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He yKasaHo

«DopMMpoBaHMe TPEXMEPHbIX MoAenei NoTeHLManbHbIX 30H C 0co6bIMMN

YC/IOBUSIMU VCTO/b30BaHVISi TEPPUTOPWiA

» B coBpeMeHHOM MUpe Hapsijy ¢

NPOMbILLNEHHOV peBotoLMel 0Cobyo akTyanbHOCTb NprobpeTaeT ryMaHmnsaums

COBpPEeMeHHOro 06LLecTBa, ero OPVEHTNPOBAHHOCTb Ha COXPaHeHWe oKpyXatoLLer

cpeapbl N KOHCONMNAAUMIO NPy peLleHnn rno6anbHbIX I'IpO6J'I€M yenoBeyecTsa Ha

MeXHaLVOoHaNbHOM YPOBHE 6blN CO3JaHbl  OpraHM3aLmn, AeaTeNbHOCTL KOTOPbIX

Hanpas/ieHa Ham COXpaHeHWe MMPa, CoLManbHbIX U KybTYpPHbIX LeHHOCTel 1

3KOCNCTEM, CO3JaHa cMcTeMa Mep 3aLunTbl obecrneyeHs Xn3HesesTeNbHOCTA

rpaxzaH. YCToinumBoe pernoHanbHoe passuTiie B COBPEMEHHOM MVpe HEBO3MOXHO

6e3 co3zaHNsA CMCTeMbI TaKMX mMep. B AaHHy0 cuctemy BXOAUT CO3AaHmne

OXPaHHbIX U 3aLLUNTHBIX 30H 3HAYUMbIX 06bEKTOB. ,ql'lﬂ TOro, YTO6bI 06ECNEUNTL
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COXPaHHOCTb MyHKTa rocyapCTBEHHOM CeTW 1 CTabUNbHOCTL ero
MeCTOMONOXEHVIS,, 3aNpeThbl B €r0 OTHOLLEHWUM JO/IKHbI PACNpOCTPaHATLCS He
TONBbKO Ha M0CKOCTb, HO 11 B 06bEMHOM MPOCTPAHCTBE. DTV MNOCTPOEHNS AOKHbI
BbIMONHATLCA NepneHANKY/ISPHO YPOBHKO 3eM/11 OTHOCUTEIbHO orpaqueHmﬁ 30H
€ 0CO6bIMM YCNIOBUSIMU CMO/b30BaHUSA TeppUTOprii Ha nnockocTy. B kauectse
OrpaHu1yVBatoLLVIX NMOBEPXHOCTEN JO/KHbI BbITh UCMOB30BaHbI: CHU3Y -
rOpU30HTaNbHasA NA0CKOCTb, Ha Fy6uHe, COOTBETCTBYIOLLe TPeboBaHNAM
AeliCTBYIOLLIEro 3aKOHOAaTeNbCTBa O HeAPOoMob30BaHNK; CBEpXY —
ropu30HTaIbHasA NN0CKOCTb, Ha BbICOTE, MPe/AyCMOTPEHHO TpeboBaHMAMN K
1CMo/Ib30BaHWIIO BO3/YLLHOMO NPOCTPaHCTBa TEPPUTOPWN, FPaoCTPOUTENLCTBA 1
Bo3gyLiHoro kogekca Po. Moxro €l sbigennts TPW OCHOBHbIX MeToAa
KapTorpaduyeckoii BusyannsaLmm TpexmepHbix Mogeneit. 1. iByxmepHas
BU3yanun3aLys Ha guicree. 2. TpexmepHas Br3yanunsauvs B Buge Gprisnyeckmx
MakeToB. 3. TpexmepHas B/3yanunsaLyisi B BU/AE ronorpapuyeckoro n3obpaxeHus.
BbI60p TOro 1AM MHOrO MeToAa BU3yanusaLmum 0bycnosieH TpPeboBaHNAMM K
6yayLLieMy reon306paxeHNto: ero MepHocTu, cnelundrike, cpeAcTBam
oTobpakeHws. Kpome Toro, MpoLecc NoAroToBKY BU3yanunsaLyv BKIKOYaeT B cebs
HaCTPOiiKy psAa NapamMeTpoB, OKa3blBAOLLMX BUSHME Ha Ka4YeCTBO MOJly4aeMoro
reovi306paxeHusi, ero HarNsAHOCTb U, CleoBaTeNbHO, yPOBEHb ero BOCMpUATYS
YesnoBekoM. [IByxMepHas BU3yanv3aLms TpeXMepHoi Mogeny npeaHasHavueHa Ans
nosy4eHns NepcrnekTMBHOIO N306paxKeHVIs y4acTka 3eMHOM NOBEPXHOCTN Ha
nnockocTu. Mepexos oT TpeXMepHoOi MoAeny K naockomy U3o6paxeHuo
OCYLLIeCTBASIETCS C MOMOLLILIO MPOEeLMPOBaHMA. BbiCTpoe pasBuTUe AaHHOTO
MeTo/a 06YCNOBNEHO AOCTYMHOCTHIO TEXHUYECKMX CPeACTB BU3yanm3aLum.
I'paduyeckas noacvcTemMa BbIBOAA IH060r0 COBPEMEHHOrO KOMMbioTepa CnocobHa
06paboTaTh LMPPOBYIO TPEXMEPHYIO MOAE/b MECTHOCTU 1 MPOU3BECTY ee
BU3yanu3aLuio Ha gucrinee. CyliecTBEHHOe BAVISIHUE Ha TeMN pa3BUTUS
ABYXMepHoOVi KapTorpaduyeckor BUsyanvsaLmm okasano LunMpokoe
pacnpocTpaHeHne NOPTaTUBHOM 3NeKTPOHUKK. KoMNbloTepHas TpexmepHas
BU3yanmsauus B BuAe pr3nYeckrx MakeToB cTaa BO3MOXHA C MOsSiBEHNEM Tak
Ha3blBaeMblx 3D-NMpyHTEPOB. 3D-NPUHTEP - YCTPOWCTBO, MCMO/b3ytoLLiee veron (@
co3AaHnsa GpuU3nYeckoro ob6bekTa Ha OCHOBe BUPTyanbHoW 3DMogenn. Pesynstatom
pa6oTbl 3D-NpUHTEpa SBASETCSH TPEXMEPHbI pr3nyecknii 06beKT. B pasnnuHbIx
Mozensix 3D-NpUHTEPOB NeyvaTh MOXET OCYLLECTB/IATLCA Pa3HbIMM CMOCo6amu 1 ¢
MCMo/Ib30BaHVIEM Pa3INYHbIX MaTEPUanoB (pOTONONMMEPOB, TEPMOMNACTUKA).
MpVHLMN TpeXMEPHOIA meyvaTy 3ak1to4aeTcs B MOCIONHOM CO3AaHNM
(BbIpaLLBaHUK) TBEPAOro Tena. Moyyaemble MakeTbl 061a4at0T BbICOKOW
TOYHOCTbBHO U HArNSAHOCTbI0. OZHOIA 13 NepcnekTUBHbBIX pa3paboTok B 061acTu
BU3yanv3aLmny TpexMepHbIX 1306paxeHuii sBaseTcs ronorpadus. Micnonb3osaHue
TPeXMepHbIX FON0rpaMm B KapTorpaguu CyLLLEeCTBEHHO MOBbLICUT HAarNAAHOCTL
KapTorpapuyeckvx npovsBeeHni, 06nerynt paboty ¢ HUMKU. BocnpusiTue
KapTorpaduyeckoin MHpopMaLn BeIRAET Ha HOBbIV YPOBEHb, MOCKObKY YenoBek
6y/eT B3aMMOAEeliCTBOBATb YXe He C NN0CKON NpoeKLei TpexMepHOro
MPOCTPaHCTBA Ha 3KpaHe MOHUTOPA, a C ANCTBUTENbHO TPEXMEPHO MOZenbHo.
Pa3BuUTVe TEXHONOrM TPEXMEPHOIA roforpagum SBASETCH OAHVM 13 Havnbonee
BaXHbIX V1 MPYIOPUTETHbIX HanNpaBaeHwii B 06nactu Br3yanusaummn nHdopmaumu. A
XOTS B 3TOM HarnpaBieHUV UMetoTCs orpeeneHHbIe JOCTUXEHS, COBPeMeHHbIe
cpeacTBa GOPMVIPOBaHWS TPEXMEPHOTO roforpaguyeckoro n3obpaxeHus Bce eLue
HaXoAATCA Ha YPOBHE dKCNeprMeHTabHbIX pa3paboTok. MockobKy TeXHUYeckme
CpeACTBa TpexmMepHoii kapTorpaduyeckoii BU3yanmsaLmm Bce eLle ocTaroTcst
BeCbMa JIOPOrVMU 1 HaXOAATCA Ha CTaAvn HauanbHOro PasBUTYS, TO Havbonee
aKTyanbHbIM SIBNSETCH METOZ BU3yanun3aLymn TpeXMepHbIX MOAeNei Ha NA0CKOCTU.
OHo 113 Hanbosiee BaXKHbIX MPOABNEHWIA BU3yanu3aLmy Kak npolecca
npeo6pasoBaHNs LMGPOBOL TPEXMEPHOI MOZENN B NNOCKOE reon3obpaxeHe
COCTOUT B OMNpeAeNeHNI ONTUMaNbHOTrO COOTHOLLIEHWS MeXAY HarNSAHOCTLIO U
3HaKOBOCTLIO MOJly4aeMoro reonsobpaxeHus. FfeonsobpaxeHue, NOCTPOEHHOE Mo

peanncTUYHON BbICOKO AeTann3npoBaHHON TpeXMepHOV MoAeNN MeCcTHOCTU 6e3



MCMONb30BaHWA YCNOBHbIX 0603HaYeHNIA, 061aAaeT MakCUManbHON HarNSAHOCTbIO
1 CPaBHUMO € 06bIYHON PpoTorpaduein 3Toli MeCTHOCTU. Takoe reom3obpaxeHmne
nepezaet popMy 06LEKTOB U VX HEKOTOpbIe CBOVCTBA, ONpejensemble Br3yanbHo,
HO He CNOCOBHO CaMOCTOATEIbHO NepeAaTe MHGOPMALIMIO O HasHaYeHuV,
CTPYKTYpe, BHYTPEHHMX XapakTepycTMkax 3Tux 06bekToB. Hanpumep, no
1306pakeHto BOAOEMa, MOTyHeHHOMY NPy BU3yanunsaLyn peanvucTuyHomn
TPeXMepHOI MOAENN, HeNb3si ONpeaennTh ero ray6uHy, XMMUYECKWii cocTaB BOAbI,
npoucxoxaeHve. C Apyroii CTOPOHbI, yCI0BHbIE 3HakV MOryT BOBCE He MMeTb
BU3yaNbHOI CXOXEeCTV € 0603HaYaeMbIMy 06bekTamMun peanbHoro Mupa. OgHako
YCNOBHbIV 3HaK, 6aarogaps rpapuyecknm cpescteam (bopma, pasmep,
OPVEHTVPOBKA, LIBET, HaCbILLEHHOCTb LIBeTa 1 BHYTPEHHSIS CTPYKTypa), cnocobeH
0TO6Pa3UTh AOMONHUTENBHYH «HEBU3YalbHYH» MHGOPMALIIKO. YCNOBHBIV 3HaK
o6beKTa ABNAETCS ero ceMaHTUYeckoli coctaBsitoLLeli. Kpome 3Toro, no
CPaBHEHWIO C PeaNNCTNYHBIMY N306paXKeHVsIMU 06beKTOB YC/0BHbIe 3HaKV
0613aat0T 60NbLLIEN METPUYHOCTBIO, TO eCTh 0becneyunBatoT 6onbLuee yA06CTBO
M3MepeHVsi Mo reov3obpaxeHuto. Takm 06pa3om, MOXHO yTBepXAaTb, qToG
CTpeM/IeHNe NOBbICUTb HarIAAHOCTL 3a CHET yMeHbLLIEHWS 3HaKOBbIX CPeACTB
1306paxeHna Npu Br3yannsaumnm MOXeT NpUBECTY K NoTepe MHGOPMATUBHOCTY 1
METPVYHOCTU MOJTy4aeMoro reov306paxeHus, a ciejoBaTeNlbHO, K COKPaLLeHo
chepbl ero Hay4YHOMPaKTUYECKOro UCNob3oBaHNsA. BosHukaeT npobnema
CoYeTaHVs HarNsAHbIX BbICOKO AeTann31poBaHHbIX MOAENEN 1 3HAKOBbIX CPEACTB
npv KapTorpaduyeckoii BU3yanunsaLym TpexmepHbIx Mogeneii MectHocTu. B
HacTosiLLiee BPeMSi MOXHO BbIA€/IUTb YeTbIpe OCHOBHbIX MOAX0AA K PeLUEeHNI0
chopMynMpoBaHHO Npo6aembl. MepBblii NOAX0A 3aK/1H04aETCS B TUNM3ALMN
BU3yanu3vpyeMblx Mogeneii. B okpyxatoLem Mvipe CyLLiecTByeT OrpoMHoe
KONMYECTBO OANHAKOBbIX (POACTBEHHBIX) 06LEKTOB, OTNINYAIOLLIMXCSH Mexy CO60i
NV He3HAUNTENbHBIMU BHELUHUMY WAV BHYTPEHHVMU Npr3Hakamu. Mpu
MOZeNMpoBaHU 1 KapTorpaguyeckoli BU3yanvsaLmy TpexmMepHbIx Moaesneit
noTpe6byeTcs 60/1bLLIOE KONNYECTBO PECYPCOB /415 BOCMPOU3BEAEHS
VHAUBUAYaNbHbIX 0COBeHHOCTel POACTBEHHBIX 06HEKTOB, 8 pe3y/ibTaT Takoi
pa6oTbl MOXET 6bITh /IM60 He BOoCTpeboBaH, IM60 BOBCE HE Pa3NNymMM Ha GpoHe
061X 04epTaHWii 06bekTa. Mo3TOMY UMEET CMbIC/A MPOBOAUTL TUNU3ALIMIO
Mozenei, koTopast 3aKto4aeTcs B 3aMeHe OT/Ae/IbHbIX 06BeKTOB MX
cobupaTesibHbIMV 0603HaUYeHVSIMU, TO eCTb 3aMeHsITb POACTBEHHbIE 06HEKTbI
HeKOTOPbIMV TUMOBbLIMV MOAENAMU, 06134OLLIIMI OCHOBHbBIMU XOPOLLO
pasNUnMbIMK BU3yanbHbIMV NPU3Hakamu peasibHoro o6bekTa 6e3
VHANBUAYaNbHbIX 0CO6eHHOCTel. Takoli MOAX0/, CyLLLeCTBEHHO COKPaTUT
BPEMEHHbIE 1 TPyA03aTpaThl Ha CO3AaHVE 1 BU3yanmn3aLmio TpeXMepHoli Moaenu
MEeCTHOCTU. BTOPbIM MOAXO0A0M K peLleHuto MpobaemMbl coueTaHUs HarasAHbIX
[AeTann3vPOBaHHbIX MO/ENEN 1 3HaKOBbIX CPEACTB NPV KapTorpapuyeckoi
BU3yanm3aLmm TpeXMepHbIX MOAeNeil MeCTHOCTU IBNSETCS YCTaHOBEHMe
3aBVICMMOCTV YPOBHSA JieTannsaLum moaeneil 06bekToB OT BbI6paHHOro Maclutaba
BU3yanusauuu. MNpy BU3yanvsaumy TpeXMepHoOl MOAEIN MECTHOCTU B MEIKOM
MacLuTabe NaoLLAAHON OXBaT yBENINUVBAETCS, BU3ya/bHbI pa3mep Mogeneit
06beKTOB yMeHbLLIaeTCsi. B 3ToOM clyyae BbICOKOV AeTanv3aumy He TpebyeTcsi, u
Mo/enb 06beKTa MOXET bbIThb 3amelLieHa TPeXMePHbIM YCIOBHbLIM 3HaKOM.
Hao6opoT, npu BbiGope KpynHOro Maclutaba 06BbeKTbl XenaTebHO NpeACTaBAAaTh
AeTanbHo NpopaboTaHHbIMU Mogenamu. CooTHoLeHVe MacluTaba Br3yanmsauum n
AeTanu3auyn Mogeneli TPeTUIA NOAXOA K PeLLEHI0 NPo6IeMbl COYeTaHus
HarnsaAHbIX MoZeneid 1 3HaKOBbIX CPeACTB NPy KapTorpaduueckoli BUsyanmsawmum
TPeXMepHbIX MOZeNeil MeCTHOCTY 3aKNoYaeTcs B 1CMO/b30BaHUM YCIOBHbIX
3HAKOB B KaYeCTBe NHTEPAKTUBHbIX 3IEMEHTOB /151 BY3yann3aLymm oTAeNbHbIX
peanucTUYHbIX Moaenei 06bekToB. To ecTb BU3yanmsauus AeTanvsnpoBaHHON
MoZenn obbekTa OCyLLEeCTB/ISETCA MO 3anpocy Nonb3oBaTens. Peannsauus gaHHOro
NOAXOAA COCTOUT W3 HECKO/bKYMX 3TanoB. 1. MpoeKkTMpoBaHWe MHTEPaKTUBHOM
TpexMepHOI MOAeN MECTHOCTH, cozepikallieli TpeXMepHbIe YCI0BHbIe 3Haku

peasnbHbIX 06BeKTOB. 2. [TOArOTOBKa PeanvICTUUHbIX TPEXMepPHbIX Mogenei



06bekToB. 3. ObecneyeHrie MHTEPAKTUBHOIO Nepexoja OT YCI0BHbIX 3HaKOB Ha{ﬂ
MO/€e/IN MeCTHOCTUN K COOTBETCTBYHOLLIMM TPEXMEPHbLIM MOAENSIM 06beKTOB. 4.
BuvizyanusaLyis 3HaKoBoOVi Mogenn MecTHocTw. 5. Mpu MHTepakTVBHOM Bbi6ope
YC/IOBHOTO 3HaKa 06bekTa NMPONCXOAUT BU3yann3aumna COOTBETCTBYOLLENA
peanuncTNYHo TpexmMepHoii Mogenw. Takvm o6pasom, Nonb3oBaTesb, paboTtas co
3HaKOBbIM UHTEPaKTVBHLIM reon306paxeHneM MECTHOCTU, MOXET npu
HeobX0AMMOCTY NONyUNThL peaiucTUYHoe N3o6paxeHue Nto6oro BbIGpaHHOro
o6bekTa. M HakoHeL, YeTBepThIli MOAXOZA NpeAcTaB/isieT cob0i 1cronb3oBaHme
KOMBUHaLIMW YCNOBHbIX 3HAKOB V1 PeaIMCTUYHbIX TPEXMEPHbIX MOAEei 06beKToB.
Kaxapli N0AX0A K peLleHnio Npobiembl COYeTaHUA HarSAHOCTU U 3HAaKOBOCTY
npwv KapTorpaduyeckoii BU3yannsaLmm TpexMepHbIX Mojeneli MecTHoCTU MeeT
CBOVI NpeVMyLLLecTBa 1 HeoCTaTku. Bbibop He06X0A1MMOro NoaxoAa AoMKeH
OCYLLIECTBAATLCA MHAMBUAYaNbHO AN KaXA0ro KOHKPeTHoro ciyyast. He
NCK/II0YAETCS, YTO B HEKOTOPbIX C/TyHasnX AOCTUXKEHWIO ONTUMAabLHOIO pe3ynbTaTta
npu KapTorpapuyeckoit B13yanmnsaLmm TPeEXMepHO MOAENV MECTHOCTY byaeT
CNoco6CcTBOBaTbL KOMBUHMPOBAHHOE VCMO/b30BaHWe HECKOIbKIX MOAX0A0B K
peLLUeHNto MPo6aembl coHeTaHVs HarsAHbIX Moeneli 1 3HaKoBbIX CpeAcTB. B
3aK/IH04EHEe HeOBXOAVMO TakxKe YNOMAHYTb Apyrue, He MeHee BaxHble Npobiembl
KapTorpapuyeckoii BU3yanusaLymm TpexmMepHbIX Mojeneit MeCTHOCTU Ha
nnockocTn. K HUM oTHocsTes: 1) BbI6Op BEPTUKaNbHOro MacliTaba 1 Maclutaba B
nnaHe; 2) reHepanvsauma 06LeKToB Npu BU3yanusauuny; 3) BbI6op NPoeKLmn
BU3yanusauuu; 4) Bbi6op popmbl 061acTv BU3yanmsaumu; 5) BUsyanusaLms
VHTEePaKTUBHbIX 3IeMeHTOB; 6) B 3yanusauus aHuMaLmy; 7) BbI6op v HacTpoiika
VNCTOYHWKOB CBETa NpV B13yanusaumu; 8) paspeLleHue roTosoro M306paxeHus.
Mcnonb3oBaHWe TpexmepHoli rpadukm B kaptorpaduu genaet ee 6onee
a/leKBaTHO OKpy>atoLLeMy Hac MVIpy U CyLLIeCTBEHHO MOBbILLIAET HarNAAHOCTL
KapTorpaduyeckoro npovsseAeHns. MoBbILIAETCA Ka4eCTBO BOCMPUATIS
MHGOPMaLIM O MPOCTPaHCTBE, 06beKTax, MpoLjeccax, KOTOPbIMY OHO
npeAcTaeaeHo. Mpv 3ToM 0coboe MecTo OTBOAMUTCS KapTorpadpuyeckoit
BU3yanvsaumny. B JaHHbI MOMEHT He CyLLLeCTBYeT eMHbIX METOA0N0rNYEeCKNX
OCHOB KapTorpaduyeckoii Br3yannsauum TpexMepHbIX Mojeneri MecTHOCTU.
Mo3ToMy peLueHune nepeuncneHHbIx npobaem B 061acTy KapTorpaduyeckor
BU3yanm3aLum ABNSETCS OAHON 13 MPUOPUTETHbIX 3a4a4 kapTorpaduu. Takum
06pa3oMm, oxpaHa MyHKTOB roCyjapCTBEHHOIA CeTV COCTOWT B MepByto ovepesb B
npodunakTVke ux yTpatbl 1 NoBpexaeHns. CoBepLIEHCTBOBaHME PEXMMOB 30H
rocy/ZlapCTBeHHbIX CeTel JoMKHO 6paThb CBOe Hauano B reouHGOpPMaLMOHHOM
pecypce. 1. bepnsiHT A.M. CBOViCTBa BY3yanv3aLym Kak cnocoba MoAenvpoBaHus
reonsobpaxeHuli // Teopesnsa n kaptorpagus. - 2005. - No 126 .= .a43-52. 2
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A.B. Kaw_ kapesa. - M.: TIC-Accoumaums, 1999. - 204 c. 4. bepnaHT A.M.
BupTyanbHble reovzobpaxkeHust. — M.: HayuHblid myp, 2001. 56 c.: 2 Lg. BKA. 5.
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