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CPABHUTEJIBHBIN AHAJIN3 TPAOUYECKOTO ITPEICTABJIEHUSA
3D MOJIEJIEM 110 JAHHBIM MATHUTOTEJLUTYPUUYECKOI'O 30HJIVMPOBAHUA

IIpencrasnena Hoast mporpamma (TAR3D) TpexmepHoil BU3yanu3aluu JaHHbIX, co3naaHHas B cpeae MATLAB. Ha npu-
Mepe pe3yJIbTaTOB ABYMEPHOTO MOISJIUPOBAHUS JaHHBIX MATHUTOTEJLUTYPUYECKUX 30HAMpoBaHuii KupoBorpaackoro
PYIHOTO paifoHa moKa3aHbl BO3MOXHOCTH MporpamMMbl. ITpoBeneHo conocTaBieHUe ¢ U3BECTHBIMU B MUPE IMOAOOHBIMU

TporpaMMaMH.

KiroueBbie cjioBa: reonH(GOPMalOHHbIE TEXHOJIOTMY, MATHUTOTEJITypUYECKIE 30HAMPpOoBaHusI, KnupoBorpanckuii py-

HBII paioH.

BBenenne. B HacTosIiee BpeMsl MpakTUYECKA HU
OJIHA TeoJIOTO-Teo(h3ndecKas 3a1ada He pelaeTcs 6e3
WCIIOJIb30BAHUST TOM MM MHOW TeOMH(MOPMAITMOHHOM
texHosorun. CyIIEeCTBEHHBIM IPOTPecC B Pa3BUTUM
MMPOTPAaMMHOTO O0ECIIeYeHUsI CBSI3aH C BHEAPEHUEM
reorpacdudecknx MHbopmarmoHHex cuctem (I'MC).
[TocneagHue paboTalOT ¢ KOOPAMHATHO-NIPUBI3aHHbI-
MM 00BEKTaMU U MMO3BOJISIIOT PEeAIM30BBIBATH TOTIOJIO-
TMYECKOE ITOKPHITUE MPU MOCTPOCHUM Pa3IMIHOTO
THIIa KapT. TOMOJIOrMIeckKoe MOKPHITHE TPEaCTaBIIsI-
€TCs B BUJIE HaJIOXEHUsI OMHOTO Ha JIPYroe HEeCKOJIb-
KAX pa3WYHBIX II0 TeMaTuKe KapTorpaduyueckmx
00BEKTOB — MYHKTHI HAOIIOACHWI 1 3HAYeHUS (hU3M-
YeCcKOTo TmapamMeTpa B HUX, M30JIMHUU 3HAUYEHUI pa3-
HBIX T€0JIOTO-Te0(PU3NIECKUX TTapaMeTpOB U JIp.

[Tpu TOCTpOCHNY KOMILIEKCHO# Te0JI0TO-Teohu-
3UYECKOM MOJAEIM HeOOXOAMMO COBMEIATh KapThl C
pa3IMYHBIMU TaHHBIMU. PelieHne Bcex 3TUX BOIIPO-
coB 1 noporoBusHa 1mogooHex [MC, pazpaboTaHHBIX
B PA3JIMYHBIX OPTaHM3ALUIX, TIPUBEJIO COTPYIHUKOB
otnesa TekroHocdepbl MHcTUTYTa reodusuku (MT'D)
HAH YxpanHBI K CO3MaHUIO0 COOCTBEHHOM aBTOMATH -
3upoBaHHOU TeomHdopmamonHoit cuctemsl (I'MC
TAPUT). TUC TAPUI mmpoko ucmnoib30Bajach Ha
pPa3HBIX 3Taltax BBITOJHEHUSI HACTOSIIEH paboTH M
OOBIYHO TIPUMEHSIETCS HE TOJBKO K I'e03JIeKTpuye-
CKHM, HO U K APYIMM reo(U3UYECKUM JaHHBIM
[3, 5-9]. Ilpomecc mcnoas3oBanust TMC TAPUT
WLTIOCTpUpPYET OJI0K-cxeMa (puc. 1).

B ocnoBy noctpoenuss [MC TAPUI monoxeHs
cleaylonme TpUHIUITHATbHBIE TPeOOBAHMS:

a) MHCIIOJIb30BaHME B KavyeCTBE BXOMHOU MHMOpMa-
MY PACTPOBBIX M BEKTOPHBIX M300pakeHN I KapT,
pe3yIbTaTOB HAOMIOMEeHN I Te0DU3NIECKIX TTOJIeH
n dakrorpaduecKux AaHHBIX PAa3HOTO THIIA,
MPUBSI3aHHBIX K TTPOCTPAHCTBEHHBIM 00BEKTaM;

06) coBMecTHasI 00pabOTKa pa3HBIX HAYaIbHBIX MaTe-
pUajoB HE3aBMCHMO OT TEXHOJIOTUM WX BBEIE-
HUS;

B) MHTErpaius MpoCTPAaHCTBEHHBIX M (hakTorpadu-
YeCcKUX MAHHBIX B OMHO# TreomMH(MOpPMaIIMOHHON
000JI0UKE;
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r) OObeIMHEHWE W WHTErpalusl JAHHBIX, TOJTyYeH-
HBIX Pa3HBIMU CIIOCOO0aAMU, U UX OTOOpaXeHue B
Pa3IMYHBIX KapTOTpaUIECKUX TTPOEKITUSIX.
Emmnoit ynuBepcanpHoilt [ MC-cTpyKTypHI HE Cy-

IIECTBYET, MO3TOMY Yallle BCETO OHA OMpPENEJSIETCS

3aKa3YMKaM¥W WIM B 3aBUCUMOCTU OT MOCTABJICHHOM

esu opMuUpyeTcs B CBOOOIHOM (hopMe Herocpe-

CTBEHHO ucnosHuTeNsIMU. K HacTosemy BpeMeHU B

otnenie TekToHochepsl UT® HAH YkpawHbl co3na-

Hbl OCHOBHBIE 3JIEMEHTBI ATPUOYTMBHBIX JAHHBIX

I'NC-crpykrypsl (puc. 1), Takme Kak 06a3za MaHHBIX

pEe3yJbTaTOB HAOMIOAEHUI MarHUTOTEJLUTYPHAYECKOTO

(MT) mouist, mporpaMMmbl o6paboTku Bapmauuit MT

TOJISI, TPOTrpaMMBbl MOAEIMPOBAHUS U BU3YaIU3aLAU.

HaxkoruieHo 3HaYNTEeNbHOE KOJMYECTBO PACTPOBBIX U

BEKTOPHBIX JaHHBIX, KOTOPbIE BKJIOYAIOT B Ce0s pa3-

HOOOpa3Hyo KapTorpadguieckyio 1 TaOyJIMpOBaHHYIO

re0JIOro-reou3nyecKy0 MHGOPMAILNIO TSI TEPPH-

TOpUI YKpaWHBI U APYTUX CTPAH.

ITocTaHoBKa 3amayd  CO3JaHUSA  MPOTrPaAMMBbI
TAR3D. B mociennue roabl B pa3anyHbBIX 00JIaCTIX
3HAHWI CTaJay MOMYJIIPHBIMU TTocTpoeHus 3D Mone-
JIeil, KOTOpbIe OOBIYHO HE BBIXOAST 3a paMKu (op-
ManbHOU 3D Bu3yanuzamuu pe3yabTaToB OMHO- M
JBYMEPHOTO MOAEIUpOoBaHUsA. Yalle BCEro sTo CBS-
3aHO C HEIOCTATOYHBIM M HEPABHOMEPHBIM IOKPHI-
TUEM M3MEPEHUSIMHU MU3Y4aeMOU TEPpPUTOPUU, IS
KoTtopoii 3D-MoxennpoBaHue TTOKa e1le IpexXaeBpe-
MEHHO.

Jns1 TeppuTOpUK YKPauHBI TPEXMEPHOE MO~
poBanue B UT'® HAH YkpauHbl BEITIOJHSIETCS B MO-
CTaHOBKE pelleHus TpsMolt 3amaum Oojee 15 jer
T.K. bypaxosuu nu C.H. Kymukom [1, 2], a ¢ wuc-
MOJb30BAaHNEM WHBEPCUM MAarHUTOBApUALMOHHBIX
IAHHBIX B IMOCTaHOBKe TOHKOTO ciaosa — W.M. Jlor-
BuHOBBIM, B.H. TapacoBesiMm m C. KoBaumkoBoii
[3,5,8, 9].

B pa6otax [1, 2] u npyrux, UCIOIB3YIOIMMNX TOT
K€ MOIXO0J, peajibHas cpeja anmpoKCUMUPYETCS Ha-
TPOMOXIEHUEM HECYIIECTBYIOIIMX B MPUPOIE KPYM-
HBIX MPSIMOYTOJBHBIX OJTOKOB C TOM WA WHOM IMpo-
BOIMMOCTBIO. TeM He MeHee TTOJyYeHHBIE PE3YJIbTaThI
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Puc. 1. CtpyktypHOo-byHKIMoHanbHas cxema ['MC TAPUTI

HE CJIENYeT CUMTaThb OTPUIIATECIbHBIMU, OHU YKa3bl-
BAIOT JIMIITh HA BO3MOXKHOCTb METO/IA C MO3UIINY TaH-
Horo moaxoxa. O TOYHOCTHM TOCTPOCHUS pe3ysIbTa-
TUBHBIX MOJEJIE pedyb Maxe HE MIET, MOCKOIBbKY
WCIIOJIB3YETCS 3JIEMEHT (POPMaIM30BAaHHOTO TTOIXO-
na. ITogoOpaTh ameKkBaTHYI0O MOMIEIBHYIO Cpemy IS
TPEXMEPHBIX CTPYKTYP OOCTATOYHO CJIOXHO W €IBa
JI1 BO3MOXHO. JIto60€e ynpollieHrue MpuBOAUT K He-
OrpaHUYEHHOMY YHCITy CYOBEKTUBHBIX PelICHU (He-
OIHO3HAYHOCTh O0paTHOI 3amaun). B pesynbraTe Mo-
IeIW TI0 OMHOMY W TOMY X€ PEruoHy Yy pa3HBbIX
aBTOPOB, KaK MpaBwio, panmmyaiorcd. [loaTomy ne-
JIaTh KaKWe-JIM0O BBIBOABI 0€3 MPUBJICUCHUS WHOM
reosjoro-reou3nyeckoil mHGpOpMaIM HE COBCEM
KoppekTHO. HecMoTpst Ha 3HaYMTEIBLHBI 00bEM Ma-
TeMaTUYECKMX BBIYMCIIEHUH, pe3yJIbTaT MOAEIUPOBa-
HUST MOXET OKa3aThCsl MOJIE3EH JIMIIb [JIT KaueCTBEH-
HBIX PaCCYXICHUM.

ITocKONbKy re03JeKTpUYECKMe METOMbl HarpaB-
JICHBI Ha BBISIBJIEHWE aHOMAJIMI 3JIEKTPOIIPOBOIHO-
CTH, C 9TOM YaCThIO 3aJa4M paCCMOTPEHHBIN BUI MO-
JIeJUPOBaHMS, TIO-BUAUMOMY, cIipaBisieTcs. OmHaKo
X TIPOCTPAHCTBEHHOE paclpeneieHre OCTaeTCs He-
MOHSATHBIM M 1O KOHIIAa He M3ydeHHBIM. OCHOBHBIE
MpoOJeMbl 3aKJIIOYaIOTCSI B TOM, YTO B MOMOOHBIE
MOJEeN 3aKJIaAbIBalOTCS TOJIBKO M3BECTHBIE aHOMa-
JINU TIPOBOIMMOCTH U HaJ 0JIOKaMU MOIEN 4acTo He
CYIIECTBYET 3KCIIEPUMEHTAIBHBIX MaHHbIX. Cryie-
HHME CeTH HaOJIIoNeHNI B coueTaHuu ¢ perneHuemM 3D
o0OpaTHBIX 3amay IO3BOJUT B OyaylIieM HECKOJIBKO
BBITPaBUTH YKa3aHHbBIE HEIOCTaTKU, HO OKOHYATEJb-
HO HE pa3pelmT MpoOIeMBbl.

B HacTtosiee Bpemst cpenctsa 3D Busyanmzanum
3HAYUTEJIPHO OTIEPEXAIOT KaK M3MEPUTEIbHBIC, TAK 1
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BBIYUCIIUTEIbHBIE TTOAXOABI B T€OJIEKTPUKE, OCHOB-
HBIMM HEJOCTaTKaMM KOTOPBHIX OyAyT Bcerma ocTa-
BaTbcd: 1) TycToTa ceTW HAONIOACHMIA; 2) M30BITOK
MIPOMBIIUICHHBIX TTOMEX U .

SIBHBIM nunepom B cepe 'MC-TexHOMOTHIT SIB-
JIsieTes TporpaMMHBIi makeT ArcGIS (www.esri.com)
B €r0 pa3IMYHbIX MOIM(PUKAIMIX, Ha JOJII0 KOTOPO-
ro mpuxoauTcs mopsinka 80 % monb3oBateneii. Bme-
CTe C TeM Jaxke o0JlagaHue 3TUM IIPOrPaMMHBIM TIPO-
IYKTOM HE O3HavaeT, 4YTO ITOCTaBJIEHHas IIeJib, K
npumepy oobeMHas Budyanuzauusg MT maHHBIX, MO-
XeT OBITh pelreHa camocrtosTeabHo. [laker ArcGIS
MPEICTaBIISIET COO0 KOMMEPUYECKYIO IIPOrpaMMy, 10-
CTaTOYHO TPOMO3AKYI0O M HEMPOCTYI0 B OCBOEHUU.
ITpm ucnonp3zoBanum nakera ArcGIS B GonbIIMHCTBE
clTydyaeB MMEET CMBICH MIPUBJIEYeHUE K paboTe opra-
HU3aLMi, CIeUaaIu3uPYIOIIMXCS Ha TPUMEHEHU N 1
pa3paboTKe KOHEUYHBIX ITPOIYKTOB ISl TaHHOTO TIPO-
rpamMHoro obecnieuenus [10. B wactHocTy, mpencra-
puteseM (pupmbl “Esri” B YkpanHe, BHIIOTHSIIOIIAM
I'MC-pabotsl, sBisiercst komnanuss ECOMM.

CienyeT OTMETHTb, YTO TaKW€ MOIIHBIE TPO-
rpaMMHBIe TlakeTsl, Kak ArcGIS, opmeHTHpOBaHBI
Tpeskae BCero Ha paboTy ¢ KapTorpadhMIeCKMMM JaH-
HBIMU ¥ ONITMMM3UPOBAHBI CKOpee ISl reorpaduye-
CKOTO, a He I Te0(U3NIECKOTro MpuMeHeHus. Bos-
MOXHOCTHM aHaju3a, o0pabOTKM M BU3yaau3aluu
JaHHBIX 0 cTpoeHUM 3emin B mmaketre ArcGIS ouenn
OrpaHWYeHbl. YIO0OHOE TMpHMEHEHMe TakeTa K Teo-
¢usngeckuM 3agayaM TpeOyeT CO3maHMs JOCTaTOYHO
TPOMO3JIKUX U CIOXHBIX ITOMOJHUTEIbHBIX CIIeIra-
JIM3UPOBAHHBIX KOMIUIEKCOB WM K€ IMPUMEHEHUS
TaKUX KOMMEpPUYECKMX IOoToiHeHui, Kak Entervol,
EVS, MVS kommanum C-Tech. [lomoaHUTEIbHBIE
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(brHAHCOBBIE 3aTPAThI 1 OTCYTCTBHE OPEN-SOUrce BO3-
MOXHOCTENM HE CHOCOOCTBYIOT MOMYJISPHOCTU MPU-
MeHeHus maHHoro ITO B Hay9HO-MCCIe10BaTEIbCKUX
MPOEKTax.

B mccnemoBarensckoit pabore 'MC-miporpam-
MBI OOBIYHO BBITTOJHSIIOT BCIIOMOTATE€IbHYIO POJIb.
OCHOBHBIMU TpPEOOBAHUSIMMU, BBIABUTAEMBIMU K
moboit mporpammuoil 'MC-npomykumn, ocTaroT-
csI: TIPOCTOTa OOpalleHusl, UHTYUTUBHO TTOHSTHBIN
nHTep(deiic, BpeMeHHbIE 3aTpaThl, KAYECTBO U TOY-
HOCTb TTOCTPOEHUIA.

AJBTEpHATUBHBIM BBIXOIOM M3 CIIOXWBIIEHCS
CUTYallMd MOXET OBbITb TPpUMEHEeHWE HEOOIBIINX T10
00BbeMy MpOorpaMM C OTpaHMYEHHBIM M B TO Xe Bpe-
Ms1 moctaTouHbIM HabopoMm ¢dynkumit (SURFER,
VOXLER, Maplnfo u nip.). bonbsimmHCTBO nccieno-
BaTeJIE TakK U MOCTYIIAOT.

CxomHble pe3yJbTaThl MOXHO ITOJIy4aTh U B Cpe-
ne MATLAB, xoropas u3ydaeTrcsl TpaKTUIECKH BO
BCEX By3ax W HE MCITBITHIBAECT AeduIMTa B Clielma-
smcTax. OTKPBITOCTh MMPOTrPaMMHOTO KO/Ia 3HAYUTEb-
HO pacIIvpsieT BHA KOHEYHOTO MPOAYKTa — MUHU-
MajJbHBIE  3aTpaThl  BpPEeMEHM B  IIpollecce
MMPOrpaMMUPOBAHMSI, CAMOCTOSITEIbHBII BHIOOD pelire-
HUII, OOMEH peUIeHUSIMU, XOPOIIO pa3paboTaHHBII
cnpaBouyHbIli MaTepuai. MATLAB BeicTynaeT Takxke
B KauyeCTBE CBSA3YIOIIETO 3BeHA MEXOY TaKMMU ITa-
mamu npuMeHeHuss M C-cucrtem: mMomenmpoBaHue,
BU3yanm3alnsi, IpUMEeHEHNEe CTaTUCTUYECKOro aHa-
JIM3a U TIpovue BbIYMciaeHus. PaznmnmyHbie KoMOMHaA-
MY TI0 YIIOMSTHYTBIM IIpOrpaMMaM TPeI0CTaBISIOT
KOJIOCCAJIbHBIE BO3MOXHOCTH IJISI T€0JIOTO-Te0n3u-
YECKUX UCCIIEIOBAHUMA.

Cosznmanue mporpaMMBbl TPeXMEpPHOI BU3yaim3a-
I TaHHBIX MCCIEAOBAHUN MOJXKHO OBLIO PEIIUTH
cleayloye 3a1a9y: BISIBUTh Ha TUTONIAAM TTePCTIeK-
TUBHBIE [JI NAJbHEWIIIMX WMCCIEAOBAHUI YYaCTKH,
MTHOBEHHO ITOJIyYUTh TOPU30HTAIBHBIE M BEPTUKAJb-
HbIe KOOPIMHATHI XapaKTEPHBIX TOUEK Ha MHTEPECYIO-
1IeM O0BEKTe M, C YIETOM M3JIOKEHHOTO, 0ojiee 000-
CHOBAaHHO 3aJIOXWTh HOBBIE MYHKTHI M3MEPEHUI.
Takas mporpamma (u mHTepdeiic) OblIa co3maHa B
otaenae TekroHochepnt MI® HAH VYkpaunsl
(TAR3D) B cpene MATLAB.

Anpo6amus nporpammel TAR3D. O6neM maHHBIX
MT-ucciaenoBanuii B YKpanHe yxe ceiyac mo3BoJs-
€T UCIOJIb30BaTh pe3ynbraThl 1D- u 2D-Momenupo-
BaHMI 1151 TIOJYYeHMST HATJSITHOTO TIPEIACTaBIICHUS
Te03JIeKTPUIYECKNX MmapamMeTpoB B 3D mpocTtpaHcTBe.
DTOT MpueM, Kak yxXe yKas3blBaJoch, — (DOpMaan3o-
BaHHBII MU HM B KOEeM CiIydyae He 3aMeHseT OoJiee
CJIOXXHBIN BapraHT cOOCTBeHHO 3D-MomennpoBaHus.
Tem He MeHee oObeMHass MOIENb MTO3BOJISIET OTepa-
TUBHO C Pa3JIMYHBIX CTOPOH OIEHUTH IMOJIydeHHBIE B
pe3yjbTare o0paboOTKM MHTEPHNpPETALMOHHbIE ITapa-
MeTpbl MT noJis, a TakKe Te03JIEKTPUIECKOe CTpOoe-
HUe paiioHa 1o pedynbraTaM 1D- 1 2D-monenmposa-
HUA.
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PaccmoTrpum mpumeHeHue mporpammbl TAR3D
Ha MpUMepe €€ UCIIOJIb30BaHUS TTPH MIOCTPOESHUH T'€0-
aJIeKTpuIecKoit Moaenn KupoBorpaackoro pymHOTO
paitona (KPP) Ykpaunckoro muTa.

ITo pesympraTamM HUPPOBOI 00paOOTKM TaHHBIX
MT-ucciaenoBaHuii, TO3BOJMBIIEH MOJIYYUTh MarHU-
TOTEJUTypUUYECKNEe ¥ MarHUTOBapMAIllMOHHBIE WHTEP-
MpeTalMOHHBIC TTapaMeTPhl B IIMPOKOM AMara3oHe
nepuonoB oT 1 mo 10000 ¢, OpTO BBRIMONMHEHO 2D-
MOJEJIMPOBaHNE C IPUMEHEHNEM PEIIeHUI 00paTHO
3agaun Ha ocHoBe anroputMa REBOCC [10]. Bo-
ceMb Tpodmiieit MOIEeIUPOBaHMST ObUTM OPUEHTUPO-
BaHbI B MEPUIMOHAIHLHOM M IIIMPOTHOM HaIlpaBJIeHU-
SIX C JOCTaTOYHO pPaBHOMEPHBIM TIOKPHITUEM
HCCIIeayeMoit tiomanu (puc. 2).

Ha puc. 3, a mokazana 3D momenr KPP mng
n3omopepxHocteit 10 m 40 OM-M, TToJlydeHHas ¢ TI0-
Mortbio mporpaMmel TAR3D, Ha puc. 3, 6 — B ipo-
rpamme  VOXLER  (www.goldensoftware.com).
B mepBoM ciydae ¢ TOMOIIbIO rpachMIeCcKOro MoJIb30-
BaTedabckoro wuHTepdeiica (GUI) mnpuoxenus
MATLAB ObplT HanmcaHBI IBE TIpOrpaMMEI (puc. 4).
OpmHa U3 TpoTrpaMM CUMTHIBAET PE3YyIbTaTUBHBIE MO-
NeJIbHBIC TaHHBIEC TIOCIEIOBATEILHO 110 BCeM Mpothu-
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Puc. 2. CxeMa pacrojioxXeHusl Npoduieil IByMEpHOro Mome-
JIMPOBAHMSI HA TEKTOHUYECKOM Kapte [4] ¢ ynpoweHusimu: [ —
JuHuu npoduneit; 2 — lonoBaHeBckasi LIOBHasi 30Ha; 3 —
maccuBbl rpaHutounoB (I — KopcyHb-HoBomupropoackuit
yToH, Il — HoBoykpanHckuit MaccuB)
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lg(p)=10 Om-Mm

1g(p)=40 Om-M

=10 Om-Mm

lg(p)

=40 OM-M

lg(p)

Puc. 3. Conocrasienue 3D mopeneit B nporpammax MATLAB (a) u VOXLER (6). Jlorapudm yaeabHOro 31eKTPUYECKOro

conpotuBieHus lg(p) anst usonosepxHocreid 10 u 40 OM M

l
£

Puc. 4. Untepdeiic nporpammbl TAR3D st co3naHusi 0ObeMHBIX T'€03JIEKTPUYECKMX MOJeIeid U BapuaHThl MOCTPOCHUI
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JISIM, 3aTeM BHU3YAIM3UPYET UX B M3OJMHMSIX BMECTE
¢ TTyHKTaMM HaOJIONEeHWI M OKOHYATEeIbHO (hOpMU-
pyeT mat-daiin B TpexmepHoM ¢opmarte (TepeMeH-
Hble: X — goarota, Y — mmpota, Z — miyouHa, Ro —
conpoTuBieHne). OMHOBPEMEHHO cO3IaeTcs txt-aiin
¢ 4 xonmonkaMu maHHBIX (X, Y, Z, Ro) nis manmbHE-
mrero mpumeHennst B mporpamme VOXLER wmm ap.
TpexmepHas matpuiia Ro dopmMupyeTcs: AByMsl CITO-
cobamm (masiee XKUPHBIM IIPHUGTOM YKa3aHbI UCITOJIb-
gyemblie pyHkumun MATLAB):

a) TyTeM MHOTOKPATHOM ITOCIOMHO# MHTEPITOJISIIIAMN
[X, Y] = meshgrid(...), Ro = griddata(...) c 3ame-
HOW B TI0CKOCTH (Z) TpexmepHoit NaN (Heunc-
JIOBOM) MaTPHUIIHI;

0) TpuUMeHsIeTCS OXHOKpAaTHAsl WHTEPIOJSIIUS 10
BceM cunoaM  (Z,): [X, Y, Z] = meshgrid(...),
Ro = griddata3(...).

[TepBBIii CrTOCOO MPEAITOYTUTESIEH, MOCKOIBKY
CTPOUTCS BU3YaJIbHO 0OJiee eCTeCTBEHHas Tiiamkasi
M30TOBEPXHOCTh. bbljla TojydeHa MaTpuiia pa3me-
poMm: 44x29x30, X — 0+165 xm; Y — 0-255km; Z —
pa3HbIe TIYOWHBI (KM), TIO TaHHBIM ABYMEPHOTO MO-
IeIUpoBaHMS (TIPOrpaMMHO TIPEIYCMOTPEH IMOCTO-
STHHBIN 11aT MHTEPIOJIInKu). [opu3oHTaIbHas sTUeii-
Ka: 6x6 KM, KpailHue stueiiku: 3x3 KM (C y4eToM
pa3Mepa IIoIIAan).

Bropast mporpamma B MATLAB npegHaszHaueHa
1T OOBEMHBIX TOCTPOCHUN B BUIE W3OITOBEPXHO-
CcTel, cpe3oB, OJIOKOB, KapKaCHbIX M300paXeHWI,
KOMOWHMPOBAaHHBIX BAPUAHTOB B METPUUECKOM 1 Tpa-
OyCHBIX emuHuIax. 1 mepeKphIBalOIIMXCSI O0beK-
TOB MPUMEHSETCA MPO3pavyHOCTh. [Ipu mocTpoeHnm
osokoB ucnonb3yoTcsa ¢yHkiuu MATLAB slice(...)
u contourslice(...). OMTHOBpeMEHHO CTPOSITCST 6 TUTOC-
KX OOBEKTOB (3aJIMTHIE IIBETOM KOHTYpPHBIE rpadu-
KU, TI0 XXeJJaHUIO0 — C U30JIMHUSIMU), 3aaHHbIE MHTEP-
BajiaMu 1Jis1 KoopauHat X, Y, Z. HeT HeobxoguMoCTu
B BBIBOJZIE TI0 OMTHOMY KOHTYPHOMY TpadrKy Ha III0C-
KOCTb, TOIOOHO TpUBOIMMBIM B puMepax MATLAB
wm VOXLER, 4ro cyliecTBeHHO 3aMeJIsSIeT X0/ T10-
cTpoeHnit. MI3MeHeHWe 3HauyeHWil KOOpAWHAT IIpHU
BKJIIOUeHHOM (pyHKIIMM hold on mpuBOAMT K TTOCTPO-
eHUIo ciemyloliero Oioka u T. 1. IlpemycMorpeHo
yaajeHue HeylgauyHO MoAoOpaHHBIX OJIOKOB. Takum
00pa3oM, JOCTATOYHO OBICTPO KOHCTPYMPYETCS MO-
JeJib JTI000H cJIoXHOCTA. UHTepaKTUBHO MOXHO OT-
KJTI0YaTh HeHYXHBIe T1ockocTu. [lo 3amaHHBIM yITO-
MSTHYTBIM BBIIIIE MHTEpBajaM KOOPAWHAT C TIOMOIIBIO
¢yukmmit patch(isosurface(...)) cTposTcs M30ITOBEPX-
HocTHu. B mutockocTsix cedeHuit, o0pa3yeMbIX MHTEP-
BaJlaMM KoopawHat XYZ, ¢ ToMouibio (QYHKIIWH
patch(isocaps(...)) He3aMKHyTas1 N30IMMOBEPXHOCTD 3a-
KPBIBA€TCSI KOHTYPHBIM CJIOEM, aOpHC KOTOPOTO TIPO-
xomut 1o cpesy uzonoBepxHoctn (B VOXLER rtakoit
BO3MOXHOCTH HeT) (puc. 5).

CpaBHeHHe MPOrpaMM TPEXMEPHO BH3YaTM3AIH.
CpaBHeHUE MojeJieil, MOCTPOCHHBIX C ITOMOIIBIO
MATLAB 1 VOXLER, HecMOTpsI Ha HaJlM4Me CXOM-
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HBIX YYaCTKOB, BBISIBISIET HEKOTOPBIE pa3InMdus
(cMm. puc. 3). B cpene MATLAB mopmenb nMeeT 60JTb-
1I10€ KOJMYECTBO MEIKUX U CPETHUX OOBEKTOB, TIPO-
rpamma VOXLER ux mompocTy ynajiseT win IpoouT
Ha 4JacTu. Takume pa3numyusi BO3HUKIM BCIIEICTBUE
6onee ngpooHoit mutepmonsauun B VOXLER. Tem nHe
MeHee KpyITHBIe 00BeKTH ¢cTh Kak B MATLAB, Tak
n B VOXLER. “O0tecpiBanne” OOBEKTOB B
VOXLER ¢ moMomIsi0 yIpoILIeHHOTO METoIa MHTEP-
MOJISIIIAM, WCIIOJIb3YyeMOro 10 YMOJYaHUIO, MOXKET
OBITh KaK ITOJIE3HBIM IPUEMOM, TaK W OTpUIIATE]b-
HBIM, TTOCKOJIbKY MOXHO YTPaTUTh W IEHHYIO WH-
¢opmarimio, ecirm 0OBEKT pacrioaraeTcsl Ha Kpaio Win
MPOBeIeHA HEAOCTATOYHAS JeTaTN3alIMsI.

TpynHo paccMoTpeTb OCOOEHHOCTM CTPOEHMUS
00BEKTOB B OTHOM M300pakeHMHU, MMOCKOJIbKY YacTh
00BEKTOB B IBYMEPHOM TUTaHe cimBaeTcs. BosHukaeT
oIMO0YHOE MPENCTaBICHNE O pa3Mepax U MPOCTpaH-
CTBEHHOM pasMelieHnu. [loaToMy TpexMepHbIe MO-
JeJ, OMyOJIMKOBAHHBIE B Pa3HBIX M3MaHUIX, YaCTO
BITOJTHE OOOCHOBAaHHO TMOIBEpraloT Kputuke. Boc-
MMOJIb30BaThCSI TAaKOW BU3YaJIbHOW MOIEIbIO IS
MPaKTUYECKUX 1ejieli Helb3s1. PacctaHOBKa MapKepoB
C yKa3zaHWeM KOOpAMHAT U MapaMeTpOB HE yJIydIlaeT
cutyaumio. TeM He MeHee cosmatenu 3D momeneit
WMEIOT SIBHOE MPEUMYIIECTBO, MOCKOJIBKY Y HUX HE
BO3HUMKAaeT 3aTpyaHeHUU TocTpouTh 3D m3obpaxke-
HUEe B JI000M ceuennm (pmc. 5). g mampHeiIIero
MMPUMEHEHUs] TIPUTOMAHBI TOJIBKO IMOCTPOCHUS, TIpOe-
MpyeMbIe Ha TBYMEPHYIO TJIOCKOCTb.

B nporpamme VOXLER odeHs Jierko cozmaBaTh
MOJEN PA3TUYHOM CIIOXHOCTU, OTHAKO B HEW HET
CTIeIMAJILHOTO MHCTPYMEHTA, TTO3BOJISTIOIIETO MHTEP-
AKTUBHO Ha OOBEKTE IOJIydaTb KOOpAWHATH X, Y, Z.
[IpocToe BpallleHMEe He KOMIIEHCHPYET YyKa3aHHBII
HemoctaToK. CleayeT TakKe OTMETUTh, YTO MCITOJIb-
30BaHUE 10 YMOJYAHUIO CETKM (pa3pelleHusT) U Me-
TOAa WHTEPIIOJSIINN OOYCIOBINBAET HEKOPPEKTHOE
OTOOpaxXeHne 00bEMHOM MOJENIH, UYTO Cpa3y Xe Mpu-
BOJIWT K HAPYIICHUIO OOIICTIPUHSITHIX ITPaBUJI MOJIE-
JIMPOBaHUSI.

PaccMOTprM OCHOBHBIE HEZOCTATKU TTPOTPaMMBbI
VOXLER npu ee mprMeHEHUH B T'€0JIOTO-Te0n3u-
yeckoil mpaktuke. MHTepdeiic mporpaMMbl HE MO-
3BOJISIET OBICTPO M3MEHUTH KOOPAMHATHI TUTAHILIETA 1
1Iar MmpeacTaBAeHUs] WHTEPIPETAIIMOHHBIX JaHHBIX.
Henb3s Mpon3BoJIbHO 3a1aTh OUMMPOBKY M30JUHUM,
TaK KakK 3TO MPOUCXOIUT aBToMaTtudecku. M3ommHnm
HE MMEIOT MOITINCe, 1 1O CyTH paciumdpoBKa Ipe-
CTaBJIsIET CO0Oi yragbIBaHUE.

[TombITKa TOCTPOUTH MOJIEb B BHIE MHOTOYMC-
JICHHBIX TPSIMOYTOJILHBIX OJIOKOB C KOHTYPHOM rpa-
¢uxkoii, mogobHO co3maBaembiM B cpene MATLAB
(cMm. puc. 4), BBIIBUJIA 3HAYMUTEIbHBIC BpPEeMEHHBIC
3aTpaThl ¥ MOMEHTAJIBHBIN OTKa3 OT MOJOOHBIX MEHCT-
Buii. [lo3TOMy MpUIIIOCH OCTAaHOBHUTHCS Ha IIO-
CTPOECHUU OJHOrO TMPSIMOYTrOJbHOIro 0jloKa. YKazaH-
HOE CBUIETEJIBCTBYET CKOpee O JIOOMTETbCKUX
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12 xm

Puc. 5.

M3onosepxHoctu p

BO3MOXKHOCTSX IPOrpaMMbl, HexXeau mnpodeccuo-
HanbHBIX. Hammume Tompko cobctBeHHoro 3D dop-
Mara (T. €. COXpaHeHHe B BuIe (aiiyia ¢ peaKuM pac-
LIMPEHUEM) HE IAaeT BO3MOXHOCTU IlepedpachiBaTh
KOHEYHBI PUCYHOK B JAPYIHUe IIPOrpaMMbl, KOTOPbIE
MOIJIM OBl CYLIECTBEHHO YJYYLIUTh M300paxkeHue.
[ToaToMy OKOHUYATeIbHAsI TOBOAKA M300paxkeHUs pe-
3yJILTATUBHOM MOJIEN [IJisl ONyOJIMKOBAaHUS BBITOJI-
HSeTCd, KaK MpaBWiio, B apyrux pemakropax (PSP,
CorelDraw u np.) (puc. 6).

B ocrasbHOM Xe pa3dpabOTYMKOB IPOTPaMMBbI
VOXLER crneagyeT omeHMTh IO TJOCTOMHCTBY. IIpo-
LIECC M3rOTOBJECHUS M300paXkeHU MO0 MMEIOIINMCS
JaHHBIM He 3aHMMaeT MHoOro BpeMeHu. I[Iporpamma
KOMIIaKTHa, MHOIOBapMaHTHa, IIPOCTa B OOpalleHUH,
[oJie3Ha IpM CO3JaHMM Ipe3eHTalMil, TaK KaK J1aeT

64

36 km

42 xm

= 40 OM'M Ha pa3jMYHbIX YPOBHSX cpe3a Mo IJyOuHe

BO3MOXHOCTh JIETKO CO37aBaTh BUAEOMAIIbI, 4TO
MO3BOJISIET B peaJIbHOM BPEMEHU PACCMOTPETh 00BEK-
THI C Pa3INYHBIX 03U, OCTaeTCsl HEIMMOHSITHBIM,
mouyemMy pazpabotunku VOXLER He moxenanu co3-
JIaTh €€ MOJTHOLIEHHO npodeccroHanbHOM. st aT0-
ro TIPaKTUYEeCKd MHOTOE€ CIeJIaHO, HEOOXOIUMBI
JIVIIb HE3HAUYMTEJbHBIC MTOTIOTHEHMS, N3JI0OKEHHbBIS
BBIIIIE.

B nacTosee Bpemst mporpamma TAR3D ucnosb-
3yeT BapMaHT IOCTPOEHUN MO JAHHBIM, pa3MellleH-
HBIM 110 B3aMMHO TTePIEHAUKYJISIPHBIM TTPODUIISIM, 1
HE MOXET NMPUMEHUTH JaHHBIE, PACITOJOXEHHBIE T10
JIMHUSM, TIPOM3BOJbHO OPMEHTHMPOBAHHBIM B TIPO-
CcTpaHcTBe. B ciyyae HE0OXOTUMOCTH HECTOXHO BHE-
CTH OTIOJIHEHMS B TIEPBYIO YaCcTh IIPOTPaMMBbl, KOTO-
past popmupyet nanasie B 3D ¢popmare. Bropas yacts
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10 Om'M (6). Bupg ¢ roro-ocroka

MpoTrpaMMBbI (BBIBOA TpachuKM) OCTaHETCs 0e3 m3Me-

HEHU.

BoiBoapl. CyllieCTBEHHOE TPEMMYIIECTBO ITPO-
rpaMmmbl TAR3D — crporoe cobmiomeHue emnmHOI
CXeMBI TIOCTPOCHUSI TpEeXMEPHOU Moaenu. I opu3oH-
TaJdbHBIM MaciuTad BHIOMpPAETCS C YYETOM pacrloJjio-
XKE€HUSI MYHKTOB HAOMIOACHUI Ha UCCIEAYEMOW TJI0-
manu (mar He MeHee 1/5 cpemHero paccTosTHUS
MeXIy ITyHKTaMu ). BeIOOp BepTUKaIbHOTO MaciiTada
JIOJKeH YYUTHIBAThH Te ke TpeboBaHwms. [Ipu Hecob-
JIIONEHUM 3TUX MPaBWI, a TaKKe MPOIOPIUA 00BEeK-
THl OyIyT BCErga MMETb B JIMHEHHO BBITSHYTHIX.
1. Bunx moctpoennsix B TAR3D n VOXLER Ttpex-

MEPHBIX MOIeJIell pa3numyaercsl, TakK KakK B

VOXLER meTom m 1Iar MHTEePIOJSIAMN BIIH-

TBI” B TIPOTPaMMy M HE MOAIAIOTCS KOPPEKIINMN.

PacxoxmeHue B IPOCTPaHCTBEHHOM pa3pelie HU1

aBTOMATUYECKM TIpEAITojiaraeT BHU3yaJdbHOE He-

cxonctBo. [ToaToMy He3HAYMTETbHBIE NU3MEHEHUST

B MCXOMHBIX JAaHHBIX AaXe MO0 OTHOMY MPOGhWITIO

MOTYT PE€3KO M3MEHSITh BUI OOBEMHBIX M300pa-

XKEHUM.

2. B TAR3D no cpaBuenuio ¢ VOXLER nocturaert-
cs mydiiee moctpoeHne 3D momeneii. OqHako 1o-
JIy4eHHBIE PEe3YJbTaThl CIeOyeT MCII0JIb30BaTh C
0c000# OCTOPOXXKHOCTBIO, TTOCKOJBbKY OHU Xapak-
TepU3YIOT JIMIIb TpeariojaraeMble U3MEHEHUS B
npoctpaHcTBe. [ToaToMy K moctpoenuo 3D mo-
JeJiel ciemyeT MOAXOAUTh KOMIUIeKCcHo. Kea-
TEJIbHO MCITOJIb30BaHNE MaHHBIX APYTMX METOMOB
C MHOM pAacCTaHOBKOW ITyYHKTOB HAOIIOACHWIA.
B mpomecce meTaibHBIX MCCIEAOBAHUI 3TO II0-
3BOJIsIET Oosiee OOOCHOBAHHO 3aJI0KUTh HOBBIE
IyHKTHI M3MEPEHM.

3. IIporpamma VOXLER mmMmeeT cyliecTBeHHBIE He-
JMOCTaTKU, YTO TIPETISITCTBYET €€ MIPUMEHEHUIO JUTST

© B.H. Tapacos, U.M. Jloesunos, JI.A. Jlumeunos
ISSN 1684-2189 TEOIH®OPMATHKA, 2013, Ne 3 (47)

netanbHol 3D BU3yanm3anum HayIHBIX JaHHBIX.
Ee xopo11o mcnoyib30BaTh Il YCKOPEHHOTO CO-
3MaHUs TIPE3EHTAIINI, XOTS U B 3TOM CJydae Kpu-
TUYECKUX 3aMeYaHuil He N30eXKaTh.

ITpm mocTpoerun 3D Moneseir MpUMeHSIIOTCS 00-
1€ MaTeMaTUIeCKHUe 1 ITpOTpaMMHBIE PEIIEHMS,
IO3TOMY C TTOMOIIBIO MPOTPAMMHOTO KOMTILIEKCa
TAR3D aBropam ynanoch pelmThb ITOCTAaBJICeHHYIO
3anauy. KosuiekTuBaMm, KOTOpble HE UCMOJIb3YIOT
B cBoel pabore MATLAB, nyst co3nanus moHo-
nenHoir 'MC pexomeHmyeTcs HCITOJIb30BaHUE
nporpammHoro maketa ARCGIS. On dynkmumo-
HAJIbHO MMEEeT MaKCUMAaJIbHO IIMPOKNE BO3MOXK-
HOCTU OTHOCUTEIBHO MCITOJb3YEMBIX ITPOEKIINIA,
CHCTEM KOOpAWHAT, MPUMEHEHUS CITyTHUKOBBIX
JaHHBIX, KOMOMHUPOBAaHHBIX MHOTOMEPHBIX TTO-
crpoeHuit u np. IlpaBma, He cilemyeT OXUIATh
syuirero pedyiabrata oT ARCGIS mpm moctpoe-
Hun 3D Momeneil, KOTOPHIi B 3HAYMUTEIBHON CTe-
MEeHW 3aBUCUT OT MCXOOHBIX JAHHBIX W BBHIOOpA
CETKHU IMOCTPOEHMH (pa3perieHmsT).
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MOPIBHAJIBHUM AHAJI3 T'PA®IYHOI'O 30BPAXKEHHSA 3D MOJIEJIEW

3A JAHUMH MATHITOTEJTYPUYHOI'O 30HAYBAHHA

Hageneno HoBy nporpamy (TAR3D) tpuBuMipHOi Bi3yanizailii naHux, 1o ctBopeHa B cepenosuiili MATLAB. Ha
MPUKJIIai pe3yJbTaTiB IBOBUMipHOTO MOJEIIOBAHHS JAaHUX MAarHIiTOTelypUUHUX 30HIYBaHb KipoBorpaachkoro pyaHo-
ro paiioHy MoKa3aHO MOXJIMBOCTI porpaMu. [Iporpamy 3ictaBiaeHo 3 BiTOMMMU Y CBiTi MOAiIOHUMU MporpamMamMu.

KirouoBi ciioBa: reoiHdopMalliliHi TeXHOJIOTi1, MarHiTOTelypyUYHe 30HIyBaHHs, KipoBorpanchbkuii pyJHUiA paiioH.

V.N. Tarasov, I.M. Logvinov, D.A. Litvinov

A COMPARATIVE ANALYSIS OF GRAPHIC PRESENTATION
OF 3D MODELS BASED ON MAGNETOTELLURIC SOUNDING DATA

66

A new program (TAR3D) three-dimensional data visualization, created by environment MATLAB is presented. On the
example of the two-dimensional data modeling of magnetotelluric sounding in Kirovograd ore area, the authors show the
potential opportunities of the program. A comparative analysis of the existing programs has been made.

Keywords: GIS technology, magnetotelluric sounding, Kirovograd ore district.
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