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MPOTPAMMHBIY MOYJIb 1JI IOCTPOEHUSA NEPECEYEHUA
TPUAHTYJIUPOBAHHBIX IOBEPXHOCTE!

B.B. Kyprancku#, 3.B. F'anayk
fApocnaBckuii rocysapcTBeHHbIN yHUBepcuTeT uM. [LI. leMuzoBa, r. ipocnasss, Poccus
AHHOTanusa

Ilpednazaemcss  agppekmusHblli  asnzopumm  peaausayuu  Oy/nesvlx  onepayuli  Had
MpPUAH2YAUPOBAHHBIMU NOBEPXHOCMSAMU, A UMEHHO: OJU3BHOHKYUU, KOHBIOHKYUU U 6y/1e8oll
pasHocmu, U e2o npo2pamMmHasl peaausayus. Hdes anzopumma cocmoum 6 caedyrouwem. CHavaaa
8bLISICHSIIOMCS NAPbl NepeceKarnwuxcs mpeyzoabHUK08: J0KAAU3Yemcs Mecmo hepecedeHusl 08yX
noeepxHocmetl ¢ NOMOWbI 02PAHUYUBANOUWUX 06BEM napajiesenunedos8 u dasbHelluezo UX
nepeceyeHus. 3amem cmpoumcsi JAUHUSL nepeceveHusl 045 Kaxcdoli napvl mpey20/bHUKO8:
8vlbupaemcst napa nepecekarWuxcsi mpeyzo/abHUKO8, CMPOUMCs OMpe3oK, N0 KOMOpoMy OHU
nepecexkatomcs. [lasee, 61az200apsi 68e0éHHOU cmpykmype OaHHbIX, 8bloUparmcs «cocedHue»
mpeyz0/4bHUKU, cpedu KOmopblll 8bI6UPAIOMCcs me, KOmopble 06pa3yiom nepecekarwwyrcs napy.
Iocae amozo onucamHblli npoyecc npodoaxcaemcs. [locie amozo mpeyzoabHUKU, yYdcmeyloujue 8
nepeceyeHuu, pempuaHeyaupyromcs. [ Kaxc0020 mpeyzo/nbHUKA U38ECMHbl 6ce pebpd, ho
KOMOpbIM OH nepecekaemcsi ¢ mpey20/abHuUKamMu u3 dpyzoli nogepxHocmu. Imu pebpa s8A110Mcs
CMpPYKMypHbIMU pebpamu 8 3adaye mpuaHzyAyuu ¢ 02paHuUYeHUsIMU 04151 0AHHO20 mpey20abHUKA.
3amem nosepxHocmu 06veduHsIOMC 8 00HY U popMmupyiomcst Yukael nepeceverull. /[lasee no
YUKAQM hepece4yeHUsl 8bl0eAslomcsi nodnosepxHoCcmu, 02paHUYEHHble HAUJeHHbIMU YUKAAMU.
TlockoabKy AUHUS hepeceveHusl nogepxHocmell cmpouadch noc/1edosamesbHO, 803MONCHO 3adamb
HanpasJieHue kaxcdozo pebpa. Bvibupaemcs aw060e pebpo u3 auHuu nepeceveHusi. B cmposwyrocs
nodnogepxHocms dobas/isiemcsi mpeyz2o0/abHUK, KOmopblil eKawvdem 8 cebsi 3mo pebpo u ezo
opueHmayusi coenadaem c HanpasJ/eHuem pebpa. U3 nuHuu nepeceveHusi yoaasiemcsl 8bl6paHHOe
Ha npedbidywem waze pebpo, Ho dobas/sslomcsi d8a HOBbIX - ocmasuiuecss pebpa do6as/1eHH020
mpeyzo/4bHUKA, UX OpueHmayus 3adaemcsi mMAkKum 06pa3om, 4mobObl He HApywaadch
803MOJCHOCMb Npolimu no JUHUU hepece4eHus No Yukay. Imom npoyecc noemopsiemcsi do mex
nop, noka JAuHusi nepecevyeHusi He nycma. Ilpoyecc nocmpoeHusi nodnogepxHocmu Heo6X00UMO
npodesams 045 kaxcdoll auHUU nepeceverust. [locie amoeao 8ce mpeyzo1bHUKU, He gowedwue HU 8
00HY U3 NOCMPOEHHbIX N0ONogepxHocmetl, 066edUHIOMC U 00pa3yom HO8Y0 N0ON08EPXHOCMb.
3amem u3 nosyvyeHHvlX nodnogepxHocmeli 8 3a8UCUMOCMU OM 8bINOJIHSAEMOLl 6y/1e80li onepayuu
cobuparomcst umozo8ble nogepxHocmu. PaccmompeHHblil an120pumm peanu3osaH Ha si3vike Java 7 u
ycnewHo 6HeOpéH 8 cneyua/au3upo8aHHsvle npozpammHsie npodykmol: «3D-SchoolEdity u «3D-
ChemistryEdit». Ilepsviil u3s HUX npedcmas./isiem co6oii npozpammy 011 nocmpoeHusi 3D-modeneli
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SOFTWARE MODULE FOR CONSTRUCTING THE INTERSECTION OF TRIANGULATED
SURFACES

Vladimir V. Kurgansky, Elvira V. Gayduk
P.G. Demidov Yaroslavl State University, Yaroslavl, Russia
Abstract

The effective algorithm is proposed for implementing Boolean operations over triangulated surfaces,
namely, disjunction, conjunction and Boolean difference, and its software implementation. The idea
consists in as follow.

The first step is to determine pairs of intersecting triangles: localizing the intersection of the two
surfaces using the bounding volume of the parallelepipeds and the future of their intersection.

The second step is constructing an intersection line for each pair of triangles: a pair of intersecting
triangles is selected, and the segment along which they intersect is constructed. Further, thanks to the
entered data structure, "adjacent” triangles are selected, among which are selected those that form
the intersecting pair. The process described above continues as long as such triangles can be
detected. After that the triangles involved in the intersection are retriangulated. For each triangle,
all the edges are known on which it intersects with triangles from another surface. These edges are
structural edges in the triangulation problem with constraints for a given triangle.

The third step is to combine all surfaces into one surface. Further, subsurfaces are constructed along
the loops of intersection limited by the found loops. Since the intersection line of the surfaces was
constructed in sequence, it is possible to specify the direction of each edge. Any edge from the
intersection line is selected. The triangle is added to the subsurface under construction, which
includes this edge and its orientation is the same as the direction of the edge. The edge which was
selected previously is deleted from intersection line, but two new edges are added is the remaining
edges of added triangle.

The third step is to combine all surfaces into one surface. Further, subsurfaces are constructed along
the cycles of intersection limited by the found cycles. Since the intersection line of the surfaces was
constructed in sequence, it is possible to specify the direction of each edge. Any edge from the
intersection line is selected. The triangle is added to the subsurface under construction, which
includes this edge and its orientation is the same as the direction of the edge. The edge which was
selected previously is deleted from intersection line, but two new edges are added is the remaining
edges of added triangle. Their orientation is set in such a way that the opportunity to pass along the
intersection line along the cycle is not broken. This process is repeated as long as the intersection
line is not empty. The process of constructing subsurface must be done for each intersection line.
After that, all triangles that have not entered any of the constructed surfaces are combined and form
a new subsurface. The final surfaces are collected from obtained subsurfaces depending on the
Boolean operation being performed.

The algorithm is implemented in Java 7 and successfully integrated in specialized software products:
"3D-School-Edit" and "3D-Chemistry-Edit". The first program is the software for creating 3D-models
for school tasks on stereometry with the possibility 3D-printing of these models. The second one is
the editor of chemical compounds with the possibility of 3D printing.
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BBeaeHue

B 3azavax, CcBf3aHHBIX C€ 06pabOTKOMU
TpeXMepHbIX MOBEPXHOCTEH, BaXKHYIO POJib UTPaeT
BbIYMCJIEHHE pe3y/ibTaTa NpPUMEHEHUS OyJIeBbIX
onepanui. YacTo npakTuyeckas 3aa4a 06paboTKu

JlAHHBbIX CBOJUTCI K TOUCKYy O0ObeJUHEHHS,
nepecedyeHusi, JM6o OyseBOM pasHOCTU [ABYyX
MOBEpPXHOCTEM.

PaccMOTpUM  KOHKpeTHbI TNpUMEP TaKOH

MPaKTUYeCKOW 3aJayd, BOSHUKLIEH NPHU CO3JaHUU
CHenraJU3upPOBAHHBIX MPOrPAaMMHBIX MIPOAYKTOB
«3D-SchoolEdit» u «3D-ChemistryEdit» (B komanay
pPa3paboTUMKOB KOTOPBIX BXOASAT aBTOPbI JaHHOU
CTaTbH).

IlepBass u3 atux nporpaMmm «3D-SchoolEdit» -
3TO PEeAAKTOpP LIKOJbHBIX IJIAHWUMETPUYECKUX U
CTepeoMeTPpUYEeCKUX yepTexen, KOTOPBIN
M03BOJIsIET ABTOMATHYECKH CTPOUTH MO JAHHBIM
yepTexxaM 3D-Mopenu AJid BbiBojAa Ha 3D-mevats.
Hanpumep, kapkacHble Mogenu i 3D-medaTu
CTpOSATCA cjefyomuM obpasoM. Bokpyr kaxzpoi
BEPLIMHbI T€OMETPUYECKOTO 06beKkTa (HampuMep,
TeTpaszpa) crpoutcsi cdepa, a BOKPYT KaKIOro
peb6pa - nuauHAp. TakuM o6pa3om, Mogeb st 3D-
neyaTHh - 3TO TOBEPXHOCTb, OrpaHUYMBAIOLIAA
00 belUHEHUE  CTEpeOMeTpPUUYECKUX  OOBEKTOB
(1wapoB ¥ UUJIHUHAPOB).

[IporpamMma «3D-ChemistryEdit» - aTo pegakTop
XUMUYECKUX COeJVHEeHUH, mpeJHa3HAYeHHbIN AJ1d
IIKOJIbHBIX YPOKOB XUMHH.

Kak 3TO o00uwenpuHsATO, B peAaKkTope [
TpexMepHOH BU3yaJU3alM¥ aTOMOB UCIOJb3yIOTCA
mapbl pa3HOro JAuaMeTpa, a AJjasd 0003HauyeHUs
CBsI3ell MeXy HUMU - IUJIUH/PBI, PACIoJIoKEHHbIE
noJ, omnpejeseHHbIMU yriaaMu. Takum o6pasowm,

BU3yaJM3UpyeMast MTOBEPXHOCTb,
COOTBETCTByIOLlasA MoOJIeKyJe, - 3TO CHOBa
00beJMHEHWE [IUJIMH/IPOB U IIAPOB.

BaxxHOM  0cOGEHHOCThIO  pa3pabaTbiBaeMbIX

NPOrpaMMHBIX MPOAYKTOB SIBJISIETCS BO3MOXHOCTb
3KCIOPTA 0TOOPAXKAEMBIX YepTEXKENH U XUMUYECKUX
coevHeHUH B opMaT NpUroAHbli s 3D-nevyaTu.
[Ipy sTOM oOKa3bIBaeTcsl aKTyaJbHOH mpobJeMa
YMEHbILIEHUS 3KCIOPTHPYEMBIX JaHHBIX,
MOCKOJIbKY MOJEJH 3a4acTyl0 HMEIT BBICOKYIO
JeTaJM3alyi0 MW, KaK C/leACTBHE, 3aHUMAIOT
0O0JIIION 00bEM MaMATH. B 4yacTHOCTH, JOOUTHCS
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yMeHbIlleHUs1 oO6beMa JaHHBIX MOXHO 3a C4YeT
yAaJleHWsa BHYTPEHHUX dacTed 00'beJMHEHUs
MIOBEPXHOCTEHN - LIAPOB U LIUJIUHAPOB, U3 KOTOPBIX
coctoAT Mojenu. TakuM o06pa3oM, BO3HHUKAET
HEeo6X0IUMOCTh MOCTPOEHUA pesy/abTara
IpUMeHeHUs1 OyJeBbIX ONepaluid K TpeXMepHbIM
NOBepPXHOCTAM. [IpuyeM B paMKax JaHHOU CTAaTbHU B
KayecTBe TII0BEpPXHOCTeM paccMaTpUBAlOTCA He
TOJIbKO LWJWHJAPbl W IIAapbl, HEOOXOAUMBIe [Js
«COOpKH» MoJieJle MOJIeKyJl M KapKacHBIX
MoJieJledl TeoMeTpPUYeCKMX uepTexel. 3ajava
ucciaenyerca B Gojiee 0O0IIeHd MOCTAHOBKe: [Jist
BBINYKJIBIX TeJl.

[Tocko/bKYy TpPUAHTY/NALUA ABAseTCA HauboJsee
NONyJIAPHBIM U, BO MHOTUX OTHOILEHUSAX, Y0OHBIM

croco6omM npeJcTaBJeHUs TpeXMepHbIX
MOBEPXHOCTEH, B paMKaxX JaHHOH paboThI
OCTAaHOBUMCSI Ha PACCMOTPEHHU YKa3aHHBIX
6yJIeBbIX onepanui MMEHHO Haj
TPUAHTYJIUPOBaHHBIMU TpexMepHbIMHU
OBEPXHOCTSIMU.

B HacTos el paboTe npe/jijlaraeTcs
3bdeKkTUBHBIN aJITOPUTM peasusanuu

00be/JMHEHUs, TepecedeHus, OyJeBOH pPa3sHOCTH
TPUAHTYJMPOBAaHHBIX  NOBepxXHOCTeH. JlaHHBIA
aJTOPUTM OCHOBAaH Ha HJesX, NPeAJOKeHHbIX B
paboTax, KOTOpbIM COCTOUT B ciaeaywoieMm [1, 6 -
25]. CHayaJia BBISICHSIIOTCSI [Iaphl EepeCceKalonXCs
TPEYroJIbHUKOB, 3aTe€M CTPOUTCSH JIMHUSA UX
nepeceyeHus A Kaxgod  mapel.  [locie,
TPEYroJIbHUKH, Y4YacTBYWOIIHE B IepeceyeHuy,
PeTPHUAHTYJIUPYIOTCS. 3aTeM HOBEPXHOCTH
06beAUHAIOTCS B OAHY U (QOPMUPYIOTCA LUKJIbI
nepecedyeHud. Jlajee mo LMKJIAM IepeceyeHUs
BBIZIEJISIIOTCA  TOJIOBEPXHOCTH, OrpaHUYeHHbIe
HalZIeHHbIMM LMKJaMHU. 3aTeM U3 IO0Jy4YEeHHBIX
MO/ATIOBEPXHOCTEH B 3aBUCUMOCTH oT
BBINIOJIHAEMOU OyJIeBOH oOmepanuyu COOUPAIOTCS
HUTOTOBbIE IOBEPXHOCTH.

ANTOopuUTM [ONOJIHEH M yJydlleH 3a CYéT
BBeJIEHUS CTPYKTYPbI JAaHHBIX, KOTOpas MO3BOJISIET
YCKOPUTb  IOCTPOEHHWE JIMHUM  IepecevyeHus
noBepxHocTed. TakKe MCIOJIb30BaH IOJXOZ,
KOTOPBIA MO3BOJISIET YCKOPUTD ITOMCK NEPBOH Maphl
[epeceKkalUIuxcsl  TPEYroJbHUKOB 33  CYET
JIOKaJIM3alMd MecTa IepecedeHus] MOBEPXHOCTEH.
Bcé aTo mno3sBosiieT yMeHBUIUTb BpeMsi pabOThI
KOHKPEeTHOH peas3alyy aJropuTMma.
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B pabore HCI0JIb3YeTCS TEPMUH
No/AU2OHA/IbLHASL CemKd, ToJ, KOTOpbIM OyaeM
MOHMMaTb COBOKYITHOCTb BePILWH, pébep U rpaHel,
onpefessawie GopMy MHOTOIPaHHOTO 06'beKTa B
TpexXMepHOU KOMIIbIOTepHOU rpaduke U 06'bEMHOM
MO/ZleJTMPOBaHUH.

Kak 6b1710 yKa3aHO BbIlIE, B paMKax HacTOSALIEH
paboThl B KauecTBe MOJUTOHAJIBLHOU CETKU OyJeT
paccMaTpUBaTbCA ceTKa c rpaHsAMHU-
TPeyroJbHUKaMH, TO €CTb MPUAH2YAUPOBAHHAS
Nno8epxXHOCMb.

IlocTaHOBKa 3aa4yu

PaccmaTpuBaeTca cieayowmas 3ajada. Ha Bxon
NOJAIOTCA JB€ TPUAHTYJUPOBAHHbIE TOBEPXHOCTH
B dopmare STL, orpannvmBaroiiyie BbIyKJIble Teaa
P, u P,. TpebyeTcs NOCTPOUTb MOBEPXHOCTD,
OTpaHUYMBAIOILYI0 00'beM nepecedenus [ = P; N P,,
o6beguHenuss U =P, UP, u OyseBOl pa3HOCTH
I = P, — P, NCXOJHBIX TeJl. 3aTeM 3KCIIOPTUPOBAaTh
daitn 3D-monenu B popmat STL.

Ha BXOJIHBIE TPUAHTYJIUPOBAHHbIE
MOBEPXHOCTH HaKJIabIBAOTCA cleAyomue
OTpaHUYeHHS:

NOBEPXHOCTH OTPaHUYMBAIOT BBINyKJIble
MHOTOTPaHHUKY;

LMKJIBI lTlepece4eHUsl JaHHbIX TIOBEPXHOCTEN He
HMMEIOT caMollepece4yeHNH;

LMKJIbl Tlepece4yeHus1 NMOBEPXHOCTeH He MMEeIT
nepece4eHUH UM KacCaHUH APYT C APYTOM.

3T TpeboBaHUA O0O6YC/JI0BJEHbl KOHKPETHBIM
peasi30BaHHbIM NOJX0J0M K pellleHHI0 3aJja4yH.

OnucaHue aJropurMa

OCHOBHBI€ IIIaTH AJIFOPUTMA CJIEYIOIIHE:
[lorck mapbl MepeceKarIUXcs TPeyroJbHUKOB
HCXO/JHBIX TOBEPXHOCTEH;

[locTpoenue JIMHUU nepeceyeHus
NOBEPXHOCTEH U pe-TPUAHTYJIALUSA  MeCT
nepeceyeHus;

PasjiesieHre MoBepxXHOCTeN Ha YacCTH MO JTUHUU
nepecevyeHus;

C60pKa MoJly4eHHbIX YaCTeH MOBEPXHOCTEH.

[anee Ha  KaxAoM  IIare  ajaropdrMa
0CTaHOBUMCS 60Jiee NOAPOOHO.

Ilouck napel NepeceKawIUxcs TPeyroJibHUKOB
HUCXOJHbIX IOBEPXHOCTEN

[IpepsiaraeTca  MUCNO/B30BaTb  HEKOTOPBIN
W3BECTHBIA MOAXO0J K pa3bHeHHI0 MPOCTPAHCTBA,
YTO HEeoOXOJMMO J[Jisl JIOKaJIM3aLHUU NepecedeHus
MOBEPXHOCTEH: MNpPUHOUN OGHHApPHOTO JiepeBa
orpaHuuMBaLMx o06beMoB Bounding Volume

sitito.cs.msu.ru

Hierarchy (BVH) [2]. Uzxes cocTOUT B TOM, YTOOBI
reoMeTpUYeCKH  IPOCThIM, OrPaHUYUBAIOLIUM
00'beM, 06'bEKTOM NPULJIU3UTL MECTO TIEPECeYeHUs
JIBYX TIOJINTOHAJIbHBIX CETOK, YIPOCTHUB 3TUM IOUCK
napbl nepeceKawIuxcs TPeYyroJbHUKOB.
[IpepnaraeTca NpuUOJMKATBh MeCTO IepeceyeHMs,
pa3buBasg HCXOJHOEe MPOCTPAHCTBO, B KOTOpoe
L[eJINKOM BXOJAT IOJIMIOHAJIbHblE CEeTKH, Ha [iBa
reoMeTpUYEeCKH MPOCTBIX OOBEKTa Ha KaKJIOM
mare. 3aTeM KaXJIbld W3 3THX OOBEKTOB
pa3buBaeTcs ellle Ha JABa 00BbEKTa M Tak Jajlee,
II0OKa MeCTO NepecedyeHUs He OyJeT coepKaTbCs

LeJIJAKOM B OJHOM o0ObekTe. B kavecTBe
OrpaHUYUBAIOLIETO o6beMa UCIOJIb3yeTCs
OpPUEHTUPOBAHHBIA ocaAM NPAMOYTOJIbHbIN

napasenenunes, Axis-Aligned Bounding Box
(AABB) [3]. C nomoubio AABB focTaToyHO nmpocTo
HCKaTb llepeceyeHMUs.

Jns KaXK0H MOJINTOHAJIbHOH CEeTKH,
y4acTBYOILeH B olnepanuy, CTPOUTCH,
OTPaHUYMBAKIINN €€ 00'bEM, OPUEHTHPOBAHHBIN
0CSIM MPSIMOYTOJIbHBIN NapaJijiesienunef,.

[Tocne atoro nosydyenHole AABB nepecekarorcs,

)5’ nepeceyeHNEM TaKxe ABJIsIEeTCA
napaJsienenunes (puc. 1).

Tak kak KaxAblll  TpPeyroJbHUK  CeTKH
rapaHTUPOBAaHHO HaxXoAuJICs BHYTPH
coorBeTcTBylomero AABB, MoxeM yTBepxAaTb
cienyolee: KaXKIbIH, y4aCTBYIOIIUI B

nepeceyeHUU C [JPYyroll CeTKOHW TpeyroybHUK,
MOJIHOCTbI0O WJIM YacTUYHO HAaXOAUTCS BHYTPU
napaJjiiejienuiieia, MOJyYeHHOr0 IlepeceyeHueM
ucxoaHbix AABB.

PucyHok 1. [lepeceuerue dgyx AABB nosepxHocmeli
8bINYKALIX Men
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TakuM 06pa3oM, B KaXK/J[0H CeTKe BbIJIEJAITCS
TOJIbKO T€ TPEYTOJIbHUKH, KOTOPbIe MOTEHI[UATbHO
MOTLYT Yy4YacTBOBaTb B IepeceyeHUH, TO ecCTb

3a€BalT HWJIMX IIOJHOCTbK  OKa3bIBAKOTCA B
nepece4eHnu COOTBETCTBYHOIIUX
napaJsuienenuvinenoB.

IlocTpoeHune JIMHHU NIepeceYeHus
NOBEPXHOCTEN U pe-TPUAHTY/ISIIMS MECT
nepeceyeHuA

Janee Hax0UTCS nepBasi napa
nepeceKarLUMXCcsl TPEYTOJbHUKOB.

[locse oTbICKaHUSI TEPBOU MepeceKaroleics
mapel  TPEYroJbHHUKOB, MPOUCXOJUT  MpoIecc
MOCTPOEHUs JINHUM IepeceyeHus MOBEPXHOCTEMH.

B pabGore wucmnosb3yeTcsd CTPYKTypa JaHHBIX
«Winged edge», B KoTopo#l Ajis KaxJoro pebpa
COXpaHSIITCA CIUCKH CMEXKHBIX pébep,
WHUUJEHTHbIX TpaHed U BeplIUH [4]. YKa3aHHas
CTPYKTypa M03BOJISIET OCYIIECTB/ISATh IOUCK JIMHUHU
nepecevyeHusl TOJBKO CpelH «cocelei» (CMeXHbIX
o pebpy TpeyroJbHUKOB). bisaromapss Takomy

nogxony, IIOMCK W IIOCTPOEHHE  «COCeAHHX»
HEPECE‘IEHI/IIL/‘I CyLI€CTBEHHO YCKOpAETCA.
Ilocne nepece4yeHud TpeyroJjibHUKOB

Heo6X0AMMO IMPOBECTH UX pe-TPUAHTYJIALHUI0 (CM.
puc. 2). [lpyyeM B JaHHOM cJiyyae HeO6XOJUMO
NOCTPOEHME TaK Ha3blBa€MOW TPHUAHTYJAALMUU C
OTPaHUYEHUSIMHU.

B o6meM ciydyae B 3ajade TPHUAHTYJIALUUA C
OTPAaHUYEHUAMHU 33JaéTCAd HCXOJHOE MHOXEeCTBO
TOYE€K - Vy3JIOB TPHAHTYJIAOUU U MHOXECTBO

OTpEe3KOB-OIpaHUYUTEJIEH, rapaHTUPOBAHHO
NPUCYTCTBYIOIIMX B  TpuaHryasnuu [5]. B
paccMaTpuBaeMoi CUTyaLuy, pebpamu-

OTpaHUYUTENMU CIOyXKaT pEGpa, MO KOTOPBIM

nepecekawTcs TPeyroJibHUKU U3 pa3HbIX
MOBEPXHOCTEM.

Jta omeparnus Heo6XoAWMA JAJISl TOTO, YTOOBI B
JasbHEeH1IeM KOPPEKTHO pasaesnuThb

TPEeyroJbHUKA Ha 4YacTU B 3aBUCHUMOCTH OT
HeobxoAUMON OyJieBOM omepalud, He HapyLIWB
CTPYKTYPY CETKH.
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PucyHok 2. [Ipumep pe-mpuanzyAsyuu mpeyaoabHuKda,
codepxcaujezo pébpa-ozpaHuyeHus

JJisi BO3MOXXHOCTU KOPPEKTHOrO pasjesieHus],
MPYMEeHSIeTCS ENHON aJITOPUTM pe-TPUAHTYJIALUN
C OrpaHMYeHUsSIMH B MeCTax HepecedeHHus
noBepxHocTei [5].

TakuM 06pa3oM, Hoc/ief0BaTeNbHO BbINOJJIHSAA
nepeceyeHUs] TPeyroJbHUKOB U A06aBJiss pebpa,
CTPOMM  OJUH U3  ILUKJIOB  IepeceyeHUs
MOBEPXHOCTEM.

Pa3jie/ieHHEe MOBEPXHOCTEH Ha YaCTH 1O TMHUHU
nepeceyeHust

Zlanee MNPpOHUCXOAUT «pa3pe3aHrue» HUMEeINXCcd
HOBerHOCTeﬁ Ha TMOANOBEPXHOCTU IIO JIMHHUAM

nepeceyeHus.
[TockoJIbKY KK bl TPeyroJibHUK
OpPUEHTUPOBAH, BLIGUPAIOTCA Te, Yy KOTOPbIX

OpHEeHTalHsl COBMAJIAeT C TEKYLIUM peGpoM JIMHUU
nepeceveHus], OpHUEHTUPOBAHHBIM no
HarnpaBJieHHI0 06x0/a. TakuM 06pa3oM, Ha KaXA0M
1mare 3aXBaThIBAeTCs TPEYrOJbHUK, a W3 JIMHUHU
nepeceyeHuss ypajaseTcs pebGpo, KOTOpoe GbLIO
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COHaIpaBJIEHO OJJHOMY W3 peGEp TpeyrosbHUKa. B
CBOIO  oYepeab, oOCTaBmMecs JBa  pe6pa
TpeyroJibHUKa BCTaBJISIIOTCS B JINHUIO
nepeceyeHrdss Ha MecTo yjajaéHHoro. IIporecc
MOBTOPSIETCSA /0 TEX MOP, TOKA JIUHUS NepeceyeHus
nMeeT pébpa (puc. 3).

CoopKa noiy4YeHHbIX YacTeld MOBEPXHOCTEN

B pesyabTaTe mnpeAblAyIIMX TPEX 1LIAroB
aJIFOPUTMA, UMEETCA HECKOJIbKO YacTel HMCXOAHBIX
MOBEPXHOCTEH, KOTOPbIE OCTAETCA COEJUHUTH IO
TOMy WJM WHOMY NPUHLHUIY, B 3aBUCUMOCTH OT
BBINOJIHSIeMOW 6yJ/ieBOil omepauuu: o6beAUHEHHE,
nepecevyeHue WU OyJieBa Ppa3HOCTb.

[lockoJMIbKY BBbIJIeJIEHHbIE 4YacTH B MeCTax
nepeceyeHU OBbLIM  pe-TPUAHTYJUPOBAHBI U
KOPPEKTHO  pa3JieJieHbl, «CKJEUTb» WX He
COCTaBJIIET TPY/d, TaK Kak pébpa M3 LMKJA, MO
KOTOpPOMY 6bLIM  pa3/ieJieHbl IOJIUTOHAJNbHbIE
CEeTKH, BXOJAT BO BCe pa3/ie/IiEHHble 4YacTU H
SIBJISIIOTCS B HUX KpaeM (puc. 4).

[loce Bcex wIAaroB ajropuTMa pe3yJbTaT
Oy/JIeBOM oOllepanyu 3KCHopTupyeTcs B ¢aili, B
COOTBETCTBUM C BBIOPAaHHBIM I10JIb30BaTeEJEM
dopmaToM A1 xpaHeHus 3D-Moenel.

3akJ/iloueHue

B faHHOI pa6oTe OblLA pacCMOTpPEH ajJrOpUTM
BBINOJIHEHUS OyJIeBBIX onepanuu Ha/,
TPUAHTYJIMPOBAaHHBIMU TOBEPXHOCTSAMH. AJITOPUTM
Obl1 peasM30BaH Ha f3blKe Java 7 W YCIeELHO

BHe/IPEH, KaK 4YacTb MOJAy/lA A/  PaboThl C PucyHok 3.Buldenenue uacmu nogepxHocmu
TPHAHTYJIMPOBAHHBIMU HOBEPXHOCTSIMH, B
pesaKkTop XAMHYECKUX coeluHEeHUH c

Bo3MOHOCTbIO 3D-nmeyatn «3D-ChemistryEdit» u
pefaKTOp TreoMeTpUYeCcKHX 4YepTexed  «3D-
SchoolEdit». HTorom BHeJpeHUs JaHHOTO
aJropuTMa fBJSETCS  yMeHblIeHHe pa3Mepa
3KcopTUpyeMbIx 3D-Mozesnell W, Kak C/leACTBUE,
yCKOpeHHe paboThl peZlaKTOPOB.

PucyHok 4. [Ipumep c6opku noayuuswuxcs yacmei
nosepxHocmetl

218

Hccnedosarnus u paspabomku 8 061acmu HO8blX UHHOPMAYUOHHBIX MEXHON02UU U UX NPUA0HCEHUT



Modern Information Technologies and IT-Education

Vol 14, no. 1. 2018 ISSN 2411-1473 sitito.cs.msu.ru

IIpuMepbl paGoTHI aJITOPUTMA

B KauecTBe MJUIIOCTpPALMU pPabOThI aJropuUTMa
NpUBeZEM NMPUMepbl, U300paKeHHble Ha PUCYHKaX
5-8.

PucyHok 5.1lepeceyeHue KoHyca u mopa

PucyHok 7.Ilepeceyerue d8yx chep

PucyHok 6.[lepeceveHue Kyba u zekcazoHa

[lnanupyercsas  MoaudHUKauLMs  aJropuTMa,
KOTOpasi CHU3UT TPeGOBaHHUs K BXOAHBIM JAaHHBIM.
A UMeHHO, CHUMeT OrpaHHYeHHe BBIMYKJIOCTH U
3alpeT nepeceyeHus LUKJIOB JPYT C APYTOM.

PucyHok 8.IlepeceyeHue KoHyca u YyuauHopa
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