y Xy,

B iy o] 4L

g )

v )\

do 3ol slgoll didil &y gilyiwYl ciliglg ¥l

>T< \pjmm cllo) &0

A gt At ASLal L
dadasx 15 3LaTBYY 3,139 KACST ai6lg rogle U

http:/www.mep.gov.sa King Abdulaziz City for Science and Technology



dsgoull dupoll 4410,

larh \illg slaid¥l 6ljg dudillg pglellpjell aic dlolldiyao

do 2ol slgoll dragiliw¥l cilygleXl



Y4

Yy

vy

vy

Yy

vy

vé

Ye

AR

Al

bl Gl

aally aglall 2l oll dulicadl o BLisYl

T Bl

oozl 31t 2 puabaily cumdl (e ASLall il Lita |
ool 3lgl A 2BMaNl el 3 culgandl 59

3SLall 2 ezl lghl deliad yal 1 gl

Ssganadl Ll oliasshll (o sae 2 danil] 3lgll 2 condl
Raniil] 31sll 25, da il Ao ] 3sll salall Sy Sge
Fawiil) 1ol B 2 yaglatlly cmall <]l
lyazmilly go yally 55ally canall (ylolga Julod
WRIEWEIERY

2y,

Wl I

el ! oty o3

el ¥l el ol Calaal

A oYt

BIVER [PV

5 bt azl eyl

bl JSun

PURR TR

@)Lill i a BJ‘Al

o sitioll slyoll dyailyiw¥l ciliglg ¥l




& ol 3510
¢y G
¢y O3S LAy Al ol lee — 3ell
) Al ogd 3iliall gl g by all e s 3=l

o sitioll slyoll dya ilyiw¥l ciliglg¥l

Aliginoll doils



Ely aglall Adlagll Alail cisas 3l
2 VYT 2 Dl Gulea Lajal Ll
calosid Lnali s e sl (pv--Yy galsll)
Bran¥l @3 Rl ¥l bzl julas
ASLll 2 Siiive Heaiill Gudmdd Fagusll
ALl 35511 038 i pai g p3gacall Bl

ezl alsl by 2alin

LISl Larat o Lowas ¥ Apgaal) F yall 3SLeal) 2l pgm el 3 Aaill 31kl a3
a3l e B 151l yusles O (po I3yl (po Boliins A (e Jpamml 5 50
NEEC IR E RN IR RN I R P E X PR R UGN U JORARI Y-
25 Aol oLl Ao 2 3p5lan slsk Amle G la ling Aandie Slge ZlGY o cilis
slgay iminiie duds slgl Lol Gala clin o LS 38LeaSy,mlly By il csleLiall

gl Ll (e La yudg o liatly pLatly o lindll clagdany

it Z33all 13 gt ) Zaotiill 31al1 aciions = 31y clibana 3 Aal 038 izl b

Aol 31,05 deLiuall pliady cilusladly duagSndl ilubll bl 2 Lo 3SLall 2 pllazll
L Lol sttty m (g yond 51 Aooizill sl 5l ainiu 3l

o sitioll slyoll dyagilyiw¥l ciliglg ¥l




sdandasil| Ao Clieal W8 g

Sl 2 ezl 3gll 333l il Aand I cilgand] dpnos W

et 31l 2w 2 ALl o Lo S0l iy W

Bl b Lesas ¥ calipulls 2ol cliotmlly o yilly Caniialy 35311 (ybolse qupss W
gl Bom ! 3aLall S5ne 359 g W el yag Rl sltl bz 2
RUREH U P W P P POE N BN Py U PR T PPN INOREL iy

Slsll 2 2 ALl cila L) Jolin il gali pll ¥lmag Al dagl 5l ans W

PRV

rJlodl 1o 2 ACET ¥ love daw dodovn ddeall ol gl W8 g

RIS
RVSUPE FIRRIPNY

raddsl Andlas Lz ol yedsl
Loty yalatl

(el yddl) o33

R IYINY

L

o siioll slyoll &y gilyiwl AlyglyY|




e Al T Jgand| o pas ¢ Lgule 3uS 5301 iy Hckil] Baioms 4 g) oo @3 il

3 g | Acs yat | ASLaeld Aceid s Ao At 3 gt f oLl

[Py

Zaglia  )5lSU Laglall L2 W1« gpumll ighill Zaglall At ¥l +Ha it aslls gl s B ¥

Bl 222V aSall bl 7y lall Adle 3us W1 o il Laslall 22 Wy 25 slgll
ouiatl] Ly el el Alolall 2aa ¥ L ay3Lanl s ¥

B SIY) At W gy e A V15 A5 Bt Wy ALl Betia W sqeads il i

(el el it

550yl y daiall calaabatg o5 il s Aulmitl uliben 2 2o ieiead | 28 411 5l s et | Caslis o)
Al el Lelas¥1 pasull LS yag (BLIVL Heeall alaial iy ol padsul! (LI WS 11y Aiemgl 15t
UJ}-H ZLa,_m:J‘jRAJJLd‘ LLLS_).l‘j

Aely 31 Bl AVl iy ST ol dagladg oy 33l ol | <A Liuaal) Sl dai
gl Jlamal (o Li¥1 s 3Ly gyl i cilibac wolull

3311 el < Lgil 2, @l padgall (351l 22y i) Aelhil cyaghalll delsh el gl Andlae LSSy Ol yesd 81
0 gl At ilidiag JLa I ALl ol pelslly « gpund] Jlomill ALy o LU 2 ol
o el 52303 Bpgilll slaguanlly Rmanil

Al allazea Slgagdyyl yad eL‘a.n.U (L:J:!).a.n O““) (:,33).4."5 Eﬁ.\}l‘ el rdenail caiils oI
ol 52 Y ezl 315kl BdLall 351 pondl il 153 0y oo Ll JSLUL yansS301 i 3lag ol
Badsa dub

adlatl 35l g 39all alaag ;Mb JSIJJJ salall sdawmatl alat)

Ellewd g Halal

SIatl Bueliall olya¥ly oLl slgay ulall gyl liadasy J5all Aenaitl casita gl
sS3U AA 335al) (3Lally Gunill S 5 agebost ST iminiill 2Suel ydl (el yuad1) a3t
)@mjlu;(u.ul

Slglly cdaiiall Aiglly Eglll Aoyl ymdl slolly (Aiglll Adguall slgll sAendit! Caslls gl
A‘jl‘j L&J\}L'A’J‘)—}-.ﬂj Z\.J}m_a_n QL&L&JAJ‘} LL}L_J.;:I_” J‘}Aj ZL;_,.J;U A‘:,S;L” CL:’.JJU xlljlnjﬂg‘ LS algtl
Jooeld AL LA Aalai¥lg SLANH Gzl 3y aotatl] Ll il s 31atly Ay pal

LSLA1 gty camanii] (355 iy BulBall 3lga | aml] Aaglall 3lsh) +honaitl Caslis g
Az S 5Ll ol SIatl ccdially 351yl g o guiall Jagmed ALLEN il Slallg (ALl y Cadail £ SALat|
5L a1 £ ally s 5l pondly el som Lot e Doy Bumaniill 35

o siioll slyoll Ay gilyiw¥l cilyglyY|




Sl ol (uimll ¥lall oia 2 3SLall BiSa Jujad ole Rl sloll mali s o pmsus
ASLall el Ly 35 31 il da gl
Bl Aainll alall il el yll 55031 Aulghne Loniill 313kl A3 gali s yaute g
el csctatiel Gl oLt SLast pules 3l L Lty .4
aazll slsll (e ASLell il Lin | e (Sl g 22l 51 W
A yall o302 Adgill pgyall Aenlie W
AlaWly amll gyl Gl @il el
gl il Lol izl el Lually ol ydl bl aal o (ya gLl Anina (3313 a3 W
oLl Alnime domdl oLty opealally @31 s
oWl el p53e 3l L Lo
B3l 3 gl il L] e 281 31l Akl A Ll clialaidl 315 5e

eaaitl slgll duai 2 s Ll aSlatl 2 s Lalall sue 3500)
Loyl ciealadl laglall gae 2 3 ygill oMkl 2559l cagomly L sac

5 2 g Il o L] il e
Jlee¥! liiala (ye i il A Ul ulS ya01 sue
Al IS 58 pe 203 glall laadailly ropal) ol Ll s
cre Sl @ity el lall A 2 IS0y ol B Lanu ¥l Limll byt

|
]
]
EEMEFIPCES [FURBVIERREEN
]
]
]

@l yiige dan pag sy agiing Aladl 2l Gle ezl slgll plag, 283all ol 3 clga!
sl ‘:51..31 =ln o Wogead| (Aizly ‘a}\.dl das Lle dn,all el Loy ,a ST

W JCRY

o sitioll slyoll dya ilyiw¥l ciliglg¥l




Al
gmlly aglall Aubgll Akl s A3l
33l511) 8 VETY S o530 pulna La 3l
saslay Calosil Lmali e e ol (pv--y
Bgund| ¥l il Bl ezl
o pall BSLall 2 SLitine Ayalill Guindl
oalloe Gl Eie cal 13y Ayl
sl @y (2nal)) adally asll
el oda (ya UG sl Azl Yl
@3Las¥ LY Laay L Laany disl
Slotl 3m galye Aoll Aasl cu

et

il Galont] yias (JB Jisas lad Baaa¥! AL 25 Lozl skl gl Gy S01 a3

L 203” GLLI sl Sy vlatill puiaatt Ll Ll slgll 2zl aglall (o pe¥
LS 331 3 W sl el 2 syl

LISl Laroth o Lo ¥ Apgaad) Fu yal) 3SLeal) Zuraills pgm Aanl 3 Aaill 31oll a3
ilisleS 53l le BaSLEI 31301 5aslal IS (po J3,ll (yn aliine el (e Jumanl) Al
il Amalall Aaall 505k (ye 3300l A51Sa) 31 ALl (S 0 skl gl gl o
AL oL 2o 23 sglte 3150 b B Lo 1L 5 oscin autia 3lge 15 Laotiie i
Slgay dminito duds slgl Lind dala cllin oyl LS 35LuesS g ymally Fdy yidl cule Liall 2.

gund! Ll (ya Lo yud g o Lidlg sl s Lindtl cslalass

gl 3o LS (ASLaall Banzill slgll AE uglaiy ol Bunlinll 3,00 Alaidl o2 o a3
zol 1l (e Ao gazma ) Aalis] cabiazmilly (o pally Canially 3931l (blgay (ALl ilaLis |
Bzl 3lsll atiioue syly cilibas I Al oita il 3y Calaa¥l ols 3
gladg lealantly AagSondl lounnpll I3 2 Loy ASLall 2 oLzl 1agy B3NN ol 3 culgandly
Skl alil jslailly comdl 3335 o Aauill gl aniiud Ul Zudall ST,y e Liall
slall 3, BMall el clgadl canan YooV guigs WV 2 Jae il candadl sdy deoill
Alasl | pa ezl 31l i 2 1SVl g ol B Lain ) Bl cald G nzall

A M 5l 5lie e ol o 3ae I ay L Lgale 5|V clidaatly S¥5Ylg

o sitioll slyoll dyailyiw¥l ciliglg ¥l




Auedall ety B La ¥ S, 21

25 Logd LV 2 jall Lle @il paimlly Lol sl A
eyl caloglall A da gl

g Aol 35131 e dsLisel) 2l aglall yuiees A

ool i3 2 Bl g molall Fuenl L el 1 Legll 3ujas ) -
el el Bailly gl

(03155 iy 3 Lee Bkl g aphall Aol wbusal] i IS
Sl g ciibogll aliaadl uLle g Colaal Jiads o3el 5558l ol uall
gooliins 3 tal S AL Aaill 6348 3 Aomuingl) ASLell il Lita |

gunlial g gali ol el

o sitioll slgoll dya ilyiwdl iligl ¥l

ol d (llad
2 el sloll 2w 2 LISuYls comdl Aad paliyl 13a oy
BagSnll 3S5Lin malipall 138 Credalyy Auspacad] A pall ESLell
Aasl o3s Chugiuds el uslailly cundl s5gms calaaladls
30,3l 2ully aglall Adlegll ALl (e (A1 Ausainll alsedl

eaall @3 slgll Gle sguall dadul @eniilly Chusg aiiul By
Y&l I 5L undy Al slsll e Yoy (AL Zalall
3ol ot s (ya Aualadl slgllg cBanzutl Sloll s minly Suied o g
Ol (aniie I3lye (ASgisall Sl e clsll Lan w3 o i
Y gl 3 Gl caal el Cpalall Jia cLgie syl lia
iemtl] 2 Faniel) B Ggine le 35 |iag eaiie [3lge
syen Lehslim Ul o Beamll slgll ol amalipll 1a (ol 2%y

Al yaglatg e U A8

LG g pglall il sh Rl o BLUTY

zol o dd alaal dal il polall Adbogll dulicd) coning
(a0 aglall

ilagll ¢pa¥l e dalasl Y

JlaLadly 3533t g el il | el Ao LY

Ololsll Alias Stne Ju5a3 ¥

ALYl 35l l 51312 Zealidl

ol Lo Lo inls S ale Lol al i LeS

e i IS Aimlly aglall duilogll daglaiell dlali By i )
Lgie Gaaadieally LgilioSa ey Ganuddy « yaglatl] Aol

3y aglall c¥lome 2 ALASH & pldl 3111 jugla .Y

daiilly ilogl! oo Sy Les ool cmdl @eny pumds LY
Jdal

byl le Unzll (ol bl Bl el uall yuglais ujad -8
cslonilly Adlall Aaliall dayall ZLluily La jglaty Auiaull cnlogs 3ua=il
o9adl spaal e Fualil

0y aplally Zalil A 11 51500 By yuslas .0

Ay aglall 2. gl Oolatl su3an 1

olaglall cileas fis Aally aglall 3 0lall doliill da gl 50505 .V

duaigll @S iy Lt'):u;?'\ alel g o punlat! EEE] olaasg



sl

Ll 2 S o L ol Bl Ao Lis a3 o (BSLell (6 B B B oLl i3
gy ASUI 31l1 dado g colill Alang Ao 2 Laiill lgald 3oyac cubaliial Hliag
A1 A oLl ) Bl Bl o a1 31501 15 2 5530 ol Ll
B A1 Sk 055 g Slel 000 Tae cllay calad Lo Lols Tagas ¢yusiod
a3 B U Jlaelypslatt Lo 5 pa3g ol ok o SV ALl e gyl pilially
sl L

(ASLall 2 ezl sl yall oLl 335 el Ll 3l b Loty

L a3y uSall sl iy Jie Buidigll TEEV) U3 2 Loy suzd ¥l W
V1 Al Yl o aluiioly (oalyll eyl 2 ALl asiy 3B e yily (FELAII el 3l
g ¥ Ll

il <13l ¢ w,ﬂuw\awdu‘:\mﬁ : fum oA e glall slgtl M
e muumn,ﬂhu&.\w&mﬂm‘wwlpuuﬂ) Sgazma
L&s.BJ'PJ‘QL:.-J.:tLa_U‘..\_Lcl.a:u.u‘g‘h.\.‘aﬂ‘ajm.)blcbrbxﬂu:‘-L«A.UM}LA“M’U [
ol e glall oLV gl 3o 5a) aniiil 3l gall L cillia ol

o1l 3 Bapots Alie 3lgl dals ling .uslill (ye smll Aaiiine 8y Z3LALI SIst W
sl

uobliall uglas 21w Dygs cab o) Rendill slgell Ser toldl ssluas pusd W
aalauy!

o sitioll slyoll dyailyiw¥l ciliglg ¥l

e tiliw Y §luwll

Eimidt (po ASLat! Ol Liim |
AeETL 3 ghl 2 gl g

St alipd dadastll Alee cocial
ALl il L 5 by pols S5 Zaozl
Lo (Faazall slgll 2 HlSaVly e dl 2
L) 1ol ASLally ealidl e¥Lall wlls
St caslall Lgile Limg (3.0 ,all Lgalsy
cleliall Gasd oY aalll Lol o
LS @ By Al 5 e L Buagad
clslsls B el eVl
Aeuzll slll el




LAV oall 315l ik ¥ Cdally vl
iS58 e 13e Ll 2 Fmeall cbenily comdl pllad cyaay
1aa 2 denmll slgall Zalodl Gylalgs Syl Gpay alall dyga¥l

:&Ua.a.ﬂ

oty g Mall g ol Lgio Ae gt il LY Aaidl slsll
oLl 351 530l Bl sl jondl Jie 28 1p501 1501
ol ol 2l

Fimiaie 13lye s Sl Zuelially Zuely3l Al slgll ®
-+ SHall bz Al el

gsamd) il AL &yl 15150 s ) V) Fsiin W
(sl Jlntll ALl 52 5,31

S a3 s @lise cllay Les (SN sl Jlal
BIIRY]

OIS i An 122 m

ugamd! 380,00 Al slgll m

Oalally Cyaetail

sl Crag -Oslally ol SLall Lala Laiie Gsgacadl 3 yall 3SLtl a3
i Lazll 128 3 ASLell il Lol

ey Wl cllee ®

il ol 3 aonll sl 2l dngl W

by pbetll ASLall lalinly olnl] ldl sl
Al 55l el

Geludlalas m

£12a8 1 A ()31

e Aiaiaiia Slge Y1 3SLall 2 Al )3l £330 Ao L 7L
oSOl Lo yee WILY ol yedgdly Bl ey W

el AL 3 sl clad ]

LAY Gl slge W

552 WiV Gl e ol pidly dealo¥l Blsgd AaLall slgll m
meaaidl

o sitioll slgoll dya ilyiwdl iligl ¥l

il X1 §lull

3Kty 7l
Ll 2 gyl Z Ll 2 55001 e Fsgand Zu yall ALl s
cLaiag ¢ Ja il ) 2 Fanizill slgll Catiiel o L elling

38530 @y 5, edl Adle @l 2 Lewd laall Axllas W
oS3 e ALt

3yplas slgl Al 3Ll Jgnd) Aelin o) oo S plusiiul @
RS- IREFEM NI ERREEET

NN EN PR ERIPIE PR (SR UPNEER- S W R OO
ebladl e palully Aadlally Gyl Jie) ol cilans  A5guall
Al | dca! eslyosl (e oot Alis (Bladdl 1 2y . (cwli¥ly
sl g ol day 510

Lol alagbdll ol yued AAL @ OhLEaY) oloay |
Lol Labaia e 31 ¥Lall (e 368 5115 Zeaidl slslly

e o1 W Bapaall Lzl (e s alnlll 0 0 plntll iz m
Lginllae iy i 315 Akl LKA (ye ool

e Loyt s ol padydl Aule Aol Wlin g, poMiiul B
Jarid! Gt jujaut daliall slgll

igseall yimll Tanzll slgall Al cllin s pimll Sllec W

e Laree ¥ |l e Bulagll S slgl dnlo llin oSl W
ool Lol e slgl dale cllia o) LeS L aai Ll 3,0 ol calayo
Sl alsie clilg

Joyiall glad 2 48 Clle Lgide 3l : 528000 aglatialgtl W

OliiliasS g o
oy ALl gt el leliall (o @l ! pllad
Slaall Laila Lo (pe 88 2 5Lty Jo,adl pllad pe 1085 Aelin

e ol il L s Ll s Ll 91 ezl

Sy Gl aslall wljedsd! o e deddll Ol pedgd! W
@l peddgally Sl M daglall el jeidsully gl culalinly 52311
smedld] 398 s gl dnill

e anid Ul Jie o Sladsdl Andlas ollee olis
ccle Matl g et gat|

eIl @es slgag spusill Gle 5 3amll a1l Jie 3 jazll slgll W
Jlenld ALLEY gl ety B Loy A2t dulas 2 dansiad| algll W
NETYEN)



$laty
Faglatl 31l i 2 Loy plaotl ol y2 12 Lainll 1Ll 3kt o Lol (ol g (e cuotall i
Aguall LIV I3, Slsey el Slall Feuimiandl agliall e ZaSLE 213ty ca U
Loglall slgkly plai¥l img geanly i€ L Aol 8,01 slskly (33 3all (390l Aagasl]

sk

PIES P PPRIRR AP

Lew¥ a1 i BSLall 2l SV Ll ke Lo s

Ll Aelin 3 28201 2alsilly Sl zLa 3 W

S (sl 3wl /ala¥ GeSliatl) @iy 2 Loy opgSubead! (e daiiall slll ®
saS] legn sy BgSbinal! Bl Elepunlly 3hiagll s Andlas lgey (Sl
rdalially sl Laall ¢y L yud 2 SN il ines 2 ettt 2l (il
2 Festall cliadatll @l3 350l 3305 Rty aclid Ul 350l ABLI Il m
calelintl fpa uauall

3 2 Loy Apenadill E3UAT A Lin 2 Faaiioal ] iiguing Slg Al pomdl caluizilly slgl! m
AL S 3 3Ll cls STl Lgiag cls SUallg ¢ Al LS5 353 11 Al V)

35ty 0y3Lall ane 3 31 g0) Aygainadl cule ST e all i3 U o Ll | iags Jio e Slall slge M
2 adlalt 3, ol el 5 e @i Il Sl culidoad Lol dygunall ju2 g (Gagilidl ay)50d!
igle Aigin /2y /25l pgS ligaland Zasiaad )+ SUall 313 (g pdl < 3ULally ol
coleliall e sue 2 Lol A0l yucl Slgll m

152 Lol GuM il LS o (Al i I A8, sl5ll Jie S0 skl m
Aally Famll Ll

il Lim | Aaid Lauil 31511 malipud S ¥l o3kel 355830 @¥Lall 038 e uadg
eaiil| gl A jglats a3y U5 YO (e Laud ASLall

AaLEIY 5 g1 Aty ABMal) O3 Slgadt 590
gl (o Loy 5 il ashald 3 3all s AL ke el 31510 2 iall gl (e
caalgatl oda (e IS 593 ) Jgusd! =529 .L?.QL;.AQ.” tUaBJ‘} Lagacull calaaladl g dagSat

il Y §luwll

N\ &

o sitioll slyoll dyailyiw¥l ciliglg ¥l




el X1 § Ll

Wanm I 31 gh ! ATy 4B Mall il Slgant | 59 1) Jgaisnd!

le&hﬁd‘ A‘jlll_tlﬁ]&bﬂ__m‘?)‘ﬂj&yﬁ |

.L&_&&S)L&lb@jﬂb%}” @)Lﬁ-l‘sj‘.\l |

.WMC‘.@J‘ J‘}A}‘Bﬁ‘)ﬁﬁdﬁ ]

Sl e U A
dgiailly aglall

Al a5y Al 3lpll Auian Aall el d Lladll 2 daSall ciluogll @us W

B Ruedad/ Ll Auele 25 yas NES

At el ) w‘ aﬂgluﬁuﬁcjhﬁm J‘}U LM}{:}‘L%AAM‘ [@EPRT) | |

alaalsd!

.@j.\_ﬂjl_gﬂajﬂ @3\.{4}‘ @)L&l‘%aS)L&l‘ ]

Bugds Aladd piledg a bt Aale 2o y00 sl W

Al polall g Juas Sle a2 m

el Al 5S1,10
ALl | ) dgagSonll

diagSatl culigll g ol 51 5981

.@3.\.“3%}1‘ 3..5.'3\.«:4.” @)E&‘%RS)L&J.‘ ]

Bl 138 2 Ancniie Ale 1alge s e Raill 31l A
EWXURRNR

335 Jlome 2 35l 590 pllauisi o) S Aelial 6,3 dongl lling
s 7Y Uty ol Ll lad o ASLel| 2 il 5l
ol @lass (ylo ‘u‘a\)ﬂ cagll 2 Lel celidly duaddl Aallall pllagg
2 s yala o Ll ] Bagama i Y Ll Lol lelia!
nadly Jdl 4o LS ‘L@l 3l gblad e daazitl slall Jlea
Al yaslas 2 W i S0 Y SIS g3 ol S oLl llas

s il e Ll 1 il sl gall Lol Latie 3L Y Loty
Jle zBLy (e liall cileladll fye sue 2 daazull slgll ‘_,Jg)_._.s
5503 (e o el Y s Lealiil (ye Shnd ALVl Il oy T
o o e paSliadl 038 pans el 315l 2 juslatlly dm ]

ezl 3lll Aelial g b lome plad Gl Zdiia

o sitioll slyoll dya ilyiw¥l ciliglg ¥l

ASLal) 2 Aedal A gb! Aelial ;4o 43 (gl
Lzl i) e Taomll slgll 3w 2 Aol Aelin gyius Hig
suc 3939 oI 55LEY1 5y 33yl AL Guiatl Fage LI ALl
31 ozl Slghl A8 a3l Apsyacl dueliall clgal (e

Lo ol (a2l oda 2 sl cn i S5 pvses

ol AE et S0l (e cLadsang Byspacdl Sal)) aS,5 m
Syl 3S e 2) Al ol £lyus 4y Lee SLind (euzall
pUasll 1ot 08 Ll LUl (ya sie 2 Cagms (ya (uglailly cml
PSR NI FEJUR W TR E I E W E WA (PO
Aenil] 31glL Aealidl LLaall (ya L yud s yiiilly sl digons
S e (ebla) wla¥) cleliall dge! 3,40 05 ®
g . 0aLally LSy il Lo (3SLal) 2 Faoizill slgll e
Lol Luiine Lol Loa s oS Shs ol o 38 o+ Ll 1y caald
sty ! Jloma 25 5 3sgm clyLis a9 A Sl gl
AL ol LA s slaes 1Y)

¥« ﬁ;),‘u\mm,sm,amtw‘_mtwm =
e 2 Bgmy 3950 461 W1 e Lioall pLaill o s o il e 4l S



ey duia Lglelaal gla lis aiall pesciloaladl (ye ae oy

clige @lyuds Junl JSa alaladU wlldy (o ,agill cnin Ll

QLA}M‘ o0 daMA Y Jﬁ‘-""” A9 M‘).H 3.__[1:«-_‘.” <Lt

il X1 § Ll

Adoed) Olunwal! (po dbe 2 Aedit) 31 gt) 2 Cemdd
40 gaud

23 gaad | Olucw g pams (Gt Aoa@ill 3191 A Gl :Y Jgutont |

abj&_ﬂll\p&n\‘

i U1 33Lg Ale (ya Y

o Vool g€l Ales (e Y0
\0—\‘0_.'[/.4.4:.-\.1‘ BJLG:AJMA)
Lubad) bty ! S ym

‘wjﬂ‘m;h'a.clo.n\’

3)‘):;” Zx__.JL; a:u‘):..” }q-‘}:n..” Q‘;)Ua

ol NI Jads pguiagh¥l cliliws JSs

Aot e Lieatly ALall el JS LA
L) Al S

sl olue Jais agiagh¥l il s
ety JSLA 2o gLall ol SLLal gl
33001 Sl juglas

s padsall Sl

g S A5l ¥ s

e G

LS Cillsgll ol 3 sl
o yaddsall 2505 asle

s Mall d4idig asle

Aoyl duds 3321 15l

sl

lBlas 3ue le sl @ueials A ey lu
Fauil! 1ol 2,5l eolipdas
Lol yuglass Lajlly S5kl oo -
gl Blesy S

Q‘)..c._dj_;.“ Z\_?.JL._@)_.JJQ:} uajl_.m .

Oslatly Ja,iull ngh UL Anals

Sl de Gl daols

9w ULl dnols

o sitioll slyoll dyailyiw¥l ciliglg ¥l




s ilyi¥ | Gl

IR U
RYTRT
e dd] LSy s Slmgll oLl .Y

EF SN IS
sl Alas cypa Vo §
s o potall Sojall e Gl Ao
el pagdgud) A g il yadgdl .0
N
a1 33Lgd Ales (ye © Al
- N g‘L..m‘).__ou‘ A
i_\_.a.ﬂ R
5alemdl LA
olilagy,udl A

Fagetll oyl (po Lo o o) LapLanl 3 sy euiill slstl A1 gL) 2 5,085 Adioed) Adgnt) b lall o o ge
el sl 51l At A0l el s et doli plbauiss 1 LiagSn PRV
LglaLiti a5 e 1 el b3 ¥ Jaaondl apmsy ol dongl by Beszill slsll malie ald s (gynl Zga (oo

iy dagmlll aLeta¥l cld @llall Jss 2 ! aalall Gy sae

gt 5a Cead A1 Aenaitl a1 glls Aot alall : ¥ Jguant!

L 53 e (01 Ao L 31910 Zuolind | Aimd| Ll

agal!

@.LA'JU A‘}l‘ 40as fu.fs AgCLLAJ‘j L_,.d.d\ &4_7-_4.\] cﬁb&}.oj.njs.n dalnia
Commonwealth Scientific and Industrial Research Organization (CSIRO) Manufacturing & Ll !
Materials Technology (CMMT) Division

S15tl aslal ilagll gal L
oble
National Institute for Materials Science (NIMS)
oWy Al aglall S5 2 S5k Eagomsy Luwkis gae
Institute of Materials Research and Engineering (IMRE), 3y50lain

Agency for Science, Technology and Research (A*STAR)

3.0 a3 35l 3,5 55 (Bl (sl osll agall 2515l asle s duaia yises

Materials Science and Engineering Laboratory (MSEL) National Institute of Standards and sasill LYl
Technology (NIST), U.S. Department of Commerce
E:S:').a‘;” EE U] 3)‘}3 ;L_,.Jaj.“ ) Li'ji).l:lm

ERESA LAY
Oak Ridge National Laboratory (ORNL), U.S. Department of Energy

o sitioll slyoll dya ilyiw¥l ciliglg ¥l




e tilgiw Y §luwll

JS @liglly aleial 3l & Jouamdl miby Llgns Bualadl Bilagll 3 c¥lre 2 juslailly condl Znd! anlall o3a ciyal 3
clailionn e lalan S L Loy (alal alaa¥l 3lisi Leie JSI o) Y1 (3Lt

Aol Al gl1 2 Cmdf Bl 1€ J gt

C/.:-._‘JHBUQQ FPNE g

(B 3SIY! ASiaal ol 31501 2Vl sl il pnll

el Aaaa ) ALl 31gll il ulidie (Add W (Auguod! Caillagh il ( Ligum Aemeail!) 38LaSI slgll W
(gl elaled!

LA}‘A‘) ‘.\‘}“ aungs | ] Meﬁjﬁjs.”" .

(oot clilicadl jugbaigdaastl pslall) polall  m (e liially olall Comlt

il yadgd! gLl 31gllg cagilidl el (g vl yadgdly cofindl il po Jio ) Loomidl 9 48,00 slgll 3198 A4S @ud
(reslsssan!) Gyl ity
(L 1,5ut)

Slpeadgdly chanddl =
Gl Jmill AL Latlg sauznll slgll m
iyl W
Cas m
(o) il Cmgal] 3Ll Ll Caills ) 5Ll A5 gl 50 W
sl pulEaslse m
laglall sy L aus e 481N slgtl ey W 3gtlaglal ido gT) Ligall
Augumd) Al il A0 e A8 slgll Gny W (L)
Bl 3l Jlee 2 slgll cmy
Joally Ladlali slll cny W

ol dailgaasull Ayl m gty Hawtid

clo¥l Mgag ddu st Blgll m polall ATIS 92 aigL
21__.35..4% @3)351?‘ a.a.ld..';” || al"‘:’y‘j W‘j
sl agley anss @ (8,98100)

o sitioll slyoll dyailyiw¥l ciliglg ¥l




C«:-..'J‘@Lbi

el X1 § Ll

PRCRIY
olaall Lot Aidly slell Lula m
Longdll il lidee W

Lgull olgll W R

clig SN slge W grilogllsgal i Lol

: 8ylyg Aldi g punlaalt

Pl uldele m

Lign, Sl gl Byl m

CHVEIEREE

gty sl m
Ll cLdl 1Sy 3ot m
Lalgll oLl slye  m

5odiall Al Ll Aalai¥l m
gpldl Gdsdl m

Lyl slglla, ki m

‘gﬁa}ﬂc..\:uﬁj“ﬁ;é-.a
Z\,.‘S:U.nY|ﬁUa."5J[}3

Btel) 2y cclig SNy el gl 1opilil puliall Bualiosy 2ty M

el iy JEilly el il sl c5eat! m

Alasiu¥ Gle 3,5 33l ola¥l 2l 2 aalall s s
3150 e aalall cilotae jomoms (ol pgis Lo |8 51 om0
by gl Gladd sauang el SN 385 Jelie Jie 2y sl
poles duada yoides Sl Og el Gagzmy 58 5a9 O 1) IR
Lol slsll agle 38 5eg Audailly Guplaell Silogll agall 2. 515l
oulaall ol ugall 2o slsll agles A yime ol 4yl

gl
e B Yl Lghalains 2sls Sl walall oita e (3053
5 LS Lgale 8,501 Ayl Ll ¥l dalasl i/ YIS
Ll 5 LS ansls¥15 eliaall Ll ¢y B sls clesdss L3
Comll SligigasSIl Aalaie 2 puiumilly slsll 35 sl Auailly
urliall ilagll agally 313kl aglal ilagll agally elially ol

gl

o sitioll slyoll dya ilyiw¥l ciliglg ¥l

e O Gl 1Yl paSladl e sus salall sia ol juas
Lgotann &) b e Lol 1) 2zl Jai al Y1 Gle 395 lelaill
st o aalall ety - andadill LelSan (pain Bugls¥l oiia g0
UL S e ale g Bunls 653 coleliviey Bglas doglg Lgtal 5
Sl Bam @b elially eladl dmdll EuligigasSHl Zelaie sl
29 (il (palalls Lol Biomdl iz a7 5530 gl
Al oo eliuall ailgadl (e sue e Aads 31 2y e 355k

2039l Aas g A duall AZe 59uall ALLB lge yyskas

ST e (S Bas Rl aalall ola elaal (o) dasms) a3
eslaily ALl cMadll (gsd Leazll slslly ainiie coly 00
O dde pe Bygd @lSl s sl olds ciide (g ngLmj)
ol Gl Ll alaludl gy Qs 3y copudd claslad!
JEL) Jesae e 315t aglal ilagll agall gy oo Ll dalinil
Jgdl calizes (pa oliddl oo Ll ey Lo e oLl e Lalall 190 5S e

gl 22 ¥ o yall ol Al VL



Lo 3 gl HET D Y gubl , il dolid

Alall el sl g (e llall 2 Vlie YOTAY 1500 aY+ V5 Y+ o
oy "enmll slgll 2 Ll Aisgacadl L yall 3SLell eliglsls
A3y "5 ymall o I Joudl (ye dae 25 yeall slgll sue ) S
Ly g gungas Aall ol 3 = WLEL 5y L) Jgudl Adlls el cyaas
Yia £VOV L a5l 35,00 2 sl LYl Lebs « (Yae £VAY)
Ao yadl ASL! Lal . YLae 118+ o Loty Ylae YY10 o oL Leks «
2 L ygie Ylie Wa cnay¥ly dusladl 33,11 2 cilSs Losgal
paladl cilaglall ugas o )a

Moll ALET L sty Comdl elal Ofpdige

PV Rvni{

Zale 3,083
Sl R 2 juslailly candl <13l il yiha A @udll i ya
Grise O @b gl el pug il dolas 1 sl desll
31 Ruegh 3B UKy Ol ¥ gY@l 555800 Slsll sae
sam ) Ll 2 et o yide Lol W L iomdl Lol 3L
S G I 83 ey iomadl il F pall s ol
3 598 3151L 3Lg2ieadl | )S5 3 555 ) dolt uapid Lgal il
2 oglaall @ledley (Lo jil e 1a5e 0585 Gally gl sl s

o alaial Sy ralall sl Gle | yahe U1
il oL 395 ey el 2 il) uliieS Laan 500
~d (glally

Bieys a¥lme (o Lgd Loy el sloll B Caayad @5 B
Oy Adlly aslall poal) ape ) dhae e el B)ldiuly
bl Alaie 11 el Ul 6,331 Adall Gagend! cle
coloslas tel5 2 5luiiully comdl Elies 2 Fasiiual] Apunsi I
el auam 2 pglaully cumdl Jadg gl @lel 593558010 sl
il L 3uall G132 L Al 3l cslimaminil] (ye 130 Faaiall
poley AALwsSI Auaiglly AESL ol eLjudy Auapdall <Ll
asa Ve ALl s Ul ! Zamll eVl Ll gl
i yasdsall Aonlloe 0355 ol padgall 45355 (Amglly S 11 slstls
Ol puazmiyg .o Mally &SN slglly sl jaadl g Blacadly Galall g
Loy (AT = Y+ +71) el o olondl yiit! dalinis Bl yodl o2aa
o Bassad) Ll 2 (aY5 21 = Yoo Y) ale o gl Yl sl
o) Lgaas

A o (T palal) B L1 B Sl Lt sty Bl agnd !

AJ. Lotka, “The frequency distribution of scientific productivity,” Journal of the Washington Academy of Sciences, vol 16 (1926); D. Price, Little
Science, Big Science, (New York: Columbia university Press, 1963); J.R. Cole and S Cole, Social Stratification in Science, (Chicago: The University
of Chicago Press, 1973); ). Gaston, The reward system in British and American science, (New York: John Wiley (1978); and M.F. Fox, “Publication
.productivity among scientists: a critical review,” Social Studies of Science, vol 13, 1983

¥l il sacls o 1SI Web of Science . iisul e g1 as¥l cilsl o Guidss culeslany 59811 sltl e Delphion cys.ats 5 1S Web of Science gi gul i sacls 2 cndl
aplmll cleSally gl il s S s 2 Lay cAtLall olsl ol dali Aunlinss g camald 813 il 53 g DelPhion Laf ilall sl i Caliins cpe Bualall i3l @al 253)l51) 2eSall
Lo Ao B Ll il 3231 sl ol (3l oS pa¥! Ball oomm liad | iy Ll 2,351 el il 651 gl ] g 1S a1

ez 5kl A5 el ol 2kl aotlald 3yl se I Bve Lot ) Bl ¥k oY Al 5oll 020 2 “Baaztl olgh) 2 s

L5535 153 5otad 5ot g01 3Ll cana O (ySias il oy 5ole 55 2 ol 25N (ifhe 5usad (S il Ly Algntl A5 3 AT Ll raiiy ll cilgandl cym s 131 Lo 13l 359501 330 oty
a8 3085 die Glall paazll (e 58 A (e pded 43 e 5l aloel) Bl Ol W1 By e B3k JS ¢ AL 3l i lan ] e« 2llen !

o sitioll slyoll dyailyiw¥l ciliglg ¥l




s ilyi¥ | Gl

WA 319t ACET D 5ygal alghl 1SS

South Korea

1534 ‘

People R. China
4782

France

1244 Germany

1690

Taiwan ' Canada
770

ﬁ;twl Ak glly 1,41 315kl 2 puglailly cmdl 1 0 Jgnd] oy
googe duly  (VAAT) @lladl 2 Zeuzill sloll 2055 2 520 Lo @lanay
Oalall gongay (OYAY) il pealsdl dndlas 3uiaiy ol peglsdl duias
(YAVA) 3zl o (TYA7) LS alsll pauingay (YO ) clilundls

VEYY) ety (YYAY) chial ydlly

o siioll slyoll Ay gilyiwl AlyglyY|




Aondid) algl) A0aT 2 Aue pall arsigll zo Jgunt!

55940 Slghl ae
VAAT il y S, 11 sl
OYAY il yadgull Aadlan iy ol eyl i
Yot 5Ll ¢yaLal
Yyat LS slgll
YAVA Laa Y
YYAY el el
VEYY BV

JERIR
ey slednu¥l o o e @ity il oL 5 dacsie (uls)
gl 38 (e crdlye i3 (pe 55900l VL leal Lle Lo s
Ylie 0+ oyl Alg 2 il dali 31 dasugio (05Sa ¢ JULI Jurew o Lad
nugie el Bomtll L¥l i (5. Y (ggloass o)+ Loy gl
Bjjbu_;.ul.g:d:u(\,A\)JM{;Y*'Vﬁ‘AY“'\C{\:\M‘LL&_ﬂ)ﬂ
ety 0! ol 5] dacagia Ll L (), £¥) 3atl 3Skally (), OY)
Bya YA Lg g e TV cuymual cam (+,6Y) oS 3SLeall
¥l slgimadl ol o 3acs 3580l YL sae 1 Jgaad] g

* o (g Vi Ls},‘; La 3Lasl (Sas Gl 351 01 gl

Al aslall upall e AL e Lyl ) 3ol Jol Gy soiad Bl ezl 315kl 345 Jloms 2 Lea 1 len| i (oo ALl symaall e 351,01 Sl (e Jyoll o2s

o sitioll slyoll dyailyiw¥l ciliglg ¥l




el X1 § Ll

55 da ga g 2lgdiu Y1 Ol e g WYL slae | (e nE 315t BLatl alall ,aid| Jlovs 254503 Jgadl +1 Jgamnd

S AL slgdiuwd lolgs Il
Al-Y Lvoyv a__.sz.).ai'l PSRN YN
0-¢ Yya 5 y90laiw
yvao yYov 5ozl | ASLal
Yev VYWY W

V) A Oles
YY -V ya. L_.."Lﬁ
ylay VYee Lad ya
YAAE Yoyt dugimd LiygS
0e EVAY et
AARR Yyie oLl

A vy L 2l g
VAT VYV gl

| 14 oSl
sy a4 L juile

YA v Logaall Ay yall AL

° Yy 3ozl 2 all oyl

BonEtl 19| ACET 2 Ao | Cilotaid |

310l B paainge 2yl ps 1Y+ 2 Al s}l BY] a9
2508001 &M sl ol Y Jpaad) 2 e 5o LSy auzall
Audeeall Baans ISV o Raotzll 3lpll A Al YL Sl
L(TTY) 130 e el (V) il Bzl guns (A1) ashal
gl sl pan 2 il1 250501 o aglall Bl ApaslSYT il g
ol a1 el yanall pyinga e Lo daull gkl i (ye e il
0l 2550 0 o asal) B 1 BaanslSYI

o sitioll slyoll dya ilyiw¥l ciligl ¥l



ey
aladdussalAlL i
ke dalalsg (bl
alaadsalel b\
ey
..Jq.i..uw ai_ﬂ&.. A
oot O ey <AA
InkTasad

A0A
B lasainiie
Jiscandr Alnaa™
S e B
SaladLusreRall AL
aiaalli=caadltaasty LAA
Tngazand

LoV

A

134

LA

AL

7

Tye-al
galua Jing

YA

33

28

1%

\AN

IA

Ab

AU

0AA

6j oy
II° TS

Lo

3\

1.0

\3

Al

A3

AA

L3

AAL

TiaZiaafle

ZxasaXaalead
oy | P

P60 Ax e | PR 6y e T | 0 o) Frey 16 e ey

A%

3\

A

\AN

AA

YA

L3

T¥uaalir)
0

A\

Al

A4

AL

YL

34

A0\

Il e

L0

Al

bA

bA

W

YA

b\

A3

A%

LA

Al

A0

A

A4

V3

Al

3\

0A

L0

E
3
_



s ilyi¥ | Gl

Y SN s o3l Cpuslie 1 Talinad camlgll JLAL 2 At Ay 3 9ell (gl 50
J.II..J‘)SI Ja.mj:m JJLZLA MjAJSJ(:,Jj.\J‘ Oj\.ﬁ.ﬂ J..LLA Jj.\]‘ dde J..\LA a_vL.uz_' ‘:,.b..ﬂ‘ OjLa:J‘ uuL_{é (‘3 La.mb..ﬂ‘ XV %

(AY* VY1) BouEf 1okl i3 B (yglatil g pdidf ,31 2 Y S

Oman 5 el ALl
South Korea .
Peq Luise

et 50 daw gie

India Ldle

CVOIEWIRTEIRY
3zl 2 pe¥ el sLaY)

casSl
United Arab Emirates Olee

uwait

Malaysia .. Saudi Arabjia

‘;Jﬁbd!‘)}l.fdl S gwws Juiae

o glar ALl dalas

2 Igigled uagan Slivasl oanls crdlie olo ¢ A Jgandl o LS
(6) Olids «(slss A) rama (oo Crilhe o JlEe (oo L3S1 ol
5lotinl 2 ALl ¢ya (550 (a3 L - (0) S oW1 3mll ¥l
ey Geally il ALelly LS 35 103 ol 2 0pe cndlym e JLae

o sitioll slyoll dya ilyiw¥l ciligl ¥l




il X1 § Ll

ASLal! o il 2 23 glaill Jgud| A Jguand|

OYLEL s PLPW

A s

0 olud

0 Busill LYl
¢ 3% !

¢ Ll

¢ LS s

¥ 3ol 3SLall
\ el

| s

3% 2 ALl el ) Aeoll ssl) 30aw Aue il YLl ALl HoaL ! 519t O Mma

AYTVEY e ld lall e Y Laae eyl Ul gelall @3lall A& Jpuad! ore

A 319t ACET 2 dmasl | S 14 J g

At Y 5l g0
JOURNAL OF APPLIED POLYMER SCIENCE YYy
COMPOSITES SCIENCE AND TECHNOLOGY Y-t
COMPOSITE STRUCTURES Vo
COMPOSITES PART A-APPLIED SCIENCE AND MANUFACTURING ‘Yo
EI, JOURNAL OF MATERIALS SCIENCE \YY
:;» JOURNAL OF COMPOSITE MATERIALS "y
"3. MATERIALS LETTERS \AR
JOURNAL OF COMPOSITES FOR CONSTRUCTION V-4
JOURNAL OF REINFORCED PLASTICS AND COMPOSITES Vo)

MATERIALS SCIENCE AND ENGINEERING A-STRUCTURAL MATERIALS PROPERTIES
MICROSTRUCTURE AND PROCESSING

a9

o sitioll slyoll dyailyiw¥l ciliglg ¥l




el X1 § Ll

At | Sl slge
SURFACE & COATINGS TECHNOLOGY Vo
JOURNAL OF APPLIED POLYMER SCIENCE Y.
APPLIED SURFACE SCIENCE YA
LANGMUIR A
_ NANOTECHNOLOGY AR
% THIN SOLID FILMS Yy
ELECTROCHIMICA ACTA AR

MATERIALS SCIENCE AND ENGINEERING A-STRUCTURAL MATERIALS PROPERTIES
MICROSTRUCTURE AND PROCESSING

APPLIED PHYSICS LETTERS Vv
JOURNAL OF APPLIED PHYSICS Vv
JOURNAL OF THE EUROPEAN CERAMIC SOCIETY Vo)

JOURNAL OF THE AMERICAN CERAMIC SOCIETY A
SURFACE & COATINGS TECHNOLOGY A%
RARE METAL MATERIALS AND ENGINEERING e

MATERIALS SCIENCE AND ENGINEERING A-STRUCTURAL MATERIALS PROPERTIES
MICROSTRUCTURE AND PROCESSING

|

Al

: JOURNAL OF MATERIALS SCIENCE v
APPLIED PHYSICS LETTERS AR
CERAMICS INTERNATIONAL YA

REGULAR PAPERS BRIEF-1 JAPANESE JOURNAL OF APPLIED PHYSICS PART

COMMUNICATIONS & REVIEW PAPERS ”‘

JOURNAL OF APPLIED PHYSICS YA

o sitioll slyoll dya ilyiw¥l ciligl ¥l




«ﬂj\.{.«d‘j Oalal!

P g|

Ol et gt

e tilgiw Y §luwll

SURFACE & COATINGS TECHNOLOGY

MATERIALS SCIENCE AND ENGINEERING A-STRUCTURAL MATERIALS PROPERTIES

MICROSTRUCTURE AND PROCESSING

CORROSION SCIENCE

RARE METAL MATERIALS AND ENGINEERING
TRANSACTIONS OF NONFERROUS METALS SOCIETY OF CHINA
ELECTROCHIMICA ACTA

MATERIALS TRANSACTIONS

JOURNAL OF ALLOYS AND COMPOUNDS

SCRIPTA MATERIALIA

APPLIED SURFACE SCIENCE

JOURNAL OF MEMBRANE SCIENCE

DESALINATION

SEPARATION AND PURIFICATION TECHNOLOGY
INDUSTRIAL & ENGINEERING CHEMISTRY RESEARCH
JOURNAL OF POWER SOURCES

LANGMUIR

NEPHROLOGY DIALYSIS TRANSPLANTATION
JOURNAL OF APPLIED POLYMER SCIENCE
NANOTECHNOLOGY

PERITONEAL DIALYSIS INTERNATIONAL

JOURNAL OF APPLIED POLYMER SCIENCE
ELECTROCHIMICA ACTA

POLYMER

SYNTHETIC METALS

POLYMER DEGRADATION AND STABILITY
MACROMOLECULES

JOURNAL OF POLYMER SCIENCE PART A-POLYMER CHEMISTRY
BIOMATERIALS

EUROPEAN POLYMER JOURNAL

JOURNAL OF POWER SOURCES

o sitioll slyoll dyailyiw¥l ciliglg ¥l

A1 (NP

Yoy

VY

Vo
VoA
Vo8
AY
Vo
Vo
ay
S
YA+

yov

88

A

Yo

AR

AA
VA
VY
\al

vy




el X1 § Ll

PIPSY i) 3l g0

APPLIED PHYSICS LETTERS AR

THIN SOLID FILMS \YY

JOURNAL OF APPLIED PHYSICS Ay

SOLAR ENERGY MATERIALS AND SOLAR CELLS 4-

Ef, REGULAR PAPERS BRIEF-y JAPANESE JOURNAL OF APPLIED PHYSICS PART A4
3 COMMUNICATIONS & REVIEW PAPERS

:‘3' JOURNAL OF MATERIALS CHEMISTRY VY

ADVANCED FUNCTIONAL MATERIALS 1t

JOURNAL OF POLYMER SCIENCE PART A-POLYMER CHEMISTRY o1

MOLECULAR CRYSTALS AND LIQUID CRYSTALS oy

CHEMISTRY OF MATERIALS o)

AadE) 3 o1 ACETD) Alall O3 W1 Sl
S 2 gy Bl s Juzmesd Lllo AAVY @i 3 caY+ Ny YooY o
il @lane 0lo )+ Syl o LeSy oS0 pa¥ g l,3aW lsl 5
Sl e Y1 Lo uly gyl carnd (£4AA) Almadl 1,55 Y1
Cre e oe Ll OIS LUl a1 Joll ey S eV ol
grsiond! LsSs (Ll V1)) Laltly (Ll 1001 ) Ll scme yanl!
ewaspn (30 g3l 135 el e s sy 33 - (L TAY)
Losldl sllly elynal Jod aBy 5,580l oda IS Ldga Lim
ALl (ye o yiime Ol Il LI cpsltl BB BgiLisl

3,0 pe¥1 Bl ¥l Lol s Buaganad] B yall

6 Bawendi, Moungi, Jensen, Klaus F., Dabbousi, Bashir O., Rodriguez-Viejo, Javier, Mikulec, Frederic Victor. U.S. Patent Application #
20040033359, 2004.

o sitioll slyoll dya ilyiw¥l ciligl ¥l




goamtl  sSMall  ASAalg sl el e
LRI

£AAA atlg L) YYY Yy
V00) YYY Vo at 114
VY WA 1t 1y V4
YA Y1 £ Vo !
1 2 Y WV V)
Yao \f Yo N 0
Yov ¥4 Ve 0 VW
P Y Yo 1 V)
Yy v 4 ¥ Y
VoA ! ¥ W v
\ )

AV O L Ll Al o oS laiun) 8 55 la o)) Jgaadl cna
igannlin 36 2 Lol el 31tL Aol B ¢l 5 3oy Gl
gl al (6,538 5 9 (00) gyl yeulyy 3S g« (A0) LSy ST
Lo Joliat! agant! s duimll iy iiliss dgas OISy . (08) 8 5m0

.‘:;J}a.‘.u &}L_\J 3_'},.&11\ 3.\.3:>5J‘ t‘»?‘ 3;‘):) Oe

PR PRIpRe

S sl
axtlae 4aiy .

Slrasdad gty
YALL AR yva ERESA RN YN
vV AR AY oLyl
YY)y VA YA Lol
YVA ¢ WV Augindl LS
44 A A Olgls
Y49 '4 VY PRSI
Vot YY V) L ,a
VVo ) 4 fous
) 0 [aiY¥en
Y A VY Lyl
Lsgaall By yall ALl

el St e elinn €2 5ol o1 SNl ey 2n yiiny o B g
(Lla0AAT) 31,55 3S5Les Laamill slll eliimy Alaall ol ¢l Y]
o S e e Lt 3L el el e bl 1)l Gl
oLl domg¥ Juieal] 2 liaasll okn aumd (ySasg ¢ s ¥ lslpy
LS aoiil gl 3 2 IS0V dagmll] Lgalena 1, . sl

o 3191l Alal| O3 £ 1,55 W1 Sle s (e Ll JHLELI Slgand| 1) Jgumnd)

gl Y Ol f aue Lgd JHLcd | agatt

0aAT

ay

AO

00

0t

S10Y gl ¢l e cls

Eastman Kodak Co.

0sS9,58]] ganals

Samsung Electronics Co., Ltd.

Q98 gy
Polymer Group, Inc.

g gl al 6,3
3M Innovative Properties Company

o sitioll slyoll dyailyiw¥l ciliglg ¥l




O il g (o pall g caaall g 59811 (ol ge Sl

A ol ASLall el s dus il culiamilly o yally canially 59311 (ylalgl Al ys L Lesd
Caniallg3all (ylalga Bual y3g b (uily - el ! 10 3398001 g I Gllata (e Aozl f 515l
Ol alyaz=illy o ally

aagll a3 e Bl Jalse ans U laill GaSlad I 53 35301 (ol e
(gl s 3y 3 ) A Aelaill (ailad: I i Canaall (ol ge
Caagll 3uand e e les Gl syl Jalgall oo oyl

ol 33 (g9 g 1B ! Ay L Jalgall o sy

Jalse busilly Goyall wad a2 Aty Jalge o Cannlly 35311 lolge (5S35 Uil
2 Loy ool 1l 30 gali o g Aalaillss 3gemil] s Al ull o2t ol 2 ¥ A slan
clS il AragSodl uligll (ye Lo pue g colaslandly Adamtly aglall 5o 5l due 3y ae elis

ol y o pall s Caniall g 350l ylal g Bual 53 Bum D VY Jgaond] 25 yas

o sitioll slyoll dya ilyiw¥l ciliglg ¥l

el X1 § Ll




e tilgiw Y §luwll

W gact| Ao yal | ASLal 1 2 Aol 3 gty Coliciomil g o 2aTlg Canially 59all (plolga :1Y Jguimt!

)l Jalge Sucluwn Jalge

Caaiall ylalge Bgall ylalge | Al
S5 oLl 2005 cam 1) 2. Lagoc AL Sgine o W G3lally culiSlaS il Jo il oiie HLS 390 W
el cenzll gl 3 2 Leniied] 3lsll 0y 85 Cpdll
baalal 25150 agle @uid ol g (] 351501 Bucld Canie W il Jlall 1282 cla Laa Y1 553
&%Qigw)@gljmlgaﬁ)ﬁw.Ulj_ttsﬂ:o.ml AU 5yl 5 ey W
(ol g U o g il M o e sl sl lllall | Jloma 2 Aol sl5ll 4,550 e (515 3525 B
ot ¥ 5| LI el Argass o) Fig bty el aLu! oLy Jaitly g laadly samenlly oLl
(oSl ezt 2 L delinlly cilaalod! 2 2im 1 35081 (aa j245 W
! Sl sna e Jgemonl] 2 &gl Jalsall B Al
gl daslg ULyl m
el —da Sl —de it dayl gy cans B
e LISy jglailly ol 155 ZaL35 31 Lasey! m
Aalasd| AT Crae W
(bl il Jo,mdl Blaw 7)) priaill pllad cars W
ezl slgll Juy
[ PNE A gt pRESSYEN

o oS A s ) il 6 53] Jg3 9 g cAulgll Aalit| m
ALt

pllall 3Ls¥ (ya oo Sl 35300 W

AU elulodly genll Gl ylacs! @

el g @alailly Gla Led 3gactl 2l @

oo ALl EaLall Aeall 3 1l £ L5] A51Sel m
ASLall 613 2l ALl slstl

B l] 430 Alonl 5 gl Glyu¥l ol W
EREWER

Aaadly aglall 2 HLeiia M &uilogl! duzesl Yl W
(Asly ol Gaonsmanll e oyslaatl 25141 m

.J.:.Zlui‘ ;Lﬂ-‘-ﬂ‘q,_d.«:' ]

o sitioll slyoll dyailyiw¥l ciliglg ¥l



il X1 §Lull

5 535 ole AL @S pall 2 e Aeamll sl 2im 2 ASLall 353 oty ol sy Lis (e

31Ul B e By 3959 T 35101 3 599 (331 e Lgs alll @il 1 Auadall 51501

Lews¥ ol lgll 285 graliys danlgs G2 Crasil (ylalsa (pa sue llia ool W1 2eozll —
e —

Y
s 355 o 1 e Lially RagSinlly ilaalodl 13 2 Loy dusgal el anlall Ggiuue e _. Yr‘P
Loyl cins (s Ll 168 2 L) 3L LS Ll 25,5130 il salall s ) o ! P
(e LS LS 2 el 15l pgle galiag Lo claaladl U] e S il
u-“;\-')-‘-"-” pole callall (oo ol AM) 2Sally JAM e Lipud canadny 3y 55 5515l . ~

L‘LI).A)_LC@).A_A.J‘ J)l}lbml:-.” 4.4.!44’2“0\ <. (szU |..\.4.\ Ua.u).aaua_uinl.ﬂ JLJ.‘J_u...u
L LLAD?U«:):LA‘ Q'Mlum‘u.\cujs_aﬂ o).&.ﬁdj.fg(:g..ﬂ‘).ny‘

Lewt_\j\e«smta Iy Ikl 130 2 031 15 o gl il 5l 358 ns) 35
s Lol e 3SLall 2 30n dazl skl g L Sl gl e LI IS om0 ¥
Ao Liall G (3 35LEY) 513yl ) sy Y 2a3301 il ] e Jyemmdl Bigan (e
Lozl 35l 4405 e sl s ) (ollansS 55l 39yl e L (3l z5150) gl

LSkl 2

Aol sl 1l Cye 3oL Lo ¥ L 3lecdl 138 2 LISl Ses s llin o)l Yl
5Lt 20lSel o Slind Bumlly aslall Zennd LAY (e w5l ) Zsga
2 81 ot Lal .33 pos Zaline Tl iy s Lial) Zwalall Loyl (ye 2Ll
3 i Jlmkl 100 2 gl fralgal) (el 505 g Aozl alll 4,25 2 3SLell pgals da sy

.tj.u\

Anlas o Jlmll 18 2 3SLall 553 (ylalga (ya 5Linu¥! Coigy Alasl ol el yalis coau'y Sy
353 Gbolge (pe alinwdMy peli sl 1ag Aol Gilhasilly (o yall Joliy (lgdrss dolsd
il 33 @l e g ASLll Blgaly il Lt e 58,301 @ aams el el s 38 Sl
Les ol ol Crans a3 gl s Aolil Caniall ol g lge 2 Lal . JLanll 120 2 3SLAL|
eMall 3y oyl Gleg ISV le 508 5 Cugs deliuall-dasladl=AagSanll (lad 5 5a

el lgll A 2 o Ll

o sitioll slgoll dyayilyiudl iligl ¥l




CETE

ENPWIEPRV-{ VPR W5 F P CPUE: W EN - FryU P .

O Bmma dangl 2 ALall sgmanall e 3015 ol Lgigh (ol Conlsgty BSLll agd Chgas
ASLell guumy .33 pall ZoLiall Aaall 13 Lauill 31ll (g5utimn Cye guils ool slsll Auiss
eliall plhaally claslatly @ulailly comd! ol 3553 dasly) (63 SIS Jlad allad (10eS
oSl

(ASLeal) Zanatlls By el el ¥lma 2 5ISTYI Gle 5830 25,01 0 madbe 5l (po
3 VLl e 23 pplate ASLall gt (3 s yall (Sl e ke ¥ 23,0 028 Ol Lewusd
oL o) o ula¥) gmtl 3. ALl gaiall e 50515 e (o) 5l ZaotEill 311l ALl
3ol 51 Azl 3alas Ol cApeal ol jam LIS Gy 3,5 0 (S Al ¥l s ol Sty
ALYl el Ll Lia

PUUWRT

Cre ALl 2 ozt 31501 2 IS5 U0 Jlad alsh ey ool Slsh) i gl o Al S
3

Agibgll ALl bolge 2 Lgiubogsy Auiaill Jaig pglailly cum )

Ay Auilag) e ! iluausll ool o5

el gl 2 i Loa Byl 50501 yaglatd el

Lgluiiing L yuglaiy aniill sl gl i) culuo¥! B! 381 el dadaierl

o sitioll slyoll dyailyiw¥l ciliglg ¥l

Loall dy gl Y

5,01 2 gl o) L1 sl 2y e
Bl ¥l Calaa¥ly euilly bl
abliy Glual e sliadl d dalal
Syl Crag iy polall &ilogll Ausliad!

Al il Lo




LoLall &y il Yl

zoli 0l A8la0 g 0@

53015 45503 Al s Bl 3L S ey el ull a1 3501 (ya s3] |00 e
) all ) sl (Al 43,5

sl s1sl 2 puanl

gl Bled)

aslaally sy

Calaa¥l S Al Yl

SIS Yl e

<GS Jaally glad]

Aoy eali o1 01
SN EPN | FE S ERTE W JEN NNV BT OO

Aeliall 3,05 yuslais 3SLell cila L 300 2l 2 Zaoizill lall 4035 Zenlive i35 W
gl 3 gacdl

Jie) BSLell s 3 Azl ¥kl (ye 8 e 515 dde Bysgan deli (nSa3 W
(L Jor e 5amuly 2 2Y

el 31501 BB 2 1ol ALl gnes sy

Aeaail! olgll a2 juglailly el Aygaadl Ay a3 ylgllg caliwagl! oglas W

o siioll slyoll Ay gilyiwl alyglyY|




JhasY ddas
gl 5Ll Aazill skl s galing al3
e e BT Aglg¥ ls Bl
Hle M3 (e cllsy (B3l @il clga]

iallly cilgad! oia ae 3udeill Jaall
Gy el Al dysLanayl
il @lgadly Lagandl deliall clsLoal
Limlll oyl LS . Jladl s 2 @33l
Suiatl ALl llSal 2 sLanuyl
olyud 58 Aduadl oia 2 Lgl 3 juas LS,
yaslaily ol 235G ol dial ) ALl
Ay a0l 2 yal M ASLall Goiung

Azl le Gyl

35| 4G O¥ L
Lutans 2 J 15 1 cilegama 2 25,1y ALl Zualill Aeumull lall 28 4ol b Lo

Cre I3 yudg olill Anllan 2. i S aniiod Ul 3pskaall aillagll @ls 3,529 m
2z ¥ly Ly Bplll b slsll yusls Lis Aalgll LIS ey ueliall lialal
Bdle Buni ¥y uSall bl 7yl ddle 22V AL slgally yaill Zoglall
oudanll Aty e 3Ll AL Lall 2aa Yy st

o gyl Ale 2umaWy AaB Lsa Yy el LaaYl ol Gl syl Asel m
lleaSsmlls Jo il plad 2 Lgal il dongl oy Sl colill culellaal Zeaa¥l 21l slge
Sl 2 gl il pliadg

PP TIRIINRY

S (ALl 385l 3935yl Bulle bl 2 Lo Toall Zaglill sloll a
o SI Baglall slgall ol LS colitly clibloasSs 3ty gl gladl 4,80 Aanl @l
il lall delin 2 Zals cilel aiial

o3l i) oll ciloning A Sgunll LNy Copli¥ly (oLl 2 38,01 slgll auii ®

501 A3 g i i ¥ 6l (Ol el ) 53141 55 cpamy (233 3SIY1 315005 gl Bl 31311) (bl Jlartly (3imdl ST Zaglin) Ll Lo s cmmm 315kl i 1

o sitioll slyoll dyailyiw¥l ciliglg ¥l




WA IR

et G Andlall Slsl) Sl 3By AdsSiled! St m
Ol ST ilepman 5 AuigSlanad) gilil aleguandly 3ol
cleliall cye Lo yudy iy IV 2 A | gLl

oladaty 350 ol (3805 (nadiy welad Sull )1 el ALY st ®
calelind! fpa vaaall

IENTRY
oSl g cialaly Crlaiall 3l owall Zeslall el Sl m
eliadatll (e sotas Busldl daiially 3,1 yodly sguall Jagaesd AL
e liall

Gl 5 Rmadidl 352 2xd S sslall oledhll yels ®
22V ity il gl 2 Lasiiaadl (6ol iall S Ll
e fdl BN i Iy ey

o sitioll slgoll dyayilyiudl iligl ¥l

duidill o ¥ ol

izl] ol )l (rag (o l¥ly @lladl (oo alily 2ndlally
S 3 gkl o 1 oil] lians 3 Le Ll 138 5.
Ll (ya ol 2 il copunlly 3L s cllia o LS
RVRVEIRY

o) lellsd 2 Ll L3 el gl i s iz cal
S 31511 2 Lgie Fesiiaat] Leaes® ol LSS il

oLl gl Jo,5ll pliad) Auilly Zela alonlll i o) LS m

ol 501 ndlae Gy Gl ot 5

2 Lo Gy Lelin aldlasiul easl) alded olis ®
by SOy« Jo ! canlily 313Lg 3Lty 03,3l 5Ll i s
RN Jlasly OLLdl g oLy Al 30l il gl

Los ol yadgudl Amdlae culuiig ol pordgudl (ye 3] C3lia¥l
sl B8 ,01 o padsdl 351 pld gyl il ) Ralail wlls 2
<l paddgadly (gt Jlmnll AL Latly U2 Hlipall ALLEI @ jeids !
lagrandly el 35 Ayl A2l clidey Jlats U sl
c yaddaddl 5 e Augilil]

Sl g Opalat !
(cordll (pa) Gurally zoasd) 3¥sall sdanzull ailadll e ®
22l (add slgag cold] Al cillazes slgay Ayl ol ilasll
ool 52Y el 1ty Ll 350yl el s (g e Ll JSTIL
Bume il

als oalally Toually JSBU 33l el Lmmsil] oolall e ®
Ll oLl Aodlas culelin 2 ol Adladl 5,01y 353l
A ySaally Aslnall @laadantly 5Ll Jo

(sl 1) 23511

S5 gt S e ol (halaaal!) 35501 pysles
Gilly gl e @ Ll eSS0 Al 35 3adl Galally Gl
oLl 31y aall g 301 csliaday AL a1t 2 s

PRI INRY
Byl 3lgllg Aigltl Bdgunll slgll Jie caillagll 3 skl slgll m
aiied] S la 1 (sl 2SIl 3151y Aulaiaall Aigllly Liglt]
Zlai¥ly 3ol Caillsgl ol alsll ) BLoYl s Ludl 2
Bl ans g B8 U1 Cauliy aln paail 2 Fasieiaal Joomil ALl



&Y Al S ol Aumalad! 2l 5185 581 e el
LeisS o caial | Al 31,00 oLt don gl ALal it Jomis Y
JSS eyl (s Adiica

molsd IS

ol 3,05

2l ezl 15l s el Lty Loy ¥ JSA1 oin s
Agdalg aslall 5o hall age clllAhae el o due ya sl 5 ¥ (e OgSU

Zana | 51t gl p Y Y IS

AokEN 3 gall ilagh 35,1

A
v

Q«Eﬂu&gifﬁﬂy

g3l aasdy (Bdme e allb) pess qsllall izl Hslatl
e lially ZagSanlg calaalonl!

Bglo¥l e AaaEill lgall uphiilly Gomddl maly iy W
Lgadaisy

(oLsl il Aeazll slsll 38l Aoy A juslas W
C)-AO}S:"M‘&‘l‘&%‘)ﬁiwoﬁ@mlw@pﬂ-’ u
oa iy salall w3y @ulaliy Aasl skt e bl Y1 GLa
alasdl

o) B Lol gute ol ezl lgall &yl 3 lgall B g W
o laLan Y1 38 Bl BdsS posdy cnil] o] pily oo L
gl ablel) Glladinly copuidly @adadll g
cilasladl 2 deazill slgll malie jo3as W

O A8 sl claglall Jolad Lenzill slgell Lige palizmn (2sSS W
sl il paionll sLinel

ool e 5355 ! Rilagll bl e ol yis JLsY Lt W
cells 2 Lay ol e lall e

Amll wlS| sl eend il eyl -

)

A
v

Ll 3392 gt Sl 351 pe
9Saly) Colomal 3S p0 1 Jin

BoLEIL 31381 2k 2 BT g pglall So3all e I Hiaia 50
e ggane Agall 9

eazill 1yl Galidl dagdaially bl 3503 —)

Zuea¥l cld Lladlly (aladl juslaally Gaadatll domdl sl jal

Sl

deliall ol idul mendly 3agad) Adle Al 301,00 juags -
aaladly

dadasdilg Al 3303

ol 2 Lo ¥ ciea¥l Bl dadazlly Gulocd! 3503 Gage w3
3 i o bl aal 3uac Aagl! oiaa (auiTiy el ! il s
:g._'L_,.l!ajj\

@i Leadill slall ensiod 3 il 3 yaldl Juudl o0 W
lalads Ll Joall il i« juglatlly cmdl culiglyd cilidaatl
QYL?.U} ¢(L:§)S.uu_”ﬁ ‘g..da.n &Ua.ﬁ.”j QL&JU dj)ld‘) oleast
N RS e R (B (RN NN [DE WS W]

pings ol Zaozll slgll =¥lae 3l 2 Amll Ll gl W

o sitioll slyoll dyailyiw¥l ciliglg ¥l




senlly o3l gal) Alns s Sl 138 2 20l Jae Tty
Cosllatl Eomll 1Y 2O Bl Faodl lotall o2ia 5 LiBY
oia S 3Ll ,uagu ol ceniil) slgll 2 aial il eldlant) dubs
5 a5l A yinlly gyl 300,00 3o Bl |y ol aall
23U claall Coliasl 3ym I BsLisl (cyal I gl 2 ASLLI 2
il L Y1 B poimy Blasnll 330y Al ¥1 ol Am | ¥ Lomall
Aues¥ly Aol SLU e by shals Lalslse (Se
(ASLall Lol i3 0 Boyaondl 350 pald dadaul] cll Lig .3 gl
Slae 33! ool e Al Ca LeS gyl o g 539
dadaiall o b 3l 11 030 fin By oaalld peaill o L
dafod) slaaell Lgs s 2 ¢ 5585 a¥lra o cilegama Bue (glad
colslly cmliliasSs midly Jomdly L) aiang el juall UD 2 Ly

(35S 01 JiLuusllg culga¥1 po ol 1i0g) 5l LganLim¥ 1

Creimiaall 33 yer sl Akl asiie (AL odgl 1oLl
ilslgr pseally Lol Aalall claall B 35501 ibgl!
o Lt pcmda)l\\.x.aﬁmg_m‘\m Lu).uu).u\u./.ud.v)&
Bl asiig Aball el 1 Ll caelially crsela!
o21g) a1y alaiial Augsl i) sy W1y ikl @y
ol Sl stan JAB Juges 1) Aal 1l clbdl (e Sins (3al L
2 203501 25LasSI1 5y ccnloninl lly ccnlll 1 2 Ly

Aeoll slgll A

1 el i) gLl ol (e BBE VI B £ ptin (S
AL Ll Zlnd el Bnss 31 (o 0oplatly Lgislls gl agiies
eslaiy 2um Y e Jilay Jals gopidl agdy oo @\-u\:»'b
Lm‘zﬂ 44.@3.9_&@\5)\5.“‘2\ ))_u Las 3ot s 4;.5\
oLl Aol et ol uﬁyeu»(u.u Ll gl asiann ASLall

o= il LS

Zaotzill 31l juslad g pden (Ao yiall (6,231 Aol psLadl (ya
Jimd Al idiie Vgt @1 Aolall cligdall Jlee 2

) el 2 el Al alsa ¥l -

i L) A L] il e Ll (g0 59 50051 yi055 =
Omdgand) yue cye cfis Ll cslis LI oy A B el Lol -
spslally alusly 1 2. Al ¥l @ulaid) jo5a3 -

Bl gl G €12

Lassiin Ul aadaill pushailly coed! dolis angl lbae 2343
25 e il salall Gy ol g csbaalad! ga oplactly (st
ol Gl o3el 3598301 Bl aelyally 3ol dadazsll
5l Bualodl L cye ilagll 35,412 031yl i g1 yuslailly
daleg ST S8 Lol m

léumtujl [

Ameniie 0 ye il W

SSlac 8 cre Jsakl Jaally s J3iaul] Jasdl cya Lot o Aiatl] gyt
AL oL gyl sumiany - (e Liall laill 5l AagSn BIIS))
S g3 pn IS0 03Sng AL e Ly g3Lms¥ La Y Las
Sl (s 359 puially Augalll palilly 3agall Aol il )lese 3 5
L leliall 2 Lala JSLia oy w3 (19S5 B - Jsian ia
Bols uags pllad gl Ll pelio pllad 3 umll bl eyl
3l s Bysgans Aelin sl I g5 Loy Aals als 3l co3gas)
gLl Gty . (raiond L] 35 (ye ol e igats) 35S
B! S5l 2LY figailly puslailly comdls Linll Al
st

SRl S5 o e 31 gll g Aciomad| 3311
el o Ll Bl il aal] sy SLaH pngi g Lia gl
Cigmdl ya¥ 331 s Al il alge @al e
e AYI (ya Lgia 5305l (prasiniove 5aad (ySay Ll Aeuzull
auill yalally (Jomadl 5l (0939 ,Shuall) Biganll 5alall sl
09535l salmay gVl LaiYl 3ol yay cpuolial] ol yimay
o Lag g poml ilually (Badadll o yadly o3yt ALl 3304115
alaa Ll AaH 1 55LaYl oy 23 pekaatl &zl Gal,ll (pe el
ol Lo Lgie pualle cLglia iy Ll Bgas Iy (301 500 ol (Ji

A3y L dadaitl ity 120 LSl ) e 31 51115 Calsal

el | asle 351 5a (Y- ) Syl ZBUAI 50355 Y + T Aol Bl il 531 Al 35 (Y + ) Aol Bl il B 559) B ¥ (6t le@mmuk@yn

o sitioll slgoll dyayilyiudl iligl ¥l

Lol G piad 3,5



oaels e el galiaall pladll (e S5 Jiged le Jumnl
IS 58,0 Lty AT @5y saall 51 Lle Jpan]
e oms sl LV 1 Ll 3 598 L1 ddaienl] Bulee 2 5Le
O3Sy 108 e | il Lis | e Addaall o I (ye ST,

il Edee I35 Rzl el ala s dslies 551,11

PRI PRI IRTIRY]

Bl U 2 Bzl sloll melin (e G yeniall Jicy
Lgeg oozl 3051 AL daliill don gl (ynms (g po3 ! il I
cgaie Al aals 2 lgll Aurin 2 jucdll 3S,0 W

g A Faela 2 gl Eigmd clli 3S,e W

s 3Lkl Ja il g Al Baslo 2 Am 1 51,0 iline W
25 lomsl 5 e a1 (olally J il agd L] Anals Eilnyl
3Ll Jeny Analonl!

Wl askll alllie Gl deels Guenls JLOS! ane @2
S5l 2 o) Bl dangl (o S danidy pllaiss o (35 (ye 1
Yeea ‘aLcQ.n BRI REVR:AY

Bl SIL0 (e e llia ols Aumalall SISk
ey audil) 213l 2 2 igom | (g pond 31 B Ll
b1 38 pag umaniill Jm lll adine W

oLl A gy tgae At oLl Al Aaladl Al m
Aol Liols Lewid (yaimty gl puslaly comll oSalyi 3,0 W
Jdaaaut|

el e liall 33gadl 3,501 W

Ao (53 oty asa 1 2] Apal) aalasy el o (e sae lling
e ezl slelly
colblesS gl

oLl

e Lnat!

Ll A

ol pully bl
Syl Zaltal

R N

ol gl 201 o310y 5l /0190 3501 S5l aiiaaly Aomd Lk

oI 31381 2155 2 Trmaland| AL IS 3S a0

Asazll slell a0 2. Agaeladl dual HIS5) 381 e el asduw
sloll 3m 2 deliall-dasladl Ll S oo sae dile
335L SYLall e e 2 Aol bl dagl e Al Zeozll
e

LS, gl gl Adall sl (JSTlg Taadl —slgll duia m
el

AleS sl Aaa W il aa W oLl —a eyl m

gl alandl —alsll Andlee W

S gl Ayl W

31 31,0 o2a Cigs

¥l @l 2 clealol ol @il G alad Giys sl W
Aeliall ai il delgll

oo Aozl sl duE 2 Al ol psdl sae by W
5 pa Ll Alall el 2l a¥latl 2 OO slaels s S5
Aelially

- o21S¥y e liall prellaall oo slely 4301 5505 M

ey Bagaill sns e Joall 33ms Loy olaslod] 2005,
el Lzt doles Ll

sl Qo e Buansl€F ST, o0 (ya S pe IS Aatnsans
e i JageS ol Jgemnll Lgide sS  W1Jo31 alall 2
e liall il Laa ¥l le 3,00 Slalys 285 (pans Loy e liall
s pobs oldtw] Gelio palme 385 JSI GsSuw LS aaa
Ladl a5l 3o g calaalondl o3 il p5Ls ST, 04 a3iung
Ao Londl 3 ¥l 2 Shiiine Jaall @asluc o iomdl Llalis s
(B Ry Cbylas (pe 3T, 00 i o STl (e dge Ll
@l bl 2 ol hya! e ool GStall gy ) ol
w3 e el |y de Liatly 5,20 dlatl

3aad 31,11 o2g) U e ald &3 Lise Bkl (g pomtin Sl 128 25
S o o1l 02535 e S Ao 513 Aan| o Riond 3t Ly a3
3 cagatl 2l pauw¥l ol Wlaoss @8 ey a3l g e e
Bla i3 By laalall o @25 - Lialie (550 Losuan (45Le30
o iy Onse Liaaall Gyl oyl ol W) (il La ) pa alesal

o sitioll slyoll dyailyiw¥l ciliglg ¥l




o sitioll slyoll dya ilyiw¥l ciliglg ¥l

Calie (ye Agan ol S 0ia guan (8 o 5LEYI 5
Dl ol (pe und )l Lelasal Gl 2 et Lgily yoliall
o bl Al e (35St LSl Y1 Aeuil! 1l 43 malip
2 Zealud 180 galipull (ye ol 3 21 5 padl Juspetl! 3sle
2 dadastll Adee 2 eabiies LS (eumill slpall Aulagll oL
el ALl il Jleel 2 381,00 o3 slinel oyl cpm
o Lgialss oyl claglal |2 381,11 o2a ey Litiuus ezl slgll

Ll Luawbia Laiglas (s,



e 85l e Lid Aual 1 Al g (552 Bua Gudmil Lual 1 polad) o ()15l Guas m
el 2 (2 s 35100 L ¥) ! sl

e L3 alelino slomyl g 3352511 @ISyl il Lis | Gad o 05153 3uas W
ASLell 2 a !

aSlgally oLt ZLall ppLatly Hlalil) Anainill Am 5ol poladl o ol3sall Gudos M
Jaill colall) e Aiall Lol Auibagll cula Lan ¥l Caline o G315 Guaos W
(o) sl Jlall sl SaesS 5l

a0 30530 3l (o ST gl yoll By LY Bl g gali sl e agiasns
-Jalgall oa oy

ST AR BIEY

13 ¥1 Ol pdipay oulaiil| JSigl!

Aasd) 2ai e Aeamill slgll A 2 ISy ot dplan ) Ll B ydiug  Aazl)
(g aslal) Aol Aasdl e 0y al) Lislly gl ol ol Lgiloungs Binell] ola g )iy
2,35 gl yad B L) Ll petntany el el L) gl o e e by 3|
! Gl le el iz e alall el 5500 (yag o b ol o JSo Balaul

il 1l B el IO (pe 83 lS i sl 5l 03 W

Bagas il ol eilS & sl S “;93:’ Loy 4zl oo L) oSl g o) ¥l M
gy laslodl ualas e 5051 o 33l WSl g (ous |l W

o sitioll slyoll dyailyiw¥l ciliglg ¥l

&)m‘ MS)M!

Lide ootmill slsll s malip (e
Gy Glaadl als aladl e Leal
O 0188 e ali )l Gany L2alis
i il Jalgall cpag ccBlua¥l Caline
el ol (33158 it Latic syl




el alsh) Ay ALl oul3 By Sl RS Sadmyp Y el W
Bliey (5S0) Lnadly daalatl Aolatl denzill slgll 26 eigmd (ol pllasll Lges ™
Bkl 2 Lol slsll B 3 yuglailly Gl alnl liadll Loadys 1 Al e i
(Raselndlg

Ayl Jalmll 2. (g sall Sguay sue W

2 yushailly ol 338 o1 Bual s (Ll 355S501) baslead! Gl 3,00 @l izl
ASLall 2 ezt lgll s

sl slgll yilgsae W

skaidly e N 2 gudly Glell Gglail) sue m

el 31l 3B 2 ke Ul Zeciill clsleall sae W

2 Loy Aladl 0 i I3 (ye Beill 3lsll 2 el p agiiud o3l gl e Lal
Aglaill gl el yo dualiy Arsladl-de liall 381 egdhadl 2 Adley 331 50 ol T
2 pglailly el 55 ) Al ) clualucad) sghatg (301 U1 Andeg 2zl clplaat) ygkass

ezl sl

el 151l 235 2 Baalil oaand! SNLaLl cye b e By Ll Biall g3t
&Sualips 3289 ()9S5 O Aladl olgd 51Uy el pdl puestd Lulial g8 lgule 31, 8Y1y
Bl il e ¢y Sy o Lonll ceeimidl 131 38T ol 391 e alall 25 e Lo
plally reaniiadly ortin Ll ce Soiaill Joall clile @alis o g3gall cyed v Laan!
2 IS5 ol Bk ey yeinn S AR 23a jolas 2 Auiall ol peliall

ASLall 2 ezl slsll A

a0 s ¥ Lzt 3 ol

raligy o pmsan s 3l 1ita 29 1591 LLaal 50y piad] 315405 3901 35030 o
el sl 339l 3,050 Alec 2 3uaiall Adgall Codlu¥) il ¢l e Raniill 1ol B
s poliall ol (pag . Auiailly aslall

S gl pull 5 ey @uect) By LY Limll Al 0

eobies Bolal libeally Colludl HLasY s il oS0 Lle Llsy 2uwisls Al ®
bl Sl 58T a

bl @lae 3323 Glent aull jaekad aplid Bagieal dasl L) W

Ot (N GUESTE NP DL R TR DIV HIE [ (VS WVER 3 E YRR WRR T
‘ol 2

W%ﬁ.@)')!ﬁéb@l‘u)h&&‘}n&@ﬂ@ﬁ‘ 9‘)—.""‘1‘4\"‘;‘“‘)"1@@5@1‘-“‘3
Slall 2l gl (o 38 Julad Aas A Ot 2 onles el pd 1 sl @i (L)
cJEius g’.‘JL‘.‘ (2985 @adg

o sitioll slgoll dyayilyiudl iligl ¥l




L5Le oy syt 31539 Cpims (o iyl 3,15k 350 ISy 120
0)S3 G LS andill ool 3 el po Zland 323 (5 i b~
Sally eloally cximbl e w3l b alipl o) wtt Ll
Al cco,all gull Llad olS yally enlaalsdly Loudl 20 sl
R R LRI (P P R AR N PN
o) Bagan sl ALl () 13 (ALl 048 don gl Caliiea 3,155 (Rl
i 2 onlagll el s Gle 5080 (98 a9l Zleill 3823

el 3,500 2y Zaczll sl

sl (S ! alim ¥ (ye sute tligs o yall sl e Lal
el 305l s el 2 Jaall ALa3ll LLESI 530 3 Lal
din yas Le B ol (S 3 Calg 1 ol p3a ¥ @l 3 2ig,l1 W
a3l Ll GUazinY Jeall Gou

AL 1 a1 syl Gl i Loy clulud! s ®

.)J_}’aﬁb&:_.d‘:%.)‘ﬁj;b__u& ‘M&u‘ [ETPNCIN |

ol e ol 31gkl 2 oo Ll s 3o 3a) Alaidl 03A Cacas By
zalis juslais daalantl-deliall 551 s le 508 55 UM (e cagad!
oy Bans 3S1L1 00 (ysSiy ccolaalodl 2 oozl slgll L
deliall 2515 Wly comdld 2a 30 @llelly suadl Ol w9 359

ERRR AR

o sitioll slyoll dyailyiw¥l ciliglg ¥l




agant
Lally aglell 5o 5elluge Ul Apos
Bpasad| 5Salyl 36,5
Ao Ul oLt o el Aeasshl
Lailly aglell o sellase Gl Adas
Lanlly aglell o 5allase Gl Adas
Sgaws UL daals
Lailly aglell o sellage Gl Adyas
Jiayall daal
Sl ¥ 38 yag umaniil Jomd Gl adiine
Olebally glaadl 31559
Lanlly aglell o 5ellase Gl Adas
Oalally Jo,mll aga clll) dasls
Lailly aglell o sellage Gl Adas

o sitioll slyoll dya ilyiw¥l ciliglg ¥l

Aas)) yuslad dles -1 Gl
RY$1- 4T

St malipnd Applanu¥l Aimlll cayal
5aiail o (Al ola sk e Aol
Slidaall pand (Yoo A 55 B Jae Adls
by Alall ol clgadl Calidea (e 531y
2 3Ll clalaal Gle Joall 23ls @3S
Bli) gl gl pull Botme ezl sl
el o yiad B Gl clidaly s LY
Riomll i yon ALl Ll ctasg el
! t}.wg” 2055 e 31 3 e glaadl e
sl slewl G Loy Al cilsgiue 2
Jaall B3l 2 0S5k 3inl

QoA 31 9b ) A el 3t Ay i ) Al
sAa AT gt Al el yo Aol | Joall Adls 2 (58 sLad

el ¢
el o 3atlane oy s s )
Gs @l Y

ool dame g yem e a Y
S dazma (y Gyl o ¢
spandl @ual il s agal 0

(S s Awbgd.ﬂ..\..m.é 1
led! ..u»i.a v

Olagall &!mwﬁu.; A
Slexdl @ualnl s 4
éﬁﬁdljbb@@b.: b

il @l el o allloge s 1)
crraxllggl s Y

ol ..uw_a\ VY



sl oig S0Ludl aa i pb 9 Sluyd (aay 1 o1 Gl
sdlastloia slael ot ey Gl aa U G GL e

Ahall Eugomy e 3,005 sl onSed (V00 Y) Luwaiglly &80 jaall aglall cagomy (uloms
ool dSlell culaals 2 5lat) psley dua 2 G T ddgs Al sy dauad] sl 23 0=l

it il g 31 Aaindl 535 (Y +) Bl Bttt il B 991 B3 ¥ (St
Y Ao

LJ}:LLA)._ACﬁ)E: Jdeaad! J‘}l‘ l_g-_“ﬁ‘ju.u! lub.s (Y‘ ‘V) L'Lau)suu_b.ﬂ‘ J)}&jtu.u Jgas

.\'"Vu.u.!a.ua.ci

g gl el o clgan g3 ASLall (giae Juloi (Y2 +V) .abqiug_b_dl 3)yganlin ugas
.Y 'Vu.uja.m.':? glita yul p 33 LAaoad| )l}“ %L_géj_c.w."

.LALCO:\JLAJSJ.!A_] J..LZL.‘J.‘ e}\.ﬂéb‘jg.(““v) E\__S_U.A}?l P N 3)‘}5

o sitioll slyoll dyailyiw¥l ciliglg ¥l




www.kacst.edu.sa



SAAYELLE — LAAY000 : (i8a
EAAYVO : Sl

VVEEY (ol VAT L e
Bgagadl gy al) 2Ll

www.kacst.edu.sa

Aianlly aslall 3o 5allage cllll Aias
22P0001-PLN-0001-AROT : 4z 411 o






