[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.22286837.1392.7.1.6.5 ]

14y WA Dl 5 sl ) 5)led oihn dlor ¢ kign lidippe 4,20

buss yu (5 L 7 g0l SUghwl 9 Cae pia
1SS pladl 5 981 by (Sabeulpae

‘6‘)\93\9:“ u_‘.c‘):\.d 4&.}‘\}&[3 Q.n.u.;m
s Cpall s dalsd Sais sl&aaly
WY el AVATAL RO SRR B

s S

5 e (Elacney b 53 edd Jdze 25 gl g Sl G S35
el shie Sl Sl Ol e b Sy cnl 51 esliad b ol zlsal Sl
2 e dl e 5 Sl S b bine g sl Slo e
333 Bl 6,15 5 emledbl ol 0351 sty 53 Canl e 4SS 5T sy Ol i
SISl (Sosb Slasguast U s glaiasn 3l kel csw ol sl Sy ol
et 5 e 33 se ladls ol Lae i oS LN ladlw 5 Joidoiis Laes
S 6 5 5lsm e 51 daen 308 gLt (sladlw w555 355 ity 0ok 3] Kol
S S5 emliie 53 &8 Saaplidl 6801 a g @IS diteos lsal Sl 5 e e
Oal 3 g2 4y o oS ol (3,150 31 Bl o BT 50 5o 51 5SS Lol Laails 6310
5 Sl S50 OF S 3 e ot Jas 0953 Jlw s 03 el
o oaa &S Sl S5 4 e s 5h e s Bl Gee 53 oL 2 lsel SO
s S 3l AU Sl Jals Sl IS 55k 53 51 gl SOgrl 5385
03, oy Jolste lass ol o eled 5 30 SOgal 5 el 5L L gl i Jle
Il 0l 31 50 SOzl YU sl lS 3 s das o OLES ol Gk s 355 00
el G5 olad 3l ol SVl 15

Jodoze Lo (Sl (eSS gLl (s s SHgrul (5L ol 15 ST (slae3ls

ghasemzadeh@kntu.ac.ir  J e oo "


https://dor.isc.ac/dor/20.1001.1.22286837.1392.7.1.6.5
https://system.khu.ac.ir/jeg/article-1-391-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.22286837.1392.7.1.6.5 ]

VWA Ol 5 e Voot oibn Al ibign olidiyee 4523 YAy

dode

S 3 Sl S il Jibie gladass 3 zse Slisl Spb S

les ) glsal Sl eslinal 58 5 o glaeY alubd sl Glogrs Coeal e slaasla
5 SRl e 53 Dbl S slen gl gl b )Selr 5 wleS i
5 S (Kipb Slosart 4 03 Slr paVIe 08U slaalabs (il
Olsl b sladpod e 31 s w31 iy Sl SLalid 5 e ) O5bke OilisT (S
Jlise slse 5l ol el e psle il laesls s gl lizl s,
ol 352 So5d Slo sast s g;'ﬁ,ul.; shls S 5 K e e ek | i
S S Ll sdoine Jases s LS25 gladils 311 51 5555 ol 165100 ulis 45
SHE o ale b S aile glacils 31000 Jlin Ol ety s ol s 30 sb
slisl zpn dsb 5 S e S5 e 1T BTl (Slessdone 53 it SIS
byl eV ee B Ysame 5 sles ) 5 Voo lajiassy plosil gl o
S 5SS Ll Laals o311 51 5S35l 0l ba o&Kaab cpl 5 oloms olido copl
D5 Bl Sy Sz ol sRaali Sl ilite nl a3l 350 50 b
A o sl ol gdle 53 55 St ARGl 5 e e tags
Slp Sl 4 8 g el Sl 5 Ll 5 S SKasne elie b sla iKeals
Sl i Cdets A5 o 0l S5 gl oKaal 35 aaxl o [£] 5 [V Y] 4 Ol 55 o & 505
Sloo gart 3 Sleis e b5 6358 55 Ol uis dasee JB L SIL ste 5o
Joe 03 Ll or Jlw Slov s 53 Slis 3 pde pldl OF b aoes o8 a3l L
St dlw 51 S L ead bl (6K Jlw L Jler G oS il s e
gl Saplal S 65 ool a5 A3L axdls 555 (6,503 b 0553 sl gy
b Kl 5 olid sl s 3 g8 e s Ol Liasn ool 55 oS db o (g1aSS
Lol 50 b b s &S 5 Jls e 0L kel 3 g ey Sol (IS Ssplosl Sl

Sl Sl sk 355 0 ae 15 SOl o il 5 oS 55 e b by


https://dor.isc.ac/dor/20.1001.1.22286837.1392.7.1.6.5
https://system.khu.ac.ir/jeg/article-1-391-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.22286837.1392.7.1.6.5 ]

\AAy SIS Ll (5 5SI tlns Bomn 53 (65125 el SO 5 o

Sla e bl sl ol Lo 5w OF (63531 LS oy o go Brals 51 0s axals S5
3o o3linal [0 aly e 5 b b ot slom) (la oKaal 03,8 e ) Aol (6 ks
Dy ol Lo 53 gl 5 Clan o sons e oSl oS 55l e (S8 Jde ol 5o
S doas o Al 1 ol L5 L sl sl daadl s [N ) send 5 S5 dileds
Culy 4B ] o b alie a0l G 3 AL s a8 3 eled 6l
5 edal Cewsas T Sl oS 350 S35 apde 03l Ly IS5 pled Sl [0]
b CUSCl 3 5 ge Lo i ol500 bl U s &5 > 51 AU Sl & B
S lisd e lael 6551 B s Sl 8 680 sl Ll el sl
Jodse lame dalr and 258 (6531 51 U el slml 513 SOgral dalT g 5o
itV S s S5 B me b s cnl o3 oS ol ol gladils o SISl L
g B el a3 158 (551 (AU SVl 45 A s e 0ol by A 4 Ll

2y S ks

S sladslae

e G S S gl 1 [V] gLl Jodste Lo 3 (25 S= A5 il Ol e

3,5 e p3b Sopocpds @ S 5 P sl i Jbw LIS oy, IS A

O =(P+Q)3,u, +(Q+R)J,u, )
—I0=9V.u5 +Ev.uf )
¢ ¢

LR 5Q P Gl moll ool Jlw 5 sl 56 Slrals s s Up 5 UG Ol s oS
Llises 4oV d).,\.a )\ oslaul L: 9 53 WJM Lﬁ‘)’l“ u,~.9}§ J.E_r BL) L> Q‘);L;c
L;“"“..j")b u)}"’g’.’.')"' /um :/um(1+|2§s)‘u:""‘ u"':’f’ d}"“ J |<m :Km(1+i2§s)

3 pd ol gladdslas 5o el 50 4 by e dn VIS g Sl s JIG s S
K-S +TK,(A-¢-5)  duy(1+i25)

P= v
S+T 3 ™

SK.¢
Q S+T ®


https://dor.isc.ac/dor/20.1001.1.22286837.1392.7.1.6.5
https://system.khu.ac.ir/jeg/article-1-391-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.22286837.1392.7.1.6.5 ]

VWA Ol 5 e Voot oibn Al ibign olidiyee 4523 (RS}

2
1+2i&)(K
s=1_¢_w )
KS
f

claaly SIL Jsdke Kol SIU Jste K sl ISl SIL e K 0T s oS
(&, =0) o)t ol 51058 a0 o bt dol ISl 5 e g1 Aol
s dal g 0lSS [V] 5 1] e LS R 5Q (P sla al

15 Ol e il 5B el L @ Joily 25
U, = 0D/ X @

O) Luls, VT 7 el & dlw plralr duls Gl Bme 5 5580 dal, g L

g et § Dy g pds o S (V)

o’ o’ @,
O'tm—(P+Q+;/1(Q+R))( o j+(P+Q+y2(Q+R))( v ] @)
=G p TR (a2 o

¢ ot g gl
Ares 093 65 Jsl ¢ wolis s sdkasolis C S Y 5\ sl sl ol s &
V133 5 oo Jol adaly cnl 51 7 el 4 Jlw lraslr &ls s

y _ﬁllCJ?_P
: Q_lalzcjz,

j=12 O

O35 SBepsf) 053 g5 SIS mse bl co w3l j=p, S1 s (Ul 5 elr

2 05 05
Cpy :i[(rz 43?) h fzj (\Y)
1
2 05 _ . \0°
Cpo :J_{(rz 43?_’) rz] (\Y)
1


https://dor.isc.ac/dor/20.1001.1.22286837.1392.7.1.6.5
https://system.khu.ac.ir/jeg/article-1-391-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.22286837.1392.7.1.6.5 ]

V140 IS5 L3l 5L e Jan 53 (65158 sl SVl 5
(\Y‘) 9 (\Y) h\}) DL )}}}A LSLA):"\)Li g:,..w‘ Cjﬁ )L\:ﬁ:\;‘ 6}.» ;MJQL.:.\.: i&:’-ﬂm

s o0y 2T D) s

r,=(PR-Q?%) (%)
r, =(Pp, + RAy —2Q7,) (10)
6= Puly — P 07
gl Sz Lalss G 55 Prp 5 Do P S e el
P =01-4)p, +(z-D)gp, —iba™ %
Po = s +(r~Dgp; —ibe A
Py =—(r —Dp; +ibw? (14)
148 5, sba
B:Uk;”oz(lnz—")c); (v+)
01 3 a8
o0, =1 )

0Ky

Pyl (Sriss 50158y 1 oibsie s 15 5358 Ky sShe alsy o
S 3 Ty S in Sl o3 @ S Sy Py i slad IS
3 IAT Gl lons LB 7 =1-0.5(1—1/g8) a5 oslized b 3515 o6 Ll el
28 o A 3 1 Il 0Lz 03 bl 5l S eds BT o Lol eyl i
S350 5 oS (Sla uilS 3 85 sdee 5o sl st (V) 5 (VY) Laly, a5 ol S5 a (aj\f
53 el pime ed (S b (el 5 55 D S oS sk gl
glel Sl Closar o) pa Slesl (683 s Cusgdoe O Ol 0 4

s

(sl Ao g 58 Dy 5o b (V) 5 O) wam g L 5o W56 oo d sl i e

W=g(u; —Us)=¢((71—1)%+(72—1)%j (YY)


https://dor.isc.ac/dor/20.1001.1.22286837.1392.7.1.6.5
https://system.khu.ac.ir/jeg/article-1-391-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.22286837.1392.7.1.6.5 ]

VWA Ol 5 e Voot oibn Al ibign olidiyee 4523 1141

1 g e e oy g b sl sl Lol ol -
@ = A’ exp(-ikx) + A exp(ik,x) ("
@, = A exp(—ik,x) + A, exp(ik,x) (Ye)

LA 5 A ol ol iz\/—_ljcjﬁ saek; =@fC; (slasls L5 @0l s s
(@) sladslas 53 (Y8) 5 (YF) Lails, (ol I8 sl byl oo sy 55,0 il 3 4 4 58
s pa ol 5 S sla e (YY) 5 (V0)

O, (X) = =4k (P, cosk x —iN, sink,x) — 4k’ (P, cosk,x —iN, sink,X) ~ (ve)
—p(x) =—Ck’ (P, cosk x —iN, sink, x) —C,kZ (P, cosk,x —iN, sink,x) ~ (r1)
U, (X) =ik, (-iB sinkx+ N, cosk, x) —ik, (—iP,sink,x + N, cosk,x) ~ (rv)

W(X) =—ik, x, (-1P,sink x+ N, cosk, x) —ik, », (-IP, sink,x + N, cosk,X) (vA)

ol s e

R=A+A (r4)
P=A+A ()
N=A"-A *y)

N,=A —-A (rv)

4, =F+Q+y;(Q+R), j=12 (rv)
C, =%+}/j§, j=12 (re)
xi=9(; -0, j=12 (¥o)

Iy cslaze dhw 93 5l @S O gt ol gl sl sba¥ L sl b S

gl GV S g oS e 25 Sime Ol G J Kl s ) IS il

X=L, Condsn LD &Y Ly 55 01 by 5 X=—L, Combpe ba LY Ly 53 0Ll

LB 5 Bl e &Y s see (L2 Sl e IS L+ L =L 55,5 )3


https://dor.isc.ac/dor/20.1001.1.22286837.1392.7.1.6.5
https://system.khu.ac.ir/jeg/article-1-391-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.22286837.1392.7.1.6.5 ]

4y IS5 L3l 5L e Jan 53 (65158 sl SVl 5

o 335 0 € 23S sbaml o 505 5l 5 YL 5l Py ol JLAS 555 0 &Y
g..é.i)x: Q)j"’;}i“\-{)[o] J}«:&bv\.:ﬁu H CmejJﬁaM :L>=i‘ JL;A.;)LJJ U‘i‘
:J‘:J§d‘

H=—Fo )
&

S gt ke S5 JB e Ko e e 2 s Jsibe Sl eslinad

:J‘:J§d‘
0.5
K, =a)(&) rv)
H
L ..
=2 + =2 (A)
pe L pa L pb

L;Li?; 4#5—;@5‘;&? Wﬁjwb}aéuq‘y uﬂi'?pb} Pa ugﬂ).}d\s

103 S o o x5 Do s Y s el i es 5 b
Pa = (1_¢a)psa +¢apfa \RY)

Po=A=4)Ps +hPn (&)

oli 1y Y ol P05 S hiea B 53 ekl Gl oS pla il doa 5l 3
b LY U JSr 5@ &Y 5 tibr slasls U o Jin sl ol b das o
sl

sty Dy poind Ko J5e mon sde @ i L G i Do e i 5o

C,=—0 ()

= \

° Re(k,)

e st Q) i b b S e 35 e 15 Sl
Re(k,)


https://dor.isc.ac/dor/20.1001.1.22286837.1392.7.1.6.5
https://system.khu.ac.ir/jeg/article-1-391-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.22286837.1392.7.1.6.5 ]

VWAY Ol 3 ks Voo conia b e ol o 4 50 \18A

Py

eSS pldl Jbe dwn Y SO

6LA)LI.$(JS&JL§L~0)\L§\JJCJYJLMJAL33MA_QJ§‘:\limﬂd‘fd)jakﬁ)&
d(lwﬁjd‘op_}mﬁ.ﬂﬁcm‘duéw‘hf_.‘buqygsﬁlﬁ))ﬁ)bﬁsyf

Dy S Sy gk D 58 SN S ke e s S S

[Pl =[Pl X=0 o

[O-tot]a =[O-tot]b’ x=0 (t8)

(o> (T 5 (Y0) Jaslgy s a5 L 5 5580 Ll g Sl enlinal b e

[AKR +4KEP, | =[ AKR + AKIR, | (50)
[Clkfﬂ +C2k22P2]a = I:Clkizpl +C,k;P, :Ib (¢2Y)

Gm S ke e 03 b el 5 bl U glrals St g G50 Bl

ZC,—.-:‘b‘ga LSLa“'."Y
[u], =[u.], x=0 (tV)

u
[W], =[W x=0 (¢A)
3l dal gt 4z (YA) 5 (YY) Ll g,y 5l eslanal L oS
[N +IoN, | =[k Ny +K,N, | 9
I:Zlkl N, + 7.k, Nz]a =|:Z1k1 N; + 7.k, Nzl) (0+)


https://dor.isc.ac/dor/20.1001.1.22286837.1392.7.1.6.5
https://system.khu.ac.ir/jeg/article-1-391-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.22286837.1392.7.1.6.5 ]

1144 SIS Ll (5 5SI tlns Bomn 53 (65125 el SO 5 o

:("Ub Iy 8o, _}@\f; oyl OWJ wQJYLJJJSwJL;MAymvyLﬁVA
[O-tot]a:_poi X:_La (oY)
[O-tot]b =—Py, X= Lb (oY)

2l dalgt 4l (V) was g LaS
P, :[Zlkf]a (P, cosa, +iN,, sine,) +[22k22]a (P, Cosa, +iN,, sina,) (ov)
Py =[ Ak |, (R, €08 B —iNy,sin B)+[ 4K} | (Py, cos B, =iN,, sin 3,) ot)

s 4,8 5o o bl e Ol k5L s s bl ale

Iv.i)‘b
[W], =0, x=-L, (e0)
[W], =0, x=L, (o)

A dal g ol (YA) Al 5l eslizal b ol s b

JiaKia (1P, Siney + Ny, cosay) + 1,,K,, (iR, sine, + N,, coser,) =0 (o)
XKy (F1P, SIN B, + Ny €0S 3)) + 755Ky, (<1F5, SIN B, + Ny, €05 3,) =0 (0A)
i Ol (OA) 5 (V) ((08) (0F) ((0+) «(£4) (£7) «(£0) Wlsles a3l eslinul L
sl Sl ¢l ESYIRCWII P4 ={Rla’ Nias Foar Naa s By Ny o Py, sz} J e
Sl b adsgme 2alS L g 38 e Ol @ &Y e L DAY lad s

els (B3 (£0) Ll 4 am s b ibo o 3L T ={Pas Ny, Poay Ny } J e

2 2
Pb =P [&] CZbﬂ'la _Cla;i?b +P [&J CZb;LZa _CZaA’Zb
1l la 2a

klb C2bﬂ'lb - Clbﬂ’Zb klb C2bﬂ1b - Clbﬂ?b

2 2
&j MJF P (kzaJ Coat, —Cipdra
2a
k2b czbﬂlb _Clbﬂ’zb k2b C2bﬂlb _Clbjzb

feol2 (0005 (89) Lals) 4 a5 L

= pllpla + plZPZa (04)

Py = F?La[ = PuPa + PP a-

_ k _
Ny, = Ny, % A2~ Zia +Ny, % Lo~ A2 NNy, + 0N, av
10 A2b ~ X b A2b ~ X


https://dor.isc.ac/dor/20.1001.1.22286837.1392.7.1.6.5
https://system.khu.ac.ir/jeg/article-1-391-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.22286837.1392.7.1.6.5 ]

VWA Ol 5 e Voot oibn Al ibign olidiyee 4523 \Woe
_ k1a X1a — X k2a Xoa — X _
N,, = Nlak_ + N2ak_ =N, N, +n,N,, av)
2b Xon — X o6 Aob — Ko

fesls e (OA) 5 (08) 55 (V) b (04) (g1 sl L
ar)

Fa [ PuiK, €08 B, + Par ks, COSﬁ2:|— iN, [nllﬂ‘lbklzb $in 3, + Ny, Ak, SN ﬁz:|
+ Pyo | Pk €08 B, + Prpypk, €08 B, |=iN,, [ Ny ks sin B, +ny, Ay ki sin B, = pyg

%)

—iB, [ Py X Kip SIN B + Pay XapKyp SIN ,32] +N,, [nu ZuKE COS B, + Ny 750Ky, COS ﬁZ]
Py | Pua215Kiy SIN B, + Do 2ok SN B, |+ No [ My 230K €OS B, + 1y 2K, €O B, | =00
GOl (G F] ={ Py, Py, 0,0} o 50 (16) 5 (W) (0V) (07 sy iy L U
woary bocad sdalie LB cavsn 3 O polie & a0l e csn G Sl
X =Ly sX=—L, slai e 53 Uy, 5 Uy slaalralr G skl Cnse Thd (slad yems
3551 St Dy 15 o

sa

Uy, =—iky, [-iP, sin S, + Ny, cos B,) ] —iky, [-iP,, sin B, + N,, cos 3, | Q)
S e S s Wl NS U5 38 sl S sl L
3 @) V) ) Laly, G 55 Colg 3 S ambe Soluw | £=(u, —U,)/L

Uy, =—iky, [iR,sine + N, cosay)]|—ik,, [iP,, Sine, + N, cosa, | (0)

s abe LB S5 SISl 5 Jge Ce e (£Y)

Sl 5 Sy 145 gLl ST
i 515 SOl 5 e e eSS bl 6 S s3de e e S nl
Olgsar 1V dade s el &l Slasein L Kow anle ke cplay 358 o anstls
jaiufy):ﬁmb%\@@pS:p&yﬁ.ﬁﬁftfﬁﬁM@
5 edd &l Slosast b sy 5e gladlw Olgea 55 38 5 ST 5lcwd Ol b

as S s Ll JS a3l 558 0 0 3 ORI R S5 oslaxal W gy 53 Y Jsd


https://dor.isc.ac/dor/20.1001.1.22286837.1392.7.1.6.5
https://system.khu.ac.ir/jeg/article-1-391-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.22286837.1392.7.1.6.5 ]

\Ve IS5 L3l 5L e Jan 53 (65158 sl SVl 5

f'}'} JL:«.»:)‘ ol Cl.w?:‘ J)léj Lal.ggizib.e.l.:: CL.J:\ J)la el L=+/YoM l{ﬁ‘ﬁo.l,j:

Sad eeedls 0L L L
[V0] Kot Sls g N J g

s il | g | k,,m? | K,,GPa | u,,GPa | p,,kgm® | K ,GPa
Sovtnle e | axyeT

AVAAR! V/E8N Yo Yo

[0] @Y¥lw Silao s ¥ g

Jewes |y Pas | K(,GPa | p, kgm™

-

/Yo Yous

o I\

8 Yoxy e Q)T Ve

2

Jlw &G 53000 L5k
0355 @Y st oS 358 e antls y o 3G 5301 S0 ey a is opl o
Slp S 515 SVl 5 e S ¥ Y G K8 s a4 S 13 o Kos b
Jols slie ol ol el als Ol O 4 38 S pLsl Cod ) e sl
P A bl G et il e T Y e Ll L /L laces
YooY s a5 LS bl Jhw oS Sl 36 SOzl 5 aST B el s
ISCCIVANG WL VAL JRCIS JRCTTE TR AT D V: W PR CSMPL G 1P
Ol &S = bz sn Hpe Showy Y 53 el sl e Sl 55 s e ge glacsdls
e A Gl sl (oSS L (sl L L s Sl b S S e
Sl 3 (U (Sl SIS 53l b alie s Bl (Sl SIS 550e G Ol 35
By Gl gse Ik Jlie oS ela ph e [NV] gl Aha sdel Cosa S
ol A el i Sl et 3L ald w3 s WY I L Ol (S n
ol S5 BB 5 S e culs & Jaey L[] S5 gened 5 WS sl (sl 1 Al
Sospe &5 ol S5 o eJ\.wéa_é.,\JJuw.: oIl e O, LY 5 Y sla S ) &S
Ll o OIS oy 50 SVL sla il 3 55 a5 (sl Osls ) Sl A oS

Al Gl e s S e G pge o o 3 5B Sl ol


https://dor.isc.ac/dor/20.1001.1.22286837.1392.7.1.6.5
https://system.khu.ac.ir/jeg/article-1-391-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.22286837.1392.7.1.6.5 ]

VWA Ol 5 e Voot oibn Al ibign olidiyee 4523 \VeY

ot X USE s i 5 L edel sy Ji5e 513 Sgmal S liie 05 S5
Sl LY o Jolad (o130 skear 30 658 e (SR B, edd Sl Loe:
JMie 5 e o 5 S5 oml Sl s Sl ST G Cd a8 L s

g I 0

2200
---- L /L=0.1
2000 L L/L=02
—L,/L=03
1800
%ﬁsw r
=
<
4

1400 -

1 10 100 1000 10000 100000
Frequency (rad/s)

Jdlsjéjlﬁl:j\f—yiwﬁ Co o pm Y S

—ee L /L=0.1
....... L/L=02

—LJL=03

Intrinsic attenuation (-)
ST e — e e ——— .. e oo e e

1 10 100 1000 10000 100000
Frequency (rad/s)

IS5 51 s 5 -l e 53 QT 15 Sl ¥ K


https://dor.isc.ac/dor/20.1001.1.22286837.1392.7.1.6.5
https://system.khu.ac.ir/jeg/article-1-391-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.22286837.1392.7.1.6.5 ]

\Vey GG Pl (SN L s Jamme 53 (55128 el SVl 5 s

2 et (gl 51 (56 Sl
bowe Jold ol 8 uline G0 asiend il e (53 L Ceand nl 5o
Sheel smpar 15 Sl B w50 StV s B 4 StVI il
Sle b ol g i S5 Sl £ S8 il 0 bl sy Sl
o dedie 53 4SOl e e OLAS /N0 5o/ /v 0 o bl & s ol e slis
s gl 550 008 Shgpn oo L5 Jlms O 51 36 13 SOl i oLl
Aewgay Caly ol oals b &y 3 OBy Gt pl )3 et &l gla sy i o
oot 3 Lol 0 3 3dea (& =) I 5l 50 SOl 4 s V] 500 pod 5 IS5
E IS Gk S0l asd e Jold 55 1) el GGl 258 55 S AU Sl
G S 5 55 e temd ol 3l edel Cst 513 SHlgal ldde 353 e sdalis
5 513 Sl sdee Ll ol Jlw 355 51 30 SOl 51 Sam 5 BB oS Sl
SO Ll a ol L b sl 5l b Jome OL sy Cleas 5L gla 3
350 Mgl 25 5wt Ol e e oSl S gl e Sasl 5b o
o sl 68 J s el S sy sl S 3 L s 55 sl ialesl 6l Jlw
Coeal Gl Sl oS S5 3 L sl lailesl pll b a3l 2l
S8, Ll s sl e oo 38l SOl Jlade el s s ale GRIBIL s 5
ol &=l bt Qlimea £ slie alad (5l ge  SHgx

05

— ¢ =0 \
045 b
,,,,,,, £ =005 !
|
04 F - ~. 3
: g, =0.1 SO o )
03 L g 015 AONS i 5 Q7 51 SNl £ K
T r ’ =N 7 ]
= r -'_> 3 . a . . . é 1 -
.;;;U}E " I w\ffﬂuqb)ls—g’;lw
S 3 1
.g 02 ; I
= L J
015 | ;
L /]
R !
[ ]
0os b 1
J
0 ‘ . ‘ . ‘
1 10 100 1000 10000 100000

Frequency (rad/s)


https://dor.isc.ac/dor/20.1001.1.22286837.1392.7.1.6.5
https://system.khu.ac.ir/jeg/article-1-391-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.22286837.1392.7.1.6.5 ]

VWAY Ol 3 ks Voo conia b e ol o 4 50 \\AX3

S S 4o
5 Gle3) @l s S p kil suSELAL sladle s Keal 3
a5 alas gl Olesen &S ailsy 31 03 o bl e S 85 sl il
43S a3 5 Jl Ol 51 (6 Sl s s sla oKaal S Ll 5 sl e
wdlew 58 dalpt Sl LS e il BB ed 5 gl Ll S5l Sos
3pbie man S5 St o s Sl el gladils (n SISasl 31 36 SO
GlaSS 5l U o Kaal S 3pd e Do b 4B S b s b ey 3 5w O LU S
5 ol SIS S gl e 5 SOl ey Jedine B gLl (5K 03
S L s ol Sl b 5 b OL o Do Jome 51 A0 SOl sbmyl o
S35 Sl 38-OT e 55 43,5 13 5 Jlw 45 003 So L s oS
22958 o S p 8 S RIAIL s e (LS el ise S e
Oy Sz e Ll zse dob 8 oln 3 5 (S 5t SRl L el o s e
ORIl s s S5 SOl s e ) e 52 LIS S0 S Y Culis L
338 g axalS O Sl 51 (a8 5 2l L e 5 dy g0 3555 ST liie &0 1S 3
s 33 38 4SS S0 A L g o LS 5l e 5 5 e Rl L Ll
Sl Gl b 55 (Lass 51 13 J5e 515 SOlgnal 5 S3e o ST 8-
SV S 515 Sl oS Sl la IS5 s oS LS sdalie piomes as e
Sl b Ll el dlw Sl U Sl 5 e deler SISl e e ol e
3 e A e S8 e o 0L 51 B SOl 5 3 53 el ol IS
ol S5 515 Sl
Gl;.«
1. Pride S. R., J. G. Berryman, Harris J. M. "Seismic attenuation due to
wave-induced flow", Journal of Geophysical Research Vol. 109 (2004)
B01201.


https://dor.isc.ac/dor/20.1001.1.22286837.1392.7.1.6.5
https://system.khu.ac.ir/jeg/article-1-391-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.22286837.1392.7.1.6.5 ]

\vro GG Pl (SN L s Jamme 53 (55128 el SVl 5 s

. Cadoret T., D. Marion, Zinszner B., "Influence of frequency and fluid

distribution on elastic-wave velocities in partially saturated limestones",
Journal of Geophysical Research - Solid Earth Vol.100 (1995) 9789-
9803.

. Best A. I., Huggett Q. J., Harris A. J. K., "Comparison of in situ and

laboratory acoustic measurements on Lough Hyne marine sediments”,

Journal of the Acoustical Society of America, VVol.110 (2001) 695-709

. Batzle M. L., Han D. H., Hofmann R., "Fluid mobility and frequency-

dependent seismic velocity-direct measurements”, Geophysics Vol.71

(2006) N1-N9.

. White J. E., "Computed seismic speeds and attenuation in rocks with

partial gas saturation”, Geophysics Vol.40 (1975) 224-232.

. Vogelaar B. B. S. A., Smeulders D. M. J., "Extension of White‘s

layeredmodel to the full frequency range"”, Geophysical Prospecting

Vol.55 (2007) 685-695.

. Smeulders D. M. J., "Experimental Evidence for Slow Compressional

Waves", Journal of Engineering Mechanics, 131 (2005 ) 908-917.

. Berryman J. G., "Confirmation of Biot's theory"”, Applied Physics Letters

V0l.37(1980) 382-384.

. Van der Kogel H., "Wave propagation in porous media”, PH.D. Thesis,

California University of Technology, California (1977).

10. Lo W. C., Sposito G., Majer E., "Low-frequency dilatational wave

propagation through fully-saturated poroelastic media", Advances in

water resources Vol. 29 (2006) 408-416.


https://dor.isc.ac/dor/20.1001.1.22286837.1392.7.1.6.5
https://system.khu.ac.ir/jeg/article-1-391-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.22286837.1392.7.1.6.5 ]

VWA Ol 5 e Voot oibn Al ibign olidiyee 4523 \vei

11. Biot M. A., "Generalized Theory of Acoustic Propagation in Porous
Dissipative Media", The Journal of the Acoustical Society of America

Vol. 34 (1962) 1254-1264.
| C;m‘g.g:
Hla5ke G e sl glaoldl ke
Ou= ﬂ'la k12a Cos
Op = i/1‘1;;1k12a singy
013 = ba kzza Cosa,
Ou = M'Zakzza sing,
Oa = illakm sin o
Uz = Y1aKia COS
Uss =1 22aK00 SN,
Uas = X2aKza COSQ,
0= pllﬂlbklzb cos 3 + p21ﬂ2bk22b cos /3,
Oas = PiAiKs, COS 3, + Py A Ky, COS B,
9, = —i (nlljlbhi sin B+ n212‘2bk22b sin ﬂz—‘
0y = lrnlzﬂmkfb Sin 3, + Ny, k3, sin ﬂz—‘
O, =-1 ( Py ZioKyn SIN B, + Dy 755K3, SIN ﬂz—l
Oy =i ( Puo ZanKip SIN By + Doy X2 Koy SIN ,Bz—‘
Uas =1 220Kz, SN
9sp = Ny L1pKsp COS By + Ny 1Ko, COS 3,
s = Nip XKy COS B, + Ny 1Ky, €OS 3,


https://dor.isc.ac/dor/20.1001.1.22286837.1392.7.1.6.5
https://system.khu.ac.ir/jeg/article-1-391-fa.html
http://www.tcpdf.org

