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CUCTEMA (BAPHAHTLI) U CITIOCOBb (BAPUAHTBI) MOJAEJITHPOBAHUA
TPEXMEPHBIX I'EOJIOI'HYHECKHUX CTPYKTYP

O06aacTh TEXHHKH, K KOTOPOH OTHOCHTCSI H300peTeHne

Hacrosimee n3oOpeTeHue, B LIEIOM, OTHOCUTCS K MOJENHPOBAHUIO TpexMepHbIX (3D)
re0JIOrMYeCKUX CTPYKTYp. bonee KOHKpeTHO, Hactosee N300peTeHHe OTHOCHTCS K CHOCOOy
UHTErpaluy  AJi1  MAaKCUMAQJIbHOM  HHTEPHOJSILIMM  HENPEPBIBHOCTH MPU  TPEXMEPHOM

reoJIOTU4C€CKOM MOACINMPOBAHNH.

YpoBeHb TeXHUKH

TpanuLIMOHHO TeOCTATHCTUYECKOE NPOTrpaMMHOE OOECIeYeHHEe ONHChIBAET MOJETb
NPOCTPAHCTBEHHOIO HW3MEHEHHUS TeOJOTMYeCKHMX CBOWCTB (Hampumep, TOPUCTOCTH |
NPOHULIAEMOCTH), HCHOJB3Yys MOJAETh BapUOTPAMMBI, KOTOpash KOJIUYECTBEHHO OMNpeAessieT
CpenHee 3HaUEHHE OXHMAAEMON H3MEHYMBOCTH KakK (PYHKLHUIO PACCTOSHUS W HarpaslieHHs. B
pe3epByapax, re€ TeOJIOTUYECKHE XAPAKTEPUCTUKH SIBJISIFOTCSI MOJIHOCTBIO HETPEPBIBHBIMH U
JIETKO KOPPETHPYIOTCS OT CKBAXKHHBI K CKBAXXHHE, OUana3oH (Macmral) xoppemsinuu Oyner
OompLINM, a B pe3epByapax, IAe TeOJIOTHUECKHE XAPAKTEPUCTUKH OBICTPO M3MEHSIOTCS Ha
KOPOTKHX PacCTOSIHUAX, AUANa3oH (WM MacuITad) KOppensuuu OyeT MEHbIINM.

B onpeneneHHbIX TIeOJOrMYECKHX Cpefax [uana3oH KOpPPesIUU MOXKET ObITh
HE3aBUCUMBIM OT HAlpaBJIeHUs. JTO sBJIEHHE OYEHb PACIPOCTPAHEHO B OCAJOYHBIX CpENax,
O0COOEHHO B Te€X, IZi€ NMEPBUYHBIM MEXaHU3MOM IIEPEHOCA BO BpPEMsI OTJIOKEHMS OCAXKICHUN
SIBJISIETCSL BETeP WJIM BOJA, KOTOpBIE MPUBOIAT B PE3yJIbTaTe K CHJIbHO KaHAJIU3MPOBAHHBIM
CTPYKTypam, TaKMM KaK JIeJIbTOBbIE KaHAJbl, PEYHbIE OTJIOKEHHs, MyTHOCTH U T.M. DTH CPeIbl
OOBIYHO  NIEMOHCTPUPYIOT 3HAYHUTEJBbHYIO CTEeHb HM3MEHEHUS KOPPEeJSLUH  MEXIY
HATPaBJIEHUSIMH BJIOJIb OCH KaHAJIAa M MEPIIEHAUKYJIIPHO OCH KaHana. [ [pUHIMIBI TpaguiHOHHON
re0CTaTUCTUYECKON MPAKTUKH, BBEIEHHBIE B OOJBIIUHCTBO KOMMEPUYECKUX MHCTPYMEHTOB IS
r€0JIOTHYECKOTO MOACITHUPOBAHMS, B HACTOSIIIEE BPEMsl JOCTYITHOTO Ha PhIHKE, TPEOYIOT BBIOOpA
€IMHOTO HAIPABIIEHHSI MAKCHMAJIBHON HEMPEPBIBHOCTH, KOTOPAsl SIBJISIETCS CPEIHUM 3HAYCHHUEM
Ui Bcel 00J1acTH, IOBEPTaeMOU UCCIIETOBAHUIO.

TpanuumoHHble  CIIOCOBI  MOJENUPOBAHHUS  pe3epByapa Uil TPEACTaBICHUS
I€OJIOTUYECKUX CTPYKTYP C CIIOKHBIMU T'€OMETPHUECKUMH KOH(QUIYPaLMsAMH, TAKUMH Kak
JENbTOBbIE KAHAJbI, PEYHbIE OTJOXEHHUS, MYTHOCTH U CJAHLEBbIE CKJIAAKH, HCIIONb3YIOT
YIPOLIEHHYIO JIBYXTOYEUHYIO CTaTHCTUKY. JIBYXTOUEYHAsh KOPPENsALUs MOAEITHPYETCs uepes

OlpesesieHue BapUOrpaMMbl, KOTOpas AENaeT ONMCAHUE BBIIIEYNOMSHYTBIX CTPYKTYp KpaiiHe
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CJIOKHBIM, €CJIM H€ HEBO3MOKHBIM. OHUM U3 NMPEUMYLIECTB ABYXTOUEYHBIX I'€OCTaTUYECKUX
croco0oB sBisieTCST UX CKOpocTh. OOUH M3 CHOCOOOB HCIONIB3YET, HANPUMEpP, METOAUKY Ha
ocHOBe ¢uibTpa Pyphe, KOTOpasi OMUCHIBACTCS B CTaTbhe aBTOpoB Maucec, et. al. “Streamline-
based History Matching and Uncertainty: Markov-Chain Monte Carlo Study of an Offshore
Turbidite Oil Field”, u cmocobeH co3maBaTh HOBYIO peaM3ALMI0 TOJS TMPOHULAEMOCTH C
GOJBIINMH KOTHUEeCTBAMH mepeMeHHbIX (~10°) B TeueHHe HECKONBKMX CEKyHZ. XOTS 5TOT
cnocob Oonee 3¢ eKkTHBEH, YeM TPaIULIMOHHBIE U3BECTHBIE AITOPUTMBI, TAKHE KaK Pa3IOKEHHE
XoNenKoro, OH HETIPUTOZleH I MHTErPaluy B MOTOKH ONEepalui 1J1s1 AMHAMUYECKOW HHBEPCUH
¥ aBTOMaTU3UPOBAHHOTO COTJIACOBAHMS UCTOPHI Mojenel pe3epByapoB, B YaCTHOCTH, U3-3a €ro
3aBUCHUMOCTH OT HUCIOJIb30BaHUs OINpeeeHHs] BAPUOTPaMMBL

B nmocnennee pecatunerwe ObulM  cHenaHbl NEPCHEKTHBHbIE mard B (Qopme
MHorotoueyHoi reocratuctuku (MPS). Texnomoruss MPS wucnonb3yer Koppensiuuud MeXIy
MHOTOYHCJICHHBIMA MECTOMOJIOXKEHUSMH OTHOBPEMEHHO, UYTOOBI BOCIIPOM3BECTH 3aBUCHUMOCTD
MeKay oO0beMOM H OucClepcHeldl H  pealn3oBaThb MOJENH, KOTOpPble OOYCIIaBIUBAKOTCS
JIOKaJbHBIMH TaHHBIMH BbIOOpOK. Ilpumepnl Texnomorun MPS copmepskaT KOmpl, Takue Kak
SNESIM u S-GeMS. [Ilocnennuii, Hampumep, Ha3Ha4daeTcs JIOKAJbHOW ONTHUMH3ALUU
[apaMeTpoB, BOBJIEUEHHBIX B MOJAEIH HAa OCHOBE BapHOrPAMMBI, YTOOBI Y4YE€CTb JIOKAJbHbIE
CTPYKTYpHBIE XapakTEepUCTHUKU JaHHbIX. TexHomorusi MPS, opnako, Bce xe obOnanaer
HEIOCTAaTKaMH, TAKUMHU KakK, HAIPUMEp: a) 3aBUCUMOCTb OT ATAJIOHHOTO M300pa)KeHUs WM OT
Ha0opa 3TaJOHHBIX JaHHBIX; U b) oueHb OonblIMe BpeMeHa BBIMMCICHUN Ui CO3/1aHUs HOBOM
re€0JIOrMYECKOH MOAEIH/peaTn3alu.

CoBcem HenmaBHO, kommanusi Landmark Graphics paspaborana TEXHOJIOTHIO
TPEXMEPHOrO0 OOBEMHOrO MOJEIUPOBAHUS T€OJIOTHYECKUX CBOWCTB, HCIONB3Ysl 00NaCTh
MaKCHUMaJbHON HempepbiBHOCTH, Maximum Continuity Field (MCF). Drta TexHonmorusi yaiie
yIOMUHAeTcsl Kak TexHosorus Point Vector, koTopas ONHMCBIBA€TCS B MeEXAyHapOAHOU
nyOnukanuu nateHTHOH 3asBku Ne WO02009/151441 u BBemeHa Croia MOCPEICTBOM CCBUIKH.
TexHonorust Point Vector BBOIUT HECKOJBKO MPEUMYIIECTB, MO3BOJISIOIIUX IMOJB30BATENIO: 1)
OCYLIECTBIISITH TPSMOE VIPABICHHE IO HAIMPABICHUSM JIOKAJIbHOW HEMPEPBIBHOCTH, 11)
UHTEPAKTUBHO B3aUMOJEHCTBOBaTh C "TE€OJIOTMUECKH HMHTYUTHBHBIMH' HaOOpaMH JaHHBIX,
TAKUMH KaK WHTEPBAJIbI CIOUCTOCTH, (PparMeHThl KapT U uepTexu oT pyku, uepe3 MCF; u iii)
COXPaHATb MaKCHUMAaJIbHYIO TOYHOCTb BOCIPOHU3BEIEHHUS I'eOJOrMYeCKON MOJENH, OTKJIAJbIBast
CO3JIaHNE KOOPAMHATHOW CETKU/PEIIETKH Ha 3aKJIFOYUTENbHBIA 3TaIl MOCTPOSHHs CTATUYECKOM
MOJIEJIM, HETOCPEACTBEHHO Mepea MHTErpUpOBAHMEM CTATUYECKON MOJENM B JUHAMHYECKYIO
Mozenb (YCTpOMCTBO MOAENUPOBaHUSA pe3epByapa). MonenupoBaHue CBOWCTB pe3epByapa He

HYXXOAa€TCsa B CTaH)lapTHOI‘/'I CCTKE, IJIsA HEro HeO6XOI[I/IMI:>I TOJIbKO TIPABUJIBHBIEC PACCTOSAHUA
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MEKITy TOYKAMH, YTOOBI OTPEAETUTL/ MOACTNPOBATh CBOMCTBO U TAHHBIE BOKPYT HUX.
Cymectyromas texnonorusi Point Vector, B cBoeii OCHOBE, BBOAUT pelLIeHHEe, OOBIMHO
HasbiBaeMoe "80%-perieHreM", KOTOpOe OCHOBAaHO Ha IMOAXOAE C MPOCTON IMepPeOopUeHTALUEH
OCell BapHOrPAMMHOM MOJENM Ha JIOKAJIbHOE HAIpaBjieHHE, ONpPEAEeSeHHOEe MOoyb3oBareneM. B
reOJIOTMUECKUX CTPYKTypaX C BBICOKOW CTENEeHbIO JIOKAJIbHON aHU30TpONHuH (Hampumep,
W3BUJIMCTBIE KAaHAJIbI), HAMPABICHHE MAaKCHUMAJIbHOW HEMPEPBIBHOCTH IJISi KAHAJOB C OOJBLION
U3BUJIMCTOCTBIO JIOKAJIBHO 3HAYUTENbHO wu3MeHsiercs. 80%-pelneHne He HMeeT HUKAaKOro
crioco0a y3HaTh, KaK CMOTPETh 32 YroJ kaHaina. OmnpeneneHue mpaBUIbHOTO PACCTOSIHHS B TAKUX
reOJIOTMYECKUX CTPYKTypax TpeOyeT BBeNEHUS KPUBOJIMHEHHBIX PACCTOSIHUM, MOTOMY HYTO
MHUHUMAJIbHOE PACCTOSTHUE MEXAY IBYMsS TOYKAMH B TeOJIOTHYeCKHX (opmamusx He Bcerna
SIBJISIETCS] TIPSIMOU JIMHHEH (TO €CTh, €BKJIIMIOBBIM PACCTOSIHUEM) M MOXKET ObITh KPUBOJTHHEHHBIM
- B 3aBUCUMOCTH OT 00JIaCTH JIOKAJIBHOH aHM30TponuH. OCTar0IUMUCS NPOOIeMaMHU SIBJISTFOTCSI:
1) KaK BBIMHUCIIUTD KpaTyaiinee pacCTOSHUE MEXKAY JBYMSI HHTEPECYIOIUMU TOYKAMHU B MOJEIIH
reOJIOTMYECKON CTPYKTYphbl 0e3 KOOPAMHATHOW CETKH, W 11) KaKOe HarpaBjeHHe/OpUEeHTALIUI0

UCTIONIb30BaTh IS MIPABUIIBHOTO OMHMCcaHus 3(h(HeKToB JIOKaIbHONH aHH30TPOIHH.

CymHocTh H300peTeHns

Hacrosimee n3o0pereHne ynoBieTBOPSET YIIOMSAHYThIE BbILIE MOTPEOHOCTH U YCTPAHSET
onuH uiau Oojee HENOCTATKOB, CYINECTBYIOLIMX HA MPEIIIECTBYIOLIEM YPOBHE TEXHHKH,
NPUMEHSIST CIIOCOO MHTErPUPOBAHUS AJI BBIMUCIEHHS KPAaTYalIIero pacCTOSHUS MEXIY ABYMs
VUHTEPECYIOIUMH TOYKAMH B OECCETOYHOH MOJENU TIeOJOrMYeCKOH CTPYKTYphl U Ui
OIIpeAeJICHUs] HAIPABJICHHs/OPUEHTAIMY, KOTOpasi JOJDKHA MCIOJIb30BAThCS JUIS MPABHIIBHOTO
onucanus 3PPEKTOB JOKATHHON aHU3OTPOITHH.

B onHOM BapuaHTe OCYINECTBJICHUs] HACTOslIee H300pEeTeHHe CONEPKUT Crocod
mMozenupoBanus TpexmepHoi ("3D") reosorudeckod CTPYKTYpbI, COAEPIKALIMHA STambl, Ha
KOTOPBIX: 1) BBIOMPAIOT BXOAHBIE AAHHBIC JUISI T€OJOTHYECKON CTPYKTYPBI, 11) OoM(pPOBBIBAIOT
U300paKeHNe TeOJIOTHYECKOH CTPYKTYpPBI, MPENCTABIEHHOH BXOAHBIMH HAaHHBIMH, MPHYEM
oundpoBaHHOE U300paKEHUE COJEPIKUT MHOTOUYUCIICHHBIE TOUKH BBIOOPKH; 111) 0OpabaThiBatOT
oundpoBaHHOE H300paKEHNE, HCIOJNb3Ysd HWHTEJUIEKTyaJlbHOE VIUIOTHEHHE TOYEK, YTOOBI
WHULAAIM3UPOBATh TOJNBKO OJHO MECTONOJOXKEHHE JUId KaXIOH TOYKH BBIOOPKH W
ONTUMH3HPOBATh KAXKI0€ MECTOMOJOXKEHUE TOYKH BBIOOPKH, 1V) BBIUUCISAIOT 00JacTh
CTPYKTYpPHBIX U IUPDY3HBIX TEH30POB Ui OLHU(PPOBAHHOTO H300PAKEHUS, MPUYEM KaKIIbIi
TEH30p M1 OOJNaCTH TEH30POB CBS3BIBAETCS C COOTBETCTBYIOINEH TOYKOH BBIOOPKU B
ONTUMH3HPOBAHHOM MECTOIIOJIOKEHHH TOYKU BBIOOPKHU Il COOTBETCTBYIOIIEH TOUKH BBIOOPKHY,

v) oOpabarbiBatoT oLU(pPOBAaHHOE H300pa’k€HHE, UCIOJB3ysl CTPYKTYPHO OPHUEHTHPOBAHHOE
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CriaXuBaHue i (OPMHUPOBAHMS YIYUYLIEHHOTO H300paKE€HUsS, Vi) BBIUUCISIFOT O0JNAcTh
cOpOCOBOro cMemeHus: Uit OLM(POBAHHOTO H300paXKeHWs; W Vil) UHTEPIOIUPYIOT 00JacThb
CTPYKTYpPHBIX U AH(QPY3HBIX TEH30pPOB, YIyUlLIEHHOE H300paxkeHHe MU 00JacTh COPOCOBOTO
CMELIEHUs AJI CO3JIaHUsl TPEXMEPHOU Me0JIOrMUE€CKOU MOZEIH.

B npyrom BapuaHTe OCYIIECTBJICHUS] HACTOsIIEe N300PETeHUE CONEPIKUT CUUTHIBAEMBIH
KOMITBIOTEPOM HOCHUTEINIb JAHHBIX JUJII XPAHEHUs HCIOJIHAEMBIX KOMITBIOTEPOM KOMAaHJ AJis
MozepoBaHus TpexMepHoii ("3D") reonoruyueckoit cTpykTypbl. KOMaHIbI MOTYT UCTIOTHSITHCS,
9YTOOBI OCYIIECTBJISITh 3TAIbI, HA KOTOPBIX: 1) BEIOUPAIOT BXOAHBIE JAHHbBIE IS [€OJIOTHYECKON
CTPYKTYpBI;, ii) ouuppPOBBIBAIOT H300paKeHHE TE€OJIOTMYECKON CTPYKTYpPbI, MPEACTABIECHHOM
BXOIHBIMH JAHHBIMH, TPHYEM OLU(PPOBAHHOE M300PaAKEHNE COAEPKUT MHOTOYHCIIEHHBIE TOYKH
BBIOOPKH, 1i1) oOpadaThBalOT oUM(POBAHHOE H300pAKEHHE, HCIIONB3Ys HHTEJJIEKTYaJIbHOE
YIUIOTHEHHE TOYEK, YTOOBl MHUIMAIU3UPOBATH TOJBKO OIHO MECTOIOJIOKEHHE ISl KaKIOH
TOYKH BBIOOPKH U ONTHMHU3HPOBATH KAKIOE MECTOIMOJIOKEHUE TOUKH BBIOOPKH; 1V) BBIYUCISIOT
o0nacte CTPYKTYpHBIX NU(M(PY3HBIX TEH30pPOB ISl OUU(PPOBAHHOTO H300pAKEHUS, MPUYEM
KaXXJIOTO TE€H30p B OOJIACTH TEH30pPOB CBS3bIBAETCSI C COOTBETCTBYIOLIEH TOYKOH BHIOOPKH B
ONITUMH3HPOBAHHOM MECTOIOJIOKEHHH TOYKU BHIOOPKH IS COOTBETCTBYIOIIEH TOUKH BBIOOPKH;
v) oOpabarbiBatoT OLU(pPOBAHHOE H300pa’ke€HHE, HCIOJB3Ysl CTPYKTYPHO OPHUEHTHPOBAHHOE
CrIaXuBaHWE i (OPMHUPOBAHMS YIYUYLIEHHOTO H300pakeHUs, Vi) BBIYUCISIFOT O0JNacTh
CIIBUTOBOTO CMELIEHUs Uil OLU(PPOBAHHOIO M300paKEHUS; U Vil) HHTEPIIONUPYIOT CTPYKTYPY H
obnacte nudPy3HBIX TEH30POB, YIAYUIIEHHOE U300pakeHHe U 00JaCTh CABUTOBOTO CMEIICHHS
JUTSL CO3/1aHMS TPEXMEPHON Ie0JIOrMUeCKON MOAEIH.

JIOTIOTHUTENbHBIE BAPUAHTHI, IPEUMYIIECTBA M BAPUAHTHI OCYIIECTBICHUS U300peTeHNs
CTaHyT OYE€BHMIHBI JUIs CIICLIUATMCTOB B JAHHOH 00JIACTH TEXHUKHU U3 TOCIEAYIOLIETO OMUCAHUS

Pa3JIMYHbIX BAPHUAHTOB OCYIHECCTBJICHUA U COITYTCTBYROIIUX qepTe>KeI71.

Kpatkoe onucanue depre:xeii

Hacrosiiiiee n300peTeHHe OMUCHIBAETCS HU)KE CO CChUIKAMH Ha COMPOBOAUTENbHbIE
HEPTEKHM, HAa KOTOPBIX CXOXKHUE SJICMCHTHI 0603HaLIaI'OTC$I CXOXXHUMHU CCBIUIOYHBIMU ITO3HUIUAMMH, U
Ha KOTOPBIX

¢ur. 1 — Gyok-cxemMa MOCIeNOBATELHOCTH BBIMOJHEHHs ONEpaLdil OHOrO BapUaHTa
OCYIIECTBJICHHSI CIIOCO0a pean3aliu HaCTOSsIIero N300peTeHus;

dur. 2 - cxema TOCIEAOBATENILHOCTH BBHINIOJHEHUS ONepauuii OIHOrO BapHAaHTA
ocymectsinenus stana 106 Ha ¢ur. 1;

¢ur. 3 — cxemaTHUECKOE MPEACTABICHNE BEKTOPa MAKCUMAJIbHOW HEMPEPHIBHOCTH,

¢ur. 4A — mnpumeHenue TexHojoruu Point Vector ans crnexeHus 3a 00NACTBIO
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MaKCHMaJIbHOI HEMPEepPhIBHOCTH MO JIMHUU COpOCa,;

¢ur. 4B - wuzoOpakeHue CEHCMUYECKHX JaHHBIX, JIEMOHCTPHUPYIOIIEEe TIOTEPIO
nH(OpPMALIMHU O HATIPABJICHHOCTH B Pe3yJIbTaTe UCIOIb30BaHMs TexHoornu Point Vector.

¢ur. SA - nsobpakeHne CeNCMUYECKUX JaHHBIX, AEMOHCTPUPYIOLIee 00JIaCTh CMEIEeHUs]
CIIBUTA, BBIYMCIICHHYIO B COOTBETCTBHH C 3TaroM 205 Ha ¢ur. 2;

¢ur. 5B - yBemmueHHOe HM300paskeHHE OONACTH, OTMEYEHHOW KPYXXKOM Ha ¢ur. SA,
MPeICTaBJISIIOIIEH HHPOPMAIIUIO HATTPABJIEHHOCTH it 00JIaCTH CMeIeHHs cOpoca;

¢ur. 6 — cpaBHEHHE KPHUBOJMHEHHOrO PACCTOSHUS M €BKJIHIOBA PACCTOSIHUS IS
nosicienns stana 108 Ha ¢ur. 1;

¢ur. 7 - OnOK-cxemMa OJHOrO BapUaHTa OCYLIECTBJIEHHsI CHCTEMbl UIsl pear3aluu

HACTOSILIIETO U300PETEeHUSI.

IoapoGHoe onucaHHe NPEANOYTHTEIBHBIX BAPHAHTOB OCYLIeCTBJIEHHUSI

IIpenqmer HacTOsAIIEro M300PETEHMs OMMCHIBACTCSI CO BCEMH OCOOEHHOCTSIMH, OJHAKO,
OMuCaHWe caMoO MO cede He NperHa3HAYeHO OrpaHuuMBaTh 00BeM u3o0pereHus. [Ipenmer
N300peTeHNs], TAKUM 00pa3oM, MOXKET OBITh TaK)K€ OCYIIECTBJIEH APYTUMH CIIOCOOaMH, YTOOBI
COZepIKaTh PA3JMYHBIC 3Talbl WIM KOMOWHAIIMM 3TAroB, MOJOOHBIE OMUCAHHBIM 3/1€Ch, B
COYETaHUM C APYrMMH TexHosorussmMu. Kpome toro, xors TepmuH "sTan” MoxeT ObITH 371€Ch
UCTIOJIb30BaH JJIs1 ONMUCAHUS PA3JIMUHBIE 3JIEMEHTBI IPUMEHSIEMbIX CIIOCOOO0B, TEPMUH HE AOJDKEH
MHTEPIIPETUPOBATECS KaK IOJPa3yMEBAIOINUN KakoW-TMOO KOHKPETHBIN IMOPSAAOK CPeAu HIIN
MEXIy Ppa3IMYHbIMU OTalaMH, PAcKpPBITBIMH 37€Ch, €CIH 4YTO-TMOO MHOE SIBHO HE
OTPaHUYMBAETCS OMMCAHUEM KOHKPETHOIO MOPSIIKA.

Onucanue cnocoda

Huxkecnenyroinee onucaHue COAEPKUT OOUH WK Oojiee criocoOoB (31ech nanee 0ObIMHO
YIOMUHAEMBIX Kak '"crmoco® wuHTerpamuu") IJIsi MHTErpanuu TexHoioruu Point Vector u
croco0O0B KPUBOJMHEHHOW HHTEpHOIsIuuY "Touka-Touka" (CPP), Xopomo n3BecTHBIX B TEXHUKE,
gyepe3 abCTPaKIUI0 JaHHBIX IS CIUSHUS IIHPOKOT0 AMANa3oHa JOCTYIHBIX HAOOPOB IaHHBIX U
crpykryp. [Inardpopma auckpernzaunu u300paKeHUsT PACKPBIBAETCS C TMOMOLIBIO TPYIIIOBOTO
NOTOKAa JAaHHBIX BBOJA-BBIBOMA, KOTOPBIH SIBISETCS YHHU(ULUHUPOBAHHBIM Ui WHTEPIOJSILINU.
Croco® wHTErpaunun oOecrneynBaeT YHUKAJbHBIH MHCTPYMEHT B OOJIACTH TPEXMEPHOTO
r€0JIOTHIECKOTO MOJIEITUPOBAHUSI.

Ha ¢ur. 1 npencrasnena OnoK-cxeMa IMOCIEIOBATEIbHOCTH BBIMOJTHEHHS OIMEPALIHi
OITHOTO W3 BapUAHTOB OCYyIIeCTBIeHHUs crocoda 100 peamm3anny HACTOSIIErO M300pETEHUs.
Croco6 100 mpencraBnsger crmocod HMHTErpalud Uil  TPEXMEPHOTO  T'€0JIOTHYECKOro

MOACINPOBAHUA, KOTOPOC YUUTHIBACT MHOTOYUCJICHHBIC UCTOUYHUKU U THUIIBL reoJIOTUUECKOU U
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cTpykTypHOH mMHpopMaunu. Takas nHPOpPMAIMS MOXKET COAEpPXkKaTh, HAPUMEP, WHTYUTHBHOE
BBIUEPUYMBAHHE OT PYKH CTPYKTYPHPOBAHHBIX OOBEKTHBIX CTPYKTYP M H300pakeHHil
CEHCMHUYECKUX TaHHBIX C BBICOKOU pa3peraroneil CrtoCOOHOCTHIO.

Ha stane 102 crpykTypHas uHpopmauus, Takas Kak, Halpumep, ceiicMU4YecKkre 1aHHbIe
C BBICOKOH pasperaroneil CriocoOHOCThIO, MOXKET ObITh BbIOpaHa B Ka4€CTBE BXOIHBIX JTAHHBIX
s cnocoba 100, ucmone3ysi uHTepdeic KiueHTa /UM BHAeOUHTepdeiic, ONMMUCaHHBIN CO
cchuikoi Ha ¢ur. 7. CelicMUYECKUE JaHHBIE MOTYT COAEpKaTh CTPYKTYPHYHO HH(POPMALHUIO,
UCTIONB3yeMyto [t uHTepnossiyu CPP 1 cTpykTypHO OpUEHTHPOBAHHOTO CIUIAYKUBAHUS.

Ha stane 104 npyrue tumnsl U GopMaThl T€OJOTUYECKONH U CTPYKTYPHOH HH(OpPMALHH,
Takue, Hampumep 1) wHTepBajbl (104a) CIOMCTOCTH, KOTOpbIE MPEACTABISIFOT BEPTHKAIBHOE
NPOCTPAHCTBO, OTPAHUYEHHOE 2 IeOJIOTMYECKIMHE MOBEPXHOCTAMY, 11) PpparmenTsr (104b) kapTsl
C OTpaHUYEHUSIMHU KaHAJIOB, U 1i1), UHTYUTHBHBIE YepTesku (104C) OT pyKH CTPYKTYPHUPOBAHHBIX
CTPYKTYp (Hampumep, BEKTOPbl HA KOHKPETHOM Y4acTKE WHTEpPECyIoero oobemMa MOryT ObITh
BbIOpaHBl B Ka4yeCTBe BXOAHBIX MAaHHBIX it crocoba 100, wucmosiw3yromero uHTepdeiic
TIOJTb30BaTENs /Wi Buneountepdeiic, onucanHbii co cchuikoit Ha ¢ur. 7. ['eonorudeckast u
CTpyKTypHasi uHQpoOpMauus, BblOpaHHas Ha stanme 104, MOXXET OCHOBBIBATBCS HA E€AMHOM
HANpaBJIEHUH MAaKCUMAJIbHOW  HENpepbIBHOCTH, Hcmonb3yst OOmacte MakcumalbHON
HenpepsIBHOCTH, OMHMCAaHHYIO TaKUM CIIOCOOOM B MEXKAYHApOIHOW MyOJIMKanmMu NaTEeHTHOW
asBk Ne 'WO02009/151441 Al. Ilo onpemeneHuro, HampaBleHHE MaKCHMaJbHON
HETPEePBIBHOCTHU SIBJIIETCS] HAIIPABJIEHHEM, BAOJIb KOTOPOI'O MHTEpECyollee CBONCTBO Hauboee
BEPOSITHO JOJDKHO OCTaBaTbCSl OJHUM U TeM K€ NPU MNEPEMELIeHUH OT MECTOINOJIOKEHMUS
BEKTOpa BIOJb HAIpaBJIEHHs BEKTOpa, Kak INOKa3aHO Ha ¢ur. 3. JIpyruMu cioBamH, OHO
orpenesnsieT HessBHbIE COOTHOLICHUSI MEXTy MECTOMOJIOKEHUSIMU B M€OJIOTHYECKOM MOJEIH ISt
LeJyiel MOJAETUPOBAHUS CBONCTB.

Ha ¢ur. 3 Bexkrop 302 MakCHMaJbHOW HEMPEPBIBHOCTH MMEET MeCTOnoyiockeHne 304,
BEJINYHMHY, HampaBiieHue u koppeysinmoo (amunHy) 306. Koppemsuust (amuHa) BexTopa 302
COBIAIaeT ¢ OONBLINM AMANA30HOM BapHOrpaMMHON Monenn. UToObl COXpaHUTh HHGOPMALHIO
O BEKTOpE B KaHAJIW3UPOBAHHBIX, YPE3BbIYAIIHO M3BUBAIOILMXCS MEOJOTHUYECKUX CTPYKTYpax C
BBICOKOW CTETEHbIO JIOKAJIBbHOW AaHW3OTPONHH, OCH BAapHOTPAMMHON MOJENH MOTYT OBbITh
UHTYUTUBHO TIEPEOPUEHTHPOBAHbI HA YKAa3aHHOE JIOKAJIbHOE HAIPaBICHHE CIOCOOOM,
NPeUIOKEHHBIM B MeKIyHapoaHoi mydmukanuu Ne WO2009 1151441 Al naTeHTHOM 3asiBKU.

Ha stame 106 abcTpakiusi TaHHBIX BBITOJHSETCS JJIsl BXOAHBIX JTaHHBIX, BBIOPAHHBIX HA
sranie 102 w/mmm 104 cnocoboMm, IOMOJHUTENBPHO OMNMCAHHBIM CO CChUIKOW Ha ¢ur. 2.
AOcCTpakIys JaHHBIX BBINOJHSIETCS, IOTOMY YTO BXOJHbBIE JIaHHbBIE, BbIOpaHHbIE Ha dTamax 102

w/mnu 104, OOBIMHO MOSBISAIOTCS B COBCEM JIPYIMX PEXKHMMaxX WIM C IPYTMM pa3pelieHHeM H,
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9TOObI Pa3BePHYTh BXOIHBbIE AaHHbIE BO Bpemsi stanma 108 wuHTEpHOmAUMH, TpPeOYIOTCS
reHepaIn3anys Wik a0CTPaKLUS BXOIHBIX TaHHBIX.

Ha stane 108 unrepnonauus CPP, Takas kak, HanmpuMep, HHTEPIIONSALUS €CTECTBEHHBIX
coceniell WM, HampasisieMas H300paKeHUEM WHTEPIOJSILNSA CMEIIAHHBIX COCeiel BBITOIHIETCS
no pesyapraraMm sTana 106. B onHOM BapuaHTe OCYILECTBJIECHHsS WHTEPHOJSILMS NPUMEHSET
ABYXCTYIIEHYAaTOE CMELIMBAaHHE MHaHHBIX oOnacTu TeH30poB: 1) mo0oe aHH30TPOMHOE
SIKOHAJIPHOE ypaBHEHHUE, N3BECTHOE B TEXHUKE, PEIIAeTCs B TEUEHHE MHHUMAJIBHOTO BPEMEHH
NPOXOXKIACHUST OT BBIODAHHOH TOYKM OO HW3BECTHOW TOYKM JAaHHBIX (TO  €CTh,
JAHHBIX/MECTOTONIOKEHUST CKBA)KUHBI) CIIOCOOAMM, HM3BECTHBIMH B TEXHHKE, TAKHUMH Kak,
Harpumep, crocod ObicTporo mapiua Ha ocHoBe [lukctpa (FMM); u 2) urepaluoHHBIN CIIOCO0
COTPSDKEHHBIX T'PAJIMEHTOB, M3BECTHBIM B TEXHUKE, UCIOJB3YETCs U PEIIeHHs] CMEIIaHHOTO
COCEIHEr0 HHTEPIIONISIHTA, SIBJAIOLIETO IPOW3BOAHOW YypaBHEHHs JAaBlieHHWs. MHTerpanus
00JIACTH OCHOBOIIOJNIATAOLINX CTPYKTYPHBIX/ MU Py3HBIX TeH30poB AuP(Y3UN U CTPYKTYPHO
OPUEHTHUPOBAHHOE CIIIA)KMBAHWE AHWU3OTPONUH YCTAHABIMBACT BAXKHYIO AHAJIOTHIO MEXIY
texnosorueit Point Vector u untepnossinuert CPP: xoppemnsiuys (1yinHa WM AUana3oH) BEKTOpa
MaKCHMaJIbHOH HETNPEPbIBHOCTH MPOMOPIHOHAIBHA MAKCHMAaJIbHOMY COOCTBEHHOMY 3HAYEHHUIO
muddysnoro Tenzopa D, KOTOpBII BBIPOBHEH CO CTPYKTYPHOH OpHeHTauueil (To ecTs,
JOMUHAHTHBIM  HANpPaBJIEHHEM CTPYKTYPHOTO TEH30pa WJIM  JIOKAaJbHOH  JIMHEHHOMN
middysnoctn). OcHOBHasE uaes 3aKJIHOYAeTCsl B BBIPABHUBAHWUU IJIABHBIX oceil audpdysum c
opueHtauuein uzodpaxkenus. Juddysubii Tensop D gomkeH ObIThb cO3maH Tak, YTOOBI €ro
COOCTBEHHBIE BEKTOPBI CJIEIOBAIIH JIOKAJIBHON OPUEHTAIIMN H300paskeHHsI.

IIpy npuMeHEHMH K TeOJOrM4eCKOMY MOJENUPOBAHUIO CTaHAApTHAs, Ha OCHOBE
€BKJINIOBOH M€OMEeTPUU, MHTEPIOJSLUS "TOUKa-TOUKa" CBOICTB pe3epByapa MOKET NMPUBECTH K
OHMOOYHBIM pe3yJIbTaTaM, IMOTOMY YTO HE YYUTBHIBAKOTCS CJIOJKHBIE OCHOBOIOJArAOIINE
r€0JIOTUYECKUE CTPYKTYPHhI (HampuMmep, KaHaibl). JpyruMu CJI0BaMu, HHTEPTIONSLNS HA OCHOBE
€BKJIMIOBOH T€OMETPHH HE VYUTBHIBAET W3BHIJIMCTOCTD, SIBISFOINYIOCS PaCIpPOCTPAHEHHBIM
NPU3HAKOM H3BUBArOIIerocss kaHama. CwmermmBas IaHHbIE OOJIACTH TEH30pOB (Hampumep,
CTPYKTYpHBIX/mn(pPy3HBIX), UTOOBI HAMPABIATH WHTEPIOJSIIHIO, TOCTUTAETCS 3HAYMTEIBHOE
yIydiieHne (U3nYecKol TOYHOCTH IeoJornueckoro Moaenuposanus. Kak mokasaHo Ha ¢wur. 6,
5TO [JOCTUIaeTCs peUleHueM [Jsl KPUBOJMHEHHOro paccrosiHus 604, Kpusonuneiinoe

paccrossaue 604 mpencTaBiaseT OrpaHUYEHHOE €BKJINAOBO PACCTOSHUE MEXKAY ABYMsI TOYKAMHU
(¥.) onrrumansHoii Tpaekropuu. PemeHue 1 KpUBOJIMHEHHOTO paccTossHus 604 MOKeT OBITh
(x,¥) <t,,(y),

MOJIy4€HO, HCIONb3YSI: rme t u t, TpencTaBisIIOT BpeMms (t) B (X, %) U

MHHHMMAJIbHOE BpeMsl MPOXOXKAEHUsA (ty) B (") coorsercraento. Kak BAPUAHT, PELICHUE JJIs
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KPUBOJIMHEHHOTO pacctosiuuss 604 MokeT OBITh TOJNYYEHO, WCIONb3ysl peIleHue IS
AHU3OTPOMHOTO SWKOHAJIBHOTO YPAaBHEHHS JJII MUHHUMAJIBHOTO BPEMEHH MPOXOXACHUS (tp)

BIOJIb ONTUMAJIbHON TpaekTopuu. EBKkaMmoBo paccrosaue 0602 omnpenensier JIUHEHHOE

paccTosiHue MEXAY ABYMsI TOUKaMHU (X.¥) y nerouro 11 KAaHAJIM3UPOBAHHBIX NIPU3HAKOB.

Jlo Hacrosimero BpemeHu wuHtepnossinuss CPP ocymecTBisiiack, MCHOJB3Yysl TOJBKO
n300pakeHne CEHCMUUECKHX JAaHHBIX B KA4€CTBE OCHOBOIOJATAIOIIMX CTPYKTYPHBIX BXOIHBIX
naHHbIX. Crioco0 MHTErpaluu NO3TOMY OObEAUHSET APYTHe TUIIBI U (POPMAThI FEOJOTHYECKUX U
CTPYKTYPHBIX HAaHHBIX (HANPUMEP, UHTEPBAJIbI CIIOMCTOCTH, (PPArMEHTHI KapT U YEPTEKHU OT
PYKH) B Ka4€CTBE BXOAHBIX JAHHBIX JJIsI HHTEPIIOJISLIH.

Ha ¢ur. 2 npencrasneHa OJOK-CxeMa MMOCIIEIOBATEILHOCTH BBIMOJTHEHHS OMEParIHid
BapHaHTa OCyIecTBIeHus criocoda 200 mist stana 106 peanusanuu, mokasaHHOTo Ha ¢ur. 1.

Ha stane 201 m3o0pakeHHe reoJOrHYecKOH CTPYKTYpPBI, NMPEACTABICHHOW BXOIHBIMHU
TAaHHBIMH, OLM(POBBIBAETCS, UCTIOB3YS JIFOOOH CTAaHNAPTHBIA CIIOCOO, M3BECTHBIH B TEXHUKE,
IUISL TIPEICTaBJICHUST M300paKeHUsI TUCKPETHBIM HAOOPOM TOYEK HIIM BBIOOPOK, Kak, HAIpUMeEp,
OpU  pacTepu3alui WA CKaTuu n300pakeHusi. OCHOBHBIM TPHU3HAKOM JOJDKHO OBITH
¢dbopmuposanue oduiero Gpopmara U300pakeHusi, COBMECTUMOTO ¢ UHTeproysinue Ha starne 108.

Ha srtame 202 ouudposanHoe wu3oOpakeHue mnocie stama 201 obpabarbiBaercs,
UCTIOJIb3YS UHTEJUIEKTYaJIbHOE VIUIOTHEHHE TOYEK (IPoD). [PoD SBJISIETCS
YCOBEPIICHCTBOBAHHUEM CIIOCOOOB aTOMHOIO ClMsIHUSA, onucaHHbIX B matente CIIIA Ne 7 050
612, BBEOEHHOM CIOAAa MOCPEACTBOM cChUikH. [PoD 00bpmMHO wucmonb3yercs, 4ToObl: 1)
VHULIAJIM3UPOBATh ONpeesIeHHe MECTOIONOKEHUST TOYKH BBIOOPKH, 3aIONIHSSI TIPOCTPAHCTBO,
NEePEKPHITOE OLU(PPOBAHHBIM H300paKEHUEM, TMCEBIOPETYJSIPHOW pPELIeTKOW W3 TOYeK, TAe
HOMHHAJIBHOE PAaCCTOSIHUE MEXKAY TOUKOH U ee ONMKaAHIIMMU COCEAsIMH TOCJIEAOBATEBHO
U3MEHSIETCS] BMECTE C IUIOTHOCTBIO CTPYKTYPHBIX MPHU3HAKOB B OLU(PPOBAHHOM HU300paKEeHUH; U
2) ONTUMH3UPOBATH MECTONOJOXEHHEe TOYKH BBIOOPKH, TepeMelnas TOYKH BHYTPH
NPOCTPAHCTBA, MEPEKPHITOrO OLU(PPOBAHHBIM H300paskeHHEM, YTOOBI MUHUMHU3UPOBATD MOJTHYIO
MOTEHLUANbHYIO SHEPTUIO, ONPENENIEHHYI0 KaK B3BELIEHHas CyMMa IOTEHLMAJIbHON 3Hepruu
TOUKHU JUTSI K&KIOH TOYKH BBIOOPKH M MOTEHLIUAIBHON SHEPTUU OLM(POBAHHOTO U300paKEHHUS.
[TonpoOHOCTH aNTOPUTMOB MHULIUAIU3ALMHA TOYKH BBIOOPKHM W MUHHUMH3ALHUU MOTEHIIHAIBHON
sHepruu npuseneHsl B narente CIIA Ne 7 050 612. IIpeumyinectsa IPoD nepen crangapTHbIM
ATOMHBIM CIIUSTHHEM COCTOSIT B TOM, YTO 3TOT CIIOCOO UCTIOIB3YETCs CTPOTO Il MHULUATU3ALUH
U ONTHMH3ALMH MECTOIOJIOKEHHsT TOYKM BBIOOPKH. Takum o0Opa3om, 3Tam CO3MaHHS
(akTHUECKOW TPHAHTYJIMPOBAHHOW CeTKH uckimodaercss. CTaHmapTHEI C€rnocod aTOMHOIO
CIIUSHUSL COEAMHSAET ONTHMHU3UPOBAHHOE MECTOMNOJOXKEHNE TO4YeK BBIOOPKU ITOCPEACTBOM

TPUAHTYJISALMK, KOTOpas MOXeT ObIThb TpuaHryjsinueld J[lenone wnm s0ObIM  Apyrum
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CTaHIAPTHBIM CIIOCOOOM TPHAHTYJISIIUY, M3BECTHBIM B TEXHHKE, YTOOBI CHOPMHUPOBATH CETKY
Touek BbIOOpKM. OnHAKO CO3MaHME TPHUAHTYISIMMOHHONW CETKH SIBJSIETCS MPOLIEIYPOH,
TpeOyrolell 3HAUYUTENbHBIX BBIMUCIEHHH, M MOXeT NOTpedOBaTh CHEHMaJbHBIX CIIOCOOOB
peHIepuHra JUJIsl KOppeKIuH apTeakToB, Kak onucaHo B cratbe aBTOpoB A. Rueger u D. Hale
nox HazeaHueM "Meshing for Velocity Modeling and Ray-Tracing in Complex Velocity Fields".
Cornacuo TexHonorun Point Vector, TOYKH BBIOOPKH CO3JAIOTCSl HA PETYJISIPHOM KBaJApaTHON
CeTKE W CJIy4aliHO WJIM PAaBHOMEPHO PACIPENeNSIFOTCS BHYTPH HHTepecyroiiero oobema (VOI).
ITockonbky IPoD TpeOyeT MeHbIIero oobemMa BbIYUCISHH, YeM aTOMHOE CJIMSIHUE, OKUIAaeTCs,
yro [PoD Oyner cosmaBath mpumepHO 1/300-yr0 4acTh OT KOJMYECTBA TOYEK BBIOOPKU IO
cpaBHeHHIO ¢ TexHosorueil Point Vector. Ha TunmuyHOM H300pakeHUN CEHCMUYECKUX JTaHHBIX
5TO MOKET IPUBECTHU K YBEJIUYEHUIO CKOPOCTH BrluucieHui B 300 pas.

Ha »srtame 203 00yacThb CTPYKTYPHBLIX U OAU(P@V3HBIX TEH30DOB BBLIYUCISETCS  JUIS

ouvdposadHoro u3odpaxenus nocye srana 201, UCIoNb3ys Croco0, U3BECTHBLIM B TEXHUKE.

WHpuBuOyanbHO  BBIMUCIEHHBIE TEH30pPBl Uil OOJACTH  TEH30POB  CBSI3BIBAKOTCS €
COOTBETCTBYIOILIEH TOYKOW BBIOOPKH, WHMLIMAIU3UPOBAHHOW M ONTHMH3HPOBAHHOW HA 3Tame
202 IPoD. Ecnu nmpuMeHsieMblii crioco0 sBIISIETCs MOMCKOM "OJIMKaNIIero coceancTsa", To TEH30P
CBsi3bIBaeTCs ¢ Onmmkaiien cocenHeil Toukoil BeiOOpkH. Ecmu npumeHsiemslii criocod siBisieTcs
MOMCKOM "€CTECTBEHHOTO COCENCTBA", TO TEH30P CBA3BIBAETCS C €CTECTBEHHOMN COCEHEN TOUKOU
BeIOOpKHU. Kak crmocob moucka Ommkaiiero cocencTna, Tak M CHOCOO MOMCKAa €CTECTBEHHOT'O
COCEZICTBA XOPOIIO HM3BECTHBI B TeXHUKe. OONacTh METPUYECKHX TEH30POB SIBJSIETCS CBS3BIO
MEKIY PacCTOSHUEM U BPEMEHEM M IPEACTaBJIsIeT KOTePEeHTHOCTb, OPUEHTALIUIO U Pa3MEPHOCTb
NPU3HAKOB B M300paKE€HMH, KOTOPOE HANpaBisieT MHTeprnoysimo Ha starme 108, ObGmacte
TEH30POB M3MEHSIET HWHTEPIOJISALUI0, TaK YTO W3BECTHBIM 3HAYEHUSIM BBIOOPKH B Tpeaesax
NPOCTPAHCTBEHHO KOTEPEHTHBIX MPHU3HAKOB W300paKEHHsI NpHUmaercs OOJbIINI BeC, 4YeM
3HAYEHUSIM Ha MPOTUBOIOJIOKHBIX CTOPOHAX TAaKHUX NMPHU3HAKOB WIIM TNl M300paKeHHe MeHee
korepeHTHO. JIroOast oOCHOBomoiararomas oOJacTh TEH30POB HYKIAETCS B HEKOTOPOM
OCHOBOIIOJIATAIOIIEM HAMPABJSIIOINEM MMPEACTABICHHH B KOMITBIOTEPE, TAKOM Kak, HampuMmep,
yepTexk, ¢ororpadus wumm papyroe usoOpakeHue. Ecnu mone TEH30pOB BBIBENEHO W3
U300paKeHUsT CEHCMHYECKUX JaHHBIX, O0JACTh TEH30pOB MOXKET HMEThb BBIOOPKH C
pazpernaromeil CnocOOHOCTHIO N300pakeHHst CEHCMIYECKHUX NaHHBIX. AJIBTEPHATUBHO, 00JIaCTh
TEH30POB MOJKET MMETh BBIOOPKH, OoJiee MPHUOIMKEHHO/MCKYCHO UCTIONB3ys, Hanpumep, [PoD.
310 03Hauaer, 4To 00JacTh TEH30pOB OyaeT MMeTh BBHIOOPKH ¢ Ooyiee HU3KHM pa3perieHueM
TOJIBKO B MeCTax H300pa)X€HHUs, OMPENETCHHbIX ONTHUMU3UPOBAHHBIMH MECTOMNOJIOXKEHUIMHU
TO4YEK BBIOOPKH Ha dTare 202.

Ha »srame 204 ouudposanHoe wusobpakenue mnocie stama 201 obOpabarbiBaercs,
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UCTIONB3Ys CTPYKTYPHO OPHEHTUPOBAHHOE CIIIAYKHMBAHHUE BIOJb CTPYKTYP, KOTOPBIE OYEBHIHBI B
n300pakeHnHt (TO €CTh, BBIYHCIEHHbIE B (POpMe O0NACTH CTPYKTYPHBIX U TU(PPY3HBIX TEH30POB
Ha stane 203), KOTOpoe yJydlIaeT CTPYKTYpPHbIE MPHU3HAKH M COXPAHSET BAXKHBIE Pa3PBIBBI,
Takue Kak, Hampumep, cOpockl min kaHanbl. Ha 3TOM 3Tane MoXeT MCHOJb30BaThCs IIUPOKUIN
CIIEKTpP XOPOIIO U3BECTHBIX aJrOPUTMOB (DMIBTPALIMM, TAKUX KaK, HAIPUMEp: 1) YJIy4LIAroIIne
KOTEPEHTHOCTh AHWU3OTPONHbIE (GUIBTPBL, 1i) (UIBTPEI CTPYKTYPHO OPHUEHTHPOBAHHON
uHTepnperauuu (To ectb, GunbTpbl BaH ['ora); iii) peKypcuBHbIE (aHU3OTPOITHBIE) rayCCOBBI
(UIBTPBI, U 1V) HOBBIE pean3anuu OUIaTepaibHbIX (PUIBTPOB.

Ha stamne 205 obnacts cOpocosoro cmemenus (FDF) mist onudpoBanHOro n3o0paeHus
nocye stana 201 Berumucasiercs, kak onucano Huwxke. FDF coeaunsiercs ¢ pesynbratamu 3Tana
203 wu srtama 204, kortopelii Bo3Bpamaercs k stamy 108 Ha ¢ur. 1 s uHTEpHOISIIMM.
TpanuunoHHble CrIOCOOBI CEHCMUYECKONH WHTEPIPETAlMUd COCPENOTOYECHBI Ha OOHAPYKEHHH
JuHAN cOpoca B HM300paKEHHWU CEHCMHUYECKHUX NaHHBIX, HANpPHUMEpP, MOCPEICTBOM CIOCOOOB
korepeHtHocTH. Berancnenue FDF, onnako, coorBercrByet cnexkernnto MCF no jmuHNEM cOpoca
(B mAByMEpHOM H300pa’KE€HHH) WJIM MO TOBEPXHOCTH cOpoca (B TPEXMEPHOM H300paKEHHH).
3neck mpobiieMa paccCMaTPUBAETCS C TOUYKH 3PEHUS BBIYUCIEHHS 00JIACTH BEKTOpPA CMEIIEHUs Ha
our(pPOBAHHOM H300PKEHUH ¥ W3BJICUEHUH KOMIIOHEHTa COPOCOBOIO CMEIISHHs] TaKOM
00NacTH, OCHOBBIBASCh HA KPHUTEPUH, KOTOPBIH, HANPUMEpP, OIpPENeNseT pas3iuuue MeXAy
BBICOTOIl cOpoca M HAakJIOHHBIM cioeM. Takum oOpaszom, stam 205 MOXKET NMPUMEHSATHCA K
OOHapy>KeHUIO JIMHUU/TIOBEPXHOCTH cOpoca B M300paKeHNN CEHCMUYECKUX AAHHBIX, & TAKXKE K
mobomy apyromy ¢opmary onu(pOBaHHBIX AAHHBIX, UMEIOLIMX OTHOIIEHHE K CTPYKTYpHOH
uH(popMaLnH (HarpuMep, HHTEPBAJIbI CIIONCTOCTH, (PPArMEHTBI KAPT U YEPTEIKHU OT PYKH).

FDF nostoMy BpMUCHSETCS MyTE€M IOHUCKA OYEBUAHBIX BEKTOPOB CMEIIECHHS B
U300pKEHUH U TIOUCKA MECTOIOJIOKEHUI MUKOB JIOKAJIbHBIX B3aUMHBIX KOPPEJSLUN MEXIy
COCEIHUMH CJIeAaMUd H300pakeHusi, KOTOpble BepTUKaidbHbl. FDF orpaHum4mBaeT BEKTOPBI
cOpoca, KOTOphIe IMJIABHO M3MEHSIFOTCS B mpefesiax cOpoca, TO €CTh, B HampaBjeHHH cOpoca.
ITocKONBKY TeHepamu3alisi OTHOCUTCS K HEBEPTHKAJIbHBIM COpOCaM, NPUMEHSIETCS OKHO
CTJIAKUBAHHS KOPPEJSILIMU, KOTOPOE BBIPABHUBAETCSI C BEKTOPOM 3a1€PKKH. [|pyrumMu ClIOBaMHy,
CTJIAKMBAHME TPUMEHSIETCS ISl JFOOOTO BEKTOpa 3aJepiKKH B HAMPABJICHUH 3TOTO BEKTOpa
MIOCPENCTBOM CIIBUTA, i€ KOPPEISILHS IETAaeTCsI 10 TPACCaM U C TAKOH CKOPOCTBIO, KaK eCiiu Obl
OHa Jenanacb MJisi BEPTHKAJIbHBIX cOpocoB. CHaBHUr SBISETCS WM3BECTHBIM IIOHSTHEM,
HCTIOJIb3YEMBIM B aJITOPUTMAX KOMITBIOTEPHOH rpapuKu.

Ha ¢ur. 4A npencrasieHo npumeHeHue TexHosorun Point Vector nist cnexeHus 3a
obnactero 404a moncka naHHbIX U cBsizaHHbIE MCF 408a nmo muanm 400a cOpoca ot obmactu

404a x obmactu 406a, otobpaxast o0nactb 404a noucka u cienys sekropy 402 BbICOTBI cOpoca K
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obmactu 406a. Ilockonmbky 3Ta omepanusi NODKHA OBITh BBIMOJHEHA HA MHOTOYHCIICHHBIX
mausx copoca B VOI mns Bcero MCF, 3T0o OTHUMaeT 4pe3BblYaifHO MHOTO BPEMEHH U TPYAHO
st 3PEeKTUBHOTO OCYyLIeCTBIeHNs Ha npakTuke. Kak nokasano Ha ¢ur. 4B, koTopslii sBisieTcs
IBYMEPHBIM  H300paK€HHEM CEMCMHUYECKUX  JAHHBIX, IMPEACTABISIOLUM  aMIUIUTYAY,
BBIYHCJIEHHAS! CTPYKTypa M 00J1acTh TeH30poB Au(p(y3uu, NpeACTaBICHHAsS SJUIUIICOMIAMHU, He
NPONOJIKAKOTCS 1o TuHUU cOpoca. Obactu, npencrasneHHbie mocpencrsom 402b, 404b u 406b,
NIOKa3bIBAIOT 00JIACTH, B KOTOPBIX MH(POPMALSI HAPABJIEHHOCTH MOTepsiHa. J{pyrumMu ciioBamy,
IO Mepe TOro, Kak OSJUIMICOUIBl CTAHOBATCS MEHEe BBITSHYTHIMH, UWHpOpMauus o
HATPaBJIEHHOCTH OOJIACTH TEH30POB TEPsieTCs Ha JIMHUM cOpoca W TMpEKpaIlaeTcst CIeKEeHUe
MCF. Borucnsas FDF na stane 205, cnesxxenne MCF mo nuHusiMm cOpoca OOBIYHO MOKET
NPUMEHSTBCA K JIFOOOMY OCHOBOIMOJArafoIeMy CTPYKTYPHOMY MpPEACTABICHHIO B HH(POBOM
n3o0paxkennu. Jtanm 205 mMpencTaBisieT yCOBEPIIEHCTBOBaHHME TexHoyornu Point Vector,
KOTOpasi He TpedyeT 3apaHee OINpPENEeNIEHHOrO BBOJA IIOJB30BATENsl IJIsl BEKTOPOB cOpoca u
CBSI3aHHBIX BBICOT COpOCa, KOTOpbIE TPEOYIOTCS IJIsl HCIIONIB30BaHMs TexHoJornu Point Vector.

Ha ¢ur. SA uzobpakeHne CeHCMHUYECKHMX MAHHBIX IOKA3bIBAET 00JIACTh COPOCOBOTO
CMELICHHsI, BEIYICICHHYIO Ha 3Tare 205 mo aMIuMTyIHbIM CeiCMUYECKIM JaHHbBIM.

Teneps, Ha ¢Qur. 5B mnpencraBieHo yBeTMYEHHOE H300paskeHHE O0JacTU BHYTPU
OKPY>KHOCTH, ITOKa3aHHOH Ha Gur. SA, KOTOpoe MoKa3bIBaeT HH(POPMALIMIO HANIPABIEHHOCTH AJIS
obmactu cOpocoBoro cmemenus. Jlnsg scHoctu, Ha ¢ur. 5B mnokasana uHpopmauus o
HAIPaBJIEHHOCTH (TO €CThb, CTPENIKU BEKTOPOB). CTPEJKU BEKTOPOB MPEACTABIISIOT BHIUHUCIEHHBIE
BeKTOpa cMmemneHus. M3 abCoMIOTHON AJIMHBI CTPEJIOK BEKTOPOB SICHO BHIHO, YTO CMELIECHHE
IPOCTO CBSI3bIBAETCS C NMPU3HAKAMM BBICOKOTO M3MEHEHHs IpaiueHTa (Harmpumep, BBICOTAMH
cOpoca), HO He C BapualUell HaKJOHA TOPU3OHTAJBbHOM CIOUCTOCTH, TAE UIMHA CTPENIOK
BEKTOPOB YMEHBLIAETCS. DTO MPEATNIOYTUTENIbHOE MOBEACHHUE, TIOTOMY YTO 00JacTh BEKTOPOB
CMELICHHS PEATONAraeTcsi Kak CTPYKTYPHOE CBOWCTBO.

Hacrosimee wu300pereHne OTIMYaeT OT CYILIECTBYIOIMUX HA PBIHKE TEXHOJOTHIM
UHTerpanuei: 1) obmacreii MakcuMaibHOH HenpepriBHOCTH, Maximum Continuity Fields (MCF);
i) MHTENIeKTyaNIbHOTO yIUIOTHEHHs Touek, Intelligent Point Densification (IPoD); iii) obmactu
copocoBeix cmemenuit  (FDF), wu iv) wunHrepnomsiumu CPP. Cnoco® wuHTerpaumwy,
COOTBETCTBYIOILIMHA HACTOSIIEMY H300pETEHHs, MO3TOMY: 1) OmUChIBaeT 3(PpQexTsl JOKaTbHON
aHM30TPONHH, BBOIASA OONACTP MAaKCHMAJIbHOH HENpPEpBIBHOCTH H  00JacTe cOpPOCOBOrO
CMELICHNs], OCHOBAHHBbIE Ha JIe)Kalleld B MX OCHOBE CTPYKTYPHOH HMH(pOpManuu, U ii) BBOIUT
cnocoOpl  uHTepnosiumu  CPP, 4TOOBI  BBIMONHUTE  HMHTEPNONSALUIO MEXAY  ABYMS
MHTEPECYIOIMMH TOYKAMH BIOJb HANMPABIEHUS MAaKCHUMAaJbHOH HENPEPhIBHOCTH U uepes

MIOBEPXHOCTH COPOCOB.
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Onucanue cucremMbl

Hacrosimee wuso0pereHne MOXeT OBITh OCYIIECTBIEHO ITOCPEACTBOM HCIOJIHIEMOM
KOMITBIOTEPOM MPOrpPaMMbl KOMaHJ], TAKUX KaK MPOTrPaMMHBIE MOAYJIH, OOBIMHO YIIOMUHAEMbIE
KaK MPHJIOKEHHs MPOrPaMMHOr0 0OeCreueHHs WM MPUKJIAIHbIE TPOrPaMMBbl, HCIIOIHSAEMbIMU
KoMmmetoTepoM. IIporpamMmHoe obecrieueHne MOXKET COAep)KaTh, HANpPUMEp, CTaHIApPTHbIC
IPOrPaMMbl, TIPOTPaAMMBbI, OOBEKTbI, KOMIIOHEHTbI U CTPYKTYPbI JAHHBIX, KOTOPbIE BBITOIHSIOT
YACTHbIE 3a/aul WINM PEaJU3yI0T KOHKPETHbIE THIbI aOCTPAKTHBIX AaHHBIX. IIporpammuoe
obecrieueHue Qopmupyer uHTEepdeiic, 4YTOObI TMO3BOJUTH KOMITBIOTEPY pearupoBaTh B
COOTBETCTBUM C HCTOYHUKOM BXofHOro curHana. IIporpamma DecisionSpace Earth Modeling
(DSEMTM), KOTOpasi SIBJSIETCS KOMMEPYECKUM MPHIOXKEHUEM MPOTPaMMHOTO obecreueHus,
npoaaBaeMbiM Ha peiHKe kommanueld Landmark Graphics, MOXKeT UCHONB30BATHCS B Ka4eCTBE
uHTEep(EHCHOr0 MPUIIOKEHUS Ui OCYLIECTBIIEHHs Hactosimero n3odperenus. [IporpammHoe
olecriedyeHne MOKET Takke paboTaTb COBMECTHO C APYTUMH CErMEHTaMH YIPaBISFOIIEH
NPOTrpaMMbl, YTOOBI WHHUIMUPOBATH MHOMKECTBO 3ajad B OTBET HA [aHHbBIE, NPUHSITHIE B
COYETAaHNH C MCTOYHMKOM IMPHUHATHIX NaHHBIX. [IporpamMmHOe obOecrieueHre MOXKET XPaHHUTHCS
W/WIT BBITIONHATBCS Ha OONBIIOM pa3sHooOpasum Hocutenedl mamsatd, Takux kak CD-ROM,
MAarHUTHBIM JUCK, NMaMATh HAa LMJIUHAPUYECKUMX MArHUTHBIX JIOMEHAaX U IOJyIpPOBOIHUKOBAs
namATh (Hampumep, pasnuuHble THNBI RAM mnmn ROM). JlonojgHHUTENbHO, MPOrpaMMHOE
o0ecriedeHHe M €ro pes3yJbTaThl MOTYT IEpeAaBaTbCs 4Yepe3 MHOXKECTBO HOCHTENEH-
NEPEeHOCUMKOB, TAaKMX KaK OINTOBOJOKHO, METAJUINYECKHH MpOBOX W/HIM uepe3 Jroboe
MHOKECTBO ceTeil, Takux kak MHTepHer.

Kpome Ttoro, cmenuanuctbl B JAaHHOH OONACTH TEXHHKH JOJDKHBI IOHHUMATh, HYTO
u300peTeHre MOXeT ObITb OCYILIECTBJIEHO BO MHOXKECTBE KOH(Urypaumii KOMITBIOTEPHBIX
CHUCTEM, B TOM YMCJIE, KAPMAHHBIX YCTPONCTBAX, MHOTOMPOLIECCOPHBIX CHCTEMaX, OCHOBAHHBIX
Ha MHUKPOTIpoLieccopax ui MIPOrpaMMUPYEMBIX 3JIEKTPOHHBIX yCTpONCTBAX,
MHHHKOMITBIOTEPAX, VHUBEPCAIBHBIX KOMITBIOTEPAX U T. M. JIF0O0Oe KOMMYEeCTBO KOMITBIOTEPHBIX
CHCTEM U KOMITBIOTEPHBIX CETeH MPUEMIIEMO JJISl HCIIOJIb30BAHUS C HACTOSIIIUM H300PETEHHEM.
HzobpereHne MOKeT OBITh NMPAKTHUECKH PEATM30BAHO B PACIPENENIEHHBIX KOMITBIOTEPHBIX
cpenax, TA€ 3aJauyd BBIMOJHSIOTCS JUCTAHIMOHHO PAacCIOJIOKEHHBIMH  IIPOLIECCOpPaMH,
CBSI3aHHBIMH MEKIy COOOM uepe3 CHUCTeMy CBs3U. B pacmpeneneHHOW KOMITBIOTEPHOU cpene
IIPOrpaMMHbIE MOAYJIM MOTYT PacrojaraTbCsl Ha JIOKAJIBHBIX U PACIONOXKEHHBIX Ha HOCUTENSX
XPaHEHHUs JaHHBIX YJAJEHHbIX KOMIIBIOTEpaxX, B TOM UYMCJE HA 3alIOMHHAIOIIUX YCTPOMHCTBAaXx.
Hacrosimmee wn3o0pereHne MOXKET TO3TOMY OBITh OCYINECTBIEHO B CBSI3H C PA3IUYHBIM
anmnapaTypHeIM oOOecledeHneM, IPOrpaMMHBIM OOecrieueHHeM WM WX KOMOWHAIueH, B

KOMITBIOTEPHOH CHCTeMe WIH B IPYroi cucreme oOpadboTKu.
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Ha ¢ur. 7 npencraBieHa OOK-CXeMa CHCTEMbI OCYIIECTBJIEHUS HACTOSIIETO
n3o0pereHnst Ha KommbloTepe. Cucrema CONEp)KUT KOMIBIOTEPHBIN OJOK, HWHOrIa
YIOMHUHAEMBI KaK KOMITBIOTEpHAsi CHCTEMa, KOTOPBIH COAEPKUT NaMATb, NPUKIIATHBIE
nporpaMMel, uHTepdeic moab3oBarens, BUAEOUHTEp(deHc U MPOLECCOPHbIH  OJOK.
KomnbroTepHblit OJI0K SIBJISIETCS] TOJIBKO OJHUM U3 IPUMEPOB COOTBETCTBYIOLIEH KOMITBIOTEPHOM
cpempl M He TpenHa3HAa4YeH MpeasiaraTb Kakoe-ITHOO OrpaHuueHHe B OTHOLIEHHH oObema
MCTIONIb30BAHMS WM (DYHKIIMOHAIBHOCTH U300 peTEeHUs.

B mamsTu XpaHSATCS TMpekae BCEro MPHUKIAAHbIE MPOrPaMMbl, KOTOpPbIE MOTYT OBITh
TaK)K€ OIUCAaHbl Kak MpPOrpaMMHBIE MOAYJH, COIEpKallUue HCIIONHAEMblE KOMIIBIOTEPOM
KOMAaHJbl, HCIIOJIHAEMbIE KOMIIBIOTEPHBIM OJIOKOM Ui OCYINECTBJICHUS HACTOSINEro
M300peTeH s, OMMMCAHHOTO 371eCh U MOKa3aHHOro Ha ¢ur. 1-2. [TaMsaTh mosSTOMY, TIpEXIe BCETO,
COAEPKUT MOAYJb BBOJA NAHHBIX, MONYJb aOCTPaKIMU W MOAYJb WHTEPIOJSLUH TaHHBIX,
MO3BOJISIFOIME BBIOJHATH CIIOCOOBI, TOKa3aHHBIE W ONHMCAHHBIE CO CChUIKOW Ha ¢ur. 1-2.
Monyne BBOAA JAHHBIX COAEPKUT (PYHKLMOHAJBHBIE BO3MOXKHOCTH, TOANEP)KUBAIOIINE BBOI
CEeMCMUYECKUX IAaHHBIX, WHTEPBAJIOB/CIONCTOCTH, (PPArMEHTOB KapT M YEPTEXkKEeH OT pPYKH.
Jpyrumu cioBaMH, MOAYJb BBOAA [aHHBIX MHTETPUPYETCA C DSEM™ i uHTEepdericom
NOJIb30BaTENsA/ BUAEOUHTEPdeiicoM, YTOOBI BBINOJIHATH (PYHKIIMU, ONMUCAHHBIE s 3Tanos 102a,
104a, 104b u 104c Ha dur. 1. Monyns aberpakiuu gaHHbX uaTerpupyercs ¢ DSEM ™, uto6sr
BBITIOJIHATE (DYHKLWH, OMHCcaHHble it dtana 106 Ha ¢ur. 1. B wactHOCTH, MOIyJIb a0CTpaKIum
TAHHBIX COIEPIKUT ouu(ppoBKy, UHTENIEKTYaJIbHOe YIUIOTHEHHE TOYEK,
CTpYKTypHble/mn(p(y3HBIE  TEH30pbL, CTPYKTYPHO OPHUEHTUPOBAHHOE  CIUIAKUBAHUE W
KOMITOHEHTbI 00J1acTH COPOCOBOTO CMEIEHUs, YTOOB! BBIMOJIHATH (DYHKLMH, OIMHCAHHbBIE IS
stanos 201-205 Ha ¢ur. 2. Moayb HHTEPIONSALMA JaHHBIX HHTerpupyercs ¢ DSEM™, uTo6sI
BBIMOJIHATH (DYHKIMH, ONUCaHHble it 3Tana 108 Ha dur. 1.

XOTs KOMIBIOTEPHBI OJIOK TIOKa3aH KakK WMEIIUNA OObEAMHEHHYI MaMsTh,
KOMIIBIOTEPHBIA OJIOK OOBIYHO CONEPXKUT Pa3HOOOPa3HBIE CUYHTHIBAEMBbIE KOMITBIOTEPOM
Hocutenu. Jlyis mpumepa, B UACTHOCTH, CUWUTBHIBAEMbIE KOMITBIOTEPOM HOCHUTEIH MOTYT
cofiepyKaTh KOMITBIOTEPHBIE HOCHTENIH XPAaHEHHs NaHHbIX. KOMNbIOTEpHAs CHUCTEMHAsl MaMsTh
MOXET COZePKaTh KOMIBIOTEPHBIH HOCUTENb AJISl XPAHEHHUS TaHHBIX B (JOpME HHEPro3aBUCUMON
W/WITH SHEPTOHE3aBUCUMON NAMATH, TAKOW KaK IMOCTOSTHHOE 3anoMHuHaro1nee yerpoictso (ROM)
U onepaTuBHOE 3anomuHaromee ycrpoiictso (RAM). basosas cucrema BBoma-seiBoma (BIOS),
cozieprKalasi OCHOBHBIE IMPOTPaMMBbI, KOTOPBIE IOMOTAIOT IepenaBaTb MHPOPMALHIO MEXIy
3JIEMEHTAMHU BHYTPU KOMITBIOTEPHOrO OJIOKA, TAKYIO KaK BO BPeMs HA4alIbHON 3arpy3KH, OOBIYHO
xpanurcs B ROM. RAM 00bIYHO COfEpsKUT JaHHbIE W/UITH POTPAMMHBIE MO, SIBJISFOLIINECS

HEMEAJICHHO AOCTYIIHBIMU W/WIH B I[aHHbeI MOMCHT HUCIIOJIb3YEMbIMU MPOLUECCOPHBIM OJIOKOM.
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Jlnsg mpumepa, B YaCTHOCTH, KOMITBIOTEPHBIH OJIOK COAEPIKUT OINEPALUOHHYIO CHCTEMY,
MPUKJIaHbIE IPOrPaMMBI, APyTHe IPOrpaMMHbIE MOAYJIH U AaHHBIE IPOrPaMM.

KoMnoneHThl, NOKa3aHHbIE B MaMsATH, MOIYT TaKXe COMAEPKaTbCs HA JPYIUX
CBbEMHBIX/HECBEMHBIX, 3IHEPrO3aBUCHMBIX/9HEPrOHE3aBUCHMbIX HOCHUTENAX ISl XPaHEHUsS
KOMITBIOTEPHBIX JAHHBIX MM MOTYT OBbITh peain30BaHbl B KOMIIBIOTEPHOM OJIOKE MOCPEACTBOM
IPUKJIAAHOTO nporpamMMHoro unrepdetica ("API"), KoTOpbIil MOXKET HAXOOUTHCS HA OTAEIBHOM
KOMITBFOTEPHOM OJIOKE, TIOAKIFOUEHHOM Yepe3 KOMIIBIOTEPHYIO CHCTEMY UJIH 4epe3 CeTh. TOIbKO
IUISL TIPUMEpPA, KECTKUH IHCK MOXET CYUTHIBATH W/MJIM 3aNHCHIBATH JAHHbIE HA HECHEMHBIM,
SHEProHEe3aBHUCUMbBIM MAarHUTHBIH HOCHUTENb, AUCKOBOJ MArHUTHOTO JTUCKA MOXKET CUUTBIBATH
W/WIM  3aNHChIBATh HA CBEMHBIH, JHEPrOHE3aBHCHUMBIA MArHUTHBIA JHCK W JTUCKOBOX
ONTHYECKOTO IHCKAa MOXKET CUHTHIBATH W/WJIM 3aMUCHIBATH HA ChEMHBIN, SHEPTrOHE3aBUCUMBIN
ontudyeckuii auck, Tako kak CD-ROM wunm npyrue onrtudeckue Hocutenu. J[pyrue
CbEMHbIE/HEChEMHBIE, SHEPro3aBUCHMbIE/SHEPrOHE3aBUCHMbIE HOCUTENU JJIs1  XpaHEHMs
KOMIIBIOTEPHBIX JaHHBIX, KOTOPbIE MOTIYT HCIOJBb30BaThCS B NpUMeEpE ONEpaLMOHHON Cpensbl,
MOTYT COAEPIKaTh, B YACTHOCTH, KACCEThI C MATHUTHOH JICHTHI, KapThl (IIBII-NIaMSTH, HUPPOBBIE
YHHUBEpCaJbHbIE AUCKH, IH(POBBIE BUACONEHTHI, TBepAoTenbHoe RAM, tBeprorensHoe ROM n
T. n. IIpuBoxel M cCBs3aHHBIE C HHMMM HOCUTENN XPaHEHUS KOMIIBIOTEPHBIX JaHHBIX,
oOcy»naBIIMecss BbIIE, OOECIEYMBAIOT XPAHEHHWE CUUTHIBAEMbIX KOMITBIOTEPOM KOMAaHJ,
CTPYKTYP J@HHBIX, IPOrPAMMHBIX MOAYJEH U IPYTUX NAHHBIX IJI KOMIIBIOTEPHOTO OJIOKA.

ITonb3oBaTenb MOXKET BBOAUTh KOMaHAbl U MHOOPMALIMIO B KOMIIBIOTEPHBIN OJIOK uepes
uHTEepQEiic MoIB30BaTENs], KOTOPBIH MOXKET OBITh YCTPOHCTBOM BBOAA, TAKHM KaK KJIABHATYpa U
MaHUIYJIATOP, OOBIMHO HAa3bIBAEMBIH "MBIIIBIO", MIAPOBBIM MAHUIYJATOPOM HJIH CEHCOPHOH
NaHEeJbI0. Y CTPOHCTBA BBOJIA MOTYT COAEPKAaTh MUKPO(OH, IKOMCTHK, CITyTHUKOBYIO aHTEHHY,
CKaHep U T. M. DTU U ApPyrue YCTPOWCTBAa BBOAA YACTO COENUHSAIOTCS C IPOLIECCOPHBIM
YCTPOMCTBOM 4epe3 CHUCTEMHYIO IIHHY, HO MOTYT COEIUHATbCA dYepe3 JpPyrue CTPYKTYphbl
uHTep(eCOB U IMUHBI, TAKUE KaK MapaJuIeIbHBIN MOPT WIM YHUBEPCAJIbHAS MOC/IEA0BATEIbHAS
muHa (USB).

MOHHUTOP WJIH JPYTOM THUI YCTPOWCTBA OTOOPAKEHHSI MOTYT COCAMHSTHCS C CHUCTEMHOM
IMHOH Yepe3 untepdeiic, Takol kak Buneountepdeiic. I'padudeckuii uHTEpQENc MOIB30BaATENS
("GUI") MoxeT Takke HCIIONB30BAThCs BMECTe C BHUAEOMHTEpdeiicoM, 4TOOBI NPUHUMATH
UHCTPYKLUHU OT MHTepdelica moap30BaTeNs U IepenaBaTh KOMaH/Abl Ha POLECCOPHbIH Onok. B
JOTMOJTHEHNE K MOHHUTOpPY, KOMITBIOTEPbI MOTYT TaKXe COAEpKaTh Ipyrue nepudepuiiHbie
yCTpOICTBa BBIBOAA, TAaKHE€ KaK TIPOMKOTOBOPUTENN U IPHUHTEP, KOTOpPbIE MOTYT TaKke
NPUCOEANHATHCS uepes3 nepudepuiiHbii HHTEpQEc BHIBOAA.

XOoTsl MHOTHE JIpyrHe BHYTPEHHHE KOMITOHEHTbI KOMITBIOTEPHOro OJIOKa He MOKa3aHbI,
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CHELMAINCTBl B JAHHOH OOJIACTH TEXHHUKHU JOJDKHBI ITOHUMATh, YTO TaKHE€ KOMIIOHEHTHI U HX
B3aUMOCBSI3H SIBIISTFOTCSI OOIIETIPHHATHIMU.

Xotrs HacTosiinee M300peTeHHe OBLJIO OMHCAHO B CBA3M C IPEANOUTHUTEIbHBIMH B
HACTOsIIlee BpeMs BapUaHTAMU OCYIIECTBJIEHMS, CIIELHAJUCTaM B JAHHOM OOJNACTH TEXHUKU
JOJDKHO OBITH MOHSTHO, YTO 3TH BaPHAHTbI OCYIIECTBJICHUS HE MpPEeAHA3HAYEHbl OIPAHUYNBATh
n3oOperenue. [103TOMy monmpa3ymMeBaercsi, 4TO B PACKPBITBIX BAPUAHTAX OCYILECTBICHUS MOTYT
OBbITb peaan30BaHbl PA3IMYHbIE ATbTEPHATHBHbIC BAPHAHTHI OCYLIECTBICHUS U U3MEHEHUs, He
OTCTymasi OT CYIIHOCTH M OO0beMa H300peTeHHs, ONpeAesieMbIX MPUIOKEHHOH (opMyIIoi

U300pEeTeHNsI U €€ SKBUBAJICHTAMU.



POPMYVYIJIA U3OBPETEHHUA

1.  OcyuecTBisieMblii  KOMIIBIOTEPOM ~ CIoco0  MonenupoBaHusi  TpexmepHoit  ("3D")
re0JIOTHYECKON CTPYKTYPBI, COIEpIKAIU 3TAIbl, HA KOTOPBIX:

BBIYHUCIIIOT 00JIaCTh CTPYKTYPHBIX U AM((y3HBIX TEH30pOB I OLM(POBAHHOTO M300pasKeHUS
re0JIOTHYECKOU CTPYKTYPBI;

oOpabartbiBatoT o poBaHHOE U30OpAKEHHS )11 POPMHUPOBAHUS YIIYULIEHHOTO H300pakeHus,
UCTIONIB3YSl TPOLIECCOP KOMIIBIOTEPA BBIYUCISAIOT 00JacTe COPOCOBOrO CMEINEHUs  JUIs
YKa3aHHOTO OLU(POBAHHOTO U300paKEeHUS, 1

UHTEPIIOIUPYIOT 00JIaCTh CTPYKTYPHBIX B AU (Py3HBIX TEH30POB, YIAyYIIEHHOE H300pakeHne U

00s1acTh COPOCOBOTO CMEIEHHS Il CO3/IAHUS TPEXMEPHOM Ire0JIOTNYeCKON MOJIEIIH.

2. Cnocob mo m. 1, B KOTOPOM AOMOJHUTEIBHO OLU(POBBIBAIOT M300paKEHUE T'€OJIOTHUECKON
CTPYKTYpBI, TPEACTABICHHOW BXOIHBIMHU JaHHBIMH, NpUYeM OLU(PPOBAHHOE H300paskeHUe
COIEP KUT MHOTOYHCIIEHHbIE TOYKH BBIOOPKH;

OpU4eM  KaXIObl  TEH30p CBS3BIBAIOT C  COOTBETCTBYIOLIEH TOYKOM  BBIOOPKH B
ONTUMHU3HPOBAHHOM MECTOIOJIOKEHHH TOYKH BIOOPKH AJIsi COOTBETCTBYIOIIEH TOYKH BBIOOPKH,
OCHOBBIBAsICh Ha MOUCKE OJIMKANIIEro COCEACTBA MJIM OCHOBBIBASICh HA MOUCKE €CTECTBEHHOI'O

coceacTna.

3. Cnocod mo m. 2, B KOTOpoM 00pabaThiBalOT OLU(POBAHHOE H300PAKEHUs], HCIIOIb3YS
CTPYKTYPHO OPHUEHTHPOBAHHOE CIIIAXKMBAHUE JJIs1 POPMHUPOBAHUS YIIYHLIEHHOTO M300pakeHusl,
coneprKaliee 1Mo MeHbLIeH Mepe OfMH U3 CIEAYIOUNX (DUIBTPOB. YIyYLIAKIIHIi KOT€PEHTHOCT
AHM30TPOMHBIN (UIBTP, CTPYKTYPHO OPHUEHTUPOBAHHBIN (DHIIBTP MHTEPIPETALINH, PEKYPCUBHBIC

(aHM30TpOIHBIE) rayccoBbI PHIIBTPHI U OusaTepanbHble GUIBTPHL

4. Cnoco® mo m. 3, B KOTOPOM BBIYHCIEHHE 00JacTH COPOCOBOTO CMEIIEHHs ISl YKa3aHHOTO
o pOBAHHOTO U300PaKEHUsT CONEPKUT MOUCK BEKTOPOB SIBHOIO CMELIEHUS B OLH(PPOBAHHOM
I/I306pa}KeHI/II/I U TIONCK MECTOIOJOKEHUNA TIMKOB JOKAJIBHBIX B3aMMHBIX Koppenﬂum‘/i MECXKOY

COCEACTBYOIIMMU BEPTUKAJIBHBIMU TpaCCaMU AJIA OLII/I(I)pOBaHHOFO 1/1306pa>1<eH1/I;1.

5. Cnocob mo m. 4, B KOTOPOM BBIYHUCIIEHHE COPOCOBOrO CMEIIEHUs Ui OLU(POBAHHOIO
N300paKeHNsT MOKET ObITh MPUMEHEHO K JII0OOMy (opMaTy onM(POBAHHBIX TaHHBIX, UMEFOIINX

OTHOLIEHHE K CTPYKTYPHOH HH(pOPMALIUH.



6. Cnocob6 mo m. 1, B KOTOPOM 3Tan MHTEPHOISLUN COAEPKUT MHTEPIIONSILUIO €CTECTBEHHOTO

coceacTna.

7. Crocob mo m. 1, B KOTOPOM 3Tal MHTEPHOJISLMU COAEPIKUT HAINPaBISIEMYIO H300paKeHUEM

HUHTEPIOJIALIUID CMENIAHHOI'O COCCACTBA.

8. JlonroBpeMeHHBI CUHUTHIBAEMBI KOMIIBIOTEPOM HOCUTENb, XPAHALIUN HCIIOJIHSEMbIE
KOMITBIOTEPOM KOMAaHIBI JUII MOAETHpoBaHus TpexmepHoi ("3D") reosoruueckoi CTpyKTYpHI,
NpUYeM KOMaHbI IPU MX MCIIOJHEHHH OCYLIECTBISIIOT CIENyoIIee:

BBIYUCISIFOT 00J1aCTh CTPYKTYPHBIX U AU(PPY3HBIX TEH30POB IS OLU(PPOBAHHOTO N300pAKEHHS
re0JIOTHYECKON CTPYKTYPBI;

oOpabarbiBaroT onnpoBaHHOE N300pAKEHHS 111 POPMHUPOBAHUS YIYULIEHHOTO H300pakeHus,
UCTIONB3Ysl TIPOLIECCOP KOMIIBIOTEPAa BBIUUCISIOT 00MacTe COPOCOBOrO  CMEIIEHUs IS
YKa3aHHOTO OLU(pPOBAHHOTO U300paKEeHUs, 1

UHTEPIIONIUPYIOT 00JIaCTh CTPYKTYPHBIX B AU((Py3HBIX TEH30pPOB, YIYUILIEHHOE N300paskeHne U

00sacTh COPOCOBOTO CMEIEHHS T CO3/IaHUS TPEXMEPHOM Ire0IOrnYeCKON MOIEIIH.

9. CunThIBAEMBIN KOMITBIOTEPOM HOCUTENb IO 1. 8, B KOTOPOM JIONOJHUTENIBHO OLH(POBBIBAIOT
N300pake€HNe TIeOJIOTHYECKOH CTPYKTYpPBbI, IMpPEACTaBIEHHONH BXOAHBIMH MAaHHBIMH, IPUYEM
ouudppoBaHHOE M300paKEHUE CONEPIKUT MHOTOUHCIIEHHBIE TOUKH BbIOOPKH,

npuueM  KaKABIH TEH30p CBA3BIBAIOT C  COOTBETCTBYIOINEH  TOYKOW  BBIOOPKH B
ONTUMU3UPOBAHHOM MECCTOITOJIOKCHUU TOYKH BbI60pKI/I JJIA COOTBGTCTBYIOH_Ieﬁ TOYKH BbI60pKI/I,
OCHOBBIBAsICh Ha MOMCKE OJIMKANUIIEr0 COCEACTBA MM OCHOBBIBASICh HA TOUCKE €CTECTBEHHOT'O

coceacTna.

10. CuutbIBaeMbIii KOMITBEOTEPOM HOCHUTENB MO 1. 9, B KOTOpOoM 00pabdaThiBarOT oLupOBaHHOE
M300paKeHNsI, UCTOJNB3Ysl CTPYKTYPHO OPHUEHTHPOBAHHOE CIUIaXKMBaHWE Ml (HOPMHUPOBAHHS
YIJIYUYIIEHHOTO M300paskeHHsl, ColeprKallee 1Mo MEHbLIEH Mepe OJUH M3 CIEAYIOINX (UIBTPOB:
YJIYUIIAIOLUINH KOT€PEHTHOCTh aHU3O0TPOITHBIA (PUIBTP, CTPYKTYPHO OPHEHTHUPOBAHHBIN (QUIBTP
UHTEPIIPETALNY, PEKYPCHBHbIE (AHU3OTPOIHBIE) TayCcCOBBl (QUIBTPbI U  OWiaTepaibHbIC

buIBTPEL

11. CuuteiBaeMblli KOMIBIOTEPOM HOCUTeNb 1O 1. 10, B KOTOPOM BBIYHCIEHHE OOJIAacTH

cOpOCOBOrO CMeEIIeHUs] Al YKa3aHHOTO OLM(POBAHHOTO H300paKE€HUs] COAEPKUT ITOHCK



3

BEKTOPOB SABHOI'O0 CMCIICHUS B OLII/I(I)pOBaHHOM 1/1306pa>1<eH1/H/1 U ITIOMCK MECTOIIOJIOKEHUN ITHKOB

JIOKAJIbHBIX B3aWMMHBbIX KOppeJ'IﬂLII/Iﬁ MEKAY COCCACTBYNOLIMMU BEPTHUKAJIBHBIMU TpacCcCaMu IJisd

o pOBAHHOTO N300PAKESHHSI.

12. CuuTbIBa€MBIli KOMIBIOTEPOM HOCHTENb MO M. 11, B KOTOPOM BBIYHCIEHHE COPOCOBOTO
CMeIIeHMsI Uil OLU(POBAHHOrO M300pa’keHHUss MOXKET ObITh NPUMEHEHO K Jirobomy (opmary

ouu(pPOBAHHBIX JAHHBIX, UMEIOIIHUX OTHOIIEHUE K CTPYKTYPHOH HH(OPMALIHH.

13. CuutbiBaeMblii KOMITBIOTEPOM HOCHUTENb IO M. 8, B KOTOPOM 3Tall UHTEPIIONSILIMUA COAEPKUT

HHTEPIOJIAINIO €CTECTBEHHOI'O COCCACTRBA.

14. CuutbiBaeMblii KOMIIBIOTEPOM HOCHUTENb MO M. 8, B KOTOPOM 3Tall UHTEPIIONSILIMUA COAEPKUT

HarpapJIIEMYHO 1/1306pa>1<eH1/IeM HUHTCPNOJIANNUO CMCHIAHHOTO COCEACTRBA.
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