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BCTYI
JocmigHuKky Ta iH)KEHEpH CTHUKAIOThCS 3 OaraTbMma 3aBOAaHHAMH, SKi HE
MOXYTh OyTH aHaJiTHYHO BHUpilleHi ab0 BUMaralOTh BEJIWKUX BUTpPAT Ha
eKCIIepUMEHTAIbHE BTUICHHS. CIMHUM IIBHIKAM CIIOCOOOM aHaNi3y iHXEHEPHUX
po0JIeM € BUKOPHCTaHHS KOMIT'IOTEpPHOTO MaTeMaTHYHOTO MOJIEITIOBaHHS.
[porpec y po3poOIli YHCeIbHUX METO/IB 3HAYHO PO3LIMPUB KOJO 3aBJaHb,
SIKI MOXKYTh OyTH MpoaHai3oBaHi. Pe3ynbraTti, OTpuMaHi Ha OCHOBI IIMX METO/IB,
BUKOPHCTOBYIOTECSI TIPAKTHYHO B YCIX Taly3iX HAayKW 1 TeXHIKA. Y aHami3i
KOHCTPYKIIIH HaiOLIbIIe 3aCTOCYBaHHS Mae MeTo]| ckinuenux enementis (MCE).
[MosiBa MeTomy CKIHYCHHMX CJIEMEHTIB TMOB'A3aHa 3 HEMOXJIHMBICTIO
AHAJITUYHOTO PO3B'SI3aHHS OUTBINOCTI 3a1a4 MEXaHIKU eOPMOBAHOTO TBEPAOTO
Tija i MexaHiku pyhHyBaHHs. [Ipu po3s's3anni 3agady MCE pociblmpkyBambHUNA
00'€eKT TPEACTaBISETHCS SIK CYKYITHICTh IMCKPETHHX Mifo0nacTeil - CKiHYeHHX
enemenTiB (CE). YcepeanHi KO)KHOTO CKIHUEHOTO €JeMEeHTa IIyKaHa HerepepBHa
BEJIMYMHA HaOMMKAETBCS CYKYITHICTIO KyCKOBO-HerepepBHHX (yHkmid. [lykana
BenimunHa B Mexxax CE BU3HauaeThcs 3a JAOIOMOTOIO 3HA4YEHb I1i€] BEJIMYMHU B
KIHIIEBOMY YHCJIi TOYOK JOCHTIKYBaHOTO 00'€KTa - BY3JIOBUX TOYOK abO BY3IIiB,
sIKi, sIK mpaBmiio, € xapakrepuumu toukamu CE. Ilpu po3B's3anHi 3aja4i mykaHa
BCIMYMHA  ONMUCYETHCS  AHANITHYHUMH  3aJCKHOCTAMH, SKi  MOJCNIOIOTH
BJIACTHBOCTI Marepiany (HemepepBHICTb, 130TPONHICTD 1 T. J1.) 1 3aKOHW MEXaHIKU
(3aKkoH piBHOBard cwi, BapiamidHi mnpuHiunu). lle go03Bonsie oTpuMaru
OMHO3HAYHWI PO3B'aHHS 3a/1adi 3a 3aJaHAMH [TOYATKOBUMH 1 TPaHUYHUMH
yMOBaMMu.
Po3paxyHOK KOHCTPYKITI 3a JOTIOMOTOI0 METONy CKiHUCHHX CIIEMCHTIB
MOKHa PO30OUTH Ha TP B3a€EMOIIOB'I3aHIX MOCIIIOBHUX MTPOILIECH:
1. TliaroroBka MOYaTKOBUX JAHWX: 1€ BKJIIOYAE CKIHUCHHO-CICMEHTHY
JICKpeTH3allilo 00'eKkTa, SKUH MIJUIArae pO3paxyHKy, BHU3HAYCHHS
foro Tomonorii Ta KiHEMATHYHHX 1 CHJIOBHX TPAaHUYHHUX YMOB, a

TaKoX (HI3UKO-MEXaHIYHUX XapaKTEPUCTUK MaTepiay.
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2. YucenbHH po3paxyHOK CKiHYEHHO-EJIEMEHTHOI MOJIENi: IIel mporec
BKJTIIOYa€ OOYMCIIEHHS KOe(]ili€HTIB MaTPHUIll KOPCTKOCTI CKIHYEHUX
eJIEMEHTIB, ()OPMYBaHHS I7100aJIbHOT CHCTEMH PO3B'SI3yBaHUX PiBHSIHb
1 11 po3B'si3aHHS.

3. OGpoOka pe3ynbTaTiB pO3B'sI3aHHS: HA I[BOMY €Tari O0YHCIIIOITHCS
napaMeTpu HaIpyKeHO-Ie(OPMOBAHOTO Ta TEMIIEPATypHOTO CTaHy
KOHCTpPYKILIi, a 1X pe3yJabTaTH NpeICTaBIAIOThCS Y BUIVISLAL TaOnup,
rpa¢ikiB a00 TBOBUMipHUX/TPUBUMIPHUAX 300pakeHb.

Ili mporecu uucenpHOI peainmizaiii, sSIK 1€ 3a3BUYail BigOyBaeTbCs B
ABTOMATH30BAHUX  pPO3pPaxyHKaX, BHKOHYIOTBCS ~ TphOMa  MiJCHCTEMaMH:
IPENPOLECOPOM, IPOLECOPOM 1 HOCTIIPOLIECOPOM.

[Ipenporiecop € OIHIEIO 3 TOJIOBHUX CKJIAJOBUX OyIb-SIKOIO HMPOIPaMHOIO
KOMIUIEKCY YHCENBHOTO aHamizy. BiH aBTOMarm3ye mporec moOynoBH
reOMeTPUYHOI Mojieni 00'ekTa AOCIHiIKEHHS Ta HOro AMCKpeTH3alii Ha CKIH4YeHi
elleMeHTH. SIKicTh Tpenpolriecopa Mae BeNWKe 3HAYCHHS JUIS 3arajibHOl SKOCTI
MPOrPaMHOTO KOMILIEKCY B LILTIOMY.

OpHi€I0 3 TOJIOBHUX BUMOT JI0 TIPETIPOLIECOpa € HOro 37aTHiCTh e(hEeKTUBHO
Ta TOYHO MOJEIIOBATH TEOMETPUYHY (OpMy JAoCIHiKyBaHOro o0'ekra. Bin
MOBUHEH MAaTH MOJXIIMBICTh CTBOPIOBATH, pelaryBaTH Ta MaHIMyJIIOBATH
TeOMETPUYHUMH 00'€KTaMM, TAKHUMH SIK TOYKH, JIiHII, moBepxHi Ta 00'eMu. Kpim
TOr0, IPenpolecop IOBHHEH 3a0e3leuyBaTd MOXJIMBICTH BCTAHOBJIECHHSA
TPaHUYHUX YMOB, BH3HaueHHS (hi3MKO-MEXaHIYHMX BIJIACTHBOCTEH Marepiamy Ta
BCTaHOBJICHHSI [TapPaMETPIB PO3PaXyHKOBOT MOJIEIII.

[Ipenporiecop Ui MOIENIOBAHHS KOHCTPYKIIA ITOBHHEH BKJIFOYATH
HACTYIHI QYHKIIT:

1. TeomeTpuuHe  MonemtoBaHHs:  [Ipemporiecop TOBHHEH  MaTH
MOXKJIMBICT CTBOPIOBATH a00 iMIIOPTYBaTH T'EOMETPUYHY MOZIEIb
KOHCTpyKIi. I1]e MOXke BKIFOYaTH CTBOPEHHS T'€OMETPHYHUX (HOpPM,

BU3HAYEHHS PO3MIpiB, PO3TAllyBaHHS BY3JIIB Ta 3'€IHAHb.
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2. MarepianbHi  BrnactuBocTi: I[Ipenporiecop MOBHHEH JO3BOJISATH
BCTaHOBIIIOBAaTH MaTepiaibHi BIACTUBOCTI €IaCTOMEPHUX MaTepialis,
TaKi K MOJYJb MPYKHOCTI, MIIHICTh, Ae(pOpMAaIliiiHi XapaKTepUCTHKH
ta iHmi. Ile no3Bomse BpaxoByBaTd OCOOJMBOCTI Marepiany IpH
MOJICJTFOBaHHI MOBEIIHKU KOHCTPYKITIT.

3. Huckperusaris: [Ipenporiecop MOBHHEH 3a0€3MeUyBaTH MOXJIUBICT
PO30UTTS reOMETPUYHOI MOJIEIi HA CKIHYEHI eleMeHTH. BiH moBuHEH
JIO3BOJIATH BHOMPATH TUITH CIEMEHTIB, BCTAHOBJIFOBATH iX MapamMeTpu
Ta GOpMyBaTH 3B'I3KH MK eJeMeHTaMu. L{e Ba)IIMBO U1 CTBOPEHHS
CKIHYEHHO-EJIEMEHTHOI MEpexi, sSKa BIAMOBINAE BIACTUBOCTSIM
KOHCTPYKLULIT.

4. I'pannuHi ymMoBH: [Ipenpoliecop MOBHHEH JO3BOJIATH BCTAHOBIIFOBATH
TpaHNYHI YMOBH JUIsI KOHCTPYKII{, TaKi sIK 3aKpiIUICHHS, TPUKIaJeHHS
CWJ, TeMIepaTypHi yMOBH Tomio. lle BKJIIO4ae BCTAHOBIICHHS
TPaHUYHUX YMOB JUISl OKPEMHX BY3JIiB 200 IpYI BY3JIiB.

5. Tigroroska BximHux Qaiinis: [Ipenporecop noBuHeH 3abe3nedyBaru
TeHepalio BXiTHUX (aiiiB, SKi MiCTATH iH(OPMALIII0 TIPO TEOMETPIIO,
MarepianbHi BIACTUBOCTI, TUCKPETH3AIIII0, IPAaHUYHI YMOBHU Ta i1HIII
napamerpu. Lli ¢aiinn moTiM MOXyTh OyTH BUKOpHCTaHi ISt
YHCEIBHOTO PO3PAXYHKY.

6. Tlepesipka sikocti Mozeni: [Ipenponecop moBuHeH Maru (YHKIIOHAT
JUIA TIEPEBIPKM SIKOCTI CKiHYEHHO-eJeMeHTHOI mozeni. lle moxe
BKIIIOYaTd TIEPEeBIPKY Ha HASBHICTh HEOOXIMHUX 3'€IHAHb MIXK
CIEMEHTaMH, TIePEBIPKy TPAaHWYHUX YMOB, TICPCKOHAHHA Y
BIJIMIOBITHOCTI MOJIENI pealibHii TeOMETii Ta iHII MEePEeBIPKH.

7. Bizyamizamis Ta BigoOpakeHHs pe3yibTariB: [Ipenporiecop moBUHEH
MarTd MOXJIMBICTh BiIOOpa)KaTu T€OMETPUYHY MOJENb KOHCTPYKIIii,
CKIHYEHHY €JIeMEHTHY Mepexy Ta iHmi arpuOyTu Mozeni. Bin Takox
NOBHUHEH  JIO3BOJIITH  BiIOOpakaTH  pe3ydabTaTH  YHCEIHLHOTO
PO3paxyHKy, Taki sK HapyxeHHd, Aedopmallii, TemneparypHuil cran
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tomo. Lle momomarae aHaji3yBaTH Ta IHTEPHpPETYBAaTH pPE3YyNbTATH
MO e /IIOBaHHS.

8. Excropr Ta iMmnoprt nanux: [Ipenporiecop NOBMHEH MaTl MOXJIUBICTh
EKCTIOPTYBaTH CKiHUEHHO-EJIEMEHTHY MOJIEJIb Ta 1HII JaHi y Pi3HUX
(hopmarax, siki MOXKYTh OyTH BHKOPUCTaHI 1HIIMMHU MPOrpaMaMu JUIs
nojajpIIoro aHaiily abo o0poOku. BiH Takok IOBHHEH
MiATPUMYBATH IMIIOPT JAHUX 3 IHIIMX MPOTPaM Uil BUKOPUCTAHHS B
npenpouecopi.

9. 3pyunuii iHtepdeiic kopuctyBaua: [Ipemporiecop MOBHHEH Maru
IHTYITHBHO 3pO3YMIUINI Ta 3py4HHH iHTepdelic KopHcTyBaua, SKUi
JIO3BOJIIE JIETKO BUKOHYBaTH BCi HeoOXinHi ¢yHkuii. Lle momomarae
KOPUCTYBaueBi MIBUAKO 1 €)EeKTUBHO CTBOPIOBATH Ta HAJAIITOBYBATH
CKIHYEHHO-EJIEMEHTHY MOJICIIb.

10.ITinTpuMKa pi3HUX TUIIB KOHCTpyKIii: [Ipenporiecop noBuHeH OyTH
3MaTHUI MOZETIOBAaTH Pi3HI THIM KOHCTPYKIH, BKIIOYAIOYH TBEPAi
Tila, IUTACTHHH.

11.06pobka MepexxeBHX By3miB: [Ipemporiecop TOBHHEH MaTu
(dyHKIIOHAN I 00POOKH MEPEKEBUX BY3JIB, sIKI BUKOPUCTOBYIOTHCS
B MEBHUX THIAX KOHCTPYKIIiH, HATIPUKIA/, B CICKTPUUHUX MEpemKax
abo TpybompoBomax. lle Moke BKITIOYATH BU3HAUYCHHS BY3IIB,
pO3TallyBaHHS, HapaMeTPH 3'€IHAHH Ta 1HILI aTpUOyTH.

12.ITapamerpusanis mMoxemni: [Ipenporiecop MOBHHEH MaTH MOKIHUBICTH
napaMeTpu3yBaTH MOAENb KOHCTPYKILII, IO 03BOJISE 3MIHIOBATH
3HAYEHHsI PI3HUX MapaMeTpiB, TaKUX SK pPO3MIpH, MarepiajbHi
BJIACTUBOCTI, TPAHU4HI YMOBH 1 T. 1. Lle 103BOIsIE MPOBOAUTH aHAII3
MOJIEJ MTPH 3MIHHHX MapaMeTpax i ONTHMI3alilo KOHCTPYKIIi.

13.Immopt reometpii: IIpemporiecop NOBHHEH MaTh MOXIIUBICTD
IMIOPTYBaTH reOMETpiro 3 pisHUX (opmaTiB ¢aitnis, Takux sik CAD-
¢dopmarn (manpuxnazn, STEP, IGES) abo ¢popmaru rpadiuaux 06'ekTiB
(manpukian, OBJ, STL). Ile cmpomye mnpouec CTBOPEHHS
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TEeOMETPUYHOT MoOJeNi KOHCTPYKILIii 1 JI03BOJISIE BUKOPHCTOBYBaTH
HasiBHY T€OMETPUYIHY iH(pOpMAIIifo.

14.ABTomMarnuHa TeHepamis Mepexi: [lpempouecop Moxe Martu
MOXKJIUBICTh aBTOMAaTHYHO T'€HEPYBaTH CKIHUCHHO-EJIEMEHTHY MEPexy
Ha OCHOBI 3ajaHol reometpii 1 mapamertpiB. Lle mo3Boisie MBUAKO
CTBOPIOBAaTH JETali30BaHYy MOJCIbh 3 HEOOXiTHOK KUIBKICTIO
eJ/IeMeHTIB.

OpHi€I0 3 KIIFOYOBHX MPOOJIEM, [0 BUHUKAIOTH NP BUKOPHUCTaHHI METOLY
CKIHYCHHUX EJIEMEHTIB, € MOo0y/10Ba JTUCKPETHOT MOJIENII MEXaHIYHOI CHCTEMH, sKa
MiuIsrae AoCHiPKeHHI0. BHUKoprcTaHHs mpenpoiiecopa MoKpailye eQeKTUBHICTD
Ta HAIIHHICTH TPOIECY MONEITIOBAHHS, JO3BOJISSIOYM INBHIKO BHOCHUTH 3MiHH B
MOJIeJIb, BUKOHYBAaTH Pi3HOMAHITHI pO3paxyHKH Ta aHali3yBaTu pesyiasratu. Lle
pOoOHTH iioro He3aMiHHUM {HCTPYMEHTOM JUTS iIH)KEHEPIB Ta JOCIITHHUKIB, 3aHHATHX
pO3poOKOI0 Ta aHalizoM KOHCTpyKIii. Tomy po3poOka mnpemnpoiecopa s
CKIHYEHHO-eJIEMEHTHOTO MO/IENTIOBAaHHS KOHCTPYKIIN € aKTyaJbHOIO TEMOIO.

O0'eKT AOCTIIKEHHSI — TEOMETPUYHE MOJCIIOBAHHS KOHCTPYKI Ta
JIUCKPETH3AIlisl TCOMETPHYHUX 00JIACTeH Ha CKIHYCHI CIIEMCHTH.

IMpeamer pocaimkeHnsi — moOymoBa MOJENi KOHCTPYKINI Ta TeHepalis
PO3paxyHKOBHUX CITOK JJIsl CKIHYEHO — €JIEMEHTHOTO MOJICITIOBaHHS KOHCTPYKIIiH.

Meta po6oTH — aHani3 MeToAiB MOOYIOBH KOMITIOTEPHHUX MOJIEICH
reOMEeTpUYHUX oOnacTedl Ta iX AucKpeTn3alii Ha CKIHYEHHI €JIEMEHTH 3alaHoi
¢dopMu Ta po3pobKa mpemnporecopa sl CKIHYEHHO -eIEMEHTHOTO MOJAETIOBAHHS
KOHCTPYKLIiN.

MeTtoau  JQOCTiIUKEHHS: METOAM  OOYMCIIOBATHHOI ~ MareMaTHKH 1
KOMI'tOTepHOT rpadiku.

JUis  nOCSATHEHHsSI TIOCTAaBICHOI METHM HEOOXiTHO BHPIMIMTHA HACTYIHI
3aBOaHHSA:

¢ [IpoBecTu aHami3 o6uKCIIOBaIHLHUX KOMIUTIEKCiB Ha ocHOBI MCE;
¢ [IpoanainizyBaTu MeTOAM TOOYJOBH reOMETPUYHHUX MoJesel 00'eKTiB

1 mommMpeHi popMarH iX onucy;
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e [IpoananidyBaTH OCHOBHI TMONIMPEHI METOMH W AITOPUTMH
JUCKPETH3alii ITIOCKUX Ta MPOCTOPOBHUX 00IaCTEH;

¢ [IpoBeneHHS MOJEIIOBAHHA Ta aHANI3y HPOIPaMHOIO 3a0e3MeueHHs
Mpernpornecopa 3 METOK IOOYTOBH TeOMETpii Ta aBTOMAaTH3aIlii
CTBOPEHHS JIUCKPETHOT (CKIHYEHHO-EJICMEHTHOT) Mozelti
KOHCTPYKLIin;

* Po3pobutu 1 peanizyBaru npenpouecop Juis moOyIoBH TeoMeTpii Ta
aBTOMaTH3alii CTBOPEHHS IUCKPETHOI (CKiHYEHHO-EJIIEMEHTHOT)
MOJIEJ KOHCTPYKITii.

[TpakTH4HOIO HIHHICTIO POOOTH € PO3POOIICHUH TIpeTpoLIecop A MOOYI0BH
reoMeTpii Ta aBTOMaTH3alii CTBOPEHHS IWUCKPETHOI (CKIHYEHHO-EJIEeMEHTHOI)
MoZeTl KOHCTPYKUiH. Y mepmoMy po3fiti Oyno TpOBEIEHO JOCHIKEHHS
HAaMMOMMPEHIINX MPOTPaMHUX KOMIUIEKCIB JUIS MOJAETIOBAHHSA Ta aHa3y
CKJIaHUX IH)KEHEPHHX KOHCTPYKIil, SK BITYM3HSHUX, TaK 1 3apyOKHUX.
Po3rnsHyTO OCHOBHI MeTOmM TOOYIOBH TEOMETPHYHUX Mojenel 00'eKTiB i
nompeni (Gopmard, MO0 BUKOPHCTOBYIOThCS sl ix omucy. Takox Oymu
MIpOoaHai30BaHi OCHOBHI MiAXOMH, SKi 3aCTOCOBYIOThCS B CYYaCHHX CHCTEMax
ABTOMATH30BAHOTO  MPOEKTYBaHHSA  JJIsL  TBEPIOTUIBHOTO  MOJCIIOBAHHS
TCOMETPUYHHUX OO0'€KTIB, a TAKOXK JOCITIKCHI MOIIMPEHI METOAM Ta alTOPUTMHU
JIUCKpeTH3allii MIOCKUX Ta MPOCTOPOBUX obmactedd. Y apyromy posaini Oyio
3IIHCHEHO aHalli3 MpoIecy po3pOoOKH MPerporiecopa 3 METo0 MoOy/I0BH reoMeTpii
Ta aBTOMAaTH3allii CTBOPEHHS IUCKPETHOI (CKIHUEHHO-EJIEeMEHTHOI) Mopjeni
KOHCTpyKIii. Takoxx OyJi0 MpOBeIeHO MOJIEIIOBAHHS Ta HAJaHO AETalbHUI OMUC
apXiTEKTypH  pO3pOOJCHOTO  JONaTKy. Y  TPeThbOMY  pO3Iilli  BUKOHAHO
0OrpyHTYBaHHS BUOOPY CEepeIOBHUIIIA PO3POOKH JIOATKY Ta MOBH ITPOrpaMyBaHHSI.
OmnucaHo alropuTM MOOYJ0BU TeOMETpii po3paxyHKOBUX oOnacteil Ta reHeparii
CITOK y mipernpoiiecopi. Y npenpoiecopi O0yiio po3poOiaeHo 1Ba MOy JJisi poOOTH:
Moxynb "TeomeTpis" Ansi CTBOPEHHST TPOCTUX TEOMETPHYHUX CYTHOCTEH Ta
monynb "Citka" mis cTBopeHHs 1-, 2- Ta 3-MipHHX CITOK 1 iX onTumizamii. [{ns
peauizanii nporpamu Oyna oOpaHa MoBa mporpamyBaHHs C++ y cepemoBuIii
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Microsoft Visual Studio 2022. IIpum po3poOmi 3aco0iB BimoOpakeHHS Ta

Bizyauizallii BUKOPUCTOBYEThCs rpadiunnii inTepdeiic OpenGL.
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PO3JLJ 1.
AHAJII3 ICHYIOUHUX NIAXOAIB 10 MOJEJIFOBAHHS 1
JUCKPETW3AIIIl TIPOCTOPOBUX OB'EKTIB
1.1. Anani3 BizoMux cnoco6iB nogaHHs reoMeTPUYHHUX TiJI
3aranpHa  Kkiacu@ikaiis  OCHOBHMX  IMIJXOMIB  J0  MOJCIIOBaHHS
TeOMETPUYHUX TiN Oyma gaHa B poboti [21], Tam >xe Oynm chopmynboBaHi i
nepepaxoBaHi HUKYE OCHOBHI BUMOTH JI0 TBEPIOTLINX MOJIEICH:

* TlokasHicTh - MOIeNb TOBHMHHAa OyTH TpWAaTHA Ui ONMUCY Oe3midi
(b13u4HAX 00'€EKTIB JOCUTH NIMPOKOTO KIIACY;

e OHO3HAYHICTL - OOWH 1 TIILKA OXMH OO'€KT IIOBHHEH BIAIOBIJATH
KOXXHOMY KOHKPETHOMY OIHUCY, 1100 HE BUHUKAJIO MUTAHHS NPO TeE, KU
BJIaCHE 00'€KT MPECTABIISIETHCS,

*  VHIKaJIbHICT, - B imeay Oa)kaHO, MO0 KOXKEH MOICIBOBAHHMH 00'€KT
OMHCYBaBCs B 00paHiii cXeMi MoAaHHS €JMHUM YuHOM. LI BIacTuBicTh
3a0e3redye JIETKICTh PO3Pi3HEHHSI TBOX Pi3HHUX 00'€KTIB, aJie Ha MPAKTHUII
€ BaXXKO JIOCSIKHOIO;

* TouHicTh - OaxaHo, MO0 MOJaHHS TOYHO OMUCYBaIo GopMmy 00'exTa, O3
anpoKcumauii;

* KopekrHicTh - B ifealni, cxemMa MOAaHHS MOBHHHA JOMYCKATH BBEACHHS
TUIBKA THUX ONHKCIB, SKi 3aJOBOJBHSIOTH BCIM KPHTEpisIM BHU3HAYCHHS
TBEPAOTUILHUX MOJIEIIEH;

* 3aMKHYTICTh - TIOJaHHA Ma€ OyTH 3aMKHYTHM MIOAO AOMYyCTHUMHUX B
HbOMY omnepatiid. JlJii TeOMETPUYHOTO0 MOJICIIOBAHHS BEJIMKE 3HAYCHHS
MAarOTh TEOMETPHYHI IEPETBOPEHHSI Ta TEOPETUKO - MHOYKHHHI OTepaiii;

* KoMmakTHICTh - MOJENb TTOBUHHA MaTH KOMIIAKTHHH OIMUC, EKOHOMHE 3
TOYKH 30py JAHUX, HCOOXITHUX IS i TOBHOTO 3aBIaHHS;

* EdekruBHICT - MO/IeNb MOBUHHA JONYCKAaTH €(PEKTUBHI aqroputMu ii
00poOKH, IO OXOIUIIOE BBCJCHHS/BHCHOBOK, OOYHCICHHS OCHOBHHX
BIIHOCHH 1 omepauiii, pegaryBaHHs 1 MopauQikalliio, Bizyamizawito,
00UYMCIIEHHS METPUYHUX XapPaKTEPUCTHK 1 T.JI.
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3a7I0BONIHUTH BCIM I[MM BHMOTaM OJHOYACHO Ba)XKKO, TOMY pi3Hi cXeMu
MoAaHHs OyIyrOTbCS Ha OCHOBI JISSIKOTO KOMIIPOMICY 1 MaroTh CBOi IepeBaru i
He[oNiKN.

B nmaHuii wac MOXHAa BHUIUTUTH HACTYIHI HAWOUIBII MOMIMPEHI METOAH
MpeCTaBICHHs reOMeTpUYHUX Tin [4, 21, 22, 23]:

* MapaMeTPU30BaHI IPUMITHBH,

* TpaHHUYHE YSBJICHHS;

* KOHCTPYKTHBHA T€OMETPisi;

» kiHemarnuHuii Meton (" cBinmiHr "abo 3aMiTaHHs);

* PpO3KJIaJaHHS HA EIIEMEHTH;

* MPOCTOPOBE NepepaxyBaHH;

* HEsBHI MOJEII.

MopentoBaHHS 32 JOIOMOTOIO 0i0JIIOTEKH MapaMeTpU30BaHUX NMPUMITHBIB
3aCTOCOBYETHCS 3a3BMYail B pI3HUX NPUKIAIHUX o00nacTsax, Jjge Halip
BUKOPHCTOBYBAaHUX T'€OMETPHYHHUX OO'€KTIB OOMEXEHHH 1 CTaHIapTH30BaHHH.
Takuii  migXig — BIAMOBiAAae  TPYNOBIM  TEXHONOTII, 3aCTOCOBYBaHid B
ABTOMATH30BAHOMY TIPOCKTYBaHHI. BiH 4YacTO BHKOPHCTOBYEThCS Ui TaKHX
CKJIaJHUX 1 B TOW JK€ Yac CTaHIAPTU30BaHUX O0'€KTiB, K OONTH, 3yO4acTi
HIecTepHi 1 T.I., SIKi BTOMJIMBO BH3HAa4aTH 3a JIOTIOMOTOIO OyJieBUX KOMOIHAIlH
OB IPOCTHX 00'€KTIB, ajle MOKHA OXapaKTepU3yBaTH HAOOPOM BHCOKOPIBHEBHX
napameTpiB (ZiaMeTp 1 KUTbKiCTh 3y0iB JUIs IIECTEPHI 1 TaK Jai).

[lpy BUKOPUCTAHHI TPAHUYHOTO ONKHCY T'EOMETPUYHE TIIO 3aJAETHCS
3aMKHYTOIO MOBEPXHEI0, M0 oOMexye e Tino. [Ipu npomy anst onucy dopmu
00nacTi BUKOPUCTOBYIOTH SIK ajreOpaidHi moBepxHi 1 -ro i 2 -ro MopsaKy, Tak i
KYCKOBO -aHaJITU4HI TOBEPXHi. 332 JIOMOMOIOK I'PAHMYHOTO OMUCY MOXe OyTH
MIPECTABICHU IIMPOKUK Kiac 00'€KTiB. Y TpaHUYHOMY IIONaHHI B SIBHOMY
BUDIISII MICTUTBCS 1H(OpMAaLlis PO MOBEPXHI TiNla, aHe MOJaHHs e(DEKTUBHE MPH
Bizyamizamii Ta 4McenbHOMY MozentoBaHHI. OCHOBHUM HEIOJIKOM METOAY €
TPOMI3IKICTh JIaHUX, IO OMUCYIOTh MOJEIb 1 CKJIAHICTh OOYHCIICHHS! TEOPETUKO

-MHOXXHHHHUX OTIEepalliii.
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YV MeToni KOHCTPYKTUBHOT reOMeTpii CKIAAHHUKA 00'€KT (OPMYETHCS MUTIXOM
BUKOHAHHS TEOPETUKO-MHOXKMHHUX OIEpalliif Ta omepaniii TeoMeTpUYHUX
NIepEeTBOPEHD HAJ NPOCTIMIMMHU 00'€KTaMM, 3BaHUMH 0a30BUMH €JIeMEeHTaMH, abo
npumituBaMu. J{st Toro, mo0 pes3ydbTaT 3acTOCYBaHHS TEOPETHKO-MHOXKHHHHX
orepaiii 10 TBEpAOTUINX NPUMITUBIB caM OyB TBEPJUM TiJIOM, BUKOHYETHCS HOTO
perynspu3aiiis, ska 3BOIUTHCS JIO0 3aMUKaHHS BHYTPIIIHIX TOYOK. TakuM 4HMHOM
BU3HAYAIOTHCS PETYJSIPU30BaHI TEOPETHKO -MHOKUHHI oriepaltii [4].

Mogenib KOHCTPYKTHBHOI TeoMeTpil Moxe OyTH oOmucaHa 3a JOIIOMOTO)
Jiepesa mo0OynoBu [24], B SKOMy HETEpMIHAIBHI By3JIH MPEICTABIISIFOTH ONIEPATOPH,
a JHCTS - 0a30Bi eneMeHTH. MeTol KOHCTPYKTHBHOT T€OMETPii OXOIUTIOE MINPOKE
KOJIO 00'€KTiB, OT0 3pyYHO BHKOPHCTOBYBAaTH IPH BBEIEHHI, TOMY LIO B HBOMY
iHdopmaliss mpo 00'€KT IMpeAcTaBieHa B JOCUTh CTPYKTYpOBaHOI ¢opmi, M0
3a0e3reuye BeIMKY HAOYHICTH 1 I03BOJISIE YHUKHYTH IIOMIJIOK TIPH ONHKCI 00'€KTa.
Kpim Toro, mojaHHs 3a [JOMOMOTOI JiepeBa MOOyIOBU e(EKTHBHE TNpHU
penaryBaHHi.  ICHy!OTH  ajropuTMH  Bizyamizamii  TiJ, TpeICTaBICHHUX
Oe3mocepeIHBO 3a JOMOMOTOI0 METOy KOHCTPYKTUBHOT FeOMeTpii, MpoTe YacTo Ha
eTari OTpUMaHHS 300paXeHHs 3IHCHIOIOTh IePEXill 10 TPAHUYHOTO OIHCY.

VY kiHematuuHOMY MeToAi [25] JABOBHMIipHA 00NAcTh MPEACTABISAETHCS SIK
CIiJT pyXOoMOi y MpPOCTOpi KPUBOi, a TPUBUMIpHA 00JACTh - SIK CIIiZi PyXOMOTO
JBOBUMIPHOTO Tijta abo nepeTuHy. [loganbmmiM po3BUTKOM KIHEMAaTHIHOTO METORY
€, TaK 3BaHUWH, MJA30BUH METON, B SIKOMY OO'€KT, IO PYXa€ThCs MO CKIATHIH
TPAEKTOPIi, HE € JKOPCTKUM, a Ae(hOopMy€eThCS BIAMOBITHO 10 3aJIeKHOCTEH Tiil un
iHIIK Mipi cknagHocTi. KiHeMaTn4Huil MeTos 3py4YHH TIpU BBEJICHHI, JI03BOJISIE
e(pEKTUBHO BHKOHYBaTH psJ OOYHCIIOBAIBHHUX OIEpalliid, MPOTe BiH OXOILTIOE
oOMexeHn# Kiac 00'€KTIB 1 He mependayae BUKOHAHHS TEOPETHKO -MHOXXHHHHUX
onepauin.

Y  Meromi  pO3KJIAAaHHS ~ HA  €IEMEHTH  MOJENbOBaHUM  00'eKT
MPEICTABISAETHCS SIK 00'€JHAHHS ESIKOr0 HaOOpY HENEePEKPUBAIOUMXCS CIEMEHTIB

- npuMiTtuBiB. Lleit MeTon OMU3BKHIA JO METOAY KOHCTPYKTUBHOI TeoMeTpil, IpoTe
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Yy HbOMY, B TOPIBHSAHHI 3 OCTAHHIM, 3By>KEHE KOJIO MEPETBOPEHb, BAKOHYBAHUX HAJI
MIPUMITHBAaMH B ITPOIIECi 3aBJaHHS 00'€KTa.

[Jane oOMe)xeHHS 3HAYHO yCKJIaJHIOE€ (POPMYBaHHA OIHUCY 00'€KTa, OIHAK
OpU [BOMY 3IPOIIYEThCS BHKOHAHHS Omepamii po3OHUTTs, 10 e(PEeKTHBHO s
Bi3yali3allii Ta YNCeTbHOr0 MOJIEITIOBAHHSI.

Y wMeTonmi TPOCTOPOBOTO TiepepaxyBaHHS O0'€KTH 3aJafOThCS ILITXOM
nepepaxyBaHHs BCIX THX MO3WIINA MPOCTOPY, sIKi BOHM 3aiimarorh. Ilpu 1pomy
BBa)KAIOTh, 10 MPOCTIp CKJIAJCHO 3 €JIEMEHTApHUX OCEPEIKiB, IO MPUMHKAIOTh
OJIMH JI0 OJTHOTO, a 00'EKT MPECTaBICHNUI K 00'€JHaHHS Jesikol KIHIeBOT Oe3uivi
TaKUX ocepeikiB. B SKOCTI ocepelkiB BHKOPHUCTOBYIOTh 3a3BHYail 3aMKHYTI
kBagpatn (KyOm) (ikcoBaHOTO po3Mipy 31 CTOPOHaMH, NapaJIeIbHUMHU
KOOpAMHAaTHUM ocsiM  (miommHaM). Bimomi  1OBI  Pa3HOBMIHOCTI  METOJIB
IPOCTOPOBOrO _[IEPEYUCICHHS - BOKCENbHI IPEICTABICHHS 1 IpPEICTABICHHS 3a
JIOTIOMOTOI0  KBaJpaTHYHHUX (BICIMKOBHMX) AEPEB, SKi BIAPIZHAIOTHCS _CIIOCOOOM
OTFICaHHS CYKYITHOCTI OCEPE/IKiB, sIKi 3aiiMae MOJIEIbOBaHU 00'€KT. Y TiepioMy i3
3a3HauEHUX METOJIIB JUIS IUX I[iJIeil BUKOPUCTOBYIOThCSI MATPUYHI CTPYKTYpH, a B
JIPYTOMY - 1€papXidHi CTPYKTypW - KBaJpaTH4Hi i BOCBMEpHYHi jaepeBa [26].
Po3pobiieHo criemiasibHi Tyke e(PeKTHBHI alrOPUTMH JJIsi BUKOHAHHS TEOPETUKO
-MHO)KMHHHUX OTIepaliii 1 Bisyasi3allil BOKCEIbHUX MOJIEJIel 1 Mozenel Ha OCHOBI
KBaJpaTHYHUX (BiCIMKOBHX) JIepEB.

YV HesBHUX MOZEJIAX TilO 3aa€ThCS 3a JAONOMOIOI0 JIesKoi MpoleaypH, sIKa
JIO3BOJISIE TSI KOYKHOT TOYKH TTPOCTOPY MOJIENIOBAHHSI BU3HAYATH 11 TPUHAIEKHICTh
onucyBaHomy o0'ekty [27, 28]. Lla mpouenypa Mmoxe OyTH peaiizoBaHa pi3HUMH
crocobamu. Hampuknan, y By3lmax peryiaspHOI CITKH, IO OXOIUTIOE ITUTKOM
MOJZIETIbOBAaHHUH 00'€KT, MOXKHA 3aJ]aTH MPEAUKAT NMPHHAIEKHOCTI I OOUUCITIOBATH
MIPUHAICKHICTh IHIIMX TOYOK 32 JOMOMOTroo iHTeprnosnii [29]. [ns HesBHOTO
OINKCY TEOMETPUYHUX TUJI BUKOPHCTOBYIOTh TAaKOX (DYHKIIIIO BiJICTaHi, 3HAYCHHS
SIKOT B KOJKHIM TOYIII TOPIBHIOE BiICTaHI BiJ Ii€] TOUKH IO MOIEIHOBAHOTO 00'€KTa
[28]. Taka ¢yHKList MOXke OyTH Tako) BU3HAa4YeHA Ha 0a3l BOKCENHHOIO IOJAHHS.

Haperri, icHye minxij, sKUid B 3aralbHOMY BUIJISIAI HESBHO OIMCYE NOBITBHUN
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reoMeTpu4Hui 00'ekT B mpoctopi En 3a momomoroto ¢ynkmii f (x1, x2, ..., xn)
KOOpAMHAT TO4OK (X1, X2, ..., xn) y Bunmsaai HepiBHocTi f (x1, X2, ..., xn) > 0, Tak
mo ¢yHskuis f (), 1o Bu3HaYae 00'ekT, MpUiMae MO3UTUBHI 3HAYSHHS B TOYKA, IO
JIeXaTh B cepe/inHi 00'€KTa, HYIbOBE - B TPAHUYHUX TOYKAX 1 HETaTHBHE - B TOYKaX
no3a o0'extoM. Takuii miaxix orpuMaB Ha3By (yHKIiOHaIbHOTO ToxaHHs (F-rep)
[2]. SIx 1 B Meromi KOHCTPYKTHBHOI reometpii, ckimaguuii F-rep o0'ekt, mMoxke
(dopMyBarucsi 3 TPOCTUX 3a JIOTIOMOTOK TEOPETHKO -MHOKHHHHX OIepamii i
TEOMETPUYHUX TIEPETBOPECHb.

AHaNITHYHUA BUA QYHKILT, IO OMUCYE PE3YJBTAT TEOPETUKO -MHOKHUHHHUX
omepauiid, Moxxe OyTH 3HaljeHWi Ha ocHOBI Teopii R- Qynkmiit [30].
3actocyBaHHS R- (QyHKUIH M03BOJNSAE OTPUMYBATH OIKC TOBEPXHI CKIJIAIHOTO
T€OMETPUYHOrO Tija B HesiBHOMY BunsiAi f (X, y, z) = 0. B manwmii yac po3po0neHi
METOJM TTapaMeTpH3allii Takux MmoBepxoHs [31, 32], mo 3a0e3meuyroTs moOyIoBy
rpagiuHuX BiJOOpakeHb TiJ, MPEACTABICHUX 32 JIOMOMOTOI (DYHKIIOHAIBHUX
Mmoneneil. @DyHKIIOHANbHE YSBICHHS Yy3arallbHIOE€ Pi3HI CIOCOOM HESBHOTO
3aBlaHHS TEOMETPUYHUX TiJ, B pPaMKaX HBOTO pealli3yloThcsi PI3HOMAHITHI
orepatlii, B TOMy YHCIIi 3aMiTaHHS, IeKapTOBUH TBip, MeTaMopdo3ic Ta iH.

AHaI3y0u ONMCaHI YSBJICHHS 3 TOUKH 30py 3a3HAYEHHX BHILIE BUMOT, L0
MpPeIABISIFOTHCS IO TBEPIOTUIMX MOJeNel, MOKHA Bia3HauuTh HactymHe. Cepen
NepepaxoBaHUX YSBICHb HU3bKY TOYHICTh MAalOTh METOAM MPOCTOPOBOTO
nepepaxyBaHHs, TOYHICTb TPAaHUYHUX YsBIECHb, KOHCTPYKTUBHHUX MoJened i
PO3KJIaIaHHs HA €JIEMEHTH 3aJIeKHUTh BiJ (JOPMHU CETMEHTIB MOBEPXOHbB 1 00'eMHIX
npuMiTuBiB. [Ipy 1bOMy HaWOIbII IIMPOKE KOJIO OO'€KTIB MOxe OyTH
MPEJICTABICHE METOAaMH HPOCTOPOBOTO IepepaxyBaHHs, IPAHUYHUM TOJAHHSIM,
(GYHKI[IOHAIBHUM 1 KOHCTPYKTMBHUM MeTojamMu. MeTonu 3aMmiTaHHs 1
PO3KJIaJJaHHs Ha EJEMEHTH, a TaKOX IPEICTABICHHS SK3eMIUIAPaMH MPHMITHBIB
BEJIbMU OOMEXKEeHI B CeHCI Oe3iiul MpeaCcTaBUMHUX Tij. YHIKAIBHICTh YSBICHHS
MPAKTHYHO TapaHTYIOTh TUIBKA BOKCEIBHI MOJENI Ta BICIMKOBI JepeBa IIpH
JomatkoBoMy Tinpo3ourti. Cepex BCIX YsBICHb, HAWOUIBII BAXXKKO OLIHUTH
KOPEKTHICTh U1 T'PaHWYHOTO IOJAHHA, A€ HE TINBKU CTPYKTypH IaHHX, IO
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MPE/ICTABNISAIOTH BEPIIMHH, peOpa i rpaHi MOXYTh OyTH CYIEPEUWINBUMH, aJe TAKOK
rpaHi abo pebpa MOXyTh nepernHarrcs. CKIATHICTh aHANi3y MOIEITbOBAaHOTO
00'exTa Ha TpeAMET BiJIOBITHOCTI BU3HAYEHHIO TBEPJIOTO Tijla XapaKTepHa 1 Juis
(YHKI[IOHAIPHOTO TONAHHS. bBUIBII JIETKO TEpeBipUTH KOPEKTHICTh ISt
KOHCTPYKTUBHOI TeoMeTpii 1 po3KiaJaHHs Ha eneMeHTH. HaiiGinemr mpocro
OLIHUTH KOPEKTHICTh MOJENEi MPOCTOPOBOTO MepepaxyBaHHsS. PerymspusoBaHi
TEOPETUKO - MHOXKHHHI orepaiii He BHM3HaueHi Ui TOJAHHS EK3eMILISIpaMU
MIPUMITHBIB, KIHEMaTHYHUX MOZIEJIEH 1 po3KIIajaHHs Ha eJeMeHTH. Pemta Mmoneneit
3aMKHYTI IIOJI0 [[MX OMEpalliid.

Haii0inpm koMmakTHHH ONMUC MarOTh YSIBIEHHS Ha 0a3i mapamMeTpuyHHX
MPUMITHBIB, (QYHKIIOHAJIBHI, KOHCTPYKTHBHI Ta KiHeMarwdHi mozneni. Onucu
MOJIeJIel IPOCTOPOBOTO MepepaxyBaHHs I'POMI3JIKI, ajle MalOTh IPOCTY CTPYKTYPY.
Haii0inpm ckmagHo 1 TPOMI3AKO OMUCYIOThCS TpaHW4HI MogaHHsA. EQeKTHBHICTH
peautizarii onepariii CHIIbHO BiAPI3HAIOTHCS Y PI3HUX FEOMETPHYHHUX MOJICIICH.

Bisyauizarist Ta 4ncenbHI po3paxyHKH HAHOUTBII POCTO pealtizyloThCs IS
MOJIeJIei POCTOPOBOTO IIepepaxyBaHHs 1 pO3KIIaJaHHS Ha €IEMEHTH.

[Monironizamisi moBepxHi, HeoOXimHa mns BigoOpaxkeHHs 3D 00'ekTis,
HaMOLIBII MPOCTO OyAYETHCS VIS TPAHUYHUX MOJEICH 1 KIHEMATUYHUX MOJIENEH.
OO04HCIIeHHS! KOPJOHY € TPYAOMICTKOIO OMEpaIli€lo Ui KOHCTPYKTHBHOT TeoMeTpii
1 0co0HBO 1151 PYHKLIOHATIBHOTO MOJaHHS.

o & 10 perynapu3oBaHuX OyJIeBHUX OIepaliil, TO BOHH NIPUPOJHUM YHHOM
BHUKOHYIOTECS JUISl KOHCTPYKTHBHOI 1 (DYHKITIOHAIEHOI MOJIeNIeH, TOPIBHSIHO JIETKO
0OUYHUCITIOIOTHCS JUIsl BOKCEIBHUX MOJIEJIe! 1 MoJiesiell Ha OCHOBI BICIMKOBHX JIepeB 1
3HAYHO OUTBII CKJIIAJHO pPeaNli3yloThCs JJIs TPaHUYHUX Mozeied. [IuTaHHS mpo
MPUHAIEKHICTh TOYKA MOJELOBAHOTO O0'€KTYy HAMOLIBII MPOCTO BHUPIIIYETHCS
U1 (YHKIIOHANBEHOTO YSBICHHS 1 METOAy MPOCTOPOBOTO TepepaxyBaHHS.
HabGararo ckiajHinie e 3aBaaHHs BUPILIYETHCS IS IHIIUX MOJCIICH.

3a3HaucHa  Kiacudikallis  BigoOpaka€  NPUHIUIOBI  MIAXOAH OO
MOJEINIIOBaHHS TUI. B paMkax KOKHOTO 3 IepepaxoBaHUX THIIB iCHye Oe3iid

KOHKPETHUX MOJIeNel, M0 BIJIPI3HAIOTECS crocoboMm peamizamii. JKomeH i3
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3a3HAYCHUX CIMOCOOIB HE MOXE BBAKATHCSA TIOBHICTIO YHiBEpCAIbHHM,
e(eKTUBHICTh Ti€i YW 1HIIOI MOJENI 3aJeXKHUTh BiJ[ OMEparlii, sIKi HEOOXiTHO
BUKOHYBAaTH HajJ o0'ektamMuM B Tpoleci MonentoBaHHs. Tomy BHOIp Momeni
3aJIKUTh BiJ] MPUKIJIAAHOI 3a1a4i. [lepepaxoBaHi METOAN ONUCY TE€OMETPUYHUX Til
JIOTIOBHIOIOTh OJIMH OJIHOTO, TOMY HaWOUIbII e()EeKTUBHHM 4YacTO BUSBIISETHCS
CIiJIbHE BHUKOPHUCTAHHS JCKUIBKOX YSBICHb, II0 NPHUIyCKAE iX B3aEMHI
nepetBopenHs. [IpoTe peanizaliii Moaesneit pi3HUX THITIB CUIIBHO BiJPi3HSAIOTHCS MO
BUKOPUCTOBYBaHOMY MATEMAaTHYHOMY amaparty, CTPYKTypaMm JaHHX i aJrOpUTMam
06pobkun.

[Mpn BupimeHHi OaraTboX TMPHKIAJAHUX 337a4 BUHHKAE€ HEOOXiIHICTh
po30UTTA MOnenboBaHMX OO'€KTIB 1 MOOYHOBM IUCKPETHHX MOAENEH, fKi 3
3aJaHOI0 TOYHICTIO alpPOKCHMYIOTh (popMy BHXIiJHOTO 00'ekTa. Y IOUCKPETHOMY
MOAAHHI BAXIMBY pOJIb BiAICPAlOTh 3aco0M OMUCY BHYTPIMIHBOI CTPYKTYPH
MOZIETIbOBaHUX 00'eKTiB. [ ommcy IUCKpETHHUX MOJeNeil BHKOPUCTOBYIOTHCS
pi3Hi cTpaTudikamii, iX owsix moxaHo B podoti [33].

3aranom crparudikailis - e onuc 00'eKTa y BUINISII 00'€JHAHHS CYKYITHOCTI
HEMepeciuHuX CTpaT, KOKHA CTpaTa € Pi3HOMAaHITTAM y mpoctopi En, xopaoH
KOXHOT 3B'S3HOT KOMITOHEHTH CTpPAaTd Ma€ PO3MIPHICTh HMXKYE, HIXK PO3MIPHICTh
caMoi CTpaTH i B KOXHii 0OMeXeHiil MHOXHHI TPOCTOPY MOJCIIOBAHHS MICTHTHCS
KiHIeBe yncio crpat [34]. OxkpeMUMH BUIIaAKaM¥ cTpaTH(ikaliid € reoMeTpryHi
xomIuiekcu [35, 36, 37].

Y pamkax HaBepeHoi Bume kimacudikamii AWCKpEeTHI MoAeni MOXKHa
BIIHECTH [0 THUIy PO3KJIaJaHHSA Ha eneMeHTH. Omuc NIpoCTOpOBOi CTPYKTYpH
TaKOXK BAXIJIMBUHA TPU 3aBIaHHI CKIIAQJOBUX KPHBHX 1 TOBEPXOHb, KyCOYHO-
aHANITUYHOMY TIOJaHHI TpaHUYHUX MOJeNeld 1 Tpu 3aBIaHHI  PO3MIPHO
HEOMHOpIMHUX 00'ekTiB. Jms 1MX TIimeil TakoXX 3acCTOCOBYIOTHCS  Ppi3HI
crpatudikauii [39, 40]. 3okpema, B podori [40] Oyino mokazaHo, 110 TeOMETPUYHI
KOMILJICKCH JIO3BOJSIFOTH  €IMHUM YHHOM TMPEJCTABIATA TPaHUYHI  MOJEI,
KiHeMaTH4Hi MOZEII Ta MOJIEJi IIPOCTOPOBOTO MepepaxyBaHHs. Big3HauMMO TaKkox,

0 B 3QJKHOCTI BiJ cHoco0y OnuWcy MPUMITHBIB B KOHCTPYKTHBHOMY
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MPEICTaBICHHI HOrO0 MOXKHA 3BECTH BIAIOBIMIHO JO TPaHHYHOI MOJENi, MO
MIPOCTOPOBOTO TIepepaxyBaHHs abo (yHKmioHaNbHOT Momeni. TakuM YWMHOM, B
SAKOCTI OCHOBHOI aJbTEPHATUBH y BHOOpI YABIECHHS TI€OMETPUYHHUX TUI MOXKHA
pO3DIAMATH MOJENb Ha OCHOBI KOMIUICKCIB, 3BaHy TaKOX KIITHHHOWO, 1
¢yHkiioHaneHe ysBineHHs. [leprra 3 nux Mopeneit 3aiae siBHUN onuc 00'ekTa, a
npyra - HesiBHMH. L[i Momeni NPHHIMIOBO BIAPI3HSIOTHCS, OJHAK BOHU HE
3aMiHIOIOTh OJIMH OJIHOTO, KO)KHA 3 HHMX Ma€ CBOI mepeBard i Hemomiku. Tax
GbyHKIIOHABHE YSBICHHA 3a0e3Meuye KOMIIAKTHHH ONMUC CKIJIAJHOI, MOXJIHBO
0araroBUMIipHOI, TEOMETpii, BOHO MpHIATHE i1 ONHCYy OO'€KTIB pi3HOI
PO3MIPHOCTI, BKIIIOUAIOYH PO3MIPHO HEOTHOPIAHI 00'€KTH Ta 00'€KTH, SIKi HE €
pizHOMaHiTHI. OmHaK BOHO HE MICTHUTh JAHUX MPO TOMOJOTIYHY CTPYKTYpY
00'exTa, 110 BUKJIMKAE POOJIEMHU ITPU BUKOHAHHI 0araTboX YHCENbHUX MPOIEayp 1
omeparliii. Y CBOI 4Yepry KIITHHHE YSBJICHHS, 3aCHOBAaHE HAa TOIOIOTIYHOMY
PpO30UTTI, Ja€ MOBHUI OMKC TOMOJOTTYHOI CTPYKTYpH 00'€KTA, JO3BOJISIE BUALISTH
TOTIONIOTIYHO OHOPITHI KOMIIOHEHTH B CKJIaJi CKIaAHUX 00'ekTiB. OQHAK CTYIIiHB
JieTai3aii KIITHHHOTO YSBIICHHS, 1[0 BU3HAYA€THCS TOMOJOTTYHUM DPO3OUTTSIM,
YaCcTO BHUSBIIAETHCS HAUIAIIKOBOI 3 TOYKH 30py OIUCY TEOMETPUYHHX
BJIACTUBOCTEH. Y MO/IaTKax, sIKi He BUKOPHCTOBYIOTH MOBHOK MIpOI0 1H(OpMAIIif0
PO TONOJOIIYHY CTPYKTypy o0O0'ekTa, Taka HaAMipHa JAeTalli3allis 3HHXKYE
e(eKTUBHICTh POOOTH 3 TEOMETPUYHUM 00'€EKTOM.

BpaxoByloun BHIE BHKJIaJCHE, MOXHA 3pOOUTH BHMCHOBOK, IO IIPH
MOJZICTTIOBaHHI CKJIAIHUX HEOAHOPITHUX OO'€KTIB Pi3HI YSIBJIECHHS MOXYTh BJAJIO
JIOTIOBHIOBATH OAMH ofHOro. Ha mnpakTumi aiast 3a0e3ledeHHsT MOXIUBOCTI
CIITPHOTO BUKOPUCTAHHS PI3HUX YSABICHb HEOOXiTHO 3a0C3MEUNTH y3TOMKEHICTh
cnenugikaiiii pi3HUX MoJieNel 3 ypaxyBaHHSIM 1X B3aEMHUX MEPETBOPEHb.

1.2. Onuc Tonosorii odacTi

OnHUM 3 HAHBaKJIMBILIMX €JIEMEHTIB YHCEIBHOTO PO3pPaxyHKy HaIlpyKeHO-
nedopmoranoro crany (HJIC) tinma, mo aedopMmyeTbes, € moOymoBa aacKBaTHOI
TeOMETPUYHOI Mogeni JociimKyBaHoi oOnacti. Sk mpaBwiio, Ha TpaKTHII

JIOBOITUTHCSI MaTH CIpaBy 3 00'€KTaMH JyXe CKJIaAHOI KOH]iryparii, 110 icTOTHO
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YCKIJIaJHIOE TIOOYIOBY TakuX Mojeliei. B Tol ke wac Big TouHOCTI MOOYZOBaHOI
TeOMETPUYHOI MOJIeINTi 6araTo B 4OMy 3alie)KaTUME SIKiCTh OTPUMAHOIO YUCETBHOTO
pe3ynbTaTy.

Huni icHyroTh pi3HI crmocobum ommcy TeoMeTpii MojenboBaHOI 007acTi.
OpHuM 3 HaiyacTilie BHKOPUCTOBYBAaHUX IIAXOMIB SIBISIETHCS BHUKOPUCTAHHS
cnemianizoBanux CAD -cucteM, 1m0 [03BONSIIOTE MNOOYAyBard HEOOXiTHY
TOMOJIOTIYHY MOJIEIIb, SIK JIESKY CYKYITHICTh 0230BUX F€OMETPUYHUX MPHMITHUBIB.
Takuii miaxig 3acTOCOBYEThCs, Hampukiad, B cuctemMax ANSYS, COSMOS i
COSAR [12]. ¥ mnpemnpouecopax Hux cucTeM € Oi0TiOTeKH Takux TpadidHuX
MIPUMITHBIB, SIK TOYKa, JiHif, CIUIAlH, JaMaHa, KoJo, cdepa, KOHyC, Ky0 Ta iH., HaJ
JIO3BOJIAIOTH 3aJaTH MIPAKTHYHO JOBLIBHY 00JacTh. AJNBTEPHATUBHUM € HiIXif, 10
MOJISiTa€ B IIapaMEeTPUYHOMY OMNHWCI TeoMeTpii MonenboBaHOi oOmacTi 3a
JIOTIOMOTOI0  JIEIKOi MOBM ONHUCY Tomonorii obnacti. Hampuknan, cucrema
reomerpudroro monemoBaHHs NETGEN [12] BukopucToBye Ai1si ONUCY TOMOJOTT
obmacti Moy CSG (ConstructiveSolidGeometry), 1o J03BOJIIE OMKCYBaTH
HEBEeJMKi 1 cepeHi mIockKi 1 TpuBuMipHI obnacti. ¥ CSG B TekcToBOMY (opMmarti
ASCII MmoxHa ONMHUCYBaTH J0BLUIBHY MPOCTOPOBY OOIACTh, SIK JIOTTYHY KOMOIHAIIIIO
HACTYIHUX 0a30BUX T€OMETPUYHUX TIPUMITUBIB:

- TUTOLIHHA;
- UITHAD;
- chepy;
- SNINTHYHUHA IITHJID;
- eJIICOoiT;
- KOHYC;
- Tapaselerines;
- MHOIorpaHHuK.
TeomMeTpist 00'€KTy BH3HAYAETHCS 5K JIEIKa CYKYITHICTh SHIEPEBHX OIepartii

(o0'emHaHHSL, TIEPETHH 1 JONOBHEHHS) HAJI BULICONMCAHUMH TIPHUMIiTHBAMH.
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[HIIMM MomMpeHnM CrocoO0M ONHCY TOMOJIOTIi TPUBUMIPHHUX 00'€KTIB € TaK
3BaHHU Qopmart crepeo aitorpadii (STL - dopmar). Liel popmar 3acTocoByeTHCS B
ABTOMATH30BaHUX CHUCTEMaX IPOEKTYBAaHHA VI OIMCY TPUBHUMIPHUX MOJEINEH 1 €
JUTS HUX HalOUTBII 9aCTO-BUKOPUCTOBYBAaHUM CTaHAAPTHUM (POPMATOM.

Indopmartis mpo o6'ekt B STL — daiini BKiIr04ae CMCOK TPUKYTHUX TPAHEH,
SIKi OITUCYIOTh TOBEPXHIO HOTO TBEPAOTIOI MOJIENI 13 3aJaHOI0 TOYHICTIO, 1 MOXe
Oytu mpencraBieHa y Bunisai tekctoBoro (ASCII) abo OinapHoro (¢aitny.
TekctoBe npencrasienns STL - ¢aiiny noBUHHE NOYWHATHUCS KIFOYOBUM CIIOBOM
SOLID i 3akinuyBarucss ENDSOLID. Mix OUMH TpPOrpaMHHMH JTy)KKaM{
HaBOJAUTHCS ONMHUC TPUKYTHHKIB. ONHC KOKHOTO TPUKYTHHKA BKJIFOYAE 3aBJIaHHS
ONMHWYHOTO BEKTOPY HOpMali, CIPSMOBAHOTO BiA HOro MOBEpXHi, MICIsA HYOTO
CIiJye CIHCOK TPHUBHMIPHUX KOOPJMHAT YCIX BEpUIMH. YCi KOOpIUHATH
NIPEICTaBICHI B OPTOTOHAIBHIN /EKapTOBIH CHUCTEMi KOOpAWMHAT 1 3alMcaHi y
BUIVIAAI JINCHUX YHCEN.

Ha puc. 1.1 naBemenmii mpukiag ommwcy ogHOro TpukyTHHKa B STL

-tbopmarTi:

Puc.1.1. Omuc tpukytarKa B STL -dopmari.
[Ipy mnpaBuIBPHOMY ONMCI TPIaHTYJIBOBAaHOI TOBEPXHI yci  CyciaHi
TPUKYTHHKH TIOBUHHI MaTH 110 JIBi 3arajbHi BEPIIMHH.
1.3. Anani3z MetoiB moOy10BH CiTOK
[lpouec mOOYJOBH CITOK MOXE pPO3DIAAATHCS SIK  HEPETBOPEHHS
TEOMETPUYHHUX Mojeiel. Metoau mucKpeTH3aiii iICTOTHO 3alieKarh BiJl CrocoOy
MoAaHHS 00'€KTY, IO PO30MBAETHCA, 1 BiJ OOMEXEHb, HAKIIQJACHUX TMPHKIAJTHUM

3aBIaHHAM Ha TUCKPETHY MOICIIb.
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Ornsiy anropuTMiB TTOOYZOBHU CITOK MOXKHA 3HaWTH 30Kpema B poboTax [40,
41]. Cepen pisHHX cII0CO0IB TeHeparil CITOK MOKHA BHIUTUTH HACTYIHI TpyIH
HaOLIBII MOMUPEHNX METO/IIB:

* METOAM TeTpaenpizarii (TpiaHTymsmii);

* MeToau NOoOYyIOBH HECTPYKTYPOBAHHX IeKCATOHAJIBHUX (YOTHPHUKYTHHX)

CiTOK;

* KiHEeMaTH4HI MeToau ab0 METOU 00'€THAHHSI IEPETHHIB;

* METOAM HaKJIQJEHHS HEY3TO/KEHUX 3 (hOpPMOIO 00JIacTi CiTOK;

* METOAM BiOOpaXKeHb TEOMETPHUYHO HEPETYJSAPHUX oOyiacTel B obiacTi

MpaBUIBHOT HOpMH;

e METOIM ONTHMI3aIll].

AHautiz pi3HHX METOIIB TPIaHTYISLIl 1 TeTpaeapizalii TaeThesi B podoTax
[42, 43]. Cepen meromiB TpiaHTYNAMmii MOKHA BHIUIATH JIBi OCHOBHI Tpymu. Y
MeTo/axX IMepuioi Tpynu BUXIAHOIO iH(opMaiiero Ui reHepaiii ciTok € Halip
BY3JIiB, Ki ITOTIM 3'€THYIOTHCS, YTBOPIOIOYH TPUKYTHI €IEMEHTH a00 TeTpaeapH.
Haii0inpm 4acTo mpu 1bOMY BHKOPHUCTOBYETHCS MeTOn JlenoHe, B sikoMy By3IU
3'€IHYIOThCS TaKMM YMHOM, IO BCEpeIMHy Kona (KyJi), OMMCAHOTO HABKOJO
(hOpMOBAHOTO TPUKYTHHKA (TeTpaeapa), He MOTPAIUISIOTh HisKi 1HIII BY3JIH CITKH,
BIIMIHHI BiJ BEPIIIMH JaHOTO €JICMCHTA.

IcHyIOTH pi3HI CcHOCOOHM TOYaTKOBOro BHOOpPY By3miB. OnHI aBTOpH
MIPOMNOHYIOTh CIIOYATKy PO3MIIIyBaTH By3JIM Ha MeXi 00JIacTi, a MoTiM reHepyBaTH
BHYTPIIIHI BY3JIM BHUIAJKOBUM YHHOM, 3aJIMINAIOYM TUTBKM Ti 3 HHX, SKi
3aJI0BOJILHSIOTH 33/1aHii IIIILHOCTI CITKU. Y psi poOIT CrovaTKy BBOAUTHCS HAOIp
TOPU30HTAJBHUX MPSAMEX, IO MOKPHUBAE BCIHO 00NacTh pimreHHA. [loTiM By3mn
PIBHOMIPHO PO3MOALISIOTECS Ha BiIpi3KaxX IHMX MPSMHX, IO JIEKATh BCEPEIUHI
obnacti. Y TpPUBHMIPHOMY BHIAAKy JUI aBTOMATHYHOTO 3aBIaHHS BY3IiB
NPOMOHYETHCS TAKOXK BHUKOPUCTOBYBATH IpPEICTaBICHHS O0JIACTI C JOIMOMOTOIO

BiCIMKOBHX JICPCB.
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Jo npyroi rpynu MeTOHiB TpiaHTyJALil BIJHOCATbCA TaK 3BaHI METOOU
JICKOMITO3HIII. Y MeTomax MAEKOMMO3WI] MOXKHA BHAUTUTH pPEKypCHBHI Ta
iTepaliitHi MEeTOIH.

VYV peKkypcHBHHX METOJax BHXiJHA O0JACTh CHOYATKy pPO3OMBAETHCA HA
migo0nacTi, sSKi MOTIM JAUISATHCS B BIAMOBIIHOCTI 3 TUM € CAMUM aJrOPHUTMOM
po3outTsa. Ilpouec NpomoBXKyeTbCcs A0 THX Iip, MOKH PO3MIpH OTPUMAaHUX
mijobnacTeld He BIAMOBIAATUMYTh HEOOXiqHOI IminbHOCTI citku. lleli merton
JI03BOIIsIE OyyBaTH CiTKH B 00JIACTSX, sIKi € 0araTOKyTHUKaMH, SIKi B 3aralbHOMY
BUIMAJIKy MOXYTh OyTH 1 KpUBONIHIHHUMHU. BuxinaHa rpy0a ciTka BUXOAUTH HUISIXOM
noOyJ0oBU JiaroHaned, IO 3'€IHYIOTh HECYMDKHI BEpIIMHH OaraToKyTHHKA.
EnemenTu rpy06oi CiTKH MOTIM MOAPIOHIOIOTHCS, IS IIHOTO BBOASTHCS TOTATKOBI
BY3JIH, II0 PO3MIILYIOTHCS Ha KOPJOHAX €JIEMEHTIB, 11l By3JIU 3'€IHYIOThCSI OAUH 3
OHUM BiJpI3KaMH, IO JIeXKATh BCEPEIMHI €IeMEHTIB. JlaHuii MeTon IoIycKae
y3arajbHEHHsI I Ha TPUBUMIPHUI BUTIA/IOK.

B iTepamiifHux MeTomax MEKOMIIO3MINI PO3OUTTS 3MIHCHIOETHCS TaKUM
YMHOM, III0 Ha KOXHOMY KpoIli OymyeTbcsi OfMH a00 KilbKa eJIEMEHTIB
Pe3yAbTyI04O0i ciTKH. [Iporiec MPpOIOBKYETHCS 10 TUX TP, MOKU SJIEMEHTH CITKH HE
3aIMOBHSATH BCIO PO3PAXyHKOBY 001acTh. MeTOMM 1€l rpynu A03BOJISIOTH OyayBarH,
SIK TIPaBWJIO, TPUKYTHI 1 TeTpasApalibHble CITKW. B iTepamiiiHMX Meromax icHye
MOXJIMBICTh YIpPABIIHHA pPO3MipaMH i (OPMOIO eIIeMEHTIB 0e3locepeH0 B
nporieci MoOyIOBM CITKH, IO € IX Oe3MepeyHor0 IepeBarol0 IOPIBHSIHO 3
PEKYPCHBHUMH METO/IAMH.

ITepaniiini MeTomu yHiBepcanbHI 1, SK NPaBWIO, 3aCTOCOBYIOTBCS JUIS
obmacreit jocuth HoBiNBbHOI hopmu. Came TOMy iTeparliiiHi METOAN B OCHOBHOMY 1
BUKOPHCTOBYIOTHCS B aBTOMAaTHYHHUX MPOrpaMHUX KOMIUIeKcax. HemomikoM 1iporo
KJIACy METOJIB € PECYPCOMICTKICTh, ICTOTHO OiIBIII TTOBIIEHA MBUAKICTE POoOOTH (Y
MOPIBHIHHI 3 IPSIMUMH METOJ[AMH) 1 MEHIIIA HAAIUHICTb.

ITepaniiini MeToan dYepe3 CBOIO YHIBEpCAJIBHICTH OTpUMANM HAHOILIBIINIA

pPO3BUTOK. P03po0neHo Kilbka pi3HUX MiIXOAIB, SKI MOXHA PO3IOUTUTH Ha TPH
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MiAKJIACH: METOAW TPaHUYHOI KOpEKIil, METOAN Ha OCHOBI Kputepiro [lemone i
METOIM BHYCPIIaHHS.

Metou rpaHUYHOT KOPEKIiT € HAWIIBU/IIINMH 3 ITEpaAIlifHAX METO/IIB, ajie, Ha
JKab, MAalOTh P HEBUKOpPIHHUX HenomikiB. [ToOymoBa CiTOK B mHX METOmax
3IIHCHIOEThCS B JiBa eTanu. Ha nepiiomy etarti mpoBOAUTHCS TPIAHTYIIALIS SKOICh
mpoctoi 'cymep- oOmacTi", MOBHICTIO BKJIFOYae B cebe 3amaHy o0macTh. Sk
MpaBmilo, I cymep- o0nacTh sBisie co0OK Tapasnenerninen (d4epe3 MpPOCTOTY
TPIaHTYISIIT), TPIAHTYISALIS SIKOTO 3/IIHCHIOETHCSI HA OCHOBI OJTHOTO 3 YHCIIEHHHUX
mrabnonis. Ha apyromy erami Bci By3/iHM OTPUMAHOI CITKH, IO JIeXKAaTh MOOIH3Y
KOPJIOHY 3aJiaHiil o0macTi, MPOCKTYIOThCS Ha MOBEPXHIO KOPJOHY; a BY3JH, IO
Jexarh 1o3a 3amaHii obmacti - Bumamsiorbes. 11[o6 kommeHcyBarm HeMHHYI
TeOMETPUYHI CIIOTBOPEHHS €JIEMEHTIB CiTKH I100NN3Yy KOPIOHIB, 4AaCTO JOJATKOBO
MIPOBOIIATH IIIE€ OJH €Tall - €Tall ONTHMi3allil CiTKH, M0 B MiJCYMKY JO3BOJISIE
OTPUMATH JOCHUThH XOPOLIi PE3yNbTaTu.

OueBHIHO, 10 JAHHHA METOJ HE MO)KHA 3aCTOCOBYBATH ISl AUCKPETH3AIil
obnacTtel i3 3aJJaHOI0 TPIAHTYISALI€I0 KOpJOHIB. Lle icToOTHE 0OMEKEeHHS, a TaKoX
IHII CKJIQJIHOCTI 3HIDKYIOTH TOMYJSIPHICTH METONY, 3BOJSYM HaHIBEeNb MHOro
OCHOBHY TIepeBary - BUCOKY IIBHIKICTb pOOOTH.

CyTHICTh METOHIB BHUYEpIIAaHHA NOJSIrac B IOCIIZOBHOMY '"BHpi3aHHI" i3
3a1aHoi o0nacTi (parMeHTiB TeTpaenpidyeckoil GopMH JOTH, TOKU BCS 00NacTh HE
ONMMHUTHCS "BUuepriaHa". B aHMIIOMOBHIN JliTeparypi Lieil METoJ OTpUMaB Ha3By
"advancing front", mo Takox m00pe BimoOpaxae inero Metony. Buxigaumu qannMu
Ha KOXHii iTepauii € "GppoHT", TOOTO TpiaHTyIsAIsI KOPAOHY Iie He "BudyepraHa’
gacTuHa oOmacti. KokeH TpUKYTHHK Ii€i TpiaHTymsamii € OocHOBOIO oOxacTi
TeTpaenpa, IKUil BUIy4a€eThCsl, MPHUOMY Ha KOXKHIH iTepaliii Moxke BUITydaTucs abo
OJIMH TeTpaeap, abo Bimpasy ninuil map terpaeapis. [licns BHIydYeHHS TeTpaeapa
"(hpOHT" OHOBJIIOETHCS, MICIIS YOTO BiIOYBA€THCS MEPEXiJ] 10 HACTYITHOI iTepaltii.

Metomu BU4eprianHs yHiBepcallbHI 1 MOXYTh OyTH BUKOPHCTaHI JuIsi obOnacteit
JIOBUTEHOI (opmu Ta KoHGirypamii (HaBiTH UIA HE3B'A3HUX oOmacteil), mIo

HOSICHIOE iX MOMYNAPHICTh. 30KpeMa, caMe Li METOAM BHKOPHCTOBYIOTHCS B
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nporpamMHoMy komrurekci ANSYS. Pasom 3 TUM ciin Big3Ha4MTH iX BHCOKY
PECYPCOMICTKICTE 1 HU3BKY IIBUAKICTH pOOOTH.

Metoau Ha OCHOBI KpHUTepito JlenoHe 4acTo Ha3MBaIOTh NMPOCTO METONAMHU
Jemone, xoua 1e He 30BCIM KOPEKTHO, OCKibkn caM b.H. [lenoHe HiIKUX METOMIB
He po3poO0IIsB, a JIMIIE 3alpOIOHYBaB MPOCTHH 1 e()EeKTUBHHN KPUTEpIid, IO
BHUKOPHCTOBYETHCSI TPH YCTAaHOBII 3B'A3KIB MIX By3/laMu. BiamosinmHo, ineero
LBOTO KJIACy METOJIB € PO3MIIIEHHs B 3a/aHiii oOnacTi By3NiB 1 MHOAajblia
pO3CTaHOBKA MK HUIMH 3B'SI3KIB 3T1IHO 3 KpUTepieM Jlenone (4n iHIIoOMY CX0KOMY
KpuTepito).

HecTpykTypoBaHi rekcaroHajbHi CITKM OyZyIOTbCs 3a3BHYail Ha OCHOBI
CUMILTIIIaTbHAX CITOK HUISXOM 00'€IHAHHS CyCiqHIX eneMeHTiB [40].

Kinemarnunuif Merox 1o03Bojsie OymyBaTu CITKH B 001acTiX, 3alaHMX
MeTonoM 3amitaHHa [45]. Ilpm nuckperusanii oOmacTi criouyaTKy po30MBa€THCS
pyxoMa KpuBa (JIBOBUMIPHHMH PO3THH), @ MOTIM BIiMOBIJHI OJUH OJHOMY TOYKH
(Bimpi3KM) Ha CYCIJHIX 32 YaCOM KpUBHUX (MEpETHHAX) 3'€THYIOTHCS OJMH C OJJHUM,
YTBOPIOOYH €JIEMEHTH JIBOBUMIPHOT (TpUBUMIpHOT) ciTKU. KiHeMaTuaHul MeTO] €
OKpEeMHM BHIAJKOM 3aralbHOr0 MeETOAy OO0'€JHaHHsA mepepi3iB. Y MeTomi
o0'enmHaHHs mepepi3iB  mependavyaeThcs  BioMa  JOBUIbHA  TOCIHIJOBHICTb
OTPUMaHUX SIKUM-HeOylb criocoboM mepepi3iB 00'ekrTa, sikuii po3ouBaeTbes. Toxi,
SKIIO Ha MEepeTWHaX BAAEThCS NOOyayBaTH 130MOpGHI CITKH, TO 3'€IHYIOYH
BIJIMIOBIIHI OJJMH OJTHOMY €JIEMEHTH Iepepi3iB, MOKHA OTPUMATH YOTHPUKYTHY 200
MIPU3MATHYHY CITKY, SIKa € AUCKPETU3ALIEI0 pO3MITHYyTOro 00'exTa. Jlanuii crocio €
JIOCUTH €(PEKTUBHUM, OJIHAK BiH 3aCTOCYETHCS O OOMEKEHOTo Kojia 00'eKTiB. Y
JISSIKUX BUMAJKaX, KOJHM CITKW Ha CYCIAHIX Tepepidy He € M30MOP(HBIMH, IS
JIUCKpEeTH3allii MpOoCTOpy MK TaKUMH Iepepi3aMH BHUKOPHCTOBYIOTHCS METOIH
TpiaHrynawii.

[Tpu BHKOpPUCTAHHI HEY3rOJKEHHX CITOK BHXiJHA 00JACTh MOKPUBAETHCS
JIesIKOT peryssipHoto ciTKoro. CITKOBI €JIeMEHTH BCEpeAMHI 00JIacTi 3aIMIIal0ThCS
0e3 3MiH, a €JIeMEHTH, IO JIe)KaTh HA KOPJAOHI 1 1Mo3a o0iacTi IrHOPYrOThCS. Y

pe3ysbTaTi BUXOOUTH CITKAa 31 CTYMiHYacCTHM a00 JaMaHHM KOPJIOHOM, JUIS
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3MIa/DKYBAHHS  SKOI MOXYTh 3aCTOCOBYBAaTHCsS pi3Hi  migxomd. 3o0Kpema,
MIPOCIIIOBAHHS TOYOK CTYMIHYACTOTO KOPAOHY Ha KOPAOH oOmacti, abo 3cyB
MIPUKOPJIOHHUX BY3JIiB Y3JIOBX JIiHIN CITKH J0 MIEPETUHY C KOPJIOHOM.

EdextuBHuil miaxix m0 moOynoBH HEY3rO/DKEHHX CITOK IOB'S3aHUN 3
BUKOPHCTAHHSIM IPEJCTABJICHHS O0JIaCTi C JIOMOMOTOI0 BiciMKOBHX JiepeB. lleit
METOJl JIO3BOJIIE B ABTOMATHYHOMY PEXKHMI 3IIHCHIOBATH JUCKPETU3AIIII0
CKJIaJTHUX TPUBUMIPHUX 00'€KTIB [44].

Jluis TeHepariii CiTOK aKTMBHO 3aCTOCOBYIOTHCS TaKOXK Pi3HI BiOOpakKeHHS
[45, 46], w0 [03BOJSIOTH IEPETBOPIOBATH CITKM, IOCTABJICHI Ha O00IaCTsIX
MpaBMWIIbHOT (hOPMH, CITKH, IO TMOKPUBAIOTH 00NacTi CKiIagHoi dopmu. B manuii
Yyac HaWOIIbIIe MOMMPEHHS OiepKaiu KOHPOPMHI BioOpakeHHs i TpaHCUHITHI
MIEPEeTBOPEHHS. MeToiu, 3acCHOBaHI Ha BUKOPHUCTaHHI PI3HUX BiOOpa)eHb, IO
3a0e3MneuyloTh 1O0Yy/IOBY, SIK TPaBHIIO, SKICHUX PO3PaXxyHKOBHX CiTOK. OpHak
3aCTOCYBaHHS MOAIOHMX aJTrOPUTMIB TMOB'SI3aHA 3 ICTOTHUMH OOMEKEHHSMHU Ha
(dbopMy BHXITHOI 007acTi 1 Ha CHOCiO TOMaHHS IMi€i 00JIACTi, MO MPU3BOIUTE O
HEOOX1IHOCTI 1HIUBIYALHOTO MiJXOLY /IO BUPINICHHS KOKHOI HOBOT 3a/1a4i.

MeTom BijoOpakeHb JT03BOJISIFOTH OyIyBaTH OJIOYHO-CTPYKTYPOBaHi CITKH B
rajgy3sX, BH3HAQUEHMX METOJOM pO3KJIaZaHHS Ha eJNeMEHTH, L0 NPHITyCKae
3aBlaHHS Tajdy3i y BUDIAAL 0O0'€qHaHHS MakpoOiokiB meBHOI Qopmu. Jlns
aBTOMATHYHOTO PO30OUTTA CKIAJHUX OOJacTeld Ha MaKpOOJIOKH 3aCTOCOBYETHCS
TaKOX IIEPETBOPEHHS, SIKE HO3BOJISIE€ BUAUIMTH KICTAK 00'€KTa, IO CKIAAAETHCS 3
0e3:1i4i TOUOK, KOJKHA 3 SIKUX € PIBHO BIIaJICHOKO BiJl HAWOMIKYMX 10 HEl TOYOK
Mexi 00'exta [30].

Metoau onTuMmizamii CiTOK BHKOPUCTOBYFOTBCSI ISl TIOKpAICHHS Ta
ajanTailii 10 yMOB IOCTaBJICHOT 3a/1a4i Bxe c(hOPMOBAHUX SIKUM-HEOY/Ib CIIOCOOOM
citok [31, 32, 33]. VYV 3arampHOMY BHIVISIII CYThb LUX METOJIB MOXHA

cpOpMyYIIIOBATH HACTYIIHUM YMHOM:
HeoOXiqHo 3HaiiTy E=min (m?x Ei): i=1,2,...N,

nme Ei - sxach Mipa TMOMHIIKH, IO JO3BOJIIE KUTBKICHO OIIHUTH SIKiCTh

KIHIIEBO-Pi3HUIIEBOT 200 CKIHYEHO-EJIEMEHTHOI anpokcumallii - Ei-momuika Ha i-my
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eneMeHTi, N - 3arajbHa KUTBKICTh eleMeHTiB. Mipa E Moxe OyTi oOpana caMumu
pizHUMH cnoco0amMHM, BOHA MOXE 3aJeKaTH TUIBKA BiJl TEOMETPHYHHUX
XapaKTePUCTHK €JIEMEHTIB a00 ’K BPaxOBYBaTH XapakTep NpHKIaaHOI 3anadi. [1pu
onrTuMmizamii ciTok abo BapilOIOTh TUIBKH KOOPJAMHATaMHU BY3IiB, 3aJIHMIIAI0YH
TOMmoJIorif0 0e3 3MiHM, ad0 JOMYCKalOTh 3MIiHY TOIOJIOTI, B I[bOMY BHIIQJKY
MOXJIMBE pO3OUTTS ab0 HaBIAKW YKPYIMHCHHS [ESKUX CJIEMCHTIB, 3MiHa
KoH(Irypalrii 3B's13KiB MiXK By3J1aMi a00 BBE/ICHHSI JIOJIATKOBUX By3J1iB HA KOPJIOHAX
1 BCepe/INHI €JICMEHTIB.

KoxeH 3 nepepaxoBaHuX METOIB MOOYIOBH CITOK PO3PaXOBaHUI Ha MEBHY
MOJIeJIh TIOJJaHHsI po3paxyHKoBoi obnacti [34]. Tak npu TpiaHTyms1ii, 3aCHOBaHOT
Ha METOAAX JIEKOMIIO3MI[il, BUKOPHCTOBY€EThCS TpaHWYHUI ommc obmacti. Ilpn
moOy/I0BI HEY3TO/PKEHHX CITOK 3aCTOCOBYETHhCS 3aBlaHHs 00J1acTi METOIOM
MPOCTOPOBOTO TepepaxyBaHHs a00 IpaHUYHUM MeTomoM. KiHeMaTHuHHMA MeTon
MPUIATHUN JUUTsE PO3OUTTSI TUTBKU THUX OOJIACTEH, OMHUC SIKUX TaKokK OyIyeThcs Ha
OCHOBI KIHEMaTHYHOTO METOAy. MeToJH BiOOpakeHb MPHITYCKAKOTh 3aBJIAHHS
pO3paxyHKOBUX oOiacteil abo METOJOM pO3KJIaJaHHs Ha eJIeMeHTH, a0o
IPaHUYHUM METOJIOM.

Crin 3a3HaYMTH, MO0 3aCTOCYBAHHS THX a00 IHIIMX CIOCOOIB MOOYIOBU
CITOK ICTOTHUH BIUTHB MAarOTh OOMEKCHHS, III0 HAKJIAJAIThCS METOIaMH,
BUKOPUCTOBYBAaHMMH JUJIsl BUPILICHHS NPUKIIAIHUX 3aB/IaHb.

TakuM 4rHOM, BUOIp THITy pO3PaXyHKOBHX CITOK 1 aJITOPUTMIB iX 1MOoOy10BH
3 OJTHOTO OOKY 3aJIeXKHTh Bl MPUKJIaTHOI 33134l 1 METO/IB 11 YUCETBHOTO PillleHHS,
a 3 IHNIOro OOKYy BHM3HAYAETHCS CIIOCOOOM 3aBIaHHS TEOMETPUYHOI MOopeni
PO3paxyHKOBOI O0IACTI.

1.4. OrsiA icHyI04UHMX NPOrpam JJIst AMCKpeTH3amii

Citka poOUTh JOCUTH ICTOTHUN BIUIMB HA TOYHICTH PINICHHS MPOEKINHO -
CITKOBUMH METO/IaMH (a B IESIKUX BUIMAKaX 1 Ha 301KHICTh METOIB). SIKICTh CITKH
3 TOYKH 30pY TOYHOCTI PillleHHSI BU3HAYAETHCS TPhOMa OOCTABHHAMM: PO3MipaMH

CJIEMEHTIB, iX (OPMOIO 1 THUM, HACKUIBKH IOOpe CiTKa amnpoKCUMYyeE BHXIIHY
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obnacts. TakuM 4YMHOM, MOXHA CGOPMYIIOBaTH TaKi BUMOTM 10 Oyab-sKOi
cuctemu aBToMatuaHoi TpianTymnii (CAT).

1. MakcuMaJlbHO TOYHA amnpOKCUMAllis KOPJOHIB o0jacTi Ta i BHYTpIIIHIX
oOMexeHb: JiHIl 3'€JHaHP TIOBEPXOHb MOBHHHI OyTH ampOKCHMOBaHI
JIAHIIKKaMU pedep CITKH, a caMi IOBEPXHi - 0€3TIYYI0 IUIOCKUX TPUKYTHUX
rpaHen.

2. ®dopmMa eJeMEHTIB MOBHHHA OyTH MO MOXJIMBOCTI Onu3bka 110 (hopMHu
MPaBHIBHOTO CUMILICKCA.

3. CAT noBuHHA JO3BOJIATH KOHTPOJIIOBATH PO3MIpU EJIEMEHTIB CITKH, 1100
MO)KHa OyI10 3a0e31eUnTH 3ryIIeHHs CITKU B MOTPiIOHUX 00NacTsX.
BaxmBoro TakoX € MOXIHMBICTD NEpPEBIPKH SKOCTI Ta KOPEKTHOCTI

MoOyJOBaHOI CITKH.

Hwxue HaBOAWTBCS ODVIAJ PI3HUX MPOTPaMHUX MAKETIB, MPU3HAYCHHUX JUIS
JIMCKpEeTH3allii CKIIaJJHUX MPOCTOPOBHX obyactel (BuOipka oOMexeHa mporpaMmamMu
3 BIAKPHTHM KOJOM, IMOBHICTIO O€3KOIITOBHHMH IpOrpaMaMH Ta IMporpaMaMH,
0OE3KOIITOBHUMH JIsl aKaJIEMIYHOTO BUKOPUCTAHHS).

IMaker Geompack po3pobmenuit moktopom bappi o, BitoMuUM cBOIMHU
pobotamu B 00MacTi AMCKpeTH3allii METOJaMH Ha OCHOBI Kputepito JlenoHe.
[epuri Bepcii makety 3'sBuimcs Oibmie 20 poKiB TOMY 1 Manu - BHJ IIPOTPaMHOL
oibmiorekn Ha MoBi FORTRAN77 (ctapi Bepcii makeTy NOLIMPIOIOTBCS 3
BigkputuM kozoMm). Tenep Geompack € MOTYy)XKHOIO KOHCOJIBHOI MPOTrpaMoI0 A
BUKOHAHHSA PI3HHX ONepalii 3 CiTkaMu - MOOyIOBH, 3TYIICHHS, ONTHUMI3allii,
nepeOyIoBH i T.I. B OCHOBI anropuTMy BUKOPHCTOBYETHCS METO KOPEKIIii CHILHO
3 METOJIOM Ha OCHOBI Kputepito [lenone.

ITaker Geompack Oe3KOINTOBHUI Ui aKaAeMiYHOTO BHUKOPUCTaHHs. Y
KOMIUJICKTI 3 TAaKeTOM IOCTAaBISIEThCSA JOKJIAJHA JOKYMEHTALs aHITiHCHKOO
MOBOIO 1 0e3114 MPUKIaaiB. ABTOp 3IiiiCHIOE 0OMEXEHY MIJTPUMKY KOPHCTYBa4iB
Mo eNeKTpoHHiH momTi. BisyansHuil iHTepdeiic i MOXIMBOCTI MO Bi3yamizamii

BiZicyTHI. IMIIOpT Ta ekcrmopT NaHWX 3IIHCHIOETBCS 4Yepe3 TEKCTOBI Ta OiHapHi
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¢aiimu crienianbHUX (HecTaHaapTHUX) popmaris. [Taket Moxke OyTH BUKOPHCTaHUMA
i onepaniiHuMu cucteMamu cimeiricts Unix 1 Windows.

Jlo He/IOMIKIB MakeTa CiiJl BiTHECTH HEMOXIIMBICTh MPSMOTO KOHTPOJIIO HaJ
pO3MipaMu eIIEMEHTIB.

Jomamnnst ctopinka nakera B [Hrepreri: http://members.shaw.ca/bjoe/

TetGen - mporpama, pospobmena moktopomM Xan Ci 3 IHCTUTYTY
Beiiepmrpaca (WIAS). B ocHOBI alroputMy JIe)KHTh METOJI HA OCHOBI KPUTEPItO
Hemone. J[lns oOmiky BHYTpIIIHIX OOMEKEHb BHKOPHCTOBYETHCS METO[
nepebynoBu. TetGen BoJonie BisyadbHUM iHTepdelcoM (Moxe 3amryckaTucs i sK
KOHCOJIbHA Tporpama), J03BoJisie Oy/yBaTH Ta ONTUMI3YBaTH CIiTKH, OLIHIOBAaTH 1X
SKICTbh, @ TAKOX BHPOOJISTH JIOKAJIbHE 3TYIICHHS.

ITaker TetGen O€3KOINTOBHUM /s aKaJeMiYHOTO BUKOPHUCTaHHS. Y
KOMIUIEKTI 3 TIAKETOM IIOCTABIISIETHCS MAOKIAJHA JOKyMEHTalis aHDIIHCHKOIO
MOBOIO 1 0e3niu mpukianiB. IMIOPT Ta €KCIOPT JaHUX 3JIHCHIOIOTHCS 4epes3
TEKCTOBI (Qaiimu pi3HuX (y TOMy 4YMCIi 1 craHmapTHuX) dQopmari. Po3mipu
€JIEMEHTIB KOHTPOIIOIOTHCS TII00aTbHUM YUHOM.

[Taker Moke OyTH BUKOpPHCTaHMHA Tix Oynb-SIKUMH  OINEpaliiHIMU

cucTeMamu, JUIsl sKux icHye kommiasitop C + +.

Puc. 1.1. Bikno nporpamu TetGen
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Jomamrns ctopinka nakera B [Hrepreri: http:/tetgen.berlios.de/

ITporpamuuii komrieke "Mefisto", po3pobneHuit KonekTHBOM (paHITy3bKHX
aBTOpIB Mij KepiBHUITBOM AjiaHa [leppoHa, MpU3HA4YEHUH /17151 BUPIIIEHHS Pi3HUX
3aBgaHb MareMaTtudHoi (Qi3uKH, 1 BKIIOYae B cebe MOIynb AWCKpETH3allii,
MOCTIPOIIECHHTY, BUpIllyBaya 1 Bizyauizarii. Moaysb Uit AUCKpeTH3allii ooiacreit
(Mefisto - maillages ) MO>kHa BUKOPHCTOBYBATH 1 OKPEMO.

[Mporpamuuii komruieke Mefisto nmpusHaueHuii 11t poOOTH T YIIPABIIHHIM
ornepaliiHux cucteM cimerictBa Unix. [TOIIUPIOETHCS pa3oM 3 BUXiTHUMH KOJAaMH
(nanucanmii Ha MoBax FORTRAN77 1 C) i neMOHCTpaliiHUMHU TPHUKIATAMH.
JlokymeHTanis (ppaHIly3bK00 MOBOIO.

Juis  TpiaHTymsmii TOBEpXHI 1 BHYTpINIHIM 007acTi BUKOPHCTOBYETHCS
KOMOIHOBaHMH METOJ Ha OCHOBI kputepito Jlemone ta anropurmy Quad - tree.
VYrpaBiaiHHSI PO3MipaMH EIIEMEHTIB 3IIHCHIOETHCS 3a JOTIOMOTON) CIEIialbHUX
¢byHKIII# (TOOTO 3TyIIEHHS CITKH MOXKHAa OTPUMATH B Ipolieci moOynosu). O6nacth
JUTS TPIaHTYISMI] MOXKHA 337]aBaTH 3a JOTIOMOTOI0 TEKCTOBHUX (haifiIiB CrenialbHOTO
¢dopmary abo BizyanmbHOro iHTEepdeiicy. EKCopT CiTKM MPOBOAUTHCS B TEKCTOBI
(atinu crieriaibHOTO (hOpMary.

JlomamiHss ~ CTOpiHKa  NPOrpaMHOTO  KOMIUIEKCY B [HTepHeri:
http://www.ann.jussieu.fr/ ~ perronnet/mefistoa.gene.html

NetGen - omuH 3 HaWUNOMyJIAPHIMKMX OE3KOIITOBHUX MAaKeTiB I
JUCKpeTH3alii ckiaagHux oOmactedl. IlommproeTbcs 3  BIOKPUTHM — KOZIOM,
CYTIPOBOKYETHCS TOKYMEHTAIIIEI0 aHTIIIHCHKOI0 MOBOIO, OS3JIUUI0 MPHUKIALIB, a
TakoX Mae BinacHuil [arepuer -popyMm. Moxe Oyt BUKOpHCTaHHUU TiJT OyAb-STKUMU
oTlepanifHIMU CHCTEMaMH, JUIA SIKUX icHye Komnisitop C++. Bomnogie BizyanbHUM
iHTepdeiicom, ane Moxe OyTH 3alyIICHH 1 SIK KOHCOJbHA mporpama. Jlo3Bousie
3ryIIyBaTy Ta ONTHUMI3yBaTH CITKH.

NetGen mnpusHaueHuid i reHepamii 1 BigoOpaxenus 3D- ciTok i
CKJIaJacThCsl 3 JIeKiIbkoxX Oibmiorek. OcHoBHa OibOmioreka nglib peamizye
Oe3mocepeIHbO TeHepalio CiTok. € 1Ba CrocoOM 3aBIaHHS MPOCTOPY, SKE Mae

6yTI/I 3aIIOBHCHEC TeTpae,Z[aHLHI/IMi CIICMCHTaMHU:
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3aBmaHHsS MMPOCTOPY 3a JOMOMOTOI0 OIEepaTopiB KOHCTPYKTHBHOI OJIOKOBOT
reomerpii (Constructive Solid Geometr, CSG). ¥ wiii TeXHOJIOTIT ITyKaHUH MPOCTIp
ONHCYEThCS CYKYIHICTIO TPUMITUBHUX OO'€KTIB, HajJ SKHMH 3aJalOThCS TaKi
omepauii K 00'eJHAHHS, IEPETHH, PI3HUL.

Onuc NoBepxHi, 0 € KOPJIOHOM WIYKAHOTO MpocTopy, y (haitni dopmaty
STL. ¥V upomy Qopmari iHGOpMAIliS TIPO MOBEPXHI MPENCTABISETECS Y BUITIII

KOOpMHAT TPUKYTHUX TpaHell MOBEpXHi 1 IX HopMalei.

Puc. 1.2. Bikuno nporpamu NetGen

VY makeTi BUKOPUCTOBYEThCS alrOPUTM Ha OCHOBI KOMOIHOBAHOTO METOMY
BHYEPIAaHHS 1 METOAY Ha OCHOBI KpuTepito JlemoHe. IMmopr Ta excropT maHuX
Moke OyTH 3iiicCHEeHH Yepe3 Halpi3HOMaHITHIII GopMaru, B TOMY YUCII 1 yepes
crangapTHi. 30kpema, NetGen "3Hae" 6araro popmariB CAD -cucrem.

VIMOBipHO, €MHMII HEOMIK MaKeTa - HEMOXIHBICTh MPSMOTO KOHTPOIIO
HaJ pOo3MipaMH eJIEMEHTIB.

Arop mnporpamu - Joachim Schoberl. Cropinka B IHTepHeTi:
http://www.hpfem.jku. at/netgen/.

T3D - mporpama aist moOyJOBH SIKICHUX CITOK METOJOM BHYEPITyBaHHS.
CknagHi o0nacTi TUCKPETU3UPYIOTCS METOIOM Y3TO/DKeHHs Mo kopaoHy. Cama

obnacTh 3amaeThcs SAK CYKYIHICTh IIOBEPXOHb KOpPOOHY 1 oOMexeHb. JlaHi
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IMIIOPTYIOTBCSI T4 SKCIIOPTYIOTHCS Yepe3 TeKCTOBi (aiiliu creriagbHoro Gopmary.
Kpim Toro, maker BMmie mpamtoBatu 6e3mocepennso 3 cucremamu CAD.

Icuytorp Bepcii makera mis OC Windows i Linux. IIporpama Bomoxie
koHCcONBHUM iHTepdeiicom. s OC cimelictBa Unix mepembadeHa MOXKIHBICT
Bizyamizaimii ciTok 3a jomomororo cropoHHboi mnporpamu (Elixir). Takox

MOXXJIMBHH 3amuc CiToK B rpadiganx popmarax VRML 2.0 1 VTK.

Puc. 1.3. Bikno nporpamu T3D

[TakeT OE3KOIITOBHHIA JUI aKaJEMiYHOTO BHKOPHCTAaHHSI, alicé aBTOPOM
HIATPUMYETBCS IyxKe oOMexkeHo. ABTop mnakera - Daniel Rypl. lomainss cropinka
mpoekty: http://ksm.fsv.cvut.cz/Mlr/t3d.h1ml

1.4. BUCHOBKHM 10 po3aiay

B pesynmprari ommsagy JHiTepaTypHHX JUKEpen MpPOaHaTi30BaHO CIIOCOOH
MOAAHHS TEOMETPUYHMX TIT Ta Meroau moOymoBH ciTok. PosmisHyTo Ta
MPOaHaIi30BaHO KpUTEpil sKocTi MoOyJ0BaHOi CITKU. 3pOOJIEHO OIS Cy4acHUX

IIporpaM JJIsl TUCKpeTH3amii IPOCTOPOBUX KOHCTPYKITIH.
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PO311J1 2.
MOJIEJIOBAHHS TA AHAJII3 ITIPOT'PAMHOI'O 3ABE3IIEYEHHS
MPEMPOLECOPA

2.1. JloriyHe mpeacTaBJIeHHS] CTATHYHOI MO/eNdi CTPYKTYPH NPOrpaMHOI
pO3p0bKM

[ToBHUI TPOEKT MPOrPaMHOI CHCTEMH SIBISIE COOOI0 CYKYIHICTh MOZEIeH
JIOTIYHOTO 1 (DI3MYHOTO YSIBICHD, SIKi IOBHHHI OyTH y3To/XKeHi MiX co0010. Y MOBIi
UML 1ns cTaTuyHOrOo NPEACTaBICHHA MOJEJNEH CUCTEM BUKOPUCTOBYHOTHCS
JiarpamMu kinaciB.BoHM BU3HAUIOTH CKJIa] KJIaciB 00'€KTIB 1 1X 3B’s3KiB.

Ha niarpami xmaciB (Puc.2.1.) npsMOKyTHHKH, TTOUIEH] HA TPH YaCTHHU —
e KIJIACcH, JIiHIT — 3B’SI3KM MiDX HUMH. IM's Kiacy 3amucaHo B BEpXHIM yacTWHI
NPSIMOKYTHHKA. B apyriit i1 Tperii yacTWHI — BiJIOBIJHO CIHUCOK arpuOyTiB i
orepailii, 10 MarOTh CIEU(IKATOPH JOCTYILY.

Crenudikarrist KJ1aciB mperporecopa.

cPoint- kimac BepuIMH €JIEMEHTIB B n-MIPHOMY IMPOCTOPIi, SIKUM MICTHTh
KOOPIUHATH TOYKH, 1i iHIUBIyalbHUNA HOMEP B CIIMCKY BEPIIHH YCiX TOYOK.

cElement- wiac enementiB B mpoctopi Rn. Ileit kmac 30epirac B co6i
CIMCOK HOMEpiB BepIIMH, iX KINBKICTh, IHAUBINyalnbHUH HOMEp €JIEMEHTY,
KOOPIMHATH HOTO LEHTPY Mac, 00'eM, HOMEPH CYCiTHIX €JIEeMEHTIB, 10 MAalOTh 3
HHUM 3arajbHy Ipasb. {1 MOIEMIOBaHHS 3aBAaHb, 10 MAIOTh 00'€KTH 3 PI3HUMHU
(GI3MYHEME  BIIACTUBOCTSAMH BUKOPHCTOBYETHCS 3MiHHA, IO MICTHTh HOMEp
migo0nacTi, kil HaJeKUTh eeMeHT. KpiM TOro Kjac elneMeHTy MICTUTh METO/U
JUTSL TAHAMIYHOTO OOYMCIICHHS TpaHeH.

CFacet- xiac rpaHell €lIeMeHTY, IKUi MICTUTh CIHCOK HOMEPIiB BEPILHUH, 110
YTBOPIOIOTh TPaHb; X KUIBKICTh, IUIONLY, HOPMajb, OPIEHTOBAHY 3 EIEMEHTY
xa3siiHa rpaHi, HOMEp eJIeMEHTY CyciJa Xa3siHa rpaHi, 1 HOMEp eJIEMEeHTY xa3siiHa
rpati. I'panb oOUMCIIOETHCA AMHAMIYHO y Mipy BHKOPHCTaHHS JUI1 €KOHOMIi

nam'aTi.
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cMesh- xnac 1y 30epiranss i JOCTyIy 10 CITKH B Tii nporpamu. Lleit xiac
MICTHTh CIHMCOK TOYOK 1 €JIEMEHTIB CITKH. IHOmI Taki KJIacH MICTATh CITHCOK
rpaneii. [Ipote, sik moka3ye npaxkTHka, 30epiraHHs CIUCKIB IpaHel MPU3BOAUTH 10
3HauyHOi mepeBUTpary mam'sti. Llel Kkiac MICTHTH y TOMY YHCITI METOOH JJIS:
YUTAHHS 1 3alHCy CITOK B PI3HUX CITKOBHX (popMarax, METOIH Ui peaiizariii
3TYIIEHHS 1 PO3PIHKEHHS CITOK, SIKi BUKOPHUCTOBYIOTBCS JUTS aJaITHBHIX CITKOBHX

METO/1iB, METO/IX TI0 TTepeOya0Bi CITOK.

Puc. 2.1. Jliarpama kjaciB mpemnporiecopa
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Puc.2.2. [liarpama kiaciB HOBUX KJIACiB

Ksanparu 3 Bkiagkamu Bropi € MoxymnsaMu. [loka3aHo «myOmiyHi» METOIH,
arpuOyTH Ta QPYHKIIIT, Ki BUKJIMKAIOTHCS 32 KJIacaMH.

OO6uncnroBanbHa ciTka Mictuthest B 00°ekti chi_mesh::MeshContinuum,
SAKAH MOKHA OTPUMATH 32 IOTIOMOTOIO:

auto grid_ptr = cur_handler->GetGrid();

JeranpHime npo CTpyKTypH JaHuxX Mesh

chi_mesh::MeshHandler

Memm Ta omepamii 3 ciTkamu 00poOnstorecsi chi mesh::MeshHandler.
OOpOOHHKH CITKH 3aBaHTaXYIOTHCS B I100anbHy 3MiHHY chi_meshhandler stack, a
MOTOYHUH ~ OOpOOHMK  BiACTEXYyeThCS  IHIMMH  TIOOANBHOI  3MIHHOI,
chi_current_ mesh_handler. fIkiio BukoHyeThcst Oyzib-sika ornepariist 3 CiTKOI0, BOHa
ITOBMHHA MTOMIIIATH HOBOCTBOPEHI 00'€KTH y CTeK B 00poOHuKY. Ha pucynky 2.3

MOKa3aHO y3arajbHEHY apXiTeKTypy.
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Puc. 2.3. Omisip iepapxii citkn

KoxeH 00poOHUK CITKH 00JIaJIHAHO OJTHIEI0 CITKOIO JJIsl TIOBEPXHI Ta OHIE0
CiTKOIO I 00’€eMy, 00M/IBa crioyaTKy HeBH3Ha4eHi. Etam ciTku moBepxHi MOKHA
PO3IIAIATH K €Tall IOMIePeHBOI 0OPOOKH.

Buan moBepxHeBUX CIiTOK:

chi_mesh::SurfaceMesherPredefined. IIpoittu uepe3 mpempouecop. He
BUKOHYE€ >KOJHOTO 34YETIICHHS.

chi_mesh::SurfaceMesherDelaunay. 3MiHIOE mOBEpXHEBy CITKy 3a
JIOTIOMOTOI0 TpiaHrysswii JlesaoHe.

chi_mesh::SurfaceMesherTriangle. 3wminroe ciTKy TOBepxHI 3a
noromororo Triangle 1.6.

Tak camo iCHYIOTb pi3Hi TUIIH 00'€EMHUX CITOK:

chi_mesh::VolumeMesherLinemesh1D. IleperBoproe mniHiiiHI CiTKH Ha
cnaén.

chi_mesh::VolumeMesherPredefined2D. IleperBOoptoe  monepeaHbO
BU3HAUYEHI CITKM IOBEPXOHb Y JBOBHUMIpHI TPHKYTHHKH, YOTHPHUKYTHHKH a00

6araToOKyTHUKW.
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chi_mesh::VolumeMesherExtruder. Excrtpagye mnomepenHo BU3HaYeHI
MOBEPXHEBI CITKM B TPUBUMIPHI TPHUKYTHI TPH3MH, LIECTUTPAaHHUKH a00
6araTorpaHH|/|K|/|.

chi_mesh::VolumeMesherPredefined3D. [leperBoproe 3aBanTaxkeni 3D-
ciTku Ha 3D-TeTpaepu, ECTUTPaHHUKK 200 OararorpaHHUKY.

chi_mesh::VolumeMesherPredefinedUnpartitioned. I[leperBoproe nerky
HEpPO3/IJICHy CITKYy Ha TPaBUIIbHY PO3JAUICHY CITKY 3 MOBHMMHU Aetajismu. Llei
Melep 3ade3reuye BeJIMKY THYYKICTh ISl YUTaHHSI CITOK i3 30BHIIIHIX JKEped.

[ToBepxHeBi CiTKK Ta 00’ €MHI CITKU MPU3HAYAIOTHCSI OOPOOHUKY SIK:

cur_handler->surface_mesher = new chi_mesh::SurfaceMesherPredefined;
cur_handler->volume mesher = new chi_mesh::VolumeMesherPredefined3D;

{06 BHKOHATH MMOBEPXHEBI CITKH, TPOCTO BUKOHAWTE:

cur_handler->surface mesher->Execute();

cur_handler->volume mesher->Execute();

Komipku B Chi-Tech € ocHOBHMUMHK OyaiBeNIbHUMH OOKaMH JJIsl HAYKOBHX
o0OuHuClieHh Ha OCHOBI CITKH. Jleski THIIM CITOK IMOKa3aHi Ha PUCYHKYy 2.4 Ta
BHU3HAYAIOTHCS MEPEITIKOM, SIKHM BOHH MiCTITh, sIK Bu3Ha4eHO chi_mesh::CellType.
Hapas3i niaTpuMyrOThCs TaKi THITA KOMIpOK:

e chi_mesh::CellType::SLAB

¢ chi_mesh::CellType:: TRIANGLE

e chi_mesh::CellType::QUADRILATERAL

e chi_mesh::CellType::POLYGON

¢ chi_mesh::CellType:: TETRAHEDRON

¢ chi_mesh::CellType::HEXAHEDRON

e chi _mesh::CellType::POLYHEDRON
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Puc. 2.4. Tunu kiniTHH

Kmituan xwuByTh y uieHi local cells citku, sxka Mae Tum o00’ekra
chi_mesh::MeshContinuum::LocalCells ~ mig  erimoro  native cells  a6o
external cells. ['apanToBaHO, 110 JIOKAJIbHI KIITHHU € TIOBHICTIO BU3HAYCHUMH,
TOMI SIK HEJOKANbHI KIITHHH, IIBUAIIC 32 BCe, OyIyTh KIITHHAMU-TIPUBHIAMHU.
HaitmBuanmii cnoci®é oTpuMary T0CTyI A0 KOMIPKH 33 JOIOMOTOIO i JIOKAJILHOTO
ineHTuUgikaTopa.

auto cell = grid->local_cells[cell_local id];

O0'exr local_cells Takox cnpusie iteparopy.

for (auto cell = grid->local_cells.begin();

cell 1= grid->local-cells.end();

++cell)

{//do stuft}

a TaKoXX iTepaTop Ha OCHOBI Jliala3oHy

for (auto& cell : grid->local_cells)

{ //do stuft}

Kpim Toro, Oiibln AOpOrHil CHocid OTpUMaTH AOCTYI [0 KOMIpPKH 3a
JIoTIoMOTro10 ii TI00anNbHOTO 1HJEKCY Yepe3 eeMEHT KIITHHKH CiTkh. Llel uieH e
JIOTIOMIXKHUM 00’ €KTOM, sIKUi 1rykarume B native cells i external cells kimiTuHKY 3
OB’ s13aHUM DII00aTBHUM 11eHTH(IKATOpOM

auto cell = grid->cells[cell global id];
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Puc. 2.5. Jlorika BimoOpakeHHS KITITHHOK

2.2. JloriyHe mpeacTaBJaeHHs MOJeJIi MOBEIiHKH POrPpaMHOI po3pooKHu

IToBeninka mporpaMHoOi po3poOKH BHU3HAYAETHCS MHOKUHOIO 00'€KTIB, IIIO
OOMIHIOIOTHCS IIOB1JOMJICHHAMM.

Ha UML niarpami BapiantiB Bukopuctants (Use Case Diagram) (Puc.2.6.)
MOKa3aHO B3a€EMOJIII0 M)XK BapiaHTAMU BUKOPUCTAHHS 1 Ji04uMU ocobamu. Bona
BiZIoOpa)ka€ BUMOTH JI0 CHCTEMH 3 TOYKH 30py KOPHCTyBada. B Hamomy BUMaaKy
BapiaHTH BUKOPHCTAHHSA - 1€ (YHKIIil, BUKOHYBaHI MPOTPaMHUM KOMILIEKCOM, a
JIIOBI 0COOM - 11 KOPHCTYyBa4i CTBOPIOBAHOTO MPOrpaMHOro 3abesrnedeHHs. Taki
JliarpaMu MoKa3yroTh, SIKi JIIf04i 0COOM iHIMIIOIOTH BapiaHTH BUKOPUCTAHHS. 3 HUX
TAaKOK BHJHO, KOJM JiifloBa ocoba oTpuMmye IHQOpMAaIiio BiIl BapiaHTy
BUKOPUCTaHHA.

Crenudikanis Use Case Diagram «/{uckperusais ¢irypu» (Puc.2.6.)

KopoTtke onucanus:

Use Case Diagram mo3Bossie KOpUCTYBady AWCKpeTH3yBaTh Qirypy Ha 1D,
2D, 3D - ckiHY€Hi eJIEMEHTH.

Kopwucrysadi cucremu:

1. Omneparop- 3aae KOMaHAM AJisl IOOYTOBH MOJIEITI.
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2. IlporpaMHuii KOMIUIEKC-BUKOHYE KOMaHIU OIIEpaTopa.
Bapiaatn BuKOpuCTaHHS:
1. 3amyck mporpamu.
. BcranoBuTtu macmra0.
. Bubip mopeni.

. 3amaty BUI MOJIEIII.

2
3
4
5. 3aaaTv TMN QUCKpETH3ALlii.
6. Po3outTs Qirypu Ha CKiHUCHI EIIEMEHTH.
7. 1D- po36uTTSL.
8. 2D- po3ourTs.
9. 3D- po36uTTsL.
10.IuckperuzoBana Qirypa.
11.OnTuMi3ais CITKY CKIHYEHUX €JIEMEHTIB.
12.306epeskeHHsI CITKU CKIHYCHUX EIIEMEHTIB.
Kopucrtypau cucremu «Onepatop»
Kopotke onucanus :
JlaHWii KOpUCTYBad CUCTEMH OIHCYE JIii orieparopa Jisi oOyI0BH MOJIET.
OCHOBHI MOIT:
1. Omeparop 3amyckae mporpamy.
IIporpama 3aBaHTaKy€ThCS.
Oneparop Bubupae dirypy.
[IporpaMHuuit KOMIUTIEKC 3aBaHTaXye 00paHy (irypy.
Oneparop 3a/1a€ BUJ MOJIEITI.
Oneparop 3amae MacTad

Oneparop 3a/1a€ TUM JUCKPETH3ALlI.

e A o

[TporpaMHuii KOMIUTIEKC aBTOMATH3Y€E ITOCIIIOBHICTD /il orepaTopa.
9. Tlporpamuuii KOMILJIEKC BUKOHYE TIOCTaBIICHI 3a/1a4i Orneparopa.
Kopuctysau cucremu «IIporpaMHuii KOMILIEKC)

Kopotke onmcanHs:
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JlaHnii KOpUCTyBa4 CHCTEMH OITUCYE [il IPOrPaMHOTO KOMILIEKCY IIOMO0
no0yIOBH MOJETII.
OcHOBHI nofii:
1. OTpuMaB 3alHUT ONIEPaTOpPa, 3aBAHTAKYETHCS ISl pOOOTH.
2. Omneparop 3a/1a€ TUI JUCKPETH3ALII.
3. Ilporpamuuii KOMIUIEKC po30HuBae Qirypu Ha CKiHYEHI €JIEMEHTH.
4. Omneparop nparHe MOKpPaIIUTH SIKICTh CITKH.
5. IIporpama onTHUMI3y€ CITKYy CKIHUCHUX CICMECHTIB.
6. Omneparop 30epirae moOyoBaHy MOJEIb.
7. TlporpamHuii KOMIUIEKC 30€epirae CiTKy CKIHUCHHUX EJIEMEHTIB.
BapiaaTt BukopucTanHs «3aIrycK IIporpamm»
Kopotke onucanHs:
Jlannii BapiaHT BUKOPUCTAHHS OIKCYE 3alyCK IPOTpaMu JUIs AUCKPETH3aIlil.
OcHOBHI Mofii:
1. Omepatop BiIKpUBaE Mporpamy .
2. TlporpaMHuii KOMIUIEKC 3aBaHTaXY€ThCS.
Bapiant Bukopucranus «Bubip pirypu»
Kopotke onmcanns:
JlaHuii BapiaHT BUKOPUCTaHHS ONKCY€E BUOIp oneparopoM dirypu.
1. Omneparop BubHpae notpiGHy Qirypy.
2. Ilporpama BinoOpaxae BuOpany irypy.
BapianaT Bukopucranus «BcranoButn macmrady
Kopotke onucanns:
JlaHuWii BapiaHT BUKOPUCTAHHS OIHMCY€ 3aBIAHHS OIEPATOPOM MacmTady
dirypun.
1. Omeparop obupae motTpiOHMIA MacmTal.
2. Ilporpama BinoOpaxae dirypy.
BapianT BUKOpHCTaHHS «3a1aTh TUI JUCKPETH3AII»

Kopotke onmcanHs:
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JlaHuii BapiaHT BHMKOpPUCTaHHS OMNKCYE BHOIp THUIy AWCKPETH3AIli IS
pO30HTTA BirypH.
1. Omeparop 3anae Tin auckperusauii (1D,2D,3D)
2. IlporpaMHMii KOMIUIEKC TUCKPETH3YE (Irypy Ha CKIHUCHI €IIeMEHTH.
BapianT Bukopuctanus «1D- po30urts» , «2D-po3outts», «3D-po30uTTs»
KopoTtke onucanus:
Jlani BapiaHTH BUKOPHCTaHHS OMHUCYIOTh po30utTs dirypu mns 1D,2D,3D-
MAOLLUHMN.
1. Omneparop 3amae koMaHmy Juis po3outtst Qiryp, a came mis 1D-
nAaoWwnHN.
2. IlporpaMHmii KOMIUIEKC BUKOHYE po3ouTTs 1D,2D,3D- po36uTTs.
Bapiant Buxopuctanus «/luckperusoBana ¢irypa»
KopoTtke onucanus:
BapiaHT BUKOPHCTaHHS OIIMCY€ aBTOMAaTHYHE BUKOHAHHS JUCKpeTH3alii Ha
1D, 2D 4u Ha 3D cKiHYeHi eJIeMEeHTH.
1. Tlporpama oTpuMy€ 3anuT Ha pO30UTTS Birypu.
2. Iporpama auckpeTtusye Girypy.
Bapiant Bukopucrtanus «OnTUMI3allis CITKA CKIHUEHUX SIEMEHTIB
KopoTtke onrcanus:
BapiaHT BUKOPHCTaHHS OMHCYE MOKPALICHHS TOIOJIOTTYHOT IKOCTI CITKH.
1. IIporpama oTpHUMy€ 3alMT BiJ OIepaTopa Ha MOKPAIIEHHA SKOCTi
CiTKW.
2. Ilporpama onTUMIi3ye CITKY.
BapianT BukopucTaHHA «30epeKeHHS CITKH CKIHUCHUX €IICMCHTIBY
Kopotke onncanns:
BapiaaTt BUKOpUCTaHHS OMHICYE MpoIiec 30epeeHHs IT00YT0BaHOT MOJIEIT.
1. TlporpaMHHii KOMIUIEKC OTPUMYE 3aMUT Ha 30ePEKEHHS MOJIEII.

2. TIporpama 36epirae Mozelib 1Mo 331aHOMY HUISXY.
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Puc.2.6. Use Case Diagram «/luckperusamis ¢irypm»

Hiarpama nocmigoBHocti ik (Puc.2.7.) BimoOpaxkae B3aeMofiro 00'€KTIB,
BITOPSIKOBaHy 3a 4acoM. Ha Hill mokaszaHi 00'€eKTH 1 Ki1acu, BUKOPUCTOBYBaHI B
creHapii, 1 MOCHIJOBHICTh MOBIJOMJICHb, SKHUMH OOMIHIOIOTHCS 00'€KTH, st
BUKOHAHHS cleHapito. JliarpaMu mocimioBHOCTI [iil 3a3BHYail BiAMOBIAIOTH
peatizariisiM MpeneAeHTIB B JIOTIYHOMY MPEICTaBICHHI CHCTEMH.

Jiarpama BinoOpa)ae MOCIIJOBHICTh MMOBIIOMJIEHb MK 00’ €KTaMH.
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Puc2.7. Jliarpama nociiIoBHOCTI Aii
KoomneparnBHa giarpama BimoOpaskae MOTIK MOJii yepe3 cueHapiii BapiaHTta

Bukopucranus. Jliarpama (Puc.2.8.) 3arocTproe yBary Ha 3B's3kaX MiX 00'€eKTaMH.

Puc.2.8.Jliarpama koomneparrii
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2.3. ®iznyHe MpeacTABIEHHS MOJeJi MPOrpaMHoOi po3podKu

JiarpaMu cTaHiB BU3HAYaIOTh BCI MOXIIMBI CTaHH, B IKUX MOXe nepeOyBaTu
KOHKPETHHUH 00'€KT, a TaKOX MPOIIEC 3MiHU CTaHIB 00'€KTa B pe3yJbTaTi HACTAaHHS
TESIKUX TTOIIH.

Ha pmiarpami € nBa crenialbHUX cTaHy - MOYaTrkoBe (start) i KiHieBe (stop).
[TouaTkoBU CTaH BUIICHO YOPHOIO TOYKOIO, BiH BIATIOBITaE CTaHy 00'€KTa, KOIU
BiH TUTBKH 110 OyB cTBOpeHuil. KiHIIeBHII CTaH MO3HAYAETHCSI YOPHOK TOYKOIO B
OiToMy KpYXKY, BiH BIOIOBimae cTaHy 00'€ekTa Iepen WOro 3HHICHHSIM. Ha

JiarpamMi CTaHiB MOXe OyTH OJTUH 1 TUTbKU OJIMH MOYATKOBHU CTaH.

Puc.2.9. [liarpama crany (Statechart diagrams)
Hiarapama nisuteHOCTI (Activity diagrams) geramizye 0coOIHBOCTI

aNTOpPUTMIYHOT pearizallii BAKOHAHHS MIPOTPMHUM KOMIUIEKCOM OTEepaIliii.
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Puc.2.10. liarpama gisutbHOCTI (Activity diagrams)

2.4. ApxiTeKkTypa nporpaMHoro 3ade3neyeHHs Npenpouecopa

ADpXITEKTypOI0 TPOTPaMHOTO 3a0€3MEYEeHHs] € CTPYKTypa CHUCTEMH, sKa
npe/cTaBise Hablp KOMIIOHEHTIB, II0 BHKOHYIOTh MEBHY (yHKIiIO abo HaOip
¢yskuiii. OCHOBHE NPU3HAYECHHS apXiTEKTYPH - OpraHi3allis KOMIOHEHTIB 3 METOI0
3a0e3Mne4eHHs MeBHOI ()yHKIIOHAIBHOCTI.

PosrnsgaeTbes apxiTekTypa IPOrpaMHOro 3a0e3ledeHHs Mpernpouecopa.
Po3pobnena cxema (Puc.2.11.) 3 ocHOBHUMHU (PyHKITIOHATFHUME KOMITOHCHTAMH,
SIKI BXOIISITH IO CKJIaJly JOIATKY aBTOMAaTW4HOI reHepailii CKiH4eHO-eJIEMEHTHOIO
Mo es/tOBaHHA.

ApXIiTeKTypa IpOrpaMHOI'0 KOMIUIEKCY CKIIAA€ThCA 3:

® IICHCTEMH CKIHUECHO-CJIEMEHTHOI TUCKPETU3AIlii;

® MiJCHCTEMHU MOJIEIIOBAHHS MPOIPAMHOTO 3a0e3MeUeHHS.
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Puc.2.11. Cxema KOMIIOHEHTIB IPOTPaMHOTO KOMILIEKCY
2.5. BucHoBKHM 10 po3iiy
B mpomy po3fini mpeacTaBieHO CTaTHYHY MOJETb Ta MOJIENb ITOBEIIHKH
MPOrpaMHOi PO3pOOKH. A TaKOK BUKOHAHO (Pi3HUYHE MPECTABICHHS MOJEIT.
OnucaHo  apXiTeKTypy TMpOrpaMHOro  3a0e3leueHHs  JoAaTKa  Juis
aBroMaTH3aiii  MOOYJIOBM  JHUCKPETHOI  (CKIHYCHHO-EIIEMEHTHOI)  MoJei

KOHCTPYKLiN.
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PO3ILJ 3.
PO3POBKA NNPENMPOLECOPA )i CKIHHEHHO-EJIEMEHTHOI'O
MOZOEJIKOBAHHA

3.1. O0rpyHTYBaHHS BUOOPY cepeAoBHINA PO3POOKH Mpenpouecopa

Microsoft Visual C++ (MSVC) — iHTerpoBaHe cepeioBUIlE pO3pOOKU
nmonatkiB Ha MoBi C++, mo po3pobierne ¢ipmoro Microsoft i mocTaBisSeTbCs SK
yactuHa komIuiekcy Microsoft Visual Studio 2022.

Visual C++ 2022 Hamae mOTy)KHE i THYYKE CEPEIOBHINE PO3POOKH, IO
JIO3BOJISIE CTBOPIOBATH noaTku Juis Microsoft Windows i jonarku, 3acHOBaHi Ha
Microsoft .NET. Lle cepenoBuie MO)XHa BHUKOPHCTOBYBaTH SIK IHTErpoBaHe
CepeoBHINE PO3POOKH, TaK 1 B AKOCTI OKpeMux 3aco0iB. Visual C++ ckimagaeTbes 3
HACTYITHUX KOMIIOHEHTIB!

¢ Komninsitop C++: Visual C++ nocradaeTsest 3 KOMITUISITOPOM, SIKUH
nepeTBoproe koA Ha MoBi C++ y MalIMHHUE Koo, SIKWE MOXe OyTH
BHKOHAHHH OTEPaIliifHOI0 CHCTEMOIO.

¢ IurerpoBane cepenoBuie po3pooku (IDE): Visual C++ wmae
MOTy)KHe iHTerpoBaHe cepenonuie po3podku (IDE) mim HaszBoro
Visual Studio. Ile cepenoBuille Hamae PO3IMUPEHI MOXKIMBOCTI ISt
PO3pOOKH, HANATOMKCHHSI, TECTYBaHHS Ta KEPyBaHHS MPOCKTAMU Ha
MmoBi C++. BoHo Mae iHTepdeiic kopucTyBaya 3 GararbMa (yHKIISIMH,
TaKUMH SIK PENAKTOp KOOy, BiTaAuyMK, CHCTEMa KOHTPOJIO BepCi,
IHCTPYMEHTH T€CTYBaHHs Ta 0araTo iHIIOTO.

¢ biomioreku Windows API: Visual C++ Hagae moctyn g0 Oaratbox
6i0miorex Windows API, siki 103BOMISIIOTE PO3POOHNUKAM B3a€MOJISTH
3 onepauiiiHoto cucremoro Windows. Li 6i0miorekn HanaroTh QyHKIIIT
JUTsI KCpYBaHHSA BiKHAMH, OOpOOKH TIOMii, MEpPEKEBOTO B3a€EMOil,
pobotu 3 daiinamu Ta 6araTo iHIIOTO.

¢ biomiorexkn cranmapty C++: Visual C++ Bruitodae 06iGmiorekn
cragpapty C++, taki sk STL (Standard Template Library), sxi
HAJAIOTh peajizamii pi3HUX aJropUTMiB, KOHTEHHEpIB Ta IHIIMX
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KOPHCHUX KOMITOHEHTiB. Lli 06i0mioTekn NOJErmyoTh po3poOKy
nporpaM Ha MoBi CH++ 1 3a0e3meuyloTh MEPEHOCHMICTh KOAy MIX
pizHMUMH TIIATGOpMaMH.

¢ [HcTpyMeHTH AJI HAJAroMKeHHs Ta npoditoBanns: Visual C++
Ha/la€  PI3HOMAHITHI  IHCTPYMEHTH JUIsl  HAJaro/KeHHS  Ta
npodintoBaHHs nporpaM. lle BKIIOYae TOYKOBHMI HAIAroaKyBad
(debugger) nuis BUSIBIIEHHsSI Ta BHITPABICHHS [TOMHJIOK, aHAIi3aTop
rmaM'siTi I BUSIBJICHHS BUTOKIB ITaM'sITi.

¢ Jlakeru po3podku (SDK): Visual C++ Mae pi3HOMaHITHI NakeTH
po3podku  (SDK), sKki T03BOJIAIOTH PO3POOHHKAM CTBOPIOBATH
nporpamMy Uil KOHKpPETHHX IUiaTGopM abo QyHKIIOHATBHOCTEH.
Hanpuxnan, Windows SDK Hanae HaOip iHCTpyMeHTIB Ta 0i0mioTex
JUT pO3poOKM Iporpam il onepariiny cucremy Windows.

¢ IncrpymenTn aisi po3pooku rpadivnoro inrepdeiicy: Visual C++
Mae Halip IHCTPYMEHTIB UIs po3poOku rpadidHOTO iHTEpdeEicy
KOpHCTyBaua. Brxmrowatoun Ju3aiiHep (opMm, SIKHA  O3BOISIE
CTBOPIOBATH 1 HAJIAIITOBYBAaTH BiKHA, KHOIIKH, MOJISI BBEJICHHS Ta 1HIII
eneMeHTH iHTepdericy.

Lli KOMIOHEHTH Pa30M CTBOPIOIOTH MOTYXKHE CEPENOBHUINE PO3POOKU IS
nporpaMm Ha MoBi C++, I03BOJSIFOMM pPO3POOHMKAM CTBOPIOBAaTH pi3HI TUIH
MporpaM 3 BUKOPUCTAHHSM IIUPOKOT0 HA0OPY iHCTPYMEHTIB Ta 0i0IioTeK.

Mogsa C++, 110 € HAHNOMYIAPHINIOI y CBITI MOBOIO PiBHS cHcTeMH, 1 Visual
C++ pa3om HaaawTh pO3pOOHHKOBI BHCOKOKJIACHHUM 3aci0 CBITOBOTO PIiBHS JUIst

NO0YyIOBH IPOTPaMHOTO 3a0€3MICYCHHSL.
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Puc. 3.1. Microsoft Visual Studio 2022

IIporpama peanizoBaHa Ha MoBi nporpamyBantus C++ B cepemopmii Visual
C++ 2022. Bubip cepenoBuina mporpamyBaHHs OOyMOBICHHH BiJHOCHOIO
MPOCTOTOIO peaizarii rpadigHOrO iHTepdeiicy KOpUCTYBaua
(GraphicUserInterface — GUI).

Ilpu cTBOpeHHI 3aco0iB BimoOpakeHHA 1 Bi3yadisalii BUKOPHCTaHUH
rpa¢iuanii inTepdeiic OpenGL.

OpenGL. Mae OCHOBHY METy - BiJJOOpaKE€HHsI CTaTUYHUX Ta JAMHAMIYHHX
CIICH 3 ABOBUMIPHUMH Ta TPUBHMIPHUMH 00'€KTaMH. Y IIbOMY KOHTEKCTi, 00'€KTH
MOXYTh OyTH TpeJCTaBJeHI sK Ha0ip BepliMH (Ui reoMeTpudHux Qiryp) abo
TiKceniB (11 pacTpoBHUX 300paxkens). [lounHatoun 3 BuximHux manux, OpenGL
BUKOHYE TIEPETBOPECHHS, 1100 NEPEeTBOPUTH IPUMITUBH Ta 300pakeHHS B
miKceapHe TnpeacTaBicHHS. KokeH chopMoBaHMI MiKCENb aCOIIOETHCS 3
HEOOXIIHUMH JAHUMH JUIS HOrO BiOOpaKeHHS Ta MONANbIIOT OOpoOKH, a
pe3ysbTaT nepeTBOpeHHsl po3mintyeThes B Oydepi kaapy. Peamizanis OpenGL st
Windows Bkimtouae monax 400 ¢yskmid, 3 gxkux 368 € 6a3zoBuMu (yHKIiSIMH
OoCHOBHOI Oi0miorekn opengl32.dll, a me 52 ¢yHkuii BXOAsATH 10 CKIaLy

6i6miorexn yruiit glu32.dll.
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bazosi @ynknii OpenGL 3a0e3neuyroTh MOXIIHBICTh TTOOYIOBH 300pakeHb
rpadiYHAX TPUMITHBIB, TaKHX SK TOYKH, JiHIil, OaraTOKyTHHUKH Ta PaCTPOBI
300pakeHHsA. BOHM Takox BKIIOYArOTH (YHKLIi U MEPEeTBOPEHHS KOOPIMHAT,
oOMexeHHsI 00JIacTi BUJMMOCTI, KEPYBaHHS KOJIBOPOM, OCBITIICHHSIM, TEKCTYpOIO
Ta TyMaHOM.

Oynkrii 6iomiorekn yTmimit OpenGL € posmmperHsM 0a3oBoro Habopy
GYHKIIH 1 ciyXaTh Ui CTBOPEHHS 300pakKeHb CKIAJHINIMX 00'€KTIB, TAKUX K
cdepu, TUCKU, KOHIYHI NWITIHAPUA. BOHU TakoXk TO3BOJSIOTH KEPYBaTH TEKCTYPOIO
Ta  BUKOHYBAaTH IIEPETBOPEHHS  KOOPAMHAT, IPOBOAUTH  TPIaHTYJALIIO
OararokyTHHKIB Ta 1OOy/IOBy KpWBHUX Ta TOBEPXOHb Ha HEPEryJIpHIH ciTii
KOHTPOJIEHUX TOYOK 3 BUKOpHCTaHHSAM (opm bes'e Ta parioHanpHUX B-cruaiiHis.

Bci 6a308i gyskmnii OpenGL MoxHa po3aijnTH Ha T'SITh KaTeropiu:

e OyHKUil onMCy NPUMITHBIB BH3HA4YalOTh HIKHIA piBEHb iepapxii
00'eKTiB, SIKI MOXYTh OyTH BioOpaxkeHi rpadiqHo0 CHCTEMOI0. Y
OpenGL Takumu IpUMITHBaMU € TOUKH, JIiHiI, 0araTOKyTHUKH 1 T.11.

e @yHKUil onmycy JKepeNl CBITJIa BUKOPHCTOBYIOTHCS JJIsI BU3HAYCHHS
TOJIOKEHHSI Ta IapaMeTpiB JDKepen CBiTa, SKi 3HAXOOATHCS Y
TPUBUMIpHIH CIIEHI.

e @yukuii 3aBraHHA aTpUOYTIB JO3BOJIAIOTH NMPOIPaMICTy BH3HAUaTH
30BHIIIHIN BUDIA BimoOpaxyBaHux o0'ektiB. Lli aTpubyrn
BKJIIOYAIOTh KOJIp, XapaKTepUCTUKK MaTepiaiy, TEKCTYpH, IapaMeTpu
OCBITJIEHHS.

e Oyukuii Bizyanizamii JO3BOISIOTH 33/1aBaTH MOJIOKEHHSI CIIOCTepiraua
y BipTyaJIJbHOMY NpOCTOpi Ta mapameTpu o0'ektuBa Kamepu. lLle
JIO3BOIISIE CHUCTEMI MPaBWIIBHO TMOOYAyBaTh 300paKeHHS 1 BiJCIKTH
00'eKTH, sIKi HE MOTPAIUIAIOTH B TIOJIC 30DY.

Habip ¢yHKIIH TeOMETPUYHUX TMEPETBOPSHb [O3BOJIE MPOTPaMICTy
3MIHCHIOBAaTH pi3HOMaHiTHI TpaHcdopmarii 00'€KTiB, Taki SIK IIOBOPOTH, 3CYBH,

MacwTabyBaHHS.
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OpenGL cknanaerbest 3 Habopy 6i0mioTeK, 1 OCHOBHI (DYHKIIIT 3HAXOAATHCS B
OCHOBHIM ©Oi0imiorerni, sKy mo3HadaroTh aOpesiaryporo GL. Kpim ocHoBHOL
6iomiorexkn, OpenGL Bximodae kimpka nomaTkoBux Oi0miorek. [lepmia 3 HEHX -
6ibmioreka yrmmit GL (GLU - GL Utility). VYei ¢ynkmii miei GibmioTekn
BU3HAYAIOTHCS 3a JomnoMorow 0azoBux ¢ynkuid GL. Bidmioreka GLU MicTuTh
peaiizaniio CKIagHIMMX (YHKIiH, TaKUX SIK HaOlp MOIYISPHUX I'€OMETPHYHHX
NPUMITHBIB (KyO, KyJst, IMIIHIP, AUCK), QyHKIIT MO0y I0BY CILIAHIB Ta JOJATKOBI
orepariii HaJ| MATPUISIMU.

OpenGL cam mo cobi He BKIIOYAE CIEI[aTbHUX KOMaH[ sl podoTH 3
BikHaMu a0o0 oTpuMaHHs iHpopMalii Bix KopucTyBada. Tomy Oynu CTBOpeEHi
coemianbHi  0iOmioTekH, sKi 3abe3meuyroTh Taki  (yHKIil, sSKi  4YacTo
BUKOPUCTOBYIOTbCS IIPH B3aeMOIil 3 KOpUCTyBadyeM Ta [yl BiJOOpaKeHH:T
iH(opMarrii 3a JOIMOMOTOI0 BIKOHHOI migcucreMu. ONHIEIO 3 HAUMOMYISIPHIMIAX
takux 6i6miorek € GLUT (GL Utility Toolkit). ®opmansro GLUT He € uacTuHOO
OpenGL, are mpakTH4HO BKIIOYAa€ThCs B Oarato auctpuOytuBiB OpenGL i mae
peamizamii s pizaux twiatpopMm. GLUT nanae miniManbHuit HaOip (yHKIIH,
HeoOximHux s crBopeHHss OpenGL-nonmatkiB. ICHye Tako MeHII MOMyJspHA
6iomiorexka GLX, sika Mmae aHanoriui QyHKIIii.

Kpim Toro, ¢ynkuii, cnenndivni A5 KOHKPETHOI BIKOHHOI IiJICHCTEMH,
3a3BUYail BXOJAATh JO ii MNPUKIAMHOTO mporpamHoro iHtrepdeiicy (API).
Hanpuxman, ¢ynkuii, crnenudiuni ans BukoHanHs OpenGL, Moxytb OyTh
BxuiroyeHi B Win32 API mist cucremu Windows a6o B X Window i1 cuctemMu X
Window.

Ha cxemi 3.2, sixka mpezcTaBieHa HIXYe, 300pakeHa OpraHi3amis CHCTEMH
6i0mioTek y Bepcii, 110 nmpaIoe mij ynpasiiHHsIM cuctemMu Windows.

(Tyr He BHaerscst BiIOOpasUTH CXeMy, aje MOXHAa HaBECTH OIIHC
300paKeHOr0 Ha CXeMi.)

Ha cxemi BumHO, MmO OcHOBHa 0OiOmioreka GL wmicTuTh 0a30Bi (QyHKIIIT
OpenGL. bi6mioreka GLU € m10AaTKOBOIO 1 BKIIIOUAE OUIbII CKIAAHI (YHKILI.
biomiorexa GLUT, xoua He € yactuHOO OpenGL, 3a0e3neuye MiHiMaabHUN HaOIp
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¢yukuit g crBopenHs OpenGL-3actocyBanb. [Hmn Qyskmii, mos's3ani 3
BIKOHHOIO MiICHCTEMOI0, MOXYTh OyTH BKItodeHi B Win32 API.

Orxe, OpenGL ckmanaerbess 3 ocHoBHOi Oibmiorekn GL, momatrkoBoi
6i6miorexkn GLU 1, 3a HEOOXiTHOCTI, BUKOPHUCTOBYETHCS pa3oM 3 0i0IiOTEKOIO
GLUT a6o iHIIMMH BIKOHHUMH MiJCHCTEMaMH IS pOOOTH 3 BIKHAMH Ta

oTpuMaHHs iH(opMaIlii BiJ KOpHCTyBaya.

Puc. 3.2. Opranizauis 6i6miorexs OpenGL

OpenGL BHKOPHCTOBYE MOIENIb KIIEHT-CEpBEp s peaiialii CBOiX
¢GyHKOiA. Y wiif Momeni NpHKIagHa IporpaMa BUCTYNAE B pOJi KIIEHTA, IO
reHepye komanau, a cepsep OpenGL inTepnpeTye Ta BUKOHYE 11i komanan. Cepsep
MOXe OyTH PO3TAalIOBaHUM Ha TOMY XK KOMII'IOTEpi, IO ¥ KIT€HT (HampHKIag, y
BUDIsAl  auHamivuHoi Oi0miorexku - DLL), abo Ha iHIIOMY KOMIT'OTEpI,
BUKOPUCTOBYIOYH CIEHiAIbHUN MPOTOKOJ Mepeiadi JaHUX MiXK MaIlHAMH.

OpenGL 00po6isie Ta popmye 300paxeHHs rpadiyHUX MPUMITHBIB B Oydepi
KaJpy 3 YpaxyBaHHSM BHOpaHHX pexuMiB. [IpuMiTuB Moxe OyTH TOYKOIO,
BiJ]pI3KOM, 0araTOKyTHHKOM ToOIIO0. KoXXeH pexuM Moxe OyTH 3MiHEHHA
HE3aJIe)KHO Bij IHMIMX. BU3HaYeHHs NpUMITHBIB, BUOIp peXXHUMIB Ta iHIII oreparii
BUKOHYIOTBCSl 32 JIOTIOMOTOI0 KOMAHJ, $KI BHUKJIMKAIOTHCS Y BUIISAAL (QyHKIIN
HPUKJIAAHOI 0610Mi0TeKH.

IIpumiTHBY BU3HAYAIOTHCS HAOOPOM OJIHIET UM NIEKITBKOX BEPIIHH (Vertex).
KoxHa BepiirHa BU3HaYa€ TOUKY, KiHEIb BiJlpi3Ka a0o KyT OaratokyTHuka. KoxHii

BEpIINHI TPUMHCYIOTHCS TIEBHI JlaHi, Taki SIK KOOpJWHATH, KOJip, HOpMalli,
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TEKCTypHI KOOpAWHATH 1 T.J., IO HAa3WBaIOThcs arpulOyramu. Y OLIBOIOCTI
BUIIAJIKIB KOYKHA BEPIINHA 00POOISIETHCS HE3aICKHO BiJI 1HIIHX.

Apxitektypa OpenGL peanidye KOHBEEpHY cxemy OOpOOKH TpadiuyHHX
JTAaHUX, KA CKJIAJIAEThCA 3 KITBKOX MOCIITOBHUX eTamiB 00poOku. Ha pucynky 3.3

IIOKa3aHa I cxXema.

Puc. 3.3. Cxema dynxkmionysanns koueepa OpenGL

Komanmu OpenGL 3aBxau 00poOIIstOTECSI B IOPSIKY X HAXOMKCHHS, aje
MOXYTh BiOyBarucsi 3aTpHMKH, MEpel THUM SK MPOSBUTHCS eQeKT Bim ix
BukoHaHHs. 3a3Buuail OpenGL peanizye npsmuii intepdeiic, mo o3Hauae, 10
BH3HAYCHHS O0'€KTa MPHU3BOMUTH J0 Horo Bisyamisamii B Oydepi kampy. s
po3poOHuKkiB OpenGL - me Habip KoMaHA, SKi KepyIOTh BHUKOPHUCTAHHSIM
rpagidHorO anapary.

Skimo rpadivHMil amapar CKIaaeThCs TIIBKH 3 ajapecoBaHoro Oydepa
kanpy, To GyHkuii OpenGL MOBHICTIO pealizoByIOThCS 3a JOIOMOTOI0 PecypciB
LEHTPAJIFHOTO Tponecopa. 3a3Buyail rpadiuHuMii amapaT Hajmae pi3HI piBHI
MPUCKOPEHHS, TOYMHAIOYM BijJl amapaTHol peanizanii BUBOAY JIHIA Ta
0araroKyTHHKIB 10 BUCOKOIPOJYKTUBHHUX IpadiuHUX MPOIECOPiB 3 MiATPUMKOIO

PI3HUX Omepalliil Ha/i TEOMETPUIHUMH JAHUMHU.
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OpenGL € mpoiapkoM MiX anmapaTHHM PiBHEM Ta piBHEM KOPHCTyBaua, [0
JIO3BOJNISIE  3a0e3neuynTd  €auHUEA  iHTepdeiic Ha  pi3HUX  1Uatdopmax,
BUKOPUCTOBYIOYM MOKIIMBOCTI arlapaTHol MiATPUMKH.

3.2. Po3po0OKka inTepdeiicy

Jyxe BaxHMBY poiib B €(peKTHBHOCTI poOOTH MPOTrpaMu Ipae MpaBHIbLHO
po3pobnerwmii iHTepdeiic. Came B IbOTO OyIe 3ajiekaTh BUKOHAHHS JIEKITBKOX 3
OCHOBHHX BHMOT - 3py4HICTb 1 IpOCTOTa B 0CBOEHHI. CKITaJHUI, TIepeBaHTAXKEHHIHA
iHTepdeiic MOKe 3MEHIMNTH e()EKTUBHICTE POOOTH 3 IMPEmpoIriecopoM. [ooBHE
MPaBUIIO, Biji SKOTO BapTO BiJIITOBXYBaTHCS - iHTEp(deElc HE TOBUHEH 3aBaXKaTH
poboTi KopuCcTyBaya i He TOBUHEH B1JIBOJIKATH HOTro yBary Bix poOOTH, OJHOYaCHO
HE BTPaJarod MpH IbOMY (DyHKIIIOHAIBHOCTI.

Buxozstuu 3 nporo, Oyno BHpIilIEHO BUKOPHCTOBYBATH THUMOBI U1t windows-
IporpaM Bi3yalibHi KOMIIOHEHTH. Lle JacTh MOXKIHMBICTh OUTBIIOCTI KOPHUCTYBAYiB
HIBHJKO po3i0paTHcs W BKIIOYUTHCA B poOoTy. [HTEpdeiic mpsMo 3anexuTh Bif
(YHKIIIH, 110 BHKOHYIOTHCS IIPOTPaMOIO.

Po3pobinienuii mporpaMHHii KOMIUIEKC BHKOHYE CTBOPEHHS MPOCTHUX
TEOMETPUYHUX CYTHOCTEH Ta  IOUCKPETH3alil0 HAa CKiHYEHI eJEeMEHTH
JIOCTIJIKYBAHOT 00J1acTi B KOHCTPYKIIISIX JUISL €IEMEHTIB YUCEIBbHOTO PO3PAXyHKY

Harnpy»eHo-aedopmoBaHoro crany Ae(opMiBHOTO Tina.

Mae 3mory:

e BigkpuBatu Qainn: Gmsh geometry .geo - ¢aitn reomerpii GMSH;
STEP i IGES - Bimomi ¢opmatu ¢ainiB reomerpis, miATpUMYyBaHi
6ararbMa CAD —1akeramu;

* Oyaye TOYKHM, BIJPi3KH, CIUIaiiHM, B-crutaiiH, ayry koja, eminTHYHY
JIYTY, INIOCKY (irypy, 00TAryiody MOBEpXHIO, 00’ €MHE TiJIO;

® Bi3yaJi3ye HyMepalilo TOYOK;

® Bi3yami3ye TOUYKHW, BIOpi3KH, CIUTaiHU, B-crutaliHu, ayTW Kona,
eNINTHYHI IyTH, TUIOCK] (irypu, oOTArytodi HOBEpXHi, 00’ €MHI Tina;

® QaBTOMAaTHYHO BUKOHYBaTH muckperm3amito Ha 1D, 2D um ma 3D

CKIHYEHI eJIEMEHTH;
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* Bi3yani3ye quckperusauito Ha 1D, 2D un Ha 3D ckiHYeHi eneMeHTH;
® Bi3yali3ye HyMepalilo CKiIHI€HUX €JIEMEHTIB,;

® aBTOMAaTH3y€E PEKOMOIHAI[IIO CITKU CKIHUECHHUX EJICMEHTIB;

® BHKOHYBATH ONTHUMI3aIiO CITKH CKIHUCHHUX EIIEMEHTIB.

[MporpamHuuit komrieke 30epirae B aiis reomerpito 3 quckperusaieo 1D,
2D uu 3D ckiHuYeHi eleMeHTH.

[MporpaMHuii KOMIUIEKC Ma€ MAOCHTh 3py4yHHH iHTepdeiic. B Hbomy
nepeabadeHa  MOXJIMBICTH BHKOHYBaTH AucKpern3auiero Ha 1D, 2D um 3D
CKIHYCHI EJIEMEHTH JUIs PO30OMTTS KPHUBOJIHIHHHUX, MPOCTOPOBHX TMOBEPXOHb 1
MIOBEPXOHB, 10 0OMEXYIOTh 00'€MHI Tijla Ta 00'eMHI Tina;

ITporpama Mae 3MOry BUKOHYBAaTH ONTHMI3alil0 CKIHYEHUX €JIEMEHTIB Ta
3a0e3neuye 30epekeHHs B (ailsl CiTKy CKiHUEHHX €JIeMEHTIB KOHCTPYKIIN Pi3HUX
hopm.

Inrepdetic mporpamu npeAcTaBICHUI B BUINISI MOEAHAHHS JBOX BiKOH
(Puc.3.4.). Ongne 3 Hux sBngeThes [ padiuanm BikHOM, 1€ CTBOPIOETHCS MOJETH i
penaryBaHHsi Mozieqi. A iHIe MiCTUTh B co0i ocHoBHe Mento [Iporpamu ta Habip

KOMaHJT i1 poOOoTH 3 Birypamu.
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B HuxHil yactuHi ['padivunoro Bikna 3Haxoauthest Pagok Crany (Puc.3.5).

Puc.3.5. Pagok Crany

BiH MicTHTh KOMaH! 1J1s1 KEpPYBaHHs 300pakeHHSM 1 iHpOpMaIlifo mpo Iito

akTuBHOI KoMaHu. (Ta6n.3.1.)

Komanau Pagka Ctany

306paxkeHHs KombiHauis

nikTorpamm KNaBiL Ais

Alt+x, Bux moneni BigHocHO oci X.
Alt+Shift+x

Altty, Bun mozneni BimHOCHO oci Y.
Alt+Shift+y

Alt+z, Bua moneni BigHocHo oci Z.
Alt+Shift+z

[ToBopor mMoneni Ha 90 3a 4aCOBOKO

Shift CTPLIKOIO Ta IPOTH YacOBOI.

Alt CuHXpOHIi3aIlisl IOBOPOTY.
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Bcranosnenns macmirafy.

Alt CunxpoHizaiisi Maciirady.
Alt+o, [MepemukaHHS peXXUMY MPOEKIIIi.
Alt+Shift+o

Esc [epemukay mumi Bri/Bukit.

Bikao MeHnto [Tporpamu MicTuTh B c001 OCHOBHE MEHIO IPOTPaMH Ta HaOIp
KOMaHzx a1 pobotu 3 dirypamu. Y BepXHIN IUISHII pO3TAIIOBaHUN PSIIOK

nagarouux MeHio. B Hporo Bxomats File, Tools. (Puc.3.6).

Puc.3.6. Menro File, Tools
Onuc 3micty gianory menio File
Biokpumms ghieypu
1. Hatuckaemo Ha mento File.
2.3 Bumagamodoro MeHi obOupaecmo Open abo Kkopucraemocs
rxombOinamiero kasim CtriH+O.
3. B cniucky 3Haxo[MMO MAarKy, B sIKiid 30epirarThes Girypu.
4. IMoxBiitHIM HATUCKAHHSIM BiJKPHBAEMO TIATIKY.
5. IoaBiiiHUM HaTUCKaHHSIM oOHpaeMo (irypy
00 ’e0HanHs 0eKiNbKOX enemenmis Qicyp
1. Haruckaemo Ha mento File.
2. 3 Bunangatouoro MeHio ooupaemo Merge, Shift+Ctrl+O.
3. Bubupaemo crioyatky ofHy Girypy, a moTiM TaKMM YHHOM O0OHPAEMO
111€ OJIHY .
Biokpummsa noeozo sixna

1. Hatuckaemo Ha MeHro File.
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2. 3 BUMamawo4oro MeHio ooupaemMo New Window.
Po3zoinenns gixna

1. Hatuckaemo Ha BikHo File.

2. 3 Bumasatodoro BikHa obmupaemo Split Window => Horizontally mms
TOPU30OHTANBHOTO po3aiieHHs, Split Window =>Vertically s
BEPTHKAJILHOTO PO3IIICHHS.

3bepesicenns npoexmy

1. Hatuckaemo Ha meHto File.

2. 3 Bunasauoro MeHto obupaemo Save As ado Ctrl+S.

3. Bubupaemo narky, B sIKy BUKOHA€THCS 30epiranHs .

4. B nozne Im’s ¢aiinny 3amaemo im’st Mozieti.

5. HatucuyTtu xkHonky COXpaHUTb.

3axpummst npoexmy
1. Hatuckaemo Ha Mmenro File.

2. 3 BUMamarodoro MeHro oobupaemo Quit.
Onuc 3micty gianory menio Tools

Onyii HanawmyeanHs 8i000PANCEHH

1. Hatuckaemo na mento Tools.
2. 3 BuIagarouoro MeHio obupaemo Options.
3. 3’sBisietbes Bikao Options General (Puc. 3.7).

Puc. 3.7. Bikao Options General
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4. [Ipu BuGopi Mesh na Bkianni Ta Visibility MoxximBo oOuparu
BiZToOpa)XeHHS Ha TeOMETPUYHiH (irypi TOUOK, JiHii, TOBEPXOHb Ta 00 €MIB Ta

HyMepallito TOYOK, JIiHiH, TOBEpXOHb Ta 00’ eMiB (puc.3.8).

Puc. 3.8. Bikao Options Mesh

Onuyii Statistics
1. Haruckaemo ra mento Tools.
2. 3 BHITaIal0u0ro MEHIO 00upaeMo Statistics.
3. 3’sBisieThes BikHO Statistics (Puc. 3.9).

[MTokazye indopmalito Mpo KiJbKICTh €IeMEHTIB TeOMeTpii, CITKH, a TaKoX

JIesIK1 1aHi PO SIKICTH CITKH.

Puc. 3.9. Bikno Statistics

Onyii Clipping
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1. Hatuckaemo Ha mento Tools.
2. 3 Bumazaodoro MeHio ooupaemo Clipping.
3. 3’siBisiethest BikHO Clipping.

IleperuH - HaneBHO, 1I1e OUTBII BAXIIMBUI IHCTPYMEHT HEPETIISIAY CITKH, HiXK
Visibility. Apke sk iHaKiIe 3aDIIHYTH BCEPEIUHY MOJIEINI, SIKIIO HEe 3pOoOUTH

po3tuH? Gmsh 103BONIsIE pOOMTH PO3THH reoMeTpii 1 ciTku. IHTepdeiic HacTynHWiL:

Puc. 3.10. Bixno Clipping

I st reomerpii 1 Anst CiTKM MOXHA 3pOOUTH TIEPETHH abo0 TUIOIMHAMHA
(Planes) a6o mapamienenumnenoMm (Box). st nporo moTpiGHO BHOpATH BiIHIOBIAHY
BKJIAJIKY.

Planes. Moxna 3amati 6 cigaux mromuH koedimientamu A, B, C, D 3
piBHsHHA mwionmHI A*X + B¥y + C*z + D = 0. MOXJIMBO TakoK 1HTEPaKTHBHUHN
"pyx" TUTOIIMH 32 TOTIOMOTO0 MHIII. J[JIs I[hOTO TTOpyXaiTe MUIICIO 3 3aTHCHYTOXO
JIBOIO KHOIKOK B MOJI BBEACHHS uucia Juis koedimieHta. Bu moOauute, sk
3MIHIOETHCS TUIOIIUHY IIEPETHHY 1, BIIITOBIIHO, caMe TICPETHH CiTKH.

Box. Cx, Cy, Cz - xoopAMHATH LEHTPY NIepeTHHY Napanenemninena. Wx, Wy,
Wz - TOBXWHM BiIOBIHUX CTOPIH, SIKi CAMETPUYHI LIEHTPY.

SAxmo BM mocTaBuTe Tanouky HaBmnpoTH Keep whole elements (30epertu
LTI €IEMEHTH), TO OTPUMAETE IIle OUIBII 1iKaBy KapTHHY, AUBJISYUCH HA SIKY BXKE
MOXHa TOBOPUTH MO SKICTh TeTpaeApiB (3BHUAIIHO, YHCTO Bi3yaJIbHO), MpPO

3TYILICHHS CITKH 1 T.11.
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3.3. [loOynoBa reoMeTpuyHMX 00’€KTIB B Mpenpouecopi

Posrisitnemo  poGoTy Momydro  TeoMmMeTpis Ha - IpuKIani  moOyaoBH
MPSMOKYTHHKa po3MipamMu 5 Ha 3 oAuMHUII Ta MOOYIOBY 00’€MHOI Qirypu, SKy
OTPUMYEMO BUTATYBAHHSM HAIIOTO MPSIMOKYTHHKA.

VY Bikni Mento Bubupaemo: Geometry => Elementary Entities => Add =>
New => Point. Bunuknae BikHO "Contextual Geometry Definitions" 3 akTnBHOIO

3aknankoro "Point" (puc.3.11).

Puc. 3.11. BBenenHst KoopimHaT TOYOK

BBoaumo B "texctOokcu" X=0, Y=0, Z=0 - 3HauCHHS KOOPJHHAT MEPIIO]
Touk 1 TcHeMO Add. TakoXk, € MOKITUBICTh BBOJUTH TOYKH ITOKAXXYUKOM MHIII
6e3nocepenubo B [padpiunomy Bikni (s 1bOro MepeMiliaeMo MOKaKIHMK i
THCHEMO "e" Ha KiaBiaTypi).

B mpomeci BBemeHHS TOYOK BOHHM BimoOpaxkaroTbes B I'padiunomy BikHi.
3BepHemMo yBary Ha "tekctOokc" 3 Ha3Bow "Characteristic length”
("XapakTepucTnuHa T0BXHHA'"), B SIKIH B)K€ BKa3aHO 3a yMOBUaHHAM 3Ha4deHHs 0.1.

IIs BenmuuHa mnos's3aHa 3 po3mipoM CE CiTKM 110 NPUMHKAE O TOYKH, SIKa

BBOAUTHCA.3akpuBaemo BikHO "Contextual Geometry Definitions".
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Bino6pa3zumo HoMepu BBeneHHUX TOYOK. Tools => Options => Geometry Ha

3akanni Visibility craBumo ramouky "Point Numbers". Pesynsrar noka3aHuii Ha

puc. 3.12.

Puc. 3.12. BinobpakeHHS HOMEPiB TOUOK
BBomumo miHii (Bigpisku minii). [Jns uporo y Bikai Menwo oOupaemo:
Geometry => Elementary Entities => Add => New => Straight Line. I 3xilicHroemo
BBEJ/ICHHSI, TIOCIIIJOBHO KIIMKAIOYM MOKKYMKOM MHUII N0 To4ukax B ['padiuHomy

BikHi (puc. 3.13).

Puc. 3.13. BinoOpaxeHHs niHil
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3anumminocss NOOyAyBaTh MPSIMOKYTHUK (TWIOCKY Qirypy) oOMekeHHi
BBE/ICHUMH JTiHIsIMU. Bubupaemo:

Geometry =>ElementaryEntities =>Add =>New =>PlaneSurface

¥ 3aronoBky ['padiunoro Bikua 3'sBisierbest Hanue Select Boundary (Ob6epun
Mexy). Kiikaemo mo Oyap-sikidd JTiHII, 1m0 OOMEXye 3aMKHYTHH KOHTYp 1
cnocrepiraemo "mouepBoHiHHA". Y 3aroioBky IpadiuHoro BikHa 3'SBISETHCS
Harmc Select hole boundaries (Bubepu mMexi oTBOpy a00 MOPOKHUHH yCEpeIUHI
NpAMOKYTHHKA). OCKIUJIBKM HISKKHX OTBOPIB y HAc CIOYaTKy He IUIaHyBajocs
THCHEMO "e" Ha KJ1aBiaTypi JJis 3aKIHUCHHS BUILUICHHS.

Y TIpadiunomy BikHI ycepeauHi NUPSIMOKYTHOI 001acTi IMO3HAYMIHCS
MYHKTUPHI JIiHI{, 0 yTBOPIOIOTH XpecT. Lle - morouHe mo3Ha4eHHs MOBEPXHI B
nporpami. [loBepraemocst B Geometry => Edit. BinkpuBaerbcst mnporpama

"BrokHOT" 1 TIEpea HaMH TIPENCTAIOTh KOMAaHIM, 3allMCaHi B MPOIEeCi BUKOHAHHS

JIifl B IHTEPAKTHBHOMY PEXKHMI.

Puc. 3.14. TBepnoTiza MoAeb MPSIMOKY THHKA
S0 BY XO4eTE MOJUBUTHUCS 1 MIAMPABUTH BMICT (haily B mporieci po6oTw,
To obupaere Edit y Bikai Mento (puc. 3.15). Geo ¢aiin i3 3anMcaHIMU B HOMH
KOMaHJaMH BiJIKPHETBCS B TEKCTOBOMY pemaktopi. Ilicis mpaBku 1 30epexeHHs,

BaM Tpeba BukoHaTH Reload, ToOTO mepe3aBaHTaXKUTH MOJEIIb.
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Puc. 3.15. TlpaBka momemi
[ToGynyemo 3D - Tijo BUTATYBaHHSIM HAIIOTO NpsSMOKyTHHKA. Geometry =>
Elementary Entities => Extrude => Rotate => Surface.
Bunukne Bikao "Contextual Geometry Definitions" 3 akTHBHOIO BKJIQJIKOIO
"Translation". BBomuMo B HBOTO 3HAUEHHS, K MOKAa3aHO HA puc. 3.16, BUALIIEMO

nn

MOKKYMUKOM MHIII HAIly €JMHY MOBEPXHIO 1 HATHCKaeMo knasinry "e" Ha

KnasiaTypi.

Puc. 3.16. Bixno "Contextual Geometry Definitions"

B pesynsrati B geo -¢aiin nogactecs BUpas:
Extrude {{1,0,0}, {b/2,10*h, 0}, Pi/2} {
Surface{6};
H

A cTtBOpeHe o0epTaHHAM 00'€MHE TiJI0 MaTHMe BUIIISA sIK Ha puc. 3.17.
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Puc. 3.17. OrpumanHs 06'eMHOTO TiJla 00epTaHHAM

3.4. T'enepanisi ciTku B mpenpounecopi

PosrmisiHeMO  mMCKpeTH3amilo IUIOCKMX Ta TPHBHMIPHHX OO’€KTIB Ha
MIPUKJIIAJIi TEOMETPUYHUX TiJl OMUCAHUX B MyHKTI 3.3.

BunpaBuMo i 3aKOMEHTYeEMO KOMaHIM B geo — (aiimi mpsMOKyTHHKaMU
TaKUM YUHOM:

//TloyarkoBi AaHi:
//Po3Mipun
b=5;
h=3;
// XapakTepucTUIHA JOBKUHA B OKOJIHIII TOUYOK
cl1=b/10;
cl2=Sqrt(b"2+h"2)/100;
//BBig Touek
Point(1) = {0,0,0,cl1};
Point(2) = {b,0,0,cl1};
Point(3) = {b,h,0,c12};
Point(4) = {0,h,0,cl1};
//BBox niHiit
Line(1) = {1,2};
Line(2) = {2,3};
Line(3) = {3,4};
Line(4) = {4,1};
//Tlo3Ha4eHHs] KOHTYpa
Line Loop(5) ={3,4,1,2};
//TloBepXHs PSIMOKYTHHKA
Plane Surface(6) = {5};
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Bubupaemo B "Kom6060kci" Bikaa Mento "Mesh" ("mamr" - T00TO ciTKa) i
HaTHUCKaeMO Ha KHOMKY "2D". Pesynsrar mokasanuii Ha puc. 3.18. Buitnuio te, mo
Ha3uBaloOTh "TpiaHryIsilis”, puIoMy o0epTae Ha cebe yBary MicIieBe 3TyIIyBaHHS
CiTKH B paiioHi Touku Ne3 BHACTIOK MPUHHATTS I Hel BIIOBITHOTO 3HAYCHHS

XapaKTEepPUCTUYHOI NOBKUHU.

Puc. 3.18. Po36urTs npsimokyTtHrka Ha CE

OTxe, y HaC BUIITH TPHOXBY3JIOBI €IEMEHTH MEPUIOT0 MOPSAAKY. A SKIIO
Mu HatucHemo Ha kHonKy "Second Order" Ha ekpani ['padiunoro Bikna OymyTh
BXKE IIECTH-BY3JI0Bi €JIEMEHTH (TPUKYTHI, 3 IPOMIKHUMH By3JIaMH), SIK BiJIOMO - Ha
NOPAJOK TOYHIIII 3 PO3PaXyHKOBOI TOYKH 30pY, @ OTXKE IO HE BUMAararoTh
BEJIMKOT'O TMOJPIOHEHHsS JUIsi OTPUMaHHs 3ajaHoi TouyHocTi. Ha mpakTumi citka
3TYIIYETHCS B 30HAX KOHIEHTPAIl HAIIPyTH, TaM A€ HAIpyra 3MiHIOEThCS Pi3KO Ha
HEBEJIMKOMY Bifpi3ky. Tam, e rpajiieHT Hanpyrd He BHCOKHM, MOXKHA OOIMTHCS
rpy0imo0 CiTKOI0, a APIOHWTH yCE ONHAKOBO - HEMPOAYKTUBHO 3 TOYKH 30py
TOYHOCTI | EKOHOMIi MAIIMHHUX PECYPCIB.

Sxmo mu 3aiinemo Ha Biiaaky: Mesh => Define => Recombine, Buainnmo
MOBEPXHIO, MICIs 3aKiHYCHHS BUAUICHHS HatucHemo "e" 1 po3i0'eMo 3aHOBO, TO
OTPUMAEMO pe3yJIbTaT, MOoKa3aHUi Ha puc. 3.19, a B CIMCOK KOMaHJ JONACThCs
PAMOOK:

Recombine Surface {6};
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Puc. 3.19. Pexom6iHoBaHa ciTka

OTtxe, Mu cxopuctanucs s po3ourtt Ha CE kHomkoro "2D". "2D" - He
00OB'SI3KOBO 03HAYa€ IUIOCKY CITKY, HEIO Tpebda KOPUCTYBAaTUCS 1 JUIs PO3OHTTS
KPHUBOJIIHIHHIX, IPOCTOPOBHX TTOBEPXOHb 1 TIOBEPXOHb, IO OOMEXYIOTh 00'€eMHIi
Tina.

Jnst po30uTTS 00'€eMHUX T Ha O0'€MHI €eMEHTH Tpeda KOPHUCTYBATHCS
KHomkorw "3D".

Jnist po30UTTS Ha KiHIEBI €JIEMEHTH BCTAHOBUMO HOBI 3HAYCHHSI TapaMeTpa
CITKHM, TOOTO MEepenpHU3HAUYYEMO XapaKTEPUCTUYHY MHOBKHHY (IIpH 3aHAITO
BCJIMKOMY YHCIi €IEMEHTIB MporpaMa MO)Ke BUIICTITH 4epe3 HecTaudy mam'sTi B
Windows).

3axomumo Ha Mesh => Define => Characteristic length, mo BBOgUTBECS
3HaueHHs b/6 3amicte 0,1, Buminsemoroukun B Ipadiunomy BikHI 1 micis
3aKiHYEeHHs BHJUIEHHs (YC1 TOUKH ITOYEPBOHIIOTH) AaBUMO "e", sIK IIPOIIOHYE HaM
miKa3Ka B 3arojoBKy I padiuHoro BikHa (JUIS BHIUIEHHS TOYOK HE MOOAWHII, a 3a
JOTIOMOTOIO JIaCO KOPUCTYEMOCS MHULIEIO 3 HATUCHYTOIO 1 yTPUMYBAHOIO KJIABILIEIO
"Ctrl"). B pe3ynbrari B geo -aiin nogaeTbes BUpas:

Characteristic Length {26,28,3,2,4,1,5,14,6,10} = b/6;
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3axoaumo Ha BKJIaaky Mesh, i Hatuckaemo kHonky 3D. Po36ute Ha CE Tino

nokasane Ha puc. 3.20.

Puc. 3.20. O6'emue Tis10, pO30MTE HA CKIHYCHI EIEMEHTH

Puc. 3.21. OG'emHe Tino, po30UTE HA CKIHYCHI EIEMEHTH
3.5. ®opmaru daiinis B mpenponecopi
IIpemnporecop HIYOro caM HE OOYHCIIOE, TOMY BiH Ma€ OyTH TOB'S3aHUIA 3
IHITUMH MPOTPaMaMU 3a JOMIOMOTO0 CTBOPIOBAHHX 1 IPOYUTYBAHUX HUM (haiiiB.
3pobutu e MoxHa uepe3 BunanHe MeHto "File" Bikna Menro, BuOpasimm

"Open" abo" Save As" (puc. 3.22).
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Puc. 3.22. Bunazgaroue mento "File": "Open" ta " Save As"
PosrnsiHeMo nesiki popmaru QaiiaiB 1o ix po3mMpeHHsX:

- Gmsh geometry .geo - daiin reomerpii GMSH.

- STEP i IGES - Bimomi ¢opmaru ¢aiiiiB reoMeTpisi, MmiITpUMyBaHa
6ararbma CAD -nakeramu. Immopr STEP i IGES, po3po6aenuii Ha
ocHOBI Bifgkputoi 0i0omiorekn OpenCascade 103BosIsIE 3aBaHTaXyBaTH
B IporpaMmy Mojeni, moOynosani B croponHix CAD -ax (3BopoTHe
BUBAHTAXXCHHS MOJIENI 3 .geo B Il (opMarTH IOKH He nepeadaueHa), B
T.4. Y BiAKpuTOMY TakeTi Salome.

- STL surface mesh - nommpenuii popmar ans mnepeadi MOBEPXOHb
Yyepes TPUKYTHI CITKH.

- .msh daiin - paiin citkunpenporecopa.

BucHoBKH 10 po3aity

B mpomy po3zaini Gyio po3po0iieHO 3araibHUN aaropuT™M poOOTH MpOrpamMu
W iHTepdelic Ha OcCHOBI mependauyBaHOi (yHKIIOHATBHOCTI, Oynu oOpaHi
IIporpamMHi 3aco0m ISl peaizanii HocTaBieHoro 3apanHs. [Iporpama peanizoBana
Ha MOBi nporpamyBanHsi C++ B cepenosuiii Visual C++ 2022. Tlpu crBopeHHI
3aco0iB BimoOpakeHHs 1 Bi3yamizamlii BHKOpUCTaHWI rpadiunuii iHTepdeiic
OpenGL.

¥ mperporniecopi peanizoBaHO JBa MOAYJI IJisi pOOOTH: reoMeTpis, ciTka. Y
MOJIYJi TeOMETpisl DOCTYITHO CTBOPEHHS NPOCTUX T€OMETPUYHHX CYTHOCTEH, B

MOJYJ CITKa JOCTYIHO CTBOPEHHS 1- 2 - 1 3-X MIpHHX CITOK, 1 IX onTHMIi3awis.
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BUCHOBKN

VY mumiomHIE poboTi Oyno po3nITHYTO poO3poOKy mpenporecopa s
CKIHYEHO-€JIEMEHTHOTO MOJICTTIOBaHHS KOHCTPYKIIiH.

IIpenpornecop € ogHIEIO 3 HAMBAXIMBIIINX CKJIAIOBUX YACTHH OYIb-SIKOTO
MPOTPaMHOTO KOMILUIEKCY JUIsl YMCENBbHHX pO3paxyHKiB. Bim sikocti peasmizamii
npernporecopa Ta MOOYJAOBaHUX 3a HOr0 JIOMOMOTOK TI'COMETPUYHHX Ta
JIUCKPETHUX MOJZIeTIe TPOEKTOBAHUX KOHCTPYKIIN 3aJeKUTh 1 SIKICTh BCHOTO
MPOrPAMHOTO KOMILICKCY B LIIJIOMY.

Jisl HOCSITHEHHS TIOCTABICHOT METH OyJIM BUPIIICHI HACTYITHI 3aBJaHHS:

- IlpoBeneHo aHai3 HAWMOMIMPEHIIMX B HAll Yac BITYM3HSHUX |
3apyOlKHAX MPOTPaMHUX KOMIUIEKCIB MOJETIOBAHHSA Ta aHANi3y
Halpy>XeHO-1e(OPMOBAHOTO  CTaHy  CKIaJHMX  1HXKEHEpHHX
KOHCTPYKIii i copyn Ha ocHOBi MCE. Bim3nadueno, mo cydvacHi
MPOrpaMHi KOMIUIEKCH aBTOMATHU3allil IPOEKTYBaHHSI MOXXHa YMOBHO
pPO3IUIMTH HA TPH TMiACHCTEMH: TIPETPOLEcop, Mporecop i
nocrnporecop. [Ipenporecop BiAMoBiae 3a MATOTOBKY BUXITHHX
JIAHUX, SKa BKJIIOYAE TaKi eTamd poOOTH, SIK OIMUC TeOMETPUYHOI
MOJIeJIi IPOEKTOBAHOTO 00'€KTA, Ta MOT0 JUCKPETU3AIIII0 HA 3a/IaHHIA
TUI CKIHUYEHHUX eJIeMeHTiB. [Ipouecop BHKOHYE BCi HEOOXimHI s
KOHKPETHOTO THIy 3a/adi po3paxyHKd: (opMye Marpuii Mac,
JKOpCTKOcTe 1 nemmdipyBaHHs; Oyaye cucTeMy  JHHIHHHX
anreOpaiYHUX pIBHSHB, BPAxXOBy€ IOYATKOBI M TI'paHUYHI YMOBH;
PO3B’sI3y€ CUCTEMY PiBHSIHb 1 BUBOAUTH PE3YNIbTAaTH PO3PAXyHKY.
ITocTnporecop aBTOMaTH3ye TPOIEC aHATI3y pe3ylbTaTiB Ta
TeHepallilo JOKyMeHTaIlil.

- Po3misiHyTO OCHOBHI MeTOmU MOOYJOBH TEOMETPUYHHX MOJeeh
00'exTiB 1 momupeni Gopmatu ix omwmcy. [IpoaHanizoBaHO OCHOBHI
MiIXOAW, IO 3aCTOCOBYIOTbCS B cydacHmx CAIIP  mis
TBEPAOTLIEHOTO MOJCIIOBAHHS T€OMETPUYHUX OO0’ €KTIB, a TaKOK

OCHOBHI IIOIIUPEHI METOIH ¥ aJITOPUTMHU AUCKpPETU3allii MIOCKHUX Ta
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MPOCTOPOBHX oOyacTell. HalimommpeHinni anropuTMu JuCcKpeTH3arii
MOXHAa po30MTH Ha [JBI YacCTHHM: TO0ylOBa IEPBHHHOI
JUcKpeTH3anii (HalOUIbIl CKIAmHWK eTam), Ta ii onTuMmizamis. Y
Mpenponecopi A CKIHYEHHO-  EIIEMEHTHOTO  MOJICITFOBAHHS
KOHCTPYKIIIH sl TIEPBUHHOI JUCKpeTH3alii o01acTi Ha CKiHYEHHI
CIIEMEHTH MPUUHATO 3aCTOCYBaTH MOAU(IKOBAHUIA  aJIrOPUTM
Barcona-JIaBcona. OnTuMizaiiito OTpUMaHOi CKIHYEHHO-EIIEMEHTHOT
CITKM pOOWTH NUIIXOM 3aCTOCYBaHHS alropuTMy Pammepra B
TUIOCKOMY BHIAAKy Ta llleBuyka — B TPHBUMIPHOMY.

- PospobneHo mpempomecop S CKIHYCHHO -  €IIEMEHTHOTO
MOJISITIOBaHHS KOHCTPYKLiH. VY mpemnpouecopi peamizoBaHO [Ba
Moayai Ui poOOTH: TeoMeTpis, CiTKa. Y MOyl TeoMeTpis
JOCTYITHO CTBOPEHHSI IIPOCTHX TEOMETPUYHUX CYTHOCTEH, B MOAYII
ciTKa JOCTYNMHO cTBOpeHHs 1- 2 - 1 3-X MIpHHX ciTOK, 1 iX

onTuMizauis.
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Quotes

1 Use Case Diagram «JluckpeTtusauis c¢dirypu» fliarpama nocnipoBHOCTI Aii (Puc.2.7.) Bipobparkae B3aemopito 06'ekTiB,
BMNOPAAKOBaHY 3@ 4acoM.

2 3.4.IuTepdeiic npenpouecopa B HMXHIN yacTuHi MpadivHoro BikHa 3HaxoguTbcs Papok CtaHy (Puc.3.5).
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