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Synthesis, Ab initio and PM3 studies of the 2-(5-
Hydrazine- 4H-1,2, 4-Triazol-3-yl) Phenol and Some of

Their Transition Metal Complexes

'Bahlat A. Al-Razakl,2Ramzie R. A. AL-Ani ,2Najat. J. Alobaidi and 2Taleb T. Al-Nahari
I Department of Chemistry, College of Science, Baghdad University
2Department of Chemistry, College of Science, Al-Mustansiriya University

i,aXlt
2-(5-Hydrazine- 4H-1, 2, 4-Triazol-3-y1) lls+xl tJ.-bsj a3,'' -ill l.' ,t'

.iJll4+lliij)l J,,-.U,ll 6)-l ;"a 6" Ld'U+ stqlJt otr;i- J+.bsl i_l Phenol
(crclr.6Hzo,Mncl2,4Hzo, Fecl:, coclz.6Hro,*t:h$li?k- 

:::g5i?.#j"?_,1f,,rffi1,
.rlfll ,qrJill oal . l cYl , 4+-*ll-l 1i-,"i!ll J3s a.-i)l ,"'r;, .-, -1 ar-.iYl , iJL ,Jr-t ,ll ,3E"tf ,J*J-:lf

.tpt)rJl di+-ClJ 6-r.i*Jl cilJ*ii.ll liJlt .a+-,t" lji-ll
.:lliJ Ab initio and Semi-empirical,(PM3) +t*-Jt *jQJt alrr1 ,,L, t+jii 4.il$-, r:lSiJli-l;.: du3

rKilt Jje Or"Jsjll i-)l>:. dll.S: J,.-lJYl e.ltLl e+_rlli.6U) 6J',:-. ll crt+s_/t o.r-l i.it.t i*l;r.f+_A O-
Ab initio, Semi-empirical(PM3) ,lr:.i ..,1-r J.:-.ll st^S;lJ -r-l3Yl d+ i*l;.: pi t-S .(OjlFJl q'*,$dl
.il.$l_l r+l_FlYl -il+tYl i*l;r ; .Semi-empirical(PM3) st .., -ll .*Jt ,.lrri ..,1 

,..1r.a crl'i-Jl ir.^,,jllr-t

crl.ri,.ll lr*jl+J Ab initio, Semi-empirical,(PM3) elrii*L J':Jl !1+ll (IR) el-.;.-Jl '"' -1al..i)l

Jl e+_ltii. &jEb a+Lrll CjEill DrA ti_,,e i,',r- {-g,4ll!i-ll LJ,.ldl cllS-9 Semi-empirical (PM3) ,,r:.'i.,1
. +5 ':'

ABSTRACT
In this study the ligand 2-(5-Hydrazine- 4H-1, 2,4-Triazol-3-yl) Phenol (H.T.P) with its

complexes were prepared, by the reaction of the ligand with the transition element salts

(CrCl3.6H2O,MnC12,4HzO, FeCIs, CoClz.6HzO, NiClz.6HzO, CuClz.2HzO andZnClz.2H2O).
The ligand and its complexes were identified by the following techniques: elemental

microanalysis, IR spectrophotometer,UV-Vis spectrophotometer, atomic absorption,

magnetic susceptibility, continuous variation method and molar conductivity.
The ligand and its complexes were studied by using theoretical methods program, Ab

initio and smi-empirical (PM3) by calculation the energy of prepared compounds as its
minimize energy, bonds energy, heat of formation,
and bond lenglh.

The theoretical study of the UV-Visible spectra's and the IR spectra's for these compounds

shows reasonable results comparing to the practical results.

INTRODUCTION
The first triazole(r) has been prepared in 19 12 by the condensation of benzoyl

isocyanate with phenyl hydrizini . Some triazole (') compounds have been

prepared by treatment of substituted thiosemicarbazide with ferric chloride .

Triazole compounds were classified as five membered ring containing three

nitrogen atoms, which exist mainly with different structure. 1 ,2,4- Triazoles are

cyclic hydrazines(3) or substituent on either the hydrazine nitrogen 1 or on the

amide nitrogen . The parent 1,2,4- triazole (lH form ) was in tautomeric
、ヽ
■
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equilibrium with the 1 ,2,4- triazole (4H form ) . The interconversion of the two
tautomeric forms occurs rapidly and their separation was difficult . However ,
the I ,2,4- triazole tautomer 1 is preferred over the 1,3,4- triazole tautomer 2 (the

less symmetrical 1H form was favored over the symmetrical 4H form )(3), see
schemes (l and 2 ) . The ( H.T.P) as a ligand was systhesis with its complexes
and were studied practically and theoretically .

Ab initio molecular orbital methods were the most accurate and consistent
methods because they provide the best mathematical approximation for the actual
system. The term ab initio implies that the computations were based solely on the
laws of quantum mechanics, the mass and charges of elecffons , ffid atomic nuclei
and the values of fundamental physical constants, such as the speed of light (c :
2.998il08 r./s) or Planck's constant (h : 6.626fl0-30 J.r), and contain no
approximations 

(a). Semi-empirical methods increase the speed of computation by
using approximations of Ab initio techniques (e.g., by limiting choices of molecular
orbitals or considering only valence electrons), which have been fitted to
experimental data (for instance, structures and energy of formation of organic
molecules). Until recently, the size of many energetic molecules placed beyond the
scope of Ab initio calculations. Theoretical studies were performed using Semi-
empirical techniques. However, Semi-empirical methods have been calibrated to
typical organic or biological systems and tend to be inaccurate for problems
involving hydrogen bonding, chemical transitions or nitrated compounds 

( s -7).

MATERIALS AND METHODS

Materials; hydrazine (99%) (supplied by B.D.H. chemicals), ethanol
(91Yo)dimethyl sulfoxide [(CH3)2SO], dimethyl formamide [HCON(CHr)z],
hydrochloric acid, (supplied by Fluka).

IR spectra were recorded in the (4000-200) .--' frequency range by using
Hitachi-U2}}} spectrophotometer, using KBr disc for the prepared ligands and
CsI disc for the metal ion complexes.

t
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Elemental analysis (C.H.N.) were performed by the micro-analytical unit
using I 108 CHN-O elemental analyzer.

The percentages of the transition metals in the prepared complexes were

determined by using Schimadzu ,4.-,4.-670 flame spectrophotometer.
The electronic spectra of the prepared ligands and their metal complexes

were recorded in the range of (200-800) nm using Schimadzu 2000.

The magnetic susceptibility was measured by using Balance Magnetic
Susceptibility Model MSB-MKI work was carried out at room temperature by

the Faraday method.
All the analyses were carried out at Jordanian University, Jordan.

Prep aration of 2 -(5 -Hy drazino-4 H-1,2,4-Triazol-3 -y0 Ph eno I [H. T. P.J :
A mixture of 2-(5-mercapto-4H-1,2,4-tiazol-3-yl) phenol of (6 gm, 0.03 mole)

and hydrazine (99%) (25 ml) were refluxed in ethanol (40 ml) for (5 hours), then

allowed to cool, the pale rose precipitate was filtered off and recrystallized from

ethanol (4.82 gm, 81 .L4%yield), m.p.: 267-269 oC, as shown in scheme3 .

lil〕

I、
sノ
H

|

H

2く51朧「CaⅢ4卜 11lJ‐甘1‐饉d-3ザ l)山end

N沖N 11
:

興 tFttN/N―
H

ヽH

? -(S-Hydrur i nr4 Fl- I J,4-tri urrl -3-yl) fite nCIl

散〕heme 3:Pttpatttion of ligand

ヽ
　
）

Preparation of ligand complexes :

A solution of (0.764 g ,2 mmole) of 2-(5-hydrazino-4H-L,2,4-triazol-3-yl)
phenol [H.T.P.] in ethanol (15 ml) was reacted with (1 mmole) of transition
metal salts (crcb.6rho, Mnc12.4H2o, Fecl3, coclz.6H2o, Nicl2.6H2o,
CuCl2.2H2O, andZnCl2.2HzO) dissolved in hot ethanol (10 ml). The resulting

mixture was refluxed for (1.5) hours and the solvent was evaporated in vaccum

to half of the original volume and then cooled.The obtained precipitate was then

filtered, recrystallizationfrom ethanol afforded crystalline solid. The physical

properties of the resulting complexes, colors , melting points and elemental

analysis of prepared compounds were presented in table 1.

（ヽ
ヤ
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Table -1:Elemental analysis and some physical properties of [H.T.P.I and
its metal complexes.

ヘ

No. Compound color

ｐＭ
．
℃

Am+ Yicld

%
MefF

(B.M)

C% H% N% M%

Calc. Found Calc. Found Calc. Found Calc. Found

L H.TP
Palc

rosc

２６７
．

２６９

81.14 50.26 49.85 4.71 4.50 36.65 36.50

1‐ ICr(L2)2Clr]Cl Green
192¨

194

90 83.50 372 35.52 3614 3.33 3.24 12.95 12.34 945

2¨ [ヽ価(L2)2C12] Brown
210-

212
5568 3780 3808 3.60 27.56 27.12 1870

[Fc(L2)2C12]Cl Black
186‐

188

95 60.15 6.07 37.73 3756 354 3.45 2751 2733 10.76

4¨ [Cor(L2)2C12]

Ｐａ

ｖｉ。

241d 75.65 4.14 37.30 3.52 27.35

wi(L2)2C12]CI
Bright
brown

215d 8036 D.M. 37.52 37.45 3.52 3.37 27.36 1147 11.30

6‐ ICu(L2)2C12]Cl Ycllow
卜

３

２２

２２

155 2.27 3717 37.10 27.10 27.00 1213

7‐ [Zn(L2)2C12] Whitc
198‐

200
20 85.17 DM 37.04 347 27.00 1244

*ohm-' . cm' . mole-', D.M. : Diamagnetic

RESULTS AND DISCUSSION

The 2-(5-mercapto-4H-1,2,4-triazol-3-yl) phenol [H.T.P.] shows absorption
bands at (3420,3350) cffi-r, (3240,3190) cffi-r, (1620) cm-r and (1265)..-',
they were assigned to (NH2), (N-H), (C:N) and (N-N:C) bands respectively.
Also, the stretching frequency of (o-H), oC) and (C-o) bands appeared at
(3450) cn-r, (1560) cm-r and (1160) cm-rrespectively (8-r0) 

.'

For metal complexes of [H.T.P.] the bands for the (C:N) band stretching,
they were weakened and shifted to a lower frequency about (10-25) cm-r and
the bands for the (NH2) stretching were weakened and shifted to a lower
frequency about (5-35) cm-r and the bands for the (o-H) and (C-H) bands
stretching became weaker too, but with no shift in metal complexes.

New bands were formed for the coordinated (M-N) and (M-CI) bands
appeared on the region (360-580).-"' and(240-370) cm"rrespectively (tt-tll.

This indicates that the coordination occurred only through the nitrogen atom
of (C:N) and nitrogen atom of (NH2) groups of the [H.T.P.], as is shown in
table 2.

The IR spectra of [H.T.P.] and its metal complexes were calculated by
using the Ab initio and the Semi-empirical (PM3) methods, as is shown in table
2. The percentage of error between the experimental data and theoretical data
were within the range of (2.6-8.3%) .

4
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Table -2:Comparison between the experimental and theoretical vibrational
-----r^--^^ z-- ^---lr

P=Semi-empirical (PM3), a=Ab initio at high level (MP2l6-31G**)

The ultraviolet spectrum of the ligand showed bands in the region (230-385)

nm, as is shown in table 3, assignable to fl+ fr*, fr + fi*, and n--- o* transitions
respectively (r+). The electronic spectrum of the ligand was calculated by using
the Ab initio [Singly Excited (NP2l6-3lG**)] at Geometry Optimization
(0.01kcal/mole) were exhibited bands at (409-94) nm, which assignable to n---+

fr*, fr -> TE*,n- o* and o - o* respectively (l+), 
as is shown in table 3 .

The effective magnetic moment of chromium (Ill)complexl(p..u : 3.72

B.M.), suggested an octahedral (high spin) geometry, as shown in table 1. The

electronic spectrum of chromium (III) complex 1, exhibited three bands at (658)

nm, (460) nm and (360) ,-, which are assignable to Aa2g(F):.-fazg(F),
Aarg(F) - Targ(F) and Aozg(F) - Tazg(P) transitions respectively (15-17).

(Yr lV1)R ratio is (1.32-1 .42) in a range which is very close.tolhe value of
(1.42) obtained for pure octahedral of chromium (III) complex(r5'r6'r8) , and the

theoretical spectrum of the electronic of chromium (III) complex I was

calculated by transition using the Semi-empirical (PM3) method, exhibited
bands at (855-496) nm, see table 3.

The effective magnetic moment of manganese (II) complex 2 (V"r.:
5.81 B.M.), suggested an octahedral (high spin) geometry, as shown in table

1. The electronic spectrum of manganese (II) complex, showed weak absorption
bands, which are not of any help in assigning the geometry (ts) 

and showed band
（
´
一

uen cies for IH.T( ,P. and its metal com xes つCm

No. compound oNH2 υNⅡ oC=N っN―N=C olⅦ‐N っⅣI¨CI

L H.T.P,

3420,3350

(3418,3379)
p

(3408,3279)
a

3190

(3282)p

(3242)a

1620

(1595)p

(1545)a

1265

(1217)p

(1213)a

1 ICr(Lz)zClz]Cl

3390,3350

(3462,3419)
p

3190

(3329)p

1600

(1450)p

1290

(1058)p ｍ
ｐ３６０

370

(393)p

2 [ヽ4n(L2)2C12]
3390,3345

(3464,3347)p

3185

(3310)o

1615

(1490)p

1280

(1250)p ｐ
４０５
０

240

(452)p

つ
Ｊ lFe(Lz)zClzlCl

3395,3370

(3465,3321)p

3180

(3323)p

1610

(1510)p

1300

(1240)。

460

(533)。

290

(402)p

4 lCor(Lz)zClzl
3405,3360

(3467,3436)p

3180

(3334)p

1615

(1540)p

1290

(1123)p

480

(555)p

320

(340)p

5 [Ni(L2)2C12]Cl
3400,3375

(3478,3441)p

3190

(3290)p

1610

(1571)p

1295

(1100)p

430

(521)p

6 ICu(Lz)zClz]Cl
3400,3350

(3485,3441)p

3175

(3309)p

1600

(1400)o

1280

(1247)p

450

(576)p

7 [Zn(L2)2C12]
3400,3325

(3455,3447)p

3180

(3222)p

1600

(1567)p

1285

(1200)p

395

(524)p

265

(385)p



Synthesis, Ab initio and PM3 studies of the 2-(5-Hydrazine- 4H-1,2,4-Triazol-3-yl) Phenol and Some of Their
Transition Metal complexes 

Bahjat ,Ramzie ,Najat and raleb

region (612-280) nm as is shown in table 3, which are assignable to A629 -
Tozg(G), A6rg(G) ' Eag, Aarg(G), 46rg - Tazg(D) and ,{618 - Aazg(F)
transitions respectively (16'20) and the theoretical results of the electronic
spectmm of manganese (II) complex 2 was calculated by using the Semi-
empirical (PM3) method, exhibited bands at (719-287) nm, as is shown in table
3. The effective magnetic moment of Iron (III) complex 3 ([r.tr.: 6.07 B.M.),
suggested to be octahedral (high spin) geometry, as is shown in table 1. The
electronic spectrum of Iron (III) complex 3, exhibited bands in the region (558-
274) nm, which are assignable to 4.619 - Tazg(G), 46,9---Eag, Aarg(G), 4618

- Tazg(D) and ,{619 - Aazg(F) transitions respectively (16-20) . The theoretical
results of the electronic spectrum of Iron (III) complex 3 was calculated by
using the Semi-empirical (PM3) method, exhibited bands at (852-277) nm, as is
shown in table 3.

The effective magnetic moment of cobalt (II) complex 4 (p.n: 4. 14 B.M.),
suggested an octahedral (high spin) geometry, the value of (p.6.) was higher
than the theoretical value due to orbital contribution . The electronic spectrum of
cobalt (II) complex 4, exhibited bands at (755-350) nm, as shown in table 3, this
can be attributed to transitio!, Talg(F)- Tazg(F), Targ(P) * Targ(P) and
Targ(F) - Aazg(F) respectively (ts' 2t '24) .

The (Vz / Vr) ratio was found in the range (1.81 -2), positions of the bands
confirmed the octahedral geometry of cobalt (II) complex(5'") .

The theoretical spectrum of the electronic transition of cobalt (lI) complex 4
was calculated by using the Semi-empirical (PM3) method, exhibited bands at
(814-430)run, see table 3.

The nickel (II) complex 5, fount to be square planar ([r.u.: Diamagnetic, low
spin) geometry. The electronic spectrum of The nickel (II) complex 5 showed a
band at (445) nm, as shown in table 3, which are observed in the diffuse
reflectance spectrum of the complexes for the transition Alrg - A.tzE, Alrg *
Brlg and Alrg -, Elg respectively, ('6 '2s '26). The theoretical spectrum of the
electronic transition of nickel (II) complex 5 was calculated by using the Semi-
empirical (PM3) method, exhibited bands at (486-286) nm, see table 3.

The effective magnetic moment of copper (II) complex 6 (F.n: 2.278.M.),
the value of (p"n ) was higher than the theoretical value due to orbital
contribution suggested to be tetrahedral geometry. The electronic spectrum of
copper (II) complex 6 did not show any bands for d-d transition, which are
absorbed in lower than (1000) cm-t , suggesting a tetrahedral geometry ('e-20). 

The
theoretical of the electronic spectrum of copper (II) complex 6 was calculated by
using the Semi-empirical (PM3) method, exhibited bands at (395-l9l) nm, as is
shown in table 3.

The electronic spectrum of zinc (II) complex 7 was calculated by using the Ab
initio [Singly Excited (MP2/STO-3G)] for the zinc (II) complex, exhibited bands
at (350)nm, (290) nm, (235) nm and (182) nm, as is shown in table 3, which are
assignable to n-> fr*, fi + rE*, n-, o* and o - o* respectively tl0l 

.

長
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The comparison between of the experimental and theoretical data of the
electronic spectra for [H.T.P.] and its metal complexes showed that the
percentage of error was within the range of (2.34-8.04Yo), as is shown in table 3.

Table -3: Comparison between the experimental and theoretical electronic

spectra for [H.T.P.] and its metal complexes
C.T. = charge transfer, P = Smi- empirical, o = Ab initio

Bond length measurements:
The Gaussian suite of software was employed (28) throughout this study

optimizations were carried out for the model systems. The initial state for
structure did not give bond lengths naturally, so that the Geometry Optimization

　ヽ
マ

（
、リ

No.
Band(I)

0/1)
λm,x(mm)

Band(II)

α 2)

λm,v`nm)

Band(III)

(｀
/3)

λmax(■Πl)

Band(IWЭ

Oア4)

λmaY(mm)

Assignment
(respectively)

Dq
cm‐
1 V2/Vl

H.T.P
385

(409)a

300

(318)a

230

(214-210)

a (200‐94)a

n->fi*, IE--+TE*,

n---+o*

and o-o*

1
658

(855)p

460

(665(p

360

(496)p

256

(275)p ll::lil::||::|:|

And C.T.

1519.8 1.43

2.
612

(719)p

442

(525)p

355

(476)p

280

(360…278)p
1634.0 1.38

3.
558

(852)p

457

(579)p

355

(486)p

274

(372-277)p
1792.1 1.22

4.
755

(814)p

420

(514)p

350

(430)p

265

(338)p
Iil:|:|::ili[|

And C.T.

1526.7 1.80

5。

445

(486)p (378)p (348)p

280

(286)p :l[三:1ま
j

And C.T。

6.
(395)p (342)p

273

(256)p (191)o

n---+ fi*, 'IE --- TE*, n
---t o* and o -t o*

7.
337

(350)a (290)a

230

(235)a (182)a

n--+ fi*, 'rt -, 7t*, n
--- o*

and o ---+ 6*
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Bahjat,Ramzie ,Najat and Taleb

was used for correct bond lengths, calculation parameters were optimized of

bond lengths for the free ligands and its metal complexes by using the Semi-

empirical (PM3) at Geometry optimiz.?Iigl(0.001 kcal /mole) to give excellent

ufi.rn"riwithihe experimentai data 
(28 

' 
30) as shown in table 4'

Table (4) : Selected bond lengths (Ao) for tH.T.P.l and its metal complexes

=N一
N=

C―

NH
l.32

NH2~
M
C=N…
M

Ｍ
．
Ｃ‐No.

compound NH2 NH―
NH2
C=N

H.T.P. C8H9N50 1.01 1.45 1.32 1.442

1.506 1.39 1.377 1。429 2.006 1.94 2.15
[Cre2)2C12]Cl 1.07

1.505 1.48 1.441 1.31 1.93 1.918 2.16
2- [卜壼1(L2皿 1.07

1.507 1.49 1.438 1.312 1.93
1。916 2.16

3- [Fe(L2)製
1.07

1.69 1.40 1。 37 1。 369 1.92 1.877 2.22
∠
|‐ [Cor(L2)zClz] 1.00

1.44 1。37 1.366 1.41 1.865 1.88
5… INi(L2)製 1.07

1。37 1.358 1.44 1.88 1.86
6‐ [Cu(L2)製 0。99 1.51

1.49 1.439 1。32 2.005 1.99 2.24
7- 「Zn(L2)2C121 1.01 1.509

ヽ
一

Optimヒ
1:L温11瀾緊塁∬糧。pi

free ligand and its rnetal COmplexes,as is shown in table 5。

ニ
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!

No. compound
Semi - empirical (PM3)

Symmetry GeometryAEco.npt.*"t

inn

AHf AEsinaire

H.T.P. C8H9N50 …10094。 20 104.399 -4833.994 Cl

[Cr(L2)2C12]C1 120239。 20 3622.898
-8642.852 Cl Octahedral

2- [Mn(L2)2C12] -13248.40 2173.533
-7193.579 Cl Octahedral

3- [Fe(L2)2C12]Cl 134233.20 3978.307
…8998。 26 Cl Octahedral

4… [Cor(L2)2C12] 132612.60 2357.762
…7377.742 Cl Octahedral

5- ENi(L2)2C12]Cl 76745。201 2636。978
…7302.702 Cl

Square
planar

6‐ ICu(L2)2C12]Cl 75188.803 1306.576
…5791.173 Cl Tetrahedral

7… [Zn(L2)2C12] 131627.00 1371。901
-6391.939 Cl Octahedral

Table -5: Total energies (in J/mole) for [H.T.P.] and its metal complexes

* The total energies of the free ligand I H.T.P.J ]

!'

＾
）
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Synthesis,Ab initio and PM3 studies ofthe 2‐ (5‐Hydrazine¨ 4H‐ 1,2,4‐ Triazol‐ 3‐yl)Phen01 and Some ofTheir

Transition Metal Complexes

Battat,Ranlzic,Naiat and Taleb

ヽ

＾

へ
一

Ｈ

　

　

Ｃ

Ｃ

´
０

Ｈ憫ロ

=

Fig.…4:Arepresentation of L2+Mn=Octahedral,
L2+Ni=Square Planar and L2+Zn=Octahedral
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The Effect of Seasonal, Age ,smoking and Occupational
exposure status on semen parameters in Iraqi Subjects

Hayder A. L. Mossa
Insiitute of Embryo Researches & Infertility Treatment ,Al-Nahrain University.

i,.alill
e +g-ZZ;p t- *_tt"ri 6-rl-F dJl g).-l i.bYl gl-:Ji 

'e il l3>:s t-i.i, SQ Ll-,p cr^i
-.iri.-J 4A dillS LIJJI ,2OOg -t!i-9 -2008 ..rl-.rr> u# 1-" iJii!

uali,.,i,)l lrc i.iJl JJ^-i.-iEi- qf-, Llltr J'JJ -rJl U,als.i,Yl .l. g:i^Jl &lJl eE;c drri+

. a-,l,Jl orA Lr I .tln-l ,',t- .93,r.oJl &tJl &lJe li)ii.L iL- glr cJ^l_p 6a;rl94rll
.,JJnl &rJr &r:' .,b 4+il1^ll &l3*ll --]$l Ji. flllLl-,pll 'r'rJi

q,ill crEl qpll 4+J ,J uhtii;l E:r- a-,lJJl o-;+Li dJ,s, i.i*ll -,,tls.: dF$l &l:t ,$ Ui

O$l.ll UJla rJ+j O-l_tU+ g;rll cJ,-lA.i,Yl .S:l4i3nl ,:1-rlr.r.ll ,JS-i\,.s drtAJ.t dJ"-sJ a+r+tll

.,Jjill &lJl &le Fl e-,&)e  -lJJl Jelx J Cp s'i,a-'lJJl orA d

The present descriptive study 
"r 

rf"t'ilTu!].,, ir,rotved in this study their age

ranged between 22-48 years old through the period between June 2008 till June

2OOg. Semen Samples were collected from the subjects in Institute of Embryo

Researches & Infertility Treatment-Al-Nahrain University -Baghdad in different

seasons of the year depending on their attendance to the institute, in addition to

other factors involved in this study as age ,smoking status and occupational

exposure.
Except of the mentioned above all the factors that might be involved in the

variation of the seminal fluid were excluded from this study.

The study showed that the seasonal variations have an impact on the male semen

parameters, the smoking & occupational exposure status have some impacts on the

male semen parameters, while it did not find any relationship between age and

semen parameters .

INTRODUCTION
An estimated six percent of adult males are thought to be infertile(1).

Infertility is defined as the inability to achieve a pregnancy after one year of
unprotected intercourse. The male factor infertility has been identified as the main

oriecondary cause in> 40Yo of infertile couples. The number of office visits each

year for infertility in the United states has risen from 600,000 in 1968 to 2 million
by the 1990's(2).
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締翻淵翻欄撚鼎蓋轟構
:辮珈 :T駕螺監蹴 1群鮮躙器継 TttPLdemdThe scasonal variations in semen paramet{

infertile men(6,7,8,9).

Saint Pol et al.found a signiicant seasonal variation in spellll oount,with highest

ltteおTlll聾翼露ハ網」譜嶋誤tt∬∵
°
棚露略亀翼

鑑:∬篤
it織
措淵鴇
p爛91嵐ふion be加∝n age ttd dd

spellll count,but did not flnd an age related decrease in fertilization rate in the

wrT鳳署里野唸。面∞
“Itti畢:淵鯖

淵誤墨il柵穏i″'総電RFЪttettll
and reduced semen quality(17)while Others folllld no strong relationship(18)。

Im』輩蹴糧淵,峨留品駆棚鳳醤1襲器:∬‖
m狙 "mm

職掛宮ポ:鐵聾IЪi織盤
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and then incubated at 37C° untilSenlinfiail組:l:Xlllよ
考11:1:I:lli灘″1見:

attuliIIIIilll」

11;:∬lI:朧 lIIよ ill:::編tproperties ofthe semen Such as;
volume,color,pH and liquefaction.

The microscopic tests includes:spellll concentration,spell.l motility,spellll
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statistical tests(20)。
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RESULTS AND DISCUSSION
The total reported study cases during the period of the study was 60 cases, their
mean age was (31.76+6.54) years old, the male spenn function tests of the smokers
& the occupational exposure subjects are mentioned in tablel.
There were statistically significant relationships between some of semen
parameters and smoking status, they have lower normal spenn morphology (p<
0.Os)(tablel).
Regarding occupational hazards as type of work or place of it like the work with
pollutants & chemicals, they exhibited lower normal spenn morphology (p <
0.05)(ablel).
In the study it showed that the sperm concentration in the spring was higher than in
winter, summer & it was highly significant than sperm concentration in autumn (p
< 0.05)(table2)(fi gure 1 ).
There was suggestive evidence of higher spenn motility and percent of sperm with
normal morphology in the spring than in the other seasons.
In this study there was not a statistically significant relationship between age and
semen parameters.

all subiects & other categories

*S.D. :Standard Deviation

(p<0.05)

** Lower with significant value

ミ

4

ａ
　
．

Table-1: Mean and standard deviation of age and spern function test parameters in

Category
(Number)(percentage)

Function Parameters (Mean+ S.D.

million/ml

Normal Sperm
Morpholo gy (%)

All Subjects 54.45± 12.61 2.90± 16.62 53.40± 14.11

15)(25%

57.40± 16.24 46。 13± 16.57 38.60■ 17.42**

Occupational type&
place   hazards   to

Fertility

51。 33± 18.91 57.16± 19。24 36.58± 19.75**

14

Age
Mean*
S.D.*

Spellll

Motility(%)

31.76

±6.54

29.93土

7.76

28.80±4.4S
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Tab\e-2 Mean and

different seasons.

standard deviation of sperm function test parameters in all

# Higher with significant value in the spring than other seasons(P < 0.05)

NSperm Conc.

ISperm Mot.

tr Norm.Sperm MorPh.

Spring Summer

Figure-l: Sperm Function Parameters in different seasons through 2008-2009

Although there afe numerous previously published studies investigating the

relationship among semen parameters and season, age and smoking status, the data

are not entirely consistent. 1o determine if these associations are robust, replication

is required. It is the accumulation of consistent observations from epidemiological

studies that provides confidence in the findings. Therefore, the present study adds

to the literature since it provides replication of seasonal trends in semen

parameters. In addition, the present study was conducted in men residing in

baghdad & its suburbs, an area with distinct seasons. This study has several

strengths. The Institute selected as the site of this study (Institute of Embryo

Sperm Function Parameters
(Mean+ S.D.)

Spring Summer Autumn Winter

Sperm
C oncentration(mi I li odrnl)

54.86±20。32# 44.50±22.52 26± 16.85 39。 73± 16。46

Sperm Motility(%) 55.80± 17.80 49。 15± 18.74 54.77± 14.52 62.13± 18.02

Normal SPerm

Morpholo ey(%)

38。 60±21。 97# 32.00± 15。 19 29。 69±9.17 33.07± 10。 33

６０．
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Researches & Infertility Treatment-Al-Nahrain University-Al-Kadhimia) has a
large and readily accessible population of men seeking infertility evaluation. Based

in a large tertiary care facility, the Andrology Laboratory draws patients from
diverse backgrounds throughout Baghdad & other Iraqi cities, receiving referrals
from physicians in the community and the medical establishments.
This study also had potential limitations. Since it is known that there is within
person variability in semen parameters, using a single sample to characterize an

individual may introduce measurement elror, likely to be random. Another
potential limitation is that it is possible that if some men recently moved to other
areas this may introduce bias. However, of the men in the study, nearly 90% of
them lived in Baghdad for at least 3 months prior to their semen analysis, the
period of sperm development. Therefore, the concern with recent immigration to
the other areas would be minimal. In this study, It found that the higher spenn
concentrations, motility and percent normal morphology were in the spring than in
other seasons. This may partially explain seasonal pattems of births in United
States, where there is a deficit of spring binhs( 21)conceived in the summer. The
data are in agreement with previous reports of seasonal variation in spenn
concentration with spring having the highest concentration. Gyllenborg et al.(22)
found high sperm counts in the spring as compared to the summer. Two other
studies found peak speffn concentrations in the spring and winter(7,23).
Effects of temperature and hours of daylight may partially explain seasonal

variations in semen quality. Sperm production in humans is known to decrease

when testicular temperature is raised by experimental techniquesQ$. Normal
spermatogenesis requires a temperature 2-3"C below rectal temperature(25). The
temperature and photoperiod may play a role in seasonal variations in semen

quality. To explore this further, we will need to conduct in the present a study
collecting information on lifestyle factors, such as alcohol and drug use,

environmental and personal factors such as stress. The information will allow us

to further explore risk factors for altered semen quality.
Regarding the age factor there is not a relationship between age and semen

parameters, there was little variability in age in our study population.
While other study suggested that increased age was associated with a decline in
semen volume, spern motility and sperm morphology but not with spenn
concentration(l1). Regardless of the small sample of smokers in this study ,the
smokers exhibited lower normal spenn morphology, so the chronic smoking have a

main role in the deformability of sperms.

Other studies have shown the unclear association between cigarette smoking and
male infertility(14,18). The study(l4) reported that there were no consistent effects
on semen quality among male smokers. Similarly, a survey of more than 4,000
European couples attempting to become pregnant failed to find an effect of male
smoking on fecundity(18).Although smoking status was not a significant predictor
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of semen parameters, this may have been due to the small number of current

smokers in the studY.

The same with the occupational exposure as a type & place of work as the working

with the chemicals & pollutants in this study, lhe percenta-ge -of 
these subjects is

low, so in future it needs more information which allow to further explore this risk

factor & others for altered male fertility'
I would like to represent my thanks and respects to Mrs'Wafaa Hamdan

,Mrs.Salwa Saeed & Mr.Alaa (amel in the Institute of Embryo Researches &,

Infertility Treatment for their great efforts to support, assist, and encourage to

accomplish this studY.
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In the present paper *. *ur,toB:,ffi#iest approximation of bounded
measurable functions by spline polynomials in Lp-space.

INTRODUCTION
Let f be a bounded measurable inction on[a,b],We
approxilnated   f  by piecewise polynollrlial of degree at most

N,letsN(ろ
'X2"¨ 'Xk)={S∈

Cレ,切 ;S∈ Π N｀ (Xiイ Xi),i=L2,¨ .k+1}.

SN(Xl'X2'¨ つXk)iS a Space of spline with simple knots(xl,X2'¨ つXk),

consider  a=xO<xl,..。 ,<Xk<XkJ=b a partition on the interval[a,b].

For k=1,2,……Let sk=SN(XI'X:,¨ "xI),fOrSOme k knot.such that end
points[bounded], α=χ

` and b=χ

#+l fOr each(k).The rnesh length is

denote by″ =々′
載響 ヵ

(χ仁1~χl).In thiS work we take the span(baSiS)Of

spline ttmction be a B‐spline,(BI,¨
"BIttk日

)

Now let us list some derlnitions, which wili be used throughout our

work

Some deflnitions are given to illustrate this work

Derlnition18‐ Let X=[0,1].Then we denote by L∞ (X), the space of
an  bounded  measurable  functions     f  on  X  ,lor  which:

旧 [=側酬К到 ,X∈ 狩〆
∞②・

Derlnition 2:― For X=[0,1],We denote by L′ (X),1<p<∞ the space
ofall bounded ineasurable function fon X,for which:

|ノ |′
={∫ 1/(χボル}%<∞ (2)。
′

"
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Definition 3:- Let fe C[a,b] Then the moduls of continuity of the

function f with step size (distance) is denoted by

o(f ,h) = {ffolf $)- f @l (2).

Definition 4:- For every function f we define the moduli of
smoothenss of the function f with k th difference with step size(h)

Nof @)= i^ {-t)' .o (k )f (* + mh),Lrf(x) = A'r,f(x)

where (: ) =
m(k - m)

,m k are integrs (2).

Definition 5:- The local modulus of smoothenss of the funtion f of
order k at a point xela,bf is the following functions for 6 el},b - a I kf ,

ot 1, 
(f , x, 6) =lln! t <,lll',,, * kh e [x - +,. . \t, la, b] ( 2)'

Definition 6- The averaged modulus of smoothness of order k or

(t -moduhrs) of the function f e Mfa,bl the following function for

6 ef},a-b lk) i rrU,6) =llro(.f ,.,5)ll, Q).

Definitio n 7z- let X be a Banach space with real or complex scalars ,let

Xl,X2, X3,..., Xn be given vectors in X . Consider the polynomials of the

form I =io,*, where 8; are scalars
i

,XieX; then the degree of approximation of xleX is En(x):infllx-rll If tne

infimum is attainted for some Y:Yo , this Yo is called a Linear combination

of the best approximation or a polynomial of the best approximation to

x(3).

Basis spline(4):-
In this work we give a definition for basis spline functions which are

usually denoted by B-spline and we will also record various properties of
the B-spline .

Definition 8:- Let t:{t1} be a non- decreasing sequence (which may be

finite or infinite ). The ith normalized B-spline in order k for the knot

sequence t is denoted by 81,1.1 and is defined by the rule:

B,,0,,(r):(tr*r- ti ) [ti,ti*r, ...,ti*k ] (-r)**-' , Vxe R where [ti, ti*t, 1'.,11 ] f
is ttre'aivided difference of order j-i at the points ti, t1+t ,....,1j for all ij are

integer (4).
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Properties of B-splines(4):-

1- we notice that it is right a way that Bi,61 has small support , i.e.,
Bi,r,(x): 0 , for all xe [ti , t+r ]

2- We have ; 28,,0,,(x) :1 , for all t. < x ( t.

3- 8i,61(x) > 0, for all ti( x ( ti+k.

Main Results :- In this work we tend to establish a new two theorems
to find best approximation for the rate of convergence of bounded
measurable function by spline polynomial in terms of average modulus
of smoothnss in Zr[0,1].

Theorem A[1]:- For each feC[a,b] , there exist So€So such that

ri*llr-,r,ll-=o tt and onlv 
" 1i#*r=o

Dk+q

Now, we want to find same result ,but for all bounded measurable
functions in the space Lp- space lSp<oo .

Theorem L: - Let f be a bounded measurable function on [0,1] , s1ES1

then En(f) p =llf -ro ll, = 
, pr(.f ,I) p

Proof :- Let f be a bounded measurable function on [0,1] ,we divide the

interval [0,1] to n subdivided 0 < r0 ( .r1 ( x2 4........1xn 11 ,such that

rrl
l*,-*,ul=i n-)@

leta\f ,6)= Maxlf @)- f@l o <, < I Vd> o.
u-r.it n
I '- |

Let t,k e B,k n[0,1] ,i =1,...,n+ k +l
Let s p be Quasi operation denoted by

n+k+1

sr (x) = Zf O,o 1.8,k 1x1, for each i = 0,1,...,k x elx,o ,x,*rk ).
,=l

Then
I P i rl n*k*r k lP I

E,(.f)n <llf -roll, = tJlffrl-so(x) I a.ll= {fl,rtr) - \ f (t,o).a, f*>l a4'..........1
oP:l;l

Now, we use new step .since 'ftu,o(x) 
= 1

i=1

we multiply both side of equation (2) by (x)
（
〕
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l;;tl1Tr, *.,,0 r-

we get lf {*).s,0 (x) = f (x) ............3
i=l

we substitute equation(3) in equation(l) , we get

E ,(f) o= ti : l/t, ) - .f (t ,o )lo u ,.0 @a*\i
!

E.(f) n = {ilr ̂ ,,f @)l' arf
l

E″ (/)′ ≦{||`υ (ノLχ ;(″ +2)″″lρ d完}フ

E,(f ), =, ollr(f , x, (n + 2)ll 
o

E,(f) o = c otp.t1(f ,(n + 2) 
^o)

Theorem 2 z- Let f be a bounded measurable function on [0,1] , so € Sr

then Limlll-"*ll=O,fanaonU,f l,imffir = 0
k+q 't-+o

Proof: - We first assume that !**o = 0 such that 1x,., -x,l+ 0

By theorem (1), ll/ -"- llo., oru,Ir,

since timmo + 0 s./. lr,*r-r,l - 0

r(f ,6) p =ll,u,*,Dlln= 
l|;,*to-r,,,rr,!1, 

t,t + khe rx- I,, *2,

since ffir)\impliesthot d+0

Then l*^,,f (x)l tend to Zato 1af + o I

There for r(f ,5) tend to zero (r + 0l

since , llt- ,o llo <, ,{6,L) , bY Th. 1

we have that

llf -r-ll, tends to zero

Hence lyllf - so ll = o as k-0.
Converslely:- suppose that 4r*ll/ - s- ll= 0 ,If 4W^r 

( does not tend

to zero). So,there exist a subintervals ,such that d(x,I**,) does not tend to

zero. That is big intervals, so So (x) does not converge to a function f
in this subintervals. Then in this subinterval, we get that lyllf -S.ll> "
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where c is constaint, an this is contraducti

lTmr =o

Vol. 21, No 7, 2010

lxllr -s-ll: o,Hence

し

We can conclude The spline polynomial is introduced to find best

approximation of a bounded measurable function in Lp -space a new
theory were submitted to illustrate the given idea with good approximate
result were achived .we conclude that .

1- spline function with higher order very smoothing when the error
equal to zero
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ell,.*ll crYt= &,rJc ;-,;rti cr:S, 1C,,n and Sl) 4+rlnl e!^jJldl cr53 (Lljl'ill3 diJ...sll *f) dljill c, \FLi

.i^- 'n^ll
ABSTRACT

In this paper we consider the problem of scheduling n jobs on a single machine to minimize
the total cost of earliness, tardiness and completion time (i.e. to minimize the multiple objective

tunction Wondefined Av Z,(E, +f , +C,)).

Our main contribution is a Branch and Bound (BAB) algorithm with optimal solution. The
BAB procedure uses dominance properties to reduce the number of sequences that must be

considered. Since our problem is NP-hard,we propose Simulation annealing (Sl) algorithm and {
a Genetic Algorithm (GA) to solve the problem effrciency. Also develop optimal procedures for
the special cases of our problem.

We propose a SA procedure which allows the search to escape from local optima. ln SA, a
probabilistic acceptance rule is used. Any move that results in an improvement in the objective
function value, or leaves the value unchanged, is accepted. On the other hand, a move that

increases the objective function value by A is accepted with probabilitye-a/', where r is a

parameter known as the temperature. We also proposed a Gl works with a population of
solution, where each solution is represented as a sequence. A mating pool of solutions is formed
form the current population. Solutions are chosen from the mating pool quality solutions are

assigned a higher fitness. Applying crossover operator and mutation operator forms a new
population.

In this paper we discuss and modiff algorithms to find optimal and near optimal solutions to
our scheduling problem. Exact algorithms produce optimal solutions, but their running time can

not be bounded from above by a polynomial in the size of an instance for NP-hard problem.

Approximation algorithms produce solutions in relatively little computation time, but their
solutions need not be optimal. Results from computational show that how well the approximate
algorithms (Sl and GA) are able to solve instances of our problem.
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INTRODUCTION
The interest in the just-in-time concept in manufacturing has prompted research

on machine scheduling problems with earliness and tardiness penalties, for a survey
see Baker and Scudder(2). Our scheduling problem can describe as follows:

A set of r jobs N: {1,2,..., n} are available for processing at time zero and
each job 7 requires processing during an unintemrpted period of given length pi ,

and ideally should be completed at its due-date d1. Given a scheduling (I,2, ...,n),
then for each job j we calculate the completion time C, =Z[=rpo such that no two

jobs overlap in their execution, the earliness and tardiness of job j are defined by
E , = maxld , -c,,01 and T, = **lc, - a,,ol; coffespond-ingly, a job is called early if
it is completed before its due-date and tardy if it is completed after its due-date. If a
job is completed exactly at its due-date, then it is called just-in-time. If schedule o
is given then the quality of o is measured by the objective function
z(o)=2,.,(r, +7, +c,).

The problem is to find a schedule with minimum objective value. The general
problem is NP-hard in the strong sense, since the special case the total tardiness
(I,4 ) it wf-nord (3). The special case in which all due-date are equal, thatis, di:
d for all 7 has received much attention. It is known as the common due-date
problem, and it splits up into two variants, depending on whether d is large, i.e.
drZ,.*pit or small (6). For d small the problem is already NP-hard in the

ordinary sense (5). Our main contribution is a BAB algorithm based on a simple
lower bound (LB). Because of the hardiness of the problem made heuristic methods
(methods that don't guarantee optimality) to find near optimal solution. In recent
years, much attention has been devoted to a number of Local Search (ZS)
heuristics, which are widely used to obtain near optimal solution to machine
scheduling problem []. Consequently, various types of approximation algorithm
have been proposed. In this paper we concentrate on ZS algorithms such as S,4 as

well as Gl.
This paper is organized as follows. In next section describes formulation of the

problem and the derivation of a lower bound procedure. And give special cases in
section 3. The implementation of the BAB algorithm is discussed in section 4.

Section 5 presents a near optimal solution by SA method and GA. Computational
results are presented in section 6.

PROBLEM FORMULATION AND DERIVATION OF LOWER BOUND:
To state our scheduling problem more precisely, we are given a set of n jobs are

numbered 1,2,...) n. The objective is to find a processing order of jobs a, which
minimizes the multiple objective functions (MOF) defined by:

む
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Where S is the set of all feasible solution, o is a schedule in S. The objective
Z(o)canbe written as:

=И″灌:{M薇{
: 

^li!'P,{'*{do,u'2co,,,-d'u,'t',,, }} " "'(l)
Since the third term Co,,, it between d,r, and 2Cou,-do,,, always, then we can

write the objective function zlo,,,)by the form:

Min Z(o,,,): 
^!!{V,{*{do,r,2co,,,-do,,,} } 

......(z)

This means that the cost of scheduling job o,,, is Zlo,,,), given by:

Zし″)=惚
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C or,, 3 d,r,t

otherwise

i.e. Zlo,,,)is equal to dnrifjobT is early and z(o,,,)is equal to 2Cor,- dou,ifjobT

is tardy.

Also,we can write the otteCtiVe ofthe problem CP by the other follll.

Let ER=={Ji r Ji∈ σ,Cプ ≦グノ
 }and 

ιr={ブ「Ji∈ σ,C′ >グ′
 }

ΣL+■ +り =Σ L+り +Σに+Cプ )
ノCBR             ノCι r

=Σち+Σ に+Cプーグノ+ち )

=Σら+2Σ弓+Σら=Σち+2Σ弓……。…………………(3)
ノefR       ′cι r     ′cιr      ′cσ        ノCι r

lt is clear frollll equation(1)a zB iS Obtained by sequencing the jobs by SPr

mleo Hence;we can prove that:
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Min Z(o )2 Min{*.{2r,,,,,fiM,.{zco,,,-r,,,,,.,,,, 
} }}oes 

t
It is a LB for our problem, since;

unluax{o,,,,,2cotit- do,,us,,,,}2Min{".{E,.-,,2*.{2co,,,,- do,,,,cou,} 
} }oeS

Put ,o,,, : Max 
{rr,,,,- 

do,,,,a*,, 
}

oes 4 | 
on,,' *^,, j2 Min \'* IEo^,,'E*n,, ) J

Since do,,and *o,u?ra positive integers, hence it is clear that

u i nluax 
{ 

o n,,," n, t - d ot, t,',, 
} 

2 Mi n{*- 
{20,,,,,2'* { 

2c n, - d 
nu, 

t-,, 
} } }oeS

...t 
( (,_ n r lll! .. -B : Y:!l'* tI'*,, ,7,'* 

I",',-do,,,s,,,, ji j " " '(4)

Hence a LB for our problem GP is used in BAB to find exact solution for our
problem GP.

SPECIAL CASES
Finding a special case for scheduling problem means finding an optimal

schedule directly without using BAB method or DP algorithm. A special case

depends on satisffing some conditions in order to make the problem easily solved.

Case (1): For the problem GP, the SPI schedule is optimal it d,+ pi I Cia, i : 1,2,

"',fr-l'
Proof: Suppose we have SPI sequence o: (1, 2, ..., n)

' Since O*,(,SCi*u i:1,2,...,r-,|r.

= di SZp,-pi , where (ci*t=Zp,)
,=l i=l

^ , CI if p1:pi*r j:1,2,...,n-l ICi * pi*r-p,--4*p, p:pj+t-pj 
-j:t,2,...,n-t 

t 
" "'(5)

Since, we use the SPlrule, we have:
a) Either pj: pj*t and by (5) we have dj S Cj for i : 1,2, ..., n - 1, and this

means that jobT is late .

Hence, 
7*r, 

*r, t C i =EQr, - d,), so the SPI schedule is optimal.

b) Or p1l pj+t and by (5) we have:
dlSCt+P ,P>0
= d1 - Ci 1p for j : 1,2, .. ., n - 1, and this means that job"r is early.

Hence,ZE, *7, + C, =| d,, also SP?'rule is optimal.

j
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Case (2): For the problem GP,the EDD schedule is optimalif fi Spi, i:1,2, ...,
n.
Proof: To show the EDDrule is optimal forl(r, +7,+C,),let the EDD sequence o:

Jeo

(1,2, "', n)'
And we have Ti S pi, Y i .

It is clear thatT^* is min by EDD rule (7).
rlrlT**: *f\r, j=*f.\ct -dt,o 

J

Since for each job.l, C, -d, <Tj <7,^ =Zp, -do 3 po

"l=l

For some job k.LetEDD rule give the sequence o: (1, 2, ...,n).
1 . If T**:0, then Z@, +7, + C,):l d ,

Je6 Jeo

then the EDD rule is optimal, since f a, is constant.
Jed

2. If T**)0, then T^* = **{ 4 } = f,o, - do s po for some job fr.
j[ ) r=lrtllLetER:1i:ieo,C,3d,f and LT=l i:ieo,C,>d, iL ') t )

>,(E, +r, +c)= I (t, *c,) * I @, *c,) =Zo, +zlr,
jeo jeER jel'l' Jeo jeLT

That is clear from section (2). Then the EDD rule is optimal since )a., is
Jeo

constant and | {, is minimizedby EDD rule because 4' < pi for every jobT (9).
jeLT

Also we can write the condition ({' I p) in the other form C1t I dj, i : 2, 3, . . .,

n.

Case (3): For the probl em GP , the SPZ and EDD schedule are optim al if di < di and

PiSPt, i,jeN.
Proof: From case (l) and case (2).

Case (4): For the problem GP, the SPI schedule is optimal it d is common due

data i.e. di : d, Y j.
Proof: From case (3).

Case (5): For the probl em GP, the EDD schedule is optimal if pl is constant i.e. pi
:PrYj'
Proof: It should be noted that case (5) is from case (3).

THE BRANCH AND BOUND METHOD 3AB聡 :

To get an optirnal solution for our problern CP,the BИ BMis used.At the root

node of the search trec a heuristic method is applied to provide an upper bound     ヘ
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(UB) on the cost of the optimal schedule. The heuristic method start with SPZ rule
to get a schedula o1e ,.S, for this schedule we look for the jobs from last to first and

we find the first early job (say job k), then reschedule the first fr jobs, such that Z
(o1) as small as possible. The upper bound UB: Z (o).

Also at the root node of the search tree an initial LB on the cost of an optimal
schedule is obtained from LB given in section (2). For all nodes, we can use the
bounding procedure to calculate LB.lf LB for any node is greater than or equal to
the current UB already computed, then this node is discarded, otherwise it may by
selected for next branching.

The BABM uses a forward sequencing branching rule for which nodes at level k
of the search tree correspond to initial partial sequences in which jobs are

sequenced in the first k positions. An adjacent job interchange rule is applied at

each node of the search tree, except those at the first level in which only one job is
sequenced, in an attempt to eliminate nodes through the dominance theorem of
dynamic programming. At the current node, the adjacent job interchange rule
compares the cost of the last two jobs of the initial partial sequence with the

coresponding cost when the jobs are interchange: if the former cost is larger, then

the current node is eliminated, while if both costs are the same, some convention is

used to decide whether the current node should be discarded.

The BABM continues in a similar way by using forward branching procedure.

Whenever a complete sequence is obtained, this sequence is evaluated and the UB

is altered if the new value is less than the old one. The procedure is repeated until
all nodes have been considered.

LOCAL SEARCH AND GENETIC TECHNIQUES:
LOCAL SEARCH (rO:

Local search algorithms have proved to be useful for finding good solutions to

various hard optimization problems. Let S be the set of feasible solution. Local
search is based on the idea that a given solution may be improved by making small

changes; such a small change is called a move. The set of solutions that can be

reached from a given solution by making one move is called its neighborhood (1).

This means that for each feasible solution s e S a set N(s) s S of feasible solutions,

where N : S -+ S . The set N(s) is the neighborhood of the feasible solution S, and it

is only possible to move from s to a new solution s' if s'e N(s).

SIMULATED ANNEALING (SA):
The well-known local search is simulated annealing algorithm. The Sl has been

widely used for optimizationproblems due to its high-quality results. In a standard

SA procedure, improving and neutral moves are always accepted, while

deteriorating moving are accepted according to a given probabilistic acceptance

function. This means that a move that increases the objective function value by A is

accepted with probabilitye-^t', where / is a parameter known as the temperature.

The value of / changes during the course of the search, typically / starts at a
relatively high value and then gradually decreases. Simulated annealing has a

,

‐
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variant called threshold accepting in which a move is accepted if and only if A S i,,

where 7 is a parameter that plays the same role as temperature in Sl (4).

The S4 algorithm for our problem GP can be stated as follows:

Step (1): Initialization
Choose an initial feasible solution by ordering the jobs according to SPZ rule to
obtain the current solution s and compute its objective function value.

Step (2): Neighborhood generation
The neighbor s' of the current solution s is generated by chosen randomly two
jobs j, k, ( I S,r a n), (l 

= 
k < n) and transposed their positions, and computes

its objective value.

Step (3): Acceptance test
We calculate a =Z(s')-z(s), if l<0, then the move is accepted and s'

,s as the current solution. Otherwise (if A > 0 ) the s' is

withrlay= e(^/t) . Let m be the number of iteration, for each iterationT, I

a temperature r, is derived from [10].

replaces

accepted

t, =tit/(l+ B*t,-),
where

B = (tt -l) l(m* t,),

Step (4): Termination test
After five hundred iterations the algorithm is stopping at a near optimal
solution.

GENETIC ALGORITHM (GA)Z

Genetic algorithm was firstly introduced by Holland as a highly robust search

strategy. It may be viewed as population based algorithm that construct solution by
combining other. In contract to the single current solution in neighborhood search,

a GA works with a population of solutions, where each solution may not be

selected, and others may appear several times. Solutions are chosen for the mating
pool according to fitness values, where better quality solutions are assigned a

higher fitness.
An initial population of solutions is randomly created and three types of

operations are used to create a new population. First selects the best members from
the population according to their fitness values. Second, certain pairs of solutions
from the mating pool are selected to crossover. More precisely two parents are

combined to produce two offspring. The aim is that one of the new solutions
(offspring) will inherit the desirable features of both parents. Third, a mutation
operation is applied to perturb some of these solutions and diversiff in the new
population. The process is repeated until some termination condition is

satisfied(10). The basic concepts of GA are shown in figures (l).

j =2,"',m

/r =100Q m=500
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Figures-1 : Genetic Algorithm Cycle

The GA can be constructed for our problem GP as follows:

Step (1): Create an initial population and set it to be the current population and

evaluate fitness value for each solution.

Step (2): Generate a new population from the current population by using the three

genetic operators: selection, crossover and mutation'

Step (3): Evaluate the new population, set the current population to be the new

popufution. If the termi.ruiion criterion (number of generations) is not satisfied,

then go to steP (2).

Step (4): Stop with a near optimal solution.

MATERIALS AND METHODS
In this section, we report on computational experience with the BABM, SA and

GA. A set of test probiems was cieated to compare the performance of each

method. The methods were coded in Fortran power station.

TEST PROBLEMS:
Our test problems were generated as follows:

For each jobf U : l, ..., nt an integer processing time p1 was generated from the

uniform distribution (1, 10). Problem hardness is likely to depend on the values of

due-dates relative to processing times. Having computed T =L,.* P, and having

selected values a and B from the set {0.1, 0.3, 0.5, 0.7, 0.9}, wherea < f , a;rl

integer due date d, was generated from the uniform laT,fifl for each jobT' One

problem was generated for each of the 10 pairs of values of a and B to give 10 test

problems for each value of n.

COMPUTATIONAL RESULTS:

The efficiency of SA, GA, comparing it with the optimal solution obtained by

our BABM to each test problem with uulr. of n (n: 10, 20, 30,40) is given in

table(l). Wheneve. u prtblem could not be solved within the time limit of (100)

seconds, computation was abandoned for that problem. The optimal solutions

values ur. ur.d to assess the quality of the solutions generated by SA and GA'

"

"
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The computational experiments are shown in tables (l) and (2) for 10 test
problem for each of 10, 20,30, 40, 50, 100, 150 and 200 job problems.

Results comparing the performance of the exact and approximation algorithms
are given in table (1).

Since for some of 40 job problems the optimal solutions are not available, hence

for the 50, 100, 150 and 200 jobs problems the comparison only between ,94 and
GA.

The results in tables (l) and (2) indicate that the Sl and GA methods perform
very well and difference between them are quite small for n < 40. Also it is clear
from table (2) that GA method is more effective than Sl method especially for the
large problem instances.

Table-l: Comparative computational results for n: 10, n:20, n:30 and n: 40

.: indicate that the problem is solved by SA and GA
****: indicate that the problem unsolved.

Table-2: Comparative computational results for n: 50, n: 100, n : 150 and n :
200

″=50 ″=100 ′=150 ′=200
Gノ4 M GИ M GИ M Gノ4

"1 7947 7951 33610 33614 74520 74580 133597 133601
2 9105 9Hl 31713 31755 67900 68072 124641 124907
3 8808 8826 35670 35698 68438 68784 122797 123471
4 6242 6298 35194 35354 82793 83133 132327 133513
5 8226 8238 35750 35762 71508 71558 139046 139084
6 10176 10208 37102 37218 77168 77420 125036 125254
7 8541 8575 32606 32674 69552 69954 133435 134011
8 8627 8629 28436 28470 74317 74431 132025 132217
9 8859 8879 32685 32763 66782 66950 114855 115171
10 6844 6848 33934 33970 63337 63451 119328 119336

″=10 n:20 ′=30 n:40
BAB GИ M BAB GИ M BAB GИ M BAB GИ M

■
■ 2s8 258' 258' 1723 1723 1723 2506 2506 2506 4268 4268 4274

2 318 318' 318' 9s8 958 962 2464 2466 2470 4912 4912' 4924

3 308 308- 308" 1103 1103' 1105 2914 2916 2922 4675 4679 4689

4 306 306' 306 1500 1500 1502 2546 2548 2550 6259 6271 6265

5 419 4lg. 419' 1058 1062 1062 2544 2546 2546 4862 4870 4874

6 291 291 29l. 1186 ll86- ll86- 2367 2369 2373 **** 3873 3879
7 214 214' 214 1293 1293 1293 2523 2537 2539 **** 5214 5220

8 246 246. 246' 733 733' 739 3478 3478' 3478 **** 4821 4821

9 242 242 242 1101 1105 1105 3689 3691 3693 *ネ ** 5268 5274

10 455 455- 455' 1315 l3l5' 1315' 3153 3153' 3153' **** 5640 5640
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We can conclude:
In this paper, we have developed exact and approximate solutions for the

problem of scheduling njobs on single machine to minimize the total cost of

earliness, tardiness and completion time'

A branch and bound is used to solve to our problem for n< 40. Since our

problem is Np-hard,we propose simulation annealing (&a) algorithm and a genetic

algorithm (GA)to solve the problem efficiency for n<200 '

The main conclusion to be drawn from our computation results is that (GA) is

effective method for our problem especially for the large problem instances'
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ABSTRACT
In this paper, new additive mappings are presented, such as Jordan *-centralizers,

reverse *-centralizers, and some new concepts which concerning these new mappings.

Also we will give some necessary examples that illustrate these concepts. And we will
give a relation between Jordan *-centralizer and reverse *-centralizer and some results

on reverse *-centralizers on prime and semiprime *-ring.

INTRODUCTION
Throughout, R will represent an associative ring with center Z(R). A

ring R is z-torsion free, if nx:0, r e R implies x:0, where r is a
positive integer. Recall that R is prime if aRD : (0) implies a:0 or 6 : 0,

and semiprime if aRa: (0) implies a :0. An additive mapping x --x* on

a ring R is called an involution if (ry)* : y* x* and (x)** : x for all x, y e
R. A ring equipped with an involution is called *-ring (l). For example of
involution the first is a complex plan, and the second is taking the

transpose in a matrix ring. An element x in a *-ring R is said to be

hermitian if x* : x and skew-hermitian if x* : -x. The sets of all
hermitian and skew-hermitian elements of R will be denoted by H(R) and

S(R), respectively. If R is 2-torsion free then every x e R can be uniquely
represented in the form ?s: h + k where ft e H(R) and k e S(R). An
element x e R is called normal element if xx* :x*x, and if all the

elements of R are normal then R is called a normal ring (2). As usual the

commutator xy - yx will be denoted by fx, y). We shall use basic

commutator identities [ry, z): lx, zly + xly, zf and [a yz): l*, y), + ylx,
zf for all x,y,z eR, also we write xo y--xy+yx for all r, .y €R (l). An
additive mapping d: R+R is called a derivation if d(ry): d(x)y + xd(y)
holds for all pairs r,yeR, and is called a Jordan derivation in case d(x21 :
d(r), + xd(x) is fulfilled for all x e R. Every derivation is a Jordan

derivation, but the converse is in general not true. A classical result of
Herstein (3) asserts that every Jordan derivation on a prime ring of
characteristic different from 2 is a derivation. Cusack (4) generalized
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Herstein's theorem to 2-torsion free semiprime ring (see (5) for an

alternative proof). An additive mapping d: R+R is called a *-derivation

if d(ry) : d(x)y* + xd}) holds for all pairs x,.yeR and is called a Jordan *-

derivation in case d(*'): d(x)x* + xd(x) is fulfilled for all x e R (6). A
left (right) centralizer of R is an additive mapping T: R+R which

satisfies T(*y) : T(x)y (T(ry) : xT(y)) for all x, y e R. A centralizer of R
is an additive mapping which is both left and right centralizer. A left
(right) Jordan centralizer of R is an additive mapping T: R+R which

satisfies T(*'): T(x)x (T1x2;: xT(x)) for all x e R. A Jordan centralizer of
R is an additive mapping which is both left and right Jordan centralizer .

Every centralizer is a Jordan centralizer. B. Zalar (7) proved the converse

when R is 2- torsion free semiprime ring .Some results conceming

centralizers in prime and semiprime rings can be found in (8,9).

Inspired by the above definition we define. A left (right) reverse x-

cerrtralizer of a *-ring R is an additive mapping T: R-+R which satisfies

T(yx):T(x)y* (TOx) :x*T(y)) for all ,r,y€R. A reverse *-centralizer of R
is an additive mapping which is both left and right reverse *-centralizer.

A left (right) Jordan *-centralizer of R is an additive mapping T: R+R
which satisfies T(x2):T(x) x* (T(x2): x*T(x)) for all x e R. A Jordan *-

centralizer of R is an additive mapping which is both left and right Jordan
*-centrali zer. Every reverse *-centralizer is a Jordan *-centralizer. In this

paper we prove the converse when R is a 2-torsion free semiprime *-ring.

2. EXAMPLES
The following three example explore the relation between Jordan *-

centralizer and * - centralizer.

Example (2.1) Let F be a field, and Mr(F) be a set of all matrices of order

2, witirespect to the usual operation of addition and multiplication, and

transpose involution, then Mz€) is an associative *-ring. Let T1, T2:

MzG) -+ M2(F) be additive mappings defined as

"

Then T1 is a left reverse *-centralizer

]  ,fOr all為
%ろ″ cF.

] ,fOr all為
%ろ″∈F。
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Then T2 is a right a reverse *-centralizer
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一
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Example (2.2) Let F be a field, with involution *, and DzG) be a set of

all diagonal matrices of order 2, with respect to the usual operation of

additio; and multiplication, and the involution *' on Dz G) defined by

.',f l,:E , ,rora, x,veF

Then Dr(F) is a commutative *r-ring.Let T: Dz (F) + Dz (p) be an

additive mappings defined as

,,[ l,: [, N 
, ror arr x,v eF

Then T is a reverse *-centralizer.

Example (2.3') Let F is a field of characteristic not equal 2, and R be F-

algebra of triangular matrices of the form:

(o a c b )

-l o 0 0 c I aralla,b,c,deF.*:l o o o -rl rorarl

[o ooo)
with

(ooc-b)
lo o o , I ^x*:l " " I forall a,b,c,d e F.lo o o -al
[o o oo )

It is easy to verifu that * is an involution on R. Define the mapping T:

R -+ R as follows

Then ir is a Jordan*― centralizer but not reverse*― centralizer.

3.MAIN RESULTS
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In the following theorem we will prove every Jordan *-centralizer is a
reverse *-centralizers on a 2-torsion free semiprime *-ring.

Theorem (3.1) Let R be a2-torsion free semiprime *-ring, then every left

n'?Tll:;:",1#lj;:[',H;"'.'f,[:-I?"**ilcentralizer

Lemma (3.2):lTlLet R be a semiprime ring and A,B: RxR+R biadditive
mappings. If A(ay) w B(x,y): 0 for all x, y,w e R, then A(x,y) w B(u,v) :
0 for all x, y, u, v,w e R.

Lemma (3.3):lTlLet R be a semiprime ring. If a, b eR are suchthat axb
: 0 for all x e R, then ab : ba:0.
Lemma (3.a):filLetRbe a semiprime ring, and let abe an element in R

, if alx,yf : 0 for all x, y € R, then there exists an ideal U of R such that

a eU cZ(R).
!

Lemma (3.5) Let R be 2-torsion free semiprime *-ring, and let c e Z(R),
let T: R---+R be a left Jordan*- centralizer then

G(ac):G(c,x):0.

Where G(x,y):T(xy)-T(x) y* for all ay e R.

Proof: We have the relation

T(*'): T(x) x* for all x e R. (l)
If we replace v*y for x in (l) we get

' T@y+yx):T(x) y* + TO) ** for all r,y e R. (2)
By replac ing y with xy -t yx and using (2), we arrive at

TO〆ノ+ノχり+2To覆)=TO)χ *ノ
*+2To)ノ *χ *+TO)χ *2

for allr,.y e R. (3)
Now replace xby x2 in (2) we get

T(x2y+yx'):t(r) x* y* + T$,,) x*2 for all r,.y € R. (4)

If we Comparing (3) and (4) we get

T(xyx)--T(*) y* ** for all r,y e R. (5)
If we linearization (5), we get

T(xyz + zyx): T(x) y*z* + T(z) y*x* for all x,y,z e R. (6)

Now we compute

一　
”
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TOリキッCX)=T(OσンリOσ))。            (7)

In two different waky by using(2)and(6)and∞ mparing the tow results

we arrive at

Gαθ)R Gcc)=O fOrall χ∈R。         (8)

since R is a semiprime*― ring,and Goしθ)=―G(θ,χ),We get

Gαθ)=G(Qχ)=O fOr all χ∈R。           (9)

Proof of Theoren1 3.1:

Now we shall compute j=TOン γχ十ノ筋獄ァ)fOr all為%z∈ R in two

different wayso Using(5)we haVe
j=TO)ノ *Z*ノ *χ*+To)χ *z*χ *ノ*,    (10)

using(6),we haVe             (11)          ‐

j=TOァ)Z*χ
*ノ*+TOダ

)Z*ノ
*χ *,

Then comparing(10),(11)We haVe

Bttχ)0シ≒り+BCノ)0≒シ
*)=O fOr all為 %z∈ R。  (12)

Where BCノ)Stands for Toァ )‐TO>*。 Equality(2)can be rewritten in

this notation as Bαノ)=―Bttχ)fOr all為ノ∈R.Using this fact and

equality(12),we obtain

Bαノ)Z*レ
*,ノ *]=O   fOr all為%z∈ R,       (13)

using LcrrlrFla 3.2,we have

Bし ノ)Z*[“,ソ]=O   fOr all為 %ろ
“
,ッ ∈R。      (14)      …

using Lerruna 3.3.

Bα ノ)[場 ツ]=O    fOr all為 %ろ″,ッ ∈R。      (15)
using Lemma 3.4,we have B(x,y)∈ Z(R)。

Now let ι∈Z(R)。Then COnsider the quantity

BCガθ*=Tω)θ *― TO)χ *ε * for all為ノ∈R。     (16)
Since σ∈ Z(R)by Lemma l。 1.39,Lemma l。 1.40,and the relation(16)

we arrive at

BCノ)θ *=T{釣ソθ)― TO)ο
*χ*

=TCノσ)― TOσ)χ
*

=T←νθ)― T(`ッ)χ
*

=TOγθ)― T(ο)ノ
*χ *

=TOγο)― T(σ)0ア)*=TOアσ)―T(C7)=0。
■ ・
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Therefore,
B(*,y) c*:0 for all x,y e R, and c e Z(R). (17)

Since B(*,y) e Z(R) by using Lemma3.5, we get

B(x,y) B(ay) :0. for all x,y € R, (18)

Right multiplication the relation (18) by r we obtain

B(*,y) rB(x,y):0. for all x,y,r e R, (19)

Since R is a semiprime ring then from the relation (19) we get

B(x,y):0. for all x e R, (20)

t
If T(x2;: x*T(x), we obtain the assertion of the theorem with similar
approach as above, the proof is complete.

If R is prime ring, we get the following corollary,

Corollary (3.6) Let R be a 2-torsion free prime *-ring, then every left
(right) Jordan *-centralizer is a left (right) reverse *-centralizer.

B. zalar in [7] proved that every additive mapping T: R-+R which

satisfies T(xoy) : T(x)oy : xoT(y) for all x,ye R, is a centralizer.In the

following proposition we will give a result similar to the above

- proposition, but in case reverse *-centralizers.

Proposition (3.7) Let R is a 2-torsion free semiprime *-ring, and S: R+R
an additive mapping which satisfies

S(xoy) : S(x)oy* : x*oSfz) for all r, y € R. (21)
Then S is a reverse *-centralizer of R.

To prove this proposition, we need the following lemmas

Lemma (3.8): lTlLet R be a semiprime ring and D: R-+ R be a derivation, and a e

Rbe
fixed element then we have:

(1) If D(x) D(y):0 for allx,y e R.Then D:0.

t
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(Z)Tf ax-x ct € Z(R) for allx € R' Then q e Z(R)'

Lemma (3.9) Let R be a semiprime *-ring and let a eR be a fixed

element, and let S(,) : a x* +x*a is satisff (zl),then a eZ(R).

Prooft We have

S(xoy):S(x) oy*:S(y) ox* for all x,y € R'

Gives us

a(xy + W) 
* + @t + y x) x q: (a:c * * x * a)y * + y * (ax * + x * a).

o) u i + i * y i o- *'r o, * -, * ax * - 0- (ay * -y * a)x * -x * (ay * -y * a)'

Then from second part of Lemma3'8, we get a e Z(R)'

Lemma (3.10) Let R be a semiprime *-ring. Then every mappings T

of R satisff (21) maps Z(R) into Z(R)'

Proof: Let c e Z(R), and let a:T(c)'Then

2T (cx):T (cx + xc):T(c) x *+ x* T (c): ac* + x* a'

Now we will show, S(x):2T(cx), is satisff the relation (21),

S(xy+yx):2(T(c(xY+Yx)),- :2T(( cx)y+y(cx)):2T((cy1x+x(cy)),
:S(x) y*+y* S(x):S(y) x*+x* S(/),

Hence bY Lemma3.9,we get a e Z(R)'

Proof of ProPosition 3r7: We have

S(xy+yx):S(x)y*+y*S(x):S(yp*+ x*S(v) for all x'-v € R'

Replace ybY xoY, we get

S(x) o (ro.y)*:(S(x) o y*)o x* for all x,y € R'

Now it follows that [S(x) , x*a*: y*[S(x), x*] holds for all x, y e R and

so we get [S(x),x*] eZ(R). The next goal is to show that [S(x) I*] : 0

holds. Take any c e Z(R)'

2S(cx): S(cx + xc) - S(c)x* + x*S(c) : 2S(x)c*

Using Lemma 3.10 we get
S(cx) : S(x)c*: S(c)x*

Therefore,
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[SO),χ
*]σ *=Seン *ι *夕*So)θ *=S(ιン*4χ *S(ε>*=0

Since[So),χ *]itSelf is central element,our goal is achieved.

2So〆)=sけ 十務)=Soン *+χ*SO)=2Soン *=2*SO)
Theorelr1 3.1,now concludes the prool
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ABSTRACT
Many sequencing problems have a combinational nature and they are very diffrcult to

solve to optimality within acceptable computation times. When a near optimal solution is
acceptable, it is appropriate to use heuristic methods. We consider the problem of scheduling
jobs on a single machine to minimize the multiple objective function, the sum of completion
time and maximum tardiness. The jobs partitioned into families, and a set-up time is necessary
for scheduling the first job and when there is a switch in processing jobs from one family to jobs
of another family. In this research we modifr and apply some known heuristic methods on our
problem. We also propose a new heuristic method called combining sub-batches heuristic
method (CSHM) and the results obtained by this method are compared with the previous
methods, it seems that the performance of CSHM is the best.

INTRODUCTION
This study will be devoted to machine scheduling problems. In the single

machine model of a scheduling problem which contains group of jobs and with a

machine set-up times, is called scheduling problems with family set-up times. Most
of these problem are NP-hard and thus are difficult to solve to optimality. Various
scheduling problems in manufacturing and service organizations can be formulated
as single facility problems with job classes. For example, the scheduling ofjobs for
a flexible manufacturing system that can produce several different Upes of product
on the same machine but which requires a set-up to rearrange or retool
workstations when there is a switch in product type (l).

Some of scheduling problems, specifically, scheduling problems with family
set-up time are quite difficult to optimize, so there is good reason to look for
heuristic procedures that will reliably produce good near optimal solutions and
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quickly. The disadvantage of the heuristic methods is that they do not guarantee

optimality and in some cases it may even be difficult to judge their effectiveness.

There are, however, some classes of problems which have resisted attempts to

design a satisfactory solution procedure: enumerative algorithms may be unable to

solve problems with more than a handful of jobs, and the solutions generated by

simple heuristic methods may be far from the optimum. Such problems can be

tackled by local search methods.
Therefore our main focus of attention is to develop heuristics which can

generate reasonably good quality solutions using limited computational resources.

However, several types of local search methods have developed: these include

simulated annealing, tabu search, descent method and genetic algorithms etc.

Gupta (1988) (2) proposes an SPT-based heuristic method for the problem with
sequence dependent set-up times and unit weights to minimize total completion

time. Another heuristic for the same problem is developed by Ahn and Hyun (3).

Crauwels et al. (1996) (4) used many kinds of local search methods to minimize

total number of late jobs. Also Crauwels et al. (1997) (5) tested a set of generic

local search to minimize total weighted completion time. An important heuristic is

simulated annealing is a method for obtaining good solutions to difficult
optimization problems. In a simulated annealing method, improving and neutral

moves are always accepted, while deteriorating moves are accepted according to a

given probabilistic acceptance function. Many papers are devoted to both the

theoretical and computational aspects of this approach, a review is provided by

Eglese in 1990(6). In this paper we modiff and apply some known heuristic

..hodt to solve a single machine scheduling problem in which N :{ 1,...,n} jobs

are partitioned into F families, each family f, 1 < f < F contains nljobs, and set-up

S, (i: 1,..., F) is required whenever there is a switch in processing jobs from one

fu*ity to jobs of another family and for processing the first job in the schedule. We

assume that all the jobs i (i:1,...,trr) are available at time zero, and that each job

has a given processing time pil and due date dir. The objective is to find a schedule,

which minimize the multiple objective function, the total completion time and

maximum tardiness. We modifu heuristic and local search procedures that are

enhance our ability to find good solutions quickly. Computational tests show how

well these procedures perform. Computationally, problem containing 20-25 jobs,

are within reach of optimization algorithm of (7), using modest amounts of
computer time. However, problems containing 30 jobs and more are impossible to

find optimal solution of iD in reasonable amount of time. Such problem size

*u.tunt the use if intelligent heuristics in order to find solutions'

Problem Formulation
The scheduling groups of jobs on a single machine problem can be described

as follows: we ur. [ir"n N jobs that are divided into F families. Each family f, for

1 < f ( F, contains nijobs. We let pll denote the processing time ofjob (I,0, and d1i

is its due date. A mathine set-up time St is incurred whenever a job in family f is

●
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processed immediately after a job in a different family. Also, a set-up time Sr is

required for processing the first job in the schedule.

Given a processing order of the jobs, completion time C1 1 and tardiness

Ti r: max{C,, -d,,,0} of job (i,f) can be computed. Our object is to find a

sequence that minimizes the multiple objective function, the sum of completion

time and maximum tardiness(lC,+T.*;.

Basic Definitions and Properties

Definition (5)
It is convenient to regard a sequence S as a series of batches. A batch is

maximal consecutive subsequence of jobs in S from the same family (and any

preceding or succeeding job is from a different family). If there are r batches in S,

which are labeled Br,..., 8,, then S : (Br, ..., B.). Each batch Bp, for I < k ( r, can

be viewed as a single composite job with processing time Pp and weight Wr.. If
batch 81 contains jobs ((o0),0,...,(o(t),0, then P1 and W1 are defined by

o(l ) a(l )

&=Sr+ lP'r, wu: Iw,r,wherel<f <F.
i=a(i) i=o(i)

From these we also define the weight processing time ratio of batch 81 as

WPT(Bk)=&/W*, ...(l)

Definition (8)
A heuristic is a technique which seek good (i.e. near optimal) solution at a

reasonable computational cost without being able to guarantee either feasibility or
optimality, or even in many cases to state how close to optimality a particular
feasible solution is. This near optimal solution is used to provide an initial upper
bound UB in BAB procedure.

Definition
Shortest weighted processing time (SWPT) rule, in which the job are

sequenced in non-decreasing order of processing time to weight ratios.

Property (1) (Monma and Potts (9))
SWPT property for jobs within a family: job (i,f) precedes another job (,f) if

pir/ wir< pir/ w;r.

Property (2) (Mason and Anderson (10))

SWPT property for batches: batch Bi precedes batch B; if WPT (B') <
vrPT (Bj).
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Heuristic Methods
In this section, we modit/ and apply some known heuristic methods. Our aim

is to develop methods which give a near optimal solution to minimize our multiple
objective function the sum of the completion time and maximum tardiness

(ICi+T**).

Tree Type Heuristic Method (TTHM) (11)
Tree type heuristic forms one category of local search algorithms. We apply

tree type heuristic by using a BAB procedure without backtracking. A BAB search

of an elimination tree may take a very long time. But suppose instead that we use a

forward branching and stop as soon as we reach a finally node representing a

feasible schedule. We might hope that this find a fairly good schedule.

Combining Sub-Batches Heuristic Method (CSHM)
A new heuristic method is formed by neighborhood search technique, can be

constructed as follows:
Step (1): Order the jobs in each family by SWPT property (property (1)).

Step (2): Construct a batch Bl for each family f, t < f < F, if
ii

(S, +Ipur) lZW, ) Pur,, lW,=,,,, then 81 contains the jobs (1,0 to
k=l

(i+1,0, (i:1,...,I1r- 1). The remaining jobs (i,f), for i:1,...,n1 and f :
1,...,F (iobs are not in any batch B1), will rpresent batches (single

batches) containing single job with processing time pil and weight w6.

Step (3): Order the batches by using (1) the weighted processing time O[PT) ratio

of batches Bi (i:1,...,r), where r is the number of batches,

[]a if B,containing one or more than one job with set - up time,lw_" '

wPT(Bt)=l o"'
Ilr if B,containing asingle job with set - up time zero'

Lw't '

suppose we obtained the schedule s: (B,,...,B,) where B; (i:1,...,r) is a

batch. For this schedule compute UB :fC1*Tmax'

Step (4): To reduce the number of set-up, single batches are shifted forward or

backward to batches which belong to the same family see Fig. 1 for

example consider a schedule S of the form
S:(...,(i,f),...,(k,g),(i+1,0,...,0 - 1,0,(0,h),. ",0,0,"')
if job (i,0 Uy itself forms a single batch, then this batch is shifted to the

position j.rrl U.fore (i+l,f). This backward shift is attempted for all

batches with only one job, so that the SWPT property is satisfied. For the

remaining batches with one job, a forward shift is tried, for example, if
job (i,0 for-r a batch, then this job is shifted to the position just after

0 - 1,0, So that the SWPT property still hold.

●
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Hence a new schedule S' is obtained for each forward and backward shift and for

this new schedule, comPute.

UB,:ICi*T,*.
If UB' < UB, then set IIB : (IB'.

Repeat step (4) for all single batches and

eventually UB is the minimum value for
method (CSHM).

construct S' and comPute IJB', then

the combining sub-batches heuristic

Fig.-Combining sub-batches(i+ 1,0 and

Descent Method (DM)
This section describes one of many heuristic methods is the descent method r(

(DM) to give a near optimal solution to our multiple objective function (ICi+Tmax)

This DM is obtained as follows:
Step (1): To reduce the number of batches by setting up just once for each family,

using what is some times called the group Technology (GT) schedule. In

the GT schedule, each family is scheduled as a single batch, and each

batch f has a ratio *,=(r,*I0,,)l *w,,, and then bv applving

property (2) (SWPT property for batches) to schedule the batches. Hence

we get the sequence o: (o(1), ..., o(n)), for this sequence we calculate

the sum of completion time and maximum tardiness and suppose its

value UB is the current solution of DM, i.e. UB :fC1*T.*.
Step (2): Then in order to improve the sequence o, one job o(i) e g, (i:1,...,n), is

temporarily shifted in position after the last job in each family f * g, so

that the processing time of the shifted job is less than or equal to the
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processing time of last job of the family f and its due date (of the shifted
job) is less than the due date of the last job of the family f.

Hence a new schedule o' is obtained, for this new schedule compute

UBl:ICi*T,n*.
Step (3): If A < 0, where A: UB1 - UB then set L-IB : UB1, i.e. if an improvement

is made then job o(i) is left in its new position. On the other hand, no

improvement can be made, the job o(i) is replaced in its original
position.

Step (4): Repeat step (2) from the beginning (i.e. i : 1) and other possibilities are

considered in a similar way. The DM terminates when all possibilities
(i : I , . . ., r -1) are considered without making any improvement. Fig. 2
describes the descent algorithm in pseudo-code.

Descent algorithm (6)

‐ Select an initial solution i e S;

Repeat
Generate solution j, a neighbour of I;
CalculateA:f0)-(i);
IfA<0theni':j,

until (i) > f(i) for all j in the neighbourhood of i;

Fig2 Descent algorithm in pseudo-code

It is clear that in descent method for each move that is accepted, there is a
strict improvement in the objective value. Hence the search continues until no

neighbour provides an improved objective function value, in which case the

current solution UB is a local optimum.

Simulated Annealing Method (SAM)
In this section, the SA method can be constructed for our problem as follows:

Step (1): Using step (1) in DM to obtain a current solution (UB) and a sequence

o : (o(1), ..., o(n)).
Step (2): Then in order to improve the sequence o, one job o(i) e g, (i:1,...,n), is

temporarily shifted in position after the last job in each family f + g.

Hence a new schedule o' is obtained, for this new schedule compute

UB1 :ICi*T,n*.
Step (3): If A < 0, where A:UB1 -UB then setLIB:UB1, i.e. if an improvement

is made then job o(i) is left in its new position. More precisely, o' is
accepted with probability 

"- 
o't if A ) 0, where T is a parameter called

the temperature which changes during the course of the algorithm.
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The scheme of SANII(12),a single iteration is perfolllled at each of k

temperatures Tl,.¨ ,Tk,which are related by

Ti+1=Ti/(1+α  Tl),i=1,¨ 。,k-1,k=n(F-1),
where(χ is a constant,which is expressed in telllls ofTl by

α=(Tl-1)/(IT・ Tl),
IT=n,Tl=10
where I T is the number ofiterations.

Step(4):Repeat step(2)from the begirlning(ioeo i=1)and Other possibilities are

considered in a siinilar way.The SAM tellllinates when an possibilities

(i=1,・…,n-1)are COnsidered and k iterations are perfolllled.Fig。 3

describes the SAM algorithm in pseudo― code.

Simulated Amlealing algorithm(6)

Select an initial solution o;
Select an initial control parameter T > 0;

While not yet frozen do the following
Perform the following looP F times

Pick a random neighbour o' of o.

Let A: cost(o') - cost(o);
IfA<0(downhillmove).
then set o: : o';
If A > 0 (uphill move)

Set o: : o' with probability exp (- A / T);

Tr* r :Ty I (1+g T1) (reduce control parameter)'

Return o.

Fig 3 Siinulated Amealing in pseudo―code

Computational Experience
The methods were coded in Pascal(Ver・ 7)and rllming them on a Pentium H

at300 MIIZ,Ran1 64MB computer。

Test Problelms

ln these experiments the test problems with 20,25,30,40,and 50 jobs,and

with 4,6,8,and 10 families,these problems were generated as follows:for eachjob

i pi were generated from(1,10),due date di was generated as let P=ilpi select

al,a2frOm the set{0。 2,0。 4,0.6,0。 8,1.0)and al<a2then di c[alP,a2P],fOr eachjob

i,2 problems were generated for each ofthe 10 pairs ofthe value ofal and a2=)20

test problems for each n and set‐ up time.Medium(M)set― up time in the test

problems were randonlly generated integers from unifollll distribution deflned on

(1,10)。 Having generated an instance with medium set― up times S(f=1,… ,F),
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corresponding instance with small (S) set-up times l* I 2l and large set-up times
2Si were constructed. For each combination of n, F and set-up times, two test

problems were generated for each of the contributions of a1 and a2. 20 test

problems were created with small, medium and large set-up times.

Initial Solution
Suppose that set-up times are quite, it makes sense to sequence the jobs so

that the jobs in each family are produced in a single batch. Hence we constrain the

schedule to have one batch for each family. THIS CALLED Group Technology
(GT) assumption.

Any sequence that satisfies both the SWPT property for jobs within a family
(batch) and the SWPT property for batches can be used as an initial solution for
descent method (DM) and simulated annealing method (SAM). Also we used the

batches as defined in (1) and the SWPT property for these batches can be used to
get an initial solution for combining sub-batches heuristic method (CSHM). Lastly
the initial solution for the type heuristic method (TTHM) is obtained by using the

minimum of the above initial solutions.
If such constructive methods can produce initial solutions of sufficiently high

quality, then the need for local search methods, with their heavier computational
requirements, is reduced.

Comparison Between the Optimal solution and the Solution of Combining
Sub-Batches Heuristic Method (CSHM)

The results are given in table (1). The first 20 test problems on n:20,F :4
and set-up time is medium while the other 20 test problems on n:25,F:4 and

set-up time is small and the last 20 test problems on n: 30, F : 6 and set-up time

is large. Also, table (1) indicates that 13 problem out of the 45 problem (which

have optimal solution) have a CSHM value equal to the optimal value, which are

market with star (*). The maximum deviation of the above 60 problem solution is

62, for a test problem which belong to small set-up time class which is the hardest

class. Also, table (1) shows that the maximum deviations for the medium and large

set-up times are 37 and 2t respectively. It is also clear from table (1) that 19

problem have a deviation less than or equal to 3 for the 45 problem which have

optimal solution out of the 60 test problems. Hence it is clear that from table (1)

(CSHM) gives a good near optimal solution for a very difficult scheduling
problem.
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Table¨ 1:Comparison of Values Obtained by BAB Method and the

Combining Sub"Batches Heuristic Method(CSHM)

* : Indicates that the problem has an optimal solution equal to the combining sub-

batches value.
** : A lower bound on the optimal because of unsolved problem.

CSHM: Combining sub-batches heuristic method.

RESULTS AND DISCUSSION
In this section, we report on computational experience with different heuristic

methods. For the methods (tree type heuristic method (TTHM), combining sub-

1170 1172 2 31 2158** 2182

2 1091 1095 4 32 1931** 1914

3 1053 1058 5 33 1434** 1902

4 1448 1461 13 34 1093 1097 4

5 1276 1278 2 35 1575 1592 17

6 1058 1061 3 36 1470** 1480

7 1242 1263 21 37 2066** 2114

8 1136 1137 1 38 1338** 1332

9 1275 1275* 0 39 1579** 1485

10 1122 1122* 0 40 1153 1155 フ

“

1033 1038 5 41 2813 2813* 0
９

“
964 964* 0 42 3483 3490 7

13 922 922* 0 43 2756 2756* 0

14 1278 1278* 0 44 2296 2296* 0

15 1075 1078 つ

“
45 2498 2506 8

16 1038 1066 28 46 2409 2418 9

17 1103 1140 37 47 2332 2340 8

18 1165 1174 9 48 3158** 3164

19 1307 1316 9 49 2894 2894* 0

20 1062 1065 3 50 2752** 2757

21 1287 1294 7 51 3834 3844 10

22 1950 2012 62 52 3790 3795 5

23 1250 1250* 0 53 3144** 3159

24 1122 1122* 0 54 2385** 2385

25 1210** 1245 55 3145 3145* 0

26 1215** 1260 56 2686 2707 21

27 1100 1117 17 57 3672 3688 16

28 1497** 1525 58 2904 2908 4

29 1441 1448 7 59 2841** 2846

30 1328 1339 60 2820 2820* 0

Numblr Ontimal CSHM Deviation il Number Optimal CSHM Dも
'1'tibi
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batches heuristic method (CSHM), descent method (DM) and simulated annealing
method (SAM), were described in previous sections respectively.

ble tive Co tational R ltsC,2T

‐

51: Set-up times.
n : Number ofjob.
F : Number of families.
L:Large set-up times.
NO : The number of times out of 20 that an optimal
found.
MD : The maximum relative deviation.
ACT : The average computation time in seconds.

TTHM : Tree type heuristic method.

CSHM : Combining sub-batches heuristic method.

DM : Descent Method.
SAM : Simulated annealing method.
* : The branch and bound algorithm can not deal with

The results in table (2) show that it is not easy

best. The difference between the methods is quite

solution (or best solution) lS

50 job problems.
to indicate which method is

small. Generally, it can be

．́〕

able¨ z:しom ra m esu

L

20

4 13 4 0。40 6 27 0.25 9 15 0。25 9 15 0.25

6 6 23 0.40 6 15 0.30
９

“
139 0.25 ワ

“
139 0。25

8 9 32 0,30 6 10 0.30 0 119 0。25 0 108 0.55

10 10 10 0.40 7 16 0。30 7 19 1.70 7 19 0。55

4 7 75 26.00 3 28 0。30 4 107 0。25 5 107 0.30

6 4 65 3.95 ９

“ 33 0.30 3 74 0.30 4 71 0.55
∠ D
8 8 59 4.95 6 20 0。25 4 113 0。25 4 41 0。55

10 3 103 1.55 4 25 0.30 0 336 0.30 0 336 0.80

30

4 165 39。47 4 77 0。25 154 0.30 1 128 0.55

6 7 43 25。43 6 16 0。25 7 63 0.25 7 843 0.55

8 5 82 12.66 3 23 0.30 0 122 0。30 0 103 6.80

10 8 41 9.69 5 45 0。25 6 45 0.30 6 45 0.85

40

4 274 166。 20 15 57 0.55 1 292 0.55 4 308 0。55

6 0 51 18.05 13 152 0.55 2 305 0。55 8 242 0。80

8 5 125 166。 70 9 127 0.55 6 127 0.55 11 58 1.10

10 5 130 17.05 1 138 0.55 10 138 0.55 15 80 1.10

50

4 * * * 14 80 0.55 4 684 0。55 5 666 0。85

6 * * * 17 87 0.55 2 373 0.55 1 286 1.10

8 * * * 15 124 0.15 2 383 0。80 5 383 1.35

10 * * * 5 223 0.30 8 223 0.80 15 125 1.60

51

じ

一穫 露 一Ｆ 釧 lIM ICISIIPI :DM ISI蠍ぶ4

IN0 ilヽヽ
'11:I:〕

       )          |ACT IN0 bl D 

‐

,憾11 INO IMD IACT IN0 |||1湖 IACT



AL- Mustansiriya J. Sci Vol. 21, No 7, 2010

concluded from table (2)thatthe combining sub-batches heuristic method (CSHM)
of all heuristic method performs very well. The CSHM has best NO and MD
values for the most test problem. Also it is clear from table (2) that the CSHM is
more effective than TTHM, MD and SAM especially for the large problem
instances. SAM has the best NO value with respect to TTHM and DM especially
for the large problem instances. As indicated in table (2) the CSHM get better
results for an ACT value for all n: 50.

We can conclude:
In this paper, we have developed exact and approximate solution approaches

for a fundamental batching and sequencing model involving family set-up times
and job due dates to minimize a multiple objective function.

Since our problem is NP-hard and it depends first on the problem size, as

measured by the number of families and the number of jobs per family, and
secondly on the set-up time and the relative due date range.

This paper repot on the results of extensive computational tests for the
following developed methods: Tree type heuristic (TTH), combining sub-batches
heuristic (CSH), descent method (DM) and simulated annealing (SA). The main
conclusion to be drawn from our comparison of computational results is that
CSHM is more effective than TTHM, DM and SA especially for the large problem
instances. The new combining sub-batches heuristic method proposed here has
been shown to perform well when tested against three alternative heuristics.
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ABSTRACT
This paper considers the problem of scheduling 'n' jobs on three machine flow shop with transportation

times berween the machinei to minimize the maximum completion time. This problem is known as NP-

hard. Theoretically, results conceming optimality for two special cases of the problem are given. Special

attention is also gir", to branch and bound (BAB) and local search methods. The BAB algorithms use the

quickly compute-cl but possibly rather weak lower bounds obtained from relaxation of machines capacity

constraints. it. lnan) algorithms are then tested on a large set of test problems.

Also, we develop, .o-p*" and test different local search methods (Descent, Simulation Annealing,

Threshold Accepting, Tabu Search, Genetic Algorithm, Ant Colony Algorithm) for the problem.

Computational eiperience is found that these local search algorithms solve the problem to 7000 jobs with

reasonable time.

INTRODUCTION
A flow shop schedule problem can be stated as follows: there is a set of (M) different -

machines these machines perform tasks of (n) jobs, each of (n) jobs is processed by (M)

machines (M,, M2,..., M.) in this order. There are some constraints on jobs and machines,

each machine can handle one job at a time and each job can be performed by one

machine at a time. The scheduling of manufacturing systems has been the subject of
extensive research since the early 1950s'. Many of the applications in the operational

research field involve this type of problems. One of the first developments in flow shop

scheduling problem is Johnson's algorithm (1), which shows the problem of scheduling

(n) jobs on t*o machines for minimizing the completion time is solved by a single rule

(Johrron's Rule "J.R."). Conway et. al.(2), observed that: for the problems of scheduling

(n) jobs on (m) machines there exist an optimal schedule with the same processing order

on the first two machines i.e. machine (1 and2), and the same processing order on the

last two machines i.e. machine (m-l and m). The no-wait flow shop problem was

discussed by Piehler (1960) (3), Bonney and Gundry 0976) (4), King and

Spachis(I980)(5), and Rajendran (1993) (6). In this problem jobs are held before machine
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I and launched only when they can be sequentially processed by all m machines with out
delays at any of the machines. Johann Hurink (1998) (7), discuses (F2lL1lC.u*) problem,

and found some solvable special cases, in this problem the jobs are scheduling on two
machine with transportation time between the machines.
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r.I.F

:thefirstistoimprovethe(BAB)algorithmfortheproblem,
this improvement is presented by introducing new two lower bounds. The second goal is

to use the local ,.ur.h methods for solving the problem with large size (n), where "n" is

the number ofjobs.

--.cl-!'--rllle
Thissectiond.il'ib.'th.problemconsideredinourwork,thisprob1emisaparticular

case of hole permutation flo* shop scheduling problems with transportation time, in

which we follow the commonly used three-field notation (allly) for machine scheduling

problems. In the (o) field, will te used notation 'F3' to denote a three machines flow shop

problem, we use e, g and C instead of M1, M2 and M3 respectively. In B field we use "lf'
'and 

"k;" to denote, the transportation times respectively, from machine A to machine B

and then from machine B to machine C. We use the notations 8i, bi and c1 to denote,

(respectively), the processing time ofjob i on A,B and machine C.

in y n.ta, 
-wB 

use the objictive function "C**" the total elapsed (completion) time 
^

"makespan". In this problem each job i process on machine A,B, and C in this order by

pro..rring time ai, bt and ci, on machine A,B, and C, respectively. Hence, F3/li, ki/ C,,,*

iepresentJthe 3-machine flow shop makespan problem with (n) transporters.

3. Johnson's Rule for Fal/C,"*Ipblq.IB)
problemwasgivenbyJohnson(l).Itisdeterminedby

the following theorem:

Theorem (1):

Suppose the
(8)

set N of n jobs may be partitioned in to the following two sub-sets:

Na={JcN
Nb={JCN

aJ≦ bJ}

aJ>bJ},

where 8r : Pu and br: P21 v J .

For a schedule in which utt .loUr in Nu precede each of those in No, then the Job in N" are

sequence in non-decreasing order of ur, while the Jobs in Nb are sequence in non-

increasing order of bl, the resulting sequence is an optimal with minimum C,-*.D

3.1 Extension of Johnson's Rule (J.R)
iseasy(l),similarlythecaseofthreemachinesis

polynomially solvable under very restrictive requirements on processing times of the

intermediate machine (9). We can obtain a criterion by which an optimal sequence, that

is, limited solution can be determined under the constraint that no processing time on the

first machine M1 is smaller than on second machine M2 or no processing time on the third

machine (last machine) M3 is smaller than on second machine Mz. This fact is stated in

the next theorem .
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Theorem (2): (8)
In the three machines flow shop min-makespan problem, let the ordering be M1, M2, M3

then if:
a) m.in{p,,} 2 m ?"{p,r} or

b) min{p,,} 2 ^?*{p,r)
hold , the optimal sequence can be determined by the next rule : if

Min{P;,+ Pi2,Pi2* P;r}< Min{P;1+ P.;2, Pn* Pr}

holds without equality, job (i) precedes job (i), otherwise either ordering is optimal.l
This theorem means applied (J.R.) on the two artificial machine (u) and (B) with

processing time (Ptr+ P;2) and (Piz+ Ps) respectively, then calculate C.* of the sequence,

which we found on the original (data) problem. The above theorem also can be extend for
problem with (m) machines, extended and enlarging upon (J.R) general conditions for
optimality have been obtained for general (m) machine flow shop (10), this extension can

be describe as follows:
In m machine flow shop min-makespan problem. Let the ordering be Mr.. .M, then if :

a. min{r,,}= Tu*{n,,} or

b' m in {r,,, } = 
n1 u* {0,.,} J :2," "',m-1 i :1'" "'fl

hold the optimal sequence (a) which can be determined by applying (J.R.) on the two

artificial machines (o) and (B) with processing times (E;, ,r)ono (2,r,- ) 
t"tr..tive1y,

then calculate Cn,* of (a) on the original data problem.

4. Solutions of machine scheduling problem

-co-ui*torialoptimizat\onprob1emsandasoschedulingprob1emSareconcernedwith

the maximization or minimization of the value of an objective function, they consist of
finding from among a finite set of alternatives one that optimizes the values of the

objective function, and most of optimizationproblems are NP-hard (11).

ihe best-known methods of solution for machine schedule problems are generally

divided into two types
The first one leads to an optimal solutions and is called "Exact Methods" which involve :

. Complete enumeration method.

. Dynamic programming (DP) method.
o Branch and Bound (BAB) method.
The BAB method will be used first, for solving F3/11, k/ C,n* problem. We must noted

here that in our BAB method, we start from the schedule (renumber the job-numbers)

according to Johnson's rule (J.R.) on the two artificial machine (cr) and (B) with processing

times (a1+l;+b1+ki), (1i+b'+k1+c;) respectively.

W

57



AL- Mustansiriya J. Sci Vol. 21, No 7, 2010 1

The second one, that methods, which lead to near optimal solutions, it is called
"Approximated methods" or "Heuristic Methods" which involve:
o Neighborhood search methods

a) Descent Method (DM).
b) Simulation Annealing (SA).
c) Threshold Accepting (TA).
d) Tabu Search (TS).

o Genetic Algorithm (GA).
o Ant Colony Optimization (ACO) Algorithm.
These methods will be described and used for solving (F3/1;, ki/ C.*) problem.

Some analytical results for permutation three machines with transportation times
flow shop scheduling problem are presented in the following sections (5, 6,7).
5. Solvable special cases

The meaning of solvable special case for a machine schedule problem is that: if the data
of this problem satisfies some conditions, then there is an optimal schedule for this
problem, which can be found directly without using the exact methods such as (BAB, DP a

and complete enumeration method). Some special cases that are solvable in polynomially
bounded computational effort can be identified.

Solvable special case 1
Let we have (F3 /li, k/ C,.*) problem and one or both of the following condition is hold

I) min {a1} } max {li, bi, k,}, i:1,.....,r
II) min {c;} } max {11, b', k1} i:1,.....,n

then we can find an optimal sequence (6) for this problem by applying (J.R.) on the two
artificial machine (o) and (p) with processing times:

0; : &1*l;*b1+ki i :1,.....,n

Bi 
: l1+br+ki*ci i :1,.....,n

respectively. Then calculate makespan of this sequence (6) for the original problem, which-'
is equal to the optimal value (minimum completion time on the last machine).
Indeed these conditions (I) and (II) come from when we assumed the transportation times

(l;) and (() as a processing times for (L) and (K) machines. (Clearly, these machines are
always ready to perform the jobs i.e. without any waiting times). Then our problem
becomes as (F5 llc^*) and then by using the extension of theorem (2).
Solvable special case 2
We can transfer the (F3/l;, k; /C."r) into (F3 ll C.*), by letting (s'1 :a;*11, b';:b1*fts,

cr1:c;*l;) as a processing times for the three artificial machines A', B' and C' respectively.
Now by using the theorem (2) we have: if one or both of the following conditions are
hold:
I) min {a'i} > max { b'1}

i.e. min {a; + l; } > max { bi + ki} (in origin)
II) min {c'i} > max { b';}

i.e. min {c1+ l; } > max { br + k;} (in origin)
then we can find an optimal sequence (6) for this problem by applying (J.R.) on the two
artificial machine (cr) and (B) with processing times: -
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0,1: ai*l1*bi+ki i:1,.....,n
B1: li+b1+kt*ci i:1,.....,n

respectively, then calculate makespan Cr* (6) of this sequence (6) for the original
problem.

, 6 Simple Heuristic alsorithms
In this section, we propose heuristics methods, the best of them is applied at the root

node of the BAB tree to find an upper bound (UB) on the minimum value of the problem
(F3/li,lt/C..*), which can be transfer it into (F3// C.,*) problem.
For the first heuristic H1, let (a'1 :oi, b'1:bi*li , c's:c1*k1)

For the second heuristic H2,let (8'1 :a1*11, b'i:bi, cr;:c1*k1)

For the third heuristic H3, let (?'1 :ai*l;, b';:b1*ki, c'i:ci),
where (a',, b'i, and c';) as a processing times for the three artificial machines A', B' and C'
respectively. Now by using the theorem (2), even when its conditions are not satisfied,
Then we can find a sequence (6), by applying (J.R.) on the two artificial machine (o) andi' 
$) with processing times for each heuristic:

Hl:
0i: o'i* b'i: a1 * 11* f; i :1,...,n

9i: c'i +b'i: l; + bs * ki * ci i:1,...,n
H2:
(I,i : €I'i* b'i : a1 * 11 * $1 i :1,.....,n

9i: C'i +b'i: bl* h * gi i:1,.....,n
H3:
o,i : o'i* b'i : ai * li + bi+ ki i :1,.....,n

Pi 
: C'i +b'i : b1 * ki * c1 i :1,.....,n

- respectively, then calculate makespan C,"* (6) of this sequence (6) for the originalI' 
problem. Also, we can use the heuristic (H4), which is given in [12] . For this heuristic H4
a sequence (S) is obtained, by applying (J.R.) on the two artificial machine (a) and (B)

with processing times :

0i: &i + li + b1+ ( i:1,...,n
Fi: li + bi + ki * ci i :1,...,n

respectively, then calculate makespan C."* (6) of this sequence (5) for the original
problem.
It is clear that heuristic H4 occasionally catch the optimal value if one of the conditions
that had been given in solvable special cases sections is met.
In the following table, we list 10 examples with different number of jobs each one is

solved by all heuristics:
N : number ofjobs
EX : number of example
Hi : the value of heuristic i when i:|,2,3,4
n, = {, if Ffi equal to the minimum value of cunent example

l0 othenvise

! where i:1,2,3,4
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respeciively, and let (5) denote the sequenced jobs and (S) be set of unsequence jobs.

This lower bound is determined by considering successive processing times and

transportation times of unsequence jobs on the machines A,B, and C respectively, it is

[[:rじ
Riふ「Wind cc(δ)be

respectively.

Now consider the following relaxation:

Machine A : If we release the constraint that machines B and C can process only one job at

Vol.21,No7,2010  ヘ

Table-1: of heuristic methods
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8756

9761

From the above table (1) we conclude that: heuristic 4 (H4) is the beast one of the four

heuristics.

7.1. Single Machine Bound
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Machine C: If we ignore processing times on machines A, B and the transportation times

LB3=c, (6)*I",
Hence our first lower bound
LB:max{LBl ,LB2,LB3 }
We show next that solution of the relaxed problem provides a lower bound on the solution
of the original problem.

Theorem (3) :
LB : max {LB 1,L82, LB3} is a lower bound for (F3/l;,k;/C,"*) problem.

proof:
Let 6 the sequenced jobs and let S be the set of unsequenced jobs. We shall prove that
LB 1, LB2 and LB3 are lower bounds.
For LB I
Let LB1(S) be the finishing time of the processing on machine C, when initially all jobs

in (S) are processed continuously withoui idle tims on machine (A), after the time Co(S).

Then find a job (i-) in (S) which have minimum sum of ( li* + b1* * [1* * cr* ) that job (i-) is
processed on machines (B) and (C) without waiting time. Then for the original problem,

since any sequence of all jobs in (S) may produce idle time on machines (B and C), after
the time Co(6), also the last job (i) in this sequence may have a sum of (11+b'+k1+q) which
is not smaller than the sum of ( li- + bi** [1* *c1*). Hence, LB1 is a lower bound.

For LB2
LetLB2(6) be the finishing time of the processing on machine C, when initially all jobs

in (S) are processed continuously without idle time on machine (B), after the time C'(S).
Then find a job (i-) in (S) which have minimum sum of (k;* + c1* ) that job (i-) is processed

on machine (C) without waiting time. Then for the original problem, since any sequence

of all jobs in (S) may produce idle time on machines (B and C), after the time CB161, also

the last job (i) in this sequence may have a sum of (k1+c1) which is not smaller than the

sum of (k;**s1*), hence LB2 is a lower bound .

For LB3
Let LB3(6) which is define as finishing time of the processing on machine C, when all

jobs in (S) are processed continuously on machine (C), after the time Ct(6), LB3 is a
lower bound since usually the processing ofjobs in (S) makes idle times on machines (B

and C) .

Since LBl, LBz, LB3 are lower bounds then:
LB : max {LBl,LB2, LB3} is a Lower Bound for (F3/l;,k/C,,*) problem . I

We will denote this lower bound by (LB-I).

ヽ
）
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7.2. Lower Bound -II-
fnis to*.. U*nd is constructed by relaxation of the machine (B), i.e. we let the machine

(B) always ready to perform the unsequence jobs without any waiting time. In this case

the machine (B) becomes as transporter whose transportation time equal to the processing

time of machine (B). Before starting this lower bound-Il- some notes are required here: let

(S) be the sequenced jobs, and (S) be the set of unsequence jobs. In such a way that the

new transportation time (t') will be the sum of (li+bi+ki), i.e. sum of the original

transportatlon times (li ,ki) and modified transportation time (bi), ti:l;*bi*fti, for each job

1i;e (S1. Our lower bound is found by order the jobs in (S) according to (J.R.) on the two

artificial machine (o) and (B) with processing time (o1:a1*11+bi+ki) and (B1:11+b;+k;+c1)

respectively. For the unsequence joUs (S) of rJaxed problem, the completion times (C-o)

and (C-c ) are computed as follows :

Let (r) be the last job in (S) and (r +l) be the first job in (S) to be schedule

C-o(l) : CA (r) + a,*1

T'(1): C*A (1) + t,+r

C-c11;: T'(1) * c.*r r
Hence for any job i e S, i: 2 ...k, where (k) is the last job of (S)

C-o(i): C*o (i-1) + a1

T'(i):C-A1i;+t,
c-c1i;: max { c-t(i-l),T'(i)} +c.

Where
C-o(l) is the completiontime on machine A of job (l) in S
C-t(1) is the completion time on machine C of job (1) in S

C-o(i) is the completion time on machine A of job (i) in S

C-t(i) is the completion time on machine C of job (i) in S

Assume that :

LB'1: C-t(k) (k) is the last job of (S)

LB'2: Ct(S) * zr, 3
ies

LB: max {LB'L,LB'?},

Next, the solution of the relaxed problem, which provides a lower bound on the solution

of the original problem (F3/li,ki/C,*) is shown.

Theorem (4):
LB : max {LB'l,LB'2lr is a lower bound for (F3/l;,ki/C,*) problem.

Proof :

Let 6 be the sequenced jobs and let S be the set of unsequence jobs

For LB'l
Let LB'1(6) be the completion time of the processing on machine C. When all jobs in (S)

are ordered by (J.R) on the two artificial machine (a) and (B) with processing time (o1:a; *
li + b;+ ( ) and (9i: 11 + b; + ki + c;)respectively, andprocessed withoutwaitingtime on

machine (B), since the machine (B) is relaxed. Hence any sequence of all jobs in (S) .aYa
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produce waiting time on machines (B and C) (for the original problem). These waiting
times (greater than or equal to zero) are ignored in LB'1. Hence, LB'1 less than or equal to
the minimum value of Cmai.

i.e. LB'1 < C,n*l then LB'1 is a lower bound .

For LB'2
LetLB'2(6) the completion time of the processing on machine C. When all jobs in (S) are

ordered by (J.R) on the two artificial machine (cr) and (B) with processing time (u,i:ai * li *
bi+ ki ) and (Pt : li + bi + ki + c;) respectively, and processed without idle time on machine
(C), after the time Ct(S). Since any sequence of all jobs in (S) may makes an idle time on
machine (C). This idle time (greater than or equal to zero) is ignored inLB'2. Hence LB'2
less than or equal do the minimum value of C.u*, i.e. LB'2 < Cn,*; then LB'2 is a lower
bound.
Since LB'1and LB'2 are lower bounds then:
LB : max {LB'L,LB'2} is a Lower Bound for (F3/l;,ki/Crr*) problem. I

We will refer to this lower bound by (LB-II).

8. Usine (BAB) aleorithm to solve (F/li. ki/C,".)-prohlem
We now give the main feature of our branch and bound algorithms, which are used for

solving the (F3/li, ki/ C.*) problem. The algorithms start by reorder (renumbered) the jobs

according to (J.R.) on the two artificial machines (o) and (B) with processing times
(o1:a1+11+b;*ki,B;:lr+!1*k;*c1) respectively. Prior to their application at the root node of
search tree to obtain an upper bound (UB) by using the heuristics methods

(Hl,H2,H3,H4), introduced in section (6), and put UB:min{ H1,H2,H3,H4}. Also, at the

root node of the search tree an initial lower bound (ILB) on the cost of an optimal
schedule is obtained from {LB-I, LB-II}. The active new search procedure for flow shop

scheduling problem is used to select a node, from which to branch.

8.1 Computational Experience with branch and bound algorithm
The branch and bund algorithms, were tested on (F3/1;,ki/C,n*) problem, with {5, 6,7,8,

g, 10, ll,12,13,14, 15,20,25,30,40, 50, 60,70,80, 90, 100, 200, 300,400, 500,600,
700, 800, 900, 1000, 1500, 2000,2500,3000, 3500, 4000, 4500, 5000) jobs. Number of
jobs refers to the problem size. Job i become available for processing at a time zeto,
requires integers processing times (ai, bi, and c;), i:l ...n, were generated from the

uniform distribution [1,100], and requires transportation times (l;, k;) i:l ...11 , were

generated fromthe uniform distribution [1,R], forR selected from {100,250,500, 1000,

1500, 2000,2500,3000, 3500, 4000). For each value of (n) we have one problem for each

value of (R). This yields (10) test problems, for each value of (n). This data is generated

by Matlab language. We are coded (BAB) algorithms in Matlab language.

8.2 Comparison of the values of lower bounds(LB-I" LB-II)
Results comparing the two lower bounds. To make a comparison of the introduced lower

bounds (LB-I, LB-II), we compute the optimal value, upper bound (UB), the lower bound
ヽ
一
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(LB), the number of generated nodes (nodes), the computational time (time), and the
number of unsolved problems. To determined the number of unsolved problems, there are

two criteria for stopping the (BAB) algorithm and say that this problem is unsolved or
(this is big example). The first criteria is the number of generated nodes (i.e. terminate
BAB algorithm after a fixed number of generated nodes). The second criteria which as

follows: the (BAB) algorithm is stopped after a fixed period of time. For our comparison
we chose the first criteria and our procedure will be stopped after generating (20,000,000)
nodes. We solve (10) examples for each value of (n), where ne {5,7,10,13,15}, in the
following table we summarized the empirical results, where
n:number ofjobs (problem size)
Av. nodes: average nodes for l0 examples of BAB algorithm with the assignment lower
bound.
Av. time= average time by seconds for 10 examples of BAB algorithm with the
assignment lower bound.
No. unsolved: the number of unsolved examples from 10 examples of BAB algorithm
with the assignment lower bound. ..

Table -2:Comparison of branch and bound algorithms

LB‐ I LB―II    LB― I LB‐ II
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The above results of table(2) show that:
The mentioned results indicate the weakness of the lower bounds. The large number of
unsolved problems for fairly small "n" (n:15) shows that introducing transportations times
into a flow shop greatly increases the problem difficulty. An analysis of unsolved problems
indicates that those with small "R" are relatively easy whereas those with large "R" are the
hardest. The algorithm that uses lower bound-Il- (LB-II), is the best one between the
introduced algorithms since its computational time is the minimum of the other, and the
number of generated nodes is the minimal one. Now for the algorithm that uses the lower
bound (LB-I), the number of generated nodes for this algorithm is very large as compared
to other algorithm, but the arithmetic process for its lower bound (LB-I) is very simple
which makes the computational time associated with much smaller, in spite of above
mentioned fact. The lower bound-I- (LB-I), is weaker than (LB-II), since the algorithm that
uses the lower bound-I- (LB-I) which cannot solve some problems that are solved by the
algorithm that use the lower bound (LB-II).
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Hence, in the following sections if we refer to (BAB) algorithm we mean to the (BAB)
algorithm that use the lower bound-Il- (LB-II).

9. Local Search Heuristic Methods
It is clear to solve scheduling problems one tends to use (BAB) or (DP) to find optimal

solutions, however, these approaches has two main disadvantages:
o It is mathematically complex and thus a lot of time to be invested
o When it concerns NP-hard problem, the computational time requirements are enorrnous

for large sized problem.
To avoid these drawbacks we can appeal to heuristics methods. In the recent years, the

improvement in heuristic methods has become under the name "local search methods" as

well as there are Genetic Algorithm and Ant colony Algorithm. The following subsections

describe various heuristic (approximate) methods for solving machine scheduling problems

and discuss various parameters. That specifies the design of each heuristic, our discussion
includes adaptations of known procedure as well as modification and extensions

specifically suitable for the problem in this paper (F3/l;,k1/C.*).

9.1. Neiehborhood search methods
In neighborhood search methods we start from initial solution p and put it as a current

solution, a current solution (p) is transformed into a new solution p' according to some

neighborhood structure, an acceptance rule decides whether the move from the current
solution p to the transformed solutiofl p', if a move is accepted, then the transformed
solution p'replaces the previous solution p and becomes the current solution; otherwise the

move rejected and the current solution is retained. This process is repeated until some

termination criterion is satisfied. The acceptance rule is usually dependent on the objective
function value of the current solution and its neighbor (13). The choice of suitable

neighborhood is of significant importance, we introduce some of well-known
neighborhoods for a permutation problem, where the set of feasible solution is given by the

set of permutation of n-jobs :

o Insert neighborhoodl in a permutation p: (p(1), p(2),..., p(n)), select an arbitrary job
p(i) and shift it to position (J), when J > i or J < i this neighborhood some time referred to
as a (shift neighborhood).
o Swap neishborhood ; in a permutation p: (p(l), p(2),..., p(n)), select two arbitrary jobs

p(i) and p0), (i I I and interchange them, this neighborhood sometime referred to as

(pairwise interchange).
Before starting the description of these heuristic methods we need to define the following
two terms (initial solution and stopping criterion).

* Initial solution:
The initial solution is the point from which the local search procedure is started, this

could be a solution obtained from a heuristic or generated randomly, since a random
solution may not satisff the minimum of objective function. For our problem, the objective

ヽ
一
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is the minimization of the makespan, so we can start from any of heuristics introduced in

section (6). (Hl , H2, H3, H4) since H4 is the best one as we were seen, thus the initial

,.qr.n.. ir in. sequence obtained by applying JR on the two artificial machine u, and B

with processing time (a;+1,*b1*k1, l1+bs+k1+c1)'

* Stoppine criterion: (14)

@isthemethodusedtoterminatethesearchproceSS;therearefour
common stopping criteria for local search algorithm:

1- A maximum number of iterations or solutions reached.

2- No improvement of the best solution for specified number of iterations.

3- Maximum C.P.U. time allowed for solving problem'

4- Fixed number of iterations.
The second criterion may be more efficient in speed, but since the number of iterations

with no improvement will be effected by the complexity of solution space and problem

size, so it is aifncult to determine a number of iterations using (3) is partially captured in

setting the maximum number of iterations i.e. (3 = l), therefore, the first stopping criterion -
is chosen by some researchers. In our work, we will use stopping criterion number (4),

since we need to enhance the comparability of different local search heuristics and chose a

fixed number of iterations that wiil make us unbiased for any of the local search heuristic

methods.

9.1.1. Descent method ( DM ):
The Desc.nt ,nEf,o-d ir u ri-ple form of neighborhood search methods in which only

improving moves are allowed.
A numbei of issues have to be dealt with when (DM) procedure implemented:

1. Initialization:
The search hasio be initialized with an initial solution. This solution can be constructed -

by some heuristic method or it can be chosen at random, the choice of this starting solution -

may greatly influence the quality of the final outcome, there is no guarantee that a good

initial solution will lead to a near-optimal final solution. However the computational results

of Osman and potts (15) indicated that descent is slightly erratic unless a good starting

solution is used. In our problem (F3/li,ki/C**) we start from heuristic4 (H4) which present

is in section (6).

2. Generate of Neighborhood:
There ur. -unffi.th--odr to generate a neighborhood; the two basic neighborhoods are

(insert und s*ap) each of themls illustrated in (9.I). For the problem (F3/li, ki/C,n*) we will

use (swap) neighborhood.
3. Stoppins criterion:
tn tt ir itr*, urffi., there are four ways, but we will use a fixed number of iteration in

more precisely we put that number equal to (1000) for solving our problem.

Althtugh good .hoi..t for the above mentioned three issues can improve the

performin..-of the descent method algorithm. The resulting solution is a local optimum, -\



ヽ
一

Exact and Local Search Methods For Three Machine Flow Shop with Transportation'il?l' 
and Hussain

not necessarily a global optimum. A classical remedy for this draw-back is to perform

multiple -nr tf thi procedure starting from different initial solutions and to take the best

sequence as final solution such an approach is called (multi-start descent) [16]. In order to

keep our unbiased for any method, so that we do not use the last note about multi-start, and

stile use single initial solution.

9.1.2. Simulated Annealine (SA) method
Sir"rlrt.d urrr.ulirrg 6A1has its origin in statistical physics, where the process of cooling

solids slowly until they reach a low energy state is called annealing. It was originally

proposed by tvtetropolis et al. (17) and was first applied to combinatorial optimization

prott.11r Uy firt<putri.k et al. (18). In such an algorithm, the sequence of the objective

function values does not necessarily monotonically decrease. Starting with an initial

sequence p, a neighbor p' is generated (usually randomly) in a certain neighborhood. Then

the difference A:1(p')-F(p), in the values of the objective function F is calculated. When A

<- 0, sequence p' is accepted as the new starting solution for the next iteration. In the case

of A>0, ,.qr.rr.. p' is accepted as new starting solution with probability exp(-AlT), where

T is a parameter known as the temperature. Typically, in the initial stages, the temperature

is rather high so that escaping from a local optimum in the first iterations is rather easy.

After having generated a certain number of sequences, the temperature usually decreases.

Often, this is don. by a geometric cooling scheme which we will also applY:.In this case,

the new temperatu.. i'"fi, chosen such tf,at Tn'*:}. Told, where 0<)'<1 and Told denotes the

old temperature. A possible stopping criterion would then be a cycle of a final temperature,

which is sufficiently close to zero.

Determination (SA) algorithm parameters

T" d.t.*ri.* th" puru*.t.rr of (SA) for our problem (F3ili,ki / Cr*) we discuss the

following issues:

a) Initialization
b) Neighborhood generation
c) Accepting move
d) Termination criterion

a) Initialization
o initial solution, we start from the sequence found by the heuristic (H4),which is

described in section (6), to obtain the current solution (s) and compute the objective

function value (makespan) of this sequence as a current value, although, theoretically

there is no reason to start from a good initial solution. Due to the high probability to

accept the deterioration in early stages, this good solution will be destroyed.

o Initial temperature, the second initial parameter we need to determine is the initial

temperature value, basically the procedure start at (high) temperature where virtually all

moves are accepted. Some researchers use a lower initial temperature because of using

a good initial solution, another group of researchers used an abbreviated trial-annealing

,rn in order to determine the initial temperature. In this paper we followed the last

67



AL- MustansiriYa J. Sci

group of researchers by choosing better temperature value

iesting each one on the same set of examples, finally we

temperature value for (SA) .

EL_!!Z!b%

Theseconai,,.ffihborhoodStructure,differentUpesofstructureshavebeen
described, but we use here as in (DM) the (swap) neighborhood.

c) accepting move
Osman and pott-s (15), show that the random neighborhood search method is better with

the metropolis ,.tr.-.-P(A,T):EXP(-A/T). The probability of accepting an increase of

objective function value depends on th. size of this increase, the probability is small for a

rurg. increase. In our work, it is accepted that the moves decrease the objective function

uul-r., but for the moves that increase the objective function value by (A), the move will

beacceptedifP(A,T):EXP(-A/T)zR.Where(0<R<1),otherwisethemovewillbe
rejected, where 1f; d....ur. g.udraliy by geometric cooling scheme T:l' T, (0<)"<1), in

particular we Put )':0.999.

d) Termination criterion:
It is sufficient to choose a fixed number of iteration, as we determine for (DM), this

fixed number is equal to (1000).

m:尋織Til露器積肌∬i椰手綱鮒齢量画1
鼎椰勲捕蝉湘荘驚∬躙柵 ,

卸糧∬VT樹淵聖‖ぶ化軍蹴 1ど,席∬‰∬留l朧
戦‖椰‖ I∬謡#淵i誡認Ith賂窄:潔¶職:Ъ

;hold value such that the flnal cycle with

tion to decreasing thresholds, there is an

=0.If during the last generated solutions no

′alue V=V+△ V.Ifduring the next generated

〕d,we once rnore increase the value ofV by

scheme洲o“ lllloVeS tO釧血 ms宙 ぬ 黒 ∬ 翻 競 ぶ 1蹴 ∫乳
attel

becomes difflcult to flnd better neighbors and when the danger that the search stagnates

in a local optimum increases.

V01.21,No7,2010

from a list of values a■ er

chOse(400)as an initial
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Determination (TA) algorithm parameters

To determin. th. pu.*ters of (TA) for our problem (F3/11 , k1 /C.*). Each of the

following issues is discussed:

a) Initialization
D.t.r-ir. th. initial solution as the above mentioned methods i.e. we chose the

sequence which is found by heuristic (H4) which is described in section (6), and for the

initial value of V we put (V:30), and the liner reduction (v : , - 0.01 v), and if it
becomes close to zero we will reset it to (30).

b) Neishborhood generation
gestedthe(swap)neighborhoodasinpreviousmethods.

c) Termination criterion
A)thatchosenhereisnotdifferfromthatuseintheotherloca1

r.ur.h methods i.e.(fixed number of iteration, which is equal to (1000)'

9.1.4.Tabu Search (TS) method
Tabu search's (TS) 

".igin 
drt* back to the 1960s and 1970s and was proposed in its

present form by Glover i, lteAe), (14). The majority of the applications of TS started in

iate 19g0s (21). One of the mainideas of TS, as itsname depicts, is its use of aflexible

memory (tatu list) to tabu certain moves for a period of time. In every iteration of TS, a

move will be insiantly assigned to the tabu list when the move is chosen to lead the

search from the current solution to its neighbor solution. This move will then not be

chosen for a number of immediately succeeding iterations. This number of iterations is

denoted as tabu list size, and the size is limited to a certain length. When the list has

reached its specified length, the move that was assigned to the list earliest is released

from the list and the most current move is inserted. With an appropriate design of the

tabu list, TS is able to prevent cycling of the search and guide the search to the solution

regions which have ,ol b..n examined and approach to good solutions in the solution

,pu... However, design of the tabu list may also prohibit the search to appealing solution

regions. Next, we discuss some parameters affecting the performance of TS. The

nelgfrUortrood size represents the number of candidate solutions to be evaluated in each

iteration of the ,.u..h process. Tabu search uses two common types of neighborhood

size. The first kind is to evaluate all possible neighbors and select the best non-tabued

solution in each iteration. This kind of examination may be suitable if the cardinality of

the neighborhood is not too large. The quality of the solution obtained by this

neighboihood examination may be good but the diversification capability of TS may be

affected. The second type is to evaluate only a fixed number (only one is used here) of

neighbors in one iteration.

Todetermi,.th.rprob1em(F3/1i,k1/C,u*)wediscusseach
・、
〕

of the following issues:
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(swap) neighborhood as in previous methods'

same as that use are in the previous local

which equal to (1000).
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the above mentioned methods i'e' we chose the

c) Termination criterion
Stopping criterion for (TS) chosen here ls tne

."ut.h *.tt ods i.e. (Fixed number of iteration,

Genetic Algorithms (GA) were

search algorithms that exPlore
originally proposed by John H. Holland (22)' They are

a .Iotution- space and mimic the biological evolution

of solution each solution is represented as a

nanism of evolution The solution space is

:ructures are generated by applying simple 、
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9.2.1 Basic Stricture of Genetic. Algori.thm

Th. -"i, ""-ponents 
of a genetic algorithm are as follows (23) :

1) Solution Encoding
A chromosomal representation of solutions, (solution encoding). For the machine

schedule problem, the natural permutation representation of a solution is a permutation of

;;il;g;* 1,...,n, which dei,ne' theproceising order of n jobs' Each chromosome is

A;r*,;i by such u..h"a.,tirrg solution, i.e., thi natural permutation representation of

a solution.
2)Initial POpulation

The creation of an initial population of chromosomes,(initial population).
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In order to approximate an optimal solution as near as possible, the initial population of
chromosomes is created by scheduling heuristic dispatching rules (heuristics methods),
combined with random methods.
3) Fitness (evaluation )
The measurement of chromosome fitness is based on the objective function

(fitness).When a population is generated, each chromosome is evaluated and its fitness is
calculated for each chromosome. Finally each chromosome is assigned its fitness value
along of the population size.

4) Selection
Natural selection of some chromosomes, by selection methods (according fitness value

usually), chromosomes (parents) are selected from the population for combining to
produce new chromosomes (children), i.e., for applying genetic operators.

5) Genetic Operators
Genetic Operators (crossover and mutation) applied to the chromosomes whose role is

to create new members, i.e., children, in the population by crossing the genes of two
chromosomes (crossover operators) or by modifiring the genes of one chromosome
(mutation operators):
a) Crossover:

The role of a crossover operator is to combine elements from two parent chromosomes

to generate one or more child chromosomes.
b) Mutation:

The role of a mutation operator is to provide and maintain diversity in a population so

that other operators can continue to work.
6) Replacement
Natural selection of the members of the population, who will survive (replacement) is

based on elitism. That is to keep the best chromosomes of the current population and their
offspring. They will form a new population to survive into the next generation.

7) Parameter Selection
Natural convergence of the whole population that is globally improved at each step of

the algorithm. For choosing suitable values of parameters such as population, size

crossover and mutation.
The perfoffnance of a (GA) depends largely on the design of the above components and

the choice of parameters such as population size, probabilities of genetic operators (i.e.,

crossover and mutation), and number of generations.

"
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Genetic algorithm cycle

9.2.2. Genetic algorithm components

a) Cross over
The crossover plays a role of exchanging information among chromosomes. It usually

leads to an effective combination of partial solutions on other chromosomes, and

accelerates the search procedure early in the generation. Partially matched crossover

(pMX) is such an opeiator. Two crossover points are generated at random and the

segments in between define a matching section. This matching is used to affect a cross

へ

ヽ

1)Initial nopulation
iffiioncanbegeneratedatrandomorcanbeconstructedbyusing

problem-rp..in. knowledge. Chen et al. (24) used specific construction heuristics for the

ho* shop problem to Uuita their first population. They claim that a good initial

population in.r.ures the efficiency of GA. Delia Croce et al. (25) select the solution for

ifr. irritirt population at random, but in order to speed up convergence, propose to choose

an initial population partially produced with some quick heuristic. Inserting a high-fitness

chromosome into the initiai population is called (seeding) the success of the strategy is

dependent on the availability of good starting solution; the large variation_ in the .
population size (m), used by differint researches, ranging from a size of 20 Lee and '

Kim(26) to 300 Delia Croce et al. (25).

2) Selection
Selections to choose good candidate solutions from current population for the next

generation i.e.(for g..r.*t. the next population). The number of these candidate solutions

it) i, controlled (d-etermined) by the population size (m), which is selected in the initial

steps of (GA).

3) Genetic Operators
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through position-by-position exchange operations. For example, with crossover points
after the 3rd and 6th element:

|||"`た■革■‖|||=1車Ⅲ墨墨|・||||1墨墨墨:墨‖|||■ |
P1 7982511634  -→  798483634  →    795483612 =Ch l

P2 95614831271‐
.● 1■ ||■ 19,62511271      ‐98`1251473 =Ch 2

In this example, the mapping is 2 ,- 4,5 .* 8 and 1 <+ 3. Between the two crossover
points, the sections are exchanged. To restore feasibility in the first child , the elements 8,

3 and 4 outside the section are replaced according to the matching. In the second child ,

the elements 5, 2 and 1 are replaced. A lot of papers refer to (PMX), for example Chen et
AL Q$.
Delia Croce et al. (25) use linear order crossover (LOX) This operator chooses two
random crossover points. The elements in the cross section of parent I are removed from
parent2 leaving some "holes" (shown with '.'). The holes are slid from the extremities
towards the center until they reach the cross section. The cross section is then substituted
with that of parent 1. The other child is obtained analogously.

‐
tL鳳■ギILご|‐L血●●IEIE贔出L■
P1 798251634  7912516   792 …1516   792 483 516 Chl

P2 95648o127.1‐ ■19161483[7  9641… 1837._.'6412511837 Ch2

LOX tends mainly to respect relative positions between the elements and also, as far as

possible, the absolute positions in the string. For example, the ordering of the first cross
section (2,5,1) is completely destroyed in the first offspring by PMX. In the first
offspring produced by LOX, the relative order, 2 before 5 and 1 and 5 before 1, is
preserved.
There is another cross over scheme: (homogeneous mixture crossover) HMX (l l), which
is given by the mixture of the two parents uniformly by making a set (m) from genes, the
odd position from the first parent and the even position from the second parent. Then
separating genes without the repetition of the gene, since we read the set (m) from the
left, if the gene j does not exist in the first child ch1 then keep it and put (0) in (m),
otherwise we keep gene j in the second child ch2 and put (1)in (m), until (m) genes are
exhausted. This way also gives two new children.

Parent Mixture Ch‖d

Pl=798251634 799586245813623741   chl=795862413

P2=956483271 001000001 1001 11 1 1 l   ch2=958623741

The rationale for this crossover is that it
parent, and the relative positions of those

preserves the absolute positions taken from one
from the other parent. However, af[er a number
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of generations, the population has converged and crossover alone cannot improve the

pop;lation anymor.. A diu.rsiffing component is necessary which can be offered by

mutation.
b) Mutation
Order-mutation : interchanges these two elements.

iosition-mutation: places the second element before the first.

Ora..-r*tation performs better than position-mutation. Other researches use the same

techniques, but iefer to them by more classical names, as that used in neighborhood

search methods "swap" and "shiftit g".

Tate and Smith (27) use another form for mutation. They select two locations at random

in a string and reverse the order of all elements within the substring bounded by the two

selected elements.

Before After

791825 11634 => 7911528163J

4) Termination'Cl.5i.=t1yJh. 
procedure stops when a fixed number of generations (or iterations) are

executed. For example, Chen et al. (24) observe that the solutions become stable after

twenty generations; lherefore, they use 20 generations. Because of this fixed number of
generat[ns, it is possible that some generations at the end of the process are superfluous.

io avoid this, the procedure can be terminated when the best solution in a population is

not better than the previous population for a number of iterations. Lee and Kim (26) used

this termination Condition. There are other stopping criteria which terminate the

procedure when the objective function values for the best and worst individuals in the

population are equal (16). The algorithm of Lee and Kim (26) stops when the .
i-pro1.*ent of the average fitness value in one generation is less than 0.01o/o of the

average fitness value in the preceding generation.

Determine the (GA) Parameters

Initial ponulation generation
opulationbyusingSomeindividualsolutionsfoundbythefour

heuristics methods {H1, H2, H3, H4} which introduced in section (6) and the rest

solutions are generated at a random. This technique was used by Reeves (28).

Selection
Selections to choose good solutions from current population. The number of this

selected solutions (k) is controlled (determined) by the population size (m).

Genetic operator
o Cross over
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Among the crossover rules that introduced here {PMX, LOX, HMX} we chose the last

one (HIVD() since it needs less computational time than the other rules which gives the

same influence (play same role) of others rules.
o Mutation

We chose (swap mutation), or(Order-mutation) since it performs better than position-
mutation, as we see afber test them by multiple runs on several examples .

Population size and stopping condition
The efficiency of (GA) is dependent mainly on the (population size and stopping

condition) parameters, since both of them are determine the speed of (GA) and the

convergent to nearest optimal solution, so we should be determine them in more
precisely. The most important question here is (how to determine these values?). We
suggestedthat: the populating size (m) is chosen fromthe setA:{40,84, 180,372},as
we mention in section (9.2.2) ranging from a size of (20 to 300), and the number of
iteration is chosen from the set B:{50, 100,250, 500}. Then for each value of (A) solve

same example along all values of (B), in this way we will have @x$ values matrix and

@x\ times matrix for each example we solve it. From these examples and (other ones for
different 'n') we get, the increase in the value of population size (m), often gives an

enhance of the solutions, but the time associated with these values of 'm' (rather) is very
high. In addition, we can note that increasing the number of iteration does not always

give an improvement of the solution; moreover, this increase leads to an increase of the

computational time. So we chose for the population (m : 180), and for number of
iteration we have a hesitation between (100 and 250) but for unbiased between all
heuristics methods we shall chose (100) as a number of iteration for (GA) to solve our

problem.

9.3 Ant Colonv Optimization (ACO)Aleorithm
The Ant Colony Optimization (ACO) algorithm, originally introduced by Dorigo et

al.(29), is a cooperative heuristic searching algorithm inspired by the ethological study on

the behavior of ants. It was observed that ants - who lack sophisticated vision - could

manage to establish the optimal path between their colony and the food source within a

very short period of time. This is done by an indirect communication via the chemical

substance, or pheromone, left by the ants on the paths. Though any single ant moves

essentially at random, it will make a decision on its direction based by the "strength" of
the pheromone trails that lie before it, where a higher amount of pheromone hints a better

path. As an ant traverses a path, it reinforces that path with its own pheromone, which in
turn creates an even larger amount of pheromone on those short trails, which makes those

short trails more likely to be chosen by future ants (30).

"
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9.3.1 Basic definition of (ACO)
TheMainid.uo@okeepapopulationorcolonyof(n)artificialantsthat

iteratively builds solution by continually applying a probabilistic decision policy (n)

times urriil u solution is found. Ants that found a good solution mark their path through

the decision space by putting some amount of pheromone on the edges of the path. Ants

of the next iteration aie attracted to the pheromone resulting in a higher probability to

follow the already traversed good paths. In addition to the pheromone values, the ants

will usually be guided by some problem specific heuristic for evaluating possible

decisions regarding which direction to take along the way. In ACO algorithm, ants have a

memory that stores visited components of their current path.

Apart from the construction of solutions and depositing of pheromone, the ACO

incorporates other methods, pheromone evaporation, it causes the amount of pheromone

on each edge to decrease over time. The important property of evaporation is that it
prevents premature convergence to a sub-optimal solution. In this manner, the ACO has

ih. .upubility of "forgetting" bad solutions, which favors the exploration of the search

space (31). :

9.3.2 Ant colonv optimization(ACO) aleorithm
(anewheuristicmethodtosolveoptimizationproblemsby

Dorigo-and Gambardella (32). The form of algorithm and functions is shown as follows.

Each ant generates a complete solution by choosing the nodes according to a probabilistic

state traniition rule. The state transition rule is given in (1) is called a pseudorandom-

proportional rule:
...(l)

Pu (ii) :
(t,.i\" (4,.,)P

I Q,.i)" (n,,,)P
j.N,l

Where ti; is the amount of pheromone in edge rj, r1i;:1/6i; where 5;; is the cost of edge lj, o -
and p arc parameters that determine the relative importance of q versus t ,and Nlk is the

remaining node set of ant k based on moving from node i to build a feasible solution [33]

.The parameters a,, B are user defined parameters that determine the degree to which the

pheromone is used versus the heuristic distance in deciding where to move. Setting P 
: 0

will result in only the pheromone information being used whereas if o:0, only the

heuristic information will be used (31). In either case in ACO, only the globally best ant

that has built the best solution deposits pheromone in the graph. At the end of an iteration

of the algorithm, once all the ants have built a solution, pheromone is added to the arcs

used by the ant that found the best tour from the beginning of the trial. This updating rule

is called the global updating rule of pheromone:

tJ=(1¨p)tl+p.△tJ

where O<p<l is a pheromone decay parameter and△ tj equals to

銑=1芦∴lT¨“…°

.... (2)
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In ACO, ants perform step-by-step pheromone updates using local updating rule of
pheromone. These updates are perfonned to favor the emergence of other solutions than
the best so far. The updates result in step-by-step reduction of the pheromone level of the

visiting edges by each ant.
The local updating rule of pheromone is performed by applying the rule :

....(4)

"

tii = (1 -ζ
)。
tii ■ζ・to

te is a small fixed value and 0 <(<1 is the local evaporation of pheromone (33).

The ACO structure is shown in the following procedure:

1 Set pheromone trails to be small constant
2 While (termination condition not met)
3 Place each ant on initial node (its index usually)
4 Repeat
5 For each ant do
6 Chose next node by Apply State Transition Rule

7 End For
8 Until "each ant build one a solution"
9 Chose the best solution
10 Apply Local Update pheromone

11 Apply Global Update
12 End While

ACO algorithm procedure

9.3.3.New modification of ACO
In contracts of the local search algorithms, the ACO algorithm does not start from initial

solution as we see, this will make ACO algorithm occasionally weaker than the other local

search algorithms. In this paper we modified the ACO algorithm by making it start from a

good heuristic method, doing this modification for ACO algorithm (the new procedure) is

as follows:
Updating (global updating) the path (solution), found by the considered heuristic before

starting the ACO algorithm procedure (old procedure). Particularly for our problem (F3/l;,

ki /C.*) problem, we use H4 heuristic as an initial solution. The following table (3) shows

that the two solutions for each example found by both of the new and old procedure and

also the number of best solution for each procedure, where

n: the number ofjobs (problem size).

New pro. : the value of ACO that use the new procedure.

Old pro. : the value of ACO that use the old procedure.

No. best: number of best solution of examples with associated procedure.

!
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Table -3:Comparsion between new and old ACO algorithm

n

ex

50 100 200 300

New
pro.

ord
pro.

New
pro.

old
pro.

New
pro.

ord
pro.

New
pro.

old
pro.

2908 3225 5270 5669 11153 11142 15266 15691

2 3034 3188 5777 6213 10486 11184 15769 16080

3 2819 3315 5945 6559 10739 11554 15215 16268

4 4265 4460 7101 7606 11809 13133 17096 18581

5 4969 5316 7285 8066 11724 14167 16717 19025

6 6189 6716 8370 8954 12359 14110 17494 19874

7 6747 7295 9181 9984 13643 14965 17794 20758

8 8114 8098 10167 11333 14085 16227 19220 21450

9 8917 9603 11027 12269 15814 17348 19139 22557

10 9670 9730 11872 13271 16883 18438 20600 22782

No.
best

9
■
■ 10 0 9

１

■ 10 0

It is clear that the algorithm that uses new procedure (start from a good initial solution) is

better than the algorithm that uses old procedure (with out initial solution). We will use

the ACO algorithm that uses the new procedure i.e. the ACO algorithm that starts from a

good initial solution.

9.3.4. Determination ACO parameters

At f"rt, u..*ding to Dorigo and Gambardella (32) the initial values for parameters are

set to the following values:
(i) global evaporation coefficient of pheromone, p:0.1;
(ii)1o.ut evaporation coefficient of pheromone' Fo.t; '
(iii) Pheromone initial amount on edges, ti.;:0.000005 for all i and j;
(irjfn. number of ants in the colony of the problem is considered as twice as the number

ofjobs i.e. (2n).
(v) The fixed initial value of to is to: 0.012.

iurthermore, by considering this fact that in the proposed algorithm, the length (cost) of
arcs does not have a meaning therefore by supposing p:0, the length effect of edges is

omitted in ACO.
In our problem, we consider the number of ants in the colony which is equal to (4n) when

(n) is the number of jobs. Then the best parameters values are experimentally adjusted.

For this purpose, the parameters values based on the best parameters values previously

found, the parameter values are iterated incrementally and then the algorithm runs ten

times. Aftei this step the best value was chosen and then the problem is solved with these

best parameters.
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o P parameter. The value of P is chosen from the set (A) where (A) is the set of all
iterations from 0 to I by increments of 0.05, after ten runs on each element of (A) we

determining the value of (P), (that is supposed ) as P:0.25.
o( parameter. Based on P :0.25, the value of ( also chosen from the set (A), for

determining E value, based on ten mns on each element of (A). The most favorable

value is supposed as (:0.2
. to parameter Based on P : 0.25, and ( :0.2, the value of to is based on set of iterations

from 0 to 0.0004 by steps of 0.00002.The best value equal to:0.

9.4 Computational results and comparison
9.4.1 Test problems for the local search algorithms
To discuss the comparative effectiveness of introduced local search algorithms, we

generate two classes of test problems (examples) :

Class 1 : is the same as the one generated in section (8.1)

Class 2 : this class of examples had been constructed in special design such that these

examples are satisfied the conditions given in section (5), as a solvable special cases, for
this class of examples the optimal solution is known, and we use this class to compare the

solutions of local search algorithms with the optimal solution, on problem of size "n"
where n e {25,50, 100, 200, 300}, and for each value of "n" we generate (10) examples.

9.4.2 Comnutational results
7tt local search algorithms in this paper (Decent Method, Simulation Annealing,

Threshold Accepting, Tabu Search, Genetic Algorithm, Ant Colony algorithm), are coded

in Matlab language, and run on Pentium (IV). In our computational, we use the condition

that: if the solution of an example with "n" jobs for any algorithm is not appear after

(600) seconds, from its run; then this example is unsolved and this algorithm is active

until the problem of size "n". This criteria used by Stoppler and Bierwrith (34), their time

out was (900) seconds.

9.4.3 Comparative effective of local search algorithms
Tabld4), strows for each algorithm, how many it can catch the optimal value for each

value of "n" (problem size). Where n e{5,7,9, 12,25,50, 100,200,300}. The optimal

solution for examples of small size n € {5, 7,9, l2}, was found by using BAB algorithm,

and for problems of lurg. size n e {25,50, 100, 200, 300}, we use class 2 of examples (i.e.

the optimal solution was known for these examples).

Table (4), show for each algorithm, how many it can catch the optimal value for each value

of "n" (problem size). Where n € {5, 7,9,\2,25,50,100,200,300}.
Table 1S; shows the average time of (10) examples for each algorithm and each (n), which

is relative to table (4).

ヽ
〕
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Table¨4:sho、v for each algorithnl,ho、 v many it can catch the optimal value for each value

of"n"(problem size)恥herc n∈ {5,7,9,12,25,50,100,200,300}.

TA

5        10 10      10

10      10

7      10

12      9         2

9        8        8

8        6        7

25      10        2 5        4        4

50      9        0 3         0         5

0        0        0

2        0        0
型咀_■_1 0

0000

ＴＳ

‐０

９

‐０
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and each (n)

7     10

9     10

93/100   21/
　̈

ａ

Ｏ一卸〓呻
Table -5: shows the ave

Table-6:shows for each

n   GA Ts    TA    SA    DM

01981   01855   01856  01853

02374  02063   02075   02057

5     2 1928     0

7     27979

9     35908     0J

10    37237     0J

03381   02497   02387   02254

02326   02307   02293

12    43437    0 03319   02491   026     02486

07457   0353    0356   03511

13979  05869   05931   05809

27111   10338   10297   10285 1

55498   20098   20066   19969 1

25    90498

劃 翌 I里J」
100 1 5,7584  1

_200」 _lil:曽■11
3001_:22i1879 91273   3 1579   3 1656   3 1601

many it can catch the best value for each value of

Ⅲ

SlZC

TS     TA     SA    DM

2         1          1         2

o o 0 2

0000

2233

7444

7768

3556

8788

6745

DMGA ACO SA

10

10

10

200

1000 1   Ⅲ

1500     *

2000     ・

2500     。
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Table(6),shoWS fOr each algorithm,how many it can catch the best value for each value of

"n"(prOblem sizc)。 Where n∈ {50,100,200,400,700,1000,1500,2000,3000}。
*  =refer to the unsolved examples.

Table(7)showS the average time of(10)examples for each algorithm and each(n),WhiCh

is relative to table(6)。

*=refer to the unsolved examples

Table… 7:shows the average time of(10)examples for each algorithm and each(n),WhiCh

lllDO■■■1■451・32`51d998■ _11Q99'71i"'正達1    __  :  ́^__´  1 1 ^二 1■   1 二人ニニタ :

120b i`Iを 44」 :lib壺 :剛25:■ 9776:■ 97451■9776
14001525.5447180.?,,717:1121 11:712114.223314。 2292

1年 ,「0'',111712?1011'1234919.299 19。 26∝700 1 *

119991‐ 1_111…||■||■ ,9:,'01轟 i`甲 1§ |111'“
"ll,10'電■10ほ |■■11■|■|■ ,,114,1■

'7:"o,I.21■

り:''1441贅
:2999111 11111_i ol17992:“ 129o l1111172 1":71,1:

I:置illlll!ギじ距毒鞭11=策‐話::塞
9.4.4. Efficiencv of local search algorithms

al1a1gorithmsforthe(F3/1i,k1/C.*)prob1em,withour
modifications on these algorithms, are approximately the same (except the Genetic

algorithm and Ant colony algorithm), since the computational time of (GA) is very large

as-compared with the computational time of neighborhood search methods. Indeed this

difference of time comes frorn the way that uses to generate the new sequence in each

method, where the neighborhood search algorithms use swap neighborhood, which needs

small time to performlts procedure. While, the Genetic algorithm use genetic operators

(cross-over and mutation), which consume large time to perform its procedure; but the

computational time of Ant colony algorithm is gradually increasing with the increase of
probie- size, since the procedure of (ACO), dependent on the accumulated pheromone

on each node. According to the condition that had been given in section (9.4.2), we have

the following table 1A;, wtrich gives the activity of local search algorithms, (i.e. give the

maximum number oi;our "n" that the local search algorithms can solve the (F3/l1,ki/Cr*)

problem with reasonable time:

じ
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Table-8:Activity ofthe Local Search Algorithrns

Algorithn act市 c until(ma対 mum no.
ofjobs)                   .

IGA     n=400
ACO    n=700
Ts       n=4500
TA      n=7000
SA      n=7000
‐
D卜4    ‐n=7000

9.4.5 Summarv of Experimental evaluation of local search algorithms
Now we summarize the finding empirical evaluation of introduced local search -

methods,
o Choice of good neighborhood significantly influences the quality of results, for the

problem under consideration, in this paper we use both of swap and insert neighborhood

schemes. From a comparative study of the difference type of neighborhood search

methods, (Descent Method, Simulation Annealing, Threshold Accepting and Tabu

Search), we found that for our problem (F3/11,k1/C.*), use of swap neighborhood scheme

generally produced the best results, than the use of insert neighborhood scheme. Also for

Genetic Algorithm we use swap neighborhood scheme and insert neighborhood scheme

as a mutation operator; the use of swap neighborhood scheme leads to better results than

the insert neighborhood scheme.

r For Descent method, multi-start descent method performed better than single start

descent method. (
o For Simulation annealing, the (SA) algorithm that start from high temperature value is

worked best than the (SA) algorithm that start from low or random temperature value.

o For Threshold Accepting, the use of linear reduced scheme make the (TA) algorithm

more efficient than the use of linear increase scheme, which start from zero as an initial
threshold value, and then growth linearly.

. For Tabu Search, the (TS) algorithm that evaluate all possible neighborhood and select

the best one in each iteration is worse than the (TA) algorithm that evaluate only one

neighborhood in each iteration.
o In Genetic algorithm, Homogeneous cross-over (HMX), make the procedure of (GA)

runs rather quickly, thereby requiring computational time less than the other cross-over

schemes the Partially matched crossover (PtvD(), the linear order crossover (LOX).
o For Ant Colony Optimization, start from initial solution; will make the ACO worked

best. And the use only the pheromone information is decrease the value of solution in

ACO algorithm, by certain percentage; less than the solution value of ACO algorithm that

use both of pheromone information and heuristic objective function value, or only

heuristic objective function value. i'
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. From comparative study of the introduced local search algorithms and precise vision of
above all tables, we found that for the (F3/li,ki/C.*) problem, the Genetic algorithm is

obtained the best results. For the problem of size less than or equal (400) jobs, in this

case, the recommended (GA) is that use (180) as a population size, and (100) as a cyclic
iteration, with swap neighborhood scheme as a mutation operator. For the problem of size

large than the (400) jobs, we found that the Descent method and Tabu search algorithm

produced best results. Due to considerably the difference of computational time between

ihe above two methods, we suggested that the (DM) is recommended. Indeed this

difference of computational time comes since the (TS), lose too much time in creating

and updating the Tabu list. In other hand the Simulation Annealing and Threshold

Accepting algorithms, have the objective function values close to that found by (DM) and

(TS) algorithms.

l0.Conclusion
Th" prp*, discusses the Exact and Local search methods. For the problem of

scheduiing 'n' jobs on three machines (A, B, and C) flow shop with transportation times

between the machines, where the machine can process one job at a time. And each job 'i'
is transported by 11 and k; from A to B and from B to C respectively, the (F3/11,k/C,*)

problem is known as NP-hard problem. Two results concerning optimality of two

solvable special cases are presented. Also, we found a good four heuristic methods and

used thern-as upper bounds (UB) for (BAB) algorithm. We introduced two lower bounds

(LB-I- and LB-II-). W. conclude that: the lower bound LB-II- is the best one for (F3/1;,

ki/C.*) problem. This result is found by testing these lower bounds on large set of
problems, which is generated randomly.

The paper, devel,oped and tested various local search heuristic methods, designed

experiments and anilyzed the effects of various parameters used in the local search

methods. Our experimental results indicated that: some of the local search heuristic

algorithms can roiu. (F3/1i,ki/C.*) problem of size < (7000) jobs in reasonable time. Also

we found that the Genetic algorithm is the best algorithm for the (F3/li,ki/C**) problems

of size less than or equal to (400) jobs. And for problem of large size the Descent Method

was recommended.

11. Future work

-Sorne 

suggestions for future research are described as follows:

First, the extension of the propose of the exact methods for (F3/11,kr/Cr*) problem by

driving a good lower bound or using the dominances rule in branch and bound

algorithms.
Second, using the local search heuristic should be explored for finding an improvement

potential of various polynomially bounded scheduling heuristic.
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ABSTRACT
In this study, Climatic data of four meteorological stations which are Mosul,

Baghdad, Basra and Rutba were obtained, the recorded temperature data since 1960

till2007 and recorded data of rainfall and evaporation since 1960 till 2008, 1970 till
2008 respectively were applied. This study showed a presence of temperature

increasing about 5'Cl 47 years associated with increasing the evaporation rate with
decreasing the rainfall rate. This case is a part of the global warming and climatic

changes which are positively controlled by carbon dioxide gas in the atmosphere.

Basra climate due to its situation, the nearest of the sea is expressed as a costal

climate influenced by Arabian gulf and has a different behavior from Mosul, Baghdad

and Rutba which are expressed as terrestrial climates.

INTRODUCTION
In the last 200 years, through increased utilization of the world's

resources, humans have begun to influence the global climate system,

primarily by increasing the Earth's natural greenhouse effect (Buchdahl J.

1999X1). Between 1850 and 1990 the global-mean temperature at the

surface of the Earth warned by approximately 0.5oC (about 1"F) (Judith

and David, 1996)(2). During the same period, the amount of carbon

dioxide measured in the Earth's atmosphere increased by about 25oh, as a

consequence of our ever- increasing use of fossil fuels. This raises the

possibility that the two trends are directly connected, and the climate

system responses to human activities (Judith and David,1996)(2)
Many major and minor types of gases compose the atmosphere, but

carbon dioxide (COz), the most important of the minor gases in the

atmosphere, is involved in a complex global cycle. It is released from the

interior of the Earth via volcanic eruptions, and by respiration, soil

processes, combustion of carbon compounds and oceanic evaporation.

Conversely, it is dissolved in the oceans and consumed during plant

photosynthesis. Currently, there are 359 parts per million by volume

ln
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(ppmu) of COz in the atmosphere (Schimel et a|.,1995)(3),a concentration

*hi.h is continuing to rise due to anthropogenic (man-made) emissions

from the burning of fossil fuels and forests.

The Iraqi climate characterizes with hot- dry summers and cold- rainy

winters. Roughly 90oh of the annual rainfall occurs between November

and April, most of it in the winter months from December through March.

The remaining six months (From May to October), particularly the hottest

ones are June, July, and August. The average temperatures in Iraq range

from higher than 48oC (120 Fahrenheit) in July and August to below

freezing in January. Of course, there is considerable difference in
temperature between day and night. The day is hot, whereas the night is

colder. Generally, the climate of Mesopotamia is semi-arid with
maximium temperature up to 53"C in July- August and minimum

Temperature of -7oC in January (Saad and Goff, 2006)(4). The annual

precipitation is l50mm/year (monthly occurring from November to

March), it falls to less than 1000 mmlyear toward the desert in the SW

causing semi desert to desert climatic condition. The prevailing wind is
generally NW and dry for about 300 days of year turning to SE and

humid for about 60 days(Saad and Goff, 2006)(4).

In this study, the COz level that had been gotten from Carbon Dioxide

Information Analyses Center (CDIAC) was used in comparison with

temperatures of four meteorological stations in Iraq since 1960 till2007
for evaluating the local climatic warming and predicting the future

warming.

The studying area
Four representative meteorological stations were chosen in order to

analyses ih" g"rr.ral climatic elements. Topography plays an essential

role in climate. Generally, there are four topographic features in Iraq;

they are: Mountain in the north, desert in the west, flood plain in the

centre extends to the south, and flood plain contains marshes in the south

which expresses a costal environment lies near delta of Arabian Gulf.

Accordingly, Dutu were collected from four meteorological stations; they

are, Mosul in the north represents the folded belt and foot hills, Rutba in

the west represents the desert, Baghdad in the centre represents the

Mesopotamia plain, and Basra in the south represents the coastal area

(Figure.1)

Distribution of average temperature in lraq since 1960 to 2007

Since 1960 to 2007, the highest of aYerage temperature has been

recorded in Basra throughout year except October that in which a higher

temperature was found in Rutba (Figure.2). In the summer season (June,

July and August) and September, the temperature in Baghdad and Basra

tend to be concordant approximately for years of 1960 to 1970, 1969 to
　ヽ
〕
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1973, 1960 to tg75 and 1960 to 1965 respectively, whereas this

concordant changed; it was showing Basra worrner than Baghdad for the

remnant years (Figure.2). Generally, a tendency of dissimilarity of
temperature among the four stations was found. However, there are high

conirast between Rutba and Basra throughout year during period

extending since 1960 to 2007, except two months, they are: October and

November (Figure.2). Rutba appears to have highest temperature on

october since l97l to 2OO7 (Figure.2). The temperature similarity

between Rutba and Mosul since 1960 to 2007 was detected throughout

months of year except on October that on which, Rutba was colder than

Mosul of about 8"C (Figure.2).

Annual rainfall and evaPoration
The higher average rainfall in Iraq since 1960 till 2008 was recorded in

Mosul, *h"t.ut the lower average rainfall was in Rutba (Figure.3). The

relationship between rainfall and time seems to be negative in mosul,

Baghdad and Rutba, whereas it appeared constant approximately in Basra

(Figure.3). Evaporation in mosul and Baghdad is similar and displays a

negative relationship (Figure.4). In Rutba, the climate has highly

fluctuated evaporation, there is sudden decreasing in rate of evaporation

duration lgg}-1995 (Figure.4). In Basra the rate of evaporation is highly

increased with time during 1970 till 2008.

Level and source of carbon dioxide in lraq:
According to the data that had been gotten from Carbon Dioxide

Information Analyses Center (CDIAC), Carbon dioxide emits from many

sources; such as fossil fuel burning (solid, liquid and gas), flaring and

cement industry. Since 1957 to 2007, the largest quantity of carbon

dioxide emitted from burning of liquid fuel, whereas the lowest quantity

of released CO2 was from burning gas and cement plants (Figure.S).

Flaring was the origin of large CO2 Quantity during the period that had

extended from 1964 to 1993 which decreased sharply and reached low

level since lg92 to 2OO7 (Figure.5). The war in March 2003 is
responsible for at least t4l million metric tons of carbon dioxide

equivalent (MMTCOze). Between March 2003 and October 2007, the US

rnilitury in Iraq purchased more than 4 billion gallons of fuel from the

Defense Energy Support Center (DESC). The agency is responsible for

procuring and supplying petroleum products to the Department of
Defense. Burning these fuels has directly produced nearly 39 million
metric tons of COz (Reisch N. and Kretzmann, 2008X7). There is a strong

correlation between carbon dioxide content in the atmosphere and

temperature was mentioned by (Pelit and Jousel, 1999X8). Generally, a

considerable increasing of COz level since 1950 to 2007 had been

obviously detected.

-,
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Discussion and conclusions
The geosphere, consisting of the soils, the sediments and rocks of the

earth's land masses, the continental and oceanic crust and ultimately the

interior of the Earth itself represent the fifth of final component of the

global climate system. Each part of the geosphere plays a role in the

regulation and variation of global climate, to a greater or lesser extent,

oui. ,rrying time scales. (Buchdahl J. 1999)(1) and (Bridgman and

Oliver,2006)(5). Most desertification takes place far away from desert

margins. It is a continuous process that results from the impact of various

factors, like climatic variations and human activities. Increasing the

temperature and high evaporation with sharp decreasing of rainfall
quantity led to expand the desertification that eventually causes reduction

of vegetative cover and species diversity, loss of soil structure, decrease

in soil fertility, an altered hydrological cycle, and reduced crop yields and

livestock production. (Buchdahl J. 1999X1). In the atmosphere below

25krn, ths average content of carbon dioxide is 0.035%, also there are

359 parts per million by volume (pp-u) of COz in the atmosphere

(Schimel ei a\.,7995X3). In Iraq, the concentration of COz is positively

increased since 1953 till 2005 is essentially emitted from burning of
liquid fuel, and from flaring, burning gas fuel and cement industry'

(Figure. 5).' 
Figure.2 displays increasing of temperature during period extended

between 1960 and 2007. This refers to that the COz caused a climate

warming. The linear regression relationship display that the temperature

was incieased 5oC approximately; this appears to be clear especially in

Baghdad during period of April to November (Figure-2). During

chemical weathering, carbon dioxide is extracted from the atmosphere to

react with the decomposing rock minerals to form bicarbonates. These

bicarbonates are soluble and can be transported via rivers and other

fluvial channels. Then they are deposited on ocean floors as sediment' In

essence, carbon dioxide, sequestered from the atmosphere is thereby

decreasing the earth's natural greenhouse effect and causing further

cooling lR aai-un & Kutzbach, 1991X8). The scarcity of rainfall

decreased the chemical weathering which is eventually causing further

heating. The influence of the Arabian Gulf on the climate of Iraq is very

limite{ but its effect on Basra climate appears to be clear. Near the gulf,

the relative humidity is higher than in the other parts of the country.

This study differentiated many conclusions; these are:

1- Basra has warmer climate than Baghdad, Mosul and Rutba since 1960

till 2OO7 throughout months except October that in which Rutba

appeared to be the colder. The behavior of Basra climate differs from

oih"r, which is chatacterized by considerable increasing of
temperature and evaporation rate with constant rainfall. The rainfall in

●
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Basra looks constant during 38 years ago' while the evaporation

increased with rate of I 600 mm/3 8 years.

2- Mosul and Rutba have similar climate throughout in 1960 to 2007 and

they appear to be the colder except October that in which Mosul still
colder, but Rutba is warner.

3- Rainfall in Mosul is higher than all stations and similar in behavior of
Baghdad. Rainfall in Mosul and Baghdad decreased of about 70

mm/48 years also the evaporation slightly decreased.

4- Rainfall in Rutba decreased in association with increasing the

evaporation.
5- The war in 2003 is responsible for climatic warming and

desertification because it directly participated in increasing the COu in

the Iraq atmosphere and deforestation.
6- Al1 conclusions above refer to expand and the rapid growth of the

desertification.

Figure-1: Precipitation map (After Alsam et aI.1990 in Jassim and

Goff,2006)(10) displaying the meteorological station as a solid circles'
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ABSTRACT
Atthe atmosphere ofBaghdad airport,the sound speed propagation has been calculated

at rnidday and nlidnight tiines for two months, January and Ap壺1, 1994. Weather
records such as air temperature, dew‐ point temperature, air pressure and relative

humidity wcrc calne from Baghdad station are used to carrled outthis work.The results

show that at warm and dry atmospheres the sound specd propagatiOn is large,while it is

low at cold and moist atmospheres.

INTRODUCTION
The propagation of sound in the atmosphere is a vital subject in the

atmospheric boundary layer (ABL), because of increasing noise pollution.
This noise is caused by the sounds created human or machine disrupts the
activity or balance of human or animal life. The source of most noise is
from transportation systems such as airplanes, motor vehicle traffic on
roads, and electrical generators. Poor urban planning may also give rise to
noise pollution, since side-by-side industrial and residential buildings can
resultresult in noise pollution in the residential area. Steady exposure to sounds
higher than 80 dB has negative effects on human ears as hearing loss over

ln nolse

a long period of time.
Arnolds and others prepared a technique to observe area-averaged air

temperature and wind fields in their horizontal and temporal variability.
This technique uses the dependence of sound speed on temperature and
wind speed to derive the distribution of these quantities within the
measuring area (l). In this paper propagation of sound speed will be
determined at International Baghdad Airport and then examine its relation
to air temperature and relative humidity. The selection of this place came
from two reasons: first available measurements at meteorological Baghdad
station, and second taking off or on airplanes working in the airport.

DETERMINATION OF SOUND SPEED PROPAGATION
The sound speed, C6, cErn be determined in the dry atmosphere with the

Laplace approximation:

Cd=ギπ
ξ
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where γd(濡 cP/Ctr需 1・411])iS the specinc heat ratio withごP specinc

heat under constant pressure and J2 speciflc heat under constant volume,P

the air pressure and p the air density.Frolrl the application ofthe ideal gas

equation,which requires that the sound pressure,亀 ≪I P and the frequency

of the free molecule movement亀‐≪1105 kH2,and molecular weight

(μd=28,97 kg.knl.ol~1),f01lows:

where Rl is the gas constant for humid air and T is the air temperature in
oK. For moist air (2):

(2)

(3)

(5)

(4)

where e is the partial pressure of water vapour. Substituting Eq. (2) in Eq.

(3), it can be obtained the sound speed of moist air (C,") in terms of the

sound speed for dry air, as follows (2):

C感鼠
 ぱ
IT   (1+0,2L[)

1+軌28:

Cm tt Ca(140。 14:)  50r Tく 130。Ci:<

The partial pressure can be calculated by(3)

卜 會
れ無十
畿

C競 世 Cd

where T6 is the dew-point temperature in $C-

The surface meteorological observations such as air temperature, dew-

point temperature and atmospheric pressure used in this work are obtained

from Iraqi Meteorological Office (IMO) for weather Baghdad station
! (located at latitude 32o 14" N, longitude 44" l4u E and elevation 31.7 m

above the mean sea level). These data are for two months: January and

April, 7gg4, and for two significant times over a day which are at midday

12 and midnight 00 UTC. In the research of ABL, it is convenient to use

the smaller r.u|., of time, approximately smaller than one day, to describe

any physical quantity. Therefore, the chosen months are sufficient to show

the significant differences in the results of C.'

RESULTS AND DISCUSSION
Daily variation of sound speed propagation

Blfore calculating C* by Eq. 4, Ta data were used to determine the

partial pressure of water vapour by use of Eq. 5. Daily time series for the

Cn,, ',ralues for each time, i.e. 00 and 12 UTC, are presented in Figs. 1a and

1b, respectively. In general, values of Cm for April are larger than those

for January, especially for 12IJTC. The difference between Cm values at

time 12 UTC is almost larger than that for another time. During all days in
t
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Fig-l: Daily variation ofC. at (a) time l2 and (b) 00 UTC for April and January, 1994.

Sound speed variation with some weather elements
In this section, the dependence of sound speed propagation on the

independent variables such as air temperature, T, and relative humidity,
RH, is presented in Figs. 2 and,3, respectively. In these figures all T and
RH data for two times plotted against , C., whereas C, values at 00 UTC
separate obviously from those at 12 UTC. The linear increase for C,n with
lower scatter with increasing T is clear and then solid line drawn in Fig. 2
represents the best fit for these data given by:

332.3+0.57T("C) (6)

Fig- 2: Relation between C. and air temperature for all data used in this paper.

April, there is no significant increase in C. which its mean values are
about342 ms-r at day and 338 ms-r at night but with large fluctuating. In
contrast, the values of C. gradually increase from the beginning of the
months to their ends in January. The largest value of C. (356 ms'') is at 12
UTC (Fig. 1a), while its value is 350 ms-r at 00 UTC (Fig. lb).
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In contrast, the C. values decrease inversely with increasing RH,

whereas large scatter is observed. It can be seen that higher Cm values

occur at low RH, while lower C. data concentrate at high RH, as shown in

Fig. 3. However, the following expression is expressed the best line

電普ず露撃:T∫籐:!贈
:。

From the two above paragraphs, it can be concluded that at

atmospheres with low humidity,the sound velocity propagation is

than in cold atmospheres with high humidity。
358
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Fig-3:Variation ofCm With relative humidity for all data used in this paper.

We can conclude:
Based on the recorders for air temperature and relative humidity, the

propagation of sound velocity has been calculated in the atmosphere of
bugfrJuA airport. These records were at midday and midnight times for two

months: January and April. I can be concluded that for both times at April

the propagation velociiy of sound is higher than that at January. Also it

found tnJ C. increases linearly with increasing T, while it decreases

inversely with increasing RH.

The author would like to thank graduate student ZhtahaM. Al-Zhra for

her help in achieving some calculations.
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ABSTRACT
In this work the effect of severe dust storms with visibility less than I km on some aspect of
microwave propagation especially attenuation and depolarization at 12 GHz are presented.

Meteorological data were iollected by the Iraqi meteorological organization for 30 years in

Baghdad (-ISSS-ISAS) and 10 years (1978-1983) for other four stations, Nasiriyah, Basrah'

nuitatr ana Mousl are used in this predication. The results shows that the microwave links

located at the south close to the desert affected as much as 7 times more than other regions.

The analysis were conducted for the days, nights, months, seasons and years shows that these

effects are significant during days more than nights and at the summer more than the other

seasons, whili a cycle of 4.5 year was observed. These effects could represent great danger to

the microwave links in this region.

INTRODUCTTON
It is well known that the presence of particles in propagating media has the

effects of attenuating the propagating wave due to scattering and absorption as

well as depolarization (Van De Hulst 1957)(l). The suspended soiled matters in

the atmosphere commonly described as a dust/sand are usually driven up by the

wind in every country, the desert regions and areas close to desert suffer from

this problem for a major part of the year, and it has fallen, some times in orange

colored mud rain (Prodi etal. 1979)(2).

There are some unusual situations where different kinds of sources can cause

prevalence of dust in the atmosphere especially when tactical communication is

most desired. Such situations include a conventional war scenario or a nuclear

explosion when radar and microwave communication ranges will be severely

restricted. This subject has attracted the attention of several scientists who tried

to quantifr these effects on microwave networks performance at higher

frequencies.
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(Ghob r ial I g S 0)(3), (Chu I g S 0) (4) and (Ahmed etal I 9 7 6) (5) examined

the attenuation of the uniform sandstorms.( Ansari and Bashir1982)

(6)analyzed the depolariza- tion effects of non-uniform sand and dust

,to.-, and the effects of moisture contents. (Goldhirsh 1982)(7)

presented an assessment of attenuation and back scattered properties

associated with the dust storm.(S) and (Salman etal 1985)(9) described

the theoretical bases of non-spherical particles alignments qd its

effects. A turther papers by (Itiddad etal 1983,1985)(l0,ll), (Alhafid

etal. 1979) (12)and isot*in itot tOSOl(l3) reported some experimental

and measured results obtained in Iraq, the results showed that

experimental measured values of attenuation are much higher than that

predicted by theoretical calculations'

in this work we attempt to place bonds on the effects of dust storms

particularly attenuation and depolarization at microwave frequencies'

ihe calcuiations based on meteorological data collected for 30 years at

Baghdad and for 10 years at other four stations covering Iraq'

Sig-nificant attenuation can result in humid storms with visibilities less

than 100 m that represent a potential danger to the systems reliability in

southern part of Iraq.

ATTENUATION:
Rayleigh gives the total atterlllttion caused by scattering and absorption

in the folll.:

″+グr

И″=∫ Cα′Ⅳω渉
r

(1)

where N(r) is the particle size distribution for particle of radii in the

range y 1s y*dr, C,,, othe extinction cross section defined by the sum of

scaitering and absorption cross-sections'
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In addition, the depolarization factor along the two perpendicular axes

given as:

鳥任(4π…P′)/2

The eccentricity(θ )giVen as:

(11)

θ=ヾ 1_/2 (12)

"

Where (/) is the axial ratio. Using these equations, the attenuation due

to absorption and scattering could be calculated for a chosen dust

sample.

CROSS POLARIZATION:
To increase channel capacity without increasing bandwidth, orthogonal

polarizations (linear or circular) may used independently for

iransmission at the same frequency over the same path' However,

(frequency re-use) may be impaired by the possibility that in
propagating through the atmosphere, some of the energy transmitted in

tn. p6tu.iiation siate can be transferred to the orthogonal polarization

state, thus causing interference between the two channels' When two

orthogonal polariiations transmitted at the same level, the ratio of the

co-poiarired signal from one channel to the cross-polarized signal in

thai channel known as the cross-polarization isolation, and this is of
prime importance in systems engineering. Propagation experiments on

it. othei hand, rtrrully measure cross-polarization discrimination,

which is the ratio of the co-polarized signal from one channel to the

cross-polarized received signal. Both the cross-polarization isolation (

XPI j and cross-pol arizition discrimination (XPD) are normally

expressed in decibels.
For randomly oriented particles the direction cosines are averaged and

expressions written for the scattered radiation as (Salman etal. 1985)(9):

C*: ABo 1L2-2LL'cos(r- v/')+L) (13)

co: CBo (3L2-2LL'cos(v- \y')+82) (14)

where c is the physical cross section, c* is the cross-polar\zed

component , Cothepaiallel component of the scattered radiation' For the

case of precipitation of the particle settling down after the storm, it is
expected thaf particles will assume preferred orientation determined by

gravity and aerodynamics, for this case more complicated model could

be used to determine the polatization components'

じ
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PARTICLE SIZE DISRIBUTON(PSD)AND VISBILITY:
Atmospheric aerosols, both natural and manmade, have a statistical

distribution ofparticle size

The number of particles between rad五  ″′ and ″′+′ obtained using the
probability ofweight and equivalent particle radii(4)

″与=マ (′ダ″′+7)                    (15)

を/f
′ち=―                                  (16)

を/′

Lヽere pi as the probability of flnding particles in the range ri and竹
+′

zl′

′i= (17)
N7

/n number of particles between t; dnd r1a 1, N," total number of particles.
Visibility has been recognized since quite some time as a measure of the
particle concentration (Middleton etal 1952)(14). This may be expressed
as:

I
o.-'" V:lnl-l (18)

K
Where o', is the optical extinction in Nepers /m and I/is the visibility in
kilometer. K is the threshold contrast defined on the percentage
difference in the luminance between a mark and a reference
background. In an experiment (Middleton 1952)(14) found the value of
rK to be approximately (0.031) substituting this value in the above
equation.

V= l5lcro (19)

Where ooo is .the optical attenuation in dB&m. (Chu lgSe@ gave the
expression for the particle concentration iy' as:

N=3.67 xl}'s (.olr'"2 (20)
Where r', is the mean radius of particles in meters. Substituting the
value of coo and modifr for PSD then.

Y':5.5lxlO'alNTLpy;2 (21)

However, (Middleton etal 1952)(14) reported that the determination of
the tlreshold contrast K is in part subjective and therefore it should be
considered only as a rough estimate. It is interesting to examine the
mass of dust particles per meter:
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4

″=(―πttρ。)記/β (22)

Where p, is the particle density (gm/cm3).

The distribution of dust particles in the atmosphere can have several

forms, the simplest one may assumed as a homogeneous distribution of
equi-spherical particles. If this is the case a simple mathematical model

giuen'by Gh; tg80)(4), may be enough to describe the field and

farticles interaction, where no polarization analysis are needed' This

iepresentation fits other types of aerosols like fog, smoke,haze or gases

rather than dust. Because dust particles have different sizes and shapes

varying according to place, height, and wind speed, it is necessary to

nna * approximatiorrmodel to represent the real samples taken during

the storm activity. Spheroids (oblates and prolates) with PsD given by

(Hadad etal.l985)(1'1) is used in this work to describe the particles sizes

and shapes.

METEOROLOGICAL DATA:
The meteorological data were collected for five stations distributed

around Iraq, two at the south (Basrah and Nasiriyah), one at the west

(Rutbah), one at the middle (Baghdad) and ong at the north (Mousl)'

The data covers 30 years period for Baghdad (1959-1988) and 10 years

(1978-1988) for thl other four stations were analyzed and used to

predict the effect of dust storms on microwave propagation' Visibility

and humidity are the most required elements for the desired prediction'

The data were collected every one hour for sever storms of less than 1

km visibility are characterized for day and night, summer and winter as

well as the humidity. The particle size distribution and the refractive

index for different moisture contents which were analyzed and

measured by (Salman etal. t9S5)(9) are used in this work.

RESULTS AND DISCUSSIONS
The calculations of attenuation are made for different cases at 12 GHz

and plotted in (Figure 1). It is showed that attenuation of more than 3

an (fra11 of the fower) could be result for standard terrestrial links

covered with sever dust storm, while the attenuation inversely

proportional with the visibility and linearly with the moisture content'

itr. ,pt 
"roid 

particles attenuate the waves more than its equivolumic

,ph.r"s and oblates attenu ate 2Ooh more than its equivolumic prolates'

dn the other hand, the attenuation increases linearly with the frequency.

An increase of 166/o was noticed when the frequency increased from 12

GHzto 14 GHz. The cross polarization caused by the prolates between

two identical orthogonal waves ate calculated, showing that it is
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increased as the eccentricity increased and the cross talk effects from
one channel to the other in the order of -16 dB for the worst cases
(Figure 2) .Meteorological data for Baghdad and the other stations
(Mohammed 1990)(15) used to invesrigate the effect of dust around the
country. It is shown that 50o of the severe stormy hours ( less than I
km visibility) occurred at Baghdad, Basrah and Nasiriyah have
visibilities less than 500 m, while it is unusual to find sever storms at
Mousl and Rutbah. The comparison for the five stations are plotted in
(Figures 3,4), showing that the effect of dust increases in the southem
part of Iraq especially in Nasiriyah, where the number of stormy hours
increased to 8% of the cumulative annual mean number of hours. It is
also noted that the number of hours at Nasiriyah at the order of 7 to 70
times the number of hours at the other stations, while the lowest ef[ects
were recorded in the north away from the desert. The distribution of
day and night number of hours exceed I dB attenuation for the period
1959-1987 for Baghdad is plotted in (Figure 5), showing that the
number of hours at day time are twice the number of hours at night. It is
also noted that, an active cycle of sever dust storms repeated every 4.5
years (this may be due to the sunspots cycle activity). The distribution
for the other stations shows that the number of hours exceeds ldB
attenuation at Nasiriyah at the order of 5 to 20 times the number of
hours of the other stations for the whole period as in (Figure 6). The
monthly distribution of number of hours exceed I db attenuation is
plotted in (Figures.7,8), showing that these number of hours increased at
summer time. The distribution discrepancy between the day and night,
summer and winter are due to the discrepancy of the temperature and
pressure accordingly.
The calculated values of attenuation are much lower than the
independently measured values given by (AL Hafid etal 1979)(12) and
(Haddad etal. 1985)(l l) were they measured separately the attenuation
for 45 km link south oflraq. They reported that the attenuation values in
order of 14 dB at l1 GHz for 6-10 km visibility, and I dB at 6 GIIz for
1 km visibility respectively. This discrepancy was reported previously
and may be explained by the effect of the refraction of the beam
especially when these storms combine with rain.
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We can conclude:
The problems of attenuation and polarization due to dust storms in Iraq
are presented using data collected from several meteorological stations.
It has been found that the attenuation exceed I dB for several hours
while the cross polarization is in the order of -16 dB in the worst cases.
In addition, the meteorological data analysis shows that the southern
parts are affected much more than the other areas around the country.
Comparing with available experimental measurements on line of sight it
has been found that the measured values are much higher than the
predicted values. This discrepancy may be explained probably due to
multi-path phenomena during the measurements, which are common in
those areas and due to inaccuracies of the visibility measurement during
the storms.
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ABSATRACT
The rel江市cly new flcld of Muliwavelets shows promise in removing some ofthe

limitations of other transfolllls.Multiwavelets ofFer morc design options and hence can

combine most desirable transfoll■ features.

The choice ofthe transfol‖ l is an important tool in image denoising ln this paper

an algorithm is adapted for image denoising.The required proccdure for computing this

transfolll:is proposed and innplemented.

A complete procedure for computing 3D multi、vavelet is given. In addition a

complete procedure for computing thc inverse of the forementioned transforrn for three

Dimensional cascs is verincd All ofthcsc algorithms are verifcd using exalnples.

An approach is developed for image denoising in the natural frame、vork using 3D

multi、vavelete transforln This is achieved using ne、 v schemes for thc noisy image slices

that are arranged in 3D structure lt was sho、 vn that this approach is simple,accurate and

faster than those previously pЮ posed convenJonJけ lg市es beter obiecdve measure
SNR and beter suttect市 e measure(ViSual show especially edge).As well as,l uscs the

salne types ofthresholding in the 2D image dcnoising

This approachc is utnizcd and organized to bc implemented in a computcr

package,the package is written in MATLAB VER 7.O and it is developed on Pcntimum

4,24 GHZ,and 128 Mbメ e RAM computer
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INTRODUCTION
Image processing is one of the fastest growing areas of computer

science. The concern of most researchers in this area has been to improve

the quality of the images and/or to compute some semantic information

contained in them with the aim of understanding their contents. Image

processing in some of its application needs a transformation process to solve

problems.

In 1994, "Ideal spatial adaptation via wavelet shrinkage",Donoho and

Jonstone (1) presented thresholding-based wavelet shrinkage methods for

noise reduction. Soft thresholding de-noising is explored further by Donoho.

In 1995, "Exact Risk Analysis of Wavelet Regression",Marrou et al

(2) used a non-linear algorithm to suppress the noise in the empirical

wavelet coefficients. The main idea is based on two properties, energy

compaction and decorrelation. If the wavelet transforms which has high

energy compaction and decorrelation properties is used, then most of the

energy of the original signal will be compacted into a few large magnitude

coefficients. If the input data is corrupted by additive white noise,

components which coffespond to noise will be distributed evenly into a large

number of small magnitude high frequency coefficients ("pure noise"

coefficients), using non-linear operation will remove most of the noise

components.

In 1999, "Wavelet Filters with Application in Image Denoising",

Mustafa (3) studied the performance of wavelet transform in image

denoising applications. Many methods are studied including "Robust

Median Estimator" with and without removing bands. The performance of
all methods has been tested by computer simulation using the language of
the (MATLAB 5.1). Many images are used and the quality of reconstructed

the denoising image is evaluated for different noise ratios. On the other

hand, the results of this thesis indicate that using wavelet transform in image

denoising application provides a good quality as well as provides other

advantages which make it more suitable for some applications such as a split

of frequencies and denoising the image in the real time.

In 2005, "A proposed Walidlet Transform with its Application in

Image Enhancement",Jassim (4) studied the application of walidelet

transform for image denoising and image enhancement.

"

"
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In 2006, "Image denoising in local transform domain"' Dabov (5)

develops two novel image-denoising methods based on locally adaptive

transforms. The basic idea is to denoise local patches of the image by

shrinking (e.g. hard+hresholding, wiener filtering) the coefficients of a local

transform applied to these patches. The local transform aims at decorrelating

the true signal so that its energy is compacted in few high-magnitude

coefficients that are preserved or only slightly modified by the shrinkage.

The rest of the coefficients, which are mainly due to noise, are substantially

attenuated or discarded. An inverse transform reconstructs local estimates of

the signal within the local patches. Because local estimates that correspond

to neighboring points are, in general, overlapping, they form an over

complete representation of the sigral. Hence, the final estimate of an image

was computed as a weighted average ofthe local ones where they overlap'

The work aims to propose and implement a 3D image denoising

byusing 3D MWT.

1- 3D Transformation

3D Multiwavelet transform(3DMWT) is applied on the 3D image ,

For a 2D MWT, the algorithm is applied in -r-direction first, and then in y-

direction. Similarly, in 3D multiwavelet transformation the structures are

defined in 3D and the transformation algorithm is applied in x-, y- and z-

direction successively. One cycle for an n-dimensional data set is defined as

the completion of the algorithm for all n directions.

To compute the 3DMWT,Let's take a general 3D signal, for example

any NxNxM matrix, and apply the following steps (6):

l. LetXbe the inPut 3D signal,
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Apply 2D FDMWT algorithm to each NxN input matrix, which result in

3.Apply lD FDMWT algorithm to each 2Nx2N(64 element)in all M

matrices in z… direction,which can be done as fbllows:

ao For  each  ij  construct  the  Mxl  input  vector

yO,D=レ′Jち ,ノ 乳ノ4,ノ Lν wh∝eちノ=は2A2Ⅳ -1
b. Preprocessing the input vector yQ,i) by repeating the

with the same stream multiplied by a constant d .

YQ,i=h,,i q'oi,i b,,i q'bi,i ci,i d'ci,i d,,i

c. Construct an 2Mx2M transformation matrix using GHM(Gaussian

Mixture Model) low and high pass filters.

d. Apply matrix multiplication to the 2Mx2M constructed transformation

matrix by the 2Mx1 preprocessing input vector.

Repeat step 3 for all i, j .

Finally, a 2Nx2Nx2M DMW matrix results from the NxNxM original

matrix using repeated row preprocessing.

・
ワ

"

input stream

o . d r,ill_r*

４

　

５

‐

‐



AL- Mustansiriya J. Sci Vol.21,No7,2010

A numerical example to compute 3D FDMWT is as follows

1- Let X be the input 3D signal,

X=

2- Apply 2D FDMWT algorithm to each 4x4 input matrix, which result in a

Y matrix (8x8x4).

3- Apply lD FDMWT algorithm to each 8x8 (64 element) in all 4 matrices

in z-direction. Which can be done as follows:

１

０

１

２

０

１

１

１

１

１

２

０

１

２

０

３

16  2  3  13
5  11  10  8
9  7  6 12
4  14  15  1

4.8000
2.4200
1.6476
4.0517
-0。 7566
0.6576
-0。 2700
-0。 4300

4.9400
1.5800
3.9457
0.8344
-0.4384
0.4101
-1.3400
1.1400

2.0577
0.1768
1.3450
0。 5950
-0。 3550
0。 2950
-0.7000
0.2758

5.5932
1.8031
-0。 1800
3.0700
-0。 8800
1.2700
1.3859
1.3718

-0.3465
-0.2475
0。 8450
-0。 9050
0。 1450
-0。 2050
-0.5586
0。 1344

0。 2192
0。 3889
-0。 3800
0.8700
-0.0800
0.0700
0。 2546
-0.3253

0.3100
0.6900
■.7324
-0。 1768
0。 1768
-0.3102
-0.8300
-0.1700

-1.2100
0.3100
1.5556
-0.0707
0.2828
-0。 6364
-1。 3200
-1.1800

2.4200    0.8400

2.1000    2.1800

2.1072    1.1879

2.9557    1.5415

-0.2970    0.■ 980

-0.014■    -0.2970

1.0536    1.3364   -0.3606

1.9587    1.7466   -0.0212

1.3325    0.1575   -0.0175

-0.6425    2.6825   -0.4925

0.4825   -0.1925    0。 1325

-0.2425    0.0825   -0.0925

0.3465   -0.2700    0。 1700

-0.0919   -0。 4300   -0.3700

0.1575    0.0884    0。 9016

0.6825    1。 1137    0.2298

-0.■ 925   -0。 2652   -0.■ 59■

0.0825   -0.0■ 77   -0.0530

2.4200
3.9600
1.7466
2.1708
0.3323
-0.2333
0。 7100
-0.0100

1.2600
1.8200
2.1708
0.6859
0.1909
-0.3041
-0.6100
-0。 1900

2.2062
0.0141
0.8050
1.3050
-0.5450
0.4550
-0.6010
-0.0354

1.0748
1.7819
0.1050
0.3550
0.2550
0.0050
1.0960
0.7425

-0.1980
-0。 4101
0。 3050
-0。 1950
-0.0450
-0.0450
-0.4596
-0.1768

0。 0849
0.7920
0.0050
0.2550
0.1550
-0.0950
0。 3889
0.0354

-0.8400
1.3400
1.0253
-0.2475
0.5303
-0.6010
-0。 1300
-0。 3700

0.0400
1.3600
1.1667
0.6718
0.2475
-0.3889
-0.3700
-0。 6300

20.6000
15。 9600
8.8671
11.5541
-0.7495
1.6546
2.9400
3.4600

19.0636
11.7663
6.7750
0.6250
0.2250
2.1750
5。 9185
11.0521

-2.5739
0.3111
1.1750
2.0250
0.1250
-0.9250
-2.1425
-3.5143

2.8001
-0.5374
-1.7750
-1.4250
-0.3250
1.1250
2.3122
3。 3446

2.7600
-0.8400
-2.5244
-0。 1909
-0。 6152
■。2940
2.2500
2.5500

-1.1600
-0。 7600
-1.7183
4.4336
-0。 7990
0。 1202
-1.0500
-3.7500

14.0400    4.0729
17.4000   13.1805
13.4775   12.6250
14.1846   13.9750
0.1838    0.5750
-1.0889   -2.9750
-2.4600   -6.5973
-3.9400  -10.3733
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e. For each ij construct the 4x1 input vector, for example:

Waleed and Afrah

yl,1)=レ
0。62.422.424.司 whereらノ=1,2,3,A,8

■ Constructing an 8x8 transfo■ 11lation matrix W,using GHM low and

high pass fllters.

go Apply repetted row preprocessing to the input vector y〔 ,1),WhiCh

results in P vector.

P=120。 6 14.5664 2.42 1.7112 2.42 1.7112 4.8 3.3941]

h. Apply matrix multiplication to the 8x8 constlucted transforlnation

matrix by the 8xl preprocessing input vector,which results in A。

И==[21.4197 -1.335  4.4321 10。 135 -3.755 4.9738 5。 335 6。 1985]

io Save the values ofA vectorin YY(1,1,1:8)matriX。 (10Cation of i,j)

jo Repeat step 3 for alli,j.

2‐ Finally,a(8x8x8)YY matr破 result from the(4x4x4)X,original matr破

using repeated row preprocessing.

YY(:,:,1)=

21.4197 14。 4335  4.9680 19。 3280 -2.6320  2.8080  2.3759 -1。 1314

17.4797 17.9973 13.0540 12.4040  0.1340 …0。 1960 …0。2630 ‐0.1754

9.5190 14.2630 12.8396  6.7515  1。 2926 …1.7550 ‐2.0640 ‐1.2060

12.3590 14.3330 14.3882  0。 7693  1.9219 -1.3025 -0.2940  4.6740
‐0。 6010  0。2630  0。 3380  0。 3309  0。 1047 ‐0.2560 -0。 3840 -0.6860

1.5390 ‐1.2070 …2.7521  2。 1553 ‐0.9348  1,0734  1.0260 -0.0460

3.2117 -2.6941 -6.7860  6.3240 -2.3160  2.4540  2.1722 ‐1.1964

3.4210 ‐3,9810 …10。 2840 11。 2560 ‐3.5540  3。 3260  2.3674 -3.9796

YY(:,:,2)=
‐1.3350 -1.6060  1.4945 ‐2.6704  0.2358 -0。 3864 -1.4465  0.3815

1.0790 -1.1760 -2.0439 ‐0。2266 -0。 4458  0。 8128  1.2775  1.3175

0.4356 ‐0。4741 -1.4277 ‐1.1990  0.0072  0.4260  1.4188  1.6447

0.4356 …1.7646 …1.7777  0。 8635 -0.6927  0.6885  0。 1460 …0。 1761

0。4144  0.2259 -0.4702  0。 1835 …0.0353  0。 1585  0.5385  0.3330
‐0.5897 ‐0.1807  0。9397 -0.4690  0。 1247 -0。2940 -0.8192 …0。 3776

…0。 1940 …0.0325  0。9627 ‐0。 1492  0.0506 ‐0。2128 …0。 7765 ‐0。3710
‐1.0460  0。 3525  2.3571 ‐1.8696  0.5823 -0.7453 -1。 2085  0.0560

"
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YY(:,:,3)=

4.4321  2.9274
3.1056  2.8284

2.7850  2.8500
4.6450  1.8800
-0.6150  0.0100

0.2650 -0.1200
‐1.0847 -06081
‐1.3902 ‐0.1697

YY(:,:,4)=

10.1350  8.6740

6.4690  6.1940

3.7166  7.4455

6.6157  4.7054
‐0.9009 ‐0.4105

1.1356  0.1375

0.7860 ‐1.9725

0.8740  0.0425

YY(:,:,5)=
‐3.7550 -2.8660
-2.8810 ‐2.9960
‐13110 ‐2.6449
-1,7352 -2.4505

0.0820  0.0350
-0.3564  0.1234

-0.9040  0.5775

…1.0360  0.5425

YY(:,:,6)=

4.9738  3.1763

27139  45764
2.1740  2.6555

2.8540  4.1705
-0.4960  0.0455

0.5640 0̈.2695
-0.0170 -0.2298

0.4978 ‐1.3541

YY(:,ち7)=
5.3350  3.7340

4.0490  4.6140

2.0690  3.4998
2.5640  3.8711

1.9160

2.0140

1.8897
-0.3836

0.3270
-0.1149

0.2945

1.2055

2.8557

3.7296

4.7585

4.8210
-0.2340

-0.5865

-2.7337

-30681

-0.7117

-20580
-2.2327

-30827

0.0747

0.4847

1.5638

2.3925

0.0495

4.5375

3.5288

2.8076

0.7393
-1.2548

‐1.1805
-2.4645

0.7980

3.5529

34135
4.2260

Vo1 21,No 7,2010

3.6960 ‐0.5040  0.4360 -0.1358 -0.3451

2.4940 -0.1260  0.0740 ‐0.1329 -0.2348

0.0795  0.3412 ‐0.0053  0.8225  1.5525

3.9580 ‐0.8715  1.0448  1.0275  0.1975
-0.5639  01927 -0.2245 -0.1875 ‐0.0375

0.6205 ‐0.1785  0.1114 ‐0.1525 -0.3225

0.7945 ‐0.1355 ‐0.2455 -1.1589 ‐1.5351
‐0.3945  0.2355 -0.5545 -1.2452 ‐1.0105

10.7116 ‐1.0193

48044 -0.1170
1.8247  1.1435

2.5498 -0.1440
-0.7427  0.1510

1.8423 ‐0.4515

2.9957 ‐1.1710

47790 ‐0.9539

0.9747  1.2185 -1.5335

0.1870  0.4225  0.0725
-0.9252  0.8195  0.7237

0.2498 0̈.4356  1.1833
-0.1428  0.0099  0.0484

0.3923  0.1195 -0.5385
0.9875  0.0560 ‐1.3535

0.7768  0.8590 ‐2.1115

-3.7452

-2.0085

-1.3040

0.5085
‐0.0715
-0.4740

-1.2452

-2.6121

0.4338 ‐0.4713 -0.6065  0.3415
‐0.0357  0.0209 -00625 ‐0.0425
‐0.2978  0.4210  0.3935  0.4780
‐0.4978  0.4335  0.3935 ‐0.8478

0.0097  0.0035  0.0081  0.0856

0.1697 -0.1990 -0.2181  0.0113

0.5102 -0.6017 -0.6465 ‐0.0010

0,7591 -0.7806 ‐0.8385  0.6860

4.8795 -0.7305

2.8075  0.3575

1.9290  0.0711

0.8719  0.5519
‐0.1181  0.1100

0.5572 ‐02577
0.9670 -0.2305

2.1380 -0.8145

0.8695  1.1787 -0.1959
-0,7225 -1.3216 ‐1.2594
‐0.4115 -1.4515 ‐0.9560
‐0.3373  0.5885  0.9290
‐02666 ‐0.6365 -0.4710
0.4087  0.7635  0.3040

0.2370  0.4320 ‐0.3861

0.7680  0.4660 -0.7948

5.1184 -0.6728  0.7555  0.9085 -0.3235
3.0013  0.1305 ‐0.2019 -0.2675 -0.2375

2.0047  0.2985 -0.5452 -0.9129 -0.8319
-0.5202  0.7610 -0.6202 -0.2588  1.2541
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…0.1442  0.0279  0.1210  0.1373  0.0060 -0.0628 -0.1669 ‐0。2344

0。4780 …0。2726 -0.8815  0。 5723 -0。2465  0。 3222  0.4377  0.0979
1.0560 ‐0.6325 ‐2.0336  1.6097 ‐0.6124  0。 7329  0。 8860 ‐0.0335
1.3040 -1.0975 -3.3439  3.4072 …1.0882  1.1020  1.0290 0̈.9315

YY(:,:,8)=

6.1985  2.9614  0.5605  4.8305 ‐0。9595  1.1405  0。 9567  0。 3231

5.5451  6.8646  6.0325  4.2125  0.3125 -0.5575 -1.0119 ‐0。7205

3.1860  3.3895  4.8203  3.0261 -0.0658 -0。 4670 -2.2210 …1.5465

3.0060  5。 8745  5.2764 ‐0。 9549  1.3096 ‐0。9832  0。3640  1.9435

0.0560  0。 3995  0.6449  0。 5830  0,0014 ‐0。 1524 …0.4860 ‐0.5815

0。2960 …0。7855 ‐1.5507  0。 1375 -0。2850  0.4628  0。 7890  0。4685

1.0918 0̈.1591 ‐2.1420  1.6105 ‐0.4920  0.6905  1.2615  0。 1421

1.3972 ‐2.5703 …4。2630  3.4845 …1.5130  1.5045  0。 8811 -0。 9412

A general computer prograln computing a single― leve1 3D FDMWT
ゝ       using an over―sampled scheme of preprocessing (repeated row

preprocessing)iS Written using MATHLAB V.7.O for a general NxNxM 3D

signal(or image)。 An example test is applied to``horse image''.It consists of

128x128x4elements as shown in Fig.(1・ →・The SiZe of array must be a
power oftwo in each diinension.The size ofthe array is scaled to the closest

power oftwo ioe。 256x256x4.The algorith is initially rLIn 2E)MWT for all

4 slices as shown in flKl.b)・ Then a lD DMWT is applied in z‐ direction as

shownin ig(1。 C)WhiCh representthe 3D MWT coefflcients.

澁 :濶 財|:褥
a)

"
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Fig-1: Steps of applying the 3D MWT a)original image slices b)after

applying 2DMWT(steP 2)

c) after applying lDMWT(steP 3,4,5)

4- The main flow chart of the proposed denoising method:

The flowchart of the 3FDMWT denoising process is shown in fig (2):

End

Fig -2: Flow chart of the 3FDMWT image denoising

4.1 The Data Base
The input 3D images are provided firstly from internet like a Rotating

Rubic's Cube, in this image sequence, a Rubic's cube is rotating

116
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counterclockwise on a turntable. The motion field induced by the rotation of

the cube includes velocities less than 2 pixellframe (velocities on the tunable

range from l.2to 1.4 pixelslframe, and those on the cube are between0.2

and 0.5 pixels/frame), secondly by taking a single 2D gray image and repeat

it to represent number of slices like horse, fruit, cat ,house and other ,thirdly

a color image consist of three bands (reed green blue) also represent a 3D

image.

Thirdly, by using im2topography function which convert a 2D image

to a no. of slices to represent a 3D (volume image) ,in this step the colored

image is firstly converted to gray scale image then finding the maximum and

minimum value of the image next mapping the image to maximum and

minimum depth level by splitting a single image to a different depth slices

by putting all the pixels corresponding to the same depth level in a separte

image as shown in Fig(3) which represent a no. of slices for the horse image
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Fig-3:Slices of the horse image
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4.2 Preprocess the 3D image

The slices images are resized by using function imresize facility in

MATLAB to make all slices are power of 2 of size 256*256*4 , so 3DMWT

can be applied on it. The slices are arranged sequentially to form the 3D

image.

Adding noise to 3D image by using( imnoise function facility) with

different noise standard deviation values to represent the 3D noise image as

shown in Fig(a) For a zero mean and standard deviation of

(0.00 1,0,005,0.009,0.0 1,0.02) .

Vol. 21, No 7, 2010

Fig-4: Images with different noise variance

If the value of the noise standard deviation is not recognized (the

received 3D noise image) a MAD(Median Absolute Deviation) in order to

calculate the threshold values ,one has to have a prior knowledge of the

noise variance .This knowledge however is usually unavailable in practical

applications (7).

For practical use, it is important to estimate the noise level from the

data rather than to assume that the noise level is known. Donoho suggested a

method to estimate the standard deviation of the noise in the case of

Additive White Gaussian Noise (AWGN) from the noisy image. This

method works in the wavelet domain. Its accuracy is based on the amount of

the energy compression of the signal that the basis functions can do achieve
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it, by translating most of the energy of the signal into a few big coefftcients ,

leaving the other coefficients nearly sparse.

The proposed method consists of the following steps:

1- Take the wavelete transform of levelL to the noisy image.

2- From the finest resolution level(i.e. D'oo ,where 70 - -[(1og2(N)) - 1].

Calculate the Median Absolute Deviation (MAD)of the sub-band detail

coefficients (Dio ) through the relationship:

MADlDlol
...(1)

0.6745

3- Where MAD denotes Median Absolute Deviation from zero,it is defined

AS:

MAD(Vi):Median tlr,l) ...(2)

In step 1, that computes the DWT of level L of the noisy image,the

selection of wavelet basis function is an important mater, it controls or

determines the degree of the energy compression in the wavelet domain.

Choose a basis function that compresses most of the energy of the signal in a

few large coefficients while most of the coefficients are of small values

(nearly zero). In case of adding AWGN, the latter (i.e. small magnitude

coefficients) will represents the noise components.

In step 2 the estimation of the standard deviation of the noise by

assuming that most of the coefficients of the sub-band detail coefficients are

"pure noise coefficients" (coefficients that reflects the noise components, i.e.

where coefficients of original signal are zero).

The algorithm is applied on three images(horse,house and cat)

comrpted by AV/GN with standard deviation o-
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:{5, 1 0, 1 5,20,25,30,35,40,45 5,60) .The estimator

the true actual ones with accuracy defined bY:

Accurac5 *100%

Vol. 21, No 7, 2010

gives close result to

...(3)

The estimated value are in table(l). The estimated standard

deviations versus the actual ( ones are plotted in fig(5). Note that the

estimated curves is very close to ideal (true one).

（
ヽ

Table -1: Results of estimated standard deviation (o",,,*,"0)

5 4.87 2.609 5.025 0.505 4.928 r.44

10 9.836 1.643 9.96 0.397 10。 157 1.575

15 15.014 0.096 15。 18 1.202 14.959 0.274

20 20.035 0。 177 20.052 0.26 19。 838 0。809

25 24.979 0.083 24.96 0.16 24。269 2.925

30 30。 592 1.974 29.083 3.058 29.494 1.688

35 35。297 0.85 34。468 1.519 34.909 0.26

40 39.396 1.51 39。 705 0。739 39。 174 2.065

45 44.768 0.515 44.346 1.454 44.759 0。536

50 50.531 1.061 48。732 2.536 48.597 2.805

55 55。 117 0.212 54.788 0.386 55.266 0。484

60 58。 67 2.217 58.488 2.52 59.541 0.765
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o 10 20 
t-"tr.t 

"3r]t"rr.s 
standarTdeviation 

50 60 70

Figure-5:Estimated curves versus true values of the standard deviations

4.3 The Reconstruction Process

Inverse 3DMWT was applied to the denoised 3D FDMWT

coefficients to reconstruct the denoised image and display it, the details of

inverse DMWT was described below:

To reconstruct the original signal from the discrete multiwavelets

transformed signal, the inverse discrete multiwavelets transform (IFDMWT)

should be used. Reconstruction matrix which is the inverse (or transpose) of

the transformation matrix of GHM four multifilters matrices and can be used

for computing IDMWT. An over -sampled scheme of post-processing

should be used in computing IFDMWT.

To compute the inverse 3FDMWT the following steps are used:

1. LetXbe the 2Nx2Nx2M multiwavelet transformed matrix

2. Construct 2Mx2Mreconstruction matrix, W2.
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3.Apply lD IFDMWT algoritt to each 2Nx2N element in a11 2M

matrices in z… direction.

4. Constluct 2Nx2N reconstruction inatrix,W2・

5。 Apply 2D IFDMWT algo五thm to each 2Nx2N matrix result from step

A nullllerical example for the IFE)MWT is as follows:

1. Let 17ア be the 8x8x8 multiwavelets transfolllled inatrix,

YY(:,:,1)=

21.4197 14.4335  4.9680 19。 3280 -2.6320  2.8080  2.3759 -1.1314
17.4797 17.9973 13.0540 12.4040  0.1340 ‐0。 1960 ‐0。2630 ‐0.1754
9.5190 14.2630 12.8396  6。 7515  1。 2926 -1.7550 -2.0640 1̈.2060
12.3590 14.3330 14.3882  0。7693  1.9219 -1.3025 -0.2940  4.6740
-0。 6010  0.2630  0.3380  0.3309  0。 1047 0̈。2560 ‐0.3840 ‐0.6860
1.5390 -1.2070 -2.7521  2。 1553 ‐0.9348  1.0734  1.0260 -0.0460
3.2117 -2.6941 ‐6。7860  6.3240 ‐2.3160  2.4540  2.1722 -1.1964
3.4210 -3.9810 -10。 2840 11.2560 -3.5540  3.3260  2.3674 -3.9796

YY(:,:,2)=
‐1.3350 -1.6060
1.0790 ‐1.1760

0。4356 -0.4741

0.4356 -1.7646

0。4144  0。2259
-0。 5897 -0。 1807
‐0。 1940 -0.0325
…1.0460  0。 3525

YY(:,:,3)=

4。4321  2.9274

3.1056  2.8284

2。7850  2.8500
4.6450  1.8800
‐0.6150  0.0100

0。2650 ‐0。 1200
…1.0847 -0.6081
-1.3902 …0。 1697

YY(:,:,4)=

10。 1350  8.6740
6.4690  6。 1940

1.4945
-2.0439

-1.4277

-1.7777

‐0。4702
0。9397
0。9627
2.3571

1.9160

2.0140

1。8897
-0.3836

0。3270
-0。 1149

0.2945

1.2055

2.8557

3.7296

-2.6704

-0。2266
-1.1990

0。 8635
0.1835
‐0。4690
‐0.1492
‐1.8696

0。2358
-0。4458
0.0072
‐0.6927
-0.0353

0。 1247

0.0506

0.5823

-0.3864

0。8128
0.4260

0。6885

0。 1585
-0.2940

-0.2128

‐0.7453

‐1.4465

1。2775
1.4188

0.1460

0.5385
-0.8192

…0。7765
‐1.2085

0。3815
1.3175

1.6447
-0。 1761

0.3330
‐0。3776
-0.3710

0.0560

3.6960

2.4940

0.0795

3。9580
-0.5639

0。6205

0.7945
-0。 3945

10。7116
4.8044

‐0.5040
-0.1260

0.3412

0̈。 8715

0。 1927

0̈.1785
‐0。 1355

0。2355

‐1.0193
‐0。 1170

0。4360
0.0740
-0.0053

1.0448
-0。2245
0。 1114
‐0。2455
-0.5545

0。 9747
0。 1870

-0。 1358
…0.1329

0.8225

1.0275
‐0。 1875
-0。 1525
-1.1589

…1.2452

1.2185

0。4225

…0.3451
-0。2348
1.5525

0。 1975
-0.0375

‐0。3225
‐1.5351
-1.0105

-1.5335

0.0725
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3.7166

6.6157
‐0.9009

1.1356

0.7860

0.8740

YY(:,:,5)=
-37550
-28810
‐13110
‐17352
0.0820
-0.3564

■         0̈.9040
-1.0360

YY(:,ち6)=
4.9738

2.7139

2.1740

2.8540
-0.4960

0.5640
-0.0170

0.4978
‐

7.4455  4.7585

4.7054  4.8210

0̈.4105 ‐0.2340
01375 0̈.5865
‐1.9725 ‐2.7337

0.0425 -30681

1.8247  1.1435

2.5498 -0.1440
-0.7427  01510

1.8423 -0.4515

2.9957 …1.1710

47790 ‐0.9539

Vヽalccd and A'ah

‐0.9252  0.8195  0,7237

0.2498 ‐0.4356  1.1833
‐0.1428  0.0099  0.0484
0.3923  0.1195 ‐0.5385

0.9875  0.0560 -1.3535

0.7768  0.8590 -2.1115

-2.8660

-2.9960

‐2.6449
-2.4505

0.0350

0.1234

0.5775

0.5425

-0.7117

-2.0580

-2.2327

-3.0827

0.0747

0.4847

1.5638

2.3925

-3.7452

-2.0085

-1.3040

05085
‐0.0715
‐0.4740
‐1.2452
‐2.6121

0.4338
-0.0357

‐0.2978
‐0.4978

0.0097

0.1697

0.5102

0.7591

0̈.4713

0.0209

0.4210

0.4335

00035
‐0.1990
‐0.6017
‐0.7806

-0.6065

‐0.0625

0.3935

0.3935

0.0081
-0.2181

‐0.6465
-08385

0.3415
-0.0425

0.4780

0̈.8478

0.0856

0.0113
-0.0010

0.6860

YY(:,:,7)=

5.3350  3.7340

4.0490  4.6140

2.0690  34998
2.5640  3.8711
‐0.1442  0.0279

0.4780 ‐0.2726

1.0560 ‐06325
1.3040 …1.0975

YY(1,:,8)=

61985  2.9614
5.5451  6.8646

0.0495

4.5375

3.5288

2.8076

0.7393
‐1.2548
-1.1805

-2.4645

0,7980  51184
35529  3.0013
3.4135  2.0047
4.2260 -0.5202

0.1210  0.1373
-0.8815  0.5723

-2.0336  1.6097

-3.3439  3.4072

3.1763

4.5764

2.6555

4.1705

0.0455
-0.2695

‐0.2298
‐1.3541

4.8795

2.8075

1.9290

0.8719
‐0.1181

0.5572

0.9670

2.1380

‐07305
0.3575

0.0711

0.5519

0.1100
‐0.2577
‐0.2305
‐0.8145

0.8695
‐0.7225
-0.4115

‐0.3373
-0.2666

0.4087

02370
0.7680

1 1787
-1.3216

-1.4515

05885
0̈.6365

0.7635

0.4320

0.4660

‐0.1959
-1.2594

-0.9560

0.9290
‐0.4710

0.3040
-0.3861

-0.7948

‐0.6728  0.7555  0.9085 -0.3235

0.1305 -0.2019 -02675 ‐0.2375
0.2985 -0.5452 ‐0.9129 -0.8319

0.7610 -0.6202 -0.2588  1.2541
0.0060 ‐0.0628 ‐0.1669 ‐0.2344
‐0.2465  0.3222  0.4377  0.0979
-0.6124  0.7329  0.8860 ‐0.0335
‐1.0882  1.1020  1.0290 ‐0.9315

0.5605  4.8305 ‐0.9595  1 1405  0.9567  0.3231

6.0325  4.2125  0.3125 ‐0.5575 ‐1.0119 -07205
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3.1860  3.3895

3.0060  5.8745

0.0560  0.3995

0.2960 -0.7855

1.0918 ‐0.1591

1.3972 -2.5703

Vo1 21,No 7,2010

4.8203  3.0261 0̈.0658 ‐0.4670 -2.2210 -1.5465

5.2764 -0.9549  1.3096 -0.9832  0.3640  1.9435
0.6449  0.5830  0.0014 ‐0.1524 -0.4860 ‐0.5815
‐1.5507  01375 ‐0.2850  0.4628  0.7890  0.4685
-2.1420  1.6105 -0.4920  0.6905  1.2615  0.1421
‐4.2630  34845 ‐1.5130  1.5045  08811 ‐0.9412

2.ApplylDIFDMWTalgorithmtoeach8x8(64element)inall4matrices

in z-direction. Which can be done as follows:

lc For each ij construct the 8xl input vector, for example:

r(r,r)= lzt.+tst - 1.3350 4.4321 10.r3s0 - 3.75s0 4.9738 s.3350

l. Constructing an 8x8 reconstruction matrix W2,

m. Apply matrix multiplication to the 8x8 constructed transformation

matrix by the 8xl preprocessing input vector, which results in P'

p -120.6 14.s664 2.42 t.7tt2 2.42 t.7tt2 4'8 3.39411

n. Postprocessing [P], which results in A vector'

P =120.6 2.42 2.42 4.8 1

o. Save the values of A vector in Y(1,1,1:8) matrix' (location of i, j)

p. Repeat steP 3 for all i, j.

6.l e8s]
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Y=

3。 Apply 2D IFDMWT algoritt to each 4x4

a XX matr破 (4x4x4)。

XX=

Fig-6: shows the complete 3D MWT process

and inverse process.

Waleed and Attah

the forward

‐

including

‐

4.8000    4.9400
2.4200    1.5800
1.6476    3.9457
4.0517    0.8344

2.0577    5.5932
0.1768    1.8031
1.3450   -0.1800
0.5950    3.0700

-0.3465    0.2192
-0.2475    0.3889
0.8450   -0.3800
-0.9050    0.8700

0.3100   -1.2100
0.6900    0.3100
1.7324    1.5556
-0.1768   -0.0707

2.4200

2.1000

2.1072

0.8400

2.1800

1.1879

1.0536

1.9587

1.3325

1.3364   -0.3606

1.7466   -0.0212

0.1575   -0.0175

0.3465   -0.2700    0.1700

-0.0919   -0.4300   -0.3700

0.1575    0.0884    0.9016

2.4200
3.9600
1.7466
2.1708
0.3323
-0.2333
0.7100
-0.0100

1.2600
1.8200
2.1708
0.6859
0.1909
-0.3041
-0.6100
-0.1900

2.2062
0.0141
0.8050
1.3050
-0.5450
0。 4550
-0.6010
-0.0354

1.0748
1.7819
0.1050
0.3550
0.2550
0.0050
1.0960
0.7425

-0.1980
-0.4101
0.3050
-0.1950
-0.0450
-0.0450
-0.4596
-0.1768

0.0849
0.7920
0.0050
0.2550
0.1550
-0.0950
0.3889
0.0354

-0.8400
1.3400
1.0253
-0.2475
0.5303
-0.6010
-0.1300
-0.3700

0.0400
1.3600
1.1667
0.6718
0.2475
-0.3889
-0.3700
-0.6300

20.6000
15.9600
8.8671
11.5541
-0.7495
1.6546
2.9400
3.4600

14.0400
17.4000
13.4775
14.1846
0.1838
-1.0889
-2.4600
-3.9400

4.0729
13.1805
12.6250
13.9750
0.5750
-2.9750
-6.5973
-10.3733

19.0636
11.7663
6.7750
0.6250
0.2250
2.1750
5.9185
11.0521

-2.5739
0.3111
1.1750
2.0250
0.1250
-0.9250
-2.1425
-3.5143

2.8001
-0.5374
-1.7750
-1.4250
-0.3250
1.1250
2.3122
3.3446

2.7600
-0.8400
-2.5244
-0.1909
-0.6152
1.2940
2.2500
2.5500

-1.1600
-0.7600
-1.7183
4.4336
-0.7990
0.1202
-1.0500
-3.7500

input matrix, which result in

16  2  3 13
5  11  10  8
9  7  6 12
4  14  15  1
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c)

Fig-6:Steps of applying the 3D MWT, a)original slices(256*256*4),
b)slices after applying 3D MWT(512*512*8), c)slices after applying inverse

3D MWT(256*256*4)

4.4 Display the denoised image
To display the 3D denoised image on the screen by using a function

consists of different types of visualization which Includes:

1. Orthogonal slices - each slice individually, as well as three orthogonal

slices on one plot.

2. Rendered volume through showing series of z-slices. Enter the number of

slices to display('l' - all, '2' - every second, etc.).

a)

1
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3. Isosurfaces:

- one for a single value

- multiple for multiple values of interest to one figure (each with

different color)

5- Evaluation Test of the 3D MWT

3D MWT is applied to the same image (horse image) with different

denoising methods the results are shown in tables (2-7) to compare between

different methods by using objective criteria (SI.IR and the correlation value)

with different noise variance ranged from (0.001-0.057) for example Fig(7)

gives horse image with different noise variance by using a Matlab imnoise

function.

"

"
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Fig-7:image with different noise variance
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Table¨ 2:3E)denoising by soi threshold

0.001 0.001 25.441 0.0009 26.023 0.98115

0.005 0.005 18.523 0.0013 24.442 0。94604

0.009 0.009 15。 98 0.0017 23.25 0。91572

0.013 0.013 14。418 0.0021 22.296 0。89257

0.017 0.016 13.299 0.0025 21.534 0.88532

0。021 0.02 12.404 0.0029 20.885 0.86124

0.025 0.024 11.698 0.0032 20。34 0。83082

0.029 0,027 11.082 0.0037 19.791 0.82815

0.033 0.031 10。 58 0.004 19.422 0.80694

0.037 0.034 10.097 0。0044 18.978 0.83322

0.041 0.037 9.718 0.0048 18.634 0.82645

0.045 0.041 9。 335 0。0052 18.283 0。77905

0.049 0.044 9.053 0.0055 18.025 0。 79207

0.053 0.047 8.738 0.0059 17.704 0.77652

0.057 0.05 8.491 0,0063 17.471 0。76794

Table-3: 3D denoising by hard threshold

^

0.001 0.001 25。 449 0.0009 26.018 0。983

0.005 0.005 18.496 0.0013 24.433 0。9472

0.009 0.009 16.005 0.0017 23.236 0.9174

0.013 0.013 14.41 0.0021 22.318 0.8943

0.017 0.016 13.276 0.0025 21.528 0.8708

0.021 0.02 12.398 0.0029 20。828 0.8555

0.025 0.024 11.676 0.0032 20。 325 0.8568

0。029 0.027 11.079 0.0036 19.861 0。8269

0.033 0.031 10.567 0.004 19.426 0.8181

0.037 0.034 10。 118 0.0044 18。 981 0。8036

0.041 0.037 9。703 0.0048 18.603 0。7881

0.045 0.04 9.372 0.0051 18.343 0。7875

0.049 0.044 9.044 0.0055 18.004 0.7817

0.053 0.047 8.751 0.0059 17.757 0。7799

0.057 0.05 8。484 0.0063 17.464 0。7874
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Table…4:3D ilnage denoising by Ridgelet transfo■ 111

Table-5: 3D image denoising by curvelet transform

i麒! 鵬
〓

一一一当

一一一一一一一一一一一一一一一一一一一一

一一一“一‐‐‐‐‐‐‐‐‐‐‐‐‐――‐‐‐―‐‐‐‐―‐‐‐‐―‐‐‐‐―‐‐‐‐―‐‐‐‐―‐
ISNRclr)
.|■■ ■

■ ~ ‐‐ ‐ |■
■ ■

立1戦o/P, 一
け
ｈ

一一

軋
一

一一一一̈一一̈一一一一Ｓ

一一一一一一一一一一一一一一一

0.001 0.001 25。475 0.0007 27.283 0,98843

0.005 0.005 18.498 0.0012 24.778 0。95156

0.009 0.009 15。983 0。0016 23.388 0。91982

0.013 0.013 14.433 0.002 22.388 0.90141

0.017 0.016 13.288 0.0024 21.592 0。87571

0.021 0.02 12.419 0.0028 20.936 0.86269

0.025 0.024 11.686 0.0033 20。304 0.86934

0.029 0.027 11.099 0.0036 19.87 0.81602

0.033 0.031 10.548 0.004 19。 371 0.82983

0.037 0.034 10.117 0,0044 18.99 0.81505

0.041 0.038 9.689 0。0048 18.604 0。79411

0.045 0.04 9.371 0.0052 18.316 0.7915

0.049 0.044 9.024 0.0056 17.969 0。77414

0.053 0.047 8.753 0.0059 17.716 0。77979

0.057 0.05 8.49 0.0062 17.508 0。78665

〓●

●

ｅ

一撻
●
卸
一剛一観

一●
・●
Ｖ ||||(||, NヽRて

'″'

IVS,(19″ ). 1轟|■

'

0.001 0.001 25。441 0.0006 28.025 0。99735

0.005 0.005 18.523 0.0011 24.952 0。98892

0.009 0.009 15,98 0.0017 23。 198 0。97269

0.013 0.013 14.418 0.0022 21.964 0.96711

0.017 0.016 13.299 0.0027 21.052 0。95288

0.021 0.02 12.404 0.0033 20.3 0。94995

0.025 0.024 11。698 0.0037 19。 707 0。9424

0.029 0.027 11.082 0.0043 19。 149 0。94662

0.033 0.031 10。 58 0.0047 18.728 0。92006

0.037 0.034 10.097 0.0052 18。264 0。91369

0.041 0.037 9.718 0.0056 17.935 0。9134

0.045 0.041 9。335 0.0061 17.587 0.91488

0.049 0.044 9.053 0.0065 17.305 0.89807

0。053 0.047 8.738 0.0069 17.022 0。89864

0.057 0,05 8,491 0.0073 16。783 0.88863
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Table‐6:3D ilnage

Vol.21,No 7,2010

denoising by walidlet transfo.11.

（
　
．

0.001 0.001 25。449 0.0005 28.45 0。99802

0.005 0.005 18.496 0.0011 24.931 0。98695

0.009 0.009 16.005 0.0017 23。 147 0。97275

0.013 0.013 14.41 0.0022 21.972 0.9523

0.017 0.016 13.276 0。 0027 21.069 0。94697

0.021 0.02 12.398 0.0033 20。319 0。94264

0.025 0.024 11.676 0.0037 19。 804 0.92068

0.029 0,027 11.079 0.0041 19。347 0.89631

0.033 0.031 10.567 0.0045 18。906 0。91355

0.037 0.034 10。 118 0。 0049 18.524 0。89883

0.041 0.037 9.703 0.0054 18。 146 0.87388

0.045 0.04 9。372 0.0057 17.907 0.86737

0.049 0.044 9.044 0.0061 17.587 0.87829

0.053 0.047 8.751 0.0064 17.369 0.85637

0.057 0.05 8。484 0.0068 17.095 0。85828

Table-7: 3D image denoising by multiwalidlet ffansform

0.001 0.001 25,447 0.0009 25。996 0。98295

0.005 0.005 18.518 0.0013 24.419 0。94721

0.009 0.009 15。982 0.0017 23.23 0.91761

0.013 0.013 14.434 0.0021 22.309 0,89343

0.017 0.016 13.292 0.0025 21.546 0.87066

0.021 0.02 12.384 0。 0029 20.842 0.85508

0.025 0.024 11.679 0.0033 20。 294 0.85769

0.029 0.027 11.086 0,0036 19.823 0.82684

0.033 0.031 10.544 0.0041 19。 327 0.81816

0.037 0.034 10。 1 0.0045 18。 91 0.80234

0.041 0.037 9.722 0.0048 18.595 0。78701

0.045 0.041 9。338 0.0052 18.26 0。78377

0.049 0.044 9.033 0。 0056 17.982 0。78012

0,053 0.047 8.738 0.006 17.685 0。77923

0.057 0.05 8。473 0.0063 17.462 0。78535
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Table-8:SNR for a11lnethods

Table-9: Correlation value for all methods

nolse

varlance
‐Slゞ (ヽ0″)
|IRIdttelet l

SNR(0/P)
.cur■7ёletl

0.001 26.023 26.018 27.283 28.025 28.45 25。996

0.005 24.442 24。433 24.778 24。952 24.931 24。419

0.009 23.25 23.236 23.388 23.198 23.147 23.23

0.013 22.296 22.318 22.388 21。964 21.972 22.309

0.017 21.534 21.528 21.592 21.052 21.069 21.546

0.021 20.885 20.828 20.936 20。 3 20。319 20.842

0.025 20。34 20.325 20.304 19.707 19.804 20。294

0.029 19.791 19.861 19.87 19。 149 19。 347 19.823

0.033 19.422 19。426 19.371 18,728 18.906 19。327

0.037 18。978 18.981 18。 99 18。264 18.524 18。 91

0.041 18。634 18.603 18.604 17.935 18。 146 18.595

0.045 18.283 18.343 18.316 17.587 17.907 18.26

0.049 18.025 18.004 17。969 17.305 17.587 17.982

0.053 17.704 17.757 17.716 17.022 17.369 17.685

0.057 17.471 17.464 17.508 16。783 17.095 17.462

corrlati6五
||‐   ||

curv‐ ‐‐■| 1認鑢
0.001 0。98115 0。983 0。98843 0.99735 0。99802 0。98295

0.005 0.94604 0。9472 0。95156 0。 98892 0。98695 0。94721

0.009 0。91572 0.9174 0。91982 0。97269 0。97275 0.91761

0.013 0。89257 0。8943 0.90141 0。96711 0。9523 0.89343

0.017 0.88532 0。8708 0。87571 0。 95288 0。94697 0.87066

0,021 0.86124 0。8555 0。86269 0,94995 0。94264 0.85508

0。 025 0。83082 0,8568 0.86934 0。9424 0。92068 0.85769

0.029 0。82815 0。8269 0.81602 0。 94662 0。89631 0.82684

0.033 0.80694 0。8181 0.82983 0,92006 0.91355 0.81816

0.037 0.83322 0.8036 0。81505 0。91369 0.89883 0.80234

0.041 0.82645 0。7881 0。79411 0。9134 0。87388 0。78701

0.045 0。77905 0。7875 0。7915 0。 91488 0.86737 0。78377

0.049 0.79207 0。7817 0.77414 0.89807 0。87829 0。78012

0.053 0。77652 0。7799 0。77979 0.89864 0。85637 0。77923

0.057 0。76794 0。7874 0。78665 0.88863 0.85828 0.78535
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CMPARS:ON BETWEEN SNR FOR DIFFERENT METHODS
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Fig-8: Comparison between SNR for different methods

Tables (2-9) gives the results (objective) of applying different

methods on the same image(horse image).

Fig(8) shows the comparison between different methods by using

SNR objective criteria shows that walidlet gives good SNR at the first part

of the curve (before 0.01 noise variance) later multiwalidlet gives good and

better SNR also does not contain the quality of disturbing along edge and

gives better boundaries and does not loss important details when denoising

,so it is good for using with 3D MWT for 3D image denoising.

Fig(9) shows the comparison of different methods by using the

correlation value ,shows that curvelet transform gives better correlation

value than other methods.

Fig(10 from a-h) gives the result of applying different methods on a

horse image shows that multiwalidlet gives good edge and good denoised

image as a subjective measure than other.

―●―SNR(OrP)sOn

一 SNR(OIP)hard

SNR(07P)Ridgelet

SNR(OrP)curvelet
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COMARSION BETWEEN CORRELATION VALUE FOR DIFFERENT METHODS

003                004                005

NO:SE VARIANCE

‐

Fig-9: Comparison between corelation value for different methods

a) original

b) noisy(SNR:15.526)

c)denoised by soft(SNR:23.0 1 4)
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d)denoised by hard(SNR=z2.996)

e)denoised by ridgelet(SNR:23. I 3 5)

f)denoised by curvelet(SNR=22.893)

g)denoised by walidlet(SNR=22.817 )

h)denoised by multiwalidlet(SNR:22'967)

Fig- 10: different denoising methods

We can conclude :

In this paper , a method for three-dimensional multi-denoising is proposed

using 3DMWT image denoising.
It was concluded that the 3D multiwalidlet transform gives better SNR

and PSNR than other methods for the same white Gaussian noise '

ヘ
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This can be regarded to the following properties

(a) Locality: multiwalidlet transform coefficients are localized

simultaneously in frequency and angles; hence multiwalidlet can match a

wide range of signal components, from transients to harmonics. Since

multiwalidlet posses in its structure more than one time the Multiwavet

transform. Hence it gains more than multiwavelet alone.

(b)Multiresolution: since multiwalidlet posses in its structure more than one

time the Multiwavelet transform, hence it gains more than multiwavelet

alone.Multiwavelet transform analyzes a signal at a nested set of scales. One

level of decomposition of the DMWLT is consists of five levels of

decompositions of local transforms, these local transforms are combining

together to form the hybrid transform named a Multiwalidlet as transform.

(c) Compression / Representation: Given signal plus noise, most of the

signal components are represented by a few high magnitude Multiwalidlet

coefficients. Conversely noise is distributed across low magnitude

Multiwalidlet transform coefficients. Hence, thresholding in the

Multiwalidlet domain eliminates most of the noise.
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ABSTRACT
Pllre and Antimony(Sb)dOped Barium Titanatc(BaTi03)material was prepared

according the follllal(Bax_lSbxTi03)fOr X=(0,0.1,0.2,0.3,0.4)%moloThe effect of

calcinations temperature and sinteHng temperaturc and the doping ratio on the(BaTi03)

mate五 al tetragonal phase follllation and the value ofclectrical resist市 ity in room temperature

was studied.by monitoring the separation rang ofthe peaks in the X― ray diagrarn o specially

for(103),(301)atOm plans peaks,that consider most sensitive to the(BaTi03)mateHal

tetragonal crystal structure .The appearance and the separation range of them clearing the

growth rang ofthe(BaTi03)material tetragonal phase.

The research results indicate coalescence of this planes as the doping ratio increase

more than(0.2)%mol,and this weakening the follllation of tetragonal phasc and increase

the elcct五 cal resisti宙 ty for(BaTi03)material.
The calculation ofunite cell dilncnsions and thc(c/a)ratiO COnf1111l this results.

Key words:Doped Barium Titanate,Thellllisto.
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LTi03)6ム ■■Ⅲ出ЬJ(n…こ」 )ひ

云1ヽハメ

擢響藩∬餞墨
(0.4)%molい 」Si Jl(BaTi03)もう園 合μヨ|へⅢ 6■ぅdヽ ■lKマ

|。ぃ 亀Lソ |ム '‖

。(6,7)♂|メ」|ひ ≦ 神口|ぃ」|ふ 出・●り。■Jt凶1社二6■うJ!f。メ饉〃

脚 |♂|力 ||メ |

(■02)eJ叩|い」が い力 GacoD F滞
ぇ 、ご 鱒 猛 iぃ●いメに“

ミヽ1,J出≦J`[1:1]神Ⅲ ⅢⅢ」
ひ(X)」ム。事いJ♂メゝ‐鰍 ど罫 llユ笛:メ捌|

(0,0。 1,0・ 2,0。 3,0。4)%md♂JU

(BaC03)1¨x+(Sb203)+Ti02=(Bal_x SbxTi03)+C02↑
         

°X=

山LL出 ゝ 6」J`Jメ喚ソIJメ
`が
ミ`1.n‐ 山Lメ』 ■ り|こメ |… ,|♪i´ ´

´.LL(社 パ 3aAI LJゃ い タリ山甲 |― 戸出も■ ,33t」 J口lt戸国
1脚 ユ1ヽ Jル

(5い ぶ を 押 J工響り`こル L6」 J(1000)° C6J♪ ｀ りう工 ・゙
いKJ)めP劇 |め♪ 戸

語観螢蝋哺竃蠅難楠鰹組;
≦メご国1出≦J凸1■・‖

ムふ出ム.`t'oこかげ‐,ぃ1´ エリ̀ごLメーi●」Jも げ」le,_μ
l

.山甲 |がひe,脚IⅢいいノ●́
Jヽ一

“

り辞 Lらメ リ(1100)°C 8つい ■ υヽ」J山ヽ■|`♪ 6。し!戸 出｀■

.M、“』 6メ dtぶ|■ 0メ|ふ |う 。メ 山t口|ぶメ 出≦J`♂口 1辞轟 Lッ

め 夕 IJ!ご聟 ■ツ|、パ ニ ユ̂‐ Lム‖し卜 1.・ム‖●」 メふ L」 ■日16メ |』■ 。 ■
JJいiトエリ̀り井|メ

“
i墨

製官1こまぶ詈蹴二ぶυメ IⅢメご国1山メ iエリ̀ ■□|こメ |

.ルニ16」ナ響。メリロIC■いもう園ご)り |

V

リ

2
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(1.3)cm ttJゝ 0≦ ⅢLが
ミヽ■・い
“
りiさ銘許 6り|♂≦へ■ 』も‐ `´

、ム1

dメMご´ (binder)Ⅲ Iり 60t4ユ
“
Lい
ズ 10)S邸 ン タJ。 (1.5)T/cm2 Lら 、スlJ

■ ´ `(P01y Vinyl― Alcohol)(P.V.A)あ手」メ
IJ,≦ ン (1%)許 fメリごL

■日し。(2)hr 6」 J(1300)°C6J♪ ｀り■出JJ夕 ごら中 J!山り 1評 』ム
(5。 5)°C/山しミメ」|なプ JL・ ●喝 .喚|(2)hr 6」J(1350)°C6Jl「 ■メ
【́、ヽム、ス1エリ̀ゃコ|もり|ジ｀` りヽ工 `Jヽ

ぃJ16メ よぶ|・`,こメ|ふ |。 ゎJ●11101こメリ̀ min
3●Lllひ

“

国 |´ メ (30)min 6aAIJ(600)°C6」 ♪ ヽ りo工 凸井 6メ 脚 IⅢ

[布 ‖黙 ふ だ 粘 』 ボ :拙 驚 蹴 芯 冒 御 B:酬

1,6Jメ |ヽJ。 私 手Jけ 」 |`LⅢ
…

山メ い |メ1●い
1^‐ L』 ● 1・。1に戸 ■ 国 Li`

(X=ム■ 工 砕 ゝIJ!(x=0。 1)%mOl戸 工 ,メ |」1押 |め うゝ|ぃ ぃ 」 が

壁l飾「1獣l買亀°r)ザギ|:赫こミ ぅ:き駄黙 1笠器
l

鉾 ひ
“

国 |」ム J♂ i区 `びリコ|げⅢJ LL 6りJ口 ♂ i出`い
|メi静 (1300)°C

し→凸い出け」|ム 1… 16■ぅどい
“
中い■コ|

祖 出しび国 |

1111.“ 11云 0.1'|__1

)とメ

“
´ |。メ」|ぅkぃ がヽミl Ⅲ 611'0111、 1_ふ ム‐、1'|●LⅢ ,|ジ→!戸

`(CuKa):(SOurce)り
｀ヽハJI}● 1る・ハ|プユIJ(ヽ」り I Philipsなメ ひ PWl140/90

`(1.5405)A° :(WaVelength)、ォメ
|」り |,(40)kV甲メ|`(20 mA)リリ|

:督共Lご国|●メ iエリ̀{(1000‐2000)cOunts/sec:(Range)`ヨ |

も」♪ ヽ りう工 こメ |… ‐ 山1コい社・ 国 |(15,12,8,5,1)よ 銘

'IJ螂

-1

(102),(002),(101),6り劇 Ⅲ口 |(20)戸 ●メ (Sb)メ 亀Ll●|(1000)°C
(001)}

{(211),(210),(200),(HO),(100)}山 いJ■」
|め饉 (20)戸 こ甲 “

iJヽヨIⅢⅢ {(H2),
.もりJ即 1山いメ ロ |。ゝ ひ 出 (Sb)● |メ J・ l`J」!メ ||ゝり,評 |ぃ」 亀国 リ

(戸椰|ッい 』Ь」)Jヽ1-・・Lい `(BaTio3)6°国″り |り」脚|…
`」
年」いLl-2

6嚇 L』|メ iい いLLメ i区JJ■ J」し .{(301),(103)}ぬ 二 劇 Ⅲ団 120)

J氏ニマ|♂ Lへ」 J`[8](BaTi03)3・ Llじ£ り`|り押 l dL出
`ヽ

A｀ r.…、ヽ1も
り」JI

五 五.LA‖
めL■」|り

云
'1111ム

1ヽ・‖ LLミ ス
リ
」 ((301 ),(310)}6し 押 |リリ♂L(15,12,8,5,1)

6叫饉IL、」 区 。́ い」|り排出■‐ちが出 Jl_が||エリ`(0。 1,0.2)%mol年 ■
」 (310)嗅 ■」|め出 甲 (20)4■ 6ュJJ糧 ひ出 こ漁国 1凛脚 Jtttalこメ」|
¨
`■
j●iJ!ノ■ |ゝ J。 (0.2)%mol♂い d」|ス 1…116ヽぅげ (301)ヴ脚 |

。(1000)°C`メ16」♪ ヽり。工 (BaTio3)6・Llげり |リメ |… Ⅲ出‐ げコ |

亀J♪コ|へ卸|(BaTi03)～■ご‐」|。メ■|一
“

国IJ(2)が」|♂ Lゝ
ヽ υ。6典ぅ Jヴ i`((103),(301)}崚 井 」 ζ■ |リ リ昇 L(H00)° C6J♪ ｀ J。 エ
1早 Ⅲ 脚 |もL立 J`(BaTi03)3・ Llげ |り|リメ 1榔 ひ 山ル

`メ

16」♪
ふ ムツ16JJ」 |■J。 が 3工・ 3メ_lb iム‐L』 山1■.‖ 口 LLミ 』 ξ 6り dl“ LLミ 』
JL OIJめ 」 16っぃ ヽ り。こ饉り|ど ●甲 け いり|り脚 lυぶ F工 Lヽゝ LL`(13,9,6)

。_国 1午適6ヽ夕 げ り |ュμ l」螂 び 亀 L6り聟 【L‐・・

♂
1山甲 ヽL国 IJ(16,14,H,7,4)d錨 柳 J LLミ ^♂ Lゝ LG ttL“ _3

Ⅲ脚 |い ゃ」|ひらメメ出 ♂|ひ パ IJ`(1350)°C3J♪ ｀り。工 ●コ
ξ 山唄

|。早 げ |り |リメ |`K ・ヽ・ う夕
|ゝJ`Ⅲ I(BaTi03)叩 Ⅲ 」` こ ヨLり 6メ1■‐1

く
ヽ
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【L・ ニ ハ 話 山 も 日 ≦ 1単 口 ●饉 げ 」 |メ L画 .亀メ
16J♪ ヽ υ。

…
L‐ L』J甲|(Bai銭みなL哩範蹂鷲甘五五
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2010`7● 出ヽ|`21 1ヽヽ ^‖ 1, "-n*ll ajr a-

$'Llll ;rL ;rrSl-.! ir!-l ,-.r!-l r i-rlo.oll crt+ll (c/a) qlill 6rs,3 rr-gi i1^^r ,rSi ,sll':; i+rll ou '
irl- crl_13!l ,f3-ll r-rt-ti3-Yl 4^'ri d;lil ,J3!_l qliJl er=3 :t-1i iq*, :.^;s rj.-ii J! g.3i*
, i.+ll iJjJt-ll r3r-Jl Jic.gr(rll ;LJl tlij-ll ;r!t J! .gr39 l:e_9 6J":s-ll (BaTiO3)
t;;.. cr-H OtS il .r;r; 6Ex-,1 3oJ alJill 6;l_,p q+JJ d 4St+Jdll ar^Jti^ll i^;6 Stii_rt ,JBl+,
e,l! li r:l-!ll c.,l3+ i;.; ;:1;j Jl l-i iiJnl 6:l> i+-.rr d irl- l+Jdll i*-rtill i^+ gtilrt

.(12,11,10,8) (2pm ) dP ,J+ Y gi .5;.erll3 o++sil e+ll ;.- ri Ot+..sJYl gJlJ+

i^J^ll:!i:lt (BaTiOr; oU*: ( a, c )qti:t 6r=-e:h.ri p,rr,-,. t "seBe.-g: I - d3r+

C.l+:J, ili:. ^ $e 6J.-bs-lt ( BaTi03)`L山甲 ■コ |ム 0・1ゝ|しぃ〆 贔 ごL:2-」J■
6り |“沖」|

1350°C6り|♪ ｀D。 エ

0.20/O rnol‐

0.40/O mol―

1000°C 1100°C Ю°C 1350° C ASTM
20(dcg) d(A° ) 20(de■ ) d(A° ) 20 rdcgヽ d(A° ) 20(dc2) D(A° ) d(A° ) hkl

21.90 4058 2208 4025 4.03 001
22.60 3.934 22.48 3.955 2202 4036 22.20 4.004 3." 00

31.44 2.845 3154 2836 2838 100
3204 2793 3210 2.788 2825 10 1∞
39.40 2286 39.64 2.273 3884 2318 39.00 2.309 2.314 46

44.90 2.018 45.02 2.013 2019
4572 1984 46.50 1.953 45.28 2002 45.42 1996 997 200

5076 1 798 1 796 802

50.98 1.791 51.04 1.789 790

5144 1776 5234 1748 786 210
56.20 .636 642

5666 1624 5796 1.591 56.18 1.637 56.32 .633 .634 211

65.76 1420 6580 .419 .419 202
6606 1414 65.98 1415 6592 417 220

70.36 1338 7048 336 .337 212 5

7072 1332 1329 70.44 1.336 70.62 333 .332 221 2

7462 1.271 75.08 1265 7432 1276 7458 272 .275 5

75.28 1.262 7544 1.260 7502 1.266 75.20 263 264 301 7

.263 310 9
79.38 1.207 1214 7908 1211 3

8062 1191 7978 1202 7928 1.208 79.48 1.205 205 5

sample a(A° ) c(A° ) | (c/a)
BaTi03 3.993 4.027 1.0083

(0.1%mol― 4.029 4.042 1.0032

3.992 4.015 1.0058

(0.3%mol‐ 4.010 4.027 1.0043

4.002 4.018 1.0041

5



´辮出ツ11^‐
L』
び JJI Ⅲ 甲 り りヽ́ 1与JL」し■中 |なニツ|・井 □

Lk^亀ぃ
ヴ   上 」ない JFL

工 6υ必 鑢 」|(Bao.999SbO.001Ti03)6°L山 11・` 1ム 1、…ふ lo.均 lo♪ ぃ ご
L:3-JJ■

3り|ジ」1山Lυolさヒミム

10001?C‐ 11100♀ CI 1315019C AS‐TMI

2,(dOg). 0(ポ
ー
). 120(|。 9‐ |(A,) |‐ 20‐

イd6.長 )
lo(A,) 0(ハ:) hkl 一７

●
■

21,74 4.088 4.03 001 12

22.50 3.954 22.44 3.962 3.99 00 く
υ
う
Ｚ

31.16 2.870 2.838 01 100

31.90 2.805 31.88 2.807 2.825 10 100

39.24 2.245 39.20 2.298 38.52 2.337 2.314 46

44.84 2.021 2.019 う
４
ハ
υ
ハ
υ 12

4564 1.987 45.62 1.988 45.00 2.014 997 200 37

50.40 1.810 .802 102 6

50.60 1.803 790 201 8

51.22 1.783 51.22 1.783 786 210 7

55.86 1.645 642 つ
４

56.58 1.626 56.52 1.628 .634 つ
４ 35

65.60 1.423 .419 202 う
４

66.20 1.411 66.14 1.412 412 220 10

70.12 342 .337 212
く
υ

70.80 1.330 70.82 1.330 70.50 335 .332 221 2

74.24 .277 .275 103
く
υ

75.20 1.263 75.00 1.266 74.86 .268 .264 301 7

75.40 1.260 75.40 1.260 .263 310 9

や

セ

‐

6



10009C 1100°C 300°C 1350°C ASTM

:1‐Ψ? |《A° ) 20

(de2)

d(A° ) 20

(deR)

d(A° ) 20

fde2)

d(A° ) d(A° ) hkl

22.02 4.036 4.03 001 12

22.44 3.962 22.22 4.000 22.22 4.000 22.28 3.990 3.99 100 25

31.38 2.850 2.838 101 100

31.82 2.812 31.92 2.803 31.68 2.824 2.825 110 100

39.22 2.297 39.66 2.272 3868 2.322 39.04 2.307 2.314 46

44.90 2.018 45.16 2.007 2.019 002 12

45.62 1.988 45.66 1.986 45.04 2.012 45.44 1.996 997 200 37
50.64 1.802 802 102 6

51.26 1.782 51.38 1.778 51.04 1.789 786 210 7

56.02 1.641 642 112

56.54 1.627 56.64 1.625 56.38 1.631 634 211 ξ
υ
●
′

65.66 1.422 66.00 1.415 419 202 12

66.26 1.410 66.28 1.410 .412 ０つ
４
つ
ん 10

70.34 1。335 337 212 5

70,70 1.330 70.82 1.330 70,72 1.332 332 221 つ
４

74.38 1.275 74.74 1.270 .275 つ
つ
ハ
υ 5

75.30 1.262 75.30 1.262 74.92 1.267 75.16 1.264 .264 301 7

75.4 1.260 75.48 1.259 263 310 9

7.74 1.202 78.72 1.215 79.00 1.212 214 H3 つ
Ｄ

79.28 1.208 79.6 1.204 ξ
′
ｎ
υ
う
Ｚ

●
Ｊ

く
υ

2010`7。」|`21■ Jヽ                             ガ`五」le」。lL^

工 6り島 =ヨ|(Bao.998Sb0 002Ti03)6さL山 甲 甲 |ム・ ・`ゝ|。J→ ´ cL:4… 」J、
6り|ジヨ1山ぃリュ LLミム

工 8脚 |(Ba。,97SbQ003Ti03)6ム ●1■ol lふ』 1‐ ∴ゝ |。_か _ご L:5-J」ト
6り|ジ」1凸Lりot Lヒこ

1000°C 1100°C 1350°C ASTM
20(deg) d(A° ) 20(de2) d(A° ) 20(de2) dfA° ) d(A° ) hkl 1/1:

22.04 4.033 4.03 001 12

22.44 3.962 22.42 3.965 3.99 100 ξ
υ
つ
４

31.45 2.836 2.838 101 100

31.82 2.812 31.82 2.812 2.825 110 100

39.14 2.301 39.16 2.300 38.84 2.318 2.314 46

45.02 2.013 2.019 002 12

45.58 1.990 45.58 1.990 45.20 2.005 997 200 37
50.92 1.793 .802 201 6

51.26 1.782 51.26 1,782 786 210 7

55。98 1.642 642 112 15

56.54 1.627 56.50 1.628 ４う
０
∠
υ 211 く

υ
り
，

65.72 1.420 419 202 12

66.20 1.411 66.18 1.412 412 220 10

70.38 .337 337 212 う

70.74 1.331 70.86 1.329 70.52 .335 332 221 2

74.66 271 275 103 う

75.16 1.264 75.04 265 264 301 7

75,32 1.261 .263 310 9

79.62 1.204 79.68 1.203 ｎ
υ
つ
４ 311 ξ

υ

7



´ 界 ■` い
』̂
‐
L^‖ r'JJl‐ 甲 ■ Lυハ |■J日しⅢ Ⅲ Iな瑠 ぉヽ 出

LLt^亀 1り
`

ン    」Lも亀ぃ ∂…``

工 6)^」|(BaO.996SbO.004Ti03)3ム 山甲 ■コ |ム .∴ |ゝさ♪ げ 国 ごL:6-JJヽ
6り|ジ」1山Lリュ Lhミ ム

ヽ

100ol,C 13501♀ C‐ AST'M

20(dёO) ∝A°) 201(deg) |“A°) |“A♀) hlk l

22.14 4.015 4.03 001 12

22.60 3.934 3.99 00 25

31.44 2.845 2.838 01 100

31.96 2.800 2.825 10 100

39.36 2.289 38.96 2.311 2.314 46

45.12 2.009 2.019 つ
４
ｎ
υ
＾
υ 12

45.78 1.982 45.32 2.001 997 200 37

51.32 1.780 52.02 1.758 786 210 7

56.62 1.625 57.24 1.609 634 211

65.82 1.418 .419 202 12

66.34 1.409 412 220 10

70.38 1337 337 212 5

70.92 1.328 332 う
乙
う
Ｚ 2

74.60 1.272 .275 103 5

74.96 1266 .264 301 7

75.42 1.260 .263 310 9

7900 1.212 .214

79.28 1.208 .205

。謂標躍l顧黄嵐i詭高

100   ‖   :   `     1    3   301010

ao$soto&
20tdEt

ム、.1ム 、1.出 去o,1り lo,■ LLミム

～
メ:1-さ銘

(BaTi03)6」♪｀り°工 6メ醸 |(BaTi03)

∞

∞

ｍ

”

∞

“

“

¨

”

０

。

20 30 40 50 60 70 60

20(de● )

8

し
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脚 1白い oハ塾嘔 ´ Ⅲ Lゞ1亀国 |ハ|メ|ギ函 J:Lb」

嗅凶 |■ ⌒ヽ1赳メリさ丼´ ■
`塾
eJ― ,い 社ミだ Lし い oヽいυJヴエロ 1こ~ヴ リン・ t“ |

.い脚 IJ eメ16JうJ`も い Jメ l●日・ ^‖J・し゛ l占,6♪

ABSTRACT
Th可aO五entalis has been used for medical treatments of gout,rhellmatism,diarrhea,

constriction of blood vessels,the position ofthe bleeding,disinfectant for wounds and as

an anti‐poisodng alkalodies,and the nut is a sollrce of tamns acid,ta― is llsed for

tarming,dyeing and making ink.

Study examined Thtta oHentalis and used nut gall made nЮ m lllsh alhader to prepare

exttacts,aqueous extract ofplant and alcohol extact to identitt the mOSt efLctive gЮ ups

in it, This study demonstrated the use of chemical detection of some effective medical

components in the plant contain tamns,resins,the acidic JLEK)tiOn ofthe aqueous extracts

ofthc plant neutral while being acidic to the alcohol extract and the percentage ofrnoisttre,

8.33%.The alcohol extract nut Thtta o五 entalis were measured for de宙 ce uv―宙sible

spectro photometer the presence of absoption peaks at wavelengths(210,260,365rlm).

NIlain bioactive rutin was separated,retention tilne is 4.7 1ninutcs fbr the compound was

achicved by HPLC on acolllm ODS c18(250× 4.6)IIun,the detecter u.v using inobile

phase rnethanol‐ acetonitrile.

ス..“
“
£メニユ』 |

こJ」 静 ,Ⅲメ 与ヽ ,与J与 メ ぬ L,J←ⅥFルJり ,げメ l興 墜 脚 lごい |

む
JJな い」

…

|こ邸 |い 国 り~4メ

“

ヴ di6う分 J区 ,凸
l墓叫 r」 劉 =ぬ し亀

。メ 」it喝

脚 メ 」 |■贔 い ■コ |●」 16」が `‐
1^‐
・ JJ Th可 a oHentalis_」l●L Liメ l▲い

ふ ど薇ぃ ,Ⅲ ■国 lけ。L」l´IJ・ ニメ J,」 |げ上島」lJ`ビu´口 l.韮ュ」 1,dJミ
1・
^‖

許 由り |夕1井|(´」 1●L´ 5。,メ 14」 l亀」 lヽぃ 1辞却 fル ロ l`・ d`lよ

“
“
I LIメ |

げ上 L劇 ■」いい盪 LO勇 呻 Jal‐1^出国 ´口 lげ上 L劇
1｀ ス̂ 国 |コ |」|‐

`J`1ヽ
JメlJ●出 国 |

.8.33%■ル メ L口 IⅢ劇 1″ `｀
1,」
メ |

戸
ΔttJ」鰈 L■メ IJ毎Ⅲ 呻 16メ 亀ニリ|■1。 L^jЦPヴ ロ l●L6iメ Jメ l… lげり 戸

。(210,260,365,nm)争 メ l JIメヨリ|工 ψJ点 J

ODS。♂●
“
二 HPLCメぃ d“Ll t手34.7メ jい=り

|ぃうrutin t´ げ学り■≦ン パ ニ戸
.methanol― acetonitHlc」´畠メ Ju.v`L∴国lJ c18(250× 4.6)mm

L」 1:i“ .L!|

凸1脚|ど
こ
LⅥ い LJIゝ J。」りだ卸 lcLり|い こメ メ ロ |●呻 た しうJ

ひlJl♂ 」 |ヨ|♂ い 3bう 。メ 出 K♂ IⅢ ∴rッ |●りL´JⅢ L6ヽ メ Ⅲ 二日 |～メ |

。(1)も 。ツ|夕と」 ♂
`J出
リ
ム`電` ‖め J~lK l・ JJ6りJ巨ャ メ |わJ,aメ ロ |●メ |

●■ 6禅■ 贔 ,L´ ご喚 ヴ
Jへ絆L出 凸国 J口 1學釧 こJり ‐ |♂ 山ヒ甲 |… !

。(2)毎●」1山|メ趨 |

ど こりJ6ノム」|:ヽ:ヾ “̂ 6Jか』 、メリ (Thtta O五entaHs。〆日|げ
yり oこ」|●L

`|り

Jツ |夕轟 ,めい 」litパ
ヽム
リ LD 61り Jり |●いノメ |ひ ≦ J,神メ IJ私口 I JI」 |

玉 Lム LLlム ぃ 1区 ひ 口 |ナ▲ ylい■ シ 出Jュメ 161り」 年も 6メLメ ヽ し 。い |♂

■υt二oさ銘 許 6ル ・ |クムふりLjy1 6メェ 亀
`|り
ニボLヽいJ。二J,げJこ・~tl`K・J

げ墨lc撃ニツJごメ 16J魔【6脚 |(6‐4)clJJご ●勇 上リメ」し 0メ |ム■ ■饉メb6メ lJ

へ

」
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ワ

げ出1口」
― ひ与」Ьツ1亀|」IJメ 1増≦りもしさ

4メリ畿PJ tt」 ,いりJ,t4ul

●鼻 。 3メ封 lυい ツ|とり |´‐鼻ι■り _甲 豊」|●|.ム ・ヽ ‖J6υ」LメKLめ s」 IJ

～
メ eヽ
ミt tt」
びJIひ

～
メ 1山L国 1麹 Aへ l JIヨ|ひ とJリシ めJ争 メ“ ツ

|こメ I LI,メ

。(4,3)と出リツ|も二肝
“
も山ヒJ`山Lメ」し JIヽ1し こJメ |♂

υ基」1山L

,ⅢJ」
【・Qy,勺メ 」1仙3J】 。■ L,Jり |,0メLJり ,げ脚 |｀」LAI Lム υ」 ld“LI

Tree ofD 3いhメ脚 |‐ 許 凸 (5沖 |ゃメい 副 3島 6運りこリメ 浄
.メ IJ e」IL=`ス 山|夕■4」LAlも J゙口 |ヽリリ1建 し́■じこLIり 出ヽツ|・ゝc■IJ●ツ(life

:併」Jい■J
Iバ あ いJ」 ひり喚メ

IJ饉
ひ こリタリTh司 a occidentalisげ メ |(´」 |-1

亀Kひ とリタ』≦いメひJむ」|ひ とリタ■→ Thtta Orientalisびメ |げ鋼|-2
4Jい 国 り

ゝ一 くo´ げ轟 16う分 。(7)CupreSSaceae社し い ぃ J(6)」メ |,LI

JI亀Lltallnic acid tt f典 。(8)」コ |を 1・ ^Jい 」 IJ tl」 ι己 ヨ |(中 り

ga1lotamic acid;rn―di gallic acid;gallic acid;chebulic acid;ellagic acid;こ 出ゝ

。(5)sarch resin;quercetin flavenol

“

」|♂|九 。|メ |

,れじL山 ぃ へ 」 |ひ轟 J渉 出 ■ → J Aet゛ツ|“ ((′出 16j分)。国 1山国 |_澤→

)^ギ リ,J♪」 |」 ,tAll cμ五 .、 t41F■ 日
Jヽミ lm出

ュ■ 出 LI。 中 ヽ り111^^J縣 』

山|ジ■」|」 6,メSIご |リツ
`4-L6ェ

出ЬⅢ置りJ,い 」‐ 夢Lげ 基当
“
榔 許

.(9声田 |

:七。`ミ1."A｀ 16_又.ツ |

:【
=｀へふごぬJ」1甲り甲 |,い|♂■ツ16」トツ|`‐ 1ス‐lJ

.■ジ」lJム去い直り|こメム‐.1り |に」1ヽ L4ぅ 今ヽ_

Shiinadzu― uv―visible spectro photometer 160japan。

pH…Meter M82 Radio Copenhagenこ」へ■“
国1亀 |」|げぃぅte―

.soxhelt apparatansりだL“ユ|(,a)Lこロツ|ぅい …

Shimadzu-10A IIPLCうい ―

ヽ
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:■い IJメ |

.BDH,Flukaなメ 出
`tン

1‐ 1・ハム山ゝ L」IJ甲りヽ」|・ |メ、り亀 ミヽ1・―‖Jメ|ぃ

:ハJメ |

(10)Ma.yer's reagent:,Lハ K`

。」出 ユ|,tAllひ ひ (60)JHgC12ひ ´ (1・ 30)●|ヽ (a)JりL井

.力口|・Lllひ ひ(10)J KIひ ■(5)■ |ヽ (b)」井りふリ
。(b)ど (a)」井 c)

(10)Wagner's reagent:」 パIJハ
1`

Iodineひ ´(1.27)4■‐ |リメ鋼 |。日|ひ ひ(5)び KIひ
～
(2)ヽ |ヽ ノふ

。ひ 100も国 りL凶|・日ヽけ」 IJド|ド J■Jコ|じ二 こタリ

:υ二」|`国 山1、 ^｀ミ1-lJI_ルム≦

:J口 |び上島劇 |

soxhelt)メ出 |ひ贔 島 Ⅵ ぅい ♂ ■ JJ●メ 日 |げ」 |`摯 ひ ■ 10工 |

J押 |工1津 ´
～
‐ 漁 ´

出LL 86」 メ鋼 |●口 |ひ ふ 200♂ (apparatans
.尋メ IJ』い面■|`メ ニ・ `tyl■

1、 LAぅtぃ 札 Lメ 叩 1亀|メ 』≦J`Lメ 」 |・ |ジトツ

:」パ |〆巳 ヨ |

soxhelt)メ出 |ひぬ 島 ツ|ぅい び ■ JJ●メ 日 |げ轟 |`摯 ひ ■ 10工 |

工 |ド い 蓼 静 ´
出しL86aAl%956メ LJム 」二Ⅵ Jメ」|ひ ふ 200ご (apparatans

あ 。
1‐ ∴Ⅵ ■ 1lLム ぅい

1■・Jメ 1'こ Lヽ]亀 |」』 』≦J凸L,国 |.|ジトリ Jメ |… |

.HPLC olDⅥ 」Lひ 国 |ぃ|メメメリメ メいり■ メ IJ毎デ 呻 |

:υ二』
`L J 6o_,メ

1亀t」 |ス 1ヽ L‖ 山Lメ 1脚 ヴ3い夕 |`よく‖

,Tannins Ci島乱」| ル  4L題‖ 出 メコ| り| ●壼ζJ凶| ぬ  J3【
L・1く‖ 戸

。(11)Shiataいこ・Jご」|ひ|ジヨ|」 ^1‐ぃ
1'い R`esinsこ 1ヽ Jメ |り ,Saponins山い,日 |

。(12)Fahmy♂ 6。Jメ|ムニ主りL」|ム
1こ 1戸 壺 cコ|や

J出
鐘|″ `ち ヽ`く‖LI

Tarlnins:●い日|ご

"【

Lヽ承‖

Jメー JJyl,二脚 饉‐ |´ゝ Jい エリげ」 1山国 J口 |びL」 |ぃ 出 20工 |

がメ|げゝ 中 |り υJル .“L」1凸ゝ 1%♂口|・メ Ⅲ占|い ,4興|やリメ 1%
。(13)こ暉口|。分Jι井 」蝉

Comarin:醜」L_夕|″ `L・<‖

…

´ りい
IⅢメ |♂ げ劃 |●L`夕 劇 二 ´ |ひよ 日 |“ ル (5)■ J

ご υい ツIⅢメ |`´ "ヽ
ス
リJ【
とこミJrメむ」 IS〕 り乎 J鼻響 ■ ッ c■メ 亀リメ Ⅲメリ|

(uV SOurce)ム弁
玉コlδJl・・1】 り 一` JI。■J亀 りJl‐・ スメ ´JLo L饉JがL ltハ

.●メリ井 汗

■力さ摯工井|い|び厠甑輝協 ご|

‐ り1増リメ JJし い ル (2)JIび轟 |`分」 J口 |“出 コ |ぃ 出 (5)■■ 1‐甲
.甲口|リ リ嘆■ Pェ
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口 |□■

“

L出
ひ 年 」口
ylコ」 IJメ 1増≦ 」れ IJo

■メリ` PJl^‖ りヽoい」J,t4● |

Resins:Chいり |こ>【 L｀ iく‖

鼻 JLeL ξ dメ び́出16J―ひ■5」り Ⅵ゙ JJ口|い ひ 50■‐ |

c痒レ上、 とぃ ●Lメ」lc■コ∝ヽ 」IJ国 |,tAllとぃ dい 100ぃ IJ出 し喚 ´ び り こがヽ |。 6A41

。(Turbidity)`リセ

“

Jメ■ 毎■ り IJメ|ぃ Jtt d増 出い メ メ 14リメ リυoJI

Alkaloids:CJゃ メ |ひコ L.1く‖

ぃ L4%→ υ率― メム ,Lふ 50♂ cF」16分"ひ ´ (10)工 1戸
げをLヽいjひ びIJIい 出 5二■ |り 。ゃメ‐ J」ヨ |♂り,電叫 戸́ ■υメリリ響 |

:神日|ハ‖メ |

。山 |≒メ |ぃ J」1羹 凛 中 IJ υ鮮 :メ IJし饉 K

。こJ、い いメリ 」 |夕■ し■中1甲…lυ リメ■ :夕L【
L.lK

pH:勺崚
“
Lユ1亀 |」|_メ巡

6ヨ
ゲ■
1・ ス上)ム ムL、 Jメ メ轟 |,LAllひ ひ (50)ど げ釧 |`J― ひ ■ 10ロミ

リ壺 戸
区 ,pH‐Meterメぃ が ミヽ1■ 1｀ニム国 |コ |』 メ壺 詢 ひメ |♂υ´ ,」L。 (10)

.oヽclび (山L―
lミ t・出 メム 」)ノふ コIJパ |“置 L出 ユ1ム A国1増IJ

:ⅢユメIⅢ出メ出
6AAl卜 1306J♪ ヽ りoま 出 が ●メ ξ ■ JJげ」 1凸L6J… ひ ■ 2二 |

●う」|■J邸 劇 leゝ ott fJL desscator(分いう `・・― ♂ こも」 |こ■ JL■ LL

許 d,=E● jJぃいり1墨コ |♂ ■饉こ■り´
`メ
ltL`」 。メ I JIこムメ 1平 |

。■鼻メもメ |～出 |【 ĺl・ ttヽ」山LめJ

祖 口 IJび国 |

Cコ1ヘリ |り 山L日 1渉レ
`1井

|しンロこえJ山国 亀国 1山Ltt」 ぃ |ハ く`‖ごLい ヽリ
.8.33%■ユメ メヽ |～劇|`´ `11,(1)´」Jりヽ

脚 1山いご亀国 |～メロ1山厖メ|"ごい |ハtぐ |
:与ふoL」1亀 |」ぃぃごL

…

I L1 6.7JJ01A脚 ご口 |」■ヨ IJ与 L国 1亀 |』 げぃ ごLひ Lゝ

。(2)戸り」J■ 5。6‐Lj玉14L Jメ●|

:“コ1亀 |」』ごL

`」
|ひ び 出 1山い もか Jパ |“L口 |ヽい 興 |め井 ■ メ |ム・

∴ツ|【
“

Lメ
|

許 1出K壺 (210,260,365,nm)午 トメ IJ鼻ツ1立
“

L^lJ戸 o分J(1100-200nm)

ぴ
口 |“Lコ 1日。(1)´Jぷ 出|(2.48)曇|ど‐ 365nmご メ IJメ 1立 ■‐

L^lJ

ひ

“

に lJ許 |が り (386,394,244nm)年メ |」ユ
yl工

“

に 1ぶ
戸 メ
1壺

。(2)戸り」釧 |(2.46)凄 壺394rlln_メIJメ |

:HPLCう賂ョげり|

(400-200 nm)`L♂ IIPLCメぃlc´ヨ1山L6ぅメ Jメ●|げ上ム」|げぃ戸
。メレじL苺 さ4.7ぃ うし‐ ツ|いうJ。(15,14)methanOl… acetonitrile dジヨ |り脚 い
戸りmtin,plantげ響り、≦ナ よ」 戸 ,u.v`き 1ヽ国し oDS c18(250×4.6)mm

.与・い出l rlltin 6さ園 Chromatogramど Chromatogram亀りt■中
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bases and their complcxes were carried out to con■ 111l the stoichiometry of the
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エ|メ|ひ たいJり■♂1 6Jtty●´ メ』|ム ξ■や」|。メリtL(72)‐ じ→ 」こうJ

融 Jメリ」 ごメ |♂ み
`Jリ
コ lt～ ξ

6。分 メ lι→りυ口 16りЬ碑 ■メ ♂
ILヽミt“』

.kぃLレ ■■
=出
■ う3ぅ■■■LttJ t〕桑ぃJうツ|ん。,だ■」ご

"■

Jり亀|16リム

23



フ

2010 rTr.ull 621 J+-ll 与 嵐 l辞 ‐

sl&-c!l ar6., Jillili+,ajl Jt++l

cl cj-r #l slsjIl d.Y-r sca q.ol--i^Yl O+ i-i),ll eJ u ' L;VC| i'^":lt +tujb-t

c+sj s-i alihll _!ill g3;l;sLsill ',,.,i i-tii,,*ll -t J.ill 6t1!3 '''.r-) +illt o-l')l ,JJ'^

crr=Y i,r, 0 dS-,ff dii"J J (rs,".ll dJ-9Si La$t ,=rrll-, o+l3^ll Ar-'nll q:U y'j $Jt

6^ ( Fe,Rh,Sm,Cd,Zn,Ce,U) Jl-ue clhil qJY/l a'''^"jjl etj; d"lS ,}!- 'crlriJl
rii (Pd,Ni,lr,W,Zr,Cr,Co,Hg,) rr ds J',-uc, l-l .jlt: sl+l (l:2) q+ ij'Jt rcl3ill

clsl u.-ll ,tsdl ,JlJl So-1,-ili:rrt$ (1:1) ar-,ir Lrii."^ll rcl-9ill E^ crhiu c''' +Ll
.Jir-

l-ejhi,-J q:Jlri(Jl\ ,lj,^-ll ,',-i eJdYl .iutl a-,l;rll oiA d ,-'l; "' : rl..;sJl '''''l ir*ill t'it+Ll-z

thii-L3 ( Infrared Spectrophotometer.,Pye Unicam SP3-200s )el-'-t+ 6JF:s^ll

ord i.^&Jl elt fl-r-r # (8) cJ:+ll 
''.-l^r 

(200-40000cm-r) crJ.+r KBr crj
dr +dl aa;t i^ll .:t-lJill .r-lc 

""g-Jl 
U-l--i^Yl ,.5 cJJ':: d,)J- d Ur&l ril ' '-il+t)l

,',-i{,-!)l .iUtl & c.,i>t.;ll cl-,SiJl .aJ e+;, *,3g;r,1ll:.,j|""Hl
a.e:^-l ,r-cL,3Yl .:rJl gl (8) c):+lr dr L); ' OiSJ'JjYl AeJ"-l q,eljYl s-.;5ll;[-!

otsts$l o$ d-tr] rir: (1 625-1630 cm -l) s' 'el+ Lsi,"-Jl crlsL$Jl Ci*l o$J"JjYl

4l! C+9 a-l;Yl ouj (10-25 cm-l) -,ls+ ll"JYl r:jl -esr 4-ljl tL-'i qjlill crl'rg)l 6^

- t_."..ff cp:-r.-Ull 6Ji d,.,Ui & .JJ. hal Crrl.i^JjYl a-c,3^+- i A+9-/l 6J,-Yl i+'-li
(28,29)-ji1l O3ll

UJiilI ds,SJJ.:;6ll ac..^-l .r+tiYl l-,!ll L-.1,= : (CO,OH) :'ei^+l qlcljYl 'rr-.,!ll ; /-f

tiiOO 
-, 

) 
'l,tr.tt ./ U ,r..ryt e+rl L>:, i,*,,1: L; (3400-3500 cm-t)*+ g'1lri('r\l

.p4 uilg.=/ (1S-1SO cm-l ) 13\ lJ,JYl .:r-;ll 3n:,',-ijl $ LjAll ora gl Li cm

. c.rl$Jl

ri ( 1210 cm-l) aiti^ll .,s drl$lSJllf ; +l-rrr Jl (CO) 31jl L-,1'= .ll cJ:+ll dr !').! l.S

ora pL,,ijl O!-Yl ,r=+ j3 crlriJl ,Jra+ i (15-40 cm-l) U'-,'tl3l c:rls..;l .,.Il '''" iril

.iuu j t:t}iill ou gl (-c-o-M) d+"s,Jxll Ji+,s3l+ jill -t1=6JY Jl cllj rJ*JJ' LjJl

. ,filill O-1ll)l 6^.,,+J:Yl iJi cD: cl OH l$-,ll Jl -eii elriiJl

,*,*,,C1 jljFA)l c.rl$;.r ( ) cj:+:f ct^ !=\: M-N-l M-O cJ o:-'r:lt jljiAYl :r;F: 3-2

rrJr alti *s llZO-+en cm-r) cp-r-r.li-2b-l (420- 550 cm-t) C*+'srl -$ rl:Y
.iUg d 6J_l+_l^ _;c 6q5 ff & cy'3 ol.:6JI elJ,"-ll '-'-i LijYl '-il+tl dr .+l-Cl

' (lO-12'30) drhits+Xl

: ii" l+J*sI4il+.aJ3ll- 3

ou_5sY qjlill c-rlriJl-r fu_.,li^ , L.?. r'l,rl [+ ai5,-bll i;b-Jill (9) cj:+ll g.a3i

oLjJYl U+,. fu-,,& qr.Jl r q+:+ 4JqJdl iil;"-Cl ;$;j .ts\ il i-6- t'iill Hg,Co,Ni,Fe

ツ
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+t{JJ+sJ- lJl u. iii&.ll uli rot3i e. rJ. t-iirYl Jc;J 4+lli:j)l -,pl-Jl ,su31l 6ljns o"b.+l 1,Ji*JillJ sitrL- )l i-l-,p

ill lJoeJ r,.j^3 !^ihs

4S_*lL i+r-"itrJl 6,s id,Yl -i!tl thii-,L crljlill s.15 gllri= l l.ii-,|-,p e o+ l!A: , crJiYl

. a^u,ll O. a;.c,..s4lr (A) t-tY/l iJlJ"-Cl # (10)cj3+ll *!.J. ol:iJl 01y'

A:103 LIC

( Ao),r.ou3JJl , iJiri\l r.lc !-lY-rll a-4"-Jill ,-1,..,-l j5-rn,-#Jlli -,r\rll cJ+tL' '^'"Jsill:

) # ,J)li u^J ,q-lill 6l-rilYl r:+-l* rlr-,,f la$13 crlsl^$l A+!"-Cl gi'.: '''rt'i oill3 drhiJl

t*;,r dl: ( a: N As) (19)d$+Jl a!)c' ,--,."- (aPIil) 'rl<iill i';-2: ga'i i ( A0) J ( A

.tl cj:+ll dr e=J S, rill qrs iill-tl-6Jl63s d culisll++-p C+3r: Cl-r (l l) cJr+ltt'
L-,rL shi, ci'r3 prc &,r+'', ii]:iff,.,i[f': ;ir"i,f, j,H
(1:1)i+"iis+-,kl. Ij'6ill ,Jfu,s+il-,c,ll+Fl:;lSelt crtriJ1'sKlll a+-,;r)p;6ll lug'"3

a+!,-Cl il, Ol J! J't.ij,,rJl-, .(31-33) airl-,6LlJr 6^ r-ei3i d-r (1:2) t*i qr.jl crlriJj

6;s 
crrl; li! l-! (1:1) i+"i a+ri ii'- dll3"i 16*'ll lJfr 50-120 S.cm2.mol-') Cr+ U "'-JlJi lil

(1:3) ,l 1t:2)t-! s+ +++Yl4+-.r: c,rl ,,J' cJ+ eIr rJG, iiit e-lrSr,"Jl #t Cr' qJYJ"lllil+,Cl

4:i"sj J.-Lt ll JE6JI dbLill elsl u"t+_}ill l-6i.il-iJ t(JJ-) i,Jl c.rl\i.t,Jl:l-i-) cjl+
l+t' ,J.,( ) C.1. ..t# 6rJ+J^llq-ilill oLi3gYl

complex m.p/c' color C% H% N% A..A.S%

lFe(IID + I 45-147 Purple 46.54(46.96\ 4.92(s.n) 4.03(4.21) 8.28(8.40)

[U(VI)+I] 76-178 Purple 42.17(42.44\ 2.83(2.99) 3.64(3.80)

「Fc(III)+III 80-182 Yellorv 41.0s(41.36) 4.15(4.24\ 7.23(7.41) 7.32(7.39)

「Fc(ⅡI)+V] 92-194 Gray 48.36(48.53) s.34(s.48) 4.14(4.04\ 7.97(8.06)

lSm(II) + V 60-162 Yellow s1.94(s2.22) 3.91(4.04) 4.12(4.35)

lPd(ID + v l 77-179 Pale green ss.81(s6.0s) 4.41(4.33',) 4.st(4.67)

INi OI) + V 185-187 Green 37.05(37.44) 5.43(5.57) 2.99(3.12) 13. l 3( 13.08)

IZr(IV) + V I 187-189 Pumle 31.28(31.s0) 5.41(5.43) 2.57(2.67)

「Cr(IⅡ)+V] >300 Yellou' 34.82(3s.18) 5.11(5.23) 2.84(2.93) 10.e6(10.89)

lCo(lI) + V l 267‐269 Yellow 37.08(37.42) s.3e(s.s6) 2.95(3.11)

l.Hs (II) + VI 171-173 Yellorv 34.49(34.81\ 2.54(2.69\ 2.79(2.90)

[Fe(IⅡ)+VI
1

155-157 Ye1low 47.42(47.8s) 5.41(s.s8) 3.67(3.72) 7.36(7.41)

[Ce (III) +VI
1

192-194 Purple-
greenish

41.8t(42.12) s.02(s.14) 3.te(3.27)

I'Cd (II) + VI >300 Ye1low 49.42(s1.32) 4.7s(4.84) 3.90(3.99) 15.89(16.02)

25

I



・
り

2010 17':'ll r/l rl. "ll +J^-X*ll fJt il-

cJJiEdl +Jr.o th-s:-ir l{jhi,-J (1) ircl:ill4J!L a+=i-"inl 6Jill a,'i)l ' i'rl :2-c):r+

7

comPlex 1. max
nm

8maX.

m2m01‐
1

), max nm εmax
m2m01~1

ｍａｘ
　
ｎｍ

λ 8maX.

m2m01‐
:

l. max nm 8 1naX.

m2m01‐
1

I 227 1430 275 1440 317 460

[Fc(III)十 二] 240 760 296 1100 358 1030 562 240

235 1110 282 1220 373 740 403 ,  496 160150

1140
′
υ 840 402.   506 130, 120「Ir(Ⅱ I)+I 237 970 ｎ

フ
う
Ｚ

「Sm(II)十 1 240 770 297 1150 347 1010 436 100

「Pd(II)十 1 241 770 ｎ
ン
う
ん 1150 349 1020 433 630

「W(VI>I 238 870 291 930 353 610 399 50

「Zr(IV)+I 241 770 287 430 391 400

「Cr(IH)十 1 239 670 294 1100 308 420 409 ,  578 1600, 150

「Ni(II)十二] 240 770 297 1130 347 870 443 40

「Co(II)+11 248 460 323 250

「Zn(IⅡ )十 1 240 760 296 1100 1030 407 1900

[U(VI)十二
つ
´
И
↓
う
Ｚ 760 ｎ

フ
う
４ 1150 387 1000 241 1600

349 880 445 30
「Hg(II)+I 240 650 294 1000

「Cd(11)+I] 241 750 294 1099 355 1020 440 130

complex 1. max
nm

εmax.

m2m01‐
1

1. max nm εmax

m2m01‐
1 暉　ｎｍ

λ 8maX.

m2mOl‐
1

L maxnm 8 maX.

m2m01‐
1

1 227 1430 275 1440 317 460

[Fe(III)十  1] 240 760 296 1100 358 1030 562 240

[Ru(IH)十 1 235 lH0 282 1220 373 740 403 ,  496 150 160

Ir(III)+I 237 970 ｎ
ン
う
Ｚ 1140

‘
υ 840 402,   506 130, 120

「Sm(II)十 1 240 770 297 1150 347 1010 436 100

「Pd(11)+I 241 770 298 1150 349 1020 433 630

「W(VI)+I 238 870 291 930 610 399 50

[Zr(IV)十 1 241 770 287 430 391 400

1100 308 420 409 ,  578 1600, 150
「Cr(HI)十 1 239 670 294

「Ni(Ⅱ )十 1 240 770 297 1130 347 870 443 40

「Co(II)+I 248 460 323 250

[Zn(III)+I 240 760 296 1100 358 1030 407 1900

「U(VI)+I 242 760 298 1150 387 1000 241 1600

「Hg(II)+I 240 650 294 1000 349 880 445 30

「Cd(II)十 241 750 294 1099 355 1020 440 130

」メぜい 1望Lが ミ`1■ い
《‐ムJ(II)3ェ幽 ■ メ LⅢ Ⅲ 呻 16メ

ム・ `tyl■出 |・ゝ :3-JJ■
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J響Ⅲ 口 |ひ
1ま 』` ==｀ 工 1メ ど J出 1ヽ,こり■邸 り|タロ

|口む 1こ1(・
ハン ロ
11'^メ IJ」■ ツ1亀 |り。

劇tLcJぃぃJぃ」平

諄 嘔」1望L ellat“いい。Lu(III)6ェШ 準メ L積出 中 1漁|ム
JⅥ 出り ||ゝ :4‐山■

Complex ｍａｘ

／ｎｍ

λ maX.8

m2mOl~ 醒／ｎｍ

λ
ε lnax.

m2m01~
ｍａｘ

／ｎｍ

λ
ε nnax.

m2

mol‐

ｍ
／ｎｍ

λ 8 rnaX.

m2m01~

l,max /nm ε lnax.

m2mOl‐

248 1390 284 1300 374 1860

「Fc(III)十 111 253 1410 296 1370 く
Ｊ

，
′
０
， 1370 418 2040 526 60

complex l" max nm εllnax.

m2m01‐
1

λ max
llm

εrnax

m2m01‐
1

λ max
llm

εlnax.

m2m01‐
1

λ max
IIm

ε lnax.

m2mOl‐
1

IV 243 1270 278 1190 373 1210

「Fc(HI)+IV] 234 1040 270 690 381 930 444 100

「Ru(IⅡ)+IV] 235 1020 271 530 370 810 519 50

「Ir(ⅡI)+IV] 232 1020 269 650 363 910 521 90

「Sm(II)+IVl 236 1190 356 980 382 1160

「Pd(II)+IVl 238 1430 249 870 434 60

「W(VI)+IVl 240 1080 271 490 424 20

「Zr(IV)+IV] 242 460 275 220 379 250 475 30

「CrfⅡI)+IVl 224 1130 275 290 379 250 417 30

「Ce(ⅡI)+IV] 234 1030 252 970 310 1060 371 50

「CO(II)+IV] 234 1100 270 690 362 930 443 100

「Zn(ⅡI)+IV] 220 990 257 420 360 730

「U(VI)十1V] 245 800 270 1120 422 350

「Hg(II)+IV] 220 630 263 350 361 240 442 50

「Cd(II)+IV] 235 1050 271 660 358 960

dJEr"lt -r-r.rra 
plsi*,rt+ r.0jhi|jJ (IV) 6rrill 4#J.lL;.rri;!t djill ir^lyt :5-cJS5
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2010 .7rJl .21J*ll 与 五 」le井 ‐

‐

静嘔」1望Lが ミ`・…Ⅲ甲障り (D5ェШ準メに曇
島■|こメIL翻 ⅢL:6-山■

u出|ム

`メ

L御 |めメ1社L翌 7-cj-l:+

ロ

い

complex λ max
llln

εmax.

m2m01~1

l" max nm tmax
m2 mol-l

λ max
rlln

tmax.
m2 mol-l

λ max
rlln

t mzx.
m2 mol-l

V 249 1390 292 1260 372 1300

「Fe(HI)+V] 253 1400 287 1270 3072 1290

「N(II)+V] 253 1370 301 1240 381 1210

「Ir(HI)+V] 244 1390 292 1120 370 530 508 220

「Sm(II)十V] 247 1400 304 1220 372 1310

「Pd(II)+V] 253 1390 300 1240 372 700 398 680

「W(VI)+V] 249 1090 312 630 400 490 544 490

[Zr(IV)+V]_ 251 1380 289 1310

700

407 1320

389 300「Cr(Ⅱ I)十V] 245 1180
３ ２〇

一
２７‐

一
３０３

1140 318 740「Ce(HI)十V] 246 1200
1080 381 1230「Co(II)十 V] 253 1390

「Zn(IH)+V] 248 1390 308 870 382 1220

「U(VI)+V] 248 680 300 1230 384 800 422 970

「Hg(II)+V] 249 1390 310 1000 382 1470 433 400

「Cd(II)+V] 250 1430 291 1110 382 1470 431 490

」J■ユ|―
“
ρlユミ1■いい|《・り(VI)6エロ型

complex λ

ｍａｘ

ｎｍ

max.

8

m2

mol~l

λ max
nm

8maX

m2

mol~l

λ lnax

nm

8maX.

m2mOl~1

λ

max

nm

e rnax.

m2mOl‐
1

VI 247 1430 268 1390
り
，
０
０
つ
， 1620

Fe(HI)+VI] 252 900 344 220 409 30

「Ru(IⅡ )+VI] 248 620 266 290 380 170 508

1130 391 670 494 260
「Ir(HI)十 VI] 243 1320 253

「Sm(II)+VI] 235 440 268 350 323 380

「Pd(II)+VI] 249 870 248 820 397 430

395 100 506 80
「W(VI)+VI] 230 880

240 397 240
「Zr(IV)十VI] 232 1370 250

90
「Cr(ⅡI)+V11 240 lH0 399

「Ce(ⅡI)十VI] 235 1200 253 1130 308 1180 354 840

「Co(II)+VI] 234 1120 262 690 382 470 525 30

1280 281 630 400 270
「Zn(ⅡI)+VI] 216 1260 244

「u(VI)十VI] 245 1480 372 1030 422 350

「「Hg(II)+VI] 241 1490 348 990

1100 383 1460
「Cd(II)+VI] 243 1430 289
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ゃい■■国1ひ 1ま 出``=ネエ1メげ」出 1ヽ,ιJ」出ヽ |タロ
lこも,161■‐́ ■4_メbd■ 1ヽ亀b。

島i tL●り醜」、J―JI‐

Lヽムt“▲‖由IJ(ml´岬 (cm・ )夕 |ン」に
さへ1械 Ⅵ =ムふ´ L戸 ||メ|“ J■ :8-JJ■

(KBr“゛el・ミt“リリ1島町

d (4xl0a mol. Am -3yqj# l#hiu uiqlJ r-i.& .rolsil4#t+J#ll a+!.aJlll :9- t't cls+
.静∴瀾|

4

Complex VC=N VC‐0 VOH vc-u er Vc=Ring VM_0 VM‐N

I 1630 1210 3500 3050 1480

「Fe(III)十 1] 1610 1180 3400 3040 1640.1390 550 320.390

「U(VI)+I] 1620 1190 3350 3040 1400.1470 505.450 330.290

1620 1260 3400 3060 1530

「Fe(ⅡI)+Ⅱ I] 1610 1240 3400 3050 1520 540.580 325.380

V 1620 1280 3500 3050 1500

[Fe(HI)十V] 1615 1260 3400 3400 1470 570 320.410

「Sm(II)+V] 1600 1190 3350 3040 1465 550 350.370

[Pd(II)十 V] 1600 1190 3450 3030 1470 490.550 330.380

「Ni(II)+V] 1605 1260 3450 3040 1480 530 360.420

「Cr(ⅡI)+V] 1610 1180 3400 3030 1470 540.490 330.380

「Co(II)+Vl 1610 1180 3400 3030 1480 540.450 325.380

「Hg(II)+V] 1605 1190 3400 3040 1480 440。520 320

VI 1630 1220 3500 3040 1450

「Fc(HI)+VI] 1620 1180 3400 3030 1430 580 420

「Cd(II)+VI] 1620 1200 3400 3030 1430 550 360

No.S.B L=(SB)/
μSocm l

L
:(SB)+Fe*3

^-lIl).cm

L
:(sB)+Ni*2

t^-l/ pD.cm

L
:(sB)+Hg+2

t^-l/ [).cm

:(SB)+Co*z

/ pS.cm-r

I 4。4 69,7 37.4 22.0 34.2

4.7 63.5

III 4.7 62.2

IV 4.6 66.0 40.0 23.7 36.5

V 4.3 65。 8 38。4 22.4 35。 7

VI 4.8 65。7 39。3 23.7 37.3
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尊

2O1O 67r&ll (21J-ll i''+;'JteJ" +i+'

ds,rxt3 +.rrlt ),ab drE #i ;c erli!. #l* ai$i4ll lel$ iiut -r"i :10-&+
A3-ill itlt a-. ..1q dili'tl +cr' (c&.Cls c!+Jl-l

辞暉』は14“む♂甲Ⅵ
“
中国1喜為がメ1尋´いし為ぴメ1神‐゛1綽 :11‐」J■

5Jあ
"」
1由|ふ ▲鍋

o 0.5 t 1'5 z 2'5

11 ll]|ll l1 ll R

.3井ヨ1押に出
“
い れ口|■出し

“

口嘲 碑枷 |:1_綽

フ

,

０・３５
０・３
０・２５Ｗ鶉
鵡
０・ｏ５
０

Mol.dm-3

xl0-4

A
S.cm2.mol-1

[IV] +Fe* 3

A
S.cm2.mol-l

ul +Ni*2

A
S.cm2.mol-l

[VI] +Hg*2

A
s.cm2.mOl‐

1

[V]+
c。
2

2 190.0 128.0 87.2 118.4

4 156.0 93.5 59。 3 89。 3

8 145.0 78.1 50.5 74.0

72.0 47.2 68.3
10 141.5

12 138.4 66.7 46.0 66.0

66.0 44.0 65.2
14 134.8

61.0 42.5 62.0
16 133.3

Complexes A
S.cm2.mol-l

Ao
S.cm2.mol-l

α

85 168 0.505

0。640
「Ni(II)+1]

[Fe(HI)十1V]___ 144 225

156 0.538「CO(II)十 V] 84
98 0。489「Hg(H)十 VI] 48

‐
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諄 ■ 口 |ひ 社 コ |=|ェ リ ど 4JLり ,■っJむ 鰤_戸コ 1出ッ
|■1ニ ン ■ ■ ― メし Jお ‖亀 り

ふ|し、い 、― メ|‐

」コ
1 ^^ll

l. R.J.Butcher.,Aust.J.Chem .,32,33l(1979) -

2. Spinu Cand Kriza A , Acta Chim .Slov .,47.179.(2000) .

3.A. H .Mustafa "Preparation and spectral studies for some Schiff bases derived

from vanillin with Transition metals " Msc .Thesis ,Univ.of Tikrit (2009)

4.A.K.A.AL-Taei.,"Spectral study of CT complexes of some new B- Schiff

Bases."ph.D.Thesis .Baghdad.Univ., (1998) .

5. S . Al.Mukhtar and I . A . Mustafa'"Inorganic and Coordination Chemistry ",

Arabic Version,496,6ll,6 I 3,6 I 8,( I 988)

6. Boghaei D. M and Mohebi S .,Tetrahedron . 58(26). 5357 (2002)

7. Liu VX ,Tans Iand Ranford J D , Inorg Chim . Acta .,358(3). 677 (2005).

8. Budakoti A , Abid Mand Aam A.Eur. J . Med . Chem ., 41(l). 63 (2006)'

9. Mehta N. K and Agarwala V S , Int .Corr.Cong.Proc.,l3(319).1.(1996)'

lO.Kwiatoski E and Kwiatoski ., Inorg.Chim.Acta .,47(2).197(1980).

I l.Boghaei D Mand Mohebi S ., J . Chem .Res ., 6. 660(2001).

l2.Osowole A A, Kolawole G .A and Fagade O E., Int . J . Chem .'15(4)

237(200s).

l3.A.S. A ."Preparation and Identification of Some Transition Complexes with :
Liqands derived from Schiff bases.: M.Sc.Thesis Tikrit.Univ (2008)
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ABSTRACT
This research involves study the biJogical activity of some. Thiosemicarbazide

derivatives & its complexes with some-ir*Iitio" metals from the degree of inhibition

obtained.
The resurt obtained from ( Lineweaver - Burk ) plot indicates that the inhibition is Non-

Competitive.
The inhibition percentage obtained confirmed that salicylaldehyde-3-thisemicarbazone

with metal of Iron has a higf,er inhibition than remnant of complexes '

:i口

`J“

:1〕)1::L.11
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2…forrnylquinoline thiosenlicarbazone
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ご型J″」■i

ひ 6増ヽ
11・

・
・“山_沖らり。(14)ALP″夕iユ■ ご 神腱 い JLヽ」リメ1劇1亀国 |

Ⅲ メ しげヒ出し ,国 lξ刈 1増」 |♂ い |｀10 AJのうも し中メ J史 メ とぃJJ‐2山11■ 1ス

リ ス∴J●11`Lひ υ五五」 I ALP″夕iじ上 凸Kメ |ふ り鼻 亀 |りうどヽAlメ団 1麹国 |

|ゝ ■1ふ Jへ■日|こ共Sジ」|ふ 仁わJ●i』二」こゃ卜̀ヽリニニ」lL一 donovani♂Jし。
。(15)■」ゝ |

Jメ い 。工 饉′ ]やコ |夕 い`oJ● ぃ刈 |ご い |ヽミlJ●L山 |う」1凸|(・ J｀Ⅲll Li

山メヽ墨 ,(16)い刈 |・い |び 1‐…lJ tty曝 uヨ|・|メ|・ |ヽ 1‐ ^`゛ 1ヽこ 出も、光
t押 1 社・ ノロ I Thiosemicarbazones 」 J国 | げ 国 1 山 |ヽ1・ A ぃ  ユ1.・・“

2-Acetyl-6-Picolyl― )4・電滲」|を,.ン馴
【́、1ムニ1`メiム 1・■.り (2-Acetyl―Pyridyl-4N)

こ」 ●
|メ|い 鼻

“

国 ‖
♂
Lメ ||リメ 6J二 ^JJバ Ч岬いLJ■・■・劇 めth【

´

`J‐  (4N
。(17,18)CFI

石|ヽ10り 2-acetylpyridine thiosemicarbazone甲 ≦メ |(19卜Lい J C01lins」澤ヽ 区
山|“邸 Eヽ 亀りL神 腱 メ i凸い刈 |♂ 山|｀10Jが ミ`lJ」 ■JJ`co+2`Ni+2,cu+2ど

。(20‐ 18)ヽり刈
|‐ 神し い メ IⅢ ど げ国 IJ=饉 山“ル

iJ`6メ |

pl.il-;E3 rlCl \
Lri:...1t rtCts ;jf+Yt 1-2

Centrifuge Sigma, Sensitive Balance Sartorius, Water Bath Julabo ,

Incubator Gallen Kamp, Elemental Analysis perken Elmer- 2408, Melting
Point Apparatus Gallen Kamp MFB - 600, FT - IR Spectrophotometer
Shimadzu FT- IR 84005, U.V- Visible Spectrophotometer Shimadzu UV - 160,

Spectrophotometer Corning Colorimeter 253,Carbonate-bicarbonate Buffer,
Substrate Solution,4-N,N-dimethylamenobenzaldehyde Benzaldehyde, Ethanol
absolute, Salicylaldehyde Thiosemicarbazide,3-chlorobenzaldehyde,Potassiu-
mbromide,Copper(Il)chloride -2-hy dr ate,Ferri c(III )chloride-6-hydrate,Cobalt
(II) chloride-6-hydrate,Dimethyl sulfoxide. , Nickel (II) chloride -6- hydrate,

2-2,J-Jtl4,.} :
lLyL2,L3,L4l +lil+Js^r 'gr,till crEi& J#-hi - A

e U"U_ltYl crhr-l-cjJYl O+ jt-ll dSlsill 4!_rh r;l_,1tr_,1tS4-y-ljll el-ii.i". 6Ji-bs
. f l rr<llll q+Sj (l) cJSlt ( 2l)(+trJtS^r*jrr-t.ilt),ril+lYl d_rYt OJ.YI

(22) [M(Lr)Cln.nH2O] gr..lt cr [L,l sl*lll cllr&'r J#'ari -B
,  NiC12・ 6H20`  FeC13・ 6H20  = MCIn.6H20  ) ]

[COC12・ 6H20],[CuC12・2H20]
6ン がひ岬 |メ」6LIン ど。光iⅢメ |ひⅢ Ⅲl`｀』`メ'161ヽ

10^hJぃ もふ
。Ll」勇出6メニ」1山 |｀ 1‐ ^｀Loェ ‐ メ みり(1)ぴ釧 IJ

ALP ψニロlj興Ⅲメ |●Ji神直 J壺 ―c
【L`i`J carbonate― bicarbonate Buffer(0。 lM)pH=10｀ い

_声 」メ当 り畠≦ ´
ムRスlJl subStrate Solutionげ Lゝ |もnt411」メーズ60 mmo1/1)(4-aminoantipyHn)

.さ
′L_」 ALP ヴエ国|夕・ 哩メ1僣夕|●腱 ぬ戸 J(diSOdium phenylphosphate)

～」"“臨Ⅵ6二ずだ期'Iよξr4KndandBdidd～
メが―|いソ

こムヒ」|ど■戸エリ(510 rlm)、分メ J井 立
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( 5xl 0-' , 7 * 10-' , I I lO'; U'jStJiJl ,J, d_..--lt O.i frA ,Srl- r.:s^lt .+,Sltj5t-ull .r. 0.1 ml , i,+,i.i 11 6J,^:s^ll olS;Jt r_nj dlyl iJC.-lll,i-pt * TO;,

6rLJl ;- I ml : $iJt dAJr u," 0.9 ml u^ ey Jl oHaso -rr j irur r 6JG.^I
C ;y) ; a-.-3.t1 4+Jul gtS!+ .r-=Yl cJtilGYlL>, ,lr cts,:u .iUrLJi,-,.;r-r.UVf
5LiJlel+-r:ts.e ldl1,-r L+,Lt ,L2,L, c,ts;t r:+e ALp +r' oJG c.,ls, 

1t#ll & krli i-iJ*-l A*,tJJt ,-,-1 6J*;.-lr Ni(tI):Cu(II) , fe(ffi) , ColU; .+lGxyj
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-l+4 S ALP dvYt 4+lt , .J' DMSO +rr^lr ;i: a*,trr i_r qs_, cJsl et_.,rs. &x o*yn
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frofill jpni-Cl Cjii 4Jt !,rL llfiSiYl J,-&ll U^i e larjlri-J +tjf,JK.J-,-EIl 6lii.,i. u;.+ -,p3, 
E Lt1

,r+--9 ;-j:!i

ALP iliii 4*lbi,,Jc l#l'1l,'.1 &lril+$l -*. i: t-s
Serum ) ctG)l pr qt-. ef rJ+J^Jl ALP grclill iEdti-Jill dlY i++}Yl Ul*ill ct"S i
.(23,24)Kind and e_,rt tlsi-L dlli_e el-*ill: .Jb_!l rJ. aiEi- ejl;l ( In Vitro 

tffij
dJlS p-r6!l ora3 ( 4.31+0.52 - 8.51+0.221 U/l0Oml ) .x t*;yi 4J.L*iJl "'-ll-,! r!3

d iJ.-" ,J ALP .g:cli!l jb6ti-,Cl dlY i+^i-!Yl iJ. t*ill c!r,- O^,:
rlH t- cr=-ri-,;l $J , r:'il ' o e 

i,^i ..15l lPCl Ll- 1;JI JH*J i l-S .(26)OU)t
qJt thii-,L di.- ll .J. ei:- cJS e+ r:+:Jl u+:-r+ll jri3 i . ( 0.07 - 1.43 U/mg )

. (27)( Lowry Method ) t"e-r-d

61;Yl pr g!.-. qf ( ALP ) eli qL, ,+ 'oJ":-^ll l.6jlri-"j crlrrqll ;rt!i: a*,t-2r p
r6j , (1x10-4- lxlO-2 U;O+ "'-rli ijEi- -!sl-i r:c ( In Vitro ) ! q ( Serum )

, [co(La)c13.H2O] , [Co(L3)CI3.H2O] , [Co(Lz)Cl:] crl$Jl gi g,Eill ,-tir,

, Ni(L:)CL2.2H2O) , [Cu(Lz)C12.H2O] , [Fe(L2)Clr] , [Fe(L3)C13H2O]

[Cu(Lr)Cl2.2HzO], [Fe(La)C13.H2O],[Cu(L+)CL2.2H2O), [Cu(L3)CL2.2H2O),
a+^,,Ji 6iS: ( ALp) dli ,rJ' tt'l^ liil d,-ELi [Ni(L4)cl2.2H2o), [Ni(L2)cl2.H2o] ,

t"sqlc tl*lio l;oni: olriJt j! c._5.Li t-+ ( 45.5 _ 91.2% ).x u gst-* t rriillq3i"ll

d *y g l.s diYr *l' 
.l!ii" 

t;L a;t crlsts;lJl 6 \sli 1.S , (2) ,J:.+Jt ,C C+r.
.(3)cj-r+lt

Inhibition Type Study -L*illl g+ i-,ll Z-S

rii upl*,Yl irUl -.$-,! Li ( 1xl0-3 M ) '$j elsi-L dlJiJ I'Jifilt 3y a-t.lr i
( Lineweaver - Burk ) d: --,,;s1*Y iilc iJ.r :. ( 8x10-a - 1xl0-2 M ) ,.r+ c:lv

( 2) cJS- l/tvl o.;-r,Yt &tiill a-cJ* =rL u 1/[S] o"LYl ;rtJl -,1$-.p ..x LRelation

ey Oq ntiir..'Yl Jl *.f hAJ J+iii Y 43.8 (Km) 14ts ,# Lili eii3 (Vmax) i4it cJjls

r3-jl ct' Vmax : Km, Ki #''uti iJ, ( non-Competitive ) o."sts JP -lA 
LJiilll

. ( ) cJ::+ll i k-$r aiU,ll

“Ｅ
彙
〓
ヽ
つ
。く
．エ
　
ン
ニ

\wltqrtrt
rwalt;

”υ

t/tsl tuM')
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M.P.。c:193-195,Calc.%(Found%),C53.55(53.49),H
5.02(4.97),   N23。 43(23.37)IR:ν N―H3398,vC=N1620,
δNH21370,vC=s831 UV―Vis.:234,30411m

M.P.。C:170-172,Calc.%(Found%),C49。
17(49。 12),H4.60

(4.57),   N21.51(21.48),IR:(vN― H3400,vc=N1618,δ
NH21373,vC=s831)cm‐ 1,UV― Vis.:230,301´ rlm

M.P.。c:178-180,Calc.%(Found%)C44.92(44.89),Hゴ
.74

(3.68),   N19.65(19.61),IR:(vN―H3400,vc=N1620,δ
NH21372,vC=s831)cm‐ 1,UV― Vis.:238,362 nm

M.P.。C:151-153,Calc.%(Found%)C55.73(54.99),H6.50

(6.46),   N26.02(25.93),IR:(vN―H3400,vc=N1619,
δNH21370,vC=s831)cm~1,UV¨ Vis.:237,304 nm

[Co(L2)C13]

M.P.。c:223-225,Calc.%(Found%)C26.69(26.64),H2.22~
(2.17),  NH.68(H.62),M16.39(16.31)IR:(vN― H3398,vC=
N1600,δ NH21370, vC=S757)cm‐ 1:UV―ヤis.:う45,34j,b;レ 猛

[Co(L3)C13・ H20]
M.P.。c:206-208,Calc.%(Found%)C24.17(24.10),H2.52

(2.44),  N10.58(10.53),M14.84(14.77)IR:(vN― H3400,vc=
N1600,δ NH21372,vC=s78の cml,UV―

'お

.:う45,瓦イ野 2・孟

[Co(L4)C13・ H20]
M.P.。c:280-282,Calc.%(Found%)C30.09(30.05),H4.01

(3.99),   N14.04(14.03),M14.78(14.72)IR:(vN― H3398,vC=\r.yy), N 14.U4 (14.03),M 14.79 (14.72) IR: (v N_H339g, v C.
N 1604, 6 NH21369, v C:S 757) cm-t,UV_Vis.: 244 ,339,374 nm

[Fc(L2)C13]

M.P.。C:230-232,Calc.%(Found%)C26。 92(26.86),H2.24
(2.18),  NH.78(H.73),M15。 66(15.63)IR:(vN― H3397,vC=
N1609,δ NH21369,vc=s753)cm・ ,U二 Vis.｀ 246,341,:と :鳳

[Fe(L3)C13・H20]
MoP.。c:2H-213,Calc.%(Found%)C24.37(24.28),H2.54
(2.49),  N10.66(10.59),M14.18(14.16)IR:(vN―H3399,vc=
N1607,δ NH21370, vc=s768)cm~1,UV― Vis.:｀ 244,348,3と 6nm

lFe(L+)Clg.HzOl
M.P.。C:264-266,Cak。 %(Found%)C30.33(30.24)田 劇

~

(4.02),  N14.16(14.08),M14.12(14.07)IR:(vN―H3398,vC=
N1605,δ NH21369,vc=s76⊃ c五・,u予_Ⅵご251,32Lル 9111m

[Cu(Ll)C12・ 2H20]
M.P.。C:266-
(3.65),  N12.04(H.98),M18.17(18.01)IR:(vN― H3399,vC=
N1604,δNH21371, vc=S756)cm‐ 1,UV―▼is.:う45,342,3デ 3 rlln

[Cu(L2)C12・ H20]
M.P.。c:285-287,Calc.%(Found%)C27.68(27.66),H2.86

(2.83),  N12.H(12.05),M18.32(18.03)IR:(vN― H3398,vC=
N1606,δ NH21371, vc=S786)cm‐ 1,UV」Vis.:L48,345,3`5品

り

No. of Comp.

Ll

L2

L3

L4
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M.P.。C:242-244,Calc.%(Found%)C24.99(24.83),H3。 12

(3.09),   N10.93(10.85),M16.54(16.48)IR:(vN― H3398,vC=
N1606,δ NH21371, vC=S786)cm‐

1,UV‐Vis.:245,347,364 nm
ICu(Lr)Clz.2H2O]

M.P.。C:210-212,Calc.%(Found%)C31.23(31.16),H4.67

(4.60),   N14.51(14.46),M16.47(16.39)IR:(vN― H3399,vC=
N1598,δ NH21368, vC=S767)cm‐

1,UV― Vis.:245,338,379 nm
ICu(L+)Clz.2H2O]

M.P.。C:216-218,Calc.%(Found%)C28.10(28.02),H2.93

(2.98),   N12.29(12.26),M17.18(17.H)IR:(vN― H3398,vC=
N1602,δ NH21368, vC=S753)cm‐

1,UV―Vis.:250,344,357 nm
[Ni(L2)C12.H2O]

M.P.。C:237-239,Calc.%(Found%)C25.32(25.28),H3.16

(3.12),   NH.08(H.04),M15.50(15.47)IR:(vN― H3398,vC
=N1602,δ NH21371, vC=S781)cm‐ 1,UV―Vis.:249,343,348
Flm

[Ni(L3)C12.2H2O]

M.P.°C:206-208,Calc.%(Found%)C30.95(30。 90),H4.64

(4.58),   N14.40(14.36),M15。 14(15.09)IR:(vN― H3400,vC=
N1598,δ NH21370, vC=S770)cm‐

1,UV―
Vis.:247,344,371111n

[Ni(L4)C12.2H2O)

へ

・
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. of Comp. 年器
|.II‐ 1‐ |‐ |

二二二二型理亜亜璽正 I=FTT~
1文1011 7x10「

」
5 lσl 1文 0‐

4

V Inhル ・Ｖ krh.o/, 一Ｖ
lm10/。‐ 一Ｖ

Inh.°/c

[Co(L2)C13]
5。 86
±0.29

0。74
■0.32

87.4
1.17

±0.29
80.0

1.57

±0.39
73.2

2.27

■0.43
61.3

[Co(L3)C13・ H20]
4.31

■0.52

0.45

±0.34
89.5

1.14

■0.23
73.5

1.79

■0.21
58.5

2.52

■0.45
41.5

lCo(L+)Cl:.HzOl
8.51

■0.22

0.83

■0.34
90.2

1.19

■0.27
86.0

2.33

■0.26
72.5

3.21

■0。26
62.2

[Fc(L2)C13]
8.15

■0。26
0.77

■0.36
91.2

1.02

■0。25
87.4

1.56

■0.18
80.9

2.09

■0.33
74.4

[Fc(L3)C13・H20]
7.73

■0.35

1.35

■0.25
82.6

1.77

±0.29
77.1

1.89

±0.43
75.5

2.43

±0.41
68.6

[Fe(L4)C13・H20]
7.51

±0.44

1.16

±0.34
84.6

1.49

■0.22
80.2

1.83

±0.45
75.6

2.34

±0.27
68.8

[Cu(Ll)C12・ 2H20
5.53

±0.21

1.06

±0.14
80.8

1.50

±0.23
72.8

1.86

±0.27

2.15

±0.19

御
一６２．３

2.17

■0.20
60.7

[Cu(L2)C12・ H20]
5.71

■0.14

0.93

■0。38
83.7

1.24

±0.34
78.3 3.02

■0.32
47.1

[Cu(L3)C12・ 2H20
6.76

±0.31

0.87

±0.26
87.1

1.48

■0.24
78.1

2.23

■0.34
67.0

3.02

±0.38
55.3

[Cu(L4)C12・ 2H20
6.83

■0.185

0。98
■0.34

85.6
1.23

■0.22
82.1

1.78

■0。28
73.9

2.14

■0.35
68.7

Ni(L2)C12・ H20]
6.84

■0.27

1.02

■0.21
85.0

1.67

±0.22
75.6

2.33

±0.27
65。 9

2.63

■0.32
61.5

[Ni(L3)C12.2H2O) 島協 |
0.83

±0.20
86.91

1.19

±0.34
81.3

1.76

■0.33
72.4

2.19

■0.27
65.6

竪
i(L4)Cち・2H20]| ま協 |

1.10

±0.27
86 llf 2.04
±0.26

74.2 11
3.12

■0。23
606ll 4.08

■0.23
48.4
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Vmax
U/100ml

Km
(M)

Ｋｉ

師
Kindも,Inhi

lCo(Lz)Clz HzOl 3.71 2.22x10-3 l.87xl0-3 Non Comp.

lCo(L:)Clz.2H2O) 2.22 1.89x10-3 2.7lxl0-3 Non Comp.

lCo(L+)Clz.2H2O) 3.56 2.76x10'3 0.73x10-3 Non Comp.

[Fe(Lz)Clr] 2.23 2.31xl0-3 0.44x10-3 Non Comp.

[Fe(Lr)Cl:.HzO] 3.85 3.l3xl0-3 l.l lxl0-3 Non Comp.

lFe(L+)Cl:.HzOl 3.13 2.13x l0-3 l37xl0'3 Non Comp.

[Cu(Lr)Clz.2H2Ol 2.56 2.38x10'3 l.89xl0-3 Non Comp.

[Cu(Lz)Clz. HzO] 4.17 3.13x10-3 l.06xl0-3 Non Comp.

[Cu(L3)Cl2.2H2O) 5.88 3.22x10'3 0.64x10-l Non Comp.

lCu(L+)Clz .2H2Ol 2.08 2.08x10-3 l.75xl0-3 Non Comp.

[Ni(L2)Cl2.H2O] 3.44 2.68x10-3 0.62x10-3 Non Comp.

[Ni(L3)C12.2H2O] 3.57 2.94x10'3 1.75x10-3 Non Comp.

[Ni(L1)C12.2H2O] 4.34 2.77x10'3 0.67x10-3 Non Comp.
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{i-"-f*ll aJr il+-

i*niLft -.;l-t.hJl (.il+ g teil&-S +ljl+Jlsr+.,Jl,ljll slii.i,^ L*g.JJ+,arl

げυLめ ‐`…ぃ・
2JυL`ljり |｀r島i2Jヴロ 1甲い ハヽヽυ工1

,国1戸 ―凸叩 ■メ1挙―
"Ⅵ
Lい 1

・し口1戸 ―e」1挙―井ⅥLい
2

This study involves the prepar",,"" #?iJm:I*rivative from thiosemicarbazide and
their complexes with chlorides of transition metals Co(IIf , Fe(III) , Cu(III), Ni(ID as l:1
metal to ligand ratio The physical properties for ligands like, CHN ,Uv-Vis. and IR
spectroscopy were determined . The complexes were identified by measurement their CHN ,

elemental quantitative analysis , magnetic susceptibility , electrical conductivity , ligand
:metal molar ratio , Uv-Vis. and IR spectroscopy .

i.dslt
, Co(II) ;J" liijYl J-U,ll c.,l+-,rrlS 6" WlS,- 3 qljt-r.115^;-jgGll C,t" ;.iU^ crl.rrl<ll eti ;U..-: ,',-ill i*^:i
drhiqlll '''' i' 1 '''r- , i..,n-lill 'e ' ll- ,-u"+ i*l;.r3 -!s : sfj (1:1) t*,1 Ni(II) -l Cu(II) , Fe(III)
, ill^3 Uv. - vis. iF.i!]1 6re aJyl , ilr c,r+:i: cjt-,j-l JJ ajl-.b)t-, (c.H.N.) J,,-tj,J t9iGJl diJJl elJ+t+
q_ililt _-Lill ,rxll d[]sillr (C.H.N) *riJl JgJt dljlJtr otriiJl .-,. :..1l-s . (IR) et_.;".sJl .",-r iiyl
crlrfi ehii-L ellsr ( $lS;J : jli ) Lll" Cl i-.,^"jlll qJ)Cl 4$l{Jdll l;li.-ClJ a++}ttji^ll crl-ljll ue )-,hi

. a+-.,,iiJl 6Jg iJYl . irL, el-r.rsll ,',-1a*.i)l . iJL

亀 」:li`lL!|

山Lタツ1白 ど
山 |ヽ10ム ■ヽJ綸 (凸LJttυ巡■ リ ロ|)や ljいJし中 タロIJな ∴̂ 出 チ

山 |ヽ 1・ ム ひ こ≫ 」 メ 昼 J`(2)Jensen´ 口 |“ い い労 島
`戸 び

し(1)神出 ツ|

神出 Ⅵ 由1脚1山L夕|=M′ いヽ )[M(tSC)2]J[M(HtSC)2]+2な 口 11_JI山 IЬ 蝉1央」し 中 メ国 |

ゝ L』L Alぃヽ山 |ヽ 1‐ ス‖。早 ,|二国 に ぼ ム・ ∴ゝ |`き ,LJム ふ 出 社珈 亀 lυo」ゝ ひ ■ Jり (
な ナ‐ (N3)とぃり“籐

6」も 彎 メ |`りЬ″
～

■ L6υ_1醜メ Jゝ工い 出ЬJ cメ轟 |げいυ
.醜う|り。ギ |

|り
Jう い ■ IJこJり≦ S,N“ ■ い IJトツ `こ脚

|■饉 山 |ヽ印 」ル ゃ|ういυ氏学嗜J口 |【Jl、 n、

山 |ヽ国 も Lパ ｀ヽ・1●1卜彎ム事 山ツLご り `神出 ツ1山|メ1山L夕|ど 山 |ヽ `・
ム
醜メ ひ
|パ

《・』♂ 区 ,(3-5)ψメメ|メ|♂ 墨 Ⅲメ 16メ )_L」ゝ ぃ 脚 |～ム i

`J亀

出ゝ IJ,|メ |【゛
'ヽ
11‐ ∴ゝ|【 L、L札 |」oJ:な ぃり,[CdC12(C3H7NO)2(C8H8N402S)2]

.(6)c排出|ご腱♪《・ハ‖榔 ●勇」cメ|｀1・‖も央メ |(´‐ 3■沖錮|

:J“1く‖‖ぃ び夕 。■ もり国 |(IV)●メい出 山|ヽ 1‐ ス山_
工|メ リ(3-fluorobenzaldehyde thiosemicarbazone)● Jう り`ヽ■押,Lゃ :ヽ」|タリJJメ‐3
-3-い Jυぃ -2Jυ ≦ 井 -3Jυ ≦ Jり■ -2ど 醜増ノ」中 |-3J… 2ひ itttム 1)ハ I

り[Si(FBTSCH)2(LH)]C14と■」|【
´``
メ IJ`(≒t,」ljlげ≦メ■

工|メ 山|ヽいJ=LH)1`山 |｀10 JI。早 [si(FBTSC)2(L)]CI J[Si(FBTSC)2(LnH)]C12
4ハ 」|)●Jぅいりい ,日|=FBTSC`●りういりい メ毬増t口|タリJJ井3=FBTSCH`【 きヽ`
準 メ |げい リジー回 め二」lc凄鋤 |が ミヽ1.いヽ4J」1山 |ヽ 1・ J`´、ハミ̀ヽ 。(3J2=n,● メリメ
禅|ういっい ,日1口 11・1ム ●1ご、りJ、

～
ェコ16メ 1・ `iゝ IJ.|」燿ヨ|【 、́ヽ1 lo.1,ltと 、LJ亀二Lメ |

ご腱 CドLtt Cコ |ム 乳」日lcコ |ヽ
1‐ 』 めIJ`ム 1`11く こν.JLじ 山|“喚oさⅢ ι出 【きヽ1工 |メリ

。(7)こ J出、」|

"
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り
“
ツ|ンロ |び

～ ど
り|‐■ljヽり卿 出IJま ネ̂´町メ≦

げ 」さいIJ′`

`[M｀ (L)2X｀ 2]n｀ H20`[M(L)X2]nH20とメひ 山|《
‐̂山メ^

りCO(III),Ni(III)=M｀ りCu(II)=M)● |]`[M｀
｀
(L)X2｀
｀
。2H20]H20

Ac,Cl=X｀ ｀りCl=X｀ りBr`Cl=X J Ni(III)`Cu(II)=M｀
｀

(2`1 =n｀ り3,1=nJ 4-phenylbenzaldehyde thiosenlicarbazone=Lリ
云・ 、キツ|メ 、へ…ヽと`1‖ め,le.1'|‐ J～■出|ム=Lゝ

|。J→ 乳コ|りぅ」:兆bひ ● |ヽ10A‖ 。ゝ `´ "^ミ `i

♂
腱
ごツ ●勇 [M(L)X2]nH20こ 」 ひ 山 |｀

10A‖ Jtt J c■ ご国 l doJ`・ |ク」 |`ヽ
1ヽ

。(8)cJL」 |

M)● 11[ML2][Y]`(2り 1=L)● 1ヽ [GaLC12]私口|た■」|● |も山|｀lo^●)基 t`巡
J国 1社Lメ 山|ヽ1‐ JI●ゝ 【́Lハ ミ̀ t`(PF6`FeC14=Yり (5-1)=Lり Fc(III),Ga(III)=
山|ム 山|《‐出 ●|ご国 ld。り(NMR IR,W― Vis)岬 |`メ ひ エ リン L。‖JJ
[ML2][Y]ヽ指」1山 |ム 山|ヽ

lo J`Jヒ バめ、♂ `6ェ
ロ|どナ |メ X鑢 』k^1[GaLC12]亀■」|

.(9)こ JヒJξ喘d鮎
り 1ム・

1ヽ JJ:光、 こン ヽ 」メリ |り 4≦日|●ツ1●」IJ亀 中し 山彎■≦ ゃ|う りヽい タロ |●111.ヽ J● 1

け  中  ♂1 贔LメIJ ´|ンゝ ひ ‐  とり1 ■L ξ
ム■全主)J山 |工 1、 “Aく 。い リメ IJ Ⅲ メ |じ■ もJ国 1山い メ |´響 d“ LI戸 壺 .(10)●t」ソ|

口 11・彙ム祖腱 JoJ J(NJ S)と 」 い 出メIJげ国 しさコ 1山 |ヽ 1‐ ^JJ」 |メ 区 りヽ_メ墨
。(H,12角 脚 |●Lメリ ど 山 |(‐

Aい
タ エ リ央 うK中 タロ |

出 メ Jめ 、総 ゝ ぅJ-2)い メ |た― LJ● LJj、」く̂ l・・・Jユコ|ユ 1ム▲i Ct,ごL」

諄
jJ cL率

ξ 神
腱 甲 J区 ,´りJ加 Jムムく ぃ |ヽミlJ■ 隆 !ひ (●り央 」し 中 メ

。(13)ヴエロ|ルメ|

“

」|♂|力 ||メ |

,4-N,N―dilnethylamenobenzaldehyde lBenzaldehyde, Ethanol absolute,Salicylalde―

hyde Thioserrlicarbazide,3-chlorobenzaldehyde,Potassiumbromide,Copper(II)Ch10-

ride-2-hydrate,Ferric(IⅡ )ch10ride… 6-hydrate,Cobalt(Ⅱ )ch10Hde-6… hydrate,Dim―

ethyl sulfoxide,Nickel(II)ch10ride-6-hydrate.

Gallen Kamp卜個FB-600 Melting Point Apparatus,U.V一 Visible Spectrophotometer

Shilnadzu W-160, Atornic Absorption Flame Spectrophotometer GBC-933 Plus,
Magnetic Susceptibility, Elemental analysis pekinEliner-240B Spectrophotometer

ShimadzuFT―IR8400S B■lcker BoM,Molar Conductivlty LA55

由|■1く `ttl声 .1

♂ 準
Lリリツ1出 |ゃい 」ツ|ぃ (14)メい 1螂 |～鼻 セ|ういりし 中 メロ|●

111、 1ム 山メ 昼

」♪響oJ夕 loo mlム…ヴメ|ぬ

`υ

Jう ひむわ ]。 (や|タメ■リロリ♂岬yl JJゝ |ン｀|

JヨIJ,■ yヽlとぃ(25ml)督 |ヽJヨい|タメ■リロ|ン(l gm)th｀くA」!Lメッゲ■1・ ^
増い」ツ|い                       (5ml)J!嗅 ■IJ,
辞 L6」 い」♪ びメ |・`・ハ,J日 IJ」晦Ⅵ Ⅲ 25mlξ 甲|コ|いい Jり |)JLリリツ|
山‐ b叫 J【

1゙ヽ tヽり
督鼻
|● |り押 |り昇 も 国 り Jυ争 び J」ヨ

|い・ ´メ 」 |■メ |げ

。(86%)ヽⅢ 61り聾J」勇り1/Jコ IJ」 りヽぃいリユ
6ナ さ♂ごLリリツいしNツ |ジメ 6し |ン ど。光IⅢメ |… `メ

|ゝ● |ヽぃ |」ぃ山井
。(1)」J却|♂Ⅲ メ |“|メ |け‐ 絆 区J

ぬ
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Ⅲ メ |ゃリメ い (0.0027 gm)lX10‐
3M亀 L.ぃ [Co(Ll)C12・H20]《・ JI二澤ヽ

(0.0019 gm)lX10‐
3MJ!脚 日 IJ」曝Ⅵい 10 mlひ 甲|ヨ|(COC12・ 6H20)JLll

ξ びメ |どおJ。 (1:1)●■ 」国 IJメ曝
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富 亀罵 1輝 職 :難    臨 |五 1撃 肝 :難 ポ 協
。(1:1浄■勇ツ|
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1渉 絆 逼 tl夕 ♂ °光 i～メ lo■ ヽ Li』
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(0.0016 gm)NiC12・ 6H20`FeC13・ 6H20(0・ 0027 gm)=MCine6H20)J`6ノ い

“

|メ|´中 (2)」J撃|ひ ι中 区 (l X 103 M)メ♪ (0・0024gm[CuC12・ 2H20`
。3)あ」1山 |ヽlo A‖¨ メゝ |

糧 出しび国 |
櫨 lゝt L,■ 山国
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ふ り `(6)」J却
lξ 静 区 (1.78-2.10 BoM。 )

。こ鼻出|■腱 (II)o試ハ」|

●申 Lこ 」メ い 国 I Ⅲ h“ (II)がJ山 |(OJヴ ■
●
=』 rメ|´ ´ |メ 1リ

山 |ヽlo Jじ」曇J二 出 Fメ|●´こfご1■ ふ J`(7)JJコ 1督|“ 区 `(4。21-3.91B.M。 )
。こJL」|■腱 (II)さり |

山|ム 神ムが
ミヽ1■
り(DMSO)」■ ジ島 J■ ごじ 望 Lび 毎響叩 16メ

五0・｀

'|【

LlLげぃ ´

♂
1山 |“即 |」 (3)JJコIJ(2)J釧 |ひ 二 ｀ 1・ 亀メ 16J♪ ヽ υ。工 J cm(1)勢

:ひリム州lυげコ1・ ^1｀o♪ uメiL戸 ´
とぃヘメリ」ご盤ツ1山

y出ッI JL“ ♂ |り (230-238 rlm)碑 6J_戸ヨ 111鳳』僣́ 出し鰈 4ハうヽ -1

こ」

」 C謝 辞 )脚 ｀ J。メ 16J“ツ1山り出 |ふ J Ⅲ JJツ 11■ ‖ヽ。メ ♂ |(π → π
*)

。(21-19)C==S

■リメlⅥ 山り出Ⅵ」」びし(301-304 rlm)融 6り押 |ム

`L｀
』J●メ 亀ゝ -2

.(19-21)C=NJC=S´ C夕中 出。メ ♂
llJ(n→ π*)とメ

“

▲
´

い
。Ｎ
　
　
　
Ｏ
．ヽ

　
　
　
い
。
【
　
　
　
〇
．
【

∽
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い
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e 200 300 400 500 600 700 800 900 1000 ll00o 
Ll slsJl41-rll - iir..,i!ll 6,s ilYl ' !L ' 2- #.i

,rJrl ,.+_ ._1" cjrt r- a-lj! U crir- crlrill o-L-3"1 r;r= Oi , ( 3 ) cJsi,ll .-r lJlJ i!

crJ:..*JlJ d:-tSlyt q+Sjll J#J.l J! cIi .S-Fi-, l+Jtl i ( 40 -10 ) -21$- (elJ,"s a-lj!)

n + ++:_,,3SlYl ciYti3iYl J! e>ll orA J3*i il Ulill crU3,iYl 6^ Qi-ts $e cJl$LsJll i ilJ.ll
rr ej..i.l cli::l , iru J! .:- i Q79-357) .:.-+ 6+r+ e> -,,xl; dllS: 7c + rc* -yn*

. jlill J! slsl+lll
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200 300 400 500 600 700 800 900 1000 1100

[Ni(Ll)Cl2.2HzO) Ji'-l] 4"6J ll- iii ';trll J3s AJYI qi"rt : 3- drs^i

,Di,-* dllrj r6l:-,Jl Ol.:il| ,J-+i.i3l rel-;'".J| ,',-i a,-iYl iafi,''-rll lin ,J dr.\:.i',.1 l.S

L+Jl r.-l3X i..'1", lJ.i^Yl oljljiAYl *i Ct*-, . 6J,^-a.-ll drhill .iLrti+ drl$l^S;Il .i!ti fu-.,tL

: (22Y5\l e.l+^ll-t crl_,11_,1ial 
"J' -lsJjll i .! , 6J'.:--ll crhiJlJ drl$qxl q53

u (C:N) ac ..+-ll-t^ ot;t3iat -1

;l,ii]rfrll:lllil 3

u (NH2) a.er^Jl ,rljljiAl -4

rlc, dJl$l<Jlll .,r (C:N) ie-r-+ll -L. crl_,;1-.;ial cr:+L3 u (C:N) ieJrr+.Jl .hr sljljiAl -1

9 1^S e ,:lri,-ll alt...J ae-."+^ll orA # rtrliIl!-\-1, ( 1618-1620 cm-l ) crr^ll

rJJ+JJSI i_,r+ -rlill-ttiJl .-J' (C:N) 6J'.-Vl.t" j 
"r:lii:Yl 

hA d+ , (8) cJ:+ll ,,s ey
. (25-23) (C:N) asr.-l i+ull

A-$ll $e crlsl-Sjll d (C:S) Ae .^-.ll-t ol-,)l;irl c, +t :o (C:S) AeJ.-ll.he ot3t;r:at -3
cj:.+ll ./ g..J. j X , \e;? crlrill d Lli crls.! J-j 4^$ll oj6 ,-,-Jji , (831 cm-l)

. (26)(C:S) 13.;-t a*J,ill +JSll ;-.r+ -lilllli-.rl & .J+ lra3 . ( 8)

.uc, crlst^S;Ill i N-H) al,j.+-ll -t &ljljiAl cr;reL :o (N-H) AeJ.+.ll !. crliliE^l -3
dr 4+j li ol.U crt ,':.Jl 

,s, ic ."-ll ou p;i Oi l=-5J , ( 3398 - 3400 cm-l) cr.l^ll

N-) acJ,"- Oi ,+ d+ k , (8) c;;+ll .t' e-_r _eo l-S r 6_l:s,Jl crlsls;ll .iS./ k i,
.(27,26)jiliJl H cl-'lslt ef dlJiii C (H

a*ijjl orH2) ,j'_r- csr=! L; eliiil !-\:o(NH2)ieJi.+.ll c,'liliEal -4
t l4*.,.U 6++ L-tn. -,,r+tl , ,.r jrl$ #-1S.r ,:,:,'.J 6J*ie.s-oll crlst-!$l f +l-11+,t!.:,y.Ejl
(1370-l373cm-t)a.:^ll rrc .eSYlQrIHrI-r* ol_,lljrUl c._,rcL l-ipr(Q:Nlt'-r+.lt

ef g*.J^ 3o L5 , ( \E Clt sl )J*tl3 CisJ"iJl ou 6;s Oil-J 6 '::^ll crlri,-ll *,s:,
u1.729,28) ( NH2 )ae.."+-l &.,.Ell rJ++rJiill 6-.r+ L$; C -!itt Oi ,+ r.J+ k (8) cJl+:t

. o)-cl ol-11-.liaYlaiK 4+ cx* Ll \l<Jll FT-IRd! dit dr#J ( 4 ) cJS^tJl
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) d+- (M-X) A'-.^.ll 1". dJljljsAl Ji ,it : D (M- X) ieJF+.ll .L. eliliial -5

J U*Ljll r q:.:Jl r ,-,lJFl ..lhi,-" ) tirl.- 6 t:--ll crl$Jl C+^+ .,9 Jell ( M:N,S,CI
!,:r {rsr il"-:i. -ri 4iJ,; Lj' ,.JS.i J' -x}:l ( 286 - 390 cm-r ) o} l-" ( ,J<",it

Y ell:l-1 400 - 4000 cm-r ; a'''r" t1 ,)tx;Jl .9:. JJSI lJliij . (r86-184)iJi .rF O!-)l
. lra ltr- j j 6 '^.as-ll .il ,:- .tl cf LFI oiA aJ.r). as.i

（
一・

^
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il- UinYl JEUJI urar C. kjlieJ lljuJlsajlElr 6l.i..i. ++ -!-:.i

.Ll) dJl:il<tnl C" i '-bJl crhill aJi e-:jl 4:Jt+j+ill: at-ll: :<lt crL!6ll e.iEi -Jc l:l-ic 13

tl, Ni(ID _r Cu(II) , Fe(III) , Co(II) cJl$ts-ill dlL-il 1]9ri,:p c.,'-,eLi (La jL3 ,l,
Lq,Lt, ) dJlliLsjill Ji li-J j!, ( 1:l ).r'.il+Xl : jilt r+; ;,i 4lJUl i.,-,:il i-,lJl c., tl.i
i_,rl &_rL cr ( bidentate ligands ) +.tt ;tS ds.tu 4JtiliYl '.-U'.ll olq_.)3K 6. t3-ti:: ( L1

dt3 ds.i+ A-iull d,l$Jl (.rF ell+; ( C:N ){-cJ.+- a'J+3Jij 6Jir ( C:S ) A-c ."+.,"!JS
: riYl ds.i,Yl j lx C-J.JI

OH。

〔M(Ll)C122H20]

[M=Cu(H),Ni(H)]

ヽ
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｀ Cu

c1/1「

[M(L2)C13]

[M: =C。 (HI), Fe(111)]]

II(L2)C12H201

1M=Cu(::),Ni(H)】

(廿identate ligand)●」|びゝが■り出ツ|ジ」コ|`|ゃヵ≦

“

6Jご呼(L2)｀せりl Li

)をメ´めぶ」3υЬJ(C=N)をメいい J´
`メ
リ(C=S)t～Ⅲメ 6り み`メ´

:■ツIJ」銘ゝ |ひいこメロ|コ出が■(L2)」卸 |“ 」`」|● |ヽ 1‐』め́ 、ぁ(0-H
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与 ふ 劇 r井 ム■

■リメ |“|メ|ひ‐ ど ご回 社メ |■副 |り (coHoN。 )_戸
国 い 」IJ国い■1:Jり■

鳩蘇(mm)

Elemental AnalYsis
Calc. To (Found 7oNo. of

Comp
Name of Ligands Co10r M.P.°C ｅ‐ｄ

％

Ｙ

C H N

Ll
Benzaldehyde-3-
thiosemicarbazone

white 193-195 89 234,304
53.55

(53.49)

5.02

(4.97)

23.43

(23.37)

L2
Salicylaldehyde-3-
thisemicarbazone

pale
yellow 170

172 86 230 301
49。 17

(49。 12)

4.60

(4.57)

21.51

(21.46)

L3
3-ChlorobenzaldehYd
3-thiosemicarbazone

white 178 180 82 238,302
44.92

(44.89)

3.74

(3.68)

19.65

(19。 61)

L4

4-NN-
dimethylamino
benzaldehyde-3-
thiosemicarbazone

bright
yellow

151‐ 153 76 237,304
55。 73

(54。 99)

6.50

(6.46)

26.02

(25.93)

6)五コユ1山|“団

■ゝ メ |“|メ|び‐ どご|メ メ` |∵副|り (C.HoN。 ) 井
L」●諄」1凸L」|:2-JJ:い

3)ムvユ1山 |《‐ム`1

Ele面ehtal Analysis

cal.%(found%)No.Of
comp:

Complexes Color M.P.。C
Yield

%
C H N M

la [Co(Lr)Ch.2H2O]
deep

brown
215-217 58

26.47

(26.43)

3.03

(3.01)

11.58

11.49)

16.25

(16.19)

lb [Fe(L1)C13.H2O]
greenish
yellow 231‐ 233 83

26.70

(26.65)

3.06

(3.02)

11.68

(11.65)

15.53

(15.49)

lc [Cu(Lr)Cb.2HzO] green 266-268 り
，
ウ
′

27.45

(27.42)

3.72

(3.65) (

2.04

1.98)

18.17

(18.10)

ld [Ni(Lr)Cl2.2H2O] brown 191
り
，
ハ
ン 67

27.85

(27.81)

3.77

(3.72) (

2.18

2.11)

17.03

(16.96)

2a [Co(L2)Cl2 HzO]
deep
green

223‐ 225 76
26.69

(26.64)

2.22

(2。 17)

1.68

1.62)

16.39

(16.31)

2b [Fe(L2)C13] green 230‐ 232 56
26.92

(26.86)

2.24

(2.18)

1.78

1.73)

15.66

(15.63)

2c lCu(Lz)Clz. HzOl
deep

brown
285-287 78

27.68

(27.66)

2.86

(2.83) (

2.11

2.05)

18.32

(18.30)

ｄ

　
　

　

ａ

２

　

　

３

INi(L2)C12H20]

[Co(L3)C12・ 2H20]

blue

green

216‐ 218

206-208

３

　
　
　
３

６

　
　
　
５

28.10

(28.02)
24.17

(24.10)

2.93

(2.89)
2.52

(2.44)

12.29

(12.26)
10.58

(10.53)

17.18

(17.11)
14.84

(14.77)

3b lFe(Ls)Cl:.HzOl 的
ｂｒｏｗｎ

211‐ 213 71
24.37

(24.28)

2.54

(2.49)

10.66

(10.59)

14。 18

(14.16)

3c lCu(Lr)Clz.2HzOl yellow 242‐ 244 64
24.99

(24.83)

3.12

(3.09)

10.93

(10.85)

16.54

(16.48)
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3d ENi(L3)Ci3・ H20] orange
237‐ 239 77

25.32

(25.28)

3.16

(3.12)

11.08

(11.04)

15.50

(15.47)

4a lCo(L+)Clz.2HzOl brown 280‐ 282 ξ
υ
０
０

30.09

(30.05)

4.01

(3.99)

14.04

(14.03)

14.78

(14.72)

4b lFe(L+)Cl:.HzOl green 264‐ 266 64
30.33

(30.24)

4.04

(4.02) (

4.16

4.08) (

4.12

4.07)

4c lCu(La)Clz.2HzOl
deep
green

210‐ 212 Ｏ
Ｊ
く
υ

31.23

(31.16)

4.67

(4.60) (

4.51

4.46) (

6.47

6.39)

4d [N(L4)C13.H2O] 的
ｂｒｏｗｎ

187-189 69
30.95

(30.90)

4.64

(4..58) (

4.40

4.36) (

5。 14

5.09)

Ll- tiijYl J€U'lt U-b+ C. t43l rtuJ qljta-,1t5.p3r,till 6tii.i. -td.f r+.erj

..+- 
-9 J;i 3 -l-

山|ヽ 1・劇■りJSⅥ ■出ツし (cm2.。 h田
■
.mol‐
1)ヽ
リツメ |■|メ」1準メ1戸 :3… Jりヽ
DMSO宇‐ぴ 6,おヨ |

No. of Complexes □max(rlm)
AM

cm2.ohm-l.mol-l

「Co(Ll)C12.2H201 242,345,377 0。 17

[Fe(Ll)C13・H20] 243,341,363 0.26

「Cu(Ll)C12・ 2H20] 245,342,373 0。 17

[Ni(L1)C1:.HzO] 247,343,369 0.21
「Co(L2)C12H20] 245,340,358 0.02

[Fe(L2)C13] 246,341,363 0.35

[Cu(L2)C12・ H20] 248,345,365 0.05

INi(L2)C12・H20] 250,344,357 0.19

[Co(L3)C12・ 2H20] 245,344,372 0。 10

[Fe(L3)C13・H20] 244.348.366 0。28

[Cu(L3)C12・ 2H20] 245.347.364 0.52

[Ni(L3)C12.2H2O] 249,343,448 0.12

[Co(L+)Cl2.2H2O] 244,339,374 0.09

[Fe(L+)Cl:.HzO] 251,342,379 0.23
「Cu(L4)C12・2H20] 245,338,379 0。39

INi(L4)C12・2H20] 247,344,371 0.07

汁
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ひ 国 |へ押 |… (II)Ⅲメ 1山 |《・
J:L出 1■ A‖ 山L国 |こ

i+-'-S*ll fre il-

:4- d:r+

蝉、ユ1山 |ヽ
1‐ J亀」日 ふ`JI山L国 |

ぃ国|へ押|… げ国 |● |ヽ 1‐ J… 1・出山Lり | :6- cJ::+

い い ヽ い )脚 IJ週 曇 日 は 岬 ♂ f‐ 」J■

6 !6--ll drhiJlJ cllri(.rll elJ,.-ll cr.i ar,i,Yl '-il+ti:8- cJJr+

NI:olCIⅢ111■,

NOI‐11‐CIⅢlloXel

Cu(Ll)C12・ 2

1淵:滞■

L4)C12・2

|ヽ:ofCO輌
「

,N=HI‐ | ONH」|■
Ll 3398 1620 1370 831

L2 3400 1618 1373 831

L3 3400 1620 1372 831

L4 3400 1619 1370 831

「Co(Ll)C12・2H20] 3399 1602 1373 754

「Fe(Ll)C13・ H201 3400 1607 1372 759

[Cu(Ll)C12・ 2H201 3399 1604 1371 756

「Ni(Ll)C12・ 2H20] 3400 1608 1372 757
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fCo(Lz)ClzHzOl 3398 1600 1370 757

[Fe(L2)C13] 3397 1609 1369 753
「Cu(L2)C12・H201 3397 1600 1369 75s
「Ni(L2)C12・H201 3398 1602 1368 753

[Co(Lr)Cl2.2H2O] 3400 1600 1372 786
「Fc(L3)C13・ H201 3399 1607 1370 768
「Cu(L3)Cl,.2H201 3398 1606 1371 786

[Ni(L3)Cl2.2H2O) 339 1602 1371 781

[Co(L+)C12.2H2O] 3398 1604 1369 757
「Fe(L4)C13・ H201 3398 1605 1369 767

lCu(L+)Cl22H2Ol 3399 1598 1368 753
「Ni(L4)C12・2H201 3400 1598 1370 770

U. liX)l J-tnll o-+ e L43l ri- U alj!_ltSap3r-t3l slii.,:E Uh+ Lj.:s:

“
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The present study aimed to select plant extracts or rnixture of plant extracts that have

inhibition cffect on Cancer cells from untreated chronic myelogenous leukemia(CML)
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ab

O.1503±0.024

ab

O.105± 0.013

cde

42.69±9.34

d
33.67± 7.01

a

25.99±5.84

ab

17.36±3.17

a

22.33± 5.28

0.0

1.0

10.0

100

0.65

MTX

74‐ 55

、1,1出 | Jメ|メ|い脚 ぶ 5、ヵJL“d」 |

(CML)rl.>Jr qr+rll arll "r:L-sY 
ir.Jlilll lJ)ill ; i4t4tt ot -li:*ll gaa Jr,:E i-t-,p

JFt&lJ JLrjl

cltiill H..a J i,.j"Jl d+eLijJl fJl Ubti#l ´ メ 社燿 1準IJI
`::J:〕

'[J卜

!`ョ h」:ユ |

L国 |

:5‐ 」J■
bL口 |尋り |

び|コ1許
“
炉 L

dlll413+ €ul -HJ[ll 6r g3iu4i.! r.p.ssrrr j$l-ill iF €i g.L,j,Js.!t LisJJt sJS.g

(p<0.05) 4Jl.3rl 6fu $e dJFll
DHFRirr, . .Ll+{ll,ltj3 (3Jjcl dlsl 6J*rl ADA 0*.'.*ryt ry r.rrJt i.lt.;t p.,;t

grl:t-Sill dqdl CArrog,,J..r..;Sll eJll Mls&}rill tl,"iJ)l &t .l BIrgoOYl durr3ll &lr-r -
RI&t :3ll &lr.S Sc[d*i..r,ll

.i,.!l qlreB,iil prll (Fl,' lrl ,it iifii"tt LJ.dl &UiIl 4r.,r,-.1'r)l cDl+lrltl -
-rL; ( o+_r: + . ii$r . iJSr ) ADA I DFIFR ,,jJJ!y lpct LI.l-ilt (6) dr+tr cxl
61.+l -l ai$i-ll iSl+llr._l sJl+Il CJJ.ll+ cLlr- .rrc, DItrR p;-.,1i1 crJi,-o si"Ls*:lJ 

"u"Ui:Yli.rc,Loi.ll -!Sl_iil+ t;)ill aLU- r.io o.clill ADA fijjl Ll.l,s,",-il_,;l UF d . 4+J,"*ll ol-rill

. qrjt+Xt 6!t cr.

72

▼



押 |″国
ポ 1営 」r覇 選

R J ADAび ■ J伸 L←い
は
・ 醐 a角 L口 |工 社 川 1白国 1甲

“
J

ADA DHFR メ メ|

(μ」ml)
fudraiilr

Bcde

O.506=LO.073

Acde
O.580 JL O.0627

Abde
O.645± 0.054

Abce
O.645■ 0.054

Abcd
O.269± 0.0455

bcde
O.354■ 0.029

acd

O.277Jヒ 0.023

abde

O.221Jヒ 0.0158

abce

O.1745± 0.0192

acd

O.263± 0.036

0.0

1.0

10.0

100

0.65M]EX

34‐ 14

Bcde

O.435■ 0.098

Acde
O.521■ 0.101

Abe
O,603■ 0.091

Abe
O.663■ 0.117

Abcd
O.223■ 0.0386

Bcde
O.396J=0.056

acde

O.315■ 0.044

abde

O.252± 0.031

abce

O.192■
‐
0.031

abcd

O.282■ 0.044

0.0

1.0

10.0

100

0.65 MTX

54-35

Cd

O.313■ 0.101

De
O.420Jヒ 0.087

Ac
O.483± 0.087

Abe
O.583 JL O.076

Bed
O.173■ 0.093

bcde

O.54± 0.0361

acd

O.383■‐0.0322

ab

O.283当 0.0451

Ace
O.223■ 0.0513

Ad
O.35■ 0.025

0.0

L0

10.0

100

0.65 MTX

74-55

。♂り|ル メlメ|“ル が出 6メロ'"1・亀メ
1

中 1出id≒ じコlエメ|“じ」"こ
|ミ別 砕 メ|メ

'夕
fl“中 lⅢメ lセ用  ‐
。(P≦ 0.05)ヽL=I`メ“ り善

HFR(■薄メ」 |´饉
`或
押l JIJユ l←J'ADAむ 畿

"謝

l“ むバ i亀りi.Jl _

ヽ

73



"

(cMl)dFi.ll siJcE 
jjl dll ur.t+#Y lJlilll l+)ill ,/ i$+nl 6l--l:3*ll .1"+ ;38 Ltlp

JF.t-lJ JLrjl

. i,"!l s+lAjll prll sfit'lil ,*.y&ul3 JuSSl LJill +St,,,.dt cDlJrsJl

;,u-L- ll U-ti..'i)l ar-,ill+ &UYIJ -l-6.11 o,lc3 +^ C1g ,!l-,rrll : (7) c)l+Jl etI C+y
(PSo.o5) Ll. lj-l dJi.^. r:c i-i[-.ll c.l)-lJl U# 4+Jlri csls ct^-r ]l .,j;cli'ill pJl qpt;p.l;
alrll ,r 6.:sL-ai.o j$lJll l.e.cl,:il $orrLJir-rfl;tiijl "''' ilil $.:l-.;r-,3r"ll 5.+ rJl !l e

9.J v

。,い ヽ許 J出ⅥJリメ釧許 押 ♂ |

島

“

メ|二,tヨl eJ´晦 1辞″ 占uし
"sコ
乳J」1尋|」|めい」|:7‐山■
al+ilt drtsliS.rll ej+ el.b.dl

。JIメ1許 メ|メ|いがメさお リロ |もメ塾Ⅵ■リメ |―

メメ|♂ f井 めメ。分」酔 メ|メ|い ヴ|ど もメ y■リメ |いリー
″夕IADA●押鼻。ツ|い い。ylコ |ぅ|″夕|(P≦ 0・05神

1バ |ヽ`メ嘔
“
■饉メ |

DHFRぃ、リリ秋||ご饉

ヴJ´リメ |」。国 I CAげプメリメ |むりI MI押 |ド …“
増1出し BIげJ♪IJメ|ひし ―

RI【
LJ`バ‖出し J SCEJ釧 |

押 |″ 国 leJ“噂 |´メ 出 しが コス彙 が 1岬 |‐

J(び〃 ■́/苺°・3ヽの 6」L ADAり DHFRぼ Jツ 午 メ 1神国 lc■,(8)JJ却 |

3メ響占Ψ嗜JLびメ |メち13当ぅ工●出さJ DHFR僣夕14■ び叫へヽJJ JJこ と`り|メ墨
。びメ |ヽメメ6当うどい導 `゛

いる1」 壺ADA″夕1尋腱LI神日 |

▼

出ムJtA,`ユ |

錮メ|」井 |

74

RI SCE CA MI BI
」 糖
`tメ

ロ|

ru」ml)
tギ響 1

De
83±0.085
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de
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acdc

7.389± 1.27
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ab

O.154± 0.0411
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34± 0.061
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9.28± 1.166

acde

7.51± 1.435
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ABSTRACT
This study aimd to show the effect of carbimazole and fenugreek in functional and

histological structure of adrenal gland in albino . 15 mice were used and divided in to

threeequal groups. the first group was given carbimazole orally with adose of 0'lmg\kg

for 28 days ,The second gro,ip *as giue-n adose of 0.02 mg\kg of fenugreek.solution for

2g days orally twice aa]ty ,*it" tf,e control group s was given whith physiological

solution then the animals-were sacrified and adrenal removed , the results were aS

follows :

1-Asignificand decrease in adrenal gland weight in carbimazole group

2-Asilnificand increase in adrenal gland weight in fenugreek group was abserved

compard with control grouP .

Histological light microscopical studies showed the following results:

Histology change observed in to adrenal tissue: in fenugreek groups was observed

significant ingr.ur.- in the reticular zona and decrease significant in the fasculata zona

ani obse.ved-significian decrease in the reticular and fasculata cortex with carbimazole

group.
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ABSTRACT
Extensively for their ability to protect organisms and cells frorn oxidative dalnage

many researchers on Ellagaic acid and grape seed,green tea,and the ta1l ofthe horse

appearto be e]bctive against the process ofoxidation.

The work of a combination dmg,contai」 ng 40mg of the extract alcohol Ellagic
acid,100mg of alcohol extract ofgrape seeds,100mg of alcohol extract green tea and

10mg alcohol extracts ofthe plant a horses tail.

Having exalnined the toxic effects of thrce different concentrations of(0.75,3.75,

18。 75mg/ml)on labOratory mice by the dosage by mouth during the month of the

expe五rnent.

Sllrvey results showed that no changes in the chromosomal gene,which shOws the

effectiveness and efflciency of these extracts and the absence of signiflcant

differences compared with the control smple, indicating the possible use in the

treatrnent ofcancer.
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ABSTRACT
Thc best promising technologies in renewable energy is solar energy, which reduce

envirolllnental pollution,especially in lraq,which is one of the wealthiest comtries,solar

energy.Lighting system has been borrowed from the Ministry of electHcity/Middle

Electricity Department for the purpose of fleld study of the impact of dust on the efflciency

of the system and chooses the best anglc to put the solar panel. I)ata have bcen recorded

directly fronl the system control panei for each of the current system and the charge cllrrent

and battery capacity and the nllmber of hollrs the battery charge and nllmber of hollrs of

battery discharge oWe also taking the weather state  , the actual number of hollrs of

brlghtness,tempcrature and the rece市 er radiation of August,where the emciency of the

system between(95-99%)in the days of continuous dust while the efflciency of the system,

ranging from(99‐ 100%)during the sllmy days.To select the best inclination angle of solar

panel from three angles(60° ,40° ,35°)readingS were taken ofthe cllrrent and voltage dircct
fronl the solar panel during sunny days to calculate the power and efrlciency, wherc we

found highest power and efflciency at an angle(35° )。
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♂
IJ■|メ |【 ι・Jメ 1甲メ りヽ 6Jlジ」1山ぃりoこLJJ■ 叩

`1ヽ
・Jメ|へ■日 1山|メ」11ヽ ふ

ユ■ Ⅵ メ■ ニツ|●り■も寛卜 Ⅵ 亀tLll JJ、 一 が
ミ`
・ Jひ ごШ げコ 1占脚 Ⅲ (メリ上い」 リ

ツいヽあ鼻 いヽIL工 山り“ ‐ υ
Jヽ ハJ出 甲メ畠 ■ LI")凸 島1・ JじLげ 国 |メロ |

■“ 」・ り
6。・ヽ lJい り |ヽ コ |なШ I JI年メ |ぃ り |ひ び´ ILひ J● メ lbい

出 よ び
亀

“

1・“出 」 d国
～

コ 1亀tコ |。ゝ 戸 ■隆 |≦メ 占メゥ
`Llυ
。■メ
“

L61メ |

6J“ .“】 6りが た―メ

`|ジ

』 め1凸LIり」lι 1́11]1・ぃ、
1、… .■1亀出 |“■ J^1・ りlt←4J●叉銘」|

6L轟 |●、りLILツ」 ]´ リツ16い 亀Lυ ヽ一 け ヨ |≦.JL出 りⅢ 礼
"轟
1亀Ш Iン

J鼻 LJメ ≒´ ヽ ご 脚 I Ⅲ lF」IL● Lソ JJJエリぃ L許 押
|…

ハ カ 畿口IJ国|い いり)鵡く渉=Jル ニヽョJJ S)の
"i♂
こJメ

,Jぅ
日 1亀

'≦

リス|● |リリ|め‐1へ JI`Lヽこ、1く k■ メ Lυ“
口|ム 0・LF」 |:L欄 ^1▲ |ぃ い |ゝ

～
…
劇 1亀園 ●tiソは 基LIどし J≦

“
コ1出しリ リ 」 (1)|。 62121し げ■こJJユ |」

メ ロ|,愁回 リメ |い げ 調 |こ饉 ソ い い 亀夕 J亀 い ま ,いJへ井 ■ 井
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▼

ぃ とメ
6Jご 亀`StJは・ 」

Lし出♂
1こ」 。

"ヽ
」
tピ
IJ・JJ・劇 1亀」い

“

ポ 許 脚 |メ ″ ¬ ■ 枷 り。

,|デlJご口

ふ。メ」IJゝ二1'… ,ム ヽ`1亀出|が ミ`1ヽ出が
Alムツ|

爆 |』 JtthL」 ILエリc二 りヽ,年
1｀ Lヽ ハツIJしこツ|

メ
1与翻 |♂ 1山1・｀ムか ミtJい J´口 |

夕|」1凸ロミ“J♪ い 。福 |り■ めJメし (3)(Goel et al)戸 (1987)吉 い (2)(Ts司 i

い もJう よ基 lυい二IJ分 出脚 IJ山LlυJひ 増」 |卜」 壼【。メ |´
口 |が 1山 |ム ム`… Jヽ

ま 超 :貞 霊 謝 猫 毬 協 ぜ

メ 年 ° %つ 吉 ひ い ♂ k」
…ヽメ■メ|」郵|`…ⅢハtttJ.げ饉ご中

い しメ占(1986)Ft♂(5)(Al― Assawi&Zaki)いう」ヴJメ|メ d`コ
|しい 。非リ

祖 1諄 」J ttυⅥ ひL‐ |,こり 亀喝 与調 1乳
出 |■メ 亀光 ‐ ツ

亀Шい椰 ひリツひ央ソ。いご」山
1・ ム`

“

出 押 札|」。(6)(MttOud)メ

燃 欄 斌 貫 ポ iTIR躙翻 緻 隠
Ⅲ ひとしメL脚 ひい

載    
し厖許 押 1郷袖り。戸́ 」 甲
|♂ |こメ|いざⅢ≒」うよ基1亀夕 出発

ψJ出|タリ |

11■ミ、区 」 J!ごメ い こ叫 げ 」 |こ出
yL Ⅲ 劇 |も国 |め。も」うJげ 』 |こL劇

JLり 典 ■→ :Ⅲ劇 1亀Ш Iい |■ や Jヽムモ 凶 ♂ |ム t鳳J♂ 」メ 1凄 。
1・出 J“ 許

jJ事 晦 が IⅢ劇 1亀出 ILル 」典り｀りle典 な L8.8、デ
甜 |こメロ 1出しLエ

`|メ

|び 1ム …`11…、釧 亀|」 与 メ 1山y_ll JI■」ぃLIムIJ539 61メ|び ヽ |メ|ごメ |

メ 」い LⅥ ヽ υヽ 出ム
`聾
りと
出 Ⅵ ひい 神L:Ⅲ りこ■ 渉 ロメ|ム`L‖ J二

｀

ゴ
糧 i最 習 質 量 織 ぷ 轟 覚   ぶ 』 毬

J FJ」|“。(8)神口 |■ユ 」IⅢ轟 い響 61メ|ユし Ⅲ Ⅲ ,|ルⅥ
Lミ リ`メ
yい
メ い

ψ 劇ILル ヽ」う蝉≦ J!ごメ ||ゝ ゲ タ ‐ヽ VL島 (33.23° )´ メ ニ o■ ♂
J■

げLツ ||ゝ 。■ 出しL(10)。田 lυい 山LLり tL(14)■ こ事」IJい 山LLJユ 増
≦ J

亀し出Lヽ |メ 1ヽ夢口 |～ 」 ≒ 。社LJも、工」 へ準16Jナ響 与“
」1神国 |←Ьりび■

濯  [ぶ 占 二    ∬

L″ J♂ Ⅵ
～

Jひ 6血メ |ル 出」

りひⅥ許

“

」‐ υⅥ6J J園いま劃
山り。L」い も

“
リツJぴ 劇 |が ■ も」メ メ |‐

ヽメ 鋼リメ 彎Lメ 1墨国 |こ饉 ツ|
―:(9)神口|

薇 S義 =Sin(δ )Sin〔o)や COS(δ )COS(0)COS(ω )… 。(1)
11■1_1。ムメ Lふ曲

増●L411ぃ もメ い い 1.“へ出 」■ジ ヨ |も鋼 IJ」コ |い ∪ じ 供
墨 Jげ劇 |■ も」うぎ

静師曲←総扮 l… (聡

臨 1榔 め ψJメ 1租 出押 。Lズ2粉邸 メ
輩
り
F:郡 曜 f3

…出J亀o日|ぃ ぃ1.“へび響り神め」|も」メ1総

リ

"

じ
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2010`7。 」ヽ|`21 1ヽヽ ^ゝ {l '-i*llplrily

ι鰺=(12-r)・ 15.....・ (3)
●́ J♪´ ヴJい xコ1出Jりい21甲メヨ 1亜」I Jl xヨ1出Jひ ●L国|ひ りlt

脚 もJlう よ」 |●|●LIり」|が 山メニIJ」 :L」Lx」 |ビ増 ヨ Lリ メヨ lι距 たヽ デ 6υ巳ッ|

のx33り fJL玉 ひり́ メILミ 1も」…1(「 じ"釧|こメ|

ス1、・A、ネ11ム 11ミ 11`リエリ6,t≦

ぃ 共 」 6メリム_■ ^』 Jメ |ヽみ 御 14JムJ6,厖
♂ メメ Jこ畠 ,6増ェ ル IJ3、メ

ヽ り。ま =≒ f」し J-1ツ|ムLJX ξいメSIリリ |ぃ oょ、甲戸 JI亀 Lヨツ|
6Jl,議 11Jじ"饉』|と巳 ソ こン ,3■ 4共」1漁 榔

`メ
16り 1、いミリJ~^JI亀 Lyぃ ,3Jジ」 |

亀刈 |が ミ`1■ (1)Ⅲ劇 |も国 16,K甲 1,ぃヽメ
～
(10)｀押 lξ ■ いJ´1出LJ日 |ン 亀劇 |

―:即日|

み
け
義
… 的

ー

Voltage(V)(11)甲り」いCurent(A)υ 」ゝ1甲メ といえ■■」し督■“選」|こ、メ出6リエ
“
.att Pm

(w/cm2)6、メげ出勺CL饉ッIE

(cm2)払メデ」 |こメ|なL Ac    t

:̈LしJ´5Jlミ出御 IL■コ|●tLぃ
浄 …
」|り」|が ミ`・ JノJ脚 ■叩 lsIIARP甲りし なメ ξ ●井 り|■メ 1959 eL L

脚 |,メ め‐ Fメ ■井 メ J山 ツP"`り ■ ひ J)PhotOVOltaic(■ 井 リメ |

メ t■ 1・ Jl 
υ嘔 Ⅵ ひ ■ 井 Jメ IЧ刈 |■占 ξ  tttコ1出Kヽ■ 〈 ,いが 」 メ い |

出 K2004 FLひ
,1■
・い (400Mw)cLり |ツ」FJノ 」声 ふ |夕 6‐ 出ッ ■ 日 |●|メ |ごL

なメ 凸メリ区 ,御 |ヽ刈 口́ |“■ ひ (27.1%)cLL亀 勢 口 |■いり1甲井 なメ
1・■ハ出御 |り出 |ひ c。い

`工
■メ。出許 劇1凸

11■lAげLI許
♂
|夕」声 許 甲り毬

dJ 24ぃ 」。い し 180ctt dJ 12上 IJ 130ぃ い LIこ」メ ■いい1甲りし なメ ひ
NTR5E3E Solar Module 175 Wa■ 24)と」ひ メ 亀 |り』 ♂ r｀ミt・』 cム脚 |

‐■ツldる・Jハ あ島劇lcム
'」
|うt≒ とい,Volt)

single crystalもうLツ|●メロ16り■ひメ島 125が ミヽ1・ヽヽ上し175 JIよ」麹L6υ
“
。1    ^

。%13.5」 ld』めメ 6,厖どsilicon
.諄」|"ヽ日1亀LLll´は1ひめ ■国ツlξじがA―許 ヴ戸 御 |～国|。 2

ごL“」工 笹1出JめJ副16,厖 ″ 増 (メ げ 」 |夕_Ⅲ げ
1く・ Jい 出 が _響 loL出 島 。3

.%16.4」 |

ぃ い 。メ yひ りLし ,Lll甲メ ごLJぬツ|に■」lcいり|ン 準 がヽミtいヽ.4
.  t(::Sl.“

・

| ヽミ 1,.,|

.4並)JJJ いヽ24… υいJメ‐5

(12)たいlυ」| 亀
ミヽ1_J ll… `哺|り国|ぃ メ||ゝ

“

|メ絆|“■ 」´～
:1-JJ却し

Weight 17 Kg

Series fuse rating 10A

Maximum power 166.3 W (min)
Dimensions 1575x826x46 nln
APPllCa110n りし∠針V SyЫcm
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ヤ ～ “
こJメ 6メ|ご 亀

t`t・ JIL井 劇
げ
副 1こメ |●平 も ljしい |』― し

1・… ふ｀ い |`バ 」・ υい 1メ

"■

|■ 亀 |り。

olュL

。いし♂J

脚 |♂|力 。|メ |

押 1亀鼻」13,厖 JoJ甲IJ静 り1."ヽ
私脚 |… ハ`りに■スコlυ」|,|♪|まい L」|,い」が 3メ |。 ぃ ヽ“島なメL6Jel.J´

(りttt DC cぃ 。 (t」J13)ム 押 J山 |も ●饉 |。工
～

υt■Jυ
“
品 c」]●´ヨ |ム …ヽ

鶴
|

7)と出Jl“■ こい し (4m)と出Jじ■,(1)がコ|♂ c‐メ 区 ,[(24V)甲JJ2.3A)
二1戸 』■ 調 |な鼻 」13,K渉レυ甲 |メL亀 lυ。́ メ .亀Lり1榛 ひ ご島 け ξ (m
ル鼻」 が」|なメい 3ヽu導|.盤 υぃJ御lc」 りいJもu導13,厖 ひ瀕 凸|・リ

“

ひ
」 |げ
“
」|こt饉ツ1挙 Jこ」■」1山LL。 エリ6Jメ 1山Lり。山|,|メ ニ I JI亀t二りヽ

‐ ツ♂
IJ(13)ヽメ 闘 1極国 |ひ メ IF井 戸 e脚1挙 ひ 神 Lメyl.り

"に
」リリ
|―メIJ礼メ |,リツ|■♪ 3メl♂JJ出ツ|ごメ |ひJ.亀メ ロ |‐ ごメ

"|メ´
4‐ ■ り 1と 上ヽ υ脚 |ひ ご□|」 JJⅥ Fメ|♂ 社メ 1和国 |`・ 1へ 出。(14)● 脚 苺 |メ |

Jゝ .J―・ ハ慾゛ 1出
`_脚
|ぃ ご日lthハJい ご 脚 |ハ ^・ム」 ヽりい 山い

山LLo」 6,り ぴ |`・ 1ヽ mJ(%95)J(%99)い 御 |な聾 劇 16,厖 t・ヽ
」メ リtJI

-99)い 響 16バ 【・ 1ヽ 由J脚 |ぃ ご日|ハハJ.脚 |ひ JJゝ hハJ」ゝミ甲 |こJ日 |

。(%100
(528Ah)(Ah― Battery discharging meter)ヽり也JIこP出む脚 |げいたパ‐

(Ah…Battery charging meter漁“
」|も国 |こ」とぃヽリピ邸 |●ざ tJLへ

“̀ J。(2)」J軍|ひ区J(650Ah)

"
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2010`7さユユ|`21 1ヽヽ ^〕 4JJ-X*ll aJt il+-

■ υも な脚 16,“b尋」 |こ
=井
」1山しL。エ リJ劇1亀L JυL♂ IJ〕L´L劇|こL島りl●YL・ ●蝉 :2-JJ■

甲iメニJX6り |ジ」|

6,座

亀脚 |

tllYl .Y:-"
tj)i JrJr
,t*:lt1w/m2)

メ l亀L

出しLoェ

こ脚 l

ムご』 ョ」 出1

ヽメ dコ

(C° )6り
|ジヨ|
～
YI出

100% 482.2 』
嚇

H.7
36.5

1

99% 477.5
亀 」 0

もり
H.5

37.5
2

98% 459.4 押 11。 3
37.8

3

98% 447.6 押 10.5
38.6

4

98% 468.0 押 10.6
39.6

5

95% 442.6 ル 9.8
40.6

6

98% 484.2
～

12.3
39.8

7

99% 480.5 オ
つ

一

39.3
8

99% 459.5 ル H.9
39.0

9

980/0 432.9 理 9.5
36.3

10

98% 469.0 オ 12.3
36。 2

95% 398.9 押 10.6
36.0 つ

一

98% 468.4 P 10.8
36.2 う

、
フ

99% 472.9 オ 12.3
37.9

14

99% 467.0 押 10.6
37.7

15

99% 402.1
押 8.8

38.0
16

100%
478.7

J~ 12.6
38.6

17

1000/0
466.7

～

12.1
40。 7

18

100%
449.2

J~ 12.1
41.0

19

99%
434.9

押 H.8
41.4

20

100% 429.8
～

H。 9 41.1
つ

´
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り

ヽ
“
こ」メ 6メ1ご 私

t`t・ JI亀
脚 げ 週 lcメ|びい も ljしい |」‐ IJ年劇 1亀脚 16,厖 」・ リロ |メ

"■
|■ Llυ。

さ|ュb

'いしご
国

99% 438.6
ル H。 9 41.7 22

99% 415。0

～
11.6

40.2
23

100%
456.4

J~ 12.1
38.3

24

100%
446.4

～

12.1
39,3

25

100%
416.4

ー

37.7
26

100%
435。 1

～

11.8
36.5

27

100%
406.0

～

37.6
28

100%
423.9

～

11.5
38。 2

29

99%
402.8

押 8.5
36.2

30

100%
442.0

J~
り
Ｊ

35.5
31

げ」 lcメ |●準
`～
」jι■二|。い |

げ“
劇ICメ |ご)■ もJう 少戸 ´こ饉 |もバ よ」|げ“

轟|こメ |い 声型 勺」うよ」1亀メ

♂ |こ出yひ 瀕 ― |メ ♂山|,|メ|ぬぶ .́(35° ,40° ,60° )1ま
1ミムリリう凸瀑

ういり(Voc)り )メ ♂ 1等卍呟ご山⊂メ 1準り ,,鼻選 り |うい ムLヽ Jメ ♂ |こメ 1許 墨国 |

LI(DC)6メい |ムJメしェ製 げい メJ■メツリ←腱コリ (Isc)4)メ fJJり"劇 |こメ |

げ甲 16始 |(独 ヴJ(2)ご団 |ひ 区 Jい・嶼 夢 り|」JヨIF｀ミtJ墨 6Jメ|ヽりさ
な ミヽ1.ぃ ^11

甲メしυりし6」メ |ジリ亀ミヽ1“出6うぃり|:2-出

一
じ

"

巴 Lツ1挙 ‐  (4)租L」 |が ミ`1出J亀刈 |いしメ リ督計 劃 |こメ 16,厖 ul・・
へ
ふ い リ

♂ lcメ|`ボ d“ヽ戸区 ,(1.125m2)げ週 lcメ|なし J(1000W/m2)と
‐
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2010`7●鮨』|`21 1ヽヽ ^11

瀬 J」■い いJ,♂」|ち なLひ
も,“こ“
ハir井 年

が`ミ1乱J電〕爛|りJメリ
リJメリ呻 |●L国 |

Angle:60°

Latitude:33°

Sunset-5:21

Weather:clear

メリ(4)亀。LAll
_。)316リメヨ |

Location : Baghdad
Longitude:44"

Date: 2111012009 Sunrise- 6:l I
No. Of daily hour: I l:10 h

JX 6JJ口|ヽυoJリメしりりし許」 |こ出 り|“ ひ 瀕 6メロ |● 1・ lメ|び■:5-J井
60° 蝙ギdlこメ|ごヽ もJj●´ L立 6`ニハス■j`メ

―麹口|ご国|に■Jメ |●毎 fJJ
VocM(V)
Max.voltage

IscM(A)

Max.Current
PM(W)
Max.Power

Solar cell
Efliciency%

40 4.8 192 17

Hours(h) Inadiance(Lux) Voc(V) Isc(A) T(°C)

8 am 20200 40 25

9 am 36000 40 2.5 28

10 aln 61500 39 3.3 32

1l aln 67500 38.5 3.9 35

12 am 75000 38 4.8
８う
、
ノ

lpm 70000 38 4.6 39

2pm 61300 38.1 4.4 38

3pm 13100 37.3 0.8 36

4pm 8900 36.9 0.5 34

5pm 1780 33 0.1 31

5:2lpm 50 8 0 30
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り

+ar.3.,l$ i-,lEl si L'rr.. JlLJ"Ej-ll ,#.^-ill CJXI r..rU a:llj LEil :l++lj ir,*'l'll L $i^ll 6ellS ,rJo Jtrll JS ;p +;:l':;' Ll}
rll+

el-yli,r:Ll

‐J JJ却 |ひ‐幹区り押 1句ひ神口1出メヨ1許 心
JI漁区

6tr #l' cl' Or" lllj.-t-F t-$e LJEj^ll -sJla-J cl" a+il+ll oJ Jt"r3r;ll:'lt ar!-.rs-r a+-'rll4ll6etis : 6 - cJJJ+

Hour
(h)

Voltage
Battery

(v)

Module
current

(A)

Power
(w)

Charging
current

(A)

Ah-Battery
charging

meter(Ah)

Ah-Battery
discharging
meter(Ah)

Efficiency
of

Battery o/o

8am 26 0.9 23.4 0.9 386 360 99%

2.3 388 360 1000/0
9 am 26.4 2.3 60.72

10 am 26.6 3.1 82.46
Ｏ
Ｄ 390 360 100%

ll am 26。8 3.6 96.48 3.5 394 360 100%

12 am 27.7 4.3 119.11 4.3 400 360 1000/0

1pm 28。4 3.9 110.76 3.1 402 360 100%

Zpm 28.4 3.4 96.56 404 360 1000/0

3pm 26.6 0.6 15。 96 0.3 405 360 1000/0

4pm 26.6 0.4 10.64 0.1 405 360 1000/0

405 360 1000/0
5pm 26。 1 0.1 2.61 0

5:2lpm 25.6 0 0 0 405 361 1000/0

"

-tl"Ull dlj.ill ,+ d-..--ll ,Jfu f$l-r

Angle:40"
Latitude: 33o

Date: 1911012009

Weather: clear

Location: Baghdad

Longitude:44o
Sunset- 5:23

No. Of daily hour:
Sunrise- 6:09

1 1:14 h

110

Vr'a(V)
Max. voltage

Iv(A)
Max. Current

Pr,a(w)
Max. Power

Solar cell
EfficiencyYo

28.4 4.3 122.12 10.9

‐



2010`7。ユ」|`21 1ヽヽ ^11 l;..-n*ll aJ. il-

- cj_l+3 i+A r$lCll JLfllJ Ji*Jl tlJYl+yS r-r. dSl 
"..*.ltt 

gJIt rr--,1*la.oll crlelJill LEe .

,r."^ill CCt CU:" q-rtj OJS] L.ric ius- 4J-j 6;s d>ti.'oJlJ.rll 40o

Hours(h) Irradiance(Lux) Voc(V) Isc(A) T(C° )

8am 23000 40.1 1.3 28

9am 35400 39.s 2.6 30

l0 am 52000 39.1 3.5 33

11 am 59000 38.9 4.2 35

12 am 62000 38.2 4.8 37

lpm 57000 38 4.5 39

2pm 37500 38 3.4 39

3pm 11400 37.1 0.8 37

4pm 6900 36.5 0.5 36

5pm 1120 27.7 0 32

5:23pm 45 7 0 30

-ot-rrl 6.rl^3iJl .,lc' d-..--lt JS.J t'll_t

-oUrl L!3r.ll j g-_r I..SJ S-ill e.-:l .t i.rl- t3t oUrJJl ,r.le cJ..-.ll uS+ t-S

Vo.u(V)
Max. voltage

I'.r'r(A)
Max. Current

Pu$r)
Max. Power

Solar cell
Efficienc/o

40.1 4.8 192.48 17.1
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Location : Baghdad Angle: 35o

Longitude:44" Latitude: 33o

Date: 2611012009 Sunrise- 6:15 Sunset- 5:16

No. Of daily hour: 1 1:01 h Weather: clear
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Hour
(h)

Voltage
Battery

(v)

NIIodule

currcnt

(A)

Power
(w)

Charging

current

(A)

Ah―Battery

charging

meter(Ah)

Ah―Battery

discharging

mctcr(Ah)

Efficiency
of

Battery (%o)

8 am 26 1 26 1 344 324 99%

9 am 26。 4 2.1 55.44 2.1 346 324 990/0

10 arn 26.6 3.5 93.1 3.4 349 324 99%

1l aln 26.8 3.8 101.84 3.7 352 324 99%

12 alln 27.2 4.4 119.68 4。 3 356 324 1000/0

lpm 28.4 4.1 116.44 3.6 361 324 1000/0

2pm 28.3 2.9 82.07 1.2 364 324 1000/0

3pm 28.3 0.6 16.98 0。 5 364 324 100%

4pm 27.6 0.3 8.28 0.2 365 324 100%

5pm 26.4 0 0 0 365 324 100%

5:23pm 25。 7 0 0 0 365 325 100%

VM(V)
NIlaxo voltagc

IM(A)

ⅣIax.Current

PM(W)
ⅣIaxo Power

Solar cell
Efficiency%

28.4 4。 4 124.96

ワ



2010`7。 出ヽ|`21 1ヽヽ ^11 .rJ---XJl aJ].41+-

―麹口|ご国|。■」メ |●■ヴ』J

ヘ

3JJp」 |た■りΔリリリ」ちυり|リドL“Иふこ1島ソコt^くぃ瀕 6メロIJ.り1出ョ:7-Jり、
35° qだdlこメ|し、 も」うo´ L工 63ヽ―ス立ぅ

8 am 20600 40.4 1.5 26

9 am 41600 40 2.4 27

10 aln 60200 39.5 3.3 30

H am 66800 39.1 4.1 32

12 am 69000 39 4.9 36

lpm 63000 38.6 4.4 37

2pm 45000 38.6 3.4 36

3pm 13400 38 0.8 33

4pm 8220 37.3 0.5 31

5pm 1120 30 0 29

5:l6pm 40 8 0 26

VocM(V)
Maxo voltage

IscM(A)

Maxo Current

PM(W)
Max.Power

Solar cell
EffrciencyYo

40.4 4.9 197.96 17.6
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Hour

(D

Voltage
Battery

(v)

Ⅳlodule

current

(A)

Power
(w)

Charging

current

(A)

Ah-Battery
charging

meter(Ah)

Ah-Battery
discharging
meter(Ah)

Efficiency
of

Battery o/o

8 alln 26 1.3 33.8
つ
Ｄ 465 435 89%

9 am 26.3 1。9 49。97 1.9 466 435 890/0

10 arn 26.6 3。 1 82.46 3 469 435 890/0

1l am 27 3.7 99.9 3.6 473 435 900/0

12 am 27.7 4.5 124.65 4。4 477 435 910/o

lpm 28.3 3.6 101.88 3.5 480 435 91%

2pm 28.5 2。 9 82.65 2.2 483 435 930/0

3pm 27 .7 18.9 .7 484 435 940/0

4pm 26.8 .4 10。72 。4 485 435 940/0

5pm 26.4 0 0 0 485 435 950/0

5:l6pm 25.5 0 0 0 485 436 95%

Solar cell
Efficiency%
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