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AKTYaJIbHOCTh

B Hacrosimiee Bpemsi 3amachkl yrieBOJAOPOJOB YHUKAJIBHBIX U KPYIHBIX
MecTopoxaeHuid Ha Ttepputopun Poccuiickoit ®enepaumu u crpan CHIT
BbIpaboTaHbl yxke Oosiee yeM Ha 50 %. B 3Tux ycnoBusx Bce OOJBIIYIO POJIb
npuoOpeTaeT OCBOEGHHME HEOONBIIUX 3aJleked C TPYAHO U3BIEKAEMbIMU
3armacaMu. YYuThIBasi  CJIOKHOCTh  T'€OJIOTUYECKOTO  CTPOSHHUS  MPUPOJIHBIX
pe3epByapoB, HEIOCTaTOYHBIM OOBEM Te0JIOrO-POMBICIOBON  MH()OpMaImH,
YXYAIICHHbIE (UIBTPAIMOHHBIC M €MKOCTHBIE CBOWCTBA, TPeOyeTCs MPUMEHECHUE
COBPEMEHHBIX IOJIXOJIOB K HW3BJICUCHHUIO JOIMOJHUTENbHON UWHGOpMALMK U3
reo(pU3nYEeCcKuX JaHHBIX.

Pa3Butne metomuku mMpoTHO3a (IFOUIOHACHIIIICHHOCTH HEPTETa30BbIX
MECTOPOXKACHUIN C UCIOJb30BaHUEM aTpUOYTHOTO aHAIM3a CEHCMUYECKUX JaHHBIX
Y TIOBBITIICHUE T€OJOTUYECKON 3PHEKTUBHOCTH CEHCMUYECKUX METOJOB SIBIISIFOTCS
aKTyaJIbHBIMH ~ 3aJladaMd  Te0JIOTOPa3BeOYHBIX pabor. Mx pemeHue B
3HAUYUTENLHON CTENEeHH 3aBUCUT OT COBEPUICHCTBOBAHUS CYIIECTBYIOIIUX U
CO3JaHUsI HOBBIX, 0OJie€ HANEKHBIX MATEMAaTHYECKUX METOJO0B OOpabOTKH U
UHTEpHpETallul  CeCMMYECKMX  JaHHbIX. CleacTBUEM  ATOro  SIBISIETCA
HEOOXOAMMOCTh MPUMEHEHUs] Hanbojiee MPOrpPECCUBHBIX AJITOPUTMOB BEHBIET-
npeobpazoBaHus ceicMuueckoi 3anmucu. CyliecTBYIOIIME METObI CIIEKTPATIBLHOTO
pasNo’KeHUs,  OCHOBaHHble Ha  mpeoOpasoBanuu  Dypbe,  BcreacTBHe
AITOPUTMUYECKAX  OCOOCHHOCTEH WX  BBIMIOJIHEHUS, HWMEIOT  HEKOTOPHIE
orpanudenus. [loaToMy uCHOJNB30BaHME aNropuUTMa BEHBIET-MPeoOpa3oBaHus
SBJIIETCA KIIOYEBBIM MOMEHTOM MoBeleHus1 3QPEKTUBHOCTH U MH(DOPMATUBHOCTU
CHEKTPATBHOTO PA3JIOKEHHUSI CEHCMHUYECKOTO CUTHamMAa. AKTyallbHOE 3HAYeHHE

HpI/IO6pCTaIOT HOBBIC MCTOAbLI MHTCPIIPETALIMU IMOJTYUYCHHBIX PE3YJILTATOB.



O0beKThI HccIeT0BaHMIT

OOBeKTaMH UCCJIEIOBAHNN SABJISUINCK.

- SKCIIEPUMEHTAJIbHAS MOJIEJIb [IECYAHOI0 TEJa, YUYUTHIBAIOIIAsl CTPYKTYPY
pEATbHBIX TOHKMX MECYAHBIX IJIACTOB OCAJ0YHOT0 KOMILJIEKCA,;

- JaHHble ceiicmMopa3Benku 3D psga miomaned 3anagHoit Cubupu u
JlaTuHCKON AMEpUKHU.

eab uccaexoBanus

Pa3zBuTne METOAMYECKUX M HSKCIEPUMEHTAIbHBIX OCHOB IIPOTHO3a
KOJUICKTOPOB MO pe3yibTaTaM OOpaOOTKM JaHHBIX BEHBIET-MPEeOOpa3oBaHUS W
aHajgu3a KOPPEJSIMOHHBIX CBOMCTB MEXAY CEHCMHUYECKHUMHM aTpuOyTamu,
ONPEACIISIIOIUX TPEAJIaraeMyt0 TEXHOJIOTHUIO0 HHTEPIPETALINH.

3agaum uccae10BaHNA

1. Amnanu3s cyniecTBYIOIIUX aIrOPUTMOB BEHBIIET-TIpeoOpa3oBaHuUs.

2. PazpaboTka TEXHOJIOTHMM WHTEPIIPETAIIMU PE3yJbTaTOB YaCTOTHO-
BPEMEHHOTO BEUBJIET-TIPeoOpa30BaHUS CEMCMUYECKUX TaHHBIX.

3. Hnrerpanus pe3yabTaToB YaCTOTHO-BPEMEHHOTO BEUBIICT-
npeoOpa3oBaHUsl CEMCMUYECKUX JIaHHBIX B  CYIICCTBYIOIIHME CTaHAAPTHHIC
KOMIIJIEKCHI MHTEPIIPETALMN TAHHBIX CEHCMOPA3BEIKH.

4. TloBwimenue 3(PpGEeKTUBHOCTH MPOTHO3a KOJUIEKTOPCKUX CBOWMCTB Ha
OCHOBE aTpPUOYTHOrO aHaJIM3a U PE3yJIbTAaTOB CHEKTPAIBLHOIO Pa3JIOKEHUS C
MIOMOIIBI0  AaHANM3a HEJIWHEUHBIX 3aBUCHMOCTEH MEXAY CEUCMUYECCKUMU
aTpubyTamu.

3amuinaeMble MOJI0KEHHUS

1. BeiiBner-npeoOpa3zoBaHie B COYETAHWU C TEXHOJOTHUEH LIBETOBOTO
cvemmBanusg (RGB-cmemmBanme) pe3ynbTaToB aHalld3a CEMCMHYECKUX JTaHHBIX
Ha pa3HbIX YacTOTaxX, I[IO3BOJSET TOYHEE OMNPEACATh POCTPAHCTBEHHOE
MOJIO’KEHUE TOHKUX TUIACTOB U JIMH3 110 CPABHEHUIO C UCXOJHBIMU aMILIATYJAMU.

2. VaTepnpeTtalusi pe3yabTaToOB BEHBIIET-TIpeoOpa3oBaHus obecreyrBaeT

HE3aBHCHUMYIO KOJIIMYECTBEHHYIO OLEHKY 3(QeKTuBHON He(Te-ra30HaCBIIEHHON
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MOIIHOCTH TOHKHX IUIACTOB IO CEMCMHUYECKMM JAaHHBIM, YTO HEMAJIOBAXHO NPH
U3YYEHUU CJIOXHO MOCTPOCHHBIX TPUPOAHBIX PpPE3epPBYyapoB MpPHU HEOOJIBIIOM
KOJINYECTBE CKBAKUH.

3. KowmmnekcHplifaHann3  KOPPEISIUOHHBIX  CBsI3eH  CEHCMUYECKHX
aTpuOyTOB B COYETAHUU C pe3yJibTaTaMHU BEUBIIET-IPEOOpPa30BaHUs MOBBIIIAET
3 (HEKTUBHOCTh M HAJEKHOCTh I'€OJIOTMYECKON MHTEPIPETAUU CECMOpa3BeIKU
3D.

Hay4ynast HOBM3HA

1. Tunuzamnus pa3pe3oB Ha OCHOBE JaHHBIX BEUBIET-MpeoOpa3zoBaHUS U
aTpuOyTOB CEMCMMYECKON 3amucH TMO3BOJISIET pellaTh 3ajady [pOrHo3a
ra30HAaCHIIICHUS B IECYAHBIX IJIACTaX.

2. Wcnonp3oBanue pe3ysbTaTOB BeUBIET-MpeoOpa3oBaHUSI COBMECTHO C
aTpuOyTHBIM aHAJIM30M W TEXHOJOTHEW IBETOBOIO CMEIIMBAHMS OOECIEYMBAET
JETaNbHOE U300paKEHHE CIIOKHBIX T€0JIOTHYECKUX OOBEKTOB B MPOCTPAHCTBE.

3. [IpumeHeHne anropuTMOB HEJTMHEHHOTO PErpecCHMOHHOTO aHaiu3a AJis
MOMCKa  3aBUCHMOCTEM  pe3ylbTaTOB  BeuBieT-mpeoOpazoBanus u DEC
KOJUIEKTOPOB B CKBAKMHAX ITO3BOJIIET IPOTHO3UPOBATh CBOMCTBA IUIACTOB B
MEKCKBAKMHHOM MPOCTPAHCTBE.

MeTtoabl uccjief0BaHUs U PaAKTUUYECKUN MaTepuaJl

B ocHOBy paboThl TOJIOKEHBI Hay4dHble pE3yJIbTaThl MHOTOJIETHUX
TEOPETUUECKUX M OKCIEPUMEHTAIBHBIX pPa3paboTOK psAa HCClIeqoBaTENeH.
[IpakTHueckas peanu3alusi alropuTMa BeWBIET-MPeoOpa3oBaHUs M aHAIW3a
HEJIMHEWHOW pETPEeCcCHM BBIIOJIHEHA B paMKax NPOTrPaMMHOIO KOMIUIEKCA
Transform.

Breimonaeno 2D mMopenupoBaHue KIMHOGOPMHOTO TMECUYAHOTO IIacTa C
1eablo0 000cHOBaHUS 3((HEKTUBHOCTH MPUMEHEHHs BEHBIIET-MPe0Opa3oBaHus Npu
nporHo3e 3(QdekTuBHON HedTe-ra30HACBHIIIEHHON MOIIHOCTH T'€OJOTHUYECKHUX
o0wekToB u apyrux OEC.

[IpoBenen  aHanM3  B3aMMOCBA3M  CEUCMHMYECKMX  aTpUOyTOB  C

(IIOMIOHACKHIIIEHHOCTRIO  PE3€PBYapoOB  YIIIEBOJAOPOJAOB 1O  (PaKTUUECKOMY
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MaTepuagy  TEOJIOTUYECKOTO  CTPOEHUsI  HEe(PTEera3oBbIX  MECTOPOXKIACHUMN
Pa3IUYHOrO CTPOEHHUS.

JUist aHanM3a KOPPEISIUMOHHBIX CBS3€M MEXAYy arpulOyTamMu MpUMEHEH
QITOPUTM HEJIMHEHHOTO PErPECCUMOHHOIO aHAJIU3A.

IIpakTH4Yeckasi 3HAYUMOCTH Pe3yJIbTATOB

1. BeoinonHeHa oueHka 3((EKTUBHOCTH aJIrOPUTMOB CHEKTPAIbHOIO
pa3noxeHus: ¥ OOOCHOBAaHHME WCIIOJIb30BAHUS BEHBIET-TIpeoOpa3oBaHus, B
YaCTHOCTU MCIOJIb30BAHHOIO AJITOPUTMA U MPOTPAMMHOI0 OOECIEUYEHHUsS] Ha €ro
OCHOBE.

2. Pa3paboTaHbl METOAMYECKHE OCHOBBI HCIIOJNB30BAHMS BEHBIIET-
npeo0pa3oBaHus B TEXHOJOTMH MHTEPIPETAUN CEUCMHYECKUX JAHHBIX C LEJBIO
IIPOTHO3a KOJUIEKTOPCKUX CBOMCTB MPOJTYKTHUBHOIO IJIACTA.

3. OOocHOBaHBI HOBBIE BO3MOXXHOCTU U 3(P(DEKTUBHOCTH MPOTHO3A
KOJUIEKTOPCKUX CBOMCTB 3ajieked HeTH M ra3a, CyIIECTBEHHO MOBBIIIAOIINE
TOYHOCTh MHTEPIPETALNH JAHHBIX CEHCMOPa3BEIKU.

4. BpINoAHEHO BHEIPEHUE METOJIMKM BEHBIET-MpeoOpa3oBaHusl B
CYILECTBYIOIYIO TEXHOJIOTHIO MHTEPIPETALNN JAHHBIX CEHCMOPA3BEIKH.

Peanu3anusi padoThbl B IPOU3BOICTBE

PesynbTaThl mpoBeleHHONW pabOThl MO MPOTrHO3Y (UIBTPAIMOHHO-
€MKOCTHBIX CBOMCTB MOJYYEHbl B CEUCMOIrEOJIOTMYECKHX YCIOBHUSAX CEBEPO-
BocToka 3amagHod Cubupu u JlatuHckod Amepuku. AmnpoOainus padoThI
npoBOAMJIaCh Ha MaTepuanax ceiicmopa3Benku MOB OI'T 3D mo Tpem
JUUEH3UOHHBIM y4acTKaM. ObbexkTamu UCCJIEI0BAHMIM ABJISUIACH
ra30HaChIILEHHbIE OTI0XKEHHUSI CEHOMAHCKOI'O U TYPOHCKOTO KOMIUJIEKCOB, a TakK K€
OTJIOXKEHUI BEpXHEro kKapOoHa.  ABTOp JOKa3bIBAE€T, YTO MPEIJIOKEHHBIN
QITOPUTM aHaAJIM3a pPe3yJbTaTOB BEUBJIET-MPEOOpa3oBaHUS M CEHCMUYECKHUX
aTpuOyTOB TMO3BOJIIET B 3HAYUTEIBHOW CTENEHU TMOBBICUTH JIETAIU3ALNIO

UCCIIETyeMbIX 00BEKTOB MO0 CPABHEHHUIO CO CTAHIAPTHON MHTEPIPETALIEH.



O0beM u cTpyKTypa padoTsl

Juccepranysi COCTOUT M3 BBEICHUS, TPEX IJIaB U 3aKIIIOUEHUS OOUINM
oobemom 105cTpanuil, Bkiaroyas 39 pUCYHKOB U CITUCOK JINTEPATYPHI.

JIMYHBIH BKJIAJ aBTOpPa

ABTOpOM OBUIO MPOAHATU3UPOBAHO OOJIBIIOE KOJWYECTBO JIMTEPATYPHI
KaKk 3apyOexHbIX, TaK M OTEYECTBEHHBIX HCCJeAOBaTeNiel, MOCBSIIICHHON
CHEKTPAIbHOMY aHAINU3Y CEHCMUYECKON 3amucu, chopMyIUPOBAHBI 1IENIU U 3a7a4n
nanbHeie pabotbl. BreipaboTaHa opuruHaidbHash METOAMKA HWHTEPHpETaluu
pe3ynbTaToB BeiBieT-npeoOpa3oBaHus. Tak ke, MpU aHAIMW3€ MOJYyYEHHBIX
pe3yabTaToOB ObUIM MPUMEHEHBI COBPEMEHHBIE METOJbl PErPECCHOHHOTO aHAIN3A.
Jlannass MeroAuka ObUla TPUMEHEHA aBTOPOM TIPU HMHTEPIpETaluu TpeX
pa3IMyYHBIX ChEeMOK cericMopasBeaku 3D.

baarogapuocTu

ABTOp BbIpakaeT 0JIaroJapHOCTh HAYYHOMY PYKOBOAMTEIIO, IOLIEHTY
kadenpsl reopu3uKy, KaHIAUIATY Te€0JIOTO-MUHEpaTIoOrnueckux Hayk EpmonaeBoit
['anune MuxaillioBHe 3a TOMOIIb HA BCEX CTAAUAX BBIMOJHEHUS PaOOTHI,
npodeccopy, AOKTOpY (¢u3MKO-MaTeMaTHUeCKuX Hayk Hukutuny AJjekcero
AJexceeBuYy, CIENABIIETO IEHHbIE 3aMeYaHus 0 JUCCEPTAIUH.

Astop 6marogaput kosutekTuB OO0 «I'eodusnyeckne Cuctemsl JJaHHBIX»
3a MHTEPECHbIC €U, COBETHl U MOJACPKKY MPU HAMUCAHUHM IUCCEPTALUOHHON
paboThI.

COIAEPXKXAHHUE
Beenennue.

CoBpeMeHHOE COCTOSIHME 3alacoB U TEMIIOB OCBOCHHSI MECTOPOXKIACHUI
YIJIAEBOJIOPOAOB OOyCHaBIMBAET HEOOXOJUMOCTh CYIIECTBEHHOTO IOBBIIICHUS
pa3pelIeHHOCTH M TOYHOCTU METOJOB CEHCMOpa3BeAKHd Uil  H3YyUYEHHs
MPOJYKTUBHBIX MJIACTOB MEJIKUX 3aJI€XKEH U 0 U3y4YeHHUs CTapbIX IUIONIaAeH, YTo
JIOCTUTAETCS C TOMOIIBIO JMHAMUYECKOM 00paboTKM NaHHBIX ceiicmopa3Benku 3D.

B Hacrosmee BpEeMsda HWIMCHHO JHHAMHWYCCKasa 06pa60TI<a ABJIICTCA BEAYIIHUM
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HaIlpaBJICHUEM PA3BUTHS HOBBIX METOJOB U aJrOPUTMOB KaMepajbHBIX
CEMCMOPa3BEI0YHBIX UCCIIEIOBAHUM.

IIporHo3 KOJUIEKTOPCKHX CBOWCTB Ha OCHOBE ONTHMHU3UPOBAHHOIO
KOMIUIEKCa CEMCMUYECKUX AaTpUOYyTOB SIBISETCSA COBPEMEHHON BaXKHOM TeMOM
UCClIeOBaHUM. 3anaya ONTHUMM3ALMM CEMCMMUYECKUX aTpUOyTOB CTOUT B TOM,
4TOOBl OOOCHOBaTh BBIOOP HEKOTOPOTO KOJUYECTBA, JKEIATEIbHO (PU3NUECKU
OCMBICIICHHBIX M CBSI3aHHBIX C KOJUIGKTOPCKMMH CBOMCTBaMH, aTpuOyTOB
ceiicMuueckoi 3amucu. Pa3BuThe METOAMKM IPOTHO3a (DIIIOMJOHACHIILIEHHOCTH
IIPU TMIOMCKE U Pa3BEAKE, a TAKKE IKCIUTyaTallul HE(TEra30BbIX MECTOPOKACHUN C
UCIOJb30BaHMEM aTpUOYTHOTO aHaiM3a M TOBBIIIEHHE €ro T'eOJOTHYECKON
3(p(EKTUBHOCTH SBISAIOTCA AaKTyaJdbHbIMU 3ahadamMu. CyIllecTBYIOT MHOIHE
MOJIXO/IbI K MTPOTHO3Y KOJUIEKTOPCKUX CBOWCTB C MOMOIIBIO aTPUOYTHOTO aHAIN3A.
KonnuecTBO BOBIIEUEHHBIX B aHAIU3 aTpUOYTOB CEMCMUYECKOM 3aIIUCH JTOCTHUIJIIO
IBYX COTeH. OQHOBPEMEHHO NOBBIIAIOTCS IIOTHOCTH CEMCMHUYECKOM CBEMKH,
KOJIMYECTBO CKBAXUH C MPSAMBIMUA ONPEIEICHUSMU KOJUIEKTOPCKUX CBOMCTB,
TpeOOBaHUSI K KadyecTBY IPOrHO3a IpU Bce 0oJiee BO3paCTAIOIIEH CIIOKHOCTH
T€OJIOTHYECKUX YCIOBHM HE(TEra3oBbIX MECTOPOXKICHUM, TI/e HCIOIb3yeTCs
aTpuOyTHBIM aHanu3. B HacTosiee BpeMs, HECMOTPS Ha IIMPOKOE NPUMEHEHUE
aTpuOYTHOTO aHaNIM3a JJI1 MPOTHO3a KOJUIEKTOPCKUX CBOMCTB, KAYECTBO MPOTHO3a
HEBBICOKO. B TO ke Bpems, 3TOT cmoco0d mpeAcTaBisercs Hauboee
NEPCIEKTUBHBIM. Ps mpo0iieM, CBA3aHHBIX C IMOBBIINIEHHEM KayecTBa IPOrHO3a
TpeOyeT MakCUMaJIbHO OBICTPOTO paspemieHus. PazpaboTaHHbIe B TOCIEAHUE TOJIBI
TEXHOJOTHMH BEHBJIET-IPEOO0pa30OBaHUs TO3BOJSIOT H3y4YaTh CIHEKTPAJbHBIC
XapaKTEPUCTUKU CEMCMHYECKOM 3alUCH, COXpaHssl IpU 3TOM JACTAIBHYIO
NPUBSI3KY HCCIEAYEMbIX OOBEKTOB BO BpPEMEHHU. TaKue TEXHOJOTMH YCIIEIIHO
OPUMEHSIOTCS BEAYIIMMHM TIeO(QU3NYECKUMH KOMIAHUSAMM JUIsl  BBIJEICHUSA
IIeCYaHbIX JIMH3 U KaHAJIOB.

OCHOBHBIM JTOCTOMHCTBOM CIIEKTPaJbHOIO pA3JIOKEHUS HAa OCHOBE
BEHBIET-Ipeo0pa3oBaHusl SBJISAETCA TO, YTO OHO II03BOJISIET HHTEPIPETATOPY

BBISBUTH B CEMCMHMYECKOM BOJHOBOM IIOJIE X0poHmo HU3BCCTHBIC H3 TCOPUU
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3¢ (HEKTHI 3aBUCUMOCTH TTUKOBOW YaCTOThI CECMUYECKOTO CHTHAJA OT BPEMEHHON
MOIIHOCTH TOHKOTO MJIaCTa M KOHTPOJIMPOBATH TAKUM 00pa30M MOBEIEHNE TOHKHX
TUTACTOB-KOJIJIEKTOPOB MOITHOCTBIO MEHee Y4 NIMHBI CEHCMHYECKON BOJHBI. Tak
K€, BaXHBIM CBOWCTBOM BEWBJIET-MPEOOpPA30BaHMS SIBISCTCA BO3MOKHOCTH
BBIJICTISITH aMILTUTYTHBIE () (DEKTHI CeiCMIUYECKOM 3aluCcH C YaCTOTOM.

1. AJITOPUTMBI BelBJIeT-MPe00pa3oBaHuA.

BeiiBneTsl mpeacTaBisitoT co00i ocoOble QYHKIMU B BHI€ KOPOTKUX BOJIH
C HYJIEBBIM WHTETPAIBHBIM 3HAYCHHEM W C JIOKAIM3AIMEH MO0 OCH HE3aBUCUMOM
nepeMeHHo# (I wim X), CIIOCOOHBIX K CABHTY IO 3TOH OCH M MacCIITaOUPOBaHUIO
(pacTsokenuto/cxkatuio). JIroOoit w3 Hambosiee YacTO WCIOJIB3YEMBIX THIIOB
BEHBIIETOB IMOPOXKAAaeT MOJHYK OPTOTOHANBHYIO cucTeMy GyHKIui. B ciydae
BEBIICT-aHaIM3a (JICKOMITO3MIIMM) CUTHAjJa B CBSI3W C M3MCHEHHEM MaciTada
BEHBIETHl CHOCOOHBI BBIABUTH pa3iNMude B XapaKTePUCTHKAX TMIpolecca Ha
Pa3IUYHBIX MIKaNax, a MOCPEACTBOM CIIBUTA MOXHO MPOaHAIN3UPOBATh CBOMCTBA
npolecca B pa3TUYHbIX TOUYKAaX Ha BCEM UCCIETyEMOM HHTEpBAJIE.

['pyOyro kmaccudukaiuio airopuTMOB BEHBIET-aHAIN3a MOXHO CHEJaTh,
BeiienuB HempepsiBHOe (CWT — ContinuousWaveletTransfornm) nuckpernoe
(DWT — DiscreteWaveletTransformgiisier-npeoopa3opanus. [Tomydants HabOp
BEUBIIET-KOA(DPUIIMEHTOB B Clly4yae JUCKPETHOTO Mpeodpa3zoBaHus ObICTpee, U OHO
JaeT JOCTAaTOYHO TOYHOE TMPEACTaBIEHHE O CHUTHaje NpU MEHbIIEM O0beMe
NoJlydaeMbIX B pe3yjbTaTe daHHbIX. HempepbiBHOEe mpeoOpa3oBaHue TpedyeT
OONBIIMX BBIYMCIUTEIBHBIX 3aTpaT, HO, BMECTE C ATHUM, TO3BOJISICT JETaabHEe
paccMOTpeTb  CTPYKTypy  curHama.  BcenenctBue — OypHOro  pa3BUTHA
BBIYHCIIUTEILHON TEXHUKH OOJBINOE KOJMYECTBO BBIYMCICHUN MPH BHIMOTHCHUH
MaTEMaTUYECKUX aJITOPUTMOB HE SIBIIACTCS CEPhE3HBIM HemocTaTkoMm. [losTomy
IpU BBIOOpPE aJIrOPUTMOB CHEKTPATBHOTO aHAIM3a HECTAMOHAPHBIX CUTHAJIOB (B
HEPBYIO OuYepeb CEHCMHUYECKOW 3alMCh), HCXOMAT U3 HX JI(PPEKTUBHOCTH.
OcHOBHOE OTIMYME BeiBIeT-IpeoOpazoBaHus OT mpeodpazoBanusi Dypwe
3aKJIFOYAeTCsl B TOM, YTO OHO OOECIIEUMBAET JBYMEPHYIO pPa3BePTKY OJHOMEPHOTO

curHana. [Ipm 3TOM wacToTa W KOOpAWHATA (BpeMsi) pacCMaTpPHBAIOTCS Kak
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HE3aBHCHUMBbIE TEPEMEHHBIC, YTO J1aeT BO3MOXKHOCTh aHAIMW3a CUTHAJOB Cpasy B
JIBYX TIPOCTPAaHCTBAX.

Wcxons U3 BbIlIe CKAa3aHHOTO, HauOoJiee MOIXOALUIUM aIrOPUTMOM JIJIst
CHEKTPAJILHOTO pa3liockeHus ceicMudeckoit 3anucu siisiercs CWT. Kak npasuio,
YaCTOTHBIMA COCTaB CUTHaJA KpailHe HEOJHOpPOJeH 1o BpeMeHU. COOTBETCTBEHHO,
HU3KOYACTOTHBIM aHAIM3 CHUTHAJAa JIOJDKEH MPOW3BOAUTHCS Ha  OOJNBIIMX
MHTEpBaJiaX, a BBICOKOYACTOTHBIA — Ha MaJbIX. J{J1s1 TOro MpUMeHsIeTCsl 4aCTOTHO-
BpeMeHHass ~ Moaudukanus — BeiBier-npeoopazoBanus (TFCWT), koropas
JOCTUTAeTCS MPUMEHEHHEM YaCTOTHO-BPEMEHHOTO OKOHHOTO MpeoO0pa3oBaHUs
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JlaHHast onepanus MO3BOJISAET NOJYYUTh CEMEHUCTBA YAaCTOTHBIX CIIEKTPOB,
JIOKAJIM30BAaHHBIX BO BPEMEHHU, HO B IIpeleiiax IIOCTOSHHOM IIMPUHBI OKHA, a,
CJIEAOBATEIbHO, TAKKE C MOCTOSIHHBIM 3HAYEHUEM M YaCTOTHOTO, U BPEMEHHOIO
paspenicHus.

McxoaHpIMu JaHHBIMU IS TIOCJIEAYIOIIETO aHAJIN3a Pe3yJIbTaTOB BEUBIIET-
aHaJM3a SBISIIOTCS YaCTOTHO-BPEMEHHBIE aMIUIMTYAHbIE crekTpbl. Ha puc. 1.

MPUBEIECH MPUMEpP CIEKTPa CEHCMUYECKON TPACCHI.
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Puc. 1. IlpumMep YacTOTHO-BPEMEHHOIO aMIUIMTYJHOIO  CHEKTpa
CEMCMHYECKOU TPACCHI.
2.  AHaJu3 M HHTepHpeTauus pe3yIbTAaTOB BelBJeT-IPe0Opa3oBaHUS.

OOBIYHO celicMUYECKHE JaHHBbIC UMEIOT MUPUHY crekTpa mnopsaka 60-80
['u. Takum oOpa3oM, celicMuYecKas 3aUCh COAEPKUT IHEPTUIO0 OTPAKEHHBIX BOJIH
OoJpIIOro aMana3zoHa 4acTtoT. llpu ompeneneHHbIX YCIOBUSX, OCOOEHHO IpHU
CIIOKHOM CTpaTUrpauyeckoM CTPOCHMH M MAaJOaMIUIUTYAHBIX Pa3pbIBHBIX
HapYIIEHUsX, TMOJE3HO MMETh TMpeACTaBiIeHUE 00 aMmIUIMTyjAe CUrHajga Ha
KOHKPETHBIX YacTOTaxX. DTH aMIUIMTYAbl HAMPSMYIO CBSI3aHBI C pacHpeeIeHuEeM
¢usznyecKkux CBOWCTB B pa3pe3e. AHamu3 pe3yJabTaTOB BEHUBIET-TIPeoOpa3oBaHus
MO3BOJISIET Pa3ACNATh aMIUIUTYAHbIE MU3MEHEHUsl MO 4YacTOTEe, TEM CaMbIM IOHSB
UCTUHHOE pacIipe/ieJIeHHe aKyCTUYECKIX CBOICTB pe3epByapoB YIIIEBOAOPOIOB.

Cy1iecTByeT HECKOJIBKO OCHOBHBIX CIIOCOOOB MHTEPHIPETALIUU PE3YIHTATOB
BeliBieT-mipeoOpa3zoBanus. llepBblii crmoco® 3akioyaercs B TpaHcpopMaluu
AMIUTUTY B YaCTOTHBIN UAMa3oH (APYyrUMH CIOBaMH, PE3YJIbTATOM SIBIISIOTCS
KyObl 4YacToOT, TJi€ MO HampaBieHHWO Z OToOpaKeHbl aMIuiuTyAa win (a3za B
nuamazoHe ot 1 mo 100 I'm). Takoit oO0beM Ha3bIBaeTCS «TIOHUHT KyOom». 1o
OTIENBHOCTH  3TH  pe3yJbTaThl  TPYAHO  HUHTEPIPETUPYEMBI, OCOOEHHO
KOJIMYECTBEHHO. AHaJIU3 TIOHMHI-Ky0a ONTUMU3UPYETCS C MOMOUIBIO 1BETOBOIO
cmemuBanus (RGB), uro npenocrasiser BO3MOKHOCTh HHTEPIIPETATOPY OLEHUTH
pe3epByap HaJIe’)KHEe, B HEKOTOPBIX CIIydasiX, 1aBaTh KOJIMYECTBEHHYIO OLIEHKY €ro
xapakrepuctikam (puc. 2). Tak ke, 3TOT MOAX0]] IO3BOJISIET BBIACIATh CTPYKTYPHI
Opu HAJIWYUM HA TEPPUTOPUU HCCIAEAOBAHMN TOHKUX TMECYAHBIX Ta30- U
He(TEHACHIIICHHBIX JINH3 U KaHAJIOB.

Bropoii cioco® mo3BosisieT ONpeAeauTh BPEMEHHYI0 MOIIHOCTh IJIACTOB.
Kapra BpeMEHHOI MOILIHOCTH JIETKO MOJY4YaeTcsi U3 aTpuOyTa 4acTOThl MEPBOIO
aMIUTUTYJTHOTO TIMKA Ha CIEKTpe JUIsl Kaxaou Tpaccel. [Ipoctoe apudmernyeckoe
npeoOpa3oBaHWe JTOTO aTpuOyTa TO3BOJSET TOJyYaTh KapThl BPEMEHHOU
MOIIHOCTHU. JIaHHBIN pe3yJbTaT SIBISIETCS HE3aBUCHUMbBIM HM3MEPEHHEM MOIIHOCTU

IJ1aCToB, TEM CaMbIM, CHMKAA TI'COJIOTUYCCKUC PHCKU. OTOoT noaxon sABJISACTCA
11



0COOCHHO AaKTyaJIbHBIM BMECTE€ C MOJCIMPOBAHUEM W/WIM KPOCCIIOTUHTOM
pacueTHBIX MOIIHOCTEHN C TaHHBIMH OypeHUsl.

JlaHHBIE TOAXOABI IIO3BOJAIOT JETalbHO pacCMaTpuBaTb CTPOEHUE
IPOAYKTUBHBIX HHTEpBaIOB. OCOOCHHO 3TO aKTyaJlbHO B YCIIOBUSIX Pa3BUTHUS
CIOKHBIX T€OJIOTUYECKUX CTPYKTYp, COCTOALIUMX W3 TOHKHMX IIJIACTOB, JHUH3 U

najgeopycel.

Puc. 2. Ananusa pe3ysibTaToB BEUBIIET-IPEOOPA30BAHHMS. a) AMILUTUTY/IbI Ha
gactote 2011, 6) amrumaty bl Ha yactote 4011, B) aMmrmuTy el Ha 9actotre 60
I'm; r) pesynbratr RGB-cMemmBanusi.

[lonHoueHHass ~ WHTepHpeTanuss  JAHHbIX  BEHBIET-MPEeoOpa3oBaHUs
HEBO3MOJKHA 0€3 Ka4eCTBEHHOW M KOJIMYECTBEHHOW MapaMeTPHU3aIlid MOTYyIEHHBIX
pe3ynbTaToB. OmNUCaHHBIE BBIINIE METOJWMKH HWHTEPIPETALUU OTBEYAIOT 3TUM
TpeOOBaHMSM ¥ TIO3BOJISIIOT TIONydYaTh IEHHYI HWHOOPMAIMI0O O CTPOCHHH
reoJIOTUYECKUX 00BEKTOB U3 CEHCMUYECKOM 3aIHCH.

2.1. CeiicMrn4yeckoe MO/l TUPOBAHNE XaPAKTEPUCTHK TOHKOI'O IJIACTA.

CrenriaJibHbIE METOJUKH aHAIN3a Pe3yJbTaTOB BEHBIET-MPEe0Opa3OBaAHUS
MPEIOCTABIISAIOT HOBbIE BO3MOKHOCTHU ISl M300paXKEHUSI U KaPTUPOBAHUSI TOHKHX
IJIACTOB U TE€OJIOTMUECKUX HAPYIISHUH ¢ TTIOMOIIBIO TaHHBIX 3]] ceficMopa3BeaKy.

12



Teopust crekTpaJbHOTO aHajIM3a 3aKII0YAETCs B TOM, YTO OTPaXKCHHE OT
TOHKOTO CJIOS HMEET XapaKTEepUCTUKYy B YaCTOTHOM JMana3oHe, KOTopas
OTMCBIBAET €r0 BPEeMEHHYIO0 MOIIHOCTh. Hanpumep, mpocToii 0AHOPOIHBIN TOHKHIA
CIIOM HWMEeT NPEeACKa3yeMyl0 M NEPUOAMYHYIO IOCIEAO0BATEIbHOCTh MUKOB B
AMIUTUTYZAHOM CIIEKTPE CYMMapHOTO OTPaK€HUS OT KPOBIM W IOAOMIBBI 3TOTO
wiacta. CeiicMudeckas Tpacca OOBIYHO BKIIOYaeT B C€eOsl OTpa)xKeHUs OT
MHO>KECTBAa T€OJOTHYECKMX OOBEKTOB. OJTa HHTEepPEpEHLUOHHAs CHCTEMa
BKJIIOYAET B ce0sl MHOKECTBO €MHUYHBIX OTPAKEHHI, KaXKI0€ U3 KOTOPHIX UMEET
CBOC YHUKAJILHOE BBHIpKEHUE B 4aCTOTHOM juanasone (Puc. 3).

AMIUTUTYIHBIA CIEKTP TOKa3bIBA€T OTHOILIECHHE HWHTEP(HEPEHIIMOHHOTO
OTpa’KEHUs M aKyCTUYECKHX CBOMCTB €IMHUYHBIX IIACTOB, KOTOPBIE BXOJAT B 3TO
oTpakeHne. V3MEHUMBOCTh  TOJIIMHBI  IJIaCTa  PACCUMUTHIBACTCS  depes
AMIUTUTYAHbIE MaKCUMYMBI, KOTOPBIE OMPEIEIISIOTCS JOKAIbHBIMU W3MEHEHHUSIMU
MOIITHOCTH MOPOJIbl. DPPEKT aMIIUTYIHOTO CHEKTpa MO3BOJIIET UHTEPIPETATOPY
ObIcTpO ¥ A(P(PEKTUBHO OMNPENENATh U KapTUPOBATH JIOKAIbHBIE W3MEHEHUs
MOIITHOCTH IJIaCTOB B Ipenenax cheMku /1.

PasHuma B 4YactoTe OTpaXeHHS MEXAY aMIUTUTYIHBIM CIEKTPOM,

paccunTaHHbIM B 00JibIioM (puc. 3) 1 KopoTkoM okHe (puc. 4) oueBHUIHA.

KoadhdpuumeHTb! "
oTpaxeHun k MWmnynbc + lMomexa ‘:>Ceu$:::ce: .
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Puc. 3. Mogens ceiicmuaeckoit Tpaccel. [lepexos B 4acTOTHYIO 00J1aCTh 110
Bceit mmune. (Partika 1999)

KoadhcpmumenTsl CeiticMuyeckasn
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Puc. 4. Mopens ceficMuueckoit Tpacchel. [lepexos B 4acTOTHYHO 00J1acTh C
HCIIOJIb30BaHUEM KOPOTKOro BpeMeHnHoro okna (Partika 1999).
[IpeoOpazoBanuie B OOJBIIOM OKHE XapaKTEPU3YETCs CHEKTPOM OJIU3KHUM K
UMITYJIbCY, B TO BpeMs Kak IpeoOpa3oBaHue B KOPOTKOM BKJIFOUAET B CEOS1 TOJIBKO
MOJIENIb JIOKAJIbHOW WHTEP(EPEHIIMOHHOW CHUCTEMBI OTPAXEHUH OT KPOBIU U
MOJOIIBBl OJHOTO IIJIACTa, TEM CaMbIM I[IOKa3biBasg PEAJbHOE pacHpeacsIeHUe
AKyCTUYECKUX CBOMCTB U MOIIHOCTH I'€0JOTUYECKOTO CIIOSI.
3a UCKITIOUEHHUEM HECKOJIBKUX CITy4aeB, OOJIBIIIOE OKHO aHaJIN3a BKIIOYAET
B ce0s MHOXXE€CTBO M3MEHEHHUU TIe0JOTHYeCKOM Cpe/bl, KOTOPhIE CTaTUCTHUYECKU
MPUIAIOT CIyYalHbBIN XapakTep HHTEPHEPSHITMOHHBIM MOJIETISIM OT TOHKHX CJIOEB.
PesynbpTupyronmuii CiekTp B IIMPOKOM OKHE SBJISIETCS "TUIOCKHUM', TTOBTOPSIOIIUM
criekTp curHaja. CBepTKa MCXOJHOI0 UMITYJIbca C KO UITUEHTaMH OTpakKeHUs
MHOJKECTBA TPAHUIL] CO3[a€T aMILUIUTYIHBIN CIIEKTP, KOTOPBIM UMEET CXOACTBO CO
CIIEKTPOM MMITYJIbCA.
OTKJIMK B Y3KOM OKHE 3aBHUCUT OT aKyCTHYECKHUX CBOMCTB U MOIIHOCTH

CJIOCB, BXOIJAIIMX B JOTO OKHO. Yem KOpO4Y€ OKHO, TCEM IIPOUIC BbIABUTDH
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OCOOCHHOCTH CTpOEHMsI TIactTa. B TakoM KOpPOTKOM OKHE aKyCTHYECKHE
XapaKTepUCTUKU TOPHOM TOPOABI  BIMSIOT HAa OTPAKEHHBIA  HMMITYJbC,
TpaHcHOpMHPYST €ro B MEPUOAUYHYIO CUCTEMY MAaKCHUMYMOB CIIEKTpa B 00JacTu
@ypbe.  Pe3ynbTUpyrOmMH  aMIUIMTyAHO-YAaCTOTHBIM  CHEKTP  ITOKA3bIBAET
re0JIOTUYECKYIO0 KapTUHY B IIpeiesiax BEIOPAHHOTO OKHA.

CBOWMCTBO HAJIOKEHUS OTPAKEHHM OT TOHKUX IUIACTOB MOXET OBITh
NPOMLTFOCTPUPOBAHO € IMOMOIIBIO MPOCTOM Mojaenu kiauHa (puc. 5). BpemenHoe
OTpaX€HUE COCTOUT U3 JBYX IHMKOB OJIMHAKOBOW, HO TMPOTHUBOMOJOXKHON
ammuintynbl.  KpoBnsi kiaMHa OTMEYEHa OTPULIATENBHBIM KO3 GUIIUEHTOM
OTpakeHHMs, a MOJOIIBA MOJOKUTENbHBIM. MOIIHOCTH KinHA u3MeHnsercs ot 0 1o
50 metpos. [Ipu cBepTke reosoruueckor Moaenu ¢ uMmmyiabcom (8-10-40-50In)
OPOUCXOAUT dS(PPEKT HATOKEHHs, BBI3BAHHBIA H3MEHEHHMEM B MOIIHOCTH.
OTpakeHHs] OT KPOBJIM M TOJOILIBBI PA3AEISIIOTCA MpU OONBIIOW MOIIHOCTH M
HAKJIQJBIBAIOTCA B OHO OTPA’KEHUE MPU UICTOHYEHUH KIIMHA.

Amrumatynabiii  ciektp (puc. 6) Obul paccuMTaH B KOPOTKOM OKHE.
BpeMeHHass MOIIHOCTh KJIMHA OMNpenessieT Mepuoj, MaKCUMYyMOB aMILTUTYIHOTO
cnekTpa B 3aBucuMoctu OT dactotel. t=1/P,rne P (I'm) - mepwoa mMakcuMymoB
AMILTUTYHOTO CIIEKTpa OT YacToThI, U t (C) - MOLITHOCTH IJ1acTa.

Jlaxke OTHOCUTENBHO HHM3KOYACTOTHAs KOMIIOHEHTa, Takas kak 10 I'm
MOJKET OTPEAEIATh U3MEHYMBOCTH MOIIIHOCTH TOHKOTO TJIacTa.

JlanHasi cxema JEMOHCTPUPYET MNPUMEHEHHE 3TOro IMOJAX0Ja K OYEeHb
IPOCTOM MOJENU C JBYMS OTPaXKAIOIIMMU TpaHUIAMHU. YCJIOKHEHHE MOJIENIU

OTpakeHUs MPUBEAET K OoJiee CI0XKHON NHTEephEPEHIIMOHHONW MOIEIH.
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Mogenb koadduumMeHTa oTpaxKeHUn
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Puc. 5. CeticMuueckas Mmojenb kinnHogpopmuoro miacta.(Partika 1999)
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Puc. 6. AMIIIUTYTHO-4aCTOTHBIH CIIEKTP CEMCMHUYECKON MOJIEIH.

B pailoHax, miuoxo oxapakTepu30BaHHBIX JTAHHBIMU OypeHHs], MoJ00Has

uHboOpMaIusl, U3BJICUCHHAs] U3 CEHCMUYECKOW 3amKCH, MO3BOJSET CYIIECTBEHHO

JOITIOJIHUTD KapThuHy CTPOCHHA TI'COJIOMYCCKHX O OBEKTOB M  IIOHH3HUTH

re0JIOTMYECKHE PUCKU NP JAJIbHEHIIIEM U3YyYEHUU TPUPOTHOTO pe3epByapa.
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2.2. Busyaauzanusi 4 aHAJIU3 Pe3yJabTATOB CHEKTPAJIbLHOM J€KOMIIO3UIIUM C
nomMombi0 RGB-cmemmBanms.

W cxoTHBIMU TaHHBIMH TSI TIOCTISAYIOIIETO aHaInu3a pe3yIbTaTOB BEUBIICT-

npeo0pa3oBaHus SBJISIOTCS YaCTOTHO-BPEMEHHBIC AMIUIMTYAHBIC CIEKTphl. Ha

puc. 7.TpUBEACHBI MPUMEPHI CIICKTPOB JBYX CEHCMHYECKUX TPACC, MOTYYCHHBIX B

pa3HBIX ceicModannalbHBIX palloHaX U3ydaeMOH TIJIOIIA IN.
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Puc. 7.YacTOTHO-BpEMEHHBIE AMILIUTYAHBIE CIIEKTPBI CEICMUYECKOI 3aIUCH.

Ha cienyroniem srare nojiy4eHHOE NMPEACTaBICHUE CEUCMUYECKONW TPACChI
TpaHcopMHUpyeTCsl B TaK Ha3bIBAEMbIN «TIOHMHT Ky0». OTO Ha3BaHHE
HoJipa3yMeBaeT CEMCMHYECKUH KyO aMIUIMTy[, BKIIOYAOIUMNA B KadyecTBE
YEeTBEPTOrO  H3MEpPEHUss - 4acToTy. <«UeThlpéxMepHOe»  MpeACcTaBICHUE
CEHCMMYECKUX JAHHBIX IIOCJIE€ CHEKTPAJbHOM JEKOMIIO3MLIHAM  IO3BOJSAET
BBITNOJIHATh JETAJIbHBIN aHAIM3 MOJY4YEHHBIX pe3yibpTaToB. Ha puc. 8. mokazaHsl
CEUYEHHUS] TIOHUHI Ky0a» BIIOJIb MHTEPIPETUPYEMOro ropusoHra. Kak BHIHO U3
JAHHOM WJUIIOCTPAlMM, B LEHTPAJIBHOM YaCTH HMCCIECAYEMOM  IUIOIIAIH
pacnpeenenre aMIUIMTY/l Ha pa3HbIX YyacToTax Bapbupyercs. Tem Oonee, kapTuHa
COBEPIIICHHO WHAas MO0 CPABHEHUIO ¢ a0COMOTHBIME amrumaTynamu (puc 8A). DTo
BBI3BAHO TEM, YTO B OTJIMUME OT N300paKEHUM, IOJYyUYEHHBIX C IIOMOILBIO BEUBIIET-

HpCO6paBOBaHI/IH, 34€Cb B 3HAUYCHHUSA aMILIMTYJd BHOCHUT BKJaJd BECb AUAIIA30H
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4acToT cedicMuueckoil 3amucu. Huskue 4acToThl, HE OTpakarolme (HU3MUecKuX
CBOMCTB TOHKOrO IacTa, <«poHAT». M3-3a 3TOro BbIIEJICHHE CUCTEMBI TOHKHX

KaHaJIOB Ha MOJ0OHBIX JaHHBIX 3aTPYIHEHO.

Puc. 8. 3nHauenus ammumtyn KyOa nanHeix 3D: A — aGcComioTHBIE
(ucxomnblie) aMIUIUTYbI; b — aMIUTUTY/IBI TIOCTIE BeMBIIET-IpeoOpa3oBanus Ha 60
I'm; B — ammmutyner mocne BeiiBneT-npeodpazoBanus Ha 1001'm; [T — ammumty s
nocJie BeiBiet-npeoOpazoBanmst Ha 14010 .

Jlns ynoOcTBa BU3yanu3alvi U JajdbHEHIIIeH HHTEPIIpETalu Pe3yJIbTaToB
BEUBJIET-TIPEOOpPa30BaAHUS WCIIOJIB3YETCS AJTOPUTM RGB-cMmemuBanus,
MO3BOJIAIOIINN OJHOBPEMEHHO BH3YaJIM3UPOBAaTh TPH CEHCMHUYECKHX aTpuOyTa.
AMIUTUTYABI B KOKIOW TOYKE aHAIM3UPYIOTCS MCXOMS W3 Mpeo0IaaHus TOW WiIn
MHOM KOMIIOHEHTHI, PACCUMTHIBACTCA 3HAUCHUE 1IBETA MHUKCENS B KPACHO-3€JIEHO-
CUHEM cHeKTpe. Pe3ynpTaToM sIBIIsSIETCS KapTa CMEIIaHHBIX aMILUIATYT TPEX YacTOT
B K10 KOHKpeTHOH Touke (puc. 9). Kak BUIHO M3 JMaHHON WUTIOCTpAIMH, HA
pesynpTate RGB cMemmBanus BETOM YETKO BBIACNSAIOTCS TPHU 30HBI, B KOTOPBIX

npeobJialatoT CIEMYIONIUE IIBETA: KpPAcHbIM, 3eleHbld u cuHui. KpacHbIii 1BeT
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XapaKTEepU3yeT O0JaCTH TOBBIMICHHBIX 3HAYCHUN aMIUIUTYJ]l Ha HHU3KOW YacTOTe
(60 TI'm), 3emensrii - cpemmeir (100 I'm), a CHUHHMI COOTBETCTBYET BBICOKHM
3HAYEHUSAM aMIUIATYQ Ha BepxHer yactote (14010'm). Takxke, BaKHYIO POJIb HTPaeT
BO3MOXXHOCTh  BBIJICJICHUSI TpaHUIl PACHpPOCTPAHEHHUS] TE€OJOTHUUYECKUX Tel,
MPUYPOUYEHHBIX K CMEHE TIPeo0JI1aaroiero mo 3HEPrumn aTpudyTa.

NHurtepnperanuss moao0HBIX H300paXEHWM B TMEPBYHO oOYepedb HOCHUT
KaueCTBEHHbIH xapakrtep. CTOUT OTMETUTh, YTO pa3JIUYHbICE JMHUMEHTHI,
BBIJICJICHHBIE Ha KapTaX, moJiydeHHbIX ¢ mnomomblo RGB cMmemuBanus
pe3ynbTaTOB BEWUBIET-MpeoOpa3oBaHus, a Tak ke AudQepeHuuanus uccaeayemMoi
00J1aCTH TIO0 MPUHIIUITY MPEOOTaIaHus aMILTATYIbl TOW WJIM WHOW YaCcTOThI UMEET
BIIOJIHE OOOCHOBAaHHBIM (PUBMUECKUNA M TEOJOTMYECKUU CMBICI. BbisBieHue
pa3Iuuuii B MOIIHOCTSIX MCCJIEAYEMOr0 OTPAXKAIOUIErO0 TOPU30HTA, HECMOTPS Ha
OTCYTCTBHE KOJMYECTBEHHBIX OLICHOK, WIPACT HEMAJOBAXKHYIO pOJb MpH
JETAILHOM HM3YYE€HUHU CJIO0XHO IMOCTPOCHHBIX, HECTPYKTYPHBIX pe3epByapoB. B
ATUX CIy4asx aTpuOYTHBIN aHAIM3 Ha OCHOBE BEHBIET-MPEOOpa30OBaHUS SBISETCS
HE3aMEHHUMBIM CPEJICTBOM KapTHUPOBAHUS BBICOKOMPOIYKTUBHBIX celcModdaluii
MPWINBHO-OTJIMBHBIX KaHajioB u OapoB. Ha pmc. 10 cxemaTudHO TpHUBEACHBI

pe3ynbTaThl MHTEPIPETALIUH.

Puc. 9. Pezynprar RGB-cMemmBanus aMmiauTy] ceCMHUYECKON 3amucu

1ocJie BeUBIeT-peoOpa3oBaHus.
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MOLLHOCTDbL MnracTta

Puc. 10. Cxematu4HOoe TpEICTaBICHHWE pE3YyIbTaTOB HWHTEPIIPETAIINU
JTAHHBIX BEUBJIET-TIPEOOPA30OBAHMS.
2.3. Tunu3amus reoJIOrHYecKoro paspesa ¢ moMoub0 aTpudyTHOTO
aHaJIu3a.

[To naHHBIM MHOTHX UCCIEAOBATENECH TYPOHCKUE MPOYKTUBHBIE OTIIOKEHUS
UMEIOT PETHOHAIBHOE pPACHpOCTPAHEHHME, OJHAKO MX M3YUYCHHUIO YJIIENsIoch
HEJO0CTaTOYHO MHOro BHWMaHHS. K Hambornee WM3ydyeHHBIM W3 HHX OTHOCSATCS
razoBble 3ajexu rascamHckod madyku  FOxHo-Pycckoro, 3amonsipHoro,
Xapamnypckoro, HoBouacenbsckoro, Tapenbckoro u JIEHCKOro MeCTOpOKICHUN.

Pecypchas 6a3a 3anmexei 10CTaTOYHO BhICOKA. HauanpHBIC 3amackl rasza 1o
kateropusim C;+C, npeBsimaroT 1,3 TpitH.M>, 9TO T03BOISET PACCMATPHBATD UX KAK
MOTEHIIMAJIbHBIC HCTOYHUKH TPOMBIIIIICHHOW JOOBIYH YTIIEBOAOPOIHOTO CHIPHSI.

YuuThiBass CIOXKHOCTh T'€OJIOTUYECKOIO CTPOCHUS TYPOHCKUX Ta30BbIX
3aJIeKEeH,  HEJOCTaTOYHBIH  O00BEM  T€0JIOTO-TIPOMBICIOBOM  HMHQOpPMAIINH,
YXYAIICHHbIE (UIBTPAIMOHHBIC M €MKOCTHBIE CBOWCTBA, TPeOyeTCs MPUMEHECHUE
COBPEMEHHBIX TOJXOJIOB K H3BJICUCHHUIO JONOJHUTENbHON uWHGOpMALUK U3
CEHUCMUYECKUX JIaHHBIX, YTO OMpEIESeT aKTyaJbHOCTh MPUMEHEHUS HOBEUIETro
aNropuTMa BeUBIIET-NPEOOPa30BAHUS.

B nmanHOM ciydae, aHanu3 ObUT TIpOBEICH ISl TOpu3oHTa T2 TypoOHCKOTO
KOMIUIEKCA C 1EJIbI0 BBIJEIEHUS YYacTKOB IUlacTa C  MOBBIIIEHHBIMU
(GUIBTPAIIMOHHBIME U €MKOCTHBIMHM cBoiicTBamMu. Ha mpeaBapurtenbHOW cTaguu

paboThl OBUIM BBIACICHBI TpH aTpuUOyTa, HMCXOAs W3 HUX T'e0JOTHYeCKOM
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NPECTaBUTEIBHOCTH. aKyCTUYECKUI MMIIEIaHC, TIOPUCTOCTh U aMIUIUTYAbl Ha 60
['n mocne BelBneT-npeoOpazoBanus. KoHEuHON 1enbl0 SBISAIOCH BBIACICHUE
re0JIOrMYECKUX TeJd MO JaHHBIM CEHCMOPAa3BEAKH, COOTBETCTBYIOIIMX Y4YaCTKY
acta ¢ HMCKOMBIMH (u3nueckumu cBoiicTBamu. Ha mepBom »stame Obui
IPOM3BENIEH KOPPEISILIMOHHBIN aHaIu3 3HaYEHUI BCeX TpeX aTpuOyToB. AIPHOPHO
U3BECTHO, YTO Ta30HACHILIECHHBINA MECYaHBIM IUIACT UMEET HU3KUM aKyCTHUECKUN
UMIEAAHC U BBICOKYIO MOPUCTOCTh, OJHAKO MAJisi OoJjiee JETaJbHOTO aHaau3a
HeoOxoauM TpeTtuid atpuOyT. Kak npaBuio, aMIauTyJHble aHOMAJIUKU Ha BBICOKMX
4acTOTax CBS3aHBl C HAJIWYUEM YTJIEBOJOpOAa B IUIACTE, IMOATOMY TPETbUM
KOMIIOHEHTOM aTpuOyTHOTr0 aHaju3a Obula BbIOpaHa aMIuinTya Ha yactore 6011,
Kak HanboJiee NpeCTaBUTENbHAS JJIs JAHHOTO OTPaXKEHUS.

Knaccudukanus obnaka TOYeK B TPEX H3MEPEHHUSIX C MOMOIIBI0O METOHa
HAaUMEHBIINX KBAJpPAaTOB HAIJISJHO IOKa3bIBaeT 3(PPEKTUBHOCTh NPUMEHEHUS
pE3yJIbTaTOB BEMBIIET-TIPEOOpPA30BaHUsl MpPU aHAIU3E CEHCMHUYECKHX aTpUOYTOB.
HMMeHHO aMIUIMTYAbl Ha €AMHUYHOM YacTOTE MO3BOJMIM Pa3leiUTh OJNM3KUE IO
3HAUEHUSIM HMIIEJJaHCa U TMOPHUCTOCTH THUIblI KOJUIEKTOPOB, YTO JEMOHCTPHUPYET
puc. 1la. Kapra THIIOB T€O0JOTMYECKOTO pa3pe3a, HUCXOAd U3 JIAHHOU

KJaccuduKalyu, mpejacrabiieHa Ha puc. 116.
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0. ]
MS - T2_sm 1

Class Facies Number Points Proportion  Distortion  POrosity Imp Amp

None 175 0.0875 1281552 0232035 4884815 0.5760681ny‘-|u.|l1ﬁ

2 None s 01725 1021534 0210456 4919491 0425001 KOJIIEKTOP
3 None 301 01955 1050945 0199500 4950582  0.228564
4 None 515 02575 093684 0226368 4826771 0235649

None 574 0.287 0855328 0203012 4823.772 0.186362

Puc. 11.Knaccudukaius To4eK B TPEXMEPHOM MIPOCTPAHCTBE aTpUOYTOB.
3. CraTucTuyeckuii aHaJIn3 aTpUOYTOB ceiicMUYeCKOi 3aNNCH.

Eme Ha 3ape CTaHOBJICHHs Te€0JIOTUM HEKOTOPBIC T'€OJIOTH TOJIh30BAIHCH
MaTeMaTHYeCKUMU METoaMu. Takue Hayku o 3emiie, Kak T€0XUMHUs, reopu3uka u
reojorusi TpeOyIOT MPOYHOro MaTemaruyeckoro (Qynaamenrta. [lns ananuza
T'€0JIOTMYECKHUX IPOIECCOB C MOMOIIBI0 CEHCMUYECKHX aTpHOyTOB HEOOXOAMMO
UCIOJIb30BaTh BCE BO3MOXKHOCTH COBPEMEHHOTO CTAaTHCTHYECKOro ammapara. B
HEKOTOPBIX MPAKTUYECKUX CIIy4asX MOJCIUPOBAHHE T'€OJOTHYECKHX TMPOIECCOB
JVMHEHHBIMU YpPaBHEHUSIMU J1ae€T YJOBJICTBOPHUTEIBHBIA pE3yJbTaT M MOXKET
UCIIONIb30BAThCS JISl aHaln3a M MPOTHO3HPOBAHUS (PU3NYECKUX CBOMCTB TOPHOMU

IMOPOJHI. O,ZIHaKO B CHUIIY MHOI‘OO6paBI/IH Hn CIIOKHOCTH (1)I/IBH‘1€CKI/IX mpoueccoB
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OTPAaHUYUTBCSH PACCMOTPEHUEM JIMIIb JIMHEWHBIX PETPECCHOHHBIX MOJEEH
HEBO3MOXHO. MHOTHE 3aBUCHMOCTH HE SIBJISIIOTCS JIMHEMHBIMU 110 CBOEH CYTH, U
[O3TOMY HUX MOJEIUPOBaHHE JUHEHHBIMU (YHKUUSAMHU, O€3yCIOBHO, HE JAaCT
IIOJIOKUATENIBHOTO PE3yJIbTaTa.

OnHoMepHasi cTaTUCTHUYECKass 00paboTKa pe3yJbTaTOB M3MEPEHUN MMEET
CMBICI JIMIIb TOJIBKO JJISi OAHOPOJHBIX COBOKyMHOCTEeH. [lomoOHbIN aHanmmu3, Kak
IIPABUJIO, IPUMEHSETCS 11 TOYEYHOU OLIEHKHU ITOTPEIIHOCTH CPEIHEr0 3HAYEHNs,
a TaK >K€ BBIICJICHUS aHOMAJIbHBIX 3HAYCHUM.

Bo MHOrMX reonormyeckux 3aJadax HU3y4yarT [Ba B3aWMOCBSA3aHHBIX
CBOIICTBA MHOKECTBA T€OJIOTUYECKUX OOBEKTOB. Takoil aHaiau3 MPOBOJUTCS Ha
OCHOBE JBYMEPHOM CTaTUCTHYECKOM Mozenu. OCHOBHBIM IPUIIOKEHHUEM
CTaTUCTMYECKOTO  aHalM3a SBISETCS  YPAaBHEHUE JIMHEMHOM  PErpecChy,
IIO3BOJIAIONIEE peIlaTh HECKOJIBKO IIpaKkTUYeCKHX 3aznad. llepBoe HazHaueHue
YPaBHEHHUSl ONUCATENbHOE, IMOTOMY 4YTO 4YacTO BakK€H caM (DaKT JIMHEHHOU
3aBHCHMOCTH M €€ aHaJuTH4ecKoe BblpaxxeHue. Ho nambombimas 3pexTHBHOCTD
YPaBHEHUS 3aKJIIOYAeTC B BO3MOXXHOCTH IPOTHO3MPOBAaHUS 3HAYECHUS OJHOU
CIIy4allHOW BEJIMYMHBI, €CJIM U3BECTHO 3HAYEHUE IPYTOM.

JlanbHENIIUM pa3BUTUEM JABYMEPHOM CTATUCTUYECKOU MOJIECIH CIYKHUT
MHOTOMEpHasi CTaTUCTUYECKas MOJENb, KOTOpas COCTOMT H3 COBOKYIIHOCTH
MHOYKECTBA COIPSIKCHHBIX CIIy4alHBIX BENUYMH (HAa3bIBAEMBIX MHOTOMEPHBIMH

CJIy4aliHIMU BEKTOPaMH) U BhIPAXaeTCs MaTPUIIEH CBOWCTB pasmMepoM K x N:

X1 X2 X1k
X7 X172 X7
Xl Xn2 ekl Knk

rze N - Yuciao HaOMoaeHul; K - 4uciio CBOMCTB.

B ocHOBE MHOTOMEPHOW CTATUCTHYECKON MOJEIU JIEKUT TUIOTE3A O TOM,
YTO U3MEPEHHBIEC 3HAUCHUS SIBJISIIOTCSI HE3aBUCUMBIMM CIYYalHBIMU BEJIMYMHAMU
(BekTOpamu), T.. CTPOKH MATPHUIIbI MOKHO pacrojiaraTb B JIF0OOM MOpSIKE.

OnHako MEXIy CTOJIOIaMU MaTpHIlbl CBSI3b MOXKET NPHUCYTCTBOBATh. B psge
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3aJa4 HEKOTOpble W3 W3MEpPEHUH MOTyT OBbITh HE CIy4YallHBIMU BEJIMYHMHAMHU,
HallpuMep, 3apaHee 3aJaHHbBIMA NPOCTPAHCTBEHHBIMM WM BPEMEHHBIMU
KOOpJMHATaMH, YTO HE SIBJISIETCS MPENSATCTBUEM ISl CTATUCTUUECKONW 00pabOTKH.
B wmarpune mo aumaroHanym HaxoAATCA €AWHULBI, a4 B OCTaJbHBIX NOJSAX —
coOCTBEHHO KO3(uiueHTsl Koppemsiuuu. MeToauka pacuera KOppesiiMOHHbIX
MOMEHTOB M KO3(P(QULHEHTOB KOppeasLUU Takas XKe, KaKk B JIBYMEpPHOMU
CTaTUCTUYECKOW MOJIEIIN.

Bo MHoOrux cmydasx BO3HUKAE€T HEOOXOIMMOCTb HM3YyUHUThb 3aBHUCHUMOCTH
OJHOM CIy4YaliHOM BEJIMYMHBI OT MHOJXKECTBA JPYIMX CIyYalHBIX BEJIUYUH.
MmuorodakropHas 3aBUCHMOCTh 0OBIYHO BBIPAXKAETCS yYpaBHEHUEM
MHOXECTBEHHOMN JIMHEUHON PETPECCUM:

Y=@X, +0:X; +..+ax, +b,

raexy, X, ..., %-CBOWUCTBA; &, &, ...Ak, D-TIOCTOSIHHBIC KO3PPHUITUCHTHI.
OnHuM M3 pacupoCTpaHEHHBIX M A(DQPEKTUBHBIX CIIOCO00B 00pabOTKHU
MHOTOMEPHBIX CTAaTUCTUYECKUX JAHHBIX SIBISIETCSI METOJ TJaBHBIX KOMIIOHEHT,
CYTh KOTOPOTO 3aKJI0YaeTCsl B JUHEHHOM mpeoOpa3oBaHUE MCXOIHBIX JAHHBIX B
HE3aBUCUMBIE BETUYUHBI, HECYLIUE CMBICIIOBYIO I'€0JI0THYECKYI0 HH(POPMAIIHIO.
MHuoromepHbie ciayyaiiHble BETUYMHBI H300paXal0T B MHOTOMEPHOM
MPU3HAKOBOM MPOCTpaHCTBE 001akoMm Touek. [lpeanonaraercs, 4ro o0gako uMeeT
dbopmy, OMU3KyH0 K MHOTOMepHOMY siuuncouay. IIpeoOpaszoBanue MCXOIHBIX
JAHHBIX CBOJMTCS K MEPEHOCY U BPAIEHUIO CUCTEMBbl KOOPAMHAT B MPU3HAKOBOM
npoctpaHcTBe. Hauanmo koopAuHAT MEPEHOCHTCS B LIEHTP TsDKECTH oOJiaka, a
MOBOPOT OCYIIECTBIISIETCS TAKUM 00pa3oM, 4TOObI OCH MHOTOMEPHOTO 3JUIUIICOH A
COBNAIM C OCSAMU KoopauHaT. OCH AJUUIICOMAA PAHXKUPYIOTCSA MO JJIMHE, U Ta
KOOpJIMHATHAs OCb, KOTOpasi COBIAJAET ¢ HauOoJyiee MJIMHHON OCBIO DJUIUIICOUIA,
Ha3bIBACTCA MEPBOM, CIEAYyIOUIas MO JUIMHE — BTOPOU M T.n. HoBbIE KOOpIHMHATHI
TOYEK oO0JaKka Mocye IMepeHoca U BpalIEHUsT CUCTEMbl KOOPAMHAT HA3bIBAIOTCSA
TJIaBHBIMU KOMIIOHEHTaMH, KOTOPbIE U JJaJId Ha3BaHUE METOJLY.
Ha puc. 12 npuBenen npuMep aHalin3a JaHHBIX BEHBJIET-IPe0Opa3oBaHUs

Ha PA3JIMYHBbIX Y4CTOTaX U anI/I6YTa IMOPUCTOCTH 110 MCTOAY I'NIaBHBIX KOMIIOHCHT.
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AHanmu3 Matpul] (DaKTOPHBIX HArpy30K U KOPPEJSIIIUOHHBIX CBSI3€H TO3BOJISET
TOBOPHTH, YTO Hanbosiee HHPOPMATUBHBIM SIBISETCSA MEPBBINA (AKTOP, B KOTOPHIN
OOJIBIINIA BKJIQJA AenaroT aMIIuTyAbsl Ha 50 u 55111, DT0 CBUAETENBCTBYET O TOM,
YTO aMIUIMTYJbl HA JTAaHHBIX YacTOTaX WMEIOT MaKCUMAaJIbHYI KOPPENSIIHIO C
JAHHBIMH TIOPUCTOCTH ILIacTa. Takas TeCHas CBs3b TOBOPHT O (aKTHUESCKOM

0TOOpaKEHUHM JINTOJOTUUECKUX CBOMCTB IIacTa Ha aTpulOyTax aMriuTyasl 50u 55

I

a
Variable PCA1 PCA2 PCA3 PCA4
45 ru 0.486255 0.59491 -0.453769 -0.451366
50 rl—l 0.515114 037344 0.366075 0.679109
55Ty 0515249 -0.350717 0.587504 -0.50976
60 Ny 0482423 -0.614189 -0.561084 027427
B
Variable PCAl PCA2 PCA3 PCA4
45 rLl, ] 0.910912 0.406795 -0.0665381 -0.0181609
50 ru 0.96497 0.255355 0.0536786 0.0273205
55 ru, 0965222 -0.24597 0.0861605 -0.0205099
60 rLl| 0.90373 -0.419977 -0.0822739 0.0110333
PCAl vs Amplitude - Amplitude - Amplitude - SpecD 30-70(5)F PCAL vs Amplitude - Amplitude - Amplitude - SpecD 30-70(5)F
Samples in plot: 2,000 e mé a°=-x Samples in plot: 2,000 s ) ﬁm@ - it X
‘
i
) 45T %o e B r "5 0 3
Sy & PeAL 60 L £ A]
PCAL vs Amplitude - Amphtude Amplrtude SpecD 30- 70(5 PCAL vs Amplitude - Amplitude - Amplitude - SpecD 30-70(5)F
Samples in plot: 2,000 Samples in plot: 2,000 A @é =3
T 7 § 3
E
= — 5 | I D T S s R G
-2 0 -2 0 2 4 6
S0 Ty pcm 95 Ty PCAL

Puc. 12.Tabnuma GpakTopHBIX HAarpy3ok (a) u kodhuIreHToB Koppensuuu (B)
KOMITOHEHT aHaJin3a, a TaK ke N300pakeHNe aHATTM3UPYEMBIX JAHHBIX B OCU

[1€pBON KOMIIOHEHTBI.
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3akJiroueHue.

ABTOpPOM TIPEMJIOKEHA METOAMKA ITPOTHO3UPOBAHUS CBOMCTB 3AJICKEU
yIIeBOAOPOAOB, Oasupyromiascs Ha TNPUMEHEHMH BeWBIET-IpeoOpa3oBaHus
CEMCMHUYECKHX JTAHHBIX.

1. YacrotHo-BpemMeHHass  MoAW(UKALMs  BeWBIET-IpeoOpa3oBaHus
ABIgeTCSl  HauOojee HAJIeKHBIM  CIIOCOOOM  CIEKTPaJbHOTO  PA3JI0KEHUs
CEHCMHUYECKOM 3aIIUCH.

2. Pesynbrarbl BeWBIIET-TIpeoOpa3zoBaHus MO3BOJISIFOT NaBaTh
KOJIMYECTBEHHYIO  XapaKTePUCTUKY MPUPOIAHBIM pe3epByapaM HUCXOAs U3
IpeICTaBICHUS CEHCMUYECKO 3aliCH B YaCTOTHO-BPEMEHHON 00JIaCTH.

3. Texuonoruss RGB-<cMmemmBaHusi 5SHEPrUM  €IUHUYHBIX  YaCTOT
MO3BOJIIET B 3HAYUTEIBHOM CTEMEHH TMOBBICUTh HAAEKHOCTh OIPEAEICHUS
MOJIOKEHUSI ~ CTpAaTUrpaUUecKuX  HJIEMEHTOB  TE€OJIOTUYECKOM  cpelsl B
MIPOCTPAHCTBE.

4. Hcnonb3oBaHHE pe3ylbTaTOB BEUBIET-IPEOOpPA30BAHUS COBMECTHO C
CEHCMUYECKUMH aTpuOyTaMu MPU TUMU3ALUU T€0JOTUYECKOTO pa3pesa Mo3BoJseT
HAJIS)KHEE BBIICTATH 30HBI C PA3IUYHBIMUA  (PHIIBTPAIIMOHHO-EMKOCTHBIMU
CBOMCTBAaMHU.

5. [IlpumeHeHHe pErpecCHOHHOrO aHajiu3a [JIs JAHHBIX BEHBIET-
npeoOpa3oBaHus M JPYTUX CEHCMUYECKUX aTpuOYTOB MaeT BO3MOXXHOCTH
MOJIyYeHHUsS] JOMOJHUTENbHOW HHPOpPMallUd B TNPOLECCe HHTEpPHpeTaluu AJis
porHo3a He(Te-ra30HACKIIIIEHHOCTH.

B 3akmrouenue ciaeayetr OTMETUTD, YTO MOTYYEHHBIE C TTOMOIIBIO BEUBIIET-
npeoOpa3oBaHus JAHHBIE, TMO3BOJISIIOT CYHIECTBEHHO JIOMOJHUTHh KapTUHY
CTPOCHUSI NPUPOJHBIX pe3epByapoB. JIOCTOMHCTBOM METOAUKH  SBIISIETCS
BO3MOXXHOCTh ~ TOJYYEHUS KaK KOJIMYECTBEHHOW, TaK W KA4E€CTBEHHOU
XapaKTEPUCTUKU U3y4aeMblX O0O0bekTOB. TakuM 00pa3oM, KOMILUIEKCHBIN
MOCJEAOBAaTENbHBIA  MOAXOJ K  COBMECTHOM  HHTEpPHNpETAlMU  JaHHBIX
CeiCMOpa3BEeKM C KCIOJb30BAHUEM IMOCJIEAHUX Ppa3pabOTOK aJrOPUTMOB

BEHBIET-NPEOOPa30BaHMS MOBBIIIAET TOCTOBEPHOCTH MIPOrHO3a CBOMCTB 3aJI€KEH.
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