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Be!
CrorosHi icFye rocra.rHro 6araro Meroais

po3B'r3)tsanHr rK rrp-!rr{rD( rar( i o6€pHeHrx
AuHaMiqrflrx 3araq cencMororii [1 8]. Meroro
npeAcraBrclroro Aocni4xegHr € MoAemoBaugt

npoueciB y Heo,qHopiarloMy
cepe4oB{rri, rrd BUr(nrl{asi roqKoBuM &I{eperoM.
.{nt Brpituennr nocrasn€Horo 3arAaHrn Mx
Bu(opncroBy€Mo Marprj.rHri MeroA ToMcoIIa-
Xacxena ra iioro MoAroiKaaii. B po6orax [6-8]
po3BaHyrrn peftypeFrErli MeroA t\1'

nonr nepeMiueHH, Ha silhH'n
roBepxHi, I{onr 4reparo ceiicuivxn xeznr
IrpelcraBneHo r€rBopoM ceiicMiqnoro MoMesTt.
Peryr6 r a roc 1 ilDl{cHb noxa3anx. uto vz rprr.rHhir
i pekwellrnnn Merorn, r BnroprcroByrorEcr art
polB t<)BaHHr nprqol .0uHaMi'rHor 3a,raq'
cejicMixx, Aarmb oalhkoBi p$yrhrarr.

Po3pi3lrrorB rBa BaAr BEyrpirrHix Axeper:
po 

'pHBH' 
rz 06 .vHi PorprBHr noB r3aHi 3

Bh] rprDH6oio noBepxHeo r qBnrlo16 co6orc
koB3aHHr ro rl,]orqnld po3p{By. O6'eMrri Axepena
- qe tBL[u€, noB''3aHe b BnyrpinlHiM o6'eMoM,
HanpnKnaA. panroBc po xr.lpeHHr aerroi

nocnauoq*a tanoqi
Po3nr{Iaerlcr nornrp€Hxr cedcMiclrnx xBHrb

y Beprn(anbrro HeorHopianoMy ceperoBxqi, rlre
MoAelloer;cr cucTeMorc olHopiAHrax i3orponflD(
,l-Illapir Ha fr+, niBnpocropi 3 r,rocrc
rapaterrlrfltrw.r rpaHrnrrMx. 3aqaHa WoBa

n,R. Mi,tu4hkun, P,M. nak, E,M, Kn o6cbkun, O.O. Mrtuo, O.L Xunpr(
IIo IIPEHrrs CEfrCMTqHIX XBI.{,rb y rrrAp}'BAToMy cEpE{oBII[lr:

rMCJ'IOBI METOAI4 pO3pAXl'IIIty XBI4[bOBOrO IIOLS

Pxc. l. TeBop ceiicMi.rHoro MoMeETy rx cltrroBrii eKBiBaneHT AeB,rrr, rlap cuJI

rp'rMipsoi o6nacri. y crar po3rflnEyri po3pnBHi
,qxep€na. MareMarnqFo rax€ sorquqe onrcyrc.rb
ABoMa cnoco6aMr o6'€MHoro clrnorc, npuKra-
,qeHoro Ao neBEoro eneMema cepeAoBnrqa. rrcri
Micrlrrr rxepero. a6o p$pnBaMs 3MiureH!

Ha B€nudii riacraui ri4 po3prBy qacro
BAa€rbcr €nocr€pirarrj nEnle ri xBlr,'Ii, y r&rx
aoBxHHa xBu,rl Ha6amro 6ln6ura € niHinHi
pdMipn Axepera. y ranoMy Bana4ny Axepeno
po3rnrla€rbcr rlt mqkose,

.qnr onrcy axepera 3er{rerpycy Mr
B (opncroly€Mo r€H3op cetcMiqnoro MoMeHry
Mr. Bi,l 3anelxnll Bi,q eHeprii BorHurqa ra

opi€Eraqii po3paBy i Hece scro iEoopMaqjrc rryo
lxepeno. TeEop ceicMiqRoro MoMeHry Mj e

re opoM Aplroro paAry, rr ; onucye
c]ryepro3rliro rpEox rap cnn 6es uouemy
triaroHanhHr eneMeHrH reHoDa MJ i m6o\

no.DBiiorrx nap cnn 1 voMeHrov tHcaiaroHa,lhHr
eneMeErn M, (pEc.l).

xopcrKoro (oHraKry tsa qrx rpaHnurx. Ha
ffti6ullj H" (pvc.2) Ha aerKin yrsHiii rpaHll\j r B
o,qHopiaHoMy i3orponHoMy uapi Aie .roqeoBe

Axepero, npelcratneHe reEopoM ceicMiqHoro
voverrl n{.. Kor{Hnt i{rpon$r, Ixap r
xapar\-repli3y€Tlcr roBl]rHHom rrapy r,, MoAyreM
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sepTrfrarsrtrI nepepb Eap,tsaroro cepe,qoBxqa3cyBy llr i rtrBnaxocrnMlr romlrpeEHt nGAoBxHrx
t'li i nonepeq*rx 4, xButE.

Ilore nepeMiireH! lrl)r(a.Mo B uu,riHnpu'otifi

cucreui xoopnarar. (r, q.z). Pnc.z iarcupye

3Mirq€lrHr, BlflcErr(afii T o.IKorm{.qxepel1oM }
i -My Irapi, saqoeoftHfiorb pjBn'sHt plxy:

noqar(oBi }r\{oBn € ra(}.wr:

u,(r,o)= 0;

u,(r,0)=0;.=(0,0,,,)
Ha rpamqrx uix mapaut ceperolr{ura 3aaalra

y\rora xopcrKoro Kolrrar(Ty (rpaHrnri yMoBH):

u,(r,r) = u,-' (r,r)
r 
^,(r.t 

I = r,,.lrt l. rr)

r + (0,0,2" )
HanpyxesHt Ha BirbHin noBepxHi Bi.ucyrHc:

x,. =0,2 = 0,m = r,tq'z (4)

/1,1- KoeoiuieEua IaMe.
KpiM roro, 3aaa€rlct y'toBa BrnpoMilnoDaHtl':

ceficMi'rsi xBlr,ri 3 fn+/)- rriBnpocropy H€

roDeprarorBcq.9x 6yro gra3aEo euqe, Mtr

craBrMo 3aBAaI{Ht no6yABarlr rone nepeuinrenr
Ha Bi.llEnifi roBepxd flap]tsaroro oepeaoBrqa,
xonn ceficMi'si xgtrd reuepylorEct msKoBrn\,{

d'o ,,,, 6'v'?, = t/,Lo. :1i -vitv.ol oI
13 (s)-(6):

p,i, =(t, + z p)v "(v ' u,)- p,v * (v ' u,)

t{xepenov y Bxrnt0i leH3opa cencMiqHoro

voMeHT). &1, loctrmeHH, flocTaBneHoi vflr
t2) BuKoplrcmBy.r\4o Maryr'rHnfi i peK}?eHTtrrt

Mer o,rt,l, tKi posBloryri B po6orax [2. 6. ?]

(l)

3aaaqa Ko i (1H4) e aocrarso BlcqeHa

flepeviqenaa i HaflpyxeEHt B I:My lllapi no.qaMo

q€pe3 ckanrprrnfi q i Bexroplri Vt' )( norc]dl\ial'l'I

[9]l
u=vq+vx(vxky)+vxk/, (5)

,*=p(u,-,*"..): I( t )l,.,=p\,,,*;,,")1 
|

t-=).divl+2p r,, 
J

(6)

Ae k- oA;a*rnrlfi
TeopeMoro IaM€

Bx6nparcr6ct ra('
xBnlboBi piBHfiqq:

L=y'Ly.

rerrop r ranpnri oci z. 3a
ror€Eqia'rr A,V,I

trro6 Bo!{r saaolonrHrJll,

(7')

- - - Az!erg49-Ec-yEp$i!- !'-e-4 - - - - - -.

Prc. 2. Moaen6 n-flapFaroro cepeAoBlIqa IIa ft+/) rdBnpocropi
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I
ut = qr+vt,E+- z.e 

"l1
ua = -(p,e+-vt,,e-I ;

Iu.=e,,+v._- 
xtt/

". =, 
lrr, 

-* rr,,-- ! r, -- fi r, -f'

",, 
= 4 

lre,,,u,y,-,-,r. =- fir,,,,]t

",, = 
OL 

o,, * z a 
l^ "- 

r, - - #, "1,

(e)

o(t o@
Ae (p.-= | .@.--= :1r.a.oz oz

none nepe iqet!6 aa sin,Hii nosepxni npeAcraBneEe rer*of'oM ceicMi'nroro MoMeFry.

Anr po3E'ff'tsaHn 3aAaci mr ll topucmlyeMo An, ftoxHoro i_ro law s;fla.ltrjiE'fr eivt,Litrrerpa,rui npeacraurermr Arn norenqia"'nB
p,V,I 1101, Ko'r' lxep€'o ceficMi.rH'x xBwn MaIorB Blrn'r:

,p,(,,,p,.",t)= "o",p"iL!#' ,-iix: "rc 
n'-)"' + x- ,ektH,,'b'Vt'adtt + (r0)

. i H.lk vku ;'
-sin@,J -L\"'/''^ llx,.""''' " -x-..e'n '*'l',an ,

- "o* o"!H-l!!E llx ; l-" - x -." 
-"'* 

b', dn *

., i, ^l*vo''iIsrn-%|---- llx; ""' ' "" , r- 
"un 

-'altn4,*

, 
"inze,i 

w 
"laut" ii* " "u, 

-,., - x; e"t 
H .,,^ 

kh 
1 d ry +

o 1/!

.*"'*i,ryP' 
",ft 

,, -.t>^"*'h' * (x;, - x;,\ort'''"'"'h" o, -

-2sn2q.\ 
J,lbVk 6'r?

_ J llx,."'"' )a - x;eIIHr "'oF^'dq*
' o -,'J b_t-

-I\P',.,k t 
"kc-H' 

)a' + x,e*@ --)d,bh'. d,i.

(8)
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H' - ) f , + x -, ek(E' - ") 
p, 1f tu 4 d 4 + (11)
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,ri,a"lrJ=q!!!"-rtr" ett- H tp +yFe,H. uoln,an*
1 z4 al,-'

- 
"' "' r.i 

tt\",,[: 
; ek 

(" -'!, ) n' + y -, ek 
( E, r "t a' 1r*', 4, *

- 
"t"',a.i ff",,ft ,', ek 

(* E' -, r p' 
+ y 

;, ek 
( E, - ) p, 

lb r d q +

- " *"iff ,.li: ;,"* 
G -a,')f ' * y -,"ttn' L - 4p, lpkq 

d ry +

*ir"tk'!L' iV-"", 
a .,t -y.."t't.,-tlnn4r,

.*?ifff"'!ry; * (";

*"i+-tts'"'[.[*;trE,'rp,+y-,ek(E,r4p,hh.d4].

7,1,,e.,,,,y = "i,q.j,\f",-,!!:.,u*,,, I 2-,",tu, :4r,1run 4, *

* "."r,i\f',-,ft;,ekk-H, 
)p' + z',ektH,,-)a'10*'n n, *

*"r,rr.fUl\!r"(11r.
'a 24 al,-

-z-,)eor','''v'"ooor*Q; -z;prr'' ' "tt'|. "ooaq 
+

* * t r, 1\f' 
"' 
iit ;,, u - "'''' + z -, ek 

tH' r n e' 1rh n d,t -

*"iry',.,!;! : -' ;,br r,,,t o, + (z r, - z -,,10 t,,, - a r, pa -

-v-,lrt'' '-ntU",o, --Y!.,!r" ''''n'

(12)

,+tiry",ji3t r, " 
r" + z-,ek(H,,-)i,1. eha dq,
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ae Xl,,X;, omcyorl ari xrnli,

no r{prororbcr r nanpaui :pocTaunr
3MeHueHHr r B t-My ruapi. AHatoriqBo n
rapH O],Kqiii Mabrb raxe caMe rn)ntaqeHHt

fliaflaBrBrir (10-12) B (8-9) i BLIKopncraBlnI'I

noqarroBi ra rpai{LrEi }'r{os{ (2-3), oAepxy€Mo
Ha BinhHin nosepxHi n1' rai6H6oizt

irtrIi

Ia,(t ,q,e).c,

)',

[li.])=]i''' ",c,vk''r'
'=[t ;) "=(f 

j,

* =ft'.]. r, = ro. ru
\c,.,/

[;ii] 
= } [i', t'" ) t l(!,,) G..,,,,1f*.

,l(r ',ra-'f) " l(,,1') 4.. *,,t1")

,, !.\r.1,1t 1.t .lM^.e,,ldk.
f'n

Mr= M -cost\" + M,slr.g", Mr= M-,

M, =cos'Q. M - +$m2 Q" M,\' +srn2(2.'M'r'

Mo = -cos}tp" M-+cos2tp, Mn-2sirt2p. Mr'
M, = M," cosrp" - M - snr4.'

Ma=sn2p.'M--str2q" M o -2cos2rp, Mr'
t .. A., v.,) |

e'' -[-a-'+ ,d '- ud^'] ,o, '

(15)

,';'1,,r,,4=jffir',-!'r,lr,,n,r.)t," "*'rr.j,rt.-*e4t;:i',(k,q.(p")'s,"ek''dq+

.i"ry;pou

,,,1,,,t",4=iLr"k4ar,')(u,G,n.o)-a,.t"rr-jW*',!y,(k.ry.e.)'c',er''an+

*\r t^tt"loo' ,7 $.q.,p") e', "'''an, {rrj

"f, 
(,,a.,i =I\'+fr)at"fu,@,r,r.) *,,. t, o r,\t!poo",' (* "@,r,r.) 

-r,,f , 0,

=2jk'4r'lu,g,,bk (14)

-r,.

AHa,roriqHo oaepxy€Mo OopMynn an'
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* = 
{-Vr rn .,;,(ff -,)]. il, :. *t., r(# -,)).

.#v"h.,,(T ll\+
,,. = (- o:, * | o';. * # u-) *'
r"=*(-r;.#a;,*|a;,),

' " 
= - i, I-?, *. a,,(7 -'\. Il, ;, ;.,;(ff -,)].

.i?-h.'r(T)]1,

| ( .. N ,4 \
c\ = _ 

2;.1_ 
d t, | _d rr +_ da, 

):
- ( ,. a,,..t I
9so-l-ar -i4 't I ^\ 4rr ) zE!,

/..
e*-l-ai, To;,1 .'\ a, ) 4rt

,{, B, M N- perypenrHi cniBBirEo eHnr,
onrcaHi ! po6orax [7,8].

.lacnosintenonu pdpaJ.f{^! xsteNboqozo naut qlr npuoaA, po3rrrneMo MoAerr! ucpcaoBxrra, ,I(
Bx(opucroByeMo Sopuy:ru (13) M' niBrpocrip. 3araeMo reH3op cencM,qHoro MoMeHry

po3pax,riky xBnnboBoro noru 3a aonoMororc B qacoBin o6nacri y Brrnqi (16).
perq?eHrxoro Meroay, a ratrcx MarprsHoro
Memay, trxn onncaHrd B [0].

f 5.6s7.10" - 7.805. r0 -r49r.r0'ltt
.=l-7.80s r0'' 2.046.r0' -e.s94 r0'| {16)

(- 1.4q8.10r, - q.s94.10r -7.7i1.10']
Br(opuc"roB"oqn ryorpaMHnfi 3a AonoMororc Marpr{qHoro ra pctrypexrHoro

MATLAB. oneprycMo'ncnoBr po,pai)rKx Merolis,BirnoBiaHo.
xBnEoBoro ronr 3a abopr'{yroF (13) i ra6r. L Teoperrqxi po3pax}1nar qaciB Bcryny p i S

Eniuerrrpa,rLHa B![c]aHb DoprB]flo.20 nM. ]Bll,rlE qa|orb raj{i rHacetslr:
Pltcy ,.l,l 3 i 4 inocrpyorr rpu eoMnoHermr 4, = J.JJ - qac Bcryrry p-xBlrni;

rott repeMinr€r* na Birbnifi noB€pxHi, o6eucneHi ts= 5.63 -sac Bcryny S-xBrni.

Ta6rMur L
IlapaMerpr recroBol Moreri c€peAoslua

HoMep lEapy Yp, M/c 4, n/" p 'flu
6000 3550 200 3.245t-10"

iBnpocrip 6000 3550 3.2451.1n"
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;l' -; -r : :1:"i 
:

Pxc. 3. IIo[e nepeMiqeEll Ha BirEHiii noBepxHi

P{c. 4, flore nepeMiElennx xa ai:rutii noaep*ri

P$ynbranr qucnoBltx po3paxlmd! xB'r6oBrx
noniB Ea BirBnii noBepxHi oalropi,aHoro niBrpoc_

ro!) nora3)'br6. uo MacptrqlMfi iperypermri
MeroAtr AaIorB a6coJnorHo onqaxoBi pe3yjlbrarlt-

Po3ffrHeMo cMarHirry MoAenb cepeaoauqa
rpr urapr m nianpoc"fopi. nxep€no 3HaxoAUT Bct y
ap)ToMy uapi. obnsHi napaMerpn cepe4oBlrqa
Doaafliyra6r.2.

Bn(opncroBysr6ct peq?eHrHuii Mero.q

fl o6yaoBr{ nonr n€peMilqeEln.
EniqelrrpanbHa BiAcraIrE AopiBme 10 xM.

Teopern'mi po3paxylikrj '{aciB Bcryny P i S

xBrrrB Aarorb riacrynHl 3HaqeI{Ht:

r,: 1.62 -sac Bcryry P-xDrri;
r" : 2.76 - qac Bcryny S-xrnni

Ta6nu\x 2.

apaMerp rputrrapoBoi Moaeri cepenorrqa

HoMep mapy Ye tr/c V" tt/c !.na
I 6000 3550 200 3.2451.ro',

2 6300 3700 200 3.62',78 10'

3 6300 u?00 100 3.6278.tO

niBrpocrip 7000 4000 4.483210
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3riABo 3 .rl,cnolrMlr po3pax)HKaMr 3a 4opMy-
naMu (13) Mx or€pxa,!, crm€rnqni c€iicMorpaMn
(p,rc.5), rKi gianosiaarcrr sacaM Bcryrry P i S
xBrrrE, po3paxoBaEnx TeoperusHo.

RucHost<tt
AHanbFc{ cniBBiaHorreHrrr AJrur xBrn6oBoro

nore Ha BirrlHi; noBepxl'i uap)tsa.roro
cep€AoBnrqa, MoxHa 3po6rrru BrjcnoBor, qo Ha
liAMifly BiA roriB, slx!]unalrrx AoBi,lLEo
opieHroBanob cnrorc [10], rpuc]'rHifi AoAatroK,
rKl,lii rBnr. co6oo rMirreHHr B rax 3Banri
npoMixHit 3oni. CriA 3a3naqrru, qo Mr orprMa,r!
crpori aHarirxqHi cniBBialrorneHnr Anr x3rnroB x
roniB, rKi MicrrrB o6'€MHi i rolepxHeEi xBrni. IIi
cnbBrnHollem{r 6)ayrb BHxoprrcraHi arr aHani3y
napaM€rprB axepena 3eMnerpycy.

BaxnnBxM € Br(opncranHr po3noAin€Horo
lxepena rra,rer(H'cr6 rMixreHHr no porpnsy sia
npocropoBnx kooparHar). noB€pxHq po3priBy
po3rrrqaruMerBcr nl( cwa flprMox,'rEuKiB 3

pfunnMn Ber(TopaMn 3MirqeHHq. KoxeH
opr\rorq.rFIrh - oKpeMe rcsxoBe ru(epero 11 cBor
'rer opoM cetcMiqno,ro MoMeHry- B rrEoMy
Brrna4xy no6yAoBa xBr.rnbosoro florr 3Bo4rrEcr Ao
BrBHaqeErr cyMapHoro 3MiDreHrr xBxnLoBrrx
noni! &'u T osRoBux Axepen. Po3n'fl'tsaHsr ratrrrx
3alaq flnaEy€rlcr B Hacl}'rtr -rx .qocnilr(elnrfr(.
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PACnPOCTPAHETTEE CE'CMT{I|ECIflD( BO!'IH B CJOIICTOi CPEAf, :
quc,lf,HHbLE \4E IOAH PaCqETA BOJHOBOI-O nO,19

A.B. MannqKrrfi, P.M,IIaIc,3.M. Ko3roBcltrrfi, o.O. Myil"ra, O.E. xnrpslt

Pa6ora nocsrqeHa nosr?oeHmo nonr cMelq€Hui rla cBo6oaHoii noBepxHocrlr cnorc,Toi cpenu.
Ilorf{eHrille coorHosJerrl,lr !,m BonnoBbD( noteii 6tl"rr nposepeHEl c noMonslo nporpam{Horo naKera
MATLAB. Marpu,{Hhri x peKl?penrEbrfi MeroAEI Aatu oanHal(oBEre pe3yrBrarEr npII' cnesELD( pacqtira{.

PROPAGATION OF SEISMIC WAVES TN A LAI'ERED MEDruM:
NUMERICAL METHODS OF CA]-CULATIONS OF WAVEFIELI)

D,V. Mrlytskyy, R,M. Pal! E.M. Kozlovsky, O.O. Muyla, O.l. Khytryrk

This article is consid€red fol the displacement field on the ftee surface of a layered medium. Th€ relations
of a wave field are checked by MATLAB. Matrix and recufent methods give th€ same results for numerical
calculations.

Kopnat"cbxe sildine t hrcnumymy zeo$buKu i, . C.I- Cr66oni o
EAH yKpatiBu, nr. Jlbak Haaifitrna 06.12.2007
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