


A.B. 3aMaTnH
H.I' Mapkos

AHANN3 ANHAMVIKIA
3EMHOU MNOBEPXHOCTU

MO AQHHLIM ANCTOHLIMOHHOIO
30HAMPOBAHNS 3EMNAN

N

LLJ

MOCKBA
OUSMATIUT
2007

®



YIIK 504.064(4) H3zlanue ocywecmaaeno npu nodoepicke
BbK 20.18 P YI  Poccutickozo oHOa pyHOGMeHmaibHbLX
396 T uccaedosarnudl no npoexmy 06-05-780560

3amsarun A B, Mapkos H. . AHanu3 AMHAMHMKH 3eMHOH MOBEPXHO-
CTH N0 JaHHBLIM IMCTAHLMOHHOTO 30HAUpoBanuda 3eman. — M.: DUIMATIUT,
2007. — 176 c. — ISBN 978-5-9221-0801-0.

PaccmoTpers! npobiieMbl aHa/i13a AHWHAMHKH 3€MHOH NOBEPXHOCTYH [IpH HCITIOMb-
30BaHHH JMCTAHLHOHHLIX METOMOB H3YU€HHs 3KOCHCTeM. 3HauuTe/lbHOE BHUMaHHe
yaeJieHo npobaeMe c03JaHus HHOOPMALMOHHBIX CHCTEM AJIS DeilieHHs 3THX 3anad,
MMEIOLIKX B KOMILJIEKCE Pa3BHThle PYHKLHH aBTOMATH3HPOBAHHON HHTEpIperaluu
[aHHbBIX 23POKOCMHUECKOr0 MOHUTOPHHIA 3KOCHCTEM, MOJEJHPOBAHUS M3MEHeHWH
NaHAIA(THOTO MOKPOBA M MPOCTPAHCTBEHHOrO aHAa/W3a Pe3yabTaToB MHTEpIpera-
LMK H MOZENHPOBAHHUS,

Kuura moxer GblTh oJie3Ha Hay4HbIM pabOTHHKaM, aclHpaHTaM M CTYAEHTaM
BY30B, CrelHaNU3HPYIOIUMCS B 061aCTH 3KOCHCTEMHOTO MOHHTODHHTA.

HayuHoe u3snganue

3AMATHH Asnexcandp Baadumupoguu
MAPKOB Huxoaaii pucopvesuu

AHAJIM3 TUHAMUKA 3EMHON NOBEPXHOCTH MO JAHHBIM
JUCTAHIUHOHHOI'O 30HAHPOBAHHUA 3EMJ/IN

Penakrop O.B. Careyxas
Opurunan-maker: O.A. Ky3neyos
Odopmnenve nepenerta: H.B. Tpuwuna

IMoanucano B nevats 16.01.07. ®opmar 60x90/16. Bymara obceTnas. Ileuats ogcerHas,
Yea mew. o 11, Yu-mzg. a1 12,1, Tupax 300 3k3. 3akas Ne 186.

HManarensckan hupma «PU3MKo-MaTeMaTHUeCKas auTepatTypa»
MAMUK «Hayxa/HHTepnepronnkas

117997, Mocksa, ya. [Tpodcoiozuas, 90

E-mail: fizmat@maik.ru, fmlsale@maik.ru;
http:/www.fml.ru

OrrnedaTano ¢ FOTOBHX IMANO3HTHBOB
B OO0 «Uebokcapckas THnorpagus Ne 1»
428019, r. YeGoxeapsl, np. Y. flkosesa, 15

© GUIMATIINT, 2007
ISBN 978-5-9221-0801-0 @© A.B. 3amatun, H.T. Mapkos, 2007



OI'JIABJIEHHE

[pemuclioBHE . . . . . . e
BRémenne «:::comurasz it GEmE 35 HET 8T T EFET 58 ¢ E
OcHoBHble COKpalleHHs ¥ OBDO3HAUGHHS . . . . . . .. .. .. .......

[nasa 1. TIpoGnembl aHAAM3a AMHAMUKY 3€MHOHN NMOBEPXHOCTH
§ 1.1. 3agaun aHanu3a AMHAMHKHA 3€MHOH TOBEPXHOCTH . . . . . . .
§ 1.2. Knaccudukauns moneneil u3MeHeHHs 3eMHOH TIOBEPXHOCTH .
§1.3. O606IWEeHHbIE MOAEMH . . . . . . o oot i e
§ 1.4. PacnipenesieHHble MOMEH . . . . o v i

1.4.1. Mapxosckue momenn (18). 1.4.2. Tlonymaprosckue mone-

au (20). 1.4.3. PerpeccroHuble Mopenn (21).
§1.5. [TpocTpaHCTBEHHBIE MOTEJH . . « o o v o v oo v e v oo e oo

1.5.1. Mozauynsie mofear (22). 1.5.2. dnemenrtnsie Mogesan (23).
§ 1.6. [IporpamMmHbie CPeACTBA AJf pelleHWs 33/lad MOAEJIHPOBAHUS HU3Me-

HEHUH 3eMHOM MOBEPXHOCTH. . . . . . . . .. .. ... ... ...

§ 1.7. AHanu3 QHHAMUKH 3eMHOH NOBEPXHOCTH C HCHOJIb30BaHHEM JaHHbIX

JHUCTAHIIHOHHOTO 30HAMPDOBAHKUA 3eMad. . . .. ... ...

1.7.1. O6wune nonoxenus (26). 1.7.2. OcHoBHble XapaKTepUCTHKH
KOCMHUYECKHX CHCTeM AMCTAHLHOHHOTO 30HAUpOBaHHS 3eman (26).

1.7.3. Tlpo6aembl UCMONB30BAHUA HAHHBIX TUCTAHLMOHHOIO
poBaHus 3emau (29).

§1.8.BbiBOABI MO TIABE . . . . oo vttt

30HOH-

Tnasa 2. 3agauu MHTEepHPETAUMH NAHHBIX JUCTAHLMOHHOIO 30HAUPO-

BAHHUA 3€MJIHM. . . . . . . . . . .. ...

§2.1. Obumine MOMOMEHMS . . . . . . . oo
2.1.1. OGyuatowme BblGopxH (36).
§ 2.2, KnaccuuKauust a3poKOCMHHECKHX U300paX)eHHH . . . . . . .

2.2.1. MaTeMaTHuecKast MOCTAHOBKA 3afadyd Kjaccutukauud {37).
2.2.2. HenapameTpuieckue CTaTHCTHUeCKHe M HeHpoceTeBble KJjac-

cucukaropsl (39).

§2.3. IlporpaMmmMHble CpecTBa AJs HHTEpIPETaUHH a3POKOCMHUYECKHX

HBO0OPAMEHRA., s+ s v s mmwm o s v s s mmm s v s o s wmmm o

§2.4. OcoBGeHHOCTH KJacCH(HKALHH a3POKOCMHUECKUX H306paxKeHnH . . .

§2.5 BRIBOABI MO MVIABE . . . . . ottt e

13
13
14
16
16

22

24

26

32

35
35

37

41
43
43



Ozaasrenue

Fnaea
3a

30HIUPOBAHHSA 3€MJIU

§3.1.
§3.2.

§3.3.

§3.4.

§3.5.
§3.6.

§3.7.

3. KoHuenuus Co3naHus HHq)OpMauHOHHle CHUCTEM AJIA aHAJdH-
AWHAMHKH 3€MHOM NOBEPXHOCTH MO AAHHLIM JHUCTAHIIMOHHOIO

MHoroastanHblil NOAX0A K aHAMU3Y OHHAMHUKH 3eMHOH NMOBEPXHOCTH
C MCIO/Nb30BaHHEM a9DOKOCMHUUYECKHX U300DparKeHHH

IpuHumnel TemaTHyeCKOH WHTepNpeTaLMH a3POKOCMHUECKHX H300-
PAMEHHH . . . ... e

JByxsranHaa KMacCUPHKAUMA . . . . .. . . .. ... ... ... ...
3.3.1. Meronu aByxaTanHoil kJjaccudukauud (53). 3.3.2. Popmu-
poBalue BTOPHYHOTO NPU3HAKOBOrO MPOCTPAHCTBA B CTATHCTHYe-
CKOM MeToge KJaaccupukauuu (55). 3.3.3. Helipocers B aByx3Tan-
HOM xJaccudukauuun (60).

TIpHHUMIIBL QYHKUHOHUPOBAHHUS KIIETOYHBIX aBTOMAaTOB NPH MOJeJU-
DOBaHHH H3MeHeHHH 3eMHOH MOBEPXHOCTH

TpeGoBaHus K cHcTeMaM aHalM3a AHHAMHKH 3eMHOH NOBEPXHOCTH

[TpHHUKMABl MOCTpOeHHs H 00o0LIeHHas CTPYKTypa ceMme#CTBa HH-
(POPMALMOHHBIX CHCTEM. . . . . . .o vttt it e et e

Brioas! no rnase

[naBa 4. Maremarnyeckoe obecreuyeHre CHCTEMBI aHAAM3a AUHAMMKH

3eMHOM} MOBEPXHOCTH

§4.1.

§4.2.

§4.3.

JByxsTanHas KJaacCHMHKaLKs a@3POKOCMUUECKUX H300paxeHHH
C pasfesbHbIM HCNOJb30BaHHEM CHEKTPA/bHBIX W MPOCTPAHCTBEH-
HBIX IPH3HAKOB. . © o vt v vt v it it et et oo
4.1.1. Peanusauus MeTofa CTaTHCTHYECKOH Kaaccubukauuu (72).
4.1.2. Henapamerpuyeckas OUEHKa IJIOTHOCTH pacrpeelneHus
B ABYX3ranHod kaaccugukauun (78).  4.1.3. Crnocob uHuek-
CUPOBAHMSI MHOTOMEDHOIO NPU3HAKOBOTO npocTtpancra (79).
4.1.4. OcobeHHOCTH aNropdTMa HHIEKCHPOBaHUSE MHOTOMEPHOrO
npusHakosoro npoctpadctsa (81).  4.1.5. MonuduuuposanHbii
aJTOpUTM HerapamMeTpHuecKOH OLEHKM TJIOTHOCTH pacrnpepese-
s (83). 4.1.6. Meron HeiHpocereBol knaccupukaunu (84).
4.1.7. ABTOMaTH3HDPOBAHHbIA NOKCK 06yueHHbIX Helipoceteit (87).

Wccaenosanne 3hPEKTUBHOCTH METOIOB M aIrOPHTMOB ABYX3Tarl-
HOM KJaCCUMUKAUMH . . . . . . .. .o i i
4.2.1. Toctanoska 3ajiauu HcenenoBanus (91). 4.2.2. Onpenenenue
napaMeTpoB B &JrOPHTMAax HelapaMeTpHUYecKOH OLEHKH IIOTHOCTH
pacnipenesnienust (94). 4.2.3. Onpenenenne cnocoba npecGpascsa-
HUS MPOCTpaHCTBa GOMbLWIOH PA3MEpPHOCTH B 3ajadue KJaccHpuka-
uru (101). 4.2.4. Ananu3 3 HeKTHBHOCTH CTAaTUCTHUECKOTO K Hel-
pocetesoro meromos (108). 4.2.5. Mccnenosanue sddextusHoct
HeJPOCEeTeBOr0 METONA KJIACCH(HKALUMH NPH aBTOMATH3HPOBAKHOM
noucke Hefipocereit (111).

Peanusaums Mofe 4poBaHHs U3MeHeHHH 3eMHOM MOBEPXHOCTH. . . .
4.3.1. Onpesesende TeHmeHuuH wusmedenus (115). 4.3.2. Pea-
JM3alMA MOAEJMPOBAHUS C HCNOJAb30BAHHEM KJIETOUHBIX aBTOMA-
tos (116).

45

45

50
53

64
66

68
70

72

72

91

115



Qzrasrenue 5
§4.4. HccnepoBanne anropuTMoB MOIEJHPOBAHMS H3MEHeHHH 3eMHOH no-
BEPRHOCTH + v 55 8 5 5 mmem 68 586 5amesssaammpsssge 119
44.1. TlocraHoska 3zagaud wuccheposanus (119). 4.4.2, 3asncu-
MOCTb TOYHOCTH MPOTHO3HBIX TEMAaTHYeCKMX KapT OT TOUHOCTH
MHTEPIIPETAUMH HCXOHBIX 23DOKOCMHYECKHX H3obparkeHHi (122).
4.4.3. HccnepoBanHe 3(hQeKTHBHOCTH BepOSTHOCTHOTO TOAXO0AA
K OnpeleJieHHIO NpPaBH (QYHKUMOHHUPOBAHWA KJETOUHHIX aBTOMa-
ToB (125).
§4.5. BBIBOABI IO THABE . . . . . . vttt e it e 126
I'masa 5. IlporpamMMHOe ofecrmeyeHHWe CHCTEMBI aHaAJAW3a AHHAMHKHK
3EMHOM MOBEPXHOCTH . . . . . . . . . vttt it 129
§5.1. Dasosble nmporpaMMHble CPEACTBA CHCTEMBE . . . . . . . . .. ...... 129
5.1.1. Bribop 6a20B0ii cHCTeMbl NIPeABAPUTEJbHOI 00PabOTKH U BH-
3yannd3aliid a3pOKoCcMUyecKux naobpaxennit (129). 5.1.2. BuiGop
GasoBoli reodndiopmaunonHoit cucremsr (130). 5.1.3. CYBJ mas
pabotnbl ¢ manabiMu B cucTeMe (130). 5.1.4. Cnocofbl peanusauyiu
nelipocerenoit wmutaudu (131). 5.1.5. Cpennl paspaboTku mnpo-
rpaMMHoro oGecrnedenus cucremsl (132).
§5.2. Oco6eHHOCTH MPOrPaMMHON Peanu3allui CHCTEMbBl . . . . . . ... .. 132
5.2.1. Crpykrypa nporpammuoro obecrneuenus (132). 5.2.2. Xpa-
HeHue d mouck Hefipoceteit (138). 5.2.3. OcoGeHHOCTH CO3RaHUA
uHTepdefica nonre3osarens (139). 5.2.4. TlporpammHas peanusauns
HefipoceTeBoro umuratopa (143).
§5.3. BHIBOMLI MO TVIABE . . . . o oo oo e e e 145
r ABA 6. Pe3yabTarsl NPaKTHYECKOro NpUMeHeHNs WH(DPOPMALHOHHON
/ CHCTEMBL. . . . . o ottt it ittt e e 147
§6.1. [IpumeHenHe cHcTeMbl AN DeleHHS 3ajauy¥ aHanMsa JUHaAMHKK
3EMHOM MOBEPXHOCTH . .« v v vt vt e i et e e it e e 147
6.1.1. [Tocranoska 3afaun vecneposanus (147). 6.1.2. Texuonorus
MOJIy4YeHHs NpPOrHo3Huix Kapr (148).
§6.2. [IpumeHenHe cHCTeMbl IS PellieHUs 3a/aud TeMaTHYeCcKOro KapTH-
DOBAHUS ¢ ¢ 5 ¢« s www v 22 65 6 BB ol 85 0 BB OB TP E G PN D g 157
6.2.1. ITocraHoBKa 3ajauyu TeMaTHYecKoro KapTuposauus ({157).
6.2.2. TexHONOTHS TeMaTHYeCKOro kapruposanus (158).
§6.3. BIBOABI O THIABE . . o . 0 vt vt e vt e e 164
BAKIIOUCHME : s ¢ v s s s o 85 556 @@ 6585 5 Gomsaid Ppmnsiisy 166
CIHCOK JIUTEPATYPBL .« . o oottt it e e e e e e e e e 167



