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??? ??(1643-1727)
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PP P V0 20 P V0 2 2 070,270 P07 2?007? 20007007° 2?0077 207, P07 2?77 0?07 27?2777

P? PP 2?0 0?00?07 0?2?2777,

PP DV PV P PP 2?7?07 PN 07 PV P00 P07 V7 P P77 P07 77?777, ?77?7?
PPV P D PP D PP P77 P77 ??7? P ?? 7?77 ??77.

22 2277 (1854-1912)
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P97 20?2 200 27 2707?2777

?7? 2?77 7?7 (1884-1944)
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2227 22?2 (1979-)

\

U7} 7125 S04 2AH8E 2 7417}
Ajztectof S Aol BAj0j 2 oA Haud

PP PV P77 ??7

? P9 777 2?2?7777,
PPP?7? ?

7?7?72 2?2 22 22°? 2?2 2 22,2 222 ?2?7? ??(Julia set)? ????? ??(Mandelbrot set)? ???7?. ???? 2?72
277

zn+1=z2n+c{z} {n+1}={z}"{\frac{2K{n}}+c

z0{z}_{0}

WO O O o o A o i S il il S o o A o o S R Y i i N S A S S A i S S S A A
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27?77 7?

2?7?27
27?277
?\alpha
22?2?2212 27?2?2222 77

?\alpha
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0

??.7? 7?7

P 00707, 2 200?007 7?2?27,

0 a 122 [0,1)??7? 2?7 ?2?7? ?2?7? 2?77 2?2 2272 ?? ?7? ?7?7.

N O A A O o S o i S o o SN W A A Y S N S S S A P Y S S S S

a
|

?? ?? (interval exchange map)
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P42 7?77?77

?7?

???7? ? (logistic map)
???? 2?2 2?2?72 ¢? ?7??
fcx=cx(1-x)\style{font-family:'Times New Roman'H{f_c\left(x\right)=cx(1-x)}

P 9?0?77 27?7,
??

xn=fxc(xn-1)\style{font-family:' Times New Roman'H{x_n=Ff{\left(x\right)} c(x_{n-1})}
? 2?7?27 ¢c? ??7?

x0{x}_{0}

???7?
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xn{x}_{n}

x0{x}_{0}

?R?2???7??2.?2?72¢c =22 77?72?2077
x0{x}_{0}

? 777

xn{x}_{n}

?

12\frac {12}

PR 0?7 7?° 7?7?27,

??°? 77?7?27

N O S A O A i S S A A Y A A S S

?? (recurrent)

2797 27 2227 22 22 2 2222, 2292 27972
(?,\H,2,2)(\Chi,\H,\mho,\Tau)

(?,\H,?)(\Chi,\H,\mho)
?

?2\Chi

?7?

?\sigma

-22(

?\sigma

-algebra)??,
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/mho/mho
? ?? ?? ??(measure preserving map), ? ??
? ? ?\Alpha \quad \Epsilon \quad \Im

2?7

2(2-1(?))=2(A)\mu{\ Tau}{-1}(\Alpha))=\mu(A)

72
? 2 2{{\Alpha \quad \epsilon \quad \wp}}
?
2A) > 0
22227
?2(?-1(A))=?(A)\mu ({\Tau}-1}(A))=\mu(A)

???? ??72? 72?2727 n? ?? 7277?77

??7?7? (ergodic)

?7?

?-1(A)=A{\Tau}{-1}(A)=A

? 2?7?77

? 2?2 ?{{\Alpha \quad \epsilon \quad \wp}}
? 9?7?7277

?(A) = O\mu(A)\quad=\quad O

?2?7?
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?(A) = 1\mu(A)\quad=\quad 1

??,7?

ATau

P P77 77,

?\Alpha
?2? 7?2?77
?\Alpha

P07 ??7777°?, 72?777

?\Chi
2?7?77
?\Alpha

P PPV PPV PP PV, ??7? ?7? P07 P77 P V0?77 PP ?7? ?? P?7? P77 ?0?7?.?7? ?? P77 ??7?77

2i){\Tau}\i}(x)

?

?2(?(?(??(x)?)))\Tau(\Tau(\Tau(\cdots\Tau(x)\cdots)))

?2? X?

?\Tau

21?2 2?7?27 2777 2?77 ?2? ?? ?2777.
limn->?1n?i=0n-1f?i(x)=?xfd?

27 2777 P77 2?7 2?7 27 2?2, 277 277?277 27 2777 2?7 2 2. 27777 2?2 22 2?77 2 22 2772, 22 2?2 ??
???(regularity)? ??7? ??7?.

?2?1
PP PV PV V0 00,2, 0?7

?\alpha
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???

?:0,170,1

?

?2x=x+?(mod 1)\Tau\left(x\right)=x+\alpha(mod\quadl)

([0,1),?,?2,?)([0,1),\Beta,\Tau,\lambda)

P22 2?20?22, 2272?22?27 120?22 122 22?2 2?7 n?? 2?2 20?7 277?27

?201fxdx?1n?i=0n-1f(x+ia)(mod 1))\int _{O}{1K

???.

Aleft(x\right)dx\approx\frac{1{n}\sum_{i=0}{n-1H{Nleft((x+ia)\right)}}(mod\quadl))

N O S A O A O A o i i S ol o N o A i i S o ol N A N i N U N S S Y Y S N S S S

77?2
2?7?77

???\Alpha\subset\Chi

XA

P 900,709 20?200 90?7 0?7 ?X? 9?77

lIimn->?1n?i=0n-1?A(?i(X)) = ?x?Ad?=?(A)

P 90?7?7900 2?0 2 007 000?70 2 AV 00707 2 2?0? 20070?7 A? 2?0? 0090? 0?0?20 7.

?7?3
2797 27777 277

?,?2??\Alpha,\Beta\subset\Chi

22?27?2772 7.
limn->?1n?i=0n-1?(?i(A)\bigcapB)=?(A)?(B)
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?(A)\mu (A)

?0?7°,?? T2 ??7? 777?277,

?7? ?? (weak mixing)
P 2?3?7222 22?22?2777

?,?2??\Alpha,\Beta\subset\Chi
? 2?77
limn->?1n?i=0n-1?(?i(A)\bigcapB)-?(A)?(B)=0
? 2?0?22 T2 2?2 2?7, 220?207 27?272, A? T? 2?2 22?2 2 B? 2?2 7?7 7?2 7?77
?(A)?(B)\mu(A)\mu(B)
27?2?2222, (2?? 2777?27?27
?(A)?(B)\mu(A)\mu(B)
? 2?7?22 ?7?7772)

?? (mixing)
?2??

?,?2??\Alpha,\Beta\subset\Chi
? 7?77

limi->??(?i(A)?B)=?(A)?(B)
PR TR 2??° ?277°7.

?7?

P0?0?? 2?2?00
27 PP 2227 2777 27 27777 277 22727277

{X,2(x),?2(x),.. M{x\Tau(x),{\Tau}{2}(x),...\}

? ??(dense)??? ?? 2?2?77, ?2?7? 2?7 2?2 220 299? 2?27? 27 277 ?72.
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???(deterministic, ???7=0)??.

?2?7?7? 7

C=47 7?7?7777
fx=4x(1-x)Aleft(x\right)=4x(1-x)
?

x=12x=\frac{1}{2}

x0=0.4{x} {0}=0.4

? 77?7

x0=0.41{x}_{0}=0.41

PP 9?0?27 7 2707?2777,
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x=04 x=041
f(x) 0.96 0.9676 £%(x) 0.357670 0.851439
f2(x) 01536 0.125400 f7(x) 0.918969 0.505960
f(x) 0520028 0.438702 Fo(x) 0.297859 0.999857
f*(x) 0.998395 0.984970 F"(x) 0.836557 0.000568
f7(x) 0.006407 0.059215 #2(x) 0.546916  0.002271
f%(x) 0.025466 0.222834 £5(x) 0.991195 0.009066
f7(x) 0.099272 0.692717 f"(x) 0.034909 0.035936

2:29?? 0?2?2277

N N A A N O G o A ol N il i i N il G o N o S A R S o Y o A VN Y i ol S ol Y S N A Y O A A Y il

???? 2?77 0.417 ?? 27?777 77 ?7?.

??,C=2?2 27 ?7777? 7

fx=2x(1-x)Aleft(x\right)=2x(1-x)

N O A A O A A N A S o o A N Y A A ol

fnxfA{n}left(x\right)

?

12\frac{1}{2}

? 2?77 2??°. 20 2?0 2 2?2 220?277 2?2?2772 2?2? ??(bifurcation)?? ?7. ?2? 27?2 2?7?72

fc(x)=cx(1-x){f}_{c}(x)=cx(1-x)

? 2?2000 270, 22000222 222 2222 00 20222200 20?7 20?2, 2 ¢ 4?
PVP?? VRNV 7.
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1.0

0.0 | I | | ] I | | I I
24 26 28 30 32 34

P 9??? 2?2?2777

wqdwqgdqwzcasdwdwq wd wwdioh wqdijwg dopwjqd opqwjfg fknqwfng wfo pwgnfopw nopw
dnopgwdn qwopdngwopdn ogwp dngwopd

2?7?27

PP PP 2 2?0 20 2000, 29?7 2 277 207 2 22727 22??(entropy)? 2?7?77 2?7 ?2??7°7°° 2777
P07, ?? ???7?

??\B\Rho\in\B

? 27?7777 ?27°7? ?7.
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] n-1 .
h(T,P) =lim —H| \/T'(P)

n->o0 14} =0

I
= lim —H Z -puAloguA

n-=o0
\Ae VTP
n-1 J

=1limH|P|\/T"(P)

n->o0
i=0

??7?
?(x)=-xlogx\Eta(x)=-x\log{x}
22,272 222?220 220?202 22 27?2 277?272, 277?72

2,Q,\B\Rho,Q,\B

277
2(?\wedgeQ)=H(?)+H(Q)\Eta (\Rho\wedgeQ)=H(\Rho)+H(Q)
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