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Annomauus. 1enbio paboThl AB/IAETCA TOAO0P METOA M3YUeHNA KOMYeCTBEHHbIX XapaKTePUCTHK KOJIEKTOPCKIX
CBOJICTB JOIOPCKOr0o He(hTera3oHOCHOTO KoMIIIekca 3anagHoi Cubupy 1o gaHHbIM 3D ceiicMopasBenkm 1 orpo6o-
BaHIIE er0 Ha pea/IbHbIX JaHHBIX.

B xavecTBe MeTOAMYECKOTO IIpUMepa BbIOpaHa KOpa BBIBETPUBAHNUA B JOIOPCKOM KoMIIekce anannoit Cubup,
IIOCKO/IBKY IIPY CPaBHUTEIbHO HeO0/IbIIoN ee MoIHOCTH (0T 0 1o 50 M) OTpa’keHMs OT KPOBJIM U IIOJOLIBBI He pasfie-
JIAIOTCSA. AMIUIMTYHO-4aCTOTHAS XapaKTePUCTUKA JAHHOTO MHTeP(epeHLMOHHOTO OTPaXKeHVS 3aBUCUT OT TOJILIVIHEL,
Y IOTOMY HEKOTOPBIe celicMIYecKyie aTpUOYThI MOTYT Ha 9TO pearnpoBarh.

Il BBIACHEHNUA 3TUX CBA3€l BIIEPBbIe IIPYMEHEHO IIOTHOBOTHOBOE CENICMIYeCKOe MOJIeNIIPOBaHMe C VCIIO/b-
30BaHMEM MeTOJja CHEeKTPA/IbHBIX 97IEeMEHTOB B PaMKaX IepeJOBOTO OT€YeCTBEHHOT'O IPOrPaMMHOIO KOMIUTEKCa
«Dypnecnc», paspabOTaHHOTO BBITYCKHUKAMM U COTPYAHMUKAMM KadeIpbl BBIYMCTUTENbHON MexaHuku MI'Y umenn
M.B. JloMOHOCOBa ¥ afanTpPOBAHHOIO COTPYLHMKaMM 1 acnupaHTamu leomormyeckoro ¢-ta MI'Y s peuenus
IIOCTaBJICHHBIX 3ajlady. B /laHHOI cTaTbe IpUBEEHbI IIePBble Pe3y/IbTAaThl X IPAKTUYECKOTO JMCHonb3osanus. I1o
CPaBHUTE/IbLHBIM pacyeTaM YCTaHOB/IEHO, YTO IPVIMeHseMbIe IO 3TOTO B CelICMUKe TPaiUIVIOHHbIe TydeBble METOMbI
MOJIeTIMPOBaHMs BKYIIE CO CBEPTKOIL ¢ K03 UIIVMeHTaM) OTPaskeHMs JAIOT JI0XKHbIe Pe3y/IbTaThl M IIOTOMY He peKo-
MEHJYIOTCS J/IA Ja/IbHeIIero NpyMeHeH V.

I[TpennoxxeHHas ¥ OIPOOOBaHHAS TEXHOJIOTYA IIO3BO/IMIA IIOCTPOUTH IPOTHO3HYIO KaPTY TOJILIVHEI IOTEHLa/IbHO
HedTera3oHOCHOII KOPbI BBIBETPUBAHNUA B KPOBJIE JOIOPCKOT0 KOMIUIEKCa Ha IIOIasy cbeMKu 3D.
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Abstract. The aim of the work is to select a method for studying the quantitative characteristics of the reservoir prop-
erties of the pre-Jurassic oil and gas complex of Western Siberia according to 3D seismic data and testing it on real data.

The weathering crust in the Pre-Jurassic complex of Western Siberia was chosen as a methodological example,
since with its relatively small capacity (from 0 to 50 meters) reflections from the roof and the sole are not separated.
The amplitude-frequency response of this interference reflection depends on the thickness, and therefore some seismic
attributes may react to this.
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To clarify these connections, full-wave seismic modeling using the spectral element method was used for the first
time within the framework of the advanced domestic CAE FIDESYS software developed by graduates and staff of the
Chair of Computational Mechanics of Lomonosov Moscow State University and adapted by staff and graduate students
of the Geological Faculty of Moscow State University to solve the tasks set. This article presents the first results of their
practical use. According to comparative calculations, it has been established that the traditional beam modeling meth-
ods previously used in seismics, coupled with convolution with reflection coefficients, give false results and therefore

are not recommended for further use.

The proposed and tested technology made it possible to build a forecast map of the thickness of the potentially oil
and gas-bearing weathering crust in the roof of the of the Pre-Jurassic complex on the 3D survey area.

Keywords: full-wave modeling, signal convolution, seismic exploration, acoustic modeling, seismic attributes,

Western Siberia, pre-Jurassic complex
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BBenmenne. 3HaunTeNbHAA CTEIIEHb Pa3BeJaHHOCT
MeCTOpOXKieHuiT HeTy u rasa B 3anagHoit Cubupn
U UCTOILeHNe «KIaCCUYeCKNX» HedTera3oHOCHBIX
KOMIIIEKCOB Jle/laeT aKTya/abHBIM BOIIPOC TIOMCKA JO-
HOJTHUTE/bHBIX IIePCIIeKTUBHBIX 00bekToB. HapacTutsb
pecypcHy 6a3y BO3MOXXHO C IIOMOIbIO aKTVBHOTO
OCBOEHVIS TPYJHOU3BIeKaeMbIX 3arnacos Hedru (TPI3),
IIOCKOJIbKY OOBIYHBIE 3aIlachl BO MHOI'OM OTKPBITBI 1
IaBHO paspabarbiBatorca. CymecTBeHHas yactb TPV3
OTHOCUTCS K ITTy0OKO3aJIeTalolM pe3epByapaM J10-
1opckoro komiiekca (JIOK).

CeitcMopa3sBefiKa, 6€3yC/IOBHO, SAB/IAETCS OCHOBHBIM
reouU3MYECKIM METOJOM ITpY IIOMCKAX U pa3BeiKe Me-
CTOPOXKIEHNII YITIEBOOPOMOB, HO 1 €€ BO3MOXKHOCTH
1 MccnenoBanmsA rimybokosaneratomyx TPV3 sHaun-
TETIbHO OTPAHNYEHbI B CPABHEHNUM C TPAAMLIVOHHBIMUI
HPORYKTUBHBIMMI IHTEPBAIaMI1 B ME/IOBOIL YacTI paspe-
3a 3amaHOCUOMPCKOIL HepTera30HOCHO IIPOBUHIINN.

B nmaHHOII cTaTbe MpeAIPUHATA MOMBITKA OLIEHUTD
MHTEPIIPEeTAI[IOHHbIE BO3MOXKHOCTY CEICMOPa3BeIKN
1A TTy OOKVIX TOpU30HTOB 3anagHor Cubypyu Ha OCHOBe
HOC/IeNHUX JOCTVDKEHMI TIOTHOBOTHOBOTO MOZIENIIPO-
BaHUs [AMINIOB 1 fip., 2024].

Ilenpio paboThI ABIAETCA NOKOOP MeETOHA M3yde-
HIIA KOJIMYECTBEHHbIX XapaKTePUCTUK KOTIEKTOPCKIX
cBoiicTB [JIOK B MeXCKBOXMHHOM IPOCTPAHCTBE II0
IaHHbIM 3D celicMOpasBeKu.

Jl1a MofienpoBaHMA BIIepBbIe MICIIONb3YeTCA pacyeT
IIOJTHOM CEICMIYECKOI BOTHOBOM KapTUHbI Ha OCHOBE
MeTOJja CIIeKTPaJIbHBIX 97IeMeHTOB [/leBuH, BepmnnuH,
2015; Vershinin, Charara, 2020; Vershinin, 2022]. Yun-
TBIBAIOTCS BCE TUIIBI BOJTH, BO3HMKAIONINX B TPeXMep-
HOI1 cpefie: IPOJO/IbHBbIE, IIOIIepeYHble, TIOBEPXHOCTHBIE,
oOMeHHbIe, IUPparupoBaHHble, B OT/INYME OT YIIPO-
IIeHHDbIX CBEPTOYHBIX 1 JTyYeBbIX CXeM, IPUMEHAeMbIX
B HACTOsAIlee BpeMs U 3a4acTYIO IAIOMINX Pe3y/IbTaThl,
IPUBOAALINE K OLIMOOYHBIM BBIBOJAM.

AHanus u BIOOp MeTOIOB MofieupoBaHus. Tpa-
IVIIIOHHO B CeliCMOpasBefKe M/A MOJeNTNpPOBAHNA
BOJIHOBBIX I10JIEN IIVPOKO MICIIONIb3YETCA Ty4eBOM Me-
toxt [Axu, Puuappc, 1983; Amnunos, O6moruna, 1982],
Yale BCero, B paMKaXx IIPOCTON OJHOPOIHOC/IONCTON
Mofienu. B mpocrTeiimeM BapuaHTe 5TO MOXeT OBITb
Ia)ke OJHOMepHast MOJIe/Tb CBEPTKY € KO3 duimeHTaMu
OTpa’KeHMs, KOTOpas MeHAeTCA OT TPACChl K Tpacce.

Hukakyux KpaTHBIX BOJIH WV BOTH-CITyTHUKOB, HEN3-
0e>XHO BO3HUKAIOIUX B TOHKOCTIOMCTOJL Cpefie, He Yuu-
TBIBAeTCsI, TeM Ootee 0OMeHHBIX. [TpuyeM, Takoit BecbMa
CXEeMaTUYHBIIT TIO/IXON IPUMEHsIEeTCs laxke B Haubosee
pacpoCTpaHEHHOM CJTy4Yae pas/INIHbIX aKyCTUYeCKUX
mHBepcuit.  Ilomy4yaemble pes3ynbTaThl ABIATCA He-
aleKBaTHBIMU PeajIbHOI Cpefie, Y BbIBOJIbI, OCHOBAHHbIE
Ha MO/TyYeHHbIX BUPTYa/JIbHBIX N300PaKEHMAX, MOTYT
okasarbcs TokHbIMU [Ampilov, 2010].

YacTo He yYUTBIBAETCH, YTO TY4EBON METOJ SAB-
JSIeTCSl ACUMIITOTUYECKMM U paboTaeT JUIIb B BBI-
COKOYaCTOTHOM IPUOIVDKEHUY, KOT/ja [/IMHA BOJTHBI
CYLIECTBEHHO MEHbIIE IyTU pacnpocTpaHeHus:A. [Ipu
TUIMYHBIX JIIHAX BO/TH B “He(TAHOI ceilcMOpa3Besi-
Ke, mpumepHO oT 50 1o 200 M, 3TO He Bcerja KOppeKTHO
[Amnnios, 1992].

OT 60/PIIMHCTBA MEePEeYNCIEHHBIX OTPAaHNYEeHNMIT
CBOOOJIHBI METO/IbI, OCHOBAaHHbIE Ha MOJENTNPOBAHUNI
BO/MHOBBIX GpoHTOB. IIpaBja U OHM He IOTHOCTBHIO
YIOBJIETBOPSIOT HEKOTOPBIM re0(PU3NYeCKIM 3a/jadaM,
0C06€eHHO, eC/IV B pacyeT MPUHUMAIOTCS TOIBKO OT/Ie/b-
HbI€e TUIIbI BOJIH, HAIIPYMeEP, OGHOKPAaTHbIE OTPaKEHHBIE.

B crioco6ax pacueTa BOTHOBBIX 1071V TOXKe eCTb Pa3-
JIMYHbIE TIOXOJIbl, HAYMHAsI OT HanbosIee pacrpocTpa-
HEHHOI'O MeTOJa KOHEUYHBIX 37IEMEHTOB 10 Hambosee
IPaKTUYHOTO METOfIa KOHEYHBIX pasHocTell [/Iucuma
U [ip., 2014]. [TocepHuil Mo3BOsIET UCIIONB30BATh MO-
Jie/Tb-pelIeTKy JIF000i1 CI0KHOCTY U [JaeT KaueCTBEHHBII
pe3ynbTaT Ipy MeHee 3HAYUTEIbHbIX BBIYVMCIUTENbHBIX
pecypcax, 4eM B METOJaX KOHEYHBIX 3JIEMEHTOB C ITpsI-
MOYTO/bHbIMU ceTKaMu. OJJHAKO YyCTOMYMBOCTb KO-
HEYHOPA3HOCTHOTO METO/Ia 3aBYICUT OT IlIara MaTpPUIbI
KOHKPETHOI MOJIe/IN, YTO BHOCUT B aJITOPUTM 3/IEMEHT
HEOIPeJe/IEHHOCTIL.

B cBAA3M € U3/10KEHHBIM TPeOYIOTCS HOBBIE PEIIeHN
UL CEMICMMYECKOTO MOJENVPOBAHNSA, VI OHU HAJI[IEHBI.
OcHoBOII mocTyxun pa3paboTaHHbI Ha Kadeape
BBIYMCTIUTENbHON MexaHuk MI'Y umenu M.B. Jlomo-
HOCOBA a/ITOPUTM ISl OIIMCAHMA PACHPOCTPAHEHUS
CeIICMUYECKNX BOJIH B IIPOM3BOIbHO-HEOLHOPOLHON
cpefile Ha OCHOBE METONA CIEeKTPalbHbIX 3]IEMEHTOB
(MC3) [Ampilov et al., 2024, JleBuH, Bepumuus, 2015].
B nmaHHOI cTaTbe OH afaNTUPOBAH IS JOCTVDKEHUS
KOHKPETHOI IIOCTaBJIEHHOJ Te€0JIOTMYECKON Lie/IN Ha
OCHOBE TECHOTO MeK(aKy/IbTeTCKOTO COTPYAHNYECTBA
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MEX]y Te0/IOTMYeCKUM ¥ MeXaHMKO-MaTeMaTNIeCKIM
dakynpreTamn MI'Y, 0 4eM CBMJETeTBCTBYET COCTAB
aBTOPOB CTATbU.

Kak u mo60it meton, MCD nMeer cBOU orpaHmnde-
Hy1:A. OCHOBHOI! CIO>KHOCTBIO SIBJLAAETCS HEOOXOVIMOCTD
IIOCTPOEHMSI KaueCTBEHHOI pacueTHOI ceTKM 6e3
CIJIPHO MCKa)KEHHBIX 9/IeMeHTOB. Takoke MeTof Tpedyer
TIAaTeTbHOTO BbIOOpa mapameTpos (mopsgok MC3,
CTeIleHb M3Me/IbYeHN ceTKY, uncio Kypanra u ip.) mia
KOHKPETHOI 3aja4l.

HecMoTps Ha 3TO MeTOJ, CIIeKTpa/IbHbIX 3/1eMEHTOB
IIpefCTaB/IseT COOOIT MOIIHBI MHCTPYMEHT IS pellie-
HUA ypaBHEHMI B YaCTHBIX IIPOM3BOJHBIX, KOTOPDIl
coderaeT B ceOe IpenMyLiecTBa KIACCHYECKOTO METOfa
KOHEYHBbIX I CIIEKTPaJIbHBIX METOJJ0B Ha OCHOBE PsJI0B
®ypre. Ero BbIcOKasA TOYHOCTD 1 ITMOKOCTD IEIAI0T €TO
IIpMBJIEKATe/IbHBIM JJIA C/IOYKHBIX HAyYHDBIX U IH)KEHep-
HBIX 3a/la4. B To >xe BpeMms, pu ucnonb3osanuy MCO
IJIA pellleHMsl TpeXMePHbIX NPOMBINIIEHHBIX 3a7a4
CeiCMMKI €ro BbICOKAsl BBIYMCIMUTENIbHAA C/IOKHOCTD
TpeOyeT 3HAYMTENTbHBIX BHICOKONIPON3BOAUTENTbHBIX
KOMIIbIOTEPHBIX PECYPCOB.

[Ipu HOCTAaTOYHO TOYHBIX pacdeTaX (BBICOKMX
MOpsAAKaX MOMNHOMOB JlexxaHZpa) MOTHOBOMTHOBOE
MoJleNlipOBaHMe Ha OCHOBE CIIeKTPaJIbHBIX 3/1eMEHTOB
3HAYNUTE/ILHO NPEBOCXOAUT KOHEYHOPA3HOCTHBIN Me-
TOJ, IO COOTBETCTBMIO PE3y/IbTaTOB MOJENMPOBaHNA
peasIbHbIM JaHHBIM. [JTaBHBIM IpeMMYI1IeCTBOM JaHHBIX
MeTOJVK Ilepef] aKyCTUYECKIM CITydaeM sAB/IAeTcs 6oree
TOYHOE OINCAHME OTKIMKOB OT CTPYKTYP HEOJHOPO-
HOCTeI1, Ipy 06pa3oBaHUM KOTOPBIX BOTHOBAs IIPUPOJA
CelicMMYeCKMX BOJIH UTPAET BaKHYIO POJIb.

JeTanbHoe MCCIeoBaHNe PA3IMYHbIX ACHEKTOB
MCD3 nposeneHo B pyHAaMeHTaNbHOI MOHOrpadun
yueHbix MI'Y nmenun M.B. JlomoHOCOBa [/TeBuH,
Bepmmuus, 2015]. Ha 37011 ocHOBe 6b paspaboraH
OTe4eCTBEHHbII MHOTO(YHKI[MOHATbHBIN MaKeT VH-
xxenepHoro ananmusa CAE Fidesys, ncronpayemblit mpu
NPOEKTUPOBAHNUM JieTasleil M KOHCTPYKLUUI B pas3ind-
HBIX OTPAC/IAX, BK/IIOYAs MAIMHOCTPOEHME, CTPOUTENb-
CTBO, TOPHOE fIe/I0 U T. 1.

B maHHOII cTaThbe MPUBOAATCA NEPBbIE IPUK/IAIHbIE
pe3y/IbTaThl €ro IpUMMEHEHNA B celicMopasBefike. B ka-
4eCTBe a/IbTePHATVBbI JOIIOTHUTE/IbHO UCIIONb30BaJICA
TalOKe IIMPOKO M3BECTHDIN MMIIOPTHBIN ITakeT Tesseral,
HO TOJIBKO ITPUMEHNUTETBHO K aKyCTIYeCKOMY MOJIe/N-
poBaHMIO (C/Ty4yar OGHOKPATHBIX IPOJOIbHBIX BOMH).

BxopgHble JaHHbIE [I/I IOTHOBOTHOBOTO MOJIe/IN-
pOBaHUsA — MOAY/Ib yIpyroctu u Koadduunent Ily-
acCoHa — ObUIV IOJTyYeHBI IIePecYeTOM U3 CKOPOCTell
IIPOJIO/IbHBIX, ITOIIEPEYHBIX BOJH, a TAK)Ke IVIOTHOCTH,
OIpefie/IeHHBIX C VICIIO/Ib30BaHNEM KPMBbIX aKyCTH4e-
CKOT'O /1 IVIOTHOCTHOTO KapOTa)ka B OTIOPHOII CKBXKIHE
Ha M3y4aeMoi IIoIazay ¢ 3aboeM Ha rnyoutHe 2912 m.
Jl71s mener JaHHOTO SKCIIEPYMEHTA MOJIE/b B CKBaXKIHE
IpefInoarazach 6e3arpaHNYHOI BO BCEX HAIIPaB/IeHMAX.

[Ilar Mexy IpMeMHMKaMI B ceiicMOrpaMMe ObLI
BbIOpaH 25 M, a B Ka4eCTBe 30HVPYIOLIEr0o MITy/Ibca
ObI1 B3AT UMIyIbCc Pukepa yacroroit 30 Ity (puc. 1),
COBUHYTHI Ha (-T). B maHHOI 3ajjade OBIIO pelieHo
[0 pe3yabTaTaM TeCTUPOBaHMII alIIPOKCUMUPOBATD
BEKTOP MOJIA YIPYIUX CMELIEHUI U CKOPOCTEN MOIN-
HoMaMM Jlarpanka 11 mopsjka. 9To [aBaso BBICOKYIO
TOYHOCTb PeIIeHNII ¥ IPYeM/IEMYI0 CKOPOCTb Pac4eToB.

[Ipu MofenupoBaHUY MOXKHO HaOJIOfIaTh IIPOLIecC
pacIpocTpaHeHys BOMTHOBBIX GPOHTOB B JII000II TEKy-
I[VII MOMEHT BpeMeHH (puc. 2).

AKycTu4yeckoe MOJeNMpPOBaHME OTHOKPATHBIX
IIPOZIONIBHBIX BOMH ObTO BhIONMHEHO B ITO Tesseral.
Hacrtpoiiku MofieMpoBaHus Te JKe, 4YTO U I IOTHO-
BOJIHOBOTO MOJIe/IMPOBAHN, 32 ICK/TIOYEHeM 3a/laHA
CTeIleHV MOIMHOMA, TaK KaK aKyCTHYecKOoe MOJeIN-
pOBaHMe OCHOBaHO Ha MeTOJie KOHEUHBIX Pa3HOCTEIl.
Mopenuposanue B [1O Tesseral He yunTbiBanmo oOMeH-
HBIX 1 KPaTHBIX BOJIH, B OT/INYNE OT IIOJTHOBOJTHOBOTO
MOJIe/TMPOBAHNA, I7ie BCe OHM PACCUUTBIBAINCH. Tak 4To
CelicMOrpaMMBl, IIO/Ty4eHHbIE B pe3y/IbTaTe 9THX ABYX
BUJIOB MOJIe/IMPOBAHMA, CYIIeCTBEHHO Pa3INvaioTcs
(puc. 3).

Kpome HMX B paMKax mccinegoBaHus Oblna pac-
CUMTaHa celicMOTpacca KaK CBEPTKa 30HAMPYIOIIETO
UIMITy/Ibca ¢ KO3 UIMEHTaMy OTPaKeHWs TP HOP-
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Puc. 2. PacmipocTpaHeHye BOTHOBBIX PPOHTOB BCeX TUIIOB BOTH
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Pyuc. 3. CeiicMorpaMMma, IOy 4eHHas IIPY ITOJTHOBOTHOBOM Mopenmposanuy B 11O ®upecyc (creBa) B CpaBHEHNM C CeICMOTPaMMO¥i OTHO-
KPAaTHBIX ITPOJIO/IbHBIX BOJH, ITomydeHHoit B ITO Tesseral (cripaBa). KpacHoit cTperkoit mokasaHa 0OMeHHas OTpakeHHas BOJTHA

MaJIbHOM IIaJIeH!UY, YTOOBI CPAaBHUTH BCE TPU Pe3yiib-
TaTa U CMieJIaTh BBIBOJL O TOM, MO>KHO JIM MICIIOJIb30OBaTh
11 peasibHOM Cpefbl alllPOKCUMAIVIO B BUle aKyCTHU-
YeCKOM MOJENN MM CBEPTKU C LIENIbI0 NaJbHENMIIEro
aTpuOyTHOTO aHaIu3a.

B npomuecce 06paboTku cericMorpaMm, HOMy4eHHBIX
B pe3y/bTaTe IIOJTHOBOTHOBOTO ¥ aKYCTUYeCKOTO MOJie-
NMPOBaHUs, ObUI CIe/IaH MBIOTMHT, CKOPOCTHO aHAJIN3
(puc. 4), cymmmpoBaHMe CeiicMOTpacC U IONydeHue
OJIVIHOYHOJ CyMMOTPAacChl.

Mo>XHO yBUJIeTb CYILIeCTBeHHbIe OTINYUSA MONY-
YeHHBIX BPEMEHHBIX Pa3pes3oB JPYT OT APYyra, 4To 00b-
ACHATCSA Ha/lM4YMeM UM OTCYTCTBYEM BOJTH TOTO VMJIU
MHOTO TUIIa Ha HUX.

HuHaMMIeCKUIl aHAIN3 CUHTETMYeCKIX CEMiCMO-
rpamMm. [JyHaMM4uecKnii aHaIu3 CeiicMMYeCcKIX 3aIncei
CTaJl HeOTheMJIEMOJl YacThI0 IPOLECCOB 00pabOTKM
u uHTepupetanun [Amnunos, 2008]. Ito cBsA3aHO
C TeM, 4TO CTaHAapTHasg 0O6pabOTKa OrpaHNIMBAETCS
JIMIIb pellleHMeM KMHeMaTMYecKuX 3ajiad — IMOCTPO-
eHleM CTPYKTYPHOTO IIJIaHA CeliCMUYeCKUX TpaHUII,

IPUBA3aHHBIX K HEKOTOPBIM CTPATUTpapIIecKIM I10-
BEPXHOCTAM. JIMHaAMMYecKuil aHaIM3 U IOoC/Ieyolas
AVMHAMUI4YecKas MHTePIIPeTaIVA CIOCOOHDI JOIIOTHUTD
CBeleHNUA O Te0JIOTMYeCKOM paspese MHpopMaIyeit
O JINTOJIOTUY, TOPUCTOCTH, (IIOVIOHACHIIIEHHOCTI
IIACTOB M MIX MOIIHOCTH, /Ja>Ke €C/IM IOC/IeNHAA MeHblIe
pasperuarolieit ClIoCOOHOCTY ceiicMopas3Benky [Ampi-
lov, Baturin, 2012].

Omnpenenenye MOIHOCTY IPOJYKTUBHBIX OTIOXKe-
HUI MMeeT IPUHIUIINAIbHYI0 BaKHOCTD I OLIEHKU
3aI1acoB He(TAHBIX ¥ F'a30BBIX MeCTOpOXKAeHmi1. OnHa-
KO 13-33 OTPaHMYEHHOII BEpTUKaIbHOI paspelaromie
CIIOCOOHOCTY CeICMOpa3BeNOYHbIX JAHHBIX OIEHKa
TOJIILMH Ma/IOMOLIHBIX OT/IOKEHMII AB/IAETCA B K/lac-
CMYEeCKOM IIOHMMAaHUM IPAKTUYECK) HepellaeMoil 3a-
maveit. [l ee SMIMPUYECKOTO pelleHNsA MOTYT OBITh
B O/arONPUATHBIX CEMICMOTe0NOrMYeCKX YCIOBUAX
JVICIIO/Ib30BAaHbI HEKOTOPBIE CeicMIYecKye aTpuoyTh,
KOTOpPble YyBCTBUTE/IbHBI K M3MEHEHUI0 MOIHOCTHU
w1acToB. OHM OCOOEHHO MO/Ie3HbI B PallOHaX ¢ HU3KOII
IUVIOTHOCTBIO CKBAXKIH, I'7ie TPaIN[MIOHHbIE METOMIbI MO-
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Puc. 5. Pa3pesbl, OTy4eHHbIE 110 CBEPTKe (), aKyCTUYECKOMY MOJIeTMPOBaHMIO (6) U OTHOBOTHOBOMY MOJIeTMPOBAHMIO (8) J/1 MOfieu

Cpefibl 113 OIIOPHOJ CKBA>KMHBI.

TYT He JaTh JOCTaTOYHOI MH(OPMALIUY /IS HAJIeXKHBIX
Te0JIOTMYECKIX BBIBOJIOB.

Ilenpio JaHHOTO METOAMYECKOTO VMCCIEeLOBAHMA
SBJIA/IACH TIOTIBITKA ATh IPOTHO3 TOMIIMH KOPBI BBI-
BeTPUBAaHMA JOIPCKOrO KOMIUIEKca Ha Iutomazan 3D
celicMOpa3BefIK/, OCHOBBIBAsICh Ha aTpUOyTHOM aHa-
TM3€ CeICMUYECKOM 3aIIVICH C MICIIONIb3OBAHMEM IIOTTHO-
BOJIHOBOT'O MOJIeJIMIPOBAHMA IS IOUCKa Hauboree
MH(OPMATUBHBIX aTpUOYTOB.

CyTb aTpuOyTHOTO aHa/IN3a CUHTETUYECKUX CyM-
MOTpAcC Ha IIePBOM 3Talle CBOANUTCA K CIIEAYIOLIeMY:

1) monydYarT HAOOP CMHTETUYECKUX CYMMOTPACC
BCeMU TpeMs MeTofiaMu (puc. 5) TPy BapUaLyy TOMIIN-
Hbl Kopbl BoieTpuBanusA [JIOK or 5 go 50 m;

2) BBIYUCIAETCI MHOXXECTBO CEMCMUYECKUX
arpuOyTOB /I MHTEpBa/a PETUCTPALUY OTPAKEHMI,
HaXOJWUTCS JIMHEIHas 3aBUCUMOCTDb BEIMYMHBI MOLI-
HOCTM KOPbI BBIBETPUBAHMA OT KXKJ[OTO U3 aTpUOyTOB.
Bri6bupatoTcsa aTpulyThl, KOTOpble MMEIT Hanboree
BBICOKIMI KO3 QUINMEHT KOppe/Alyy ¢ IapaMeTpoM
MOIIHOCTY KOpbI BbiBeTpuBaHus (KB).

ITo mo/my4eHHBIM BpeMEeHHBIM pa3pesaM OblIn pac-
CYMTAHBI HECKOJIBKO CEICMIYECKIX aTp1OyTOB B MHTEP-
Bajie peructpanuu orpaxernit ot KB (6omee 2 ¢), oguu
u3 koropeix Original amplitude (ncxopHas ammnryzna)
n300pakeH Ha puc. 6.

VurepBan kopsl BoiBeTpuBanus JIOK, MomHOCTD
KOTOpPOI1 IO OIIOPHO CKBAXKMHE COCTaB/AeT 15 M, Ha-
xonutcs Ha Bpemenn 2080-2090 mc [Axusiposa, 2023].

AHanm3upys JaHHbIE PacyeThbl, MOKHO CKa3aTb, 4TO
He HaOJTIofae TCs1 eAMHO00pasyis 3HaUeHNIT aTpUOy TOB IS
TpPeX CIy4aeB: «CBEPTKI», aKYCTUYECKOTO ¥ IOTHOBOJI-
HOBOT'O MOJIe/IMPOBaHyA. V IOCKO/IBKY IIOJTHOBOTHOBOE
MoOJieNMpoBaHue Hanbosiee ajleKBaTHO IO CPaBHEHUIO
C OCTaJIbHBIMMU JIBYMA METOJAMI OIVCBIBAET PeaIbHYIO
Cpefy, MOXHO CHIe/IaTh BBIBOJ O HEBO3MOXXHOCTY ITpUIMe-
HeHMsA IePBBIX IBYX LA Ja/IbHEIIIETr0 AMHAMITIECKOTO
aHa/IM3a BOJIHOBOTO MOJIA. BBUAY 3TOrO 1A IpOrHO3a
momHocT KB 1m0 3HaueHmAM aTpubyToB Oymem mc-
I0JIb30BATh TO/IBKO IIOTHOBOJTHOBOE MOJI/IVIPOBAHIE.

OleHKa TOMIIVIHBI KOPBI BBIBETPUBAHUSA C yde-
TOM IIO/THOBOTHOBOTO MOJETNPOBAaHMA. Bolie Obi1
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Puc. 6. Atpubyt Original Amplitude Ha BpemeHnax 6oree 2 ceKyH, (C/leBa — MOZIENb “CBEPTKI , B LIeHTPe — aKyCTUYECKOe MOfIe/TPOBaHIe,

ClIpaBa — IIO/IHOBO/THOBO€ MOI[eTII/IpOBaHI/Ie)
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Puc. 7. 3aBucnmocts atpubyra Envelope (a) u arpnbyra Instaneous Bandwidth (6) ot Tomumast KB B M 110 pe3ynrbraTaM MOfINPOBAHIIS

ClieJIaH BBIBOJ] O HEKOPPEKTHOCTI METOJIOB «CBEPTKI»
U JTy4€BOTO MOJI€/IMPOBAHNA /1A 3a/1a4 IVHAMMIYECKOTO
aHanusa. IloaToMy 1711 IPOrHO3a MOIIHOCTY KOPBI BbI-
BeTPMBAHIA MEHbIIIe, YeM paspellaolias ClloCOOHOCTD
celicMOpa3BeIK!, MCIO0Ib30BaI0Ch MCKIIOYUTENTbHO
IIOJTHOBOJTHOBOE MOJIeNIMPOBaHMeE.

B mpepenax ucciefyeMoro pajioHa BepTUKalbHaA
paspenraromias CHOCOOHOCTD CeicMOpa3BeKy IpuMe-
HuTenbHO k KB onennBaeTcs npyumMepHo B 60 M. To ecTb,
npy 3HaueHMAX MoujHocTy KB MeHbI11e 60 M, OT KpOB/IN
¥ TIOJOIIBBI (POPMUPYETCS eAMHOe OTPaKeHNe, Ha3bl-
BaeMoe B 3apYOeKHOI TUTepaType TIOHUHT-9PPEeKTOM.

J111 M3y4eHNs 3aBYCYMOCTY 3HAYEHWIT aTp1Oy TOB OT
MomHocTV KB 651710 BHITIOTTHEHO TIOJTHOBOTHOBOE MOJIe-
JIMPOBaHMA 1A IIATYU €€ MOLHOCTeN: 5, 15,25, 35 145 M.
3aTteM OBUIN ITOCYMTAHBI HaMbOJIee YIIOTpeOUTeIbHbIE

arpnbyThl B 3TOM pernoHe ot Kposmu KB B oxnax 15,
25140 mc: Envelope, Instaneous Bandwidth, Instaneous
Frequency, Amplitude, RMS Amplitude.

Cpeny nepedncieHHbIX aTpy6y TOB MHPOPMATUBHBIX
okasanoch TonbKo 2: Envelope (ormbarmas) B okHe
40 mc (puc. 7, a) n Instaneous Bandwidth (MruoBennas
IIVIPYHA CIIeKTpa) B okHe 15 Mc (puc. 7, 6). Ha rpadmkax
3TUX aTpUOYTOB MO>KHO HAaO/MIOAaTh O/IM3KYIO K IMHe-
HOJI 3aBUCHMMOCTDb 3Ha4eHMA aTpuOyTa OT MOIJHOCTH
KB. B manpHejieM UCIIONb30BaINCh TOMBKO 3TU JBa
arpnbyTa, MOCKO/IbKY OCTa/IbHbIE He TOKA3bIBAIOT 3HA-
4MMOJI CBA3M C Mi3MeHeHMeM TomuuHbl KB.

I arpubyta Envelope B okae 40 mc Han6oree 67113-
KOV alllIpOKCYMUPYIOIE IMHENHOM 3aBUCUMOCTBIO
OKa3asach C/Iefyoas:

h(x)=-2338,6x+965,96,
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Puc. 8. Apubyt Envelope B oxne 40 Mc (crieBa) 1 KapTa MOIIHOCTHY KOPbI BBIBETPUBAHMA Ha MICCIEAYEeMOM YYacTKe, IOTyYeHHast 110 HeMy
C MICIIONb30BAHMEM 3aBMCUMOCTH Ha PUC. 7, a. TouKamy II0Ka3aHO MO/IOYKeHMe CKBaYKIH

rme h — 3HavYeHMe MOIIHOCTU KOPBI BBIBETPUBAHNS,
x — 3HaueHue atpubyra. KBagpar xoapduinnenra
KOppensaLuy IpakTU4ecKky paBeH eguHuie R“=0,9911,
YTO HEMICTBUTEIHBHO TOBOPUT O BO3MOXKHOCTM TaKOM
ANINpOKCUMAIUNA.

Ilns arpubyTa Instaneous Bandwidth B okne 15 mc
TaKXe XOPOIIO NOAXOANUT NMHEIHAsI 3aBUCKMOCTb:

h(x)=122,5x - 242,438,

Ie h — 3HaYeHUe MOIIHOCTY KOPbI BbIBETPUBAHNA,
X — 3HauyeHue anM6yTa, R*= 0,9568.

Jlanee 6bIa paccunMTaHa Kapra IepBOro aTpubyra
B YKa3aHHOM MHTepBajie BIO/Ib OTpa)kaloll[ero ropu-
30HTa, cBA3aHHOro ¢ KB. Ilo HalifleHHOI! BBIlIe KOp-
PEALMOHHON 3aBUCKMOCTI OHa OblIa IepecyrTaHa
B KapTy MOIIJHOCTe!l KOPBI BhIBeTpuBaHus (puc. 8) Ha
uccregyeMoM ydactke. I[TpenBapurenpHo norpebosa-
JIOCB IIPOU3BECTY HOPMUPOBKY KapThl aTpuOyTa, 4T0OBI
OHa II0 CPeJHUM 3HA4eHUAM COBIIaflajia CO 3HaUeHeM
arpu6byTta Envelope Ha cCMHTeTMYeCKUX celicMOrpaMMax.
B 11e710M, IpOTHO3HaA KapTHHa KaueCTBEHHO COBIaflaeT
C TPEHJJOM 3HaueHM1 TOMIVHBI KOPbI BbIBETPUBAHMSA 110
IpOoOypeHHbIM CKa)KMHAM, OJHAKO CpefJHeKBagpaTiye-

CKO€ OTK/IOHEHME IIPOTHO3HbIX 3HAYEHMI] OT U3MEPEH-
HBIX B CKBOKIHAX COCTAB/AET 8,2 M, YTO HE TaK U MajIo
IIpy MHTEPBaJjie M3MEHEHN A JaHHOI Benn4nHbl oT 0 10
58 M 1o BceM ckBakuHaM. [IpuunHa B TOM, 4TO MCXOJI-
HbI1 aTpubyT Envelope, KOTOpBIiT IPUHAT OCHOBHBIM
II0 pe3ynbTaTaM MOJENMPOBAHMA, XapaKTepPU3yeTCH
BeCbMa KOHTPACTHBIMM M3MEHEHUAMM Ha IUIOILA[u
UCCNIENOBaHMUII, U €ro JIMHEeHasl alllpOKCUManus He
BIIO/IHE STOMY COOTBETCTBYET.

ITpoBopuMBIE flasiee MCCIEeNOBAHMA C MOMOIbIO
HelpOCeTeBBIX a/ITOPUTMOB, CBOOOJHBIX OT JIMHeN-
HBIX OTPaHMYEHUII, INOKa3bIBAIOT OoJlee afjleKBaTHbIE
Pe3yabTaThl, HO 3TOMY IIOCBALEHA OTHENbHAsA CTaThA
[AMmiuoB u fip., 2025].

TpagMuMoHHO [/ pelleHus MOJZOOHBIX 3ajad
B CEICMOPa3BeNKe UCIIONIb3YIOTCS PasINIHble METOMbI
uHBepcuy [AMmmIos u ap., 2008, 2009; fIkosnes u ap.,
2011], oHaKo B JaHHOM CITy4ae IIPYMeMIEMbIIT Pe3y/IbTaT
HOJIy4eH Ha OCHOBE IIPOCTBIX aTpUOyTOB, HO BIIEPBbIE
C IIpeJiBapUTEIbHBIM VX NOO0POM Ha OCHOBE IIOTTHO-
BOJTHOBOT'O MOJE/IMPOBAHUA.
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3axnroyeHue. B mpoliiecce OCTVKEHN S TIOCTAB/IEH-
HOJI B paboTe Ile/IN pelleHbl C/IefyIolIye IPYK/IaHbIe
3aav:

— JeTa/lbHO VCC/IeOBaHbI celicMmdeckie 3 deKTs
OT M3MEHEHUs KOJIEKTOPCKMX CBOVICTB MOPOJ [10-
I0pPCKOTo KoMIutekca 3anagHoit Cruéupy pasnmyHbIMU
MeTOJaMy MOJIe/TPOBAHN;

— YCTaHOBJIEHO, YTO Ha1bojiee 0O'beKTUBHBIE Pe3y/Ib-
TaThI IAI0T METO/IbI ITOJTHOBOJTHOBOTO MOJIETTVIPOBAHA
Ha ocHoBe MCD3;

— MpeIoXKeHa 1 OIpoOOBaHa METOJOIOTHSI OLIEHKIU
TOJIIVHBI KOPBI BeIBeTpuBaHuA B Kpose JJOK Ha ocHO-
Be MOJIeTIPOBaHMs UHTEPPEPEHIIMOHHOTO BOTHOBOTO
1071 OT ee KPOBJ/IV U IIOJOIIBEI;
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