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[ToBepXHOCTHBIE BOJIHBI — OCHOBHOM HCTOYHHK KOT€PEHTHOT'O IITyMa B HA3eMHOH celicMOpa3Be/Ke, a UX
TIOJIaBJIEHHE SIBJISIETCS OJHIM M3 OCHOBHBIX 9TAaNoOB 00paboTKM JaHHBIX o0mmiei rimyounnoi toukn (OI'T), mpu-
3BaHHBIX MOBBICHTH Ka4€CTBO HPOCIICKUBAHKS OJHOKPATHO OTPA)KCHHBIX BOJIH HA BPEMEHHBIX pa3pe3ax. Ha
MPaKTUKE VIS IIyMOIIOJIaBJICHHUs UCIIOIB3YIOTCS MPOLETypbl U3 COBPEMEHHOIO MPOrPaMMHOI0 00ecreYeHns
(ITO), ocHOBaHHBIE HA YHCIEHHOM MOJCTUPOBAHUH BOJHOBBIX (hopM. HO OHM SABIIAIOTCS CIUIIKOM PECypcoeM-
KHMH 1 UMEIOT OOJIBIIIOE KOJTMYECTBO CYOBEKTHBHO HACTPaWBAEMBIX MapaMeTpoB. OOLIHii HeIOCTaTOK U3BECT-
HBIX aJITOPUTMOB — NCKa)XEHHE SHEPTUH OTPa’KeHHBIX BOJIH B 30HE HHTEPPEPEHIINH C BOIHOM-TIOMEX0i 160
HEY/IOBJIETBOPUTEIFHOE KayeCTBO ITOJABJICHUS IIyma. TeKylee HCClIeJOBaHUE HAIPABIEHO Ha yCOBEPIICH-
CTBOBaHME aJropuT™a (QUIBTPALMH BO BPEMEHHO-YaCTOTHOW 00JacTH METOJIOM IIaBHBIX KoMnoHeHT (SKL)
C LIeJIbIO TIPEO0JIETh EPEUNCIICHHbIC BBILIE OIPAHUYCHUS, TIOBBICUTH TOYHOCTb U CKOPOCTH PAabOTHI €ro Ipo-
TPAaMMHOM pean3alny, a TAKXKe BBIIOIHUTD €ro anpolanuio mpu o6padoTke Npo(UIBHBIX MONEBBIX JaHHBIX
Ha3zeMHOi1 2D ceiicMopa3Benku. Moaudukaiys anroputMa 3akiIrdaeTces: B pa3padoTKe HOBOTO criocoba ormpe-
JIeTICHHST CTATHYECKUX ITONPABOK VIS CIIPSIMIICHUS ToAorpada MOBEPXHOCTHON BOJHBI B YaCTOTHO-BPEMEHHOM
00JIaCTH ¥ B HCIIOJIb30BaHUH TIPE/IIPOIIECCHHTa, HA KOTOPOM HPEIBAPUTEIHHO YAAISSTCSI CUTHA OTPasKEHHBIX
BOJIH. DTH ¥ pyrue MoIupuKanny 00eCce v yCKOPeHHe BRIUMCICHUH 1 TOBBIIICHHE Ka4eCTBa MOAaBICHUS
MOBEPXHOCTHO-BOJIHOBBIX 1MomMeXx. Kpome Toro, anroputm SKL yckopeH pacnapaliielMBaHHEM BBIUYHCIECHHUI
Ha JIOTHUYECKHe sipa mpoueccopa. B pabote mpuBeneHo moapoOHOE OMHCAaHKWE aNrOPUTMa, TOKA3aHO €ro Cy-
IIECTBEHHOE MPEUMYIIECTBO MO CPABHEHUIO CO CTAHIAAPTHBIMU METOAAMH MOJIOCOBOH U fk-QHUabTpanny, mpu-
BEJICHO COMOCTABIICHUE PE3yIbTaTOB 00PaOOTKHU MOJIEBBIX JAHHBIX, OTy4eHHBIX nponeaypoit SWANA u3 I10
«Geovation 2.0» n anropurmom SKL. Pesynbprar, nomydennslid anroputMoM SKL, nmpeBocxoaut mnpouenypy
SWANA 1o kauecTBy QUIBTPALIMY TOBEPXHOCTHOMN BOJIHBI M MIMEET BCET0O YEThIPE HACTPAUBACMBIX ITapameTpa
(SWANA — 20 mapameTpoB).

Llymonodasienue, Guibmpayus, NOBEPXHOCMHASL BOIHA, MeMOO OMPANCEHHBIX GOJH, MEmoo obujell
2nyOuHHOU mouKu, S-npeobpazosanue

ALGORITHM FOR SURFACE WAVE SUPPRESSION ON 2D SEISMIC DATA USING
THE SLANT KARHUNEN-LOEVE TRANSFORM IN A TIME-FREQUENCY DOMAIN

A.V. Yablokov, M.V. Moiseev, A.S. Serdyukov, D.A. Litvichenko

Surface waves are the main source of coherent noise in land seismic survey, and their suppression is one
of the main stages of common depth point data processing designed to improve the quality of tracking primary
reflections on time sections. In practice, noise reduction is carried out using procedures from modern software
based on numerical modeling of waveforms. However, they are too resource-intensive and have a large number
of subjectively customizable parameters. The known algorithms have a common drawback: either the energy
of reflected waves is distorted in an interference zone with a noise wave or the noise suppression quality is
unsatisfactory. The current research is aimed at improving the filtering algorithm in a time-frequency domain
using the slant Karhunen—Loeve transform in order to overcome these limitations, to increase the accuracy and
rate of its software implementation, and also to test it when processing profile field data from land-based 2D
seismic surveys. The algorithm is modified by developing a new method for determining static corrections for
surface wave hodograph rectification in a time-frequency domain and by the application of preprocessing in
which the reflected wave signal is removed preliminarily. These and other modifications ensure faster calcula-
tions and improve the quality of surface wave interference suppression. In addition, the slant Karhunen—Loeve
transform is accelerated by parallelizing calculations across logical processor cores. In this paper, the algorithm
is described in detail, its significant advantage over the standard methods of bandpass filtering and f~k filtering
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is shown, and the results of processing the field data obtained by the SWANA procedure (Geovation 2.0) and
by the slant Karhunen—Loeve transform. The result obtained by the slant Karhunen—Loeve transform is superior
to the SWANA procedure in terms of the surface wave filtering quality and has only four adjustable parameters
(SWANA has 20 parameters).

Noise reduction, filtering, surface wave, seismic-reflection method, common depth point method, S trans-
form

BBEJEHUE

llymomogaBneHne — OIHMH U3 KIIOUEBBIX ATANOB 00pabOTKH CEHCMHUYECKUX AAHHBIX METOJOM 0OrIeit
riyOounaHON Touku (OI'T), BBITOMHSAEMBIN IS MOBBIIICHUS KauecTBa MPOCIEKUBAHUS OTPAKEHHBIX BOJH OT
LieNeBbIX ci10eB. [I0BEpXHOCTHBIE BOIHBI — OCHOBHOW UCTOYHUK KOI€PEHTHOIO LIIyMa B Ha36MHOH celicMopas-
BeJIKe, TaK KaKk Ha UX 0O0pa30BaHUE 3aTPAuMBACTCS OKOJO 2/3 4acTU SHEPruu, FeHEpUPYyEeMOH HCTOYHUKOM
ceiicmuueckux konedanuil. [lpu 2D HaOnromeHusx Ha celicMorpamMme oouieit Touku Bo30yxaenus (OTB) mo-
BEPXHOCTHBIC BOJIHBI O0pa3yIoT IyT, CKOHIIEHTPHPOBAHHEIA B IPEIEIaX PAacXOIIIErocs «KOHyca» ¢ BEpIIU-
HOU B UCTOYHHKE. L[yr MOBEpXHOCTHBIX BOJIH MEPEKPHIBACT OTPAKCHHBIC BOJHBI BJIOJH BCETO BPEMEHH PETH-
CTpalli U MHTEp(HEpUpPyeT C HAMHU B NMEPECCUYCHUH WX YAaCTOTHBIX TUANla30HOB. B 3ammcsx BepTHKAIBHOM
KOMITOHEHTBI CMEIICHUI TTOBEPXHOCTHBIE BOJIHBI IPEICTABICHBI MHOTOMOIOBOM BOJIHOM Penes, kotopas xa-
pakTepu3yeTcsi HU3KOH 4acToTol U ckopocThio. [Ipu npumenenuu FK-ananm3a K JaHHBIM Ha3€MHON CEHCMUKHU
gacTo HaOmromaeTesl amuacuiar — 3(G@eKT HaMoKEHNS KOMIIOHCHT ¢ BOJHOBBIMHU YHCIIAMH, OOJIBIINMH TIPO-
CTPaHCTBCHHOM YaCTOTHI AUCKPETU3AINH, KOTOPAsl ONPEACIIATCS [IaroM MEX/y TPUEMHHUKAMH.

Cawmplit mpocToii 1 3 ek TUBHBIHN CTIOCOO MOAABICHUS TOBEPXHOCTHBIX BOJIH — I10JIOCOBAs (PHIIBTPALIUS
(I1®). Tem He MeHee OHA HE IPUMEHSETCSI Ha IPAKTHKE M3-32 HECIOCOOHOCTH Pa3/ieuTh CUTHAJIBI B YACTOTHOM
obnactu. B pesynbrate npu 3¢ ¢eKTUBHOM MOAABICHUM MOBEPXHOCTHON BOJHBI CYIIECTBEHHO HU3MEHSETCA
CHTHAJI IIeJIEBBIX BOJIH, HEOOXOJMMBIIT Ha Tanax JanbHeiinielt oopadorku. OnHako ¢ nomosio [1d Bo3mMoxHO
MOJIYYNUTh HAYaJIbHYIO MOJIENIh KOTEPCHTHBIX ITOMEX UIS €€ MOCIEAYIOIIEro aJanTUBHOTO BHIYUTAHUS H3 HC-
XOIHBIX JaHHBIX B IPOCTPAHCTBEHHO-BPEMEHHOH 00JIaCTH C TIOMOIIBIO pa3nmuaHbIX MeTo0B: NLMS [Cejnek,
Vrba, 2022], appunnoit npoekuuu [Arablouei, Dogangay, 2012], HecTallMOHAPHOTO COTIACOBAHHOTO (QHIIBTPA
[Jiao et al., 2015] u 1p. B OCHOBHOM aJITOPUTMBI aIalITUBHOTO BEIYMTAHHS OCHOBAHBI HA ITOJI00PE CIIEKTPaIb-
HBIX XapaKTEePUCTUK (HILTPA B MPOIECCe PEHICHUS ONTUMU3AMOHHON 3axaun. OHU AP(PEKTUBHO HCHONB3Y-
IOTCSI IS yIYUIICHNS KauyecTBa MOJABICHHS KaK IMOBEPXHOCTHBIX, TAK U KPATHBIX OTPAXCHHBIX BOJH, HO 3a-
YaCTYIO MIPUBHOCST LIyM B OT(MIHTPOBAHHBIC JAHHBIC M BIUSIOT HA aMIUIUTYY HOJIE3HOTO CHTHAJIA.

Bonee ynuBepcanbublit moaxon — FK-¢punpTpanys, OCHOBaHHAS Ha MPUMEHEHUU ABYMEPHOTO (huibTpa
B 00J1aCTH 4acTOT ¥ BOJIHOBBIX uucen (fk). Ha fk-ciekTpe oTpaskeHHbIE BOJIHBI IIOCIIE BBOJA KHHEMATUIECKUX
HOMPaBOK (DOKYCUPYIOTCS BOJIIM3U HYJIEBOIO BOJIHOBOI'O YHCJIA, TOT/Ia KAK MOBEPXHOCTHBIE BOJIHBI HAOIOAAIOT-
cs B IMPOKOM criekTpe. [Ipoextupyemblil 1ByMepHbIi (UIBTP, KOTOPbIH OOBIYHO 3a/1aeTcsl 4epe3 MUHUMAIb-
HYI0 U MaKCHMAJIBHYIO KaXXYIIYIOCS CKOPOCTh, BKIIIOYAaeT B CeOsi OCHOBHOW CUTHAJ TOBEPXHOCTHON BOJIHEI.
Tem He MeHee FK-QUIbTpanns He yCTpaHIET IIOBEPXHOCTHBIC BOJHBI B CIyYae ajJHacHHTa, TaK KaK YaCTOTHEIC
JIATa30Hbl TAKAX TIOBEPXHOCTHBIX M OTPa’KEHHBIX BOJH MEPECEKAIOTCS. 3a MOCIEAHUE ABA ECSITUICTHS pas-
paboTaHbI pa3IuIHbIe TIOAXOAB! K (PHIBTPAIIH TOBEPXHOCTHOW BOJHEI ITyTEM TPAHC(POPMAITHH CEHCMIYECKIX
JAHHBIX HAa OCHOBE PA3IMYHBIX IpeoOpasoBanmii: S-mpeodpazoBannus [Askari, Siahkoohi, 2008], xypier-pas-
noxenust [Naghizadeh, Sacchi, 2018; Liu et al., 2018], npeoOpazoBanue Kapynena—IJIosBa [Verma et al.,
2016]. Bce 3T METOABI B PAa3]IM4HOM CTENIEHU CIPABIAIOTCS € YAAJEHUEM KOIEPEHTHBIX IIOMEX U BIMAIOT HA
CUTHAJl OTPAKCHHBIX BOJIH, OJHAKO HE MOIYyYWIH PACIPOCTPAHEHHS CPEAU CIICHHATMCTOB, 3aHUMAIOLIIXCS
MIPaKTHUYECKOW 00pabOTKON JaHHBIX.

B nacTosmee BpeMst JUis I0JIaBJI€HHUs KOTEPEHTHOI'O IIyMa Ha MIPAKTUKE UCIIONIB3YIOTCS MPOLEAYPhl U3
COBpPEMEHHBIX POTrPAMMHBIX MAKETOB 00paboTKU ceiicMopa3BenouHbIX JaHHbIX (Geovation, Omega, ECHOS
Y JIp.), OCHOBaHHBIC HAa YUCIICHHOM MOJICIIMPOBAHUHU BOJHOBBIX (hopM. Tak, B mpoueaype SWANA (Surface
Waves Adaptive Noise Attenuation) u3 I10 «Geovation 2.0» MOBepXHOCTHAsI BOJIHA MOJICIIMPYETCS HA OCHOBE
OIICHKH €€ JMCIICPCHOHHBIX XapaKTEPHUCTHK C IMTOMOIIBIO BEHBIET-IIPe0Opa3oBaHNs U aJalTHBHO BEIYUTACTCS
W3 MCXOJHBIX JIAHHBIX. XOTs MOJHOE ONMCaHne KomMepdeckoro anroputMa SWANA HeloCTyIHO, U3 My0JIu-
Kl M3BECTHBI IPUMEPHI IPUMEHEHHs ero panHux Bepcuit [Ali et al., 2019; Al-Heety, Thabit, 2022]. B ne-
1oM SWANA obecnieunBaeT 3ppeKTHBHOE MOJABICHNUE TOBEPXHOCTHBIX BOJIH B 30HE aJIHACHHTA C COXPAHCHNU-
€M aMIUTUTYJ 00bEMHBIX BOJH, HO TOYHOCTh AJITOPUTMa 3aBUCUT OT BHIOOpa OOJIBIIOTO KOJUYECTBA YIIpaBJsie-
MBIX TTapameTpoB (0koJ10 20), moa00p KOTOPHIX SIBISETCS TPYA0EMKOH 3aayeit. Jlpyroii moaxoa peaqu3oBaH B
anroputme SWAMI (Surface Wave Analysis, Modeling and Inversion) u3 I10 «Omega», B KOTOpOM pacyer
BOJIHOBOH (hOpMBI IOBEPXHOCTHOM BOJIHBI OCHOBAH HA OMPEAEICHUN CKOPOCTHON MOJAEIHN BEPXHEH 4acTH reo-
normdeckoro paspesa (BUP) myrem MHOromMomanbHOW WHBEPCHU IHCIICPCHOHHBIX KPUBBIX MOBEPXHOCTHBIX
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BOJIH [Strobbia et al., 2011; Bai, Yilmaz, 2018]. Tako# moaxo/1 MO3BOJSIET YUUTHIBATH JIOKAIbHbBIE HEOTHOPO/I-
HocTH B BUP 1 Goiee TOYHO pacCUUTHIBATH NUCIIEPCHOHHBIC BOMHOBBIE (POPMBI, HO TpeOyeT HAIWYMS B TaH-
HBIX YCTOMUYMBOrO CHUrHajla MOBEPXHOCTHON BOJIHBI, SBJISETCS BBIYUCIMTEIBHO PECYPCOEMKHM M, KaK U
SWANA, cli0)XHO HacTpamBaeTcsl.

AJIbTEpHATUBHBIA OJXO0/ K LIYMOIIO/IAaBICHUIO PEAIU3YETCsl HA OCHOBE HACTPOMKHU I€HepaTUBHO-COCTSI-
3arensHOH HeliponHo# cett (GAN), ¢ TOMOIIIBIO KOTOPOH M3 N300pakeHUH HCXOIHBIX CEHCMOTpaMM CHHTE3HU-
pyIOTCS ouMIIeHHBIC AaHHBIC [Yuan et al., 2020]. B TpeHnpoBouHOM HabOpE MPHUCYTCTBYIOT KaK MPHMEPEI
CHUHTETUYECKHX JIaHHBIX C IMMOMeXaMH M 0e3, TaK ¥ MPUMEPHl JAaHHBIX MOCJe IIyMOIO/IABICHUS Pa3IMYHBIMH
METOJIaMH, YTO TpeOyeT yke HacTpoeHHoU mpoueaypsl nogasieHus (SWANA unmn SWAMI). O6yyenue Helt-
POHHOIi CETH — PECYPCOEMKHUH MpoLecc, TpeOYIOUNi Hanu4ust MOITHBIX BUaeokapT. K npenmymecrsam GUN
MOKHO OTHecTH 3((EKTUBHOE IMOJABICHHUE MOBEPXHOCTHON BOJHBI U COXPAHEHUE aMIUTUTYAbl 00BEMHBIX
BOJIH, BBICOKYIO IIPOU3BOJUTEIBHOCTD. JJaHHbIHM MOAX0/1 AaeT XOPOIINe Pe3yIbTaThl TOJBKO MPH PEIPE3eHTATHUB-
HOM Habope TPEHHPOBOYHBIX JAHHBIX, COCTABICHHE KOTOPOTO TPy JO0eMKas padora.

Taxum 00pa3oM, U3BECTHBIC U3 ITyOIUKAIMN aJTOPUTMBI ITOIABICHHUS TIOBEPXHOCTHON BOJHBI IMEIOT PSIJ
HEpEIICHHBIX HEJOCTATKOB: CYOBEKTHBHOCTH BBIOOpA M OOINBIIOE KOJIMYECTBO HACTPAMBACMBIX ITapaMETPOB,
BBOJI apTe(akToB, PECYypPCOEMKOCTh BBIUMCIICHHUH, HEYIOBICTBOPUTENHFHOE KAUECTBO TOJAABICHHSA. B crarhe
[Serdyukov, 2022] npemaraercst anroputM SKL (Slant Karhunen-Loeve wim HakinoHHOe nipeoOpazoBanue Ka-
pyHeHa—JlonBa) Ha OCHOBE BPEMEHHO-YaCTOTHOTO Pa3JI0KEHUS 3aMKUCeii CEHCMONPUEMHUKOB C MTOMOIIBIO TIpe-
oOpazoBanust CTokBeIIa ¥ (GUIIBTPALIUK CEHCMOTpaMM Ha KaXKJJOH 4aCcTOTe METOJIOM TTIaBHBIX KOMITOHEHT. [Ipe-
MMYIIECTBOM HCIIONb30BaHuUs MpeoOpa3oBanusi CTOKBEUIA SBISETCA Y4eT HECTAIIMOHAPHOCTH CEHCMHUYECKUX
JIAaHHBIX U TIOBBILIEHHOE pa3pelIeHue aHATU3UPYEMbIX CIIEKTPOB U, KaK CIIeICTBHE, JIydllee pa3/iejieHue BOJIH B
OTJIMYHE OT CTAHJAPTHBIX MOAX00B [Askari, Siahkoohi, 2008]. MeTo/1 rJIaBHBIX KOMIIOHEHT YK€ TIPUMEHSETCSI
JUTS TIOJIaBJICHHSI TIOBEPXHOCTHBIX BOJIH B MPOCTPAHCTBEHHO-BpEMEHHOM obnacTu [Verma et al., 2016], Ho BKJItO-
4aeT B ce0s ps] HEMHTYUTHBHBIX [TATOB M HE TOJMTCS [UTS JaHHBIX JIMHEHHON CHCTEMBI HAOIIOICHUH.

Texyuee ucciaenoBaHue HanpapieHO Ha pa3Butue anropurma SKL ¢ 1enbio NOBBIIEHUS TOYHOCTH U
CKOpPOCTH PabOTHI €ro MPOrpaMMHON peaH3alliy, a TAKKe Ha ero arpoOaIuio mpu 00paboTKe CHHTETHYSCKUX
U pealbHbIX JaHHBIX 2D ceiicMopasBenku. OcHOBHAsS MOAU(DUKAIIUS OTHOCUTCS K CIIOCOOY OIpeNieieHus cTa-
TUYECKHX TOMPABOK JIJISi CHPSMIICHUS MOBEPXHOCTHON BOJIHBI Ha (DPUKCHPOBAHHBIX 4acTOTax. B oTmuume oT
OpPUTHHAIBHOM BEpCUU, II€ ONTHMaJIbHBIC TIOMPABKH JIJIS CIIPSIMIICHUS! BEIOUPAJIHCH IMyTeM aHaIn3a COOCTBEH-
HBIX 3HAYCHUH YK€ CIIPSIMIICHHON ceiicMOTrpaMMBbl, MPeAaraeTcsi BBIIOIHATH MPEABAPUTENIbHBINA TOMCK OINTH-
MaJIbHOTO HAaKJIOHA JI0 MPUMEHEHHUsI METO/a TJIABHBIX KOMIIOHEHT. DTa U JIpyrue MoJu(pUKAIUN 00eCTeUnin
YCKOpPEHHE BBIYMCICHUI U TIOBBIIIEHUE KauecTBa MOaBlIeH!s TIOBEPXHOCTHOU BOJIHBL. Kpome Toro, anroputm
SKL yckopeH pacnapaijieliBaHUeM BbIYUCIEHHHM Ha jnoruyeckue siapa mpoueccopa (CPU), uto cokparuio
BpeMsl pacueTa OJJHON UTepally MPUMEPHO B JIBa pa3a 110 CPaBHEHUIO C MOCIIEe0BATEIbHOM Bepcuei s nep-
coHanbHOTO KoMIbtotepa ¢ 16 CPU.

B meproii yacTu cTaThH MPHUBEJIEHO MOAPOOHOE omucaHue MoauduimpoBanHoro anroputma SKL. Bo
BTOPOW — IPEJICTaBIIEHbl PE3yJIbTaThl €r0 TECTUPOBAHMSI HA CUHTETUYECKUX JaHHBIX, CTEHEPUPOBAHHBIX YHC-
JICHHBIM PEIICHUEM CHUCTEMbl YPaBHEHHUH TEOPUH YIIPYTrOCTH, C COMIOCTABICHUEM CO CTAaHIAPTHBIMH TTOAXO0Ia-
MH: (UIBTPOM BBICOKHX 4acToT M FK-unprparmeii. [loka3zaHo CymiecTBEHHOE MPEHMYNIECTBO ANTOPUTMA
SKL nan 6a30BIMU MeTOAaMH (puibTpauy. B TpeTheil uacTu cTaThby MPUBEICHO COMOCTaBICHUE PE3yIbTaTOB
MOJIABJICHUSI TTIOBEPXHOCTHOM BOJIHBI Ha MOJIEBBIX JaHHBIX CEHCMOMPOGUINPOBAHUS C MECTOPOXKICHHS B 3a-
naaHoit Cubupu ¢ nomoinpto anroputma SKL u mogynst SWANA u3 1O «Geovation 2.0». s Kolm4yecTBeH-
HOT'O COIIOCTaBJICHUS PACCUUTHIBATIMCH PA3JINUHbIE METPUKU HA YPOBHE celicMOrpaMm, fk-CIIEKTPOB U pa3pe30B.
Pesynbrart, nonyuennsiii anroputMom SKL, npeBocxoaut npoueaypy SWANA 1o kauecTBy (GpUIbTpALUH 11O-
BEPXHOCTHOW BOJIHBI U MMEET BCEro YEThIPEe HacTpauBaeMbIX IapaMeTpa, IPH 3TOM Tak ke, Kak 1 SWANA,
MHUHUMAaJIbHO BJIMSIET Ha LEJIEBOM CUIHaJl HOBEPXHOCTHOW BOJIHBI.

OINMACAHUE AJITOPUTMA MMOJABJEHUS TOBEPXHOCTHOWM BOJIHBI

[lepBas Bepcus ucciieayeMoro ajaropuTMa BBeeHa U onucana B crathe [Serdyukov, 2022]. B tekymem
UCCIICIOBAaHUH ANTOPUTM OBLT MOTU(HUIUPOBAH C IIETBI0 €r0 ONTHMHU3AIMU. Momudukanus KacaeTcs crocoda
pacdera CTaTHYECKHX IONPABOK, CIIPSIMIISIFOLINX TO0Tpad MOBEPXHOCTHOH BONHBI HA (PUKCHPOBAHHOU 4acTO-
Te, a TAKXKE IMOMCKA TEXHOJIOTHH MPEANPOIIECCHHTa ISl TIOBBIICHHS d(P(PEKTHBHOCTH pe3ynbTara. B mepoif
BEPCUH aITOPUTMA ONTHUMAJBHEIC MOMPAaBKHA BBIOMPAIIIICH IyTEM CPAaBHEHHSI COOCTBCHHBIX 3HAYCHUI CIIPSM-
JICHHOHM ceficMOTpaMMBI B 4acTOTHOH oOmactu. JIns ymydnieHus: ObICTPONCHCTBHSI TIpeAiaraeTcsl IPOBOIUTh
Hpe]lBapHTeHLHBIﬁ BLI60p ONITUMAJIbHOT'O HAKJIOHA 0 3Tala MPUMEHEHUA METOJa I'NITaBHBIX KOMITIOHCHT.

MaremaTnyeckasi MojIeJib PACIPOCTPAHEHHUSI MOBEPXHOCTHOI BOJHbBI. AJITOPUTM OCHOBAaH Ha MPEJI-
CTABJICHUH 3alUCceH CeHCMUYECKUX Tpacc U UX aHAJIM3€ BO BPEMEHHO-YACTOTHOM 001aCTH ¢ IOMOIIBIO ITPeo0-
pasoBanus CTokBeI1a WK S-ipeoOpa3oBanus. BeipaxkeHnue npsmoro S-peoOpa3oBaHus CUTHAJIA 3aIlMChIBACT-
Cs1 CIIEIYIOLIUM 00pa3oM:
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(=)' s
S[h(t)](v.f)= \L%Ih > gy, (1)

rnae /(f) — BXOIHOHM CUTHaN, f — 4acToTa, T — BpPEeMEHHas KOOpAMHATa LEHTpa MaTepUHCKOro BeiBieTa, 3a-
naBaemoro okHoM ["aycca. IIpeoOpazoBanne CrokBena oOpaTUMO U BOCCTaHOBJIEHHBI CUT'HANl PacCCUUTHIBA-
etcs o opmyre:

W)= [ [(er)e™duar = m

—00—00

IS tf terftdf (2)

IIpu paccMOTpeHUH ABYX CUTHANOB /1,(f) U h,(f), 3aperUCTPUPOBAHHBIX IPUEMHUKAMH, PACIIOIOKEHHBI-
MU Ha OJHOU JINHUH C UCTOYHHUKOM, S-TIpeoOpa3oBaHKue BTOPOTO CHTHANA CBSA3aHO ¢ S-TipeoOpa3oBaHUEM Iep-
BOT'O CHUTHAJIa COOTHOIICHHEM:

S[ (1)](x.r) = 2 S [y (1)) (<= K (1)1.1). 3)

riae k(f) — BOJIHOBOE YMCIIO MOBEPXHOCTHOM BOJIHBI, ONpeensomnee caBur ¢asbl curuana, A(f) — mapamerp
3aTyXaHusl, / — paccTOsIHUE MEXIY ABYMS PUEMHHUKaMH, k'(f) — rpymoBasi CKOPOCTb MOBEPXHOCTHOM BOJIHBI,
orpeernseMas HaKJIIOHOM JIMHEHHOTO Tonorpada Ha puKkcupoBaHHOU dacTtoTe. Takas MaTeMaTHdecKas MOICIb
MOBEPXHOCTHOW BOJIHBI JaeT BO3MOXKHOCTH OIPENCITUTh H3MEHeHHe (Pa3oBOH W TPYyIIIOBOH CKOPOCTH
[Serdyukov, 2019]. Onenka 3aTyxaHusi IOBEPXHOCTHON BOJHBI MOXKET OBITh BBITIOJTHEHA HA OCHOBE MHOTOKOM-
MOHEHTHOTO aHAJIN3a M Ha MIPAKTHUKE OCIIOKHEHA d(h(eKTaMn HHTEpHEPSHINT 1 HECOBEPIICHCTBOM YCTaHOBKH
ceficMonprueMHUKOB. Ha OCHOBE MaTeMaTH4ecKoro mpejcTaBieHus (3) pacpocTpaHeHHs TTIOBEPXHOCTHOM BOJI-
HBI CTPOUTCS AlITOPUTM €€ (PHITbTPAITUH.

Ipeanpoueccunr. B xone uccnenoBanus ObU10 00HAPYKEHO, YTO TEpe] IPUMEHCHUEM OCHOBHBIX 3Ta-
OB aliTOpUTMa IIeJIeco00pa3Ho BBECTH KnHeMaTHueckue nonpasku (NMO) ans cnpsimiieHus ronorpada otpa-
JKEHHOM BOJIHBI M BBIMOJIHUTH MPOLEAYPY YAAJEHHUs] SHEPrHUH TOPU3OHTAIBHON (TJIOCKOI) BOJIHBI B £X-TIPOCT-
paHcTBe. JTa mpolenypa peainsopana B Monayie «denoise3d» 1O «Geovation 2.0» 1 nuMeeT Ha3BaHUE UCIION-
usiemoro mMetona «rmflaty. Beoqn NMO u npumenenne «rmflaty mo3BoIsieT CyNIECTBEHHO YMEHBIIUTD BIHSHUC
anroputMoB moaaBieHust (kak SKL, Tak 1 SWANA) Ha aMImuTy Iy OTpa)KeHHBIX BOJH (cM. pazuern «O6pabort-
Ka TI0JIEBBIX TAHHBIX»). BTOpOoe HaOIroIeHIe OTHOCHUTCS K ITOUCKY CIIOCO0a MOBBIMICHHUS Ka4eCcTBA ITOIABICHHS
JIAHHBIX B OJMDKHEH 30HE MCTOYHHWKA. 3aMEYEHO, YTO BBOJ aBTOMATHUYCCKOW peryiupoBKd ycuieHus (APY)
CYIIECTBEHHO CHIDKACT BIMSTHUC 3alTyMJICHHBIX TPACC W TOBBIIIACT (P (PEKTHBHOCTH (PUITBTPAIIH TTOBEPXHOCT-
HBIX BOJIH.

OcHoBHBbIe 3Tanbl aJropuTMa. C MoMoIs0 paccMaTPpHUBAEMOT0 aJITOPUTMA U3 UCXOHBIX TaHHBIX pac-
CUHTBIBACTCS CEHiCMOTpaMMa MOBEPXHOCTHOW BOJHBI — «MOJIEIb IIyMay. J{Js HarJIJHOCTH pe3yJIbTaThl ATaIloB
ITOPUTMA AEMOHCTPUPYIOTCS IPU 00paboTKe CUHTETHUECKOI ceificMorpaMMBl, H300paxeHHOH Ha puc. 1, a.

AJITOPUTM COCTOUT U3 CIEAYIOUINX OCHOBHBIX TalOB:

1. 3ajanue NoNIb30BaTENEM YIPABIAEMBIX APAMETPOB: MAKCUMAJIbHAS YacTOTa (pUIbTpauuu (f, ), Ko-
TOpas OrpaHUYUBAET JUANa30H paboTel anropurma (0—f; . ) ¥ SKOHOMHUT BpPeMs BBIYMCIICHUH; MUHMMAJbHAs
(Vi) ¥ MaKcHManbHas (v, ) CKOPOCTh (M300paKeHbI MyHKTUPHBIMKM KPACHBIMHU JIMHUAMM Ha puc. 1, 6), koTo-
pBIC YHCICHHO PaBHBI TAHI'CHCY HAKIIOHA MPSMBIX U OTPaHHYUBAIOT TPEYTOIBHOE ABYMEPHOE OKHO (DMIIBTpa-
uuu W(x, ) ¢ BEpLUIMHOI B TOUKE UCTOUYHHUKA.

2. Ilpumenenune okHa W(x, t) K KICXOJHOMU ceiicMorpamme f(x, 1):

g(xt)=W(x,1)0 f(x1), 4)

rae 3Hak O 0003HaYaeT MOKOMITOHEHTHOE MPOU3BEICHUE MATPHIL.
3. [Ipumenenue S-npeodpazoBanus (1) K KaxI0i Tpacce ceiicMorpamMmbl g(x,t):

g(xr.f)=5[g(x)] (%)

U BBIOOp MHTepBana ¢uisTpanuu B npeienax 0—f . Cpe3 TpexmMepHOH KOMIUIEKCHO3HAYHOH (yHKIMU
g(x,‘c, I ) Ha (ukcupoBanHO# yactore (g/(x, 1)) Oymem nanee Ha3bIBaTh, caeays paboram [Askari, Siahkoohi,
2008; Serdyukov, 2022], ncemoceiicmorpammoii. Moy g/(x, 1) (ammuTyaublit criektp) mpu f= 10 T'u npu-
BeJIeH Ha puc. 1, 0.

4. HopManu3zanus KaI0H Tpacchl ICEBIOCEHCMOrpaMMBI Ha CBOM MaKCUMyM [UTsSl YMCHBIICHUS BIIHS-

HUSA 3aTyXaHUS:

745



g (x1)=g' (x,7)0 (6)
5. CyMMHUpoBaHHU€e 3HAYEHUI aMIUIUTYbI BIOJIb MHOKECTBA IPYIIIOBBIX CKOPOCTEN (CXEMaTHYHO MOKa-
3aHO CIUIONIHBIME KPAaCHBIMH JIMHUSAMU Ha puc. 1, 6) B ipenenax okHa W(x, t) I KakI0H TceBocedicMorpam-
mbl. Cratuaeckas mompaBka A/(x,T) BRIOMpaeTCcsi paBHOW HAKIOHY, BIOJNH KOTOPOTO JOCTHTAETCSI MAKCHMYM
CYMMBI.
6. IIpuMeHeHNE CTATUYECKUX MOINPABOK IJIs KaKJION IICEBIOCEHCMOrpaMMBbl U MIOCTPOECHUE CIBUHYTOU
MaTpHIbl JaHHBIX Y (puc. 1, 6):

max g’ (x,r)

yi(t)=8(r—A(i—1)/M)gif(r), (7)
Y:{yi(rj),izl,...,M,j:I,...,N}, (8)

rae 0 — cuMBoll KpoHekepa, i — HHJEKC TEKYILIEro NPUEMHUKA, /N — KOJIMYECTBO BPEMEHHBIX OTCUETOB B
CIEKTPaJIbHON 00/1acTH U M — KOJINYECTBO PUEMHUKOB.

7. IlpuMeHeHe CHHTYJIIPHOTO PA3JIOKEHUS K CIBUHYTOH Marpuiie Y W BIOOP MaKCHMAaJIbHOTO CHHTY-
JISIPHOTO YHCIIa. 3aTeM C ITOMOIIBI0 COOCTBEHHBIX BEKTOPOB M MAKCHMAIILHOTO CHHTYIISIPHOTO YHCIIa PACCUHUTHI-
BaeTcs OT(GUIBTPOBAHHAS CIIPAMIICHHAsA NceBfocelicMorpamMma (puc. 2, a). [lpenmnonaraercs, 4T0 MakCHUMalb-
HOE CHHTYIISIPHOE YHCIIO COOTBETCTBYET ITOBEPXHOCTHOW BOJIHE HA JAHHOM YacTOTe, TaK KaK IOBEPXHOCTHBIE
BOJIHBI COCTaBIISIIOT OCHOBHYIO YacTh CEHICMIYECKOT0 CHTHAJIA Ha 3aJaHHOI YacToTe.

8. BBoj cTaTudeckux MOMpaBoK ¢ OOpaTHBIM 3HAKOM M 0OpaTHas HopMmain3anus (cM. puc. 2, 6). Takum
00pa3oM pacCUMTHIBAETCS NICEBIOCEHCMOrpaMMa TIOBEPXHOCTHON BOJIHBI JUISL KAKIION 9aCTOTBl — &g ( X, T) .

9. Ilpumenenue odpatHOro S-npeodpazoBaHust (2) K HAOOPy MCceBIOCEHCMOrpaMM MTOBEPXHOCTHOM BOJI-
HbI g(X, T, f),, ISl BOCCTAHOBJICHHS CEHiCMOrPaAMMBI [IOBEPXHOCTHON BONHEI (CM. PHC. 2, 6):

g(x,z‘)gr = S'[g(x, r,f)ng . 9)

10. Brrautanue pacCUMTaHHON ceHCMOrpaMMbl TOBEPXHOCTHOW BOJIHBI (CM. pHC. 2, 8) U3 HUCXOJHOM
CelCMOTpaMMBbl.

[TosyuenHast mociie MOCIEQHEro I1ara pa3HOCTHas celicMorpaMma CHOBa I10/1a€TCsl Ha BXOJ BTOPOTO
Irara ajqropuTMa JUisi MOBTOPHOTO MOJAaBICHUS MOBEPXHOCTHOH BodHBL. Ha pucynke 3, a—e m300paskeHbI OT-
¢unpTpoBaHHBIE celicMOTpaMMBbl nocne 1-, 3-, 5- u 7-it uTeparuy COOTBETCTBEHHO. BHIHO, UTO OCHOBHOE T10-
JIaBJICHHUE TIPOUCXOIUT Ha MepBbIX 3—4 urepanusax. Kpurepuem oCcTaHOBKH UTepalUil SIBISETCS MaJoe, MEHb-
e 1 %, yMEHbIIEHHE SHEPIUU CeHCMOrpaMMbl MEXYy COCEIHUMH UTEpAlUsIMU. DHEPrusi PacCUUTHIBACTCS
KaK KBaJIpaT CyMMapHOH aMIUIMTYZbI B TIpeenax okHa W(x, f). Ha pucynke 3, 0 npuBesieH rpaduk mpuparie-
HUSI SHEPTUU MEXJLy UTEpaLUsIMHU.

025
0.50
0.75
2 1.00

1.25

| iz-,‘
Il

1.50

1.75 X

i
p: ‘1!(:41::"“" 1k f” "[
l“ 0 “‘253=:.“""“f””ll

s

‘
500 14 ¢
: Mml % :LL %, 1"1 X

HL.

250 500 750 10001250 1500 500 1000 1500 500 1000 1500
M

X, M , X,

0 0.2 0.4 0.6 0.8 1.0
AmnnuTyga, oTH. eg.

2.00

Puc. 1. lemoncTpanusi pa6orsl 3TanoB 1—6 anropurma SKL:

a — WCXO/IHAsl CHHTETHUYECKas ceficMorpamma, 6 — ee IceBaoceiicMorpamMMa Ha yactore 10 'l 1 HaAKIIOHBI CyMMHPOBaHUS MOZYJIEH
aMILIUTY 1, 6 — CIIPSIMJICHHAs TIceBIoceicMorpamMmma.
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40 2.00 ' 2.0 ’~"-"" o3
500 1000 1500 500 1000 1500 250 500 750 10001250 1500
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0 0.2 04 06 0.8 1.0

AmnnuTyga, oTH. eq.

Puc. 2. lemoncrpanusi padotsi 3TanoB 7—9 anropurma SKL:

a — cupsiIMIIEHHAs TIceBoceiicMorpaMma rnocie GUIbTpaluy METOIOM IJIaBHBIX KOMIIOHEHT, 6 — IICeBIOCeHCMOrpaMma ociie BBoJa
CTaTMYECKHX TIONPABOK C 0OPAaTHBIM 3HAKOM, 6 — CefiCMOrpaMMa IOBEPXHOCTHOH BOJIHBI.

Aty ====120 : ==
500 1000 1500 500 1000 1500 500 1000 1500
) f s , M
T T !
-0.1 -0.075 -0.05 -0.025 0 0.025 0.05 0.075 0.1
AMMNnTYyZa, OTH. eg.
0

7

MameHeHue aHeprum, %
N
o

|

Utepauusa
Puc. 3. lemoncTpanus GuiabTpanuu ceiCMOrPaMMBbI 10 HTEPALHUSIM:

oT(hMIBTPOBaHHAS CeiicMorpaMMa Moclie: ¢ — NEepBOM, O — TPeThei, 6 — IATOI, 2 — CeIbMO UTepalyn; 0 — rpaguk U3MEHEHHUS YHEP-
THH MKy UTEPALHIMH B OKHE (DUIIBTPAIINH.
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Bpewmsi BpInoTHeHHsI 0/(HOIi HTEPALNM AITOPHUTMA Brimmontnenne omnepanmii Ha dTamax ¢ 5-ro mo §-i BhI-
o Mocne MOJTHSICTCS HE3aBUCHMO Ha KaKJ0W (DMKCHPOBAHHOM YacToTe
pacriapajuieuBaHus, ¢ pacniapaJuieiuBaHus, ¢ N YCKOPACTCA IMYTEM pacriapauiCIMBaHUA BEIYMCIICHUNU Ha JI0-
ruyeckue sapa mporeccopa (CPU). Bpems pacuera omHo#
UTEpalUy alropuT™Ma 3aBUCUT oT Konuuectsa CPU, xomuue-
CTBa CEHCMUYECKUX TPACC, BPEMEHHBIX OTCUCTOB M 3HAUCHHUS
Jrax B TAONHUIIE pEJICTaBIEHO BpeMs pabOThI alrOpUTMA JI0 M T10C/Ie yCKOPEHUsS METOI0M paciapaijieluBaHus
¢ ucnoab3oBanueM npoueccopa Intel Core 17-10700 (xonudecTBO NOruueckux siaep 16).

1.25 0.55

TECTUPOBAHHUE AJITOPUTMA HA CUHTETHYECKHUX JAHHBIX

s Bepudukanuu pazpaborannoro anroputMa SKL BeimonHseTcst 00paboTka CHHTETHIECKOH ceficMo-
TpaMMBEI, JUIsl KOTOPOW 00BEMHBIC H TOBEPXHOCTHBIC BOJIHBI PACCUUTHIBAINCH HE3aBUCUMO. TaKoW MOJIX0 T0-
3BOJISIET TOYHO OLIEHHUTH KAYECTBO PE3yJIBTATOB 33 CUET COMIOCTABICHHUS CEHCMOTPaMM OTACIBHBIX TUIIOB BOJIH
nocie ¢punprparym. CeficMorpaMMa 00bEMHBIX BOJIH PACCUNTHIBATIACH [UIS TIOBEPXHOCTHOM JIMHEWHON CHCTe-
MBI HAOIOACHUH IIyTeM PEIICHIS IBYMEPHOTO YPAaBHEHHUS aKyCTUKH METOZOM KOHEUHBIX pa3HOCTEH, peaan3o-
BaHHOTO B OTKPBITOM IporpammuoM nakete «IFOS2D» [Bohlen, 2002]. ®opma B UCTOYHHKE — UMITYJIbC Pu-
Kepa ¢ gomuHaHTOW 4Yactoroir 30 I'm. Pacder BBIMONMHSUICS AN CKOPOCTHOM MOjENTH, W300paKeHHOH Ha
puc. 4, a. IlnotHocTs (p) 3aaaBanack noctostHHOH (2000 kr/m3).

CeiicMorpamma MoBEpPXHOCTHO BOJIHBI CTPOMIIACH HA OCHOBE PAcYeTa JUCTIEPCUOHHBIX KPUBBIX METO-
JIOM MaTPUYHBIX NPONAraTopoB, peain30BaHHOTO B OTKPBITON Oubinoteke «disbay si3bika mporpaMMUpPOBaAHHS
Python. [Ins noctpoenus IMCHIEPCUOHHBIX KPUBBIX 33al0TCs MapaMeTphl TAKOH K€ CKOPOCTHOM Mojenu (cM.
puc. 4, a): KOIMYECTBO U TOJIIMHA CIIOEB, CKOPOCTH NPOJIONIBHOMH (V) M ONEPEUHON Vg = V,/2 BOJIH, OCTOSH-
Hast WIOTHOCTH p = 2000 kr/m?, muanazon gactot (0—>50 T'iy), KomMYecTBO MO paBHO TpeM. JlucnepcuoHHas
KpHBasi [IOBEPXHOCTHON BOJIHbI OIKMCBIBACT 3aBUCHMOCTb MEKIY (a30BOH CKOPOCTBIO U 4acToroii (v,(f)) u
MOJKET OBITh WCIIOJIB30BaHa JUIsl onpesesieHust BOMHOBBIX (popm. CornacHo anroputmy [Gazdova, Vilhelm,
2011], BostHOBBIE (hOPMBI TIOBEPXHOCTHOU BOJIHBI S(#, X) PACCUMTHIBAIOTCS KaK CyMMa 3aTyXaroluX TUIOCKUX
BOJIH, CIIBUHYTBIX BO BPEMCHH B COOTBETCTBHH € DYHKLMEH v ,(f) LISl 331aBaeMOr0 PACCTOSHUS X MEXKJLy HC-
TOYHUKOM U TPUEMHHUKOM:

X

n *l{”V (f)J
S(t,x)=Yape Y sin 2nf |t +
i=1

X
— ||, 10
Vph (fz) 1o

IJie a, — HavallbHas aMIUINTYy/a, B — koo duimenT 3atyxanus. CyMMUPOBaHHUE BBIIIOIHAETCS 110 YUCITy YaCTOT-
HBIX OTCUETOB JTUCIIEPCUOHHON KpuBoii (7). Koadduument 3aryxanus § mpeacraBiseT co00il yMEHbIICHUE aM-
TUIMTYABI OTJENBHON YacTOTHOM cocTaBisitoliel oT BpeMeHu. BonHosbie dopmbl S(Z, x) Ui KaxKI0H MOJIBI TIO-
BEPXHOCTHOW BOJIHBI PACCUUTBIBAIOTCS OTENIBHO, 3aTEM CYMMHUPYIOTCS BO BpEMEHHOM o0nacTu (g 2").

[Monnas cuHTEeTHYECKAsT ceiicMorpamMMa (CM. puc. 4, 6) BBIUHCIIICTCS KaK CyMMa CeHCMOTrpaMM 00BeM-
HBIX U TIOBEPXHOCTHBIX BOJIH. Pacuer BhIMOIHSAICS U1 TUIIMYHOTO B Ha3eMHoM 2D celicMopa3Bezke mara Mex-
Jly TIPHEMHUKaMu — 25 M, BCIIEACTBUE KOTOPOTO Ha fk-criekTpe (M. puc. 4, ) HAOIOJaeTCs AIMACHHTOBAsI
BoJIHA Partest, mepecekaroliast 001acTh pacpoCcTpaHeH sl 00bEMHBIX BOJH B JHana3zoHe 4yactoT 15—25 I'm.

a (9] 8
Vp,M/C
0 3000 1.0
2750 0_25

250 08
- 2500 0.50 / g
- 250 - 2250 3y :
g 50 2290 00.75 Ii.{ / 06 E
S 250- 2001 RS " &
= 1750 o ' i R 04 E
1000 1500 Immlm ‘“f .- "'!"‘-153337"}' J.iil, o =
. St d;i“a‘a 2 =
1250 1250 . ml g‘ﬁ?ﬁi‘:{f ) e

1000 i e &

2.00 ﬁlmi ll i m mm 5000

0 500 1000 1500 0.01 0.02 0.03 0.04
X, M X, M k, 1/m

Puc. 4. Cunrernyeckue JaHHbIe:

@ — CKOPOCTHAs MOJIENb Vp, JUIS pacdeTa, 6 — MCXO/HAs pacCUMTaHHAs celicMorpaMma, 6 — ee fk-CrieKTp.
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Puc. 5. ConocrapieHue pe3y/abTaToB (PMIBTPALIMU CHHTETHYECKOH ceiicMorpaMMbl pa3IM4HbIMU CII0CO-
0amm:

a— ®BY, 6 — FK-dunbrpauns, ¢ — SKL.

B xone tectupoBanus SKL Ha CHHTETHUECKUX JITaHHBIX OMMCAaHHAs BBILIE TEXHUKA MPEAIPOLIECCUHTa He
MIPUMEHSIIACH, & OI[CHUBAIACh (P(HEKTHBHOCTH TOJIHKO OCHOBHBIX J3TAloOB anropuTMa. i comocTaBieHus pe-
3yJIBTATOB ITOJIaBIICHHS MMOBEPXHOCTHOM BoJHBI ToMuMo SKL (puc. 5, ) Takke UCTIOIB30BAUCH CTAHIaPTHBIC
noaxosl: puABTp BeICOKHX YacToT — ®BY (cM. puc. 5, a) n FK-punstpanus (cMm. puc. 5, 6). Ilo kagecTBy
MOJIABJICHNS TTOBEPXHOCTHOHM BoiHBI anroputM ®BY comoctaBum ¢ anropurmoM SKL. Ho paspabotanHbrif
ANTOPUTM OOJIBIIIE MOJIABJISCT MOBEPXHOCTHYIO BOJIHY M MEHBIIIE M3MEHSET IIeJIeBOM CUIHAT MO CPABHEHHIO C
OBUY. [Ipu nogaBneHUN NOBEPXHOCTHON BOJHBI AITOPUTMOM FK-(QUIBTpaLlui HEBO3MOXKHO MOJIaBJICHHUE AU~
ACHHTOBBIX NTIOBEPXHOCTHBIX BOJH 0€3 U3MEHEHUS aMILIUTY/]] OTPAKEHHBIX BOJIH.

Ha pucynke 6 npuseaensl FK-cnekTpbl oTGUIbTpOBaHHBIX ceiicmorpamm. AsroputM ®BY nonasisier
BCE THUIbl BOJH JO 3aJ@HHONM rpaHuuHON yacToThl 20 I'Ll, 3HAUUTENBHO U3MEHss MOJE3HbIH CUrHAN (CM.
puc. 6, a). Ha cnekrpe nmocne FK-punbrpanun (cM. puc. 6, 6) HabIMogaeTcst 00JIaCTh HAJIOKEHHUS 9acTOT TO-
BEPXHOCTHOW M OTPaKEHHBIX BOJIH (001acTh anuacuura). Anroput™ SKL (cm. puc. 6, ) 3 PeKTHBHO 1MO1aBIs-
€T CUTHAJ TIOBEPXHOCTHOH BOJIHEI TIOKA €€ aMIUINTy/Ja JOMUHHUPYET Ha GuKcupoBaHHOU dactoTe. [locie Toro

0 0.01 0.02 0.03 0.04 0 0.01 0.02 0.03 0.04 0 0.01 0.02 0.03 0.04
k, 1/m k, 1/m k, 1/m

I 00 |
0 0.2 0.4 0.6 0.8 1.0
AmnnuTyga, oTH. en.

Puc. 6. ConocraBiieHue pe3yjbTaToB (PUIAbTPALMN CHHTETHYECKUX JAHHBIX B fk-00/1acTH pa3imyHbIMH
crmocooamMu:

a— ®BY, 6 — FK-dunbrpanus, 6 — SKL.
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AMNNUTYga, OTH. eq.

Puc. 7. ConocraB/ieHHe Pa3sHOCTHBIX ceiicMOrpaMM MexkAy HCTHHOH M OT()MIbTPOBAHHON IOBEPXHOCT-
HOM BOJIHOM Pa3JIMYHBIMHU CIIOCOOAMM:

a — ®BY, 6 — FK-punsrparust, 6 — SKL.

KaK CHUTHAJ IepecTall ObITh JOMHHAHTHBIM, ITOJIABJIICTCS BOJNHA C HAMOOJbBIICH aMIUTUTYIOW U C JIMHCHHBIM
rogorpagom Ha TIceBIOCecMOrpaMMe, BCISICTBHE YETO MOTYT OT(IIBTPOBBIBATHCS HE TOIBKO TOBEPXHOCT-
Hasd BOJIHA, HO U CUT'HAJI OTpa)KCHHOﬁ BOJIHBI.

Jlns aHanm3a KayecTBa I0JIaBJICHUS TIOBEPXHOCTHOM BOJIHBI M U3MEHEHHUs] CUTHAJIA OTPAKEHHON BOJIHBI
PacCUNTHIBAIOTCS PA3HOCTHBIC CEHCMOIpaMMbI MEKIy MCTUHHOW MOBEPXHOCTHON BOJHOW — g"¢ & U M3BIIE-
YEHHON — gestimate & (BRIYHUCISICTCS KaK pa3HUIA MKy UCXOJIHOW M OT(OUIBTPOBAHHOW) B pe3ybTaTe (PHiihb-
TparuH (puc. 7). B npeansHoM npuMepe Takasi pa3HOCTHAsI ceficMOrpaMMa He TOJKHA COAEPKaTh IOBEPXHOCT-
HYI0 ¥ OTPaXCHHYIO BOJIHY M COCTOSITH LIEJIMKOM M3 HYJIEBBIX Tpacc, T. e. giue & — gestimate gr = () | Jjig

true gr estimate gr

N M
KOJIMYECTBEHHOM OLIEHKH PAacCMATPUBAETCS cpefmss abcomoTHas ommbka: MAE =3 %' |g; -g;

i=1j=1
s pazHocTHO# ceiicMorpammbl ociie ®BY MAE umeer 3nadenne 0.008, nmocne FK-dpunprpammu — 0.01,
nocne SKL — 0.007. Haubonpmmii Bkinaa B MAE BHOCUT cUTHaJl HEOT()UIBTPOBAHHON MOBEPXHOCTHOM BOJI-
Hbl. Kon4yecTBO OTpayKeHHBIX BOJIH HA JAHHOM 3Talle TeCTUPOBAHMS OLEHUBAETCS KaUeCTBEHHO.

PesynpraT mogaBieHus] MOBEPXHOCTHOM BOJHBI airoputMoM SKL Ha CHHTETHYECKWX TaHHBIX MPEBOC-
XOIWT Pe3ybTaThl, moiaydeHHbIe ¢ nomombio PBY n FK-punstpanuu. Anroputmsl @BY 0651a1a10T BEICOKUM
Ka4eCTBOM IIO/IaBJICHUS MOBEPXHOCTHOM BOJIHBI, HO TIPH 3TOM CHJIBHO M3MEHSIOT LIEJIEBON CHUTHAJ, TO3TOMY
UL QUIBTPALUK HE UCTIONB3YIOTCs. CTaHIAPTHBIM HOAXO0IO0M K (DMIBTPAIIMU IOBEPXHOCTHOM BOJHEI SIBIISICTCSI
FK-¢unprpanus. JlanasIif anropuT™ HE H3MEHSIET OTPAXKCHHBIX BOJIH TPH TOJDKHOM KOHCTPYHPOBAHUH MACKU
(mIbTpa, HO TPH STOM HE CIIOCOOCH MOJABUThH MOBEPXHOCTHBIC BOJHBI B 00MacTH anuacuara. OmHaKo aniro-
put™M SKL Takke 4aCTMYHO U3MEHSIET CUIHAJ OTPAXKEHHOI BOJHBI, UTO MOKET ObITh HUBEIHMPOBAHO 3TalaMU
MPEINPOLIECCHHTa U OCTIPOLIECCUHTA.

OBPABOTKA IMOJIEBBIX JTAHHBIX

Jna anpoOanuu alropuTMa HCIob3yIoTes JaHHble 2D celicMopa3Beku, 3aperucTpupoBaHHbIE 110 Me-
Tony obwei rmyounHoit Touku (OI'T) B celicMOreonornyecknx ycloBHsX, XapaKTePHBIX IS F0)KHOH YacTH
paiiona XaHTbI-MaHCHIICKOTO aBTOHOMHOTO OKpyra. s Bo30y>KAECHUS yNpyrux KojieOaHHH MPUMEHSUIHCDH
B3pBIBBI B CKBaXKMHAX ¢ Maccoll 3apsaa ~ 1 kr. llar no npueMHuKkam cocTaBiseT 25 M, IIar o UCTOYHUKAM —
50 M, mar JUCKpETH3aIuHu 10 BPEMEHH — 2 MC.

Ha pucynke 8 mpencrasieH rpad oOpabOTKH JaHHBIX JMHEWHOTO MPOQUIS JIHHONW OKOIIO 36 KM IS
anroputMoB SWANA u SKL. Bee npoueanyps! rpada, Kpome OCHOBHBIX 3TaroB airopurma SKL, peanu3oBbiBa-
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JUCH ¢ oMolIbio nHCTpyMeHTOB [10 «Geovation 2.0». ITocne 3arpy3ku nonessix gaHHbIX B 110 u npucBoeHus
TEOMETPUH BBOJATCS CTATUUYECKUE MTONIPABKU, KOTOPbIE OMPEAEISINCE 0OPaOOTKOM BOIH MEPBLIX BCTYIICHUM.

Oran npeanpoLecuHra BKIYaeT BBOJI KHHEMAaTHYECKUX MTONPABOK JUIA CIPSMIICHUS OTPaXXEHHbIX BOJIH,
MBIOTHHT I10 3aKOHY roforpada mepBeIX BCTYILICHUH U yAaleHUE YHEPTUH TIOCKUX BOJIH C TIOMOIIBIO TIPOIIe-
nypel «rmflaty w3 momymst «denoise3d». CoriacHo onmcanmro «rmflaty, IIOCKast JHEPTHS BBIYHCISIETCS C O~
MOIIbIO MEANAHHOTO (PHIFTPA U BEIYUTACTCS M3 BXOJHOTO CHTHAA.

Ha ocHoBHOM 3Tarme mogaBineHus K npenoopadoTaHHBIM JaHHBIM HE3aBHCHUMO TIPHMEHSIOTCS aJTOPUTMBI
SWANA u SKL mis pacuera celicMorpaMM MOBEPXHOCTHOM BOJHEL. {11 TOBBIIIEHHS KauecTBa (GHUIBTPALIN
MTOBEPXHOCTHOI BOJTHBI B OJIFDKHEH 30HE HCTOUHHKA MepesT aroputMaMu BBoAUTCS APY U coxpaHsioTest Koag-
¢unuents! ycunenus. [locne paboThl anropuTMOB BBINOIHAETCS BO3BPAIICHUE K HCXOJHBIM aMIUIUTYIaM JIee-
HHUEM Ha MaTpuiy ko3¢ ¢unnentos ycunenus. Anroputmsl SKL 1 SWANA npuMeHsUTHCh OT IEPBOTO OTcUeTa
o yactoTe U A0 4acToTsl 20 ', okHO (puiIbTpanny 3a1aBanoch IByMs 3HaYeHUsMHU ckopocTeid — 1 u 350 m/c.
IIpouenypa SWANA 3amyckanachk IOCI€I0BaTEIbHO B IByX peKUMax — «al» (IoAaBieHNe aTHacUHIOBBIX MO-
BEPXHOCTHBIX BOJIH) U «gW» (KaHAJIOBBIX TOBEPXHOCTHBIX BOIH). OTUIBTPOBAHHBIEC CEHCMOTPpaMMBI BBEIYHCIISI-
FOTCS KaK Pa3sHOCTb MCXOHBIX IaHHBIX U PACCYUTAHHOM MOBEPXHOCTHOM BOJIHBL. /11 mogaBIeHnss HU3KO4acToT-
HBIX IIYMOB (DMIIbTpAIMK TpUMeHsieTcs: mosiocoBast GpuuibTparms ot 4 no 120 I'u. Curnan vwke 4 ' pubt-
pyercs, Tak Kak Ha TaKMX 4acToTax, KaK IPaBUIIO, IPUCYTCTBYET TOJIBKO IIyM U UCKAKEHHBIN CUTHAJI.

Ha 3akmouuTtenbHOM 3Tale NpOU3BOAUTCS PEryJIMPOBAHUE aMIUIUTYJ CEMCMOrpaMM € LENbI0 BOCCTa-
HOBJICHUSI «MCTUHHOWY» HMHTEHCHBHOCTH 3amucH (BBOJA CEpPHUUECKOTO PACXOXKIEHHS), COPTUPOBKA CeicMoO-
rpamMm 1 ux cymmuposanue o OI'T st mosrydeHust BpeMEHHOTO pas3pesa.

Jlns HarmsaHOM AeMOoHCTpanuu pesyiapTata 00paboTku OblIa BEIOpaHa OJHA M3 celicMorpaMM ¢ Haubo-
Jee MPOCIeKUBACMBIMU OCSIMH CHH(A3HOCTH OTPAXKEHHBIX BOMH (puc. 9, a). CelicMorpaMmsl mocie ¢uibrpa-
LIMU C UCIIOJIb30BAHMEM H3JI0KEHHOTO BhILIe rpada 1is anroputMoB SWANA u SKL npencrasneHs! Ha puc. 9,
0, 6. /1711 KOMMYECTBEHHOM OLEHKH pe3yJbTaTa oJaBlIeHHs paccuuThiBatoTcst oTHoueHust SNR. KpacHoe okHO
COOTBETCTBYET 11€JIEBOMY CUTHATY (OTpaXEHHOW BOJIHE), CHHEE — IIYyMY (IIOBEPXHOCTHOW BOJIHE). 3HAUCHHE
SNR na ucxonnoi ceticmorpamme — 0.2, mocie SWANA — 0.5 u mocie SKL — 0.4. Kak BunmHO U3 pe3ynb-
TaTOB (IIBTPAUH, YPPEKTHBHOCTH IMONABICHHS ¢ oMomipio anroputMa SKL conmocraBuma ¢ mpomenypoit
SWANA, xots ceficmorpamma nociie SKL 6osee 3anmymieHa Ha TIO3IHUX BPEMEHaX.

Ha pucynke 10 mpencTaBieHbl aMIUIUTYIHBIE CTIEKTPBI B fk-00JIaCTH JUIsI HCXOJHON CEHCMOTpaMMBbI H
nocne nojasineHus. Ha fk-criektpe mocine SKL BuaHO, uTo anroput™ 3()h(EKTHBHO yIalseT aJdacHHTOBEHIC
BOJIHBI, OCHOBHYIO MOy M OOJNBIITYIO YacTh BBICIIMX MOJ TOBEPXHOCTHOMN BOJHBI.

1. 3arpy3ka gaHHbIX.
2. BBOA cTaTtnyeckmx nonpasok.
3. CoptupoBska no Homepam NB n yaanexnusam MB—T1I1.
BeixogHble AaHHble — D"
1. BBOA, KMHEMATUYECKMX NOMPaBOK.
MpeanpoueccuHr 2. MbloTWHr no rogorpadpam nepsbIX BCTYMNEHWUI.
3. YaaneHve aHeprum nnockmx BOMH npoLeaypon «rmflaty.
BbixogHble aaHHble — D™
1. Beog APY. 1. BBog APY.
2. dunstpauma — SWANA. 2. dunbrpauma — SKL.
3. BeiBog APY. 3. BbiBoa APY.
SWANA SKL
BbixogHble gaHHble — D BbixogHble gaHHble — D
OcHoBHble ¢ ¢
aTanbl
1. PacyeTt mogenu nowmex: 1. PacyeTt mogenu nomex:
nogasnexHns novexa _ ~npeanpou. SWANA nomexa _npeanpou. SKL
DSWANA =D -D DSKL =D -D
2. PacyeT o4YMLLEHHbIX AaHHbIX: 2. PacyeT 04MLEHHbIX AaHHbIX:
OYNlW.  _ MCXOA. nomexa ounw,._ . 1CXOA. rnomexa
DSWANA =D - DSWANA DSKL - - Dsm
3. M [4,120] 'y, 3. Mo [4,120] [y,
OumLL. ounLL,.
BbixoaHble AaHHbIe — Dgyana BbixoaHble AaHHble — Dg,
1. BBOA CchepnyecKoro pacxoxaeHus. 1. BBOA chepnyecKoro pacxoxaeHus.
2. CymmupoBanue no OI'T 2. CymmupoBanue no OI'T

Puc. 8. I'pa¢ o6padoTku moJieBbIX JaHHBIX AJs1 aaroputMoB SWANA u SKL ¢ ucnoanzoBanuem IO
«Geovation 2.0».
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0.50 0.50
1.00 1.00
21.50 1.50
2.00 2.00
2.50 2.50
3.00 3.00

-2000 0 2000

X, M

1.5 2.0
AmnnuTyaa, oTH. en.
Puc. 9. Ilpumep noJieBoii ceiicmorpamMmbl o0uieii Touku Bo30y:xaenusi (OTB):

ucxopnas (a), ordunprpoanHas anroputMoM SWANA (6) u SKL (). KpacHoe OKHO COOTBETCTBYET II€JICBOMY CHTHATY (OTpaskeHHOU
BOJIHE), CHHEE — IIyMY (IIOBEPXHOCTHOI! BOJIHE).

OO01uMii HeJOCTATOK CYLIECTBYIOIUX METOAOB MOABIEHUS TOBEPXHOCTHON BOJHBI — UCKAaXXEHHE JHEP-
THH OJHOKPATHO OTPaKEHHBIX BOJIH B 30HE HHTEP(PEPECHIIUH C BOIHOW-TIOMEXOU B CIIydae HAXOXKICHHS BOJTH-
IIOMeX B 00JIACTH IIPOCTPAaHCTBEHHOTO anuacuara. OciabieHne SHSPTHH ITOJIE3HOTO CHTHAJIA B ONIPEIeICHHOM
JMaria30He yNAICHUH HEM30€KHO NMPUBENET K MCKaKECHHUIO OJHOM M3 KITFOYEBBIX XapPaKTEPHCTHK celicMuue-
ckoii 3anucu, a uMmeHHO AVO/AV A-pacnipeeneHust (aMIUTHTY1a B 3aBUCUMOCTH OT YAAJICHHUS ¥ aMIUTUTY/1a B
3aBHCHUMOCTH OT a3UMYTa), YTO HAKJIAJAbIBAET CYIIECTBEHHBIC PUCKH HA YCICITHOCTD PEIICHUS T€OJIOTNIECKIX
3a7a4, KOTOpBIE OBUTH TIOCTABJICHBI NTEPE]] CEHCMUYECKUM METO/IOM Ha y4acTKE UCCIIeIOBAHUSI.

a

0 0.01 0.02 0.03 0.04 0 0.01 0.02 0.03 0.04 0 0.01 0.02 0.03 0.04
k, 1/m k, 1/m k, 1/m

I |
T 1
0 0.2 0.4 0.6 0.8 1.0
AMNNMTYZa, OTH. eg.

Puc. 10. CnexTpsl B fk-IpocTpaHCTBe celicMOrpaMMBbl /10 NMOAaBJIeHUs (@), Mocjie MoAaBJIeHUsl ¢ MOMO-
b0 SWANA (6) u SKL (6).
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----- SWANA AT A
h 1
4l — SKL WAREREE
%) ————— SWANA + npeanpoLeccuHr TR
1
4 — SKL + npeanpoueccuHr ," ‘.'
24 ===~ WcxooHble gaHHbIe ':' \
04
—2000 -1500 -1000 -500 0 500 1000 1500 2000
X, M

Puc. 11. I'paduku cpeaHeKBAAPATHYHONH aMIUIMTYAbI KaKI0i Tpacchl B 3aBUCUMOCTH OT yJdajeHHs
(AVO) nocJie pa3inuHbIX npouenyp B okue [1.15; 1.25] c.

Pacuer AVO BBITIONHSUIICS [TOCIIE BBOa KHHEMATHYECKHX MMOMPABOK U MBIOTHHIA 110 TO0rpadam MepBbIX BCTYILICHUI.

AmMNnuTyaa, oTH. eq.

10 15 30

X, KM

Puc. 12. BpeMeHHoii pa3pe3 B10JIb ceficMuyeckoro npoduisi 11 HCXOAHBIX JAHHBIX (@), OcJIe MoiaBJe-
HHA MOBEPXHOCTHOI BOJIHBI npoueaypoii SWANA (6) u anropurmom SKL (6).
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40

20

AmMnnutyaa, oTH. en.

1
N
o

0 5 10 15 20 25 30
X, KM

Puc. 13. Pa3HocTh BpeMeHHBIX Pa3pe30B MesKAy HCXOIHBIMH JAHHBIMHU M JIAHHBIMH IOCJI€ MOAABJIECHUSA
MOBEPXHOCTHOH BOJIHBI npoueaypoii SWANA (a) u aaropurmom SKL (0).

-1.0

T
o
(o]

o
S
AmMNnnTyaa, oTH. eq.

0.2

0 5 10 15 20 25 30
X, KM

Puc. 14. fx-ciekTpbl pa3HocTell BpeMEHHBIX pPa3pe30B Me:KAY MCXOIHBIMU TaHHBIMH U AAHHBIMH IOCIe
M0/IaBJIEHUsI MOBEPXHOCTHOI BoJIHbI mpoueaypoilt SWANA (a) u aaropurmom SKL (6).
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B xadecTBe Mepbl KOHTPOJISI HCKKEHUS aMILTUTY bl MTOJIE3HOTO CUTHAJIA BBIMIOJIHSAETCS COMOCTAaBUTEIb-
HBII aHaJIM3 OTHOCUTEIBHOTO HcKakeHust AV O-pacnpeneneHns aMILIUTY A BI0JIb rofgorpada oTpaxkeHHOH BoJI-
HBL. J{7151 5TOrO B celicMOrpaMMbl BBOASTCS KHHEMATUYECKHE MOMPABKH, CIPSIMIISIONINE CUTHANI OTPayKEHHBIX
BOITH, ¥ MBIOTHHT IO roJorpadamM MepBbIX BCTYIUICHUNA. 3aTeM JIIsl KaKIOH Tpacchl CEUCMOTrpaMM PacCUUTHI-
BaeTcsl cpenHekBanparuueckoe (RMS) 3nauenne ammomutyn B okHe [1.15; 1.25] ¢. Takum o6pazom cTposTCs
rpadpuku AVO (3aBUcHMOCTh RMS aMIUIATY bl B OKHE OTPa)KCHHOM BOJIHBI OT ynanenus [1B-T111) ans ucxon-
HOU ceficMOTpaMMBI, CeiCMOTpaMMBI TIOCNe (DPMIIBTPAIMH C HFCIIOIB30BAHHEM IIPEIIPOIICCCHHTa U 0e3 HEero
(puc. 11). Kak BujHO U3 rpaduKoB, HAaHOOJbIIIeEe W3MEHEHHUE aMITUTY I IIPOUCXOANT Ha yaaneHusx o 500 m,
MTOBEPXHOCTHAS U OTpaKeHHas BoJHA repecekarorcs. Ho s obenx npouenyp nogasnerus (SWANA u SKL)
3aMeTHO MoBbINIeHne RMS aMIuinTy/1 Iociie BBOJIa MPEANPOIIECCHHTA Mepe]l OCHOBHBIM ATAIOM TTOAABICHHUS.

Ha pucynke 12 m300paskeHbI BpEMEHHBIEC pa3pe3bl AT HCXOTHBIX JAHHBIX U Mocie 00paboTKU B COOT-
BETCTBUH C BBIIICH3IIOKEHHBIM rpadom. M3 aHamm3a BPEeMEHHBIX Pa3pe3oB cCielyeT, 4To 00e MpoIeayphl
(SWANA u SKL) no3BossoT 100UThCS MPUEMIIEMOr0 KauecTBa LIYMOIOAABICHHUS MCXOIHBIX AaHHBIX. Ho
IIPU 3TOM OYEBUHBI HEKOTOPBIE pa3nuyus B pesynbratax npouenyp. Tax, SKL (cm. puc. 12, 6) cunbHee mo-
JIaBJISIET BOJHBI-IIOMEXH Ha paHHUX BpEeMEeHaX, TOr/la Kak Ha MO3JHUX BpeMeHaX MPUCYTCTBYET BBICOKOYACTOT-
HBIA paccessHHbIN myM. [Ipu atom SWANA (cm. puc. 12, 6) meHee 3ppeKTHBHA HA paHHHX BPEMEHax, HO B
OCHOBHOM 4acTHU pa3pe3 «HULIE».

Jlis OLIeHKM KauyecTBa M0JaBJIEHUs [TOBEPXHOCTHOI BOJHBI U aHaJIM3a U3MEHEHUS HOJIE3HOI'0 CUIHaja
OBUTH TTIOCTPOCHBI Pa3pe3bl PA3HOCTH MEKAY MCXOMHBIM pa3pe3oM 0e3 IIyMONOIABICHUS M Pa3pe3aMu IOCie
npumenennst SKL, SWANA (puc. 13). Ha pazHocTHBIX pa3pesax nocie 00eux mporeryp MoYTH He IPOCIISKH-
BaeTCsl CUTHAJ OTPAKEHHOW BOJIHBI, YTO TOBOPUT O HE3HAYMTEIILHOM M3MEHEHUH TOJIE3HOTO curHana. Ha pu-
cyHKe 14 n300paxkeHbl fX-CIIeKTPbl Pa3HOCTHBIX Pa3pe30B, KOTOPBIE TAaKKe JAIOT BO3MOXKHOCThH OIICHHUTH YPO-
BEHb yJIAJICHHOTO CUTHAJIa B YaCTOTHOM 00JacTu.

3AK/IIOYEHHUE

B ucciieqoBanuy nporpaMMHO peajld30BaH U ONITUMU3UPOBAH aArOPUTM [101ABICHUS CEMCMUYECKUX 10~
BEPXHOCTHBIX BOJH Ha OCHOBE ITPUMECHEHUS METO/a TIaBHBIX KOMIIOHEHT B YaCTOTHO-BPEMEHHOW 007IacTH —
SKL. Momudukanus anroputma SKL 3akntoyaercs B pa3padoTKe HOBOTO crioco0a OnpeieieHns] CTaTUYECKUX
TIOTIPABOK JJIsI CIIPSIMIICHUST TIOBEPXHOCTHON BOJIHBI Ha (DPMKCHPOBAHHBIX YACTOTaX M B MPHUMEHEHWH Habopa
IIpoLeNyp IPEANPOLIECCUHIa, HA KOTOPOM IPEABAPUTENBHO yAAISIeTCsl CUTHAJI OTPaKEHHBIX BOJIH. JTall BbI-
00pa CTaTUIECKUX MOMPABOK IS CIIPSIMIICHUS IIOBEPXHOCTHOH BOJHBEI B YaCTOTHO-BPEMEHHOW 00JIaCTH ONTHU-
MHU3UPOBAH 3a CcYET nepedopa IPYINOBEIX CKOPOCTEH M MOHCKAa MakCHUMyMa CyMMAapHON aMILUIUTYJbI BJIOJb
HaKIOHOB. [Ipu 3TOM B Tporecce pa3pabOTKH HOBOTO alrOpUTMa OBUI OTMEUEH POCT KadecTBa ITOJABIICHHS
[IOBEPXHOCTHOM BOJIHBI [10 CPAaBHEHUIO C UCXOJHON Bepcuell anroputma. IloBbleHus kadecTsa yAanoch A0-
ouThCs 32 cueT OoJee MENKOTo Imiara rmepedopa rpymnmnoBoi ckopocti. Kpome Toro, ncxomusrit anroputm SKL
YCKOpEH IIyTeM paclapajuleIMBaHUs BBIYUCICHUN Ha JOIMUYECKUE siipa IPOLeccopa, YTo B 2 pa3a yMEHbILAET
BpeMsi pabOTHI allrOPUTMA B CPABHEHHUH C TIOCIICIOBATEIEHON Bepcueil (1o pe3ylipTataM TeCTHPOBaHUS Ha 16
CPU). Otu u apyrue Mmoaupukanum 00ecreuniii yCKOpeHUE BRIYUCIICHUH U TIOBBIIIICHHE Ka4eCTBa MO 1aBICHHS
MIOBEPXHOCTHOI BOJIHBI.

B pabote mokaszaHo cyniecTBEHHOE MTPEUMYIIECCTBO pa3pabOTaHHOTO aIrTOPUTMA MO CPABHEHHUIO ¢ 0a30BBI-
mu Metogamu Guiabrpan (OBY n FK-bunstpanus) npu 00padoTKe CHHTETUYECKUX JaHHBIX, PACCYUTAHHBIX
YHCIICHHBIM MOJACTHPOBaHUEM. ATIpoOanys Ha MOJIEBBIX JaHHBIX BHIMOJIHSIIACH C COIIOCTABICHHEM PE3YIbTaToB
npouexypsl SWANA u3 nporpammuoro makera «Geovation 2.0». CoIlocTaBIeHHE BBIIONHSIIOCH HA YPOBHE
ceiicMorpamm, fk-criekTpoB, AVO-XapakTepUCTUKH OTPaKCHHON BOJHBI M BPEMEHHBIX pa3pe3oB. llpemtosken
3 PeKTUBHBIA Tpad IIyMOMOIaBICHUS Ha3eMHBIX 2D TaHHBIX, KOTOPBIA IIOMUMO OCHOBHBIX IPOIEAYp IOja-
BJIEHUS BKJIFOUAET ITAIl IIPEANIPOLECCUHIA C BBOJOM KMHEMAaTHUYECKUX IIONPABOK U YAAJIEHUs CUTHAJIAa OTPaKEH-
HbIX BOJH. AnroputM SKL moka3plBaeT KauyeCTBEHHO CONOCTABUMBIN pe3ysibTaT MOAABICHHUSA MPU MEHBIIUX
BPEMEHHBIX 3aTpaTax Ha IMOJ00p ONTHMAIBHBIX MapaMeTpoB. Anroput™M SKL mmeer Tombko 3 ympaBiseMbIX
napameTpa (rpaHuyYHasi 4acTOTa, MUHUMAaJIbHAs U MaKCUMaJlbHasi CKOPOCTb) IO cpaBHEHUIO ¢ 20 mapaMeTpamu,
OTBEYAIOIIMMH 332 MOJACITUPOBAHNE U TIOJIaBJICHUE TOBEPXHOCTHOM BOJHBI nporeypsl SWANA.

Haneneiiee pazsutue anropurMa SKL HampasieHo Ha ero aganrtanuio g o0padotku 3D maHHBIX
celicMOopa3BeaKH.

HccnenoBanue BHINOIHEHO NPH MOAEPKKE COBMECTHOro rpanTa Poccuiickoro HayuHoro ¢oHza u npa-
BuTenbcTBa HoBocmOupcekoit obmacti Ne 23-27-10042, https://rscf.ru/project/23-27-10042/.
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