
I-S-d-t-r-e-u-IF ]-I†-~-u-è-I-l-S-u-|-l-\-l-b-r 
$„t† è-è-S-U« ̀ -q-‹-¥-Z-f-Ÿ-j-r« (¥-e-d-r-
¥-b-š-h-a-b-Œ-o a-u-Ÿ-r-¥-]¶-l-e-u-I-b-u-G ¥-e-d-r-b-r-t-
|-h-a-b-Œ-o e-s-›-u-G ‹-X-p-k-è-]¶-S-u-I-b-u-G è-N-
…-u-~ X-s-c-‹-¥-Z-f-G-) I-l«-\-S-b-l-ó-I-j-u-G S-q-t-u-
I-j-u-G \-S-Œ-l-t-u-¨ N-r-d-c-u-a-l-b-r #„-U-a-l-
\-r«-è-e-N>-o R-l„ N-Ÿ-l-Œ-Œ-r-d-l-b-r. "-\-u-
c-q-]-W-G "-Y-e-l "-U-l-]-o--¥-š-g-\-r« B-š-e-u-G 
I-q-S-u-X« h-e-r-¥-f-g-X-IF "-e-I-l-f-è-]¶-

S-l-\-l-e-u-~ $-m ̀ -q-e-r-`-l-K-Ÿ-j-r-è-d è-è-P-e-
è-è-e-e-r-[-p-G ]-¥-k-, e-j-è-c N-u-c-u-|-a-l-¥-b 
¥-c-J-è-]¶-S-u-Œ-è-]¶-ˆ-r-ˆ-u-¨-q. X-…-l-è-t-S-u-]¶-u-I-
¥-j-l-è-S ‹-Ç-X-r-\-r-c-s-k-W-Œ-r-è-\-l-c-u-Ÿ-u-~-
X-r«-\-r-~-o e-p-X-p-h-´-a-l-b-r A-C-l-W-o ‹-X-s-k-r-
¥-|-›-è-X-~-t-r-b-l-è-X X-u-t-~-u-è-e-N> a-\-h·-u-G 
$-æ-r-b-Ÿ-j-u-G a-l-ó-G <-]-I-c-W-Ÿ-j-l-|-r-b-l-
W-o \-r-ŸF $„t† è-è-S-U-d-r-¥-d-|-o I-l«-è-e-
|-u-I. $-e-¥-c-l-è-S-l-]¶-G \-S-~-l-W-o ]-u-X-r-b-X-u-G 
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‹-Ç-X-r-è-b \-a-u-|-o e-r-e-r-[ c-s-X-r-I-j-r« ¥-\-l-|-r-|-l-W-l-G. "-X-o \-r-§-r-X-a-l-b <-¥-©-f-p-¥-Œ-l-è-S-,  
Ç-X-p-a-l-b "-P„-U-¥-b-l-è-S-b-l-e-l-G; A-C-u-I-l-W-u-e-l-\-l-W-o ¥-\-l-|-u-~-è-X-~-o e-p-¹-a-l-b  

"-t-r-¥-e-l-è-S X-è-~-b-l-e-l-G; I-è-›-Œ-l„ _-u-Š-r-a-u-ˆ-u-¨ D-c-u ‹-¥-X-p-I-X-c-G è-]-l-Ó-è-b "-X-u-›-l-I-l-
\-r-S-b-u-¨ I-›«-|-l-S-u-I-j-r« X-è-~ X-r-c-ƒ-o I-è-›-Œ-l-G. \-r-[-r-¥-e-ˆ-b-o-è-|-l-S-u-e-r« \-r-[-r I-è-›-
Œ-u-¥-œ-l-»-u-¨-X-u-¥-]-l-è-d-b-u-¨ D-c-u #-¥-e-f-G "-Œ-c-G \-r-c-s-k-W-ŸF \-a-u-|-o h-˜-l-\-r-|-u-G.  
A-~-l« I-u-t-N>-u-I-l-d-Œ-r-\-u-¥-f-g-a-l-W-o   a-è-š-l-c-u X-c-G e-s-k-W-G R-l„ e-f-a-l-|-r-b-X-o. 



#-»-a-u-¨-X-u-a-l-b D-c-u ‹-Ç-X-r-\-r-c-s-k-W-e-
»-r R-l„ "-`-p-h-r-N>-X-o. B-X-l-\-u-G a-s-š-t-u-IF 
a-l-ó-G e-s-X-r-b-u-G I-u-t-N>-u è-h„t-s-a-s-š-t-u-IF 
#-»-e-u-a-u-¨ è-N-t-r-b è-e-¨-|-u-›-u-I-j-r-¥-d-
|-o a-W-r-|-q-¥-t-l-j-G ¥-\-l-|-r-b-r-c-r-|-u-~ D-c-u c-s-
X-r. "-e-b-u-è-S X-s-è--c-è-N>-t-r-b e-r-f-Z-l-G-f-ŸF 
e-j-è-c â-Š-¥-b-l-è-S ¥-\-l-|-u-¥-œ-lF-, "-e-
b-u-è-S \-r-t-Ÿ-j-u-G \-r-»-d-u-I-j-u-G "-\-|-Ÿ-j-u-G 
h-l-æ-X-b-u-è-a-d½-l-G \-r-c-s-k-r-|-u-¥-œ-lF-, I-q-S-u-

X« I-q-S-u-X« h-v-`-l-e-h-e-r-¥-f-g-X-IF è-e-
j-r-è-]¶-ˆ-u-X-u-S-Ÿ-u-~-u. \-r-ŸF \-r«-|-u-~-X-o 
è-e-t-u-è-a-l-c-u ]-l-t-|-d½-r-d-l-è-W-~-o #-Z-p-G ¥-X-l-
~-r-è-b-£-r-d-u-G "-X-r« N-r-d è-N-t-u-e-r-S-e-u-IF 
è-X-j-r-ƒ-u-e-c-u-~-u; "-X-r-¥-d-l-¥-c-l-~-r-d-u-G 
U-h„ I-W-|-r-\-o è-N-t-u-I-|-I-j-u-G <-›-o. \-r-
Ÿ-j-u-è-S "-\-|-G X-r-c-r-N>-t-r-ƒ-o "-e-è-b-d½-l-G 
]-l-t-À-u-¥-a-d-u-¨ ]-r-S-r-e-r-ˆ-o D-c-u è-N-t-r-b N-l-š« 
¥-]-l-è-d X-l-¥-»-|-u-e-s-»-u-~-u. ]-r-I-o--\-r-|-u-IF-

$„t†-èèS-U« ¥hl‚ Dl‚ Z hm-Œo èèh-Uo Dl-^o ¥^†èe« h¶ršo
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‹-Ç-X-r "-\-C-a-l-b 
#-Ç-X-r-I-j-u-G c-q-]-
Ÿ-j-u-G I-l-»-o-N-è-e-
|-u-~-u-è-›-£-r-d-u-G 
$-e-è-À-d½-l-G è-]-l-X-u-
e-l-b D-c-u Æ-a-a-u-
›-o. D-c-u P-s-e-r-b-u-è-S 
#-Ç-X-r-b-u-G L-S-\- 
b-u-G "-X-r-è-„t 
"-X-r-P-s-e-\-h-l-[-p-X- 
b-r« D-c-u e-d-r-b 
]-£-u-e-i-r-|-u-~-u-
›-o A-~-X-u-è-I-l-›-o 
]-d-¥-]¶-l-»-u-G ]-c-r-W-l-a-
‹-Æ-r-b #-Ç-X-r-è-b 
]-c-a-l-e-[-r `-Î-a-l-|-l-
t-u-›-o.

¥-|-l "-h-´-a-b-G I-›-r-c-r-|-l-¥-\-l è-I-l-¨-l-
e-u-~ D-»-r-ƒ è-e-¨-a-W«-]¶-c-]¶-l-b-r-c-u-~ 
I-S«-Œ-s-c-Œ-o $-¥-]¶-lF è-N-t-r-b I-u-c-u-a-u-j-I-u-
a-W-r-I-j-u-è-S-b-ó e-d-u-]¶-a-u-¨ a-W-d-u-c-u-j-IF 
A-Ÿ-u-G I-l-W-l-\-l-e-u-~-u. $-e "-e-r-S-e-r-è-S-
b-l-b-r N-r-X-t-r-|-r-S-|-u-I-b-d½; è-N-t-r-è-b-l-c-u e-¼-
Œ-Œ-r-\-u N-u-š-u-a-l-b-r N-Æ-Œ-r-è-„t #-c-|-l-
d-u-IF ¥-]-l-è-d-b-l-W-o "-e e-r-\-p-h-r-|-è-]¶-ˆ-r-
c-r-|-u-~-X-o. "-Œ-c-G e-r-\-p-l-h-ŸF U-h„ 
I-W-|-r-\-u-›-o. $-e-b-u-è-S D-Œ-\-S-u-|-u-¨ a-l-
j-Œ-r-d-r-c-u-~-o è-I-l-N>-u h-l„-U-o _-_-o--j† R-
›-u-IF a-¥-\-l-i-c-a-l-b #-Ç-X-r-IF \-r†-a-r-N>-u-
è-I-l-›-o a-W« N-e-N>-u-X-u-]¶-u-I-b-l-è-W-~-o \-r-
ŸF ]-X-u-¥-| X-r-c-r-N>-t-r-b-u-~-u.

\-r-§-r-X <-¥-©-f-p-Ÿ-j-r-d½-l-Œ ‹-Ç-X-r-\-r-c-s-
k-W-G ¥-i-l-¥-j-l-Ü-l-^-r-I-o N-r-ó-Ÿ-j-r-¥-d-|-o 
¥-\-l-|-u-~-X-u-¥-]-l-è-d-b-l-W-o. I-S-d-l-h-r« 
"-S-u-|-S-u-|-l-b-r è-e-N>-r-c-r-|-u-~ N-u-e-]¶-u-G 
a-ƒ-b-u-G ]-N>-b-u-G \-r-t-ŸF a-l-ó-¥-a I-u-¥-t-
b-[-r-I-G h-a-b-G I-ü-r«-è-]¶-S-u-I-b-u-¨-q. A-
~-l« ¥-e-›-ó h-a-b-G I-è-ü-S-u-|-l-è-X ¥-\-l-
|-r-b-r-c-u-~-l« è-]-è-ˆ-~-o-, A-Ÿ-u-\-r-è-~-~-r-
d½-l-è-X \-r-Ÿ-j-u-è-S a-u„-]-r-d-u-¨ I-S-d-l-h-r«-
\-r-~-o a-l-b-l-P-l-d-G-è-I-l-è-›-~-¥-]-l-è-d D-c-u c-q-
]-G ‹-X-p-k-a-l-I-u-~-u. \-r-t-Ÿ-j-u-è-S è-e-t-u-G e-r-
\-p-l-h-Ÿ-j-r« D-j-r-ƒ-r-c-u-~ N-r-ó-G D-c-r-|« 
\-r-ŸF I-è-›-S-u-Œ-l« ]-r-è-~ "-X-d½-l-è-X 
D-~-u-G I-l-W-l-\-l-e-r-d½.

‹-Ç-X-r "-\-C-a-l-b #-Ç-X-r-I-j-u-G c-q-]-Ÿ-
j-u-G I-l-»-o-N-è-e-|-u-~-u-è-›-£-r-d-u-G $-e-è-À-d½-l-G 
è-]-l-X-u-e-l-b D-c-u Æ-a-a-u-›-o. D-c-u P-s-e-r-b-u-è-S 
#-Ç-X-r-b-u-G L-S-\-b-u-G "-X-r-è-„t "-X-r-P-s-e-
\-h-l-[-p-X-b-r« D-c-u e-d-r-b ]-£-u-e-i-r-|-u-~-u-
›-o A-~-X-u-è-I-l-›-o ]-d-¥-]¶-l-»-u-G ]-c-r-W-l-a-‹-
Æ-r-b #-Ç-X-r-è-b ]-c-a-l-e-[-r ̀ -Î-a-l-|-l-t-u-›-o. 
N-s-š-]¶-u-d-r-|-o "-ó-b-u-G ¥-e-K-G h-˜-l-\-r-|-u-~-
X-o "-X-r-è-„t <-t-N>-u-\-s-› A-b-o--¥-t-l è-è-U-\-l-
a-r-I-o f-c-s-c-L-S-\-b-l-è-W-~-u-G D-c-u è-]-l-Ó-À-o 
è-e-¨-Œ-r-¥-d-|-u-G X-r-c-r-N>-u e-l-b-u-e-r-¥-d-|-u-G 
è-]-l-S-u-~-è-\ ]-t-|-l„ h-l-[-r-|-u-~-X-o "-X-r-
è-„t a-u-J-Œ-r-è-„t ‹-¥-X-p-I-a-l-b #-Ç-X-r-
è-I-l-›-l-è-W-~-u-a-u-¨-X-o è-]-l-X-u-¥-e A-d½-l-
e†-|-u-G "-t-r-b-l-G. A-S-u-Œ-u-]-t-b-l-e-u-~ $-m 
<-Z-l-i-c-W-ŸF-|-u-a-]¶-u-t-G ‹-Ç-X-r-|-o L-S-\-
I-j-u-è-S e-r-g-b-Œ-r« "-X-r-è-„t-X-l-b e-œ-r-
N> \-r-b-a-Ÿ-j-u-G Æ-a-Ÿ-j-u-a-u-›-o. ‹-Ç-X-r-b-r« 
"-X-r-h-l-[-l-c-W-a-l-b-r I-l-W-è-]¶-S-u-~ D-c-u Æ-
a-G (pattern) #-W-o ‘-l-Å-d-u-IF (fractals).

<-¨-r-¥-d-|-u-¨-r-¥-d-|-o "-\-C-a-l-b-r ¥-\-l-
|-r-b-l-d-u-G D-c-u a-l-š-e-u-a-r-d½-l-è-X #-e†-Œ-r-N>-o-- 
I-l-W-è-]¶-S-u-~ #-Ç-X-r-è-b-b-l-W-o ‘-l-Å« 
A-~-o-- e-r-j-r-|-u-~-X-o. a-u-J-l-a-u-J-G L-S-r-]¶-r-N> c-
›-o-- I-ü-l-S-r-IF-|-r-S-b-r« A-¥-]¶-l-è-»-£-r-d-u-G 
\-r«-|-u-I-b-u-G I-ü-l-S-r-I-j-u-è-S "-e-h-l-\-r-
|-l-Œ D-c-u $-S-\-l-»-r I-l-W-u-I-b-u-G è-N-Â-r-ˆ-u-
è-›-£-r« \-r-ŸF ‘-l-Å« A-C-l-è-W-~-o 

apl„-a-tr-èd "èb-b†-el-Sr \-Zs-X-S-Œr-è„t \l-h ]u-t-Œu-erˆ #-Il-f-Ì-fpG.  \-Zs-X-S- 
Ÿ-ju-èS  fractal branching patterns \o  ar-I-N> <-Zl-i-c-W-al-br ]-cr-K-Wr-|u-~ NróG

A¥Uv†-Uo ¥dl-t„ho
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h-r-Š-l-C-Œ-r-è-„t #-Z-p-I-l-d ‹-N-l-c-I-c-l-
b-r-c-u-~ è-_-¥-\-l-b-r-š-o _-r. a-l„-U«-¥-{-l-š-o-, 
A-¥-U-v-U-o ¥-d-l-t„-h-o A-~-r-e† ‹-Ç-X-r-b-r«-
\-r-~-l-W-o "-e-c-u-è-S h-r-Š-l-C-Ÿ-j-u-G #-f-b-
Ÿ-j-u-G \-r-c-q-]-r-è-N>-S-u-Œ-r-c-u-~-X-o. ‹-Ç-X-r-b-r« 
D-c-u è-è-P-e-e-h-´-u-e-r-è-„t B-X-o-- c-›-o-- h-e-r-¥-f-
g-X-IF A-S-u-Œ-l-d-u-G "-e X-˜-r-d-u-¨ _-
‡-G D-c-u ‘-l-Å-d-r-è-„t c-q-]-è-a-S-u-¥-Œ-|-l-G. 
D-c-u a-c-Œ-r-è-„t c-›-o-- h-e-r-¥-f-g-X-IF A-S-u-
|-u-I; N-r-d½-I-j-u-è-S #-è-I \-s-j-e-u-G "-e-b-u-è-S 
#-è-I-b-u-¨ ]-c-]¶-u-G #-e-è-ˆ. N-r-d½-I-j-u-è-S 
#-è-I \-s-j-G e-p-X-p-h-´-a-l-b ]-d a-c-Ÿ-j-u-G(è-N-
t-u-X-u-G e-d-u-X-u-a-l-b a-c-ŸF ) "-e-¥-b-l-¥-c-l-
~-u-G ]-S†-~-o-- ]-C-d-r-N>-X-r-è-„t e-r-h-´-s†-W-Ÿ-
j-u-G "-j-|-u-¥-œ-lF-, "-e X-˜-r« X-u-d-p-l-\-u-
]-l-X-a-d½ <-¨-X-o A-~-u-G A-~-l« "-e-À-o 
Ç-X-p-a-l-b D-c-u _-‡-a-u-è-›-~-u-G \-a-u-|-o "-t-r-
b-l-\-l-e-u-G. <-Z-l-i-c-W-a-l-b-r D-c-u a-c-G e-j-c-u-
¥-œ-lF "-X-r-è-„t N-r-d½-I-j-u-è-S #-è-I \-s-j-
Œ-r« 10 f-X-a-l-\-G e†-[-\-b-u-›-l-b-l« "-
X-o ]-S†-~-u-\-r«-|-u-~ N-u-š-j-e-r« 10 f-X-a-l-\-
Œ-r« I-q-S-u-X« e†-[-\-b-u-›-l-I-u-~-u-›-o. ]-
¥-k-, "-X-r-è-„t a-q-d-p-Œ-r« e-p-X-p-l-h-a-u-›-l-
I-u-~-r-d½. A-C-l-W-r-X-r-è-„t h-l-G-K-X-p-G? 

N-r-d½-I-j-u-è-S \-s-j-e-u-G "-e ]-S†-~-u-\-r«-
|-u-~ ̀ -l-K-Œ-r-è-„t e-r-h-´-s†-W-e-u-G X-˜-r-

I-›-r-ˆ-u-›-o. ̂ -r-¥-_-l-\-l-N>-r-]-c-œ-c-¥-]-l-è-d-
b-u-¨ h-G-J-p-I-j-u-è-S è-h-š-u-IF-è-I-l-›-l-W-o 
K-W-r-X-f-l-h-o-ó-G ‘-l-Å-d-r-è-\ e-r-f-Z-s-I-c-r-|-u-
~-X-o. U-l-e-r-°-r ¥-I-l-U-o A-~ h-r-\-r-a-b-r-d-q-
è-S ‹-f-h-´-a-l-b-X-u-G d-r-¥-b-l-W-l†-¥-U-l U-l-e-r-
°-r X-è-~ #-Z-p-a-l-b-r e-r-e-c-r-N>-X-u-a-l-b ̂ -r-
¥-_-l-\-l-N>-r ]-c-œ-c D-~-o A-~ h-G-J-p-b-r« X-u-
S-Ÿ-u-~-X-u-G D-l-¥-c-l h-G-J-p-b-u-G "-X-r-\-o-- è-X-l-ˆ-u-
a-u„-]-u-¨ c-›-o-- h-G-J-p-I-j-u-è-S X-u-I-b-u-G #-b 
D-c-u-I-q-ˆ-G h-G-J-p-I-j-l-W-o. ¥-\-l-ˆ-r-d-h-o (Nautilus) 
A-~ I-S«-P-s-e-r-b-u-è-S ]-u-t-¥-C-l-S-r« I-l-
W-è-]¶-S-u-~ D-l-¥-c-l ]-r-c-r-b-u-è-S-b-u-G e-d-u-]¶-G 
"-W-u-e-r-S a-l-š-a-r-d½-l-Œ D-c-u ̂ -r-¥-_-l-\-l-N>-r 
]-c-œ-c-b-l-W-o -! h-v-[†-a-G ]-l-d-r-|-l-\-u-¨ A-
j-u-]¶-Œ-r-\-u-¥-e-›-r-b-l-e-W-G a-c-Ÿ-j-u-è-S I-e-
c-ŸF-, ]-e-r-»-]¶-u-š-u-I-j-u-è-S f-l-J-IF-, ]†-e-
X-ã-G-J-d-IF-, è-è-I-e-»-r-I-j-l-b-r ]-r-c-r-è-ƒ-l-
»-u-I-u-~ ]-u-»-I-j-u-è-S P-l-d-ŸF $-e-b-r-è-d-d½-l-G 
‘-l-Å« #-Ç-X-r-IF I-l-W-u-~-u-›-o.

#-[-u-\-r-I K-W-r-X-f-l-h-o-ó-¥-a-J-d-b-u-è-S 
h-u-‹-[-l-\-a-l-b X-l-Ÿ-u-I-j-l-W-o ‘-l-Å«-, I-l-
¥-b-l-h-o h-r-Š-l-C-ŸF ( Fractal  and  Chaos  
Theory); K-W-r-X-f-l-h-o-ó-¥-a-J-d-b-r-è-d 
è-\-l-¥-_« A-~-t-r-b-è-]¶-S-u-~ ̂ -s«-U-o--h-o è-a-
U«-h-o a-r-|-e-l-t-u-G $-m ¥-a-J-d-I-j-r« K-¥-e-
g-W-G è-N-…-u-~-e†-|-l-W-o d-`-r-|-l-t-o.  $-m 

‘l-Å«¿ è{l-¥|ljr

è-_-¥-\-l-b-r-š-o _-r.  
a-l„-U«-¥-{-l-š-o-
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d-u-¨ "-\-u-]-l-X-G a-c-Œ-r-è-„t I-l-c-p-k-a-X-À-o ]-c-a-‹-[-l-\-a-l-W-o. ¥-e-
c-u-I-j-r«-\-r-~-o è-e-¨-e-u-G [-l-X-u-|-j-u-G $-d-I-j-r-¥-d-|-u-G $-d-I-j-r«-\-r-~-o 
<-X-o-]-l-Z-r-]¶-r-|-u-~ ]-°-h-l-c h-h-p-Œ-r-è-„t a-š-o-- ̀ -l-K-Ÿ-j-r-¥-d-|-u-G A-
Œ-r-|-u-~-X-o N-r-d½-IF e-»-r-b-l-W-o. A-~-l« e-j†-~-u-è-I-l-›-r-c-r-|-u-~ N-r-
d½-IF-|-o <-m†-P-G #-e-f-p-a-l-W-o; a-š-o-- ̀ -l-K-ŸF-|-u-G #-e-f-p-a-u-è-›-~-X-u-
è-I-l-›-o a-c-ŸF <-m†-P-Œ-r-è-„t $-m è-N-d-e-o I-u-t-À-l„ â-a-r-|-u-~-u. I-q-
S-l-è-X ¥-e-c-u-I-j-r«-\-r-~-o N-r-d½-I-j-u-è-S X-u-œ-u-e-è-c-b-u-¨ \-s-j-G I-»-r-b-l-e-u-
~-ó I-u-t-ƒ-r-c-r-|-u-~-X-l-W-o a-c-Œ-r-\-o-- ‹-r-b-G. I-l-c-W-G Z-q-c-G I-q-S-u-¥-C-l-
t-u-G K-X-l-K-X-Œ-r-\-l-b-r A-S-u-|-u-~ h-a-b-e-u-G I-q-S-u-G. D-c-u a-c-Œ-r-è-„t 
f-l-J-l-h-°-b-G D-c-u \-K-c-Œ-r-è-d ¥-t-l-U-u-I-j-u-è-S ã-G-J-d-¥-]-l-è-d-b-l-W-o. 
I-l-c-p-k-a-a-l-b D-c-u ã-G-J-d B-š-e-u-G I-u-t-e-o \-s-j-G ¥-t-l-U-u-IF-è-I-l-›-o B-
š-e-u-G I-q-S-u-X« N-u-š-j-e-r« ]-c-~-u-I-r-S-|-u-I-b-u-G D-c-r-S-Œ-u-\-r-~-o a-è-š-l-c-r-
S-¥-Œ-|-u-¨ b-l-ó h-u-K-a-a-l-|-u-I-b-u-G è-N-…-u-~-u. h-a-N-X-u-c-G-, e-¼-Œ-G-, 
¥-K-l-j-G-, ¥-I-l‚ X-u-S-Ÿ-r-b ]-X-r-e-o #-Ç-X-r-IF $-m <-¥-©-f-p-Œ-r-\-o-- ¥-b-l-P-r-
N>-e-b-d½. ‘-l-Å«-h-o #-W-o $-e-r-è-S B-š-e-u-G I-l-c-p-k-a-X h-˜-l-\-r-|-u-I. 
e-¼-Œ-a-l-W-o X-r-c-u-e-l-X-r-c-|-j-r-b-u-è-S-b-u-G ]-q-|-j-Œ-r-è-„t-b-u-G X-\-X-o #-Ç-
X-r A-~-X-u-¥-]-l-è-d K-X-l-K-X-¥-a-l è-è-I-a-l-š-¥-a-l [†-a-a-l-b-r-ˆ-u-¨ "-e-b-e-
ŸF-|-o ‘-l-Å-d-l-W-o ]-c-r-W-l-a-G \-r†-¥-Z-f-r-N>-r-ˆ-u-¨ #-Ç-X-r. h-h-p-Ÿ-è-j-
¥-]¶-l-è-d-Œ-è-~-, a-\-u-g-p-è-„t-b-u-G a-¼-K-Ÿ-j-u-è-S-b-u-è-a-d½-l-G f-c-s-c-Œ-r-è-d 
]-d #-C-c-r-I K-X-l-K-X-e-p-e-z-I-j-u-G “-Z-b-Œ-r-¥-d-|-u-G X-r-c-r-N>-u-a-u-¨ 
c-¹-|-u-»-d-u-IF f-v-l-h-¥-I-l-f-Œ-r-\-I-è-Œ f-l-¥-J-l-]-f-l-J-I-j-l-b-r ]-r-
c-r-ƒ I-u-»-d-u-IF X-u-S-Ÿ-r-b-e ‘-l-Å-d-u-I-j-l-W-o. D-c-u è-S-~-s-h-o ¥-I-l†-ˆ-o 
a-u-»-u-e-\-l-b-u-G a-q-S-u-e-l-\-u-¨-ó \-s-j-a-u-¨ I-u-»-d-u-I-è-j è-e-t-u-G #-t-o-- d-r-š-t-r-\-
I-Œ-o D-X-u-|-r \-r-t-N>-r-c-r-|-u-I-b-l-W-o \-˜-u-è-S f-v-l-h-¥-I-l-f-ŸF A-~-l-
¥-d-l-N-r-N>-l« $-e-b-u-è-S I-l-c-p-k-a-X ¥-_-l-[-p-a-l-I-u-G.

f-c-s-c-f-l-h-o-ó-Œ-r-d-u-G ‹-Ç-X-r-b-r-è-d P-s-e-r-I-j-u-è-S #-Ç-X-r-I-j-r-d-u-G L-S-
\-I-j-r-d-u-G ‘-l-Å-d-u-IF A-~ #-f-b-G e-r-P-b-G-I-›-¥-X-l-è-S ‹-Ç-X-r-b-r« 
‘-l-Å-d-u-IF-|-u-¨ ]-£-r-è-\-|-u-t-r-N>-o I-q-S-u-X« e-œ-r-N> D-c-u h-r-Š-l-C-
Œ-r-¥-d-|-u-¨ D-c-u "-¥-\-v-g-W-b-l-ó-À-o X-u-S-|-a-l-b-r. ]-c-r-z-r-X-r-f-l-h-o-
ó-É-c-u-è-S "-a-q†-Œ-N-r-C-I-j-r« $-m Æ-a-ŸF-|-o a-c-è-|-l-œ-r-è-„t 
\-s-j-G-¥-]-l-è-d A-j-u-]¶-a-l-b-r "-j-~-u-I-è-›-Œ-l„ h-l-[-r-|-l-Œ N-r-d 
h-v-`-l-e e-r-¥-f-g-ŸF <-›-l-I-u-¥-a-l A-~ ¥-N-l-Z-p-a-u-b†-~-u. ¥-d-l-I-Œ-o 
A-ó-X-c-G P-s-e-P-l-X-r-I-j-u-›-o A-~-X-o ]-c-r-z-r-X-r-]T-\-Œ-r-è-d X-u-t-~-, 
e-d-r-b D-c-u ¥-N-l-Z-p-a-l-W-o. ¥-d-l-I-è-Œ-l-ˆ-l-è-I-b-u-¨ P-s-e-P-l-X-r-I-è-j "-j-
~-u-X-r-ˆ-è-]¶-S-u-Œ-u-I "-h-l-[-p-a-l-b-X-u-è-I-l-›-o ]-c-r-z-r-X-r-f-l-h-o-ó-É† 
D-c-u è-N-t-r-b ‹-¥-Z-f-Œ-u-¨ P-s-e-P-l-X-r-IF A-ó-è-b-~-o A-ü-r-Œ-r-ˆ-
è-]¶-S-u-Œ-u-~-u; ]-r-~-s-S-o Ç-X-p-a-l-b "-\-u-]-l-X-Œ-r« ‹-¥-Z-f-Œ-r-è-„t e-r-
h-´-s†-W-G I-q-ˆ-u-I-b-u-G "-X-r-\-o "-\-u-ì-X-a-l-b-r P-s-e-P-l-X-r-I-j-u-è-S A-ü-G 
I-q-S-u-~-X-o A-ó-è-b-~-o I-W-|-l-|-u-I-b-u-G è-N-…-u-~-u. ̀ -q-a-r-b-u-è-S #-è-I 
e-r-h-´-s†-W-G "-t-r-b-l-e-u-~-X-u-è-I-l-›-o $-m "-\-u-]-l-X-G <-]-¥-b-l-K-r-N>-o "-
e† ̀ -q-a-r-b-r« #-è-I-b-u-¨ P-s-e-P-l-X-r-IF A-ó-è-b-~-o "-\-u-a-l-\-r-|-u-I-
b-l-W-o è-N-…-l-t-o. e-r-h-´-s†-W-G I-q-S-u-~-X-\-u-h-c-r-N>-o "-X-r-è-d P-s-e-P-l-X-r-I-
j-u-è-S A-ü-G I-q-S-u-~-X-r-è-„t "-\-u-]-l-X-G "-t-r-ƒ-r-c-r-|-u-I A-~-X-o $-m 
"-`-p-l-h-Œ-r-\-o \-r†-W-l-b-I-a-l-W-o. #-[-u-\-r-I K-W-r-X-f-l-h-o-ó-Œ-r«-
\-r-~-o I-S-è-a-S-u-Œ "-t-r-e-u-]-¥-b-l-K-r-N>-o $-m "-\-u-]-l-X-G D-c-u ‘-l-Å« #-
è-W-~ \-r-K-a-\-Œ-r« ]-c-r-z-r-X-r-f-l-h-o-ó-Œ-r-è-„t D-c-u f-l-J A-Œ-r-
¥-N>†-~-r-ˆ-u-›-o. $-m ¥-a-J-d-b-r-è-d B-š-e-u-G e-r-Z-K-o--[-c-r« D-c-lF \-˜-u-è-S 
]-§-r-a-L-ˆ-Œ-r«-\-r-~-o-- ¥-f-J-c-r-N> e-r-e-c-ŸF <-]-¥-b-l-K-r-N>-l-W-o b-Y-l†-
Y-Œ-r« $-m #-f-b-G e-r-I-h-r-]¶-r-è-N>-S-u-Œ-X-o. A-£-r-d-u-G "-a-q†-Œ-a-l-b 
$-m #-f-b-Œ-r-\-o #-e-f-p-a-l-b <-t-]¶-o $-\-r-b-u-G d-`-r-N>-r-ˆ-r-d½. ¥-]-l-è-c-£-r«-, 
P-s-e-P-l-X-r-I-j-u-è-S e-r-X-c-W-Æ-a-G è-e-t-u-G K-W-r-X-h-q-ó-e-l-I-p-Ÿ-è-j #-â-
b-r-N>-l-W-r-c-r-|-u-~-X-o-, "-d½-l-è-X I-l-d-e†-g-¥-a-l a-I-c-h-q-c-p-¥-\-l X-r-c-u-e-l-
X-r-c-R-l-š-u-¥-e-d-¥-b-l ¥-]-l-è-d ¥-d-l-d-e-u-G h-q-k-²-e-u-a-l-b P-s-e-f-l-h-o-ó b-l-
Y-l†-Y-p-Ÿ-è-j-b-d½ A-~ e-l-Z-G a-š-u-¨-e†-è-|-~-¥-]-l-è-d ]-c-r-z-r-X-r-f-l-
h-o-ó-É†-|-u-G Z-i-r-|-u-I-b-r-d½. ]-c-r-z-r-X-r-b-u-è-S ‹-e†-Œ-\-c-s-X-r-I-è-j 
I-W-r-f-a-l-b-r a-\-h·-r-d-l-|-l„ I-»-r-b-l-Œ-r-S-Œ-o I-l-d-q-~-r-\-r«-|-l„ h-
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i-l-b-r-|-u-~ d-j-r-X-a-l-b #-Z-p-]-S-r-IF A-~ 
[†-a-¥-a X-X-o-I-l-d-G $-Œ-c-G h-r-Š-l-C-ŸF-
|-u-¨-q.

]-c-r-z-r-X-r-f-l-h-o-ó-Œ-r« ‘-l-Å-d-u-I-è-j 
"-a-q†-Œ-a-l-b-r <-]-¥-b-l-K-r-N>-u-e-c-u-~-X-r-\-o-- h-
a-l-C-c-a-l-b-r I-d-l-I-l-c-Ó-l-c-u-G I-d-b-u-è-S N-c-r-
ó-I-l-c-Ó-l-c-u-G a-\-Ê-l-h-o-ó-É-c-u-G ‘-l-Å-d-u-
IF-, h-m-x-c-p-G-, a-\-u-g-p-è-„t X-d-¥-N>-l-t-o $-e 
X-˜-r-d-u-¨ ]-c-h-¶-c-_-‡-Œ-r« A-~-u-G I-m-
X-u-I-G ]-q-›-r-ˆ-u-›-o. D-c-u ‘-l-Å-d--r-è-„t h-£-s†-
W-X-, "-X-o $-d-IF è-I-l-»-r-ƒ a-c-¥-a-l $-gµ-r-
I-N>-u-a-c-r« ]-S-c-u-~ ¥-e-c-u-I-¥-j-l è-N-j-r-b-r-d-q-
è-S D-d-r-N>-r-t-Ÿ-u-~ è-e-¨-Œ-r-è-„t ]-l-S-u-I-
¥-j-l  Z-r ¥-Ü-š-o  ¥-e-e-o-  A-~ è-]-b-r„t-r-¥-Ÿ-l 
#-e-è-ˆ-, "-e-r-f-v-h-\-s-b-a-l-G-e-r-[-G h-u-x-c-
a-l-è-W-~-X-o \-r-¥-g-[-r-|-l-\-l-e-r-d½. A-G.h-r. 
$-m-g†-, P-l-I-o--h‚ ¥-]-l-j-|-o X-u-S-Ÿ-r-b ]-d 
N-r-ó-I-l-c-Ó-l-c-u-G ‘-l-Å-d-u-I-j-u-G h-v-b-G #-e†-
Œ-r-|-u-~ Æ-a-Ÿ-j-u-G h-m-x-c-p-Œ-r-è-„t-
b-u-G f-l-C-r-b-u-è-S-b-u-G ‹-X-s-X-r P-\-r-]¶-r-|-l„ 
"-¥-_-l-[-]-q†-e-a-l-b-r-ˆ-l-è-W-£-r-d-u-G <-]-¥-b-l-
K-r-N>-r-ˆ-u-›-o. f-ð-Æ-r-b-¥-b-l "-X-u-¥-]-l-d-u-¨ 
a-¥-š-è-X-£-r-d-u-G e-r-g-a-L-ˆ-Ÿ-¥-j-l X-l-›-l„ 

IG-]-p-q-ˆ† h-b„-h-o K-¥-e-g-W-ŸF ]-N>-]-r-S-r-N>-¥-X-l-
è-S I-l-¥-b-l-h-o h-r-Š-l-C-G (Chaos  Theory)  f-l-ð¥-a-J-
d-è-b D-ˆ-l-è-I h-v-l-[-s-\-r-N>-r-ˆ-u-›-o. ]-d e-p-e-z-I-j-u-
è-S-b-u-G è-]-c-u-a-l-š-c-s-X-r-IF e-p-e-z-IF \-r†-a-r-X-¥-a-l 
‹-Ç-X-r-b-r-d-u-¨-¥-X-l #-I-è-ˆ D-c-u 
\-r-§-r-X ]-Š-X-r-è-b ]-r-C-u-S-c-u-~-r-
è-d½-~-u-G a-t-r-N>-o # e-p-e-z-b-u-è-S 
#-Z-p-I-l-d-è-Œ "-e-z-è-b-b-u-G 
"-X-r-è-„t L-S-I-ŸF "-¥-\-p-l-
\-p-G $-S-]-»-I-u-~-X-r-è-\-b-u-G #-â-
b-r-N>-l-W-o e†-Œ-r-|-u-~-è-X-~ 
($-X-r-è-\ ¥-I-l-G-]½-I-o--h-o "-U-l-]-o-
š-s-e-o h-r-î-G A-~-l-W-o e-r-j-r-|-u-~-
X-o-) "-t-r-e-r-¥-d-|-o "-X-o \-b-r-N>-r-ˆ-u-
a-u-›-o. b-q-W-r-¥-e-»-o--h-r-š-r D-l-^-o \-p-q 
è-a-I-o--h-r-¥-|-l-b-r-è-d è-‹-l-^-h-
t-l-b è-P-b-r-G-h-o {-m-W-u-G h-i-‹-
e†-Œ-I-c-u-G ¥-N†-~-o 2002¿-è-d 
^-r-¥-d-l-¥-h-l-^-r-|« Ñ-l„-h-l-
k„-h-o D-l-^-o Z-r ¥-t-l-b« è-h-l-
è-è-h-š-r D-l-^-o d-›„ A-~ ‹-h-r-
Š-s-I-c-W-Œ-r« Z-r ‘-l-Å« \-l-
N-v† D-l-^-o \-l-N-v† A-~ ¥-d-J-\-G 
‹-h-r-Š-s-I-c-r-N>-r-c-u-~-u. EZ-r _-¥-b-l-
h-®-r-b† #-h-o A ¥-I-l-G-]½-I-o--h-o 

"-U-l-]-o-š-s-e-o h-r-î-G-' A-~ ‹-¥-X-p-I ‹-¥-a-b-Œ-r-è-„t 
`-l-K-a-l-b-r-ˆ-l-b-r-c-u-~-u "-X-o. ‹-Ç-X-r-b-r« ‘-l-Å« \-r-
b-a-G "-\-u-h-c-r-|-u-~ ]-d ]-c-h-¶-c-_-‡-Ÿ-j-u-è-S-
b-u-G <-Z-l-i-c-W-ŸF "-e† $-m ¥-d-J-\-Œ-r« A-S-u-

Œ-u-]-t-ƒ-r-ˆ-u-›-o; Æ-a-a-r-d½-l-Œ 
è-e-t-u-G #-I-h-²-r-I-X A-~-X-r-\-u-
]-c-r $-m \-r-b-a-Ÿ-è-j _-d-è-]¶-S-u-
Œ-u-~ B-è-X-£-r-d-u-G è-è-P-e-f-l-
ð-]-c-a-l-b I-l-c-W-Ÿ-j-u-¥-›-l 
A-~-u-G "-e† ]-c-r-¥-f-l-[-r-|-u-
~-u-›-o. ‘-l-Å« _-‡-ŸF 
è-è-P-e-f-l-ð-]-c-a-l-b-r X-r-I-N>-u-G 
b-u-¹-r-`-Î-a-l-b ]-d <-Z-l-i-c-W-
Ÿ-j-u-G "-e† \«-I-u-~-u-è-›-£-r-
d-u-G "-¥-X-l-è-S-l-]¶-G #-I-h-²-r-I-G 
A-~-d½-l-è-X e-r-¥-f-g-r-]¶-r-|-l-\-l-
e-l-Œ <-Z-l-i-c-W-Ÿ-j-u-G \«-I-r-
b-r-ˆ-u-›-o. 

B-X-l-b-l-d-u-G $-m ]T-\-è-Œ 
]-r-C-u-S†-~-o $-¥-X ¥-a-J-d-b-r« 
‹-e†-Œ-r-|-u-~ ]-c-r-z-r-X-r-f-l-
ð-É† $-m "-e-I-l-f-e-l-Z-Ÿ-
j-u-è-S a-l-š-u-c-N>-u-¥-\-l-|-l-\-l-b-r e-r-
e-c-ŸF ¥-f-J-c-r-N>-u-X-u-S-Ÿ-r-b-r-
cr|u-I-blWo. E

$-Œ-c-G è-]-b-r„t-r-Ÿ-u-I-¥-j-l ‹-Ç-X-r-b-r-è-d 
]-N>-¥-]¶-l I-›-u-è-I-l-›-r-c-r-|-u-~-X-o a-l-\-h-r-
I-a-l-b-r B-è-t h-i-l-b-r-|-u-è-a-~-o #-¥-c-l-K-p-
c-G-K-G ]-t-b-u-~-u. I-d-b-u-è-S e-r-f-Z-a-l-b ]T-\-
ŸF $-X-r« ‘-l-Å«-h-r-\-o-- ]-£-u-¥-›-l A-~-o 
I-è-›-Œ-l„ â-a-r-|-u-~-u-›-o.

#„-U-a-l„ _-u-¨-š-o e-u-U-o a-c-Ÿ-j-u-è-S X-
S-r-IF #„-U-a-l-\-r-è-d I-S«-Œ-s-c-Ÿ-j-r« 
A-œ-l-S-u-G e-s-W-u-I-r-S-|-u-~-X-o-- I-l-W-l-G. I-S«-
Œ-s-c-Œ-o-- e-j-c-u-~ $-e-b-u-è-S e-s-»-o-N-À-o-- I-l-c-
W-a-l-I-u-~-X-o X-s-c-‹-¥-Z-f-Œ-r-è-„t #-Ç-X-r-
IF a-l-t-r-e-c-u-~-¥-X-l-è-S-l-]¶-G "-e-b-u-è-S ¥-e-
c-u-IF-|-r-S-b-r-è-d a-W« D-d-r-N>-u-¥-]-l-I-u-~-
X-l-W-o.  

e-s-W-u-I-r-S-|-u-~ $-m a-c-Ÿ-j-u-è-S ¥-e-c-u-
IF I-ˆ-r-I-u-t-ƒ-u-G ]-c-~-u-G X-˜-r« ]-r-W-
ƒ-u-I-r-S-|-u-~ D-c-u ]-l-b-¥-]-l-è-d ¥-X-l-~-r-
|-u-G. "-e-b-u-è-S N-r-d½-I-è-j-|-lF h-£-s†-W-
a-l-b è-e-j-r-è-]¶-ˆ-u-I-r-S-|-u-~ ¥-e-c-u-]-S-d-ŸF 
$-~-o ]-d P-s-e-r-IF-|-u-G ]-l†-]¶-r-S-e-u-G a-u-ˆ-b-r-S-l-
\-u-G "-S-b-r-c-r-|-l-\-u-a-u-¨ $-S-e-u-a-l-W-o; R-›-u-
IF-|-u-G D-N>-u-IF-|-u-G N-r-d-¥-]¶-lF I-S«-]¶-l-
œ-u-IF-|-u-¥-]-l-d-u-G D-j-r-Œ-l-e-j-e-u-a-l-W-o.E

{Ia-anÃm-¯ B-I-kv-anIX

h-h-p-Ÿ-è-j-¥-]¶-l-è-d-
Œ-è-~-, a-\-u-g-p-
è-„t-b-u-G a-¼-K-Ÿ-j-u- 
è-S-b-u-è-a-d½-l-G f-c-s-c- 
Œ-r-è-d ]-d #-C-c-r- 
I K-X-l-K-X-e-p-e-z-
I-j-u-G “-Z-b-Œ-r-¥-d-
|-u-G X-r-c-r-N>-u-a-u-¨ 
c-¹-|-u-»-d-u-IF 
f-v-l-h-¥-I-l-f-Œ-r-\-I- 
è-Œ f-l-¥-J-l-]-f-l-J- 
I-j-l-b-r ]-r-c-r-ƒ I-u- 
»-d-u-IF X-u-S-Ÿ-r-b- 
e ‘-l-Å-d-u-I-j-l-W-o. 

]~«-èN>-Sr ¿‘l-Å-dr-è„t  
B-šeuG ]-»-b <-Zl-i-c-W-Ÿ-jr-èdl~o
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