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HPAKTHYECKOE 3AHATUE Nel. U3YUEHUE BUJIA,
CTPYKTYPbI PABOYEI'O CTOJIA JIABAPYC U HASHAYEHMUE
OCHOBHBIX YIIPABJIAIOIHINX 2JIEMEHTOB

Heap pabdoTbl: OCBOUTH METOABl CO3/JaHUSA TpadUUYEecKOr0o OKOHHOTO

untepdeiica mpu nomomu IDE Lazarus.

Lazarus - ato IDE (Integrated Development Environment) - MarerpupoBaHHast
Cpena Pa3pabotku mporpamm, wucronb3yromias kommuiasitop FPC (Free Pascal
Compiler), pemaktopsl koma, ¢dopm, WHcnektop OOBEKTOB, OTIAAYMK W MHOTHE

APYIruc NHCTPYMCHTBI.

Eme rosopsrt, uro cpeaa Lazarus - sto RAD (Rapid Application Development)

- cpena brictpoii Pazpabotku [IpunoxeHuit.

Jo cux mop cpenbl pa3paboTKu mOporpamm, MoaoOHbie Lazarus, Obun
UCKIIIOUUTENHHO IJIaTHRIMU. Lazarus sxe ctan nepBoit (1 nmoka equHctBeHHoi) IDE,
JIOCTYITHOM 00pa30BaTelIbHbIM M TOCYJIAPCTBEHHBIM YUPEKIICHUSIM COBEPILIECHHO
oecrutatHo. bonee toro, Lazarus ssisercs mpoektom Open Source - mpoeKkToM ¢
OTKPBITBIM HCXOJHBIM KOJIOM. MHOTrHME MPOrPaMMHUCTBI IO BCEMY MUPY HNPUHUMAIOT
y4acTU€ B €ro pa3BUTUM, MCXOJHBIM KoJ Lazarus AocTymeH mjis U3y4eHUs HU
Moaudukanuu. Lazarus mmMeer momIepKKy MHOXKECTBAa SI3bIKOB, B TOM YHUCIE U

PYCCKOTO, YTO BBIFOAHO OTJIMYAET €ro ot apyrux IDE.

Lazarus, kak y>ke roBOpuJIOCh, - OECIUIATHBIN U CBOOOIHO PaCIPOCTPAHIEMbIN
npoaykrt. brarogmapst sromy, Lazarus Bce daie HUCHOJB3YIOT [JIs W3Y4YEHHS
porpaMMHUpOBaHus B 1IKoJax U BY3ax, a Takke Ha MHOTHX npeanpustusax. Ho rue

ero B3saTh? Ha oduimansHoMm caiire npoussonutens: http://lazarus.freepascal.org

B mmpaBoy BepxXHEHN 4acTu calTa Bbl YBUAUTE CIECAYIONIYO0 KAPTUHKY:


http://lazarus.freepascal.org/

5 FAQ FEATURES DOWNLOADS FORUM WIKI

Lazarus
The professional Free Pascal RAD IDE

Cross platform
Drag & Drop Form Designer

Open source (GPL/LGPL)
Delphi converter

Download Now

Version 2.0.6 for Windows 64 bit | Other ¥

Puc. 1.1. Bpi6op u 3akauka HEOOXOIUMOU peanu3aluu

31ech Bbl CMOXETE BBIOpATh peaiu3allii0 UMEHHO MOJI Bally MIatgopmy, OT
Windows 10 Mac OS X, kak 32-x Tak u 64-x paspsaanyto. [Ipu Hanmucanum kypca

UCIosb30Baics 32-x pa3psaausiii Lazarus aa nnatdopmsl Windows.

Haxap xnonky "Download Now" BblI ckauaeTe THOCJICIHIO Bepcuio Lazarus.
Kpome Toro, BeIOpaTh MOCICAHION HEOOXOAMMYIO PCaM3alldi0 U CKadaTh €€ BbI

MoxeTe 1o azapecy: http://sourceforge.net/projects/lazarus/files/

B sTom cnydae, mepenas MO CCbUIKaM, BBl IOJIYYMTE JOCTYH K 3aKaudke

HECKOJIbKUX (hailJIoB, Hapumep,
 lazarus-1.0.10-fpc-2.6.2-win32.exe
 lazarus-1.0.10-fpc-2.6.2-cross-arm-wince-win32.exe

« README.txt

Ham HyxeH ToJibKO mepBbid (hailm u3 3Toro cnucka. Bropoi ¢aiin ssisercs
pacmmpenreM s paspadorku mporpamm moa Windows CE (ona sxe WINCE) - sto

BapUaHT omnepanuoHHoN cuctembl Microsoft Windows s HajgagoHHBIX
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http://sourceforge.net/projects/lazarus/files/

KOMIIBIOTEPOB, CMapT(POHOB M BCTpauBaeMbIX cucTeM. Ha naHHOM Kypce 3Ty
BO3MOXKHOCTh MBI paccMaTpuBath He OyneM. [locneanuii aiin - mpocToil TeKCTOBBIN

daiin c uHpopMalreil 0 BEpCUM, OH HaM TOKE HE HY>KEH.

Lazarus ycranaBiuBaeTcsi JOCTaTOUYHO MpocTO. COOCTBEHHO, HUUErO MEHATH
HAM HE TMpPHIETCS, OCTaBUM BCE MapaMeTphl, MPEIJOKEHHBIE YCTAHOBIIUKOM IIO
ymonmuanuto. [[ns Hauama BbIOEpEM PYCCKHI SI3BIK YCTAHOBKH, 3aT€M BCE BpeMs
Oyaem HaxxumaTh KHONKH "/lasnee". JIuip B mpeanocieIHEM OKHE YCTAHOBLIUKA IIPU
KEJIaHWU MO>KHO MOCTaBUTH ¢uiaxkok "Co3naTh 3Ha4ok Ha PaGouem crose". Korna
yKa)XeM BCE IapaMeTphl, HauUHEeTCsl ycTaHoBKa Lazarus. [Ipunercs nogoxaars napy
MUHYT, IOKa PaclakyOTCs U CKOIMUPYIOTCS MHOKECTBO (aityioB. M, HakoHel, KHOTIKa
"SJaBepmuTh" IS 3aKpBHITUS OKHA ycTaHoBIIWMKa. Bce, Lazarus y Hac ects! Mol

MOJKCM €T0 3arpy3HUTh.

B camom Hauase Lazarus BBITTEAIUT HCCKOJIBKO HCOIIPATHO!



Qaiin  Mpaska Mowck

Bug Koa TDpoekt 3anyck

[ER=lERg =R =R

— O

Maker Cepemc OwkHo Cnpaeka

Standard  Additional Common Controls Dialogs Data Controls Data Access  System SOldb  Misc | *

ooe-r-napresh FEBErxmFme o BE=]EELDE

L3

-
¥

e & PegakTop noxogHoro Koga - O
| KomnoHeHTs! |I:¢u_l1tTp] | Sose ' v |
+.[] Form1: TForm1 unit!
1| onit Unitl;
|
|
=
Ceovictea |(duneTp) |%¢ gphics, Dialogs;
CeoiicTBa  CoBeiua  WMsBpannoe  Orpannuenns 10
Action Ll
ActiveControl
Align alMaone .
l AllowDropFiles [ (False) 15
| AlphaBlend ] (False)
!l | AlphaBlendValue 255
Anchors [akTop,akLeft] . Forml: TForml;
AutoScroll [] (False) z0
| implementation
AutoSize [] (False)
BiDiMode bdleftToRight W {SR *.1fm}
25 end.
26
< >
lrl MamenEn BCT unitl.pas
CooBeHuna n

Puc. 1.2. Ilepseiii 3anyck Lazarusl.azarusS cocTOMT W3 HECKOJBKUX OKOH

(KOTOpBIE CTOUT MOAPABHATH, YTOOBI OHHM 3aHUMAJIM BECh paOOYMil CTOJI U HE MEIIaIH

APYT ApYTy):

1. T/1aBHOE OKHO

2. UHcnekTop 00beKTOB

3. Penakrop dopm

4. PepakTop Koaa

5. OkHO co00IIeHMIi




. Lazarus IDE v1.0.10 - project) - |OX

Oodn Mpasea MNowox B wmmwmm
80 S-Hs 0 >rd | Addtinal | Common Contrals | Diskogs | Dota Cortrols | System | Msc | Dot Access | SynEd | LaxControls | RTTT | Tro | Chart | SQub |

B P llaudo/t TRExAFEE o BR-0a8086

+
< PeAsIop MCXOANOIO KOAR

™) Formi: TForm?

Cecvcrea Colarma | et
Action A
ActrveCortrol Controls, Graphics, Dialogs:
Aon

®

* Archors [9Tcp,adeft)
AuoScrol False
Ausosan Fahe
BOMode bl eftToRught
var
. [y ube

Forml: Trormil:
20

implementation

(SR *.1fm)

Puc. 1.3. Oxna Lazarus

I'1aBHOE OKHO

I'maBHOE OKHO COCTOMT U3 cIeayronmx 3JICMCHTOB:

& Lazarus IDE v1.0.10 - project1

®ann [paska I'Igncx &m Ko.a Mpoekt 3anyck Maker Cepeuc Okho Cnpaeka
28 - . @ Staﬂdafd[AddtlonalLComnm Controls | Dialogs | Data ControlsLSystemﬂMr

23 P\l @& )\\M %-»clﬂ‘-lp «s 7] |

I'mapHO€ MeHIO
ITaHems HHCTPYMEHTOB ITarmTpa KOMIIOHEHTOB

Puc. 1.4. I'maBuoe okuo Lazarus

1. T'naBHOe MeHIO COJCPXKHUT BCE KOMAaHIbl, HEOOXOAUMBIC IS TMPABKH,

9
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KOMITMJIALINH, OTJIaAKH1 MporpaMmeal, JJIs1 3allyCKa Pa3INYIHbIX

BCIIOMOI'aTCIIbHBIX YTHUJINAT.

ITanean HHCTPYMEHTOB COJCPKUT KHOIIKK 9allC BCCIo MPUMCHACMbBIX KOMAaH/

(BTI/I KC KOMaHAbI MOXHO BBIIIOJIHUTH M C IIOMOIIIBIO I'nmaBHOrO MeHlO).

[MaauTpa KOMIIOHEHTOB COACPXKHUT MHOXECTBO BKJIAJOK, Ha KOTOPBIX
COZIEPKUTCS OOTaThlii BBIOOP KOMIIOHEHTOB W3 COOCTBEHHOW OMOIMOTEKH

xomrnoneHToB Lazarus - LCL (Lazarus Component Library).

HNHucnexTop 00beKTOB
OxkHo MHcnekTOpa 00bEeKTOB COCTOUT U3 IBYX YaCTEH:

JlepeBO 00BEKTOB, B KOTOPOM B JPEBOBHJIHOM (hOpME pacrojararoTcsi Bce

O00BEKTHI, UCTIOJIb3YyEeMbIE B TEKYIIEH GhopMme.

OkHO ¢ BKJIaAKaMH, B KOTOPOM MOXHO HAaCTpaWBaTh Pa3JIMYHbIE CBOKCTBA
Tekymero oobekta. Hecmorpst Ha To, uro mmeercss 4 Bkiaaku (CBoiicTBa,
CoObiTusi, N30pannoe, OrpaHuveHusi), 4aile BCETO HCHOJB3YIOTCS TOJBKO
nepBble Be. O CBOHCTBaX W COOBITHSIX Mbl TOTOBOPUM MOAPOOHEH B

CIICAYIOIMUX JICKONAX.



MHcnexkTop o6bekTos

Hepero 00bEKTOB

CBONCTBA | COBLITHN=HTEaMMe St BKIaIKH

Action A

ActiveControl

Align alNone

AllowDropFiles False

AlphaBlend False

AlphaBlendvalue | 255
+ Anchors [akTop,akLeft]

AutoScroll False

AutoSize False

BiDiMode bdLeftToRight
+ RarderTranc MhiSsctambant hif

Puc. 1.5. ucnekrop 00bEKTOB
Penaxkrop ¢popm, Penakrop xkoga u OkHO c0001IEHH

[Tocnennue Tpu okHa npouie. Pexakrop ¢popm npegHa3HadueH, COOTBETCTBEHHO,
JUISL peAAKTUPOBAHUS (POPMBI - MTOJIOKEHUS U Pa3MEPOB KOMIIOHEHTOB, pa3MEILIEHHBIX

Ha 3TOi hopme.

HecmoTps Ha siBHYIO CX0KeCThb, (hOpMa U OKHO IPUJIOKEHUS - HE OHO U TO XKe€.
@dopma - 3T0 TO, YTO BUIUT IPOrPAMMHUCT B MpoLiecce pa3pabOTKU MPOEKTa, a OKHO -

3TO TO, YTO YBUIUT I0JIb30BATENb, KOTJA 3arPYy3UT HAILLY IIPOrPaMMy.

PepakTop Koaa COIEpKUT UCXOAHBIM KOJ, KOTOPBIM HaM HNPUAETCS BBOJIWUTH U
MoauduimpoBaTh. Pegaktop o0nagaeT psAaOM TMOJIE3HBIX YMEHUM: IMOJCBEUUBAET
CHHTAKCUC KOMAaH]I, JIEJIA€T aBTO-OTCTYI M AaBTO-3aBEPIICHUE KOMAHJ, BBIBOJIMT

HE0OXOMMBbIE TTOJICKA3KH, B OOIEM, CHIIBHO 00JIerdyaeT *KU3Hb MPOTPAMMHUCTY.
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implementation

- {SR *_ 1fm}
30
{ TForml }
procedure TForml.ButtonlClick(Sender: TObject):
. begin
35 Labell.|
end; AdjustFontForOptimalFill :Boolean
propercy Alignment: Tilignment
end. function CalcFittingFontHeight (cons
39 function ColorIsStored:boolean
t constructor Create(TheOwner:TComponentv
property FocusControl: TWinControl
35: 10 3MEeHEr OTT TIPS

Puc. 1.6. Pegaktop xona

Ham npupercs dacto mnepekmrodarbess Mexay Pemakropom ¢opm un

Penakropom koaa. [Ipoiie Bcero 3to aenath KHonkoi <F12>.

U, nakonen, OkHO c000IIeHN BEIBOAUT PA3IUUHBIC COOOIICHUS: O HalICHHBIX
omuOKax, O 3aBEPIICHUU KOMIIWIAIMH, O HaJUYUU OOBSABICHHBIX, HO

HEHUCIOJIb3yEMbIX IEPEMEHHBIX U T.II.
Lazarus ouens noxox Ha Delphi, oqHako ecTs u oTIM4ms.

o Lazarus, B otiuuue ot Delphi, 6ecriiateH, u MoeT CBOOOJAHO W JIETAJIBHO
MPUMCHSTHCA B JIFOOOM y4eOHOM, TrOCYJAapCTBEHHOM WIIM IIPOU3BOJCTBEHHOM

YUPEXKICHUH, WU TI0MA.

o Lazarus wumeer coOcTBeHHyto Oubmuorexky kommoHneHtoB LCL (Lazarus
Component Library), a Delphi - VCL (Visual Component Library). Onnaxo
VCL u LCL BO MHOroM TakK IOXOXH, YTO MPOTPAMMHUCT Tpu paboTe ¢
KOMITOHEHTAaMH TTOYTH HE OIIyIIaeT pa3HUIsl. YacTo (HO HE Bceraa) MpPOeKTHI,

HanucanHbie Ha Delphi MoxkHO 6€3 moTeph KoMImuIMpoBaTh Ha Lazarus.

o Lazarus kpocc-utarpopmennas IDE, To ecTh, mommep uBaeT paziIudyHbIC

12



oneparmoHHbie cucteMbl. CylecTByeT, npaeaa, Kilyx - peanuzanus Delphi qms
Linux, omnako Lazarus mmeeT peanm3anu s TOpas3o OOJBIIETO CIHCKA

OTIEPAlIMOHHBIX CUCTEM, MPUYEM Kak 32-X, Tak U 64-X pa3psiIHbIX BEPCHIl.

o Lazarus, B cuny Toro, yto mosnoxe Delphi, moka nuMeeT MEHbIIYIO MOJACPKKY:
JOTIOJTHUTEIHHBIC KOMIIOHEHTHI CTOPOHHUX Pa3pabOTUYMKOB, KHUTH Ha PYCCKOM

A3BIKE, CaﬁTBI, IMMOCBAIIICHHBIC A3bIKY U T.II.

o Lazarus mMmeeT MeHee pa3BUThIE CpeAcTBa s paboThl ¢ bazamu JlaHHBIX.

Byz[eM HaACATBCA, OTO BpeMeHHBII;'I HCOOCTATOK.

« Hexotopsie komnonentsl LCL B Lazarus emie "coeipbie" - HHOTAa nmonagaroTcs
CBOMCTBa, KOTOpBIE HE paboTaroT. Yaiie Bcero, 3T0 BTOPOCTEIIEHHbIE CBOMCTRA,

TaK 4TO MOKHO CMEJIO MCIT0JIb30BaTh KOMIIOHEHTEI 1 0€3 HUX.

Hecmorpss Ha Bce ommums, 3td IDE Tak noxoxu, 4To MOXKHO CMEJIO
yrBepxknath - Delphi-mporpammuct moutn 06e3 ycwiuii CMOMKET IOJIB30BaThCS
Lazarus, u Haobopot. A OypHOe pa3BuUTHE MOJoja0ro Lazarus rapanTupyeT, 4To B

OyyilieM ero HeMHOTOUMCIICHHBIE HEIOCTATKU Oy Iy T UCTIPABIICHBI.
IlepBast nporpamma

[Ipex e Bcero, naBaiTe co3AaUM TIe-HUOYIb OOIYIO TAINKy, B KOTOPYIO 3aTeM

Oy/eM CKIapIBaTh Bce Hamm npoekThl. [Iycts 3o Oyaer F:\Education\

Kaxaplii TpOEKT Mo mnpaBujaM, JOHKEH COXPaHSATHCS B OTACJIBHYIO MAarkKy.
UtoObl He 3amyTaThCcs, OylneM [aBaTh 3THM TalkaM HMEHAa, COOTBETCTBYIOIIWE
HOMEPY JISKIIMHM, 1 HOMEPY MPOEKTa B HEU (3aHATHE - TPOEKT). To ecTh, B MEPBOM

3aHSTUH MEPBbIA MPOEKT OYJET COXPAHEH B MANKY
F:\Education\01-01

Bbl MoskeTe BbIpaOOTaTh U COOCTBEHHBIE MMPAaBUIa HAMMEHOBAHUS NANOK - CYTh

OT 3TOIro HC HU3MCHHTCIA, JIHNIIb Obl BBl CaMHd IIOTOM B HHX HE 3aIyTAJINCh. Mel
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HCCKOJIBKO pa3 YIIOMAHYJIH CJIOBO IIPOEKT.

IIpoekT - smo mo, umo pazpabamwvieaem npoepammucm. Koeoa npoexm 2omos
U CKOMIMJIHUPOBAH, noIyuaemcss MPOTPaMMa, ¢ KOMOpPOU Modxcem padbomamv
nonvzoeamens. Ilpoekm - 2mo Habop C6A3aHHLIX DAUN08 paA3IUYHO2O0 MUnd, d
npocpamma - 3mo NOJYYEeHHblU 6 pe3ylbmame KOMAuiayuu UCHOJIHAeMbIH (aii.

Iloopobueti 0 npoekmax mvl RO2080PUM 8 ClledVIoujeli IeKYUU.

[To Tpamunmm, mepBas co3dgaHHAs IporpamMMma JOJDKHA IPOCTO BBIBOJIUTH
coobmenue "Hello, world!" ("ITpuser, mup!"). He Oyaem orcrymnarh OT Tpaaulluiid, U
clellaeM 3TO TpeMsi pa3HbIMH criocobamu. MTak, co3maauM Ha TUCKE YKa3aHHBIC
BBIIIE TMAIKH, KyJa COXpaHUM HaIll MEepBbIM MpoekT. 3arpyxkaem Lazarus, ecnu oH
elIe He 3arpy»eH, U BhIACIsIeM penaktop ¢hopM. B neBoit wacTtu, eciu Bl HE 3a0bLIH,
HaxoauTcsi UHcnekTop 00bEKTOB, U B HEM BbIJIe/IeHa BkiIaaka "CBoicTBa" - 3TO

HaM U HykHO. Cpeau cBoiicTB Haiinute Caption, 1 BMECTO TEKCTa
Forml
KOTOpBII?I TaM HaxXoAuTCs 110 YMOJYAaHHIO, BIIMIINUTC
Hello, world!

[To oxkoHuanuu 5TOM mponeaypsl Haxkmute <Enter>. Kak TOJIbKO BB 3TO

CIIETIAETE, TEKCT B 3ar0JIOBKE (POPMBI U3MEHUTCA:

F - s ( )
Alphalend False : :r:::\:e class (TForm
AphaBlendvale 255 - privite declarations
+ Anchors [akTop,akLeft] .
e s % Hello, world! (9(=1:33]
AutoSize False
BDMode baLeftToRight
+ Borderlcons [biSystemMenu,bif
BorderStyle bsSizeable
<
+ Constraints (TSizeConstraints)
Cursor crDefault L
DefaultMonitor dmActiveForm -0
DockSite False
Dragkind dkDrag

Puc. 1.7. TlepBbie maru

14



Tenepp oOpature BHMMaHue Ha IlaauTpy kommoHeHTOB. Ha BKiIaake

Standard, geTBepThIii 3HaYOK M300paxkaeT KHOMKY ¢ Haamuchbio "OK" Ha Heil. DTa

KHOIIKa HaM U HY’KHaA.

% Lazarus IDE v1.0.10 - project1

®arn Mpaeka Momck Bua Koa Mpoext 3anyck Maker Cepsuc OKHO
D S-Ha 8 StandardAddmonal Common Controls | Die

Puc. 1.8. Knonka TButton B [lanutpe KOMIOHEHTOB

[llenkHuTEe IO HEW MBINIBIO, a 3aT€M IIEIKHHUTE yXKe 1Mo (GopMe, IprUMEpPHO 10

neHtpy. Ha ¢opme TyT e mosiBUTCS KHOIKA, oOpaMJIeHHass paMOYKOW, ¢ HAJIMHUCHIO

Buttonl - Takoe ums Lazarus nan KHOIKE MO yMOI4aHuio. PaModyka BOKpYT KHOTIKA

roBOpuT O TOM, 4YTO YXBATUBIIHNCH MBIIIBIO 3a OJHY H3 €C CTOPOH HJIN YIJIOB, MBI

CMOXCM MCHATHL pasMCpbl KHOIIKH. VYXBaTuBIINCH 3a CaMy KHOIIKY, Mbl CMOXCM

nepeMenarh ee mo gopme.

CneBa, B HMHcmekTope 00BEKTOB, CIHCOK CBOMCTB TaKXke HW3MEHWICS -

HEKOTOPbIE OCTAIUCH MPEKHUMU, Ipyrue qo0aBuwinch. [locTynum, Kak U B MPOILIBIA

pa3 - B cBoiictBe Caption Bmecto Buttonl smumrem Hello, world!. 3arem wmbimibio

HU3MCHHM PasMCpPbl U PACIIOJIOKCHHUC KHOIIKH, YTOOBI Y HaAC IIOJIYYHJIOCH IIPHUMCPHO

cleayromee:

@) KHONKa 00 obpabomru

Puc. 1.9. Kunonka 1o u nocie o0paboTku

0) knonxka nocae obpadomxn
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OOpaTuTe BHUMAaHHUE: IEpPEMEIATh KHOMKY MO (opMe MOXHO HE TOJBKO
MBIIIbIO, HO U KnaBumamu <Ctrl> + <KHonku ynpaBJjieHUs] KypCOPOM> (CTPEJIKU
BBEPX, BHH3, BIICBO, BIIPAaBO). A M3MEHITH €€ pa3Mepsl - kiaBumamu <Shift> +
<KHonku ynpasjeHHs] KypcopoM>. DTOT cnocob yaoOHeill ays Ooyiee TOUHOM

HﬁCTpOﬁKH ITOJIOKCHHA N Pa3MCpPOB JIFOOBIX KOMIIOHCHTOB, HC TOJIBKO KHOIIKH.

Mps1 monpo6oBaim Ba crioco0a BEIBECTH HYKHBIM TEKCT. Terneps mopadoTaeM
ucxomaHbpiM kojmoM. lllenkHure nBaxkael mo kHomke, u Lazarus otkpoer Pemaktop
KO/a, CO3MaB OOpabOTYMK Il 3TOM KHOMKH, M yCTAaHOBUB KypCOP BHYTPh HETO.
31ech HaM MOKa HUYEro MOHUMATh HE HY)KHO, MPOCTO BIUIIUTE TEKCT, MIPSIMO Ty/a,

r7I€ HaXOQUTCS Kypcop:

ShowMessage(‘Hello, world!"");

UT0OBI MOTYUYUIIOCH TAK:

30 { TForml }

procedure TForml.ButtonlClick(Sender: TObject):;

. begin
34 ShowNessage ('Hello, world!')ﬂ
35| end;
a end.
38
<
34: 32 M3MeHEH BCT unitl.pas

Puc. 1.10. Kox o6paboTunka KHOTIKA

Ha sTom Ham npoekT 3akoH4eH. OCTalloCh COXPAaHUTh €r0 U CKOMIIMJIMPOBATH B
nporpammy. Beibepute komanny MeHio ®aiia -> CoxpaHuTh Bee, Ui (UTO MPOILE)

Ha)KMUTE COOTBETCTBYIOILYIO KHOIKY Ha IlaHeJIM HHCTPYMEHTOB!
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¥ Lazarus IDE v1.0.10 - project1

®arn Mpaeka Monck Bua Koa Mpoext 3an

28 b lﬁﬂé_ n| B
-\

CoxpaHHTH

CoxpaHuTh BCE
Puc. 1.11. Knonku coxpaHneHus

Kunonka "CoxpanuTh" coxpaHsieT HU3MEHEHHs TeKylleil (opmbl, KHOIKa
"CoxpanuTh Bc€" - n3MeHeHus Bcex ¢hopm u moaynet npoekra. [Tockonabky dopma
y Hac 0J{Ha, TO MOXHO Ha)aTb JII00YI0 U3 HUX. Kak TONBKO BBl 3TO C/IeNaeTe, BHIMIET
OKHO COXpaHEHHUs TpoekTa. Bel moMHHUTE, B KaKyro Mamnky Mbl OyJeM COXpPaHSTb
nepBbli MpoeKT nepBoi Jiekuuu? Tyna u coxpangiite. Ha3BaHne mpoeKkTa OCTaBbTE

0e3 U3MEHEHH, MOAPOOHEN 00 ITOM MBI IOTOBOPUM B CIEAYIOIMICH JIEKIIUH.

Kak TONbKO BBl COXpaHUTE MPOEKT, BBIMAET €I OAUH 3alpOC - HA COXPAHEHUE
daiina momyns Unitl. 3neck MbI TOXE OCTaBJIsIeM Ha3BaHUE TI0 YMOIYAHHIO, HAXKMEM
ok KHONKY "Coxpanuth'. OOpatute BHMMaHMe - KHONKU "CoxpaHuTh' U
"CoxpaHuTh BCE" CTaJii HEAKTHBHBIMHM - 3TO O3HAYaeT, YTO HU B QopMe, HU B

IIPOCKTC B ICJIOM Y HAC U3MCHCHUM HET.

Xopo1110, MPOEKT Mbl COXPAaHUIN, OJHAKO pabOTaroIIel MPOorpaMMbl y Hac MoKa
HeT. YUToOBl ee MOoyYuTh, HY?)KHO CKOMIIWJIMPOBATH NpoeKT. [IpuueM cuenats 310

MOXHO TpeMsi KoMaHaamMu ['JIaBHOT0 MeHIO:
o 3anyck -> KomnuiupoBarsb
o 3amnyck -> CoOpatb

o 3anyck -> 3anmycTuTh

17



[Tocnenusast komMaHAa HE TOJBKO KOMITMJIMPYET MPOEKT U CO3JAET 3arpy30UHbBIi
daiin mporpamMMbl, HO W Cpa3y 3allyCKaeT €ro Ha BBHINOJHEHHWE, TaK YTO B
OOJBIIMHCTBE CIIy4aeB MPEANOUTUTEIbHEH MMEHHO 3Ta KoMmaHaa. Yjo0Hee BCero

BOCIIOJIb30BAaThC COOTBETCTBYIOIIEH KHONKOM Ha IlaHe/ 1M HHCTPYMEHTOB:

& Lazarus IDE v1.0.10 - project1
®avin Mpaeka Momck Bua Koa Mpoext 3an

‘ ¢ CITT T

8 S-Ha 8B Standard | ac

@8 ) I EEgEs] T
-

3y CTHTH

Puc. 1.12. Knomnka 3amycka

Hakmute 3Ty KHOIKY, MTPOEKT CKOMITMJIUPYETCS U Cpa3y ke 3amycTuThes. Kak
TONBKO MBI HaxxMeMm kHomky "Hello, world!" B okHe mnporpamMmsel, BBICKOYHT

3aIllMCaHHOC B PenaRTope Koaa COO6IIICHI/ICZ

“ Hello, world!

Hello, world!
1 project1 @

i ) Hello, world!

7 OK

Puc. 1.13. Pabora Hamre# mporpaMMbl

Haxxmute kHOmKy "OK", 3aKkpblB COOOIIEHHME, TOCJIE YEero 3aKpouTe camy

nporpammy (He npoekT!). Eciu Bolitner nogo0Hoe cooOieHue:
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McnosHe HWe ocTaHoB/Ie HO

()

McnonHeHne oCTaHoBNeHo

[

OK ] [ Bonblwe He NoKasblBaTh 310 coobweHne ]

Puc. 1.14. CooOmienne 00 OCTaHOBKE BBIITOJIHEHUS

TO COBETYI0 HakaTh KHONKY "BoJjibllle He MOKa3bIBaTh 3TO COOOIIEeHHe',
yTOOBI B JaJbHEHIIEM OHO BaM He Hajgoenano. Ilocie 3Toro Moxkere 3aKpbiTh U
Lazarus. Mcnonusiemsblii aiin projectl.exe ¢ Haimreld mporpaMMoOil Bbl HaleTe B
narke, KyJa COXpaHsuli MPOEKT. ITO YK€ BIIOJIHE paboTocrnocoOHas mporpamma, eé
MOXHO 3alyCTUTh MPSIMO U3 ATOM MaNKh WIK T[epeciaaTh JApyry, 4ToObl OH
M03aBUJIOBAJl BAlllUM HOBBIM 3HAHUSM (JJI1 BBINOJHEHHUS MPOrpaMMbl TpeOyeTcs
ToNbKO oaumH (aiin projectl.exe, ocrampHbie (alIbl HE HYKHBI - 3TO (ailiibl

MPOEKTA, KOTOPBIE HY>KHBI TOIBKO MPOTPAMMHUCTY ).
IToJie3HBIC CCHLIIKH

B 3akmouenue JICKIIMKU AaM BaM HECKOJIBKO CCBIJIIOK, KOTOPBIC MOTYT OKa3aTbCs

IMOJIC3HBIMHU IIPU U3YYCHHUU MATCPHAJIOB KypCa.

o http://lazarus.freepascal.org/ - Odununanbueiii caiT Lazarus. 37ech BBl CMOXKETE

M HOBBIC BEPCUU HaﬁTI/I, 1 HOBOCTH IIOYUTATh.

o http://wiki.freepascal.org/Main_Page/ru - Pycckos3bl4Hasi JOKyMEHTAIUs 10

Lazarus u Free Pascal. Ecu nmoctaparbcesi, TyT MOKHO HAaWTH OTBETHI MTOYTH Ha

BCC BOIIPOCHI, KOTOPBIC HECIMMPEMECHHO Yy BacC 6YI[yT BO3HHKATBh.

o http://www.cyberforum.ru/lazarus/ - Bonbmioii dopym mo Lazarus. ®opymsl

BOOOIIIE OYEHB TMOJE3HBI U WH(GOPMATUBHEI, a POPYMBI O MPOrPaMMUPOBAHUN
ocobenHo. Jlaxke ecnu BBl M HE CMOTJIM HaWTu B VIHTepHeTe perieHue Bamien
npo0semsbl, Ha popyMe HENMPEMEHHO HaleTcs Kako-HUOyAb "Typy", KOTOpBbIi

BaM IIOMOXKET COBCTOM.
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http://www.cyberforum.ru/lazarus/
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http://www.freepascal.ru/ - Pycckosi3prunblii HHGOpMaIMOHHBIN mopTaid o Free

Pascal u Lazarus. Toxe BecbMa MOJIE3HBINA CANT.

http://lazarus.16mb.com/ - A 310 yXe MOW CaiT, KOTOPBIA 3ayMBIBAJICS JIJIS

NOJJEPKKM JaHHOTO Kypca. B pazgene "Ckavarb" BBl CMOXETE HaWTH
MCXOJHBIE KOJIBI BCEX MPUMEPOB M3 BCEX JICKLMM Kypca Ha clly4yal, eclii y Bac
YTO-TO HE OyAeT TMOoJy4yaThCs, WM OyAeT MPOCTO JICHh HAOWBAaTh KOJ
caMOCTOsITeIbHO. TaMm ’ke Bbl HaljeTe M CMOXKETE CKadyaTh BCE MHCTPYMEHTHI
NpOrpaMMHCTa, KOTOPhIE pacCMaTpuBalOTCS Ha  JIaHHOM  Kypce, 3a
HCKJIIOYeHHeM camoro lLazarus - mporpamMma O4Y€Hb 4acTO OOHOBIISETCS, a Ha
caiite pa3paboTunka Bcerja caMmasi CBeasi Bepcus, Mo3TOMY CKauuBaTh Lazarus
pasymHen TaM. Tak ke, Ha calWTe s MOCTAapalOCh IIOYAIle BBIKJIAIBIBATH

,HOHOHHHTGHBHBIﬁ MaTcpuail, HC BOI]IeI[HII/Iﬁ B ,HaHHBII;'I KypC.


http://www.freepascal.ru/
http://lazarus.16mb.com/

HPAKTHYECKOE 3AHATUE Ne2. U3YUEHUE ITPUHIIUIIOB
BbIJAYY UH®OPMAIIUUA B BUJAE ITUAT'PAMM U I'PAPUKOB

Heab padoThI: OCBOUTH METOB! BbIIAYM MH(DOpPMALMU B BUJE AUATPAMM H
rpadukoB.

MocTpoeHue rpadmka crry4anHon yHKUUN

3anaua noctpoeHus rpaduka no 3aJaHHBIM JIaHHBIM WJIM U3BeCTHOU QyHKIuu B Lazarus
pemaercst mpu nomoiu komnonenta TChart. Hapucyem rpaduk no 3anannoit gyHKmu,
UMEIONIEH B apryMEHTE CIyYallHyI0 BEJIUYUHY U MOTOMY OOHOBISIIONICH 3HAYEHUS IO
Ha)KaTUIO KHOIIKH.

Co3zniaguM HOBBIM MPOEKT U 3allUILIEM €ro B OTAENbHYO0 nanky nog umeHem Grafikl.1pi.

¥, Conpamens npoeny pecyectl (i) — - “
=1 . i S S Sh SES . SENE e o . S e
@( J® L Lamanal b Tpade gyvosmm | w4y - 2
P ——— Mosse nenca - 7]
o My
o Srnins rp e
& Vounwres
& Necamsnd gnce ()
won Nexammdt aocx ()
» Noxamind goce (1)
» Second F)
O Avtodesh W0
L eatil
Ton adna i -
* Capuens ranoe ; Copasens | [r—

Bribepem na Brkiagke Chart (cmpaBa Ha maHenn KoMHoHEeHTOB) kKoMroHeHT TChart u

pa3MelnaeM ero Ha CyIiecTBymmei Gopme.

% e e 162 Gt R
Qaitn  fMpaexa Mowcx Bwa Koa Mpoext 3k - " = B

E0E-B a8 Standarl| 1 | LezControts | Pascal Script | RTT1 | sQuab | synkdit| Chart
leae-pnacva ® - |-
L_._J- 1 I .

Mmmpm ' !l‘.'h

I =i ::

JobGaBnsiem Kk ero kosulekuuu aaHHbIX (Series) (cM. cBoiictBa TChart) oObekT THma
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TLineSeries. [lys aToro B cBoiicTBe Hamiero rpaduka TChart HaxoauM cBOHCTBO Series,
HAQXaTUEM HA MHOTOTOYHME BBI3BIBAEM PENAKTOP IUArpaMM, Ha)XKaTUEM KHONKHA +

nobasisieMm «[ paduk».

52 Peanorcp anarpawm - Chanl )

|
- i ‘
Ceoitcres  Cobamun | Mabpasesce * * |} [ Aotesers | Yaanurs Boepn  Bowos
@ ector

Margns {TChartMarging) | »
MargasExternal (TCAaMargurs)

Name Chatl

PacertBOMode /) (True

JLORSRRp—

PacentColor (Faise,

ParentShowtHint ¥, (True)

Popuphlenu [ O S T ——

Proportional (Faise) | s £l e

ReticuleMode  rmiNcae |

JloGaBnsieM TpU KHONKH, JJIsI PUCOBAaHMS, OUMCTKHM rpadyKka U COXpaHEeHHUs rpaduka B
daitn BMP (xox aumanora coxpaHeHus ¢aiijia ¢ BEIOOPOM MecTa U MMEHU B JTaHHOM
clIydae Mbl HE UCIIOJIb3YEM, MOATOMY UMS (paiiia BKIIFOYaeM B KOJ).

B penakrope ¢popmMa BBITIISIUT TPUMEPHO TaK:

2l e ]
-1 08 06 04 -02 -O 02 04 06 08 1‘

Pucosams Crepers 3anncare

I[anee 3aIlIMChIBACM KOJ HaXKaTHs KHOIIOK.

Kuomnka PucoBathb:

procedure TForm1.Button1Click(Sender: TObject);

begin
randomize;
ChartlLineSeriesl.Clear();
for i:=11to 100 do
begin
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ChartlLineSeriesl.AddXY(i*0.1,sin(random(4)*i*0.1));
end;
end;

Knonka CrepeTs:

procedure TForm1.Button2Click(Sender: TObject);
begin

ChartlLineSeriesl.Clear();
end;

Kuomka 3amuicras:

procedure TForm1.Button3Click(Sender: TObject);
begin

Chartl.SaveToBitmapFile(‘output-graph.bmp’);
end;

Ha pucynke mokasan pe3ynbTar paboThl IPOrpaMMbl U (PparMeHT CO3IaHHOTO PUCYHKA.

PucyHOK coxpaHsieTcs B Marnke MmpoeKkTa 1moja uMeHeM ‘output-graph.bmp’.

=] cutput-graph - Cpeacteo npy PA SUTOPIGui W

[ Daidr v MNevars * 3anowta 3anwce * Onpemn ~

1 2 R SRS B ] 15 8N )
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MocTpoeHue rpadmka yHKLUIN C MCNONb30BaHMEM (DYHKLMIM 1 npoueayp

3agaua 1. Bunonnure Tabyauposanue pyHKUMM y=sin(x), ecau H3BECTHB Ha-
Ha/1bHOE 3HAYE€HHE UHTEPBala, HA KOTOPOM M3MEHAETCH (PYHKLUMA, KOHEYHOe 3Haue-
HUE HHTEPBA/IA 1 LIAr ee U3MEHEHHsA. TpeboBaHHs K nporpaMme:;

1. Beuncnenme pyHKUMH y=sin(x) ohopMHTE B BijIE MOIB3OBATEILCKOI (yHKLMK,

2. 3anauy TabynHpoBaHMs (DYHKLHM BLITOIHUTE B BUAE MOJ1630BATENBCKON npo-
UELYPBl.

3. Coanaiite cOOLITHIIHYIO TPOLIEAYDY, U3 KOTOPOil BBI30BHTE M0/1b30BaTENLCKYIO
npoLueaypy.

4. lNocrpoite rpaduk GyHKLMK.

KommenTapuit: BHOBb paccMOTpHM pelieHHe 3a1a4ym TabyauposaHust GyHKIWH,
0HAKO Tenepb A0NOAHUM rpadHyecKnii WHTepdeiic NporpaMMBel MOCTPOCHHEM rpa-
duka. [lns sToro, npexae scero, pasmecTiM Ha dhopme KoMmnoHeHT Chartl U3 namtut-
pbi Chart, Ha KoTophlii GyaeM BbiBOANTD rpadmk dbyHkunu. Haiizem cpoiictso Titles
KOMIOHEHTa i BBeeM B noacsoiicTee Text 3aronosok I'padmk pynkumm. Teneps Hyx-
HO CI1€1aTh 3ar0NI0BOK BUOAMMBIM, BbiCTaBuB cBoiicTBO Visible B True. Cuenaiite npoii-
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HO#M wenuyok Ha obwekTe Chartl M B nosBUBLIEMCS OKHEe, HaxaB KHonKy Add, Beibe-
pute THn rpacuka BarSeries. OTkno4yuMm nereHay rpaduka, BbINOJIHHB KOMaHMI)
Legend/Visible/False).

C TOYKM 3peHMs aNTOPHTMH3ALHH CYTh NMOMB30BATENLCKHX (DYHKLUMHK M MPOLENY-
pbl, NpeacTaBieHHbiX B iucTuHre 104, HuueM He OT/IMYaETCA OT KOJa TMCTHHIa 98.

Juerunr 104

implementation
{SR *.1fm)
{ TForml}

Function func(x : Single) : Single;
Var y : Single;

Begin
y = Sin(x);
func:=y;
End:

Procedure tab(Var a, b, h: Single);
Var i,n : Integer;
v, X : Single;
MySerie: TLineSeries;
Begin
Form1.Chart1.ClearSeries; // Ouuwaem komnonenm Chart |
MySerie:=TLineSeries.Create(Form|.Chartl); // Cozdaem ceow cepuio 8 Komnonernme
J/Chart]
MySerie.LinePen.Color:=clRed; // Onpedeasesm ee yeem (kpacruiii)
Forml.Chart1.AddSeries{ MySerie);
Foem|.StringGrid1.Celis|0,0]:="X;
Form1.StringGrid1.Cells[1,0]:="f(X)";
Form|.StringGrid].GridLineWidth:=2;
Form|l.StringGridl. RowCount:=2;
X:=a,
n:= Round((b-a)/h)+1;
Fori:=1Ton Do
Begin
y = func{x);
Form1.StringGrid1.Cells[0, Form 1.5tringGrid 1. RowCount- 1];=Float ToStrF(X,fGeneral 6,6);
Form1.5tringGrid1.Cells[1,Form1.StringGrid 1. RowCount-1]:=Float ToStrF(Y,fiGeneral,6,6):
Form1.StringGrid 1. RowCount:=Form1.StringGrid1.RowCount + I,
MySerie AddXY(X,Y);
x=x+h;
End;
Forml.5tringGridl.RowCount:=Form1.StringGridl. RowCount-1;
End;
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Puc. 135. Buipoa rpachuka Ha anemeHT ynpasnenus Chart

Procedure TForm1.Button I Click(Sender: TObject);
Var a, b, h: Single;
Begin
a ;= StrToFloat (Edit1.Text);
b := StrToFloat (Edit2.Text);
h := StrToFloat (Edit3.Text);
tab(a, b, h);
End;

[TocTpoeHHblit rpadMK PyHKUMHK NPeaCTaBIEH HA PUC.



INPAKTUYECKOE 3AHATHE Ne3. ®DPAKTAJIBHAA 'PA®UKA

Heap padoTbl: HAay4YUThCA BBHINOJHATH MPOTPAaMMHpPOBAHHE (PpaKTaIbHOU

rpaduKH.

ITocTanoBka 3agaun

[Tonsitus ppakran u ppakTanbHast TeOMETPUs, MOSIBUBIIKECA B KOHIIE 70-X, C CEpeUHBI
80-X rr. MpOYHO BOILIM B OOMXOJ MAaTeMAaTHKOB M MporpaMmucToB. CioBo ¢pakrtan
00pa30BaHO OT JATUHCKOTO fractus u B mepeBo/ie 03HAYAET COCTOSIINI U3 (PparMeHTOB.
Ono Obuto mpemnoxkeHo benya MangensOporom B 1975 1. nas 0003HayYeHUS

HEPETYISPHBIX, HO CAMONOJAO0HBIX CTPYKTYP, KOTOPBIMU OH 3aHUMAJICS.

CaMbIMU W3BECTHBIMHU (paKTaTbHBIMU OOBEKTAMHU SBISIOTCS JAEPEBbS: OT KaXKIOH
BETKHU OTBETBJISIOTCS MEHBIINE, TOXOKHUE HA HEE, OT TEX — €II€ MEHBIIINE U TAK JAJIEE.
[Io oTAenbHOM BETKE MAaTEMaTUYECKUMU METOJAMH MOXHO HPOCIEINTH CBOMCTBA
Bcero nepeBa. @pakTaabHBIMU CBOMCTBaMHU 00JIaJal0T MHOTHE MPUPOJIHBIE OOBEKTHI:
CHE)XMHKA IPU YBEIUYEHUH OKa3bIBaeTCs (pakTajoMm; 1Mo (ppakTajbHbIM aJropuTMam
pacTyT KpHUCTaJIbl U pacTeHus. Eciu mocMoTperb Ha OEperoByr0 JUHUIO MOpS Ha
KapTax Bce Oojee KPYMHOro macitaba, TO CTAaHOBSITCS BUIHBI BCE HOBBIC M3THUOBI U

U3JIOMBI, IOX0KKE Ha 0oJiee KPyITHBIE.

Ponb pakTanoB B MaMHHOM Tpaduke CeroHs 10CTaTOYHO Beauka. OHU MPUXOJAT Ha
MOMOII[b, HAmpuMep, Korja TpeOyercsi, ¢ MOMOIIbI0 HECKOJbKUX KOAI(PHUIIMEHTOB,
3a7aTh JIMHUW W TOBEPXHOCTU OYEHb CI0XHOU (opmbl. C TOUKK 3pEHUS MAIIMHHOU
rpaduku, QpakTajdbHas TeOMETpUs He3aMEHHMMa TMPU TEeHEpalid HCKYCCTBEHHBIX
o0nakoB, TOp, TOBEpPXHOCTH MoOps. DakTUyeckn HaWIeH Crnocod JIEerkKoro
MIPEJCTABIICHHS CIIOKHBIX HEEBKIUIOBBIX 00BEKTOB, 00pa3bl KOTOPHIX BEChbMa MOXO0XKH

Ha MPUPOJIHBIE.
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OaHUM U3 OCHOBHBIX CBOMCTB (ppakTajoB sIBIsieTCA camornogodue. B camom mpoctom

cirydae HeOoJbIas 4acTh (PpakTaia coaepXUT HHGOPMAIIMIO O BCeM (PpakTale.
Knaccupukanus ppaxraion

I'eomeTpuueckne ¢ppakrajbl

@pakTansl ATOr0 Kjacca camble HarjsAaHble. B IByXxMepHOM cilydae MX MOJIYy4arOT C
NOMOILIbI0 HEKOTOpOW JIOMaHOW (MM TIOBEPXHOCTH B TPEXMEPHOM  CIIydae),
Ha3bIBAEMOW TEHEpaTOpOM. 3a OJMWH IIar aJropuTMa KaXIblii U3 OTPE3KOB,
COCTaBIIIOIIMX JIOMAaHYI0, 3aMEHSETCS Ha JIOMAaHYIO-T€HEPATOpP, B COOTBETCTBYIOILEM
Mmacimrtabe. B pesynbpTaTre O0€CKOHEUHOTO MOBTOPEHUS ITOW MPOLEAYpHI, MOTydaeTCs

reoMeTpruYecKuil (hpakTal.

[Tpumepom Takoro ¢ppakTaibHOrO OOBEKTA ABISIETCS TpUaaHas kpusas Kox

/\

A
>

A

Pucynoxk 3.1 IToctpoenune tpuagnon kpusoit Kox

ITocTtpoeHne KpUBOW HAYMHAECTCA C OTpE3Ka EAMHUYHOM UIMHBI — 3TO HYJIEBOE
nokosienre kpuBoit Kox. [lanee kaxaoe 3B€HO (B HyJIEBOM MOKOJIEHUHN OJJUH OTPE30K)

3aMEHsIeTCsl Ha 00pa3yromuil 3yeMeHT. B pe3ynbrare Takoil 3aMeHbl MOJIy4aeTcs
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cieayrouiee rnokojieHne kpupoi Kox. B nepBoM MOKOJEHHUH - 3TO KpUBask U3 YETHIPEX
NPSMOJMHEWHBIX 3BEHBEB, Kaxaoe MHOW mo 1/3. [Jnsg momydeHuss TpeTbero
IIOKOJICHUSI TPOJEIIBIBAIOTCA TE€ K€ JEUCTBUSA - KaXI0€ 3BCHO 3aMEHSCTCS Ha
YMEHBIIEHHBIN  oOpasyromuii  smeMment. Wrak, JUisi  TOJYy4YeHUS  KaXJIO0TO
MOCJIETYIOIIET0 TOKOJICHUS, BCE 3BEHbSI MPEABIAYIIETO IMOKOJEHUS HEOOXO0IUMO
3aMEHUTh YMEHBIIEHHBIM O0Opa3ylolmuM 3jieMeHTOM. KpuBasi N-TrO0 MOKOJIEHUs MpHU

11000M KOHEYHOM N Ha3bIBaeTcs npeadpakTagoMm.

Ha puc. 3.1 npencraBineHsl Tpu mOKoOJIeHHS KpuBoil. Ilpu N crpemsimemca k

0eckoHeuHOCTU KpuBasi Kox cTaHOBUTCS (PpaKTaIbHBIM OOBEKTOM.

B mammnHON rpaduke HCHOJb30BaHUE T€OMETPUYECKUX (PPAKTAIOB HEOOXOIUMO
IpU MOJYyYCHUH H300paKeHUI NepeBbEeB, KyCTOB, OeperoBod JUHUH. [[BymMepHBIe

reOMETPUYECKHE (PpaKTabl UCIIOIB3YIOTCS ISl CO3AaHUS OOBEMHBIX TEKCTYP.

Aneebpauueckue hpaxmanul

Oto caMas KpynHas rpymnmna gpakrtanoB. CBoe Ha3BaHUE OHU MOJYUYUIIU 3a TO, UTO UX

CTPOSIT Ha OCHOBE aJIreOpanyeckux (popmyii, UHOTIa BeCbMa MPOCTHIX.

Meton0oB monydeHuss anredpandeckux (pakTaaoB HECKONbKO. OIWH U3 METOA0B
MPEACTABISIET COO0 MHOTOKPATHBIN (UTEpallMOHHBIN) pacdyeT PyHKIUU

n+1="f (zn), e Z — KOMILTIEKCHOE 4uCIio, a f — mekas dbyukmusa. Pacuer nanHOM
(GYHKIIMN TIPOAOJDKACTCS 0 BBIMOJHEHHUS OMPENCICHHOro ycioBusa. M korga 3To
YCJIOBHE BBITIOJIHUTCS - HA 3KpaH BBIBOAUTCS Touka. [Ipu 3TOM 3HaueHue (yHKIUU
JUISL Pa3HbIX TOYEK KOMIUIEKCHOM MJIOCKOCTH MOYKET UMETh Pa3HOE MOBEICHUE:

O C TCUCHHUCM BPCMCHHU CTPCMHUTCA K 6GCKOHC‘-IHOCTI/I;

o crpemurcs K 0;

OIPUHUMACT HCCKOJIBKO q)HKCHpOBaHHLIX 3HAUYCHUM U HE BLIXOOUT 3a UX IIPCACIIbI;

O IOBEJEHHUE Xa0TUUHO, 0€3 KaKuX-I11u00 TeHACHIIHIA.
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[Tpumepom 3Tor0 BUAa PpakTanoB sBiIsieTcss MHOKeCTBO MaHaens0poTa

(puc. 3.2).

Puc. 3.2. MuoxxectBo Mannenb0poTa

Cmoxacmuueckue ¢ppaxkmavl

Enie onHUM M3BECTHBIM KJaccoM (hDpakTajioB SIBJISIIOTCS CTOXaCTHYECKHE (PpakTaisbl,
KOTOpBIE NOJIy4aloTCsd B TOM ClIydae, €Clid B UTEPALlMOHHOM IpoLEcce CIlydyalHbIM
o0pa3oM MEHATh Kakue-1nbo ero mapamerpsl. [Ipu 3Tom nosydaroTcsi 00bEKThI OUECHb
MOX0KHUE HA MPUPOJHBIC - HECUMMETPUYHBIC JIEPEBbS, U3pE3aHHbIC OepEroBbie TUHUU
u T.4. (puc. 9.3). JIBymMepHble CTOXacTUYECKHE (PpaKTaibl HUCIHOJIB3YIOTCA MpHU

MOJICJIMPOBAHUU Peibea MECTHOCTH U IIOBEPXHOCTH MOPSI.

Puc. 3.3. Croxactuueckue ¢hpakTasl
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CnocobHocTh (hpakTanbHOM rpaduKud MOJEIHPOBATH 00pa3bl KUBOW MPUPOIBI
BBIUACITUTEIBHBIM IIyTEM 4YacTO WCHOJB3YIOT HJIsi aBTOMATHYECKOW TEeHEpaIuu

HEOOBIYHBIX I/IJ'IJ'IIOCTpaHI/If/'I.

OgaumM w3 (paktanoB  MHOXKecTBa  MaHIens0poTa  SABISIETCS «IAYK.
PaccmarpuBaeTcsi MHOKECTBO TaKHX a, KOTOPbIE CTPEMATCS K OECKOHEUHOCTH IpHU
UTEPUPOBAHUM BHUIA:

z0=c0=a,

Z'=z22+cC;

c'=c/2+z";

st noctpoenus ¢ppakrana OyJeM UCIOJIb30BaTh Cleayomue GopMyJibl:
z2.X=(z1.X)2-(z1.Y)2+c.X;

z.Y=2*21.X*z1.Y+C.Y;

c.X=cl.X/2+z.X;

c.Y=cl.Y/2+z2.Y;

Jls mpopucOBKH (hpakTaia clieayeT HaxaTh KHOnKY "Fractal"

Koz mporpammer;
unit Unitl;

{Smode objfpc} {SH+}
interface

uses
Classes, SysUtils, FileUtil, Forms, Controls, Graphics, Dialogs, ExtCtrls,
StdCtrls;

type

Aol PR 1
{ TForml }

TForml =class (TForm)
Fractal: TButton;

PaintBoxl: TPaintBox;
procedure FractalClick (Sender: TObject) ;

private
{ private declarations }
public
{ public declarations }
end;
var

Forml: TForml;

implementation
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{SR *.l1fm}
{ TForml }

procedure TForml.FractalClick (Sender: TObject) ;

type
TComplex = record
X : Real;
Y : Real;
end;
const
iter = 50;
max = 16;
var
z1l, z2, cl, c2 : TComplex;
X, y, n : Integer;
Mx, My : Integer;
col:TColor;
begin
PaintBoxl.Canvas.Clear; //oummaemM canvas
Mx := PaintBoxl.Canvas.Width div 2; //Bruwmcisem [eHTp (mmMpuHa)
My := PaintBoxl.Canvas.Height div 2; //Brumcisem 1neHTp (BEICOTAE)

for y:=-My to My do
for x:=-Mx to Mx do

begin
//yCTaHaBAMBAEM HAYaJIbHEIE BHAUYEHMS IapaMeTpOB
n:=0;
z1.X:=x*0.01;
z1.Y:=y*0.01;
cl.X:=z1.X;
cl.Y:=z1.Y;
while ((z1.X*z1.X+z1l.Y*z1.Y)<max) and (n<iter) do
begin
z2:=21;
@2 3=els
z1.X:=(22.X*22.X)=(22.Y*z2.Y)+cl.X;
z1.Y:=2*z22.X*z2.Y+cl.Y;
cl.X:=c2.X/2+z1.X%X;
cl.Y:=c2.Y/2+z1.Y;
n:=n+1;
end;
if (n<iter) //IIBET BEIOMPAEM IIO UMCJIY HUTEPAaLii
then
begin
col :=30*n mod 255;
PaintBoxl.Canvas.Pixels[ (Mx div 2)+x, (My div 2)+vy]
col, col);
end;
end;
end;
end.
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MNPAKTUYECKOE 3AHATHUE Ne4. MOJAEJIM TPEXMEPHBIX
OBBEKTOB.

Heab padorbl: OCBOUTH TEOPETHUUECKUE NPUHIMUIBI M WHCTPYMEHTAJbHBIE
CpEICTBA MOJECIUPOBAHMSI KAPKACHBIX MOJIENIEH TPEXMEPHBIX OOBEKTOB.

Co3nanme kapkacubix 3D-moaesneit

Kapkacubie 3D-momenu mpencTaBisieT co00H MpeACTaBIEHUE PEaTbHOTO
00BEKTa, CO3aHHOE C MCIOIb30BaHUE peOep WM CKEJeTa.

Kapxacusie 3D-monenu cocToAT U3 TOYEK, JIMHUM, AYT, OKPYKHOCTEN U JPYTUX

KPHUBBIX, OIIPEAEISAIOMNX peOpa WIH HEHTPaIbHbIE TUHUN OOBEKTOB.

Kapkacnas 3D-Monens ncnonb3yercs 11 CASAYIOMMX [EIeH.

Coznanue 0a3zoBbiX 3D-mpoekToB AJis MPOBEPKH U OBICTPOTO BHECEHUSA
KOPPEKTHUPOBOK

O0630p MOZENH CO BCEX CTOPOH

AHalIN3 TNPOCTPAHCTBEHHBIX B3aUMOCBS3EM, BKJIIOYAs PACCTOSHUS MEXKIY
yrilaMu W pelOpamMu, a TakKe BH3yajbHas IMpOBEpKa Ha MPEIAMET BO3MOKHBIX
MEPECECUCHUN

Cozpnanue BunoB B nepcnektuBe (HeaocTynHo B AutoCAD LT)

ABTOMaTHYECKas TeHepaIusi OPTOrOHAIBHBIX U JIOMIOJHUTEIBHBIX BUIOB

Ccputounas IreoMCTpusd AJIAA MOACINPOBAHUA 3D-T€Ha, IIOBCPXHOCTHU NN CCTH
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Pekomennyercs COXpaHWTh KapkacHyro 3D-reoMeTpui0 Ha OTAEIbHOM
CCBUIOYHOM CJIO€, 4TOOBI MMETh K HEH JOCTyNn MpU HEOOXOJUMOCTH TMPOBEPKHU
LEITOCTHOCTH 3D-MOeNN NI YaCTUYHOTO €€ BOCCO3AaHUS.

Cnoco0bl mocTpoeHust kapkacHbix 3D-mojeneit

JIJist co3manust KapKacHBIX MojieNiel TpeOyeTcs HalIMYue ONpeIeICHHOTO OIbITA.
JInst OCBOEHMSI KapKacCHOrO MOJEIHMPOBAaHUSA JIydllle HAaYMHATh C IOCTPOEHUS
MPOCTBIX MOJIEJIEH € MOCIEIYIONUM EPEX0A0M Ha 00Jiee CI0KHBIE.

HNmeercss BO3MOXKHOCTB CO3/1aBaTh KAapKAacHbIE MOJEIM IYTEM pa3MELICHUs
miockux 2D o6bexToB B mo6oM Mecte 3D mpocTtpancTBa. st 3TOro mperararoTcs
CJIEYIOILKE CIIOCOOBI:

3aganite 3D-koOpAMHATHI, OTPAXKAIOIIME MECTOMOJIOKECHUE OMPEACIAIONINX
TOuYeK 00beKkTa Ha ocax X, Y u Z.

3apmaiite  pabo4yr0 IUIOCKOCTh IO  yMOJYaHUIO, KOTOpas  SBIIAETCA
mockocThio XY I[ICK, Ha KOTOpoW c€O31al0TCAd TIUIOCKHME OOBEKTHI (Iyrd U
OKPY>KHOCTH).

Coznaiite OOBEKT M TEpPEHECUTE, CKOMUPYWTE WM TOBEPHUTE €ro JUisd
OKOHYATEIBHOTO pa3MmenieHus B 3D-npoctpaHcTBe.

[Tpum.: JInga co3manus KapKacHOW Te€OMETpUU Ha OcHOBe obmacted, 3D-ten,
ITOBEPXHOCTEN U CETEN MOKHO MCnoyib30BaTh koManny M3BJIPEBPA. M3BneueHHsie
pebpa dopMupyroT Kapkac, cocTaBieHHBI u3 2D 00BbeKTOB (OTPE3KOB,
okpyxHocTeil) u 3D nomunuHuil. (Ota PyHkuusa HegoctynHa B AutoCAD LT.)

[Ipumep kapkacHou 3D-Monenun

NHorna paboTy Haj MPOEKTOM TMPOIE BCETO HA4aTh C KapKACHOM MOJENH.
Takyro MoJeiab TakKe€ MOXHO HCIOJb30BaTh KaK CCBUIOYHYIO TE€OMETPHUIO MpH
MOJEIUPOBAHUU TEJI U TOBEpPXHOCTE. B KauecTBe mpuMepa MOKHO MPUBECTH
JIOPO’KHOE TMOJIOTHO, YPOBEHb KOTOPOTO TMOBBIIAETCA MpH moBopote. M3meHeHue
OTMETKM HOCUT HEJMHEHHBIN XapakTep, a paauyC KPUBOW SBISETCS MOCTOSHHBIM

3HAYEHUEM (CM. PUCYHOK HUKE).
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T

Bcnomoratenbubie muauu T-00pa3Hoil (OpMBI ¢ paBHBIM IIATOM 00€CTIEYMBAIOT

TOYKHU OJIA BHYTpCHHCﬁ W BHEIIHEHU KPpOMKH B-crinaiina AOPOKHOI'O IIOJIOTHA.

BerHI/IC Kpasd K&)I(IIOﬁ T-NMHUM MOKHO OKaHTOBAaTh WU CKPYIJINTh.

Ed J‘ ,L l

Ha »sToM 5Tarme MO’XHO HMCIIOJB30BaTh CIUIAWHBI, YTOOBI co3maTh 3D-Teno s

BU3yaJIn3aliid, pacdcTa paspe30B MU 3aAJIMBKU HWJIHM I pPaCcdCTOB HHIKCHCPHBIX

KOHCTPYKIIMH.

1. PazpaboTka moJiMroHajibHOM MoaeJIu 00beKTa

1.1 CocTaBasiomme 3j1eMeHTbI 00beKTa

[TonmuronanbHast MOJIETh B KOMITBIOTEPHOM Tpadrike — 3T0 00pa3 00bEKTa,
COCTaBJICHHBIN U3 MHOXECTBA MHOTOYTOJIBHUKOB. MBI OyieM pa3pabaThiBaTh
MOJIMTOHAJILHYIO MOJIENIb 00BEKTa «CaMoJIET». TpexmMepHoe n300pakeHne o0beKTa

IIPEACTABIICHO Ha puc. 1.1.
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Pucynok 1.1 — Tpexmeproe uzobpasicenue npoekmupyemozo 0ovekma
OOBEKT COCTOUT M3 HECKOJBKUX BUOB IMTOBEPXHOCTEHN, KOTOPHIE B CBOIO OYEPE/Ib
pa3OuBarOTCs HA MOJIMTOHBI I YA0OCTBA XpaHEeHHs U 00paboTKu. OOBEKT COCTOUT U3
CJIeIyIOUIUX BUIOB PUTYD:
o Karcyna;
o MapaJUICICIUIICT;
e MpPHU3Ma, B OCHOBAaHUHU KOTOPOU MPSIMOYTOJIbHBIN TPEYTOJIbHUK.
Kancyna 3agaércst 6a30B0il TOUKOM, paInyCcoOM, BBICOTOM IIUIUHIAPUUECKON YaCTH
karcyinsl. [lapamrenenunen 3agaércs 6a30BOi TOUKOM, IIUPUHOM, ITTUHON U BEICOTOM,
Ha OCHOBE KOTOPBIX MPOUCXOUT pacueT KOOPAUHAT BOCBMHU TOUEK BEPIIUH
napaienenunena. [lpuzma 3agaércs 0a30Boi TOUKOM, 2-Ms KaTeTaMu TPEYTroJIbHUKA,
KOTOPBIN JIGKUT B OCHOBAaHUU MIPU3MBI, U BBICOTON TTPU3MBI.
1.2 Tpuanryasiuusi 10BEPXHOCTH 00bEKTA
TpuaHTyJIsIUs TOBEPXHOCTEN — ATO MPOIECC Pa30UECHUS CIOKHBIX 0ObEKTOB Ha
TPEyTOJbHbIE TOIUTOHBI. TpUaHTysus y100Ha TPU TPOTPaMMUPOBAHUU TpauKH,
T.K.:
o TPEYTrOJIbHUK ABJISIETCSA MPOCTEUIINM MMOJIUTOHOM, BEPIIMHBI KOTOPOTO
OJIHO3HAYHO 33J1al0T I'PaHb;
o O0YI0 00J1aCTh MOKHO TAPAHTUPOBAHHO Pa30UTh HA TPEYTOIHHUKH;
e BBIYUCIIHUTEINIbHAS CIIOKHOCTH aJITOPUTMOB pa3OUEHUs HA TPEYTOIbHUKN
CYIIECTBEHHO MEHBIIIE, YEM MPU UCTIOI30BAHUHU JIPYTHUX MOJTUTOHOB;
e peanm3alus MpoIeayp BU3yann3auu 0ojiee mpocTa g 00J1acTH, OTpaHUICHHON
TPEYTOJBLHUKOM;
e IS TPEYTOJBHUKA JIETKO OMPEIEIUTh TPU €ro OJMKalIlIuX coceaa, UMEIOIIHNX ¢
HUM OOIIME TPaHHU.
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Hazx 06beKTOM pOU3BOAUTCS TPHAHTYJIALUS CIETYIOIMM 00pa3oM. Bce mpuMuTHBEL,
U3 KOTOPBIX COCTOUT OOBEKT Pa30MThI HA TPEYTOJIbHUKU. Bce MpsMOYroibHbIE TPaHU
pa30MBaIOTCs AMAarOHAJbIO HA JIBA PABHBIX TPEyTroibHUKA. TakuM oOpa3om,
napajuleJIeNUIEeabl COCTOAT U3 12 TPEyroabHBIX NOJUTOHOB. bOKOBas MOBEPXHOCTH
IWIMHpPA (YacTh HAIIEH KarcyJibl) pa30uTa Ha 4YacTH MO BBICOTE U Ka)/1ast 4YacTh
pa30uBacTCs Ha paBHbIC PSIMOYTOJILHUKH, KOTOPBIE MTOCIIE Pa30UBAIOTCS HA
TPEYTOJIbHUKMU.
JI71st monydeHus KOOPAMHAT BEPIIUH KaICybl UCIONB3YIOTCA (POPMYIIBI Iepexo/ia u3
IUJIMHAPUYECKON CUCTEMBI KOOPAMHAT B JIEKApPTOBY cUCTeMy koopauHart (puc. 1.2). B
dbopmynax uunuHap umeet paanyc R u Beicoty ZC. IloaHoM OKpy>XKHOCTH
COOTBETCTBYET JUAIla30H U3MEeHEHUs nmapamerpa yria ot 0 go 2I1u. Ecioun
paccMaTpuBaTh HEKOTOPOE (PUKCUPOBAHHOE YUCIIO, PABHOMEPHO PACTIPEICICHHBIX,
TOYEK 0 OKPY>KHOCTH, TO MIPUPALLEHUE MTapaMETPA MEKIY TOUKAMUA MOKHO CUUTATh
KoHCTaHTOM (puc. 1.3). Ha koHIax Karncynisl HaXoaATcs noixychepbl, KOTOpbie
NOJIy4aroTCsl MyTEM pa30HEeHMs] KOHYCa Ha YacTH MO BBICOTE U BJIOJIb OCHOBAHUS, MTOCIIE
ATOr0 HOPMAJIU3yeM KOOPAMHATHI BCEX BEPIIMH TaK YTO ObI OHM JIEYKaIU Ha HAILIEH
cdepe 1 NOoJyYEHHbIE NPSIMOYTOJIbHUKH pa30MBaeM Ha MOJIUTOHBI.

X=R*sina

Y=R*cos a

L=17C

Pucynok 1.2 — @opmynvl nepexooa uz yurnuHOpu4ecKou 8 0ekapmosy cucmemy
KOOpOuHam

y

0 X = 1

0 2 P "
Pucynox 1.3 — I[lapamempuueckoe npedcmagnenue oOKpy#cHOCMU

[Ipu3ma, B OCHOBaHHH KOTOPOU MPSMOYTOJIbHBINA MPSIMOYTOJIBHUK COCTOUT U3 2
TPEYTOJILHUKOB U 3 MPSMOYTOJIBHUKOB, KOTOPBIE JIETKO pa30UBAIOTCS HA MOJIUTOHBI.

Ha pucynke 1.4 npencraBineHo kapkacHOe H300pakeHrue o0beKTa.

37



Pucynox 1.4 — Kapxachoe uzobpaosicenue npoexmupyemo2o 00bexma

2. Onncanue aaropuTMoB aQpGUHHBIX NPeodpa3zoBaHM

JIro60e n300pakeHne, BEBIBOJUMOE Ha IKpaH MOHUTOPA, COCTOUT U3 Touek. Kaxmas
TOUYKA B TPEXMEPHOM IIPOCTPAHCTBE, B CBOIO OYEPE/Ib COJAEPKUT TPU KOOPAUHATHI — X
(abcuucca), Y (opaunara), Z (anmivkata). KoopinHaThl TOYKH OHO3HAYHO
OIPEEIISAIOT €€ MOJ0KEHUE B CUCTEME KOOPAUHAT. MBI OyZIeM UCII0JIb30BATh MIPABYIO
JIEKapTOBYIO IPSIMOYTOJIBHYIO CUCTEMY KOOpPAMHAT, OOLIUI BUJI KOTOPOM MTOKa3aH Ha
pucyHke 2.1.

Pucynoxk 2.1 — Ilpasas dexapmogas npamoy201bHas cucmema KoopouHam
3nech OykBamH X, y, Z 0003HaU€HBI MOJIOKUTENbHBIE Hanpasyienus ocer Ox, Oy u Oz
COOTBETCTBEHHO. J|J1s1 BBIBOJIA CIIEHBI Ha SKPAH HUCIIONB3YIOTCA 3 CUCTEMbI KOOPIMHAT:
o CK cuensr;
o oakpanHasa CK;
o CK kamepsbl.
Hauanshoit CK sBisiercs CK ciiensl (Jin0o KkaMmepbl, Ipu MEpPeXo/ie B BU U3 KaMephl),
koHeuHoM — skpanHas CK. s nepexona u3 01HOM CUCTEMBI KOOPAUHAT B APYTYIO
UCIIOJIb3YIOTCS (DOPMYJIBI IOBOPOTA, CMEUIEHUS! U MAaCIITAOUPOBAHUS.
[Tocse BBITIOJIHEHUSI TEOMETPUYECKUX MPEe0Opa30BaHU, KOOPIUHATHI (X, Y, Z) TOUKH
MepexoISIT B HOBbIE KOOpAMHATHI (x*, y*, z*). O0ume hopmMyIbl nmpeodpazoBaHus
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KOOpAMHAT MOKa3aHbl Ha pucyHke 2.2. Ho 6oree yno6Ho# siBasieTcst MaTpuuHas Gopma

3aIKCH TPEXMEPHOTO mpeodpazoBanus (puc. 2.3). 31ech K KoopAuHATaM (X ,y, Z) TOUKH
no0aBuiIach YeTBEPTas KOOpAUHATA, paBHAs €AUHUIE U HEOOX0uMast JJIsl BBITIOTHEHUS
npeoOpa3oBaHuii B MaTpudHOi (popme. Takue KoopauHATHI HA3BIBAIOTCS OJHOPOIHBIMHU.

R, R
Y =Bk Pry+ Baz + p

z*=y1x+y2y+}/3z+v

Pucynox 2.2 — @opmynvl npeobpazosanusi Koopounam mouxu

a B n O
X |a2 B2 ya O
Y A=
z|*A a Pz y3 0
1 A o v 1

Pucynox 2.3 — Mampuunas ¢oopma 3anucu mpexmepHo2o npeoopaso8amuis

2.1 llepemenieHue 00beKTA

OaHUM U3 MPOCTEUIINX U YACTO MPUMEHsIeMbIX adGUHHBIX MpeoOpa3oBaHU SBISETCS
nepemerieHue (CaBUr, nepenoc). Marpuinia A nepemernieHus Ha

BEKTOP @, 1v) MOKa3aHa Ha pUCYHKE 2.4. AITOPUTM MPEJICTABICH HA PUCYHKE 2.5.
(1 0 0 O]
0 1 0 0
=15 0 1 0
A g4 v 1]

Pucynox 2.4 — Mampuya nepemewyerus
/opMHEpYeM MaTpHITY NTepeHoCca
Matrix MatrixMove = new Matrix(new double[.]{

{1.0,0,03.

{0, 1,0, 03,

{0.0, 1,03,

{dx. dv, dz, 1}

}:

// VMHOKaeM e€ Ha MaTpHIY TpaHC(POPMAIHE 00BeKTa
MatrixTransform *= MatrixMove;

/Yl mpuEMeHAeM K KaKJOH TOYKH
polvgon([] = plane. GetPolygon();
for(int 1= 0; 1 < polygon.count; i++)
{
polvgon[i].pl *=MatrixTransform;
polvgon([i].p2 *=MatrixTransform;
polvgon([i].p3 *=MatrixTransform;

}

Pucynox 2.5 — Aneopumm nepenoca oovekma
2.2 Bpaimuenne o0bekTa
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A¢ddunnbiv npeoOpazoBaHrEM, KOTOPOE MO3BOJSET CMOTPETh HA OOBEKT MO Pa3HbIMU
yIIaMH U C Pa3HBIX CTOPOH, SIBISIETCSA MTOBOPOT 00BEKTa OTHOCUTENIEHO KOOPIMHATHBIX
oceil. MaTpuIibl TOBOPOTOB BOKPYT KOOPJIMHATHBIX OCEH MOKa3aHbl HA pUCYHKAX 2.0,
2.7, 2.8 ¥ BOKpYT IPOU3BOJIbHOM OCH Ha PUCYHKE 2.9.

(1 0 0 0]
0 cosep sing O
[Al=, _
—-sme cosep O
0 0 0 1]

Pucynok 2.6 — Mampuya nosopoma eoxpye ocu OX

(cosyy 0 —siny O]
0 1 0 0
[A]=] .
smi 0 coswy O
| 0 0 0 1]

Pucynox 2.7 — Mampuya nosopoma eoxpye ocu OY

[ cosy siny 0 O

—siny cosy 0 O
[4] =

0 0 1 0

0 0 0 1

Pucynox 2.8 — Mampuya nosopoma eokpye ocu OZ

cos# + (1 — cos#)z? (1 —cosf)zy — (sinh)z
M(v,0) = | (1 —cosB)yx+ (sinf)z  cosh + (1 — cosf)y?
(1 —cosf)zx — (sinf)y (1 —cosf)zy + (sinf)x

(1 —cosf)yz — (sinf)x
cos® + (1 — cosf)z?

(1—cos@)xz+ (sinﬂ)y)

Pucynox 2.9 — Mampuya nosopoma 80kpy2 npou3z8oivbHoU ocu
AJITOpUTM NOBOPOTA BOKPYT IPOU3BOJIBHOM OCH IIPEACTABIIEH HA pucyHke 2.10.
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//opMHEpYeM MaTpHITy IOBOPOTS;
Matrix MatrixRotate =new Matrix(new double[.]{

{Math.Cos(angle) + (1 - Math.Cos(angle)) * axis.x * axis.x, (1 - Math.Cos(angle)) * axis.y * axis.x - Math. Sm(angle) * axis.z, (1 -
Math.Cos(angle)) * axis.x * axis.z + Math. Sim(angle) * axis.y. 0},

{(1 -Math.Cos(angle)) * axis.x * axis.y + Math. Sm(angle) * axis.z, Math. Cos(angle) + (1 - Math.Cos(angle)) * axis.y * axis.y. (1 -
Math.Cos(angle)) * axis.y * axis.z - Math. Sm(angle) * axis x, 0},

{(1 -Math.Cos(angle)) * axis.z * axis.x - Math.Sim(angle) * axis.y. (1 - Math.Cos(angle)) * axis.z * axis.y + Math.Sm(angle) * axis.x,
Math.Cos(angle) + (1 - Math.Cos(angle)) * axis.z * axis.z, 0},

£0.0.0. 1}
3%

//opMEpYeM MaTpHIY IIepeEoca 05BEKTa
Matrix MatrixMove =new Matrix(new double[.]{
£1,0.0, 0},
{0, 1,0,0},
{0.0.1, 0},
{-dx.-dy, -dz, 1}
;
//dopMEpYeM MATPHITy O0paTHOrO IepeHoca
Matrix MatrixUMove = new Matrix(new double[.]{

£1,0.0, 0}.
£0,1.0, 0}.
£0.0.1, 0},
{dx.dy, dz, 1}
3>
'yMEO®asM MaTPHIEL

MatrixTransform *= MatrixMove * MatrixRotate * MatrixUMove

/' VI mpiveRzen K K2XI0H TOIke
polygon[] = plane. GetPolygon();
for(inti = 0; 1 < polygon.count; i++)
{
polygon[i].pl *= MatrixTransform;
polygon[i].p2 *= MatrixTransform;
polygon[i].p3 *= MatrixTransform;

Pucynox 2.10 — Aneopumm nosopoma 60xkpy2 npousgoabHOU OCU

2.3 MacmrabupoBanue 00beKTa

Jpyrum BaxxkHenmmm adpGUHHBIM TpeoOpa30BaHUEM SIBIISIETCS MacIITAOUPOBaHUE.
MacmrabupoBanue — U3MEHEHHE pa3Mepa U300pakeHUs C COXPaHEHUEM MPOTOPIIHIA.
[Ton MacmTrabupoBaHueM MOJpPa3yMeBaETCs KaK yBEIMUEHUE N300paKEeHUs, TaK U €ro

yMeHbllIeHue. MaTpuiia MacitaOupoBaHusl pecTaBiIeHa Ha pucyHke 2.11, a anropurm
MaciTabupoBaHus Ha pUCyHKeE 2.12.

Scx 0 0 O
0 S 0 0
0 0 Sz 0
0 0 0 1

Pucynox 2.11 — Mampuya macuumabuposanus
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Matrix MatrixScale = new Matrix(new double[,]{
{sx, 0,0, 0},
{0. sy, 0, 03,
{0, 0, sz, 0},
£0.0,0, 1}

i

// VnEOXKaeM e€ Ha MaTpHIYy Tparc(hOpMalHH 00BeKTa
MatrixTransform *= MatrixScale;
// 1 npHEMeHAeM K K&K JI0H TOYKH

polygon[] = plane.GetPolygon():
for(int 1=0; 1 < polygon.count; i++)
{
polygon[i].pl *=MatrixTransform;
polygon[i].p2 *= MatrixTransform;
polygon[i].p3 *= MatrixTransform;

Pucynok 2.12 — Aneopumm macuumadbuposanus
3. Onucanue aJIrOPUTMOB MPOEKIMOHHBIX NTPe00pa3oBaHuUil
[IpoeunpoBanue - 3TO MpoLECC MOy UEeHU U300paKeHUS IPeIMeTa Ha KaKOM-JIn0o
MOBEPX "HOCTHU, TOJIYUUBIIHECS IIPU 3TOM U300pakeHNE, HA3bIBAIOT MPOECKIIUEH
npeaMera.
DneMeHTaMu, C TOMOIIBI0 KOTOPBIX OCYIIECTBIISIETCS MPOSIUPOBAHUE, SIBISIOTCS (PHC.
3.1):
o IEHTP OPOCHHUPOBAHUS - TOUKA, U3 KOTOPOU MPOU3BOAUTCS MPOEUUPOBAHNUE;
o OOBEKT MPOCHUPOBAHUS - H300pAKAEMBIN MPEIMET;
e TUIOCKOCTH MPOEKIIMH - TFIOCKOCTh, HA KOTOPYIO MPOU3BOJAUTCS TPOCIIUPOBAHUE;
e TMPOCLUUPYIOIINE JIyYH - BOOOpAKAEMbIE MPSMbIE, C TOMOIILI0 KOTOPBIX
MPOU3BOJIUTCS TPOCIIMPOBAHUE.

Pucynox 3.1 — Llenmpanvroe npoeyuposanue [2]
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Pe3ynbpTaTom npoenupoBaHus SIBISIETCA U300paKEHUE UITU MPOEKIUS 0O0BEKTA.
Pa3znnuaroT HeHTpanbHOE U NapajuieabHOe poenrpoBanue. [Ipu neHTpasbsHoM
POCLUPOBAHUH BCE MTPOCLIMPYIOLIUE JIyYH UCXOAAT U3 OJTHOM TOYKH - LIEHTpa
IPOELIUPOBAHUS, HAXOIALIErOCA Ha ONPEIEIEHHOM PACCTOSIHUU OT IJIOCKOCTH MPOEKIUN
(pucyHnok 3.1). IIpu napayneasHOM MPOSUPOBAHUU BCE MPOCLUPYIONIHE JIyIU
napasuiebHbl Mexay coboii. Ha pucynke 3.2 mokaszaHo, Kak MOJy4aeTcs mapajieabHast
IpsIMOYTOJIbHAA MTpoeKuus. L{eHTp nmpoenrpoBaHus MpeanoiaraeTcst yCioBHO
yAanéHHbIM B OeCKOHEUHOCTh. Torna napasuieabHble JIy4d OTOPOCST Ha INIOCKOCTh
IPOEKLUN TEHb, KOTOPYIO MOYKHO MPHUHATH 3a MapajlIeIbHYIO IPOEKIINIO
n300paxkaeMoro npeaMeTa.

Pucynox 3.2 — Iapannenvroe npsamoyeonvroe npoeyuposanue [2]

B npoekre peain30BaHO MEPEKIIOUEHNE MEXAY LHEHTPAIBHBIM U NTapaJJIEIbHBIM
npoeurpoBanueM. OTIHYXA IPU peATU3alMi CUCTEMbI IPOCLIMPOBAHUS MOSABIISIOTCS
IIPU BBIUMCIICHUU KOOPIUHAT MPOEKIMI HA AKCOHOMETPUYECKYIO IIJIOCKOCTh MPOEKIIHMA
KaMmephbl. JTa INIOCKOCTh uMeeT pazMepsl (—1,+1) no mmpune u (—1/ar,+1/ar) no BeicoTe,
rje ar — popMatHoe oTHouIeHue. Eciu npu HeHTpanbHOM MPOEIUPOBAHUHN UMEET MECTO
dbopmyna, mokazaHHas Ha pUCYHKe 3.3, TO AJid MapauieIbHOTO MPOCLUPOBAHUS
cripaBeyiuBa popmyJia, IpeAcTaBlIeHHas Ha pUucyHke 3.4.

\ J \

Pucynox 3.3 — @opmyna evluucienus KoopouHam npoeKyuil NPy YeHmpaibHOM
npoeyuposarHuu
X o d-x 3

i'h
v

Pucynox 3.4 — @opmyna eviuucieHus Koopounam npoekyuti npu napaiieibHoM
npoeyupo8anHuy
B 31011 popMyie a - m0JI0BUHA IIMPHUHBI OKHA BBIBO/A, a b - MOJIOBUHA €T0 BBICOTHI.
4. OnucaHue aJIrOPUTMOB NMPOU3BOJILHBIX NPeodpa3oBaHuii KaMmepbl
Jlnst moctpoenust n300paxKeHusl Ha IKPaHHOM MIIOCKOCTH UCTOIb3YETCs MOJEIIb
IIPEICTABIICHUS TPU OMOIIM KaMmepbl. OHAa OTBEYAET 3a MPEAOCTABICHUE MTOJIb30BATENIO
MOIIIHEHIIIETO MEXaHU3Ma JBHKEHUS CpeId OOBEKTOB CLICHBI.
Kamepa 3amaercs cneayromymMu napaMmeTpaMu:

« yriom o030pa;

o (DOKYCHBIM paccTOSTHUEM (OT TOUKH HaXOXKIACHHsI KaMephbl JI0 MJIOCKOCTH, Ha

KOTOPYIO MBI TPOCLIUPYEM);
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OMKHUMH U AAJIbHUMU ITINIIOCKOCTSAMMH, KOTOPBIC YHACTBYIKOT B OTCCHCHHWH 110

[ ]

nUpamMuae BUAUMOCTH.
Jl11s kamepsl ObLITH peaTn30BaHbl: TOBOPOT, CMEIIEHUE U TAaHOPaMUPOBAHHUE.
Kamepa pacrnosioskeHa B OIpeeIEHHON TOUKE ITPOCTPAHCTBA, @ TAKXKE UMEET LIEJIEBYIO

TOYKy. Ha OCHOBaHMM 3THX JIBYX TOYEK PACCUUTBIBAIOTCS TPU BEKTOPA: BBEPX, BIIPABO U
BIIEpE]], KOTOPBIE OHO3HAYHO ONPEEISIOT HAITPaBICHUE KaMephl U 00pa3yroT OcH

CUCTEMBbI KOOPJAUHAT KaMepbl (pUCYHOK 4.1).

I

> Hanpanoiense OF
n
Xy Bexvop “esopx”
Ve

> Boxrop “snpaso”

Pucynoxk 4.1 — Kamepa [4]
[Tonygaem n3 MCK koopauHaThl TOYEK 00bEKTa B KOOPAUHATHOM CUCTEME KaMepbl

Cxema npencraBieHa Ha pUCyHKE 4.2.
T ‘. . R ]
“.., can 2 *2 cam ]\'1’
3ran nepexoca 3Tan NoROpOTR

'
e -
' ¥

'
'
' -
L o
[1 =
/ e '
'
'
P \
.
5 ‘
N ’
. v -
3’
’

*  (cam_x,cam_y,cam_z)
'
5

’
'
' ’
------- - ’
'’
—)
X

,1
0,0,0) =

.

v
*y

Y

*y

Pucynox 4.2 — Ionyuenue xoopounam mouek oo6vexkma ¢ CK xamepwi [4]

+y

OcHoBHbIC (PYHKIIUU JIJIs1 paOOTHI C KaMepoU MpeIcTaBiIeHHBI Ha pucyHKax 4.3, 4.4, 4.5.
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public Matrix GetViewMatrix()

/TIpeoOpazoBEEaEM BEKTOPA TaK 9TO0 O OHH OBUTH eJHHHYHEIMHE H NEPIeHTHKYIAPHEIME
Look Normalize(); //HopmamH3anud BeKTOpa

Up = Vector.Cross(Look, Right); /BexTopHOS NPOH3EBEIeHHE
Up.Normalize();

Right = Vector.Cross(Up. Look);
Right. Normalize();

double x = -Vector.Dot(Right, Pos); //CxanipHOe MIpOH3BEIeHHE
double y =-Vector.Dot(Up, Pos);
double z = -Vector.Dot(Look, Pos);

return new Matrix(new double[,] { {Right.x, Up.x, Look x. 0},
{Right.y, Up.y, Look.y, 0}.
{Right.z, Up.z, Look.z, 0},
{x.v.z 1}
;i
¥

Pucynok 4.3 — @ynkyus HaxodxrcoeHuss mampuysl 6U0a
public void RotationUpDownSphere(double angle) // Bpamenue eoxkpyr eextopa Up Hexogammi u2 Target

Matrix MatRotation = Matrix MatrixRotationAxis(Up, angle):

Right = Right * MatRotation;

Look = Look * MatRotation;

Pos=Pos * Matrix.MatrixMove(-Target.x, -Target.y, -Target.z) * MatRotation * Matrix MatrixMove(Target.x, Target.y, Target.z);
}

public void RotationRightLeftSphere(double angle) // Bpamenne okpyr BexTopa Right mexopmmuit nz Target

Matrix MatRotation = Matrix MatrixRotationAxis(Right, angle):

Up = Up * MatRotation;

Look = Look * MatRotation;

Pos="Pos * Matrix. MatrixMove(-Target.x, -Target.y, -Target.z) * MatRotation * Matrix MatrixMove(Target.x, Target.y, Target.z);
}

Pucynox 4.4 — @ynxyuu epawenuss BOKpye mouku yeau
public void pitch(double angle) //Bpamerne BOKpYT IPaBOro BeKTOpa

{
Matrix MatRotation = Matrix MatrixRotationAxis(Right, angle);
Up = Up * MatRotation;
Look =Look * MatRotation;
}
public void vaw(double angle) //Bpamenne BOKPYT BEKTOpa BEEPX
{
Matrix MatRotation = Matrix MatrixRotationAxis(Up, angle);
Right = Right * MatRotation;
Look =Look * MatRotation;
}
public void roll(double angle) //Bpamerne BOKPYT BEKTOpa HAPABICHHL
{
Matrix MatRotation = Matrix MatrixRotationAxis(Look, angle);
Right = Right * MatRotation;
Up = Up * MatRotation;
}

Pucynok 4.5 — @ynkyuu epawjenus kamepvl 80Kpy2 C0UX OcCell
Jly1st Toro 4TOOBI MOMYYNUTh KOOPAUHATHI TOYKH, TTPEACTABICHHON B MUPOBBIX
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KOOpAMHATAX, B KOOPIWHATaX KaMepbl HEOOXOUMO 3Ty TOUKY YMHOXHUTH Ha MaTPUILY
kamepsl Tpancopmannu 3 MCK. Touky cienyer npencTaBUuTh B OTHOPOAHBIX
KoopauHaTax. Marpuria TpanchopManuy Kamepsl IpuBeAcHa Ha pucyHke 4.6. B aToit
Matpune U — BEKTOp «BIpaBo», V — BEKTOP «BBEpX», N — BEKTOp «BHepen», camPos —
no3utusi kamepsl B MCK.

A

N

0 N

m o

Cam sU camPosV camP

Pucynox 4.6 — Mampuya xamepor mpancgopmayuu uz MCK ¢ CK kamepul

[Tocne momyuyeHns: KOOPAWHAT OOBEKTA B CHCTEME KOOPAMHAT KaMephl MoJTydyaeM
aKCOHOMETPHUUYECKYIO MPOEKIIMI0 00BEKTa Ha MIIOCKOCTH MpoeKInii kamepsl. Ha pucynke
4.7 mpuBeaeHa YIPOILIEHHAs IByMEpHas MPOEKIUS IIOCKOCTH 0030pa Ha IJIOCKOCTh XZ.
[Tpumem yron o63opa FOV pasubiM 90 rpagycoB, a pacCTOSIHUE OT KaMephI 10
IJI0CKOCTH MpoeKuuid d paBHbIM 1.

AL Donsn CHCTOMS ROOP MM AY

N
\ $. NETORRe v ezelang
\ 7 " Pre=| NaccxocTy 0T
\ -

\ 000 0L - Nt NPORLNPOKS

o 1 { < Iwbw 7

- MNOCKOCT.  NPOLIM

\ ‘
\ P "y
\ | '
\ I /
> N ¢ Paco WD
\<r>\/ FacCcromee  npocaoTDa
1/
27

e~ ) B SR

| Towa 08y
I
Vs
Pucynok 4.7 — Ynpowennas 08ymepnas npoexyusi niockocmu 0630pa Ha nioCKOCHb Xz

[4]

Ha pucynke 4.8 noka3aH npumep mocTpOCHUsI aKCOHOMETPUIECKOTO TTPeoOpa3zoBaHusI.

MNpoeunpyeman
BEPUMHA

3D (xp.Yp. Zp)
2Dy ,.';,‘.\

Towxa npocmotpa (0.0,0 ,‘:, - TpayronbHmk2

-

< -Tp(,:y O 1

Y

'1 Henomsayn nogobue TREYroNsHUKOE, NONYMAeM:

PR
-X d-x d- Y,

o = - - Yo 5

Pucynok 4.8 — Ilpumep nocmpoenusi akconomempuueckozo npeobpaszosanus [4]
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[Tepen HaxoXIEHUEM MEPCIIEKTUBHON MPOESKIIUH, HY>KHO OTCEUYb MOJUTOHBI 110
UpaMuie BUIUMOCTH (puc. 4.9).
Avy

O6nacrTs 0030pa

Bupryaneran mopni
¥ - 2

Tanrax | .
4.....{.'9-.:ﬂ'.

‘ % .:
Kpeu Q) /.,-';- &.g Puicrarme

-' .
» 3 noar_z
2 BMOKHER NAOCKOCT
: OTCENAHUS

NnocrocTs
NPOoaKUMYN

AanuHef NN0CKOOTL
OTCENAHNS

Kamepa:noanumn=_Cam_x,Cam_y, Car_2
Hanpasnedwe =~ Ang x, Ang_y, Ang_z \_ w2

Pucynox 4.9 — [upamuoa suoumocmu xamepwi [4]

AJ'IFOpI/ITM ICPCIICKTUBHOT'O IIPOCHIUPOBAHUA 00BEKTa M OTCEUCHUE I10 IMIUpaMuac

BUJMMOCTH IPEACTaBIeH Ha pucyHke 4.10.
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//BTListPol Sy I¥T MO MIOHE! MOMSEIIIE E MTHPAMITY EHIIMOCTH
List<Polvgon> TListPol =naw List<Polygon>{);
foreach(Polvgonpol in ListPol)
{
/MlonazasT K MONHNOH E 00R80TE MY MSPSIHSH K 33 THSH 177 0CKOCTEIO ITHPAMICTE! EMIMMOCTH
if (pol.pl.z<FarPlans && polp2.z<FarPlans & & pol.p2 z<FarPlans & & pol.pl.z > NaarPlane & & pol.p2.z > NaarPlane && pol.pd.z>
NezarPlans)
{
doubla Max1X=polpl.z* (Width/2) /Focus;
doubla Max1Y =polpl.z* (Height/2) /Focus]

doubla Max2X=polp2.z* (Width/2) /Focus;
doubla Max2Y =polp2.z* (Haight/2) /Focus;

doubla Max3X=polp3.z* (Width/2) /Focus;
double Max3Y =polp3.z* (Haight/2) /Focus;

wy 357 HTOH LTE 3 i TE BTN
1f(pol pl x<MaxlX &&polpl x>-MaxlX&& pol pl v<Maxl’x && pol pl v>-I\Iale&&
polp2 x<Max2X &&pol.p2 x > -Max2X & & polp2 v< Max2Y & & polply>-Max2 Y & &
polp3.x <Max3X &&pol.p3 x >-Max3X && polp3.v<Max3¥Y && polpl.y>-Max3Y)

TListPol. Add{pol);

3
J

//Hax 0 I3 ITp 02KITHH K22& 30 TOUEM EC2X II0TMIOHOE | samuceEaan E ListPoints
List<PointF[3}> ListPoints;

Forzach(Polveonpolin TListPolvgon)

{
PointF[] points =naw PointF[3];
points[0].x=Width /2 +Focus * polpl.x/p.z; /Width— mupema oxma, Haight — eracora oxma Focus— doxyvemos pacrozms

points[0].v=Haight/2 -Focus * polpl.v/p.z;

points[1].x=Width/2 +Focus * polp2.x/p.z;
points[1].wv=Haight/2 - Focus * polp2.y¥/p.z;

points[2].x=Width/ 2 +Focus * polp3.x/p.z;
points[2].v=Haight/2 - Focus * polp3.¥/p.z;
ListPoints. Add({points);

b

Pucynox 4.10 — Aneopumm nepcnekmusHo2o npoeyuposaHusl
S. IIporpammuas peanu3anust
[Ipumep BBOIA MapaMeTpOB 0OBEKTA MIPEICTABIECH HA PUCYHKE 5.1

MapameTpu 08rekTa

KoopauHate Sazoeoi Touias: X: (0,00 [ Y:[0.00 [& Z (000 B

Vg obeexra: |Obe ‘ Detarmzawsn: |6 2

Orwa ocrosamums: 250,00 E'S} Wnpura saprux kpsnses: (30.00 (2]

DOrvra kaduri unota; (8000 |2 DOrwia ronacreit: (8000 |2

Orwa nepearix kounees: (90,00 (& Wwpyra nonacren: (10,00 [

Orvra sagHux ouness: (5000 15 OrwHa srosenaxa: (3000 [
lnpuHa nepeaHux KpBINEESE: %' 0 B Bucota arosemmxa: (50.00 [

L] Cae]|

Pucynox 5.1 — Beoo napamempos ob6vekma
[Tpumepst paboThl IpOrpaMMBbI PEACTaBIEHBl Ha pUCyHKax 5.2, 5.3,5.4,5.5.
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Pucynoxk 5.2 — Paboma npoepammst, npumep 1
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Pucynox 5.3 — Paboma npoepammul, npumep 2
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Pucynok 5.4 — Paboma npoepammol, npumep 3
e = =S
o O §
cURuoe
Keewnacres reovonce 5Y02 MeIps chace
Omeere sadn
Lopmears fescesd yame X 000 &Y. 000 A Z 000 2.
Ca . sy, Dhee Beranaaam 12 A
Orvwa cocstws. 5000 A0 Dowa sazwa purete 000 A
o B Vs inss Bova fsnrwesy: 00 A Swaroacer 200 4
Lrvva repasva purees: 000 2 Do roreones. 1020 2
71 Neasams rommrm Doava saowx onee. W00 A Doaws oosermxs 200 A
Qe tapeaviigerses. X0 2 Bwoora Soermaa. SO0 A
X850 - Usersaraar R 2652160 280 B [ Usem
Neswss Y s e ———
2 - Conzate sfvent ViswntrrTo raCOt Yoo ] YaawTs ofaasy
x =
e ¥ A
y . Bubpaxnei ofbext Ot
L
oa
Necacras rrcooers x 2 X
Jasras rrosocrs 100000 Seep e LraeT
Pacsomwe o | Depavecnema ~
Momasas Youry roviston z =
x b4
Vazsratpitats
Tonmd W 0
o
X Y e -
Baevp 2 A ¥
v 7o Neoecr™s

Pucynok 5.5 — Paboma npoepammst, npumep 4

BriBoabI

B xone pa3paboTku npoekTa Obliia co3aHa IPOrpaMMHasi CUCTEMA, KOTOPYIO MOKHO
MCIIOJIb30BaTh KAaK HATJISAHBIA MpUMEP NPOEKTUPOBAHUS MTPOCTEUILINX TPEXMEPHBIX
CUCTEM IO BU3yalIU3allld HEKOTOPBIX 00BEKTOB. Takxke cuctema no3BosieT
IPOJAEMOHCTPUPOBATh Ha TPUMEpE padOTy HEKOTOPHIX OCHOBHBIX aIrOPUTMOB
KOMIBIOTEPHOM TpauKH, 3alIpOrpaMMHUPOBAHHBIX Ha S3bIKE BHICOKOIO YPOBHSI.

B pazpaboTannoii cucreme odecredeHo HallMyue HacTpauBaeMoro anmnapara
IPOELIUPOBAHUS, PEATN30BAHO MAPAJUIEIBbHOE U LIEHTPAIbHOE MPOECLIUPOBAHHUE.
Peanu3oBana BO3MOKHOCTb YIIPABJICHHS] KAMEPOW, HAJTUYHE CPEACTB COXPAHEHUS U
3arpy3Ku napaMeTpoB OOBEKTA.

JlocTOMHCTBAMM TaHHOM CUCTEMBI SIBIISIETCS €€ MPOCTOTA, HATJISAAHOCTD, JOCTATOYHO
yA0OHBIN HHTEp(dEic U MPOCTOTA MPEICTABIEHUS CXOIHBIX U BBIXOJHBIX JaHHBIX
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nporpammbl. HetoctaTkaM nmporpaMmbl SBJISIETCS €€ HU3Kasl 3alUIIEHHOCTh BHEITHUM
BO3JICHCTBUSIM U OOJIBILION pa3Mep Koja.
IHone3nsie pecypebl
1. Pomxepc Jl. K AITOpUTMHYECKHE OCHOBBI MalTMHHOM rpadukm»: [1ep. ¢ aHr.-
M.:Mup, 1989.-512c.
2. Poxnepc /., Anamc [x. «MaTteMaTnyeckne OCHOBBI MAIIMHHOM Tpaduxmuy»: [lep.
¢ auri.- M.: Mup, 2001.-604c.
3. Banrep @©.C. «CripaBo4HHK IO TPEXMEPHOMY MojienupoBanutoy, CI16, 2002r.
4. Jlamot Aunape. [IporpammupoBanue TpexmepHbix urp aig Windows. CoBeTbl
npodeccronana no TpexmepHoi rpaduke u pacrepusanuu.: [lep. ¢ anrin.—M.:
N3narenbckuii gom «Bunbsime», 2004.-1424c.: ui.- [Tapan. TUT. aHTI.
5. ®penk /[l. JIyna «Beaenue B mporpaMMHpOBaHUE TPeXMEPHBIX urp ¢ DirectX
9.0», Wordware Publishing, 2003.
6. Alan Watt «3D Computer Graphics» 3-e uzn. Addison-Wesley, 2000
7. ®opyM 11l pa3pabOTUUKOB UTP U NporpaMMucTOB 3D rpaduku [DaeKTpOHHBIN
pecypc]: — Pexxum gocryma: http://www.gamedev.ru
unit UTiGr; {A6aynoB Tumyp Pudosuu 2015 roxg Email hostingurifa@gmail.com .
;INFO
;Site  https://sites.google.com/site/timpascallib/
;Youtube https://www.youtube.com/watch?v=N_PZVx062bo
;Google+
https://plus.google.com/u/0/+%D0%A2%D0%B8%D0%BC%D1%83%D1%80%D0%9
0%D0%B1%D0%B4%D1%83%D0%BB%D0%BE%D0%B2/posts
;GIST  https://gist.github.com/MisterTimur/30a217abcefc812be744

{$mode objfpc}{$H+}

interface

uses Windows,Classes, SysUTtils,Forms,Graphics;

Const TiMaxKOIPix=4000000; // MakcumMallbHOE KOJTUYKECTBO ITHMKCEJIEH
Type Tilmg=Class // Knacc nnst paboTsl ¢ rpadukoi
BitMap: TBitMap;

info: TBitMapInfo;

Pixels:Array[0.. TiMaxKOIPix] of LongWord;

Function RePiX(X,Y:LongWord):LongWord;

Procedure  WrPix(X,Y,C:LongWord);

Procedure ReCan(C:TCanvas);

Procedure WrCan(C:TCanvas);

Procedure ReEcr;

Constructor Create,
end,;

implementation

Procedure Tilmg.ReCan(C:TCanvas);// Ynutaet nzodpaxenue
begin

BitMap.Height:=c.Height;
BitMap.Width:=c.Width;
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BitMap.PixelFormat:=pf24bit;

with info.bmiHeader do begin
biWidth:=c.Width;

biHeight:=c.Height;
biSize:=SizeOf(TBITMAPINFOHEADER);
biCompression:=Bl_RGB;

biBitCount:=32;

biPlanes:=1;

biSizelmage:=0;

end;

BitBIt(BitMap.canvas.Handle,0,0,C.Width, C.Height,c.Handle,0,0,SRCCOPY);
GetDIBits(BitMap.Canvas.Handle,BitMap.Handle,0,BitMap.Height-
1,addr(Pixels),info,DIB_RGB_COLORYS);

end;

Procedure Tilmg.WrCan(C:TCanvas);// 3anuceiBacT n300pakeHUE
var

ORect,IREct: TRect;

begin

ORect.Left:=0;

ORect. Top:=0;
ORect.Right:=C.Width;
ORect.Bottom:=c.Height;

IRect.Left:=0;

IRect. Top:=0;
IRect.Right:=BitMap.Width;
IRect.Bottom:=BitMap.Height;

SetDIBits(BitMap.Canvas.Handle,BitMap.Handle,0,BitMap.Height-
1,addr(Pixels),info,DIB_RGB_COLORYS);
c.CopyRect(orect,BitMap.Canvas,irect);
end;
Procedure Tilmg.ReEcr; // utaet xapuTHKY ¢ SKpaHa
begin

BitMap.Height:=Screen.Height;

BitMap.Width:=Screen.Width;

BitMap.PixelFormat:=pf24bit;

with info.bomiHeader do begin
biWidth:=Screen.Width;
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biHeight:=Screen.Height;
biSize:=SizeOf(TBITMAPINFOHEADER);
biCompression:=Bl_RGB;

biBitCount:=32;

biPlanes:=1;

biSizelmage:=0;

end;

BitBlt(BitMap.canvas.Handle,0,0,Screen.Width,
Screen.Height,GetDC(0),0,0,SRCCOPY));

GetDIBits(BitMap.Canvas.Handle,BitMap.Handle,0,BitMap.Height-
1,addr(Pixels),info,DIB_RGB_COLORYS);

end,
Constructor Tilmg.Create;
begin
BitMap:=TBitMap.Create;
end,
Function Tilmg.RePiX(X,Y:LongWord):LongWord;// YuTtaeT BeT mukcesns
begin
RePiX:=Pixels[(BitMap.Width*Y)+X];
end;
Procedure Tilmg.WrPiX(X,Y,C:LongWord);// 3anuceiBaeT 1{BET MUKCEIIS
begin
Pixels[(BitMap.Width*Y)+X].=C
end,
end.
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INPAKTUYECKOE 3AHATHE Ne 5. BUBJIMOTEKA OPENGL.

Heas padoThl: oCcBOMTH HojaKIIOUEeHHE U paboTy ¢ OpenGL B Lazarus mon
Windows.

OpenGL (Open Graphics Library — otkpsitas rpaduueckas 6nOIHoTEKa) —
cnenuuKaIus, onpeaestonas He3aBUCUMBIN OT S3bIKa MPOTPaMMHUPOBAHUS KpOCC-
1aT(opMeHHbIN MporpaMMHBINA UHTEpDENC AT HaUCAHUSI TPUII0KESHUIH,
UCTIONB3YIOUINX ABYMEPHYIO i TPEXMEPHYIO KOMITBIOTEPHYIO TpauKy.

BxrogaeT 6omnee 250 GyHKIMI 711 pUCOBAHUS CIIOKHBIX TPEXMEPHBIX CIICH U3
IPOCTBIX IPUMUTUBOB. McrIoNb3yeTcs IpH CO3/1aHuU KOMITbIOTEpHBIX Urp, CAIIP,
BUPTYaJIbHON peaIbHOCTH, BU3YyaIN3allii B HAyYHBIX HccienoBanuax. Ha miardopme
Windows konkypupyert ¢ Direct3D.

OcHoBHbIe BO3MO:kHOCTH OpenGL

Yro npenocraisieT OMOIMOTEKA B pacniopshkeHue nporpammucta? OCHOBHBIE
BO3MOYHOCTH:

o [T'eoMerpuueckue u pacTpoBbie MPUMHUTUBBL. Ha OCHOBE reOMETPUYECKUX U
PacTpPOBBIX MPUMHUTUBOB CTPOSITCA BCE 00BEKTHI. M3 reoMeTpruiecKkux
MPUMHUTHUBOB OMOJIMOTEKA MTPEIOCTABIISAET: TOUKH, JIMHUHU, TOJUTOHBL. U3
pacTpoBbIX: OuTOBBIN MaccuB(bitmap) u oOpa3(image)

« Hcnosnb3oBanue B-cruiaitHOB. B-CritaliHbl HCTIOB3YIOTCS AJIs1 PUCOBAHUS KPUBBIX
110 OTIOPHBIM TOYKAM.

o Bunossie u MoenbpHbIE peoOpazoBaHusi. C MOMOIIBIO ATUX NpeoOpa3oBaHUM
MO>KHO pacroJjiaraTb OObEKThI B IPOCTPAHCTBE, BpalllaTh UX, U3MEHATH (hopMy, a
TaK)K€ U3MEHSATH MOJIOKEHUE KaMephbl U3 KOTOPOil BeAETCs HAOII0IEHHUE.

o Pab6ota c nBerom. OpenGL npenocTaBisieT MpOrpaMMHUCTyY BO3MOXKHOCTh paOOThI
c BeToM B pexkume RGBA (kpacHblii-3en€Hblii-cuHmii-anb(a) uim uCroib3ys
WHJICKCHBIN PEKUM, T/I€ IIBET BHIOUPACTCS U3 MAJUTPHI.

o YianeHue HEBUAUMBIX JIUHHUI U MOBEpXHOCTEN. Z-0ypepusanus.

o [IBoiiHas Oydepuzanusa. OpenGL npeaocTaBiisgeT Kak OAMHAPHYIO TaK U IBOMHYIO
oydepuzanuto. J[BoiiHas Oydepuszaiiusi HICIOJIb3YETCs JJIsl TOTO, YTOOBI YCTPAHUTh
MepIlaHue MpU MYJIbTUIUIMKALUH, T.€. H300pakeHHe KaXA0ro Kajpa cHayaa
pHUCYyeTCsl BO BTOPOM(HEBUANMOM) Oydepe, a TOTOM, KOT/1a KaJp MOJTHOCTHIO
HapHUCOBaH, Bech Oy(dep oToOpakaeTcst Ha dKpaHe.

o Hanoxenwne tekctypsl. [To3BonseT mpumaaBaTh 00BEKTaM peaTUCTUIHOCTh. Ha
00BEKT, HAITPUMED AP, HAKIAABIBACTCSA TEKCTYPa(MPOCTO KaKOe-TO
M300paK€HUe), B pe3yJIbTaTe yero Hall O0bEKT TeNeph BHITJISIUT HE MPOCTO KaK
Iap, a KaKk pa3HOLBETHBIA MSAYHK.
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o Crnaxusanue. CriakruBaHHe MO3BOJISET CKPBITh CTYIIEHYATOCTh, CBOMCTBEHHYIO
pacTpoBbIM AuciuiesM. Criia)kuBaHUE U3MEHSIET HHTEHCUBHOCTD M IIBET MUKCEIIEH
OKOJIO JIMHUH, TIPY 3TOM JIMHUSL CMOTPUTCS Ha 3KpaHe 0€3 BCIKUX 3UT3aroB.

o Ocgemenue. [1o3BoMns€T 3a1aBaTh HICTOYHUKHU CBETA, X PACIIOJTIOKEHUE,
WHTEHCUBHOCTbD, U T.1.

« Atmocdepnsbie 3pdextsl. Hampumep Tyman, npiM. Be€ 3To Takoke mo3Bosiser
IpUAATh 0OBEKTAM WM CIIEHE PEaTUCTUYHOCTD, a TaKkKe "MOYyBCTBOBATH"
TIIyOUHY CIICHBI.

o IIpo3pauHocTh OOBEKTOB.

« Hcnonp3oBaHue CIUCKOB U300paXKEHUN.

JlonoJTHUTEIbLHbIE OHOJINOTEKH

st OpenGL cymiecTByIOT Tak Ha3bIBa€MbIE BCIIOMOTATEIbHbIE OMOIMOTEKH.

[lepBas u3 atux 6ubamorek HazbiBaeTcss GLU. Dta 6ubnnoTeka yxe crajia cTaHAapTOM
U TIOCTaBIIIETCS BMECTeE C riiaBHOM 6ubnuoTtekoit OpenGL. B coctaB aToit 6MbIMoTeKH
BOIILTN O0Jiee CI0XKHBIE PYHKIUH, HAPUMED JJI1 TOTO YTOOBI ONIPEACTUTh UIUHIP WIN
JUCK MOTpeOyeTcst Bcero oAHa komanaa. Takke B OMONIMOTEKY BOUUIM (PYHKIIUM 1151
paboTHI CO CIIaliHaMU, peai30BaHbl IOMOTHUTEIbHbIE OTIEpaIliy HaJl MATPUIIAMH U
JIOTIOJIHUTEJIbHBIC BUBI POCSKITUH.

Crnenyromiast OubiamoTeka, Takxe MUpoKo ucrnoiaszyemas - 3to GLUT. Dto Takxke
He3aBucuMas oT matdopmel OubroTeka. OHa peann3yeT He TOJIBKO JIOMOJIHUTEIbHBIC
dbynkuun OpenGL, HO U ipetocTaBiIseT GYHKIMHU A1 paOOTHI C OKHAMU, KJIaBUATYpOi
1 MbIIKOM. JIj1s1 Toro uto0bl pabotath ¢ OpenGL B KOHKpETHOM OnepaiiOHHOM
cucreme (Hanpumep Windows unu X Windows), HaJi0o MpOBECTH HEKOTOPYIO
MpeABAPUTEIBbHYIO HACTPOUKY U 3Ta MpEIBApUTEIIbHASI HACTPOITKA 3aBUCUT OT
KOHKpETHOH onepannoHHou cuctembl. C 6mbimotexkoit GLUT Bcé HamMmHOTO
yIpouaeTcsi, 0yKBajabHO HECKOJBKHUMHU KOMaHaMU MOKHO OTPEJEIUTh OKHO, B
KoTopoM Oynet padbotats OpenGL, onpenenuts npepriBaHUE OT KJIABHATYPHI UITH
MBIIIIKU ¥ BCE 3TO HE OYJIET 3aBUCETh OT OMEPAIMOHHOM crcTeMbl. bubnuorexa
MPEIOCTABIISIET TAK)KE HEKOTOPbIe (YHKIIUU, C TTIOMOIIBIO KOTOPBIX MOKHO OTIPEIEISTh
HEKOTOPBIE CJIOKHBIE (DUTYPBI, TAKUE KaK KOHYCHI, TETPAdIPhI, U 1a3K€ MOKHO C
MTOMOILBIO OJTHOWM KOMaH/Ibl ONIPEICIUTh YaHHUK !

Ectb emé ogna 6monmnoreka noxoxkas Ha GLUT, naseiBaeTcsa ona GLAUX. DTo
oubnuoTeka pazpadorana ¢pupmoit Microsoft aiis onepanronHo# cuctemsl Windows.
Ona Bo MmHOroM cxoska ¢ ononuorexoid GLUT, Ho HEMHOT0O OTCTaéT OT HE€ MO CBOMM
BO3MOKHOCTSIM. U elé oauH HeJOCTaTOK 3aKarodyaeTcs B ToM, uto ounoamoreka GLAUX
npeanazHadeHa Toiabko aa Windows, B To Bpems kak GLUT mopnepxuBaet o4eHb
MHOT'O OIIEPAIIMOHHBIX CUCTEM.

CuHTaKCcHC KOMaH/I

type glCommand_name[1 2 3 4][b s i fd ub us ui][v]
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(typel argl,... typeN argN)
TakuMm 00pa3oM, UMsI COCTOUT U3 HECKOJbKUX yacteit: Gl aTo mMst OubimoTeku, B
KOTOpO¥ omwucana 31a GyHKIus: 111 6a30BbIX Gpynkiui OpenGL, dyukmmii 3
oubmmorex GLU, GLUT, GLAUX »sto gl, glu, glut, glaux coorBercTBeHHO
Command_name - uMst KOMaHbI
[12 3 4] — yncio apryMeHTOB KOMaHIbI
[bsifdub us ui] — Tun aprymenta:
b - GLbyte Gaiir,
s - GLshort kopotkoe 11eioe,
I - GLint menoe,
f - GLfloat npobHoe,
d - GLdouble mpo6HoOe ¢ ABOWHOW TOYHOCTHIO,
ub - GLubyte 6e33HaKoBBII OaiT,
us - GLushort 6e33HaK0BOE KOPOTKOE IIEJIOE,
ui - GLuint 6e33HakoBOE 1IENIO0E.
[ToHBIN COMCOK TUIIOB M UX OMMCAHKUE MOKHO MOCMOTpPETH B aiine gl.h.
[V] — Hamu4ame 3TOro cCMMBOJIA TIOKA3bIBACT, YTO B KAYCCTBE IMAPaMETPOB (QYHKITUU
HCIIOJIB3YETCs yKa3aTelb HAa MaCCUB 3HAUYCHUIA.
PucoBanue reomerprniecknx 00beKTOB
Ouuctka OKHa.
glClearColor (clampf r, clampf g, clampf b, clampf a)
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT)
BepumimHbI 1 IPUMHUTHBBI
Bepuuna siBnsiercs aromapHbiM rpadguueckum npumMutiBoM OpenGL u onpenensiet
TOYKY, KOHEIl OTpe3Ka, yroj MHOTOYTOJbHUKA U T.J. Bce ocTanbHble TPUMUTUBBI
bopMHPYIOTCS € TTOMOIIBIO 33JJaHUsT BEPIITNH, BXOSIINX B TAHHBIN MPUMHTHB.
Hamnpumep, oTpe30k ornpenensiercs IByMsl BEpUIMHAMH, SIBISIOIIUMUCS KOHIIAMH
OTpe3Ka.
C kax110¥1 BEpIIMHON aCCOIMUPYIOTCS €€ aTpuOyThl. B 41ciio OCHOBHBIX aTpuOyTOB
BXOJISIT TTOJIO’KEHHUE BEPIIMHBI B IPOCTPAHCTRBE, I[BET BEPIIMHBI U BEKTOP HOPMAJIH.
[TonoxxeHue BepIIMHBI B TPOCTPAHCTBE
[TonoxxeHure BEpIIMHBI ONPEEISIOTCS 3aJaHUEM €€ KOOPJUHAT B IBYX-, TPEX-, WU
YETHIPEXMEPHOM MPOCTPAHCTBE (OHOPOIHBIE KOOPAUHATHI). ITO PEATU3YETCSI C
MIOMOIIIBIO HECKOJIBKUX BapHaHTOB KoMaH bl glVertex™:
void glVertex[2 3 4][s i f d] (type coords)
void glVertex[2 3 4][s i f d]v (type *coords)
Kaxxmas koMaHna 3a7a€T 4Y€ThIpe KOOPAUHATHI BEPIIUHEL: X, Y, Z, W.
Komanna glVertex2* nonydaet 3nauenus X u y. KoopauHaTa z B TakoM citydae
yCTaHaBJIMBAETCA M0 YMOI4aHuio paBHoi 0, koopauHata w — paBHo# 1. Vertex3*
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MOJTy4aeT KOOPAWHATHI X, Y, Z U 3aHOCUT B KOOpAWHATY W 3HaueHue 1. Vertex4*
IMMO3BOJIICT 3a4aTb BCC YCTBIPC KOOPANHATEI.

Jlns acconmanuy ¢ BEpIIMHAMU IBETOB, HOPMAJIEW U TEKCTYPHBIX KOOPAUHAT
HCITIOJIB3YIOTCA TCKYIIUC 3HAUYCHUA COOTBCTCTBYIOINUX JAHHBIX, YTO OTBCUACT
opraHuisanunun OpenGL KaK KOHEUYHOT'0 aBTOMAaTa. JTU 3HAYCHHUSA MOI'YyT OBITH U3MEHEHBI
B JII000I1 MOMEHT C ITOMOIIIBIO BbI30BA COOTBCTCTBYIOIINX KOMAHI.

[{BeT BepmIMHBI

I[J'I}I 3aJlaHr TCKYHICTO BETA BEPIHIMHBI UCITOJIB3YIOTCA KOMAHABI :

void glColor[3 4][b s i f] (GLtype components)

void glColor[3 4][b s i f]v (GLtype components)

[IepBbie Tpu napamerpa 3aaar0T R, G, B KOMIOHEHTHI 1IBETA, a MOCIEAHUN TapaMeTp
onpenensieT Kod3PpGUIUEHT HEMTPO3PAUYHOCTH (TaK Ha3bIBaeMasl alib()ha-KOMIIOHEHTA).
Ecnu B HazBanuu komanabl ykaszan tum ‘f* (float), To 3HaueHus: Bcex mapaMeTpoB
JOJKHBI PUHAJIeKaTh 0Tpe3Ky [0,1], mpu 3TOM 10 yMOJTYaHHIO 3HaYEHUE anb(a-
KOMITOHEHTBI YCTaHABIMBAETCS PaBHBIM 1.0, UTO COOTBETCTBYET MOJHOMN
Henpo3payHocTu. Tun ‘ub’ (unsigned byte) moapazymeBaet, 4To 3HAYCHUS TOTHKHBI
nexarb B otpeske [0,255].

Bepumaam M0O>XHO Ha3HAYaTh Pa3IMYHbIC IBETA, U, €CJIM BKJIFOUEH COOTBETCTBYIOIIHIMA
pexuM, TO OyJIeT TPOBOIUTHCA JTUHEHHAS MHTEPIOJISAIMS IBETOB 10 TOBEPXHOCTH
MIPUMHUTHBA.

J{nst ynpaBiaeHus pexxuMOM UHTEPIIOJSIUYI UCTI0JIB3YETCs KOMaHIa

void glShadeModel (GLenum mode)

BbI30B KoTopoi ¢ mapamerpoM GL _SMOOTH Bkitouaetr nuHTEpnoiALmio (YyCTaHOBKA 110
ymomyanuto), a ¢ GL_FLAT — orkntovaer.

Hopmaiab

OnpenenuTs HOpMaib B BEPLINHE MOKHO, UCIIOJIb3Ys KOMaH/IbI

void gINormal3[b s i f d] (type coords)

void gINormal3[b s i f d]v (type coords)

J171st mpaBUIJIBHOTO pacyeTa OCBELIEHUSI HEOOXOAUMO, YTOOBI BEKTOP HOPMAJIA UMET
enuanuHyto unHy. Komanmoi glEnable(GL_NORMALIZE) M0XHO BKJIIOYHTH
CIICLUAJIBHBIA PEXUM, ITPU KOTOPOM 3aJlaBacMble HOpMaJIK OyyT HOPMUPOBATHCS
aBTOMATHYECKHU.

PexxuM aBTOMaTHYECKON HOpPMATU3AIMH TOJDKEH OBITh BKITIOUYEH, €CIIH MTPUIIOKEHUE
UCITIOJIB3YET MOJIEbHBIC TPEOOPA30BAHUS PACTSHKEHHUS/CKATHS, TaK KaK B 3TOM CIIydae
JUTMHA HOpMaJiell U3MEHSETCS PU YMHOKEHUH Ha MOJIEJIbHO-BUIOBYIO MATPHILY.
OnHako MpUMEHEHHE ATOTO PEKUMA YMEHBIIIAET CKOPOCTh pabOThl MEXaHU3Ma
Bu3yanuzanuu OpenGL, Tak kak HOpMaIu3alus BEKTOPOB UMEET 3aMETHYIO
BBIYUCIUTEIBHYIO CIIOKHOCTD (B35ITHE KBAJPaTHOTO KOPHS U T.11.). [ToaTOMYy sydtie
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Cpasy 3aJaBaTh €IMHUYHbIE HOPMAJIH.
OTmeTHM, 9YTO KOMaH/IbI

void glEnable (GLenum mode)

void glDisable (GLenum mode)

IPOU3BOAT BKIOUEHHE U OTKIIFOUEHUE TOTO WJIM UHOTO peXUMa paboThl KOHBEHEpa
OpenGL. DTu KOMaHABI IPUMEHSAIOTCS TOCTATOUYHO YaCTO, U X BO3MOXKHBIE TAPAMETPHI
OyAyT paccMaTpUBaThCs B KaXK/10M KOHKPETHOM CITydae.

Omneparopusie ckoOku glBegin / glEnd

MBI paccMoTpenu 3ajanie aTpuOyTOB 0JIHOM BepiInHbl. OHAKO, YTOOBI 3a1aTh
aTpuOyThI rpaduecKOro NPUMUTHBA, OJJHUX KOOPAUHAT BEPIINH HEJOCTATOUYHO. DTU
BEPILMHBI HAJI0 OOBEAMHUTD B OJIHO II€JI0€, OTNPEICIUB He0OX0IuMBbIe cBOMCTBA. [
sToro B OpenGL ucnonp3yroTcs Tak Ha3bIBaEMbIE ONEPATOPHbIE CKOOKH, SBIISIOIINECS
BbI30BaMU crienuaibHbix koMang OpenGL OmnpenenenHue npuMuTHBA WU
NOCJIEI0BATEIbHOCTH MPUMUTUBOB MPOUCXOIUT MEXK]LYy BbI30BAMU KOMaH/

void gIBegin (GLenum mode);

void glEnd (void);

[Tapametp mode omnpezenseT THUI MIPUMHUTHBA, KOTOPBIA 3a4a€TCS BHYTPU U MOXKET
npuHuMatsh cnenyromue 3HadeHus: GL POINTS kaxxnas BeprmHa 3a1aeT KOOPIUHATHI
HEKOTOPOW TOUKH.

o GL_LINES kaxnas oTnenpHas rapa BEpIIUH ONPenessieT OTPE30K; €ClIU 3a/1aHO
HEYETHOE YMCIJIO BEPILUUH, TO MOCIEIHSS BEPIINHA UTHOPUPYETCH.

o GL_LINE_STRIP xaxmgas ciemyromiast BepIirHa 3aaeT OTPE30K BMECTE C
MPEIBI Y IEH.

o GL_LINE_LOOP otanuue oT mpeaplaymero IpuMHTHBA TOJIBKO B TOM, YTO
MOCJIETHUI OTPE30K OIpEAENIeTCs MOCIEAHEN U epBOI BEPIIUHOM, 00pa3ys
3aMKHYTYIO JIOMaHYIo.

o« GL_TRIANGLES kaxngas otaenpHasi TpoHKa BEPIIUH OMPEEISIET TPEYTOJIbHUK;
€CJIM 33JJaHO HE KpaTHOE TPEM YMCIIO BEPIIMH, TO MOCJIECIHIE BEPIIMHbI
UTHOPUPYIOTCSL.

o« GL_TRIANGLE_STRIP kaxnas cienyrolas BepIIMHA 331a€T TPEYTOIbHUK
BMECTE C IBYMSI TIPEIbI Ty IIIUMHU.

« GL_TRIANGLE_FAN TpeyroJbHHKH 33al0TCsI IEPBOM U KaXKIOU CICAYIOIICH
napoi BepIIuH (Mapbl HE MEPECceKaloTCs).

o GL_QUADS kaxnaas otaenpHasi YeTBEpKa BEPIIIUH ONIPEIeIseT
YeTBIPEXYTOJIbHUK; €CITU 33JaH0 HE KPAaTHOE YEThIPEM UUCIIO BEPILUH, TO
MOCJIEAHUE BEPIIMHBI UTHOPUPYIOTCH.

« GL_QUAD_STRIP ueTsipexyroiabHHK C HOMEPOM N OTPEEIIIeTCs BEPIINHAMU
c HOMepamu 2n-1, 2n, 2n+2, 2n+1.

« GL_POLYGON nocnenoBaTelbHO 33AaF0TCSI BEPUIMHBI BHITYKIOTO
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MHOTOYTOJIbHUKA.
Hampumep, uToOb1 HApUCOBATh TPEYTONHHUK C PA3HBIMU IIBETAMHU B BEpIITUHAX,
JI0OCTaTOYHO HAIMCATh:
glBegin(GL_TRIANGLES);
glColor3f(1.0, 0.0, 0.0); glVertex3f(0.0, 0.0, 0.0);
glColor3ub(0,255,0); glVertex3f(1.0, 0.0, 0.0);
glColor3fv(BlueCol); glVertex3f(1.0, 1.0, 0.0);
glEnd();

YcTraHoBKa nakeTa NnoJy4eHus KOHTEKCTa ycTpoiictBa B Lazarus

Kak u B m0001#i cpeqe mporpaMMUpOBaHus, A5l TOTO YTOOBI HA4aTh paboTaTh ¢
rpadukoi, HEOOXOAMMO MOTYUYUTh KOHTEKCT YCTPOICTBA U CBA3ATh €T0 C KOHTEKCTOM
BocrpousBeneHus: ondnuorexku OpenGL. B Lazarus »aToT mpoiiecc ocyiiecTBisercs
JIOBOJIBHO TIPOCTO, 32 CUET MCIOJIb30BaHUs BCcTpoeHHo oubmmotekun OpenGLContext ¢
roToBbIM KoMIoHeHTOM T OpenGLControl.

Onnako kommoneHT TOpenGLControl, mo — ymon4aHuio, He YCTaHOBJICH B Cpejie
Lazarus, mosToMy HEOOXOAMMO YCTAaHOBUTH JJAHHBI KOMIIOHEHT. BpiOepuTe myHKT
menio "[TakeT -> Y cranouts/Y nanuth naketbl" (Package -> Install/Uninstall
Packages), 0oTkpoeTCsi OKHO yCTaHOBKH HOBBIX ITAKETOB B cpeny Lazarus.

YcTaHoBKa/yAaneHne NakeTos B
Ana ycTaHoBKW cneayeT nepekoMnNUAnpoBaTe U nepesanyctute IDE

YcraHoeutb He ycTanasnueate

) IDEIntf 1.0 2 3 lazc 01 =
" lazcustforms 1.0

. lazdaemon 0.9.9
) lazdatadict 0.0

~ ImagesForLazarus1.0.1
2 jcfidelazarus 2.0
~ LazControls 0.0

m

JLCL1D b J lazdbexport 1.0
) MemDSLaz1.2.1 ) lazmouseandkeyinput 0.1 =
2 PrinterdLazarus 0.5 % LazOpenGLContext 0.0.1 i
2l nrintercdlazide NN X ) lazparadox 0.0
1 » ) lazplotfunction 0.0.1
y > 5 " lazreport 09.8
AaNNThb Eb[bpaHHOc G |azreportpdfexport0.7
T lamwrmsmmbeAa NN ¥
[ Cnucok umnopta J < '
[ Cnucok 3kcnopta ] [ YcraHosuTb BbibpaHHoe
Mudopmauus o nakere
Astop Mattias Gaertner -

Onucanune nam anHotaums: Simple cross-platform OpenGL viewer control

[ Cnpaeka ] [ OTtmeHa ][ Coxpanute 1 nepesanyctuts IDE ][ CoxpaHuTb 1 BbIATK M3 gnanora ]

B okne YCTaHOBKH HOBBEIX ITAKE€TOB, B CIIMCKE HCYCTAHOBJICHHLIX ITAKETOB, HGO6XOJII/IMO
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HaiiTh maket ¢ umeHeM lazopenglcontext 0.0.1, BEIOpaTh €ro U HaXKaTh KHOIKY
"VcranoButh BeiOpanHoe" (Install selection). [Tociie a3Toro HEOOX0MMO HAXKATh KHOTIKY
"CoxpanuTts u nepesanyctutb IDE" (Save and Rebuild IDE), mist nepec6opku Lazarus
yke ¢ komnonentom TOpenGLControl. B okHe moaTBep:kIeHUs YCTAHOBKHA HOBOT'O
nakera, HaxxmuTe KHonky "IIpogomxute" (Continue).

Ecnu Bce mpoaenano BepHO, TO B MaHEIH HHCTPYMEHTOB MosiBUTCS BKIaaka OpenGl ¢
koMrioHeHToM TOpenGLControl.

Mo>xHO HauMHaTh pabOTaTh C ONOIMOTEKOM.

IIpocreitmas nporpamma Ha OpenGL B Lazarus

Pacnonoxute Ha popme 1Ba KOMIIOHEHTA

Panell: TPanel

Buttonl: TButton

IPOIUIIKTE cieayromuii kog Ha coobiTist OnCreate u ButtonClick

unit Unitl;

{$mode objfpc}H{$H+}
interface

Il [ooxknouenue 6ubnuomex. /s pabomer C OpenGL neobxooumsr OpenGLContext,
GL, GLU
uses

Classes, SysUtils, FileUtil, Forms, Controls, Graphics, Dialogs, StdCitrls,

ExtCtrls, OpenGLContext, GL, GLU;

type
{TForml1}

TForm1 = class(TForm)
Buttonl: TButton;
Panell: TPanel;
procedure Button1Click(Sender: TObject);
procedure FormCreate(Sender: TObject);
private
{ private declarations }
public
{ public declarations }
OpenGLControll: TOpenGLControl; // Koumexcm socnpoussedenus OpenGL
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end:;

var
Forml: TForm1;

implementation

{$R *.Ifm}

{TForml}

procedure TForml1.FormCreate(Sender: TObject);
begin

// Coz0anue konmexcma eocnpouseedenusi OpenGL u npussizka e2o Kk nanenu Ha

gopme
OpenGLControl1:=TOpenGLControl.Create(Self);
with OpenGLControll do begin
Name:='OpenGLControl1’;

Align:=alClient;
Parent:=Panel1;
end:
end:

procedure TForm1.Button1Click(Sender: TObject);
begin
glClearColor (0, 0, 0, 0); // yeem pona
glClear (GL_COLOR_BUFFER _BIT); [/l ouucmka 6ygepa yeema
gIMatrixMode(GL_MODELVIEW); /I Buibop éuoosoii mampuybi
glLoadldentity(); // Ycecmanoska 6 eounuumnvie 3nauenus
glOrtho(0, 1, 0, 1, -1 ,1); // Yemanoexa npoexyuu okna
//glTranslatef(0.5,0.5,0); // Cosue
//glRotatef(10, 0, 0, 0); // BpaweHnue
glBegin(GL_TRIANGLES);  // Pucosanue mpeyeonvruxa
glColor3f(1.0,0.0,0.0); // Kpacuwiii
glVertex3f(1,0,0 ); // Bepx mpeyeonvruxa (Ilepeonsis)
glColor3f(0.0,1,0.0);
glVertex3f( 0,1,0);
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glColor3f(0,0,1);

glVertex3f( 0,0,0);
glEnd,
OpenGLControll.SwapBuffers; /| Ompucoexa uz 6ygghepa
end;

http://grafika.me/node/550
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