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B crarbe Hfler pem, 06 anajiHse anropHTMHiecKHx H TexHOJiorHKecKHx BonpocoB reoMerpHHecKoro
npH pemeHHH MHoroMepHbix HananbHO-KpaeBbix saaan. FIpHBOflHTca onncaHHe OCHOBHLIX reoMexpHHecKHX
pacneiHoft o6jiacrH H onepauHH Haa HHMH. C ueflbio 3KOHOMHHHoro onHcaaHH paa^HHHbix reoMerpHHecKHx 061-
6KTOB BBO^HTCH HOHHTHe 6a3OBbIX KOOpflHHaT. rTpeflnOJKeH npHHUHO OpraHH3aUHH HH(J»OpMaUHOHHbIX HHTCp(j)ei!COB

H3 OCHOBC HCnonWOBaHHH O&bCKTHO-OpHeHTHpOBaHHblX CpCflCTB npOrpaMMHpOBaHIW H TCKCTOBblX (J)OpMaTOB H3bIKa
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rpac})HKa», «BtiHHCJiHTejibHaa reoMCTpHfl» H «reoMexpHHecKoe
pOBaHH6» flBJIJIIOTCfl SOJICC HJIH M6Hee CJIOMCHBI11HMHCH TCpMHHaMH B o6jiaCTH

H nporpaMMHoro oGecneneHHa 3BM, pasjiHHHWM acneKTaw Koxopbix nocBHineno 6ojibmoe KOJIH-
HCCTBO MOHorpa(J)HHecKOH H »ypHa^bHOH jiHTeparypw, a Taiojce MHoroHHCJieHHbie KOH^epeHijHH
(CM., HanpHMep, [1-9] H iiHTHpyeMbie TaM pa6oTbi). HMCH B c^epe CBOHX HHiepecoB MHOPO o6me-
ro, reoMexpHHecKaa npo6jieMaTHKa co,zjep>KHT H 3HaHHxejibHbie OTJIHHHH B paajiHHHbix npHJio>Ke-
HHHX, 6y^b TO cpe^cTsa BHsyajiHaauHH oSteKTOB H cuen HJIH CHcreMbi aBTOMaTH3auHH npoeKTH-
pOBaHHa (oflHa o6menpHHHTaa pyccnaa a66peBHarypa - CAFIP H MHO^CCTBO anrjiMHCKHX - CAD,
CAE, CAM H T. #.), HJIH naKexbi npHKJia^Hbix nporpaMM (Finn) fljia MaxeMaTHHecKoro MOACJIH-
pOBaHHH CJIOaCHblX npOUeCCOB HJIH HBJieHHH.

UejibK) Cannon pa6oxbi flBJiflerca aaanHS ajiropHTMHnecKHx H xexHOJiornnecKHx BonpocoB reo-
MexpHHecKoro xapaKxepa AJIH nocjie^HeH npe^MexHoii oSjiacxn. Flofl MaxeiviaxHHecKHM MOfleunpo-
BaHHCM MBI noHHMaeM peiueHHe MHoroMepHbix (^yHKUHonajibHbix sa/tan, onncbiBaeMbix CHCxeMa-
MH ^H(J)4)epeHUHajibHbix H HHxerpanbHbix ypaBHeHHH (B o6meM cjiynae HejiHHeHHbiMH) HJIH
3KBHBaJ16HXHbIMH o6o6mCHHbIMH OOCXaHOBKaMH B CJX)pMe BapHaU,HOHHbIX COOXHOIIieHHH. HCKO-

MbiH pesyjibxax 3Aecb - 3x0 (JtyHKUHH HesaBHCHMbix nepeMeHHbix (npocxpaHcxBeHHbix Koop^HHax
H BpeMeHH - ecjiH 3aflana HecxaijHOHapHaa), onpe^ejiaeMbie B orpaHHHeHHOH pacnexHOH o6jiacxn
H y^oBJiexBopHiomHe sa^aHHbiM KpaesbiM H HaHajibHbiM ycjiOBH^M. Tonnee rosopa, npHBefleHHaa
4>opMyjiHpoBKa xapaKxepnsyex npHMbie saflann MaxeMaxHHecKOH (J)H3HKH (HJIH XHMHH, SHOJIOPHH
H x. a.)? pemeHHe Koxopbix nojiHOCxbK) onpeACJiHexca HCXOAHWMH reoMexpHnecKHMH H Maxepn-
ajibHbiMH, HJIH ^yHKUHOHaribHbiMH, ^aHHbiMH, npe^cxaBjiHCMbiMH B (^opMe KO3(^4>HUHeHXOB ypaB-
HCHHH H HaHajIbHO-KpaCBblX yCJIOBHH. BojICe XpyAOCMKHMH H OpHCHXHpOBaHHblMH Ha KOHCHHbie
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npaKXHHecKHe noxpeGnocxH aBJiaioxca o6paxnbie saAann, csasaHHbie c onxHMHsauHCH Kaicoro-
jm6o ycxpoHCXBa HJIH xexHOJiorHHecKoro pe>KHMa, a MOKCX 6bixb - c HAeHXH^HKauHCH napaiviex-
POB MOASJieH, Koxopwe HSHanajibHO HBJIJHOXCH HCAOonpeAejieHHbiMH. B xaKHX cjiynaax, KaK npa-
BHJIO, saAaexca HexoxopbiH saBHcaujHH ox HCKOMOFO pemeHHH ijejieBOH 4>yHKu,HOHaji, Koxopbifi
H3AO MHHHMHSHpOBaXb npH AOnOJlHHX6JIbHbIX OrpaHHHHXeJIbHblX yCJIOBHflX.

PeajiHsauHfl o6paxnbix saAan o6biHHO csasana c peuieHHCM nocjieAOBaxejibHOCXH npaMbix sa-
Aan, B Koxopwx no KaKOMy-xo onxHMH3au,HOHHOMy ajiropnxMy HanpasjieHHO MCHHIOXCH reoMexpn-
necKHe H / HJIH MaxepnajibKbie onxHMHsnpyeMbie napaMexpbi MOACJIH.

B peajibHOcxH HcxoAHbie AaHHbie saAann MOAejinposaHHa aBjiaioxca KycoHHO-rjiaAKHMH, x. e.
rpaHHU,bi pacnexHOH o6jiacxn Moryx HMexb AByrpaHHbie HJIH MHororpaHHbie yrjibi, a K03(j)(|)Hu,HeH-
xbi ypaBHeHHH - o6jiaAaxb paspbiBHbiMH CBoftcxBaMH. B OKpecxnocxax cooxsexcxByiomHX ocoGbix
XOHCK, JIHHHH HJIH nOBCpXHOCXCH peilieHHfl HBJIflKJXCfl CHHFyjIflpHblMH, 3 HX aCHMnXOXHHCCKHH BHA

AOJIHCCH yHHXblBaXbCH npH nOCXpOCHHH CeXOHHblX MCXOAOB KOHCHHblX paSHOCXCH, KOHCHHblX O6l>-

CMOB HJIH KOH6HHbIX 3JieMCHXOB (MKP, MKO HJIH MK3), KOXOpblC SBJIHIOXCJI OCHOBHblMH COBpe-

MeHHbiMH ajiropHXMaMH annpOKCHMaitHH (CM.: [10; 11]).
IlocxpoeHHe cexoK B MHoroMepHbix oGjiacxax - 3x0 Gojibiuaa caMOCxoHxejibnaa xeMa, B 3HaHH-

xejibHOH cxeneHH CBasaHHaa c reoMexpHnecKHMH npo6jieMaMH, HO He aBjuHomaacfl npeAMexoM
paccMoxpeHHH AaHHOH cxaxbH. OxMexHM xojibKO, HXO KanecxBCHHaa cexica AOJixcna 6bixb aAanxn-
poBana K oco6eHHOCxaM HCXOAHOH saAann. Tpe6oBaHHfl K cexKaM H HX KJiaccH^HKaunio MOHCHO
nafixH B [12] H uHxnpyeMbix xaM paGoxax.

Flocjie annpoKCHMauHH HCXOAHOH saAann H pemeHHH nojiynaeMbix ajire6paHHecKHx ypaBHeHHH
KOHCHHbiH pesyjibxax npeACxaBjiaexcfl B BHAC onpeACJieHHbix na CCXKC 4>yHKu,HH, xapaKxepncxHRH
KOXOpblX (rpa(J)HKH, H3OJIHHHH H HSOnOBCpXHOCXH, BCKXOpHblC nOJIfl H X. A-) HeoGxOAHMO paCCHH-

xbmaxb H BH3yajiH3HpOBaxb B yAo6HOH AJI« nojibsoBaxejibCKoro anajiHsa (f)opMe. flaHHbiH cymecx-
BeHHbiH xexHOJiorHHecKHH 3xan xaoce csasaH c reoMexpHHecKHMH acnexxaMH H MO^cex 6bixb
BecbMa pecypcoeMKHM.

CoBOKynnocxb reoMexpnHecKHX saAan H MCXOAOB xpe6yex cosAaHHe xexHOJiorHHHOH CHCXCMW
reoMexpHHecKoro MOAejinpOBaHHa (CFM), Koxopaa no BOSMOMCHOCXH He saBHcejia 6bi ox AH^)^6"
peHUHajibHbix CBOHCXB pemaeMOH MaxeMaxHHecKOH npo6jieMbi H, 6ojiee xoro, Morna 6bi 6bixb co-
BMCCXHMOH c CHCXCMOH 4>yHKu,HoHajitHoro MOAejiHpOBaHHa (COM), o6ecneHHBaiomeH rn6KHe
cpcAcxsa onncaHHH KO3(J)(j)HUHeHXOB HCXOAHMX ypaBHeHHH, HanajibHbix H Kpaesbix ycjiOBHH H x. A-
PesyjibxaxoM pa6oxbi CFM HBJiaexca ^opMnposaHHe reoMexpHHecKOH cxpyKxypw AaHHbix (FC^),
Koxopaa B coBOKynnocxH c 4>yHKu,HOHajibHOH cxpyKxypofi AaHHbix (OC,D[ coAep^cnx onncaHHe
Bcex 4>yHKi(HOHajibHbix o6i>eKxoB saAaHH, B AaHHOH pa6oxe ne paccMaxpHBaexca) npeAOcxaBJiaiox

HH(|)OpMaUHIO AJ1H BblHHCJIHXCJIbHblX

<J>opiviajii>Hoe npeACTaBJiCHHe HanajibHO-KpaeBOH

Ilycxb u = {U^,\JL = \,...,mf} ecxb BeKxop-4>yHKUHH, y Koxopoft

w^3aBHCHx ox seKXOpa npocxpancxBeHHbix KOOpAHHax jc = (x}, x2, x3) H, BOSMO^CHO, ox

t. CncxeMa KOopAHHax MO^CCX 6bixb ASKapxoBaa, itHJiHHApHHecKaa HJIH c(J)epHHecKafl (HJIH
xo cneuHajibnaa), a KOJinnecxBO nesasHCHMbix npocxpaHCXBCHHbix nepeMCHHbix d (pasMepnocxb
saAann) MO>KCX yMCHbiiiaxbca c xpex AO AByx HJIH OAHOFO.

O6o3HaHHM nepes Q = Q U F saMKHyxyio orpaHHHeHHyio oGjiacxb eBKJiHAOBoro npocxpancxsa
c rpaHHqeH F, B KOxopoR onpeAejiena (^yHKUHa u(x,t) AJIH Ka>KAoro MOMenxa BpeMCHH

0 < / < T < oo. TorAa saAana MaxeMaxHHecKoro MOAejinpOBaHHa 4>opMyjinpyexca cjieAyiomHM 06-

pasoM: B pacnexHOH oGjiacxn Q nanxn pemcHHe AH(^(J)epeHUHajibHoro ypaBHeHHH (jiHHCHHoro HJIH

HejiHHeHHoro) c HSBBCXHOH (^yHKUHen / = {fft, jj, = 1,..., mf}

Lu = f(x,t), JceQ, 0<t<T«x>,

yAOBJiexBOpaioiuee saAaHHbiM rpaHHHHbiM H HanajibHbiM

lu=g(x,t), xer, u(x,



O nporpaMMHbix rexHO/iormix B reoMerpMHecKMx acneicrax MareMCiTMHecKoro MOflennpOBaHMsi 27

OXMCXHM xaKOH xapaKxepHbiH KJiacc sa^an, B Koxopwx KOH(f>Hrypau,HH pacnexnoH o6;iacxH
H ee rpaHHU MCHHexca co BpeMeneM. B nacxnocxH, B xaK HasbisaeMbix sa^anax co CBo6oflHOH rpa-
HHu,efi ee (J)opMa sasHcnx ox caMoro HCKOMOFO peuieHHH H onpe,Aejiflexcfl c noMomwo .nonojiHH-
XCJIbHWX (KHH6MaXHHeCKHX H AHHaMHHCCKHX) ypaBH6HHH.

FlpHBe^eHHaa Bbiiue (j)OpMyjiHpoBKa onncbiBaex npaMbie saflann MaxeMaxHHecKoro MO^ejiHpo-
BaHHH. HcxoAHbie ^aHHbie Ka>K#oH HS HHX MOJKHO onpe^ejinxb saBHCHiijHMH ox seicxopa napaMex-
poB p = (p],—,pm()), KOMnoHeHxw Koxoporo Haflo onxHMHSHpofiaxb ox onpeAejieHHoro na napa-

MexpH30BaHHOM pemeHHH u(x, t, p) nocxaBJicHHoft sa^aHH no ycjiOBHto MHHHMyMa onHcaHHoro

sapanee uejiesoro 4>yHKijHOHajia (CM. [13])
<D0 (u(x,t, p , )) = minO0(M(£, /,£)),

p

HJIH (J)yHKLtHOHajibHbJX orpaHHHCHHflx (m\2 =mQ):

B 9XOM cjiynae onncaHHe npHMOH HanajibHO-KpaeBOH saaann (JjHrypnpyex (JjopMajibHO KaK
HHxeJibHoe orpaHHHCHHe B BH^C ypaBHeHHa COCXO^HHH

Lu(p} = f, p = {pk}.

TaKHM o6pa3OM, MM npnxo^HM K onxHMHsauHOHHOH nocxanoBKe o6paxHOH sa^aHH,
HatomeHCfl B H^eHXH^HKaqHH napaMexpos MOACJIH MaxeMaxHnecKOH npo6jieMbi, peajiHsauna KO-
xopoH xpe6yex MHoroKpaxnoro peiueHHa npflMbix sa^an c HanpaBJienHbiM HSMeHCHHCM napaMex-
POB no cooxsexcxByiomHM anropHXMaM.

PacnexHyK) o6jiacxb MOKHO npe^cxaBHXb KaK oGte^HHeHHe N D > 1 saMKHyxwx HenepeceKaio-

noflo6jiacxeH, x. e. Q = \jQk, Q.k fin*- =0 npn k*k' , r^e k,k' = \, ..., ND, B

H3 Koxopwx Moryx sa^aBaxbca CBOH K03^)(J)HUHeHXbi HJIH /jajKe pasjiHHHbie xnnbi peiuaeMbix ypas-
H6HHH. TpaHHua k-ft noAo6jiacxH Mo^cex 6bixb npe^cxaBJieHa KaK oSte^HHeHHe CMeacHbix rpaHHU,
c npHMbiKaiomHMH noAoSjiacxHMH: £lk = Q,k fl F^ , rk = (J rk k> , £lk D ^A- = 1̂ . k, = Tk< k * 0 .

k' ' '

ECJIH BHeuiHee npocxpancxBO (^onojiHCHHe) no oxnouieHHio K Q o6o3HanHXb ^opManbHO

no^o6jiacxb Q0 = Rd I Q , xo BHeiiiHHfl rpaHHua pacnexHOH o6jiacxn npeACxasjiaexc

F = r(e) =LJrA O , a rpaHHua KancaoH no^o6jiacxH MO^CX 6bixb pa36nxa na ee BHCLUHIOK) H snyx-

peHHioio HacxHi Tk = F^ U F,(/) , ^ = U r,>0 , r,(/) = U r> tjt, .
k *VO

ECJIH no^o6jiacxb O.k - xpexMepnbiH o6i>eKX, HMeiomHH CBOH nenyjieBOH o6i>eM, xo ee rpaHH-

r^. B Kanecxse Mepbi HSMepeHHH HMCCX njioma^b. Ka>Kj[tbiH H3 epanwHbix (ppazMenmoe Yk!

HJIH BHyxpeHHeft rpaHHijbi (na KaxcflOM H3 Koxopbix cxaBHxcH KaKoe-xo KpaeBoe ycjioBHe)
CHHxaxb KycoHHO-rjia^KOH nosepxHocxbio, x. e. cocxoamefi H3 cosoKynHOCxn rjiazjKHx no-

eepXHocmnbix ceeMenmoe, xapaKxepnsyeMbix CBOHM ypaBHCHHCM. FpaHHija pacnexnoH o6jiacxH F
HBJM6XCH B o6lIjeM CJiynaC MHOrOCBHSHOfi, HJIH KOHCHHOCBH3HOH, X. 6. COCXOSIIteH H3 KOHCHHOfO

HHCJia cBH3Hbix MHO»cecxB. FpaHHua F flBJiaexcfl OAHOCBH3HOH, ecjiH caMa pacHexnaa o6jiacxb ne
HMeex «Abip». Ka^K^biH noBepxnocxHbiH cerMCHx HMCCX CBOIO rpaHHHHyio JIHHHK), cocxoamyio
H3 KOHe^Horo HHCJia KpHBOJiHHeHHbix (npocxpaHcxBeHHbix B o6meM cjiynae) oxpesKos, xapaKxepn-
syeMbix napOH CBOHX KOHijeBbix XOMCK, AJTHHOH H ypaBHeHHHMH flsyx noBepxHOCxefi, nepeceHCHH-
CM Koxopbix OH HBjiaexcfl. TaKHe rpaHHHHbie oxpesKH 6y^eM nasbisaxb pedpajuu pacnexnoH oSjiac-
XH, a HX KOHiieBbie XOHKH, Jie^amne na nepeceneHHH pe6ep, 6y^eM nasbmaxb eepuimoMU.
CoBOKynnocxb pe6ep H BepuiHH nasoBCM KapKacoM oSjiacxn, KoxopbiH (^opMantHO MO»CHO npe^-
cxaBHXb B BHfle MHoroMepnoro rpa(J)a.

o6teKTbi H HX ceoiicTBa

^aHHoro pas^ejia saKjnonaexca BO BBe^eHHH cnoco6oB npeacxaBJieHHH reoMexpHHecKHX
o6"beKxoB H HX CBOHCXB, Koxopwe o6ecneHHBaiox ra6Kocxb H pacinHpaeMocxb cpe^cxB saAaHHH,
MOAH(J)HKauHH H BHsyajiHsauHH pacnexHOH o6jiacxH, a xaioKe HHxep4)efic c nporpaMMHblMH npn-
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JIWKCHHHMH, noAAepJKHBaiomHMH sa^aHHC HCXOAHOH 4>yHKU,HOHajibHOH HH(J)opMau,HH H peajiH-
3yK>mHMH HenocpeAcxBCHHbiH BbiHHCJiHxejibHbiH 3KcnepHMenx c pemeHHeM npaMOH HJIH oGpaxnoH
saAaHH MaxeiviaxHHecKoro MOAejinpOBaHHfl.

,ZJjm onncaHHfl peiiiaeMbix ypasHeHHH, sa^aHHfl pacnexHOH o6jiacxn H ee oxAejibHbix Hacxefi
yKasbiBaioxca zjiodcuibHaa H jioKcuibHbie cucmeMbi Koopdnnam (FCK H JICK). Ka>KAaa JICK onpe-
Aejiaexca noji05KCHHeM CBoero nanajia KoopAHHax H yrjios HaioiOHa OCCH oxHocnxejibHO FCK, KO-
xopwe o6ecneHHBajiH 6bi npeoSpasosaHHa KoopAHHax H3 OAHOH cncxeivibi B Apyryro H o6paxHo.

C UeJIbK) 3KOHOMHHHOrO OnHCaHHH paSJIHHHblX rCOMeXpHHCCKHX 06-beKXOB BBOAHXCfl nOHflXHC

dasoebix Koopdunam (BK), npeAcxaBJunouinx co6oH xpn na6opa BemecxsenHbix HHCCJI Xlt,

i = },..., Ih, X{J, j = \,...,Jh, Xlik, k = l,...,Kb,rffp Ib,Jh,Kh - o6mee KOJIHHCCXBO BK no pas-

jiHHHbiM KoopAHHaxHbiM ocflM. OpeAnojiaraexcfl, HXO BCC 6a30Bbie KoopAHHaxw
H npOHyMepoBaHbi no BospacxaHHK) HX SHaneKHH c pocxow HHACKCOB i,j,k. OHH

AJIfl 3KOHOMHH 3aAaHHH KOOpAHHaX BCplUHH paCHCXHOH o6jI3CXH (nO CCblJIKaM H3 BK), HOCKOJIbKy

na npaKXHKe MHOFHC HS HHX Moryx HMexb coBnaAaiomne KoopAHHaxbi. BosMoarabie onepaijHH
C BK - 3X0 HSMCHCHHe HX SHaHCHHH HJIH A06aBJI6HHe HOBblX 6a3OBbIX KOOpAHHaX B COOXB6XCX-

ByiomHe cnncKH.
npocxeniuHMH reoMexpHHecKHMH o6i>eKxaMH HBJiaioxcfl BepiiiHHbi Vp> p = \,...,Ny (HJIH XOH-

KH, flBJifliomHecfl npHMHXHBaMH HyjieBOH pasMepHocxH), Ka>K£afl us Koxopwx onpeAejiHexcH CBOH-
MH xpeMH KoopAHHaxaMH xp , y p , z p (s^ecb H Aajiee AJIH yAoGcxsa ncnojibsyeM AeKapxosbie Koop-

saAasaeMbie ccbijiKaMH na cooxBexcxsyiomHe BK. /^onycKaexca xaic^ce
CBOHMH 3HaH6HHaMH HJIH HX BbiHHCjieHHe no xoHKaM nepeceHCHHa KaKHx-jin6o

HJIH xpex noBepxHocxen.
.ZJjifl onncaHHa rjia^KHx (^parMenxos rpannq xpexMepnux oSjiacxen BBOA^XC^ oGtenxbi noeepx-

nocmu Sq,q = \,...,Ns, Ka»Aaa H3 Koxopwx xapaKxepnsyexca ypaBHenneM BH^a Sq(x,y,z) = Q,

r^e Sq - AH(|)4)epeHUHpyeMaa (JjyHKUHH. FTpocxeHiiiHe npHMepbi - 3x0 ct^epHHecKHe HJIOCKOCXH

HJIH uHJiHHApHHecKHe nofiepxHocxH, 3JijiHncoHAbi H ranep6ojioHAbi, onncbiBaeMbie ypaBHeHH^MH
Bxoporo nopHAKa. /^Jia npeACxaBJienna cjio«Hbix rpaHHii yAoGnbiMH cpeAcxsaMH HBJiaioxcfl no-
BepxHOCXH Beste HJIH MHorowepHbie cnjiannbi [14]. SaAanne XHnoBbix noBepxHOcxeft SKOHOMHHHO
ocymecxBjiaexca B yicasbiBaeMbix JiOKanbHbix cncxewax KOOpAHHax c noMom,bK> MOJIOFO HHCJia na-
paMexpoB (nanpHMep, c(J>epa OAHOsnaHHO onpeACJiaexca CBOHM paAHycoM H ueHxpOM).

HepeceHeHHH noBepxHOCxefi oGpasyiox coBOKynnocxb cjieAyiomnx reoMexpHnecKHX o6i.eK-
XOB -jiuHuu Cr, r = 1, ..., Nc , npaMOJiHHeHHbix HJIH KpHBOJiHHeHHbix (Boo6me rosopa, npocxpan-

cxBCHHbix), onpcAejiaeMbix CHCXCMOH AByx ypaBHeHHH AJia cooxsexcxByjomnx nosepxHocxeH.
PaccMoxpeHHbie Bbinie oSteicxbi - nosepxHOCxH H JIHHHH - npeACxasjiaiox co6oH B o6meM cjiy-

nae 6ecKOHeHHO npoxa>KeHHbie o6T>eKXbi. Hx orpaHH^ennbie noAMHO^cecxsa — KonenHbie ceraenxbi
H oxpesKH, HJIH pe6pa, - saAaioxca c noMombio AonojiHHxejibHOH HH(|)OpMau,HH, nosBOJifliomeH HX
OAHOsnaHHO HAeHXH(})HqHpoBaxb. CnncoK oxpesKOB Es, s = l,...,NE, AJIH Ka>KAoro csoero 3Jie-

MCHXa COA6p)KHX HOMCp COOXBeXCXByKHUCH JIHHHH C r H HOMCpa AByX BepllIHH, »BJIHK)IU[HXCa Ha-

HanbHOH H KOHUCBOH xoHKaMH V pl , V { AaHHoro oxpcsxa (yKasbisaewbie HOMepa SBJIHIOXCH ^aK-

XHHCCKH CCblJIKaMH Ha SJICMCHXbl H3 CnHCKa JIHHHH H CHHCKa BepllIHH). Ka5KAbIH 3JICM6HX CHHCKa

nosepxHocxHbix cerMCHxoB Ff , I = \, ..., Nj.., BKjiioHaex nepeHHCjieHHe HOMepoB oxpesKOB, cocxaB-

jiflKDmnx ero rpaHHHHyio JIHHHK). CjieAyex oxMexnxb, HXO BO MHOFHX cjiynaax yAo6no saAasaxb
oxpesKH H nofiepxHocxHbie cerMenxbi B napaMexpHnecKOH 4>opMe c noMombio cooxsexcxByiomHX

HAa x = x(i), y = y(t), z = z^) HJIH x = jc(x(1),T(2)), y = y(i(]),'c(2)), z = z(i(1),T(2)),

Ka^KAoro H3 napaMexpOB saAaexca o6jiacxb HSMeneHHa B BHAC oxpesKa, KOHennbie XOHKH
Koxoporo cooxsexcxsyiox BepuiHHaM pacnexnoH o6jiacxn.

B nacxHocxH, xanyio 4>opMy HMCIOX aKXHBHO HcnojibsyeMbie B CAHP KpHBbie H nosepxHOCXH
Be3be [14]. Flo aHajiorHHHOMy npHHin-my oprannsyexca cnncoK noAo6jiacxeH Qk, k = \,...,Nn,

B KOXOPOM Ka>KAbiH 3J16M6HX coAep>KHX nepeHHCjieHHe HOMepoB nosepxHocxHbix cerMenxoB, co-
ero rpaHHuy.
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jifl OAHO3na4Horo saAaHHfl TOHCK HJIH KpHBbix no nepeceneHHK) noBepxHOcxen MOJKCX noxpe-
6oBaxbca AonojiHHxejibHaa HH(J3opMau,Hfl B CBSSH c HeoAH03Ha4HOCxbK> pemeHHH cooxBexcxByro-

ypaBHCHHH. TaioKe o6cxoHT ACJIO H c onncaHHeM BJi05KeHHbix noAo6jiacxeH, AJIS HAeHXH(J)H-
Koxopbix Heo6xoAHMa xonojiorHHecKaH HH<j>opMau,Hfl, saAaeaeMafl c noMombio xeopexnico-

onepauHH HJIH ApyrHMH cpcAcxsaMH.
3KOHOMHH saflaHHfl cjio)KHbix reoMexpHHecKHx oSteicxoB BBOAflxca noHHXHfl cocmaenux

: CBHSHMX coBOKynHocxen oxpesKOB KpHBbix, nosepXHOcxKbix cenvieHXOB H noAo6jiacxeH
(xpexMepHbix (J)Hryp). TnnoBbie Ha6opw xaxnx cocxaBHbix oGtexxoB Moryx cocxaBjiaxb cneitHajiH-
SHpOBaHHbie KaxajiorH3HpoBaHHbie 6H6jiHoxeKH.

CoBOKynnocxb reoiviexpHHecKHx o6-bCKxoB pasjiHHHbix pasMepHocxen o6pa3yex o6o6meHHbiH
pacnexHofi oGjiacxn, BKniOHaiomHH (j)Hrypbi, rpaHH, pe6pa H BepiiiHHbi. TonojiorHHecKHe
MCJKAy HHMH Moryx 6wxb sa^aHbi o^HOsnanHo, nanpHMep, c noMombio cjie^ytoiyHx 6yjieB-

CKHX Mampuif nmtiideumHOcmn: Maxpnua MVE ={mi j , i = 1, ..., Ny,j = 1,..., NE} , KajK^wn (i,j)-

3JieM6HX Koxopofi ecxb «HCXHHa», ecjiH xojibKO / -H BepuiHHa HHUHAeHXHa y -My pe6py, Maxpni;a

MEP (pe6pa-rpaHH) pasMepHocxH NE x NF H Maxpnija M FD (rpaHH - no^oGjiacxH) pasMepa

NF x ND . 9jieMCHXbi mi j nocjie^HHX Maxpnu npHHHMaiox 3HaneHHH «HcxHHa» HJIH «jio>Kb»

B 3aBHCHMOCXH OX CBOHCXB HHUHZieHXHOCXH COOXBCXCXByKDlUHX o6l>eKXOB. ITpH Heo6xO^HMOCXH

H3 yicasaHHbix Maxpni; Moryx 6bixb c(J>opMHpOBaHbi H ^pyrne Maxpnqbi HHUH^CHXHOCXH, nanpn-
Mep, «BepiiiHHbi - rpaHH», «pe6pa - noAo6jiacxH» H Ap-

fljlfl B03MO>KHOCXH 3a^aHHfl H MOAH^HKaUHH OX^CJlbHblX XapaKXCpHCXHK TeOMeXpHHCCKHX o6l>-

CKXOB BBO/iHXca noHflXHe BcmecxBeHHbix napoMempoe, MaccHB, HJIH CHHCOK, y Koxopwx 3HaneHHH
6yaeM o6o3Hanaxb nepes P = {Ps,s = l, ..., Np} , a ajicMenxbi Moryx HMexb caMbin pasHbin CMWCJI:

KaKyro-xo 6a30Byio KoopAHHaxy, pa^nyc HeKoxopOH OKpy>KHOcxH H x. A-
FeoMexpHHecKHe MOAH(t>HKauHH o6"beKxoB pacnexHOH o6jiacxH Moryx 6wxb pasSHXbi Ha ABC oc-

HOBHbie rpynnbi: 6e3 HapyuieHHH xonojiornn H c H3MeneHHeM xonojiornn, csasaHHOH c Bapbnpo-
BaHHCM KOJIHHCCXBa KaKOFO-XO XHna o6l>eKXOB H / HJIH C o6HOBJI6HHeM B3aHMOCBfl36H MCMCAy HHMH.

MoAH(J)HKauHH nepBoro xnna flBJiaioxca a(j)(^HHHbiMH npeo6pa3OBaHHflMH BHAa CABHF, nosopox,
MacmxaSHposaHHe (c^axne HJIH pacxa>KeHHe c yKasanHCM cooxBexcxsyiomHx axpnSyxoB), HCKJIIO-

nepeceneHHfl rpaHH 4Hbix JIHHHH H noBepxHOcxen. Onepau,HH Bxoporo xnna BKJiK)4aiox
HJIH HCKjno4eHHe KaKHx-xo reoMexpHHecKHX npHMHXHBOB, a xaK^ce saMeny o6i>eKxa

KaKoro-xo BHAa na Apyrofi aHajiorH4HbiH.

TexHOJiorHii noziaep>KKH HHTep(J)eiicoB H cxpyKTypbi

FeoMexpH4ecKoe MOAejinposaHHe AOJIJKHO oSecneHHBaxb cjieAyromne ^yHKUHH npn pemeHHH
Ha4ajibHO-KpaeBbix 3aAa4: Apy>KecxBeHHbiH nojib3OBaxejibCKHH rpa(|)H4ecKHH HHxepcf)eHC AJI^
yAo6noro saAanna CJIOKHWX pac4exHbix o6jiacxeH c KOHxpojieM H AHarnocxHKOH BO3MO»Hbix
oiiJH6oK, BHyxpeHHHH HHxep(J)eHC c Bbi4HCJiHxejibHbiMH MOAyJi^MH, B nepByio O4epeAb peajiHsyio-
IAHMH anropHXMbi nocxpoeHHH cexoic, corjiacosaHHe AaHHbix co cpeAcxsaMH BHsyajmsaijHH (na-
npHMep, na OCHOBC nonyjiapHOH CHCXCMW Open GL - Open Graphics Library ') A^HHbix H pesyjib-
xaxoB 4HCJieHHoro pemeHHfl. KpOMe xoro, reoMexpH4ecKa5i cxpyKxypa ASKHMX (TCff) AOJiacna
npeAycMaxpHBaxb «nepexoAHHKH», HJIH KOHBepxopw, B nexoxopbie pacnpocxpaHeHHbie 4>opMaxbi,
npHHflXbie B CAOPOBCKHX CHCXCMaX HJIH B UIHpOKO npHMCHHCMblX 0110.

B Ka4ecxse HHCxpyMenxajibHbix KOMnoneHX peajiHsaqHH pa3JiH4Hbix 4>yHKijHH reoMexpH4ecKO-
ro MOAejiHposaHHa Mbi paccMaxpHBaeM cjieAyiomHe: WIMP Interfaces [15] (Window - OKHO,
Image - H3o6pa5KeHne, Menu - MCHK>, Pointer - yicasaxejib) - cpeAcxBO 4>opMHpoBaHHfl rpa(j)H4e-
CKOFO noJibsosaxejibCKoro HHxep(J)eHca KOManAHoro xnna c onncaHHeM nocjieAOBaxejibHOcxn HC-

onepaxopoB na 3Kpane KOMnbioxepa, XML (Extensible Markup Language [16] - pac-
H3biK pa3MexKH) - xexHOjiorHfl AJifl ynpasjieKHfl, oxo6pa>KeHHH H opraHH3aiiHH

xeKCxosbix AaHHbix, BKJiK)4aK)mafl xaKHe MexaHH3Mbi, KaK o6i>eKXHafl

Tapacoe H. Open GL. URL: http://opengl.org.ru.
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(Document Object Model, DOM) H aHajinsaxop TCKCTOB MS Parser, HcnojibsyiomHH
Tiny 2, a xaioKe GnGjinoxcKa KJiaccos GCLib (flBJUHomaacfl pacuiHpeHHeM 6H6jiHOTeKH GeomBox 3)
na asbiKC C++, coflep>Kainafl onHcaHHe cneu,H<f)HKau,HH reoMexpHHecKHx o6i>eKxoB H
paSoxbi c HHMH.

CmpyKmypa zeoMempmecKitx dannbix. Ha aabiKe XML HCxo^Haa reoMCTpHHecKaa HH(J)opMa-
qnfl opraHHsyercfl B HepapxHHecKyio cxpyKTypy, HMeiomyio ^ocxaxoHHO HHxa6ejibHbiH BHA
H .aonycicaiomyK) CHHxaKCHHecKHH H ceMaHxunecKHH anajins HH(j)opMaLiHH sa cnex HcnojibsoBaHHfl
xeroB, cuoBapa H pasjiHHHbix XHHOB ^aHHbix.

HanpHMep, 6a30Bbie KOop^HHaxbi (BK) npeAcxaBJi^ioxca naGopoM CBOHX HAeHXH(|)HKaxopOB
H 3HaM6HHH BAOJlb KaMC^OH OCH.4

<!--BasisCoordinate-->
<basis_coordinate>
<coordinate name='X'>

<valuexl='l' x2=MO' x3='4'/>
</coordinate>
<coordinate name='Y'>

<valueyl='2'y2='4'/>
</coordinate>
<coordinate name='Z'>

<valuezl='5' z2='T z3='7' z4='9V>
</coordinate>
</basiscoordinate>

onpeAejiflexcH CBOCH «pa3MepHOcxbio» H ccbijixaMH na BK HJIH 3HaH6HHHMH
(B xpexwepHOM c^ynae «AByMepHaa xoHKa», 3aj3,aBaeMaH AByMfl KOop^HHaxaMH, 4>aKXHnecKH onpe-

npflMyio, napajijiejibHyio OAHOH H3 Koop^HHaxHbix OCCH, a «OAHOMepHaa» - njiocKOCxb,
OCH):

<point name='point 3D'>
<value x='xl' y='yl ' z='zl'/>
<value x='x3' y='y2' z='z4'/>

</point>
<point name=' point 2D'>

<valuex='x2' y='yl'/>
</point>

ODHCaHHfl njIOCKHX HJIH npOCXpaHCXBCHHblX KpHBblX HCOOJlbSyiOXCH HX KaHOHHHeCKHC

. HanpHMep, ajuinnc onpeAejiflexca XOHKOH uenxpa H AByMfl nojiyocaMH:

<ellipse name='ellipse_A'>
<centerx='0'y='OV>
<radius_vertex x='-l' y='OV>
<radius_vertex x=' 1 ' y='0'/>

</ellipse>

IlpocxpaHCXBeHHafl JiOMaHaa onpeAejiaexca na6opOM oxpesKOB, KajK^wH HS Koxopwx sa^aexca
XOHKOH Hanana H XOHKOH KOHija:

<!-PolyLine-->

2 http://www.grinninglizard.com/tinyxmldocs/index.html
3 http://www.aitricks.eom/products/geomprimitives/specs/l.00/index.html
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<poly_line name='pline_A'>
e>
<begin_point x='0' y='0' z='l'/>
<end__point x=' 1 ' y=' 1 ' z='2.3 V>

<begin_point x=' 1 ' y=' 1' z='2.3 '
<end_point x='5' y=T z='4V>

</poly_line>

npHHin-m Hcnoubsyexca H AJIH onncaHHa noBepxHOcxen. HanpHMep, KpyroBOH
yceneHHbiH Konyc onpe,aejiflexcfl AByMfl uenxpaMH ceHCHHH H HX

< ! ~TruncatedCone->
<truncated_cone name='cone_A'>

<bottom_radius value ='4'/>
<bottom_center x=' 1' y='3' z ='6'/>
<top_center x=' T y='3' z ='OV>

</truncated_cone>

B03M05KHO H MHOHcecxBCHHoe npe^cxaBjieHHe reoMexpnnecKHx o6i>eKxoB. HanpHMep, napan-
npeACxaBJiaexca onopnoH XOHKOH H xpeMa CMe>KHbiMH sepuiHHaMH, HO MOMCHO H ero

no AByM XOHKaM (ABB npoxHBonojio^cHbie BepuiHHbi):

<!— Parallel epiped~>
<parallelepiped name='paral_A'>

<base_point x ='0' y='0' z='0'/>
<vertex x=' 1 .5' y='0' z ='OV>
<vertex x='0' y=' 1' z ='0'/>
<vertexx='0'y='0'z='2'/>

</parallelepiped>
<parallelepiped name='paral_B'>

<first_point x='0' y='0' z ='0'/>
<secondj3oint x='2.2' y='1.6' z ='3V>

</parallelepiped>

npHBe^eM eme npe^cxaBJieHHe cc^epbi yKasaHHCM ee qenxpa H pa/niyca:

<!--Sphere->
<sphere name='sphere_A'>

<center x ='0' y-'O' z='OV>
<radius value ='10Y>

</sphere>

OXMCXHM, HXO ueHxp c(J)epbi MO>KCX xaic^ce sa^asaxbCH ccbijiKOH na xoHKy H3 cnncKa POINT.
Co^epjKHMoe BxoAHoro XML-cJjafijia cxpyKxypnpyexcfl c noMombK) 6H6jiHoxeKH Tiny na

C++ H o6pa6axbiBaexca ananHsaxopOM, B peayjibxaxe nero ^opMHpyexca DOM-AOKyMenx, KOXO-
o6ecnenHBaex B3aHMOA6HcxBHe c rpacfwnecKHMH H BbiHHCJinxejibHbiMH npHJio»eHHflMH. Ero

ocymecxsji^exca c noMombK) GHGJIHOXCKH KjiaccoB, HanncaHHbix na asbiKe C++
H BKjiioHaiomHX onncaHHe Heo6xoAHMbix onepaqHH c reoMexpHHecKHMH oGteKxaMH. B KanecxBe
HpHMCpOB MO5KHO HaSBaXb CABHF, HOBOpOX, MaCIIJXaGHpOBaHHe H XHpaJKHpOBaHHC KaKHX-XO KOM-

noHCHxoB pacnexHOH o6jiacxH, onpe^ejieHHe nojio^ceHH^ XOHKH oxHocnxejibHO 4>Hrypbi, nocxpoe-
HHe ypaBHCHHH ja.no. JIHHHH, noBepxHOcxen H Haxo^c^eHHe HX nepeceneHHH, H x. A., 3#ecb MO»HO

MHOJKecxBO 3a^aH anajinxKHecKOH H Hanepxaxe^ibHOH reoMexpHH.
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Cxeiwa CTM

^ "f OpenGL

1 ( CAD> 0

OutDat, CONTROL

1

Convert

cmpyKmypa CFM. O6maa cxeMa BsaHMOfleHCXBHfl HcnojmaeMbix H HH(J>opMaijHOHHbix
KOMHOHCHX CFM npeflcxaBJieHa Ha pHcymce.

KoHCHHbiH nojibsosaxejib (End User), Koxopbift peuiaex saflany, ocymecxBJiflex npflMyro H 06-
paxnyK) CBHSL c CFM nocpe^cTBOM cneuHanHSHpoBaHHoro rpa(j)HHecKoro pe/jaicropa (GrEd),
paspaGoraHHoro asiopaMH Ha ocHOBe HHCTpyMeHTajibHwx cpe^CTB MyjiBTHnjiax^opMeHHoro MHO-
roncnroHHoro naKexa GeomBox 4.

PaccMOtpHM noApo6Hee 9JieivieHTbi ^aHHOH CXCMLI.
Fpa4)HHecKHH pe^aKTOp Hcnojitsyer 6n6jiHOTeKH reoMexpHHecKHX KJiaccoB OpenGL H GCLib,

^onojiHCHHyK) Heo6xo^HMbiMH o6teKTaMH, onHcaHHbiMH panee. OH c^y>KHT zym sa^aHHH no;ib30-
BarejieM reoMexpnH pacneTHOH o6^acTH H BHsyajibHoro OTo6pa)KeHH^ HeoSxo^HMbix pesyjibiaxoB.

GCLib flBJiaexcfl KownaKTHOH H 9(J)(J)eKTHBHOH C++ GH^JIHOTCKOH KJiaccoB reoMerpHHecKHX
npHMHTHBOB. Ona COCTOHT H3 CJie^yiOLUHX paSflCJIOB.

• 3D-H^po: KJiaccbi 3D-(J)Hryp, TaKHX KaK c(J>epa, napaiuiejienHne^, xop, yceneHHbiH KOHyc,
3JlJIHnCOHA, nJlOCKOCTb H T. fl.

• 2D-«apa: KJiaccbi 2D-(j)Hryp, raKHx Kan Kpyr, TpeyrojibHHK, napanjiejiorpaMM, H T. fl.
• OnepaijHH: c^BHr, nosopox, MacmraGHpoBaHHe, onpe^ejieHHe no^o^ceHHa TOHKH OTHOCH-

rejibHO (|>Hrypbi, nocrpoeHHe ypaBHCHHH AJIH JIHHHH, nosepxHOCTeH H naxo^cfleHHe HX nepecene-
HHH, H T. fl.

• ^onojiHHTejibHo: rjio6ajibHa« H jiOKajibHbie CHcreMbi KOOpflHHax, 6asoBbie KOOpflHHarbi.
CncTeMa (^yHKqHOHajibHoro MOflejiHposaHHa (SFM) - MOfly^b, nosBOJiaiomHH saflasaTb neo6-

xoflHMbie 4>yHKUHOHanbHbie flannbie o aaflane, co ccwjiKaMH na cooTBexcTByioiuHe reoMexpHHe-
CKHC oGteKTbi. OopMMpyewbie BXOflHbie flaHHbie B onncaHHOM Bbime XML-(j)aHjie HJIH flpyrnx
(^opMarax (InDatk) o6pa6aTbiBaioTca ananHaaTopOM (PARSER), ncnojibsyromHM 6H6jiHoreKy
Tiny, H npeoSpasyioTCfl B oflHH H3 flonycxHMbix BHflOB BbixoflHbix flannbix (OutDat/c). Ffpn neo6-
xoflHMOCTH KOHBepxauHH H3 oflHoro (J)opMaTa flaHHbix B flpyrofi Hcno^bsyeTCH MOflyiib Convert.
BbixoflHbie flaHHbie c noMomwo ynpaB^aiomeH noflCHcreMbi (Control) nepeflaioxca cooTBeiCT-
ByiomHM BbiHHCJiHTeJibHbiM npiijio>KeHHflM (ApPk), c opraHHsaqHeH HHTep4>eHca fljia CHCTeMbi
(J)yHKUHOHanbHoro MOflejiHpoBaHHH (SFM), anajiHsa nojiynacMbix peayjibxaxoB H BOSMO^CHOPO
BSaHMOfleHCXBHfl C CAFIPOBCKHMH CHCXCMaMH (CADk).

4 http://www.aitricks.com/ru/products/geombox/; http://i-lab.nsu.ru/wiki/index.php/AITricks_GeomBox
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flonycTHMoro MHO^cecxBeHHoro npe,acTaBjieHHfl ^aHHbix H raicon CHCTCMW ynpaejie-
o6ecneHHBaex nosTariHoe npoeKTHposaHHe, peajiH3auHK> H pasBHBaeMOCTb CFM, c

MOCTbK) npe^jiaraeMOH rexHOJiorHH fljra mnpOKoro KJiacca sa^an MaxeMaTHHecKoro
HHfl.
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L. A. Golubeva, V. P. Il'in, A. N. Kozyrev

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.

Keywords: geometric modeling, initial-boundary problem, incidence matrix, basic coordinates, XML.


