s Lo (e yiillas gy
i iBb phiardislad ses8 s
O iy o8B L)

\AY— \W/(Jﬁ‘@)@)d@h‘

s sad yal duadt b ok
aale (aaa 90 slaidlb g e
115:1G‘136luh§3.“_).5h




\YY
VP Y O lwls £ s lacs

99lg0 sbolw oliwe g Cillao uiyy
U) (oMl (wihid 3w 98 b slvow 10 J 90 49
(3 331 6 sboo 3 (o Nl o) dwkid 9 STG

fkk % % e e g * - o
PR P\ [RTPWWE X S TR0 PR VT PR | L JX g W2 R
\i"/‘\/q :al{)éé)u

VIV B AVEY adn

it 959 :llis g g5

LXYLEN

405055080, (58 IS s 30 ol s A liaS ol ol 530 s 5010 53500 3 St soantia Gt
oo 03 (Alde (slas Su 55 s lagt o, Lag ) 51 So o el as g olicals o (laiadinail 3 (g )k
il S8 pouia (685 (ol s 5 (61 (il 0 pa ol 5l g ailens 3 s geutia B oS (59 52 5 crale
siemn 0 pale ASuul yau S Ehiallyale 5 oo yia fale e slie YolS palE sl 3aa3 oyl
i (985 5 5 elS  dalididas sliius 5o kg allie Bua ol dials 5y ool (5 s duniag sa
N go yualic JEALL LY a€ el ) 3u8a5 Lol (slad) fes 13l ale (60,50 5,5 b oodld i 5u
solse JEALL L atia (58 cllas e .Y Sl s catia (58 b oliasd Lo sasi s

B sl 5 T i 5 B a5 sk 8D 49y Sl oo it sl o
OLEd GadaSmalis. ol Ol US ey patslasalycs gl pan 5 S eledbl alas g 53 grdioadliy
(galodalad ) pouain i 585 0l S 5l ax8iiue ot ) plianslad go 58 HBALL L prunia b g8ials
Qelanin S a3 Blasardidacs 348 olad S o (S5 JBALLbin et g s o abiard oo s

ol BakicalilBais joais ol

Lo | gaals
O e 5 S o )5 g e o Vecad 3T L33 o5 sLann 5 it oSS 538 S 53 4y o (5130 (5 gl
Email:ali.ghashghaiS6@gmail. com
Email: moh.sharifzade@iauctb.ac.ir (Jshawaduions sl 3OS po AT a0 il yim s g0 g Sealasdliod ok
Ol eohtan ¢ ool a15T olKmils colian aal s (solans 5 i suSiaily ia dieals o 5 lidilyskesen
Email: .h.ardalani@iauh.ac.ir




(bt gladsesd b punia (B8 Fuls gl
Sose (UE) e oo Huda 5 (pob) US Lo 4 Glsa
bMJM AA‘J Gtu.o @ ‘«uﬁl» C)UQ.AA‘ JJf‘l%u'A
BilaSsaial Ghay el i (B ook

S s Saladl pomia (B8 s)ls0 oS SlESaS
O Sa 5 bl Sle B (258 a5 slaghs,
ald Ll dlie Hu JKshds oS s 58 )
«OuSalin gosh 4 HUALL L o S sl ol
Lods (AYAY) 50l 5 ssaie Glhaeaes Gl
o Lm0 solad el slasia —lu) (slayia
ook ek HUALL L o S ol HlA Ll pwaia wlas
Gy Gusiy OIS wsame by Galagy oSl
OB 4l 4 GRSy 5 e S el 4§ sSulis Sla L
caal s3lo3ls eusia

S osSe ple @l Lo wdia (B> dlis o
M Y s (B8 ol Gyl b aaX
wliliad (\WWAA) (ool ol 5 oLL i o « oDl
a8 5 Soae w A 5V oeslad i g olual GBS aE
el 51 GBS deania LBue) e oS dals y olagts
RIIKEE TR

L S L daly 5o wos slasuss I, dlEs
ol My Tl i 53 ¢ gadlad i 33 5o 850 5 S
oo b WY oeslad el cusa (\YAY) lSaa
i3 58 M S et ale y JESi nia
EXRZR LR PRV SV RV Y IR - PR Kooy, o
AVYAA) ,lSan 5 astlyslal3s aal 4idi s €(solans
oo & O eolad (Sludl asle 5 e o Gl
wwaia b o glhlicals o olaiadsasl Calin, ¢l
el 43";‘.)_).4:

€ gaMal (g 5lare 5o (33 5 dwtiad OIS (inaa
Slesh Gals S8 cussae b (VWAY) Sleslonas 5K
wh‘GJmQUﬂi;gngd&d)‘Q@@j}
Kgolars 5 dawnin @diuldy QUK fiaaa o e
sheals ABA s ol 5T s 4 (AYAP) 8oL s
5 aly @olers Lo ol sl 5 s o)L
A o Bre i g oils Glie LT dusia

Wi S5 wsia G Ol e oSG gl
200 slasSss b OB 5 S wa gy Slallle
seola 38a3 Lol i 5 g 5SS Siae Gl 4 (550
GBS dwaia 4 gale guSgs s oplile S
L 58 9 805 s 3 A £ gb o 4S WS o ) el
OBl wsia 5 ot JISA) HUALL G bLS))
el 83 503 £k L cndl s 1y oDl

doudo

ol Cpl Glate i g ufins age sladeazs ) (S
5 sy Bac 4 g s pliS5e, 1 s LBT &S
(oMl (8 Loia s 2 s A1 T usa g le
Linad Wols asd Gaos oo S (elade, 5 5L L
obas Ohlicals 5 4Wudld wlusl 5 Ganujse
Oho® dnia Gaal usas 4 (SSs eolo Seus
slasus BT ool Lo g slaze, 5 5l aas
s B L 383 ool Lol ilos S oo 1y wsa
il podasl yia sl 5o o 5S agiTyl o slite
Jolaio iy 53 51 3058 olay 5 5595 850 W€ o (25
Sied®e 5 Hlblie gl edlal (b sEh ewsia LT
Wl SIKET LB pla

Gl 5 Spaewy LS, AES Jlos & Ghas ol
8355 pole SSuu b podlul (358 dwsia G s Ss
B asad 51580 (o o9 0l Om OISee ool WEias
S goac Ho (eudid (B0 s 2lr s Seen
als albb 15 o) JolS 5ol b ol olaie ia
wobie 4 s cpl Al sl GedEe ilsy sad
Lo S oS 1 (odlal 858 dsia G
o) (solarn yu (B8 wmia BT Aubs )
me Ol 4 gousel pole ol sladsesd b
..A:)LA)::GA

3 S gabis 4 ol dEe o) Sua
sl ale (60 S 05 b (podls] 8 G uia B 08
Sl UT 4 &€ cad ol a3 Lol stag! o
odia B8 b bt sladsess 5 alse palic
oAl b ponia (3 685 cfillas o)) 500 .Y Gl cdsllas
o9 r2 Sl Sl dn pbiand sladse s 5 9lse
S el laiad Gllae ol 5 383 ol Cuaal g
e obuo ok Balie ol () $SE S ol
W s 5 Glhlicals b g oMl (558 dwaia
ol plle 3 131 BiS #plas el a2 5 (252
OB B dwia ST 5o B3 Sl (LS 5e; 5 coeal
sy S usay L ol sadill osAds cedll
Greia b bl Ho B lesks 5 ol
bl oe os e Glabus

G (g
P 5 (Rl e agd ¢ dlis ol
Sledbl ssslpan Giys wadly Guld slae 5 ol
O g3 FO slaas K sy 5 ol lolaulS o) sty
clillas oliand slad go58 b (podsl (5585 uia 5
o3 e b glas 5 oSG gad () -l sals
Solane 5o salyal hd Guses b 53 Lo 53 Cyas e
aadd ol L8 SRS S 5 sl a1, ol e

Jso alis e ydillas ey
a8l pleasdislad 208
O iy o8B L)

\AY— \W/(Q‘x‘ts‘)w)dsnh‘



1. Johannes Kepler
(f\ovx—\'\w/@_a‘\w»vﬁ)
2. Harmonices Mundi
(VB3N T
3. Albrecht Durer
(3 VOYA-VEVY/ 38 ATE-AVD
@aﬂ&gdm[xdms&\,.“x‘.i
—AYYA-YM) Sla s Jaelandd o
PRSI ST VYYR
SO el 533855 5 ol
el oDl a5 98 Glanie
\¥O
\\“th‘h-u..tu ff b_)LQ.::.I

YY- :\\ﬂ/\\‘#j%:l&io‘wwm(suﬁ»"éﬂbg_}suﬁﬂ.\ BYETo

i s pan g el 5 b Gloley (555 slaial »
el GALS 53 50 age Cpl 4 «iShA 5 L8
Olieia 51 30k olegloaad K a4 L (Y
i JISE) a5 4 s (Sl Glaiadils (50
oot al e Lo Siala b« 39 L ol
utia Jlael GBS 5o ¥ olay e sulan cnlaialy o Ll
5 (F sesead) (AVA SWVE YWY olans 5 5L %)
osle slonmn). JISsl 5 Jlael GBS Lo el il
B s S ot dutih Lits uy (Y14 AYAQ
¥ ooV saw ole) Lo was oo plas |, L;AJHMQG
i€ Al e Sl o s
i Lo ,0 ook ol & slallas Lo
Glor 5 ey © Bise woudp e oMl (358
slade, 5 Ol wles sad GBS 5 Ay 5y (58 dudia
Slsdos Jod S LICaT 1, (358 cpl Lo ssa e
bS5 cplie o «lac e i GBS o (YAVY)
olilaa Suos olaaba b poMlal ldis Gassh
Lone codload (B desia glys 5 ol aialsy
ool sss BB (Slasase S0 LbaAly) S
Golars 5o G s dwiy OUS G sle glouas
835088 9 S psdse ol Ol b« edll

YYY olea iale ¥ s

S Sl g Eialsey
P 3 dessad g ale Baag
JE&I 51 g5la nana (328 5A) 2 V0 suw o
09 olall Gulidie i M IS la gy cons @ pwiia
5 sosb elaal € wa HT YelesS Al s
SO osead) i o G0 58 dunia ) (sarda
Litie (38 530 5 alatio JISt) Sialon (ol s o gs aline
(Kepler. yavya: \\7) ool alle oluy 5 ol <an
SUS oo Pladl SEa 5 (lE T 5 50 cudi ) (pines

WE-IWVA YWY solans 5 SG,saale (18 clatis ( Slad s sl gl 31 ptia Jlacl GBS XYy el



=Yole ViV S &
Sk LEC20H20 sule Y=Y s guss

slapy) «as mp pwaia K& L
P ¢ eolea aale w(abimin

L (oMl Sia g 5al8) Lol 5o Lo s S g0 5l wa)la
ot ol solallz s (s (S, pwnia slag b
lae & olusly; 5 sieia (ol aad 5o o s 00
ey Gy LasSIl ol 0 gy sud S5 4alS a3l
gLl 5 bk iS5l Jle glada e 4 Ol el
ool (gams 90 e (sl augale (oulad ssA
6l 20588 5 proli oo (euilil dabaiis |, o) Lo oS
ol GAL Gadie 1y o) sl S5 L ol
Lasls i s (slasSH (shls (slaca b dlan )
i) olead 0 Mo a1 31 S5 0 Lak 68 ki
Pm‘%ﬁa&mgu;;w%jgw.s&
plitie Wb T asm s 1oa aash o lae 4l 5 st oo
phae Wb ol ssay i o pslae o sialy
G Lo st o las Ll &S cand €58 G il
s oS sale LagT QJ‘,{QJBL 5 oo kit
aﬂfb@mlﬂ&uﬁﬁolbudiﬁwﬂﬂﬁ
G801 Wb aail el 80,5158 @) cnl 4 15 Lag |
623 5 6089 O 5 gl 2 0T B bl pa 5 S
Oblalewe sla Sl 4 4 Jaabls plaa b Lad ol sy
O o) 5 e € sl snndas olag )8 oLy
83,5 JraaT sube 515 ass plilie 5 ()3 3 oo (@3S

(YFF ZYEY A TAF o g3is,al)C ol

ol L Caal (5 gles duuia § g3l cddeatd N -
LS'Q‘M 4«‘5)Lu4| BE ,ﬁlﬂ» g._\tls BE) ‘).-.A:s Qﬁa—u;éf.:.u

Slab, el S5 oMl Suglea Lo ol
sale ia 5o fonl sadi yalls Hia 5 Sidis s maa 5o
LQ:x:QL.a.\.o ..\3\5‘._\5 Lgsl%w J\}.‘Aa OT B «< b..hiub_\f‘)éT
sebolea (Nasr, 1976: 78) «.owl aisls ulSasl
LR Y J}-&-’A& CSL:,’JJ - N) bJL‘i‘ UT “ ‘)-I-A:\ «<
oolesl 0 S sala lgipe 1) sule SUSE o

clOH16 a‘)b uaLA." A=Y _)3\9...@3
‘«CJ‘"’» u“"’m Jg‘;, \_‘ _E...I* J...\;l:q
M 0 £ AYFY il ale :aale

oulall (oSl 5o 350 ¥ g
Al ‘(54.1_;4_...4 slad o las g
http://edu.nano.ir/paper/221/p/2

b easfiens b1 agliie 0l 45 anagd oo STk oo
Lwilos Slaw 5 b Hu Gbls sl S usls S,

O 5 3aleal Gl 5T Gl 8L S ) se el
el bl 1 ol Gb Lu 1y sheallss LIS
iyl alas) oMol SB35 a3 a5, 4l
Jelas 5 8908 k0 aleal 5 (oia 359 Glsie S )
€ablise 5o slhaadl ooie SlasE s 5bos g AL
ele andds @oooty swas sla@dl (VAYY)
B528 (,l Calite (glas s S (slue 5 oudia (i
g 8508 8L Sl elpandl S lud 33 5o oS uls Glas
Y B T SRR PR TS A PRSP
lae sk 51 S a5 WS Yl i spl0 3a8aS
s o g Lol sl gunadils

Touae o ol on (S Sl Gl 5 ol
4 S e B5 oS wiees ARG 5 51 S8 A
il s oMl (B (S35 5 by sel sladia
lise (puia (3 g8 Ol e et QIS 5 (S 8L
Gaas (VAVY) € wlid,sh (i) 50l (sl (slauass
o o3 (VAAR) T lin, sl sla SIb LGS o
soliionl 181855 sl Jalas 51 oMl puuiia (sla s
Obsel a1, pdl) cusia BB wles S
13S0 iy 530S s sa il o (el b
0% Ol asbss A S (b Julad olgie Louga
S ulo Glas (VAAY) P€ oMl Sia 5o (gams gu (b ol
alaal ) sia g ale Gas (b 0165 oo oMl 38 € S5
G OUS L (VAVA) Vlao S e i oS
iy g wanlaalis leS 5 Llas o0 Ko g5 1 ol
8uiSs d cugnliie ol 8 B8 5y slag oS s Soe
pls o (Slogs sBALL 5 (podll pusia (568 G 6
83 (and il Gla o s olsila Slasase (JsSIse

guoe? Olsie el usa QS o 5w (S g g
Olie53a (5 50dy S (SN B go E3) €Lt
solsl Las sl 055 940 5 b Gbb 5 Glaliws (usige

e Labes e smidillan couy
i iBb phiardislad ses8 s
O iy o8B L)

\AY— \W/(Q‘)ﬂlts‘)w)d‘;a)l.m‘

03 8058 ol (Slasl (55
olaadler 5 (VATY) € ol alis
5 (VAFY) «aa b o sl
g
S8 gl S Y
Kh.S. Mamedov . v
o s g o Sl yiiNe Y
pole (ooolST (K58 5 Pure
5L Glald]
5 . Harry Nathaniel Bixler
6. «A Group-theoretic
Analysis of Symmetry in
two-dimensional Patterns
from Islamic Art»
«wusse Keite Kritchlu v
0 olene ol 5 sdiin s
sal&T LI L 51 s oK)
.=l TEmMenos
S P oS A
(Bronowski, Jacob)
e VA -A VAVE—,



1.Plato (¥YV-Y¥V )
hlas G peulis 5 Se L Y
G cpuis pusiled Al ¥
il Slas 5 €S B3I
caal 83 S 5l o Haly s A
Elad S Ol sams gloal ¥
Aol an S Hu gand
RGOV A RY

\ YV
VP Y O lwls £ s lacs

‘6‘3 BER- ¥ ‘ﬁ‘ ‘«G}‘) dwads g u’&.ﬁ‘a» C)Ja D-)\ Peas
YY YA Y £ YA il yabe 1 sead 3 le  SUI pas

O s pad 53 (Jlo Hsbds caiiena ol e () 4EE el3
8858 ol GLlas guaien S o (oS o g S
Cuad 5 R ol wsd bal Tsanss s o0l
I pob ol sadlnl Gga S oS o el |, € g0
=V psead)a gl saalie SU Gas @8 jo ol 5 e

()

el b oa¥lgS wgn--)
CUFRVY.)

a3 TSI oMl (5 58 dewiia slap s
elagid)aid (Ll b S ssd e SIS
=P 5 wlge sens b et 3 SIS 5 (pkitie
St ais gl o vsas 0 1) VS o) S
oo platie galis i e Ko Sl Hu ) ek K 5e S
ook o8 O ol sad HISS HL il w81k
oty 90 o Jool dwad alis (RS Kdwadd 5 i
995 Jsl JsSlse 0 81550 0 s o0 438 S Sl 4
- ENEL PNV | PN | LR PR PR P O Sy PP
clada® ol .cnl G s ea 4 (e sads sule SO )
JISaI b oS a8 gy K 80t ol5 | Lan o T
SIS 5 el Sl F g el L oy onia
Casads 5 piadd rob b oSl g S gl 56 S )
5 (V=F s 5uad) 0l alillae oMl (585 dewsia o
93 gl Hu o Al soleas Ha OV sadlal & gl
(V=5 o sead).coul 8 sgdin Wgdine Syains

Jalad g Sy
il san g 0 @aX gl ole o 4]
OBsE 53 S (Saay ki oold) awnia 5 ale (L
Ssa Sl 5 olu) ol 4 M) e s
(ool BB dia & ol pale S5
Gl Ol 5o 3adaS Gl 5o S cl B 5 o s
sl pobiand yeslic AL b odaal b 58 dentia
slacullas 5 sy ou,K € olslyl wa S e

Sollae st sldd 5o (Jilse Wiy K 0 e
Desiraju, 5 sad 3ale «ggo dnad 5 Gt b b
1996: 294

cadly olite) Y o bl ) Jlas dunia fgas sk
Slie pod 5o 1)) Wlosle alle swiiln Fida jolic
80 5 ol e Ciaad oS il (S oS 45030
ol Y glade Blle hal S ol Al
looseli 51 okl € e ol sliel ol
Oimad (WFF AYA- oo obMi.cl @il Ll
S st sy QS e (p VAV SVAYY) Y,
i o o Lasbie Gl L € Tousilas L)
alant 515 len ol e o€ Sud 3l Koo slassle
raiesleny slaa gl 5N S e S Al |, Sy
w5 e soi (S gl sl L8 ol & Lol
W] psl o ansoia s a gl (g oln |
(Yo AYVY el )€l g e
5ol sole & S ¥ s pen 5 K s
JEE) Cpl (Foke 4 aas oo Gl a il wileds | 5 o2
5 e SUE Lo S el Glewaia Glaa saiS ol
Wl Hsbes ol G0 Gall §y8 solers
oot K L el 3 5 (€ H ) 0 5 suls
Jseod booolsoulel S by (V-F L seal) «poo»
ey SS @ s K3 L CH bt
(Y=F 52 5ead).cacal 3aadad (LIS «(alaiie

Bab (Sarhans plAl Sy 5 suadga slyal A=Y

Caley
slasisy JEa abal Ll wlasdleel (gaadgo
AN A 6&;4—&-“ JJ—& Ls-A-‘-{‘- C.\-“A B (u_bs.‘y
2l IS oo JSse Al 5 JSa Sl
LfA)L"“‘ uﬁ\}gl LIPRYY.) B LA‘ tC,u.u‘ GAA;M )Lols ‘J\}.A
Sl 95 Gal s DS saaiss naead b
g._a.t.\:‘): u_.gJ? Jﬁdﬁ () Gdﬁ.:‘ta.u {.\U&l)‘ 6‘4..:2-33
JS)‘J EREX) 6&;4.‘.“ %_\.“3 BL «< Ls_a.um ‘Al%A‘ L.)f‘
MMQM&BHJMAJL‘:AMS:\AS‘&A
K JSJ‘J J“)E LSJ":’JJ (5L«.A$ B «< AA‘GA)L.AJ uﬁjfh



¢ / L4 i
Csads g Gl pob PV o guad
o9 slasll wagdie o sad sl

b il e BN anl b S sadiplid) Con
N A 1o wols OIohans oS @I Y IS g0 Wisy
slols ges L;LA._\e.wl FEYPIT. S LSLA'-‘:‘\H% dad g
ol canls oo ll (Gl 3 (25n) palS sun Sy
Jles (gloe)-aiiina led) ey Al oSL i gl o)
G2l ) sasloind ladSa ala (GuS G35,
¥ Joda dls s ea s el pania B 68 o JIKE]
otaa (58 b Gallal a1, Ll 5 cpl 5 olads s

ag o Gl

Gkl 9 f sladigas 9 absasd slaui gay —Y-
B 5 duusia

S sreaan s pate gladisa ¥ Jsaa 9
Obs® dwnia b Lag) Gubs 5 bt slad e
pee u:" Oy ).lg.ﬁ‘. ‘S.}J ._ua‘.n/ (5""}" g;‘f":" BE
.JJ‘JJ}_A\,L&QTJJWmJLSﬁB‘GAmﬁﬁuJLSA
bl o Olased S oo (JeSlse o S K S
L GaX abl 5 oS (B8 wwnia ok S SIS @
OLas Laws gy (ol poiie sladisad s e, Lo
S S Gu (Sohad calid o)lail dp B o< e
@ oo shusls O o S cl Gl age
i Ol J oS se (ol T 51 dda e

QISug S 1) e slaw gay jEALL -Y-F
Ol o8 dsia b o Gaalas o
sl o (L 653 b el (568 dwaia o
OBoo b redia (B8 (Sole 4 artiun 4 go o liie
LS00 bl o € sadlal 5 arw s ol
b sl sy HUA L canal Lliine g oS s So
Al B8 s G en S o de 5ol o9 e
oMl s i oS sl sl JaB s 435 1l
leand ol se (LI 053 ) el e Ol e 1)

Cwads 5 Gudd b Py al
N g AV il ale s 3ale

L Golle (20 S sl il K P o gusS
el dAle Kdwad o GudY )b

VY Steed & OthersT 2007: 275

OBDse) (xS 5 paan 53 (55818 B 1w sA (5508
ablal eusad podloal (B 68 dunia Lol o 34823
Sbale slala b wd sl a opl 5 JolS LLs
@ 98 ) Ol (Fald sy ppbard sladsesd
29 308 by eas Gaial 4 s Koo 1 won
Soaien o gard aa ye sLACES 5 Lacs slaalls S5l
o bk b S caliy pbad sladse,d JiKa)
usid aa yo (sLAGKS 5o )T o aitise pounia (368
ol golans Ho Sua 85 saad oDl (hsE
e yane 5 (\YFO) (guadipo )y e s Lo
ol sale g gans €l (KA OUS gulary
sailjal el ures s s Hu s clilas (VYFY)
bl s lens gliad 5o 1) cwnia pob b il ]

il 80 gad 0 5 8L S0

2t sla g 3 peolie YISl AL Gaslai Y
D3 acasia by
JE&) 5 palie BUS 5 plad e 4 Ghas ()
33l ool LB dwsia b pliand slad s
Gasksd (BB uia (g8 qau €3 S g el pu &S
oLl sl ol 51 sladdsad o Joan Lo ol
senlic 5 ol gl L JSib 1ol € gad 5A o ol
BT S tin BB o ol o 03383 (plan
Gsad Guusl by S 259 ST OES o asls cdilas
J2aS3 Baalad ol 1l oMl (s lars s T sudl ya

.JJ.A.UL;A

Ol g8 deuia s () Baalad g Lagadl 5 -Y -
(S se suidl Ll S glanisy © oK L
St S o g saaliie o)) 53 o |y ewaia iliA s JIS3)
BSIY LOUS Ho g Sy (pl S cliae fpay (ol 5
G0 g Al cans 0 5 sud Jusy (35,008
Las juay g o ey LA ) danipo o s oo wla
cor bl ¢ s plalka ses aa
slaaaal Jid 5o 0le oo Gl 5 aaliine sadplidl

e Labes e smidillan couy
i iBb phiardislad ses8 s
O iy o8B L)

\AY— \W/(Q‘)ﬂlts‘)w)d‘;ah‘



1¥4

VE Y ls £5 6 ylad

O8w,&s aa e ¢ o8 dnsia b bt JIS) JBa 0w 3ads N Jgas

Golano ju ouddi | yal di gad

asia i g 7k

baads Jlsudl jBALw

‘Qhﬁgl?wjgauiﬁl‘«{|4q&_,uz&»C)I;
AYWE iglaa tials

“Olosis 4S5 5 a0k
YY1 g AR il el 3ale

(sl K) (S (o 50e S
COladiy oS5 g Gy ook b Bilae
Steed & Others, 2007: 23 :aals

ey

1(5_}\.6‘-&).)5_\.‘:“)?‘1«9\9;“‘»&&:\
At :plaa iials

s S il )
AF N g AT il el tiale

U Gtk () 5.8 JSlpe ialsT
URLY 32 (s wgy s S 2
O L Billae (Joge 00 S
€5 05w
Atwood & Steed, 2004: 770 :3aLs

P

O30 8558 (lgiunl « Jias 4Kl len 5 g9 £k Lo Cp o> LEE
¥y
VFY 0 ¢ AYEY amllabe aale

CCLHD) Gon Jlse 3
Koo 28 L Ballae
Atwood & Steed, 2009 :3als
712

Oleial pols dniie KaGlea» o ol
YEY AYAY AYPY Lol alasinle

«ail,lgar aE
OF N g AYFY camilale ale

G L Galbe s J <150
«a&l g
Atwood & Steed, 2004: 1486 :3a L
o eslsenl S L
ORE L Ballae M S 5555
«a&il g
Desiraju, 1996: 118 :aale

tyred
g%

Praely
e

“.',}.\i{.lp’I;'\;'

‘QLA‘)Sbal;MJJa.\.LIJ?|
VY ¥ £ VA il st saale

Kol oy (28
AY ) £ ATAY il el aals

&Gl d pewr (18 L 3allas o) 59 51l
Holleman & Wiberg, -3 (s
2001: 968

IS s siol ok JBaLl
Atwood & Steed, 2009: 647 :3aLs

Fnd

LS G_‘.i» )
Olaa aale

PY N g VAN oraull el 3l

by Bl ol S el el
waliiie als i 28 )
Atwood & Steed, 2009: :3aLs
389




A o 4ol

N—H"""

x
/z\l.lr ~

o) Kou diey 3 (ad» ok 5o «Lb) 8 pady 58
?L}-ﬂ LEIVITEN ‘:)b:ui' o b..\.ai;
YA N £ AVAY sl el tiale

FYAYAY (gl gome 3ale

Ksobl S (hdy aEs

Gl gy 5y (e ¢ sTa

Atwood & Steed, a2l

G L Bl (55550
&s,bl S sy

2004: 320

M\
Cy

Olal pola vacus Hu sud |al
VoA £ AYVY (sund ey iale

YV AYAY (sals (s aie A e

onlin w5 38

P12 e 311 Sl s

L «L:_“._\%» o b gallas
Steed & aals i 55L»
others, 2007: 46

Ph.\p(\l!’ _Ph
L)

Ph

Sl G (3 0 sudk |yal
Yoo g AW il el il

VA A TYAY (orallsale :aale

ol 4S5 oAl ey (E

Oliad (555 (oS s wisny

& 28 L golaoPh

Steed & :3als «ls <5
others, 2009: 168

S
= EE s

7 &7 e
o .

[\

[+]

14 1obea aale

osloler? oob os €855 uks
iRl yals taALe Kl duads

(B) lomd Jso b s
o356 i L Gallas
Atwood & Steed. :axls

Ssn S5 finn s2illao ey
it hasiigla] g3
s iy 1S )
\AY— \W/(ul):\|(5)LAMJJGAL|

Monakhov,2017: 7844

ALY G‘\\”‘\\ 5004 376
S 7
J AR
s (BACUO,) honss Jso 8
clhen) e dacas o s yal s f“t b CSLo> (8 Ly Canliie
W ogles 3ale e ‘u““’“ .\" = Kondinski & :33.Ls




'O
VY s 5 s ylas

N Jsas 4ol

oA
 {
\Y
4
T
_ s L (N CR Liasd 3
9130 5 e e 53 sk Loal ol 5, 45 iy 18 S «c:ﬁ‘:‘: &)l\f;:)u:f”‘
of iolea :iale OY ¥ £ AYFY cuallyale :iale ‘ =
Oled s g WA coamloabe s MacGillivray, 2010: 59 :3a (e
R IAG LR
Ormain 3
Y
25 L allae B &
Dot Ol IS 5 s o) OB 5 Sutin ey I i, M-%ﬂi o
F . P | BV PR TR Y d . (R 2aal o .
WE D ¢ AYFY (il als 13a VY g ATy el aale TR & A
VY
faial ol 205808 & e (LIS 5 sk yal
e )AAc ):; o iy g ok 8 €OlS Silear (18 | Uae{HO{H O) Mndea) g 53
s ol S len wpls £ illaap BB L &
el 2200l ks o 0 e AF ¥ £ YA il pale ala MacGillivray, 2010 111 32 Le
i NG R ‘ ERES illivray, B A
WYY £ aTAY el saale €
i 2
T
G 062 | a o
D\m/—é& o &
il pola ot Ll S ol 5 S 80 dwad 18 L @l A8 slans Al
: \\oh-‘l:us'l';u - A abiiae 1 50 CEA;JJH;,A KU 80 deuady .
o WE Y £ AYAY il pale :aale Steed & Atwood, 2009: 595 :3aLs
\#

‘QB)AAQS?JAE);"JMH:&‘QIMJJAmlﬁi
Olaa :3als

&ola K &l J&l5
VAY YA ordllyale (dale

a8 o) 2S5 A, bl S

b Belae c0a S 5 O3s0as OB sla
O S Sl a8

Steed & Atwood, 2009: 568 :3Als




A Jsia 4eldl

OBLA 5o s al
Olea aale

QBA £ lasa J.s‘a.x...z 15l
Vol ryleaiiale

(Gl SV i) (ke gl a3 L9 sad | yal
VA ¥ £ AVAY sl sale iale

Ll Bl o 5o sadi |al
olen :aals

3 550 il 45,150 leal s sad 1yal
Y4y coles aale

| \WV
Seaal sy € ull JsSlge S
Ay SR G Ca 8 L Galhs b 55 WS 3
VAP AYAY (il jale aale RGN
Atwood & Steed, 2004: 1486 2L
A
S 4w b 5 €y i GEEB | b Gillas (e Sad (ol Wiy
la e ols S KIS (gt b (g iy (1S
V00 AYAY (il ke aale Steed & Atwood. 2009: 574 :aals
%‘5‘
- VA
O b Balls {M\YXAO\‘YRA} Jsesd
- Cpo g5
Kondinski & Monakhov, 2017: aale
7850
g =
Ay
: n‘.! -
SR Y.
) s A
i d
L golas Bil) o ale
Ol 4SS 5l 5 R ol ? Gelbs € j). J-“-“f:‘“&*:‘ 2
VYO e YA il ,als saa s Clas55ls b 0ok
- o :v-\1 Chen a2l
i § (]
| [
2|
) 8
L3 i
&
08 b Bl OCT ploans J 508
Ol oS5 Qi o GRa b «ols oSS Gl Ho iy
\OY A YAY (rallyals saale Holleman & Wiberg, 2001: :3als
1117
I b | | "
Yy

cstastabis sulbel (Jlaa,) apdio (HLEIS o 80l |5al
M ipbes :aale

e 8 Shlen 5 R ook
Cgare )
AV Y £ AYAY (Gaall yale :aals

G Gellas sl 4 ey S ras JGa L
Spprn aal 59 Slen 5 2 £k
Steed & Atwood, 2007: 219 :3als

Ssn S5 finn s2illao ey
it hasiigla] g3
s iy 1S )

\AY— \W/(ul):\|(5)LAA.AJJGAL‘



1. Maurice S. Dimand

\OY
VE Y ls £5 6 ylad

A JJJ? alal

Yy

OIS dalS i jae Glgdial 5o sa al
VoY :plea sials

(58 89 duadd EE
VOY ¥ £ AYFY (il ale aala

G L Ballas (5518 olhas S5
s SR} dcwadls)
Steed & Atwood, 2004: 276 :aals

-
. L ]
- L]
I._ .y T [} = »
| I
1 . Iy Y¥
\ )
Fi =
e 2SS S ook AL,
@3 (p)eaguare & puda yghao s ool |al L ALS 4SS 5w 5k S g rob b Gilas (o6
WAA ol iale AV Y 2 AYFY il ale aale ks
Steed & Atwood, 2004: 396 :3a L
—y— |
Lal ol
b ®
TRy 1.‘“—.—-’( }} Yo
( 3 l;’J M
B0 o e
Ol s S S S ok LBALL
‘rié:a;;)wﬁim,b_;l .«@LAS-:S:JQL:»C)L; 4SS i ok b Ballae (O
YViolaa :dale Y2 g AYAY il sale :aa s Steed & Atwood, :3als L AS
2004: 396
- Y»

els anns Lo S Husut l_,?l
YO £ AVAY (il el 1A ls

25 cntia o S5, 8 S el
oo @ g i b b Gillas
&l S
URL 3 :3ale

Gl (Y ssead) wSpe sla Obidee JsSIse YAl
PSP RV PUVRVY P | R PR L | Y
SO (BT dwdia o Sole sl pe Spuk
mm;lél&csle@.a\,qyiw);@&QTJ&lq
© gy 5 Ol bl fnl ile oo (BL G358
Wiy e GBI GhuB dwdia € SlEas o) S
(Herzfeld, 1987: 365) alais ya alas 51 .0 5a3 ¢ okae
(L2 stans i tay S o oS Vsl Gussse

¥ Jsaa o cwils 58 Glag Sy Sae 35 9
bt B (S s 0Sae JS Gl S plad s
WS saabie o) g3 o oMl 558 aunia Ll

Lol Bubd g objse 9 Olagse slagssiys -7
RV CY R PITRRY.)

Ol s ab & (Jlse (0 Sl oot ple

03 Olagae JsSlse OF o 4S W)l wsas Olegae



redox properties

HOMO = LUMO gap
i

magnetism

chirality

Supramolecular Chemistry

Specific characteristic, function or properises
Recognition

Catalysis

Transport

Atwood & Steed, 2004: 1402 : 3als (lagas 5 biae JsSIgo <8 yma (5 6SI LV 5 guad

BE) u.a.um &ﬁjuw&‘ﬁéﬁﬁdw ‘_)La.'.an |_)

Ol ads deuaia b (f @aadal g Ll @id ju -\ -
oMl

G GEs e o oSl sk
b oS osdiee ooldl Glisee 5 plagee sladsSse
s il bas Yol cans o das,ipl Ssas
Wilsad 5 elS o 5 el 5l (o8 Byl €S fpas
S NI« lsad oyl sule )S‘AL;G«%‘,.A S ags
KIERT ‘)LS o L;LA[SS «< fs:\._\‘.guao‘)d LA..\:\\H::: L.)f‘ “
Wil ol osed wlond Sou A s alliie
e S bl G a5 oS JelS (ged Llal
Lo oels bl sl cas oS ol (pl lad oS50 05050
&‘JJJC)JJ&AL}‘JJJ&@&‘JTJA&)SCASJA
(5LAA.\J:\£ BL 6_3“)\3.) C.\SJA 6&:‘.\3 -—\:LAJL;A ul..lu
2 GBeals 5 lSoal b Bl e JdSse
o sl B Ka S, @ e s ) slapuk
IS5 5 al s slaasd 5 ladSa LB Lo eyl
O éf“L: GL‘M_»J.M QMJQW & JJ..\A RGP RV
el gl 558 dwaia 5 ULl @A

Oblale aitin &4 J& (sla 5 ol 35 o 5 Laale
(Dimand, 1930: 12).«cuul 53305 Jass
5 ol JsSlpe JsSlse alblasa @l
(sale (LD 4 S sad JU JolSS Sl aapu o 4 olbsae
pladl fm (ASlse (alolass was g5 (dSlse Jas
S U8 g 5 G salel (gl (J S se Sy s Hlec
Rt 9 5 pwnin 558l wige ssa (pl S IS se
S o0l e wala el (i s
JsSse 505158 (sl oS Gloae slad sSIse O (5w

i B g8 b T Balal g Lagyg 8 —¥-)
olas 15 Vab 5 S g sudlss & Jsas
Lag, 55 ol (Atwood & Steed, 2004: 327).0a80 5o
Lo S5 LBl Ho S Wil glad sSIse Glaa
550 ma o5a 14 s Glagee JsSUse b B
il ge sman (Sl se GialLT i Ks H18 Lag Lagas
oMl (258 dwaia wlagy S Mewady Gluts
© st slad sSse ool Oled oo SSua ket al
S0l 5 B pdia O oty sl 5S9035 JolSS
Ol Sisae A0 L L) 58 oo (s se Gl
2 oDl G dwaia b lag s S JSa 3Ll 4
L Gl 5o 1) Lags S Ol dsad S A sl

e Labes e smidillan couy
i iBb phiardislad ses8 s
O iy o8B L)

\AY— \W/(Q‘)ﬂlts‘)w)d‘;ah‘

1. Crown Ether
Lodn b man Y
lagles o2 s (Dendrimer)
Jebasdasalsoslen Juss Ol sices
K uals ol Jbale
e @l 65U ol iyl gl
S (J S g putio o st
‘L;mts&@.uﬂ} ‘(SJL“" 9. J‘J ‘US...Z.):;
S ol pandt 5 S



V00
VE Y ls £5 6 ylad

olar 32 le - (358 duaia b Laguil 3 3abS Y Jgun

Solozo 50 A0l | o] diged

iR el g T b

ol Eg

e ey i 55 a3 ] Jb L i 53 b o o ey i | L illan S T5ls ol S
r qumLu sz azl, axas ) ‘«J-e-la»u"-f-;
A YO ¥ 7z AP il jale (a5 Lo URL ¥ :35-L
H

(oo e Sledll iy dns 12
10 coles 5L

sl g P 0,.5Tg
NE N 2 OV (il ale sasle

b @illas LS Tl il s S
oy g SlD S
URL 0 :izl

N
N

o oS o s o] o by ety 2 b s € L i b llas ¢S TolSs il 5 S
W sl Sty ohor
AL WY 2 AT (il ele :asbe URL ¥ 235l
[7)

B =B i (58 O gl does o aad 2]
OFA AYAY (il pals sl

&l Ao ps Y 185
FEATAY (op o 135l

b @llae (LS TglS il 5 S5
&Ls do pus dnS» 1
URL 7 :35L

e
C P

«Ealie Ho Ealior b «dowady (28 L Fallao CTOWILA-AA Al 51 5 5 S A o gua
\Yo 0 C&\\”\\ tL;al\.“JALA :xJA.A: Ry DY xd‘}:v tAL_; daue Hd s |‘).;| ‘«U_‘.ia_o GS]J.\L.A Jg» C‘)Ja BE) Cdiwals? L)Z&J




O8I ATl - (o g8 i L 0T Gl 5 alanst slasi s g1 51Y Jpn

Solans yu oudi | al 4 gal

(ssia (I8 g 74l

VA iolaa el Ole

«len 5 cda> £k
VA £ APy asillsale :3ale

ook b Gollas sl pbians wisy
«ei Llen 5 ol
MacGillivray, 2010: 109 :32 L

Wduas) e mad ol s sad |al
A :QL&A:;\‘;L

Kpre g iy LSS pla i £k
BV X £ AYAY il el aals

O JsSse o
(S pls g culiay C‘)LL\\;,JLLA
MacGillivray, 2010: 100 :3als

Olpieal Lol dusue s sad |al
e olea:aale

lan &l 18
YY 0 g AYAY ol el aale

L Balae c0anisspslie (oliasds &gy
€ Jiae 4S5l hE
Atwood & Steed, 2004: 1151 :aale

g
Risd

Kotd 53 D b
WV ATYAY (el jale :asle

CDL asaslS ws olasd Wi

« b . sy
Aot o Ry

U Gillas .
Haastrup & others, 2018: 17 :asls

S

B

RS ARG

A5 R ol 50 €U (g 80 denadd (28
Ko dhao)y
FAN £ AVAY il pale aale

M O JsSlse wisy
S (553 83 dwadd (BB L Gallas
Kondinski & Monakhov, :3als

B

2017: 7850

Olea :iale

el 55 Ghaar b €y 4w 4S5 ity b
VFY N g YA il ek aale

ook b Golbe (OLusSB 5, S5 Hba L
a4 4SS g Ry
Steed & Atwood, 2009: 678 :als

il pala daiis 5o sud |al
AY olea :aale

s b &gz 5 2t b
AV Y £ AYAY aaillale aale

ok b Galle (OLuSB, L S5 HbaLw
Al Jubs oSl 5lgn 5 oty
Steed & Atwood, 2009: 678 :3als

e Labes e smidillan couy
i iBb phiardislad ses8 s
O iy o8B L)

\AY— \W/(Jﬁl@)@)d@h‘



o S ode Lalilad

X Jsaan 4ol

r A
geiie by S dacus o sad I al . v | o s S s laskis 8 S HlALL
1 € « duwady « - S -
Olgeal aos) ot duyae Hu swt el VoY g lea iale UA‘“‘J\L:?-i‘ \\'f-\c‘,:s.d“‘)? o:“‘;"@‘j» - gbasla? G b lite
Y avs il el aals A ANTAY e Steed & Atwood, 2009: 699 :3als
TR AT
Y -
-
A q
>
H O) _(0.CR) _(0)Mm 5
SIS BL e 5o 0 e ey Gy gt b E‘S(LJY WO, © ."]d’f’l‘h
143 solaa saale VA ¥ 2 AYAY ol el :aale Sz g sy g 22O £k L Gy
€ Sauvage, 1999: 200 :3als
; fe
SiO_ 55, 5
ol (3 et Y o 0 siie olusls o BBlsal S5 5 iy b &v”{{su"’gi‘_‘“ﬁ
gen el WYV 2\ 2 YA ol el aate S g > b b ol
g € Atif & others, 2020: 2 :aals
AR
giam s ke o Ll 09 €S Gl b US55y Gl (BE O b Ballas (S IS ge 35
y CA"“.L el . a5 sy D cob LS (53 R
o 04 ¥ £ AYFY (uaill ale :aale URL 8 :3als
Y
_ i . solle <ULO-66 = 52 05 wbat 5
ke ) 2lsn sle 4""‘";“ s Ll oo 298 a5 C)L: . “opo i Mﬁ}% :aif ;:;-‘ﬂ L .
Yeaigleaiiale AAAIE ICRAN A4 gRIPX- VS ENEN B . URL 9 ..L>L .
Y
. . Bl ok 53 €55 5 Cadih dewadd IS s o b b Galhe (S5 -0 S
clailhles salyebel cJlas) sgdia 5o sak I yal Y= ) - ! -
ot yM LAAJJAL > = Cooe el 53 Sl s el 5o Sl
o AV X £ YA il sabe anle Katsenis & others, 2015: 6 :3aLs
\¥
L aalbe olasd | Gl b
S e g3 5 st Koo s a5 GRIP I8 "-*«CyJH*"i“fg‘;“;;um"
© i 134 g AYFY ) 134 e 5
¥oiplea isle WA AT il sl Steed & Atwood, 2009: 563 :32 L.

\OV
VE Y ls £5 6 ylad



Y Jsaa 4l

— \o
L e 5 S 530 e Ja1a ¢ ) S e
VAP D & ATAY aaillsals aale Desirahju, 2003: 222 :a2ls
N ’
IS8 Al e lgieal 4o st yal Soalor 0 ot ‘ilw iﬂy LIS
VY splea aale WAk FrANE: | TEEEE Steed & Atwood, 2009: 380 :3ale
WV
i ly Bl g by @A) oiflsecy
LT Guadd o 50 00k 2 CShlenr mra s (L b ) &‘«&;f:i‘ e w,,)i =
At gleaaale AJIVAY el L Jones & Rao, 2000: 241 e
N @ C h
\J Xi W
L gx?’%z
L gsllss ¢ < Gala
Oy ta‘.; i oo 2l sl f«&‘b‘-&% 558» C)L . e ‘ﬁ;j]i::)s }‘»6.:\}:' °
TG gaflens sy Y g VA il ale sl V’URL’ i
AR

gela e (5 o sad el
V65 solan:aale

Coad s oS5 5 B b
VFY ) £ aYEY ol aleasle

OIS L oS s JsSpe 4o sy
s 4S5 g (D ok b Gales A
Koad

Dodziuk, 2002: 118 :3als

A3 Jaalcfmo scilbao e
e Bl lasdisla a8
s iy 1S )

\AY— \W/(ul):\|(5)LAA.AJJGAL‘



104
VY el 5 s slads

lea aale (o g8 i b oS s Son ) (abianst sl sy B3 £ o

Golars jo ouli) ol di gad

sia il g 7ol

a5l MBI G siaden £1S Glehaal 5o sut |al
Y olea i le s

Kty oo desad 9 A £ b
VP g YA il aleaals

ol o g5 (B (S s Sae S
ety 5 G ok b Balke ()15
s L
Steed &others, 2007: 237 :aals

Oloads 55 dacws 3 sud |yal
VAE iolaa 35 L

GOl e & i 5k
VAY Y £ aYeY il ale il

comlans 553550 (o2 5Sen s Sae JS
Ol s S d g Sludy C)Jel_;.@euu
Jones & Rao, 2002: 60 :as L

(Glaa 5le) dlase gac 8 380 lgdial Husad | ol
Vod ilaa aale

O e aslen 5 dady q,h
VOA Y & AYFY (aaillpale aale

Ol abas @Y (g S5 S S
e leolinr o ety £ob L Gills

«Sls

N

b«

".\_._S_ | '.'L

Ciferri, 2005: 599 :3ale

W R il djae o sad el
YAA AYAY craillpale iaale

sodan ok _)J«a:\:u.zsumw» iy
CLS L T 55 Gl S g
A5 g ATAY rallale aale

Ortion 2 ol S (S sSee S
Ao i€ i dwady 38 L Gilas
Atwood & Steed, 2004: 999 3l

olas 32 le i i (558 L 2B 531 slagy s S k3 0 Jgan

& oo 2

Jeo i

09 £

VAR )

.

Jeo P 09N E9

N o) —
S YA~ C J | v e V- P
Elie yy &z | CPOWN-F ol - crown-¥ I
Y- C{‘qrm} & Lgu\.'.;))b \v- oha
fr o S C
b crown-g | A ol crown-¥ °\_,°i>




0 Jous 4slol

Y‘_ (: uj
crown-y \S

\F-

Augsb
LS BL Crown-¥

e ey
Y f - Eo “]

o b ok 10— §¥%

Q
A A o @ \K _7 (2
% CTOWN-A | “oer & crown-4 Lo
.I"“.:"‘w° rf\‘
YvV- S " \o- i
e ¢ 2] W ca T G2 o
; crown-q | Lo oS s crown-a | 2
Yo | TH et

L L;} \Y

S deds
s ° crown—ye | S

\v- Qn”o:j B
Crown-g

o

Olaniale ( oodload (858 dousia b Glle & s Gubs 7\ Jgaa

Solans o ouddl jal db gad

ALY
¥ \
B e P Ly T &.\.p— St by e
VI GV 2 TR ke il sy 2 T
Y
v
e S i s wdd e el e e
L T P e P
T ples szl TAS ITAY i b cisl
¥
= e s et Aol s
LS e o 3 s Tt DS T e 3 L e S et Hahn & Others, 2012 504 14=L
IV iloa slale TheATAY RN b il
[
- | ca "
S 2 el il ol e 0 0t |l il 20 ‘Hahn & Others, 2002: 511 -5 o AL
TET AL il el

Ssn S5 finn s2illao ey
it hasiigla] g3
s iy 1S )

\AY— \W/(ul):\|(5)LAA.AJJGAL‘



V2N
VY el 5 s slads

0 Jgaa dalsl

f
St ga &y M1 e
P E, = wila € g agles a2 b b Gilles
L3P el dans 2y A e 3 0d2 Ll IS g asilas 0t p Hahss & Others, 2012 Smc_ S A
YA NTAY A ale Sl y 20122 £ gt g
4 -
_&,
"
vy
BRI A
T e S R O P PP Y K5A Mo g S ath e G
e AN 2R s 1t Hahn & Others, 2012: 515 :i=l
daail

Ol o3 pala 5 s (oS5 AS l adlad (B 85 duuin ¢ Caas gale (5055 55 1)) Galia3 () Baa
sl (58 ania by (pliandi ol ge 9 jealic HEALL Gaikald s e (sasan 4l oo gad Il 0] 5
LS (pane b oDl 5585 dunin oS posinn; 4l (gl 40 385 (glad s 40 gl 5918 S JS
S hand glans g il ad 1)) 3a8a5 0l HuJ gan T oIE o Babai 45 ga3To slaad.os ls asdiie
23118 58 5153 Baadat oy g oMl (4B 0B dcunia b 30 g 00 (g IS und s80 g3 sulus g, BALL Llad))
31 (bt (slass 5y 4S (g s sl Bl s 5 53 550 5 SBany oleassd (slass g i guas Jsloa
Jgaa 590388 58 5158 Baalai ) g0 pewnia (3 98 5 L 5l b g oLl il o L o 50 5 5S0 53
o ladiias pl gl b aS Wk A1) Bl i o ) sie a3 sliand glass gay GILULISS (slads sai A
DAL 5 codlal (o 585 duutia (o s i des GaadaS lads gl ol Huaiiils cdilas laasS o 5l 505
S0 (gHlS s (pliandi i g Sl (peuid G385 sudn Ol B o0l B3l Gl 939 sgien o) go lrans
B3] 50l S S8 (€5 JaS5) 3 e ol 5L gl it i
lain Sy pa s b 345 oalad S o (S50 SBALLL inad 99 92 so biard oo snbisale
Gaukal Gans 980 93 b H0 S ((338a5 (sl Ho sl ) glads sad Ho calillas ) hae .3l s g JelS §aulsl

xS s 5 JolS (lrancs (ol g JBALes 5 oDlsl (5 585 sia Cy

&Lg@l.u
YY-\—VYVQM‘/\JVQJM‘J;AJCJ‘:QJ‘%ESﬁl%umﬁjé‘wh‘ﬂ)dwmu:f-lj;:i
C)“)e.: b@‘d&‘)ﬁ&‘ ‘O“).e.:tLSJLAMJ CIPRYY) xMt(\YO\-\)&A‘GGEGJLLl::

<R G



(sLael€ns G OYAY) S0l anl (a3 5 as 30 (5055 9 BBl oyl 5l (JealcMals
08 =80 s AV o lad g o 98 ool Slin 33 ju 6,5l 5 S (sla KU ahasly Hosaa
D)0 i O g5 J gl e (g 5l 5 dam 5 e 58 4diald 2 BV YY) 35 s e
S 0 5 lire G K (U 51l) ol 518 GBS (VYY) Gy 5 o)
(AR 523 3K o1l 8 o e (LA 538 g ool (s 5lare 53 Fun 8 S UVTT0) v (gadi yo)
Ol gy LSLA%t‘S.)‘j-‘:’J ‘e"% S el g5 ) Qo8 dwtia (\YAY) 853l (g0 (s pie
I lads slisllgd ST 5 Sy daliilads OYVY) Lledass (st 5 acalill gl ¢ 303
o] M 55 seT g Lt
iie Ly s 5t g daaiy—J sl ala) ol IS BV T ) 8 o 281 Sale
B9 e LN )5 (s A VYV ) o gans 283 yale
(OB i g Ol GolSoaT & yae A YAY) & gane a8 als
osb 4 BALL Lo Kol o gl dnd alid danslio (VWA L5 5018 s alin ) g litane
A=A a0 b jladdi parund (gla ia -l sla a4 i Sl
ol cale doliale suqs slars yu (g ki dnain pgael ud VYA dano shs sias guale casal yll3s
X6V oo 0 8skadk sl Jlu e iladl a sle 5 ia a Gha S
2538 Sl dan 3 (gl 55 slegl) (oMl (s lame 53 3 5 demtia (\YAR) 5K le glonas
3555 355 O pss Pla e iaay
Atif, Rasheed. & Khalig, Jibran. & Combrinck, Madeleine. & Hassanin, Ahmed H. &
Shehata, Nader. & Elnabawy, Eman. & Shyha, Islam. (2020). Solution Blow Spinning
of Polyvinnylidene Fluoride based fibers for Energy Harvesting Applications: A Review,
MDPI, Polymers, 12, 1304, 1- 29
Atwood, Jerry L. & Steed, Jonathan W. (2004), Encyclopedia of Supramolecular
Chemistry, Vol. 1 & 2, New York: Taylor & Francis Group.
Burckhardt, Titus. (1976), Art of Islam: Language and Meaning, London: world of Islam
Festival Publishing.
Bourgoin, Jules. (1873), Les arts arabes, Paris: Veuve A. Morel.
Chen, Zhongfang. (2016), Theory- guided Innovation of Nancarbon Two-dimensional
Nanomaterials, Progress Report, San Juan, PR 00931, 1- 39
Ciferri, Alberto. (2005), Supramolecular polymers, Second edithion, Taylor & Francis
Group. LLC: Boca Raton.
Critchilow, Keith. (1976), Islamic Patterns: An Analytical and Cosmological Approach,
New York: Schocken Book.
Desiraju, Gautam R. (1996), The Crystal as a Supramolecular entity, Perspectives in
Supramolecular Chemistry, Vol. 2, England: John Wiley & Sons.
Desiraju, Gautam R. (2003), Crystal Design: Structure and Function. Vol. 7, England:
John Wiley & Sons.
Dimand, Maurice S. (1930), a Handbook of Mohammedan Decorative Arts, New York:
The Metropolitan Museum of Att.

slads s 5y el 530
VYA /a5 (5 5u3



PN WU P

\ Y
VE- Y s £ s st

Dodziuk, Helena. (2002), Introduction to Supramolecular Chemistry, New York: Kluwer
Academic Publishers.

Ettinghausen, Richard. (1944), «The character of Islamic Art» in the Arab Heritage, edited
by Nabih Amin Faris, 251-67. Princeton: Princeton Univ. Press.

Grabar, Oleg. (1992), the Mediation of Ornament. Princeton: Princeton Univ. Press.
Hahn, Uwe. & Vogtle, Fritz. & Nierengarten, Jean-Francios. (2012). Synthetic Strategies
towards Fullerene-Rich Dendrimer Assemblies. Polymers, 501- 538

Herzfeld, Ernst Emil. (1987). Reprint. «Arabesque» in the Encyclopedia of Islam. Vol. 1:
363- 67. Leiden: E. J. Brill. Original edition, Leiden: E. J. Brill, 1913.

Holleman, A. F. & Wiberg, Egon. (2001), Inorganic Chemistry, Translated by Mary
Eagleson & William Brewer, USA: Academic Press, California.

Jones, W. & Rao, C.N.R. (2002), Supramolecular organization and material design, New
York: Cambridge University Press.

Katsenis, A.D. & Puskaric, A. & Strukil, V. & Mottillo, C. & Julien, P. & Uzarevic, K.
& Pham, M. & Do, T. & Kimber, S. & Lazic, P. & Magdysyuk, O. & Dinnebier, R. &
Halasz, 1. & Friscic, T. (2015), In Situ X-ray diffraction monitoring of a mechanochemical
reaction reveals a unique topology metal-organic framework, nature Communications.
Kepler, Johannes. (1939), Welt-Harmonik, translated by Max Caspar, Munich: R.
oldenbourg (Fifth book of Harmonices mundi. Originally published in Linz: Godofredi
Tampachii, 1619).

Kondinski, Aleksandar & Monakhov, Kirill Yu. (2017), Breaking the Gordian Knot
in the structural Chemistry of Polyoxometalates: Copper (11)-Oxo/Hydroxo Clusters,
ChemPubSoc, Europe, 23, Pp.: 7841- 7852

MacGillivray, Leonard R. (2010), metal-Organic Frameworks, Design and Application,
England: John Wiley & Sons.

Makovicky, Emil. & Makovicky Milota. (1977), Arabic Geometrical patterns- A treasury
forcrystallographicteaching, Neues Jahrbuch fur Mineralogie, Monatshefte, Heft: 2: 58-68.
Mamedov, Kh. S. (1986), Crystallographic Patterns, Computers and Mathematics with
Application, Part B, vol. 12B, no. 3/4: 511- 29.

Nasr, Seyyed Hossein. (1976), Islamic science: An Illustrated Survey, London: World of
Islam Festival Publishing.

Steed, Jonathan W & Atwood, Jerry L. (2009), Supramolecular Chemistry, 2nd Edition,
England: John Wiley and Sons

Steed, Jonathan W. & Turner, David R. & Wallace, Karl J. (2007), Core Concepts in
Supramolecular Chemistry and Nanochemistry, England: John Wiley & Sons.

Sauvage, Jean-Pierre. (1999), Transtion Metals in Supramolecular Chemistry, Vol. 5,
New York: John Willy & Sons.



Scientific Quarterly Journal Faculty of Art Shahed University

Investigating the Conformity of Structure of Chemical Materials and Formulas with
Islamic Geometric Patterns (with Emphasis on Islamic Geometric Patterns in Iranian

Architecture)

AliAsgar KaramQashgaei, PhD Studentin Art Research, Department of Art, Islamic Azad University, Central Branch, Tehran, Iran.
MohamadReza SharifZade, Professor, Department of Art, Islamic Azad University, Central Branch, Tehran, Iran.

Hossein Ardalani, Associate Professor, Department of Philosophy Art, Hamedan Branch, Islamic Azad University, Hamedan, Iran.
Received: 2021/08/31 Accepted: 2021/10/25

Book of Geometric Constructions by Abul-Wafa Buzdjani, (PP 64-69), Source: ~ Ghorbani & Sheykhan: 1991: 174-179.

Geometric patterns are one of the most prominent aspects of Islamic Art. The geometry of
Islamic patterns with its secrets and mysteries has always been discussed and thought by many
philosophers and experts who have expressed their views on how to create the geometry of patterns
and discover the mysteries and mysteries hidden in these works. Thinkers and experts in Art have
chosen different methods and approaches in examining the existence of geometric patterns and
from their point of view have given a reason for the existence of these geometric patterns, for
instance scholars such as Oleg Grabar, Richard Ettinghausen and Gulru Necipoglu consider
Islamic geometric patterns a decoration. What has been mentioned so far about geometric patterns
are the studies that the authors have looked at with a historical and theoretical approach. But this
research, with a completely different perspective, has constructed a bridge between Islamic art
and science, and talks about the existence of the geometry of Islamic patterns with a scientific
approach. One of the important concerns of researchers and artists is to decipher the works of art
to understand the artwork and the reason it exists. This research, by presenting a different idea
from what has been expressed so far in the history of Islamic art, tries to reveal a higher object
and a view beyond the common definitions of the Islamic geometric patterns. This research seeks
to discover a broader and a relationship between the geometry of Islamic patterns with other
sciences especially chemistry and believes that a bridge can be established between these two to
find out what the Islamic geometric patterns are. In order to achieve this theory, we make adaption
between Islamic geometric patterns and structure of chemical formulas. The purpose of this article
is to achieve a more complete knowledge of geometric patterns in Islamic art with a scientific
approach. An approach that has not been addressed so far and requires a lot of research in this area.
Therefore, the main questions of the research are: 1- Does the structure of chemical elements,
materials and formulas correspond to geometric patterns? 2- What is the degree of conformity of
geometric patterns with the structure of materials and chemical formulas? The research method is
descriptive-comparative and its inference is based on analogy. The method of analyzing qualitative
information and collecting data is from library’ data. Since the author has spent part of his artistic
activities learning, drawing and practicing, teaching and researching in the field of geometry of
Islamic patterns, by watching the structure of chemical formulas understood that there is a similarity
between these two field, he immediately started researching and looking through the encyclopedias
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and reference books of chemistry, he searched for the forms of chemical formulas that are formed
like geometric designs and patterns as documented in the archive of reference books. There are
some important reference books about the geometry of Islamic patterns such as Gereh-Chini at
Islamic architecture and handicrafs, Hossein Zomrashidi (1986) and the five-volume collections
of Iranian Tiling, Mahmoud MaheroNaghsh (1982). Then, the executed examples had found
and put them in the three columns’ tables to get to a better adaption. The first column shows
the costruction of chemical formulas. The secend column for islamic geometric patterns, and
finally a picture of geometric pattern in the architectural space of Iranian architexture to a better
adaption. The necessity and importance of this research is based on the fact that since so far, all
theoretical discussions about the geometry of Islamic patterns have been raised by Western and
non-Muslim scholars and philosophers. so, the truth about the importance and decipherment of
secrets in geometry Islamic patterns are not well executed, so it is necessary for a Muslim artist
to present a different theory in this regard. In response to the research questions, we conclude that
the geometry of Islamic patterns is directly related to chemistry. 65 comparative samples in the
form of 6 tables were presented in this research. First, those chemical bonds that were structurally
simple an unmanipulated were adapted to the geometry of Islamic patterns. In the following
tables, more complex and diverse chemical bonds and those images that showed chemical bonds
under a microscope were mentioned and adapted to geometric designs and patterns. In the last
table, the evolved samples of chemical bonds were presented under the title of dendrimers, which
corresponded to the types of Shamsa under the arches and domes. In all samples, one hundred
percent correspondence between the geometry of Islamic patterns and the chemical structure of
the materials was evident. This adaptation can be seen either in the structure of unmanipulated or
advanced chemical bonds with Islamic geometric patterns and designs. The degree of conformity
in the samples presented in this research was one hundred percent and the theory of matching
between the geometry of Islamic patterns and the structure of chemical bonds was complete and
established.

KeyWords: Islamic geometric patterns, Chemical Bond, Chemical formula, Nanoparticle.
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