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ABSTRACT. 'vVe lls"d a lIldhnd. ","ie" "Ilo",,·d (klpnllúwd """1';';,1' rfLll iall 'd ill ".i"lIi(' 

waves [ronl a SeiSll10granl I'pcol'dpr! al Oljt> �t ati()1l ollly. lil 1)f'f'�I'1I1 \\'o"k \Vf-' ('OlLlJ>i'Ll'f'd 

bow the results (�all djffel' ir fillal �()III'Ct-' was Ilt'glf-'f�ft··d n.lld n"'plan'd by řl point SOIlITf-'. 
TIu-' illVf-'stigatinn \Va:-- j)prfol'llu"d hy 1 I1l111Pl'ica.J pxpt-'rjIlH�lljS. To IH" al)11-" to f-'Valllale 

:=-yut !teLjc �ejsnlogr;'-ulls \Vf-' dt'\'t'lnpf-'O a !-ouit able (Hod,·' nf t lit' killl'lllřL! il' fillit ,-' I'irndal' 

'OUl ....... VII ... illve,tigalt-'(I tlll" i"flll"''''''' or lake-off f/?I!llc di"'f/I/(·(. rf/k( "lid /'''7''''''' 
!'elocity. W .. fonnd that 0111 i I tillg il (iuil. ... ""UT" e"" ilff .. ,-h il fill;,f ,,,i,,,,i,- "Iwrg.l'. /'111 

tl", difr"r ... nce is I"" than 'lil 01'<1 ... 1' of lIl"-gnitll<l .... Tlw infl,ll"'lI'" Ilf lb, .. If/kt-off f/f/.!lI, 
was rouno to b(-! tlle 1110:-.( :-.iglliri(�;LJlf. t lIP in fl 1lt-'IICt-· nf oj lwr ill\'p:-.t igat ('d (>i1.l'i-llllPt t-'I':--' 
(disto nce. Ta kr. TUp f Itrc 1,r/on',,I/) i:-. ol' Ip:-,s i Inpor! allC't', TIH' c!"pPlldt'IH'Y (ll' d I"> I (-'I't II i III-- 'd 

(-'Llť:'rgy Oll fakr-off aJ/,l/lr i:-. IIHJlHltOJIOU:-' iu gt-'lIpnd. tH)Wf-'vc--'r:-,olllf"' il'n·,!.!,ldaritif-·:-' for : ... ; 

\\'i1Vt':-, t'l1ergy wert' di:-,C'ovf"n .. �d. 

I. INTROOt)('TION 

fn lily previous IVorks I dť'le rt llilleu t!tť' ť'1Iť'rgy radiali'd ill Sť'ISIIIIC IVClVPS for rpal 
earthqurtkes from seisli lograllls rť'corded rtt on ly Ollť' ;WiSIII ic st al i011 (h:oIM, 1 �HJL: 
1994rt; h). Al t.IIOSť' IVorks ollly poilll. SOIIl'CP IVas cOllsidprpd. IIPr,·' I ill\'pstigalp IlO\\' 

1,lle results Crtll differ if rt riua,1 sOllrct' (circulru SOllrcp ill 0111' casp) is cOlIsidpr. Tll(' 

pJ'Ohlpll1 is st.udieu 01I synt, IIt'(,ic s('islllogrClllls. 

The ť'llprgy was ca,lcltlatpd accordillg to tllP IIIPlllOd origill;llly d (Osigllf'd h.l· (;01-

iCyll (H)Hi), Irtter lIspd alld 1I10difipd SHf'I'nl lill lPS, P.g. hy Hoalll'rigltl (19HO). LpI 

IIIP b riefly deseri be t.!te IIlet.lJOd: fi rsl, Ille elwrgy flolV i II a poi li! ol' o!Jsernll iou (i.p. 

a,t, a seislllic stat.iou) is crtlrulatpd hy illt.egratiug Ihť' sl/lIar!' ol' a \'('Iocily Spi";1I10-

gralll. Thell lVe Illovt' {'rolll t ll(' sl a t iOIl (o I he SOlll, (,P h, \' cOf'l'('cl iOIl for propagill iOIl 

path pfrť'cl (gť'ollletrica,1 sprf'adillg. ahsorplioLJ, pIc). So \\'(' ohlaill all Pllť'rgy Ilo\\' 

Oll ľocal spi!ere iu olle part irlllar dirpctiolJ. Ullder III(' a,,;slllllpl iOIl ol' a SOlll'('(' I\'/),e 

we Crtll t.heu ť'valuat.ť' energy flllx i II a lIy di rpct-iolJ. Fi Iiřtlly. 1 i!p to! a I Pllergy is gi \'('11 

řlS n SIIIII of ellergies radiat,ed ill řlll dirert.ioLJs; ill ollH'r lI'ords. IIIP (,I!ergy flIIX is ill­

tegrnt.ecl oVť'r tbe whole ľocal spll('rp. TIIť' illflllPlir(> ol' 1 lIP rildiat.ioll pattprli. sOllrct' 
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t.ype. f'tc. IIllISt be eOllsidf'l'f'd. TI](' Illf'tlJOd Ulil Ilf' d e,;rri!lf'd hy tlIP rOI'III1t1čl 

(1 ) 

wbel'e E st.auds for enel'gy, r: rol' P Ol' .')' Wil.VP Cllld lir is tllt' wave vploei ly. Fr( I/o .,.::» 
is t.he vil.lue of tlle I'Cl.diil.I'.iou pa t. t.f' 1'1 I rol' azilllllllt ('P) Cllld Iil.kt'�ofr all,.;lé' (// ) ol' 

t.be I'Cl.y wl!idl COlJlJeet. s t.lte sOlll'ce and t.l!f' I'<,cpivc-I', ( ( ["rf) is I I I<' n .1\I .S, \'allle 

ol' (Fr(v. 'P))� 
ovel' t.lle wlJOle rond spiJel'P (vč"lllle ol' (( /,'rj") is ,.;iH'1J P.g. h\ .\ki 

il.ud Riché"lrcls. Hli\O. exel'cise 4.(j). fi is lllé' delJsily. (; de,;nilw" tll(' illflll<'lICI' (jf 

t.be luedilllll (i .e . t.lte geOllletl'ieal spl'eCldiug <llld [.Il<' 11';'lllSllIis"ioll coefticielll of 
boundal'ies), A is the il.hsol'pt.ioll ractol'. /\'0 is Ilw ('()IIV<'I'SiOIl codlicicut ol' I Ite 

free slll'f<l.cf', U ( :/:, I) is t.lte pil.1'1 icle v<,locit.y al llte poilll ol' oh,;el'\'al i011 :/:, I illles I,., 
<llld trC! df't.f'l'IlliIW t.lw seglllf'ut. (jf llte dil't'cl. fl Ol' ,'J' \Va\"<-' Oll 1.lw I'ecol'd. Nol icc'. 

t.lull t.he Wi1".lIOUt. Illodific<lt.ioll (S('C' e.g. Bool't' il.lId Bo;lIlVl'igltl., IDH4), I.lte Iltel Ilod 
wOl'ks properly only if t.lte t'uel'gy Illlx is c<l kltlalpd 1'1'0111 l'l'col'ds ol' dil'ecl \\';I\'PS 

(P  il.ud/ol' S). Fo 1'1 11111 <1 (1) iUCol'pol'il.l.es <111 illlpol'l i"11t1 iuAueJl('es, \ViJiell afl"t--cl 
seislIlic Wil.ves durillg tlwil' gelH'I'<llioll il.lJd jll'opa,.;alioll. TIJ(' vplocily /1 ( :1:. t) 1IIIIsI 
be nat.llrally a l'eil.1 gl'Olluli velocil.\' CllJd IIWl'eťol'l' I.I\(' illfllll'IICP 01' tlte sl'islllogl'aplt 

IIlust be cort'pcte d  ir IJPC'essil.I'.\'. Also Il0t.icp 1.llat rOl' lllltla (1) is \·;t1 id rol' ;1 poilll 

source. The Illet.hod allow;; us ill Pl'illCiple 10 cakllla.I.(' Ilit' l,ot.a.1 I'IH'I'I�.V I'čldialed ill 

spislllic Wil.ves hy a.u pal'tltqllake 1'1'0111 tltp Sl-'iSlllo";l'alll \ '('co I '(IPd 0111.\' at 011<' pla('(', 

however, Illany ot-bel' infol'lll<l.t.iou are I'p(Jllil'f'd (kllolVledge of I lte Ilted illlll sl.l'llcl IlIT. 

SOlll'ce 10cil.tiOIl, SOUl'C'e type aud II!('cltallislll. I'tc,). 
The pl'eseut. work dpals \Vit.11 0111y Olle p;lI'lic\llal' prohlclll ol' Ilw IllelllOd: dllr­

ing t. llP calcul<ll'.ions ill lily pl'eviolls 1V0l'ks I cOlIsidpl'<'d 0111\' a poiltl sOllrct'. 'flw 

iuflllPlICE' of Cl fillil.e ,;eii>lllic ';ClIII'CP lVas Oldy vpry hriel-l.v disclIssed ill rl'lalioll 10 Ilw 

rpsltlts givf'u by Boatwl'igltl (U)�O). f're,;PltI st Ild y  SIIOII';'; Ilow Ilw \ alllP of Ci1IrII-

1at-f'c1 Sf'iSlllic Pllergy radiCl.t.ed hy čilI pal'l.llq\lakp nllJ dill'pr ir II'e SIIJlpose. lhal ,;eislllic 
waves Cll'P gf'uera,t .e d hy a, point sO\lrcp illst. pil.d 01' ;1 hnil.p SOIII'CP. Tlj(' invesl i";i\1 iou 
was perfol'llled by usiug U\lIIIPl'ici11 Silll\lIClt.iol1s č"ld IV(' sllpposed a circlrlar I.vpe ol' 

Cl hllitf' SOllrce. Syllt.llet.ir seislllo,.;ralll s gPII('l'aled hy a fillit.l' sO\lrcp I\'ere ndclrI;lll'd 
for val'ious poi IIt.S of ohsel'va t.iolls ;lI1d for \';HiClIIS va.1 \les ol' i 11\'esl ig;'1 I I'd P;I Pll I wl el's 

(l.ake�off augle. dist. alj(·p, r\lptlll'e velocity aud rak('). Tlwll I ll" st-'islllic l'II,'r;!,ies 

wel'P det. el'llliued fl'Olll litOSt' SpisIIIOgP1111S é"lccordill"; fOl'lllltla (1) � i.p. IllIdn I ll<' 

ass\llllpt.iou of a poillt spislllic SOllrC(' 1110d,,1. Tlw rc-lal i\'(' dl"lIgl''; ol' seislllic ('11-

prgy cil.\Ised by IIlICOrrf'dpd iIlHIWII('I-' ol' n fillil(' SPISIIII(' ,;ollre'" \1'1'1'1' ohs('f'\'c'd III 

dl-'Jleudl'ucP ou III(> ill\'f'sl.igčltpd přll'allw1.el's. 

Tlw calclrlal ious were perfol'llll'd rol' sYltI. lwtic dat-a. IIOIH'VPI' 1';\11";<' ol' "OIIW ill­
vpst.ig'tt-ed pil.P"llllet.ers (e.g. dislřl!l('e ll<-'t.wPPII a SOli rCI" i1l1d n slatioll. dičIIIWII'I''; ol' il. 

hllit.e source etc.) wel't' illspil'Pcl hy I'Pč"l1 sil. \Ialioll I dpall witll ill 111\' IHI'\'ioIIS \vol'ks 

(KoIM, 1992; 1994a.; hl· 

:2. FINITC SOIJIH'G MODEL 

For tlw ca!r\llat.iol1 of sYIII.ItPl".ic seisllJOgl'''llls I aSSlllllI'd;\ plall"l' cir('lrlClr SOlll'el' ol' 
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douhle-couple Iypp. SlIcll SOllrC(' is wiclf'ly Ils('d I"or Illod�'llilli!, ol" :-'lllidl Pill"tIJ(j1I"kl�s 
- s('e I' . g. AIJI.ouiui (191"l7). TIJ(> lillill' SOllrcp I\'rlS cOllsid,'rpd il:-' il SlIpPl"posiliolJ 
of poinl sUO-SOI11"CpS Ol'. iu f<let. tlJ(> fill<ll spislllogralll IrilS c;Jlcld"ll'd ;JS ;J SIIIII oj" 

seislllOgrallls radiatpd b.l· iudil'idllal poiul slIh SOIIITI'S. For IIIP riJ!ClJ!atioll 11'1' Ilill'p 
10 1)(' ahlp PI'aluatp C01ll"SP of dispJ;J('I�IIJ(>111 (IH'I"I' call1't! sllh ;;OIIITP I illll' ťllllrl iou. 
quoted also as sub-STP) ill pVI'r.v poiut of I lit"' SOIlI"Cp, \VI' bayp 10 i1lso prt'snilH'd 
SOJJwlJOw distrihlltioll of Sub-sOIlrcps 011 tlIP fallll. 

TllP somrl' Illodel Iwrp c 1 pscr ilwd is illspin'd hl' Ilw \York of \Lulari;l).!;a (I !liri), 
Ilallwly by figllre :l of qlloll'd work. TIIP SlIh-so1ll"cPS ;II"P disll"illlllpd illsidl' IIIP 
circlllar faull. iu a rpgulilr rp('lallglllar gl"id. '1'111' grid is ("(lllsl I"lIrlpd ill sllrll il Iray 
thal tlwrp is il grill poiul ill tlJ(' r('llIrp of III!' cin+ S"I' F'i!!,. I. TllP dl'IISil.l· of 
tlJ(' grid (I.bl' distalJ{"l' / 1)('111'1'<'11 l\Vo ("losesl poilll SOIIITI'S) is gil" '11 ;JS 11J1' fl"aclioll 
or Ille radills of the cin·lp. AII sllh SOllrcp;; aj"(' of 111l' Sallli' 1111'c1lilllislll (i.<'. Ilit' 
,;alllp strike. dip, rake) alJd tlJ(' S;IIIII' sliap!' of I!J!' "lib SOIII"CI' I illlC fllllcl i011 1)\11 Irilll 
diffel"eul starlillg t.ill\('S, iUllplitlldes ;llld dlll"itli()IIS ill i!,1'IH'l"al. TIJ1' I"Ilptlll"l' pro("('ss 
sl arls ar tlw ("pul rl' of I lit, cin'lp alld spn'ads ilJ ;J!I din'cl iOlls willl ll\(, ';;IIIIP I"Ilpllll"p 
I'plocity 1'1"' \Vlipll 1111'  I"Ilplllrp fl"oul I"PrlCIWs;l Sllh SOIII"C". liJ(' Sllh SOllrc(' slilr"- 10 
radi;tlf' witli a pl"l'snilwd Sllh-sollrc(' lillwflllJclioll. \VIJ1'11 ll\(, 1"11 pl 111'(' 1"1'0111 al"l"i\"('s 
ilt llie frudt horder. il reOecl;; hack rllld l"ť'IIII"IIS 10 III(' rl'IJlI"I' ilS ;1 ,;Ioppill)!; fmld. t\ 
schelllat.ic pxalllplf' oj" t.illle ,",1.rial iOIl or il disp!;Jrl'llll'lll rOIII"S!' Oll IIIf' hldl i� i!,il'I'11 
ill Pig. L. 

Tlw Sllb-sollrcl� I illlp fllllcl i011 i" dpsii!,ul'd ill I III' follo\\"illi!, Iril.I·: ;1 silllpll' lill"ill" 
,;Iip (disphcI'llj(-'llt) COITI'SpOlld 10 tl\(, reclalli!,ldal" COIII"SI' Of Sllh-"OIIIT" lilll1' fllllCliol1 
- sep Pig.:L CllrY!'s rl. b. To ohlaiu Slllootlll'l" COIII"S!' or liJ(' ';llh STF' 11'1' IISI'd 
curye d. which is df'scrihed as 0111' period of Sili" I. illslpad or l"I'rl;III;.',ltlar Oll". "1'111' 
("orrl�spol1dillg COLlI"SP of t.ll(' slip is ilJ Fig. :l. CIII"\'I' c. Sllcli sllapl' or "lIh STr 
is lIsed ilS a suh-sollrcp t. ilJW ["lIl1cl iOIl ill 0111" II IOdl�1. 1'1 J(' sltll-STF fOI" Pill'l inll"r 
sllh-sOIlI"Ce is ťlllly dpt!>l"IllilJ('d hy I !Jl"pe p;lr"IIWII'I":-;: ;1 sl ill"l i ll).!, lillll'. il lilii!' dllral i011 
alld illl rllllplitlldf'. Tlw rUllplitllde 11 corl"l'spolJd" to I lIP IllilXillJlIll1 1·,,1111' ol" I III' ,;Iip 
vplocily řil il Sllh-sOIIITP. TI1I' IllilXilllll1l1 illllplillldp /111 is I 1 i1' CI'III n' of I liP SOIIlTP. 
III dirpcl iOIl to I lIP b()rdl�rs of 1.111' SOIII"C(> I liP alllplil lidI' 11 dpnp"sl' rlCCOl"dilli!, 10 Ilw 
fOl"lllllla 

/1 = l10 (J - �):! 

\\"lwre s is llw distilll("(' of I III' sllh SOIIIT!' 1'1"0111 IlJI' ("('1111"1' ;llld (I i" 1 111' lilliJ! SOlllTp 
I"IldillS. T!Je til1w of dllP1.tiou 'd111' IrilS t.akl'lJ as I Iw illlt'I"\';ll hplwl'I'11 paS";l)!;I'� of IlJI' 
1"I1ptllrp ' /1 iwd 1.lte sl.oppilJg t:! frolJl. <lt liJ(' poilll. TIII' displacl'IIII'IJI S,'iSIIIO).!,I·;1111 
11"" .. ohsprvl�d al. poillt :.,'" gl'IIPr;llpd h.\· poilJf SOIII"CI' /,. is IIH'II ).!,i\I'11 h.\" 

(Lh) 
ol 11I'l"wisl' . 

WIWl"l' d"h I/"k illld ..ptl!- are ;lcl lud VitlilPS 1'01" rl. 1/ i1lld � rOl" III,' pal"l ielllal" :-.lIh �1,III"("e 
;,. alJd poiul of ohsprviltiolJ ,<';" . 1'111' lillill seislllogl";1I11 ill ,'-,'" is 1 111'11 gil" '11 a" ;1 SIIIII 
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FIUURE I. Tlw l110del of t.be fillite Cil'CIJ!éll' SOIII'C('. TIJ(' selSIIIO­

gl'éllJlS ,ne ()hs(�l'ved ,d pOillts Sn, wiJicll <Ire sp('cifipd 

by dist.<lIIC(' rl HIHI I.akp-orr allglp 1/. Tbp Sllh-solll'ces 

(1Ilélrked by arrows) are plolled 1](,l'p ollly ill a p;'\I'( 

ol' j.lw ra.ult. Tlw followillg v<lIIIPS are IIsed ill liJe ri­
glll'e: r'ofa· = 45°; Ilw poilll. SOUI'CPS arp sill1at.pd ill 

tl1f' l'ed.au�lIlar grill (doltpd lilles) ""ilh <l dist<lllCP of' 

slIb-SOlll'ces I = ar), wiJpl'P a is tliP cil'clp ('iHlills . .  � is 

t.be distance of a SlIh-solJrc(' fl'Oll1 Ilw ol'igiu. rI"k is tlw 

dis(.allce of a slIh-sOIlI'(,P k f'I'OIII poilll .c.,'" ( /I = 1). 

of seislIlogralJls fl'Oll1 <III t.he sub-solll'cPs 

U'n == L l/lnk 
k 

(LC) 

FOl'lllUlrl (Lb) is ou ly v<llid for IlIlholllJ(lpd hOIlI()�eUpous isoll'opic uwdi<l (spl' 1)(>lm\'). 
TIJP spislllograllls [ilUSI. he inl.egl'alpd Iwfol'p elJPl'gy e\·<lIII<ll. illg rH'cOl'dillg fOl'lllld<l 

(1) (to COllVel't displacelllent iuto velocily). 

Per['ol'lllecl t.esU, sllOwecl (.hat syut. IJPI.ic seislllogl'allls ullclllal.('d ",diJ lillw dlll'a­

tiolJ of sub-STF givell as triUI' = t'2 - II pl'odllc('d řl I'al hpl' sylllllIPll'ic sigual ol' IIIp 

fillit.e source (I.he Illodificat.iolls of' tlw ohspl'ved Spislllogl'allls for val' iolls t.akp-ofť 

iwgles nwsecl by t!Je fiuite SOlll'CP \\'P[,(� I'a.tlwl' slIlall aud sylllllJell'ic - sep exall'lllps 

ill Figs. 4él. bl. To Plllpbasise t.IIP illfluPllcP of (.Iw rillitp soul'ce. llie dlll'rttiou Id,,1' 
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FIGURE 2. A schelll<ll ie exalllplP of 111(' I illlP <I('PI'IIlI('II('(' ol' clis­

placellleut Oll 111(' circlllar [';11111. A s('cl i011 alollg radills 

(( is plol.l.ed iu 111(' figllre. Tlw proces,; sl <Iris at tillw 
I = O iu llw c(,lItre. Tll<' rllpllll'!-' [' rollt r(';tcll('s 1,11(' 

faull horcler al I i 111<-' I = 10 ;llld at 1,1l<' S<IIII(' I illle il, 

t,III'1IS iuto III<> IlPalillg ['r(lIIt. Th(' Ilf',lIillg sl op" ill IIIP 

cenlre at I illlP I = lG: tll(' fif!,llr(' 111<'r('['ore sho\\'s Illal 

I he healillg proc"ss is I IVO I illl<'S sllorlpr I hall I I\{' rllp­
Illre process (c.l'. 1'01'111111'1 :l). Alllplillld<,s ol' IIIP dis­

pla,cPlllellt follolV prescríl)('d d('('f'('asillg accordillf!, to 

fOl'lllllla :2<1. Notic(' 1.\1'11 for t,llis scllc'lllat.ic (,x<1l1lpl(' 

sirllpler slip ('Ollrse givell ill Pig. :) CIII'\'C' o IVas IIsed. 
inslead of a sIIlooth 01H:' giv('1I b.\· (' III'\,,, ('. 

IVas arhit.rarily sllorl,('lled ilccordillg Co 1,11e fOI'lIIII!;1 

1'2-II _
_ . ){/ -S_l_ . 

telllr = L 
I .G ('/, I.G 

wher(' tl = 8/71", AJ} eXillllple of III(> IIlocliI-intlioll call ll<' ;;('1-'11 III Pig;;. Gil. h. 

-13 

Nolic(' tbat the IIlodificalic)fj ol' 111(' t,i II IP cl 111';11 i0 11 (rorlllllla :l) also f'{)\fglJly ('Ol'l't'­

sponds 10 t,be fOl'lllula for t.lf(-' rel<ll,ion hC'tlVe('u SOlll'('e radim; a illld corller fr('qllellcy 

fr (Dr p('riod Irlur, resppclively) givPlI e.g. hy Brllne (1970) or Aulc)fjiui (1987). The 

fOl'lllula is 

0 =  
:2.:)()s 

hr fr 
(4) 
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FIGlJHE :L SlpIIlPS ol' t II(' disp[;-I('('III<"IIt. nt I lIP ['anlt ;llId SOIlI'C(' t illlP 

['lIucl iOlls; Oll I'IIP Ilol'izolll;li 'lxis is lilllt', Oll tll(' ,'prt,icrll 

Olle ;UI ;lJllplil,lIde, Tll(' CIII'\'P {/ repl'("sPllb il sill'l>lp 
displacPlllpllt, w II icl! ou ly spl'iglll,ly COIIIl('ct s I II<' sl a I't i LIg 
(t I) ancl t,llp fillal (/'1) j>ositiou: CIII' \"(-' b is cOI'J','spoudilq:?; 
slIh-sourc(' t illl<' [ ' lIIJctioLl, For calrlllat iOllS, 1l()\\,('"PJ', 

slIloot.lwr displan'IIIPIII (' I\"IS slIppos('d, \\'lticll pl'odllc('s 
slIh-sOlllTP I illll' ['IIIICt.ioll rl, TIJe SIIiIP" ol' ['lllIct iOIl rl is 

dpscrihed as OIlP period 0[' sili:! I, 

Suppose for a 11l01lleut.. tbrlt COl'IIel' freqlwllc," fr - tlJ(' highesl ['rp<jllPuc\' \\'11 i cll 
is st.ill Plllilt.ed wit.lJOlIt a dlllllpiug (alllplit,lIdp for any Iliglwr fr"'II"'"C\' is ;!ln';ldy 

clprrease by spect.rlllll (';:tll-ofl) dppPIJds Oll tlIP IUIJgpst Slil> 'SOlll'('(' t iuJ(' fllllcl iOll, 
This ,mb-STF is radiat",ed hy t,llP (' PIJt, ral sllh SOIlI'C(" 1[' Corll!'1' fl'eqllPllc," f, is 
supposed t.o be i uversely  proport,iollal to its tillll' dlll,<Jtiou ;tIld I'S = :\.'í klll/S (sPt' 

hplo\V), t.ben tIJp vahl(' of proporticlllalit,v ill ['oJ' lllllla (:1) is aholll J ,:�, \Vllicll is 
approxilJli-lt,ely i-llso Ilsed ill forlllllh (4), 

TIH' IJlodifici-lt.ioll 0[' tdlll' elllplla,.;izec! t,lw illflll('IICP ol' il fillit,-, S()lIrcp Oll 1,IlI' sllilJ>e 
0[' a syut.lletic S('iSIlIOgl'i\111 a;; \\'ell as its dirpcl i,"it,'" ' i,(', tlJ<' deIWlldl'lIc(' ou ;lllgl('s 
1/ i-lucI ." (sel' t.iJe eXřlJllpl(Js iu Figs, 4a, h, !Ja, h), 11I Illis III'HI(,I ol' tlJe lillite 
SOII1'CP t.lw suh-solll'c(, sit,lIi-lted ;1t III(> C('lltrp radinl,('s I,IJ(' IOIJ!!,esl \\'a\'!' (1lIClXillllllJl 
1,11(1') \Vitll a, II  Ii-lXiJlLIlll I alllplitlldp (T1 = Ull)' t he slIh-sol/rc('s al I lit' ['alllt hordel' 

ra.diat.e (t,heoret.ica,lly) waves ""it.1t illf-illit,e ['r(''IIWIIC,'" 1j()\\'("'"('I' lVit II i\ zel'O ;111lplit lIc1e, 

Notice, that, decay 0[' alllplit, lld('s lVit II illrr('ilsillg réHlills ( ; )c (' ()rdillg I'orllll"a Lil) is 

stpeJl PllOlIgll t,o avoid all illfinite ill('l'eas(' ol' radii\ted Plwrg,", It sIH)III" IH-' strt-'s,.;ed, 

1Ilat t, be CrequPlIcj' 0[' radiat.ed waH'S is d(Jt.f'rlllilwd hy p'lrallll't,,>rs PI' "ud (I ill Illis 

case aud t,here ir; 110 1I('ed t,o adcl it i lit.O t,lw 1II0del "S alJot,lwr iud(-'Jlt'lId(>ut péln1111('tpr, 
For 0111' I110del OfSOIIl'('t' \V(-, IIsed \'tJry silllple COlII' se of slip ill tl", SOIIl'(' e, HOI\'('I'er , 
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FIGURE 5a .  Tll(' S<l l J le  as i n  Fig. 4<'1, blit. bere I. l l e  t. illIP dllr<'ltioll/'hlr 
in is Illodified ( sbort,elled ) arrordiug forlllllh Ci)· Ilere. 

t.lie take-ofr <'Illgle 1/ = R:I.:2')o Tll(' sil!;llal sltapes 1110-
dificaJ.ioll ilS \Vell ilS t.illle c!l l rrt l iO I I  dlaul!;es art' ('v i d elll 

Jl1 COIJlfl<'ll 'lSOll Witll Fig. 4a, I>. 
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FIGURE 5b. The sall1e as lIJ F ig. 5a, !Jut, for (,ll(' I,ake-off illlgle 

1/ = 6,75°, 
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if requireu, it coulci be !'elatin'ly sill'ply !'eplart'd iu I, lte (,Olllplll ;,1 iOI! by ollwr 

('ou!'ses, whicl! were proposecl e,g, hy �Iadrll'iaga ( 197fi) or Boi\t\\'rigllt (1980), 

Figure G sholVs t.WO exalllples of tlw source speclra, PrOlil t,l](> ril!;lIre il follolVs, 

lhat. coruer freqllet1cy slighlly dl-']ll-'uds Oll tlle I itkl-'-oH' allgl-'I <tild 111<tt fall ofl' of 
the spedra is abollt f-:j th<tt is 1I10rf' tllitll IIslIal ",dllf' I-'2, Prohl<'IIIS willl prol)!>!' 
spectra fall-offof IIl0del of finit(, SOIl!'(,f'S were dis('Ilssed I'.g, h,v PII.i i \\'a "'1 itud Irikura 

(1991 ) , 

1.0e-07 
Imsl 

1 Oe-08 

1.0e-09 

10e-10 

c---....... ....,--_" . 

10 1000 
IHzl 

FIGURE (j, AU!plitlldl-'spertrrl of P \Va\'<,s ofsyIlIIIPli(' SI-'i:-illlograllls 

in Fig, 5, Tlw sl)('('lrullI of I III-' 8 ('OIlIJ)()IIPIII of (Iw 

seisllIogralll ilJ Fig, Ga (takl-' ofl' allgll' 1/ = �:l.L:j() -

fu II lilie) aJl(I tlw spe('11'I1I1I of Ilw Z (,OlllpOIlI'IJI of Ilw 

seislllOgra," ill Fig, ,"jh (// = (j,7G" - daslwd lilie), 

Nol ice sliglJl \'arial iOIl (Jf 1111' (,Ol'lll-'r frt'qllpu(, ,\' Ir (fOI'lIl 

a,bout , 5 Hz 10 ahout 8 Hz) aud fa,1I ofl' (Jf I III' spedra 

\\'lli('h is rlhollt I-:I for hol II specl rit, 

3, C'ALC'{)L\TIONS OF' SEIS�IOC;Hr\�IS AND SEIS:\IIC C:\CHC;Y 

111 preSl:'llt sl.lIc1.)' I alll illll-'J'I'sll-'d (Jilly ill pi-ul i('lIlar illrlllc'u('(' ol' a lillile SOIIl'('I' i\1Ic1 
rl II I not illterest.ed ill rluy ol IlI'r I> frl-' (' I s aholll \\'1,i('It I SlIppOSI:' 111<11 1111'.)' i1\'e kilO\\' 

and ill prillciple rOI'l'l-'clahle , T"I-'rf'forl-' I ('all silllplif\ ('aklllal iOIl"; aud (,oll"ider 

only an unhollucled isot,ropi(' 1I01IIOgPIWOIIS III('dilllll. I II SIIC" a 1I10dl,1 Ilw II'>I\'PS 

frOl1l point SOlll'CI-'S are itff'e('t,pd olll,v hy gpollIl-'l I'i('al SllI'padillg , \Vlli('11 ill Illis case 

depends ollly on (,lip dislall(,f' 1l<'1\\'f'l'u tlll' SOlll'l'p a,ud i-l poillt (Jr ohsl'rvatioll (sel' 

fOl'lllula 2b), Tliť' \'allll's Vp = G,7Ci klll/S, 1'1'/ liS = I ,(j5, (J = (),LG klll i-Illd I',. = (),9I1S 
were used for ralclllatioll. Parliclllar \'alllps of' I'p, Up/ I'S i'tlld (/ ",llicIt I\'en' Ilsed 
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are t.ake l l  over frol l l  a re<'ll s i l', l I rt l' i o u i l l  \V h ieb spi s l l l i e  ('Iwr�,v II';]S c ; t/ C I I I ;l l pd fo r a ,;p l  
ol' real  eve l l t.s ( l\: o l á ř .  1 994b ) .  1 1 011'<.'1'<.'1' .  I lVo l l l d p re:;I I I I W  I h ; 1 1  s l l e h  \ , ; l I I Ie:; CO I i / r 1  Iw 
dose or s i l J l i lr tr t,o t. I H'  s i l, u a t i o l l  of 1 1 1 '1 1 1)' p l a ees ,,, i t. h  l o e a l  (,V( ' l I t S .  T l w  � i n' l l  )' { ' I ; I I  i 0 1 1  
for (),. is \Vi d e l y l lsed - sep e . g .  tl l a d ar i ag'l  ( l Di(i ) :  SO I I IC ot l l l'r ;l C ( ' (' p [ ; l h l p ,'n ! t ws of 
u,. were also t es t pd - spp he l o\\' . Tltp  p er fo l' l w ' d  I I l J l I Wr i c a l  It'sb s l t olVed t h a l  fo r 
d i st.ance bet,Wef'll po i l l t.s S O l l rcps of w l l i el l  (,\ 1(' f i l l a l  SOl l rce is cO l l q l os"d , i l  is P l l o l l g l l  
t.o p u t  L = O J (/.  ( i , e .  / = 0 , 025 k l l l  i l l  om c ase ) . I I' l l iP \'rt/ I I (' o l' / i s  s h o r l er ( i .�' .  l l iP 
fi l l i l ,e sou rce is  repn'sel l l,pd hy l ř lr�pr 1 I I I I I t lw r  of S l l h-so l l rc(',; ) .  l l w f i l l ; ) 1  s(, i s l l l ognl l l l  
c lof's l l Ot. e b a l l ge ,  

T l l f'  p o i l l t.s of  ohse l' ,'a l , i o l J  S" II'PI'P s i t, l l a l ('d ; d o l l g  l l w a r cs ", i l l l  r ; l d i l l S  / = I O rt . 
400 au el 600 ( i .p .  2 . . ) .  1 0 . 0  rt u d  I j .O  k l l l  i l l  0 1 1 1' c ;l se ) .  S (,' i S I I I O� r r1 I 1 IS ,,,ne c a k l i / ; l l e r !  
for (. we111.y re ce i vers regl l l rt rl y  s p re a d  0 1 1 1 . O l l  l hp a r c  i l l  0 1 H'  q l j ; l. d ra l l l  ( i . (' ,  for 1 ; 1  k p  off' 

i't11gl es v 1'1'0 1 1 1  L .2!í" t o  8 7 . 7So w i 1 . h s l pp  4 , .)° ) .  T ll ( '  rl l l g l l' // is 1 1 1 (' ; IS l l rf'd fro l l l  l i li'" 
perpen d i c u l a r  l i n e  t,o t.h p  p l i'tl w  of l l l e  fi l l i t.(' S0 1 l l'CP ( sel' F i g .  ] ) . 1' 1 1 <' 1 1  (' l l ť' rg i l's I\'('re 
e a l r l l l <'lted  frol l l  a l !  s:\:u t, l let i c seis l l logr;l I l ls h\ fO I' l I I I i / ; 1  ( I )  - 1 . ('. ;1 P O i l l 1  snl l rce 
i s  assU l l led . S i l i CI' <'l I l  I l I lb o l l l l d('d isol rO j l i c  1 I 0 1 1 logl' l w o I I s  I I Wd i l l l l 1  i "  s l l j l pos(' d .  I l l e  
coeffi c i e nt.s A a l l r !  /\' arp I l l l i l  a l l d  nwffic i (" I J 1  (,'  i "  s i l l l j l ly i l l , 'prseh' p ro j l o r l i o l l ; t !  1 0  
t, lH' d i st. rI l I Cf' cl. 

Lpi' I I le 1 1 1 i'tke a few eOl l l l l Wl l l s O l l  1 , l l e  p ro ] w r l  i ( 's o l' l i l i ,; ';O l l rce :  1 l il '  f i ll a l  ,; i g l l ;1. 1 .  
of C O l l rse, i s  1 I 0t 1 I I 0 1 loC I J  rO l l l i'l l . i c ,  l I owpvp!' . l l l P  d i ,, 1  r l  I I  C(' ,; rl gi \ 'e l l  ; J 1 ) ( l \'P c a  I I  I w  a Iso 
exp ressec/ i U lVave l e l l g l l l  AI !  w l l i c l l  C ( H rl',;p O l l ds 1 0  l i J(' 1 < ' l l g l l l  or s \I' a ,'p  r a d i rl l ('d  I ly 
1 . l l e  s l I h-so l l ree  s i l l l a t p d  i l l  l i J(' C (' I J 1 re o l' l i l < '  SO I I IT P .  T I I ť '  s l l h  SO l l l 'C('  i l l  l l l P  ';O l l rc (' 
ceu l.re I t ;lS I lIp  1 0u gpsI sl l b-so / l rce l i l l l f' h l l l C l i o l l .  i . ( ' .  I l l a x i l l l a l  , ' ;"1 [ (' ol '  I d , "" T l l< '  
dist. a l ; ces cl il.re a h o / l t. 6 . 6 Ao ,  2G . fi A I !  auJ L] D . O A I I . S ll O r l p r  d i sl a l l c ( 's I I  C rl l l l l O I  1 ) ( '  
I lsed as for t l l e l l l  t, lw P a u d  5' lVav(-'s ilre l I o l  s( 'prHa l'('d ; l l / d  0 1 1 1' 1 1 1 ( ' l l l o d  n f  <' l I ť' l'g)' 
e a l c l .l l at. i o l l  c rt.H l / o l. l l (' l I sed (. I Je I I .  T l w  c1 l a l l �(, o l' d i sl ;lIJc(, rl C l t ;) I I �( ,'; a.l ,;o l i J( '  1' ; 1 1  i o  
of d/o .  w ll i e b  cau !J e rt lso I l l H.lers l ood a ,.;  a c l l a l l �e n f  r rt d i l l s  (f fo r cOI I ,; l a l J 1 d i ,; I i1 I I CP 
r l :  t lw CO l l cl llS i o / ls  a h o u l , 1 , I IP c rt l Cl t l a t ed e l J <' rgy a re t l t e l l S i l i  I i  h r .  

Dpsp i t.e o f  l i l y  at.t.el l l j l t . I lVas 1 1 01  ;� h l e  1 0  d p l l ' l' l l l i l lP l l le  r a d i ; l ted ( ' I IN�"" h \' n l l  
an a l y t. i c a l fon l l .  T I 1 I IS ,  1 . l I e  1 0L a l l'a d i al ecl ('l / e rg," ( ,\' I t i cb i s  I ls ( 'd fr H cO l l l \ l a r i ,;o l l  \I·i l l l 
L IJe  e l l Pl'gy d,'1'.erl l l iuecl by ťO r l l l l t l rt I )  i s  (,1'i" l l a l ed hv 1 I I I I I wr i c a l  i l l l (-'gr ; t 1 i oIJ  0\'1"1' I l w 
a l l  s p l Jere .  N evert. b e l css .  hy u l .l l l wr i c n l p x p n i l l l e u t s  i l  lVas d iscOI'prpd I l l a l I l it-' l o l a l 
r rt d i a,t.pd ("I JPrgy c/P j l P l I d s  Ol l  Sq l l ;\ I ' ( '  ol' I l l a x i l l l l l l l l  c P l I l . r a l  ;' l l l l p l i l l l d p  n,i ; l l l d  ll l l  c l l he 
of SOl l rc(> r a d i l l s  (f:J fo r 0 1 1 1' I l l od e l  ( J f  l l l e  l i l l i l p c i rc l l l rt r  SO l l rc e .  F'l l r l l l ( ' r  I ľO l l l l d  O l l t  
t ha l  seal a r  sei s l l l i c  I l lOl l le u t  /I I  o l' o u r  SO l l rc ( '  i s  p ro p or l i o l l ;t !  1 0  sq l l a r< '  ol '  S O l l rc <' 
ra d i l ls Cf " .  As Lotal ra c l i a t.e d  eue rgy is p ro p o r l i o l l a l  1 0  (/:1 . i l ro l lo\\'s 1 1 1 (' 1 1  t l t a l  I l w 
energy i s  p ro]lor t i o u ;l l  t o  rt /1 1 .  

"l . RES U LT S  

1' l l e  i l /f\ l w l l ce o l '  s('vpl·n.1 p a l'a l l l ('l e l'S 11'1'1'(' t ('s l ed i l l  l i l<' C O l l rs(-' o l '  c a l c l t l ;l l i o l l "  n f  

s e i s l / l i c  e l J ergy fr0 1 1 1  spi s l I l ogra l l ls r a d i a t. < -d  h y  a l i l l i l ( '  s('i " l l l i c  ';0 1 / ) ' ( ' ,, :  1 1 [ ( '  1' ( ''; 1 1 1 1 ,; ; l re 
g i v e l J  in t. l J is  sect. io l l a u d  p lot, l ed i l l  f i g l / ),{'s 7 1 0 . T l w  c l l rvps i l l  I l l e  f i g l l r" ,; ;] 1 1I' ; I \'s 
s l I ow rcl rt t, i vp e h a,u g('s of sei s l l l i c  e l l ('rgy ve )' '; I I S  I a kr'-o r-r a l l �( , 1  ll . T l l ( '  ,'a l l l <' o l' tol ' l l 
P 'I'ave e l lergy rea l ly rrld i a t.ed hy l l w f i u i l,p  SOI l )'('(' lI'a s  C I I OS(' I I  as ; 1 1 1  1 I I I i l  ( r<' I I I ( ' I I " W)' , 
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F'I U U Il E  I ,  Test (Jf l lw i llfl I WI I C ( '  (Jr l , l w 1' 1 1  pl 1 1 1 ' 1 ' l'é' l o c i l y  1'1"  I I I 1 1 1 1 '  figll l'l', 

I'(' l a l, i v(' s(,i Slll i c  ( ' I I Pl'gips or tJ " l i d  ,"J' \";\ I'C'" ( i ll l og;ll' i l  h l ll ic  

sc a l t' )  VPI'S I I S  l ; l kp o f l' ;] llgl p  / /  ; l I'P p l o l l pd ,  \ 'a ll l ť ''; 1 ' 1 '  = O , / I 'S 
( d as l wd l i llps ) ; ) lld 1'1' = (U) I " ,.  ( rl l l l  l i llC's ) \0\'(-'1'<' I I s('d : ("1](,1 '­

g i cs WPI'P l I o l' llla l i zed hy t l w  \, ,, 1 1 1 1 '  ol' f'  \\,; ) VPS ('I I (' I ').!;,\' \" h i c ll 

\Vas dpl ,p l' l l I i l wd h,\' 1llIllwr i c ;d i lll .pgl' a l  i O ll ,  POl' ( ' ; 1 ( , 1 1  \'" I I I ť '  

(Jr t h e  1 ' 1 1  pt 1 1 1' ( '  vf'lor i t y  1 1\'0 l i llPS ;j]'f' p l ot l ed ro l' d is l' a u c( 's 

rl = I Do a ll ( l  400 : r o h  = :H)"- ' I ' l w  r i gl l l'ť' " I J O \\'s I l pl l I'psld h 

;U'P p l'itct i n d l y  i lldppl' l I dP I I 1  Oll I lw v ;dllP or I I I P  I ' l I pl, l l l'P \'('­

l o r i l y :  t, l w  ( m l y  t-'x(' ( 'p l  i 0 1 1  ( t-' l l I ' l'g,\' rol' Sllla l l I " kl '  o f l' allgl ( '" 

// , rl' = (U) ".> " l i d  d is l  " I I CP rl = I Oll ) qll i ck l ,v \'<1ll is l ws \\' i l ll 

i ll( ' l'f'asi u g  d is l a l j ( 'I' rl ,  

I l l řl l  t, l I i s  v,l l up lVas o b l a i llpd hy 1llI l IlP l ' i n t !  i u l pgl ' < 1 l i o ll o r l ' I I I 'l'gy d ( ' lls i l ,\' o l' P \\' a \' I ';, 

řl l l  O \'p l' l lw s p hf'I' I ' ) , T l w  C I I I'\'C'S or {' ; L 1 l l l  ,"J' PI I ť' I'g, i ps ,1 l so S ilO\\' I l w i l ' Illl l l l l řl l  I'a l  i o ,  

Iufll leuc,e a f  1'1 l p t l ll'(� v(�l( ) ( ' i ty :  rol' I l i t '  1' I I J 1 1 1 1 1'P \ ' ( ' I o c i l ,\' I ' "  \ 'a l l w  1 ' 1 '  = O , ! ) , ' ,'; 
lVas arcep l pd ( SE'P Spc , :\ ) ,  Ilo\v ( ' vPI ' .  I . I I P  ,) ( 'CI-'p t ;l h l C' 1'<1 1 1 1 ('S o r  " ,. C ; l ll l i "  ill I I I ť '  i l ll pl'­

Vil i  O , 7 - 0 , 9 ,.,. ( Jvl a d a r i ag a ,  I Di(i ) , 1' I I I I S  I II P  vall l !'s (J . i r,. a lld O , n r l' \\,PI'P I I spd ror 

c a l c u l a l i o lls <-t i l d  I lw I'psl l l t s  \\'en' COl I I  prl l' pd , T I I t '  l'('slI l l  or 1 1 1 ( '  1 (',,1 i s  g i n' l I  i ll P i ).!; ,  i 
all d  show,.; L ila! 1 , I w  ,'a h lP  or t l l C ' 1' 1 1  pl I I I'<' ,'(' I o(' i l", pl';] c l  i c ; d l ," d ()! 's 1 1 0 1  i I If I I W I I I ' "  l il (>  
n d c u l a l .f' c I (' l lP l'gy, Th el'P('o l' C ' ,  fo l' rll l ' l 1 1PI' c " !c l l l a l  i O lls ( l I I l y  , 'a l l l l '  r l '  = ru) , -s \\'as 

I I sed , As t l l P  tesl s llo\\'ed 1 1 1 ; ) 1  t l w  ( ' l WI').!;�' d l' I H ' lldellce Oll  l i J ( >  I ' ,. i" \\'(';l k ,  o l l w l' 

va llws ['1'0 1 1 1  l l H '  a cc(' p l a h l p  i ll l pl' \'a l wel'l' 1 10 1  I pskd , 

Illfluellce af dis t allce: I I I P  i l d l I W I I ( ' ('  ol' f , lll' d i sl all ( ' l '  d was I,esl t'd ,  A s  P I' < 'sPI J l pd 



50 

>­(9 cr w 
z 
w 

1 0  

o 30 

P . J( o L Á k  

p wave 

60 90 
take off angle 

P r G lJ R E  � .  Test. of 1. 1 1E'  i l l fl u P llCe oe  1. ! J e  d is t .a l JcP  d. lu t . l JP  f i g l l l"e , rel at.i vf' 

seis l J l i c  e llergies ( i l l  I OgiU i t. h l l l i c  scrt l e )  of ,t.,' lVavl'S ( fl l l l  l i l l f's ) 
a ll d  of P wavps ( d rtslJPd l i ll ps )  vers l l s  t .a ke-ofr  a l l g l e  1/ a re 

p l o t.t.ed . Va l u es u,. = O . 9 us a l l d  ra/.;" = :lO° lVere I lsed . 

T !J e  c u r ves corresponc l  1.0 c l istrl l l ces cl = 1Ou . .  4 ( )u  il l l d  (iDu .  
The figu rl' slJOws I, h rt t .  I l l e  d i f rpreu ces for vil r i o l ls ntl l les of  

d isl ,rt l lce cl rtre I IO l le  O l' s l I l il. l I .  TILP o ll l y  excepl  iO I l  is  1 1 , (, 

euergy of S wilves for vil h LPS of l . a.ke-ofr  <lug le  1/ c l osp 1 0  6pro . 
The perfo l" 1 l led (.pst.s s! lOwed Ujat, I .b i s  a l l O I l Jrtlo l l S  l l e l , a v i o l l r  

vrtll ished i f  t. lw d istallce rl i lJ creilse d .  Val l les ol' P lwrg ies i l l  

figure were llO r l l lil l ized ( ilS i l l  F i g .  7 )  hy t i J p  vrtl l i P  o f  P lVa.\·p,.; 

P l lergy . . 

above,  t.h e  values cl = 10a ,  40a al l c l  GOa were I 1spd . T b e  perforl l led t.est s  sh ol\"ed  

t.hat. i H  general t h e  d i stance chrtuges d id  uot .  lmve a l 1  i l l q lO r t. rtut i u ll 1 lE'uce ou sei S l l l i c  

e l lergy ( see F i g .  8 ) .  T l l e  aUOl l l rtly o f  el lergy for l.lH' l a kp of l' au glp rlose t.o 0 °  is  1I0t  

very i m p o rt.aut ;  i t, o ccU J"[:; OU l y  for s l l l ill l d ist.a llce d .  rtu d  q l 1 i ck l v  v a l 1 is!ws lV i l l, i t s  

I l1crease . 

Illfiuellce of i"ake: 1. ! J e  l ast pMil l l let.er u l I L l er t . lw l est. lVilS rakp . I t  lVas cO l 1s i d ered 

frol l l  t. he i llt.erva! of 0° - 90° ( ot.lwr VilI ues are CO I I I  p l p I I  IPu l.ary t .o I ! J  is  i l 1 t.ervit l ) . Tl l E' 

step WrtS l l Iaxi l fll l l l l  SO řt l l d  at, p l a ces w i l.h  rtu o l 1 l rt l O l l S  I w b a\' i o l 1 r  {Ovel l  sl JO rt.er ( P . g .  

2° ) .  There are 1 1 0  c1 w u ges i l l t. l l E' ( re l a t i ve )  seis l l l i c  euergy for I I  losl vil l l le,.; ol'  l lw 
i n t.ervrt l , h o\VPver, t, ! Je]"e is rtga.i l l  a l l  except. ion . For va l l 1 ('''; of r;'l.k(' c l ose t o  zpro ( i . e .  
clo u b l p-couple  or ient.pd app roxi l 1 lrtt.e l y  i l l  1, 1 H '  d i rpcl  i O Il of  t l Je  p l a u e  i u  IV h i rl l  po i ll t S  
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F I G U RE 9 .  An exall1ple of n uol l la lol ls IWhnViO I l l" of I IIP  (reln l ivp) spis l llic 

energy of oS' lV<lves ( fllll li l les).  In tlIP figll l"t" rf'lal -in' seisll lic  

e n ergif's for dist.i HJ{·f'S d = l (l a ,  40a <llld (jOa for roh = ( JO 
č\l"e plol. t.f'u . T I IP f i g l l l"P sllo\\'s 1 . 1 1 <1 1  1 .IIPrp is <III allOl ll<llol l S  

h ehaviour of S W<lVPS ellPrgips i u  t.IIP ilJ! prv<I.1 of t l  I P  l akr -ofT 
a1l.gle of 40° - 'ion The gre<ltf'st va.I IIPs of tlIP <l LLOL Il<l.ly ("()r­

respollds t.o sllL allpr disl .ancps cl; I l w valll f' of III(' auoL I Laly 

nevel' exceed a range in IVhicl l ot.ller v il l l lPS nf t llP rel il l  ivp 
el 1Prgy lie.  For thp euergy of P IVavps ( da.sllť'd lilles ) uo 

a.uol lli-llies arf' obsf'rved. Valuf's of f' 1 I f'rgif's i u  f i g l L re 1Vf'I"P 

norrnalized ( <lS  iu Fig . 7) by I be \'al l le  of P lVavps f'Llergy. 

;; 1  

o f  obsel"vat.ion l ie - see Fig . 1) t.I I Pre i s  iI . L IO l l lCl lol lS  1) ( ' 1 1 <1\·iOl I I" o f  I be PUf'rgy of S 
IVaves for some t.ake-off <lnglf's. TIlt' anol l l <1 1  ips I ie i Ilside t I l e  i U 1 .P l" nI I 40° - !"jO" , a. 1l 

exa m ple for c1ifferent cl is given ill Fig. 9. Tpsl s sllOwed I ll at čU l lplitudes nf IIIP 

auolllaly iucreaseu if t. I IP  dist.aucp d was slllal l aud dpcrpi1spd witll illcreasiug rr1ke. 

The clepellclence of t.he allolllaly on 1. I IP  p<lral llPl er rake is s"owu ill rig. 1( 1 .  
The I1let.hocl of clet.pl' Illinat.io l l  of seisI Ilic waves euergy ( repres<' l I l ed by fO/" l l l l / I >1 I )  

requirecl k nowl eclge oť plent.y of iuťo/'lJlat.iou ancl nf COIHSP thc resl l l t  prpcisiol l  de­

pencls on the reliability of l-1t f'Sf' k uolVl f'clgf' . .l l ldgi l lg i-I.c("ordi lJg 1.0 O l l l" f'x pprif' l I cf' 

wit.ll real eart.hquakp processing ( KoIM', 1 99 :2 :  1 9 94a; b l .  WP S l / p pOSP t.lla.t tlte ( de­

t. er ll/iue c l )  efl'ect. of fiuit.e seisulic  SO l trce ca.u Iw siguif ic i-lul. ouly i f  very prpcis<' de­
t.erlllinat.ion of racliat.ecl energy is perfo/' l l led. lu ot.her words if lVe arE' ablf' pxa.rt ly 

correct.ecl all ot.her inftuences (inc luded il l  ťorn l 1 lla 1 ) , i . f'. if lVe kilO\\' all l iJ(' l 1ec-
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FI ( ; U R E  1 0 . C'Ol l l přl.r iscl I I  ol" l l l p  i n n l l l' I I C I '  of l i J < '  p a.rrl l l lp lp r  mkr O l l  t l l< '  
řl. 1 l 0 1 1 la.lous hc h řl.v i ou r  ol "  1 , 1H' P l I Prgy. '1' 1 1 1'  C l l rve� a rp p lo l l Pd 
for d ist. a. l l cP rl = I On a l l d  1"0 1' Ul kr = (Jo. L" . . -) " . 1 0" .  I r!,' . 
TIJf're i s  I JO a l l o l l la ly for P lI'a vps 1' I J ( ' rg.\· ( d as l J ( ' d  l i l i !' ) .  FO I' 
S IVan' P I lPrgy ( fl d l  l i l IP s ) 1 1 1 1'1 '1 ' is ; 1 1 1  ; U I O I I I ; t ! y  ['or l o kr o ll 
a oqle8 1/ rro l l l  i l i 1 t' rV řlI 40" - ( ) ( jo  '[' l IP a l l ( ) l l l a l i ('� d o  1 1 0 1  I 'X­

cef'd all ordpr ol "  I l l a.g l l i 1 . l l dt, ;l l l d  1 . l w i r  a l l l p l i t. n d ('s d ent' ; lse 
w i t l l i n npasi l l g  mA'p .  For roh = 1 !Jo l i l i '  C I I I' I 'P i �  a l rp a d .'· 
p rart ica l ly  I I I O l lOtO I IO I I S .  Va l l J ( '� ol" l ' lwrg i l's i l l  f i g l l rl' 11' I 'rp 

l lo J' l l l a.lizp<! ( as I I I  F ig . 7) h.v 1 , 1 ] ( '  \'ř1 1 t W  oj' P W;I \',,� P I IP rg.\· ' 

essary i n fo], ] l la.t iol l . l f l l fort u l l ate ly ,  i l  is p ro l )ah ly  1 10 1  a vpr .'· CO I I I I I IO I I  PlSP 1"0 1' rPřl l 
dat. a .  )\I[oreov(']' , t o  p errOJ' l l 1  s l ld l  řl cO J' l 'ect io l l  lI'e 1 I I I Is t  k l low Ol' S l I p pOSP l l lP d i a l l J('l (']' 
of fi l l i te  souree i n  aclcl i t i o l l  to a l l  (Jt hers rf'q u i red i l l l"OJ' l l l n 1 . i o l l .  

. J .  (' ONC L ľ S I O '\  

Fro l l l  t. l H' pprfo r l l IPd 1 l l l l l IP r i c a l  1 1'sl s i l  l"o l l Olvs , l l l a l  1. 1 1 (-' I wg lcc l  i l l g  ol' i l l f l I I C I I C ( ' 

of fin i t.e seiswi c  SOli rcI' ca l l  a i l "peku t lH' d p1 . I' J' I l l i l lPd seis l l l ic (' I I ('I').!, .I · .  I - IOII'I 'V ( ' I· .  l l l e  

d i fferences are w i t. l l i l l  <tu order  ol' I l l ilg l l i t l J ( l e .  T l l <' i l l i-! J I I' I I C C' o l' l a l,r -o tf O Uqlf \I' as  

fou n d  as t. h e  I l los l', <tHe c1. i vI> a l l lo l l g  1 l's 1 .ed par řl l l w1.prs .  0 1 1 11 ' 1 '  i l l v( '�l ig rt l ed ! > ; l r a I I JP­
( ers ( di;; t a n c e  a l ld  rake )  h a l'e Ipss i l l lporl . řl l lcP :  1 1 1 1 ' 1'(' i s  a l l l losl I l O  i l l r l l l P l l C l '  ol' 1 ' '' 11 1 11 / '( 
uelacit y. The depencle l l c  Y ol' (kl p n i  I i lIed P l IHg.V O l l  I akr -oU' o n qll i s  1 1 1 0 1 1 0 1  O I I O I I S  i I I  

geller a ! .  h c )\vpvpr SOl l le i r regu l a r i t ips ror S lI'a l'ps i> 1 1 I'rg,l' Vl'er<, d i scovI'J'(,d . 
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Tlw by-p rod l l d  of t, I I P  IVo l' k is a s i l i l p l e k i l IP l l l a l  ies I J lodel  ol' éI r i l t i t p  e i l' (' l t l a l' 

(doub le-col l p l e )  seis l l l i c  SO I J l'CP ,  IVll i c h  c O l t l d  I w  <, I so S l I i l él b l e  1'0 1' SOl i l I' o t l l <' l ' 1'1 1 -

t- l I l'e ca lr l l l a t io l l s ,  J t  b as hee l J  ľO l l lJd 0 1 1 1 I bll SO l t t P p l'opnl  ips  o l' 0 1 1 1' SO l l l'Ce 1 I 1 0 d e l  

( lI al l l el y  sped nl l l l ťal l-off) d o  1 1 0 1  l i lPt'! f i l  I I  ,I' I I H' g(� l Ipl'i l l  d <' l l I a l id!'- O l l  a fi l J i l l  SO l l l'( 'p 

lt l odp l . This pfľecl is eOl lseq l l c l J cP ol' < l 1 l l' eXI I'<' I I I "' Y  s i l l l p le cO l l rse of s l i p  Olt t l l e  

fau l l  ,HP a ,  I r  ne('eSSéll'y , l i l()( l e l  ca l t  h l' ('o l l l p l(' l p < I  by I I I O!'P sop l J i s l  i nl t ed d isphcp­

I t l eut COU l'ses d es igued hy ol l l pl's a l l l, l lO l'S ( spl' ;] I > o\'c ) ,  

H E: F E R E N C E S  

A ki I\. , aJ l d  R i"'lfi!'d, P ,C: , :  HJilU, Q II. II )J l i l a li , , (  s ' ;,"'W/url!! T/u o /'y II l1 d ,\ I II/, ' , ,/s,  ( \N ,  l l ,  1 :!'e'� l l "l J I  

(l l l e !  COl l lpiUly. Sall F .. a. l l t� isco ) _  

A l l t. ouit l i  iVr . :  1 987, S l filis l i . - ;lIld S O l i !'/ ' ( '  P;u'a l l w l l ' ! '  ( J f  1 1 11' S Wal' l l l  f!'' ' l l l  D i ;.; i l '" R " I- o n l illgs, l n :  

Ea rflt,q u n k e  SWf1 'f'lIl. 1 .'J8.5/X() 7'/1 I-\'(,'o; / C I'I/ H o /u m ifJ (I) .  P r< )(� l l ií.zk" v;t .  f'd . )  C ,-·opI IY:-'. 1 1 1 :-' 1 .  (ll' 
Cze.-hnsl .  ACficl, S,-i , P !'agl l'" pp, 2U;; -2 I í, 

Bonn" O . IVI . <lnd Bl)at w right . 1 . :  1 � )� .. 1 .  A\'('rřtgf-" Bnc /.\"  wa\'f' H i t d i .:d i' " J  ('fl f · f f i l · i f · I I I � ,  R l/ I I, .'; r is lI l .  
SOf',  Am, 74 , pp , ] ( i l �-l (j:21 , 

B I'I I I W .I ,N , : 'I � )70, Tt-'c t n l l i ( ' � I  J"(':-,:-, n l l d  I l I P  � I )I-·(·t r;t nf � j · i :-' l l 1 j l ·  � 1 1 I ';u' V\'il\T:-' fr/ l l l l  E,u,t I l ql l:d" ' :-, ,  .i. 
(;'up"- ,  Hes, 7 5 ,  48!J7-5UWJ, 

BOht wright . I . :  I D80 . A SpP(�t !'hl 'T l I co l'y fol' ( ' i JT l I l rLl'  �j-,i:-' l l I i r  � ( ) '  I I 'CI ':-' : S i  I l Ipl "  E:-.t i l l l at i n l l  (ll' Snl U 'Cf-> 
Dil1H'I lS ion.  D,V l l aJ l U C  St re:-.� Drnp řll l d  H ;,tdiat ed Sci s l l l i c  E l l t-Tg.\', R II I l. S r ;"i f/ l , ,,,'(j r' . •  t nl .  7 0 ,  I 
'2 í ,  

Fl Ij i wara H .  and l r i k l u'(-t 1\: . :  l q� ) I . l l i b h � rrf"( p wJl(' .\· SI ' i :"' l l l j ( ·  Y\'<ln" H il d i al i ( ) 1 I  1'1 '1 ) 1 1 1  :\ l I l i p l al l f '  ( ' 4 1 1 1 (-'­

s i \'f-' ZOlW Model ;lJ ld  lm,,", a� S O I 1 I"1'" EII"('.-1 . RSSA 8 1 .  i'! o ,, 1 .  1 ' 1 ' , 1 1 I C, 1 1 2� ,  
(; " l i c,Vll B , tl , :  1 ' 1 1 ;; ,  () ;:c m /r l r(J S f 'f/. ;i 11< ff I 'l'lI ljll I fl l l ,! ,  t l l :  I z d ,  r�"", I\k"d , " ; l I d, , l ! l l :; ,  ! I ,  ,'\ " , l l J ,  

O l '  :tls, , :  IzlJ I'ii.njp t J' ll < l ,\', I z d h t ,�l,l \'" A i'! e C e l ) ,  1 ! l l iU,  1 0 1 1 1  l l  . .  \ 1 ' ''''0\\', :3"'> Jíl l .  ( i l l H I I", i , , " ) 

I\.olál'- p , :  1 98 2 , Eu (/,.<!y of S ' ;8 m ;(' I V(I /' 1 8, P h , L l ,  1 1 , , ', i s ,  C ; , 'ophy" 1 1 , , 1 , "f ( ' /,1-'. - 1 1 0' 1 .  1\ " ;" 1 .  S, ' i  . .  

Pl'hglli � ,  ( il l  ('zp,-II ) 

I\:olář P. :  1 9!-J4a. EneJ'g)' of Sf-'l(-'d (-:< 1 E vput :... ol' I qSFi/S( i  \\'1':... 1 -Rol w l l l i řU I  I':'art h q l l;d,t-' S WhI'H1 . h', I /fh'a 

G10I' h.y",  eI G rad,  3 8 ,  :,l:j-3(1 , 
l\()l;d� P . :  1 9U4 1 J ,  S i rl l l lJ taJl(-' ( l l Is D f" h 'l ' l llillrt l  i OI l  ol' l i J ( ' S4 1 1 1 1Tt-' [VI f-'d I < t l l  i :-' I I  I h iH I  j lw St-' i :"' l l l i l '  \\'hV� 

Ene!'g'y, E'n,!f0 7J/', 1 4 3 ,  G,�,'i- l i 7 1 , 

j\, J fid "rifi;;h H , :  l!'líli ,  D,YI l i-l l lU' :S ( J f  'Li l E x p;'ll ldjJlg ( , i !' , , , da! '  I '-,, ,d l. H ll II, S l I s m ,  S U l' ,  .. l m ,  G G ,  1 ;:1')­
(;t)ri,  

E N E \{ G I E  S F, I S �J I C h: Ý ( , H  V L "';  \' Y Z Á Il E j'\ �' C I I 

I ( O N E (- N�' � I  Z L J r{ ( ) ,I E �" - N n ( [': l l l ( , I( �' 1 ' l dsT I ' I '  

P(l I t ž í V� I I J (' l t te t-od I I  , I\ I,pr,í I t l t lOžll l t. l l' I I r(-PI J í  p l j (-' I'g t < '  1' ,I"z ;'í f'e l lé  I' s" js l l l i d;: ,,' c I J  1 ' 1 -

ll� c l l  ze sei�l l t ogra l J l l I  Z <l Z It < u J t e u , lI t (� l t o  p O I l ZC 1 1 , 1 .i cd"é  Slrl l l i c i ,  Ta l o  I Iw t o d i k ; l  I >y la 

l Javrž (> I J <l  ( ; o l i cY l l e l t l  ( 1 9 1 5 ) ,I l t l o d i fi kov,í l l a  BO, l t \\' I' i g l l l (" 1 I 1  ( I DK O ) ,  \',Í" p o {-pt  , j r '  za­

l ožen n a  i ll t,egl'<l c i  ( k \'é1 d r;í l l l ) Z ;í Z l l i� l l l l l  r,l' c l i l os l  i ,  kl  1'1'," j C '  l l iískd l l c"' op r i l l'C' 1 I  ( )  l' l i l' 

pl'osli 'pcl í ,  vyza řol'ací c 1 1 <l r a k l pl' i s l i k l t  zd ro j e ,  ; 1 1 < 1 ,  I l I l pg ra c í  l a k l o 1 I 1' {' p l J é I l l Isl o l y  

t o k  I I  P l l prgip pf'ps rob í,l" í S r(� 1' I 1  pak z ísbí d, l l ll' c(�1 kovo t l  I'yz;'í i'p"o l t  < ' I W l'gi  i ,  

.l i ž  d ř í ve j S l t t P  j} rO\';Í d (; l i  VÝPO(' I ,V (� I JPrg ie P O l t to ( ' í  1 el o  I l l < ' to d,v p ro v y h r;I I "; , j é'V ,I' 
ze z,í padořl'skť zel l l(� t řes"é o b l as t i ( Ko l <1,ř ,  1 < ) 0 '2 :  HJULl a :  I » ) ,  V pi'pdk l ,í d a l t (� p r;í c i  se 

zal l Jěřuj e t t ll' pot lze na j pd p l l  <ls p e k l. l t l et,ody éI 1 ) ( ) rOV I I � v� I I I < ' ,  j a k  "I' 1 1 1' (-P I I <1  P I I " l'g i p  
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1 I 1 11že l iš i t , j estl i ž e  p ř i  výpočtu  za.ll f'c l b á l l l e  kOl lf'(' l I ost zd roj f' a .  l I <"l h ra d í l l lf' j f'j zd ro­

jen l b o d ovýll l .  P ro b l é l l l  by l z kou l l l á u  p C) J J lO cí U I I I I lf'r ick Ý'ch experi l l l f'n t u .  r\ h y c h o l l l  

by l i  schop u i  konst r l l ov a. t  p ř ís l l l Š I l P  sy utet ické sei s l l l ogPu l ly ,  IlClVrl l l i  j S 1 l 1f' j f' d l l O l l C h ý  

k i n em atický I I lO d e l  konečného Sf'iSl l l i ckého z d roj e .  N áš z d roj f' j f' ro\' i l l llÝ' k 1' 1 i I  10\')' 

a j e  t.vořen s l l perpoz i c í  pra.v i delni' roZ l l l íst i' l Iýc l l  h odov)' c l l  s l I h-zd roj ll  t y p l l  t I \'O­

j i t,ého d i p ó l u .  N av r h l i  j S l I le rov ni'ž Črt.SOVOl l  fll l l kc i  zd rojf' CI p r l l h (� l l  [ )rOCf'''; 1 I  t r l l á l l í  

ua Z I Ol l lU . 

P ř i  výpočt ech, j S l l l e  p ost  II po\'a. l i  l l á s l edol' I \(� : s p o čpt  I i . js l l lf' S,I 'U t f't i c ké Sf'i"; I l I O­

gral l ly gellerované n ámi n avrže l lÝ l 1 I  kOl leč l lÝ l I 1 z d roj e l l l .  Z tc'\ c l l t o  ,.;e i s l / l ogrii l l l l l  j S l l le 

p a k  ( za. p řed p ok l a.d u b odového zcl ro j f' )  u r čoval i seisl I l  i cko l l  f' l I e rg i i  výše Z l l l í1 1 ('1 I 0 1 1  
I l lf't odou . Tak t.o z ískanou h O U I I O t l l  energie j SI / le P C ) I'OI' I I ,íva l i  s e  s p rá v l l o l l  I I O d l l o­

t ou energie ,  k terá by I CI. u r čena p ř í l l lOU i llt egnlcí všech se is l l l og l'a l l l l l  V ," z ,í ře l lý'c h  

konečnÝl I l  z d roj el l l .  V p l'll hi' b l l  p ráce jS1 l 1 f' s l edova l i  \' I i ,' IÍhlu  1' .1l'h odu p a p r s k l l  z e  

z d roj e ,  u::dálť1l Ost l ,  mkr-u CI j 'ljrh losll trh á n í  l l ', cel kovo l I  l lOd llOt I I  I l r(-Pl lé pll prgip .  

Zj i s t i l i  jST l le ,  že z a l l e d b á n í  kOI lPč l l é h o  z c l ro j e  l I I l I Ž('  ov l i v l l i t  h o d l l O l 1 l  I l r (- P I I P  P I IP rgi p .  
roz d íly j s o u  v š a k  l1Ipnší I IPŽ j ed f' l I  ř á d . V l i v  h o d l l o t y  IÍh lu  l 'úrh o dll se I d.Jlza  I j a ko I l ej­

výz n a l l l flěj š í ,  v l iv  h od n ot. ost.at. l I ír l l  Z kO l l l l l Cl l 1ý cl l p , tr ii l l lpt r l l  ( tj .  ",:dálr ll osl i ,  / 'a kf - ll , 

rychlost i  t rh ání) je I I le n š í .  Záv is lost u rč e l l P  e l l < ' l'gip I l a IÍh l u  mjr'h odu j e  Vš('o l l P c l l i'  

I l l o l lO t. o u n í ,  avšak obj f'v i l i  j S l l t e  l l pko l i k  1 I f'l'eg l i l ,í r l l ost  í p ro . ...,. v l i ly .  

I\: p st.a l lovel l  í C' 1 I f'l'gie SPiS l l l  i ck Sr d l  " I  I I  p O l l l O r l  p O l l ž i I .P I I  w l  o cly s l a d  p O I l Zf' . j ( 'de l l  
sei S l I Jogra.1 I 1 ,  je  však 1 I I 1 t l 1 0  I l l ít k d i ,.; p o z i c i  1 1 1 1 1 0 1 1 0  d Cl lš ír l l  (1 ( ] ;,j I I  (o  p rost. i·pd í ,  l l lf>c h a­

l l iS l l l ll z d roj e ,  at. d . ) .  P ř i  p ra.k t. i c kpl l l  požit í  1 I !Pl.o c ly  jso l l  t'ast o t .y t o  llf>z hyt l lP  (HI<1j e 

Z lIá. l l ly pouze p ři h l i ž l l ě .  S(l I I d í l l le ,  ;, t o  i I l Cl z á k l a d p  I I ClŠí d řh'('j š í  z lu l šel l ost i ,.;(' Z p l' ii­

cov á n Í l l 1  1'f',í.l l lých d n t . ,  že v z l l l p d f> 1 1 l  k t (� l l l t o  l H' p řes l 1 ost . (, 1 l 1  a C l ly h á l l l  l l l l l že 1 I 1 í t  ko­

rekce v l i v l 1  kOI1f'č ll P l lO z d roj e V)' Z I 1 ;1 1 1 1  p O I l ZP p i- i  " e l l l l i d p ( ;li l l l í l l l  I l r('OV n l l í  SC i"" 1 i ckp 
euerg i e ,  k t eré Cl le  l I e b l l d f' p l'O l'e á l 1l <Í d M a  p l'él\' d p p o d o h l J (:' p ř í l i š  t i l s l o  p l' ii k t i c k y  1'(-',,­

l izo vať-e l l l p .  


