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AN ALGORITHM FOR CALCULATION OF SYNTHETIC SEISMOGRAMS IN A
LAYERED HALF-SPACE WITH APPLYING MATRIX IMPEDANCE

Victor Pavlov
Kamchatkan Branch of Geophysical Survey of RAS, Petropavlovsk-Kamchatsky, Russia

A new semianalytic algorithm is proposed for calculating complete synthetic seismograms
caused by a moment-tensor point source in a plane-parallel medium consisting of homogeneous
elastic isotropic layers. Following to the idea of work [2], an artificial cylindrical boundary (ACB)
is introduced, on which definite conditions are assigned. This allows to derive the representations
for a displacement and the tension on a horizontal plane in frequency domain which include series
over discrete wavenumbers.

Unknown coefficients of the representations depend on depth and form the stress-motion
vector that satisfies a system of ordinary differential equations. The matrix impedance (see [3, 9]),
i.e., the matrix function of depth, by which motion vector must be multiplied in order to obtain the
stress vector, is introduced for solving this system. An independent nonlinear equation is obtained
for the impedance. The propagator for the motion vector is constructed with the aid of the
impedance. The closed analytical formulas, which do not contain any exponents with positive
indices, are obtained both for the impedance and for the motion-vector propagator. The algorithm
for the calculation of seismograms, free of limitations on the number and thickness of layers, as
well as on the frequency range of interest, is constructed on the basis of these formulas. The
algorithm is tested with the aid of an analytical solution (fig. 1, 2).

The proposed algorithm is a development of the Fat’yanov [4] method based on the use of
the displacement potentials and the so-called auxiliary functions. In author’s works [3, 9] the
auxiliary functions (matrix impedance) were introduced directly for the motion—stress vectors
without using of the potentials.

The algorithm differs radically from other algorithms existing at the present time (see [1, 5-
8] among others).
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Fig.1. Two half-spaces divided by the layer of power 5 km. The source “depth” is 10 km. The
receiver is located at depth 0 km and epicentral distance 10 km. The velocity and density values are
shown. STF is the source time function; its duration is 0.25 s. The reflected PP wave (ray SCR)
arrives at the receiver in 6.3 s. Before this time the direct waves at R are the same as in unbounded
space.
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Fig. 2. Green’s functions (convolved with STF) calculated by the algorithm (a) and differences
between algorithm and analytical solution (b). Upg (p,q=r,p,z) — displacement vector caused by the
moment tensor component Mpg=M, (Mgp=Mpgq, M¢=10"*Nm). The distance to ACB is 86 km. The
arrows mark the waves reflected from ACB. The waves 2 and 4 reflect firstly from the layer and
then from ACB. Absolute amplitude values and percent ratio to them are shown.
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AJITOPUTM PACYETA CHHTETUYECKHNX CEHCMOT'PAMM B CJIOUCTOM
MHOJYIIPOCTPAHCTBE C IPUMEHEHUEM MATPUYHOI'O UMIIEJJAHCA

MaBJsoB B.M.
Kamuamcxuii punuan I'eogpuszuuecxoii cayacovt PAH, e.Ilemponasnosck-Kamuamckuil

IIpemtaraercss HOBBIM METOJI pacdeTa MOJHBIX CUHTETUYECKUX CEMCMOrpaMM OT
JIUIIOJIBHOTO TOYEYHOT0 HCTOYHHKA B IUIOCKOIIAPAJUIEIBbHOM cpelie, CoCTOosIIEe U3 OTHOPOIHBIX
YOPYTUX U30TPOMHBIX cioeB. Cnenys uaee padboThl [2], BBOAUTCS UCKYCCTBEHHAS LIMJIMHAPUYECKast
rpanuna (MLI'), Ha KoTOpoit 3a1at0TCsl ONpeiesieHHbIE YCIOBUS. DTO M03BOJISET MOJIyYUTh
MIPEICTAaBICHUS ISl CMELLEHUS ¥ HANIPSKEHUsI Ha TOPU30HTAIBHON MJIOCKOCTH B YaCTOTHOM
00J1aCcTH B BUJIE PSAAOB MO AUCKPETHBIM BOJIHOBBIM UHCJIAM.

HewusBecTHble KO3 GUIMEHTHI, BXOAAIINE B PECTABICHUS, 3aBUCIT OT IIyOWHBI U 00pa3yroT
BEKTOp JIBUKECHHUS-HANPSHKEHUS, KOTOPBIN YJIOBIETBOPSIET CUCTEME OOBIKHOBEHHBIX

¢ depeHINATbHBIX YPaBHEHUI.

JUnist perieHus 3Toi CUCTeMbl ypaBHEHHM BBOAUTCS MAaTPUUYHBIN UMIieAaHc [3, 9] — MaTpuyHas
GbyHKIMA TITyOHHBI, Ha KOTOPYIO HY)KHO YMHOXHTD BEKTOP JBHKCHHUS, YTOOBI TOJTYYUTH BEKTOP
HanpspkeHus. [ uMnenanca noyryyaeTcs CaMoCTOSATENIbHOE HeslnHeiHoe ypaBHeHue. C MOMOILbIO
UMIIEZIaHCa CTPOUTCS MponaraTop Ajs BeKropa ABvxeHus. Kak nins umnenanca, Tak v Juis
[pornaraTopa BEKTOpa JBHKEHHUS NOTyHaroTCs 3aMKHYThIE aHAIUTUYECKUE POPMYJIbI, HE

coJiep KaIe SKCIOHEHT ¢ TIOJIOKHUTEIbHBIMH TToKa3aTensiMu. Ha ocHoBe 3Tux hopMys cTpouTcs
QJITOPUTM pacyera celicMorpaMmM, CBOOOIHBIN OT OrpaHUYEHUH Ha YUCIIO U TOJIIHMHY CJIOEB, a
TaK)Ke Ha TUana3oH YacToT, IPECTABIAIOIINX UHTEPEC. AJTOPUTM TECTUPYETCS C TOMOIIBIO
aHanuTU4eckoro pemenus (puc. 1, 2).

IIpennaraemMslil anropuT™ sIBIsSETCS pa3BUTHEM MeToa PaTbsiHOBA [4], B OCHOBE KOTOPOIO
JIEKUT UCIOIb30BAHNE TIOTEHIIMAIOB CMELIEHUI U TaK Ha3bIBAEMBIX, BCIIOMOIaTENIbHbIX (DYHKIUH.
B paGorax aBTopa [3,9] BciomoraTtenbHble (yHKINU (MaTPUYHBIN UMIIEAAHC) ObLIIH BBECHBI
HETNOCPEICTBEHHO Ul BEKTOPOB JBM)KEHUS-HAIIPSKEHHsI 0€3 MCII0JIb30BaHMsI TOTEHIINAIIOB.

ANTOpUTM NPUHLMIIAAIBHO OTINYAETCSA OT APYI'HX, CYLIECTBYIOIMX B HACTOSIIEE BPEMSI
[1, 5-8] (cchutkM HE MPETEHIYIOT HA TTOJHOTY ).
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Puc. 1. /IBa momympocTpaHcTBa, pa3ie-IeHHbIE clloeM MOITHOCTH 5 kM. Mctounuk (M) — Ha
riryoune 10 km. [Tpuemank (I1) — Ha rmyOuHe 0 KM 1 Ha SMUANIEHTPATLHOM paccTossHUU 10 kM.
[IpuBenens! 3HaueHus ckopocteit u mnoTHocTH. BOU — BpeMeHHast GyHKIUS UCTOYHHKA C
mutenbHOoCThIo 0.25 ¢. Otpakennas PP-Bon-na (;myu MOIT) mpuxoaut B I1 yepes 6.3 c. [lo atoro
BPEMEHHU NPsIMbIE BOJHBI TAKHE )K€, KaK B 0€3rpaHUYHOM IIPOCTPAHCTBE.
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Puc. 2. ®yukuuu ['puna (cBepuyTsl ¢ BOU), paccuntanHble MO anroputMmy (a) U UX pa3HOCTH C
aHamuTryeckuM pemmenueM (0). Upq (p,q=r,P,z) — BEKTOp CMEUICHUH, IIOPOKIaeMbIii KOMIOHEHTOMH
Mpg=My (Mgp=Mpq, M¢=10"* Hwm). Paccrostrme 10 (ML) 86 kv. CTpenKaMu TOMEUeHbI
UMITyJbChl, oTpaxeHHsle oT ULI'. UMmynbebl 2, 4 cHavana OTpa3swiInch OT ¢i1o4, a 3aTtem oT UI'.
[IpuBeneHs! MakcUManbHbIE (110 MOIYJII0) aMIUIUTYIbL; JJIs1 pa3HOCTEN — OTHOLIIEHHUE K ATUM
aMIUIUTY/1aM B IIPOLIEHTAX.
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