IN'THE NAME OF ALLAH

wryglia g alaiaaiegle ylig
wlayuagf glojlw
Jlpl inigin g tnalc

0dj S sz pb
2i)le> 59995 y91g—i0ylgiinr gl
=2i)l9Z ol oylgiiins Urodiiig gw
w2l Ulg= oylgini hrojle o g

1ol Widuwl



y
- /w
‘. 4
— = —
S —
5~ 9 D s
L]
4
~ S\ e

Ll Tl

2 93 g0 YU Wl T cybos] 45 1 Lo 51 ilaS ighits

(\ \ ‘\J] deL?LA 0)9&:)

i sz 1b
oilles5)9Li8 g 5)91g-ioylg i idgl
st ollallyssmlpitir puatutinen | T
wai)les Ulgz olginiie Uo)le s g Cuus



\J
‘ L?‘ 525,195 Lasy) w%

B oo
=

ot g
Ol‘ﬁ"u;‘-"“;uakguoﬂmu“.)
Vo) andal

uib sy b
\y 2i)lg5539Li8 9.6 9lg-idylgidicsalgl
w0i)lg> Mallipdylgisior pandiuiig sw
wails Ulg blgiicr (400 9 s



SR gl e eg =y g
@ wlaguagj glojlw
Jlpl wnigin g wnalc

Aol
woj)lg s lndylgidus

Ulpl Gz g ole Bl g gy Glojlu syl
el Loy le 5o t o ya o
Suiz aobld g ou>) bgj e6)Si ) o8 i (g g sl
2U2) pay0 459 1 SOl i (g S g gl
(Rl Olads ¢ ,63T (S www.raybonads.com : )T azdwo g = 1)b
Al> Yoo 105,
1ol diduwl : )Ll gy G
www.irost.org :0lojlw sB g
oP1-AFYYFVD g oP1-AFPY YY) 18)lgidis ailspus juled g ol
www.khwarizmi.ir :0)lgidaz> s B g
Khwarizmi_intl@irost.ir 2 S 9| Cowy
i sz 1b

ailes6)9Li8 g 89155 dylginiiier(sgl e
2))lgS Halliylgidier uadubgisw
wai)les Ulgz olginiie Uo)le s g Cuus



A

\_

oile Ledl i o)lgiiia (i g o a3 (1o

83y sz b
aile> 5958 5 6)9Tes oylgiiiz (gl ouiSp sl b
ols Lol olgiii (radub g o S slag b
eilo> Uls=z o)laiidi (1uoylgz o Cuny 0j S sl yb
&y yiyl)S

84Sy sz yb Lol

Lol go

abgls olw

rouasi 5leag)S slug,

oyl ol

8 soy90 2> BujSy el

89 83238y Uinkes Byma

0i)lo> Hadl m o)lgiisz a3ag B40jS

o)l saslgiiz bl

oilss 4ol S

(yLasdl Jlw

1
1A

P
FA

¥q

i

Py
Py
P
Fo
w5
Py
EE
ey

ouj o oz b

oi)lo> 5 9Li8 9.5 915 0ylgidiz yulgl
2i)lgS el dlgidir aniubigisw
w9i)lgs Ulg2 lginina Uoles g Cuus




N\ | o U | Y

35 9 ol Wglas el ey

842 9 Sudod a3 le=> 5o Gngd e isls Ropuw CVg=T Judo 4
@ (1 0glle g Gl iy jl i 438,00 9 93 S 59 Li8 1 61050
axwgd 3o Golin Olhusi sl ( humxe Cuugy Olass 399 Cle

Ll U Ol )50 5 S8 @iluo yo 5)9li8 9 (5)9Tes

Gaoye (1) 6l & i) sho gl pisls gl es, b
5 4il)glid (6)9To5 4 (2 Liwd diajli g wjlo (Slefug Linds Culd) 4y
G2l gl i (558 9 (5)5T00 unsS jolhie ay pi iy (JBIS
5 619199 325 9 s Ll dlaidl e Jinls Coyuie 4y 29 8185 agu hlo Yl aswgi
ailei B aogy Glol 5L ¢ls isls gl S, (sl (6)9T95 S bz Cuwl (69,00 (5)5Lis
LS Bax | 0g3 (60l ol isiS shigy syl o
61918 g 5550 @ az gl ety 8T Jlidl g L inslo cadgin pU 4 (sje Jlaw o
Usl Ul Gimiio g Gele S it gy (yloj s o 4 Jluol L c)lo (Slajug Coonl
Uloz 9 el so)lgiiiiz b guiam g olpam 50)l92 (5,918 5 5)5T55 o) lgidaz> 8)90
- )15 50j)le>
«5o))loF el o)lgiiiz )9 (i g w 095U L 9 (8994 (650w L JLuusal
Uloz o)laiddiz )99 (ueylgz 5 G 5 ajylo> (65918 9 (6)5Te5 &ylgidinz 8)9 (sl
S gl lojlu sl 4o awjl g 5 | 6)ljSiedS (ol el puiuds (0))lo>
10 50 (31855 S5 (6)9Uid g Wildndizeipole yljg S)ju a0lgils jud g Ul imiuo g ale
S y9uisS ylwg Gl jl ilaiaddils (e oy S b alli da pale uladus Ll o
Jold eud g 00 jU LgiT 0 b 53185 UL (0ylo> s aaylaiiiz (5)1i5,0 b (lojen Ulg=
oVl (ol el g Bl g0 s Lo g (oS (3 im Ll g T
1509 Uinled 4 ol o (BALS &S, (§g) i
S ayloidiz o3l Ailoyns (b2l diueS (pauazi Srog)S (gl prixe Oln |
Ul Gimiuo 9 Gale sl gl (1 lojlw calis (sla iy )0 ) Sad oled «(0)ylo>
p2led 50 (19548 9 35S el g Gle 80iiS Cule> Solgs Gaizxen g

Olslej guus
b)|9.1.fb.? (M0l § Lo JI
o)l el

i sz 1b
oilg>65)9Li8 915 gig-idylginsiz (salgl
waist ollallysomlpidir Guatubaren | &
wai)le Ulg olginiie Uo)le s g Cuus



wnyglia g Gil6161i agle Gjlig

wlaghagjy glojlw
Jlpl inigin g tnalc

ouj o oz b
w2i)leE 6191895 915T0ylgitir algl
oot ol tylgiiir Gasiniigieuw
w9i)lgs Ulg2 lginina Uoles g Cuus



J9Ud9.s5)91gi Uglawy)

FioaalS 9 By L digo poual 89S .
grb ulgie

_ Sh=lg s jlwdwi
Ypao @b giciwy) L gian suac sl asus

Gag Galad | gy

IS (5140 -LbgS bl e | Lodsly wuiLusl

Ol 85151551008 g (s wige sasisls | o (gl dusawga

grb oSz

Lo (i 9 (5)g LS es Ll il J i g Jo cuollaw (g (93 UgS (sl iz jo e giuae g jl ojg ol
Lo ubhass sl uiisle g (Embedded Systems) diags (5l piw 3o e giuas Giigh (5305, 4.0l 0 80 lAiwl
b e sl aSid > o caiiinsn YU Olusle Cucpus wiejls 5 (5550 )b Cudgaze @l oS alam (415 (sl S
39 i8S 90 Sliloc suac .ol 83yS (s Lis Ligiy E1s sln il 51 S UL Cepun 5 Sl lgs
3ySoc )3 Ll a5l elioe (ol Caepan g Ao (g3 Ui oS Cowl iy il Lpd Glulxs ras s assds
Jlazo o SolUTyam 90 4 plgi o |y il Jled @ilgd alpam ay uiyile b Oldec . Cubls anles dilobu IS
(65 bw anit 5lo 0Ll b b (5T (b8 g ol s el oy Sy o 93 130 (8ly o (il 1o S S5 (6 Lwsao
S sl jg 55w ol sl (b giunypan) ala8 1> 5 0g 95 Glgol e SeIUT 55wl o . Gl o sy 613815
g 4l )l Z)l5 aSud bjgal g §)lde Sjlwd e Sl 2y Bl g Gl 0 a0l il po Clilac plxilg
(6 Ln) i s a8yl 51 s 5 lsas b ool sl o a8yl gyl s aileLuw gy lisadol LB il (paiceoss
Gilwooly oS Cuwl suui a3 lailwl YU e juw g Sl by (850000 (195 b Uiz s 8000S puwidl g 80iS Lpud (ap il
23l 50 pao b Sl ey G8jua0 il b il led Rlg5 iz 5 Guiyslo o Gldec

A 8 Sos (b5 sl (1
A Al GBS Comwlus ials (Y
igel e 30 g
g 4S5l e B ial531 (¥
el ploj Sials

) Ky l. (Ya)e k crossbars
A - 2n columns 2n columns 2n columns
Apprexlm‘jte Absolute Leading ll)Jne Detector Truncation Unit 2n/k columns 2n/k columns 2n/k columns 2n/k columns 2n/k columns 2n/k columns
it it o e— —
B & 2 Ks it Koo Xjeamet
""} n‘d - T T L ¥ His _ . . Xnsd _ B . . Kty
Tog! : : : : : : : : :
2 o] & Xon Xt
zero | sign 2 X Xor X
kB K nety; netyn/i,1 netz,,; net; netyn/i2 netyn, nety netan/ik netn
A
Sign and zero L+(Ya)et(Ye)eH(Vadariox (Ye)arx MPR; S| MPR |
(AxB),, shift Unit Arithmetic Unit I
PP 3n | Detector Unit
2n 2+max(t, 2h+2)
< J \ J

GOl Jlzm s (o i 0SS 0 b 3 Soilonds Egman omas LA (sl sOluing SPUT (g5luosly I (Suilod

sioslagyb
oilg>65)9Li8 915 gig-idylginsiz (salgl
waist el ssmlpidir Guatubarea | A
wai)le Ulg olginiie Uo)le s g Cuus




q

$J9Ud9.5)919iPgu L))

93U 5 5)9Lid Lpauasel 09 .
gk ulgis
djao-gili gy g jWUlS L lw g oo lib
Lol glmoole yiu jriwg isll slp

aolisle bo | pz0

el ez sgls | Loim |y o Ll

b..uu L,L:gg o Bislo I)lSAD dundun 90

grb oSz

SaiTj8 @ i8em jL« Suij calize slaauoye jo (T Gindi i 5 8y 9 Gowsd ple (19589) Cidyiiy Oiljlgo 4
2o o (558 635)18 @ jl b ate Oled (il J8las 4 (sl G e (uled (s9—w jl Uiy L6
2ol & B aiTy8 (6)90)g Hw e o ol ey Sy bia (il Jgaz Sl -l GBI Yl )0
OIl381 L ) o J 854y (590 ¢ 3 Lo 00)L (59 4 i (5505 L g (53 LaiBl e ldo (13900 pagaw By jledpaz
Ouljl golasd 4 o Fwl 5o leygjd UIS Gindi cunjbuzao g (G50l colaidl aie yo ¢ lidi=o (59) iy sl yi) >
995 0 i 0 i |y oo (6L T 360 (6L oo 1 il

e AT 505U s L g (o> b (1 juw (5518 (lgie ay jiiawgyiSUI5I U 009y ()T s y0 > 25k 4o
g Sl (15 (S o g 511AT .09 05 050w Sl )0 gyl (S lo iy jidw 3 lge (10l §25) S 9 244293
aolol 5 ol o 20wl (695G g,501 (5l LS5g U ivsiom T subpustn (6leny i Lusgi Ui s s g >y (gl
&9l jiiaw (Sl 0382 9)0 9 030295 ua (5 Lany iz Ly (il gy o Vol (L3381 g ok jiiaw (509l BlS e U1
abyz 50 Caranl b goole it o s bl (lgic 4y (6ol ST LS5 g e iy liiine o (1935 Ly
Wl (5l 03I b ok 125 (alansig Sl giS it L g Lo pb (aizeass sl 0 00 Ll gyl olga i
Gl 2 b (ol (5lad)glws JIVL ulide jo 2g)ls slaesle vy (ol jiuw gl o

ouj o oz b

oi)lo> 5 9Li8 9.5 915 0ylgidiz yulgl
2i)lgS el dlgidir aniubigisw
w9i)lgs Ulg2 lginina Uoles g Cuus




J9U995)91gi Powas)

S S0 L digo (Houaseli 09)S .
grb ulgie

&0 Wi B U iy Lind dilobu

lb iz | 520

Oloylo plalw
Ol uiils S, lgd Ll Qo8 g OT Sy (g5 o Buiils
3l 21 wiaigm il ol b

@ 1

610 25 S5l adgi Sl adgd s 50 99290 L8 g L)l QWIS 1SI G 9)ls S92 Cuoyd (1l 5y ST o> o
L8 b 0T aS cuwl (T2 ailgTed saul .ol e Jud i (S ) Lid (sl SeS 4y L1 )Lk o> J L 50 05
2 5 4 Gayoi GRS b (05U Lind dilel) ()98 (il o 00 Cglum (ayoi S 4 )L Jul45 s ohaian VU
2354 0 g5 b oSl (6l 0T S lnagyautn (651 1w Gl yo L Jodd5 Coull (eud ¢S )L
Gz or> L8l pulais ailels (ol dlad e 45 Ldlnmie 9 45 )l S wieudign |y (5l O S (S Lisd ailoluw
S (50 SaS Zjigd ailalw 0w Gl y L8 1 U T ds e S 4 9 00500 a8 )

it

Wi

i sz )b
wailes6)9Li8 g 8 9Tg-idylginiiiersgl
st Alalisgoloiier g s
oo Ulgz oylginina Uss)le s g Cuus

lo




J9Ud9.5)91giPgwdd)

S B g pouasel 89)S .
gk ulgis

_ Ugajlgpasibi g jlusiol
uilejl Jolw jo CFM56 3 9195 9790

Al lowlen Blio xSy | (620 (ylojl

saljyau> el | 5pz0

Zrb sussz
Slelg soliail o> 480 (izam 5 (ES3e5 GLwl) )0 (low bolas Sl jli 28) 2 sb (1l chzlBus
b o ol Lile Jleisl
iz Ul
19990 Ul yrowi g 95905 lge jlidga 65 jLidyge yoguate lil Gaelig S b > 1yb ©
29390 UilajT (s biadlgd szl (61 j L 990 Ciliag 9 G Il (el g LS Lug > b ©
Uinle)T 58 Joaslljgims a1g5 O
615 lanlom 1 3V jaze A1 j5ige Glahd Uiliesi uily8 slx)l O
Ll ol Gisls aSyb (6) 8o Lygige jlgo tilelnd o lus g S biwl (oYU o Bitws cus lu g > ©
625 5 L1 Wl @l | Liles Usome 5 asin g bosylailiul b aslimlsS i1 ©

ouj o oz b

| waillg> 6}9'—3996)919.—5")'9-5-{“4?. gl
w2))lg el dylgiiier uaiinigisw
w9i)lgs Ulg2 lginina Uoles g Cuus




n)glia g Glbi6ai agle djlig

wlaghagjy glojlw
JlHl (nieip g thalc

oAjopslagh
b.OJJIQDuJ.LOJIUJJOJIQMLD'




1o

Sldawgi sz jb pgwds)

FigaalS 9 By L digo poual 89S .
Zrb ulgis

29 CuBlio Jluwazlg

Olplle Sllhe glio eS| gy olojlu

G Iw (5aeb Loydo=a | oo lod

Ol alem 5300 5 baoBogsd Sy | ) Sa duswgo

grb oSz

352 eyl 592 9 Coll Cublyo 30 il el oS i )3 bl 3190 )3 )l Cuadlyo 4> g 5l oo laiwl
bl 50 (65905 (S Bagy8 S uwlwl sl s i)l

6L (iTg Wngol oS §akiold 51 bl sais ol Lygaoly U1 (bl 5l s L sl i1 S,
boalpd (3185 a0 Copal (ol G i wre 0028 (1l jl ooyl Gl ax I Tz g il o Lalises
a2dUno U 1 Gl s s b (il o Uy byl Gl alg 50 (6 lg5mam j1 U ©USie 5 U515
g 9 eCuBlio 70 (540 )3 392 90 LLedl (s syl Sl lgiT ST (SigSs 5 Lgasly LS 1S Elgil 3285
Saains g o palys oV sartgl Slelbliylgz b o Cublya wly 5.5 e (6l Sy &y bguyo lellbl 3155
BB gy calie slaadlgo (il o 535U o WoalBogys S g (188)S 180 o b pusw .09
o (65w s EMIT 1581 0,5 )5 (ageoly e goxa 9 Ll (3o it (sgallgial (e 9 ba (piT o b g oo Ll
O (g5 o cloylogad ko g US 15 (3285 uyps B8l 03 ) auds plowil Glas Lo a4z 5 b Culgd o ol
BB Sl pilid £ sl (izeats . Coanl e bl )05l b @slao oS wiglhe bulid 4y (pliws el  az b aS oS
Bl 2l g o Joko 1381 g0 30 RF S5 15 501iS (8. ab Lol s LTl s g o0 Sl )8 3l (5lyw o0l
ol 418)5 )18 Gy )50 LT

ouj o oz b

ile> 6 19Li8 g 6)91g-ioylg i il
oot ol tylgiiir Gasiniigieuw
w9i)lgs Ulg2 lginina Uoles g Cuus




Sldawgi sz jb pgwds)

L-’aéb.buaa.-aﬁbg)s ).b | .
Zrb Ulgis
S lwg o= hb s jludingy

Fouued sblavlgh yuls glbdiub

iy o (o eS| e olojl

S oloygediw | suisles

grbonsz
O 05 6l Sl 6L U plgs (65195 oyl bl Juds e (6258 Lo (s Loglgon (gl (5L eiiunis
9 6ilar Cum Mo )3 pglaT g Loyl (ol ypkiio 43 g Lawlgm o s ilgm sanbd & glgie 4 gLl SaS g
599602 5395 oo (e L) Lo lyyio g ool b by ianlia ilyaomi g (510455 SLoliJl (prizeon
5 g3l L 13 . g (gl 655 g i g i Ls e > b (ICAO) (5393198 Lol s 5 (CAALIRI- (Ll odlsl
siszo @ in 1 (o pubis 3 USn b U s (ol (s (MDA VY S l00,558) j9uS 168k (1S9
oo s (ol a5 L g > Iy 390 8lpas .. g asehad (il G983l Ly Gilods D929 pute (e G (3Loj U owlga Lso
28)5 18,5 s giws yo (g ToySac 55 dgags oleel (328)5 415 )0 b
5 (DOA) Design Organisation Approval ,>lb GWS_is sleaaul o9 pj¥ etiio ol lym
Olg—ic L Lawlgn (59, )= wimas GLinjgxa (s—sizxom g Production Organisation Approval aJgs cilS_id
Ol 8Ly amy 0 1PAY YL jleainyS 51 )gisS (gil8 2o 53 g1 51 (STC) Supplemental Type Certificate
(ol g i yoc Jgb Giuli8l g (ol ()15 ros 43 39160 y9kiie a1 8L lyoiwl g JLeTlm ol (,81gS g lnasu)U
o planil 23 ©LolutBl 31310 yiawy 3ol 5 695 161058 o (155U (5Lnjlus 5 cingy

touds (Sjlwdings Grerly sV Ole > b )

59) 4 2o oyluiliwl 4 azgi b 5315 gzl o> hb P

T lyz | g g S awaimn b aanliie Coalied @jo5 1 4293 b inloyS (gl (5505 g oy P

T Sl aiTyd g Ll lgi slge olyb . F

(Sl 4 o jl Oh> JSaus Gjlwdings .0

Cughby 3945 jus (13,5 dguuue W b a>) LSy dwain >hb .5

| djopslezsb
2))lg 5)9Li99.5,glg-ioylgiiicr (yalgl

waist ollalysrmlpidir uatutgwa | 11

wai)le Ulg olginiie Uo)le s g Cuus




10

soluis syumgju

679Ud Cuuij pouazei 09)S .
grb ulgie

Sl ilo s glndigal jo osbus g LSS paweg pSus

2

oY

SigdonaySas | posazl dissj e

Lgw puds il - plgs doxa I)S.u.l.bg).l

Lgw (5))9LisS pole o Bliuils I odke duuwgo

grb oSz
i e g (1S s azs2 (51385050 Sl Cueal ghlo byogySie aS (ol b
Ll oaile (8L aisLib obj lade au jgiom Lis xhaw o o (gTRuje5 9 E 95
5ol 1 Lo o bl 35 2l 1o 833 33 (5 Sy o a5l iy
igad 5359yl leid ) 29)5e Cumez (bl o 0 e 9alie pailgis oS Sjlw 0
Alie s aiz 4 i) Ol jlesliiuwl g (5l diagr b Lo paled (2 bulids
4 pxie Olasdzd (1l pap 5 S S Lg)Sie (L8 Cou Jolu )|
lai)le &5 il S sl wg)San ilg Rjgd Cuow 4 wu> Sla iy S ol
G 19550 0Ty &5 Wimd o YL IS oy il S S sl 9,500 O
&85 Vb o 500 Bloagz el 6yl BUS 4 b 655 b e Juizo
b o ol ey Cuwgj Elgil plad G o
i bgd Lo ()T Jae Jausiliz g oz )8 g Loo (6351 -iumaz 5,5 O
aS 02l yigr pa8 b oS )0k 41055 o L8192 g WTo S alge 45U
i3 5o s Sty (g g CT G 4 aigS S sagySis
o g B gl cunlio sl Sy Lol Sl oge 5o plS Blgi o
Cublags S sl piusweS|

4ol SW)

511 9o G155 OSyue ol il o (gl ) 55, 65l g W (655 LS pole olLisls ,Ldils plygs doma 5iSo
o i Ll a3 Lo ol 203108 W Wlasgl o Sl yo |y [iSo Ly a)g0 9 03,5 8o g3yl o il
Mol w153 o lasions (ol bl JSpoio GBS § S U asiye 19ySao Gz 910 g 3yShos i b 53,
B0 9 Glos Gl slasiuwl 3)50 )0 daz I Hlg2 Ol 4 G saiTsolas) g e Fwl G pivg $le )
03,5 Uil> dllan Voo jl iy (19iSU pligs 350 a0 18 Loy Lis| o b () TL Cwjon Wlagag0 g olS (Sopiws
5 5l5> ol .ol 0 Ciges S gl g ySao 8je> 40 (igs Glarazs a5yl gl Lalie Lele Glaolisg) ;o g Cuul
ol 0,5 by (Wgu ) SLU a&iiils 5l aloz 51 el (s g Lo calizes 0l Lol

ouj o oz b

oi)lo> 5 9Li8 9.5 915 0ylgidiz yulgl
2i)lgS el dlgidir aniubigisw
w9i)lgs Ulg2 lginina Uoles g Cuus




solis syiumgju

93U 5 5)9Lid Lauasel 0
gk ulgis
asllbo g Uiglaio s Wjld Cidrlw g o b
U5l iU s uinsys 9 ay diswlg yolgs
(2 Bl Gogez | oS Kl Ten | S

619Ul | roua aiun)

SiS S i AlS..iulalu,oJ.;d.uuuga ‘ ‘
- Y

grbonsz

G Sl Gyleiope Gojla b waz Blgegil jiiw g Gahie > Ib iy (PEN) l50gilij L8 wdige 1 bo Olasixs
sl gl el cagaz (5lygid UIS s L g ol 50 (T 6loasylS 5516 4y aiawly LoliasiboSosd olos
Lloe 58 )5 aSl ol lalag yo Lgis & PEN 590 53 @adxs . Cunl jSyaio SU g5l g Swigyasl (-gi0l)
L H-AU, 42810050 Cyguo a3 Wb 318 5l 502 5Ly i Luwgil Cudge b Lo e J o lgice 4 .l pgo ) buas a0i
,L oJgl gl 1y H4/fecand fee/2H/fec jlag o (5318 (sl aluogili g cH-Aus o (jLg il «(hep) wglai (5)9ls aSuis
Rh g Pd. PdCu. Rh g5l cilxiingili g H-Pd,cly3 63l g Wb ) laie b (5l )i Luugi U (paizeats . pal ais L Wi yo
130 (5l 5oSI1S 63 el 1 gl . 2135 drgl Lo (5L 315 gl HUL 3 0 355 IS/ g0 g i
load dis L jos (WS,c WSe MoS,c MoSe2:. WS2xSe2(1-x) MoS2xSe2(1-x wsluS)s ol VI ag)S abawlg
i) 45 ool oy 2010 (3L g Cowl i (s oo iUl gl GiniSlg 53 OS5 (1,5 1o i T2 193]
0s oo PA3P2S8 LSy i L (g 850 Cacl

Phase-based heterostructures

Crystalline
Amorphous

Hhase
2 ngineering of
\lanomaterials

/
!
\/
Direct synthesis ~ Phase transformation L

4ol SWj
1990 5199 (5l J Loy a5 as Sz il jo ) 95 sl 398 5 s L) Sl SOl Tom yousbyy
Jlw o gpiSolw wlaus=s oLl jl Gag il gLL a199A Jlaw jo oS0 s Biuils joly ag3 ghiSa .o)S waly
)94.@9)...{ Ug.lSl 9 ..\)S Ol J&i SS&in P aBinls a Polq LJL-.U).) cCwgw LS.!LUL! 5)9‘.@ B sl @Yool
i shlo (ladxe Cuud jo " g (PoPP-Polt¥) "UL ol wl U () ladxe " Clwygd jo . Cuwl 8lgagil —uw)S 9 Loy
gae il ) be gl wl)Lxidl.s)lo I, 8 (Clarivate Analytics/Thomson Reuters.2014-2015) " £lo (saJlas 10
o8 eiugojul=g (kS_IQSJQJQ aBisls) o Biuls Cdgles Uadl s wisduls s> ‘l:gg)| pole eOUT >,
(WCC) ilaz LSy i

sioslagyb
oilg>65)9Li8 915 gig-idylginsiz (salgl
st ollallysmlsidir Guatubaea | 19
wai)le Ulg olginiie Uo)le s g Cuus




soluis syumgju

35 s 85l 9 5T)edbie e 3lga auai 09,3 o
grb ulgie

giliJilixio dlgo jiiwg > hb
org Jillis j il opusd sl

(i Bl5 60002 | oS o) 09 KL | )8 g

Slga ~oris | oo disoj

9380w S5L U 598 o Blissils I odke duuwgo

Gil U2l g Gjlwayusd Lalike 51 (5)5Li8 (6 )i Ll asuz slga jiiw g o> b 2 9 j9—au8g s 5 g
b oy JU1Sg,5501(5599) o L s S 58l i gaws (Lo g bawelan (40l ) L o 18 (5 Lon (550 o e o]
B §)laza b guiSlgy il dlgo wol) S jiiow 9 (IS = Ipb Sl b s uaz S50 9 il gie il Oldidkz] . Cuwl jSyeio
29 olinl gl suael Cuws 4 Gaoe (ivias 61358 4 b ojgTcuws (gl ams o diljlislgsd s gha |/ OluS)d g aid)uing
Ol (535 Glw e jl GuSy5 b sl LSy pulidegil gl izl g pp /)b JWil gl bl yoguas
i e yo il ol o (el o leaadig 51 (5o (69U 9 dwwaion (65l dingy « SuigiSIl ) lis Luw 4 boguse
i U yiend g Loilgun (6318 (oS folib LI 65 5Lyl L (gl iyl yoess stz () Ug3 (5Ll Ly

20 (50 L 992 1 b L B9 a8l g Lo 0l o (551 (61 by (Ll (b yiSl yolg2> oS

Vacuum, Air, Ar, Ny, Hy, =
P LN XN
“‘ _’(_-—..._0_' Triple-shell Yolk-shell Porous |

Thermal annealing =

i

Frame Hollow

Hierarchical

4ol SWj

PooA Jlw joly g5 514150 S)uw M.mg)yls.uu Lo 8BSy jI Yoo Jlw joaly ags LwliuiyS tj).\.ogJ)g.még).g
(S (g o Jiti SUS Sl (i 0Bl ag ol glgie a5 Po PP Jlu jo aS 0l 3l g (69 -05S bl (J5,S o Blidusls |
239 5380w SGLSU 18 o Blisils jo 85yl diwoj yo (Cheng Tsang Man) (e SGlud Siz S sliwl g plad ol
.S 0 culled Journal of Materials Chemistry Ag Science Advances ;g s alxo jus (lgic 4 o> > 50 6l
e b WL gy B wigo (5035Tg 98w pale Lo ealSTauac (lgic 4 PoPV Jluw o gLl (uizos
Caawl 03,5 e ole allie PAo )l its (6o - Cunl (5551 5Ly S (6l i LwgiU olge jiiuw o Ll Lol 5l
Oouol b 51VL o biwl U Bizs (jlgic as ciliza sboojom 4o PoP P U Polt (sl JLuw o lgio Jlaw Q aady ol
.Lleadd 8520 (Thomson Reuters/Clarivate Analytics) yuSuwind UT cugsyUS /559,

ouj o oz b

oi)lo> 5 9Li8 9.5 915 0ylgidiz yulgl
\ v 2i)lgS el dlgidir aniubigisw

w9i)lgs Ulg2 lginina Uoles g Cuus




n)glia g Glbi6ai agle djlig

wlaghagjy glojlw
JlHl (nieip g thalc

o Dpslag b
U-+0)leor gy
L:J"°JJ|9'9'UI99 OJlg.u.u.D'




19

SIS sBZbPgyal)

S B g pouasel 89)S .
gk ulgis

oilj 59325100 g wadiygajl ol

Gyludgs Gruas s | (g0

k)90 Joxa ILo.Lbl).)L’Lu.ul

OLd8ga S50 - Lauyl isiuo o Bty IJLS.O.D S dusiwgo

grb oSz

Joe Bo000 ailluw cylil o . ml 9l jg 0 LISl Lo Wis yo Juade LinjSule gl Jos (105 Jglaio jl 5
Ceb Ty ayg) 255 310 420 $ob) Bl ainj (o §)lgubss o oglle o (1l 394 50 p il Juade yaug=i > L2
oo b ghlow sl jgp il 05 plxil b jig dude pae g 9)Slae Soug Sh— (0L S UL U ouis
912 5 pao S luo adajl.50)550 055 Gole (Su) 4 wilgly Joe jl gy U bl o jo (Hlouz b i |
120 83l Jax Uit 90 (a0 Craglite S Cuwl o Mnuo | Wil . Cuwl jg,0 13T g (5)ll Gz il (S njgpy 0)Slas
Olazidio b 359 b Sy o lawy byl 4 diuny . 43S o Lawo gl jolidiS 5 g0 Jlecl p Bl s iy g Loy
Ll (5950 Lalizen (§ )5 g S lodw 33 S as dunlia (gho ylailil (gejT o Biws dg2g1dd tuiS Lkl cuwlio
ASTM F1223-20 35Ul 1 392 g S LeWbl (5o o 9313 g 185 (190570 (oo Slalidligryb gl
pa o g Glaknd s ploesl bl (e 1o 52 52 11 5 509480 > i g 2 oo )T S digad g il
o> bb 5liays0 e 52 9)5-1699,9 il 4y a2 63 b aiidil (60,5) 5 g pdg s L oS Wy O Ll (G922 4y 0 B
GaiT)8jl g o p el Lalio inio (o 5)1S o Wlahnd Cs L uiuT)8 Guuw «di8)S Cyguo o Bilws (G0 oL
oy guasiow (g8 g PLC ougiaS jlasy . Gl s jlisgo de gaza Culgd) o g2 ol U gjlwssly g s b Sl
315 Loy 0B 4 (gl e (4T buwgd &S s ;> b 45911015 50 Lalizea S it lejTp el o 2ol (55 S bl
D Bilwd Liwdzo 6o Culgh)o .0)S sum e 81,5 Lluxs jo W38T 5l )loges L8 j0 ) jLosyge slaslag
6Lyl 3905 prasy 5o ol s 38 lac 5w awnlie Ll Jo b (0T i S wi plail g bbb abs o)
Do Ty o515 63 gy 59 99250 w5 551l alilgs

A

ouj o oz b

oi)lo> 5 9Li8 9.5 915 0ylgidiz yulgl
2i)lgS el dlgidir aniubigisw
w9i)lgs Ulg2 lginina Uoles g Cuus




SIS 5B 1b pgw dy)

S S0 L digo (Houaseli 09)S .
gk ulgis

w92l syglish jo 5 )9ac JU 9 guy CBIE 5 juS0jluil dilolus

aalb o0lj L5 Jul> | e b ViU | s pe

20lj Lwge (> | Ledaly 3 liwl

6955y g 50l lejlu - lygs s Bisils I)lS.o.m S dusiwgo

grb oSz

2L Slga ¢l Slga e Slgo JWTI wble Lo jl 6l 55 (Tuinb 6518 9 Bolo - a6 e > (g Ly=
Jbw gl JBz g Chle (§3sdist (6305 ojluil g (Slohd s oS 2ylio 1 S5 .05 50138 eoldiwl )90 ot g
pouwpe S big) ;b )3 e Cudgazxe 4y 4zl b Cuwl joln o o JUB (gl aialy8 cols sy Oy a5 (65850
Sl Sl usilasal (8139055 3 e (§39—aiut oo LS luw g 2 pb (il yo cidble g B2 (5 ajl]
Loy 1 JUiSuw <8y j g ailobw Gl i 3y ol a9 Y pwlidio ) (690 )b g Wguyy CALE (555051
@S> alius o b g oo 5 bw gy p9u05 (65 b o3l gl « (TS Le Wbl Zly il g sudb ais b ;835005
9 odd i by jgb a B> g Chle g suaTlws i 185 350 g8 Rhada 5 ol Slge Wil ®ujgs Wile b
2394 50 0313 i lad (p)S 9055) Sumigs yugual LB )0 alg) ghio jl lgo youe

| Tomogram of
sediment flow

| Data acquisition
system

16 sensors of
tomography

‘ Sensitivity map ‘

sioslagyb
oilg>65)9Li8 915 gig-idylginsiz (salgl
waist ollallysmlpidir uatubaea | 10
wai)le Ulg olginiie Uo)le s g Cuus




Pl

SIS sz b gwdd)

35 5 55l 9 5T)edlie e 3lga auai 09,3

gk ulgis
dolaiwl vyge Cuughlls Ll gili ydge Cudrlw
Suuiygs ol o

oolibguus all gy | 520

031338 Lize -l 5985 Loy | Lodaly 3Ll

Wow oy (b inlo CS b - Caupl isiuo o Bty IJlS.o.m S dusiwgo

grb oSz
20 Tl aolaiwl dalol o g FoSI ©luS,ijl8) 393U (sl pmg (il gl g il (6)9i8 4y (o Liws 2o (10 o
015 5 - Caunl i3 1,8 453 350 gy 5 CUINS, (CIS)/CUINGAS, (CIGS) ;U Y g siye (5ln Jolaw s Lus
Sk 593U (69 o o b gy (T utgl UM 51 oo liiwl U yuiin I/Ga s b CIGS 63193l LS s e Jo
CIS 0l s iz L yg2 (6)lasly yussss 5 ploes TEM g XRD, DLS. UV-Vis. ICP. PL SEMEDX (5o ju T cotis
«lej yo UV-Vis ziuw canb Gisy ey (o) S jloolainl b g )8 518 ) 950 calizes gla JU> 0 CIGS
039945 JU> ;5 CIS/CIGS yog2 (Lo aS yidin (6)luly Sl ain)S (g2 9 w2 Woydg2> Gaa (HVgb ()l uly
253 30 e (9 $lagY JaSisd (6l ) 395U s o2 ilis 4l (55918 4 o biws caslol jo - Cuwl said Gkl oy
U2 iy PLis al Gbg) e( Gl o -Gl i uy s (o beud Ll Y calizs slan g g 495,148
S sl cbu y3 004 o o> 5058915 0) 365U 92 (5jLlaw Sz ol b pgo (ol aldl aS e dlo | zwly
43855 51,8 3Ll 3y50 SPIro-OMETAD wusS,5 (5555 o HTL 4V lie 43 CIS/CIGS (s )« g gy S sinyos
1wl yj gy o Bawgyy s Joluw 1S ) LS L . ol

FTO/TiO,Block/TiO, Meso/Perovskite/CIS or CIGS/Contact (Au,Carbon)
4l g St pug) b Ll Y. Cuwl o aolbiuwl ik Gl yo Jolw calizes diws 9o yliz Luw (il 4y az g3 b
U)o S pouipe )il b aslite 9 %15 UL 2oL el 9. 4 )0 a5 Joduw (les JLaSl glgic 4 ) e (L
19 SPiro-OMETAD a0l iusSals gl ymg5 (3l ol Cawd 0 g0 03liiwl HTL lgic 4 Spiro-OMETAD|
b 2oz (15iS| e g 18,5 )18 aolaiwl )90 (a2 9 Gl o )b Gl Sl Cullang g SjU Y (Sainye> slaJoluw
Sy 5o UDgp8 ) GulSwg  (suwdye S Jaluw yo soldiwl $lp )l Jgame Sy (lgic 44 CIS/CIGS

suj o oz b

oi)lo> 5 9Li8 9.5 915 0ylgidiz yulgl
2i)lgS el dylgidicr aniubigisw
w9i)lgS Ulg2 lginina Uo)les g Cuus




Sol UM j pguw du)

Ll (5L (5)9Uid (ouali 89S .
grb ulgie

S j S B digD Lo Uil sl olosing JiS)lgigs s by Suus

alids yus | gy

iz o ,SUs -8 Kjglhgo | Loimly oLl

Zowb s lisls I)lS-o.(b Ao 90

grb oSz

Slga jleolaiwl b amwgi JI> 50 Cuepw g g ol agay o) U gl i gy S5 «(PEC) (oo g iSlgiod (i
Ubg) S Olgie 4 gy Gl Wig—b o aiZeSil YU w uudgl Sl o2y 5 90 guie S awgl oS (i wl (590 JLed
h saaz o tuoyd g Cunla0)S Lol lasiee sl gy Cudyding )0 oge Uinii 4 9eb U1 )0 G ailigTes o S
Slgo aal pardds 9 Cuu) buma j Oy UaS o ) lass pBimog) pasdedss )0 095iuuS (6,25 s aa s )l sl
wiws y3 sl bl S loe (oS dive) JUSow :daud jl bilio Judo 4 PEC gy 9SGl 00)S sl ol
G 0)9> Ul asl) Gaauz bLILS (6)9lidg3l jaiune augig )lo )18 (sl 0fug 4255 3)50 YU Cuwlius g Cuan8 gl
215 15 S sl il yoidy Gl g L 39,i81g368 5 a5 (PEC i ppiily b by .l 23S
L el 550 Ltz Vb SoyiSlgied Jaiul (59 0042169895 iz Cadpb b (e 5ol aayi pleol b o>
Cudled b aS55518 (51 spendy a0l 0 9890 LI Gl panly o 5 L pulans Julge glgic 4 wglha jo0 5)lub g
Olgie & oyl @y VT Juidl- g (uobigs  paueds Sl uaz 350g) pdy &l elge (lgic 4 wiglhs 695
ol o gyl eV 8- 1) Ly oiS (aid 5 (0 b9 o) ganiaSy b (2jgp5-L) cobio e () louws (5 ey S5 Lk s
Gial3al sl LS 5 1ol 6,6 Lus el (6531 LS (61 (5Ln s doss (1503 G JLail solisisnl b eyl gyl
2ol OYLAST g g0 LI (Slnsauly pliol b uizas . Cuwl o > [ib )b s Yo > pace Jgb jiins a2y
G 809420 (il pauidis u> . Cuwl sad S el )b JWEGH (o pinlial $lp sauaz (oSl Uil slas e
Il o digl s ySaus Oluoguas J 500 jl e Gdyolail s (6040150 (539,80l wglhae ()l cowlia
-5 o)Ll i) v aigS 20 Uil 4 Ulgi be b (ol ooy e

-——— -

electron
donor

oxidative
product

Anodic photocurrent

sioslagyb

oilg>65)9Li8 915 gig-idylginsiz (salgl Py
2j)lgS alliylgiiicr (unduigisw
2lo> Ulger oylginina Un)le s g Cuus



wnyglia g Gil6161i agle Gyjlig

wlaghagjy glojlw
JlHl (nieiv g thalc

Al o yiylis
w9j)lg> s l@o)lgidus

uj o slag b
w2i)leE 6191895 915T0ylgitir algl
oot ol tylgiiir Gasiniigieuw
w9i)lgs Ulg2 lginina Uoles g Cuus

PR




s laioles diul
JguS ole g vjgliwy

o s Bz b 80 5 i (Sl Sloauziuw CBlin) 50))ls> S oylgidiie
b aS §oly8l.aips 50 45 (el 9 )5 (g Lg—w s ) jgpal pboWip Lo 095 Glos g i
5 o] )3 oe assungi g (1T 6> (12319 g L (e ydun U g LSS

)93 2 33 8ib Sl sz b (Bilg—w b 50))le> slae)lgidiz ailsyu 0L
U210 520 2 85 (S92 9 §)limigd (6 pu5 Sl Lil)S SuigyiSlg (e Ciluiiws
Loy g il aS il 0olgs Lo )L | o |y (gaiauin)l 5 e Wbl SS U caslonid jiiiin yo guos
Calie S dise) a4 JUSI gl i 9 19 g Slisdzed la GiulS « pale amugi loges
1902 5yl 218 Gl udy b )51 o)l 5o (1S 4l dS Jlw Jgz yo 1) 59dS ole
p.uS aslal oTa il olg 5ouS Bojl ‘a)lb pLia el =B diedisls Yoo il i
Uilom 05 U g 61565, g a5 e ilojlow 35S 5 g ey lgiiz 5500
(ale (bgsjl eledplad diT a))los Seylgisina aSLy dgy umlgi ede ladlin
9 Olilg2 Culam 5 el bl jodiuue Lulls g bl Uhgld g plegiuidls §)9Logs
g3 wzlgs jlul dvwgs ay lilws gho gl gy

L,LQ‘GALM|9L,Q.LE‘L,JA>9JA.>9L,L]9..\ uLo)Luug..\Le.J QY alib S dLu.u u.u.wgu.w)..\
uas L oS wildig)s )19 o)lgidin> (ol (5920 g (53l (o> Cwygs o LUadlug
P g (0 Wgauzo oylgiiiz (1093 135,519 (abig Sl 6)300

i sz 1b
oilg>65)9Li8 915 gig-idylginsiz (salgl
wais ollallysmlpicir puatutinen | 116
wai)le Ulg olginiie Uo)le s g Cuus



o)l gin (Jrauiuis g |G
woj)lgs Jlallyw

009351 b 200g5 s P55 J Ly ol U (8o sy oS o)lgiinz o
ey LBl ams duw 1 i gl oYl (6)9402 sole o)lgidiie (1T al L glgic
ol 00gd paws i ]) JaoTudfga g yoiua (61352 )]

Jlw by o b 00080 sl g b 1 (501 dlusl (asw) yed 4y sl aSiul a4z gi b
Cuuygd o lieb oS wilaiils cudled ) Sen b (5xe (lgic s pa5 SU jl Gl (aildS
olgidiz (B335 4ol 13900 35T Ulgi 0 =l 4 )l Sz 24k s () Ko
wiblo g plejl e Cug b b laol> . Cunlopds i wiz elaizlepajyles Lol
Gl (6 Sioi)l aSyxa 950 4S5 (5)5L1095 o CuBUS g dpzel (Cypde g )iy
Pl (50 Dgaue y5uliS )3 (155 (5 5)9lid duwgl g ede (Slr 8 )ing a4y (i

0bbjls paazi eeg,S slaclglygls (g BanjSis aily Cuwyg (8)50 9 piwus
LT aU oo « a5l digej Sliwl g yi i Lo o (5lys o)lgisin (3l 5z b
20928 19045300 (Suia Bum ¢ 8Tl o)) Lgliad S )50 pizasy
S o gl 50))lgs Elaoylgii

(2093853 Gajylos Glladl i oyl (uadiid  w jo by (i dy (ls>1)
22 sty 9 (539551 sy M (5Lt yolas g 0yl g oy i1 Fol YL
plel yoidiS jl 2 )15 )0 lolwl g (Souihd S ladTe udSil ) s lez a9 oS J&1o
B )9%a 30 50))ls3 lladl i o)lgiiiz . 8L dails alosgo yo g b i dy g uid
5698 9 (5)5T5 «Slamwgi Sz b «(§,0) 8 oz b (soluis s i oy ol
Glo b yo Glusl pole 2 4y i85 ole (S dinoj plod ) auazi 09,5 1A o )i
S 5o Cudled el g

23902 5l 2B 9 GBI 2 b PA) Egaza )5 0)lgiiiz jl0)9 (haouindd g )
b 15 slgling pauais 5mogyS amle diz Culled amii . aisyS ob cud culd) ol
b alyl o)lgidis (lhglo Gl as aS oy

(oode s aaibg Gl o)lgiiiz pouakig pele 05) 05U &S glpgls Ol
Wl esgearl) paazi sleeg)S bwgi Golgidu slag b saia) 5 i)l (i
5 G510 2 b 9o slasi Culgd o (solgliiy sop b I auasi $eeg,S £180 )l puy
Uloie 4y W padio il S 9 00 Biw a2 (o) 9ulsS (l oo jl 2y > 2y e
c5d ORI aj)les el o)lgidiie (el 9w GBS,

ouj o oz b

¥ w2l 5)9LiS g 9lg-ieylgidir iyl
2i)lgS el dlgidir aniubigisw
w9i)lgs Ulg2 lginina Uoles g Cuus



U0)le2r 9 Sty
0i)l95 Ule= oylgiins

iy Colesimiuog ele Lilio Lo dive) o oolasiuwl iy g)g iz adsS
6lny9520 5 o igale (1riogo )| LS Ulgie @ (lg2 (hSimgly g (ol Sine o Leyiseo |
e gz bl o il Gieiuo g ele sl Gimgly (s lojlu b e sl dulled Lol
" ai)le (o oyl 6)15550 (Sl )9S ( Biteumns8g ol amolejl Cylos uisTj8
DS oy o IPYA L 4 (1Teyg0 (1ol adslu aS Cuwl 00)S lawy =
O Cuanlg ()15 Gbj)l (51 sl ouumiow 8Lty g 0 Biwls aj)lo5 (g o)lgiii
Caawl oS (Ul IS g

2993 plel 1ol (109,85 aS (g2 o)lgiiiz (aaylgz 9 G (o> L8 1 Ly
oS Sjlan g aliuwl aS & b PoP (])9lid g (ln gl sl ik o 8l dalls sloslyye
@ )l Bl s adol s 9 Oy Ui b eaings 00)S al)l o)lgiiiz ailalw 01,
Slgiding «pouasi 09)5 17 50 v lo iz Cudled (il dsiis . wd Jluyl powaz sleeg)S
g0 ylgidiz (yhgls Ol @) auazd Gleeg)S Gow jl Z b 0o

Szl Glude jl yuy Gl o)lgiie pansig pale 05) GSUL &S lgls Wl
0103850 Ulgie ) 2pb )Lz dlasi (golgidy sop bl prouassd sbog)S las g
s (558 auazi0g) Sl Gl sla gl Cunle b 2 b S aioged o LA
T S5 Sl Luwaige ouaki §eeg)S )0 538 sz b jlz b 93 beid
61918 5 591e0 Uitz )0 2 b 935 95 Sl Sl g (5o lie clgo rouaki 89,5 1 (63,5
LI 003550 03U (6)5i8 g 150005 5 (G0 L lige auai Slreg),S |l

i sz 1b
oilg>65)9Li8 915 gig-idylginsiz (salgl
waist ollalyssmlpidr uatiges | PP
wai)le Ulg olginiie Uo)le s g Cuus



SJ9li9 9,5 )91giojlgiine
woj)lo>

bax 1) 595 (5ymdycols) aiilein L cowl (6950 o S, (6 (6)9T55
0Lz pisls o)1 g S S (e (Hlez Byl o |y Gae HVsb slas g 80)S
Aty 5y au9) oo 4 (guuw Sl R Ui b o)lgem 5i9iS by sLaylib o
S (5)9li amugi g sl 5o (6)9Tes . il oo juoy (1lygid 51 (539793 &S L=y
23938 )l b Jgaze Culgd 0 9 i dTuin)l b O giaz=o )5 o (6)5Tsi (31> 39290
AinlgR )51 S)j0 g buwgin ( Sz oS gilus .l yiga (5318) Cujo s 4zl 5 9 UL
Gl (690 ¢ dizly Cuwd jod dsawgd g iy a3 g ai> 1)y Cold) 43009290 Cumbg bd> |y

b ailbls Gele o5 (ils Copae 9 6)5li8 5 (5)5Te5 @

619193 &)lgidiz )95 Gdglepll (Himio g sale o Yl (lojlw Cuatn a Jlusal
2 S50 5aj)le Ulez o GLladli o)lgidii L guias g aliad 0))lo> 5)9U8

S og,S 4 8Ly Sl b« oj)la> (5)518 5 59Te— ylgidiz a)95 udgl o
P 003355 (gl Wl buwgi 7)o )l Egaza o a0 9w Jlwl auazs
digo aunss 09)5 4 73l S« Sl wdige pauail 0g)S j3 80850 24k 90
0Lzl gz b Gl Cwl 55U (5)5L8 rauaii 8g)S )0 b Sy g 459108 9 Gy

25093 )19)95 5 jus a2 65 218 (6)9T55 ]|

woj)les s Wyjlgiins sl Sjug

(8ol gyl 8 Cuwlw gl oS (e culed plod joglle 8590 (1l )0

Gl joyar g s W)l pouass oagyS 3Slac 1 (8185 U (eaiy(}8 1550 Sl

WOlo Uyg 0 LQJTLQI)Dl 2)90 )3 d.Sf.J._.uJ)L,.a pLzJ| d...g U.S.J.Jg)..LS_” pLJL.u.J alo L

5 Sl oy e 50))ls> (il o Glladln e eylgiddiz (1850 Slelbl SL
ol o JuoS

http://kia-kahroba.ir/laureates iliu & (BuuyS0 leWblSGU) Loj)los s LygS ailob

dira) ((59alS OlalS oSy Lo ez b (lgie bl 1o ool @y jl 0T, Ulgd 50 45

Ll).aol.'> db)dcwld).l uuu.b'sgwd.lg o)|9.u.0.> c)gch_Q)l}SH dl_chU.r.g.aog.o

W18 6)lap058s 990 udSilg a8 sla L 4y Olelbl (3 LjL sl 385, Yooo I iy
2902 08y (1l o Zpb BLIL oS ihoTes g uholid ) Siimgly eled jl aells 5o
a0 5 Lol Sl auaid (5lnogyS slacl hols Ol lael il (rizan aiidly
OBl 295 ailgiune (Gl (§u3 9 Lgsi oz ( US L aS ilojlw (4l o g (g0
el 19y a8 g S wiiS L paly8 1) o)lgiiiz Sloyg0 Gl 89Sl (61355

wo))le> s oylgiins edls Al pus
1¥o) widwl

ouj o oz b

v w2l 5)9LiS g 9lg-ieylgidir iyl
2i)lgS el dlgidir aniubigisw
w9i)lgs Ulg2 lginina Uoles g Cuus



w9i)les 5 )9l 9.5 )9l9idylgiinsr ulglousjSp sz b

\ - - ‘ »ouaS 9 (G0 Gwigo

‘ - ‘ - 9L sla g9l 61918 9 555
P P - - Sl waiga

= g | | o>

‘ ‘ - - #9108 g G0 Lurige )

: Slaswgi glogyb | )
| | - - Lag lgn
‘ Wgw pado 1yl 6s9Lid s
) (2 3L 65402 55U s 59l 6ol s yimgyy | ¥
‘ 02z B2 696> o 655l g 5))gllin olga
IA) = - - Ro>

y \ \ - SilSo L diga

. — BB sz )
‘ ‘ - - ¢ il g Gjygdlia olge
‘ ‘ - - 2o (5 (59 L ol glagimgly | P
e * \ . 2o

i sz 1b
oilg>65)9Li8 915 gig-idylginsiz (salgl
weie Mallusmlgidio puaiigss | PA
wai)le Ulg olginiie Uo)le s g Cuus




SO Uil e b vlusi

b
!

-

n & >

woj)lgs Slallgw oyl

Vd I A 6 o)
Q04 A 6 o)
bold I 6 &6
Vi N 6 6o
dVel T 6 60
ol | I~ 6 ool
ASS | N o)
VAS N N - 6 o)
Sb N - 6 o)
AVA | I N N N N < 6 o)
el | N Y N N I N B < 6 )
Q' | I I I N N W o 6 o)
VeV | I O O I I N - 6 S ()
AV | I I N N N B - 6 o)
SV | I N N N o 6 6o
V4t | I I N N N < 6 Ao
SAA | N I N R N o)
oob | | I I R N R . (< oo
(bl | I N N I N . oo
bV | | N o oo
bl | N Y N O N B < oo
olb | I N N (< oo
QAV | N N . <)< oo
Ved A | O I I I N (< oo
ASA | I I N N <6< o
40V | . (< oo
A0 . <<
bolol I <
oo . <o
Ad D <o
J04 I T
Aled I )
dod I <
odel M 50

bd| - <5
Ocdl I (6

o o] o o o o (] o [ [e]
o a < > o~ 3 9 3 P - "
v|c ol X

oo sy b vluss

Ui g sy

2
()
o
lw

wai)lgZ Lol

A — 6 el
A — 6 i)
I p— 6 6
O I —— & 6
5| " 6 <60
0 " 675
bl |
el I - 6 60
Al — T 6 o)
S | 6 oo
Qo N I N - 6 el
o I - 6 i)
54 N < 6 S0
Ad [ O . A 6 rrbal
Vel [ e A 6 c6d
o I I I R - 6 P50
o5 I N S N,
b I O
o5 I N R N © T O
el N N B < T o
od | N B (< o
ol I I I, < o0
o5 I I R B <0<
oo [ I I o
Vo . N R R R < 6| o
Asl [ N R B (< o

0 | N R S B <

©-| [ N N R
Al I I B, ©
A4 I . <o

A [ T

A [

54 I . <

bd I I R 0

Ad I . < 6/

Ol I I N N (6

o o o
ER = -
Hel gD %
eV EasvIA 2

o o
P<) 9

ouj o oz b

5
Z
El
3

3]
..W.M.W.
i
1%
4%
373

¥




JO 0 ispdo 2 b oluss

J

%999

-l.

waiJlez Ulg= o)l

zﬂa)b&.’i

dond I im0, 16
A4 Il 6~
A I +—6<50
el [N 6
or [HENIEEE
o [T <<
< [HNIENINGGEGGE
oot (NGB0 <o
a0 [N <o
oot ([ RN <
v [ N IRREEEN <
avi [ EREREEEEN <
v [ HINRRERREEEN <<
<ot [ [ [ lEIRRRRRRRREEN -
< [ HIHEEEEEEREREEN -
oo« [N -
[ IREEEEEN -
v I HHEEEEEN

1500
|i€oo
IPoo
Jooo
Aoo

J )0 OIS s b vlusi

J

93 e 9

-l.

woiJlg Ulez o)l

Po

s T ~—scor
v I 660
- I 5<so
o I s
« I
« TR <<
s NN
[N
~ I -
o [ -
o+ [N
« [
s+ [N
ot [ NN -
« [ -
« NI -
- [ -
s [N -
« N -
+ NN -
v« NI -

33
g g
9 |

i
2
3
9
3
3

2j)lgS alliylgiiicr (unduigisw
wai)le Ulg olginiie Uo)le s g Cuus

Po
Wo
rd

Po
|[A)
lo
[A)
o

zﬂa)b&.’i




abglo Wl glacl
9j )95 s Bdjlguins

woile> el o)lgiiin Guadisdi g w ju20
Ol o Blisls

il el s Bduls

Ol o Blisls

Ol Gimiuo g ole Sl Gimgly (loj L
Olpl Camiio g ple oSl

ol Exmio 5 plle o 18801

oy isio oSl

Ol Gimluo g Gole G i gly (ylojlu
() haojdl o Bidusls

(&) > plol o Blisils

Ol o Blisls

Obl Gimio g Gole S pum gl (ylojlu

ooz ol o)lgiins (o g o =1y

Obile) s 43S0

294 518 Lgdiny 4iSo
Gazg 8939 (1 459
o0ly L8 Slo Uac yiSo
B9yl e daxo 4SO
gl (e lS 4iSo
Glb daza 350

LAl aue jae> dazo)iSs
s0ljligo adl 58 JiSo

B9 Loy daza )50

EUI 3B > damma iS5

oS au>g 4iSo

il sgygS iSO

&Ll Loy le 350

ouj o oz b

P w2l 5)9LiS g 9lg-ieylgidir iyl
2i)lgS el dlgidir aniubigisw
w9i)lgs Ulg2 lginina Uoles g Cuus



sauaii s mdg 15 slwg)
w0))l95 sldoylgiins

b Blio g 5y LS auazi 09,5
Gilupgid 9 Gyloso /it pouass 0g)S

o/ Sy b pgle 9 (5)9 i Counj rauaisgyS
4l pole pauazi ag)S

U 5o 6758 / 2 o (5L (69 LS puarsel 09)S
Ulpas auazi ag)S

9Jl}-é| e /)—’9-“-"59 B2 (o Aigo (o) ¢9)S
QLc\,Lbh_QJQUQ

619Li8 Cupie g Bluo Ludige auaks ag)S
95 LSLbGj)Jlg 15))9JL'L0 c.)lg.o L,.ao.ao.z: 09)5

l""g|9'a’/‘j“9)-’l5-°/'~—iﬂl5-o igo (ounki 89S

o 29l 53 3990 00035 S b ouasS 0g)S

BA) oo JiSO

J> damw IS0

Goa0 azalo odpw yi5o

S e Lol 7 1> i 6,35
1S Ml jiSs

ObSaus jgpgr 450

Gl (g iSO

= BB Jl 4550

)92 ol Lo, 4iSs
sy L3 315 435

Gl e 43S0

i sz 1b
2i)lg> 6 19Li8 95915 dylgitiz Lyl
wolgE Ulg= oylgiiinz Uisa)le s g au



bl ol glacl
0j)lgs slddjlguius

woileS edl (1 o)lgiinz (aouiids g w j0d
il @olie g (5 bty (9l

Sl US 13d0 5 Olojluw ) yolise
Hloygal USye

eges bulg) Land) 9 Cuwly) 4385 S 1uae
ObTed jl Culez olal Joiua ulidy) S

9 Jodl g sl 5, Bad o juue uul.i_ﬁj)ls
=0))le5 Eelgii>

W o)l gitinz ygol Joiua (ulidyy S

ol G pasasd sl lojlu J giue (ol S
Elelbl g)5lié 4185 JS ko

21381 5 Josue ulidy S

o biin g sl gl JS e

6918 g Lode Wlisluo ygol 8lal Guliiy S

o olgidiz 4i85 Jotuio

W o)lgicii> jgal (wiSS

el (s o)l gi i (e g w (2=l oo
-t

Obile) > 350
Wggrw Loy 4350
TRVCA P CAARY
&> pugs glam,y
5291 5ago S0
b2y papo 45
3 o)

o>, boj

Sz aabls

r> Simy8 Judiga
Gl Lojde udige
93lo ol

6)loxo W

w2 lbe Sgmus dw

GpulS (2o sago

)l Ly e 50

/ | jlSdsU \
o [hlw ol oumbl o) U i85 (6 bz um U 450 ) ey 350 o pils
29 UhBem ol o Ulo dumw g Giuws Loy dpes (euwld (ize Ly Loy aues (1L1ETg
Lol sl aSuid g OleWbol (5)51i8 4380 018) g (il y9al US )10l sogac bulgy US o)l
Ol Gimibo g ole S G gy (lojlw Cuwli> 4380 g Il US oylalyguisS

ouj o oz b

PP w2l 5)9LiS g 9lg-ieylgidir iyl
2i)lgS el dlgidir aniubigisw
w9i)lgs Ulg2 lginina Uoles g Cuus



18 5odyg0 u2l ylouajSp ply

S5 JLoS 9 @by o VoP Pl o r0lo5 Glladl i o)lgidiar 042555 oS oy g iy Lisas
.p)l.)l)

193118 &5)Y- (pa>
a8 - sty L g 4 LAS 1) 5o LS S Liawl

dioubjyl 0l Gl 1ol o ajlos Glledl G olgidiz (oylgz g aw hglo Ol lacljl
23 Gl plaiadils g e e §)Bem ajul (1l p3yS L8 Loy o)l (1ol 4 oyl )i Susliaw
9ol> g S il MU gloaih b o Bawg o (53w 95 sl Jolow audgs (sl 659l sl

223 0 U8 ) Lo o doasazS (o) S (sl Sl ggis (sl Jgjle yo LgiTeleol

Ol a>lgs ez

g -0l SiSS oy Sbiwl

L. ployS cudLyo (53U julg B0 watigo iz Sliwl (lgic ) 395 (gl ady> )5 JLaw oy
&) lie g Gl jlayas (1o 18 Balgan yo Slajug oLl jl ajlos el (s oylgisdi JL>
bl palgS ol S (T pee GLL U S 5l 50 ) ST 295 318 jakul) pole g udiga )o (1o
)%o%&w-\m.&w

oo 95 U 5 (59l 1698 g 3 il

69lid g ple . pinn 50j)lo> Lladl g oylgidi (I BajS0 j1 So Jlusl &S Cuawl S50 ) Leidl
Gl gylaiii (5a355051 S5 a5 piS 50y Lxi81 (0.9 55138 Wnjo g Lo () Ljeln Sy 8l wilgS o
w9 byl Ol Gale gxisilo Yol g pale (6) o apxia 0l (1l plg el i (0 l5>

uweS UySls
Ll g Cglw gus a Bl sliwl

el gylgiin> padins (1a. 0iS o 8Lyl ajles lledl g gyl sl aS 0o sl
O -@10 (30035 ) b adauly (I L (o 090 amlgS (3lg> 9 Gl laiedils (G pgo Gl 0))le>
192970 S 9% (50 jULS - pla g yiniiia (il wuilinl g yliasiiilo b Syiive imgia llio
ol 4i )8 s (gl Gl Camins 3 i bl 0 (12 oo i (wdigo )3 (Jo WY guazo oS

2l polgs plail (halg (e G ale (s (5) B 5Ll gl |y 995 LI plad aail o

9ilj (yTgs Slo
G- 0l o8 s s 1s s liwl

i sz 1b

wailes6)9Li8 g 8 9Tg-idylginiiiersgl
2j)lgS alliylgiiicr (unduigisw
wai)le Ulg olginiie Uo)le s g Cuus

‘\“\‘




|l

woi)lgs Lllallyw dylgidis 8jug 005 Uik 900

Cojpan (12 §9ime (5 Lo o oo ey (o
93 QI pae S jl pd t gl 0 s Ui i
a3 LT 8im48 g ole (gl iy 8Tl g
2 sdl uizxa® . 03,5 o 53148l dmuwgs
wedd o slaiel g o gja sl «5)iS Croas Sy
o algS (8yme yue (1l gy 4
e e Oy (> b (gioudiils i gl
ol glozl sz b pas L a5 tog4d 5o 0055,
9 U9 3 Pige it 999 1o egl Sl o 4145
b=l hpius adiS (ugi Bl g pale a2 wys
9 e Loz | wioudj)l (gl Caiww g oluwl - o Sz y8
252359945 pay0 1 Ol i g Casmiuo g ple 8w
2 g Ol U Bl Gole Gavie (Mo
v Listwl (o ptisea oMoxa o ode Ulia g QU
i (bl S 990 Cupa b ) UTg wilaU o
lolasiwl g (gl pinils (loS U Cuyiyo )50
9 =gy Bz b slasisole disoj Glow 4y
629195 9,50l el 9 o louw 5o Slelag

ouj o oz b

o)l 5)9Lid 95 glg-ioylgiiz (sagl
oot ol tylgiiir Gasiniigieuw
w9i)lgs Ulg2 lginina Uoles g Cuus

G S i o138 )0 ejylos el oylgidiie
Olpai 395 alluw y g joiuure (515 Jlw Gl g
P90 UidT Sy 2 oS ol ) iy ) Ve g
ailbaio g Cilo ol (el sl lis Ciugdld jo
20 0T bz lg pale (ldgietagad gledl G
s L 1o sldilg=> U aslanged jluws (0l 8y90
5 (353 Sy oLl b g ainlidly (T a4 g)
o)l cpl il Blasl i wlia sl ayg) Zllol
Bb)lyosS Gale Samwgi 4y SaSUlon aS| (oo
29155 (holid g (hSulimgly jl i 8yma i
5l (380 Gl (e pw (-
oS ijie g a8 4 azgi b g Lwl) pem )0
el g0 ) liel g p L o Lo o)l gz (4
)9S Camiio (3hglid g (ylagiyyisils o ol S gl
Oloie L s 0)99 (aedidm 9 Gy jlec 8l
£ 035381 o)l gi iz (1l 4 wefag 00550 Oy=on
Gode Lalieo Sladine) )0 5550 5l 0990 42 )0 U
18 ;U85 0)90 pb pl Lol 28 50 (G el

YL




w9i)lgS Lllallyw ylgidir dug ylo Sy

5 i b Lz 12 Sl afag 0033550 sl EWjre Sy 16l 29 8035y
Ol Sbjalo g by 7l 9pmo Olez s Olaclgiie Lol o inils
: |).J|).) U.u.ll.) qut_QLQJ)l)J u.u\JJg

Lg..\mp)uuw.)l.udpp).o ul*?)gb-\.m.\mél.w|

GeSag ol
odl g o)l gicis> odl o o)l gida>
wo))le> oj)lg>
1¥95 wawl ¥ 148 (jog PO
05 L (g ade 1 6h— g 005y OISl awgl 1 5l ejag 005y
> bk 95509, b gl Gl (5)leso Al weSiliw 55l sla s,

a8 Slayim ) Jbgds
L2 95y V9020 S Lilwl ol jugys Sliwl
U099 00999
Hodl g o)l gicin> Hodl o o)l gicda>
woi)le> o>
1FQA (ogs PA 1Y wawl |
6169 U8 amugiz (6l 89 0455y 5 A asmwgl 1 sl oj g 035y
2945 )3 Gl S aniyeS 89l g slg—o wdige 838
ol

29,805k a5 gl ajag 035y
Ui g 9 Uljgal dmwgs

i sz 1b
oilg>65)9Li8 915 gig-idylginsiz (salgl
oo ol olgidiz Guainigisw
wai)le Ulg olginiie Uo)le s g Cuus




vy

wnyglia g Gil6161i agle Gyjlig

wlaghagjy glojlw
Jglpl inigip g tnalc

kol
0j)lgs syl

uj o slag b
o)l 5)9Lid 95 glg-ioylgiiz (sagl
oot ol tylgiiir Gasiniigieuw
w9i)lgs Ulg2 lginina Uoles g Cuus



TR
A Q)

e e e s Tw . 7 “ . " »»“ .
b=l g (jge 9o u%-/d')g; J/,u;_“,tﬁwﬂ(}‘&/!/)

(_.,.r_lé.) &Jbua ¢

INTELLECTUAL PROPERTY
ORGANIZATION

9 pole g am aglo diaS  5hu (5)9T 08 9 pole (gauuiaS 638 CuSb ilg> (lojlw

aluwl (6)Bam (lojlw 55l Wgiz 3o jlub dzwgs WIPO
COMSTECH COMSATS

) ==

(.Q Q') \ @ , T

C‘.@‘) W)y uhesco
~

P R ( . / b
S AR AR

) ‘ Economic Cooperation
ECO Cultural Institute

Headquarters-Tehran Organization
oS S48 duwgao 6oLlaidl 5l 5y 5o (lojlw Olel o gy e (yguuwusS
ECOCI ECO

| djopslezsb
2))lg 65)9Li99.5,glg-ioylgidiicr (yalgl

2))lgS allilgiidicr (unduigisw YJA
woj)les Ulgz olginiie Uo)le s g Cuus




¥q

w2iJlg sdYlgin jilgz g doliprans

et A
MUHJ.SJ ( ) MU),{JJ'SJ ( )
69Lid g Wlind=i cpgle 4ujg 619402 Cuwly

OBz e ol =T

88 2lo> 9 aj)los puaaid
9 ode sl gy glojlu
Olpl Gismiso

ol (5550 lojlu (5598 g ode 5o ) e ozl diaS
(COMSTECH)

ol allgw sylojlw

(WIPO) 15,58 cuSlo ilg2 (1Lojl
GBSl 40 dw 4 4olimlgS

(UNESCO) ylyol o gSausisy o (igmuneS TS
OB Syl 540 daw d doliolgS 5’!»///&%’3/

(COMSATS) wigiz yo )l amuwgi (51 55T 18 9 pale (grureS
GB350 ) 445 90 e aalimlgS

(ECOCI) 5! Sim 5 durago
0B35Sl duw &) delismlgS

ouj o oz b

ile> 6 19Li8 g 6)91g-ioylg i il
oot ol tylgiiir Gasiniigieuw
w9i)lgs Ulg2 lginina Uoles g Cuus




e

WIPO .- . las
Y\I{l?'ZLLEI)_ECTUAL PROPERTY Gﬁ -wb wvluwa

ORGANIZATION

GHadlg oylgidio (aasiids g w 042355 436558 CuSIlo (e Glojlw Sgan jl il
295 50 Sl ajloS (le )lgiiiz (ae)lez g G g (0))ls>

0 ) UT. ol 03138 Syt 0 o 13U ojlgsedl Lpwigo (19 domxo 5Ly glinws
U9 e a5 2 (55 dsile (Sl i)y & pxi0 poi g L8lyz «LubLy) diej )0 o
0295 oy dlael g juz dm gl Cuwl ouids a2z juoe (Sl jae Gumli g Ol Olg>
S gyl g (ST sl e L jl Juo > Lo by ¢ o g2 a8y iy Jglaz
ol 48,8 L gl 6lnyS g ajylo 5l vy liws (1l

(559 s Lz s -yl (i L ool s o (3013 ULy () lizmas il
S 6)9Ud jl 6yl 9 i lo (§150b caid iy SuSb) e ghuan Uiigr Wil L Lyl JI> )0 Cucpun 4 oS
3130 1 i - Caanl o Biiine Lajplazell (5Y pU 1 pisyeSl aalS .yl x5 b ()T (5l 952 5 o pizysSl 1o S
10,18 il Bl e 40 liza gl ol 9)35 (50 50))le> g5 Gloj jl Jlw Cug s

CuSle (5Lad sl auwlg 4y CuBUS 5 (65515 Sl 181l Cula 1658 CuSle Hlgz Olajl o Lo Ciygalo
29300 S a5 (898> 9 (18 Slusa | b (S9ize CoSIle a5 paudize Lo . Cwl Ty S g (jlgia Slogaib 4y 5,59
Olez Bblio plod o e loizl g (solaibl anwgl «ulgl )3 941 g S wiy olon (6135 aylopaw ¢ J£ Lo (510 ey 08

Olamleo jl ) kuw 4 ol Gelluwl (§)502 Fool Jlu yo (5558 CuSIle ilgz (lojlu (oauslsiS cugas o loj |
S8l 4y (pizeats  Cuwl 038 il o mhw o (T dmwgl jl g diwsn Saine CuSlo 350 59 (§lS el
i §Lai8l Blie «F9iS (ylgz 4o . iiS i Cusmbly ayl) 0925 (5la 0yl U 09)S SaS LUl g 59155 ylo
St (2895 g iy (SlS e Sy Ylgic 4y 8T 5 (559l (LB (6)5T85 lwlids JL> 5o

Gl 30,8 1 (e (8890 (6995 - Cuawl a8 (1l jl o Uiy Sgizza CuSlo b ol sl 0 Ulg2 1 Cule
Ui e)ylo3 Ulez o)lgiddiz . agi 5o 2l Olesio o lddzo (Sl liuws g Cuwl J518 L))l (S9ime St le (6l S
ple o slad)> Jelino 13,5 JUdo sl 0lez Bla o 4y asiie pledly Lo Bass iz Uigs o GloaidS yuss
1o 59lid g

i 50))loS (5l Lws jl age Ui Jlo Glire egd 4y 4lo a5 (§)Sgziumz axm9) b gylgidiiz (ol g By
o algs (65U L ju gy §loainT s lu o 00)S SoS i iy 4y ailindS jo g1 Wb (ylawuy) oS aigS (jloo

Blooylgidiizjlayg0 (il GBS ]y (5558 LaSIbo Sl lojlw )5 S0pd elgs o o)zl ausgy (ol L
gyl Glahs b ST S GBI )0 Cudigo . paled jliul caioyS CS b o)lgisdizr (1ol )0 a5 ilwsS da 4 g 50j)le>

KU Cl)lé
839 Gl Sile> Olojlw USpae

sioslagyb
oilg>65)9Li8 915 gig-idylginsiz (salgl
oo ol olgidiz Guainigisw
wai)le Ulg olginiie Uo)le s g Cuus

o




a

iz o lusb anuwgi sl 9T U9 g Pols Yguuuad
(COMSATS)

0S diwzyy &g booyloiidiz 9 Slislue Gy jl 55918 9 ple o> )0 noygliws sl
GaileF el o)lgiddiz . aiS (5o (501 SaS amel Dgugy s hglid o (yluieddisls (kS
sine i) e 31yl S lois @2 Olal isio § ale (5L ikl (LajLw by a
Gaile wge (13 deme b 4y aS Lgiz yo )l dewel (5l 5)5lid 5 pole (g wiaS
02l B S 1 ()l G .l 530 Ul (32l Liogian 5 g 15 e 16,145 i
s Glolaa Yool g8l (bl iz )15 a5 5y 50 05 ladusa pulisdioyliw g glo oLy
#0940 50 Ok juz g Ylgice gl jl g Cuwl (§394-0 i Sl YUl yulil o pgo )0 g

&)lgidizr (aasdids g w 5)1}Sp Sl Uil isiuo g ele Sla Llagly (loj L jl ol
28z sl SaS Judo 4y glez puwlpw jl iz o (g lidzo o (laiedols jl 519,08 g Jodd s ej)lss Glladlgn
aile> o)loidiz jlay90 (1l BiS 4 aS Cuwl (S > L 50 005 o (1948 ) s (59190 9 (5)5 L e yo LT
Linbo g ode 5la gy (slojlu oS Cuul ago Uindi (5LgS iz o)lgiinz (12l pbiin L ILej L 295 Lo SOy
SaS g azal> 4 (59l g ple pudie SLle JUl gl hSiue g Lz (laieudiils Bag—iil g 0S5l ol yo gl
S oo Ll ile calizes sl il L ablio

Plzd (5528 59 el aS o (5)9 i jl g b L oS pustus (izivo QUL (o lgz wa L jo > 1> )0
C)lg2xS .39 o oo cal s Lo il ot g @oliuo (LBl 1 3L sl 13U g wijaaTipo p 0 b S2odowr g
pae By oS5 Ul 09 556055 Sl Uil 03929 0l b e sl oo ) S5l 180 isiuo OUEH] (110 lg2 I Juo >
IS o 5900 gz 0aiTg Lled Gla Gl (> sl | i s by o>

55958 cple Cooml @Blg jo oS . Cuwl 239519 43955 (1S dam sl Sl Jlw s ilg JSle (1piago jl S
AL IS pad g (1p8 S b o - Cuwl 89S iz o pidin )l oLl e laizlazwgi 4 Liws Sl 6)sTs
Glez S0 s pidle b alilia g (6)udyBlasil g wdy iy 4y SaS yo S S)j ygliwws lgice a3 5)5li8 g ple
.Cuula.))Sp.LcJ:éU.ﬂg.&:ggTObﬁﬁgugl;\.& L_—UJ...Qlt).Q.g Jiile

g e joLote Ll 9 Siyd bz sladhio Jolge 50 b Si8Lanwel mhu jl slaz (lez Gl
QoiaS - 4imd 5o (aSlid ) b o (1 5 e Syiin (L dise (slaswgl Julge o o il 1 20 Lo 0ol b
Sy blaaly amugd )8 jaiws pwlwl o Glladl ) B 9 jlw S5 plgie sy giz jo )lasly azuwgl 6l 5)9Lid g pole
el 3550 VIl glaSid g guae oS VY (bl b (yganaS (ol il suid ol 199 JLaw jo 5)5lid g ple
(il Gl S SLbl 4y casgi g (Gadizel (55w Cudyb dine) )0 Qoiz-wgiz 5o 6y e Sl 1y (5)5 L8 g ple
Ll 03gs 8 guare (§lgadsS (1 0 (5)8T08 Bobie 9 wlin 5Ly Sl e Loyl

292 (5leyguliS ) (6laswgd aelip jSp0 45 5)5Ld 9 pde (1010 )18 (Sl 093 aSuis Slacl o LI (ygamaS (ol
Uil g o o U b el (ol slae |1 Sy plgie 4 il Gimiuo g pede sla gl (lojlu . agi e 2l
0loj 3l olejlw Gl oyls gure (5lanyaiS ol y5 IS yobo g (il 3 59U g ple amwwgd L)1 o i liw 218
025 Jl=8 1 55 a8 Cuwl 09,8 CuliPook Jlw yo gz 50 )l amwgi 51 55T 5 pole (gruneS 4 (iwo
6l 619li8 9 pole (ygrunaS . Cuwl (5)9lid g pole dinej jo 5y ol 5 (5555 Gl Cudled 1 a5 jl Guiue S aSuid glacl
S Cudlio ay boya iU Oliiz| o Gl b agzlge )0l 052 guac (5L gulsS 6 Cuwl poucio Lgizz )0 )l dsawgs
G L Ly (10 05w ity ladhio 5 le 5Ll b budye (seje= jl 540 9 488 ¢ ol i il ¢ idblagy
Cuonl jl Hlez sl Gl 4 g 2035wy Sl T anwgd 9 Gadxd Lo Ul Culus g Glaieisils Saiallys
h e buo $Lad (uizad g dled 5o SaS sl Gl a3 (2 biaws 4 ejyles Glladln oylgidizr . Cunl jloy o2 0 sl
pole UgruniaS .5l o o138 S 0 )1 (e Sgugy S aS Ulgd (sl (23 1 (513,48 9 (Ba94liS S8 29,5 (61w
] i)l Cudled ol 1 i oS Cuwl dauys gz o )l aswgi o 6y9lid

0295 50 S el el lgiidiz (8990 5SSl Ul isuog ele (S imgh (lojlw as 500 LS Lo

L)) s dozo 4353
29i 53 b dmwgi gl 69U g pole gwaeS 2>l

ouj o oz b

oi)lo> 5 9Li8 9.5 915 0ylgidiz yulgl
2i)lgS el dlgidir aniubigisw
w9i)lgs Ulg2 lginina Uoles g Cuus




{\\\,f}

Economic Cooperation (ECO) \S')lo‘igl tsthJm Ul‘ojb‘u
Organization

18 sl ¥l aS e ))les edl g o)lgiui 390 01y 395 Ciljdas aS Cuwl jLxisl wle
bl Olous g eSS by a0 (g2 juwbhw 1 (§hSioe 5 (lejien gliaudnils oy ledxo I
LS uSmio (3gub 50 )15 (5598 g pde dine) yo LT

8329 4 ¢ pa iud (o Crouny o Baoe (319)98 L) JLle Ciw (pleglojlw Ko glgie 4 Lo
6oLl 5l (6)Sam Jo Lib Lgi5 a5 aS 951 (5 lojlw 5o (5) S0 diels GlyawS 4 az55 b
plxil adbhin )3 ode g Simy8 5l 6) S L)l (1 |y el Gl led aSly 3 gub 0
6l a2 LS s paiice duwy 5o 15 a9 Lol (5900 (5)9lid g ple S aS puading Lo umd 0
ol ygdsS ode g (gobiail e loix] (SLDUS).H.LU

919k 9 ulej o pilius (ll Gol—wl (5)960> Sow j| LSS Wig) (i bras
GSp polad (oSl S led a cilzil . ol il adhdl> g az g5 pglad (gl (598 g ple dswgi yo ddhie pg—w
0285 50 S dilowouo slaug) (2l Gl g (il ol (5)960> (898 g Wilisdzd cpgle Cyljg ail) punlyo (12l

$HBL gpus
951 olojlus JSps

sioslagyb
oilg>65)9Li8 915 gig-idylginsiz (salgl
oo ol olgidiz Guainigisw
wai)le Ulg olginiie Uo)le s g Cuus

e




Ew

Gg® 95l Lim)9 duuwgo

ECO Cultural Institute
Headquarters-Tehran

Caawl yidig (bl UleS abl jSULs gl a2y g Cwl gLl (55408 i) ple b
Uinlial Gilgs b o 1) (T8 (6)9iS 4 50 (6)5li8 g ple a8y iy o3 S0 yulida yo
&0 o S Jl> 50 w)lo &S lie ple y3 aS (s0l581 buwgi suis dSl)l sl s Buus . a0
SoyiuS g b 4S5 8y ing 4y o ple abawly ag oo (ol el 295 9 ol
P09 (50 dzol> (U

533z (5L Ul  Lnolasiwl il s shls Lluams Clize ghlie s oUls>
S oluadly Slisluie (613550 9) Gl 1 A gy g ole S dinej jl (5) b 5o
G}y o ijgal e pale mhauw Sla1)1 )0 el 618 oj)le el o)lgidiiz wiile
oy oy el ale ol o OlSine g yhSiie jeua Ll (1ol yo - ol
5 ole (5l iy g il b Linli8l (i go S Col GUT solasiul usluy Culed a g (BT dag—i sl

6l LS 5o ple dnwgi oS cuils az g5 Wb Lol cuis umlgss La8gia jS)m ole Cidying aS Cwl g ax)S|
2l 1oz o oasay Simy8 g ple . 0iS o diuz )y ) Simyd (il o Cuwl Sl pludl e gl U sla i)l
4io) (398 (S Cuiaw 1 16) Loy 0 iS5 galy8 9 poilo ple e Uiyl S plgie a3 gl 420 50wl Lo it
Az y3 090 LidlgS 350 (3 y 2 BTg iy wae Ly aii s 518 i)l isilo 9 Sz y8 (gl aS =aelg . )lo ole
g3 AlgS g iy LgiT anala caibsly )58 BT o148l

O 0 Gawg s Glusily ibiyga e aiile AU (Sl i)l s g ) e 3345 Wilgd o Sy (1ol
Syl (2l pale 13 Gl i)l gl g Bas b Cuul o). a)ls Cuadl ale g (imgly 5oy S g gyl
Gl g ple CunS (510 (lez Ll 3S1o 31 6)leuss 89 01 ailialin .39 0ailxiS (5)9Lid g pule ) il s (L]
BUS1L Simyd g awliw Sl alSuys a5 1500 ylakiuwl sl ele 5l 50y allss . laus oy bl Bum b
b oy Cons 50 Wb (T saoygliws do g ple . Cuwl yo)lei jo

Olioudiils jl 6o L) olasi . ailiS o pgead ) (e )0 ol 948 4 puazxie ik g ludl CuolyS cpale lasygliws
LIy aS ilaiesdils . ablaslo Wizl () leud 2 s (L g 03)S Cious Cupins au LA 5l i)l 4w o ldie | oo au
9 32 allaany b i Rolgzr OUS o o Lo al) JLdo 4 9 Wil (e (65— pUT e S (610 B2 Lafgl) 2o
i Gilob

S Woy9—isS (Lo R0 (5Ll g (B &y gstin &)l a5 lladli (lojlow S5 plgice 4 651 (S8 aiwbe
gl 43 ;ago p8 &5 ale pgo lag) (ol YBALS IS, efug 0 g Ylasaiia seled Glezjjliciwl 805 oSl gure
9% i U uiS (5o Gl oS (308 dusawga il (e 53 - 4iS 5o (1) 48 ol Cappuiiy gad 4 ole (Soojgliws
S Wyl ilg amal> 4 Ginilo g Cluad b Uls> (9)m0 g dswgl g by dine) 135S i85 1)

b )92 olzshe
951 858 dunga L)

suj o oz b

oi)lo> 5 9Li8 9.5 915 0ylgidiz yulgl
2i)lgS el dylgidicr aniubigisw
w9i)lgS Ulg2 lginina Uo)les g Cuus




w2i)l95 swgo il doxo Jansgll

608 5yz=n PPF-155

i) 13 il 9 (oledure Sy (glaiondiils jl Al aue g2l aiS b ajylgs wgo (1l oo yanz ool
adhie )0 (5308 (5320 1575 JLaw 0942 )3 (59 Wadiine oy . dble pexi g LAk (0 Ly
WOloly o oS Cuul ey S 4 bgje 59 ale Cygin .ol oaaT Lo 4 il LT pj)ls>
U= 9 69 2 Oy dilodnoli juz y ) gl aS (§yab as ool plil juz 4y )0 yogos
ol Gisla o lgz sl da Uiim s pled jo il .Gl 0391 pgd 4>y g Lhs sladloles
el ede ) UT.ogs gyl gl o Bliiilo o by gy s ©US Jlw Foo e ay (i S g i
Uloie ay guz ple )15 L 0lgi sal) Gajyles - a3)lo)e2s as 2 394l g 3 Slusd Cus |l
9 142 )0 pucitea QLS " gyl 0 59 B LS (1) Hgguine jl 5000 dawion j joledio (Slaiy

sioslagyb
Goiles5)9Li89:5,g15-i0ylgindicr (gl
2j)lgS alliylgiiicr (unduigisw F\;
wai)le Ulg olginiie Uo)le s g Cuus




& *~fr“**m;*;:::~::¢4 4
L 55|
Tk | &
& ] ,1- I
'.> / | ] |
‘ { a-ym- ;mu]._mu:p 3 i
.?f;m-b"-&.gw: ﬂw% it o |
‘"J"W a1 JI-J._..gufu E--ﬂl}s.
A B T b
Jt‘l)_.-b,-eal.}‘,-h r;.wrF'—’.rcr..»«’-‘ 3 “_4 iy ! !g M.rg J.

R yi.l);.ﬁ
ot e w-e mgybf{mw

N au’ s uJ{;Ja-{fMJf“)f
s Ur Www,r.-{f.d:‘l
A o liges

L2552 e pala
lvg-\,f.: ~?J-|-J-§:::L

r?* g i‘

G35l xe b2 4859 202> DUS slens 5 jl Sy 0))lgS jup DS jlilaise
(Algoritmide Numero Indorum)

i3
., g0 ;{_ By s lea. k, i‘;
w%mﬁ?ﬂmﬁ? ’L‘%g :

Pleddio Wlua ) 8)Lyd LS (olab daz)d (il a3 (§0)ao p0jlgo (18 )0 oS Ll abilio
Sl i Waol 1S (ol gl gl Sy ls Crolle slucl aS 5gs asS (gl oylgs - Canl
Wby 0 Bgp> 355 loj TU . awa b wilj |y Cude Slael g 428U ) aie laclg 050
9 12 DS . uaolise "UlLe ") Jgaoe j9dzxa g s " b gazo S i (50)ylo3 0545 Ul
S L) 0 delS (uam a5 a b Eieb 00)S dezyd (il o sl Glgie ) S 0jylo> aLilda
i3l g0 4 aj)ladl Bl 4 daz )0 e 5a)le> U 09y 4 4 juz Slime 4y (o)l
L o)l dawln (38 (ime a3 a5 (ubig)l Sl L o LTl 5 oy oSIT LA g 1005 caviual
b e T Biuite «Cuwl )00 Glole

2360 de pUA U i Ce b LS (al. 010 oL " guiss gl ae b (32045 g go=" 0 ))le5 4500 LS
Oises OUS ol b s (Loye p Bl bk s b) suim oluel pUs au (i) olacel pUas Loyl
)0 59 &3 RS 0lo e )i pliia g g0l Ge al) (B L))l pUBT &S gy (LS
Olud by po Ml piiie (1Y (L) 4 p23jlg0 (13850 S (4T s ol alb K5 (5 im0 0 1)
sl ygadio | Sluwleo Jlosl aigS 12 9 3)9T 09294

250 lezio jl S e plawl gl el (ol . Cublo s pges ple 5o Ulod iawd (50))lo—
gz 1 oglle (o b wislo (oj)lgs " i winadl )" LS 39 wlie adals ((ygole
33 poe p S 534S Cal pgani ple )5 Jhado sl dodde 1 Joddiio ¢S lilio g (o092
S g aile 51z o Jo S Wjgu0 4y S Gl pe (1 a0 pgz 5] (el QLS (il b b
Ol (o) e poLe 5o WS Gl 3985 .l didyndy 35U Gugaally Jolaz 1 0T Jglaz
080 " HSLYST Cuam 4y 45V dez)d U900 4 45 093 39S (1l | ol it Lal 9 gud o)
S daz S p3jlgs

S uose 9l Jobo Gyl i job ay L8l dinej jo il 55165 " o)Vl Oygu0™ QLS
woredday §Ldhe 1 ile 093 gl 4y 5l (Gl Logdd 5o Jeli]) (1S lel 9 S50 Sl g o
h OUS Gl ol yugraldoy 5151 55(8:85 pllwl 95018 y0 a0 l> Glg2 oy jl OUS Gl 09—
0wy Oz 4 ) gl )0 (G290 Olduind g iblg> b g 09 dezyd LIl gLy 4 " gid U
59 Lajlos .l 3543 puss )Lys L LS Al Cuwl aile Glo 1o (60 51 45 (5,500 51l
ol L..U..UQJ u\J).baa\Jld.o.t:"Lg)SJ.AQ 'OV oL JoamdI" s o L Yol o)L jui LS
55" ST 5 " ] g5 (6l LS . Caawl ailes 6l 4o (651 69 "ol 1" LS g LS 90
ol oudd oz )5 (Lol Sl bj a0 &S Wbl e ol

3550 (6508 (552 PYF L 33l (9o Abo Jlw 3942 55 (0j)lo> e (10 dexo pin ol

ouj o oz b

F’ a wiﬂe%s;e'—iéswbl—io;lsi-ﬂﬁuésl
w2))lg el dylgiiier uaiinigisw
w9i)lgs Ulg2 lginina Uoles g Cuus




S a0 dw jlyiw
wllallyw oylgidis

Ulaj )5 jo50j)lg>
(Lol Jw i g (gw)

woi‘,' !E |

ey <.

sioslagyb
oilg>65)9Li8 915 gig-idylginsiz (salgl
waist et ssmlpidr rataiges | 17
wai)le Ulg olginiie Uo)le s g Cuus



23" Khwarizmi

35" Khwarizmi

25 sloz b
2j)lg5 53918915915 ylg it (sl

2isloS lallipu dylgiiio Uraiuigsw
w9i)lgs Ulg2 lginina Uoles g Cuus

d

Y




lartg ], e g l!a—uns
e A v,l."_c:.-w --14

[ A
-—J"u it l,‘if..é sita i SR
.u-' e r..i - .14;.)

£oaar a
h

r.-;-t'mf.rr.-.m
bR o
R

]

A i A1 a-m}

SefaEal t:ﬁ.mfrulwﬂg’u-l.l,lf); 5.“'
o a . ]

ﬂ_.-b,-eaJ-.}.r-L .02l —’.--c.r.»!—"n‘f z

J-»—“J‘

2303 0

{'?Pj;uypyf_;;uLmlgm;;. 7 .‘.LIJ# JQJL,LM 5
‘,J" AT TR £ by --u’, uJ{;Jﬂ-{)‘MJf“JI o
4 ﬁ:’%ﬂ* B vt o
Al i k § ® 3lujee : =

H %‘E% » \flL!f b . e

FH‘”FJ"U“L'FQGW,’)# . #dIL...:-u .

bay,uwa.l..a.w,f,, % gttafgg, ﬁ!}_&/ sl 3

e

Contributions

His major contributions to mathematics,
astronomy, astrology, geography and
cartography provided foundations for later
and even more widespread innovation in
algebra, trigonometry, and his other areas of
interest. His systematic and logical approach
to solving linear and quadratic equations gave
shape to the discipline of algebra, a word that
is derived from the name of his book on the
subject named “The Compendious Book on
Calculation by Completion and Balancing”.
This book was first translated into Latin in
the twelfth century.

His book on the Calculation with Hindu
Numerals was principally responsible for the
diffusion of the Indian system of numeration
in the Middle-East and then Europe. This
book also translated into Latin in the twelfth
century, as Algoritmi de numero Indorum.
From the name of the author, rendered
in Latin as algoritmi, originated the term
algorithm. Khwarizmi systematized and
corrected Ptolemy’s data in geography as
regards to Africa and the Middle east. Another
major book was his Kitab surat al-ard (“The
Image of the Earth”; translated as Geography).

He also assisted in the construction of
a world map for the caliph al-Ma’'mun and
participated in a project to determine the
circumference of the Earth, supervising the
work of 70 geographers to create the map of
the then “known world”. When his work was
copied and transferred to Europe through
Latin translations, it had a profound impact
on the advancement of basic mathematicsin
Europe. He also wrote on mechanical devices
like the astrolabe and sundial.

‘&
,nbo)w/sz_.,; Tiia 10

Algebra

Kitab al-mukhtar fi hisab al-jabr wa-I-muqgabala
“The Compendious Book on Calculation by
Completion and Balancing” is a mathematical
book written approximately 830 CE.

Arithmetic

Khwarizmi's second major work was on the subject
of arithmetic, which survived in a Latin translation
but was lost in the original Arabic.

Geography

Khwarizmi's third major work is his Kitab surat
al-Ard “Book on the appearance of the Earth”. It
is a revised and completed version of Ptolemy's
Geography, consisting of a list of 2402 coordinates
of cities and other geographical features following
a general introduction.

Astronomy

Khwarizmi's Zij al-sindhind (astronomical tables)
is awork consisting of approximately 37 chapters
on calendrical and astronomical calculations and
116 tables with calendrical, astronomical and
astrological data, as well as a table of sine values.
This is one of many Arabic zijes based on the Indian
astronomical methods known as the sindhind.

Jewish calendar

Khwarizmi wrote several other works including
a treatise on the Hebrew calendar. It describes
the -19 year intercalation cycle, the rules for
determining on what day of the week the first day
ofthe month Tishri shall fall; calculates the interval
between the Jewish era(creation of Adam) and the
Seleucid era; and gives rules for determining the
mean longitude of the sun and the moon using
the Jewish calendar. Similar material is found in
the works of Biruni and Maimonides.

The 36" Khwarizmi International Award
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The Biography of
Muhammad ibn Musa Khwarizmi

Muhammad ibn Musa Khwarizmi was a Persian Muslim mathematician,
astronomer, astrologer and geographer. He was born in Persia of that time
and died around 850. Historians have different interpretations on his life and
the origin of his name Khwarizmi. He studied and wrote many books and
treatises. His Algebra was the first book on the systematic solution of linear
and quadratic equations. Consequently Khwarizmi is to be considered to
be the father of algebra. His contributions not only made a great impact on
mathematics, but on language as well. The word algebra is derived from al-abr,
one of the two operations used to solve quadratic equations, as described
in his book. The words algorism and algorithm stem from algoritmi, the
Latinization of his name.

The 36" Khwarizmi International Award
The 1t Khwarizmi Innovation and Technology Award
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The President’s Message for The ECO

CULTURAL INSTITUTE

36t Khwarizmi International Award Headquarters - Tehran

Seeking knowledge is a natural human tendency, and the more knowledgeable he is,
the more capable heis. On alarger scale, the progress of science and technology in any
country increases its power at the global level. Science brings together the expanding
diversity of perspectives offered by its participants leading to the progression of the
attitudes of the broader society.

Young people in different educational levels have numerous capacities, talents,
and potentials in many scientific and research fields. Therefore, holding competitions
and Olympiads, such as Khwarizmi International Award, is a constructive step to
improve science, education, and research. In this regard, the presence of thinkers
and innovators in international scientific events is the best opportunity to encourage them and actualize their
talents which will increase the level of knowledge and scientific and technological advancements.

Although it is obvious that scientific progress will never stop, it should be noted that the development of
science along with the promotion of moral values is vital for human excellence which highlights the role of
culture. So, science and culture are not separate phenomena. We should deal with science first and foremost
as a value and we should not forget that many cultural traditions have scientific grounds. Societies that value
culture and knowledge will witness growth and awareness among people. The more knowledgeable people
are, the more progressive their society will be.

Therefore, culture can foster scientific thinking. There are certain moral values such as empathy, kindness,
and philanthropy that are important in determining research and science priorities and applications. There is
a need to include these humanitarian values in science and technology while preserving and strengthening
scientific inherent values. Unfortunately, many of the world's political centers today are designed to acquire
knowledge for the purpose of dominance. It is not moral to pursue knowledge in order to exploit others and
impose our political and cultural views on them. Science and all its achievements should be at the service of
people.

Scientific achievements portray the dignity of man and his unique role in the world. A large number of
scientists have served humanity mainly because of their beliefs in moral values. They have saved countless
lives. Scientists who dedicate their lives to research to alleviate human suffering and seek solutions for the
problems of societies deserve recognition and reward.

Economic Cooperation Organization Cultural Institute (ECOCI), as an international organization that has
always been committed to realizing and promoting the national interests of ECO member states, appreciates the
efforts of all experts and especially the organizers of this important scientific event, which is an effective step in
the development of scientific achievements and synergizing measures for the benefit of mankind. Accordingly,
ECOCI endeavours to play its part in providing a context for growth and development and introducing virtuous
and knowledgeable young people to the global community.

Murodjon Buriboev
President of ECOCI

The 36" Khwarizmi International Award
The 1*t Khwarizmi Innovation and Technology Award 43
The 24" Khwarizmi Youth Award




\ /
N /4
. . . . N\ 4
Economic Cooperation Organization (ECO) ﬁ (
The Secretary General's Message for the Economic Cooneration
36*"" Khwarizmi International Award (KIA) Orga,,izat?on

It's a privilege to convey our reflection on the Khwarizmi International Award (KIA)
which is annually presented to researchers, scientists, inventors, and innovators from
across the globe in recognition of their exceptional contributions and services in the
field of science and technology.

We, as an organization, acknowledge this excellent tradition with deep appreciation,
especially given the expanded scope of cooperation in the ECO that not only includes
economic collaboration but also undertakes various activities to promote cultural
and scientific cooperation in the region. We do believe that the role of science and
technology is indispensable that appears to be an integrative element for the socio-
economic progress of the nations and their scientific advancements.

Maintaining such a luminous trend by the Islamic Republic of Iran is the requisition of time and a genuine
need to recall the region’s contribution to the development of science and technology for continued global
attention and memory. |, on behalf of the ECO, extend our sincere felicitations to the Ministry of Science,
Research & Technology of the Islamic Republic of Iran and the event's co-sponsors for continuing the
organization of this ceremony.

Khusrav Noziri
ECO Secretary General

The 36" Khwarizmi International Award
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Commission on Science and Technology
for Sustainable Development in the South
(COMSATS)

The Executive Director’'s Message for the

36t Khwarizmi International Award (KIA)

Recognizing achievements in the realms of science and technology through awards and
prizes greatly helps in highlighting the role of scientists and technologists in bringing
betterment to society. The Khwarizmi International Award (KIA), established by the Iranian
Research Organization for Science and Technology (IROST) - a Centre of Excellence of
COMSATS, in the memory of Muhammad ibn Musa al-Khwarizmi, has been a notable and
commendable step in this direction. Humanity continues to benefit from the contributions
of this Muslim mathematician and astronomer, whose notable work includes finding
solutions to linear and quadratic equations based on intuitive geometric arguments and is
referred to as the father of Algebra.

| highly appreciate IROST for holding the 36™" Khwarizmi International Award honoring and acknowledging
outstanding scientists and researchers, from all around the world, for their remarkable contributions to science,
technology, and innovation. It is a pleasure for me to congratulate this year's KIA Laureates on their well-deserved
recognition. The regular organization of this prestigious Award speaks volumes about the important role IROST
is playing in motivating and encouraging scientists, researchers, and innovators to pass on enormous benefits of
science and technology to society and help address various global challenges.

We are currently witnessing the Fourth Industrial Revolution - characterized by a range of technologies that
are fusing the physical, digital, and biological realms, and have a huge impact on all disciplines, economies, and
industries. Developments under Industry 4.0 are undeniably fast and many, however, the emerging and fast-evolving
challenges of this day and age, necessitate more advances and breakthroughs, oriented towards solving current and
future global challenges.

Among the top global issues of recent years has been the COVID-19 pandemic. It has in fact further highlighted
the importance of science, technology, and, innovation for achieving sustainable socio-economic development. Over
the last century and a half, S&T has risen as a big helping hand for humanity aiding in its survival, growth, and
resilience, and in addressing major global challenges, such as poverty, food security, and climate change.

Apart from their levels of development, countries of the world are differentiated by a number of regional,
environmental, cultural, and political factors. However, a number of developmental challenges and factors constitute
common grounds for cooperation among nations. One such cooperative arrangement instituted at the international
level based on the agenda of S&T-led sustainable development has been in place since 1994 in the form of the
Commission on Science and Technology for Sustainable Development in the South (COMSATS). Having 27 Member
States and a Network of 24 International Science and Technology Centres of Excellence, COMSATS has been working
to promote South-South and Triangular cooperation in capacity building; collaborative research and development;
and sharing of knowledge, experiences, good practices, and technological resources among the member countries.

COMSATS values the efforts of all its Network members for bringing science and technology to the center of
the development agenda in their countries. The Iranian node of the Network, IROST, is playing a commendable role
in promoting S&T-led development in Iran, and generally in other member countries through its world-class work.
Since its affiliation with COMSATS in 2004, IROST has been proven to be one of the most active members of the
COMSATS Network in terms of intellectual activity and S&T collaborations. COMSATS stands resolute to facilitate and
enable its member countries in the face of inevitable challenges relating to healthcare, food security, poverty, and
a number of areas related to national and regional needs. In this direction, recognition of our scientists’ potential
and directing their R&D efforts to make them more responsive to global challenges is of cardinal importance. KIA
is helping in achieving that, as well as promoting a conducive ecosystem and culture of incentives for able minds
working for the betterment of the world, and COMSATS is therefore pleased to be a part of this valuable activity.

In the end, | would like to once again congratulate IROST for the successful organization of the Khwarizmi
International Award.

Ambassador Dr. Mohammad Nafees Zakaria
Executive Director

Commission on Science and Technology

for Sustainable Development in the South
(COMSATS)
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World Intellectual Property Organization
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(WIPO)
The Director General's Message for the stl;g
36" Khwarizmi International Award (KIA) ol el e

On behalf of the World Intellectual Property Organization (WIPO), | would like to
congratulate the laureates of the 36" Khwarizmi International Award and the 24"
Khwarizmi Youth Award.

The achievements of Muhammad ibn Masa al-Khwarizmt have had a profound
influence on humankind. His seminal works on mathematics, geography, and
astronomy inspired numerous advances that transformed the ancient world and
set the course for a new age of scientific discovery, the development of algebra and
Arabic numerals, the compilation of advanced astronomical tables, and progress with
sundials and cartography. Each of these achievements stemmed from Al-Khwarizmi and his work.

This scholarship continues to shape our world today. Take the digital transformation, fast-moving
technologies such as artificial intelligence, advanced robotics, machine learning, and many clean technologies
rest upon algorithms and their outputs. The word algorithm derives from algoritmi, the Latin form of Al-
Khwarizmi's name. More than twelve hundred years since his birth and Al-Khwarizmi continues to be at the
cutting edge of knowledge creation.

At WIPO, our mission is to support today's innovators and creators through a balanced and effective
global intellectual property (IP) ecosystem. We believe that IP must evolve from a technical, legal matter into a
powerful catalyst for jobs, investments, business growth, and, ultimately, economic and social developmentin
all regions of the world.

Since ratifying the WIPO Convention in 2001, the Islamic Republic of Iran has joined many of the key
international treaties on IP. This has supported the development of the national IP ecosystem. It has also
helped more innovators and creators to turn their ideas into a reality.

This work is set to increase in importance in the years ahead. As the world recovers from the pandemic,
more and more economies are identifying innovation, creativity, technology, and entrepreneurship as key
drivers of growth and prosperity.

Supporting young people to engage with IP is an important part of this journey. Successful innovation
ecosystems rest upon a culture that values IP and that celebrates the major achievements of researchers and
inventors. The Khwarizmi Youth Award plays a crucial role in nurturing such an outlook and inspiring more
young minds to pursue a career in science and technology.

This year's laureates are now the keepers of a spirit of discovery that forms a key part of Al-Khwarizmi's
legacy. Just as the golden thread of invention has powered human progress in the past so, too, will it enable
us to build a better tomorrow. In this spirit, allow me to extend WIPO's warm congratulations to this year's
winners, as well as all those who participated in the awards. We wish you success in your future endeavors.

Daren Tang
Director General
WIPO

The 36" Khwarizmi International Award
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The Prizes and Certificates of the Khwarizmi Awards

A A
) The Ministry of Science,
The Presidency of the L.R. Iran Research and Technology
Certificates Certificates

Iranian Research Organization for
Science and Technology

The Khwarizmi Award Trophy
and valuable cash prizes

National Elite Foundation
Certificates

Organization of Islamic Cooperation Standing Committee on
Scientific and Technological Cooperation (COMSTECH)
Certificates

International Sponsors

The World Intellectual Property Organization (WIPO)
Certificates

— The Iranian National Commission for UNESCO
UNEeSsSCO Certificates

Iranian
National Commission

Commission on Science and Technology for Sustainable
Development in the South (COMSATS)
Certificates

ECO Cultural Institute (ECOCI)
Certificates
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Outstanding Researchers

Prof. Madjid Samii Prof. Hasan Tajbakhsh, D.M.V., Ph.D

Research Work Title:
Revival of traditional Iranian
Medicine and a glance

at history of human and
veterinary surgery in Iran

Research Work Title:

A Prominent role in taking “
Global knowledge border on
neurosurgery” forward and
continuing in improving the
quality of neurosurgery in Iran.

Prof. Seyed Mohammad Bolourchian Tabrizi Prof. Hosein Zomorshidi

Research Work Title:
Iranian traditional
architecture systematization
with drawing design
approach to sacred arts

Prof. Parviz Davami Prof. Mahmoud Yaghoubi

Research Work Title:
Developing knowledge of
organosilicon compounds in
Iran

Research Work Title:
Development of solar
thermal power plant
technology in Iran

Research Work Title:

The effective role in
theoretical and applied
development of materials
and metallurgy engineering

inlran
Prof. Yousef Sobouti

Research Work Title:

a lasting role in the
development of education
and research

The 36" Khwarizmi International Award
The 1*tKhwarizmi Innovation and Technology Award
The 24" Khwarizmi Youth Award




The Outstanding Researcher Section

During the thirty-six years of its organization,
the Khwarizmi International Award has gone
through changes and developments annually,
each of which played a crucial role in upgrading
the management, and in turn, the quality
of this award. Each year, both scientific and
executive committees attempt to contribute
to the more successful organization of the
Khwarizmi International Award. They improve
the operating procedures to achieve the primary
goal of this important award which is national
scientific development through the identification,
introduction, and recognition of the researchers
and technologists of the country.

Onthe eve of the 27t edition, a new idea was
developed and turned into a reality. This was the

inclusion of a new section named “ Outstanding
Researcher “ to the Khwarizmi International
Award. This section aims to honour, at each
edition, an Iranian outstanding researcher for
his/her sustained efforts and the significant
role they have played in developing science and
technology in the country.

The “Outstanding Researcher” is selected
based on her/his academic rank, publications,
research projects, and citations. To be recognized
as an “ Outstanding Researcher”, one should,
during her/his life, play a significant role in
the development of science and technology,
promotion of the national and Islamic culture,
and contribution to the teaching of scholars in
the country.

The 36" Khwarizmi International Award

The 1*t Khwarizmi Innovation and Technology Award 35

The 24" Khwarizmi Youth Award



Quotes from the Laureates of the Khwarizmi International Award

Dear Chairman,
I am delighted and honored to be the Laureate of the 36" Khwarizmi International
Award in 2022. | wish to thank you warmly.

Prof. Jean-Laurent CASANOVA
Rockefeller University and the University of Paris; Laboratory of Human
Genetics of Infectious Diseases, France

Dear Chairman,
Thank you to the Khwarizmi International Award committee and the jury members for
bestowing upon me the prestigious 34" Khwarizmi International Award. | am honored
and humbled to receive this international award from the jury. This award enormously
enhances our cooperation with scientists in Iran in establishing the technology base
for producing high-efficiency, large-area, all-printable perovskite solar cells, and their
integration into photovoltaic modules for renewable energy applications.
Prof. Mohammad Khaja NAZEERUDDIN
Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland

Dear Chairman,
I have been granted many awards in my 40-year career as a distinguished professor
of electrical engineering. However, KIA has a special place in my technical portfolio
and is manifested as a significant recognition of my contributions to engineering and
science, which | will cherish for the rest of my life.
Prof. Seyed Mohammad SHAHIDEHPOUR
lllinois Institute of Technology, Iranian Resident in the U.S.A

Dear Chairman,
It is a great honor to become this year's KIA laureate. Science and technology can
transcend cultures, languages, and borders. | am proud to be a member of the
international KIA community. | hope that the award leads to scientific collaboration
and exchange of students between Iran and Australia. Thank you, KIA organization.
Prof. Katharina GAUS
University of New South Wales, Sydney, Australia

Dear Chairman,
Itis my great honor to receive the KIA Award. | believe KIA will be an important bridge
between scientists in Iran and the world. | have a very close relationship with Iran. |
have published collaborative research papers with Iranian scientists and professors.
My products, mesoporous geolitic catalysts have been used in China petrochemicals
engineering even in Iran’s oil industry.
In the future, | will do my best to promote the scientific collaborations between China
and Iran.
Prof. Dongyuan ZHAO
Fudan University, The People’s Republic of China

The 36" Khwarizmi International Award
The 1t Khwarizmilnnovation and Technology Award
The 24 Khwarizmi Youth Award




The Executive Committee
Members

Zamanian, H.
Sepahvand,R.
Khosh Kholgh, R.
Ahmadi,H.
Davari,M.
Rezaee, M.
Shokri, Z.
Rahimi,Z.
Jask, F.
Kheiri, F.
Vahedi, A.
Sadeghi,N.
Memari, Zh.
Aghdayee, M.

Safai,M.

Allahyari, A.

K | IROST Colleagues | \

Ranjbar, M. Badrnia,H.
Bakhtiari, N. Ghasemi,M.
Ibrahimi,T. Dana,S.
Moradi, L. Hosseini,H.
Sehati,S.

The 36" Khwarizmi International Award
The 1=t Khwarizmi Innovation and Technology Award 3
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Head: Zandi, M.

Head: Haghir, S.

Scientific Committees

In alphabetical order

Agriculture & Natural Resources

Arts, Architecture & Urban Planning

Head: Haj Esmaeil Beigi, F. Basic Sciences

Head: Safavi, S.M. Biotechnology & Basic Medical Sciences/Medicine

Head: Kashi, I.

Head: Asgarian,

Head: Amiri, S.

Head: Jazani, J.

Chemical Technologies/ Nanotechnology

B. Civil Engineering

Electrical & Computer Engineering / Software &
Information Technology

Industrial Engineering & Technology Management

Head: Gholami Pour, R. Materials, Metallurgy & New Energies

Head: Farhani Baghlani, F. Mechanical Engineering/ Mechatronics/Aerospace

Head: Allahyari,

The 36" Khwarizmi International Award

A. Successful Laureates in National Production

The 1* Khwarizmilnnovation and Technology Award

The 24" Khwarizmi Youth Award




The Grand Jury Members

The Chairman of the 36™ Khwarizmi International
Award

Prof. Zamanian, H.
Prof. Gholipour, Y. The University of Tehran

Dr. Vosoughi Vahdat, B. Sharif University of Technology

Prof. Malek Ghorbanzadeh,

A The University of Tehran

Iranian Research Organization for Science and
Technology

Prof. Ardakani, M. A.
Prof. Daneshjou, K. Iran University of Science and Technology
Prof. Tayarani, M. Iran University of Science and Technology

Prof. Abdkhodaie, M. . Sharif University of Technology

Iranian Research Organization for Science and

Prof. Mohannazadeh, F.
Technology

Prof. Soudi, M. Alzahra University

Dr. Ghezelayagh, M. H. Imam Hossein University

Prof. Niknam, V. The University of Tehran

Iranian Research Organization for Science and

Prof. Shi i, K.
ro irvani T

The Executive Chairman of the 36" Khwarizmi

Dr. Allahyari, A. .
International Award

The 36" Khwarizmi International Award
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Laureates — The 1%t Khwarizmi Innovation and Technology Award

e Scientific The First |The Second| The Third Total
gory Committee Place Place Place

Electrical & Computer

. . 1 -- -- 1

Innovation and Engineering
Technology Nanotechnology -- 1 -- 1
Mechanical Engineering - - 2 2
Total 1 1 2 4

Laureates — The 36" Khwarizmi International Award

Scientific The First |The Second| The Third

Categor Total
gory ‘ Committee Place Place Place

Electrical & Computer
Research and - - 1 1

Engineering
Development
Aerospace - - 1 1
> | Basic Research Biotechnology - - - 1
Nanotechnology - = - 1

Materials, Metallurgy &
Renewable Energies

Total 5

Laureates — The 24™" Khwarizmi Youth Award

Scientific The First |The Second| The Third

Category ‘ Committee Place Place Place fotal
Mechanical Engineering - 1 1 2
1 Applied Materials, Metallurgy & . » 1 1
Research Renewable Energies
Chemical Technologies - -- 1 1
Total -- 1 3 4

The 36" Khwarizmi International Award
The 1t Khwarizmilnnovation and Technology Award
The 24 Khwarizmi Youth Award




The 15t Khwarizmi Innovation
and Technology Award

Innovation is essential for companies to maintain their competitiveness and ensure long-term survival in
global markets. Knowledge-based businesses in today's competitive markets are always facing challenges to
achieve success, while innovation is the key to success for technologists. Innovation is effective in developing
and advancing existing technologies, and introducing innovations to products or value creation as well
as creating a product with a high added value, and as a result, gaining a competitive advantage. If small,
medium, and large industries wish to compete and develop while maintaining the status quo, they must
have a scientific approach to innovation, technology, and knowledge management.

This year, the first edition of the Khwarizmi Innovation and Technology Award was organized by the
Iranian Research Organization for Science and Technology. In the first edition of this award, the received
projects were submitted to the Scientific Committees and as a result, a total of four projects were announced
as the recipients of the Khwarizmi Innovators and Technologists Award by the Jury. The winning projects
included two projects proposed by the Scientific Committee of Mechanical Engineering, one proposed
by the Scientific Committee of Electrical and Computer Engineering, and one proposed by the Scientific
Committee of Nanotechnology. These knowledge-based projects introduced significant innovations as well.

Features of the Khwarizmi Awards

In this edition of the awards, in addition to all the activities regarded as necessary for each edition
such as policymaking, planning, effective implementation of procedures, careful monitoring of the
performance of the Scientific Committees, and upgrading and updating the electronic registration
system, the directory of the Laureates of the Khwarizmi International Award and Khwarizmi Youth Award
has been updated and completed as well. This directory, named “Khwarizmi Kahroba Database”, can
be accessed at https://Kia-kahroba.ir/laureates and is searchable based on the project title, Laureate’s
name, keywords, subject area, year, and edition of the award. Khwarizmi Kahroba Database with more
than 2000 records is currently being used to retrieve information about the former Laureates of the

Khwarizmi Awards and their winning projects in Persian and English languages.

In conclusion, the Secretariat of Khwarizmi Awards would like to sincerely thank all the candidates,
the many IROST colleagues who proudly serve at this event, the members of the Scientific Committees,
the Grand Jury, and the Executive Committee who contributed to the excellence and success of this
edition of the award with their efforts, expertise, commitments and responsible follow-up.

The Permanent Secretariat
Khwarizmi Awards
February 2023

The 36" Khwarizmi International Award
The 1*tKhwarizmi Innovation and Technology Award
The 24" Khwarizmi Youth Award
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The 24 Khwarizmi
Youth Award

Discovering and nurturing young talents in different scientific and industrial fields, and supporting
younginventors, innovators, and researchers are considered one of the most important assignments
of the Iranian Research Organization for Science and Technology. Supporting the scientific community
and scholars of the country has partly manifested itself in organizing the Khwarizmi Youth Award
which dates back to 1999.

The Khwarizmi Youth Award is an origin and a serious approach to recognizing and appreciating
the efforts of the country’s youth. The call for participation in the 24 Khwarizmi Youth Award opened
in the Spring of 2022 and ended in the Fall of 2022. In the section of Scholars and Technologists, 302
projects have been received. These applications were submitted to 16 Scientific Committees for

evaluation under the supervision and preliminary review of the Khwarizmi Secretariat. Subsequently,
the Scientific Committees proposed 10 projects to the Jury of the award. Finally, the Grand Jury,
whose members are prominent Iranian researchers in their respective disciplines, after numerous
meetings and the presentation of the proposed projects by the Scientific Committees, announced
four projects as the recipients of the 24" Khwarizmi Youth Award.

The winning projects included one project in the category of basic research proposed by the
Scientific Committee of Chemical Technologies, two projects in the category of applied research
proposed by the Scientific Committee of Mechanical Engineering, and one project in the category of
applied research proposed by the Scientific Committee of Materials, Metallurgy, and New Energies.

The 36" Khwarizmi International Award
The 1* Khwarizmilnnovation and Technology Award
The 24" Khwarizmi Youth Award



The 36™ Khwarizmi
International Award

The Khwarizmi International Award (KIA) has been founded, in 1987, after the victory of the Islamic
Revolution of Iran. Today, this scientific contest is recognized as the longest-running annual scientific
award that has been held successfully for four decades in the Islamic Republic of Iran. Since more than
one scholar collaborated on a large number of Khwarizmi-winning projects over the last four decades,
it can be estimated that the community of KIA Laureates includes several thousand members. This
scientific community has excellent expert knowledge, perseverance, management skills, experience,
creativity, and self-esteem, all considered valuable assets for accelerating scientific progress and
developing new technologies in the country. Searching through the long list of KIA Laureates, and
members of the Jury and Scientific Committees, the experts in different scientific fields can find
the names of dozens of distinguished scientists in the list. This provides further proof of the value
creation, purposefulness, effectiveness, and competitiveness of the Khwarizmi Awards.

The call for participation in the 36" KIA opened in the spring of 2022. The announcement has been
published on the KIA website and circulated worldwide in English, German, French, and Spanish. The
deadline for participation in this call ended in the Fall of 2022. This award includes basic, applied,
research and development, and innovation and technology research categories in all scientific fields
other than human sciences at the national and international levels. In this edition of the award, 281
applications reached the national and foreign sections of the KIA Secretariat. Of the total number of
applications received, the Scientific Committees proposed 16 to the Jury for further evaluation. The
Jury as the scientific and specialized core of the award is responsible for the scientific, and technical
evaluation as well as the ranking of the shortlisted projects. The Jury finally selected two projects
from the National Section and three projects from the Foreign Section as the recipients of the KIA.
The foreign KIA Laureates come from the People’s Republic of China, Singapore, and Sweden (an
Iranian scientist residing in Sweden).

The 36" Khwarizmi International Award
The 1*tKhwarizmi Innovation and Technology Award
The 24" Khwarizmi Youth Award
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The Khwarizmi Awards:
A Mirror Reflecting National
Scientific Achievements

The Khwarizmi Awards is a deliberate approach to introducing the best national projects and recognizing
outstanding scientists, researchers, innovators, and inventors who through their intellectual and
practical knowledge and innovations, make today’'s world, with its ups and downs, brighter and
more secure. These people of intellectual talent have excellent knowledge about the universe and
its rules, and develop scientific knowledge in many fields such as hygiene, health, agriculture, food
resources, environment, engineering, communications, materials, water, soil, and the like for the
betterment of their people and other nations.

The Secretariat of the Khwarizmi Awards treasures the records of projects submitted in each
edition of the awards, the photos, videos, bulletins, rules and regulations, reports, and the hard and
soft copies of the published documents. Today, this rich archive provides us with a valuable database
that may allow the monitoring and observation of scientific development and research trends in
different scientific fields over the last past forty years in the country.

Moreover, if we take into account the intellectual talents of more than 200 Iranian and foreign
scientists residing in 50 countries in the world, we realize that the Khwarizmi Awards would not
only be a regular annual event, a ministerial policy, or just an international scientific event but they
serve as proof of the competitiveness, and self-esteem of Iranian scholars and technologists and
their constant efforts in leading the researchers and the youth to achieve sustainable development
in the country. In the last 36 years, 97 bodies as well as private and public, scientific and economic,
and national and international organizations joined the long list of sponsors of the Khwarizmi Awards
which by itself serves as another proof of the competitiveness and success of these awards.

The 36" Khwarizmi International Award
The 1* Khwarizmilnnovation and Technology Award
The 24" Khwarizmi Youth Award
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The Third Place
Basic Research

Scientific Committee: Chemical Technologies
Research Work Title

Photoelectrochemical Sensors for Monitoring Some Biological
Species

Researcher | Kheibar DASHTIAN

Supervisor | M. GHAEDI, S. HAJATI

Collaborating

o Yasouj Universit
Organization J y

Abstract

Photoelectrochemical sensing (PEC) is an emerging and rapidly developing analytical method using
photoelectroactive materials, which are excited by an external light source to generate a signal. PEC
is an innovative diagnostic method that plays an important role in the development of analytical
methods and provides new opportunities for wide applications in early disease diagnosis, environmental
monitoring, and food quality control. Recently, the PEC method has received special attention due to its
significant advantages such as low background signals, cost-effectiveness, miniaturization capability,
high throughput, amenability for automation, and non-invasive and non-destructive applications.
Moreover, the continuous development of nanotechnology injects new vitality into this field. The
design and development of a sensitive and selective photoelectrode is a critical step in the PEC system.
Therefore, this project aims to develop new photoelectrodes to detect dopamine, L-tyrosine, and
L-phenylalanine as biomarkers of Parkinson'’s, diabetes, and phenylketonuria disease, respectively. To
this end, the photoelectrodes are developed by combining advanced light-harvesting materials with
high photoelectric conversion efficiency, effective separation and transfer of charge carriers, superior
photostability as sensitive agents, and photoactive molecular imprinted m-conjugated polymers as
selective (recognition) agents. The developed sensors are a new approach to detecting the biomarkers
of Parkinson's, diabetes, and phenylketonuria disease. Low detection limit, desirable linear range,
superior photoelectrode stability, repeatability, and excellent selectivity are other characteristics of
these sensors. The present system can monitor some other biological molecules as well.
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The Third Place
Applied Research

Scientific Committee: Materials, Metallurgy & Renewable Energies
Research Work Title

The Preparation of Colloidal Chalcopyrite Nanoparticles Used in
Solar Cells

Researcher | Rouhollah KHOSROSHAHI

Supervisors | N. TAGHAVINIA, M. BAGHERZADEH

Collaborating | Sharif University of Technology (SUT), Sharif Solar Co.
Organizations | (IRASOL)

Abstract

This project examines the fabrication and deposition technology of nanoparticle inks from chalcogenide
compounds and its usage in the fabrication of CulnS2 (CIS)/CulnGaS2 (CIGS) and Perovskite thin-film
solar cells. In the first step, the synthesis of CIGS family compounds with variable In/Ga ratio using
oleylamine solvent is investigated. The synthesized nanoparticles are analyzed by XRD, DLS, UV-Vis,
ICP, PL, SEM, EDX, and STEM. Subsequently, the stability of the ink made of CIGS and CIS nanoparticles
in different solvents is investigated using a new method, namely UV-Vis spectroscopy. Based on this
method, the long-term stability of the inks is examined and the CIS/CIGS ink in a chloroform solvent
is selected as the best option for extra stability. In the next step, the project studies the acquisition
of nanoparticle ink deposition technology to form a uniform layer and various chemical deposition
methods are also investigated. In the meantime, the spin coating method has the best response; this
is achieved by the idea of cooling the chloroform nanoparticle ink. In the Perovskite solar cell section,
the CIS/CIGS layer is used as the HTL layer and as an alternative to the Spiro compound. The general
structure of perovskite cells is FTO / TiO2 Block / TiO2 Meso / Perovskite / CIGS or CIS / Contact (Au,
Carbon). Given this structure, two different cell categories are used in this section: evaporative gold
deposition and carbon paste deposition as the final contact of the cell. In both cases, efficiency above
16% is achieved, similar to the cells in which Spiro-OMeTAD is used as the HTL. This ink is applied to
replace the Spiro-OMeTAD layer in Perovskite solar cells for the first time in the world. Today, the
stable CIS/CIGS inks are commercialized by IRASOL to be used in Perovskite solar cells.

The 36" Khwarizmi International Award
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The Third Place
Applied Research

Scientific Committee: Mechanical Engineering
Research Work Title

The Measurement System of Sediment Concentration and
Passing Load in Dredging Ships

Researcher | Nazila TARABI

Collaborator | Jalil TAGHIZADEH-TAMEH Supervisor | H. MOUSAZADEH

Collaborating

L The University of Tehran, Ports and Maritime Organization
Organizations

Abstract

Solid-liquid two-phase flow and its monitoring technology are used in many industries such as the
transportation of minerals, chemicals, food, etc. One of the industries having a great need for online
non-intrusive measurement of the concentration and density of two-phase fluid flow is the process
of dredging in harbors. Due to the limitations of other conventional methods of measuring density
and concentration, this project constructs a non-invasive device based on an electrical impedance
tomography to measure sediment concentration and passing load on a dredging scale. In this system,
the information on the distribution of solid particles in the desired phantom section is obtained by
receiving the signal from tomography sensors, extracting information through image reconstruction
algorithms, and solving the existing problem. Moreover, the concentration and density are determined
online and a two-dimensional image (tomogram) of the material passing through the pipe section
is displayed.
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The Second Place
Applied Research

Scientific Committee: Mechanical Engineering
Research Work Title

Knee Prosthesis Constraints and a Stability Test Machine

Researcher | Hassan NASIRI KHANSARI

Supervisorl M. DORALI

Collaborating

Organizations Sharif University of Technology, Movafaghian Center

Abstract

One of the most common worldwide arthroplasty surgeries is
total knee arthroplasty (TKA). InIran, 50,000 joint replacement
surgeries are performed annually. In addition to the surgery
difficulties, this operation costs a lot. Due to the increase
in the rate of total knee replacement (TKR) surgeries,
several investigations have been conducted to improve the
performance and longevity of prostheses. The prosthesis
chosen for each patient should be suitable for the individual's
physical condition so that he/she will be able to resume his/
her normal activities after the operation. TKR’s constraints and
stability determination are pivotal issues for the enhancement
of their performance. “Constraint” represents the resistance
between the two parts of the knee prosthesis against motion
and rotations when force and torque are applied. Depending
on the patient’s condition, the surgeon is required to selecta
prosthesis with appropriate kinematic properties. Therefore,
it is necessary to have a standard test device to compare the
kinematic performance of different knee prostheses. This
project aims to create conceptual and detailed mechanical and
electrical designs of a TKR constraint testing machine based
on the ASTM F1223-20 standard. To this end, the parts are
carefully manufactured and controlled for quality assurance.
Subsequently, the machine is assembled and checked for proof
of performance and the PLC program is written as machine
software. A comprehensive user interface is coded on the
computer to perform various tests, which can command the
machine and view the required data in a graphical environment.
Finally, simple experiments are designed and performed to
validate the machine’s accuracy and performance.
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Basic Research

Scientific Committee: Materials, Metallurgy & Renewable Energies
Research Work Title

The Design and Synthesis of Nanostructured Materials for
Electrochemical Energy Storage

Researcher | Xiongwen LOU Country | The People’s Republic of China

Field | Materials Chemistry

Scientific

Affiliation Nanyang Technological University of Singapore

Abstract

This study focuses on the design and synthesis of novel nanostructured materials for different
electrochemical energy storage and conversion technologies, including rechargeable batteries,
supercapacitors, fuel cells, electrocatalysis, and (photo-) electrocatalysis. This research develops new
methodologies and an understanding of the general design and efficient synthesis of electroactive
materials with advanced architectures and desired compositions/components. This is only possible
with the acquired in-depth insights into the correlation between charge/mass transfer and nanoscale
structures, compositions/components with a combination of theoretical modeling, electronic structure
calculation, geometries optimization, and electrochemical technologies. The study develops general
strategies to synthesize hollow structures with high complexity. These hollow structured functional
materials, including metal oxides, sulfides, and phosphides exhibit exceptional electrochemical
properties for batteries, supercapacitors, and electrocatalysis.
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Biography

Prof. Xiongwen Lou received his B.Eng. degree from the National University of Singapore in 2002, and
his Ph.D. degree from Cornell University in 2008. He is a Cheng Tsang Man Chair Professor in Energy
at Nanyang Technological University of Singapore before he joined the City University of Hong Kong
as a Chair Professor in 2023. Prof. Lou currently serves as a deputy editor for the Journal of Science
Advances and as an associate editor for the Journal of Materials Chemistry A. He was elected as
a Fellow of the Singapore National Academy of Science, and the Academy of Engineering in 2022.
His main research interest is in the design and synthesis of nanostructured materials for energy
applications. Prof. Lou has published over 380 papers and was listed as a Highly Cited Researcherin
multiple fields by Thomson Reuters/Clarivate Analytics for nine years from 2014 to 2022 consecutively.
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Basic Research

Scientific Committee: Nanotechnology
Research Work Title

Phase Engineering of Nanomaterials

Researcher | Hua ZHANG Country | The People’s Republic of China

Field | Nanotechnology

Scientifi
clentiie City University of Hong Kong

Abstract

This research mainly focuses on phase engineering of nanomaterials (PEN), i.e., the rational design and
synthesis of novel nanomaterials with unconventional phases for investigation of phase-dependent
physicochemical properties and applications in catalysis, (opto-)electronic devices, clean energy, etc.
The research on PEN is very important not only in fundamental studies but also in future practical
applications. For example, we prepared novel Au nanostructures (e.g., the hexagonal-close packed
(hcp) 2H-Au nanosheets, 4H-Au nanoribbons, 4H/fcc and fcc/2H/fcc heterophase Au nanorods),
epitaxially grown metal nanostructures on the aforementioned unconventional Au nanostructures,
2H-Pd nanoparticles, and amorphous/crystalline heterophase Pd, PdCu, Rh, and Rh alloy nanosheets
successfully. In addition, metastable 1T-phase group VI transition metal dichalcogenides (TMDs), e.g.,
WS,, WSe,, MoS,, MoSe,, WS;xSe,q and MoS,xSe,. were prepared and the phase transformation
of TMDs during our developed electrochemical Li-intercalation process was observed. Impressively,
the lithiation-induced amorphization of Pd;P,Ss was achieved.
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Biography

Prof. Hua Zhang obtained his B.S. and M.S. degrees at Nanjing University in 1992 and 1995, respectively,
and completed his Ph.D. at Peking University in 1998. After doing postdoctoral research, he joined
Nanyang Technological University in 2006. Prof. Zhang moved to the City University of Hong Kong
in 2019, and at present, he is the Herman Hu Chair Professor of Nanomaterials. He was listed in the
“Highly Cited Researchers” (2014-2022) and “Hottest Researchers of Today” (2014-2015, Clarivate
Analytics/Thomson Reuters). His awards and honors include Foreign Fellow of the European Academy
of Sciences, Vice-Chancellor's International Scholar Award (University of Wollongong), ACS Nano
Lectureship Award, World Cultural Council (WCC) Special Recognition Award, etc.
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Basic Research

Scientific Committee: Biotechnology
Research Work Title

The Microbiome of Surface Soils in Global Soil Samples

: 2 Researcherll\/lohammad BAHRAM CountrylSweden

Scientific

Affiliation Swedish University of Agricultural Sciences

Abstract

Microbes are fundamentally important for soil carbon and nutrient

cycles, yet their diversity and distribution remain largely unknown.

Recent advances in high-throughput sequencing techniques enable

us to determine millions of genes and identify thousands of microbial

taxa from asingle sample. We have optimized and used these methods
to understand various aspects of the biogeography of soil microbes.

This line of research has resulted in unprecedented insights into the

global distribution of soil microbes, including:

* Soil microbes show a global latitudinal gradient with the highest
bacterial diversity in temperate zones across all major biome types
in contrast to many other organisms; and

+ Soil bacterial and fungal community composition and functional
potential are strongly affected by soil and climatic factors. A better
understanding of how soil microbes respond to climate change
represents important steps toward developing strategies to protect
and restore soil ecosystems.

Biography

Dr. Mohammad Bahram is an associate professor at the Swedish Agricultural University as well
as at Tartu University in Estonia. He obtained his Ph.D. degree from Tartu University and was
awarded a postdoctoral fellowship at Uppsala University. His current research areas focus mainly on
understanding the diversity and functions of soil and plant-associated microbiota. This line of research
has implications for predicting future responses to global change, including potential functional
shifts and range expansions of plants and their symbiotic partners. Dr. Bahram has published over
100 scientific articles, and he has been an invited speaker at several scientific events to present his
research on soil microbes. He has received several national and international distinctions, including
a career award from SLU (Sweden).
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The Third Place
Research & Development

Scientific Committee: Aerospace
Research Work Title

The Modification of Desigh and Manufacture of the Cockpit
Windshields for Large Airplanes

Executive Organization | Bashir Industry-SA Iran

Representative | Sayyed Mehrdad KATEB

Abstract

Due to the difficult flight conditions that should meet the pilot's and co-pilot's optical needs, the windshields

of the passenger planes are considered an important part of an airplane. Therefore, to ensure safety and

airworthiness as well as proper maintenance requirements, it is necessary to design, construct, install,

and maintain these windshields according to national requirements and regulations of the Civil Aviation

Authority of the Islamic Republic of Iran (CAA.IRI) and International Civil Aviation Organization (ICAO). The

country’s passenger fleet greatly demanded these windshields for Fokker 100, Boeing 737, and Boeing

MD. However, their supply was faced with some challenges such as difficulty in finding reliable sources,

the grounding of the country’s air fleet until the supply time, lack of after-sale services, etc. To overcome

these challenges, this project aims to design and construct the cockpit windshields for large airplanes after

obtaining the required certificates, including Design Organization Approval (DOA), Production Organization

Approval (POA), and Supplemental Type Certificate (STC) from competent national authorities. The

approval process for obtaining these certificates started in 2010. Therefore, to improve the lifespan of the

windshields, meet the needs of the national passenger fleet optimally, and provide grounds for export,

the installation of the windshields on airplanes included the following modifications:

+ Designing an optimized polymer interlayer;

+ Designing metal components according to the latest aviation standards;

+ Designing nano-heater layers according to the coating uniformity proportional to the geometry of the
windshields, and the fabrication procedure;

* Improving the materials used in conductive busbars and the fabrication method;

+ Designing a thermistor by changing the wire format to ceramic one;

+ Designing a uniform geometry to prevent humidity penetration into the structure.
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The Third Place
Research & Development

Scientific Committee: Electrical & Computer Engineering
Research Work Title

Mobile Air Traffic Control

Executive Organization | Iran Electronics Industries Co.

Representative | Mohammad Reza ZAHIRI BIDHANDI

Collaborating

Organization The Iran Airports and Air Navigation Company

Abstract

The use of Mobile Air Traffic Control (ATC) in emergencies or in particular conditions where it is
impossible to erect fixed ATC would be one of the most essential needs of domestic airports. The
biggest challenge for the construction of telecommunication sites is radio interference due to the
installation of radio equipment close to the antennas of mobile sites. Therefore, the problem caused
by interference and proximity should be solved. Firstly, this project studies radio interferences and
their impact, the existing international standards for ATC, and the assessment of the ATC catalogs
from various manufacturers around the world. Secondly, the main information is collected and
categorized, and then given the required operational plan from the Iran Airports and Air Navigation
Company, and the applicable radio parameters, the design of radio antennas with maximum isolation
as well as the design of the entire radio system have been simulated using EMIT software. Finally,
by the results obtained from the software, interferences assessment, and precise chart analysis, itis
feasible to find an appropriate solution that is compatible with the standards. Furthermore, diverse
types of suitable filters are presented for this purpose and some of them are modeled in the software
along with RF Jammer, and then, the results are evaluated.

The 36" Khwarizmi International Award
The 1*t Khwarizmi Innovation and Technology Award
The 24" Khwarizmi Youth Award

13



Ministry of Science, Research & Technology
Iranian Research Organization for

Science & Technology

The Laureates of
the 36 Khwarizmi
International Award




The Third Place
Innovation & Technology

Scientific Committee: Mechanical Engineering
ResearchWorkTitle

The CFM56 Turbofan Engine Maintenance and Testing Services
in the Test Cell

Executive Organization | Iran Aviation Industries Company

Representative | Abdolali HEYDARZADEH

Abstract

This project aims to eliminate the need for airlines’ maintenance and overhaul activities to achieve

self-sufficiency and economic savings and create knowledge-based employmentin the country. The

project outline is as follows:

* Designing, manufacturing, and supplying special tools needed for disassembly and assembly of
engines and modules, as well as repair of engine parts

* Designing, manufacturing, and supplying the tools and equipment required to provide engine
testing capabilities

* Preparing technical manuals for engine testing

* Establishing the repair process for engine parts and systems by obtaining the necessary permissions
from the Civil Aviation Organization of the I.R. Iran (ICAO)

* Designing and manufacturing a static and dynamic balancing device for engine rotating parts in
cooperation with a domestic knowledge-based company

* Obtaining the certificates, standards, and final product approvals from competent national and
international authorities
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The Third Place
Innovation & Technology

Scientific Committee: Mechanical Engineering
ResearchWorkTitle

The Pressure Reducer Valve with the Ability to Generate
Electricity

Researcher | Mojtaba TAHANI

R. FAHIMI, S. REZAEE, M. NAJAFPOUR, S.H. SALEH], S.
SAREMIAN

The University of Tehran, Tehran Province Water, and
Wastewater Co., Future Smart Energy Designers Co.

Collaborators

Collaborating
Organizations

Abstract

This project aims to use a gravity-fed water distribution system to generate renewable energy. To
this end, the water stream overpressure is reduced by the pressure reducer valves (PRV) taking inlet
water with high pressure and feeding it back to the same stream after passing through the turbine.
By replacing the turbine, instead of the pressure relief valve, while stabilizing the fluid flow pressure
downstream, renewable electricity is generated from the hydrodynamic energy of the flow. This
system makes water infrastructure smarter, more sustainable, and more resilient. It also provides
a stable adjustment of outlet pressure and helps decrease water leakage due to overpressure in
the distribution system.
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The Second Place
Innovation & Technology

Scientific Committee: Nanotechnology
Research Work Title

The Design and Manufacture of Nano-Porous Catalysts for
Electrosynthesis of Chemical Precursors

Researcher | Saber ALIZADEH

Supervisor | D. NEMATOLLAHI

Collaborating

o Bu-Ali Sina University
Organization

Abstract

Along with the substantial progress in chemical science and its vital role in various aspects of modern
life, compliance with eco-friendly principles to minimize the negative impact of chemical technologies
isin increasing demand. In this regard, it is necessary to change the traditional concepts of efficient
processes to new models using economic concepts and focusing more closely on the efficiency of
chemical processes. With the increasing challenges in the economy, energy, and environment, catalysts
can play a key role in addressing some of these challenges by improving the efficiency of chemical
processes. This project aims to use electrosynthesis as a green technology for the preparation of
nano-porous organic-inorganic catalysts and apply them in the synthesis of pharmaceutical precursors
under green conditions. As a result, modern electrosynthesis methods are employed to design
and manufacture organic-inorganic hybrid nanostructures having electrocatalytic properties. The
synthesized nano-catalysts and related modified electrodes based on microporous and mesoporous
structures are utilized for the synthesis of various aldehydes and ketones, pyridine derivatives, and
acrylamide compounds as important intermediates and precursors in the pharmaceutical synthesis
cycles. This project also designs and constructs an electrochemical reactor equipped with modified
electrodes for the large-scale synthesis of these pharmaceutical precursors.
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The First Place
Innovation & Technology

Scientific Committee: Electrical & Computer Engineering
Research Work Title

The Simulation and Execution of High-Speed and Low-Power
Artificial Neural Networks

Researcher | Shaghayegh VAHDAT

Supervisors IA. AFZALI -KOUSHA, M. KAMAL

Collaborating | Faculty of Electrical and Computer Engineering,
Organization | University of Tehran

Abstract

Today, artificial intelligence is used in various fields such as health, transportation, the Internet of
Things, agriculture, as well as industries. The use of artificial intelligence in embedded systems and
self-driving cars or mobile phones with limited battery charge requires high computing speed which
has made the design of neural networks with low power consumption and high speed one of the
most challenging research topics in the world. The main operation performed in neural networks is
matrix multiplication and control of the power consumption, whose speed significantly affects the
system’s overall performance. The matrix multiplication operation along with activation functions
can be implemented in both analog and digital formats. This project introduces several methods
for both formats whose efficiency is evaluated using software simulation. In an analog format,
emerging memory devices (memristors) are used to implement network weights and perform matrix
multiplication operations. Furthermore, solutions for circuit modeling and off-chip network training
aswell asincreasing system reliability against noise are provided. In addition, the idea of approximate
computing is used to design approximate digital multipliers and divider structures with low power
consumption, high-speed implementing matrix multiplication operations and activation functions
with very low energy consumption.
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| Chairman’s |
Foreword

In the Name of ALLAH

Given the rapid advances in new scientific knowledge in the world,
developing and using novel advanced technologies are more than
ever needed. In addition, due to the existing environmental issues,
implementing fundamental changes in innovation and technology
development is inevitable in small and large industries.

Knowledge-based companies have a special role in achieving
sustainability in this highly competitive field. They must introduce
technological innovations and make more efforts to invest in

innovation and technology. To achieve sustainable development, it is necessary
to have a particular view of knowledge management, and a knowledge-based
economy as well as innovation and technology because innovation is an essential
requirement of knowledge-based companies for being able to maintain their
competitiveness in the current thriving markets.

As the current Iranian calendar year was named the “Year of Knowledge-Based
Production and Job Creation”, particular attention should be paid to innovation
and technology. Therefore, this year, through the efforts of the Iranian Research
Organization for Science and Technology (IROST), the first edition of the Khwarizmi
Innovation and Technology Award was jointly organized with the Khwarizmi
International Award and Khwarizmi Youth Award.

We are very pleased to witness the successful organization of the 36" Khwarizmi
International Award, the 15t Khwarizmi Innovation and Technology Award, and the
24" Khwarizmi Youth Award. Organizing Khwarizmi International Award for four
decades has been a great success for IROST, and the great family of the Ministry of
Science, Research, and Technology.

In line with scientific diplomacy, every year, the gathering of Iranian and foreign
scientists at the Khwarizmi Award ceremony opens a dialogue between them and
provides an opportunity for exchanging noble ideas between scientists and experts
while creating positive images of Iran for the participants of the award ceremony.

Finally, 1 would like to appreciate the Grand Jury, Scientific Committees, the
Permanent Secretariat of the Khwarizmi Awards, and the many colleagues at
IROST's different departments as well as national and international sponsors who
contributed to the successful organization of these awards.

Prof. Hassan ZAMANIAN
Chairman
The 36t Khwarizmi International Award

The 36" Khwarizmi International Award
The 1:tKhwarizmi Innovation and Technology Award
The 24" Khwarizmi Youth Award



6 Chairman's Foreword

7 The Laureates of the 15t Khwarizmi Innovation and
Technology Award

12 The Laureates of the 36" Khwarizmi International Award
18 The Laureates of the 24" Khwarizmi Youth Award

23 The Report of the Secretariat on Khwarizmi Awards

28 The Grand Jury Members

29 The Scientific Committees

31 The Executive Committee Members

32 Quotes from the Laureates of the Khwarizmi International
Award

33 The Outstanding Researcher Section
34 The Sponsors of the Khwarizmi Awards and the Messages

44 The Biography of Muhammad ibn Musa Khwarizmi

- J

The 36" Khwarizmi International Award
The 1*t Khwarizmi Innovation and Technology Award

The 24" Khwarizmi Youth Award




Ministry of Science, Research & Technology
Iranian Research Organization for

Science & Technology

The Khwarizmi Awards Bulletin

Publisher: Iranian Research Organization

for Science & Technology (IROST)
Editor-in-chief: Dr.Alireza ALLAHYARI
Editor: Dr.Maryam REZAEE
Designer: Raybon Advertising Agency
Circulation: 200
Date of Publication: February 2023
Tel/Fax: +9821-5627 6345
Website: http://www.khwarizmi.ir
E-mail: khwarizmi@irost.ir

The 36" Khwarizmi International Award
The 1*tKhwarizmi Innovation and Technology Award
The 24" Khwarizmi Youth Award



Saalid g lisind  pale 939 =
Ol Pais g gale gugﬁ‘.’.‘#‘-’u"
Vo) il

The 36" Khwarizmi International Award
The 1* Khwarizmi Innovation and Technology Award
The 24" Khwarizmi Youth Award



In the Name of Allah
“"Allah will raise up in ranks those who believed
among you and those who have been given
knowledge. Allah is aware of what you do."

Holy Qur an, Surah al-Mojadele, Ayah 11
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