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Research on Fractal Structures of M-J Sets Using Some New Algorithms

Abstract

This paper briefly introduces the definition and recently development of fractal, and the
definition of Mandelbrot set and Julia set (M-J sets in short) as well as differences between
these two sets. The relative problems of chaos control and chaos synchronization are studied
in this thesis using the methods of theoretical derivation and numerical simulation. The main
achievements contained in the research are as follows:

Firstly, study on the paint methods of internal fine structure of M sets. Moreover we
introduce some paint methods of M sets based on time-escaping algorithm and extend the
classical M sets to real order number, and study fractal character of complex dynamical
system based on real order number M sets. We also paint some images of M sets with
different order number.

Secondly, Extreme modulus escaping time algorithm, decomposition algerithm and
fisheye algorithm are analyzed in this thesis, and we constructed a series of generalized M-J
sets using these three algorithms. By studying the structure character of generalized M-J sets,
we found: (1) Extreme modulus escaping time algorithm and decomposition algorithm are
simple modification of classic escaping time algorithm; they can both construct the structure
of non-boundary area of generalized M-J sets. (2) Non-boundary area of generalized M-J sets
has fractal characters. (3) Generalized M-J sets have symmetry, and the process of
evolvement depends on range of phase angle. (4) We can observe not only the whole structure
of generalized Mandelbrot sets but also the details of some parts by using Fisheye algorithm.

Thirdly, Dynamic feature of complex inverse map and the structure of their periodic
stable area are studied in this thesis, and presents operation and trigonometric representation
of quaternion. We also constructed a series of generalized M sets with real number order on
complex plane and a series of two-dimension section of generalized M sets with integer order
based on quaternion. A series of quaternion generalized M-J sets using extreme modulus
escaping time algorithm and inner part of generalized M sets with integer order are
constructed in this thesis, studied the structure features of quaternion generalized M-J sets
with real number order. Then we find: (1) There are countless of ruleless periodicity “petal”
series on the border of generatized M sets with integer order on complex plane, and this kind
of structure appears nestly on different level, presents the feature of self-similar. (2) M sets
and their inner part are nested spheroid with the centre point being centres of periodic points.
(3) M sets and their inner part are symmetry about axis. (4) In the sterco-space, the
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distribution of the value of extreme modulus for each point is regular, they are nested
spheroid with one heart being the centre point of each period, and appears circularly in the
order of red, purple, dark green, light green, presents periodicity.

Fourthly, this paper studies the problem of control chaotic behavior of a kind of chaotic
system. Two different methods, one feedback, two feed backs and cross-feedback methods are
used to control chaos in a kind of chaos system. Based on the Lyapunov direct method and
Routh-Hurwitz criteria, the conditions suppressing chaos to unstable equilibrium points or
unstable periodic orbits (limit cycles) are discussed, and they are also proved theoretically.
Numerical simulations show the effectiveness of the two different methods.

Key Words: Extreme Modulus; Escaping Time Algorithm; Quatemion; Feedback Method,
Chaos Control
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Fig. 2.1 Generalized M sets constructed using extreme modulus algorithm
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2.2 HBORENEFHER XM E
Fig. 2.2 Generalized M sets constructed using extreme modulus algorithm
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22(6)#22(8), 220100:2.2(12)).

A 2.3(1)-2.3(12) AR E 2.4(1) - 2.4(12) ZRISRERRE R HRLBIgT LT £,
WEME 2.3 ME 24 070, a=t98t 07 X I EE LU EWAKBTESR: a= ()it
RIS M E£E g M ERR—ERARNIES, HEMNK, ERAERE R
A—ER.

T 24 BERETERNENERE Sz« 2% +c(@eRBe|>) B X T £,

]

lz_'i
f(2)=f(ze ° )(0£j<[a'|—l)°

M. FHEZE BN

fro7) Jrill 2=l
v f(ze * )=(ze * V¥ +c=2"¢" N 4ec=2"+e=f(2), - f(2)=f(ze )

XA
2xj

2 s
S ze =)= 1S (ze =)= FUA@1=(2)

W BHE. TH24 HHae= ol X REHLA R S BRE nfE RN R
EH 2S5 HRREEEAEENEBE fz¢ 2" +c(@eRBla|>) " XIE, &

B c ik Rg, W ERSPOHRLEFC, )R
r =|¢:’I"L .
0 =[¢+Cm+)r]fa (M %Y, Bo<m<|o|-1)’

a=HnrPT X I ERSHFETRES: | DeMoivre i

z* =r*(cosaf +isinab) ,
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FR U FEEBIR M) B9 41

(D a=2 ) a=5 @) a=-2 4) a=-

(9 a=—4.5,8 [0,27) (10) &=—4.5,6 e[ -3In/2,7/2) (11) a=—4.5 Be[—ﬂ: ) (12) a=4.5,0 e[-n/2,32)
B 2.3 HEESEIWENSXIE
Fig. 2.3 Generalized J sets constructed using extreme modulus algorithm

3t iz 2% +cB—IER, z BAEALGFERIIRLE, UETE ", REEHE
B EABESEEYK o #THM. BNEFEKERLEE)FRIELIRC.0, 1§
RAOTEE—RITERL THMER: 6 € [027), 8 € [-3n2,m2), 8 e [-xm)EL0 €
[-n/2,312) Ha=tyit, BASERAQCDIEA,

cos b = cos(af +21a)
sin a8 =sin(ef + 2na)

@D

Ba=+npit, WREQ.DAHRE, REEENTRZEEE SR LI EHAREK. 5
SEFEARQ.DA, odmTEERN ERIHER: 0 [0,2n), fc [-30/2,72), e [-n,n)
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KR TSRS

£ e [-n2,3w)HTEE, AHKBHITa0+2ma(m=1,2,..) HARE, XEIHTI X
EREBHHA. S THEEHNAME, —MTENEROFLHAR(r+¢)/a. HERTX
M ERMFA ANBRAXRB/MIARNSBIM O Mo kER,

0 =(r+¢tn)fa

HER 24 WA AR XA 75 00 3 8 i e £ B £ O R B |- 1 45 A
2xfle| MERRE L J EHHLER, M LEHAMEREE x. Ey. xSy

HERAELYE, BARAFEANEBELE . IE y. fi x By 8, ERSHFL »
Ry fOABENFE) MERBSER, HATER HGREHR FELNIE ».
IEy. i x 540 y Sak, oF AW 70U ol AR BURT . T LAERUEA 0 € [0,27)
A (B 2.3(5), 2.3(9), 24(5)H 2.4(9)), REEFHZ AR, JYE—TBHIH
FEHIE e, MEFERE m B iGL

0" +2nmfla|> 2% > 8 +2zmf|a|

6" —2znfla| <0< 8" -27nf|q|

e S B B 3 PR (2.0, BB BEE x T H BB R (O +27mfla)) &t:
SHFER (2.2), BRUDETE x 8 LT BHEA R O - 22nfla)) L. REATSHEMAET Y
B=FEMR: Oc[-3n2,n2), Oc[-r7), € [-w23n2), T LENEERNA.,

d ,J bl 11 f';]
P ez G @
P T i e i .

V- f‘{ 1t _l Ry @ * %)

Poald (o ST A &8

bR N

R _'-_\' H" T - ‘!' Il-':.-: '

() a=2 (2) a=5 3 a=-2 4) a=-7

2.4 BEREEERBENX TR
Fig. 2.4 Generalized J sets constructed using extreme modulus algorithm
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FA L SR M- /A T4

() @=25,0¢[027) (6) a=25,0e[-3n2w2) () a=25.0e[-nm) (8 a=2.50e[-n23m2)
. {' W E B

1 ; \ i'a | L

= :&E 3 olg

@ * o e 2=
'ﬁ@q@ - Wgns N

(9) a=—4.5,8[0,2r) (10) a=—-4.5,8 €[-3n/2,n/2) (11} a=—4.5,0c[-n,7) (12) a=—4.5,0 €[-1/2,3n/2)
24 SREFERENT T £
Fig. 24 Generalized J sets constructed using extreme modulus algorithm(Con.)

2.2.2 SMWEPTHIER Y N-J &

B 2.5(1)-2.5(12) BL R A 2.6 (1) - 2.6(12) R i REERLEINT X M-TE T XJ
XK EHEH ¢ =0.01+0.7) , T X M-J £ ST S5 HERERRE R, 8
B¥iR. WEE25 @26 TR, PR Y M-T RESMY, —&E£FRHHTRH
AR ERE AR, AEAFPHARETTERE, I X M-I ESLFTTLNES
R AT AR IR re? HRR, XS R ERONVMEE R, VERE(O,2R)
A, MU X M- BRSNS R S R 256 RERHHEAE, e
256, MAETRE—MEERE, REWRHz % +c —RERTBRM SARK. H
HERY R ERTES re?, WH—KERERH r7e™ +re” . TREFHFPHSH
10, e[0,a0), Wi%%

PP HEREN 256a. B, XEFHEPRFEFHEH, BUARFTANFTETZNM
BEARSHRE. TR, EESAFEHEL X M-IE, FRHEPARRHTERR
MK, XEAHXEEREWRE BHRLHE.
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ANEBTAFH 2R

() a=2 Q) a=5

(1 e 5.5,0 E[—‘J'I:,‘II[) (12) a=-5.5,0 |-7/2,37/2)

/)

@ a ——.5,9 €[0,2m) (10) a——s.s,é e[-3n/2,n/2)
2.5 SNBREEBTHENT XM E

Fig. 2.5 Generalized M sets constructed using decomposition algorithm

@) a=1 (3) a=—4 @ a=-7

K26 DREEFHERNX]TE
Fig 2.6 Generalized J sets constructed using decomposition algorithm
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RISV R M eG4

(9) x=-5.5,8€[0,2m) (10} & =-5.5,8 e[-3n2,0/2) (1D a=-55.0€[-n,n) (12) @=-5.5,8 €[-1/2,37/2)
K26 SEERATHERITLIEE
Fig. 2.6 Generalized J sets constructed using decomposition algorithm(Con.)

Iéﬂ N B |\::_-“- _‘_‘{ r_‘\;ﬂ -

2.2.3 Fisheye MiZPRHIERIr-X N &

B 2.7 4 Fisheye ik FTHagEm~ X M &, BHORBAFRR 1500, BT BiA%k
AR K AS BB AR B R E R X, R A0 HERX . W2 M 2.7 7 )L, F ] Fisheye
FEAMUATLAEE) XM SR BAEER (R 2.7(1)-2.74)), BTl X M EXK
SR, 55, RIBETEXT X M RRFFUARGIE, THIRAHMARE
B, #IFB XMEHARRL (B 2.7(5)-2.7(8)) .

(2) a=3 (3) x=4

M 2.7 Fisheye BiEATHIEM M
Fig. 2.7 M sets constructed using Fisheye algorithm
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KIEBR T AW A3

(5) @=75,0¢[0,2r) (6) a=7.5,0¢[-3n2,n/2) (7} a=75,8¢€[-n,m) (8) a=75,0 €[-n/2,3n/2)
2.7 Fisheye WikBTHIEN M # (42)
Fig. 2.7 M sets constructed using Fisheye algorithm(Con.)
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FIRJLAERERIT M 351

3 FIRLMFHFBELHEDTE X M-JE

3.1 ARMMERNR=RARTE

1843 4E, Hamilton & T W7o H Z5[8) SU K48, HXSEETEITR[21-25])0 %t
g e e XA

0 ={0,,0,,0,},

ii%al:(o l]so'z =(0 —i)s"'::[l 0), HDUc#d 1T A 2x2 EREARK. Nt

10 i 0 0 -1
O(x,y,2, W) AR H
a o x+iw  i(y—iz)
@=al+iay (i(y+iz) x—in’
XEV=(yz,%),

WO RLHEER LMNERETRE, HELRER(1,0,0,0). (01,00, (0,0,1,0)(0,0,0,1)
A, i iFkERF, NEFHTEHTRRHN
g=[(S,V]=q,+4qi+q,j+qk:

XBHRESEYS=q,, REFDYV =(9,,9,,9))» ¢HI—METH.

(1) BEMTREHL: j=-ji=kjk=-ki=iki=-k=j,==K=-1,

(2) WiE: g +q, =[S, V]+[$,,V,]=(8, + 5,V +V,]

(3) MELTT: 0=[0,0].

(4) HER: Ag=[1S, V],

(5) RiB: q,q, =[S, VS, V2]=[8,5, -V V,, SV, + SV, +V xV,].

(6) FELTT: 1=[1,0].

(7) WTH M. ||q||=\/S’+V2 o

(8) Msis: ¢ =15, VYl -

DUk R ML ki, mEESRNREESE. FRUAR, NTRNREE
6 Ve LN

BOTH A g =g, +qi+qj+qk, HEH h=ql+¢* +ql +q . Reosa=g,/h,
mE
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KEBTREFRLZAIR

sina =Vl-cos’a =Jqf +q? +q,2/h .

i q TR A
’ 2+ 2 2 . .
g=HIe 99V gitd,jtak = h(cos& + nsin 6)
h h Vo +4] +q!
X3

n= qi+q,j+q:k

ol +ai+al
X+ FBAIPUTCH g =[cosO,nsinf), XB n KA HEREY, [JiER

q =exp(nd) , q" =[cosuf, nsinub)(u c R) .

3.2 Lyapunov IRH(E IR AT E 5 AN S ER G S F RGN THI XM £

X 31 Bf:ze 2" +cl@eZ) ANTTHRZER H LHBE, MER H o BLRELE
HAMUTE g KIS, B:

M, ={geH:{* (@) EF)={gcH:9,¢° +4,(¢" +9)° +q,... p 0,k > ©}

MR M AT FRIT XM,

RIEENX 3.1, TTRAERNRFTERE X ME. dFUcHE X MERT 4D
Zm, —RSH—7EE, BE3-D BERMNEMTR X M ENEH; B %Y
FXRAE, g =9q,+qi+5L+qi, Fie—PEBNTAHG)9,9:59.), 7B
B—Achhc M=ANER . R k. RS XM EREF I TFRART,

EH3L HBH fzef+clocZ) HENTHEBOT XME, E A
900,915 92:93) € M, (40,41, € B, Bg” +4," +9," = p*(p>0); XAiq'(q5.4],45,93)
W, =450, +95" +q;' =p*» WrigeM,.

EW: FALZFLAMNE: B

z, =z5 +¢=(q, + pn)° +(g, + pn) =[h(cos 6+ nsin Y + h(cos & +nsinf)
=k (cosaf+nsinad)+ h(cos @+ nsin &) = (5" cosald + hcos 8) + n(h” smaf +hsin &)

(3.1)
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FIF USRS M- S S

XBh=\gt+p*, cosO=gq,/h, sinf=pfh, n HHBLAE. XAN

zy=(2)s +¢ = (q; + pn')" +(qy + pn') =K (cos &' + n'sin @)Y + K (cos &' +n'sin @)

EKBH=J(@N+p » cos@=4g)[h, sin@=pfh, o' hBfAR. EHhq,=g,, FLL
W=h, cos@ =cosd, sind=sind, WH

2 =[h(cos@ + n'sin O)F +h(cos + ' sin f) = (h* cosab+ hcos @)+ w'(h* sinaf + hsing) (3. 2)

HA GG AL THMA:

M |z)=[:

(2) z, 5z ixEBHR:

() EREz 5 MIRBHTMERE, 45598 g HFA.
BEmRERE, z, 5z KRREF LEER, Wm+1IREREEE
z, ., =20 +c={(q, +p,n)" +(q, + pn)=[h,(cos8, +nsing,)]* + h(cos&+nsin)

" (3.3)
= (h; cosab, +hcos)+n(h, sinab, + hsin6)

zL =2 +e=(q, +p.n")* +(q, + pn') =K, (cos&, + n'sin G, )]" + h(cos & + n’sin ) 3. 4)
=[h,(cos8, +n'sind,)])* + Mcosf+n'sinB) = (h; cosal, +hcos)+n'(h; sinal, + hsinf)
HRX G BCHTTAHE, miKERGz,, Sz, KRABLZ LEEH. BREER
geM,, NgeM, . WBRIE.

EE32 B [z« 2" +e(a e Z) FIERIN T AMEERRI. k=4
BRIO T R-—A B

SEF33 RS [z« 2% +o(a e Z) FTHERA T XIMER T LR,

RIBEEIBUEEEI2NI3, BXTERE.

B34 HMH fze 2" +e(ceC,acZ) EXHT XME (iLAM,) BEHT R
RETRE| G £z 2% +cla e Z) MIUTH XME.

iEH: WTEENTHy BFEE—TRANTEp—IE e, HE

pap~ =c (3.5)

TRRGHRNTHBREANABRA, BizEHhTHFENEEHNRENE, B
9= cofl]“q" =||c|| Hel,
TEHABERHEEA: HceM,, MgeM. BH



KERTKFRLFEART

Z,=Zy +q=q"+q;
z,=z;+c=c"+c=(pgp” )" +pap” = pg°p” + pap”' = p(¢° +q)p” = pZ,p”’
BRERmRE, 2z, =pZ p"', WERm+1 KBTI E

a

Zyn=2g+c=(pZ,p" ) +c=pZip~ +pap” = p(Z2 +q}p” = pZi,.p”

h EXTTW, #FeeM, MgeM. XBKq,=c, M|g|=[c|, Ll EcH HgEERA—RE
£, erERHE.

EHIABEYTHE [z 2" +c(acZ) MATES AIMEERFE" XMEZ @)
BXR. EEERERN: Moy PFERE, Wl XMESEFEEN XMEHR,
{BEEPAT TxpFE LU AMER—RFIFCE, BM7E-DEAE, CEE LR,
BE U AT OHEEEERELNERT WA%E. BOGHKENARE—ARE
EX, ERHEAETHAENERNEERPXE, SETEELGAPESTRANE,
AR FHAREEXR, W XMER— R,

SEEIS BB [z 2" +c(a e Z) ENTET XME, HoArHE, I XME
X F ¥ = 033#K.

B 3.1 (1)-3.1(16) « B 3.2(1)-3.2(16) -7 AFIA Lyapunov 5%5eLkiR i (A) 5 A
RERGESERAENEEN U TE XM EFTF ey FEKZED . B3.1HE
BARMEK, BAMNEER; H32PREABAKX; PERRTANAYPRE, H6
g VISR B

SEH 36 1 Lyapunov fR¥ LGN ) 5 A M ARG & T & B
fize+c(a=0,2L,12,. YN TH X MEFTT »y RN %R, &

If"(c)ﬂ=nf"(ce%)»[k=1,2,---,N;j=0,1,2,---,(|a|—1)]

M. FIRARFRRHE

ay g g gy a1
v flce®)=(ce *")* +ce ! =e ! (c*é*™ +c)=e (" +0)»

fl@=c+e, ~|f©)|=

2
f'(ce )|

&)
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FIH UM SRR M-) 2 T4

I (c)||=l|f' (ce%)u

(1) a=2,¢=0 ) a=2,¢~03 3) a=2,c,=06 @ a=2,¢,=0.8

(5) a=2,¢=0 6) =2,c=0.3 (7) a=2,c0=06 (8) a=2,c=0.8
9 a=-2,¢=0 (10 a=-2,=03 (1) a=-2,6=0.6 (12) a=-2,¢3=

(13) a=-2,c=-14 (18 a=-2,¢=-125 U5 a=-2,¢=-09  (16) a=-2,¢0=-0.57

3.1 Lyapunov 185 AM A RS A EHT MG SR MR X M HN %0 R

Fig. 3.1 2-dimension section of the generalized M sets for quaternion with integer order
constructed using Lyapunov exponent combined with periodic scanning method




AR T KFMAEA13L

() @a=2,c,=0 (2) @=2,¢,=03 3 a=2,c= 4) a=2,c,=08

ﬂ

5} a=2,0=-08  (6) a=2,0=-05 (N a=2,0=-02 (8 a=2,¢=0l1

9) a=-2,c; =0 (10)a=-2,c; =0.3 () a=-2,c2=06 (12) a=-2,c,=0.8

(13) a=-2,c0=-14 (I a=-2,¢=-125 (15) a=-2,,=-09 (16) a=-2, cy=-0.57
W 3.2 R ES RS ERE SEFE BRI TR N R B
Fig. 3.2 2-dimension section of the generalized M sets for quaternion with integer order
constructed using escaping-time algorithm combined with periodic scanning method

||f‘(C)||=l]f"(ce%) ,

B
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R R FSETR M- £ S

2: ]

fH (e “") It Lf(ce"")] fle=t(c +al
221 251
@ flO=c"+c=¢, WM (ce™)=fHce=), TS Q=1 O=1" (), XBA
2:r_.'

It ef=lrtce=)|-

L&

[ = e o )"

AEEZER BRI T XM BT T xy FPEAH SN HRE |a -1
BIBERE KT RR G K.

£H 37 1 Lyapunov BB EFRE AR A ERGEMABENMRY
[z 2" +e(a <0Ra >DHNAE XM EFTF -y FEN_EYIF, DEDHEA
be[-nmBf, H

/@)= @Xk=12,..,N)
E: FURNCEEME: Be=|dd, W =|de™. « f(©=c+c=|d & +|de®,
f@) =T +T=[f e +|de?, Wf(O)=f@ . &
f'O=r'@
R, WA

)= U= @)= @1= @)

MATEE . % BRI A O [-n, MBI TTH XM EFTF xy FENZED A
XF x #XF K.

ER 38 | Lyapunov Fﬁ:ﬁﬁ:@lﬁ'n ERMEERESEMAEHBRS
fizez® +e{a=0,21,£2,.. ) EIUCHU X M VAT F x-y FHRFIZED H, HERH
£ Oe[-3n/2,n/ ) Oc[-n/2,37/ )8, B

£t =@ (k=12,...N).

de-3x/2.5/2) oel-2/232]2)
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KER T RFBIHEAIRI

W B0 e [-3n2,a2)0e[-n/2, 3R L T x S AE R, A%
BUifa fe[-3n/2,m/2)kt , ’jl']c="c||ew|aq_w“m, HEBEA G e (-n2,3n2)0, HILHA]

£7HT =c|e| , HEHE 37 WIERLE, TAAE.

ve[-x/232/2)
EEEIEBAHR AN Oc[-3v2n2) M TTHT XM EFATF x-y FHE Z 40 5 LU
W4T x AR EER 180 BEJS I8 H AR BUR Oe[-n/2,3 ) A 7o~ X M BT F x-y
FEHH A, RZIFR.

3.3 1ER{ERA 8 WIS T Y M-J £

E3.3(1)-3.3(16) « FE3.4(1)-3.5(16) 5 By R 40 (20 1 oo B B PV vig s O 0 G 3
I XMAT . FTRUAET XMES PN BEBEREH EEE, | UIEM S
A, MAERR. R ERRE IR A

(1) HFceM, BN L(MELKRER. XA

a,(c) = inf{

fEH| k=12,

(o) =] )
e R #
jl(c)"-—ko

iLa,(c) AB/ME, j(c) hB/DEIRR.

2) BREWE WcC, BELBHR, BRI EARBMAN . Sc=c +ci, z=x+yi.

(3) ﬁﬁﬂﬂiﬂ]ﬂ.m, xo=yo=0; k=0,

@ WEE, .y k=k+1, HE|f, EFBKAP.

(5) FHk<N, WKEABECHERITER: Hi=N, BHE4H, REB/NME
f&.

(6) MEHMEXNZRRTES. EEIR@) . (5), HAFARRE W AFTHK
A, BAEREBST XM &

- 27 -



R LA AR M- 5 A

F.

(1) a=2,¢=0 2) a=2,c,=03 (3) a=2,6=06 @ a=2,c,=08

w - . i |

!1.:.'I.-. o I‘-—- & | _.il

(5) a=2,cp=-038 6) a=2,c0=-05 (7) a=2,c5=-0.2 (8) a=2,c,=0.1

9 a=-2,¢=0 (10) a=-2,¢,=0.3 (1) e=-2,6=06 (12) a=-2,c;=0.8

(13) @a=-2,c0=-14 (18 a=-2,¢=-125 (15) a=-2,c=-09 (16) a=-2,c,=-057
B 3.3 SRERAREFERGEGNTET X RN RN R
Fig. 3.3 2-dimension section of the generalized M sets for quaternion
constructed using extreme modulus escaping-time algorithm on the plane

TRELE3.1-3.37T I, AR A 1 36 B 18 04 7 4 B DU S 80 MR 55 963 i fR] 2R
Lyapunovif ¥t 5 A#I B R & A HENNTE IMERFTHRMSEHFIE, $E
WAERGE.

R ERR N RE SR N TR SURAFNTHR.



REE TR FALIEX

EH 39 HERESGNREEREBS £z 2° +c (@eRBja|> DN LK
X IEPYT >y FEK — RGN, A

22
f(2)=f(ze * XO<j<la|-1).
W TR

wo am
w f(ze ®)=(ze = Y +c=2¢" +c=2"+¢c= 1 (),

2L
Sf(2)=f"(ze =),
XH

ze ) = ffze* = L @D1= @),
MAEE. €H39 e 1ot X J £FTTF xy Slzﬁﬁﬂiﬁfﬂﬂ'ﬂﬁ%m
TEHE xRt
EH 310 SRR EREN RHEAEBRS £z « 2% +c (@ e RA || >1) P TTH
"X BPTF xy FEHAZEDR, HEE c GHAN g, MERPLABRLE (7,0
H

{r=|cF

0=[¢+(2m+])7r]/a (mARY, E.OSmS|a|—l)

ol
ﬁ W

e @h ﬁ‘;—k __'.';'_';-;.
W/ ﬁ fix. )

T

(1) @a=2,¢,=0 (2) @=2,¢,=03 (3 @a=2,6=06 () a=2,c,=08
3. 4 B E LR EEE2H TS L RO TR
Fig. 3.4 2-dimension section of the generalized Julia sets for quaternion
constructed using extreme modulus escaping-time algorithm on the plane



FIFUREEERT L M) B2 TE5H

(5) @=2,c0=-0.8 (6) a=2,¢p=—-0.5 (N a=2,¢=-02

(13) @=-2,co=-1.4 (1) a=-2,co=-1.25 (15) a=-2,¢p=—0.9 (16) a=-2,¢y=-0.57
3. 4 AR R AT R 2 SIR TN ST U™ 3L T R =S A (D)
Fig. 3.4 2-dimension section of the generalized Julia sets for quaternion
constructed using extreme modulus escaping-time algorithm on the plane(Con.)

3.4 HEAREKIR A B B A PRI R T X W SRR ARG

3.5 (1) -3.5(8) R e AR {E Wi bt () B B2 T DU o 3™ AMB B4 eh
B3.57 A, I~ XMENABEHRUEAHNDLAROCHEERENRASH, AR
H—ENASE. LESO M (a=4, ¢, =0), TTLAENHESR, E—ABEEX
B, BU—AYPOARCHERESMITHRORRE, aTSMERRERIME
REFARSHES, BRERLAHORE, RERALRA, RE, &R, RENHF
FRLE, BT —EMAME. SARKNESEHTERROARR MURETHLER
&, BRUTHARHOERBE, BREERKAMEN, XEDEXFNBEHRHEE
BB SR, AR B 71, 3498 5 42 PR T T 488 L OB R MR P HE 5, 1813.5(1)-3.5(4)
RRTHE R MM, R XETRNNEE SRS ST R TR LR,



KR L REM A3

3.5 (1) T R MR A R R AR LR B PG U R R G BRI L,
B RNBEHER U ROHRELERE, AREASE, RE, RS, RENFHER
W, ERH-—ENRALE. B36(7) 60 MiEkah i, B3.6(kM36(MNEMNM
B FoyH 7 MM EL(7) F3.6(8) BAMER. TTUEHERIE AL ER
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Fig. 3.5 Inner part of generalized M sets for quatemnion constructed using extreme modulus escaping-time
algorithm
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Fig. 3.6 Inner part of 2-dimension section of the generalized M sets for quaternion
constructed using extreme modulus escaping-time algorithm
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(2) FE—FBELFHE A, OFTEHE.
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Fig. 4.1 Chaotic attractor of system (4.2)
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ERRA Q) BFHRRTRH SE,7,7) i, R (4.2) B Jacobi HREH

g 4 4
z 0 X

6 Gz oY

J=

FIE TR
A+pA+pi+p=0 (4.11)
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Z=cx+e,yz+c—k(z+0.4185-0.7237i)
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A, =-1.4390-2.3095i F 1, =-0.0395+0.76251 , A FTA MM LHEH HE, T4,
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Fig. 4.2 The time response of status x(t), y(t) and z(#) when controlling system (4.14) to equilibritm
points using one feedback control meshod
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Fig. 4.3 Simulation results of controlling system (4.2) to limit cycles using one feedback control method
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(4.21), T2 (4.21) i) Jacobi 5FEH

a a a,
JSy=| z o z ,

a-kz Z o&y-kx-k,

BititH, Jh=-S5HMk=18, THRX 421) 1 Jacobi FEHEH=ZTHILRH
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Fig. 4.6 The time response of status x{f), y{f) and z(f) when controlling system (4.21) to equilibritm
points using two feedbacks contro! meshod
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Fig. 47 The time response of status x(f), »{(¢) and z(f) when controlling system (4.23) to equilibritm
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