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1. Mecto mucummiuabl B cTpykrype OOII

Kypc «CpenctBa 06pabotku rpaduueckoil MHGOpMAIMU» OTHOCHTCA K JUCHUIUIMHAM
4acTd, (QOpMHpPYEeMOW y4YaCTHHKaMU OOpa30oBaTeNbHBIX OTHOIICHHH, Y4eOHOro IUIaHa
HanpaBieHuss noarotoBku 44.03.05 Ilemarormueckoe oOpasoBanue (¢ IByMs NPOQUISIMH
NOArOTOBKM). /laHHAs AMCHUIUIMHA U3y4aeTcss B /-M CEMECTpe, U SIBISETCS CaMOCTOSTEIbHBIM
Kypcom. [lpu wW3ydeHMM [aHHOW JUCHMIUIMHBI HEOOXOJAWMBI KOMIETEHIUH CTYJCHTOB,
copMHUpPOBAHHBIEC MPH M3YYCHUU AUCHUIUIMHBI «OCHOBBI mH(popMaTHKN». Kypc mocTpoeH Tak,
9TOOBI PACHIMPUTH TOT OOBEM 3HAaHUHM 1O pas3zenaM, CBA3aHHBIM C NPHUMEHEHHEM METOJIOB
WHGOPMATHKH ISl PELICHHUS 33/1a4 KOMIIBIOTEPHON TpauKy.

W3yuenne Kypca OCHOBAaHO Ha TPAJUIMOHHBIX METOAAX BBICHICH MIKOJBI, TECHOU
B3aMMOCBSI3U CO CMEKHBIMU KypCcaMH, a TaKkKe Ha HMCIIOJIb30BAaHUHM COBPEMEHHBIX I'padUuecKux
MTAKETOB.

2. Ilnanupyemble pe3yabTaThl 00y4eHUs M0 AUCIUILINHE

KomMmnerenmust I/IHJII/IKaTOPLI JOCTUKCHUSA

IIK-6. CnocoOeH nucnonb3oBaTth| 3HaTh: Ha3HAYEeHHE, CTPYKTypy U COJEpXKaHHe Kypca
HAyYHBIC 3HAHUS B MPEJAMETHON| HHPOPMATHKH, COBPEMEHHOE COCTOSHHE U IEPCIIEKTHUBBI
obnactn  (uH(pOpMATHKA) B pa3BUTHs UHPOPMATUKHU KaK y4eOHOW TUCIUIUIMHBI, €€ MECTO
lporecce (opmupoBaHus| i1 ponb, GyHIAMEHTATBHOE SIAPO COBPEMEHHOTO IIKOIBEHOTO
TpeMETHOM KOMIICTCHIIMH| gypca mHOOPMATHKH, TPUHIMIEI TOCTPOCHUS METOIMYECKON

obywarommxcs B PaMKaX| cpcrempl  oOydeHms ~— WHQOpPMATHKE, €€ OCHOBHBIX
peanusanun OCHOBHOH| xoMMOHEHTOB.

00111600pa30BaTENHHOM
MIPOrPaMMBI

YMeTh: aHATM3UPOBATH IEJIH U COAEPIKaHUE MKOIBHOTO Kypca
nH(OpPMATUKH, TPOEKTUPOBATh 00pa3oBaTeIbHBIA MpoIiece,
HCII0JIb30BATh U IaKTUYECKUIN MOTEHIINAT CPEICTB
MH(GOPMAITMOHHBIX TEXHOJIOTUI B peanuzanuu
00pa3zoBaTeIbHOTO MpoIiecca Mo Kypcy HHPOPMATHKH;
Baagern: OCHOBHBIMU BUIaMU npodecCuoHaTBHOM
NEeSITeIbHOCTH y4YuTeNnsl HH(OPMATUKH, NPOQecCHOHATbHBIMU
HaBbIKAMHU pealn3allud METOAUKU OOydeHHS OCHOBHBIM
paznenam Kypca nH(OPMATUKH, COBPEMEHHBIMU
UH(GOPMAMOHHO-KOMMYHUKALIMOHHBIMA ~ CpPEJICTBaMU IS
s dexTuBHOTO OCYITIECTBJICHUS npodecCuoHAIBHON
JIeSITENIbHOCTH.

ITIK-8. CnocobeH ucnosiabp3oBath| 3HaTh: OCHOBHBIE IMPUHIMIIBI W  METOJUKH  CO3JaHHUs
COBPEMEHHBIE CUCTCMHBIC| aJITOPUTMOB M MPOrpaMM Ui PELICHUS NMPUKIAJHBIX 3ajad,
porpaMMHBIC CPCACTBA,| OCHOBHBIE cpennl JUIA pa3paboTKu IporpaMMHOIO
paspabarbiBaTh obecrieueHus, 0a30Bble  HMH(POPMAIMOHHBIE  TEXHOJIOTHUU
MOJCIUPYIOINC AIFOPUTMBL M| riporpaMMHBIE CPEJICTBA;

peanu3oBbIBATE MX Ha 0a3¢| Yyerp: KOPPEKTHO UCIIOJIb30BaTh COBpPEMEHHBIE
A3BIKOB M IAKETOB IPUKIANHBIX| yyhopmalMOHHBIE TEXHOJIOTMH W IPOTPaMMHEIE CPEJICTBA,
IIporpaMM MOJICTUPOBAHI BHEJPATh U  aJanTHpPOBaTh MPUKIAJAHOE IPOTrPaMMHOE
oOecIeyeHue;

Binanerh: HaBbIKAMU  peIICHHWs MPHUKIATHBIX 337a4  C
NPUMEHEHHEM COBPEMEHHBIX MPOTPAMMHBIX CPEACTB, BIAJCTh
COBPEMEHHBIMH SI3IKAMH MPOTPAMMHPOBAHUS M METOAMKAMH
pa3pabOTKM W BHEAPEHUS MPUKIATHOTO MPOTrPAMMHOTO
o0ecreyeHusl.

3. Coaep:xaHue AU CHUIIUHBI
1. Teopusi uBera u 00padoTka u3o0paxkeHuii, GuabTpshl. LIBeT U 1IBETOBBIE MOJEIH.
KomnblotepHast rpaguka. O6paboTka nzobpaxenuil. KomnbrorepHoe 3penue. Buzyammzarus.
PactpoBast u BekTopHas rpaduka. Ilonstue pacrpa. IIpencraBieHue 1Bera B KOMITBIOTEPHOM



rpaduke. AmpmutuBHas Mojenb. 3akoHbl . I'paccmMana: 3akOH TPEXMEPHOCTH, 3aKOH
HENPEPbIBHOCTH U 3aKOH ajyiuTUBHOCTH. CyOTpakTuBHBIC 1BeTOBhIE Monenun CMY u CMYK.
[Ipobnema pasnoxxkeHuss MoHOoxpoMHOoro IBera. l[BetoBeie momenu CIE: XYZ, nuarpamma
usernoctu CIE, L*u*v*, L*a*b*. [IpeobpaszoBanus mexay CIE XYZ u RGB. LiBeToBsie Moaenu
CIE L*u*v* u CIE L*a*b*. [|BeroBbic Moaenu noas3oBatenss. Moaenun HSV, HSB. Anroputmsr
npeoOpazoBanust 13 RGB B HSV u o6patHo. L[BeToBBIC MOENHN, pa3aeIIOmue IPKOCTh U IBET:
Y**, IIseroBnie Mogenu YUV, YPbPr u YCbCr. I{BetoBas monens YIQ.

[omyyenne wmdpoBoro wuzobOpaxkenus. [IpuyuHBI MOTEpH KadecTBa HU300pakeHUS.
I'mcrorpamma.  Koppekiust — sipkocTW/KoHTpacta u3o0pakeHus. JIMHeHHass  KOppeKIusl.
Henunelinas  koppekumsa. ['amma-koppekuus.  KommeHcanuss — pasHOCTM — OCBELIEHUS.
BripaBuuBanue ocBemienus. L[BetoBas koppekmms uzoOpaxkenuit. ['mmoresa «Cepblid MHPY.
l'unore3a «WneanbHblil OTpaxkaTenb». PacTsykeHHe KOHTpacTHOCTHM KaHanoB. Koppekuus c
onopHbIM 1BeToM. Crartuctuueckasi neTokoppekuus. bopsba ¢ mymom. Illym B OuHapHBIX
nzobpaxenusx. [logasnenue u ycrpanenue myma. Onepauun MatMop(osioruu: pacimvpeHue u
cyxenue. CpoiictBa Mopdosornyeckux omnepauuid. JIMCKpeTHble omnepanud Mop(OJIorum.
Anroput™Mel MOp(oIOrMUecKOro paciiupeHust U cyxeHus. Onepaluu OTKPBITHS M 3aKpPbITHSL.
IIym B OMHApHBIX U300paKEeHUSIX ¢ JleeKTaMu 0OBEKTOB. Y CTpaHEHHE IIyMa B MOJYTOHOBBIX U
LBETHBIX H300paxeHusX. [IpuumHbl U mpumepsl myma u3oOpaxkeHus. Omepanusi «CBEpTKay.
VYcpennenne. IlomaBnenune u ycrpaHeHue Imyma. Menuanusli  guibtp. Duibtp [Maycca.
[IpeoGpazoBanne @ypnre. ApantuBHble GuIbTpel. «lIpoaBuHyTHIe» QUIBTPBL. [IpuMeps
mrymMorno/iaBieHus. Brinenenue koHTypoB. Omepaiusi OKOHTypuBaHHs oOBbekTa. Bblnenenue
Touek KoHTypa. ['paguent. [lpubnmxenuss (macku) PobGeprca, IlpeButrra u Cobens.
Cretpddextsl. Tucnenue. Lludpposoit Heratus. Ceersuiuecs kpas. [lepeHoc/moBopoT. «BoHB.
DddexT «cTekman.

2. Ilapamerpuyeckue NOJUHOMHAJIbHbIE KPUBbIE M MNOBEPXHOCTH. Dpakraibl.
MeTtox cucreM HTEPATUBHBIX (PYHKUMIA. MonaenupoBanre KpuBbiX. OIHOpPOIHBIE
koopauHatsl. [lapamerpuueckue Kpusble. MIHTEpakKTMBHOE KOHCTpYMpOBaHUE KpuBBIX. Kpuas
be3sbe. Muorounensl bepnireitna. CBoiicTBa KpuBbIX besbe. 3amaya MHTEpHOJANUU. 3agada
crnaxuBanus. Crtaiiabl. Crimaiinsl besbe. B-crmaitnel 1 NURBS. Marematuueckue BeIpaXeHUs
JUI KPUBOW M TMOBEPXHOCTU. ANNpoKcUMalus (QYHKIUU ABYX MEPEMEHHBIX. ANNPOKCUMALIUS
npou3BoJbHBIX GyHKIMK ¢ momombio NURBS. Kpussie u mosepxnoctu NURBS. MHoxecTBO
cThIKOBOYHBIX (yHKIMNA. Pexypcus Kokca-me bypa. IloBemenne NURBS npu wanumuum
KOJUIMHeapHbIX BepluuH. [locTpoenue crutaiiHa 0e3 omnpeaeneHHs] Y3JIOBBIX MPOU3BOIHBIX.
[TocTpoeHue 3aMKHYTOTO CIUIaliHa 0e3 onpeaeeHus y3I0BbIX Tpou3BOaHbIX. CeTkH y370B. beta-
CIUTaiiHbI. YpaBHEeHHE OeTa-crutaitHa. CBOMCTBa OeTa-CIuraifHa.

Uctopus nossienus ¢pakranos. ['eomerpuueckue pakransl. Kpussie Koxa. Anroputm
pucoBanusi KpuBbIX U cHexxuHOK Koxa. [lpocreiimiue anropuTMbl pucOBaHUS (PpaKTadbHBIX
kpuBblX. Meton L — cucrem. KpuBas ['ocnepa. Kagparusiii octpoB Koxa. Haxoneunuk
Cepnunckoro. Kpusas I'nnsbepta. Pa3pemenue BeTBineHus u ¢pakranbHbie 1epeBbsi. CUCTEMBI
uTepupyeMbix QyHKIHH. DKcnepuMeHTanbHbIi konup. ATTpaktop. [loctpoenue kpuBoii Koxa u
«apakoHay Xaptepa-XeHTyss1 Ha ocHoBe IFS. OOmue anroputmel pucoBanus K-uteparmu IFS.
AnreOpanyeckue (paxtansl. MHOkecTBO ManaensOpoTa. Ciyyaiinbie ppaxtansl. CriekTpanbHas
IUIOTHOCTh  (hpakTajgbHOM KpuBOW. DpakTajabHble MOBEpXHOCTU. DpakTalbHOE CHKaTHE
M300pakeHui.

3. ba3oBble pacTpoBble AJTOPUTMbI OCHOBHbIE AJTOPUTMbI BBIYHCJIHTEIbLHOIM
reomerpuu. KoopauHaTHBIH MeTOX B KOMNBLIOTePHOH rpaduke. JlokaabHble MoOJeIH
ocBemieHusi. Pacrepusauus nunuil. [Ipsimoe Bberumcnenue. Lludposoit muddepeHunanbHbIM
ananmsarop (LIIA, DDA). lukpeMeHTHbIE anropuTMel. ANropuTMsl bpesenxama [uist 0Tpes3Ka U
OKpyXHOCTH. Moaudukanus aaroputMa bpe3eHxsMa co CriakMBaHHEM TPAHUIBL. AJITOPUTMBI
3aKpalluBaHus. AJNTOPUTMBI BbIBOJA (GUryp. AJITOPUTMBI 3aKpaIlMBAaHUS JIO IIBETa TPAHMUIIBIL:
MIPOCTEHIINM PEKypCUBHBIM alrOpUTM, 3akKpallMBaHue JMHUAMM. [locTpouHOoe 3amosHeHue
KOHTYpa IOJIMTOHA, 33/IaHHOTO CIIUCKOM BepIuH. [IpaBuio moacyera ymncia nepeceueHuit pedep



¢ ropusoHTaibl0. [locTpouHOoe 3amojHEHHWE IIOJIMTOHA, 3aJaHHOTO CHUCKOM  BEpILIMH:
BO3MOXHOCTH ontuMuszaumu. Crtune nauHud. [lepo. Kuctb. OtcedeHue oTpe3ka — alroputM
Koxena (Koosna)-Cazepnenga. Kiaccupukanus mNOJOKEHHS TOYKH OTHOCHUTEIBHO OTpE3Ka
(cpaBa, cneBa, criepenu, c3aau). PaccrosiHue ot Touku 10 npsMoil (mockoctn). Ilepeceuenue
IBYX OTpe3KOB (Iuiockocteil). IIpoBepka NpHHAUIEKHOCTH TOYKU IOJMIOHY. BbluncieHue
wiomagn moyuuroHa. IlocrpoeHue BBIMYKIONW 000JIOUKM MHOXKECTBA TOYEK (3aBOpayMBaHHE
nojgapka u ap. aiuroputmsel). lloctpoeHue 3Be3quaTroro mojuroHa (sApa  MOJMIOHA:
MOJIUTOHANM3AIMST Ha0opa S BEPUIMH — BCE BEPUIMHBI JOJDKHBI OBITH BHIHBI U3 BepHIHHEI SO,
npuHaUIeKaneil sapy noauroxa). I[lepeceuenne BbIMyKIbIX MOJUTOHOB (anroputM CasepreHna-
Xomxmana). [loctpoenue Tpuanryssiuu Jenone.

Bekropusie mnomuronansHeie  Monaenu 3D oObekToB. OAHOPOJIHBIE KOOPJWHATHI.
[IpeobpazoBanue 06bekTOB crieHbl. [ToBOpOTH! M mapaenbHbIi nepenoc B 3D. [IpeoOpa3zoBanue
HOpMasie mpu gedopmarui  ToBepXHOCTH. HMepapxuueckas cUCTeMaTH3alMs TPOSKIIHH.
AxcoHomeTpuyeckue npoekuuu. OproroHanbHoe npoenupoBanue B OpenGL n kaHOHUYECKH
Bugumbiii o0bem (CVV). IlepcnektuBHble MNpoeKkIuH. ['eomeTpuueckas HWHTEpIpEeTaLus
OJIHOTOYEYHOH mepcrneKkTUBbl. MeToapl Cco3JaHusl TMEepCHEKTUBHBIX BUJOB. Bpamienue B
COYETaHUH C OJHOTOYEHYHOU mepcriekTuBoil. dororpadust u MepCcrneKTUBHBIE MTPeoOpa30BaHMUsL.
Crepeorpaduueckrie TPOCKIIMM ¥ BUPTyalbHas peanbHOCTh. CTepeorpaduka: dSJIEMEHTHI
texHosioruu. Cepwrii anarmud. l{Berno#t amarmmd. Ilomymnsernoi anarnmud. BoccranoBnenue
TPEXMEPHBIX 0OBEKTOB IO MEPCHEKTUBHBIM MPOEKIMIM. 3aXBaT JBUKECHHUSL.

Meron TpaccupoBKH Jydeil. Marepuanbl. 3akpammBaHue MoBepxHOcTe. CBeT
Marepus. Mcrounukn ceera. L{BeT nznyuenus. @oHoBoe ocBenieHne. TOUYEeUHbIM HCTOYHUK CBETA.
[IpoxxekTopsl. YnaneHHsld uCTOYHMK cBeta. Monens ®oHra s orpaxkenus. OTpaxeHue
¢donoBoro cmera. Jluddy3Hoe orpaxkeHue. 3epKanibHOE OTpaKeHHE. BBIYMCICHHE BEKTOPOB.
Hopmanbs k moBepxHOCTH. YT0a oTpaxeHus. Bektop monoBuHHOTO HanpasieHusd. [Ipenomienue
cBeTa. 3akpallMBaHHE MHOTroyrojJbHUKOB. Ilimockoe 3akpamuBanue. HMHTepnonsiuuoHHOE
3aKpalliBaHUE U 3aKpamuBanue 1mo meroay ['ypo. 3akpamuBanue no Meroay PoHra. IJeMEHThI
rJ100aJTbHOTO OCBEUICHUS CLEHBI. AJITOPUTMBI JIOKAIBHOTO OCBEIIeHUs. MeToa pacTepu3aluu.
Merton tpaccupoBku ayueit. [Ipobrema peasbHOrO0 BpeMEHH | MOAXOAbl K YIPOIIECHHUIO pacueTa
ocBelleHHOCTU. [IpuMepsl cuHTe3upoBaHHBIX M300pakeHui. Kitaccnyeckass TpaccupoBKa JIyuei.
TpaccupoBka nyueii (Ray tracing). Ilpsmas u oOparHast TpaccupoBka. OrpaHHYCHHS METOOB.
I'enepanus nepBuuHoro nyda. Pacuer mpsimoro ocBemieHus. PacueT BTOpUYHOrO OCBEILIEHUS.
VYuer orpakeHus cBera. Yyer mpeinomsieHus cBeta. Ilpouecc TpaccupoBku. PekypcuBHas
npoueaypa TpaccupoBku. Mojens Yurreaa.

4. ba3oBoe mnporpammHoe obOecnedyeHue 3D-rpaguxu. 3D-cuieHa u rTpaduueckuit
koHBeiiep. ['eomeTrpuueckass crtamusa. Cramus pengepunra. OOoOmeHHas cTpykTypa 3D-
akcenepaTtopa (BuaeokapThl). ['eoMmerpuueckuii mporeccop akceneparopa. CTpykTypa JaHHBIX O
nonuronansHo Mojenu. Illeinepsl. ApxutekTypa 1mielaepoB. BepiinHHbIE HICHIEpHI.
[Mukcenwpubie mmeinepsl. CoBpeMeHHbIe akcenepartopbl (Bumeokaptsl). Microsoft HLSL (High
Level Shading Language). Illeiinepst B OpenGL. f3bik GLSL. fI31k OpenGL. MS DirectX.
TekctypupoBanue. VYaaleHue HEBUAUMBIX D3JIEMEHTOB U onTumus3anus. Tenu. Mojenb
HAJIOXKEHUSI TEKCTYpbl Ha MOBEPXHOCTb. BBICTpbI MeToa OTOOpa)KeHHs TEKCTyp. AITOPUTM
OBICTPOTO HAJOXKEHHUSI TEKCTyphl Ha TpeyroipHHK. Mipmapping. [loctpoenune mip ypoBHel
(ouenka nmo nmamstu). Meroasl pacuera LOD. 3.3.Metozas! popMupoBaHus 3HaYEHUSI TEKCTYPBHI.
VYd4er mepcreKTHUBbI NMpHU OTOOpakeHWHU: MpuMephbl. Dd(deKTUBHAs peaau3alis ajaroputMa C
y4eTOM NEePCHEKTHBBI. AHAIN3 METOAOB CIIIa)XKMBaHUs Ha OCHOBE super-sampling. ApredakTsl 1
MEeTO/Abl WX criaaxuBaHus. [IpakThueckas peanu3anus CriIaXuUBaHUS. MeToAbl H30BITOYHOU
BeiOOpku: RGSS um OGSS. OcymectBienne OGSS. VYnanenue HEBUIUMBIX JUHUN U
noBepxHocTeld. OCHOBHBIE BHABI IpoenupoBaHus. OTceueHUE HENMLEBBIX IpaHel. Y JaleHue
HEBUIUMBIX TUHUH. AnroputMm PobGeprca. Anroputm Ammens. YaajneHHe HEBUIUMBIX T'paHEH.
Mertox z-Oydepa. Meton cOpTUPOBKM MO TiyOMHE. MeTOJ MOCTPOYHOTO CKAHWPOBAHMSL.
Ontumuzanus BolunciaeHud. KorepentHocts. Pa3Ouenue mnpoctpaHcTBa. MeToJ JBOMYHOTO
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pa3buenus mnpoctpaHcTBa. ONTUMHU3AIMSA METOAA IOCTPOYHOTO CKAaHUPOBAHMS JJISI WIP.
Anroputm Bapnaka. Merox o6omnodek. Hepapxwueckue CTpyKTypbl. Ammapar Oydepa
tpadapera B OpenGL. Anmapar Oydepa rnmyounst B OpenGL. Co3naHue TeHEe#H mpu moMoIu
METO/1a TeHEBBIX 00beMOB. [locTpoeHune TeHel mpu MOMOIIY TeHEeBBIX KapT (shadow maps).

4, TemaTU4ecKU MJiIaH

Ne Paszpneinsl n Bcero DOpMBI 3aHATHN
n/m TEMBI 4acoB | J1adOpaToOpHBIE | CaMOCTOSITEIIbHAS
3aHSTHS pabota
1 [eopuss uBera u oOpaboTka uzoOpaxkenuii, 4 2 2
puaBTPHI.
2 [lapamerpuyeckue MOJUHOMUANBHBIE KpUBbIe 18 10 8

1 noBepxHocTH. Dpakranel. Meron cucreMm
UTepaTUBHBIX QYHKIUH.

3 ba3oBbIe pacTpoBBIE AITOPUTMBI OCHOBHBIG 18 10 8
ATITOPUTMBI  BBIYUCIUTEIFHOH  T€OMETPHH.
KOOpIMHATHBII METOJ B KOMIIBIOTEPHOU
rpaduke. JIokaabHbIE MOJIEIH OCBEIICHHUS.

4 | bazoBoe mporpamMmmHoe obOecrieueHne 3D- | 32 10 22
rpadukH.

UTOIO | 72 32 40

5. Buabl y4eOHO# 1eATeTbHOCTH

3aHATHS CEMHMHAPCKOI0 THIIA
Crnucku 3afaHuii, a TaKKe TEOPETUYECKUE BOIMPOCHI I TOJATOTOBKH K 3aHATHIM
pa3MeIIeHbl B CHCTEME TMCTaHIIMOHHOTO oOydenust Cmonl'y.

JlaGopatopnoe 3ansiTue 1
3aganusa

1. Pa3zpabotaTth mnpocteimee rpapuyeckoe mnpuioxkenne Ha C#, KOTOpoe BBIBOJWT
Haganuck « Welcome, Windows Forms!» u kaHonky «Berxom» (puc. 1).

2. Jlo6aBbTe Ha riaaBHYO (GOopMy MPUIOKEHHUS €Ille OJHY KHONKY M Jo0eiTech TOTO,
yTOOBI MpHU IIEIYKE HA JaHHOW KHomke Haanuch «Welcome, Windows Forms!» mMensuia cBoe
MoJIoKeHue U 1BeT. JlJist 3a1aHus MOJIOKESHHUS | I[BEeTa CiTykaT cBoiicTBa Location u BackColor.

3. Pazpabortate mpocreiiiiee rpadudeckoe npuioxkenue Ha C# ¢ oOpaboTynkamu
COOBITHIA, KOTOPOE IEMOHCTPUPYET OKHO C EJUHCTBEHHOW KHOMKOM, KOTOPYIO HEBO3MOKHO
HaxaTb, T.K. OHa «yOeraeT» OT yka3aTens MbIH. B kadectBe (oHa BeiOepute rpaduueckoe
n3o0paxxkeHue (puc. 2).

4. YcnoXHHUTE MOBEeHIEe KHOTIKY MPU HaBEJICHUH Ha Hee yKasaress Mblu. Hampumep,
Hapsily ¢ U3BMEHEHHEM TOJIOKEHUs 3aJlaiiTe CIyJaiHbIi IIBET KHOMKH (C TOMOIIBIO T€HepaTopa
CIlydalfHbIX YHCell) U OTOOpa3uTe B MPOHM3BOJLHOM MecTe OKHa Haamuch «He nHaxan!y. [ns
TEHEPUPOBAHMS CIIyYalHBIX LIEJIBIX U BEIIECTBEHHBIX YMCEN MCHOJIb3YeTCs CTaHJIApPTHBIM Kilacc
System.Random.




8 Tutorial - Welcome [l 4] Tutorial - Button b

Welcome, Windows Forms/!

Brixon

Puc. 1 Puc. 2

JlabopaTropHoe 3ansiTHe 2
3amaHus

1. Pa3pabotaTh mpocreiiiiee rpadudeckoe npuioxkenne Ha C#, KOTopoe BBIBOJIUT Ha
dbopMy OMH U3 rpapUUecKUX MPUMUTUBOB (CM. JIEKIIHIO).

2. BBIMOTHUTH, MHAUBUAYAIBHOE 3a/JaHWE J1abOpaTOpHOW pPabOTHl B COOTBETCTBUU C
BApUAHTOM, OIPEACICHHBIM TMpernojaBaTeraeM (CM. HIDKE NPWIOKEHHE). BBIMoJHUTHE JBa
BapuaHTa — oJiuH ¢ 1 mo 5 B maboparopuu, BTOpoit — ¢ 6 mo 10 nHIAUBHUIyaIbHO OMa.

[Tpunoxenue. JlabopaTopnas padora 2. [Toctpoenue rpadudecKkux n300pakeHUIA

Bapwuanr 1.

N300pa3uth Ha SKpaHe KOHYC, BBIIEIMB IMYHKTUPOM HeBHAWMBIE JUHUU. [IpoBectn
BBICOTY KOHYyCa M paJnyc OCHOBaHMs. BbiBecTu Ha skpaH Qopmyiy AJisi BBIUUCICHHUS oObema
KOHYyca.

N300pa3uTh, HCHOJB3Ys ONepaTop LUKIA:

Bapuant 2.
N300pa3uth Ha 3KpaHe LHUIUHAP, BBIACTUB MYHKTUPOM HEBUAMMbIC JIMHUU. BoiBecTH Ha

sKpaH Gopmyiy Ui BBIYHCIECHUS 00beMa HUIUHApA.
N300pa3uTth, HCHOJB3Ys ONepaTop LUKIA:

Bapuant 3.

N300pa3uth Ha SKpaHe KOHYC, BBIIEIMB MYHKTUPOM HEBHUJIMMBbIC TUHUH. BbiBecTn Ha
9KpaH Gopmyiy I BEIYHCIEHUS 00beMa KOHyca.

N300pa3uTh, HCMOB3Ys ONepaTop UKIA:

Bapmuanr 4.

N3006pa3uth Ha 3KpaHe KyO, BHIACTHB ITYHKTUPOM HEBUAMMBIE TMHUU. BrIBeCTH Ha KpaH
(dbopmyy 1711 BBIYMCICHUS TUIONIAAN TIOJTHOM MOBEPXHOCTH Ky0a.

N3006pa3uTh, UCTIONB3YS ONEPATOp IMKIA!



Bapuanr 5.

BeiBecTM Ha 3KpaH IHpPOU3BOJIBHBIM OTPE30K M [BAa TPEYrOJbHHUKA, CHUMMETPUYHBIC
OTHOCHTEJIBHO HETO.
N300pa3uTh, HCHOJIB3YS ONepaTop LMKIIA:

XXX

N3o6pa3uts Ha 3kpaHe qucries: cBeTodop.
N300pa3uTh, UCTIONB3YS ONEpaTOp IHUKIIA:

NN
e Ve

N300pa3uth Ha ’KpaHe Tpamneuuio, BHIACTUB MIyHKTUPOM €€ BhICOTY. BbiBecTH Ha sKkpaH
(dbopMyiy 1Sl BBIYMCIICHUS TJIOLIAAN Tparelyu.
N300pa3uTth, HCHOB3Ys ONepaTop LUKIA:

N e e

N300pa3uth Ha skpaHe mapauiesorpam, BBIJICINUB IIYHKTUPOM €ro  BBICOTY. BriBecTu
Ha 3KpaH (GopMyIy AJisl BBIYUCICHUS IUIOMIAIN MapaijiesiorpaMmma.
N300pa3uTh, HCHOJB3Ys ONepaTop LUKIA:

Bapuant 9.

N300pa3uth Ha sKpaHe poMO, BBICINUB MYHKTHPOM €0 IUaroHajH.
N300pa3uTh, HCHONB3Ys ONepaTop LUKIA:

Bapuanr 10.

N300pa3uTh Ha ’KpaHE TPEYroJIbHUK, BBIIEIUB MYHKTUPOM €ro BhICOTY. BriBecTH Ha
9KpaH (GOpMyITy sl BBIYMCICHHUS TUIOMAAN TPEYrOJIbHUKA.
N3006pa3uTh, UCTIONIB3YS ONEPaTOp IMKIA!




JlaGopaTopHoe 3ansiTue 3
3aganus

—_

. HapucoBatb kapTHHKY, 1300pakarolyto:
JIEPEBEHCKUM JIOM U OKPYXAIOLIYIO IPUPOIy (03€po, AEPEBbs);
TOPOJCKOM JIOM U IIOCCE ¢ aBTOMOOMIIEM (MJIU IPYTUM TPAHCIIOPTOM);
CHErOBHUKa B 3UMHEM JieCy (€M, IepeBbsi O€3 JIMCTHEB);
Mope, Oeper, apyCHHK.

PazpaboTtars 1 peanu3oBaTh HHANBUAYAIHHO MOJIOOHBIN MPOEKT A0Ma.

2. PazpaboraTh mporpamMMy pHUCOBaHHS TpaHUUECKUX TNPUMHTHBOB. BrIOop
rpadM4ecKoro TMPUMHTHUBA OCYIIECTBUTH C IIOMOINBIO dlieMeHTa ympasieHus ListBox,
UCIo0JIb3Ys ornepaTop Beibopa Case.

3. JloGaBuTh B mOporpaMmy pucOBaHUS TpadUUecKUX IPUMHUTHBOB BO3MOKHOCTh
n3MeHeHus 1seta ¢gonHa Qopmbl BackColor ¢ momomipio mepebopa cTaHAAPTHBIX KOHCTAHT
nsera. Takxke mpeaycMOTpeTh (QYHKIMIO BbIOOpa IBETa Ui PHUCYEMOro TIpaduyeckoro
npuMuTHBa. BEIOOp Oprann3oBarh Ipy MOMOUIH 3J1EMEHTOB yripaBieHus ListBox.

JlaboparopHoe 3ansTue 4-5
3aganue

—_—

. Ucnonb3ys rotoBeie kKapTHUHKHU B popmate BMP noctpouTts:
POILLY JTUCTBEHHBIX U XBOMHBIX I€PEBHEB;
JIYT U3 Pa3HOLIBETHBIX I[BETOB;
mTadenb U3 SIIUKOB U KOPOOOK;
Hebo B oOakax.
Pa3paboTatrs 1 peann3oBaTh HHANBUIAYAIBHO MOJJOOHBIN MPOEKT AOMA.
2. B okpyX€eHUH NpeaMETOB MEPEIHETO U 3aJHETO IIJIaHOB HIMUTUPOBATH ABH)KCHUE!
®  aBTOMOOHIIA;
e CcaMoJETa;
® JIOJKH;
® [1apOBO3a.
PazpaboTtarh 1 peann3oBaTh UHAUBUIYAIBHO MOJJOOHBIN MPOEKT A0Ma.

JlabopaTtopHoe 3aHsiTue 6-7
3aganusa

1. Pa3paboraiite npuioxeHue s mpocMoTpa rpadudeckux ¢aitnos (6udbmuorexa GDI+
MOJZICP)KUBACT TPAKTHYECKH BCE paclpocTpaHeHHble (OpMaThl), KOTOPOE JEMOHCTPUPYET
WCIIOJIb30BAHNE OCHOBHBIX KOMIIOHEHT Tpaduueckoro uHTepgeiica (B 4aCTHOCTH, KOMIOHEHTHI
System. Windows.Forms.PictureBox) u pa6oty ¢ quanoramu (puc. 3).

2. [ToskcniepuMeHTHpYHTE co CBOCTBaMU AJIEMEHTA yIIpaBIICHHUSI
System.Windows.Forms.PictureBox. Peanusyiite BO3MOXHOCTb COXpPAHEHHs 3arpy’KCHHOTO
nzobpaxkenust B ain. g coxpaHeHus B ¢ailn  Hcmonb3yeTcs CTaHIApTHBIA Kilacc
System. Windows.Forms.SaveFileDialog. 3arpyxenHoe nzobpaxeHnue xpaHurcs B noje Image
komnoHeHTHI System. Windows.Forms.PictureBox.

3. C nomouipio Hcnosib30BaHMs aneMeHTa PictureBox mpenycmorpure oToOpakeHue
«00JBIIIOr0» pacTpoBOro gaiina (Mo reOMETPHUUECKUM pa3MepaM) ¢ BO3MOXKHOCTBIO IIPOKPYTKH
(puc. 3a).



Puc. 3a BoiBoa n300paxeHus C BO3MOXKHOCTBIO TPOKPYTKH

[ Tutorial - Image Browser i o [=] 3

daiin  Cnpaska

Pesxun Macwrabuposanua — |

" Normal
" Stetch Image

€ Center Image

& Zoom

Puc. 3

JlabopaTropHoe 3ansiTue 8-9
Samanus

1. Pazpabotats npocreiiiee npuioxenue GDI+, koTopoe BBIBOAUT CTPOKY IPUBETCTBHS
«Welcome, GDI+!», 3akpalieHHyI0 MJIaBHO MEHSIOIIUMCS [BETOM (JIMHEHHBIM TpaJeHT) Ha
¢one, 3arpyxaemom u3 ¢aiina (puc. 4).

Tutorial - Welcome . =lolx|

Welcome, GDI+!

Puc. 4



2. IloskcnepuMeHTUpYHTE ¢ napaMeTrpamMH BbIBOJA CTPOKM TEKCTa: H3MEHUTE
ucnoabp3yemMblid mpudrt (mepemennas tumna System.Drawing.Font), ¢donoBoe m3oOpaxenue, a
TaKXK€ KUCTh, UCNOJIb3YyEMYIO IS 3JIUBKU CTPOKH. B TaHHOM NpHII0KEHUN UCIIOJIB3YETCSI KUCTh
TUIs CO3aHus JMHEIHOTO rpagueHTa Ha OCHOBE IBYX LIBETOB —
System.Drawing.Drawing2D.LinearGradientBrush. = OgHako B~ IpOCTPaHCTBE  HMMEH
System.Drawing.Drawing2D M0>kHO HaiiTH M Jpyrue WHTEPECHBIC KUCTH, TAaKUE KaK KUCTh IS
co3ganus MpocTeix y3opos (HatchBrush) mmu muist rpaiMeHTHONM 3aJIMBKU BJIOJb MTPOU3BOJIBHOM
kpuBoii (PathGradientBrush). boiee mnpocTeie KuCTH HaxXxoAATCsi B MPOCTPAHCTBE HMEH
System.Drawing, Takue KaK KHUCTb IJIsi CIUTOIIHOM 3anuBKH (SolidBrush) uinm kucTh st 3auBKH
PUCYHKOM, KOTOPBIF MOKHO 3arpy3uth u3 (aitna (TextureBrush).

JlaboparopHnoe 3ansiTue 10-11
3amaHus

1. PazpaboTtars npunoxenne GDI+, koTopoe 1eMOHCTPUPYET OCHOBHBIE UHCTPYMEHTHI U
Meroapl GDI+ Ha nmpumepe pucoBaHMsi aHAJOTOBBIX 4acoB. Kpome Toro, AaHHBIN mpumep
JEMOHCTPHUPYET UCIOJIb30BAHNE HEBU3YaJIbHOM KOMIIOHEHTHI System. Timer.

[ Tutorial - Clocks (ol x|

Puc. 5

2. llepenenaiite mpUIO)KEHHE W3 MPEAbIAYILIEr0 IMYHKTa TakKUM 00pa3oM, 4YTOOBl Ha
JKpaHe OToOpakanuch IUGPOBBIE W aHaOroBbie Yackl (Hampumep: 15:00:30). st sToro Bam
noTpedyeTcst BEIBOAUTH cpercTBamu GDI+ TekcToBbie CTPOKU (COOTBETCTBYIOIIME MAaTEpHAIIbI
JUIS IPOTPAMMHOTO KOJa MOKHO HAMTH B JICKIIUU U y MIPETIOJaBATEN).

JlaGopaTtopHoe 3ansitue 12

1. Pa3zpaboratp mpocreiimee npunoxenue GDI+, koTopoe aeMoOHCTpHpyeT paboTy c
o0beMHBIM TekcToM. HapucoBate Ha ¢opme BraBieHHBIH (puc. 6), BBITYKIBIA (puc. 7),
KOHTYpHBIH TekcT (puc. 8). IIpeaycMoTpeTs TpU KHONKHM s NMEPEKIIOYEHUs MEXIY BUIAMHU
00BEMHOI0 TEKCTA.

st Toro 4TtoOBl TEKCT Ha (opMe BBITIIAJEN 00Jiee KpacUBBIM, €r0 CTaparoTcs cIenaTh
o0beMHbIM. CymiecTByeT aBa BuIa OOBEMHOCTH — BJABJIEHHBIM M BBIMYKIbIH TekcT. s
JOCTHKEHUS TOA0OHBIX 3(P(PEKTOB JOCTATOUHO CMECTUTh BTOPOH TaKOH e TEKCT OTHOCUTEIHHO
MIEPBOT0, HO OTOOPA3UTh €ro JPYrHuM IIBETOM, KOTOPbIM OyIeT MMUTHPOBATh T€Hb. DTOT CIOCO0
IIMPOKO HCIIOJIB3YETCS BO MHOTHX Tpauueckux pefakropax. s AOCTHXKEHHs pe3yibTaTa
JIOCTaTOYHO BBI3BATh JIBa paza MeTo ] DrawString ¢ pa3HbIMU CMEIIEHUSMHU.



Tekcr, BBIBOAMMBIN Ha 3KpaH, 10 YMOJIYAHMIO 3all0JIHEH KakKUM-TO LBeTOM. HO MOKHO
BBIBECTH TOJIBKO KOHTYp CHUMBOJIOB mpu momomu merona DrawPath kmacca GraphicsPath.
JIaHHBIH KJ1acC MO3BOJISET CO3/1aBaTh Pa3IMYHbIC KOHTYPHI U3 (GUTYp U TEKCTOB.

2. Pazpaborats npocreiimee npuioxenne GDI+, nemoHcTpupyromee paboTy ¢ TEKCTOM,
KOTOPBIN MOBEPHYT HA 3aJlaHHbIN yroJu (puc. 9):

® [IOJYYUTb TEKCT B €r0 3€pKaJIbHOM OTPAKEHUU;

® [IOBEPHYTh TEKCT Ha 3aJlaHHBIN yrou;

® TIOBEPHYTH TEKCT OTHOCUTEIIFHO 33JaHHOH TOUKH ((PUTYpPBI) — A3PPEKT «COITHBIIIKAY.

J171s IOBOPOTA TEKCTa MOYKHO HCIIOJIb30BaTh MeTo RotateTransform.

3. o6aBbTe Ha (hopMy KHOTIKY JIIsl HIUTFOCTPALIUH OeTYIIEH rpaJueHTHONW CTPOKH.

S [ 1 .
H BpaenenHwn TakcT j l Beiayknem Tekct } KOHTYpHEIN TEXCT

Puc. 6. BaaBieHHEbI TEKCT

H g/
I Brinyxnew Texcr g |KGHY‘,’prII:| TeKcT ’

l BasenenHbi TexcT l
ta

Puc. 7. Bemykiiblii TekCT

C# .HapogHble COBETH

[ BrasneHHsIn TekcT l [ Beinykneini Texcr ] FKOHTyprIﬁ TEeKCT !

Puc. 8. KoHTypHBII TEKCT
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Puc. 9. IloBopoTsl TekcTa

[Iporpammusle perenus st 1aboparopHoit padotsl Ne 9 (cm. Kortos).

1. Pazpabotarps mnpocreiiiiee npunoxkenue GDI+, koTopoe oTOOpa)kaeT auarpammsl
U3MEHEeHUs KypcoB Jnosiapa u eBpo (puc. 10). UucnoBble naHHble 3arpyxarb u3 ¢aiina B
MaccuB. [lpu paspaboTke mnpoekra wHcmoib3oBaTh MeTonbl DrawString, DrawRectangle u
FillRectangle.

2. Pa3paboratre mnpocteiimee npunoxenue GDI+, kotopoe oroOpaxkaer rpapuku
W3MEHEHHUs Kypca nosuiapa u eBpo (puc. 11). UucnoBele naHHbIe 3arpyath u3 ¢aiia B MacCHB.
[Ipu pa3paboTke mpoekTa ucmoap30BaTh MeToasl DrawString, DrawRectangle u FillRectangle.

3. Pa3zpabortate mnpocteitmee mnpunoxkenne GDI+, koTopoe oToOpaxkaeT maHHBIE
COITMOJIOTHYECKOTO OIpoca B e KPYroBoi nuarpammsl (puc. 12). Micxoaasie nanHbie (Bompoc,
BapUaHTBhl OTBETa M KOJMYECTBO OTBETOB) 3arpyxarorcs u3 ¢aina. [Iporpamma pomkHa
00paboTaTh BXOJHBIC JaHHBIC (BBIYMCIWTH JOJIO KaKIOW KaTEeropud B OOIIEH cymme) u
MIOCTPOUTH TUArpamMmmy.

Puc. 10. Ilpoext «/Inarpamma u3MeHeHUs1 Kypca BaJIrOTh»



Kakoi Opay3ep Bbl ncnonbayete?

Mozlla Firefox - 40,60%
Intemnet Explorer - 24,81%
[ Opera - 15.04%

Netscape -11,28%

F73 Avart Browser - 3,76%

apyroit - 4,51%

Puc. 12. IIpoekt «Kpyrosas auarpamma JaHHBIX COI[MOJIOTHYECKOTO OMPOCa»

[IporpamMmHbIe pemenus s taboparopHoit padoTsl Ne 10
- 3amanusg Ne 1, 2 u 4 (cm. Kynastun — c. 90).

JlabopaTtopHoe 3ansitue 13

1. Hdanbl cBemeHus o0 oObeMax Mpoaax 3a ISATh MecsleB. HeoOXoaumo HarisaHO
NpPEACTaBUTh OSTH JaHHBIE B BHUAE TUCTOTpaMMBbl. TpeOyercst pa3paboraTh mpocTeiiee
npunoxenne GDI+, koTopoe A1eMOHCTpUPYET NOCTPOEHUE JUArPaMMbl 10 TaOJUYHBIM JaHHBIM
¢ ucroJip30BaHueM sj1emenTta Chart.

Onement Chart npeaHa3HadeH Ui BBIBOAA B SKpaHHYIO (opMmy rpaduka (auarpamMmsi).
ITpu 3TOM rpauk yao6HO cTpOUTH MO TaOIMYHBIM JaHHBIM, PEJCTABICHHBIM B BHJIE 00BEKTa
kimacca DataTable. [Insg oroOpaxkeHHss TaOMWYHBIX JAaHHBIX HCHOJB3YHTE CETKY JaHHBIX
DataGridView. O6bext DataTable mcronb3yloT B KayecTBE MCXOJHBIX JAHHBIX U JUIS CETKH
DataGridView, u ans auarpammsl Chart.

B tabnune DataTable onpenenuts ee cxemy, 3a7aB aBe KOJOHKH «Mecsm» u «O0beM
IpoaX». 3aroJIHUTh TaOJIMIly M0 ee cTpokaM (psaaMm), ucnosb3ys meroa Add. 3amosHeHHYIO
IATHIO CTPOKaMM TaONUIy yKa3aTb B BHJIE HCTOYHMKA IAaHHBIX s 3ieMmeHToB Chart u
DataGridView. Ilocne uyero odgopMuTh BHemHud Buj ructorpammsbl (puc. 13). Taxoke
IPEyCMOTPETh B MPOrpaMMe M3MEHEHHE BHELIHErO BHJA CTOJIOOB THCTOIPAaMMBI MO HIETYKY
MBIIIH HA [HJIAHJIPHI.



O6bemMbt Npoaax no MecauaMm

100[ l T

Max Vhone Wiome  Asr Cenr

Mecai Obuem npopax

Puc. 13. TIpoekt «IlocTpoenue auarpammel ¢ moMorisio anemenTta Charty

2. Pa3zpaborare mnpocreiimee npuinoxenue GDI+, kortopoe orToOpakaer OupskeBon
rpaduk M3MEHEHHS IPOJaX HEKOTOPOro ToBapa (cMapT(OHOB) MO MecsilaM B TEUCHHUE Troja
(puc. 14). Ha3Banusi MecsIeB Il TOPU3OHTAIBHOW OCH TOMECTHUTh B CTPOKOBBIM MAacCHB
Months. Maccus nenbix yucen Sales qofkeH coliepaTh 00beMbl MPOAaX MO KaXIA0OMY MECSILY,
OHM COOTBETCTBYIOT BEPTHUKAJIbHBIM opauHataM rpaduka. O6a mMaccuBa TOJDKHBI HMETh
OJINHAKOBYIO Pa3MEPHOCTb.

IIpu o00paboTke coObITHS «IETUYOK Ha KHOMKe Button» criemyer co3gatb OOBEKT
Graphics, ucnonb3ys snemeHT PictureBox. Ilocie yero BbI3BaTh COOTBETCTBYIOUIUE MPOLIETYPHI
JUI PUCOBaHUS KOOPAWHATHBIX OCEH, CETKH W3 TOPU3OHTAIBHBIX U BEPTUKAIBHBIX JTUHUN U
HEMOCPECTBEHHO 3Mopa (Tpaduka).
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Puc. 14. Ilpoext «I'paduk 06beMOB IPOAAK IO MECSILIAM»

[Iporpammusle perenust ist 1aboparopHoit pabotsr Ne 11:
- 3aganue Ne 1 (cm. 3ubopos B.B. —c. 190.).
- 3amanue Ne 2 (cm. 3ubopos B.B. —c. 145.).

1. Pazpaborate npunoxxkenne GDI+, koTopoe AeMOHCTpUPYET SK30THUYECKUM 3hdexT —
dKpaHHYIO0 (GOPMY C TPEYroJHbHUKOM mpo3padHocTu (puc. 15). Takod TpeyroiabHUK BBITIISAINUT,
Kak OTBepCcTHE B (popMe MpOeKTa, 4epe3 KOTOpPhIe BUAHBI IPYTrre MPUIIOKEHNUs, 3aITylieHHbIE B
JAHHBI MOMEHT BPEMEHH Ha KOMIIBIOTEPE.

Jna  pewmeHuss 3ajgadd  cleAyeT pa3paboTaTh COOBITHE TEPEPUCOBKH AJIEMEHTa
ynpasierust Forml Paint (puc. 16). IIlpu 06paboTke cOOBITHS EPEPUCOBKU IKPAHHOH (HOPMBI
HEO0OXOMMO 3aJaThb TPU BEPUIMHBI TPEYrOJbHUKA, WHULIUAIU3UPYS MaccuB ToueK. Jlis
PHCOBaHUS 3aKpAIlIEHHOTO MHOTOYTOJIbHHKA CJIeNyeT BOCIOJb30BaThest metonom FillPolygon.
[IBer 3aKkpamMBaHus MOXKET ObITh JIFOOBIM, MPU 3TOM 3TOT K€ LIBET JIOJDKEH ObITh HAa3HAYEH B
KauecTBe MPO3pavyHoro B cBoicTBe popmel TransparencyKey.

n‘/llw

HEBEPOATHBIX, .
POrpaMMHPOP

. IrmamT,

' ueM *

e i Ty

Puc. 15. DxpanHas ¢popma ¢ TpeyroabHUKOM NPO3pauHOCTH BHYTPHU



private void Forml Paint (object sender, PaintEventArgs e)
{
// CofbiTvie NMEPEepUCOBKM SKPaHHOM (QOpMEL:
this.ClientSize = new Size (240, 200);
// YcTaHaBMBaeM BepuMHL TPeyTOJIbHMKA :
var pl = new Point (20, 20);
var p2 = new Point (225, 66);
var p3 = new Point (80, 185);
// VHMLMammMsupyeM MacCHUB TOYEeK:
Point [] Touxu = { pl, p2, p3 };
// BakpammMBaeM STOT TpeyToJbHMK LBeToM ControlDark:
e.Graphics.FillPolygon (new SolidBrush (
SystemColors.ControlDark), ToukM);
// Uper ControlDark samaeM Npo3payHbM:
this.TransparencyKey = SystemColors.ControlDark;

Puc. 16. CoObITHE TEPEPUCOBKU IKPAHHOHN (POPMBI

2. Pazpabotare mnpunoxenue GDI+, koTopoe mM03BOJISET MONB30BATENO0 PHCOBATH
MBIIIbIO Ha (OopMe NpU HaxaToW JeBOW (MM mpaBoi) KHOMKM MbImM (puc. 17). [ns aroro
paspabotath Metonbl aisi coobituii MouseUp m MouseDown. Taxxe pazpabotaTe mMeTon
Refresh nns nepepucoBeiBanus GopMbl Ipu HakaTUM KHONKK CTepeTh (A1 OYUCTKH (OPMBI ee
HaJI0 3aKPaCUTh UCXOIHBIM LIBETOM).

r *“—l 9
' PUCy1o MBILIBIO ... |5 L‘EJ
I?f::;i"‘ |‘ I ]" I
Cvepetx

Puc. 17. PucoBanue ykaszaTtenem MbIiu B popme

3. PazpabGorare npunoxxkenne GDI+, koTOpoe MNO3BOJSIET CTPOUTH (yHIAMEHTaIbHBIC
crutaiiHbl U crutaiiael besbe (puc. 18). [Ins mocTpoeHus cruiaiiHa HCIMOJIB30BaTh (PYHKIUIO
DrawBezier ¢ 3agaHueM Y3J0BBIX TOYEK U JOIMOJIHUTEIBHBIX KOHTPOJBHBIX TOYEK,
YIpaBJISAIONINX KpPUBU3HOM crmnaiiHa. IlepeMerasi KOHTpOJbHBIE TOYKHM MOXHO YIIPABISAThH
KpUBU3HOU crutaifHa. [Ipu n3MeHeHnu MOJI0KeHHs IBYX KOHTPOJbHBIX TOYEK MOMXHO JOOUTHCS
OTPUIATENLHOTO U MOJIOKUTEIHLHOTO 3HAYEHUI KPUBHU3HBI CIUIAMHA.

Ha skpannoii popme pacrosiokuTh IBE y3JI0BbIE TOUKH, a 00€ YIPaBISAIOIINE COSTUHUTD
B onHy. Pa3paGoTtaTh MeToa Ansi TMepeMENIeHUs YHPaBIAIONIEH TOYKH B BHUIE KpPAaCHOTO
MPSMOYTOJIbHUKA /1711 U3MeHeHus: GopMbI ciiiaiiHa besbe.
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Puc. 18. Iloctpoenue u n3meHenue Buja cijaiina besbe

[Iporpammusle pemenust ist 1aboparopHoit padotsr Ne 12:
- 3aganue Ne 1 (cm. 3ubopos B.B. —c. 130.).
- 3aganue Ne 2 (cm. 3ubopos B.B. —c. 139.).
- 3aganue Ne 3 (cm. 3ubopos B.B. —c. 141.).

JlabopaTropHnoe 3ansitue 14

[Ipocteitmmii mpumep ucnosb3oBanus Ouommorekn OpenGL B mporpamme Ha s3bIKE
nporpammupoBanus Visual C#. Ilpwioxxenue mpow3BOIUT OTPUCOBKY cpeactBamu OpenGL
HEKOTOPBIX TapaMEeTPUUECKUX IOBEPXHOCTEeH, Hampumep, Oytbuiky Kieitna (puc. 19).
[Ipouenypbl reHepalMu W OTPUCOBKA TOBEPXHOCTEW COAEPKATCA BO BCIOMOTaTeIbHOM
oubmmoreke Common Classes. Kpome Toro, mporpaMmma HCIOJB3YET €Ie IBE BCIIOMOTATEIbHBIC
oubmmorexu: Auxiliary Graphics Library (BbImoyHSET HEKOTOpBIE CIy:KEOHBIC TpadruecKue
onepanun) u Auxiliary Math Library (ma6op kimaccoB s pabOThI ¢ BEKTOPAMH M MaTPHUIIAMH).
JlanHble OMOIMOTEKH UCHIOB3YIOTCS BO BCEX MOCIEAYIOIIUX PUMEpax.

Ormetrum, uyto st paborsl ¢ APl OpenGL wucnone3yercs wuHcTpymeHTapuii Tao
Framework [http://www.taoframework.com]. B wactHOCTH, a1 BbIBOAa H300paKCHHS B
unTepdeiic M0JIb30BATENS CILY>)KUT CHelHabHBIHI AIIEMEHT yIIpaBJICHUS
Tao.Platform.Windows.SimpleOpenGIControl, koTopslii OTHOCTHIO H30aBISET MPOrPaAMMHUCTA
OT BBITIOJTHEHUSI HU3KOYPOBHEBBIX OIEpanuii o padoTe ¢ KOHTEKCTOM PEHICPHHTA.

Tutorial - MpocToe OpenGL-npunox¢enye Ha Yisual C# =10 x|
Ofwexr

% Knaccuveckan Gyrbinka Kneina

" YnpoweHHan Gyteinka Kneina

" 'CrupansHas’ NOBEPXHOCTE

MNapameTpbi

Uger doHa: _



http://www.taoframework.com/

Puc. 19. I'naBnoe okno npunoxenus Tutorial - OpenGL Demo
3ananue

e BaummarensHO 03HaKOMBTECh ¢ ocoOeHHOcTssMH paboThl ¢ API OpenGL ¢ momormibsto
uHctpymentapus Tao Framework. OOpatute BHUMaHue, 4To s BbI3oBa MetonoB OpenGL
UCIIOJIb3YIOTCSl OJJHOMMEHHBIC BbI30BBI B Kitacce T1a0.0penGl.Gl (Bce monst u MeTonpl JaHHOTO
KJjacca SIBJSIFOTCA CTaTHMYECKHMHM, IMO3TOMY JUIS paboThl ¢ HUMH HE TpeOyercsi CO3/JaHus
AK3EMILIApa KJjacca). Wzyaute BU3YaJIbHBIN AIIEMEHT YIPaBICHUS
Tao.Platform.Windows.SimpleOpenGIControl, ¢ momo1ipio KOTOPOro OCYIIECTBISETCS BBIBO
n300pakeHus B MHTEPQEIiC.

e JloGaBpTe CBOM BapHaHTBl OOBEKTOB (3TO MOTYT OBITh, HampuMep, JApyrue
napaMeTpU4ecKux TOBEPXHOCTH — JHCT Mebuyca, KOHYC, LWIHHIP WIA TOp) H
3anporpammupyiTe ux B kiacce Surfaces (mpoexr Common Classes).

e JloOaBbTe Ha CIEHY HECKOJIbKO (HalpuMep, J/iBa) pa3jIMYHbIX HCTOYHHUKOB CBETA.
[ToskcniepuMeHTHpPYIUTE CO CBOMCTBAMM MaTepHalla U XapaKTEPUCTUKAMHU UCTOYHUKOB.

e JloGaBbTe B QyHKIIUIO OTPUCOBKU 00BEKTOB (Kiacc Surfaces) BhIYMCICHUE TEKCTYPHBIX
KOOpAMHAT (Ipeamnojaraercsa, 4Yro HCHOJb3yeTcs IByMepHasi TeKCTypa). TeKcTypHble
KOOPJMHATHI 33Jal0T CIIOCOO HAJOXKEHHUS Ha O0BEKT Kakoro-iudo JByMEpPHOro n3o0paxeHus (B
MpOCTEHIIeM Cilydyae) U MPEACTaBIAIOT cO00l JABYMEpHBIH BEKTOpP, KOMIIOHEHTHI KOTOPOTO
MIPUHUMAIOT 3HaueHus B mpoMmexytke [0, 1]. Jns mapameTpruyeckux NOBEPXHOCTEH B KayecTBE
TEKCTYPHBIX KOOpDAMHAT MOKHO B35Th, HaIllpUMep, IapaMeTpuyeckhue KOoOpIuHaThl (C
MIpeIBAPUTENILHBIM MacIITAOMPOBAHUEM U CIABUTOM).

e Haoxxure Ha 00BEKTHI IBYMEPHBIE TEKCTYpHI. [Ipoiie BCero uist 3TOro BOCHOIb30BaThCS
BCIIOMOTATENbHBIM ~ KiaccoM  Texture2D wu3 oOumbmmoreku Auxiliary Graphics Library.
Crarnueckuii meton Texture2D LoadFromlImage(string fileName) mo3Bosster co3nath
TEKCTYpy MPAaKTHYECKH U3 BCEX pacnpocTpaHeHHbIX rpadudeckux popmarto (BMP, JPEG, GIF,

PNG). O6patute BHUMaHUe, YTO I pabOTHl TeKCTyp npu wHuUIManu3zammu OpenGL (Meron
bool InitOpenGL()) cieayer ykazars komanay glEnable(GL_TEXTURE_2D).

JlanHOoe mpuiokKeHue sBisieTcs HEeOOJbIION MOIU(HUKAUEN MPenblaylero ¢ IeNbo
WCIOJIb30BAHUS MPOCTOM Mapbl BEPIIMHHOTO M (PparMeHTHOTO Iieijepa Uisi MpoIeTypHOTro
tekctypupoBanus. Ileiinep reHepupyer MNpOCTYIO MPOLEAYPHYIO TEKCTYpY — KPYXKKHU
OTIpeIeNIEHHOTO 1IBETa U pa3Mepa Ha 3aaHnHoM QoHe (puc. 20).

[ Tutorial - Mcnonb3oBaHve weAAepos DpenGL ANA peHAEPHHTa 06BEKTOE (=] ]

[ TipBENT | Mrpopraumorsst xupra |

[~ DffeekT
' Knaccuseckan Gyreika Knesina
" Unpowennan Gyreinka Knerna
€ 'Crupanshad noseprHocTE
—Mapaterpsi
Pasiiep KpykKaE:
PaccToaHHe Mekay KPPREAMM
LBeT KpukKOE:
Uger nosepsocr |
weroos

Puc. 20. I'naBHoe oknO mpuioxkenus Tutorial - Simple Shader

3agaHue



e B dyeM COCTOMT HEIOCTATOK MJAHHOTO WIEHJepa W KaK €ro HMCHpaBuTh (oOparute
BHHUMAaHHE Ha 3aBUCUMOCTbH U300paXEHHS OT OPUCHTALIUU MOJAECIH)?

e B uem Ha Bail B3IJISII COCTOSAT MPEUMYILECTBA U HEOCTATKU MPOLIEAYPHBIX TEKCTYp?
Kaxkue moaxoapl MOKHO MPEUIOKUTD IS UCTIPABIICHUSI HEIOCTATKOB?

e [IpunymaiiTe u 3aporpaMMHUpyHTE CBOIO NMPOLEAYPHYIO TEKCTYpY B meiaepe. TekcTypa
MOJKET OBITh KaK JBYMEpPHOM, TaK U TPEXMEPHOU (HampuMep, MOKHO B3SITh IIaXMAaTHYIO JIOCKY,
MOJIOCKH, 3B€3/I0YKU U T.1.). [locTapaiitech 10OUTHCS TOTO, YTOOBI TEKCTypa ObLa Crila)KeHa.
Jlns aToro MoryT mcmosib3oBathes Gynknuu Trma Type smoothstep(float edgeO, float edgel,
Type X), kKoTopbie 00CCICUNBAIOT TUIABHBIA TEPEX0] MEX/Y JABYMs 3HAuYCHHsIMU (Hampumep,
LBETaMH).

e CrapaiiTech He UCIOJIb30BaTh B KOJi€ 1€l iepa (PUKCUPOBAaHHBIE 3HAUEHUS [1apaMeTPOB.
Jlydmre Bcero JaHHbIE HapaMeTpbl BBIHECTH B MHTepdeiic meilnepa, opopMuUB HX B BUJE
uniform-nepemennbix. J[o6aBbTe BO3MOXXKHOCTh HM3MEHEHHs IapaMeTpoB IIehaepa u3
uHTepdelica MNPUIOKEHUsS, UCHOJb3yd TaKUE JJIEMEHThl YIpaBlICHUsS, Kak OeryHKH
(System.Windows.Forms.TrackBar), YHCIIOBBIC TOJISt BBOJIA
(System.Windows.Forms.NumericUpDown) u T.11.

JlabopaTropHnoe 3ansitue 15
JlanHoe TmpWJIOKEHHWE JaeT MpUMep HCHOJb30BaHMs IIeHJepoB A  00paboTku
n300paxeHuil (MpUMEHeHHe HEKOTOphIX GMiIbTpoB). B mporpamme peanu3oBaHbl TUIOBBIE
GUIBTPBHI: MPSIMOYTOJIbHBIN CIUIXHUBAIOUMK (GUIbTp, (UIBTP BBIACIEHUS TpaHUIl, TraMMa-
KOPPEKILHMS U MTPUBEICHNE K OTTEHKaM 3a/laHHoro 1BeTa (puc. 21).

LLletioepbi 005 peHOepuHaa Llelidepsi 013 0bpabomKu uzobpaxceHus

1 npoxoo 2 npoxod
PeHOepuHz modesu 8 mekcmypy PeHAepuHz MpAMOoy20/bHUKA 80 8€Cb IKPAH U
obpabomka ecex nukcenel mekcmypsi

Puc. 21. UnmrocTpanus TEXHUKA JBYXIPOXOJHOTO PEHAECPHHTa

s 00paboTku n3o0paxenus, noiaydeHHoro cpeacrsamu OpenGL API, ucnonbs3yercs Tak
Ha3blBaeMasi TEXHMKA MHOTOINPOXOJHOTO pEHJEpUHra (B HalleM Cilyyae BBIIOJHIETCS JBa
npoxoza). [Ipu nmepBoM npoxoje NpOU3BOIUTCS PEHICPUHT CLEHBI (B HAIIEM ClIyyae 3TO OJHA
U3 MapaMeTpuyecKux noBepxHocret) cpeacrsamu OpenGL, mpu 3TOM pe3ynbTaT BBIBOJUTCS HE
B IJIaBHOE OKHO, a B TEKCTYpy B HaMsTH BHJeoazanTepa (MOJIb30BaTENb HE JOJKEH BUAETh
IIPOMEXYTOUHBIH BapuaHT). IIpu BTOpoM mpoxozae ocyuiecTBisieTcs oOpabOTKa MOIy4eHHOM
TEKCTYpbl, W PpE3yJAbTaT BBOJUTCS Ha JKpaH. [l 3TOro cienyer yCTaHOBUTH MATPHILY
OpPTOrOHAJILHOM MPOEKIMH U OTOOPa3HuTh MPSMOYTOJBHUK BO BeCh pa3Mep okHa. B mporecce
pEHJIEpUHTa JaHHOTO MPsMOYroJbHUKA (pparMeHTHbIN wmeiinep o6paboTaeT BCe €ro MUKCENH.
Taxum 06pa3oM, OJaB Ha BXOJ LIeHIepy MOJYyIEHHYIO paHee TeKCTYpY, MOKHO 00paboTaTth Bce
ee MMUKCEeJIN B COOTBETCTBUH ¢ HEKOTOPBIM QMIIBTPOM (pHC. 22).



[ Tutorial - 06pa6oTia M306pPaNEHMA CPEACTEAMM GLSL (=] 1)
Mpocrerp | WrpepvauioHHe i xupHan
| | - Dfexr
' Knacewecian Syroinea Kedina
" Unpawennan Gyreika Knefina
" CrupansHas’ nosepsHooTe
i~ Napaverpel
Pasiiep kpyKas
PACCTORHAR MEHAY KDWKK M
Uger kpykoe:
Uger nosepsiocre [N
worow I
[ Punstp
= Sepia
€ Tammakoppexuma
€ Bemenerye rparkil
' Pasmemve

Puc. 22. 'naBHoe okuo mpuioxkenus Tutorial - Image Processing

3amMeTuM, 4YTO JUIsl PEeHJEpUHIra B TEKCTYpPy IOCTYIMHO HECKOJBKO BapHaHTOB, OJIHAKO
HanOoJiee ONTUMAIBHBIM COCTOWT B HCIONb30BaHUM Oydepa kampa (Frame Buffer Object —
FBO). Bca HeoOxonuMas (pyHKUIHMOHANBHOCTH MO paboTe ¢ Oydepom Kajpa COAEPXKHUTCS B
kinacce Framebuffer (oubmuorexa Auxiliary Graphics Library).

3aganue

e BuumarensHO u3yunTe QUIBTPHI, peaTU30BaHHbIE B JAHHOM MPUJIOKEHHUH, U 100aBbTE
B HHUX MapamMeTpbl B BHIe UNIfOrm-mepeMeHHBIX, KOTOpbIe MOXHO MEHSTh M3 HHTepdeiica
npunoxenus. M3yqnre, kak MeHsercst 3G ekt npu n3MEeHEeHNN JaHHBIX MTapaMETPOB.

e Peamm3yiiTe cBOil coOCTBeHHBIH (GUIBTP. MOXXHO T00aBUTH, HAITPUMED, TTPOCTECUITUI
GWIBTp WHBEPCUU IBETAa WM 0O0Jee CIOKHBIC (PUIBTPHI T'ayCCOBCKOTO CIIIQ)KUBAHUS HITH
n3MeHeHus KoHTtpacrta. [Ipumepsr ¢dunbTpoB Ha s3bike C# MoxHo Haiitm B GDI+ Tutorial,
npunoxxenue Tutorial-lmage Processing (onu 6e3 Tpyna nepeHocstcst Ha GLSL).

e [lapamerpusyiiTe CBOW QHIBTP W NPEIOCTaBbTE IOJH30BATEI0 BO3MOXKHOCTh
W3MEHSTh €r0 apaMeTphl U3 HHTepdelica MPUIIOKEHHS.

JlaHHBII TIpUMEp TIOCBSIICH M3YYCHUIO MYMOBOW ()YHKIIMH, KOTOpas UIPACT OTPOMHYIO
POJIb B MOJICIIMPOBAHUHN PA3IMYHBIX SBJICHUI 1 MartepuaioB. llleiaep ucmonb3yer TpeXMepHYIO
IIYMOBYIO (DYHKIMIO JUIS BBIYMCIICHUS LBeTa (parMeHTa, NpPU STOM TI0JIH30BATENb U3
uHTepdeiica MPUIOKEHUSI MOXET M3MEHATh TaKHe MapaMerpa, KaK YMCIO OKTaB M MacliTad

ryMoBO# QyHKIUU (puc. 23).

Tutorial - Mcnonb3oBanve wyMmoBoi dyHKuww (u3yuenve uyMoBoA dymKuw) =10l x|

Mpocriotp ] MrpopmausonHsi xypran |

~ Dwexr

& Knacouseckan Gyrsinka Knefira
' Ynpouentan Gyrbinka Knefira

€ ‘CrupansHas nosepiHacTs

~ Mapaerpst

Uger ofbexra:

Uncno OKTaE WYMOBON DYHKUMM
Maciura wymosod GyHKLL

teersos

Puc. 23. I'maBHoe oxno nmpuioxxenust Tutorial - Noise Function

3agaHue



e BuuMmarenpHO 03HAKOMBTECH C KOJOM IIPWJIOKEHUS, IO3KCIEPUMEHTUPYHTE C
napaMeTpamu IIryMOBOU (YHKIIMU: YUCIIO OKTaB, MaciTad u ap. [Togymaiite, kakue mpupoHbIe
SIBIICHHSI, MUHEPAJIBI U T.Jl. MOTYT OBITH CMOJICIIMPOBAHBI MIPH MOMOIIH IIYMOBOW (DYHKIIMH.

e Peanusyiite meliaep mis peHAepuHTa OOBEKTOB C KIACCHYECKUM OCBEIIEHUEM IIO
Monenun Doura (KUCMoyib30Bajach BO BCeX MpeAblayluX npumepax). OpHako mnepen
BBIUMCIICHUEM MHTEHCHBHOCTH OCBEIEHHS MCKa3UTE HOPMAJIb MIPH MOMOIIH ITYMOBOH (DyHKIIUU
(coxpanenHoii B Tekctype). s 9Toro 1ocTaToyHo NO00AaBUTH K MPAaBUIBHOM HOPMAaJIH BEKTOP
nryma. Macmrad, 9uciio OKTaB M BKJIAJ IIYMOBOH ()yHKIMH (B HCKaXEHHE HOPMaJI) BHIHECUTE
B wuHTepdeiic meinepa, odopmuB ux B Buue Uniform-mepemennsix. [lpemocraBbre
MOJIL30BATEII0 BO3MOXKHOCTh M3MEHATH MapaMeTphl Lieiaepa u3 uHrepdeiica npuioxeHus. B
pe3yibTare JOJDKEH MOMYYUTHCS IPPEKT «IoMATOCTH» 00BekTa. [Ipu 3TOM BHEMIHU BUA
“IIOMSITOCTH’ MOKHO OYZIET peryaupoBaTh U3 UHTEpPelica.

JlanHble TpUMEpbl  JIEMOHCTPUPYIOT  MCIOJb30BaHME LIYMOBOM  (YHKIUH IS
MOJENUpPOBaHUs JiepeBa U Mpamopa. OOpaTuTe BHUMaHUE, 4YTO JIaHHbIC MPUIIOKEHHUS HE
WCIOJIb3YIOT HUKAKHX 3apaHee 3arOTOBJICHHBIX TEKCTYp (KpOMe€ TPEXMEPHON TEKCTYphbl LIyMa).
Bce BbIMHCIICHNS BBITIOJHSIOTCS BO (pparMeHTHOM wieiaepe (puc. 24).

Vicnonb3oBanuve wymMosoi dyHkuun (MoaenvpoBanve aepesa) i =] 3]

HPOPMAUUOHHBI KypHan |

“O6eekr
% Knaccuyeckan Gyrbinka KneiiHa
" YnpoweHHan Byrbinka Knedita

" 'CnupanbHas’ NOBEPXHOCTE

1~ MapameTpe! —

(OCHOBHOI UBET APEBECUHbI: —

Uger apesecHbix Konew: _
TMAOTHOCT ApeBEcHbik Konew:
[ P
It
.
Macwra6 wyMoBoit PYHKUMM:
0 G odh o h A o e o
ler o —

Puc. 24. I'naBroe oxno npuioxenus Tutorial - Wood Modeling

3aganue

e I3yunTe NaHHBIC MPUMEPHI HCIIOJIB30BAHMS IIYMOBOW (PYHKIIMHU, TO3KCIIEPUMEHTHPYHTE
¢ mapamerpamu IeinepoB. OOparure BHHUMaHHE, YTO B MHTEp(delic MPUIOKEHHsS] BBIHECEHBI
TOJIbKO OCHOBHbIE TapaMmeTpbl. OcTalbHbIE TapaMeTpbl OOBABIEHBI KaK KOHCTaHTHI (C
aTpuOyTOM CONSt) M MOTYT OBITh M3MEHEHBI TOJIBKO B UCXOJTHOM KOJI€ IIeiepa.

e Co3naiite cBoii coOCTBeHHBIN 3(deKT Ha OocHOBE IIyMOBOH ¢yHkuuu. B BbeIOOpE
apdexTa MOTYyT MOMOYb MHOTOYHMCICHHBbIE pecypchl MHTepHeT. MOXXHO pealn3oBaTh,
HarnpumMmep, NPOCTYI0 BOJHYIO MOBEPXHOCTH, 3 ekt obmaunoro Heba (omucad B [21]), adpdexr
“pxaBienus”’ o0bekTa (ommcad B [21]) u T.1.

e J[nsg Toro 4ToObI MPHIIOKEHHE MOJYYUIOCh UCCIEN0BATEIbCKUM, BHIHECUTE OCHOBHBIE
napameTpsl Ieijepa B nuHTepgeiic noap3oBaTes.

JlaHHBIE TpUMEpPHl 3HAKOMAT C JABYMs S(QQeKTamMH, KOTOpPbIE CETOAHS BCTPEUAOTCS
MPAKTUYECKU B KaXKJIOM KOMIBIOTEpHOU urpe — 310 3pdekrsl “riyounst peskoctu’” (Depth of
Field) u “pasmbiTus neuxenus” (Motion Blur). O6a sddekra nmeror moa coboit peanbHyO
MOYBY ¥ MOT'YT HabJ0JaThCsl B IOBCEAHEBHOM KU3HU (puc. 25).

Tak, wHanpumep, pasrsaasiBas ¢ortorpaduio, Mbl OOHapYy)KHMBaeM, YTO PE3KHUMH
MOJIy4al0TCsl TOJIBKO T€ OOBEKTHI, KOTOPhIE HAXOIATCS “B (oKyce”, B TO BpeMsl Kak OiM3Kue



00BeKTHl M (POH MIABHO pa3MbIBatoTcs. [Ipu peHaepuHre HEKOTOPOH CIEHBI Ha KOMIBIOTEpE
n300pakeHUs MOJTydaeTcss abCOJIIOTHO PE3KUM BHE 3aBHCUMOCTH O TOTO, KaK PacHoJIOoXKeHa
KamMepa — IIPOLECC CHHTE3a HM300pake€HHs HE YUYMTHIBAET OCOOCHHOCTH pPEalbHON OITHKHU.
D¢ ekt “rinyOuHBI pe3KOCTH” THITAETCS BHECTH B KOMITBIOTEPHYIO TpadHKy 3TO SBJICHHUE.

Jlpyroe 4acTo BCTPEYAIOIIEECs SBJICHHE CBS3aHO C OBICTPBIM JBIDKCHHEM OOBEKTOB.
Hanomuum, Hampumep, ObICTpO Bpallarolieecs BEJIOCHIIETHOE KOJIECO: Mbl OTHETIMBO BHJIUM
JUIIE ero 000/, B TO BpeMsl KaK OTJIENbHBIC CIHIBI Pa3MBIBAIOTCS B “ABIMKY” M CTAaHOBSTCS
HepaznuauMbiMU. C Apyroi CTOPOHBI, H300pakeHNe Ha SKpaHe KOMITBIOTEPA BOCIIPOM3BOANUTCS
HEJIOCTaTOYHO OBICTPO JUISI €CTECTBEHHOTO BO3HMKHOBEHHUS JaHHOTO »3ddekra (0O0braHO
HECKOJIBKO JIECSTKOB KaJpOB B CEKYHIy WM MeHbIne). Takum oOpa3oM, BO3HUKAET mpodiema
nepeaayy OUIyImeHHs OT ObICTPO ABIXKYIIHXCS 00beKTOB. CyTh dddeKTa “pa3sMbITHE TBUKECHUS
COCTOUT B HCKYCCTBEHHOM pa3MBIBAHHH KOHTYPOB OOBEKTOB [UIS CO3JAaHUS MOXOXKHX Ha
peayibHbIE OLTYIIEHHUS.

=
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rhe depth of field wi
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Puc. 25. ®oTorpaduu, nemoHCTpUpyomue npupoay 3PppekToB “rayOuHbI pe3kocTu” (a) u
“pasmbrtus apwkenus’” (0). Mcrounnk — Wikipedia [http://en.wikipedia.org/wiki]

WHTEepecHO 3aMeTUTh, YTO B MPOIECCE KOMITBIOTEPHOW MTPHI HITH IPOCMOTpE (DriTbMa, BI,
BEPOSATHO, Jlake He oOparuTe BHMMaHHs Ha naHHble dQ¢ekThl. Kak u B ciiydae co MHOTHMHU
IpYruMu 1o00uHbIME 3 dekTamu poTorpaduu, Bbl OBICTPO 3aMETUTE OTCYTCTBHE MPUBBIYHBIX
OLIYIICHUH, B TO BpeMs KaK UX HAJMYUE TPOCTO JaeT BaM OIYIICHUE PEaTbHOCTH, XOTs Ha CaM
3¢ dexT BB Jake U He oOpaniacTe BHUMAaHHMSL.

1 npoxoo 2 npoxod 3 npoxod 4 npoxod
PeHdepuHz modenu 8 Mepebili punemp Bmopoli punemp KombuHuposaHue
meKkcmypy pasmeimus (blur) pasmeimus (blur) Pa3MbIimozo u pe3Kozo
usobpaxceHus

Puc. 26. Ilpouecc popmupoBanus 3¢hdexra «rmyOuHbI PE3KOCTH

Ob6a »Hddexra peanu3yrOTCs COBEPIICHHO AaHAJOTHYHO U  HUCHOJB3YIOT TEXHUKY
MHOTOIIPOXOJHOr0 peHaepuHra (multi-pass rendering). Paccmorpum, Hampumep, pealn3anuio


http://en.wikipedia.org/wiki

addekra “TIryOnHBI pe3KOCTH’. PEHAEpUHT KaXKJIOTO KaJpa OCYIIECTBIIICTCS B YEThIPE MPOXO/Ia.
[Ipy mepBoM TpPOXOAE MOJENh BH3yaTH3UPYETCSd  OOBIYHBIM OOpa3oM, HO pe3ylbTaT
3alUChIBAaeTCS B TEKCTypy. Jlajiee cieayloT JBa NpoXojJa MO Pa3MbITUIO OPUTHHAIBLHOTO
n300paxeHuss (MOKHO OTPAaHUYHUTBCS M OJHUM, OJHAKO MOXET TOCTpagaTh KadecTBO
pesynbTata). Ilpu mnociegHem (YeTBEpPTOM) MPOXOAEC OPUTHMHAIBHOE H300pa)KEHHE U €ro
pa3mbITasi BepCUsi KOMOMHUPYIOTCSI HA OCHOBE JIaHHBIX O TJIyOMHE Ka)XXJ0To mnukcens (puc. 27,

28).

Tutorial - Peanusauus MHoronpoxogHoro pengepuynra (agdexr Depth of | =101 x|

MpocmoTp WH$OpMaUMOHHBIN KypHan
I -~ Démext

% Knaccuyeckan Gyteinka KneiiHa
" UnpowenHan Gyteinka Kneiina

" 'CrupansHan’ NOBEPXHOCTE

—Mapamerpbl -

Pasmep KpykKoe:

PaccroaHqe MENKAY KPYKKAMU:

'
UBET KpYKKOB:
User nosepxHocTI: _
POKYCHOE PACCTORHUE:

)
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Puc. 27. I'naBroe okno npuioxenus Tutorial - Depth of Field
¥ Tutorial - Peanvzauus MHoronpoxoaHoro penaepyra (3dderr M 3 =10l x|

MpocmoTp WH$OpMaUMOHHBIN KypHan
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UBET KpYKKOB:
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Puc. 28. 'nmaBHOe okHO mpuiioxkenus Tutorial - Motion Blur

3agaHue



e l3yunte naHHBIE NMPUMEPHI UCTONb30BaHUSA Oydepa kanpa. Ilomensiite pazmuuHble
mapaMmeTpsl Iieiaepa u mpociaeanuTe 3a u3MeHenueM 3pdexra.

e Cospaiite cBoit 3¢ peKT ¢ ucnonbp3oBaHueM Oydepa Kaapa Wik MOTUPHIUPYHTE OUH
U3 TPEIOKEHHBIX (HampuMmep, 100aBbTe (DMIBTPALUIO UTOTOBOTO M300paxeHus). Pazmuunbie
npumepsl 3pdexroB u GuasTpoB MokHO Haiitu B Tutorial - Image Processing, a s peanuzanuu
¢bwibTpanuu moTpedyercs J00aBUTH €I1Ie OJMH MTPOXOI.

e [lapamerpu3yiite cBOH wHieiinep, 100aBbTE BO3MOKHOCTh U3MEHEHHUSI €0 MapaMeTpoB
u3 uHTEepdeiica NpUIoKEeHHUS.

JlabopaTropHnoe 3ausitue 16

JlaHHO€ IIPUJIOKEHUE 1aeT IPUMEP CII0KHOTO TEKCTYPUPOBAHUS (HEBO3MOXHO BBIIOJHUTH
crannapteiMu  cpeactBaMmu OpenGL API) ¢ nomomipio HECKOJBKUX TEKCTyp i Oolee
pealucTUYHON BU3yanu3anuu mianersl 3emis. [Ipunoxenue Tutorial - Earth Planet ucnons3yer
YeThIpe TEKCTYpbl — TEKCTYpy “IHEBHON” M ‘“HOYHON” IUIAHETHI, KapTy OTPAKEHHM, a Takxke
TPEXMEPHYIO TEKCTYPY IIYMOBOH (pyHKIIHH.

Ha ocBeniennyto yacts mianetsl (dot(n, 1) > 0) HaknaabiBaeTcs “HEBHas TEKCTYypa, a Ha
3ateMHeHHY0 (dot(n, 1) < 0) — “nounas”. Ha rpanune (rae dot(n, 1) mano) ucnosb3yercs cmech
IBYX TEKCTYyp Ui co3aanus apdexra “yrpa/Bedyepa”. B Takom Buae npumep Obl1 onucad B [20].
Opnako, aOCOJIOTHO TJIAQJKUE BOJOEMBbl M OKEaHbl, JalOIINe HJCalIbHO KpYIJible OJIMKH,
BBITJIAZIENIN KpaliHe HepealncTU4HO. J{Jis ucIpaBiieHus TaHHOTO HeJocTaTka Obljla MpUMEHEHa
mrymMmoBasi (YHKIMS, C IOMOIIBIO KOTOPOM UCKakajlach WJeallbHas HOpMajidb K BOJHOMN
noBepxHocTu. MHpopmanmio o Tom, rie pasMerieHsl BOJAOEMBI, a TAe Cylla, MpPeAoCTaBiseT
KapTa OTPaKEHUI 36MHOM MOBEPXHOCTH.

[Ipunoxenne Tutorial - Clouds Earth mpeacraBiser co0oii pa3BuUTHE TPEABIAYIIETO
npuMepa. OHO [00aBJISIET aHWMAIMIO BOJHOW TMOBEPXHOCTH M TPOCTEUINNE IBWKYIIHECS
IpolenypHble 00JaKa Ha OCHOBE IIYMOBOM (GyHKIMH. HUKaKMX NOMOJHUTENBHBIX TEKCTYp HE
HCIIOJIb3YETCsI; HEMHOTO YCIIOXKHSETCsT (PparMeHTHBIHN menzxep (puc. 29).

. Tutorial - CnoxxHoe TEKCTYpPMpOBaHWe Ha NpUMEpe. &= 1]

Mpocmotp ] NHPOpMaUHOHHBI *gpnanl

Puc. 29. I'naBHOe okHO mpuoxenust Tutorial - Earth Planet
3agaHue

e Hanoxure Ha 0OOBEKT OMOTHUTENBHYIO TEKCTYPY — KapTy 00JaKoB (€€ MpOCTO HAlTH
B cetu MHTepHEeT mo 3ampocy “earth clouds map’). MoxkHO MoOmbITaTHCS CMOICTHPOBATH OOTaKa
MpoLeaypHO C TmoMmoinblo 1rymoBoil ¢ynkiuu. B Tutorial - Clouds Earth ucnons3oBan



IIPOCTEHIINM TOAXO0J, KOTOPBIM JAaeT HE BIIOJHE PEAJMCTHYHBbIN pe3ynbrar. C OogHUM U3
MIPUMEPOB MPOLETYPHOTO MOACTHUPOBAHUS 00JIAKOB MOKHO O3HAKOMHTHCA B [21].

e C(CrenaiiTe MCTOYHHMK CBETa IUHAMHUYECKHM, 4TOOBI OH JIETadl BOKPYI IUIAHETHl U
OCBelIAll €€ C Pa3IMYHBIX CTOPOH.

e Odopmute BaxHeimme mapaMeTpbl Imieiinepa B Buae UNIform-mepeMeHHbIX u
BBIHECUTE HX B MOJIb30BATEIBCKUI HHTEP(DEIiC.

JlaHHBI TIpUMEp WIUTIOCTPUPYET MCIOJIb30BAHUE YPE3BBIYAWHO MOIYJISPHON TEXHUKU —
bump mapping (TodyHee, oqHOrO M3 ee BapuaHTOB — normal mapping). C MOMOIIBIO JaHHOTO
nprueMa MOXHO 3HAYHTEIbHO YIYYIIMTh KadecTBO M300paKeHHs, HaHecs Ha OOBEKTHI
MUKpOpenbed W He YCIOXKHSS MPH 3TOM T'eOMETpHIo. Miess TeXHUKH MpocTa: B Mpolecce MHo-
MTUKCEIIFHOTO pacueTa OCBEHICHHsI bump-TeKCTypod B KaKIOM TEKCelle HEMHOTO HCKa)KaeTCs
HOpMajJb K OOBEKTY TakuM oOpa3oM, uYTOObl MOJYy4YWICS HEKOTOPBIH Yy30p, KOTOPBIH, IO
CYLIECTBY, SIBJSETCS JIMIIb UTPOM cBeTa U TeHH (puc. 30).

HenocpencrBeHHOE HCIIONB30BAaHME KapT HOpMaiel 3aTpydHEHO: HOpMalb 3ajaHa
OTHOCHTENILHO JTaHHOW TPaHMU W €€ HeWCcKaxeHHbIM BekTop paBeH (0, 0, 1) (uMeHHO TO3TOMY
KapThl HOPMaJiel OKpaIIeHbI TPEUMYIIECTBEHHO B CHHUE OTTEHKH).

a) 6)

Puc. 31. HeunckakeHHBIM BEKTOP HOPMaJU K TPAaHU OIpe/ieNsieTcs B KacaTeIbHOM IIPOCTPAHCTBE
(a) u pasen (0, 0, 1)

Jlns pacyera OCBELIEHHOCTH (hparMeHTa HEOOXOJUMMO IMEpPEeXOJUTh B TaK Ha3blBAEMOE
KacaTeJIbHOE NpocTpaHCcTBO (tangent space). B kauecTBe Oa3uca JaHHOTO NPOCTPAHCTBA
BBIOMPAIOTCS TPU BEKTOPA:

e KacarenbHbIil BEKTOp t — JISKUT B MJIOCKOCTU TPaHU;

e Bekrop 6uHOpManu b — JEXUT B MIOCKOCTU TPAHU M OPTOTOHAJIEH BEKTOPY t;

e Bekrop HOpManK n — OPTOrOHaJIEH IPaHu B JAHHOM TOUKe.

Jlns mepeBojia MPOU3BOJIBHOTO BEKTOpa P B KacaTeIbHOE MPOCTPAHCTBO JOCTATOYHO
BBIUMCIIUTE TPU CKAJISIPHBIX MpousBeneHus: (p - t), (p - b), (p - n). B kacarenbHOM NpocTpaHCTBE
KOOpAMHATBHl BEKTOpa HEUCKa)keHHOW HopManu Bcernaa passbl (0, 0, 1), mosToMy B JaHHOM
MIPOCTPAHCTBE MOXHO CBOOOJHO HCIOJB30BaTh KapThl HopMmaieil. OcTaHOBMMCS Takke Ha
MOJIy4eHUU KOOPAMHAT BEKTOPA UCKaKEHHON HOPMAJIH.



Kapra nHopmaneit — 3T0 TekcTypa, cojepskamias 3akoaupoBaHHble Tpolikamu RGB
(kKaHAJIOB 1[BETA) €AUHUYHBIC HOPMAJTU K TIOBEPXHOCTH 00BhEKTOB. POpPMYIIBI ITepexoia:

r=0.5 - (nx+1) nx=2-r-1
g=05 (ny+1) & ny=2-g-1
b=0.5" (ny+1) nz=2-b-1

Tutorial - Micnonb3oBanue kapT HopManeid (Bump Mapping) i =1of x|

Mpocmotp | WHPopMauMoHHBIA mgpnan] 0w
- Déwex -

' Knaccuueckan Gyteinka Kneiia
" UnpowenHan Gytbinka KneiiHa

" 'CnupansHas’ NOBEPYHOCTE

MNapameTpel

Uger poHa: _

Puc. 32. 'naBHoe okno mpuiokerus Tutorial - Bump Mapping
3aganue

e B opjanHOM nmpuMmepe Ha OOBEKT HaAKIAAbIBAeTCs JIMIIb KapTa HOpMaiei.
VY COBEpIIEHCTBYIUTE €r0, HAJOXKMB Ha OOBEKT TEKCTYPY M, BO3MOXKHO, KapTy OTPaKEHHM
(ucmons3oBanack B Tutorial - Earth Planet).

e  (CrenaiiTe MCTOYHMK CBE€Ta JUHAMUYECKHM, 4TOObI OH JieTal BOKPYT OObEKTa U
OCBeIllaJ]l €ro ¢ pa3jMYHbIX CTOPOH. B 3TOM ciiydyae mMukpopenbed MoBEpXHOCTH OyAeT Jydyllie
3aMEeTEH.

e  Odopmute BakHEWIIME NapaMeTpbl Ieiaepa (HampuMmep, CTEHeHb HCKAKEHUS
HOpMaJieil) B Buje UNIfOrm-mepeMeHHbIX U BBIHECUTE UX B MMOJIb30BATEIILCKHI HHTEpdETiC.

¥ Tutorial - MoaenMpoBanke cHCT MBI HACTHL, N [=1 |

£ Hpactaors ]| Hrpopmauonren wypran

TapareTpsl
{umw —

Puc. 33. I'naBHoe oxHo npuinoxenus Tutorial - Keyframe Interpolation



Jansblii npuMep (cM. puc.28) JEMOHCTPUPYET OJIHY U3 CAMbIX PacpOCTPAHEHHBIX TEXHUK
aHUMAalMM — WHTEPIOJISLMS MEXAY KIIOYEBBIMM KaapaMmu. JlaHHas TEXHUKa Tak K€ HW3BECTHA
Kak “MoppuHr”. B aHMManuM B KadecTBE KIIOYCBBIX KaJPOB BBIOMPAIOTCS JBAa BapHUaHTa
HEKOTOpOM Mojenu (IpUyYeM BEPIIMHBI JOJDKHBI HAaXOAWUTbCS BO B3aMMHO-OJHO3HAYHOM
cooTBercTBUM). Harpumep, riaBHbIM repoil B KOMIIBIOTEPHOW UI'PE B HaYaJIbHON TOYKE MOYKET
UMETh HEUTpPaJbHOE BBIPAKEHUE JIMIA, a B KOHEUHOM — ynbiOoarbes. Jlanmee, Mexay AByMs
KIIFOYEBBIMHM KaJI[paMH C TOMOILBIO WHTEPIOJISIIMYA BCTABJISIOTCS JIOTIOJIHUTENbHBIE KaJpbl, U
n300pakeHue IIaBHO TPaHC(HOPMHUPYETCS OT OJTHOTO Kajpa K APYroMy.

3aganue

e [lonpoOyiiTe BBIMOJHUTH MHTEPHOJSALUI0 HA OCHOBE KJIIOYEBBIX KaApOB UISl JPYrHX
IBYX 0OBEKTOB (Harpumep, cepa u Top).

e lHTEepnonsiys Mpou3BOIUTCS HAa OCHOBE HEKOTOPOU BpeMeHHON (DyHKIIMU (HarpuMmep,
sin(t)), oOBIYHO mepuoANuYecKod. PaccMmoTpuTe pa3inuuHble BapUaHThl TaKUX (QYHKIUH |
MIPOCIIEINTE, KAK U3MEHHUTCS AaHUMaIUsl.

TpaguioHHbIE TOAXOABI XOPOLIO MOAXOJAT JUIsl PEHJEPUHra TIJIAJKUX M POBHBIX
MOBEPXHOCTEH, HO MPAKTUYECKH HEMPUMEHUMBI JUIsl OTPUCOBKHM HEYETKHX MOBEPXHOCTEH —
OTHS, JbIMa, pAacHbUIAIEMON JKHUIKOCTH, (QeliepBepkoB. HeueTkne O0OBEKTHI HE HUMEIOT
onpeeneHHoN (OopMbl U BhIpaXEHHBIX TpaHUIl. [lombITka MX BU3yalu3allUU TPaJUIIMOHHBIMU
MOAX0JIaMU MPUBOJUT K KpallHe HEpeaTuCTUYHOMY BOCIIPHUSITHIO.

Buauane 80-x rr. bunn PuB3 u ero xosiern m3o0peny HOBBIM METOJ JUIsl peHAepUHra
HEYETKNX OOBEKTOB — CHUCTEMbl 4acTull. JIaHHBII MOJXOJ MMEET TPU OCHOBHBIX OTIUYUS OT
TPaAULIHOHHOTO PEHIEPHHTIA:

e OOBEKT — O9TO CKOIUICHHE YacTHIl, ONpeAeisomux oObeM, a He Habop
MHOTOYT'OJIbHUKOB, ONPENEISAIONINX IOBEPXHOCTB;

e OOBeKT Bcerja CUYUTAETCS JOUHAMUYECKMM: YACTHUIBI POXKIAIOTCSA, MEHAIOTCA MU
HCYE3al0T;

e OOBeKT ompeAereH HE COBCEM YETKO: 3aJaHbl JIMIIb BEPOSTHOCTHBIE IpaBUIIA
BO3HHMKHOBEHHS, U3MEHEHUS U HCYC3HOBEHUS YaCTHLL.

Jis  ynpoleHusT peHAEpUHra CHCTEMbl 4acTUI[ OOBIYHO BBOJAT  CJEAYHOIIHE
IIPEATOJIOKECHHUS:

e YacTuuel He MOTYT IEPEKPHIBATHCS;

e YacTuuel He OTpaXarOT CBET, & U3JIY4aroT €ro.

Kaxnas uvactuna omnpenensercss HaOOpOM CBOUX aTpUOYTOB, B UHUCIO KOTOPBIX MOTYT
BXOJIUTB!

e HavanpHoe nonoxeHue;

HavanbHas ckopocTs;

IIBeT u po3pavyHOCTS;

Pazmep;

Bpems poxaeHus Uiy BpeMs KU3HU.

ATpuOyTbl 4YacTUIBl MEHSAIOTCS B 3aBUCHUMOCTH OT BpPEMEHM B COOTBETCTBHM C
¢u3nUyeckuMu 3aKOHaMHU (BJIMSIHUE TPaBUTALMM, BETpa, TPEHUS WU JIpyrux (akropos). Takum
o0pa3oM, CIIOKHas cHCTEMa JIEKOMIIO3UPYETCs Ha MHOXECTBO MaJICHbKUX YacTHUI], KAKIYI0 U3
KOTOPBIX CPABHUTEIBHO IIPOCTO CMOAEIUPOBATE.

[Tpunoxenne Tutorial — Particle System naer mpumep HCNOJIB30BaHUS CUCTEMBI YaCTHIL
JUI. MOJIETUPOBAHMS B3pbIBA XJIOMYIIKH, HAUMHEHHOW KOH(ETTH — B KOPOTKHH NPOMEXYTOK
BPEMEHHU TOSBISETCS MHOXECTBO MAaJIeHbKHMX SIPKUX KycoukoB Oymaru. Ilpumem cnemyromue
MPENOJI0KEHUS O ABMKEHHH KyCOUKoB Oymaru (puc. 34):

e Kycouku NosBISAIOTCS HE BCE Cpa3y, a HOCTENEHHO;

e HavanbpHble NOJOXKEHUS YaCTULL JIEKAT HA HEKOTOPOH MaJIoN IIomaaKe (sl IpOCTOTHI
OHa OyJleT MPsIMOYT0JIbHOM, OJTHAKO JIy4llle TeHEPUPOBATH YaCTHIIBI HA HEKOTOPOM KpyTe);



e HavanpHble cKOpocTH cilyyailHbl, HO JI€KaT B OJHOM IIOJIYIPOCTPAHCTBE (MBI
HCIIOJB3YEM PAaBHOMEPHOE  pPacCIpelNeleHUue, OJHAKO BpsAJ JM OHO  COOTBETCTBYET
JNEHCTBUTENBLHOCTH);

e Ha wyactumpsl BIMseT cuia TpaBUTAIMM, IOJA JACHCTBHEM KOTOPOH OHH OyIayT
OIlyCKaTbCsl BHU3;

e lIBeT yacTuI reHEPUPYETCS IPOM3BOJIBLHBIM 00Pa30M U HE MEHSAETCS CO BPEMEHEM.

Puc. 34. Kycouku Oymaru BbUIETAIOT U3 XJIOMYIIKH C HEKOTOPOI CKOPOCTHIO U Jajiee ABHKYTCS
O] ICVCTBUEM CHUJIBI TSKECTH
HanomHuM Takke ypaBHEHHE PaBHOYCKOPEHHOTO JIBIKEHHS Tela, KOTOPBIM Mbl OyaeMm
ITOJIb30BATHCS JUISl pacyeTa MOJIOKEHUS YaCTUIbI B BEPIIMHHOM LIEHEpe:
P=PO+v-t+a-t2/2,toe
PO — HayaIbHOE TTOJIOXKEHUE YACTHIIBL;
V — HavajabHasi CKOPOCTh YaCTHIIBI;
a — yCKOpEHHE.

3aganue

e l3yunTe NaHHBIM OpPUMEpP HCMOJIb30BAHUS CUCTEMbl YACTHIl M TOJyMaWTe, KaKhe
3¢ dEeKTh 1 0OBEKTHI MOTYT OBITH CMOJIETMPOBAHBI TaKUM 00pazoM (puc. 35). UsmeHuTe 3aK0oHbBI
reHepaluy HavyajdbHbIX aTpUOYTOB YACTHUIL: 3aMEHUTE MPSMOYTOJIbHYIO IUIOMIAAKY Ha KPYTIyIo U
MPeIOKUTE HOBOE IMPaBWIJIO TOJYyYEHHs] HaudajdbHBIX CKOPOCTEl (Hampumep, Ui yria
OTKJIOHEHHS OT BEPTUKAJIHM, BHYTPU Pa3pelIeHHOTO yIia 0, NPUHATH MIOTHOCTh BEPOSTHOCTU
MPOTIOPITMOHATBHOM cos(TTP/2a)).

Tutorial - MoAEAPOBaHHE CHCTEMBI YACTHLY =10l x|

MpocnoTp ] WH$OPMAUHOHHBI YPHAN

 Mapanerps!

Kouvectso yacTuu

User dora —

‘ Hayare zaHoso! |

Puc. 35. 'naBHoe okHO mpuioxkenus Tutorial - Particle System

L4 HOHpO6YﬁTC CMOJCINPOBATH KaKoe-I1u00 SIBIICHHUE C IIOMOINBXO CHUCTCMblI YaCTHII.
HaanMep, MOKHO paCcCMOTPEThH BOAOIIAI. HpI/I O9TOM HAYaJIbHBIC IMOJIOKCHHUA YaCTUIl JOJIXKHBI



Je)KaTh Ha HEKOTOPOM OTpe3Ke WIM JIOMaHoi nuHMM (OyaeM cYHMTaTh, YTO BOJA MaJaeT ¢
HEKOTOpPOTO BBICTYIA), HAYallbHblE CKOPOCTM YACTHI] HMEIOT JIMIIb T'OPU30HTAJIBHYIO
COCTABJISAIOLLYIO, @ YACTHIIBI NTAJAI0T MO JEUCTBUEM CHUJIBI TSDKECTH (MCIIOJIB3YETCs TO YK€ CaMoe
ypaBHEHUE JABWKEHMs). LIBeT yacTul] Takke ciieqyeT T€HEepUpOBaTh CIydyailHO, OJHAKO HE BO
BCEM MHOXECTBE BO3MOKHBIX L[BETOB, 2 B HEKOTOPOH OKPECTHOCTU CHHETO - TOJyO0Oro IBETa
(TIpu OIMHAKOBOM I[BETE YACTHUIIBI OyIyT HEPAZTUUNMBI).

3aganue

e PacipeTe HAOOp JOCTYNMHBIX OOBEKTOB U BU3yanu3anuu. s noGaBiieHUS HOBOTO
00BbEeKTa HEOOXOOMMO pa3padoTaTh sl HEro JBa OCHOBHBIX QJITOPHUTMA: IOWCK TOYKH
MEPECEUCHHS C JIYIOM U pacyeT HOPMaJIH B 3aJJaHHOM Touke (puc. 36).

e [loymaiite, KakuM 00pa30M MOYKHO HMCIIOJIb30BaTh TPACCUPOBKY JIydel JUIsl HIOCTPOCHHUS
BBICOKOKAUYE€CTBEHHBIX HM300pa)KEHUI HEABHO 3aJaHHBIX moBepxHocTedl Buma F(x, y, z) = 0.
JloGaBbTe HOBBIH OOBEKT — HEABHO 3aJaHHAsl TOBEPXHOCTh (MOXHO OTPAaHUYUTHCS
(UKCHPOBaHHBIM YPaBHEHUEM).

e Peayin3yiiTe OMOJHUTENIbHbIE NMPOLIETYPHbIE TEKCTYPhI: KPYKOUKH, 3BE€3/10UKH, MTOJIOCHI
nu t1.0. Kpome Toro, B kadecTBe NpPOLEAYPHBIX TEKCTYp MOTYT BBICTYNATh pa3IU4HbIE
¢bpaxTanbHble U300pakeHus: MHOXKecTBa ManaensOpora u Jlxynua, cHexunka Koxa u y3op
Cepnunckoro u T.4. Peanusyiite npoueaypHyto TEKCTYPY € OJTHUM U3 JaHHBIX H300paxKeHUil.

e Jlo6aBpTe Ha CIIEHY IUIOLIAJHbIE MCTOYHHKU CBETa KaK COBOKYIMHOCTb HECKOJbKUX
TOYEYHBIX MCTOYHHMKOB, YTO TO3BOJIMT IMOJIy4YUTh MATKUE (pa3mbIThie) TeHH. [lomymaiite, kak
00pa3oM MOXHO ONTHUMU3UPOBATH PACUETHI MPSMOTO OCBEUICHHUS /IS TIOMIAHBIX UCTOYHUKOB.

e PeanusyiiTe KakOW-TMOO0 aJITOPUTM CTIIAKUBAHHS C IEIBbI0 YCTPAHEHUS 3a3yOPEHHOCTH
JUHUA M PE3KUX IBETOBBIX NepexofoB. l[lomymaiiTe, kakum oOpa3oM MOXHO TTOBBICHUTH
3¢ (HEKTUBHOCTH TAKUX AJITOPUTMOB.

i
®afin  Pexam  Cnpaska
OKHO NpoCHOTRa W@ B} E OBBEKTBI CUEHB! = ]+ i E\ ‘ ><
Square [1] Square [2) Square [3]
Square [4] Square [5] Sphere [1]
Sphere [2] Sphere [3] Sphere [4]
[
METO4HHKH cBETa = ‘ =ﬂ= = E } }(
Light [1] Light [2] Light [3]

Light [4]

| Monoxerve: [963;379:1.41] | Opuenrauns: [0,00; 0,20;-0,42)

| 00:00:28.3750000

Puc. 36. 'naBHOe okHO mpuiiokenus Tutorial - Ray Tracing

CamocrosiTesibHast padora
Camocmosmenvras paboma x rabopamopuoii pabome Nel-2. Ceob600noe npocpammmuoe
obecneyenue
Paccmotpure crienyromniue BOmpochl
1. Peanmzanus anroputMma bpeseHxama ajs npsiMO JIMHUKM C aHTHAJTMACHHTOM U 0e3 B Gopme
MPUIIOKEHHUS JJTsl TECTUPOBAHMS HA TOJIUTOHAX.



2. Peammzanums anroputma bpesenxsma i OKpYKHOCTH C aHTHAJIMACHHIOM M 0e3 B (opme
MPUIIOKEHHS JJIs1 TECTUPOBAHMUS.

3. Peammzaums anroputma bpesenxsma ais djumMIca ¢ aHTHAJIMACHMHIOM M 0e3 B (opme
MPUIIOKEHHS ISl TECTUPOBAHMUS.

Camocmosmenvras paboma x rabopamoproti pabome Ne3-8. Obpabomra eekmopHot epaguxu

Paccmorpute cnenyromnue BOpocs

1. Peanuzauusa anroputma bpeseHxsma [uisi mpoU3BOJIBHOM YT C aHTUAIMACUHIOM U 0€3 B
(bopme MPHUIIOKEHHS TSI TECTUPOBAHHSL.

2. Peamuzanmsi airopuTMa 3aKpallVBaHWs JIMHUSAMHU JUIS (UTYpHl C I[BETOBOW TpPAHMIICH B
(bopme MPHUIIOKEHHS TSI TECTUPOBAHHSL.

Camocmosmenvuas paboma K nabopamopuoi pabome Ne9-12. Obpabomra pacmpogotl
epaghuxu

Paccmotpute cnemyroniue BOmpocs

1. Peanmzanust anropuTma 3aKkpamiMBaHWUA JIMHUSIMH JUIS MaTEMaTHYECKOTO OTHMCAHUS
KOHTYpa (B popMe NpUIIoKEHHS ISl TECTUPOBAHUSA).

2. Peammsanms pemakTtopa aisl PHCOBAaHHS MEpOM M KHCThIO (B (popMe NpHIIOKEHHS ISt
TECTUPOBAHUS).

Camocmosmenvras paboma x rabopamoprou pabome Nel3-16. Obpabomra 3D-epaghuxu

Paccmotpute cremyroniue BOpock

TpexMepHOE MOAETHPOBAHNE MEXAHU3MA.

TpexmepHOE MOAETHPOBAHNE MAPHUPHOTO POOOTA.

TpexmepHOE MOAETHPOBAHUE 3AAHUS.

TpexmepHOE MOAETHPOBAHUE TTOABEMHOTO KpaHa.

TpexmepHoe MOeIMpOBaHNE YETOBEKA.

Co3naHne aHMMAaIMU IPOU3BOJIBHOM TEMATUKH.

ok whE

6. Kpurepuu oueHuBaHus pe3yabTATOB OCBOEHHS U CHUNIHHBI (MOTYJIs)
6.1. OnleHOYHbBIE CPEACTBA M KPUTEPHUN OLIEHMBAHUS I TeKYlIeld aTTecTalun

Butsl TekyIiero KOHTpOJIs, PeyCMOTPEHHbIE pabodeil POrpaMMOi TUCIIUTLIAHBL:
1) ycTHBIH OIpoC;
2) BBINIOJIHEHHE TIPAKTHYECKUX 3aIaHU 1Tab0paTOpHOI paboTHI;

1. TpeOoBaHMsi K YCTHOMY OTBETY HA BOIIPOCHI K JIA0OPATOPHOMY 3aHATHIO

OTBEeTHI CTYJEHTHI I0JKHBI MIUTFOCTPUPOBATH KOHKPETHBIMU IPUMEpPAMH, OUPAThCS Ha
TEOPETUYECKYI0 0a3y, MPOCIHEKHBATh CBSI3U MEXKIYy TEOPETUUYECKUMH W MPAKTHYECKUMU
MOJIOKEHUSIMU ~ y4eOHON TUCIUIUIMHBI, TPUMEHSATh TEOPETUYECKUE 3HAHHUS K PEHICHHUIO
BOIIPOCOB.

YCTHBIN OTBET MPEANIOIATaAET:

- TPaMOTHOCTb YCTHOM peuH;

- yOeTUTENIbHOCTh YCTHOU peyn;

- SICHOCTb, TOYHOCTb;

- CTporas nocieA0BaTeIbHOCTb, UIUTFOCTPALIMSL.

Kpumepuu oyenku ycmnozo omeema

[Ipu o1ieHKE OTBETA YUUTHIBACTCS:

- TIOJIHOTA U MPAaBUIILHOCTh OTBETA;

- JIOTHKA U3JI0KECHUS;

- CTeNEHb OCO3HAHHOCTH U MOHUMAHUS U3YYEHHOTO;

- CBSI3b TEOPUU C IIPAKTUKOM.



«3aYTEeHOY» CTaBUTCS, €CIH | - 0OCTOSATEIHHO M JOCTATOYHO IOJTHO U3JIaracT MaTepHal,
CTYIEHT: BO3MOYKHBI €IMHUYHBIC OLTHOKH;

- 0OHapy)KMBaeT MOHUMAaHUE MaTepUaa, MOXXeT 000CHOBATH CBOU
CYXJEHUSI, IPUBECTH IPUMEPBI;

- CTPOUT OTBET IIOCIIEA0BATEIBHO, BO3MOKHBI OTAEIbHBIE

HOTPEUTHOCTH.
«He3auteHo» craBurcs, - 00HapyXUJ1 HE3HaHHUE OOJIbIIEH YacTu TeMbl (pasiena, BOIpoca);
€CIIH CTY/ICHT: - IPY OTBETE Ha BOIIPOC UCKAXKAET €r0 CMBICT,

- U3JIaraeT MaTeprai O0ecopsIOYHO U HEYBEPEHHO.

OuneHnka MOXeT OBbITh TIOCTaBJICHA CTYACHTY KaK 3a €JIMHOBPEMEHHBIN OTBET, TaK M 33 OTBET,
paccpeoTOYCHHBIM BO BPEMEHH, T.€. 32 CYMMY OTBETOB, JIAHHBIX B IIPOLIECCE 3aHSITHI.

2. TpeGoBaHusl K BHINOJHEHHIO PAKTHYECKUX 32JaHUI J1a60paTOpHO padoThl

[IpakTuueckoe 3aganue 1a60paTOPHON PAOOTHI BHITIOJIHIETCS B MUCbMEHHOM (TIEYaTHOM )
BUJIe. OTO BHUJ Y4eOHOW paboOTHl CTyAeHTa IO aHAIUTHYECKOW oO0paboTke HHpOpManuy,
MPUHATHIO CAMOCTOSITEIbHBIX PELICHUN, THUIIMMPOBAHUIO TBOPUYECKUX UJEH.

IIpumepuvl npakmuueckux 3a0anuii 1a60pamopHoll paoomaol
Ilpakmuueckoe 3adanue 1 W300pa3uTh Ha 3KpaHe LUMIUHAP, BBIACIUB IYHKTHPOM
HEBUIMMBIC JTMHUH. BeIBecTH Ha 9KkpaH (GopMyIty sl BEIYHCICHHUS 00beMa IMITHHIPA.
N300pa3nTh, NCTIONB3YS ONEPaTOp IHUKIIA:

Ilokazamenu u Kpumepuu OyeHKU 3A0AHUA:
MOJIHOTA BBINOJIHEHUS 3afanHus — oT 0 1o 3 0ajios;
MPaBUWJILHOCTH BBITIOJIHEHUS 3aaHus (TeXHOIOTHYeckr) — oT 0 10 3 GayioB;
TOYHOCTh PACUYETOB / IOTUYHOCTH paccykaeHuid — ot 0 1o 3 6ayioB;
aKKypaTHOCTH BBINOJIHEHUs — oT 0 10 3 Gamos.
[kana onenku: 0 — TpeOOBaHUE HE BBINOJIHEHO; | — TpeOOBAaHUE BHIMIOJHEHO YACTHUYHO;
2 — TpebOBaHKE BBIMOJIHEHO, HO €CTh HEIOUETHI; 3 — TpeOOBAaHUE BBHIIIOJIHEHO.
«3auTeHo» — 9 GamioB u OoJiee;
«HE 3a4TeHO» — MeHee 9 OaioB.
Jis  moiydeHuss OIIGHKH «3a4T€HO» [0 BBIMOJHEHHUIO MPAKTUYECKUX 3aJaHHi
nabopaTopHOi pabOTHI CTYACHT AOJHKEH MOJYyYUTh OLIEHKY 3a4T€HO MO Ka)KIOMY BBITIOJHEHUIO
MIPAKTUYECKOTO 3a/IaHus J1a00paTOPHOU pabOThI U3 1.5 TaHHOU MPOTPaMMBI.

6.2. OueHoYHbIE CPEACTBA U KPUTEPUH OLEHMBAHUA /I IPOMEKYTOYHOM aTTecTaluu

Kpurepnii nosyyenus 3avera

3aueT BBICTABIAETCSA MO pe3ylbTaTaM paldOThl CTyJEHTa B T€YCHHE CEMecTpa COTJIACHO
[TonoxeHuto 0 TeKylieM KOHTPOJIE YCIIEBAEMOCTH M MPOMEXKYTOUHOM aTTECTallMM CTYACHTOB B
(deneparbHOM TOCYJApPCTBEHHOM  OIO/DKETHOM — OOpa30BaTENbHOM  YUPEKICHHHM  BBICIIETO
obpazoBanus «CMOJIEHCKHUI TOCYIapCTBEHHBIN YHUBEPCUTETY.

Jlnst monmy4yeHus 3auera CTYACHT JI0JDKEH:

® YMETh OTBEUYaTh HAa TEOPETUYECKHE BOMPOCHI, PACCMOTPEHHBIE B CaMOCTOSTEIBHOU

pabore;

® yMETh peliaTh 3aa4l, MPeI0KEHHbIE Ha Ta00PAaTOPHBIX 3aHITHSX.




[Ikana olleHUBaHUS HABBIKOB JIJISl TIOJMYUCHHMSI 3a4eTa!
KoauuectBo OrneHka
n1abopaTopHBIX paboT 3a
KOTOPBIE MOJYUCHO «3aYTCHO)»
15-16 «3a4dTeHo»
Memnee 15 «He 3auTeHo»

7. IlepeyeHb OCHOBHOI M TOMOJHUTEIbHON Y4eOHOMH JIUTEPaATYpPbI
7.1. OcHoBHas1 qUTEpaTypa

1. Monoensckuii, B. B. IIporpammupoBanue. ba3oseiii kypc C# : yueOHUK a1t By30B /
B. B. Ilogbenbckuii. — Mocksa : M3marensctBo  IOpaiit, 2020. — 369 c. — (Bpicmee
obpazosanue). — ISBN 978-5-534-10616-9. — Tekcr : anektponnstii // DBC IOpaiit [caiit]. —
URL.: http://www.biblio-online.ru/bcode/450868 (mnata oOparenus: 10.03.2021).

2. 3pixoB, C. B. IIporpammupoBanue. OOBEKTHO-OPHEHTUPOBAHHBIN MMOAXO | YICOHUK U
npakTtukyMm s By30B / C. B. 3pikoB. — Mocksa : M3aarensctBo Opaiit, 2020. — 155 ¢c. —
(Beicmiee oopazoBanue). — ISBN 978-5-534-00850-0. — Texct : anekrponnstii / 3BC FOpaiit
[caiiT]. — URL.: http://www.biblio-online.ru/bcode/451488 (nata obpamenus: 10.03.2021).

7.2. lonoJTHUTEIbHAS JIUTEPATypPa

1. Unmxenepnas 3d-komnbrorepHas rpaduka B 2 1. Tom | : yueOHUK M MPaKTUKYM JUIS
akagemuueckoro Oakamaspuara / A. JI. Xeldeu, A. H. Jlorunosckuii, Y. B. byropuna, B. H.
BacunseBa. — 3-e m3j., mepepad. u gorn. — M. : MzmatensctBo Opaiit, 2017. — 328 ¢. —
(Cepus : bakanaBp. Axagemudeckuid kypc). — ISBN 978-5-534-02957-4. — Pexxum nocryna :
www.biblio-online.ru/book/35643B27-D91B-488F-8E88-7026 A126 A74D.

2. UmxenepHas 3d-kommbioTepHas rpaduka B 2 T. Tom 2 : y4eOHMK W TMPAKTHKYM IS
akamemuueckoro OakamaBpuata / A. JI. Xenden, A. H. Jlorunosckuii, . B. byropuna, B. H.
BacwibeBa. — 3-¢ m3a., mepepad. u mpon. — M. : UzmarensctBo HOpaiit, 2017. — 279 ¢. —
(Cepus : bakanaBp. Axamemuueckuii kypc). — ISBN 978-5-534-02959-8. — Pexxum nmoctyma :
www.biblio-online.ru/book/9ED0809C-145C-47A3-8DB0-2A79F21CEQ56.

3. bopeckos, A. B. Komnbiorepnas rpadguka : ydeOHUK U MPAKTUKYM Ui MPUKIATHOTO
OakanaBpuata / A. B. bopeckos, E. B. [llukun. — M. : UznatensctBo IOpaiit, 2018. — 219 c.
— (Cepus : bakanasp. [Ipuknagnoii kypc). — ISBN 978-5-9916-5468-5. — Pexxum gocryna :
www.biblio-online.ru/book/D39797BE-488C-4EC5-AFE8-F60AE1BIC750.

7.3. IlepeyeHb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKAIIMOHHOW CeTH
«AnTepHET»
1. Tentp mucranuuonnoro ooyuenus Cmoal'V (cdo.smolgu.ru). - https://cdo.smolgu.ru/
2. HamumoHansHbIN OTKPBITHIN yHUBepcHuTeT (intuit.ru). - https://intuit.ru/
3. HamwmonansHas muardopma oTKpeITOro obpasosanus (opened.ru). - https://openedu.ru/

8. MaTepuajibHO-TeXHHYECKOe o0ecreyeHmne

Y4yeOHass ayauTopusi A8 NPOBeJCHUS] 3aHATHH JIEKIMOHHOIO THIIA, OCHAIllCHHAs
CTaHIapTHOW y4eOHON Mmebenblo, MYJIbTUMETUANpPOEKTOPOM, HOYTOYKOM, KOJIOHKaMH U
WHTEPAKTUBHOM JOCKOM.

Y4yeOHass ayauTopus IS NMPOBEACHUS 3aHATHI CEMMHAPCKOr0 THIIA, TPYNNOBBIX U
HHAUBUAYAJIbHBIX KOHCYJbTALMI, TEKYHIEr0 KOHTPOJISI U NMPOMEKYTOYHON ATTeCTAIUM,
OCHAII[EHHAs CTaHAApPTHOU y4eOHOI MeOenblo, KOMIBIOTEPAMH C JOCTYIOM K ceTu «HTepHeT»
u OMOC CmonlV.

IMomemenne AJisi caMOCTOSATEIbLHON PadoOThl — KOMIIBIOTEPHBIA KJIAacC € JIOCTYIIOM K
cetn «MaTepHeT» u SUOC Cmonl'y.


https://www.biblio-online.ru/bcode/450868
https://www.biblio-online.ru/bcode/451488
http://www.biblio-online.ru/book/35643B27-D91B-488F-8E88-7026A126A74D
http://www.biblio-online.ru/book/9ED0809C-145C-47A3-8DB0-2A79F21CE056
http://www.biblio-online.ru/book/D39797BE-488C-4EC5-AFE8-F60AE1B9C750
https://cdo.smolgu.ru/
https://intuit.ru/
https://openedu.ru/

9. lIporpamMHoe o0ecnieyeHne

Microsoft Open License (Windows XP, 7, 8, 10, Server, Office 2003-2016), JIuuen3us
66920993 ot 24.05.2016, exeromHoe 0OHOBIIEHHUE.

Microsoft Open License (Windows XP, 7, 8, 10, Server, Office 2003-2016), JIunen3us
66975477 ot 03.06.2016, exeromHoe 0OHOBIIEHHUE.

Kaspersky Endpoint Security mns Jlunensus 1FB6151216081242, exeromnoe
0OHOBJIICHHE.

DJIEKTPOHHbIE OMOJHMOTEYHbIe CHUCTEMbI MW JJIEKTPOHHAA HMH(POPMALMOHHO-
o0pa3oBaTe/bHas cpela

Dnektponnas 6ubnnoTeunas cucrema «ObC IOPAMT», [lorosop Ne 3074 ot
15.11.2017, exxerogHoe oOHOBJICHUE.

CHO Pycckuit Moodle 3KL Norm ¢ TexHuueckuMm oOciy’)kuBaHHEeM, AKT Ha Iepenady
npaB NeYTJIFO0001785 ot 06.12.2016, exxerogHoe oOHOBIIEHHUE.

Cucrema niporpammupoBanus MS Visual Studio 19 (s3e1k iporpamMmvupoBanust C#).



