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DONG BO HOA DONG NHAT CUA HE SIEU HON LOAN
BON CHIEU SU’ DUNG CACH TIEP CAN HAM NANG LUONG
HAMILTONIAN

IDENTICAL SYNCHRONIZATION OF 4D HYPERCHAOTIC SYSTEMS USING THE
HAMILTONIAN ENERGY FUNCTION APPROACH

Nguyén Nhu Hiéu'", Pham Ngoc Chung?
"Khoa Co khi - Co dién tir, Truong K¥ thuat Phenikaa, Pai hoc Phenika
2Khoa Khoa hoc co ban, Trueong Pai hoc Mo - Dia chat
Email: hieu.nguyennhu@phenikaa-uni.edu.vn™;
phamngocchung@humg.edu.vn

TOM TAT

Béng bo hoa cua hai hé dong luc la qua trinh ma o do ca hai hé diéu chinh trang thdi sao
cho chiing ¢é twong quan chdt ché véi nhau hodc tré nén cé vng xir giong nhau theo mét cach ndo
do. Poi voi hé cé chuyén dong hon loan thuwong nhay cam véi diéu kién dau va do dé irng xir rat
khdc nhau véi cac diéu kién dau khdc nhau, diéu dé lam cho ching twéng nhu la khéng thé dong bé
hoa. Su thuee la viéc dang bé héa hai hé hén loan la ¢é thé nhung viéc lywa chon tham 56 dang bo la
mét trong nhitng khé khan chinh. Trong nghién citu nay, cdc tdc gid sir dung cdch tiép cdn dwa trén
ham nang lu"ong Hamiltonian dé khao sat sw dong bé héa cia hai hé dong nhdt, tirc hai hé c6 dang
trwong vin toc glong nhau nhung khdc trang thai. He dwoc lwa chon la mot hé Lorenz bon chiéu c6
ddc diém chuyen dong szeu hon loan, mét mirc hon loan cao hon so véi hé Lorenz ba chiéu da biét.
Cac khao sat so duoc tién hanh dé khang dinh tinh hiéu qua cua cdc tin hiéu dong bo hoa.

T khoa: Hé siéu hon loan; Pong bé hoa; Nang lwong Hamiltonian; Quy dao pha.
ABSTRACT

Synchronization of two dynamical systems is a process by which both systems adjust their
states so that they are closely correlated or become similar in some way. Chaotic systems are often
sensitive to initial conditions and therefore behave very differently for different initial conditions,
which makes them seem impossible to synchronize. In fact, synchronization of two chaotic systems
is possible, but the choice of synchronization parameters is one of the main difficulties. In this
study, the authors use a Hamiltonian-based approach to investigate the synchronization of two
homogeneous systems, i.e. two systems with the same form of velocity field but different states.
The chosen system is a four-dimensional Lorenz system characterized by hyperchaotic motion, a
higher level of chaos than the known three-dimensional Lorenz system. Numerical investigations
are conducted to confirm the effectiveness of the synchronization signals.

Keywords: Hyperchaotic system; Synchronization, Hamiltonian energy, Phase portrait.
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NGHIEN CU'U - TRAO POI

1. GIOI THIEU

Béng bo hoa cua cac hé co chuyén
dong hon loan 1a mot noi dung hép dan cac nha
nghién ctru trong linh vuc dong luc hoc cua cac
hé phi tuyén va nhiéu linh vuc khac, co tGng
dung rong rai trong k¥ thuat va cong nghé nhu
truyén thong bao mat, cac hé cam bién, cac hé
co sinh hoc, robotics va diéu khién [1, 2]. C6
mot s6 kiéu ddng bo hoa phd bién nhu dong bd
héa ddng nhét, dong bo hoa tré thoi gian, dong
bo hoa pha, dong bd hoa tong quat hoa [3]. Doi
voi déng bo hoa déng nhét, hai hé déng bo hoa
c6 cuing mot dang biéu dién véc to truong dugc
lién két v&i nhau thong qua mot s6 hang phan
hdi tuyén tinh hodc phi tuyén. Dong bo hoa tré
thoi gian 14 loai dong bo ma hai hé lién két voi
nhau dat duoc su déng bo hoa véi mot khoang
tré thoi gian giita chung. N6 ¢6 thé xuat hién
trong cac (mg dung truyén tin hidu qua kénh ¢
do tré, trong d6 bén nhan tin hiéu (hé dap tng)
s& bi tré thoi gian so voi bén phat tin hiéu (hé
dan dat). Dong bo hoa pha 1a dang dong bo hai
hé ma ¢ d6 chi co pha dugc dong b con bién
d6 co thé khong nhat thiét giéng nhau. Trong
cac hé hon loan, tin hiéu thuong khong co tinh
chat tuan hoan va do d6 dong bo hoa pha can
str dung céac k¥ thuat dic biét [4]. O dang tong
quét trong bai toan dong bd hoa, ngudi ta co thé
dua vao cac tiéu chuan dong bo ma & d6 quan
hé giira hé dan dit va hé dong bo (bi dan dit)
c6 thé co lién két v6i nhau thong qua mot biéu
dién ham [5]. Trong nghién ctru ndy, cac tac gia
tap trung vao van dé dong bod hoa dong nhat
ctia hai hé ddng nhat bon chiéu c6 chuyén dong
hdn loan. Hai hé nay c6 cung dang biéu dién
tredng nhung c6 lién két tuyén tinh voi nhau.
Hé co chuyén dong hodn loan co dic trung )
mil Lyapunov mang dau dwong. Di véi cac hé
c¢6 nhiéu hon mot sé mil Lyapunov duong, tirc
1a tbi thiéu hai s6 mii Lyapunov duong dugc
g0i Vi cai tén siéu hon loan [6]. Cac hé siéu

hdn loan co s chiéu 16n hon hodc bang bon.
Viéc déng bd hoa cac hé hdn loan ba chiéu
da dugc nghién ciru trong nhiéu tai liéu. Tuy
nhién, d6i voi cac hé siéu hdn loan, viéc déng
bd hoa ciing dugc quan tdm nghién ctru. Trong
nghién ctru ciia Peng va dong nghiép [7], hai hé
ddng nhat c6 chuyén dong hdn loan duoc dong
bd hoa str dung mot k¥ thuat chon ma tran trong
ciu truc lién két giira hai hé. Cac hé siéu hon
loan con ¢6 thé dat duoc déng bd hoa trong mot
nghién ctu thyc nghiém trén mach dién duogc
thuc hién boi Tamasevicius va dong nghiép
[8]. Tiém ning cta hé nhiéu chidu ndi chung
va hé bdn chiéu ndi riéng, c6 tinh chat chuyén
dong hdn loan 14 rat 16n trong cac tng dung ky
thuat [1, 2, 4]. Mot diém kho khan trong ddng
b héa hé 16n hon 3 chiéu ndm & s6 chiéu 16n,
dan dén tinh chét hdn loan manh hon so v&i hé
ba chiéu. Piéu d6 din dén lya chon mién hop
1y cta tham sd lién két dam bao su dong bo
hoa 1a twong ddi kho. Trong nghién ctru nay,
cac tac gia dé& xuit xdy dung mot phuong phap
ddng bo hoa ddng nhit dya trén khai niém ning
luong Hamiltonian cho mét hé siéu hon loan
bén chiéu. Day 1a cach tiép can cho phép tim
mién tham sb cua hé s lién két dé hai hé déng
bd hdéa mdt cach hi¢u qua.

2. THIET LAP PONG BQ HOA PONG
NHAT CUA HE NHIEU CHIEU

Ta xét hé 6-t6-ndm nhiéu chi€u tong
quat hoa c6 dang sau:

X=f(X) (1)

Trong do, X=[x, x, X, ]T eR”
la véc to trang thai phu thudc thoi gian t, f:R?
— R"1a mot ham tron, phi tuyén n chiéu va chi
phu thudc vao véc to trang thai X. Vécto fcoy
nghia nhu mot truong van tdc ciia hé. Nguoi ta
da chira r?mg, v6i1 hé 6-t6-ndm (1), tdn tai mot

ham v6 huéng H = H(X) phu thudc bién trang &
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thai, goi 1a ham nang luong Hamiltonian sao
cho:

H=VH" (X)f,(X) (2.1)

VH (X)f,(X)=0 (2.2)

Trong d6, theo dinh ly Hemholtz [9],
truong van téc f ¢ thé dugce tach thanh hai
truong véc to fg va f, voi f = £(X) duge goi la
treong tu do doi véi do phan ky (divergence),
tuc 1a khong dong gop vao do phan ky cua hé,
con f, = f (X) la truong gradient mang theo toan
b do phan ky cua hé. HE (1) duogc goi 1a hé dan
dit, 1a mot hé doc 1ap, va dau ra cia no co tac
dong dén mot hé khac duogc goi la h¢ dé)ng bo
hoa, hay hé bi dan dat. Néu hai hé nay co6 dang
tredng véc to gidng nhau, ta goi 1a ddng bd hoa
ddng nhat. Gia sir hé dong bd hoa dong nhét
ctia hé dan dat (1) c6 dang sau day:

Y=f(Y)+K(X-Y) 3)

Trong do, ma tran K dugc goi 1a ma tran
lién két, con goi 1a ma tran phan hdi, chtra céc
tham s hing sb. Trong nhiéu tinh hudng ma
tran K c6 thé duoc léy la mdt ma tran duong
chéo ma cac phan tir clia n6 1a bang nhau va
bang y. Goi P(y) 1a ham chi phi ning luong
trung binh dé duy tri mic d6 dong bo hoa cua
hé dong luc. Mtrc do déng bo héa dat duge néu
chuén sai sé”X - Y” tién dan vé 0 khi thoi gian
t du 16n. Ham P(y) dugc xac dinh nhu sau [9]:

P()=-(viT(X)E,(X)) @

Trong do, <> ky hiéu trung binh theo
thoi gian cua ham. Trong phan sau, ta s€ st
dung céach tiép can dya trén ham nang lugng
Hamiltonian & trén dé déng bd hoa mot hé bén
chiéu, goi la hé Lorenz bdn chiéu.

3. PONG BO HOA HE LORENZ BON
CHIEU DUA TREN HAM NANG LUQNG
HAMILTONIAN

Xét hé Lorenz bdn chiéu [10], sau day
dugc chon 1a hé dan dit véi bién trang thai
X= [x yz w] :

)'c=a(y—x)
y=bx—cy—xz+w

(5)
z=—dz+xy

w=—ky—rw

va hé dong bo hoa hay hé bi dan dit véi bién
trang thai Y = [xr y, z, wr] :

xr:a(yr_xr)-’_}/(x_xr)
yr:b‘xr_cyr_xrzr+wr+7/(y_yr)
z,=—dz, +xy,+y(z-z)

(6)

W, =—ky, —rw, +y(w-w,)

Tir biéu dién cua truong véc to, ta co
thé chon cac phan tir 1ay toan bd d6 phan ky ciia
hé dé thiét lap ham £, tirc 1a ta s€ chon ra céac )
hang lam cho phan ky khac 0 trong ting thanh
phan cta truong. Cu thé, cac thanh phan sau
dugc chon: [—ax, —cy, —dz, —tw]" ¢6 d6 phan ky
tuong tng 1a tong ciia cic dao ham riéng cia
timg thanh phan ciia trudng theo cac bién x, vy,
z, w tuong ung:

div(f)=df, / ac +3f, | v+, ) Gz +8, | ow=-a—c—d -r ;

cac phan tir con lai clia truong s& thiét
lap ham f_la tu do doi voi dO phéan ky:

b _ _ T
[ay X—XZ+W Xy ky] 7

f =
f,=[-ax -cy -dz —VW]T
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Phuong trinh dé xic dinh ham
Hamiltonian H dugc tim dua vao phuong trinh
(2.2):

ay%—lz+(bx—xz+ w)%—f+xy%—ij+ (—ky)% =0 (8)

Nghiém H thu duogc tr (8) c6 dang sau
day:

H=—|—x"4+y"+z"+— 9
2( ax Vi +z kW )

Pao ham cua ham nang luong H doc
theo quy dao ctia hé dan dat dugc tim la:

szxz—cyz—dzz—éw2 (10)

Ham ning lugng H_cua hé dong bo hoa
thu duoc bang cach thay vécto X =[x y z w|'
boivéctoY =[xy z w]', thc la:

H=—-—x"4+y " +z " +—w 11
' 2( a & "ok (1

Su dong bo hoa ciia hai hé phan dnh
rang ham ning luong H cia chung phai tiém
can dén nhau va do d6 s& khong con phu thudc
vao tham s lién két y:

lim(H, -H)=0 (12)

y—>®©

Ning luong can thiét, tirc muc hao phi
nang lugng can thiét dé duy tri sy dong bo hoa
la:

P(y)= —<VHT (X)f, (X)> =bx’ —cy’ —dz’ —%wz (13)

Két qua dong bod hoa dua trén ham ning
lwong va muc hao phi ning lwong dé duy tri su
ddng bo hoa duge minh hoa bang mé phong sb
trong phan dudi day.

4. KET QUA SO VA THAO LUAN

4.1. Chuyén ddng siéu hén loan ciia hé
Lorenz bon chieu

Hé Lorenz bon chiéu (5) dugc giai bang
thuat toan sd Runge-Kutta bac bdn, véi céc
thamsba=12,b=23,c=1,d=2.1,k=6,r=
0.2. Biéu kién dau duoc chon 1231, X,=[0021
1]". Thoi gian mo phong dugce lay 1a 1000 (dvt:
g0i 1a don vi thoi gian cho tong quat), bude thoi
gian 14 At=0.01. Trén Hinh 1 hién thi tién trién
theo thoi gian cua cac nghiém x, y, z, w cia hé
dan dit. Vi cac tham s duoc chon & trén, hé
duogc chi ra 1a ¢6 tinh chat chuyén dong siéu
hén loan (hyperchaos) boi vi hé ¢ hai s6 mii
Lyapunov dwong, mot sé mil bang khong va
mot s6 mii 4m [10]. Dang diéu theo thoi gian
ciia mdi dap tmg khong c6 bat ky su lap lai nao
ma la sy phong phu ctia cac dao dong ma &
do ching van luén bi chin trong mat mién dao
dong nao d6. Bé minh hoa ré hon vé sy phong
phu ciia dao dong mang tinh chat hdn loan, biéu
dién trén cac miat phang pha x-y, y-z, z-w, X-w
cua ung xu hé dugc trinh bay trén Hinh 2.

= o s ’ A M, JOA o "".Ir'l W . -,IIJ'..z'-_._.‘IV'._,L ! f"n."l'-' JAAN A -,_..-'I'\. f
N E W % M X MW B 40 45 &
“ [ -] 1] - F = 1 x5 iL L 1]
20 o AMAI oo AP AAAM o+
. Al = 50
b
¥
o 11 x Ll 4
Thil gian t

Hinh 1. Tién trién theo thoi gian ciia déap img x, y,
z, w trong hé Lorenz bon chiéu
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[a} = ] IR

i) ¥ 1d] 523

Wl
1] | |
1 &
3

.--Il ! ail
Hinh 2. Quy dao pha véi chuyén dong hon loan

ciia hé Lorenz bon chiéu trong cdc mat phang x-y,
V-Z, Z-W, X-W.

Tinh chit siéu hdn loan cta hé chi ra
dic diém khé doan dinh vé Gmg xir cua hé véi
cac diéu kién dau vao khéac nhau, tic n6 thudce
loai nhay cam véi diéu kién dau hon ca ddi
voi hé hon loan thong thuong véi chi mot )
mil Lyapunov duong. Tinh chat siéu hdn loan
dan tdi viée déng bo hoa cua hé 1a mot thach
thirc hon so véi hé hon loan thong thuong.
Tuy nhién, véi cach tiép can ham ning luong
Hamiltonian, ta c6 thé nhan dang su déng bo
héa trong mién xac dinh cta tham s6 lién két y.

4.2. Sw dong bd hoa

Hg (6) dugc dong bd hoa voi hé dan dat
(5) thong qua sur dong gop cua tham sb hen két
y. Tham sd nay ¢ ¥ nghia 1a mot tham sb phan
hdi tr tin hiéu nhan dugc cia hé dan dit va
truyén dan cho hé bi dan dit (6). Tuy vao viéc
lua chon tham sb vy ma tinh chét déng bo hoa co
duoc thuc hién hay khéng Diéu kién dau cua
hé bi dan dit (6) duoc 13y la Y,=[0.5 04 2 2]".
Diéu kién nay co sy thay d01 s0 v&i diéu kién
dau cua hé dan dat.

=

ral]
£ la
£1d

0

*ing luong treag biah { [
bi phi trung bish Fy] X

Him o

Sl 0
F k| K 1 o - |

Tham 8 pl'..;u' e Tham #cir.'ll‘.il'l ]

Hinh 3. (a) o thi nang lwong trung binh (H(t))
va (b) ham chi phi trung binh theo sy thay doi cua
tham sé phan hoi y

Véi sy dong bo hoa néu dién ra thi tng
xUr cua hai hé (5) va (6) s€ ti€ém can nhau khi
thoi gian t da 16n. Hinh 3 chi ra sy thay doi
cia nang luong trung binh cua hé bi dan dit
va sy muc hao phi ning lU:O'ng cho su dong
bo hoa phu thudc vao tham sé lién két y. Mién
tham sé lién két duoc 14y 1a [0, 3]. RS rang tir
Hinh 3a, bit dau tir khoang gia tri y = 0.4 tré
di, nang lugng trung binh theo thoi gian (H(r))
tiém c4n toi gia tri hang sb. Piéu nay phan anh
thuc té r;‘“mg, qué trinh déng bo dat hi€u qua va
d6ng bo hoan toan khi niang luong trung binh
ctia chuyén dong hon loan dat trang thai khong
d6i va ning luong nay cia ca hai hé déng bo
va hé dan dat 13 gan nhu nhau. Trudc khi dat
duogc sy dong b, ning lugng trung binh (H (1))
1a nhay cam voi su thay d6i cia tham sé lién
két y. Gia tri niang luwong dong b roi khoang
214 (don vi ning luong) va gan nhu khong doi
trén mién khao sat cta y. Mac du su déng bo
héa dién ra nhung sy thuc 1a hé can mot nang
luong nhit dinh dé duy tri sy dong bo hoa do.
Hinh 3b phan 4nh rang ham hao phi ning luong
P s& tiém cén vé khong khi gia tri cua tham )
lién két y du 16n. Bé hiéu rd hon vé viéc lua
chon tham s y anh huéng nhu thé nao dén su
ddng bo hoa, ta chon hai tru:ong hoplay=0.12
vay=0.5. Gia tri y = 0.12 nim trong mién ma
ning luong trung binh (H (1)) twong ddi nhay
cam, va do do su déng b6 hoa la khong dién ra
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cho du ta md phong hé véi thoi gian tuong dbi
16n. Hinh 4a va 4c minh hoa rang véiy = 0.12,
cac cap dap ung x, x_ va w, w_cua h¢ dan dat
va bi dan dat 1a khong thé d(“)ﬂg bo; gia tri cac
dap tng 1a khac xa nhau vé6i cac diéu kién dau
khéac nhau. Tuy nhién, trén cac Hinh 4b va 4c
ung voiy = 0.5 thi sau mot khoang thoi gian da
16n, chang han bat dau tir 16 (dvt), thi hai hé
bat ddu dong bd. Trudc khoang thoi gian nay,
hai hé duoc léy hai diéu kién dau khac nhau
nén co tmg xir trong ddi khac nhau, va tng xir
d6 s& c6 xu hudng gan nhau khi thoi gian ting
1én. Twong ty nhu vy, ta cling co quan sat vé
su dong bo dbi v6i nang lwong H va tée do thay
d6i nang luong dH/dt trén Hinh 5. Mic du ning
luong H va toc do dH/dt ciing c6 su thay doi
hdn loan theo dap tng nhung chung bat dau
tring khép 1én nhau khi thoi gian t d 1on, bét
dau tir khoang 16 (dvt). Két qua trén phan anh
rang ning luong co thé dugc xem 1a mot tidu
chuén nhan dién sy déng bo hoa cia hé thay ddi
nhu thé nao véi viéc thiét ké lua chon cac tham
s6 lién két y khac nhau.

uil "lIJ - 1iFi
= Tl =un obg

waws* - ' *Wru fu

il niz —y % 050
L = W[ =2 0 = w i) 5= 05
= |

uh'l.ru-iflvl‘ g"'l}-,"uf'!wil £ 0y th'\]. I“.f'. 'W "T'f

&) L]
o 0 20 kil il 16 Fii 30

Tesart Tiena 1

Hinh 4. Tién trién theo thoi gian ciia x() trong hé

dan ddt va X (1) trong h¢ dap ing trong hai truong

hop tham s6 y = 0.12 va y = 0.50 trong qud trinh
dong bé hoa.

" LA
iy

Tha giaan ¢
Hinh 5. Tién trién theo thoi gian ciia ham ndng
leong H(t) ciia hé dan dat va ham ndang heong
H (1) cua hé dap vng trong hai truong hop y =
0.12 va y = 0.50 trong qud trinh dong bé héa

5. KET LUAN

Trong nghién clru nay, dua vao cach
tiép can ham nang luong Hamiltonian, cac tac
gia da thu duoc cac két qua chinh sau day:

- D chi ra cac chuyén dong siéu hdn
loan ctia hé Lorenz bdn chiéu théng qua biéu
dién tién trién theo thoi gian va biéu dién trong
cac mat phang pha khac nhau.

- Dua vao viéc lua chon cac ham
gradient va ham tu do véi su phan ky (tirc khong
dong gép vao su phan ky), mot ham nang luong
Hamiltonian cho hé Lorenz bdn chiéu di thu
dugc va coi nhu 12 mot sy mé rong ciia ham
Hamiltonian caa hé Lorenz ba chiéu da biét.

- Tinh chit cua su déng bo hoa duoc
minh hoa thong qua tiéu chuan vé gia tri trung
binh nang luong theo thoi gian. Viéc chon gia
tri cta tham sd lién két c6 thé dwa vao dudng
cong ning luong trung binh. Sy dong bd hoa
xay ra khi c6 mot lya chon tham s6 lién két hop
Iy ma & d6 nidng lugng trung binh cia hai hé
dan dat va h¢ bi dan dat tiém can nhau.
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- Ham chi phi biéu dién murc ning luong
can thiét dé duy tri sy dong bo hoéa ciing duoc
khao sat. Két qua chi ra rang khi dat dong bo
hoa hoan toan, nang lugng chi phi nay s€ tiém
can gia tri khong.

- Trong cac khao sat sau, cac tinh chat
cua nang lugng trung binh s€ dugc nghién ctru
k¥ hon véi cac tham sé khac nhau cua hé siéu
hdn loan ma & do tinh chit siéu hdn loan biéu
hién rat khac nhau trong tirng mién tham sd.
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