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PHAN NHANH CUA CHU TRiINH CHUA HAI PIEM
CAN BANG VOI PIEU KIEN CONG HUONG
TRONG MO HINH POI LUU NHIET
Nguyén Hitu Khéanh '

ABSTRACT

We study a bifurcation of codimension-two equilibria occurring in a thermal convection
model, and relating to heteroclinic cycles with a resonant condition among eigenvalues of
the equilibria. By a combination of Lyapunov-Schmidt method, foliation and dynamical
system theory we completely analyze bifurcation phenomenon. Numerical investigations
by using the software AUTO and Mathematica show the correctness of the obtained
results.
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Title: Bifurcation of heteroclinic cycles with a resonant condition in a thermal
convection model

TOM TAT

Chiing t6i nghién cieu hién twong phan nhanh cia cdc diém can bang véi doi chiéu 2 xdy
ra trong mé hinh doi leu nhiét, lién quan dén chu trinh chira hai diém can bang véi diéu
kién cong huong trong cdc gid tri riéng cia diém can bang. Bang cdch két hop phwong
phap Lyapunov-Schmidt, phép phan thé va ly thuyét hé dong luc ching t6i phan tich mot
cach day du hién twong phdn nhanh. Khdo sat s bang cdc phan mém AUTO va
Mathematica khdng dinh tinh diing dan ciia cdc két qua nhdn duoc.

Tir khoad: diém cdn bang, phin nhdanh, chu trinh noi hai diém cdn bang

1 PHAN GIOI THIEU

Dong dbi luu Rayleigh-Bénard 1a mo hinh d6i luu cua ting chét long duoc ddt tir
phia dudi. Day 1a mé hinh vét Iy don gian nhat minh hoa cho sy chuyén tiép dén
cac hién tugng nhiéu loan. Gan day, co nhiéu md hinh toan hoc duogc dua ra dé mo
phong dong ddi luu nay. Chung t6i nghién ciru mét mé hinh ddi luu nhiét duoc dé
xuét boi Busse [2]. M6 hinh dugc biéu dién boi mot hé bon phwong trinh vi phan
phu thudc vao hai tham sé R (s Rayleigh) va P (sé Prandtl).

Bai bdo tap trung nghién ctru phan nhanh toan cyc cua diém can bang ddi chiéu 2,
lién quan dén chu trinh chira hai diém cén bang (heteroclinic cycle) voi diéu kién
cong huong xdy ra trong cac gia tri riéng cua cac diém can bang Phan nhanh lam
thay d6i dong luc cua cac chu trinh tir trang thai "hat" sang "day".

Phan nhanh cta chu trinh chira mot diém can bang (homoclinic cycle) da duoc
nghién ctru bdi Robinson trong [7] va Chow cung cac cong sy trong [3]. Robinson
xét v6i £2-dbi xting va phat hién ra tdm hut hinh hoc dang Lorenz xuét hién trong
truong vecto. Chow xét phan nhanh trong trudng hop khong déi xtng va thém vao
diéu kién cong huong ddi voi cac gia tri riéng. Trong bai bdo nay ching t6i mé
rong ddi twong nghién ciru ciia Robinson va Chow ra ddi véi chu trinh chira hai
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diém can bang. Cac két qua nhan duoc cho ta cac thong tin chinh xac va day dua
hon vé hién twong phan nhanh. Ngoai ra, chiing toi chimg minh dugc rang ton tai
mot hé s6 a, ma phu thudc vao né trudong vecto cé hai hién tugng phan nhanh: mot
loai lién quan dén tam hat dang Lorenz khi a > 1 va mot loai chtra sy tich tu céc
dudng cong phan nhanh cia chu trinh néi hai diém cén bang khi 0 <a < 1.

Phén tich 1y thuyét duoc thyc hién thong qua phuong phap Lyapunov-Schmidt va
phép phén th¢ (foliation). Khao sat s6 bang cac phan mém Mathematica va AUTO
cho thay cac két qua nhan dwoc phu hop voi phan tich Iy thuyét.

2 MO HINH POI LUU NHIET

Dong d6i lwu Rayleigh-Bénard xay ra trong mot ting chat 1ong ndm ngang duoc
d6t tir phia dudi. Nhiét do tai bién trén va bién dudi la 7,va 7, (v6i 7, > 7). Khi
tang nhiét do sai khac gitta hai bién thi tinh bat &n dinh dau tién xay ra, mot mau
cudn xuét hién thay thé cho trang thai tinh cua dong. Tiép tuc ting nhiét do sai
khac thi tinh ddi ximg ctia miu cudén mat di. Khi d6 mot miu gidn nghiéng xuat
hién va thay thé cho mau cudn.

Dong ddi Iuu duoc cho boi cac phuong trinh Boussinesq, trong d6 truong van toc
dugc phan tich thanh cac thanh phan cyc ¢ va thanh phan xuyén v, dai lugng sai
khac nhiét do trong dong tuyén tinh cho boi 0. Khai trién Fourier cac thanh phan
nay ta nhan dugc mot hé bon phuong trinh vi phan phu thuéc vao hai tham sb
Rayleigh R va Prandtl P (xem [5]):

M, Cl = (R-R)C - Clzalz i a14C2 G - 4,656,
M, C: = (R-R 1)C-C zazz i — GGG -q,CG6 - q,GG, 6]
M,C, = (R-R)C,-C Za3, : a34CC -q,C,G,

) 2

G —

TG+t 2t
16 16 16
Cic hé s6 ¢, a; phu thuoc vao R P va R,=(z’+|k,[))/|k, P,

M, =(1+P)x*+|k, ")/ |k, >, vOi vécto song k, = (nz/4,7/2),n=1,2, 3.
Céc bién C,, C,, C;, G trong h¢ (1) quyét dinh trudng van toc va nhiét do ciia md
hinh. S6 Rayleigh R ty 1& véi nhiét do sai khac, con s6 Prandtl P lién quan dén d
nhot cua dong.
Heé (1) d6i ximg ddi voi hai phép bién doi tuyén tinh
R 2 (Cl 5 C2 ) C3 5 G) (Cl 7_C2 5 C3 7_G)

Géc O luon 1a diém can bang v6i moi gia tri ciia R va P. Piém can bang nay tuong
ung vdi trang thai khong d6i luu. Sy mat 6n dinh cua goc O xay ra tai phan nhanh

Pitchfork R=R, =§ﬂ4. V6i R 16n hon gia tri ndy, hé c6 hai diém can bang O, 1a
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0, = Ry(0y) trém trye C, véi toa dd €, = +- :”3 /R_%:;# Cac diém can bing nay

tuong ing v4i mau xoay.

3 PHAN TiCH PHAN NHANH

Trong phan nay ta nghién ciru phan nhanh lién quan dén chu trinh chira hai diém
can bang O va Oy (hoac O,) voi di€u kién cong hudng xay ra trong cac gia tri riéng
cua chung Céac duong cong phan nhanh dugc xac dinh nhd phuong phap
Lyapunov-Schmidt.

Trong m6 hinh cho boi hé (1), phan nhanh xay ra tai cac diém E; (690. 68, 0.68) va
E, (688 0387, 0.5499) trong mat phang tham sb (R, P). Véi cac tham s6 gan diém
cac diém phan nhanh E; hoic E,, goc O ¢6 cac gia tri riéng chu yeu thuc A, <0 <
Ay va O ¢o cac gia tri ri@ng chu yéu thuc v, < 0 < v,. Phan phénh dbi chiéu 2 cua
céc chu trinh chira hai diém can bang dugc quyét dinh bai diéu kién cong huong
AgVg - Ayvy = 0.

Ta ki hi¢u tdp hop cac phuong trinh vi phdn (1) boi X=X, (x) v6i
x=(C,,G,,C;,G) VA y =(R,P).

R, (I T

Hinh 1: Chu trinh ndi hai diém cin bing véi y gin v,

Goi yo la diém phan nhanh E, hoac E,; va goi I' 1a chu trinh chira O va O;. Do tinh
doi xung, c6 bon chu trinh d6i xung chira O va O, hodc O va O,. Gid st I khong
thudc da tap 6n dinh manh cua O va I khong 14 chu trinh noi hai di€ém can bang
lat nghiéng.

Dit & = (Ayvs) / (Ayvy) -1 va p 1a khoang cach mang dau giita da tap khong 6n dinh
W"(0,) ciia O; va da tap 6n dinh W*(0) ctia O trong mot thiét dién cit ngang
dong. Theo két qua chimg minh & cac phan sau, qué trinh phan nhanh c6 thé duoc
xac dinh boi anh xa

1+e

)= (n+ alx[)sign(x). 2

Gia tri cua a phu thude vao tinh toan cyc ctia dong. Coé hai hién tuong phan nhéanh
khac nhau phu thudc vao 0 < a < 1 hay a > 1. Cac két qua khao sat so cho thay
rang 0 <a<1tai E, vaa>1 tai E,.

3.1 TruonghgpO0<a<1

Khao sat s6 cho thay tai diém phan nhanh E; hé s6 a thoa didu kién 0 <a < 1.
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® Dinh li 1. Cho{X } la mot ho truong vecto voi y gan ¥, va a la tham s6 trong
(2). Khi0<a<1, 16n tai mot tham sé hod déi véi cac tham sé (u,&) dan dén mot
biéu do phdn nhéanh dwoc mé ta dwdi ddy. Biéu do chira cdc dwong cong phdn
nhdnh tie quy dao néi hai diém cdn bang dau tién Het,.

(D=sa= 1)

Het 2
e Het, 1 dudng cong cua cac quy dao gan T'UR,(T') ndi O véi O;.
e SB la duong cong phan nhanh bé gy ddi xtmg cua cac quy dao tuan hoan.
e SN la dudng cong phin nhanh saddle-node ciia cic quy dao tudn hoan gan I'.
e PO, va PO, 1:21 cac duong cong gﬁa cac quy dao ndi O, (hodc O,) véi cac quy
dao tuan hoan doi xting va khong doi xing.
* X, c6 tap bat hyperbolic riéng phan A chira O, O;, O, ndm trong vung gi¢i han
b1 PO] va P02

Pinh 1i 1 dugc chitng minh qua céac budc dudi day.
3.1.1 Anh xa quay lai (return map)
Chon hé toa do phu thugc tham s6 x=(x,,x,,x,)cR*xRRR trong lan can du
nho ciia gbe O sao cho

DX (0):Ax“i+/19x9i+/1uxui,
r o T o 0ox

trong d6 pho ciia 4 c6 phan thyc nho ;;O’n A . Taxgié su déiuxfrng R, duogc cho bdi
R, (g5 % %,) = (Rx g, x,,—x,)

v6i R 1a mot phép ddi hop.
Chon mot thiét dién cat ngang X gan gbc O véi toa dd x, =5 khong doi. Ding
(x,,x,) cho toa do cuia hé han trén 2.
Goi IT 1a anh xa quay lai trén X. Ta s€ khai trién tiém can cho IT theo mot hé toa do
thich hop trén X.
® Ménh dé 1. Ton tai mot hé toa do tron x = (x,,x,) trén X sao cho IT dugc cho
bdi khai trién dudi day. Khi x, >0,

q(x)"" +0( %, [*)
pta(x)" +0(x, ')

v6i @ > 0. Khi x, <0, IT dugc xac dinh bdi ddi xtung, I1=9R,oI1-R,. Trong cac

H(xss s xu ) = ( (3)

biéu dién trén thi 1, € phu thugc mot cach tron theo y va triét ti€u khi y = y,. Ngoai
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ra, ¢, a phu thudc tron theo y va a = 0. Céc sb hang cip cao O( x, ") 1a ham

0,1+®

trong C
Chirng minh:
Anh xa quay lai IT 1a sy hop thanh cua hai anh xa chuyén tiép dia phuong gan O,
O, va hai anh xa chuyén tiép toan cuc. Chon cac thiét dién Y. = KD e gan O va,
"LYM gan O Pat 7,0 X - XM, 7, X" - Y™ 14 cAc anh xa chuyén tiép dia
phuong gan O, O, va 7y, : 20" = X', 7, : 20" — X1a cée anh xa chuyén tiép toan
cuc. Ta thiy Ty, » 7o 1a cac vi phdi va z, 7, 1a cac khai trién tiém can gan O, O,.

Khi d6 1= 7,07, o7 o7, . Chon toa do thich hop (x

8§82 u

x,) trén X, voi x, >0 ta
nhan duoc
My = [ 460 +00, 1) J
pa(x,)" +0(x, )
trong d6 w >0 va g, a phu thudc tron vao y.
Khi x, <0, dung tinh d6i xtrng R, ta nhan dugc bicu thitc choIl =R, o IT-R,.
3.1.2 Phuong trinh phdn nhdanh
Trong phan nay, ta dung phuong phap Lyapunov-Schmidt (xem [3]) dé tim cac
phuong trinh phan nhanh cho quy dao tuan hoan va quy dao ndi hai diém can bang.
Xét phuong trinh cho quy dao x = {x(j): j€Z} véi
x(j + D) —-TI(x(})) =0. )
Goi S(Z,%) l1a tap cac ddy Z — 3 véi chuan sup. Phuong trinh (4) ¢6 thé
viet gon lai dang O(x) = 0, v6i @:S(Z,%) — S(Z,%). Ta nhan dugc mot tdp hgp cac

phuong trinh cho cac quy dao tuan hoan:
x(1) ~II(x(0)) = 0

x(2)=TI(x(1)) =0

X(N)=TI(x(N 1)) =0.

Trong toa d x = (X, Xy), 201 P 1a hinh chiéu truc giao vao anh
Ime(D |x =0 -
= Ménh dé 2. Phuong trinh (/ - P)® =0 c6 thé giai cho X, nhu 1a ham cua x, va
tham s y. Thay vao P® =0 ta dwoc phuong trinh phan nhanh rit gon
l+¢ 1+a
X, =(u+alx, ; [")sign(x, ) +O0(|x, [[7),
Ay

=-1, X = {x)

U Vll

trong 46 ® >0, ¢=

Chirng minh
Téach phuong trinh ® =0 thanh phuong trinh (/ - P)® =0 va PO =0.
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Biéu thuc tiém cén cua IT duge cho & dinh 1i 1. Vi IT phu thudc vao x, nén ap
dung dinh li ham an ta duoc

Dy oy GG HD =TI |, (jonr=0 = {

3.1.3 Cac dwong cong phdan nhanh

10 o]
010

i) Duong néi hai diém cin bang
Phuong trinh phan nhanh rat gon cho quy dao tuan hoan don gan I' c6 dang

x, = p+ax) + 0. 5)
Khi p = 0, phuong trinh ¢6 nghiém x, =0 v&i moi €. Tt 13, quy dao nbi hai diém
can bang nguon ton tai doc theo duong {p =0} (ing véi Het,).
Phuong trinh phan nhanh cho duong ndi hai diém can bang khong dbi ximg chira
OvaOsla

—p—a(-u)" +O0((-p)"**)=0.
Gidi phuong trinh nay, ta dugc

U= —aV 4 o(a_l/g)
voie<0khi0<a<l1lvag>O0khia>1.
i) Phdn nhdnh saddle-node ciia cdc quy dao tuan hodn
Dé xét phan nhénh saddle-node cua cac quy dao :[uﬁn hoan hoan don ta dung
phuong trinh (5) va mt phuong trinh thém vao boi lay dao ham (5):
1 = (+&)axi+ O(x). (6)
Khi € >0 va 0 <a < 1, phuong trinh (6) khong thé c6 nghiém x, >0 danho. Khi €
<0, giai phuong trinh (6) bang dinh 1i ham 4n ta dugc
X, = la_l/‘g-i- o(a™?). 7
e

Theo dinh li ham én, tir phuong trinh (5) ta c¢6 thé gidi ra p nhur 1a ham ciia x, va e
. Két hop véi (7) ta nhan duoc
u = Eqey o(a_l/‘g)
e

voie<0Onéul0<a<lvae>0néua>1.

iii) Phdn nhanh bé gdy doi ximg ciia cdc quy dao tuan hoan
Diéu kién cho phan nhanh bé giy d6i xting cta quy dao tuan hoan la
—p—ax" +O0(x"**) = x ®)
—a(l+&)x* +0(x°) = -1
€))
Véi € <0, giai (9) theo x bang dinh 1i ham an, ta dugc x = éa‘l/‘g + o(a?).

Thay vao (8) ta nhén dugc duong cong phén nhanh cho phén nhanh bé gay
doi xirng
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u= —ga_l/‘g +o(aV?)
e

voie<0OnéuO<a<lvae>0néua>1.

3.2 Truong hgpa>1

Khao sat s6 cho thdy tai diém phan nhanh E, hé s6 a thoa a > 1. Trong trudng hop
nay ta xét phan nhanh xay ra véi € > 0.

Bang cac phuong phéap twong tu nhu trén, ta nhan dugc dinh 1i dudi day.

® Pinh Ii 2. Xét ho céc trudng vecto {Xy} v6iy gan y, . Khi d6 ton tai tham sd
hod cta cac tham s6(u,&) dan dén mét biéu do phan nhanh dugc mo ta dudi day
cho hai truong hgp 1 <a<2vaa>2.

Het,

PO (l<ax?)

e Het, 1a duong cong phan nhanh cua chu trinh ngudn chira O va O,.

e Het, 1a duong cong phan nhanh ciia cac quy dao gan T'UR,(I") ndi O, vdi O.
e SB 1a duong cong phan nhanh bé gy ddi xtmg cua cac quy dao tuan hoan.

e SN 1a dudng cong cua phan nhanh saddle-node cua cac quy dao tuan hoan.

e PO 1a dudng cong phan nhanh cta quy dao ndi O, véi quy dao tuan hoan.

4 ANH XA KHOANG

Phuong phap Lyapunov-Schmidt sir dung ¢ phan trén chi cho phép ta xac dinh cac
dudng phan nhanh cia cac quy dao tudn hoan. Phuong phap nay khong cé tac
dung khi nghién ctru dong luc nhiéu loan. Thay vao d6 ta s& dung phép phan thg
(foliation) bat bién. Trudng vecto duoc phan thanh cac thé roi nhau va ¢ giao véi
thiét dién cat ngang dong 1a cac 1a. Bang cach dong nhit cac diém trén ciing mot 14
ta s€ gidm s6 chiéu cua khong gian va dong lyc nhiéu loan duoc xét thong qua mot
anh xa khoang.

4.1 Rit gon vé anh xa khoéng

= M¢nh dé 3. Anh xa IT thira nhan mot C™* phan thé 6n dinh F* (v > 0) vdi sd

doi chiéu 1. Anh xa rut gon trén cac 14 c6 dang
f(x)=sign(x)(u+alx[*)+0(x[*) (10)

véi o > 0.

Chirng minh

Su ton tai ciia phép phan th¢ F* nhan duoc tir [1]. Phép phén thé 61} dinh cho phep

ta rut gon anh xa quay lai vé mot anh xa khoang bang cach dong nhat cac di€m trén

14. Chon mot dudng cong o, trong thiét dién X cat ngang cac 14 ciia phan thé 6n
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dinh manh. Goi 7:¥ — o, 14 hinh chiéu doc theo cac 14 ciia F* . Ta thiy nla C™*".
Anh xa khoang rut gon dugc dinh nghia.
f=mell|, . (11)

Theo 1y thuyét hé dong luc, ton tai mot da tap trung tam dia phuong #,>*(O) chira
duong cong o,. Goi X°" la thiét dién gan gbc O va cat ngang quy dao néi O va
0,. Pit o, =W (0)" X Theo [1], ton tai C'*" toa do trén o, (véi v > 0) va
o, sao cho anh xa chuyén tiep dia phuong ¢:o, — o, trong toa d nay cho boi
¢(xu)=x;ﬂs/ %, Dong t6i clia o, xac dinh phan cia da tap trung tim gan O;.
Tuong tu, mot anh xa chuyén tiép dia phwong trén da tap trung tim dia phuong
nay gan O, dugc cho boi w(y) = y‘i“/ “ trong toa do C™ thich hop (vdi v > 0).
Anh xa chuyén ti€p doc theo quy dao nodi hai di€m can bang O va O, 1a vi phoi.
Anh xa khoang cho & (10) dugc cau thanh tir 4nh xa chuyén tiép dia phuong va
phép chiéu C'. Anh xa c6 biéu thirc

F(x) = p+ax™ +O(x"). (12)

Do phép dbi xting f(—x) = —f(x), ta suy ra diéu phai chimg minh.

TU 4nh xa (10), ta c6 anh xa thay doi ty 1& g(¥) =sign(¥)(a+| 3™ + O( % [*)).
Dung phép d6i xting ta nhan dugc anh xa mot kiéu x — a+| ™% +0( %) . Anh
xa nay dugc nghién ctru trong nhiéu bai bao, dic biét trong [6]. Cac két qua khang
dinh trong trudng vecto ton tai tam hut la.

4.2 Tép hop hyperbolic riéng phén
Khi 0 < a < 1. Tir cac két qua trén, ta thdy tap hyperbolic ky di bat dau xay ra tir
dudng cong u=—(2)"" +o((%)*). C6 dinh € va cho p thay ddi, thuc hién cac

phép lap cho vf(x)‘bz‘“lng Mathematica ta nhan dugc piéu d6 phan nhanh. Ba diy den
dam trong biéu do Gng vai tap hyperbolic riéng phan.

Hinh 2: Biéu dd phan nhanh chi ra tip hyperbolic riéng phin ciia 4nh xa f
(v6i a =0.5, ¢ =-0.15). Hang dudi 1a 4nh cia f'tai cac gia tri phan nhanh
ung véi Het,, HetP,, HetP;
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4.2 Tam hut Lorenz

Khi a > 1. Tuong ty nhu trén, ta phat hién ra dong luc nhiéu loan trong anh xa
khoang. Trong mo6 hinh xuat hién tdm hut la c6 dang Lorenz chira cac diém can
bang O, O,, O, va nam trong vung gidi han bdi cac duong Het, va HetP.

0.001 |
0.0005
-0.0002

-0.0005 |

-0.001

Hinh 3 : Biéu d phin nhanh dwgc tim bing Mathematica chi ra tim hiit ciia
anh xa f (v6ia=2.5,¢=0.1). Hang duéi la dnh cia ftai cac gia tri phin nhanh
ng voi HetP, Het, , Het;

5 CHU TRINH CHUA MOQT PIEM CAN BANG

Phéan nhénh cta cdp chu trinh ndi mot diém cén bang (homoclinic cycle) voi cau
hinh dang canh budm xéy ra trong mé hinh tai diém H trong mit phang tham s6
ung voi R = 708.05, P = 0.85. Ta xem phan nhanh nay la treong hop dac biét khi
diém can béng O trung v6i O,. Khi d6 Het; = Hom;, Het, = Hom, va biéu dd phan
nhanh ¢ dinh 1i 1 v6i 0 <a < 1 tré thanh biéu dd sau:

roy

Horm,

Hinh 4: Biéu d6 phan nh4nh ciia chu trinh ndi mot diém can bing véi 0 <a <1
Biéu d0 trén bao gom céac két qua ciia Robinson trong [7] va Chow trong [3]. TAm
hat dang Lorenz ma Robinson phat hién nam trong vung gidi han baoi hai duong
PO, va PO, ndi O; dén cac quy dao tuan hoan. Cac phan nhanh SN va SB khong
dugc phat hién trong biéu do phén nhanh ctia Chow.

6. KHAO SAT SO

Trong phan nay ta thyc hién viéc khao sat mo hinh bang phuong phap sd. Phan
mém AUTO dugc dung dé phat hién cac diém phan nhanh va xac dinh cac duong
cong phan nhanh. Phan mém Mathematica sitr dung cho viéc tinh toan. Céc hinh
dugc vé bang Matlab.
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Hinh 5: Biéu dé phan nhanh ciia chu trinh ndi hai diém can bing

Trong biéu dd phéan nhanh trén, truc hoanh va tryc tung biéu thi 5:8’10 gia tri cia R va
P. Het, 1a dudng cong cua chu trinh chra O va Oy. Do tinh doi xing R, va R,,
Het, ciing la duong cua duong chira 4 chu trinh nhu vay déi xting nhau qua ®, va
R,. Tir chu trinh ngudn nay, duong Het, dugc phan nhanh.

Lién tuc doc theo duong cong Het,, Auto phét hién ra diéu kién cong hudng xay ra
tai E; (R = 690.68, P =0.68). Tuong ty trén Het,, Auto phat hién ra E,
(R = 688.0387, P = 0.5499). Dya vao biéu do phan nhanh ta thiy E, Gmg v&i
truong hop 0 <a <1 va E, ting vdi a > 1. Gitra Het; va Het, 1a duong cong SB cua
phan nhanh bé giy ddi ximg cta cac quy dao tudn hoan. Cac tam hut la chta O,
0;, O, (xem hinh 7) dugc tim thay trong vung phan nhanh cua E,, gitra Het; va
Het,. Tam hut dang Lorenz tim thay trong ving phan nhanh cta E, vé phia phai
cua Het,.

Diéu kién cong hudng théa min doc theo dudng cong Re chura E,, E, (va Ej). Giao
cua duong cong nay va cac dudng cong cua chu trinh nbi hai diém can bang tuong
{mg véi cac chu trinh chira hai diém can bang trung tinh (trang thai trung gian giita
hut va déy).

Hinh 6: Tir trai sang phai: Quy dao tuin hoan, Het1 va Het2

015 0.4

o148 | 03 |

014 | oz |

o138 01 |
= aisa | -
o 033 € g o b
0.128 ~0.1

12 |
Lol -0.2 |

o118 0.3

o.11 . . |
-008 -004 002 O 002 004 008 04,8 —06 —04 02 © 02 04 06 08
C, Ca

Hinh 7: Tam hiat dang Lorenz va tim hut chira O, O, va O,
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6 KET LUAN

Céc két qua 1y thuyét ctia phan nhanh cia chu trinh chira hai diém can bang véi
diéu kién cong hudng trong bai bao nay da giai thich that chi tiét hién twong phan
nhanh trong mé hinh ddi luu nhiét, diéu ma khao sat sb khong thuc hién dugc.
Ngoai ra, Kkét qud nhan dugc 1a sy md rong cua phan nhanh cua chu trinh
homoclinic dugc nghién ciru bdi Chow [3] va Robinson [7]. Phuong phap
Lyapunov-Schmidt két hop phép phan thé trong bai bao c6 thé ding dé nghién ciru
cac bai toan phan nhanh khac.
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