DAI HOC THAI NGUYEN
TRUONG PAI HOC KHOA HOC

HOANG THI THOM

TAP THANG DU JULIA CUA
ANH XA NEWTON

LUAN VAN THAC SI TOAN HQC

THAI NGUYEN - NAM 2014

Sé hoa bai Trung tam Hoc liéu http://www.Irc-tnu.edu.vn/




DAI HOC THAI NGUYEN
TRUONG DAI HOC KHOA HOC

HOANG THI THOM

TAP THANG DU JULIA CUA
ANH XA NEWTON

LUAN VAN THAC S TOAN HQC

Chuyén nganh: Toan wng dung
M4 s6: 60 46 01 12

Nguwoi hwéng dian khoa hoc: PGS. TS. Ta Duy Phueng

Thai Nguyén, 2014

Sé hoa bai Trung tam Hoc liéu http://www.Irc-tnu.edu.vn/




DAI HOC THAI NGUYEN
TRUONG DAI HOC KHOA HOC
o0o

HOANG THI THOM

TAP THANG DU JULIA CUA ANH XA
NEWTON

LUAN VAN THAC SY TOAN HOC

Ma so:

Ngusi huéng dan khoa hoc: PGS. TS. Ta Duy Phuong

THAI NGUYEN, 2014



Lo1 no1 dau

Su ton tai ctia cac tap thing du Julia ctia cdc ham phan thitc bac tdi thieu bang
2 13 mot bai toan tha vi trong 1y thuyét lip cac ham phan thitc. Makienko da
giad thuyét ring mot ham phan thic c6 bac toi thiéu la 2 khong c6 tap thing
du Julia khi va chi khi tap Fatou ctia n6 ¢6 mot thanh phan hoan toan bat bién
hoac chi chita hai thanh phan. Nhung cho t6i nay mdi chi c6 mot sd két qua
rieng 18 tra 16i cho cau héi nay. Thi du, méi chi biét rang gid thuyét dung cho
16p cac ham phan thic ¢6 tap Julia lien thong dia phuong. Anh xa Newton tao
ra day lip clia cac ham phan thiic va do dé c6 thé nghién citu tap Julia ctia anh
xa nay nhu mot vi du ctia ham phan thitc. V6i mong muén tim hiéu mot van
dé thoi su va thi vi ctia gidi tich phiic va toan tng dung, toi chon: Tap thdng
du Julia ciia dnh xa Newton lam deé tai luan van cao hoc. Luan van sé trinh bay
tong quan vé Tap thang du Julia clia anh xa phan thitc va anh xa Newton.
Noi dung ctia luan van duge chia thanh 3 chuong.

Chuong 1: Nhic lai mot s6 1y thuyét lien quan nhu sé phitc, ham phan thrc,
ham giai tich, anh xa Newton ctia da thiic,...

Chuong 2: Luan vin trinh bay khai niém co ban vé tap Julia, tap Fatou, mot
sO tinh chat quan trong ctia tap Julia va tap Fatou, néu khai niem veé tap thing
du Julia ctia anh xa phan thiic, cia anh xa Newton,...

Chuong 3: Luan van trinh bay vé gia thuyét Smale, tinh hitu hiéu ctia phuong
phap Newton va chitng minh mot s6 dinh 1y quan trong trong chuong nay.

Hi vong luan van sé duge cac ban sinh vién va hoc vién cao hoc tham khao khi
nghién cttu 1y thuyét anh xa lip Newton va gid thuyét Smale.



LG1 cam on

Luan van dugc hoan thanh tai truong Dai hoc Khoa hoc Thai Nguyén dudi sy
huéng dan cia PGS. TS. Ta Duy Phugng. To6i xin duge gui 161 cdm on chan
thanh tdi cic thay co gido trong nha truong Dai hoc Khoa hoc Thai Nguyén,
cac thay co gigo day cao hoc chuyeén nganh Toan ting dung da gitp do toi trong
sudt qua trinh hoc tap.

Toi xin bay té long biét on sau sic t6i PGS. TS. Ta Duy Phuong, ngudi luon
chi bao, tao dicu kien va gitup dé toi c6 thém nhiéu kién thic, kha nang nghién
cttu, tai lieu trong sudt qua trinh thyc hién luan vin nay.

Cubi cling toi xin bay t6 long biét on tdi gia dinh, nguoi than da dong vien va
tao dieu kien dé to6i hoan thanh luan vin nay.

Thai Nguyén, thang 4 - 2014
Nguoi viét Luan van

Hoang Thi Thom
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Chuong 1

Mot s6 kién thitc chuan bi

Trong chuong nay, em nhic lai mot s6 1y thuyét lien quan nhu s6 phtic, ham
phan thic, ham giai tich, tinh kha vi ctia ham phic, 4nh xa Newton cua da
thic,...

1.1 S6 phiic

Mot s6 phitc z ¢6 dang a + ib v6i a,b € R (tap hop s6 thuc) va i = /—1. Tap
tat ca cac sé phitc duge ky hieu la C. Biéu dién lugng giac trong hé toa do cla
s6 phiic z = a +ib 1a z = |z|e? = |z|(cos + isinf) V6i |z| = Va2 + b2 duge goi 1a

modun cua z va khi a # 0,6 = arctan — duge goi la argument cua z.
a

Gid st u = p1e’® = py(cosfy +isinby) va v = pae’® = py(cos by + isinfy) 1a hai
s6 phtic trong biéu dién toa do cuc. Khi dé, biéu dién toa do cuc cua tich clia

u.v 1a
wv = prpoet®ritte) — ppo(COS(91 + 63) + isin(6; + 92)),

biéu dién toa do cuc clia tong z = u + v 1a

y=u4v = p1€i91 + pzew? = (p1cosb) + pa cosba) + i(p1 sin By + pa sin ba)

= |u+ v|(cos @ + isin §);

trong do

z| = |u + v

= \/ 1 cos 01 + p2 cos 62)? + (p1 sin by + po sin f2)?

(p
\/p%(cos2 61 +sin?6;) + p3(cos? Oy + sin? ) + 2p1 p2(cos B cos By + sin Oy sin fa)
Vot

+ p% + 2p1p2 cos(0 — B9);
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a p1cos b1 + pa cos by
cosf = — = > > :
] \/,01 + p5 + 2p1p2 cos(01 — 62)
_ b p18in @y + pasin by
sinf) = —

|| \/pf + p3 + 2p1p2 cos(by — 92).

1.2 Da thic phiic

Dinh nghia 1.2.1. Mot da thiic phic (hay da thic vdi hé so phic) P(z) c6 bac
n (ky hiéu la deg(P)) la da thic cé dang

P(2) = apz™ + an_12"" 1 + ... + a1z + ag
vdi a; la cdc so phite, i = 0,n, a, # 0.

Nhan xét
(a) Néu n =0 thi P 1a ham hiang,
(b) Néu n =1 thi P dugc goi 1a da thiic bac nhat,
(c) Néu n > 2 thi P dugc goi chung la da thiic phiic.

Dinh nghia 1.2.2. (Nghiém cia da thic phic) Gia si P la mot da thic phic.
Mot diém & € C dugc goi la nghiem (hodc khong diém) ctia P néu P(¢) = 0.

Dinh nghia 1.2.3. (Diém tgi han va gid try tdi han) Cho P la mot da thic co
bac toi thiéu la hai, diem € € C dugc goi la diém tdi han cia P néu P'(€) = 0.
Gia tri w = P(§) vdi € la diém tdi han cia P, dugc got la gua tri tor han cua P.

Dinh nghia 1.2.4. (Da thic phic monic) Mot da thiic P duoc goi la monic néu
hé s6 cao nhat cia P la 1, tic la

P=2"4a, 12" 1+ .. +a1z+ap.

d
Da thite monic c¢é dang la P(z) = [[(z — 2i) vdi z; (i =1,n) la nghiém cia P.
i=0

1.3 Ham phan thic

Dinh nghia 1.3.1. (Ham phan thic) Mot ham phan thic (hay dnh za phan
thitc) R : C — C la mot ham cé dang R(z) = %, vdi P(z), Q(z) la nhing da
thitc khac 0.

o) day, C = CU{oo} (ciing dugc ki hieu la C,) 1a miit phang phiic suy rong,
c6 tuong tng 1 — 1 v6i mot hinh cau tiép xtc véi mit phang phic tai diem A.
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Khi 4y, diém oo ctia mat phing phtc tuong tng véi diém A" xuyén tam dbi véi
A. Do d6, C ciing duge goi 1a hinh cau phiic.
Dinh nghia 1.3.2. (Bac cua ham phan thic) Bac cia ham phan thic R dugc
ky hiéu la deg(R) va dugc dinh nghia la
deg(R) = maz{deg(P), deg(Q)}.

vdi deg(P), deg(Q) la bac cua da thic P va Q.
Dinh nghia 1.3.3. (Diém cuc cia ham phan thic) Cho R la ham phan thic

P 7 -
co dang R(z) = %, vdi P(z), Q(z) la nhing da thic khac 0. Mot diéem zy € C

z

dugc goi la diém cuc co lap cia R néu =y la khong diém cia Q va ton tai lan
can Ul(zp), trong do Q(z) # 0,Vz # 2.
Cho R; va Ry 1a hai ham phan thic. Khi d6, bac cia da thic tich Ri.Rs bang
deg(R1) x deg(Rz).

b
Cho ¢ la m6t ham phan thic ¢6 dang (z) = Zjid

la mot ham phan thic bac 1 va ¢ dude goi 1a dnh za Mobius hodc phép bién doi

v6i ad — be # 0. Khi ay, ¢

song tuyén tinh.
Anh xa Mobius la 4nh xa 1 — 1 clia mit cau phic len chinh né. Do d6, ham
nguse ciia ¢ ton tai va dude ky hieu 1a 1.
Hop ctia hai anh xa Mobius 1a anh xa Mobius. That vay,
az+b
p(z) = -t d
ait + by
c1+dy ’

o(t) =

Suy ra, "
a% +b
o) =ole) = 2
_ (aay +bey)t + aby + bdy
~ (cay 4 dcy)t + cby + ddy
_At+B
- Ct+ D’

Dinh If 1.3.4. Cho T(z) = g b, a0, abeC. Khidé, T bién

a. Mot duong thang qua 0 léen mot duong thiang qua b,

b. Mot duong thang khong di qua 0 len mot duong tron di qua b,

c. Mot duong tron qua 0 lén mot duong tron khong di qua b,

d. Mot duong tron khong di qua 0 [én mot duong tron khong di qua b.
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Dinh 1i 1.3.5. Cho T(2) =az+b, a # 0, a,b € C. Khi dé, T bién
a. Mot duong thang len mot duong thdng,
b. Mot duong tron lén mot duong tron.

Hai dinh Ii trén chi ra cho ching ta tinh chat quan trong ciia anh xa Mobius.

Dinh li 1.3.6. Mot dnh za Mobius bién duong tron va duong thang thanh dudng
tron va duong thdng.

. b . . .
Chaing minh. Cho T(z) = ‘”i ~ I anh xa Mobius. Khi 6, T = Tyo Ty o Ty vi
(674
1
Ty(2) = ez +d, To(2) = =, Ty(2) = (b - “—d) >+ St dung cac Dinh If 1.3.4, Dinh
Z C C
1i 1.3.5 suy ra diéu phai chiing minh. O

Dinh 1i trén khong dang khi anh xa khong phai la &nh xa Mobius.

1.4 Lién hogp

Dinh nghia 1.4.1. (Lién hop-Conjugation, xem [5] trang 36) Cho R va S la hat
anh xa phan thic, R va S duogc got la lién hgp doi mot (hodc R va S la lién hop)
néu ton tai mot dnh za Mobius ¢ thod man ¢ o R = So .

Dinh nghia 1.4.2. (Dz’ém bat dong) Cho R : C — C la mot danh za , £ € C la
mot diém bat dong ciia R néu R(E) = €.

Vidu1.4.3.a Xét P(z)=2>—2+1. Khi do P(z) =2z 22 —z+1=2. Suy ra
z=1 la diém bit dong clia P.

b. Xét P(z) = 22 =32 +2. Khi d6 P(2) =2 22 —32+2 =2 & (2 —2)2 =2
& 2=2++2. Vay P ¢6 hai diém bat dong la =z = 2 + /2.

Dinh 1i 1.4.4. Cho R va S la hai anh za phan thic. Gia s, R va S la lién hop
sao cho: o R = Soyp. Khi do, € € C la mot diém bat dong cia S néu va chi néu
o~ 1(&) la diém bat dong ciia R.

Ching minh. Gia s, hai anh xa phan thic R va S 1a lién hgp doi mot. Va
¢ € C la mot diém bat dong cta S, tic 1la S(€) = €& Vi 9o o R = S o ¢ nén
R=¢1oSoyp. Vay

R(e1(€) =¢  oSoplp (&) =9 1088 = ¢ (¢
Suy ra, ¢~ 1(€) 1d mot diém bat dong cla R. O
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