digs 33 plol 833193 Axdy )l 55 A4S ()bl om0 9 (6 ummi ¢ 58131

Ry sels

”).‘)—l .)‘):Aw )

il Ladly

VEY/SIYE s apdigeb VY eY/VA iCalp Gl

10.22052/HS1.2023.252792.1116

oS>

Sligdss 33,5 oy Olobd 5 412 1893 y3sl s (il J1oasS slals 1 5eS 31 S Clgisas 3 plol 0331930 dndy Csls o0
ol (ganoci,l sl ] (chls (] BsauS a8 o yd g 0 3950 ()] ()5 5)lus Caoyo g (5)loxo 4 s oyl (g5 o 48 Splo]
ol o aidy S (o g kil Cliis g 4S ol 4 03l (slavcuw] axdllas iy cpl Gan ool 15 Jlgr )5 5> oy Syl asS
0dylg el Y il 3w 93 oyl 4y s 5)3 10 Byl @y Lo . Cuwlodgs 4uiS Cas yo 40 dlasjl (g (slaodlannl 4 oS (¢l y
g cpl gy Sl g5 aul )] cpl )3 asd, IS4 Olis3s g JS sl Y Sl (6350 d Jolis plol 0319 dxds g )5 S
Cogn bl ol Calis gl 130 0y s (bl )13 353 408 c(S5n oyien Sl g Ly Cndd &t b &S Comgy 5
sl s (o - hog gl ol )3 oS by Cal g0 sl Ol sl 5 0302 3l 5 S Slaad 3l S5l
L g o313 5 6y ] ot (sl jiso o y3iL bl gy oyl (slaadl .l Slise g (leilbulS Cilellas
hacsla 5351 5 5y iy Ly wdlas iy > 4 Bias baaal ot 45 Gl o 51 Sl slasly slaaoly,
Sl 53901 48 Lo yd 03905 15y |y diS doyd £/0 S5y (6145 o3 9 Canol 4nsS IS o> it pllan 30y Canwrg Canol
P¥ gy s S B S5y (60uopd VY (5S5lie 955 0l S« daao 53901 15 lanosls Juloss 618,51, 1) ausS luops N+ ¢ xdanw
3l Olias aS Cowl adgl 2 b 50 4oy FO slow 9 (5uo)d DD Aubs STy 90 (Sl 0,56 yuS B (60uoy 2V ¥ g ilio g S8 (shuoyd
JSabegy) (BLS 5 (cwiin ()liing e (Slaplls (6 )loxs (slaasS den 3 Ly (rized )5 4 0 58 (VL s
Plyshial ) SO gl oS slasgSay Cunlyls (gl sl IS0 a1y i aw yo 3l oyl S gyl awyp olioly lady

Celodged (b poruin (IS & ey Sl St appp (Salen
:ojlganls

(Sl (g (S pigas i3loy &)l u_u)sl)b 3 plol 033> dady gy )5 asS

3 5 o8l ¢ ot Sty 09,5 s p0 S0yl iy Gy oMol pis ol tily eliio (sLanyin 0y S ¢ oMl layin (5,85 692;.&3‘3*

sa.hatami@tabriziau.ac.ir /)

z.samadnezhad@tabriziau.ac.ir / Glyl s Gy (oMl yids olKils id gy Lol ol

a.abdollahifard@tabriziau.ac.ir /( Jstes sdiess) Slpl <o oy sodeol 52 o831 o soun (Sl yid 08,5 Jluils

A sho sl ol addabss
Ve gle O ojled ity Jlo

V¥ Y Ol g oo

ay



o s Sl (2 3k
Aady 05 48 (ylus s
5o5b adio 3 plol 03jls>
W AY OSen

af

Aol .Y
(ol Sy s tllian (39 5 0,55 By Wl il 42 035 ol 65550 o558 0 sl 5 Lo )S Spse 30,6 slaly
G )l L gl IS g s ialuoyd b ol cpl .l Jlo o QKIS Sl yo g (ttao 0928 )6 i Simpb oy
Ky 28l Sl b oo IS bty 0150 Jlge (ol o im0 e 55 0 | Ly B0l 5 3l syl b s o
RS 15 5yt Ll Sloanli Ul o> 285 0T U5 5 o 35 )3 (s (Lol Olsisas (55 Ly 5 0log 035
gl O w80 w03)ly (Slaa)le @) g (4Kl g0 5 50 B o0 oLl 395 ) wrew (St (2L G sl
&89 Ol (elss 0350308, by 5 (ololids 4y pladl () Sto 0 g i i clilosne 5 35 1,8 abogypo i Coglyl 5 il
Ainled 03yl (sl (5,5 Tas

oS eyl ol ot dlany) 3 o 8 5l o 5 1y Ly Cugper 9 U315 o5 sl il oS g5 o 3l Ly S (sl labuco
5 ol 5 5 iy Al 4 oylsan (Sblalns .ol 15 (SodnsiS (Slons o3l jgdsas oMl ) )b slalsy 5
S 5 Laogs s dy 9 4t B 45 oo () lane S 13 oo 5 B CiS 3 o At ol 130 gy iino gl o
Sl lone 5 530 3 (o3 (elian olyonds bradlo i (woled Ol 5 (suagiing 5o Slopd jl ool (L8l o 2905 cilise
Ol opiie (sLaysly 5 S5 o svos 3 (s T35 )3 48 o 5 olSols L5 &y 5 393 (blace ko (slaygly 5 brazys
900 31 51 Sgine e b oS g Aoy ol Sy g0 5 )8 (2 5 o g ol Sy MnaiS (igeae g lgime IS oo
5 58S Coming 3 ST il J1j55 1 635 Canan) 51 loasssS oyl lohyd (6 (it alo) diayy) (sl Sing Cslits g aslllas
el S 4 lej )5 > asl b Lo iz gl oo ol il e |y o 42 (S 5 425 (ladine) S Cadls
135 o ged yolre (S5 )51 Jaiie g Sgine Clyse (ol 3,34 pazmio (S SR il (s (Slvoslisial s (6 Sguals

13 905 oS |y ey ol S Kl 4 6 sty el Al 5 205 b oDsl (6 lame 318 0T 51 S 53 plol o3yl ey
oS Sl LaoylS e Lalis Ly oyl iy s e 0l sl sty o Cogod] dliwo o 5 515 o el (63550 (slaliy oy
335298 (55 (35 405 Canleges cse'y o cilho Sla iy (5 S5 b b st iy 5 ool 50T 5 pme IS
Cli g 3eS s 3 (oMl biglas £l s 31 Cuslonis |yl &5 g5y o8 3 b 330 plol o33ls Ay a5 08 alioctn Jlss S
Olos o 51 el oyl il ngs Wiy S o i) by, (slaliad o] ) (log i 9 5,15 oo pmolias b (65t b
olgs gyt ol 4 4tS lieapnd] Laieto asyien Syl g (ilog ctsdS 3 Lol cosilo Bl yuudd a0 g 035565 Cawd (155
ol L (6l ola8l siSU YU (6 ey 5L oty o s Cymad s ol Copgpe it 53 el 03y Sl 5 slsyesas]
Slodoo el dliue oyl 4 (42950 Sl (63910 40 g 5 438,55 Ojgo Ol o po g (S sl Sy Cslits g diaityyl )]
O 505 oS Cogotl 5 Ly Censd 1 050e 39 oo dlivus ol Cupod] cirgo ol 1 s salgs  Kimd 5 5,6 bl
o Ao (6l LS 4 U1 ol sl g Laies Sty -l o cglasonily 5 Lo g 130 oyl (goly 5 (60830 31 (6Bl
35 (laslad wilan JUlgi oo (6,0 (slalind 5 oo (5, Laxe dlenj] cilisee sl ;3 Lagl ) osliulily 5 Sloas slb
)\ S 5 iyl o L e il & 03l (sloagnd] Anlllan gy ol o s (S350l Ll 555 Uil o053 JelS
o) oyme L Lo o g 10 (1 30518 o ogMe 15 ol alinn (sloasS b dulio ) o) 3 aid, S g g ksl Calidy (i
sl (§lane gy Joino Lol i) (e 51 (o sl o G518 oy (slavaise Glslee 9 OWIRN & Sle S
033> dxdy Jlo S Al )32 A0S &y 0d)lg el ) il g 93 oyl & Fewly 9,5 10 00iySd Gl @y L 00,5 wly8 ()
§ sl WsSy 4] 3 4y Sty Sl g S sl Y Sl (63)lge 4 Lol plo

93 o9y ¥
O3y Sy 4o ol 5y S0sy Sl plodl Slie (sla w5 slailbols Cldllas Zg_liﬁ oS - o g benis 4y gy



) @lie S lo,S aiS ) (olSs ol 03y (&S (Gl (sla il 5 5 (AT ] e (e Ca S g
LSl o i 3Ly il 5 S (Sliso yr S e DS (6Kl b los i lSeal |y T i3l ¢ w3 1) g
) Jgds B )3 (6345 gols g odin b3l woleas i wil 3 LSy ulods Sgus 4y (S inmnls Aoliyy oS as W (5 p0g5 i3l
Lo Shg g Ll lia) oo sl O )8 Loy tS (0)80k uizpe .85 Cppo 0 (sliso 2 Wnodls Jelos

2 wal 3l

sl dB)SS )8 gy 390 (polais] pobods asS ol (il gt > Sl )5 Lol oad o)Lbl 48l & (Gl i )3 iz pn
Ly IS 4y 45 08l (VYAA) oo Ly i (o gind Jlas )30 i b S el 03500 s &y g ooleatS] gy oyl i
3y plol 033193 43 1 (5)9500 Olgie b (sldllao (VYVA) oo ol Ui 83 g0 j1y3 wyy 3500 |y Ly (613l 5 (g)lomo jlislo ol
Jelss 2 Samgy ool wizpp 292 0y Gla 4 Qo S0 s 3 Gllaxe T8 05 (ymgd Nl asgae S 3,
w5500 55 )3 1y Sopn b Olise 5 0308 )5 (690 o 390 1y Jelse cul bl sl ()Ll Ly ool (slaansS e
o bagsS alb 15 oslitul 30 pdlas o Lok £ dsioms 5l U &y bgsyo Cunnad )3 (g5 dizpd o 52 09Me Canslodizeins
o)Ll (60950 J> )> plol 63jlgd Axdly (gylome 5 Fuyb 4 &S mlie ples oo 43 Canl dislnys ausS (Glisle wyp 4 Lol 0,
(YYAY) (603 5ld dobold aing 33 i (oM (S\ansS 3,8 o5Lisl (VYY) jLidl & ol diogs 33 (883l LS dy (g oo ilosyS
it Bt ol Bpm 15 5 i 55 (VAY) olosB alllays anings 355 S\wlis 6\masS s s

5 IS 5 T3] g 5S4 O ) S g 51 408 () IS e 4 45 50 e 5 ol e Jlo o
i 5 6 il 250 1) S 5y 5 gl 3Su) b I o gy o SJB 3 wlasslayg 4 6ol sl
Slazsl ol 5 518 sy Alis 15 (VWAE) gme 5 (63,500 o3licuan ( sulisyllas (claassl oluly a3 )8 (o lisls
ol Sl 5 35 o Jos | 8 (5 g o o 9 528 858 e 335 5l 0l 3 33 el e3lg0 25
) @bolb) glo b (5 e (st dlas g olge 51 Olgiee Cuond ol )3 (55lad la i 3l (36 S5 589 5 (Suur) 5 SWB2S
by sJl8” puoliirnnsl b imghs pl Gl aniSL 5,8 o0limal 45 gl g gy Slgd s (s MS g gl 1 (Lo U
Caslodgss gl B sy S 4t &Sl § 5y 5 s g 03903 1) 1, o (g5lopslio (sl Sl

s b glallis ;5 (VWAY) | Slo doreel it S8l baggsS aloajl (gyloxo g 5t 1 55 56 altus Ain) 1 oo iy
|y oot 4ot )3 30, (Sl S g B )3 olasd 31 03litl b oliile S (gtumss AssiS g 55 3 b 5 Lol sy
Slgolble (cianl CasdodS W) 1, Cuopo clayKaly 5 oy55 55 5 ol S ple 3l ol claodls oS &
Jole ol (slys 5y Gt dorns 15 gl 518 g Sitas ymo dussS _suslidrcaml) gt b (lallio )5 (VFAY) 5,306,8T
3 Siwr p 3yly sl gloliis gly g (SEM-EDX) 5 (AAS, XRD) 5w sla by, 5l ool8 Ol g 41 45 loyu]
Ciglito s mogsd 4 |y iglize U] 608553 (clo i Casliy 45 ebcslan lo3,S oozl 3,55y  (XRD) _alKxws (sla b,
o s B b 857 Gl ()] (Slino s piols gy Lol Cansl 55 23350 s G 48 o0l 15 oliiannnl 390
iloiige (g o S stgy 5 Ooglise (Sloges &) Coglize (631 9 39y 0 S el D3e 9

3 plol 033195 daily 8 yno ¥
Ayl Cyglome 434S dgy oo jlaids dy oMl 8y9d )3 (il ol Baisars s ¢ oS slaly 50308 5 (S0 (plol 033lgon dass L 4B
Ol o BT Cangod D VWY L5 0 YV alais d Lo ol (2,8 sles (815 S 515 413 laled Sy s 9 sl o)
(B0 FAA-YY +) liobd 5 dugr J1 59 31g) 13 Ly Csls (Jloj 4 dngi b (€071 VYA «p00ls 9 6395k  Soib) Cawloduuwy Cud 4

A sho sl ol addabss
Ve gle O ojled ity Jlo

V¥ Y Ol g oo

0



335 e oy 232 plol 033l5 dnky ((woliy oS iy O S1) Y 5t g ot A5 g 5k ol dorns 43S 3l my S Ol
el 5850 0133 (Y5)) ypsles 13 a8 pabcslan (YVY A YYY )18) 09,5 slolits (1515 S sl oMl g 13 Ol Jlagesyb
Gl )l b iy den 3 ad
A 5 s sl 3 g 03g s
Sl g S yo Ly )5 ol
2L (FY YA (o) Calodis
QLS el gySe ot 5 lalllas
plosl ol B i & )5
3 ymsdio b (698 Jlonnl 4
3 33 plol 03393 daly gy Slod Xy uapo sl B 3 plol 033lg> das Sy S5 N 2o s e S5 a5 g plyin] 3)90 (LS 3
(LBB)K) Cepe buwg i JWo >M g8 L ol (Se ol (F5 YYD ULS) sl

(YE Y00 a8 g o) 0dd 485 0ogp ygudys
plol 033153 a4 lg2 5 4 .0
S e ) Sl e 4 ol ol gy il 3 adllae 390 )l 4118 S 5 oS (laS b aniS &S psbolen
NoayS (S5 y diS godi od gy 485 (), 8 el (glails (g a8 (s S L Ly oyl (Blair, 1992: 106) sad> o i
55 La et b g ot Ty oMol 48 By ol (125 £l glodingS 5 1S Lol 45 35 41,5 08 | aliociuin
Py ocid o .l 6350 palyd ausS ol Cga 1y (alocuin culio (slad oS awsS husopls & (heScuin 4
b5 Sl ) sanaingS S g B9-b o slaw wb (59 s v g) A3l ) Wi (iludingS ()3 S Sl () 5 Bl
it ol o3nliio LB Ly 3 0 Cpabon 5 4aiS 31 oled (V) g 13 (V0 1VFTR L) S oo JolS oyl 4y ool
() s 1> ol o 5 Cond S iy 3 313 o 4y Sy 5 S 30 5L o Cpgenty 6 553 S
JLs 53 dizyods anblSS Ly (025 s 59y 2 0)5 6992 Sy b g 0391 oo Bino £ 5] yo5de S b 39 0 0>
ol 0139,5 ol Ky &y ol

o s Sl (2 3k
Aady 05 48 (ylus s
5o5b adio 3 plol 03jls>
W AY OSen

s

165 ) lgiwles b (I S 13 4iS (65.5)1,8 Al yioles ¥ o (OB, L o ol Cuzdgo g 23 plol 03jlgd dxiy 4piS N yy0u
(OB,55)

OLL & i 2lo sl ) (ualasd! eIy lie b g £ 000 ((639)9 yd (YU Dol § dio progan 31 (e Alll gy b asS -yl
oS oS 4 (Giaiyy) 5 8> Y 3l 39 oo Jolin |y (T 5l 4l S g oSl s i A S gl Gl 1S3 4y p3Y sy oo
5 o132l 383 5 81 i aliiatn S )3 4l 53 ol 13 o8 s o Wloion St Sy § Job Bl |y ¢



] Lol g ol 8L 4" (glas5 s oo pladl 4 p3leT (Al £ gy oo 5D Cannyd pod & (slogil 4" Cul (gla5g3 4 lelS
A3 oo OUas O oy oo bolyer cuip as |y aid)S 148 ol (ggy 0 ansS S )lgp )5  aliociiin Mol (D) y9uas Cansl lgiod

(OB3,K) alis o (6lgmmo ol yons &y 335 plol 033l dxdy jlg3 )5 A0S D g

Slaodes g b o )55 .-
JS LDW] u;l )] =3 ) Mu] )| Lg)b) duwﬁ G ySS A yoie LW J.W l) u)lﬁ:w] QLO) )9 A L/OU.))}O 4\.».».»5
O dS Gl slals o o 39 gl Can by s Bk 5l Uledged 395 1801y oo isu s (S g blaid S1)8 1, ais
SBed a5l g IS8y .Canlod,S 395 4 ) alacuand 1348 5,8 o)lil gy 4 Gl o bnamol ol Aol .Cannd ()l ia0 S5
Oiblgs b corge a5 ol Canlodgs Cagloy pl Sl s yoxie Gy g Gl ()b dasy oo a5 40 4 36 o0 69 A4S o (S5 2
D5 4 acwge (slmoly .l 43S (il Lolse 1505 3 I 43 3leo )3 13l . lots i o 56 o o o s siam
awS o 3 S50 sli bl Jelge 3l S o 00381y loa ,5 1y (63b5 )Lgd,S 5 (59l g Lgis o Sl 33 s g Ul Cuming
a8 .l Gloy CuindS 3l (2 w31 O il 9 S5y AY O ltivg 5y pui dgpcine (el 51 50> (S
G 53 33 gl 353 &5 S ey 5513 e ol 3503 1 led gy |y il o) il om S (8 e o Les
S el Sl cpymy lvaY s Lagl cdlad 5l o6 Jsdss g laashjge 3985 .ol a0l g0 03905 ;3 Ly oyl oliazs]
(Sol) CloannyS )E Apes 13 Logas 48 (aciond san oy5u) el bl e85l Lol jLad g ois aS 5] b oo
3 el ity S g 45 Oloas Lo 4 03)lg (slagy 5 Jlesn! S plo b al3ly il oadsbol S5 (V- 1VYAA
oo Sy bwgs 193 Olaiad glagle; ) srbansS (gla jisw Cul 1S3 4 Y Canl 03)lg (sl 51 (5,503 dag 0 dusS
Ol 1 5 o Aeisgs iz sy Sy 13 o9 Sl of 25 0L i iy 3 b Sloss ol b ol
3ylgo 0 .Cwlodsd,S Bl JolS jsbods S pguas o jisu cpl 3 a8 03ldl Bla] lacuomd ! 13 )56 oy 5 iy CudS

I sloo slayin ol aolilades
Vool ) opleds s Jbo

VEY Oliasli g oz

v



o s Sl (2 3k
Aady 05 48 (ylus s
5o5b adio 3 plol 03jls>
WAV Ko

aA

d)L?aL{L';_;“.wl Jeslge 51 5 Sod (S Sl Jolge bausgs elui) dos pue b (gdoe Saol b o) gyt 01 51 gyl o 55
ol 8L 55 48 L (b ol GMS 3 155 e 4S (6555515 CapsBige Lingedo Lol 33,5 o g (st (Sl 56 31 SBlhuan
94._»...52\.‘14»)]).&7 w.\54;4>9;b),>1 &y)l w] Jl> L)’] b .ol 0Oy £ L)J] )I LS)J..\JW] )l é".o s..\3)|3)|)§ um)a.‘awb Cnd
SSE B S Ao duw 5 00ySD (Slacaml S 59y Salgss i3 51 90 calise (slacilyed 13 e ye lolsdl sl (gly M5

(Y Jod) At

(OB36)55) plaSyd oy 5o g ) plol 0393 dniiy )lg 5 4iS 4 03)g clavauns] Elgl 2\ Jgao

(IR Iy _
sl sl Jolge 03,1y Sl 8 s | i,
(oS b
g Jolse Slasl (28 y 5y 5 Koy AY QAbazig .
* * ) (S v
...B
* w9 S 2l g &b y90 98 by dlas oy ¥

AT Sl 5 55 o Y-

L 805155 Lo 05,8 GIa) &y (rbamsy 6l 3 i oloral s Inumnds ) (6ylenr (1355105 5 g oo oy 5 b S
o dias 3 byl Oy Woly ) 3 48 SLel81 s s sty 3T 51y S 3l 5 eolite U (6 ool gty 5 5
&5 St pol S ignelS EILlY (a0l Jobo 9 YL el )3 (6358 3929 L) S 3l (ol ) 138 (gains Lol
dliie oy fime oaig Mol sl (sliveyr (6 igeels (apBhl Y 1538 (8l e (K S ol § GgeiSan slallas
1345 jgblan .ol o3)ly (slacuwl Jdd 4 pglai (1395 s9asee wdid 13 136 Cod |y IS ot Wlgi o a5 8L dsye 3
SoyeS oo S albcam] Jol Buwd 19 o munnd S dtwd 93 41 0 y55 Gas 45 5] 03y (sl 34 0 oanlie (V) Jouo
el [y Lol bl )3 o5 S s 1 IS 5 83 5 ) b3y Gszred Wlowso)S il (slacuund b asS b sbgasee o
5 Cenlolas 3L Un i o ) 658 gt 48 (cleig5 4 s aly] JolS” ) cyms] iy 45 lneama pgd B £ sl dans
21 Ly )3 5 g e gmame pd A1d (Sl 93> s i) 5 S35 3l matdiss U (o Sl | Lo
L (g czge ol (35 sl (odaus (ool 4l o S5y iy Sl 55 2 Y S o bt ool )8k
|y S (5L i 55 g 5 51 iy gl 9 (Ll 225:b o 3Mall 355 s osnl gty |1 o5 s (ol
oS Gl b ) oyl i o5 Crgume 4S8k (sl owlisl _mlo «las 3) (091 pastine > 4 Lol wilodls )8 ),.,L, Cod
03,51 (B) g 3 45wty 5 Jgl el o 4 M 5 ol 13 515 (JolS (055 b ol 08 Conang pg dtd
ot 5l 28l Aalyd 5 coribi 55 MalS (gl iy (S )il s D9 oo 003 39 93 £ 055 Camlodid
g i Sladlo 18 B plo (G Slap)d d Cund (355 (ISS 3y 51 e (b ol &) 00> 18 OhSaangl o9y i
188 Uy 0] (elneornsd 115 5 Lo §) ol (sladyglisd ol s cyiepon 05lo 8l wllos slo iy 3 ol
~03)5 phi Sl oy ol Glaasiia 5l (18,5 6)k 4l 5§92 lie § gllulS

Olaneod 9 o150 ¢ 6y Bocam] ¥
A4S Lizo oy i o0lianl opdaml (Sl Joeo (paasi 5 osnoyi 3] S 3 38 (gl oo oyl Caan (S pigumnelS’ 8l 51
Plisngtd 3 3lpy5 baogi |5 5 clio (S Bslr 5 S5 b S Slo S (linny s sl 5| Sy b oty gblio
A o B igi ol L] ) Sl 56 (Ul s Sl LS oS g 5103 W05 o) ool )5 el
150 s 93 s S0y opoalysy oo s S 13 5l (33 gl (611> oplel o3l s Jgn S sS4 eyl 48 pgboslas



oiwbes 3 Lalls ol S5 3l o o, 8hL 5l dw S () ol 55 23,3 )3 (6ol )90 a5l Tan Cyguots g M| 51 S p2
S0 ) 5 S by G5 5 S5 omo laled e QA 58 Sy 5 ool i S5y kel sl Al o 5 g
S bls gy ST 4 oyl 13 5y Sasy oS Gl (S5 g ¥ ki olisenl vy S5y Sy (sl oo oy G allS
aS asuie sla oo s 40 (Sl 1313 o (6y5gmolS mawys g (awseis bl aS umd o it | 395 (gl 3 5 038y 3,
5l by o (59015 )L293,5) 55 (rdans Sl So9ll e Cpr )5 ST loads el (] )20 LS g sy g S
83gd %0 3 45 rce (slay Soo)l a8 wis oalitnl O (uSe (135030 g ol b 4SSl (50,5085 3 (B Yguad (S

A Aalgs 001> (655 gt Ciloeuiogi bl yiglay jisw )0 dike) ol 33 D50l pus
Lol gl ya (gl Bl pgums duw LB 5 () am] @l ya (slau] oo (e yiomiw Cas o aiiS 4l wlaly
(Sbzb C5m 195 (0 G910 o5 Ciger g i 9 ol Sy b S o 2 B 0 Bl g ) sl Slgo ol Jolis o5 0
cielos Ly gl o 8o 0 3L gl ¥ (oS (oo o118 3503 (S0 58 13 el Ule el sl ) (83005) (i 9 (i) st

i) (s (sLn 535 5 g 405 el o s sl (S 1 1 5y 0 5 (S 5 308 55 0 Sl e 5
(Y

Lo3ld Julodi g yuglial yojln, ¥-0
5313 3350 UL, 53 (61383 L ST yobody cuns] gl y (Sl pr9s dus Lol &S 005 0Ll 4yl 6 Siapus] Al po pladl 31 in
laose Oyaodn Gl sl Oljae 4050 5 ol (Sla oo o] ols 8015 Baaalis a5 K5y ljue B 8,8 )8 (s o
Ll Cusddy (sduoyd

& @ )8 Colucg 253929 Sl (1o iz Sl glite sl ol g Layl3Ele 5 ojgpal oS Cud S5 Y
Lol ) il J (S g0 JSARGB (S5 Sy b 19 2 13 290 (sloo 5y s o> (o ke 3l
el g (o293 LSS s (el CB Loy 5503 5 (S B id)S )5 oalinasl 390 (gl oo )3 oS 02085 Syl
o)y " g 30158 (LI (3 o ) LaSSy et Gl s OISl paizn o ol Lo 50 (4188 S y900 4 Sy 3l
31 ool ] 48" 10led a8 (ol gols )d dsline (LSS Dl 20l 58] Cvgo 4 009 5 8485 yanseiis Al 1Sa oS U dnya) Calonds
adiS (S gy 3l 0dadil 3blis uomo (asels pus aleagl laCadgione AutS ol (g 3l S )5Sde sla by
4 (6 PoralS Bl 4 pile (el sy Gl ool s (e 200 O 13 g 90 SaCSS) (i § Slo g 2l g 58 >
L Cadlics (g (im (FD000) 5, 15" I Do alls (6l b g 55 2l o gy ool 3 o3linal )3 3 iz 4155
Lo S5 3l (6 00lde dgng &S il Sipuscs odel Cawddy pOldo 5 5885 45 Ko Aol bawgs yauseits 00,8 ascine ¢ Sy Sl yd
h el o l5ans sl (V) Jgior ol IS0 (255 13 35290 ol § s Sy plos 20y )3 035 b (35 (o Sy p3 ol
O Uit 4 (V) £ cadg) 8 o Bl oo (slime 2 (V) 3l £ g 0o 13 300 Lt Sy (S il gl Lol o
el ) (s Sl 5ol 81imocs (¥) g5 5 S5y iy § Coluogsy g 58

Spgas G313y gl ol yod 4y £l BB pglai ¥ Yoo

(EYE3]
gt | sy | 5 |
s, | (Color | 7S S END (5, K] fi
(Percentage) | code) IR s
(Color)

Gyl

Jolge | el

- \

I sloo slayin ol aolilades
Vool ) opleds s Jbo

VEY Oliasli g oz

A



ot S ik
oy )35 48 g s s
9 4o o pbl ey

WY e

N S5)=5,y G 1 30,8 S5y =i by j o y59

29 &>

Pow o

B

]

o)l o




B

]

s gl

iy Bl o

3in EEle

isliola ale adkladys
Vool ) opleds s Jbo

VEY Gl g e

\



o s Sl (2 3k
Aady 05 48 (ylus s
5o5b adio 3 plol 03jls>
WAV Ko

)

.Y

e (hudins g 0y olw 40 loy S 1 4S 05 (63,0 Y ) b &5 S5y B bowid ) 4iS oAb 0yl B &S pobo o
Caang Ao &y o s Amd o O3 |y Alyo g ,liings Commng 45 (V) Jgiz 3 eyl 8 2 B3l o0 3ebo . Csloss JSas
e g Cude (sliad Joles Laas 5l (4Lis 555l ys pnsd 9 S0 Camang oyl Cawlodly olass] 395y eMol alS )51, 00 4 ¥ dgd>
Ao 35 B led 45 508 S0, o e QLS () ) 9 Sl o300 gl (il ) ol gl o)l> 2k bawg
VW oagas L ponin do 53 9 (08 o) Y9 b pgws g o3 g 53 el S8l o35 o 4 D2 ) ol e g0y
welais ] b po83e ()85l 13 odiivodys , e gy 50 ol 031> oliais] 595 au e Mol S )3 1) Coy55 5 s oy
Bl 5,5 58 s 535 C5 i 55) ol 5 (a5 55) s Sy Conmgy 30 5y sogeyo el ] ot
295 Fha e 55 48 315 by Jlgws ol 4 Olgism 1adg) 85 2305k 2 oon 13 olows 5 s 200 b oy )3 0liws g s ST 9
LoV L o puod g diun) cuysS oS oy AL o alis (bl ol Sunlodges coml jland 1)y asS aisog b Hleisgs
A3 o LS CannlaS5 Oy guods (55 iy disles 8 T <y glogs gl .Cunlodly olais] 3¢ 4 1y jliing o35 Cp 5k
e (S Cowlod die) 9 2 4l (ABSSyeh cage &S 313 A4S S5y gy e (St (Kt 203V L gl el
&2 99 o il 3 Sy 0 3) 2980 oamline Jpu sl )3 a5 jsboplan )l olas] g 5 psd £l 4 ) (S,
g 038 liie BB Lyl 55 cwguime (Sisu, |y Canlosiss oalizul
Cowg wlaly (las o d aniS 0 (g Vo v Gy el oyl 45T (s (Sl Soglly gl iloys 5l eols uls 4o
L Lo dwslio 3,15 0y-5 (g LarCuomd (i) Sl 1 g) (A5 ng) § (yigy (SUChomd (1hisyioys 3l ()lis a5 (gyauST5 (slaliad
o 4y gy S e o O (ST Ciisen > o 1S (13,8090 0 (G e olse 136 e 42 (2 gl 2 )b
48 g dmeiyd 5 0l 60 0,58y B Chonw s Gl 4yl Bales 4" sl Sy dimd oo (lits odly .l 048 SaS
L i S5y Ll yln ] (piim alio 10w VY iST0s) s sladoys (98T ol oo olais] 398 a ]y 4SSy 3] (sasd 290
liad xauS o isu o p5cing blislel &S gy 6 puaS 3 Lol L0 sos 03 M 51 G gt 53 o STy 4 S slaS
diey Ly oy 3l Gl oyl doyd (ol &S Cuslosls [olais] 555 & (pylas @l ) 1) (huoyd VY Sl Canwy Cunl digo e
2958l ol adls sl oo ¥r o yo ) i S ablio 6 ynS B B35y 93 & guatmo &S dads o yaeis yglial 43 ol Ly oyld asS
i 4 ittt Wil (5 i Saciled § Alos 03Ty jliivgs [iSu 10 o g dine) Caownd )3 o g da ;3 03> yolass]

Ao o Gl aus” IS

4 IS o B8 Elg) (o) Sy X (g
aS JS 13 o 85 Crmg o £ 99

Jop ¥ auS Colwy) pdlas o ysa

Loy £/0 Sy ) (Sisa,

Loy Ve ‘edﬂwdmuf-’?ﬂ

B 55 Sigh oo (GAd s 5 (Peans Ao 93 4 )55 Bas 515 5] )5S ko (Slacul S S5 45 )b len

G Lol amd oo olais] 3 4]y 50)> V29 iy Canng 135 51 a8 O30 dizp o Sl s o3 o 4 405
Xy Jrane 5550 S S (B dizpp Cowlodd 4 (Ghopd b (38)0mjl cage s ()3 <o 55 YL
Cmlodgos 395 153, Jliises g i duoyd V dgas B dlaly Sy 55 ol ol lodits o568 mae Jole < lgieds 5y (614
lydeoy £/0 00 4SS 50 o 59 ol (1Sl Cunlosiled (Slo s (S 3un H5S a0 Sla yids 13 Slowawys jl (oguweS 32 a8 ool
4y B8 Consg (5 e S0y Lo Canmng b a8 S8, xS IS a8 (Sogll J1 5 e 5 2o S8 9089 il oo L3



bl ol glis eayls slacu 55 glosl g 3ld Laco 159 5 1500 (B do Cud (§50S Bos 32 yd Cunlodly [olais] 55

(OBN50) IS Cond s s plol 033193 asly A5 05 40 (Sli2l ool F rpal

Sl (o) .0-0
£33 3 35 92,8 39S s " Cnlosin 0lgS 35 (3855 b 15 JS) yhse 5 (35) g niing 3l piam 3 e oS s
(sam 53 4S8 2l oo (150,5) dne |y Las ol gyl 1 39i o0 oanline (335 (25« g By Lawg )3 oS 0391 mie (S
odlus (35S s GBS 5y sasein g (e yuileB 5l 535 (365 bas (VA DIWAA ( gil) 25 oo 0ilgs 35 (00BMS) Bhme yulss
(6oL Dy § Slelal ol )3 155 29 g0 08l sy 5 Conl 0y Sl § E5ito Ygano 565 bolas £33l IS o)
Cronad o Ylis Lo 413 51 )9S At g o 000 (8 Ciloumsys g pglias 13 45" joblad L(VFA VYD« ¢ Lliad) Canlaid S &0
P (LS LS 5l a)le 4570, S e (150 dw ], Ul (S )b slal )3 (855 (BoS ks e Olgie ISyl 42 00
0O YAY 0l ) (syliivg pllas 5 wiin
S b5 4 30,5 0 a3l b ol o (55 polis L Vpano oS Sl S 5Vl o ool s g S Slio iy
5 Gl g (i (LS (oo (e Lallg) Sbul b g 6,8 0 S (iS50 sl ol (S5 slaasS )3 (ol
Jeolse d gtose o ) oolisd pas b oslizul 5 3515 1) 00,53 i Logy) 255 (oS dan o8l 1S3 4y Y oo o L
S5 lon 30 0L |y ) Syl sbals L3S (cbansS )3 01ySS (shinl Sy 5| (bdiges (V) s )3 (i 3555
Cawlodnd,S dloul 39S gy g aLS (cladlo i oS5 3l 5039 swiits plls 185 ol 3 5,503 dusyde A4S 39 0 043 &S
A 593 )3 eI A denly A 50 AS I 0 48,5 IS i 5 (6)ling P S5 51 oS gl ol dorans 4y LTRSS
|y (ot Lowsits (3l g Ladlomsy i sad obasl ol 52 laiegel o L pllas sy o535 plol 35155 iy gt Ao (slaals iy
S)lore oo slaliad 929 il o (oMl (5ylems 13 (255 (395 b5 Elgil 3Ly £95 (S joboss (2855 Jlaip oS (o 4o (61
2 i 9 (SIS 3l 13 (B9 Bgy> (gl Sl coslinnal 390 ST L slad Ogzen (alse (93)5 i L 1Al
ol > (55 (BsS bolas gll aalls iyls ()luivg g b g a0 b Sy 3 (LS g (cwsin Slaale i o (3L Cd)lo
Slimodsy a Sy s las telgB o ol (alocuns)) (slinody gy sl 13 0yd iy Jloe) a8 Cuild (130 b .yt o]

VEY Oliasli g oz

Vo

> z o )]
S daity 48 (& ((URLL) (lodol molsdomune (o 5(YY VYAV w155 o) Glal 3 3,555 dusye (il ¢ oMol (sbaancS” )5 (g liivgs 5 (2LS ( cwidins sljal N pguas
(URL3) ylaeld jliele S (5 ((URL2) 533 oyl S,



a9 &Sl (23l

kS S s sl
5o5b adio 3 plol 03jls>
WAV Ko

V¥

oty s ol Ll el IS0 5185 5) el il (sl (il 5 Sl oYL G sy 53 g (o 3 (g 390 A4S
ol [y YU e 5y sl Suis aS (LS pllaiy iso Glen b YL iy (A pea Jol o) Gl yidu plo | iun (2LS
3 (Al i m I Al i (A e pod yiSw) Slods ) )SG auS” Jobo 13 45 Cansl (555 dolo il duw 8155y )d Dgis oo
o o bt 3 el lebgiasts 5 SN g0 ot oty gy azd Jols J 8 alinin i o
L olyod (63500 (Lo SaiS 5l odivalonl Ggpn oSy g SlalS S dlawlgay SldS g gys s odinalog] JB8 (slaliad (135055
oL g i b Coper oliigian s iy o a5 4y B> 5 (i Jol oS5 )3 U1 S (slaisSay oy s oyt By alliio LSy
ZuLau;a'o‘.z QLon A oud <) aJLou:Jo‘.z (NS VEe. ‘.\J)é) C;wlcjy Jgro s }l o sz..\a [ Lm(j Lg),f)lfa 591 g0 adl] LgA.b;,«.‘S)}'
& .)l.)'} s Calids oy i oyl . Cuwlodgy £glis :lgql }l Ry g ((uﬂl)) Ag.Lou};.m ey (Sly ‘5915 slad 39,.5 ‘Ql ;I ool u,Lol
oy 6 4 5l (I 5185 ol L8 e e > ) e 5 395 055 Jo oS5 5 L8 et
5 YU o s (O 9 (o0 (SN et 20 (6D ) cttghigpn dlaiel Jolis cduoy o saiey oy LS 5l uglaze gl oS5 by oS aylo i -y
I o iles 21y 098 S s B g8 s )3 2554 90392 (20 5 ) Sy )

35 bt 33ng L (Y ) 35 ) st 53 LS ol g0 S 9 00553 slale i Dl
s g 45 Caalosl 55 503 Shle 5 S5 Ot 5 SIS Sy N i 53 59) 45 9 0l a2
Lol (28 A i SeiSS Lt ya L3 3,55 duoydo 4S5 aLS ale i 45 Cul Jb 50 ol sl O 3 €816 w0
Lol 03319 dny 4iS wilon o lo i 3l o3kl g Alold yuus5 a5 Cglis pl b Consl poguio 16 aiS 93 b o S s Lol o
ol O C816S5 vy 3] @lo

el U wdin (slao,S Jolis aS S Slie (isu j0 5 0duis pis Lo o 4 IS0 10 Slpalits oyl plel 03l daihy 4™ 5
I L 55 (A pgci pgs (i) (it S (450 )3 )13 3929 8 Oodlody & sl () liogs pllain o iy (0 g (i
9 Blod i oyl 395 jemme Jo> i SO SiS i 3l 45 oleyS ) 15,8 o (sl At dw 5 (S jobody &S ol ]y Lo )S ¢ gl
Jas oo Y sloe] 39294 (Y0 9 (I (dm (0 g (@l Gy 03 (5)lonon 514 olao)S Y s by SuiS” Ao olael Jolis
Slvg pU )3 a4l 4 Ui oo ObL )3 el 48 )3 ]y 0)5 g5 (ol 5l (5 s dizp W13y [Sen jolome B dus oy
ot sbaalo 28 Cald ) yeS Cilye 4 35 ol cpl 3,8 o)lil andonis slogl T ole Sy 3g3g 5 gy ),SS Liady oS
ayiS a8 ol dgag b i 4SS ol )by do ) Sy (A yguas p)lo 4i50) g oo ity diS 4 ol 31 S Cygunay Lol
S denly S My ey Sl S 0 08 Skl 9 £95 )51y (LS 5 iz plS gy (OV g il sl
D8 o ke ds |y 815 oy 9 o8 ol ¢ S gl 3l oalizl ey il alS pls diled awdin isu 34 pll oS

1290940

AL e

[£; AY

@93 Jﬁ'

Pl i
OiS 4 (a8 el s S slaailo i (pe> i (ol il )l calid 5 4 (LS pllas (gl i A sear
(0B,5) o izl (5l ls calid 5 48 o )lidg ol (p)loz pi5n  t0] lipl )bl cald g 4 (osin Pl (pses



S5 4o
plol 033153 48 g S A4S’ 5,84y pasxio (SlaCulild 3l oalinl § Cuoype (sly o3 Cladde Sl gl oyl (Sdgliwd p Prte 3 (S
Sy i 5 S S oo sl i sl oo 5 e 5 5o lio ol a3 T el .l O i 33k L o3
ap o)y sl oy O B a8 gy ol )3 gl ey s gl 0 CES )8 (e Julob 5 (e 3103 5y Sk
58505y (Susy, 14 CoLup) pdlas e s Jolis 45 g oo i IS dtod e 4 ool 200l Cawd ) golis oyl g9 S oyl
Sy 38085 31 o3l Ly asllis yghods eM) 5 oSy (el oy 55 el i cbewsS iy oo Julody sl (ondnes (5l Sogl
g0 0313 (L 303 S5y Ly &S (Lo gl 590 gl gl 5 Lol golis yoluslyy 8,5 1,5 6 Sannl 5 S
S5 Clo3ged 53l xS S 19 10,5V 33 oy & i oty 355 g copains i 236 332 JaS a3 s
e L 3 5 553l 5 (S s e 3 Loy £t 25 (5o IS Sl 35 g ) g
) e i 385 g g o 4435 (3] Sl 5 Slo e cointn S8 123 b et slalS
i 9 Sl b () gokans i) banled o (I S5y usla 23l ol gulis sl el Gugumo Sy M
Loy 3l Gt 45 01035 crgoly 4 JS )3 (0 56 Cammng 4oyd £/ 291 029 o0 Dguuno (o 103 Sl i )3 g (o 0 59
S g Sy 2 890,55 (O] Contd D9 go igumo (s 058 (8958 )R e Jelo S oo vy g el o
a3y eyl 3 15 e 55 & S N 5 IS 5yl (IS Sy 5 A0 5 2o 5y yas g 45 o
2 Ao iy IS (Slimo 4y ol 4865 D g A4S ) dudhaw s S35 S e 55 95 oyl 52 310 (s pgleas ilays 3l ol ol
Lo WY uSilo Ol jae 4y () 0lS 4S5l o it die Ao Sy |y 4SS 10y 00 15kie yolods ag) - )b )3 .l ausS IS
St > el g i 3 bled &S oluws 55, 15 48’ ordaus (clo 59 31 Lt sy syl S5y el it O g8’ S
UialS 4SS 10 0o 0V (1:0ke (e s 0556 5uS B (gl 50 008yl &S 005 o olais] a8 as ]y duoyd FO gus Crang 4l
S 3l olis aSealy (pluams) des an |y awiS IS 50 doyd (5 i o pd YF oy Canung b Lauwgio (65818 93 mos .Cunlaidly
3 kg 5l (e ise by 9 dise) 3 53b) sla e

S ol 108 st @il B angingol Al ol )3 4y e Sl g S sl s oS gl o> Jlges 4 gy 0
e85 3151, S (5L 52 A 0l ol 5 Sl S5 duyde (g S5 S S J iom SS
odplodl gy Sl Jlod olisly Sl cpp) i )3 )l ol g5 Sl i 53 (i plls 5 SBg3 i )5 (LS pllas
Lol wlosis oS ale a5 dus b s cdgsS (sVb 4y gy SauiS VYY jiSu ol 1545 (6o .l 48 aLS i 13 4li5 oy 5 e
1555 ol S ottt i (£lmgS )5 03590 95 cygi st <o Sl 332 Sy e s S ISy ool
ol b gine () 45 Gy 3 (Sl b VE 31055 4y 395 oome g LSAS (S ien ) s s Coglito JIS51 L L S oS
Ls 55y Lol (65,3 L gio (slaoyS ol s o ol b o Sl 0,5 gty 3l 4y Jlgm ot Gy duw iz 9, FY dlasi 4y
ol 48 ) S 3 00l w5 ) Sl kel el S By ¢ unsS

g s Crgron ot (el 31 o Lais g 45) plal 03593 als IS oy g Lais g e el 5l Lise 48 o0l L 5
Lo ol 88 4 03p (Slcnl (hinnd Baan) )3 el & o5 b (35350 35 L ol slaal Lo 3 bnsdo 5 355, oo g0 A3

1y as B gy ol g le (90l )Liegn,S By s Uy ol By g Caghoy 2l 36 (slael, (13905050 uszro Sl 8l Jgl £
g 4 e Al sy i P Lol oy g dipgi el 3]ttt ol Lol Lol 51 0435 (5855 sl o sl
Cenyo S|y oY oo 03)ly Sl (o 5 Jome Coliis )5 0 g0 O e slopsd il st 058 5) g
Erb bio Ly ol iangiy 480 el il o g0 3> () )3 40280 Olasiin Laogi o 4408 Cuaya Tl 5 gl o onlp 4008
oo 903y5] oy 8 OLileer 4|y O Gl s (Byme g Sl dadis Ao il 4S oyl plaia g JS (sl Sing (Bpme g 4yl

13, lgen (g3apel (S5 1y Loy S oyl 3,84 pasmie (s LB 5l (sin (slaodliul

A sho sl ol addabss
Ve gle O ojled ity Jlo

V¥ Y Ol g oo

Ve



o s Sl (2 3k
Aady 05 48 (ylus s
5o5b adio 3 plol 03jls>
WAV Ko

Vo5

Syl ol
Uigia ol el ]y (Buiings 03Y (slaeygline (1o b aS (g50n by 8 <l 5 S35 desmo 35D <8l Slosy ) Gl oY
o) oo 42 o9 85 2303 Lo jolh 4 gl 2 2L 5 wlSs )3 487l, o] i ST Clans iz pom 5 L3905 5k
by

1. Oleg Grabar
5 Obsles) ol L 0 iyl 90 Ly S g o YLy xS oty Al (65, o tond (i il g0 SO0 51 85 oz IS | 5 Y
NCURAL L} S AVE=)
(VY0 YA L) aieb o (03)S0ymn 1y 03ld uas 5 (2lo033gd s 5 S 4 1 AbSylan (20,5 93,5 2o Jos Y
Y05 a3l Ly plol 03jlg dniy Jlgs )5 4ciS )3 b9 so )53 Ol Aeldl 13 3.5 8)9m0 0l YOV 5 YOF LT 818 5 Cansl 08 090 YOO 4] o SI] ¥
oot 039] (awy Sl dals) s
5503 ;0 )y 0l &S el (coges Jlgol b gyl (Sanyd JUT g Lol s S’ 56 (slizods (Vandalism) pand| 53 b (68005 < 50,56 .0
Meazd ajlid 5l (S 4 Cond dligans aiSly g dlowas  Joadl uSe g S 0 (shbdiwd Li> el slas, Sy o ildlysdl
(Mike, 1987:17) 5513 _so st ¢ il ] «logMols

6. www.coolphptools.com/color_extract

&l 08y £ 20 S iled Joleo HEX L HEXADECIMAL (a5 Gl oSS a4 3 ) 3480yt Sl omgidaliy slaily p0 Y
Slde 55 (BB) 08, 93 ()31 5 (Green) jew jlade (GG) sin o) 53 bl o (Red) 30,8 Sy ,Siblos RR (in Jgl o) 93 il (0 S 0
Ak oo plis |y (Blue)

8. Quantization
e 8025 b YA (35 s dowogs g\ton e (oolio & Olgican Ol 53 Ol ) ey Lo s 5 )90 )3 5 s Mol S g A
35 o)Ll (VF+ ) )8 pual 4y Q) yo )3 Jadogy g b (v QLS g el
50 Carluis 90 g 00 odlatl 500 By )AT;,; By SO 3l s &S Lize ol 4 015 dgpg Ciliso gy 3l olaoyl ool 21BN -
LE€1:3Y20 8 g o Sdlo o lpoLidl) diel o (Jole Sy |y Shine slo)ly ol disly o 0SS Lys bin

FLY)

D3 2 ezl 235 .03 g oS (VYY) Lyl ¢ o

DS A ) ) (S iR § (6 \eme 035 8,5 yangd CN\as dsgasra (5.0 TYQ) 33 plol 033l5d 48 15 (5p900 L(VYVA) Loy Soil
(YA-YD . ao) ;S OleyS gl pis odlyalllc] L3,

(6)X0)S ¢ awdplis (Kinyd Gl Glojlu 133 (g hgid) Jus 32 (VWAA) ————-

Sy (3t Sone 186105 1S g S (Byme 4t cwliinan L(VWAY) (op0 380651 g wlie (Slaolble (pus (Shos]
dor:20.1001.1.23453850.1392.3.5.6.6 AV=T8 ((0)% { (Sumyb 505 CBdl g ) Canye) () (S ame 5 Can o

Sy 3l g )bl ezl 1les (Y .z) 33 slayEdL L(VYVE) Lzl o Ladl

§ oS SR yd adb . oMl Ll )5 gy aseis ladasly (VYA0) Lyl ()8 g ldgw (o ((lpelS oo, Ll
doi: 10.30480/VAA 2017373 =€ A b «635)S

dor: A5V (¥) € (Qlae G - polro dolus (a8 (clagS) )0 1S oKl canyps L(VVAY) Lo ((Shezs g Lo jdosmo (liley
20.1001.1.23224991.1393.4.3.7.5

Olojlo sl XN ISIXE B AN 15178 ) e ) gl 5 ) ssibzas B LOYAY) o, Slise e pgonlis g ol ¢ S53b
b o (S = ()i Sl <l 85 10lad (S B sl g Lo Clglae (S80S 9 (S Sle

o g ple oKl 101)a5 b jloxe CrmmadE 985 .y (o) (g emo s Qi) (VWTQ) o Shoseo Lipw



) 25T olSasls el 10 (e ey 6 ) g Dg> I DR 0 sy (000) puelid (30,5 T 5 ploadl 1551 oy
0lyp 03lj3lie 09)S 5 (9:555 S0 (> (o0 50
D3 plol 033193 dady gy, S (Gpuas Clipal g bas ol Ly (VEY) L(sape 0dljdazns 5 cdosmo (I3 dibo o Il
doi: 10.22055/PYK.2023 42580.1350 .\ V=Y (YY) WY oS
5 Ol Sllaal «)eaS” Sidyd Cilyre Glojls 03 D5 s (ol (SlmanisS ((WYAY) aabold (03 yild
2 35 plol 035190 18 loxs b (65lb 5 kB oy (VYY) (L8 ( awmme 5 cdurmw ((63)Stwd 0dljCon ( dlrns ( awlie)llae
dor: 20.1001.1.23456310.1394.12.3.4.5 .¥Y=Y0 (¥)\Y 3y- o3l )A\;\ Ay ply
dS Ollasl olyes .Gl pd > faivgs g gl cadied (VEr ) Lyeel )8
Olpas! L;Le)l‘ﬂ ool 10kasl das W) (Vo) alllcws ( blad
s yd Els Glojlu 23 3y Gl ((wasS awyyp (VWAY) alllie ( Jlegd
) adiliad | aiS  Sidyd Cilyae lojls . wl S 35S den 5 dliwl 5 ncudlaoly / oMuwlagudly slaly sl (VYYVD) . Sgl UI,S
D=5 TV V. o
S92y w3 Gl oMl (sloing sl e pdde 8oy pusdlgsl donyi (Y .z) il SBTLOVYYY) oyl laS
V50 Lol J1 y20) (oMol yion Slalllae dunogo 103105 il slpe 4o 3 )5 3¢S i) axwg 9\mm OYAY) gl o9
Gpyeby g Wl L laly olKiwd 3l salawl b oliile S (gt 4uiS oy Sgyd bailyis g Jolge (aoyy ((VWAY) Ldoxel ¢ Sho
dor:20.1001.1.20085362.1392.24.1.10.5 .A¥+=3V2 (V)Y . Jose
NV €1 s 0 L ol 5 (Bow 0y9 0 P (B35 sauS la Shs 5 ksl L(VYAY) Lsage Wl Se
doi: 10.22070/NEGAREH.2018.774
Loyl iy 8" Ao bl) 23 pois (oMl 090 Uml.iolj sl 55 L;Lmqu 5 Silaxe Jislo aoyp ((VFV) Ol syl
Oyl e Judy) ( Judyl 3ase olKisly ( clain! pole uSiily (oaid piiio
NQRV i P I V) IV PSS JON ) SV c)l}ﬂj]&g] Pl den i {20 9358 (I8) (M) (g (VYAD) Cipgy g yluds
Blair, Sh. (1992). The Monumental Inscriptions from Early Islamic Iran and Transoxiana. Leiden: E.J. Brill.
Sutton, M. (1987). Differential Rates of Vandalism in a New Town, Towards A Theory of Relative Place (Unpublished
PhD Thesis). University of Central Lancashire, Preston, UK.
Sl be
URLLI : https ://letsgotrip.ir
URL2: www.alamy.com

URL3: https://lastsecond.ir

References

Abuei, R. (1999). Review of the dome of the Twelve Imams of Yazd(429 A.H). Bam Citadel - Kerman : Proceedings of
the Second Congress of the History of Architecture and Urban Planning of Tran, pp. 25-29 [In Persian].

————— .(2009). A thousand years of stability. Y azd : Organization of Cultural Heritage, Handicrafts and Tourism [In Persian].

Afshar, 1. (1995). Monuments of Yazd(Vol.2). Tehran: Association of Cultural Artifacts and Honors [In Persian].

Afsharmohajer, K., Salehi, S., & Farid, A. (2016). Indices of recognizing letters in the Islamic alphabet. Letter of visual
and applied arts,Vol. 18, 43-60. doi : 10.30480/VAA .2017.373 [In Persian].

Ahmadi, H., Abed Esfahani, A., & Akbari Fard, M. (2013). Damage analysis of the stone and tile mosaic inscription of

A sho sl ol addabss
Ve gle O ojled ity Jlo

V¥ Y Ol g oo

Ve



o s Sl (2 3k
Aady 05 48 (ylus s
5o5b adio 3 plol 03jls>
WAV Ko

AR

God House of Atiq Mosque in Shiraz. Restoration and architecture of Iran\ restoration of historical and cultural works
and textures), 3(5),69-81.dor: 20.1001.1.23453850.1392.3.5.6.6 [In Persian .

Ayati, A.H.(1938). Yazdan fire temple. Yazd : Yazd Literary Association [In Persian].

Attar Abbasi, M., Hematzadeh Dastgardi, S., & Mahboubi, Gh. (2015). Investigation of behavior and stability of the
Twelve Imams Mausoleum building in Yazd against an earthquake. Structural Analysis -Earthquake, 12(3), 25-32.
dor: 20.1001.1.23456310.1394.12.3.4.5 [In Persian].

Bamanian, M. R., & Mohammadi, S. (2014). Investigating the status of the dome in the physical patterns of contemporary
mosques. Naghsh-e Jahan, 4 (3), 7-16.dor:20.1001.1.23224991.1393.4.3.7.5 [In Persian].

Blair, Sh. (1992). The Monumental Inscriptions from Early Islamic Iran and Transoxiana. Leiden: E.J. Brill.

DaneshYazdi, F. (2008). Islamic inscriptions of Yazd city. Tehran: Organization of Cultural Heritage of the Country,
Sobhan Noor Publications [In Persian].

Fazaeli, H. (1971). Atlas of script.Isfahan : Isfahan National Artifacts Association [In Persian].

Farid, A. (2021). Coexistence of motif and writing in Iranian art. Tehran : Kalhor Publications [In Persian].

Godard, A. (1993). Artworks of Iran (Vol. 3). (A. Sarvqad Moqadam, Trans.). Mashhad: Astan Quds Razavi Islamic
Research Foundation.

Grabar, O. (1996). Notes and documents. Cultural Heritage Organization of the Country (K. Karbasi, Trans.). Scientific,
Technical, Artistic Quarterly Journal, Asar, Vol.26-27,6-59.

Hatami, S., Khazaei, M., & Mohammadzadeh, M. (2023). Investigating the calligraphy style and visual arrangements of
the Grivar inscription in the tomb of the Twelve Imams Mausoleum of Yazd'. Peykare, 12 (31), 1-17. doi:
10.22055/PYK.2023.42580.1350 [In Persian].

Hillenbrand, R. (2006). Islamic architecture  form, function, and meaning) (B. Ayatollahzadeh Shirazi, Trans.). Tehran:
Rozaneh (Original work published 1984).

Makinejad, M. (2018). The structure and characteristics of decorative Kufic inscriptions in the Seljuq and Ilkhanid
periods. Negareh, Vol. 46, 17-29.doi: 10.22070/NEGAREH.2018.774 [In Persian].

Maleki, A. (2013). Investigating the factors and internal conditions of the destruction of the Bisotoon inscription of
Kermanshah using a radar device. Geography and Environmental planning, 24 (1), 129-140. dor:
20.1001.1.20085362.1392.24.1.10.5 [In Persian].

Nazari, T. (2022). Investigating the architectural structure and decorative ornaments of Islamic period tombs in Yazd.
M.A. Thesis, Mohaghegh Ardabili University, Ardabil, Iran [In Persian].

Pazuki, N. & Shadmehr, A. K. (2005). The works recorded of Iran in the list of national works (from 24/6/1310 to
24/6/1384), [For] Cultural Heritage and Tourism Organization, Deputy of Preservation and Revival of Historical
Artifacts, Tehran : Registration Office of Historical Heritage - Culture and Medicine [In Persian].

Pirnia, M. K. (1990). Identifying the Islamic architecture of Iran. (Gh. Memarian, Ed.). Tehran: University of Science and
Technology [In Persian].

Pope, A. U., & Ackerman, Ph. (1976). A survey of Iranian art from prehistoric times to the present). London: Oxford
University Press (in collaboration with Meiji Shuboi of Tokyo) and Manafzadeh Group of Tehran.

Quchani, A. (2014). Examining the inscriptions of Yazd monuments. Yazd : Cultural Heritage Organization [In Persian].

Sutton, M. (1987). Differential Rates of Vandalism in a New Town, Towards A Theory of Relative Place (Unpublished
PhD Thesis). University of Central Lancashire, Preston, UK.



Reconstruction, Damage Analysis, and Structural Analysis of the
GrivarlInscription in the Twelve Imams Mausoleum of Yazd

Safieh Hatami

PhD candidate in Faculty of Islamic Handicrafts, Tabriz Islamic Art University, Tabriz, Iran and
Faculty member of Visual Arts Department, Faculty of Arts and Architecture, Yazd University,
Yazd, Iran/ sa.hatami@tabriziau.ac.ir

Zeinab Samadnezhad Azar

MA of Art Research, Tabriz Islamic Art University, Tabriz, Iran/ z.samadnezhad@tabriziau.ac.ir
Abolfazl Abdollahifard

Associate Professor, Faculty of Visual Arts, Tabriz Islamic Art University, Tabriz, Iran
(Corresponding Author)/ a.abdollahifard@tabriziau.ac.ir

Received: 18/05/2023
Accepted: 15/09/2023

Introduction

The construction date of the ‘Twelve ImamsMausoleum’ in Yazd goes back to the end of
the Buyidsand Daylamites periods. The architectural ornaments of this building include
murals, plasterworks, faience mosaics, and brickworks; also, an inscription with decorative
Kufic script has decorated its parts. The research conducted on this building is limited to
the architecture and restoration of its external walls, while the dome has valuable
ornaments, including the inscription of ‘Ayatul Kursi’ in its Grivar. This inscriptionis
implemented using the technique of ‘painting on plaster’. This historical monument has
been seriously damaged due to the age of the building and the destructive environmental
effects on it. These damages are either erosion destroying the appearance of the building or
the structural destruction destroying the foundation of the building; therefore, knowing the
damage so as to prevent further destruction and reconstruction is of particular importance
to preserving this thousand-year-old monument.

Research Method

This research tries to study the damages inflicted on this inscription with the help of
reconstruction and damage photography. It, also, tries to to know the structure and motifs
used in it in comparison with similar inscriptions. The questions raised in this research
were: 1- What were the damages caused to the Grivar inscription in the Twelve Imams
Mausoleum? 2- What was the general structure and decorations used for this ornament?
This research was descriptive-analytical, and data collection was based on library studies
and field surveys. Its approach in the image processing section of the inscription to
determine the amount of damage was quantitative, and in the structural analysis it was
qualitative. The primary research sources were provided using field photography; the
damage mapping of the sides of the inscription was reconstructed based on photographs
and images; image processing was provided using a computer program and a color analysis
method. The images processed based on color; the numerical results were separated and
analyzed based on tables, and the possibility of reproducing the inscription provided the
conditions for its structural investigation concerning the analysis of external components
and visual features.
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Research Findings

The mentioned inscription is in Kufic (Moashaq Moshajar) script, written in dark azure
color on a plaster base. This inscription began with "Bismillah" from the third side of the
top of the entrance door and ended with the phrase ‘Al-Ali al-Azeem’ at the end of the
eighth side. Over time, damages were imposed on this inscription, leading to the
destruction of many parts. Among these damages were humidity, mud,and water flow from
the upper parts on the surface of the inscription, the effect of suspended particles in the air,
pollution, and dust, the change in the writing's color, the loosening of the paint layer, and
its separation from the plaster bed due to the passage of time, penetration termites and the
porosity caused by their activity in the lower layers, the cracks caused by earthquakes or
other shocks and the forces entering the building, and the traces of droppings of birds or
other creatures on the surface of the inscription. Measuring the accurate amount of damage
on each side was done in the form of three separate images for each side: 1- The
reproduced image of each side of the inscription was in black and white without
destruction (the processing of this image provides the amount of positive (text) and
negative (background) space to determine the amount of damage in other destructions). 2-
The recreated image of each side showed infrastructure destruction in red and paint loss in
blue 3- A black-and-white image of each side of the inscription was used to estimate
surface pollution. Based on this damage imaging method, by comparing the white and
black colors on each side and the percentage of white and black in the ‘initial recreated
design’, it was noted whether the destruction damaged the writing itself or the background
of the inscription. Accordingly, the fifth side had the most serious destruction of the
background with 8%, and the the most serious destruction of the text with 7%. The results
of the processing of the blue color, which represents the ‘paint loss’ showed that the first
side had the highest amount of paint loss (7% loss), which caused the color of the design
and the background to be the same. The lowest amount of paintloss was assigned to the
second and the third sides. According to the results, ‘surface pollution,” had a 100% extent
in the inscription.

Conclusion

Based on the reconstruction of the destructed parts, damage imaging, and image processing
with computer programs, the damages have been divided into three general categories: 1)
destruction of infrastructure materials, 2) paint loss, 3) surface pollution. The results
indicate that the most serious damage was caused mainly by the fall of infrastructure
materials, paint loss, and environmental pollution. Structural analysis showed that this
inscription had all three structural components of inscriptions including the plant system in
the upper part, the geometric system in the middle part, and the writing system in the lower
part. The greatest similarity was in the plantmotif, and the greatest diversity was seen in
the knots of the geometric part. Although these systems were not necessarily used in all
architectural inscriptions, this inscription had all three parts in a structured way showing
that the designer had designed each component in harmony to achieve a coherent whole.

Keywords: Grivar inscription, Twelve Imams Mausoleum, damage analysis, image
processing, structural investigation.



