BB-50 () IWAY L ) o ke PO 0,88 iyl ! S g T liwins

30 b lisog Sl S olws (ouiuwly (5l 9 0 ptsondy (gamw )55 9 (Souan g P9 Ay lio

ol ddie

Tobeaa 5 oozt T lo yu (590 58 (1 (63,2 yte0 03155 iy Hlinag, Slgadaceo
S5 Dlidos Lo 55 50 jLisbewl )
50 oKty s gulio 5 (63,5liS 5aSails « Lolzul Y
Ol s o&zils (65,0LaS (5,9ld g (cwadigee SuSiily oliwl Y
Sopt Dlindod Lo 35 e e ¥
OYAYNYIYS gy 2, VTV - 2l o 2,6

ouuS>

Sl ol gy Gl Jlow 058 g0 oolatul alisee sla g, 3l Guablises SISl oliws slaosls omiwly jolaiea
‘U"""”)’ U"‘ a c.nl.) L;‘)" .A.S)L) Sk L;)}M: Lngoob Wﬂc O)ST)g 6‘)’ 6)4..».) u...L\LQ LQ)&S.M&) )‘ g_i) TQ‘JS as
ol (S aSl colaa glaosls oiwly sl 5, dibie jl eaisyglaan S Lgad Fr e 5l ol> imgd jo
Sy Jolds (5 90 4y bools (Liwl,y cpl jo 0l 438,50 0 £9tan (090 5 (Seew Sy sl b, 5l eolaul L S
BT a)jiﬁ 5 Gilwdow Hebaieds 0l i (Wools do )oY e) Sbj)l gy g (ool wsjoh-) @L)’gﬂ
e ol mbs ol eolitul oyiioniz (yomw,5) 5 Sif 008l i estian cac AL (55lg 5 sla o
505 50 28 oVl (g3ls 5 Jae ol (i e oy g L Sile dlas Slayje Aty slaasly el
2P oSl 6yed Syl Cds s, Y 50 A A gliea Jae Gl S ek o)l 1) Bee ez 0 SB 558
oy oo A (S Gl Slaogar cads pSojlal polie fog oo, L S L e e gleoasyy o coslad
Jao cpl 5ham sl cle en 4 S JaSh mles osloy jo 658 shasgerte p Sie Joo YL oIS
=l (faozme o ul alily Gy LI S S, OVolae 4 Cond faan gmas glaaSill g S o, 6X!
S olfws (mily sl @gm) by, 4 Cond VL L srae Bsr ety Sl ol

2,18 bl g 2

6ol (S colia (il Jae (S (50 1 Slgunls

L S oees Sy gl St ol ool
09> S Olysd Go8l e 0 WS e (5 S el
()3 i S oleerd 155058 Cliogad (S slas, e
@ pp ol (e LY SB Gee g Casb) 0oy () oy
Lesch ef al., ) aiewd ogbe * ialony 8l b (\lojen & )50

2005; Triantafilis and Lesch, 2005; Triantafilis and
LYo laepl 0 ogdle (Santos, 2006; Benedetto er al, 2012

Ol b Sgpew plol Joo bl ol (6,500 saste
Sl piged gloanye LIS Guzmes 5 3y Byo GlalS
iy, ple & s |y ol a5 s)ls 0g2s 5 ol e

S oo plete diej opl 5o Jslae

4. Apparent Electrical Conductivity
5. Real Time

doddo
ol asle spaz ST | ()l o3l A0 g0 0
ol slocg, «(Rhoades and Ingvalson, 1971) \).;3
i w8l bg, (Rhoades , 1976) 504, o 2SIl colan
Meneill, 1980) " owibolios 2SI Wl i, 5 Sloj 555>
o oolaiwl ac e lalpl o S (6,58 (5 mSoslul sl
embliveg xSI Gl S5 gzl ol nl yo o]
SL Lgod 38,5 4 3l s S eIl planil sl asl Jdoay
a5 ublieg mSU W e sla il el 5olul o)l

Rousta@farsagres.ir : gt odimsg *

1. Wenner Array
2. Time Domain Reflectometry
3. Electromagnetic Induction


www.sid.ir

S o et ) 638 s sla el (o ASLD gl
pas Sle &S (B e ololy (oS e
Le u‘yso LbAi....u Q”‘ )| ol 00 6)..\54)[.' Cawlroalad " 3
40,5 o)lal (oeac A0S p (e pdy el (651 e
S Jde cpl ol Byxe (1991) Jang lawss b ol sl
b Jolis Gojsel lagig, 5l eSS Sl Ghisel bl
(Kisi, 2005; oS oo osliinl “las Slayye Jilam o ° oy
Drake, 2000)

S olfns mily gy ab pohe 45 jsbiles
W35 oy (S (591 g g, Sl Olgise uebliieg 2SI
Gl SuST 5l oolawl dse) ;o (g eS Oldlas 55 U L
Ban oplply cwl oal plxl wly jo Lgias iga
Sae gras Al slals; dwlie ol> agh

» . e qa s Vs

O3Sy 5 S eyl wgilg s sleJae o Lal
5 ebliveg mSII S oBiws ol (gl o piiedis
il S gble bl )l Lisu S (5 00 3y,
Lol G, o g s Jleds

L g, g Slgo

suswdxillan ddlio

L‘v )a‘).' Ls..xwﬁ 9 63‘5 6)5).0 U‘J"‘ )\) oo dslllas dslhis
Ol g g Jolis 1y 8o, mop cuds gal)l 51 S VY - .
5 Er5 OF VT LAY A Ll sladsk (e adlais
g ol 18 Jleds FYOYY' L oYY yg bdl > sl o,e
5 eadicon dalais s Sy ol ale 5y OMSiw
Jleds 5l g ol pp 058 ALl @5 519 0] b 4 g
e o5 et loogS A, 4 Sl 5 osSelew Al
J.syaﬁ' S99y » |) odhasllas ddlaie sl - "9,41 \Jiw Q}wgsa
5 i Sl 0 e lis 05 Gl o ETMT (sl lsale
o i oaddalllas dalais dildle Sl g Lo (az e (5,55
A - . . . & .

5 Sl i S Sl s sk, miy wonlnle
) eadalllas dibie 05iie b Seoy

4. Adaptive Neuro-Fuzzy Inference System, ANFIS
5. Gradient Descent

6. Least Square Error

7. Feed Forward

8. Aridic

9. Thermic

AT Sl o oyl FB 0598 (ol pl S g of wlidxs  &F

G503l sl Gls3 oo EM-38 03554 'EM S |

Triantafilis et al, ) 5,5 ool i doc by b &Y (69
&ly EM=38 51 sslinl b abal, ,o Jlsls olallas (2000
Yao et al, ) <ol oals pbxl S (5508 s g b3
0 ] &es zuls 4 (2007; Rongjiang and Jingsong, 2010
Iy oo slacil,d as” casl SYoles drwgs g Jawy O jg04
el 8 lac (S a4 Ol slacaws S Sl colon cobld

S dilite Glael o g,0lb S Sl Colan colls 5 S
JORPLETIRAIN
wlpe By (mly po Jglate laghs) 1S
4 85 Cosl o pitediz (ygew )5 by olKws (pl 4 by
Byl ks oBiws slacsl 35l Jed LB g ol Lo Slaws
2wz g gilaghy, xSa sl b s
igas gl ol e A5 Bl b bl onlyi i (sl s
Minasny et al, ) 5,5 o,lsl wac slaasils 3l oolaiul 4
o5 coll sloans g, S T egran (oras 35 (1999
pledl 5% lsgzge (ae AL 5 e e dalllae
Fel S3eden slopiun 3 Slae (Vb &ja5 Cunl a5 5
s s Sy calagl sl siesmelin lse Sl
sloxly o gileand wje b 1) Sl (nl egas
i 3o plonl dlusopad Bilu 5 SasS Sl
&y sl laghs; 4 S (egian (oras AL Coje
@ el S lalil 95l n sln a5l o Jlal
ST 9 699,9 sosls o olobls )y adsl Jae S
Slaptars 4 Cond (orae glaaSed K0 Cuze il
5l SzsS (b oo o gl 6ol 508 S wiadipe
sl 65k Gl et Ul g Gladgeliy e
Ol S15 Laly)y ololyr 09800 (o 9y Crl 3 (IS ysboas

sleools yolobls,l sl (2010) Cockx et al. .55 41,3,

Loy 20,5 ooliwl eoias &S5 51 S (5,55 ¢ EM

S (590 i« Jow damwgds 00,91 5 slaosls 5l solazul
W250,S A |y

5eslaul mnly ye clin oy, S )

8 T3le s (Je) s ol (a3 (sl

o8l 5l eolaial bl (51 Blate b (grae AS0d oS 5

1. Electromagnetic
2. Artificial Neural Networks
3. Neuro-Fuzzy Model


www.sid.ir

BY o piioni omw )T ) 9 (Eoman (DeR S gy dum lo 1yl )Ked g Liwg,

o 9 oo DBl Bolai jgbay alold ja 3l lade S g
G 500 slepaie b pxie o glp sdwliwwsda ke n
S (oo ol ke yo 5l (ST Adgy SO by, cnl 09di e
@l ysze o5 Cool CaS e o 6,5 aL sy Gl ol
5 wed hame (slayite 5 g, IS slasSuiz o
ol S Glpaises Slasaly ASs &Sl s Geiares
SS1 g by Biged Ky e on S sl
D)0 08 e Aib o )0 )b paises glaaxly 5l Sy
Gladsed g Slee Gilopaises slavxly cns (S15
s o 35 Sl Glgisn | ane (sloiie
55t e 5155 e 2l 8 o |y (o o515
sbaxly sl o slagys 5 L Slsl oYl
alp bl caale Jdoa a5 Sl ()l paiges
2,8 olgaion 1) wad 5,8 aislial (g )l paiges

oolainl b (g l0 paiges blas cwaid 6 cptd 51 e
Al e oddadlllas ddlaie jo Judg s VYV adoly g, 5l
o j0 (g, pdises bl 380 K6 GPS | eolaxw! L
AV JSo) ais Loyl o s @ ol g aseiie

$lr 9 Gl paiges ablie &S Sy slaay
lord 5 (Said o Shy ob Jie oKislojl & 44529
Gee and Bauder, ) (yjwg,u by, © S ol Jols
pH dlewgas glusl 5 0 S slediges S 2Sls (1986
ewolan dlwgd sliil bilac S oS colan el (e
L 525 o sy 4 ST Jolas s’ Sl
«Allison and Bauder, 1965) Jlg g8 G 0 IS0l
Sl slots, Gl S sloosel 5 oslS
omlaST gy 4 S I S %o, «(Sparks et al, 1996)
(Nelson, 1982) #5 aw,s ¢ (Walkey and Black, 1934) 5
Ayt Cnnl

& Joe Jlesll b as oo a4y axxlie 51
oo il 4y pladl (akais VYY) wing oads Olsail 5V
ab Tgoges g (Gl 6pS) Cundy g0 ;3 EM-38
e SLbl o cadoln! swablone glase (VY USD)
bagles a5 col IS pan wSiws ol Zlgel s0usS L)
Bws a5 >yl e VIO g IV e ol

Sges 3 (sam (nl xS B ey 69y 2 $O5es Dygod

2. EMh
3. EMv

Jlod 3 (alresS il b 5 Conl mhas iy (S S 0is8
Olelds,)| o jaddy 4S5 9bas gl o cdalie ddlhie 5,4
o PE S 5 Sstioe ol yie VAFF glis)l L 1, adbais
bugie glas)| a8 5 18 Jle (>l 0 a5 ddhie Cead

Sl 5. AFF

o1 mo =30
e — 5.

53°51'30"E 53°55'0"E  53°58'30"E 54°2'0"E 54°5'30"E 54°90"E

32°24°0"N
32°24'0"N

32°20'0"N
32°20M0"N

32°16'0"N

S3°SI'30"E  S3°SS'0ME S39S8'30"E S2O0"E SOS30E S4°90"E
lo,lgals 5 1:200,000
l’&‘ UL, et 0 25 & 10

SOETM? gloylgnlo yguai (g9, y oduibaniline Al CauxBgo ) JSi

o 53,5 Uiy Syl o028 S AISIbg ke 1o cogS ) O3y (ylins
(£l 21y « 5 ey o ol s

SI0 paiges
b osliiul oY @ye (5l paises gy 5l e crl 5o
SG g enbagae (5ol Bglse ()lopaiges ik ()
T D S 0sd e opiiediz @iy SIS A (S5
S 5 ST el oY A8 S wiges glacaadse g5l
352 5w B g LD, B 40 (6,0 pdised dxly SO lads
S 4 psgie Ol ol oY oSl G sl azals
3 Ladd (g s paiges axly o aS 5 ebay csl olal 5l g, L]
Sl Y CaS mle ol as,S JIE o] dmie (SO
EF Sl piie pp 0adzm 25 @ e 5l e 1 (5l paiged

1. Hyper Cube

WWW.SID.ir


www.sid.ir

GEONICS LTD
CANADA

-

/ :

clo gEM-38 £ 3l (uubliog Sl S olKsiws 31 o1lod ¥ JSCi
1L uSighy <8 pi

Silwoe

Eb e e &Y SO L oty A Rk cnl o
2 > Gledld 15 i &Y 3 aSseSew g5luJled
Oy Ve U SSl QT sy olawi g clls g &Y
O b g onw Djgods g5 SloeT (e 5 O s
YU Ce g (Solw ( oh)5 Cdedy (opizmen 0D cw) g
ab oolil &)leS Lo S yuigd (Lhjgel v, iagh cnl 5o
Sl 5 sl Gagn 5 2005)
5 Spian et 805 (Hhb sl gy B | pdslag s
A ool (655 (Sl Coledye

(Amini et al,

S5 00 )95l o gucin e A

O8L lp by ple 5o (057 sCana (ST WS o 555!
Lol gzalans Jluw 5 gilwaigs lp o085 J>el,
5 el JulS5 sl 55 ol 35 55 550
S oo oolainl e g Coljganle cwlbiicn ) Gl SoSS
Ol ol (Byre aile b Lawgs ordsl sl 65N ()
So b g n 8D Gyl sileae ln ook
(5Tl 5 eitn Y 3 g Sast o S e &Y
Al ool ((amas A socyig polae 5 (g5luJled AL
N @‘;‘o Sl g B sl 3 15800 5 5| e
Colesyd 9 Sy wisNl iledinte By 9 Soas s
s oolitwl (590 8,91 o

o oy (b (ygumw )55

el Valal) & g0t S5 Gge )55 Aolee IS S0

1. Neurosolutions
2. Neurosolutions

AT Sl o oyleis P 0598 (ol pl S g of wlidxs  HA

Oldee (nl 398 Bas aS5 0bar S e I8 oClus
L og anlys (e VIO) o] 55,5 e b Jolro (cublize
Oldee o Bl Djgody oiwd 658 Cundy S
Olds ol 3980 e g oad 28l 0 cadol S Lau
A algs (e +IV0) o] 5SS gl b Jolas cublize
G Cad Folate e Ful lo gore caiol oo
Slgo Kop e LS 5l (g lous (ol ogdle aiylo Sioen
az) oKiws (pl sl ,d 5 sl S Gos ;o cnims JSiS
Slge (ol pled (39 (elee JalB (GBSl 4z 5 (S090e 900
u.:..uaj )| uiv SRy olKwo GMJL' (ST V.uLw‘f S conl
N I SOV SRV RNV FESI TRV i IRCIN FLONPIN IRPSNC g -
@ wilg oo oo (pl (BBl 5 (sogac slaild lojen plxl
S e Jdgp kil a5 able SISy 5 olels
aslis adl oS SLls SeS wes bl plo 5l Gglas
aslais SO bla  wled )0 cBes ;0 S (6,98 oo Dl s
9 b dhl) ma b sl oo calB 5o Gl il pluSe
Olgee &5 cewl Sl cpim o L g aiil ails (g lolias
S 055 (5,98 aetd Tp 35 (3908 M) il S )
QL..M.._'L' B ‘u’“‘“5)" U"‘ 6)0;14)5.0_' J.‘>‘J.a .b; oolaiul
aQ M‘j olKiwo J.'§A o~ g d.o.c ] 00 ﬁl.‘?o‘ Ve
Comdy (eized 5 () gl 4 S o] (5,18 el

ol sl )3 ool o8 (o (0400 b 8N o] 28,5 1,8

SPSUME SPSSOE SPSSME SO20'E SCSME SP90E
—r ‘
* * [ @ @ x X @ *
* " IR R
> | * o *x @X ™
Z[% O(x * (O £ 9 X % *
3 | *
-t | x x wY Z
e 9 x * | * % * ) i * :
% * * ® x ® e
- ® * R x @ %o
x % o *k | ® -
* *
* [ . I " L 4
- * % * £ 9@ * ke * % .
3 @ 2
tle P * ** M S
=T | o o | - e
& * X x | . x—*——0—@8 L2
- * 0y
P Gl -
" e * *** k@ " * " * "
4 L T x
iz * * x b * * & * e
L @t * ° x | *
e | * LI *® ‘
ei * = + .*_L * * | % 2@
- T T T
S SRSINUE SISSOE SOSS30E SONOUE SOSM0'E

* Jae gl (gl 00 519 g bl
O o gl (ol 00 (610 digad blaS

l "’(l() 000

ﬁ-l°9l) 3

O JC& j0) oY @9 30 s o.\mé)b):dv,.w bl STy YJS.»;
O yguods Woold (pl cawl ool asino Jowo u,.eﬂ 9 6’“)9‘“' bl wass
(WSlousdy ol Solay


www.sid.ir

B o piienis Hoaw )T ) 9 (Eoman (DeR S gy dum lo 1yl )Ked g Liwg,

RMSE, — RMSE,

RI = 100
( RMSE, )% © akal)

2 SopSl colan clblB slaosly (g kel LM Y Jga 4o
90,0 gl S S colae coblE slacsld g Gee Loz
bdigas o yoAf (S 55 el odal ” 8l 5 sogee >
oL s (nl 9 )18 e 2 eicenjomd Sl 5l G 5)98
Shle soly (5yeh cabadllhe dilhie Sl S a5 G
50 6ys Bl jlade was o plas g lel @i a5 jsbyles
f UL Y- éjb)oﬁwa)wdﬂo&)Q‘?ﬂ
ez 30 SB (65 Slysd o po el fo e j o
S Sl oo didi> o el 0SS Al Bes
Iy oy ey VoA B FA dga )0 (glo i 5 eVl
3 Glanls Ges U maw 1 S (558 ok polae aiyle
s polie cpl Ai)ls yie e gws YO U G og0
ale Ko o Kimghy Jawgs coadaalllas ddlaie 15 0L by
Sl oals 158 58 (2011)Khorsandi  and  Yazdi
o5 ol alizee lacend 5, S sladiged 8o 0l
ladisel ;5 (5,55 Slyeis Ansls 20,8 (3155 5 g pslaex
odd s S ojlul g el S Sl colan ol wl sy gy
ol Lol o ol jlas Cl> 50 2 50 58 codidalllas dalais o
CoblB o wline 050 b aslie ;o Slss oo polie
o gles oo |y Al Cpl el S S S ST colan
ol udblieg SISl 6w aS78,S dzgl O g0
olail S 5l S, piteg ol S gl ool
SL (S ol @ bgipe (598 slacl a5 1 y0 055 o
Colaa Sl ol polieas ols lis puzen gl ais
il aahie Jlb g gl sbbcwnd o sl (S S
Faiie gble Soop 0 a5 Sl blie jo .ol ond

A2 oo Hlid 1) (oS slael conl a8 5 sl

bl g I S olwws W‘g

b & piioniz (ygum S
N0 _0 Bos )0 690 yalyl o patesir guw S5 et 2
gss}a.w)f) 3.‘0.:‘) &)MQSULA) Yoo _Fe 5?’ Y XY VO

5. Vertical Mode (ECav)
6. Horizontal Mode (ECah)

Y =a,+aXx, +..+a,x, M)
e B X (S (5,98) (9,5 mrie Y to)] 0 a8
Gl @ doles ulpoa g (6ol S oS colan) (69958
lre 3yslp Gl Slupe (S (s, b Ygeme anlioe

\)9....:‘50 oalaw! 44[5..\.0 (5’4:> QW;)

G3Bey Juo

) &)'9*’] s by, &)'9*’] S slp ey ol e
oyl (siluding (rae Ad Lhjsel (slapi,sSl
s ohgy 4 a3 i 0 268 L Jae bl (26 alise
o anlyS 003y Cugas b waledys o Sjsel s
Jsdla s o sl il dasme ) solinul b imets ol o
@l;' £y oo LB rae Aol by, MATLAB
L g b eogejl i it et (lodingy o9y b das 6
Cewd alolass g ol g5 ooy o Blos 5l oolaiul

Dl
Joe 2L, sl yle

e slelre Goyb 5l iz o by, o,Sles o)y
g cnl yo (mily laly,y (obj)l e el anslie LB
oSils 5 ey U Slaye nSibe jsie

o oolil s

5 172
RMSE {M} (¥ ala)
n
B _ 2
R | DX, -X )Xy —X,) (¥ alal))
JEX, X )P (X =X ) .
ME=ii(Xo—Xe) (¥ akl))

ni=1
5 Slelin 6,00 iy 4 X, 9X| dasy] o as
Soprd oSl cih X, 9 X, b 03y eSS
Cewlposls slaxi N g oalds 08 (yadd g Slaslin
oty @S yp slp weadol slao)ll 5 opdle
oolainl ju las Slaye diy, als wo s asls 3l ki
(0) o

1. Anfisedit

2. Root Mean Square Error

3. coefficient of determination
4. Mean Absolute Error


www.sid.ir

ECey_;s, =2.2+0.8EC,, +0.02EC,, © akal))
R>=0.66

ECe ;5 3, =11.9+0.71EC,, +0.11EC,, (& aaly)
R’=0.67

ECe 3)_g0) = 23.8 +0.85EC,, — 0.46EC,, (¥ akal))
R?=0.29

ECe 400, = 21.6+1.08EC,, —1.07EC,, (A akl))
R?=0.10

ECe 4 a3l <l 3 ECah (gog0e &il,8 ECav oyl ;o a5

AT Lo o oyleds FB 0y98 ol pl S g of wlidixs  $o

B0 Volee) ads s (o590] (sloosls 51 oolal b abogs e
b 5 Jlesl o5l sloosls (55; 4 o Lailsy ool (A
Sly 187 g $PIAN S s s oy g s Sl o A
Sops lp TPV g YOINY gy gl 10 0 Bos )3 (5,98
30 Gyee lp IV 5 FANE (g e il Yo VO Gas o
Goe 53 gt sln NV g FYIP g g e stle Fe T e
S yS ) ulpo polie el cewody gy sl Voo P
Sl s b))y L3 Jedo e 040 P<0.05 sae
ghe 50 oo bl I @l &5 wd alre oS,

(Y Jguz) 8,ls colSs ous oole o3l doles aus 00

62 (SO Sl Colan g (Ko Sl Colan Sl gloo, bl (5 ) Jgam

o

e ez e Sler Uil Sy TSR T Faas (T e il oS S il (e sile) ¥
AYIY ARIAY OIY Y4 VIYA VYA l4dE INNVAS YYo/f Ve ©or
(o gl +=10)
ARIAAN YYIA \7hs -+ /0¥ «[AA V¥l #EIN #YIY YYAI® \VIY 5
(o sl VO-Y+)
A0/A -/ YIA ERIAR « AR av/f INNA IN7AY \ARTE Ve S
(ol Ye-24)
ov/f Y-./f /Y INANE Y/+A ARRYLS TN fev AARTAY e e
()_A_A‘SHLM, [ <)
(15 S colos

AN/ Y#Ih \4/- Vi \/fY ay/. INIAY OFIy YOf/- e _a L;J"'HSJ )
(o sl +=Y0)
W S o lon

\Y\ /P NI YAID YINA AR AOIY FAIY A/ Yf-./. Y/ sl Kot o

(sl <-V00)

(mSem™) b S s colan oy «dSm™y S5 dlg

b3 6 iz e )5y sl iyl & 3T @l Y Jgue

o ol riod B Slesyo (5eSile ©lay po & 9ozt @oll a0 &l
<efeed s YABAAD FYIVA- i OsesS s 3
a VAYYYY VYA et 5ol % 2 %
SN as i Js e
<efeee) aq VYYVEY TEOFAY Y O35 ) 3
VYE YYA-SY i U uilogdly o
9 e g
oYY - 'Yy Js e
<efeee) YY FIYEN \YYFAY Y OS5 3
YYYE YASAYA e ot sailagdly EE
RN
FA5YN 33 Js e
<efeed N Yia FEYY. i OsesS ~ 5
VE-f VY- 14 VY s siledls }3 - :2
Y1-YAQ VYA Js >~

1. Skewness

2. Kurtosis


www.sid.ir

PV o piienis aaw )T ) 9 (Foman (DeR S gy dum lo 1yl )Ked g Liwg,

oslwl egran heo AL 5l S (5,90 ¢ EM-38
Voo P Ges 6)eh Sl g (A Y 50 (5 LS
ot mls col (i &Y 5 (555 90 b 4l e il
e capo g b Slupe Al Jlade ululy by,
VO 0 Ges 40 Gysd slp IPA g FOPY g
Yo 00 Ges 5 e slp /A 5 FYIFY o il
FooYe Gae s yeh lp IYF 5 FAFS s me il
Voo B Ges 5o Goeb ln oA g YYIRY g (6 e e

W Cewd 4y (o il

OV ) e BCe(d-I5em) —B—ECe(15-30cm) ——ECe(30-60kcm) —&—ECe(d0-100cm)

gy s

95 39 cilise sl cys i Slasd (gl ila o At ) Egazmo ol F IS
S S o )] — (£ e as A

gV e piSlas e adgl Comean olawi (ragh ol o
bs ceol oo a8 3 Jlas o g0 Vee o b oply 50,8 slass
wre g b Slupe ) slaie el (2e) cnl sl
VO - Gos )0 )9d Gl IPA g TYIVA o ay s
Yo 00 Ges o 6,58 &l IPA 5 FEIFF s e il
Foo Y Ges 0 Gysd sl Y 5 FYIYY s e ile
Voo Fe Gee 50 Goed @l o0 g YYIVY 5 (6 e il
el Cewd 45 (5 %0 gl

mas A5eh p (S 23 Gl (318 e
5 Jold &5 g aige bl wiz b aSid ol sl sl
(S LSS ol 9 50k by, 9 @b ol wugae &
Cewd ay oz 5 e dewgay OV sled SIS0l (ol ool
3,910 slp aid, IS4 ANFIS Jow Sleogas mls a5 sl
Sl 0als oole Ll Y gaz jo calie sloBeas j0 (5,0
o Sluye ddy), b 4 a2y L cwle Bl

MW (.)".".."1 S

WYNE 9y 2 (£ gan (omas A5
Slape iy polie Gos ez ;0SB 6ysd 2yl Gl
abaxde (JS& pl 4 azg L (FUSE) conl onis @lyl Uas
ot Sa0 yualyl jo e Ol iy Aty Jlade JBlos 04l oo
&Y 50 9y 90 b asil yie Ble Y V0 Bes (590 sl
O S (SLghas guac slaaslis wls olad vy ol
o2 b el 3ble )0 sdelcwoa JEul ply o5 gy
S p3Y SYolro gl ol gg5 sac slaasis b (o
Ol 79,79 59,9 sleodls Gy celis Al Slml L
Sy e (oac ALY JBae g atly slayiie (e
..\35) U ul.ufo :\.m.v) g_)b.uuu ‘OW@ ouline fk)i..u el
5@|°W@JM&.@“MQ}?‘%‘&W
b ks ol medes JolS s 1) d92 50 g, cnl Ol 00
L Yzl Ll oyl cows @ 1) sl o g s g aw b
5 Sl 00ls &y (D590l St (sras AD Jde (i oz
Sz sbodls (55, » celie 5l 4 0B (Jae axiiye
g Amini  assl b ragh ol 5l sdslcwsd mls .cus
dahis jo JeslS Jols i)l ongﬁ 40 (2005) o, e
oL Kea g Pachepski .o ls JSlgen 5] cavs @ ylgiol
:\.m.v) 9 M w)..a 6bo)Lo] )| oolazl l.: (1996)
5T 5 (oran (oras A0S ouyp & oS Slaye (0SSl
Sl Sl cdlogy slaosls julwlp (6 xeS glas L g g
sdel s 45 (1996) ()|, Kee g Tamari lowgs ol gl
08 yS 5 A G (Lgman omac 400 L S Oleogas
(1996) ;e ¢ Tamari .05,5] cavs & alfois o>
A bl YL bosls gylaubl ST wols lid pooren
Ll g walyss e b (Geem S, ladoe 5l (onae
emas A wigd ooy IS 4 YL cds L pleesls a5 gl
Ayls oYL Cds 3 Lol iagh 4o sadeslaiwl sbeesls
sleosls olobls)l lpy 55 (2010) ),Ken gCockx


www.sid.ir

AT Sl o oyl FB 0598 (ol pl S g of wlidxs £

G S Sl B 535 e sl Shg ¥ Jgux

) Slay yo &g olass ) _ ) o
O ' o S Cogae i gg GRS by, Sl ) S Ot
“IFA FY/VY v Y. lse JES, Sl (=V0) oy
< ISA £1/0Y Y Yoo e KU S390kes OO-Y*) 5,90
D £5I0Y ¥ V0. JETES &y F390Sle (Vo=Fe) 5 9
- \ALA v b-- e S S90Sk G-V e

S35 oo el ol )1 O JSCS 9 ¥ gaz j0 a5 j5bilen
Sl Aoz b a5, (hg) & Coms | (Gl &80
Sl oy e 4 (gyie il VO 0 GBes jo (5550
Slp oyt Gl 4 gyie il Yo VD Bes )0 (5,00
Sy g 2o 30 (e 4 Gegle Fr Y Bas o (5,90

ools iali8l woys g0 (s e il Voo Fe Bes (0 (5 50

e 2b5)!
o mas SlaaSed o535 5 sladue & bgyye b
syl 4 baye ooy eew)S, 5 SE)
e Egozayd ol odd &l)] F Joax )0 05 eIl
oadaslllas Boe Sl B 50 6i3d im0 3Sbee
3 e ke 90 o bled has el ANFIS  Joo @ by e

el el s el piieninr g S, 5 (sras slaasld
" ) ) Ry el (Bgran oras AL (SIS i yeNl og5l8g 5
A LT Sladencwl ool plaiz! 5oz a1 o Sles (i ool S
Fol o ol dass 25T sl Ut Slaye di) ol B
E,’ ¢l 8 Ao oo plis 1) ead eols il sl Joe YL cds g U
= . T ] Salolioe ©glas o100 mhaw ;o aS ol lis ol yioren
= 30 )l 352y wilos) pedd |y (5y00 a5 ola Jow
N = 10hsspt DT+ )t podee st a5l Glee e QLS bl slr il oo
S S 50 soedliiwl Sla e 1O (o dguty Ll BUSA 8l (e Baumo Lt o)lel (pl 0,5 ealatl \cs.‘"‘"; Sy
b Sl ge S5 Ghey A S B GlaJae jo >
@0 )l @ly 0903l GLodld 59y 3 ()l Sl slame S Fgu
o o Olry o ddy .
(7)o 39 ] . Juo o
s s
L 55 F5IA s 8 piedis (ygs S =
Y -IsA Yolsv Eghan gas I ¥\ 3'
5 <IEA FYIVA S35 ool - S guan ouas 45D 9 R
4 -5A FY/VY <3sy 3
- el Yo/vy bt bpitedia oS o
' I8N Yy Eguas (ouas b 3, é
Y -I5A ¥Y/f5 55 g s ghmn (e 4505 9 g
Q 2N Fy/ov Siboy R
_ M vy S R
\ I YAIFS o sis s 8 g
¥ Iy FY/TY S5 w9 - S guan oumas ASud 3 33
5 AN 510y Sy 3
- AN \ALs bt bptedia oS
Y of-A ¥Y/5) S gas s 85us 3L 3’5
<A /¥ FY/VY S5 w98 giacre guuas A EEREEE S
Y e FY/FE S



www.sid.ir

PY o piionis a5 ) 9 (Foman (DeR S gy dum lo 1yl )Ked g Liwg,

b 35do0 28 583 s Lo it (pm Laly) 5 Sanl g
L olslie b bges (S 0l b slapins ;o aSS]
ekl Gz 0wl hhae b piie (nn &SLSE L)
Semalia slosSI B & o5 45 23,5 0 gl gl Jas
S5 1 5ty Bl il Lo e ) 45 (shaipSey cacil
Jaw cds ol las cwyp ol mbo aal ansls s8l
s sraSed glgl plas 51 S gy58 05l 50 555
sl Jow Jas e LSl Jdoas g plig caddeolanul
gl s sladoe slopite )0 pleal 5 (sras 405
oo Jlod g 5o 50 o Kaeghy i 0jg el o5l
e (sl e 51 oolizl 4 led i)l Gl e a5
Wl (ras ALD (e plyEell 6B pee il
Aali et Jlo lsica; (Mohammadi and Taheri, 2005)
Ao, S 5o ANFIS  Jow wisls olas (2009) al
e A e & S (63l B> ST gLl b
e )l SloPen hagh (nl @t b &5 culls (egian
LS L baye sbhosay ;o Cushad pus a4y azrgi b ool S
S Glize Sleogar sub mSojlul polie g o,
S3B ladegaze (o oo VL 2L )0 54
ASb e en 4 S Jlal il sle 8

o (ANFIS) 0,0 slo Jow 5l oolazwl aSyl 854 U
sools 51 S (5,00 (St olae s sl il
duolie jo Lol sl oals S (g ol (SO uSUl Colan e L
@l el 05 Sl polie opl Ol Simgs ple slaasdl L
Yao and Yang 4 (1990) Slavich (2005) Lesch et al o
Cewd 4y 0/ dga> 0, @Yl el oo polas (2010)
2558 sladse 5l a5 3gce i8S Az onlply ailes ]
2,5 oalawl )lgi cod puiwns jgbods

EM-38 oSws slocil,d 5 (5,080 oy bl (050
Sz cawdls S Ko Clogar 4 baw ol o |,
Colan CllilB podle (g ol SO S colas clllB polis
el iy 3 S 28l g Cagb) s 4 S S S
b a>g > o aliise opl ol ply ((Rhoade, 1971)
oabdnlllae dilais o S Sleogas plo Sl s 4 Cad
P8 0 Seysbar @)l gl Sliss () weys ad
S I ys s oo aoyo3b 5l Gl 4 (L) adkie Sl
Faiipe @bl )3 (g |y 2oyd) e 5l eSS ) jlade
Gb adkie S kyls o 1) ege Jdo 0,5 cvaliv

e el b Gl )y onl @S (S0
€8 gy S g,y SYolan & s s
5 odwlowsday Jsl mlg o5 sy 5l Yl 13
A Gl s e g wloglite e Ll bl
o g5 orac a1k s (1998) Schaap ef al.
ools o canlie dlayl,y sl b g cancd p3Y OYolas
95 05 I s colie S @ Gl (295 9 62959
Joe 5 atily Gl ite Gl b3 8 Laly) 929 Cleay
Bl g yS ) G & Lol (64 0 Shos (oras A0S
g oo oanlin FUSL jordaS sbijles pooren .ol
ALl ez @l satin W, e Oluye Ay Ol s
Iy S92 g0 2igy (nl Glgised § Sl obw dinz Joo Sy e
Sl s g (orn b ol baid ol mosgs LS 5oy
smas A0S Jaw o peuuzey b Ylas! Ll o)gl s a4 |
Gl & 2B Jamaniys 5 cel el &y (SBgel i
ol sl edal sty s e Bax sloesls (59, » sl
Jols caé b6l 4o (2005) Amini ef al. assl b iegh
SlenFlgten 0yl cas 4 plhiaol dihie o SgSS
cupo ool 5l eslaxwl L (1996) Pachepski et al.
as A gy o Slayye ole Ay 5 (Ko
s b S amei gl il (5o S5 5T 5 (o
Gloosls ululy w5508 (sllas b5 g oyslp gmae
Tamari et al. lawy poliv mls o)l S cébog;
Sloye ddo, Hlade s gl wal sowl caws 4 (1996)
e b b S Sleogas oyl 5l 6558 slbs
Swd 4 allur (b S, 4 Cend (egan
Shasle plas e (1996) Tamari er al. .aisel
S5y G 5l orae 80D @Bk YL bosls (g5l
SEAYL cdo b pleools oS Sloj Ll wogs daless gy as
aS aeo oo lad 1) oYL oS ceas ASLLD Wgd 00
yol> ipghs jo caboslaiul sleosls a5 8 )5 asl lei o
odlebls,l sly 55 (2010) Cockx et al a5 ls oYL <ds 55
Ereas o A 5l S 5,58 9 EM-38 slaesls
50,5 oolazuwl
PR EL gk cnl 5o el ke slajty, (soles
byl @ by e slrodslin g coddasllas sl uxio 39580

1. Improvement Ratio


www.sid.ir

SEl K gl (S sl oKisles]
dslio ab a8 S oy o)) dilte o ublieg il
as ol plas Uas obssl sl jlaas bl oaliol, sloJuws

ol g

s aSgysbar Wyl 1, bl YL sl Jue
e gulisl o priedis e,y Be, A Camd duo,0% b
Slges jo aal, pl a5 cwnl azgr Lls 4SS ol adl
Lol ade aS cool (RP=411+) o5 Jlows S Ldgp ol
Sl Slesd 5 SB Cugb) GogeS b LU 5o Gl
Slpiien oplplo cals sudidslllas ddlaie o Sl il
55 ooboly S ganes S b T Sldllas o 09 0

29 gl el oz Ly, (8L

&l Fowlew

SE psle puaige 05,5 lag ) Sen 5l allie (Bars
e S ol olals ol e 5 (65,5l mop
S oSzils 380 (63,5laS uSliile g 05 (5,90 Oladss
D)l 1y b 5,55 JleS™ Ll

REFERENCES

Aali, K. A., Parsinejad, M. and Rahmani; B.(2009).
Estimation of saturation percentage ofsoil using

multiple  regression, ANN, and ANFIS
techniques. Computer and Information Science,
2, 127-136.

Abdel-Ghany, M.B., Hussein, A.M., Omara. M.A. and
EI-Nagar, H.M. (2000).-Testing electromagnetic
induction device (EM 38) wunder Egeptian
conditions, EM38 Workshop, New Delhi, India.

Allison, G. W. and Bauder, J.W. (1986). Particle size
analysis. p. 383-411, In: A. Klute. (ed), Methods
of Soil Analysis. Part 1, American Society of
Agronomy Madison, WI.

Amini., M., Abbaspour, K. C., Khademi, H.,
Fathianpour, N., Afyuni, M. and Schulin, R.
(2005). Neural network models to predict cation
exchange capacity in arid regions of Iran.
European Journal of Soil Science, 53, 748-757.

Bennett, D.L., and George, R.J. (1995). Using the
EM38 to measure the effect of soil salinity on
Eucalyptus globulus in south-western Australia.
Agricultural Water Management, 27, 69-86.

Cockx, L., M. Van Meirvenne, U.W.A. Vitharana,
F.M.B. Vancoillie, L.P.C. Verbeke, D. Simpson,
and Saey, T. (2010). A Neural Network Approach
to Topsoil Clay Prediction Using an EMI-Based
Soil Sensor. Proximal Soil Sensing. 444 p.

De Benedetto, D., Castrignano, A., Sollitto, D.,
Modugno, F., Buttafuoco , G. and lo Papa, G.
(2012). Integrating geophysical and geostatistical

AT Sl o oyl FB 0598 (ol pl S g of wlidxs  $F

G s 5 (S10) SB Casb) (9905 9,5 g2
(_sS_.)_SJl colas all oSl cglan el blB o bl
Abdel- .(Bennett, D.L., George, 1995) s¢i 0 (5,0l

clasld o cogb ) i Casal 4 55 (2000) Ghany et al
Lod 4 Gy o0 b3 4 ¢ cpl 0g>g b aslasils oLl EM-38
sl aslis EM-38 olSiws sbacsls 1) 8b op5eS
plol ddlaie 1o Lo)S had 1o olfiws slacdl 3 oSl Jdoa
& 4>y b ooplply .(Hendrickx et al, 1992) cuul ouls
sjlac (So Il culae) 58 el 90 LU Gogimly
Ssln sl (SB sog gl (Sl colia 5 gl
S ybon Slpiny e bl S 5aEs 55
5 0)l9ale nolal ($39led 00085 A a3 5l ;500 slacsg)s
ol Spslheole sbosls oljen 4 o) 13!

gl oolaiw!

SIS S s
ras D) (eoras (hge LSS Sl hagh onl o
gz s yS) 5 (S5 ksl g 55l (epan
50 edBg pSojlal (6,98 glrosls alobls )l gl e

techniques to map the spatial variation of clay.
Geoderma, 171-172, 53-63.

Drake, J. T. (2000). Communications phase
synchronization using the adaptive network fuzzy
inference system. Ph.D. dissertation, New
Mexico State University, Las Cruces, New
Mexico, USA.

Gee, G.W. and Bauder, J.W. (1986). Particle size
analysis. p. 383-411, In: A. Klute. (ed), Methods
of Soil Analysis. Part 1, American Society of
Agronomy Madison, WI.

Hendrickx, J.M.H., Baerends, B., Raza, Z.1., Sadig, M.
and Chaudhry, M.A. (1992). Soil salinity
assessment by electromagnetic induction of
irrigated land. Soil Science Society of American
Journal, 56, 1933-1941.

Jang, J.S.R., (1991). ANFIS: Adaptive-network-based
fuzzy inference systems, IEEE Trans Systems
Man Cybernet, 23, 665- 685.

Khorsandi, F and Yazdi, F. A. (2011). Estimation of
Saturated Paste Extracts' Electrical Conductivity
from 1:5 Soil/Water Suspension and Gypsum.
Communications in Soil Science and Plant
Analysis, 42, 315-321.

Kisi, O. (2005). Suspended sediment estimation using
neuro-fuzzy and neural network approaches.
Hydrological Sciences—Journal-des Sciences
Hydrologiques, 50, 683—696.

Lesch S.M., Corwin D.L., and Robinson, D.A. (2005).
Apparent soil electrical conductivity mapping as


www.sid.ir

PO o piioni oaw )T ) 9 (Foman (DeR S gy dum lo 1yl )Ked g Liwg,

an agricultural management tool in arid zone
soils. Computers and Electronics in Agriculture,
46, 351-378.

Mcneill, J. D. (1980). Electromagnetic terrain
conductivity measurements at low induction
numbers. Technical note TN-5 Geonics Ltd.
Mississauga, Ontario, Canada, p.15

Minasny, B., McBratney, A.B., and Bristow, K.L.
(1999). Comparison of different approaches to
the development of pedotransfer functions for
waterretention curves. Geoderma, 93, 225-253.

Mohammadi, J. and Taheri, M. (2005). Estimation of
pedotransfer function using fuzzy regression.
Journal of Agriculture Science and Technology,
2, 51-60. (In Farsi)

Nelson, R. E. (1982). Carbonate and gypsum. In: A. L.
Page, R. H. Miller and R. Keeny, Methods of soil
analysis, Part II-chemical and microbiological
properties, Madison, WI, PP. 181-196.

Pachepsky, Y. A., Timilin, D. and Varallyay, G.
(1996). Artificial neural networks to estimate soil
water retention from easily measurable data.
Journal of Soil Science Society of America. 60,
727-733.

Rhoades, J. D. (1976). Measuring, mapping and
monitoring field salinity and water depths with
soil resistance measurements. FAO Soils
Bulletin, 31, 69-1 09.

Rhoades, J. D. and Ingvalson, R. D. (1971).
Determining salinity in field soils with soil
resistance measurements. Journal of Soil Science
Society of America, 35, 54-60.

Rongjiang, Y. and Jingsong, Y. (2010). Quantitative
evaluation of soil salinity. and its spatial
distribution using electromagnetic induction
method. Agricultural Water-Management, 97,
1961- 1970.

Schaap, M. G., Leij, F. J., van and Genuchten, M. Th.
(1998). Neural network analysis for hierarchical
prediction of <soil hydraulic properties. Soil
Science Society of American Journal, 62, 847—
855.

Slavich, P.G. (1990). Determining ECa-depth profiles
from electromagnetic induction measurements.
Australian Journal of Soil Research, 28, 453-
463.

Tamari, S., Wosten, J. H. M. and Ruz-suarez, J. C.
(1996). Testing an artificial neural network for
predicting soil hydraulic conductivity. Journal of
Soil Science Society of America, 60, 1732-1741.

Triantafilis, J., I. O. A. Odeh. and McBratney A. B.
(2001). Five Geostatistical Models to Predict Soil
Salinity from Electromagnetic Induction Data
across Irrigated Cotton. Journal of Soil Science
Society of America, 65, 869—-878.

Triantafilis, J., Laslett, G.M. and Mcbratney, A.B.
(2000). Calibrating an electromagnetic induction
instrument to measure salinity in soil under
irrigated cotton. Soil Science Society of America
Journal, 64, 1009-1017.

Triantafilis, J. and Lesch, S.M: (2005). Mapping clay
content variation using electromagnetic induction
techniques. —Computers and Electronics in
Agriculture, 46,203— 237.

Triantafilis, J. and Santos, F.A. (2009). 2-dimensional
soil and vadose-zone representation using an
EM38 and EM34 and a laterally constrained
inversion model. Australian Journal of Soil
Research, 47, 809— 920.

Walkey, A. and Black, I.A. (1934). An examination of
Degtjareff method for determining soil organic
matter and a proposed modification of the
chromic acid in soil analysis. 1. Experimental.
Soil Science Society of American Journal, 79,
459-465.

Yao, R. and Yang, J. (2010). Quantitative evaluation of
soil salinity and its spatial distribution using
electromagnetic induction method. Agricultural
Water Management, 97, 1961-1970.

Yao, R.J., Yang, J.S. and Jiang, L. (2007). Study on
spatial variability and profile distribution
characteristics of soil salinity by Kriging with an
electromagnetic induction. J. Zhejiang Univ.
Agric. & Life Sci, 33, 207-216.


www.sid.ir

