#001108 ) FEHELL %S

sity of Sei and Technology of Chin

At

Email: xiaoyazhai@ustc.edu.cn
Homepage: htips://xiaoyazhai.github.io/

RRXBATHRAREFERN, BIEAMNZE EEESZ! 1


mailto:xiaoyazhai@ustc.edu.cn
https://xiaoyazhai.github.io/

=/ D)

+ TRRRERNEIR

* USRI AT R RV E AR 4 AR 4

- R R

TR EARTTIA




10.1 % 0%, 6 22 iR
KB RGE &k

PIERG

SHER <

RERG—EHEEE. B
SERER —DFUERSR

r RSER—MNZZLEN
E’I?ZL%*R—?EH A, MREZ

-IIJI . sﬁ




10.1 /& i, ¢ A2 0%

TARPARRN A RS ENBRESYHRN, FrLERZEARIVER, 855

MEIEREZEFINRBXATY), BEMHR T SYRINSEEEEFR, X2R
= PRRY

Ilinl

FFEMER G R ZOIIMYESINRIAESNRFE, IREERIINE,
AT N ER GERIHBNE R EBATIRRY TS A B T




10.1 /& i, ¢ A2 0%

5 a9t 52 aner M B B MR 4L T Sk

FeA JEIXSHIISAN LA B Sk AT A, FESHHIFEHIUTEMNERIE
ARF, ENEE(ERETIRAE?

MBANMSESRIFRIER, BEARWIENREERE, SaEENRAIFTEROHAFS
MRHERRYASIRTIS Ve ?

MgEERt S Is E 22876 F0]|BEik—R, BRENKXSIREREM, XENTA?

IKRFERNARFNFIREX FRSERE, XENTA?




10.1 /& i, ¢ A2 0%

- FEMNFER—TTMREZMERENHEYE, RESFVERMENFHER

(science of complexity),

el

ZFPRRNERF



10.1 /& i, ¢ A2 0%

» 19120 R FE in3k(H.Poincare)1E = 1£ B &5 B MU L2 X T H R R B hli E,
e ADEFNIERMITE HAFaMRFERNRZMSMERE,
BT R

» EMRIFER, PETPFEEDTT. BFITE. HEFFRHLIEH
REIERY, —RRIAATTRUEA T =F: A1 (soliton), EIE
(chaos), 9*#(fractal).




10.1 % 04, 69 #2 iR

e 1979E

F12H, IBMCERETRAIE

HRNRTE
HANZEIBEE A
MARME, 2FITZ T,

=x=

Eoals, 1

=

RIFEHSE—XFETIRHE: —R
| Ter a8 [E—17 kB X. ftAYE
B N TIREDRZIBENSR., ML

=, FMBE "B 2



10.2 % 08, 65 2 3L B 45 4E
B, EEIEERFIRILARS, —MEOERNEE, BXE

EXME I E AT A E LR T RERER

SRR A
FUEEGFRSHEEENNFES




10.2% 69 2 L B 45 4E

RTERIER

EMEREANRESE, HiT

- ETRE R GEF

o F N, XFiaREINE,

° /bb/EEEEIEﬁ% (VPR g)LE/J

R TEILSLA

_/E—*DJ—BT_

&

\Il

VSR IARET LA NIES), —
AR ANHEE—ATE

2.4

[T

ﬁfF |_&|. IEHEQ&II-II-%\JLEIL@?—E/]IL

13 /N (0] L F

1, SRR ER!

10



10.2 6 2 L B 45 4E

« ZRMEMRLK T N IRE

A

I E,

SN B AT AR PR A

11


http://www.ecopolis.org/wp-content/uploads/2008/04/lorenz_attractor.jpg

10.2 6 2 L B 45 4E

REERCANERERGR, DBRIT DN ZR

TR, EARFINESERNRE

SWN: Nzl

SRGERIKERTT AR IR ROBUR R

1960, EEMSETFERAZROCEUIAR KPXSIR" A&, ErEjlLR—HEE
B RSRER. REAINEERF R EINESERzEREESREAR SR ERE. B2,

S5kE, ZIXTERE, YRFEFRMNER,

HNESEUTEERIMERAE.

12



10.2i% 04, 69 7 3L 5 4% 4&

Sty=2x2-1PL R 20.001 KRS AR T H BRI A AR SR A 5] ) 45 3R

L3

1 L
03

¥
(.5
-1
-1.5

13



10.20% 08,67 2 L 5 4§ 4%
SRR RREESEST, DT EEIRE,

EMRGPRIE FPILE
YR,
EHR-EARIEAMLE,
ML,

\=

\ LS £
e 14
s

3 \

AL ; U S ) & =] iz 5 Sl ;
i Y e '.' : J i & > l
L s "7 2050 [i=g N ' 2 , : X
E — b’s*ﬁ 55.‘59_@ —eg y OGN N B - L N
A | 4 ", X /4 : a5 -;;.«\. .‘: A/-,‘._. %4 * .'. R ’

HERG

14



10.2 6 2 L B 45 4E

° ‘;tb‘;EE i)

- 5
- /l:[:/EE E/]

-

NEBFEER FARE

-RAR

- IR RS R S8R,

PRAY T,

_/\ﬁﬁﬁ El'l] %\ 2T

T

)<|¢}

uLu

A

B AN BVRZS

15



10.3 & # & 4%,

LE—RE X)) UEFIER Xy, EXEHS
X.., = F(X), k=01,....
PRA R EL T(X) BT,

we TU)=Uums, RAIUNAES, BZHU-U. NRFERHEMN ST
REEFEEQTE AR, WZAHNRIRARS <. WRFAFHHENR
#HizEE, NetfHFR.

16



10.3 & # & 4%,

Blgn, 05 12f(x) =x* WAshm. 0 BRs5l=, 12HRF=.

ﬁn%f(ul) — uZIf(uZ) — u3)...)f(uk) — ul) E-u] + ul)j — 2;”°1k
)H\IJ/I{J\_\;EKul; uZ) )ukﬂ:g)ﬁ_/l\kﬁﬂ: y ul#rljl_(j“j k}%gqlﬁ; kj“jFl:El_ngo

ERFIIBRS S ZBMMERMIERBS (OB X, MESYHERNZEFRX.

17



10.4 = x & % 69 & KX

MSf(x) = ax(1 — )RR BFHRBR

Xk+1 — f(xk) — axk(l — Xk), k = 0’1,...

XE, ac€[04]2—1PSH.

Bla=1, xo = 0.5 &RMTENEHEE




10.4 =k & # 64 & 4

%3 1 N JLARENSEE a(ia=0516 ) U RAENTEY, , WREREFWS

0.3 0.3
0.25 | 0.25 |
0.2 0.2 F
0.15 F 0.15 F
0.1 / 0.1
0.05 \ . }4/
' O.r2 O.r4 0.6 O.r8 1 ' 0.2 0.4 0.6 0.8 1
a=05xy,=0.6 a=05x,=0.8

19



10.4 =k & # 64 & 4

%3 1 N JLARENSEE a(ia=0516 ) U RAENTEY, , WREREFWS

a=16xy=0.1 a=16xy,=0.9



10.4 =k & # 64 & 4

%3 1 N JLARENSEE a(ia=0516 ) U RAENTEY, , WREREFWS

a=16xy=0.1 a=16xy,=0.9



10.4 =k & # 64 & 4

%3] 2 B a=0.8, FIREMVERIEI, (REEHE— NRE|RaHSD?
—ANHEF RN S BRI SR EIOR 3| B TR EN 7 IR WA R R 8

WA SE a=1,1.6, 20 & R FFAY O] .

\ _—




10.4 =k & # 64 & 4

%3 2 MZE a=08, AABENFEMIENR. REHE—PRIINATRL?
— PR R BREERS R RS A= WBEYEREFS &

AT SEL a=1,1.6, 2B EFFEH 05,

23



10.4 =k & # & & X,

. FEHAMTE: x=ax(1-Xx) ETE: x=0 x=(a-1)/a

s BEINAH R SHEFNAER
EE RxZf(ONATR, WRAEXMERIf (o)l <1, WxoZf ()IKS[AY

AR A, xe2f O)BIHEFRIAT R

B+ f'(0)=a, f'(a-1)/a)=2-a

a AR5 = .



10.4 =k & # 6 £ X,

BESETE
x = f(f(x))=a’x(1-x)(1-ax(1- X))

) x =0, x,=(a-1)/a,

X,, =(1+a++a’-2a—3)/2a, a>3

25



10.5 Feigenbaum

e

o

SIEHIABAEN

Z

R FEFRA Feigenbaum

A]

¥ X[E (0, 4] IXFENFKAa (2RAa = 0.04 )
Z g H'J5O/\ ER1E, i s (a, X51)’ (a, st)’

;3

Aa

B, WEITERNaERE

, (@, X00) E%Eéléﬁ_\slzﬁi,

26



£ 4k 10.1

XY &X Feigenbaum%o
(1) EMNEEE —FMzk, XFRTTARX?

(2) ME—mHin, XEFHEPAMX, X7 ERBT4AM
T BRI RN AY Y

(3) BET—"TrnxXR, &2 AJLX? XiiERafT A/’
MR 22 EEEaY?

( ) PR XidRERSE—BE#TNE? ETT?T PMRBR B9 X
= ARBRPXRZE, FeigenbaumBE 2 & EEHRERL?

N




10.6 #n {4 # & H

Xt 4B A BUR
X, =4x (1-x%), k=01
FERRNEFEECIZENZENET EARNEE 0.1, FiERE{I2aFHnH?

MR FERZ R LEXHEREIZ0.01, 0.001, 0.0001 Z5RINfET? H UL 15 H ik
R YHER T’

28



xo = 0.4000001

1 . .
.
. .
. .
. .
. .
. . *
. . L . .
.
. . R ® . .
.
0 . . . .
.5 .
. . . .
~ .
. S s . .
. .. R . ® . . ve
. . . . .
. ., . .
. ® . . .
. . %
. .
. . . .
K] I . r hdhd ” -y L
v .
50 ~ 100 . %" . 10 * ® e 200
. . .,
. " .
° . . .
o ® .
. . .
. .
3
S .
° . . . . .
0.5 . .
. . .
. . . . .
.
. * . . °
. . .
. * ° . v .
. . . .
. . « °* . .
.
-1 o .

29




10.6 % ib,- 45 4

AR
wHM S O0NPEANEREERERNERRE, eNEEEOL)(EHEHF
FEXE)RANEEA— 1 FX(E)(a,b) BEB= HELTTEUX.
BB BIBFRIDE XSV K4 a0 ZIBUR M R AR ¥IG{E, BMFEE]
BEIERLE, EMNREBEEMEMTRTE.
FERY/NE O EEXERRELMITNEFEERD X, flina=3.835 ik

30



. 35

1=
S|

2X 0<x<1/2
S(X) =
2X -1 1/2<x<1

FREMERNYER SR’ HHBEETREMERA

31



10.7 & v & # 4 & X

MK R X

MK B

TKX)={

2X
2(1— x)

0<x<1/2
1/2<x<1

AR EIE R T ER

JEX ?

HHEIKZER A ERS.

32



10.7 & v & # 4 & X

- HERBIER

XF AN R ERVIA AT AR, F

FHELEL

> w o F

f(x)=a—(x-+/a)
f(x)=x"-2
f (x) =asin(x)
f(x)=x"-a

FS R T (0 =ax1-x) ERTTA

33



\
Q

~

— RERYEIR

e BHYE X SHHIE

TIREREGER
i BREOEAT
HABEREDE

—— FeigenbaumfZ]

— {ESURME



£ 4k 10.1

XY &X Feigenbaum%o
(1) EMNEEE —FMzk, XFRTTARX?

(2) ME—mHin, XEFHEPAMX, X7 ERBT4AM
T BRI RN AY Y

(3) BET—"TrnxXR, &2 AJLX? XiiERafT A/’
MR 22 EEEaY?

( ) PR XidRERSE—BE#TNE? ETT?T PMRBR B9 X
= ARBRPXRZE, FeigenbaumBE 2 & EEHRERL?

N




.@f '{' ‘r <7 [ » {
R LIIIEY
|I_.""' | A}
University of Science and Technology of China

Q&A?

BT
L +—: FKH#E

7 i
Y JEE Email: xiaoyazhai@ustc.edu.cn
Fn i Homepage: https:/xiaoyazhai.github.io/
: Lab: http://gcl.ustc.edu.cn/

36


mailto:xiaoyazhai@ustc.edu.cn
https://xiaoyazhai.github.io/
http://gcl.ustc.edu.cn/

	默认节
	幻灯片 1: 数学实验 实验十：混沌
	幻灯片 2: 实验目的

	基本认识
	幻灯片 3: 10.1 混沌的起源
	幻灯片 4: 10.1 混沌的起源
	幻灯片 5: 10.1 混沌的起源
	幻灯片 6: 10.1 混沌的起源
	幻灯片 7: 10.1 混沌的起源
	幻灯片 8: 10.1 混沌的起源
	幻灯片 9: 10.2混沌的定义与特征
	幻灯片 10: 10.2混沌的定义与特征
	幻灯片 11: 10.2混沌的定义与特征
	幻灯片 12: 10.2混沌的定义与特征
	幻灯片 13: 10.2混沌的定义与特征
	幻灯片 14: 10.2混沌的定义与特征
	幻灯片 15: 10.2混沌的定义与特征

	计算
	幻灯片 16: 10.3 函数迭代
	幻灯片 17: 10.3 函数迭代

	二次函数迭代
	幻灯片 18: 10.4 二次函数的迭代
	幻灯片 19: 10.4 二次函数的迭代
	幻灯片 20: 10.4 二次函数的迭代
	幻灯片 21: 10.4 二次函数的迭代
	幻灯片 22: 10.4 二次函数的迭代
	幻灯片 23: 10.4 二次函数的迭代
	幻灯片 24: 10.4 二次函数的迭代
	幻灯片 25: 10.4 二次函数的迭代
	幻灯片 26: 10.5 Feigenbaum图
	幻灯片 27: 作业10.1
	幻灯片 28: 10.6 初值敏感性
	幻灯片 29: 10.6 初值敏感性
	幻灯片 30: 10.6混沌-特性
	幻灯片 31: 10.7其它函数的迭代
	幻灯片 32: 10.7其它函数的迭代
	幻灯片 33: 10.7其它函数的迭代
	幻灯片 34: 总结
	幻灯片 35: 作业10.1
	幻灯片 36


