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MINERALOGY AND CRYSTAL CHⅣ llSTRY OF PALEOCENE
APATITE IN NUKHAIB AREA,WESTERN DESERT,lRAQ。

Hikmat S.M. Al-Jalecl*,llafaa S. Jassim** and Sabah Y. Samaan***
* Ph.D. in Geochenristla.
**Stulc Cottt;r:ttty for Gcokrgical Survcy :tlttl Milting - Ilagltd:td.
***l)cpartment of Atmosphcric Scicnccs, Collcgc of Scicttcc, AL-Mustansiriya
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ABSTRACT
Apatite graills of tllc Uil111l Er Radhuma Fornlation(PalcOccnc)11l tllc soutllcrn

Nukhaib area are colllposcd of carbonate― llourapatite with a‐ axis rangcs bctwccn 9.314

-9.354Å ;c―a対s rangcs bctwccn 6.866-6.880Å ;CaO/P205 ratio bctwccn i.451-
1.598. lt contai1ls C02 higher tllan tllc oldcr apatitc of h・ aq, rcachillg up to 5.410/0

relative to 33.88% P2C)5・  The  Crystal chenlistry of thc apatitc show isomorphic

substittltiolls oF C03 alld S04 fbl・ l)04:Na lbr Ca;and F ibr Os in addition to

considerabic anlount o「 }120 ill thc structurc.GcochcnlicaHy,Uraniunl and Valladitllll

are rclatively enriched ill thc coal・ scr graillcd apatitOs,which ineans,thcsc cicnlcnts are

incol・ poratcd illto carbonatc-1loLiral〕 atitC sti・ ticttirc.Yttl・ itlnl has highcr conccnti・ation in

thc llnc all)atitc 81・aillS tlltln ill thc colllヽ Cr O:lcsi thiS l〕 hcnolllcl101l 11118ht i11(lictltc thalt

Ylll・ iunl is l,()st― dCpositio:ltli tintl wils conccnti・こlicd dt::・ i:18 〔liattcnctic l〕 :・oCCSS and/or

rcworkil18・  
・
「 hC gcochcnlical palttcrn ol｀ thc apatitc appcars to 11と

lvc bccn inllucnccd by

sevcral ねctors illcluding variation of graill sizc, agc of the llol・ 1■atiOn, 11ltcnsity of

diagcncsis and isoinol・ l〕
hic stlbstitutions,and distancc ibr sourcc arca.
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MINERALOGY llND cRl'srAL cllltllsrtY oF t'ALEocENE APAT|TE IN NUKIAIT| lREA , '/,,ES'1ERNDESERT,IRAQ. 1. S.y. At-J aet ct ot

INTRODUCTION

-l'he study arca lics south or' Nukhaib towu noar thc b<.rrdcr with saudi-Arabia
(Fig'-l). The Umm Er-Radhunra Fornration (paleocenc) can biostratigraphically
subdivided into two rnembers (lowcrand uppcr). Both nrerrrbcrs crop out inihe studicd
arca. Four oonccntratcd phosphatc grains (cl'c), lronos liagnrcnt (BF) and a shark tccth
(ST) wcre collected liom thc upper nrost part ol'the uppcr nrcnrhcr as part of this study.
The host rocks ol thc phosphatic nratcrial aro oystcr grainston", ,r.,rilrto,.,", dolostoric
and chcrtiled sedinrcnts reprcscuting diagenctic lacies of this lornration (Moharrrnrad
and Jassinr,l99l).

. 'l-hc invcstigatod phosphoritr: (lrig. - 2) consists ol'allo-chcrnioal plrosplratc grains
in the form of pellcts and bonc liagnrcnt, ccnlcntcd with carbonatc and/orj chalcJd,rru
(.lassirn ct a 1.. I gtltl ).'l'hc cxposctl lillrultiorrs irr thc strrtlicd arc,r arc 'l-avr.,it
(Maastrichtian ); Unlrn lir-ltadhutna (Middlc-uppcr l)alcoccnc); l)amnram (Doccnc); and
zabra (upper Mioccnc-Pliocerre) (Al-Mubarak,l983).'l-hc aim olthis *o.k i, to outlin"
thc nlincralogy and crys(al cltcrtristt'y ol' Nukhrrib al):ltitc its wcll as its tlcpositi6nal
cnv itorrtt'tcttt.

ANALYTICAL MIiTIIODS

Thc following nrethods wcLc uscd to dctcrnrinc thc conccrrtrations ofsonro nra.ior
atrd trloc clenrcttts ttoltttally lirurttl in l)hosphatc s:rnrplcs. All thc rrrcasurctlcnts wcrc
carlicd out by thc Statc c()rlrl)iuly lirr' (ioological survcy antl Mining Laborltorics
('I ablc l ):
l. Wct chenrical analysis lil' (Ca and Cl).
2. Atomic Absorption Spectronretry lbr (Si, Mg, Fe, Mn. Sr).
3. Flanre photonrctry lor (Na and K).
4. Auto analyzcr lbr (Al. S arrcl l,).
5. Emission Spcctrography lbr (Y and V).
6. XI{F for (U).
7. Ion Sclectivc electrode lbr (F).
8. CS-244 Leco lbr (C).
9. H-r'O were calculatcd li.onr thc lollowing cquation:

ll3*9 : 1-.9., - c, - I l2'o.
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'fable (l): Chemical coulposition ol'thc conccntratcd phosphatc grains,
bone fragments and shark teeth of the umm Er-Radhuma Fornration
(Paleoccnc), Nukhaib Arca.

CPCl CP(」 2 CPC3 CPC4 S■
1

P205  % 33.00 32.50 34,00 33.50 34.50 35.80
Si02  % 0.30 0.14 0.28 0.66 0.44 0.20
A1203 % 0.12 0.09 0.12 0.12 0.12 0.17

Fe203  % 0.13 0.07 0.04 0.07 0.06 0.06

CaO  % 51.80 51.92 52.35 52.80 52.22 51,94
MAO % 0.31 0.35 0.30 0.26 0.18 0.21

S03 (る 3.15 3.05 l.90 2.10 つ

一
95 2.50

Na20 % 1.84 1.84 0.89 l.06 |.04 |.06

K20 % 0.06 0.06 0.03 0.0_3 0.08 0.08

CO, (%) 5.34 5.35 5.42 5.54 `151 3.83

H20 % |.53 2.2() 1.13 |.25 |.04 |.16

CI % l.21 l.12 0.|| 0.23 0.36 0.30

l % 3.72 3.67 3.68 3.72 3.40 3.28

Sr ppnr 1429 1443 1434 1486 1501 1642

Mn ppnl り 10
，

“ 12 12

tJ ppnl 90 67 33 39 35 35

V DDnl 80 58 44 44 85 48

Y Dpnl 74 115 100 74 76 82

I′OI 8.08 8.48 7.16 7.52 ().87 5。 99
―O 1.84 1.80 ].57 1.62 1.51 1.45

II:P,0、 0113 0.H3 0.108 0.IH 0.099 0.092

NOTE: CPG:Conccntrated phosphatc grains, BF: []one liagnrcnt, Sl': Shark teeth

Cl)Cl (>2.5 rnrn). Cl>G2 (<2.5 nrrn).

Table (2): Latticc paranrcters ol'Nukhaib carbonatc - fluorapatitc

●

■  ■

Sarnplc No a-axis A" c-axis A" c/a V(A°

CPG l 9.314 6.879 0.7386 5]7

CP(12 9.326 6.873 0.7370 518

CPG 3 9.321 6.877 0.7378 517

CP(:4 315 6.880 0.7386 5177
9.354 6.866 0.7340 520

S′ l｀ 9.341 6.868 0.7353 519

り.3()l 6.881 0.7350 522

NO′ I｀E:V(A°)3=a2.c sin 60° 今F= Fluorapatite
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RESULTS AND DISCUSSION
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X-ra1' diffraction analysis studies were carried out to identify' the principal
phosphate mineral phase of upper part of Umm Er-Radhuma phosphate. It shows
carbonate fluorapatite the only phosphate mineral '*'hich could be recognized in the
studied area (Fig. - 3).

Zussman's Equation (Zussman.l967) was used to calculate the crystallographic
axial dimensions of the concentrated phosphate grains (CPG) detected by X-ray
diffractometer. it ranges between (9.314-9.326 Ao) for a-axis (Table - 2). The bone
fra-ument sample (BF) and fish and shark tooth sample (ST) shor.r's values of a-axis
(9.351 A) and (9.341 Ao) respectivelr'. due to less COz content in their structure
relative to (CPG) samples (Table -2).

All the values of a-axis dimension are los'er than the value tbr theoretical
fluorapatite (9.361 Ao) and that could be for replacing the ions of smaller radius pOr'3)
by, the ions of larger radius (CO:'l) in the apatite lanice'*'hich ma1'shortening a-axis
dimension (Smith and Lehr.l966 ; IvfcConnell.l973,l. According to high ionic exchange
in the lattice of coarse-grained apatite . the examinations shou'the dimension of a-axis
in these grains (Sample No. CPG 1) is shorter than that of fine-erained apatite (Sample
No. CPG 2).

CRYSTAL CHEMISTRY

The chemical analy'sis of CPG shon's that this apatire has suftered phosphate
replacement by carbonate and sulthte. Since the amount of phosphorus detected
represents about (-1.57) atoms/unit cell. bone fragments about (+.93) atoms'unit cell. and
teeth about (i.07) atoms/unit cell. compared u'ith (6.0) atoms in the theoretical apatite
cell. (Table - 3). Also. the chemical anall'sis shon's that this apatite is hi'drated with
about .(1.39%) H:O. This amount of u'ater is present most probably,'as OH'. H:-O and
H+O+4 filling the -eaps in the Ca and PO+ sites. ri'hich s.i* to be present er en after
considering CO; and SO+ replacement tbr POr and Na tbr Ca (Al-Bassam and
Hagopian.l983 ;Shen et a1..1998).

The amount of t'luoride detected in CPG is more than that required for forming
the trvo atoms unit cell (Table-3). In addition. the excess of fluorine is probably
incorporated into the apatite lattice to balance the excess positive charge created
b1' substitution of COi for POr

●
　
　
　
、
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Tablc (3) : Structural contl.rosition ol' Nukhaih carbortatc-lluora;ratitc

\s.
^o\
Constituent

CPGl CPG2 CPG3 CI)(〕 4 B「 S′ I

AkashaL
l'ltlrna

{3a 8.80 9.03 9.34 9.42 9.44 9.30 9.07 8.88

Na 0.58 0.59 0.34 0.14 0.05 0.40 0.42 0.61

lИg 0.07 0.08 0.06 0.07 0.05 0.06

K 0.02 0.02 0.02 0.02 0.02 0.01 0.01

Sr 0.01 0.01 0.Ol 0.01 0.02 0.02 0.04

H30+ 0.39 0.29 0.23 0.34 0.12 0.28 0.48 0.46

P 4.46 4.41 4.69 4.72 4.93 5.07 477 4.49

S 0.38 0.37 0.26 0.24 0.37 0.32 0.24 0.34

)4C 0.84 0.75 0.85 0.97 0.36 0.60 0.68 0.96

H4 0.27 0.46 0.19 0.09 0.34 0.02 0.31 0.21

%C 0.28 0.25 0.28 0.33 0.12 0.20 0.23 0.32

0 23.79 23.83 23.98 24.00 23.99 23.95 23.25 23.88

lザ 0.21 0.17 0.02 0.13

()H 0.05

「
l.67 1.70 l.23 l.97 l.82 1.73 2.35 |.89

Cl 0.33 0.30 0.07 0.03 0.10 0.08 0.01

OH 008 0.|り 0.35

Notr:: Akashat : Carbonatc-lkruralratite (l)alcocenc) . Iithna: Carbonatc - Ilr.rorapatitc .
(Eocene).

(Culbrandsen,lg66 ; McClellan atrcl Lehr,l969; McArtlrcr.lgS5). Thc decreasing ol'
fluoride ion in the concentrations ol (BF) and (ST) sanrples rcflects that the original I
structurcs of tltcse satttplcs was enrichcd with
OII ion, and thc apatitc structurc gradually changcd to cau'tronatc-l'luorapatitc by

extracting fluoride ion liom sca rvatcr beforc prccipitation.

'l'hc saltrples cxanrincd lravc l;:l)2Os ratios grcatcr thatt tltc idcal Iluorapatitc ratio
of (0.089). -l-he CI'}G sanrtrrlcs shows an approaclr in thcir I;:P2O5 ratios and this rnay
rel'lect the precipitation ol' thcsc sanrplcs on thc coutact lrctwccn sedinrcnts and sca
watcrs in an olrcu rnarinc cuvirorturcut (Slricld ct a1..1999). lt ltars lrcctt noticccl that
Ir:P2Os ratios irrdicatc that thc carbonatc lluorapatitc irr thc Nukhaib plrosphoritc is not
highly substitutcd arrd thc sutrst itution o l' ( )l I lirr l; rlid not takc placc (1'ablc-3 ).

C()z su[rstittrtion irr lrllatitc is arr inr;'rortrrrrt irtrlicltor ol'cnvirorrrncnl. 'l'ltc rolativo
crrrichnrcnt ol' ('O.r-r in thc cur'trorratc-l)uorapatitc irr Nukhaib sarrrplcs nray givc an r
inclication thaL tlre cnvironrncrrt is ncarly alkalinc. ln(tablc-l)thcdccrcascirrthc
corrcclrtratiorrs ol' C(): alltl SOr irr lllr lrrcl S'l'sarrtplcs is ct;ual t<l tlrc irrcrclsc irr thcir
l'zOs contcnt arrd [his rrray [rc as a rcsult ol'rcpluccrncnt i]r'n()ng, tlrcsc constitucnts irr thc
apatite lattice. Na and S wcrc lbuncl positivcly 1:roportional. An incrcasc in the first
woukl lhce an iucrcasc. Iilr tlrc sanrc anl()r-tnt. irt tltc sccortcl. 'fhis is intcrprctcd to
iudicatc a couplcct sutrstitution ol'Nit attd S lirr Ca and l'. rcspcctivcly. which prcscrvcs

8
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tlte ovcr all lralancc ol' chargc. A substitutiorr,ol'tlris typc is rcporl,od by (.larvis ct al.,
r 994).

'l'hc Nukhaib carbonatc-lluorapatitc (l'alcoccnc) is clill'crcnt li'ont thc Dtlrna
carbonate-f'luorapatitc (Lowcr Eocenc) o{' Iracl by containing lrighcr conccntrati<lns of
Ca arrcl l). artd lowcr cottccnlration ol'('. Na urrtil S ('l'rrtrlc-3). Sirrcc (hc olclcr tlcposils
Iras [rccrr sutr.lcctccl ttl lorrgcr' pcriods ol' wcatlrcl'irrg tharr thc youllgcrorrcs, arrtl [lrc
chcmical and physical conditionsarc in lhvorol'thc dcpositiort ol'carbonates, duc to the
increase o1' pl-l which causcs nrorc activc rcplarccnrcnt proccsscs of-COr in I'Oa tlran thc
casc in oldcr dcposits 1Al-.lalccl.l983).

The chemical analyses shows that Sr concerltratiorl in CI']G samplcs is atrout
(1448 ppm). and this arnount is lcsstlranthatof Illisanrplc (1501 ppnr)andol'S'l'
sarnple (1642 ppm).This conclusion may indicale the ability ol'Sr ion to concentratc irr

bones and teeth of invertebratcs.
The present stucly shows that thc conccutration of Sr ion in the apatitc Paleoccnc

is less than that of Upper Cretaceous (1752 ppnr) (Mohantured,l985) and higher thart

tlrat of [,occrrc (922 pprn) (A[-.lalccl,l9tl3). ]'hc Sr ion ootrccntt'ittion in thc apatitc
l)alcoccnc nray givc arr inclicatiou ol' tlrc irrcorporatiorr ol' cartrunatc rocl<s with lhc
precipitated phosphatic deposits which takes Sir ion and causing its contcnt to bc

reduced in the depositional phosplratcs environnrent.

The low content of Mn in this apatite (l I ppm) can be also attributed to thc

lrighly rcducing contlitions ol'apatitc lirrrnatiorr (l'oulton ot a|.,1994). Maltgitttcsc is

likcly to prccipitatc irr thc sca wute:r' orrly rrttdct' strttttg oxicliz.ing ctttttlitiott
(Krauskopl:19S5). Uraniurn and vanadiurn havc highcr cottccntratiolts itr tltc coarscr
CI'}G (>2.5rnnr) oncs. 'l'lris plrcrronlcnon nright inclicatc that tJ'('atrcl V*s cotrtplcx iotts

stayccl in solution along with tlrc phoslrhatc ions as long ets thc scitwittcr had positivc ljh.
However, when Eh tunrcd ncgative ancl thc water environnrctrt bccomc rcducittg, thc

U*6 and V*s changccl into [j'a anc'l V'], ancl graclurally uptal<c by apatitc structurc
(Mahlbud aud Beck, I 985).

Also, parts ol' thc U antl V upon oxitlatitln [o U'('aud V''thavc bcctt loitchccl

front the apatite are rather soluble in dilute ?gueous solutions. The largest antount of
these elements would be lost into circulating watr:r. indicatc tltat suclr clcrncltts arc syll-
dcpositional in thcir lirrnration. Sltccially. [J and V iolt crrriclrcd irr lhc Cl'C ol'thc
southeastern parts of the studied area and dccreas,es towards the northwcst. It secnrs that

most
of U and V have bccn dcrivccl li'onr thc acidic il3rtcous cottrplcx ol'thc Arabian Shicld,
and transported to the basin of depositiotr as U*6 attd V*s by running waters.

lrr thc studiccl curbonatc-lluorapatitc. Y sh,ows highcr cortcclttrutiort in lirtcr Cl'C
than in tfuc coarser orrcs, arrcl it repltrcc C]a in tlrc apatitc latticc (McConncll,l973).'l'his
phcnorncnon ltright indicutc tlrat suclr clcrncrrt is post dcpositiottitl in its litrlttatiott atlcl

was concentrzrted during diagcnetic proccss or reworkitrg, and its increasing in thc liner
CPG is due to thc surlacc arca ol'sttch graitts.
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CONCLUSIONS

l. Tlrc oarbonate-lluorapatitc is thc only phosphatc minoral in thr: Nukhaib phosphoritc

deposits.
2. The a-axis dimension in the coarse-graincd apatitc is slrortcr than that of thc fincr-

grainod apatitc, duc to thc high ionic cxchangc in thc latticc ol'thc fbtnrcr.

3. The concentration ol' uraniuur aud vanadiunr is highcr in thc coarscr concenttated

phosphate grains than in the finer oues, indicating syn-dcpositional nature oftlreir
lbrnration.

4. It is believed that the source of U and V is the acidic igneous rock complexes of thc

Arabian Shield which were probably transported by rivers to tlre basin ofdcposition
ol' phosphoritc as L)'(' itrtd V*s ions. 'l'his ilrdicltod by tho incrcasc ol' tlrc
conccntrartiorr ol' thcsc two clclllctrts towards the south'

5. On the contrary to thc U antl V concentration, Y is enrichcd in tlrc lincr conccntratcd
phosphatic grains than thc coarscr oncs. This is possibly an indication ofpost-
tlcpositional naturc ol'its lirlntation duling diagcnctic and/or rcworking plocosscs.

6. l-hc Nukhaitr apatitc was ti:positod at thc contact zottc hctwcctt sr:dintont-soa watct'

intcrlaco iu opcn ntarinc environnrcnt wltcLc tlrc condition was alkalinc and

rcducing.
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t'J^ oL-ai,,Jc .rp-,- C.:l+ J$J.,Ltl4SJi,,ii^Jl ir.ol-ll itiiil cJF +-1}r cla,1,.''-ill lra cJ

rS"r &tS

ABSTIIAC'T
In this paper we prove a comnlorl fixerJ point theorem for two commuuity

nrappings of a conrplctc, boundecl rnctric spaces.

INTRODUCTION
lior llrally ycirrs it wits unkuowtt whc,tlrcr two corrunuting scll' nri4rpirrgs

necessarily have a common fixed point. Markov [936] and then Kakutain [ 93S] provcd
that there exist a fixed poirrt for conunnting farrriily of affine continuos scll'rnappirrgs ol'
compact coltvcx notr-ctrtpty subsct ol locally couvcx spaces. 'l'he similat rcsults was
fourd for family of comnruting nonexpansive mappings by DeMarr [ 963], Bruck U973]1
arrd Jeggle 11979). For sct - valucd rnapping Kaulgnd and Pai [ 975] and l;ishcr U9791
proved the existness ol'a unic;uc lixcd poirrt in complctc nrctric spaccs. I lcrc wc cxtcnclccl
this result for two comurutiug scll' -valued mappings which defincd on a conrplctc,
bounded metric spaces. Also, we givc sonrc sintple results.
Let (X,d) be a complete rtretric space and ll (X) the set of all nonenrpty boundcd subsct ol'
X If F is a nrappirrg of X into 13(X) and A bclongs to B (X) wc clcfinc tlrc sct ltrA by:

F(A)=  u Fa
a∈A

,A3(X)

And inductivcly

IPnA=F(Irn― lA),lbr ll=2.3,… .

For A,B,in 3(X)wC dCttnc

P(A,B)=sup{d(a,b):aA,bB)
Forlll the dcflnition,wc llave

l―P(A,B)0
2-P(A,B)=P(B,A)
3-P(A,B)1)(A,C)+P(C,3).
br all A,3,Cin θ(X)
Many ofthc dctails are R)und in thc 13ooks by Zcidicr[11and Smart[2].

The sct一valucd lllappillg lF has a llxcd poilld z ifz 
「 (z).
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'fhc rnain rcsrr lls
The foltowing theorent has becn provcd by Fishcr [3] and wc can also find in
Kaulgnd and l)ai [4]:-

Theorenr (l) Let F' be a mapping ol a conrplctc mctric space (X' d) into B (X)

satisfying thc incquality P (Fx, [y) cM. lbr all x, y' in X whele

0 o < I and M = nrax{P (x. Fx). l'(y. l"y)' l'(x. Fy)' l'(y' F'x)' d(x'y)}.
if F also nraps B(X) into itscl{. that is FA B(X) lor A ,(X)' thcn F has a unique fixed

point inX.

Remark:-
'flrcorern I is thc gcne rali;zation ol'IJartaoh colltraction principlc. I lowcvcr, il'wc
assunle thate B(X) consist of only singlc -point s€ts and M:d(x.y) the inequality

in theorenr I will be the followirrg:
P(Fx, F'y) c d (x,y) Ibr all x, y. in X In tlris casc thcorcnl I will cxactly bc tlrc Banach

contract ion pritrciplc.
We now give a gcncrali:4atiol) ol'thcoretrl I lbr two cotttnrunily nrappings I" arrd C of a

conrpletc nretric spacc x iuto /l (x) in thc spical casc wcrc X is boundcd, so that in this

case B(X) will be the set ofall non enrpty subscts ofX. Hcrc wc dcfinc thc sot -valucd
mappings F and C to contntutc il'
F (Cx) " G(Fx). Ibr all x in X
So that wc will also havc

1; 1CA) = G( |A) IoL all A in /l (X).

Thcorcnr (2) l,ct lr. (i [,L- conrrrruting rnapPirrgs ol'a corrrplctc, lrourtdctl tlctric sllaoc

(X, d) inkr 1l(X) and
t)(l;x, Cy) c M., Ibr all x, y. inX.
Whele 0 c <l and M:max [(l'(x. l:x). P(y, Gy)' P(x. Gy)' P(y. Fx). d(x, y)]....( I ) Thcn F

antl (i lravc uttitlttc cotttntotr lixctl lxrint.

Proof: lt follows front ( l) that il A, B are any scts in /i (X), thcn

l)(l;a. Gb) c rnax il'(a. l;a). l'(b. (;tt). l'(l.(itr). l'(tr. l;a). d(a' h)i . lirr tll a in A arrd [r in A

and tr in B ...( I )

Anrl so on taking thc suprcnruur ovcr a iu A and bin Il ofboth sidos olthis incquality wo

lrave
P(FA. GB) c nrax {P(A. FA). P(8. GB)' P(U' Fn). P(n' GB)' P(,^. l})}'
Since X is boundcd.
s:Sup {P(A, Il). A, l} ,(X)} <

Since F and G conrnrutc wc ltave

P(l-cA, IrGII): P(FGA, Cl"B)
Cmax {P(GA, FGA), P(FB, GFB)' P(GA' GFB)'

P(FB, F(in). P(CA, IrB)) cs

Now assurttc that lirr all A li irr /J(X) atltl solttc rl lhat l'(l;nGrrA. l;nGrr[]) cnS'
'l'hcn

P(Fn+l(i n+l A. I] n+l G n+l B) =t'(1" n+lC n+lA' G n+ lF n+lB)

14
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Cmax {P(Fn+lG n+l A, F n+l G n+l B)l'(Gn+lF
' r1*l B, G n*l F n+l Il) P(F nG n*lA, G n*l Ir nl'l B), l'(G

n+lF n+lB, G n*lF n+l A),I'}(I'n Gn*lA, GnF rr+ll3))
C n+lS' by our ilsslultptiott. lly induction wc lravc thc lbllowirrg irrcquality
P(FnGnA, FnGnl)) cns....(3) lirr all n in N.- 
For arbitrary > 0 choose an iutegcr N such that cir,ts<.

It follows fi'onr (3) that
P(FnGnA. FnrGmB) <, {br all nr. n N and all A, Ilt in B(X). ....(4).
With a fixed A in B(X) choose a point x 2n in FnGnA and a point x2n*l in I'-nGn+lA lbr
n: l,2. ...
'['herr

d(x2n, x2n+l) P(FnGnA, F'nGn(GA))cns...
by (3) for n:1, 2,...Sinrilarly we have

' d(x2rn, x?nt-l-l) crnM. lirr rn:1, 2,.... artcl sincc,c< lil'lirllowstlrat<xrr>isacauclry
scqucrlcc with l-inr xnr :z in thc cornplctc rnctric spacc X. 'l'lrcn

Ti-

P(2, Fn Gn A) d(z,x2m) fP(x2m, IinGnA)
d(z' x2m) + P(F-mGprA, FnGIA)
< d(.2, x2m) +

bV (1) for all m, n N. I-etting nr tcncl to inlirrity we have
P(2, I;nGnA) <, lbr n N.....(5)
Similarly:

' P(2, Fn-lGA d(z , x2m) + I'(x2m) I" n-lGnA)
,' d (z,x2ttt) + S (FmGmA, Ir n-lGn-l(GA)

. by (3) Ibr m, r'r-l N. Lctting nr tcnd to inlinity we lravc
' P(z,Fn-lGnA),lirrn>N...(6)

"fhus

P(F n- I GnA , Gz) P (F n- I GnA) + I'(2, Gz)
r l> (2, Gz). For n > N. . ...(7).

On using (2) wc have
I'(FnGnA,Gz) c rlrax {l'(1" n-lG n-l (GA), FnCinA), l'(2, Gz), I'(lj n-lC}nA, GZ),1>(2,
FnGnA), P(F n-IGnA,z))
c max {+ P( z, Gz), P (2, Gz), , }

t :c[+P(z,Gz)].
by inequalities (4), (5), (6) and 7 lor n> N. Since x2n is in FnGnA, it follows that with
n>N
P(x2n, Gz) P(FnGnA. Gz) c[+P(2, Gz)] ancl letting n tend to inl'initing wc havc p(z,Gz)
c[+lr(2, Gz)]

' Since c < I and is arbitrary,P(2, Gz):0
. and so Gz: {zl. Similarly, we can prove that Fz-:',.2-\, for some z- in X. Then
' D(z-,2) = l>(Fz. Gz) cd(2, z)

By (l). Since c <1, it fullows thaL z:z- is a oommon lixed point of Ir and G.

For uniqueness, suppose that F and G have a second fixed point w. Then
P(Fw, Gw) c. max {P(w, Fw), P(w, Gw)} cP(Gw, Fw)
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Since c <1, it follows that I)9Fw, Gw) =Q

and so lrw =Gw:{w}
Thus d(2, w) = P(Irz, Gw) cd (z,w)
by (l) and so z is tltc uniquc contnrou l'ixcd point of F and G. This complcte the proof.

Coroll:rry: Ii'onr the above prool, tlrcorem (l)will still truc whcn [r and G are singlc
valucd sell nrapping on a cotrtltletc boundcd trtctric space X and if wc rcplace incquality
(l ) by inequality ( l-).

Open problem: Whether the condition that X is bounded is necessary or not.

In special case F: C, theorem (l) show that the condition X is bounded is not nccessary.

RBFBRENCES
l-U, Zcidlcr, Norrl-incar l;urrctiorral Analysis antl it applicatiorr. Iixcd point tltcorctrts.

NewYork ( 1986).
2-D. R. Smart, Theorem of fixed points, Cambridge Univcrsity, ( I 974).

3-B-lfishcr. l{osult on conlnl(}n lixctl points on boundccl tnctric spaccs. Matlt. Scttr. Notcs

kobeurriv. 7 .7 3 -80, (197 9).
4-N.Kaulgud and D. Pai-Fixcd point thcorcuts lbl sct-valucd nrapping, Nicuw.

Arclr. Wisk, 23, 49 -66. (lL)7 5)

16



Al -llluslunsiriya J, Sci. Vol. 14, No. (l),2003

Minimizing The Weighted Sum Quadratic Completion Times
Without and With Set-Up On A Single Machinc

Tariq S. Abdul-Ilazaq
Dept. of Mathenratics Collcgc of Scicnce, Univcrsity of Al- Mustansiriyah

ABSTITACT
In this paper, we have developed a nunrber of solution procedures lortwo

types of scheduling: Without and with set-up tirrres for singlc machinc to nrininrizc
the weightecl surn quaclratic cornplction tirrrcs ol'tlrc.iobs. Wc prcscrrt ncw rcsults arrd

the use of these results in optimization procedur,:s. I'hc main rcsult is thc existcncc ol
an optirnal schedule in which the.jobs in each batch are scqucnccd in SPT rulc. Wc
make use of this result to clcrive O (nt) dynamic progranrnring (DP), then usirrg this
DP, a near optimal solution is obtained lbr the first time.

I(cy words: Schctluling. singlc rnirchirrc, sct-t.rp lirtrcs. tpratlrirtic crltn;rlction titrtcs,
dynarn ic progranrnri rrg.

INTRODUCTION
Much of the early work on scheduling concernecl with the analysis ol'singlc

nrachine systcm was without sct-np tinrcs. For cxarnplc, Snritlt'sdcrivation ol'thc
shortcst wcightccl proccssirrg tirnc (SWl)'l') rulc irr wlrich.iobs arc scqucttcccl in orclcr
ol' non-deorcasing proccssirrg tinrc to wcight ratiios(ll), to nritrirnizc thc total wciglrtcd
completiorr tirne.

Scheduling problems in practicc, vcry oltcn, involvc sct-up timcs, which arc
sequence dependent. Usually such problcms arc dilficult to solvc. l)erhaps fur tlrat
rcasorr relatively littlc work has lrccn dorrc on sclrctlulirrg problcrtts with wct-ups.

In this papcr, we considcr l.wo typcs ol'schcduling problcms: without and with
set-up times for single nrachinc to rnininrize thr: wcighted sunr quadratic conrplction
tinrcs of tlrc jobs.'fhcsc problcrns arc dcrrotcd [ry:

tl llw,ci and ,lSrlI w,c,' respectively, where sr is a set-up time of a family f. We

supposc that lirr thc two typcs. all thc.iotrs arc availablc at tinrc zcro itttd tlrat caclr.iob
i has a givcn proccssing tinrc p; ancl an associatcd positivc wcight w1 .

For the scheduling problerrts without set-up tirnc, tltc tl l\w,ci problcrn can

be solved using Smith rule: ordcr the.iobsaccordingtonon-dccrcasingp;/w;ratios.
This porocedure require O (n log n) time. If w;:l lbrall i: 1,...,n tho procedurc
reduces to the SI'}T rule i.e. ordcring thc.iobs accordirrg to rton-dccrcasirtg proccssing
tinrcs.

The ll lf,*,"iproblenr has been considered by many researchers, and its
t=l

conrplexity is still opcn. 'l'ownsend(la) Iirst fornrulatcd thc problcm and presentcd a

branch and bound rnethod to solve it. Bagga arrd Kalra(3) improved the method by
providing conditions for precedence anrong sel. of jobs. Subsequently, Gupta and

Sen(6), Sen et al.(12) and Corcc ct al(s) suggestcd aclditional lrrcccdcncc constraitrts
anlong non-adjacent jobs. Monclal ancl Scn(e) prcscnted a ncw ltcuristic lbr thc
problenr, based on a conjecturc on the ordcring ol'non-adjaccntjobs.
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The problerns with set-up tiures, are the problcnrs whiclr involvc proccssitlg

scvcral lanrilics ol' r.clatcd .iobs 0rr a singlc ntacltittc. whcrc lt sct up tinlc is incttrrcd

wlrclcvcr. tlrcrc is u switch liorrr proccssitrg a jotr itt ottc lirrrrily to a.iotr in atttltlrcr

farnily. To avoitl set ups. scvcral .lobs ol thc sattlc lanrily nlay [rc schcdulcd

corrtiguously lo lbt ttt a lratcltl 
rr.

The lド′IЁ“ちらpЮЫCnlヽ NP―had(め Monnla and Pdお
(lの show that,br

nou-zero sct-up tintes jobs within each fanrily are scqucnccd in SWI'T ordcr in an

optiural schcdule. For thc case ofunif weight, Ahn and Hyun(l)devclop an algorithnr

*hi.l'r rcquir.". O(l;2 Nr') titttc atrtl Chosir proposcs an O (l;2 Nr'; tinrc algorithnr lirr

arbitraly weights(2). For the case o f two larnily the ll.5 , l) ru,c, problern can bc solved
′■

'

in。 (n3メ
l!、

lleuristic alld lDranch and boι lnd inctllods arc aiso tlic suttcCt Ofthc solllc

studics(48)

′
Fhc lド′IΣ "tCi proЫ Cm is Nl)― hard.i「 wF1 8d cachl、 山cn ttc rcsulting

′■1

proЫenl,お 11S,Σ
"ち

Ci ThiS proЫ cnl appcars Юぬr havc notconsdcrcd by any
′‐l

rcscarchcr

l｀1le outlillc ofthc papcr is as ibilows:scction(2)contaillS sonic lcsults ftDr thc

wcightcd sunl quadralc conlplction lnlcs problcnl wiJlout sct― up inics ln scclon(3)

thc:nain lでsult t)rthc squarc c()nlP!cti(■ 1 1nlc with sct up.is givcn in scction(4)ncw

dynanlic progral1111111lg is givcll Scctioli(5)contailiS ncar optinitll solution

2.Tlic wcightcd Sulll Quardratic Conll)ictioll Tilllcs I〕 robicl1ls witit(,ut

Sct‐ up Times.

THs proЫcm l日Σ・l Ci CヽOnsdcrcd irtt by l｀ ownscnd i「 wl=lね r cach
′‐ |

tthen dle resudngrcsdungproЫ em is IHΣイ CЮSdy rdacd tO thヽ proЫemヽ
′‐ |

1 1立←′-3)2 prOЫ cm,whcrc[ヽ 山c averagc conllDldbn tinlc,あ r whにh Jlc

obJcctivc is to nlininlizc Jlc conlplction dnlc vaHancc

Wc shJl provc山■山ol‖Σc・i pЮЫun iS Sdvcd by llc blttwingrcsu■
′‐|

Thcoranl(2.1)

The∝ cxi■ s an o口bnJ SOldbnねr lllΣσ;proЫ cm in whth Jlcjobs arc
′‐1

scqucilccd in SP i ruic

Proo■

Collsidcr a sctluCncc o「 tlio lb口 1l o l o whCtC o alld o l:rc p`trdtli scqucnccs,i

and i aC tWO jobs with P:≧ Pi.IンCt T dCnlotc thc conlplclon tinlc o「 iobs oFσ  Tllcn

lol this scqι,cllCC:

18
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ci2+qi2=(T+Pi)2+(・ 1、 十Pi+Iり
2

Now consider tile ncw scquence σ ji(ァ .Thc square conlplction timcs ofall

jobs ol'σ  and σ
・
al・ c tilc sa11lc tis it)r thc oriじ intil sctlucncc.I′ ct cl:tlnd C「 bC thC Scluarc

completion tilncs ofjobs i andj.Tllcn:

σ′+CF=(1｀ 十pi)2+(′「=pi+pl)2
・
            lt is clcar that:

‐      ΣC∴ ―Σ12≧ 0 (sinCC p?助 )/
′=l        i=1

Thus thc llcw scqucncc is prctrrcd to the old scquencc,hcncc by repeatil13 thc

process then thc SPT rule is optimal.

Notc that,thc SPT rulc gives an oplonJ soh● on brbothproЫenls IIIΣ ら
,=:

.   and lHΣ c「 .Although SWPT rdc JVes an op」 onJおrl‖ Σ W,■ .Problcnl,it
′=:                                                                              ′=:

_.   docs not」 Ve an Oplond soldion br lllΣ ″′σ「probにn.
′=l

The blbwing results」 vc OpunlJ soh“ onおrspcdJ cascsoflllΣ ″′Cr
,=l

pl・oblcnl.

.        Thcorcln(2.2)

′
        If brcachjob l(1=1,… Ⅲ n),P:=P.Thcnan oμ lonal SChCdulc for lllΣ M4イ

′=|

is obtaincd by scllcdulillg thcjobs in non‐ 11lcrcasin3 0rdcr ol'wト

Proof
Since pi=p br caclljob l(I=1,・・・,n),thcll thC squarc completion times arc

thc samc for cach schcdule.Hence the schcdule obtaincd by ordering thejobs in nOn…

increagngordcrOfwlisoμ inlal br lllΣ ttC「・Problen.
|=l

Theorenl(2.3)

If breachjob l(I=1,… n)Wi=W thcn an oplnlJ schcduに おrillΣИノcl is
′=|

obtaillcd by SP 「́ rule.

“           l"roof

・.      It is dcar that ulc ll lΣ Cr problenIBythcorenl(2.1)JlC SPT Scheduic is
′=l

opumJお r lllΣσl,HCnce itis oμ imJ schcduに おrl‖ΣソC:prOЫen.

lt is clcar that thcorcnl(2.3)ctin bC LiSCd to()btaill a lowcr bound ibl・ thc
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tl lI ,, ci h'oblcnr i[ w = ur.in {w, }. 't'tris lowcr bound can bc uscd ir.r branclr and
t-l

lround procctlurc to obtain optitttrl solutiotr lirl thc ll lf "; .; grroblcrrr. Ilcncc (his
,=l

solution procctlurc is an altcntutivc to 'l'owttscntl's ploccclulc lirlrhc lllirr, "lt=l

probleul.

3.'l'ho Wcightcrl Sunt QuarJratic conrplclion 'I'intcs l'roblcnts
with Set up Times.

In tlris scction wc consitlcr thc ll li N,, cl putltlanr (wttt'rz.!, is a sct-up tinrcs
t=l

ol' a lirnrily l, I '/ l'? l;). ll'wr : I lor cach I, thcn (hc rcsulting problun is I lfi'l i c,r .

r-l

This problcnr appcar to lirl havc rrot bccn considcrcd by atty tcscatchcr.'l'hc nrain

result in this lbr the I lSd t c,' problenr is giveu trext.
,=l

ln any schcdrrlc. rvc tlcllrrc a lratch to bc a largcst sct o l' contirruous.iobs liorn
the samc lbnrily l.

Thcorcnr (3.1 )

Therc exists an optimal schetlulc lbrthe llSfl)c,' problcnr in which thc.iobs

arc sct;uorrcctl irr SI'l'ortlcr itt caeh lratch. 
t I

I'rool'

Lct S bc an optinral schcdulc ol'thc forrn S:(ot,.i. o], I, <lr) whcrc jobs I and.i

are fi'onr tho satnc batch I] antl or, o.r. arld ol fcprcscnt;.rartial scqucnccs ol'jobs.
Supposc S dillcrs lrom the schcdules that results fiont SI)'l'rule. which wc dcnotc by

S1 or 52. Our airrt is trl 1.r'ovc that il'p; < pi, whcrc i..i e I). lhcrr otrc ol-lltc schctlttlcs.

Sl : (or, i,.i, o2, o-r) or 52: (or, o,2. i, j,6.1), is an altcrrtativc optilnal schcdulc. Using
a siulple interchange argunlcnt ol'adjacent partial sequcnces ofjobs, wc can show that
the .jobs ol Sr or Sl rnust []c sctlucnccd in SI)-l'oldcr. Wc notc that thc propcrtics ol
sct-uP times crrsulc tlrat tltc intcrcltangcs wlticlt gcncratc S1 ol 52 produsc tlo
additional sct-up tiule in cithcr scltedule. I lcncc it is casy to see wlrcthcr thc

intcrchanges that gencratc thc scltctlulc St or 52 Pl'cscrvc optinlality.
Iror thc corrsolitlatiorr, a conrpositc job is clcatcd to rcplacc two or rnolc

cousecutivc .jobs in a liutrily. Ilcrrcc lbr thc sinrplicity rcplacc thc partial scqucncc ol
jobs o2 by an cquivalcnt cornposile.iob K. 'l'hcrolorc a contpositc.lob / lbr a

sequoncc ol' two .iobs (i.i) with grroccssing tinrc is dcllrrcd by 1t, = l,t + P t.
Substituting a contpositc-job al(c|s thc totill s(luxlc corllplctiorr tirnc lry a constarrt ilnd
thus the prel'crcrrcc lretween schctlules is lcll unaltercd.

Now by using thc tcchnirlucs ol-adiaccrrt pair-wisc itrtclchangc rulc (lor dctails
scc proo l'o l' thcorcnr (2.1)).'l-ltat sincc i is ptclcllcd to.i. thctl cithcr i is prcl'orlcd to k
in which casc Sr is optintal or k is prel'errcd to j in which casc 52 is optinral

20
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Remark: the solution procedure for the tfs, ff c,' problem can be useil in branch apd

bound proccdure t0 0Ыain Oμ inlal sOldiOn br dlc lド
/IΣ‖4σ「problcn■

t=l

4. New Dynanric Prograr,r,irrg (Dlr) for thc 
'l"rlIcf ;rrobtcm

t=l
In this scctiot.t, wc dcscribc a Ircw DI'algorithnr lor nrininrizirrg thc sunr 11l'tlrc

squarc cotnplction timcs problcnr. Lct the jobs arc clivided into two Ianrilics Il :
{ir,...,ip}, where pi, 5...< pi,,and f2 = {i1,...j,1},'where p,, S < p t,, In any optirnal
solution wcprovcdbytltcorcttt(3.1)abovcthat.iobsol'f; arrcl [)arcscclucrrcccl inSl)'l'
order. 'fhus an optimal solution is obtained by a suitably rrrcrging jobs ol'll and l.z.

Let us define a recursion on values of f(n1, r12, nr1, n12, b) which reprcsents thc
minitnunl sulu of tlte scluarc conrplctiorr tirnes whcn nljobs ol:ll and n2 jobs fi.onr 1.2

are scheduled using ntt set-ups rcqtriring tirrre s1 ancl nr2 sct-ups rccluiiing tirnc s2,
whcrc b e lrl.2l indicatc that tlrc last sclrcdul,;.iotr is li.oltr liunily li,. Wccorrsiclcr
states (1t1, ll2, I111. rll2, b) lbrccrtaitr rcstrictcd valucs <ll'rn1 aucl rn2 whiclr arc clccluccd
frotlt the lbllowing argunrcnts. Sincc eaclr sct-up s2, inrrnodiatcly lollows thc
proccssing oIa.iob ol'll arrcl irnlnccliatcly prcccdcs thc proccssirrg ol'a.iob li6pr l), wc
have

nl; ( 6i11 {n1, n2}
Sirnilarly

nl2 ( 111i11 {n;, lt2}

< nrirr {p,c1)

< rnin lp,q).

Supposc wc ltavc a partial schcdulo corresponcling to sLatc (lt;. t-12, lll;,1r2, b),
then thc square contplction tinrc C2 of thc last job is conrputcd l'roni thc square ol't6c
sunt of processing tintes ol'sclrcdulcd.iobs and tlrc sunr ol'sct-up tinrcs in thc partial
schcdulc using:

ぴ=憧れ堪れ・lll l・Sl"「 ...(3.1)

Now to find l'(n1, n2.n11,nl2,b), lbrn; *112'?2,rirslconr;rutcc2 liom(3.1)
and apply the lbllowing recursiolr:
f(rr 1.n2.rrr 1,rrrz, l ) : nrin { f(n 1 

- l .n2.rn 1.nt2, l ). I(n 1 
- l,n2,rn ; - 1,nt2.21i + C2

f(h1,112,n-t1,1tt2,2)= min {f(n1,n2-l,nt;,u12,2), l(n1,n2-l,nt1,l.t12-l.l)} + C2

Whcrc g(1,0.0.0.1) : 7ri.g({).1.0.0.2)=pl ancl irll otlrcr irrilial virlucs arc sct t<r

infinity.
We now discuss the tinre corrrplcxity of this DP algoritlrln. 'l'o obtain an SP f

orderiltg of the jobs of ll arrd l) rcquircs 0(n log n) tinrc. lt'thc currcnt sct-up tirlc is
for a job of Il, thert this is citlrcr the lirst sct-up or tlrc prcvious sct-up is lor a jotr ol'l).
Thus if b: I then eitlrer l1t1:t-112 ol'rltrnlz*1. Since n1 s {0,1,...,p} n2 r {o,1,...,q} and
Mr e {0,1,...,nrin{p,c1}}. Thus thc Dl, algorithnr has at ntost 4(l+py (l+q)
(l+minIp,q]) states, siltcc thc rccursiorr ccluation Ibrcach stertc is solvccl in constunt
lirne. Tlrus wc use p ? n atrd t1 ? n to rcducc that tlrc tintc rcquircmcnt lbr thc
algorithm is 0(ni).

つ
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,thc v〔llllcs ol｀ n:1‐ n2=2〔 li・c COnlputcd,

患:↓∴iキ鳥桜ぷtl:ξ‖i‖黛品殿11堺

群i麟‖‖ 1[搬選IⅢ
辮■為電嚇出 ittl露『

′胤
1 0ptional is(2,3,1,4).

'fablc (l), Solutiort of tltc rccursiolt ftrr thc cx:ttttplc
b

(0,1、 I) |、 ()、2) (1、 l,2) l、 2,| (2,|,2)

F(I,2,m1,m2,b) 69 75 ∞
∞ ∞

F(2,|,ml,m2,b)__ 254 347 315 ∽ ∞ ∞

636 436 615 551 756
Il(2,2,n11,trl2.5y 358

5. Nenr OPtinral Solution

'l'o .btairr ,car .ptir,itl s.lutitltt ltlr thc l- Sr- i.,'pxrblsttt' t'.cal scarclr

rurctlrrxls s . grt.tl appr.rtclt lirr lirrtlirrg ltcal'.;rtittlitt "'tl'tit"' 
lirr Ittttlty-.schctltrlirtg

froUt",rrr. 
't'ttc- lblt,wlrg ,lctSocls (Dcsccntl. Silnulatiott attttcalittg' Adjaccrlt pair-

wise interchange. C.n.,]'.. Tree type hcuristic) can be uscd for fi1ding Near optimal

solutiol. A ,r"* t."t1,licptc ltrr dyrianric prograntnting (Dl'}) cattt bc usctl as a lrcuristic

ntcthod. ln this tccltniclirc likc thc thrcc typc hcuristic lltc-thod wc stop as sooll as wc

reach tlre first l'easiblc solution. I lellce iI we use thc ltew Dl) given in sectio^n (4) and

we stop calculation witlr thc lrrst lcasiblc solutiott i.c. with thc first valucof thc statc

(tt1,lt2,l.ll1,lll2.tr)whcrcttl-{ll2:ll.,l.ltislttcattstltatil.wcalrlrlytltcrccursitltr
equatiotl, theu we Stop as Soon as we calculate the first value of f(p' q' lnl' n'12' b)

*i',ich is a near optimal solution'
l;i'ally wc crcl tlris scction by solving tlrc sarnc cxatttgrtc givcn irr scctiorr (4)'

Consider rgoin tobl" (li abovc. it is sce fronl thc bottollt row tltat tlrc near opti,ral

solution is given by (2'2'0'l'l):358'

REFBRENCB

l'AhnB.andl-IyumJ...Singlelacilityrtrulti-classjobscheduling''.Computer
and Operatious Research 17. 265-272(1990)'

2. A,derson If.J.,-Gi;rt C.A. and liotts C.N. "Local scarch in contbiltatorial

oprimization". Editecl by li.l I.L. Arts and J.K. Lcnstra wiley (1997)'

3. tlagga l).c. arrd Kaira K.R. ..n rrode l..lirnirratiorr proccdurc l-trr Townscncl's

Algoritlrrtr lirr s()lvilg tlrc singlc rltachittc Qtradratic pcrralty l;ttttctiott schotlulirrg

pr.ibl",rl" Managctttcnt Sci' 26':'t' (133-636 ( l9tt0)'

4. Crauwcls ll.A.. l'otts C.N.. Van Wttsscnlrovc l-'N' "Local scarclr hcuristics ltrr

single maclrirrc sclrcrluling with batclr sct-up titttcs ttl ttlinilttizc total wciglrtcd

coripletion ti,rc. Atrtals t iOpcrati.tts Rcscarclr 70, 261-279 (1997)

22



【
ワ

Al -Muslunsiriyo J. Sci. Vol. 14, No. (l),2003

5. Croce F.D. Szware W., Tadie I{., Baraco P., 'fullio T., Minirnizing the
weighted sum o{'quaclratic cornpletion tirnes on a single rnachinc, Naval Rcscarch
Logistics 42. It. 1263- 1270 ( I995).

6. Cupta S.K.. Scn 'l'.1(.. On thc singlc rnachitrc schcduling problcnr with
quadratic penalty Iunction ol'courpletion tirnr:s: arr irttprovecl branclting procedurc,

Managenrent scicncc 30, 5, 633 - 647 (1984),
7. Kackson J.R. Sceduling a production lir:re to minimizc maxintum tarclinoss.

Research Report 43, Management scienc:e Research Project, University of
Califbrnia Los Angelcs, C.A. (1955).

8. Mason A..1. ancl Andcrson U.G.. Mininrizing llow tinrc olt a singlc macltinc
with job classes and set-up tirncs. Naval l(escarclt Logicstics. 38, 333 - 350
(leel).

9. Mondol S.A. and Sen A.K. An improved prcccdencc rulc for singlc nrachitrc

secluencilrg problcms witlr cluaclratic pcnalty. Europcatr .lourttal ol' Opcratiorr

Rescarch l25,425 - 428 (2000)
10. Monnra C.L. and l'otts C.N. On tlrc complcxity ol'schccluling with batch sct-up

tintcs Opcrzttions l{cscarch 37.798 - lt04 (l9tt9).
I l. t)otts C.N. Schcduling trvo.iob classcs on sirtglc ntacltittc. Clonrputcrs ops., I{cs.

18,5,411 -415(1990).
12. Scn 1-., Dilccpan l). ancl Ruparcl 8., Vlirrirrizing a gcncralizcd qttaclratic

pcnalty liutctiolr ol' .iob cornplction timcs: An itttltrovccl trrattclt attd lroutlcl

approach, Bngineering Costs aud procluction Econonrics I 8, I 97 - 202 ( I 990).

13. Sptit[ W.E. Various optinrizcrs lirr singlc-stagc procluction. Naval l{cscarclt

Logistics Quartcrly 3, 59 - (16 ( I 956.

14. Townsend W. "The single ruachine problenr with quadratic Penalty flunction of
conrplction tinrcs: A bralrclr arrtl lround s<llutiott" Mattagctttcltt scicncc 24,5.530

-s34(re78).

23



Al -Muslonsiriy J. Sci. Vol. 14, No. (l),2003

Deterioration of Silicon Solar Ccll Pararncters with Arnbicnt Tcmperaturc

Omar A. A. Sultan*, Khalil I. [Iassun**, Moharnmrcd S. Ilashecd**
*NASSII State Cornpany-Ministry of Intlustry and Mincrals
**School of Applictl Scicnces /Univcrsity of Tcchnology

ABSTRAClI'
In this work, thc cl'l'cct ol' anrtricnL tcnrpcraturc on tho clcctrical and pltotovoltaic

characteristics fbr silicon solar cell has becn investigated. l3xperimental results showcd that

the convcrsion ellicietlcy was dctorioratccl when arnbicnt tcntpcraturc raised ancl/orclonc-

graded liom optimurn tenrperature 114"C). Value ol'rninority carrier lilbtimc cxhibitcd

indepetrdent bchavior witlt cottvcrsion cllicictrcy.

;,"aDlill

L+tlJ i *lr;ll c-tr.. ljJ'9sll-,  SLiJdJl ,-'il. rll *L J+ll t-.11-2s. as-1r ;L a-trr g!5 ,'*'-,'ll l- *+

a_21;,-ll \_2r rlr_1i Lsc ,rl;Jl fai.-o uc, r-'iir i[*iJl iJJl ;ol.liS .;i +..1t fUft .-r;aLi .4,jAIJl i+*,iJl

,.!J-ill;eliS.rlc. lr.i-^ ,.li krU.'rr..,, iJi- Yl .i)-lJl trr- [jd Ot ]-,] dlrs.l4"C .rlU]t t6:^l ..p t-E et

. 
.i rli ll

INTRODUCTION

Apart h'ont thc cnvironnrcntal pclllution associatccl with pctrolcttnt lucl, the linritcd

availability and exhaustibility of petroleum era nrade au ittcentive to pttt fbrward an

altclrativc solrcc rrrccts tlrc plcscrrt clcrttlttcl ol'cltcrg'y ol'tlrc wtlt'cl. Sincc tltc solttt'cllcrgy is

atrundaut. cvcrlastirrg aud clcan. iL was thc llrst catlclitlatc ils i.lll altcrttativc sourcc.'l'hc

successlirl approach lbr utilization ol'solar cncrgy is thc solar pltotovoltaic (SI'}V) in which thc

solar energy is converted directly into elcctricity so tltat it catt lrc ptrt too clivcrsc uscs. J'ltc

dcvice tlrrough which this convcrsiolr is nraclc is knowtt as solar ccll. A solar ccll is l"rasioalll' a

p-n junctiolt scnricorrcluctor clcvicc. 'l'hc singlc crystarl silicon ccll tcchrtology is thc tnost

provelt ope ald occupies about (r0%o ol'thc total PV slripntertt (81 MW in 1995) [l]. Despitc

there wfuere 36 ycars lravc elapsccl, sincc tlrc dctnolrstratiott ol'thc lirst silicorr solar ccll [2],

tfuc iptensive invcstigations onthisclcviccarcstill currcnttrp-to-datcl3-Sl.Solarccllsottthc

house roof suffer Il'oln tlrc widc varicty ol'opcrating tcntpcratttrcs (oftcn in tlrc rangc bctwcctl

5-70" C).'l'lrus, it is urgcnt and inrpcrativc to study ol'tho cll'ect ol'antbicnt tcttrpcraturc olt thc
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cell characteristics. 'fhis cll'cct is rarcly takcn inlo aocor.ult whcn thc ccll paramctcrs are

dcternrirrcd.

'l'he targct ol' thc prcscrtt wolk is dcvoted to stutly ol'thc qllcct ol'anrbicnt tcnlpcraturc

on silicon solar ccll lrcrlirlrrrarrcc. 
'l hc rrrain inlpor(ant photovoltlic pnf.ln]ctcls (viz: short

oirruit photocurrcrrt clonsity.l.., ol.rcrr circuit plrotovoltagc V,,., nr:rxinrurn photocurrcnt dcnsily

actoss tltc loatl rcsistattcc.l,,,. ntaxitnttnr pltotovoltitgc at thc loatl rcsistarrcc V,,,, pcak load lln.

fill factor FF, maximum convr:rsiou elficicncy r'1,,, cxccss nrinority carricr Iile tinrc r, ald

series fesistancc [{* and shunt tcsistancc ll-h undcr illurninatiorr) wcrc invcstigatcd wlrcn thc

cell maintained betu.ccn surrrnrel and winter tcrnpcraturcs ol'Baghdad city clinrate.

EXPBIIIM BNTAL DBl'AILS
'l'hc dil'l'uscd p-n siuglc crystal silicon solar ccll which was lirbricatod locally in Al-

Manscor oompany has AM2 cottvcrsiotr cllicicncy ol'about 79lo was alrcady scribod irrt6 lsur

equi-parts. 'l'he lbur palts wcrc wircd iu scrics and the total ccll (44cm2 arca) was packaged in

a sui'rable l.reader. Thc top surlacc of as-rcccivcd ccll was alrcady capsulatcd by TiOz SARI-.

I)V piu:ttttctct's wcrc dctct'ntirtctl rvith aicl ol'surrlight sirnulator conrpliscd ol'lralogcn larnp,

which calibrated by s(andard silicorr power rrcter at illunrination powcr density ol 69

mwcm2, which correspouds to AM2 corrditions tho intcrest o('tcrrcstrial applications. 1'he

test was achieved rvhen thc ccll loadcd hy box Icsistancc. l lrc output powcr cxtractcd liont

the ccll was delivcrcd to thc rcsistivc load.'l hc tcrntinals ol'thc load lcsistarrcc rril and inlinity

corrospontl to J"" and V,* r'espcctivcly. lironr pW (pcak watt) ll,n was calculatcd and thc ratio

of pW and (J." V,,") represents Fl;. I{. and l{sh were evaluatcd liom thc curvc PV perlbrmance

by taking slopes ol'lhe voltagc axis and thc currcnt axis rcspcctivcly. 'l hc dctcrminatiotr ol'r
was establishcd using opctt circuit voltagc dccay tcchrritluc (OCVD). t,il'ctintc was calculatccl

li'onr thc lbllowing c(lua(iont9l :

弓 [希|………却
where k?q is the volt equivalcnt o l'tcllq)cratut c and t is thc dccay tinrc.

'l'lre experinrerrtal set-up ol' this tcchniquc is showlr in Fig. ( I). All thc abovc

lreasurcnlcnts were repeated at dill'erent teurpcraturcs (1'= 5. 14. 30.50,60, and 70"C).
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RBSULTS AND DISCUSSTON

Shown in l;ig. (2) is the l'V pcrfontlat]cc ol- tltc ccll drawrr in thc lburth quadrant to

explain tSat thc: electrical po\,ver is extractecl fi'onr thc ccll to thc output circr-rit. Ilcst results of

J*" altd V.," al'c obtairrablc at 'l':14"C (scc tablc I). Irig. (3) dcpicts thc variatiott ol'otttpttt

power with voltage across the load rcsisteurce. Ma:ximunr convcrsion efficicncy is obtaincd

rvlrclr tll)/dV :0. l)clk loacl I(,, listcrtl irr tatrlc: lsltows a tlccrcasc with risirrg tcttrpcratltrc.'l'lris

phelonreuop is not desirable during application and since it is olten neglccted, thc output

powcr will be shil'tetl Iar fi'ont its nraximunr. I'he variation ol'l{* ancl Rrr, with tcrrtperattrrc Ibr

the cell is given in tablel. Inthcideal ccll Rr:0andl{r1,:co.Substatrtial amountol'l(.and

finil.c arloupt ol' Ii..r, in actual ccll will dcgradc llll lirctor, which in turns dcgradcs t1,u. lrt'ottt

the table. itisobviousthatI(.isnrinirnal antl [t.r,isnraximal atpartictrlartcrnpcraturc(l4"C).

lncrease ol It, at low tempcrature (5"C) can be ascribcd by thc donrinatiou ol- cotltact

resistarrce. As the testpcrature incrcascs, thc bulk rcsistancc dcoreascs slowly whilc thc

coptact resistance clecreascs sharply ancl the sum is balanccd rlcar room tcluperaturc ( l4"C) by

an ipcrease i1 tlrc clit'l'usccl laycr rcsistancc [51. Abovc roont tcnrpcrature, thc cotttztct

resistance of electrodes is snall. Only the shcet rcsistance ol'thc dillirscd laycr domilratcs thc

series resistance. hence I{. will lre irrcreasccl at elevaLtcd tcmperatures. On thc othcr side, thc

clecrease in shunt resistance It511 at low tenrpcrature (5"C) is attributablc to don'rination of

recombination rnechanisnt through the junction, while,domination of tunneling trrechanistn at

high temperatures (>14"C) is thereasoufbrthedecreaseinRrn. l'hcfornrerinterpretationof

It,r, is based otl the lhct tlrat the two routes ol' thc carricr transport mcclranism (i.e.,

recolrbilation and tunncling nrcchanisnrs) lead to ilu ittcrcasc irr lcakagc curretrt at tlrc

interl'ace. At l4"C diflirsion curcnt is tlrc prontincnt ntcchatrisnr.'l'hcrclbr, lcakagc currclll

will be consisted of revcrse saturation current con-rponcnt aud further compoucnts arc not

existed. As a result, I{.6 will be at itsculnrination. l-il-ctimc isclcttrotrstratccl in tablc I.'['hc

table shows that t increases with temperature. 'l'hc slopc of V,,. dccay increascs with

tcurpcraturo. Notwithstauclirrg, tlrc iuclclsc iu t is cluc to tltc ittcrcasc in volt cclttivillcrtt ol'

tentperature, whicfi is prore dourinant thau Vu" dccay. Conseclucntly, caplurc cross scction ol

the traps will bc rcclttcccl.

llteractiol betwecp the prcvious parantctcrs leads to optinrum qnr at'l':14"C (ncar R'f)'

Calculated values of qn, are tabulated in table I. Frrrnr calculatcd 11n,, it is apparcnt that 11,u
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exhibits vivid deterioration when tenlperature incrcases abovc 14"C. On the othcr hand, I,,

dcteriolatcs at low tcntpcratttrc (5"(').

CONCLUSIONS

From what has bcen discusscd abovc the following conclusiotts nlay be drawn: (l) PV

parurnctcrs ot' silicon solar ccll arc vcry scnsitivc to opcratittg tcrnpcra(uro (2) Ncithcr high

temperatures nor low temperaturos are favorite when silicorr solar cell is used as a solar

converter (3). lncohctently miuority carricr lil'etime irrcrcascs whcn convcrsion cllicicncy

decreases which illustrated that 1he lolc of t is insignificant at high tcnrpcraturcs.

0sc illosco Dc

l'ig. (l). lirpcrinrttttnl Sca-ul) ol'OCVD'l'ccltnit;uc.

28

Cell under
test



(▼〕
1.6   2、 0

Voltagc
O.4   0_3   1.2

,4`,1′イ,,Vィタ.rり ,2″rpJ

(V)
1.0   2.0   2.4

2.0

Al -Muslansiriyo .1. Sci.

Voltage (Y)
o.{ o.8 \.1___J-E__L9*4

Voltage
o.I1    1.2。.♂f一〒工■

0_0
0、〔〉r

Vo1t.age (Y)
o,8 1.2 1.(t

-5,0'

Yoltage (Y)
o.E l.z, I'O

fig. (2). Ir'ourtlr Qu:rdr.:rnt Clraractcrstics rrndu' tilltct of ()Pcrating'I'cnrpct":rtrtrc'

０
・
０

一。．４
・０，３
“
“
２̈．。
癬
嶺
“
押
・̈・．

Ｆ
日
ｏ
ゝ
聰
じ

お
】日

ｏ
（

口́
９
出
，
ｏ

・
０
　
　
　
■
　
　
　
ハ”
　
　
　
副

１

２

３

４

一
　

　

　

　

　̈
　
　
　
　
一　
　
　
　
　
一

♂
日
ｏゝ
「
】）お
】∽口
ひ０
一口
ｏ自
づ
０

．０
ヤ

v01Lagc
113 _  2.0。.4~   0.0・

・
Ｏ

Ｆ

●
Ｉ０

捌

捌

枷

抑

抑

♂

日

ｏ
ヽ
司
日

ヽ

Ｐ
¨
”
口

ｏ
●

一
口

じ
“
口
，

０

・
Ｏ

Ｆ
Ｆ

，

ｒ

ｒ

ｒ

ｒ

ｒ

Ｆ

ト
ト

ト

ト

ト

ト

ト

ト

ト

ト
ト

ト

Ｌ

Ｌ

上

Ｔ

Ｌ

」

Ｌ

ゴ
ヨ
聾
ぶ
卿
一
酬
蠍
癬
ｏ
ｒ
ｉ
ｌ
ｒ
ｉ
Ｌ
ｉ
ｌ
ト
ー
ー
ト
Ｉ
Ｌ
Ｆ
Ｉ
ト
ー
ー
ト
ー
ー
ト
ー
↓
Ｔ

ｎぼ一（」Ｈ口『ヽ司口】「〓】・目」̈　。”①］独，ｏ

● .

29

T=5°C 7r=14° C

T=5o"CT=3ぴC

T=70°CT=60°C

Ｌ
　
　
　
″
り
　
　

●
　
　
　
´
ヘ



Delcriorutiorr of Siticort Solar Ccll l'ururnelcrs wilh Amhicrtl T'cntpanrlure
(λ /1.′′

`.″

′′rrrrr′ ,ごr rri

T= 14oC
●,0

路

さ`・
0

日`
ノ
3.0
れ
0

七
餞 2.0

,

,1,0
0  1

T"う
°C

0.喘
0.5     1.0     ■.5
Volt〔昭e(V)

・
０

・
０

・
０

・
０

・
０

（』
ｏ＞
昌
）
お
七
熙
ぢ
，
ど

°ヽЪ指 D.5      1.0     1.5

V01t3.ge〈V)

5.0

鼈

潜`レ
°
日V8,0

0

「0
L2.0

づ

fl,0

ｍ（」口̈
）レ員↓Ю“，Ｆ。］　やつｏ「だ。

ｍ
奮
ポ
亀
』ｏ鳳

ｉ
Ｆ

匈
奮
ゴ
礼
鋼
訓
酬
鋼

（ヽ

l.o
Yolt.rge

t.o
Voltage

Fig. (3). Variation of Output l'orvcr

Ilesistancc.

T=7●・C

」５
僣

1.ID     ■.5
Voltage (V)

2.0

（ヽ

・・５”
o.E t.o r.o- e.o

Yoltage (v)

of I'hotovoltagc across Loadas a Function

30

1



Al -llluslortsiril,o ,1. 5",. 1/rplノイ,N().rt九 2θθJ

Table I. Dcpcntlcncc of Silicon Solar Ccll l'aramclu's on Ambicrtt Tcmpcraturc.

1・
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Jr.

(rnA/cnr2

)
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(VOltS)

IRI,

(Ω )

J,,,

rnA/cnt

Vm

(VOitS)

1lm(%)
τ

(卜tS)

lts

(kΩ)

RJl

(kΩ )

く
υ 3.52

つ
ん 338 l.2 0.55 5.9 0.26 4.5

14 4.86 2.2 3.52
つ
Ｊ 0.44 6.9 15.6 0.18 10

30 4.6 l.97 3 4 l.l 0.48 6.4
Ｏ
Ｏ 0.ll 3.9

50 4.8 l.8 34 つ
ん 0.47 5.9

う
Ｚ 0.12 l.8

60 4.4
●
′

つ

ん 3.75 ２８ヽ
‥
′．

0.39 4.45 26 10 つ

´

70 4.5 1.76
つ

´ 3.9 0.85 0.41 4.8 29.5 |.0 1.25
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Using Clircular' l,-rost's l"illcr WilrtlowSpccklc llctluctiorr

r\li Ahirl l). Al-Zulir'
Ultir'. ()l' Al-Mustaltsil'iyit, Clollcgc Ol'Scictrctr, l'lt1'5i1'. l)cllt.

i,atstt
r 6. 19.-r--l -s J+-r+ (Sn lt) :li,t(>Jl a-rill rr ;lrl;Jl -29- & (spccklc) :t-iill .:,lr 

-,1 rjl -I:I-

al 
ri'l .,1 a...J'o1l ;L*iirll oL;*:Jl-,liY4rlri 4+ll*.--rlriilrL'1. l,.,itl.l .i+^r-,ll -,,r-Jl t+Jl* j.:.ILIJI

c.[ .; u. i-Jl_t) i-J]J !+-rl (#-) €lc lciiijl i CJ a;]lr g+-y;-riL: a-lJ.:il oja .ri '[ir''i'J .-[t-:Jl .:,I,,i;r

j .-+ill ;oL-..riS 
-r: 

r- il ; r.r r: i-raS :*t^ Cl),sl+ 
ld'i :lil:a I a5 r- 1.' Jl e*JJl a=..j-rl ,= tcl-rs ' J ,^;Il -] 4-1Jl

L) FJI J-tL. j---r l€ l. ^iJ drtiiJl . ;.r<l Llrs ;3. .u,cl ('',:l- .lJ o*ll C +lJl jlUlr L"jl-iJl .-+Lnl

.+Ul ,4.,jtiJl tJe"ll otL"..r ,L;r^;Jl Jl jt:'l d l-rs 6rs +r;,,I:Jl C*rll ;-riL eLn c:JtS, .4JtiJl

ABS'TITACl'

llrc irlirll,sis 6l' spccklc ilrrlgc:s (likc SAI{ irrrugcs) consiclct'a vcry tlil'llctrlt Ptrrtrlcttt itt ittllrgc

pr.6ccssipg. S9 ptus[ lrc arloptirrg prc-tlllcring tcclrnirprc:s t() rcclttcc sltccl<lc tttlisc fl'otlt tltc illragcs.

i1.,",., ,,.i,.,g irpirlysis tcr:hrrirltrcs. ln tlris p.rl)cr. wc irrtt'otlrtcc cit'ctrlitt'sttttltttltittg witttl0w irr [iltcIirrgl

11.()ccss [;r.trsts liltcr. irlcl ptcclilp liltc:l'). l'crlot'tttlncc ol'l.iltcrirrg rrlgot'itlttlt. clisctrssecl [r;'

sLr-r..riscsLi()p 1 ncw tluarrtitatir.c nlcasul'cs Ilrut tlctclnrirtc liltering cl'lictcncf itt ltt)tlr0gctlotts ittl'tge*

.."!ii.r,.,r 11d cclgc r.cgiqps. (Ssblc cclgc dctcc:tor atloptccl itt scltat'trtittg cclgc rcgiotls lt'otrr

6,li1ogcpols r,.,giqps). 
-'l'1c 

circular snroothirrg [rloclts oxhibit a vcry gootl pcIlirrlllitllcc' Iot'tttlisc

rcclttctiott.liorrrbotlrltt;ttttlgctttltlS.al1clctlgcirllirgcrcgit-ltts.

Key-W9rds lDigital llltcrs. Noisc I(cclLrction. Srnootlting. Spcc,klc. SAll, I;rost's lriltcr)

INTIIODT]CTII)N
Vari.trs slrggtlrilg l'iltc:r'nrcthorls lravc lrccn prolxrsccl to rcntovc sPccklc ltoisc.'l'hc cl'lccti\/cllcss

ol' cl6alcerlcpt rrrctlrorls rlctrrcucling on thc valiclity ol-iuragc nrtltlcl. tlrc tltrality lllcasLll'c ct'itct'iolt.

.rrd thc statistical 116isc rrrtlclc,l. 'lJtc sltc,olilc rc1'rrcscut coltcrcttt tttlisc. tlrirt itlwirys sltowlt itl

! (colrcr.c:nt irnaging systcrrrs) (lili,c Syrrrlrctic APcraturc ltarlttr SAI{ itttagcs. Litsct'itttl-tgc's. ittlcl

LJltrasound i'1-,,ig"rJ.'l:his noisc type, rcprcscnt rnull.iplicativc rroisc ntotlcl cittr bc givcrt by ll-al.

I = ll.l;

rlbscrvctl irttitgrrs (rroisl' ).

trrrc coltcrcttt itttitgc (sigrlirl ).

...,(l)

spccklc tircl i n g rancktrrr vaIi irblc ( i ttdcpc:ttdcttt o l' si gtlill ).

一一　
一一　
〓

′

だ

だ

'l'lrc ir.rirtlilpt lltrcltrutigrrs irr spccklc 1.lirttcrrr irrc slrtrrvrr to obcy ttcgittivC cxPttttctttiltl stirtistics

wit6 t6c stludarcl clcviatiou cqual thc nrcau |-31.'l'hc rnain problcnr witlt ttsitlg ctlltct'ctlt irttttgcs is

tlrc sllccklc psisc. tlrlt rrrakc thc intcrplctution ol'tlrcs,; irttagcs vcry clil'ficLrlt tttsk cittt tlot bc

,r;rc,.,,ic,l irtrteprirticirllr,. Scvcrirl l)r'c-l)r'()!'cssing tcclrrritlu!rs l)r'()p()riccl ttl ltssist itl irltitlysis lltrrcetssitrg

lirl spccltlc itttagcs scc I I . 3" {r-7I'
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l. Speckle Filters

I1 t5e litcraturc. pt.lt), l'iltcrs. appcarccl to rcducc vrious irragc rtoisc typcs. -l'hcsc llltc|s catt trc

brultchctl inlo lrvo clrtcgorics:l I I

t.'frtdiliottal.filtersz 'l-lresc lllters. takc irrto considcration local obscrvatiotr, atrd dose ltot dopetlcl otr

irlagc prgrlcl: spprc 9l' ilrcsc llltcls iu'c (rrrcirrr. tttctliittt. S'l'l). rtrotlc....) lllte:r's.'l'ltc optitrtlrl [lltcr'

ltctwccl t6csc llltr:r.s is tltc urctliarr liltcr'.'l'ltat acloptccl in prcscttt study.'l'his llltcr pcrltllrlrctl lry i

rcplacing thc ccntral ltixcl valuc in snrootltittg wirtclow by thc nletliatt valuc ol'thc ncighbors.

'l'lrc traclitional llltcrs arc c6nsitlcrcd the sinr;rlcst lbrnr ol'srrtootlting tccltniqucs ancl ctttr bc rtscd '
cl'l'ccic6tli, lbr rccllcirrg pgisc ll'orrr lrorrtr)gcrlous rcgiotts. []trt trrrlirrtuttatcly, tlrcy olicrr prodttcc

blurrirrg in cclgcs atttl littc clctailctl rcgiotts.

b.Adaptirtc J'ilters: ll.4l rtrost ol' thc adaptivc l'iltcrs arc uscd to cttltitttcc rclltotcly sctrsecl itttttgcs.
'l'[csc llltcls lrrc tlcl'rcuclcd orr ltlcal irtragc statistics attcl ott iltrasc tttoclcl. So thcy pcrlbrnlctl

cl'll.cicrrtly irr rcrlrrcitrg irrurgc rrtlisc lnrrrr hornogcltous t'cgiotts ittttl prL:sct'vc thc crtlgcs atlcl llrlc

cletails.

'l'hcra urc lp6 ,t,ot,.l' uilulttira snuxtlltittgfillars,lltul ltuvc haarr itttntduccil praviottsl.l' 111 rcduca

spec:klc ntti:;e, unil intprovitrg SAII inruges. Sonrc of thescfillcrs:

l. l-cc's lilter [5] tlrut ilssulllcs a nrultiplicativc rtoisc rttodcl attd uscd a littcarsatiotl proccdurc, - t
te cepvcpt t[c urultiplicirtivc corrtlibutitttt irtto aclditivc. rvlrich is subsctlttcrrtly liltcrccl ottt by

I'ncalls trl'lt Kalttlitrr l'i ltcr.
2. Kuap's lillcr 17l lhat irrtroclucc nrolc conrplcx liltcring ptrrcctlttt'c trttsctl orr tttttltiplc
slrrre:Itrrctl li ltcrs ()t' ()n tllc cstittuttcrl serctttttl tlt'tlct' stirlislic.

3. Ali's llltcr ll.ttl Alsoadoptnrultiplicativcrroiscntoclcl.artcl in(roduccitllcwtccltniquc,thett
pcrlbrnt autonrntically rr,lrcrc thc llltcrcrl paratttctct' cart lrc cstitttatc li'olll tltc local irllagc .

statistics. l
4. Dsutrlc avcragirrg liltcr that pro;xrsccl by Ali A. Al-Zuky I lthis liltcr pcrfbrrrtccl by locall'

avcraging anrl rrorrrrulrzirrg tlrc irttagc. tltctr llrc t'csttltctl ttttrtttitlizctl itttltttc. sltlotlthctl l-rv ltnotltct'

aclaltlivc avcragirru trsirrg local vlrliartcc. Alicr thcrr. rcc()\/ct'thc stttoothccl itttitgc. rrrtrllipli tlrc

sutt-roth ttortttalizc ittt:tgc b1' origirlal local tttcatt.

5. Irrost's liltcr [3J thatisalilrcarcorrvlutional proprosccl dcrivccl lkrnttlrcrniniluizationol'tltc
6rcan cpraclratic crror ()\'er a rnultiplicativc ttoisc tttoclcl.'l'lris llltcr pcrlirrlltutl b1'trsirrg

n I tt I
\ t l'r

ii1.r'..r'/= I I Ai A', (','(...,') t(t.k).,' A'r'{r tt^ t' r a t (l)
rt I rt I

/rAr

Wherc n*ll rcPrcscrrt srrrotlllring slirlirrg witttkrw. tt(x.y)cstitttatr:tl itttagc ('12 is thc cocl'l'icicttt ol'
vitrilti6rr irr locatitln tx.yl. l(t.[; rrcightrors poittts arotttttl tltc lloitrt (x.l ). k I is thc ttot'tttitlizittiott -

cgustzrnt. arrrl k2 srnootlrirrg contnrllirrg constnttt.'l'ltis llltcr also itclttlttccl irr this papcl.

2. Quantitativc lne:tsu rc critcri:t:
'l'lrc tprirlitl, ol' sntotltlt irrrirgcs. tcstctl [r1,trsirrg ttcn t;tttttlilittivc tttcitsttt'cs. Iltitt lritsctl ort cttlcttlittc '
norlralizecl ntcau scpliu'e crror (N.lvlSU) lretwcen thc original (incohcrcrrt) ttornralizc itnagc l((x,y)

Lrntl rrornlirlizc l'rrt,ccssctl inrirgc fi (\.) ). l'lrcsc nrcilsr.n'c cirlctrlrttctl lirt' tltrcc tl il'lL'r'utt tlliltlttct s.

givcrr b1':

４う
、
・′
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r .\' .\'

NM,\E t= * zzr R(.r,.1, ) - fi( *, t,D'
1v .r-/ r'-.,/

1\'\'

Nit,\ti2 = *.If tn{r. r,) - it1,r..r,))'
/vl,tltl

(.t.-,') * adgc ltttittl

N7, lteprcsertt IlLllllber ol' hotlrogenolls illlage poillts

I ,t t
NI/,SD3 = . r----t; II(1i( r.y) - /11.r.;,))r

N- - N7, ', r ,.-.r

(''''')= adga Poir"rt

l/ol. 14, Ntt. (l), 2003

. . ( 3 ) litr 'l'otul itttttga ltrt ittl s

Irdgc points cletertttittc liorn allplying Soble opcrator to the original itltagc'

4. Circular smoothing window:

Alw.1,s. thc cligiral slroothirrg lrltcrs arc trscrl snrall wintlows to crstitralcrtl local sigrlal valtrc itt

t6c inragc. 'l-5c s6apc ol'snrootlring window is rcctangular or squett'c witlclow ol'sizc (NXN). whcrc

N-rcprcsent oclcl nunrber. So thc cstitnation lbr thc signal call bc givcn by:

tt I rt-l
)f

R(.r.-r,) = I I,,'(t.l). /(.r+k..1'+/)
tt'l t I

l-- A--
ll

Wlrcrc
I(x+l<.y+l) is tlte observccl inlage points.

It(x.y) is thc cstirllatctl itltagc.

Wtt.f i wciglrLing lirctor [hu[ always {s:;rcttcl ott local intagc statisl"ics.

(X.Y) cctttral locatiotl in the slicling witrdow'

Ilcrrc,c tlrc l,carl virr.iatitlrrs conrputcd irr thc sclrrarc rvinclorv. tltr:sc val'iitti0tts catt tlot llc ttsctl ttr

r.cclucc thc uoisc ct'l'cc:icrtl),. [rccausc thc sryuarc wiutlov'i noI synrrttctric itt'ortttd tltc cctltl'al lloint irr

this *,irrrlorv. firr all clircction. So. in this prprrr wc sLrggcst using circttlaL slitlirrg witlrlorv' itt

liltcri.g ,r.ccss ancl rnotlily lir.ost's filtcr. tti ,,iilir" cir.,,-,iu winclow. Also. wc apply tllctliartt Illtcr'

by usirrg tlris circtrlar shapc witttlorv'

Thc algorithnr of circular shapc wintlorv givcn by

l. l)ctcrrnillc ilrray o['r:ircular.block ctrh (1000.2), wlrcrc 1000 rc:prcscltt thc ttraxitt.tttttt tro' ttt'

pixcts i. thc circglar blocl<. anrl 2 rcprcscut tto. Ol'it,':iscs irr thc plnrrc (x arrcl y)'

2. Inptlt raclitts length (l,rr). And put [':l
3. l)ut cbk (1.. l) =0.n,'t.l .trk (1..2):0 (ccntral pixcl location in tltc winclow)'

.1. I)r.rt pr:0.00001 (prccisiort valttc)'

5. For R1:l To I-p Do

ContPttte d0 = 45/Rr
Corttputc llr: 360/d0
Ccltrtpttte 1111= ll1 -l

(ii) l;or 1' :0'l'o tt11 [)tr

(l{cprcscut n(). I)artitions irr tlrc circtrlitr tltitsk ttl'r'aclitrs lll)

.. ((r)
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.lpeckle Rctluclitttt llsirti: ('ircttlrtr l:ntsl's l:'illcr ll'ittdttrt' 
A.,4. D. rll_Zuhv

Conrputc 0 : l'*d0 (reprcsetrt the anglc of the part 'l')

Contltutc S:Sin(0)
ConrputcC=Cos(0)

tt.' l.S ls p,' tltctt put y='0 clsc put y: I{ottttcl itttcgcr (l{r*S)

llt l(' l= ,,,' tltcn put x:0 clsc put x= ftottttd irrtcgcr (l{r *(' )

('otn1-rttlc l. - l. t I

l'ut cbk(L. l):x
l'ut cbk( 1..2\:y

rrNr) (ii)
END (i)

REUSLTS AND DISCUSSION

lrr this stucly wc usccl ittcoltcrcrrt IlMl) itttagc ol' sizc (2-5(r*2-5(r). arrcl ol25(t gray lcvcls scc
Irig.(l: a). 'l'hen gcncratc chi-square ttoisc by using sinusoidal rncthod [ 1. Allcr that we sinrLrlatc
spcc:kly' irnagc (irnagc dcgraclccl bv speckle rroisc) slrown irr Irig.(l: b). In trig(l: c) showrr original
irttirgc crlgcs (trsing Strblc ctlgc rlctcctot'ol"rcratot') Sirrrulaliort ctprrtiorr givcrr by:

l(x. ),) =lt(x. r'). l;(x. )') .… ..(7)

t{(x. y) rcprcsent incohcrcnt irttagc. l(x, y) sinrulutcd spcckly inrugc. arrcl Ij(x, y) is generatcrl
spccklc lllc ol'clti-srluitt'c rlistributiolt. \\/c ulilizing tttcclian antl ljrost's llltcrs. to srnooth this
sitttttlatctl sltccklf ittutgc. ht' trsittg s(ltlilrc s,itttl6rv gl' sizcs 15,:5. 7'7. lrril 9"9).lrrrl lry trsilg
circular r.r,itrclorv ol'r'adius (r: l. i. & 4). Sonrc ol'rcsultccl irnagc slrown in liig.( l: cl.c.l.g.h. arrcl i ).
'l'hc r;turlit,irtivc l.cstirtg. arc tubulltcrl irr 'lablc ( I ).

'l'hc t'csttlls. crpllirt tlurt. llrc itclitptivc l'illcr ( lrrrrst's llltcr') givc bcst rcstrlts. thurr thc
'l'ritclitiottal l'illcr rrrccliarr wlrcrr usirrg circular [rlocks. this corrlrast witlr tlrc st;uarc [rlocks. Arrrl tlrc
lrcst squi,tt'c blocks lirt' lltc trvo liltcrs tlrc lrlock ol'sizc l7;7). \\zlrilc ( r':4 ) is thc lrcst ;aclius lirr'
cit'cttlar stnootltittg rrittdorr lirr lroth llltcrs. Also carr lrc slrorvrr. lilrnr thc rcsults that whcn thc block
sizc inct'cltsc. tltc crr()r's irr irrragc crlgcs incrcascs (NiVISI:j). bul tlrc cl'r()rs tlccrcuscs (NMSli2) irr
Itotnogcnous inta-rtc rcgiotts. 'l'lrc l'iltcrirrg ol' spccklc rroisc tr-v using tlre circular lrrost's flltc:r arrcl
ntcdiatt llltcr. is vcry cl'llcicrrt corrrparirrg witlr using squarc lrlocks. t{csultcd snroolhirrg slrowrr irr
l;ig( I :j.k.l.,rrr,n. arxl o ).

lllblc(l)iNヽ ′ISI]Vtlltlc、 lirt' lolal irrrirgc rcgiotrs NI\4Sl:l. lirr onlv Ilorrrogcrrous rcgiolrs NMSl12.
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CONCLUS10N
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(g) r'= 2

o)5× 5

(b)Sirrt ula lctl s;rccklc
(ll-kroli) l nlagc

(h)r'=f

Mctlirrlr ["iltct'

(lヽ )7× 7

: ._,il .,i

(rr)r=J

l;rost's l"illcr

Smoothccl lttragcs LJsittg Mcdian ancl

) Iitlgcs OIOrigirral
lrrragc (Srlblc)

(:)り ×9
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llarncct-l ll. Malrood, Altlttcd A. Ghull'us ald Ibralrclr lt. l''icdh

lrat;i Atonric llncrgV Coltttttissiolt, l)cllartnrcltt ol'llcat'l'ransfcr
l'.(). l'or 7(r5

a-aUill

i.,iii- Yl .-ryLiYl J)i a+l.-iJt i--.;Jl +JiJl .J:lF 6:ytt ssll ;;olu J$Jl Jdl 'lJ+l i
o., ..p a-lll J3,tll ,s.,l-ri!f O!!l Di -t.ll ,=.i J*ir}l =16L uLJ ':lhJ +iLUl U;' i-t'" alri i^"L

e-.+l= iitiio arL;-ij -iuL,-'-r I(12.1\22l^AJ 4.jl^iJl +-,Jl ely rr.JJs9,, Jl+iil 6: ';;otJ'Jl

-t--;Jl *s ;'pJf ;l.:L ;l aJ^^-,Jl gi[Jl '"i.,, rir .lo' r ,'Yl ' 6Y ' ;-21;' ':l;.',1r -u ;!;)l

iJr--il^Jl irl-Jl ejlj.ill el+r+ bt-tn 4l[--,Jl CjLiill c.J.J+tl rir' x 'ju+ll "+J *l' lJaS $!
.k*:r,tLiJt :..r-

ABS'TRAC:'I'
Arr ar*rll,tical sgltrtiorr ol't'cliigcrarrt tr.r,rl-1'llrasc [lou,rlixtttt'c liorvs lllt'ottglt a

lr.ricoutal ,ip as a rcsult tll' llaslriug has lrccn Pcrlirnnccl to calcttlittc tltc Pt'cssttt'c

tlrrr, irl.rrg tirc tcst st.t:liorr. l{cli'ig,cllrrrs rrscrl wu'c Il l2 (l)iclrlorotlillttot'otttctllltltc)

irrrtl l{ll 1r.'lr.1lltlilltrgr'orrrctlrrnc) irrrcl tlrc satrrratiott tcttll)cl'ilttll'e \\/cl'c l0 ('". -i()'('
aucl 50 "C. 'l'hc rcsults slruws that thc prcssurc clrop ol'two-phttsc tttixtttt'c dcpcncls otl

tlrc i*rality at a ctlrrstanI urass llux. Arralytical rcsults wcrc obtitittctl cotttllat'ctl vct'y

wclI rvitlt tlte cxpcritttctttal clata availablc.

INTRODI.]CTION
l'hc prcclictigl 9l'J)t'cssgl'c clrol'l occurring rltrlirrg two-1'rltitsc llow irr ;liPc:s is ol'

particular inicrcst to the pctrolcunr arrd clrertrical inclustrics. 'l'wo-pllasc llow occtlrs

iicclucrrtly irr cScpricll procr:ssing. arrcl tlrc clcsign ol'proccssittg cclttillttlcnt atrtl llillirlg

,yr,",.,-,, ,.c.*,ir"1; krrtlr.vlcrlgc,rl'prcssut'c. voicl ll'ttctiotl ltlltl oliclt llows llatlct'tl ltt tltc

lletroler,pr ildustry, twg-lrliasc llow uccurring in rcactor cooling cc;Lri1'rttlcttt's"lrvo-

plrasr. gow 6ccur.s li.cclucntly irr olrcrnical lrroccssing. ittlcl thc clcsign ol'proccssittg

...ltrillrrrcrrrs irrrtl pillirrg ,1,st.:rrrs rct;trircs littorvlctlgc ol'Pt'cssttt'e tltoP. r'oitl llilcliolt

aucl olicn llow paitcll. lu tl'," 1;ctrolcurn industry. two-Phitsc llow occurs irl Pillclirrcs

attd irr oil artcl gas wells.
'l'hc trv.-1.rlt,sc l'l6rv 1'lt'oblcrrr is conrplicatc:tl lt1, t,,." Pltcrttolttctril lrs slillllagc

Sctrlcca ,lrirsc. i'1,,,,.tga ol' ll'ou, l)ilttcnr. rrrrtl rrtrss tnrrrslL't'ltctrVcctt Pllltses"l llc gits-

liqrrirl (litluirl-vapor)irrtcr.lircc nrily lrc srrrootlr or wilvy anrl cnct'gy ttlity lrc lt'itttslct't'ctl

1r"11rygc:lt ;tlurse:s. 
'l'lrc'sc lirc,t()r's |c.strlt in ir ntttclt gt'cittcl'lll'c:ilitll'L: ltlscs tltittt clttt ['rc

cx,lirirctl 5\,tlrc r.ctlrrc:crl rrrcir irvirilir[rlc to llow lot'e:itcll ;lltltsc. ll)irlc I]c'ggs irlrtl l]r'ill

(te77)1.
lJcc.usc tll' t5c cornplc,xity iuvcstigatiort ott tu'o-l-lltasc llow ltlts trcctt cat'riccl

trtrt cx,cr.irrcrrtallt, abtl nrunt' cnroricirl Jrlrlclatirln to gtt'cilict lltlrv ;litttc:l'tl' r'tlitl

li.lrctitl, irrrtl ,r'cssrrrc tlro;r lritr.'c llccrt lltoltosctl. vltlst tlittrt. ltttwcr"e:t' le:littc t0 itit-

watcr. tw,-c,rpllrrrcrrt systcrrr, anrl orrly liruitcd clata arc availltrlc Iot'tlttc collll)ollcllI
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l:lusltittg oJ,luntrulel R<figaruttl l.iqttids l)ischorgc'l'hnmgh llorii.tttttul ,',,r, 
,r.0. lVlulttttttl, cl ttl

systcltr ol' r'cli'igcr':utt ilt lriglr-prcssurc rallgc. Cltawala ( 1967) pcrlolrrrcd cxltclinrcnls
witlr rcli'igcrarrt ltll arrd Llarrdcl (1973) cxpcrirrrcrrtcd rvith ltll.l{12 and l{22. u,hcrc
ottll' ottc ol' tltt'cc pltt'lttttctct's i.c. salrrrltiolt lcrrrpcnrtrrrc (l)r'cssr.ll'c). ll()\\ l'ittc iln(l
11tralit1,. wlts clxtttgctl svslclttitlic:ally. Not'stctlo ( l9l{i) cllctrlutctl thc l)t'cssut'e losscs ol'
pipc litting irt t'cturn lirrcs irt rcli'igcritttt plunts. Sirnpson ct al (lgtil)corrclatcd arr

c\l)r-:t'i111r'111u1 tlittit lilr thc trvo-llhasc l)r'cssurc rlnlp llrrotrglr virlvc unrl ollrcr' ;ri;rc
littirrg. 'llrc cl'lL'cl ol'cttntl'rt'cssihilitt,rttttl tt.urss lnurslL'r'lrrc lrrurlvzctl rrrrtl Preserrtetl irr
tenn ol'a corrclation lircLor to thc pressurc loscs nrultiplicr.

Ilr this rvot'k att arralytical approaclt to prcdict rclrigcr:rlrt I{12 and I{22. tw<l-

ltltit:;c l)t'cssut'c tlnrp ulriclt is occttts tlttc lo tlcpt'essrrliz.irliorr or llirsltirrg ol'saltrnrtcrl
rclrigcrartt l{lf arxl l{22 througlr horizorttal pipc.'l'hc arralysis busccl on cncrgy
cotrservatiott ol'the: systcnl through l]ow lrctwcen two points a ltlrrg llow bath.

I,-lon' With l.-lash livaporatiorr
l;lash cvaporatiorr is a proccss whcrcby liquids arc partialll,vaporizecl ancl can

bc occur tluc Lo tltc: clcprcssurizatiort ol'sittut'atccl litluid. lrritialll.tlrc liclLricl is at high-
l)t'cs:iut'c arrtl ltiglt lctnpct'uturc tltctt tltc licluirl prcssr.n'c lirlls to u lcvcl sultstarrtially
bclttur tltc satttt'ati()n llrcssurc cort'e:sl-rottds to tlrc irritial lirluid tcrrrpcraturc lWallis arxl
ltichte r, 19781.

lrlashirrg ol' lirltritls lo ir lu,o-plrasc rrrixltrrc lhlorruh ;'riJ'r('5111111 rtozzlcs is lrr
ittt;tot'litttl pltcttrltttcttott itt llte llrct'ntotlYnlrnrics ol'l)()wct plirnls r.r lre re ctprigrrrrcrrl rrrusI
be rlc'siuttctl to rlcrtl rr itlr tlrc lcilct()r' lrrss-ollcoolirrrl lrccitlcrrts ( l,( X'n ).'l'lrc lllrslrirtg or tlcpt'cssttt'iz.:tliott occurs irr tlrc clrsc ol'prprrrg ltrplrrrc or irr cirsc
ol' vitlvc opctittiott. lt tlcltctttls sttottgly ott tlre: r'ltio ol'tlrc voltrrne kr brcrrk irrcir.
Wltcrt tltc siz.c tll'tltc rupl.urc ot'valvc opcuirrg is largc rclativc to thc s.v-stcnr volurrrc.
lltc tittc ol'st'slcnt rlcl-l'cssut'izatiott iurrl coolarrt cxpransion will hc rirpitl lWirrtcrurrtl
l\4rritc. l()7()1.

I he lirrrrrirliorr ol'\,ill)()t' tirkc plircc tltrrirrg tlrc llirslt l)t'()ccss:
l. ,\s tltc ;tt'csstttc rlcct'eltscs. tltc sitltttitliort lcnr;'rerirltrrc irlso tlccrctrscs iurtl llrc

ctlct'g)' (crrlltirlpy ) ol'tlrlt ;titt't ol'lluitl tlrlrt lcnrairrs litltritl is rctlrrccrl.
2. 'l'lrc crlclgy libct'atccl b1'tlrc lirluirl is abosrbctl irr cvlporating part ol'tlrc liquricl.
3. -[-he spccilic volutttc ol'thc nlixlurc ol'lirluicl arrcl va;"ror irrcrcuscs (olten rapiclly),

ars \'alpor' is prrrrlucctl.
.1.'l-hc iltct'cusc irr sllccillc loltrtttc is olicn irccornparrietl [rl,irrcrcirsc irr l<inctrc

crtcrgy ol' tlrc llubblcs.
lltc tttttsl irllp()r'tlnt lL'ittttrc ol'l)aslrirrg lit;tritl llos is rrorr-ccprili[rriurrr cltrrirrg

\/ilp()t' gctlct':ttiolt tlttc to rlc;trcssttt'iz.atitltt. Norr-ct;uilibrirrrn is thc lirltrid cvaltol'atiorr
lvltctt sittttt'ttliott cotttlititttts rlrc tx)1 t'citcltctl. 'l'his lclrtls [o nrctlstirblc: corrrlitiorrs.
l;lashing starts r.'r'itlr sotttc titnc clclay attd thc aclual cluality puttcrrr prul,csscntially
dil'lcr ll'onr tltc ctluilitrriurn onc. 'l'ltis si-urrificarrlll,inllucrrccs tltc voirl h'action. thc
prcssurc urrtl vclocity tlistributiorr wiIhirr tlrc llor.r,.

l)trrirrg rlcl'rt'cssttt'izittirln phL:n()nrcllon ( l)irsh cvll'ronrlion ) bubblc rruclci
(valtor) will rrot lot'ttt itttrttcrliatcll'. but it lrcctls a linitc tinrc to illlpcilr'.'t'his tirnc is
clllcrl tltc "tlclitr lirttc". lt cirrr bc tlclincrl lrs thc lirnc l'rclu,cen (hc Sirttrrirliorr Slirlc ol'
thc litltritl tttttl tltc lit'st itltpcitt'itttcc ttl'tlctcclablc bubblc. lKcrrclotrslt. l9li9l.

Analysis
Arrt, lltritl tltitt llorvs lt'ottr otrc at'bitrarl,poirrt to arr olhcr irr u givc systcrrr lurs a

cottlltitt tlttittttitl ol' crtct'gY ltssociittctl rvillt circlr urrit rrrirss ol'llrritl.'l'lrc crrcrgl,is ol
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ltany lilnns. sLlch us kirrctic cnct'gy. 1;otcntial g;1!:t'!y atttl otltct's. As clrclt tllliI ll]ltss ()l-

lluirl cntcrs onc ltoint in thc systcnr. it can'ics a ccrtailt iu)totll)t ol'total cllcrgy with it.
'l'hc basic crrlctgy llalancc ccluutiorr itt syrrrbtllic tlil'lcrcrr{ilrl litrrrr. llitsctl oll ol)c

(lig) ol'llowirrg llLrid. l.latttcs O. Willics. 1999i is:

lill' r g3l/ r rttltt I ttll'l// | ull'l',. 0

lrq. ( I ). itssttttlc stcady - statc llow. whclc:
Vdl' r'cprcscttts tltc cltattgc itt prcssurc-voltllllc cncrgy,
(irlZ represcl)ts tl)c synttrol lirr a cllatlgc irl llotcntial ctrcrgy tlrtc [o a

Clrangc in cval ttittiott,
lJclu rcprcscttts thc l<inctic cllcl'g1r chaltgc te:rtl-t.

(idW" rcprcsL:uts tltc irrcvcrsible losscs or changc.
(irlWl.r.cplcscnts thcr cnct'gy charrgc cluc to cxtcrttal slrall worl< tlottc by

'l'hc lluicl as t llows lretweetl thc tu'o arbitrary poirlts.

I;rrr horizr-rntal llow. Etlz.:0 ancl lix no cxtcrtrttl wollt is cloc by thc lltricl. gclWc == 0

I lcttr:c. lrtl. ( l) bct:tttttcs:

l/dl'rut)u+gtllVl:0 Q)

l1 this study a valtor'-litluid two-phasc tnixturc l'lowccl lrcl.wcctl Poirrt L1 ' whct'c

l'r'cssttt'c tvits l)1. ittttl ;lttittl 1.,. rrrltctc: tllc 1lt'cssttt'c l).'. l'cl

Mirss rrrril tirrrc tll'llou,irrg lirlrritl itttrl vitllot'l'csllccliVe l1'.

lrc wt'ittcrt lirr thc t'cs1-ltrctivc: t;ttltttlitic:s tll'citclt llhase:.

lror liqtricl-pltasc tllc lralattcc is:

ttt ,Y , tll)+ttt,tt,tltt r+glll ,tl W,, =0

ancl lbr the vapor-pltase is:

lr, lultl nl,, l'cl)t'csctlts lllc
'lltctt rrtt ett.:t'g) ltttlltltcc tttltl'

う

ヽ
，

lll*V*cll)+ltlstl*clLl u+glll*clW,,,=0 $)

, ltq (3)irrrrl (4). arny bc lrltlcrl [o obtlrirr lotul ctte:rB,Y [t:tlitttcc lol'lrotlt llllltse::

Sitrcc thlt thc tr,v6-philsL: lnixlut'r: llorvs fl'orrr I-1 to l,: rvltc:t'c: thc;lt'cssttl'c itl'c I)1 ittrcl l'2

l(cspcctit,clr,. lttl (-5)tilily bc irrtcgli'iltctl llctrvcctt lloiltt I ittltl 2 rts:
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'l'hc last intcgral in lrq ((r) rcprcscnts thc sunl ol'all thc irrcvcrsiblc cncrgy losscs. lt
calr bc writtcrr as:

ltttttlLl',, = 
{ttt,rlll/,, 

+ ttt,. rlll',,).

Wlrcrc:

,rlt - lrtt+ltl !:

(7)

(8)

l;t'ottt l)arc1' Wcisbach clcl'ilrition ol'tlrc cltirttgcs in liicliortrl losscs lirr sirrglc:-phlsc
llorv lor usc irr two-gtlrusc llow situatiorr lKatz ct al. ( 1959)1. givcn as

,\W,, _ ./'it ,

(ll, 2,1 (9)

Corntrining Dq. 19). l-tt. (7) arrrl ((r). rcsult in

','!r,,,, t, + ttr,, t',.)t,' *,,,,"'f,,,,,t,,, *,,,,"',,,,,,,,,r, *l 111r;tr,. (to)

'l'hc irrtcgratiott lnaty lrc pcrlbnttcd direotly on tlrc last thrcc lcrnrs ol'Lq. ( l0) t<l otrtaitr

l" t"

,,,,'''1r,,tt,-, ;,,, 
.!r',.,il, 

| "t'l"i , 
rrr*z\-rr; 

n 
'a'=!,,',,''i 

t, =, ( r r)
t" ti

l:t;. t I I) still cottluitts trvo ittlcgt'lls lltitt tttust bc cvululrtcd. but tlrc lirnctiorrll
rclatiorrslrip ol'V arrd l) urul' not lrc knowrr cxactly.

1'hc avcragc irrtcgral valucs ol'crtch;rltasc Vr antlV* bclwccn prcssurc lirnits
l)1 artr.l l)2 ilrc givcn b1' lKirtz. ct al. ( l9-59)l as:

l" t"

[t ,,t1, [t ,,r1,

i,=ij_ .---li -- (t2)
Ir, - lr lr, - lr.
l', l':

lt'.,t1, - trs,tp
I',,='" - - 1! (li)

li - l', 1,, - 1,,

'l'lrc valuc ol'irrtcgrals ilrc ill)pr()N,irttatctl lill srtrall l)rcssLu'c tlccrcrrrcrrt [r1,

l-

Jl",cl1t=-l',(li -/',)= -l/rAl' (14)
t"

and

`

つ

一

■
■
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l"fusltittg o./',lururutcil lla.figcruttt l.itluitls Dischurgc 'l'hntuglt llorii.tttrlrl l'iltc

Antl

ll1 '::
(t - x)t;
(r - u)1,,

Srrbstitrrtc l'11. ( J.i ) irrlo I t1. (J I t viclrl

Whcre:

/)n =u/)rt (l-u)1t,

Atttl:

xv,(I=

/t',.t S(l-7)r',
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ll.ll. rlltrltttrtrl, cl ttl

(23)

(24)

(25)

(271

Ilcsu lls :uttl l)iscttssion
Arr irrlrlYlic:rl solrr(iorr lo clrlctrllrlc tltc 1'tt'cssttt'c rlt'o1"1 rll'tlc1'ttcsstrt'izutiorr ol'tlrc

saturatiorr rcli'igcrant. llows tlrtrrugh a horizotrtal pipc wits 1'rct'lirt'rrtccl. 
'l'hc t'csults

wlriclr obtailrcrl ilrc conll)ilrccl vct'1' wcll with cx1'rcritttcntitl tlitta givctt lry ll(crrichi
Il:rslrizrrrnt'. (l()ti.i)1. 'l'lrc rcstrl(s slror,v- thirt llrc lu,o-phirsc l)r'cssrrrc tlnr;'r is incrctrsirrg
rvillr irrcrcirsirrg tltrirlil-y at corrslrtnt lctnpct'itlttt'c ittttl lirt lltc sirtnc: t1,1tc ol't'e:ll'iue:r'lrrrt.

lscc llgurc ( l-{r)l Sirrcc incrcrrsing in tlrc t;uulity nlcilns ittct'citsirtg itt lltc virl-ror'

corrtcrrt in ir rrrixtrrrc llorv. rvlriclr is. givc a lriglt-1r'cssttt'c rlt'o1'r as rr'cll us itrcrcirsirrg
ilrtcrlirco cllag. 'l'lrc irritial satut'utcd tctttllcralut'c is irnpot'tilnI pilr'.unL:tcr tlrrouglr tlrc
llashing lll'occss wlriclr at'lcct lhc llaslring, sittcc tlrr: litltrirl lcrttpct'atrrrc lcvcl
reprcsents tlrc rnagnitutkr ol'clriving lbrcc lirr tlrc liquid - [u-r'apor tt'attsitiott.'l'lrc high
satrrralron tcnrl'rcraturc l)l'()nr()tcs lupirl tt'itttsititln llrrttt lir;tritl lo vitpot'stlltcs antl lrlrr,-

l)l'cssutc tllop ()cct-ll's tlrirn tlrc low'usI saltu'rrlirln [ctnltct'rrlttt'c.'l lrrrl is tnlry bc tll<c: plircc

cluc to at a lrigh s:rtulation tcrul'lct'aturc sittcc. tlrc llushing occr.u's ra;ritlly thct'c is rttr
sul'llcirrrrt tirnc to c()nvcrt rnust ol'litltrid to vill)or'(srnall rlualitl,valuc) tlrat is givc ir

Iow plcssulc rlrol'r lscc ligtrrcsl.
l;inall1, \\,c cAn scc lionr all ligulcs" that tlrc ittct'casirrg ol'tnuss llux ol'two-

lthasc llorv trrixturc eivcs irrcrcasirtg in prcssr.n'c dt'o1-1. sincc tlrcrc rs a straight
lclatiorrslr i p hctwcctt tltc ltrcsstlt'c tlt'o1t itttcl vcltlc i t1'.

'l'! '!'!

Colrclusiolt
Alr irrrlll,tical sttrrl-r'tlrr tlrc trvo-plt:rsc l)l'c:isir.n'c cltop tll't'clt'igct'itttts lllz lutd l(31

throrrglr u lrorizonllrl llipc rrits tttltrlc. lclrtling tlrc lirllrlrrittg tttrtitt cottclttsiolt:

l. 'l'hc pl'cssrrrc rlrol-r vlrluc rlcl'rc:trrls ott llrc r;u:rlily itt it cottstitttt tttitss llttx.
2. 'l'hc prcssurc drolts valuc lrroportitlrral invcrscly rvitlt saturatiou tctttl-tct'itLut'c ttl'

saturatioll prcsslll'c.

44



..ll -llttslonsiri.yo .1. ,\c'i.

l. A vcry goocl
givcrr by Kcrrichi

,ゆι ノイ,A7r′.r′

',2θ

″,

itgrccrncnI is givcrr lry ;'rrcscrrtccl anirlt,sis witlr cxpcrirrrcntlrl tlirtu
I latsltizurnc. ( I 9tl3 ),
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l'i 1rc: tl ilrtrrctct'. ttt
Mlss lltrx ol' Ir.l,o-plrasc rrrixtrrrc. l<g/rrr2.s

Accclc:l'al tott tl l' gt'itv i (),, tn/sl
l;t'it:l itttt l'ltcttlr
l)ipc lcrrgtlr. rrr

Mass llolv ratc ol'gas. l<g/s

Mlss llorv ratc ul'liquicl, l<g/s

'l'olirl rrrirss llorv rirtr:. lig/s

I)r'cssurc. liN/nr2
l'r't:ssru'c ol'lwo-;rhasc nrixtrrrc al poittt I . liN/rrr2
l'rcsstrrc ol'trvo-1'llrtsc tttixIut'c itt ;toittt 2. ltN/rnl
Volumetric gas flow ratc, urj/s
VulLrrnctric liquitl llow ratc. ttts/s
'l'otal volurrrctlic llow ritl.c ol'two-lthitsc tnixturc, tttr/s
Cas 1-rhasc vclocity. nr/s

l.itlrrirl ;rlrasc vclocity. ttr/s
'l otal vclocity ol' two-pltasc tttixl.urc. tn/s
Avcragc vclocity ol' two-lrltasc tttixturc, ttt/s

Slrir li rvor'li. li g.rtt
lilictitlrt cncrgy ltlsscs. ltg.ttt
Irrcvcrsiblc cncrgy losscs ol' gas-phasc, l<g.ll
Irrr:r,crsiblc: cncrgy losscs ol' lic;uitl-pltasc. lig.ttt
Vtlltrnrc. rrr'
Mc:rrr volttr,,a. ,,,t

Voltrntc o('gits-ltltasc at any prcssLlrc itttd tctttpct'lttut'c, ttl'l
Voltuttc tll'lirltricl-lrhasc ilt atly pt'csst.tt'c ;.tlttl tctttl-lcl'ittttt'c. tlr

l)ipclcrrgth, nr

Slip ra(io

(.)trirlitl, ttt'\'

illt

lrvaltrutirln. rtr

void li'actiott
tlil'lcrcrrcc
gas clcrrsi ty. lig/rrt'r

Iirluicl dcnsity. lig/rrt 
t

rrrclrtt tlcttsit.l' ol' lrvo-pltltsc tttixlttt'c. kg/ttt 
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Discrete CosineReducing Blocl<ness Distortion in Invcrsc
'fransfbrnt (l DC'I') llnngc

Ali Abid l). Al-Zuliy
Univ. oI Al-Mustansiriya, Collcgc ol'Scicttcc, l'hysics Dcpt.

Lr>tS.tt

JF;l ;* llleclirtcss l)istorlitllt r----iNl "e,-i:Jl ,3iU all;) ta,lr''""1 C;++'"+ as';t

,r--6i:,rll ;;r-Jl lGrJJ,- ll ril r"ii lJLll "iA.lDC'l'.i."SJl lh,,',lill J!,-l ,ii.l-]:-t-;lJl

.rs a,iiiYl f ltrX;rj Jl Jill r:L 3.a:.:i.Jl LrtiI *Si .lS:, cJlJl ril a+ d,l-.Sl+Jl *i:tt -Urf-

.t{-,^ }S Js,;,;rJl ;i:lf 3r;i:f ra ;q^-! }s i+^":j '"'L'i -itnll ';rrll +r*

ABSTITACT
A ncw cnhanccu.tcnt nrcthod introclucccl to rcclucc blocktrcss cl'lcct itr t'cctltlstt'ltctccl

i,ragcs alicr applyipg Il)C'l'. 'l'his Mcthocl aclolttc avcraging Ibr inragc points that lic irl

Slockscss lipcs. WScrc wc pcrlirrnr avcraging horizorrtally lirr thc vct'tical lirlcs' l.hcrl

'crticulll, 
tirr.lrgriz.orrtirl liners. in tltc iutugc ltlirrrc.'l'hcr rcsulls show lt vct'y gootl l'cctltlstt'ttctctl

inragc (i.c. highly reducittg blockrlcss distortion).

hcy 5.gr.tls: (l)C'l', lCnh:urcclrrcrtts, lltocliltcss l)islol'(iotl''l'raltslorttts, :ltt{l ltiltcl'iltg)

INTRODUCTION
Marry <ll' sirrusoirlal unitary trurrslornr (likc cliscrctc cosittc tritttslitl'ttt l)Cl'l'). tltat wotrlcl bc

iptrociuccrl i1 t5c llst thrcc r.lccartcs [-31. Whcn thcsc trattslbntts ltavc bccn widcly usccl irt

various inragc ancl sigrral processing applications. Suclt as ttsecl in itrragc codirrg [41. inlagc

rcstoration. corrtrast cnlrarrccnrcnt. urrrl irrrugc scgnrcrttatirln l5-7 l. 'l'hc ttlaitr tlisitclvittrtitgc

liorn applyipg thcse trunslbnns. blocl<noss cllcct. (i.c. proclucc tirlsc cclgcs bctwcctl tltc irlragc

blocks), this prakc t5c rccorrstructccl irnagc urrclcsiratrlc visually. Blocl<ncss cl'f'ect. always

iucrcasc with iucr.clsiug thc nuurbcr ol' cliscarrling tlauslbrnt cocl'llcicrrts. 
-l'ltc otticctivc ol'

this papcr introclucing il nc\\r algoriLhrns to rcclucc bloclincss cl'[L'ct ltltcl ctthitttcc itlvcrsc

discrctc cgsipe Lrausliirnr (lDC'l') inragc, arrrl nrakc tlrc u1-rpcarartcc ol'thc ittragc acccptatllc. lt

sSowrr irr scctiol (2), bricl- clcl.ails about DC'l-, and its apPlicatiorts. Itt scctitltt (3)' thc

1-rr.gpesc:tl irlgor.itlrnr is irrtrotltrcccl. llrcrr pcrlorrncrl to rcclttcc ltloclittcss cl'lcct [lrtnr ll)("1

irrurgcs.

l)iscretc Cosittc'l'ra nslbl'ttr ( l)CT)
'l lrc onc clintcrtsiotutl cositlc ttittlslol'ttt l)( ' l ol'lltt: cliscrctc

...N- l. clollnccl by ltl l:

r;ttr\-- 
2('(rr) i ,, .., ( (2r'+ l))
,\/ fi, .,rr[ ;n, 

J

Ll/ltara

lirtrctiott ot tlittit l'( x ), x 0. l . l"

.....(l) rr = 0,1.2........N .' I
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Invcrse discl・etc cosinc transfornl(IDCT)giVen by[8]

./'( x ) =Zrl, ) t;( u, -,' (E#*)

'l'lrc l-t) t)C'l'. cq.(l) arrtl cr1.(2). can casily cxtcttclcrd to a trvo ditttcttsiotls. sLlpposc that thc

i6tagc pixcl l(x. y) arrcl thc translirrrn inragc F(u. v).'l-lrc statistical propcrtics ol'cliscrctc

ctlsipc lrrrrrslil'rrr IX"l'. wlrich arc vcl'y usclirl itt variotts lpltlicatitlns. sottlc ol' tltcsc

lrrtllrcrtics ltrcsctttctl irr tlris scctiort.

l. Mean lltd v:tri:tttcc
'l'hc: nrcan valuc ol'l)C'l'coclllcicttts cutt lrc cx1'rt'csscd by [a j:

颯司=型ギ塑ΣΣ■1宇)IΨ ) …

`J'

‐ ■

Whcl・c lll rcprcsent thc 11lcan Ofthc salllplcs tx、 y).1｀1lCn

■i■7θ、θ
'/=:2′

′′ 〔lll(l ′Jrル 7,′ ,1リノ=θ

中⑩、0】 =0

ノj'(θ,の =rcpl・CSCllt DC― cocllicicllt i:l lllc trailsit)日 1l b10ck.
f7〃,り =reprcscnt AC― cocl■ cients in dle transfb日 1l b10ck.

Alld tllc variallcc 8ivcll by t41.

σ
2(イ
タ,r,)=′Iル

'(r',r夕

)]r=ィ′′′
P

σPに→=ルだいlr=勒 '

… .。 (4)

..... (5 t lr,(t,o))= t )('
.....( 6 tlt;'(u,r\fl= ,rc

(u,v) * {)

b. Thc probability dcnsity functiott ntodcl
1-hc probability clcnsitl' lurrction pcll' ol'l)C- cocl'llcicrrts is Laplaciart. whilc tbr thc ACI-

coellicicrtts is Garrssian I I'1.9 l.

c. Optirn:rlity
'l'hc DC'l' is c,llicicnt. translbrrrt. siucc it.s pcrlirrnritncc is closct to tltc Kat'ltltttctt-l.ocvc

tri.rnslirrrn (Kl.'l ). l'hc lrlock siz.c cln lrc vrryittg liorn (4 to 256) santplcs ol'daLit. Whcrc tlrc
courltututit)ns. urc rrorrrrally llcrlirrntctl scparatcly on caclt [rlock irr tlrc irnagc. Also this
translirrnr has scvcral vcrsiorrs. iln(l ciln bc itttltlctttcrttccl irt lirst algoritluns |0-lll.

3. llkrclirtcss l)islorliott Supprcssiolt Algorithtn
'l'he cnhanccnrcrrt ol' IDC I iutagc pcrlirrtttcd alicr t'cconstrttcI Il)C l' irttitgc. tlrc

ertltanccrtrc:ttI proccssittg 1tcrlilrtttcd as lilIlow:
l. lrtgrtrt (lX"l'- llloclis. Sizc) : llS
2. lrtllut (ttvct'ltgittg vcct()l'sizc) : VS

VS: rcprcscnt tlre uunrLrcr ol'distortecl linc arourtd caclt rnaitt blocktrcss linc.
3. I)c:l'ltlrnt ar.,craging lor all lroriz.ontul itttcl vcrtical linc. tltis lry using
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(7)

. ( li ) itr ltorizonlul littc

I lcr.e, cc1.s (8) & (9) pcrlbrmed lbr nul'llber ol'liues cqual (VS) around cach nlain [rlockncss

linc.

'l-hc pertbrmaltce ol blockncss reduction algorithllt are cvaluated by Lrsing quarltitativc

,r,.,,.,,r", (porrlalizc lltciu'l squarc cl'rors NMStr) lretwcctl tlrc origirrttl ittlitgc atlcl thc

llroccsscrl intitgc (clistortcd or clthattccltlcttt itllagc), this by trsirlg:

1t0)

I1x.r,). i1x.1,): original irlagr:. ancl proccssccl (rnay bc blocktlcss or nlay lre intProvccl) inlagc

rcspcctivcly. NXN is thc itnagc sizc

RIISULTS AN D DISCUSSION
-['[e 

sr-rggestecl elhalcement algoritlrm is applied to iutprovcscvcral IDCI irllagcs"l'hc

original i,"nge shown in l?ig.(l:a) ol'size(256*256) pixels, and with 256 gray lcvcls. l-hrcc

dillcLcrrt blocl< sizcs arc tc-stccl to clctcnninc blocltncss clistortion cf'lccts itr rcctltlstt'r-tctccl

ll)C-l' iuragcs. as a liurction ol-cliscarcling trarrsl'1v1'111 c1;s:['licicnls t'ittc.'l'hc l'csultccl ittlagcs lot'

block sizclg*g) slrowrr ipl;ig(l:tr,cancl cl)ancl lbrLrlocksizc(16*l(r)inltig(l:c'l'.arrcl g;

Ior scvcral cliscarcling ratcs. Fronr thcsc figures can bc notcd that thc blocktlcss distortion

incr.eascs witlr incrc:r.scs rliscalcling rltc. Also can bc show that Lrsirtg largcl' bltlcl< sizc

cn6auccs the visual cluality ol' thc IDC'l' irnagcs. 'l'hc rcsults ol' blockncss rccluctiou

clenrorrstratecl in Fig.(l: h.i..i.k. l.anclnr)tbrblockncssimagcsshowninl;ig(l:b.c.d.c. I"

ancl g) r.cspcctivcly. lr,',r,',., this ligurc can lrc slxlwn that tlrc trlocl<ttcss tlistol'titltt lrighly

r.c,ducccl. lkrnr tltc Il)t"l' lllochncss irrrirgcs. 'l'hc tprantitutivc tcsts tittrttlittccl irl 'l'iltrlc( I ).

Whcrc t[c rcsults givc a vcry g,rorl agt'cctnctrts with tlrc visLral itrtagc scrrsitlg.'l'hc NMSIi

ipcrcascs w,it6 iuci.cascs ol' cliscalcling ttlrrrslbrrn cocllrcicrtts ral"c. Also notcd tlrilt thc

clistortion tlccrclrscs with irrcreirsing translirrnr [rlock sizcs. Alicr irltlllf illg sttggcstccl

cpSalccprept algorithnr. to thc blockness IDC'f inretgcs, tlrc NMSE itrrprovcd irr high

rliscarrlirrg ratc. whilc stilly worse: lot' lou' cliscarclittg ratcs.
'l'lrc suggcstctl nrcthocl. l)rcscut rotrustucss nrctlrocl to rcclucc IDC l'itttitgc tllocl<ttcss lirr all

cascs (i.c. lnr ail'lLr.crrt translorrn blocl< siz.cs or clil'lcrcrrt cliscartling ratcs).'['his irlgorithtlr otttl

5c cxtcrrtlcrl lirp apotficr cascs ol'blocltrrcss typcs ol'otltcr trattslirrtnittiolts or dillcrcttt

ど
Ｄ

. 1 I - il I tt.t ltt tt.t i r i.l,tr .1.,tr',.

NAバπ=+喜葛。いうノい》
‐

. ....( 9 ) in ttarlicol lina
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Reilucirtg IJlockuess Dislorlirttt in Invcrsc Discrcle Cositte Transform (lDC'D lttrugc
A. A. D. Al-Zuli.y

quanLization nrcthocl Ibr translbnn coclllcicnLs. So, inragc iq)pcaratlcc coLtld irrrprovc uncl
rlccrcascs in NMSI:.

Ihbla (lI: NNlSlt l{csults lbr Irnagcs (rvith bloclincss and nitlr bkrclirrcss rcduction) lirr
Difl'cI'cttt I)iscartlirrg Ac-Cocll'icicnts llatcs arrd lbr Usirrg llkrcli Sizcs ([l*8, l6*l(r antl

32x32).

l〕 lock Si′ c No. ol'Ncglcctirrg

DCI -Coelllcicnts

[)iscirrtlins ll,irte

131ock!lcss

llll〔 18c

NMSE

Itc(ltlcc

131()clく llじ、s

NMSE

8*8

Vs=3

０

　

　

５

　

　

８

６

　

　

５

　

　

４

0.9375

0.8594

0.7500

0.4089

0.0965

0.0294

0.3146

0.0888

0.0383

16*16

Vs=5

７

　
　
　
１

　
　

　

５

４

　
　
　
３

　
　
　

７

っ

一
　
　
　
つ
４
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0()648

0.9023

0.6836

05319

01305

0.0123

04()38

0.1229

0.0247

32*32

Vs=5

999

903

0.9756

0.8818

06262

().()708

05822

0.0706
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(c)

lfig ( | ) l'lltttrtrtccrttcrrl llcsrrlls
(:r) 0r'igilrll ilrtlgc.

lllocllcss IDC'l'lrrragcs ln(r'grlutctl Witlt l)iscartling l{atcs ( 0.937' l).tt59 antl

0.750) l{cspcctivcll' Usirrg lilocli Sizc ll*8
ll6clirrcss ll)C'l' lrrrirgss lrrlrorlucctl Wilh l)iscartlirrg liirlcs ( 0'9(14, 0.902 trrtl

0.(rlt3 ) llesltcctivcll' [lsing l]krcl< Sizc l(r" l6

０
お(0
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ABSTRACT

'l'lrc stutly was carriccl out irr Ibtr - Sail' lxrspitul at AL-Musaitr district Ibr thc
pcriotl ol' .larru:r11, to I)cccrnllcr'.2000 . to sturly llrc inciclcrtcc ol'lJt'trc,cllosis tlisc:tsc ..16()

;llrtic:rrls u,itlt lllrrc:c:llosis rvr:r'c: strrtlie:rl . 'l'lrc prcrlotttinitttt itssociltlcrl tll'citttscs tltc cliscltsc

wcrL: l)t'trc'allu tttclitctt,si,s ,V l). ubttrllr,r . 'l'hc agc - gr'oup ol' ( '/ l--5 ycals ) was [ltc tttost
li'ccltrcrrt group ol' popLrlations .Ovcr 661Y<tol' czlscs wcrc l'crtralcs. Inciclcttcc ol'tlrc tliscitsc

iunoug paticnts wcrc ll'orn rural arca. Casc tccot'ds at hot nronths wcrc r"llorc than in colcl

rrronths .

hcl' w'ortls : llruccllosis . Al, -Musaitr . Iratl.

INTRODUCTION
Bruccllosis is prinrarily a zoontic discasc afl'ccting anintals itncl uran itt Inuttl' pirt'ts

ol' lhe worlcl ( 1.2) . 'l'hc discasc is rvorlcl wiclc in its clistribution . Its inciclcncc varics

ll'onr corrrrtl'), Io coulrlry (3) Ovc:r' -5(X)(XX) clscs ol' ht'ttccllosis ltt'c l'c;tol'lctl )/cllrly hy

WII( ) liorrr l(X) corrnllics .

IrrlL.ctiorr ol' lJ. nrclilatt,si:; . clistri[lutccl irr Mcrlitcn'ilnciln I'cgiott. l,atirr Atttct'icittt.
rrrrcl Asia . lJ. uhorltt.r iulbction ()ccurs world -wiclc [rut has ["rccn cl'ltctivcly craclicatccl ilt
sc:ve.r'irl I.,rrrrlpcln cotrrrtrir:s. .lu1'rirn ancl l'rtlcstinclittttl lJ.,;tri.r ()cctlt's rrtitirtly irt llrc
Miclrvcstcrrr urritccl statcs. Sorrth Arncrica arrtl Soutlt llast Asia, wltcrcits lJ.cutti,:' irrlcctiort is

rnost corrrrrron in Ntlrtlr & Sorrtlt Arrrc:r'icl ..lir1-rittr ittttl cctttritl lrtrropcarr (4).

Iltrrrxur irrli'ctiorr is usrrirlll uct;trit'ctl h1' rtttittutl cotttitc[ (5) Ilrc tlist'itsc ir;

trausnrittccl to hunrau through ingcstion ol- un;rastcurizccl urilk ancl ntill< ltlotlucts or
irrgcstiorr ol' rrrrcotlliccl rrrcal . Mcanlinrc. it is an occuputionitl hitzut'tl to littroratory w<lrl<ct'

. vctcriuiarrs . lirrrncrs . slrcplrc:r'cls & rncut irrslrcotors ((r). Ilunratt to ltutttatt tritnsntission is

（
）
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rarc (7) br.rt has bccn rclxrrtecl irr association with bloocl trartslitsiort . atxl bollc lllarrow

transplantation ( 1.2) .

'l'lrc rlisclsc i1 rrturr ptly bc lyr uctrlc or cltronic tliscitsc;lcrsistirlg lirr tlrittty ycals (ll) .

lrr lr.at; llr.trcc,llgsis is a c()lnrll()n rliscasc (9).'t'lrc rnlitt sottt'cc ol'tltc cliscitsc irr Iratl

is tltc clorttcstic atrirltals ( l0) .

'l'5c pr.cscut stutly was clrriccl out lirrttr .fatruat'y to I)ccctttbcr , 2(XX) , irr A[.-Mr.rsaitr

clistrict to throw sourc lights on thc inr:iclcncc ol'bruccllosis iunoltg lttttrtitt"t ltoptrlatiorrs.

MATETTIALS AND METHODS

lJotwecn .lanuary to l)cocrrrtrcr . 2000 'l'hrcc lrunclrctl sixty ninc 1:aticltts wcrc

aclr,ittecl to lbl-Sail' lro.spital in llabylon Govcrnoratc. arrd wcrc rccogttizccl to be sul'l'cring

ll'onr brttccllosis .

l, cach paticpt the lollowing poinls was cxatttitrccl : scx .agc . rcsiclctlcy ttttcl clalc

ol' ittlL'ctiotl .

llactcr.iol,grclrl cxirrlirlrtiorrs likc : (irlnr stairr r.ttttl l'rloocl cttltttt'c rvct'c 1-rct'lirt'tttccl trr

clctecti.n aucl isolatign ol' uricroorganisrn ldcntilicaLitllr ol' citclt isollrtc ztccorclitrg to

Maclatlclirr (ll).

13acteriolpgical cliagnosis was conlll'nrccl scrologically using a convctrtiotral

1)rLrccila allgltrtirrltiglt tcst (l,clcplltc rcscitt'clt l.ab / t Ik) .

l,ositivc arril rrcgativc: contnll scril wclc trsctl lirr caclt lratclr ol' thc tcst.

RBSULTS

'l'lrc stutly pcriorl covcrcrl thc ycar' 20()0 at Al.-Musaib lrrovirtcc.3(r9 sattlplcs o1'

irdivicluals cxarnipccl . only 253 wcrc positivc lbr brucclla culturc. r'r'hilc scrological tcst

w.s ltpsitivc in ullcascs. lJ.ntt,litt,ttri.r was isolatcd & diagtltlsctl itl z.tlo cilscs - lJ-ttlxtrtrt.;

r,vas irt l(r9 cltst:s . (lts sltttvvlt irr tlrblc- I )

Tablc-l:

Distrib.tion ol' cilscs according to lrrucclla culturc (positivc) iutcl scrological tcst

(positivc)

No. oI' trltlotl cttlturc
(positivc)

0`

t4:i
||()

No. ol' scrological tcst
(positivc)

l)rttt'alltr.:1t1t.

lJ. tt rc I i lc tt.t i.t

′
I()ttll No. 253
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'['he age group distribution ol' brucclla patients was fi'ollr lirst years olcl to fbrty
five year old 'l'hcntostcascsoflrruccllosis were occurring anrongagc*groult (l--5
ycar old ) litllowcd in agc grl)trp (26-35 ycar oltl ) irncl lcss corrnrunly in othcl agc
groups ol'patierrts , scc tablc -2 .

'l'ablc-2: Agc clistribution ol'paticrrts witlr brucclkrsis

Agc-group ol'
patiertts (ycars)

N() ol'plticrrts (‰

'7 r-5 96 26.0

6-10 27 7.3

ll― 15 20 54

16-20 30 81

21-25 45 つ

一

26-30 71 19.2

31-35 60 16.2

36-40 8
つ
乙

41-45
つ

一
32

Iotal Nuntbcr 3(r9 100

As slrtt,uvrr i1 tlltlc_'3.'l'lrc lcllllcs wL:rLr llt()rc ctlltttnottly al'l'cctctl thittt tttalcs. Nttlltllct' ol-

Irrirlcs 1r:rticrrt wcrc 122(331%) ancl tltat I'crnalc paticrtt wcrc247 (66.9%r) ltral<irtg rtralc :

lcrrralc ratio ( l: 2) .

'l':rblc-3 : l)istritltrtitttt ol'citsc:s it t:cot'tlittg lo sc:x tll' pltticttts

Scx No。 ol'tr:rlie ltls (%)

Malcs 122 3 3.0

li'c:rnalcs 247 66.e

l'olal No. 369

llciclcrrcc o[' bruccllesis llnong irrtlivirluals [i'ottt l'ttral irrclts wcrc 220(59.6 '2,) atlcl lrottr

trrbrrrr rvcrc I 49(40.3"1'). scc tablc - 4

・
1｀ lll〕 lc-4:lギ l・c(ltiCncy〔 listl・iblltion o「 ctlscs by lcsidcncc ol'|)atiCnts.

I{csidcncc No. %

IluraI つ

一

つ

一
5()6

[.lrhart 149 403
´
I｀otal No. 369 100

l'at-l1c ,5 Shows sclsolral variatiolrs ol' irrlcction witlt [rrttcc:llosis itlllol)g ilrclivitltrals.
pcak nuntbor ol'catses rvas itt .lunc & .lr-rly .
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'l'abltr -5 : I;rcrlucncy clistribrrtiort ol'cuscs accorclittg to tttonllt variirtion .

- 
Months 

_

J.,ur.ru'---
l--"-![ttl''v

March

_ No. ol'cascs
29

---- n
April 38 102
N4ir1, 105
.l urrc 46 t?.4
.f u l1, 45 つ

Ｌ

Att!.trsI 35 9.4

Sclltcrullcr' ¨ヽう

一 ().7

Qcteberr 18 4.8

Novonbcr
ili'cc'u t',cr'

20 54

23 62
I'otal No 396

DISCUSSION

Orrly 2.5-i sarnplcs liotn i(r9 pitticnts wcrc positivc lirr'lractcrial culturc. whilc
sclological lcsls wcrc positivc irr all cases ol'bruccllosis

'l'hesc rcsults bccausc ol'llruccllae arc intraccllular and dif'l'icult to cultivatc, arrcl tho
tttost patiettts are takcrt arttitriotic trcatmcnt bclbrc bactcrial cliagnosis (1.7).

-l'hc irrcidcncc ol' l].malitt'n.r'i.r inlcction is lriglr irr AI.-Musaitrarca. its belicvc that
this ittciclcttcc cluc to cottsurttcing in lrigh lcvcl lry tlrc;lcoplc rnilk ol' shccp & cow. ancl
nrost peoplc havc shccp . goat & corv at their lrornc .

lrr lltis sltttly 
"vc 

lirtttttl tlrll tltc tliscitsc wr.rs grc:rlcr irr lrgc gr'()ul) ol' 1'xrlicrrts ( '/ l-
5 ycar ) & lbllowcrl in (26 to 35 ycars old ) in lroth scxcs .

'l'ltcsc rcsttlts clttc to rnilk & its pt'oclucts i.ll'c ouc ol'tlrc rrrajol sourc(: ul' llruccllosis irr
lraq (3) .

'l'ltc 1'raticrtlsttl'agc-gtrlttp(l--5yclrsold)arcnrorcrnilk consunrcrs cspcciall)rlicslr
wlriclt is ttttltaslcurizctl rvhilc thc paticttt ol' agc:-gxlup (2(r--i5 ycar old).'l'lris rnay lrc cluc
ttt ittcl'cast: risk ol'cx1'losttrc trtainll,tltc tlccupational cxposurc ils lrotrsc rvivcs. lirrrrrcls &
shcphcrcls 'l'lris carr bc cxplairtccl by thc lact that lirrrncrs ilrc tlircct corrtlct witI
inlccted dairy anirnal & also nlorc pronc to cor.rsunrc nrilk & its products that arc locally
rnadc(12).

llrtrccllosis trl'lL'cts [xrtlt scxcs [rtrt tltc lcrtralcs \.vct'c nt()rc cortrrrrorrly irl'lcctccl tlrirn
tttalcs .'l'lris rvtts sitttilitt' to t'csults ttl' otlrcr studics (3,li). l;intling was corrtrusI with rcsulls
ol' othcr rcports (13.14). llrl'cctiorr ol' Ibtnitlcs with bruccllosis rnorc tharr rnerlcs. cxplairr
tlrat tlrc lnaiority ol'l'cntalcs rvct'c ltousc wivos who wcrc dircct contact witlr nrcat alcl
rtrilk or arrirnal irr carirrg (9) .
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'flte inciclcttcc ol' bruccllt)sis anrong indivicluals liont rural arcas wcrc (59.6%) .

'l'lris rcsult nray bc cluc lt'r thc nrost ;rcoplc irr A[,-Musaib clistrict arc o[' rural habits ancl in
clircct contact with tlorrrcslic lurirrrirls .

'l'hc tliscasc was nrorc conlnron during nrorrlhs ol' Suurrlcr.'l'his nray bc cluc to
thc e:xpostrrc lo bruccllosis w;rs high bccutrsc ol' incrcasc rnill< prorltrctiorr Iollowirrg thc
rlclivcrics ol' irrrinrrrls in tlrc sprirrg & contrrrrrirrirtiorr tll' rrrilli is rrrolc rrrirrlic:tl ( l3,y . Otrr'

rcsults arc iclcntical to othcr rcsults ol' stucly irr llabylorr ( l5) .

lfrrrnr tlris stutly it rvas couclurlccl tlurt [rluccllosis is crxlcrnic in AL-Nzlusaitl district .

Wc al'c rccou'rrrtcncliug nriuy poirrts lbr prcvcuting ct. controllirrg tlrc rliscasc ,

suclt as: perioclic cxarlination ol'clorrtcstic anirnals. pastcurization o['rnilk & it proclucts
. -rlootl cotlliiug ol'ureat. hcaltlr cducaLiorr ol' pcoplc wlto arc contact with arrinrals.
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Antifungal cffcct of Punicir graniltlttn L. ,

Mentlra viridis L.and Coriandrum sativunr L. on thc growth of fu ngi
czrused Tinca vcrsicolor discasc.

Ali Abdul llusscin S. Al-.lanabi
Iliokrgl, tlcpl. , Iiducatiolt collcgc , I(arb:rla tlnv.

i".atslt

l)unica graltatuttr 1.,. l)urticaccac ;L;Jl ot=': .;rU qt:-Sl J i.jul ol-I':Jl aJLi .::+;l

Corianclrunr sativuttt I-. ;>+-:Sll d.,L+-,;tseMcnthaviriclis[-. Labiatac 1l'Jl ':'L-ndlJrl,

.J-_,-.t :L,*!l I)ityrosl'lol'trrn ovalc:,1'ityrosltortttn ttrl'ricttlrtrc .:11 J.iJl e-J:l '^ ll lJrllllcllclcrlr

$ 4+JLi :iSYl rn gL;Jl .-rt,il JFS.II r ,=rUl L-L:iJl .ri .., ri9 .'l-irrca vcrsicolor ;t,,o-;5ll 4JLJI

)t---s,, t-tri ,Sr -i rrrg/ nrl JFSJI ,J-tr*X Ml,C L],Ld j6-i Jtl ...115 
.''',,' J'ill .-,'.rl'-dl )S J-

i uri r..l). ovale J.i,ll _,^. ue3.5 mg/ltrl ra I] orbicularc }dl r^, r;.r-rLll a.-liiJ.Jils

or a 
-*,JLri'l..,Jl 

,-L Asll l;4+Jt!erj JcLS.sJ-Yl ,.:rl;l-ull c-rL-I-*^Li .7 rrrg/llll -!,1s -if-r
. a-lJJl

AI}STITAC'I'

Acprcsus apcl cthanolic cxtract ol' thrcc spccics ot' local platrts rvcrc tcstccl to sltow

artilir,gal eg'ect agailst -finea vcrsict'rlor causativc agcuts ( I)it),rosPortrtn ot'bicttlatrc atlcl / or

llityiq.iqrut qy4L I ( Mallssczia ttrrftrr ) -l'hcsc plarrts rvcrc rincl of llurric4 g!,itryltlull l..

ihu*,i..,'c ) lcuvcs ol' I\y'r-rrlh.t .,il!tlif 1,. ( l,irbiirtuc ) ittttl li'trit ol'('ori111rt!t1111 5i1!!r'11r11 L'

lUrnbcltulL.l.a ) 'l'lrc 
l]fUrfg! grilniltuur l-. ctltanolic arrrl ftFrcous cxtt'itct rvct'c sltorvt.t ltr

lra,c lr-rngiciclal activlry ,,gr,ir,tt thc gnrrvtlr ol'lrotlt s1'rccics ol'lirrrgi ( !]. oVltlc ilrltl []'

.rtricular.J ). cspccially cthanolic cxtrac:t ( MLC 3 urg/nrl ),rvlrcrcas lltc itclttcotts cxtrltct ltas

rl-*,, ,, l'rngiciclal "il".t 
at MLC 3.5 nrg/nrl lirr l'. orbicttlat'c attcl at MLC T rlrg / rrrl fbr l)'

.v.lc . but botl typc ol'cxtrarct arc lcss cl'l'cct Llran Nystatin ( 2 rng/trtl )'l'hc othcr Low sPccics

0 plarrts ( M_g!Or_,r y,ludil 1,. urrrl liutlr:duLl rolr'rul 1,.) ltitvcslrowttrtocl'lcctotrtlrc
growllt ol'lirngi spt:cics .

IN'TIlODUCTION

Dit'l-crclt spccics o['1tl1nt lrarl lrccn rccorclccl to travc activity agaitrst growtlr ofvitriotts

lricrp.rg1lir,',",i, slr"cics rvhic,lr is Iungus was ollc ol'tltctlt ( l,2 ) ancl this wlts clttc to tlrcil'

c.rrtcnt ol' cl'lcctivc chc:rrricul conrl'rtxnrcls suclr as alkaloirl . ltlrcttolic . gl1'cosiclcs antl

esse'nLial oils ( 1,2,3,4 ) .

'['i,cn versicolor is onc o1'tlrc wiclcly clistributccl hur-uan skin cliscasc itr the worlc[ wliich is

causctl lry two or ()nc spcc:ics ol'ycasL ( l)ityrosltorttttt q!tt-!,1,]-t-g atlcl / ot']]r-lyfUtfqftrtlt or"tlc )

( Malassiza lirrltrr ) (5 . 6 ).
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'l'ltc cut't'ctttly usccl antilirrrgals arc not alwilys succcsslul irr trcatnrcnt ol'tlris cliscasc ( 7)
tltcrcfore, this prcscrtt stucly is trl,ing to look fbr a ncw cllcctivc drug by usil'lg
a local plattt cxlract wlric:h is cultivalccl or rcaclily availablc irr otrr countt'v .

MATEITIALS AND METIIOD

'l'hc rincl ol' thc Puttica .qrilnatLnlr L. ( l)unicaccac ) . lcavcs ol' Mcrrtlra viridis
1.. (l.abiutitc) itttrl li'trit ol'('ori:trrrlruln s,rtrltLU L. ( UrrrllcllclL.r'rr ) rvlrich usccl itr tlris wor.li
wcrc obtaincrl lirrnr tltc locul nrarkct .

'l'hc spccirtlctts wcrc rvasltccl . clcancd attcl airdricci. tlrcrr grountlcd by Mortarancl Pcstlc arrcl
stlakt:cl itt ctllittlol 70tlit orirr tlistill rvatcr 1 -5 rrrl ol'solr"cltl l)cr ()lrc gtrnt ol'grtlrrrrrlccl pliutt )

al -17' c lirt' ttttc tlitl' 11,i1;, shakilrg irr (iallurkanr[r - coolcrl rlrbital irrctrtrirtor.lIcrr lrltcrcrl
tlrxrugh llltcr papcr'( Whatrnatr No. I ).'l'hc llltratc lirltricl rvas conclc:nsccl [t1, r'otary cvaporator unrlcr.sliglrt vilclL1ll at 40"c uutil ir
thick syrup rvas otrtainctl .

'l'ltc syrtrl-r lclt ilr irn irrcu['rator al -i7 'c unlil tlr.y .

'l'lrc: il(lttc()tts ittttl clltitttolic cxtt'lcls wct'L: obllrinctl lrlicr tlr'1,irrg rrrrtl r.vlrs rliss.lyr:tl ilr lr
Sabottrattcls Chlortrrtrl'rhctticol brotlt ( 20 grn ol'glucosc. l0 grl e['l)c1tL6pc. I litcl..l'l).W.
lrllcr stcl'ilizitliott 0.0.5 grn o1'('ltlot'utn;rlruricol rv:rs atltlc:tl rvillr Olivc pil ( | rrrl pl'sil te 3 rrrl
ol'btotlr itr l scrcrv viirl ;;.
I)ityrtlsportttll spccics ( .l]jlyltxlrortrttt or'[ricularancl I)ityrosltorunr ovalc ) rvcrc- is6latccl 6.rrr
llrc Palicltls strl'lL'r'irrg li'orrr 'l'irtcrt vct'sicolor [r1, skilr scrir;'ritrg lrrrtl rlilrgrr11sctl irccgr.rlirrg Irr
( iortlon ( li ).
l)il'lL'r'crtt ctlttccttlt'ltlitttts ol'clltitttrllic lttttl a(luc()r.rs crtrtlc cxlnrcls u,cre: rrscrl irr tlris (csr lrs rrrgl
ol' ;llitttt e:xltltct llcr lltl ol'tttctlilt lttrrllt ltntl lirrru crrclr sltccics ol'yclrst g11)w1 at -i7 "c irrrrl lirr.
4ll ltour.0'01 lnl wits aclclctl to caclt scrcw vial ol'rncclia ( -i ntl ol'trrotlr ivitlr lnrl ol'Olivc oil
).
'l ltt: lirrrgicidttl alttl lirrtgislirtic itctiott rvls lcstcrl lry rccrrllurirrg 0. I rrrl el'prcrlirrrrr [. slr.rv
[1'1'rt: ol'l'cast grtl\vtlt pt'cvctttiott rvith clclcnrrinatc ol'rrripirrrll lcthll or i,5ibitor.y
cottccrrtrlliorr ( N4l,('or Ml(') lirr thc cl'll.clivc corrcc:nlr':rliorr.
'l wtl sc:ts 0l' Sitb0ttt'ittltls btrrtlt cotttt'ol rvct'c usccl in tlris tcs[ . orrc ol'tlrcrrr corrtairrs,,ly
D.W. witlrottt anyplatttcxtt'actartcl tltcotltcronccontains aspccilic arrtilirlgal 

"ol,pcr,,,djNystatin ) .

It lisi tJ t,'t"s

l:thallolic cxtritcl tll' l)tttticit griutattrtrt t,. r'irrrl hirs rcvcitlcd lirrrgicitlal activity .rr tlrc
gtrlrvtlt tll' lrtltlt s;'rccics ttl' lirltgi itt rt Ml,('ol'-i rrrg/ nrl . wllc:l'cirs (lrc rrrltrcerrs c:xtr-irct,l'tlrc
srrilrc plirnt lrirs slrorvrr il lirrrgicitlill rrc:tivity ill 3.5 rng/ rrrl ( Ml,(.) lirr.
1l fdlcULf rc irrrtl lt 7 nrg /rrrl 1 l\41.(' ) tirr.lL Ott{_.:'l ltc ctlutttolic irntl il([tc()us crrrtlc cxlrircls ol' lhe: oIhcr. lvvo sllccics lrir.u.c rro cl'lL.c:t orr Iltc
enrrvllr ol'ltrrrgi spccics 1 

'l'irblc I ) .

l'lrc sltccil'ic lrrrtilirrrgtrl cont;torrrrtl ( Nt,sllrtirr ) wils cl'lL'ctivc irr tr corrcclttr.lrliorr ol'
2 rrrg / rrrl .
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I)ISCUSSION

'l'hc high ctlrtlcttI ol' pltc:nolic arrrl irlkaloid conrl-lourrrls in tlrc: r'irrcl o[- tlrc I)uniur
gt'ilttatunl L. spccir:s nray bc rcsponsitrlc lirr Llrc lirrrgiciclal cl'fcct on lungi
spccics (l ) , cspccially thc ethanolic cxtract which is nrakc tlrc ncarcst orrc to Nystatinc
ac:tivity .

liut'lltc:t'tnot'c . Ll trl,_alf: wils nr()r'c rcsistirtrt to tlrc rincl atlrrcotrs r:xlr':rcl ( Ml,('7lrrg/ ltrl )thlrrr
P. orbicularc ( MLC 3.5 nrg / nrl ) .

ln sltitc ol' thc l)l'r:scncc ol'csscntial rlils in thc Mcn(ha viritlis L. lcirvcs whiclr was
t'e:cortlctl to ltitvc itttlirlct'ttutttlPlrytcs activitr,(l ) irrrtl irr tlrc lltritol'( olilrrrtlrrrrrr slrtirurn l. (lt
, tltcy show tro activity ott tltc growth ol'yoarsts which nrcans tlrat thcy rnay havc Lrcclt lost
rluring cxtract lrrcpat'atiort or thcy rnay lravc nt'r activc cl-['cct on thc growth ol'l,hcsc ty;tcs of'
YCllst .

'l'ablc ( I ) :-'l'hc cl'l'cct ol'dill'crcnt cortccrttration ( nrg / nrl ) of arlucous arrtl
trlltattolic cxtracts ol'lhrcc ;tl:tnt spccics on tlrc grrlrvth ol'l).orbicularc
alttl l'. oylrlc

'l'rigonclla

Ar;ttcorrs l,lth:r rrolic A r; rrco rrs 1,,I Ir:r rr o I it'

( t) Clcar growth . (-) No growtlr . ( (' ) lrurrgicirlirl lctiorr
o Nystatin corrlrol slrorvirrg antilirugll action on tlrc gnrwth ol'thc two ycirst s1'rccics irt

( 2 rng/rnl ).
. I).W ctlnIr'ol sltorvittg no iutlilirrrgrrl itt'lirltt.
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ANALYSIS oF200 CASES OF KALA AZAR
SIlihill,Ahillc(i SAIJルlAN夫 :l ll(:I IttillcC(:Al)i(:ル101:AⅣ lヽ4AI)'夫

'Tl・():)icll‖ )iscilsC Rcsclll・ Cll lllli1/AI」 ―Iく indy Co:icHc ol・ L/1c(:icinc
■■
1ヽ1(l(::l111(lo:icHc()1・ 4ヽc(:icillc

…
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・ L蜻 oコL」 り麟メ■ 。K411ヽ ぶ ´ ン¨ JI夕・ ン」 |にン ■ 国|´ ど1ヽ 11,K〆 L

A13S″ I｀RACT

Ailalysis t)I｀ 200 ca、 c、 01｀ visccral lじ is1l11111:litl、 |、 (Kこ lltl―〔1/a!)wcrC rcP()「 tC(|
Stld(ltl‖ l  II()sl〕 it〔 ll  lt)r (1lil(lrc:1(ILlring illc l〔 lst tlllcc yctlrs(lり ()8、 ド)9(,4inc1 2oOo)

|〕
C「 CCill〔 l=cs ()1｀ |)(ltic111、  、vじ「c li。 ()!11 lhc t「〔t(liti()lltil lt)Ci 11l thc cn(|じ 11lic(‖ c(l,(l:1(17り (%,()|｀

ヽヽCiじ t‖ ltlビ : l、 vく ))′ぜ〔ll｀ ()「 lt思 c.()lll)′ 1、v()c(卜 じヽ ol｀ 1ヽv():110:lth、 ()|(l wcrc rcl)()!lC(|

li()l11

11i思 h

lllcill

I NTITOI) UCl'ION

Visccral lcishttlltttiltsis u'its rlcscribccl lirr tlrc l'irsl tirnc irr Irar; in thc hcuirrrripgol' r0'l' cctltttt')' [lY Ktrlz t') N,, t'cPortctl clrscs rcuistcle:tl lill l()-5.f .1hc,.r tlrc cirst:s r.r,cr.c
lllt:ttti0rtc:cl casily irt ttlittty pttt'ts irt It'itrl (l) 'l lrc rc;rtirrcrl cascs irrcr.clrscrl yc.r b1,-yc:rr.i, tlrc
cctltt'al rcgiort ol'lrac1('). 'l-ltis tttity bc tluc to scvcral rcasorrs, irrclucling tlrc ccol.gic.l fhct,rs.whicll ill'c' lllorc litvot'atrlc lor both vcctors ancl suslrcctccl-r'cscr-voi-r('r) 'l'lrc pirticrrt.s ilgcs\vcrc l'illlS,ccl li'tlnr six tlloltths [o tltrcc ycirrs in gcncral (s). MosI ef t6c,r wcr.c ll.or, thc
tratlitiorlill Ibci in t'ttral at'ca itt ccrrtral lrar1. as Maiclcn. Sowira. .lasscr.cliull. Mhprecli1,1.
l'iltill-r'ir. N0ttlltl:ttti1'lt. Altrlttgt'c[r iuttl otlrcrs prrrvirrccs irr sotrllr lr.lrtl srrclr irs'l'1r1,1;111.,,,,. ii*,,ltiglt rrtrttrlrcl ol' cils(:s \vas r.cpor.(crl ilr lirst lL.w 1,cirr.s irr Vlir),cssirn llr.ovirrc,.irr sotrtlrcirst lrirr;
"')-.'l'llc Ittltiot'it1, ol' tlrc rclt,,r'1,-,.1 cilrics wL:l.c irr l)cc:clpltcr...lrr,trirr.y l;c5r.t'rr.1,irrrtl N4l,.clr(7)
Altlrotrglr lnany irrvcsriglrrors vvcrc irrrcrcsterl orr tlrc srtrrrl,or'rr.irr;i .siurrr rlics 11,., 1ri,,,r..,.,,,,"u'ils Ncr'vstcatl itl 1t;1 3 ts). Also sttrtlics wcrLr tlricrrle:tl torvartl possitrlc rcscr.r,.irs. Wyri,rr
Pct'lorttlctl tlrc llrst sttttly itt l9ll. ott ;rossiblc carrinc Lcslrnrairiasis in nrzrny p1r.(s ip llrt;.'llltrtt tttittty itrvcstigattll's wcrc itchicvctl sirrrilur sttrclics ilr rlil'lcr.urt possiblc rc.s..v.il.s such
lrs .lircl'irl. lilx lrrrrl \\,()ll' (11'(').'l'lrc 

rrrrrrrbu.rll'viscc:r.irl lcislrrrrirniirsis cirscs irr Ir.irr; rvirs lrlrorrI
5(XX) in ir -\ cirr' 

(l).

Iltc ititlt tll' this stttcll' .is to ltrcittc lttttl ttl lnirlyz.c tlrc rcportctl crrscs irr er.cl,.t, sttrclv tlrc
P|cvulcncc ol'visccral lcishrnuniusis irr thc: ccrrtr.ul ,.!gi,r,.l ,ri"ti.,,,1.
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MATEITIALS AND M E,TI-IOI)

.r..c cuscs (200 1lr.r,ctr crirriclrl c.scs) wcrc r.r:r)()r'tcd rrrrr, Surkl.r, ll.spit:rl .l'('lriltlrcrt irl

rlaglrtracl crurirg lggg.rgg() a'd 20(x) n il prcvi.urs studics r.r,crc uscrr as, busc linc data lor

c.rrr,ar.is.rr. 
,r.rrc ,ilrrc. lrtrtrr.css. agc. scx lrrrd trurc.r'iilrrcss,r'clrclr cilsc wc'c'cg,lrlctl ltlstl

rio,r trrc r*ls,it.r. Mirrry uiri15 1vc:r.c c|rcctcd ir trrc crrtrcrrric arcu tlurirrg thc sturly pcriocl'

('rltrllrct*,itlrplrticrrtsg,lrsitclticyctl 1', 1l1c:irtlrvcllirlgsttlt'cptrt'lllll) llcccsslttyiltlilrtttltliotl'

ITE,SI.I L'I' AN D DISCLISSION

200 cilscs wcrc r.c1.r.r.tc:cl tlurirrg l99tt.l99() ,rcl 2000 li.rlr Saclclitttl I l.spital .l'

cr'ircrrcu. vcry rrigrr rruurtrcrs.l'cascs wcrc ri'tlur thc tracliti.ual lbci .l'visccral lcislltrtartiasis

irr ccut*rr rcgirrr. r.,iglrty cirscs (40,){r) wc:rc rcrrr.rcs. lrrrtr r20 clrscs ((r0(7i,) rvc'c ,rirlcs' Als.

thccascswclctlivitlcditltotltt'ccclttt:goricsA: 
(l-12)ttttttltlts'li: (li-24)tttotttllsittttl (l: ovct'

lrt,tt vt:ltt.s ('l.irlllcs). 'l.ltc cirtcgtrt.ics A irtrtl l} lirr.trtctl (l{l%,) rll. lrll C:lScs. i.c:.. l(12 t:ltscls

1A=.90,1}=72). 
't'wo clrildrcn wct.c 2 trlotltlrs olcl, no casc rcptlrlccl uttdcr this agc. ltlcrcitsitlg

i, cascs startctl rrr,r 4 r..nrrr.kr. uiglr nunrtrr:r oIc^scs wus in 24 ur..ths' tlr:ur l? rn.'ths'

atlcllSttlotttlts'l.lristtta\,lrcdtrclrartlvttltltclircttlratclrildrcrlirlthcscagcsiltl.ttrttlarca

r:x,()sc(r ltl tlrc 'ccr.r.s 
r.'()rc trra, trrc .trrcr agc arrtr ttl trrci' susccpti.irity.

.r.rrc cuscs irrcr.c.scrl grirtrtrirry rvit'agcs rirlr. (l rrr..trr t. trr'cc yc.rs' Als,.ttly rlttc citsc tll'

l() l,c1l.wllS rcl]()rtCtl. atltl l l cltscs rlvcl. 5 ycilrs itlcltttlitrg tlltc cltsc ttl.7 yclrr. liivc cltscs'nvct.c

li.tlut 'l'lr1,r'1arc provittcc itt stlttth lrat1. ()ltc casc li'tlrn Myassittt provitrcc' itttd ottc citsc lhrttt

.r.,,*ric.r provi*cc i, thc u.rtlr.l'trrc co.rtr),. 'r'rrc r9l cascs *c'c ri.ur thc ccutr.l 
'cgiou'

tlris urcau t5at tSis rcgio. is still thc cr*lcuric ilrc..l'thc tliscasc artcl tltc r,a.i.r'ity.l'victitlrs

trl.tlristliscitscrvcrctltcirtlirrttstttttlcrlrvtlycitrstll.itgc.

'l'hc gcograplrical tlistribtrtiort (paticttt's atltlrcss) ol' citscs sllorvccl tlt:rt thc axis

rlagr*racr _rlab),r.rr is trrc: rrigrrcst Arso trrc cast axis .r'rl.grrrracr t)ial. is activc"l'his stucly

tttcttlitrttctltlttl\,1|tcCilScS.wlriclrwCl.Crc|)()rtctlllrlrttrrttclltlsllitlrllilr.(.lriltlr.crtitrl}:rglrtllrtl.

Ir'Itrrttrrr.tcrl, trrc r.cg.r.r.rctr ci.rscs rr1, t\4()r r i, rr.ut1 P'cscrt trrc t't.l .trrrrbc'.1'rc1'r,r'tcrl citsc:s

i, tlillL,rc,.,t ,r.virrccs lirr sratisticlrl irirrrs. lt sccrrs als. tltitt it sttttly irrcltrclirrg all tlrc t'cp.t'tccl

cilscs ri..r, ail lros,itars i, rrarl is irrrrrtaut t. pr.virlc a lrasc rirrc d.ter t. stucly thc

c:pcdi ttt itllogl' tl l' thi s tli scasc'
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'fablc (l): Distril)ution ol'90 c:rscs among group A (frorn I nronth to l2 nronths).

'l'ablc (2): I)istribution ol'72 cascs ilnrong group Il (ft'orrr l3 rttolttlrs to 2.1 Inonths).

′
I｀ ablc(3):I)iStl・ ibuti(〕 11()f38 ctlscS tlill()118 gl・ ()ul〕 C(o、′cl^tWO ycal・ s).
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Clcavage of Hulllan Sccretory 111lmulloglobuli1l A(S-lgA)by
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ABS]-ITACT
Sclxrnrtiorr ol'clurlc Sccl'ctoly irtttttuttoglobtrlirr A (S-lgA) [r'rtrrt lttltttlttl

colostrlrnts was clorrc usirrg (,50'Zr) satr-r'atccl atnntottittttt sttllittc. ittrcl lltrriliclrtiolt tll'

tlris c;1clc (S-lgn ) [r1,usipg gcl liltratiou on scphat'()-\c 4l] colttttttt ittttl iotl cxcllltllgt:

chrgrrrir(tlgraplrv otr I)lrAll ccllttltlsc: colttttttt. 'l'lrc 
lrrcscllcc ol' (S-lgA)r'l'lts tt:stctl

tusinu intnruntttlil'lirsion arrtl conv(:llli()nill ltolyacrylattliclc gcl t-'Jcctl'tlplltrtcsis'

tccl:picpcs. l)nrtcin ctlnccrrtnrtion lirr' ltLrrilic:tl (S-lgA ) [l)' iotl cxcltattgt:

clrlrlrrrattlglaplrl, ()n Scplranlsc - 61] coltuntt uttrl gcl liltrirtitltt cltttrtttit[()rll'lll)lty
tcclrlicpres rvas e:stirrrirtccl as (2.2 nrginrl) anrl ( I.-5rr,g/rrrl). rcsltercl.ivcly. Molccttlat'

ucigltt ol- (S-lgn ) rvas rlctct'nrirrcrl trsirrg gcl lrllrirtrott cltt'oltlittogrlrllhy r'r'itll tlre

llrcsL:ncc) ol'lriglr rnolccrrlirl rvciglrts s(lrttrlitt'tl lttotcir,s. attcl lilttrrcl to [rc (24()()(X)

clalton). PLrrilrccl protcilsc rvas tcstccl lirr clcitvngc ol'ptrriliccl (S-lgA) stttrstt'tttc by gcl

lrltrirtion chrorrr:rtognrltlry orr Scpltat'osc *(r[] coltrrtttt. Itttt'i lictl lltrltcasc wils itlllc ttr

clcirr,c (S-lgA)strbstrutc irrlo lirtrr ll'trctiorrs ini c()n)l)ilrcrl rritlr rt cotttt'ttl ol'llttri lictl (S-
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Cleavagc 0f lluil.uttt Seu.clot..v lnumnoglohulin A (S- lgA) lt.y proteusc isolulul fnttn Slrqtlococctts silttllttts

(Nl4)N'll"'1"'ll-tt'lrtilillloltrul

IgA). passed through the santc colLrnrn ol gel l'iltration chrottlatography. which abscllt

{i'otrt tltcsc ll'actiorts.

INTITODUC'TION
lgA cli6rcrs arc dcstairrctl lilr prassagc through tlrr: cpithcliutlt [o thc lttrtlctt atttl

d.rirrg tr-.irrrsport. (hcy [rirxl to arrotlre:r polypclttirlcrlrain sccrctur'1'cotttl-rollctll thal is

tlistribtrtcd by thc cpilhe:lial cclls ( I . 2)'
'l'hc rlglccular r.vciglrt ol' lully asscnlblcd sccrctttry lgA is about i110.000

tlalt.r. ,\ltlr.ugh thcr.c is irr obvious rlil'lcrcrrcc irr subrtttit urttl PolyPcl'rtitlc cltililr

asscrttblv itt sccrctory altd scruttt lgA (3)'
'l'5e serupr arid sccretory IgA contain two isotypcs (sub classcs) of IgA that etrc

clesigrratecl as IgAl ancl lgA2. thc prirnary structurc is sinrilar. cxccpt [or a sirrglc

,.,,,,i,i, clil'lcr.cpcc ip an,i'r,, aci.l sc,lucrrccs irr tlrc hingc t'cgiott ol'tlrc ltciti')';loly;'rclltitlc

clrain between tlrc Cu'l ancl C <x2 clonrairrs. In IgAl.thchirrgcrcgiotlcontitilrsatr

rurusual. r.cpcatctl polypcptidc tlrat is notatrly rich in 1'lrolirtr: antl ltits it sctlttctlcc'l'ltt'-

lrro-lrr..- l'hr.-lrro-Scr.-lirtr-Scr- llrr'-l,r'o-l'r'o-'l'hr-l)ro-Scr-l'ro-Scr. ltt thc lgA2 llrotcitts

lj anri,o acids arc abscnt lionr this lringc rcgioll scgnrcltt. Ilccitttsc ol'this sc(ltlcllcc

dclctio, ol'13 arnino acitl ll'onr thc lrirrgc rcgions IgA2 is trol susccptiblc to protcolytic

ctlzyl,c that prtlduccd by virtually cvcry ntucosal ltatlttlgctl i.c. '\lraltlttL'o('ctt,t 'scrrrgttl'r'

and Strapt,L.occt^;,rill.r iha, IgA I w5ic6 is vcry scnsitivc to tltis cnzyr,c . (5)'

A wiclc varict"y ol' prutcins prcscrrt in nricrotrial lrabitat could bc r-tsccl as

substratc fbr protcolyii..,',ry,.,',cs. Ilowcvcr, lgA protcitsc was itlcapablc ol'attacl<ing

suclr pr.tcips. A spccilic rctlirircrncnts wcrc ttcctlctl to lrc attaittc:cl lirr o;ltittlill activity

ol' t5c c,z),*c. lgA llnrtcls.i clci,vcs orrl1, il siugle, PcPtitlc lrottrl itt tlrc lrirrgc t'cgitttt ol'

lgA ,l1t6a chairr. tlic l6cation ol'tlrc cxact pcpticlc lrotttls ltydroll'z.etcl b1'lgA 1lt'otcitsc

ha'c bcc, 4c:tcrlrilctl by lirrritccl anrirro-tcrrrtittitl sL:(lttcllcc ol'lltrl'iIiccl l;c lrlplril

Ir.agnrcnts ol'lrunran lgAl protcitts llroducccl by tltis cll/.yrllc. ( 6. 7)'

MATI'ITIALS AND M ETI IOI)S
S:rnrlllcs :- Ilurruru colostrunrs rvas collcctcrl ll'tlnt wonlctl itltcr it clriltl [ri|th rviLh a

history ol' ciser.iap opcratiorl. sctting in Univcrsity hospital irr Saclclatrl (ollL:gc o[-

Mcdical '[-r.ai.irrg liospital in Katlhiruiya. clurirrg tlrc Pcriocl l\'on't 51712(XX) ttr

I l/8/2000.
S-lgA w1s separatcd lirrrn colostrutrrs r-rsing thc tttetltocl dcscritred by ( 8 ) .

a,d -l-1e preserlcc ol" IgA was tested hy irnrnunoclil'lirsiorr atrrl ;xrlyztcrylanriclc gcl

elcctrophotcsis assay ttlcthocls ltccot'clittg to ( tt )'

Isolation of bactcria :

slt.eplrcrcc.u.s suttllui.s (Nl4) isolatecl li'onr plaque in Urrivcrsity llospital ol'Saclclattr

Meclical 'l'raining Collcgc in l(adlrirniya by (9)

Purification of (S-lgA) li'onr ltulttnn colostruttts:-
Two colostrir1.., wcrc usccl to purily S-lgA. gcl-filtratiotr clttrrtlratograllhy ['ry

tusiug scgrtrar.sc 4li colunrrr ((r3 x 2.1 crn); tlrccolurntt was-u'cltrilitrratcd witlr 0-lM
.Iris -llbl bul'lcr pll lt.0 with a llow ratc (3Ornl/lrour). 'l'hc rttitiot' pcaks wcrc

cstirilirtcd trl,plottirig thc atrsor'trcncy vcrsus thc clutiou vtllutttc. atttl lltctr thc pt'cscttcc

.l'S:l!,r\ rvas rlctcrrnirrctl lirr circlr ;lcitk. hy ittltttttttotlil'lirsiorr ilssilY.

An,thcr rilcthotl r,ras trsctl t0 lturily S-lgA lry iorr cxcltuttgc cllrolllotogralllrl

rusirg IllrAB-ccllulosc colurnrr (32 x 1.5 crn), wlrich ccluiliLrratcd witlr 'l'ris-llCl bul'lbr
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pll 8.0. The protein was eluted by using a gradicnt lionr (0.05-0.5M) '['ris bullbr pll
8.0. Protein concerrtration was dctcrmirted using thc tncthocl dcscribccl by (10).

Detcrminatioll thc nrolccular wcight of S-lgA by gcl filtration cht'oltt:ttographl': -
'l'hc ntolccular wcight ol'S-lgA wns clctcrrninccl lry using Sclrhilrosc 4t]

e,oluntrr (-57 x2.l crrr). thc colurnrr r,r,as ctlrrilibt'atctl witlr 0.2M'l'r'is-ll('l htrl'lcr'pll li.0
with a llow ratc ol'(r0 nrl/lrour'. 'l'hc c<llunrn voicl volunrc (V,,) wasclctcrtnirrccl lry

using blue cicxtrin 2000.'l'hc clul"ion volunte (V") ol'high Inolccular wcight statrclard

proteins ( tlrcroglobulirr A . (r(r0000 claltort; l'crritin 440000 clalton: catitlztsc 230000
tlaltorr; alclolasc 150000 rlaltons) wcrc cslituatccl lirl tltc scparatcrl ittttl clissolvctl
fi'arctions ol-purilicd (S-lgA), by lbllowing thc absorbctrcy at (2tl0rrnr).

't'lre (V"/V.,) ratio was colostrunrs Ibr cach stanclarul protcin itncl lirr tlrc

clissolvecl ll'actions itttd scparatcd liactions ol'pLrrilicd (S-lgn ) . ( I I , l2).

('lc:rvugc oI'S-lgA
Sarultlc prcltaratiorr: - A nrixturc ol' 3nrl ol' puriliccl ptrrtcasc ( l.ll urg/nrl) iurrl ittt

activity ol' (100 trrrit/rrrl) was incubatcd with 300 ptl ol'purillc:cl (S-lgA) abotrt (2.2
nrg/rnl) at -i7C lor lll lrours. 'l'lrcn thc clcavi"tgc ol'S-lgA wus tlctcrtttitrccl trsing gcl

filtration colunrn Sepharose 4B (55 x 2.1 cnr), whiclt ecluilitrratccl with 0.2 M l'ris-
IICI bull-cr pll tl.0 at a llow ratc ((r3 nrl/hour). A conltol ol'puriliccl (S-lgA) wirs

passcrl through thc sarnc colrnrrr.r w'ith thc sarnc conclitiotts. l)r'ol.cin ctrntcttts'nvctc

dctcrnrinccl lry rcatling tlrc absorbcttcy at ]8Ortnr .

ITBSU L'I'S AN D DISCUSSIONS
Ptrril'ication ol'cnrdc secrctory inrrnunoglobulin A (S-lgA) by gcl llltratiorr
c lt l'trttt ato gt'a plt1,'

. 
'l'lrc rcsults slrowrr in ligurc (l) inclicatc tltc prcscncc o['two tnajor ltcitl<s. A

nurntrer of lj'actions (7-13) wcrc poolccl to rcprescnt thc first;rcali. IIowcvcr. otltcr
ll'actions (28-30) r'cprcscntcrl thc scconcl pcal<, as inclicatccl lry thc clil'lcrcrtccs in Lltc

absort'rency ils nlcilsLu'ecl at 280nrtr.
Frrrthcr ctlrrl'i rnrittion ol'. tlrc rcsrrlts was rrraclc usittg itnnttrttocl i['[trsiott ilsriit)/.

caclr liactioll was rcactctl with anti-lgA. Accorclingly, tltc liitctions ol'Lhc sccoltcl ;rcitlt
give a clcar line. Irractions (28-30), which represcnt the scconcl pcal<. poolcd togethcr
ancl storcrl in - 20 "C lbr Lrsilgr:.
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Clcnvngc of llunnn S&'rdor.t' luttttuttogltthulitr tl (S- l14A) h.y ltnilaosc isolult:l .fiotn Slreplo<'ttt'cus srtttgtris
(Nl4) N. ll. ..1..'ll-llltttlullttl et ul

0.09

0.08

0.07

006

0.05

004

purified S-lgA

036912151821 27 30 33

Fraction No.

'l;igurc (l) : l'urilication ol' crudc (S-lgA) on Scpharosc 4l] colun'rn ((r3x 2.1

cpr). l-ilucrrt : 0.lM Tris-llCl lrulll'r (pll tt.0) at flow ratc ol'(30 rnl/lrour).

'l'he concclltl'ation ul' curcrl (S-lgA) r,vas liruttcl about (4.02 tng/rtrl), ltowcvcr
only (1.50 rlg/rnl) rcnrairrs alicr trvo succcssivc purilication stc;-rs. littlc atnouttt ol'tltc
protcirr nlily bc lost tlurittg purilicatiott 1'rt'occrlttt'cs tlialysis arttl gcl llltraliorr.
I'lowcve-r, ntinor alt'loultt ol' (S-lgA) in thc initial voluntc ol'cure,cl cxtract tttay ttc

rclatccl to sliglrt propcrrsity ol' tltc (S-lgA) cithcr to polyntcrizc or to aggrcgatc witlr
gtlrcr high rnolccular nlass l)rotcirrs in tlrc colostruttts (12). Which ttray participatc
incrcnrettt ol'tltc rcadirtg ol'atrsortrctrcy by tltctltod ( l3 1.

Apot[cr ntcthod lor llurilicatiorr ol'9S-lgA) bv usittg iott-cxcltangc

cltrortratograplrl,. 'l'hc rcsults shor,r'tt in l;igurc (2)). irrilicatc lhat alicr rrashittg rtitlt
50nrl ol' 0.05M 'l'r'is-ll('l [rul'lcr' (pll tl.0). tto 1.rcak rt'as cstitlalctl bv rcaclirtg tltc

atrsorl'rcnc)' at (2ll0rrrrr). \\'hcn ll0 rul gt'aclicrrt ol'0.0,5M to 0.-5lVl'lris-ll('l btrl'tcr'

(plltl.t)) w'as utlclcrl. 'l'u,o rrrlior pcaks rvcrc cstintittcd. tltc lirst pcak rcprcsctttccl [r!'
liactittrrs ( l:i-2i). I lorvcvcr. otlrct' ll'itcliotts (15-5ll t'c1'lt'csctttcrl tltc sccontl ltcitli. its

irrtlicatctl lry tlrc tlil'lcrclrccs irr tlrc irbsot'hcttcy ils tncasut'ctl it( u,itvc lcrrgtlt (2t$0rrrtt).
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Figurc (2): I'}urillcation ol'curcd (S-lgA) on DEAE-ccllulosccolultttt (32x.i.5 crn).

The colunrn wzrs elutccl by Lrsirrg 0.05M 'l'ris-llCl br-rl'l'cr (pll [1.0), thcrr

lrlutccl by using graclicnt ol'0.051\4 'l'ris-llCl bul'tcr (pll tl.0). at Ilow
[(atc ol' (-50 nr l/hour').

Irurther conlrrrnation ttl'thc results was clone usittg intnttrnoclil'lirsiott assity. citch

ll'acti61 w1s pcilctctl rvith irrrti-lgA. r'crsrtlts slrorvtt in ligtrrc(2). tlrc ll'irctiorrs ( li-23 )

givc a clear linc. Accorclirrgly liactiorrs ( l3-23). wlticlr rcl)r'cscrrtctl tlte lirst pcll'.
containecl high cprantity ol' (S- lgA) as inclicatecl by the atltotlllt ol' arrti-lgA as

cornl'rarccl to that ol'pLrriliccl (S-lgA).
'l'lrc li'lctirlns nrixtr.rrrr ()l'thc lirst pcak wus also tc:stccl ltll tlrc llrcscllcc ol'(S-

lgA) t)y convcrrliunlrl 1toly,11g1'ylarnirlc gcl clcctropltot'csis. stairrcc[ tvith cootttltsic hlrrc

stairring. 'l'lrc prcscncc tll' onc lrartcl as c()l'llpal'ccl with sttrtlclirlcl lgA. wlticlt is lrtt

inclication ol- tlrc purity ol' tltc ;'rt'otcitt.
l)lttcirr cgrrccpturti6rr lre:usrrpcl.rrerrrt lirr lttrrilicd (S-lgA) [ly iorr L:xclillllgc

clrrgurltogpaphy wa:i 2.2 nrg/nrl ol'purilicd (S-lgA) was rcttlaitlc(l ils c()lll.l)itt'ctl wilh

tfue proteil conccrrtratiolt ol'crurclc (S-lgA), accorclingly. a cottclusioll wils ttraclc. tltat

ptrrilication ol' crudc (S-lgA) lty iorr cxcltitngc cht.otttalttgt'aplry ttlorc:l'licictlt !ltittt

purilicatiorr ol'cruclc S-lgA by gcl llltration chrotttittogrtrltlty. l)cpcrrclirrgon thc lrigh
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(Nl4) N. Il. ,,1.,,11-Mutlolhtl ?t tl

crude sample can uscd. purilication of crude (S-lgA) by ion cxchangc gives a high
yield as corlrpared to lhat ol'gel filtration.

'l lris sltrtly als() !^onsi(lcls tltc tlclcrttt irtal iorr ol'S-lgA tttolccttlar rvciglrt by rrsirrg
Seltharosc 6B colunrrt (55 x 2. I cnt) 'l hc void volurrtc (vo) ol thr: colurrrrr was
oaloulated by cstinrating tltc voitl voluntc ol'trluc tlcxtlin 2000 to thc clutiorr volLrnrc
(Vc) lbr cach orrc ul'starttlard protcitt lttd Iirr thc tlissolvctl and scparatcd liactiorrs ol'
purified (S-lgA).

l-hc ratio ol'tltc clutiort volunrc ol-cach standard protcin as wcll as thc dissolvctl
ancl scparatctl liactions ol' thc purilictl (S-lgn ). to thal ol'voitl volurrrc ol'tho blLrc

tlextlin 2000 u,as calc Lt Iatctl.
'l'lrc latio ol' (Vc/Vo) ol' citclt slittttlitttl protcin to thc log rrrolcctrlar wcighl ol'

each standald protcin was plottcd. [{csults ol' Iigulc ( 3 ). indicatc that nrolccular'
weight ol' purilicd (S-lgA) was cstirnatctl as (249000 dalton). rvhich locatccl lrctwccn
Icllitin (440(XX) dalton ) arttl that ol' cutitlirsc (2.i0000 claltorr).

Clcavagc ol' (S-lgA) was dctcrnrincd Alicr passing ol' thc nrixturc sanrplc
throw Sephalosc 68 colurtrn (5-5x2.lcnr) and clution of ;rrotcirrs was cstirratcd l'rrr lhc
collcete:tl llirclions t)y l)l()ltnrB tltc atrsorttttcy ol'caclr llactiorr at llJ0rrrrr vclsus {lrc
clrrtion volurtre.

Rcsults shown in figurc ( 4 ), inclicatc thc prcscncc ol'hrul nrajor'pcaks. lhc
Iirst pcak lcprcscntcd by liactiorr (59), tllo sccontl lrcak rcplcscrrtctl by liactiorrs ((r3-

tr5), thiLd pr:ak rcprcscntcd by liactiorrs ((r5-(rtl) and Iiactiorrs ((rll-70) rcplcscnt tlrc
Ibrth pcak.
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Figurc (3): Lblccular weight ol'(S-lgA)
trtd clutiorr volurnc (Vc/Vo).

i1l accO:dalicc to latio o「 void vOlt:nlc

Theroglobulin A (660000)

Ferritin (440000)

S-lgA (2490(

Cata lase (230000)

Aldolase (158OOO)
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liig (4): ('lcrrvlgc ol' puriliccl (S-lgA) lry puriflccl IgA prrtcusc orr Scplurlosc
6[] colunrn (55x2.1 cnr). Iilucrrt: 0.2M 'l'ris-llCl but'lcr (pll8.0) at a l'low ratc ol'((r-i
rrl/hour).

Altcr tlrc 1-rlssugc ()l il conlr'ol u,hich rcprcscntctl [r1'purilrctl scct'ctory Igz\ (S-

IgA) through the scprlralosc 6l] colLrnrrt (5,5x2.lcrtt). arrcl clutccl with 0.2M'l'r'is-ll('l
bull'cr (pl-18.0) at floiv ratc ol'((r3rnl/hour).

I(csults slrtlrvn irr ligurc ( 5 ). irrclic:utc tlrc prcscncc o[' onc tnaiot' 1'rculi

represellted by liactions (46-50). Accordingly, thc prcscnoc ol'onc pcal< in un trc:ittcil

substratc (S-lgA) arrcl ftrur pr:1l<s with thc prcscncc of'protcasc cotrsiclcrccl as cor.tcl'ctc

cvicle rrcc lbr thc lirnctiorr trl'pnrl.casc on Ihc substratc.●
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('lutwtge o.f llrttttttrt
(Nt4)

,Sr<'rdrtrl I ttttttrntrt,glolntliu tl (S- luil) h.y' p u t I t, t t s <, i s r il u t t t I I i' t t t t t,\ I r c 1 
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Fig (5): I)urilrcrl (S-lgA) orr Scphilrl)sc (tR coltrtl'lrl (55Xl.l crlt).
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DEEP ATOMIC BINDINC(DAB)
A NEW APl)110ACH OF FISS10N PItODUCTS CHI〕 MISTRY

Ilashilrr lliurrccd.lal'atl arrd Alrtl Al-W:ily Mohrrrrnrcd Sacctl Al-A,jkrony

A tlsl'RAC't'
l;issiorr 1tt'oclucts (lil') chcrnistry is a Iiclrl through wlriclr wc tr'y to cx;rlain lr l)

behavior fl'qnr the ittstancc ol' llssiott atxl tho lronr ol'thc two ncwatonrs.. rncl lhcrc
t'cltclitltts r,vilh citclt olltct' ittttl tltc strrrotrnrlirrgs (lircl rrratcrilrl. clirtltlirrg. sllrrctrrllrl
Ittal.ct'ittls . ctc.). l;ot'lncr stuclics assuutc:rl that l.hc lriglrly iorrizcd trcw lrorn atonrs (20-22
positive chargc). ionizc the nrcclia in which thcy pass througlt bclixc lrccorning stablc
Itlottts itt lt ntiutnct' sitttilitt'to 4-Mc V ir-plrrticlcs. Vilr ortlirriu'y clrr:rrricirl rc:irclions willr
lltc sttt'tutttttlitrgs. r:uclt stit[rlc itlottt has ir prubability ltl lirrrn chcrnical corn;lotrncl. Sincc
thcre are about 35 clil'lcrcrtt clctttctttal i.rLorns crcatccl throLrglr Ilssion proccssjcs, a largc
rrrrrntrct'ol'

' cltcttticitl spccics wcrc suggcstccl to lrc lirrnrcd. I]Lrt. tlrcsc suggcstcd clrcrrrical
spccics wcrc Itot lbutrcl in thc cttvironurcnt a{icr actuzrl rclcascs ol'l'l) cluring
accicletrts likc 'l'MI (l-,S4. lgTg).attcl Clltcrnobyl (lirrnrcr tlsSlt, / 9tl(r.). also thc
tttodcls lritscd ott Iltcsc suggcstcrl t'c:itctiotts atrd s;rccics coulcl rrot irrtcr'1-lrct thc:

behavior ol' thcsc actuerl slrccics.

' It is assutncd ltcrc that thc ionization stalos ol'thc ncw l'rtlrn atonrs arrd thc long
tcrnt high tctttl'lcraturc wcrc rrot clcal with irr alr ilppr()priatc wuy ancl thcy wcrc
tlrc rcils()ns o[' lirrnrcr rrrorlcls llilrrrc:.

'l'ltc 
1tt'cscttt ncrv upprrrirclr ol'l)lilil' A'l'OMl(l ltlNl)lN(; ('l)Alf,) llrsctl on tlrc

lbllowirrg:
l- 'l'lrc ttcrv lrot'n irlorls whiclr irlc lrighly iorrizcrl. l0-12 c'lcc:trrrrrs irssociirlctl rvitlr

' cac:lt ttrtclctts, lritvirtg ir llrt'gc pxlllabilily to crcatc lroncls ['rctwccrr tlrcnr to' lbrnr nrolcculcs thcsc lrorrcls arc at thc L. or M shc/ls. antl wc call it I)AI].
2- -l'ltc 

nr()lcculL:s stiry in Ihc rcaclorirt high tunpcrirlrrrcs lilr lorrg;-lcriocls. so {lrcy
tttttlcrgo lllilll\1 stltgcs ol'c:otllltttsiti11lt ltlttl tlcctlttlll1;sili6tt [9 li'rtttl gi:trrl
rrrolccu lcs.

[]1, applyirrg I)AI] approac:h. llcltl clata liorn (chcrrrotryl.'l'Mlarril nuclczrrrlctonatiorrs
coukl bc itttcrprctc:rl lvith a wiclc coinciclurcc rcsultccl.

INTI{ODUCTION
l'hc artil'icial ct'calion. ol'r'aclionLrclirlcs nray rcsult li'oln physical ;rrrrccsscs

irtvolvittg t.rttclc:itr llssion. ttttcle:at' litsiotr attrl ncutrort irctivatitln. 'lhc tttost inrportirrrt
soLrrcc ol' artil'icillly crc:atcrl i'atliorruclic[:s is ncutnrn - irrducccl nuclcar' fissiorr. Ilrc
chcnrical ancl physical lirrnrs ol' thc activc spccics clctcnninc clcpositiorr, nrigration.rrrrl
uptalte arc raclioactivity' by living orgauisnrs.

n vlricly ol'systcrus irrrtl llr'()cr:li:icri nrir\/ irrtrotltrcc rirrlioirctivily irtlo tlrc

crtvirorrrncnt. lltrnran activitics irrvolving nuclcar wcall()ns arrcl tltc rrrrclcal lircl cycle:
(inclucling rnirrirrg. rrrillirrg. lircl crrriclrrnc_rr( arrrl lirllricirtiort. r'cllct()r'o;-tct'ittion. spcnt lLtcl

strlritgc itttrl t'cpxrccssitrg. iutcl waslc stot'irgc). lcirtlirrg to sigrrilicittt( ct'cittiott itttrl t'clcasc
ol' radioactivity. Ilunran tcchnology alsu rclcascs prc-cxisting uatural raclionucliclcs.
whjch lvoLrlcl othcrr,visc rcnrain trappccl in thc crarth's crust.

-l'hc phl,sical anrl clrcrnicul lirrrn ol' r'aclionuclidcs rrruy vary rlcpc:rrrlirrg orr Lltc
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DEEP AT'OMIC BlNDlh'G (D,ll') tl NEll/,,t|'|'RO,tCH OF I;ISSION l'lloDUC'|.S ('llDM|STIIl'
ll. ll..lott,utl at ul

release and transport conditions in addition tcl thc clenrcnt propcrties. A gcncral
distinctiorr can bc nrildc lrctwccrr gascs, aclosols, arrd particulatc rrratcrial lSCl()l'lt5O -
r ee3J.

Fission l'r'otlucts (ltl') Ilclrlviors; A Survcy
l{cccnt c:xpcrirnc:rrlirl rcstrlts artcl rcli.rtccl thctlrctical rrrotlcls ol' thc rc:lcirsc ol'

radionuclidcs ancl gcncratiort ol'aerosols ancl particulatc withirr lucl cladcling, in- ancl cx-
vcsscl will bc ntcntiottccl.

'l'lrc rliscussiorr ol' llssion procluct rclcascd lras lrccn rlivitlcrl as lirllows l,\i<'h-
1995, Lewis-19771:

A. Volatile lrission Products (VI,-l')

l)urrirrg nurnral conclitions tttost ol' tlrc [;l'rcsiclc withirr t]rc lircl latticc assnrarll
gas bubbles. as snrall inclusion. ot'in sonrc cascs as solid solutiotts. As tltc tcrnpcraturc ul'
thc lircl irrcrclscs. thc girs brrbtrlcs tcrttl lo gtrrw itt siz.c lttcl. willr otlrcr irrrl'rrrri tics. rrrigrirlc
out ol' thc latticc Ur.clbcr -1986J. 

Suclt proclucts tttay t'csirlc rrr tlrc gup lrctwcen thc
cladding and the lirel. il' thc cladding has bcen danragcd, I;l' csci.lpc into Lhc looal
atntosphclc ol'tlrc lucl rocl, tlrcrr I:'P nrelcroscopically tr:ansportccl by tlre stcanr Ilow
thlough tirc rcactor corc and prirnary systcrtl.'l'hc solicl solution rnay also changc lbrnr
with tenrperature, and sinrilar migratiort occurs lSuh and llamnrcrslcly-1991]. 'l-hc rclcasc
rrtcs ol Kr. Xc. I. arrtl Cs arc gc:ncrally sirnilar itt rttagttituclc al high lcnrpcralurc.'l-his
sirrrilarity is rcllcctc:cl in (I .S Nuclcar ltcgulutory Clonrrnissiorr C'oclc Ntil{l;.(i -- 0772

I lgtll I corrclation lirr tlrcsc clctttcttLs r,vlriclr arc coincitlcttt abovc 15001( 
"vhilc.

Ilobbinesl ct al. [986lrroticcr.l that cxpcrirttctttal clata ort VI;l) rclcascd ratcs wcrc largcly
scatterecl about thrcc ordcrs ol' rnaguituclc aucl uot rppcar ttl [rc uniquc lirncl.ious ol'
tcnrperature orrly. arrcl conllictirrg ISulr ancl Ilarttttterslcly-l99ll.'l'lris also suplrurtccl lry
Keltrer fl986] who bclicvcd that thc actual rclcasc uttd lransprort ol'lil) witlrirr tlrc rcactor
is a oomplex process involving thc tempcrature history ol' thc lircl.. as wcll as thc
chcrnic;rl and plrysical lirrrtr ol'tltc l;l) attcl tltc lircl

There are le latively l'erv nroclcls lbr thc rclcasc ol'VFI):
l-, COI{SOR rnodcl lKulrirnanctal.-lglt-5l.isattcntpirical rnotlcl buscrl orrcolrclirtion

iri NIll{1,(; 0772 [l9tiIl. ittttl it is it 1'x.rt't ol' tlrc currcnt Nl((' suitc ol'scvcl'c
a,;cidcnt analysis cuclcs dcscribcd in. It tcnds to bincl tlrc Lrppcr linrit ol' thc
cxpcrinrcntal clata. 'l'hc irnplicit lutnpittg ol'cl'ltcts in this ruotlcl corrclertion carr lcarcl

tJ clill'crcnccs irr llssion product rclcasc attcl thc tirnirrg ol'rclcarsc bctwccn
calculaLions and expcrinrcnt I lobbins ct aL.l986]. 1l is

intcresting to rlote that prclintittary rcsult lAkers-l9tt5l ol'tlrc l;l) contcnt ol-thc clcbris
bctl irr thc clatttagccl cot'c ol' tlrc 'l'hrcc Milc Islarrcl I{cactor ( IM.l) inrlic:rtc:d rclcasc
li'itctirrrt ol' 44"1, ltlr lltr. ltbottI f'i0']6 tirr' I itttrl ('s. 77",4,1<t'Sb. (r'Xr lirr Sr lrtcl csscrrtiirlll,
zcto lirr C'c. Microstt'ucturc ltavc rcvcllctl tlr:rt tcrrrpcnrturcs up lo (l l(X) K; r'clclrccl irr tlrc
core, but the clcbris lrcd also coutaiucd nrur:lr lircl tlrat lrad cxpcricrrccd nruch lowcr'
tentperaturc (<1900K).'flre large rclerasc of I(u is unexpcctccl ilr COI{SOII ntoclcl llobbirrs
ct a!.- 198(rl.
2- "l-hc Oxidation l{clcasc Moclcl lCubicciotti-l98ll calculatcs Vl;l) rclcascd as ir

lituciiort ol'tiurc ilL tcrnpcr'.llulc yia grain btlurtdary swcc;ring irr lrl,pcrskrichiorrrctric lircl.
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'l'his nrodel does llot accoLult lbr changes in fuel strLlcture (e.g. porosity distriburtion ers a

furrction of bunt up) nor does it account l'or burst relcases upon lrcat up or cool clown.
Accortling to this tnotlcl. tltc ll'irctionll t'clc:lsc o['caclt Vl;l' 1l'otrr tlrr: lirc:l is slrrrrc lAlpclt
ct al.-1987. Suh aricl Ilarnnrcrslcly-l99ll.'l'hc similarity ol'rclcarsc zlnlong Vlrl'is a rcsult
o[- thcir sinrilar Ir'ansport proccssi irr thc lircl antl thcrir high volatilitics llkrbbincs ct al.-
l9tl6. Sich- 19951

3- The I;ASTGRASS-VFP coclc ol'Rcst ct al. [ 9861. is a clctailccl rncchanistic coclc, that
account Ibr bubblc nrigratiorr. ther lbrrnatiorr ol'intcrlinkccl porosity orr grain [roundarics.
ancl release to the gap during irradiation. Ilest has cxplairtccl tltc clcprcssiort ol'Vl;l'
release rates in tracc irracliatccl lirel on thc basis that I'ission gascs irr lhcsc l'r.rcls alc
containcrl intragranually witlr rro intcrlinkccl porosity on grairr lrounclarics.'l'hcrclbrc,
cluring thc high te:r.npcraturc cxposurc. tlrc gascs nrigratc to grairr lrounclaiics, llnnr wlrich
tlrey a-e relcasccl slowly. sincc porosity irrtcrlirrkagc has r-xrt lrccn cstatrlislrcrl. On tlrc
othcr hancl, porosity intcrlinhagc is cstablishccl Irr lriglrcr irracliertccl fircls, so that, at higlr
tcnrl-lcratrrrc tlrc grain lrourrclary lrrvcnlorics

of VIrP are easily relcasecl and l"l'}that nrigrate to thc graintoundarics arc also reaclily
relcasccl. lllobbincs ct al.-198(r, Garclani ancl Ronchi-l99ll

'l'hcsc Vl;l) irr thc lucl-clarlcling gi.r1-r. ancl gruin ['rorrnrlurics urc 1-rt'ctlotttirtantly
long hall'lilc rrucliclcs. whilc thc shortcr lrall'Iivcs arc prcclotnittaLcly irrtragranulitr

IOsetck ct al.- I 9tl(r. I(cst et al.- I 9tl(r ].
Irt Lracc irrarliatctl lirerl. Vlfl'problbly rlil'lusc as irrtlivirltral ittottts, itttrl ilt lriglrcr'

burnup lirels they nrostlikelyaresweptoutinbubblescotrtaitringanrixol'spcciesll{cst
et al.-1986]. Diflirsion depends on tlre trirth rate. thc bclravior o[- its prccursot'ancl clccay

cltairr rlcsltitcr tlritt lll tltc isolriu' clccly clurirts ol' tlrc llssion lrtrrtlttcts ilt'c tll()t'c ot'lcss
strongly irrtcrrlinke:cl l(jarclarri antl I(onchi- l99l I.

Sonrc tlrirrk ol' Vl;l' irr tlif'lcrcnt way. Arrclricssc ll98(rl lssunt.r;cl tltitt orrly lcw
Vlrl) will be rcleasccl by thc Iucl. and'that nrost ol'thcttt will lrc hclcl back. cvcn in thc

event ol' extrcnte acciclcnt. lixpcrinrcnts carriccl out by Oak I{iclgc National l,abot'ittory
(OI{NL) [Osbornc ct al.-19861 incluclccl traccr lcvcl tcsts using spccillc Irl'sltccics.'l'hc
[Lel specinrens werc heatcd in an inductiorr lurnacc in llowing strcatt-r Ibr pcriocls ol'-20
ntinutes at a tenrperature up to 2300K. I{elcased matcrial was collcctccl atrcl analyzccl botlr

ou liuc aucl altcr tlrc tcst.'l'hc ll'actiorral rclcusc ol'l(r'. Iattrl C's vitricrl with tcntl-tcl'ttttlrc

up to milxintur.r --55'%.'l'he rclcasc ratcs variecl bctwccn 30ancl l00o ol'pLrblisltcd
valucs. I{clcasc tt[']'c rt,as fitutrcl to bc strongly clcl"rcttclcttt on tltc cxtcttt ol'clatlclirtg
trxirlatiorr. irrrlicirtirrg tltc cxistancc ol lr '/.r-l'c irllrly ot'cotttpotttttl. lrl) rvct'c lirlttttl togctltcr
r.vithout ol'clinary chcrnical conrpouncls ol' tltcsc Irl'. Sttrclics ol' tltc lircl ancl claclclillg

ruricrostructurc showccl' a corrclation bctwccn the aurottnt ol'lircl ltorosity attcl ll'itctiottal
tll' vollti lc llssiort 1'rt'oclttcts.'l'hc rcsults ol' thc thcorctical lrn S'l'(il(n SS-Vltl' rttodcl ltitvc clclnottstrittctl tlrat thc

irrtragrlrtrrlar' lil) lrclrlvior rlrrrirrg tcsts clrr lrc itttcrpt'ctccl in tct'rtts ol'it gt'ititt-grorvtlt /
grain tttlunclary srvccltirrg nrcclraltisnr tlrirt crrlranccs tltc llow tll'llssiorr ltrodtrcLs li'ottt
within thc grains to tltc grain lrounrlarie:s. 'l'ltc calcultttitltts ittclicatc r.hat tlrc isotol-ric

relcasc r:ltc bchavior is strougly dcpcnclcnt ott rvhctltct'thc isotol-rc is rcltrtivcly lotlg or

slrort hal l' l ivetll l{est ct al.- 1 986, Strh ancl l larrtrtterslcly- l 9t) l l.
'l'untbr.rll ancl Whitc 119L)41 strcsscd on thc lact that Irssion gas atotrts itrc
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DEEP A'.TOMIC lilNDlNG (D,,ll|) / Nlllr /l'l,ltoACll ol; l;ls,\loN l'RoD(t("liltfl,,,l_#!rljj,j,r,,,

gellerated unifonnly throughout the fuel and they dilluse to grain boundaries by singlc

atonr dil'ltrsion. In accord witlr observations, it isassuttrccl that sntall lission gas bubblcs

are nucleated in .the wakc ol' cncrgetic lrssion li'agtttcttts atrcl tltat thcy grow by thc

accumulation of single gas atonr.
u\ccording to Morris arrrl lliclrard |9921 attd Ditwson [9941. a lraction of [il)

generatecl withilr thc lircl cluring rcactoropcratiort. cscapcs to tlrc irttcrspacc ol'thc lircl
pin either as a result ol'recoil, or by dilhrsion, il'thc lucl tctnpcrtturc is sull'iciurtly high
(in thc rnicl ol'lilcl llin). 1'lrc only clcurcttts ussutttctl (o llc rclcasctl itrc tltc ttttolitlcrs ol'Kr'.
Xc. I irrrrl Cls. Whilc Ang ll994l prcdictctl tltc lirllorving ll'itctiorts ol'activity. via tlcsigrr

berscs lcakarge, rclclsctl ll'orrt tltc contaitullcllt to thc cttvirtltttttcttt: 100"1' Kt'attcl Xc.3.2"1,

I trntl2.0'Yo other spccics (Cs,'l-c.. . .ctc.).
'l'hc single rclcasc ratc nrcthod whiclr is particularly.iustiliablc l<rr thc lust ntclt

sequeltces, in which plrase clrangc lionr solicl to liquicl, lrot dillirsion is thc principal

release nrcchanisnt IUKAlrA- l9ti2l. 'l'lris approach is cottsistottt wit.lr vicw ol'I loscrttiurtt

ll9S2] who stated ihat. it is sirnply wrorlg to ussuntc that irr tltc coursc o[-it corc trtclt

rlow,r'r, flrst thc rrrorc lrighly volltilc lttd laltcl'thc lcss volatilc l;ll rvill bc t'clci.tsctl irt thc

ctlntairtrttcttt

B. Lolv Volatilc I,'.1'(t, VFI')

In contrast to Vl.'P. no rncchanisticnrodel existfiortilcrelcascoflowvolatility
spccrir:s. sirrcc vcry littlc clata lravc bcctt lrroclttccd ott tltc rclcitsccl LVI;l) silrcc tlrc carly
work. Ilxporinrclttally tlrc rclcusc I'utc obscrvc lbr l{tt wits trcitt'ly tltc sittttc as tlttlsc [irt'

Xe. Kr. arrd I at 2023K. it rvas concluclccl that, in tracc Irratliatccl lircl, Ir.l) tttigrittc as

atglrs viu volurnc anrl gruirr lrourrtlary dillirsiurr to thc surlacc ol'tilc lircl lkrnr wlrich thcy

rurc vup1llizctl ll)russirr ct lrl.-l9lJ4l. Whilc C'itponc cl trl.l l9()(rl lirtrrrtl lltltl ccsittttt rttttl

[1riunr. tltc lorv volatilc. cxlribit lriglrcr atolrtic nrotrilitic,s (ltitn xcttott.'l'ltc rclclsc t'tttcs itt

low tcltrpcraturcs. I 500K-1600K. thc rclcasc ratcs wcrc rnarkcclly higltcr tlratr thosc ol-

rare gases. 'l'ile aurount ol' cesiurn rcleascd at lower tcttrpcratttrcs is altproxinratcly livc
tirnes greater [Caponc et al.-19961

[,VFI) is chrractcrizecl by subtitutional transprort with rclativcly lrigh activatiolr
cucrgy arnrl clillusiou cutrolry. tlrcsc proclucts are bottttd lry citlrcr ox]'gclt ot'ttritniuttt

IArrclricssc- I 9lt6l.

C. Chcmical ForIns
Arr area tlrat rcntains rclatively poorly cxplorcd but is potctrtially itnportitttt, ts

chcnrical irrtcrzrctions bctwL'cn l'ission proclucts vilpors attd acttrsols lMalirrattsl<its ancl

Ucil-19871. 'l'lris irrtcraction could bc cxpcctcd to lrc signilicant [rccausc ol'thc lriglr

temperatures and could al'l'ect thc source ternr by changing the dcposition revapot'ization
bchavior ol' ccrtain rruclirlcs. Ilobbincsct al.-198(r. Sic]r-19951. So. tttuclt work t'cltrains

to bc tlone ttrr tlrc rlctcnlination ol'tlrc cltctttical s1-rccics t'clcascrl lhttt thc lircl. itrrrl thc

nrodeling ol' thc nrigration ol' thc spccics rvithirr thc lircl lSich-199-51. Malirrauskas itncl

Krcss-f ,lUf 1. lt has l'rccu slrorvrr tlrat l Particlc ttutt-rbcr dcrrsity ol' 5xl0ll pct' tnr is
possiblc. rvlticlr irnplics a particlc sttrlitcc at'ca ol'(r(X) rrt2

penr-,'. aud so, oue uright expect clrcutical ittteractiott lrctwccrr vapors ancl acrosols to lrc

,こ
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very irlrportant (Butland ancJ Iiirhhran-l 986].
I-ittlc cxl-rcritttctttal irrlbrrnation is available on tlrc chcrnical lirrrls el'

racliontrclidcs relcasccl lionr thc Iirol. Such inlbrntatiorr woulcl lrc lrclplirll in
understandittg released rate frotn the l'ucl that aI'l'ect radionucliclcs transport IKclbcr-
I9tl6l. Ilestrlts lrorn Argort Natiortal l,aboratory (ANL) cxpcrinrcnts havc iclcntiliccl only
tltc atotltic sltccics ol' l, Cs itnd'l'c at lclnpc:ruLurcs up lo il7731.. l.lolrltrrsorr cI al.-l9lJ4l.
Itadiorttrcliclcs cxpcctccl to bc in atonric lirrnr witlrirr thc lircl arc noblc gerscs I, Cs.'l'c. Sb
atttl I{tr. St'attd l}it appcar its solutrlc oxiclcs. tJrrcx;rcctcclly high val)()r'llrcssrrrcs clrrrnot bc
cxct'tctl [ty ritrc---r::.tt'tlt oxitlc:s. attrl lruvc lrccrr attribLrtccl to tlrc (brnrirtiou ol'rrrorroxidcs
e.g. LaO IWichner ancl Spcncc -1985].

Spccilic uttccrtaitttics arc ilssociatccl with tlrc linring ol'r'aclioactivc rclcasc ancl
tltc chctnical spccics lbrntccl fltivarcl ct al.-19S4]. 'l'hc phrasc rcgarcling "vcry largc
ttttcertaittties" provcd to bc l"he basis lbr rnuoh ol'thc lollowilrg worli otr Iil) rclcasc

IMorris ancl I{ir.:harcl-1992.'l'aleyarkhan-19921. I-rxlrcrintcnts havc lrccn r-rnclcrtal<cn to
ilsscss chcntical ilspccts ol' Ilssion procluct trarrsport in thc prirnary circLrit ol'a Liglrt
Water reactor (l,WI{) uttclcr sevcrc acciclcnt conclitions. -l-hcsc 

stuclics with sLinrLrlants
Itavc higlrliglrlcrl spccilic chcrnical cllccts that. will irrllucncc tlrc rclcasc ul' irnportant
llssion products to tlre cttvirotm.tcnt: Csl roacts with boric acicl to gcncrertc ccsiunt boratcs
antl volatilc ltytlrogcrr iodiclc. Clcsitun lrydroxiclc rcacts with stainlcss stccl r,vith thc
lirrnuttiott ol' isolatc:rl L:csir-lnr cations in tlrc clrrorrrial lal"ticc ol'tlrc oxiclizcd stccl.'l'lrc
release ol''l'c. Sr ancl []a arc depcnclcrrt upon thc clcgrce of'zircaloy oxiclation and ltossiblc
reactiotrs with steattt. Thcse rcsults lllustratc only a l'cw ol'tlrc chcrnical rcactions which
nrily occrtr rltrt'ing.l scvct'c t'c:uctor accitlcnt llkrwshcr ct al.-l9tl(rl.

According to Donahuc ct al.[986J, it is acknowlcclgccl that thc Vlrl) (ltalogclrs.
alliali ructals .arrd tclluriurn) arc likcly to Iurnr nrodcr'atcly volatilc salts (c.g. ('sl) uncl
It1'elroxitlcs (c.g. CsOII). u,lrilc lrering re,lclscrl ll'orn ovcr-lrcllcrl lircl in l.Wl{ "trc-yorrrl

rlcsigrr busis" scvcr irccitlcnt.
Dtrring OItNL studics ol'lrl) I'clcusc urttlcr I-Wlt scvcrc acciclcnt ctlnclitions

[Morris anci I{ichard-19921. analysis ol'l ancl Cs clistribLrtions, slrowccl thaL alrnost ull ol'
tltc rclcasccl ioclirrr: bchavc as Csl a rclativcly uouvolirtilc. Iu gcncral. llo nrorc tlran I %r ol'
tlte rcleatsccl iorlinc has bccn in volatilc lurnrs such as lz. II'l'arrd olgauic iocliclcs. ln stcanr
atnrosphere, about l0o/ool-thecesiunrhasbchavccl likeCslancl rcnraining90%ashighly
t'cactive CsOll. Cortccntrations ol'raclio ccsiunr lbuncl orr thc Z.l'02cclanric lurvc strggcstccl
a rcaction to lirrrn ('szZr'O1. 'l'hc atrovc nrcrrtiorrccl lirrnutiorrs (('sl. C'sOll) rvcrc
suggestcd atlso by othcrs [.lorclan attcl lcortarcl-1986. LJutlarrcl arrcl Kuhlrnan-86. ljllison ct
al.-1993, Malinausl<zrs and Kress-1991. Akcrs and Sclructz-1994... .r:tc.l. CsOII rnay
irrtcract witlr 'l'c to givc ('sz'l'cOr. Snrirll urnourrt ol'(('sOll),. (('sl):, Iil and Irrury [rc

present, all ol'whiclr will bc vapors at tlrr: corc gers cxit lllutlancl and I(ulrlnran-l9u6l.

l). Acrosol (Jcrrcr':rl iorr
It is gcrrc:r'ully rcc,ogniz,crl that acrosrlls gcncratcd irr-vr-:sscl. cluc [o va1'roriz,e:cl

ntaterials ct'rudcusation irr a rclativcly colrl ctlrrtairrnrcut aturosPhcrc. intcract with I;l)
vilpors artcl play a sigrrillcurrt rrllc irr tlrc subscclucnt transport ancl ;xlssibly clcpositiurr ol'
tltese: l;P ILee and Wu-19921. Acrosols can lrc gcncratccl fi'onr control ntatcrials strucl.urul
ttraterials, firel rod r1'laterials. ancl fission ploclucts IMalinauskas arrcl l(rcss-1991. Kclbcr'-
I 98(r. Bu I tlau- and Kirhlnran- I 98(r. Parkcr ct al.- I 9861. Parkcr ct al. I I 9tl(r I assLrrnccl that
tlie aerosols gcncration occurrecl irr thc carly stages ol'tlrc corc nrclt clown. bclorc thc
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vessel failure. while tlultiand and Kulrirnan [986]attributcd It to tlrc rapid conclcnsation

ol' l;c arrtl In lrl tlrc corc cxil. arrcl this is tlottc lry tttost cotltl]tllcr cotlcs rvlticlr lttotlcls tlter

ltonrogcnous acrosol rrrrclcirliotr ol' tltcsc tttttlct'iitls. Also ltccitttsc tll'lcss clcat' siLttatiott

with Ba, Sr ald Itu re leascs, Butland artcl KhulnranI I 986 | assuttrcd thett thcsc

rarli6rruclitlcs irrc.r'clcasctl irs lrcrosols. ('tl is clcirlly t'clclsctl tls vltl)()t'. it is thcrc:[itt'c: llol
liltcly to lrc corrcct to rrssunrc it is rclcasccl li'otu tltc ctlrc ils ilt) ilcr()sol, ultlcss iL t'cltcLs

soon alter release to lbrnr a condcllsable species

[n-vcsscl acr<lsttls gcrrcratiorr is ortc ol' tlte: lcast uttdcrstoorl at'cits irr tlrc soul'cc

tcr.rrr scicpcer. \\/iclrucr urrrl. Spcncc I l9ti5 | asstttttctl tltat tlrc ctltrilibrittttt vapor ovcl'il
ptolteu corc is ctlntlcnsctl into acrosol ntatcrial. whiclr rcsttlts tll'att atct'ostlls t;Ltatttitl'

abotrt l9/o ol- thc 'uvcight ol'tltc corc.

Preliltrinary results indicatcd that acrosols wcrc gcncratccl cot.ttittuottsly ovcr thc

tinrc ol'FPrelcasc[.lobbincsctal.-lg36l.OthcrsbclicvcthatthcVl;l)vapot'salotrgwiLlt
vaporizecl corc structurc will coudcnsc onto itttcrnal surlacc or acrostllizc lDonahtrc ct al.

-1936], or gencration ol' aerosols occurs cluring ittteractiort ol'corc tlcbris witlt cortcrctc

ll)grvcrs-l9tt6. Malirrauskas urrcl Krcss-l99ll. Wltct'cas I)itrvsort ll994lrt.ssttttrctl tlurt irt

alt oxygcu riclr lturosplrcrc, lirr U0z ttr oxidiz.c ttt sttclt ittt cxtettI that. tltc IJ10s1llrtrsc: is

reaoficd. aru cxtrtansion ol' tlrc oxidatiott procluct takcs ltlacc wlriclt Icacls to surlitcc

cracl<irrg uurl parlictrlrrr sllrllaliorr.'l'his pr'()ccss givcs risc lo it tttitior s()ttt'cc ol'itctivily lirr

a1y l1ult. 'l'lrc lirrruatiorr ol' IJr0x. wlricll ciln not [rc lirrlttctl itt ttortttitl t'c:itotol'trllct'lttiltg

colclitions. is acconrl-ralricrl by a partial ot'totitl rclcitsc. itt ltrtllccttlitr lirrtrt. o{'thc ltssiott

inverrtory ol' sorrrc rrtrcliclcs irr tlrc oxirliz.ctl ltot'tiott ol' thc lircl.'l'lrc tttltitt clctttcttts ol'

itrtclcst 1r'c thc volltilc rruclirlcs: l. Cs irnd tltc rtoblc gitscs togctltcr tllc l(tr lvlriclr

bccotrtcs volatilc, ttttlst llrobably trs l{uOa Il)awsott-I994I'

l,'icltl ollscrval io tts

lrr
b

Specillc I;l) rclcitsc data

ancl accidetrtal rclcascs ol'thcse
TM I atrcl Wintlscalc acciclcrtts

lrrtl lircl rcproccssittg ltlitrrt.

It:rdionuclitlcs I rtvcn ton'

whiclr arc availalrlc as it conscqucncc ol'vat'iotts plattttccl

lrl'} will bc discussccl. 'l'hs cxalnplcs arc ll'ont Chcrnotryl,
in. aclclition to lrlanttccl rclcascs ll'ottt t'citctor oltcratiotts

Radionuclides rclcased into atrnosphcrc are sub.iccted to a varicty ol-lrhysical
proccsses that clctcrnrinc thcir lirtc. 'l'hosc pt1)ccsscs itrc cotttltlicatctl ittttl poorly

urrdcrstood lSCOl,ll-5O- l99jl, ancl al'll'ctctl lry phl,sical itnrl cltclttical lirrttts ol'tlrc
racliortuclidcs.

Alicr tlrc cxtcnsivc ;rnd surprisirrg Clrcrntltryl rclcascs ol'ntclioitctivc trtatcl'ials

tKrcss ct al.-l9lt7l. a u,itlc viiricty ol' ttttltlcls rvcrc 1'rt'odttccd. t'cl'lccting a plctlrora o['

tlit'lL.rcrrt tcrclrrritltrcs irrrrl l'icltl tllrtir. l'lrc tlivct'sitv rll' t'csttlls ilrtliclttc tltc cottsitlcritblc
turrccrtuinll. irr cstirrrirtirrg scirlc Ir'rrrrsl'rorl. cxpcctctl lrr Millcr'll()li-3 1. ',lltic:lt tttitl, l1i11,L'

lrccrr sotrrc: rvlrirl obsctrrcrl in thc ('lrcrnobyl sitttitlitttt hl'tlrc lttolottgctl tlillttt'c ol't'clcitsc.
'l'lrc accut.lrcy ol' tlrcsc rrrorlcls tlcct'clscs tttitrkcdly r.r'illt ittct'citsittg lt'ttvcl titttc tttttl is
normzrlll, considerccl vcry unrcliatrlc bcyottd about 1972 hours. altltouglt tltc tnatcrial took

tl clays to cross [iuropc ISCOPli5O-19931. but rvc tnay cottsirlcr tltc llclcl rcstrlts as a
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(lualitativc (lata.
'l-lrc t'cvicw rttittlc [ry I(lrun ll990l orr tlrc inlcrrrational tlutrr on ('lrclnobyl

accideltt indicatecl that tlrc releasc estinration ol' noble gascs. halogens, l"clluriunr. alrd
alkali nrctals havc a vcry high clcgrcc ol'urrccrtairrty.'llhc rcvicw rcvcalccl that. althoLrglt
ttrttclt clata ltavc bccn gittltct'ccl. tlrcrc is a linritcrl sool)c ol'vuliclatiorr ol'tlrc rcsults iry
clillcrctrt ittvcsLigators. ltttlcccl. ortc ol'tlrc grcut puzztcs d'lhc ('hcrrrobyl sotn'cc tcl.nt is
how to cxplairr thc sinrultancous rclcusc ol'relativcly largc liaction at' I{u, tJa. ('c ll(rcss
ct al.-1987, Ilorovoi itttcl Siclr-19951. 'l'hc nonvoliltilc Cc arrcl []a wcrc lbLrncl lry Dcnrin
arrd Khoclakvsliy |9tl7l to grctrtly cttrich thc arralyzccl hot particlcs. Ilu aslurnccl tlrat it
was cxposccl to highly oxirlizirrg atrnosplrcrc to coltrltosc I{uO.r zrtrtl ltu04 which ar.c highly
volatilc lllorovoi artcl Sich-19951. 

"vlticlr thclt conclcrrsccl to zrc:r.osols or.hot Par.ticlcs ol'
ttcarly pure rttthettiurtr [SCOI'}l]15O-1993|, i.c. no I(u oxiclcs havc lrocp lbulrl.'l'lre rclcitsccl ltct'cetttagc ol' diflbrcnt raclionucliclcs irrvcntorics ol' Chcrno[yl
rcactor core ilccol'clirtg to Khatt rcvicw [1990]. wcrc as lbllow: all tlrc noblc gascs,40-
68% ol'halogcns, l0-43% ol'alkali nrctal. 7-15% o['tclluriurn. 0.4-6.0'lo ol'allialirrc
citt'tlts. 0.-5- (r.-5'Zr ol' ltoblc trrctals .0.02 to 3.0'2(, ol'r'urc r:at.tlt.0.02-4.0,1i,ot' r.cli.uctory
clcurcnts.

A dill'crent volatility clenrctrts wcrc lbuncl in dillcrcnt cor.rntrics rathcr than
Ibrttlcr USSR. Airborn sittttplcs arralyzccl spcclr'onrctrically irr 'l-urlicy showccl tlrc
presence of llll, l-'r2'fe ll'lcs.'l'cs, lot'La, 

"tuBo, "tt[{u, "'ul(u,i'l(]c. ancl li'tcclsoybcrl<-

]2901 .Sarn;rles oollcctccl itt Ccnrtany ancl Scanclinavia showccl particlcs containing rlll,

'olR,i.'17('r. i,,,,1 't''l'".""1,.. ryi!l a;iparcntly carrictl [ry sonrc wlrirt lurgcr.pru.ticlcs
ls('olrl:.50-l99iI Wlrilc lJll l)')rrr';'" I1l('q.ll71 ,*.1'l{);}ir.l,,}l{rr.r',,'litr. ,,,(,.. -',',M,,.,,,,(,r.

"5Nl',. "5Zt'itttrl 
l'll('c t'ltrliortrrclirlcs rvcrc clctcctctl orr llltcrs in Stoclilrtllru lltcisclr- l()ti7l.'l'hc t'itdiocltcnticul itrtrlysis ol' tlrc l-,ava - lilic -l;ucl (lontairrirrg Matcrials

(l-lrCM) rcvcalcd tlutt ortly 5'2i ctl'thc l,l;CM irrvcrrtory ol' l"('l{u lcnruins, whcrc irs
strrprisirrgly. 35'%, ctl' Ll;('M ittrrcrtloryr.,l'll7('s rcrrruins, rvhich sigrrilicarrtly lrighcl thun
tlte rctaittccl al" 'l'M'l' acciclcut irr tlrc Inoltcn ccranric lowcr plcuunr clctrris (3"1t) or in tlrc
trppcr plcttttttt clcbris (1g'yi,) lllorovoi ancl Sich-19951 tal<ing tlrc pcal. tcrnl.rcnrturcs in'l'N4l-'3 IOOK. wlrilc in ('ltcrnobyl lrcal< tcrnpcrirturcs wcrc ?l(X)K. lor'10 S. irrrcl '-
1700K. Iirr l0 tlays. llsltikar,r,it ct al.-l9ll7l wlrcrc u t'ctl glowirrg ol'1.('lrM obsctrrccl lry
stttoke and clebris was llcvcl'iclcntillccl what coulcl lrc lrurning at that location. althouglr it
was assrll.ltctl tlrat pal't o[- thc cot'c graphitc was rcsponsiblc lirr lltc glow.otlrcr lcss
platrsiblc hypothcsis rclcrrccl thc glow to thc [rurning ol'largc c;uantity ol'tar (not
graphite) which wars availablc tlrcrc Ishiltawa ct al.-l9tl7, Sich-1994. I]orovoi ancl Siclr-
lee-sl

ln l'MI reacl.or accidcnt irr 1979, thc nroltcrt rnatcrial rcachcs lcurltcratLrrc glcirtcr
than 2900K[Akors artcl Scltucts-1994, I(alrtrarr zrncl Wcllcr'-l9tl(r], urrcl ploba[-'ly rclclrccl
tltc lorver lteacl as liquicl or slurry at tcrnpcraturc bclow 2900"K.

A cleblis lrccl conrposccl ol'ccrarnic. rcsoliclilrcd rnctallic ancl rocklil<c particlcs.
lltat havc tltc ilppcari.lncc ol'solitl soluLion or a higlr tcnrl'lct'atr,rlc rcactiorr product ol'Iwo
or lnol'c colnpollclrts lltalnran aurl Wcllcr'-l9ti6l. 'l'hc ratliorruclirlcs rctcntions lirurrd ilr
clill'erent core sanrples wcrc as Ibllows:

rrTCs:1 
I .3- I 8)%). ')0Sr;147-txr.;'X,. I r'lCc:1 85r,7 )"1,lAkc'rs arrtl Schucts- I 994 | . llut llccl<.jorrl

irttcl Aubirt l;,19941 suggcstctl thaI alnrost total volatilization o('(]s. I. I(r' anrl Xc has
ttccttt'rcrl. r,r,hilc Kllrrrarr arrrl Wcllcr llgtt(rlbclicvcrl that l.l'2, o['l]7('s. 27-40'N, -'"t'llr,.
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7O-100%of the 'uuC.. 
l25St, ancl '5'lr',, *us rctainecl.

Chcrnical Spccies

'l.lrc llrgrrrrI ol-.-3-5'2, o['tlrc irritilrl ittvcnlot'1'.,1'It7('s t'ctttitittitrg wirlrirr tlrc
('lrcrp1lllyl corc trratri\ \\,its rrrrcxpcctc:tl [rccitttsc ol'tltc lriglr clcrtrcrrtirl vtllirtilily irrrtl lllc
cxpcricncc ol' 'l'MI 

lSiclr-1995J. Urrlbrtr,rrratcly it is ttot kttowlt irt r.vltat cltctttical lirrrn Cs

was lbu1d. Il' it is {brprccl as thc nortvolatilc Csl, which is highly solttblc irr watcr, this

nla)/ cxplain tltc t'cllrtivcly lorrg ll'ttctiotl ol' ccsitutt t'ctitittctl. 'l'lris ltowcvc:r trnlilicl)'

bccausc therc was nr-r cnouglt ioclirrc to lbrrtt Cls!. cvcrr rnorc likcly givcrl tlrat largcr

portio6 gf I was rclcascrl to the crrvirotrlcnt ISich.l99-51. So tttttrc attclttiott shoLtlcl lrc

itlcrrsctl 61 'rrrrtlc;st1n(ling higlr tcrrrpcnrlrrlc cltcnristt'y cl'lccts ott ('s lttttl I volittilily sirrcc

clircct iclcltilrcatigl ol'c[cnrical lblnrs ol'l is lacking lllobbirrcs ct rtl.- l9tl6. Malirtitttsliits

and l(ress- l99l , Sich- I 995 l.
'l-he cSclrical lbrnrs ol- acrosols clcl'rositcd alicr Clrclnobyl acciclcrlt in IiK docs

,.t nptrlcar. tq havc lrccp r.vcll tlctcrnrinccl. altlxruglr it is tlrotrgltt that tltcy rartgc liolrl

solubie fbnns s1rch as hyclxrxiclcs arrcl c:artrorratcs to rclractory particics ISC]ol'l15O-
1993-1. Data llulr UK lcatls to valucs ol' dcpositiolr vcl,ocrty (wlriclr is lirutrtl

expr-riprerrtalll, 1.', clcpctrcl grr particle sizc) was 3 x l0-'1 rrt/s lirr'''t'l ittl.l was 4 xl0-'l' rll/s

[b; lrTCs r,vhiclr woulcl suggcst ltarticlcs ol' lcss tltarr I ttt diattlctcr llrry ct al.-l9tl6.

Sorcuscn- I 987].
Irr Cherpobyl accirlcnt. tno basic catcgorics ol-lrot particlcs hitvc bcct-t iclcrrtillccl:

'l'lrrlsc cslrprisiug urlxctl llssion prorlucts (origirrating lilrrn tltc lircl). arrtl lhosc ltssociittccl

lvitlr a lcrv clcprcrrts ouly (sr.rclr as l{u, Cc. ancl Sr). Au itttlxlrtttttt lc:ttttrcs ol'tlrc obscrvccl

co.tauriuutiop patteru rvas thc patclry naturc ol'thc dcpositiorr ol'r'aclioactivc tllatc:t'ials,

*,6ic:6 ra,as ttlicrr cgrrccrrtllrtccl irr a le'rv snrall at'cits r.vitltitt corttllt'ics lAPSirlltln ct al.-

lgttg, scolr[1_5o-lgg:il.'l'lrc lilrgcst particlcs. rvitlt scvcr'al urrr. sizc. wcrc clcllositccl ckrsc

t. the relcasc p6int, trlt lrot particlcs ol'this sizc wcrc lirund itt Scattclittitvia. Accot'clirlg ttr

Clranrbcrlflirrc llgtil lilntl SCOI,lr-50 ll99:il. thc rrrost ul'radioilctivc ioclittc rclcasccl (krln

Wirrclscalc r.cucttlr. lccitlcpt irr lt)-57 rvls in gascous lirrnr ot' itttsot'lrctl otl vct'y stttitll

p.r.ticlcs. 'ln this accitlcnt. thc cstinratccl rclcascs lionr thc I25 nr stetkc. witlr ?4 hotrr'

clurittiotr. werc:

lrTCs:2.2xlOlillq. 'r'l:7.4xlOrallq. 
2l('l'o:8.8xlOl2llq..-.lr"l'tt:1.(r.^ x l0') tlt1.

lot'Ru:ixl0lllk1. ')"sr:7xlt)l' Ilq. l'lll'c' 4.4xl0la lJt1. ancl 'r'xc:irl0ri Ikg [('r'icli arrd

L.insly- 19821.

Duripg lircl proccssirrg gascs rclcascd clurirrg clissoltttittrt arc I(t', Xc, I2,'l'2,'l'llO.
Ilug.r, COi. ntinor arnount of PI' :rcrosols. Sonte Pl' formcd during reactor irradiation

are rrot soluble irr dissolutiort rcagcttts.tlrcy consist ol'att "alloy" ol': Mo. Ru. Rh" Ptl.7,r.

Nt). Sb |('hrppirr ittttl l{\'tlbcrg- |()ti.i. N4lrsltirll-I98-5l.

At Iig[ llNO.rconccrrtrutiorrs. l)u ancl IJ at'c cxtt'itctcd lrut vcry littlc ol'thc llssiott

prgclucts rvlriclr cx1'rcctcrl to lot'rrr colltplcx cotttl-lotutcl (c.g. I{tr tttitY [rc, cx1'tcctctl lo lirt'ltt
rritrgsylrritrlttl rutlrcrriurrL cornplcxcs. Morc thatt 99.5'kt ol'l;l) lirl'ttts tlrr-, high lcvcl litltritl
wi.lstcs IKahook ct al.- I 995 l.

A stucly of rivc-r Danttlrc ol' thc concctttrations

bottottr sr.:tlimcrtt lollowirtg Chcrnobyl acciclcttt sltowccl
of Cs-137. 'lacs ancl lo('Ru 

irr

cx;roncrttiul rlccrcascs with tirnc
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that wcl'c thc silntc li)t'all ot'thc thicc rrucliclcs clt:spilc tlrc cxpcctcd clil'lcrcrlcc lrl

cScprical behavior. 'l'lris lrighliglrtcd thc clyrranric nilturc ol' tlrc scdinrctrt clcltosits ttrlcl

slggcstcrl thc rclativc inrl-rol'titucc ol'physical proccsscs wtts tltc sattlc [bt'all ol'thcnr

[Corrkic ct al.- I 990].
Itadioactive gascous elllucnts lrottr truclcar lircl rcproccssitrg plants cotltaitr

lrrirrcipally 
1)05r. es'/,t:f'5Nl',, 

'ot'[1r,, ']'.Cr. 'l'Clr.._'uuc" ancl "')'l'c t'clcasctl as acrosolcs.3"l,

ol' thc total closc rcccivcd is rluc to l'14('*,rntl l-t7('s rclcascrl ils gitscor"rs clischat'gctl lit,rrl

wirrclscalc (norv Scllal'ie:lrl) pxrccssing ltlartt ll.trylix attcl l;t'ascr-l9tt2/n l.

Il:rclitlactivc gllsc()rrs cl'lltrcrrts liorrr rtttclc:at't'cltckrt's itrcltrtlc iotlittc. ttotllc gitscs

rrrrrl llrrtictrIutr.:s c6prltgsctl 9l' lrl' likc Sr'. (]s.'l'c.. , . c:tc..'l'ltc ltol'l.tlilliz.ccl tliscltitt'gc trl'

radioactivc ucrosols avcragccloveriyc.lrs,l964-19719.wastl.5xl0-:C'i /Mwyr'whilcit
rvas 2.-5x1g-sci / Mrv1,r' lirr llll rclc:ascd ll,uyl<x arrcl I;rascr'-tl2/l], Wirrl<clrnrtnrt ittttl

lriclcls- 19137, Wahlig ct al. 19u9, tJNSCliAl(- 1993 l.

As a result o1'puclcar dctonation lintitation, lltellty clt-tcstiotts rcttraltl utlaltswciccl'

Vcry little is krr6w6 a[6ut tlrc physical ancl clrcnrical propcrtics ol-thc firllorrt IlriscllbLrtl

rrrrtl (icscll-19971.

I1 sr.rclcar clctonutitlns. tlrc cltcnricul atttl physical chat'actct'istics ol'tllc t'clcttsctl

l;l) (particles) hlvc lrccp gbscrvccl to bc lriglrly variablc itt scvcral t'csllccts clcllctttlitlg otr

t6c tcrrrpcr.aturc---tirrre: lristory ol'tlrc particlc. tlrc rirrlioitctivity carr [lc coittctl ott thc

strrl acc or cl istri butccl th lru gltout l l ti scrl trttcl atttl Gcscl l- 1 997 1.

'l'hc Nerv Proposal
It is assurnccl hcrc that thc ionization stntcs of'thc ncrvbortt itttttt-ts atttl tltc long

tct.r1 lrigh tr:r'rrl-lcluturc \\'cl'c not trcatccl.ilt att it1-11-ll'tlpriatc rvay itltd thcy wcrc tltc l'cltsotts

ol' lbrnrcr nroclcls lirilgr.c. So il ltL:!v altltroach to intcrprct l;l) [tcltavior u'hich is tlrc l)l:lrl'
n'l'c)Mlc RINDIN(i LI)AI))

-

APPI{OACI-I is introclucecl based otr tlte lbllow'ings:

Acc.rrlirrg t9 tlris a;tltroac:lt. thc f'issiorrc:rl ittottt tlcstt'tlys cotlrPlctcly. cltrt'ing [lssitlrl

process. cl*ue to the laigc cncrg), r'clcersccl tluring tltc ltroccss, ttttcl thc tlil'lcrcttccs ilt

..lcctro, bipdipg 
",r"rg1, 

bctwcur (hc initiul. arrcl flnal statcs rclcasctl tltrring thc llloccss

rvlrich occur.s via thrcc stagc. 'l'hc ncwborrr atorns arc highly iottiz,ctl. l0-12 e:lcctt'otls

associatecl with caclr nuclcus as a lcsult ol'clcctrons incrtizr.'['ltc ttcwbortl tltotrls ltltvc a

Iur:gc 1)robatrility to crcatc boncls ['rctwccn thcrrt to lbrttt tttolccttlcs.'l'ltcsc lroncls rtt'c at [hc

L, or M slrells, and it is callctl Daelt Atttrtric llindini;'
2-'l'lrc lgrrg-tcrnr lrigh tcntpcrittttt'c sttrrttttntlillg thcsc atottls.
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Forrrration of DAI] Molcculcs

I{lA ltclction l'atlrs

s *2rt

Alicr' lllA arc lirt'rttccl. tlrcy' scc:l< to statriliz.c: by corrrplctirrg thcir shortagc ol'
clcctt'ott5 llrtrrt llrc ntctlitt tvltct'c lltc1, 1s1'". this nrcrliu. tlrc lircl 1tirr. corrlirirrs nctrtr.irl litcl
ttrolccttlcs, thc lriglt iottizctl ittottt tltctttsclvcs. clcctlotrs. arrrl rrctr(r'otrs.'l hc assr-rrrrlttigrr
tlrat LIIA gocs tltt'ott-qh thc nrcclia. collides with lircl atorus and rnolcculcs. zrrrcl ionizcs
thcttr as particlcs lKlinror'-l9lJll. tu huvc sul'licicnt clcctrorrs lbr stabilit.,-, will rcsult irr a
lottg clislalrcc iuttl tintc bclot'c IllA l^-corrrc slublc [rccursc ol'tlrc high cornpaction ol'tlrc
lircl rtrolcctrlcs. which tttitlics it ttoI cas),to allcct thcrrr antl tlrc vcry higlt ioniz,atiorr stlrtcs
tll' lllA. 'l'ltis ltsstttttptiort is ttol coittcitlcrrt willt tlrc rrrcasurctl short rilng,cs ol'lllA in Iircl
tttrttcriitl (- lx l0 irn). Srt. onc ttcglccts rlris proccrs as lrigh prrrblbility. Irrtcractiorr rvitlr
ttetttrotts is ttteanittglcss irt tltis casc. whilc intcract'ion witlt clcctrorrs is. low lrut it rtray ltc
ol' higlrcr ltrobability tharr tlrat Ior itrtcraction with lircl rnatclial rnolcculcs.'l'lrc last. irltl
tlre: lrigltcs( ;ltrrblrblc ittlctitcliott is llrc inlcllrctiorr [rlwccrr tltc lllA tlrentse lvcs.'lltis
irttcractiorr will r:cstrlt irr a rrcrv t1,;tc ol'rrrolccrrlcs.

lllA \lclocitics
Sirrcc tlrc kinctic ctlcrgy ol' tlrc ltcuvicst l'i.ssion liagrucut is lbout (16 McV 1pd

Lhat o1'tlre lightcst ottc is 9tl McV. it is surci that tlrcsc liagnrcnts spcccls arc non-
relativistic. so usirrg tlrc rclatiorr

rclcrr'irrg to thc lirllolving t'citctiott as ilrt cxanrplc on ncutt'oll-iurlucccl lissiorr
rcactiou

2'lstl+ rr---- . "tl{[', Fl'rl('
attd using Mrr - l4l lurrr. untl
li'agltrcrrts spccrls urc

V11 :0.946 x l0 i rrt/s
Y 1.:1 .42 x I 07 nr/s

Mr -9i arrru lirrlll('s arrrl

'l'ltc :tvcritgc vclocity tit' thc twtr_ li'lgrncnls is l.lll xl0Tlrr/s. arrrl thc t'arrgc: gl'
lrssion li'agtttcrttsirrlucl nratcrial isIxt0-5.'l'lrislcaclsloanavcrirgclilc-tirncol'9xI0-lI
scconds tbr thr: I llA.

Itc:tction llatcs

'l',1 (. I I I t t'l N'l' R l'
ll. ll..luwutl tt ul

2
'"ltl',,'cr;',cctivcl.y. llssion

rvr-: r.vill titLc thc l'r'csstrrizcrl Wlrtcr'
opcrating ll u porvcl' i(i.\\/11,. it c()nriunlcs .

'l'his r;uarrlity ol'lircl is crprir ulcrrt to ..11.I x I

ctic. irr r,vlriclr tlrc lircl is tJ02. Wlrcn
( Jr'5/tl l('lrogrpirr urrrl l{r,dbc:r.g- I 9ti-i l.
itlonts

¨
出

１

３

＜

Sirtce eaclt l'issiclu nuclcus protluccs 2 llssion lrorn atonrs thcrr wc havc I .62 x l0r8 Ilssiop
lrorrr alottrs

ll' thc ettriclttttcttt ol'tlrc lucl is -iozir. thc rvlrulc rluantity ol'thc lircl spcnt rlaily is 105..1 kg
ttt'ltltittltt. 'l'o ttutkc [10, 111111gc'1rlcs. -5.--i] x l()1" ()\.\,gcn lrlorrrs ir;c pccrlctl lrll. 10.5..1 kg
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tll・alniunl and, 2.66 x 102り l」 02:1101ccules

volunlc Oftllis quantity is about 1 1377 cli13

l        atolll nulllbcr(N=1.42x1024 atO111/cil13 dtly

.       ,  i4!cs atonl 101ullle is
V=141/(1.87x6.023x1023)
=1.25x1022 cn13     r=0.31 11111

・
        The voltllllc Of Rb atolll i一

V=93/(l.53、 6.()22 x l()2‐
3)

: I .0 I x I 0-ll cnt't r.50.2t1 rtnr

llut Lhese ertonts are lllA, tltcrr the real raclii
l'cl)l'cscntc(l irr 'l'ublc l.

ltol. i4, Ntt. (t), 200.1

rvith about 120 kg ol'lJ02 arc proclucccl. 'l'hc

([J0: clcnsity is 10.5 g/crn''). 'l'hcn flssion lrurr.r

ancl surlircc arcas o[' thc two IIIA rrltr

″
l｀ ablc l

l{adii. lllAs rarlii arrrl surlacc arcas o["'ll(is arr,l '"lllr
Atonr I{atlius (nr) I IIA raclius (nr) surttcc arcI(1112丁

~~~~

14:cs
3.l x10~l° 1.lx10~l(' l.52x10~

ソ・Itb 2.8x10~lt' 1.6x 10~l 3.2x10~

l

´     こ

Total surlhce al・ ca=|.65x1025x l(l.52+3.2ソ 2]x10~19
=3.90x10(〕 :112/n13_… …………………………………

which sltows that high sut'litcc arca coulcl bc availablc to nralic thc inl"craction lrctwccn
tlrc IllA.

Il' we conrparc this sLrrlhce arca wiLh tlrc arcaol'thc clcctlons which is rrcgligitrlc
corttlriu'ccl with thc arcaol'llln. it will bc rcasonatrlc to igrrorc thc intc:r'action bctwccn Llrc

IIIIA ancl clcctrous, ()r to ilssuurc it ol'lo'uv prlbability.

I,'ornrctl Molcculc Shalltr

Irission ;rroclucts sprcacl ovcr a rangc li.orn'L==30k> /, 65 witlr lrigh yiclcl rtcitr
Z:35 and Z:50, wlrich nreans that cach llssion product atonr nrus[ at lcast lrave thc K, I..
M, and N or 0 shells which are lillecl in orclinary conclitions. lrut as havc bcert assunrccl
earlicr. cach ol' llrcsc atonrs arc highly ionizc:cl witlr lcss .tlrarr or at-rout l2 clcctrrrrrs
associatccl rvillr thc rrrrclcus lllcr llssion lrirs occurrcrl. So. il'l rnolccrrlc is [irnrrcrl lhrrrr
tlresc l-llA, and in ordcl to lorrn a conrplcrtc atonr, witl'r'L clcctrorrs, thcy slrarc tlrcir latcr
shell elcctrons. wlriclr arc nrostly thc L or M shcllclcctxrrrs, arrrl tlris is wh5, it is callctl
(l)nl]). Assurrrirlg tlrirt. tlrc irl'at,,rlr is irr tlrc ccntcr ol'thc nrolcculc with its orvrt
clectrous, wltctt thc jtl' atour c()r'ncs bcsicle it, thcy contact via a partial sphcrc surlircrc as

two collided balls, whcrc thc arca o1'contact rcprescnts thc ratio ol'clcctrons li'orn thc.irl'
rutonr
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tlrat rvill rottltcl lltc itl'nuclcus. Morc lllA irrtcrac:t witlr tlrc irl'atonr until it hars' ils Z
clccltrltts.'l'ltc srttttc ittlct'itctiott bcltvccn.i'l'irtorlr irrrtl othcrirtorrrs ()ccurs trrrtil it girirrs its
Z clcctrotts ittttl so ott lirt'rr lllA lirrrtring [lrc rnolcculc. lrig. I rcprescnts thc nrolcculc.

.. 
u 

-,;i_...-, ..i. ;.=..
r1')'";:;^'''*"''

,-'r- ,'; - ^,-.:.1..i..1t,

,''-"-'f-:,iiiif i 'irliI 
ti\\1i.'.}.. J t; i .! :'".\\.-tl; :.1,,,,,,' /.,i..);-.i. 

:;.:" J{,;.,;
'.::..--..-]..;'

l;ig. (l) 'l'|rc DAlj nutlac.ttla

Sirrcc tltct'c rtt'c tttot'c tltittt tl0 clillcrcnt llln lirrrrrcd irs tlirccl lissiorr li'aglrrerrls
with dill'ererrt yields. thcsc utonrs associal.c ttl lbrur ar lnolcculc. Molcculc lirrnratign
depertds on the yields, luel cnriclrnlerlt, neutron flux and thc arnount oIburn-r.rp in a vcry
corltplicrttccl probabilistic proccss. so it is too lar to expcct that tlris rnolcculc co6tairrs Cs.
l. I{tr atortrs witlt sotttc knowtt riitio. Also, thc lar-ec dillcrcnccs l'rclwccrr thc hall'-livcs ol'
dill'crcnt lissiort ltroclttcts ntitkc tltc cx1'rcctltion nl()r'c rlil'licult. Ilut orrc carr gticss lrrcl
sLrggest sonre spccillcations ol' thc ntolcculc.

6. Molcculc Spccilication
Since these nroleculcs are lbnned ol'dil'lbrcnt atonrs with clillcrcnt

excitatiotr cttergies. a clcar picturc of this nrolcculc arrcl its spccilicatiun will not lrc
availablc, ttttlcss tltc ttatttrc ol'thc l'issiorr pr'occss arrtl its rrrccharrisrrrs arc krrown

' prcciscl5'. llut sittc:c this is ttot avlilablc 1'ct. tlrc lbllora,irrg spccilications urc cxpccl.ccl:

,1. ltrternul Allucltnrcrtt

'l'ltis lrrolcctrlc is ltighly attachccl irrtcrrrally. 'l'lrc crrcrgl, rrcctlctl [o sc1'rlr:rlc iur
atolu li'oltr this ntolcculc (tctts ol-kcV) in corn;rarisorr rvith thc lowcltcrgy (cV)
rleecled to scparatc Na attd Cl in NaCl nrolcculcascxarrrplc. Dianrctcrol'this
tlttllccttlc is ol' rtttt ot'clct' itsstttttittg tltc iorrizittiorr stirlcs ol IllAs ltrrrl tlrtr ir6llic
ttr.rnrbcr ol' clrclt irttlnr.
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Dtrc to tttltt-t-tttiltlrttt conllgut'ation ol' its conrl-lorrcnts. tlrc rrrolcculc rrray havc ir
ttltal iotliz,ttl.iott tttttttbcr', rvhiclt dillcrs lirrrrr urrc rnolcculc to anothe r'. II'this rnolcculc
rcccivcs a tlr.ratttity ol'cttcl'gy it rnity iouizc aud nrarl<c largcr nrolcculcs clcpcrrclirrg ep [[c
surrouncl i lrg concl itions.

Long-'fcrru I{igh'l'cnrpcraturc Itrlfccts

Itr truclcar rcactors. the highcst tcrnperaturc in lhc ccntcrol'lircl pin rnay rcach
2000 K. or 3000 K irr casc ol'acciclcnts likc I'MI acciclcnt Accorclirrg to thcsc
tcrtt;lclirltrrcs.

Kll,:(312) K'f : 0.2(r cV irr norrnal opcr.ation,

=0.4 cV in acciclcnt conclitions.

So, il' tltc tttolccttlcs are ionizccl or bounclccl with cach otlrcr cluc to any rcason.
this tltrarttity o{'cltcrgy ntay uot changc tlre ioltizatiorr statcs. unlcss this cf'lcct stuys [irr.a
Iottg titnc its itt tltr-: casc ol'ttlrlirrary rc:irctol'o;'lcrrrlion'l'his will lctrtl kl corrlirrtr<lus l)t.()(rcss
ol'cotttlttlsitiort ancl dccontposil.iorr 0I tlrc nrolcculc arrcl rrruss trar.rslcr Lrntil thc nrost
stablc. harcl giant rnolcculc cstablishccl.

Whilc itr uuclcar clctorrartions, thc cxpectcd tcmpcraturc is about l0l'K so tlrc
kinetic energy of the ntolcculc is

Kl: : t.lil) h'l':13 licV

With this ctlcrgy tltc ntolcculc will ncvcl'rnakc any lroncl witlr otlrcr nrolccLrlos, ancl that is
the case itt nuclcatr c{etonatious whcrc the Iallclut rcsults ft"orn thun arc travols Irlr a lorrg
clistartce and stays Ibr a long tinrc bclorc l"rrccipil.aticln citlrcr in atlnosphcrc or in watcr'
botlics.

Chcrrrical llcitctiorrs rvi(h ()lhcr Chcrnical Spccics
Sirtcc cach tttolcculc ltas a total iouizatiorr rrunrtrcr', it is cx1-rcctccl tlrat il. uralics

sttlttc cltcntical rcactions rvitlr cltcnrical spccics in thc tncclia that alc lrvuilatrlc, hut thcrsc

t'cuctiotts itt'c cxlrcclcrl to [rc ol'vu'1, corrr;tlcx llrrrli arrd ntirror'.

Radi<lactive Dccay rvithin lhc Molcculcs
Molccttlcs al'c cornlx)scrl rl['it ttutttlrcr ol' II'l'A rvltich lrlvc t'atlitlactivc rruclc:i.

'l'ltcsc rtuclci will urrdcrgo radioactivc dccu1, (rnostly as 13-cloca1, lilllor.vcd by 1,-clcca1,).-l-lris clccay rvill causc a cltaugc in thc atonric rrunrbcr ol'thc nuclcrrs anrl conscclrrcrrtll't<r
cltiltgc tlrc liirrcl ol'itlortt.'l'ltc r;trcstir)n n()\\. is rvlrirl ()ccut's to tlris tr(orrr in tlrc colrrpositiorr
antl rvlta[ ()ccurs to tltc rrrolcculc: irs ir vvholc'/. l]ccutrsc ol'tlrc strorrg attractiorr ol'tlrc
ccttttltottents ol'the urolccule. this clccay will not al'l-cct thc structurc <ll'thc rrolcculc, sincc
the cll'ects are.iust the claughtcr nucleus recoil, which has a small amount ol'energy (- l0'
eV), conrparecl with thc bincling energy ol' tlrc rnolccule atonrs (tcns ol'KcV) arrd tlrc
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shortage ol'electrorrs u,hiclr is casv to conrlrcrrsatc: in tlrc nrc:rlia.

DAI] AND t,'lssloN l'l{oDUC't's t}EHAvton MODELS: A coMPARISON

Alicr lllA lravc bcctt bortt. tltcy stitt't lttovirrg irr thc rnc:tliu.'Accor.rlilg te l;l)
bcllavior lttoclcls. wlrich clcltcttcls orr clillirsiort ol'atorns irr a lrypcrstsichisprctr.ic rlc4iu,r.
tlte tttottts will rrrlrkc iottizatiott ol'tltc nretliurrr (sitnilar to tlnt ol'tr-;'r1r-ticlcs whcrr tSey
ctttct'ittg attl' rttcdittrtr Il(lirrrovc | 9tt I l) o cconrc gprplctc tlblc tsr1s. 6csc trrtrs
will accutttttlettc to lilrtn cl'ystals ol' their clcrncrrts. Also thcv tnay unclcrg. chc,ric.l
rcuctiorrs Lo lirrru rli l'le'r'crrt clrcrnical corrrllountl.s.

'l'lte physical state. gas. solid or liquid clcpcnds on rncltirrg points arrcl beilirrg
points ol' thesc cltctttical specics. and thc tcrnpcraturc at thc poirrt in tlre lircl pin whcLc
thcy arc liltrrltl. So. itr il casc o['att tlrclintry uracciclcrrtal rclcasc lirrpr 1rcirctsr.. it is
cxpcctccl tltat. Iirst Xc and Kr to bc rclcasccl, thsn Cs and 'l'c lbllowccl by Sr ancl lJa. lpcl
lastly the more reli'actory elcnrents like Ru and Zr.

lltrt il' ll'c ltlok irt tltc o[tsct'vlttiotts tltll ltirvc bcc:n collcclctl lirrrrr lcircllr.rrrc:ltcrl
cot'cs irt 'l Vl'l irrrrl L'hcnrobl l. w,c lirrtl tlrc lollowing:
I- uo clear clrcurical corn;tounds
2- retained tttatcrials(C's. I{uctc)donotdcpcrrdncithcronthcirMl,ancl I}l), lrorontlrc

, reactor telllperature. 'l-he same thing applies to relcased materials.
3- IrP have distributed within the molten fuel in a way not coincident with the diff-Lrsion

in a hyperstoichionretric lnedia.

Il' tltcsc otrsct'r'ittions ill'c urrclcrgorrc to I)At). it is conrl-rlctcly strt'tlcicnt tp
itttc:rltrct tltcsc tl[tsct'vitliotts. 'l Itc tnolcculcs irrc rrorr-orrlirrarl, chcnricirl corrrpourrcls. 'l'lrcy
are rattclotttly attacltccl lttotns u,itlt it clill.;r'cnl utcltiug poiltts uncl lroiling poirrts. ancl tlrcy
ttrity rnukc gil.rnt rrrtrlccrrlcs lrrtl gririns.' 'l'his cxltlaius tltc t'clcascs rluring accidcuts aud orclirrary oltcr';rl.iorrs. ll'tlrc l)All
molecules are {bntred ttear tltc gap, in the outer layer of the ftrcl pilr; thcre will [c a
possibility lbr thcsc tnolcculcs to sla.y in lrcc spacc arrd bc avlilable lo bc rclcasccl il'irly
crack has occttrrccl in this clacl. 'l'lris 

.cxplairts Carclirri arrrl l{orrclri's ll99lJ rcsults on
rreasurenlellts of lllxc. 'ltx.. ri srrr;1,' *'Kr, **Kr, 

ancl 
ssKr pcrlirrrnccl ttn linc. At the crrcl

o1' 1.57 tlltvs ttl: it't'lttliittion. ()li(2i, ol'thc stlrhlc Illscs \\'crc tlislribrrlctl in irrtnrsrirrrtrrl
btrbblcs ol' 2.4 Itttt sizc. trrrly 2'fo \VilS rclcascrl arrrl 0.0i'2, r.vas in solutiorr. Wltcu tlrcsc
moleculcs rearch tltc coolartt, tltat rtray trc distributcd througlr it. ancl tlrcn rclcascd kr Llrc
watcr waste tltatragcntcnt unit.

Itt sortrc coltclitiotts thcy rrray bc cat'riccl on (with) gas lrutrlllcs urrtl rclcascd t9 thc
atmospltcre. Durirtg acciclcttL cottrlitiotts, tttolcculcs. giarrt rnolcculcs. or' particlcs Irtrrnccl
Ii'tltrt tltcttt ttrc rclcttscrl. bccitttsc ol'tltc kinctic cncrgy thcy girirr viir hclrt cxccss. or'{ls ir

rcsult rll'arty lttotivc lctiorrs likc cxplositlns.
l)trrirrg relcascs. itccot'rlittg ltl tltc tttoclcls. l;l) irrc lrssociirlctl witlr ircrosols

gctrcrltlcd li'tlttt ctltttt'tll tttitlct'iuls itttrl othcr lircl or collstrr.rctiolt trratcrials. Il'this is lrtrc.
we rtrust lincl in all cascs.l;l) uccourpaniecl by t")Cr.-,. 5"1t".'ssl,c. ctc. but rvhat is lbuncl in
ttttlsl citscs is I;l) only. So. llris is itttolhcr lirilurc ol'tlrcsc lrrotlcls. arrtl ir srrcccss ol'I)Al]
hypotlrcsis. which strggcsts it lirt'tttittion ol' gilnt nrolcculcs tltut rvill trc tlrc basis el'
aerosols (grains or particles) without atry irnportanl. or principal role ol'othcr rnatcrials in
tlris lirrrrralion.
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It I,]ST] I,'I'S AN I) I)ISCTISSION

A conrparison has bcen nrade betweetr the DAII altltroar:h artcl otlrer I)l) ntodcls. It

is clcar now that tlrcrc a grcatcrcoirtciclcncc l'rctwcctt tlrc l'icltl obsct'vlttiotts atlcl DAI)'s
critct'ion itr itttcrprcting tlrcsc tltrsct'vtttitllls. wlriclr
gives DAI) approach a special inrpoltance in the lleld o1'nuclear salcty and

radi atidrr protectiol't.

DAI]'s Succcss

DAB criterion has succceclcd in cxplaining alnrost all cascs ol' FP bolravior irl-.

and ex-vessel, ancl in the environnrent. l'his lays a stress on DAB hypothcsis as a goocl

tool to intcrprct IrP bchavior ancl that thc assumptions usccl in DAII cotrstrttctioll arc lllorc
pear to the scieptillc lacts than other assuntptiorrs likc hyperstoicltiontctric rllcclia or atont

rliI'lusiorr.

DAli's Itnportancc

'l'lrc l)Al] 6yltgtlrcsis slrall lravc a spccial inrpor'tancc in ltttclcitt'salcty itttcl t'clittccl

llclds. It clcscrvcs this inrportanco brrcausc Ol'thc lbllowing:

i\. Acc.r.clirrg t6 l)All. tlrc r.cactor lccitlcrrt racliologicul irnPlct in tlrc cttvitrrtttttcttt is

s,rall. 'l'5e particlcs irr thc atrnosphere will precipitato. in soil will stay irl Ihc ttl.rPcr

laycrs. apcl i1 wltcr will bc scclitncutccl. so wc can go to ortr o[r.icctivcs' cvctt clttt'itlu

a lr1ior ircciclcpt lili.c C'lrclrrotryl. cottccrttittg l'itdiatiott salcty tli|cctly' l,astly. tlrc:

radiopr.rcliclcs rvill stay ou soil surlace iurcl otr sca bcclrock as particlcs. arld will llcvcr

be available in iolic lbplrs wlric[ recluccs thcir nrobility ancl thcll tltcir potcntial risl<

o1 livipg species. This also reduces the expected potcntial risk associatccl with

luclcar cllcrgy inrlustry. ancl, lirr lirraway, thc radiollltobia. I(acliation 1lt'otcctiott

llrclsgrcs cluriug apcl alier lccirlcut (c.g. cvitcttattiotl ol'al'l'cctccl llcoplc. 1ll'ovitlirlg

reliel. etc) ,.,.,"f ['," clircctccl itr a bcttcr way. iutcl tltc cxllctlscs ol'l'ltcsc tttcirsLlrcs will

bc rcclttcctl

B. According to DAII, olle call ditferentiatc betwcctt reactor accidctlt atrd nuclczrr

explosion rcloascs o[' I;P.

'fhe l.'1, rclcasod ll.otn the rcactor Will bc ol' larrgcl sizc ittlcl wciglrt giarlt

nol..rl.r. So, 
'their 

staying in atnrosplrcrc oI watcr boclics will ttc vcry short. wlrich is a

I.gical rc:sult ttrat coulcl bc usc,l in llclrl clctcction ol'l)l) to rlil'lc|crrtiatc [rctwcctr tltc {rvtr

kincls ol, rclcascs. Anothcr result coulcl bcr obtainecl liorn thc clil'l'crctloc itl thc sizc arlcl

u,cigltt tll' ttttllccttlcs is tltltf ,1.,. 1111clc:itt' crplosiolt t'clcltscs 'uvill sllt'clltl ovct' lt lirt'gc

clist,rrcc. irrrrl ltlrrg r.e:tcrrtiolr iurrl lirlloul litnc. itt tllc citsc ol'ittttttlsllltct'ic tlclottittiort' itt

aclclitiou ttt tlrc ovcrall i0rtizutiolt statc ol'tltc tlttllccttlc.

c. In casc ol'nuclcnr r.clcasc. shcltcring is thc Irrst priclrity which is Ilcccssary lilr

rraly clays only. clcpcnclirrg on thc hincl ancl volutnc ol'rclcascs' Whilc stablc ioclitlc nlay
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be ol'very low. or contplcte ly rto. pt'iority.
E. Dcrivecl air corrccntrations. ilnnual linrits ol'irrtakc. arrcl biological lrall'-livcs Ibr
racl itlacti vc nratcri al s shoulrl bc rcvi sccl.

l.'. Accorcling to DAI] hypothcsis. onc ci.ul clill'crcntiatc bctwccn thc cltcnrical bcliavior
ol'FI), irradi:rtitlrr prutlucts arrrl rratural raclioactivc rnatc:rials.'l'ltc latcst arc thc casicst tcr

rlcirl witlr. whilc lhc sccorrrl is a littlc tlit'llctrlt to clcul willr. whcrrcrrs il is loo rlil'ficult to
deal clrerrrically with l;l'. lgttorittg llrcsa dilferutcc.s itt c'lrcntic'ul ltaltuvior ol'cli//arant
rudiortrtlicla.s i.t ottt,of tlrc utosl itrrltttt'lutll rauson:; o.f .fitrnrcr'nuxlal,s.fitilura during l;'l)
t t todc I i t t,q i tt I I ta I tt ltt trt t I t tt'.t,.
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IHC HLY 10NIZED ATOMS(lHA)Al)PItOACH
(ATOM BEHAV10R DURING NUCLEUS FISS10N PROCESS)

llalshi11l Hlllllccd t,tlwild itild Abd A卜 Vytlly M()lla111llllCd SaCc(:Al― Ailoony

AI}STITAC'T

Fornrer stuclics assuntccl tlrat. inrnrcdiatcly allcr tlrc nuclctts has lrccn llssiorlctl,

the two nuclei rip out li'onr the elcctron cloucl lbrming two highly ionizcd uewbortr iltotns

rvith (20-22 positive chargc,). Thcse newborn atorns ionize thc nrcclia in which thcy pass

througlr bclirrc lrcconring statrlc atotns in it ntattttcr sirriilar to 4-McV a-particlcs.

Accorcling to our ncw hypothcsis wc lburrd that during I'ission proccss, thc llssiorr

atonr destroys contpletcly bccause ol:
l. 'l'hc largc cncrgy rclcascil clurirrg tltc proccss wlrich occttrs via tltrcc stilgcs clcscl'itrctl

in tlur rttrltlcl.
2- 'l'he elcctrons bincling cncrgy dil'tcrcncc bctwcctt thc irtitial. attcl thc lltlal stalcs.

llccausc 0l' c:lcctrorr incrtiu. thc rtcwbot'n utonts arc lrighly iottiz,ccl (10-12 clcctrotls

russtlciatccl witlr cach tttrclctts.).

INTITODUCTION

lrlrysicists alwirys sc1:laratc 1ra11ygc:rl rtuclctts attcl ittottt rclatccl activitics, so whctt

cliscussirrg ;ruclcus activitics thcy ignorc atornic clcctrons bchavior clcltcttcl ort tltc lirr:t ol'

wicle energy clillbrcncc bctwcen thc two l<incls ol'activitics. Irt this str.rcly wc havc bcctt

cnlbrcccl to clcal witlr llrc: twcr kincls ol'activitics lrccausc ol'thc: itttllortaltcc ol'tltc atotllic

activitics i1 clctcrnrinc thc llrral bclravior ol'tlrc llssiolt llroclucts alicr havc bcclt lbt'ttlctl

due to I'ission process. We nrention llrst the nucleus activitics, whiclt includc nuclcar

llssi6rr, nuclczrr dccay and rruclcar rcactions to lravc a clcar iclca altotrt thc iolriziltiotl slittc

of the atonr al]'ccted by its ttuclctts activitics'
2.lonization of Novborn Atotns (Forlncr Opinions)

A. Fission Ncrvborlt lonizctl Atoltls

l'[c lissigrr li'agnrcnt proclucccl try thc l'ission l]roccss originatcs as a lirst rlrovittg

positivc isp whosc llight is gcrrcrally tcrnrinatccl through otltcr ittonrs trntil it lrccottlcs -
trappccl tlrrough othcr atotlls lDcrrschiag- l9[l(r
Malliiiauskus ild tlcll- 1 9[J7. watilniltrc uncl Appcltraufll-1 992 1.

l)ur.i1g tlrc I'issigtr I)r()ccss ptilp), 1yl'thc er'tritll clccttrrtts ol'tltc atttttt tttttlct'grrirrg

lissirlu arc c.i-ctccl. wit[ lhc rcsult that thc tlssion li'itgtttcttts cllrry illl itvcri.l8ic llositivc
charge gl' alrogt 20 upits. wlrcrcas the heavy liagtncnts oarry solllc 22 positivc chargcs.

Strcli plrr.tic,lcs. prtlving irI u spcc:rl tll'107 rrr /scc. iu'c ublc to 1'rt'otlttcc cotlsiclct'ltttlc

iorrizatiul irr tlrcir 1r,,ir,,g" througlt tttuttcr' [.arrtat'sh 1975, Klittlov-l9tlll. So. tllcil'

speci{ic ionizatiorr ii higtr, ancl tlreir riurgc wlrich dcpcrrds on tltc llssion fi'agnlcnts irlitial

.i.,"rg1, uprl plilss ll,r'ii'c- l()(rzl. Wulitttitbc lrtttl Appclhltttttr- 1992l. ttttcl is. tltcrclirrc.
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relatively short. As working approxinration, tho rangc of lissiorr li'agnrcnts in any urccliunr

rnay bc takcrr to [.rc thc siln]c as that ol'4-McV alplra palticlcs lKlinrov- l 98 I l.
I). Alpha-Dcco.y Reucliott

''lhc Q valtrc ol lllc rcirctiotl
:81 11- > lt'15 r 'llc
is

(2-1)

Q-4.26e NIcV (2-2)

. Il tlrc plotlLrcls irrc lirltttctl itr thcil grrrtrrrtl slalcs. *ltich is trsually trttc lot a-

tlccay. tlrc totul tlcciry crcrgv is pallilior)c(l into the kinctic crrcluics o l' thc rlirrrgh tc r

nuclcus (lrlz.:) altd tltc ltclitrttt rrLrclctrs (lia):

(]u-lir-rIlr{r

llccausc o l' cottsclvat iott ol'cttcrgy atttl tttttnlcttttttrt.
l'lz-: Qu Mu/Mt

And
lin =Qct Mz- /M/

It can trc cllcull(ctl lltlt l:z-1 ol' ttn'll', i,t 0.072 l\4cV. rvhilc
Alrnos( rll thc crrclgy is catrictl away rvith thc a-particlc, lrccausc

clillelcncc bctu'ccn 2la-l'lt ttLtclct,s artd a-particlc.

(2-3)

(2-4)

(2-5)

lla is 4 1〈 ,7ヽ4cV
ol thc largc!1lass

Although Il1.r, is srnall in contparisou with that ol'Ea, it is largc in conrparison
with chcnrical bintling cnclgics. <5cV. 'l'htrs thc lccoiling diltrghtcr oasily brcaks all
che'rrricul borttls by rvlrich it is hottrttl willt otltcrakrttts l('ho;tpin antl l{ytlltrg-l9li3l.

C. llctl- l)ccrrv

If the p-particle and the anti-neutrino arc enritted with thc sanrc nromontunr but in
opposite directions, thc claughtcr rruclcus oxpcricnccs uo rccoil. On thc othcr hancl, il'thcy
are both cmitted in thc same tlilectiorr. or ilall thc encrgy is carricd away with onc ol'tho
particlcs. the rlaughtcr cxpcricnccs rttaxitttuttt lccoil. 'l'hc dauglrtcr, (hcrclirrc. rccoils with
k inr:tic

energies from zero up to maximunr vahre. wlreu thc (p-particle is cnritted with nraxinrunr
cncrgy. Wc can. thclclotc. rvt itc

Qp=lld tt Iら‖ハ、 (2-6)

where litl is tlrc rccoil cncrgy o l' thc tlaughtcr nuc lcus. 'l'hc rccoil crrclgy is usually l0()
cV, which is still sulllcicnt lirr causing akrnric rcallairgcnrcrrts irr thc surroundirrg
rrrolccules. in thc tlccay ol l'rC 

1t,r ''N), 1i,,,,,* is 0.155 Mcv. which givcs l:d : 7cV.
I-lowever, by labcling cthanc. laCII.rlaCI Ir. with laC in both C positions, it was lirLrncl that
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l'NII *as lirrnrccl irr -50 olt ol'cascs. whcn orrc ol'thc l'l(l alonrs irr ctlranc hacl

clecayecl. although thc C=N bouncl strcngth is only 2.1 cV. Most ol'tltc clcctlys occut'with
less than thc rnaximunr rccoil elrcrgy. whiolr catt bc etvcragccl ovcr tltcr wholc lrtolcculc.
lltlwcvcr. scctludary cl'lcsts tc:ntl to causc tlrc chctni,cal lrottrls to brcitl< lollor,virrg
raclioactivc clccay IChoppin arrcl l{yclbcrg- I9tl3].

D. Garnrua-Dccly

'l'lrc clccay cltcrgy in y-cnrissiun is distributccl lrctwcr:n tltc y -t'ay cluittttit (liy )artd

the kinetic eltergy ol'tlrc: recoiling ploclLrct nuclci (l:s). We calt, thcrelbrc, writc:

Qy:11,1+ [Jy Q-7)

l'he distribution o1'energy between the y-ray and the recoiling daughter according to:

E,1 = l:y'l zu,rr' (2-tl)

shou,s that Lll <O.loh ol' try. The anrount ol' kitretic cnergy ol'tlte rccoiling ntrcliclc is.

thclclbrc. stl trivial tlrat it nray bc ncglcctccl whcn ottly tltc y-r'ay cllcrgy is cottsiclc:l'ccl

[Clroppin and ltydberg- 1983. Ccnrber- I 987, Kaplan-1979).

E. Internal Conversion

'l'lris pl'occss occLn's witlr thc atonr unclcrgoing raclioactivc dccay. []ccattsc tltc

wave lirnctior-r ol'an orbital clcctron rnary ovcrlap with tltat ol'thc cxcitatioll crlcrgy ol-tlrc

luclcus. the cxcitation cncrgy ol' thc truolcus rtray bc trans['crrccl dircctly to thc orbital

clcclron. r,r,hich cscilpcs llrrnt thc atortr with a certaitt kirtctic cllcrgy l-'.". r.vith llo y-ray

cntittccl. i.c.. it is an altcrrratc nrotlc to y-ray ctttissiotr ol'tlc-cxcitittiott ol'thc Itttclctts. l'itrL

6l' thc luclclr cxcitutiop c:ucrgy is recltrirecl to ovcrcottrc tlrc birtclirtg cncrgy l:1," <ll'thc

c.lcctlt'rp in its clcctronic or'[lital. 'l'hc t'cnraining cxcitati()t.l cltcl'gy is tlistribtrtccl lrctwcctl

the recoiling daughtcr ttuclcus antl tltc eiected electron l-:" or:

Qγ―E卜c=Ed+Ec (2-9)

It can be sltcrwn that thc cltcrgy ol'thc recoiling Ittclcus Ircl is tttr"rclt slnallor tharl

t[c kinctic cllcrgy ol'thc c.icctcd clcctrorr l:c itttcl tttuy bc igttorctl l(ihoppin arttl llydtrc:rg-

1 983, Ceurber- 1987, Kaplan- 1979).

F. Sccondnry l'roccss in thc Atont

Olcc ap clcctron is r.icctetl ll'orrr un atotnic or'trittrl tlrtc ttt itltcrttrtl cottvct'siott.

elcctrol clptLlrc. or sol)tc tltlrcr proccsscs ittvolvccl in ratlioactivc clccity. it vacattcf is

creatccl ip thc elect16p shcll r,vhich can be l'illed itt scvcral wilys. lllectrorls irl highcr

clct'gy or'tritll cln ()L:cupy llrc vlre:irncy willr lltrrlrcsccttt t'acliitLitltr cltrissiorl.

I1' the dil'l-crcncc in the binclirtg ellergy lbr the trartsition is sulflcient to excccc'l thc

ttiltli11g crre:t'gy ol' tltc clcc:ltrrrrs in tlrc L -or M-lcvcls. ctttissiott ol'tltc: t:llcl'gy its X-rity is
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not the preclolripapt procle. Instcacl, an intcnral proccss, sinrilar to plrotoclcctric ef'lcct oatr

occur. apcl cxccss bipclirrg cllcrg)'rcsults in tlrc cttlissiotl ol'scvcral low ctlcrgy clcctrotls.

callctl Augcr

clcctr.ps. w5ich arrc pruch lowcr iu cucrgy thau thc intcrrurl cottvcrsiolt clccttrrtts. sittcc

the cliflerence in the clectronic binding encrgics is in cV rarlgc lbr Atrgers. whilc it is in

t5c McV rellgc lirr tlrc iutcnral corrvcrsiou clcctrous. stl tltc atottt ttray lrc lcli in a stittc 0l'

6ig5 ionizatioir by Augcr cnrission. l'ositivc cltat'gcs ol' (10 - 20) havc bcctt obscrvccl.

When surch high chargcs arc ncutralized, the eltcrgy libcratcd is sufficicnt to brcak

chenrical lroutrds [Cenrber-1987. I(aplan-!979, Choppin and Rydberg-1983]'

G. IIot Atont llcactions

'l'5c rlgrrrcnturrr irnl-rultcrl to a ttttclctts itt a ttttclcitt't'citctiott with chargcd llttt'ticlc:.
tlr lirst pcutrgl. is llrrrgst irrvariatrly sul'llcicrrt to rcsult irr tlrc rttlttttrc ol'cltctttical ltttttcls

Soldilg tirc atonr in tlrc urolcculc. sinrilar to tlrc rccoilcllcrgiy itttllitt'tccl [o it ttttclctts itt

radioactivc decay.

l'hcse recoiling atours arc knowrt as "ho[ .ttol'lts" sittcc Lhr:ir kinoLic crlcrgy is

rtruc[ irr cxccss ol'thcnnal ctprilibriurn valucs. A hot atottt tttity lllovc as nluch as scvcritl

hurrrlrctl utornic tlirrnrctcrs irlict'tlrc ruptttt'c rll'tltc ltorrtl ltclirrc llcirrg sttl;l1lccl. cvclt tltottgh

this talics otrly abottt l0-r') s.

lnitiaily the hot atonr is highly ionized (e.g. lbr Z:50 ionic chargcs ttp ttl '20
havc becn obsc,rvccl). As thc lrot atonr is slowctl clowt-t to tltcrtttal cttcrgics, it colliclcs with

1 r'rurlbcr ol'othcr particlcs in its patlr prttducittg radicals. iotts, ittttl cxcitccl lttolccttlcs attd

atolrs. At thennal energies it nray lrccomc a ttcutral ettonr, llarticularly. il'thc ulatrix

rnaterial is nrctallic eurd urr iort is possibly in a dil'lcrcttt oxidatitltt statc. cottrnlotl itl

ilorgalic lratcrial. or it nray rcact to lbrttt a cotttpottttd with tlltllcculcs irl its 1lath. thc

prevalent situatiort itt ntatrices of covalent material.

Clrelrioal ellbcts of nuclcar tratrslbrtnations, hot atoltt cltcrttistry, havc bccn

extclsil,ely stucliccl iu conrrcctiort with Indttcccl ttuclcitr trattslbrttltttiotts, botlr in gas

plrase. ip solution aucl irr thc strlicl statc. Irt tltc lattcrcascs tltc clissipatiorl ol'tlrc kirrctic

elergy and neutralization ol' tlrc cltargc witlrin a stttall t'olutltc producc a higlt

ctlLrccutlaLigl sl' ratlicals. iorrs. urtd cxcitcd ntolccttlcs in tltc rcgiott whcrc thc rcc<lilirlg

(lreclucntly raclioactivc) atonr is slowccl ckrwtt to cttcrgics wltcl'c it cittt ctltct' illto stalllc

contbination [Choppin and llydbcrg- I9tt3l.

Itlclll,\z tCrNlZtil) A'I'OMS (lllA) Al'l'llOACll -- /azi;rriarr
Slttla.s o.l'tltc Nt,w lJoru.,llottrs Allar liissiort I'ntc'css tltc Drasattl Ottirtiorr)

Accortlilg to []ohr tlrcory tll' atontic structttrc attcl tltc Schroccliltgct'ctlttittiotl

solutiol lbr cnergy cigcrr valucs. tltc lrouttcl statcs ol'thc atottt cxist wltclt thc cttcrgy l:,'.

as itltprtlxitttittc vitlttcs. is:
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(3-l)

(3-6)

(3-7)   '

. 
wlrcre

Q =-2 ,r' k'',.,.t/l','

l'lris is thc bincling cltcrgy ol' an clcclron in its ntlt cluatttutn stutc. Dtrring thc llssion

process, the atont will pass through 3 stages:

l-Short eli,stunca stoge.' which is the stage liotn thc bcginnirrgof thc t.tctttrott-truclctts

ilteraction. to tlre tintc ol' Ibrmation of tlre fission lragrncrtts which stat't to go liu'away

ll.ont caslr othcr. 'l'lrc clistirncc ltertwccrr tltc:nt is vcry sltot't. so Iltc itttttttic elcctt'trtts rvill

leel po change because ol' thoir lar distance [}om ihe evcnt (2x l0] - lOstrnl whilc thc

clistance betweerr tlre {lssion fragnrents is fcw llrr. The Coulomb potcntial ancl the energy

ol- thc systenr will ['rc trcatccl as i['thc lwo ncw truclciarc ono truclcus.'fhis is as long as

the distapce betweel the two nLrclei is small (d <4xl0l fil) in collrparisotr with thc

distance betwccn nttcletts ancl the clcctrotrs (Fig.3-l).

2-cotttDuruble distoucc stuqa rvhcrc thc tlistalrcc bctlvccn thc trvo lissiolr liagrrlctlts is

"on",pur,rbl" 
witS atgnric clintcnsions (4> 4xl0' ILrt). During this stagc. cot-tsiclct'otlc ol-

t5c electrops iurd calculatc thc biucling cucrgy ol'tlris clcotrott with czrclt trcwtrortt ittot.t-l:

AI=A'|+A｀ 2                       (3「 2)

Zl=Z'l十Z'2                            (3-3)

Enl=QZ｀ 12/n2                    (3-4)

l〕n2=QZ'2‐ /′′
‐                 `‐

'―'
The di'撻rencc bctween thc t、vo energics ofthe two stagcs is:

△E=E‖ ―一(E"1+E n2)

=Qz2/n2_(Qz、 12/11210/322/112)

葛じキツ」落歩に
'12+z,22月

'l'lris cprarrtity ol'crrcrgy will bc changccl to liinctic cllcrgy ol'thc clcctrott:

All= Q (2'/.' I Z')) / n2 : t/t ntv), (3-8)

whcrc Vcis2虫

tFT翌空竺事業】†オl老:∵夕l島
ll°Ⅲng iSSiOn 6_9)

ξ
υ

ウ



ntGr{Ly roNtzED ATOMS (ttrA) At'pRoACrr (ATolvt uEIlAvtoR DURTNG NUCLEUS t;/sslON
PRO| ESS) llushittt llantecd .luwad ct ol

'L'-37 and /,'2:55, thcrr lbr ll:? clcctroll will ltave thc vclocity:

v": 2.4x107 ttt/s.

Assuluing that tlrc clcctrorrs arc clistritrutctl througlt ctlual spaccs in thcir shclls.
ancl thc two l'issiorr lrargrucrrts nrovc i.rway with an ilvcragc spccrl o['Vn':l.ltlxl0irn/s. ln
the n:2 shell. onl1, orre clectron. out ol'ciglrtclcctrons. will rnovc with v" in tlrc sanrc

dircctiorr o[-vclocitl'Vn.']'his clcctron ltas a cltattcc [() acconrpany tlrc lissitlrr lragnrcrrt ol'
vclocity Vn.

l'his phcnorncrrtort occurs irr caclt shcll in rlilL-rcrrt tirncs cluc to thc l/r
dcpcrrdcucc ol' ('oulorrrtr cttcrgl' tlrat [rirttls tilc clcctrorrs witlr tltc rruclcus. So, it is

erssuttrccl ltct'c tlrat an clcctron in a shcll will start al'lcctcd with AE ol'llt1.(3-7) wltctr cach
llssiorr li'agrncnt passcs 0.9 ol'tlrc shcll t'aclius (l{,rr,).'l'atrlc (l) r'cprcscnts thc scvcr.,2rsIJ
slrells, their radii r'. I{,11, attd titttc at wltich lission Iiagnrcnt passcs l{,rr. i.c.'l',u,.

'lubla (1,)
:35{, ,t'lrclls, tlrcir rudii r, 11.11;und'l',11;

It is ttsstttttccl that'l':0 and l{,u,:0 at thc instancc ancl position ol'[ission
t'csltcctivclv. 'l'lris slitgc cttrls - rvhcn tltr: rlislirttcc llctrvcur Ihc tu,o rruclci llc:cornc nciu'l9
tltc diatttctcl' ol'lltc ittottt (rl" l0'lin). liig. (.i-2) r'cprcscrrLs tlris stagc.

3-l-ligh, ioilizai ottirtt (lIL,l) stuga.'alicr tlrc (urbulcrrcc has clccrrrrccl irr thc sccorrcl stagc.
Itnrl lrccttttsc ol' tltc clcctt'ott irrct'liu. it is cxpcctcrl lrcrc lh:.rl lro rrrorc llurrr l/ll ol'tlrc totirl
atottt clcctt'orrs lbllows caclr ol'tlrc l'issiorr. trr tlrc cnscr.rl'"lllb arrcl l'll(ls irr l:q.(3-9;. about
ll-12 clcctrotts vvill lirllow'citclt ol'tltc tu,o rruclci. l;ig.(-i-3) t'cprcscnts (llln ) stugc.

ShcH r(xЮ
4n■
) RAil(X i 04111) Iへ 1,(X101り s)

|く

|´

0214

0S()

01り

077
|.6

().()

M 1.9 !.7 15

N 34 26
() 53 4.77 40

7.7 6.9 58

Q 10.5 9.45 80
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IITGHLy IONTZED ATO|V|S (trrA) APPROACH (ATOM BEHA\\OR DURING NUCLEUS FISSTON

I'loshim lluneed Juwud el ulPROCESS)

ITBSULTS & DISCUSSION

A. Ionizatiolt Statcs ol'l"ission Novbortt Atoltts

A1ter introclucirrg our opirrit'rrr in ionization statcs ol'fission ttcwborn atotns, attd

ruakc a conrparison betwccn dill-crent atottr bchaviors dttc to dill'ercnt nucleus activitics,

we loticed tliat, the new ionization states of fission ncw born atonls is nrore ncar to our

opinion llrcsentccl irr I lln hylxrtlrcsis wltcrc atottt tlcstt'oys cottl;'rlctcly alrcl l0- I 2

electrons with each atottt resultcd.

I). Alpha Dccay

il'u-decay process is undcrgonc to thc iortizatiort statcsol'ttew lrorn atotns r-rsccl in IIIA
hypothcsis. (Scc. 3).

Alr: Q (2'Z' t'L'2) / tt2 (4- I )

irr rx-clccay '/-,i :2

Lhcrr

AD:Q (4 Z'2) / r'r) (4-2)

wfticlr is a largc urtxrunt ol' cncrgy. Sottrc turbulcttcc is assutttcd to occttr ilr tlrc pitrctrt

atour clcotrols. causiug a rclcasc ol' sottrc clcotrons. During thc u-particlc passagc .

tlrrouglr the orbital clcctrons. thcrc is a ;rossitrility tlrat it will rcducc its irtniz.atiotr statc

li.glrr llc'r. llc'1. tlr cvclr stutrlc llc. 'l'his rrray cxltlairr tlrc dil'lcrcttcc ['rctwccrt tritcks areits

in cr-tracl'. detcctors arrd thc slight straggling tltat occurs in thc ct-particlc rangc itl Ittatter.

C. lllcctrorttagrtclic lladiatiolr tluring Nuclcar Dctoltations

According to lbrnrcr interpretatiorts ol' clectrotttagnetic radiation fi'onr nuclcar,

detonations, there are three types of electrouragnetic radiation

I SCOI'l:2tt- I 98tt l:

l- Soli tlrcrnral X-rays. obscrve'tl rvitlrirt scvcral tttctct's ol'tltc ttttclcitr

device, 'l' : 108 K.

2- Visiblc light rvhcrr thc lircball bccortrcs al tcnrpct'atut'cs. '1"= 300(X) K ttr
75()0 K..

3- l,llcctrgrnagnctic 1.tulse (l:Ml') rlisttrrtring tltc ritclio-wavc proptlgitl.ion li'ottr tclls ol'llz
to tcns ol'gigri llz..

T'hc llMI, proc'lucccl ll'onr currcnts interact with tlrc carth nragnctic I'iclcl. Thc

currclts arc proclucccl .fittm high cncrgy Cotttptott clcctrotrs whiclr itt'c itr tttrtt. producccl

l10
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lronr pronrpt garnrtra intcractiolr with the atrnosphcrc

lscoPE2S-u8J.

I;rt,, Maxwcll's ccFrati.rrs, a, uccclcratccl ploi,t
elcctronragnctic radiatiou at a ratc

clE/dt : (Z/3) 
"rrr./r3

Accorclirrg to lllA altltroaclt tltcrc is. thcrc is an cxccss ol'clcctlons r.clcasccl [j.orrr
flssioned atoms distributed through tile rnedium surrouncling thc llssiorr proccss. with
(keV-eV) kinetic ellcrgy. Wltcn .these elcctrons arc cxposcd to tlrc vcry lrigli tcrnpcr.erLurc
llonl tlrc atttbicttt ittrlttlslrltct'c. oliginatccl li'onr tlrc clctonatiorr, it wili gaip 11sr.c liirrctic
encrgy ol'about 3/2 K'|in addition to that gained during I'ission.

Itol. 14, No. (l), 20(1.1

clrargc c racliatccl

(4-3)

wltcrr; a is l"lrc itccclct'atiorr ol' tlrc cltargc.'l'hcsc clcctrurnargtrctic racliatieps 1r.c
crrrittccl in cluarrtas witlr licclucncy (./) lMcycrhol'- l967l.

Whcrr tltc artt[ricttt Lctttpcritturc is vc:r'y lrigh, 108 I(, thc l<irrctic cncrgy will [rc vcr.y
high arrtl lt Pitt't ol'tlrc: crrrittcd t'arliation will bc as X-rays. At ilrtclrlccliltc tcrrrpcr.ulurcs
3000-7500 l(. a part ol' tltc cnrittcd radiatiorr will be ultra-violct. visiblc a,cl i.ll.ar.ccl
racliatiorr' At lowcr tctttPcntturcs thc racliation crnittccl will bc 1s lgw licclu,rcy IIMI,
rvhiclr :rl'l'ects lclcctttltttltttticlttion uncl clcctrorric crlui1-rrncrrt. 'l'lris l-irpirl gr.irclictrt irr
lllcctrortragttctic racliatiott cttcrgics lollows thc rapicl graclicrrt ,rl'arltticpitcprltcr.lLurcs. I,
citsc tll-rcitc:ttlr itc:citlcttt which sttrys lirr a long tirrrc. lilic: cltcrnobyl. it is cx;lcctccl t. l'rvc
It slclltly lcvt:l ol'liirrctic ol'clccttrlt cnct'gics arrtl nrdiutierr crrrissiel witS iirtcr.rlccli,tc.r.
ttcarly low liccltrcttcics, artcl tltis cxltlilin thc rcd glow ol'Lava-lilic- lrucl cgptuilripg
ttlaterial (LITCM) irr thc acciclcttt. 'l'his rccl glow was attributccl to rcactor gralrlritc burpirrg
Islrili.wa ct al. -l9ll7. Siclr-1994. I].ro'.i urrrl Sicrr-r9951.
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lleaction of Bthyl 4-Bromo-3-nr cflr oxy-(2E)- b u tenoatc
With Su bstituted Phenols : Synthesis of 4-Bromomctlrylcou ma ri ns

M.T. AYOUB* , Il.I. AL-IIAYATI antl **M.J. MOHAMMAD.

*flnivcrsity ol'Mosul - Collcgc ol'Scicncc, l)c;lartrncnt ol'Ctrcrrristry - Mosul -
IRAQ.

**Univcrsity of Mosul - Collegc of Dducation, Dcpartmentof Chcnristry of
Chcnristry - Mosul - llfAQ.

Substi t trtccl 4- [rronromethylcournari rrs ( Va-c) havc bccn syntlrcsi zccl
Irrotlt tltc apltropriatc lrhcrrols (lV-c) in tlrc l)cchntan rcactiolr with cthyl
4-brottto-3-rrtcthoxy-(2li)-butcnoatc (lllb).'l'lrc structurcs ol'thc prgclucts
were confirtrred ou the basis of their elemental analysis, i.r. and nntr
spectroscopy.

Iu conl.iltittttiott ol'our work (l) on thc chertristry ol' naturally occurring
btrtcnoloiclcs (l) and cltrotnatr-4-onc (ll), wc stucly tlrc rcaction ol-ctlryl 4-bxrrno-3-
ttrc:tlloxy-(2lr)-trtttctroatc (lllb) with substitul.ccl plrcrrols (lV a-c) in l)echrnirtr lilic
reaction.

(I)^ (II)

(a); Rl=H・   R2rOcH3.  R3〒 C2H5

(b):11‐Br,R2‐ ∝ n3, R3=C2H5

(。 ); nl“R3“ H′   R2‐CH3

(d); Rl‐■2・
R3rⅡ

Itl prcvious pal)cl's (1.2) lvc rcportcd thc rcaction ol'ctlryl 3-nrctho.x1,-(21,.)-
buteuoate (llla), 3-methyl-(2E)-burtenoic acid (lllc) and (2E)-bLrtenoic acid (lllcl) with
substitutccl pltcltols. Wc now lbunci that tlris rcaction coulcl lrc uscrl as thc kcy stc;r o['
it tlcw rtltttc ltl 4-trtrtttttttttctltylcottntarins, sincc contl-rotrnrls ol'r'clatccl structtrrc hirvc
bactclicirlal activity (3).

R2 

＼ c

■1モも・
イ

/
一
C
＼

11:1  

‐  °°
2ヒ
R3

Itr receut ycals clil'liererrt alternatiorr routcs(2,4) to l"hc l)cclrnrun reaction (5)
wcre cortsiclcrctl. Wc thouglrt it rnight bc ol'irrtcrcst to crxtctrcl this worli to sylrtlrcsis ol-
4-brotrrometltylcournrarins. since the selective lralogcrration ol' 4-nlcthyl grorrp is
difficult, so that, lbr exarnple, bronrination of 4-nrethylcoumarin al'lbrcls er mixttrrc ol'
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Rcactiou of Etlt.vl 4-l)ronu-.J-nrctho.tr-(2E)-hutc,tootc lyilh Suhstitulul l'hcnols: S.ynlhcsis tl'4-
llntnnnrcllt.t,lttrunmrins lll.'l'. tll'Ollll at tl

pt'oduots (6). Conscrplcntly one ol ourattcrnpts to lurtctiottalisc Cl-4 bcing to gcncrutc
lrronronrctl'lyl group at llosition 4 ol'counraritt tttoicty.'l-ltc gctrcration ol'this group
cnu[llc trs Io stutly thc clrcrnistry ol'tltcsc contpouttcls in tttttt'c rlctail. i.c. synthcsis ol'
biologically activc courpounds (3) lionr the rcaction ol'4-bronrorrtcLhylcounrarin with
heterocyclic arnino cotttpouncls. c.g. 2-antinothiazol or othcrs.

ln tlrc plcscrrt strrtl1,. llrc rcirclion ol'cotnptttttttls (lllb)rvitlr sttlrstiltttc:tl lllrcttols
was irrvcstigatccl. 'l'hcsc rc:irctitlns al'lbrtl substitutctl 4-trrorrtontcthylcounrarins (Va-c).

BrCH3α OM口)=CHC02Ct

(rrr b) FPA

(V)

0
R"

(IV)

(a);R=3‐ OCH3
(b):R=3,4-(0(｀ H_1)2

(c) It=3,4-(CH3)2
(d)lR=2.4-(CH3)2
(c):R=2,3-(C‖ R)2

Althouglr tlrc position ol' tlrc substitutc in tlrc courttaritt ring prcpiu'ccl [ry thc

Pechman rcaction havc lrccn clescrilrcd plcviously (4), tc solc proclucts l)'ortt thc

reaction ot'lllb and IVa-c in the presence ol'polyphosplroric acid (l'}l'}A) were [buttcl to

bc a rnixturc ol two cornpourrcls in casc ol-asytntnctric alkyl phcttols (lVa-c) wlrilc
only onc procluct shor.rld bc scparatccl itr casc ol' syttrtnctrical phcnyl (c.g. 4-alliyl
phenyl) (2)
, Arralysis ol' thc crurclc product Va lionr tltc rcactittn ol'lva witlr lllb irrtlicatc

that a nrixturc ol' Va ancl Vl' was otrtainccl. 'l-hc nra.ior procluct. lrorn thc 'll Ntrrttt

spectrunr r,r,as Va. Thc prcsence ol'both isortrcrs rvas additionalll'conlirnrcd by IIPt,C
as (92:8: Va:VI).

'l-he ll-l NMI{ spcctrunr ol' thc crucle Va(l{=7-0Cll.j) slrows thc prcsctrcc ol'
aclditional pair of lo'uv interrsity singlcts l'or I.l--l arrd CIlz[]r as wcll as a sccottcl

nrcthoxy sirrglct (1tcri-clcshiclcling cl'lcct ol'cotttltouncl Vl) (u).'l'his irrtlicatc tlrat tlrc

nrode ol' cyclisation (less stcric hindcrancc) was lavourcd to producc 7-nrctlroxy-
ct'nrnrarirt (Va - l'ablc l).

Sinrilarly. tlrc rcaction ol'lVb-c gavc a rrrixturc ol'isorttct's.'l'ltc altcntutivc lcss

lr.rvotrrcrl nto(lc rll'cyclislrli()n \vils ttot cottsiclcrctl.'l'lrcrclilt'. citrclirl crystallizatitltt ol'
' llrc crrrtlc llrrtlrrcls lnrrrr ctlrirrrtll-wrtlct'solvcttI pirir itl'lilrtl il l)ttl'c sittttgrlcs tll'Vit-e: its
slrowrr by thclll NMlt spcctra ('l'ablc l).'l'hc spcctt'l lirtlrcsccontpottttclswct'c
assiguctl utrcl fbuncl to cxhibit a cltaractcristic atrsorptiotts ttt 8 : (r.(r - (r.9 (s. lll; and

1.75 - 4.lJ2 (s. lll) rvlrich rvcrc uscribccl to ptrrlttns irt ('-.] irtttl ('ll-,llr t'csltcctivcly.
'l'lrc ll{ s;tcctral rlata slrowcrl thc apl)cilrilncc ol'a lraud at l7--]2 - l740.nr-' 1Kl]lt;
corresponcls to couttrari rt rrtoicty.

(a);R=7-OCH3
(b):It=6,7-(OC‖ 3)2

(c):R=6、 7‐ (CH3)2

(d):It=6,8-(CH3)2
(C):It=7、 8-(C‖ 1)2

|14
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able Phvsical and Analvtical Data of Compounds V
Comp
.No.
Yield% l■I.P.,υ C I.R.bands*

たm~1

lH―NMR(8)** Analyses: Calc./Found

H-3 CH2Br Ar―H R‐H %C %H
A つ

一 214-217 625

732
6.9、 s 4.82.s 7.3,m,2H,H-8 and H-6

7.8.d、 J=8Hzo H-5

3.7 48.88

49.19

う
Ｄ

ｌ

う
０
　
つ
４

う
、
´
　
う
Ｄ

B 79 214-216 620
730

6.6.s 4.85,s 7.35,s, lH,H-5

7.1,s,lH,H-8
3.8

3.81

48.00

47.81

６

７

へ́
）

う
Ｄ

う
０
　
う
Ｄ

C 228-31 630
738

6.6.s 4.8.s 7.65,s,lH,H-5
7.35,s,lH,H‐ 8

2.41

2.42

53.73

53.32

4.10

4.31

D 75 158-60 612
738

6.9.s 4.8、 s 7.65,s、 lH.H-5
7.32,s,lH,H-7

2.3

2.3

53.73

5364
4.10

3.97
E 77 140-3 610

740
6.85.s 4.75.s 7.7,c(J=7Hz),H-5

7.3,d(」 =7Hz),H-6
2.32

2.43

53.73

5361
4.10

4.01

* Onl1.absorption bands in the more significant range 1500-1800 cm-l u,ere reported.
** All spectra were run in CD

´
Ｄ



Rcn<'liott qf I:tlt.yl 4-l]ntnn-.J-nrctho.r:.y-(2li)-htttauontc ll'ith .SuhstitutLtl l,ht:ttols: S.l,ulltcsis rtl' 4-
IJronrunu:llt.ylcortttturitts |tt,'l'. AI,OUB cl tl

EXI'BITIMBNTAL

AII nreltirrg ltoitlt:i wcl'c clctorrrincd with a Kollcr i.rl)l)ilratus and ultcos.cctccl.
ll{ spcctra wct'c l'ccorclctl on l l)crkin-ljlrucr Moclcl 127 ancl 237 spcctrophotornctcr..
'l-t Nlvltt spectra wcl'c rccordccl orr a lJrukcr Wll90 DS spcctronrctcrcquippccl with
nSI'11(:'l' 2000 :i2K cotttputcr o;tct'ittctl il22.63 Mllz.withclcutcriunr intcrrrll lecl<.
Dlerttental analysis rvcrc pcrlbrnrcd by Alliccl Ilcrnharclt l,aboratorics, I{uhr, Gcr.

Ethyl 4-brorlo-3 -rncthoxy-(2 Il)-butcrroatc ( I I I b).

IJthyl ilcetoaccLaLc (l-i g. 0.1 nrol) is rnixctl witlr red stilled trinrctSyl
orthofbrnlatc (10.6 g, 0.1 rnol) arttl clry rncthanol (10 rnl). -l'hcn 

corrcontratccl
hydrochloric acid (0.05 ltrl) is addcd. 'l-lre nrixturc is distillcd inrnrediatcly to givc
ethyl (13)-3-nrcthoxy-2-burcnoarc; yicld: 14.4 g ( 100 %); b.p. I 88('- '94oll atm. (Lit. 9
b.p. 188 - 940Ci I atrn.). Ethyl (E)-3-rncthoxy-l-butorroatc (14.4 g) was hcatecl to I l0
- ll50C attd was vigorously stirrccl whilc Nils (14.a g) was aclclccl irr srnall ;'rortieps.
thc lctttpcrutut'c clurirtg tlrc ircltlitiorr lrcirrg kcltt at l(X)('('. Whcn arltlitisn was
cotttlllctc. tltc tttixttrt'c wils coolccl to 70 - lJ0(tC antl vigorously stirrccl whilc watcr.
(50ntl) added. llte aqueous layer was scparated and thc organic layer was waslrccl
witlr water'(3 x 20 nrl). clricd (MgSOr). lrltcred arrcl clistillctl at orrcc to givc conrl-rourrcl
(llltr)(17.1 g.95%) b.p. l-i2 - l3dt('/25 rrrnrllg(Lir.9 l:i4- tj.l('C:/:i(trnrnilg

4- [JronrolnctlryIcttunurri ns ( \/a-c )
(lcncral proccclulc:
Polyphosphoric acid (100 g) was added to a solution ol'phcnyl (lva-e.50

nlrttol) in cthyl 4-brortrtl-3-nrcthoxy-(21:)-trutcnoatc (lllb. 50 rnprgl) at roopr
lctnpcratttrc. 'l hc ntixl.urc wus stirrccl ancl hcatccl ou i.r stclrrr trath a[ 80 -850 lbr 90
tnittrttes. ancl tltett pouretl ittto icc watcr. The light solicl was collcctcd. washccl with
colcl w'atct' alttl drictl rt vucuo: to givc tlrc crurlc prorluct. l{ccrystallisatiion ll-onr 1p
EIOI l-watcr solvcnl pair gavc ptrrc product (Va-c -'l'ablc l).
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AI}S'[ITACT
'l'hc thonnoclcctric powcr ol'thc Coppcr'-Nickcl, Cu1-1Niyl;c2oa l'crritc (whcrc

X: 0, 0.30, 0.50, 0.70 and 1.0) has becn investigated in the teurperature raltge 300 K
lo 550 K. I'lrc thcrnroclcctric powcr iucrcascs as tcnrpcruturc riscs. I-hc NiFc2O,1 ancl

CtrliczO,r conrltountls slrow tlrc rttaxitttutn iutcl ntittittrttttt .valucs tcsllccLivcly. 'l'hc

holes were lbund to be the nrajority charge carriers lbr rttost ol'these alloys. 'l'hc

thernroelectric eff'ect changes sign at certain tentperaturc, which is firnctiolr ol'Ni
conccntlation in the alloy.

Kay u'orcl:; :'l.l ta rnruc lcclr ic l)otvar, Scc bac k a.//cct, lia rr i I e.
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AI}STRACT
Experiments wcrc conrluctcd to study thc cfl-cctivcnss ol'clcvcn miticide arrcl

insccticidcs on rctl spidcr nritc adults'l'ctrattycltus turkcstarti lttd pcaclt aphid Myzus
persicac under Laboratory conditions. Trillan I;A (cyhexatin), I-lostathion 40EC
(Triazophos) and Mitac l0 llc (Arnitraz) wcrc thc rrtost toxic conrpourtds to rnitc
adults at conccntration 0.2,1.25 and 2rnllL killcd 95'% rcspcctivoly, lbllowccl by

Darritol l0 IiCl (Fcnpropatlrrin), vapcotion (Dicofol 20g -t- 'l'ctradition 80g) ancl Notcx
supcr (Dicolbl 20g r'l'ctradition 80g) which inllcctcd 78.6,77.5 artd 78.902 at

conccntration 2mll Ibr cach onc ol'thctn. l-hc inscct growth rcgulatcr Cascadc l0liC
Itillccl and clistrubctccl rrynrlrh at conccctration 0.3 rrrlil cluring lbur clays. Isccticiclcs
Ilcgcnt (0-3nrl/L) lripronil, conclucst (0.25m1/L) Acctanriprid and l{othion 50lrcl
(0.75rn1/L) I;cntr:ratlrion causccl tnortality ol' 70.2. 90.lantl 75.3'Yo ott tltc aphicl

rcspcc;tivcly.

4*ailiJl

*Yl --lJJ a-SJ>iJl Jl +Yl -b +t+^ ::,c r-i 4+* Jr. o,t:l'il L \iii^ ir-+ -:-*i
crl.urrJl c1l4 erEiJl crl: ri 3 Myzus lrcrsicac 'i-Yl aFJl .J.'; uii:J'l'ctralt-vcltus turkestatri

..r"n---i:-xl-r,) Ilostathion 40 EC,i3#ll ."9 r(Cyhcxatin rr;:L-,,s6;-) 'friRan IrA,-;l2l;

,.--!t -!l ,Jc jii ar-,i,''L.i (Amitraz -21;il.i) Mitac l0 EC .:Ju:. -r (Triazophos

gtru]t dr+lll ac*+-ll t"i Jldl -L JJ/& Y r 1,Yo 1 .,Y 
-;SlJill+ II-c95) 95Yu1+.+

Vapcotlriorr ;#-Sol i. (lrcrrpropathrin ;'li---*r us) I)arritol l0 IjC J!-:jlr;LJi
(Dicolbl 20g+'1'c1p,,dilbn Ncotcx Supcr *- "rSr.rr r (Dicolbl20g+'l'ctradilbn80g)

LJf .!5lljJl ,r-Lf{!JSlJili&Y JS}'lt{ 3YoY/t,l JVV,o J\/4,1 &ii-i'"'L'i l.6iGS0g)

,r-Ic ----=:i "rli-;i-, ltttutcnoxLrroll uj '*-"SJ+s!s) Cascadc l0 EC '.,S.'tS J,^ill +i^
aU.i i--,rri D-: %,rv,r i.,*i, crLtr'lJ.{+J,li r Ji! i+-l jnl& .,r }6!l ,J-.i , -!-,,rJl
J+l+-p l{cgcnt 200 S;C (i--j\J- 0..1) .:.,as, crh-ll . ,^Yl #l } -rt+^)t ir" JlYl
(>l.l- 0.7-5) .-r*rr-2 .Acctitttript'id ..,lrr.lrl..i(1;nclucst (>1.t" 0.25) .:,*rSeSe .(Fiprtlrril

i*,.r-lc. %75.3, 90.1 ,70.2 Ji 'iI 4J-,",t-i ( lictttcratltiorr qrrlJ,ri. I{othiorr 50 I:C

.JtCt ,r.l-, J'i-)l aJt.Jl
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. 6li.ll p3'!c r*e / +*;lt tS / s!-ts ar-b / ,^- . a.L O!

AI}STITACT
La['r. cxpcrirncrrts wcrc concluctccl fi'ont Dcc .2001 to l;ctr .2002 to stucly thc

el'lcct o[ two periods of incubation (45 and 90 days ) on gcrrnination llor cent of
sclerotia , nuttrbcr and lcngth ol'stipcs , Iturnbcr and diarnctcl ol-Apothccia . I(csults
revcaled tltat , gcrrttirration pcr ccnt , rturttbcr of sti;rcs, nurnbcrand diarnctcrol'
A;xrtlrccia wclc nol signilicantly dill'crcnt duc to irtculratiorr pcriocl . Olr tlrc otlrcr
hartcl , tltcrc was il signilicarrt dill'crcncc irr stillcs lcngth. whcrc stipcs lcrrgth
incrcascdinthcincubation pcriod ol'90daysgivinganincrcascpcrccntol'52oh.

i,a)l-ill

a---:Jl L+ dljjii ii:i A-IJJ 2002- Y . . \ aul cDlS .r1 ,,::- +,_,,1+i .+tll
( Sclcrotia) a4 +-Jl eL" rYl crl-l)l i-Jril i, ...ill .#' . ..1-* 90 e45 ua j

f$l .rr . J e-rUL r--Jl J *-_tJ (Stipcs ) .,t+r----.tl rr . J

Scleroliniq _. L;ll i--pl e$!l J.-Li3 ( Apothccia ) L-.,7.5J1
dl-i-l L, cj,-,Jc,lir-* crli):lil Jo- lj fl-e ( ejlXll er-l-+.ti . 1;clcrolirurt

tl*Yl J-liJ U-,,ill fkJl .:rc Jr-o3.al+J^Jl uc qlr,-oj crl-)J Ur,.'^l a-,-,itt o--iYo|
d q--ie *-L L+r!- e.l i-lj J e-- lj e-jEill .-r ,$Li .rJi)l c+-Ul rt. . A+-dJl

"l-9[ o ;o90 ;.-eJl ;Jre ,-J drl+.9Jl iJgt c.,rlr_,;t ep . o[Ue^Jl J+ .t' %5 dL--Ll
. /e oYLr;hL;rL:;

L..-.rir,lt
) !J-- "Ll .-rlSclanttiniu l;clantliorarr (l,ib.) dc- Ilary rlill Jrs-+

-# i----+!l ,-ir L-Ll i-Jt iL;_E-S: ( Sclcrotia

(Lurnsden,j Adams and Ayer. 1979 )Coley- Snrith and Cookc .1971) L ;)-Jl

. 1979

,., -'i Ll.rlr_cl3 LJ,"\ll ft"+)l 5c, tdtrtir.At+r-ll ;1g 5r-i,rr _,pl*Jl ,,,Li .-.--.,r1

t*- *i dA Cr, ( Y.. \ r .,.- -r11A1 . .9etl: 3Adanrs altd J'atc .197(t )iiEr- r*+;:>L
.r"!S)tl k.'tsll Ul+;-y +,_/il aLsYl e['jl ,Jc. "l_,pti.5-r+-ll a...rll t# .,ii.;._Jl +"jll iJiill Jl

.( Ascosporcs) 1",-,SJl tl_y)l_r ( Ascus) 4*adl
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IJ■口|●甲 1彎 む■劇|ム ・ヽハ戸
g-S..all +l,j,Jll L-i-tl'..* / ai.,l{+-ll pt+rYl ir,-:i o

AtsSTRACT

'f 'hc patlrogcttsis ol' 4 isolatcs ol'Nocurdia u:;taroide.r in nricc was studicd lry
itroculatiou of tltcsc organisnrs intcrprctonialy about l0 i c{ir/nr oI each isolatc
.Pathological cltattgcs wcrc stLrdicrl alicr 2 wccks ol-inoculation ,thc rcsults showccl
that difl'crcnt observatiott and clinical Irndings in dil'I'crent organs depclrd upon
isolatcs uscd in this study .tltc lurtgs, l-rcart ,liver,intcstinc, kidncys and splecn ,wcre
tltc tttcrst susccptitrlc to ttocardial irrl'cction. Isolation ol'N. u,staroiclcs in purc l'l'onr
thcsc organs allcr culturccl ott lrraiu hcart irtfi.rsiorr ,it nrust bc crnphasized that
N.u:;leroides causc inl-cction .
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Table (l): prob values of diflerent concentration of Sodiumthiosulphat (g/ l) to control
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'fable (2): LC/ 50 valucs ol'Sodiumthiosulphat on Ilulirtus truncotus.

Con ntdl % % % prob72!1 % prob96h

0 0 O1741 02683 05515 0 06119

027!6 06545 22.2 :9829 44.4 49723

02835 07096 22.2 21981 55837

22.2 07683 24261 6!8:5

()8305 26664 77.7 67524

032!7 27.7 29181 72848

03354 09663 3!803 77697

03495 !0400 34520 8201!

0346! !1!76 37320 85760

03792 l1994 40188 88941

Ll 12853 43!10 り1577

0.20 lt.l 04109 222 !3753 77.7 9371

24h LC 50 48h LC50 721l LC 50 96h LC 50
0.1 I 0.20
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