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AKTyaJIbHOCTDH IIPODJIEMBL

CoBpeMeHHbIe METO/IBI Pa3pabOTKN HePTIHBIX MECTOPOXKJICHUH TTpeIo-
JIATAI0T UCTOJb30BAHNE MATEMaTUIeCKUX MOJIesiell, onpeesionux (puibTpa-
IMOHHBIE U €MKOCTHBbIE CBOHCTBa 3ajexeidl nedpTu. Kak mpaBmsio, 9T0 1O/
re0JI0ro-reopu3NIecKnX mapaMeTpoB, BOCCTaHABIMBAEMbIE 110 OT/IE/JbHBIM 3a-
MepaM B CKBaKMHAX, JUCTAHIMOHHBIM BUJIAM WCCICIOBaHUiT (ceficMopasBe-
Ka), allpuOPHBIM KOCBEHHBIM CBEJICHHUSAM O TOBEJCHUM NapaMerpa B obJjacTu
OTCYTCTBUSA HannbiX. [l oTobparkeHus TaKUX MOJeil UCIOIb3YIOTC KapThl B
M3OJIMHUAX U KapThl, MPe/ICTaBJeHHbIe TTOBEPXHOCTAMU B MpocTpancTse. [l
MOCTPOEHUs U3OJMHUH U co3/IaHusd Habopa TreoMeTPUICCKUX TPUMUTHBOB C TIe-
JIbI0 OTOOPAXKEHUsI MOBEPXHOCTH PACCUUTHIBAIOTCS 2pudvl (PABHOMEDHbIE CETKH
cO 3HaueHUsAMU B y3siax). Takas oneparust HazblBaeTcs 2pudunzom. HecmoTpst
Ha JIOCTATOYHO JOJITAN TTEPUOJT PA3BUTHS METOJIOB TOCTPOCHUS W BU3YAJTU3AIINN

KapT, B HACTOsIIEEe BpeMsi UMeeTCsI psifi IpobIeM JJIst UCCIIeJOBaHUSI:

1. Ilocmpoenue 6v1cmpodeticmsyow,ezo u IKOHOMUYHOZ20 AAZOPUTILMA PACHE-

ma epuda.

2. Pewenue anzebpauvueckur cucmem aunetnur ypasnenut (CAY) 6oao-

WOt PasmepHocmu.
3. Bwibop onmumarvroti cemxu 0as omobpasicenus undopmau.

4. Bopwba ¢ nozpewuHocmamu 6 ucrodnvlr JdanHnvix, nocmpoenue 2aa0KuT

kapm.”.

Periennio smux npobjieM u mocBsiliiena HaCTOsIIast padbora.

IHeas padoThl cOCTOUT B pa3spabOTKe BHICOKOCKOPOCTHOTO METO/Ia TPH-

JIMHTA, JIJI TMOCTPOEHUST BBICOKOMETAIBHBIX T'e0JOT0-re0MU3NnIecKuX KapT 10
MCXOAHBIM JAHHBIM PA3JIMIHON TPUPOAHLI W JIOCTOBEPHOCTH HA YMEDPEHHO H3-
OBITOYHOM TI'PHU/Ie, B ONTUMHU3AIMK U [1epepabOTKe MUPOKO ITPUMEHIEMOI0 st
I'PUJIMHTA MeTo/a Kpaiirunra. JIpyroi mebio paboThl sBjasgeTca pa3paboTKa
HECKOJIbKUX UTePalnOHHbIX MeTo 0B pemenust CJIY, yuanrbiBaoommx crenudu-
Ky MATPUIHOI'O OIIEPATOPa, XapaKTEPHYIO JJIsi PACCMAaTPUBAEMOIO KJIACCa 3a-
JIad, a TakKe MpUMeHeHre MeTOJIOB BeiiBjieT-aHau3a Jijisi 00pabOTKU TeosI0ro-

reopU3MIECKUX KapT.



Hay4unass HOBu3HA.

1.

Ut

Paspaborana cxema HOCTPOCHHS WU IIOCIEJOBATEJ]LHON MUHUMU3ALUN
OYHKIMOHAJIOB, HA3BAHHAA METM0JOM NOCAC0E6ATNEALHOT MUHUMUSAUUL
Pynryuonaros (IIMO ) no3sossitoasi Mpu MOCTPOCHUN KapT PACCTABUTD

N YHUTbIBATh IIPUOPUTETHI AJIA PA3/JNYIHBIX THUIIOB MCXOIHBIX AdaHHBIX.

Ha ocnoBe merojya [IM® paszpabdoran 3pHeKTUBHBIN YUCTCHHBIA ajro-
PUTM, MpeJHa3HauYeHHbI 1 OBICTPOTO IOCTPOEHUsT BBICOKO/IETATbHBIX
KapT Te0JIOTO-TeOpU3NIEeCKIX MapaMeTPOB, MPEBOCXOIATINN 10 CKOPOCTH

n3BeCTHLIC aHaJIOT'N.

Paspaboran HOBBIII MHTEPIOJSIMOHHBIE METOJ - aHAJIO METOja Kpaii-

I'MHra.

[Ipumenena TexHuka BeiiBjaeT-aHan3a 1Jjisi PAOOTHI ¢ KapTaMHU I'€0JIOr0-
reopU3NIECKUX IaPAMETPOB C Pa3JIMUYHBIMU YPOBHSAMHU JI€TaJbHOCTU U
JIJIST pellleHusl 3aJlaun TOJaBJeHUsST BJAUAHUAS TTOIPENTHOCTENR B UCXOHBIX

r'e0JIOro-reo(pu3nIecKnxX JTaHHbIX.

PaspaboraHbl HOBbIE UTEPAIMOHHBIE AJIFOPUTMBbI PeIleHus] CUCTEM aJired-
paryecKux ypaBHEHUH, TO3BOJISIIONINAE UCIIOJIb30BAThH AIIPUOPHYI0 HHMOP-
MAIMIO O CIIEKTPE MATPUYHOIO OIEpaToOpa, a TaKyKe CIeNnaJIn3upoOBaH-
HbIIl UTEPAlMOHHbIN aJIrOPUTM, YUUTHIBAIOIIMA 0COOEHHOCTD IIOCTPOCHUS

asirebpandecknx crucrem meroja [IMO.

Cocrapjien 0030p M TPOBEJIEHA KJIACCU(DUKAINS COBPEMEHHBIX METOJI0B

I'puJUHTI'a 110 THUIIAM BOSHHKAIOIINX MaTPHUYHDBIX OIIEPaTOPOB.

IIpakTunyeckasi HEHHOCTH PabOTHL

PesyiibraTrbl paboThl ObLINM PeaJM30BaHbl B paMKaX HPOIPAMMHOIO KOM-

miekca BACITPO B moynsx Pemakrop 2/1 u Penakrop 31 (3AO «Uudopma-

nuoHHAsT KoMmaHusgy, . Tromens). [IporpaMMubIe MOYIN MCTONB3YIOTCS JIJTs

nocTpoerust nndPOBHIX MOIEIEH MECTOPOXKIEHUI B BeAYIINX HEPTIHBIX KOM-
naangx crpanbl: OAO "THK", OAO "Jlykoiin-Osepcus", OAO "Crasuedrn",
OAQO "Cunanko".

ApTopom ObLI paszpaboTan ¢BOOOIHO pacIpoOCTpaHseMblil TPOrpaMMHbIi

kKoMiieke Surface Fitter (surfit), mpejaHasHaveHHBIN JUIA TOCTPOCHUS U



Ut

BU3YaJIU3AIMU KapT I'e0JI0ro-reopusniecKux napaMeTpoB. B HacTosiiee BpeMs
OH JIOCTYTIEH depe3 MHTepHeT 10 ajpecy http:\\surfit.sourceforge.net.

Pabota BbinosiHeHa TP 1TOj/IepkKe rpanTa ['ybeprnaropa TromeHnckoit 00-
sgactu Ne111-01.

Armpobanust padoThHL

OcHoBHBIE pe3yabTaThl NUCCEPTAIMOHHONE pabOThI JTOKJIAIbIBAJNCH HA

KOH(EPEHIINIX U B OPraHU3aIUsIX:

1. XXXVII Mexnynapojanas cryjgendeckas KoHdepennusa ~"CTyaeHT u
HayIHO-TexHn4decknii mporpecc”’, HI'Y, Hosocubupck, 1998.

2. IV Mexjpynapojinas HaydHO-TeXHUUIecKasd KoHdepennus "Maremarnude-
CKOE MOJIeJTUPOBaHUE (DUBNICCKUX, IKOHOMUICCKUX, TEXHUICCKIX, COTTHI-

aJibHbIX cuctem 1 riporeccoB” 10-12 nekabpsi 2001 1., Yal'V, r. YibsiHOBCK.

3. IX MexxyHapo/iHas HaydIHas KOH(EpPEHINs CTY/IeHTOB, aCITUPAHTOB U MO-

JI0jibIX yuenbix JIomonocos” 9-12 ampesst 2002 ., MI'Y, r. Mockna.

4. 2-az Beepoccuiickas naydaHas KoHdgepentus Teosorus n HedpTerazoHoc-
HOCTh JanaHo-Cubnupcekoro merabacceiina”’, 25-27 ampesst 2002 1., TT'H-

'Y, r. Tromens.

5. Hayuno-texumdeckast kondepeniusi, nocssiternas 90-jeruto co JiHst
poxienus B.M. Mypasienko «HedrTb u ras: mpobiieMbl HEJIPOIIOIb30-

BaHus, JoOBIUM 1 TpancnopTupoBkuy», 2002, TI'HI'Y, 1. Tiomenn.

6. PermonasbHast HayaHasi KOH(DEPEHINS CTYACHTOB, ACIUPAHTOB U MOJIO-
abix yaenbsix «HAVKA. TEXHUKA. MHHOBAI », 2002, HI'TY, Ho-

BOCHONPCK.

7. V MexJyHapojHas HaydHO-TeXHHUUYecKass KoHddepeHius "MaremaTude-
cKoe MojenaupoBanne (PpU3NIECKUX, IKOHOMUIECKNX, TeXHUIECKUX, COIU-

aJIbHBIX cucteM u nporeccoB” 16-18 uronst 2003 1., Yal'V, 1. VibsHOBCK.

Copaepkanue paboOTHhI

IlepBas raaBa HocuT 0O630pHLII XapakTep. B riape npusejien 0630p Jiu-

TepaTypbl, TOCBAIICHHON BOITPOCAaM ITOCTPOCHUS U BU3yaJu3alnu KapT. KpaTko



PACCMOTPEHBI THUIIBI ['€0JIOr0-re0MU3NIECKUX JAHHBIX, YaCTO BCTPEUYAIONTUXCSI
IIpU MOCTPOEHNK NU(POBLIX Mojeeil MecTopokaennii. [Iposenena knaccudu-
Kalysl JAHHBLIX KAK 110 CTEIeHU J0CTOBEPHOCTH, TaK U 110 CIOCODy MX 3aaHust
- HENPEPBIBHOMY WJIM JUCKPETHOMY, PABHOMEPHOMY WM HepaBHOMepHOMY. B
rjIaBe PacCMOTPEHBI COBPEMEHHBIE METObI IPUAMHTA, BOIPOCHl BU3YAJIU3AINH
KapT TeoJIOro-reodpu3nIecKnX IapaMeTpoB. Bbiiesennbl OCHOBHLIE MaTeMaTH-
JecKre 3aJa49r, BOZHUKAIOIIME B IIPoIecce 00pabOTKU reooro-reohu3naecKoi
uHdopMaIni, 0003HAYEHBl BOSMOXKHbBIE HAIIPABICHIS ONTUMU3AIIN.

Bropag rimaBa nocssiiena pa3paboTKe HOBBIX W ONTUMUBAIUHU CYTIe-

CTBYIOIIUX UNUCJEHHBIX METOJIOB U aJIF'OPUTMOB, UCIOJB3YEMbIX TIPU TPUJIAHTE.

B mepBoit 9acTu ONMWCHIBAETCST TIPEAIATACMbBI Memod nocaedosament-
noti murumudayuy Gyrkyuonaios (IIMO) 03BOSIIOMUI BHIEJIUTh BIUAHEE
KaKJION0 THUIIA UCIOJIB3yeMoi nH(pOPMaIMK IIPH ITOCTPOSHUN KapThl. Tak, Ha-
npuMep, JUis HanboJiee TJOCTOBEPHBIX JTAaHHBIX, MOy YCHHBIX 110 3aMepaM B CKBa-
’)KUHAX, BiausHue Oyjer HauboJibiiuM. HauMeHnbiiuM BiussHueM OyieT M0Jb30-
BaTbCsI PA3JIMIHOIO POJa KOCBEHHAs alpUOpHas WHQOPMAaIIns.

IlycTh pyHKIMS, ONKUChIBAIONIAsA BOCCTAaHABIUBAEMOE 110JIe UITETCA B BU/IE
Pa3JIOXKEHUS 110 HEKOTOPOMY 0a3ncy:

P-1

f(xa y) = Z aszk('x7 y):
k=0
rje ap - HemspecTHble Koy dunuentsl, By (z,y) - 6asucubie dyakimun. Obimast
cxema, noctpoenust yHkiuu f(x,y), Ha3BaHHAS MEMOJOM NOCACIOBAMENLHOT

MUHUMUSAUUY GYnEYuonanos (IIM®@ ) BLITISAANT CIeTyionumM 00pa3oM:

1. Bce uMmeroruecs ucxojHble gaHHbIE KJIACCUMDUIUPYIOTCs 10 CTEIeHU HX
JIOCTOBEPHOCTH - OT HanboJIiee JOCTOBEPHBIX JAHHBIX, 10 KOCBEHHBIX allpy-

OPHBIX NTPEAIOJOKECHN, HAKJIAAbIBACMbIX Ha BOCCTAHABANBACMOE T10J1E.

2. Jlyst KaXXJ10T0 TUIIa, UCXOHBIX JIAHHBIX 3allMChIBaeTCsl (PYHKIIMOHAJ, OIU-
CBIBAIONINI CIIOCO0 ux yaera. QuepeHoCTh PYHKIIMOHAIOB JOJKHA COOT-
BETCTBOBATDH IIOCTPOCHHON paHee KaaccuUKAINU UCXOJHBIX JAHHBIX 110
JocroBepHocTu. HenszBecTHble KO3(MDMUIIUEHTHI G HAXOIATCS U3 TOCJIE10-

BaTEJbHON MUHUMU3AINN (PYHKITMOHAJIOB.

3. Munumusupyercs: nepsblit ¢pyaKimoHas Py nociegoparesbHOCTH. B pe-

3yJbTaT€ €I'0 MUHUMU3alIU1 BO3MO2KHO HECKOJILKO CI/ITyaLLI/Iﬁi



(a) Haiigennl Bce HensBecTHbIe KOIMDMOUIUEHTDI Ay, . . ., Ap_1 - PEIIEHUEe
IIOCTPOECHO.
(6) OnHO3HAYHO HalIEHA TOJBKO 9aCTh KOIDMUIUEHTOBAK,, - . . , AK,

1poune Ko3pPUIMEHTHI He OIPeIeIAI0TCs.

(B) Hu ot kKo3bduImeHT He onpeeasercs 0HO3HATHO.
4. Bropoit ¢pyHKIIMOHAJ MOXKeT ObITh MUHUMHU3UPOBAH JABYMSI CIIOCOOAMU:
(a) Pemaercsa 3amava Ha yCIOBHBINH 9KCTPEMYM

\Ifg(a(), .. ,CLp_l) = (I)Q(CL(), ... ,CLp_l) +

P-1

0P (ap, . .., ap_
T P WA LIS
k=0

ﬁak

(6) B cayuae, ecain dynkiumonan ®q(ag, ..., ap_1) He 32aBUCAT OT OCTAB-
ITUXCST HEONPEJIC/IEHHBIMU KOI(MDMUITMEHTOB, TO 3a/1a49a, TOUCKA IKC-
rpemyMma dyHkiponasa Yo(ag, ..., ap_1) CBEJETCA K PELICHUIO CH-
CTEMbl JIMHEUHBIX ypaBHeHUH

8@2(a0, . ,ap_l)
8ak

[IpousBojiHble, BbIUKC/IsIEMbIE DY MUHUMUA3AINANA 3TOI0 (DYHKIIMOHAJIA, 110

= 0.

BBIUYMCJEHHBIM Ha IpeJblIylieM dTale KoddduiimenraM He 6epyTesi.

5. TomobuBIM 0OPA30OM TIOC/IEI0BATEIHHO MUHIMU3UPYETCS BCsT 1IEMTOYKA, 110~

CTPOEHHOH T0C/Ie0BATEIbHOCTH (PYHKIIMOHAJIOB,

ITpu momornu onucannoro meroja [IIM® B mporpammesurfit peannzoBan
yder CJIeJIyIoNnX TUIIOB MCXOHBIX JIAHHBIX B BUJI€ MUHUMUBAIUU [1OCJIE/10Ba~

TEeJILHOCTH (byHKLH/IOHaﬂOBI

1. ﬂaHHbIMI/I ABJIAIOTCA 3aMEPbI IIapaMETpa B CKBaXKKMHaX, IPeJCTaB/JICHHBIC
TOYKaMH C 3aJlaHHbIMW B HUX 3HAYCHHAMUNU, PACIHOJIO?2KEHHBIMMA Ha XaOTH-

YEeCKOU CeTKe.

2. 3ajlana KOCBeHHas MHQOpPMAIUs O TOM, UTO IMOJe B HEKOTOPOH 00JacTH
"oxoxke” Ha, HEKOTOPYIO MOBEPXHOCTE. [Ipu yuere 310 moBepXHOCTH pe-
3yJIbTUPYIOIIas PYHKIUs JTOJKHA KaK MOXKHO OOJIbIIE IIOBTOPSTH €€ yI-
JIbI ¥ HAKJIOHBI. Takoi BHT MH(MOPMAIUNA 9aCTO UCIOIb3YETC JIJIA yUeTa

pPe3yJIbTATOB ceiCMUYECKUX MCCJIeIOBAHNM.



3. M3BecTHa HEKOTOpas anpuopHast HHMOPMAaIKs O IIOBEJIEHUN [TapaMeTpa. B
00JIaCTH OTCYTCTBUS JaHHBIX. Pealin30BaHbl JBa, "IPEIIIOJIOKEHUST : 110JIe
MaJIO OTJINIAETCS OT HEKOTOPOW KOHCTAHTBI M II0JIE MAJIO OTIHIAETCS OT

HEKOTOPOU TJIOCKOCTH.

[TomMuMoO yueTa onmrcaHHbIX BBITIIE TUITOB UCXOTHBIX JTAHHBIX, MOXKHO TaKXKe
3aIMCATH TOC/IEI0BATEIbHOCTD (DYHKIIMOHAJIOB JIJIs yUeTa 3HAYCHU, 38 IaHHbIX
Ha MPOCTPAHCTBEHHBIX KPUBBIX, (PYHKIMOHAIOB, YINTBHIBAIOMINX JUHANA PA3JIO-
MOB U T./I.

IIposeiennblit B §2.2 ananns 6a3uCcHBIX PYHKITUI ¢ BHIYUCIUTEIHHOM TOU-

KU 3PEHUs NPUBeJ K BbIOOPY 0a3ucHON PYHKIMN TUIA CTYIEHBKA :

h h
wi (x) = -

h h

Ota GasucHass QYHKIHMS KCIOJIB30BAJACH JIjIs YUCJEHHON peau3alid MeTO-
na [IM®, onucanHoll B TpeTbeil yacTu BTOPOU IuiaBbl. Buibop 3Toit OasucHoi
dynknun nososina permarh CJIY ¢ cyIecTBeHHO pa3peyKeHHBIMU MaTPHUITaMH,
9JIEMEHTHI KOTOPBIX HE XPAHSTCS B TTAMSITH, 8 BBITUC/ISIIOTCs 110 popmysiam. [Ipn
BbIOOpE “cTyleHbKu” yaaercs u3bexkars npuMenenus B Metoje (I7) Heorpejie-
JIEHHBIX MHOXKUTeJeil Jlarpan»Kka JJisi ocJjejoBaTebHON MUHUMUA3AIUNA (DYHK-
IMOHAJIOB, B pe3y/braTe pazMepHocTu pemaeMmbix CJIY cokpamaroTes B pasbl.

st mocTpoennst KapThl HEOOXOIMMO PACCINTATH 3HAUCHUST KAPTHPYEMO-
ro rmapamMerpa B y3Jjax rpuja. s Hymepanuu y3/0B Ipuja ¥ COOTBETCTBYIO-
el KaykJIoMy y3Jy 'cTyrendaToil’ 6a3sucHON (PYHKITMH UCTOIB3YIOTC CKBO3-
HOI cIIocoO HyMepaluu: Bce HOMepa Y3JIOB T'pUja U O0a3UCHBIX (DYHKIIMNA 13-
mensitorest or 0 jo NM — 1, 6a3uchas pyHkius Oyjier uMeTh OjIMH WHJIEKC:
Bi(z,y). ©@yukuust f(x,y), ONUCHIBAIOIAs I'DPUJI, UIIETCSI B BUJIE:

NM-1

f(xvy): Z aiBi(xvy)7 (1)

i=0
Bi(x,y) = Brj(z,y) = wi(v)ws(y), i=1+ JN.
Hocuresem 6asucuoit dyukunn Bi(x,y) = Brj(r,y) gBasercs npsmMoyroib-
vk [a + Ih —h/2,a+ Ih+ h/2] X [c+ Jh — h/2,c+ Jh + h/2]. Hearpom
OasuCcHOM MYHKIUK SBJIsETCST y3e1 rpujia ¢ koopanuaramu(a+ITh, c+ Jh). Ba-

3UCHLBIC beHKL[I/H/I PacCIIOJIO2KEHBI TaK, 9YTO UX HEHTPbI HaXOAATCA TOYHO B y3JIaX



I'PUJIA U NHJCKCH 0a3nCHBIX (DYHKIWI COBIIAJAIOT ¢ MHJIEKCAMU COOTBETCTBYIO-
mux y3si0B (puc. 1, crp. 14).

Ilycts nambosiee JOCTOBEpHLIC JAHHDLIC, IOJYYCHHDLIE 10 CKBAXKHHAM,
sajanbl K Toukamm ¢ koopamHatamu {(T;, Yi)}ico.. k-1 ¥ 3HAUCHUSMU

{zi}izo... k1. YanrsBaomuii ux GyHKIHOHAT B 3aIIUIIETCH:

K—1
P1(ag, ...,anm-1) = (2 — fxi,ui)) = (2)
i=0
K—1 NM—1 2
= 2 — Z a;Bj(zi,y;) | — min.
1=0 7=0

s 3a1a91 MUHUMU3AIUN QYHKIUOHAJIA, (2) JIOKa3aHa TeopeMa;

Teopema 1. Ecau 3adaua (2) umeem needuncmeennoe pewienue, mo ucroonvie
QAHHDIT CMONDEO, U OHU PACTLONONACEHBL HG HEPAEHOMEPHOT CemKe Mak, 4mo
CUCTNEME NUHETHOIT YPASHEHUT, NOAYBAEMAA NPU MUHUMUIAUULU YHKUUOHAA

(2) umeem nyaesvie cmpoky U COOMBEMCMBYOULUE HYAEELE CTNOAOYDL.

CaenctBue 1. 3adava (2) umeem eduncmesennoe pewenue, ecau daa Kavicdot
basucrol pynryuu Bj(x,y) natidemes xomas 6o, 00na mowka ucxodnolx danmoLr

2k, 0aa Komopotl koopdunama (xx, yi) npunadaescum nocumento B;(z,y).

CrnencrBue 2. Kpumepuem mneeduncmeenHHocmu ABAACMCA CYULLCMEOBAHUE
xoma 0ot 000U ba3uchotll Pynkyuu, did KOMOPOL OMCYMCMEYM MOUKU UC-

TOOHOLT DaHHbIT, KOOPIUHAMBL (T,Y) KOMOPOLT NPUHAONEHCAN, €€ HOCUTENIO.

[Ipu perennst 3agaun MuHUME3aNUN GYHKIMOHAIA, (2) BO3HUKAET CHCTE-
Ma JINHEHBbIX ypaBHEHUI ¢ JuaroHa/ibHOM Marpuneii. V3-3a HepaBHOMEpPHOCTH
MCXOJIHBIX JIAHHBIX PEJKO KOTJIa BCe KOIPPUITMEHTHI OMPECTIIOTCT U3 MIUHE-
musain GyHkiunonada (2). s ux jgoonpejesenns npuxouTes HCIoJIb30BaTh
CJIEJIYIOIINI 110 CTElEeHH BaXXHOCTU (PYHKIIHOHAJI.

B §2.3 paccmoTpena 3ajiava MUHUMHUBAIME OJIHOIO W3 BAPUAHTOB 3aMbl-
Kaomero (pyHKIMOHAIA, 3aMbBIKAOIINM HA3bIBaeM TOT (PDYHKIIMOHAJ, B PE3YJIb-
TaTe MUHUMHU3ALUKA KOTOPOI'O JIOOMPEIeIsIIoTCS Bce HeollpeaeaeHHble Kodhdu-

IIUEHTHI g, ...,AN)N—1. HaopuMmep, 3aMbIKAIONIUM MOXKET OBbITH CJeYyIONInii



10

P YHKIMOHAJT:

(I)Q(ao, .. .,CLN]W_l) = [fo + ny] dx dy +

(3)

+ [ [fgx-l-ng—l- 5}dmdy—>min.

Y

S — P

OTaeabHO pacCMATPUBACTCS MUHUMHU3AINS TIEPBOTO HHTErpaja B (3):

o1 (ag, ...,anm-1) = 04/ [fg? + ny] dx dy. (4)
0

70T (PYHKIIMOHAJ BhIpaXKaeT MaTeMaTUUIeCKyIO 3alliCh HAIIEro MpeJIoioxKe-
HU O TOM, YTO TIOJIe MaJIO OTJINYIAETCS OT KOHCTAHTBI. Y UNTHIBas, ITO JIaHHbIe
33JIAI0TCsT JMCKPETHO, Mar CeTKW PaBHOMEPHBIA W paBeH h, a Tak>Ke TO, 9TO

Bitin(Ti,y;) = 1, ananorom dbopmyin (4) Oyer:

o1 (ao, ..., any-1) =
M—1N—2 N—1M—2
Q P 2
2 (Git14jN — Gigjn)” + Z Z (aiv(+yw — aipgn) |- (5)
J=0 I=0 i=0 j=0

st Toro, 4roObl HafiT MUHEMYM 3TOro pyHKIHoHAa, 3amumrem CJIY:

0Py (ag, ...,annm—
21( 0 NM 1) —0 (6)
@ak
B MaTpuunoil popMme 3amnucu ypaBHeHHUE OYIET UMETh BU/I:
0%
EAZU = O,

rjie 75 A - Marpuna, nojydaemas npn MuHnMu3aimu Qynknuonasa Py, r =
{ag,...,anp—1} - BekTOp HemsBecTHBIX KOd(Pdunumentos. uddepeniupyst
®y; 110 @y, TOJIyUNM, 4TO cucTeMa ypasHeHuil Ax = 0 6Gyger cocTodaTh U3 MHO-

2KeCTBa ypaBHeHI/Iﬁ [NepedInuCJICHHbIX HU2KE THUIIOB!:

2ap ) — a1 — g = 05 —ag N + 3akk — a1 — g pen = 0;
—app—N + 20k — Qg1 = 0;  —app—N — -1 + 30k — ap N = 0;
—ak -1 + 205k — QN =0, —app—1 + 30Kk — Gk k1 — GkpenN =05 (7)
—Qgjp—N — Ok j—1 + 205, = 0;  —Qpr-N — Q-1 + 30k % — Q41 = O;

—Qk k—N — Ok k-1 +4apr — ap g1 — app+N = 0;
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IJie ePBbIil NHAEKC ¢ 3JIeMEHTa @; j O3HaYaeT HOMep CTPOKH B MAaTpPHIlE, & BTO-
poii (j) - Homep KoaddunuenTa B cymme (1), Takum 0Opa3oM Oy IaeM MaTPH-
iy pazmepuoctu NM x NM. T.k. cucrema JiMHEHHBIX YPAaBHEHUI OJHOPO/IHA,
TO OYEBHJHO, YTO Yy Hee pelleHue Jubo HyJsieBoe, JMOO X OECKOHEUYHO MHO-
ro. B ganHOM ciiyuae Jierko j10Ka3aTh, 9TO UX OECKOHEYHO MHOIO. DTOT (akT
O3HAYaeT, UTO 3a/la9a MUHUMU3AIUN PACCMAaTPUBAEMOI0 3aMbIKAIOIIETo (DyHK-
[MOHAJIA UMEET HEeMHCTBEHHOE PEICHUE W HEe MOXKET PEIaThCs HE3aBUCHMO
oT (PYHKIIMOHAJOB, MIHIMU3UPYEMbBIX Ha IMIPEAbLIyHInx craanax. Hekoropsie
3 ko3 duimenTon ag, k = 0,..., NM — 1 morim ObITb OlpejiesieHbl paHee
13 MEHUMA3AIAN TPEAbIIYTIX (DYHKITMOHATOB W MUHUMYM QyHKIHOHATA (5)
HAXOJINTCs TPW YCJIOBUN JIOCTVXKEHWUST MUHUMYMa, TIPEIbLIY MU (DyHKITHOHA-
namu, T.e. Oyzmer pemarbes apyrag CJIY. st Toro, 4robbr m30eXKarh P 3TOM
HCIIOJIb30BAHUS MeTOoJia HeollpeJle/IeHHbIX MHOXKHTeJiel JlarpaH:Ka, moCTyIIuM
CJICYIOTIM 00pa30M: 3aMbIKaIONuil (pyHKITMOHAT OyaeM auddepeHImpoBaTh
TOJIBKO 110 TeM KO3 pUImeHTaM aj, KOTOPble OCTAJUCh HEU3BECTHBLIMU; Hai-
JleHHbIe paHee Ko3(hUIUEHTHI UCKIIOUAM U3 [MOJIYIeHHONH CHCTEMbI JTUHEHHBIX
ypaBHEHUH, M3MEHWB IPaBylo YacTh 3Toi cucTeMmbl. B ciydae, ecim Haiinen
TOJIBKO OJIMH KOIDDUIUEHT y, U1t TOTO, 9T0DObI 1epeiiT or MaTpuipl (6) K
HOBOI MaTpHIIE, JOCTATOYHO BbIYEPKHYTh U3 MATPUIIbI CUCTEMbl ypaBHeHuii (6)
CTPOKY € HOMEPOM M, (4TO COOTBETCTBYET OTCYTCTBIIO i depeHIupoBaHus mo
TEPEMEHHON @y, ), & CTONOEI] ¢ HOMEPOM 1 TIEPEHECTH B MPABYIO YacTh ¢ TPO-
TUBOIOJOKHBIM 3HAKOM, YMHOXKIB Ha 3HaUeHre KOIPPUIUeHTad,,. Jokazamna

cIenyIonas TeopeMa;:

Teopema 2. Mampuua, cocmasaennas us cmpox éuda (7) nocae evivepru-
sanuA u3 nee k-oti cmpoxu u k-20 cmoabua cmano8umMcs NOAOHCUIMEALHO

onpedeneHHOU.

CaencrBue 3. Mampuua, cocmasaennas us cmpox euda (7) nocae eviuepku-
sanua u3 nee K cmpok u cmoabuos6 ¢ 00UHaAK0BHIM HOMEPOM ABAAECTCATLOAO-

HCUMEADBHO 0np60€Jl6HHO’11

Haiinenn! onenky rpanul ClieKTpa MaTpPUIbl A, KOTOPbIE MOXKHO UCIOJhb-
30BaTh B UTEPALMOHHOM lpoiecce. JlokazaHHast 11OJIOXKUTE/IbHAsT OLPEIC/ICH-
HOCTb MaTPHILbI OIIPeJie/isieT KPYTD UTePaIMOHHbIX METOJ/IOB, HauboJiee moaxo/s-
IIUX JIJIsl PEIlIeHrs] CUCTEeM JIMHEMHBIX YpaBHEHU ¢ TaKMMU MaTpullaMu. TakxKe

0/IpOOHO paccMOTpPeHa, 3ajada MUHUMU3AIUMU BTOPOrO WHTErpaJja B (PyHKITH-
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onajie (3), peasusyoIIero MpeJnoJoKeHre O TOM, YTO [0JIe MAJI0 OTIUIAeTCs]
OT HEKOTOPOU TJIOCKOCTU.

st MaTpuil, MOJIyYeHHbIX B PE3yJbTare MUHUMU3AIUU (DYHKIIMOHAJIOB,
OTTHaJIAeT HEOOXOIUMOCTDL XPAHUTD WX B MAMATH - MATPUIILI CYTIIECTBEHHO pa3-
PEXKEHbl U WX 3JIEMEHTHI BBICHUTBIBAIOTCA 10 HEOOTBITOMY HAbODPY MPOCTHIX
dopmyn. Brarogaps 9ToMy BO3HUKAeT BO3MOXHOCTL PeNIaTh CBEPXOOJBITHE
CJLIY, T.e. paccunThIBaTh BBICOKOJETAJbHBIE KaPThl. JIJIs 110/1ydyaeMbiXx MaTpHIL
3alMCaHbl ONEHKU TPAHUIl UX CIIEKTPA.

Bo BTOpO# Iy1aBe paccMOTPEHbl HEJIOCTATKY MPSMBIX METOJIOB pelleHus
CUCTEM, BOHUKAIOIIUX TP 00PabOTKE I'e0IOTO-Teo0PU3NIeCKUX JaHHBIX U TTPE]T-
JIO’KEH UTepaIlMOHHbIH MeTos Oiryxaanus 1o ciektpy (MBC), yunrbiBatonuit
AIPUOPHYIO WHQOPMAIIUIO O CIIEKTPE MATPHUIIDI.

IIpennaraembiit Mmeroy perenust CJIY Bua
(CL] T A)I‘ - f7 (8)

rje a - HekoTopoe umciio, I - egunudHas u A - KBajparTHas MaTPHIbl, T -
peleHne ypaBHeHusI, a f - ero mpaBasi 9acTb 3alMCBIBACTCS B UTEPAIMOHHOMN
dopwme:
1
Xi=——[+(A=-zl)X;]. (9)

a— z;

Penakcanmonnwlii mapaMerp 2; B IPEJIAraeMOM METOAE CBA3AH CO CIEKTPOM
oneparopa A. IIpeanonaraercs pasiauanast ”HGOPMUPOBAHHOCTH O CIIEKTPE: OT
MaKCUMAaJbHOM, KOIJa U3BECTEH BECh CIIEKTP U KPATHOCTD KasKJ0I0 COOCTBEHHO-
0 YMCJIA, 10 MUHUMAJILHOM, KO Mbl 3HAEM TOJILKO TO, YTO CIIEKTP HAXOAUTCS
Ha JeACTBUTEILHON OCH, CJeBa WK CIpaBa OT TOYKHK G U OrPpaHUIEeH HEKOTO-
PBIM YKCJIOM. B 4acTHOCTH, MOXKHO 3HATh TOJBKO I'paHuibl [m, M| criexrpa
oneparopa A.

Eciu oneprop A - marpuiia npocroil crpykTypbl pazmepaocTu (n X n)
¥ M3BECTHBI BCE 1 TOYEK CIEeKTpa oleparopa A, Torja jjisi WTeParOHHOTO

nporiecca (9) BepHa JIOKa3aHHAas TEOpeMa:

Teopema 3. Ilycmv A - HopmasvHas MamMPuua, UMEOULAA T COOCMEEHHDLT
3Havwenut xpamuocmu 1, mozda mounoe peuweHue MampuuHo20 YpasHeHUA

(al — A)x = [ moorcro 3anucams posno 3an umepayud.

DTy TeopeMy MOXKHO ODODIIUTD JIJIsT CJIydasi, KOT/la KPAaTHOCTH COOCTBEH-

HBIX 3HAYCHUH OOJIbITIe UK paBHa 1:
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Teopema 4. I[Iycmv A - HOPMAALHAA MAMPUYG PASMEPHOCTIU T, UMEIOULLA

p

p cobemeennvir 3uavenue kpammnocmed ky, . .., ky, npuwem > k; =mn, moeda
i=1

mounoe pewernue mampuiunozo ypasuenud (al — A)x = f moorcno sanucams

POBHO 304 P UMePauul.

s cmydast, Korja cOOCTBEHHBIE TNCIa U3BECTHDBI ¢ (PUKCHPOBAHHON TMO-
I'PENTHOCTHIO €, T.€. B UTEPAITMOHHOM IPOTIECCE BMECTO TOCJE0BATEIHHOCTEH
peaKCAIIMOHHbIX [TapaMeTPoB 2; OYIAYT MOACTABAATLCA YUCTa \; — €, JOKa3a-
Ha rokoopauHaTHas cxogumocrs MBC. Ilapamerp € okasbiBaeTcss Ipu 3TOM
YIPABJISIONAM MapaMeTPOM UTEePaIlMOHHOTO Mpolecca. B iuccepTauy npuBe-
JIEHBI PE3yJIbTAThl YNCJACHHBIX KCIEpUMeHTOB 110 cpapHenuio MBC u merojia
MO IMBUITUPOBAHHON TpocToil nrepanuu. [Ipu 3ToM npenmnosarasach pasimd-
Hasi WH(MOPMUPOBAHHOCTH O CIIEKTPE MATPHUIl. DKCIEPUMEHTHI ITOKA3aJ1, UTO
yeM OOJTBITIC U3BECTHO O MECTOTIONOXKEHUN TOYEK CIEKTPa, TeM BBIIIE CKOPOCTh
cxopumoctn MBC 1o cpaBHEHHIO ¢ METOIOM MTPOCTON UTEPAINN.

B pabore npeioXKeH HOBBIM MTEPAIMOHHBIA METOJT - METOJ, TOJUHOMA,
HAWJIYUIIero paBHOMEPHOTO MPHUOJINKEHNsT Ha KOMIIJIEKCHOM CIIEKTPE, CIIoCo0-
HBI#l yIUTHIBATDH HH(MOPMAIIMIO O TPAHKIIE CIIEKTPa MaTPUIHOro orepaTopa. O1-
HAaKO, T.K. B 3aJladaX T'PUJAHTa MATPHUILI 00JIaJAI0T JEeHCTBATEIBHBIM CIIeK-
TPOM, OIMCaHUE METOJIa BHIHECEHO B TIPUJIOXKEHHE.

B derBeproii WacTW BTOPOW TJIaBLI JINCCEPTAIIMHU OINWCHIBAETCS pa3pa-
OOTaHHBIM CKOPOCTHON MHOI'OCETOUHBINH UTEPAIMOHHBIA MEeTOJ, YUNThIBAIOIIN
crennpUKy MOCTPOeHUsT ajredOpandeckux cucreMm merona [IMO.

OJiuH mar urepamnuy 3aKJII09aeTCsI B TIOCTPOCHUU U PEIIeHUN CUCTEeMbI Ha
rpy0oii ceTke n pUKcaIuu MoJyIeHHOrO PEIIeHNsT B Ka4eCTBE HAYaJIbHOTO TTPH-
OJvKeHus JIst 3129 ¢ 6oJiee MeJIKOM ceTKoii. YiobHee (asropurMudtee) Bee-
0 33J1aTh COOTHOIIEHNE MeXKTy rpyooit n 6oJiee TOIHON ceTKaMu yMeHbIIIeHneM
mrara 1o ocsim OX u OY Basoe. [osyuaroriyiocst Ha KaxKI0M miare ajaredpande-
CKYIO CHCTEMY MOYKHO peliaTh JIOOBIM U3BECTHBIM TIOJIXOIATIIM UTEPATTHOHHBIM
METOJIOM, B YaCTHOCTH, YIUTHIBATH OCOOBIC, KOHKPETHBIC CBONCTBA MaTPHUIIHI.

PaccMoTpuM  3ajady  pacdeTa  KapThl  HEKOTOPOTO  T'€0JIOrO-
reo(pU3UUECKOIO lHapamMerpa Ha PaBHOMEDHOH cerke, cocrosimeir uz N M
y370B. st mocie1oBaTeIbHOr0 MOCTPOEHUST pellleHusl MCIOJIb3YeTCs TOoCIe-
JIOBATENLHOCTD ceToK {Sp), Sp, ..., Sp"} (nngexc Sy 0603HAYAET KOJTUYECTBO

Y3JI0B CETKH ), 00JIAIAIOIMAsT CJICYIOIMHI CBONCTBAME:
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1. Njv1 =2N;, M; 1 = 2M;, 1.e. npu nepexojie K CJaejyIoleil ceTKe yJiBau-
BaeTcst KoJmaecTBO y37108 1o ocu OX u mo ocu OY.

2. hjy1 = h;/2, T.e. mar ceTKM yMeHbIIaeTCs BIBOE.

3. Tlocnennasa ceTka B MOCJEIOBATCILHOCTH Ta, JJIT KOTOPOH BEpHBI HEpa-
ercrBa Ny, > N u M, > M, 1.e. cerka Sp, COJIEPXKUT CTOJHKO ¥Ke

3JIOB, CKOJILKO CeTKa Sy Uan DoJblle.
9

Kax noit CeTKe S PZ u3 [MOCTPOEHHOM IOCJIeJIOBATEJILHOCTH
{S P?), S P11> ..., Sp'} craBuTCA B COOTBETCTBHE (DYHKIHOHAIbLHOE ITPOCTPAHCTBO
V' U3 10C/e0BaTebHOCTH BiOKeHHbIX 1poctpancrs VY C VI C ...Cc V™ B
KadecTBe 0a3UCHBIX (DYHKIMI JIJIsd 9TUX IIPOCTPAHCTB KUCIIOJb3YIOTCH ~CTYIIEHb-
Ky’ ¢ pa3iuuHbIMU HOocuTesgaMu. Ha puc. 1 nzobparkeHa cxema pacrosioyKeHUs
OasncHbIX DYHKIWI (MYHKTUPHBIME JIMHUAMEA OOO3HAUEHBI UX HETIEPECeKaro-

uecsd HOCI/ITeﬂI/I), 1eHTp OasucHol DYHKIMKA BCEraa MPUXOAUTCS Ha OJWH U3

Y3JI0B CETKH.

S F————-— T S O S S HR e e i b i e e g
| | || ——————p | NPT

| | d_ 4 11 1 1 ARARARARgRangnd
| | TR S SR A R = o= w2 v= Sw b dw

| | — +FH+FIrHd+hH
' | e R R ESNigyangnangnangnd
i | i S O B W il = o n enaaenansnd
| | T Hbdrhdrhirh
| : ettt R RN
| | I S G S SN R o an s an gn an g d

| | TR PuniwstW b ivy
L ] Ll Kt g s g,

Puc. 1. Cxema pacnoyioxkennsi 6a3ucHBIX (DYHKIINAI Ha pAaBHOMEPHBIX CeTKaX.

Hynesas nrepaliyss MHOIOCETOUHOTO METO/A 3aKJII0YAETCS B TOCTPOCHUH
rpyboTo pernieHns Ha Tpyooit ceTke S Pg. Pemenue crpoutca no merony [IM® -
3aMMCHIBACTCST TTOCICI0BATEIHLHOCTD (DYHKIIMOHAJIOB M 32TEM MUHUMU3UPYETCS .

Bce nocsiesytoniye nrepaiyy mpou3BOJATCs 110 OJHOM cxeme:
1. Perienue, mocTpoennoe Ha ceTKe Sg_ll NPOEIUPYETCsl Ha CETKY Sp .

2. Tlonyuennoe rpyboe npubsxkenne QYHKINUA UCHOJB3YETCS B KauyecTBe
HAYAJIHHOTO NMPUOIMKEHUs JIJI PEeIeHrs BO3ZHUKAIONINX Ha 1-OM Iare
CJIY opHuM u3 UTEpaIMOHHBIX METOMOB. B pesysibTare ux perieHus mo-

Jy9aeM PEITEeHUE JITst CETKU S .
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IIpenoxkeHHbI aJITOPUTM TIOKa3aJl OUYeHb BBICOKYIO adpekTupHocTh. B
pe3yJIbTaTe ero IpUuMeHeHUsI CTAJIO BO3MOXKHBIM ObICTPO CTPOUTH KapThl Ha, yMe-
PEHHO M30bITOYHBIX CETKAX.

s onenku paborsr Merosia IIM®, B pabore npejcrapiieHbl pe3y/ibTaThl
TecToB MeToza. CpaBHUBAJIUCH KAPThI, TocTpoeHHble MeTonoM [TM® ¢ kapramu,

IIOCTPOCHHBIMU B Pa3J/JIMYHbLIX ITaKETaX IIPOT'PpaMM:

Ne Haszpanwne [TpouzBonuTesnb Bpewms
IPOrPaMMbI paboThI
1. Surfer 7.0 Golden Software Inc. USA | 25 cex.

General Mapping P. Wessel and W.H.F. Smith.
2. | Tools 3.4.3 (GMT) | Ceoboato pacnpocrpatsiembiit | 12 cek.

MaKeT IporpamMmm

3. | Monyns Penakrop 2/1 3AO «MHK>», r. Tomenn 5 MUH.

IIK Bacmpo
4. Irap RMS Roxar, Hopserus 35 MuH.
surfit TromI'y
5. (merox IIM®) CB0oOOAHO pacIpocTpanseMblii | 5 cexk.

ITAKET [MporpaMmm

B KadecTBe MCXOJIHBIX JAHHBIX OBLIM B3dATHI OTMETKH KDPOBJH TLIACTa,
AB1(1-2) Camotiopckoro mectopoxaenust o 13504 ckpaxkumam. ['pujt, KoTo-
phiit HeoOxoMMO ObLIO paccanTaTh, coctosta n3 1024 x 1024 yznoB. Bee kapTh
MOJTYUHJIMCH OJUHAKOBBLIMU B 00JIACTU BBICOKOW IJIOTHOCTU JaHHBIX. Paznnans
Ha0JIIOIAI0TCSI B 00JIACTH HU3KON IJIOTHOCTH UH(MOPMAIIUU U Y I'PAHUI] KAPThI
(puc.2). CymiecTBeHHBIN HEOCTATOK MHOTHX ITAKCTOB 3aKIIOIACTCS B TOM, UTO
CYTh MCIIOJb3YEMOTO aJTOPUTMA TPUIMHTA CKPHITA OT TOJIH30BATENST, B PE3YJih-
TaTe Yero ObIBAET 3aTPYHUTENLHO TOHATH PE3YAbTAThl KapTOMOCTPOEHU - Ha
KapTe MOTYT IPUCYTCTBOBATH JIaHHbBIE, KOTOPbIE He OBLIM BHECEHDI MTOJTH30BATE-
seM. OcobeHHO 3TO OTHOCUTCS K 0OJIACTH C HU3KO# MJIOTHOCTHIO WHMOPMAIIIH.
B merojie ITM® Best nexojinas nudopMaliys 3alicbiBa€TCs B SBHON MaTeMaTH-
Jeckoii popMe - B BUJIE T10CJIEI0BATEIbHOCTH (DYHKIIMOHAJIOB.

B kauecTBe Ipyroro Tecta B padoTe NPUBEICHBI pe3yIbTaThl BEITUCICHUII,
1poBeJieHHbIX ¢ 1oMolbio Meroja [IM®, npu nocrpoenun mojesn Tokckoro
MecTopokieHusi. OTpakeHbl Pe3yJibTaThl MCIOJIb30BAHUS HCXOJHBIX JAHHBIX
Pa3IMIHON PUPOJIbl U nHMOPMaIMOHHOM 3HaunMocTh. Ha puc. 3 n3006pakeHbl

KapThl KpoBJn 1acta 11. [Ipn mocTpoennn KapThl, pacnooKeHHoi cieBa J10-
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Puc. 2. KapTbl, OCTpOCHHDBIE B PA3JUYIHBIX ITaKeTax

IIOJTHUTEJIbHO KCIIOJIb30BAJIUCH PE3YJIbTaThl CEICMUIECKIX UCcejoBanuii. Kap-
Ta CIIPaBa IMOCTPOEHA 10 3HAYEHUSIM aDCOJIIOTHBIX OTMETOK TJIyOWH, 38 JaHHBIX B
ckBarkrHax. [lojiyueHHBIEe KapThl pa3IndaloTCsl, COXPaHssd IPU TOM 3HAUEHUS
abCOJIIOTHBIX IJIyOWH, KOTOPbIEe ObLIM 3aJaHbl B CKBaXKMHAX U OOIIUE TEHJICH-
1M HAKJOHOB KpoBJiu IL1acta. IlepBas kapra 1o cpaBHEHHIO CO BTODOI, 3a
CYeT UCIOJIb30BAHUS CEHCMUKU, COJAEPXKUT JIONOJHUTEIbHBIE JIaHHbIe, KOTOPbIE
JIOIIOJTHSIIOT MH(MOPMAIINAIO, TTOJYIEHHYIO 10 CKBaXKIMHAM.
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Puc. 3. KapTol ¢ yueTom u 6e3 yuera ceficMUKH.



17

B pabore uLIIOCTPpUDPYIOTCS Pe3y/bTarbl NpuMeHeHusi Meroja [IM®
JUIST  TIOCTPOEHHUsI KapThl IOBEPXHOCTH J3emJu. McxojHble JgaHHbIE Obl-
au  npegocrasienbl  National Geophysical Data Center (NGDC), CIIA
(http://www.ngdc.noaa.gov). O6beM HUCXOJHBIX JAHHBIX COCTABHJI ITOPSIKA,
300 merabaitr. [Ins mocrpoenust Kaprel, cocrosineil n38012 x 4096 yziioB, ObI-
Jia ucnosb3oBana npeuioxkennas NGDC knaccudukaiis UCXOTHBIX JAHHBIX
110 JIOCTOBEPHOCTH W MUHUMHU3NPOBAHA, MOCTPOCHHAS COIVIACHO 3TOH KJaccuu-
KAIIAK [I0CJIEI0BATEIbHOCTE (DYHKIIMOHAJIOB.

B cenpMmoi#t 4acTu BTODPOi IVIaBbl ONTUMHU3UPOBAH U IIEPEOCMBICTIEH XO-
POIIIO U3BECTHBIN METOJ I'PUANHTA — MeTo, Kpairuara. OH MOCTpOeH Ha UIesx
TEOPUU BEPOSITHOCTEN, & BoccTaHaBIMBaeMast (DYHKIMS COAEPKUT psiji KO3 u-
[[IEHTOB, KOTOPbIE HAXOMATCS M3 YCJIOBHSA MUHAMYMA JIUCIEPCAN OTKJIOHEHUS
OCTPOEHHOMN (DYHKIINN OT U3BECTHBIX ¢ HEKOTOPOI TOTPENTHOCTHIO TaHHbIX. Cy-
IIIECTBEHHY IO POJIb ITPY BBITTOJIHEHUN PACUIETOB UT'PACT 8APUO2PAMME - PYHKITHASA,
IIOCTPOEHHAsI 110 UCXOIHBIM JaHHbIM. [locTpoenne 310 (DyHKIUN IPEIIoIaraeT
HAJIMIHE SMIITPUIECKOrO OIbITa KCCJIEeI0BATEISI.

PaccMmaTpuBaeTcs oCTaHOBKA MeTO/la KPaUrnHIa B OJHOMEPHOM CJIydae.
[Tycth BoccTaHaBiMBaeMoe moJe napaMmerpa 3ajiano sHadeHusmu {y;} B N
HEPABHOMEPHO PACHOJIOKEHHbIX TOUKax {x;}. B Meroje kpaiirunra yHKims
f(x), OIKCHIBAIOIIASI BOCCTAHABIMBAEMOE II0JIE UIIETCSI B BUJIE:

N

f(x) = @@y (10)

i=1
3aBUCHMOCTH HEM3BECTHBIX KOA(D(DHUIIMEHTOBA; OT & O3HAYAET, UTO JIJIs pacdera
f(x) B y3JaxX paBHOMepHOi ceTku {Ty}, k = 1, m norpebyercs pemarh 3a1ady
(10) m pas, 410, HECCOMHEHHO, SBJIACTCS HEJOCTATKOM MeTojia. TaK, jijisi pacdera,
I'PHJIA, COCTOSIIEr0 U3 1M Y3/I0B METOIOM KpalruHra HeoOX0/InMO PEIIUThM Pa3
CJIY pasmepnoctu N + 1 kaxKjas.
B paboTre mocTpoeH HOBbBI WHTEPHOJAIMOHHBIA METOJI, Ha3BaHHbIN aHa-
JIOTOM MeToja Kpafirnara. Perenne ucxo iHo# 3aa49u UINETCs B BUJIC:
N N
fl@) =Y aiBi(x) + \-1, (11)
i=1
rie Bi(x) u 1 - 6asucuble dysaxipn. s Haxox ienus KodahGUIuenToBa; u A
HeobxoauMo onuH pas pemuTb CJIY pasmeprnoctu N + 1, mocjie 9ero MOXKHO

paccIuTLIBATH 3Hauenus Gynknun (11) B y3max rpuja.
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B pabore mokazano, 9To ecin B Kadectse 6asuca B mocranoske (11) B3aTh
6as3wC CIBUTA, OJIYTAeMBIil U3 64PU02PAMMbL TTYTEM €€ TTOCIEI0BATEIBHOTO CMe-
IeHUsT U3 OJHOH IKCIEPUMEHTAJNLHON TOYKU B JAPYIYIO TOUKY, TO 008 METO/A
Ty T TOXKJIECTBEHHO OJIMHAKOBBII pe3ysbrar. Hanpumep, pacder Kpairuarom
ra ocrose mporpaMmbl Surfer 7.0 (¢) Golden SoftWare n o merosty (11), peasn-
sopannoMmy B 11K "Bactpo” B oprannsamun 3AO "MudopMalinontas KOMIaHus

(r. Tromenb), AafT o MHAKOBBIC PE3yabTaThl (puc. 4).

ReLd@f@HP | Doy O Oows
= ) JE del|a Qe @@ thids Y @ESdX B

0208 380 i 2l 2
||
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A AEIKEES

[0 T I s 3

Puc. 4. UIIK "Bacnipo” u Surfer 7.0

OTMeTuM HEKOTOPbIe OCOOEHHOCTH BapUOIrPAMM, KOTOpbIE TPAKTYIOTCS

Ternepb KakK Mopok iatonime PyHKIUN 118 0a31COB CJIBUTOB:
1. Bce onun mopox1aior CyIecTBEHHO HEJOKaJbHBIN Dasnc.
2. Hekoropble U3 HUX SBJISIOTCA HEOIPDAHUICHHBIMU (DYHKITUSMHE.

3. ApryMeHTHI BAPUOTPAMM - BCET/Ia PACCTOSHUS OT TOUKNA ¢ HOMEPOM? IO

[IPOU3BOJILHON TEKYIIEHl TOYKMU.

4. BeposiTHO, BapuorpaMmbl TOPOXKJIAIOT B HEKOTOPOM CMBbICJIE OTTUMAJIb-
HBIIl Oa3uc, T.K. UX IOCTPOCHHUE OIMPACTCS Ha dKCIePUMEHTaJIbHbIE JIaH-

Hble 3a/a4U.

C apyroit ¢CTOPOHBI, IOCKOJILKY Telephb HOHSITHO, YTO BAPUOIPAMMA, - 9TO
nopok naforas PpyHKIusa Oaszuca, odJagaronas yKa3aHHbIMKI BhIIIe CBOHCTBA-
MU, TO OTKPbIBAOTCA HECOTPAHWUYCHHBIEC BOSMO>KHOCTHU B €0 KOHCTDYWUPOBAaHWUN
Ha OCHOBE KaKHX-JIMOO JIPYIHX COOOParKEeHUIA.

B Tperbeii riaBe paccMaTpUBAIOTCs BOIPOCHI IIPUMEHEHHsI TeXHUKU

BeliByieT-anaan3a i oOpaboOTKN KapT reoJioro-reo(pu3nIecKux mapaMeTpoB.
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BeiiBjieT-aHa/ns, MpuMeHEHHbIH I 00pabOTKK KapT peliaeT KaK BOIPOCHI BH-
3yajm3alii KapT, TaK U MOAMMUIMPYET CXeMy pacdeTa KapT B CIydae, ecyu
JIAHHBIE 33J1aHbl ¢ HOIPEMHOCTHI0. MOXKHO BbILIEIUTE CJIE/YIOINe HOBLIECTBA,
[IPUBHOCKHMbIE BEiBJIETaMU B BOIIPOCHI BU3yaJU3alldd U 0OpabOTKH KapT: IPO-
CThle ¥ OBICTPOJEHCTBYIONNE AJITOPUTMBI; MHOTOMACIITAOHOE HePapXuiecKoe
[IPEJICTABJIEHNE MMOBEPXHOCTH, BOZMOYKHOCTH OTOOpAXKaTh KapTy ¢ pasndHbI-
MU YPOBHSAMHU JETAAU3AIUU; BO3MOXKHOCTH BbIOOPa ONTUMAJILHON CETKH I
oTobpakeHusi; ODOpbOa ¢ IOTPEIIHOCTSIMU B MCXOJHBIX JIaHHBIX. B jauccepra-
[[MU [IpUMEHEHHe TeXHUKU BeiBJIeT-aHaIn3a JJIsi 00pabOTKH KapT OCHOBAHO Ha
MCITOJIHL30BAHNN PABHOMEDHON CETKHU, pacuere KapT Ha M30BITOYHOM IPUIE, UC-
TOJT30BAHUN TIpOCTeiitero BeliBer-basnca (basnc Xaapa).

Ilycrn S = {S;;} - KBajpaTHAs MATPHIIA, 3HATCHU JIEMEHTOB KOTOPOi
COOTBETCTBYIOT 3HAUEHUIM B y3jax rpuja. [lycrs kommaecrso y3i108 mo ocuO X
1 110 ocu OY ecTh 4ncyo, ABIISIONeecs CTelleHbIo ABoiikH, T.e.2¥. PazmepHocTh
marpunpl S papua (2F x 2F). Beiipner-pasnoxenne (nekoMmmnosuis) mo 6asucy

Xaapa st rpujga S IpOU3BOIUTCS 110 (bopMyJiam:

: k-1
o S2ig +Ssin1y o Saig = Soiy i=0,...,2"7 —1,
ij = 5 , Dij = 5 : P20 o1
N Aioj+ A0 S Aioj —Aioj - Digj +Dipgjn
ij — 3 ij = ; ij — )
2 2 2
- k-1
db._Di72j_Di72j+1 ZZO,...,Q —1,
1,7 2 Y ] _ 0 2](}71 B 1

B pesysbrare mojydaeM MaTpUIbL: a - OCPeJHEHHbIe 3HAUEHUsI, allllpOKCUMa-
I[UsT; YTOUHAIOIINE KOIPPUIMEHTDI: V - «II0 BEPTUKAJIN» ; h - <110 TOPU30HTAJIN»
d - «II0 AuaroHaJm».

Boccratossierne (pEKOHCTPYKIMST) IPUJIA [0 HABOPY YTOUHSIOMINX KO-

PUTIMEHTOB U MaTPUIIHI, COAEPXKAIIEH OCpeTHEHHBIC 3HAUCHNS TTPOU3BOJIUTCS TIO
dopmysam:
S2i2j = @ij T hij + vij + dij; S2it1,2j = @ij — hij + vij — dij,
S2i2j+1 = &ij T hij —vij —dij; S2iv12j41 = @iy — hij — v +dij

B pabore npuBejieHbl IPUMEPbI WCIIOJb30BAaHMUS BBIIMIECOINMCAHHON TEXHOJIOIMN
JU1st 06pabOTKH KapThl BHICOKOH JieraiabrocTr (1048576 y3/108) Ha IpuMepe Kap-

T KpoBJin wiacta AB1-3 Camoriopcekoro mMectopoxkaennust (puc. 5).



Puc. 5. Pesysibrar 06paboTku KapT METo/laMi BelBJIeT-aHaIN3a.

Bo Bropoit yacTu Tperbeil IJaBbl HPeIIaraeTcss MeTO I OIABJICHIS] BJIUsI-
HUsl IIOTI'PEIIHOCTEN B UCXO/HBIX ['€0JI0r0-Ire0MU3NIeCKUX JAHHbIX IIPU IIOMOIIIN
MeTOJI0B Beiipjer-aHau3a. Ha mepBoM aTale cTpouTcss KapTa Ha YMEPEHHO H3-
OBITOYHOM CeTKe 10 JAaHHBLIM, COJAepXKallluM HEKOTOPYIO MorpemHocTh. [locie
9TOr0, UCIOJIb3Ysl TEXHUKY BelBJIeT-aHAIN3a, [TOJIyYeHHAs] KAPTa, IePeCInThIBa-
eTcs Ha KapTy ¢ boJiee KpYIHbBIM 1arom cerku. [Ipu aTom, B mipoliecce rnepecdera
BeliBJIeT-aHaJ U3 [103BOJIsIeT BbIJIEJUTh BbICOKOYACTOTHYIO COCTABJISIIOIIYIO CUI'-
HaJIa, KOTOpasl Jallle BCero U siBsieTcst «IryMoMs. IIpu oToOpaskeHnn KapThbl

BBIJICJICHHBIN «IITyM» CJIe/lyeT OTOPOCHTh.

Puc. 6. Ilogasienue BIUSAHUS TOTPEITHOCTEH B UCXOIHBIX JaHHBIX

Hekoropsble pesyabraTsl paboThl MeTO1a ITOKa3aHb! Ha puc. 6. CieBa n300-
paXkeHa KapTa, IOCTPOEHHAs 110 HeHCKayKeHHbIM MCXOIHbIM JaHHbIM. B 1eaTpe
— KapTa, MOCTPOEHHAs 110 JAHHBIM, MCKAXKEeHHBIM UCKYCCTBEHHO 100aBICHHBIM
mrymom. CrpaBa — Kapra, sSIBJISAIONIASICSA PE3yJIbTATOM IPUMEHEHUsT aJrOPUTMA

I[IoJaBJeHnsd ITyMOB.

OcHoBHBIE pPEe3yJILTAThI PAOOTHI.
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PazpaboTan u peaju3oBal MeTOJI I'PUJINHTA, HA3BAHHBIH METOJOM IOCIIe-
noBaTebaoit MunuMusamu Gyukironanos (IIM®). [Monyuenmas peasu-
3alus MeTojia 00J1a/aeT OOJIBIITUM 3al1ACOM 110 IPOU3BOIUTELHOCTH, YTO

ITO3BOJIAET CTPOUTDL KapPThbl Ha M30LITOYHBIX 110 KOJIM4YECTBY Y3JI0B I'DHJIaX.

PeaJin3oBaHbl U IPUMEHEHBI aJITOPUTMbI BEiBJICT-aHAJIN3a, J1J1si 0OPabOTKH

BBICOKOJICTAJILHBIX KapT Me0I0ro-reopu3nIecKux napaMeTpoB.

CosMmectHoe ucrosipbzoBanne Meroga [IM® un TexHukn BeiiBIeT-aHaAJIM3A
MOPOXKIAeT HOBBIN MOJAXOJT K TMOCTPOCHUIO W BUIYAJU3AINKA T[eOJIOTO-
reopuznuecknx kapT. Kaprbl crpositcst Ha yMepeHHO M30bITOYHON ceTke,
1, IPUMEHsisl BefiBjIeT-aHaJIN3, BU3YAJU3UPYIOTCA C PA3JIMIHBIMM YPOB-
HSIMK JIeTaJbHOCTU. JIOTIOJHUTENHHO MOSIBJISAETCS BO3MOXKHOCTH YMEHb-
IIeHUs] BJIMSIHUAS IIOIPEHIHOCTENH, COAEPIKAIINXCS B UCXOJAHBIX IE0JION0-
reopu3NIECKHUX JAHHBIX. VI30bITOYHOCTD KAPT B IIpeJIjIaraeMoil CxeMe Jier-

KO JOCTH2KHMMa MU paCCMaTpPUBacTCA KaK ITOJIOZKHUTEJIbHOE ABJICHHUE.

[TocTpoen HOBBIH MeTO/T PPUJIMHTA : aHAJOT METO/a Kpairnara 6e3 craT-
CTUYIECKOro 000CHOBaHMUs, 00/1a1alomnii 60jee BbICOKONM ITPOU3BOIUTE b

HOCTBIO 110 CpaBHEHWIO C METOJO0M KpaI/UH‘I/IHI‘a.

Pazpaboranbl opurnHaj bHbIe HTepannoHHbie ajaroputmbl perernst CJIY,
YIUTBIBAIONINE AlPUOPHO-U3BECTHYIO HHMOPMAIAIO O CIEKTPEe U CTPYK-

Type MaATPUYHOTO OIEPaTOpA.
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