Pa3spaboTka U peann3auma CUCTEMbI NOCTPOEHMUS
OTKPbITOro NPOCTPaHCTBA

Pb16uHckum Mne6 08-1 knacc HaymeHko-XXuBon Aptem 09-2 knacc

3eHos MBaH 08-3 knacc
CodpbiruH Ilyka 08-4 knacc
BbicotnH Aptem 09-1 knacc
DemeHTbeB OaHuun 09-1 knacc
Tumodpen Eropos 09-1 knacc
Kontenos Hukuta 09-1 knacc
JleBuHa Axa 09-1 knacc

PoauH Unbsa 09-1 knacc
Ckopukos AnekcaHpp 09-1 knacc
MyweHko AnekcaHgp 09-2 knacc
DeHuncos Erop 09-2 knacc
Ecdumos Oner 09-2 knacc
3anecckuin Muxaun 09-2 knacc
KnumeHTbeBa dapbsa 09-2 knacc

MuHaxetanHoB Tumyp 09-2 knacc

@'ﬂ‘ N—‘c,r,

Monuwyk Aptem 09-2 knacc
XenesHnakos Anekcen 09-3 knacc
Kucenes EBrennin 09-3 knacc
JlyHHoBa CBeTtnaHa 09-3 knacc
XBaH KceHus 09-3 knacc

HukutuH UBaH 09-4 knacc
MepdunbeBa Anuca 09-4 knacc
Morpe6uukun MNeoprui 09-4 knacc
U3oToB AHgpen 09-5 knacc
Wanosanos fanuunn 9-5 knacc
Banpakosa MaprapuTa 10-5 knacc
3eHos Apomup 10-5 knacc
MuweHko Pomax 10-5

MaH AnekcaHgp 10-6

HayHHbIVI pykosoauTenb: ManuHckmnin B.A., pykoBoauTens rpynnbl KOMMAbIOTEPHON rpadvku,
npenoaasaTenb MHOPMaTHKK 1 NporpaMmMupoBaHmust Cr6 ryGepHaTopckoro mamnko-maTemaTuyeckoro nuuest Ne 30 \ g e
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ApXMUTEKTYPA N poeKTai

Cucrema

MaTtemaTtuka
aHMMauuu

PyHKUNA
pa3bopa
CTPOKM

Pecypcbl

MNopAagokK

BblBOAA

PasnunuHble Cucrema

Cuctema

D/ \'rrp

Bydep
Kaapa

McToOYHUKM

ocselleHuna
N TEHU

Bnoku
JaHHbIX

MaTtepunansl
n WabnoHbl

MpumuTUBbI

CUCTEMBI peHaepa

Mapkepbl

Cucrema

XPaHEHUA
AaHHbIX

YTunntobl

2D peHpep B
TEKCTYypYy

Monb3oBaTenbCKuit
UHTepoelic

Tononorusa
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3aHATble MepBbiit Bropoii MNocnepHuin
AYENKU NaMATU 31eMeHT 3N1eMEHT 31eMeHT

CBobogHble MepBbin Bropoit [

. MT.A. [ByxcBA3HblE CNINCKK
AYENKU NaMATU 3N1eMEHT anemeHT [

Ypanaemble MepBbin Bropon [ wra

AYENKN NamMATH 3neMeHT aNeMeHT |— o

I:l I:l I:l I:l |_—_| |:| I:l I:l — wT.A. OAHOCBA3HbIN CNINCOK

PyHKLMA

yOaneHus Cxema anemeHTa

Mpepblaywmi Cnepytowni
3NEMEHT 3/IEMEHT

Pasmep ogHoro
3/IeMeHTa

Konnyectso
3/IEMEHTOB B

YKa3zaTte/ib Ha MNMomeTKa Ha
6n0oke CTOK yaaneHue

Computer Graphics Support Group
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Pa3bop CTPOKOBbIX NapameTpos

Pe3ynbTaT paboTbl:

StrName:Param1(argl,...,argk),..., ParamN(arg1l,...,argk)  Cxema paboTbi:
StrName:Param1(argl,..;argk),..., ParamN(argl,...,argk)
CTpyKTypa napameTpa:
{
Mma napameTpa
Konunuyectso aprymeHToB: k
MaccuB aprymeHToB

Moazepskunsatotca tobble pasgenutenu

Ecnn BO3MOXKHO, CTPOKOBbIM
apryMeHT NPMBOAMUTCA K YNCAOBOMY

Mony4YeHHble AaHHble 3aMMUCbIBAOTCA B CTPYKTYPY:

{ Ecan B cTpoke
ecTb
Nma [BOETo4Yne, TO
Maccus napameTpoB ST ERE
ums
Konnuycteo napametpos: N
} Mo oTKpbIBaOLWMMCA CKOOKaM HauyMHaeTca 3anucb
-\.\"‘)‘Iﬂ“wc’rl/ .

dPrymeHTOB, N0 3aKpbIiBalOWKMMCA 3aKaHYNBaAETCA

= =\

| [y \
i

<

N pav¥

>4

¢ 1897 rona
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KoHBeitep BbIBOAZ &

AHMmauma
Cbop reomeTpuYecKnx AaHHbIX

KoHTeliHep HeNpo3payHbIX NPUMUTMBOB
BbiBOA, reomeTpuyYecKkux

06BEKTOB \

KoHTeliHep Npo3payHbIX NPUMUTUBOB

Computer Graphics Support Group
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NMPUMNTINB

MaTpuULbl

instance count
VA, VBuf, IBuf
MmaTepman

YKasaTtenu Ha NMPUMNTUBDI
C NPO3pavyHbIM BbiIBOAOM

YKasaTtesim Ha NPUMUTUBDI
C HENPO3pPayYHbIM BbIBOAOM

C6op maTpuu, B
eIMHbIN Maccus

MaTpuubl BCex
NPUMNTUBOB

BbIYUCAUTENIbHbIN
lwenaep

BbiBOA, BCEX NPMMWUTUB: Ha Weaep nepeaatoTca MacCuMB BCEX MATPUL, NpuU BbiBoAe
NPUMMUTMB BepeT MaTpULbl U3 MacCMBa C COOTBETCTBUM C MHAEKCOM, KOTOPbIN Obin
BblAaH npu cbope Bcex maTpul,.

Computer Graphics Support Group
Cankr-lNetepOyprckuit rydbeprartopckuin ousnko-maremarudeckun nuuen Ne 30

(o)

155

| NG
¢

32



"Tononorma

B CTpyKTYype «Tononorna» cogeprarca
MaCCMBbl BEPLUMH N MHOEKCOB, a TaKXe

MHPOPMaLUA, XapaKTepHaA ANA KOHKPETHOM
TONONIOrMM BbIBOAA.

TUMN TONONOrUKU

MaccuB BEPLUNH

MacCuB MHOEKCOB
pa3bueHune ceTkn
rabapuTHble KOOPAUHATLI

Computer Graphics Support Group

MNoanep>knsaemble BUAbl GUTYP B TOMNOSIOTUMU:

Cdepa, TOp 1 1.0.

CanxTr-lNetepbypreckuit rydeprartopckuin ousmnko-maremartmieckuin nuuen Ne 30
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Mocne 3anpoca Ha co3gaHue Wenaep-nporpammbl Moaynb pPaboTbl € wengepamm
BO3BpaALlaeT yKasaTe/ib Ha CNeuuanbHyl CTPYKTYpy C NapameTpamu Ansa Wenaepos
(SHADER), coaeprKawyto cBOEé nma n Homep GL wenagep-nporpammoi.

4 Co3paHue )

chHK""Mg oAl CTPYKTYpbI Co3spaHue GL ana 3arpyska

Lwab/1I0HOB ~

asioon o T P ] rexerosoro
P o HDOrDaNIMEl ‘ weiaepa | I RS L NTE)

(MATERIAL_PATTERN) wenaepa porp

\_ (SHADER) )

4 JobasneHne
CTPYKTYpbI ANA
wenaepa (SHADER) B
CTOK A1 Wenaep-
\_ nporpamm

Computer Graphics Support Group
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9 Te KCTYpPbl

2D TeKcTypbl(HakNaabiBaTb HAa 06BEKTbI)

Cube TeKcTypbl(HaknaablBaTb Ha Kybbl)

Computer Graphics Support Group
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2D peHpep B TEKCTYPY

Hayano pucosaHua
DRAW2D YKa3zartenb
O6HoBneHune KoHeu, pucoBaHunAa —

TERCTYPH! «0bHYyNneHmne»
IMAGE yKasaTens
TEXTURE *
MapameTpbi wpundra PyYyHKUNA PUCOBAHUA

BbiBOA, C Wenaepa

* B cucteme peannsoBaHa CBOS CTPYKTypa XPaHEHUA AaHHbIX, COAepyKallan none
n306paXKeHUA C MacCMBOM AaHHbIX, C KOTOPbIM B3aUMOAENCTBYIOT GYHKLUM
PUCOBAHUSA, NONE YKa3aTeNn Ha TEKCTYPY, OOHOBAAIOLLYIOCA B KOHLE LUMKAa
PUCOBAHUSA, U NapaMeTpbl WPUPTA, TaKME KaK pasmep, UMs U TUN (TONILWMHA, KYPCUB,
HUXXHee noa4yepKmnBaHue).

* CucTema Mcnonb3yeTcsa NPU BbIBOAE 3/1EMEHTOB M0/1b30BaTE/IbCKOro MHTepdeiica n B

Computer Graphics Support Group
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N30bparkeHuns

[NTOKOMMOHEHTHOE COXPaHeHUue
n3obparkeHna B CTOKax

BbicoTa U annHa n3obpakeHna B
NUKcenax

[leckpMnTop pacTpoBoro n3obparkeHus

Kon-Bo 6UT Ha NUKcenb B UCXOAHOM
n3obpaxkeHum

Computer Graphics Support Group

MNoppepxmBaembie popmaTbl:
TGA, PNG, JPEG, DDS, BMP,
G24/G32/GSM.
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. MaTepuansl

OyHKUMKM AnA paboTbl C MaTepuaiamu: Matepman

CospgaHune maTtepumana
Mounck mateprana Nno UMeHu

OumnCTKa NaMATH, 3aHATON
MaTepunasiom

LWa6bnoH TeKcTypbl MNapameTpsbl
matepuana maTtepuana matepuana

Ka(0.47, 1.02, 3.0);Kd(0.5, 0.789);Ks(0.3)

Computer Graphics Support Group
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bA1OKW AaHHbIX

B/I0KM AaHHbIX NO3BONAKOT yA06HEe NCNoib30BaTb MHGOPMaLUMIO HA BUAEOKAPTE

UBO (uniform buffer object) — Baok gaHHbIx OpenGL, KOTOpbIN UCNoAb3yeTca ANA XpaHeHus “uniform”,
NO3BOIAKOLWMI 3aNUCbIBATb MEPEMEHHbIN MO MHAEKCAM, ANs yaobcTBa MCNONb30BaHMA.

SSBO (shader storage buffer object) — 3710 TOT *Xe cambit UBO TONIbKO B OT/INYME OT HEro, B CTPINANK
bydepe MOXKHO XPaHUTb HamMHoro 6onblue MHPopmaumn n 06HOBAATbL pa3amep NPSMO BO Bpems

paboTbl Nporpammeil.

Cxema pabotbl UBO 1 SSBO naeHTUYHbI.

Computer Graphics Support Group
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Shader A

iform Lights

iform Matrices
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{

uni

uni

Shader B

form Matrices

form Data |

{

Block indices
Uniform buffer objects

Binding points

uboMatrices




LLIaboHbI MaTepmandB

®PyHKUMM gna paboTbl €
WwabnoHammn maTepunanos:

* CosgaHue WabnoHa
* Mowuck wabsoHa N0 UMeHU

. Nma
*  OuyKuCTKa NAMATU, 3aHATOMN

wabnoHom dopmaT BEpPLUNHDI

LLlabnoH
MaTepnan Lummd
MmaTepuana

MNapameTpsl
aTpmnbyTOB BEPLUMH

MNapameTpbl
aTpnbyToB maTepuana

YKa3atenu Ha
wenaepol

Konunyectso
TEKCTYp

Computer Graphics Support Group

Cankr-lNetepOyprckuit rydbeprartopckuin ousnko-maremarudeckun nuuen Ne 30

“P(f3), T(f2),
N(f3), C(f4)”
“Ka(f3), Kd(f3),
Ks(f3), Ph(f1)
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MapKepbl

MapKepbl — 3TO YCNOBHbIM BWA NPUMUTUBOB B BWAE MNPOCTbIX FEOMETPUYECKUX GUryp, KOTopble
pucytotcs B 06Xo4, OCHOBHOIO CT3Ka NMPUMMUTMBOB MPU MOMOLLM MHCTAHCUHIA, YTO MO3BOASAET MNpWU
MWHUMAJIbHbIX Pecypco3aTpatax KoMMbioTepa BblBOAUTb 60ONbLIOE MX KOAMYECTBO. ITO AO0CTUraeTcs

6narogaps OAHOTMMHOCTM UIYp, WX MANON CAOMKHOCTM, YMPOLWEHHOro MNCeBAO OCBELEeHMA U
OTCYTCTBUE TEKCTYP.

Computer Graphics Support Group
CaHkr-lNeTepbyprckuit rydepratopckun pusunko-marematudeckun nuuen Ne 30




. Position

Computer Graphics Support Group
CanxTr-lNetepbypreckuit rydeprartopckuin ousmnko-maremartmieckuin nuuen Ne 30




=72 2==SS\
y = oSN
y

<9 VICTOYHMKM CBETa

ToyeyHbIn [MpOKEKTOPHbIN HanpaBneHHbIN

atHUtec

| Z  Computer Graphics Support Group
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[locTpoeHne TeHen

TeHun CTPOATCA OANA NPOKEKTOPHOIO "
Hanpasi1eHHOro UICTO4YHUKOB OCBELLLEHUA. AI'II'OpI/ITM
NOCTPpOEHUA TEHEeMN:

1. Kamepa nepemewiaeTrca Ha MeCTO UCTOYHUKA
OCBeLLEeHUA.

2. PaccuuTbiBaeTca maTpuLa U3 3TOM Kamepbl.
3. CrpowuTcA BCA CUEHA C YY4ETOM TEHEMN.

4. TaK »Ke Ha Wengepe NCTOYHMKA CBETa
NPOU3BOANTCA YYET TeHeN. [na KaxKaoro
MCTOYHMKA OCBELLEHMA XPaHUTCA cObCTBEHHAA
mMmaTpuua TeHeln n bydep Kagpa.

=+ - Computer Graphics Support Group
o= ¢ CaHkT-lNeTepbyprckuii rybepHaTtopckuii husuko-matematuieckuin nuuen Ne 30
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FPS: 118.16751

%
I
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=9 lepapxmyeckoe moaenmpoBaHme

CucTema Mepapxmyeckoro MmoaennpoBaHMa nogpasymeBaer nog cobon peannsaumio
B3aMMOAENCTBUA mexay npumutmsamn. CosaaHbl GYHKLUN MHULMANMU3ALUK Y313 C
MacCMBOM NPUMUTUBOM, BbICTaBAEHUA MPUMUTUBOB B 3aBUCMMOCTb APYT OT Apyra,
PEKYPCUBHOM OTPUCOBKM MPUMUTUBOB, MEPEMHOMKEHUS MATPULL, XapaKTEPU3YIOLLNX
napameTpbl OTPUCOBKM y3na. CucTema MCNob30Basiacb NPU BpalleHUM KoEc aBToMobuA
M nonacten BepTonéra.

ot i
5?0* e ',;"’»,
n el B .
'-('f;) = Computer Graphics Support Group
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* KHONKM

* YekbOKCbI
* CNUcKu
 Chanaepbl
* BKnaaku
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2939 [TpUBA3Ka NEepeMeHHbIX &

=X

[Mpn N3MEHEHNM COCTOAHUA dNEeMEHTA
N3MEHSAIOTCA 3HAYEHMS NPUBA3AHHbIX
nepemeHHbIX 1 HaobopoT

K changepam npmBa3bIBatOTCA
BELLECTBEHHbIE NepeMeHHbIe

K yekboKcam M KHOMKam — N0ruyeckume

atUdec,.
R &y,
K “

e d

ks

&)
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CueHa 1 3N1eMeHTbl aHUMaLN

CueHa — onpeaeneHHbIn Habop HECKONIbKUX IOHUTOB. B ogHOM ¢aiinie HaxoamUTcA MaccUB BCEX IOHUTOB
— MMA IOHUTA U yKa3aTenb PpyHKLUMIO co34aHuA — create().

Y Bcex IOHUTOB ecTb PpyHKUMU: Init() — Te aencTBmA, KOTopble BbINOJHATCA POBHO OAMH pa3 Npu 3anycke
nporpammbl, Close() — AecTBMA BbINONHAIOTCA NPU 3aBepLlleHnn nporpammebl, response() u render() —
Te AeNCTBUA, KOTOPbIE BbINOHAKTCA MHOIO pa3 B TeyeHne paboTbl Nporpammeol.

Ha3BaHuA 1oHMTOB
(cueHa) 3anucaHbl B
TEKCTOBOM ¢aiine

CUNTBIBAHME HA3BAHNS MpoBepKa, YTO JAHHbIM KOHUT eCTb

04HOrO OHUTA B Mmaccuse.

e ®PyHKUMA co34aHMA OHUTA, Init() n
5 Response() 1 render() nobasneHne aHHOTO IOHMTaA B CTOK
3aBepLIeHO?

Close(), ounuwaeTca n yaanaeTcs CTOK OHUTOB

Computer Graphics Support Group
Cankr-lNetepOyprckuit rydbeprartopckuin ousnko-maremarudeckun nuuen Ne 30
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3aKtoYeHune

e PaboTta no ontummnampoBaHHomy 3D BbIBOAY MOAENN OTKPLITOrO NPOCTPAHCTBA
6bl1a NPOAYKTUBHOMN.

e PaspaboTaHo rpadpuyeckoe NPUIOKEHME, KOTOPOE MOXKET BbITb NCMONb30BAHO B
pa3HbIX chepax.

e Hawa pa3paboTKka 3HA4YUTENbHO YCKOPUT npouecc oTobparkeHnAa 6onbLINX
obbemoB MHPOPMALMM W  NOBbIWAET KAYeCcTBO  BU3yanmsauum  Ans
noJsib3oBaTenemn.

e YcnewHas peanm3auma MOen CO343aHUA KPYMHOro npoekta 60/sblion rpynnown
aBTOpPOB.

otHiecr,

&

e Mbl Hageemca, 4YTo Hawa paboTta byaetr nonesHa B Byaywmx UccieaoBaHUAX B
obnacTh KOMNbIOTEPHOM

rpaduKM M MNOMOXNKET YAY4YWUTb BU3yan3auuio
CNIOXHbIX 0OBEKTOB B peasibHOM BPEMEHMN.

sNKO-),
&% 1"7
" \\‘
N povy

= >
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c 189‘1 roxa
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*  PbI6uHckumn Meb 08-1 knacc
paspabomka modyna pabomsi cO cMOKamu,
uepossie npunoxceHus (3D arcanoid)

+ 3eHoB UBaH 08-3 knacc

paspabomka cucmemsl MPUMUMUBOS,
rnocmpoeHue 2eoMempu4ecKo20 MpPoxooa NPUMUMUeos
*  CodpbiruH Jlyka 08-4 knacc
cumynayusa ¢pusuku mekaxu, Ragdoll,

paboma c uzobpaxceHuamu e popmame PNG u BMP.
*  Bbicotun Aptem 09-1 knacc
paspabomka cucmembsl MAMeEPUAos,

screen space ambient occlusion

*  OemeHTbeB JaHuun 09-1 knacc
rapcep cmpoKo8bIX Napamempos,

8HYmMpeHHee 3KpaHHoe ompaxceHue (SSR)

*  Tumodpen Eropos 09-1 knacc
uepapxuyeckoe mModenuposaHue,
MOOenuposaHuUe 8pAWEHUS PYKU Yes108eKd

* Kontenos Hukura 09-1 knacc
paszpabomka modyna 2D ompucosKu MaA0CKUX
hueyp u mekcma 8 mexkcmypy

+ JleBuHa fAHa 09-1 knacc

peanuzayua meHeli 015 pasAuYHbIX 8UOO8
UCMOYHUKO8 oc8eleHus

*  PopauH Unbsa 09-1 knacc

peanu3ayus Mapkepos pasnu4HeIx hopm,
uzposvle npunoxeHus (mempuc)

+ CkopukoB AnekcaHgp 09-1 knacc
paspabomka modyns c bygepamu sudeokapmel,
SSBO u UBO

* nyweHko AnekcaHap 09-2 knacc

pazpabomka cucmembl IOHUMOB U cUCMEMbI CYeH,
cucmema 8u3yanusayuu 0oMo8 U CoopyxeHul

* OeHucos Erop 09-2 knacc

pazpabomka modyns pabomel ¢ wabsoHamu mamepuanos,
cucmema 8u3yanusayuu AaHowagpma

* Edwmmos Oner 09-2 knacc

Pa3spaboTKa Koaa

» JlyHHoBa Ceetnana 09-3 knacc
pazpabomka cucmembl MPUMUMUBOS,
0bpabomka npumumueos

» XBaH KceHnus 09-3 knacc
pazpabomka cucmembl GHUMAYUU

*  Hukntna UBax 09-4 knacc

paboma c uzobpaxeHuamu 8 popmame TGA, BMP, G32, G24, pazpabomka KoHseliepa 861800a U cucmemel

QHUMQUUOHHbIE MPUKAAOHbIE MpumMepbl

« 3anecckun Muxaun 09-2 knacc
paszpabomka modyns pabomel co cmoKamu,
paspabomka cumynaayuu pusuKu 08uUHceHUsA

*  KnumeHTbeBa [lapbs 09-2 knacc
cucmema 3D wpugpmos (G3DF),

solar system modenuposaHue

*  MwuHaxetauHoB Tumyp 09-2 knacc
paboma c uzobpaxeHuamu 8 popmame JPEG, TGA, GSM,
MoOdenuposaHue ¢uzuku meepdbix mesn

* HaymeHko-XXusown Aptem 09-2 knacc
paszpabomka modyas mamemamuyeckux gykyud,
8eKMopbl, Mampuybl, Kamepa

*  Monuwyk Aptem 09-2 knacc
pazpabomka modynaa pabomsl ¢ monosozueli

*  XenesHsikoB Anekcen 09-3 knacc
paszpabomka modyneli uHUyuanu3ayuu peHoepa,
uepapxuyeckoe mModenuposaHue

*  KuceneB EBrenun 09-3 knacc
paspabomka cucmembl 0C8EUEHUS,

ueposvle npunoxeHus (3D MineSweeper)

b6yepos ceomempuu.,

*  NepdumnbeBa Anuca 09-4 knacc
pazpabomka modyaa mapper 0411 NPAMO20 U 06pamHoz0
omobpaxceHue uHmepgelica Ha OaHHble cucmemel
*  Norpe6uukun Neoprumn 09-4 knacc
paszpabomka modyna pabomei ¢ welidepamu,
CUMYAAMOp ynpassneHus camonémom

*  WUsotoB AHgpen 09-5 knacc

paszpabomka cucmemeol ynpasneHusa 6ygepamu
Kadpa

+ LlWanoBanoB [laHuun 9-5 knacc
pazpabomka cucmemel 10763080MeENLCKO20
uHmepdetlica, OCHOBHble 3sieMeHMbI yrnpasaeHus

+ Banpakosa Maprapura 10-5 knacc
paspabomka 6710K08 ynpasneHue 3D u Kybuyeckux
meKcmyp, modenuposaHue 800HOU nosepxHocmu
+ 3eHoB fApomup 10-5 knacc

paspabomxa cucmembl meKkcmyp,

ModenuposaHue ynpassaeHus asmomobunem

*  MMuuweHko Poman 10-5

paspabomka cucmemel 8800a u malimepa,
cucmema onpedeseHus 8bicom

\i\»qu‘l(:(\,r,
& % * Nan Anekcangp 10-6
& f/ﬁ\ ’g paspabomka 6710Ka nepeHoca 0CHOBHbIX 8blYUCAEHUl
Q Tl (o s Ha welidep sudeokapmel
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Pa3spaboTKa Koaa

&

Asbiku: C/GLSL

(BepLUMHHbIE, TECCENNALMNOHHbIE, TEOMETPUYECKUE, MUKCENbHbIE U
BbIYUC/INTENDbHbIE LWenaepa)

Bpemsa pa3paboTku: 3mma-secHa 2023

Pasmep Koaa: 1.5 MiB
(122 x *.c— 1 MiB, 54 x *.h — 300 KiB, 216 x *.gls| — 200 KiB)

Ctpok Koaa: 49200
., (*.c—32500, *.h — 10400, *.gls| — 6300)
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[Tpumepbl PaboTbl NPOrPaMMb

* CuMmynaumAa TKaHU:

Cuctema orpaHuumnTenemn
P
\ E
— <
\
k\

Xuop = Xpex + UV * At
Vyop = Vrex T @ * At

l Verlet step

Xpop = 2Xpex — Xep + @ * AY?

Ragdoll

xCT = XTeK

Computer Graphics Support Group
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Mpumepbl paboTsl porpammel

* B aTOI cueHe NponcxoanT MmoaenmpoBaHne GU3NYECKoro CTo/IKHOBEHUA mAadei. CoenaHo Ha OCHOoBe
[EeACTBUA CUbI TAXKECTU M GOPMYbl YNPYroro yaapa.
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