a8, 4 0T Gl Ol ki w0 g (51 33 eawlio &3 395 QU (ki
U TOR- 30 I8 TRPS ) g
Tk W g e yho! e

louws> —N

bl 9l LIS 31 (5 )kumm 13 (55lel (e (Sl 51 (S sl e (ST (6Ll s

Gos) Sokl (092 (ALl Sy g ¢ JUSUlS Sl cmnns (2] 51 iy 42 9 Blusl 4y dr g
Folly ol ailiwlio Sl jlaie d> (5,lul Wikt Fos &5 39u o0 Toko Jlgw (! ()bl e
(b o § luno 43 4295 1 2395 0 (ol ame Cumn3 1B 28,5 a5 53 (g logas
45 Gt o Log3l gyll acinr (305 waged Josio sl ol (55UaSy (615 o (glais32
Comnntj (Slpdg—200 (& k] il (B0 o 4 9y (2! 31 -9 e (o 51 Jguazmo o iy
bl aae o Ol iy & (FY3lae (oled 53 (Byb )5 S )3 b 5 1) (e
395 Ly g bl banaily O lue) (glas 50 bl 2 @S 2259 QU (Sliwe 2 Wloasd &1
U g 05 buaebly 1 lao) olanliie 0 w51 2507 & crimnitd 32l polis 5 iansd (STE 43 83,5
Ol 3 45 Sl gl il g (55906 (S ol (Goll dintr oo i 3 (STE p3 03,5 3585
S 550 €0 ASAE 3,1u5biusl b sillro Uailo;l elais] 3 sl 05 _ouwyp1 y0! (3] (a5
9 EL—d 93t Y0 drglj b pS1as ol (g9 B A ) 93) (oland i) e )3 poliie (o
5 Aol & Of g5 paiged Gleabsd (£lad 95 (o ¥ drgl b JBlas cand (59, D «C s, 93
byl )3 b gd JA1s Of pslie g (gjlaslely cilises (slodie paw b alSwd (g (855 1,5 o
2P Tbo 8595 @19 o i (558505151 (o Curgby g (glod el s puw) (ol s
SG 5 Sl (gl QLT (CA 1985 5 (ol Sy Jb Sy Jboy @595) FL sl
(s 2090 &9 B O 1 b a3l (B promnl-8 5 5005 (19031) (5 el LU ol G
=239 N 3y (55l Jai 51 Lewiulojl adS” 13 wuo 3 O Sless! haw 3 CA PSS 9 Sl aile
245 Jloy @598 i did iy dwo yd O dlose! g 43 (3590 Yo 51) yg05] w45 ks Jlo Sl
031> &1 Wosly SuiS1ys sl 1y aogi (3 ik b &idyady (19051 V0 43 deoyd O dlois! law
okl diae Bos el Glawlne laryie (Sl (65l s 152 85 39850 oy 130 ol

29eb U3 Jlo 5 o8 @ (58,5 A 3 y

fsls slao iy —Y
By powo] = 8,5 90058 ¢ glay ie g i cJloys &2 395 (2395 &g «(8prel LU ol ¢(5 b

Al i IS b OLL 5w B )
L& pla < VIVUYARY D00 Sles oLKis (g b8 sl (oylal it skl e 4y Y

Sl o &l colyls (63,58 0uSLls s 0 s Ghaemiali@yahoo.com

@ @ © 2005, The Author(s). Published by Agricultural Engineering Research Institute. Thisis an open-access article distributed
(53 under the terms of the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/).



Shabnam Jabbari
Stamp


VWAY /¥ e 0,lod | O e 65,9WiS  omotige oligiod alove bf

Loy den gy ol bl @l S g
72 e S U5 e o nde Jlosd
355 6okl S onl b

3w blid 5 JLSis Blee 4 a5 L
S sy pasie oS5l Caeal (O sl
e B 51l ag Ll oo, O Gas
S s e oS el s agy Ges o]
ol e K3 ke 4 apd ol ol O]
Sl 5 oS ol g (e oy SUT e
s speS 5 shle bl Bl b s Shes
Sl Gee 3ilpe les s LB spie 43S
Jdos B Sl s 0sh pbsl g8
5058 Sl duga ame oy T (3Ll
3 35S 55l bl Sl b s See Sl
21 G 2l el anile pd e B8
s a3 s St LT g Gas e
ey bocal olhalis o ('Sl" &5 @U
b s (O Gos) Slaalin (Sl w45
53 el sl g 5 e aler ) Bl Julpe
oo 0k ey gr ol el G o]

ol Pertet al., 1979) 0l,Ln 5 5
8 @b ) 2l s S e sl S Ll
e s S e S 558 O alis (S
3,05 355 (62,8 Gas as e 53 (b s el
3 b sslasl 0L g aame Ll cnle) oS
o=l A e Blis 4 sl okl s LS)L:'.’TVS
sy e sl oL A Ges Oles I
1S A sl okl wpe Ol Sldde slos 1 1y
38 Sl il e baesls ;oS s 5

&l 5 el (Karmeli, 1977) s s

3 ylasiy —Y
an Sl Lds 5o Cama 05381 5oy Sl B L
ol il o S o Iy il 55 16
faw s L D 0l e s (55,55 ol
Losls tals ) (S S 5 L Ol 8 o0 ouslisS
ot rege 3 S0 3,8 68 5l O Sl

O35S el OT (55 Aaw 5 (sl Lgs s

5 S A S 5o Ll b0l b
Sl 3 L W Lol 43 8 13 O oS adlas
Sl 52,5 S 25 Ol e 5 lis
CTL Ol as S8 855 0y oledss ool
L ooslas e 5l 6 iy Sl S
55 ol
S S osls il el gl S Sl o
Slasie Lol St @bl s el
Clvu.l Ya0Y Jle s - ol el (D5 )
S 5 035 D355 e tpl Cupe G ege LS
6)%1&“@%\5#;-’)@‘)@54{&1(5
3 5L s eS AT 5 A awsb JL
JSs sk bmd bl Jl S Sl e
5 ol il 515 0F g, Lealol &5 ol ol
syhe Jime oLl a5l db & es S5
S s okl Jb e 15 of g S
e 5 A e OF O L sl slaw is
ol Al &y e S s b Slo gl D50 a1,
S e dad 5 S e Sleatens Sl i 0w
Lok Yo 51 2ty e L3 OF Sl eslixad
Gl Gl b Sy orl Ol el 4y
5 Ol Glgmes 5o il 5 olsS Bl OlalS

S s sl s S S a4l peal ks



00 Slayie SL gyl jo 4, e Of G5 Ol il daogi (51 cuwlio &1595 @U s

Lel .05 S eslizal (Kolnaogneve-simirrove)
Sldalie 5 WS- a5 &b 5l as Ls S Y
535 o eslial (Ol gy Gos e S
ol w38 T e 4 bl kg Gas rizes
2 (S e Byl 5 ot 5
<l Ellientt ef al., 1980) o1Kan 5 il
Dl o 55 sk 4 bl m5 5 WU S
St ol e 03 odd edidly ol S
o bl dl i H S s s et
oS e B S S Ll 1S 5 L S
ol o3l &l Laesls Sty sl 1,
| b5, Warick, 1983, 1989) S,
FFIEN o p2) 3 S e bl e
=lF s sl ) (Du = S5 5 Cu
Sl s oS e St Je S s s
Ol sl b ol 5 s p L LB 5l (ol
2,5 Gl 55wl sl CL\SJAL;\J{CuJDu
Sl @ e 4S5 5,8 IS
03,5 355 L ol o2l Ol Slds (gl lualiv
DU i 5 Sl Lol 35 el
K gd s S8 sk Cu
ol =3P b (Wakler, 1979) Jsi,
Ol slan 53,5 555 Jlasi | e sty
Oldsily 5 SLL ol S o 1 il
Sl Sl Eas o 53 38 L) b
ot bt Ve 51 e 0T 3 &S oLl
Ol s ol Aol G Wlos BSL (g5LT

ol ol @l gl gla el b 53 S

Ohas 53 a8l 38 Ol i 6l ) SIS s
Sl S sl olis Jg 5 S slgly hau ol
Gl Ol e L el ols cdl- K
&35 B sl @ e SIS a8 Cl o s
9 L;LA)LS JJS oalaul Lﬁ'}a} C:))S C)U )‘ Lé'"};
5leslaul Uy (Karmeli & Peri, 1977) ¢
aS sl LS ol s 5 slas)pe slaesls
Sl @is oy Glp o w55 5 Gl s
u.'j_>- B8y )‘ LM w\ L;‘J_’ S W o.ijal%
C../-vl‘ )‘.})}?’-ﬁ

(Donald et al., 1979) o,Kea 5 LU
U S s @5 5l S o L5 SIS
o A.X?..ZL» uT J&A C)\Jx.aj ;ﬂ.:.ﬁ,o):" 6\]' QT )‘
5 S el S s objs'bj.&.;tijc\&)}cda.ij
Sl s o b s ol Wlhowd Gl sy
S35 o Gl SMalie (S w5 S e
i S ee) Ol A Geo e L skien
LS Wl el (55 Jeol Of 515 5m

Ol o5 sl OYVA) ol 5 lis
ﬁ)})ﬂw@‘f&wd)lfijb LS[;L)J objs.b}j..:
s S eslial Gl w58 w5l okl e Gos

Sl mis @b Sl el L OYVY) ol
Ges Jliiie SUs 303 S 358 O Cio 5 ¢l
sl bl ol e Sl 1 ol aee
25 e

(Heermann et al., 1992) ol,Kan 5 o o
o5 Sl embe a5 A e Gl
ol (s 3 0 oy N CORCH WS

bt el cs S Sl slam e S



IYAY 5 L/T > oyl [ O W/ (65,98 owidigeo olidiodd dloxo A5

L5 Syop b ASAE TS T (5355L58 etige
Gilas old sy e o ke b (V)
ot s BA i 53) O s IS8
D C sy s plad 50 00 ¥ 45l L Sl
(el 52 0 ¥ il b Bl ot g,
DL s osls 1,3 O (s 1 45 08 (slgcbo 53
sl s s 5O LS)JC—A?.' sleb s
22 patie oS ma b el Jolh 4 pled
Al a2l (gyls i ged b8 S e A LS
Lol slensy clenl 5l o plas ) Sl
A S e A e L
SRR PR P R S JERRE PR SSIRY
Slab s 53 odd e O e a0 o
S 5y S K s s
2 alie gleb B 55 odd pax ol Jlade sl 3
L Sl &ms s gl ol s Cnd e
el sy 53 am ALS iy plil 4 ax g
1
e Bl A Gy fl &S il 5 )
Ab el ey a3l Sleb 3 s o
L 6 S eI L Lk 3 O lia
s Bl AL Sy ) &S s =Y
DAl L i o e S35 Sleb B 3
AL s oo S5l BB alaaly
3ol begiies Lol O 5 o S e 153
2 Lads Laasl i) o) oo i e b 3
A0S LS el oS e e Olea
b gl 5 ALS Ay Carss oL
Slosss gl alS by b s S 58

Mca&m.} =Ll S b sty b a

Shb ol sl&ews 5l bl el sl

YN Comls s sl 50 3 (L 0S) (slay i
ol ils (53,5LiS eaSiils o Jled o 1S
EEURE P oL L ke s B 5l
YYY/0 bl plad slls LS de leie ol
Vel iz i g TTV/0 L b sl e
aadad (0 0Y/0 Jyb 4y S a0 5l asks 0 &S
bl 53 Glae I dsb 5 e 810 J by 21
g 3 Al VY sl e VY aalas s
Sl I S5 o ) e ¥ ol T il
25 L LS i s SIS L
(o 350LS (23) 35 4l 2l or b
Bl sl g pl ys (o5 43U 5 2J00/\Y
A s s s O (ol i ped b g5 Al
Sl Sl AS 800 b jio Ll el
e i il Ll e L (6,8 o5l
Wyl 20558 (S (ol pased ale ()l 5
T Ol sl ()l el )55 cisliae
LB A esliad olKaws S B 5 misles (g5
Slgr 53 el et 5 et w0 SIS
Il 53 o Slie o i S yasnie il
e A P e S e S
e op 53 et Dl S 5 (YL )

.Jj{ (‘-;E.YL)JAN) M)J—'/\-\ J"‘fj

tloeedg s -
DL eIl @)}s UT)\.J\L“ 6;b)lv\.’| )}.)ﬂ.w a

el Skl b illae 4t T ae 50 ebaw

1- Span 2- Spray

3- American Society of Agricultural Engineering



oy glaie Sl okl 3 &8, B O (S Ol pud ogi gl cawlio &30 QU o

ool s gl sline Ll 5 g
a0l 158 B el =5 S sal S Osas
o5 @5 ¢lp (Conover, 1971) 5 S by
el Cs ay Dy paliie 5 (s 2 2550
a gaseie Jlal maw s bl sl s

W wlfu&b; ooy

I b -
L;lj'? cu&a"cu g)'.'-‘ Js...'::Lv (a Py b) c‘jﬁrjb

sl L3 Ul 5 b gs ST el Jla|

f(x)=0 Vx € (a,b)
b
[fx)de=1
sty &9 &V -
(s ye opl s L3 X~ F(x) S
P (X <x)=F(®x) M)

3 el € gad G X, X, ol Xy oS s

s F(X)] slass a8 55, e ezl (st F(X)
ol e ol ol ) REL A CYRS EIIWS ¢
3,80 = 5 Suse o XER 8 6l 1, F(X)

(5

X (Sl b 5558 o X o, lei

F (x) = p ()

SERNEL I Ol Sl bl e OLL S
Sl 3 e g 3l oslind L s L 3
S O Jalse oLl e Jb 5o a
ik fle 3 s gles 5 o ol
5350 S (6, S eIl gl s (6, S el
o=l A eslinal s sl G Ll
L s o Ol 1y sl (glabasd s s ol&aes
SIS g el Skl 4 4
o IS P (ASAE) \&
s S plasil (g e g3 g1 s s
L s e Do a el dsb oo s
ok s g Sl alie sleb 3 5l eslin
S BT (s i gad b ki S )50
ol s AT L Ygene S 08 T
w53 bl e 4 oo slabai 55 b 3
O a0y Lall Ol as W esls 13 ol 5 5
Jot1s T il 5 e a0l s 55
St s 5l ol 53 s A (Sl b s
T S W (U TP % S P RS e
o 2l Oley e s el s Ol Sl
A
23 Fyene I geles blpa ol s
ool i s gladed Hi b Sl o
03 e o e S el s s L5
G2 4 L3 S e ae 50 SIS 53 e Y gl
D5 e a4 158 0L &S
G et 3 S5 S o R a
55 @ e 58S A s s ol e
&2 Dy g 2alLG o bl ol KT o JLs 5 3050
oS ogline glgze 3 5 il slebesl



YYAY 5 b/Y v 5ol [ O Ao/ g5,9UiS cwiige oliyiod aloxo OA

F(X) sn) 58 w55 g 0 CFaX) o)
55l S ol e ol e S o g SRS
oslal am aS 1 s ol bl o (g el LG

.))‘J Qj@_&(k-S) ;)Lﬂilik_éfﬁw\ w;j.ajjs

D] s

Dn= sup |Fn(x)-F(x)]| (e)
xeR

St JC SRR XS S 1 Y WY

(Dy) S5 ol

X1y X0ye e 5 Xp Sla,kte 45 US55

SFX) a5l sl w50 S
o=l Gl e s 5 slae Ll X(1), X(2)s -+ X(n)
(P Db (pl Sln 25 @I LS e
s aS e W Fix) sl Ko cia s
—5 ajj_.p«_fl)oirglj_:v_ﬁxeRHLgl)l

V] o 5

0 x <X
F.(x)= o Xy S X <X

1 X2 X,

(1)

313 (S 20N w50 S oS 3500

D] el "s5 w35 @B LFX) 5 o

\3 . N Z Y
‘;\bls—)sxls A —
Gl X i 53 o w8 Fa(X) s 553
S5 g5 3N XDy Xgy v X ol A pad
:(\)ﬁ)l>8> v gl sl F(x)
LimP ( sup |F, (x)-F(x)|>&=0 D)
XeR
n— o
2k e Sl 5 SUp

Dyd e ol 5t B g anis

Lim P( [Fy(x) - F(x) | >) =0 (4)
n —oo
£ 0 g5 el — 35,8 5ad S oLl —

S iF M OAS S5 L G ddl 4

1- Empirical
3- Glivenko-Cantelli

2- Theoretical
4- Kolmogorov-Smirnov



AN

slae Sl yll 3 @by e Of S Ol il daogi gl cuwlie @595 QU oS

ZAOB

CO0E0OCOCDBDREE

uSJL::’i ;.JL'

O ol ol [FOWA ] L‘;—-—!L_
I eS|
mon N
FEIES

(5 pS0311 65 3 Lo ulyl - Bl



VAV jb/¥ o oylons | O ala/ (55,5UiS waigee oligiods dloxe 5

D,=max (D, , D)) (T

D, =

max{o, max{l - F(x, )} , ma){F(xm) - 1_1}}
Isisn| p I<i<n n

(\¢)

Seslial bl o cs 0 Dy alaly ! 5

LDn =5 6l S @ 0l e bl sledstr

Oga3l glims b Olps o O slis 2m gl 5
V] 35 ales

NEY PAP SR AS IS

Dy, Sy oss O3l B8 salsS
3,8 sl 5L sl ¢l
s Wb 53 0ge3 53—l

{HO :F(x) =F, (x) (o)

H, :F(x)# F,(X)

e s Bl oS a oS e sy 1L Ho 25

B S,

Dn= sup [F, (x)-Fy(x)|
xeR

()

25 Ak S Osasl o -
Ho : F(x)=Fy (x) (\V)

H1 . F(X) > F()(X)

s (S F(X) @ 25 mis o5 550 ol

1ol (62,00 sLT S Dy o

Dn = sup |Fn(x)-F(x) | V)
XeR

. . - + .
psdsn O 5 Gk 4 Do s Dy jslie

D; = sup [F,(x)-F(x)] )
xeR

D, = sup [F(x)-F, (x)] )
xeR

Ot Rl e w s G daly 55 5l Dyl
ZJ}J:L;O

D,=max {D;

n’Dr:} (\.>
IS 5ys ey 3l esbind Syl a5
v Ll 40 Gg Lalsy obel sledos L el

Dy JS )

DT = sup [F (x)-F(x)]=
" XER "
max {O,max [L_ F(x(l) )]} (\ \)
Wi(n "
D, =suplF(x) ~ F, (x)] = )
max (0, pun[ 7 (x,, )~ =)

AS 515 0L Ol e SUP ol g 5 eslizul L

n

Dyh o Jol>

5l ol s misee D5 Dy

1- Kolmogorov goodness of fit



£y Slayie SL gl jd a8, e Of G156 Ol il daogi Sl cowle &35 @U s

D e - 7
P ggUulS gy 439l -

(Heermann et al.,1992) O1,LSn 5 oo
Wl 38wl o phlesl glaesls Gulas sl
S o 3 eSS 5 el Gl b s S
Ls‘)jitp uT )‘J\JA w‘j‘) LJJ\ L JUJJS oalau!
ol olKis 5l 6 S e ses slgb 5 5 ol
0303 s Lol 4 S (galuel b gla,ie 1oL
=l Al 3 G55 Sk ged Syg @ 35
S Lo &L&:}'L—«M “ .lajaf Lthc)La.j: slael
ol of ol Of 51 (g5ls mas sas Lo s
S o

D g i ym ) JKE e gl kS

>C.Z
E(Z)=". (V)
>C,
i=1
2l el E(2)
Fochr ey Ol Gos 7,
Lfbj—g G)LQ-\; :Ci

SRR T B (S 5 osliS =S

>C 72
E(2’)=":L (YY)
zci
i=1
2 dal B(Z7)
Dyd g ey SE  pp 5liS
>CZ
E(Z*)="— ()
zci

i=1

et s adl o8 e S sy 1 Ho 28
5.5}.».: g‘)f

D, = sup [F, (x)-F(x)]

xeR

(\A)

b G Osesl o N

{HwH@=R@) e

H, :F(x)<F,(x)

e s al o8 e oS e, L Hp o
::),23)).3

D, = sup [E, (x)-Fy(x)] (Y+)

xeR

s b ohalie (5w G 03031 g

Il 3 5 o oslined il 5 b 53 0031 5l Lol
Slie 3 slemialesl 5l (e ) (glotalive o3l
Sosme o A Sledalin 3lie e 5 48
el SBis) 50 S8 16 sl s 0 paiia
ol> l3l a1y B 5550 mis b 2lie) Fo(Xi)
Ul ULy Dy 5 D) slie g 5 Sloalie
S5 S5l Y s WA sl slaasles
D 5D, ) sl e s & lialis
e 3 DLl 1 e iy sl s
'v—i)ﬂu—”’ Cewsan Dy gl 1y e oy i
mamrs b0 s te Jleisl e 55 e
Cegr bl Lo 5Dy slie aesls slaws
Sletlesl 6l G ol pe 58 o0 ot el
sl ayl b 5s 5 cadihe Lo L il

A bl erld

1-Moment generation methods



IYAY 5mb/Y+ oyl | O W/ g555LiS owiigeo Coliliod dlome sy

Jloy 59 &9 U -
25 IS5 b S w8 (S wl g b
4] <l
f(z')= ﬁexp{— 05z -7) /o]
T XGO
(YV)

6:ﬁ)\5gi&apﬁ)@:Z°

:upl& @‘93 &U -
Ssde Ol s IS 4 w5 il S5 U

{4]
1 —1+
f(Z) = m(zu - Z) e (YA)
AZ=7, -7, (Y4)

Ol 5 S am 355 o=l e 20
VY] Sy o

(Zu _Z)I/b

T ()
(z,-2)"

f(z)=1-

Slalin Jluie op 2in 1 2,

Oldalis Hlie o S 1 Z)

adaly 55 ol ol Gl al sl 0 b

V] 550 aralme 535

oL, el E(Z))
o an Slaalie Ll 5 Sl

Pl s 5 sladda

Z=E(Z) (Y¢)
Slaslis Sl 1 Z
o’ =E(Z2")-{E@2)} (Yo)

b5 o1 bl 107

16yl &35 il —
(Heermann et al., 1992) 01,a 5 o a0

o3biial 5 S5l S Sl o 053l s
e Jle =i WS sy S8 5 s S
03 .S e Ol Laesls ;;-"'S‘Ji, Slely o s
A eslatal gy sl Ol e Gades o]
by w5 -

Ol 5 S Jlsi s (I b

:[‘\] 34 o

(Y1)

f(z)= exp[-05(2-7) /o]

1
V2 xo

Foder o (63,28 Ol Gos S0l 12
Faske o (53,08 O Gos 12
6JJ.3JKSA_.JTL§».9)L;&4 il il IO



sy

Slayie S, bl )3 4, )5 O S Ol il duogs Gl el @239 QU s

badl —0
e $ L b mi 8 Wb e Gl
g o e 3l OF e LS ol i3
o 5 il slgs s Slade L ol
cJL_.: k;&J_w S W d)\Ju\bb A:)}Ld.:ﬁ L;g.;l:é‘ L{.‘JJJ
9 6}:§°JU“\ L;'li)‘)‘ alisee &lJA))JT‘;‘;} s
ol A_ﬂ‘)‘\ Z‘)LA_..:' d).)\})) év\Awam@t}
b 53 1 glos Jalsl of s oS wxsls 58l
5 S0 obasl s sl e el Sl 5 Lle
L.}ld. JJ"..«\»; U;')j 95 Yb (el.ﬂ.,\;.é.w\ L' &JJLQA) 92
Slembinl 53 A sl OF s (S5 sl o
'>_H Jl_'!') oli.?—l.: CM:))JJJJ J).b).} JL. C,\.Oj.w

by als cl s Ll

Y-Y
bh=———min ()
Ymax _Y
A leiS &5 -
Ol 3 S 4 o150 s J& b
{4] 34 s
F(Z)=— 1 (¥7)
ZU _Z]
Z N -7,
Z J.‘.'lli J IZI

;HWQL:JJ{JJ&“C:J};J‘MCU

VY]

_Z-Z )
Q==

S8 ;.j Z

lais ()b 6yl a5 ilisee Jal o 55 (codlBl Julgs —) 8,lond Jga

o ‘.9:*(5\-‘-’ sbce u a\f:.».sc.c,« o o o

(cel p jakw) i) S, 2 (mys) PP sy Gl R bl ol
(o1 Ksile

VY \o Y-V 0 AB VA/\Y/YE \

/40 V4 Y-t/0 g C,D Va/\Y/YY Y

/e 3% =/ oy AB YA/ Y/YA g

\/Vo Vo Y 4. AB SYATAR ¢

\/Vo \o Y wv C.D UANE 0

YAY YY /0 Yoo A,B,C.D AVIYIY 1

V/EY Y. A=) q. A,B.C,D ACY/YY v

/¥ YA V/0-Y q. AB AVYIYE A




YYAY 5L/Y+ o5lons [ O Ao/ (55,9WsS owiipee Ciligliod dlomo ¥

el s Slaline SOST gl )Y 5 )
osbimes 5 bl O Sl op iy D)
Sie 53 o Sl e D) e o mie
Dy Olge o Jlads oy i ool Cows Sl
Sledel s Dy b sl Dy liie i s
dlie Ao s 0 slazel mhav 53 (bl sldsis
D331 5 G S gl Ol A3 S L]
03,50 ¥ ooslad st s Jbos i 4 by
ol Jsdr 534S 0050 ol Sledbl ol o
s S el iloj] 4 bogs e ol 4D Y
@l 5 e Y B1/0 5L Cs e cdo s A0 oKas
Sl 5o Kl 53 WAV Tsa glos Sl
Dy slie ol o3 doys B8 el Cogb,
4 0sa3l ol 3 el s & Dy 5 D,
Dy slas ol o/VEY 5 0/VEY /N Ll
st Do b 5 0 LeialasT ol (sl
5 edel Cews 4 Dy solie s 8wl sl
Sleds el Dy s o obel s
o 2osh @35 @F Sl B S el S 055l
ol B ¥ 5l Jad s s sleiolesl 5o
s By A gleins, 5o Sl 4 ax 5 L
b oY sl D 5 C leasy j5 5 b 0o
Ollalie sl a4 50 Dy Jlade 5 culs 13
e leas,y ¢l Llaae ol 1) cl al
foarg Lol Ssline oa b lgbss ¢ S018
P o 3 S st e VoSl Jsix
2 SHESS s Sl S e s w23
Sl el als 53 asps 0 slazed e
L by S miy LA, sl

slazel Ch.» BL) (JJ‘}A A\ )\) Qj,c)T dw 2

Gao > o Sl esliul Cysgdme oI5 o
by ol 3a) s 53 b ) She g
Ysmane) ol got Ol s 3b Co A e
Cos I (S S 03Il (eae VIV BV Csla
oyl e A el l_:T>)J_>- s
NGNS IPL IS VR Py S UGV VS | IO v| e
b el Ce s aS Lol plu e s L s
S S Ol e el 355 53 5k S 5l S
Solal b 534S a5 5l s s ST
BEIFECICIGEN W ARGV PP TS PU IR W
S8 ) Bl Ll s g L5
el Ssline ob5y e 5 (Isa 055
Sl e 5 (S 03101 b 53 Of I
BN S e L S Nt P
5 2l Ol ol planil Cgr SUL oL
L3 plil Excel le 5 b baasls Lo 5 425
S 5 S e s
LY 50 Sl Usles s eslizad gl F( (X))
S e R 90
oS s el Sl slemss sl o)
RPENE o P NI RPIPOUN IS
A
gy Ldle s S5 by by sl Y
s s ml sl e sl S5
030l b 0T omezd Jlaz=| Sl ol il
53 35 go Solal o 5 A s sl

A3 ans Excel il 5

T g
bt Ly, Sl eslisad b D, 5 D pislis



£ Slayie SiL gl jo 4, B Of G156 Ol il daogi 6l cuwlio &1595 @U S

Lg)\_ﬁir_:ﬁwé\ﬂésﬁusa_yp}_?lﬂ dad)sa\SJLajj S aspdy Aoy 0
L oo e Ollse laie L ﬁ%mwﬁgowho 33 dews s 0 slezel

s s Jb g mss ml 85 s Lol ol esls @l baesls SuS1 6l 1y o s

203 A oliwd Cus g o i @395 W31t o905] B prans! — )5 9alsS (39031 Y 8 ylowd g

L 'u," L
0 j i E@*  E@Z)* Fo(Xi) ;j s, V55Fo(Xi) Fo(Xi)-(I-1)55
J= om’ -
00 \ Yyas YYeuu J/eYY ) —v/eets  /evYT
Yo Y VYo VoiYo v/YE Y —+/+\)4 o/ee\Y
23 \¥3 AFAN 0+AE o/ Y EIARAAN + /Y00
\ Ly A wag ARR! ¢ —+/+ YA o/ TA
oy LY yyy UV EA VAR 0 —/eN\1E oY
{0 LA Y. VYA LVARA 1 —2/2 Y'Y v/e0nY
\% 0 Yo \Woee VAY-AY \4 —+/2YAY v/ EVE
'Y 0¢ VoY VA A ARYS A — /0884 o/
'Y o avy FVAYY AREY q —/r g0y +/+Y0
LY 01 YErA VYWEALA AREY E =/ YV v/ EoY
1 ov VEAY ALEVE LVARR AR -/ A VA \'%
0\ Y Yo PAREE +/YEQ \Y —v/aYA ARAY
g Ty YEAS yorv. YV Y YRS /oYY
0 ay Yyee V4YYe AR \}2 —+/+\04 EARA
oy ay YYYva YYeYov */YAY Vo —v/v AN /Y
Yo n o VeAQ e /YA 1 —+/+Y0) AR ANY
A} Ve VA ARNATE +/¥10 Vv —+/*000 VATV
v\ Ve YV YoVqee v /Y0 A —v /e YVY v/ 000
A V) \YVA 4+ VYA ARAY \4 —/+¥1 o/ L4A
YA Vo YAO Y\YVo. V/EYA Ye —v/aLV +/2AYA
q \al AL 0Y4AL v/EEN \A —+/+ 047 +/+VVA
A va AT areya +/EEN Yy — /08N e +/v 04710
Yy \a% Yo¢) V40ov v/80¢ Yy —r/eyY v/v080
\n% YA YAAQ YYOV+A /LA A3 —v /2 YVY +/+ 840
YA AY Yyan VYAAYVY v/ 0Y Yo —+/+704 AV A

Al AY Yaoy ARA KNV 2/0Y ¥ —+/vEVA +/+704



YYAY 50L/Y o)l [ O W/ 55,9LiS awaige Olidiod dloco

=Y byled Jgua dold]

ez ) eyL . .
oo ol E(Z2)* E(Z)* Fo (Xi) Gy I/55-Fo (Xi) Fo (X i)-(I-1)/55
cm’
LA AY yay1 YYYVoY V/OY Yv —+/+Y47 v/ EVA
e q. Qe /NERR) +/AYE YA ETAREA /YYYTY
\k2 Q. VY. YAYE e +/AYE A —+/+479 VARE-A!
0¢ Q- LA, EYVE e +/AYE Yo —+/*YAV +/+474
Y q0 YAO+ YVeVOr +/AA0 ) —+/\YVo VANENY
A a1 VA VYVYA +/A4QV Yy —+/\\or VAYYY
'4 aA \AY YAYEVA AAR v —+/\\41 +/AYVA
Vo Voo Vouo A\ XERR) +/VEN A2 —+/NYYY VARAY:
1 Yoo e IREEEE VEN Yo —/V v AYYY
Y Yoo YYeu TYerus Ve \n! — /A4 AR
4 Voo Y4 ACEERR AZA \n% —v/2 AV o+ AN
AN Yoo AN AR +/VEN YA —v/e 007 +/AY
YV VoY YVot YA+Q A +/VAY ¥4 —v/rOVY VAAAN:
A3 VoY YA Yoyvya +/VAY I —v/eYOY v/r oYY
£y VoY LYAL £YT4TA +/VAY 1A —v/e\Ve +/eYoY
Yy Vot YYAA YYv4oY +/VAY LY —+/*\AA VYV
Ye VoV AREAY YYAQA« * /AN LY —v/2 YAV +/e4
a AR e \AREE * /AT 33 —v/ayY v/v080
ARl \AK} Y\ ACIARE + /AT Lo —v/ AN oY
¥4 K V4. Yo+qun + /AT I —v/ven) /AN
1A% V¢ OY'OA TV AVY /AW 1A% —/e\YY v/eY0
0 "1 OAr VYA + /AN LA —+ /e VY /Y
\V A AR YA +/AQY ¢4 —v/va Ve o/eY
£ \YY 0 Y TN evEE +/AN 0 —+/e\ /eYEA
A \Yo ovor VYAVO +/4Y . 0) —+/+ YA AARN
Yy Voo Yoo 00YoV0 +/44Y oy —+/vEVA o/
Y \VY oV AAVOY +/444 oy +/2OYY
¢ Yoo Ave AREEEN \VARES 0¢ VA \
Y Yoo O AAERR \VAXN 00 VARV
2
E(/Zi)i‘\ VE/(\%/\?M Dys=ney
o= c’=
AVANYY LARVARN]

LS edalie Ao ys 0 slazel Cb.,«)a Sol3 g SO *



Y Slasie 1L gl yo 4, ey O SR Ol il oy (61 cawlio 82595 U s

&=t B9 ol S 9-alsS (9ol 5l ool Cmwd 4y D, 9 gylal (Sledgir D, 3lio —¥ 5ylowsd Jouia
ool gl 1y iln 5l

D, g5 ol

oskeds
CHEK el Gl LS Jbi Jsae D, bk, @b )

ol
+/V0A YYY JYEY VY VARt A flas Va/NY/YE \
/o /YO0 YY LYY AR} B flad VAN Y/YE Y
Va\m YEN v/YOV VALY WARCY C flad VA/NY/YY A
XS YY YV AYLS WARCY D flad VA/NY/YY ¢
/0N VAR VALK VANA VARt A flas VA/NY/YA )
+/OAL VA3 VA WAV VANY B flad VA/AY/YA !
Y VA3 J/YVY #4/114 VARY A fled AANA v
DAY <YV YT EUARY VARY B glas XVAVAR A
+/0TA +/YVY VAAR EVARA VANL C fled ISYAVAR) 4
/040 C/YYA +/YY0 EXVAN VARC D flad ISVAVAR D
+/04Y +/YVA /Y0 #4/100 VANY3 A glad ASINTY 1
J/tov Ak VAV EXARD VANY B fls AIYIY \Y
/LAY /YN EARYS EXVARVY WANL C flad ASINTY Y
VAt YV #0/)00 EXVARY ARK D flad AIYIY 5
/040 +/YVA ALY #4/180 VARV A glad AVIX/YY V0
/84 oYY /Y EYARAY VARY B flad A/YIYY 1
ALY YEY +/\VA EXARN WARCY C flad Av/Y/YY VY
/809 ALY #0/\YE s /v AA ANL D flad AYIYIYY VA
/08 Vala! VA #0/V88 VARY A flad INVAVAR 4
/EVY /YYTE VANE /180 VANY B gles INVAVAR Ys

A3 odalie o3 0 slazsl a3 (5l rmn S ¥

c‘b)_:]d C)Ybl_u)‘ cJLL._w\l_:bj_J:Lf 4.:&_}; :éwswy“—v
S e ) (S 0 1S gy O Sl Sl s mb ot alS il g e g b
el Lo ol ol S3moael g 5 sl ie ShL ol e Sl Lasls

g A enls jase a5 L 5 oL SsL il s



IYAY 5b/Y o)lowi [ O W/ 65,9LiS owaige Oliiod dloxo SA

&1 0 —A
e BUES1S LT . g el LUyl IYYY Lz (ylidge )

<31 g BUEGIS (6559l 0ASLESND Lyl ol )18 Aol sL L L oyl )5

4

5
6

7

8-

9

10-

11-

12-

13-

FOA-YFA e Goal5 g (5, lsows comoiid Yo d godme . o yho Bliske
Anon. 1994. Test procedures for determining the uniformity of water distribution
of center pivot and moving lateral irrigation machines equipped with spray or
sprinkler nozzels. ASAE. Trans. ASAE Standards, S436. 754-755.
Conover, W. J. 1971. Practical nonparametric statistics. John Wiley & Sons Inc.
Donald, I. N., Peir, G. and Hart. W. E. 1979. Application of system optimal depth
concept. J. Irrig. Drain. Div. ASCE. 105 (IR4), 357-366.
Ellientt, R. L., Nelson, J. D., Loftisand, J. C. and Hart, W. E. 1980. Comparison
of sprinkler uniformity models. J. of Irrig. and Drain. Eng ASCE. 106 (IR4),
321-330.
Heermann, D. F., Duke, H. R., Serafim, A. M. and Dawson, L. J. 1992. Distribution
functions to represent center pivot water distribution. ASAE Trans. 35 (5), 1465-
1472.
Karmeli, D. 1977. Water stribution patterns for sprinkler and surface irrigation
systems. Proceedings of the national conference on irrigation return flow quality
management, Colorado State University, Fort collins, Colo., May.
Karmeli, D. and Peri, G. 1977. Analysis of the dimensionless linear frequency
distribution of water depths under sprinkler irrigation, paper No.
77-2566, winter meeting American Society of Agricultural Engineers, Chicago,
112., Dec.
Morgan, M. G. and Henrion, M. 1990. Probability distributions and statistical
estimation. In: P. D. Laplace (Ed.). Uncertainity: A guide to dealing with
uncertainty in quantitative risk and policy analysis. Cambridge Univ. pp. 73-101.
Walker, W. R. 1979. Explicit sprinkler irrigation uniformity: Efficiency model. J.
Irrig. and Drain. Div, ASCE. 105 (IR2), 129-136.
Warick. A. W. 1983. Interrelationship of irrigation uniformity parameters. J. of

Irrig. and Drain. Eng., ASCE. 109, 317-332.



4 Slayie SL gl jo a8, e Of G156 Ol il daogi 6l el &1595 @U i

14- Warick. A. W., Hart, W. E. and Yitayew, M. 1989. Calculation of distribution and
efficiency for nonuniform irrigation. J. of Irrig. and Drain. Eng., ASCE. 115 (IR4),
674-686.



Journal of Agricultural Engineering Research/Vol.5 /No. 20 /Autumn 2004 70

Determination of Appropriate Distribution Function for Description of
Spatial Variation Application Water in Center pivot Irrigation System

A. A. Ghaemi and F. Foroughi

Center pivot irrigation system is one of the modern irrigation methods, which is used in many
parts of Iran. Due to the fast development and high utilization of this system, the concept of the
optimal irrigation depth is really important for this system. This question are generally proposed
that how much is the optimal irrigation depth? This parameter is usually determined without
considering distribution functions and environmental protection parameters. Regarding the
environmental problems and the cost of refining it, the computed irrigation depth, which gives
us the maximum yield is not the optimal irrigation depth necessarily. So environmental
limitations should be considered in determination of the optimal irrigation depth and its
necessary to determine data distribution function. In this research, according to ASAE standard,
any data distribution function were determined. System layout was setup. Four radial lines of
catch cans with 6m space were used. (two radial lines of catch cans A and B, were installed on
the maximum slope with 3° between every two rows and two radial lines of catch cans C and D,
were installed on the minimum slope with 3° between every two rows). Field data were
collected with different speeds of the center pivot system. The amount of water in the catch cans
were measured in different weather conditions (wind speed, weather temperature and relative
humidity) proposed distribution function in sprinkler irrigation (normal, lognormal, specialized
power and uniform distribution) were selected. Nonparametric statistic test (Kolmogorov-
Smirnov) is used. Results show that specialized power and uniform distribution were failures at
the 0.05 confidence level in all of the tests (20 out of 20). Lognormal distribution function had
17 cases of failures (17 out of 20) at the 0.05 confidence level normal distribution function had
5 cases of failures (5 out of 20) at the 0.05 confidence level. So, normal distribution function
shows the best description for dispersion data. It is suggested that for center pivot irrigation

system, the optimal irrigation depth should be determined by using normal distribution.

Keyword: Center Pivot, Distribution Function, Irrigation, Kolmogorov-Smirnov, Normal

Distribution, Nonparametric Statistics.





