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PABOYASA NMPOrPAMMA YYEBHOW ONCLUUNMIINHBI
51.B.[1B.04.02 U3bpaHHble pa3aensbl 3D-rpaduku

Kod u HaumeHosaHue OucyuniuHbl 8 COOMBemMcmauu ¢ y4ebHbIM rniaHoM

1. Koag U HaumeHoOBaHMe HanpaBrieHus noarotoBku/cneynanbHOCTU:

09.04.02 NHdhopMaLUMOHHbIE CUCTEMbI U TEXHONOIMU

N

. np0(*)llll1b noarotoBku/cneuymnanusaumna: MobunbHble NPUNOKEHNA U KOMNbIOTEPHbLIE UMPbI

. KBanudmkauma BbinyCKHUKa: MarucTp

3

4. dopma oby4yeHUA: o4Has

5. Kachbenpa, oTBevarowan 3a peanmsaumio gucumnnumubl: NuAT
6

. CoctaButenu nporpammsbl: BaxtuH A.A., K.d.-M.H., gou.

(®UNO, yyeHasi cmeneHb, y4eHoe 38aHUE)

7. PekomeHpgoBaHa: HMC ®KH npotokon Ne 3 o1 25.02.2022 r.

(HaumeHogaHue pekomeHAyrwel cmpykmypbi, dama, HOMep MPOMOKoa,

ommemKu o NpodrieHUU 8HOCSIMCS 8PYYHYIO)

8. YuebGHbIn roa: 2022/2023 CemecTp(bl): 2



9.llenu n 3apgayum y4e6HOM AUCLMNIIUHDI

10.

cchopmmnpoBaTb MOHMMAHNE OCHOBHBIX MPUHLMMNOB 06paboTku rpaduyeckon nHpopmaumm B
UrPOBbIX KOMMbIOTEPHBIX CUCTEMAX;

cchopmmpoBaTb npeacrtaBneHMe 06 OCHOBHbIX TEXHOMOrMsiX B 0651acTM KOMMbIOTEPHOM
rpadouku, cneunuyHbIX 41151 KOMMNbIOTEPHbIX UMP;

cthopmmpoBaTh BnageHve metogamu KoHcTpympoBaHust 3D-rpadmyecknx obbektoB ans
UrPOBbLIX NPUMNOXEHWUMN;

BblpaboTaTb HaBbIKM UCMOSb30BaHUSA rpadnyeckmnx GUBIMOTeK,;

chopmmpoBaTh 3HaHME OCHOBHbLIX anropnTMoB 06paboTkn rpaduyeckon NHpopmaumu;
Hay4YnTb  CTYAEHTOB nNpoeccMoHanbHO  MPOEKTUPOBaTb  WUrpoBble  MPOrpaMMHbIe
NPUITOXEHNA C rpadouKou;

BblpaboTaTb NpakTU4ecKne HaBblKM MPUMEHEHUS NONYYEHHbIX 3HAHUN.

MecTto y4ye6HOM aAucumnnuHbl B cTpyktype OOIll: yyebHas gucumnnmMHa OTHOCUTCS K

Yactu 6noka b1, opmmpyemon yyactHukamm obpasoBaTtesb-HblX OTHOLLEHWI, AUCUMNIINHA MO
BbIGOpY.

11.

MnaHupyemble pe3ynbTaTtbl 00y4yeHUs nNo AucuunanHe/Moaynko (3HaHUA, YMeHus,

HaBbIKI/I), COOTHeCeHHble C nNnaHunpyemMmbiMn pesyribtataMm oCBOEHUA oGpasoBaTeanoﬁ

nporpaMmmbl (KOMNEeTEHLUMSAMU) U UHAUKATOPaMU UX OCTUXKEHURA:

Koa HasBaHne komneTeHuun Koa(bl) NuoukaTop(bl) MnaHupyemble pesynbTaThbl
00y4eHuns
MK-5 CnocobeH MK-5.1 YMeeT obecneunBaTb 3HaThb:
OpraHM3aunoHHO U cooTBeTCTBME MeToapl pa3paboTku
TEXHOMNOMMYECKM NPOEKTUPOBAHNS U rpadoudecknx 3D NpUnoxeHuin B
obecneumnBaTb ansanHa IC npuHATbIM COOTBETCTBMM C NPUHATLIMM
NpOEeKTUPOBaHUE U cTaHgapTam 1 cTaHgapTamum U TEXHOSOTUAMM.
ansanH NC TEXHONOIrNAM yMETb:!
Ob6ecneunBatb COOTBETCTBME
NPOEeKTUpoOBaHNA 1 gu3arHa
npunoxerHu 3D-rpadukn
NPUHATBIM CTaHO4apTam U
TEXHOMNOrMAM.
BNageTh:
MeTogamu paspaboTku
rpacondeckux 3D npunoxeHun B
COOTBETCTBMM C NPUHATLIMU
cTaHgapTamum U TEXHOJTOTUAMM.
MK-5.2 YMeeT HasHayaTb U 3HaTb:
pacnpenensatb pecypcbl CoBpeMeHHble Noaxoapl B
NPOEKTUPOBaHNA U paspaboTtke npunoxexun 3D-
ansanHa NIC rpadpumku.
YMETb:
PaspabatbiBaTh nporpammbl 3D-
rpacdounkn ¢ apPeKTUBHLIM
NCMNonb30BaHWEM PECYPCOB U
ansanHa NC.
BnageTh:
HaBbikamu pa3paboTku
npunoxeHun 3D-rpaduku.
MK-9 YMeeT ocyLLecTBnATb MK-9.1 3HaeT meToabl 3HaThb:
MozenMpoBaHune ncenegoBaHus OCHOBHble MaTemaTnyeckue
NMpOLIECCOB N OO BEKTOB, npeameTHon obnactu, MeToabl 1 anroputMbl 3D-
NMOCTaHOBKY U MaTemaTu4eckme Mogenu | rpadouku.
npoeefeHne OnucaHus NpeamMeTHOMN YMETb:
3KCNEePUMEHTOB MO obnacTtu, meToabl CamocToaTenbHO NPOBOANTL
3aaHHON METOAMKE U onTuMmM3auum aHanma u nccregoBaHne K
aHanu3 pes3ynbTaTos, NPWKNagHbIX 3agau, Haxo4WTb peLlueHne
OCYLLECTBNSATb BbIGOP COBpPEMEHHbIE METOANKM nocTaBMneHHON 3aJayun.




onTUMalbHbIX peLIJeHVIVI.

TecTmpoBaHus VC,
METOAMKN OMNUCaHns 1
MoAenupoBaHusi busHec-
npoLeccoB, cpeacTaa
MoaenvpoBaHusi Gu3Hec-
npoLieccos

BnageTb:

OCHOBHbIMU anropuTMamu 1
Mmetogamu 3D-rpaduku.

12. O6bemM gucumnnuHbl B 3a4eTHbIX eaMHuuax/yac — 5/180.

dopMa NpoMeXyTOYHOW aTTecTalMm 3ayem ¢ OUeHKol

13. TpypoemkocTb No Buaam y4yebHoun paboTbl

TpyooemMKocTb
Bupg yyebHoi paboTbl [o cemecTpam
Beero 2 cemecTp

AyanTopHble 3aHATUA 56 56
nekumm 16 16
B TOM 4mcne: npakTnyeckme 0 0
nabopartopHble 40 40

CamocTtosaTenbHas paborta 124 124
B TOM 4mcrie: KypcoBas pabota (NpoekT) 0 0
dopma NpomMeXyTO4HON aTTecTaumm 0 0

(9k3ameH —  yac.)
Utoro: 180 180

13.1. CogepxaHne gUCUUNIINHLI

n/n Peanuszauusa
HanmeHoBaHue paspena
OUCLMNITNHBI C
pasgena CopepxaHve pasgena aMcunnimHbl NOMOLLbH0
ONCLMNIUHBI o
OHnamnH-kypca,
QYMK
1. lekuum
1.1 OcHoBebl MpencraBneHue rpacmyeckmx o6bEKTOB B NporpamMmme v Ha
KOMMbOTEPHOW aKpaHe kommnbtoTepa. MNukcens n Bektop. O630p TEXHOMOMNNA,
rpacpumku NPUMEHSIEMbIX NS pelleHns 3aay KOMMbTEPHOW rpaduKu.
1.2 MaTtematuyeckne Adu1HHBIE Mpeobpa3oBaHUsA B MPOCTPAHCTBE, NPOEKLUN,
MeToabl, annpoKcMMaLuns KpUBbIX U MOBEPXHOCTEN.
npuMeHsemMble B
KOMMbIOTEPHOW
rpadgpvike
1.3 AnropuTtMmbl YpaaneHne HeBuanmbIx rpaHent. OceelleHne, mogenvpoBaHme
BU3yanusauum uBeTa. MeTtoa TpaccMpoBKU fy4ven.
TPEXMEPHbIX Ten
1.4 Peanusauwns AnnpokcumMaumsa NoBepxHOCTeN, 3afgaHHbIX (PYHKUMAMU.
meTtonoB 3D- MeTog waratowmx kybos. [lobaBneHne nnu yganeHue BepLUMH
MoZenvpoBaHus W rpaHen MHOrorpaHHKOB, N3MEHEHNEe KOOPANHAT BEPLUMH.
CeueHune 3D-06BbEKTOB NOCKOCTbH. ANrOpUTMbI KOMMO3ULWIA
TpéxMepHbIX Ten (06beguHeHNe, NepeceyeHne, BblYMTaHME).
1.5 MpumeHeHne TpéxmepHas rpacuka B OpenGL. TpéxmepHble
ombnuoTtekn npeobpasoBaHus. LIBeT, ocBeLleHne, CBOCTBA MaTepuana,
OpenGL ansa TeKcTypa.
n3obpaxeHusi 3D-
00BbEKTOB
2. JlabopaTopHble 3aHATUSA
2.1 | OcHoBbI | lMpeacTtaBneHne rpacdmyecknx o6GbLEKTOB B NpOrpaMme U Ha




KOMMNbIOTEPHON 3KpaHe KomnbtoTepa. lNukcenb n Bektop. O630p TEXHOMOIMHN,

rpagouku npUMeHsiEMbIX ANA peLleHns 3aga4 KOMMNbOTEPHOW rpaduKku.
2.2 MaTemaTtunyeckme AdrHHbIE Npeobpas3oBaHMs B MPOCTPaAHCTBE, MPOEKLUN,
MeToabl, annpoKCcMMaunst KPUBBLIX Y MOBEPXHOCTEN.
NpPUMEHsiIEMbIE B
KOMMbIOTEPHOM
rpacpmke
2.3 Anroputmbl YpaneHue HeBuammblx rpaHein. OcBelleHne, MogenMpoBaHme
BU3yanusauuu uBeta. MeToq TpaccMpoBKM nyyen.
TPEXMEPHbIX TN
2.4 Peanusauus AnnpokcumaLms NoBEpPXHOCTEN, 3aaHHbIX (PYHKLMAMM.
meTonoB 3D- MeToa waratoLwwmx kyooB. [lobaBneHne nnun yganeHme BepLUnH
MOZAENMPOBaHNsI N rpaHeit MHOrorpaHHMKOB, U3MEHEHME KOOPANHAT BEPLLVH.

CeueHune 3D-06EKTOB MIOCKOCTbIO. ANTOPUTMbI KOMMO3ULMIA
TPEéXMepHBbIX Ten (0GbeanHeHne, NnepecevyeHune, BblYUTaHme).

2.5 MpumeHeHne TpéxmepHas rpaduka B OpenGL. TpéxmepHble
ombnuoTtekn npeobpasoBaHus. LiBeT, ocBeLleHne, CBOMCTBA Matepuana,
OpenGL ans TeKcTypa.
nzobpaxeHust 3D-
06bekToB

13.2. Tembl (pa3aenbl) AUCUMNNWHBI U BUAbI 3aHATUN

Bugbl 3aHATWIA (KONTMYECTBO YacoB)
Ne HavmeHoBaHue Tembl
CamocTosaTenbHas
n/n (pasgena) gucumnnuHel | Nlekuun MpakTuyeckme | JlabopaTopHblie pa6oTa Bcero
1 OCHOBbI KOMMNBIOTEPHON 5 0 0 22 24
rpadouku
MaTemaTtunyeckune
2. | MeTofbl, MPUMEHAEMbIE B 2 0 10 24 36
KOMMNbIOTEPHOW rpadmke
AnropuTtmbl
3. | Bu3yanusauum 4 0 10 26 40
TPEXMEPHbIX Ten
4 Peanusauns metogos 3D- 4 0 10 26 40
MOAENMPOBaHNs
MpumeHeHne 6nbnmoTekm
5. | OpenGL ana 4 0 10 26 40
nsobpaxeHust 3D-
06bEKTOB
Wtoro: 16 0 40 124 180

14. MeTogM4eckue yKkasaHusi onsa oby4aromxcsi N0 OCBOEHUIO AUCLUNIIUHDbI
CTyoeHTaM pekoMeHAyeTCs CaMOCTOSITENbHO M3y4yaTb PEKOMEHOOBaHHYK nuTepaTtypy C
LieNblo aHanunsa v novcka peLleHnii NocTaBneHHbIX NTabopaTopHbIX 3a4ay.

15. lMepeyeHb OCHOBHOW WU [OOMNOJSIHUTENILHOW NUTEpaTypbl, PECYpPCOB WHTEpPHET,
HeoOXoAUMbIX ANl OCBOEHUSI AUCLUMIIUHbI

a) OCHOBHag nuTeparypa:

Ne n/n N CcTOYHMK

1 Bopeckoe A.B. lNpoepammuposaHue KomrbromepHoul epaguku / A.B. bopeckos. — M.: [JMK lNpecc, 2019. —
) 372c.

5 EsueHko, A. 1. OpenGL u DirectX. lNpoepammuposaHue epacpuku / A.UN. EgaueHko .— CI16 : lNumep, 2006
) —349c.

0) pononHUTenbHasa nuTeparypa:

Ne n/n NCTOYHKK

1 Trokauée H.A. C#. lNpoepammuposaHue 2D u 3D eekmopHoU epagpuku: yuebHoe nocobue / H.A. Tiokayvés,
) B.I". Xnebocmpoes. — 4-e u3d., cmep. — Cl16.: JlaHb, 2020. — 320 c.

WukuH, E. B. KomnbromepHas epachuka. lNonuzoHanbHbeie modenu : [ydebHoe nocobue] / E. B. LLlukuH, A.
B. bopeckos .— M. : ANAJTIO-MU®DU, 2005 .— 461 c.

2.




XKapkoe B. A. KomnbtomepHasi epaghuka, Mynbmumedua u uepbi Ha Visual C# 2005/ B.A. >Kapkos. — M. :
XKapkoe lNpecc, 2005 .— 811 c.

B) UH(pOpMaLIMOHHbIE SNEKTPOHHO-06pa3oBaTenbHble pecypchl (oduLnansHblie pecypcbl UHTEPHET):
Ne n/n Pecypc

1. https://lib.vsu.ru/?p=4&t=8

> Bopeckoes A.B. NpoepammuposaHue komnbromepHoul epachuku / A.B. bopeckos. — M.: [JMK lpecc, 2019. —
) 372 c. (https://e.lanbook.com/book/131728)
Trokauée H.A. C#. lNpoepammuposaHue 2D u 3D eekmopHoU epagpuku: yuebHoe nocobue / H.A. Tokayés,
B.I". Xnebocmpoes. — 4-e u3d., cmep. — C[l16.: JlaHb, 2020. — 320 c. (https://e.lanbook.com/book/126152)

3.

16. NMepe4veHb y4e6HO-MeTOAMYECKOrO o6ecneyeHuUs Ans caMoCTOATeNIbHOW pa6oThl

Ne n/n MCTOYHMK

1 Bopeckoes A.B. NpoepammuposaHue komnbromepHoul epachuku / A.B. bopeckos. — M.: JMK lpecc, 2019. —
372c.

5 EsueHko, A. Y. OpenGL u DirectX. poepammuposaHue epagpuxu / A.U. EeayeHko .— CI16 : Numep, 2006
—349c.

17. OO6pasoBaTtenibHble TEXHONOrMKU, UCNONb3yeMble MNpu peanu3auum y4ebHOM
OUCUMNNUHBbI, BKIMOYaA [AOUCTaAHUMOHHbIe obpa3oBaTenibHble TexHonorum (OOT),
aneKkTpoHHoe oby4yeHue (J0), cmewaHHoOe 0Gy4YeHue):

Ha nabopaTopHbIX M NPaKTUYECKMX 3aHSATUSIX AOMycKaeTcs MCMoNb3oBaTb CTyAeHTaMu noGoi
A13blK NPOrpamMMUpPOBaHMs 1 Nobylo cpeay NporpaMMUpPOBaHKS.

18. MaTepMaano-TeXHquCKoe obecneyeHne AUCLUNIUHLI:

MynbTumeguMnHaa  NeKUMoOHHas  ayauTopusi,  KOMMbKOTEPHbIM  Kracc,  NporpaMmMHoe
obecneyveHune: cpega nporpammmupoBanus Visual Studio.

19. OueHo4HbIe cpeacTBa ANs NPoOBeAeHUA TEKYLen U NPOMEXYTOYHOMN aTTecTauum

MopaOoK OLEHKN 0CBOeHMSA oBydatowmnmmcsa y4ebHoro matepuana onpeaenseTcs
coaepkaHMeM creayoLwmx pa3aenos AUCLUUNINHBIL

HanmeHoBaHue WHgukaTop(bl
rll\;gn pasgena QUCUUnivHbI K?_l“:l';?;)e"' ;l,(ﬂ:mmel-?lgﬂ) OueHouYHbIE CpeacTBa
(mogyns) KoMneTeHumn
1 OcHoBbI KOMMbIOTEPHOM MK-5 MK-5.1, MK-5.2 3anaHms Na6ODATODHBIX baBOT
" | rpacukm MK-9 MK-9.1 A paTop P
MaTemaTtunyeckue
> MeToAbl, NpUMEHseMble MK-5 MK-5.1, NMK-5.2 3anaHust NabopaTopHbIX paBoT
" | B KOMMbIOTEPHOM MK-9 MK-9.1
rpadouke
Anroputmbl
3. | Busyanusauum HES nK'?_'I:(’_SI;IE'S'Z 3apaHus nabopaTopHbIX paboT
TPEXMEPHbIX Ten )
4 Peannsauus metonos MK-5 MK-5.1, NMK-5.2 3 6 6
- | 3D-MopenMpoBaHus K-9 MK-9.1 afaHunsi nabopaTopHbIX paboT
MpumeHeHne
5 oumbnuoTtekn OpenGL MK-5 MK-5.1, MK-5.2 3 6 6
ansa n3obpaxenus 3D- MK-9 MK-9.1 aAannA NabopaTopHbIx pabot
00BbEKTOB
MpomexyTodHas aTTecTauus . Mo pesynbTatam nabopaTtopHbIX paboT
dopmMa KOHTPONS — 3a4eT C OLIEHKOM




20 TuvnoBble OLEHO4YHbIe cpeAcTBa M MeToAMYECKMe MaTepuanbl, onpeaensroLwume
npoueaypbl oLueHUBaHUsA

20.1 TeKywMin KOHTPONb yCNeBaemMocCTun

KoHTponb ycneBaemMocTV NO AUCUMMNIIMHE OCYLLECTBISIETCS C MOMOLLUbI KOHTPOMS U OLEeHKM
crneyowmx nabopaTopHbIX 3a4aHUN:

20.1.1 NepeyeHb nabopaTopHbIX 3aAaHUN

Na6opaTtopHasa paboTa Ne 1.

1. HanucaTb nporpammy Ansi MOCTPOEHWUS] MHOFOYroflbHUKOB CO CKpyrfeHusimn paguyca R.
Mporpamma fosmkHa No3BoNsATb co3gaBaTbh Noboe KoNMYecTBo ouryp 1 ynpaensTe UMW NPU MOMOLLM
MbILLM (B T.4. MPK CO30aHUN YKa3biBaTb TOYKM, MOCIE CO3aaHMs - NepeMeLLaTb TOYKN)

2. Hanucatb npouenypy nepeceyeHuss OBYX MPOM3BOSIbHLIX TPEYronbHUKOB, 3afaHHbIX Ha
nnockoctu. lMporpamma [omkHa NO3BONATL 3a4aBaTb MapamMeTpbl ABYX TPEYrofbHUKOB. Bbino Gbl
3ameyatesnibHo, ecnun Gbl TPEYroNbHUKN MOXHO ObINO U3MEHSITb C MOMOLLbI Mbin. OCHOBHOW MeToz
[AOMKEH MpUHMMATbL OBa TPEYrofibHWKa B KayecTBe apryMeHTa M BO3BpallaTb YNopsifoYeHHbI Habop
TOYEK AN NOCTPOEHNS KOHTYpa NepeceyeHms.

3. HanucaTb nporpammy nocTpoeHus rpadgpmka dyHKUUM, 3aaaHHoM Ha nnockoctu. MNpegycMoTpeTb
KOPPEeKTHoe 0ToOpaXKeHWe paspbIBOB.

4. Hanucatb nporpammMy AMHAMUYECKOrOo W3MEHEeHUs rpadmka YHKUMM Ha  MSIOCKOCTMW.
(OuHamunyeckoe n3aMeHeHMe 3adaeTcs eweé ogHon pyHkumnen ot (t)).

5. Hanucatb npouenypy NOCTENEHHOro npeBpaLleHns 0gHON KPUBOW, 3a4aHHOM HabopoMm ToYek, B
OPYrylo KpYBYHO, 3adaHHyt0 ApyrMM Habopom Touek. [Nonb3oBaTtenb 3a4aéT OBEe KpuBbIE C MOMOLLbHO
MbILLX Yepe3 OMopHbIe TOYKM M BPEMS, 3a KOTOPOEe OfHa KpuBasi OOIDKHA NpeBpaTUTbCs B APYryio.
lMocne HaxaTusa KHOMKW 3anycka MPOUCXOAUT COOTBETCTBYKOLWAA aHumauus (nporpamMmma [OSmKHa
KaObl Kagp BbMMCIATb "TEKyLlyl" JIMHMIO Ha OCHOBE [ABYX IPaHMYHbIX U TEKYLLEro BPEMEHN).
Anroput™M puUCOBaHUSA KPUBOW peanusoBaTb CaMOCToATeNnbHO. Hanpumep, kpusyio besbe unn gp.
crnnavHsbl.

6. CosgaTb npunoxeHwe, OeMOHCTpupytollee BbinonHeHne adduHHbIX npeobpasoBaHuii Ha
NNOCKOCTN, Ha npumepe durypbl -- pom6 n (*) Ha npumepe annunca (B kayectBe YCMOXHEHHOrO
BapuaHTta). lNpegnonaraeTca paspaboTka rMOKON apXUTEKTYpbl, rae Kakgoe npeobpasoBaHue Oyper
HacnegoBaTbCs OT Kakoro-To 6asoBoro MHTepdenca ¢ 06bABNEHHON OYHKLMEN TpaHCOopMaLMn TOYKH.
Hanee noTtpebyeTca coenaTb MHCTPYMEHT, KOTOpbI Obl MpO3padHO ANt OCHOBHOWM NPOrpamMmel,
pucyroLen curypy, NnpuMeHsn atTm npeobpas3oBaHUsA K TOYKaMm nepen vx akTuyeckum BbIBOAOM Ha
aKkpaH. [Ona atoro notpebyetca cospatb uHTepdenc |Affine, B koTopom OyaeT obbaABneH meTon
npeobpasoBaHua Touku. lNocne aTtoro notpebyetcA peanu3oBaTb HECKOMbKO KMACCOB ANSA KaKOoro
npeobpasoBaHnd. [Janee MOXHO cAenaTb Knacc, KOTopbi OygeT Takke HacnegoBaTbcsa oT IAffine n
XpaHnte B cebe gpyrve npeobpasoBaHusa (NatTepH KOMMOHOBLUMK). Pom6 ctouT yHacneposatb OT
kakon-to IFigure. Janee roe-to HanucaTtb Knacc/mMeToA, KOTopbii 6bl yMen pucoBaTb CMCOK uryp ¢
NPUMEHEHMEM yKa3aHHOro AdduHHOro npeobpasoBaHus. Takmm 00pas3oM, MOXHO MOMY4YUTb
npunoXeHme, KOTOPOMY BCE paBHO, Kakne urypbl pUCytoTCa U C MPUMEHEHMEM Kaknx npeobpasoBaHuii
(B T.4. He BygeT BaxeH nopsaok). B nonb3osBaTenbckoM nHTepdence AomkHa ObiTb BO3MOXHOCTb MO
HaCTpovike NopsiAka v NnapameTpoB NPUMEHAEMbIX Npeobpa3oBaHUi.

7. HapucoBatb 06bluHYyt0 cTpernky. [MpegycMoTpeTb BO3MOXHOCTb YrpaBfeHus napameTpamu
CTPEnKM (MCXOAHAsA U KOHEeYHas TOYKW, ANMHA U LUMPUHA CaMOWN CTPENKN) C MOMOLLBIO MbILLIN.

8. MpsimoyronbHas cnupanb. MNpegycMoTpeTb BO3MOXHOCTb U3MEHEHWUsi NapameTpoB crnvpanu ¢
MOMOLLLbIO MbILLN.

9. CBeuHble guarpammbl. Paspabotate npunoxeHuve nns BbiBo4a Habopa AaHHbIX C MOMOLLbHO
anarpammbl. (*) Y4ecTb M3MEHEHWe BHELIHEro Buaa npu MaMeHeHum macwrtaba. T.e. agantupoBaTtb
rpacdumk noa Tekywmn macwrtab n obnactb npocmoTpa.

10. [lepeceveHve wunn oObeAVMHEHVWE NPAMOYronbHUKOB. Pagpabotatb npunoxeHws Ans
BblYUCNEHNS  pUrypbl, SBMSAKOWENCS pe3ynbTaTtoM nepecedyeHns/(*)obbeanHeHns  HECKOSbKUX
NPSIMOYrOfibHUKOB, CTOPOHbI KOTOPbLIX NapannenbHbl ocsiM KoopauHaT. [omkHa 6biTb BO3MOXHOCTb
peaakTupoBaTh NPSAMOYrOfbHUKX C MOMOLLBIO Mbilwn. MeToa, peluarowuin 3agady AOMKeH NpuHMMaTh B
KayecTBe aprymeHTa CrnncoK 3K3eMMnnsipoB krnacca [psiMoyronbHuK 1 Bo3BpaLLaTtb CUCOK U3 3aMKHYTbIX



NMHUIA (Kaxkgas NUHKUA -- Habop To4ek). B crniydae nepeceyeHusi, KOHEYHO Xe, pesyrbTaToM ByaeT oauH
NpsIMOYrosnbHUK. B cnyyae o6beguHeHUs -- MOryT NONYYUTLCS HECKONBbKO 3aMKHYTbIX JIMHUNA.

Na6opaTtopHasa paboTa Ne 2.

1. HanncaTtb npoueaypy nepecevyeHmns AByxX NPOnN3BOSIbHbIX TPEYrOfIbHUKOB, 3a4aHHbIX B
TPEXMEPHOM MNPOCTPAHCTBE.

Monb3oBaTernb 3a0aéT KoopanHaThbl BEPLUMH TPEYrofibHUKOB B TPEXMEPHOM MPOCTPaHCTBE C
nomoLbio nonen eeoda. [ns peweHuns aTon 3agayun Heobxoanmo paspabotatb knacc Triangle, oga
3K3eMnIisipa KOTOpOro nepegasaTth B (PYHKLMIO, peLlatoLLyto NOCTaBMEHHYO 3ada4y 1 BO3BpaLLatoLLyto
CMUCOK TPEXMEPHbBIX TOYEK, ABMSIOLLMXCA BEPLUMHAMN KOHTYpa nepeceveHusi. Ecnu TpeyronbHuKu
Haxo4sATCH B O4HOW NIOCKOCTU, TO 3afaya CBOAMTCS K ABYMEPHON.

2. Hanucatb nporpammMy NoCTPOeHUs1 TEHW OT NNaToHOBa Temna, OCBELLEHHOrO TOYEYHbIM
WCTOYHMKOM.

Monb3oBaTenb BbIGBUpaeT, Kakoe UMEHHO MaToOHOBO TENO NCMNOMNb30BaTb, MECTOMNOMNOXEHME
TOYEYHOro NCTOYHMKA cBeTa (NPOCTO TOYKa B NPOCTPAHCTBE) M MNNOCKOCTb, HA KOTOPOW BbIBOAUTbL TEHb
(napameTtpsbl A, B, C n D 13 kaHoHu4eckoro ypaBHeHus). [naToHOBbI Tena AOMKHbI ObITb peanv3oBaHbl
B BuAe OTAEIbHbIX KNaccoB, yHacneaoBaHHbIX oT nHtepderica IModel. BoamoxHo, 6bino 6b1 ygobHo
NCNonNb3oBaTbh OOUH M3 NOPOXOAILLMX NAaTTEPHOB NPOEKTUPOBAHNS ANS CO34aHus BbIBpaHHOIro
nsaToHOBOrO Tena.

3. MocTpounTb Ha akpaHe n306pakeHns NNaToHOBLIX TEN: TeTpasapa, Kyba, okTasagpa, nkocasapa,
aogekaagpa.

PeanusoBaTb B BUAE HECKOMbKUX KIaccoB, yHacnenoBaHHbIX oT IModel. BepLunHbl JOMmKHbI
reHepMpoBaTbCs aBTOMaTUYECKMN HA OCHOBE 3aJaHHOro pasmepa tena (paguyca onucaHHou cgepsbl),
nonoxexus u (*)opneHtaummn B npoctpaHcTae. (*)XoTenock 6bl yBUAETb anroputm reHepaumm HE
NCMonb3YOLWLNA Ky4y HEMOHATHBLIX KO3 PULMEHTOB.

4. Hanucatb nporpamMmmy, BpaLLlatoLLyto TPEXMeEPHOE Teno (Ha NpMMepe nkocasgpa) BOKpyr
3agaHHon ocu. NpegycmoTpeTb BO3MOXHOCTb BbIGOpa OCY BpallleHns (Tovka, NpuHagnexawas ocu u
BEKTOP-HanpaBIieHNE) 1 YrrioBOW CKOPOCTM.

KoHeYHO e, OCHOBHOW anropuTM BpalLeHus gosmkeH onepuposatb IModel'asmu. B otnmyum ot
3agaym 3 BpalwlaTbCa JOMKHA caMa Mofernb (OCU KOOpAUHAT OCTaTCA Ha 9KpaHe HEMOLBMKHBLIMN).

5. Hanucatb nporpammy ocselleHnsa 3D-noBepxXHOCTU ABYMS UCTOYHUKaMK CBETa.

Monb3oBaTenb 3a4aéT KOOpAMHATbI TOYEK NONOXEHMS ICTOYHMKOB CBETA, a Takke Ux useTta C
NOMOLLbIO COOTBETCTBYIOLLErO Nnorib3oBaTtenbckoro nHtepdgerica. Oceewats ctouT IModel. B kayecTtse
Np“MepOoB NOBEPXHOCTEN NpeanaraeTcs MCnonb3oBaTth Ky6, ununuHap n cepy. B pamkax gaHHOM
3agaum notpebyeTcs yumMTbiBaTb HEKOTOPbIE NapaMeTpbl MaTepuana, U3 KOToporo caenaHa
noBepxHOCTb. B npocTtom crniyyae - ueT matepuana. B 6onee cnoXHOM - oTpa)keHue 1 nornaweHue
ceeTa.

6. Hanucatb nporpammy NOCTPOEHUS LUIMHAPUYECKMX N KOHYCHBIX NOBEPXHOCTEN.

Monb3oBaTenb AOMKEH MMETb BO3MOXHOCTb 3ajaBaTh OCHOBHbIE NapaMeTpbl Taknx 00 BHEKTOB:
nonoXeHue B NPOCTpaHCTBE, cABUr (MNIOCKOCTb OCHOBaHUIN He BCerga neprneHauKynsapHa ocu), BHELWHNe
paguycbl OCHOBaHWUI (B CryyYae HyneBOro 3Ha4deHns 04HOro 13 paguycoB NofyyYaeTcs KOHYC) 1
BHYTPEHHME.

7. Hanucatb nporpammy nsobpakeHust TpeXMepHbIX TeN € ABYXTOYEYHbLIM MPOELMPOBaHNEM.

Monb3oBaTenb AOMKEH yKasbiBaTb KOOPAMHATHI TOMEK cxoaa. B kavyecTBe mogenu ctout
ncnonb3oBaTtb IModel, a dpakTnyeckn npogeMoHCTpUpOBaThb Ha Npumepe Kyba, cdepbl n M.6. kakunx-
nnéo apyrux curyp.

MpoeunpoBaHne He AOMKHO NPUBA3bLIBATLCA K Kamepe. T.e. Mbl U3MeHSIEM OOBEKT, a MOTOM MOXEM
NOCMOTPETb Ha HEro C pa3HblX CTOPOH.

8. Hanucatb nporpammMy NoCcTpoeHus nepeceyeHns rnnaToHOBbIX TN MPOU3BOSIbHON NNOCKOCTLIO.

Monb3oBaTenb BbIGUpaeT NNaTOHOBO TENO, yKa3biBaeT NapaMeTpbl NAOCKOCTU (KO3 PUUNEHTHI A,
B, C, D 13 kaHOHMYeCcKoro ypaBHeHUs nnockoctn). B metoa, pewwatowmii 3agady, nepegaércsa IModel
ak3emMnnap knacca Plane(nnockocTb), a B pe3ynbTaTte BO3BpaLLaeTCa MacCuB U3 NONYyYMBLUNXCSA YacTen
- oTAenbHbIX 06beKTOB. Kaxabin 13 KOTOPbIX MOXHO BbIBECTM HE3ABMCMMO ApYr OT Apyra. Kpome Toro,
6b1n0 66l 3aMeyaTenbHO yBUAETbL caM Ccpes3 (MAOCKUA MHOTOYIOMNbHUK).

(*) MoXHO pa3BuTb JaHHYIO 3agavy 40 nepeceyeHns NidbiX TPEXMEPHbIX TEN MIOCKOCTbIO.



9. Hanucatb nporpammy noctpoeHus neHTol Mébuyca.

Monb3oBaTenb OOMKEH 3a4aBaTb OCHOBHbIE €€ napamMeTpbl, a nocrne NoCcTpoeHnAa UMeTb
BO3MOXHOCTb PpaCCMOTPETb CO BCEX CTOPOH.

(*) Bbino 6bl MHTEPECHO YyBNOETb aHMMALMIO ABMXXEHNSA BAOMNb MIIOCKOCTX OT NepBOro nuua.
10. HanncaTtb nporpammy noctpoeHus 6yToinkmn KnerHa.

Monb3oBaTenb OOMKEH 3aA4aBaTb OCHOBHbIE NapaMeTpbl, a Nocre NOCTPOeHNsi UMeTb BO3MOXHOCTb
paccMOTpeTb CO BCeX CTOPOH. Kpome Toro, 6bino Gbl NoNe3Ho MMEeTb BO3MOXHOCTb YKa3biBaTb
NMPO3PayYHOCTb CTEHOK.

11. "BokcenuaoBaTb" TPEXMEPHbIA 00BEKT U/MnK NOBEPXHOCTb. NMonb3oBaTens AOMKEH 3a4aBaTh
pa3mep KyOuKkoB.

Ha Bxoge umeetcsa IModel, a Ha Bbixoge - 06bEKT, KOTOPbIN COCTOUT Kak Bbl N3 KybukoB. Bbino bl
3amMevartenbHO nmeTb 2 peanusaumu. lNepeas Bo3BpaLlaeT CrMCcoK KyGMKOB (B T.4. U BHYTPEHHME), a
BTOpas - e4MHbIN 60MbLION OGBHEKT, Y KOTOPOro NOBEPXHOCTb MMEET COOTBETCTBYHOLLYHO (DOPMY.

12. HanncaTtb nporpammy ans 6GuHapHbIX onepauumi Hag TPEXMEPHbIMU TeNaMu.

B noeane, Ha Bxog nogytotcsa ase IModel, a B pesynbTaTe nonyyaeTcs pesynbTypyoLaa Moaens,
aBngaoLwasca obbeamHeHnem, nepeceyeHnem Nnm xe BblYMTaHNEM OOHOW U3 OPYrON.

Na6opaTtopHasa paboTa Ne 3

1. HanucaTb nporpammy NOCTPOEHUS LUMNMHAPa BAOMb 3aA4aHHOW 3aMKHYTOW NuHUK. MNprmepamun
Takmx 0O bEKTOB MOTYT BbICTYNaTb TOP (LUITMHAP BOOSb OKPYXXHOCTW) 1 TpununuctHuk(ysen).

(*) IHTepecHbIM JONONHEHMEM MOXET CY>XUTb NOCTPOEHME 3a4aHHOro Npoduns BooNb
HEe3aMKHYTON NINHUN (MOXXHO HE OrpaHNYnBaTLCA NPSAMbIMU OTPEe3KaMu).

2. Hanucatb nporpammy NOCTPOEHUSI MHOTOYrosibHVKa BAOSb 3a4aHHOW NIMHUK (B T.4. 3aMKHYTOW) C
NMOBOPOTOM BOKPY 3TOW NUHUW Ha 3agaHHbIn yror. [onyyaeTtcs 3akpyvyeHHas npuama, (*)He
o6sa3aTenbHO NOCTPOEHHas BOOSb MPSIMON.

B npocTtom cny4ae nonb3oBaTternb BbIOMpaeT NMHUI0 U3 Kakoro-nMbo Habopa yHKUMIN (Ana Havana
CTOUT cAenaTb NPOCTO OTPE30K), a Takke 3a0aéT napaMeTpbl MHOroyronbHuMKka (KonmMy4ecTBO YrioB u
pa3mep, 3agaBaemMblil Yepes paguyc ONUCaHHOM OKPYXXHOCTHN).

3. Hanncatb nporpammy noctpoeHusi cdepsbl C nyvymkamm/urnamm.

XenatenbHo caenatb B MakcMMarnbHO obuiem Buae, 4Tobbl MOXHO ObINO 3agaBaTh KONMYECTBO,
pasmep 1 opMy NyYMKOB (HE TOMbKO KOHYCbI, HO Y LIMMHAPbLI U NPU3MbI).

4. Hanucatb nporpaMmmMmy noctpoeHuns mogenun 6onra v wypyna.

Monb3oBaTtenb JOMKEH 3aA4aBaTh OCHOBHbIE pa3Mephbl, B T.4. XapakTepUCTUKN pe3b0Obl.

5. Hanucatb nporpammy NOCTPOEHUSA TPEXMEPHOM PELLETKN (M3 TPYOOK/LIMNUHAPOB).

Monb3oBaTenb 3a0aéT BCce NapamMeTpbl PELLETKU: Larn rno KaXxkgon u3 ocen, otobpakaemyto
obnactb, paamep Tpybok. B npocTtenwem crnyyae TpybkM MOXHO NpeacTaBuTb B BUAE OBbIYHbIX NNHWNA.

6. Hanncatb nporpammy noctpoeHus 3ybyaToro koneca co cnvuamu.

Monb3oBaTenb 3a0aéT napamMeTpbl 3yd4aToro Koneca: TonwmHa, Konmyectso 3ybbeB, Bce
Heobxoaumble pagnycel (Mx ByaeT Tpu).

7. Hanucatb nporpammy, NO3BOMSIOLLYHO CKPYrIMTb ABe U (*)Tpy nepecekaroLwmecs ninockne rpaHu.

8. Hanucatb nporpammy noctpoeHus cnvpanu (NpyxuHbl). MNonb3oBaTenb OMKEH UMETb
BO3MOXHOCTb 3afjaBaTb OCHOBHbIE NapaMeTphbl (NOMIOXXEHNE B NPOCTPAHCTBE M pa3Mep NPYXMHbI, Lwar un
HanpasIiHMe BUTKOB, AuaMeTp NPOBOMOKK, N3 KOTOPOW caenaHa npyxuHa).

(*) YcnoxHéHHas Bepcus BkntovaeT B cebsi BO3MOXHOCTb caenatb NPYXWHY C U3MEHSEMbIM LLarom
BUTKOB (MOXXHO peann3oBaTtb, NO3BOSIMB MOMb30BaTENIO YKa3biBaTh PYHKLUMIO, NO KOTOpon ByaeT
MEHATBCS Lar UM Xe UHTEPNoNMpys NO KIHYEBbIM TOYKaM)

(*) Ewé oanH BapnaHT YCNOXHEHHOW BEPCUN - BO3MOXHOCTb 3agaBaTb U3MeHSeMbIN paanyc (onaTb
Xe C MOMOLbIO YKa3aHns yHKUUN).

9. MNoeepxHocTn BTOpOro nopsaka. Cosgate MHCTPYMEHT A5 PUCOBAHMSA NOBEPXHOCTEN BTOPOro
nopsigka. MNMpoekT JormkeH No3BoONAThL BbIOUpaTh B TPEXMEPHOM NPOCTPaHCTBE napannenenunes
npocmoTpa, nepemeLlatb 1 NOBOpaYnBaTh €ro, M3aMeHATb MacwTab. NMoBepxHOCTL BTOPOro nopsaka
MOXeT ObITb BbibpaHa 13 NOSIHOrO CNMCKa TakMX MOBEPXHOCTEN C BO3MOXXHOCTb MOBOPOTA, CMELLEHNS U
pacTarmBaHns no nobon ocu, NN NOBEPXHOCTb MOXET ObITb 3aaHa ypaBHEHNEM BTOPOro nopsiaka.



10. JIuHnm ypoBHs. Co3gaTb MHCTPYMEHT A1 PUCOBAHMUS NTIMHUIA YPOBHS. OTOT NPOEKT JOSMKEH
NO3BONSATb BBOAUTb (PYHKLMIO ABYX NepPEMEHHbIX NMb0 B aHanuTu4eckom euae, nnbo B TabrnmyHom -
3Ha4YEeHUsIMM B Y30BbIX ToYKax. Ecnu dyHKUMS BBOAWUTCS B aHANUTUYECKOM BUAeE, TO BaM NoHagobutcs
WHTepnpeTaTop, Ha Xy40WN KOHeL, MOXHO MeHATb MCXOAHbIN TEKCT U NepeTpaHcnnpoBaTth ero. B cnyyae
TabnM4HOro 3agaHns PYHKUUM NPpUAETCA NPUMEHSITb NOAXOASLLYIO ABYMEPHYIO MHTEPMONSLMIO.
[lomkHa 6bITb NpeaycMOTPEHA BO3MOXHOCTb U3MEHSITb NMPSIMOYTOSIbHUK MPOEKTUPOBaHNUSI U YNCTIO
NUHWIA YPOBHS. PekomMeHayeTcst KpOMe NMHWUIA NPUMEHUTb NOAKPACKY: onpeaenéHHOMY NPOMEXYTKY
N3MEHEHNs1 3Ha4YeHMIn PYHKLUM NOCTaBUTbL B COOTBETCTBUE HEKOTOPLIN LIBET U 3TUM LIBETOM 3aKpacuTb
obnacTtb Mexay NMMHUAMW YPOBHS, Tak, Kak 3TO AenatoT Ha Tornorpaduyecknx kaptax (Yem HUXKe - Tem
3erieHee, YeM Bbile - TEM KOPUYHEBEE).

OnuncaHue TexHONOrMM NpoBeaeHns
OueHKa 3HaHUIN, YMEHUN N HAaBbIKOB, XapakTepusylowlas aTanbl POPMUPOBAHUS KOMMETEHUMIA B
pamMKax usyvyeHust ANCUMNITMHBLI OCYLLLECTBNSAETCSA B XO4€E TEKYLLEN U MPOMEXYTOUHOW aTTecTauun.
Tekywaa atrectaunsa npoBOAMTCS B COOTBETCTBUM C [lonoxeHnem O Tekywlewn aTrectaumm
obydyalowmxcs nNo  nporpaMMaMm  Bbicwero  obpasoBaHusi  BopoHexckoro - rocygapCTBEHHOro
yHuBepcuTeTa. Tekylasa atrectaumsi NpoBOAMTCA HA OCHOBE OLEHKM BbINONTHEHWUSI NPAKTUYECKMUX 3afau.

20.2 NMpomexyToyHasa aTrectaums

lMpomexyToyHas aTtTectaums no AUCUMNAMHE OCYLWeCTBASeTCa N0 WUToraM pesynbTaToB
nabopaTopHbIX paboT.

lMpomexyToyHas aTTectaums NPOBOAUTCS B COOTBETCTBUM C [1ONOXEHWEM O MPOMEXYTOYHOM
aTTecTaumm obyvarowmxca no nporpammamM Bbicliero obpasoBaHus. [pn oueHMBaHUM MCMONb3YHOTCA
KayeCTBEHHbIE LLKarnbl OLEHOK.



