydenust koopauHat X v Y cTpykTypbl PO INT HCHonb3yIOT cBOiCTBA
X u Y. DTH CBOWCTBa OOBSIBICHBI TONBKO I 4TeHHUs. [103TOMY KOHCTPYKIHSI
p-X = 2.V3MeHeHns ciemyeT MPOM3BOMNTH Tak: p = new Point (2, 1).

Crpyktypsl Size u SizeF ucnosip3yroTes Ais NpeacTaBieHus pa3Mepa B
nukcemsix. CTpykrypa cozepxut cBoiicta mupuny Width u Beicory Height.
Cosznanme CTpyKTYphl S Z€ BBHIMOJIHACTCS CIEAYIONM 00pa3oM:

Size s = new Size (12, 5);

Crpykrypsr Rectangle u RectangleF wucnonesyrorcs i ykasaHus
KOOpAMHAT mpsiMoyroibHuKa. CoiicTBo PO I NT ompesesnser BepXHuil IEBbIH yroi
OpsIMOYTONbHKKA, @ CBOWCTBO SizZe — ero pasmepsl. CymiecTByer mo jaBa
KoHCTpyKTOpa cTpyktyp Rectangle u RectangleF. Oaun npunuMaer B
KayecTBE apryMEHTOB IO3HMIMI0 X, MO3ULHWIO Y, IIMPHHY ¥ BBICOTY. BTOpoit
NMpUHUMaeT cBoiictBa Tuna Point u Size. Hke mpuBeneHsl aBa mpumepa

00BABICHHUSI U KOHCTPYHpOBaHus cTpyKTypsl Rectangle:
Rectangle rl = new Rectangle (2, 2, 5, 6);
Point p = new Point (2, 2);
Size s = new Size (5, 6);
Rectangle r2 = new Rectangle (p, s);
st monydeHHs M YyCTaHOBKM DACIOJIOKEHHMST U PA3MEPOB CTPYKTYPBI

Rectangle npexycmoTrpeHbl HEKOTOPBIE CBOMCTBA. Jlpyrue mojie3Hbie CBONCTBA
U METOJIBI [UIsl PEIICHUS TAKUX 3a/1a4:

—  ompejeNeHne MPUHAICKHOCTH TOYKH MPSIMOYTOJIbHUKY;

—  IIepeceKaeTcs JIM MPSIMOYTOJIbHUK C IPYTHUM HIPSMOYTOIBHHKOM;

—  IepeceuyeHue, BEIYUTaHKUE, 00BEAMHEHHUS IBYX MIPSIMOYTOIbHUKOB.

2.3. Ki1Acchl COLOR, PEN, BRUSH, FONT

[lepo u KHCTH HMIONB3YIOTCS Uil OTOOpaKEHWs JHMHUH, QUTYp M TEKCTa.
Iepo sBIsETCs 3K3eMIUIPOM Kiacca Pen u HazHavaeTcs pu pUCOBAaHUS JIMHUIA U
CIOXKHBIX ¢uryp. Kucmvs — sx3eMmusip kiacca Brush um ucmonesyercs mnpu
3anonHeHnn Guryp wiun s pucoanus tekcra. O6bexTsl COlOr ucnomp3yrorces
MEPBSIMH ¥ KUCTSIMU JUTSl YKa3aHHS 1IBETa.
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2.3.1. KiAacc COLOR

st paboThI ¢ 1IBETAaMU TPOCTPAHCTBO UMeH System.Drawing cogepxur
CJIE/IYIOIIHE KITACCHI U CTPYKTYPBL:

— Color - crpykrypa mnpeiacraBiseT IBETa B BHIE KaHAJIOB aib(da
(npo3payHocTh), KpacHoro, 3eneHoro u cuHero (ARGB). Kaxnpiii
KaHal — 3To 1eaoe ot 0 10 255;

— KnownColor — nepeunciumsrii Tur. CoIepKUT CHCTEMHBIE 11BETA;

— SystemColors — cBoiicTBa 3TOro Kiacca SIBISIIOTCS CTPYKTypaMmu
Color, kotopsie nipeacTaBisitoT coboii 1BeTa Windows.

Crpykrypa Color ucnonb3yercs Uit OPEACTABICHUSI PA3IUMYHBIX IIBETOB.
[[BeTa UCHONB3YIOTCS MEpPhSIMA M KHCTSMU JJIsl  YKa3aHWsl [BeTa [pU
BU3YyaJIH3AIHH.

CymectByeT o0koio 150 CHCTEMHBIX ILIBETOB, KOTOpBIE MOTYT OBITh
noctynHel uepe3 crpykrypy Color. Hanpumep:

Color myColor;

myColor = Color.Red;

myColor = Color.Aquamarine;

myColor = Color.LightGoldenrodYellow;

myColor = Color.PapayaWhip;
myColor = Color.Tomato;

MoHO Takke co3JaBaTh ONpeJessIeMble I[BETa C TOMOIIBI0 METoa
Color.FromArgb(). Drtor MeToj MO3BOJSAET YKa3aTh JOJIKO OTACIbHBIX
COCTaBIISIONINX KOMIIOHEHTOB KPACHOTO, CHHETO U 3€JICHOTO IIBETOB:

Color myColor;
myColor = Color.FromArgbh(23,56,78);

Kaknplii KOMITIOHEHT AOJDKEH OBITH IeabIM unciaoM ot 0 mo 255, rae 0
03HA4YaeT OTCYTCTBME I[BE€Ta, a 255 — MOJIHOE HACHIIIEHHE YKa3aHHOIO LIBETA.
Hanpuwmep:

Color _FromArgb(0,0,0) - uepHmi,
Color _FromArgb(255,255,255) - 6esmii-

C momomipio Metoma FromArgb() MoxHO Ha3HAYMTH KOMIIOHEHT aiba.
Anvha onpenenser Npo3pavyHOCTh OOBEKTOB 33 PUCYEMBbIM rpaduyecKum
00BEKTOM. Anb(ha-KOMIIOHEHT — TEPBBIA W3 YETHIPEX apryMEHTOB B METOJE
Color.FromArgb() u MoxeT GBITh LIEBIM YKCIOM B aAuamna3one ot 0 go 255:
Color myColor;
myColor = Color.FromArgb(127, 23, 56, 78);

MoxHO Takke cOo3IaTh IBET C a/lb@a-KOMIIOHEHTOM, Ha3HAYUB anbgha-
KOMITOHEHT JJIs paHee ONpe/IeICHHOTO IIBETA:

Color myColor;
myColor = Color.FromArgb(128, Color.Red);

Monens 1BeroB RGB He enuHCTBEHHO BO3MOXKHas. Eme omHa Mojenb

NpeJCTaBiCHUs [BeTa — pa3OMeHWe €ero Ha TPU KOMIIOHCHTa: OTTEHOK,
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HaceleHHOCTh U sipkocTh (HSB). Crpykrypa Color comepxut Metomsl st
BBITIOJTHEHUSI ATOU 3aa4H:

— GetHue() — Bo3BpallaeT 3HaYEHNE OTTEHKA;

— GetSaturation() — Bo3Bpamaer 3HaYCHUE HACHIIICHHOCTH;

— GetBrightness() — Bo3Bpamiaer 3HaYeHUE APKOCTH.

Bonee moapoOHO 0 MOJENAX IBETOB MTOTOBOPUM B IMyHKTE 2.8.

2.3.2. Ki1Aacc PEN

ITepo Ha3HA9aeTCs A PUCOBAHUS JTMHUN, KPUBHIX U Guryp. B tadbmume 2.1
TIPUBE/ICHBI KJIACCHI TIEPHEB.

Tabmuma 2.1
Kraccel nepbes
Kiaacce Onucanne
Pen Omnpenensier 00bEKT, UCTIONb3YEMBbIi ISl PUCOBAHUS JIMHUN
Pens Kunacc ans ctannapTHBIX 1IIBETOB

SystemPens|CgoiictBa 3Toro kiacca SBISIOTCS 0oO0bekTamMH Pen, To ecTsb
[BETOM 3JIeMeHTa m300paxenus Windows TonmuHoi 1

Kiacc Pen umeet 4 koHCTpyKTOpA:!
— Pen(Brush brush);
— Pen(Color color);
— Pen(Brush brush, float width);
— Pen(Color color, float width).

DK3eMIUIIp Kilacca TOCe 3aBeplLICHHs pPabOThl C HHUM HEOOXOJUMO
yHUYTOKUTE MetogoM Dispose(), KoTopsii 0CBOOOXKITaeT BCE pecypeHl,
HCTIOJTBh3yeMBbIC JaHHBIM 00bekTOM Pen.

[lepo obmamaet ciaeayrOIIMMH CBOHCTBAMH:

—  Brush — monyuaer nnu 3agaer o6nekt Brush;

— Color — nonyyaer win 3a1aeT LUBET Iepa;

— float Width — nony4aer wnu ycraHaBiIMBaeT TONIIMHY repa Pen B
eIMHUIIaX O0BEKTA;

— PenType — nony4aer wiu 3a1aeT CTHIb JIUHUK;

— DashStyle — 3amaer nonp30BaTeNbECKUN CTHIIb ITyHKTHPHBIX JIMHHUH.

Croiicteo PenType mepeduciauMoro TWOa 3agaeT BHI 3allONHCHUS,
UCIIOJIB3yeMblii 00beKTOM PEN, 1 MOXKET MPUHUMATD CIISIYIOIIIE 3HAUCHHUS:

— SolidColor —3amaer CIIOIIHOE 3aNI0THEHNE;
— HatchFill —3amaer 3anoiHeHre MTPUXOBKOIA;
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— TextureFill —3agaer 3anonHeHUe ¢ TEKCTYPOU TOUECUHOTO PUCYHKA;

— PathGradient - 3amaer rpagreHTHOE 3a0JIHEHHE KOHTYpa;

— LinearGradient — 3amaer nuHelHOE TPANEHTHOE 3aMOTHEHHE.

Croiicteo mepeuncaumoro tuma DashStyle wmoxer mnpunuMars

CIIE/TyFOIIIE 3HAYCHUS:

—  Solid - crutomnas nuHus;

— Dash — nunus, cocrosiias u3 MITPUXOB,;

— Dot — auHus, coCTOSILAS U3 TOYEK;

— DashDot — mrpux-nyHKTHPHAS JTHHUS;

— DashDotDot — nunus, cocrosiias 13 HIabJOHOB «IITPUX-ABE TOUKN;

— Custom — 3aaet NpOU3BOJIBHBIN THI MYHKTHPHBIX JINHUH.

B cnenyromeM npuMepe co3naeTcst 4epHOE MEPO:
// uepnoe nepo TosumHOM 1
Pen myPen = new Pen(Color.Black);
// uepHoe mepo TosumHOM 5
Pen myPen = new Pen(Color.Black, 5);
Hwuxe noka3piBaeTcs co3qaHue rnepa, OCHOBAHHOE Ha CYIIECTBYIOIIEH KUCTH
¢ umenem myBrush:
//riepo c TakuMu ke CBOMCTBaMM, Kak y kuctu MyBrush rosmmuon 1
SolidBrush myBrush = new SolidBrush(Color.Red);
Pen myPen = new Pen(myBrush);
//niepo c TakuMMu XKe CBOMCTBaMu, Kak y kucTtu MyBrush rojummuoin 5
Pen myPen = new Pen(myBrush, 5);

Ecmm nepo CoO34aHO, TO €r0 MOXKXHO HMCIOJb30BATH JII PUCOBAHUA JIMHUH.
Huxe mokazaHo UCIIOIb30BaHNE nepa Ajid puCOBaHMs dJUIMIICA:

Pen myPen = new Pen(Color.Black);
g.DrawEllipse(myPen, 20, 30, 10, 50);

st mepa MOXKHO U3MEHUThH CBOMCTBA, BIMsIONINE Ha BUJ JuHuHU. CBOICTBa
nepa:

Color uWidth — user u Tonmmna;

StartCap u EndCap — crangaprHbie (pa3iuvHbIe CTPEIKH) WM
MOJTB30BaTENbCKHE (QUTYphl B Hayale WM B KOHIE OTpe3Ka MpAMOi
JIMHWY;

DashStyle — cruomiHas, OyHKTUpHAas WA TOJb30BATEIbCKAS
NYHKTUPHAS JTHHUS;

— DashCap — mo3Bossier HACTpauBaTh KOHIIBI JIMHUY;

— DashPattern — co3gaer mepo NPOH3BOJBHOTO CTHWISA. JTOMY

CBOICTBY HEOOXOAMMO MepeaaTh MACCHB YETHOH JUIMHBL, B KOTOPOM

3a7al0TCs JUIMHBI PHCYEMbIX HHTEPBAJIOB U IIPOITYCKOB MEXITY HUMH.
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Hwmxe npusenen mpumep (puc. 2.1), IeMOHCTPHUPYIOMIMHA HCIIOJIE30BaHIE
3TOr0 CBOWCTBA:
Pen p = new Pen(Color.Black, 3);
float[] f = { 15, 5, 10, 5, 1, 1 };
p-DashPattern = f;
g-DrawRectangle(p, 10, 10, 80, 300);

-lolx|
pemam— T ———

- T

" S/

'-""'--.._ - —

Puc. 2.1. PucoBanue snrica TIIE€POM IIPOU3BOJILHOTO CTHUIIA

Taxxke y kinacca Pen ecTp HECKONBKO METOJOB, MO3BOJISIOIINX H3MEHSATH
MaTpHIly TeOMeTpHUYECKOro npeodpazoBanus oobekTa Pen.

2.3.3. KJACC BRUSH

Kuctn mcnonb3yrorest Juiss pUCOBaHMS CIUIOIIHBIX (UIYp W OTOOpakeHHs
Tekcta. B Tabmume 2.2 mpuBeneHbl KIAcChl KUCTEH, KaXIBIA W3 KOTOPBIX
HacjeayeTcs oT kiacca Brush.

Tabauua 2.2
Knaccel kucrei
Knace Brush Onucanue
SolidBrush CruromHas 3aauBKa
HatchBrush CrutomHas 3aJIMBKa, MO3BOJISIET BEIOPATH U3

TIPEACTABICHHBIX 1a0JI0OHOB

TextureBrush Kuctp, ncnone3yromast n300pakeHne

LinearGradientBrush Pucyer nByms nseTamMu, cMEIMBas IIBETA BIOIb
yKa3aHHOM JIMHUM. B Hayane MMHUM Ha3HAYaeTCs
OJIMH LIBET, B KOHIIE — APYroi

PathGradientBrush |3amaercs nonuron, B ka0 BEPIIMHE KOTOPOTO
Ha3Ha4YaeTCsl CBOM IIBET

Ox3eMIuapbl Kiacca Brush mocnme 3aBepiienuss paboThl HEOOXOIUMO
yaururoxats metogom Dispose().
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2.3.3.1. Kaacc SolidBrush
V¥ xnacca Sol 1dBrush po6asmnsercs Tonsko omno coiicrso Color.
IIpumep, mpuBeNEeHHBIH HWXKE, TOKa3bIBaeT, KaK HApHCOBATh CIUIOIIHOM
KpacHBI d3mmnc Ha Qopme. Dmmumc OyoeT COOTBETCTBOBATh —pazMepaM
IpsIMOYTOJIbHKKA, TipenocTaBienHoro aist Hero ClientRectangle:
Graphics g = this.CreateGraphics();
SolidBrush myBrush = new SolidBrush(Color.Red);
g-FillEllipse(myBrush, ClientRectangle);
myBrush._.Dispose();

2.3.3.2. Knacc HatchBrush

B knacce HatchBrush no6asisiercst Tpu cBoiicTBa:

— Color BackgroundColor — mBer HWHTEPBAIOB MEXKIY JIMHHSIMH
LITPHXOBKH;

— Color ForegroundColor — uBer JTHHUIA INTPUXOBKH;

— HatchStyle HatchStyle — crunb mTpuxoBKH.

Mepeancnumsrit crunp HatchSty le npemocraBisier HECKOIBKO IECSITKOB
Pa3JIMYHBIX CTHIIEH ITPUXOBKH.

Kiacc HatchBrush mosBomsier BoIOparh CTHIb KHCTH W3 OOJBIIOTO
Ppa3HoO0Opa3ms IPeICTaBICHHBIX MIA0JIOHOB /Ul PUCOBAHUS, @ HE CIUIOIIHON LIBET.
Crenyrommii mpuMep mokassiBaer cosganne HatchBrush, xoropsii pucyer
urabnonom Plaid (mnen), ucnons3ys kpacHslit et kak Forecolor u cunnii —

kak csoiicteo backcolor:
HatchBrush aHatchBrush = new HatchBrush(HatchStyle.Plaid,
Color.Red, Color.Blue);

2.3.3.3. Kaacc TextureBrush

MosHo co3marh Kucth TextureBrush, comepxamyro nzobpakenue, u
pHcoBaTh QUTYpPHI, KOTOPHIE 3aTeM OyIyT 3aJIUTHI TUM H300pakeHHeM. Ha ocHoBe
TEKCTYPHOH KHCTH MOYXHO CO3JaTh IIEpO JUIl PUCOBAHMS JIMHUA WM WIPHOT IS
JULSL TIPOPUCOBKH CTPOK.

Knacc TextureBrush mo3Bomsier B KauecTBe KHCTH WCIONB30BaTh
nzobpaxeHue, xpansieecs B cBoiictee Image. CBoCTBO MEpeunucIMMoro THUIa
WrapMode ykasbiBaeT, Kak HaKJIaJbIBACTCS TEKCTYpa, €CIM OHAa MEHbIIE, YeM
3amoJiHsIeMast 00J1acTh. JTO CBOMHCTBO MOXKET IPUHUMATh CIESIYIONIHE 3HAYCHNUS:

—  Tile - HamoXeHne rpagreHTa Wik TeKCTYPBI;

— TileFlipX - nmepen HamoXeHHEM pa3BOPAYUBACT TEKCTYypY WU
rpaJHeHT rOPU3OHTAIBHO;
— TileFlipY - mepexn HaloXeHHEM pPa3BOpPauYMBACT TEKCTYpY WIH

TPaMEHT BEPTHKAIBHO;
— TileFlipXY — mepex HaloOXEHHEM pa3BOPAYUBACT TEKCTYpPY WU
IPaJANCHT TOPU30HTAIBHO U BEPTUKAIBHO;
—  Clamp — He nIpoM3BOIUTCSI HATIOXKEHHE TEKCTYPHI WK IPaHCHTA.
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Kiacc comepxut 8 KOHCTPYKTOPOB:

TextureBrush(Image bitmap);
TextureBrush(Image image, Rectangle dstRect);
TextureBrush(lmage image, RectangleF dstRect);
TextureBrush(Image image, WrapMode wrapMode);
TextureBrush(Image image, Rectangle dstRect,
ImageAttributes imageAttr);
TextureBrush(Image image, RectangleF dstRect,
ImageAttributes imageAttr);
TextureBrush(Image image, WrapMode wrapMode,
Rectangle dstRect);

TextureBrush(Image image, WrapMode wrapMode,
RectangleF dstRect).

TexcTypHas KHCTb 3aIIOMHACT QUTYPBI MM TEKCT C OMOILBIO H300paxKeHne

Kak 1absoH. Cienyromuil mpuMep MoKasblBaeT, Kak CO3/1aTh KUCTb — AK3EMILISIP
kimacca TextureBrush, kotopas pucyeT ¢ TIOMOMIbIO H300pakeHus U3 Qaiina ¢
umeHem myPic . bmp:

TextureBrush myBrush =

new TextureBrush(new Bitmap("'myPic.bmp™));

2.3.3.4. Kanacc LinearGradientBrush

Kiacc nwHelHBIX TpaameHTHBIX 3aimBok LinearGradientBrush

o0aaeT CIeAyIOMNMH Ba)KHBIMU CBOHCTBAMHU:

Color[] LinearColors — mony4yaer wid 3ajJaeT Ha4YajibHbIA H
KOHEYHBII 1IBETa TPAJTHEHTA,;

Rectangle — nosiyyaer npsMOyroJbHy 001aCTh, KOTOpask ONpeeNsieT
HAYaJbHYIO H KOHEYHYIO TOYKH TPAJUEHTa;

Matrix Transform - monydaer wWid 3amaeT KONHMIO OOBEKTA
Matr i X, onpeaensIomero JOKaIbHOE FeOMETPHIECKOE MPE0OPa30BaHHE;
WrapMode - mnomywsaer wim 3amaetr mepeuncienne WrapMode,

OINPCACIIAIOIICC PEKUM IIEPEHOCA 00BEKTA.

YV »3TOr0 Kjacca €CTh HECKOJIBKO MCTOAO0B, IMO3BOJIAIOMINX U3MCHATH MaTpUIly

reoMeTprYecKoro npeobpasosanms oobekta LinearGradientBrush.

2.3.3.5. Knacc PathGradientBrush

Kitacc MHOrouBETHOW I'paJMEHTHONM KHCTU COJAEPKHUT 5 KOHCTPYKTOPOB M

CIIEAYIOINE BAXKHBIC CBOIICTBA:

PointF CenterPoint — mony4aeT WiH 3afacT UEHTPAJIbHYIO TOUKY
rpagueHTa KOHTYpa;

PointF FocusScales — nomyuaer wim 3amaer TO4ky (OKyca st
IPaJHeHTHOTO TIePeX0/a;
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— Color[] SurroundColors — moay4aer Wi 3aa€T MacCHB I[BETOB,
COOTBETCTBYIOIIIMX  TOYKAM  KOHTYpa,  3alOJHIEMOrO0  OOBEKTOM
PathGradientBrush;

— WrapMode — nomyuaer wid 3aaeT OOBEKT, OMPEACISIONIUA PEKUM
neperoca ajst atoro oobekra PathGradientBrush.

Jdns paGoThl ¢ TpagueHTHBIMH 3aJMBKaMH IpEAHA3HAYCHBI CIIETyoNIne
METOJIBI:

— SetBlendTriangularShape(float focus) - co3maer rpamueHt
C [BETOM IICHTpPAa M JMHEHHBIM IEPEXOJOM K OTHOMY OKpYKaroIleMy
LIBETY,

— SetBlendTriangularShape(float focus, float
scale) — co3maer rpagueHT ¢ MBETOM IIEHTPA U JUHEHHBIM MMEPEX0I0M
K K&XXJIOMY U3 OKPY>KarOIIIX [BETOB;

— SetSigmaBel IShape(float focus) - cosmaer TpaaHeHTHYIO
KHCTB, KOTOpasi M3MEHSET IIBET, HAUMHAs C IEHTpa KOHTypa M 3aKaHIUBas
rpaHuLed KoHTypa. Ilepexox oT ogHOro LBeTa K APYyromy BBIIIOJIHSETCS
Ha OCHOBE KOJIOKOJI000pa3Hoil KpHBOIi;

— SetSigmaBellShape(float focus, Tfloat scale) -
CO3J1aeT TPAIUCHTHYIO KUCTh, KOTOPas M3MEHSET IIBET, HAUWHAs C IICHTPa
KOHTYpa W 3aKaH4MBas rpaHunell KoHTypa. [lepexom oT omHOTO IBETa K
JPYrOMY BBITIOJIHSIETCS] HA OCHOBE KOJIOKOJIO00Pa3HOH KPUBOHA.

I'panueHTHBIE KHCTH OOECIEYMBAIOT TOMACPKKY CIOKHBIX 3aTCHCHHU.

C momomieio LinearGradientBrush wmoxHO co37aTh Taakyo 3aiMBKY
MOCTETICHHBIM CMEIIMBAaHWEM JIByX [IBETOB BJOJb JIMHEHHOTO TpajMeHTa.
Crenyromuii mpuMep MoKa3bplBaeT, Kak pucoBaTh GOPMBI C IPaAUEHTOM, KOTOPBIN
TIOCTETICHHO CMEIIMBACT I[BETA OT KPACHOTO JIO JKEJITOrO:
Graphics g = this.CreateGraphics();
LinearGradientBrush myBrush =

new LinearGradientBrush(ClientRectangle,

Color.Red, Color.Yellow, LinearGradientMode.Vertical);
g-FillRectangle(myBrush, ClientRectangle);

PathGradientBrush noxnepxuBaer MHOTO BapHaHTOB 00Jice CIIOKHBIX
3aTEHEHUN U OKPACKH.

2.3.4. BbIBOJ TEKCTA C MCITIOJIb30BAHUEM KJIACCA FONT

PaccmoTpuM OCHOBHEIE CBOMCTBA B METOAHI Kitacca Font:
— int Heilght - 3HaueHHWe MEXAYCTPOYHOTO HHTEpBana wpHpTa B
TOYKaX;
— string Name — ums mpudTa;
— Tloat Size - pasmep MakcuManbHOro npodena mwpudTa B eAUHHALIAX,
yKa3aHHBIX CBOMcTBOM FOnt._Unit;
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— float SizelnPoints - pa3smep MakcuManbHOro mpobena mpudrta
(B myHKTax);
— FontStyle Style - cBenenus o cruie ajis mpudra;
— GraphicsUnit Unit - exununa uamepeHus mpudra.
[epeuncnumerii Tun FONtSty le npunumaeTt crnenyronie 3HaYCHUS:
— Regular — craugapTHbIii TEKCT;
— Bold —TekcT, BbLIENCHHBIIH )KHPHBIM HIPHATOM;
— 1talic - tekcrt, BBIICICHHBIN KYPCUBOM;
— Underline — Tekcr, BEIIEIEHHBIH OMIePKUBAHUEM;
— Strikeout — tekcr ¢ auHUEH TOCPETUHE.
Mepeunciumerii Tunm GraphicsUnit, samaromuii equHUIY H3MEPEHUS,
MPUHAMAET CICYIOLINE 3HAUCHUSL:
— World - eauHuIly MUPOBO# CHCTEMBI KOOPIHHAT;
— Display - exunniy usmeperns ycrpoicTa otrobpaskenust. OObIYHO 3TO
touku s guctiees u 1/100, 1/300, 1/600, ... — mrofiMa U IPUHTEPOB;
— Pixel — touky ycrpoiicTBa;
— Point - mynxr (1/72 mroiima);
— Inch — moiim;
— Document — exunniy noxymenta (1/300 mroiima);
— Millimeter — mumnmerp.
Kmacc Font ummeer 13 KOHCTPYKTOPOB, CaMBIi IMPOCTOH U3 KOTOPBIX
co3maet HOBbIH mpudT FONT, ucmonb3ys pasmep U CTUIIB:
public Font(FontFamily family,float emSize,FontStyle style);
[TapameTpbl KOHCTPYKTOpA:
— TFamily — cemeiicto mpudror FontFami ly wnn umst mpudra;
— emSize — mupuHa caMoi IMUPOKOH OYKBBI HOBOTO MIPU(TA (B MYHKTAX);
— style - ctunpe Tuna FontSty e mpudra.
B cnenmyromeM mnpumepe co3maercs OSK3eMIULIp Kiacca Font s
MPOPUCOBKH TEKCTa!

Font myFont = new Font(“Arial', 7, FontStyle.Bold |
FontStyle.ltalic);

CeoiictBo Size mpexacraBusier pasmep Impupra. C  MOMOIIBIO
nepeuncienuss GraphicsUnit B kadecTBe eAMHHIBI HM3MEHEHUS IIPU(TOB
MOJKHO YKa3bIBAaTh OJHO M3 CIIEIYIOIINX 3HAYCHUIL:

— nyHkT (1/72 moiima);

—  mucmueit (1/72 wim 1/100 mroiima);
—  pokywmeHT (1/300 nroiima);

—  IIoMM;

—  MHJUTAMET;

—  TIAKCENb.
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Bribop enwHUIBI W3MEHEHHS MpPH HANHMCAHUHM IMPOTPAMMBI IPOPHUCOBKH
TCKCTa, KOTOpad AOJIKHA Ka4Y€CTBEHHO BBIBOJUTHL TCKCT W Ha AUCINICAX C OYCHb
BBICOKUM Pa3pCIICHUEM, U HA JUCIIICAX C HU3KUM pa3spClICHUEM, U Ha IPUHTEPAX.

Jlyist BbIUKMCIIGHUsT pa3Mepa NpPsSMOYrOJbHUKA, B KOTOPOM OYZIET BbIBEJCH
Teker, cnyut metox MeasureString() oosekra Graphics.

Caoiicteo Style onpenenser Bua mpudra: KypCHUBHBINH, MOIYKHUPHBIMH,
3a4EPKHYTHIN WIIN TOTYEPKHY THIH.

3amevanme. [na obvektoB Font Heobxogumo nocre 3aBepLueHus
pB6OTbI C HUMK BbI3bIBaTb MeTod Dispose() wnu ucnons3osatb 610k
using.

2.4. METO/JbI PUCOBAHMUSI KJIACCA GRAPHICS

Meronsl pucoBanus kiacca Graphics MOXHO pa30HTh Ha HECKOIBKO
TPy
—  DrawXXX() — pucoBaHue ITuHUi;
—  FilIXXX() - pucoBanue obnacreit;
— DrawString() — pucoBaHue CTpOK;
— Drawlmage() — xomupoBaH#e H300paKCHHUIA.
Ipu pucoBannu rpaduuecknx OOBEKTOB HCHONB3YIOTCS CIEAYIOIINS
napaMeTpel:
— Touka := X,y | Point;
— mpsMmoyromebHHK =  Rectangle | Point,Size |
x1, yl, Width, Height;
— maccuB Touek ;= Point[];
— Kapanpam ;= Pen;
— mepo ::=Brush;
— mpudrt ;== Font;
U HEKOTOPBIE APYTHE [apaMeTpBL.
Bce MeTopl pHCOBAaHHS MHOTOKPATHO IEPEONPEASISIIOTCI € PA3THIHBIMU
COYCTAHHUSMU CHTHATYPBI.

2.4.1. METOJbl PUCOBAHUSA JUHUI DRAW**%()

B oty rpynmny METon0B BXOIAT:

— DrawArc(Pen pen, Rectangle rect, float
startAngle, float sweepAngle) - ayra, sBusrONIIAsCS YACTHIO
SIUTHIICA, 3aJaHHOTO CTPpyKTypoit Rectangle;

— DrawBezier(Pen pen, Point ptl, Point pt2, Point
pt3, Point pt4) - kpusas besbe, ompexnensemas YETHIPHMs
Toukamu trna Point;

— DrawBeziers(Pen pen, Point[] points) - HeckoibKo
KpHBBIX besbe, ompemensieMsIX MacCHBOM Touek Tuma Point;
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DrawClosedCurve(Pen pen, Point[] points, float
tension, FillMode fillmode) — 3amkHyTas riajkas KpuBas,
onpeacisaeMas MaCCMBOM TOYCK TUIIA Point ¢ YKa3aHHbIM HATSHKCHUEM
DrawCurve(Pen pen, Point[] points, float
tens i on) — TJagkas KpuBas, Opoxonsdinas 4Yepe3 TOYKM MacCCuBa
Point[] c ykasaHHBIM HaTSHKEHHUEM;

DrawEllipse(Pen pen, Rectangle rect) - smmc,
Ompe/IeNsAeMblii OrpaHHYHUBAOIINM MPAMOYToIbHIKOM Tra Rectangle;
DrawLine(Pen pen, Point ptl, Point pt2) - auxus,
coeIUMHSIOmas 18e Touky tuma Point;

DrawLines(Pen pen, Point[] points) - nomaHHas JIHHHH,
onpeaciiseMas MaCCMBOM TOYCK THUIIA Poi nt;

DrawPie(Pen pen, Rectangle rect, float startAngle,
float sweepAngle) — cexrop, onpenenseMplii SIUTHIICOM, 3aTaHHBIM
npsimoyrosibHuKoM Tuia Rectangle u nBymst pannanbHBIME THHUSIMHY;
DrawPolygon(Pen pen, Point[] points) — MHOrOyroJbHUK,
orpeiesieMblil MacCUBOM Touek Tuna Point;

DrawRectangle(Pen pen, Rectangle rect) -
MPAMOYTOJIBHUK, OTIpeIeIsIeMblii psiMoyTosHIKOM THa Rectangle;
DrawRectangles(Pen pen, Rectangle[] rects) - nabop
MNpsAMOYTOJIbHUKOB, OIMPCACIIAEMBIX npAMOYTOJIbHUKaMH TUIla
Rectangle.

Jns MeTomoB 3TOM TpyHmbl HEOOXOTUMO OIPENeIHTh MapaMeTp Kiacca

Pen. [Ins rmanknx KpUBBIX HEOOXOAMMO HA3HAYMTH NapaMeTp BEIIECTBEHHOTO
tina tension (HaTsoKkeHue), BIUSIONING Ha BH/I TJIaIKUX KPUBBIX.

IIpumep 1. B sTOoM mpumMepe pucyercss TpHU JIMHUM: CIUIONIHAS JIMHUS

TOJIIINMHBI 4, JIMHUA CTUJIA «TOYKaA — TUPE» U JIMHUA C pOM6OM Ha KOHIIC.

~ JIuctunr 2.1. PucoBaHue JIMHUI PA3HBIMHM CTUISAMH

private void Draw(Q)

{

Color cl = Color.FromArgb(255, 255, 255);

g.-Clear(ch);

myPen = new Pen(Color.Black,4); // cnnouwnas nuzus
g.DrawLine(myPen,20,20,200,20);

myPen.DashStyle = DashStyle.DashDot; // crune Touka-Tupe
g.DrawLine(myPen, 20, 30, 200, 30);

// snuHUa c poMbBOM Ha KOHLE

myPen_Width = 7;

myPen_EndCap = LineCap.DiamondAnchor;

g-DrawLine(myPen, 20, 40, 200, 40);
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PesynbraTsl paboTH IPOTPaMMBI IPEACTABICHBI HA PUCYHKE 2.2.

N R BN BN 2
Puc. 2.2. PucoBanue nuHUN pa3HBIMH CTHIISIMA

IIpumep 2. B sToM mpumepe pucyercs NMPSIMOYTOJBHUK, DIUIMIIC, Oyra U
CEKTOp.

* JIuctunr 2.2. PucoBanue npsiMoyroJibHUKA, JIJIMICA, TyTH H CEKTOpa

private void Draw(Q)

{
Color cl = Color.FromArgb(255, 255, 255);
g.-Clear(ch);
myPen = new Pen(Color.Black, 1);
int dx = 0;
g-DrawRectangle(myPen,10+dx,10,100,50);
dx += 120;
g-DrawEllipse(myPen, 10 + dx, 10, 100, 50);
dx += 120;
g-DrawArc(myPen, 10 + dx, 10, 100, 50, 0, 315);
dx += 120;
g-DrawPie(myPen, 10 + dx, 10, 100, 50, 0, 315);
3

Ha pucynke 2.3 npencTaBieHsl pe3yabTaThl paboThl MPOrpaMMEI.

Puc. 2.3. PucoBanue npsaMoyrojbHUKa,
JJUINIICA U IyTH

Ipumep 3. PucoBanue 1mo MacCHBY TOYEK CIEAYIOMINX JUHMM (pucC. 2.4):
—  JIOMaHas JIMHHUS;
— 1mHusg besse;
—  (QynmaMeHTaTbHAS JTUHUS C PA3INIHBIMH K03 puiineHTaMu HaTsSHKEHUS.
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JIuctunr 2.3. PucoBanue puryp no MmaccuBy To4eK

private void Draw()

{
Color cl = Color.FromArgb(255, 255, 255);
g.-Clear(ch);

myPen = new Pen(Color.Black, 1);
Point[] p = {new Point() {X=10,Y=10},
new Point() {X=15,Y=30},
new Point() {X=30,Y=50},
new Point() {X=40,Y=30},
new Point() {X=60,Y=10},
new Point() {X=80,Y=30},
new Point() {X=100,Y=10},
}:
g-DrawLines(myPen,p);
g-DrawBeziers(myPen, p);
// dyHmaMeHTanbHaA JMHMA, HaTAXeHMe =
g-DrawCurve(myPen, p, 0);
// dyHpmaMeHTanbHad JMHMA, HaTaxeHme = 1
g-DrawCurve(myPen, p, 1);
// dyHpamMeHTasbHAA JIMHUA, HATAXEHME =

g-DrawCurve(myPen, p, 3):

|
o

|
w

}

A

Puc. 2.4. PucoBanue nomaHoii 1uHUH, JIMHAU be3be U pyHIaMEHTATBHON JTHHUK

Ilpumep 4. B cienyiomeM Koie peann3oBaHO MOCTPOECHHE IMOJIMIOHA
(byHaaMeHTaNbHOM 3aMKHYTO# JiMHUK ¢ HaTshkeHueM 0.5 (puc. 2.5).

* JIuctunr 2.4. PrcoBanue H0JMroHa 1 pyHIAMEHTAILHOM 3aMKHYTOH JHHHI

private void Draw()
{
Color cl = Color.FromArgb(255, 255, 255);
g.-Clear(cl);
myPen = new Pen(Color.Black, 1);
Point[] p = {new Point() {X=20, Y=60},
new Point() {X=60, Y=40},
new Point() {X=120, Y=20},
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new Point() {X=200, Y=40}%},
new Point() {X=160, Y=60},
new Point() {X=120, Y=100}%},
new Point() {X=40, Y=80},
}:

g.DrawPolygon(myPen,p);
ChangePoint(ref p);

float tension = 0.5F;
g-DrawClosedCurve(myPen, p, tension,

FillMode.Alternate);

Puc. 2.5. IloniroH n gyHIaMeHTa bHast 3aMKHYTast JIMHAS

2.4.2. METOJbI PACOBAHUSA 3AMKHYTBIX OBJACTEM FILL***()

MeTOL[I)I 3TOM rpynomnbsl TOpE€AHa3HAYCHBI [JIsI PHUCOBAHUA 3aMKHYTBIX

oOIacreii u HCIIOJB3YIOT IS 3aJIMBKU KUCTh brush:

FillClosedCurve(Brush brush, Point[] points,
FillMode fillmode, float tension) - samonuser
BHYTPEHHIOIO YacTh 3aMKHYTOM IVIAAKOM KpHUBOW, NPOXOsIIEH depes
MaccHB To4YeK THna PO INt, HCrosb3yst KUCTh U HATSDKEHHE;
FillEllipse(Brush brush, Rectangle rect) - pucyer
BHYTPEHHIOIO YacTh 3JUTUIICA;

FillPath(Brush brush, GraphicsPath path) - pucyer
BHYTpPECHHIOKO 4acTh o0bekta GraphicsPath. Kucte brush
ompenensier mapamerpsl 3amuBkd. OO6bekT path mnpencraemsier KOHTYp
JUIS 3AJTUBKH;

FillPie(Brush brush, Rectangle rect, float
startAngle, fTloat sweepAngle) - 3amonHseT BHYTPEHHIOK
YacTh CEKTOPAa, ONPEAENIIEMOro 3JUIMIICOM, 3aJlaHHBIH HPSMOYTOJIEHHUKOM
tuna RectangleF, u a1Byms paguansHbIMA JTHHUAMHE;
FillPolygon(Brush brush, Point[] points, FillMode
fillMode) - 3amonHsSeT BHYTPEHHIOIO YacTh MHOTOYTOJBHHKA,
OIIPEe/ICICHHOTO MaCCHBOM To4YeK Tua PO INt, ucnone3ys kuctb brush;
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— FillRectangle(Brush brush, Rectangle rect) - zanonuser
BHYTPEHHIOIO 4acTh NPSIMOYTOJIHHKA, ONPEAEIIEMOr0 IPSIMOYTOIEHIKOM
tuma Rectangle;

— FillRectangles(Brush brush, Rectangle[] rects) -
3aI0JHSACT BHYTPEHHIOI 9acTh HA0Opa MPSIMOYTOJIbHUKOB, ONPEAEIAEMbIX
MacCHBOM MpsAMOYToNbHUKOB THIa Rectangle;

—  FillRegion(Brush brush, Region region) - 3anonuser
BHYTPEHHIOIO 4acTh 00bekTa Region.

Jns Bcex MeTOMOB 3TOW TpyMITBl HEOOXOAMMO HAa3HAYMTh KHCTh Kilacca
Brush. [Ilapamerp mepeunciumoro Ttuma FilIMode ykaseiBaer, Kak
3aI0JIHSIETCS BHYTPEHHSS YacTh 3aMKHYTOTO KOHTYpA, 1 MOXKET IIPHHUMATh TaKue
3HAYCHHUS:

— Alternate — 3amaercs pesKUM 3aI0THEHUS C YEPEIOBAHUEM;

— Winding — 3amaeTcs pexxuM 3aroJIHEHHS C TOBOPOTOM.

Ipumep S. Ucnonb3oBaHue pa3IUYHBIX KUCTEH [ PUCOBAHUSA
MPSIMOYTOJBHUKA (puUC. 2.6).

- JlucTunr 2.5. Mcnonp30Banne pasndHbIX KHCTeH

SolidBrush mySolidBrush;

TextureBrush myBrushTexture;

HatchBrush myHatchBrush;
LinearGradientBrush myBrushGrad;
HatchStyle myHatchStyle;
LinearGradientMode myLinearGradientMode;

private void Draw()

{
Color cl = Color.FromArgbh(255, 255, 255);
g-Clear(cl);
myPen = new Pen(Color.Black, 1);

// PucoBaHue CIJIOWHOM KMCTBIO

int dx = O;

mySolidBrush = new SolidBrush(Color.Silver);
g-FillRectangle(mySolidBrush,20+dx,20,200,100);

// pucoraHMe KUCTBIO CO CTAHOAPTHEMM CTWUJIAMUA

dx += 210;
myHatchStyle = HatchStyle.Cross;
myHatchBrush = new HatchBrush(myHatchStyle,

myPen_Color, mySolidBrush.Color);
g-FillRectangle(myHatchBrush,20+dx,20,200,100);

// pucoBaHuMe KUCTBIO C TPAIVMEHTHOM BaJMBKOM

dx += 210;
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myLinearGradientMode =
LinearGradientMode.Horizontal ;
Rectangle r = new Rectangle(20+dx,20,200, 100);
myBrushGrad = new LinearGradientBrush(r,
Color _White,Color.Gray,myLinearGradientMode) ;
g-FillRectangle(myBrushGrad, r);

// pucoBaHUEe TEKCTYPHOM KUCTLI
dx += 210;
myBrushTexture =
new TextureBrush(new Bitmap(*'T.-bmp'™));
g-FillRectangle(myBrushTexture,
new Rectangle(20 + dx, 20, 200, 100));

Puc. 2.6. lcnions3oBaHme pa3IHYHBIX KUCTEH

IMpumep 6. PucoBanue nonurona u GpyHIaMEHTAILHON JIMHUM TEKCTYpPHOM

KHUCTBIO (pHcC. 2.7).

- JIucTunr 2.6. PrcoBanue TEKCTYPHOH KHCTHIO

private void Draw(Q)

{

Color cl = Color.FromArgb(255, 255, 255);
g.-Clear(ch);
myPen = new Pen(Color.Black, 1);

Point[] p = {new Point() {X=20, Y=60},

new Point() {X=60, Y=40},

new Point() {X=120, Y=20},

new Point() {X=200, Y=40},

new Point() {X=160, Y=60},

new Point() {X=120, Y=100},

new Point() {X=40, Y=80},

};

myBrushTexture =

new TextureBrush(new Bitmap(“'Help.bmp'™));
// nonurou
g-FillPolygon(myBrushTexture, p);
g-DrawPolygon(myPen, p);

// 3avxHyTas dyHOaMeHTaslbHAA JIMHUA
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float tension = 0.5F;
g-FillClosedCurve(myBrushTexture, p,
FillMode.Alternate, tension);
g.DrawClosedCurve(myPen, p, tension,
FillMode_Alternate);
// dynpmamenTanbHas JmHMA ¢ noseporoM Ha 90°
ChangePoint(ref p);
myBrushTexture._RotateTransform(90);
g-FillClosedCurve(myBrushTexture, p,
FillMode._Winding, tension);
g-DrawClosedCurve(myPen, p, tension,
FillMode_Alternate);

Puc. 2.7. PucoBaHue noauroxa u 3aMKHYTOH (yHIaMEHTAIbHOM JINHUH

Ipumep 7. Hcnonb3oBaHWe TPaJAMEHTHBIX KUCTEM NpU PpUCOBAHUU
MIPSIMOYTOJBHMKA U 3JuthICca (puc. 2.8).

Jluctunr 2.7. Ucnonb30BaHHe IPaIHeHTHBIX KHCTelH
private void Draw()

{

Color cl = Color.FromArgh(255, 255, 255);
g-Clear(cl);

int W = ClientRectangle_Width;
int H = ClientRectangle_Height;
LinearGradientBrush myBrush =
new LinearGradientBrush(
new Point(0, 0), new Point(W, H),
Color _White, Color.Black);
g-FillRectangle(myBrush, ClientRectangle);
LinearGradientBrush myBrush2 =
new LinearGradientBrush(
new Point(0, 0), new Point(W, H),
Color.Black, Color.White);
g-FillEllipse(myBrush2,25,25,W - 50, H - 50);

myBrush._Dispose();
myBrush2_Dispose();
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Puc. 2.8. Hcnonp3oBaHue rpalueHTHBIX KUCTEH

Mpumep 8. Mcmonp30BaHHEe MHOTOLBETHOW TpaAWEeHTHON KuctH. B 3TOM

MpUMEpPe MBI MTOCTPOMM TPEYTONBHUK, y KaXKAOH BEpIIMHBI KOTOpOro Oymaer
Ha3HaueH cBOM LBeT. Ha pe3ynpTaT CyLIECTBEHHOE BIMSHHE OKAa3bIBAET LBET
LEHTPaJIbHON TOYKH.

JIuctunr 2.8. Ucnoabp3oBaHne MHOTOLBETHOH IPaTHEHTHONH KHCTH

private void Draw(Q)

{

}

Color cl = Color.FromArgh(255, 255, 255);
g-Clear(cl);
Point[] p = {new Point() {X=20, Y=20},
new Point() {X=200, Y=20},
new Point() {X=120, Y=150}};
PathGradientBrush myPathGradientBrush =
new PathGradientBrush(p);
Color c¢ = Color.FromArgb(255/4,255/4,255/4);
myPathGradientBrush.CenterColor = c;
myPathGradientBrush.SurroundColors =
new Color[3]
{ Color.Red, Color.Green, Color.Blue };
g-FillPolygon(myPathGradientBrush, p);

Ha pucynke 2.9 npezacrtaBieH pe3ynbrar paOOThl IPOrpaMMBI IIPH OEIoM,

YepHOM LBeTe U 1/4 6enoro 1BeTa HeHTPaTbHON TOUKH.

Puc. 2.9. Ucnonb3oBaHue MHOTOLBETHON TPaJIMEHTHON KUCTH
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2.4.3. BbIBOJ CTPOKH

st pucoBanmsi CTpokM B Kiacce Graphics mpemycMoTpeHO IecTh
METOIOB

— DrawString(string s, Font font, Brush brush,
PointF point);

— DrawString(string s, Font font, Brush brush,
RectangleF layoutRectangle);

— DrawString(string s, Font font, Brush brush,
float x, float y);

— DrawString(string s, Font font, Brush brush,
PointF point,

StringFormat format);

— DrawString(string s, Font font, Brush brush,
RectangleF layoutRectangle, StringFormat format);

— DrawString(string s, Font font, Brush brush,
float x, float y, StringFormat format).

I[J'Ii[ BCEX IIECTU METOJ0OB HGO6XO}Z[I/IMO Ha3HAYUTH CJICAYIOIHNC MapaMeETphI:
CTpoKa, mpUPT U KUCTh. Tpu MeTonma TpeOYIOT HAYaNBHYIO TOYKY H IIEYaTaIOT
CTpOKy 0e3 TepeHoca, HauhWHas OT BEPXHEro JIEBOTO yIJia, a JAPYTHe TPH MEeTona
TpeOyIOT HE TOYKy, a MpSIMOYIOJbHUK. B TMociemHeM cirydae MPOHUCXOIWT
pa30meHne CTPOKH Ha HECKOJIBKO CTPOK M, €CIIM 9acTh CTPOK HE MOMEIIaeTcs B
BLI,HeHeHHLIﬁ IpAMOYT'OJIBHUK, TO OHU HC MCYATAIOTCA.

Ilpu pucoBannu o6bexkT Rectangle wucnonme3yroT mns  yKasaHus
KOOpAMHAT TpaHMIl TeKcTa. JKemaTembHO, YTOOBI BBICOTAa 3TOTO MPSIMOYTOJBHUKA
Obl1a paBHOM BBICOTE MIpH(TA WIIM KPATHOW €H.

HeKOTOpI)Ie METOAbI HCIOJIB3YIOT rnapameTp fO rmat THUIIa
StringFormat, BeipaBHHBAIOUIMI CTPOKY OTHOCHTEIBHO MPSMOYTOJbHHKA.
B kiacce StringFormat coxepxwurcst uHGOpPMAIUS O pa3MEIIEHHH TEKCTa:
BbIPABHUBAHUM U MEKCTPOYHOM MHTEpBaje. HekoTopele cBOMCTBA 3TOr0 Kiacca:

— StringAlignment — BbIpaBHHBaHWE CTPOKH TEKCTa OTHOCHTEIHHO
NPSIMOYTOJIEHUKA;

— FormatFlags — monydaer wiM 3amaeT HapaMeTpbl MEPEUHCITHMOTO
tuma  StringFormatFlags, COJIepPKAIIETO CBEICHUS 0
(dhopMaTHPOBaHUH.

Tun StringAl ignment mo3BossieT MPUHAMATH TAKHE 3HAYCHHUS:

— Near — tekcr BbIPpABHUBACTCSA I10 6J'II/I)KHeMy Kparo. HpI/I pasMelCHNN
cieBa HampaBo OMWKHUN Kpaldh — neBblid. [Ipu pa3memieHun crpasa
HaJIeBO OJIKHHUU Kpaid — MPaBbIif;

— Center — TekcT BRIPaBHUBAETCS MO LIEHTPY NPSIMOYTOJIbHUKA;

- Far - Tekcr BBIPABHUBACTCA II0 HaJIbHEMY Kparw OT IOJIOKCHUA
npsMoyrojbHuka. Ilpu  pasmelieHuu cieBa HalpaBo  JAJIbHUM
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MOJIO)KEHUEM CUMTAeTCss NpaBoe. IIpM pasMElleHMd chpaBa HaleBO
JAJIBHUM TIOJIOKEHUEM CUMTAETCS JIEBOE.
IMpumep 9. BrolpaBHMBaHHME TEKCTa 110 IIPABOMY Kparm M IO LEHTPY C
UCroib30BaHueM kiacca StringFormat.

* JIuctunr 2.9. PucoBanue cTPOKH ¢ PasiMIHbIMH BHIPABHHBAHUSIMH

private void Draw()

{
Color cl = Color.FromArgb(255, 255, 255);
g-Clear(ch);

int y = 10;
// Tlpopucoeka Tekcra,
// BHIDOBHEHHOTO MO JIEBOMY Kpam.
Rectangle rect =
new Rectangle(10, y, 400, Font.Height);
g.-DrawRectangle(Pens.Black, rect);
g-DrawString(''rexcT, BLHPOBHEHHENI IO JIEBOMY
xpan'', Font, Brushes.Black, rect);
y += Font._Height + 20;

// Tpopucoska TekcrTa,

// BHPOBHEHHOTO N0 MPABOMY KpPAao-

myFont = new Font(“Arial', 16,
FontStyle.Bold | FontStyle.ltalic);

rect = new Rectangle(10, y, 400, myFont.Height);

g-DrawRectangle(Pens.Black, rect);

StringFormat sf = new StringFormat();

sft_Alignment = StringAlignment._Far;

g.DrawString("'TexcT, BEPOBHEHHHII O NPaBOMY
kpaw', myFont, Brushes.Black, rect, sf);

y += myFont.Height + 20;

myFont_Dispose();

// TpopucoBKa TeKCTa, BHPOBHEHHOTO IO LEHTPY -

myFont = new Font(“Courier New", 12,
FontStyle.Underline);

rect = new Rectangle(10, y, 400, myFont.Height);

g-DrawRectangle(Pens._Black, rect);

st = new StringFormat();

sft_Alignment = StringAlignment_Center;

g.DrawString(''TexcT, BHPOBHEHHEINM MO LEHTPY' ,
myFont, Brushes.Black, rect, sf);

y += myFont.Height + 20;

myFont._.Dispose();
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TranslateTransform(Q)

// TlpopucoBka MHOTOCTPOYHOTO TEKCTa.

myFont = new Font(*"Times New Roman™, 12);

rect = new Rectangle(10,y,120,myFont.Height*4);

g.DrawRectangle(Pens.Black, rect);

String s = "Make it run, Make it right,"+
"Make it small, Make it fast";

g-DrawString(s, myFont, Brushes.Black, rect);

myFont.Dispose();

[TEKCT, BHIpOBHERHEIR N0 NEBOMY KDaHD |

| _mekcm, 6bIPOGHEHHBII M0 NPasoMy |

| TEKCT, EBHPOBHEHHEH OO0 LEHTDY

Mzke 1t run,
Make it right,
Make it small,
Make it fast

Puc. 2.10. PucoBanue cTpoK ¢ pa3IMyHbIM BEIPaBHUBAaHUEM

Hpumep 10. Pucosanne crpoku ¢ moBopotoMm (puc. 2.10). g moBopoTa
HEeoOXOMMO HCIIOJIB30BaTh J(Ba MeTona kiacca Graphics: meron cMmereHus —

M METOJ TMOBOpOTa Ha 3aJaHHBIA yron

RotateTransform(). Ilocne pucoBaHus CTPOKH HEOOXOAMMO TMPOIETATh
peoOpa3oBaHus B 00OPaTHOM TIOPSIJIKE.

- JInctunr 2.10. PucoBaHue CTPOKHU ¢ IOBOPOTOM

private void Draw()

{

Color cl = Color.FromArgb(255, 255, 255);

g-Clear(cl);

myFont = new Font(“Arial', 16, FontStyle.Bold);

g-TranslateTransform(200,200);

g-RotateTransform(-45);

g-DrawString(‘'nosepuyTent'’, myFont,
Brushes.Black,0,0);

g-RotateTransform(45);

g-TranslateTransform(-200, -200);

g-DrawRectangle(myPen,200,200,4,4);

g-TranslateTransform(150, 150);
g-RotateTransform(45);
g-DrawString(*'rexct" ,myFont,Brushes.Black,0, 0);
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g-RotateTransform(-45);
g-TranslateTransform(-150, -150);
g.DrawRectangle(myPen, 150, 150, 4, 4);

myFont_Dispose();

Ha pucynke 2.11 npsimoyroyisHIKaM# 0003Hau€HbI TOYKH TOBOPOTA.
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Puc. 2.11. PucoBaHue cTpoK ¢ IOBOPOTOM
2.4.4. KOMUPOBAHME U UCIIOJIb30OBAHUE U30BPAKEHUI

KommpoBanne peammsyercs wmerogamu Drawlmage(). Dro camoe
MHOTOUYHMCIEHHOE CeMeHCTBO MeTofoB Kiacca Graphics, HacuuThiBaroliee
6osee 30 eperpy3ox.

AGctpakTHBIi Kiacc Image ompeneneH B MPOCTPAaHCTBE HMEH
System_Drawing. Y Hero ects aBa moromka: Bitmap u Metafile. Kuacc
Bitmap — obriero HazHa4yeHus, 00IaArONINIl CBOCTBAME BBICOTBHI U IIHPUHBIL.
B mpumMepax 3Toro myHKTa IpuMeHsieTcs Kiace Bitmap.

3ameuaHue. [na obwvektoB Image HeobxoouMMo nocrne 3aBepLueHust
paboTbl ¢ HUMU BbI3bIBaTbh MeToA Dispose() unmn npumeHsiTe 6noku using.

CymiecTByeT  HECKOJIBKO  BO3MOXHBIX ~ HMCTOYHHUKOB  PacTPOBBIX
n3o0paxeHuil. PactpoBoe n3o00paXkeHIe MOXKHO:

—  3arpy3uTh U3 (aiina;

—  CKOIUPOBATh €r0 U3 IPYroro CymeCTBYOLIEro H300paKeHus;

— co3zmaTh B BHJIE IYCTOI'O PAacTPOBOTO M300paKEHHs, B KOTOPOM MOXHO
BBITIOJIHATE PHCOBAHUE.

Wzobpaxenne B daiine moxxer xpanutbes B popmare JPEG, GIF, PNG
unu BMP.

Beibepem ¢aitn ¢ nomompro snementa openFileDialogl, sarpyszum
n3obpaxenue Bitmap u3 daiina v BEIMONIHIM €ro KOMUPOBaHUE Ha MOBEPXHOCTh
pucoBanus g ¢ nomoinsio meroga Drawlmage () B yka3aHHBII IPIMOYTONBHUK:
ifT (openFileDialogl.ShowDialog() == DialogResult.OK)

{
Bitmap thelmage =
new Bitmap(openFileDialogl.FileName);
g-Drawlmage(thelmage,
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new Rectangle(10,10,200,200));
thelmage.Dispose();

openFileDialogl.Dispose();

IMocne xomupoBauusi Heobxoaumo ocBoboauth ob6bexT thelmage,
XPaHSIIUICS B IEPEMEHHON-WIEHE KJlacca.

[Tpunoxxenne co3nact U300pakeHNe, MOKa3aHHOE Ha puCyHKe 2.12.

Puc. 2.12. KonupoBanue n300paxeHus

Co3mamuM  TeKCTypHyto KucTh TextureBrush ma ocnoBe (aiina
Star.bmp u paccMOTpUM TPH pa3IMYHBIX TPUMEpPA €€ TPUMEHEHHS:
—  pHCOBaHHE JJUTUIICA;
—  CO3/JaHue Iepa;
—  IpPOPHCOBKA TEKCTA.
UroObl BBIMOJIHUTH TMPOPUCOBKY (PparMeHTa TEKCTa C HCIOIb30BaHHEM
kuct TextureBrush, BeImoHUTE clleayoIne AeHCTBYSA.
[lar 1. Hauae ¢ koaa, co3manHoro B mpemsiayniemM npumepe Drawlmage,

no6assre B kimacc Forml emte onso 06bsiBienue nepemennoii Image:
partial class Forml : Form

{

private Image thelmage;
private Image smalllmage;

}

[ar 2. B metoge OnPaint Ha ocHoBe o6bexTa the Img cosmaanm oObeKT
smalllmg, yka3aB npsiMOYroJibHHK, BBICOTA M IIMPHHA KOTOPOTO COCTABISIOT
MOJIOBHHY OT pa3mepoB obwsekta thelmg:
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_ Jlucrunr 2.11. PucoBanue ¢ HCIOJIL30BAHAEM TEKCTYPHOIH KHCTH

protected override void OnPaint(PaintEventArgs e)

{

Graphics g = e.Graphics;
g-FillRectangle(Brushes.White, ClientRectangle);
thelmg = new Bitmap(''Star_bmp™);
smalllmg = new Bitmap(thelmg,

new Size(thelmg._Width/2, thelmg.Height/2));
Brush tBrush = new TextureBrush(smalllmg,

new Rectangle(0,0,smalllmg._Width,

smalllmg.Height));

g-FillEllipse (tBrush, ClientRectangle);
tBrush.Dispose();
thelmg.Dispose();
smalllmg.Dispose();

[Toce 3aBepieHNsT pUCOBaHUS OCBOOOINM HaMATh OT ABYX M300paKEeHHUH.
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Puc. 2.13. Mcnons3oBaHue TEKCTYPHON KUCTU

Otminure OT TPEABIAYHIEr0 HpPUMeEpa COCTOUT B TOM, YTO MbI BBI3BIBAEM
meroq FITIELITipse() knacca Graphics, nepenaBas eMy TEKCTYPHYIO KHUCTb
u ClientRectangle.

C nmomompio ob6sekra TextureBrush cospanum mepo. M3menum meTon
pucosanus OnPaint() cieayromum 06pazom.

- JIuctunr 2.12. PucoBanue ¢ HCNOJIb30BAHHEM TEKCTYPHOTO Tiepa

protected override void OnPaint(PaintEventArgs e)

Graphics g = e.Graphics;
g- FillRectangle(Brushes._White,
ClientRectangle);
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thelmg = new Bitmap(''Star.bmp');

smalllmg = new Bitmap(thelmg,
new Size(thelmg.Width/2,thelmg.Height/2));

Brush tBrush = new TextureBrush(smalllmg,
new Rectangle(0,0, smalllmg.Width,

smalllmg.Height));

Pen tPen = new Pen (tBrush, 40);

g.DrawRectangle(tPen,0,0,
ClientRectangle.Width,ClientRectangle_Height);

tPen.Dispose();

tBrush_Dispose();

}

IIpn 3amycke 3TOM mporpamMmsl pe3ysIbTaT JOJDKEH BBIMVISINETh TaK, Kak
MIOKa3aHo Ha pUCyHKe 2.14.
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Puc. 2.14. Co3zganue nepa Ha OCHOBE H300paXKEeHUS

B creayromeMm TpuMepe BHIOJHAM PHCOBAaHHE TEKCTa,  HCIOIB3Ys
co3ganublil 00bekT TextureBrush. Usmennm meroq OnPaint().

- Jlucrunr 2.13. PucoBanne CTPOKH C HCIIOJIL30BAHMEM TEKCTYPHOI KHCTH

protected override void OnPaint(PaintEventArgs e)
{
Graphics g = e.Graphics;
g-FillRectangle(Brushes._White, ClientRectangle);
thelmg = new Bitmap(''Star.bmp');
smalllmg = new Bitmap(thelmg,
new Size(thelmg.Width/2,thelmg.Height/2));
Brush tBrush =
new TextureBrush(smalllmg,
new Rectangle (0,0, smalllmg.Width,
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smalllmg.Height));

Font tFont = new Font (*"Times New Roman™, 32,
FontStyle.Bold | FontStyle.ltalic);

g.DrawString("'Hello, from Beginning Visual",
tFont, tBrush, ClientRectangle);

tBrush.Dispose();

tFont._Dispose();

3

IIpu 3amycke MpoeKTa Ha BBINOJHCHHE Ha JKpaHE IOJDKHO MMOSBHTHCS
nu300pakeHue, MoKa3aHHOe Ha pucyHke 2.15.
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Puc. 2.15. TIpopucoBka TekcTa ¢ HCIOAb30BaHHEM H300paKeHUS

Meron DrawString() B KkadecTBe apryMEHTOB MPHHHUMAET CTPOKY,
wpuT, TEKCTYPHYIO KHCTh 1 OTPAHHYHMBAIOIIHMI TPIMOYTOJIBHUK.

2.4.5. PACTPOBOE PUCOBAHME JIMHUN

CymecTByeT IBa pEXHUMa PHUCOBAHUS JHMHUN: 03 CIVIAXWBAaHUS H CO
CTTaXUBaHWEM. B prcoBaHnm 0e3 CTIaKMBaHUSI BCE TMHKCEITH UMEIOT OJUH U TOT
JKe I[BET M JIMHUS PHCYeTCs CTymeH4aro. [Ipm pHCOBaHWH CO CIIIaKUBAaHHEM
HEKOTOpbIe MUKCENN OyAyT 3aKpalInBaTHCS YAaCTHYIHO, TO3BOJSSA M30ABUTHCS OT
CTYNEHYaTOTO TMPEJACTABICHWA HAKIOHHBIX JuHHHA. OpHako it Oormee
Ka4eCTBEHHOI'O PUCOBAHUS TPeOyeTCs 0OJIbIIIe BPEMEHH TSI PUCOBAHUS.

Ha pucynke 2.16 npezcraBieHa JIMHUS, HAPUCOBaHHAS 0€3 HMCIOJIb30BAHUS
CTJIQXXUBAHUS, U Ta )K€ JIMHHS, HAPUCOBAHHAS C HCIIOJIH30BAHUEM CTIIXKUBAHUSI.

__—___-'_'—|_|_l_

Puc. 2.16. JIunus 6e3 Criia)xuBaHus M CO CrIIaXKUBaHUEM
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CaoiicTBo mepeunciumoro tuma SmoothingMode kmacca Graphics
BO3BpAIIlacT MK 3aJaeT KA4eCTBO BU3YAIN3alUK rPadhuueckoro 00beKTa ¥ MOXKET
MPUHAMATH CIIEAYIONIME 3HAUCHHUS:

— Inval id — HemomycTUMBII pEKIM;

— Default — ser criaxuBanus;

— HighSpeed — Beicokasi CKOPOCTb: HET CIITaKUBAHHUS;
— HighQuality — pucoBanue co CriiaKHBaHHEM;

— None — Her criuakuBaHus;

— AntiAlias — pucoBaHHe CO CIIaKHBAHHEM.

Huske nipesicTaBlieH pUMep, B KOTOPOM PUCYETCs SIUIUIIC Oe3 CriaXUBaHu,
co crimaxkusanrem HighQual Ity u co crinaxusanuem AntiAlias.

- JInctuHr 2.14. PucoBaHue 3JUIMIICA ¢ PA3JIMYHBIMH CIVIAKUBAHUSAMU

private void Draw()

{
g = CreateGraphics();

g-Clear(Color_White);

Pen myPen = new Pen(Color.Black, 0.5F);
g-PageUnit = GraphicsUnit_Millimeter;
g-DrawEllipse(myPen, 10, 10, 30, 30);
g-SmoothingMode = SmoothingMode.HighQuality;
g-DrawEllipse(myPen, 10 + 35, 10, 30, 30);
g-SmoothingMode = SmoothingMode.AntiAlias;
g-DrawEllipse(myPen, 10 + 70, 10, 30, 30);

PesynbraTt paboThl IpOrpaMMsl peCcTaBlIeH Ha pucyHKe 2.17.

Puc. 2.17. PucoBanue 3J11dIica co CrilaKiBaHHEM

Ommunst mexnmy cronakuBanmem HighQuality wuw  crioaxwuBannem
AntiAlias B rmmasa He Opocatorcs. OmHako JBa TMOCIETHHAX BIUIATICA
CYLIECTBEHHO OTIMYAKOTCA OT IIEPBOTO.
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2.4.6. AITOPUTMBI PUCOBAHMUS IUHUN

K anropurmam pucoBaHus TUHUN IPEABABISIOTCA BEICOKHE TPEOOBAHUS:
—  IOJDKHBI paboTaTh OBICTPO;
—  He JIOJDKHBI TOTPeOIsTh OOoJblINe 00BEMBI OTIEPaTHBHON MTAMSITH;
—  HE UCIIOJIb30BaTh ME/UIEHHYIO BELIECTBEHHYIO apH(IMETHKY;
— IS KXJIOTO THKCeNa IPOU3BOINTD KaK MOKHO MEHBIIIE BHIYUCIICHUI;
—  JIMHMA J0JDKHA OBITH CBS3HBIM OOBEKTOM, TO €CTh €r0 MHUKCENbI JO0JKHBI
pacrionaratbcsi psiioM JIpyT C APYTOM.
PaccmorpuM Hambonee W3BECTHBIE ANTOPUTMBI PACTEPH3ALUHM OTpE3Ka:
pucoBanue DDA-nunuu, anroputm bpezenxema u anroputm By.
2.4.6.1. Anroputm DDA
CaMbIM IPOCTHIM U OYEBHIHBIM CIIOCOOOM CO3aHUsI aJrOPUTMa PUCOBAHUS
orpeska oT Toukm (XO;y0) mo Toukm (X1;yl) sBiseTcs HCHOIB30BAHUE
rapamMeTpU3UPOBAHHOTO YpaBHEHHS IPSMOI JIMHUH
X(t) = x0 + t *4x;
y(t) = yO + t *4y. 2.1
B srom ypasuennu (X(t),; y(t)) sBisercs TOuKo#i oTpe3ka, a 3HadeHue Tt
npoberaer uaTepBai ot 0 xo L. 3navenns L , X, Y onpexaemnsroTcs mo hopmyaam
L = max(x0 .. x1]; JyO --. y1]);
X = x1..x0;
y = yl..yO0. 2.2)
Bce uncna ABISAIOTCS BEECTBEHHBIMH, U U PA0OTHI C HUIMH HCIIONIb3YeTCs
BelecTBeHHas apudmeTrka. [Ipu oTprcoBKe Kaxaoro nukcena 3HaueHust X(t) u
y(t) OKpyIILSIOTCS U JAIOT €ro LEIOYHCICHHbIE KOOPIHHATEL. VIMEHHO MO3TOMY
ANTOPUTM COKpaméHHO HaszbBaeTcsi DDA or anrmmiickoro BelpakeHus Digital
Differential Analyzer (udpoBoit nuddepeHaIbHbIN aHAIN3aTOoP).

Jluctunr 2.15. Anroputm DDA

private void DDA(int x1, int yl, int x2, int y2)
{
float L=Math._Max(Math.Abs(x2-x1),Math.Abs(y2-y1));
float dx=(x2-x1)/L;
float dy = (y2 - y1) / L;
float x = x1;
float y = y1;
for (int i=0; i<=L; i++)

{
X+=dx;
y+=dy;
g-FillRectangle(Brushes.Black,x,y,1,1);
}
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Puc. 2.18. Otpe3ku, moctpoennsie mo anroputMaMm DDA, Bpesenxema u By

2.4.6.2. Anroput™m Bpe3enxema 1 oTpe3Kka NpsiMoi

[TpoGiieMa KOPPEKTHOH peanu3allii pacTpPOBOTO IPEACTABICHUS OTpe3Ka
npsMo¥t jmHMU Obiia pemena JIk. bBpesenxemom (Jack E. Bresenham).
B 1962 rony um Obl1 pa3zpaboTaH COOTBETCTBYIOIIMI aJrOpUTM, HMEPBOHAYAIHHO
MpeHa3HavaBIIMKC Ul TpadornocTpouTeNeid, KOTOPBIA BIOCIEACTBHU CTall
HCIIOJIb30BATHCS U JUISl TUCIIJIEEB.

Anroput™m bBpesenxema T03BOJISIET MOJNYYUTH HENPEPBIBHBI  HabOp
MUKCEJIeH, TPEICTaBIIOMNX OTPE30K MPSIMOH, NPOBEACHHOM MEXAY IBYMs
toukamu (X1, Y1) u (X2, Y2). Anroputm paboTaer CICAYIONMM 00pa3oM:
JUIS CIIEYIOMIEro MUKCEIsl OlHa KOOpIMHATa X WK Y U3MeHseTcs Ha 1, a npyras —
WIN HE W3MEHSETCS, WIIM N3MEHSeTCs Ha *1 B 3aBUCHMOCTH OT PAaCCTOSHUS TOUKH
JTUHAA 10 OIrpKaiimero y3iia KOOPAWHATHOW CETKH. AJNTOPUTM BBHIOMPAET BapHaHT
JUTS1 BBIYMCIICHNS] BTOPOH KOOPAMHATHI B 3aBUCUMOCTH OT 3HAKA OTKJIOHEHHS TOUKH
JIMHUY OT OIVDKaNIIero ysina.

B kauecTBe HE3aBUCHMOW KOOPIMHATHI MOXKHO BbIOpaTh X mim Y, M 3TOT
BBIOOD 3aBHCHUT OT YIJIOBOTO Kod(dunuenta mpsmoi K:

k=dY/dX =(Y,-Y)(X,-X,) .

Hnst nuawii, v kotopeix |K|<1, B kauecTBe HE3aBHCHMOW ClieqyeT
BBIOMpPaTh KOOPAWHATY X, a Ui JHHHH, y Kotopbix |K|>1, — koopauHaty Y.
Bynem cuutath, uto | K| <1 1 He3aBUCHMO U3MEHSIEMOH SBIACTCS KOOPANHATA X.

3anuieM ypaBHEHUE TPSIMOH, MPOXOASIIEH uepe3 2 TOUKH:

y:yl+u(x—x]),xe[xl,x2]. 2.3)
2 1

B kadectBe ouepenHoro BbiOupaercs mwmkcenb P(Xg, Yo), Kak 3To
MoKa3aHo Ha pucyHke 2.19.

CrnenyromumM mukcenaem MoxeT ObiTh wim QL1, wimu Q2. Beidop Q1 wim Q2
MOXKHO OTIPEEINTh C ITOMOIIBI0 CEPEIMHHON TOYKH. Eciy oTpe3ok mpoxoauT
BBIIIIC CEPEIUHHOM ToukH, TO Q2, nHaue — mukcenb Q1 Beeaem ¢yHKIHIO:

F(x,y)=(x—X,)xdY — (y—Y)xdX. 2.4)
3unak  Qyukimmn F(X,Y) onpenenser pacnonoxenne Toukd (X,Y)
OTHOCHTENILHO TPSIMOIA 110 TIPaBHIIaM:
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- F(X,y) = 0, touka (X,Y) Ha OTpE3KE;
- F(X,Yy) >0, rouka (X, Y) HIKE OTpe3Ka;
- F(X,y) <0, touka (X, Y) BbIIlIe OTpe3Ka.

)

P(xp, ¥p) (

Puc. 2.19. Cnenyromas ToUKa TUHUH

KoopauHaThI cepeIMHHOM TOUYKH PABHbIL:
x,+1,y,+1/2,

a 3HaueHue GyHKIMU F B cepeiMHHOM TOUKe:
d=F(x,+1,y,+1/2). (2.5)
Ecmm BbiOpan mukcens Q1, To 3HaueHHe (QYyHKUMHM B HOBOH CepeIMHHOMN
TOYKe OyeT paBHO:
d'=F(x,+2,y,+1/2) (2.6)
Y TpupamieHne GyHKIIN
Ad=d'-d=dY. 2.7)
[Ipu BeIOOpe mukcens Q2 3HavyeHHe QYHKINMU B CEPEAWHHON TOUke Oyaer
paBHoO:
d'=F(x,+2,y,+3/2), (2.8)
a mpuparnieHue GpyHKIm
Ad=d’—d=dY -dX. 2.9)
ITpupamerns (2.7) u (2.9) He 3aBucAT OoT KoopauHart (X, Y) U onpenenstorcs
toneko dX u dY. Beibepem B kadecTBe HauansHOM Touky (X1,Y1). Torma us (2.5)
JUTSL ICXOIHOTO 3HAaYeHus d momydum
dy=F(X,+1LY,+1/2)=dY —-dX /2. (2.10)
3nak do BhmseT Ha BeIOOp chenyromero mukcens. Jobaemsist Ad x d,
THoJIyyaeM clieayolee 3HadeHue d.
Jnsi MCKIIOYeHWsT W3 alropuTMa IOSIBJICHUS BEIECTBEHHBIX 3HAuYeHHMH
BBEJICM MHOXHTENb 2 JUTs BEJIMYUHEI 0, IepeonpeenuB ee Tak:
d=2%F(x,+Ly,+1/2). (2.11)
B nuctunre 2.16 npuBeneH anroputM bpeseHxema 11 0Tpeska nmpsmMoil.
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JIuctunr 2.16. Airoputm Bpe3enxema 171 0Tpe3Kka npsiMoit

private void Bresenham(int x1,intyl, int x2, int y2)
{
int x = x1; inty = vyl;
int Dx = x2 - x1; int Dy = y2 - yl1;
int e = 2 * Dy - Dx;
1;

for (int i = i <= Dx; i++)
{
g-FillRectangle(Brushes.Black, x, y, 1, 1);
if (e >= 0)
y++;
e += -2 * Dx + 2 * Dy;
¥
else
e += 2 * Dy;
X++;

}

2.4.6.3. Aaroputm By

Henocrtatkom anroputrma bpe3eHxema sBIsieTcs CTYNEHYAaTOCTh OTpPE3Ka,
KOTOpas 0COOEHHO XOpOIIO 3aMeTHAa NpU HU3KOH paspeliaroleil crocoOHOCTH
pactpa. [l GoppObI HEOOXOAMMO yYeCTh JIBa BAXKHBIX YCIIOBHS. Bo-mepBhIX,
MOXeET  TpeOoBaTbCs,  YTOOBI  NPOM3BOAMIOCH  CIJI&KHBAHHE  TOJBKO
pacTepu3yeMoro oTpesKa, a OCTaIbHBIE YacTH M300paKeHHUsI He M3MEHsUINCh. Bo-
BTOPBIX, AJITOPUTM CIIIaXKHUBAHUSL JOJDKEH paboTaTh ObICTPO.

Anroputm By sBisercs wmoamdukanmeii amroputmMa bpesenxema u
MIPOM3BOANUT OTPHUCOBKY CITIAKEHHBIX OTPE3KOB. MoamduKkamus 3aKiIrodacTcsl B
TOM, YTO Ha Ka)KJIOM IIIare MpOMCXOAWT 3aKpallNBaHHE HE OJHOTO, a cpasy ABYX
MHMKCENIOB.

VIHTEeHCUBHOCTH 3aKpacKH KaXkJIOTO IHMKCeIa 3aBUCHUT OT €r0 PACCTOSHUS 10
HpﬂMOﬁ N BBIYHCIIACTCA Ha OCHOBC 3HAYCHUA MOIYJIA OIJ_II/I6KI/I, nmpu STOM
CyMMapHasi HTHTEHCHBHOCTb JIByX 3aKpalllMBaeMbIX ITUKCEJIOB JI0JDKHA OBITh paBHA
enuHuue. Ecny BeanynHa omrOKY MEHbBIIE HYJIS, TO 3aKPAIIMBAIOTCS TEKYIIUH U
BEPXHUII MUKCEJ, IOCKOJBKY pealbHas IpsMasi NPoXOoAuT Mexxay HuMu. Eciu ke
BeIMYMHA OMMOKM OOoJbIlle HyNs, TO 3aKpAIIMBAIOTCS TEKYIIMH W HIDKHHN
TTUKCEJIBI.

~ Jluctunr 2.17. Anroputm By

private void Wu(int x1, int yl, int x2, int y2)
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int Dy = y2 - yl;

int e = 2 * Dy - Dx;

float d;

SolidBrush bl, b2;

for (int 1 = 1; i <= Dx; i++)

{

d=-1F * e / (Dy + Dx) / 1.15F;

if (e >=0)

{
bl = new SolidBrush(SetColor(1F 7 2 - d));
b2 = new SolidBrush(SetColor(1F /7 2 + d));
g-FillRectangle(bl, x, y, 1, 1);
g-FillRectangle(b2, x, y + 1, 1, 1);
y++;
e += -2 * Dx + 2 * Dy;

3

else

{
bl = new SolidBrush(SetColor(1F /7 2 + d));
b2 = new SolidBrush(SetColor(1F /7 2 - d));
g-FillRectangle(b2, x, y, 1, 1);
g-FillRectangle(bl, x, v - 1, 1, 1);
e += 2 * Dy;

3

X++3

bl.Dispose();

b2.Dispose();

¥

PesymbraT paboTHI mporpamMMBl TpeAcTaBiIeH Ha pucyHke 2.18. B aroi
IporpaMMe Ha KaXk/IOM IIare IUKJIa MPUXOJUTCS CO3[aBaTh HOBYIO KHCTh, I[BET
KOTOPOM 3aBHCHT OT OIINOKH, ¢ TTomoInsio metoaa SetColor():

private Color SetColor(float t)

{
int ¢ = Convert.Tolnt32 (255*t);
Color res = Color.FromArgb(c, c, ¢);
return res;

3

2.5. KJIACC NYTEA GRAPHICSPATH Y PETHOHBI

B wuntepdeiice GDI+ cymectByer aBa Kiacca JaHHBIX, KOTOpBIE
HCIOJb3YIOTCS B KAUECTBE apryMEHTOB PA3JIMUHBIX METOJJOB PUCOBAHHUS.

2.5.1. 11yt

Kiacc GraphicsPath mpencraenser cepuio nuHHE W KpHBHIX. [lpm
KOHCTPYHUPOBAHUMN IIYTU K HEMY MOXKHO [[O6aBJ'[${TL 3aMKHYTBIC JIMHUH, KPHUBBIC
besbe, nyru, cexTopa, MHOIOYTOJIBHUKH, MPSAMOYIOJbHUKU U JIPYTHE DJIEMEHTBHI.
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[IyTh MOXHO PHCOBaThH MOCPEACTBOM BhI3oBa Metoma DrawPath(). [ns nytu
MOYKHO BBIITOJIHUTH 3auBKY, Bei3biBass meton Fi lBIPath().

Krnacc conepKuT mecth KOHCTPYKTOPOB THUIIA!
public GraphicsPath(Point[] p, byte[] types,
FillMode fillMode)

rue

p — MaccuB Todek Trna POINT, COCTABIAIONINX 3TOT OOBEKT;

types - wmaccuB aneMeHTOB mepeuncienus PathPointType,
ONPEAEIIAIOIIUN TUIl COOTBETCTBYIOIEH TOUKH B MaCCHUBE [

fillMode - mnepeuncnenme FillMode, ompenmensiomee 3amonHeHue

BHYTPEHHEH 001aCTH.
Meron StartFigure(), ortkpeBarommii HOByl ¢urypy. Bce
HOCHEYIOIMe TOYKH, A00aBIsieMble K KOHTYpY, J00aBISIOTCS K 3TOW HOBOIA

¢urype.
CBolicTBa KJ1acca:

— FillMode FillMode - nmepeuncienne Tuna FillMode,
OTpeelISIFoIIee 3aroIHeHIE BHYTPeHHEH 00macT;
— PathData PathData — o6wsekr PathData, coxepxarnii MaccHBBI
Touek (PO INts) u Tumnos (types);
— PointF[] PathPoints — touku KOHTYpa;
— byte[] PathTypes — Tumsl COOTBETCTBYIOIIMX TOYEK B MAaCCHBE
PathPoints;
— int PointCount — uuncio amementoB B maccuBe PathPoints u
PathTypes.
Caoiicteo Fi l IMode MoskeT mpHHUMATE CIEIYIOIINE 3HAYECHMS:
— Alternate — pexuM 3amoHEHHUS C YepeIOBaAHHEM;
— Winding — pexuMm 3ar0IHEHHS C TIOBOPOTOM.
Kitacc PathData comepxut ciemyolie MeTOAbI K CBOMCTBA!
— PathData() - koHCcTpyKTOp;
— PointF[] Points — maccus Touyek koHTypa Tuiia POINtF;
— byte[] Types — tumbl cOOTBETCTBYIOIINX TOYECK KOHTYPA.
[Mepeuncaumpiit Tum PathPointType MoxeT HpHHHMATH CISIYHOIIHE
3HAYCHUSL:
— Start - »HayaibHas TOYKa 00BEKTA;
— Line — npsmas;
— Bezier3 - xybuueckas munus besbe;
— Bezier — nunus besbe;
— PathTypeMask — touka mackw;
— DashMode — cermenr stBisteTcst Iy HKTHPHBIM;
— PathMarker — mapkep koHTYpa;
— CloseSubpath — koHeunble TOYKH CYyOKOHTYpA.
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B kmacce ectp 45 weromoB no0aBieHHWS Pa3NWYHBIX JIMHUHA —THIIA
noOaBIeHUS TyTH:

AddArc(Rectangle rect, float startAngle, float sweepAngle),

KOTOpBIE TPUCOEANHSIIOT YTy 3JUTUIICA WK ApYyTrue GUrypsl K TeKyuien gpurype.
HeO6XO}:[I/IMO OTMETUTH IBC BAXKHBIC I'PYIIIIbI METOAOB, KOTOPLIC IIPOBEPAIOT
NPUHAJICIKHOCTD TOYKU KOHTYPY:

— bool IsOutlineVisible(Point point, Pen pen) -
YKa3bIBA€T, COMAEPXKHUTCSI JM TO4YKA BHYTPH KOHTypa IIpU €ro
OTO6pa>K€HI/II/I C IMIOMOUIBIO YKA3aHHOT'O KapaH/alia Pen;

— bool IsVisible(Point point) — yka3siBaeT, COMEPKHUTCS JIH
TOYKA BHYTPH 3TOTO OOBEKTA.

I[pyrne BCIIOMOI'aTCJIbHBIC MCTO/bI:

— CloseAllFigures() - 3aMbIKaeT BCe HE3aMKHYTble (DHUTYPBI,
COCIVHAA HAYaJIbHYIO 1 KOHCYHYIO TOYKH HHHI/Ieﬁ, 1 OTKPBIBACT HOBYIO
urypy;

— CloseFigure() — 3ambIkaeT TEKyInyl0 (QUTYpPY W OTKPHIBACT HOBYIO
durypy;

— Flatten() - mpeobpasyeT KaxIyl0 KPHBYIO B KOHType B JIOMaHYIO
JIMHHIO;

— RectangleF GetBounds() - npsAMOyroibHHK, OrpaHHYHBAIOIIHUM
oowvekt GraphicsPath;

— PointF GetLastPoint() — moay4aeT MOCIEIHIOK TOYKY MAacCHBa
PathPoints s o6bekra GraphicsPath.

2.5.2. OBJACTH

Knacc Region (obmacte) — rpaduueckas Qopma, cocrosimas u3
NPSAMOYTOJBHUKOB U IIyTeil; MpeAHa3sHAUCH Ul peali3aliud OMHAPHBIX OIepalnit
¢ obnactsaimu. O6acTh MOKHO HapucoBath, ucnonb3ys merox Fi IRegion().

Kiacc Region, kpoMe MHOTOYHCICHHBIX KOHCTPYKTOPOB, COACPIKHT
6 BaXKHBIX TPYII METOJOB, OJHA M3 KOTOPBIX HNPOBEpseT MPUHAIICKHOCTH TOUKH
PETHOHY, a OCTaJbHBIE pEaNM3yIOT pa3InyHble OMHApHBIE OINepaliy Haj
obnactsimMu. J{is obactu A kitacca Reg 0N IOCTyMHBI CIIeYOIUe METOIBL:

— bool 1sVisible(Point point) — mpoBepsier, COACPKUTCSA K
Touka POINt B oGnactu A;

— Intersect(Region B) - ompenensier mepeceyeHue ¢ obnacThio B
(AMB);

— Union(Region B) - onpexmenser oObeauHeHHE C 00JAcThi0 B
(ALB):;
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— Xor(Region B) - ompemenser oObeqUHEHHE W TEpeceUCHHE C
obmacteto B (A xor B = (A \ B) v (B \ 32) = (AauB) \
(AnB));

— Complement(Region B) —3amenser 061acTh A pasHocThio B\A;

— Exclude(Region B) —3amensier obmacts A pasnoctbio A\B.

OO6nacTd KOHCTPYUPYIOTCS U3 HPSMOYTOJIBHHKOB M IIyTeH IO BBI30BA
J1000r0 OMHAPHOTO METO/IA.

Ipumep 11. B arom npumepe cosaercs aBe obmactu: regionA Ha ocHOBe
nytd, regionB — Ha ocHOBe MNPAMOYTOJbHHKA. 3aTeM K O3THM OOIacTsAM
MIPUMEHSIOTCSI OWHAPHBIE OTepalvy.

- Jlucrunr 2.18. BunapHble onepauuu ¢ 00J1acTIMHI

private void Draw()
{
Color cl = Color.FromArgbh(255, 255, 255);
g.-Clear(ch);
myPen = new Pen(Color.Black, 1);
GraphicsPath path;
Point[] p = {
new Point() {X=20, Y=60},
new Point() {X=60, Y=40},
new Point() {X=120, Y=20},
new Point() {X=200, Y=40},
new Point() {X=160, Y=60}%},
new Point() {X=120, Y=100},
new Point() {X=40, Y=80},

};

byte[] types = {
(byte)PathPointType.Start,
(byte)PathPointType.Line,
(byte)PathPointType.Line,
(byte)PathPointType.Line,
(byte)PathPointType.Line,
(byte)PathPointType.Line,
(byte)PathPointType.Line

};

path = new GraphicsPath(p,types);

path._CloseFigure();

Region regionA = new Region(path);

Rectangle rl1 = new Rectangle(70,40,60,100);

Region regionB = new Region(rl);

regionA.Union(regionB); // A+B
regionA.Complement(regionB); // B-A
regionA_Exclude(regionB); // A-B
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regionA. Intersect(regionB); // A*B
regionA.Xor(regionB);// A xor B

mySolidBrush = new SolidBrush(Color.Silver);
g-FillRegion(mySolidBrush, regionA);
g.DrawPath(myPen, path);
g-DrawRectangle(myPen,rl);

Ha pucynke 2.20 cepbiM BeTOM 0003HAa4YCHA PE3yNIBTUPYIOMIAs 00JIacTh, a
JIMHUSIMH — UCXOHBIE 00JIacTH.

Puc. 2.20. bunapHbie onepanuu ¢ 06IacTIMI

2.6. IBOMHAS BY®EPU3ALAS C IIOMOIIBIO BITMAP

Ecnu u3o0pakeHrne cocTOUT M3 OOJBIIOTO YKCiIa TPadUUecKiX 3JIEMEHTOB,
TO PHUCOBaHME Ha JKpaHE MOXET 3aHATh 3aMETHOE BpEMs, YTO IPUBOJIUT K
Mepranuio. [l yMEHbIIEHHs MEpLAHUsI MOYKHO HCIIOJIb30BaTh CBOMCTBO (hopMbl
nornueckoro Tuma DoubleBuffered, xoropoe BosBpamaer wim 3amaert
3Ha4YeHHe, YKa3bIBaIOIlee, JOJDKHA JIM IIOBEPXHOCTH TOTO JIEMEHTa YIIPaBJICHUS
MIEPEPUCOBBIBATHCS C MOMOIIBIO JIOMIONHUTEIRHOTO Oydepa. OmHaKo 3aMETHOTO
a¢dekxTa TaKkoi METO HE AaeT.

I'opasmo Oosiee 3p(PEeKTHBHO NPUMEHSATH APYTYIO TEXHOJIOTHIO: BMECTO
MPOPHCOBKH HENOCPEICTBEHHO B OKHE JI€JaTh IIPOPHUCOBKY B IAMSTH Ha 3JIEMEHTE
Kracca Bitmap, mo 3aBepuieHWE KOTOPOIl BBINOJHSCTCS KONHUPOBAHHE
n300pakeHNs B OKHO. DTa TEXHOJOTHA ycTpaHsaeT 3 dekT Mepranus.

PaccmoTpum npumep HCIIONB30BaHUS ABOHHOM Oydepu3anuu.

Jluctunr 2.19. UcnoJib3oBaHue ABOITHOI Oydepu3anuu

public partial class FormMain : Form
{
Graphics g0;
Bitmap bitmap;
public FormMain()
{
InitializeComponent();
bitmap =
new Bitmap(ClientSize._Width,
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ClientSize.Height);
g0 = CreateGraphics(Q);

}
public void Draw()
{
using (Graphics g=Graphics.Fromlmage(bitmap))
Color cl = Color.FromArgbh(255,255, 255);
g.-Clear(ch);
// pucosaHue
}
g0._Drawlmage(bitmap, ClientRectangle);
}

private void FormMain_Paint(object sender,
PaintEventArgs e)

Draw();

}
}

B 3ToM mpHMepe HCHIONB3YIOTCSI BE MOBEPXHOCTH PHCOBAHHUs Kiacca
Graphics: mosepxuocts gO cBszana ¢ GopMoOil U CO3MaeTCsl B KOHCTPYKTOPE
FormMain(), moBepxHocTh g cBsizana ¢ anmemenToM bitmap, koropelit Toxe
co3aaeTcs TOJABKO ofuH pa3 B Meroae FormMain(), BeicoTa 1 IMpHUHA KOTOPOTO
paBHEI pazmepam nipsmoyronsauka ClientRectangle:
bitmap = new Bitmap(ClientSize.Width,ClientSize.Height);

B merome pucosannst Draw() crpoka momydaetr oovekr Graphics wus
M300paKeHMs:

using (Graphics g = Graphics.Fromlmage(bitmap))

Bce omepamyn OpOPHCOBKH aHAJIOTHYHBI BBIMONHSIEMBIM B IPEIBIIYIIEM
KOJIe, 32 UCKJIFOYCHHEM TOTO, YTO TEIePb OHU BBIMOIHSIIOTCSA B H300paKeHHH, a HEe
HEMIOCPEACTBEHHO B OKHE. V1 HAKOHEI[, B CAMOM KOHIIE KOJI BBIIIOJHSET PHCOBAHHE

n300pakeHNsI B OKHE (DOPMBI:
gO0.Drawlmage(bitmap, ClientRectangle);

Tak kak BHayalle JIHHHUH PpUCYIOTCA B IaMATU, PUCOBAHUEC 3aHHUMACT
3HAYUTCIIbHO MECHbIIC BPEMCHMU.

2.7. PEXKUMBI KOITUPOBAHUS

Meron Drawlmage() xomupyer oaHO H300pakeHHe (MCTOYHMK) Ha
npyroe  u3oOpaxenue  (mpuemHuK). CBOWCTBO  MEPEYUCIMMOTO  THMA
Drawing.CopyPixelOperation ompenenser, Kak I[BET TOYKH HCTOYHHKA
00BbEAMHSCTCS C IIBETOM TOYKH IPUEMHHUKA JUIsi IOJYYEHUs] OKOHYATEIbHOTO
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ugera. Ilepeuncnumeiii taunm CopyPixelOperation wmoxeT npuHEMATh
CIEIYOIIIE 3HAUCHHS:

NoMirrorBitmap — ucTouHHK HE KOTIUPYETCH;

Blackness — o0nacth nmpueMHHKA 3amOJHSACTCS LBETOM, CBA3aHHBIM C
nHzaekcoM 0 B pusmueckort manuTpe (YepHBIi IBET);

NotSourceErase - nBera HCTOYHMKAa M TPUEMHHKA OOBEAMHSIOTCS
norugeckuM oneparopoM OR, 1 MoTydeHHBIH LIBET HHBEPTHPYETCS;
NotSourceCopy — mHBepTHpOBaHHasE 00JAaCTh MCTOYHUKA KOIHUPYETCS B
o0JiacTh NPHUEMHHUKA;

SourceErase — uHBepTHpOoBaHHBIE LIBETA 00J1aCTH MPUEMHUKA OOBEAUHSIIOTCS C
IIBeTaMH 00JIaCTH MCTOYHHKA C TIOMOIIIBIO JIorudeckoro orepatopa AND;
Destinationlnvert — o6nacTb NprueMHUKA HHBEPTUPYETCS;
Patlnvert — uBera Touek 06JacTH NPUEMHUKA OOBEAMHSIIOTCS C IIBETAMHU
Ha3HAYEHUS ¢ IOMOIIBIO JIoTHIeckoro oneparopa XOR;

Sourcelnvert — usera obnacreit ICTOYHNMKA M IPUEMHHUKA 00BEIMHSIOTCS
C TIOMOIIBIO JIorHueckoro omneparopa XOR;

SourceAnd — uBera obnacteil HCTOYHUKA U MPHUEMHHUKA OOBEIUHSIIOTCS C
MTOMOIIIBIO JTornyeckoro onepatopa AND;

MergePaint — 1Bera WHBEPTUPOBAHHON  OOJACTH  HCTOYHHKA
00BEMHSIOTCS C [[BETAMH PUEMHHKA C TOMOIIbI0 orepaTopa OR;
MergeCopy - mnBera oOmacTH WCTOYHHKA OOBECOUHSIOTCA C IIBETAMH

00J1acTH MMPUEMHUKA C MTOMOIIBIO JIoTHYeckoro oneparopa AND;
SourceCopy — 001acTh UCTOYHHUKA KOITUPYETCs B 00J1aCTh;
SourcePaint — uBera obyacteil UCTOYHUKA U MPUEMHUKA OOBEIUHIIOTCS
C MIOMOIIBIO JIoTHYecKoro oneparopa OR;

PatCopy — B 06nacTh NpUEeMHHUKA KOUPYETCS KHCTh, BRIOPAHHAS B TAHHBIN
MOMEHT B KOHTEKCTE yCTPOHCTBAa HA3HAUCHWIS,

PatPaint — uBera KuCTH, BHIOpAaHHOW B JAaHHBI MOMEHT B KOHTEKCTE
YCTPOWCTBA TNPUEMHUKA, OOBCIUHIIOTCS C I[[BETAMH WHBEPTUPOBAHHOM
007acTH MCTOYHHKA C MOMOIIBIO Jiormueckoro omeparopa OR. Pesymprart
9TOM omepanuu O0BEIUHICTCSA C IBETAMH 00JaCTH MPUEMHHMKA C TOMOIIBIO
norugeckoro oneparopa OR;

Whiteness — o6nacTh NpUEMHHKA 3alONHACTCS I[BETOM, CBSI3aHHBIM C
uHzeKcoM 1 B ¢pu3nueckoil nanurpe (Oesnblii BeT).

2.8. MOJEJIX LIBETOB

Ileem — cBeroBas dSHeprus, nepenaBacMasl BoiHaMu. Ha 1Ber oOBekTa

BIIMAOT:

- HUCTOYHHKHU CBETA, U3J1yHAIOUINE CBET PA3JIMYHBIX NJIMH BOJIH;
- OTpa)KCHHBH\/'I LBCT OKPYKAIOMMUX IMPEIAMETOB.
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Jns  ommcaHMs UM3TyYyaeMOro UM OTPaKCHHOTO I[BETA HCIHOJIB3YIOTCS
pa3nuyHbIe LIBETOBBIE TpeXMepHbIe Mojeny, Hapumep RGB, CMYK, Lab.
Mogenu RGB, CMYK annapamno-sasucumor, monens Lab — annapammo-
Hezagucuma. Bo MHoOrmx rpaduueckux mnakerax, Hampumep B Photoshop,
BO3MOXKHO IIPE0Opa30BBIBAHKE U3 OJTHOI [IBETOBOIM MOJIEIH B IPYTYIO.
HexoTopble 1BETOBBIE MOAEIH:
— RGB (Red, Green, Blue);
— CMY (Cyan, Magenta, Yellow);
— CMYK (Cyan, Magenta, Yellow, Key (uepHsIii nBer));
— HSB (Hue, Saturation, Brightness (ToH, HACBIIIIEHHOCTH, IPKOCTB));
— Lab;
— HSV (Hue, Saturation, Value);
— HLS (Hue, Lightness, Saturation).

2.8.1. MoaEJL RGB (RED, GREEN, BLUE)

Mogenb oOpa3oBaHa Ha Tpex HBeTax: kpacHoM (red), senenom (green) u
cunem (blue) u npenHazHadyeHa 15l OMUCAHUS M3TYYaeMbIX JUCIUICSMHU LIBETOB
(puc. 2.21).

Jonu kaxmoro 0a30BOro IBeTa MEHSIOTCS B auama3oHe ot 0 mo 255.
CMeIMBAHUEM JTHX I[BETOB MOXKHO TOJNY4HTH 256° = 16777216 pasmuuHbIx
LBETOB. MoJienb anmapaTHO-3aBUCHMa, TaK KaKk BHJ 0a30BBIX LIBETOB MOXET OBITh
Pa3JIMYHBIM Ha Pa3HbIX JUCILIESX.

Puc. 2.21. Mozaens Puc. 2.22. Monens CMY Puc. 2.23. Mogens
RGB = White-RGB CMY

2.8.2. MOJEJb CMY (CYAN, MAGENTA, YELLOW)

DTa anmapaTHO-3aBHCHMasi MOJE€JIb, B KOTOpPOW OCHOBHBIE IIBETa
oOpasyrorcs BerautanueM u3 Oenoro nsera OXFFFFFF ocHOBHBIX IIBETOB MOeTH
RGB (puc. 2.22).

BazoBrie nBeta Mosenmu CMY':

— romy6oit — 0xFFFF00;
— mypmypusiii — 0xFFOOFF;
—  xenteiii — O0x00FFFF.
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I[Bera 93TOH MoAeNM mNpeJHAa3HAYSHBI Al TONUTPaQUUECKHX MAIIKH,
UCIIOJNIB3YIOLIMX TPH Kpacku 0a30BbIX IIBETOB U MeyaTaroliux B Tpu mpoxoaa. [Ipu
HAJIO)KEHUH JIBYX LIBETOB pe3yibTaT 3areMHusierca (puc. 2.23). Ilpu HyneBom
3HAYCHUH BCEX IIBETOB 00pa3yeTcst OeIIblii I[BET.

2.8.3. MOaEJb CMYK

IBetroBas moxens CMYK (Cyan, Magenta, Yellow, Key (4epnslii 11BeT))
yiyurraer Mojens CMY poOaBneHuweM depHOro IBera. Mojens ammapaTHo-
3aBHUCHMA.

2.8.4. MoagEJb HSB

AmmapatHo-3aBucuMas moxens HSB (Hue, Saturation, Brightness (Tos,
HACBIIIIEHHOCT, SIPKOCTH)) OCHOBaHA Ha CYOBEKTHBHOM BOCIPHSATHH IIBETa
yenmosekoM. Monens HSB ocHoBaHa Ha mBerax momenu RGB, B xotopoif mBer
oIpeaersieTcs:

—  TOHOM;
—  HACBIIIEHHOCTHIO — 100aBIeHHEM OeNoro 1BeTa;
—  SIPKOCTBIO — J100aBJICHHEM YEPHOTO I[BETA.

JIroOo#i 1BeT mosy4yaeTcs M3 CIEKTPAIBHOrO I[BETa J00aBJIEHHEM CEpOro
ugera (puc. 2.24 u 2.25). Monens HSB annaparHo-3aBrcuma.

[l yenoBeyeckux TI1a3 CHHUM LBET KaKeTcsl Oojiee TEMHBIM, YeM KpacHBIH, a B
mozerm HSB Bcem 6azoBbiM 1iBetam RGB npummceiBaercst omHaKkoBast spKOCTb.

V

. 7

Puc. 2.24. Mopenu HSB u HSV: Puc. 2.25. IIBeToBO# Kpyr
H — gacrora cBerta. IIpuHumaer 3HaueHue npu S=1u V=1
ot 0 1o 360 rpanycos; V unu B — apkocts,
OlpeeNIAIoNIas ypoBeHb 6eIoro cBera.
BricoTa koHyca. S — onpenenseT
HACHIIIEHHOCTH IIBeTa. Pagnyc koHyca.
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2.8.5. MOAEJDb LAB

3KCHepI/IMeHTI)I MoKa3ajJii — BOCIIPUATHE LBETA 3aBUCUT OT 4YCJIOBEKAa H
SIPKOCTH OCBELIEHHUS (B CyMEPKax BCE IIBETA KaXKyTCsA CEPhIMK). MexIyHapogHas
komuccus mo oceemeHuio (CIE — Commission Internationale de I'Eclairage)

paspaborana CcTaHmapT s YCIOBUH HAONIOJCHHUS LBETOB M HCCIEAOBAIA
BOCIIpUSTHE I[BeTa OOJBIION TPyNIbl JItOJeH. bBbulm  3KCIEepUMEHTAIBHO
Onpe/IeIeHbl KOMIIOHEHTHI [[BETOBOM armnapaTHo-He3aBucumoi moaenu XY Z.
BeroBas momens Lab — pasHoBHIHOCTE Monenu XY Z:
—  KoMmmoHeHT L. — spKocTh M300paxeHus;
—  KOMIIOHEHT a U3MEHAETCS OT 3€JIEHOTO 10 KPaCHOTO LIBETA;
—  KOMIIOHEHT b M3MEHSETCS OT CHHETO JI0 KEITOTO LIBETA.

Spkocts B Mozmenu Lab He 3aBUCHUT OT 1BETa, UTO MO3BOJIIET PETyIUPOBATH
KOHTPACT U Pe3KOCTh. Mojiesib a0CTpaKTHA M CHIIBHO MaTEMAaTU3UPOBaHa, TOITOMY
HEYJI00HA TS PAKTHYECKOTO MPUMCHCHHS.

KonBepTopsl M3 OHOW IBETOBOW MOJEIHW B JPYIyl0 €CTh BO MHOTHX
rpad)M4ecKux mporpamMmmax.

2.8.6. METOJbI KJIACCA COLOR

Hamomuum, uto B mpocTtpancTBe uMmeH System.Drawing ompenenena
crpykrypa Color, y koTopoii ecTs Tpr MeTo/Ia, TIpeIHa3HaYeHHbIe IS pabOoTHI C
BeTOBOM MoJelnpio HSB:

— TFloat GetBrightness() — nomyvaer 3HaueHHE SPKOCTH (OTTECHOK-
HachlimeHHocTh-sipkocTs (HSB)). [Inamazon sipkoctu ot 0.0 mo 1.0, rnoe
0.0 mpencraisieT yepHoe, a 1.0 — Oenoe;

— TFfloat GetHue() - moxyuyaer 3HauYeHHWE OTTCHKA (OTTEHOK-
HachleHHOCTh-IpkocTh (HSB)) B rpamycax mns maHHOH CTPYKTYpHI
Color. OTreHok u3mMepsieTcst B rpaaycax, B auanasone ot 0.0 mo 360.0, B
1BeToBOM npoctpancTee HSB;

— Tloat GetSaturation() - momydaerT 3HaYCHHE HACHIIIEHHOCTH
(oTTeHOK-HachHIIeHHOCTE-sIpKocTh  (HSB)). Jlnama3oH HachIIEHHOCTH
mensiercst or 0.0 go 1.0, tme 0.0 mpencrasnser cepocth, a 1.0-—
HACBIIIICHHOCTb.

2.8.7. IIPOEKT «IIBETOBBIE MOJEJIH

PaccMoTpuM TpoekT, npepHa3sHaYeHHBIH U WIUTIOCTPUPOBAHUS PabOTHI €
pa3NMYHBIMH IIBETOBBIMH MOJEISIMHA. ENUHCTBEHHass QopMa 3TOro IIpoeKTa
NpeACTaBiieHa Ha PUCYHKe 2.26.
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a2l FormMain E@g

File

U © Hsv

) Hsl

Puc. 2.26. IIpoekt «1IBeToBbie MOaEIIN»

[Tomumo dopmer FOormMain B mpoekt BrmoueH daitn CM.cs, B KOTOpOM
ompezeneH knacc CM. B 3Tom kitacce onpeeneHbl ClieTyolre METOIbl epexoia
OT OJHOM LIBETOBOW MOJIEIH K IPYTOM.

- JIuerunr 2.20. Cnncok MeTonoB kiacea CM

class CM
{
public static void IntToRGB(int color,
out float R,out float G,out float B)
public static Color RGBtoColor(float R,
float G,float B)

public static void HueToRGB(float mO,
float m2,float H,
out float R,out float G,out float B)
public static float RGBtoHue(float R,
float G,float B)

//== Hue, Lightness, Saturation = uacrora csera,
public static void HLStoRGB(float H, float L,
float S,

out float R, out float G, out float B)
public static void RGBtoHLS(float R, float G,

float B,

out float H, out float L, out float S)
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//==== HSV (umu HSB)
// Hue Saturation Brightness =
// Ton HacemeHHOCTH SAPKOCTH
public static void RGBtoHSV(float R, float G,
float B,
out float H, out float S, out float V)
public static void HSVtoRGB(float H, float S,
float V,
out float R, out float G, out float B)
// H onpenenser yacToTy cCBeTa M NPMHMMAET
// 3snauenme ot O
// 1o 360 rpanycos.
// NV - 3sHauenue (npuHumaer 3Hauvenusa or 0 mo 1)
// v B —
// apxocTb, onpenesdoLas ypOBEHb
// Genoro ceBeTa ABJIAETCHA BHCOTOM KOHYCA.
// S - onpemengeT HACHIEHHOCTL LBETa. PamMyC KOHyCa.-

//====== Hue Saturation Intensity =============
public static void HSItoRGB(float H,float S,
float 1,

out float R,out float G,out float B)
public static void RGBtoHSI(float R, float G,

float B,

out float H, out float S, out float 1)

3
public static float Minimum(float R,float G,
float B)
public static float Maximum(float R,float G,
float B)
public static float Centre(float R, float G,
float B)

public static bool Verify(ref float v)

2.8.7.1. MeToabl ajs mogeau RGB

st pabotet ¢ Mozenbio RGB npennasnagens: asa merona: COlorTORGB u
RGBtoColor, mnossosstomue mepeiita oT mnapametpoB R,G,B k mBery u
o0patHo.

JInctunr 2.21. Metoas! padoTsl ¢ Moaeabi0 RGB

public static void IntToRGB(int color, out float R,out float
G,out float B)

R=(color & O0x0000FF)/255F;

G=((color & OxO0FF00) >> 8)/255F;
B=((color & OxFFO000) >> 16)/255F;
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public Color RGBtoColor(float R,float G,float B)
{

int r = (int)Math_.Abs(R * 255);
int g = (inth)Math.Abs(G * 255);
int b = (int)Math_Abs(B * 255);
if(r<0)r=0; if (r > 255) r = 255;
if (g <0)g-=0; if (g > 255) g = 255;
if (b<0)b=0; if (b>255) b = 255;

Color Result
return Result;

Color_FromArgb(r, g, b);

2.8.7.2. MeTtoanl aas mogeaun HSV
Hus paboter ¢ momenpto HSV (wnmm HSB) mpenHazHadeHBI ciieqyromIie
METOJIBI KOHBEPTALINH.

JInctunr 2.22. Metoas! padotsl ¢ Moaeabio HSV (niu HSB)

public static void RGBtoHSV(float R, float G,
float B, out float H, out float S, out float V)

float mO, m2;
=0; S=-1; V= -1;
if (Werify(ref R) | "Werify(ref G) |
Verify(ref B))
return;
mO0 = Minimum(R, G, B); m2 = Maximum(R, G, B);
it (m2 <= eps2)

{
S =0; V= 0; return;
¥
V=m2; S = (M2 - m0);
if (S<=¢€eps2) S=0; else S =S/ m2;
if (S <= eps2)
{
S = 0; return;
¥
H = RGBtoHue(R, G, B);

}

public static void HSVtoRGB(float H, float S, float V,
out float R, out float G, out float B)

float mO;

R=-1; G=-1; B = -1;

it (Werify(ref V) | Werify(ref S)) return;
if (V <= eps2)
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}

R =0; G=0; B=0; return;

}
mo=(C -9S) *V;
if (Math.Abs(V - m0) <= eps2)
{
R=V; G=V; B=V; return;
}
HueToRGB(mO, V, H, out R, out G, out B);

Ot JBa METOJa HUCIIOJL3YIOT IATH BCIIOMOTraTCJIbHBIX METOJ0B

HueToRGB, Minimum(R,G,B), Maximum(R,G,B) u RGBtoHue

: Verify,

~ JIuctunr 2.23. [lpunaniesxxHocTs nepemMenHon V narepsaiy [0, 1]

public static bool Verify(ref float v)
{

bool Result=false;

if ((v<0) || (v>1-0)) return Result;

it (v<=Eps) v=0;

if (v>=1-Eps) v=1;

Result=true;

return Result;

}

- JInctunr 2.24. Ilpeodpasosanue Tona (Hue) B RGB

public static void HueToRGB(float mO,float m2,

{

float H, out float R,out float G,out float B)

float mu,md,F;
R=0; G=0; B=m0;
int n;
while (H<0) H+=360;
n=Convert.Tolnt32(Math.Truncate(H/60));
F=(H-n*60)/60;
n=n % 6; mu=mO+(m2-m0)*F; md=m2-(m2-m0)*F;
switch (n)
{
case O:
R=m2; G=mu; B=mO;
break;
case 1:
R=md; G=m2; B=mO;
break;
case 2:
R=m0; G=m2; B=mu;
break;
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case 3:
R=m0; G=md; B=m2;
break;

case 4:
R=mu; G=mO; B=m2;
break;

case b5:
R=m2; G=mO; B=md;
break;

T
H

JInctunr 2.25. IIpeodpasosanne RGB B Ton (Hue)

public static float RGBtoHue(float R,float G,float B)
{
float Result=0;
float F,mO,m1,m2;
int n;
{
m2=Maximum(R,G,B);
mO=Minimum(R,G,B);
iT (Math.Abs(m2-m0)<=Eps)
return Result=0;
ml=Centre(R,G,B);
while (true)

it (Math.Abs(R-m2)<=Eps)

{
if (Math.Abs(B-m0)<=Eps) n=0;
else n=5;
return Result;

}

if (Math.Abs(G-m2)<=Eps)

{
ifT (Math.Abs(B-m0)<=Eps) n=1;
else n=2;
return Result;

}
if (Math.Abs(R-m2)<=Eps) n=3; else n=4;
return Result;
3
if ((n & 1)==0) F=m1-m0; else F=m2-ml;
F=F/(m2-m0) ;
Result=60*(n+F);
return Result;
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_ Jluctunr 2.26. BoiuHc/Ienne cpeinero 3HAYeHHs! U3 TPex

public float Centre(float R, float G, float B)

{
float Result = 0;

while (true)
if ((R<G) & (R <B))
{

if (G < B) Result = G; else Result = B;
return Result;

3
if ((G<R) & (G < B))

if (R < B) Result = R; else Result = B;
return Result;
}
if (R < G) Result = R; else Result = G;
return Result;

}

2.8.7.3. MeTtoanl nasa moaean HSI

Hdus  paborer ¢ wmomensto HSI (Hue, Saturation, Intensity (ToH,
HACBIIEHHOCTh, MHTEHCUBHOCTS)) TPEIHA3HAUYCHBI CIICYIOIINE METO/IBL.

- JIuctunr 2.27. Meroael HSItoRGB u RGBtoHSI

public static void HSItoRGB(float H,float S,float 1,
out float R,out float G,out float B)
{

float mO,m2;

R=-1; G=-1; B=-1;

ifT (Werify(ref S) | "Werify(ref 1)) return;
mo=1*(1-S); m2=I;

it (m2<=eps2)

R=0; G=0; B=0; return;

}
if (S<=eps2)

~

R=1; G=1; B=Il; return;

(o]

it ((m2-m0)<=eps2)

-~

R=1; G=1; B=Il; return;

}
HueToRGB(mO,m2,H,out R,out G,out B);
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public static void RGBtoHSI(float R, float G, float B,

{

}

out float H, out float S, out float 1)

float mO, m2;

H=0; S=-1; I = -1;

if (Werify(ref R) | "Werify(ref G) | Werify(ref B))
return;

m2 = Maximum(R, G, B); mO = Minimum(R, G, B); 1 = m2;

it (1 <= eps2)

{
I =0; S =0; return;

}

S =m2 - mO;

if (S<=eps2) S=0; else S =S/ m2;

if (S < eps2)

{

}

H

S = 0; return;

= RGBtoHue(R, G, B);

B mnpoekre «l[BeTOBbIE MOJETM» OPUTHHAI H300pPKCHUS XPAHUTCS Ha
bitmapl. [{ser ka0l TOUYKK pacKiIaabIBaeTCs ¢ nmomoribio Meroga 1NtTORGB
B noiu R,G,B. 3arem, B 3aBUCHMOCTH OT BBHIOPAHHOW MOJEIH, OCYIIECTBIIACTCS
mpeobpazoBanue R,G, B B mapamerpsr S,L,V, 1. 3T mapameTpsl H3MEHSIOTCS B
COOTBETCTBHH CO 3HAYCHUSIMH KOMMOHEHTOB TrackBar u cHoBa nmpeobpa3yroTcst
B R,G,B. Hakowen, R,G,B mpeoGpasyrorcst B mBer Toukn Ha bitmap2

(mactunT 2.28).

JIuctunr 2.28. [Ipeodpa3oBanue nBeToB ¢ nomombio moaeaeiit HLS, HSV u HSI

private void SetBitmap2()

{

ifT ((bitmapl == null) || (bitmap2 == null))
return;

float R; float G; float B;

float H=0; float S=0F; float V=0F;

float L=0; float 1=0;

for (int i=0; i<= bitmapl.Width-1;i++)

for (int j = 0; j <= bitmapl.Height - 1; j++)

Color c = bitmapl.GetPixel(i, J):
R = c.R/255F; G = c¢.G/255F; B = c.B / 255F;
switch (flTools)
{
case O:
CM.RGBtoHLS(R,G,B, out H, out L, out S);
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break;

case 1:
CM.RGBtoHSV(R,G,B, out H, out S, out V);
break;

case 2:
CM.RGBtoHSI(R,G,B,out H, out S, out I);
break;

}

S*=trackBarl.Value/10;
switch (flTools)
{
case O:
L *= trackBar2.vValue / 10;
break;
case 1:
V *= trackBar2.Value /7 10;
break;
case 2:
I *= trackBar2.Value / 10;
break;

b
H *= trackBar3.Value / 10;

switch (flTools)
{

case O:
CM_HLStoRGB(H,L,S, out R, out G, out B);
break;
case 1:
CM.HSVtoRGB(H,S,V, out R, out G, out B);
break;
case 2:
CM_HSItoRGB(H,S,1, out R, out G, out B);
break;
}
bitmap2.SetPixel (i, j, CM.RGBtoColor(R, G, B));
}
s

2.9. PUCOBAHUE HA KAHBE IPUHTEPA

GDI+ Bkirouaer B ce0si MOJJEPKKY BBIBOJIA HA IeyYaTh, COACPIKAILYIOCST B
KJlaccax, KOTOpbIe HaXOAATCs B mpoctpadcTBe umen Drawing.Printing. s
HAIUCAHKS IPOrPaMM, NMPEIHa3HAUEHHBIX IS BHIBOJIA rpaduuecKoi nH(OpMAIHU
Ha TIPUHTEP, UCTIONB3YIOTCS TE JKe camble Kiaccel — Graphics, Point, Size,
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Rectangle, Pen, Brush, Image u T.n1. Ho MexaHn3M HX HCIOIB30BaHUS
HECKOJIbKO oTin4aercs. Heobxomumo:

BBecTH Moie kiaacca PrintDocument;
co3ziath 00pabOTYHK COOBITHI C JIIOOBIM UMEHEM U 3apETUCTPUPOBATD €T0
Kak 00paboT4nK COOBITHIT 7T BHIBO/IA CTPAHHIIBL:

PrintDocument printDoc = null;
public FormMain()

{

}

InitializeComponent();
printDoc = new PrintDocument();
printDoc.PrintPage +=

new PrintPageEventHandler(myPrintPage);

OO0paboTunk coOBITHH UIsI BHIBOAA Ha II€YaTh HMEET CIEAYIOIIYIO

CUTHATYpY:
void myPrintPage(object sender, PrintPageEventArgs e)

{

Graphics g = e.Graphics;
g-DrawLine(Pens.Black,100,100,500,100);

}

IeuaTs Be3bIBaeTcsa MeTogoM Print() obbekra printDoc:
private void buttonl_Click(object sender, EventArgs e)

{

printDoc.Print();

}

Ipoctpancteo umMern Drawing.Printing comepXuT Tpu Kiacca:

class PrintDocument — ompenenseTr 00BEKT, KOTOPBIA MOCHLIAET
uH(popMaLuIo MPUHTEPY;

class PrintPageEventArgs - mpemocTtaBiser IaHHBIC IS
coowrtis PrintDocument.PrintPage;

class PageSettings — 3amaer mapaMeTphl IIeIaTaEMOM CTPAHHUIIBL.

HexkoTopsie MeTomsl 1 cobbITHs Kitacca PrintDocument:

PrintDocument() — KOHCTPYKTOD;

event PrintPageEventHandler PrintPage - coGbiTre
MPOUCXOIUT, KOTJa HEOOXOAWMO BBIBECTH Ha IeYaTh TEKYIIYIO
CTpaHuILy;

void Print() — HaunHaer nevaTh JOKyMCHTA.

Kiacc PrintPageEventArgs comepxur Ccileayiolide CBOMCTBA U

MCTObI:

Graphics Graphics - monotHo, HUCHONIb3yeMOe ISl PHCOBAHHUS
CTpaHHLIBL;
Rectangle MarginBounds -  nOpsaMoOyroipHyr0  00JacTh,

HaxoAg1yroCs BHYTpU MoJIeH YacTu CTpaHUIbI;
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B

Rectangle PageBounds -  mpsamoyrombHylo — o6nacth,
[PE/ICTABISIONIYI0 BCIO CTPAHHUILY;
PageSettings PageSettings — mapaMerpbl TEKYIIEi CTPAHHIIH;
PrintPageEventArgs(Graphics graphics, Rectangle
marginBounds, Rectangle pageBounds, PageSettings
pageSettings) - HHHIMAIM3AIMIO HOBOTO J3K3EMIUIIpa Kjacca
PrintPageEventArgs.

koHCTpyKTOpe PrintPageEventArgs() mapameTpsl HUMEIOT

CJEeYIOIINI CMBICIT:
— Graphics — nmoaoTHO [Tt pUCOBaHHMS DJIEMEHTA,;
— marginBounds - o6iacTs BHYTpH TOJIEI;

pageBounds — Bcs 061acTh Oymarm;
pageSettings — napaMeTpsl CTPAHHUIIBL.

Knacc PageSettings mno3BosisieT 3ajaBaTh I[apaMeTPbl CTPAHHIIBI,
BEIBOJMMOM Ha nedyath. CBOMCTBA Kacca:

Rectangle Bounds — pasmep cTpaHHIBI B COTBIX IOJISIX OIOMMAa ¢
y4eTOM OpHEHTAlUK CTPAaHHMIIBI, 3a/1aBaeMoii cBoiicTBoM Landscape;
bool Color - ompenenser HeoOXOOMMOCTh LBETHOM I€YaTH
CTPaHHIIBI;

float HardMarginX — koopamHata OCH x B COTBIX IOJISIX AIOHMMAa
JIEBOTO IOJI CTPAHHUIIBI;

float HardMarginY — koopauHata OCH y B COTHIX JOJSX AroiMa
BEPXHETO MOJIsl CTPAHHLBI;

bool Landscape — 3amaer opueHTanuio rnevatu: ansoomuoe (true)
i kamkaoe (False);

Margins — mons CTpaHHIBI B COTHIX JONsAX Aroima. [lo ymomyaHuio
TIOJISL CO BCEX CTOPOH PaBHEI | Mroiimy;

PaperS ize - pasMep Oymaru i CTpaHHMIIbI;

PaperSource — nuctouank Oymaru ajs CTpaHHUIIb;

RectangleF PrintableArea — miuna u mmmpuHa o6nacT mevyaTu
CTPaHHMIIBI B COTHIX JOJISIX FOMMa;

PrinterResolution — pa3pemaromiast CiocoOHOCTS;
PrinterSettings — napameTpsl MpuHTEepa AJIsI CTPAHUIIBL.

Pa3zBepHyTHIi TpUMep TI€4aTH C HCIIOJB30BAHHEM JHMAIOroB OyJIeT
paccMOTpeH B IMyHKTE 6.1.
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I'maBa 3. AJITOPUTMBI KOMIIBIOTEPHOM I'PA®UKHA

3.1. 3AJAYM KOMIIBIOTEPHOM I'PA®UKHA

CornacHo knaccugukanun @. Maprueca [29], napopmanuro, coaeprarryrocs
B U300pa)KCHUH, MOYKHO KITACCU(DHITPOBATH CIICTYIOIINM 00pa3oM:

—  ompeznenuTeNbHas HHGOPMALKS — WISHTU(DHUKALUS U CTPYKTYPA;
—  TomoJjornyeckas HHGOpMaLus — MOPHOIIOTHS M TEOMETPHS;
—  BHByalbHas HH(POPMAIHS — BHEIIHUH BH]] U OCBEILCHUE.

Hoenmuguxayuss OCHOBaHa HAa WMMEHOBAaHMM OOBEKTOB WM MHOXKECTB
00BEKTOB.

Cmpykmypa OTpakaeT pa3iIH4HbBIe BHJIBI OTHOLICHHH OOBEKTOB MEXIY
co0ot:

—  jorudeckue (MPUHAUICKHOCTD, BKIIIOUEHUE U T.1.);
— rtomosornyeckue (0IM30CTh, KACAHUE H T.]I.);
—  (yHKIMOHAJBHBIE.

Mopgonoeuss orpaxaer GpopMy 00bEKTa HE3aBUCHUMO OT €rO IOJIOKCHUS U
TOYKM HaOroneHus. Bce reomerpuueckre OOBEKTH SIBISIOTCS KOMOWHAIMEH
pa3NMyYHBIX MPUMHTHBOB — NPOCTEHIIMX (Uryp, KOTOpPBIE, B CBOIO OYEpE.b,
COCTOSIT U3 rpa)MuUECKUX IEMEHTOB — TOUCK, THHHM, IIOBEPXHOCTEH.

Teomempuss BKIIOYaeT MHOOPMAIMIO O TNPOEKIHSX, BHANMOCTH H T.I.
I'eomerpust nomonHseTcs HHPOpMaHEl 0 CbeMKe (TOUYKe CheMKH, HalpaBJIeHHH,
THnie OOBEKTHBA, (OKYCHOM pPAaCcCTOSHUH, (opMare CHUMKA) U OTOOpaKEHUH.
OtoOpakeHMeM Ha3BIBaeTCA IPeoOpa3OBaHWE JBYXMEPHOTO  HM300paskeHUs
TUIOCKOCTH ITPOCLMPOBaHst (IJIaHa) B IByXMEPHOE U300pakeHne Kapa.

Buewnuii BUJ CONEPXUT WH(POPMAIIMIO, OTHOCSIIYIOCS K MaTepuaity, U3
KOTOPOTO COCTOMT OOBEKT, B 4YacTHOCTH, O IBETE, TEKCType, SPKOCTH,
MIPO3PAYHOCTH ITOTO MaTepuaa.

Ocsewenue yKka3bplBaeT Ha NPHUPOIY, YUCIO U PACIONOXEHHE HNCTOYHHUKOB
CBETa, a TAK)Ke Ha yCIOBHS BUIUMOCTH: TyMaH, AbIM U T.JI.

[epeunciiiM OCHOBHBIE MaTeMaTHYECKHE 3alJadyd, BCTPEYaroLIMecs IpH
CO3aHHMHU W300paXKEeHHs Ha SKpaHe KOMITbIOTepa:

— nIpeoOpa3oBaHKE CHCTEMbI KOOPIMHAT M NPOSIIUPOBAHHE;
—  yAaJleHue HeBUIUMBIX JIMHHMI;
—  OCBEIICHHE U TCHB;
—  MOJETHMPOBaHHME [IBETA;
—  MOJIENHPOBAaHHE TEKCTYPBHI;
—  JIOTHYECKHE Ollepanuy HaJ OObEKTaMH.
YacTh 3THX 3a/1a4 pacCMOTpPEHa B JIAHHOM T1aBe, a TAKXKe B IJIaBe 7.
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3.2. KIACCU®UKALIUA AJITOPUTMOB

ANTOPUTMBI KOMIBIOTEPHOH IpaiKM MOXHO pa3/eITh Ha JBE TPYIIIBI:
QITOPUTMBI HIDKHETO YPOBHA M aITOPUTMBI BEPXHETO YPOBHA. AJTOPHUTMBI
HIDKHETO YPOBHS HCIIOJIB3YIOTCSL [UISi PUCOBaHUS T'padMUECKUX IPUMHTHBOB
(JMHMH, OKpyKHOCTEH, 3amojHeHWH obOmacteil u T.m.). Takue anropuTMBbI
peann3oBaHbl B TpauuecKux OWOMMOTEKaxX WM pPEajN30BaHBl amllapaTHO B
rpa)UIecKux MMporeccopax.

B rpynme anropuTMOB HIKHETO YPOBHSI MOXKHO BBIJEIHTH CIICTYIOIIHE
HOATPYTIIBL:

— aJITOPUTMBI, UCIIOJIB3YLIHE NPOCThIE MATEMAaTHYECKUE METOIbI M TPOCThIE

B peanuzaluu. Takue aIropuTMbl, Kak IPaBWIO, HE SIBISIOTCS
ONTHMAJIbHBIMH;

— QITOPUTMBI, B KOTOPBIX HCIOJB3YIOTCS CJIOXKHBIE MaTeMaTH4ecKHe
METO/IbI, ¥ 3BPHCTHUECKHE aJITOPUTMBI;

— peanu3yeMble anmapaTHO: PEKYPCHUBHBIE aITOPHUTMBI, JOIYCKaroIHe
pacrapajuleMBaHWe,  ITOPUTMBI,  peaju3yeMble B  KOMaH/ax
poreccopa;

— ITOPUTMBI CHENMATBHOTO HA3HAYCHHWS, HANPUMEP U CIVIaKHBAHHSA
muaui (Alias).

K rpymme anroputMoB BEpXHET0 yPOBHS OTHOCSATCS, HAIIPUMEP:

— QIrOPUTMBbI  YJaJeHUs  HEBUAMMBIX JIMHUH W I[TOBEPXHOCTE.
D¢ GeKTUBHOCTh ITHX AITOPUTMOB BIHMSET HAa KAayeCTBO U CKOPOCTh
noctpoenus 3D nzoOpaxenus;

— QITOPUTMBI IIOCTPOCHUSI TOJYTOHOBBIX H300paX€HHH, B KOTOPBIX
HEOOXOAMMO YYHTHIBATh: KOJMYECTBO U CBOIMCTBAa MCTOYHUKOB CBETA,
CBOHCTBa IMOBEPXHOCTH OOBEKTa (IPENOMIICHHE CBETa, MPO3PAaYHOCTH
00beKTa, OTpaKEHHUE CBETA).

3.3. TEOMETPHUYECKUE OCHOBBI KOMIIBIOTEPHOM T'PA®UKHN

Jns onmcaHns TaKMX T€OMETPHUYECKHX OOBEKTOB, a TAKXKE MX B3aMMHOTO
PpAacIoyoXXeHHs B IIPOCTPAHCTBE, BBOJIUTCS CUCMEMA KOOPOUHAM U KKIAO0H TOUKe
MIPOCTPAHCTBA COIOCTABISETCS HAOOp BELIECTBEHHBIX YHCET — KOOPOUHAM 3TOW
TOYKH. YWCIIOM KOOpAWHAT B TAKOM HAOOpE OMPENENACTCS pAZMepHOCHb
mpoctpacTBa. OOBIYHO paccMmaTpuBaOT AByMepHBIe (2D) mpoctpaHcTBa Ha
pa3IMYHBIX TOBEPXHOCTAX H TpexmepHble (3D) mpoctpanctBa. B 2D-mpo-
CTpaHCTBax TPaUUECKHMH DIIEMEHTAMH SBIISIOTCS TOYKH M JHHUH, B 3D-mpo-
CTPAHCTBAX K HUM JI00ABIISIOTCS TIOBEPXHOCTH.

3.3.1. TPA®UYECKHE 3JJEMEHTHI HA IJIOCKOCTH

IpocTeiimeit GopMoii MOBEPXHOCTH SIBISETCS IUIOCKOCTh. J[isi omumcanus
TreOMETPUYECKIX OOBEKTOB Ha IUIOCKOCTU HCIOJIB3YIOT OeKapmosy W HOJAPHYIO
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cucreMbl koopauHat. Koopmunatsl (X,Y) u (F, @) B 3TUX CHCTEMax CBS3aHBI
COOTHOLICHHSMH

x=rcos(@), y=rsin(@), 3.1

r=4yx*+5°, tg((p)z%. 3.2)

Beenem 0603HauYeHne ISl KOOPANHAT TOYKH HA IUIOCKOCTH B JIEKAPTOBOU U

HOJIAPHON CHCTEMAaX KOOPIMHAT:
p =, y) =(,p. (3.3)

Cesi3b MEXKIYy KOOPIMHATAMM TOYEK JIOOON JIMHUM MOKET OBITh 3ajaHa
nesignoim ypasnenuenm T(P)=0 wmm napamempuuecxoi gynxyuerr p(t) . Otn
COOTHOILEHHSI MOTYT OBITh 3alMCaHbl B KOOPAWHATHOM WM BEKTOPHOM (opMe.
Bekrophas ¢opma 3anucu 6ojiee KOMIIAKTHA, OJJHAKO B aJIFOPHTMaX, KaK PaBUIIO,
3aMeHseTcs Ooliee yIOOHOM sl BRIYUCICHHH KOOPAMHATHON (OpMOH.

Touka Ha IUIOCKOCTH HMMEET JBE CTENEHH CBOOOIbL 3aBMCHMOCTD
paccrostius d MEXIy ABYMs TOYKAMU P; M P, OT MX JEKAPTOBBIX KOOPAMHAT
UMEET BUL

d=|p,~p,| = =%, + (1~ 1), (3.4a)
a oT HOJ'ISIpHBIX I(OOpZ[I/IHaTZ
d =|p, = pa| =1 + 1,7 =25 X1, X C0S(0, — 0,). (3.4b)

JIuHUS HA TUTOCKOCTH MIMEET OJHY CTEIeHb CBOOOIBI. YpaBHCHHS JTHHUU B
HESBHOW (hOpME UMEIOT BH

f(xay)209 (353)
a mapamerpudeckas QyHKIus:
p®)=[x(0),y(®)]. (3.5b)
HesiBHOE ypaBHEHHE NPSIMOM JINHUN UMEET BUIT
AXx+BxXy+D=0, 3.6)

rze XoTs A Wi B TOIDKHO OBITh OTJIMYHO OT HyJisl. [IpsAMyIo THHHIO MOXHO 3a1aTh
KOOpJIMHATAMM OJHOW M3 TOYeK JHMHMU Py U BekropoM Hopmamu N = [Ny, N,].
Torma HesBHOE ypaBHEHHME MPSIMON JIMHUM MOXKHO 3alKcaTh B HOpPMaJbHOMN
dbopme:

N X (x=x))+ N, x(y=y,)=0. 3.7)
Ecnu nnst 3amanust mpsiMoit uctions3yeTcs Hanpasisionid Bektop V = [V,

Vy], To A1 onucaHus NPAMOH JIMHUK UCHIONIB3YETCs apaMeTpudeckas QyHKIMsA
x(t) =x,+V. xt, y(t)=y,+V, Xt 3.8)

Tak kxak BexTops! N 1 V NepneHIUKYIISPHBL, TO UX CKAJSIPHOE MPU3BEICHHE
pasHo 0:
N XV, +N, xV, =0. 3.9)
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Cpasnubas (3.6), (3.7) u (3.9), noxygaeM A BEKTOpa HOPMAJH K MPSMON
N=[A, B], a 1 manpasmsromiero Bekropa V =[-B, A].

[Mapamerpudeckast GyHKOus ynoOHa JUIS MOCTPOEHHS YacTed HpsAMON —
OTpe3KoB M Jyded. s 3Toro HEoOXOIMMO YKa3zaTh Ipeleibl H3MEHCHHS
napamerpa:

—  —o0 < < +eo, IPOTSHKEHHOCTH MPSIMON HE OTPaHUUCHA;
— t20, myy, BeIXoAAmuMi 13 Touky p0 B HaIIpaBIEHUH BEKTOpa V;
— t, <t <t,, 0Tpe30oK mpssMoi Mexay Toukamu pO+V*tl u p0+V*e2.

Jnist mpou3BOJIEHOM JIMHUK HA IUIOCKOCTH B JIO00H perynsipHoi (TIaaKoi u
HEKpaTHOU) Touke Py = [Xo, Yol = P(Ty) BO3MOXKHA jaumeapusayus, TO €CTh
HOCTPOEHHE KACAMenbHOU npsamou. YpaBHEHHE KacaTelbHOW YJIOOHO 3amucarh B
HOpManbHOH (opme (3.7), TIe KOMIIOHEHTBI BEKTOpa HOPMAJIM BBIYHCIISIOTCS KaK
YacTHbBIC TPOU3BOJHBIC OT (D)YHKIMH B JIEBOW YacTH HESIBHOTO ypaBHeHus (3.5a)
9TOM JINHUU:

N &G
dx

_dfxy)

e M= (3.10a)

XosYo

Bexmop nopmanu N = [Ny, Ny] opToronasneH kacaTenbHOH ¥ HalpaBjeH B Ty
cropony, tae F(X,y)> 0.

Ecnu nuHuA 3a7aHa cBOEH mapaMeTpuyecKoi (YHKIMEH, TO aHaJOrHM4Has
¢GbyHKIMA Ui KacatenbHoi nmeer BUI (3.9) ¢ KOMIIOHEHTaMH HaIpaBiIsIOLIETO
BEKTOpA!

dx(t) dy(t)
Ve=——lam> V="
dt dt

Br10op Mexkay OnMcaHHEM JHHUH C TIOMOILNBI0 YPaBHEHHS WM C TIOMOILBIO
mapaMeTpuieckuX (YHKIWH 3aBHCHT OT pemaemoil 3amaun. [Ipm moctpoeHnn
JUHUNA y00Hee UCTIO0Nb30BaTh UX MMapaMeTpUIecKoe MPEACTaBICHHE WIH, €CIIH 3TO
BO3MOJKHO, SBHYIO (hopMy ypaBHEHHUs BUaa y = f(x).

(3.10b)

XosYo °

B rmaBe 6 ommcan psAA IMPOCKTOB MOCTPOCHUA JIWHUN Ha IDIOCKOCTH C
HUCIIOJIB30BAaHUEM SBHBIX W HCIBHBIX ypaBHeHHﬁ, a TaKKe MapaMeTpUICCKOro
TIPEACTABIICHUS.

3.3.2. TPA®UYECKME SJEMEHTHI B IPOCTPAHCTBE

l'eomerpuueckne  0OBEKTHI B MPOCTPAHCTBE  OMHUCHIBAIOTCS  C
UCIIONIb30BaHUEM  JIEKapTOBOM, IIMJIMHAPHYECKOW M  CEepHyecKkoil cHucTeM
koopauHaT. COOTBETCTBEHHO, TIOJIO)KEHHE TOYKH B IPOCTPAHCTBE MOXKET
OMPENENATHCS JIF000N TPOWKOI BEIIECTBEHHBIX YHCEI:

— X, Y, Z B JEKapTOBOHM CHUCTEME KOOPIMHAT;

- I, @, Z BUWIMHAPUYECKOHN cCHUCTEME KOOPIUHAT;

- r, 6, ¢ Bcdepuyeckoii cucTeMe KOOPIUHAT.
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Paccrosiaue d MexIy JBYMs TOUYKaMH P U P, BBIYUCIAETCS 1O HopMyIie

d =06 =%, +( = 2,) +(5-2,) (3.11a)
B ﬂeKapTOBOﬁ CUCTEME KOOpAWHAT,
d =[5 +1,> =251, X cos(@, — 9,) + (2, — 2,)° (3.11b)

B LIWJIMHAPUYECKONW CUCTEME KOOPAUHAT U
d= \/rf +1," =27, (sin(6))sin(6,) +cos(6,) cos(6, ) cos(¢, —@,))  (3.11c)

B cheprUecKOi crcTeMe KOOpANHAT.
[ToBepXHOCTH B NMPOCTPAHCTBE MMEET IBE CTEHNEHM CBOOOIBI M €€ MOKHO
OITHCATh C TIOMOILBIO HEIBHOTO yPaBHEHHSA

S(x,,2)=0, (3.12)
WM C IOMOIIBIO ITApaMeTPHIECKOr (HYHKIMN
p(t,7) =[x(t,7), y(t,7),2(,7)] . (3.13)

[Ipocreiimel TOBEPXHOCTHIO SBISIETCS IUIOCKOCTD, JUII KOTOPOH HECIIOKHO
3aIcaTh HESIBHOE YPABHEHNE U MTAPAMETPHUIECKYIO (DYHKIHIO.
B m1r000if peryisipHON TOYKE MOBEPXHOCTH Py MOKHO TOCTPOHTH BEKTOD
HopManu N ¢ KOOpAUHATAMHU:
v _df
X d_x X0sY0520 > y dy

Hesnoe ypasnenue nnockocmu 3amaetcs 4eThIpbMs Koo duimentamMmu A,
B, C, D:

_4

X0>Y0:%0 27 Y
dz

(3.14)

X0:020

AXx+BXy+Cxz+D=0. (3.15)

Xots Obl oxHO U3 yucen A, B wim C A0WKHO OBITH OTJIMYHO OT HYJIS.
Bexrop Hopmamu s iockoctu paer N =[A, B, CJ.
Hopmanvuoe ypasnenue naockocmu, 3alaHHOH TOYKOH [Py M BEKTOPOM
HOopMaiu N, UMeeT BUJI
N X(x=x))+ N, X(y=yy)+ N, X(z—z,) =0. (3.16)
Iapamempuueckas ¢ynkyus niockocmu, 3aJaHHON TOYKOH Py ¥ JIMHEWHO
HEe3aBHCUMBIMH HalpaBJIOmnMH BekTopamu V i W, nmeet Bug
x(t,7)=x,+V _Xt+W_Xrt,
Y(E,7) =y, +V, Xt+ W, X1, 3.17)
z(t,T) =z, +V Xt +W_XT.
Takast hopma ynoOHa aiisl 3alaHusl KaKk BCEH IUIOCKOCTH, TaK U €€ 4YacTew.
JJist 3TOTO IOCTAaTOYHO yKa3aTh MPeIeNbl N3MEeHEHH apameTpoB t u 1:
—  —co<f< oo, —oo< T < +oo —IPOTHKEHHOCTH INIOCKOCTH HE OIPaHUYEHA;
—  —oo<t< 40,720 — MONYIUIOCKOCTh, HAXOMAMIASCS OT MpsMoi pO+FVxt
0 OJTHY CTOPOHY C BEeKTOpoM W
—  —o<f<+eo, 07 <1 —mnonoca mmpuHOH |¥| B HanpaBieHNH BeKTopa V;
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— 0<t<1, 0£7<1 — napauienorpamMm ¢ BepliMHaMu B Toukax p0, pO0+V,
PO+W, pO+V+W.
BekTtop HOpManM K IJIOCKOCTM MOXHO TMPEACTaBUTh KAaK BEKTOPHOE
mpousBeieHne BekTopoB V u W:

N=[rxw]. (3.18)

JluHust B TPOCTPAHCTBE, KaK M Ha IUIOCKOCTH, MIMEET OJJHY CTEIIeHb CBOOO B
U MOXeT OBITh OmnMcaHa JIM0O KaK pe3yNbTaT IEePeceueHus ABYyX MOBEPXHOCTEH,
00 KaK TPaeKTOpHUs ABWXKEHUs TOYKH. B mepBoM cityyae moTpeOyercs perieHne
CHCTEMBl JIByX HENHMHEHHBIX ypaBHeHHH f,(x,y,z)=0u f,(x,y,z)=0, dgTO

MpaKkTHYeCKH KpaliHe HeynoOHo. Bo BTopoM ciydae MBI HMeeM Jeno ¢
rapamMeTpUIeCKHM IPEICTaBIeHNEM IPOCTPAHCTBEHHBIX KPUBBIX (pHc. 3.1):
p()=[x(0), y(0),2(1)]. (3.19)
Kak yxe ormedanoch, mapamMerpuyeckoe IIpelCTaBlIeHNE SBISIeTCS Ooree
YHUBEPCAIBFHBIM M YI0OHBIM JUIS TIPOBEICHHUS BhIuMcieHuit. [1pu aTom cHuMaeTcst psin
mpo0JIeM, CBSI3aHHBIX C HCIHOJBb30BAHAEM MHOTO3HAYHBIX (DYHKIMH B ypaBHEHMSIX IS
3aMKHYTBIX KpPHUBBIX, & TaKkKe C OECKOHEYHO OOJBIIMMU 3HAYCHUSIMH YaCTHBIX
MIPOM3BOJIHBIX 3THX (YHKIMH B HEKOTOPBIX TOYKax KPUBBIX. B mapamerprdeckom
MPEJICTABJIICHUN JIETKO OIMCHIBAIOTCS 3aMKHYTBIC KPUBBIE M, KPOME TOrO, BMECTO
TAHTEHCOB YIJIOB HAKJIOHA KPUBBIX K KOOPWHATHBIM OCSIM HCHOJIB3YIOTCS KacaTelbHbIe
BEKTOPBbI, KOTOPbIE HUKOT/Ia HE ObIBAIOT OECKOHEUHBIMH.

4

r<

Xy
Puc. 3.1. [TapameTpudeckoe omucaHue NPOCTPAHCTBEHHOI KPUBOM

B xaxmoit perymsapHoit Touke Py = P(Ly) kpuBoil L (mepBas mpousBogHAS
p'(ty) # 0) MOXHO BBIYHCIHUTH CIUHUYHBI BEKTOp KacaTeNbHOW V W BEKTOP
KpuBHU3HHI K:

V=p0/p' )
K=[[p0xp"Olxp'®]/|p'0)

Monyne BeKTOpa KPUBU3HBI XapaKTEpU3yeT CTEIEHb OTKIOHEHUS KpuBoH L
OT NPSIMOM JIMHUH.

(3.20)
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3.4. 3AJAYM UHTEPNIOJISILIMHU, CIJIA’JKUBAHUSA
" ATIIMMTPOKCUMAILIUA

[Ipn pabore ¢ JIUHMAMH Ha IUIOCKOCTH WM B TPEXMEPHOM IIPOCTPAHCTBE
NPUXOJUTCS pelaTh OJHY U3 CIACAYIOIINX TPEX 3aau:

—  3ajady uHmepnoiayuu, COCTOALIYIO B BBIOOpE JIMHUM, NPOXOZsIIed uepes
3aJ]aHHO€ MHOXECTBO TOYEK;

— 3ajady cenaxcueauus — BHIOOP JIMHUM, INPOXOAAINeH BONU3U 3aJaHHOTO
MHOXKECTBA TOYEK;

— 3aJady annpoxcumayuy — BBHIOOp JIMHUH, JOCTATOYHO OJIM3KOW K IaHHOM
JIHUM.

s 6onee cTporoit GopMyImpoBKH 3THX 3a7ad BBEJIEM HECKOJIBKO MOHATHH
1 0003HAYCHUH.

[Tycts F — ¢dyHKIMOHAIBHOE TPOCTPAHCTBO OJHO3HAYHBIX (YHKIHH, B
KOTOpOM OIIpesieNieHa NoilnyHopMa ¢, V C F — BekTopHOE (YHKIMOHAIBHOE
npoctpancTBo ¢ 6asucom R". O6o3naunm yepes {O;} ie | =0, 1, ..., m MEHOXECTBO
(YHKIIMOHATOB, Ka)KIbIiI M3 KOTOPBIX CTAaBUT B COOTBETCTBHE BEKTOPY V € V
nevicteurenbHoe gmcio O;(V). Kpome toro, mycts {Z;} i€ | — MHOKECTBO TOUEK,
3aJjaHHBIX Ha TIUIockocTH Wik B 3D-mpoctpancTBe. BBeleHHblE MOHSTHS
MIO3BOJISIIOT JaTh cleaytomue GOpMyIMPOBKH BhILIEIEPEUNCICHHBIM 3aadaM.

3agaya uHTepnoasiuuu. Haiiti v € V Takoii, aro &(V) = z; mis io6oro
iel

3agauya craaxkuBaHus. Haiftu vV € V takoii, 4To V OIU3KO K MHOXECTBY
{z;}, TO ecTb uTO MOITYHOPMaA

(s Mi—{z}.iel)
MOTy49aeT MUHUMAaJIbHOE 3HaUCHHE.

3agaya annpoxkcumanuu. Haiitu vV € V Takoii, yro nomyHopma @(F-V)

nMeeT MUHMMalbHOE 3HaueHne. 3xeck F € F — Hekotopas 3amanHas GpyHKIHS.

Yacto criuaxuBaHUE HA3bIBAIOT TOYEYHOM amnNpoKCUMaLUe, oTMedas
0JIM30CTh ABYX MOCJEIHUX 3a/1a4.

3.4.1. UHTEPIIOJASLMA NIOJUHOMAMHA

Paccmotpum dynkuuu V() € V = P™ Hax 0IHOMEPHBIM MHOKECTBOM
[a,b] c R HycTL SI(V) :V(ti) =2Zi, iel ,Zi € EK, ac< t() S < b.

Ecnu B kauectBe 6asuca R" nmpocrpancTsa V BHIOpaHbl CTENEHHBIE QYHKIMHA
1, t, tz, ..., T' TO 3amaua WHTEPHOJALMKM CBOIMUTCA K DELIEHHIO JIMHEHHOM
CHCTEMBI ypaBHEHHUH

Dvoxt] =z (3.21)
j=0

C CHMMETPUYHOM 00paTHMOi MaTpHIeH, Ha3bIBaeMoil MaTpuIieir Bannepmonaa.
74



Pemenne 3amaun WHTEPHONALMM 3HAYUTENBHO YIPOINACTCS, €CIH B
KagecTBe Oasznca mpoctpaHcTBa V BEIOpaHBI MOMTMHOMEI Jlarpanxa:

L= 1 t_ttf, iel (3.22)

J=0,j#i i — j

B sToM 6aznce pereHueM siBisieTcst QyHKIUSL

v(t) =Yz, XL (1). (3.23)
i=0
Yaiie Bcero B KayecTse Oasuca R" BBIOMPAOTCS MOJIMHOMBI HbI0TOHA
N,@)=1, N@=]Je-t). iel (3.24)
j=0

Pewienue cucreMsl ypaBHEHU
D v XN, () =z (3.25)
j=0
3aIKMCBIBACTCS B PCKYPPESHTHOM BHC
i—1
Vo =2, v, =(z,— 2 v,N,(t))/N,(t), i€l (3.26)
j=0

Benuunnbl V; Ha3bIBAIOTCS pa3OeieHHBIMH Pa3sHOCTSAMH IOpsiaka 1 Ha
muoxectBe {Z;} e l.

Heo6xoauM0 OTMETHTH, 9YTO W MONWHOMBI JlarpaHxka, W TOJHHOMBI
HbroToOHa MOTyT [aBaTh OOJNIbIIME OTKIOHEHHS OT OXKHIAEMbIX 3HAYCHUIT

byHKIMH.
IIpoext nst mosuHOMOB Jlarpan»a mpUBOAUTCS B IMyHKTE 6.3.2.

B ciyuae, ecnu B Toukax {t;}, i€ | 3agaHbl He TOJIBKO 3HAYEHHS (PYHKIIMU
T(t), vo u mpomsBoaubie T'(t;), TO YKMCIO YCIOBHH HA HHTEPIONSIHOHHBIN
MHOTOY/ICH YIBAHBACTCA M OH JOJDKEH MpHHAIIEKAaTh TpocTpaHcTBy V= P!
MOJIMHOMOB CTETICHU He MEHbIel wiu papuoi 2m + 1. Ilycts {z;} < R, 1 =0, 1,
vy 2M+1 u myets Z; = F(L), Zizms = F(L), 1 =0, 1, ..., m. Torma penienue 3agauu
MIPUBOJUT K TIOJIMHOMY DPMHTA, BBIPAXKEHHOMY Yepe3 MOJTHHOMBI Jlarpanxka:

W) =3 2 (1= 2 =)L EVEO+ Y 2 (—1DEO. (327

WuTeprionsinyst MOJMHOMAMUA MOXeET ObITh HCIOJb30BaHa MPU HEOOIBIIOM
gpcne Todek (He Oomee 15). Jns Oomnbimero wmcia TOYEK pPacTeT CTENEHb
MOJIMHOMA U HEYCTOWYHMBOCTh JIMHHH, TPOSBIISIONIASACS B OOJBIINX MEXKY3JIOBBIX
OCHUIIIALIUAX.
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3.4.2. MHTEPIIOJIAANMA KYBUYECKAMHU CINIAMHAMU

[TpoGnema HEyCTOWYMBOCTH TJIOOANBHBIX HHTEPIOJUPYIOUIMX KPHBBIX
periaeTcs myTeM nepexoja K KyCoyHoH (JIOKaJIbHOW) MHTEPIONIALUN OIMHOMAMU
HEBBICOKMX CTENeHel, Ha3blBaeMbIX cruraiiHamu. Kos¢d¢uuuenTts! craiHOB
MoAOMpAIOTCs M3 YCIOBUH JOCTATOYHOM TJIQJAKOCTH Pe3yJbTHPYIOIIEH KPHBOI B
TOYKAX CIUMBAHUSA. MUHUMaIbHYI0 HHTETPAlbHYI0 CTEHNEHb  KPUBU3HBI
HMHTEPIIONHPYIOIIEH KpHBO 00eCreunBarOT CIUIAHHOBBIE IIOJIMHOMBI TPEThel
CTEINEeHN — KyON9IeCKHe CIUTaiHBI.

[To-nipexxnemy Oymem paccmarpuBath  pynkimuu  V(E)eV=P" wHax
OJIHOMEPHBIM MHOkecTBoM [a,b] ¢ R, &(v) =z, i =10, 1, .., m, z; € K,
a < s t < ... £ t, < b VHTepnomsimHOHHBIM KyOHMYEeCKHM CILIAiHOM
HaspiBaeTcst hyHknus V(L) Takast, 9To

v(t)=z,i=0,1,..,m,

Ha o6om uHTepBaie [t;, ;] ABnstomascs MHOTOUICHOM TPEThel CTETIeHHU:
3
vi()=Y d\(t—1) (3.28)
j=0

U IBOK/bI HENPepbIBHO nuddepeHupyemas.

IMoctpoenne  kyOmueckoro crmoiaifHa  TpeOyeT  HaxOXACHHS  4Xm
koadduuuentos a; (1 =0,1,...,m; j =0, 1,2, 3) nonmuHOMOB 3-# cTenenu. ITu
K03 QUIMEHTEl ONMpEenessIIoTCS. CUCTEMOM JIMHEHHBIX ypaBHEHHMH, KOTOpHIE
MOJTY4al0TCs U3 YCJIOBUH HETIPEPHIBHOCTH (YHKIMH, a TAKXKE €€ IEePBOH 1 BTOPOH
IPOM3BOJHBIX B M — 1 mpoMexyTOYHBIX y3/laX, YCIOBUS MPOXOXKACHUS KPUBOM
yepe3 M + 1 y3en u 2-X yCIIOBHH B TpaHUYHBIX y3nax. Takas cucTeMa JIMHEHHbBIX
YpaBHEHHH C TpEeXAWaroHaJbHONW MaTpHiell NpHUBOAWTCS B TiaBe 6 B paMKax
OIIMCAHUsI MPOEKTa MPHIIOKEHUS, PEATN3YIOMIETO MOCTpOeHHe TpaduKa CIUIaiiH-
(hYHKIMU 110 3a1aHHOMY HabOpy TOYEK.

IIpoexT 1 KyOudeckux CIIaiHOB MMPUBOAMTCS B MMyHKTE 6.3.4.

HpI/I U3MCHCHHUHN KOOPAWHAT Y3JIOBBIX TOYCK HeO6XOl]I/IMO NEPECYUTHIBATH
KO3 dUIHEHTBI &;;. DTOr0 HEAOCTATKA HET Y HEKOTOPBIX METOJIOB CIJIaKHBaHUS.

3.4.3. CTJAIAXKUBAHUE U ALINPOKCUMA LA

Metox HauMeHbIIHX KBaapaToB. Oyukuus Y(X) € V paccmaTpuBaercs
HaJl OJHOMEPHBIM MHOXeCTBOM [a,b] < R. s pemtenus 3amaunm TpebyeTcs
MHHHUMH3HPOBATE CYyMMY KBaApaToB OTKIOHeHHH (QyHKImH Y(X) OT 3aJaHHBIX
sHaueHut y;, 1 =0, 1, ..., m.

IIpoekT At MEeTo1a HANMEHBIIMX KBaPATOB MPUBOIUTCS B MyHKTE 6.3.3.
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Kpussie Be3be. J[pyruM crmoco60M CTiIaKUBaHUSA SIBIISIETCS HCIIOE30BAHHE
KpuBoil be3be, nocTpoeHHO Ha MHorouineHax bepHumreliHa. Paccmorpum
YIOPSJIOYCHHBI HA0Op TOYEK, OMpeeIieMbIX MHOKECTBOM BeKTopoB {Y;} Iel.
JlomaHas Yoy, ...Ym Ha3bIBaeTCsl KOHTPOJBbHON JIOMAaHOU, MPOXOSAIIEH yepe3 3TH
TOUKH.

Kpusass besbe, mopoxeHHas MHOKECTBOM BEKTOPOB {Y;}, — 3TO JIMHHA,
3aaBaeMas BEKTOPHOHN mapaMeTpuyeckoil pyHKIIueH Buaa

rt)=Y Coxt'x(1-0)""xy,, 0<r<], (3.29)
i=0
rac
; m!
" i (m—i)!

— OmHOMUaneHBIe KO3 umueHTs. KoappuunueHTs! npyu BepmmHax Y; SBISIOTCS

MHOTowIieHaMu bepHiuTeiina
i i m—i
C xt'x(1-t)"". (3.30)
Muorounens! bepHmireiina 001a1al0T CISIyOIUME CBOMCTBAMHE:
1) onpenenens Ha unTepBaie [0, 1] U HEOTpULIATENBHBI BO BCEX €r0 TOUKaxX
U [IPU BCEX 3HAUYCHHUSIX mapaMeTpoB I um (I < m);

2) cyMMa MHOTOYWICHOB paBHA €IMHUIIE:
> Coxt'x(-)"" = (t+(1-1)" =1 (3.31)
i=0

s m = 5 MHOTOWIEHB! bepHITeliHa TpeICTaBIeHBI Ha PUCYHKE 3.2.

0,2 04 0,6 0,8 1

P i

Puc. 3.2. Muorounens! bepramreiina

KpuBast be3be sBusieTcst rinankod KpUBOM, KOTOpash MNPOXOAMUT dYepes
KOHIIEBBIE TOYKH Vo U V, KOHTPOJIEHOW JIOMAaHOW M KacaeTcs ee HadalbHBIX
orpe3koB (puc. 3.3). KpuBas be3pe ocymecTBisieT CriaknBaHHE KOHTPOIBHOI
JIOMaHOH, 3aIaHHOH ITOCIIEAOBATEIFHOCTHIO BEKTOPOB {VY;}.
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V3
V1

V6

V4 5

V2
Puc. 3.3. Kpussle besse

[Ipu U3MEHEHUH KOOPIMHAT JIF0OOW TOYKH Y; HEOOXOAUMO 3aHOBO CTPOUTH
rapameTpuieckyto GyHkumo (3.29).

3.5. AO®HMHHBIE IPEOBPA3OBAHUS KOOPJIUHAT

B kommbroTepHO# Tpaduke HCIOIB3YIOTCSI TPU CHCTEMBI KOOPANHAT:
— HEeNOJABMXHAs MUPOBAasi CUCTEMa KOOPIUHAT;
— 0OBeKTHas cUcTeMa KOOPAMHAT, CBSI3aHHAs! ¢ OOBEKTOM M COBEPIIAIOIIAs
C HUM JIBIDKCHHUSI B MUPOBOM CHCTEME KOOP/IMHAT;
— 9KpaHHas CHCTeMa KOOPJIMHAT, CBSI3aHHAs C Tpa)UueCKUM YCTPOHCTBOM.
CBsi3p DKpaHHOH CHCTEMBI KOOPOMHAT C JIEKapTOBOW CHCTEMOW IS
JIBYMEPHOTO MPOCTPAaHCTBa OyZeT paccMoTpeHa B myHKTe 5.1. PaccmoTpuM cBs3b
MEXIy MHPOBOH M OOBEKTHOW CHCTEMaMH, HUCIOJB3Ysl MOHATHE a@@uHHO20
npeobpazoeanss KOOPOUHAm.

3.5.1. AOOHUHHBIE IPEOBPA3OBAHUSA HA IIJIOCKOCTH

HawubGoree nmpocTo Takast CBsA3b OMHUCHIBACTCS B IIpocTeieM ciydae 2D-npo-
CTpaHCTBA.

>

Puc. 3.4. MupoBas u 00beKTHasi CHCTEMbI KOOPJIMHAT Ha IJIOCKOCTH

BBenem moHsTHE cyenbl KaK CHCTEMBI OOBEKTOB, M300pa’keHHE KOTOpPOH
JOIDKHO OBITH BOCIIPOM3BEICHO CPEACTBAMU KOMIbIOTEpHOH rpaduku. Ilycts
HEKOTOpOl Touke P cCueHbl B MHpPOBOH CUCTEME KOOPAMHAT COOTBETCTBYIOT
KOOpIUHATHI (X,Y), a B OOBEKTHOW CHCTEME KOOpAWHAT — KOOPAMHATHI (X,Y).
Ecnu yronm moBopora 0OBEKTHOH CHCTEMBI KOOPAMHAT OTHOCHTEIBHO MHPOBOH
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CHCTEMBl KOOpDOMHAT DPaBeH @, a Havyalo OOBEKTHOH CHCTEMBI KOOPIUHAT
pacrIoyoXkeHo B Touke (Xo,Yo), TO

x=(x—x,)Xcos@+(y—y,)Xsing,

_ (3.32)
y=—(x—x,)Xsin@+(y—y,)Xcos@.
O0parHoe mpeobpa3zoBaHKe HMEET BU]T
X=XXCOS@—yXsin@+x,,
o-y P+ X, (3.33)

y=xXsin@+yxcos@+y,.

B ofbmem ciydae mepexox OT MHPOBOH CHCTEMBI KOOPIMHAT K OOBEKTHOM
CHCTEME KOOPAMHAT BKIIFOYALT B ce0sl [Ba ACHCTBHS — HOBOPOT HA YroJl () U CIBUT
B HaIlpaBJIeHHH BeKTopa (Xo,Yo)-

IIpeo6pazosanus (3.32), (3.33) MOKHO HHTEPIPETHPOBATH ABOSKO:

—  HM3MCHCHHE KOOpAMHAT (PMKCUPOBAHHOM TOYKU MPU W3MEHEHUH CHCTEMBI
KOODJIMHAT;

— M3MCHEHHE KOOPAMHAT TOYKM IIPH HCIIONB30BaHUM (HKCHPOBAHHOM
CHCTEMBI KOOPJIMHAT.

Bo BTOpOM Citydae oTOOpakeHHE MEPEBOAUT TOUKY (; ,;) B TOUKY (X,Y).
OtoOpaxenue (3.33) MoxkeT ObITH 0600IIEHO:

x=axx+ Bxy+A,
X+hxy (3.34)
Y=YXX+OXY+ U
Hdus  oOpatmMoctn mpeoOpazoBaHus KOIQGUIMEHTH TPeoOpa3oBaHUS
JOJDKHBI YIIOBIIETBOPSTH YCIOBHIO
B

#+
y 0
IIpeobpazoBanne koopamHat (3.35) Ha3vBaercs agguunviv (affinis —
mo100HBIN), T.K. 00eCIIeunBaeT COXpaHEeHHE OTHOIICHUS TIOJO0MS.
Addunable mpeobpazoBanus ynoOHO MPEACTABIATH B MAaTPUYHOU (opMme.
Juist 5TOTO BBEZIEM BEKTOPHOE MPEACTABICHUE ISl TOUEK MPOCTPAHCTBA!

p=(x). (3.36)
Torza mpousBonbHOE aGUHHOE MPeodpPa3OBaHHE MOXKHO HPEACTABUTH B

0. (3.35)

BUC
p=pM+V, (3.37)
roe
a y
M = , V=40 3.38
( B 5] (4, 1) (3.38)

MoxHO cTporo mokaszate, 4Yro Joboe adduHHOE mpeodpazoBaHmE
MPEICTaBUMO B BHJIE CYNEPIIO3HIMHU 3JIEMEHTapHBIX peoOpa3oBaHuii — MOBOPOTA,
pacTsHKEHHS, OTPAKCHHUS U TIEPEHOCA.
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3.5.1.1. [IpeoOpa3oBanue nepeHoca

x=x+ A,
_ (3.39a)
y=y+u
B BekTopHOI hopme
p=p+V. (3.39b)
3.5.1.2. [IpeoOpa3oBanue pacTsKeHus
X=oxx,
_ (a>0,56>0). (3.40a)
y=0xy,
B matpuuHoit hopme
i (3.40b)
p=pr 0 S5 .
3.5.1.3. [Ipeo6pa3oBaHue 0OTpa:KeHHUsA OTHOCHTEIbHO OCH adcuuce
x=x,
_ (3.41a)
y==y
B matpuunOit popme
L (3.41b)
pP=pr 0 —11 .
3.5.1.4. [IpeoOpa3oBanue NOBOPoOTA
X =XXCOS@— yXsin @,
YHeOSPT yHsIng (3.42a)
y=xXsin@+ yxcos@.
B matpuunOit popme
—( cos sin
p=p[ >0 ¢j. (3.42b)
—sing cos@

HerpyaHo Buzmerp, 4YTo npeoOpa3oBaHUIO MEPEHOCA COOTBETCTBYET

anauTUBHBIA wieH B Qopmyne (3.39a), Torma kak ocTalbHBIE IpeoOpa3oBaHMs
BBINOJTHSIOTCS] MYJIbTUILTUKATHBHO.

Utobs1 caenate adduaHOE TpeoOpa3oBaHHE OTHOPOAHBIM, BKJIIOYUTH B

HEro npeoOpa3oBaHUe IEPEeHOCa MYJIBTUINIMKATHBHBIM 00pa3oM, B NMPOEKTHBHOMN
TEOMETPUU BBOAMTCA IOHATUE PACUUPEHHO20 RPOCPAHCMEA U OOHOPOOHBIX
KOOpOuHam TOYKU. B OCHOBE 3TOro MeToa JISKUT IPeICTaBIeHHE O TOM, YTO
Ka)k7as TOYKa B 71-MEPHOM IIPOCTPAHCTBE MOXKET pacCMaTPHBATHCS KaK IMPOSKINSI
Toukd U3 (N+1)-MepHOTO MpOCTpaHCTBa NpH (UKCHPOBAaHHOM 3HadeHWH (N+1)-it
KoopauHATHL. 11 DOCTIXEHHUS OTHOPONHOCTH ad(UHHBIX NpeoOpa3oBaHHUNA ITO
3Ha4YeHHE CIIeAyeT BEIOpaTh paBHBIM 1.
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OnHopoaHsiME KoopauHaTamu Touku P(X, Y) € 2D Ha3bBaeTcs Tpoiika
ymcen Xj, Xp, U Takas, 9To

x=2, y=2 (3.43)
u u
1 U # 0. B oqHOpOAHBIX KOOpAWHATAX TpH U = 1 BEKTOP TOYKU P UMEET BUJ
p(x,p,1). (3.44)

B obmem cmygae U # 1 Touke P B mpocTtpaHcTBe 2D COOTBETCTBYET
aKeusanenmuolil gekmop (puc. 3.5)

P’ = (wx,uy,u). (3.45)

i
A

X

Y

y

K

Puc. 3.5. Onnopoansie koopauHaTh! B 3D-npocTpaHcTBe

Jroboe addurHOE TpeoOpazoBaHWE B  OTHOPOAHBIX KOOPIUHATAX
3aIHCHIBACTCS B BUIIC

p=pM, (3.46)

rne M — cynepro3uiust MaTpHIl 3JIeMeHTapHbIX IpeoOpa3oBaHuil:
—  BpauieHus (rotation) BOKpYT Hauajia KOOPJIMHAT Ha YTOJl () ¢ MaTpuIeh

cosp sing 0
M=R=|—-sing cos¢p O (3.47)
0 0 1

— oxkarus-pactspkenns (dilatation) Brons oceit OX n OY ¢ marpuueit

o 0 0
M=D=|0 6 0] (3.48)
0 0 1
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otpaxkenus (reflection) orHocutensHO oceit OX u OY ¢ marpureit

1 0 0

M=F=|0 -1 0],
0 0 1
-1 0 0

M=F=0 1 0| (3.49)
0 0 1

— mepeHoca (translation) Hayanga KOOpAMHAT C MaTpHILEH MepeHoca

1 00

M=T={0 1 0] (3.50)
A a1

[lpuBenem npuMepbl HCHOJNB30BaHUS OMHOPOJHBIX KOOPIHMHAT IS
BEITIOTHEHUS aUHHBIX TpeoOpa3oBaHuii.

Ipumep 1. Iloctpouts MaTpuily moBopota Bokpyr Ttouku P(a,b)
Ha yroi ¢.

1-it miar. Ilepenoc wa BekTop P = [-a, =-Db] mis cosmemenus tentpa
MIOBOPOTA C HA4aJIOM KOOPAWHAT.

0
0l. (3.51a)
1

2-1 mar. IToBopoT Ha yrou @.
cos(p) sin(p) O
R, =|-sin(¢) cos(p) Of. (3.51b)
0 0 1

3-it mar. Ilepenoc Ha Bektop P = [a, b] mns Bo3BpaineHust IEeHTpa
[MOBOPOTA B MPEXKHEE MOJIOKEHHUE.

00
,=(0 1 0 (3.51¢)
a b 1
ITepeMHOMX ast MATPHUIIBI, TOTYYUM
cos(¢) sin(¢) 0
M=T,*R,*T, = —sin(p) cos(p) 0. (3.52)

—acos(p)+bsin(p)+a —asin(p)—bcos(p)+b 1
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HOpumep 2. IlocTpouTh MaTpuiy pacTsHKEHHS C KO3 HUIMEHTaMH
pacTsDKeHHs o BAOJb ocH abcuucc, ¢ BIOIb OCH OPAMHAT U C LEHTPOM B TOYKE

P(a, b).
1-ii war. IlepeHoc na Bektop P = [-a,-b] mia coBmemenus nenrpa
MOBOPOTA C HAYAJIOM KOOPAUHAT.
1 0 0
T,={0 1 0. (3.53a)
-a -b 1

2-ii mar. PacTshkeHre BIOIh KOOPIUHATHBIX OCei ¢ Ko UIMEeHTaMH oL U O
COOTBETCTBEHHO.

o

D=|0

0

3-ii mar. Ileperoc Ha BekTOp P
MMOBOPOTA B MPEXKHEE MOJI0KCHHUE.

(3.53b)

o 9, ©

[a, b] s BosBparenus reHTpa

1 00
,=0 1 0 (3.53¢)
a b 1
[TepemHOXast MATPHIIBL, TOTYIUM
o 0 0
M=T ,*D*T, = 0 o 0|. (3.54)

(I-a)*a (1-0)*b 1
3.5.2. AOOUHHBIE IPEOBPA3OBAHUSA B IPOCTPAHCTBE

MoXHO BBECTH OIHOpomHbIe KoopauHatel P(X, Y, 2z, 1) nmisa
OITMCAHUS TTOJIOXKEHHSI TOUYKH B TPEXMEPHOM IIPOCTPAHCTBE.

B 3D-mpoctpanctBe groboe adduHHOE TpeoOpa3oBaHHE ~ MOXKHO
NIPEACTaBUTh  CYIEPIO3UNMEH  MpeoOpa3oBaHW:  IMepeHoca,  MOBOPOTa,
pacTsbkeHHs, OTpaxkeHHA. Jlajee mpeacTaBieHbBl MATPUIBI  3JIEMEHTAPHBIX
npeoOpa3oBaHKil B OJTHOPOIHBIX KOOPAWHATAX.

3.5.2.1. MaTpuubl BpameHus

Bpamenue Bokpyr ocu OX Ha yroi :
1 0 0

|0 cos(p) sin(g)

© |0 —sin(@) cos(@)
0 0 0

(3.55a)

-0 o O
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Bpamenue Bokpyr ocu OY Ha yron y:

cos() 0 —sin(y)

R =| 0 1 0
7 Isin(y) 0  cos(y)

0 0 0

Bpamenue Bokpyr ocu OZ Ha yrou

cos(y) sin(y) O
R = —sin(y) cos(y) O
: 0 0 1
0 0 0

3.5.2.2. MaTpuna cxaTus-pacTAKEeHAs

a 0 0

0 0
D= P

0 0 y

0 0 0

o > 0 — K03 UIHMEHT CKATHA-PACTSHKEHHUS BIOIb ocH OX,
0 > 0 — kodpPHUIHEHT CxKATUA-pACTSDKEHHS BIoIH ocH OY,
vY> 0 — k03 puIMeHT cxxaTHsI-pacTsHKeHus BAoIb ocu OZ.

3.5.2.3. MaTpuubl oTpaskeHHus

OTpaxeHHe OTHOCUTENBHO MmIockocT XOY:

1 0 0 O
01 0 O
M. =
S0 0 -1
00 0 1
OTpakeHne OTHOCHTENIBHO Mmiockoctu YOZ:
-1 0 0 0
0 1 00
M, =
0 01
0 0 01
OTpakeHne OTHOCUTENBHO TIockocTH XOZ:
1 0 0 O
0 -1 0
MY =
0 0 1
0 0 0
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3.5.2.4. MaTpuna nepeHoca

1 0 0 0
0 1 0 O
T= , (3.58)
0 0 1 O
A u v 1
rne V' =[A pu v] - Bekrop nepenoca.
PaccmoTpum HECKOJIBKO IPUMEPOB BBITTOJTHEHUS adUHHBIX

npeobpazoBanuii B 3D-nipocTpancTe.

Hpumep 1. IToctpouTs MaTpHIly IOBOPOTa Ha YTod O BOKPYT MpsIMOH L,
npoxojsmieii  yepes Ttouky P(a, b, €) u wumeromyo eIuHUYHBINA
nanpasstronmii Bektop (1, m, n).

1-it mar. ITepenoc Ha Bektop -P = [-a, -b, -c].
1 0 0 0
T,= 0 1 o0 (3.59a)
0O 0 1 O
-a =b - 1

[Tocne atoro mpsimast L OyaeT nmpoxoauTh Yepe3 Hayaslo KOOpAuHaT.

2-i mrar. CoBMelneHHe OcH ammuiukar ¢ mpsmoit L. Jlocturaercss mByms
MTOCTIEIOBATEIHHBIMHA TOBOPOTAMH.

ITepBrIit TOBOPOT BBINMOIHSAETCS BOKPYT OCH aOCIHICC IO COBMEMICHHUS OCH
anIuIMKaT ¢ MpoeKIuel npsiMoi Ha miockocth YOZ. TIpoekius npsmoit L Ha aTy
IUIOCKOCTh HMMeeT Hampapisiionmid Bektop (0O, m, N), mosromy s yria
ITOBOPOTA (P CIIPABEIUBEI CIIEIYIONIHEe COOTHOIICHUS:

cos(¢) = s, sin(g) = %, (3.59b)

rae d =m* +n*.

Torz[a JUTA MaTpulbl IEPBOr0 MOBOPOTA NOJTYUHUM:

1 0 0 0
o L 'y
R= ¢4 4 | (3.59¢)
o Ly
d d
0 0 0 1

Ilon nmefictBueM 3TOro TpeoOpa3oOBaHMS W3MEHATCS  KOOPIMHATHI
HAaIpaBJIONIETO BEKTOpa MpsiMoid. HoBEIH BekTOp OyneT paBeH

(I, m, n, )xR =(l, 0, d, 1). (3.59d)

85



Bropoii mOBOPOT BBINOJHAETCS BOKPYT OCH OpPAMHAT 1O COBMEILCHUS
MIPAMOH C OCBIO aNIUIMKAT. [|JIs 3TOro yriia moBOpOTa Y CIpaBeUINBBI CIIEIYOLIHE
COOTHOILICHHS:

cos()=d, sin(y)=-I (3.59¢)

COOTBGTCTByIOH.[afI MaTpula BpallCeHus 3allUIICTC B BUAC

d 0 1 0
= 0 10 0. (3.591)
Y-l 0 d 0
0 0 0 1
Teneps HaNPaBIAIOMINI BEKTOP MPSAMON OyIeT UMETh KOOPIUHATHI
(1, 0, d, 1)><Ry =(0, 0, 1, 1). (3.59¢g)

3-it mar. Bpamerne Bokpyr npsimoii L Ha 3amanHbIi yron o. Tak kak Tenepsb
IpsiMasi COBIIAAAET C OChIO ANIUTHUKAT, TO COOTBETCTBYIONIAs MAaTPUIa UMEET BUJ
cos(x) sin(e) 0 O
_|=sin(er) cos(e) 0 0
=1 0 1 0
0 0 0 1

4-if mrar. [ToBOpOT BOKPYT OCH OpAWHAT HA YTOJ -\.

5-#t mar. IToBopoT BOKpyr ocu abcumcc Ha yroa -@. Ilopsmox BparmeHuit
CYIIECTBEHEH, TaK KaK MpeoOpa3oBaHKE BPAIICHNS HEKOMMYTaTHBHO.

6-it war. [TepeHoc Ha BekTop P(a, b, C).

PesyneTupytomas MaTpuia Nolxy4aeTcsl B pe3ynbTaTe NEPEMHOXKEHHS CEMU
MaTpHIL;

(3.59h)

A=T , XR(P)XR (W)X R (&)X R (W)X R, (=) X T}.

Ipumep 2. TpeOyercs moaBeprHyTh  3amgaHHoMy  adduHHOMY
IpeoOpa30BaHMIO BBITYKJIBI MHOTOTPaHHUK.

BpInmykiiblii MHOTOTpaHHHMK OJHO3HAYHO 3a/1aeTcsi HAOOPOM CBOMX BEPILIMH
Vi = Xis VYi» Zi), 1=1,2, ..., n. Iloctpoum MaTpHiry

x o»n ozl
X 1

y=[ 2 (3.60)
x}‘l yﬂ Zﬂ 1

YMHOXast ee Ha MaTpumy A 3aJaHHoro ad¢$UHHOTO MpeoOpa3oBaHMA,
TOJTy4MM Habop BEPLIMH MPe0OPa3oBaHHOTO MHOTOIpaHHuKa V' =VA .
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3.5.3. METOJbI KJIACCA GRAPHICS

Hna ahpUHHBIX nmpeobpa3oBaHuit B IPOCTPaHCTBE UMEH
System.Drawing.-Drawing2D ompenenen kmacc Matrix wmarpumst 3X3.
B 3TOM KI1acce onpezeseHsl ClieIyoIe METOIbL:

Invert() — obpamaer matpuiry Matr i X, eciu oHa oOpatiMa;

Multiply(Matrix matrix) - ymuoxaer wmarpuimy Matrix Ha
MaTpully, yKazaHHyl0 B Hapamerpe matriX, myTeM noOaBlieHWs yKa3aHHON
Mmarpuisl Matrix;

Reset() — copaceiBaeT 10T 06BeKT MAtY I X, 4TOGHI TIOMYUHTH 3JEMEHTHI
€MHUYHON MaTpULIbL;

Rotate(float angle) — no6asnser B 06bekT MatriX moBopoT mo
YacOBOM CTpEJKe BOKPYr Hayaja KOOPJMHAT HA yKa3aHHBIA yroyl MOBOPOTa B
rpagycax;

RotateAt(float angle, PointF point) — npuMenser moBopoT
[0 YacCOBO# cTpesike K 00bekTy Matr iX; moBOPOT MPOM3BOANTCS BOKPYT TOUKH,
yKa3aHHOU B MapaMmeTpe point, myTeM J00aBIeHHS TOBOPOTa B HAYAIIO;

Scale(float scaleX, float scaleY) — mpumenser yka3aHHBIN
BEKTOp  MacmtabupoBanuss K  o0bekTy MatriX, moGaBmsis — BEKTOp
MaclTabupoBaHUsl B HAYAJIO;

Shear(float shearX, float shearY) — npumensier yka3aHHbIi
BEKTOp C/BUTA K 00beKTy Matr i X, 1o6aBiss npeobpa3oBaHKe CABUTA B HAYAIO;

TransformPoints(Point[] pts) — mnpuMmeHseT reoMeTpuvecKoe
npeoOpa3zoBaHue, mpeacTaBisieMoe 00bekToM MatriX, K yka3aHHOMY MacCHBY
TOYCK;

TransformVectors(Point[] pts) - T[OpuUMeHSeT  TOJBKO
KOMITOHEHTBI MacCIITaOUpOBaHUS W MOBOpoTa oObekTa MatriX k ykasanHOMY
MacCHBY TOYEK;

Translate(float offsetX, float offsetY) - npumenser
ykazanueiii Bekrop cmeinenus (OFFsetX u offsetY) x obGpekrty Matrix,
J00ABIISISI BEKTOP CMEIICHHUS B HAYAIIO;

VectorTransformPoints(Point[] pts) - ymHOXaer Kaublid
BEKTOp MAacCHBa Ha MaTpHIly. DJIEMEHTBHl CMEILEHHWsS NaHHOH MaTpuibl (TPEeThbs
CTPOKa) UTHOPUPYIOTCH.

B kmacce Graphics mis adduuHbIX mpeoOpa3oBaHUil OMpPEICICHBI
CIIEYIOIIIE METO/IBL:

Matrix Transform — Bosspaluaer WM 3aJaeT KOIMMIO T€OMETPHIECKOTO
YHHUBEpCalbHOTO MpeodpazoBaHus o0bekTa Graphics;

MultiplyTransform(Matrix matrix) - YMHOXaeT
YHHBEpCanbHOE mpeobpa3oBanne AaHHOTO obbekra Graphics Ha ykassiBaeMblit
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o0obekT Matrix. matrix: O0bekt MatrixX 4x4, Ha KOTOPBIH yMHOXACTCS
YHHBEpCAIbHOE [PeoOpa3oBaHue;

ResetTransform() -  cOpaceiBaer  MaTpuily  YHHBEPCAIBHOTO
npeoOpa3oBaHst JTaHHOTO 00bekTa GraphiCS u menaer ee eMHUYHON MATPHIICH;

RotateTransform(float angle) — npuMenser 3amaHHOe BpallieHUe
K Marpuile npeobpaszoBanus manHoro obwsekrta Graphics. angle — yron
[IOBOPOTA B IPagycax;

ScaleTransform(float sx, float Sy) — npumensier yka3aHHYIO
OMEpalii0 MAacITabMpOBaHWsT K MaTpHIE MpeoOpa3oBaHusi NaHHOTO OOBeKTa
Graphics myrem ee 1o6aBieHus K MaTpuLe MpeoOpa3oBaHust 00bEKTa;

TranslateTransform(float dx, Float dy) — usmenser Hayaso
KooOpauHaT KOOp}IHHaTHOﬁ CUCTEMBI MYTEM )IO68.BJ'I€HI/I${ 3aIaHHOT0 CJABHUI'a K
MaTpHIle mpeobpa3oBaHus JaHHOTO 00BekTa Graphics.

Hxe nprBOAMTCS IPUMEDP METO/IA PUCOBAHUS CABUHYTOTO U MOBEPHYTOTO
SILTHIICA.

* JIuctunr 3.1. PucoBanue cABHHYTOro M MOBEPHYTOI0 3JLIHIICA

private void Draw()

{
g = CreateGraphics();
g-Clear(Color_White);
g.DrawRectangle(Pens.Black,98,98,4,4);
g-TranslateTransform(100, 100);
g-RotateTransform(45);
g-DrawEllipse(Pens.Black, 0, 0, 200, 100);
g-Dispose();
}
Ha pucynke 3.6 wu300pakeH TOBEpHYTHIM d3iuwdrc. MajleHbKHA
IpSAMOYTOIBHUK H300paxkaeT Touky ¢ koopauHatamu (100,100), oTHocuTenbHO
KOTOPOM IIPOU3BEAEH [TOBOPOT.

°  (100,100)

Puc. 3.6. CMemeHHbIH 1 TOBEPHYTHIN 3JUTUIIC
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3.6. IIPOELIMPOBAHUE

Ipoeyuposanue — orobpaxenne 3D-o0bekta Ha  2D-IIOCKOCTS,
Ha3bIBAEMYIO KAPMUHHOU NIOCKOCMbIO.

Jns  mocTpoeHWs  NMPOEKIMH W3 TOYKH, HAa3bIBAEMOH  YeHmpoMm
npoeyuposanusi, POBOIATCS JIMHUN Yepe3 BEPIIUHBI 00bekTa. Touka mepeceucHus
JUHUM C KapTHHHOW IUIOCKOCTBIO — TIPOEKIHS COOTBETCTBYIOIIEH BEPIIMHBI
o0bekTa. B o0mem ciydae JIMHHS MOXET MPOXOJUTH YEpPE3 HECKONBKO BEPIIMH
00bekTa, OTOOpakass MX B OJHY TOUYKYy Ha KapTHHHOW miockocTH. [loatomy
npeoOpa3oBaHHe POCLUPOBAHMS HE  SBISETCS  B3aUMHO  OJHO3HAYHBIM
COOTBETCTBHEM H, CIIE/IOBATEIbHO, HEOOPATHMO.

W3 cka3aHHOTO CJeIyeT, YTO MU PEIIeHUH 3aJaudl NMPOeLUPOBaHUS KpOME
3aKOHOB ONTHKM B OOLIEM ciydae HEOOXOAMMO YUYHUTHIBATH CYOBEKTHBHOE
BOCIIPHSITHE YEJIOBEYECKUM MO3TOM H300paKeHHMsl, IOM3JAI0MIEro Ha CETYaTKY
rmaza.  OTKIOHEHHE  MaTeMaTW4ecKMX  MNPOEKIMH  OT  HM300pakeHui,
BOCIIPUHMMAEMbIX YEJIOBEYECKUM IJIa30M, MOAMEYEHO XYyIOXXHUKAaMH JaBHO, HO
JIUIIb B TIOCTIETHEE BPEMsI IPEANPUHIMAIOTCS TTOMBITKU MOIYYHUTh SMITMPUIECKHIE
(opMyIBl, ONMCHIBAIOIIME JTH OTKIOHEHHWA. B KauecTBe mpumepa MOXKHO
mpuBecTd paboTel akagemnka b.B. Paymen0axa, koTtopoMy 3a muki paboT mo
MaTeMaTH4ecKoil Teopmm u3o0paxeHnit Poccuiickoii Akagemmedl  Hayk
npucyxaeHa JleMu1oBcKas pemMusl.

Ha pucynke 3.7 mnpencrtaBicHbl HanOOJI€e YacTO HCIONB3YEMBIC B
TeOMETPHUH, YePUCHUH U KOMIIBIOTEPHOH rpadrke criocoOsl MPOeMpOBaHus (BUIBI
NPOEKLHiT).

MapannensHee MepcnekTnBHEE
npoeKyun npoeKL
AKCOHOMETPMYECKAR Oprorpachuqeckan Kocoyroneuan | |OgHoToqeunan| |
npoekyma npoekuna npoekuna npoekyna
TpumeTtpu-eckan CeobogHan OsyxToveqnan | |
npoeky s npoekyna nNpoekyna
Avmepuyeckan KabuxeTtHan TpextoueqHan | |
npoekuna npoekyma npoekyna
MaomeTpuqeckan
npoekuna

Puc. 3.7. Buzasl npoenupoBaHust

89



[Ipoexiuy pa3aemnsioT Ha ABa TPYIIIEL: EHTPaAIbHBIE U MapajuienbHbie. Ecim
LHEHTP IPOEIMPOBAHUS pa3MelIeH Ha KOHEYHOM pacCTOSHHUM OT KapTHHHOU
IUIOCKOCTH, TO 3TO IEHTpalbHOE TMpoenupoBanue. llpum ynameHuH LeHTpa
MPOEIIMPOBAHUS B OECKOHEYHOCTH BBHIMOJHIETCS MapaylIeIbHOE MPOSIIPOBAHNE.

LleHTpanbHasi NMPOEKLMS JIAeT JIOCTAaTOYHO peaCTHYHOE H300pa)keHHe.
[MapannenbHast npoekuusl JaeT MEHee PpeaJMCTHYHOE W300pakeHHe, COXpaHsis
pasMepsl U YIIIbl JUIsl TPaHeH, mapajiebHbIX KAPTUHHOM TIOCKOCTH.

3.6.1. OPTOTPA®UYECKOE TPOELITMUPOBAHUE

Paznmane MEXIY opTorpaduIecKuM " AKCOHOMETPHYECKUM
MIPOCIMPOBAHNEM 3aKIIOYaeTCsl B BBIOOpE CIocoba OpHEHTAMH OOBEKTHOU
CHCTEMBl KOOpDAMHAT OTHOCUTEIBHO MHpPOBON cHcTeMbl KoopauHat. [lpm
opTOrpa)UIecKkoM IMPOELUPOBAHMM OCH OOBEKTHOM CHCTEMBI KOOpPAWHAT
HaIpaBJICHbl MapajuleIbHO COOTBETCTBYIOIIMM OCAM  MHPOBOH  CHCTEMBI
KOOpAWHAT.  AKCOHOMETPHYECKOE  TPOCHUPOBAHME  BBINOJIHACTCS  NPHU
HpOHSBOHBHOﬁ OpUCHTAIIUN O6'beKTHOI>i CUCTEMBI KOOpPJAWHAT OTHOCUTECIIBHO
MHUPOBOM CHCTEMBI KOOPIUHAT.

MaTeMaTu4ecku MpOeIUPOBAHUE Peanu3yeTcsl MyTeM YMHOXXEHHS paauyc-
BEKTOPOB TOUEK O00BEKTa Ha Mampuyy npoeyuposanus. Takas MaTpuua sBIsSETCS
BBIPOXKJICHHOH, YTO COOTBETCTBYET HEOOPAaTHMOMY XapakTepy IPOEKTHBHOTO
IpeoOpa3oBaHMsI.

OOBIYHO KapTHUHHYIO IUIOCKOCTh BBIOMPAIOT MapajuleNbHONH OJHON U3
KOOPAWHATHBIX IIOCKOCTEH MHUPOBON CHCTEMBI KOOPAMHAT (JINOO COBIATArOMICH C
Heit). [1o aToMy pu3HaKy MPOESKITHUH JEIATCS Ha!

—  npogunvhsie (8u0 c60Ky), KOrAa KAapTHHHAS IUIOCKOCTh NapairiebHa
mwiockoctd YOZ MUPOBO# CHCTEMbI KOOPAKUHAT JIKOO0 COBMAIACT C HEl;

—  e2opusonmanvHbie (U0 céepxy), KOraa KapTUHHAs IUIOCKOCTh MapajliesbHa
rockoctd ZOX MUPOBOW CHCTEMBI KOOPAMHAT JINOO COBIAIAET C HE;

—  ¢poumanvhvle (8ud cnepedu), KOrJa KapTHHHAS IUIOCKOCTh MapauieibHA
rtockoctd XOY MHUPOBO# CHCTEMBI KOOPIMHAT JINOO COBMAAAET C HEHl.

Marpuist npoduibHOTO, TOPU30HTATIBHOTO u (poHTAIEHOTO
oprorpaduveckoro MpOerupoBaHus uMeT Bun (6.6la—c), tme p,q,r -—
CMEUIEHUs] ~ KapTUHHBIX  IUIOCKOCTEH  OTHOCHTENIBHO  COOTBETCTBYIOIUX
KOOPJMHATHBIX TIOCKOCTEH MUPOBOM CHCTEMBI KOOpAuHAT (puc. 3.8).

0000

[P]= 00 , (3.61a)
! 0010
p 0 0 1
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[P,]= : (3.61b)

S O O = O O o =

(7]

z

(3.61¢)

S O = O N O O o
-0 O O = O O O

N O O O o —~= O O

v

Puc. 3.8. Oprorpaduyeckast mpoeKIis

JoctonHCTBO  OpTOrpaMueckoro  MPOEHHUPOBAHUS  3aKIIOYaeTcss B
BO3MOXKHOCTH TOYHOW Iiepe/aud JIMHEHHBIX M YIJIOBBIX Pa3MEpOB OOBEKTOB,
Onarofapsi 4eMy OHO HAXOJHUT IIMPOKOE NMPHUMEHEHHE B TaKWX OO0JIacTAX, Kak
MaIIMHOCTPOUTENIFHOE YepuYeHHEe W apXuTekTypa. B To e Bpems 1mpu
opTorpa)MuecKkoM NMpOenNpPOBAHNH HOJHOCTBIO TepsieTcsi HHPOpMaIHs 00 OJHOM
W3 TPOCTPAHCTBEHHBIX HW3MEpPEHHMH 00BeKkTa. BoccraHoBieHHE TpPEXMEPHOTO
oOpaza 00beKTa BO3MOXKHO JIMIIb NPH COBMECTHOM HCIIOJIB30BAHUM TPEX BHUJIOB.
[Ipumep Takoro BOCCTaHOBIEHHWS TpencTaBieH B mpoekrte «Example 20
IIpoexuum».

3.6.2. AKCOHOMETPUYECKOE NIPOELIMPOBAHUE

B ciaydae akCOHOMETPHYECKMX MPOEKIMH HCIOIB3YIOTCS KapTHHHBIE
IUIOCKOCTH, HE NEPIEeHAUKYJSPHbIE TJIaBHBIM KOOPJMHATHBIM OCSM MHPOBOU
CHCTEMBI KOOpPIMHAT, ITO3TOMY Ha HHUX H300pa’karoTcsl cpa3y HECKOJIBKO CTOPOH
oObekTa. [lJIi aKCOHOMETPHYECKMX IPOCKIWI NPOELMPYIOIIUE TpsIMbIE TaKkKe
MepIEeHANKYJISIPHBI KAPTHHHOM IIOCKOCTH.
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A,
' <

X
Puc. 3.9. AkcoHOMeTpHYeCcKas IPOSKIU

Ha pucynke 3.9 mnokasanbl Tpu yria — O, [ 4 7, OIpeleNsiomue
OPHUCHTAIIUI0 OOBEKTHOW CHCTEMBI KOOPJUHAT OTHOCHUTEIHHO MHPOBON CHCTEMBI
KOOpAWHAT. Pa3nuyaroT Tpu BUIa aKCOHOMETPHYCCKIX POCKIIUN:

— TpUMETPHUYECKAs MPOCKIUS — HOPMAIILHBINA BEKTOP KAPTHHHOM IIIOCKOCTH

00pa3yeT ¢ OpTaMu KOOPMHATHBIX OCEU TIOMAPHO Pa3INYHbIC YTIIEI,

— JAUMETpUYecKas MPOCKIHA — JBa U3 TPEX YKa3aHHBIX yIJIOB PABHBL;

— W30MeTpHYecKast MPOCKITH — BCE YTIIBI PaBHEIL.

3amaya aKCOHOMETPHYECKOTO TPOCHUPOBAHMS OOBEKTa HAa KapTUHHYIO
IUIOCKOCTD PEIIAeTCs B IBA dTara:

—  BBINIOJHSIETCS TIOBOPOT OOBEKTHON CHCTEMBI KOOPAWHAT /10 COBMEIICHHUS
HAIPAaBJICHUS €€ 0CEH C OCSIMH MHPOBOW CHCTEMbI KOOPIUHAT;

—  BBINOJHSAETCA  oprorpad)uuyeckoe MPOCHHMPOBAHHE Ha  KAPTHHHYIO
IUIOCKOCTh, MapauIeabHYIO (COBIAMAIONIYI0) OAHON M3 KOOPIMHATHBIX
IUIOCKOCTEH MUPOBOM CUCTEMBI KOOP/IUHAT.

B panpHeiimeM, ecniu HE OroBOPEHO HWHOE, MBI OyJeM paccMaTpHBaTh
(hpoHTAITBHBIC MPOCKIIUU OOBEKTOB, & B KAYECTBE KAPTUHHOM IJIOCKOCTU BBIOUPATH
minockocth XOY MUPOBOM cHCTEMBI KOOpAUHAT. B 3TOM cityyae [1si BBIOJHEHUS
IEPBOTO 3Tama MPOCIMPOBAHUS HEOOXOIUMO IPOU3BECTH IIOBOPOT OOBEKTHOU
CUCTEMBI KOOPJMHAT Ha yToX ¥ BOKpYT ocd OY MHPOBOH CHCTEMBI KOOPIMHAT.
OT0 00eCHeuuT COBMAJCHHUS HAIPABICHUH OCe aOCHHCC BYX KOOPIUHATHBIX
CUCTEM. 3aTeM MPOU3BOAUTCS OBOPOT OOBEKTHON CHCTEMBI KOOPAWHAT HA YTOI (O
BOKpyT ocu OX, mocie KOTOpOro HampaBlIeHHsI KOOPAWHATHBIX Ocell 0OBeKTHON
CHCTEMBI KOOPAWHAT W MHPOBOH CHCTEMBI KOOPIAMHAT IIOJHOCTHIO COBIIAIYT.
C ydeToM MOCTenyIomero opTorpapuaeckoro MpoenupoBaHHs TOTHAS MaTpuia
npeoOpa3oBaHus KMECT BH/T

cosy 0 —siny O0)(1 0 0 0)1 0 0 O

e 0 1 0 0|0 cosp sing 0|0 1 0 O
siny 0 cosy 0|0 —sing cosgp 00 O 0 O

0 0 0 1)\0 0 0 1){0 0 0 1
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Ilocne nepeMHOXKEHNSI MATPULL TOTYIHM:
cosy singxsiny 0

0 cos @ 0

M= (3.62)

siny —singxcosy 0
0 0 0

OnemeHT M;; 9T0# MaTpHUIBI paBEeH IPOEKIHHU §-TO OpPTa OOBEKTHOH CUCTEMBI
KOOpJMHAT Ha J-I0 OChb MHPOBOH CHCTeMBbI KoopAuHaT. B ofmem ciydae

- o O O

TPUMETPUYECKOT0 IPOCLUPOBAHKS YIJBI TOBOPOTOB Y M ¢ BbIOMparoTcs
HPOU3BOJILHBIM 00Pa3oM.
J1s nanpHeinero yaro0HO BBECTH KOIPhuyuenmol 0Ce6bix UCKAICCHUI:

m, = \j(]un)2 +(M12)23
m, = M)+ (M), (3.63)
m, :\I(M31)2 +(M32)2,

KOTOpBIE SBISIIOTCSl TPOEKLIMSIMA OPTOB OOBEKTHOH CHCTEMBI KOOPIWHAT Ha
KapTUHHYI0 TUIocKoCcTh  (ockocTh XOY  MHpPOBOH CHCTEMBI KOOPIHUHAT).
B cooTBeTcTBUM C BBILIENPUBEACHHON KilaccuUKalyeil aKCOHOMETPUYECKUX
MPOEKIMH TPU TPUMETPUYECKOM MPOCUUPOBAHUU STH KOAPQUIMEHTHI JOJKHBI
OBITB TIOTIAPHO PA3IMYHEI.

B nuMeTpuueckMx TpOEKIMAX JBa M3 TpeX Kod(PQUIMEHTOB OCEBBIX
HCKa)KEHUI! paBHBI APYT APYry. OTO NPUBOJUT K B3aMMHON 3aBHCHMOCTH YTJIOB
u @. B 3aBucumMocti ot crioco0a BeIOOpa Mapbl paBHBIX KO3()(HUIIMEHTOB ITOTYyYHM
pa3Hble COOTHOLLICHUS MEX/Y yIJIaMH, & HMEHHO:

sinw =tg’p, (3.64a)
npu M, =my #m,,

cos’w=tg’p, (3.64b)
npu My = M, £ M, U, HAKOHEL,

sin® y = cos” ¥ (3.64¢)

npu M, = m, £ my.
B cranpapTHOH ITUMETPUYECKON MPOEKIMH COOTHOLICHUE KOA(PQUIMEHTOB
HCKaXXEHUS COCTABIISACT
moim,im, =2:2:1. (3.65)
Boipakast k03(GHUIMEHTH! OCEBBIX HCKAXEHHH 4epe3 yINbl MOBOPOTa U
YUUTHIBAsI PABEHCTBO my2 = 4m,’, MOy 4nM JOMOTHUTEIBHOE YCIOBHE
cos’ @ =4-(sin’ y +sin® @-cos’ ), (3.66)
KOTOpO€e COBMECTHO C (3.64) oOpa3yeT cucreMy AByX ypaBHEHHH JUIS yTIIOB Y H .
B ciydae, korna eqUHUYHBIN BEKTOP HOPMaIM K KapTUHHON IUIOCKOCTH JIEKUT B
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MIEpBOM OKTaHTE MHPOBOH CHCTEeMBI KoopauHaT, umeeM @ > 0 u y < 0. Torma
pelIeHre CUCTEMBl ypaBHEHUH 1aeT CIeAYIONe 3HaUeHUs AT YIII0B TOBOPOTA:

Q= arccos[\/gj =19,5", w= —arccos[\/ZJ =-20,7". 3.67)

Marpuiia CTaHAApPTHOTO JUMETPHUYECKOTO IpeoOpa3oBaHMS UL 3TOTO
ciTydasi IMEeT BH

0,935 -0,118 0 0
0 0,943 0 0

= . (3.68)
-0,354 —0,312 0 0
0 0 0 1

W3omeTpuueckne TPOEKIMM IIOJNYy4aroTCsl IIPU  YCJIIOBHM  PaBEHCTBA
K03(QdHUIIEHTOB 0CEBBIX UCKAKEHUH My = My = M,, YTO NPUBOJUT K PABEHCTBAM

cos’ w +sin” pxsin® y = cos’ @,

(3.69)
sin® g +sin” @xcos’ = cos’ w +sin’ pxsin® .
Otkyna cienyer, 4To
1 1
sinf@p==, sin’y=—. 3.70
?=3 V=7 (3.70)

CTaHL[apTHaH HN30METPUUCCKasd TMPOCKIUA IMOJTYyYaCTCsA B IMPCAIIOIOKCHUU,
YTO, KaK M B MPEAbLIAYIIEM Cliy4dac, € TMHUYIHBIN BCKTOP HOpMAJIM K KapTHHHOﬁ
TJIOCKOCTHU JIC)KUT B IEPBOM OKTAHTEC MI/IpOBOﬁ CHUCTEMbI KOOpAWHAT. TOFZ[E[

Q= arccos(\/g) =353, y= —arccos(\]g) =~—45° 3.71)

U MaTpHIla mpeoOpa3oBaHus UMEET BUJ

0,707 —0,408 0 0
0 0816 0 0

= (3.72)
~0,707 —0,408 0 0
0 0 01

3.6.3. KOCOYroJIbHOE NPOEIIMPOBAHUE

[Ipy KOCOYrojapbHOM TIPOCHMPOBAHMH ITyYOK MPOCHHMPYIOIUX Jyden
HalpaBiieH TOJA MPOW3BOJBHBIM YTJIOM K KAapTHHHOM IUIOCKOCTH, a cama 3Ta
IUIOCKOCTb, KaKk M TpU (POHTAIBHOM OpTOrpaduIeckoM INPOEIHPOBAHUH,
mapajuienbHa (pOHTANBHOW ITOCKOCTH MHPOBOM CHCTEMBI KOOpAWHAT. B 3TOM
cilydyae ynOOHO BBECTH KOCOYTOJbHYIO OOBEKTHYIO CHCTEMY KOOPIHHAT, Yy
KOTOPOI 0CH abCLUCC U OpJMHAT MapauIeIbHbl COOTBETCTBYIOIIUM OCSIM MHPOBOW
CHUCTEMBI KOOPJIMHAT, a OCh aNIUIMKAT MMEeT HaIpaBJiCHUE, MPOTHBOIOIOKHOE
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HANPAaBICHUIO Iy4Ka IMPOEUUPYIOIUX Jyded. Torma marpuima KOCOYTOJIbHOTO
(pOHTATBPHOTO  MPOCHUPOBaHUS  OyAeT  aHaJOrMYHa  COOTBETCTBYIOIICH
oprorpauueckoil Marpuile, OTJIMYasCh OT Hee HEHYJEBBIMU 3HAYCHUSIMU
NPOEKLUI TpeThero opra oOBEKTHOH cucTeMbl kKoopauHarT Ha ocsix OX u OY
MHUPOBOM CHCTEMBI KOOPIUHAT:

1 0 00

[K]= 0 boo , (3.73)
-, —, 00
0 0 01

riae Cy=€3,/€3,, Cy=€3,/€3, .
Koa¢h¢duumeHTsl 0CeBbIX HMCKOKEHUH NPU KOCOYTOJILHOM HPOCHUPOBAHUU

OKa3bIBAIOTCS PABHBIMU:
m.=m,=1l,m, = i+t =tga, 3.74)

re O — Yrojl MEeXIy HalpaBiIeHHEM NpOCHHUPYIOMIEro Iydyka W HOPMalblo K
KapTHHHOW TTOCKOCTH, TO €CTh MEXIY OCSMH allUINKaT OOBEKTHOW M MHUPOBOH
CK.

Takum o00pa3oM, KOCOYTOJbHBIE HPOEKLHH COYETaloT B cebe CBOIicTBa
oprorpaduueckux Mmpoekuuii (BUIOB cOOKy, CBEpXy W CIIEpe/id) CO CBOMCTBaMHU
aKCOHOMeTpUu. B uacTHOCTH, CTOpOHa OOBEKTa, mapajuienbHas KapTHHHOW
TUIOCKOCTH, MPOENUpyeTcsi 0e3 MCKaKEHHs MPOMOPIMH JJIsl YIJIOB M PACCTOSIHUI.
KocoyronsHoe mpoerupoBaHue MpUMEHSETCS NMPH NOCTPOSHUU TEHEH, a Takke
OTpaXXEHHI B IJIOCKOM 3€pKaje.

Paznuyaror saBe CTaHAApTHBIE KOCOYTOJIBHBIE TIPOCKLIHHU:  C80000HYIO
(Ha3pIBaEMyl0 TaKKe 60€HHOU, WM KasaibepHol) W Kabumemuyio. IlepBas
THOJIy4aeTcsl IpH YCJIOBMU My = My = M, = 1. DTO COOTBETCTBYET YTy HAKJIOHA
NPOCLUPYIONIMX TPSAMBIX K KapTUHHOW IJIOCKOCTH, paBHOMy Tt/4. KaOuneTtHoU
NPOEKLUH COOTBETCTBYIOT 3HaYCHUs KOO (DUIIMEHTOB OCEBBIX MCKAKEHHUI, paBHbIC
my=my=1nm,=0,5. [Ipu 5TOM yron HakjI0Ha NPOEUUPYIOIMX NPSAMEIX PABEH

o = arctg(0,5) = 26,6".

3.6.4. IEHTPAJBLHOE ITPOEIITUPOBAHUE

Ob6cyxaeHne HEeHTPATbHBIX MPOEKINi HAYHEM C MTOCTPOSHUS (PPOHTATEHON
MPOSKIMU  OTAENbHOW TOYKH. PaccMoTpuM mpomsBonbHy0 Touky P ¢
KoopauHaTamu (X, Y, Z). [lomectum tientp mpoeruposanus B Touky S(0,0,S)
U TIPOBEEM W3 Hee JIyd uepe3 Touky P. O6o3naunm uepes3 P* Touky mepecedeHus
my4a ¢ iockocTeio XOY (puc. 3.10). Y3 mpocThIX TeOMeTpHIECKIX COOOpaKCHUH
CJIE/Ty€eT, YTO KOOPJMHATHI 9TOI TOUKH PAaBHBI:

Px(x/(1-z/s),y/(1-z/s), 0).
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~
KZ
Puc. 3.10. IlenTpanbHoe npoeurpoBaHue

DTOT Ke pe3yapTar MOKHO TOJNydHWTh, BBIIONHHUB  CICAYIOIICE
npeobpa3oBaHue OIHOPOAHOTO BekTopa Toukd P(X,Y,Z,1) Ha wmarpuiy
LEHTPAIBHOTO MPOCIIUPOBAHUS:

100 0
010 0
C = . (3.75)
00 0 —1/s
000 1
PeByJ’IBTaTOM 3TOrO npeo6pa30BaHI/I51 SABIISACTCA 3KBHBaHeHTHLII>'I BCKTOp
(xsy’0’1_£)9
S
KOTOPOMY COOTBETCTBYET OJHOPOIHBIA BEKTOP
(x/(l—ij, y/(l—ij,o,l). (3.76)
S S

Takum o0pa3om, 3aada HEHTPAIBHOTO MPOCIMPOBAHUS TOUKH PEIIaeTCsl B
JIBa 3Tana:

— OJHOPOIHBIA BEKTOp KOOPAMHAT TOYKM YMHOXAETCS HA MaTpHILy
LEHTPAIIBHOTO MPOELIUPOBAHUS;

— TIONy4YCHHBIH OKBUBAJICHTHBIH BEKTOpP KOOpPAMHAT TmpeoOpasyeTcs B
COOTBETCTBYIOLINM OAHOPOAHBINA BEKTOP.

LlenTpanpHOE TpOEIMpOBaHKE O0TagaeT BAXHBIM CBOHCTBOM, Omaromaps
KOTOPOMY OHO IOJIy4MJIO CBOE BTOPOE Ha3BaHHE — MEPCIIEKTUBHOE. DTO CBOMCTBO
COCTOMT B CIEAYIOUIEM: IIy4OK MapaJUIeJbHBIX TPSIMBIX MpPU LEHTPATbHOM
MNpoCHUPOBAHNU Ha KAPTHHHYIO INIOCKOCTH HEPEXOAUT B CXO}IﬂIHHﬁCH ITYy4OK.
Touka, B KOTOpOH mepeceKkaroTcs MPOEKIUH MapaIeIbHbIX MPSAMBIX, HAa3bIBAETCS
MOYKOU cx00d.

3ameyaHume. [Ny4yok NpsMbIX He AOMKeH ObiTb nMapannerneH KapTUHHOW
NAOCKOCTMU.
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IIponemoHCTpHEpPYEM 3TO CBOMCTBO Ha IpUMeEpe MPSMBIX, TapaIICTBHBIX OCH
OZ. [IlapameTrpuyeckoe TMpeICTaBiIeHHE TaKOH MPSAMOM B  OJHOPOIHBIX
KoOpJAuHaTaxX UMEECT BU]

p&) = (x4, ¥y, 2, +V1,1). (3.77)

BrmonauB mpeoOpazoBaHWe MEHTPATBHOTO MPOCIHUPOBAHMS C MaTpHUIICH
(3.79), nomyunm:
%o Yo
z,+ vt ’1_20 + vt

s s

pt)= ,0,1 . (3.78)

1—

Ycerpemisis 3Hauenue mapamerpa t Kk 66CKOHEYHOCTH, MOJTYYUM ISl TOUKA
cxoma
p..(0,0,0,1). (3.79)
Takum 00pa3oM, IEHTpaJbHbIE MPOCKIWH Iy4YKa MPSMBIX, IapajiedbHBIX
ocu OZ, npu pa3MenieHnH POEKTOPa Ha 9TOH OCH MMEIOT TOUKY CXO/a B Hayae
koopauHaT (puc. 3.11).

Puc. 3.11. IlenTpanbHas npoekuus oTpesKa, napauiensHoro ocu OZ

MOXHO OTHENNTh NEPCHEKTHBHOE NPeoOpa3oBaHME OT MPOCLUPOBAHUA,
BBEZISI MAaTPHUILy BHIA

1 00 O

0= 0100 . (3.80)
0 0 1 -1/s
000 1

Ora marpuna npeodpasyet Bektop (3.82) k BUIY
X, z,+vt
P =( 200+ vt’ Z):]O-l- vt’ OZO + vt D
- s - s - s

4yro B mpegene € — oo gaer s BEKTOpa KOOPJAMHAT TOYKU CXOJa 3HAYCHHE
(0, 0, -s, 1)(puc.3.12).
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Puc 3.12. ITonoxxenue Touku cxona Ha ocu OZ

B ofmeM cnyd4ae MpOM3BOJBHOIO TMOJOXKEHUS MPOEKTopa S
MPOU3BOJIEHOTO HANpPAaBJICHHS Iy4Ka MapaUieibHbIX MPSAMBIX, 3aaBacMOro
BeKTOpoM V, 00pa3yiouM HeHyJleBoWl yroid ¢ (pOHTAIBHONH KapTUHHOU
TUIOCKOCTBIO, KOOPJIMHATHI TOUKH CX0J1a OTIPEEIISIOTCS BEKTOPOM
SZ

p.=S-2V. (3.81)

Marpuna GpoHTaNbHOTO LEHTPaJbHOTO MPOEHHPOBAHMS B OOLIEM cilydae
HMeEEeT BUJ

1 0 0 o0
0 1 0 0
C, = . (3.82)
=s. /s, —=s,/s. 0 —1/s,
0 0 0 1

AHaJTOTMYHBIM 06pa30M MOryT OBITH OIpeACJICHbl ~MAaTpulbl  JJIA
TOPU30HTAJIBHOTO

1 0 0 0
C, = =s. /s, 0 —s /s, —1/s, (3.83)
0 0 1 0
0 0 0 1
¥ IPOQIITEHOTO
0 —s, /s, =s./s, —1/s,
0 1 0 0
C = (3.84)
S0 0 1 0
0 0 0 1

LEHTPAITBHOTO MIPOCINPOBAHUSL.
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3.6.5. HPOEKT «IIPOEKLIN»

Jns wrocTpalMy  pa3iuyuHbIX CIIOCOOOB TMPOEHMPOBAHUS PACCMOTPHM
NPOCTOE MPUIIOKEHUE, B KOTOPOM CTPOSTCS (PPOHTAIBHBIC MIPOSKIUHU TETPadipa 1
kyOa (puc. 3.13).

B mpumoxenun wucmonk3yotes ae GopMel: FormMain, wa kotopoit
crpoutcs m3o0paxenue, u FOrmTools, ucmosnb3yemas s 3agaHus OMLMIA
(manens uacTpyMeHTOB). ®opma FOrmToo s mokasana Ha pucyske 3.14.

(58 FormMain [E=RrE <)

\\\

Puc. 3.13. TloctpoeHne GpoHTAIBHBIX MIPOCKIUN KyOa

2 FormTools (=] © |
= W W F =
Teno Mogens
@ = TPMMETPMYECKEA
ol T @ rapeacas DAMETDHYECKERA
® @) CTEHAAPTHAA OMMETEMYECKR
() Mexcazop @ cnnowHas “SOMD:T%MHWD:;‘ TR
CTaHOAPTHEA MSOMETDWHECKE
flokasa Bpawar UEHTpansHaA
= KOCOYTONBHARA
Ocn © Teno kafuHeTHaRA
MNepcrexmvea @ Ocu KABANLEPHARA
|
(]
I
i

Puc. 3.14. ®opma Tools ¢ pa3MerieHHOI Ha Hell TaHETb0 HHCTPYMEHTOB
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B npuItoskeHnH peann30BaHbl CleIyOIIHe BO3MOXHOCTH:
— BBIOOp crOCcO0a MPOCTIMPOBAHYS,
— BBIOOP MOJIENTU TPEXMEPHOT0 00BEKTa — KAPKACHOW MITH CILIOLIHOM;
— BpallleHUE Tella WM KOOPANHATHBIX OCEH;
— H3MeHeHHe MaciTada H300paKeHus;
— 3aJlaHue YIJIOB MIPOCIUPOBAHUS JAJIs1 KOCOYTOJILHOM ITPOEKIINHY;
— 3aJlaHue MOJIOKEHHS TOYEK CXO0Ja JAJIsl LIEHTPaIbHON IIPOEKIINH;
— TIOCTPOEHHE MEPCIIEKTHBHI MPU IEHTPaIbHOM IPOCIIUPOBAHNH.
OCHOBHBIE KJIACCBI, HCIIOJIb3yeMBIE B TIPOEKTE, ONMcaHbl B (haiine
ThreeD. cs. 3nech onpeeneHsl CIeAyOIINe KIacChl:
— ThreeD — ocHOBHOI Kiacc MPOEKTa, B KOTOPOM OIMCAH MAacCHB Tel,
rapameTpbl IPOEKTa U METObI TPE0OPA30BaAHKS CHCTEMbI KOOPMHAT;
— TBody — abcTpakTHBIN Kiacc Tel, B KOTOPOM OIPEAEICHbl MACCHUBBI
BEpIINH, pedep U TpaHeif;
— TEdge - ctpykrypa pebep;
— TSide — knacc rpanei;
— BodyTetraedr — knacc rerpasspa (moromok ot TBody);
— BodyHexaedr — knacc ky6a (moromok ot TBody).
OO6mas cTpyKTypa KJIaccoB MpejacTaBiieHa Ha quarpamme (puc. 3.15).

| ThreeD 53
Class
| TSide
Class
O IComparable H |
IFormattable - v
IConvertible Zﬁ
IComparable<double>
IEquatable<double>
Double ¥ | @ Vertexs | BodyHexaedr &3 | BodyTetraedr =
Struct e Class Class
o | =+ TBody =+ TBody
=] MeToaw = Metoaw
o = % CreateBody ) . % CreateBody
Struct ¥ Edges ) B N B

Puc. 3.15. luarpamma kinaccoB

OcHOBHBIM TI0JIeM Kitacca TD siBisieTcst MaccuB Ten
public TBody[] body = new TBody[2];

Hns  mpeoOpa3zoBaHMst CHCTEMbl KOOpAMHAT Kiacc 1D  obnanmaer
CIIEIYIOUIMH CTATHYECKUMHU METOIaMH:
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— double[] Norm(double[] V1, V2, V3) — meron BbIUHCIECHUS

HOPMaAJIA K I'paHu;

— double[,] Matr(int k, double fi, double p,
double r) — wMerox BbIYKCIEHHS MATPHIBI OPeOOpa3OBaHUs B

Pa3IMIHBIX CUCTEMaxX KOOPANHAT,

— double[] VM_Mult(double[] A, double[,] B) - meron

YMHOKCHUS MAaTPUIIbl HA BEKTOP;

— double[] Rotate(double[] V, int k, double Tfi,
double p, double r) - meron npeoOpazoBaHWs KOOPIUHAT

BEpIINH.

Kiacc ten TBody o6mafaeT cieayroniMMu MosiMA U METOIAMH.

- JImetunr 3.2. AGCTpaKTHBIH Kiaace TeJ

public abstract class TBody

{
public double[][] Vertexs;
// MaccuB HadaJIbHEIX [OJOXEHMI BEPUIMH BCEX TeJl
public TEdge[] Edges; // maccus pebep BCcex Ten
public TSide[] Sides; // maccur rpaHeit Bcex Ten
public abstract void CreateBody(double Size);

3

Ab6ctpaktaeiii Meton CreateBody() mepekpoiBacTcs B
BodyTetraedr u BodyHexaedr.
Crpykrypa pebep TEdge.

IIOTOMKax

Jluctunr 3.3. CTpyKTYypa 7151 OnucaHus pedep

public struct TEdge

public int pl, p2; //Hovepa BepumH
¥

I[Ba 10JIA pl u p2 CoACpKaT HOMEpaA BEPIINH, HA KOTOPBLIC OMNHUPACTCA

pedpo.
Kunacc rpaneit.

- JIucrunr 3.4. Kinace rpanei

public class TSide

{
public int[] p = new int[4]; // somvepa Bepuun
double A, B, C, D;
//x030dULMEeHTH ypaBHEHMSA MJIOCKOCTM
double[] N; // BexTop HOpManIM K IMJIOCKOCTU
}
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p L[] — Homepa BepiunH;

A, B, C, D-xoddduuueHTsl ypaBHEHUS IIOCKOCTH;

N — BEKTOp HOpMAJTH K TIOCKOCTH.

OcranoBuMcs Oosiee oAPoOHO Ha MeTozax kiacca TD. KoHcTpykrop sToro
KJIacca CO3JIacT JiBa K3eMILIsIpa Tl

~ JIuerunr 3.5. Konctpykrop kiacca TD

public TDQ
{

body[0] = new BodyTetraedr();

body[0] -CreateBody(1);

body[1] = new BodyHexaedr();

body[1] -CreateBody(1);

}
Metox Norm() momydaeT Tpu BEpIIMHBI TPAaHH, BBIYHUCISLECT MO HHUM JIBa

BEKTOpa W IO UX BEKTOPHOMY MPOU3BEACHUIO BBIUKCISIET BEKTOP EIMHUYHON
HOpMaJu.

: JIuctunr 3.6. MeToa BbIMMCIEHUS BEKTOPA HOPMAJIH

double[] Norm(double[] V1,double[] V2,double[] V3)
{

double[] A = new double[4];

double[] B = new double[4];

double[] Result = new double[4];

A[0]=V2[0]-V1[0]; A[2]1=V2[1]1-V1i[1]1; AL31=V2[2]-Vi[2];
B[0]=V3[0]-V1i[0]; B[2]=V3[1]-Vi[1]; BI[3]1=V3[2]-Vi[Z2];
double u = A[1]*B[2]-A[2]1*B[1];

double v =-A[0]*B[2]+A[2]*B[0];

double w = A[0]*B[1]-A[1]1*B[O];

double d=Math.Sgrt(u*u+v*v+w*w) ;

if (dI1=0)

Result[0]=u/d;
Result[1]=v/d;
Result[2]=w/d;

}

else
Result[0]=0;
Result[1]=0;
Result[2]=0;

}

return Result;
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Mertox Matr() BblumCIseT MaTpUIly MOBOPOTa BOKPYT OcCeil, MaTpHily
MIEPCIIEKTUBHOT'O MJIM KOCOYTOJIEHOTO NTPe00pa30BaHus CHCTEMbI KOOPIHHAT.

- JInctunr 3.7. MeToa BBIYMC/IEHHsI MATPHIBI IPE00PAa30BaHUs CHCTEMbI KOOPAUHAT -

public static double[,] Matr(int k, double fi,
double p, double r)

{
double[,] M = new double[4,4];
double[,] 1 = { {1, 0,0,0%, {0, 1,0,0%},
{0,0,1,03, {0,0,0, 1%} };
M=1;
switch (k)
case 1: // Marpuua nosopora Bokpyr ocu OX
M[1,1] = Math.Cos(fi);
M[1,2]=Math.Sin(fi);
M[2,1] =-Math.Sin(Ffi);
M[2,2]=Math.Cos(fi);
break;
case 2: // Marpuua nosopora Bokpyr ocu OY
M[O,0]=Math.Cos(fi); M[0,2]=-Math.Sin(fi);
M[2,0]=Math.Sin(fi); M[2,2]=Math.Cos(Ffi);
break;
case 3: // Marpuua nosopora BOkpyr ocu 0Z
M[0,0]= Math.Cos(fi); M[O0,1]=Math.Sin(fi);
M[1,0]=-Math._Sin(fi); M[1,1]=Math.Cos(fi);
break;
case 4: // nepcrnexTubHOe NpeoBpas3oBaHUe
M[1,3]= p; M[2,3]=r;
break;
case 5: // xocoyrojbHOe NpoeuMpOBaHUE
M[2,0]1=p; M[2,1]=r;
break;
3
return M;
}

Mertox VM_Mult() ymuoxaeT matpuiy B Ha BekTop A.

- JIuctunr 3.8. MeTo yMHOKEHUS] MATPHIIBI HA BEKTOP

static double[] VM_Mult(double[] A, double[,] B)

double[] Result = new double[4];
for (int j=0; j<=3; j++)

Result[j]=A[0]*B[0.]1;
for (int k=1; k<=3;k++)
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Result[j]=Result[j]+A[K]*B[k.]j1:

}
if (Result[3]!1=0)
for (int j=0; j<= 2;j++)
Result[j]=Result[j]1/Result[3];
Result[3]=1;
return Result;

}

[TocTpoeHue H300paKeHHs Tella B 3TOM METOJIe pa3OMBAeTCsA Ha Psijl HTAIIOB.
I[J'If{ BCE€X BEPHIMH TEJIa BBIINOJHACTCA OIl€palusd ITOBOpOTa U HNPOCHUPOBAHUA.
WcxonHsle 3HA4YCHHMs KOOPAMHAT KOMHPYIOTCSs B MaccuB VertexsT u
npeobpasyroTes ¢ moMonibio Metoga Rotate(). B kadecTBe apryMeHTOB 3TOMY
METO/ly HEPENatoTCs CIEAYIOIME BEJIMYMHBI: KOOPAMHATHL TOYKH, HHIEKC
npeoOpaszoBanus K, mapamerpsl peodpazosanus Fi, p, r. Merox obparaercs
k meroxy Matr (), dopmupyromiemy MaTprily mpeoOpa3oBaHus B COOTBETCTBHH C
3aJaHHBIMH ~ IlapaMeTpaMd. llocie BbI30Ba 3TOr0 METOJA POM3BOIHUTCS
MEPEMHOXKCHIE BEKTOpA, 3aJaf0Ilero IOJOXKEHWE BEepIUMHBL, M MATPHIBI
npeobpaszoBanus. Hike npusenen nuctudr Mmerona Rotate().

JIuctunr 3.9. Meton Rotate()

public static double[] Rotate(double[] V, int k,
double fi, double p, double r)

{
double[,] M = Matr(k,fi,p,r);
double[] Result = VM_Mult(V,M);
return Result;

}

Monyns FOormMain.cS BimouaeT METOIbI MOCTPOSHHUsS H300paKEeHHUS,
00paboTK COOBITHIA, CBSI3a8HHBIX C MAHHITYJIATOPOM «MBIIIb», a& TAKKE P
BCIIOMOTATENBHEIX METOJIOB.

OCHOBHBIM SIBIISIETCS METOJ MoCTpoeHuss u3o0paxkenuss DrawBody (),
TEKCT KOTOPOro IpuBeaeH B muctunre 3.10.

~ Jlmcrnnr 3.10. Merox TMOCTPOEHUS N300paKeHUs

public void DrawBody()
{

double ax = 7;
using (Graphics g = Graphics.Fromlmage(bitmap))

Point PO, P;
Color cl = Color.FromArgb(255, 255, 255);
g-Clear(ch);

// usoBpaxenue Tejna
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byte k = TD.fIBody;
int Lv = td.body[k]-Vertexs.Length;
for (int 1 = 0; 1 < Lv; i++)

{

for (int j = 0; j <= 3; j++)
td.body[k]-V[i1[] =
td.body[k]-Vertexs[i]Li]:
td.body[k]-V[i] =
TD.Rotate(td.body[k]-V[i], 2,
TD.Betl, 0, 0);
td.body[k]-V[i] =
TD.Rotate(td.body[k]-V[i], 1,
TD.AIf1, 0, 0);
td.body[k]-V[i] =
TD.Rotate(td.body[k]-V[i], 4, O,
TD.Xs, TD.Zs);
td._body[k]-V[i] =
TD.Rotate(td.body[k]-V[i], 2,
TD.Bet, 0, 0);
td.body[k]-V[i] =
TD.Rotate(td.body[k]-V[i], 1,
TD.AIF, 0, 0);
by
// Touxu cxoma
double[] V1
double[] V2
int u,v;
if (TD.Zs!=0)

new double[4];
new double[4];

V2[0]=0; V2[1]=0; V2[2]=1/TD.Zs; V2[3]=1;
V2=TD.Rotate(V2, 2, TD.Bet, 0, 0);
V2=TD.Rotate(V2, 1, TD.AIFf, 0, 0);
u=11(v2[0]); v=3J(V2[1]);

for (int i = 0; 1 <= 3; i+t)

{
int a2 = 11(td.body[k]-VLil1[0D);
int b2 = JJ(td.body[k]-V[i1[1D);
g-DrawLine(Pens.Silver, u, v, a2, b2);
s
3
if (TD.Xs 1= 0)
{
Vi[1] = 1 /7 TD.Xs; V1[0] = O;
Vi[2] 0; V1[3] = 1;

V1l = TD.Rotate(Vl, 2, TD.Bet, 0, 0);
TD.Rotate(Vli, 1, TD.AIF, 0, 0);

u = 11V1i[0]); v = JJWV1[1D);

for (int i = 0; 1 <= 5; i++)
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11 (td.body[k].V[i1[0]);
JJ(td.body[Kk]-VL[il[1D):;
g-DrawLine(Pens_Silver, u, v, a2, b2);

S
~+
)
N
I

}

}
switch (TD.fIModel)
{
case O: // xapxacHasa Momdelb
case 1:
int L = td.body[k]-Edges.Length;

for (int 1 = 0; 1 < L; i++)

{

int al =
11(td.body[k]-V[td.-body[k]-Edges[i]-p1][0]);

int bl =
JJ(td.body[k].V[td.body[k].Edges[i]l.p11[11);

int a2 =
11(td.body[k]-V[td.-body[k]-Edges[i]-p2][0]);

int b2 =
JJ(td.body[k].V[td.body[k].Edges[i].-p21[11);

g.-DrawLine(Pens.Black, al,bl,a2,b2);

}

break;

}

// npopucoska oceit
if (TD.visibleocn)

{
PO=1J(ToVector(-ax,0,0));
P=1J(ToVector(ax,0,0));
g-DrawLine(Pens.Silver, PO, P);
g-DrawString("'X",Font,Brushes.Black,
P.X,P.Y);
PO = 13(ToVector(0,-ax, 0));
P = 1J3(ToVector(0, ax, 0));
g-DrawLine(Pens.Silver, PO, P);
g-DrawString("'Y",Font, Brushes.Black,
P.X, P.Y);
PO = 1J(ToVector(0,0,-ax));
P = 1J3(ToVector(0, 0, ax));
g.DrawLine(Pens.Silver, PO, P);
g-DrawString(*'Z",Font, Brushes.Black,
P.X, P.Y);
b

g0.Drawlmage(bitmap, ClientRectangle);
}
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[Ipu ycnoBun BEIOOpa COOTBETCTBYIOIIEH OIMIMH MPONU3BOIUTCS IIPOPUCOBKA
KOOpJUHATHBIX OCeil. B 3TOH YacTu MeToJa NPOCTPAHCTBEHHBIE KOOPAMHATHI
HAvyallbHOM M KOHEYHBIX TOUYEK OTPE3KOB, U300paKaloIUX KOOPIUHATHBIE OCH,
oTtoOpakaroTcsl B SKpaHHbIe koopauHaTel. Metox 1J (muctunr 3.11) BEIMONHSET
MPOEeIMPOBaHNEe HAa KAPTHHHYIO MIOCKOCTh XOY U oToOpakeHHne «O0yMa)KHBIX»
KOOPJHMHAT B 3KpaHHBIE.

- JInctuHr 3.11. BeruncijieHHe 3KPAHHBIX KOOPAUHAT TOYKH

Point 1J(double[] Vt)

{
switch (TD.flIProection)
{ // RAxcoHomeTpuueckue U LEHTPAJLHAS NPOECKLNMU
case 0: case 1: case 2: case 3: case 4: case 5:
Vt = TD.Rotate(Vt, 2, TD.Bet, 0, 0);
Vt = TD.Rotate(Vt, 1, TD.AIF, 0, 0);
break;
// KocoyToJibHEIE MPOEKUMNM
case 6: case 7: case 8:
Vt =TD.Rotate(Vt, 5, 0, TD.qgq, TD.r);
break;
e
Point Result = new Point(11(VE[0]), JI(VE[1])):
return Result;
}

Ecnu  BeiOpana ommus UW300pakeHHsT TEPCIEKTHBBL, IPOWU3BOJHUTCS
IMOCTPOCHHUE TOUYCK CXOa. KpOMe TOT'0, UIA HAIJIAAHOCTU IITPUXOBBIMU JIUMHUAMU
cTpouTcsi nM3o0pakeHHe KyOa ¢ ydeToM MepcheKTuBbl. Pasymeercs, 3ToT KyO
HEBH/IMM, €CJIM B KAYeCTBE MHOTOTPaHHUKA BBIOpPAH reKcasip.

Crpourtcst n3o0paxkeHHe Teja B OJJHOM W3 JABYX MOJENEH — KapKacHOW WU
CIUIOIIHOW. B mepBoM ciyyae MOCTpOCHHE CBOAWTCS K NPOBEACHHIO OTPE3KOB,
COOTBETCTBYIOIIMX pedpaM MHOTOTpaHHMKa. Bo BTOopoMm ciydae mimst KaxIou
TPaH{ CTPOMTCSI BEKTOP HOPMAaJM M MPOU3BOIUTCS 3aJIMBKA TPAHU TEM WMJIM MHBIM
L[BETOM B 3aBHCUMOCTH OT €€ OpPHEHTAllU! OTHOCUTENBHO ocH OZ.

O6paboTtunku cobwsiTuii ONMouseDown u OnMouseUp BwimosdHSIOT
COOTBETCTBEHHO YCTaHOBKY M cHsiTue (iara pucoBaHus (mepeMeHHas drawing).
O6pabotunk FormMouseMove conepkuT Ko, UMHTHPYIOMINAN BpaIleHHE Tela
IIpH nepeMenieHny Meimi. Kox Metona nokasa B iuctunre 3.12.

JIuctunr 3.12. O6padoTYNK COOBITHS NepeMeneHNs] MbIIIN

private void FormMain_MouseMove(object sender,
MouseEventArgs e)

if (drawing)
{

107



double a = e.X - Width /7 2.0;
double b = e.Y - Height /7 2.0;
switch (TD.flIRotate)
{
case 1:
switch (TD.fIModel)
{
case 0: case 1: case 5:
TD.AIT = Math_Atan2(b, a);
TD.Bet =
Math._Sqgrt((a/10)*(a/10)+
(b/710)*(b/10));
break;
case 3:
break;
T
break;
case O:
TD.AIF1
TD.Betl
Math.Sqgrt((a/10)*(a/10)+
(b/710)*(a/10));

Math_Atan2(b, a);

break;

}
DrawBody () ;

}
}

B 3aBucuMocTH OT BBIOOpa ONLMM BpAIlEHHS Ha MAHEId HHCTPYMEHTOB
UMHTHpYETCs JIMOO BpalleHUE Tejla MPU HENOIBHXXHBIX KOOPIMHATHBIX OCSIX
(FIRotate = (), mubO COBMECTHOE BpalleHHE Tela W KOOPIAMHATHBIX OCEH
(FIRotate = 1). B mepBoM ciiydae KOOpJAMHATHBIE OCH SIBISIOTCS OCSIMH
MHPOBOH CHCTEMBI KOOpPAWHAT, BO BTOPOM — OOBEKTHOH CHCTEMBI KOOPIMHAT.
Vst oBopoTa oceit 06bekTHOM cructembl koopanuat AlT u Bet, a Takxke yribt
AlT1 u Betl noBopoTta Tela OTHOCHTEIBHO OCEH MHPOBOM CHCTEMBI KOOPJHHAT
BBIYHCIISIFOTCS Yepe3 TeKylme KoopauHatel X M Y ykaszatens Meimu. Crioco0
Beruncienus yriaos AT u Bet 3apucut ot BEIOpaHHOM MPOCKIIUH.

CraHJapTHbIE IPOEKLUH MTPEATOJIAratoT BEIOOP OMPEIEICHHBIX OPUEHTAINI
TeJla OTHOCUTEIBHO KOODPJMHATHBIX OCEi, MOATOMY /Uil HUX BpallleHHe He
TPOU3BOJIUTCSI.

3.7. MOJEJIUPOBAHUE TPEXMEPHBIX TEJ

B xommbroTepHOH TpaduKe HCIIONB3YIOTCS HECKOJIBKO THIIOB MOJeen
MIPOCTPAHCTBEHHBIX OOBEKTOB, KacCU(PUKAIMs KOTOPBIX IMpPEACTaBlIeHAa Ha
pucyske 3.16.
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Mogenwu
oBbLERTOB

KapkacHeie KOHCTPYKTUBHBIE [paHn4HeIE

BokcensHue KoHcTpykTrBHBIE

Puc. 3.16. Knaccndukanus Moeneil mpocTpaHCTBEHHBIX 00BEKTOB

Bribop Toil mnu uHOM Momenu mpenonpenenseT CocoObl PelIeHUs TaKHX
npo0iieM, Kakx:
—  BBIJICJICHUE BUIUMBIX YacTel 00bEKTa;
— Ha3HAYeHMe L[BETa KaXKJOMY JJIEMEHTY 00BEKTa;
—  BOCIPOM3BECHHE Pa3IMYHBIX ONTHYECKUX IPPEKTOB.

3.7.1. KAPKACHBIE MOJEJIA

B mpocreiinieM BapuaHTe KapkacHas MOJETb H300pakaeT Telo B BHIC
TIPOBOJIOYHOM CETKU ¢ LENBIO nepeadn (opMbl OXBATHIBAIONIMX €r0 MOBEPXHOCTEH —
rpaHeil. B cimydae rpaHeif i 3TOro TOCTATOYHO mocTpoeHust pedep. st mocTpoeHus
KapKacHOM MOJENHN Tejla ¢ HeIUIOCKMMU TPaHUYHBIMH ITOBEPXHOCTAMH HCIOJB3YIOTCS
Ppa3IM4HbIEe CIOCOOBI KYCOUHO-JIMHEHHON HHTeprosimy. B myHkTe 6.2 1 B r71aBax 8 1 9
ONHCaHbl TPOEKTHI, PEATH3YIOLIME IPHMEpPbl TOCTPOCHMS KapKAaCHBIX MOeNer
MHOT'OIPaHHUKOB U TTOBEPXHOCTEHN BTOPOTO MOPSIIKA.

B Ooinee cnoXHBIX BapHaHTax KapKacHOM Monenu mnepepaetrcs 3ddext
pa3sHOYIaJeHHOCTH OT HaOJMogarenss  OT/AENBHBIX TIpaHell OO0BeKTa MyTeM
BBIJIEJICHUS] 0COOBIM CTHJIEM (HAIlpUMep, IMyHKTUPOM) MJIH yJIaJICHHEM HEBUIUMBIX
pebep. Eme Oompiras pealuCTHYHOCTh H300paKEHUSI JOCTHracTcs Mpu
WCIIOJIb30BAaHUM  3JIMBKM TIpaHel, Korga OTTEHOK I[[BeTa 3aBHCHUT  OT
TIPOCTPAHCTBEHHOW OPHEHTAIMH TPAHN U MECTa HAXOXKICHHUS HCTOYHHUKA CBETA.

st nocTpoeH s KapKacHOM MOJEIH TeNa He0OX0IHMO:

—  IIPOHYMEpOBaTh €ro BEpPIIUHEI, pedpa U IpaHH;

—  3aJaTh KOOPAMHATHI BCEX BEPLIMH OTHOCHTENIHFHO Hayana KOOPAWHAT WIIH
HEKOTOpOi1 6a30BOI TOUKH;

— OmHUcaTh TOMOJOTHIO Kapkaca myTeM (OPMUPOBAaHUS ISl KaXIOW H3
FpaHeﬁ CITMCKa HOMEPOB MHIUIACHTHBIX en BCPUINH, NMEPECYUCICHHBIX B
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mopsAake WX o00Xoma B ONPEACTICHHOM €OHHOM JUISI BCEX TpaHeH
HaIlpaBJICHUH.

I

Puc. 3.17. OcHOBHBIE COCTaBIISIONINE KAPKACHOH MOJEITH

3.7.2. TPAHUYHBIE, IOBEPXHOCTHBIE MOJIEJIH

I'pannunas mozens (boundary representation) mpencTaBisieT TPeXMEPHBIH
00BEKT KaK CHCTEMY MOBEPXHOCTEH, CO3/IAI0IIUX ero rpaHuibl. Kaxnas U3 Takux
MIOBEPXHOCTEH OIMMCHIBACTCS HESBHBIM ypaBHEHHEM WM IapaMeTpUIecKOn
¢yHKIMEH ¢ yKa3aHMEM T'paHHIl M3MEHEHHS KOOpAMHAT WM IapaMeTpoB, UYTO
MIO3BOJISICT OIPENEIUTh JIMHUN TIepEeceueHrs] MOBEpXHOCTeH. [ paHMYHAs Mopenb
paccMaTpuBacT TOJIBKO TOYKH Ha MTOBEPXHOCTH Tella, HE 3aTparuBast ero oobema.

B ommmume oT KapkacHOW MOJENM C IUIOCKUMH TPaHSMH TPaHUYHOE
ONMCAaHUE TI03BOJSIET H300pakaTh HEIMHEHHYI0 IIOBEPXHOCTh KapKacoM C
KPUBOJIMHEUHBIMU STYEHKAMU.

3.7.3. CILIOIIHBIE MOJIEJIA

CIUIONIHEIC, WM TBEPIOTEIBHBIC, MOJICIA ONMKCHIBAIOT TOYKH KaK BHYTPH,
TaKk ¥ Ha TOBEPXHOCTH OOBEeKTa. TpexMepHBIC Tella PacCMaTPUBAIOTCS Kak
o0BemMHEeHNE (KOMIIO3HIINS) HEKOTOPBIX 0a30BEIX 0J10KOB. THIT 6a30BhIX 0OBEKTOB
OTpeieTisieT Pa3InuHbIe METO/IbI MOACITUPOBAHUS STHM CIIOCOOOM.

3.7.3.1. BokceabHoOe npeacTaBJjeHue

B kadectBe 06a30Boro 0J0Ka BbIOEpeM KyOHYECKYIO siUeHKy MPOCTPAHCTBA —
BOKcell. YacTb NPOCTPAHCTBA MPEACTaBMM TPEXMEPHBIM OUTOBBIM MAacCHUBOM Cij.
OneMeHTHl MaccuBa Cix = 1, ecnm Ky6 conepkuTes B 00bekte, Cij = 0, ecnu Ky0
He comepxutcs B o0wsexTe (puc. 3.18).

BokcenpHas MOJeb TO3BOMISET JIETKO BBIYUCIHTH TaKUE MapaMeTphl, Kak
O6’BeM WM OEHTP MacCC, U BBINOJHATDH 6I/IHapHBIe ornecpannuy Haxa TEIaMH. O}IHaKO
JUISL XOpOIIEro KayectBa H300paxkeHHs TpeOyercsl OOJBLIONH pa3Mep NamsTH,
pacTymmit kak N°.
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Puc. 3.18. BokcenbHOe npe/ICTaBIeHIE YCEUEHHOIO KOHyca
C HWIMHAPUYECKUM OTBEPCTHEM

3.7.3.2. KOHCTPYKTHBHOE MO/IeJINPOBaHME
B »sTOM ciydae 0OBEKT 3amaeTcs HAOOPOM IUIOCKHX WJIH OOBEMHBIX
MPUMHUTUBOB M OmNepanuii Hag HUMH. [IpUMHTHUBBI SBISIFOTCS «CTPOHUTEIBHBIMU
OmokamMu» O00BeKTa M OOBIYHO ONMUCHIBAIOTCS TPAHUYHOW Momenblo. Ilof
onepasMd HOHUMAIOTCsS OyJIeBbl OMNEpalud Haj NPUMUTHBAMH, a TaKXke
reoMeTpUUecKre MpeoOpa3oBaHus, TaKHe KaK MepeMenieHie, HOBOPOT, N3MEHEHHE
pa3mepoB. [TomHast KOHCTPYKTHUBHAS MOJIEh OOBEKTA BKITIOYACT:
—  JTaHHBIC O THIIC KAXKIOTO MPUMHUTHBA U €r0 TPAaHIMYHON MOJEIH, BKITOYast
ONTUYECCKHUE CBOWCTBA MOBEPXHOCTEH;
—  TOCIEAOBAaTEIHHOCTh JIOTHYSCKUX OIEpaluii HaJ NPUMHTHBAMHU IIPH
KOHCTPYHUPOBAHUH 00BEKTA;
—  TOCIeAOBaTENBHOCTh a(pPUHHBIX NpeoOpa3oBaHMN Ha KaKIOM IIare
KOHCTPYHPOBaHHSI.
Tpoiiecc KOHCTPYHUPOBAHHS MOXKHO IMTPEACTABUTH B BUjEe OMHAPHOIO JepeBa
C TpaBWJIOM O00XO0Ja «CHU3Y-BBEpX». B 93TOM jepeBe JHCTBbSIMHU SIBISIOTCS
TrEOMETPUYECKHE TPHMHUTUBBI, & KAXKAOMY Y31y COIMOCTAaBISETCS OIEpaIlHsl.
BepinHoii nepeBa ABIsICTCSA TeoMeTpudeckuid 00bekT (puc 3.19).
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Puc. 3.19. [lepeBo KOHCTPYKTHBHOM MOJETIH

3.8. OCBELIEHUE

Hdns  npupanus n300pakeHHI0  OOJbIIEH  PEaTMCTHYHOCTH — MOJEIH
TPEXMEpPHBIX OOBEKTOB BKJIIOYAIOT METOJbl NEpelaudl Pa3IM4HBIX ONTHYECKUX
a¢pdpexroB. OIHMM M3 OCHOBHBIX TakKMX J(P(EKTOB SBISETCS OCBELIEHHOCTD
Pa3INYHBIX yYacTKOB MOBEPXHOCTH TEJl.

JIroboe Teno cTaHOBUTCS BHIMMBIM OJIarofapsi OTPayKeHUIO MaJaloero Ha
€ro MOBEPXHOCTh CBETOBOTO M3IYyYEHHS. DTO W3ITyYCHHE M3HAYAIBHO CO3/1aeTcs
WNCTOYHHKAMH CBETa, OAHAKO IIPU PACHPOCTPAHEHHH B JIO0OH HEWAEAIBHO
MIPO3PAYHON CPE/Ie PACCENBAETCS], OTKJIOHSSICH OT IEPBOHAYAIBLHOTO HANIPABICHUS.
Kpome TOro, mnpomcxoguT OTpaxXeHHE TMPSIMBIX M PACCESIHHBIX Jy4ed OT
MOBEPXHOCTEH Pa3MUUHBIX TeJd, a TaKXkKe UX IPEIOMIEHHE IPHU INEpexoje uepes
TpaHHLBI pasfena cped. B 6onpuimHCTBE MOoJeneil CBeTOBOH MOTOK, MaJaroIInii Ha
HOBEPXHOCTh 00BEKTA, COCTOUT U3 M3IyYCHUS OT UCTOUYHHUKOB CBETa M (POHOBOTO
N3ITyYeHHUSI.

WHTeHcnBHOCTD (pono6oco wm3nmyueHuss |y MOCTOSHHA [UIA BCEX TOYEK
MMOBEpXHOCTH 00BekTa. YacTh (POHOBOIO HM3IYyUEHHs MOTIIOIMIAETCS OOBEKTOM WU
YacTh OTPAXKAETCs OT €ro MoBepxHocTH. [Ipeanonaraercs, YT0 HHTEHCUBHOCTD €TO
orpaxenHo# yactu paBHa Kp X1, e Kr — koaddumment orpakenns (0 < kg < 1).
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Koaddunment Kg siBnsiercst hyHKIMEH ITHHBL BOJHBI, YTO TPOSBISICTCS B HATMYHA
COOCTBEHHOT'O [[BETA y OTPAKAIOLICH MOBEPXHOCTH.

Ecnu ecTh HCTOYHUKH CBETA, TO BOHUKAET JOMOJIHUTENbHAS OCBEIICHHOCTD
MOBEPXHOCTH TeJa M3-32 OTPAXEHHUs] HANPABICHHOTO M3IYYEHHS JBYX THIIOB:
oughghysnozo M 3epKanbHO20.

B kommbroTepHO# rpaduke JUIi OMUCAHMS 3EPKAIBHOIO  OTPasKCHUS
rucnoib3yercs ammupudeckas moaens ®onra (Bui Tuong Phong, 1975). Cyts ee
3aKJII0Y9AeTCsl B TOM, YTO MHTEHCUBHOCTb 3€PKAJIBbHO OTPaXKEHHOT'O Jyda 3aBUCHT
OT yria Yy MEXIy OTPaXEHHBIM JydoM M u BeKTOpoM S, HampaBlICHHBIM K
Habmonaresmo (puc. 3.20).

&

Puc. 3.20. 3epkanpHOe OTpakeHHE HANIPABICHHOTO U3y YCHUS

B »3TOlf MoOmenM WHTEHCHMBHOCTh 3EPKAIGHO OTPAKCHHOTO W3ITYUYCHUS
ompenaessiercs no hopmye

I, =k (@, A)xI cos" (w), (3.85)

rae K(p,A) — KodhuIHMEHT OTpakeHHs; ¢ — YroJd MajJeHUs CBeTa; A —
JUIMHA CBETOBOM BOJHBI. CTeneHb, B KOTOPYIO BO3BOAMTCSI KOCHHYC YIJa, BIUSET
Ha pa3Mepbl CBETOBOrO OJyiMKa, HabiromaeMoro 3puteneM. I'paduku QyHKIMN
cos"() npuBeneHsl Ha pucyHKe 3.21 u SBIAIOTCS XapaKTEPHBIMH KPUBBIMH
noBeZieHUsT (YHKIMM HM3MEHEHUs] MHTEHCUBHOCTH B 3aBHCUMOCTH OT CBOMCTB
MTOBEPXHOCTH.
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Puc. 3.21. I'papuku Qpynkumn cos"(y)

HdubdysHoe oTpaxkeHHe U3Ny4YEeHHs 3aBUCHT OT  IIEPOXOBATOCTH
MOBEPXHOCTH M B3aMMOJICUCTBHS H3JIydeHHs C TIIyOOKHMH CJIOSIMH Marepuaa.
HurencuBHOCTH MU((HY3HOT0 OTPAXKEHHOTO CBETa MPOMOPIMOHATIBHA COS(():

k,(A)yxIxcos(p), 0<p<7m/2,
I,= (3.86)
0, p>m/2.

B omnmcaHHO# Momenu TMOKa HHKAaK HE Y4YHTHIBAJIACh YIaJ€HHOCTb
HCTOYHHKA CBETa OT MOBEPXHOCTH, IO3TOMY IO OCBELICHHOCTH ABYX OOBEKTOB
HEJb3s CyJUTh 00 MX B3aHMHOM PACIIOIOKEHUH B IPOCTpaHCTBe. sl oMy deHus
MEePCIIEKTUBHOTO ~ W300paKeHHMS  HEOOXOAMMO  YUYHTBIBaTh  3aBUCHMOCTH
WHTEHCHBHOCTH OT paccTosHusA. OOBIYHO TNPEaronaraloT, YTO HHTCHCHBHOCTH
cBeTa OOpaTHO MPOIMOPIMOHANBHA KBAAPATy DPACCTOSHHSA OO HCTOYHHKA I
nuHeiiHa. Mogenb  OCBEIICHHOCTH, YYHTHIBAaKOIm[ash (OHOBOE OCBEILICHHUE,
3epkaiibHOe U quddy3HOEe 0TpaKeHust, MOXKHO OITUCATh CIIEAYIOLIEH (hOopMyJIOi:

1k (4) cos(@) + ks (@, 4) - cos” ()
r+C ’
IZie 7 — PacCTOsIHME OT LeHTpa npoekimu; C — HeKoTopasl KoHcTaHTa. Ecim neHtp
MIPOCKIIMM HAXOAUTCS B OECKOHEYHOCTH, TO €CTb IpH IapaJuIeIbHOM
MIPOCLMPOBAHNH, TO B KAUECTBE I OEPyT PacCTOSHUE A0 OJIMKHETO 0OBEKTa.
HeobxoauMo ormeTuTh, 4TO HET OOJiee MM MEHEE TOYHOTO alrOpuTMa
BeIYHCIeHHs K03 duunenToB auddy3nonHoro D u 3epkanbHOro S oTpakeHui.

=1k, (A)+ (3.87)

PaccmoTpuM moBepxHOCTh ¢ eAMHHMYHOM HopMmanmsto N. Ilyete L —
€IMHUYHBIA BEKTOP B HAINpaBJIEHHHM MCTOYHUWKA cBeta, M = L +k. HabmoneHue

Bezercst co cTopoHbl ocu OZ ¢ eauHWYHBIM BekTopoM k. KoadduumeHTs!
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muddysnonnoro D u 3epkanbHOrO S OTpakeHMH 3aBHCAT OT MapaMmeTpoB (puc.
3.24):

— ymia | MeXIy HampaBlIeHHEM K HCTOYHHKY CBETa M HOPMAaIbIO K

TTOBEPXHOCTH;

—  yriam MexIy BeKTopoM M M HOPMaibio K TOBEPXHOCTH;

—  MakcuManbHOTOo Koddduumenra nuddysnonnoro orpaxenns Cd,

— IIepoxoBaToCTH Marepuana Kd,

—  MaxkCHMaJIbHOTo K03(h(uIMeHTa OTpasKeHUs TOBEpXHOCTHOTO ciosi Cs;

—  IIepoXOBaTOCTH IOBEPXHOCTHOTO ci1os K.

M

Puc. 3.22. Tlapametps! mis ko3¢ dunuenTa 1upGy3nOHHOTO OCBEIICHUS

Jns onpenenenust KOAQQPUIMEHTOB OTPAKEHUSI B OCHOBHOM HCIOJIB3YIOTCS
Mojenu 1uddy3HOTO U 3epKaIBHOTO OTPAKEHUN. 3HAYSHHUS BBIIIEIIEPEYHCIIEHHBIX
rapameTpoB JUIsl THX MOJIeliel IpuBeieHbl B Tadmuue 3.1.

Ta6muna 3.1
MOZ[CJ'H/I OCBCUICHUS
JuddysnonHoe oTpaskenue 3epkajibHOe 0TpaKeHHe
D=0Cd xcos 1 S=Cs xcos I xcosm
D = Cd x cos |1] S=0
D = cos’l/zs S=0
D=cos® 10, 1>Pi/2 S =0
D = cos 1/Ds S = Cs cosI1/Ds
D = |cos I|/Ds S = cos®1/Ds
D==Cd x cos I S = Cs x coskm
D = Cd x Exp(~(1/Kd) )2 | S = Cs x Exp(~(m/Kc))?

MOI[eJ'IL OCBCUICHHUA 1A JII000I  TOYKH OMpEACIACTCA CICAYIOINMHA
BBIPAKCHUSIMU:
ColorR = max(max(1,A+D)*CmatR+s,1)*CLightR;
ColorG = max(max(l,A+D)*CmatG+s,1)*CLightG; (3.88)
ColorB = max(max(1l,A+D)*CmatB+s,1)*CLightB,
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roe A — UHTCHCHBHOCTh paccesHHoro cBera; CLightR, CLightG,
CLightB — kpacHasi, 3efeHasi, CHHSAS COCTABJSIONIME [BETA MCTOYHHKA CBETA;
CmatR, CmatG, CmatB — xpacHas, 3eneHas, CHHAS COCTAaBIIAIONINC IIBETa
MOBEPXHOCTH MaTepuana. Bee mapamerpsl MeHsitoTest B ipenenax ot 0 o 1.

3.9. MOJIEJIUPOBAHUE IIBETA

OCHOBHBIM TIPOTPaMMHEIM ~ HHCTPYMEHTOM KOHCTPYHUPOBAHHSA IIBETa
rpaduueckoro kiacca Graphics sBisercs kimacc Color, KOTOpBIA ITO3BOJISIET
Ha3HA4YUTh JIFOO0H U3 256 X 256 X 256 = 16777216 nBeToB.

IIpu sTom muTeHCHBHOCTH 11BeTa M(Color) paBHa cymMMe MHTEHCHBHOCTEH
kpacuoro (R), 3emenoro (G) wu cumero (B) useros: m(Color) =
= r(R)+g(G)+hb(B).

[Momyuenne moboro meera u3 Tpex ocHOBHEIX (R,G,B) mpoamkroBaHO
TEXHOJIOTUEH M3TOTOBIICHUS 3JICKTPOHHO-TYYEBEIX TPYOOK U SBJIACTCS JOCTaTOYHO
HCKYyCCTBEHHBIM TpueMOM. /[l OIGHKH I[BETOBOTO BOCHPHUATHS yHOOHEe
MOJIL30BAThCS APYTUMH TapameTpamu: 1BetoBbiM ToHOM (T), sipkocthio (L) u
HACBIIIIEHHOCTHIO (S).

LlBeToBO# TOH ompexemseTcs UIMHOW BOJIHBI, MPEeoOIafaromeld B MOTOKE
u3Iy4eHus (yCpeaHeHHasl [UIMHA BOJIH).

SIpKOCTh COOTBETCTBYET CBETOBOW JHEPIMH, NOCTHTAIOIICH HAOIIOAATEIIs.
MOKHO CKa3aTh, YTO SIPKOCTh — 3TO MHTCHCUBHOCTh CBETA, HCKAYKCHHAS CETYATKON
mia3za. YemoBeyeckuii riia3 MOXKET pa3indarh MOPSIKA THICSYH YPOBHEH SIPKOCTH.
HacpimeHHoCTh (YUCTOTA IBETA) XapaKTEPU3yeT O OElOoro I[BeTa B YHCTHIX
CIIEKTPaNbHBIX IIBeTax. Bmecro mapamerpoB (R ,G,B) MOXHO HCHOJIB30BATh
mapametpel  (T,L,S) B TpexmepHOM MpPOCTPAHCTBE C MUJIHMHIPUICCKUMHU
koopauHaTamu (puc. 3.23).

A

L
AT
>

B G R /s
>

Puc. 3.23. UnrencuBHocTs cBeta 1 napamerpsl (7, L, S)
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Iepexon ot (N,L,S)x (R,G,B) n obparHo onpenensercs popmyaamu:

= arcsin(Sqrt(3/2)*(G-R)/S);

(R+G+B)/3;

Sqrt(R*R+G*G+B*B-R*G-R*B-G*B) ;.. - .. (3.89)
L-S*cos(T)/3-S*sin(T)/Sqrt(3);
L+2*S*cos(T)/3;
L-S*cos(T)/3+S*sin(T)/Sqrt(3).

MMapamerper  T,L,S, Bo-mepBBIX, yOOOHO  HWCHOJB30BATH  JUIA
WHTEpaKTUBHOTO BBIOOpa LIBETAa Ha SKpaHe MoHHTOpA. i 3TOro HEoO0XoAUMO
MIPEACTaBUTh Ha KPaHE COKpPAIICHHYIO NAJUTPY NpU (PUKCHPOBaHHOM sipkocTH L,
a 3aTeM yBEJIMYHUTh WJIH YMEHBIINUTH SPKOCTb.

Bropo#i mpuBnekarenbHblii MOMEHT mapamerpoB T,L,S 3akmiouaercs B
ynoOCTBE HCIOJb30BAHMSI NPU MOJAEIHPOBAHWUHM 3aTEHEHHOCTH OOBEKTOB WIIH
cyMepeK (JIMHEeiHOe W3MEeHEHHE IPKOCTH OT HayaJbHOrO LBETA JI0 YEPHOT0) U MPU
MOJICJIMPOBAHUH JIHIMKH (JIMHEIHOE M3MEHEHHE SPKOCTH OT Ha4yaJbHOTO IIBETa J0
Ceporo).

TOIoTW»LE -
1

3.10. YJIAJIEHUE HEBUJAUMbIX PEBEP U TPAHEI

Anroputm PobGeprca mnpenHasHaueH sl yJajieHUs] HEBHIMMBIX JIMHHUN
TPEXMEPHOTO BBINYKJIIOro 00bekTa. HeBblmykible 00BEKTHl HEOOX0IMMO Pa3OHUTh
Ha BbINykible vacti. CHadasa W3 oOO0BEKTa yjAamsoTcs peOpa W TpaHH,
9KpaHHpyemble oO0bekToM. Jlamee Kaxioe W3 BHUANMBIX pebep pazOmBaercs Ha
BUAVMMBIC ¥ HEBUIMMBIE YacTH. BrrancnurensHas MomHocTs anroputMa Pobeprea
paBHa KBajpaTy d4mcia oO0beKTOB. B Oojee MO3MHMX peann3anusx aaropurMma
UCIIONIB3YIOTCSl TpeBapUTeNbHas COPTHPOBKA 10 OCH Z W TabapuTHBIE WIN
MHUHHMMAaKCHBIE TECTbI, HaOJII0aeTCsl JIMHEeHHAs: 3aBUCUMOCTD OT YKCJIa OOBEKTOB.

Aunroputm PoGepTca cCOCTONUT M3 ClIETyIONIHX [IaroOB:

—  HaxOXIICHMS HEJIUIEBBIX IPaHel BCeX 00BEKTOB;
—  HaxOXIICHHUS M yJaJICHUS] HEBUIMMBIX pebep.

[TnockocTh, Ha KOTOPOW HAaxXOMUTCS HEKOTOpas TrpaHb MHOTorpaHHuka F,
paszenseT NpOCTPaHCTBO Ha JBa HOANpocTpaHcTBa. IloampocTpaHCTBO
HA3BIBAETCA MOJOKUTENBHEIM D', eciii B HEro CMOTPMT HOpMaib K TpaHu. Eciu
TOuKa HaGMIOIeHHs HaxoauTes B D', To rpanb — quyesas, unade — nenuyesas. Jias
BBIITYKJIBIX MHOTOTPAaHHUKOB Y/aJIeHHE HEJMIEBBIX TI'paHeil IMOIHOCTHIO pellaeT
3aJjauy yAaJdeHUs] HEBUIUMBIX IPaHel.

Jlns ompesieNieHus, HaXOMUTCSA JM Touka B D', HEOOGXOAMMO OMpeenuTh
3HaK ckamsipHoro mpousBenenus (1,n), rme 1 — Bekrop, onpenensironunit TOYKyY
HaOJIoIeHnsT; N — BeKTop BHemHe# Hopmanu rpauu. Ecmu (1,Nn) > 0, To rpans —
JUIIeBas, MHa4Ye — HEIULIeBasl.

BeImyknplii  MHOTOTPaHHUK — IPEACTaBIsieTcss HAOOpOM  IUIOCKOCTEH.
YpaBHeHHe IOCKOCTH B 3D MpoCcTpaHCTBE UMEET BUJ
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|x,y,z,1|><

a

b
=0, (3.90)

C

d

rae P:|a,b,c,d| — KOX(pQHUIHUEHTH IUIOCKOCTH; S :|x, y,2z,1| — ogHOpOIHBIE

KoopAuHATHL. J[7s1 Touku S, Iekamiei Ha IIOCKOCTH, CKaJsIPHOE TPOW3BECHUE
S-P=0. Ecmu Touka S He JEKUT HA IUIOCKOCTH, TO 3HAK CKAJIIPHOTO
MIPOU3BEACHUS MOKa3bIBAET PACIONIOKEHHE TOUKH OTHOCUTEIBHO IJIOCKOCTH. Jist
TOYEK, JISKAIIUX BHYTPH Tella, CKaJSipHOE MPOU3BEACHHE UMEET OTPHULIATEIbHBIN
3HaK.
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I'naBa 4. IIPOCTBIE TPA®UYECKHUE ITPOEKTHI

Matepuan mpeapIIyIux TIaB COAEPKUT JOCTATOYHO MHOTO TEXHHYECKUX
neraneil. Jlanee mpeacTaBIeHBl WIUTIOCTPAIMM B BUJAE PEAM30BAHHBIX IPOEKTOB,
JEMOHCTPHUPYIOIINE HEKOTOPBhIE CBOWMCTBA M METOJIbI OMMCAHHBIX KiaccoB. [Ipu
noa00pe 3TUX ACMOHCTPALMOHHBIX 3a1a4 MbI, C OJHOW CTOPOHBI, IMOCTAPAIUCH
OXBaTUTh BOIPOCHI, MPEACTABICHHBIE B CIIPABOUHOM MaTepHalie MEepBLIX TJIaB, C
JPYTOf CTOPOHBI, MPEACTABUTh HaMOOJIeC WHTECPECHBIC C MPAKTUUCCKOW TOUYKU
3peHus 3aa4u.

4.1. MYJbTUILIUKA LIS

U3meHeHne m300pakeHUi BO BpEeMEHH BO3MOXXHO OBYMs CIIOCOOaMH: BO-
HEPBBIX, MOKHO BOCIIOJB30BaThCs MeTOAOM BpemenHoi 3agepxku Sleep(int
millisecondsTimeout) knacca Thread; Bo-BTOpBIX, BOCIOJIb30BATHCS
KiaccoM Timer, UMEIONMM OiH 00paboTunk coObIThst ONT imer.

Hemonctpanmio meroma Sleep() mokaxem Ha TpuMepe COPTHPOBKH
JJIEMEHTOB MAcCHBA, a UCIONb30BaHUE KOMIOHEHTa T imer — Ha Mop(hHHIe U B
MPOEKTE, MOKA3BIBAIOIIEM JABHKCHHE BEOCHIIE IA.

4.1.1. COPTUPOBKA 3JIEMEHTOB MACCHUBA

Copmuposka memooom ny3vipbka — METOJ], B TIOJTHOW Mepe BOIUIOIMIAOIINI
TPUHIHI 0OMeHHOU COPTHPOBKH: CPAaBHUBAIOTCS W OOMEHHBAIOTCS MECTaMH JBa
COCEIHHUX AJIeMEHTa. ANTOPUTM OYEHB MPOCT U MIPUBEICH B IUCTHHTE 4.1.

JInctunr 4.1. CopTHpOBKa METOJ0M IY3bIPbKA

void Sort()

int L = Element.Length;
for (int 1 = 1; i<=L-1; i++)
for (int j = i; j<=L-1; j++)

TElement tmp;
if (Element[j-1].inf>Element[j]-inf)

{
tmp = Element[j];
Element[j] = Element[j-1];
Element[j - 1] = tmp;

}
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OTOT alropuT™M MPEACTABICH B HAITSIHOM TpadUuecKkoM BUIE B
npejiaraeMoM poekTe (puc. 4.1), B KOTOpOM MUTaHUEM DJIEMEHTOB 0003HAYAETCS
X CpaBHCHHUE, a 06MeH MMPOUCXOAUT B JUHAMHKE!: BerHI/Iﬁ OJICMCHT YXOIUT B
CTOPOHY, @ HUYKHHUI CTAaHOBUTCS HA €0 MECTO.

® G

Puc. 4.1. CopTupoBKa METOOM I1y3bIpbKa

Jns  ommcaHusi  ANEMEHTOB ~ MacCHBa  WCIOJB3YeTCSl  CTPYKTYpa,
MIpeICTaBIICHHAS B JINCTHHTE 4.2.

- JInctuHr 4.2. CTpyKTypa 3JeMEHTOB MACCHBA

public struct TElement

{
public int x;
public int y;
public int inf;
public Color color;
ks

B o10#i cTpykType mosii X,Y LEIOro THIA OTBEYAIOT 3a IOJIOXKEHHUE
sNeMeHTa Ha 3KpaHe, mosie INT colepXuT 3HaUCHHE JIEMEHTa MACCHBa, MOJe
color ucnonp3yercst st 1BETA, KOTOPBIM H300paXKAETCSI HIEMEHT.

[lpn HaKaTUM KHONKH CIy4YallHBIM 00pa30M 3amONHSIOTCS HJIEMEHTHI
MacCHBa, Ha3HAYAIOTCS MX HayaJbHBIE KOOPIUHATHI Ha 3KkpaHe (auctuHr 4.3) u
BBI3BIBAETCS] METOJ] COPTUPOBKHU.

* JIuctunr 4.3. HauanbHoe 3ano/HeHHe MACCHBA

void SetRandom()

{
int L = Element._Length;
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Random rnd
for (int i
{

= new Random();
=0; 1 <=L -1; i++)
Element[i].x = 100;
Element[i].y = 20 + i * 40;
Element[i].color = Color.Black;
Element[i].inf = rnd._Next(100);
3
}
private void buttonRandom_Click(object sender, EventArgs e)

{
SetRandom();
Drawing(-1,-1);

MeTO[[ COPTHUPOBKH, Hpel[CTaBHeHHLIfI B JIMCTHHIC 43, CJICTKa HM3MCHCH:
Z[OGaBJ'IeH MECTO JAUHaAMHUYCCKOT'O oOMeHa MECTaMH JABYX 9JICMCHTOB

Change(j,j-1).

Jluctunr 4.4. Metoa COPTUPOBKH

void Sort()

int L = Element.Length;
for (int 1 = 1; i<=L-1; i++)
for (int j = i; j<=L-1; j++)

{
TElement tmp;
it (Element[j-1].inf>Element[j].inf)
Change(J.j - 1, 1.J);
tmp = Element[j];
Element[j] = Element[j-1];
Element[j - 1] = tmp;
}
}

Merox auHamu4eckoro oOMeHa Mectamu IByX siemenToB Change()
pabotaet 15 TakToB. 3a 3TH 15 TaKTOB KOOPIMHATA Y IIEPBOTO AIIEMEHTA MEHIETCS
or Y1 no y2, a koopauHata X He Mensercs. CIo)KHee IOBEJCHUE BTOPOTO
9JIEMEHTa: NepBble 4 TaKTa JJIEMEHT JBW)KETCS HAJIEBO, 3aTeM 3a 7 TakTOB OH
omyckaercst oT Y2 o Y1, 3a nocnenuue 4 Takta JBHKETCS HAIIPABO.
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- JInctuHr 4.5. Metoa AMHAMH4eCKOr0 00MEHAa MeCTAMH JIBYX 3JIEMEHTOB

void Change(int nl, int n2, int n, int m)

Element[nl].color = Color.Red;
Element[n2].color = Color.Red;

int x1 = Element[nl].x;

int yl = Element[nl].y;

int x2 = Element[n2].x;

int y2 = Element[n2].y;
double Xx;

for (int t = 1; t <= 15; t++)
{

X = (y2 - yl) * t / 15;
Element[nl].y = yl1+(int)(x);
switch (t)

case 1: case 2: case 3: case 4:
X =40 * t / 4;
Element[n2].x = x1 - (int)(X);
break;
case 5: case 6: case 7: case 8:
case 9: case 10: case 11:
X=Wl-y2) *(t-4)/77;
Element[n2].y = y2 + (int)(X);
break;
case 12: case 13: case 14: case 15:
X =40 * (t - 11) / 4;
Element[n2].x = x1 - 40 + X;
break;
}
Drawing(n,m);
Thread.Sleep(100);

Element[nl].color

Element[n2].color

Drawing(n,m);

he

Jnst  yckopeHusi pUCOBaHHE BCEX DJIEMEHTOB MaccHBa
MPOUCXOANT Ha KaHBe gBItmap tuma Bitmap.

Color.Black;
Color.Black;

SJIIUIICAaMH

- JlucTunr 4.6. PucoBanune 31eMEeHTOB

void Drawing(int n, int m)

{
const int d = 15;
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int L = Element.Length;
string s;

SizeF size;
gBitmap.Clear(Color._White);

for (int i = 0; 1 <=L - 1; i++)
{
MyPen.Color = Element[i].color;
gBitmap.DrawEllipse(MyPen, Element[i]-x - d,
Element[i].y - d, 2 *d, 2 * d);
s = Convert.ToString(Element[i].inf);
size = gBitmap.MeasureString(s, Font);
gBitmap.DrawString(s, Font, Brushes.Black,
Element[i].x - size.Width /7 2,
Element[i].y - size_Height / 2);

if (n 1= -1)

MyPenO.Color = Color._Black;

gBitmap.DrawLine(MyPen0,120,Element[n].y, 140,
Element[n].y);

s = "1 =" + Convert.ToString(n);

size = gBitmap.MeasureString(s, Font);

gBitmap.DrawString(s,Font, Brushes.Black, 150,
Element[n].y - size.Height / 2);

if (m 1= -1)

MyPenO.Color = Color.Red;

gBitmap.DrawLine(MyPen0,120,Element[m].y, 140,
Element[m].y);

s ="J =" + Convert._ToString(m);

size = gBitmap.MeasureString(s, Font);

gBitmap.DrawString(s,Font, Brushes.Black, 150,
Element[m].y - size.Height / 2);

gScreen.Drawlmage(bitmap, ClientRectangle);

Bo BpeMs paboThI uepHas JIMHUA MOKa3bIBAET Ha I-i 3JIEMEHT, a KpacHas —
Ha J-if anmeMeHT Maccusa (puc. 4.2).
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Puc. 4.2. IIpoekt «CopTHpPOBKa MacCUBa»
4.1.2. MOP®UHT

Mop¢uHr — 3T npeBpalieHre 0JHOTO H300paxeHus B apyroe. B kxauectse
IpUMepa pacCMOTPHM IIpeBpallieHre oaHol (GyHIaMeHTanbsHON KpuBOi (puc. 4.3)
B IPYTYIO.

Puc. 4.3. MopduHr 1ByX KpUBBIX
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B xmacce TLines ompenenum nsymepubiit maccuB lines[][1 ans
HAYaIbHOTO W KOHCYHOIO COCTOSIHMH KPHBOM ¥  BPEMCHHBI MAacCHB
tmpLines[] anst npoMexyTOYHOTO COCTOSIHHUSI KPUBOH.

Jluctunr 4.7. CTpykTypa Kjaacca ajst MoppuHra

class TLines

public static PointF[][] lines =
new PointF[2][]:
public static PointF[] tmpLines;
}
Kpome »sTOro, B KJIacce oOIpenesuM JBa MeETOAa: METOJX HadaJbHON
uHunmanm3anuu maccusos Init(int n) u FindPoint().

¢ JIuctunr 4.8. HauaibHas MHHAIUATN3AMUS MACCHBOB

public static void Init(int n)
{
float r = 6;
lines[0] = new PointF[n];
lines[1] = new PointF[n];
tmpLines = new PointF[n];
double x, y;
for (int 1 = 0; 1 < nj i++)
{
X = r * Math_.Cos(Math.Pl * 2 / n * i);
y = r * Math.Sin(Math.Pl * 2 / n * i);
lines[O][i]=new PointF((Float)(-3+x),Y;
lines[1][i] = new PointF((float)(3 + X), VY):
}
}
Bce 1pu wmaccuBa lines[0], Hlines[0] u tmpLines wumeror
OJIMHAKOBYIO JJIUHY.
Jis mepememieHHs TOYEK Ha HAYAIbHOWM W KOHEYHOH KpWBOHM Oyzmer
HE0O0XOAUM METO/I IOUCKA TOYKH.

- Jluctunr 4.9. MeTon noucka To4KH

public static int FindPoint(ref int nLine, float x, float y)
{

int result -1; nLine = -1;
double min = 1000;

int L = lines[0].Length;
for (int i = 0; i < 2; i++)
for (int j = 0; jJ < L; j++)
{
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float X lines[illj]1-X;

float Y lines[i][J]-V;

double d = Math.SQrt((X-x)*(X-x)+(Y-y)*(Y-y));
if (d < min)

min = d; nLine = i; result = j;

return result;
Merton moucka TOYKH ONpeaessieT HEe TOJbKO HOMEpP TOYKH, HO U HOMEp
nuard NLINE, Ha KOTOPO# 3Ta TOYKa HAXOUTCs. PUCOBaHUE MPOUCXOIUT B JBYX
pexumMax — Ipu He3alyLEHHOM TaliMepe U IpU 3aIlyILIEHHOM.

* JIucrunr 4.10. PucoBanne KpUBbIX

public void Draw()

{
using (Graphics g = Graphics.Fromlmage(bitmap))

Color cl = Color.FromArgh(255, 255, 255);
g-Clear(cl);

int L 0;
if (TLines.lines[0] !'= null)
L = TLines.lines[0].Length;
Point[] p = new Point[L];
float x, y;
if (L >0)
{ // pucoBanuve B pexumMe PENaKTUMPOBAHUA
if (Itimerl.Enabled)
for (int k=2; k<2; k++)

for (int i = 0; 1 < L; i++)

{

= TLines.lines[Kk][i]-X;

= TLines.lines[k][i]-Y;

DrawRectangle(Pens.Black,
ey - 2, 3¢ - 2, 4, 4);

pLi].X = 11(X);

pLil.Y = JI(Y):

g-DrawClosedCurve(Pens.Black, p);

X
y
g-

}

else

{ // pucosaHue npu BKIJIOUYEHHOM TaiMepe
for (int i = 0; 1 < Lj; i++)
{
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X = TLines.tmpLines[i]-X;
y = TLines.tmpLines[i].Y;
pLi].X = 11();
pLi].Y = JI(Y);

g-DrawClosedCurve(Pens.Black, p);

}
}

g0.Drawlmage(bitmap, ClientRectangle);

PenakTupoBaHne TOYKH, TO €CTh €€ IepeMelleHne, HadMHAeTCs MpH
Ha)KaTHH JIEBOM KJIABHUIIIN MBILIHA IIOMCKOM OJIMDKaMIIEN TOYKH.

- JInctunr 4.11. Hauano nepemMemieHusi TO4KU

private void FormMain_MouseDown(object sender, MouseEventArgs
e)
{
drawing = true;
nPoint = TLines.FindPoint(ref nLine,
(Float)XX(e-X), (float)YY(e.Y)):

Iocrne TOro Kak To4YKa BHIOpaHa, MPOUCXOIUT €€ MePEeMEILCHHE.

JIuctunr 4.12. Ilepemenienne BEIOPAHHOM TOYKH

private void FormMain_MouseMove(object sender, MouseEventArgs
e)
t _

if (drawing)

TLines.lines[nLine][nPoint].X
(Float)XX(e-X);

TLines.lines[nLine][nPoint].Y
(float)YY(e.Y);

Draw();

}
}

MopduHr peann3oBaH B eTMHCTBEHHOM 00pabOTUMKe COOBITHS TaliMepa.

~ JIuctuHr 4.13. U3MeHeHHe KOOPAMHAT BpeMEeHHOH KPUBOii

private void timerl_Tick(object sender, EventArgs e)

{

++t;
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timerl.Enabled = t < n20;

int L = TLines.lines[0].Length;
float x1,x2,yl,y2;

for (int 1 = 0; i1 < L; i++)

{
x1 = TLines.lines[0][i]-X;
yl = TLines.lines[O][i]-Y;
x2 = TLines.lines[1][i]-X;
y2 = TLines.lines[1][i]-Y;
TLines.tmpLines[i].X = x1+t*(x2 - x1)/ n20;
TLines_.tmpLines[i].Y = yl+t*(y2 - y1)/ n20;
}
Draw();

}

Becw numkin 3akanuuBaercs 3a N20 = 20 taktoB Taiimepa. Ilepemennas t
BBICTYIIA€T B KA4eCTBE CUETYMKA TaKTOB. Kakmasg Touka HAdalbHOW KPHUBOMH
MEPEMEILAETC B COOTBETCTBYIOLLYK) €M TOUKY KOHEYHOW KpHUBOM IO HPSIMOMN
nuHuu. Ee monoskeHne B MOMEHT BpeMeHM € ompenensercss METOAOM JEJICHUs
OTpEe3Ka B 3alaHHOM OTHOIICHUH.

4.1.3. IIAIEHME I'”TOBYCA

Iycte ¢ Bbicotsl HO mamaeT pe3wWHOBBIH TI00YC, KOTOPBIH MOXHO
MPEACTaBIATh Kak Kpyr paauyca R. B MomeHT Bpemenu €1 cONpPUKOCHOBEHUS C
MOBEPXHOCTBIO KPYTr HAYMHACT MPEBPAILATHCS B AIUTUIC ¢ monyocsmu A u B. Dtu
MapaMeTphl TOCTUTAIOT CBOMX MAKCHMAJIbHBIX 3HAYCHUH B MOMEHT BpeMeHH 10/2
¥ BO3BpAIlAOTCsA K 3HaueHH0 R B MomeHT Bpemenu t2. 3aTeM HauMHAETCS
oOpaTHBIN MPOIECC OTCKOKa Msiua OT MOBEPXHOCTH. BpemeHHas auarpamMma
W3MEHEHHs TIapamMeTpoB (BbICOTHI IeHTpa Msya H u momyoceit A u B)
npejcTaBlieHa Ha pUCYHKe 4.4.

Beicora tientpa mstua h(t) ma wmaTepBane Bpemenu [0,€1] Mensercs mo
napabosie

h=-k*t +H, . 4.1)

U3 yenosust h|,—; = R moxno onpenenuts t;:

H,—-R
f = ./07, 4.2)

5=%+n (4.3)

a DTO II03BOJIAET ONPEAEIUTH t):
T,

e dt =—>—t,.
2

128



HO

h,B

t1 t2 TO

Puc. 4.4. BpemeHHas quarpaMma H3MEHEHHS TapaMeTPOB Msda

Bynem cumrate, urto Ha mHTepBase [t,t;] BbicoTa mentpa Mmsua h(t)
TaKXKe MeHseTcs 1o mapaboire

h=R—dR+k (t-T,/2)", te[0,1,]. (4.4)
U3 ycnosus h| ;=R onpenenum K;:
=% _ 4.5)
(tl _Z))

Hus  monyocu ommunca A(t) ypaBHeHume Ha uHTepBaie [t),1;]
CHUMMETPHYHO ypaBHeHu:o (4.4) otHocuTensHo h = R:
A=R+dR—k (t-T,)", te[t,1]. (4.6)
Junst nonyocu siumarica B(t) ypaBHeHue coBnagaet ¢ ypaBHeHHeM (4.4).

Jnst waTepBana [€,,To] ypaBHeHHE H3MEHEHHS BBICOTBI CHUMMETPHYHO
otHocurensHo t = Ty/2 U UMeeT BULI

h=—k(t-T,), te[2T,]. (4.7)

Ha wunrepBanax [0,t;] u [t,,T¢/2] nmapamerpet A u B He Mensrorcs u
paBHbI R:

A=R,B=R, te0,4,]U[t,,T,]. (4.8)
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@opmynsl  (4.1)-(4.8) TO3BONAIOT pearn30BaTh IMPOEKT CIEAYIOMIHM
o0pazom. [1ycTh 3aaHbl KOHCTAHTHI
Hy=550; R=50; Ty=40; dR=R/5; k=5.0;
B MoMeHT 3amycka IpoeKTa BbIUUCIMM [1apaMEeTPbl MOJENH, OIMCHIBAEMOM
ypaBHeHusiMH (4.1)—(4.8).

- JIuctunr 4.14. BelauciieHne NapaMeTpoB Mojiesn

private void Forml_Load(object sender, EventArgs e)
{
bitmap = new Bitmap(Width,Height);
tl=Cint)Math.Round(Math.Sqrt((HO-R)/k));
dt=T0 / 2-t1;
t2=TO / 2+dt;
ki=dR/ (t1 - TO /7 2) / (t1 - TO /7 2);
g0 = CreateGraphics(Q);
¥

: Jluctunr 4.15. O0paGoTunK cOObITHS 1J1si KOMIIOHeHTa Timer

private void timerl_Tick(object sender, EventArgs e)

t=(t+1l) % TO;
MyDraw() ;

Meron pucoBanust MyDraw (), npuBeeHHbI B tucTuHre 4.16, ¢ TOMOIIBIO
merona GetHAB() serumcisier mapamerpsl h,A,B u komupyer Bitmapl s
npsmoyronbHuK (100-A,y-B,100+A,y+B).

JInctunr 4.16. Metox pucoBanus

void MyDraw()
using (Graphics g = Graphics.Fromlmage(bitmap))

Color cl = Color.FromArgh(255, 255, 255);
g-Clear(cl);

GetHAB(out h, out A, out B);

int y = HO - (int)Math_Round(h*(HO - R)/HO);
g-Drawlmage(Bitmapl,130-A,y - B, 2*A, 2*B);

gO0.Drawlmage(bitmap, ClientRectangle);
Thread.Sleep(20);

Meron GetHAB Beruncisier mapametpsl h,A,B mo pasubiM popmynam Ha
uaTepBanax [0, tl], [t1l,€2]u [t2,T,].
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Jlucrunr 4.17. Borunciienne napamerpos h,A,B

void GetHAB(out int h, out int A, out iInt B)

{
A=R; B=R;
if (t<tl)
h=-(int)Math.Round(k*t*t)+HO;
else
it (t<t2+1)
{
h=R+(int)Math_Round(-dR+k1*(t-T0/2)*(t-
T0/2));
A=R+(int)Math.Round(dR-k1*(t-T0/2)*(t-
T0/2));
B=h;
}
else
h=-(int)Math.Round(k*(t-TO)*(t-T0))+HO;
}

Pabora mpoekra mpecTaBiieHa Ha pucyHke 4.5.

Puc. 4.5. Pabora npoekta «Ilagenue msua

4.1.4. BEJOCHIIE]

PaccMoTpuM elie OJUH MPOEKT, MCIONB3YIONHA KoMmmoneHT Timerl, B
KOTOPOM JIBUTAFOTCS HOTH BEJIOCHUIICTUCTA U CITUIIBI KoJiec (puc. 4.6).
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Puc. 4.6. Benocunen

B mpoekTe HCronp3yroTCes CIIeAYIOMre KOHCTAHTH U TIEpEeMEHHBIC:
int x0=282;//uentp nemanu
int y0=411;
int x1=218;//cuneuue
int yl1=229;
int RO=65; int R1=23; // pamuycwe koneca
int R=30; pamnyc kojeca
int xR1=177; int yR1=403; // ueurp 1 u 2 xojeca
int xR2 = 448; int yR2 = 400;
float Anglel=0; // yron mopopoTa MepBOM Nemanm
float Angle2 = (float)Math.Pl; //yrosn noeopora BTOPOM NHemanm
float Angle3=0; // yrosn nosopoTa koJjec
float StepAngl=0.1F; // war yrma
double L; // nnuua ronexHu u Bempa
B mpoekte wmcrmoms3yrorcsi aBe Kaptuake — " Velol._bmp® wu
"Velo2.bmp®. Ha mepBoii n3o0paxkeH BeJOCUIEA IOJHOCTBIO, Ha BTOPOIi
(Ipo3pavHoii Mo OeoMy IBETY) — TONBKO HIDKHSISI 9acTh BelocHrena. B MoMeHT
3alycKa MPoeKTa KapTHHKH 3arpykatTcs Ha Bitmapl u va Bitmap2.

Jluctunr 4.18. 3arpy3ka kapTHHOK

public Form1()

{
InitializeComponent();
bitmap = new Bitmap(630,500);
Bitmapl = new Bitmap(*'Velol.bmp');
Bitmap2 = new Bitmap(*"'Velo.bmp™);
Bitmap2.MakeTransparent(Color_White);
L=(Math.Sqrt((x0-x1)*(x0-x1)+(y0-y1)*(y0-y1))+R)
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/ 2.0;
g0 = CreateGraphics();
}
PucoBanne Ha KaHBE IMTPOMCXOIUT B CIIEIYIOUIEH IMOCIEI0BATEIbHOCTH:
—  BBIBOJIUTCS TOJIHAsE KAPTUHKA;
—  pHCYyeTcs JaNbHss HOTa;
BBIBOJIUTCS HIKHSS 9aCTh BEJIOCHIIEAA,;
pucyeTcs OMKHSS HOTa;
PHCYIOTCS CITHIIBL.
IIponecc prucoBanus mpeacTaBieH B JUcTUHTE 4.19.

* JIuctunr 4.19. PucoBanue BeJocHIena

void DrawBicycle()

{
using (Graphics g = Graphics.Fromlmage(bitmap))

Color cl = Color.FromArgh(255, 255, 255);
g-Clear(cl);

Rectangle r = new Rectangle(0,0,630,500);
g-Drawlmage(Bitmapl, r);
DrawFoot(g,Anglel);

g.Drawlmage(Bitmap2, r);
DrawFoot(g,Angle2);

DrawWheel (g);

¥
g0.Drawlmage(bitmap, ClientRectangle);

I'padudeckoe onrcanne ABMKEHHS HOTH IPEICTABIECHO HA pUCYHKE 4.7.

Puc. 4.7. I'paduaeckoe onucaHne alropuTMa ABHKEHUS HOTH
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Ilenans nBUTaeTcs MO OKPYXKHOCTH BOKPYT TOYKH Xo,Yo U B KaKOMU-TO
MOMEHT BPEMEHHU HaXOJUTCS B TOUKE X,,Y,. Hora omuceiBaeTcst JoMaHo# U3 ABYX
3BCHBEB JUTMHON L, KOTOpas HauMHAeTCs B TOYKE X1,Y|, @ 3aKAHYMBACTCS B TOUKE
X5,Y>. KoOpIMHATEI TOYKH Xj,,Y> BEIYUCISIOTCS MO (GopMyJIam:

Xx2=x0+R*cos(Angle); y2=yO+R*sin(Angle).
3aTreM BBIYHUCISIIOTCS KOOPAUHAThI TOUYKH XC,yCZ
xc=(x1+x2)/2; yc=(yl+y2)/2.

U JUIMHBI KATETOB IIPSMOYI'0OJILHOTO TPEYTOJIbHUKA:

b=Sqrt(Sqr(x2-xc)+Sqr(y2-yc));
a=Sqrt(L*L-b*b).
DTO MO3BOJISET HANTH yTOJI:
alf=Arctan2(a,b).
a 3aTeM KOOpPJUHATHI TOUKH X,Y:
x=x2+L*cos(gam+alf); y=y2+L*sin(gam+alf).
Jliist prcoBaHust OTHOM HOTM npeaHasHadeH metoa DrawFoot ().

- JIuctunr 4.20. PucoBanue ogHoii Horu

void DrawFoot(Graphics g, double Angle)

{
double x2=x0+R*Math.Cos(Angle);
double y2 = y0O + R * Math_Sin(Angle);
double xc = (X1 + x2) / 2;
double yc = (yl1 + y2) / 2;
double b = Math.Sqrt((x2-xc)*(x2-xc)+

(y2-yc)*(y2-yc));

double a = Math.Sgrt(L * L - b * b);
double alf = Math.Atan2(a, b);
double gam = Math_Atan2(yl - y2, x1 - x2);
double x = x2 + L * Math.Cos(gam + alf);
double y = y2 + L * Math.Sin(gam + alf);
int u2 = Convert.Tolnt32(x2);
int v2 = Convert.Tolnt32(y2);
int u = Convert.Tolnt32(x);
int v = Convert.Tolnt32(y);
g-DrawLine(myPen, u2, v2, u, V);
int ul = Convert.Tolnt32(x1);
int vl = Convert.Tolnt32(yl);
g-DrawLine(myPen, u, v, ul, vl);

}

PucoBanue cowir nporiie u peanusyercs merogom DrawWheel ().

Jluctunr 4.21. PucoBanue cnui

void DrawWheel (Graphics g)
{

const int n=25;
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for (int i=0; i<=n-1;i++)

{
double si = Math.Sin(a);
double co = Math.Cos(a);
double a=Angle3+2*Math.P1/n*i;
int x1 = (int)Math.Round(xR1 + RO * co);
int yl = (int)Math_Round(yR1l - RO * si);
int x2 = (int)Math.Round(xR1l + R1 * co);
int y2 = (int)Math_Round(yR1l - R1 * si);
g.DrawLine(Pens.Black,x2,y2,x1,yl);
x1 = (int)Math.Round(xR2 + RO * co);
yl = (int)Math.Round(yR2 - RO * si);
x2 = (int)Math.Round(xR2 + R1 * co);
y2 = (inth)Math.Round(yR2 - R1 * si);
g-DrawLine(Pens.Black, x2, y2, x1, yl);
3

}

4.2. TJE®@OPMAIIMA U3OBPAXKEHUN

B MHOroumcneHHBIX rpaUYecKuX peaaKTopax HCHOJIB3YIOTCS pa3InYHbIC
GUIBTPBI M300paXKeHNs], N3MEHSIOIINE ITepBOHAYaNbHbIE KapTHHKU. HekoTopbie u3
9THX (QUIBTPOB MEHSIOT TEOMETpHI0 H300pakeHus. B Oubmmorexe OpenGL,
HalpHMep, 3Ta TEXHOJIOTHSI Ha3bIBACTCSl HAIOKEHUEM TEKCTYPBI Ha TPaHH.

B sToM maparpage onmchIBacTCs MPOEKT, PEIIAONINN 3a1aqy JeopMannuu
n3o0paxkeHuss u3 mnpsMmoyrosibHOi obxactu (0,0), (12,J2) B TUpOW3BOIBHBIN
yetelpexyronpHuk (U0, v0), (ul,vi), (u2,v2), (u3,v3). BepmmHB 3TOTO

YeTHIpeXyTobHIKa (pHc. 4.8) MOKHO ITEPETaCKUBATH MBIIIBIO.
u0,v0

u3,v3

ul,vl

u2,v2
Puc. 4.8. lehopMHPOBaHHEIIA YETHIPEXYTOIBHAK

Ha dopmy (puc. 4.9) BeiHeceHBI 1Ba KOMITOHEHTA IS pricoBanus: Imagel

u Image2, xomnonent muanora OpenPictureDialogl mms BeiOOpa

rpaduueckoro Qaitma BMP u tpu mynkra mento OpenlClick, N1Click u

N2Click, npennasHayennsie mjist Beioopa daitta BMP, npsimoit medopmarn u
oOpaTHOU neopMaIii YeTHIPEXyTOIbHHKA.
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7 FormMain

Puc. 4.9. Ilpsimast nehopManust 4eTHIPEXyTroJIbHUKOB

IMocne BeIOOpa Tpaduueckoro (Qaia ¢ MOMOLIBD  KOMIIOHEHTA
openFileDialogl uzobpaxenue nomnagaer B bitmapl.

JIuctunr 4.22. Beioop rpaguyeckoro paiiaa

private void openToolStripMenultem_Click(object sender,
EventArgs e)

if (openFileDialogl.ShowDialog() ==
DialogResult_0K)
{

bitmapl =
new Bitmap(openFileDialogl.FileName);
MyDraw() ;

}

3akoH mpeoOpa3oBaHMsl MpsMOyroibHOi obmactu (0,0), (12,J2) B
yersipexyroabauk (U0, VO0), (ul,vl), (u2,v2), (u3,v3) Oyaem UCKaTh B BUJIEC
KBa3MJIMHEWHOTO COOTHOIICHUSI:

u=Al*x+B1*x*y+C1l*y+D1;

V=A2*x+B2*x*y+C2*y+D2 . 4.9)

[locne moOmCTaHOBKM BCEX UETHIpEX BEPIIMH W PEIICHUS CHUCTEMBI
ypaBHEHHH 17151 KO3()(HUIIMEHTOB 3TOTO JIMHEWHOTO NMPeoOpa3oBaHus MOTydacM

D1=u0

D2=v0

Al=(ul-u0)/12

A2=(v1-v0)/12

C1=(u3-u0)/J2

C2=(v3-v0)/J32

B1=(u2-u3-ul+u0)/12/J2

Bl1=(v2-v3-v1+v0)/12/J2
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3arem B Merome Texturel() Bce Ttouku bitmapl.GetPixel(X,y)
npeobpasytorcs B Touku bitmap2.SetPixel (i,]J). Obparure BHUMaHUE Ha TO,
YTO TIPeoOpa3yroTCs HE THKCETHl KaHBBI KoMmrioHeHTa Image2, a mikcensl OutoBoi
KapTel b1 tmap2 B maMsTH, ¥ TOJBKO MOCIIE TIOHOM MOAroTOBKH b i tmap2 seBoaUTCS
Ha KauBy bitmap. D10 3HaUMTENBEHO yCKOpSAET paboTy TPOrpamMMBbL.

: Jlmctunr 4.23. Iipeodpa3oBanne NAKCEIOB KAHBBI

public static void Texturel(out int 11_,out int J1)
{
int 12 bitmapl.Width; int J2 = bitmapl.Height;
int 11 0; int J1 = 0;
11 = u.MinQ;
J1l_ = v.MinQ;

int 12_ = u.Max(Q)
int J2_ = v_.Max();
bitmap2 = new Bitmap(12_ - 11_, J2_ - J1 );

using (Graphics g = Graphics.Fromlmage(bitmap2))

if (12 - 11 1=0) & (J2 - J1 1= 0))

double D1 = u[0]; double D2 = v[0];
double A1 = (u[1] - u[OD) 7 (12 - 11);
double A2 = (v[1] - v[OD 7 (12 - 11);
double C1 = (U[3] - u[0]D) 7 (I2 - J1);
double C2 = (v[3] - v[OD 7/ (J2 - J1);
double B1 = (u[2] - u[3] - u[1l] + u[O]D 7/

az - 11) 7 (32 - J1);

double B2 = (v[2] - v[3] - v[1] + v[OD) 7/
(2 - 11) 7 (32 - J1);

for (int y=1; y <= bitmapl.Height - 1; y++)

for (int x=1; x<=bitmapl.Width-1; x++)

{
int i = (int)Math_Round(Al * x +
Bl *x *y +Cl *y + D1);
int j = (int)Math_.Round(A2 * x +
B2 * x *y + C2 *y + D2);
bitmap2.SetPixel(i - 11_, j - J1_,
bitmapl.GetPixel(x, y));
}
}
}
g-Dispose();

137



Y 3TOro npocToro MeToza €CcTh J1Ba HEAOCTaTKa!
— s 6onpiux Bitmap on Oymet paboTarh q0r0;
— s majeHbkux Bitmap, kak 3To BUIHO Ha pucyHke 4.9, oH He Oymer
IUIOTHO 3alOJHATH Bce Touku Image2.

Hemuoro mywme Oyner pa0GoTaTb NpOEKT, B KOTOPOM HCIIOIB3YeTCS
obpaTHOe mpeoOpa3oBaHKe OT 4eTslpexyroibHuka (UO,VO0), (ul,vl), (U2,v2),
(u3, v3) k npsimoyronbuuky (0,0), (12 ,32).

W3 ypauenuit (4.9) wuckmounmM X. Jlng TepeMEHHOW Y TOIydaeM
KBaJpaTHOE YpaBHEHNE

A*Y?+B*Y+C=0, (4.10)
rie

A=C2*B1-C1*B2;

B=B2*(u-D1)-B1*(v-D2)-A2*C1+C2*Al;

C=A2*(u-D1)-A1*(v-D2).

W3 ypaBHeHus (4.9) anst mepeMEHHBIX X M Yy TOJy4aeM CleAyolIue
COOTHOIICHHS:

Y=(-B+Sqrt(D))/(2*A);

X=(u-D1-Cl*y)/(A1l+Bl*y).

B astom cnyuae meron Texture2() 3amoiiHEHHs 4YeTHIPEXYroOJbHHKA
BBINILANT CIEAYIOMUM 00pa3oM.

¢ JIucrunr 4.24. O6paTHoe NpeodpPa3oBaHue MHKCEJI0B KAHBbI

void Texture2(out int MinU, out int MinV)
{
MinU = 0; MinV = 0;
int 12=bitmapl.Width; int J2=bitmapl.Height;
if ((121=0) & (J21=0))
{

MinU=u_Min(); MinU=Math.Max(0,MinU);
int MaxU=u.Max(); //MaxU=Math_Min(H1-1,MaxU);
Minv=v.Min(Q); Minv=Math.Max(0,MinV);
int Maxv=v.Max(); //MaxvV=Math.Min(H2-1,MaxV);

double D1=u[0]; double D2=v[O0];

double A1 = (1.0 * u[1] - u[OD 7 12;
double A2 = (1.0 * v[1] - v[OD) 7/ 12;
double C1 = (1.0 * u[3] - u[0D) 7/ J2;
double C2 = (1.0 * v[3] - v[O]) 7/ J2;
double B1 = (1.0*u[2] - u[3] - u[1] +

ufo])/12/32;

double B2 = (1.0 * v[2] - v[3] - v[1] +
v[0])/12/J32;

double A = 1.0 * C2 * B1 - C1 * B2;
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bitmap2 = new Bitmap(MaxU-MinU, MaxV - MinV);
for (int vt=MinV; vt<=MaxV; vt++)

for (int ut=MinU; ut<=MaxU; ut++)

if (PointInPolygon(ut,vt))

{
double B

C2 * A

double C
double D
if (D>=0)
{

(B2 * (ut - D1) - A2 * C1 +

+ (D2 - vt) * Bl);

A2 * (ut - D1) + A1*(D2 - vt);
1.0*B*B-4*A=*C;

[T T |

double y=(-B+Math.Sqrt(D))/(2*A);

double x=(ut-D1-Cl*y)/(A1+Bl*y);

int i=(int)Math_Round(x);

int j=(int)Math.Round(y);

if ((0<=j) & (<bitmapl.Height)
& (0<=i) & (i<bitmapl.Width))

bitmap2.SetPixel (ut-MinU,vt- MinV,
bitmapl.GetPixel (i, j));
3
3
}
}
¥
}

B »93TOM MeToJe MOSBWIOCH JBa OrPAaHUYCHUS: BO-TIEPBBIX, METOJ
PointInPolygon() mposepsier, urto Touka Ut,vt mpUHALIEKAT
YETBIPEXYTOJILHUKY, BO-BTOPBIX, W3 JBYX PCIICHHHA KBaJIpaTHOTO YPaBHECHUS
OepeTcs TOIBKO OHO.

OOparHoe mpeoOpa3oBaHMe, KaK W CJIECJOBAIO OXKHIATh, 3aroJjHIET
YeTBIPeXyTONBHUK IOTHO (puc. 4.10).

7 FormMain

Eile

Puc. 4.10. O6patnas nehopManus 4eThIPEXyrobHUKOB
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Y obpatHOoro mexaHm3ma [aeopMalld €CTh CBOM HEHOCTATKH: €CIH
IUIOTHOCTh ~TOYEK BO BTOPOM  YETHIPHIXYTOJBHUKE MEHbIIE, YeM B
NPSMOYTOJIBHUKE, TO Y HECKOJBKHX TOYEK MOXET OBITh OJHA W Ta XK€ TOYKa-
npoobpa3 B mpsMoyrojbHuKe. OCOOEHHO XOpOIIO 3TO BUAHO IUISi MaJEHBKHX
n3ob6paxkenmit. B mogyne OpenGL mis pemeHus 3ToH mpoOiIeMbl mpemiaraercs
LIeCTh BapuaHTOB. [1epBhIi, caMblil MPOCTOM, UCTIONIB30BaH y HAC: JJISI IBETA TOUKU
B NPSMOYTOJBHHUKE HCIONB3YeTCsl IBET OJIMDKaHIed TOYKH B NPSIMOYTOJIbHHUKE.
Bropoii Meton mcmosib3yer ueTbipe ONMKaHIIMX TOYKHM M YCPEIHSET MX IIBeTa.
OcTasibHBIE METOMBI HCIIONB3YIOT, €CIIH 3TO HE00XOIUMO, Oosiee MENIKHE KOIHU
MIPSIMOYTOJIBHUKOB.

OO0cynuM Terepb pealli3aliio MEXaHH3Ma NePeTaCKUBAHUS BEPIIUH YEThI-
pexyroipHuka. Ha komnoneHnte Image2 pucyrorcs 4eThlpe TOYKH C KOOpAHHA-
tamu INt[] u,v = new int[4], B KOTOpEIX HAXOMATCS BEPIIHHBI Hedop-
MHPOBAaHHOTO YETBIPEXYTOJbHUKA. JTH TOYKH MOXHO IEpPETaCKUBATh MBIIIBIO.
Hauaio neperackuBanust oOpabatsiBaercsi Merogom Forml_MouseDown.

: JIucrunr 4.25. Hauajio neperacKMBaHusi BepIIMHbI

private void Forml_MouseDown(object sender,MouseEventArgs e)
{

IndexPoint=-1;

drawing = false;

while (Idrawing & (IndexPoint < 3))

{
++IndexPoint;
drawing = (Math.Abs(u[IndexPoint]-e.X) <= 19)
&(Math._.Abs(v[IndexPoint] - e.Y+10) <= 19);
3

}

B sToM MeToze cHawana onpesenseM HOMEP TOUYKH, B OKPECTHOCTH KOTOPOH
MIPOM30ILEJT LIETYOK KJIABUIIM MBIIIHM. 3aTeM, €CJIM 3aXBaueHa TOYKa C HOMEPOM
IndexPoint, HaunHaem mepeTacKMBaHUE, 3AIIOMHUHAS] HAYAIBHYIO TOUKY.

[Tepemerienne MbInu obpadareiBacTcs merogoM Forml_MouseMove, B
kotopoii oT Touku IndexPoint pucyroTcs qBa oTpeska.

Jluctunr 4.26. Metox 06padoTKH nepeMeneHus MbIIIH

private void Forml_MouseMove(object sender,MouseEventArgs e)
if (drawing)
{
u[ IndexPoint] e.X;

v[IndexPoint] = e.Y+0;
MyDraw() ;

}
}
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3aBepmaeTcs NEePEMCIICHHUC BCPIITUHBI BBI3OBOM MeToza
Forml_MouseUp.

- JIuctuHr 4.27. Metoa 06padoTKH OTIYCKAHUS KJIABHIIU MbIIIHM

private void Forml_MouseUp(object sender, MouseEventArgs e)

{
}

drawing = false;

Merox pucoBaHust wucmoiab3yer Tpu bitmap: ocuosmoit bitmap, ma
KOTOPBII CHaYana BBIBOOHUTCS YETHIPEXYrOJbHHK, 3areM Ha Q0 Komupyercs
bitmapl ¢ npsmoyrompHoOl KapTuHKONH u bitmap2 ¢ aehopmupoBanHOi
KapTUHKOM.

Jluctunr 4.28. Metox prucoBaHus

void MyDraw()
{
using (Graphics g = Graphics.Fromlmage(bitmap))

Color cl = Color.FromArgh(255, 255, 255);
g-Clear(cl);

for (int i=0; i<=3; i++)
g-DrawLine(Pens._Black,u[i],v[i],
uL(i+1)%4], vL(i+1)%41);

g0.Drawlmage(bitmap, ClientRectangle);
if (bitmap2!=null)
g0.Drawlmage(bitmap2, 11, J1);
if (bitmapl = null)
g0.Drawlmage(bitmapl, 0, 0, 250, 250);
}

3aMeTuM, 4TO JJIsl peaibHbIX MPOSKTOB MEXaHN3M, PEalM30BaHHBIA B TAKOM
BHUJIE, IPUMEHSTH CII0KHO — BCE-TaKh OH Pab0TaeT JOCTATOYHO MEJICHHO.

MOXHO CYIIECTBEHHO YIIPOCTUTH aJArOPUTM, €CJIM Pa30UTh MPSIMOYTOJIbHYIO
obmacte (0,0), (12,J2) Ha nBa TpeyrompHUKa. Toraa s KaXIOTro TPEYTrOJIbHUKA
3aKOH MPeodpa3oBaHus OyAeM UCKATh B BUJIC JIMHCHHOTO COOTHOIICHUS:

u=Al*x+B1*y+C1;

V=A2*x+B2*y+C2.

Hwxe mpUBOAXTCS TUCTUHT COOTBETCTBYIOMIETO METOIA:

public void Texture3()

int Width = bitmapl.Width;
int Height = bitmapl.Height;
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int I1 0; int J1 = 0;

leftimg2 = u-MinQ);

topImg2 = v.MinQ);

int 12_ = u.Max(Q);

int J2_ = v.Max();

bitmap2 = new Bitmap(12_ - leftimg2, J2_ - toplmg2);

using (Graphics g = Graphics.Fromlmage(bitmap2))

if ((Width !'= 0) & (Height 1= 0))

{
double C1 = u[O0];
double C2 = v[O0];
double A1 = (1.0 * u[1] - u[0]) 7/ Width;
double A2 = (1.0 * v[1] - Vv[0]) / Width;
double B1 = (1.0 * u[3] - u[0]) 7/ Height;
double B2 = (1.0 * v[3] - v[0]) / Height;

for (int y = 1; y <= bitmapl.Height - 1; y++)

for (int x = 1; x <= Width - Width * vy /
Height - 1; x++)

{
int i = (int)Math.Round(1.0 * A1 * x +
Bl *y + Cl);
int j = (int)Math_.Round(1.0 * A2 * x +
B2 *y + C2);
Color col = bitmapl.GetPixel(x, Y);
bitmap2.SetPixel (i - leftimg2,
J - toplmg2, bitmapl.GetPixel(X, y));
}
}
Cl = u[3] + u[1] - u[2];
C2 = v[3] + v[1] - v[2];
Al = (1.0 * u[2] - u[3]) 7/ Width;
A2 = (1.0 * v[2] - v[3]) 7/ Width;
Bl = (1.0 * u[2] - u[l]) 7/ Height;
B2 = (1.0 * v[2] - Vv[1]) / Height;

for (int y = 1; y <= bitmapl.Height - 1; y++)

for (int x = Width - Width * y / Height - 1;
X < Width; x++)
{

int i = (int)Math_.Round(1.0 * A1 * x +
Bl *y + Cl);
int j = (int)Math_.Round(1.0 * A2 * x +
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B2 * y + C2);
Color col = bitmapl.GetPixel(x, Y);
bitmap2.SetPixel (i - leftimg2,
Jj - toplmg2, bitmapl.GetPixel(X, y));

-

.D

Q -

spose();

4.3. PACTPOBBIN PEJAKTOP

OmuieM co3faHue rpadUueckoro pacTpoOBOTO PedaKkTopa THIA PeJakTopa
PaintBrush. Buemnuii Buz pegakropa npeacrabieH Ha pucyHke 4.11.

"0 Formbaint ™ o . ——— o [
2 PP i s s . W -

|@ G ikl s |
Pen Width Transparent Dash Style Hatch Style
| B IC W (] 5 225 [ cuon - Flad -

Puc. 4.11. PactpoBslii pegaktop

IpoekT cocrout w3 omuoit (opmer FOrmMain. Ha wuHcTpyMeHTaNbHOM
MaHeNny BBICTABIICHA Ipymna KHOMOK kiacca Rad ioButton. Bee onn obnanatot
pa3nuMYHBIMM 3HAUYEHHWSMH CBOWCTBa Tag M OXHMM 00pabOTYMKOM COOBITHH,
MEHSIOIIMM IIPU INEIYKE JIEBOM KHOIKOM MBIIIM 3HAYEHUE IIEPEMEHHOMI
fl_tools.
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Jluctunr 4.29. O6muii 00padoTYNK A151 TPYNNbI KHOMOK

private void radioButtonl_CheckedChanged(object sender,
EventArgs e)

Tl_tools = Convert.ToByte((sender as RadioButton).Tag);
}

Iepemennas Fl_tools wucmonp3yercs mpu pHCOBAaHWH PasIMIHBIX
NOPHMHUTHBOB, W €€ BO3MOXKHBIC 3HAUYCHHS M HA3HAYCHHC KHOIIOK MPHUBEACHBI B
tabnuue 4.1.

Tabnwma 4.1

HHCTpyMEHTAIbHBIC KHOIIKH
Name Tag = tl_*** Haznauenue
ButtonPen tl_Pen=0 PucoBars THHUIO
ButtonLine tl_Line=1 PucoBath 0Tpe30K MpsIMoit
ButtonRect tl_Rectangle=2 | Pucosars IpsAMOyroibHUK
ButtonEllipse | tl_Ellipse=3 PucoBats 3itHIic
ButtonPicture | tl_Picture=4 BceraBnsaTh uzo0pakeHue

B mpoekTe HCHONB3yeTcsi HECKOIBKO MEPEMEHHBIX, HAa3HAYCHUE KOTOPBIX
omvcano B taouute 4.2.

Tabmuma 4.2
HasnaueHue nepeMeHHbIX
Ilepemennas Kuaace Ha3znauenue
drawing bool dnar nepemMeneHus
MBIIITHN
myPen Pen OCHOBHOE TIEpPO
myPenO Pen [TyHkTHPHOE TIEPO
myBrush Brush Kucts. Moxer ObITh
OHOM u3 4 KucTen
mySolidBrush SolidBrush CrutoriiHast KHCTh
myBrushTexture TextureBrush TekcTypHas KUCTb
myHatchBrush HatchBrush Kucts cTueit
myBrushGrad LinearGradient | I'paguenTHas KUCTh
Brush
myHatchStyle HatchStyle CTHJIb KUCTH
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[Ipomomxenne Tadi. 4.2

Ilepemennas Kaace Ha3znauenue
myLinearGradientMode | LinearGradient | Pexum rpaaueHTHOR
Mode KHCTH
myBackColor Color L{Bet pona
myTransparent byte Ipo3pavHOCTh Mepa
myTransparentBrush byte [Tpo3pavyHOCTh KHCTH
fiIFill bool ®nar prcoBaHust
Draw wmu Fill
bitmap Bitmap OCHOBHOI
bitmapTmp Bitmap BpemenHbiii
gBitmap Graphics OCHOBHOE TIOJIOTHO
pHCOBaHUS
gScreen Graphics [MosoTHO prCOBaHHMs
(hopmBI

BBenenue riio0anbHBIX A1 GOPMBI 0OBEKTOB KUCTEH U MEPHEB MO3BOJISIET
TOJILKO OAMH Pa3 CO3[aBaTh 3THU OOBEKTHI, YTO YCKOpSET PaboOTy MpOrpamMmbl
B nporpammMe Taxxe HCIOJIB3yeTCsl TEXHOJIOTHS IBOWHOHN Oyddepesanun, To ecTh
pHCOBaHHUE MTPOUCXOUT B ITAMSTH Ha bitmap M 3aTeM TOTOBBIH bitmap KonmupyeTcs
Ha (hopMy. DTO TaKKe yCKOpseT paboTy MPOTrpaMMBbl.

B MOMEHT 3amycka MpOEKTa BBIOJIHAETCS CO3JaHHE OOBEKTOB Iiepa U
KHCTEH M 3aIIOMHSIOTCS 3IEMEHTHI yIpasiieHus COMboBOX.

Jluctunr 4.30. Iloas kiacca

class G

{
public const byte tl_Pen = 0;
const byte tl_Line = 1;
const byte tl_Rectangle = 2;
const byte tl_Ellipse = 3;
public const byte tl_Picture = 4;

static
static

public
public

Pen myPen;
Pen myPenO;

static
static
static
static
static

public
public
public
public
public

Brush myBrush;

SolidBrush mySolidBrush;
TextureBrush myBrushTexture;
HatchBrush myHatchBrush;
LinearGradientBrush myBrushGrad;
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public static HatchStyle myHatchStyle;
public static LinearGradientMode myLinearGradientMode;

public static Color myBackColor;

public static byte myTransparent = OxFF;
public static byte myTransparentBrush = OxFF;
public static bool fIFill = false;

public static Graphics gBitmap;
public static Bitmap bitmap;
public static Bitmap bitmapTmp;

// mveromn kijacca

}

Ilpu 3amomHeHWH SIeMEHTOB yrpasieHus COMDOBOX 3HaueHHsAME
MepEeYNCIIMMOTo Kitacca ucmoibdyercs meroq Enum.GetValues(), xoropsrit
co3maeT MaccuBbl kiacca Object[]. 3atem 5TH MaccuBBI TepenalTcs B
cBoiicto Items.

Ha mHCTpyMEeHTaIbHYIO MTAHENb BHICTABICHBI CIICIYIOIINE JIEMCHTHIL:

— 71pu kommoHeHta Kiacca NumericUpDown, mo3Bonsiionie MEHSTh
TOJILIMHY I1epa, IPO3PavyHOCTh JIUHHUI U KUCTH;

—  JIBe KHOMKH Kiacca BUtton mis u3MeHeHus 1BeTa repa U KUCTH;

— dYerhIpe ayeMeHTa kiacca RadioButton, mpenHasHadeHHbIe A7 BBIOOpa
ONHOW M3 4YeThlpeXx KUCTeH (CIUIOIIHOM, TEKCTYpHOH, IabJOHHOW W
I'paJueHTHON);

—  4eTbIpe 31eMeHTa Kiacca ComboBOX, nmpenHa3HaueHHbIE Ui BBIOOpa CTHIIS
nuaun comboBoxDashStyle;

— Juts BeIOOpa CTHIIS KOHIa Juarnn COMboBOXENdCap;

— s BeIOOpa mabiona kuctu comboBoxHatchStyle;

- s BEIOOpa HaIpaBICHUS rpagueHTHOM 3aJTUBKH
comboBoxLinearGradientMode.

Jlanee npencTaBieHb! JUCTHHTH 00Pa0OTYMKOB COOBITHH ATHX 3JICMEHTOB.

* JIuctunr 4.31. 3MeHenue TOJMUHBI Hepa

private void numericUpDownl ValueChanged(object
sender, EventArgs e)

G.myPen_Width = (float)numericUpDownl.Value;
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Jluctunr 4.32. I3Menenue npera nepa

private void buttonColorDialog_Click(object sender,
EventArgs e)

if (colorDialogl.ShowDialog() ==

{

DialogResult_0K)

Color col = colorDialogl.Color;
buttonColorDialog.BackColor = col;
G.myPen_Color = col;
byte R = col.R, G = col.G, B = col.B;
G.myPen_.Color =
Color .FromArgb(myTransparent,R,G,B);
G.myHatchBrush = new HatchBrush(myHatchStyle,
myPen_Color, mySolidBrush.Color);
G.myBrushGrad =
new LinearGradientBrush(ClientRectangle,
myPen.Color, mySolidBrush.Color,
myLinearGradientMode);
colorDialogl.Dispose();

- JIuctunr 4.33. Mi3sMeHeHue HBETA 3aHBKH

private void buttonBackColor_Click(object sender,
EventArgs e)

if (colorDialogl.ShowDialog() ==

{

DialogResult_0K)

Color col = colorDialogl.Color;
buttonBackColor.BackColor = col;
byte R = col.R, G = col.G, B = col.B;
G.mySolidBrush.Color =
Color _FromArgb(myTransparentBrush,R,G,B);
G.myHatchBrush = new HatchBrush(myHatchStyle,
myPen._.Color, mySolidBrush.Color);
G.myBrushGrad =
new LinearGradientBrush(ClientRectangle,
myPen_Color, mySolidBrush.Color,
myLinearGradientMode) ;
colorDialogl.Dispose();
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_ Jluctunr 4.34. U3MeHeHHe NPO3pauHOCTH Nepa

private void numericUpDown2_ValueChanged(object sender,
EventArgs e)

{
myTransparent = (byte)numericUpDown2.Value;
Color col = FormMain.myPen.Color;
byte R = col.R, G = col.G, B = col.B;
G.myPen_Color=Color _FromArgb(myTransparent,R,G,B);
3

: JIucrunr 4.35. U3MeneHue Npo3pavyHoCTH KHCTH

private void numericUpDown3_ValueChanged(object sender,
EventArgs e)

{
myTransparentBrush = (byte)numericUpDown3._Value;
Color col = mySolidBrush.Color;
byte R = col.R, G = col.G, B = col.B;
G.mySolidBrush.Color =
Color.FromArgb(myTransparentBrush, R, G, B);
¥

* JIucrunr 4.36. 3venenue cTuiisi mepa

private void comboBox1l_SelectedlndexChanged(object sender,
EventArgs e)
{

G.myPen.DashStyle =
(DashStyle)comboBoxDashStyle.SelectedIndex;

}

JIuctunr 4.37. U3Menenue nepa

private void radioButton6_CheckedChanged(object sender,
EventArgs e)
{

byte fIBrush =
Convert._ToByte((sender as RadioButton).Tag);

switch (FIBrush)

{

case O:
G.myBrush = G.mySolidBrush;
break;

case 1:
G.myBrush = G.myHatchBrush;
break;

case 2:
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G.myBrush = G.myBrushTexture;
break;

case 3:
G.myBrush = G.myBrushGrad;
break;

}

* JIuctunr 4.38. M3MeHenHe ma610Ha KHCTH

private void comboBox2_SelectedlndexChanged(object sender,
EventArgs e)

{
G.myHatchStyle =
(HatchStyle)comboBoxHatchStyle.Selectedltem;
G.myHatchBrush = new HatchBrush(G.myHatchStyle,
G.myPen_Color, mySolidBrush.Color);
¥

* JIucrunr 4.39. U3MeHeHne pesxnumMa rpaJueHTHONH KHCTH

private void comboBox3_SelectedlndexChanged(object sender,
EventArgs e)
{

G.myLinearGradientMode =
(LinearGradientMode)comboBoxGradMode .
Selectedltem;

G.myBrushGrad = new LinearGradientBrush(

ClientRectangle,
G.myPen.Color, G.mySolidBrush.Color,
G.myLinearGradientMode);

- JIuctunr 4.40. Mi3MeHenHe CTHIIS KOHIA JTMHHM

private void comboBoxEndCap_SelectedlndexChanged(
object sender, EventArgs e)
{

}

G.myPen.EndCap = (LineCap)comboBoxEndCap.Selectedltem;

IlepeiineM, HakOHEL, K ONHCAaHUIO PUCOBAHMA, KOTOPOE IPOUCXOAUT Ha
noynoTHe 3nemMeHta bitmap, u B 3TOM mpolecce y4acTBYIOT, Kak OOBIYHO, TPH
obpaborunka coOwrTuii: onMouseDown, onMouseMove wu onMouseUp.
Hanomaum o6mryro cxemy pucoBanus. B odpabdorunke codbrtrst onMouseDown
(mmuctuHT 4.32), KOTOPBIH BBI3BIBACTCA TPH HAXKATHW JICBOH KHOIKH MBIIIH,
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nepeMeHHoM drawing mpucBamBaeTcs 3HadeHhe true. 3areM BBHIMOJIHAIOTCS
JEWCTBHS B 3aBUCUMOCTH OT 3HaueHus nepemennoi F1_tools.

- JIuctunr 4.41. Hauanao nepemenmeHusi MbIIIH

private void FormMain_MouseDown(object sender,
MouseEventArgs e)

{
switch (fl_tools)
{
case G.tl _Pen: // Pen
drawing = true;
el = e;
break;
case 1: // Line
case 2: // Rectangle
case 3: // Ellipse
case 4: // Image
drawing = true;
G.bitmapTmp = (Bitmap)G.bitmap.Clone();
// szanowvuuTrs bitmap
el = e;
break;
}
}
Ecmu drawing = true, T0 paboraer 00pabOTYHK COOBITHS

nepemenienust M onMouseMove.

-~ JIuctunr 4.42. Iepemermenue MbIM

private void FormMain_MouseMove(object sender,
MouseEventArgs e)

{
if (drawing)
G.Draw(fl_tools, ref e0, e);
el = e;
}
gScreen._.Drawlmage(G.bitmap, ClientRectangle);
}

[lpy OTHyCKaHMH KHOMKH MBIIIA BBI3BIBACTCA OOpabOTUHK COOBITHSL
onMouseUp, B Hem nepemennoii drawing npucsauBaercsi 3Hauenue False,
a TAKKe BBIMONHSIIOTCS JCUCTBHS B 3aBUCHMOCTH OT 3HAYCHHS [EPEMEHHOM
Tl_tools.
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_ Jlucrunr 4.43. 3aBepuienne nepeMemieHus MBI

private void FormMain_MouseUp(object sender, MouseEventArgs

e)

{
drawing = false;
switch (fl_tools) //
{
case G.tl_Picture:
G.gBitmap.DrawRectangle(Pens.White, e0.X, e0.Y,
e.X - e0.X, e.Y - e0.Y);
if (openFileDialogl.ShowDialog() ==
DialogResult.0K)
{
Bitmap thelmage =
new Bitmap(openFileDialogl.FileName);
G.gBitmap.Drawlmage(thelmage,
new Rectangle(e0.X,e0.Y,e.X-e0.X,
e.Y- e0.Y));
thelmage.Dispose();
openFileDialogl.Dispose();
break;
}
}
}

Tenepb MOXHO MPUCTYIIUTHL K OIMCAHWUIO PUCOBAHHA BCEX IPUMHTUBOB.
HauneMm ¢ caMoro mpocroro — pucoBaHusl IIPOU3BOJILHOMN JIMHUU. DTOT IPUMUTUB
pucyercss npu Fl_tools = +tl_Pen. Tlpu HaxaTu¥ KHOIKH MBbIIIH
3alIOMHMHAEM IIOJIOKCHHE HAYajdbHOM TOYKM B mepemeHHod €0 rtuma
MouseEventArgs, y koropoii ectb aBa mosi: €0. X u e0.Y.

* JIuctunr 4.44. Hauasio pucoBanust JHHUNA

case tl_Pen: // Pen
drawing = true;
el = e;
break;
Bo Bpemst nepeMenienysi MpIIIM prcyeM JUHHIO OT €0 0 TeKyIleld TOUYKH €

¥ 3alIOMMHAEM HOBOE 3HaueHue ().

: JIuctunr 4.45. PucoBanue JMHUH

case tl_Pen: // Pen
gBitmap.DrawLine(myPen, P(e0), P(e));
el = e;
break;
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Ilpyn oTHmyCKaHMM KHONKH MBIIIM HUKaKUX IOTOJHUTENBHBIX JeHCTBUM
kpome drawing = false nenarts He Hazo.

PucoBanue oTpesxa NpsIMOH JHMHHUM HEMHOTO CJIOXHEe: HeoOXOIUMO
3alIOMHHUTE OCHOBHO# bitmap B b1 tmapTmp u HavaneHyo ToUky €0.

- JIucTunr 4.46. Hauasio pucoBanusi 0Tpe3Ka NPAMON JIMHHH

case 1: // Line
case 2: // Rectangle
case 3: // Ellipse
case 4: // Image
drawing = true;
// 3anoMHUTL BCe
bitmapTmp = (Bitmap)bitmap.Clone();
el = e;
break;
Bo BpEMs TEPEMECIICHHUA MBINIM MBI JOJDKHBI BCIIOMHUTHL Ha4daJlbHOC

n3obpaxenue u3 bitmapTmp u Hapucosats muHMIO 0T €0 J10 €.

- Jluctunr 4.47. PucoBanue oTpe3ka npsiMoii JTUHAA

if (fl_tools !'= tl_Pen)
{

// BCrnoMHUTH
bitmap = (Bitmap)bitmapTmp.Clone();
gBitmap = Graphics.Fromlmage(bitmap);

switch (fl_tools) // nopucoeats

{
case tl_Line: // Line
gBitmap.DrawLine(myPen,P(e0),P(e));
break;
}

gScreen.Drawlmage(bitmap, ClientRectangle);

Hukakux JOMOJHUTENBHBIX JEUCTBUN MNpPU 3aBEpIICHUHA PHUCOBAaHHS HE
TpebyeTcs. Hawyano prcoBaHWs NPAMOYTOJBbHMKA M DJUTHIICA TaKOe K€, KakK y
auHud. HEMHOTO OTIMYaeTCsl caMO PUCOBAaHUWE — B 3aBUCHMOCTH OT 3HAUCHUS
¢mara FIFi 11 meo6xomumo ucrons3oBats wim Draw-, wimm Fi I l-metomsr.

- JIuctunr 4.48. PucoBanue NpsiMOYroJbLHUKA U 2JLTHICA

case tl_Rectangle: // Rectangle
it (IFIFilD)
gBitmap.DrawRectangle(myPen,
e0.X, e0.Y, e.X - e0.X, e.Y - e0.Y);
else
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gBitmap.FillRectangle(myBrush,
e0.X, e0.Y, e.X - e0.X, e.Y - e0.Y);
break;
case tl_Ellipse: // Ellipse
it (IFIFilD)
gBitmap.DrawEllipse(myPen,
e0.X, e0.Y, e.X - e0.X, e.Y - e0.Y);
else
gBitmap.-FillEllipse(myBrush,
e0.X, e0.Y, e.X - e0.X, e.Y - e0.Y);

break;
Jus BcraBKM W300pakeHWS Ha4all0o W PHCOBaHHWE MPSMOYTOJIbHUKA
COBIAJIa€T C PHUCOBAHMEM MPSMOYTOJbHUKA. 3aKkaH4YMBaAEeTCs  BCTaBKa

n3obpaxenus BeizoBoM guanora openFileDialogl, sarpyskoii u3o0paxeHus
B the Image u kormposanuem the Image B BEIOpaHHBII MPIMOYTOIBHHUK.

- Jlucrunr 4.49. Berapka u300pakenust

case tl_Picture:
gBitmap.DrawRectangle(Pens.White, e0.X, e0.Y,
el. X - e0.X, el.Y - e0.Y);
iT (openFileDialogl.ShowDialog() == DialogResult.0OK)

Bitmap thelmage =
new Bitmap(openFileDialogl.FileName);
gBitmap.Drawlmage(thelmage,
new Rectangle(e0.X,e0.Y,
el_X-e0.X+0,el.Y- e0.Y+0));
thelmage.Dispose();

openFileDialogl.Dispose();
break;

4.4. PETAKTUPOBAHUE T'PADA

[poekT coctout U3 rmaBHoW (opMel FOrmMain, mByx BCOMOTraTelbHBIX
dopm FormProperty, FormColor u monmyns Graph, B xotopoM coGpaHsl
CTPYKTYPBI JAHHBIX U BCE PEaIM30BAHHbBIE aITOPUTMBI JJIs TpadoB.

PucoBanue rpada peannzoBano Ha kaHse popmbl FOrmMain u mossossier
n3obpaxarb Tpad B JABYX BHAAX: B BHJE NPSMOYTOJIBHHKOB, COEIMHEHHBIX
JIOMaHBIMU JHHUAMH (puc. 4.12); B BUIE OKPYKHOCTEH, COCTUHEHHBIX NPSIMBIMU
muauaMu  (puc. 4.13). Ilepexnmrouenne Buaa rpada npoucxoauT Ha (opme
FormTools. Ha ¢opme FormTools wHaxomsarcss Tpu HWHCTPYMEHTANbHbBIC
KHOITIKH, TTO3BOJISAIONINE J100aBIATh M IIEpeMEeNIaTh y3Iibl, co3aaBaTh qyru. dopma
FormMatr moxa3siBaeT MAaTpUIly CMEXHOCTH, a C TIOMOIIbIO (HOPMBI
FormPropertyNode moxHO 3anaBaTh CBOHCTBa JIH0O0T0 y3iIa.
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Node 2(0)

Hode 6(0) Hode 4(0)

Hode 1(0)

Hode 7(0)

Node 5(0)

™

Hode 3

Node 0(0)

ods 500

Node 11 (0)

Node 9(0)

Puc. 4.12. [IpoexT as1st anropuT™MoB Ha rpadax, y3ibl — MPIMOYTOJIbHUKH

Puc. 4.13. [IpoekT a5 anroputMoB Ha rpadax, y37Ibl — OKPY>KHOCTH
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4.4.1. CTPYKTYPA JAHHBIX

Bei6op

CTPYKTYPBI

JaHHBIX

OKa3bIBacT

pemaromiee

3HA4YCHUC

Ha

3¢ GeKTUBHOCTh anroput™MoB. OOIIas CTPYKTypa KJIACCOB MPOEKTa IpeACTaBIeHa
Ha pucyHke 4.14.

Lib ®
Struct

E Nonn
@ ar
@ Num
@ NumNode
@ path

@ graph

Graph 3
Class

& Mons

@ myStack

MyStack @
Class
B Mona
& tail
@ top
Meroas
B Browernsie Tuns

Node @
Class

¢ A
@ bitmap

Class

¥ Nodes

byData

o
o Colors

hx

hy

MyFont

ofs
Selecthode
SelectNodeBeg
typ_graph
visibleA

x1

2

yl

y2

Metoas

e OTOT O

5 BroxenHsie Tane

CLLLLLO O

TNode @

= Nona

color

@ Edge
dist

name
numVisit
oldDist
visit

x

¥

Puc. 4.14. O06u1as cTpyKTypa KiIaccoB MpoeKTa

Kitacc Graph siBnsiercss OCHOBHBIM.

TEdge

Struct

= Nona

color
numNode
select
xlc

x2¢

¥c

CLLLLOO

JInctunr 4.50. Kiace Graph

public class Graph

{

const int hx = 50, hy = 10;
Bitmap bitmap;
TNode[] Nodes = new TNode[0];// yzmu
static TNode SelectNode;
static TNode SelectNodeBeg;
byte typ _graph = 1;
int[,] A;

public
public
public
public
public
public

public Graph(int VW,
public int FindNumEdge(int i,

public void SetAQ)

// BHOesieHHE

y3ea

// vaTpulla MHUUASHTHOCTM
// ycTanoBuThL Tpad HEOPUEHTMPOBAHHHM

public void SetSim(Q)

int VH)
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public void AddNode(int X, int y) // noGaBuTh y3en

public void AddEdge() // noGaeurh pebpo
public TNode FindNode(int x, int y) // naitu yszen
public void DeSelectEdge() // cusaTb BHOeNeHME
public void Draw(bool fl) // Hapucosath

public void Save(string FileName) // zanucatb
public void Open(string FileName) // npounrars
// navitu pebpo
public int FindLine(int x,int y, out int NumLine)
// ynamuTbp pebpo
public void DelEdge(int NumNode, int NumEdge)

}

OCHOBHBIM TIOJIEM KJjacca rpada MpH pead3allii aJITOPUTMOB SBJISCTCS
nuHamudeckuit mMaccuB y3moB Node[] wxmacca TNode. Ilo wmaccuBy nyr,
HMEIOIIEMYCSl Y KaXIOro Yy3J1a, MOXKHO IOCTPOUTh MAaTpULly HWHLMIESHUIUI
int[,]A

Kaxnpiii  snmement wmaccuBa Node BepmuH rpada  ompenensiercs
CTPYKTYpOH, mpeacTaBleHHON B JucTtunre 4.51.

Jluctunr 4.51. Ctpykrypa y3.10B rpaga

public class TNode

{
public string name; // wmsa y3na
public TEdge[] Edge; // waccus myr
public bool visit; // npusnak '"'yszen nocemen'"
public int x0, yO; // xoopauHaTH LeHTpa y3Ja
public int numVisit; // I noceumenus
public Color color; // user yzna
public int dist; // vyHUMaNBHOE pacCcTogHME
3

B aroili cTpykType mose Name mpexHa3HauYeHo IS XpaHeHHs UMEHH y37a,
nosie Edge omuceiBaeT cnucok pebep, BBIXOMANIMX M3 BEPIIUHBI, moist X0 u YO
3a/1af0T KOOPAMHATHI IIeHTpa BepuinHel. [1oe VISt Gymer urpars BaXHYIO POJb
IpU peanu3alidd MHOTHX aITOPUTMOB, B HEM MBI OyleM OTMeYaTh MOCELICHHE
BepuinHbl. [lone cOlOr Takxke WUrpaer BCIOMOTATeNbHYIO POJIb IPH PELICHUA
3ama4y packpacku rpados, a mome dist OymeT HCIOIB30BATHCS MPH PELICHHH
3aja4 ONpeJelieHns] KpaTyalux myTei Ha rpade.

B nuctunre 4.52 nmnpeacraBieHa CTPYKTypa, NpeIHa3HAYeHHAsl IS
omrcanus pebep. CaMbIM BaXXHBIM B 3TOM CTPYKType siBisiercst moiie humNode,
coziep)kalliee HOMEp BEpIIMHBI, Ha KOTOPYIO IIOKa3biBaeT pebpo. He wMenee
BaXHYI0 HH(OPMAIIHIO COICpKHUT moe A, coiepkaliee Bec peopa. [iist Beca pedpa
MBI OTPAHUYUITHCH LETBIM THIIOM, XOTSI B PeabHbIX 3aJa4aX 3TO I0JIe MOXKET OBbITh
BEIIIECTBEHHBIM.
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JIuctunr 4.52. Ctpykrypa pedep

public struct TEdge

{
public int A; //
public int numNode; //
public int xlc, x2c, yc; //
public Color color;
public bool select;

ks

Ione color (uBet jyru) UrpaeT BCIIOMOTATENbHYIO POJIb: PH PEeaTnu3aIin
HEKOTOPBIX aJITOPUTMOB Mbl Oy/eM MEHSTh LIBET pedpa, eClid MpoiaeM Mo HeMy.
IMons x1c, y1C u yC comepxaT reoMeTpHyecKre mapaMmeTpsl pedpa (puc. 4.15).
[Tone ykaspiBaeT Ha pacCTOSHHE FOPU3OHTAIILHOM YacTh pedpa OT BEPXHEro Kpas

(OpMBEL.

| | Yc
C

Xc2

Puc. 4.15. T'eomeTpudeckue napamerpsl pedpa
4.4.2. U30BPAKEHUE I'PA®OB

Merton pucoBanust rpada cocTomT W3 ciedylomux maroB. Ha KkaHBY
bitmap mbI cHavana BEIBOJMM JyTH, @ 3aT€M BCE Y3JIbI.

JIucrunr 4.53. PucoBanue rpaga

public void Draw(bool fl) // napucorats

{
using (Graphics g = Graphics.Fromlmage(bitmap))

Color cl = Color.FromArgb(255, 255, 255);

g.-Clear(ch);

Pen MyPen = Pens.Black;

SolidBrush MyBrush =
(SolidBrush)Brushes._White;

string s;

int N = Nodes.Length;

//Line
for (int 1 = 0; 1 < Nj; i++)



if (Nodes[i]-.Edge !'= null)
{

int L = Nodes[i].Edge.Length;
MyBrush._Color = Color._White;
for (int jJ = 0; j < L; j++)

switch (typ_graph)
{

case O:
if (Nodes[i]-.Edge[]j]-select)
MyPen = Pens.Red;
else
MyPen= new
Pen(Nodes[i]-Edge[j]-color);
int al = Nodes[i]-x;
int bl = Nodes[i].y;
int a2
Nodes[Nodes[i] -Edge[}]-
numNode] - x;
int b2 =
Nodes[Nodes[i1]-Edge[]j]-
numNode] .y;
g.DrawLine(MyPen,
new Point(al,bl),
new Point(a2, b2));
s = Convert.ToString(Nodes[i].
EdgelJ]1-A);
SizeF size = g.MeasureString(s,
MyFont) ;
if (Lib.graph.visibleA)

g-FillRectangle(Brushes._White,
(al+a2)/2 - size.Width / 2,
(b1+b2)/2 - size.Height/ 2,
size.Width, size.Height);

g-DrawString(s, MyFont,
Brushes.Black,
(al+a2)/2- size.Width / 2,
(b1l+b2)/2-size.Height 7/ 2);

}

break;

}

// Nodes
for (int i=0; i<N; i++)
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iT (Nodes[i] == SelectNode)

MyPen = Pens.Red;
else

MyPen = Pens.Silver;
if (Nodes[i].visit)

MyBrush._.Color = Color._Silver;
else

if (Nodes[i] == SelectNode)

MyBrush.Color = Color.Yellow;
else
MyBrush.Color = Color.LightYellow;

switch (typ_graph)
{

case O:
MyBrush._.Color = Nodes[i]-color;
g-FillEllipse(MyBrush,Nodes[i]-x-hy,
Nodes[i].y - hy, 2 * hy, 2 * hy);
g-DrawEllipse(Pens.Black,
Nodes[i] -x-hy,
Nodes[i].y-hy,2*hy,2*hy);
s = Convert.ToString(i);
SizeF size =
g-MeasureString(s,MyFont);
g.DrawString(s, MyFont, Brushes.Black,
Nodes[i]-x - size.Width/2,
Nodes[i].y - size.Height/2);
break;

}
it (FD)
g-DrawLine(MyPen, new Point(xl,yl),
new Point(x2,y2));
}
}

Kak un paHblIC, I TCPETACKUBAHHA Y3JI0B MW CO3JddHHS HOBBIX IOYyI'
peanu3oBaHbl 00paboTunku coObiTuii  ONMouseDown, onMouseMove wu
onMouseUp.

4.4.3. YTEHHUE U 3AIIUCH TPAD®OB

3amuce rpada OyaeM OCYIIECTBISITE C IOMOIIBIO (HaiIOBOrO IOTOKA,
KOTOpBIM CO3[aiuM ¢ MOMOWIBI0 Kiacca FileStream. 3amuch cocTouT U3
CICYIOIINX IIAr0B:

1) co3math sx3emmisp kiacca FileStream;

2) cosnath OaiiroBeiii MaccuB byData[], B xotopsiii momecTsTcs Bce
JaHHbIC 0 rpade;

3) 3aI0JIHUTH MAaCCHUB JIAHHBIMH U3 Tpada;
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4) 3amucatp maccus byData[];
5) 3aKkpbITh (DaiIOBBIN TTOTOK.
Bce ati maru peanusosansl B Metoge Save ().

Jluctunr 4.54. 3anuch, JaHHBIX 0 rpade

public void Save(string FileName) // zanucartsb
{
ofs = 0;
FileStream aFile =
new FileStream(FileName, FileMode.Create);
int N = LengthFile();
byData = new byte[N];
int L1 = Nodes.Length;
IntinData(Ll);
for (int 1 = 0; i1 <= L1 - 1; i++)
{
IntInData(Nodes[i]-x);
IntinData(Nodes[i]-y);
StrinData(Nodes[i].name);
int L2 = 0;
if (Nodes[i]-Edge '= null)
L2 = Nodes[i]-.Edge.Length;
IntinData(L2);
for (int jJ = 0; jJ <= L2 - 1; j++)

IntInData(Nodes[i]-Edge[j]-A);

IntInData(Nodes[i] -Edge[j]-x1c);

IntInData(Nodes[i]-Edge[j]-x2c);

IntInData(Nodes[i] -Edge[j]-vyc);

IntInData(Nodes[i]-Edge[j]-numNode);
}

aFile_Write(byData, 0, N);

aFile.Close();

st 3amuck moTpeOOBaOCh TPH BCIIOMOTATEIbHBIX Meroma. IlepBbrit —
LengthFile() — npexnasHadeH i BRIYUCICHHS JUTHHBI 6aTOBOTO MacCHBa, B
KOTOPBI TOMECTSITCSI BCE TAaHHBIC O MACCHBE.

JluctuHr 4.55. BelunciieHue JJIHHBbI 0aHTOBOI0 MacCHBa

protected int LengthFile() // suuucnures pasmep daiia
{

int n = 4;

int L1 = Nodes.Length;

for (int i=0; i<=L1-1; i++)
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n += 16+4*Nodes[i]-name.Length;
int L2=0;
if (Nodes[i]-Edge !'= null)
L2 = Nodes[i]-Edge.Length;
n += L2 * 20;
}
return n;
}
Bropoit MeTox mepememaeT ImepeMEHHYIO IIENIOr0 3HAYeHUs B OalTOBBIA
MaccuB u casuraet cmeienne OFsS Ha 4.

* JIuctunr 4.56. IlepeMelenne meJoro 3Ha4eHusi B 62l TOBbIA MacCHB

protected void IntlnData(int k)

{
byte[] byByte;
byByte = BitConverter.GetBytes(k);
byByte.CopyTo(byData, ofs); ofs += 4;

s mepeMenieHuss CTPOKM B OalTOBBI MAacCHUB IpeaHa3HAYCH METO.
StrinData(). Tak kak npeAnojaraeTcs WCIONb30BAHUE KHUPWUIUIBI B
CTPOKaX, TO MPUXOIUTCS HCIONb30BaTh KoanpoBKy UTF-32, kortopas TpeOyer
4 Gaiita Ha cuMBoJI. [lepemertieHre TPOUCXOUT B YETHIPE ATaIa:

1) mepemeriaem AIMHY CTPOKH B OCHOBHOM GaiiToBbIif Maccus byData;

2) nepeMeliiaeM CTpOKy B CUMBOJIBbHBIN MaccuB charDatal[];

3) ¢ momorpio Kiracca Encoder mepemeraeM CHMBOJIBHBI MAacCHB BO
BCIIOMOTraTelbHbIH OaiiToBelil Maccus byByte[];

4) BcTaBiIsIeM BCIIOMoOraTebHbIH OaiiToBbiil Maccus byByte[] B ocHoBHOM
OaiiToBslil MaccuB byData.

- Jlucrunr 4.57. Ilepemenienue cCTpOKA B 0aliTOBbIIi MAaCCHB

protected void StrinData(string s)
{
byte[] byByte;
int L = s_Length; IntinData(l);
char[] charData = s.ToCharArray();
byByte = new byte[4 * charData.Length];
Encoder e = Encoding.UTF32.GetEncoder();
e.GetBytes(charData, 0, charData.Length, byByte,
0, true);
byByte.CopyTo(byData, ofs); ofs += 4 * L;

Urenue (aiina mpOUCXOINUT B TOM Ke MOpPsIKe (TUCTUHT 4.58):
1) co3mats sx3emmsp kiaacca Fi leStream;
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2) co3mate OaitroBeiii MaccuB byDatal], B xortopsiii momectsaTcs

JaHHEIE 0 rpade;
3) mpounTaB (aili, 3aII0JTHUTh MACCHB TAaHHBIMU K3 (aiia;

4) npotias o maccuBy byData[], cosmats Bce y3isl U pebpa rpada;

5) 3aKpbITh (DAMIIOBBIN TOTOK.

BCC

JIuctunr 4.58. UreHune 1aHHBIX 0 rpade

public void Read(string FileName) // npounrars
{
ofs = 0;
FileStream aFile =
new FileStream(FileName, FileMode.Open);
int N = (int)aFile.Length;
byData = new byte[N];
aFile.Read(byData, 0, N);
int L1 = DatalnInt();
Nodes = new TNode[L1];
for (int 1 = 0; 1 <= L1 - 1; i++)
{
Nodes

[i new TNode();
Nodes[i
I

-X = DatalnInt(Q);
Nodes .y = DatalnInt();
Nodes[i]-name = DatalnStr();
int L2 = DatalnInt();
Nodes[i]-Edge = new TEdge[L2];
if (L2 1= 0)
for (int j = 0; jJ <= 12 - 1; j++)

e b b b

Nodes[i]-Edge[j]-A = Datalnint();

Nodes[i]-Edge[j]-x1c = DatalnInt();

Nodes[i]-.Edge[j]-x2c = Datalnlnt();

Nodes[i].Edge[j]-yc = DatalnInt();

Nodes[i]-Edge[j]-numNode = Datalnlnt();

Nodes[i].Edge[j]-color = Color.Silver;
}

aFile_Close();
}

Hus urenuss motpeboBaiicst BcromorarenbHbii meron DatalnInt(),

KOTOPBIN M3BJIEKAET 1eNoe 3HaueHue u3 maccusa byData[]

* JIuctunr 4.59. W3B/1euenue HeJa0ro 3naueHus U3 Maccupa byDatal[]

protected int Datalnint()
{

int result = BitConverter.Tolnt32(byData, ofs);
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ofs += 4;
return result;
b

U METOJI U3BJIeUEHHs CTPOKH U3 MaccuBa byData[].

Jluctunr 4.60. U3Baedyenue cTrpoku u3 maccusa byDatal]

protected string DatalnStr()
{
byte[] byByte;
int L = DatalnInt();
byByte = new byte[4 * L];
for (int j = 0; jJ <=4*L - 1; j++)
byByte[j] = byData[j + ofs];
char[] charData = new char[L];
Decoder d = Encoding.UTF32.GetDecoder();
d.GetChars(byByte,0,byByte.Length,charData, 0);
string s = "";
for (int j = 0; j < charData.Length; j++)
s += charData[j];
ofs += 4 * L;
return s;

HM3BreyeHne CTPOKK CHOBA MPOUCXOAUT B YETHIPE dTATIA:

1) u3BieKaeM AITUHY CTPOKH L ;

2) 3amoJHsieM BcomorarenbHbiil Maccue byByte[] mnmunoit 4*L;

3) ¢ momompio kimacca Decoder mepemeniaeM JaHHBIC W3 MacCHBa
byByte[] e cumBonsnbii maccus charDatal];

4) nepemeinaeM nanubie u3 maccusa charData[] B crpoky.
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I'maBa 5. BEKTOPHBII PEJAKTOP

BekTopHblii pemaktop Ttuma pegakropa Corel Draw 3HauMTenbHO
ClIO)KHee pacTpoBoro. Jlaxe CyIIECTBEHHO «OOJIErdeHHas»» BEpCUs IPOEKTa,
NIpeACTaBJeHHas] HIDKE, 3aHUMaeT MecTa B 5 pa3 Oounblle, 4eM pPacTpPOBBIN
penaKTop. BHerHuiA BHJI pelakTopa PE/CTABICH Ha PUCYHKE 5.1.

- ks - R T ———
File
¥z 0R Kb A o W ] F cmen .

o
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r ?\(9“
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r Lo
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Puc. 5.1. MHOrooKOHHBII BEKTOPHBIH pegakTop

Bonpmryto gacTe KimaccoB, HEOOXOAUMBIX Il pabOTHI MPOEKTa, codepeM B
¢aiine ClassLib.cs. U3 (QyHKIHOHAIBHBIX BO3MOXHOCTEH B IPOEKTE
OCTaBIIEHBI CIEAYIOIIME: PUCOBAHUE MPSAMOYTOJIBHUKA, HJUIMICA, JTHHUN be3be u
(bparMeHTa TEKCTa, II€pPeTaCKUBaHWE, MAcIITabMpOBaHHE H IOBOPOT 3THX
o0bekToB. Pexxmm  paGoTBl  3THX METONOB HA3HAYAIOT KHONKHM  Kjacca
RadioButton, mmensonue 3uauenue nepementoit FITools.

Tabmuma 5.1
WHCcTpyMEHTAIbHBIE KHOTIKH
Name Tag=tl_... Ha3znayenue
ButtonMove tl_Move=0 [epemerath 0OBEKT
ButtonPen tl _AddLineBz=1 PucoBath TMHHIO
besbe
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[Tpomomxkernne Tadu. 5.1

Name Tag=tl_... Hasnauyenue
ButtonRotate tl _Rotate=4 Bpamats 00bekT
ButtonMovePoint | tl_MovePoint=8 [TepemeniaTb TOUKY
ButtonText tl _Text=10 BcTaBuTh TEKCT
ButtonRect tl_Rect=17 Pucosars
MIPAMOYTOJIbHUK
ButtonEllipse tl_Ellipse=18 PrcoBars >uHIic

5.1. CTPYKTYPA JAHHBIX

CtpyKkTypa KJIacCOB MPOEKTa MPEICTaBICHA Ha PUCYHKE 5.2.

A S @ Sh
Page & 0bj @ TP Xy &
Class Abstract Class Struct
¥ obj V‘ -
| -, 5 points
Monn [Moan ——= EH [loan
E Ceoiictea Metogm :
. i @ —
=y Length Tassenssssssesgersesssssses = Lib 3
ﬁ this Class
M
gt Moan
I“- 1
|
Y = N = G _ =
ObjText E3 ObjEllipse (= OhbjBezier E3
Class Class Class
= Obj = Obj = Obj
MeTogm MeTogr MeTogm

\ ! \

" o "

Puc. 5.2. CtpykTypa KJI1accoB MpOeKTa

OnHa W3 OCHOBHBIX NPOOJIEM, BO3HHKAIONIMX MPH CO3JaHUH BEKTOPHOTO
penakrtopa, 3TO mnpoOieMa MaciutabupoBaHHsA. [103TOMy B OCHOBHOM Kjacce
npoekta Page (uctusr 5.1)
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- JInctuHr 5.1. OCHOBHOI KJIACC BEKTOPHOI0 peJaKTopa

class Page

{
public static double xMin, yMin, xMax, yMax;
public static double pageWidth, pageHeight;
private int length;
public Obj[] obj;
public int Length
{ get { return length; } }
public Obj this[int index]
{
get { return obj[index]; }
¥
3

npencrasiens! momst XMin, yMin, XMax, yMax, sagarorrie okHO Ha Gymare,
umpuHy nucra Oymarm pageWidth u Beicoty nucra Oymarn pageHeight.
Wudopmammst 06 00beKTaX COMAECPKHUTCS B MaccuBe ODJ, KakIblii dIeMEHT
KOTOpOTo siBisieTcst 00bexToM Kiacca Obj.
Hunekcarop

public Obj this[int index]
MO3BOJISIET oOpamaTbesi K anmementam maccuBa ObJ [] uepes sxzemmmsap kmacca
Page. Knacc reomerpuyeckix 00bexToB ObJ 00bsBIeH aOCTPaKTHBIM.

* JIuerunr 5.2. Kiace reoMeTpHIecKuX 00HeKTOB

public abstract class Obj

{
public bool select; // npusHaxk BHOeseHus
public Color pColor; // user nunuu
public byte pWidth; // TomuvHa nusum
public TXY Pc; // uentp noeopoTa
public double a; // yron nosopora
public TXY[]1 Shape = new TXY[4]:;//
public byte typeObj; 7/
public Pen pen; //
public TXY[] points; //

3

Ka)KI[I;Iﬁ 00BEKT MOXET OBITh BBIACJICH, 3a BBIJACJICHUC OTBCYACT IIOJIC
select (puc. 5.3).
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Puc. 5.3. BeigeneHHb1i BEKTOPHBIN OOBEKT

VYV kaxporo o0beKkTa e€cTh CcBOMcTBa: LBeT auHMH COlOr; cruins nuHMM
pStyle; tomumua nuanu pWidth; user 3amusku bColor; crumes 3amuBku
bStyle. OGbekT MOXHO MOBOpaunMBaTh, Touka PC Tuma TXY 3amgaeT TOUKy
moBopora.  BOKpyr  BbIIENCHHOTO  O0OBEKTa  pHUCYeTCS  IYHKTHPHBIN
YeTBIPEXYTOJbHUK, BEPIIMHBI KOTOPOTO OIPEAESIIOTCS MAacCHBOM M3 YETHIpEX
smementoB Shape tuma TXY. B nanpheiitieM MBI OymeM Has3bIBaTh 3TH TOYKH
«uedinamu» ¢ Homepamu 0..3. 3a Bua o0bexTa oTBeuaer mone typeObj,
npuHUMaromiee 3HadeHus: toBezierPen = 6 mia HesamMkHyTOH nuHNE besbe;
toText = 10 mgna ¢parmenra Tekcra; tOReCt = 4 mnsg npsMOYTONBEHUKA;
to _Ellipse = 5 mis smmunca. CaMbIiM BaXHBIM 1oJieM B kitacce Ob J siBisietrcst
nosie Points, npencrapistoriee co60i MaCCHB KOOpANHAT Touek Trma TXY.

JInctunr 5.3. CTpyKTypa KOOPAMHAT TO4YEK

public struct TXY

public double x;
public double y;
public double alf;

}

B 3T10i CcTpyKTYype MOMHMO OOBIYHBIX KOOpPAWHAT X,Y NO0aBJIEHO TOJIe
al T, oTBeuaromee 3a yromn KacaTenbHOM K JUHUH B TOYKE. DTO MOJIE HEOOXOAUMO
JUIl CTJIaXHWBAaHWSA KPHUBBIX B TOUYKaX CONpPSKEHUs (parMeHToB IHHUI besbe.
Bonee noapo6HO MbI Oyniem 00CyXaTh KpuBble besbe B ciieyromemM myHKTe.

Kiacc Lib wrpaer BcmomorarenpHyro pons. B HeM BBemeH psa
CTaTHYECKUX MOJIEH, TOCTYIHBIX U3 BCEX KIACCOB.
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JIuctunr 5.4. CTpyKTYpa KOOPIAMHAT TO4EK

public class Lib

{

public static int numPointNode;
public static int numPoint;
public static int numObj;

public static int numShape;
public static Color defaultColor;
public static byte defaultWidth;

}

B sTom knacce:
nosie NUMODb J oTBedaeT 3a HOMEP BBIIEICHHOTO 0OBEKTA,;
mosie numShape ykasbiBaeT Ha HOMeEp IIeifna, TO eCTh 3a HOMEp YIJIOBOi
TOYKH HPSIMOYTOJIbHUKA BBIICICHNS;
nosie NUMPO INT comep)KUT HOMEP BBIIEICHHOM TOYKH JIHHUH;
nosie NUMPo INtNode comepxuT HOMEp TOUKH COTPsDKEHUs JTHHUI be3be;
none defaultColor yka3biBaer Ha IBET TMHUK [0 YMOTYAHUIO,
none defau ltWidth ykassiBaeT Ha TONIIKHY JTUHAH [0 YMOIYAHHUIO.

MACIHITABUPOBAHUE

[IpoeKT onepupyeT co CACSAYIOUMME TeOMETPHYECKUMH 00bEKTaAMH:

Cmpanuya. Becb IpoeKT — 3TO MacCHB CTpaHHL pages tuma Page wwm, B
HAllleM Clly4ae, OflHa CTpaHWIa page. Y KaxIo# CTpaHHMIBI eCTh IMHPHHA
pageWidth u Beicora pageHe i ght, usmepsieMbie B MIIITHMETPaXx;
Qusuyeckuil  NPAMOY2ONbHUK. ITO PEATbHBI JBYXMEPHBIH  Y9acTOK,
3ajaBaeMblii mapamerpamu XMin,yMin,xMax,yMax. Dtu mnapaMmeTpsl
U3MEPSIOTCS B KHIIOMETpax, MeTpax I CAaHTUMETpPax;
Okpan monumopa unu npuxmep, Ha KOTOPBIH NPOCHUPYIOTCS CTPAHULBI C
OKHaMH. B 3TOM ciyyae MBI MMeeM A€o ¢ MHUKCeNSIMU (OPMBI MM KaHBEI
MPUHTEPA, TONOXKEHHE KOTOPBIX IO TOPH30HTAIM W BEPTHUKAIH 3a1aeTCs
uenbiMu ynciamu. Llupuna dopmer 3agaercs napamerpom 12, a BricoTa —
napamerpom J2.

HeobxoqumMo cripoeriupoBaTh GpU3HUECKUil IPSIMOYTONBGHUK HA CTPAHUILLY, a

CTpaHMIly CIPOELUPOBATh HA PKPAH WIM HA KaHBY MPHUHTEPA C BO3MOXKHOCTBIO
MacITabupOBaHUs U CKPOJUTHHIA.

B »stom IMIYHKTEC BbIBCICM (ﬁyHKHHOHaHLHyIO 3aBUCUMOCTb  MCKAY

KOOpJIMHATaMH 3KpaHa W KOOpAWHATaMM CTpaHunbl. Ilpum pabore ¢ 3KpaHOM
MOHHTOpa HeoOXxomuMmo obecneynTs aABe (YHKIHOHAIbHBIE BO3MOXKHOCTH:
Macumabuposanue N CKpOoLIUHe.

Jnst moctpoenust n300pakeHnsi Ha Oymare BBIOMpaeTCsl MPSMOYTOIBHUK C

pasmepamu  (XMin, xMax)*(yMin, yMax). OcHoBHas  mpoOiema,
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BO3HHUKAIOIIAs TP NOCTPOCHHN M300pakeHNsI Ha SKpaHe MOHUTOpPA, 00YCIOBICHA
HEOOXOJMMOCTRIO  MacCIITa0MpOBaTh  mpsMoyroibHuk  (XMiIn,xMax)  x
(YMin,yMax) 8 npsimoyronsauk Ha 3kpade (11, 12)x(J1,J2) (puc. 5.4).

y 1l 12‘ i
yl jl
y2 oy 12

x1 X2 ]

Puc. 5.4. MacmrabupoBanue rpagikoB

Macurrabuposanue 1o ocsim OX u QY peanusyercst Ipu MOMOIIY JIHHEHHBIX
3apucumocteii (5.1), (5.2), rpaduku KOTOPHIX MPEACTAaBICHBI HA PUCYHKE 5.5.

XX itk (5.1)
XZ_XI ]2_]1,
y=h _ij=J (5.2)
2_Y1 1_']2

i ]

12 j2

il jl
» X >y

x1 x2 yl y2

Puc. 5.5. ®ynkuun macmtabuposanust mo ocsim OX u OY

Vpasrenue (5.1) peanuzoBano B Buae Merona MacirabupoBanus | 1(X),
TEKCT KOTOPOTO IIPUBE/ICH B JIUCTUHTE 5.5.

° Jluctunr 5.5. TIpsiMoii MeTOI MACHITAGHPOBAHUS TOPU3OHTAILHBIX KOOPIHHAT

public static int ll1(double x)

{
return 11+(int) ((x-Page.xMin)*
(12-11)/(Page . xMax-Page . xMin));
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PemmB  ypaBHenume (5.1) oOTHOCHMTENBPHO X, HaWgeM 3aBUCHUMOCTH
TOPU30HTAIBHOW CTPAaHUYHOM KOOPAMHATHI OT DJKpaHHOW KoopauHatel |.
B muctunre 5.6 npuBesieH MeTo 00paTHOTO MacHITaOMPOBAHUS TOPU3OHTAIBHBIX
KOOpJAMHAT.

~ JIuctuHr 5.6. OGpaTHBIN METOA MACIITAOMPOBAHHS FOPU3OHTAJIBHBIX KOOPIHHAT

static double XX(int 1)
{

return Page.xMin+(l-11)*(Page.xMax - Page.xMin)
/7 (12 - 11);
}
TouHO Tak ke MOXHO HaWTH 3aKOH INPeoOpa3oBaHMS Ul BEPTHKAIBHBIX
KoOpauHAT U3 ypaBHenus (5.2) B Buge merona maciradbuposanus JJ(Y), TekCT
KOTOPOTO MPUBEAEH B JIUCTUHTE 5.7.

* JIuctunr 5.7. TIpsiMoii MeTo/I MACIITAGMPOBAHUS BEPTHKAIbHBIX KOOPIAHHAT

public static int JJ(double y)
{
return J1 + (int)((y - Page.yMin) * (J2 - J1) /
(Page.yMax - Page.yMin));
}

PemmB ypaBHeHue (5.2) OTHOCHTENBHO Y, HalaeM 3aBHCUMOCTh
BEPTHKAJBHON CTPaHWMYHONH KOOPAWMHATHI OT OJKpaHHOH KOOpAWHATHI J.
B muctuare 5.8 mpuBeneH MeTon OOpaTHOTO MAacUITa0MpPOBAHWS BEPTHUKATBHBIX
KOOpJIMHAT.

- Jlucrunr 5.8. MeTox 00paTHOr0 MacUITAGMPOBAHUA BEPTHKAILHBIX KOODIHHAT

static double YY(int J)
{ return Page.yMin + (J-J1) * (Page.yMax-
Page.yMin) / (J2-J1);

}

W3MeHATh pa3Mepsl OKHa MOXKHO JIBYMsl crioco0amu: MaciitaObupoBaHHEM
IIpY MOMOILU KOJIECA MBIIIH U NTEPETACKUBAHHEM OKHA MBIIIBIO.

Jus monmkmrodeHus 00pa0oTYMKa COOBITHS BpalleHHWs Kojeca MBIIIH
HEO00XOAMMO, BO-TICPBBIX, B MOMCHT HAYaIBHOW 3arpy3KHl NPWIOKCHHUS dYepes
nenerata MouseEventHandler mepemate wums  06pabordmka CcOGBITHS

FormMain_MouseWheel.

- JIuctunr 5.9. /lo6aBienne 06padoTYHKa COOBITHS

private void FormMain_Load(object sender, EventArgs e)

{
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MouseWheel += new
MouseEventHandler (FormMain_MouseWheel) ;
}
Bo-BroppiXx, Hamucate koj ~ Meroga  FormMain_MouseWheel (),
peanusylero MacmrabupoBaHue.

* JIuctunr 5.10. M3MeHenne pasMepoB OKHA

void FormMain_MouseWheel (object sender, MouseEventArgs e)
{
double x = XX(e-X);
double y = YY(e.Y);
if (e.Delta < 0)
coeff = 1.03F;

else
coeff = 0.97F;

Page.xMin = x - (X - Page.xMin) * coeff;

Page.xMax = x + (Page.xMax - x) * coeff;

Page.yMin =y - (y - Page.yMin) * coeff;

Page.yMax = y + (Page.yMax - y) * coeff;

Page.SetY();

Draw();
}

B sToM MeTone miM yBeMTHYMBAIOTCS, WIM YMEHBIIAIOTCSA Ta0apuTHl OKHA
(XMin, xMax) * (yMin, yMaX) OTHOCHUTENbHO TOYKH, B KOTOPOHl HAXOIUTCS
yKazaTens MeImu (€. X, e Y).

Craruueckuii Mmetoq SetY () kimacca Page

- JIuctunr 5.11. BelpaBHMBaHUE NPONOPIUI OKHA

public static void SetY()

{
int kx =
Screen.PrimaryScreen._Bounds._Width;
int ky =
Screen._PrimaryScreen._Bounds.Height;
yMax = ky*(xMax-xMin)/kx/2F + pageHeight / 2F;
yMin = -ky*(xMax-xMin)/kx/2F + pageHeight / 2F;
}

HEoOXOAMM JUIsi BBIPAaBHMBaHHS TPOIOPLUII OKHAa Ha OyMare 10 BEpPTHUKAIU U
FOPHU3OHTAIIM B 3aBUCHMOCTH OT OTHOILIEHHSI Pa3MepOB 3KPaHa.

IeperacknBanme okua wMbimeio mpu FITools = O npoucxomur B
obpaboTurke cobsiTust FormMain_MouseMove().
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_ Jlucrunr 5.12. W3vMeHeHHe pa3MepoB OKHA NPH 1€pPeTaCKUBAHUH

void FormMain_MouseMove(object sender, MouseEventArgs e)

if (drawing)
switch (flTools)

{
case O:

double dx = XX(e.-X) - XX(e0.X);
double dy = YY(e.Y) - YY(e0.Y);
Page.xMin -= dx; Page.yMin -= dy;
Page.xMax -= dx; Page.yMax -= dy;
Draw();
break;

}

}

5.3. CO3JAHUE OBBEKTOB

HauHeM ¢ cambIX MpOCTBIX OOBEKTOB — MPSMOYToJbHUKA W diumninca. [Ipu
Ha)KaTUM KHONKH MBIIIM MbI, Kak OOBIYHO, MOJHMMAaeM Quar MepeMelleHus

drawing = true, 3amoMHHaEM KOOPIHHATHI JIEBOTO BEPXHETO H IPABOTO
HHYKHETO YIJIOB.

- JInctunr 5.13. Hayano pucoBaHusi NPSIMOYIoJbHUKA H TEKCTA

void FormMain_MouseDown(object sender, MouseEventArgs e)

{

drawing = true;

el = e;
switch (flTools)
{

case 4: case 5:// rect
drawing=true;
X0=e.X; yO=e.Y; xt=e.X; yt=e.Y;
break;
b
b
[Ipu mepemMerneHuy MBIIN cTHpaeM (OKYCHBIH YeTBIPEXYTOIbHUK, MEHIEM
KOOpPAMHATH HIDKHETO TPAaBOTO yIiIa W pUCyeM (DOKYCHBIH YETHIPEXyTOJIBHHUK B
HOBOM MECTC.

- JIuctunr 5.14. Tlepemenienue MBI NPH PHCOBAHMH TIPAMOYTOJLHUKA H 3JLIHICA

void FormMain_MouseMove(object sender, MouseEventArgs e)

if (drawing)
switch (flTools)
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case 4: // Add Rect
xt=e._.X; yt=e.Y;
Draw();
g0.DrawRectangle(Pens._Black,x0,y0,
xt-x0,yt-y0);
break;
case 5: // Add Ellipse
Xt = e.X; yt = e.Y;
Draw();
g0.DrawEllipse(Pens.Black, x0, yO,
xt - x0, yt - y0);
break;
s
3
Co3gaHne HOBOTO DJJIEMEHTa 3aKaHUYMBaeTCs B 00paboTdmke coOBITHS
FormMain_MouseUp().

* JIucTunr 5.15. 3aBepiienue co3Aanusi NPSAMOYTOJALHUKA H 3JLTHIICA

void FormMain_MouseUp(object sender, MouseEventArgs e)
{

drawing = false;

switch (flTools)

{
case 4:
Lib.numObj = page.AddRect(flTools, XX(x0),
YY(Y0), XX(xt), YY(yt));
page[Lib.numObj] .MakeShape();
Draw();
break;
case 5:
Lib.numObj = page.AddEllipse(flTools,
XX(X0), YY(y0), XX(Xt), YY(YD));
page[Lib.numObj]-MakeShape();
Draw();
break;
}

}

Eciii MBI cO3712€M OPSIMOYTOJIbHHK, TO TPU OTIYCKAHMH KHOIKH MBIIIH
yBenuunBaeM Ha 1 miuny maccua Obj[], xoncrpykropom Ob jRect()3anaem
napameTpsl oovekra (pStyle, pColor, pWidth, pColor, bStyle,
typeObj), cosmaem maccus Points mmmHON 4 31eMeHTa MO YIIIOBbIe TOYKH
OPSIMOYTOJBHHKA U 3aIIOJHAEM ITH 3JIEMEHTH MACCHBA KOOPAWHATAMH TOUYCK.
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_ Jluctunr 5.16. Co3anue SK3eMILIAPA NPSIMOYT0JILHAKA

public int AddRect(byte flTools, double ul,
double v1, double u2, double v2)

L
int L;
if (obj == null) L = 0; else L = obj.Length;
Array.Resize<Obj>(ref obj, ++L);
length++;
obj[L - 1] = new ObjRect();
obj[L - 1]-points = new TXY[4];
obj[L - 1]-points[0].-x = ul;
obj[L-1].points[0].y = v1;
obj[L - 1]-points[1].-x = ul;
obj[L-1].points[1l].y = v2;
obj[L - 1].points[2].x = u2;
obj[L-1].points[2].y = v2;
obj[L - 1].points[3]-x = u2;
obj[L-1].points[3].y = vi;
return L - 1;

}

CosnaHue dJIIdIica 3aKaHYMBAaeTCsl HECKOJIBKO MHade — 3amaanM 30 Todek
Ha OJJUIMIICE, a caM JJUIMIC B AajbHeileM OyaeM pHUCOBaTh KaK 3aMKHYTYIO
JIOMaHYO JIMHHIO.

* JIuctunr 5.17. Co3ganue 3K3eMILIsAPA ILTHICA

public int AddEllipse(byte flTools, double ul, double vi,
double u2, double v2)
{

int NUM_POINT_ELLIPSE = 30;
int L;
if (obj == null) L = 0; else L = obj.Length;
Array.Resize<Obj>(ref obj, ++L);
length++;
obj[L - 1] = new ObjEllipse();
obj[L - 1]-points = new TXY[4];
double x0=(ul+u2)/2; double yO=(v1+v2)/2;
double a=Math.Abs((ul-u2)/2);
double b=Math.Abs((v1-v2)/2);
int Lp=NUM_POINT_ELLIPSE;
obj[L - 1]-points = new TXY[Lp];
for (int 1 = 0; i1 <=1Lp - 1; i++)
{
obj[L-1].points[i]-x =
X0 + a*Math.Cos(2*i*Math.P1/Lp);
obj[L-1].points[i].y =
y0 + b*Math.Sin(2*i*Math.P1/Lp);
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}

return L - 1;

}

BMecTo 4eThlpex YIJIOBBIX TOYEK MPSIMOYrOJbHHUKA MBI  CO3[aeM
NUM_POINT_ELLIPSE = 60 Touek Ha »JuMICe, KOOPIUHATBHI KOTOPBIX
BBIUUCIIAEM I10 MMAPAMETPUICCKOMY YPABHCHHUIO DIIIHIICA.

Cosznanme smo6oro o6wsekra meroq MakeShape () zakanunBaer pacuerom
KOOpAMHAT YEeThIpeX MIeUIToBBIX ToueK. Kox MeToa mpuBeneH B tucTHHTE 5.18.

- JIucTunr 5.18. Pacyer KOOpAHHAT YeThIPEX IIEHNOBBIX TOYEK

public void MakeShape()

{
for (int 1 = 0; i <= 3; i++)
Shape[i].x = points[0].x;
Shape[i].y = points[0].y;
Pc.x = 0; Pc.y = O;
int L = points.Length;
for (int 1 = 0; 1 <=L - 1; i++t)
{
Pc.x = Pc.x + points[i]-x;
Pc.y = Pc.y + points[i].y;
if (Shape[0].-x > points[i]-x)
Shape[0].x = points[i]-.x;
if (Shape[2]-x < points[i]-x)
Shape[2].x = points[i]-.x;
if (Shape[0].y > points[i].y)
Shape[0].y = points[i].y:
iT (Shape[2].y < points[i].y)
Shape[2].y = points[i].y;
}
Pc.x = Pc.x / L;
Pc.y = Pc.y 7/ L;
a = Math_Atan2(points[0].y-
Pc.y,points[0] .-x-Pc.x);
Shape[1].x = Shape[2]-x;
Shape[1] .y = Shape[0].y;
Shape[3].x = Shape[0]-x;
Shape[3].y = Shape[2].y;
}

Hamubomnee cioXHBIM TIpolieccoM sBIIsieTcs pucoBaHue kpmBoi bespe. Ha
HaYyaJbHOM JTare 100aBIseTcs TONBKO OJIHA TOUKa B MaccuB POINts.
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_ Jlucrunr 5.19. Hauauo coznanus kpusoii Bezne

void FormMain_MouseUp(object sender,
MouseEventArgs e)
{

drawing = false;
switch (FlTools)
{
case 6: // Add Line Bezier
page.UnSelect();
drawing = true;
Lib.numObj =
page.AddBezier(flTools,XX(e-X),
YY(e-Y));
X0=e.X; yO=e.Y; xt=e.X; yt=e.Y;
break;

Merox AddBezier () nobasnenust oobekra kiacca ObjBezier.

- JIucrunr 5.20. Jlo6asienne o6bexTa KpuBoii Besbe

int AddBezier(byte flTools, double u, double v)
{

int L;

if (obj == null) L = 0; else L = obj.Length;

Array.Resize<Obj>(ref obj, ++L);

length++;

obj[L - 1] = new ObjBezier();

obj[L - 1]-select = true;

obj[L - 1].points = new TXY[1];

obj[L - 1]-points[0]-x = u;
obj[L - 1]-points[0].y = v;
return L-1;

}

VeennunBaem Ha 1 mmHy MmaccuBa Obj[], xomcTpykTOopom
ObjBezier()s3amaem mapamerpel oowekta (PStyle, pColor, pWidth,
pColor, bStyle, typeObj), cosmaem wmaccus pPoOINtsS minHOI
1 simemeHT noa mnEpBYHO TOYKY JIMHAUU W 3alOJIHAEM OTOT OJOJICMCHT MacCHBa
KOOPJMHATAMHU TOYEK.

Hanomuum, uto kpuBas bespe npoxoaut uepe3 3N + 1 Touky, mosTOMYy IpH
MEPEMEIICHAN MbIIIM MBI JOJDKHBI J00ABISITh MO 3 TOYKH, €CIH OTKIOHCHHE

MOJIOKEHHsI MBIIIM OT TocienHed Touku kpuBod Oonbmie DELTA BZ = 40
TTUKCETIOB.
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_ JIuctunr 5.21. fo6apjienne Tpex ToUeK NPH ABUKEHAN MbIIIH

case 6: // Bezier
byte DELTA_BZ=40;
if ((Math.Abs(e.X-x0)>=DELTA_BZ) |
(Math.Abs(e.Y-y0)>=DELTA_BZ))

if (page[Lib.numObj] is ObjBezier)
(page[Lib.numObj] as
ObjBezier).AddBezierPoint(XX(e.X), YY(e.Y));
Draw();
Xx0=e.X; yO=e.Y;
}

Meron AddBezierPoint() ects He y BceX DIEMEHTOB MAacCCHBA
obj[1, a tomeko y smementoB kimacca ObjBezier. IlosTtomy TpUXOTUTCS
npoBepATh omepaTopoM IS, uto Obj[1, snement knacca ObjBezier. Meron
AddBezierPoint() mobasuser B maccuB POINTS TpH TOYKH, KOPPEKTHUPYS
HUX IOJIOKEHHUE B COOTBCTCTBUU C MPECAbIAYIIIUM (bpaFMeHTOM nuHuu besbe.

- Jlucrunr 5.22. Jlo6aBiienne Tpex TOYEK NPH ABHKEHUH MbIIIH

public void AddBezierPoint(double u, double v)

{
int L = points.Length;
L=1L+ 3;
Array.Resize<TXY>(ref points, L);
points[L - 1].x = u;
points[L - 1].y = v;
double dx = points[L - 1].x - points[L - 4].x;
double dy = points[L - 1].y - points[L - 4].y;
if (L == 4) points[0].-alf = Math_Atan2(dy, dx);
points[L-1].alf = Math.Atan2(dy, dx) + Math.PI;
if (L>=6) //
{
dx = points[L - 1].x - points[L - 7].x;
dy = points[L - 1].y - points[L - 7].vy;
points[L-4].alf=Math_Atan2(dy,dx) + Math.PI;
}
SetBz(L - 1);
}

IIpn nobapieHHH HOBBIX TPEX TOYEK BBIYHCISIETCS YTOJN B HOBOHM TOYKE
conpspkenuns Points[L-17].alf, koppektupyercs yroa B mpeablayliel TOUKe
conpskennss Points[L-4].alf u wmeromom SetBezier BeMUCISIOTCS
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KOOpJIMHATH! B JOOABIECHHBIX NMPOMEXYTOUHBIX TOUKax ¢ HoMmepamu L-2 m L-3
(puc. 5.6).

Vi

Vi3

Puc. 5.6. [lo6aBnenue ¢parmenrta kpuBoi besbe

Ecnmm Bo Bpemsi mepememieHusl Kypcop IONagaeT B HAYalbHYIO TOUKY
kpuBoii besbe, To Mensiercs tun auHuK typeObj = 1, nobaBinsercs TpU HOBBIX
TOYKH W KpUBas 3aMBIKaCTCSl.

5.4. IIEPEMEIIEHUE OFBEKTOB

JIto60#i 0OBEKT OKPYKEH MPSIMOYTOJbHUKOM, YETHIPE YIJIOBBIX TOYKH
KOTOPOI'O ONPENENAIOTCS KoopauHatamMu MaccuBa Shape tuna TXY. B Hauane
nepemenieHust Mbl obpamiaemcst k merony FindObj (), koropsiii momkeH mo
KOOpAWHATaM TOYKH U,V TOMBITATHCS OMpeneanTh HoMep oObekta NUMObJ u,
BO3MOJXKHO, €CJIM TOYKa U,V MHOMAJaeT B OKPECTHOCTh YITIOBOH TOYKH, HOMEp
numShape.

~ JIuctunr 5.23. Metoa noucka o0beKTa

public bool FindObj(double u, double v)
{
double Eps = 1.0;
Lib.numObj = -1; Lib.numShape = -1;
Lib.numPointNode = -1;
int LO = obj.Length; int i = LO;
bool Result = fTalse;
while ((i > 0) & !Result)
Result = (obj[--1]-Shape[0]-x - Eps <= u) &
(u <= obj[i]-Shape[2].x + Eps) &
(obj[i]-Shape[0].y - Eps <= V) &
(v <= obj[i]-Shape[2].y + Eps);
if (Result)

Lib.numObj = i; obj[i]-select = true;
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bool Ok = false; 1 = -1;
while ((i < 3) & 10k)
Ok=(Math.Abs(obj[Lib.numObj].Shape[++i].x-
u) < Eps)
& (Math.Abs(obj[Lib.numObj]-Shape[i]-y-
V)<Eps);
if (Ok) Lib.numShape = 1; // namneun Shape

return Result;

}

HWrak, npu nepemeneHnn 00beKTOB 00padoTynk coobTrs ONMouseDown
BBITIOJTHSET CIICAYIOIINE ACHCTBHS.

- JIucrunr 5.24. Hauajo nepeMemieHusi 00beKT0B

case 1:
page.UnSelect();
if ((page.obj = null) && (page.Length = 0) &
page-FindObj(XX(e-X), YY(e-Y)))

int n = Lib_numObj;
if (n==-1) // Move Rect
{

drawing=true;

X0=e0.X; y0=e0.Y;

}
else Move Shape
if (n 1= -1)
drawing=true;
switch (n)
case O:
X0 =

11(page[n].Shape[2]-x);
y0 = JJ(page[n]-Shape[2]-y);

break;

case 1:
X0 = 11(page[n]-Shape[0]-%X);
y0 = JJ(page[n]-Shape[2].y);
break;

case 2:

x0=11(page[n]-Shape[0].%X);
y0 = JJ(page[n].Shape[0].y);
break;

case 3:
x0=11(page[n]-Shape[2].%X);
y0 = JJ(page[n].Shape[0].y);
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break;

}
}
}
Draw();
break;
Meron FIndObj () ycranaBnuBaer HOoMep oObekta NUMODJ u HOMEp
yIJIOBOM TOYKM TpsMoyronbHuka numShape. Ecan numShape = -1, to mbl

OyneM Imepemelats 0ObEKT U 3allOMHHAaeM KOOpAMHATHI Tekymiel Touku X0, Yy0.
Wnaue nepemernaem Shape ¢ momepom NumShape u B X0,y0 3amomunaem
KOOPJMHATHI TPOTHUBOIIOJIOKHOTO YIiIa MPSMOYTOIbHHUKA.

[Tpu nepemenienun Mbiu oOpadarteiBaeTcsi coosiTHe MOUSeMove.

* JIuctunr 5.25. JleficTBAS NPH TiepeMelieHHH MBITITH

case 1: // Move
if (Lib.numObj = -1)

{
it (Lib.numShape == -1)
dx = XX(e.-X) - XX(x0);
dy = YY(e.Y) - YY(Y0);
page[Lib.numObj] .MoveObj (dx, dy);
X0 = e.X; y0O = e.Y;
¥
else
page[Lib.numObj].ChangeMoveShape(XX(e.X),
YY(e.Y));
Draw();
}
break;

[pu nepemeniennu Bcero o0bekTa Boi3biBaercst meron MoveObj (),

JInctunr 5.26. Meton nepemMenieHust 00beKTa

public void MoveObj(double dx, double dy)
for (int 1 = 0; 1 <= 3; i+t)

Shape[i].x += dx;
Shape[i].y += dy;

}

int L = points.Length;

if (L >0)
for (int 1 = 0; 1 <=L - 1; i++)
{

points[i].x += dx;
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points[i].y += dy;

Pc.x += dx;
Pc.y += dy;
}
B KoTOpo#l Ha dX,dY yBennunBarOTCS KOOpPAHHATHI Touek Shape, renrpa
BpalleHus U BceX Touek oobekta POINtS.
Ecnm ke mepemelnaercs OJHA M3 YTJIOBBIX TOYEK, TO BBI3BIBACTCS METOX
SetMoveShape, koropblii peann3yeT MacIITaAOUPOBaHHE TOYEK OOBEKTA C
Pa3IHMYHBIME HEMOABH)KHBIMHU YTIIOBBIMH TOYKAMH.

JIuctunr 5.27. [lepememienue meiina

public void ChangeMoveShape(double xm, double ym)// nna Bcex

{

int L = points.Length;
double dx = Shape[2]-x - Shape[0]-x
double dy = Shape[2].y - Shape[0]-.y:

double kx, ky;
switch (Lib.numShape)
{
case O
(Shape[2] -x - xm) 7/ dx;
(Shape[2].y - ym) / dy;
for (nt i =0; 1 <=L - 1; i++)

TXY p = points[i];

p-x = xm + kx * (p.x - Shape[0]-x);
3 p.y = ym + ky * (p.y - Shape[0].y):
Shape[0] -x = xm;
Shape[0] .y = ym;
break;
case 1:
k (xm - Shape[0]-x) 7/ dx;

(Shape[2] y - ym) / dy;
for (int 1 =0; 1 <=L - 1; i++)

{
p-x=Shape[0] .x+kx*(p-x- Shape[0]-X);
p.y =ym + ky * (p.y - Shape[0].y):

Shape[2] -x = xm;

Shape[0] .y = ym;

break;

case 2:
kx (xm - Shape[0]-x) 7/ dx;

= (ym - Shape[O] y) /7 dy;
for (int 1 =0; 1 <=L - 1; i++)
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p-x=Shape[0] - x+kx*(p-x-Shape[0] -x);
p.y=Shape[0].y+ky*(p.y-Shape[0].y):

Shape[2] -x = xm;
Shape[2] .y = ym;
break;

case 3

= (Shape[2]-.x - xm) / dx;
= (ym - Shape[O] y) /7 dy;

for (int 1 =0; 1 <=L - 1; i++)

{

p-x = xm + kx * (p-x - Shape[0]-x);
) p-y=Shape[0] .y+ky*(p.y-Shape[0]-y);
Shape[0].x = xm;
Shape[2].y = ym;
break;
}
MakeShape();

Shape[1] .x=Shape[2].x; Shape[1].y
Shape[3] -x=Shape[0] -x; Shape[3]-y

Shape[0].y
shape[2].y;

}

5.5. IIOBOPOT OFBEKTOB

[ToBopoT 00BeKTa HauMHaeTcss B oOpaborumke cobObiTms MouseDown c
MPOBEPKH BBIENeHHOCTH 00Bekta NUMObJ <> -1 u ompemenenust HOMepa
BBIJICNICHHOU yrioBoii Touku NumShape

- JIncrunr 5.28. Hayano noBopora o0bexkTa

case 7:
drawing=(Lib.numObj!1=-1) & (page.Length!=0) &
page-FindObj(XX(e-X),YY(e.-Y))&(Lib_numShape!=-1);
Draw(Q);
break;
Eciu drawing = true, to B obpaborumke cobbitis MouseMove

OIIPEETISIETCSI YTOl MEKAY TOUKOH X, Y U IIEHTPOM BpalIeHUs,

JIncrunr 5.29. Bpamenue o0bexTa

case 7:
if (Lib.numObj = -1)
{
double xc = page[Lib.numObj].-Pc.x;
double yc=page[Lib.numObj].-Pc.y;
double al=Math_.Atan2(YY(e.Y)-yc,XX(e.X)-xc);
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if (Math_Abs(al - page[Lib.numObj].a) > 0.1)

page[Lib.numObj].-RotateObj(xc,yc,al-
page[Lib.numObj].a);
Draw();
}
}

break;
a 3areM BbI3bIBaeTcs Meton RotateObj() s u3MeHeHus KOOpAUWHAT TOUYEK
00BEKTAa.

- JInctunr 5.30. MeToa u3MeHeHUs] KOOPAUHAT 00bEeKTa IIPU BPALleHUU

public void RotateObj(double x0, double y0O, double al0Q)

{
int L=points.Length;
for (int 1 = 0; 1 <=L - 1; i++t)

double R=Math.Sqrt((points[i]-x-
X0)*(points[i].x-x0) +
(points[i].y-y0) * (points[i].y - y0));
double al=Math.Atan2(points[i].y-
y0,points[i]-x-x0);
points[i].x = x0 + R * Math.Cos(al + al0);
points[i].y = yO + R * Math.Sin(al + al0);
points[i].alf = points[i].alf + alO;

¥
MakeShape();
}

IloBopoT 3akaHuMBaeTCAd NEPECYETOM KOOPAMHAT ILIECHIOB C IIOMOIIBIO
merona MakeShape ().

5.6. IEPEMEIIIEHUE TOYEK

[epeMenienre TOYEK HAYMHAETCS C MPOBEPKH BBIICICHHOCTH OOBEKTA W
oTpeieNicHUs HoMepa mepemMeriaemMoii Touku merogom FindPoint().

- JIucrunr 5.31. Hauano nepeMenieHusi TOYKH

case 8: // Move Point
drawing = (page-Length!=0) & (Lib.numObj!=-1) &
page[Lib.numObj].-FindPoint(XX(e-X), YY(e-Y));
Draw();
break;
Ha camom nerne meton FindPoint() onpenesnser aBa HOMepa TOYKH: Ha

NEPBOM ITAIIC OIMNPCACIIACTCA HOMEP TOUYKU COIIPSIKCHUSA nUmPOintNOde, JJIsL
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KOTOPO# BBIMONHsIETCS ycioBue I % 3 = O; Ha BTOPOM 3Tame MPOBEPSIOTCS
npomexyrounsie Toukr (I % 3 # 0) u ompezensercss HoMep Toukd humPoint.

- JIuctunr 5.32. MeToa noucKka TOYKH

public bool FindPoint(double u, double v)
{
Lib_.numPoint = -1; double Eps = 1.0;
int L = points.Length; int 1 = -3;
bool Result = false;
while ((i < L - 1) & IResult)

i += 3;
Result = (Math_Abs(points[i]-x - u) < Eps) &
(Math.Abs(points[i].y - V) < Eps);

}
if (Result)

Lib.numPointNode = i; Lib.numPoint = i;
3

else

{

1= -1;
while ((i <L - 1) & TResult)
if (++i % 3 1= 0)
Result=(Math.Abs(points[i].x-u)<Eps) &
(Math.Abs(points[i].y - v) < Eps);
if (Result) Lib.numPoint = i;
else Lib.numPointNode = -1;
}

return Result;

}

5.7. IITPOPUCOBKA OBBEKTOB

Jlnst ycKopeHHst pHCOBaHHs OOBEKTOB peamusyercs meton DrawObj wma
kauBe b Itmap ¢ nocnenyronmm KOMpoBaHHEM Ha KaHBY (POPMBI.

- JInctuHr 5.33. BbI30B MeTO/10B PHCOBAHHS 00bEKTOB

public void Draw()

12 = ClientSize.Width; J2 = ClientSize.Height;
using (Graphics g = Graphics.Fromlmage(bitmap))

g-Clear(Color.LightBlue);
g-FillRectangle(Brushes._White,11(0), JJ(0),
11 (Page.pageWidth)-
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11(0),JJI(Page.pageHeight)-JJ(0));
int L;
if (page.obj == null) L = 0;
else
L = page.obj.Length;
for (int 1 = 0; 1 < L; i++)
{
page[i].DrawObj(g, 11, JJ);
if (Lib.numObj == 1)
{
DrawShape(g, page[i]-Shape);
page[i].DrawSelect(g, 11, JJ);
if (Lib.numPointNode != -1)
page[i]-DrawLine_Ellipse(Q);
if (flTools == 7)
page[i].DrawRotate(g, 11, JJ);

}

}
g0.Drawlmage(bitmap, ClientRectangle);
}

Pucosanne o6vekroB ObjRect u ObJEI 1 1pSe kak 3aMKHYTBIX JIOMaHBIX
JIMHA OCYIIECTBILSIETCS. BUPTYaIbHBIM MEeTOI0M 0a3oBoro kiacca Obj.

Jluctunr 5.34. PucoBanue 06bektoB ObjRect 1 ObjEllipse

public virtual void DrawObj(Graphics g,T1J 11,T1J JJ)
{
pen = GetPen();
int L = points.Length;
for (int 1 = 0; 1 < L; i++)
g-DrawLine(pen, l1l1(points[i]-x),
JI(points[i].y),
11 (points[(i+1)%L]-x),
JI(points[(i + 1) % L]-y));
}

Kiacc ObjBezier mnepekpbiBaeT STOT METOA, BBI3bIBAas CTaHIAPTHBIH
meron DrawBeziers().

~ JImcrunr 5.35. PucoBannue 06bextos ObjBezier

public override void DrawObj(Graphics g,
T3 11,T1J 3J)
{

int L = points.Length;
if (typeObj == 6)
{

Pen pen = GetPen();
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IBz = new Point[L];
for (int 1 = 0; 1 <=L - 1; i++t)
IBz[i] =
new Point(11(points[i]-x),
JJI(points[i]-y));
g.DrawBeziers(pen, 1Bz);

}

Knacc Obj Text taxxke nepekpoiBaet meron DrawObj ().

JInctunr 5.36. PucoBanne 06bextoB DrawObj

public override void DrawObj(Graphics g, T1J 11, T1J J3J)

{

}

double alpha =-Math_Atan2(points[3].y-points[0].y,

points[3].x-points[0] -x);

int L = text.Length;

double dx = (points[0].x) - (points[1]-x);
double dy = (points[0].y) - (points[1].y);
double h = Math.Sqgrt(dx*dx + dy*dy) 7/ L;
for (int 1 = 0; 1 < L; i++)

double p = Math.P1/2;
g-TranslateTransform(

11 (points[0].x + i*h*Math.Cos(-alpha+p)),

JI(points[0] .-y+i*h*Math_Sin(-alphatp)));
g-RotateTransform((int) (-alpha*360/p));
g-DrawString(text[i],aFont,Brushes.Black,0,0);
g-RotateTransform((int)(alpha * 360 / p));
g-TranslateTransform(

-11(points[0] -x+i*h*Math.Cos(-alphatp)),

-JJ(points[0].y+i*h*Math.Sin(-alpha+p)));

3

Kaxnmast crpoka mepen BoiBogoM wmeromom TranslateTransform(Q)
CMeIaeTcss B CBOKO TOYKY IOBOpOTa, 3aTeM MmertomomM RotateTransform()

noBopaunBaercs Ha yroa alpha. Tlocme BbiBoma cTpoku

HpeO6paSOBaHI/I$[ KOOpAWHAT BO3BpAIIACTCA B HCXOAHOC COCTOSHHC O6paTHBIMI/I

peoOpa30BaHMUSIMHU.
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Puc. 5.7. BoiBog cTpoKH 11011 yIiioM

Ecnu 00BbeKT BbIJETICH, TO €CTh BhINOIHsETCs yenosue LIb_numObj =
TO BBI3bIBAETCS MeTo] prcoBanus weiinos DrawShape ().

~ JluctuHr 5.37. PucoBanue meiinos

void DrawShape(Graphics g, TXY[] XY)

{
int[J dx = { -3, 3, 3, -3 };
int[] dy = { -3, -3, 3, 31};
for (int i=0; I<=3; i++)
{
g-DrawLine(MyPenO, LI (XY[i] -x)+dx[i],
JI(XYLil.y) + dy[i],
HHOXYLG + 1) % 4]-x) + dx[(1 + 1) % 4],
JICXYL(i+1) % 4].y) + dy[(i + 1) % 41);
g-DrawRectangle(Pens.Green,
HXYLi]-x)- 2+dx[i],
JIXYLI].y)+dy[i]-2,4,4);
}

}

Ecmu g BblmeneHHOW — JIMHUM — be3be  BBINONHSIETCA — yCIOBUE
Lib.numPointNode != -1, To ecTb HEOOXOAMMO IEpeMellaTh TOYKY Ha
JIMHKH, TO BBI3BIBACTCS METOI PUCOBAHUS «YCOB» JUIA BBIIEIEHHOM TOUKH.

° Jluctunr 5.38. Pucoanme «ycoB» 1J1s Touek odbexta ObjBezier

public override void DrawLine_Ellipse(Graphics g)
// ycu mgns Besbe

{ .
int a0 = 3;
int n = Lib.numPointNode;
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nt L = points.Length;
|f ( ib.numPointNode != (L - 1))

-

g.DrawLine(Pens.Black, 1Bz[n], I1Bz[n + 1]);
g-FillEllipse(Brushes._LightGreen,

IBz[n+1] -X-a0,

IBz[n + 1].Y - a0, 2 * a0, 2 * a0);
g.DrawEllipse(Pens.Black, IBz[n + 1].X - a0,

IBz[n + 1].Y - a0, 2 * a0, 2 * a0);

if (Lib.numPointNode != 0)
{
g-DrawLine(Pens.Black, 1Bz[n], 1Bz[n - 1]);
g-FillEllipse(Brushes.LightGreen,
IBz[n - 1].X - a0,
IBz[n - 1].Y - a0, 2 * a0, 2 * a0);
g-DrawEllipse(Pens.Black, IBz[n - 1].X - a0,
IBz[n - 1].Y - a0, 2 * a0, 2 * a0);
}
}

5.8. I[IEYATH

[Teyats Ha TPUHTEPE WK Ha IpadOMOCTPOUTENE OCYLIECTBISAETCA TEM XKe
Mmetogom DrawOb j. Ho BBI30B €ro IpOMCXOIUT HECKOJIBKO HHAYE.

¢ Jluctunr 5.39. Bbi30B MeTOa PHCOBAHMUS IS HEYATH

procedure TFormMain.ButtonPrintClick(Sender: TObject);
begin
if PrintDialogl.Execute then
if ActiveMDIChild<>nil then
with ActiveMDIChild as TFormEd do
DrawObj(2,11P,JJP);
end;
Bo-nepBbix, npu Bei3oBe Metoga DrawObj emy mepenatorcs ykaszatenu Ha

apyrue Meroas! Macutadupoanus 1 1P u JIP:
function 1IP(x: real): integer;
begin
with Printer,Page do
Result:=Trunc((x-xMin)*PageWidth/ (xMax-xMin));
end;

function JJP(y: real): integer;
begin
with Printer,Page do
Result:=Trunc((y-yMin)*PageHeight/(yMax-yMin));
end;
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KOTOpbIe HCIIONB3YIOT LIMPUHY M BBICOTY KaHBBl IpUHTEpa. Bo-BTOPBIX,
snaueHuem mapamerpa Tl = 2 mbr coobiaem metony DrawObj o Tom, uro Hamo
nepes pucoBaHWEM 1aTh KomaHay BeginDocC, a mocie prcOBaHUS — KOMaHIy
EndDoc, B-tperbux, pucoBaHHe MPOMCXOAUT He Ha KanBe Bitmap, a Ha xaHBe
HPUHTEPA.

5.9. 3ATINCHh U YTEHUE JAHHBIX

[pu 3amnmcu mpoeKkTa BO3HUKACT TPHU MPOOIEeMbl: 1) ZaHHBIC MPEACTABISIOT
c000if TpeXypOBHEBOE JIEPEBO, TaK KaK YHCIO OOBEKTOB Ha CTPAHUIIE MOXKET OBITh
NPOU3BONBHBIM, YHCIO TOYEK OOBEKTa TaKkKe MOXET OBITh IPOM3BOJILHBIM;
2) HEKOTOpBIe OOBEKTHI COAEPKAT CTPOKH MPOU3BOIBHOM MIHHEL, 3) ATl OOBEKTOB
CO CTPOKaMHU HEOOXOJIMMO COXPAHSTh MapamMeTphl WpUQTa, a CTHIb WpPUPTa — 3TO
CBOMCTBO MHOXKECTBEHHOT0O THIIA. Bece ot l'IpO6J'IeMBI IMO3BOJIACT PEUINTD 3allMCh B
¢aiinoseriii motok aF i le kmacca Fi leStream.

3amuce rpada OyaeM OCYIIECTBISATE C IOMOIIBIO (HailIOBOrO IOTOKA,
KOTOpBIA co3maauM ¢ momomibio kimacca FileStream. 3amuck cocrout us3
CJIC/TYFOIINX I1aroB:

1) cosmats sx3emmistp kinacca FileStream;

2) co3nath GaiToBblii MaccuB byData[]l, B koTopblii momecTsaTcs Bce
TaHHEIE 0 Tpade;

3) 3amOTHAUTH MacCUB JaHHBIMU U3 Tpada;

4) zanmmcares maccus byData[];

5) 3aKpbITh (aiiIoBEIH TOTOK.

Bce otu marm peamusosanel B Mertome Save(). Merox Save(),
npuBeleHHbId B nuctuHre 5.40, ocymectBiser 3amuck B (aitn. OOparute
BHMMaHHE Ha TO, YTO IepeJ 3alMChl0 OOBEKTOB CHayaja 3allMChIBAETCS YHCIIO
00BexTOB L1, a mepes 3amiChio TOUEK 3aMUCHIBACTCS YHCIIO ToUek L2,

- Jluctunr 5.40. 3anuck npoexTa B (ailI0BLIil IOTOK

public void Save(string FileName)

{
ofs = 0;

FileStream aFile =

new FileStream(FileName, FileMode.Create);
int N = LengthFile();
byData = new byte[N];

DoublelnData(xMin);
DoublelnData(yMin);
DoublelnData(xMax) ;
DoublelnData(yMax);
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DoublelnData(pageWidth);
DoublelnData(pageHeight);

int L1 = obj.Length;
IntinData(Ll);
for (int i = 0; i <= 11 - 1; i++)
{
BytelnData(obj[i]-typeObj);
Bool InData(obj[i]-select);

Color pColor;

byte R = obj[i]-pColor.R,
G = obj[i]-pColor.G,

B = obj[i]-pColor.B;

int ¢ = 0;
c=c | R (G<<8) | (B << 16);
IntinData(c);

BytelnData(obj[i]-pWidth);

TXYInData(obj[i]-Pc);

DoublelnData(obj[i]-a);

for (int j=0; j<=3; j++)
TXYInData(obj[i]-Shape[j]);

int L2 = obj[i]-points.Length;

IntinData(L2);

for (int j=0; j<=L2-1; j++)
TXYInData(obj[i]-points[j]);

ks
aFile_Write(byData, 0, N);
aFile_Close();

}

Iiass 3anmcd  mOTpeOOBAIOCh HECKOIBKO BCIHOMOTATENBHBIX METOJIOB.
[epesiii — LengthFile() — npeanasHayeH it BHIYKCICHHS JUTMHBI 0aliTOBOTO
MAacCHBa, B KOTOPBIif TOMECTATCS BCE TAHHbBIE O MACCHBE.

~ Jluctunr 5.41. Beruuciaenue 1AL 0alTOBOr0 MaccMBa

protected int LengthFile()
// BruuciuTe pasMep dariia
{
int n = 6*8+4;
int L1 = Length;
for (int 1 = 0; 1 <= L1 - 1; i++)
{
n += 135+4;
int L2 = obj[i]-points.Length;
n += L2 * 24;
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}

return n;
OcTanbHBIE METOMIBI TIEPEMEIIAI0T 3HAUCHHUS BEIMYHMH B OATOBBII MacCHUB U
casurarot cMmeienne ofs na 4.

* JImctunr 5.42. Tlepemenienne 3HaUeHMIl B 6aii TOBBII MacCHB

protected void IntlnData(int k)

byte[] byByte;
byByte = BitConverter.GetBytes(k);
byByte.CopyTo(byData, ofs); ofs += 4;
}
protected void BytelnData(byte k)

byte[] byByte;
byByte = BitConverter.GetBytes(k);
byByte.CopyTo(byData, ofs); ofs += 1;
¥
protected void BoollInData(bool k)

byte[] byByte;

byByte = BitConverter.GetBytes(k);

byByte.CopyTo(byData, ofs); ofs += 1;
protected void DoublelnData(double k)

byte[] byByte;

byByte = BitConverter.GetBytes(k);

byByte.CopyTo(byData, ofs); ofs += 8;

protected void TXYInData(TXY k)

{
byte[] byByte;
byByte = BitConverter.GetBytes(k.x);
byByte.CopyTo(byData, ofs); ofs += 8;
byByte = BitConverter.GetBytes(k.y);
byByte.CopyTo(byData, ofs); ofs += 8;
byByte = BitConverter.GetBytes(k.alf);
byByte.CopyTo(byData, ofs); ofs += 8;
}

Jis mepememneHnss CTPOKH B OalTOBBIM MAacCHB IpeTHAa3HAYEH METOJ
StrinData(). Tak kak NPEANONAracTcsi WCIOJb30BAHHE KUPHUIALBL B
CTPOKax, TO IMPUXOAUTCS HCIoJib30BaTh KoaupoBky UTF-32, koropast TpedOyer
4 Gaiita Ha cumBoOII. [lepeMernieHe TPONCXOIUT B YETHIPE dTAra:

1) mepemeiiaem JUTMHY CTPOKH B OCHOBHO#H OaiiToBbIi MaccuB byData;

2) mepemMeliaeM CTPOKy B CHMBOJIBbHBIH MaccuB charDatal];
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3) ¢ momorsio Kiacca Encoder mepemeriaeM CHMBONBHBIM MAacCHB BO
BCIIOMOTaTe bHbIN OaiiToBbIit Maccue byByte[];

4) BcTaBsleM  BCIIOMOTATeNbHBINA — OaiiToBblii  MaccuB  byByte[] B
OCHOBHO# GaiiToBbIif MaccuB byData.

3anucy moneit  Tmma  ctpoka  peammsyer Mmeronq WriteStr()
(;muctunr 5.43), B KOTOPOM CHavaia 3aluchiBaeTcs inHa cTpoku L, a sarem L
CHMBOJIOB CTPOKH.

~ JImcrunr 5.43. Metox 3anucu CTPOKH

protected void StrinData(string s)
{ byte[] byByte;
int L = s.Length; IntinData(l);
char[] charData = s.ToCharArray();
byByte = new byte[4 * charData.Length];
Encoder e = Encoding.UTF32.GetEncoder();
e.GetBytes(charData, 0, charData.Length,
byByte, 0, true);
byByte.CopyTo(byData, ofs); ofs += 4 * L;
}
UYrenue (aiiina IpOUCXOIUT B TOM K€ TOPSIKE (TUCTUHT 5.44):
1) co3nats sx3emiuisp kinacca FileStream;
2) cosnath OaiiroBeiii MaccuB byData[], B xotopsiii momecTsrcs Bce
JaHHEIE 0 rpade;
3) npounTaB (haiii, 3aI0IHUTE MaCCHB JaHHBIMH U3 (aiina;
4) mpoiins o maccuBy byData[], co3nars Bce y3ibt u pebpa rpada;
5) 3aKpbITh (haiiIOBBIN TOTOK.

- JIuctunr 5.44. Utenue NpoeKTa U3 HeTHNH3HPOBAHHOIO (aiiia

public void Read(string FileName) // npouurars
{
ofs = 0;
FileStream aFile =
new FileStream(FileName, FileMode.Open);
int N = (int)aFile.Length;
byData = new byte[N];
aFile_Read(byData, 0, N);

xMin=DatalnDouble();
yMin=DatalnDouble();
XMax=DatalnDouble();
yMax=DatalnDouble();
pageWidth=DatalnDouble();
pageHeight=DatalnDouble();

192



int L1 = DatalnInt();
obj = new Obj[L1];
for (int i = 0; i <= 11 - 1; i++)
{
byte b = DatalnByte();
switch (b)

case 4: obj[i] = new ObjRect(); break;

case 5: obj[i] = new ObjEllipse();
break;

case 6: obj[i] = new ObjBezier();

break;

¥
obj[i]-typeObj=b;
obj[i]-select=DatalnBool();

Color pColor;

int ¢ = DatalnInt();

byte R=(byte) (c&OxFF);

byte G (byte)(c & (OxFF00>>8));
byte B (byte)(c & (OxFF0000>>16));

obj[i]-pColor = Color_FromArgb(R, G, B);

obj[i]-pWidth=DatalnByte();

obj[i]-Pc=DatalnTXY();

obj[i1]-a=DatalnDouble();

for (int j = 0; j <= 3; j++)
obj[1]-Shape[j]=DatalnTXY();

int L2 = DatalnInt();
obj[i]-points = new TXY[L2];
for (int j = 0; jJ <= L2-1; j++)
obj[i]-points[j]=DatalnTXY(Q);
}
aFile.Close();

st urenusi cTpok mpennasHaden meton ReadStr (mucrunr 5.45), koro-

pBIﬁ CHayvaJla CYMTBIBACT UIMHY CTPOKH, HA3HAYACT MJIMHY CTPOKH, a 3aTEM CUUTHI-
Ba€T CUMBOJIBI CTPOKH. W3Bnedenue CTPOKHM CHOBA MPOUCXOIUT B YETBIPE dTaIa:

1) u3BnekaeM JUIMHY CTpoKH L;
2) 3amosnHsieM BcrioMorartenbHbiil MaccuB byByte[] mmunoii 4xL;
3)c momompro knacca Decoder mnepeMemiaeM JaHHBIE M3 MacCHBa

byByte[] B cumBonsnbiii maccus charDatal];

4) nepemeraeM nanublie u3 Maccusa charData[] s crpoky.
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Jluctunr 5.45. Urenne cTpokn

protected string DatalnStr()
{
byte[] byByte;
int L = DatalnInt();
byByte = new byte[4 * L];
for (int j =0; J<=4*L - 1; j++)
byByte[j] = byData[j + ofs];
char[] charData = new char[L];
Decoder d = Encoding.UTF32.GetDecoder();
d.GetChars(byByte,0,byByte.Length, charData, 0);
string s = '";
for (int j = 0; j < charData.Length; j++)
s += charData[j];
ofs += 4 * L;
return s;
3

Jlns uteHus mOTPeOOBANIOCH HECKOJBKO BCIIOMOTATENbHBEIX METOIOB,
KOTOpbIe M3BJIEKAIOT 3HaYeHus U3 MaccuBa byDatal[].

- JIucrunr 5.46. BenomoraTelbHbIe METOAbI H3BJeUeH s 3HaYenus u3 byData|]

protected int Datalnint()

{
int result = BitConverter.Tolnt32(byData, ofs);
ofs += 4; return result;
3
protected byte DatalnByte()
{
byte result = byData[ofs];
ofs += 1; return result;
¥

protected bool DatalnBool()

bool result=BitConverter._ToBoolean(byData, ofs);
ofs += 1; return result;

protected double DatalnDouble()

{
double result=BitConverter.ToDouble(byData, ofs);
ofs += 8;
return result;

protected TXY DatalnTXY()

{
TXY result;

result_x= BitConverter._ToDouble(byData, ofs);
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ofs += 8;
result.y = BitConverter._ToDouble(byData, ofs);

ofs += 8;
result.alf = BitConverter.ToDouble(byData, ofs);
ofs += 8;

return result;
b

Taxkon CHOCO6 XpaHCHUA I/IH(l)OpMaL[I/II/I HUMCEECT MUHUMYM OAWH HCAOCTATOK:
npu HU3MCHCHUHM CTPYKTYPblI JAaHHBIX IIPOCKTAa HET MNPECMCTBCHHOCTH 11O
HpGZ[LIHYH.H/IM BepCI/IHM. Ho H660J’ILH.IOG MN3MCHCHHEC IIO3BOJIUT 3TOT HEAOCTATOK
YCTpPaHHUTh: HEOOX0AUMO B (hailyl 3aIMCHIBATh U YUTATh HOMEP BEPCHH CTPYKTYPHI,
a d3TOT HOMCp UCIIOJIB3bIBATH HpI/I YTCHHUHU OJAHHBIX.
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I'nmaBa 6. T'PA®UKH ® YHKIIUI

6.1. 'PA®UK ®YHKIMH OJHOM NEPEMEHHOM
6.1.1. CTPYKTYPA IIPOEKTA

Ipoext cocroutr u3 ¢aitmo FormMain.cs u ClassNode.cs. Ha
HHCTPYMEHTAIBHOH ()OpMe BBICTaBICHBI KOMIIOHEHTBI, IIO3BOJIIONIME MEHSTh
pa3Mepbl OKHa Ha Oymare, pUCOBaTh WM HE PHUCOBaTh KOOPIMHATHYIO CETKY
(puc. 6.1). [Ipoekt no3BossieT cTpouTh rpaduk GyHKIUH, 3aJaHHON B HECKOJIBKUX
CTpoKax orneparopoM si3bika C#, cTpouTh rpaduky NPOM3BOIHBIX M MHTErPAJIOB,
BBIYKMCIICHHBIX TPHOJIMKEHHO, a TaKKe CTPOUTh NPHONMKEHHOE pelIeHHE
mddepeHnnanb HOT0 ypaBHEHHUsI MEpBOro MoOpsaka. B mpoekre HCHoib3yroTcs
metoanl Macmrabuposanusa | 1 (X) u JI(Y), obcyxaasiimecs B myHKTe 5.2.

=loix|
Y
=7
=5
—4
=3
=2
=
8 :
”HE'ﬂ”:
= X

Puc. 6.1. ®opma npoekTa nocTpoeHus rpaduka GYHKIHH OJHOH MEpEeMEHHON

[pu 3amycke mpoeKkTa BbI3BIBaeTCS KOHCTpykTOop FOrmMain, B kotopom
OIIPEIETISIIOTCS rabapuThl OKHA Ha SKPaHe.
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* JIueTanr 6.1. AKTHBH3AIMS NPOEKTA

public FormMain()

{
InitializeComponent();
12 = ClientSize.Width;
J2 = ClientSize_Height;
}

I'paduk GyHKIMH CTPOUTCS OTPE3KAMH MNPSIMBIX JIMHHH, COCAUHSIOLINX
y370BbIe TOYKH. J{mst TOro 49roOsl rpaduk BBIJISAAEN JOCTATOYHO IUIABHBIM,
Bo3bMeM 150 Toyek mo rOpu3OHTATIM. [N PHUCOBAHWSI BBI3BIBACTCS METO[
MyDraw(), BeIBOASAIIHI TpaduK.

JInctunr 6.2. Meton nocrpoenns rpaguxa

public void MyDraw(1J 11, 1J JJ, Graphics Q)

{

g = this.CreateGraphics();
const int n = 150;

try

{

M =

}

Color cl = Color.FromArgbh(255, 255, 255);
g-Clear(ch);
// Ocu OX u QY
aFont = new Font(“Arial™, 7,
FontStyle.Bold);
0XQ: 0YQ;
aFont.Dispose();
// rtpadux dyHxUMU
double h = (x2 - x1) / n;
for (int 1 = 1; i<n; i++)
g.DrawLine(Pens.Black, Il (x1+(i-1)*h),
JI(F(x1+(i-1)*h)), 1I(x1+i*h),
JI(F(x1+i*h)));

inally

if (g = null)
((IDisposable)g) .Dispose();

Ocpb OX cTpouTCst JOCTATOUHO HPOCTO (JIMCTHHT 6.3).

Jluctunr 6.3. Iloctpoenne ocn OX

void OX(1J 11, 1J JJ, Graphics @)

{
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g-DrawLine(Pens.Black, 11(x1), JJ3(0),
1(x2), 33(0));
double hl = HH(x1, x2);
int k1 = (int)Math.Round(x1 /7 hl) - 1;
int k2 = (int)Math.Round(x2 7/ hl);
byte Digits = GetDigits(Math.Abs(x2 - x1));
for (int 1 = K1; 1 <= k2; i++)
{
g-DrawLine(Pens.Black,
11(i*h1),33(0)-7,11(i*h1),JI(0)+7);
for (int j = 1; j <= 9; j++)
g-DrawLine(Pens.Black, Il (i*h1+j*h1/10),
JJ(0)-3, 11(i*h1+j*h1/10),JI(0)+3);
string s = Convert.ToString(
Math.Round(hl * i, Digits));
g-DrawString(s, aFont, Brushes.Black,
11(i*h1)-5,33(0)-13);
3
}

Ha ocsx cucteMbl KoopauHAT BRIBOIATCS AeieHus. [Ipobnema 3akimrodaercs
B TOM, YTO IPHU Pa3HbIX 3HaueHUsIX X1, X2 4ucio AejeHu, a 3T0 onpeessaeT miar,
C KOTOPBIM BBIBOJATCS JCIICHHS, JOJKHO OBITh MPUMEPHO OJMHAKOBBIM. MeTox
HH(al,a2) (muctuar 6.4) 1mM0O3BOJISET BHIYMCINTL TAKOM IIAr JEJeHHH JH000ro
uHTepBaia (al,a2), mpu KOTOPOM UHCIO JeleHuit Bcerna Oyaer B
nauamnasose 5...10.

- JIucTunr 6.4. Borunciaenne mara

double HH(double al,double a2)
{
double Result=1;
while (Math.Abs(a2-al)/Result<l)
Result/=10.0;
while (Math.Abs(a2-al)/Result>=10)
Result*=10.0;
if (Math_.Abs(a2-al)/Result<2.0)
Result/=5.0;
if (Math.Abs(a2-al)/Result<5.0)
Result/=2.0;
return Result;

}

Hpyroii mone3usiii Meron GetDigits, ucmonabp3yeMblil MPU MOCTPOCHUH
OCeif, TI03BOJISICT OMPEACIIUTh YHUCIO 3HAKOB MAHTHCHI B 3aBUCHMOCTH OT JIJIUHBI
uHTepBaa dX.
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* JIuctunr 6.5. YeraHoBka popmaTa

byte GetDigits(double dx)
{
byte Result;
if (dx>=5) Result =0;
else
if (dx>=0.5) Result=1;
else
if (dx>=0.05) Result=2;
else
if (dx>=0.005) Result=3;
else
if (dx>=0.0005) Result=4;
else Result=5;
return Result;

Berunciennoe 3Hauenne DIQItS wucmosip3yercss mpu IedyaTd  4KCIa,
OTIPEIeNIAIONIETO JeNICHHE:
string s = Convert.ToString(Math.Round(hl * i, Digits));
g-DrawString(s, aFont, Brushes.Black, 11(i*h1)-5,33(0)-13);

Ha mHCTpyMeHTanbHOM NaHenu BBICTAaBIEHO 4 aneMeHTa Kinacca Button.
Bce onm mmeror pasHele 3HaueHHus cBoiictBa Tag (0,1,2,3) W BBI3BIBAIOT OAWH
obpaborurk cobbitust buttonl Click().

- Jlucrunr 6.6. U3mMenenne pasMepos 0KHa

private void buttonl_Click(object sender,
EventArgs e)
{

int fl = Convert.Tolnt32(
(sender as Button).Tag):
switch (fI)
{
case O:
x1 += 0.1; x2 += 0.1;
break;
case 1:
X1l -= 0.1; x2 -= 0.1;
break;
case 2:
yl += 0.1; y2 += 0.1;
break;
case 3:
yl -= 0.1; y2 -= 0.1;
break;

199



MyDraw(11,3J3,9);

B 3aBucuMoOCTH OT 3HaueHHUs CBOHCTBa TaQg MPOHCXOIAT T€ WIH HHBIE
u3MeHeHuss pasmepoB okHa X1,Y1,X2,Y2, To ecrtb MeHsieTcs Macmrad
pHucoBaHusl. 3aTeM BBI3bIBACTCS MeTO/ niepepucoBku rpaduka MyDraw().

6.1.2. IEYATH

[IpunTep, Kak ® SKpaH, oOsamaeT rpadUUecCKUM IOJOTHOM KJiacca
Graphics, Ha KOTOpOM MOXXHO pucoBath TeM xe meromoM MyDraw(). Ho sto
[MOJIOTHO 00JafaeT OPYTMMH INHPUHOW M BbICOTOH. [loaToMy B 3TOT MeTO.
HEoOX0JMMO TepeslaBaTh JIPyriue MeTO bl MacIITaOUPOBAHHUS.

I[Tporecc mevyaTy COCTOUT W3 HECKOJIBKUX 3TaroB. Bo-nepBeix, He00X01uMo
BBecTH moste Kinacca PrintDocument:

PrintDocument prtdoc;

Bo-BTOphIX, HEOOXOMMMO BBECTH MapaMeTpbl okHa Ha Oymare int 11p,
12p, Jlp, J2p, 3HaueHHS KOTOPBIX OYOYT BEIYHCIECHBI II0 YCTaHOBKAM
MIPUHTEpPA TIepe]] NeYaThio, U OIPENSIUTh Yepe3 HUX METOIbI MacIITaOupOBaHMSL.

JIuctuHr 6.7. MeToabl MacIITAOMPOBAHMS AJIs1 IPUHTEPA

int llp(double x)

return I1p+(int) ((x-x1)*(12p-11p) /7 (X2 - x1));

}
int JJp(double y)
{

}

return J2p+(int) ((y-y1)*(J1p-32p) 7/ (y2 - yl));

B-Tpethux, BMECTO TOro 4T00BI pearnpoBath Ha cobbrtrie ONPaint(), Heobxo-
JIMMO CO371aTh 00pa0OTYMK COOBITHI, KOTOPOMY MOXKHO JaTh JIFOOOC WMs, M 3aperu-
CTPUpOBATh €ro Kak 00palOTUMK COOBITHI JUlsi BBIBOJA CTpaHMIpBL VIMEHHO B 3TOM
00paboTUHMKeE 3a/1af0TCS TApaMeTPhl OKHa Ha Oymare ¥ Be3biBaetcs meron MyDraw().

- JlucruHr 6.8. O0paboTYHK COOBITHS 1JISI IeYATH

private void prtDocPrintPage(object sender,
PrintPageEventArgs e)

{
e.Graphics.Clip = new Region(e.MarginBounds);
Ilp = e.MarginBounds.Left;
12p = e.MarginBounds.Right;
Jlp = e.MarginBounds.Top;
J2p = e.MarginBounds.Bottom;
MyDraw(l1p,JJp,e.Graphics);

}

[legaTs HauMHAETCS BEIOOPOM IMyHKTA MEHIO WJIM HA)KATHEM KHOIIKH.
200



- JIuctuur 6.9. BbI30B AnaI0T0B 1 MeYaTh

private void printToolStripMenultem_Click(object sender,

{

EventArgs e)

prtdoc = new PrintDocument();
prtdoc.PrintPage +=
new PrintPageEventHandler(prtDocPrintPage);
// cospmars PrintDialog,
// ocuosauuet Ha PrintDocument
PrintDialog pdlg = new PrintDialog();
pdlg.Document = prtdoc;
// noxasars PrintDialog
if (pdlg.ShowDialog() == DialogResult.0K)

// cospnars PageSetupDialog,

// ocuosauuent nHa PrintDocument u PrintDialog
PageSetupDialog psd = new PageSetupDialog();
// TonyuaeT miM =amaeT 3HAUYeHME, [IOKA3HBaIee
// BEMONHAETCA JIM aBTOMATUUECKOE

// npeobpazoBaHMe NapaMeTpOB MoJiel u3

// vyIIMMEeTPpOB B COTHE NOJM OMMa U OBPAaTHO -
psd.EnableMetric = true;

psd.Document = pdlg.Document;

// noxaszare PageSetupDialog

if (psd.ShowDialog() == DialogResult.0OK)

{

// npuMeHUTH Has3HaueHUA OBOUX IUAJTIOTOB
prtdoc.DefaultPageSettings =
psd.PageSettings;
// pemuTer kakoe mOelCTBME B3ATH
if (fIPrint) // neuars Ha Bywmare
prtdoc.Print();
else // preview na skpasne
{
PrintPreviewDialog prvw =
new PrintPreviewDialog();
prvw.Document = prtdoc;
prvw._ShowDialog();

}
}
}

B stom metoe:
1) cosmaercs 00vexT prtdoc kinacca PrintDocument;
2) peructpupyercss obpabotunk cobeituit  prtDocPrintPage

BbIBOJlda CTPAHWIBI;
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3)cosmaercs u mokaseiBaetcs PrintDialog, ocHoBaHHBII Ha
PrintDocument;

4) cosmaercs u mokaseiBaetcs PageSetupDialog, ocHoBaHHEBI Ha
PrintDocument u PrintDialog;

5) k 06BekTy PrtdocC npuMeHsieTcst Ha3HAYCHUST 000MX AUATIOTOB;

6)B  3aBucumoctd ot ¢uara FIPrint Be3eBacTcs  MeTOX
prtdoc.Print() mis meyatn Ha Oymare WM CO3Ma€TCs M IIOKA3bIBAETCS
PrintPreviewDialog, ocHoBanHslii Ha prtdoc.

6.2. 'PA®UK ®YHKIMH JBYX NEPEMEHHbIX

PaccMmotprM 3aiady TOCTpOEHHsI TOBEPXHOCTH, OIMMCHIBAEMOW (YHKIIMEH Z =
= T(X,y), B mapawenerunene (al,a2)*(bl,b2)*(cl,c2). Tlpexne Bcero
npuBeneM (OpMyNbl  CYNEpPIO3WIMKM  JIByX  IIOBOPOTOB CHCTEMBI  KOOpJAHMHAT
otHocutenbHo Toukd  (X0,y0,z0). Cmgur B Touky (X0,y0,z0), mnoBopor
oTHOcHTENBHO ocH OZ Ha yrod Ol ¢ HOCIEAYFOLIMM IIOBOPOTOM BOKpyT ock OX Ha yroi 3
OITUCHIBACTCS COOTHOIIEHHSIMH (6.1) 1 (6.2), COOTBETCTBEHHO:

X cosa —sina 0 x—x0
y|=|sina cosa 0|x|y—y0]|; 6.1)
z 0 0 1 z—20
X 1 0 0 X
y|=[0 cosfB —sinf|x|y| (6.2)
z 0 sinff cosf z

[Mocne mepeMHOKEHHSI MATPHUI] B COOTHOIICHUsX (6.1) u (6.2) moydaem
x = (x-x0)*cos o0 — (y-y0)*sin oi;
y = ((x-x0)*sin a+(y-y0)*cos o)*cos o-(z-z0)*sin o; (6.3)
z = ((x-x0)*sin o+(y-y0)*cos a)*sin o+(z-z0)*cos o.
z z z

/YY

u
z

A
\ 4

Puc. 6.2. CaBur 1 moBOPOT CUCTEMBI KOOPAUHAT
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Bynem cuurats, uro ocu OX u OY nexar B INIOCKOCTH MOHHTOpa, ock 0Z
MEPICHANKYIApHa 3KpaHy. byaeM CKuMaTh KOOpIAMHATHI TOUkH (X,Y) K
ennHCTBeHHOM Touke cxoma (0,0) mo dhopmysam (6.4) u (6.5):

X
= ; 6.4
i z/a+1 ©4)
Y
= . 6.5
I z/a+1 65)

[Tapametp A mondupaercs IKCTIEPUMEHTAIBHO.

Jnst Toro 4toOBl He YTSHKENATH JIMCTHHTH, MBI M paHee B TEKCTE U jayee
CO3HATENBHO HE HCHOJIB3YeM BO3MOXKHOCTH OOBEKTHO OpPHEHTHPOBAHHOTO
MIPOrpaMMHPOBaHMsL, TO €CTh HE CO3l1aeM Kiaccel. Ho Ha mpumepe 3Toil mpocToi
3aJa4d OTCTYIHMM OT 3Toro mpaBwia W B ¢aitne Lib3dGraph.cs cozmagum
kiacc TGraph3D.

TecTupyromas nporpaMma Ha SKpaHe MOHHTOpPA CTPOMT NPOEKLUIO OXHOM
W3 IIECTH MOBEPXHOCTEH, HanpuMep Z = 1+2*X*y-X-y npu (X,Y) € [0,1] x
x [0,1] (puc. 6.3).

Move Sides
o y=04+15xy—-020(x—y?)

o y=xt+y?

@ y=05x%+y?
(|0 y=x"—y*
o y=01lx—y

e y=1+2xy—x—y

Puc. 6.3. TloBepxHOCTh Z=1+2*X*y-X-y B CTUHUIHOM KyOe

Ha pucynke 6.4 mpeacrapieHa AuarpaMma KilaccoB IPOEKTa.
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OcHoBHoi#t kinacc TGraph3D wnacnenyercss or object u conmepur

(TSides

[ TDraw3D

I3
Class. Class.
= Nona ] Mona
P ¥ Sides & Meroas
@ Zmin % ChangeWindowXY
I Meroge % Draw
% Norm ‘:.‘0 DrawCub
@ Z_Min 5% DrawGrid
2% DrawSides
% o
PN ég i
¥ Rotate
:t‘rr:ctdor & JQ SetAngle
¥ SetDelta
@ SetV
e TR
' % TDraw3D
"_’ ¥ &% VectorToPoint
v oz ,;‘,0 KK
= Metoam ‘:,‘0 vy
@ TVector *

Puc. 6.4. [luarpamMma kiaccos

CJIeaAyromuye nojid, METoAbl U CBOIiCTBA.

~ JIucrunr 6.10. Kimace TGraph3D

public class TDraw3D

{

double
double
double
double
double
double
double
double
double
double
double
public
int n;
int m;
int 12;
int J2;

Xmin;
Xmax;
Ymin;
Ymax;
X1;
X2;
fYl;
fY2;
fxc;
fyc;

fzc;

// pasvepm oxHa Ha Bymare

// xy6 B

// uentp

double FA;
uycJio pazbueHumn
4uycio pas3bueHumn

muposoy CK

BpalleHMA

no X
o Y

public bool fTypeFace=false;
//true-Line, false-Face
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double AlT;

double Bet;

public TSides[] Sides;
static TVector[,] V;
public Bitmap bitmap;
public SolidBrush myBrush;

public TDraw3D(int VW, int VH)

public F Func;

public void Setv(Q)

private Point 1J(TVector P)

private double XX(int 1)

private double YY(int J)

private void DrawCub(Graphics @)

void DrawGrid(Graphics g)

TVector Rotate(TVector P)

void Sort()

Point VectorToPoint(TVector P)

void DrawSides(Graphics Qg)

public void Draw()

public void SetAngle(double x, double y)

public void ChangeWindowXY(int u, iInt v,
int Delta)

public void SetDelta(MouseEventArgs €0,
MouseEventArgs e)

}

HCHOHLSyCMHC B KJIaCCE THUIIBI OITMCAaHbI B CJICAYIOIIEM JINCTUHTE.

- JIucTunr 6.11. BecnoMoraTebHbIe THIIbI

public delegate double F(double x, double y);
public struct TVector

public double x, y, z;
public TVector(double x, double y, double z)

public class TSides

{
public TVector[] = new TVector[4];
public double N;
public double Zmin;
public double Z Min()
public double Norm(Q)
3
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IIpeoOpazoBanue koopauHaT 10 Gopmynam (6.3)—(6.5), ogHOTOYECUHOE
NPOEIMPOBAHME M MACIITAOUPOBAHUE IMPHU MEPEXOJE K IKPAHHBIM KOOPIHHATAM
omucaHbl B riaBe 3 u peanusoBansl B metoe 1J().

JInctunr 6.12. Meton npeodpaszopanust CK u macmraéuposanus

private Point 1J(TVector P)

{
double Xn=(P.x-fxc)*Math.Cos(AlIT)-
(P.y-fyc)*Math.Sin(AIf);
double Yn = ((P.x-fxc)*Math.Sin(AlIH)+(P.y-fyc)*
Math._Cos(AlT))*Math.Cos(Bet)-
(P.z-fzc)*Math.Sin(Bet);
double Zn = ((P-x-fxc)*Math_Sin(AlIF)+(P.y-fyc)*
Math.Cos(Alf))*Math.Sin(Bet)+
(P.z-fzc)*Math._Cos(Bet);
Xn = Xn/(Zn*FA+1);
Yn = Yn/(Zn*FA+1);
int X = (int)Math.Round(12*(Xn - Xmin) /
(Xmax - Xmin));
int Y = (int)Convert.Tolnt32(J2*(Yn-Ymax)/
(Ymin-Ymax));
return new Point(X, Y);
}

Merton SetV wucnonbdyer ykaszarenb Ha IMOJb30BaTENbCKUM MeTox Func
JUIS 33JIaHMSI MAcCHBa Y3JIOBBIX TOYEK V.

¢ Jluerunr 6.13. MeTon BHIYHC/IEHHS 2JEMEHTOB MaccuBa V

public void SetvV(Q)

{
V = new TVector[n,m];
double hx = (fX2-fX1)/(m-1);
double hy = (fY2-fY1)/(n-1);
for (int i=0; 1 <= n-1; i++)
for (int j = 0; j <=m - 1; j++)
{
Vi, j]-x = X1 + jJ * hx;
VLi, jl-y = fya + 1 * hy;
Vi, j]-z = Func(fX1 + j*hx, FfY1l+i* hy);
}
ks

Oomnacte onpenenenus Gpyakuun z = F(X,y) Toukamm X;= X1+hx*1i,
y; =yl+hy*j, 1 =0,.,n,j =0,1,...m pa3buBaercs Ha N*M NPAMOYTrOJIbHUKOB,
HaJ KaXIbIM M3 KOTOPBIX MOBEPXHOCTh (YHKIHH WHTEPIOIUPYETCsl pedpaMu
YeThIPeXyroibHuKa. [locTpoeHHe CHPOSKTUPOBAHHBIX HA OJKpaH YeThIpeX-
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YrOJNBHUKOB pealusyercst ¢ nomoinpio MeronoB DrawLine wm Polygon() B
merone Draw3D().

Jluctunr 6.14. PucoBanue rpaguxa

public void Draw3D(Q)
{
12 = bitmap.Width;
J2 bitmap.Height;
using (Graphics g = Graphics.Fromlmage(bitmap))

Color cl = Color.FromArgh(255, 255, 255);
g-Clear(cl);
if (1fTypeFace)
DrawGrid(g);
else
DrawSides(g);
DrawCub(g);

}

~ JIuctunr 6.15. PucoBanue rpajguka pedpamu

void DrawGrid(Graphics g)

{
Point PO, P1;
for (int 1 = 0; 1 <= n - 2; i++)

for (int j = 0; j <= m - 2; j++)
PO = LI(VLi, JD;
P1 = 1J(V[i, j + 1D);
g-DrawLine(Pens.Black, PO, P1);
P1L = LIV + 1, JD:
g-DrawLine(Pens.Black, PO, P1);

by

for (int j =0; jJ <=m- 2; j++)

{
PO = 1J(V[n - 1, JD:;
P1L = 1J(V[n - 1, j + 1]);
g-DrawLine(Pens.Black, PO, P1);

for (int i = 0; 1 <=n - 2; i++)

{
PO = 1J(V[i, m - 1]);
PL = 1J(V[i +1, m - 1]);
g-DrawLine(Pens.Black, PO, P1);

}

b
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JIuctuHr 6.16. PucoBanue rpaguka rpansiMmu

void DrawSides(Graphics g)

{

int L=(n-1)*(m-1);

Sides = new TSides[L];

for (int j = 0; jJ <=L -1; j++t)
Sides[j] = new TSides(Q);

int g =-1;

for (int j=0; j<=m-2; j++)

for (int i=0; I<=n-2;i++)

{
g++;
Sides[q]-P[0]=Rotate(V[i+0,j+0]);
Sides[q] -P[1]=Rotate(V[i+1,j+0]);
Sides[q]-P[2]=Rotate(V[i+1,j+1]1);
Sides[q]-P[3]=Rotate(V[i+0,j+1]);
Sides[q]-N = Sides[q]-NormQ);
Sides[q]-Zmin=Sides[qg]-Z Min();

}

SortQ);

for (int i = 0; i <=L - 1; i++)

{
Point[] w = new Point[4];
for (int j = 0; j <= 3; j++)

wlj]1 = VectorToPoint(Sides[i]-PL[i]);

byte R = 0;
byte G = (255 * Math.Abs(Sides[i].N));
byte B = (255 * Math.Abs(Sides[i]-N));
myBrush.Color = Color.FromArgb(R, G, B);
g-FillPolygon(myBrush, w);

}

}

B mertome Draw3D() mocie OYMCTKH KaHBBI PHCYIOTCS OCH TIOBEPHYTOM
cucrempl koopauaHat u Merogom Polygon() BeBomsaTcs  (parMeHTHI
MOBEPXHOCTH. [IOBEPXHOCTH pUCYETCs HaJ COUHHYHBIM KBAJPAaTOM, CTOPOHBI
KOTOpOro pa3OMTBI Ha N W M yacreil cooTBeTcTBeHHO. Kaxknplii ¢parmeHt
MPEACTABIsSCT COOOW YEThIPEXYrOJbHHK, BEPIIMHAMU KOTOPOTO  SIBJISIOTCS
3HaveHus QYHKIMU HaJ| y3JIaMH CETKU B IOBEPHYTOW CHCTEME KOOPIUHAT.

IMpu co3manuu kiacca Boi3biBaeTcst KoHCTpyKTOp TGraph3D.Create():

JIuctunr 6.17. Uaunmanm3anus AaHHbIX

public TDraw3D(int VW, int VH)
{

Xmin = -2; Xmax = 2; Ymin = -2; Ymax = 2;
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fX1 = 0; fX2 = 1; fy1 = 0; fy2 = 1;
fxc = 0.5; fyc = 0.5; fzc = 0.5;

n = 10; m = 10;

AIf = 4.31; Bet = 4.92;

FA = -0.2;

fTypeFace = false;

bitmap = new Bitmap(VW, VH);

Func = FO;

Setv(Q);

myBrush = new SolidBrush(Color._White);
¥

B KOTOpO#l 3amaeTcss TOYKa CMEIICHHs Hadana KoopamHaT (XC = 0.5;
yc = 0.5; zc = 0.5), koopdunment nepcnekrussl (FA = 0), na yria
noBopota cuctemsl koopaunat (Al = 4.31; Bet = 4.92), rabapursl OkHa
Ha Oymare (Xmin = -2; Ymin = -2; Xmax = 2; Ymax = 2), yka3zareib
Ha M0JIb30BaTENbCKUI MeTo 1 FUNC 1 co3maercs croii Bitmap.

W3MeHeHHe MHOTHX CBOMCTB JO/DKHO TIPUBOIAWTH K TIOBTOPHOMY
BBIYHCIICHUIO 3JIeMeHTOB MaccuBa V. IlosToMy B MeTO/Iax, OTBEYAMONIMX 32
W3MEHEHHE 3THX CBOMCTB, peaycMoTpeH Bbi3oB Metona SetV (). Tak, Hanpumep,
qutst ceorictea FX1 MeTo M3MEHEHNS BBITIIIAT TaK:

JInctunr 6.18. Meron u3meHenus cpoiictea Graph3D.X1

public double X1

{
get { return X1; }
set
if (fX1 '= value)
X1 = value; Setv();
}
}
}

IIpn co3manum T1HaBHOW (OPMBI TECTHUPYIOIIETO MPOEKTa CO3AaINM
sx3emmursip knacca Ob tuma TGraph3D, nepenaBast IMPHHY U BBICOTY HOPMBI.

JIuctunr 6.19. Cospanne s3x3emmispa kiaacca TGraph3D

private void FormMain_Load(object sender, EventArgs e)
{
MouseWheel += new MouseEventHandler (Forml_MouseWheel) ;
g = Program.formMain.CreateGraphics();
Ob = new TDraw3D(ClientRectangle._Width,
ClientRectangle.Height);
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PucoBanue Ha (hopMe MPOXOIUT B JBa 3Tara: CHadajla METOIOM pHCYeM Ha
BHyTpeHHeM Bitmap kmacca, a 3arem komupym stoT Bitmap ua xauBy Gpopmbl
W JTI000T0 IPyroro KOMIIOHEHTA.

- JIuctunr 6.20. Pucopanue Ha (popme

public static void MyDraw(Q)

Ob.Draw();
g-Drawlmage(Ob._bitmap,

Program.formMain.ClientRectangle);
}

[lepeMenieHne MBIIM C HaXaToOW KIABHIICH N0 Qopme NPUBOAUT K
usmenennto yrmoB AT u Bet. Haxarwe KimaBuIM MBIIHM BBI3BIBAET METOJ
FormMain _MouseDown, B koTopoM mogHuMaercsi ¢uiar mnepeMenieHus
drawing = true.

~ JIuetunr 6.21. Hauamno N0BOPOTa rpadguka

private void FormMain_MouseDown(object sender,
MouseEventArgs e)
{

drawing = true;
el = e;

[Tpn nepememieHny MK IO (popMe BBI3BIBaETCS 00pabOTIHNK COOBITHS.

- Jluctunr 6.22. IloBopoT rpaduka Npu nepeMeieHnH MbIIIH

private void FormMain_MouseMove(object sender,
MouseEventArgs e)
{

it (drawing)
{
it (1fIlMove)
{
double x e._X-ClientRectangle._Width/2;

double y = e.Y-ClientRectangle.Height/2;
Ob.SetAngle(x, Y);

}

else
Ob.SetDelta(e0, e); e0 = e;

}
MyDraw() ;
3}
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Ipu nepemeniennn kypcopa meimu yriasl AT u Bet menstores o 3akony
a = x-Width /7 2; b = y-Height 7/ 2;
Alf = arctan(b/a);
Bet = Sgrt(Sqgr(a/10)+Sqr(b/10));
T0 ectb yron AT sBisieTcst yriioM Mexmy JTHHHEH, COeMUHSIONIEN TOUKY TOI0MKEHHSI
MBIIIH | TIEHTp GOpMEL, a yroi Bet — paccTostHrEM MEKTY TOUKOH TTOJOKEHHUST MBITITH 1
LEHTPOM DKpaHa. IToT aaroputM peammsosad B merozie SetAngle().

JInctuHr 6.23. U3MeHeHHe yIiioB CHCTEMbI KOOPAMHAT

public void SetAngle(double x, double y)

AlF
Bet

Math.Atan2(y, X);
Math._Sqrt((x/10)*(x/10)+(y/10)*(y 7/ 10));

}

3aBepIraeTcs MOBOPOT rpadyka omycKaHneM (hrara IepeMereHNs] MBIIIH.

JluctuHr 6.24. 3aBepiienue NoBopoTa rpaguka

private void FormMain_MouseUp(object sender,
MouseEventArgs e)
{

}

drawing = false;

Ilpu wu3MeHeHMM  CBOMCTB  Kjjacca C  IIOMOLIBIO  KOMIIOHEHTOB
HHCTpYMEHTaJIbHOU (hopMbl, Hampumep cBoiictBa Graph3D.nX, Bo MHOrux
clydasx MpeayCMOTPEHO MOBTOPHOE U3MEHEHHE 3JIeMeHTOB maccuBa V. [Toatomy
JIOCTATOYHO MPOCTO BBI3BATh METOJ pucoBanus popmsr FOrmMain.

JInctuHr 6.25. U3MeHeHHe CBOMCTB ¢ HHCTPYMEHTAIBHOH (opMbI

private void TFormTools3DGr_SpinEditlChange(object sender)
if (SpinEditl.Text!=""")

Graph3D.nX = SpinEditl.Value;
FormMain_MyDraw() ;

}
}

6.3. UHTEPIOJIALIMS ® YHKLIAM

Ha mpaktuke 4vacTo BcTpeuaeTcsi 3ajada: IO 3aJaHHBIM Ha IUIOCKOCTH
3HadYeHuAM (XY;), 1=0,1,...,n TOCTPOUTH (YHKIUIO JTUOO TOYHO MPOXOISIIYIO
4yepe3 9TH TOYKH, MO0 MPOXOSIIYI0 KaK MOXKHO OJIMXKe K 3TUM To4ykaMm (puc. 6.5).
Hinke paccMOTpeHbI 4eThIpe CIoco0a pelieHus! 3TOW 3aJaui: HHTEPIIOJISLIMOHHBIN
MHorowteH Jlarpamka, MeTOA HaWMEHBUIMX  KBaJIpaTOB, HMHTEPIOJISIMS
KyOW4ecKHMH CIUTaiHaAMU U MHTEPIIOJISLMS KpUBbIMU besbe.
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X Xy Xn

» X

Puc. 6.5. 3agaya uHTCpHONSALUY
6.3.1. ITPOEKT AJ5 MIOCTPOEHUS MHTEPIOJALMOHHBIX KPUBBIX

[IpoekT npenHa3HAYEH Ui PUCOBAHUS JMHUM M0 MHOXKECTBY 3a/IaHHBIX Ha
IUIOCKOCTH TOYEK C HCIOJIh30BAHMEM YETHIPEX HHTEPIOSIIMOHHBIX METOJOB:
HMHTEPIIOSIIIMOHHOTO MHOrowieHa Jlarpamka, MeToJa HAaMMEHBIIMX KBaJIpaToB,
HMHTEPIIOJSIINY KyOUYECKHUMH CIUTaHAMH W MHTEPIIOISIIMK KPUBbIME be3sbe.

[poekT coctout U3 AByX (opm: rmaBHoit popmer FOormMain u dhopmsl ais
Hactpoiiku mapamerpoB FormTools u monyns Lbr_pas. B npoekte (puc. 6.6)
pear30BaHbI CIIEIYIOLIHE METOIBI:

—  BBIOOp OJTHOT'O U3 METOJIOB;
M3MEHeHHe Maciiraba (Zoom);
MepeMelIeHHe TOUCK;
JoOaBlIeHUE Y3IIOBBIX TOUCK;
yJlaJieHHe Y3JIOBBIX TOUEK.

N
= T ——— [E=E=

i Tools (=@ = ]

INomanan (Drawline)

@) DrawCurve
@ DrawClosedCurve

@ Narparx

KyGineckue cnnaiHs!

(@) HaumeHbLMx KE3apaTos

D/ Harsxerive I

Puc. 6.6. Buemnuii Bua GpopMbl mpoekTa
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I[JI}I OMMCAaHUSA Y3JIOBBIX TOYEK B IIPOCKTE HCIOJB3YETCA CICAyIomas

CTPYKTypa:
struct TPoint2

public double x, y;
public TPoint2(double x, double y)

{
¥
3
Camu y370BBIE TOUKH XpaHATCs B koyutekimu ArrayList points. Ilpu

3alyCcKe IPOEKTa CO3/1aeTCS MACCUB JUIMHON 7 DJIEMEHTOB, M DJIEMEHTBI 3TOTO
MacCCHBa 3aMOHAIOTCS CITyYaifHBIMHU JTaHHBIME (JINCTHHT 6.26).

this.x = x; this.y = y;

* JIucTunr 6.26. TlepBonaYaabLHOE 3aT0THEHHE MACCHBA

public FormMain()
{

InitializeComponent();
12 = ClientSize.Width;
J2 = ClientSize.Height;
points = new ArrayList();
Random rnd = new Random();
for (int 1 = 1; 1 <= 7; i+t)
points._Add(new
TPoint2(i,rnd.Next(100)/10));
gScreen = CreateGraphics(); // Invalidated
}
Merton pucoBanusi ompenensiercsi csoiicteom ltemlndex kommonenta
RgMethod na dopme FOormTools, koTopoe MOXET MPUHUMATH CIEAYIOIINE

3HAYEHUS:

0: nomanas;

1: Jlarpanx;

2: HAUMCHBIINX KBaIPaTOB;

3: KyOnuecKue CIiIaifHbl;

4: besbe.

PucoBanue nuHuUil ocymiecTBisieTcs meromoM Draw Ha kaHBe (GOpPMBI
FormMain. B muctuare 6.27 mpuBeIeH OCHOBHOM ()parMeHT Koma MeETo[a
Draw() c peanu3zaiueii pucoBaHust JOMAHOMN JIUHUH.

JIuctuHr 6.27. MeToa pucoOBaHUs JIMHUA

public void MyDraw()
{
12
J2

ClientRectangle.Width;
ClientRectangle.Height;
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Bitmap bitmap =
new Bitmap(ClientRectangle._Width,
ClientRectangle.Height);

using (Graphics g = Graphics.Fromlmage(bitmap))

g-FillRectangle(Brushes._White,
ClientRectangle);
g-DrawLine(Pens.Black,
new Point(11(x1), JJ(0)),
new Point(11(x2), JJ(0)));
g-DrawLine(Pens.Black,
new Point(11(0),JJ(yl)),
new Point(11(0), JJ(y2))):;
double u, v, u0=0, v0=0;
int L = points.Count;
Point[] p = new Point[L];

for (int 1 = 0; 1 <=L - 1; i++)

{
p[i]1-X = 1I(((TPoint2)points[i]).x);
pLil.-Y = JI(((TPoint2)points[i]).y);
}
switch (flFunc)
{
case 0: // DrawLine
for (int 1 = 1; i <=L - 1; i++)
g-DrawLine(Pens.Black,
pLi-1].X,pLi-1].Y,p[i]1-X,p[i]1-Y);
break;
OCTaJIbHEIE BapMaHTEL
3

for (int i = 0; 1 < points.Count; i++)
g.DrawRectangle(Pens.Black,
plLi]l.-X - 3, pLi].Y - 3, 6, 6);
gScreen.Drawlmage(bitmap, ClientRectangle);
%itmap.Dispose();
}
B mpoexTe mpeaycMoTpeHa BO3MOKHOCTH IEPETACKUBAHUS JIIO00H TOYKH
MBIIBIO. HOE)TOMy Hapdaay € TpaAuUUOHHBIMU METOdAMU MaCHITa6I/Ip0BaHI/I$I,
KOTOpPBIE 00CYKIAITNCH B MIPEIBIAYIICM ITyHKTE,

~ JIucTunr 6.28. MeToabl NpAMOro MacIITadMpoOBaHHs

static int Il1(double x)
{

}

return 11+(int) ((x-x1)* (12 - 11) /7 (X2 - x1));
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static int JJ(double y)
{

}

HCIOJB3YIOTCA MCTObI 06paTHOFO MaCHITa6I/IpOBaHI/I$[

return J2+(int) ((y-y1)* (31 - J2) /7 (y2 - yl));

~ JIucTunr 6.29. Metoapl 00paTHOr0 MacIITa0MPOBAHHS

static double XX(int 1)

{

return x1 + (1 - 1) * (X2 - x1) /7 (12 - 11);
3
static double YY(int J)
{

return yl1 + (3 - J2) * (y2 - yl) /7 (31 - J2);
¥

U co3maHel obOpabotumku Tpex coOweitmii onMouseDown, onMouseMove,
onMouseUp. Ha unctpymenTansHoit popme FOrmTools ecth 4eThipe KHOMKH,
usmensitonne nepemennyio Fl_tools. Dra nepemennas mpuHUMAaeT 3HAYEHHS
0...3: 0 — mepemerenre Touek; 1 — m00aBICHUE TOYEK; 2 — yOAJICHUE TOYEK; 3 —
u3MeHeHne OkHa mpocmoTpa Ha mwiockoctd. [Ipu FI_tools = 0 ¢ momomisio
meroga FindPoint onpenensercs Homep NUmPOINt Toukm, Ominkaiied K
(X,Y), u nomauMaetcs (uiar, paspeniarnmunii mepeMenienus — mydrawing =
true.

¢ JIucrunr 6.30. MeTox 06paboTKi HAKATHS KJIABUIIH MBIIIH

private void Forml_MouseDown(object sender,MouseEventArgs e)

{

el = e;
switch (flTools)
{

case 0: // Move
NumPoint = FindPoint(XX(e.-X),YY(e.Y));
mydrawing = true;
break;
case 1: // Add
points.Add(new TPoint2(XX(e.X),
YY(e.Y))):
MyDraw() ;
break;
case 2: // Delete
NumPoint = FindPoint(XX(e-X), YY(e.-Y));
if (NumPoint >= 0)
{

points.Remove(points[NumPoint]);
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MyDraw() ;

break;
T
s

No6asnenne Ttouek: mpu Fl_tools = 1 yeemuuuBaercs Ha 1 mumHa
JIMHAMUYECKOTO MaccuBa Todek POINt m M0OaBIEHHBIM DIIEMEHT 3aIlOMHIETCS
peoOpa30BaHHBIMK KOOPIMHATAMH TOYKH, B KOTOPOH MBI IETKHYJIH MBIIIEIO.

VY nanenue touek: npu Fl_tools = 2 ¢ momomsio meroma FindPoint
onpenensiercs Homep NumPoint rtoukw, Ommkaiimed x (X,Y), W sTta TOuKa
ynansiercst u3 maccuBa POINt. Ormerum, 4To yraieHue Touku Tpedyer nepecuera
K03 PHIIMEHTOB U METOIa HANMEHBIINX KBaPaTOB M KyOWIECKHX CIUTaiHOB.

U3smenenne okua mpocmotpa: npu FI_tools = 3 momuumaercs doar,
paspermraronuii mepemenienus, — mydrawing = true, u mepsblii pa3 pucyercs
(OKYCHBII TIPSIMOYTOJBHHUK.

Bo Bpemst mepemenienust Mbimm paboraer meronq FormMouseMove, s
koropoM mpu nepemeniennn Touku (F1_tools = 0) usmeHsIOTCS KOOPANHATHI
BBIICJICHHONW TOYKH, OOHOBIISIOTCS KOI((MHUIMEHTHI I METOAa HAMMEHBIIHNX
KBaJIPaTOB M KyOHUeCKUX CILTaiiHoB 1 MeTozoM Draw() mepeprcoBBIBacTCs BECh
rpaduk. IIpy M3MEHEHHH OKHA TPOCMOTPA CTHPAETCS (POKYCHBIN TPSIMOYTOIBHHK,
MEHSIOTCS KOOPJHHATHI €r0 IMOJBHKHOTO yriia M (DOKYCHBIH IMPIMOYTOIBHUK
pHCyeTcsl B HOBOM MeCTe.

JIuctunr 6.31. MeTox 06padoTKH nepeMenieHUs MbIIIH

private void Forml_MouseMove(object sender,MouseEventArgs e)

if (mydrawing)
switch (FlTools)

{
case 0: // Move
if ((Math.Abs(e.X-e0.X)>5) ||
(Math._.Abs(e.Y-e0.Y)>5))
{
el = e;
points[NumPoint] =
new TPoint2(XX(e-X), YY(e-Y));
if (FIFunc == 7) Gauss();
MyDraw() ;
};
break;
}

}
3aKaHYMBaETCs JBHXXCHUC MBIIIKW BBI3OBOM MCETOIA FormMOUSEUp, B

KoTOpoM omyckaercsi ¢uiar mepememenus mydrawing = Talse. [leiictBue
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MPEAYCMOTPEHO TOJBKO MPU M3MEHEHUH OKHA IPOCMOTPA: MEHSIOTCS MapameTphl
okHa mpocmoTpa (X1,Y1,X2,Y2).

- JIuctuHr 6.32. Mertoa 00padoTKH HAXKATHSA KJIABHIIM MBILIN

private void Forml_MouseUp(object sender, MouseEventArgs e)

{
}

6.3.2. MHTEPIOJSAALMOHHBIIA MHOI'OYJIEH JIATPAHKA

mydrawing = false;

I'pagpuk ¢yHKOWMH, OMpENENCHHON WHTEPIOISAIMOHHEIM MHOTOWICHOM
Jlarpamxka, mpoxouT yepe3 Bce TOUKH (X;,Y;):
noX—X

L=y [T % (6.6)

=0 j=0,j<>i X; _xj

OTOT MeToA 4Ype3BBIYaiHO TPOCT B HCIOJIB30BAaHMM, HO OONamaeT
CYIIECTBEHHBIM HEIOCTATKOM: OTKJIOHEHHE 3HAYCHUH (QYHKIHMU OT OXKHAAEMbIX
MOXeT OBITh TOCTaTOYHO OobImM (puc. 6.9).

st BBRIYMCIICHUS 3HAaYeHUWH MHorowieHa Jlarpamka mo ypaBHEHHIO (6.6)
MOJKHO BOCIIONIB30BaThCcs MeTonoMm Lagr.

- JIncrunr 6.33. Mertoa Jlarpanika

double Lagr(double x)

{
double p, s = 0;
int L = points.Count;
TPoint2[] P = new TPoint2[L];
for (int 1 = 0; 1 <=L - 1; i++t)
{
P[i]-x = ((TPoint2)points[i])-Xx;
PLil.y = ((TPoint2)points[il).y;
for (int 1 = 0; 1 <=L - 1; i++)
{
p=1;
for (int j =0; j <=L - 1; j++)
if G 1'=j)
p *= (x-PO1-x)/(PLi]1.x - PJ1-x);
s += p * PLil.y;:
3
return s;
3
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Puc. 6.7. Meron Jlarpanxka

[puBenem ¢parMeHT TEKCTa MPOrPaMMBbl, UCIIONbB3YOIIei MeTon Lagr s
MOCTPOCHHS TpadrKa Mo MHOKECTBY ToueK (X;, Vi), I =0,1,...,n.

- Jluctunr 6.34. MocTpoenne iuauM MEOro4Iena Jarpanska

case 1: // Lagrang
double h = SetH();
u = ((TPoint2)points[0]).x-h;

for (int i = 0; 1 <=m; i++)

{
u += h; v = Lagr(u);
if (i 1=0)
g-DrawLine(Pens.Black,

11(u0),33(v0),11(u),JI(V));

u0 = u; vO = v;

}

break;

Merton SetH onpenenseT mar U3MEHEHUs] IEPEMEHHOW X TPU pa3OoueHun
WHTEpBaJa HA M YacTeu.

~ JIuctunr 6.35. OnpegesieHue mara H3MEeHEHHs M0 X

double SetH()

{
int L = points.Count;
double Xmin = ((TPoint2)points[0])-x;
double Xmax = ((TPoint2)points[0])-X;
for (int 1 = 0; 1 <=L - 1; i++)
{
if (Xmin > ((TPoint2)points[i]) -x)
Xmin = ((TPoint2)points[i])-x;
if (Xmax < ((TPoint2)points[i])-x)
Xmax = ((TPoint2)points[i])-x;
return (Xmax-Xmin)/m;
}
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Hdeno B ToM, 4ro TmepBas W TOCIHEAHSS TOYKH HEe 00s3aTeNbHO
YIOBIIETBOPSIOT YCTOBHAM Xpepsar=M I N(X;), Xnocnemua=MaX(X;). [TloaToMy dhopmyma
H = (Xuocnemss = Xnepsas)/M HEIIPHEMIIEMA.

6.3.3. METOJ HAMUMEHBIIINX KBAJIPATOB

MeTo0oM HAWMEHBIIHMX KBaJAPaTOB MOKHO HCKATh HHTEPIOJSIIUOHHYIO
¢dyukuuro F(X) cpeau MHOTOYIECHOB CTEMEHH M:

F(x)e {S(x) = iaix’} 6.7)

Jj=0

TakK, YT00BI CyMMa KBaJIpaTOB OTKJIOHEHHH Oblila MUHHMAJIbHA:

2
D= Z}:[Z{; ax’i —y,] — min. 6.8)
i= j=

Ipu stom dyrkuus F(X) mpoxomut uepe3 Touku (X;,Y;), €CIU CTENCHb
MHOrOYJIeHa Ha €JUHUILYy MEHbBLIE YKCIa TOYCK.

\ .

N

Puc. 6.8. Meron HauMeHbIINX KBaAPATOB

Hns onpenenenus ko3GphUIHEHTOB a;, J =0,...,m 3anumeM HEOOXOIUMBIE
YCIIOBHSI SKCTPEMyMa.

a—DZO, k=0,1,..,n (6.9)
da,
Ui
Z:x,.k(Z:aj)c",-—yl.)2 =0, k=1,...,m. (6.10)
i—0 =0

ITocme mpeoOpazoBaHWii TOTy4aeM CIEAYIOMIYI0 CHCTEMY JIMHEHHBIX
YpaBHEHHUI:

> Cya, =B, k=0,..m, (6.11)

=0
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rac
C,=>.x"", B, =>x"y. (6.12)
i i=0

Jln1s1 BBIYMCIICHNS 3JIEMEHTOB MaTPHIBI JIMHEWHBIX ypaBHEHHH 0 popMyIaM
(6.12) m pemreHHs 3TOH CHCTEMBI MeTOIOM ['aycca MOXKHO BOCHOJB30BATHCS
meronoM Gauss. HeoO0XoanMo OTMETHTh, YTO CUCTEMA JIMHEWHBIX YPaBHEHUH ISt
METO0/1a HAaMMEHBIINX KBaJPaToOB, KaK IIPaBUIIO, XOPOLIO 00yCIIOBIIEHa U HE UMEET
HYJIEBBIX 3JEMEHTOB, a 3TO MO3BOJSET MAKCUMAJIBHO YIPOCTUTH aJTOPUTM
peLIEHUs] CUCTEMBI.

B merone Gauss() napameTpbl HMEIOT CIEeIYIONMA cMbIca: N+1 — gucio
TOYEK; M — CTENCHh MHOTOYIICHA; X, Y — MacCHUBHI Y3JIOBBIX TOYCK; C — MacCUB
KO3 PUIIMEHTOB MHOTOYJICHA.

JIuctunr 6.36. Meton I'aycca

public static void Gauss()
t int n = points.Count;
TPoint2[] P = new TPoint2[n];
for (int 1 = 0; 1 <= n - 1; i++t)
{
P[i]-x
PLil.-y

by
double[,] A=new double[CountStep+1,CountStep+1];
double[] B = new double[CountStep + 1];

// x030OMUMEHTH MaTpPULE
for (int j = 0; j <= CountStep; j++)

for (int k = j; k <= CountStep; k++)

((TPoint2)points[i])-x;
((TPoint2)points[i]).-y;

{
AL, kK] = 0;
for (int i = 0; i <= n - 1; i++)
{
double p = 1;
for (int 1 = 1; 1 < j + k; I++)
p *= P[i].x;
AL, K1 += p;
3
Y ALk, 31 = A3, KI;

//cBOBOIHEIE UJIEHEL

for (int k = 0; k <= CountStep; k++)

B[k] = O;
for (int i =0; 1 <=n - 1; i++)
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double p = P[i].y:

for (int 1 = 1; 1 < k; 1++)
p *= PL[i].x;

BLk] += p;

3

//pemenne cucCTeMH: NOPAMOM XOX

for (int i = 0; i <= CountStep - 1; i++)

for (int j i +1; j <= CountStep; j++)
{

for (int k = i + 1; k <= CountStep; k++)
ALk.31 += -ALL, J1*ALK, 11/ALT,0];
BLJ1 += -BLil*ALi.j1/AL[1.i];

b

//pemenre cucTeMel: OBPATHENL XOI

for (int j = CountStep; j >= 0; j--)

chl = BLi:

for (int k = j + 1; k <= CountStep; k++)
cOol += - ALk, 31 * C[k]:

Chil 7= ALY, 11:

}

Hwxe npuBOJMTCST TEKCT MPOrpaMMbl, B KOTOpoM uisi mMaccuBa (Xj, Vi),
i = 0,..,N METOJOM HAaWMEHBIIUX KBAAPATOB ONMPEIEISIOTCS KO3()(DUIIMEHTHI
MHOrowIeHa cTerneHu M i cTpouTes rpaduk 3TOro MHOTOWICHA.

- JIucTuHr 6.37. @parMeHT Koaa PUCOBAHHS JIMHHM JIJIsl METOJa HAMEeHbIINX
- KBaJpaToB

case 7: // Gauss

SetH(Q);
((TPoint2)points[0]).x - h;
(int 1 =0; 1 <=m; i++)

M= C T
o
=

u += h; v = F2(u);
if (i 1=0)
g-DrawLine(Pens.Black, 11(u0),
JI(V0), 11wy, JI(V));
u0 = u; vO = v;
}

break;

Meronq F2() BbluMcaseT 3HAUYE€HHE IIOJIMHOMA 110  HM3BECTHBIM
koaddurmenram C.

221



_ Jluctun 6.38. Borunciienne 3nauenusi NoJIMHOMA

double F2(double x)

{
int L = C.Length;
double result = 0;
for (int i1 = L-1; i>=0; i--)
result = result*x+C[i];
return result;
b

6.3.4. KYBUUECKHUE CILIAMHBI

CrutaifH-QyHKIMS MHTEPIONUpYyeT 3HaueHHs (Xi,Yi) HabopoMm (QYyHKIHH,
Ka)kasi U3 KOTOPBIX ONpeesieHa Ha WHTepBane [Xji,VYil:
—  ¢yukuus S(X) mpoxomut depes Bce TOUkU (Xj,Yi): S(X) =V, 1
=0,...,n;
— Ha BceM wWHTepBale [Xo,X,| OyHkmus S(X) IBaXIBl HEMPEPHIBHO
muddepeHnupyema.

Puc. 6.9. KyOudeckwuii cruiaitn
BymeM cumTath, YyTO Ha §-M HWHTEpBale CIUIAWH-QYHKIUSA OMpPEIENAETCS
MHOTOYJIEHOM TPEThEH CTEMEHN
3 2 .
S (x)=a,(x—x,) +b(x-x) +¢,(x—x;) +d.,i=1...,n.  (6.13)
Heob6xomumo ompemenuts 4N xoddduimentos a;,b;i,Ci,d;. Ycmosus
MIPOXO’KICHAS MHOTOYWICHOB Yepe3 y3JI0BbIe TOUKH Taf0T 2N ypaBHEHHIA

Si(x)=d =y, (6.14)
S, (x)=aD}+bD!+cD,+y =y _,i=1...,n, (6.15)
rae D, =x_, —x,_,.

i—
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VCIOBHE TNAJKOCTH TMEPBBIX IPOU3BOJHBIX BO BHYTPEHHHX TOYKAX JIAET
n-1 coornowennit S, (x,) =S, (x,).

¢, =3aq, D> +2b..D... +c

i+177i+1 i+17i+1 t+l’

i=1,...,n—1. (6.16)
YcnoBue r1agkocTH BTOPBIX MPOU3BOAHBIX AaeT emle N-1 cooTHomeHumit
S; (%) =5 (x;) (6.17)
WA

2b, =6a,, D, +2b

i+177i+1 i+l = ..,I’l—l. (618)
I[Ba HEOOCTAIOIMX YCJIOBUA CICAYIOT U3 YCJIOBUA 06pan1eH1/1;1 B HOJb

BTODPBIX TIPOM3BOIHBIX HA rpaHunax uatepsaia S (x, )=0 u S (x )=0:
p p p p 1 0 n n

6a,D,+2b =0, D, =x,—x, (6.19)
b, =0. (6.20)
N3 cootHomienuit (6.17) u (6.18) Haitnem a;:
bi—l _bz'
— 1 =4,...,0,
3D, (6.21)
a. = .
1 —bl
—, i=1
3D,

IMoxcraBum a; B cootHomienue (6.15):

(bz'—l _bz')Diz 2 .
———+bD; +¢, D, +y, =y, i=2,...,n, (6.22)
26D +¢,D; = Vo=, i=1

H HaiaeM Cj:

2oV _ppoi=2,..m,
Di
o (6.23)
W= _pp 3 =1,
1

Mocne wuckmouenns: koddounuentos a; u by u3 coorHomwenus (6.15) u
npeobpazoBanus s KodQduImeHToB by monydyaem TpexaAHaroHaIbHYO CHCTEMY
JINHENHBIX YPaBHEHUI

2%+ D, )*b +b2*D2 ='(yl'y2)+yo'y1

3 3 D, D,

, (6.24)
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bi—lDi + Z(Di +Di+1 )bi + bi+1Di+1 - _ Vi = Vi + Yia =i

YPaBHEHUM:

, 1=2,.,n-1,
3 3 3 D, D,
b, =0.
PaccmoTpuM Temepp pelIEHHE TPEXAWArOHAIbHOW CHUCTEMBl JIMHEHMHBIX
b ¢ 0 0 x d,
a, b, ¢, ... 0|=x d,
0 a, b 01| x, |=|d,

0 0 0 .. b)\x) \d

TpeX,I[I/IaFOHaIILHaSI CHUCTEMa peIIacTCd B ABa IMPOXoJa: 3a HepBHﬁ npoxon

JIEMEHTBI MaTPHLBI IIOJ THaroHabio npeodpasytotes B 0, 3a BTOpOi, 0OpaTHBIH,

X0, OIIPEACHIIOTCA Xj 5

i=1, .. .,Nn. Jlis pemeHns TpeXAMaroHa bHbIX CHCTEM

MOKHO BOCIONB30BaThCs MeTooM System_3D (), KoTophlil MONy4YaeT MacCUBBI

double[] a,b,c,d uBo3Bpamiaer penienue yepes maccus d.

- JlueTunr 6.39. MeTon pelenusi TPeXAMATOHAILHBIX CHCTEM

static void System_3D(double[] a, double[] b, double[] c,
ref double[] d)

// pemenmne TpexmMaroHAJIBHEIX CUCTEM

{

int L=a.lLength-1;
Array.Resize<double>(ref d,L+1);
d = new double[L+1];

// npamoit xom
for (int i=2; i<=L-1; i++)
b[i]=b[i]-c[i-1]*a[i]/b[i-1];
dli]=d[i]-d[i-1]*a[i]/b[i-1];

// obpaTHElT xoX;

d[L-1]=d[L-1]/b[L-1];

for (int i=L-2; i>=1; i--)
dli]=(d[i]-d[i+1]*c[i])/b[i]:

Hns onpeaencaus kod3(hduipeHToB MHOrowieHoB (6.13) mo dopmynam

(6.24), (6.23), (6.21) u (6.15) MmoxHO BOCIIONB30BaThECA MeTogoM SetSystem3D,
KOTOPBIN KCIONB3YeT MAaCCHBBI KOOPIUHAT Y3JIOBBIX TOUEK X,Y ¥ BO3BpAllaeT
K03 PUIMEHTH MHOTOYIICHOB TPETheil crerenu a,b,C,d.
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- JIucTunr 6.40. MeToa NOArOTOBKH K03 (GHIMEHTOB /ISl CHCTEMBbI

public static void SetSystem3D(out double[] a,
out double[] b,out double[] c,out double[] d)
{

object[] arr = points.ToArray();
int L=arr.Length;
TPoint2[] point = new TPoint2[L];
for (int i=0; i<L; i++)
{
point[i]-x=((TPoint2)arr[i])-x
point[i].y=((TPoint2)arr[i]).y

by

double[] delt = new double[L];

double[] w = new double[L];

double[] g new double[L];

double[] p = new double[L];

new double[L];

new double[L];

c new double[L];

d new double[L];

double[] r = new double[L];

for (int i=1; i<=L-1; i++)
delt[i]=point[i-1]-x-point[i]-x;

//Bruncrienre Ko3QOULUMEHTOB IJIS CUCTEMH ypaBHEHU

for (int i=1; i<=L-2; i++)

{

b

wli]=-(point[i].y-point[i+1l].y)/delt[i+1]+
(point[i-1].y-point[i].y)/delt[i];
p[i]=delt[i]/3;
q[i]=2*(delt[i]+delt[i+1])/3;
rli]=delt[i+1]/3;
b
// Peuenye TPexXAMATOHAJBLHOM CUCTEMH ypPaBHEHUN
System_3D(p,q,r,ref w);
for (int i=1; i<=L-1;i++) b[i]=w[i];
b[L-1]=0
// BouucieHue OCTalIbHHX KO3b0OMUMEHTOB MHOTOUJICHA
c[1]1=(point[0].y-point[1].y)/delt[1]-
2*b[1]*delt[1]/3;
a[1]=-b[1]/(3*delt[1]); d[1]=point[1].y;
for (int i=2; i<=L-1; i++)
{
d[i]=point[i].y;
a[i]=([i-1]-b[i])/(3*delt[i]);
c[i]=(point[i-1].y-point[i].y)/delt[i]-
delt[i]*b[i-1]/3-2*delt[i]*b[i1]/3;
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Hike npuBoauTcs (parMeHT TEKCTa NPOrpaMMbl, B KOTOPOM CTPOHMTCS
rpaduk QYHKIMH [0 3THM MHOTOYJICHAM.

Jluctunr 6.41. Metox pucoBaHus

for (int i=1; i<=L-1; i++)

{
v = ((TPoint2)points[i]) -x;
u = ((TPoint2)points[i-1]).x;
h=Cv-u)/m;
u -= h;
for (int j=0; j<=m; j++)
{
u+=h; v=F3(i,u);
it g '=0)
g-DrawLine(Pens.Black, 11(u0), JJ(v0),
1, J3wv));
u0 = u; vO = v;
}
}

Jlyist BBIYMCIIEHMS 3HAYEHUs] MHOTOYIEHA Ha -M MHTEpBAle HCIOJIB3YETCs
meron F3(1,uU).

- JIucTunr 6.42. Beruuciaenne 3HaYeHAs MHOTOYJIeHA Ha i-M HHTepBaJie

double F3(int i, double u)

double x = ((TPoint2)points[i])-x;
return ((a[i] * (u-x) + b[i]) * (u-x) + c[i]) *
(u-x) + d[i];
3

6.3.5. KPUBBIE BE3BE

B cnenyromeM npumMepe BBIIOJIHAETCS prUcoBaHuE KpuBoil besbe.
HamoMHuM, 9TO B BEKTOpHOW MapaMeTpudeckoil ¢opMme ypaBHEHHS,
omuceBaromue KpuBylo besbe (puc. 6.10) mo uerslpem Toukam V.V, V.V,
BBITJISAIAT TaK:
2 3
X =V +3V (1-1) 43Vt (1-1) +V, (1-1) . (6.25)
B stom ypaBrenun napametp te [0,1]. Bekrops! V, -V, u V, —V, kacarorcs
KpUBOH B Toukax V, u V,. JIng KpuBOH, COCTOAIIECH U3 HECKOJIBKUX (PparMeHToB,

JAOJZKHO BBIITOJIHATBCA YCJIOBHUE: KOJIMIECTBO TOYCK = 3N + 1.
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Vi

Vo

Vs‘

— e

Puc. 6.10. ®parment kpusoii beszse

Jyis pucoBaHMS MOXKHO TIOJB30BAaThCS ypaBHEHHAMH (6.25), a MOXKHO
ucnojp3oBath Meton DrawBeziers(), kotopblii TpeOyeT MaccHBa KOOPAWHAT
Touek. Mpl Oyjaem mosnb3oBaThesi mMetogom DrawBeziers, u B stom ciydae
(parMeHT KoJia, PUCYIOIIHUIT JIMHUIO, BHITJISIIUT TaK:

- Jluctunr 6.43. Pucosanne innun Besne

case 3: // DrawBeziers
if (L %3==1)
{

g-DrawBeziers(Pens.Black, p);
for (int i =0; i <L -1; i =1+ 3)

g-DrawLine(Pens.Black,
pLi].X,p[].Y,p[i+1].X,p[i+1].Y);
g-DrawLine(Pens.Black,
pLi+3]-X,p[i+3].Y,p[i+2].X,p[1+2].Y);
}
}

break;
Ha pucynke 6.11 npuBeaen npumep nuHuM be3be, omnuparomieiics Ha
7 TOouex.

Kpome nmunanit besse B C# ecTh METOIBI:

— DrawCurve(Pen pen, PointF[] points, float tension);
— DrawClosedCurve(Pen pen, Point[] points;

— Ffloat tension, FillMode fillmode),

KOTOpBIE PUCYIOT 3aMKHYTYI0 (WJIM HE3aMKHYTYIO) (yHIaMEHTalnbHYI0 KPHBYIO,
oTIpesieIIeMyI0 MacCHBOM CTPYKTYp POiNts ¢ yKka3aHHBIM HaTSDKEHUEM.
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b2

O ———_ =

Toals

& X =

@ TMowmarias (Drawline)
(@) Drawlines

@ DrawBeziers

@) DrawCurve

@ DrawClosedCunve

@ Marparox
() KyBmeckie cnnaiHe!

(@) HammeHblmx KEanpaTos

=

Puc. 6.11. Kpussle besbe
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I'maBa 7. BUHAPHBIE OIIEPALIUA

Omnepamn  oObenuHEeHHs, BBUUTaHUS, mepecedeHus 2D u 3D Ten
HCIIONIB3YIOTCSl TIPU MIPOEKTUPOBAHUM B apPXUTEKTYPe M MAIIMHOCTPOCHUH. JTa
3amava SBISETCA TOCTATOYHO CIOXKHOW. B myHKTE 2.5 OMMCaHBI KJIAcCHl ITyTel
GraphicsPath u pernonos Region, mo3BoAIONIHE BBITIOIHATH 3TH ONEPaLuK
B mpoctpanctBe 2D. OnHako 3TH Kiacchl HE MO3BOJIIOT IMOJMYYHTHh IOCTYI K
OTIOPHBIM TOYKaM pe3yJIbTHUPYIONIEro MHOXecTBa. O030p M3BECTHBIX aJITOPUTMOB
U OMHAPHBIX omepanuii [44] It MHOTOYTOJIEHUKOB TI0Ka3ajl, YTO OHHA PaboTaroT
C OTPaHMYCHUSAMH Ha BHI MHOTOYTOJHHHKOB M HE MOTYT OBITH OOOOIIEHBI Ha
npoctpancTso 3D.

Hymepanusi GMHApHBIX Oliepanyii HaJl MHOXKECTBAMU M BBEJICHUE WHJIEKCOB
IpaHuL], OTIMCAHHAsl B 3TOM IJ1aBe, M03BOJISIET ChOpMyIMpoBaTh OOLIMI aJrOPUTM U
g 2D- u qnia 3D-npoctpancTs [44].

W3 snemenToB aByx MHOeCTB A 11 B mpocTpancTBa M, ricrions3ys oneparim
0o0beANHEeHNST U, TepecedeHus M M Pa3sHOCTH \, MOXXHO COCTaBUTH HOBOE
mHoxkecTBO C (puc. 7.1).

2,903

=AnB =AUB =

Puc. 7.1. Onepanuu HaJ MHOKECTBAMH

B O6HIeM Cjlyda€ HaJd ABYMS MHOXCECTBaAMU A u B moxHO paccMaTpuBaThb
mecTHaaAuaTb pa3JIn4IHbIX onepaunﬁ.

7.1. JIVYEBOM AJITOPUTM OINPEJIEJIEHUS TPUHAIJIEXKHOCTU
TOYKH

Jis MHOTOYTONFHUKA BBIYHCISETCS YHCIO MEpeceueHui Jyda, Hampumep
TOPU30HTAIBHOTO, NPOBEAEHHOT0 M3 TOYKM Q JOCTaTOYHO JalieKo 3a IpeJielibl
MHOTOyTONBbHUKA. Ecnmm 310 uwncmo Y€THOe, TO TOYKAa HE MPHHAIIC)KUAT
MHOT'OYTOJIbHUKY.

OcHOBHBIE TPOOJEMbl BO3HUKAIOT MPH MPOXOXKACHMH Jyda Q uepes
BEPLIMHBL: JJII MHOTOYrojbHUKa o0mero Buaa (puc. 7.2) B BEpIIUHE MOXKET
CXOJIUTHCS] HECKOJIBKO pebep 1 pedpa MOTYT COBIA/IATh C JTyUOM.
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Puc. 7.2. Tlpumep rpada, yI0BICTBOPSIONIETO YCIOBHIO Diinepa

AJITOpUTM TIpeIjiaraeT B 3TOM Cllydae 3acUHTHIBATH IIEPECEUYCHHE JTyda
TONBKO C KOHIOM OpHEHTHPOBAaHHOTO peOpa. BaxHBIM acnekToM sBIseTCS
riobanbHas MO BCEMY KOHTYPY YIOPSOOYEHHOCTh pebep, obOecrmeymBaromas To,
YTO B BEPIINHE HE MOTYT CXOAUTHCS KOHI[AMH JIBa ITOCJIEI0BATENBHBIX pedpa.

Kak yxe yTBepkIaitock paHee, JUII MHOTOIPaHHHKOB TJIoOaJbHAas
YIOPSI0UEHHOCTh pedep U IrpaHel, TO eCTh CYIECTBOBaHHE 3aMKHYTBIX IMKJIOB
no rpagy pebep u rpaHel, HeBo3MOXKHA. [103TOMy HEOOXOAMMO HCIIOIBL30BATH
WHOH aJrOpPUTM, KOTOPBIi Oy/ieM Ha3bIBaTh MHIIUIEHTHBIM.

7.1.1. AHOUMIEHTHBIN JYYEBOM AJITOPUTM JJISI MHOTOYI'OJIbHUKOB

VY NOJIMroHOB, OrPaHMYMBAIOIINX MHOTOYTOJIBHUKH, IS JIIOOOH BEpIIMHBI
CTCNEHp IOJOKUTENbHA M 4YeTHa. JJii anropuTMOB NPUHAUIC)KHOCTH TOYKH
0COOYIO CJIOKHOCTb MPEACTABISIIOT BEPIIMHBL, CTEIEHb KOTOPBIX Ooibmie 2. s
JaJbHEeWIIero aHauu3a BBEIEM IMOHATHE MHOXECTBO CMEXHBIX BEpIIMH.
B rutockom cityyae 4epes BepUIMHY V MOXKET NPOXOANTH HECKOJIBKO (parMeHTOB
KoHTypa. Kaxnprii dparmMeHT MOXeT comepikaTh TONbKO aBa pebpa Ey m E; ¢
HopMaisiMu Ny 1 Ny, y KOTOPBIX BHEIIHHE HOPMaJIM HE MEHSIOT OPHUEHTALUIO, TO
€CTh CKaJISIPHOE NPOU3BEICHHE BEKTOPHBIX MPOM3BEACHHI NOJKHO OBITH OOJIBIIE
HYJISL:

(E,XN,, E,xXN,)>0. (7.1)

Onpedenenue. JIBa MHIIMACHTHBIX pedpa e;=(v,V') U e,;=(v,V") BEpIIUHBI V
00pa3yroT cemelicmeo UHYUOeHMHbIX pebep, €CIU WX BHEIIHME HOPMalld He
MEHSIIOT 3HaK.
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Takum oOpasom, mis BepmuHbEl V = (X; V,, E,, F,, N) MHOXECTBO
UHIUIEHTHBIX pedep E, pasOuBaercs Ha N ceMelcTB MHIUASHTHBIX pebep E, ,, He
MEHSIOIINX HATPABJICHUE BHEIITHEH HOPMAJIH:

E,=UE,,.

JIBe CMeXHBIC BEpIIMHBI, OJHA W3 KOTOPBIX SBJSICTCA HAYAJIOM
UHIMICHTHOTO pebpa €, a BTOpas — KOHIIOM pebpa €,, o0pasyioT cemeicmeo
CMEIHCHBIX BEPULUH.

Y BepmmHB V), H300pakeHHOW Ha pHcyHKax 7.3a, 0, CyIIecTByeT
6 CMEXXHBIX BEpIINH, KOTOPBIE MOTYT BXOJHTH B TPH ceMeiicTBa.

B cnyuae, moka3anHOM Ha pucyHke 7.3a, 3to cemeiicta [0(0,0), 1(0,1)],
[4(1,0), 5(1,1)], [2(2.0), 3(2,1)]. B cmyuae, nmokazaHHOM Ha pucyHke 7.30, 3TO
cemeiicta [0(0.0), 3(0,1)], [2(1.0), 5(1,1)], [4(2.0), 1(2,1)]. [TepBoe uucmo mociue
HOMeEpa BEpIIMHBI 0003HaYaeT HOMEP CEMEWCTBa, BTOPOE — HOMEP BEPIIMHBI B
cemeiicTBe. Bcero Moker OBITH miecTh pa3IMYHBIX BapHaHTOB cemelcTB. Ha
pucyHkax 7.3a, O ImpecTaBlIeHBI TONBKO JBa U3 HUX. HemomycTUMbl BapuaHTHI, B
KOTOPBIX TPOUCXOANT CMEHA HAIPABJICHHUS HOPMalW, HalpUMep BEpIIMHBI 1 U 5
HE MOTYT OBITh CMEKHBIMU B OJTHOM CEMENCTBE.

JlydeBoli anropuTM ONpeneNeHHus NPUHAIICKHOCTH B IIOCKOM CIIydae
CBOJIMTCSI K CJIC/TYFOLIIMM IlIaraMm.

1. Haxonum Te BepUIMHBI, KOTOPBIE MOMNAIAI0T Ha JIyY.
a) Jlns KaxJaoi Takoi BEpIIMHBI CTPOUM CEMEWCTBO MHIIMCHTHBIX BEPIIUH.
b) [ns kaxnoro ceMmeidcTBa ompenenseM, IMPUHAUICKUT JIM BEpIIUHA
MHTEpBaly MpPOEKNWH WHOWICHTHBIX BepmMH Ha ock Y. Ecmm
NPUHAAJIEKUT, TO YUCIIO IEPECEUECHUH YBEIUYMBaeM Ha 1.
2. Iyt Bcex pebep 0e3 BEpPIIMH CUUTACM YHCIIO0 NIEPECCUCHHH.
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Takum o0Opasom, 3agada ONpeNeNeHHsS NPHUHAMIECKHOCTH CBEIACh OT
JBYMEPHOH K OJHOMEPHOM — K OIIPEAEICHUIO IIPUHAJIEKHOCTH TOYKU UHTEPBAIY.

7.1.2. ER-MOJEJIb

Jnsi omucaHWsi MHOTOYTOJBHUKA WM TPHAHTYJIMPOBAHHOHW IMOBEPXHOCTU
Oy/1eM HCIOJIb30BATh MOJIENb «CYITHOCTD — CBsI3b» (ER-Monens).

PaccMoTprM MHOTOYTOJBHHMKH OOIIEro BHAA, KOTOpPBIE MOTYT OBITh
OTpeIeNIeHBI TPEMsI CYIIHOCTIMA: MHOTOyTONbHUKH (PO lygons), pe6pa (edges)
u BepmnHB! (Vertex). B obmeM ciaydae 3TH CYIIHOCTH CBS3aHBI MEXIY COOOH

TpEeMsA OTHOWICHUSAMHU «MHOTME KO MHOI'M» (MHOFOYFOJ'IBHI/IKI/I — pe6pa,
MHOT'OYT'OJIbHUKHW — BCPIIHWHBI, pe6pa — BepH.II/IHLI) 1 TpEMsA OTHOLICHHUAMU «OAUH
KO MHOTHUM (MHOFOyI‘OJ’IBHI/IK — HWHIOUACHTHBIE MHOTI'OYT'OJIbHUKH, pe6po -

WHIOWACHTHBIE pedpa, BepIIMHA — MHIUACHTHBIC BepmnHbl). Ho amst anroputma
NPUHAAJICKHOCTH JIOCTaTOYHO OCTaBUTHh MATh CBSA3eH «OAMH KO MHOTHM)

(puc. 7.4).

- Edge
Polygon OrpaHuyeH pebBpami p . .|ldEdge
IdPolygon | 4., 4 JrpaHUyHEEET NONKIOHE Vertex]
Yertex?
Yertex
1% (ldYertex 1.2
b
- .
OnKpasTos Ha BEePWKHE A OnKpasTos HA BEEPWKHE

1%

r
HHLI,H,D.EHTHI:IE BEPWHEI

Puc. 7.4. ER-Mojenb 111 MHOTOYTOJIBHUKOB OOIIET0 BHIA

OOpaiiiaeM BHUMaHUE Ha TO, YTO JUIS PEaM3alliy alrOPUTMA JUIsS KaXI0H
BEpILIMHBI MOTpedyeTcsi 3HATh CeMEHCTBa ee coceleil, TO eCTh HEoOXOIMMO
OCTaBHTH CBSI3b «BEPIINHA — HHIUICHTHBIC BEPIIHBD).

Crpyktypa cymHoctd VertexX moMuMo KOOpIAHHAT X,Y COACPIKHT MOje
Fami ly — n1ByMepHbIi MacCHB CeMEHCTB HOMEPOB HHIIMACHTHBIX BEPIIHH H MOJE
Visit — npusHak MOCCHICHUS BEPIIMHBI, HCIOJIb3YeMbIH TPH peanu3aluu
QITOPUTMA TPUHAJICHKHOCTH. DTOT MPHU3HAK 3ampelaeT o0padaThIBaTh BEPIIUHY
JIBIKJIBL.

Crpykrypa pedep Edge comepxkur maccus IdVertex nomepoB BepiivH,
Ha KOTOpBIA oHa ommpaercs, u MaccuB 1dP0olygon HoMepoB MHOTOYTOJBHHKOB,
KOTOpoMy pebpo npunasekut. Kpome aroro, y pebpa ects mojae NOrm — BeKTOp
BHEILLIHEH HOpMAJIH.
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Hakonen, crtpyktypa MHoroyromsHukoB Polygon comepxutr Maccus
ldVertex HoMmepoB BepiIMH, HAa KOTOPbIA oHa omupaetcs, U maccus IdEdge
HOMEPOB pedep, COCTABILIIOINX KOHTYP MHOTOYTOJIBHHKA.

7.1.3. AETAJU3ALIUA AITOPUTMA JJISI MHOTOYTOJIBHUKOB

BBemem OWT MpHHAMICKHOCTH TOYKM BHYTpeHHEH obmactn Parity,
npuHUMaromuit 3HadeHus 0 U | ¥ MeHSIOMMN 3HAYeHHe IpH BXojAe B 00JacTh U
TIPY BBIXOJIE U3 HEE.

AJ'IFOpI/ITM COCTOMT M3 IBYX LIaros.

1. Haxoaum Te BEpIIMHBI, KOTOPbIE ONAJal0T Ha JIyY.
a) s xaxaoi Takoi BepIIMHBI CTPOUM CEMEHCTBO MHIIMCHTHBIX BEPILIUH.
b) Jns kaxkngoro cemelcTBa ompenensieM, NPHHAUICKHUT JHM BepIIMHA
WHTEpBATy TMPOCKIMH WHIMIACHTHBIX BEpmMH Ha ock Y. Ecmm
MPUHAIJICKHUT, TO MCHAEM our MMPUHAJIC)KHOCTHU.
2. Iyt Bcex pebep 0e3 BEPIIMH CYUTACM YHCIIO IIEPECCUCHHH.

Bropoii mar npo0sem He Bb3biBaeT. PaccmoTpum Gosee moapo6Ho mar 1.1
IUIOCKOTo anroputMa. Ha pucyHke 7.2 mpencraBieH OpHEHTHPOBAHHBINA rpad u3
27 y3710B, AL KOTOPOro cyuiecTByeT sinepoB muki: 0, 1, 8, 7, 1, 25, 26, 1, 2, 12,
11,2,10,9,2,20,19,2,13,14,2,3,17, 18, 3, 15, 16, 3,4,5,6,0, 23,24,0, 21,
22, 0. Takux UUKIOB CYIIECTBYET OOCTaTOYHO MHOro. Tak, Hampumep, Ijs
BEpIIMHEBI ¢ HOMepoM | cymiecTByeT Tpu pparmenra myrteit mo BeprmHaM (0, 1 ,8;
7,1, 25; 26, 1, 2), Ho BOo3MOXeH myTh 1o BepmmHam (7, 1, 25; 26, 1, 8; 0, 1, 2).
JJis BepIIHBI ¢ HOMEpPOM 2 CYIIECTBYET IATh pparmenToB nyteit (1, 2, 12; 11, 2,
10; 9,2,20; 19, 2,13; 14,2, 3).

Brpouem, noctpoeHne 3isiepoBa IUKIa HE 00A3aTENBHO UIS TOCTPOCHUS
ceMEiCTB WHOWUJACHTHBIX BEPIIWH.

1. MoxHo, HapuMep, YIOPSAOUYNTh HHIUACHTHBIE pedpa BEpLIMHBI [0 YTy U
KaXyIO0 TIOCJIEI0BATENBHYIO NTapy COOTBETCTBYIOLINX MHIMICHTHBIX BEPIIUH
cunTath  cemedcTBoM.  Takoil ~ moaxox — TpeOyeT — BBINIOJIHEHHSA
TPUTOHOMETPUYECKUX BBIYMCICHHH C HEM30€XKHOW IOoTepeld TOYHOCTH U
3aMeIIIonuX padory anroputma. [losToMy MBI €ro paccmMarpuBaTh He
OyzaeM.

2. Bropoii nokambHBIH C€HOCOO CBOAMTCA K IOCIEIOBAaTeNbHOW cOOpKe
WHIOMACHTHBIX BEPIIVH B MApHI, YAOBICTBOPSIOIINE YCIOBHIO 1.

3. Eme ogmH MOKambHBIN CIOCO0 (DOPMHUPOBAHUS CEMEUCTB OYIET MpemIokKeH
HIDKE ITPH 00CY’KACHUN aJrOPUTMOB ISl MHOTOTPaHHUKOB.

Tem He MeHee BepHEMCs K mpobiieMe ri100aibHON YIIOPSI0YCHHOCTH pedep,
TO €CTh K aJITOPUTMY HaxOKIEHUs dilliepoBa 1MKIa. [ peannsanuu ajaropurma
HaxOXKACHHs JiJiepoBa LUKIa NMOTpedyercst pabounid crek Stack u emie oamH
cTek st dinepoBa mytd Path. HamoMuum anroputM ompezeneHus 3iiepoBa
MYTH.
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O4HUCTUTH MPU3HAKH HOCEIICHUSI Y3JIOB.
Hauatp aBxeHue u3 J1000Oro y3ia, HampuMep ¢ HomepoM V = (), TTOMeCTHB
9TOT HOMEp B cTek Stack.

3. Ecmm crek Stack He myct, To a8 TeKymmero ysia Ha#TH pe6po,
COEIMHSIIONIEE C MHIUACHTHBIM y3II0M, TI0 KOTOpOMY ellle He xo . Muade
MPOUCXOJUT BBIXOJI U3 aJITOPUTMA.

4. Ecmu Takoe pebpo HaiijeHO, TO MOMeCTuTh B crek Stack unHmumeHTHBIN
y3el1, IOMETHTh TO, 4TO pedpo mpoiaeHo, u mepeditm Ha mar 3. MHaue
BBIMOJIHUTH 1Iar 5.

5. Ecau pebpo He HalifieHO, TO B3ATh HOMEp y3ia u3 creka Stack, to ects
BEPHYTBHCS Ha3aj, TIOMECTUTH HOMEp y3ia B cTek 1yt Path u mepeiitn Ha
mrar 3.

Pesynbrart paboThl anropuTMa HakaruiuBaeTcs B creke Path:

Path =(o,8,7,1,25,26,1,1,12,11,2,10,9,2,20,19,2,13,14,2,
2,17,18,3,15,16,3,3,4,5,6,0,23,24,0,21,22,0).

OnHAKO ISl BETBAIIMXCS KOHTYPOB THIIA, MPEICTABICHHOTO0 Ha puc. 7.2,
crek Path He coBceM TOYHO OTpaxkaeT MyTh: BO-NEPBBIX, CHIBHO BETBAIIUECS
BEpILIMHBI, HanpuMep 1 wiu 2 win 3, HECKOJIBKO pa3 MOJPSL MOMaIaloT B CTEK; BO-
BTOPBIX, PSJIOM OKAa3bIBAIOTCS BEPLIMHBI, HE COEIUHEHHbIE peOpamu. Jis
KOPPEKTHPOBKH MyTH BBEAEM eiiie aBa crteka: PathTemp — BcoMoraTenbHbIH U
PathDouble — s mOBTOPSIOUIMXCS BEPIIMH. AJTOPUTM COCTOUT W3 JBYX
mpoxojoB. Ha mepBoM mpoxoje coOHUpaeM MOBTOPSIONIMECS BEPIIMHBI B CTEK
PathDouble, na BTOpoM — BcTaBmsiem u3 creka PathDouble sepumnsbl,
MEXIy KOTOPBIMH He CymiecTByeT pedpa. Bo Bpemst mepBoro mpoxoma crek Path
paspyimiaercs, [O3TOMY TMPHUXOJUTCS  CO3[aBaTh BCIOMOTATENBHBIAH  CTEK
PathTemp. [epBbiii MPOXOI COCTOUT U3 CICIYIOIIHX IATOB.

1. BssaTh HOMep BepimHbl U3 cteka Path B mepemennyro Old.

2. Ecmu crexk Path we mycr, B3saTh HOMep BepIIUHBI B ITepeMeHHy0 V. MHaue
BBIXOJI.

3. Ecnu nomepa Bepmud V u Old coBmagaror, TO MOJOXHTH V B CTEK
PathDouble.

4. Wuaue nonoxuTh V B cTrek PathTemp.

5. Hasuauuts Old < v u mepeiitu & mary 2.

Bropoii ipoxos pabotaet co crekom PathTemp u cocrout u3 ciemyrormux
LIaroB.

1. B3sre HOMep BepimHbl u3 cteka PathTemp B nepemennyro Old.

2. Tlomoxwuts B cTek Path.

3. Ecnu crek PathTemp ne myct, B31Th HOMEP BEPINUHBI B MEPEMEHHYIO V.
Hnaue BIXOM.

4. Haitru pebpo, y kotoporo nepsas Bepumna Old, a Bropas — V.

N —

234



5. Ecnu takoe pebpo HaiigeHo, To mojaoxuth V B ctek Path. 0Old « v.
IMepeiitu k mary 3. Muave B3saTh u3 creka PathDouble nomep BepimHbl
01d, monoxwurts ero B ctek Path u mepeiitu x mary 4.

B pesynbrare paGortel amropurma crek Path cogepxkur omuH u3
BO3MOXKHBIX DMJIEPOBBIX MyTel, KOTOPBIH, HapuMep, il rpada, H300paskeHHOTO
Ha pUCyHKe 7.4, COIEp)KUT CIIEAYIONINE BEPIINHBL:
path=(0,1,8,7,1,25,26,1,2,12,11,2,10,9,2,20,19,2,13,14,2,3,
17,18,3,15,16,3,4,5,6,0,23,24,0,21,22,0).

[omy4enne ceMelicTB MHIMIEHTHBIX BEPIIMH U3 IyTH HE COCTABILIET TPYAA:
HEOOXOMMO [UIS KK 0 BEPIIMHBI IPABOTO U JIEBOTO COCEa TIOMECTHTH B HOBOE
CEMEINCTBO.

Ha mmare 1:2 anroputma nansi KaxAoro CeMeEHCTBa OIpenaessieMm,
NPUHAMNEKUT JH TPOeKnus BepmuHbl Py, Ha ock Y OTKpBITOMY HHTEpBalTy
NPOEKUMI MHLUAEHTHBIX BepHIMH (Vy,Wy) OJHOro cemMelictBa Ha ock Y. Ecmmu
MIPUHAUISKUT, TO YHUCIO IIepeceueHHui yBenuuuBaeM Ha 1. Bo3aMoXHBI 1T
BapHUaHTOB NPUHATHUS peuienus (puc. 7.5-7.7):

1. Py ¢ (Vy,Wy) — IPUHUMAETCs PEIIEHNE: HET CMEHbl OMTa NPHHAUIEKHOCTH
Parity.

2. Py € (Vy,Wy) — NpHHMMaeTcs pelleHHe: CMeHa OHMTa NPHHAIIEKHOCTH
Parity.

3. OpHa WHUUWIEHTHAs BEpIIMHA HAXOJWTCS Iepe] BEpIIMHON Ha Jyde —
OTJIOXKEHHOE peliieHre. B mepemennyo SIQN 3amOMHHACM 3HAK MPOCKIIHH
Ha och Y APYToil BEPIINHBI.

4. OpHa cMeXHas BepIIMHA HaXOIWTCS 3a BEPLIIMHOW Ha Jyde — MPUHUMAETCS
pelieHre ¢ y4eToM 3Haka S 1 gN oTmIokeHHoro pemienus (puc. 7.6, 7.7).

5. OOe WHIMICHTHBIE BEPIIMHBI HAaXOAATCS Ha JIyde — HET CMEHBl Owura

Al
N

Puc. 7.5. Ilpuanmaetcs penienne: ecTb CMeHa OuTa Wid HEeT
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Puc. 7.6. HenpuHATbIE OTI0XKEHHBIC PEILICHUS

4
D W%/

) <

Puc. 7.7. IlpunsThIe OTJIOKEHHBIE PEILICHUS

buT nmpuHamIeKHOCTH MEHSETCS WIM B Ciydae 2, WIH, MOXET OBITh, B
cirydyae 4. OTMeTHM, 49TO Ui KOPPEKTHOTO aHalN3a OTJIOXCHHBIX PEMICHUH
HEo0X0MMa yIOpsA0YCHHOCTD BEPIINH Ha JIyde CIIpaBa HAJIEBO.

7.2. BYJEBBI OIEPAIIUY HAJT MHOKECTBAMHA

Orta rnaBa camasi KOPOTKasi, HO O4€Hb Ba)KHasI ISl OBEPIICHHBIX alTOPUTMOB.
B Hell BBOIWTCS TOHATHE WHICKCOB 3JEMEHTOB MHOXKECTB, MHIEKCOB T'PaHMIL
MHOXECTB M HyMepalus Bcex 16 OyieBBIX omeparyii CBSI3BIBAETCS C MpaBHIIAMHU
BBIYMCIICHUS UX pe3ynbrara, (opmynupyercss M JOKaszblBaeTcs Teopema 00
MHIEKCaX IPaHUIl PEe3yIbTUPYIOIIEr0 MHOKECTBA.

7.2.1. AHAEKCBHI MHOKECTB U T'PAHUIL

BBeaem noHATHS MHIEKCOB TOUEK MHOMXECTB U MHAEKCOB TpaHull [42—44].
W3 snementoB aByx MHOXecTB A m B mpoctpanctBa M, ucmonb3ys OyieBbI
orepanyy 0ObeANHEHUS U, TIEPECEICHUS M, PAa3HOCTH \ U T.J., MOXKHO COCTAaBUTh
HoBOe MHOXecTBO C (puc. 7.8).

236



A'B BA

Puc. 7.8. Onepanun Hax MHOKECTBaMHU

be3 orpaHuueHuWs OOIIHOCTH MOXHO CYUTaTh, uTo ANB # &, TO ecTh
CYIIECTBYIOT X Takue, 4to (X A)A(Xe B). Kaxnomy snementy XeM mocraBum B
coorBercTBUe umcao (puc. 7.9). IlpoHymepyeMm HemepeceKaromiecsi dacTu
mpocTpancTBa M, B KOTOpOM OmpeeeHbl MHOXKECTBA A U B: ANB — 0; A\B — 1;
B\A-2; M\(AUB) — 3.
Onpeneaenune 1. Yucna 0, 1, 2, 3 Oynem HasbiBath unoexcamu (Index)
BHYTPEHHHUX 3JIEMEHTOB MHOXKECTB ANB, A\B, B\A u M\(AUB):
Index=0: ANB = {x: xeAwuxeB};
Index=1: AB = {x: XeAwuxgB};
Index=2: B\A= {x: XeBuxgA};
Index=3: ~AN-B= {x: X¢AuxeB}. (7.2)

q

Puc. 7.9. lHIEKCHI MOIMHOXKECTB U TPaHUI IPH pa3OueHUN

3

1+3

+2

3

2

Fi

Jlamee BMECTO TepMHHA WHACKC BHYTPCHHEIO DJIEMEHTa MHOXECTBA OyIeM
YIOTPEOJIATH TEPMUH «UHACKC MHOXKECTBAY.

ITonsATHE WHAEKCA TECHO CBSI3aHO CO 3HAYEHHUSAMH OUTOB B JBOMYHOM
MpEe/ICTABIICHAN Yncia. VICmonms3ys omepanui OMTOBBIX casuroB HameBo Shl u
Hanpaso Shr, BBesem oneparuio Bt (n) Beruucnenus K-ro 6ura yucna n:

Bity(n) = (n and (1 shl k)) shr k. (7.3)

Omnpenenenune 2. MHIekcHl MHOXeCTBa A PaBHBI HOMEpaM HEHYJIEBBIX
6utoB B nBomuHoM umcine 0011, a wHAeKcH MHOXecTBa B paBHBI HOMepam
HeHyJeBbIX 0uToB B ymcie 0101,:
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Index(A) {k | Bit(0011,) = 0}; (7.4)
Index(B) {k | Bit(0101,) = 0} (7.5)

Omnpenenenne 3. Kaxxnomy rpanudanomy snementy 0AUOB muoxect A u B
MIOCTaBUM B COOTBETCTBHE UYHCIIO, KOTOPOE OyIeM Ha3BIBaTh UHOEKCOM ZPaHUYbL.
Wnpexc rpanunst d(A[,A;) paBeH cyMMe HHIEKCOB HEMEPECEKAIONIUXCSl MHOKECTB
A, u A,, KOTOpbIe OHA pa3leseT:

Index(d(A1,A2)) = Index(A;) + Index(Ay). (7.6)

Ha pucynke 7.9: 1+0 = 1 — uHAEKC T'paHUYHON TOYKH MEXKIY MHOXKECTBAMU
c uaaekcamu 0 u 1; 2+0 = 2 — UHAEKC TPAHUYHBIX TOYEK MEXIY MHOKECTBAMHU C
unaexcamu 0 u 2; 3+0=1+2=3 — uHAeKc y3/n0BbIX ToueK; 3+1 = 4 — UHAEKC TOUKH
MEXIy MHOXXECTBaMHU ¢ WHAeKkcamu | u 3; 3+2 = 5 — uHAEeKC TPaHWYHON TOYKHU
MEXIIy MHOXKECTBAMH C WHACKCaMH 3 U 2.

B 006011 y3510BO# TOUKE — TOUYKE MEPECCUCHHsI TPAHUI] — CXOAATCS JBE MU
4eTeIpe (Hampumep, Ui ONepaliii MCKIIIoYaromiee win ¢ HomepoM 659 = 0110,)
TpaHUIBI HOBOro MHOXkecTBa C.

Omneparyn 00beAMHEHNS, BRIYUTAHMS, iepecedeHus 2D u 3D ten sBusrorcs
IOCTAaTOYHO CHOXHBIMH. OpHAako OWHapHas HyMepanus OIlepanuii Haj
MHOKECTBAMHU TIO3BOJIICT C(HOpMYJIUpOBaTh OOMIMKA anroput™M cbopa pebep u
TpaHel B pe3yIbTHPYIOIIEE TEIIO, OMMPAIOIINICS Ha TeopeMy 00 mHIeKcax [42—44].

7.2.2. HYMEPALIMSA BYJEBBIX OIEPALIMI

B o6mem ciyuae Han nByMst MHO)kecTBaMH A 1 B MOokHO paccMaTpuBath
IIeCTHAINATH PA3IMYHBIX OMIEPaIlnii, KaXxaas u3 KOTOPBIX uMeeT Homep oT 0 1o 15.
JUis manpHEHIINX PACCYXACHUM OyJeM HCIOIb30BaTh JBOMYHYIO HYMEpAIIUIO
9THX omneparuii (Tabm. 7.1). JIBoMYHBII HOMEp ONepaliy MOJTHOCTBIO OMPEIEsIeT
ee pesynbraT. Tak, HampumMep, omneparus ¢ HomepoMm 7,;=0111, — 3T0 omeparus
OOBEIMHEHNUS «HITH.

ITycte mHAeKe dmeMeHTa XEM COOTBETCTBYeT HOMEpPY OWTa B JBOMYHOM
npeCTaBICHUN HOMepa oreparuu (Tadn. 7.1). B aToi ke Tabmuie mpuBeICHBI
JIOTUYECKHUE OIEpalvu, COOTBETCTBYIOIINE MHOKECTBEHHBIM OTEPaALIUsIM.

Tabmuma 7.1
ByneBbl onepanyu Hai MHOYXKECTBaAaMU
N, Jloruka MHo:kecTBa Jlornyeckas onepanust
0000 |VAB: %)
FALSE
0001 |AAB ANB KoHBIOHKIWSL, TIepeceyeHne
0010 [AA—B A\B PasroCTB
0011 |A A A
0100 |-(A—>B) |B\A Pasnocth
0101 |B B B
0110 |=(A<B) |(A\B)uU (B\A) UCKITIOYAIOIIEe «HIN»,
CHMMETPHYHAsl pa3HOCTh
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[Tpomomxkenne Tadm. 7.1

N, Jloruka MHo:kecTBa Jlornyeckas onepanust
0111 AvB AUB JIM3BIOHKITUS WK 00bCAUHCHUE
1000 |-A A—B (M\A) N (M\B) | ctpenka Ilupca
1001 |A< B —(A\B)U—(A\B) [>kxBuBanenTHocth
1010 [—B M\B He B
1011 |A—>B A U (M\B) UMIUIMKanys, A Bieder B
1100 [—A M\A He A
1101 | B> A (M\A) UB UMILTHKaLus, B Bieder A
1110 [-Av—B (M\A) U (M\B) | mrpux Hleddepa
1111 |VAB: M

TRUE

Tak, Hanpumep, 1 B HyneBoM OuTe HOMepa omnepauuu nepeceueHus C =
=ANB ykasbiBaeT Ha TO, 4TO B MHOXecTBO C BXOIAT TOJBKO BIEMEHTHI
MHOXecTBa ¢ mHAeKcoM 0. Omepanms ¢ HOMepoM 3jp = 0011, coorBercTByeT
MHOXECTBY A, omepauusi ¢ HomepoM 5;p = 0101, cooTBeTCTBYeT MHOXECTBY B,
onepauus ¢ HomepoM 10;, = 1010, cOOTBETCTBYeT MHOXECTBY —B, oIllepauus C
HomepoM 12;p= 1100, cOOTBETCTBYET MHOXECTBY —A.

SIcHO, 4TO IPaKTHYECKUI HHTEPEC MPECTABIISIOT MIPEXKIE BCETO ONEPaLiH C
HoMepamHu 1, 2, 4, 6, 7: AnB, A\B, B\A, (A\B)U(B\A), AUB.

3ameuaHne 1. Bocemb onepaumnm ¢ Homepamu oT 810=1000. go
1510=11112 onepaumen oTpuLaH1Msa CBOAATCS K onepaunsam ¢ Homepamm ot
010=00002 oo 710=01112, a 9T BOCEMb onepauuin Npy nNomoLn opmys
MopraHa moryT 6bITb CBeEHbl TONbKO K ABYM: Hamnpumep, K onepauuu
oTpULAHMSA 1 onepaumm «u».

st Bcex BO3MOXKHBIX UIIECTHAAUATH JIOTMYECKHX OINEpaluid BBEAEM
o6o3nauenus: Ao;B, 1 =0,1,...,15. B wactHoCTH, 17151 HanboOJIee yIOTPeOUTENBHBIX
orepanuii IMeeM Takue 0003HAYCHUS:
Ao B=AAB; Ao;B=AvB; AoyB=A&B; Ao, B=A—B; Ao ,B=B; Ao,,B=—A.
IIpu mnepecraHOBKE apryMEHTOB B JIOTMUECKHX OIEpalusiX 3HAYCHHE
ornepauyd HE MEHSETCs, €CIM U3MEHHTb HOMEp omnepauud. B uacTHocTH, Uit
OWHapHBIX omepanuii Ao;B TIOCIIe TEePEeCTaHOBKH A W B MOXHO HCIIONB30BaTh
oneparmio Bo;A. Homep J momydaercs m3 HoMepa 1 IepecTaHOBKOI MEPBOTO U
BTOpPOTO OHTOB.
3ameyaHue 2. B yeTkow normke no HoMepy onepaumn n u 3HadeHnsm A n
B, koTopble MOryT npuHMMaTb 3HadeHnss O mnu 1, MOXHO BBIMUCIIUTb
pesynbTaTt. [ns 310r0 HeobxoAMMO ¢ nomoLlbio A 1 B BblMMCINTL HOMeEp
6uta k=(1-A)+2x(1-B) 1 c nomoLLplo cABMrOBbIX onepauunin (2) BbIYMCAUTD
3HayeHue 6uTa B Homepe onepauun: Ao,B=Bitk(n).
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7.2.3. IIPU3HAK MIPUHAJJIEXKHOCTH PE3YJbTATY BYJEBOM ONEPALINA

Mexny HOMepaMu OIepaluii W HHACKCAMU TIPAaHUYHBIX 3JIEMEHTOB
PE3YIBTUPYIOLIET0 MHOXKECTBA €CTh CBSI3b.

Teopema 06 unoekcax [42—44]. Cymma HOMEPOB Iap pa3IUYHBIX OHUTOB B
JIBOMYHOM TIPEICTABICHUU HOMEpa ONepaluy COBMAAAET C MHIIEKCAMH IPAHUYHBIX
9JIEMEHTOB PE3YJIbTUPYIOLIET0 MHOXKECTBA:

Index(d(AonB)) = {kitk, | Bitki(n) = Bitka(n)}. (7.7)

Jloka3aTrenbcTBO CBOIMTCS K MPOBEPKE YTBEPXKACHHSA I Bcex 16-Tm
OmHapHEIX omeparnuii. Tak, HampuMep, IS oNepalyy UCKIoJaromee «wm»y C =
= (A\B)U(B\A) ¢ HOmMepom 6;p = 0110, TpaHHIIa COCTOUT U3 3JIEMEHTOB C
Homepamu: 0+1, 2+3, 1+3, 2+3, 3+0 = 1+2. B asouunom uncne 0110, paznuynb
cienyronye napst outos: (0,1), (0,2), (2,3), (1,3). DneMeHTHI IepeceYeHus! rpaHuLl
(043 = 142) BXOmAT B TpaHHIKI JIFOOOTO HOBOTO MHOXeCTBa. s omeparuu
nepeceuenust ANB ¢ momepom 1;;=0001, rpanuia muoxxecrsa C coctout w3
aneMeHToB ¢ uHAekcamu 0+1, 0+2, 0+3 = 1+2. OTtu ke mapbl pa3iTuuHbIX OMTOB
ectb B uncie 0001,: (0,1), (0,2), (0,3).

3ameuanue 3. Mopsagok Hymepaumm mHoxects ANB, A\B, B\A n M\(AUB)
BMUSIET Ha NOPSAOK HymepaLum GyneBbix onepawuii.

Ilox BemonHeHWeM OyneBOW omepanMy HajJ MHOTOYTONBHUKaMH A u B
ITOHUMAETCS BBHIMIOJIHEHUE OIEpalyd Hal OTPAHWYCHHBIMA MMM OONACTIMH U
NOJTy4eHHEe MHOXECTBA MHOTOYTOJIbHUKOB, OITUCHIBAIOLIETO MMOJYYEHHYIO 00J1aCTh.

B kauectBe HUCXOJHBIX JAaHHBIX 3JC€Ch MOTYT 6I)ITI) IIPOU3BOJIbHBIC
NOJIMTOHAJIbHBIE 001acTH JIFOOOTO Kilacca, B YaCTHOCTH, MHOTOCBSI3HBIE 00JIaCTH C
OTBEPCTUSMHU M HCOTPAHIMUYCHHOMN KPATHOCTHIO BEPILUH.

240



I'naBa 8. IINIATOHOBBI TEJIA

IIpocTedmuMu TpeXMEpHBIMA OOBEKTAMH SBJSIFOTCA IUIATOHOBHI Tella —
NpaBUIIbHBIE BBINYKJIbIE MHOTOTPAaHHUKH, BCE TPAHU KOTOPBIX — IPaBUJIbHBIE
MHOTOYTOJIFHUKH H BCE YTIIBI TIPU BEpPIINHAX PABHBI MEXIy COOOM.

CyIIecTByeT BCEro IATh MPABUIBHBIX MHOTOTPAHHUKOB. ITOT (hakT
BIIepBbIe ObLT MoKa3aH Erxiumom. [IpuBenem ero paccyxaeuus. [Iycts kK Kaxmoit
BEpLIMHE MPABUJIBHOTO MHOTOTPAaHHUKA MPUMBIKAET M rpaHel U Kaxkaas U3 HHUX
SIBJISIETCSI IPaBUJIBHBIM N-yTrOJIbHUKOM. BHYTpeHHUIT yroi y Kaxaoi rpaHu paBeH

2
= ”("—)’ 8.1
n
a CyMMa BHYTPCHHUX YTJIOB, IPUMBIKAIOIIUX K BEPIINHE, paBHA
)
mg, =m0~ (8.2)

n
IlockosIbKY T€NECHBIN YroJl IIpU BEPIIKUHE HE SBISAETCS IJIOCKUM, TO OTCIOA
CIelyeT HEPAaBEHCTBO

me, < 27. 8.3)
B pesymnbTare morydaem cuCTeMy HEPABEHCTB:
m(n—2)<2n,
mz=3, (8.4)
n=3.

Ota cHucTeMa MMeeT IMATh LENOYHCICHHBIX PEIeHHH, COOTBETCTBYIOIIUX
MHOT'OTpaHHHMKaM, TIPE/ICTaBIEHHBIM Ha PUCYHKax 8.1-8.5.

Puc. 8.1. Terpasmp (3,3) Puc. 8.2. Ky6 (4,3)
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Puc. 8.3. Okrarap Puc. 8.4. Uxocasap Puc. 8.5. Hoaexasap

8.1. IIOCTPOEHME IVIATOHOBBIX TEJI

[NocMoTpuM, Kak MOXKHO TOCTPOHTH HEKOTOpHIC IUIATOHOBHI Tela B
KOMIBIOTEPHOH rpaduke.

8.1.1. TETPAD AP

XOTsI TeTpasap WMEET BCEro dYeThipe TPaHW, Kakaas U3 KOTOPBIX
npeacTraBi€Ha B BUAC MNPaBUJIbHBIX TPCYTOJHLHUKOB, BbIYCpUYMBAHUEC €ro
TPEXMEpHON MpOeKIKH — HempocTas 3amada. OJWH H3 CIMOCOOOB MOCTPOCHHUS
TeTpasapa MPEAIoNaracT HMCIONB30BaHUS Ky0a B KauyecTBE BCIIOMOTATEIBHOTO
00BeKTa, KaK 3TO TOKa3aHO Ha pucyHke 8.6. CHavana pucyercs Ky0, Ha Bcex
rpaHsaX MPOBOJATCS JUATOHANH, a 3aTeM pedpa Ky0a CTHparoTCS.

Puc. 8.6. [Toctpoenue terpasrapa
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8.1.2. OKTAD P

Ha pucynke 8.7 u3o0pakeH okTa’ap. Bce rpaHu oOKTasapa SBISIOTCS
paBHOOEIPEHHBIMU TPEYTOIbHUKAMHU.

Puc. 8.7. Okrarap Puc. 8.8. lonekasap

8.1.3. JOAEKAD AP

Jonekarp uMeeT IBeHAALATh TPpaHeid, TPUALATH pedep, ABaaTh BEpIIUH.
Kaxnasi w3 JBEHaALUATH TpaHel SBISIETCS NPABIJIbHBIM ISATHYTOJBHUKOM.
Honekasmp BmuchiBacTess B KyO (puc. 8.8), W 3TO ero CcBOWCTBO MOXKHO
HCII0JIB30BATh 711 KOHCTPYHUPOBAHMS.

8.2. ITPOEKT JJISI IOCTPOEHMS IIVIATOHOBBIX TEJI

[Tpoekt «IlnaToHOBBI Tena» NpeAHA3HAYECH JJIsi PUCOBAHUSI BCEX IIATH
IUIATOHOBBIX TEIl: TETPad/apa, TeKcasjipa, OKTad/Apa, UKOca’Jpa M J0JeKadApa U
COCTOMT H3 ABYX (hopm: rmaBHOM ¢Gopmel FOrmMain u ¢opmbl aisi HACTPOWKU
napametrpoB FormTools. B mpoekre (puc. 8.9) peanu3oBaHbl ClieayrOIIHe
byHKIMH:

1) BBIOOp OHOTO U3 TEIT;

2) BpallleHHE CHCTEMbI KOOPJMHAT WU TeJa;

3) pucoBaHue TeNa rpaHsIMH WK pedpamu;

4) n3MeHeHne pazMepa Tena,

5) u3meHenue macuiradba (Zoom);

6) OKpalMBaHKe rpaHel MOJIyTOHAMH;

7) pucoBaHH€ T€HH Ha TUIOCKOCTH Z = CONST;

8) n3MeHeHue MoJoKeHus Touek cxoaa Ha ocsx 0Z u OY.
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Puc. 8.9. [IpoekT a7st MOCTPOEHUS ITATOHOBBIX TEJ
8.2.1. CTPYKTYPA JAHHBIX

B npoekTe ncmonb3yercst CTpYKTypa AaHHbIX, TOKa3aHHas Ha pucyHke 8.10.

TBody 3 Platon &
Class. lass.
# body
Monn
MeToas
————
¥ Edges ¥ Faces
TEdge ® TFace E3
Struct Struct
= Nonn = Monn
¢ pl ¢ N
¢ p2 ¢ p

Puc. 8.10. Ctpykrypa KjaccoB IpoeKTa

OcHoBo#t mpoekta sBmsiercs kimace TPlaton, B kotopom comepxatcs

CIIEYIOIIIE TTOTISL:

— double Xmin, Xmax, Ymin, YmaxX — mpAMOYToJbHHK B MHPOBBIX
KOOPIMHATAX;

— Int 12, J2-mmpuHa ¥ BbICOTa OKHA HA DKPaHE;

— double AIT, Bet - yrisl mOBOpOTa CHCTEMbI KOOPIHHAT;

— double AIT1l, Betl — yriusl moBopoTa Tela OTHOCHTEILHO CHUCTEMBI
KOOPIHHAT;

— double Xs, Zs - Touku cxoma is MEPCIEKTUBEL,
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— double[] SV - koopauHATBHI KCTOYHUKA CBETA;

— bool visibleOXYZ — npusHak BUIUMOCTH OCEi;

— bool visiblePoint - npusHak BUTAMOCTH TOYEK CXO/a;

— bool visibleShadow — npusnak BUANMOCTH TCHH;

—  bool flIRotate — npusHak BpameHus Tella WK CHCTEMBI KOOPINUHAT;

— byte FTIlEdge — npusHak n3obpaxenus (pedpamu, TpaHsIMH, CTEPEO);

— double AnglStereo=0.015 — yrox s cTepeon3o0paKeHus;

— TBody body — miatonoso Teno;

— TBody bodyO — stanonHsbIi Ky0, HCIIOTB3YEMBIil ISl IEPCIICKTUBEL.
Kiacc TBody, onwmcsiBarormuii Teso:

— double[][] Vertexs —maccus BepuiuH Tena;

— double[][] VertexsT — maccuB BpeMEHHBIX BEPIIIHH Tela;

— TEdge[] Edges — maccus pebep Tena,;

— TFace[] Faces — maccus rpaneii Tena.

Crpykrypa TSide omucsiBaeT rpanu:
public struct TFace

public int[] p; // nomepa BepumH
public double[] N; // BexTOp HOpMau

}

Iome maccuBa P[] mokassiBaroT Ha HOMepa BepIIWH TpaHu, moje N
npeicTaBisier co0OdM  BeKTOp HopMain K rpaHu. Clemyiomas CTPyKTypa

npeaHa3HaYCHa JIs1 ONHCAHuUs pedep:
public struct TEdge

public int pl, p2; // Homepa BepuuH
}
JBa mons Pl u P2 mepeMeHHBIX 3TOW CTPYKTYpPHI MIOKa3hIBAIOT HAa HOMEpa
BepIIuH pedpa.
3amMeuaHue. Takasi CTPyKTypa AaHHbIX, BO-NepBbIX, M3GbITOYHa (pebpa,
Hanpumep, MOXHO BbIYMCIIUTb MO rpaHu), BO-BTOPbIX, 3TO HE EAUHCTBEHHO
BO3MOXHbIV BapnaHT.

8.2.2. AHULUAJU3ALIMSI TEJ

Kiacc TBody nmeer KOHCTPYKTOpP, KOTOPBIHA MOTyYaeT mapameTp H MOKET
BBI3BAaTh OAMH M3 5 METONOB Ui 33/laHHs IapaMeTpOB OJHOTO W3 IISITH
IUIATOHOBBIX TeJ (IUCTUHT 8.1).

Jlucrunr 8.1. Koncrpykrop kiacca TBody

public TBody(byte fl)
{
switch (fl)
{
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case O:
Tetraedr(SizeBody);
break;

case 1:

Hexaedr (SizeBody);
break;

case 2:

Octaedr(SizeBody);
break;

case 3:
Icosahedron(SizeBody);
break;

case 4:
Dodecahedron(SizeBody);
break;

}
}

B mucturre 8.2 mpuBeneH MeETOA, WHHNHANM3UPYIOUIMHA JaHHBIE IS
TeTpadpa, KOTOPHIA ommpaercs Ha 4 BepmMHBI, MMeeT 6 pebep u 4 TpaHH.
CymecTBeHHBIM MOMEHTOM TIpM 3aJaHUd HOMEPOB BEpIIMH, Ha KOTOpPHIE
OMMpacTCaA TIpaHb, ABIACTCA TIOPAAOK UX 06x0;1a. DTO CKa3bIBaeTCs pu
BBIYMCJICHUU HOPpMAJIM K I'paHU M, B 3aBUCHUMOCTU OT IMOpPAIKaA 06XO}13., HOpMaJIb
MOJKET OBITh JINOO BHEITHEH K TENy, INOO BHYTPECHHEH.

- Jlucrunr 8.2. 3aganue JaHHBIX 1151 TeTpa’apa

private void Tetraedr(double Size)
{
Vertexs = new double[4][1]:;
VertexsT = new double[4]]];
for (int i=0; i<4; i++)

Vertexs[i] = new double[4];
VertexsT[i] = new double[4];

}

Vertexs[0][0] = Size;

Vertexs[0][1] = -Size; Vertexs[0][2] = -Size;
Vertexs[1][0] = Size;

Vertexs[1][1] = Size; Vertexs[1][2] = Size;
Vertexs[2][0] = -Size;

Vertexs[2][1]=-Size; Vertexs[2][2]= Size;
Vertexs[3][0] = -Size;

Vertexs[3][1] = Size; Vertexs[3][2] = -Size;

for (int i = 0; ¥ < 4; i++)
Vertexs[i][3] = 1;
Edges = new TEdge[6];
Edges[0]-p1 = 0; Edges[0]-p2 = 1;
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Edges[1]-pl1 = 0; Edges[1]-p2 = 2;
Edges[2]-pl = 1; Edges[2]-p2 = 2;
Edges[3]-p1 = 3; Edges[3]-p2 = O;
Edges[4]-pl = 3; Edges[4]-p2 = 1;
Edges[5]-pl = 3; Edges[5]-p2 = 2;
Faces = new TFace[4];

for (int 1 = 0; 1 < 4; i++)

Faces[i]-p = new int[3];

Faces[0]-p[O] 0;

Faces[0]-p[1] = 1; Faces[0]-p[2] = 2;
Faces[1]-p[0] = 1;
Faces[1]-p[1] = 3; Faces[1]-p[2] = 2;
Faces[2].p[0] = O;
Faces[2]-p[1] = 2; Faces[2]-p[2] = 3:
Faces[3]-p[0] = O;
Faces[3]-p[1] = 3; Faces[3]-p[2] = 1;

}

MeTOZ[I)I WHUIHAJIW3allu  AJaHHBIX JJI1 OCTaJIbHBIX IINIATOHOBBIX TCJI
NPUBCACHBI B IIPOCKTE.

8.2.3. IPEOBPABOBAHUE KOOPJIUHAT

Ilepen pucoBanmeM rpaduyecKuX SIEMEHTOB (JMHHAN W TpaHeil), KOTOpHIe
OMHPAIOTCAd HAa TOYKH C KOOpIAWMHATAMH B MHPOBOH CHCTeME KOOpAWMHAT,
HEOOXOAMMO OCYIIECTBUTH MPeoOpa3oBaHUs ATHX KOOPAWHAT: TOBOPOT CHCTEMBI
KOOpAMHAT, TIEPCIIEKTUBHOE MPOESIIMPOBAHNE M TIEPEXO OT MUPOBBIX KOOPAWHAT K
9KpaHHBIM. J[Ig 3TOTO TpenHa3Ha4YeH CIeAyomuid Ha0op METOJOB Kiacca
TPlaton.

MaccuB BepmmH Vertexs 3amaer Teno B HEMOABIKHONW CHCTEMeE
KoopauHaT. B mpoiiecce BpaleHHs Mbl OyZe€M HCIOJIb30BaTh BCIIOMOTATEIbHBIN
MaccuB VertexsT. Ilpu pucoBaHMHM YYHTHIBAETCS, YTO TEJIO IOBEPHYTO B
HemoABMKHOU cucteme koopauuat Ha yriel AIFly, Betly, a cama cucrema
koopauHat mosepHyTa Ha yriael AlFy, Bety. Mexay AByMsl 3THMH TIOBOPOTaMH
OCYILECTBIIACTCS MEPCICKTUBHOE MPOCIMPOBaHue. Bee 310 peanusyercs METoaoM
Rotate cnexyrommm oOpazom.

~ JIuctunr 8.3. IlocnenoBaTeILHOCTH NPE0OPa30BaHMsI TOYCK

L = body.Vertexs.Length;
for (int 1 = 0; 1 < L; i++)

body.VertexsT[i] =
Rotate(body.Vertexs[i],0,A1f1,0,0);
body.VertexsT[i] =
Rotate(body.VertexsT[i],1,Betl1,0,0);
body.VertexsT[i] =

247



Rotate(body.VertexsT[i],3,0,Xs, Zs);
body.VertexsT[i] =

Rotate(body.VertexsT[i],0,AIF,0, 0);
body.VertexsT[i] =

Rotate(body.VertexsT[i],1,Bet,0, 0);

Kox metona Rotate npesncrasieH B mucTuHre 8.4.

~ JIuctunr 8.4. IloBopoT BOKPYT 0celi KOOPAWHAT U NPOEIMPOBAHHE

public double[] Rotate(double[] V, int k, double fi, double
p, double r)
{
double[][1 M = new double[4]]1;
for (int 1 = 0; 1 < 4; i+t+)
MLi] = new double[4];
for (int 1 = 0; 1 < 4; i+t+)

M[31[i1 = O; MLi1[3] = O;

¥
ML31L3] = 1;
switch (k)
{
case O:
M[0]1[0]=1; M[0]1[1]=0; M[O]1[2]1=0;
M[1][0]=0; M[1][1]= Math.Cos(fi);
M[1][2]=Math.Sin(fi);
M[2][0]=0; M[2][1]=-Math.Sin(fi);
M[2]1[2]=Math.Cos(Ffi);
break;
case 1:
M[O][0]=Math.Cos(fi); M[0][1]=0;
M[O][2]=-Math_Sin(fi);
M[1][0]=0; M[11[1]=1; M[1]1[2]=0;
M[2][0]=Math_Sin(fi); M[2][1]=0;
M[2][2]=Math.Cos(fi);
break;
case 2:
M[O][0]= Math.Cos(fi);
M[O][1]=Math.Sin(fi);
M[O0][2]=0;
M[1][0]=-Math.Sin(fi);
M[1][1]=Math.Cos(fi);

M[1]1[2]=0;
M[2]1[0]= O; M[2]1[1]=0; M[21[2]=1;
break;

case 3:

MLO][0]= 1; M[O][1]=0; M[0][2]=0;
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M[1][0]= O; M[1][1]=1; M[1][2]=0;
M[2][0]= O; M[2]1[1]=0; M[2][2]=1;
M[11[31= p; M[21[3]=r;

break;

¥
return VM_Mult(v, M);

YMHOKeHHe 4-BeKTOpa Ha MaTpHIly peanusyercst merogom VM_Mult.

- Jluctunr 8.5. YMHoseHHe 4-BeKTOPA HA MATPHILY

double[] VM_Mult(double[] A, double[]1[]1 B)

double[] result = new double[4];
for (int j = 0; j < 4; j++)
{
result[j] = A[0] * B[O1Lil;
for (int k=1; k<4; k++)
result[j] +=A[KI*BIK1Li1;

}
if (result[3] = 0)
for (int j = 0; j < 3; j++)
result[j] /= result[3];
result[3] = 1;
return result;
¥
I[J'Ii{ mpoeurpoOBaHusd Ha IUIOCKOCTb JSKpaHa IIpEJHAa3HauCH, BO-ICPBLIX,
meron 1J3().

- JIuctunr 8.6. Ipeodpazosanue BEKTOPa B IKPAHHbIE KOOPAHHATHI

Point 1J(double[] Vt)

{
Point result;
Vt=Rotate(Vt, 0, AIT,0,0);
Vt=Rotate(Vt, 1, Bet,0,0);
result = new Point(11(VE[0]), JI(VL[1]));
return result;
ks

Bo-BTOpBIX, CTaHAAPTHBII HAOOP METOIOB MPE0OPa30BaHKs KOOPAMHAT.

° JIucrunr 8.7. IipeoOpazopanue B 3KpaHHbIe KOOPAUHATHI H 0GPATHO

int 11 (double x)

{
return (int)Math.Round((x - Xmin)*12/

(Xmax - Xmin));
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int JJ(double y)

{
return (int)Math.Round((y - Ymax)*J2/
(Ymin - Ymax));

by
double XX(int 1)
{

return Xmin+(Xmax-Xmin)*1/12;

by
double YY(int J)
{

}

8.2.4. PUCOBAHUE

return Ymax + (Ymin - Ymax) * J / J2;

PucoBanue Tena mpoucxoAuT Ha kKanBe bitmap B Tpex pexumax: pebpa,
Irpanu H CTCPCO. HO)IFOTOBKa I/1306pa>K€HH$I pcaiusyeTcsi METOAOM KJj1acca
TPlaton.

. JIucrunr 8.8. PHcoBaHMe IIATOHOBBIX TeJI

public void Draw()

{
using (Graphics g = Graphics.Fromlmage(bitmap))
Color cl;
if (FlEdge==2)
cl = Color.FromArgb(0, 0, 0);
else
cl = Color.FromArgbh(255, 255, 255);
g-Clear(cl);
g-SmoothingMode = SmoothingMode.HighQuality;
if (visibleOXYZ) // puicosanme oceii
OXYZ(9);
if (visibleShadow) // pucosanne rTenn
Shadow(Qg);
if (visiblePoint) // pucosaHue nepcrnexTUBE
DrawPoint(g);
DrawBody(Qg); // pucosanyve Tesa
}
¥

Hauaio prucoBaHus MIaTOHOBBIX Tel peanusyercs metogom DrawBody ().
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- JIuctunr 8.9. PHcoBaHMe NIATOHOBDIX Tel

public void DrawBody(Graphics @)
{
int L;
ifT ((flEdge == 0) | (FflEdge == 2))

L = body.Vertexs.Length;
for (int 1 = 0; 1 < Lj; i++)
{
body.VertexsT[i] =
Rotate(body.Vertexs[i],0, Alfl, 0, 0);
body.VertexsT[i] =
Rotate(body.VertexsT[i], 1, Betl, 0, 0);
body._VertexsT[i] =
Rotate(body.VertexsT[i], 3, 0, Xs, Zs);
body.VertexsT[i] =
Rotate(body.VertexsT[i], 0, Alf, 0, 0);
body.VertexsT[i] =
Rotate(body.VertexsT[i], 1, Bet, 0, 0);
}

ks
switch (FflEdge)
{
case 0: // Edges
DrawEdge(Q);
break;
case 1: // faces
DrawFaces(g);
break;
case 2: // stereo
DrawStereo(Q);
break;

}
}

Ecnu Tteno pucyercs pebpamu, TO HEOOXOAMMO IMKIOM NepedpaTh Bce
pebpa 1 HapuCcOBaTh OTPE3KH OT MEPBOW TOUKH pedpa 10 BTOPOH, MoJydast AOCTYII
K BepmmHaM cieayromum obpazom VertexsT[Edges[i].pl].

- JIuctunr 8.10. PucoBanue IIAaTOHOBBIX TeJl pedpamMu

void DrawEdge(Graphics g)
{
int L = body.Edges.Length;
for (int 1 = 0; 1 < L; i++)
{
int x1 =
11 (body.VertexsT[body.Edges[i]-p1]1[0D);
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int yl =
JJ(body.VertexsT[body.Edges[i]-p1]1[1]):

int x2 =
11 (body.VertexsT[body.Edges[i]-p2][0]):;

int y2 =
JJ(body.VertexsT[body.Edges[i]-p2]1[1]):;

g-DrawLine(Pens.Black, x1, yl, x2, y2);

}
¥

[Ipu pucoBaHWH Teda rpaHsmu HeoOxomumo twmkiom (I = O...L-1)
nepedparh Bee rpanu. Jlnst kaxaoi rpanu nukiom (J = 0. ..Lo-1) mepebpars
BCE BEepIIMHBI. J[OCTYN K BepIIMHAM peajn3yeTcs depe3 HOMepa BEepIIMH I'paHd

VertexsT[Sides[i]-p[J1]

* JIuctunr 8.11. PucoBaHMe MJIATOHOBBIX TeJ TPAHSMH

void DrawFaces(Graphics g)

{
int L1 = body.Faces.Length;
int LO = body.Faces[0].p-Length;
Point[] w = new Point[LO];

double[][] Vn new double[3]1[]:
double[][]1 Wn new double[3]1[1:;
for (int 1 = 0; 1 < L1; i++)

for (int j = 0; j < LO; j++)

double[] Vt =
body.Vertexs[body.Faces[i]-p[il]l:

Vt = Rotate(Vt, 0, AIfl, 0, 0);

Vt = Rotate(Vt, 1, Betl, 0, 0);

if g <= 2) Vvn[j] = Vt;

Vt = Rotate(Vt, 3, 0, Xs, Zs);
Vt = Rotate(Vvt, 0, AIf, 0, 0);
Vt = Rotate(Vt, 1, Bet, 0, 0);

wli1-X = 11 (VE[O]D);
whjl-Y = JI(VE[1D);
if g <= 2) Wn[j] = vt;

}
body.Faces[i]-N = Norm(vn[O], Vn[1], Vn[2]);
double[] NN = Norm(Wn[O], wWn[1], Wn[2]D):
double d = Math.Abs(NN[2]);
Color col = Color.FromArgb(0, O,
(byte) (Math_.Round(255 * d)));
SolidBrush br = new SolidBrush(col);
if (NN[2] < 0)
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g-FillPolygon(br, w);
}
ks

Jnst kaxmoi rpaHu HaM TOTpeOyeTcs JBa €MHUYHBIX BEKTOPAa HOPMAJIH:
BekTop HopMmaiu Faces[i].-N k rpaHu MOBEpHYTOro Tejla B HEMOABHIKHOU
CHCTEMEe KOODJHMHAT Ul BBIYMCICHHS OCBEUIeHHOCTH W BekTop HopManu NN k
rpaHd MMOBEPHYTOTO Teja B MOBEPHYTOH CHCTEME KOOPIMHAT JUIS BBHIYUCICHUS
HEBUJIMMBIX I'paHEi.

Jnst BeIMMCIEHHS STHX HOpMalied moTpeOyeTcss TpW BEpIIMHBI I'PaHU B
HEMOJIBIKHON CHCTeMe KOOpAWMHAT VN W TPU BEpIIMHBI IPAaHW B HOBEPHYTON
cucreme koopauHat Wn.

Hopwmanu Berancisiiorest merogom Norm():
Faces[i]-N=Norm(Vvn[0],Vn[1]1,Vn[2]D);
NN=Norm(Wn[0] ,Wn[1].Wn[2]):

Texer meTona NOFm npuBeneH B TUcTHHTE 8.12.

¢ JIuctunr 8.12. BolunciieHHe BEKTOPa HOPMAJIH

double[] Norm(double[] V1,double[] V2,double[] V3)
{

double[] Result = new double[4];
double[] A = new double[4];
double[] B = new double[4];
A[O0]=V2[0]-V1[O]; A[1]1=V2[1]-V1[1];
A[2]1=v2[2]-V1[2];

B[0]=V3[0]-Vi[0]; B[1]1=V3[1]-Vi[1];
B[2]=V3[2]-Vi[Z2];

double u=A[1]1*B[2]-A[2]*B[1];
double v=-A[0]*B[2]+A[2]1*B[0];
double w=A[0]*B[1]-A[1]*B[O];
double d=Math.Sqrt(u*u+v*v+w*w) ;

if (d1=0)

{

Result[0]=u/d; Result[1]=v/d; Result[2]=w/d;
}

else

Result[0]=0; Result[1]=0; Result[2]=0;
}

return Result;

}

Hcnonp3oBanue Bekropa HopMamu NN 11 oTcedeHus] HeBHAUMBIX TpaHeid,
y KOTOPBIX NPOEKLHUSA 3TOT0 BEKTOpa Ha OCh Z OTpHLATeNbHa, OUY€Hb MPOCTO U

CBOJIUTCS K IIPOBEPKE:
if (NN[2] < 0) g-FillPolygon(br, w);
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HUcnons3oBaHue BEKTOpa HOpMAaJH Faces[i]-N Tpebyer
JOIMOJIHUTENLHBIX TIOSICHEHUH, KOTOPBIE OYIyT JaHbl B CIIELYIOLIEM ITyHKTE.

8.2.5. PUCOBAHME IMOJIYTOHAMHU

Hamomuum, uro kiacc mnsera toukun ColoOr comepkur undopmanuio o
nonsx cunero (B), 3enenoro (G) u kpacHoro (R) uperos. [Toatomy st pucoBanus
MMOlyTOHAMH CHHETrO I[BeTa, HAlpUMep, HEOOXOOUMO OIPEOeUTh HEKYIO
uenounciennyo ¢ynkuuto F(X) ¢ amamazoHom wusmenenus [0..255] u uBet
ompenensts cootHomennem Color = F(X)*$00010000.

Bynem cumrath, 9TO BBHIOOp LIBETA TPAHH OMPEACTACTCS IIMHON MPOESKIHH
Ha ochb Z enuHnyHoiW HopManu Faces[i].-N B HemogBmwkHOH cHcTeMe
KOOPAHMHAT U PEATH3YETCS OIepaTopaMu:

~ JlucTunr 8.13. Berunciienue nBeToB

double d = Math.Abs(NN[2]);
Color col =
Color _FromArgb(0, 0, (byte)(Math_Round(255 * d)));

Wtak, MBI TPEINOJOKWIM, 9YTO WCTOYHHK CBETa HAXOOUTCS B
0ECKOHEYHOCTH Ha ocu Z.

JocraTouHOo TpOCTO pemmuTh Oonee OOmIyI0 3amady, KOT/Aa HWCTOYHHK
HaxXOAUTCS B OECKOHEYHOCTH HA NPSIMOMU, NMPOXOAAIIEH yepes JOOYI TOYKY U
LEeHTp Tena. B aToMm ciyyae HEOOXOAMMO HAWTH 4epe3 CKaIsIpHOE NPOHU3BELCHUE
NPOEKIIUIO BEKTOPa HOPMAJTM K TPaHHU Ha 3TY NPSIMYIO.

8.2.6. IOCTPOEHUE TEHHU

Bynem cuutath, 4TO:
— HCTOYHUK CBETa HAaXOIUTCS B TOYKe ¢ koopauHaramu SV = (-0.5,
-0.5,5). Bopouem, 3t KoOopIuHATEI MeHSIFOTCS Ha popme FOrmToos;
—  Teno 0TOpackIBaeT TeHb Ha IIOCKOCTh Z=CONST (puc. 8.11).
Jlnst HaxosKAeHnsT KoopauHat Touku A’ Ha miockoct Z = Zh Heobxomumo
3aIUCaTh YCIOBUE KOTHHEAPHOCTH JIByX BEKTOPOB

i Jj k
X, =X, Vi—=Y, 2z —2,|=0, (8.5)
X =X V=Y Z 7%
YTO IMPHUBOAUT K CUCTEMC ypaBHeHI/Iﬁ AT OTIpEACIICHU S Xu y:
i =yo)(z,—2) = (2, =2 )V, = ¥,) = 0;
(6 =x)(z; —20) = (x —2)(z; —2) =0 (8.6)
(%, =x)(¥ =y)—(x =x)(¥; —¥,) =0.
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Sv

A(xi,vyi)

Z=const

&' (xi’YiL_j#‘/

Puc. 8.11. [Ipoekuus rpaHu Ha MIOCKOCTh

Pemas ypaBHeHHs (8.6) OTHOCUTENBHO IIEPEMEHHBIX X U Y, TIOJIy9aeM:
(v, =)z, —2y)

yEyy
Zl.—Z0

o, + TR Z2) 8.7)
Zi—Z0

CootHowienust  (8.7) HCHOJB3YHOTCS MNPH  MOCTPOCHHH TEHH  OT
MHOIOTpaHHHKa CIEAYIOIMM o0pa3oM: mepebepeM Bce TIpaHH Tela LUKIOM
i1=0...L;-1. lns xaxnoii rpanu nepedepeM Bce BepiurHbl TUkiIoM J=0. . . Lo-1.
Bepmnny mosepraem Bmecte ¢ tenom Ha yrisl AIFL u Betl. 3arem Haiizem
KOOpJIMHATHI TOUKK VE Ha IJIOCKOCTH Ipoekuuu. [loBepHeM cucteMy KoopanHAT
na yriael AI'F u Bet. Hakonen, ¢ momomipo mMetomoB 11 () u JJ() Haiinem
KOOpIMHATHl 00paza TOYKM Ha dKpaHe. [locie BBIYMCICHHS BCEX TAaKUX TOYEK
MerojioMm KauBel POlygon crpoutcs TeHb OT OHOM TpaHH.

- JIuctunr 8.14. TlocTpoenne TeHH 0T MHOTOTPAHHHKA

private void Shadow(Graphics g)
{

// vcrouHuk cseTa

Point P=13(Sv);

g-FillRectangle(Brushes.Red, P.X-2,P.Y-2,5,5);
g-DrawLine(Pens.Red, P.X - 4, P.Y, P.X + 4, P.Y);
g-DrawLine(Pens.Red, P.X, P.Y - 4, P.X, P.Y + 5);

// cetrxka

Point P1,P2;

double Zzh = -1;

for (int i1 = 0; 1 < 41; i++)
{
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P1 = 1J(ToVector(-1 + i * 0.2/4, -1, Zh));
P2 = 1J(ToVector(-1 + i * O. 2/4 1, zh));
g-DrawLine(Pens.Silver,P1.X,P1.Y,P2_X, P2.Y);
3
for (int i = 0; i < 41; i++)
{
P1 = 1J(ToVector(-1 , -1+ i * 0.2 / 4, Zh));
P2 = 1J(ToVector( 1 , -1+ i1 * 0.2 / 4, Zh));
g-DrawLine(Pens.Silver,P1.X,P1.Y,P2_X, P2.Y);
3
// Teno

int L1 = body.Faces.Length;

int LO = body.Faces[0]-p-Length;
Point[] w = new Point[LO];

for (int i = 0; 1 < L1; i++)

for (int j = 0; j < LO; j++)
{
double[] Vt =
body.Vertexs[body.Faces[i]-pL[j1]:
vVt Rotate(Vt, 0, AIfl, 0, 0);
vVt Rotate(Vt, 1, Betl, 0, 0);
Vt = Rotate(Vt, 3, 0, Xs, Zs);
ve[0] = Sv[0] + (vt[0] - Sv[OoD) *
(zh - sv[2]) /7 (vt[2] - svI2D):;
ve[1] = sv[1] + (vt[1] - sv[1iD *
(zh - sv[2]) /7 (vt[2] - svI[2D);
Vt[2] = Zh;
Vt = Rotate(Vt, 0, AIf, 0, 0);
Vt = Rotate(Vt, 1, Bet, 0, 0);
wlil-X = 11 (Vt[0]);
whil.Yy = JJ(VE[1D;

11Polygon(Brushes._Silver, w);

(Q‘v"

3aBepiiaeT MoCTpPOEHHE TEHH PUCOBAaHKME CETKH HA IJIOCKOCTH Z = Zh

- JIuctunr 8.15. IlocTpoenne CeTKH HA MI0CKOCTH Z = Zh

// cerxa

Point P1,P2;

double Zh = -1;

for (int i = 0; i < 41; i++)

{
P1 1J(ToVector(-1 + 1 * 0.2/4, -1, Zh));
P2 1J(ToVector(-1 + 1 * 0.2/4, 1, Zh));
g-DrawLine(Pens.Silver,P1.X,P1.Y,P2_.X, P2.Y);

256



for (int i = 0; i < 41; i++)

{
P1 = 1J(ToVector(-1 , -1+ i1 * 0.2 / 4, Zh));
P2 = 1J(ToVector( 1 , -1+ 1 * 0.2 / 4, Zh));
g-DrawLine(Pens.Silver,P1.X,P1.Y,P2_.X, P2.Y);
}

1 ITOCTPOCHUC I/I306pa)KeHI/I$I HCTOYHHKA CBETA.

~ JIuctunr 8.16. PucoBanne NCTOYHUKA CBETA

// vcTouHMK CBeTa

Point P=1J(Sv);

g-FillRectangle(Brushes.Red, P.X-2,P.Y-2,5,5);
g-DrawLine(Pens.Red, P.X - 4, P.Y, P.X + 4, P.Y);
g-DrawLine(Pens.Red, P.X, P.Y - 4, P.X, P.Y + 5);

8.2.6.1. IlepcnekTHBHOE MpOeUPOBAHUE

Jdns  peanucTHYHOTO W300paXeHHsT TPEXMEPHOTO Telda HeoOXO0AnMO
YUUTBHIBATh HCKKEHNE €T0 MPOEKIMU B COOTBETCTBUH C 3aKOHAMH NEPCIEKTUBHI.

B rmaBe 3 mpuBeneHa oOmias MaTpuna NpeoOpasoOBaHUs OJHOPOIHBIX
KOOPAMHAT, KOTOpasi UMEET BH

P
7 (8.8)
)

S ®O =

X
x
e
/

I R % 2

=]

rie a,d,e — wacwtabupoBanue; m,n,l — cmemenune; p,q,r —
NPOCLIMPOBaHKE; S — KOMIUIEKCHOE MacIITaOUPOBaHKE; X — BpalleHHE.

Becero paszamgaror Tpm Tuma mpoekmmii: oxHoTodewHas (r # 0);
nByxroueuHas (p, q # 0); TpéxToueunas (p, q, r # 0).

Ha dororpapmsax, xkapTuHax, OSKpaHe M300paKEHHA KaXKyTca HaM
€CTCCTBCHHBIMHU )51 IMpaBUJIbHBIMH. Takue I/I306pa)KeHI/IH Ha3bIBAIOT
nepcneKTUBHBIMA. OJIHO M3 OCHOBHBIX CBOHCTB TaKUX H300paKeHHH — TO, YTO
Oonee yHaJieHHbIE TMPEAMETHl M300pakaloTcsi B  MEHBIIMX — MaciTabax,
rapajuieNbHble TpsMble B OOIEM Cily4yae HenapaiieibHbl. B urTore reomerpus
n300pakeHHs OKa3bIBACTCS IOCTATOYHO CJIOXXHOW, M MO TOTOBOMY H300paKEHHIO
CJIOYKHO OTIPEEIIUTh T€ WK UHBIE YaCTH O0BEKTa.

OObIyHAsl TNEPCIEKTUBHAS IMPOCKIUS — 3TO IEHTPAJIbHAs IMPOEKIHS Ha
IUIOCKOCTh  NMPSMBIMH  JIyd4aMH, NPOXOAAIIMMH 4Yepe3 TOUKYy — YeHmp
npoeyuposarus. OIUH U3 MPOCSHHUPYIONINX JyUeH MepHeHIUKYIAPEH K INIOCKOCTH
NPOCLIMPOBAaHHS M HAa3bIBACTCS 2la6HbIM. TOUKa IIEpecedeHus] ITOro Jyda M
IUTOCKOCTH MPOEKLMH — 2IA6HAA MOYKA KapTHHBL.
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1000
0100

Ik oy oz 1= _|= o4 . (8.9)
0 0 1 0 |rz+1 rz+1 rz+l1
0001

Mensisi P, Q 1 I, MBI PETYJIUPYEM TOUKY CXOJa.

Puc. 8.12. JIByxTOUueuHOE POCIMPOBAHKE

IlepcnekTUBHOE IBYXTOUEYHOE MPOELUPOBAHNE PEATUIYETCSI MATPUILICH:

¢ JIucrunr 8.17. IlepcneKkTHBHOE ABYXTOUEYHOE NPOCIHPOBAHME

case 3:
M[O][O]= 1; M[O][1]=0; M[O][2]=0;
M[1][O0]= O; M[1][1]=1; M[1][2]=0;
M[2][0]= O; M[2][1]=0; M[2][2]=1;
ML11[3]= p; M[2]1[3]=r;
break;
¥
KOTOpast UCTIONIB3yeTCs METOIOM Rotate cieayromuM o0pa3om:
VertexsT[i]=Rotate(Vertexs[i], 1, AlIf1,0,0);
VertexsT[i]=Rotate(VertexsT[i], 2, Betl,0,0);
VertexsT[i]=Rotate(VertexsT[i], 4, 0,Xs,Zs);
VertexsT[i]=Rotate(VertexsT[i], 1, AlIT,0,0);
VertexsT[i]=Rotate(VertexsT[i], 2, Bet,0,0);

8.2.6.2. CtepeonsodpakeHue
HanmomuuMm, dro 1uiockoe wu300pa)keHHe peOpaMH MHOTOTpaHHWKA B
MOBEPHYTOH CUCTEME KOOPANHAT PEeasIN3yeTCsl IUKIOM II0 BCeM pebpam.
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JIucrunr 8.18. PucoBanue pedpamu

void Drawkdge(Graphics g)

{
int L = body.Edges.Length;
for (int ¥ = 0; 1 < L; i++)
L
int x1 =
11(body.VertexsT[body.Edges[i]-p1][0]);
int yl =
JJ(body.VertexsT[body.Edges[i]-p1]1[1]):
int x2 =
11 (body.VertexsT[body.Edges[i]-p2][0]);
int y2 =
JJ(body.VertexsT[body.Edges[i]-p2]1[1]):
g-DrawLine(Pens.Black, x1, yl, x2, y2);
}
}

Jis co3maHusl cTepeon300pakeHus, HA KOTOPOE MOXKHO CMOTPETh CKBO3b
OYKU C KPacHOM M CHHEH JIMH3aMH, HAPHCYEeM J[BA COBMEIICHHBIX M300palieHus,
cilerka moBepHyThIX BOKpyr ocu OY B pasusie croporsl Ha yroa AnglStereo.
N300paxkeHre KpacHbIMH IJUHHsME moBepHeM Ha yron AnglStereo, a
n3obpaxkeHne cHHUMH JTHHUSIMH — Ha yron -AnglStereo. Ilpocteie pacyerst
mokasepiBatoT, uro yroa AnglStereo momkeH MeHATBCS B - IMania3oHe
0,01...0,03 paguasn.

- JIuctunr 8.19. CrepeopncoBanmne pedpamu

void DrawStereo(Graphics g)

{
Color ¢ = Color.FromArgh(OxCF, 0, 0);
Pen myPenR = new Pen(c, 2);
Pen myPenB = new Pen(Color.Blue, 2);
int L = body.Edges.Length;
for (int i = 0; 1 < L; i++)

TEdge e = body.Edges[i];

double[] V1 = Rotate(body.VertexsT[e.pl], 1,
AnglStereo, 0, 0);

double[] V2 = Rotate(body.VertexsT[e.p2], 1,
AnglStereo, 0, 0);

g.DrawLine(myPenR, 11 (V1[0]), JI(VI[1]),
V20D, JIV2[1D);

V1 = Rotate(body.VertexsT[e.pl], 1, -
AnglStereo, 0, 0);
V2 = Rotate(body.VertexsT[e.p2], 1, -
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AnglStereo, 0, 0);
g.DrawLine(myPenB, 11(V1[0]), JI(VI[1D),
20D, JIV2[1D);

KpacHoe n3obpaxkeHue pucyercs
Ha kaHBe Bitmap, cuHee — Ha KaHBe
BitmapBlue. 3arem BitmapBlue
kommpyercss Ha Bitmap B pexume
cmSrcPaint, B kKoTopoM IIBETa TOYEK
Bitmap u BitmapBlue cknanpl-
BatoTca omnepanueii OR. B pesynbrarte
obliie TOYKH H300paKEHUH HMEIOT
et $FFOOFF.

Puc. 8.13. Crepeonzobpaxenne
MHOTOTPaHHHKA
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I'nmaBa 9. UCIIOJIB30BAHUE 'PA®UYECKON
BUBJIUOTEKU OPENGL

bubmmoreka OpenGL cocToMT W3 HECKONBKHX COTEH METOJIOB,
MO3BOJIIOIINX ONKCHIBATh TPEXMEPHbIE TpaduecKkue OOBEKTHI M ONEpanyy Hal
HUMH. DTH METO/BI O3BOJISIOT:

— pHCOBaTh FEOMETPUUECKHE M PACTPOBBIC IPHUMHUTHBBI;
paborats ¢ 1iBeToM B pexkume RGBA u B nHniekcHoM pexnme;

— peann3oBBIBaTH BHJIOBBIE MpeoOpa3oBaHMs MW 3aJaBaTh  MOJENb

OCBECILICHHS;

— yHansaTh HEeBHIUMBIC peOpa U TpaHM; UCIIONb30BaTh Pa3InIHbIC 2(PPEKTHI
(compspkeHHsT  I[BETOB,  NPO3PAYHOCTH,  HANOXKEHHUS  TEKCTYpHI,
OCBEILIEHHsI PACIPECICHHBIMH M TOYEYHBIMH HCTOYHHKAMHU CBETa,
«TyMaHay);

— HCHOJb30BaHuE B-cruiaiiHOB.

PaGora ¢ uerom B pexume RGBA mo3BonsieT ycTaHaBIMBaTh JOJA
KpacHOro, 3¢NEHOro, CHHErO I[BETOB M HCHONB30BaTh CIIE OJMH Mapamerp —
anb(a-napamMeTp, OTBEHYAIONIMK 3a Mpo3pavyHocTh (I — MonHAs HEmpo3padyHOCTb,
0 — mosHAs PO3PAYHOCTH).

Ilon BumOBbIMM TIpeoOpa3OBaHMSIME HMEIOTCSIT B BUIY T'€OMETPUYECKHUE
peoOpa30BaHMsI CUCTEMBI KOOPUHAT: CMEIIEHHS U TIOBOPOTHI CHCTEMBI KOOP/IHHAT.

Wmerorcst rpaduyeckue NPUMHTHBBL TOYKH, OTPE3KH IPSAMBIX JIMHHH,
MHOTOYTOJIbHUKH, ITMKCEJIbHBIE TPSIMOYTOJILHUKN WM OUTOBBIE KapThl. [IpuMuTuB
3aJ]aeTcsi MHO)KECTBOM KOOPJIMHAT CBOMX BepuiMH. C BEpUIMHAMH CBS3BIBAIOTCS
CJIC/TyIOIIME aTpUOYTHI: LIBET, HOPMaJlb U KOOPANHATHI TEKCTYPBIL.

B OpenGL npemycMoTpeHsl omepanul ¢ IUIOCKUMH U TPEXMEPHBIMU
00beKTaMH: MaTpHIBI TpeoOpa3oBaHuii, 3aanne Ko3()(HUINEHTOB ISl ypaBHEHHUS
ocBemieHHOCTH W T.. HeoOxommmo otmeruth, uro B OpenGL Her cpencts
OIIMCAHUSI CTPYKTYP CIOKHBIX OOBEKTOB.

3agaHue KOOPAMHAT, [[BETOB, BEKTOPOB HOPMAJIM U TOUCK NMPHUBA3KH TEKCTYpP
npoucxoauT Mexay komannamu g 1Begin(DrawMode) u glEnd()

Jlns mocTpoeHust TpeyroibHUKa ¢ BepmuHamu B Toukax (10,10,0), (10,20,0)
u (20,0,10) HEOOXOAMMO, HAIPUMED, HATIIICATH TaKyIO TOCIEAOBATEIEHOCTD:

glBegin(GL_TRIANGLES);
glVertex3i(10,10,0);
glVertex3i(10,20,0);
glVertex3i(20,0,10);
glEnd();
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B OpenGL npenycMOoTpeHO JeciaTh TeOMETPHIECKIX 00BEKTOB!

— GL_POINTS — nmocnenoBaTenbHOCTh TOUCK;

— GL_LINE_STRIP — nomanas nuHus;

— GL_LINE_LOOP — 3amkHyTast TOMaHast JTMHAS;

— GL_LINES - orpe3ok nunuwM;

— GL_TRIANGLE_STRIP — MHOXECTBO CBSI3HBIX TPEYTOJIbHHUKOB;

— GL_TRIANGLE_FAN — MHOeCTBO TPEYTOJIbHUKOB, CBSI3aHHBIX BEEPOM;

— GL_TRIANGLES - tpeyrojibHuK;

— GL_QUAD_STRIP — cBsi3HbIC 4eTHIPEXyTOIbHUKH;

— GL_QUADS — geTbIpexyronbHUK;

— GL_POLYGON — BbINyKIIbIif MHOTOYTOJIbHUK.

W3 3THX 00BEKTOB MOKHO CTPOHTH 00JICE CIOKHBIC OOBEKTHI.

Hopmane — TpexMepHblii BEKTOp, HCIONB3yeMblil Juisi (HOpMUPOBAHUS
OCBEILEHHOCTH [TOBEPXHOCTH.

KoopauHaThl BEpIIMHBI  IIO/BEPralOTCSl  BHIOBOMY  IIPEOOpa3OBaHHUIO
OJTHOPOJHOM CHCTEMBI KOOPJIMHAT YMHOKEHHEM BEKTOpa Ha Marpuily 4x4. Ota
MaTpHlia COIEPXKUT OIepaluy CIBHUra, oBOpoTa 1 MacmradupoBanus. B OpenGL
JOMYCTHMO TPOBOJUTH T'€OMETPUYECKHE NpeoOpa3oBaHMsi HE TOJBKO ITyTEM
MIOCIIEAOBATENBHBIX TTOBOPOTOB BOKPYT oce X, Y wiu Z, HO U OTHOCHTEJIHHO
MIPOMU3BOJIFHOTO BEKTOPA.

Jnst 3amaHus IONM Ka)KZOro IBETa MOXKHO HCIONB30BaTh ILIENble YHCIa B
auanaszoHe 0...255 u BemecTseHHbIe ynciio ot 0.0 o 1.0.

OcBelIeHHOCTh M3MEHSETCS B 3aBUCHMOCTH OT CIEIYIOIIMX I1apaMeTpoB:
CBOMCTB Marepuajia; OTPa)kKalolIMX CBOWCTB MOBEPXHOCTH OOBEKTA; IapaMeTpoB
HCTOYHHKA CBETA.

Bun wm300pakeHHs 3aBHCHUT OT MapaMeTPOB: MOJIEIH OCBEIICHHOCTH,
PpacIoyoXeHUss HCTOYHUKOB CBETA, MOITHOCTH MCTOYHHKOB CBETA, CBOWCTB CpEJIbI
U T

Bce xomaHpI, KpoMe 3aJaHUSI KOOPAWHAT, LIBETOB, BEKTOPOB HOPMAlIH U
TOYEK TPHUBA3KH TEKCTyp, MOTYT OBITb pa3MelleHsl | BHE OJoKa
glBegin..glEnd, uto yckopsieT paboTy mporpamMMsi.

Komanner B  OpenGL BhINONHAIOTCA CEpBEpOM  cpa3sy IHocie HUX
MOCTYIUICHHSI. DTOT PEXHUM HCIIONB3YeTCs B NPHIOXKEHHUSIX, B KOTOPBIX MOTYT
M3MEHATH KOOPIUHATHI BEPIIMH IPUMUTHBOB 1 PEKUMOB HX BBIBOJIA.

Ecnu KoopauHATHl BEPIIMH MPUMUTHBOB HE MEHSIOTCS, TO IUIST YCKOPEHUS
pabOTBl  MOKHO  HCIIOJIB30BAaTh  JHCIUICHHBIE  CIHCKH,  COJEpIKallue
mocuenoBareabHOCTH KoMana OpenGL.

JMCIUIEHHBIM CIIMCOK HAaXOIUTCS Ha CEPBEPE U BBIBOJUTCS Ha 3KPaH IIPU
nocrymieand koManas glCal IList().

MBsI He cTaBUM niepert cobo0if 3a1auy onucaTh BCE BO3SMOXKHOCTH OMOIMOTEKN
OpenGL. Bonee mompobHyr0 MHPOPMALNIO MOKHO TONYYHUTh B TOKYMCHTAITUH
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i, Hanpumep, B kaure 0. Tuxomupona [40], B KOTOpOif MpHBEIEHO MHOKECTBO
pUMepoB, pa3paboTanHbIX B cpene Visual C++.

9.1. YCTAHOBKA M 3ABEPIIEHUE PABOTHI C OPENGL

Ipsamoit mognepxxkn Ombmmoreku OpenGL B .NET Framework wer. M
noKIrounM o0udaunorexy Tao Framework.

Tao Framework — OwuOmHOTEKa C OTKPBITBIM HCXOAHBIM  KOJIOM,
npefHa3sHaYeHHas s pa3paboTKHM  KpOCC-IUIaT(hOPMEHHOTO POrPaMMHOIO
obecnieuenus B cpene .NET Framewrok.

Hexoropslie 6ubnmoTeky, BkitoueHHbie B Tao Framework:

— OpenGL — npennasnavena juis Busyanusanuu 2D u 3D rpadukuy;

— FreeGLUT — ananor ouomotexu GLUT;

— DevIL (OpenlL) — mnpennazHadeHa it paOOTBHl C W300paKECHHUSMH.
bubmmoreka mo3Bomser uurtate 43 (¢dopmMara u  3aMUCHIBATH
m3o0paxkenus 17 ¢popmaros;

— OpenAL — npemHa3HaueHa 11 pabOTHI C ayINOJaHHBIMI;

— PhysFS — npennaznauena st paboThl ¢ apXUBaMu;

— SDL — ucnone3yercs npy HAMUCAHUN MYJIbTUMEAUHHBIX IPUIIOKECHUH;

— GNU/Linux ODE — nporpammHsbIii uHTEp(eiic, pealiu3yomui AMHAMUKY
TBEPAOTO TeJa U OOHAPYKEHUE CTOIKHOBEHHH;

— FreeType — npennasnaueHa aist pucoBaHust LIpUQTOB;

— FFmpeg — npennazHauena uis paboThl ¢ ayIM0- U BUJEOAaHHBIMU.

IIpomecc ycranoBkm Oubmmotreku Tao Framework ommcan Ha caiite
http://www.esate.ru/page/uroki-OpenGL-c-sharp/. Ho s mnepBoHavanbHON
pabotsl ¢ OpenGL He 00s13aTeNbHO yCTaHABIUBATH BECh IAKET: TOCTATOYHO UMETh
nats DLL:

— freeglut.dll;

Tao.FreeGlut.dll;
Tao.FreeType.dll;
Tao.OpenGl.dll;
Tao.Platform.Windows.dll.

[anee omuchIBaeTCs MOCIIEI0BATENFHOCTD JACHCTBUI NPU CO3AaHUK HOBOTO
OKOHHOTO TIPOEKTA.

Hlar 1. Co3naiiTe HOBBII IPOEKT.

Ilar 2. B o0o3peBartene pelmeHHi Ha)KMHUTE MPABYIO KHOIKY MBIIIM Ha
crpoke «Ccputkn». [losButcs okno (puc.9.1), B koTopoM Ha 3aknanke «O030p»
HeoOxoauMo HaiiTu U BeiaenuTh yeThipe DLL: Tao.FreeGlut.dll; Tao.FreeType.dll;
Tao.OpenGl.dll; Tao.Platform.Windows.dll.
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r
00 [lo6aBnTs CoblIKy | I M
| NET | Ccom | ﬂpoenm| O6zop | MNocnegune ¢ainh||
Oarwa: | OpenGL - & [? E* [
W = flata vamerenna Tun Pazmep
Ju 1182515161 _opengl32 16.02.2013 7:09 Manka ¢ daidnamn
|%| freeglut.dll 14.11.201315:23 Pacumpenne npa... 236 Kb
| ] Tao.FreeGlut.dll 1411.201315:23 PacLunperne np... 40 KE |
| || Tao.FreeType.dil 1411.201315:3 PacLunpeHne np... 36KE |
| %] Tao.OpenGl.dil 1411.201315:23 PacLunperne np... 912 K |
t || Tao.Platform.Windows.dll 14.11.2013 15:23 PacLLMpEHIE NpM... 84 KE |
Wma @aina:  "Tap Platform Windows.dll" "Tao . FreeGlut dI" "Tao.Free Type dlI" "Tao OpenGl.dll" -
Twn thainos: [CPannu komnoHeHT (*dll;* tb;* olb;* ocx;* exe;* manifest) ']
oK l ’ Ormena ]
- = y|

Puc. 9.1. Beibop 6ubmorex DLL

[Tocne naxarust kHomku OK B cChUIKAax JOOABATCSl YEThIPE BHIOPAHHBIX
¢aiina (puc. 9.2).

Obospesatens peLleHni *xB8Xx
e
'; Pewenne "OpGL" (npoekTos: 1)
4 OpGL
3 Properties
4 | Counin |
«3 Microsoft.CSharp
«3 System
«3 System.Core
«3 Systemn.Data
«3 System.Data.DataSetExtensions
«3 System.Deployment
«3 System.Drawing
«3 System.Windows.Forms
«3 System.Xml
«3 System.Xml.Ling
«3 Tao.FreeGlut
«3 Tao.FreeType
«3 Tao.OpenGl
«3 Tao.Platform.Windows

p [=] Forml.cs
& Program.cs

Puc. 9.2. O6o3peBarennp pemieHus

Mlar 3. Ha manenu anmeMeHTOB Ha 3akianke «OOIIUe» HAKXMUTE MPaBYIO
KHOITIKY U B MEHIO BbIOepHTe CTpOKY «BbIOparh anemeHTs» (puc. 9.3).
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[MNaHens 3nemeHTOB v 0 x

» [ ¢ Bce dpopmbr Windows Forms
[» CTAHA3PTHEIE 3NEMEHTEI YNPEE..
> KonTediHeps
[> MeHI 1 NaHenn MHCTPYMEHTOR
> JaHHbIE
> KomnoneHTe!
> Mevate
> Jlnanoroeele oKHa
[» Baanmogenctene WPF

> OTYeThI
> Wisual Basic PowerPacks
E\l| 4 OBwme
4 Bcraewte Ctrl+V

v | Cnncok

lNokazate Bce

Bbibpath 3NEMEHTbL..

CopTHpOBaTE 3NEMEHTEI NC andaBnTy
Puc. 9.3. Bri6op a5eMeHTOB

B oxne «Bp100p s5eMeHTOB» HaxkMuTe KHONIKY «O030p» (puc. 9.4).

rEmlliop 3NEMEHTOE NaHENWN 3AEMEHTOB &g
| Komnonentei Silverlight K System Workflow | KomnonenTs System. Activities
Komnonentel NET Framework | COM-komMnoHeHTbl | KomnonerTa WPF
Wmn Mpocrpancreo nmen Wmn choprn Katanor -
Sequence Systemn.Workflow.Activities System.Workflow.Acti... [nobanehbl...
SerialPort System.[O.Ports Systemn InobaneHel...
ServiceBase Systemn.ServiceProcess Systemn.ServiceProcess  [nobansHbl...
ServiceController System.ServiceProcess Systern.ServiceProcess  [noBansHbl..
Servicelnstaller Systermn.ServiceProcess Systemn.ServiceProcess  [noBanbHbl...
ServiceProcessInstaller System.ServiceProcess System.ServiceProcess  [nobaneHbl...
SetState Microsoft.SharePoint Workfl...  Microsoft.SharePoint.... [noBaneHbl...
SetState Systemn. Workflow. Activities Systemn.Workflow.Acti... [nobaneHbl... D
SettingsControl Microsoft VisualStudio.Data....  Microsoft.VisualStudi.. C\Program...
SharePointSequentia... Microsoft.SharePoint.Workfl...  Microsoft.SharePoint... TnoBanbhbil...
SimpleOpenGIControl  Tao.Platform.Windows Tao.Platform.Window... .
Fal e va [N . [PPSR TR . I o . LTI [ -
DunbTp: | QUmcTHTE |

SimpleOpenGlControl
a Asbic WrHeapuanTreid Assik (MHeapuanTHan crpana)

I [ ok ][ omesa |[ copoc |

Puc. 9.4. JloGaBneHre KOMIIOHEHTA
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Haiinure daitn Tao.Platform.Windows.dll Ha qucke (puc. 9.5).

e Orepeims
Wb Komnbtotep + Data (D) » CF » Book » OpenGL » - Mouck: OpenGL
Y¥nopsgounts ¥ Hosan nanka =~ 0 @
B Ju Chll Copruposka Mownck - Wmn = JlaTa usmeHenna Tun
I ) Chll Yucnennele metogsl i -
J ConsoleApplicationl 2211.2013 8:59 Manka ¢ dainarm
[ Chl2 GDI -
Ju OpGL 2911.201311:17 Manka ¢ dainamn
[ Ju Ch22 PerynapHele BeIpa:KeHNA
= — |%)| freeglut.dil 1411.201315:23 Pacumpenne npw...
J Open
lc# = [&] Tao.FreeGlut.dil 141120131523 Pacumpenne npu...
[ g*
= Tty H |%| Tao.FreeType.dIl 14.11.2013 15:23 Paclmperne npu..
. Gra
. . B [&] Tao.0penGldIl 141120131523 Pacumpenne npu...
) |%| Tao.Platform . Windows.dll 1411.201315:23 Paciunpenne npu...
P Test
I Ju KomnbioTepHan rpaduka Onucanne daiina: Tao Framework Windows Platform API Binding For .NET
b Oprannzayna: Tao Framework -- http://www.taoframework.com
Ji nwrepatypa Bepcua daiina: 1.0.04
b Pucyrin || I [Jarta cozganma: 29.11.2013 11:21
Pazmep: 84,0 Kb
Wman paiina: - Ichannnemn: $anne (~.dll; . v]
i Otkpers i [ Otmena I

Puc. 9.5. Ycranoska kommnonenta Tao.Platform. Windows.dll

[Tocne Haxatusi KHOMKH «OTKPBITE» Ha MAHENH DJIEMEHTOB JI00aBHUTCS
anement ynpasnenuss SimpleOpeGLControl — ocHOBHOW KOMIIOHEHT JUist
pabotsl ¢ OpenGL (puc. 9.6). DTOT KOMIOHEHT HEOOXOAMMO NOOAaBUTH Ha GopMy
U TIepEUMEHOBaTh, HarpumMep CGL.

MNarens 3nemeHToB o x
[» Bee ropmel Windows Forms
[» CTaHABPTHBIE 3NEMEHTBI YNPaBAEHNA
[» KonTelinepb!
[> MeHo 1 NnaHenn NHCTPYMEHTOR
> NaHHbIE
> KomnoHeHTs!
[> MNeuyats
[» Ananoroseie okHa
> Bsanmogeicrene WPF
[> OTUETEI
[» Visual Basic PowerPacks
4 Obuywe
Rk Ykazatens
& SimpleOpenGIControl

Puc. 9.6. Dnemenr ynpasnenust SimpleOpeGLControl

[ocne 3amycka nmpoekTa Ha BbIONHeHHe B Tanke Debug nosiesates 4 daitna:
Tao.FreeGlut.dll,Tao.FreeType.dll,Tao.OpenGl.dll,
Tao.Platform_Windows.dll.
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lar 4. B nanky Debug ckomupyiite daiin Freeglut.dl 1, kotopsrit He
SIBISIECTCS. COOPKOM M II09TOMY HE MOXKeT ObiTh H00aBieH depe3 0603peBaTenb
PpelIeHYS.

Hlar 5. B xoHcTpykTOpe (GopMBI T0OABETE CTPOUKY Ul WHULMATH3ALHN
3TOT0 OOBEKTA.

Jluctunr 9.1. Uaunuanu3anusa odobexra CGL

public Form1Q)
{

InitializeComponent();
CGL. InitializeContexts();

}
Ilar 6. Co3naiite knacc G, a B Hem metox INitGL().

JInctunr 9.2. UHnnuann3anus napaMeTpoB

public static void InitGL(SimpleOpenGIControl CGL)
{
Glut.glutlnit(Q); // uwnvumanuszaumsa 6ubmmorexu Glut
Glut_glutlnitDisplayMode(Glut.GLUT_RGB | Glut.GLUT_DOUBLE |
Glut.GLUT_DEPTH);
// ouucTka OKHa
Gl.glClearColor(255, 255, 255, 1);
// ycranoeka nopTa BeBOIa no siyemenTy CGL
Gl.glViewport(0, 0, CGL.Width, CGL.Height);
// HacTpoiika mpoexkunu
Gl .gIMatrixMode(Gl.GL_PROJECTION);
Gl.glLoadldentity();
Glu.gluPerspective(45, (float)CGL.Width
/ (float)CGL.Height, 0.1, 200);
Gl .gIMatrixMode(Gl.GL_MODELVIEW);
Gl.glLoadldentity();
// nacrporika napamerpor OpenGL mia Busyammsauun
Gl .glEnable(Gl.GL_DEPTH_TEST);
3

Mar 7. Jnga pabotsl ¢ OuONMHOTEKaMH HEOOXOIUMO TOAKIIOYHTH
CIIE/TyOIIIE TIPOCTPAHCTBA UMEH.

- JInctunr 9.3. IloakiioueHHe NPOCTPAHCTB HMEH

// nnsa pabore ¢ 6ubmmorexoir OpenGL

using Tao.OpenGl;

// nna pabore ¢ 6ubmmorexoi FreeGLUT

using Tao.FreeGlut;

// nns pabore c snementom ynpassenus SimpleOpenGLControl
using Tao.Platform_Windows;
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Ilar 8. Meronq InitGL() BeBbIBacTcss Ha Qopme B 00paboTumKe
Forml Load().

JIuctunr 9.4. Bo13oB metoaa InitGL()

private void Forml_Load(object sender, EventArgs e)

G. INitGL(COL);
}

Ilar 9. B knacce G coszmaitre meron pucosanus Draw( ), koTtopslii OyaeT
BbI3BaH B 00paboTunke Forml_Paint().

JIuctuur 9.5. Mertoa pucoBaHus

public static void Draw()

{
initLight(Q;
Gl.glClear(Gl.GL_COLOR BUFFER BIT |
GI.GL_DEPTH BUFFER BIT);
Gl.gIMaterialfv(Gl.GL_FRONT_AND_BACK,
GI.GL_AMBIENT, matl_amb); // ¢oHOBEII LuBeT MaTepuasa
Gl._.gIMaterialfv(GI.GL_FRONT_AND_BACK,
GI.GL_DIFFUSE, matl_dif); // mnuddysuonseie croiicTBa
Gl.gIMaterial fv(GI.GL_FRONT_AND_BACK,
Gl .GL_SPECULAR, matl_spec); // sepxainbHbe CBOMCTBa
Gl._.gIMaterial f(GI.GL_FRONT_AND_BACK,
GI.GL_SHININESS, matl_shininess);
Gl.glLoadldentity();
Gl ._.glPushMatrix();
Gl.glTranslated(0, 0, -6);
Gl._.glRotated(45, 1, 0, 0);
Gl.glRotated(45, 0, 1, 0);
Glut.glutSolidTorus(0.5, 1.5, 32, 32); // pucoeanue Topa
Gl .glPopMatrix();
Gl._glFlushQ);
}

IIar 10. Metron Draw() BbI3bIBacT METO/ HACTPOWKH UCTOYHHKA CBETA.

: JInctunr 9.6. HacTpoiiku HCTOYHHKA CBeTa

static void initLight(Q)

{
float[] light_ambient = { 0.0F, 0.0F, 0.0F, 1.0F };
float[] light_diffuse = { 1.0f, 1.0f, 1.0f, 1.0F };
float[] light_specular = { 1.0f, 1.0f, 1.0f, 1.0F };
float[] light_position = { 1, 1, 1, 0.0Ff };

// napaMeTphn MCTOUYHMKA CBETa
Gl._.glLightfv(Gl.GL_LIGHTO, GI.GL_AMBIENT, light_ambient);
Gl._glLightfv(Gl.GL_LIGHTO, GI.GL_DIFFUSE, light_diffuse);
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1.glLightfv(Gl.GL_LIGHTO, GI.GL_SPECULAR, light_specular);
1.glLightfv(Gl.GL_LIGHTO, GI.GL_POSITION, light_position);

// Bxiouaem OCBEIlIEHME U MCTOUHMK CBeTa

1.glEnable(Gl.GL_LIGHTING);
1_glEnable(Gl.GL_LIGHTO);

// Bxiwuaem Z-6ydep

1.glEnable(GIl.GL_DEPTH_TEST);

B pesynbTare 3amycka npoekta OyaeT HaprcoBaH Top (puc. 9.7).
al Forml =NRC X

Puc. 9.7. Top

B mporpaMme UCIOJb3YIOTCA CICAYIOINE KOMaHAbI:

glViewport(x: Glint; y: Glint; width: GLsizei;
height: GLsizeil) —onpenensier 061acTh BEIBOAA;

X, Y — OIPeeISIOT JIEBBIM BEPXHMI yroJl KpaHa B IMIKceNax (0 yMOITIaHHIO
0,0);

width u height — onpenessior MpUHY 1 BBICOTY OKHA 3KpaHa;

glOrtho(left, right, bottom, top, near, Tar:
GLdouble) — ymHOXaer TeKyllyl0 MaTpUily Ha OpTOrpapUUECKyrO
Mmarpuyy. [TapameTps:

left, right — xoopaWHATBI JEBOH W TMpaBOH BEPTUKATBHBIX ILUIOCKOCTEH
OTCEUCHUS;

bottom, top — KOOpANHATHI HIDKHEN M BepXHEl TOPH30HTAIBHBIX TIOCKOCTEH
OTCEUCHUS;

near, far — paccTOSIHYA 10 OIVDKHEH W JATbHEH IDIOCKOCTEH OTCEYEHUS. DTH

pacCToaHusd OTPULATCIIbHBI, €CJIM TUIOCKOCTH JIOJDKHbBI OBITH 3a Haﬁmoz(a-
TCJICM.

269



— glClear(mask: GLbitfield) — ounmaer Gydepsl B mpemenax OKHa
skpana. [lapamerp mask obpasyercst ¢ TIOMOIIBI0 GHTOBO# oreparmu O 3
MAacOK, YKa3bIBAIOIHX Oy(epbl, KOTOPHIE JTOJLKHBI OUMIIAThCS;

— glFlush — rapantupyer 3aBepiiieHre KOMaH/T 3a KOHEYHOE BpeMsT;

— glFinish — Grokupyer nanbHeHIee BHIIOTHEHHE MPOTPAMMBI, TIOKa BCE
npenpiayime GL-koMaH bl He OyIyT 3aBepIIICHbI.

9.2. KOMAHJbI 1 MTPUMUTHUBBI OPENGL
9.2.1. CHHTAKCHC KOMAH]T

B cuHTakcuce Ha3zBaHMSA KOMaH. ONPEACIIACTCSA YUCIIO apTYMEHTOB, UX THII,
CHMBOJIOM V YKa3bIBACTCs, YTO B KAUYECTBE apryMEHTA UCIIOJIbL3YECTCSA YKa3aTelib HA

MAacCCHB:
NameCommand [1]2]3]4] [blslilfld]ubjusjui] [Vv]

—  Ogpna w3 uudp 1/2|3]4 nokaspiBaeT Ha YUCIIO APTYMEHTOB.

— CumBousl bls|i/fld[ublus|ui MOka3bIBatOT HA THIT aPryMEHTOB. THIIBI
aprymeHToB, nonycrumsle B OpenGL, npuBenens! B Tabiue 9.1.

— CuMBOI V yKa3bIBacT Ha TO, 9TO B KAYECTBE apryMEHTa MCIIOJIb3YETCs
yKazarenb Ha MacCHB.

Tabmuma 9.1
COOTBGTCTBI/IC CHMBOJIOB U THUIIOB
CuMBOJIBI Tun OpenGL Tun C#

b GLbyte sbyte

s GLshort short

u GLint int

T GLfloat float

d GLdouble double
ub GLubyte byte

us GLushort uint

ui GLuint cardinal

B rtabmume 9.2 mokaszano cootBerctBue TunoB OpenGL u C#, He
y4acTBYIOIMX B UMeHax koman OpenGL.

Tabumma 9.2
COOTBeTCTBI/Ie THUIIOB
Tun OpenGL Tun C#
GLenum Cardinal
GLboolean bool

270



[Ipomomxenne Tadi. 9.2

Tun OpenGL Tun C#
GLbitfield Cardinal
GLsizeil int
GLclampf float
GLclampd double

B kauecTBe mpHMepa TPHBENEM KOMAHIY, ONMPEICISAIONIYI0 KOOPIUHATHI
oxHo# Toukn Ha rockoctd: glVertex2¥(300,300).

9.2.2. BEPIIIUHBI

Bepmuna — 310 Touka B 2D- mnu 3D-npocTpaHcTBE, KOOPIMHATEI KOTOPOH
3aJ]al0TCsI KOMaHAaMHU:

glvVertex[2 3 4][s i T d](coord: GLtype);
glVertex[2 3 4][s i T d]v(coord: PGLtype);

ITapamerp coord 3amaer 4 OAHOPOOHBIE KOOPIMHATHI BEPIIMHBI
(X,Y,z,W). Komanma glVertex2 onpenenser koopaumHathl (X,Y,0,1),
komanna glVertex3 omnpemenser koopauHatel (X,Y,Z,1l), KoMaHzaa
glVertex4 onpenensier 4eThipe OJHOPOIHBIC KOOPIUHATHI (X, Y ,Z ,W).

9.2.3. IIPUMHUTHUBBI

B o6ubmmorexke OpenGL ompeznesneHsl cieayrone MPUMHTUBBL TOYKH,
JIMHAHW, MHOTOYI'OJIbHHUKH, MNPAMOYT'OJIbHUKU ITUKCEJIOB. HpI/IMI/ITI/IB I rpymnra
OJIHOPOJHBIX TIPUMHUTHBOB 33Ja€TCSl BEPIIMHAMH M CBSI3aHHBIMH C 3TOH TPyMoOif
cBoiictBamu. ['pyrina onpeaenseTcs: CKOOKaMH:

glBegin(mode: GLenum);
gIENdQ) -

[apamerp mode ompenenser Tan ¢uryp. Bo3amoxHble 3HAa4eHHS STOTO
rapameTpa IpHuBeAeHs! B Tadimie 9.3.

Tabimma 9.3
3HaueHus napamerpa mode
mode 3Havenune
GL_POINTS 1 BepmvHa paccMaTrpuBaeTcs Kak — He3aBUCHMAs
TOYKa
GL_LINES 2 IMapa BepIMH HPEACTABISAET COOOM HE3aBUCHMBIN
OTPE30K
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[Ipomomxkenne Tadm. 9.3

mode 3HaueHne

GL_LINE_LOOP 2 | 3aMKHyTas JOMaHas JIHMHHUS: MHOTOYyroJibHHK ¢ N
BEPLIMHAMH

GL_LINE_STRIP 2 | Jlomanas quHUS

GL_TRIANGLES 3 | Kaxzmple 3 BepIIMHbI 331a10T TPEYTOIBHHUK

GL_TRIANGLE_STRI 3 I'pynna CBsI3aHHBIX TPEYTOJBHUKOB. TpPEyroibHUK

P ¢ HomepoM N OmMpaeTcs Ha BEPIUIMHBI ¢ HOMEPAMH
N+2,N+1 u N

GL_TRIANGLE_FAN 3 | I'pymma CBsS3aHHBIX TPEYrOJBHHKOB C OOwIeit
BepumHoit. TpeyronbHuk ¢ HomepoM N ormpaercst
Ha BepunHbI ¢ HoMepaMu N+2, N+1 u 1

GL_QUADS 4 | 4 BepUIMHBI 32J[AI0T YETHIPEXYTOIBHUK

GL_QUAD_STRIP 4 | I'pynna CBSI3AHHBIX YETBHIPEXYTOILHUKOB.
YeThIpeXyronbHUK ¢ HoMepom N omupaercs Ha

BepuinHbl ¢ HOoMepamu 2XN-1, 2xN, 2xN+2 wu
2xN+1

GL_POLYGON 3 | Pucyercs BBILYKIIbIH MHOTOYTOJILHUK

YV rpymnmnsl IpUMHTHBOB MOTYT OBITh CJIEAYIOIIHE CBOHCTBRA:
— TIpY HEaKTUBH3UPOBAHHBIX McTOYHKKAX cBera koMmaHna gl Color onpenenser

IBECT MNPHUMUTHBOB. HpI/I AKTUBU3MPOBAHHBIX HCTOYHUKAX CBE€Ta MLBET
NPUMHUTHUBOB OIPEACIIACTCA B3aPIMO)IeI>iCTBPIeM OB€Ta MCTOYHHMKOB CBCTA U
1BCTAa IPUMUTHUBOB;

xomanna gINormal onpemenser HopMamb K IUIOCKOCTH, K KOTOPOI
NPHHAIIEKUT 3Ta BEPLIHHA;
komanma gIMaterial 3amaer cBoiictBa Marepuana (1Ber audHy3HOHHOTO

OTP&KEHHsI, PACCESHHBIA [[BET, CTEIEeHb 3€PKATBHOTO OTPaKEHHUS, IIBET
3epKaJIGHOTO OTPAYKEHMA);
—  KOODJHMHATHI TEKCTYphI ycTaHaBnuBaroTcs komannoi gl TexCoord.

9.3. II1IOCKASI TPA®UKA

B mankxe «Example 36 OpenGL 2D» mpencraBiieH MpOEKT, UCHOIb3YOTHHA
iockue nmpuMetussl OpenGL.
Meroj nHULIMATM3aUUK TpaUKU PEICTaBIEH B JIUCTHHTE 9.7.
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* Jlucranr 9.7. Mnnuuaamsanus rpadpuku

public static void InitGL(SimpleOpenGIControl CGL)

{

}

Glut_glutinit(); // wnuumanmsaumn oubmuorexu Glut
Glut.glutInitDisplayMode(Glut.GLUT_RGB);
// uBeT OUUTKM OKHa

Gl.glClearColor(255, 255, 255, 1);

// ycranoeka nopra BHBOma B coorTBecTBum c CGL

Gl._glViewport(0, 0, CGL.Width, CGL.Height);

Gl._.glOrtho(0, CGL.Width, O, CGL.Height, 0, 1);

B nuctuare 9.8 npuBeneH npuMep kona, pucyroomero 10 Touek ciaydaiHOro
[[BETa CO CIIy4alHBIMH KoopawHaTamu (puc. 9.8). Jlns Ha3HaueHWs LBETa TOYEK
komangoit glColor* Heo6XoAMMO OTKIIOYMTh HMCTOYHHKH CBETAa KOMaHION

glDisable.

. JInctunr 9.8. PucoBanue 10 Touex

public static void DrawPoint()

{

if (POINT_SMOOTH)
Gl.glEnable(GI.GL_POINT_SMOOTH);
else
Gl.glDisable(GI.GL_POINT_SMOOTH);
Gl.glEnable(Gl_GL_POINT_SIZE);
Gl.glEnable(Gl.GL_POINT_SIZE_RANGE);
Gl.glEnable(Gl .GL_POINT_SIZE_GRANULARITY);

for (int 1 = 1; i < 10; i++)

{
Gl._glPointSize(3 * 1 + 1);
GI.glBegin(Gl.GL_POINTS);
Gl .glColor3bv(RGB());
Gl.glVertex2f(rnd.Next(400), rnd.Next(400));
Gl.glEndQ);

3
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Puc. 9.8. Touku

Touku MOTYT H300pakaThCsi MPSIMOYTONBHUKAMH, €CIIH OTKIIOYEH PEeXKUM
crnaxuBanus komangoi glDisable ¢ mapamerpom GL_POINT_SMOOTH wtu
KPY’KKaMH, eCJIi 3TOT peskuM BkirodeH. Komanna glPointSize 3amaer pasmep
TOUYeK. B pexmMme CriuaxumBaHuWs pa3Mep TOYCK HE MOXET OBITh JIIOOBIM U

orpaHudeH BenuanHou 10.
Jns 3amanus ciiy4aitHoOro 1iBera UCIoyib3yeTcss METO

: JIuctunr 9.9. MeTon 3a1aHus CIAy9aiiHOro HBETA

static byte[] RGBO
{

byte[] res = new byte[3];

res[0] = Convert.ToByte(rnd.Next(256));
res[1] = Convert.ToByte(rnd.Next(256));
res[2] = Convert.ToByte(rnd.Next(256));

return res;

}

B muctuare 9.10 mpuBemeH (parmMeHT Kopma, pucyiomero 10 oTpe3koB co
CITyJalfHBIMU KOOPAMHATAMH, CITyYaliHRIMU [IBETAMH [UIS KKIOH BepIIHHEI (puc. 9.9).

¢ Jlucrunr 9.10. PucoBanue 0TPE3KOB CJIy4allHBIM LBETOM

public static void DrawLine()

{
it (LINE_SMOOTH)

Gl.glEnable(Gl.GL_LINE_SMOOTH);

else Gl._glDisable(GI.GL_LINE_SMOOTH);
Gl._glLineWidth(10);
GI.glBegin(GI.GL_LINES);
for (int 1 = 1; 1 < 20; i++)

Gl ._glColor3bv(RGB());
Gl.glVertex2f(rnd.Next(400), rnd.Next(400));
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Puc. 9.9. Jluauu

Orpesku 1300pakatoTcs B BUJE MapajuIeNorpaMMa, Maible CTOPOHBI KOTOPOIO
TOpH30HTABHEL [1pH BKITFOUEHHOM pEXHME CIIIaXKUBaHUS (YCTPAHEHHS CTYIEHYaTOCTH)
glEnable(GL_LINE_SMOOTH) iuHuHM pHCYIOTCS TNPSMOYTOJBHHKAMH. TOT
peXuM TpeOyeT JIOTOJHHUTENBHBIX BPEMEHHBIX 3arpar. Kaxioil BepiivHe mpuru-
cbIBaeTcs cBOM 1BeT. [ToaToMy 1BeTa Touek 0Tpe3ka IIaBHO MEHSIOTCS OT L{BETa OJHOIO
KOHIIa OTPE3Ka JI0 LIBETA, 33JaHHOI0 Ha JIPyroM KOHIIE OTPE3Ka.

B crenyiomem mnpuMepe pHCOBaHMS TpPEYroJIbHUKOB (JuctwHr 9.11)
IUTABHOE WM3MEHEHHWE LBETOB, 3aaHHBIX ISl KaXIOW BEpIIMHBI TPEyroJbHUKA,
JlaeT MHTEPECHBII Bu3yanbHbIi 3¢ ekt (puc. 9.10).

- Jluctunr 9.11. PucoBanue TpeyrojbHUKOB

static void DrawTriangles()

{
GI.glBegin(Gl.GL_TRIANGLES);
for (int 1 = 1; 1 < 21; i++)
Gl._glColor3bv(RGB());
Gl.glVertex2f(rnd.Next(400), rnd.Next(400));
¥
3

Puc. 9.10. TpeyronsHUKH
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PucoBanne oCTanbHBIX THIIOB INIOCKKX (DUTYp TaKKe MPOCTO U MBI HE OyaeM
paccMaTpuBaTh 3TH TUIIBL

9.4. TPEXMEPHAS TPA®UKA

Jns nemoHcTpanuu paboTel ¢ TPEXMEPHBIMH OOBEKTaMH MpenHa3HAYECH
npoekt, Haxoxsmumics B mnanke «Example 35 OpenGL 3D». Bun mnpoekra
npescTaBieH Ha pucyHke 9.11.

- 7
o Fomn1 5§ FormTools L e e
I Ban | Texerypa | Ocsewenve I
© Tena  © Mosepeioc () vrypel
_ Tigpa x
© Kyg @ 3nmancoun Kofsuin Topadx
_ , Kopatix
@ Kowyc ) DeynonoctHoi runepBonouna Mo x
= z Mywkax
(&) Caepa &) OprononocTHoid runepGonom, CrefmopmeT
@ Uaniaw, © 3namnmdeciui oHye Cmepalx
s - B Ciepa?x
@ Top (©) Taneponueckni napadonona | Tarkx
= _ Tank2x
@ Hai © 3nmnmiseckinapaononl | Packax
_ - Yenopexx
%) Oopexsegp (0 3nnanmvseckii wampp il P
@) Napabonaeckui LMD Kanbuo Topadx
B Konbuo Topabx
@) MNosepiocTs

@ xenToit

[C] Miaran
[[] Texerypa

(@) Genait

Puc. 9.11. IIpoexT asst paboThI C TPEXMEPHBIMH 00BEKTaMU

IIpoextr mo3Bosmsser  pucoBaTb  MHororpaHHukn  moxyns  GLUT,
KBaJpaTUYHbIC TIOBEPXHOCTH, 3aJaHHbIE IIAPAMETPHUECKUMH ypPaBHEHHSMH,
MIOBEPXHOCTh, 33JaHHYIO TaONMYHO, pa3NMuHbIC (DUTYPBHI, CO3IAHHBIE B JIPYTHX
rpaguyYecKknx MakeTax, U HaKJIa/IbIBaTh HA ATH MMOBEPXHOCTH TEKCTYpy M3 (ailioB
BMP.

9.4.1. HHUDUAIU3IALIUA OPENGL

[Ipexne yeM BBI3BIBATH OJMH M3 METOJOB JUIS PHUCOBAaHUS, HEOOXOIUMO B
MOMEHT 3aITyCcKa NpoeKTa HHULIHAI3UpoBaTh ondmroreky OpenGL.

JIuctunr 9.12. Ununuanuzanus oudauorexkun OpenGL

public static void InitGL(SimpleOpenGlControl CGL
)
{ ]
Glut.glutlnit(Q);
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Glut._glutinitDisplayMode(Glut.GLUT_RGB |
Glut.GLUT_DOUBLE | Glut.GLUT_DEPTH);

// ounTka OKHa

Gl.glClearColor(255, 255, 255, 1);

// ycranoska nopra BHBOZA B cooTBecTBum c CGL

GIl.glViewport(0, 0, CGL.Width, AnT.Height);

// uacTporika NpoexKunmn

Gl.gIMatrixMode(GI.GL_PROJECTION);

Gl._glLoadldentity();

Glu.gluPerspective(45, (Float)CGL.Width/ (float)CGL .Height,

0.1,200);

Gl.gIMatrixMode(GIl.GL_MODELVIEW);

Gl._.glLoadldentity();

// nactporvika napamerpoe OpenGL nmna susyanmzaumu

Gl .glEnable(Gl.GL_DEPTH_TEST);

}

Ilepen pucoBannem HeoOxommMmo HacTpouTh mapameTpsl OpenGL, To ecTb
YCTaHOBUTH cBoiicTBa Marepuana u komanmoid glLightfv paccraButs
UCTOYHUKH cBeTa. [TonpoOHbIA pa3sroBop 06 STHX KOMaHAAX MOMICT B CIEAYFOLINX
naparpadax. A moka nmpuBeJeM caMblid MPOCTOIl BapHaHT METO/IA PUCOBAHHS.

JIucrunr 9.13. Hactpoiika napaMeTpoB nepea pucoBaHueM

static void initLightQ)

{
float[] light_ambient = { 0.0F, 0.0f, 0.0F, 1.0F };
float[] light_diffuse = { 1.0f, 1.0f, 1.0F, 1.0F };
float[] light_specular = { 1.0f, 1.0f, 1.0f, 1.0Ff };
float[] light_position = { pos[0], pos[1], pos[2],0.0f};
// napamveTpe MCTOUHMKA CBeTa
Gl.glLightfv(GI.GL_LIGHTO, GI.GL_AMBIENT, light_ambient);
Gl.glLightfv(GI.GL_LIGHTO, GI.GL_DIFFUSE, light_diffuse);
Gl.glLightfv(Gl.GL_LIGHTO, GI.GL_SPECULAR,
light_specular);
Gl.glLightfv(Gl.GL_LIGHTO, GI.GL_POSITION,
light_position);
// BKIOUaeM OCBemeHMe UM MCTOUHMK CBeTa
Gl._.glEnable(GI.GL_LIGHTING);
Gl.glEnable(Gl.GL_LIGHTO);
// Bxmouaem Z-6ydep
Gl.glEnable(Gl.GL_DEPTH_TEST);
3

9.4.2. MHOIOIrPAHHUKHA MOAY.JasI DGLUT

HeGonpmioli Habop MHOTOTPaHHHMKOB MpEACTaBIsIET cama OubOiIMoTeka
OpenGL. OHa, B 9aCTHOCTH, TTO3BOJIIET PHCOBATH CEPhI, IMIMHIPHI U TUCKA. [is
pHCOBaHUS 3THX (HUTYp NpeaHAZHAUCHBI CIICAYIONIHE KOMAH IbI:
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gluCylinder;
gluDisk;
gluPartialDisk;
gluSphere;

B  oubmmoreke  DGLUT.DLL  mpencraBieH — IMPOKHiA — HaOop
MHOT'OIPaHHHUKOB: Ky0, cdepa, KOHYC, TOp, OKTa’[p, HKOCa3aAp, JHOACKadp,
TeTpadap W vaiHuk. (s u300parkeHHs ITUX TeJl MPESJAHA3HAYCHBI CIICAYIOIINUC
METO/IBI:

— g kyoa — DrawBox, glutWireCube, glutSolidCube;

— qsa chepel — glutWireSphere, glutSolidSphere;

— gt konyca — glutWireCone, glutSolidCone;

— s topa— glutWireTorus, glutSolidTorus;

— s JoAeKa’ipa — glutWireDodecahedron,
glutSolidDodecahedron;

— Uil OKTaapa  — Octaheadron, glutWireOctaheadron,
glutSol idOctaheadron;

— g ukocadapa —  lcosahedron, glutWirelcosahedron,
glutSolidlcosahedron

— mna rTerpadgpa  — - Tetrahedron, glutWireTetrahedron,

glutSolidTetrahedron;

— nns Jaitauka — Teapot, glutWireTeapot, glutSolidTeapot.

Kax u B mpumepe, pacCMOTPEHHOM B IpeAbIayIIeM mnaparpade, cymecTByoT
meroabl aByx tunoB: Wire u Solid. Eciu napamerp pekuma puCOBaHHS
npunumaer 3HaueHue GL_LINE_LOOP, To peammsyercs pucoBaHme pebOpamu.
Ecnu ke mapamerp pexuma pucoBaHus npuHumaeT 3HaueHue GL_TRIANGLES
Wiy GL_QUADS, TO TpaHU  PHUCYIOTCS TPEyTroJIbHUKaMHU UIu
YETBIPEXYTOJIbHUKAMH.

Haubonee crmoxHOW Qurypoill sSBISeTCS YailHUK, M300paKCHHE KOTOPOTO
MPEACTABIEHO Ha pUcyHKe 9.12.

Puc. 9.12. Yaiinuk Puc. 9.13. Top
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Meton pucoBaHus OyIeT BHITIIAICTh TaK:

JIuctunr 9.14. Metoa pucoBaHus

public static void Draw()

{
if (FlTexture)

Gl .glTexParameteri (Gl .GL_TEXTURE_2D,
GI.GL_TEXTURE_MIN_FILTER, GI.GL_NEAREST);
initLight(Q;
Gl.glIClear(Gl.GL_COLOR_BUFFER_BIT |
GI.GL_DEPTH_BUFFER_BIT);

Gl.glLoadldentity();
Gl .glPushMatrix();
Gl.glTranslated(0, 0, zoom);
Gl._.glRotated(alf, 1, 0, 0);
Gl .glRotated(bet, 0, 1, 0);
Gl._.glRotated(alf + bet, 0, 0, 1);

switch (FlView)
{
case 0: // rena
it (G.flLine)
WireQ);
else
Solid(Q);
break;
case 1: // nosepxHOCTU
if (1d_FaceType != 8)
DrawFaces(l1d_FaceType);
else
WireFigure(Q);
break;
case 2: // ourypu
WireFigure();
break;

}

Gl.glPopMatrix();

Gl._glFlushQ);

Program.formMain.CGL. Invalidate();
}

Ecmn ucnonp3oBate rotoBeie ¢urypsl oubmmorexkn GLUT, To Metom mx
pHucoBaHUs OYAET BBITIISIETH TaK:

Jluctunr 9.15. Metox prcoBaHusi FOTOBBIX (PUTYp

static void Solid(Q)

{
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switch (G.flTools)
{
case O:
Glut.glutSolidCube(2);
break;
case 1:
Glut.glutSolidCone(2, 2, 32, 32);
break;
case 2:
Glut.glutSolidSphere(2, 32, 32);
break;
case 3:
Glut.glutSolidCylinder(2, 2, 32, 32);
break;
case 4:
Glut._.glutSolidTorus(0.5, 1.5, 32, 32);
break;
case 5:
Glut._glutSolidTeapot(2);
break;
case 6:
Glut.glutSolidDodecahedron();
break;
ks
3

3amady MOCTPOCHUS MHOTOTPAaHHMKOB PACCMOTPUM Ha IpPUMEpE TeTpasapa
(puc. 9.14).

Puc. 9.14. Terpasap

st orpenenienust mapaMeTpoB TETpadipa MOoTPeOyIOTCs BEPIIMHBI, TPaHU U
HOPMAaJIX K TPaHsM.
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KOOpZ[I/IHaTI)I YCTHIPEX BEPUINH 3aJaHbl MaCCUBOM VO:

float[,] VO = ((1,0,0),(0,0,0),(0,1,0),(0,0,1));

Ji 3a1aHAs HOMEPOB TOYEK, HA KOTOPBIE OMUPAIOTCS YETBIPE TPEYTOJIBHBIE
rpanu TeTpa’apa, B moxyine DGLUT BBemeH IByXMEpHBIX MacCHB TpaHen
TetFaces:

int[,] TetFaces = ((0,1,2),(0,3,1),(3,2,1),(2,3,0));

Hakonen, mis 3amaHds 4eTBIpeX HOPMalel K TpaHsAM TeTpadJapa BBEICH
MaccuB TetPoints:

float[,] TetPoints = ((0,0,-1),(0,-1,0),(-1,0,0),(1,1,1));

3agaHue Mocie10BaTeIbHOCTH KOMaH I MocTpoeHus Terpasapa ainst OpenGL
mpencTasieHa B Mmetone TetraBox (muctunr 9.16).

JIuctunr 9.16. IlocTpoenne Terpasapa

void TetraBox(float Size, int DrawType)

float[,] V = new float[4,3];
for (int i=0; i<4; i++)
for (int j=0; j<3; j++)
VLi,j1=Size*VO[i,j];
for (int i=0; i<4; i++)

Gl .glBegin(DrawType);
Gl.gINormal3fv(TetPoints[i,0]);
Gl._.glVertex3fv(V[TetFaces[1,0],0]);
Gl.glVertex3fv(V[TetFaces[i1,1],0]);
Gl._glVertex3fv(V[TetFaces[1,2],0]);

Gl.glEndQ;

}
}

B srom merome mocie MacmTaOUpOBAaHMS KOOPIAMHAT BEPIIMH LHKIOM
OTIPENIENSIFOTCST YeThipe rpand. OmnucaHue Kaxao0il TpaHd HAYMHASTCS KOMaHIOi
glBegin(DrawType). Ilapamerp DrawType wmoxer mnOpuHHMAaTh JBa
3naveHus: GL_LINE_LOOP (pucoBare pedpa) miam GL_TRIANGLES (pucoBatb
Tpeyronpuukm). Jlms kaxmoi rtpamm komanmodr gINormal3fv 3amaercs
HOpManb, komanaamu g lVertex3Tv — tpu BepuinHsL.

st pucoBaHust TeTpadpa pedpaMu U rpaHsMH peJHa3HAYCHbI [Ba METO/a
(ymactuHT 9.17).
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JIncrunr 9.17. PucoBanune Terpadapa pedpamMu U rpaHsAMuU

void glutWireTetra(float Size)

TetraBox(Size, GL_LINE_LOOP);
}

void glutSolidTetra(float Size)

TetraBox(Size, GL_TRIANGLES);
¥

9.4.3. CIMCKHU KOMAH]T

Jpyroii crioco® pHCOBaHUS 3aKITIOYACTCS B CIESIYIOIEM: B Hadalle paOOThI
nporpammbel  komannoi gINewList..glEndLiSt mnoaroraBmuBaercsi CIHCOK
WITH HECKOJIBKO CIIMCKOB KOMaH/, B KOTOPBIX MEPEUHCIICHbI KOMAH IbI-IPUMHUTHBbI
(muctuar 9.18). PHcOBaHme MOXXET OBITh BBI3BAHO B JIO00H MOMEHT, ITOKa
cymectByer crucok, komaunoit glCal IList(N) ¢ ykasanuem HOMepa CIHCKa.

B nmcTHHrE co3maeTcs CIOMCOK € HOMEpoM 1, 3ajalomuii  1Be
nepecekarolecst GUrypsl: Kyo u Tetpasap. Bo Bpems pucoBanus Oyner nokazaHa
HOBasl purypa, moydaroniascs o0beUHEHUEM KyOa u Tetpaszpa (puc. 9.15)

JIuctunr 9.18. [loAroroBKa CIMcKa NPUMHUTHBOB

public static void MyDrawBoxList(float Size, int DrawType)

float[][] V3 = new float[4]1[1;
for (int i = 0; 1 < 4; i++)
V3[i] = new float[3];

float[][]1 V = new float[8][];

for (int 1 = 0; 1 < 8; i++)

VLi] = new float[3];
for (int j = 0; j < 3; j++)
VLi1[J] = Size * BoxVertex[i]l[j] 7 2;

T

V3[0][0] = Size; V3[1][0] = O; V3[2][0] = O; V3[3][0]= O;
v3[0]1[1] = O0; V3[11[1] = 0; V3[2][1] = Size; V3[3][1]= O;
v3[0][2] = 0; V3[31[2] = Size: V3[1]1[2] = 0; V3[2][2]= O:

Gl.glColor3f(1.0F, 1.0F, 0.0F);
Gl.glINewList(1, GI.GL_COMPILE);
for (int 1 = 0; 1 < 6; i+t)
Gl.gINormal3fv(BoxPoints[i]);
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Gl.gIBegin(GI.GL_LINE_LOOP);
for (int j = 0; j < 4; j++)
Gl.glVertex3fv(V[BoxFaces[i]1[J1D):;
Gl.glEndQ;
¥

Gl._glColor3f(0.0F, 1.0F, 0.0F);
for (int i = 0; i < 4; i++)

Gl.glBegin(GI.GL_LINE_LOOP);
Gl._gINormal3fv(TetPoints[i]);
Gl.glVertex3fv(V3[TetFaces[i, 0]D):;
Gl._glVertex3fv(V3[TetFaces[i, 1]]);
Gl.glVertex3fv(V3[TetFaces[i, 2]D);

Gl.glEndQ);

Gl.glEndList();

Gl.glColor3f(1.0f, 1.0f, 0.0F);
Gl.gINewList(2, GI.GL_COMPILE);
for (int 1 = 0; 1 < 6; i++)

Gl.glINormal3fv(BoxPoints[i]);
Gl .glBegin(Gl.GL_QUADS);
for (int j = 0; j < 4; j++)
Gl .glVertex3fv(V[BoxFaces[il[j1D);
Gl.glEndQ;

Gl.glColor3f(0.0F, 1.0F, 0.0F);
for (int 1 = 0; 1 < 4; i++)

Gl.glBegin(Gl.GL_TRIANGLES);
Gl._.gINormal3fv(TetPoints[i]);
Gl._glVertex3fv(V3[TetFaces[i, 0]D):
Gl.glVertex3fv(V3[TetFaces[i, 1]]);
Gl._glVertex3fv(V3[TetFaces[i, 2]]D):

GIl.glEndQ;

Gl.glEndList();
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Puc. 9.15. O0penuHeHUE KyOa U TeTpadapa
9.4.4. U30BPAKEHUE KBAJIPATUYHBIX TIOBEPXHOCTEM

B mpoekTe BO3MOXXHO MOCTPOCHHE BOCBMHU KBaJpaTUYHBIX IIOBEPXHOCTEH,
3aJJaHHBIX TapaMEeTPUUECKU. Y PaBHEHUsSI 9TUX MOBEPXHOCTEH 3a7aeT METO:

JIuctunr 9.19. YpaBHeHUs KBaAPATHYHBIX MOBEPXHOCTEMH

public static void XYZ(int n, float tl1, float t2,out float x,
out float y, out float z)

{
float a, b, c;
X =0;y=0; z=0;
a = size[0]; b = size[1]; c = size[2];
switch (n)
{
case O:
x = a * (Float)Math.Sin(tl) * (float)Math.Sin(t2);
y = b * (float)Math.Cos(tl);
z = ¢ * (Float)Math.Sin(tl) * (Ffloat)Math.Cos(t2);
break;
case 7: //
X = a* t2;
y = b * t1;
Z=cCc* t2 * t2;
break;
}
3

OpHa U3 MOBEPXHOCTEH — OJHOIOJIOCTHOM rUrepOoon] — n300pakeHa Ha
pucyske 9.16.
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HOCJ’IG}.‘[OBaTeJ’ILHOCTL

Puc. 9.16. OngHomonocTHOM runepdonons

NpeacTaBieHa B tucTHHre 9.20.

eHCTBUI

NpU  PUCOBaHUH

MOBEpXHOCTEN

- JIuctunr 9.20. PucoBanue KBaJpaTHYHBIX MOBEPXHOCTEH

static void DrawFaces(int k)

{

float hl, h2,

float[] x0
float[] x1
float[] x2
float[] x3
float[] N =
if (k 1= 8)

tl, t2;

new float[3];
new float[3];
new float[3];
new float[3];

new float[3];

int DrawType;
if (FlLine)
DrawType = GI._.GL_LINE_LOOP;

else

DrawType = GI.GL_QUADS;

hl
h2

(a2 - a1) /7 (n2 - nl);
(b2 - bl) /7 (m2 - ml);

for (int j = nl; j < n2; j++)

for (int i = ml;

{

i < m2; i++)

tl =hl* j; t2 = h2 * i;
XYz(k,tl, t2, out xO[0],out x0[1], out x0[2]):
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tl=hl* j; t2 = h2 * (i + 1);

XYZ(k,tl1,t2, out x1[0], out x1[1], out x1[2]):
tl=hl1* @+ 1; t2 =h2 * (i + 1);
XYZ(k,tl,t2, out x2[0], out x2[1], out x2[2]);
tl=hl1* @ + 1); t2 = h2 * i;

XYZ(k,tl,t2, out x3[0], out x3[1], out x3[2]):
N = getNormal(k, x0, x1, x2, tl, t2);
Gl.glBegin(DrawType);

Gl._glINormal3fv(N);

Gl.glTexCoord2d(hi * ( + 0 - n1) / (a2 - al),
h2 * (i + 0 - ml) /7 (b2 - bl));

Gl.glVertex3fv(x0);

Gl.glTexCoord2d(hl * - al),

0 -nl) /7 (a2

h2a * (i + 1 - ml) /7 (b2 - bl));

Gl._glVertex3fv(xl);

Gl.glTexCoord2d(hl * (§
h2a * (i +1-ml) /

Gl .glVertex3fv(x2);

Gl.glTexCoord2d(hl * (g + 1 - nl) / (a2
h2 * (i + 0 - ml) /7 (b2 - bl));

Gl.glVertex3fv(x3);

Gl.glEndQ);

if (sg '=0)

{

+1-nl1) /7 (@2 - al),
(b2 - bl));

al),

X0[1]=-x0[1]; x1[1]=-x1[1]; x2[1]= -x2[1]:;

x3[1] = -x3[1];

N = getNormal(k, x0, x1, x2, tl, t2);

Gl._glBegin(DrawType);

Gl .gINormal3fv(N);

Gl.glTexCoord2d(h1*(j - nl1) / (a2 - al),
h2 * (i + 0 - ml) /7 (b2 - bl));

Gl.glVertex3fv(x0);

Gl.glTexCoord2d(hl * ( - nl) /7 (a2 - al),
h2 * (i +1 -ml) /7 (b2 - bl));

Gl.glVertex3fv(xl);

Gl.glTexCoord2d(h1*(j + 1 - n1)/(a2 - al),
h2 = (i + 1 - ml) /7 (b2 - bl));

Gl .glVertex3fv(x2);

Gl._.glTexCoord2d(h1*(j+1 - nl) / (a2 - al),
h2a * (i + 0 - ml) /7 (b2 - bl));

Gl._glVertex3fv(x3);

Gl.glEndQ;

}
}

Ilo HpHMoyFOHLHOﬁ cerke N1XM1 BEIYHCISIOTCS KOOPpAUHATBI YCTBIPEX
TOUCK M CTPOUTCA YCTYPCXYT'OJIbHUK. Mmnorue TMOBEPXHOCTU ABYXCBS3HBI (BTO
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IIOKA3bIBACT IICPEMCHHAsA S, NpUMHHUMAIOIIAsl OTPULATECIILHOC 3Ha‘I€HI/Ie)I BTOpas
II0JIOBMHA MOJIy4aeTCs U3MCHCHMEM 3HAKa Y KOOPJAMHATHL Y.

9.4.5. N305PAKEHUE IOBEPXHOCTH, 3ATAHHOM TABJIUYHO

B  reomH)OpMAIMOHHBIX  CHCTEMaxX YacTO BO3HHKAeT mpobiema
H300paXeHHsl yJacTKa 3eMHOIl TIOBEPXHOCTH HJIM CJIOS MOPOABL. MBI pacCMOTPUM
cinydait, korma Ha npsmoyroibHoM yuactke (GX1,G6x2)x(Gyl,Gy2) B y3max
perynspHoit cetku 3ananbt 3Hauenus Float Vi, j]. o ocu X npsMoyronsHuK
pa3out Ha NCol wyacreif, a mo ocu Y — Ha NROW yacteii. Takoro Tuma JaHHbIE
npejcTaBicHbl, HanpuMep, B daiine XYZ.txt. [[ng ureHus daiina nmpeaHazHaueH
meron ReadXYZ().

- Jluctunr 9.21. UteHne Ta0IHYHBIX JAHHBIX

public static void ReadXYZ(string FileName)
{
FileStream aFile =
new FileStream(FileName, FileMode.Open);
StreamReader ¥ = new StreamReader(aFile);

string s = f.ReadLine();

char[] sep={ " ", ",", ";", "\t" };
string[] st;

float[,] V;

s = f_.ReadLine();

st = s.Split(sep,
StringSplitOptions.RemoveEmptyEntries);

int nCol = Convert.Tolnt32(st[0]);

int nRow = Convert.Tolnt32(st[1]);

V = new float[nCol, nRow];

float Gx1, Gx2, Gyl, Gy2, Gzl, Gz2;

s = f.ReadLine();

st = s_Split(sep,
StringSplitOptions.RemoveEmptyEntries);

Convert._ToSingle(Str(st[0])):

Convert.ToSingle(Str(st[1])):

Gx1 =

Gx2 =

s = f.ReadLine();

st = s_.Split(sep,
StringSplitOptions.RemoveEmptyEntries);

Gyl = Convert.ToSingle(Str(st[0]));

Gy2 = Convert.ToSingle(Str(st[1]));
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= f.ReadLine();
st = s.Split(sep,
StringSplitOptions.RemoveEmptyEntries);
Gzl = Convert.ToSingle(Str(st[0]));
Gz2 = Convert.ToSingle(Str(st[1]));

for (int j = 0; j < nRow; j++)
{
nt 0
hil

i =0;
e (i < nCol)

mE =

= f_.ReadLine();
st = s.Split(sep,
StringSplitOptions.RemoveEmptyEntries);
int Ls = st.Length;
for (int k = 0; k < Ls; k++)

{
VLT + k, j] =
Convert.ToSingIe(Str(st[k]));
if (V[ + k, j] < Gzl)
Gzl = V[i + k, j1;
if (V[ + k, j] > Gz2)
Gz2 = V[i + k, j1;
i += Ls;

}

}
f.Close();
aFile_Close();

float[] size = { 1f, 1.6F, 1.6F };

Zmin=(6z1-(Gz2+Gz1)/2)/(Gz2 - Gzl) * size[O0];
Zmax=(6z2-(Gz2+Gz1)/2)/(Gz2 - Gzl1l) * size[O0];
const float d = 4T;

float hl = d /7 nRow;

float h2 = d / nCol;

int Lp = nRow * nCol;

TMyBody.Points = new List<TPoints>();
TMyBody.Texture = new List<TPoints2>();
TPoints p;

TPoints2 q;

for (int j = 0; j < nRow; j++)
for (|nt i =0; i <nCol; i++)
{
p = new TPoints();
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p-x=-d/ 2+ j * hil;
p.y =-d/ 2+ i * hl;
p.z = (V[i, §1 - (Gz2 + Gz1) / 2) /

(Gz2 - Gzl) * size[0];
TMyBody .Points.Add(p);
q = new TPoints2();
q-x = 1f * j / nRow;
q.y = 1f * 1 / nRow;
TMyBody . Texture .Add(q) ;
}

intL=2%* (nRow - 1) * (nCol - 1);
TMyBody.Faces = new List<TFace>();
TFace face;
for (int j = 0; j < nRow - 1; j++)
for (int i = 0; i1 < nCol - 1; i++)
{
face = new TFace();
face.Vertex[0] = j * nCol + i;
face._.Vertex[1l] = jJ * nCol + i + 1;
face.Vertex[2] g + 1) *nCol +1i + 1;

face.Norm = getNormalP(
TMyBody.Points[face.Vertex[0]],
TMyBody.Points[face.Vertex[1]],
TMyBody.Points[face.Vertex[2]1);

TMyBody . Faces.Add(face);

¥
for (int j = 0; j < nRow - 1; j++)
for (int 1 = 0; i1 < nCol - 1; i++)
{
face = new TFace();
face.Vertex[0] = j * nCol + i;
face.Vertex[1] g + 1) *nCol + 1 + 1;
face.Vertex[2] g + 1) * nCol + ij;
face_Norm =
getNormalP(
TMyBody .Points[face.Vertex[0]],
TMyBody.Points[face.Vertex[1]],
TMyBody .Points[face.Vertex[2]]);
TMyBody . Faces.Add(face);

}
TMyBody.Norms = new List<TPoints>();
for (int i1 = 0; 1 < Lp; i++)

{
p = new TPoints();
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=T T T
SN X
=Sl

t§=0;j<L;j+)

((i == TMyBody.Faces[j].Vertex[0]) |I
¢

(C

p

== TMyBody.Faces[j]-Vertex[1]) ||
i == TMyBody.Faces[j]-Vertex[2]))
= SumPoint(p,
TMyBody .Faces[j]-Norm);
p = NormaTol(p);
TMyBody -Norms_.Add(p) ;
}
}

IMosepxHOCTE OyaeM 3amaBath TpeyronbHukamu, 2xX(NCol-1)x (NRow-1)
TpeyroiapHUKOB 3aaatorcs B metome WireFigure().

- Jluctunr 9.22. 3ajanue TPeyroJibHUKOB MOBEPXHOCTH

static void WireFigure(Q)

{
if (TMyBody.Faces == null) return;

int NumFace = TMyBody.Faces.Count;
it (NumFace > 0)
{
int DrawType;
if (FlLine)
DrawType = GI.GL_LINE_LOOP;

else

DrawType = GI.GL_TRIANGLES;
int n = 0;
for (int i = 0; i < NumFace; i++)
{

Gl .glBegin(DrawType);

n = TMyBody.Faces[i]-Vertex[0];

Gl .gINormal3f(TMyBody .Norms[n]-x,
TMyBody .Norms[n] .y,
TMyBody -Norms[n].z);

Gl .glTexCoord2d(TMyBody . Texture[n] -x,
TMyBody . Texture[n].y);

Gl._glVertex3f(TMyBody.Points[n]-x,
TMyBody .Points[n].y,
TMyBody .Points[n].z);

n = TMyBody.Faces[i]-Vertex[1];
Gl .gINormal3f(TMyBody .Norms[n]-x,
TMyBody .Norms[n] .y,
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TMyBody .-Norms[n].z);
Gl .glTexCoord2d(TMyBody . Texture[n] -x,
TMyBody . Texture[n].y);
Gl.glVertex3f(TMyBody.Points[n]-x,
TMyBody .Points[n] .y,
TMyBody.Points[n].z);

n = TMyBody.Faces[i].Vertex[2];

Gl ._.gINormal3f(TMyBody.Norms[n]-x,
TMyBody .Norms[n] .y,
TMyBody .Norms[n] -z);

Gl .glTexCoord2d(TMyBody.Texture[n] -x,
TMyBody . Texture[n].-y);

Gl.glVertex3f(TMyBody.Points[n]-x,
TMyBody .Points[n] .y,
TMyBody .Points[n].z);

Gl.glEndQ;

}
}

IToBepxHOCTD, 3amanHas B aiine XYZ . tXt, uzo0paxkena Ha pucyHke 9.17.

R
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Puc. 9.17. TloBepxHOCTB, 3a/1aHHAS TAOTUYHO

9.5. TEOMETPUYECKUE IPEOBPA3OBAHUSI

OcHoBHas 3a7ada, BO3ZHHUKAIOIIAs NpHU paboTe C TpeXMEepHOW TpaduKOi,
CBOJUTCS K CIEAYIOIMM JEUCTBHUSM 110 IPeoOpa30OBaHUIO KOOPANHAT:
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— IHar 1. Heobxoaumo ompenenyTs TpeXMEpHBIHA MapasuIeNenuIel B MUPOBOM
MIPOCTPAHCTBE W C TOMOIIBIO BHIOBOH MAaTpULB! Myyomg MOBOPOTAMH U
TIEpeHOCaMH TTPeoOpa3oBaTh KOOPIHHATEL 00BEKTa B BUIOBBIE KOOPMHATHI B
JIOKQJIbHOM CHCTEME KOOPIHHAT, CBSI3aHHOM C 00BEKTOM;

— Hlar 2. C noMoupo Marpuipsl NPOeKIMH Mypoequi PEOOPa3oBaTh BUIOBHIE
KOOpP/IMHATHI B YCEUEHHBIE KOOP/IMHATH;

— Illar 3. YceueHHbIe KOOpIMHATHI YYETOM IIEPCHEKTHBBI NpeoOpa3oBaTh B
HOPMaJIM30BaHHBIE KOOPANHATEI,

— Illar 4. W, HakoHel, HOPMAIM30BaHHbBIE KOOPMHATHI NPeoOpasoBaHHEM
00J1aCcTH BHIBOJIA IIEPEBECTH B SKPAHHBIE KOOP/IMHATHI.

B OpenGL ucnonb3yercs Tpu THUIA MATPUI] 4X4: BUIOBBIC MATPUIIBI My 05as;
MaTpura MPoeKIUH Mupoexmin ¥ MATPUIBI TEKCTYPB Miexcrypn. I8 paboOTHI €
MaTpuIlel, ucrnons3yst komanay glMatrixMode(mode: GLenum), HE0OXOaMMO
clenaTh €€ TeKyIleH.

[Tapamerp mode MOKeT NpUHAMATH CIIEIYIOIINE 3HAYCHHS:

— GL_MODELV IEW — marpwiia BUIOBBIX NPpeoOpa3oBaHui;

— GL_PROJECTION — marpuiia IpoeKIIHii;

— GL_TEXTURE — marpuiia TeKCTYpBL

3arpy3uTh MaTpHILy MOKHO 3 criocob6aMu:

— xomangoit glLoad ldentity 3anarh eAMHAYHYIO MATPHILY;

— xkomangoii glLoadMatrix(M: PGLType) sarpysuts Marpuity M,

— 3agath Martpunmy komaHnmamu nepeHoca glTranslate wu Bpamenus
glRotate.

Komanga glIMultMatrix(M: PGLType) nmpenHa3HaueHa st
TIePEeMHOKEHHS TEKYIIeH MaTpuIlsl T Ha MaTpuiry M.

Ocp X pacronokeHa B IUIOCKOCTH DKpaHa M HalpaBiieHa BIIPaBo, ocb Y
pacmonokeHa B IUIOCKOCTH 3KpaHa M CMOTpUT BBepx. Ock Z HampaBieHa Ha

nabmomgarens (CK — npaBoctoponnss) uin oT Hero (CK — neBocTopoHHSs).
Koopauuatel TOuYek JHOOOro O0OBEKTa OMUCBHIBAIOTCS B MHPOBOM

NpaBOCTOPOHHEH  cucreMe KoopauHaT. Ilepen  BBIBOIOM — M300pakeHHs

HE00X0JMMO TIpeoOpa3oBaTh ATH KOOPIUHATHI K BUIOBOH JeBocTopoHHer CK.

9.5.1. IPEOBPA3BOBAHHUE OBJACTH BBIBOJA

OO0nacTh BBIBOJIA HAa SKPaHE 3a7aeTCsl KOMaHI0M
glViewPort(Left, Top, Width, Height: GLInt)

KOTOpasi  ompefensieT mpeoOpa3oBaHWE HOPMAIM30BAHHBIX  KOOPAWHAT B
KOOPJIMHATHI OKHA Ha SKpPaHe.
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9.5.2. IIPOELIMPOBAHME

B OpenGL ectb aBa Buaa npoekuuii: oprorpaduyeckas U NepcreKTHBHAS C
1 Toukoil cxoxa.

Oprorpaduyeckas MpoeKIus ONpeneseTcss KOMaHO0M:
glortho(left, right, bottom, top, near, far: GLdouble)

Mapamerper left, right, bottom, top, near, Far zamaror

YCEUCHHYIO MUPAMHUITY BUAUMOCTH.
Ota KOMaH/a Co3/1aeT MaTpHIly IpoeKTHpoBaHus M:

2 /(right —left) 0 0 ‘.
M= 0 2 /(top — bottom) 0 ‘,
0 0 -2 /(far —near) t.|’
0 0 0 |
e f, = _M; t, :_M; t, = _M.
: right —lef top —bottom far — near

Ipu mampix 3HavyeHHWsx mapametrpoB near u far: ecnmu Bo Bpems
BBITOJIHEHUS TENIO HE MOMNAJaeT B 3aJJaHHYI0 YCEYEHHYIO MHUPaMHIy, TO BO3HHKAET

omnoKa.
JUIs  TepCHeKTUBHOTO MPOCHHUPOBAHUS HEOOXOAWMO 33[aTh YCCUCHHYIO

mupaMuay BUIuMocTH (puc. 9.18).

_— far

Puc. 9.18. Yceuennas nupamuaa BUIUMOCTH
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3amath ycedeHHyI0 mupaMuay Moxuo komadmamu QIFrustum wmm
gluPerspective. Komanna glFrustum siBHo 3amaet mapamMeTpbl THPaMHIBL:

glFrustum (left, right, bottom, top, near, far: GLdouble)
[apamerpsr left, right, bottom, top onpenemnsror pasmeps! OImKHET

CEKyIIeH IUIOCKOCTH, a 00a PacCTOSIHHS N0 CEKyIMX IUIOCKOCTEH MOJDKHBI OBITH

HoJIoKHUTeNbHBIMU. KoMaH/1a co3/1aer clie/ iy oliyro MaTpHiLy IpeoOpa3oBaHus:

2 *
near 4o
right — left
*
M= 0 2 *near B 0|,
top — bottom
0 0 C D
0 0 -1 0
roe A =M; B =W; C=_fai’+near; D= 2*fal”*near.
right —lef top —bottom far —near far —near

Komanma gluPerspective(angley, aspect, near, far:
GLdouble) 3amaer yron Bumumoctu B rpagycax angley, orHomienue cTopoH
aspect W pacCTOsSHUS 10 TUIOCKOCTEH OTCEUeHHs. JTa KOMaHJa JKBHBaJIEHTHA
komauge glFrustum mpu Left = -right, bottom = -top,
tg(angley/2) = top/nead, aspect = right/top.

B npumepe, npuBeAEHHOM HIKE, YCTaHAaBIMBAaeTCS oOpTorpaduyecKas
MPOCKIMs B OKHO ¢ BepxHUM JieBbiM yriom (0,0), umpunoit Width u BeicoToit
Height:

glMatrixMode(gl_Projection);
glLoadldentity;
glortho(0,0,Width,Height,-2,2);
3ameuaHume. Nepen ycraHoBkon nobon maTpuubl Heob6xoaMMo copocuTb

ee B eQuHU4YHyt0 komaHgon glloadldentity, Tak kak cnegyrowas komaHaa
YMHOXa€eT ee Ha TeKyLLYy MaTpuLy.

9.5.3. IPEOBPA3BOBAHHUE OT MUPOBOM CUCTEMbBI KOOPJIUHAT K BUJOBOM
(JIOKAJIBHOW)

OmnpenenuB MaTpHIly HNPOEKIHUH, HEOOXOIUMO C/AENaTh TEKyIleH BUIOBYIO
MaTpUILy:

glMatrixMode(gl_ModelView);

Ectp Heckoabko KOMaHA [Jid MEPEHOCA, BPALICHUSA U MaCH.ITa6I/IpOBaHI/I$[
CHUCTEMBI KOOpAWHAT:
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— glTranslate[f d](X,y,z: GLtype) — mepeHocur 0OBEKT Ha

BekTop (X, Y, 2);

— glRotate[f d](angle,X,y,z: GLtype) — mnoBopaunBaer

o0wekT Ha yroa ang le sBokpyr Bextopa (X, Y, 2).

— glScale[f d](x,y,z: GLtype) — wmacmrabupyer OOBEKT C

ko dunmenramu X, Y, Z.

B nmuctunre 9.23 npuBesieH NpuMep pUCOBAHUS C UCIOJIB30BaHUEM BUIOBOU

MaTpuUIbl.

{ JIuctuur 9.23. PucoBanue ¢ HCHOIb30BAHHEM BHI0BOH MATPHIIbI

public static void Move()

{
Gl .gIMatrixMode(Gl .GL_MODELVIEW);
// Texymas MaTpuua - BUIOBasA
Gl.glClear(Gl.GL_COLOR_BUFFER_BIT |

Gl .GL_DEPTH_BUFFER_BIT);

Gl.glPushMatrix(); // zanoMHMIM TeKylUlyl MaTpULLy
// nosopor Boxpyr Touxm XO[O..2]
Gl.glTranslatef(0.2Ff, 0.2f, 0.2F);
Gl._glRotatef (45, 1.0f, 0.0F, 0.0fF);
Gl.glRotatef (145, 0.0F, 1.0f, 0.0F);
Gl ._glRotatef (145, 0.0F, 0.0F, 1.0F);
Gl.glTranslatef(-0.2Ff, -0.2F, -0.2F);
// pucosahHue
Draw();
Gl.glPopMatrix(); // BoccraHoBuIM MaTpULy
// szaBepueHyve pucoBaHuA
Gl.glFlush(Q);

3

9.6. [IBET, OCBEHIEHUE, CBOMCTBA MATEPHUAJIA

OcBelIeHHOCTh TOBEPXHOCTEN 3aBUCUT OT CBOMCTB:
—  1uddy3MOHHOTO OTPaXKEHUS;
—  3€pKaJIbHOIO OTPa’KCHUS;
— g Qy3uOHHOTO MPOITyCKaHHS CBETA;
—  HAaIlpaBJICHHOIO IIPOIIyCKAaHUs CBETA,
—  BEKTOpa HOpMaJHu;
—  CBoOIicTBa Marepuana;
—  IIapaMeTPOB UCTOYHUKOB CBETA;
—  IapaMeTpOB OCBEILEHUSI.
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9.6.1. LIBET

B oOubnmmoreke OpenGL BO3MOXHO HCIONBb30BaHHE JIBYX PEXHUMOB
YCTaHOBKH IIBETOB: MHJIEKCHOTO (IIBETA ONPENENAI0TCS U3 MAIUTPHI 10 UHIEKCY) U
ARGB — 3ananue 3Ha4e€HUH 10JeH KpacHOTO, 3eJIEHOTO U CHHETO I[BETOB.

st pabotsl B pexxiive RGBA npenocraBiieHsl 1Be KOMaHIbI:

glColor[3 4]

[bsi d] (components: GLtype)
glColor[3 4][b s i

d]v(components: GLtype).

- =h

HasHaueHHBI 1BeT JEHCTBYeT Ha BCE CO3/aBacMble IIOCIE 3TOrO
npUMHUTHBBI. Tak, MpU pUCOBAHUU TPEYTOJIbHUKA MOXKHO 3a/IaTh OJJHHAKOBBI [[BET
JUTS BCEX BEpIINH (TUCTHUHT 9.24).

JIuctunr 9.24. 3aganue 0JHOPOIHOIO LBeTA GUIYPLI

glColor3f(0.0,0.0,1.0);
glBegin(GL_TRIANGLES);
glVertex2f(100,100);
glVertex2f(100,200);
glVertex2f(200,200);
glEND;
glFinish;
wim B pexmMme TuiaBHoro w3Menenwss nseroB glEnable(GL_SMOOTH)
HA3HAYMTH [T BEPIIUH pa3Hble MBeTa (JIUCTUHT 9.25).

JIuctunr 9.25. 3aganne HEOJHOPOIHOIO IBETA (PUTYPHI

glEnable(GL_SMOOTH);
glBegin(GL_TRIANGLES);
glColor3f(0.0,0.0,1.0);
glVertex2f(100,100);
glColor3f(0.0,1.0,0.0);
glVertex2t(100,200);
glColor3f(1.0,0.0,0.0);
glVertex2t(200,200);
glEND;
glFinish;
OTOT mpreM MOKHO HCITONB30BATh IS CTIAKUBAHUS YTIIOB MEKAY TPAHAMU
MHOTOIPaHHUKA, ONpENeNsis Uil BEPLIMH LIBETa B COOTBETCTBUU C HOPMAJISIMU K
MMOBEPXHOCTH TJ1a/IKOTO TeNa, a HEe K TPaHHu.
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9.6.2. HOPMAJIHN

Hopmanpe k mOBEpXHOCTH ONpeneiseT HallpaBieHHE NMPOIYyCKaHUS CBeTa U
HalpaBlIeHHE 3epKaJIbHOrO OTpaxkeHHs. Hopmaias MOXHO NPUMIMCHIBATH KaXmoit
BepunHe. J{J1s1 onpeneneHns ee KOOpAWHAT MIPEyCMOTPEHBI 1B KOMaH/IbI:

glNormal3[b s i f d](coords: type)
giNormal3[b s i f d]v(coords: type)

LlenouuncnenHple apryMeHThl NpuBoAsATCS B AnamnasoH [0...1].
9.6.3. CBOIICTBA MATEPHAJIA

Matepuan MoxkeT o007amaTh paccestHHBIM M Au(QPYy3MOHHBIM IIBETOM,
L[BETOM 3€PKaIbHOTO OTPAXKECHHS 1 U3IIy4aeMbIM CBETOM.
Jnst onpenieneHust 3TUX CBOMCTB IpeHa3HAueHBI 1Be (DYHKIIUH:

gIMaterial[i f](face, pname: Glenum; param: GLtype)
glMaterial[i f]Jv(face, pname: Glenum; params: PGLtype)

B muctunre 9.26 npuseneH nmpuMep yCTaHOBKH [TapaMEeTPOB MaTepHana.

JInctunr 9.26. YcranoBka napaMeTpoB MaTepuaJia

// xpacumit

// - user oMddY3UOHHOTO OTpPaxeHuUd MaTepualia

static float[] mat3_dif = { 0.9F, 0.2F, 0.0f };
// - paccesHHH LUBeT MaTepuasna

static float[] mat3_amb = { 0.2F, 0.2F, 0.2f };
// - uBeT 3epKaJbHOTO OTPaXeHus MaTepualia

static float[] mat3 _spec = { 0.6F, 0.6F, 0.6F };
// - cTeneHb 3EpPKAJBHOTO OTPAXSHUSA

static float mat3_shininess = 1.9f * 128;
{

// boHOBLII LBET MaTepuaa

Gl.gIMaterialfv(Gl.GL_FRONT_AND_BACK, GI.GL_AMBIENT,

mat3_amb);

// 1uddysMOoHHEE CBOMCTBA

Gl .gIMaterialfv(Gl .GL_FRONT_AND_BACK, GI.GL_DIFFUSE,

mat3_dif);

// zepxanbHEle CBOMCTBA

Gl._gIMaterialfv(Gl.GL_FRONT_AND_BACK, GI.GL_SPECULAR,

mat3_spec);

Gl.gIMaterial f(GI.GL_FRONT_AND_BACK, GI.GL_SHININESS,
mat3_shininess);

}
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9.6.4. UICTOYHHUKHA CBETA

KaxxapIii TOUeUHBIH HCTOYHHUK CBETA 3a0a€TCS KOMaHIaMM:
GILight[i Ff](light, pname: GLenum; param: GLfloat)
GILight[i flv(light, pname: GLenum; params: PGLfloat)
Apryment light 3amaer HOMep WCTOYHHKA CBETa, KOTOPBIA MOXET
MeHAThcst B auanazoHe or 0 mo GL_MAX LIGTS = 8. Apryment pname
OmnpelessieT yCTaHABIMBAEMBbI mapamerp. Bo3MoxHble 3HaueHus pname
MIpUBEIeHBI B TadmuIe 9.4.

Tabnuna 9.4
3HaueHue params
pname 3HayeHust params
GL_SPOT_EXPONENT Llenoe [0...128] uian BelECTBEHHOE 3HAYEHHUE,

33]AI01€E  PACIPEICIECHUE UHTEHCUBHOCTH
ceera. YeM Goublie mapamerp, TeM CHIbHEE
c(hOKyCHpPOBaH UCTOYHHUK CBETA

GL_SPOT_CUTOFF Ilenoe  [0..90,180] wnu  BelleCTBEHHOE
3HaueHUe, 3aAK0NIEC MAKCUMAIBHBIA yron

pas3bpoca cBeTa

GL_CONSTANT_ATTENUATION | ITo oxHOMy wenOMy HIH BELICCTBCHHOMY
GL_LINEAR_ATTENUATION OJIOKUTENLHOMY — 3HAYEHWIO,  3aJaOLIUX
GL_QUADRATIC_ATTENUATION | ¢axTopst  mocTosHHOTO, nHHEHHOTO M

KBaApATUIHOTO ocabjeHus cBeTa

Hus xomauner GILight[i Ff]v npobasmsrorcs eme 5 3HaueHMid
mapamerpa pname (taom. 9.5).

Tab6muma 9.5
3HaueHue params
pname 3HaveHus params
GL_AMBIENT 4 nenpIX WIM  BELNIECTBEHHHIX 3HaueHMa RGBA,

OTIPEENSIOINX HHTCHCUBHOCTH (DOHOBOTO OCBEIICHUS

GL_DIFFUSE 4 UenbIX WM BEIECTBEHHBIX 3HaueHuss RGBA, ompene-
JSIOMIUX HHTEHCUBHOCTD JU((Y3HOHHOTO OCBEILEHHUS

GL_SPECULAR 4 quenslX WIM BEIIECTBEHHBIX 3HaueHus RGBA,
OMPECIIAIOIINX HHTEHCUBHOCTh 36PKAILHOTO OCBEIIICHUS

GL_POSITION 4 UenbIX WIM BELIECTBCHHBIX 3HAUCHHUS, ONPEACIISIOLMX
TIOJIO’EHNE UCTOYHNKA CBETA

GL_SPOT_DIRECTION | 4 uenblXx WM BELIECTBCHHBIX 3HAYCHHS, ONPEACISIOLIMX
BEKTOD HAIIPaBJICHHUS CBETA
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Ecnu mapamerpsl i-ro MCTOYHHKA CBETA 33/aHbl, TO MX MOXKHO BKJIIOYATh U
Beikmouats komannamu g lEnable(GL_LIGHTi1) uglDisable(GL_LIGHTI).

- JluctuHr 9.27. YcraHoOBKa 0JHOTO HCTOYHHKA CBETA

static void initLight()

{

}

float[] light_ambient
float[] light_diffuse

{ };
float[] light_specular = { 1 of, 1 Of 1 Of 1 of };
float[] light_position = { pos[0],pos[1], pos[2], 0.0f};

rnapaMeTpeE MCTOUYHMKA CBeTa

-glLightfv(Gl_.GL_LIGHTO, GI.GL_AMBIENT, light_ambient);
-glLightfv(GI.GL_LIGHTO, GI.GL_DIFFUSE, light_diffuse);
.glLightfv(GI.GL_LIGHTO, GI.GL_SPECULAR,

light_specular);

.glLightfv(Gl.GL_LIGHTO, GI.GL_POSITION,

light_position);

BKJIIOWaeM OCBelleHMre M MCTOYHMK CBeTa

-glEnable(GI.GL_LIGHTING);
-glEnable(Gl.GL_LIGHTO);

BKJIOUaeM Z-0Oydep

.glEnable(Gl.GL_DEPTH_TEST);

B OpenGL ecTtb enie o1Ha KOMaHAa, ONPEAETSIONIAs MOJENb OCBEIICHHUS.

GILightModel[i f](pname: Glenum; param: GLenum)
GILightModel[i f]v(pname: Glenum; params: PGLenum)

ApryMeHT onpeziessieT 3HaueHHs1 [TapaMeTpoB MOJIEIH OCBEIIeHusI (Tab. 9.6).

Tabnuma 9.6
3HadeHue params
pname 3HaveHus param
GL_LIGHT_MODEL_LOCAL_ | OgHo mormdeckoe 3HA4YCHHE, OIpPEICISIONICE
VIEWER nonoxkenne  Habmopmarens. Ilpu  False
HarpaslicHHe 0030pa Bcerjaa HalpaBlICHO BJIOJb
ocu Z. Ilpu true nHabiroparenb HaXOIUTCS B
HaYaJle CHCTEMbI KOOPHUHAT
GL_ OfHO JIOTMYECKOe 3HAYCHHE, ONpEAESIoLee

LIGHT_MODEL_TWO_SIDE onno- (False) wmm nByxcropounee (true)

OCBCIICHUC rpaHeﬁ

GL

LI EHT_MOD EL_AMBIENT ONpPENEISIOMNX  HHTEHCHBHOCT  (JOHOBOTO

4 LEJIBIX i BCIICCTBCHHBIX 3HA4YCHUA,

OCBCILICHUSA
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9.7. TEKCTYPA

Tekcrypa MOXeT OBITH OJTHOMEPHOI WM ABYMEpHOW. [IByMepHas TekcTypa
HaKJIaJpIBaeT Ha TPAaHU MPAMOYTOJbHbIC n300paxkeHus. LIuprHa M BBICOTa TaKKX
N300paKeHUH TOMKHBI OBITh CTEIIEHBIO TBOMKH.

HanoxxeHne 1ByMepHO# TEKCTYphI COCTOHT U3 CICAYIOLIMX ITyHKTOB!

— BepIIMHAM I'PaHH HEOOXOIMMO Ha3HAYHUTH TOYKH H300payKeHMS,

— wmerogamu gl TexImageld nmm gl TexImage2d co3nars kapTy TEKCTypHI,
riepeaBas eif MaccuB foJeit 1peToB RGB u3 m300paskeHus;

— 3amats napametpel Metoniom gl TexParameter[F]i | fv]iv];

— xomanmoit glEnable(GL_TEXTURE_1]2D) BK/IIOUHT PEXKUM TEKCTYPBL

9.7.1. HABHAYEHHUE TOYKHU KAPTHI TEKCTYPHI BEPILIUHE

Hasnauenne TtoOuKu KapTbl TCEKCTYPbl BEPIIMHE PCATIU3YCTCA KOMaHHOﬁ

glTexCoord2d. Hanpumep, BepinnHe X Ha3HAYACTCS TOUKA KapTHl S , T
glTexCoord2d (s,t);
glVertex3fv(x)

ITapameTtpel £t u S Mensitorca B AuanasoHe [0,1] M HakpbIBalOT BCIO KapTy

TEKCTYpBIL.
3ameuvaHue. HekoTopble MHororpaHHukn mopyns OpenGL (gluSphere,
gluCylinder n glutSolidTeapot) conocTtaBnsaT CBOM BEPLUMHBI TOYKaM
KapTbl TEKCTYpbI.
3ameuaHme. [lna [OBYMEpPHOM TEKCTypbl pasMmepbl MaccuBa obpasa
OOMKHbI BbITb CTEMEHBIO ABOVKN

9.7.2. CO3JAHHUE JIBYMEPHOM KAPTHI TEKCTYPBI

Ilycte w3obpakenme mist TekcTypbl umeer mupuny Width u Beicoty
Height, a undopmanust o nomsx nsetroB RGB kaxmoro mukcesna HAXOMUTCSA B
JJIEMEHTAxX JUHAMH4YecKoro Maccusa pixels.

Ilocne 3amonuenuss waccuBa pixels wmeromom glTexImage2d
yCTaHaBJIMBAeTCs JaByMepHas Tekctypa. Y meroma glTexImage2d umerorcs
CIIE YOI TTApaMETPhI.

JIncrunr 9.28. IlapameTpsl MeT0Ja YCTAHOBJICHUS TEKCTYPhI U3 H300paKeHHsI

glTexImage2d(
target: GLenum; // pasmepnocte texcrypu (GL_TEXTURE_2D)
level, // 0, umcio ypoBHEN HeTanu3aumu TeKCTyPH
components: GLint; // 3 - xpacHbli, 3EJEeHBIl U CUHUMA
width, // uvpuna usobpaxeHUs
height: GLsizei; // BhicoTa uzOBpaxeHms
border: GLint; // 0 vwin 1 - umuprHa TpaHULE
format, // GL_RGB
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_type: GLenum; // GL_UNSIGNED_BYTE — tun nanHmx
pixels: Pointer // yxaszaTesp Ha IaHHHE O lBeTax
);
Hwmwke npuBomurcs tekct Mertoma GetTextureFromFile, koropsrii
3arpy»xaet u3odpaxenue u3 daiiza ¢ umenem NameFi le B Bitmap, popmupyer
maccus pixels u nepemaer 3T AaHHBIC B KAPTY TEKCTYPHI.

JIuctunr 9.29. 3arpy3ka uzoopa:kenus u3 aiiia

public static void GetTextureFromFile(string FileName)
{
Bitmap Bitmap = new System.Drawing.Bitmap(FileName,
true);
byte[] pixels = new byte[Bitmap.Width*Bitmap.Height * 3];
for (int i = 0; i < Bitmap.Width; i++)
for (int j = 0; j < Bitmap.Height; j++)
{
Color color = Bitmap.GetPixel(i, j);
int colorl = color._R+(color.G << 8)+(color.B<< 16);
pixels[j * Bitmap.Width * 3 + 3 * i + 0] =
(byte)(colorl & OxFF);
pixels[j*Bitmap.Width*3+3*i+1]=
(byte) ((colorl&0xFF00)>>8);
pixels[j * Bitmap.Width * 3 + 3 * i + 2] =
(byte) ((colorl & OxFFO000) >> 16); //

Gl.glTexImage2D(GI.GL_TEXTURE_2D, 0, 3, Bitmap.Width,
Bitmap.Height, 0, GI.GL_RGB,
GI.GL_UNSIGNED_BYTE, pixels);

Bitmap.Dispose();

9.7.3. BKJIOYHUTH PEXKXUM HAJOXEHUA TEKCTYPBI

BxnroueHne pexuMa HalOXEHHs JBYMEPHOW TEKCTYpbl peanu3yercs
xomanzoi glEnableGL_TEXTURE_2D).

9.7.4. IIPUBSIBKA TEKCTYPbI K MHOI'OYI'OJIbHUKAM

MOXXHO IOCTATOYHO JIETKO W3MEHHTb, HapHMep, METOA PUCOBaHHA KyOa
DrawBox, mpuBszaB k BepmuHaM y3ioBeie Touku (0,0), (0,1), (1,1), (1,0) xapTsr
TEKCTYpbl, coOMonas nopsinok obxona. s 3TOro AOCTaTOYHO BOCIIONIB30BATHCS
komanoit gl TexCoord2d.
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JIncrunr 9.30. 3aganne Ky6a ¢ NPUBA3KOIl K MA0JI0HY TEKCTYPhI

for (int 1 = 0; 1 < 6; i++)

Gl .gINormal3fv(BoxPoints[i]);

GI.glBegin(GI.GL_QUADS);
Gl.glTexCoord2d(0, 0);
Gl.glVertex3fv(V[BoxFaces[i][0]1D);

Gl.glTexCoord2d(0, 1);
Gl._glVertex3fv(V[BoxFaces[i]1[1]1]):;

Gl.glTexCoord2d(1, 1);
Gl .glVertex3fv(V[BoxFaces[i]1[21]);

Gl.glTexCoord2d(1, 0);
Gl .glVertex3fv(V[BoxFaces[i][31D):;
Gl.glEndQ;
}

B kauectBe m3oOpaxkenus BbiOpan daitn 24 .bmp pasmepom 512x512.
PesynpraT pucoBaHms moka3aH Ha pucyHke 9.19.

Puc. 9.19. Tekcrypa, Halo)KEHHAas1 HAa TUIIEPOOIMYECKHI TapaboIou g
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9.7.5. TEKCTYPA HA TOBEPXHOCTH, 3ATAHHOM TABJINYHO

Taroke NPOCTO HAKJIAABIBAeTCA TEKCTypa Ha IOBEPXHOCTh, 3aJaHHYIO
TaOJUYHO, THIIA TOH, YTO M300pakeHa Ha pucyHke 9.17.

Bo3sMmeM B kauecTBe mpumepa Qaiin 8.bmp pasmepa 512x512 ¢ kaproit
(puc. 9.20).

Puc. 9.20. 306parkenue KapThl MECTHOCTH

Ham  npuzmercs  cnerka  u3menuth  meronq — GetSurface(),
IIpeAcTaBIeHHBIN B mucTHHTE 9.30, CHAOIMB KaXKy10 BEPIINHY IPHUBSI3KON K KapTe
TekcTyphl. Ilpu Bbrumciiennn mapamerpoB komauael glTexCoord2d(s,t)
Ha/l0 IOMHHTh, 4TO mapamerpsl S u € Mmensrorcs oT 0 1o | m 3TM exUHWYHBIE
WHTepBaJbl HeoOXxoauMo pa3buBaTh Ha NROW u NCOl vacTtei cOOTBETCTBEHHO.

JIuctunr 9.31. PucoBanue noBepxXHOCTH € TEKCTYpPOil

static void DrawSurface()

{
if (TMyBody.Faces == null) return;

int NumFace = TMyBody.Faces.Count;
if (NumFace > 0)
{

int DrawType;

it (FlLine)
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DrawType
else
DrawType = GI.GL_TRIANGLES;
int n = 0;
for (int i = 0; i < NumFace; i++)

{

GI.GL_LINE_LOOP;

Gl ._glBegin(DrawType);
n = TMyBody.Faces[i].-Vertex[0];
GI._.gINormal3f(TMyBody.Norms[n] -x,
TMyBody .Norms[n] .y, TMyBody.Norms[n].z);
Gl .glTexCoord2d(TMyBody . Texture[n] -x,
TMyBody . Texture[n].y);
Gl ._glVertex3f(TMyBody.Points[n] -x,
TMyBody .Points[n] .y, TMyBody.Points[n].z);
n = TMyBody.Faces[i]-Vertex[1];
Gl .gINormal3f(TMyBody .Norms[n]-x,
TMyBody .Norms[n] .y, TMyBody.Norms[n].z);
Gl .glTexCoord2d(TMyBody . Texture[n] -x,
TMyBody .Texture[n]-y);
Gl .glVertex3f(TMyBody.Points[n].x,
TMyBody .Points[n] .y, TMyBody.Points[n].z);
n = TMyBody.Faces[i].Vertex[2];
GI.gINormal3f(TMyBody.Norms[n].x,
TMyBody.Norms[n] .y, TMyBody.Norms[n].z);
Gl .glTexCoord2d(TMyBody . Texture[n] -x,
TMyBody.Texture[n]-y);
Gl.glVertex3f(TMyBody.Points[n]-x,
TMyBody .Points[n] .y, TMyBody.Points[n].-z);
Gl.glEndQ;
}
}

PesynbTraT pucoBaHus npeacTaBiieH Ha pucyHke 9.21.

Puc. 9.21. IToBepXHOCTb € TEKCTYPOIl KapThl MECTHOCTH
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9.8. UTEHUE JAHHBIX U3 TEKCTOBOI'O ®AMJIA

Iporpamma  Caligari™, wucmomb3yromas —JApyrylo  IpaUuYecKyro
6ubmmoreky DirectX, MmokeT 3amucBIBaTh JaHHBIE O MHOTOTPaHHHKAX B
TEKCTOBBIX (aiinax ¢ pacumpenueM *.X. B manke «Puryps» Haxogurcs 20 Takux
(aiinos: ruzmpa.x, Koub1o Topa2.x, Kopadib.X U T.J.

@aitnel comepkar, B 4acTHOCTH, MH(OpMAIMIO O KOOpAMHATaX BEPILHH,
TpEyroJbHUKaX TOBEPXHOCTH, HOPMAJISX K KaXKIOH TOUKE, KOOPIMHATAX IPHUBI3KH
TEKCTYPHI K K10 BepIIMHE, HH(YOPMALUIO 0 MaTepuaie U UMEIOT CIEIYIOIIyo

CTPYKTYpPY:

Mesh HedraOlMesh {
42
-0.000000;-0.000000;4.000000;,
-2.000000;3.236068;-1.236068;,

~1.788854;1.105573;0.000000; ,
1.788854;-1.105573;-0.000000 ;

3;27,21,41;,

3;2,27,41;;

MeshNormals {
42;
-0.000000;-0.000000;1.000000; ,
-0.500000;0.809017;-0.309017;,

~0.850651;0.525731;0.000000; ,
0.850651:-0.525731--0.000000- :

MeshTextureCoords {
42;
0.000000;0.500000;
0.654508;0.904509;

0.500000;0.638197:
0.500000:0.361803: :

MeshMaterialList {
1;
80;
o,
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Jannble, Haxonsfmuecs B Havaine (paima, A Hac WHTEpeca He
NpeCTaBIsIOT. MHpOpMaIKs 0 BepIIMHAX HAYMHAETCS MOCJIE CTPOKH, Y KOTOPOU
BO BTOPOH MO3UIMH ecThb coBo Mesh. B ciexyromieit cTpoke ykazaHO KOJTHYECTBO
BEpIUMH (B HaleM ciydae — 42). 3ateM ciefyeT yKa3aHHOE KOJIMYECTBO CTPOK, B
KaXJIOM M3 KOTOPBIX NMPUCYTCTBYET TPU KOOPIMHATBHI BEpUIMHBI. B ciemyromei
CTpOKE HaXOOUTCA dYHCIO TpaHed (B Hamem ciydae — 80). 3arem criemyer
yKa3aHHOE KOJHYECTBO CTPOK, B KAXKIOH N3 KOTOPBHIX IPUCYTCTBYET YHCIO
BEPIUMH I'PaHHu ¥ HOMepa 3Tux BepumH. [locie crpoku co cnoeom MeshNormals
WJIET CTPOKA C YMCIIOM HOpMAaJIeH, a 3aTeM clle/lyeT YKa3aHHOE KOJIMYECTBO CTPOK,
B KaXJIOH M3 KOTOPBIX HPUCYTCTBYET TPHU KOOPIAMHATHI EIMHUYHONH HOpPMAIIH.
Iocne crpoku co cioBom MeshTextureCoords uzaer cTpoka ¢ YUCIOM TOYEK
MIPUBSI3KA KapThl TEKCTYpHl. 3aTeM CJeqyeT yKa3aHHOEe KOJHMYECTBO CTPOK, B
Ka)XI0# M3 KOTOPBIX MPUCYTCTBYET ABE KOOPAMHATHI TOYKU MPUBSI3KH.

Jlnst ureHnst TEKCTOBOrO (haiina mpeanasHauen meton ReadObject(var
MyBody: TMyBody; FileName: string), KOTOpbIi 3amoyHsIeT MOJs
nepemenHoit MyBody : TMyBody.

JIuctunr 9.32. Kitace JaHHbBIX 111 TEKCTOBOIO aiina

class TMyBody

{
public static List<TPoints> Points;
public static List<TFace> Faces;
public static List<TPoints> Norms;
public static List<TPoints2> Texture;
T

Aunroput™ Metona ReadObject nocraroyno mpoct, HAXOIUTCS B MOAYJIe
G.CS 1 mo3TOMYy 371eCh HE IPHBOIUTCSL.

IlogroroBka MaHHBIX JUIA  PHCOBAaHUS  (UTYpBl  TPEyroJIbHUKaMHU
ocywectisier Meroq GetSurface(), KoTopslil i KaXI0H U3 TpeX BEpIIMH
3aJaeT BEKTOp HOPMalIM W KOOPIAMHATY KapThl TEKCTYpbl. TEKCT NpHUBEIEH B
suctuHre 9.31.

3agaHue BEKTOpa HOPMalM Ul KaKAOH BEPIIMHBI ITO3BOJLSIET IONYYHTH
CTIaKEeHHOE H300pakeHne (PUTYPHI C HAIOKEHHEM TeKCTYpHI (puc. 9.22).

B 3akmouenue 3Toro maparpada HaOMHHM, 9TO 3TOT IPOEKT HAXOAMUTCS B
narnke «Example 35 OpenGL 3D».
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Puc. 9.22. OnHa u3 duryp, naHHbIe U151 KOTOPO B3ATHI U3 TeKCTOBOTO (aitna «JInmo.x»
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