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UHTEPAKTUBHOE 3D-ITPUJIOXXEHUE
«BUPTYAJIbHAS JTOJWHA I'EM3EPOB»

AHHOTALUA

B cratee ommcana paspaboTka naTepakTuBHOTO 3D-iprnoxenust «BupryansHas JomHa
reii3epoB» ¢ BO3MOXKHOCTBIO CTepe0-0ToOpaxeHus1. PaccMoTpeHo co3nanue 1nugpoBoi Moze-
I TEPPUTOPUH, HHPOPMAIIMOHHOE HATTOITHEHUE, CPEIICTBA OTOOpaskeH s B ceTi IHTepHeT 1
CHCTEMax «BUPTYAIbHOH peabHOCTI», U MHTEPAKTUBHBIE 3D-IeMOHCTpaIiy B paMKax MpH-
noxenust. [lokazaHo, 9TO COBpeMEHHOE IMTPOrPaMMHOE OOECIIeUeHNE C OTKPBITHIM KOZOM IO~
3BOJISIET BECTU PACIIPEIEIEHHYIO Pa3pabOTKy JOCTYITHBIX PHIOKEHUH «BUPTYaIbHOMN pealb-

HOCTH» JUTSI HAYKH 1 00pa30BaHusI.

KmoueBsbie c1oBa: 3D-10KyMEHT, CTEpEOCKOITMUECKas BU3YyaIU3alts, BUPTyalbHas pe-
AIBbHOCTb, BUPTYAJIbHBIH TYPU3M, 9KOJIOTHYECKOE POCBELIEHHE, COBMEILIEHHE 00pa30BaHUs

Y pa3BJIeUeHus], Heoreorpaus.

OBLIEE OITMCAHUE

JomHa retizepos, pacnojoxxeHHas B Kpo-
HOLIKOM 3a1noBeHrKe Ha KamuaTke, — onHa u3
CaMbIX U3BECTHBIX IPUPOAHBIX JOCTOIIPUMEYA-
TenbHOCTeH Poccnu [1]. DTo enuHCTBEHHOE B
EBpaszuu kpyIlHoe CKOIUIEHHUE FeM3epoB — Ie-
puoanyecku (POHTAHUPYIOIIMX KUTISIIUX HC-
TOYHHMKOB €CTECTBEHHOTI'O ITPOUCXOXkIeHus1. Jlo-
JIMHA reii3epoB OblIa OTKpbITa B 1941 rony uc
TeX IIOP BBI3BIBAET IIOCTOSIHHBIN HHTEPEC yUé-
HBIX U TYPUCTOB.

JonHa reiizepoB pacIosioKeHa B TPy IHO-
JTIOCTYITHOM MECTE PSIIOM C BOCTOYHBIM IT00e-
pexbeM KaMuaTckoro nosyocTpoBa, Ha paccTo-
sHuu 6onee 100 kM oT OmvKaiIIero HacenEH-
HOTrO IMyHKTAa. J{o0paThes Croa MelKoM Herpo-
CTO, OCHOBHBIM TPaHCIIOPTHBIM CPEJICTBOM $IB-
nsiercst Bepronet. Kaxnpiii ron Jonuny reiize-
poB noceitaet Becero okoio 3000 uenoBek.

© AneiinnkoB A.A., BookoB A.E.,
Hposzuun B.A., Epémuenxo E.H.,
Jleonos A.B., Inunenox T.U., 2011

CouetaHue Moy PHOCTH U TPYTHOIOC-
TYITHOCTH 3TOT'0 TPUPOTHOTO OOBEKTA JIENAET
aKTyaJTbHBIM CO3JIaHHE €r0 BUPTYaJIbHON MO-
JICITM ¥ Pa3BUTHE «BUPTYATBHOT'O TYpU3MAay.
Peanucrrunas unrepaktrBHas crepeo-3D-Mo-
JIeJTb TEpPUTOPUH, HACKIIIIEHHAS MH(pOpMAIIU-
el o reiizepax u APyrux IO0CTONPUMEYaTEb-
HOCTSIX, TIO3BOJISIET BUPTYAIBHO «TIOOBIBATHY
B JlonuHe rei3epoB BceM TeM, y KOT'O HET BO3-
MOYHOCTH IIPUHSTH YIaCTHE B pealTbHOMN SKC-
KYPCHH.

BupryanpHast Mosiens TEppUTOPHH, TIPU
YCJIOBHH €€ BBICOKOT'O IIPOCTPAHCTBEHHOTO Pa3-
PpelleHrs ¥ TOYHO reorpaduiecKoi mpuBs3-
KH, MHTEpECHA Takxe U yueéHbIM. Ha e€ ocHOBe
MOJKHO IPEJICTABUTH B €/IMHOM «BHPTYaTbHOM
MTPOCTPAHCTBE» PE3yJIbTAThl PA3IMYHBIX HAYY-
HBIX UCCIICIIOBAHUIA, JTyIIIEe TIOHSTH B3aUMOCBSI-
31 MEX/y HUIMU, HATJISTHO TTOKA3aTh TUHAMHU-
KY pa3BUTHS BO BPEMEHH OT/IEITbHBIX OO BEKTOB
Y TEPPUTOPHH B LIEJTOM.

B 2009 roxy mo uHMIMaTUBE K. (.-M. H.
A.B. JIeoHoBa Ob1T HAUYAT MPOEKT «BUpTyasb-
Has JlonmuHa refizepos» (valleyofgeysers.com),
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LIEJThIO KOTOPOTO SIBIISIETCS CO3/IAHNE BUPTYaITh-
HOU Mojienv J{oHbI rei3epoB AJ1s 3a0a4 KO-
JIOTHYECKOTO IMPOCBEIIEHIS 1 HAYYIHOI BU3ya-
muzanmu [2-4]. Ipoekt Ob1u1 noaaepxan Kpo-
HorkuM 3arnoBeqarkoM, MBuC JIBO PAH, KO
I'CPAH, UTL «Cxaudxce», AHO UDTU n
PODOU (rpantsi 09-07-02100-5_k, 09-07-06042-T,
10-07-00407-a), GeoEye Foundation, MMET
PAH, a taroke IpyruMuy OpraHA3aIysIMA 1 9acT-
HBIMU JIMLIAMH.

W neomormuecku poeKT pa3BUBACT ITOIXO-
TTbI K CTEPEOCKOITUECKOH BU3Y T3l U TTPH-
JIOXKEHUSIM «BUPTYaTTbHOM PeaTbHOCTI, KOTO-
pole c Hadana 1990-x romoB BHeApsch UH-
CTUTYTOM (PU3HKO-TEXHIIECKOU MH(POPMATHKH
(AHO UDTMU, 1. I[TpoTBUHO) 1 Kadeapoii cuc-
TEMHOM MHTErpauuu u MeHemkMenta MOTHU
(CUM MDTH) o pyKOBOJCTBOM 1. ¢.-M. H.,
npo¢. C.B. Kmumenko [5-7].

YYEBHO-METO/UYECKASA
HEHHOCTD ITPOEKTA

Texnomnormyeckye 3a1a41, KOTOPbIE IPUXO-
JTUTCSI PELIAThH B XO/I€ MTPOEKTA, SIBIISIFOTCS TH-
MOBBIMH 151 pa3pabOTKu 000 BUPTYaITbHON
3D-Mmomenu MpupoTHON TEPPUTOPHH. ITO CO-
3MaHNe TUPPOBON MOIEIN TEPPUTOPHH U TOU-
Hasi reorpadryeckast MpuBsI3Ka (TeOTPHUBSI3KA)
9TOM MOJIENH!, pa3BUTHE HH(POPMAIIMOHHOTO
HAIOJIHEHMS], Pa3pabO0TKa CPeICTB OTOOpake-
HUS MOJIENH B ceTu MIHTepHET U B cucTeMax
«BUPTYAIBHOT'O OKPYKEHUSD», pa3pabOTKa UH-
TepakTuBHbIX 3D-neMoHCcTpaImii Ha 0asze Mo-
nemn. [loaromy o6cyxieHune crioco60B BBITTO-
HEHUS IPOEKTA U MOJTyUYEHHBIX PE3YJIbTATOB
MPENICTABIISIET, B TOM YUCIIE, y4eOHO-METO M-
YECKUH UHTEPEC.

HUPPOBASI MOJIEJIb TEPPUTOPUU

B ocHoBe npunoxenus «BuptyansHas lo-
JIMHA TEM3epOB» JISKUT IUPPOBAst MOJIEITh TEP-
PUTOPHH BBICOKOTO Pa3pelieHusi, TOYHO MPU-
BSI3aHHAS K TeOTpapUuecKiM KOOPIUHATAM.
Co3naHvie Takoi MOZIEITN BKJIFOUAET HECKOJIBKO
3TAIOB: CO3AaHue IU(POBOI MoeNH perbeda
(IMP), coznanme TeKCTypbl M MX TPUBS3KA K
reorpaduiecknum KoopauHaTaMm. MoJiemb Tep-
pUTOPUH BBICOKOTO Pa3pelieHus: MOXKET UC-

MOJIb30BATHCS CAMOCTOSTENTBHO JTMOO B COCTa-
BE BUPTYaJILHOT'O IJ100Yyca.

HUPPOBAA MOJIEJ/Ib PEJIBE®A

Ludposas Mmoaens perbeda (LIMP), ona ske
KapTa BBICOT, WJIH, B AHTJIOSI3bIYHON TEPMUHO-
norun, Digital Elevation Model (DEM), — 510
MaTpHIIa 3HAYEHUH BHICOTHI HAJT YPOBHEM MODSI
B y3JIaX PETYISPHOU ceTKU. YeM BBIIIE MPo-
CTPAHCTBEHHOE pa3pelleHue CeTKH (TO eCTh
MEHBIIIe pa3Mep STUCHKHN ) — TEM TOYHEE MOJIEITh
penbeda.

Mg cozganust IMP MoryT ucnonib30BaTh-
Csl pa3HbIe METO/TBI — JITApHAsI ChEMKa (J1azep-
HOE 30HIMPOBAHUE) WM paTapHas ChEMKa
(3oHAMPOBAHME PAUOBOITHAMHI) C KOCMITUECKO-
T'O WJIA BO3/TYIITHOTO JIETATEIILHOTO armapara,
(doTorpamMmmeTpudeckas 00paboTKa CITyTHUKO-
BBIX CHUIMKOB MJTH a9PO()OTOCHUMKOB B OIITH-
YecKOM JHara3oHe, HA3eMHOE JTa3epHOE CKaHU-
pOBaHUeE U 1Ip.

CymectByroT obmenocrymabie LIMP. Ha-
npumep, faHHbie SRTM c pazpererrem 90 m
nokpsiBatoT 80 % Tepputopuu 3emiu. bomnee
HoBble manable ASTER GDEM c pazperenn-
em 30 M TToKpBIBatOT 99 % TeppUTOPHH 3EMITH.
OmHaKo 151 CO3MAHMSI PEaTCTHYHON MOJIEITH
TEPPUTOPHUU, OCOOEHHO CO CIIOKHBIM ITepece-
YEHHBIM petbe(oM, TAaKOTO pa3pelieHUs He-
JIOCTATOYHO.

B BuptyansHo# MOAeny {onnHbI reii3epoB
ucnonb3yetcst LIMP ¢ pazpemenuem 2,5 M, co-
3MaHHAs CTISIATMCTAMI HH)KEHEPHO-TEXHOJIO-
rudeckoro meHTpa «CkaHIKe» 1o CTepeoriape
CITyTHUKOBBIX CHUMKOB CartoSat 2007 roza.
OTa CIyTHUKOBAsI ChéMKa IoKpbIBaet 70 % Tep-
putopun Poccin 1 MOXKeT NCTIOTB30BATHCS IS
cosmanust LIMP Beicokoro pa3perieHns pa3HbIX
palioOHOB.

TEKCTYPA IIOBEPXHOCTH 3EMJIN

IMomumo LIMP, kotopas ipezcrasmnsier gpop-
My penbeda, 1715 CO3JaHUS MOJIENU TEPPUTO-
YU Hy’KHA TAK)KE TEKCTYpa, MPEICTABIISIONIAS
BHEIIIHUN BUJI TEPPUTOPpUM. B KauecTBe TEKCTY-
PBI MOTYT UCIIOJI30BATHCS PEATHHBIE CITy THU-
KOBBIE CHUIMKH WJTH a3pO(POTOCHUMKH JaHHON
TEPPUTOPUU, TUOO MPONU3BOJIBHBIE TEKCTYPBI
TTOBEPXHOCTH 3eMJTH.
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Cy11ecTBYIOT OOIIEIOCTYITHBIE CITy THUKO-
Bble NOKpbITHSL. Hanpumep, nannbie Landsat 7
¢ paspeleHueM 15 M coCcTaBIISIOT OCHOBY TTO-
KpbITus B cepBrcax Google Earth/Maps, Bing,
Yahoo. Jarusie MODIS Terra ¢ pa3perienuemMm
110 250 M obHOBIIsIOTCS Kaxkable 1-2 qus. On-
HAKO JIJIS CO3/TaHUS peaTUCTUYHON MOIEIH
TEPPUTOPHHU paspeliieHus Jaxe 15 M HegocTa-
TOYHO.

B BuptyanbHoii Mmonenu JlonnHb reiizepoB
B KQUECTBE TEKCTYPbI TOBEPXHOCTHU 3€MJTH HIC-
MOJIB3YETCS [IBETHOM CITyTHUKOBBIN CHHUMOK
GeoEye-1 2009 roma ¢ pa3perrearieM 50 ¢, 3a-
KyruteHHbIH pu nopepskke M TL « CkanOke».
DTOT CHUMOK obecrieynBaeT poTopeaucTuy-
HYIO TEKCTYPY MTOBEPXHOCTH 3eMJIH Ha TIIOIIA-
11 okoi1o 300 KB. KM.

ITPUBA3KA
K I'EOTPAOUYECKHUM KOOPIVNHATAM

CHyTHUKOBBIE CHUMKH, ITOCTYIAOLLINE C
KOCMMYECKOT'0 aIllapaTa, UMEFOT ITPUBSI3KY K MU-
POBOI cHCTEME KOOPAUHAT, HO TOYHOCTH 3TOM
MIPUBSI3KM HE IOCTATOYHA /7151 HAYYHOH BU3ya-
nmmzaiyn. B yactHocTu, uts caumka GeoEye-1,
HCMOJIb30BAaHHOTO B IPOEKTE, IITATHAS TOY-
HOCTb IpuBsI3kU cocTapisuia 10-30 M, mpu paz-
pernieHnu camoro canmka 0,5 M. YToObI co3naTh
MO/IEJTb TEPPUTOPUH, IPUTOTHYIO SIS HAYIHON
BU3yaJIN3alluu, TPeOyeTCsl BBIMOIHUTH OoJiee
TOYHYIO [TPUBSI3KY CHUIMKOB — KENTaTelTbHO C TOU-
HOCTBIO ITOPS/IKA PA3PELICHUS CAMUX CHUMKOB.

ITpuBs3Ka a3po- 1 KOCMOCHUMKOB OTHOCHT-
Cs1 K CTAaH/IapTHBIM T'€0/IE3UYECKUM 3a/1a4aM 1
BKJIFOUAET CJIETYIOIIME 3TAIIBbL: CO3IaHHE perep-
HBIX ITYHKTOB (WJTH BBIOOD XapaKTEPHBIX TOUEK)
Ha MECTHOCTH, KOTOPBIE XOPOIIIO eI PYIOT-
Csl Ha CHUMKE, OTIpe/IeTIeHHEe UX KOOPJIUHAT C
BBICOKOI TOYHOCTBIO U TPAaHC(OPMALHsI CHUM-
Ka 10 HAOOPY ONOPHBIX TOYUEK.

[ToneBbie pabOTHI 110 MPUBSZKE CITy THUKO-
Boro cHuMka GeoEye-1 Gbu11 BBIIIOJIHEHBI B
2009 romy. Ucrionp3oBanme mpodeccHoHaIbHO-
ro apyx4yactotHoro GPS-npuémunka u qudde-
PEHLIMATIBHON KOPPEKLIMH 10 TAHHBIM OTIOPHOI
cetu KO I'C PAH no3Boimiy onpeaeinTh Ko-
OpIUHATHI 12-TH OMOPHBIX TOYEK HA MECTHOC-
TH ¢ TOUHOCTBIO nopsizika 10 em. Taxkum oOpa-
30M, CITy THUKOBBII CHUMOK BBICOKOTO paspe-
IeHus1 ObLT TOYHO MTPUBSI3aH K MUPOBOH CHC-
TeMe KOOP/IMHAT.

B pesynbTate mis paitona JloauHbl reize-
POB U MIPUJIETAIONIEH MECTHOCTH TIJIOIIAIBIO
okou1o 300 KB. KM. ObLIa co3maHa nudponas
MOJIeJTb TEPPUTOPHUHN BHICOKOTO pa3pelieHus
(UMP - 2,5 M, Tekctypa — 0,5 M), TOYHO ITpHU-
BsI3aHHAS K MUPOBOW CHUCTEME KOOPJIUHAT
WGS84. Pa3perieHue, TOYHOCTh IPUBSI3KU U
(hoTOpEaATMCTUIHOCTH ITON MOJIENTM TTO3BOJISI-
0T UCTIOIB30BATH €€ KaK JIJIs1 3KOJIOTUIECKOTO
MPOCBEIIEHUS, TAK U JJIsl HAYYHOH BU3yaTH-
3aIHH.

VH®OPMALIIOHHOE
HATTOJIHEHWE MOJIEJIN

Ha tmdposoii Moaenu TeppuTopur MOTYT
OBITh pa3MeIlIeHbl BEKTOPHBIE 3JIEMEHTHI, CUM-
BOJIMZUPYIOIIHE PA3TUIHbIE OOBEKTHI HA MECT-
HOCTH. ITO MOTYT OBITh KaK IPUMHUTHUBBI (TOY-
KU, JINHUH, TTIOJIUTOHBI), TAK U pa3BuThie 3D-
Mozenu 00beKTOB. Kaxkapiif 31eMeHT MOXKeT
OBITH CBSI3aH C HAOOPOM JaHHBIX B MH(POpMA-
IIMOHHOM XpaHumuiie. Yepe3 KOHTEKCTHOE
MEHIO TAKOT0 3JIEMEHTA MOYKHO BBITH Ha CBSI-
3aHHYIO C HUM HH(OPMALHIO.

s BupTyansHoi Moaeny [{onvHbI reize-
OB MH(POPMAIIMOHHOE XPAHWITHIIE peaTn30Ba-
HO B BHJIe 0a3bl JaHHbIX MySQL, noctymHoi
yepe3 MinTepHeT Ha BeO-caiite mpoekTa. B 6aze
JAHHBIX XPAHSTCS TEKCTOBbIE OTUCAHUS U (O-
torpaduu 0obekToB. YacTs nHpOpMaIny (Ha-
npuMep, 00bEMHBIE CTEPEO-BUICOhAIITBI) IS
YCKOPEHUS 3arPy3KU MOXKET XPAHUTHCS TAKXKE
BJIOKQJIbHOH (paifjIoBOI cUCTEME.

BexTopHble npuMuTUBBI U 3D-MozA€enH OT-
JIeNTbHbIX 0O'bEKTOB HA MECTHOCTH, MPYBSI3aH-
HbIE K reorpapuyeckuM KOOpAUHATAM, 33JaHBbI
B KML-daiie monemu. CBS3b MPUMUTHBOB U
3D-monerneit OTaenbHBIX OO BEKTOB C 3aITUCSIMHU
B 06a3e JaHHBIX PeaI30BaHa IOCPEICTBOM I'U-
niepcebutok B KM L-daiine monenu.

®opmat KML no3BossieT 106aBIsTh K reo-
MIPUBSI3aHHBIM IPMMUTHBAM JIFOOBIE [TOJIb30Ba-
TeJILCKHE TeTH, 00paboTKa KOTOPHIX OCYIIIe-
CTBJIsIETCSl IpuioxeHueM. Hanpumep, ter
<video>MOXKeT COMIePKaTh IyTh K BUICO(aii-
JIy B JIOKaJIbHOM (aiinoBoii cucreme. [Tpu BI-
30B€ KOHTEKCTHOT'O MEHIO IPUMUTHBA, COIEP-
JKaIero TAKOM Ter, B MEHIO CO31AETCs KHOTIKA
3aIrycKa BUJIEO.
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Taxum oOpazom, 1 poBast MOZIETh TEPPH-
TOPHUH M Pa3MEIEHHBIE HA HEl BEKTOPHBIE TTPH-
MUTUBBI U 3D-Moem 0O bEKTOB IIPEACTABIIS-
eT co0o¥ cBoeoOpasHbIit «3D-uHTEpdeiic» k
pacnpenenéHHOMY HHPOPMAIIMOHHOMY XpaHH-
mviry. Takast cTpyKTypa TaHHBIX, B3aUMOCBSI-
3aHHBIX ¢ UG poBoi 3D-Mo1eIbI0 00BEKTA,
HazbiBaeTcs 3D-nokymentom [8-10].

Bupryanbnasg monens [onnHbI reii3epon
COJIEPXKUT CIIEAYIOIINE OCHOBHBIE CJIOU J1aH-
HBIX:

1. Toueunsie 06BexTHI (KML-Ter <point>)—
OCHOBHBIE TEPMOITPOSIBIIEHHS (TeH3ephI, TOPSI-
Yre ICTOYHHUKH, TPS3EBbIC M BOJAHBIE KOTJIBI,
TIapOBBIE CTPYH), BOIOTIAIBI U JTP.

2. Jluneitnpie  00bvekThl  (KML-Ter
<linestring>)— peKH, TPOIIbI U JP.

3. Iloguronst (KML-ter <polygon>) —
TepMaJIbHbIE YUACTKH, 03€pa U Ap.

4. Peamuctianbie 3D-Momenu JOMUKOB 1
XO3SIMCTBEHHBIX IIOCTPOEK Ha KOpAOoHeE «lomu-
HAa rei3epoBy», CO3/JAHHBIE C UCTIOIb30BAHIEM
niporpamMHoro obecrreuenust SketchUp.

5. Crepeo-BruieOChbEMKA N3BEPKEHNU S HAU-
00J1ee KPYITHBIX ¥ U3BECTHBIX TeH3ePOB.

OTOBPA’KEHUE MO/JEJIN
B MHTEPHETE N B CUCTEMAX
«BUPTYAJILHOM PEATBHOCTW»

OTOBPA’KEHUE MOJEJ/JIN B UHTEPHETE

®opmatr KML nonaep:xuBaeTcst MHOTUMA
reo-ceprcamu. [Toaromy KML-daiin monenu
MOJKET ObITh KOPPEKTHO OTOOpakEH Ha OOI11Ie-
TOCTYITHBIX «BUPTYATBHBIX TJIO0yCaX» THITA
Google Earth (3a uckimo4ueHneM rmojib30BaTelTb-
CKHX TErOB, KOTOpBIE UTHOpUpYIoTCs). Hampu-
Mep, Ha Beb-caliTe poeKTa MOJIENTb OTOOpaXxKa-
eTcst B OKHe Opay3epa ¢ HCIOIb30BaHUEM IUIa-
ruHa Google Earth.

Hcnonp3oBaHne BO3MOKHOCTEH OTKPBITHIX
r'€0-CEPBUCOB JUIs1 OTOOPAYKEHHSI MOJIEIH CYIIIe-
CTBEHHO YMIPOILIAET 3a/1auy pa3paboTUHKa.
MO0’KHO MOJTB30BATHCS TOTOBBIM CITy THUKOBBIM
MOKPBITUEM U MOJIEIISIMU pefibeda, pa3sMerEH-
HBIMH Ha CEpBEpax reo-cepBuca, a TAKxke 1uc-
MOJIB30BATh TOTOBBIN U MPUBBIYHBIN JIJIS LK~
PPOKOI ITyOJIMKH IOJIb30BATENLCKUI MHTEpGEIiC.
3710 1a€T BO3BMOKHOCTb 00ECTICUNTh TOCTYII K
MOJEIIM MACCOBOM ayIUTOPUMU.

HenocraTkom Takoro criocoba oTobpaxe-
HUSI SIBIISIETCS. HU3KOE Pa3pellieHre MOIENH Tep-
puTOopHH, KOTOpas ucnoibzyercs B Google
Earth (1 npyrux oTKpbIThIX reonopranax). Bue-
JIpEeHME IOJIb30BATENILCKON MOIENH penbeda B
BUpTYaJbHBI 11100yc Google Earth HeBozmMox-
Ho. [Ipyrre HelTocTaTK1 — HEBO3MOKHOCTB OTO-
OpaXkeHUs! B CTEPEO-PEKIME, HEBO3MOKHOCTh
MoKasza 00bEKTOB MO TOBEPXHOCTHIO 3eMJTH,
OrpaHUYCHHBIC BO3MOXKHOCTH pa3pabOTKH HH-
TepaKTUBHBIX IEMOHCTpALIMii Ha 6a3e MoIeNu.
OO0O0¥TH 3T HETOCTATKH B paMKax cepBUca
Google Earth HeBO3MOKHO, TaK KaK UICXOTHBII
KOJT IIPUJTOXKEHHs 3aKpbIT, a API k Hemy numeer
OrpaHMYEHHYIO (DYHKIIMOHATLHOCTb.

Taxum o6pazom, THTepHeT-0TOOpaXkeHne
MOJIEJY TIOCPENICTBOM OTKPBITHIX T€0-CEPBHCOB
MUMEET BAXKHOE MPEUMYILECTBO — MACCOBBII
JIOCTYTI K MOJIEITH, ¥ B TO YK€ BPEMSI PSIIT HEJ0-
CTaTKOB, M3-32 KOTOPBIX CTPAIaeT peaTiCTHY-
HOCTh MOJIEJTH U CHIKAETCSI IOCTYITHAS (PyHK-
IMOHAITBHOCTb.

AJbTepHATUBHBIM BAPUAHTOM SIBIISICTCS
pa3paboTka MIHTepHET-BEpCcHr COOCTBEHHOTO
BUPTYaJIBHOTO I100yca ¢ MOJAEPKKON BCex
HEOOXOMMBIX (DYHKITHIA. ITa 3a]1a4a COnpsiKe-
Ha ¢ pa3MelIeHreM O0JIbIIOro 00bEMa CITy THU-
KOBBIX JIAHHBIX HA COOCTBEHHOM CepBepe, a
TaKKe ¢ pa3paboTKOi COOCTBEHHOT' O MOJIB30-
BaTeIbCKOr0 MHTEpdelica U ero OTaaaKoMi BO
Beex nonyJsipHbIx MHTepHET-Opaysepax.

OTOBPA’KEHUE MOJEJIM B CUCTEMAX
«BUPTYAJIbHOI PEAJIBHOCTW»

Hawubornee momHoe u peammcTiaHOe 0TOOpa-
YKEHHUE MO/IETI BO3MOXKHO Ha CTEPEOCKOITIYEC-
KOH IMPOEKITMOHHOM YCTAaHOBKE (CUCTEME «BHUP-
TyaJIbHOH PeaIbHOCTH») C UCIIOIb30BaHUEM
COOCTBEHHOT'0 BUPTYaAJIBHOTO IJ100yca. DTOT
croco0 He HaKJaJbIBaeT OTPAHMYEHUN Ha
00BEM TAHHBIX U TIO3BOJISIET PEaTN30BATh JTFO-
Oy10 HeOOXOAMMYIO (DYHKIIMOHAIILHOCTb.

B mpoekre «BuptyansHad lonvHa reiize-
POB» MICTIOJTB3YeTCs BUPTYATBbHBIN IIT00YC, pa3-
pabotannbiii A. E. BooxoBbM (gasnee « Bupty-
anpHas 3emis»). [lepemenienne mo moaenu
BO3MOJKHO B PEXKHUME TTOJIETA WU B PEKUME
MIPOTYJIKH, KOT/Ia ITOJIOKEHHE KaMephI 3ahHK-
CHUPOBAHO Ha paccTosiHuM 1,8 MeTpa oT mosep-
XHOCTH 3EMJTH.
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«BuptyansHas 3eMirsh» UMeeT OTKPBITHIN
KOJI, TO9TOMY BO3MOYKHOCTHU PA3BUTHS MOJEIN
OrpaHUYEHbI TOJIBKO BpeMEHEM pa3padboTIrKa.
Benércs mocrostHHas paboTa HaJT ITOBHIIIICHH-
€M peayMcTUUHOCTY Moieny. Hyoke ommcaH psin
(YHKIIMIA, peaTu30BaHHBIX B « BupTyanpHOMI
3emite» 1 YITydIIIeHUs Ka4ecTBa 0ToOpaKe-
HUS U POBOI MOJIEITN TEPPUTOPHUH.

CnpsimiieHHe Y4acTKOB peibeda

Hudposas Mmoaensb penbeda ¢ pa3pereHu-
eM 2,5 M, ucronb30BaHHas B «BupryanbHoii [lo-
JIMHE Tei3epoB», obecnieunBaeT (hoTopeac-
TUYHBINA BUJI TEPPUTOPUH ITPH MOJIOKEHNUH Ka-
Mepbl Ha BbicoTax nmpuMepHo 100 M u BbIe
HaJ TOBEPXHOCTHIO 3eMJIU (PEKUM UMUTALIMU
nosiéta Ha BepTouiéte). [1pu mpubnmxeHuu K
roBepxHocTH 3eMi Hbke 100 M cranoBsITCS
OILyTUMBI BEpTHKAJIbHbIE OLIMOKH HUPPOBOIA
MojIenH penbeda.

Haubomnee cunbHO 3aMETHBI CIeyIOIINE
OLLIMOKU:

1) yyacTku, KOTOpbIe JOTKHBI OBITH TOPU-
30HTaJIbHBIMU (IIOBEPXHOCTH 03€Pa, TUIOMIA/I-
KU O/ 3AaHUSIMU M COOPY/KEHUSIMU, BEPTOJIET-
HBIE IUIOIIAIK! ), UMEIOT OYTPbI MJTH HAKJIOHBI.

2) NPOTSHKEHHBIE YYACTKU, KOTOPBIE TOITK-
HbI IMETh TOPU30HTAIbHBIN ITONIEPEUHbIH ITPO-
¢bub (pexu, HACTUIIbHBIE TPOTIBI), UMEIOT ITO-
NIEPEYHBIN HAKIIOH.

3) NpOTsHKEHHBIE YUACTKHU, KOTOPbIE TOJIK-
Hbl UIMETh MOHOTOHHOE YOBIBAaHUE BBICOTHI
BJIOJIb yUaCTKa (PEKH), UMEIOT «OyTPUCTHII
MIPOJOIBHBIN TPODHITE.

s ycTpaHeHus 3TUX HEeIOCTATKOB MpU
O0TOOpakeHUH MOJIENIN MOKHO MCIIOJIb30BATh
JIOTIOJTHUTENBbHYIO BEKTOPHYIO MH(DOPMALIHIO 13
KML-gaitna.

Hanpumep, u1st TOro 4TOOBI yKa3aTh, UTO
00J1aCTh, 3aJJaHHAS IIOJIMTOHOM, JOJDKHA OBITH
ropuzoHTanbHa (puc. 1), Hy’)KHO 100aBUTH
Ter:

<ExtendedData>
<Data name=“flattened"“>
<value>yes</value>
</Data>
</ExtendedData>

Jli1s TOTO YTOOBI yKa3aTh, UTO IMPOTHKEH-
HbIM Y4YaCTOK, 3aJlaHHBINA JIMHUEH, HOJIKEH

AMETh TOPU3OHTAIBHBIN MONEPEUHBIN MPO-
(bwITh, HY)KHO JOOABUTH TeT:

<ExtendedData>
<Data name=“footpath"“>
<value>1l</value>
</Data>

<Data name=“width"“>
<value>2.0</value>
</Data>
</ExtendedData>

AHaJIOrMYHBIM 00Pa30M MOXKHO TIOCTYTIUTh
B CIyyae peK, KOTOPBIM HYKHO 00eCIIeYnTh
MOHOTOHHOE YOBIBAHHUE BHICOTBI ITPH OTOOPa-
JKEHUH.

JlonoJIHUTEIbHOE
YY4aCTKOB MOBEPXHOCTH

TeKCTypUpOBaHuUe

CnyTHUKOBBIA CHUMOK C pa3pelieHreM
0,5 M, KOTOPBIIA UCIOTBE3YETCS B MOJIENTH, 00eC-
TIeYMBALT (POTOPEATTUCTIHIHBIN BUIT TEPPUTOPUH
IPH MTOJIOKEHUH KaMephl Ha BhicoTax 100 Mmu
0oJtee HaJl TOBEPXHOCTHIO 3eMJIH (PEKUM UMHU-
TaIWH IOJIETa Ha BepToJiere). [ Ipr mosmoskeHnm
KaMephbl OJTrDKe K TTOBEPXHOCTH 3eMITH, 0COOEH-
HO B peXXHUMe IelIei MPOoTryJKh, TEKCTypa Ha-
YUHAET «PACIUTBIBATHCS» U PEaTUCTUYHOCTD
OIMKHETO MJIaHAa CYIIECTBEHHO CHIKAETCS.

Hawubornee cuitbHO 3TOT 3¢h¢eKT 3aMeTeH Ha
MMOBEPXHOCTHU 03€Pa, a TAKXKE BIOJIb HACTUIIb-
HBIX TpoIl. {7151 yy4ilieHus kauectBa oToopa-
KEHHSI MOKHO 100aBUTh JOTOJHUTEIBHYIO
TEKCTYPY Ha MTOBEPXHOCTh 03€Pa, B TOM YHCIIE
AHNMHUPOBAHHYIO («BOJIHBD), & TAKXKE TEKCTY-
pYpOBaHHYIO 3D-MOMIEITh IepeBSIHHOM HACTHITh-
HOH TPOIIBI C MEPUIIAMHU U CMOTPOBBIMHU IIJI0-
[aTKAMH.

Puc. 1. CripsimiteHre ITOBEPXHOCTH 03epa
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I[oﬁalmeﬂne BEKTOPHBIX Mojaesei pacTu-
TEJIbHOCTH

Emié€ onuu croco® noBeIlIeHNs peain3zMa
MO/IEITH TEPPUTOPHUH ITPH OTOOPAKEHHIH — J10-
OaBIieHNe BEKTOPHBIX MOJIeJIEN paCcTUTETbHOC-
TH (IepeBbs, KyCTapHUK, TpaBa). MOKHO pa3-
MelIaTh MHAUBUAYAIbHBIE MOETH PACTEHUI
10 33 JTAaHHBIM KOOPIMHATAM, JIOO CITy4aiiHbIM
00pa3oM «HACETSITh» 33JaHHYIO 00JIaCTh MOJTU-
(uxapsMu 0a30BO MOZENN PACTEHHS.

Hanpumep, 15 Toro 4to6s1 3a1aTh 0071aCTh,
HACEIEHHYIO JIEPEBBSIMU, HY)KHO T00ABUTH TeT:

<ExtendedData>
<Data name="“tree“>
<value>yes</value>
</Data>
</ExtendedData>

Jdo6aBienne aHUMHPOBAHHBIX BEKTOP-
HBIX MojieJiell KUBOTHBIX

B BUpTYyasbHyO MOETH TEPPUTOPHH MO-
TYT OBITH TOOABJIEHBI HE TONBKO CTATUYHBIC BEK-
TOPHBIE MOJICTH PACTUTEIIBHOCTH, HO M AaHMMH-
POBaHHbBIC BEKTOPHBIE MOJICIIH )KUBOTHBIX. Ha-
IPUMeED, JUTSI YCUIIEHHUS SMOITMOHATILHOM BOB-
JICYEHHOCTH TOJIH30BATEIIS PSIIIOM C IKCKYPCH-
OHHOM TPOITO¥ ObLITa pa3MellicHa aHUMUPOBaH-
Hasl MOJIENTb MEJIBE/Isl, CO3/TaHHAas CPEICTBAMU
Autodesk 3ds Max (puc. 2).

MHTEPAKTHUBHBIE JTEMOHCTPALIMU
HA BA3E MOJIEJIN

B cucreMax «BUPTyaIbHOU peaibHOCTU
HaunboJIIee y100HO IPEICTABIATh HHOOPMAITUIO

Puc. 2. AHUMHUpOBaHHASI MOJIENb Me/IBE IS

MOJIB30BATEINIO B )OpME NUHTEPAKTUBHOM Je-
MOHCTPAINH, WIX NTHTEPAKTUBHON UCTOPUU
[11-13].

Ha ocnoBe umgpoBoii Moenu Tepputopun
Y CBSI3aHHOM ¢ Hel MH(POPMAIIMOHHOM CHCTe-
MBI BO3MOXHA pa3paboTKa pa3IN4HbIX HHTE-
PaKTUBHBIX 1eMOHCTpaluil. Huxe onucansl
TPH TAKUX JEMOHCTPALUH, PEATU30BAHHBIC B
Hacrosiuee BpeMs: «CelicMuueckasi akTHB-
HOCTB», «] [prHIMIIHATIbHAS CXEMA Te0TepMAaITb-
HO CUCTeMBD», « AHUMAIIUs paOOTHI reifzepar.

Bce neMoHcTpanuu cogepkar 3J1eMEeHTHI,
PacCIOJIOKEHHBIE 1O/ TOBEPXHOCTHIO 3EMIIH.
ITonp30BaTeTh MOKET MEHATH TPO3PAYHOCTh
ITOBEPXHOCTU 3€MJIN B MHTECPAKTHUBHOM PEXKU-
Me, ¥ TAKMM 00Pa30M peryIpoBaTh BUAMMOCTb
MOJI3EMHBIX JJIEMEHTOB.

CelicMu4yeckass aKTHUBHOCTh

HemoHcTpanus ceicMuyecKoi aKTUBHOC-
THU TIOATOTOBJIeHA 1O JaHHbIM KamuaTckoro ¢u-
mana I'eopmsmdeckoii ciayx0s1 PAH (pe3yis-
TaThI UCCIICAOBAHUS MUKPOCEMCMUYECKOM aK-
TUBHOCTH B paifone JlomuHs reizepos B 2008—
2009 rr). McxonHble JaHHBIE M KOHCYJIBTAIINN
IO VX BU3YAJIM3AIUH [TPEIOCTABIICHBI YUEHBIM
cexkperapém KO I'C PAH, k. ¢.-m. 1. FO.A. Ky-
raeHko [14]. JlemoHCTpalusi HOATOTOBJIEHA B
paMKax IMIIOMHOM paboTwl cryaenTa MOTU
(I'Y) . E. benocoxosa [15].

JeMoHcTpar1usi oKa3bIBaeT CEHCMUYECKIe
COOBITHSI, 3aPETHCTPUPOBAHHBIE B paiioHe Jlo-
nuHbI reizepoBs B 2008 1 2009 rogax. Kaxmoe
coOBITHE N300 paKEeHO B BUJIE IAPUKA, IICHTP
KOTOPOTO pa3MeIIEH B TOUKE C KOOpAMHATAMU
COOBITHS (IONTOTA, IIUPOTA, TITyOrHA), a Ara-
METp IPSMO MPOIOPIIMOHATIEH SHEPTETHYECKO-
MY KJIACCY COOBITHUSI.

JomoTHUTETbHO peain30BaHa BO3MOXK-
HOCTb COCAMHEHMS KaXKI0T0 COOBITHS BEPTH-
KaJIbHOM JINHUEH C TOBEPXHOCTBIO 3EMJIU AJ15
BU3YaIM3aL1H SMTULEHTPA COOBITHS, a TAKKE
BO3MOJKHOCTh BKITIOUEHHSI TIOJIITHACEH K COOBI-
TUAM ¢ 0003HAYEHHEM IHEPTETUUYECKOTrO
KJ1acca.

JleMoHCTpa1wist HarJIsTHO MOKa3bIBAET [ITy-
OMHHOE pacIpeesieHIe «o0IaKa» celcMmaec-
KHX COOBITHIA 1 €T0 CBSI3b C HA3EMHBIMU T'€0JIO-
TMYECKUMU CTPYKTypami (puc. 3).
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IIpunmunuansHas cxemMa reoTepMalib-
HOHM CHCTEMbI

[MpuHnnmuaapHas cxeMa reoTepMaIbHON
CUCTEMBI M aHUMAIHs pabOThI Tei3epa MoAro-
ToBJEeHbI 0 3aKka3zy PI'Y «KpoHoukuii 3amno-
BEJIHUK» Ha OCHOBE KOHCYJIbTAIINN BeAyIIIe-
0 HAYYHOTO COTpyAHMKA MHCTUTYyTA By/IKa-
HoJytoruu u ceiicmonoruu JJBO PAH, k. T. H.
B.A. Ipo3nuHa.

Cxema NoKasbIBaeT MPUHIUITHAILHOE CTPO-
€HHUE TeoTepMaIbHON CUCTEMBI M HATJISTHO
00BSICHSIET, OTKY/Ia TTOCTYIIAET BO/IA B 00JIACTh
pasrpysKu, 1 oyemy 3ta Bojia ropsiyasi (puc. 4).

Cxema reoTepMajibHON CUCTEMBI COCTOUT
U3 TPeX 3JIEMEHTOB:

1) MarMaTHYECKHif ovar U ropsure ra3ul
(prrrommpl), mOCTyMArOIIHE OT OYara K moBepx-
HOCTH;

2) 001aCTh IUTAHKUS U IOKIb HAJl Held, KaK
HATJISTHBIN TIPUMEP METEOPHBIX BOJ;

3) IMHUU TOKA, ITOKA3BIBAIOLIHNE CBI3b MEXK-
Tty 001aCThIO IUTAHUS ¥ 0OJIACTHIO PA3TPy3KH.

MarmaTHdecKuii ouar rmoxkasaH B BUJIE 3J1-
ymmnconna. O01acTh MUTAHUS ITOKA3aHA B BUJIE
OKpallleHHO 00JIaCTH Ha TTIOBEPXHOCTH, OT'pa-
HUYEHHOM M30JIMHUEN 3aTaHHON BBICOTHI U Y-
oM OKPYXHOCTH 33/TAHHOTO pajuyca C IeHT-
pOM TocepeMHe 00JIaCTH pa3rpy3ku. Buau-
MOCTB 00JIACTH MUTAHUS U YPOBEHb M30JTUHUH
MHTEPAKTUBHO 33J1A0TCS TIOJIH30BATENIEM.

JIuHyn TOKa MOKa3aHbl B BUE CIy4aifHOTO
Habopa mapaboJ1, KOTOPhIE UIYT MO ITOBEPX-
HOCTBIO 3eMJIH OT O0JIACTH ITUTAHMSI 10 00J1ac-
TH pasrpys3ku. LlBet mapabo MeHsieTcs OT cH-
HETO K KPaCHOMY, CHMBOJIM3HUPYSI HATPEBAHE

Puc. 3. «O06maKko» ceficMIUEeCKUX COOBITHIA

BOJIBI B IpoIiecce IBIKeHMsI. Hampasienue
HATIOPHOM (DHITBTPALIK BOJIBI ITOKA3AHO JIBFKE-
HYEM HEeOOJTBIIIX ITIAPHUKOB BIOJb JIMHUH.
DrouIbl, JOXKIb U IIAPUKHU BIOJIb JIMHUI
TOKa PeajI30BaHbI C TOMOIIIBIO CHCTEM YaCTHII.

AHumanusi padoThl reiizepa

AHUMaI¥s ToKa3bIBaeT yCTPOMCTRO refi3e-
pau ctajuu ero paboThI (HATIOJTHEHHE KaHasa,
W3JINB, U3BEPIKEHME U TTapeHue) (puc. 5).

AHUMAIIUS COCTOUT U3 JIBYX 3JIEMEHTOB:

1) moa3eMHast YacTh (KaHaJ rei3epa);

2) HaJ13eMHas 4acThb (M3BEpIKEeHUE U Imape-
HUE).

Kanan reiizepa peann3oBaH Kak MOJeb
KOHYCa, UCKPUBJIEHHAS CITy4YaifHbIM 00pa3oM.
K kanany npumMensieTcs meiaep, KOTopblid, B
3aBHUCUMOCTH OT CTaJ1H pabOoThI reif3epa, mo-
Ka3bIBAET ITOJIOKEHUE XOJIOAHOU U ropsiue
BOJIbI B KaHAJIE.

Puc. 4. IlpuHiunmanbHast cxema
reoTepMaIbHOM CUCTEMBI

Puc. 5. Anumarius paboThbI refizepa
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Bona 1 map, u3Bepraemsle rei3epom, a TaK-
Ke ITy3bIpU ITPY KUIIEHUH B KaHAaJIE reii3epa pe-
aJIM30BaHbI C IOMOMLIBIO chcTeM yacTull. Cuc-
TEMBI YACTHL] BOJIBI, ITApa U ITy3bIPEH, a TAKKE
TOJIO’KEHHE BOJIbI B KAHAJIE COTTIACOBAHHBI MEX-
Tty COOOH.

3AK/IIIOYEHUE

B craTee nokazaHo, Kak COBPEMEHHBIH ITPO-
TPAMMHBIN HHCTPYMEHTAPHIA C OTKPBITHIM KO-
JIOM MOJKET UCITOJIB30BATHCS IS CO3AAHUS J10-
CTYITHBIX MIPUJIOKEHUH «BUPTYATIbHOM peatb-
HOCTH» B c(hepe 00pa3oBaHuUs 1 IKOJIOTHYIEC-

JlutepaTypa

KOT'0 IpocBelleHns. PaciipenenéHnas, TucTas-
IIMOHHAS pabO0Ta HaJl TPOTPAMMHBIM KOJIOM U
MH(POPMAITMOHHBIM HATIOJTHEHUEM TTO3BOJISET
y4acTBOBATH B PA3BUTHH ITPOEKTA SHTY3HACTAM
13 Pa3HBIX TOPOIOB M opranm3aimii. Ctepeo-
CKOITIYECKHE MOHUTOPBI Ha JOMAIITHAX KOMITh-
[0Tepax — IeNo OmmKaiiiero Oyayiero, i Hau-
6oee 3(h(heKTHBHBIM KOHTEHTOM TSI HUX OY-
YT UHTEpaKTUBHBIE 3 D-1puitokeHus c BO3-
MOJKHOCTBIO CTEPEO-0TOOPAKEHHSI.

ABTODBI BBIpaKatoT OJIaroJapHOCTb BCEM
y4acTHHMKaM IIpoekTa «BuptyanpHas [{onrHa
reisepoB» (www.valleyofgeysers.com).
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Abstract

This paper describes a development of an interactive 3D-applications «Virtual Valley of
Geysers» with the stereo display option. Development of a digital model of the territory and
the content are described, as well as visualization tools for the Internet and «virtual reality»
systems, and interactive 3D-demos included in the application. It is shown that modern open
source software allows a distributed development of the «virtual reality» applications for science
and education.

Keywords: 3D-document, Stereoscopic Visualization, Virtual Reality, Virtual Tourism,
Ecological Education, Edutainment, Neogeography.
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