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Beenenne

TepmuHb! «MalnHHas rpaduka», «BbIYMCIHTENbHAs FEOMETPHA» H «FE€OMETPHUYECKOE MOAEINH-
poBaHMe» ABNAIOTCA Oosiee WM MeHee CIOKUBLUMMHCS TepMHHAMH B 00JAaCTH MaTeMaTHYeCKOro
U nporpaMmHoro obecneuesus O9BM, pa3iu4HbIM acneKTaM KOTOPBIX MOCBALIEHO GOJNBILOE KOJIH-
YeCTBO MOHOrpa(MuecKol M »KypHAIbHOH JHTEpaTyphl, a TAKXKE€ MHOTOYHC/IEHHbIE KOH(MepeHLHN
(cM., Hanpumep, [1-9] u uuTHpyeMsble TaM paboTsi). Mes B cdepe cBonx MHTEpEeCOB MHOTO 06liie-
ro, reoMerpuyeckas npobieMaryka COICPXHT H 3HAUUTENbHbIE OTJIHYHA B Pa3NUUYHBIX NpHIIOXKE-
HUAX, Oyab TO CpPeACTBa BU3yalH3aLUH OOBEKTOB H CLEH WIH CHCTEMbl aBTOMATH3aLHH MPOEKTH-
poBanus (ofHa oflenpuHsaTan pycckas abbpesnarypa — CAIIP u MHOXecTBO aHrnuiickux — CAD,
CAE, CAM 1 1. A.), nau nakets! npuknaausix nporpamm (IT1IT) ans MaTeMaTHueCKOro MOAeNH-
POBaHUS CJI0KHBIX IPOLIECCOB WITH SIBIEHHUH.

Llenbto naHHO# paboThI ABNSETCH AHANN3 ANITOPUTMHYECKHX M TEXHOJIOTMYECKUX BOIIPOCOB I'eo-
METPHUECKOro XapakTepa anf nocneaHell npeamerHoi obnactu. [Toa MaTeMaTHYeCKHM MOAETHPO-
BaHMEM Mbl NOHHMAEM peLIEHHE MHOFOMEpHbIX (yHKUHNOHAAbHBIX 3a4a4, ONMChIBAEMbIX CHCTEMA-
MH IMOdepeHLHaNbHBIX U HMHTerpanbHbIX ypaBHeHMH (B oOwieM ciydae HeJMHeHHBIMH) HIH
5KBHBAJICHTHbIMH 00OOLUEHHbIMH NOCTAHOBKAaMH B (popMe BapHaLMOHHBIX COOTHoLIeHHH. Hcko-
MBI pe3ynbTaT 3eCh — 3TO (PYHKIHMH HE3aBHCHMbIX NEPEMEHHBIX (POCTPAHCTBEHHBIX KOOPAHHAT
M BPEMEHH — €CJIN 3aJava HecTallHOHapHas), Onpeie/ieMble B OFPaHUYEHHOH pacueTHOH obnactu
M YAOBJETBOPSIIOINE 3aaHHBIM KPaeBbIM U Ha4albHBIM YCJIOBHAM. ToyHee roops, NnpHBeAeHHas
topMynHpoBKa XapakTepu3yeT NpsAMble 3afauyd MaTeMaTHYecKod QU3MKH (MM XUMHUH, GHONOTHH
H T. [.), peLIEHNE KOTOPHIX INOJHOCTBIO OMNpeneNsieTcs HCXOJHBIMH reOMETPUYEeCKHMH H MaTepH-
aNIbHBIMH, WIH (YHKUHOHAJIBHBIMY, JaHHBIMH, NPEACTABIAEMBIMH B opMe KO3(PPHUIUEHTOR YpaB-
HEHHH M HauaJIbHO-KPaeBBIX ycjoBUH. Bonee TpynoeMkuMH M OpHMEHTHPOBaHHBIMH Ha KOHEYHBIE
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NpaKTHYeCKHe TOTPeOHOCTH ABNSIOTCH oOpaTHbie 3aJaud, CBA3aHHBIE C ONTHMH3aLHeH Kakoro-
1160 ycTpoicTBa MM TEXHONOTHYECKOTO peXuMma, a MoxeT ObITh — ¢ HAeHTHUKauueH napamer-
pOB MOJenNeil, KOTOphle W3HAYANBHO ABIAIOTCA HEAOOMpeAeneHHbIMU. B Takux cnydasx, xak npa-
BHJIO, 33[]a€TCS HEKOTODBIH 3aBUCAIUMHA OT MCKOMOro pelleHUs UeneBoH (YHKIHOHaN, KOTOPBIH
HaJI0 MUHHMH3HPOBATh NPH AONOJHHTENbHBIX OrPaHHUUTENbHBIX YCIOBHIX.

Peanuzauus obparHbix 3a7a4 0OBIYHO CBs3aHA C PELICHHEM IOCJIE0BaTENbHOCTH NPAMBIX 3a-
Jla4y, B KOTOPbIX M0 KAKOMY-TO ONTHMU3aHOHHOMY aJIFOPUTMY HalpaBl€HHO MEHSIOTCA F€OMETPH-
YeckHe U / UK MaTepUalibHble ONTHMH3HPY€EMbIE MapaMeTphl MOJEH.

B peanpHOCTH HCXOAHBIE NaHHBIE 3a7a4yd MOJEJHUPOBAHUS ABJAIOTCS KyCOYHO-TJIAJKHUMH, T. €.
rpaHuLbl pacdeTHOH 006;1aCTH MOTYT HMETh AByTrpaHHble HJIM MHOTOTpaHHbIE yIJibl, a Kod(duuuen-
Thbl ypaBHEeHHi — 001aJaTh pa3pbiBHBIMH CBOHCTBaMH. B OKpecTHOCTAX COOTBETCTBYIOIIUX OCOOBIX
TOYEK, JIMHUH MU NMOBEPXHOCTEH pellleHUs SBISIOTCA CUHIYJIAPHBIMH, @ UX aCUMNTOTHYECKUI BUA
JIOJDKEH YUUTHIBAaThCA MPH TIOCTPOSHHH CETOYHBIX METOAOB KOHEUHBIX Pa3HOCTEH, KOHEYHEBIX 00b-
eMOB Wit koHeuHbIX anieMeHToB (MKP, MKO unu MK3), xoTopble SBISIOTCS OCHOBHBIMH COBpE-
MEHHBIMH aJITOPUTMaMH anmnpoxcuManuu (cM.: [10; 11]).

INocTpoenue ceTok B MHOroMepHbIx 061acTax — 3710 Gonbllas caMOCTOATENbHAsA TEMa, B 3HA4H-
TENbHOH CTENEHH CBS3aHHas C FEOMETPHYECKMMH MpobieMaMH, HO He ABJIAIOLIAACS NPEIMETOM
paccMOTpeHus JaHHOH cTaThbd. OTMETUM TOJIBKO, YTO KAUeCTBEHHAs CeTKa AOJDKHA OBITh ajanTH-
poBaHa K 0COOEHHOCTAM HCXOAHOM 3amaun. TpeOoBaHHA K CETKaM U MX KIACCH(PHKALUIO MOXHO
HaiiTy B [12] U uuTUpyeMbIX Tam paboTax.

[Tocne annpokcHMaly HCXOIHOH 3a/1a4M M PELIEHHUs NOJTydaeMbIX anreOpandeckix ypaBHEeHHI
KOHEUHBIA pe3ynbTaT NpeACTaBiseTCsS B BUAE ONpPEAeNeHHbIX Ha ceTke QyHKUHH, XapaKTepHCTHKH
KOTOpbIX (rpadHKH, U30MHHUH U H30TMOBEPXHOCTH, BEKTOPHBIE MOJA H T. [.) HEODXOAUMO paccyu-
TBIBaTh M BH3YyaJIM3UPOBaTh B YJ00HOMH 11 nonb3oBaTenbekoro aHanusa ¢gopme. JlanHbli cymect-
BEHHBIH TEXHOJOTMYECKHH 3Tan TaloKE CBA3aH C IeOMETPHUUYECKMMH acHeKTaMH M MOXKET ObITh
BECbMA PECYPCOEMKHM.

CoOBOKYMHOCTb F€OMETPHYECKUX 3aJad U METOHOB TpeOyeT co3faHHe TEXHOJIOTHUHON CHCTEMBI

_reomerpudeckoro MoaenuposaHus (CI'M), koTopast Mo Bo3MOXXHOCTH He 3aBHcelna Obl oT Au(de-
peHLHANBHBIX CBOMCTB pelaeMoil MareMaTtudeckoif npobnaemsl i, Gosee Toro, Morna 6vl 6BITH CO-
BMECTHMOH ¢ cucteMol ¢yHKUMoHanbHOro Mozenuposanus (COM), obecneuuBaromeit rudkue
CPEACTBAa ONUCAHHA KO3(PPHLMEHTOB HCXOAHBIX YPaBHEHHH, HAYaJlbHbIX U KPaeBbIX YCIOBHH U T. [1.
Pesyabratom pabotbl CI'M siBnsiercs dopMupoBaHHe reoMeTpuueckoil cTpykTypsl aanHbeix (I'CI),
KOTOpasi B COBOKYMHOCTH C (QYHKUHOHaNBHOH cTpykTypoit maHHsix (@CJI] coaepXuT omucaHHe
BCeX (QYHKUHMOHANBHBIX 0OBEKTOB 3aJiauH, B JaHHOW paboTe He pacCMaTpPHBAETCS) NMPeAOCTABIAIOT
HeoOXoAuMY10 HHGOPMALHIO 1Sl BHIYHCINTENBHBIX MOIYJIEH.

®opmaibHOe PeACTaBIeHHE HaYaIbHO-KPaeBoii 3a1a4n

Mycre 4 ={u,,p=1,...,m,} ecTb BeKTOP-PyHKUHs, y KOTOPOH Kaxaas CKalspHas OCTaB/IAroIIas
U, 3aBUCHUT OT BEKTOPA NPOCTPAHCTBEHHBIX KOOPAHHAT X =(X,X,,X;) H, BO3MOXHO, OT BpEMEHH
t. CucreMa KoopaMHAT MOXeT ObITh ekapToBas, HIHHAPHYECKas WK cepuyeckas (MK Kakas-
TO CMelHanbHas), a KOJMYECTBO HE3aBHCHMBIX MPOCTPAHCTBEHHBIX NMEpeMeHHbIX d (pa3MepHOCTh
3a/1a4H) MOXET YMEHbBIUATLCS C TPEX A0 ABYX WJIH OAHOTO.

O603HaunmM yepes Q=QUT 3aMKHYTyI0 OrpaHHUEHHYIO 0GJIACTb eBKIHAOBOTO IPOCTPAHCTBA
c rpaunueii ', B koTopoit onpenenena ¢yukuus #(X,!) MNA KaKAOrO MOMEHTAa BpPEMEHH
0<t<T <. Toraa 3agaya MaTeMaTH4eCKOr0 MOJENHPOBaHUA HOPMYIHPYETCA CAEAYIOLIAM 06-
pa3oMm: B pacueTHOH obnactu Q Haitu pewenne qugQepeHHanbHOT0 ypaBHEHHS (JIMHEHHOTO K
HEJIMHEHHOT0) ¢ H3BECTHOH yHKLHEH f ={fh=L...m,}

Li=f(%1), ¥€Q, 0<t<T<w,
YIOOBJIETBOPSIONIEE 3aJaHHBIM I'PAHUYHBIM H HAYalbHLIM YCIOBHAM
li=g(%,1), xel, u#(%0)=u’(%).
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OTMeTHM Takoii XapaKTepHBIH KNacc 3ahay, B KOTOPbIX KOHQUrypauus pacueTHol o6aacTu
M €€ IPaHHLl MEHAETCS CO BpeMeHeM. B 4acTHOCTH, B Tak Ha3biBaeMBIX 3ajauax co ¢cBoGoqHOM rpa-
HHIEH ee popMa 3aBHCHT OT CaMOTO MCKOMOIO PCLICHHUA H ONpPEAENAETCS C HOMOLLUBLIO JOMOJHH-
TEJIbHBIX (KHHEMATHYECKHX M JAVHaMHYECKHX) y paBHEHHI].

[lpuBeneHHas sbie (opMyNIHpOBKaA ONIHUCEIBAET NpAMbIE 3324 MaTEeMaTHYECKOr0 MOJEHpPO-
BaHuA. FicXonHble faHHbIE KOKIOH H3 HUX MOXKHO OTPEACTUTL 3aBHCALIMMH OT BEKTOpPa NapaMer-
POB p=(p,,...; Do) » KOMIIOHEHTBI KOTOpOro Haa0 ONTHMH3HPOBATh OT ONpEJESEHHOr0 Ha napa-

METPH30BAHHOM DELIEHHH U(X,!, D) NOCTABAECHHON 3aauH 1o YCIIOBHIO MHHHMYMa ONHCAHHOrO
3apaHee ueneBoro gynkuuoHana (cm. [13])
D, (u(x,1, ‘BOPI )= mﬁinq)o(ﬁ(f’t’ 1))

TIpH 33/1aHHBIX TMHEHHBIX HIH (Y HKLMOHAILHBIX OTPAaHHYEHHAX (m, +m, =my):

Dt Sp <p™t, k =1,..,m, D, (u(x,t,p)<s,, I=1,.., m,.
B sTom cnyyae onucanue npamoit Ha4anbHO-KPaeBoH 3anaum gurypupyer popMansHO Kak J0Mmoj-
HHTENLHOE OrpaHHYEHHE B BUJE Y PABHEHUS COCTOAHMS

Lu(p)=f, p={p:}.

Takum 06pasoM, MBI NPUXOAMM K ONTHMH3ALHOHHOH NIOCTaHOBKe 0OpaTHOM 3amauM, 3aKio-
HalolleHca B HASHTH(HKALIME NapaMeTpOB MOJENH MAaTeMaTH4ecKodi npobemsl, peantusanus Ko-
TOpo# TpeGyeT MHOIOKpPaTHOro peLueHus NPAMBIX 334 C HaNpaBlCHHbIM H3MEHEHHEM MapameT-
POB N0 COOTBETCTBY OLIUM aJIFOPHTMAM.

Pacuetnyto obnacts MoxxHo npeacrasuts xak obbeaunenne N, >13aMKHYTbIX Henepecekaro-

wuxes nonobnacred, T.e. Q=UQ,, Q, NQy =0 npu k=k', rne kk'=1,.., N, , B kaxmoi
k

13 KOTOPLIX MOTYT 3a1aBaTbCA CBOH KOI(POHLMEHTDI M Aaxe Pas/M4Hble THIBI PEIIAEMBIX YpaB-
HeHHH. ['pannua k-i mogobnactu Moxer GbiTh MpeACTaB/IeHa Kak OObeIMHEHHE CMEXKHBIX IPAHUL

¢ MpUMBbIKAIOUWKMH nofobnactamu: Q, =Q, NT,, T, =UTye, @ NQ, =T,, =T}, #0.
ook , :

Ecan BHemHee npoctpaHcTBO (nononuenue) mo otHowenuo k  0603HAUUTE dopManbHO Kak
nogobnacte Q, =R?/Q, To BHewHss TpaHHUa pacyeTHOM 06.1acTH NpeiacTaBAseTCA B BHME

r=r®=yr k0> @ TPAHHLIA KXNOH Noxo6nacTH MOXKeT 6BITH pa3GHTa Ha ee BHELIHIOW U BHYT-
7k
pennioro wactu: T, =7 UT, I = LkJI‘,“o, ry =ka |
E

Ecin nonobnacts Q, — TPEXMEPHBIH 0OBEKT, MMEIOLHHA CBOM HeHyNeBOH 06BeM, To ee rpaHH-
ua I, B kayecTBe Meprl M3MepeHUs HMeeT nnowans. Kaxneiit u3 epanuunvix gpacmenmos 1y

BHELUHEH WM BHYTPEHHEH rPaHHLbI (HA K&KAOM H3 KOTOPBIX CTABHTCH KakOe-TO KPaeBOe yC/IOBHe)
Oynem CUHTaTh KycCOUHO-TNagKoi NOBEPXHOCTBIO, T. €. COCTOALIEH H3 COBOKYITHOCTH IMagKHX n0-
GEPXHOCMHBIX Ce2MEHMOB, XAPAKTEPHU3YEMbIX CBOMM ypPaBHEHHEM. I'pannua pacuetnoi o6nacru I
ABJIAETCA B OOWIEM Cllyyae MHOTOCBS3HOH, MM KOHEUHOCBA3ZHOH, T. €. COCTOALIEH U3 KOHEYHOro
HHCHA CBA3IHBIX MHOXECTB. 'pannua I ABaseTcs onHOCBA3HOM, ecH cama pacyeTHas o6nacTb He
HMeeT «apip». Kaawlli moBepXHOCTHBIN CerMeHT MMeeT CBoko TPaHHYHYIO JIMHHIO, COCTOSILYIO
H3 KOHEYHOTO YHCIa KPHBOMMHENHBIX (IIPOCTPAHCTBEHHBIX B OOIIEM CiTy4ae) OTPE3KOB, XapaKTepH-
3YCMbIX N1apOH CBOMX KOHLEBLIX TOYEK, IMHOM ¥ YpaBHEHHAMH ABYX TOBEPXHOCTEH, NepeceyeHn-
CM KOTOpBIX OH ABNAETCA. Takue rpaHHYHbIE OTpe3kH GyLeM Ha3bIBATH pebpamu pacuetHol obnac-
TH, @ MX KOHUEBbIC TOYKH, JeXallHe Ha IepeceyeHHH pebep, Gynem HasbiBath Gepuunamu.
CoBoxynHocTs peep U BepLIHH HazoBeM KapkacoM 06/1aCTH, KOTOpbIH (GOPMaBHO MOXKHO npex-
CTaBMTb B BHJE MHOTOMEPHOTO rpada.

I'eomeTpuyeckue 06bexThI 1 UX cBolicTEA
Llens nannoro paspena saxmouaercs Bo BBeIeHMH crocoGos TNIPE/CTAB/EHHS FEOMETPHYECKUX

O0OBEKTOB M HX CBOHCTB, KOTOPble 0BECNEUHBAIOT MHEKOCTE K PacLIHPSEMOCTE CPEACTB 3ajaHuA,
MOIH(HKALUH H BU3Y&TH3ALMH PACUETHOMH obmactu, a Tarke HHTepdeiic ¢ NPOrpaMMHBIMH MpH-
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JIOKEHHAMH, MOANCPXKHUBAIOLINMH 33[1aHUE MCXOAHOH (DYHKIHOHATBHOM MH(OPMALMH U peany-
SYIOLHMH HETIOCPEACTBEHHbII BbIYMCIHTENBHEI SKCIEPUMEHT C peLICHHeM NpAMOH MM OGpaTHOH
3aja4¥ MaTeMaTH4YeCKOro MOAEAHPOBAHHS.

Hnsa onucanus pemaeMmpix YPaBHEHHH, 3alaHus pacyeTHOH o6JacTH M ee OTHAENbHBIX gacreit
YKa3blBAKOTCS 2100QNbHAR U IOKANbHBIE CUCTEMbL koopounam (I'CK u JICK). Kaxpas JICK omnpe-
ACTAETCA TIONIOXKEHHEM CBOETO Hayala KOOPJMHAT M YIJIOB HAKJIOHA OCeH OTHOCHTENBHO I'CK, ko-
Topbie obecneunBany Gsl npeobpasoBanms KOOPAHHAT U3 OXHON CUCTEMEI B APYTYIO U 06paTHO.

C uenbio 5KOHOMHYHOTO OMUCaAHHS Pa3IAYHBIX [EOMETPHUYECKHX OOBEKTOB BBOAUTCA MOHSATHE
basosbix koopounam (BK), npeactasnsiowmx co6oii TpH Habopa BelECTBEHHBbIX uucen X Lis

i=1..,1, Xl,_,., J=L..,J,, Xiir k=1,.,K,, rae 1,,J,,K, ~ obee xonuuectso BK mo pas-

AHYHBIM KOOPAMHATHbIM ocaM. Ilpeanonaraercs, uto Bee 6a3oBEIE KOODAMHATEI YNOpALOYEHE!
# TIPOHYMEpOBAHbI MO BO3PACTaHHIO MX 3HAYEHHH C POCTOM MHOEKCOB i,,k. OHHM BBOZATCH

AJIA SKOHOMHH 3a[aHMs KOOPIHHAT BEPUIMH PAacYeTHOM 061acTH (MO cChLIKAM Ha BK), nockonbky
Ha NpakTHKE MHOTHE H3 HUX MOLYT HMeTh COBMAjAloliMe KOOPAMHATHL Bo3MOXKHBIE onepanuu
¢ BK — 510 u3menenue ux sHauennii wnu no6aBneHMe HOBBIX GAa3OBBIX KOOPAHHAT B COOTBETCT-
BYIOLUHE CITHCKH.

IlpocTefiunmMu reoMeTpuyeckuMH 0GbeKTaMH ABISIOTCS BepwHHel V,, p=1,.., N, (11 Tou-

KH, ABJIAIOLIMECA NPUMUTHBAMH HYIEBOH Pa3MEPHOCTH), K&XIas M3 KOTOPbIX OnpenenseTcs CBOM-
MH TPEM3A KOOPAHHATAMH X,y ,,Z, (3AeCh M nanee Ans ya06CTBa HCIONb3yeM JEeKapTOBbIE KOOp-

AMHATBI), 3aJaBaeMble€ CCHUIKAMH Ha coorsercTBylowme BK. [lomyckaerca Takoke 3aganue
KOOpAHHAT CBOHMH 3HAYEHHMAMH HJIHM MX BBIYHCJIEHHE MO TOYKAM NEpPeCceyeHHs KakuxX-nnbo AByX
KPHUBBIX HJIH TPEX NOBEPXHOCTEH.

Mns onucanns rnaakux GparMeHToB rpaHuy TPEXMEPHBIX 00J1acTel BBOAATCA 0GBEKTHI nogepx-
Hocmu S,,q=1,.., N, Kaknas U3 KOTOpbIX XapakTepusyercsi ypasHeHuem Bupa S, (x,y,z)=0,

rae S, — anddepenunpyemas dynkums. [Tpocrefiume npumepsl — 310 cheprueckue nIoCKoCTH

HAH LHNHHAPHYECKHE NOBEPXHOCTH, SJITHNCOMALI M MHNEPOOIONALI, OMHChIBAEMBIE YDaBHEHHUSIMU
BTOpOro nopsiaxa. Jins NpeAcTaBNeHHs CIOKHBIX IPaHHL YAOOHBIMH CPEACTBAMH SABJISIOTCH MIO-
BEPXHOCTH be3be unu MHOroMepHble crinaiinb [14]. 3ananue THIOBBIX MOBEPXHOCTEH IKOHOMHYHO
OCYLUECTBIACTCS B YKA3BIBAEMBIX JIOKANBHBIX CHCTEMAaX KOOPAMHAT C MIOMOIIBIO MAIOr0 YHCIA na-
PaMeTpoB (Hanpumep, chepa OHO3HAUHO ONpPeAEeNseTcs CBOUM pagnycoM H LEHTPOM).
ITepeceuenns noeepxuocteit o6pasytor COBOKYTIHOCTE CJEYIOLIHX TF€OMETPUYECKHX OOBeK-
TOB —aunuu C,, r=1,.., N, NpAMOJIHHENHbIX MK KPUBOJIMHEHHBIX (BOOGLLE roBopsi, NpocTpaH-

CTBEHHBIX), ONPEESIEMbIX CHCTEMOH ABYX yPABHEHHH JUIsi COOTBETCTBYIOLLMX NMOBEPXHOCTEA.
PaccMoTpeHHble Bbile 06beKTbI ~ TIOBEPXHOCTH U IMHKM — NPEACTABIAIOT co00i B obleM city-
4ae 6eCKOHEYHO NPOTMAKEHHbIE 06beKThl. X OrpaHHYeHHBIE NMOAMHOXKECTBA — KOHEYHBIE CErMEHTRI
H OTPE3KH, UM pebpa, — 3a4aK0TCA ¢ MOMOLIBIO JOTIONHUTEBHOM HHQOPMALHH, TO3BOASIOILENR HX
OHO3HAYHO HAEHTHPUUMpoBaTh. COUCOK orpeskoB £, s=1,..,.N > A1 KaOXKAOro CBOEro 3jie-

MEHTa CONEPXHUT HOMEp COOTBETCTBYIOWEH MuHMM C, M HOMEpa IBYX BEpLIH, SBAAIOUIAXCS Ha-

YaJIbHOM M KOHLEBOHM TOYKaMH Vp

THACCKH CCbIIKAMM HA JJIEMEHTBI H3 CIIUCKA NTMHUI M cucKa BepwnH). Kaxaplii 3eMeHT crrcka
TIOBEPXHOCTHBIX CETMEHTOB F;, [ =1,..., N,., BKIIOYaeT nepeuncnenye HOMEPOB OTPE3KOB, COCTaB-
JAIOUHNX €r0 TPaHHYHYl0 JIMHKIO. CleqyeT OTMETHTh, YTO BO MHOTHX cnyyasx yaobHO 3anaBaTh
OTPE3KHM M NOBEPXHOCTHBIE CErMEHTHI B NapaMeTpHueckoll popMe ¢ MOMOILbIO COOTBETCTBYIOIUMX
COOTHOWEHHH Buia X =X(1), y = Y(1), z=2(7) mmn x =x(1",1?), y = p(x®,1?), z = z(1,t),
A€ ANd KOKLOrOo M3 napaMeTpoB 3a1aeTcs 061acTb H3MeHeHHs B BHae OTPe3Ka, KOHEYHBIE TOYKH
KOTOPOro COOTBETCTBYIOT BEPIIMHAM pacyeTHOH 06aacTy.

B wactHocTH, Takyio dopMy nMeioT akTHBHO ucnonssyemsie B CAINP kpuBble n nosepxsocTy
Besve [14]. Tlo aHanoruunomy NPUHLMIY OpraHu3yeTcs CNUCok nopobmacreit Q,, k=1,..,Ng,
B KOTOPOM KaXIblH 3/IEMEHT COAEPHKUT NEPedHCeHHe HOMEPOB NOBEPXHOCTHBIX CETMEHTOB, CO-
CTaBJISIIOLIMX €ro rpaHuLy.

1> ¥, maHHOTO OTpeska (ykasblBaeMble HOMepa ABJSIOTCH dak-
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JAna 0HO3HAYHOTO 3aaHHS TOYEK HJTH KPHBBIX 110 NEPECEUCHHIO OBEPXHOCTEH MOXET MOTpe-
6oBaThCA NONONHUTENbHASA MHQOPMALIHS B CBA3H C HEONHO3HAYHOCTDIO pelIeHHH COOTBETCTBYO-
lux ypaBHeHHH. Taxxxe 06CTONT A€N0 M ¢ OMMCAHHEM BJIOKEHHBIX nopobnacreii, ans uneHTHU-
KK KOTOPBIX HEOOXOAMMA TOMONOrHYeckas MHDOPMALHS, 3a1aBaeMast ¢ TIOMOUIBIO TEOPETHKO-
MHOXXECTBEHHBLIX ONEpPaLuii MM IPYTUMH CPEACTBaMH.

Jina IKOHOMHMM 3a/IaHHS CIIOXKHBIX F€OMETPHYECKHX OGBEKTOB BBOJATCS MOHATUA COCMAGHbIX
00eKmog: CBA3HBIX COBOKYMHOCTEH OTPE3KOB KPHBBIX, IOBEPXHOCTHBIX CETMEHTOB M NMoAoOaacTel
(TpexmepHbIX duryp). THrOBbIE HabOPBI TAKMX COCTaBHBIX 0GBEKTOB MOTYT COCTaBJIATE CHELIHATH-
SHPOBaHHBIC KaTAIOrM3UPOBAHHEIE GUOTHOTEKH.

COBOKYNIHOCTh reOMeTpHYECKHX O0GBEKTOB Pa3nM4YHBIX pasMepHocTel obOpasyer o606IEeHHbIH
rpad pacyeTHoil obnacTH, BKIIOHYAKOWMiL ¢urypel, rpauu, pebpa v BepuwHHbL TOMONOrMYECKHE
CBA3N MEXIY HHMHM MOTYT OBITb 3a/1aHBI OJHO3HAYHO, HATIPHMED, C TIOMOLIBIO cneayromux Oynes-
CKHUX mMampuy unyudewmnocmu: MaTpuua M, ={m,.,j,z'=l,..., Ny, j=1,.., N}, kaxnplii @G, n-

3NEMEHT KOTOPOH €CTh «MCTHHAY, €CIH TONBKO i -f BEpIUHHA MHLMACHTHA J -My pebpy, mMaTpuua
M g (pebpa-rpanu) pasmeproctn N £ XNg u matpuna M, (rpaun — noao6nacTn) pasmepa
NpxNj,. Onementsl m, ; TIOCNIEIHNX MaTpHll NPHHHUMAIOT 3HAYEHHS CMCTHHA» MM <JIOKBY

B 3aBHCHMOCTH OT CBOHCTB MHLMJEHTHOCTH COOTBETCTBYIOLUMX OGBEKTOB. Ipn Heo6xomumocTH
3 YKa3aHHBIX MaTpULL MOTYT ObiTb COPMHPOBAHBI M APYTHE MATPHLEI HHUMIEHTHOCTH, HaIlpH-
MEp, «BEPLINHBI — rPaHn», «pebpa — nopobnacti» u ap.

Hns BO3MOXKHOCTH 3anaHHs 1 MOJH(HKALNH OTAENbHBIX XapaKTEPHCTHK reOMETPHYECKHX 00B-
CKTOB BBOLHTCS MOHATUE BELUCCTBEHHbIX NAPAMEMPOE, MACCHB, HITH CIIUCOK, Y KOTOpPbIX 3HAYEHHS
Oyaem obo3HauaTh yepes P = {£,s=1,..,N,}, a aneMeHTHI MOTYT UMETb CaMblil pa3sHBI CMBICH:

KaKylo-10 6a30BY10 KOOPIHHATY, PajiHyc HEKOTOPO OKPY>KHOCTH H T. [1.

I'eomeTpryeckne MonudukaLun 06beKTOB pac4eTHO#f 06acT MoryT GbITh pa3GUTHI Ha JBe OC-
HOBHbI® IPyNNbl: €3 HAPYLIEHHs TOMOIOTHA M ¢ U3MEHEHHEM TOINOJIONHH, CBA3aHHOMN C BapbHpO-
BAHHEM KOJIHYECTBA KAKOr0-TO THIIA OOBEKTOB U / MK ¢ OOHOBIEHHEM B3aHMOCBS3ei MEKAY HUMH.
Monudukaunn nepsoro tHna seasiorcs apGuHHBIMM Npeobpa3oBaHUAMH BHAA CBMT, MOBOPOT,
MacluTabipoBaue (CKaTHe MM PacTAKEHHE C yKa3aHHEeM COOTBETCTBY FOLUMX aTPHOYTOB), HCKIIIO-
HAIOWNMH MEPECEHCHNS rPaHHYHbIX THHUA K MOoBepXHOCTeH. ONepaly BTOPOro THNA BKIKOYAIOT
RO0aBNEHHE HIIN MCKTIOYEHHE KAKMX-TO FEOMETPHYECKUX NMPHMUTHBOB, a TAK)Xe 3aMEHy 00beKTa
KaKoro-To BH/A Ha APYTON aHaIOrHYHbIH.

Texnonornn nogaepxku HHTeP}elcOB H CTPYKTYPBI JAHHBIX

['eoMeTpuueckoe Monennposanne nonkHO obecneynBars caefyrowHre QYHKLHY TIPH PELICHHH
Ha4abHO-KpaeBbIX 3a4au: JPYKECTBEHHBIH MO/B30BATENBCKHH rpaduuecKHil uHTEpdeic ms
YAOGHOrO 3a/laHNs CIOXKHBIX PacyeTHBIX obyacTell ¢ KOHTPO/IEM U AHArHOCTHKON BO3MOXHBIX
OLUIHGOK, BHYTpEHHHH MHTepdeHC C BLIYMCIUTENbHBIMA MOJYJIAMH, B NIEPBYIO OYepelb Pealu3yio-
LMMH aJITOPUTMBL MMOCTPOCHHS CETOK, COMIACOBAHHE JAHHBIX CO CPEACTBAMM BU3yanu3aluu (Ha-
NIPUMEP, Ha 0CHOBE nonynsipHo# cuctemel Open GL — Open Graphics Library ') naunbix u pesyJin-
TaTOB HHCIIEHHOro peweHHs. Kpome Toro, reomerpuueckas crpykrypa ganHeix (I'CIl) momxHa
TIpEAyCMaTPHBATL «NEPEXONHHKHY», HIIM KOHBEPTOPbI, B HEKOTOPbIE pacnpocTpaHeHHble GopMarhl,
npunsteie B CAITPoBckux cucTemMax miu B WHPoKO npumMeHsemMsix II1IT.

B KauecTBe HHCTPYMEHTATBHBIX KOMNOHEHT peanuzaumy pasnHYHeIX QYHKUHMA reOMeTpHYecKOo-
T0 MOJCTHPOBaHUA Mbl paccmartpuBaeM cneayrowue: WIMP Interfaces [15] (Window — okHo,
Image — u3o6paxenne, Menu — menio, Pointer — yKazarelb) — CpeiIcTBO (hOpMHpPOBaHHS rpagmye-
CKOr0 NOJIb30BATE/ILCKOrO MHTep(elica KOMaHIHOrO THIA ¢ ONMHCAHMEM MOCTeI0BATENEHOCTH He-
TNOJHAEMBIX ONEpaTopoB Ha 3KpaHe komnbloTepa, XML (Extensible Markup Language [16] — pac-
WHPAEMBIH s3bIK pa3METKH) — TEXHONOTHS s YTPaBI€HUs, OTOOPaXKEHHS W OPraHH3aLHH
TCKCTOBLIX JaHHBIX, BKJIIOYAIOLNAS TAaKHE MEXaHW3MBI, Kak OGbeKTHas Momeib JNIOKyMeHTa

' Tapacos H. Open GL. URL: http://opengl.org.ru.
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(Document Object Model, DOM) u aHanu3aTop TekcToB MS Parser, ucnoms3youmuii Gu6nnorexy
Tiny ?, a Taxxe 6u6noTeka kiaccos GCLib (aBnsomascs paciunpennem 6ubnuorexn GeomBox %)
Ha a3pike C++, copepxkawas onucanue creuuduKanmii reOMEeTPpUYECKHX OOBEKTOB M METOHOB
paboThl ¢ HUMHU.

Cmpyxmypa 2eomempuueckux dannwix. Ha s3p1ke XML MCXOJHas reoMeTpHueckas HHpopMa-
UMA OpraHU3yeTCs B HEPapXMHECKyI0 CTPYKTYpY, MMEIOLLYI0 AOCTATOYHO YHTaGelbHBIH BHJ
H 20Ny CKAKOIY 10 CHHTAKCHYECKHH H CEMaHTHUECKHH aHaM3 HHPOPMALIHK 32 CYET UCTIONb30OBAHHS
TETOB, CJIOBAPSA M Pa3NUYHbIX THIIOB JAHHBIX.

Hanpumep, 6asoBbie koopauuars! (BK) NPEACTaBAIOTCA HAbOPOM CBOMX MIAEHTH(HUKATOPOB
Y 3Ha4YEeHHUH BOJIb KaXAOM OCH:

<!--BasisCoordinate-->
<basis_coordinate>
<coordinate name="X">
<value x1="1" x2="10" x3="4’/>
</coordinate>
<coordinate name="Y’>
<valuey1="2’ y2="4’/>
</coordinate>
<coordinate name="27">
<value zI1="5" 22="1" z3="7’ z4="9"/>
</coordinate> ’
</basis_coordinate>

Touka onpepensiercst cBoeH «pasMepHOCTBIO» M coblIKaMu Ha BK WK 3HAYeHHsIMH KOOpAHHAT
(B TpexMepHOM Cityuae «ABYMepHas TOuKa», 3a1aBacMas ABYMS KOOpAMHATaMH, paKTHYECKH OIpe-
AICIACT NPAMY!O, Napajie/bHyI0 OMHOH M3 KOOPAMHATHBIX OCeH, a OAHOMEpHAS» — ILIOCKOCTS,
NEPNEHANKY IAPHYIO COOTBETCTBYIOLIEHN OCH):

<!--Point-->
<point name="point 3D’>
<value x="x1" y="y1’ z="z1’/>
<value x="x3" y="y2’ z="z4’/>
</point>
<point name="point 2D*>
<value x="x2’ y="y1’/>
</point>

IIJIS] ONHUCAHUA TIOCKHAX HJIH TNPpOCTPAaHCTBEHHBIX KPHBBIX HCIOJB3YIOTCA HMX KAHOHHYECKHE
NpeacCTaB/I€HUS. Hanpnmep, SJUIMIIC ONpeaesieTCs: TOYKOH UEHTpa U ABYMS NOJIYOCIMHU:

<!--Ellipse-->

<ellipse name="ellipse_ A’>
<center x="0" y="0"/>
<radius_vertex x="-1 y="0"/>
<radius_vertex x="1" y="0"/>

</ellipse>

IMpocrpancTeenHas nomasnas onpenesnsercs HabopoM OTPE3KOB, KAKABIH M3 KOTOpBIX 3aJaeTcs
TOYKOH Hayasa ¥ TOYKOH KOHLA:

<!--PolyLine-->

2 http://www.grinninglizard.com/tinyxmldocs/index.html
3 http://www.aitricks.oom/products/geomprimitives/specs/ 1.00/index.htm]
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<poly_line name="pline_A’>
<line>
<begin_point x="0" y="0" z="1"/>
<end_point x="1" y="1" z="2.3’/>
</line>
<line>
<begin_point x="1" y="1° z="2.3’/>
<end_point x="5" y="1" z="4"/>
</line>
</poly_line>

AHaNOrMYHbIH NIPUHLMI UCHOAB3YETCA M VIS ONMHCAHHS noBepxHocred. Hanpumep, kpyrosoit
YCEUYEHHBIH KOHYC ONpefe/seTcs ABYyMs LEHTPAMH CEUYeHHHM 1 HX paguycamu:

<!--TruncatedCone-->

<truncated_cone name="cone_A’>
<bottom_radius value =’4’/>
<bottom_center x="1" y="3’ z ="6"/>
<top_center x="1" y="3" z="0"/>

</truncated_cone>

Bo3MOXHO M MHOXeCTBEHHOE MpeACTaBNEHHE TeOMETPHYECKHX 06BEKTOB. Hanpumep, naparn-
JENENUNC] NPEACTABNSETCA ONOPHOH TOYKOH M TPeMs CMEXHBIMH BEPLIMHAMH, HO MOXHO M €ro
3aj1aTk N0 ABYM TOYKaM (ABe MPOTHBOMOJIOKHbIE BEPLINHEI):

<!--Parallelepiped-->

<parallelepiped name="paral_A’>
<base_point x ="’ y="0’ z="0"/>
<vertex x="1.5" y="0’ z ="0’/>
<vertex x="0" y="1 z="0"/>
<vertex x="0" y="0> z="2"/>

</parallelepiped>

<parallelepiped name="paral B’>
<first_point x="0" y="0" z ="0"/>
<second_point x="2.2> y="1.6" z ="3"/>

</parallelepiped>

Tpusenem ewe npenctabnenye cepl ykasaHueM ee LeHTpa U panuyca:

<!--Sphere-->

<sphere name="sphere_A’>
<center x ="0" y="0" z="0’/>
<radius value ="10"/>

</sphere>

OtMeTHM, uTO LEHTp Chepbl MOXET TAKKe 33/1aBaThCA CChIIKON HA TOYKY M3 cniHcka POINT.

Conepkumoe BxogHoro XML-¢aiina cTpykTypHpyeTcs ¢ NOMOMIbI0 GHBIHOTekH Tiny Ha s3bike
C++ u obpabaTbiBaeTcs aHaIM3aTOPOM, B pesynerare yero gopmupyercsi DOM-10KyMeHT, KOTO-
pbifi oGecneunBaeT B3aMMOAEHCTBHE C IPadHUECKUMH M BBIMHCTHTEIbHBIMK npunoxeHusMu. Ero
peannsaumus OCyLIECTBJACTCS C MOMOWBIO OHONMOTEKH KIacCOB, HAMMCAHHBIX Ha s3bike C++
H BKIIOYAIOWMX ONHCAHHE HEOOXOAMMBIX ONEpaUHii ¢ reOMeTPHYECKHMH 06BeKTaMH. B KauecTBe
TIPUMEPOB MOXKHO Ha3BaTh CABHI, MOBOPOT, MacuITabHPOBAaHHE M THPAXKUPOBAHHE KAKHX-TO KOM-
TIOHEHTOB pacueTHOH 06nacTH, onpeseneHue NONOKEHHA TOYKH OTHOCHTENBHO ¢urypel, nocrpoe-
HHE YPaBHEHWHA 1N JIMHMH, IOBEPXHOCTEH H HAXOX/EHHE HX MEPECeHeHHH, U T. 1., 31eCh MOXKHO
NIEPEUHCIATL MHOXKECTBO 331124 aHAIUTUYECKOH H HAYEPTATENLHON reOMETPHH.
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Cxema CT'M

L USER —j SFM

{\Ij

Lscub O:: GiEd | OpenGL O
L

[ o ][ oo ] (e, )
—

PARCER OutDat, | CONTROL

]
!l f\

L Tiny O Convert ApPy

Obwan cmpyxmypa CI'M. O6mas cxema B3aHMO/ICHCTBHS MCTIONHAEMbIX U MH(OPMALHOHHBIX
komnoHent CI'M npeacrasnena ua PHCYHKe.

Koneunslii nons3osarens (End User), kotopslit pemaer 3aza4y, OCyLIECTBISET NPAMYIO H 06-
pariyto cBase ¢ CI'M nocpenctsom CMeLHANM3HPOBAHHOIO rpadMYecKoro penakropa (GrEd),
pa3paboTaHHOro aBTOpaMH Ha 0CHOBe HHCTPYMEHTANbHBIX CPEACTB MYJIbTHIUIATOPMEHHOTO MHO-
ronoro4xoro makera GeomBox *.

PaccmoTpum noapoGree snemenTs: JaHHOH CXEMBI.

I'pamueckuii penakrop HCTIONIB3yeT GUOIHOTEKH FEOMETPHYECKUX KNACCOR OpenGL u GCLib,
AONOHEHHYIO HEOOXOAUMBIMH 06BEKTAMH, ONHCAHHBIMH paHee. OH CNyXHUT s 3a8aHHs M0/IB30-
BaTe/IeM reoMeTpuM pacyeTHoH 06/1acTH H BH3yanbHOro 0TOGpaXeHNs HEOOXOXUMBIX pe3ynpTaros.

GCLib sBnsercs xomnakTHo# s@pdextuHON C++ GubTHOTEKOH Ki1accoB FEOMETPHYECKHX
NpUMHUTHBOB. OHa COCTOMT U3 CleayIOWHUX paszaenos.

« 3D-sappo: knacchl 3D-¢uryp, Takux xak coepa, napannenenunen, TOp, YCEYEHHBI! KOHYC,
SJUTHICOMA, MIOCKOCTD H T. 1.

» 2D-appa: knaccei 2D-¢uryp, Takux kak KpYT, TpEYroibHHUK, NapajiienorpamMm, u T. 1.

+ Onepauuu: casur, nosopor, MacltabupoBaHue, OnpeaeneHne MOMONKEHHs TOUKY OTHOCH-
TEALHO (HIYpBI, NOCTPOEHHE ypaBHeHHH 171 THHHH, MOBEPXHOCTEH U HAXOXKAEHHE HX nepeceye-
HUH, U T. 1.

» JlononnutensHo: rnoGanbhas 1 MoKaIbHbIe CHCTEMbI KOOPJMHAT, 6a30BbIe KOOPAMHATLI.

Cucrema dyHkunoHanbHoro MOAeHpoBakus (SFM) — Mozy b, nossonsiowmit 3anaBats Heo6-
XO4HMbIe (yHKUHOHAILHBIE AaHHBIE O 3ajaue, co CCBLIKAMH Ha COOTBETCTBYIOLLHE reomMeTpHye-
CkHe 00bexThl. PopMUpyeMble BXOJHbIE AaHHBIC B OnUCaHHOM Bblwe XML-(aitne wnn ApYyTHX
hopmatax (InDat,) ob6pabarsiBatorcs ananusatopom (PARSER), ucnone3yowmm 6ubnunorexy
Tiny, u npeo6pasytores B onuH u3 AOMYCTUMBIX BUIOB BBIXONHBIX NaHHBIX (OutDaty). ITpu Heo6-
XOAHMMOCTH KOHBEPTALMH M3 OJHOrO (POpMaTa AAHHBIX B Apyro# ucnonesyercs moaynp Convert.
Bbixonnbie nanHble ¢ nomouisio ynpaensiower noacucremsr (Control) NepeaaloTcs COOTBETCT-
BYIOILIMM BBIYUCITUTE/BHEIM TIPHIOKEHHAM (ApPy), ¢ opranuzaumeit MHTepdeiica min cucrems
$yHKUHOHANBHOTO MOZenuposanua (SFM), aHanusa nonyuaemsix PE€3ynbTaTOB M BO3MO>KHOTO
B3aumonericteus ¢ CAITPoBckMMH cHCTeMaMy (CAD)).

4 http://www.aitricks.com/ru/products/gcombox/; http://i-lab.nsu.ru/wiki/index.php/AITricks_GeomBox
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Hanuuue nomycrumoro Muoxecteennoro TPEACTABNCHAA JaHHBIX H MMOKOH CHCTEeMBI ynipasie-
HHA obecneunBaeT nosranHoe MPOCKTUPOBaHKE, peannsauuio u passusaeMocts CI'M, ¢ [IPUMEHH-
MOCTbIO NpeAaraeMoii TeXHOMOrHH A/ WHPOKOro Kiiacca 3a/la4 MaTeMaTHYECKOrO MOAENHPOBa-
HUSL
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ON THE SOFTWARE TECHNOLOGY
IN THE GEOMETRIC ASPECTS OF MATHEMATICAL MODELING

The article deals with the analysis of algorithmic and technological issues of geometric modeling in solving multi-
dimensional initial-boundary problems. The paper describes the basic geometric objects of the computational domain and
operations on them. The concept of basic coordinates is introduced in order to describe the cost of various geometric ob-
jects. A principle of organization of information interfaces using object-oriented programming tools and text formats,
language data management XML are proposed.
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