[ Downloaded from jstnar.iut.ac.ir on 2026-02-05 ]

VPV BB ] 39 05t/ poler b pae ilia 5 (53,5188 055 5 p ol

'Ol S o iz 5T LS e O pie g g

e..l.:.i.g-
Sag Sl ol &8 plody [ 535 (g pp hBbi o 57U (2U 2 b 5 26,8) G LS 55 55, s 0l5 b5k 20T 51
= CiS s ; ‘,Kh/’sfl, MJJ‘;JJ@E«yJ?JLA"fﬁj Lubl{w"”LeJ/’u]Uu K s s ls slogs s Coenl 338 0 ST 0
2 KY 5 eliis pd slalospn b ol slaosls A5l 5 b S gt 1 2130 Sslita b 5 (Ko b Sloo s b
$25 (B ske 00 0 =0 (5 50ma o JS S, Ypa o /0 ) Johoma 2l ko Fo b colu ¥F sy S8 a0 SrilesT pl ot oyl
w3 S ) kit o oz (595 Olpte 4 3l Splowa 3 5, 2§ 5 adsl slacdils Sls gl LS ebil, Sl b 4 2 s
Sbles oo b puate ul coder sloosls S350 51 0T 5 0 o 4w B gliis g adsles bt RS b 5y, orbas e
ot bl o 50y Sl Calite (oS foa b i Jome 30 Kby Yoz ] o ol s 4y abline b5 Coand 33 (g g0 K
P2 o2t Sl S 0)) il ST 5 2ty (doled dplomes (oS slachile 55 2 oK) ol 25 (slipy 5551 b omiline
IR 29 Sl ST e 4 e e S (il S g0 aS ey 0 A 4 Ll g (Ul il 5L slaclili)
S fols p32 oy 3 iy (el Dz S B Sl B 1o, 55 lejes coeal Gl ak s e i B daals 4 cps
ol ey B G g eiote (Kigion oslizal 6 pagy phod Clilé 5 olon ooalS Sy S ¢y gl b (D) 2 30K (slalospn
.3ls uL“au.a..auf:..«‘,.a S

G ol e b (Joles rz....b’ol-:,u;cyie-):fl.t:- ‘x}“ﬁy‘ghbarﬂ gl p slhabespa 1S skre sty
dakde
ASUAK.LA el LS s O...x_‘).)oJUl:..m‘ JABLSJ)QJ}: L;.!_U_i‘—‘fat_s 6“3).:.«5&_}@\_&)"0_{4_6}):%5

dha";su-qaxaféjélﬁUbLgJ)uJTL_L;?JMLgLMJS LW}cu{wJ‘;{ATdhﬁu): L;a}:JlSuJ.@a‘.S
J\)wiw):@j!)zcs@l.&OTLSJQLEL}_.»Q)“{‘U.:L;« VSOTL’LaIQb.JJL;a gbqé_ﬁwﬂj sbsi=

[ DOR: 20.1001.1.24763594.1379.4.2.6.1 ]

)‘J:“:‘ MK 51 o8 yabis e uaslisls s‘;.‘:uc_fb alead
)Ij:';‘ AK‘:‘J ud)JJLLS oA Esls LU.JL_::LSB .L...':)' L;-JL\..;)‘S‘}{L.\I &j?:.:uib Y

A


https://dor.isc.ac/dor/20.1001.1.24763594.1379.4.2.6.1
https://jstnar.iut.ac.ir/article-1-160-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-02-05 ]

[ DOR: 20.1001.1.24763594.1379.4.2.6.1 ]

VWVA Dl ] p3 e | pylgr dlor/ ren wlia 5 (5 5,0L88 0555 5 pslo

(885 S5 clize g 2) K 5 (@ STu>) B
Yoo gladsles oy ‘@m,; wda slalospn 51 i
ez 8 515 ealizal 5 4o

gablen U gy b Qi lalases 551,
PN ol O g5y ey 4 ¢ 30 8 5 s
3 ol PV S TY e (YA CYV (Yo (A (Vo D) ol 0l
e SIS Ay 5ol La )y 45 LS e LB (V1) S8
Alr @ p ey Sl dils el bl e s
o 5 gy Jgdmeodidy pl oW L s 4 S5
4 Wl o s S 05l ZN(OH) T &) 4o 4y o
ol Sl slaaust 5 (10) oty S gl aly
WY 5VF AF AT 358 Ol 55 58 5 p e sl

S L 3 ) (b Qe (1Y) e WS 53
Ghalail 3) 3o (555 3 508 b 5 Ciliies Glail b cOliw sain
S e o G (slaosgs 5 4355 S sl 3
SUs Uyl 33 (695 o8 il b eyl iy 5 430 s
@ty Ay S ol Olsen (2 53 p 8 e 8 5STU)
Bo—F 53, ckale of s S ep e ey p3 el i
8 Syye Ul gy 5 Qo vl 2 3o £ 5 Lo
S 5 e Sk 00 5l 2y g0y il S ap g 2 5
S 55 Dby cad )b 5l mh ol Ol o
S35 b ol b aaglin 53 0 gy 2 30 KL
23 pldd Jgloes 53 ) 45350 odde (V) e o
(R 39 0 8 e £10) Vo vV o 50 il oS Ll
3 Jlile .l o @ ey ZN(OH)y ) go @ el 2ty
e g e fSle (g e 48 Ll 0L (YF) I 58
Sl 3150580 Sota (6l 48 ST 55 (60 3y 5551 omlize
i3 S Sl 1 pa b pme 5355 Yo (Gl g g 0 pLe
10 (sl 45 S by Kt S olen b avuslie s o
BINIERIREN SOW PR R J7 3 KV. < il 5t SIS PYE P
e S1ao U g 5 Shae o 53 Sadalie (1) ST
el azls s 2ee g e B e KN Sleaps 5,

Aoy 9 5l i ol o(Laydls) 6Le Sl s Yy
GBS ol T o e 45 g ol S 03 55l
i Il sl b (Y8 5 ) el g5y lad 5o Sl
R by a3 ph o S 53 Gy e csl &S
ol gy Clid 5 s S5 Gl gy Canad
Balrd o paie ol eolid il Ol gz 5 g e sty
Ay s o LS 5k s pa 00 5GEs ciliiea
3 S gyded 4o 40 S8y Py b 5 e Ol
3o S8 sk SlaeSt 33 0T A e by 5 el S
Sl GlaSLs 3 (g3 eslizul cdls oS Lol Julye
(Y 3Y9) oo Olem 4y (21,2 b 5 96 ,3)
Sl 53 595 6 asdlls (gl cdr sbalesps 5l
3 b ol Ol alaily Laless cplect s oslizal
05T tns g0 OLE ol ylons 13 b 0 gy il
gty ool o0l Ol 5 o 5 gl ke gladdslas
pe SN 5 (A asles) gl sl 53 Sl s> §
sl 0l (':;‘J sslazul 5 g0 4 51 e (Y asles)

X =kC" 1]
5 _KbC
(\+KC) [¥]

RIS 53 p S ke) sdd (6, e X clslan ol o
(A 3 e 8 ke0) Iolas J sl 3 (55 2l e C (S
Y yons (o 3 LBl o 85y bl oD g0 Kok
Lasals (5l plin g absbace o ol s gl IS5 5

:Ayi‘_;o oalaz!
log X =1og k+H\log C ¥
C \ \
== 4 (\C
X &ot ) [¥]

2SN Ol Sabesga & ol ol 4o 55 OLLS S
s OF ol 93 S05m cuenl cde 4 (¥ 5 ¥ gladsles)

vY


https://dor.isc.ac/dor/20.1001.1.24763594.1379.4.2.6.1
https://jstnar.iut.ac.ir/article-1-160-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-02-05 ]

[ DOR: 20.1001.1.24763594.1379.4.2.6.1 ]

unJUGb‘éﬁwﬁj6&6\53‘?,1);‘_;‘,_,‘?;5.»91?6\.&;;_;

A 0sls e BY esly Sl JaIS 51 (69, U gows
ot ol oo B 5 e ol 3 (55, il
Joboma 5 sl Jgloes 55 (555 5lde oy 3l 0y 8 pms
P Sy wodd b o 5y )M Ll ale
3 23S laddslan b odal s 4y s s 8§ L
i3S il ab gy e ulpd Al G35l i
ot B S 0 80 g 55 35, 5 ool U i

w28 S s 250 S Do s bl

ey g ol
b R LS w555 e O slalases
ol K& 5 5 azdby  Kabea (¥ sles) g g 5 alsles
Doles ol by yo pdor il iz sl 05 ol
ol slesps 4 L OF 51l a3 S L1 Y J g s
393005 U ) 25 o 5 S Y g s 5
ot b sl asl S Slos gas U bLsyl ol ol oS
€=\ 5355 15 15 b aS dkizas (\A) (uS'S 5 Oloas S Jl>
Sl @JJJJ_,_AJL_;«\J:LU Casly s 0y & 23
Rybee XL ol K€y clale 55 b ams 55 ol
Vdodr oz g K s 5 ol a4 a5 Lol
3390 80 SIS 53 S s Sy At o Sl
Joles b b s K oy ola gine abaly 5 02 5515 aslizal
Al s 4 Sl S ylS
=-Y\¥/4+¥V/0CEC  R=./sv¥ [0]
= dse Flo) 55l ol wud b CEC cslas ol o
b B GBI a5 das e OLES 5 sl e (S p S4kS
g on 05 0l (IS (69, Hlie (S 1S Usls
e Sbalesan cdas 00L& K3 &5 ) 4b Olea
dc@\u:@gilajwa_g&bdw‘):@].ﬁjﬁ
plos 53 ) b Gl wline caniy S Sete
andllae (pons 55 (Y1) Sls 5 (65,5 il oo 4 48w polie
Cldor slalesss 48 s S odalin (L3I o S1s e

vy

Ol gn = (V 329 sl ol Guiios slaiaa

2 oS 5 Sal gbSs 5l galias 55 ) il

3 gPHa s e glalesps hestinl U ¢ )i 0l

ot 23 ) b Dl s e (Y (50 SY

3 a5 il ol Ol SSddaly b3l S
Adlllae cou glaS T sbard 5 S5 sl S5

b tss g5l se
Yo U jio Gas 5 iGutons ol 53 oslizal 3,50 slaS1
o S g ol Ol et 558 Sgals Sl (gm0 Bl
Hlos gy iy S 55 Y sb gladle ¢l SdaS
SIS g 5 S gy i o &t a3l 4 JGEh 5
3 S Dl geas | gl il 0als ) gue (g 20 e 5
23la o(P) o) gy 4 SEIe 4325 Jd S plard
Jos 5 Lol o 3o = @ ¥ SNy 5 STy 2 4
G s 4 S Dol ol B glii s sy S
alee poadS Sy S (M) o Slaad b a0 5187 il
T s e (V) Sy IS sl 035 55 g oy
b Sl S o s 4 o 5 4 e B s, 5 Saud
chle 5edd 6,80 ,lae SN o (560 5 (YA)
=l e 5 K o S eslizad b i 5 g
(N Jsder) 33 8 ppeens

ol 4 cazbu 50k Sla I s 55 S 05 9 e
Yo e 0) whle cuia b g slad gowe 5l 2 Ls fo
QJHQ(};)J{,;JL:,Q” 3Yoo (Yoo (\oo Do
L 5 65l 5 5kn ) F ) 5 0 kaS 5 5 ey My
Sl o, 2ibafS ol (gl s BLal (Ohlsl 5,
ot Vg ofo) LS wrd S 55 g0y Gl s ¢ Sy
OIS SOl 0 o 4 50 4o Yo ke 4y bl gl RS
4o YO glos 50 O cela YY 5 Gy 9 e w0l
SR CPS PEPUE VFPHR I NCRPPY IPPRRE g5 W

;jﬁ@_ﬂbfﬁﬂoo Sgd> 43 4283 Yo CJ-LA‘.!L&AJJJL')T


https://dor.isc.ac/dor/20.1001.1.24763594.1379.4.2.6.1
https://jstnar.iut.ac.ir/article-1-160-fa.html

G/ pss o)l [ gl tlor rmd milin 5 (55,0058 053 5 p ke

VYYVA ol

bl g0 SASE plard 5 (K5 Slows s any ) gt

Ve

SrSular 5y 93 J e i pefoly s dlsegdh S osle pH Sl o S el Sl
s gars panoly s, Jolae e (X2 (gl yons) (1) (Xe32)
f s 2 ¢Sk (4aa)3) 2 J e Sl)
Refs) (S eSS (S 54
(St p SlS
of\F "y OV/A \4/f o [¥\ v/ Y¢/e \IJA R \
2 [AO o /¢ ¥o/e AR v/ 0/ Yoy SIS X
o[ ¥A v Vel¥ VA/O \/ov v/Y Tv/A Wy Sox ¥
\/OA \v4 Bofe - YA/¥ Y/§o v/ Yr/4 ARVA LS ¥
/44 YA oY/y Ys/¥ TAE vl YF/v Ye/Y Soan o
o [AA ™\ vo/r YA/A \/ov v/Y folv vy/y Sea $
N Yo n/y Ya/y Y/00 v/Y Y4/v $ofo Jus Y
Vid oy /v YV/¥ Y/Ae v/ vo/v oY/e Ul Ol A

[ 50-20-920z uo 1rze- i reuss| wolj papeojumoq |

[T'92¥'6/ET'¥65E9/72 T TOOT'0Z :HOA |


https://dor.isc.ac/dor/20.1001.1.24763594.1379.4.2.6.1
https://jstnar.iut.ac.ir/article-1-160-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-02-05 ]

[ DOR: 20.1001.1.24763594.1379.4.2.6.1 ]

oo B Ol o SuES 5SS I S 5o g0 ek ol s S5

Verre

Yoou d

VOA

(S ppSetuS o 0,5 ) sad eabuds g,

¥ T T L4
\e Yoo Yoo
rSL
JdN N \e Yoo Yoo

Yoos d

TR N Ve Ve

p—

Yoo Yoo

Yeor d

Yeoo d
\OA
¥ ¥ T L L8
A A \/» \. Yoo ¥
Yeoo

Yeoo d

t ) T L

of+\ 1\ \/- \. Yoo Voo

(s fl‘sus—L"‘) Jo b Jalos o 69 o Lo wbide

ALY 6&6&4,:@.153;5@]&»93?‘5[»:‘,&&1&”!: -3V -

Vo


https://dor.isc.ac/dor/20.1001.1.24763594.1379.4.2.6.1
https://jstnar.iut.ac.ir/article-1-160-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-02-05 ]

[ DOR: 20.1001.1.24763594.1379.4.2.6.1 ]

VYVA 0wl / g3 0l [ p)lgor st/ anek mln 5 (55,0088 0455 5 p4le

4J3|c‘=..u)a sl 0 0205 QLAY J gt 538 sles 2alyy
o) pSubadkls 55 gy, Qe v by e iode glaleses
ol G g by s a5 (2 s 50 0 85 S
Slespa 5 cla...»_,a sy el iy glacdals 5 e
b opasia MK‘JJ b Jove 93 il Hazoms ¢ 30 SOY
bline ol o ) il @l @slize oS5 o
ol 5l 58 5m w4 oK) Jol o 53 (60 4y (5551
L3l ge (Ky) soeie 5o prdans 55 (Glip (6551 b nlize
S S glachle 5 Sl s Ola ol (¥ Jsd)
o g i Ny S50 L paie ol o Jolss U plona
L)) goia Il pdan 53 i ST 3k 5l g e
Ole 4 (1 Jadr) o () ps e 31 S L5 e
S S sl s 53 0ds Qi (5 i 4 S K
Cond 4y Sl (§ ks (5 5y (6551 b Lol ezl p g5 e
b 0 Sy e ST (Il (g 0 05 e (IS p 53
e 5 9;":}5‘-”'%&%%} GO Y S 5l
p92 gk 2 AN SOV 4 o35 (s &5 Lozl p g3
23 (P Gl Jome 45 505 0de (FF) Olapd a3l o dr
A 5l e e SOV losps s 5 Ul i
s Coedl o cud b 5 G5 4 (5551
e plas 5o odd i (5, Hlae Gl 5o
S Dl e b e 4y S5 L 0 S 3 e
Gy B pan 6353 S5ie Sate VST 3080
ploss (Y0 5 9) 01 Ra g5 5l ndas odiiie 4 el 055
ol QL L s S T Bl -0 S b=
Aled (M 58 oy i B3l ) s il
S 5l @olias 13 g5y daw Q53 (V) 4o
3 g odaliin ¢ Oload 035955 s 3 6,2 b ST
Gekie 5 pe Y sl L Sl 53 Qlor (slabases &5
b g 4T b s o sl s o g Jald 500y
sl 35S LLYT (slasSs (gl (FV) 0Ll 5 5t
e aS b 0L (V1) bl 5 LG gl ciilee cod

Sy e sbesls Al 4 by e o lps Y Jpur

g S sl b
cpaaiS ot k % Sl olas

R")

o [ANFH fay o [%\ \
o/a5* AQA o[t Y
JALNA £ ¢ JAR ¥
o/av® \\5¥ of%\ A\
o[4q %% 500 o[¥Y o
YA PP o[$4 4
o/ay* Ao o[fV v
ofav¥ 4YA oA A

o3 gt 5 Sy s 5 by e it

S e b g azdls Koaber iy b doles b oedas
31 55 ot s bau g plia il A 2o
slaeols (3310 b (V) amps Js vzl sas 3,158 505 (TY
b i b (ol ST 6 pmd dn 53 (535 oo
203 G ) (Fad a5 53 glalosps gz i3 Aalee
S gl iz 53l (695 ek ldr 55 (FY) Jlae 5 WS 58
I3 el 350 il sl b cdliusie S
Aml cons plia @(:5 4 gasb

lalespa b 5, (b o glaasls (3315 Lo ,a
S A edalie Lal coush el o o KV Qs
b Laools ol 15 o 2 (8 slan) odaws 4o slaleson
bl o 5
X=[Kb, /(O +K \ O+H[(KDC)/(\ +K O] [#]
SIA L cmlie o 8 w5 4 Ky Ky dslee ol
e S 5 by by cp sl b (gl (g 4
il on Jols gl 3 CBIEC yep s 5l b il

2 F sl b g5 5y ol gllespr gl il
e 5ty S Al da 55 0 4 ¥ 5 Y gla JSKS

\'4 4


https://dor.isc.ac/dor/20.1001.1.24763594.1379.4.2.6.1
https://jstnar.iut.ac.ir/article-1-160-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-02-05 ]

[ DOR: 20.1001.1.24763594.1379.4.2.6.1 ]

B Ol u y SES 5 S I S 5o s, ek odr b S5y

v

—

(Sl p 800S0 6,5 olos) sad b ds g,

0.127

0.084

0.04

0

ot}

0.027
0.0164

0.012

0.0087
0.004+

-

" 20 40 S

®
Yy Sls
L J
[ ]

0-05‘

0.047

o

0.03'

0-02-

0
0

(( rdya o8 oloe) Jolen Jpdoeys o9, & kowlile

0.014,

02 0% 06 08 10

0
0.011

02 04 06 08 10

0.009-
0.007-
0.005
0. ooaj

OA’

046 05

1.67
1.2 1Sk
0.8
- L
0.4+
-.
0 50 100 150 200 2580 300
0.61

=

0.4 1

0.2

rSG6

0 100

2000 300 @ 400

f Sk

A

80 120 ' 180 |

(s 055 ohae) Jols Jalne )8 69, o5 Lol

FUN LS o e KV Qlor S5 s laspa b basls 350, .Y K3
(;gjafjf‘;\:aﬁjiu@dawd)aaC.Blb:yg;.:)ﬁpfé.f @ji,:Jd:\é’d‘,buw:J!)


https://dor.isc.ac/dor/20.1001.1.24763594.1379.4.2.6.1
https://jstnar.iut.ac.ir/article-1-160-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-02-05 ]

[ DOR: 20.1001.1.24763594.1379.4.2.6.1 ]

VWV OBl ] pgs ol [ ol i/ rk a5 (55,0088 045 5 psle

(edys oS rbe )00 s Jadrays s, o Lo il

0.04-

0.03-

0.021
1 e
0.01+

0.5

o

0.0187

0.0105
—~

- @

0.016- ™

1.0 15 20 25

§ Sl

0.044

(SL p,SeliS s 0,8 L) sad abuods gy,
2

0 02

04 06 0.8 10

0
0.0224

0.0187

0.0144

0.01+

0.006
22

%0 02 04 06 08 10

50 100 150 200 250

¢S

150 200 250

50 100

Oo‘ F ] 1 T L] T ¥ ¥ v 1
20 60 100 140 180
0.51
4 AS
0.3
0.1+
0 1 ; ¥ T 1] 1 L 1
0 40 80 120 160

(s o055 loo) Joles Jadou,0 g, o8 L cbils

AGO SaS 53 5 ge KY o Ol (a5 g3 slasen b laesls 5515 ¥ JSS
(J:'f-JJAf;LJ‘S‘ @j’&d:ﬁd,@%gcﬁé):fﬁk @j‘#d:ﬁ'd)’u&%d’)

VA


https://dor.isc.ac/dor/20.1001.1.24763594.1379.4.2.6.1
https://jstnar.iut.ac.ir/article-1-160-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-02-05 ]

[ DOR: 20.1001.1.24763594.1379.4.2.6.1 ]

b 95 g0 KV d""ﬁ“.&.}) dor gesls S5l 4 by pe el ¥ g

R," R,' K,/K¢ by/b, K¢ K, b, b, S oyl
o[A8FF o fay®E  yy/, /5o ofoY o[5¥ SVY \Wa0 \
o[aqFE jqq \Ax \TANY ofo9 o /¥4 FAY 149 Y
o[ANFE o [4qFE  ayy AL of\e o/vy YAYO Yoy ¥
o[qq ¥ o [ANTH fY/$8 o/xs of\¥ 0/as ALY VY ¥
AN S LV DY 1 o/fy ofo¥ Y/ey OAAY VeAY 0
o [4q %% LS i YA/ o Y/\o ofo¥ VY 04y \AVS 14
o [qq % o [N§*¥ Vo /A 0/#4 ofoA o [N FAYS VY0 %

o [49 ¥ o /qq ¥ £F/\ 0/s0 ofoA y/ov Ve ¥Y \ YTV A

Jolas dhoma 55 (595 35 5 oS laclale Js s 5 0 (S SS 55 p 5 ) 655 i S 1am by b,
dabas Jglome 53 595 b5 5 pS b lle 5o 5 455 5 6551 b cesline i i K K
ol dloes 55 5.5 35 5 oS slac ke s w5 4 dadlsbas s e Ry T LR,

(oot 3 (SAl S 55 balesan oo inly (i 5o
35 () ol bl Gl S pla - s 5L L
los o S Bla — 0 0ds L3 b oy 655 IS kil
el 03,5 318 Calzses
Slpoals (33l 5l el conl dizae (¥9) 425 ol
oz el el @l e SN Qi glospsr g2
ezme 453,58 ol WSl Gu b 51015 a0 gad ealizd
i 2 L0l o e 5 e SV aslas i 5
Ot ey 5 ol b 33 JG VUl ) o 4y Lases
ol sloapa 5 (gadaze 0Kt 55 s oyL3l M3 45,40
3t gl Qlar ucdlSe fanns | liie 4y g0 Y
Hlos S eslazul (g9, aboar
P 535 SIS S0 35 g0 5 2y oIl S (gl
St gl S5 b 5o s GbeiT 5 e G S
Aan S lospar calpd o paie ol b Olor
O gan S5 slaa (V Jsdr) S Slaas goas 5 (1 J )
2 63y el Qo Sl Sl S30LLE 0 8 s

Loys S ch...)a o pan i

Slospn L ST aabatn (slacSs 31 (g3hias 43 (g5 ol
4o ls eie (1F) Olagd )y Salen 5 1o SV Gl
Soamd 53 (58 3y (5,51 L lian g b 035 5 S
ot} 23 63 48 ol ol odims 05 dlosed iomin s
23 S n S Cldr 55 58 (65 g ol ¢ 2aS 5 lie 1 iy
o bl GE5e onl 53 (6405 (6551 s o 035 35 (6
«(0) OhSan 5ol dils o Jas o S T asle o 55 55
233 Al S5 a5 (595 (oedas i gm0 30
L lacSs ol 53 e cglalesps o8 155 S dalin o o
e ol (o JS3 4 503 g Glata e Y diles
51 o oS el & slite Ciliien S s ol ST
Ol gedlas 5 Oloas S il o ST oyl 3o - LSk
e dr glabesens 48 0ol 0L S YE o 55 (19)
b o w g il Kates 50KV doles b g,
3okl 5 Vo) ISy 0l alous 4 sl s o
xS (V1) Ly 5 )81 ol st 35158 (o) ooty

GX s S5l b i o 15 5 (605 e Sl a5 S

1. L-curve isotherm

v4


https://dor.isc.ac/dor/20.1001.1.24763594.1379.4.2.6.1
https://jstnar.iut.ac.ir/article-1-160-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-02-05 ]

[ DOR: 20.1001.1.24763594.1379.4.2.6.1 ]

VWV 0wl 093 o )led [ o)l tlor/ med b 5 (55,5058 055 5 pslo

35506 sy 5 s 4 (5l me 5 ke St o S
S Gl o by gy wdiz glansls (1Y) 0lKen
5 e SV agddig 5 glales poa Uy 18 ,aT (sLolNT
SVl Sl oS i S s 5 wosls 2l Y Sl
Sy = o Josle ¢ Sl Usls @i b b s 5
53 s oS s ol ol 5 el s
02 803 S I (YA) SIS 5 50, dizes b
Lt s b ol 25 51 glagils -
Sl e ol yar ST 53 () g

£33 b 3 Sy I fS e o & dolee Gilhas
Sl game (i (St Uslas ool Sl S 5 e
g8 oY o\ Gladsder 55 odd &Sl glaesls STesls 3 o
D L S e Ol e 4 s n sl (K o
o S o a8 (oo Ve [¥) dobae rdS Ly S
Sl S oS LY S (S ¢SS0 05 e YAYO)
o Sl o i L)% (oo YY/Y) dolas S
byl s gy dsb pa lls ) (ST £ 558 55 0 8 L PARY)
)= Jds 4 Hasome cslan podS Sy S by e
o e Al o S 0 5 Ll S 3 0311 0
ol 0 S (695 028

L;S‘J LS 5 g5 Gl 5 (651 55 &S b O
olSeslizal LB o g jhud jldia ¢ Guio ol o o3lizal 5, 50
ol pogr 28 oS by S 5558 ol b B ()
om0 s s pE L3 Gl gl by e e
oy ok el el 31 plaS a3 el Y daSs
s S sz lold 0 S ey jald 2alS
oS G 3548 e olgide sl 4 o 6l s
(5122 55 5 1,8 31 e 31y 5 T T s eolizad 6 i
S b ey S ks Il b o g (gl 5 s
Szt o 2330 53 podS S S 5 5558 Usls
Wl b 5 s 55 3L Gl e 4 1) el

SU sl S5 51 r L)) oo Il iy
et 4SO o ol OLES (5l e Ko
f_}.)w).} 6}) &)i.a-;j'.l.}-)'.)j_ﬁ C)L_:A LS)‘)L;;&G

s S ala e S Dl puas  edns b o(by) e

by=YFVe+sV/Y Clay R'=o/0A* [v]
by=-¥1$+Y¥0 CEC R'=o/yvo* [A]
b,=444¥+A7/? CCE R'=./sv* [4]

R'=o/py* [\e]
Sy Sy do s 3 5 4P g CCE (Clay aalsles opf s
S pa g oaliad BB s Bl 5 (dsy3) olee S
o iy 2 3 CCE |y el o (S 0558 50 .5 ko)
03,5 8Ll Vo BV slaadalen 51 plS e 53 ¢ 3 b 5l e

by=YVAY+#4 P

T S B e S e 80 JRre pize
A 55

uﬁiﬂ-{r‘* o b dby) p0 G s gy il Sl
5 (V) 4oy byl i @L“_.S 2ls OLis Hls saa
OLES (1) Jlim 5 NS g ol o 318 (Y o) ulSon s oS
2 elpen b (LS 5 (6, i glaleses S sl
S 53 5 s 51 o S 535 55 olia slalos o
ed 22SK 5 5351 gd G L s lie 55 (e )
OhlSen 5 gadew 5 (V) Ol gedlen 5 Oloay S ey on
3835 b e Sl e (S b 55 (10)
.xa)ijaqSG-uﬂ)M)a

Lo iomin 095 Sidu 53 (S (odaw o Sl
S po g osliad J6 jad wlile 5 ool dols e b
Olpe 4 (Vo g A sladdslas) dd oys (gls sxe bS50
e Ble 5 55Ul b o S LY S Jlke
(Vo) ISyt 5 0l ddly o bl |y oor ST o ik Ly 30
L odr gbales oo illss as ((1A) OLSen 5 554
Sy o SAT S 3y 30 K5V e K alslae
M osle 5 3 Usls 2 b gy s 5 ke ol

1.B.E. T.


https://dor.isc.ac/dor/20.1001.1.24763594.1379.4.2.6.1
https://jstnar.iut.ac.ir/article-1-160-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-02-05 ]

[ DOR: 20.1001.1.24763594.1379.4.2.6.1 ]

0B Okl s CES s 5SS I S s g, ek s Sy

6J)Lioudﬁéjw>|ytijt;ﬂa|}»e_§w‘w

A‘,.::QAWJJ

$ ) Bl

o‘ /; 25ly zljj—.f. (5‘)‘,_::‘ OJJ).)‘ 6\.&&-&—5}1 AJ‘:“’} g‘)’.’."b.
Geions ol sl Sl Y (Jlo slnel el s Glnd
..3)..5)‘54 u—*"{)-’:’ 3 LS)tvi‘“L;“‘ Slagas

Dy s dro F 5ol au

Sl el

305550 Ealy LSS s, et s s 8 5l eslimal Y
Frar 3 3 59 N Rl o 0SSl g |y
b s

6o 4 0300 G5 cde Zn EDTA 5 S aS of 51 ¥

oolazd )44 CILA

033353 dan 5 ailaie glaS s 55 Gl 5 aEa LT sla 55 4 olS oslizad b (g5, cand s ol ATFA G eamyo )
S Glyad ol (65,58 s aSKils cas | e bdyl8 4l oLl L, ol

2. Allison, L. E. and C. D. Moodie. 1965. Carbonate. pp. 1379-1396. In: C. A. Black et al. (Eds.), Methods of
Soil Analysis. Part II, Am. Soc. Agron., Madison, WI.

3. Assad, F. F. and J. D. Nielsen. 1985. Adsorption of zinc in selected soils from Denmark. Acta Agric. Scan.
35: 48-54.

4. Barrow, N. J. 1986. Testing a mechanistic model. IV. Describing the effects of pH on zinc retention by
soils. J. Soil. Sci. 37: 295-302.

5. Borah, D. K., N. K. Banerjee and R. K. Rathan. 1990. Studies on adsorption of zinc by soils. J. Indian Soc.
Soil Sci. 38: 27-33.

6. Bouyoucos, C. J. 1962. Hydrometer method improved for making particle-size analysis of soils. Agron. J.
54: 464-465.

7. Chester, R. 1965. Adsorption of zinc and cobalt on illite in sea water. Nature 206: 884-886.

8. Chapman, H. D. 1965. Cation exchange capacity. pp. 811-903. In: C. A. Black et al. (Eds.), Method of Soil
Analysis. Part II. Am. Soc. Agron., Madison, WL

9. Demumbrum, L. E. and M. L. Jackson. 1965. Copper and zinc exchange from dilute neutral solutions by
soil colloidal electrolytes. Soil Sci. 81: 353-357.

10. Dhane, S. S. and L. M. Shukla. 1995. Zinc adsorption and its thermodynamics in some soil series of
Maharashtra. J. Indian Soc. Soil Sci. 43: 590-593.

11. Ellis, B. G. and B. D. Knezek. 1972. Adsorption reaction of micronutrients in soils. pp. 59-78. In: J. J.
Mortvedt et al. (Eds.), Micronutrients in Agriculture. Soil Sci. Soc. Am. Inc., Madison, WL

12. Ghanem, S. A. and D. S. Mikkelsen. 1988. Sorption of zinc on iron hydrous oxides. Soil Sci. 146: 15-21.

13. Iyengar, B. R. V. and M. E. Raja. 1983. Zinc adsorption as related to its availability in some soils of
Karnataka. J. Indian Soc. Soil Sci. 31: 432-438.

14. Jenne, E. A. 1968. Controls on Mn, Fe, Co, Ni, Cu, and Zn concentrations in soils and waters: The
significant role of hydrous Mn and Fe oxides. Adv. Chem. 73: 337-387.

15. Jurinak, J. J. and N. Bauer. 1956. Thermodynamics of zinc adsorption on calcite, dolomite, and magnesite

1. Zn efficient

A


https://dor.isc.ac/dor/20.1001.1.24763594.1379.4.2.6.1
https://jstnar.iut.ac.ir/article-1-160-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-02-05 ]

[ DOR: 20.1001.1.24763594.1379.4.2.6.1 ]

VYA O/ g3 o jlad | plgr Ao/ pmek mln 5 55,5LE5 0555 5 p ke

16.

17.

18.

19.

20.
21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

type minerals. Soil Sci. Soc. Am. Proc. 20: 466-471.

Kalbasi, M. and G. J. Racz. 1978. Association of zinc with oxides of iron and aluminium in some
Manitoba soils. Can. J. Soil Sci. 58: 61-68.

Kalbasi, M., G. J. Racz and L. A. Loewen-Rudgers. 1978. Mechanism of zinc adsorption by iron and
aluminium oxides. Soil Sci. 125: 146-150.

Karimian, N. and F. R. Cox. 1978. Adsorption and extractability of molybdenum in relation to some
chemical properties of soil. Soil Sci. Soc. Am. J. 42: 757-761.

Karimian, N. and G. R. Moafpouryan. 1999. Zinc adsorption characteristics of selected calcareous soils of
Iran and their relationship with soil properties. Commun. Soil Sci. Plant Anal. 30: 1721-1731.

Kuo, S. and D. S. Mikkelsen. 1979. Zinc adsorption by two alkaline soils. Soil Sci. 128: 274-278.

Kurdi, F. and H. E. Doner. 1983. Zinc and copper sorption and interaction in soils. Soil Sci. Soc. Am. J.
47: 873-876.

Lindsay, W. L. and W. A. Norvell. 1978. Development of a DTPA test for zinc, iron, manganese and
copper. Soil Sci. Soc. Am. J. 42: 421-428.

Maftoun, M. and N. Karimian. 1989. Relative efficiency of two zinc sources for maize (Zea mays L.) in
two calcareous soils from an arid area of Iran. Agronomie 9: 771-775.

Mandal, B. and G. C. Hazra. 1997. Zinc adsorption in soils as influenced by different soil management
practices. Soil Sci. 162: 713-721.

Misra S. G. and R. C. Tiwari. 1966. Retention and release of copper and zinc by some Indian soils. Soil
Sci. 101: 465-471.

Moraghan, J. T. and H. J. Mascagni, Jr. 1991. Environmental and soil factors affecting micronutrient
deficiencies and toxicities. pp. 329-370. In: J. J. Mortvedt et al. (Eds.), Micronutrients in Agriculture.
Soil Sci. Soc. Am. Inc., Madison, WL

Msaky, J. J. and R. Calvet. 1990. Retention and release of copper and zinc in soils: Influence of pH on
adsorption characteristics. Soil Sci. 150: 513-521.

Olsen, S. R,, C. V. Cole, F. S. Watanabe and L. A. Dean. 1954. Estimation of available phosphorus in soil
by extraction with sodium bicarbonate. USDA Circ. 939, U. S. Gover. Prin. Office, Washington, D. C.

Pardo, M. T. and M. E. Guadalix. 1996. Zinc sorption-desorption by two Andepts: Effect of pH and
support medium. Europ. J. Soil Sci. 47: 257-263.

Prasad, B. and I. Sarangthem. 1993. Adsorption of zinc as affected by its sources in calcareous soils. J.
Indian Soc. Soil Sci. 41: 261-265.

Qian, J. H. and Z. C. Xie. 1992. Studies on chemical behavior of soil zinc and zinc-supply characteristics
to rice. pp. 283-289 In: S. Protch (Eds.), The Role of Sulfur, Magnesium and Micronutrients in
Balanced Plant Nutrition. The Sulfur Inst., Washington, D. C.

Reddy, M. R. and H. R. Parkins. 1974. Fixation of zinc by clay minerals. Soil Sci. Soc. Am. Proc. 38:
229-232.

Shukla, V. C. and S. B. Mital. 1979. Characterization of zinc adsorption in some soils of india. Soil Sci.
Soc. Am. J. 43: 905-908.

Shuman, L. M. 1975. The effect of soil properties on zinc adsorption by soils. Soil Sci. Soc. Am. Proc. 39:
454-458.

AY


https://dor.isc.ac/dor/20.1001.1.24763594.1379.4.2.6.1
https://jstnar.iut.ac.ir/article-1-160-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-02-05 ]

[ DOR: 20.1001.1.24763594.1379.4.2.6.1 ]

LJ..-JGO\:.-Jc'ﬂc...isxj6\&&55)‘?‘,4'_):‘5})@;&»%).1’.‘5&;})

35. Sidhu, A. S., N. S. Randhawa and M. K. Sinha. 1977. Adsorption of zinc in different soils. Soil Sci. 124:
211-218.

36. Sposito, G. 1989. The Chemistry of Soils. P. 15, Oxford University Press, New York, NY.

37. Taylor, R. W., K. Hassan, A. A. Mehadi and J. W. Shuford. 1995. Zinc sorption by some Alabama soils.
Commun. Soil Sci. Plant Anal. 26: 993-1008.

38. Udo, E. J,, H. L. Bohn and T. C. Tucker. 1970. Zinc adsorption by calcareous soils. Soil Sci. Soc. Am.
Proc. 34: 405-407.

39. Walkley, A. and C. A. Black. 1934. An Examination of the Deglijareff method for determining organic
matter and a proposed modification of the chromic acid titration method. Soil Sci. 37: 29-38.

AY


https://dor.isc.ac/dor/20.1001.1.24763594.1379.4.2.6.1
https://jstnar.iut.ac.ir/article-1-160-fa.html
http://www.tcpdf.org

