IndpopmaTuKa, 06uKCII0BAIbHA TEXHiKA Ta aBTOMAaTH3aLlis

YIIK 004.925.8

Bamxkun C.U.
WHCTUTYT aBTOMATUKH U 3JICKTPOMETPUHU
Cubupckoro otneneHus: Poccuiickoii akageMun HayK

Pomanrox A.H.

Bunaunkuit HaMOHANIBHBIA TEXHUYECKUM YHUBEPCUTET

Pomanrrk O.B.

BuHHUIIKMN HalIMOHAIBHBIN TEXHUUECKUM YHUBEPCUTET

JIvicenxo E.C.

Bunaunkuit HaMOHAIBHBIA TEXHUYECKUM YHUBEPCUTET

TEOPETUKO-MHOXECTBEHHBIE OITEPALIUN

HAJl CBOBOJAHBIMUA ®OPMAMU

B pabome npeonooicen memoo eviuucnenus 6ynegvix onepayuti (00beOuHeHUs, nepecederus, PasHocmu),
NpUMEHSIeMbIX K MEEpObiM Menam c60000HOU (OopMbl, 0SPAHUYEHHBIM NOBEPXHOCHAMU CBOOOOHLIX GopMm.
Pazpabomanvt ancopummul eenepayu ROBEPXHOCMU € HECKOTbKUMU PA3PEUEHUAMY, 0SPAHUNUBATOUell 0DbeM.

Kniwoueesvle cnosa: meopemuro-mHodicecmgenuvie onepayuu, c0600nvle opmul, GyHKyuu 603MyuseHus.,

obvembl.

IlocTanoBka mnpoOaembl. byneBbl omepauuu —
€CTECTBEHHBII CIOCO0 MOCTPOCHHUS CIOXKHOTO TBEP-
JIOTO Tena 00BEKTa M3 MPOCTHIX MPUMUTHBOB. Takoi
MOJXOJ, OYEHb PACHPOCTPAHEH B aBTOMAaTU3UPOBAH-
HOM TE€OMETPUYECKOM MW3aiHe, TJe MHOTO HCKYC-
CTBEHHBIX OOBEKTOB MOTYT CTPOHMTBHCS M3 HPOCTHIX
YacTel, TAKUX KaK MIHHAPHI, IPSMOYTOJIbHBIE OIIOKH
u cthepsl. HekoTopble BBIYUCIUTENBHBIE TIPE/ICTABIIC-
HUSL TBEPABIX TEJl 3aMKHYTHl OTHOCUTEJIBHO JIOTHYe-
CKHX oIepaluidl. 9T0 03HAYaeT, YTO PEe3ynbTar JIOTU-
YeCKOH olepanyy He MOKET OBITh IIPECTaBICH TOYHO
B OompimHcTBe ciyvaeB. OQuH U3 MyTel H30exKaHust
3THUX TPOOJIeM 3aKIIIOYaeTcs B MCTIOIB30BaHUH IEPEBA
JIOTMYECKUX Omepanuii B KaueCTBE NPENCTaBICHUS
00BEKTOB W peajHM3alliil Pa3TUYHBIX aJITOPUTMOB
HEMOCPEACTBEHHO JIsl TAKOTO MpeACTaBIeHus. Takoi
MOAXO]T HAa3bIBA€TCsl KOHCTPYKTUBHOM TBEPIOTEIBHON
reometpueit (CSG) [1]. OmHako Jyiss MHOTHX TPHIIO-
xenuit CSG — He caMblii 3()(EKTUBHBIA WU COOT-
BETCTBYIOIIMI MeToA. Yamme BCEero HCHONb3yIOTCS
TpaHWYHBIE TpencTaBieHus (B-rep) TBepmbIX TeIL.
W OyneBwl oneparuy ITOMKHBI OBITH peaNn30BaHBI B
B-rep 6aze. Takoe npuMeHEHHE TOBOJIBHO CIOMKHO IS
BBICIIIETO mopsiika B-rep, Tak kak TpeOyeT mepecede-
HUI NapaMEeTPUYECKUX IMOBEPXHOCTEH, pasziesis UxX
Ha KYCKHM IIPU CTPOMTEIBCTBE HOBBIX ITOBEPXHOCTEH
n3 3TuxX 4acteil. CyIecTByIOIIUE CUCTEMBI OOBITHO
paccMmarpuBatoT B-Rep kak Habop 0Ope3aHHBIX y4acT-
KOB CIUIaiiHa, pa3feNsoulero rpaHunbl. [paHuns! u3

OT/EBHBIX MaTyeil YacTo COBMAAAIOT JIUIIb MPUOIH-
3uTenbHO. Kakmas omepanys MepecedeHus! BeleT K
Oornee CIIOXKHBIM M TPYAHO NMPUMEHHMBIM OOpe3Kam
KpuBbIX. Ee TpyAHO MpUMEHUTH A Tagkux aedop-
MaIui K pe3yasTupyonmm Moaensm. C ocoboit Tia-
TENBHOCTHIO JOJDKHBI OBITH MPUHSTHI MEPBI, YTOOBI
n30eKaTh TPEIUH U T. J. DJIeMEHTapHas OIepartus,
HeoOxomumasi Al 3TOTO IPEICTABICHUS IOBEpX-
HOCTH, — TiepecedeHne nByX oOpe3anHbix NURBS
nardyeir. OTHAKO 3TO SIBISETCS CIOXKHOU MPOOIEMOI.
B pesynbrare soruueckue onepandy 4acTo BBINOJ-
HSIOTCSI MEIUIEHHO M HE TIOJHOCThIO HajexXHBI. [Ipu
3TOM OTIIMYHBIE PE3YIBTAThI TOCTUTAIOTCS C TIOMOIIIBIO
CIUTOLIHOTO TBEPAOTENBEHOTO MOJIEIUPOBAHUS.

AHaJIu3 NOC/IeHUX UCCIIe0BAHUIT U My0/IuKa-
umii. Pesynsrare! OyneBsix onepanuii Ha B-Rep tBep-
JIBIX TeJaxX MokazaHbl B padore [2]. Mcnons3oBanue
CHEIMATFHOW CXeMbl KOMOMHHPOBAaHHOTO JEJIEHUS
ommcaHo B [3] a1 mpeacTaBiIeH KPUBOH mepecede-
Husl. CyliecTByeT o0mMpHas IUTeparypa 1o TBepAo-
TeJIbHOMY MojenupoBanuio ¢ B-Rep [4; 5].

B 31011 cTathe MBI IPEACTABISIEM HOBBIN IOAXOA K
BBIYHCIICHHIO Pe3ylibTara OyJIeBbIX olepalyii Haja CBO-
00HBIMH (OpPMAMU HA OCHOBE (PYHKITUI BO3MYILICHHSL.

H3zi10:xeHre 0CHOBHOTO MaTepHAaJIia HCCJICI0BAHUS.

CBoOoagnblie popMbl 00bEKTOB

Aneebpauyeckum HepageHcmeom 6mopou cme-
nenu (C TpeMsl HEM3BECTHBIMHU X, VY, Z) Ha3bIBACTCS
BCAKOE HEPABEHCTBO BHJA:
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F(x,y,2) = Anxz + Azzy2 + Asszz + Apxy +
A XZ + Ay Yz + Ayx + Ay + Ayz + Ay 20,

IIe X, Y U Z — NPOCTPAHCTBEHHBIE MEPEMEHHBIE.
MoykHO 3ammmcarb 3T0 HEPABCHCTBO B MAaTPUYHOM BUE:
ALl A12/2 A13/2 Al4/2) (x
[ A12/2 A2 A23/2 A24/2.,Y| > ).
A13/2 A23/2  A33  A34/2| |z
Al4)2 A2472 A34/2 A4 | (1

Ha 0a3e KBagpuK CTPOMTCS KJIACC CBOOOIHBIX
¢dopM ¢ ucnonbp30BaHuEM (QyHKIHUNA BOMYIICHUSI.

[Mpeanaraetcss ONKCHIBATH CIIOXKHBIE T€OMETPH-
yeckre OOBEKTHI, 3a/1aBasi (YHKIHMIO OTKIOHEHHS
(BTOpOTO MIOpsAAKa) OT Oa30BOH KBaapuky B Buae (1).

CroOonmHass ¢opma €CTh KOMIIO3HIHMS 0a30BOM
KBaJpUKH U BO3MYILECHHS

N
F'(x,y,z):F(x,y,z)+ZR,.(x,y,z),
i=1

rae gyakus BosmymeHus R (X, y, z) HaxoanuTcs
CIIETYIOIIUM 00pa3oMm:

R(xy.2) - {Q?(x, ¥, 2,0 0,(%,7,2) 2 0
' 0,if 0(x,y,2)<0

rae Q (x, y, Z) — Bo3MyIIaronias KBaapHKa.

[Npwu perieHnH ONIMCHIBAFOIIEH (DYHKIMH B BUJIE HEPa-
BeHCcTBa F(X) > 0 MOXXHO BU3yalM3HpPOBaTh HE TOJBKO
TIOBEPXHOCTh, HO M BHYTPEHHIOIO CTPYKTYpy OOBEKTa.

TeopeTHKO-MHOKeCTBEHHbIE ONIEPAI[HH

[TpuMHUTHBBI MOXXHO KOMOMHHPOBATH C IOMOLIBIO
TPEXMEPHBIX TEOPETHKO-MHOKECTBEHHBIX OIEpalHi,
TaKuX Kak O0beTMHEHNE, TIOTHUeCKasi CcyMMa (COeInHe-
HUE IBYX 00bekTOB — AUB i (A+B) — o0beinHeHNE
MHOXeCTB A u B). Ilepecedenne, Jormaeckoe mpomn3-
BesieHHUe (BBIIETIeHHe O0IIero moaMHoOXkecTBa — AUB
w (AB) — MmHOXecTBa A 1 B nmerot o01yto 4acTs,
nepecekarorcs). Pa3HOCTb (B3ATHE BCEro MEPBOTO
00BEKTa 32 UCKIIOYCHHEM TEX €ro 4acTei, KOTopble
SIBIISTEOTCST OOIIIMMU CO BTOPBIM 00BEKTOM — A-B).

s Toro 4ToOBI CO3MATh CIOKHYIO CIIEHY, He0O-
XOMMMO B HEH OmUcarTh Kakoe-TO OMpe/IeIeHHOe
KOJIMYECTBO MPUMHTHBOB, HEOOXOOMMBIX IJISI KOH-
KpeTHOM 3anaun. OToOpaxkaeMblli OOBEKT, ¢ KOTOPBIM
AITOPUTM pacTEPU3allUH OCYIIECTBISET B3aMMOCH-
CTBHE TOCPECTBOM 3aIllPOCOB, TPEICTABISAET COOOH
BCIO TPEXMEPHYIO CIIEHY, TIOATOMY T€OMEeTpHUYecKas
MOJIEJb JI0JDKHA MTO3BOJISITH KOHCTPYHUPOBATh OOBEKTHI
U WX KOMIO3WIMM HEOTPAaHHMYECHHOH CIIOKHOCTH.
Hocruraercs 310 B HepByIO o4epens NPUMEHEHHEM
OyneBBIX omepanuii OOLeIUHEHUS W TIePeCEUCHUS.
B omnuceiBaeMoil cucteMe BU3yallM3alluM OIpeieieH
00BEKT 0CO00T0 BUIA, OCYIIECTBIISIOIINH JIOTHIeCKHe
orepanyy Hag 0ObeKTaMu JIIOObIX BUJIOB, IO3TOMY BCSI
CIIeHa MPEACTaBIAET BUJ JIepeBa, KaX /bl y3el KOTo-
POTO SBIAETCS 00bEKMOM-KOHCHPYKIMOPOM, OCYILIECT-
BIISTFOIIIM JIOTMYECKHE OTIEPAIiH HaJl CBOMMHU TTOTOM-
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KaMH, a BEepIIMHAMHU JIepeBa SIBISIOTCS MPUMHTHBBI,
HCII0JIb3yEMbIE CUCTEMON. B MOMEHT, Kora pacTpupy-
FOIIIUH aITOPUTM 00paIaeTcst ¢ KaKMM-THO0 3aIpoCcoM
K 00BEKTY-KOHCTPYKTOPY, 3TOT OOBEKT 00paIaercs K
CBOMM IIOTOMKaM, IpeoOpasyeT HOIyYECHHBIH pe3yiib-
TaT, U BBIJAET COOTBETCTBYIOLIMI OTBET Ha 3ampoc.
[Ipu 3TOM MOTOMKOM MOXKET SIBISTHCSA KaK IPUMHUTHB,
TaK ¥ Apyroii 00beKT-KoHCTpyKTOp. [Ipn mpumenennn
TeOMETPUYECKUX OIEepalyii, IOBOPOTOB, NEpeMele-
HHUH, MaciuTaOMpOBaHUSI K OOBEKTY-KOHCTPYKTOPY
OH IIPOU3BOAMT BCE 3TU OMNEPALUH CO CBOUMH ITOTOM-
KaMH, a B CIy4Yae HHBEPTUPOBAHUS H3MEHSET eIl
CBOIO OyJIeBY (DYHKIIHIO.

Puc. 1. TeopeTuko-MHOXKeCTBEHHbIE ONEPALIMU
HaJl 00beKTaMHu

ANanTHPOBAHHBIH AJTOPUTM BH3yaIU3alUA

JlJis IpoCTOTHI MMOHMMAaHUSI OylIeM CYUTAaTh, YTO
CIIEHA HAXOAWTCS B €IUHUYHOM TPEXMEPHOM KyOe
(puc. 2). IlepcriektBa paccMaTpuBaThcs HE Oymer
BBHLy TOTO, YTO OHA CBOAWTCS K IIEPEXOIY B IPYTYIO
cucreMy koopauHar. Tak kak mupaMuaa BUIHUMOCTH
OyaeT mpeacTaBisaTh coboi KyO B HOBOW cHCTEMeE
KOOPJIMHAT, MO3TOMY OIYCTUM HaudajbHBIE MPEOO-
pa3oBaHUA U yuenauM OoJibllle BHUMAHUS OCHOBHOU
yactu anroputma. bynem cumrars, 9to HaOmomaTeNb
CMOTPHT BAONb ocH Z. HeoOXoauMo momyduTh mpo-
eKLIHIO cUeHbl Ha TockocTh XY. [Ipoeknus qomxHa
MPEJICTABIIATh COOOM KOHEYHBIH HAaOOp 3HAYCHWIA,
MO3TOMY BECh KyO Oy/IeT AeIUThCS Ha «OPYCKU» TakK,
YTOOBI KaXXABIil OPyCOK COOTBETCTBOBAJ MUKCEIY Ha
m3o0pakennn. Kaknprit u3 OpyckoB OyzmeT IeauThCs
BIOJb Oocu Z, 00pa3yst Habop Bokcenei (puc. 3). Tak
KaK pa3Mepbl Opycka B TIIOCKOCTH XY 3HAYUTEIHHO
MEHBIIIE, YeM B HAIPABICHUHN OCH Z, OPYCOK MOXKHO
paccMmarpuBath Kak Jiyd. Takum o0pa3oM, MOIy4uM
(DYHKITMIO TUIOTHOCTH BIOJhL Jyda, KOTOpas 3aBH-
CUT OT OOHOU MepeMeHHO#. 3amada OymeT COCTOSTh
B HAXOXJIEHWUU TEPBON TOYKH, B KOTOPOH (YHKIUS
oOpamaercst B HOJb. Haliast Takyro TOUKY JUTSL KaxK-
JIOTO J1y4a, Oy/ieT u3BecTHa IyOrHa Kajpa. JlaHHbIMu
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MpHOIMKEHUSMHY 3a/1a4a CBOAMTCSA K 3a7a4e OTCIIe-
JKUBaHUS JTydei. Jlanee B KakIOM MUKCEIE MOXKHO
BBIYKCJIMTh HOPMaJib. A MMes JaHHbIC O IIyOMHE U
HOpMAaJIM B KaXJOM IHUKCEJE, MOYKHO HCIIOJb30BaTh
MOJZIeTIb JIOKAJIbHOTO OCBeIlleHHs. B wuTore mnomy-
YUTCS HM300pKECHUE IJIAJIKOTO OOBEKTA C YUYETOM
ocBenieHus. [JTaBHOW YacThio pabOTHI SABIAETCS
3pQEeKTHBHOE HAXOXKICHHE MEPBOro IepecedeHHs
Jy4a ¢ MOBEpXHOCTHIO. JlaHHas 3a/aua HAIOMHHAET
3ajJ]a4M BU3yaJH3alud OObEMHBIX JaHHBIX, KOTOPEIC
4acTo MPUMEHSIOTCS, HampuMep, B ToMorpadun. B
MOMOOHBIX 3a7a4ax 3adaHa (YHKIHS TUIOTHOCTH.
OCHOBHBIM OTJIMYMEM SIBIIICTCS TO, YTO B IMOMOOHBIX
3aJ1auax Mbl UMEEM JIEJI0 C TUCKPETHBIMU JaHHBIMH, A
B HaIlIEM CJIy4ae €CTh aHAJIMTUYCCKH 3ajaHHast (PyHK-
IIUS TTIOTHOCTH. DTO MO3BOJsET Oonee 3pPexkTuBHO
OCYIIECTBIATH TOUCK. OCHOBHBIM OTJIHYUEM aJalTH-
POBaHHOTO MeTO/1a OMHAPHOTO JENIeHUsI 0OBEKTHOTO
MPOCTPAHCTBA SIBIICTCS OTCYTCTBHE YETBEPHYHOTO
nenenus. Ky6 menurcs Ha dacTé B IIocKocTd XY
COOTBETCTBEHHO MHUKCEISIM Ha N300paKCHUH.

Puc. 2. Exunu4Hblii Ky0

OCHOBHBIM OTJIMYHEM aJalTHPOBAHHOTO METOJA
OWHapHOTO JeNieHHs OOBEKTHOTO IPOCTPAHCTBA
SBISIETCSL OTCYTCTBHE 4YETBEpHUYHOro neneHus. Kyo
JeNUTCS Ha 9aCTH B INIOCKOCTH XY COOTBETCTBEHHO
MUKCEIISIM Ha H300paskeHNH.

Bo BTOpOi uacTH METOX OCTAETCS IPEKHUM.
B 3TOoM cnyuyae yMmeHbIlIeHHE BPEMEHHM Ha BH3YalH-
3alrI0 OCTUTaeTcs 3a cueT 3(h(HEeKTHBHOTO UCTIONb-
30BaHUS BBIYUCIHMTEIBHBIX PECYpPCOB IpaduecKoro
akceneparopa.

Onuncanue NPHIOKEHHUSI € HCMOJIb30BaHHEM
NVIDIA CUDA

Jns peanmzanuu Obuta ucnoib3oBana Compute
Unified Device Architecture (CUDA) ot xoMIaHuu
NVIDIA. CUDA — 310 Mozienp napajienbHOro npo-
rpaMMHpPOBaHHsI BMECT€ ¢ HAOOpOM MHPOrpaMMHBIX
CpPEeICTB, KOTOpas TMO3BOJSET  pealu30BbIBATh
nporpaMmsl Ha sizbike C st HCTIOJTHEHUs Ha rpadu-
YEeCKOM aKcelepaTope.
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Puc. 3. BunapHoe geneHue Jay4ya JJisl BBIYMCICHUS
nepece4eHus JIy4a ¢ NOBEPXHOCTHIO

HocronractBom CUDA sBisleTcss ¥ TO, YTO CKOM-
MUWIMPOBaHHAsT TporpaMma OyJIeT BBIMOJHATHCS Ha
Pa3IMYHBIX TpadHIecKHX akceneparopax. 1 pesymsrar
BBITIOJTHEHUS Oy/IET OJIMHAKOBBIM, TAYKEe HECMOTPS Ha TO,
YTO Y HUX MOXKET 6I)ITI) Pa3iMIHOC YHMCJIO IMOTOKOBBIX
MYJBTUTIPOIIECCOPOB.

Bepnemcst k anaymusy Mmeroga. Ha mepBbIx miarax
JieieHns1 Ky0a OveHb CIIOKHO 00ECIeUHTh Mapajuieib-
HYI0 00pabOTKY JaHHBIX, ¥ 3TO MOTpeOyeT MPUMEHECHHS
CHHXPOHM3AIIMU. A B CPEIHEM BBIMIPHIII B CKOPOCTH
00paboTKu OyJIeT MEHbIIE, YeM HaKJIaJHbIC PacXOJbl,
CBSI3aHHBIE C YCIIOXKHEHHEM MOJIENHU ISl albHEUIIeH
00paboTKy, ¥ IATIEKO HE BCE BHIYMCIIUTEIIBHBIC PECYPCHI
OyIyT UCTIONB30BaHbL. Terepb pacCMOTPHM JACIICHUE CO
CTa/IuH, Korna Kyo pa3OuT Ha JOCTaTOYHOE KOJTMIECTBO
YyacTel Tak, 4TOObI BBIUMCIIUTEIIBHBIC TIPOIIECCOPBI HE
npocrauBaiy. [lepsas npoOieMa, ¢ KOTOPOM MBI CTON-
KHeMcsl, OylieT COCTOSITh B TOM, YTO y Pa3HbBIX rpadu-
YEeCKHX aKCeIeparopoB pa3HOe KOJMMYECTBO Mpolec-
COpPOB, U HAJIO OyJeT BBIOMPATh BO BPEMs UCIIOIHEHUS
ONITUMAJTEHYIO CTAJIMIO, C KOTOPOI HAYMHATH padoTaTh.
Takum 00pa3oM, MOXKHO YaCTUYHO H30aBUTHCS OT
HpO6JIeMBI C HCUCHOJIB3YEMbIMU BBIYMCIIUTCIIBHBIMU
pecypcamu. Ho ocraercs 3aaya 6amancupoBku. B atoii
YaCTH BBIYHCIIEHUN TTOBBIIIICHUE IIPOU3BOANUTECIIBHOCTH
JOCTUTAETCsS 32 CUET TOTO, YTO KAKHe-TO YacTH OyayT
OTOpOILIEHbI Ha paHHEeM 3Tare JefieHus] Kyba. Ecmm
yOpaTh U3 PacCMOTPEHHs] KaKyrO-HUOYJb 4acTh MpO-
CTPaHCTBA, BOBMOXKHO, OCBOOOISITCS. BRIUMCITUTEIHHEIC
pecypcsl. Ho Torma Bcraer 3amada OaNaHCHPOBKH.
W naknagHbple pacxomsl HA ee pelieHue OyayT Tmpe-
BOCXOOUTH BBIMI'PhINI B ITPOMU3BOAUTCILHOCTU OT
3T0i Tpoteaypbl. 1loaToMy OBIIO MPHUHATO peIIeHHe
OTKa3aThCsl OT YETBEPHUHOTO JICTICHHS KyOWUYECKOTo
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NPOCTPAHCTBA B METOE aJallTUPOBAaHHOM sl rpadu-
YECKHX YCKOPUTEEH.

B apantuBHOM MeTone HCIONB3yeTcs OoJbLIOe
KOJIMYECTBO BBIUYUCIHUTENBHBIX IPOLECCOPOB, OTHO-
BPEMEHHO OyleT MpOMCXOAWTHh MPOBEPKAa Cpasy
HECKOJIbKUX JIy4del. A B Oonblielt yacTu rpaduyecKux
akceneparopos, nognepxusaroumx CUDA, He meHee
CTa JBaJl[aTH BOCBMH CKAISPHBIX BBIYHCIUTEIBHBIX
snep. CrenoBarenbHO, OyJeT oTOpachIBaThCS JOCTa-
TOYHO OonbInast yacte Kyoa. CTOUT 3aMETHUTh, YTO B
MIOCJIE/IOBATEIbHOM BapuaHTe (MCXOIHOM METOE),
9T00BI OTOPOCHTH 4acThb KyOa BOMM3M C OOBEKTOM,
HEOOXOIMMO MOAETUTh PaccMarpuBacMylo 00JacTb
Ha Oomee Menkue yacTd. B mapauiensHOM BapuaHTe
3TO He OyAeT UMETh 3HaUYEHMs, ¥ OOJIbIIas yacTh OyaeT
cpasy oTOpoIIcHa.

Kak yxe yrnmoMuHanoch, BO BTOPOH CTaauy MeTona
(1BOoMYHOE JMeneHre) MPUHIMIT PaloThl TOCIEA0BA-
TEJIBHOTO W TAapaJuIeIbHOTO BapHAaHTOB NPAKTHYECKH
He ommuaercs. OTIMyMe JUIIb B cHocobe 3aaHus
00BbekTOB. B mocnenoBarenbHOM BapUaHTE OOBEKTHI
3a7aBaJIMCh B BHJIE Hepapxuyeckoil moxenu. To ectb
B KauecTBE BO3MYLICHHs MOT OBITb JPYroil OOBEKT,
y KOTOpOTO €CTh CBOM BO3MYIIEHHUS. B amanTuBHOM
METOJIe BO3MYILECHHS 3aal0TCSl SIBHO B BUJIE KBAJIPHK.
3710 00YCII0BICHO TEM, YTO IPH HAITMCAHUH SIIEP HEIB3ST
UCIIONB30BaTh pekypcuto. HecMmorpss Ha 31O, pasHO-
oOpasue (hopM, KOTOpbIE MOXHO 33JaTh, HE MCHBIIIC
YeM C MCHOJb30BaHUEM MEPapXUUECKOro MpecTaBiie-
Hus1. Pa3sHuIa cOCTOMT TONBKO B YAOOCTBE HCIOIb30Ba-
Husl. Mepapxuueckoe NpeAcTaBlieHUe sBisieTcst Oomee
€CTECTBEHHBIM JUISl TAKOTO METOA 3a1aHNsl OOBEKTOB.

[pu peanuzanyy y4uTHIBAIOCH BIMSHUAE CKOPOCTH
paboTel ¢ maMATbI0. MaKCMMAaIbHO HMCHOIB30BaHbI
PETUCTpPBI, TIOTOMY YTO 3TO CaMblii OBICTPHIA BHJ
noctynHod mamsatd. Cremyiomas 1Mo CKOpOCTH —
COBMECTHO MCIIONB3yeMast MaMsITh. Bo Bcex ocTabHBIX
CIy4asix MCIIONB3yeTca o0mias mamMsaTh rpaduueckoro
akcerneparopa. bpuio peann3oBaHO MPUIIOKEHHE, KOTO-
poe BHByaIM3HpyeT CBOOOIHBIE (HOPMBI, 3aJaHHBIC
KBaJIpUKaMH C BO3MYLICHHSMH Ha TpadMyecKoM aKce-
neparope. B ¢yHkumm rpaduueckoro akceneparopa
BXOIWIIM pacyeT DIyOMHBI Kajpa, HOpMaJiel M OcCBe-
menus. Lentpansaeiit mponeccop (LITY wmun CPU)
WCTIONB30BaJiCsl ISl TEOMETPHYECKHX NpeoOdpa3oBa-
Huid. {1 otoOpaxeHus: n300paKeHs HCIIONB30BaIACh
DirectX. TectupoBaHue MpOU3BOAMIOCH HA MpOIEc-
cope Intel Core2 CPU E8400 3.0 GHz, GPU 9800 GT
n 470 GTX.

BoiBonbl. HayuHoii 061acTbio, K KOTOPOit OTHOCHTCSI
JlaHHas PadoTa, SBIAETCS 00bEMHO-OPUCHTUPOBAHHOE
reOMETPHYECKOe MOJEIUPOBaHUE  (YHKUHOHAIBHO
3alaHHBIX 00beKTOB. OONAaCThIO MPAKTUYECKOTO MPH-
JIOKEHUSI PEe3yJbTaToB PabOTHI SIBISAETCS CO3IAHUE
WHTEPAKTHBHBIX TpadUueckux CHUCTEM OOBEMHOI
Bugyarmzanun, CAIIP, 3D Web-Busyanuzauust u T. 1.
B pabote npexncranensl cBoOOAHBIE GOpMBEI HA Oaze
aHaMTHYeCKUX (PyHKIMA Bo3MyiieHus. CBOOOIHBIC
¢dopmbl (KBaApUKH) ¢ GYHKIMAMH BO3MYILIECHHS 00na-
JAIOT JIOCTOMHCTBOM CIIAHHOBOTO IPE/CTaBIEHUS
MOBEPXHOCTEN — BBICOKOM CTENEHBIO INIAJKOCTH, HO
IJIABHOW MX OTIMYUTEIILHOM YEPTOU SIBIIETCS MPOU3-
BOJILHOCTB (DOPMBI IPH HEOOJIBIIOM KOJIMUECTBE (PyHK-
1IMH BO3MYIICHHSI.
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TEOPETUKO-MHOKWHHI OITEPAIIII HAJT BLIbBHUMU ®OPMAMUA

Y pobomi 3anpononosarno memoo obuucnenns Oyneeux onepayiii (06'€OHaHHSA, NePeMUHAHHA, PI3HUYI),
WO 3aCmMOoCo8YIOmMbCs 00 MEEPOUX Mii 8ilbHOL hopmu, obmedxceHux nogepxuamMu 8inbHux gopm. Pospodnero
aneopummu eeHepayii nosepxHi 3 KilbKoma 003801amu, uo ooMexcye 0o’ em.

Knrouoei cnosa: meopemuxo-mHodxCcuHti onepayii, 8invHi popmu, QyHxyii 30ypenns, 06’ emu.

THEORETICAL AND MULTIPLE OPERATIONS OVER FREE FORMS

The paper describes a method for calculating Boolean operations (combinations, crossings, differences)

applied to solids of free form, bounded surfaces of free forms. The algorithms of surface generation with
several resolutions limiting the volume are presented.
Key words: multiple-theoretical operations, free forms, functions of disturbances, volumes.
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