(FYF-FAY (0) IPAY yliuo) oF oylods FF 0,99 oyl pl S5 g o ol

P bo3T bl 3o Ol lgy 51 (b Akl s Cawdl 1 b yo ©y08 g S g g5 il

T Gamge e * gl s Sl IS S oo
LT olSils (53,5l psle BUSLals bt S 09 ,F 0l sulid )5 (sl )
S oBisls (g5,9luS pole sasliilsy cwlis S 0,5 JLoliwl Y
S oSty (55,5LaS pole 8aSails Ol wiig 09,5 (100 ¥
AYAY N A icugas @)U_ WAV Y sl o é.l)b')

oS>

o ales o s Jil y (petias 5 ilelaz wd @SB le b sladae g g Gle slaan]p S
A5 3T eanld o 50 5 10l 5l (20 Glastlf o Coenl 2 Glyr 0508 5 S ggi gy pslateas ol
30 diged 0l qw,yp @lide S Wigad B (g5, oy ¥ocad (o bz @jad £ 51 Jlsl ol sslasl WS

oy Olyss cpare Hly> (90 Cov @alBs Fo Do 4y g 0 a5y, e Vil o Bxe 0 0 slal b piole 8 iy

S 0529 wbe adlas cpl mls wl Jdow o3 Jlasl sleasl 3 Ol s g g Cpmnd Cgery 1,3 35101 258
dl.o.? )‘ i LgLKbMLiA 3.1.4...:54.) g_a5l..a.~o L;Libo)‘da‘ l.) g_a|);> Jlj.AJ‘ 9 Gi.lj)m Ja;l)w 4 mb @L?:.ul 69§J‘

9 yisu 5 - ,M.e = O 3 ‘JLn.u‘ A JS‘J} l.: 6‘0)‘&)‘ uu)ls slo UL.M.) B 2N C.)Lu | ‘u.o).> 9 9,;.[.0 5 _ M =>
A A NY b ©pe8 Gl g el S ples 4 e waliBre OIS 81l a6 b sl SS jo ¢iS >

b oo et @y S Sl

SB b b o L (3 S8 g, JUiml 0B lgauls

il (3 slne (252 9 G353 (J&l pl)] Ul
i axg 5l g g vl Jolie o a8 b o rais
(Allen, 1994) silol,d Jlal
Sladae o ot 5 Sl bl
siles (oked b ) gl AU Gleyd
WEPP Joo g (Misra and Rose, 1996) GUEST o
JE] sl 5,150 sasive pusgs « (Foster ef al, 1995)
S balin] s> O s (Koo ggw 3l leslas &3
Oz D8 o a8 Sl oad a8 )5 s Gl ln ool
31 YL (WEPP Jow) b, oo (ias b (GUEST Juw)
(1979) Moss et al .aas o #, Sl,d Jasl g adoass ]
b alg oo 5 S Giale,d 50 Cge, JUl ais 5 edlel
6‘0)‘_\4‘&‘&[4&)&45&%0%94)%3%5&”
olis (2007a) Asadi et al daslllas zuls .o5)ls bls,l Lol
ol dewgay S )y Jasl o Sl oS S ol
sloojlosl b olyd Sbesl Js! s oyl .o,ls 0459 oxlaw
Flie o calize laojlail L ol,d cglate Coogline |, calize
@liee glaanlyd 0g2g b (&])8 Gglaie (g iy Jlal) Jla!
Asadi et al .355,5 oMel Calizo slojlasl b l)d ol Jlal
G g,y D3 S5l a e AT W ases () 4 (2007b)

doddo
& S Gala Slooe B 5 Sl slaanld Sy
3 byls o S ald il 5 i g gilelas wd
S ol)d 851l & 595 (Polyakov and Nearing, 2003) o )ls
5 BT 358 e g0l 3l g i 5 Jl
5 el p oanld vl 5 )0 g,y OlS bl e
i oe S ) ol B il e a9 g g, Jlal
SIS A g0 @ Ygare S iole,d (Shi et al, 2012)
(Laflen et al, o¢i oo ppeds 5 Lediym 9 6 Lt iulo)s
adgl O3 5l S 5 (Cmy) adl Jsl S l,d .1991)
(Mitchell ol S (laaslsS15) 4,66 5 (Lwy edoms o0p)
ialesd 45 4 cel ol 5 eges (38l ef al, 1983)
S o wigd oo o (2l O jp0 ) LS 60w
(P Sl S A S s )l Gl b 0 &S
(Proffitt and Rose, ogi o0 oS og obedl (pl jlade
.1991; Malam Issa et al, 2006)

IS g oplail 4y asay Jlasl ol s glalsog, oLz 5o
el Loz b Jlw Sy 5 aieSns 5 0,8 S8
o ishoe rale 3o 5 i (G,2) Gl 3l

asadi @guialn.ac.ir : Jgfuws sdics g *



Ovg) 4 peadS Oy ST l5e o (Page et al, 1982) SL o
S Sie > p b pbxil (Page er al, 1982) gl s
Vs 0 eadipmn (LS dsad glerd 5 (S
09N st —ysd i Ghle S lelS S Bged oo
slabs L Ko SB La ol jo b LS
sl (Sl iy Biged oy Sl ssle (e byl b
Gl GlailBog, D S Slgaw, 06N S &g
ks 5 s caddslllas S &ses (PH) iaSTy

el Gl Sl K &gl

i losl gl

olSws 31 s (gilwancs glp g Bados ol olopll 6l y
Bl S isluw,d 5 Sopd oKinles] siulu,d gl
odel 2011) Asadi er al ;o )] Chrog a5 o solaiwl LS
Ydxe Yo ¥ olagl &y Blas JUK 5l JSice 55500 pold .ol
e S5 08 o0 )18 3B Gl s, o5 sl 2
WS oo el JUS 51 50 Sl 03 b 5l 0,90 bz
by saSell Jels il sl slils pgls () JS2)
6)50)‘..\." :\l.....uj 9 S )5)‘9,0.9 S 3_\4)‘\)& Slalad
o yiole;] ooloplxl gly pol> aiod o .Cann ol Ges
3 Ol OB, )l Cales 5 Ly (S5 18SG i
Bl s a0 & Sz 5l oslizd b JUIS e gl
oo azuliz ols Lis (Asadi er al, 2011) L3 LngL,i.,{Lo)'T
oS 39 o0 dbml Jws ;0 (S5 layled Wil obj b
Ol 5 dsse Bl SFIES s g ol S cge
b cdlgin wudsis p5 4 ol Ssi 5l 5 pSsl> jslaien
9 o..\.;L...M.._? Lﬁo)‘ﬁ.}.é 9 iy L lay)‘ﬁs] o )‘ oolaiul
Lgos 5l o3Y ke ay e ialej] o alsplal gly o (gauos]
S Lged 32 ) Gynse T S5l onsonsl, 38 oS>
So b 330 5955 lgen 5l g b aiBu; pold )3 (O 8l
e 50 4l e <O (29) ealo b nd ol (b
0 5Ll S &gad gl gladl i S Soe 4 (Sro
o S YL JBs Jdoas olo oylas LS sla ole;] o
Sl dels [0 (g e e TSIl dgad yolo g0 D ygo 4o
loyd JUsl As¥md (@uiod (nl )d oadom)n slagl >
winlesl 2 UL 5l oe (Asadi er al, 2011) 5.5 o3 & yg0
S 5l Sy p0 g ab s e e Sl 5 S
Som g ated JolS Oige ol Gl eolanal boopsld
Al S Lpld o)lgs i JulS asSis

\ay QLM' 5 <F oylods FF 090 “'_,‘).1‘ Sk ui wlidxi  YVf

cge it glaanlp ad S asms gl ol o
Oyiired gl s calite glaojlul b &)y e 5 Jli]
Slasls 0 5 S g45 90 5 a5 «2011) Asadi ef al gls
sls plad s plul (0.5 W m?) ob,> &0 5l sgame
JUSH )3 i3y g Gl —per Solite al g gs Jla
@ gl (oo Coenl oS Cwl e Ly dlewga O3
wly (S 28l 5 Gl D)8 ohgd (Gl Sleogas
b gy bl Gm oS 5 658 slakal, (S jebar .ol
<8l g (Shi er al, 2012) o,ls sezg b,z &,08 5 iz >
Gl Dgusy O3 B3lail mje8 Jol Jule S
3 ol il wols las (2012) Shi et al .1980)
o Jo ol ) OlS Gl e G)dom ple b
Sgu g0 AwlS el (1l Codlad e 31 Les sl 5l o
JUE! )3 Qe uailSee a5 i 52 ailB dlewger Uil

(Young,

Gl o Comorl 098 o0 B ] 35,5 &Iy
Soeal a5 555k el by 508 4 atily Cge, Jla]
9 3980 o5 ol O AlEI L Gl S (oo
(Asadi e Wb oo (6 yuiom Coel YU L > &yad jo 15 >
s JEl 5 gilwlas 4l QT i S mbs al, 2011)
(Shi s,y oo plonl Sglite o lbpanilsis b cilises slacas
et al, 2012)
s Sl &S Ll 5l g oudplonl Slalllae 4 a5 L
O e 3 s Goled Ol Alwsa g, JUl slaasl 3
Sgbiee Jite iz b GaleS - i enrlSe L o 1,0
Sloslul M) Solie sl Sy b iz slasSls s
Slaghyz £, lise (Sspan bl 5 (Sslite o3
POl Bl Bus e aihe by jeib (Dglite
8 3 bl (oo Ceal 5 SIS Jl GlapaslSe (o)
ol e lo o0 cov Oglats 8310l x5e5 b S Ages

.~>9.3

L 59, g Sl

Lasges JIbT g S 31 6,10 paiges

e S5 L (V Jgu) b ddhio O 5l S &ges
Se 0 5 plejed Syge 4 (610 paiged 08 il glate
S gpogile Yo U v Goe l baaiged ol ploxil Jad
S S 5l glaigas p; G035 51 e el Casods  xlaw
Ohe) 4 SL il pliends 5 (g 5T s e o ¥ S
S gy 4 a9l l)d 53l &s 595 «(Klute, 1986) yieg,d.n
Sy s, 4 Jlsoke ol50 «(Blake and Hartge, 1986)



YYD o Coodl o by 0508 g SIS £95 130 1] ) lod 9 jLuiils

Laiges (o1 londs g (5958 GBS 39 (B2 9 60 paiges b oLy cuxdgo ) Joua

S WD w0 R e e
e ol
<04 VY VEY AN TAE YEYY FATYD SRR (02958 adsS) Sy \
oy \WEOVEY O YFE AA tRoY fay =5 e (LS ollniey) oS5 ¥
Ve Ye VAR Y  SENPRY STV 72 IR ST b s (015 -k 50 olsks Y
YYF YEY oss0 OVY F vead favy Je (LT wile soljalel) Ky o ¥
YO LA S YO 0 Gy, o, (LS 95,530) 05 0

asis Y8 5 58265 06N (i Slogasy g s o T 5l 5865 (loailoS1s) augili lyd s 39 (eSiboe MWD ( JT 83k OM (Jslas gundS” &by ,5 CCE
glaal b)lac S sl culan EC

5o byl dea ool cull o iolesl dam jo 00 5
St b ool (1) 5SS 09,8 000) il 25 Ll
3 om s (Swl s e sl S j0 L y> Ges g
BN Y Gleoslal b S w55, bdiges (5400 pdigas
o g 20,8 Jae e oo oo ¥F g oo o VE o AYD VO
b oyl 52 03955 4 @lyd Jaml (5 I ol 5 50 o,5 Sl
S e 0,8 Sis Cel YT Cobedy a0 V00 gleo
S i el sty p5 e S (59, diged @
Gosee 2l o 5 Cle i b 55 S (i 5l il e
9 D9r8 & L (RSS9) SI Bged S po el Cewoay
S FSEsS Ol SB ey weps Vel e aSl o
FSS sbaloS s3lul s sl 09 yio o o FF

A oolaiwl yieg uue ooy I e Jo ¢/ FY

Wosls Judoxi g4y i
) ol 5l (Bb slaosl s s pol> G o a5 Ll )l
oads gl sinabeyl 5l L8 S g oas wr (b ole
50 aa55 p ialeyl plin o lasbSE asaiass il
by alal e Sl el 2l b ale cgw, )3
83l 365 (s b (lg5 oo 1) ol S5 (laasloS)
B () Gl &gl p 2 L gyl A ey S )3
5 bl cpl 0 (Asadi et al, 2007 a; Asadi et al, 2011) 5,5
oile B 0 B sl B medsl 5 @l et jslaied
LLLSSY 0 S 4l l)d 63lal a9 s (A
55l ae8 some ) eoliiwl b oo s 5 ST Giales]
52 wilosls 7,5 (2007a) Asadi et al 45 g, b cay gl ol )3
P2 A e IS A 558 WS Y A S Bge
3 P ;00 a4l Lol Sy pl s lls WIS
@ lojlal WIS (,kad 50 1 laws S o 6l by
, SB S o o000y IS j2 a5 al i glaisS

& P o S Egei 0 Glp il sla il

o 50 g (4l jo 2d oV B eV il o) il ol >
Gl (o 5 iod w5 bulps ol s ol aoys ¥
Sl ) B ) Al s Gl clagl e a8 4y obis
Asadi et al, 2007 aand ) L3 Oldlas 4y a>55 b g 0 o
L,k oy90 lo oo o Ol (b; Asadi et al, 2011
erate miwas b 3o cod e g (Jlgte slags S oslu!
L oplpy (@) mhw axly jo by ©08 b i peld
V) bz e ke 0 (O S 5 ool
ols g wol &dls p as «=tV= pgShV= pgSq) <ol
e 9ly )0 (@90 5 bz Gee h s b S B

(el

oolisiwl 8590 (o lwyd s 9 JUI Y ST

pold e 0 ol oy5e s Jleel I e

Slols, Glaaiges 5 ol plxil 29,5 Slolsy 51 5,0 paiges
L:Y u‘).:‘uo@&_i.i}‘bwb f‘ ‘Y’ s\‘ ‘? sYl ‘\ LsLQuLo) )é
Sy 5 oS (6,10 paiged Jolgd 10 05 (6 0lmen i O
Toes Bos GpSoilal lp ol g pSelail s b
L (i SS) gy Ol oy S Gl g oS ot
s SRy 5l Fp Ol Al 28, 4 SIS Y
Ao ¥ oz jo i slajtalej] [0 Gl (Sdgyams



\ay QLM' 5 <F oylods FF 090 “'_,‘).1‘ Sk ui wlidxi YV?

P 92y 50 (30 sl pd Lo Yoo B 00 o )0 ¥ U )8 ) Gillizio s inboT 10 3l y2 (Sl b Sig (& 5 Ol psis Laols Y Joo
(46l p ooy Fo G F

S N Sz e S Eges
(ms™) (mm)

SYO-+ YY) YYeSYAAY s Y SoF SIS

CYA-AY  YAS-YER) - 4o VY sy. lSss

SFY-e VY VAVSYAFY ) eoeYE v-\§ Slsks

AR SOY-F-YD oY= YY Y-Y . (&&)UM)&i;?

N AERN VA 7N SENERIY P £V By - 055

2l Grzed g A0 SB L bl gl 0 S
b pes zsl dbi Syl Jsl oyl sad ibey] clasls
4 Rl gad 003 Tedy A 3y50 93 (S )3 2 5 Cewl iad
S ol jo 1) ey O B5lasl mje et oo a5 (glassS
Jol zgl dlais 4 bgspe Oglds haegs anils HledSy iy
o ) S (eaiSs SB Oy oS ol 4o a5 ol
Oliee Sl 508 GRlBI L S Gle 4ol Slojlail oS
Gl s o SLd Gl Lol sl gl 5, )3
il Sl gamasls 1, ahd sy cde wlis sl 00,55
S FSEsS dadises ple S5 sl lojlal T Sl
S ye b e A

L wyse ol 5o les ol S mls ¥ S o
Sl e gy S5 85 &g (Gl y08 Al
Vo) 5o a8 6yob S (oo i pledgs S 4 leiSy
Fooogax 5l Giaduo <o ¥ U o L) 5, O3 ol agds
Vool 2eS @ @y o Sly VY Gl 508 58 we e
3 g a8l all @ fe p Sly oA by Spu8 50wy
O sgu> 3l (o duo T U105 W) ey SIS olie Jlio
53lail Slee WS i el a8l iol58l ws o Ve 4y oo
soba ol &8 den 0 (ol VAT B oY 5D )3
S &ges Ho sl sl cos Blas gl LSS iaageS
S pezed wogmy Sl Bl e O JS8) (IS
B a5 bl gl ol b sl leicSy olgen «oilSigs
Gioshes =0 PO B ) (slojlasl dlS” 00 5 Sz 42 Logapa ]
Fedys b o Ol Gl 2y GRlE Ly el
S &gos opl 8l Ll asyo Ve B iSlas 5 guSa
3yl 0T e Il Sl 5 et s sbaalsS s

5 by b (B8 iy, gy Lges o
385 Heblen )90 (nl 50 358 o0 00 Dl 5 S

sadstale;l bym a8 o eS 0 wgd e ol £ S

waliee slaiales] ;o sad sy S Gl (o
e wgmy o ales gl Sl W 5l S e e
o 3l sk cnl Sl ad e Gl lagley 5o pold
2 sl g dlize Glagle jo gy S 8l &
So o b oolaiwl Al Clend o cadps (gykad WIS
SL ez so,o Vel Gl aSal Jdoas (uist) S Bl
Sge S (5SS alen 1 FE Sl 5SS Sl
o FF 5 5SS slaaloS e b5lail asi (gl g (oolazl
S Lged G50 0l oolawl egyane glaosls 5l e L
Sl S oy aoyn Vel i &Sl Ldods (0SS 9)
(oslizal y90 S 2552 55) fashen 1 FF 51 iz
3 5SS sbabsl sl ows lp ol o JSis
A oolaiwl yiegyue sleosls I e Lo ¢ e FF

oy g raidly
Se 2 o) ez Gloj b ogey SL3 B3l m e Ol s
Gya8 0 saddsllle S Lges sl alfes sl WS
28 psbples i P Y la S o bz slagl >
551l an 395 g oo odaline (GG S &iges gl VO USS
loigd (IS jsbar o)y Sealis Sl Wiz je s, SIS
3y ohd Gle aado Y by yo cl (zgl Al g0 (g,l0)
e e Sy oV ol a8 50 Glahes +00 b )
s g Ol oA Gl D508 0 ey VA @ ds 0 YO sgue
B8 clyo @l)d ol a8 Jlo o sl a8l ralS a0
S Sy oV by D508 50 we 3 ) dga 5l (e e ¥
Rl e S Sl A Blym ©p08 0 w3 WA 4w
Y B e d Glojlail sl WS 0 )lge dan yo Ll audl
adg,y ool den o il el o Pl Gl e Lo
Ll o0 1T il Ly a5

Bgad ;o 1) Gy Ol 330l ayje Olyess ¥ S
Ol sl e oas a5 jgbilen s ol RSy S



YYY oo Sl o (31 o 508 g SIS g5 1l o], 0 g jLldlo

$e A .
(AN Waiss) Oaisey
B aadsf  Eanss)e
el ® oV B aniste
= ¥
2
N
ES
)y,
DN N NSRRI 4 N
AT N N AT A S Y
w - - 7
W Y S
(o o) gl 031! WS
$o
(@) Wiy Oaidsy
B aidsf  [@aids)e
e B aidoYe Baidofe
= ¥
2
N
ES
) Y.
&
/! ™ 2 s 4
-\_(/ -_( .\_q/ ~ N .\\q’ (g \‘1 AN
(o o) (gl 031051 pdlS”
o
@
4 B sy Eaiisf.
= ¥Fe q
2
-
i
).

L ~ NS
ORI /_\.‘1 AN ‘.\ /\\“ _\<‘< /\\\’* N (\,f
» 7 e 0

OENOUIC NN RN

(i (oheo) (51 o3Il (DAS

) [P 4

<] .

(1) ogusy yo ylusdio

(o o) g 03101 (S

[
() | PO PP
B aids [ aids)
k] B aiioYe Eaiiof.
= f 1
2
-
3
>y,
% / S ™ L - q Q
PO N3 _(“ S
(o (o) (5l 031081 dLs”
[
(9) Wy Oaidsy
B aiisf  Elaise)s
k] ¢ [P N - PR
-
-
3
>y,

A
N A N - > X N
(o (o) (sl o3lal S

Gyad jo (wlSG gl S &igad jo gy Olyd 3310l &9 588 Wl s .V S
2o o pOlgeA(gge® (o e)F (o)W (g o)V (@)Y (Al syl >

$o .
(N | _PERN) O azisy
B aisof [XPENR
4 W aiio¥e BB aidsFe
= ¥
1,
-
3 i
EQRE B, |
= F A B
% [
- N R
¢ ket 1B
A A R | EE
RN T G SRR T NI
PN & (/.* X q/.\“ S
N R T N R D
(o o) (sl o3l udS
£
(@) PR O aads¥
B andof B asds)e
4 B aido¥e B aidsfe
= F A :
A ]z
2
ES
2v
=
LN R N R
/.\ v/.\ \/.\ /.\ ((/. {/_{ /_\( q/.\(( */-\N \’s/
N AN NN -\<‘1 <« 9 .
(o (o) (gl 3103l (DS
e
(C) | PeRN O aassy
B asssp B ands)e
’3 .- IPETR) GO < PPN
=¥
2
A
S
).
(1
s Q7 'Y -\"*
L
(o ko) gl o313l (udlS
e
() W s O aass¥
B azsr B aass).
3 B it B aiisf
=¥
e
2,
N
S
)‘

- A . N
. A N , ,\{/ / / 97 A e
A\ A -\\‘1 X _\< \(‘1 X d

£oo
(o) W aiso) O assoY
B aiisf R
£ [ e 4adsfe

(1) Cgm;y 5o sl

(550 (shoe) 51 3151 b5
Gyad j0 (S S &god jo gy )3 831l &9 ja8 ol s Y Sl
G o pho g Olg oA (0 90/% (0 e)F (z ¥ (@ oV (A byl >



\ay QLM' 5 <F oyleds FF 090 “'_,‘).1‘ Sk ui wlidxi YYA

(@) (n W aasy Oaaisy
o ¥ B 2adf  Elass
4 % [ PEES A PR R 47 |BE B ai oY
- = -
3¢ ¢
AR AR
S S
) )
= =Y.
R N A T Tt TR T N T
PR} (/'\ P q"\ PG A QAR _/'\ _("\ ,\/'\( (,'\( (\J.\ q/X‘ ,,\/"~ q/‘\\ ,\/‘\v \\‘1/
D N SR U DA RN DA S S SN N
(o o) (6l 03103l Ludls (o o) (s o311 oSS
A A Ae 7
() |_PrRy] O aadsy (C) | PV
B aasef FHaass)e B aiisf
4% | ®aidoYe B aiiofe g% 1 BaiisYe B aiiofe
BN 4 >
% K £N
o fe K -
ES 3 ES
) ] )
= v IEE =
o
o
o
. |IEH#
R N A T T G AR N T
N AN S SN NN ;
- - N N 4 Q AN <
A T PSR S\ SRR & &8
(5o (o) (gl 03l (udAS (5o (ko) gl 03103l (WS
A7 A7
(9 Wi Oasy (®) Wiy Oasy
B aadef Eaads)e |- RFICY O PY R
g 7 [ PR PEER 4 7 [ JERK - PEER S
- -
AN -
ES ES
) )
v =

o >
NN

(50 hon) sl o3l oDl5 " o oo sl 51l o5

Xy yo pSlge A (ggesf (0c)F (0¥ (7 o)V (@)Y (A gyl yo 08 10 (41ghd S &goi jo gy O3 5310l &9 595 Wl yuusi P ST

(<) W) Dbt (&h W Oast
Ao A B aidsp  Elaids)e A Buis @i
B ais¥e Baissf. : B aidsYe Baissfe

(1) @gmy o Jlade
-

(1) @ guy 5 sladio
-

P N US> K <
SN NN A\ A N SN A
Sy R v & & 4 & X (\V /-\ v R [ 4 N </< X ,,\/( ; \V‘\
SIS @\" S8 F B AN N Qr NS {\\v b
(550 o) (sl 0311 LS : (550 o) (s 031l SIS
Yoo o Voo o
(®) W asyy Oasdsy @ W oaasy Oaassy
A @aidof  Haadole A4 B B aidsf  Faids)
k| | PERS - PERN S 3 B st Bt
T -
27 %
1\ 1\
y ¥ 3
~ T' ~
AT SRR S R S TR S R, S (-
_\.‘( NN /\\\ /\\v ,\\( (\* N N v‘"/ 3 9
[EERNA S SERA - S, SN, N CO N \ RN - S SOREPA - S ALY & ; \
_\"1 DRI a\\‘\ (\A (\\v h _3 PN N\ (\‘3 (\‘\ {\\v <
(o o) sl 0311 oSS (%0 o) (sl o311 dS

&y o g Olgsh (g (T eff (@ (W gbpl 2 ©u8 50 (Moa TL Hgel 10 gloj b ogu; ©1d 851wl @ e Ol et & S5



YYR o Caodl o by 0508 g SIS £95 130 1] ) lon 9 jLuiils

3
:

(<) | PPRN)
B aadef

O aassy
B aids)e

>
s

W 4idsYe aidofe

(7.) gy 3o sladio
T

Y.
L A Q SR N R T S
A A S (/‘\( (\’\\ NN
; 2
INTER\ D N SO \\“\~ (\\k
(50 (o) sl 031l s
Yoo
() | PV (MY
Ao B aadefr  Eando)e

Baiiole @it

(1) gm0 5o o
P

—

(o (hao) (s o3l (dls

30 S S Aiged 10 Hloy b guy I3 831051 &9 395 Ol i F D
o yo plgyA (0 g P (0e)f (Z ¥ (@ o)¥ (W byl o wyud

Jil ks sloasy) 3 .0)ls v I3 Jlal gl ol
ool el oo Jbd o> @08 5l ks slaaals jo &l
b cilien (slooglail b s JUl s 5 5K a5 gdgn
3wl blacwl BB b, @08 amiS 0 g God s
sl g s Jl il slosnld % s
Sad M 5 Wil oo e slaojlul b &l,S oz
oS slaes 5o Glegdes #0051 55,5) s ol,s Jla!
axe 5o s Ol (08 (@ Gl L Ll el 52l
35 ol 5 e sy B Ll S sanl pui
Laogio b 5y, s Jlil oad o g8 o 00 45 sl >
5 &5 loos (Bb e 9 9 52l Grahee <O B 20 0)
5 Sub g 9p 9 o0k 2 63l b S Bses sl Ty
530l a5 ol Dol gg050 () w0ls ol 8 pl ans
S G5 0 4 cilies slopl > 0 o | wogesy Sl
G o 0) Olyd 5l pols 3510l sgdleds ams o lis saiiale;]
S 5 oz S bald des s ek 00
S b LimrgeS 5 05 ge eaglio JUD! blie ,o (ki

Yoo .
(n W aasy DOaasey
Ao B aadsp aids)e

B aidoYe aidofe

(7.) gy 5o sladio
N

—

N Q o~
AN A A ND < & &
INSEE\ X M SR N \“v &

(50 (o) sl 031l 5

3

@ Waas) Oaist
Ao |~ PEICY O PYR- ]

|- PR N PR

(1) cogm) 5o o
P

—

(o (sheo) (s o3l (s

:
y

(o) [PV
B aisof
[ PFRN S ai8sFe

O 4oy

B aiisy.

by >
. .
L L

(1) ogm) 5o o
-

-
B

S
B \J A B N Y
AL VSN ST AL
SN R RN NSRS
(o (shso) (gl o3l udls

zoly ssba ooy DS Bl @ie (@ o p ly oY)
5 ons wlea lojlal WD (npn) 5 Cwl pleise
gy oz dops A B8 sgam palojl il glagle;
oo Sly ¥ 4 gl 0y Gl b ses e LSS
5 Mo o5 sy Fe gl S A T Gl et sy
Vo B0 4 ol Loy by slojlail sla DS il oges
A RIANE I (I T-Y R S UIR R vl Pt - BN VSR
sileigd @oly Hobar Cgmy SIS Bl @ jei craye e 2 g
2 Sly Ay @) ey hyz a8 iYL e Cold Ho ol
S 4y gy OIS Bl gje8 Gy e Sl (e e
o] LT 5| Wiges ) gl sl azily Llas abesleis,
Sl il oS 0 e anli | @l ple 5 Whion (5t
o gloanlp S e G oS Il mses i) S5,
15 0,00 9929 3,50 (nl )5 @il jobay aloSls (pusis
S,la0 8g2g Sl gl slasloS>
ool > 8 s sasanllls S Dgei O o mls
slaanlp o il o Sle ¢ b Y slaJS8) ik



@ oRy 429 g @l e oaboaie 5 awlie ln

Sl gl wye (JUisl cas Blas b ohd sl dls
Jb@}m&ﬂd‘fﬂ.ﬁ.ﬁo\u )obmu)}.a:bu}w)
J0 (ST Oy A g C‘)M‘ calize 6L°Qli)? C))..\S o
Sialos oad ialesT sl o a5 buil 5l ol g, ¥V JSCS
ub& JLO.«.)‘ 9 Lg)Lw‘J.’> 9 Og2 ).».w.».s
@ Cond G e SIS Sl @i S0 e 5l g S
Sl 4833 ) Gloj g 03,85 Glaizr et 4ol S

odnlice LQJM C?‘éﬁ

30 O 3o Oleee 1) Jlnl cul Plas ddadi ol axel
Asadietal, ) cé )5 a0 i ,> g Gl - ig> peedlSo

355 oyt Gl Saanl o

g

3

<y

9

™

3

‘]‘

sl ejladl GullS( e Aua)

100 -
a 80 (J) — ()] seseses 0.3
& mmma)) - - 06
> 60 1 4 - =08
;
g

(i e 3308l (o318

LU &g jo ai3o ) (yloj 40 gy WlHd 531l &9 595 .V JSC
(o g “;i’o.'? & ‘o|9l.3f (z RS e (@ (gussy (W

9 AW 9 o @sto Sgay u‘).) 3)|J.s| @)9" A
e oyl 1) Jlsl wals Blas as glojlail WS Y

WAY yliw) F ol FF 0,90 ooyl pl S 9 T wlivdins  YAe

by Jisl o bl o8l 0gzg 0gd oo S Sl
32 Selgyas bld 4 ol (Sly 5 b dlewga S
Basic et al, 2002; Legue’dois et al, ) calizee Oldlas

2004; Hogarth et al, 2004; Malam et al, 2006; Tromp-
Asadi et al .ol 0ol soslive (van Meerveld et al, 2008

Jil g9 lyd Jasl bl 6580wl (el «(2007b)
boed,e ohd Jisl g gl e medlSe b, 3
Shi et al, ) Ko Hlaaxe 20,5 7)o |, s > pundlSo
@ bl ol oond Caenl 35,5 00l | o] 55 2012
gk sl il S la S g g9 adl 5 0l 08
o5 Obyz ©p8 Gl b Gled Sz o ol &S
Wb oo gty Comal Vb Gl )08 o i3 2 5 05l o

.(Asadi et al, 2011)
60 - .
e
3
g 40 - %
i ;
3,
)
3 20
‘]‘
g
0
60
E|
D40 | -
3
i
3
¥ 20
)
0 T T .
q"‘ ""fb"‘b‘-bgs;\“'é’@@‘?v"'
Q& Q“' ":"‘ Q T AV F ’
{_).IA_J.DA} :IaJ.:.zI
80
g 60 -
=
S 40 -
3,
‘]‘
g 20
D 4
QQfa “ﬁw'» A saq RS '\,\'\ & 0 m,.;a
o Q‘ﬁﬁe ’{"' "".\QQ"W-\Q

(e Aaa) ol a3l s

SlSE dges glp ¥V JSS j0 omdlSe 90 (o 50
ol o onsal) anled .l oud asise ilb L cilise

W2 oo lis S



YA o Caodl by D508 g SIS £g5 13U 1] ) on g jLuils

& S 4
ald Jisl e bl goS Ky a5 cal o] Sy b
Lulpd a atsly a5 ols sexy by dwgn S
it slaanl B B Y Gl JS8) ol Ly (Sdgyoee
s sl calises gloonl b 5 ol sg2g ol JEzl gl
Wgd so asein glojlal b ol susy Jlll coge
G 9 Bel —piea sl oS sl e Gl anl B
o) e Comel (Asadi et al, 2011; Shi et al, 2012) <ol
STy 5 &9 el 5 Oy D08 4wty beeslSs
GBI L Gl G (o ool 45 (5 9k ] S
Cooal Yol y ©)a8 3 2352 5 098 e o5 0Lz 08
Ol 51 Ol ©p08 (Rl LY JS) whioe e
(e ) SS)lae Olie g 09b 00 auls 5, )3
Ol 4 wbos (RIBl ogw) jo s lojlul sla WS
Ol @8 Gl b Sl s Coeal S0
Saonl B (o Soeal atie jsbar @l Sedoe Sob
b (plaigs sbogiy jo s ol ) e, Jlil
PSS LIS aS Cuils 65 m olei oo |, Jl ol JBlas
ol 3 5555 O3 5 Gl -z peilSe L Bame T )
L lolail (S wigd oo Jiie (i 52 il b Bas
SB e e (JUsl ous JHlas i) JEs! oad bl

bilpd b cod 5l SB plan 4 pamie 5 (ogats
L3S sl kool ple Jul g ol (S
90 (omd Soenl LaBd g (VSB) 08 oo JE 5SS
BV by o8 dils jo ol ol ol so pedd S
SYL lagl > @508 gl g del Cawdds @upe e Slg +A

o9 pladl g ity slagialesl b
REFERENCES

Allen, J. R. L. (1994). Fundamental properties of fluids
and their relation to sediment transport processes.
In: K. Pye (ed.), Sediment Transport and
Depositional Processes, Chapter 2, Blackwell
Scientific Publications. pp 25-60.

Asadi, H., Ghadiri, H., Rose, C. W., Yu, B. and
Hussein, J. (2007a). An investigation of flow-
driven soil erosion processes at low stream
powers. J. of Hydrology, 342, 134-142.

Asadi, H., Ghadiri, H., Rouhipour, H. and Rose, C.W.
(2007b). Interrill soil erosion processes and their
interaction in low slopes. Earth Surface
Processes and Landform, 32(5), 711-724.

Asadi, H., Moussavi, S. A., Ghadiri, H. and Rose,
C.W. (2011). Flow-driven soil erosion processes
and the size selectivity of sediment. J. of
Hydrology, 406, 73-81.

Basic, F., Kisic, L., Nestroy, O., Mesic, M. and Butorac,
A. (2002). Particle size distribution (texture) of

L3S, ol Jusl ool g by Sy Ll
oo 4 At SBggi 2 sl g 0pS oed HI3 SSEsS
JUsl cas Sl b losll oS IS sbay ool S
B L0 Al o (sl lie o Cuglie STas L L)
L gdoe ovalin ¥ K& 5o a5 jsbilen o)ls )18 pie s
S IS (i ) S5 lkn lime Oy 508 il
Soal G0 Gle 4 bioe GRIPl Cgm 50 Eb)s slojlul
Bgdise 53k ol ©)pa8 AlBIL i 2 sl e
Lgad ciolw,d L3 cad ulesl SlS &gad o
oS WsT e ol Sglie Ll jsbay lSGg dilaie S
O aTie ye Ol sed welioe sdalie © VSO s
Eodge ol s 0,8 Cpd L3 Jlanl alise slaayl b
b aslie ;o dged cnl Sglite 5 (ol )3 B3lil @595 s
5 i Sl ol lal e il baged ple
13 83lail 568 duglie .l 5y lojlail sla (WIS Bogae
a5 jebolen .l o A JSs )0 sodadllas slaSs Gges 4o
Dl gyt )y Ohd S S &iges g oo odmlice
@ Cumd | S5 S &ges Sgliie J13, e ol wls

Cadls lad e £9590 )l b oadidsllas sladiged ple

100 s =
* oo
90 - E .
L, 80 - B sk n ®
_{{70 1 A sy N .
60 e Fe
150 o :
\23\40 B} * .
i . .
%) 30 . . o
20 4 . 5 G %
10 - R *
0 = ® (ud ; )
0.01 0.1 1 10
(ke sbos) U ;s

sobasilln S Aiges 1 aygili lyd 8310l @ue A JSb

eroded soil material. Journal of Agronomy Crop
Science, 188, 311- 322.

Blake, G. R. and Hartge, K. H. (1986). Bulk Density,
in A. Klute, (ed.), Methods of Soil Analysis, Part
I.  Physical and Mineralogical Methods:
Agronomy Monograph no. 9 (2nd ed.), pp. 363-
375.

Foster, G. R., Flanagan, D. C., Nearing M. A., Lane L.
J., Risse M. and Finkner, S. C. (1995). Hillslope
erosion component. Chapter 11 In: D. C.
Flanagan, and M. A. Nearing (eds.), USDA-Water
Erosion Prediction Project, Technical
Documentation. NSERL. Report No. 10, National
Soil Erosion Research Laboratory, West
Lafayette, Indiana. 11.1-11.12.

Hogarth, W. L., Rose, C. W., Parlange, J. Y., Sander,
G. C. and Carey, G. (2004). Soil erosion due to
rainfall impact with no inflow: a numerical
solution with spatial and temporal effects of



sediment settling velocity characteristics. J.
Hydrol, 294, 229-240.

Klute, A. (1986). Methods of Soil Analysis. Partl.
Physical and Mineralogical Methods. Soil
Science Society of America, Wisconsin, USA.

Laflen, J. M., Lane, L. J. and Foster, G. R. (1991).
WEPP: a new generation of erosion prediction
technology. J. Soil Water Conserv. 46, 34-38.

Legue’dois, S. and Bissonnais, Y. L. (2004). Size
fractions resulting from an aggregate stability
test, interrill detachment and transport. Earth
Surf. Processes Landforms, 29, 1117-1129.

Malam Issa, O., Bissonnais, Y. L. Planchon, O. Favis-
Mortlock, D., Silvera, N. and Wainwright, J.
(2006). Soil detachment and transport on field-
and laboratory-scale interrill areas: Erosion
processes and the size-selectivity of eroded
sediment. Earth Surf. Processes Landforms, 31,
929-939.

Misra, R. K. and Rose C. W. (1996). Application and
sensitivity analysis of process-based erosion
model GUEST. Euro. J. of Soil Sci. 47:593-604.

Mitchell, J. K., Mostaghimi, S. and Pound, M. (1983).
Primary particle and aggregate size distribution of
eroded soil from sequenced rainfall events. Trans.
ASAE 26, 1773-17717.

Moss, A. J., Walker, P. H. and Hutka, J. (1979).
Raindrop-stimulated transportation in shallow

QY Glowo F oylols FF 0,90 Il S ;,JT wlidxi  YAY

water flows: An experimental study. Sediment
Geol. 22, 165-184.

Page, A. L., Miller, R. H. and Keeny, D. R. (1982).
Methods of Soil Analysis, Part 11, Chemical and
Microbiological Properties American Society of
Agronomy. Inc. Soil Sci. Am. Madison,
Wisconsim, USA.

Polyakov, V. O. and Nearing, M. A. (2003). Sediment
transport in rill flow under deposition and
detachment conditions. Catena 51, 33— 43.

Proffitt, A. P. B., and Rose, C. W. (1991). Soil erosion
processes: II. Settling velocity characteristics of
eroded sediment. Aust. J. Soil Res. 29, 685-695.

Shi, Z. H., Fang, N. F., Wu, F. Z., Wang, L., Yue, B. J.
and Wu, G. L. (2012). Soil erosion processes and
sediment sorting associated with transport
mechanisms on steep slopes. J. of Hydrology,
454-455, 123-130.

Tromp-van Meerveld, H. J., Parlange, J. Y., Barry, D.
A., Tromp, M. F., Sander, G. C., Walter, M. T.
and Parlange M. B. (2008). Influence of sediment
settling velocity on mechanistic soil erosion
modeling. Water Resources Research., 44,
W06401.

Young, R. A. (1980). Characteristics of eroded
sediment. Trans. ASAE 23, 1139-1142, 1146.



