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TOM TAT

Trong bai nay chiing t6i tac dong mot lyec kich thich tudan hoan bén ngoai lén mach dién Chua su
dung gid cugn cam nham khdo sat tinh hon loan ciia mach dién nay. Céc két qua dat dwoe bao gom
so do ré nhdnh, vong gidi han va sw ton tai cia nhiéu tam hit, chu ky bé sung, hién twong twa tuan
hoan, hién twong gian doan va su chia déi chu ky bang nhau. Két quad dat duwoc kha phong phii so voi
cdc két qua truée day.. Viéc khdo sat dwege thiee hién bang mé phong va bang thue nghiém.

ABSTRACT

In this paper we studied the chaotic behaviours of the Chua's circuit using the gyrator with the
external periodic excitation by the simulation and experiment. The results included of the bifurcation s
diagram, period-adding scenario, limit cycle and coexistence of multiple attractors, quasi-periodic
and intermittent behaviors and equal periodic bifurcation. These results are more plentiful to compare
with the previous ones.

I. GIOI THIEU

Trong nhitng nam gan day, viéc nghién ctru  sit hién tugng hén loan ctia mach Chua ty dao
cac mach dién phi tuyén duoc nhiéu tac gia quan dong bang mé phong va bang thyc nghiém.
tam va mach Chua 1a mot mach dién phi tuyén
don gian, d& cdu tao nén di c6 nhiéu nghién
clru vé ly thuyét va thuc nghiém vai sy thay ddi
cac tri s6 cta linh kién cAu thanh mach [3], [4].
Ngoai ra, mot s tac gid da khao sat cac dac tinh ) i ] i
ctia mach Chua dudi tic dung cua mot luc kich ~ II. TOM TAT LY THUYET
thich bén ngoai va thu dugc mot sd cac két qua I.1. Mach Chua
dang chu y [5].

Nam 2009, B. Muthuswamy, T. Blain va K.
Sundqvist [6] da sir dung gia cudn cam (gyrator)
[7] thay thé cudn cam trong mach Chua dé tao

Trong bai nay, ching to1 sr dung luc kich thich
bén ngoai dé khao sat hién twong hon loan cua
mach Chua sir dung gia cudon cam; viéc khao sat
duoc tién hanh bang mo phong va thuc nghiém.

‘ Mach Chua dugc gidi thi€u nhu trong hinh 1,
gom hai thanh phan:

- Thanh phén tuyén tinh: L, R, C, va

hién tugng tu dao dong va khéo, sat hién tuong C,.

hon loan cho truong hop nay, két qua thu duogc - Thanh phan dién tré phi tuyén N, hay
trong tu nhu truong hop mach s dung cudn con goi 1a diod Chua,véi dudng dic
cam thong thuong. tuyén V-I nhu trong hinh 2.

Tai Viét Nam, mot sb tac gia [1], [2] da khao
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Hinh 1: Mach dién Chua Hinh 2: Pac tuyén I-V cua dién tro phi
tuyén N
Phuong trinh trang thai cua mach Chua dugc cho boi:
dvey _ Vg — Vi . dvey _ Vg — Vi .
G T r |G F T g =
Y6 _ Vo1 — Ve dve, vl —ver , .
(i 2 = ir 30 2 = {
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trong (1), v, v, lan luot 1a dién ap hai dau C,vaCy; lr=9Wr)=gley) ir=gr)=90a) 1a
cuong do dong dién qua thanh phan phi tuyén NR, trong d6 9 wgplawg) ¢4 dang:

1
g(ﬁR]=?ﬂa‘ER +E(’m1—’rﬂa]-[|15pl—Spl_l'lfg_ﬂpl] (2)
trong (2), cac tham sd m, vam,la hai h¢ sd goc va B, va - B, la gia tri V| tai diém giy cia cua dic
tuyén [-V ¢ hinh 2 [3].

Trong cac thanh phan ctia mach Chua thi cudn cam (L) c6 kich thude cong kénh, kho tich hop;
vi thé B. Muthuswamy va ccs. da dé nghi su dung mach gia cudn cdm thay cho cuon cam (L) [6].

I1.2. Mach gia cudn cam
So dd nguyén ly cia mach gia cudn cam dugc trinh bay trong hinh 3.
Tré khang cta cudn cam cho béi:
Zy =Rp+jlw Z; =R; + jLw 3)

voi, R 1a gid tri dién tr¢ cudn cam.

RL 11 ~ RL
{ . AR

L =R; RC
Hinh 3: Mach dién gia cudn cam (inductor Hinh 4: Mach tuong duong cua mach gia
gyrator) cudn cam
Tir so d6 mach trong hinh 3, ¢6 phuong trinh:
Z, = joVim _ _ J©Vin Zy, = JOVin _ _ J©Vin
: Jeliy U(GEI;j_IE} 7 Jewliy gm(_{_’_i—f:} 4)

Theo tinh chét ctia opamp:
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V.=V, =1 (5)
Thay (5) vao (4) va ap dung dinh luat Ohm:
R; R;
Zip = = Zin = —
P SN SN S
7 jwl 7 jwl 87 jwl 87 jwl (6)

Trong (6), néu chon R = 10'4Rg hay R << Rg, khi do6 (6) sé co dugc rut vé dang:
Zin= Ry +jwRLR;C Zym= Rp+jwRLR,C %)
So sanh (3) va (7) cho thdy mach trong hinh 3 c6 thé xem nhu mot cudn cam c6 dang nhu
hinh 4 [7].
III. THUC NGHIEM
II1.1. Phwong trinh ciia mach Chua st dung gia cuén cam

Trong bai nay, ching t61 khao sat dao dong cia mach Chua st dung mach gia cuon cam
(inductor gyrator) v&i luc kich thich bén ngoai (Hinh 5). Luc nay, hé phuong trinh mé ta hé thong
duoc viét:

| W=
iL h i [ dvey _ Vez — Vo
Gyrator T N €1 dr R ~ R
TR e e % c. e _ver—ver o Vea “LiRp -V
Vf = Fsin(2nft) - - — 1°° dt R - RL‘
£ Ne pdin _ Ve = Ry = Vy
= L dt RiRg )
Hinh 5: Mach Chua st dung
gyrator voi trong (8), Vuf = Fsin(2(ft) V f = Fsin(2(f1) 13 dién
luc kich thich bén  thé kich thich bén ngoai.
ngoai
II1.2. Két qua md phéng
Str dung phan mém Matlab giai hé phuong trinh (8) voi cac tham sb R, =109, R, =
100kQ2, C = 16nF, C, = 9,8nF, C, = 100nF, m, = -0.756mS, m_= - 0.409mS, B = 1.08V.

Trong V,, thay d6i F tir 0 dén 2 V v6i AF = AF = 50mV va f tir 0 dén 9kHz. Két qua nhu sau:

- Khi F = 0 (khong co luc kich thich): Két qua thu duoc tuong tu véi hién tuong hon loan véi
tam hut xoan déi quen thudc ctia mach Chua ty dao dong (Hinh 6).

=
=
=
=

(a) N )

Hinh 6: F =0 (a) Quy dao trong khong gian pha (v, — v,) v6i tdm hut xodn dc doi;
(b) Tin higu v, twong mg.

-Khi F> 0vaftir0 dén 500Hz: Trang thai cua mach thé hién béng mot tam hit xodn dc doi,



nhung déng diéu cta quy dao phirc tap hon; & F = 275mV va f = 27Hz tdm hut xodn dc doi c6 dang
cta hai tam hut xodn 6¢ don nguoc chiéu chong 1én nhau (Hinh 7).

(a)
(b)
Hinh 7: F = 275mV, f = 27Hz (a) TAm hit xoén dc doi trong khong gian pha (v, =V, (b) Tin
hi¢u v, twong g

- Khi F > 0 va ftir 500 dén duwéi 650Hz: Hién tugng gian doan xay ra lién tuc, d6 1a sy chuyén
doi qua lai gitta cac chu ky 6n dinh, khong on dinh va trang thai hon loan.

- Khi f tir 500 dén 580Hz, mdi lan thay doi rat nho tan sd, trang thai cia hé thong chuyén doi
qua lai gitta chu ky-5 va trang thai hon loan; trong d6, xuat hién hai dang chu ky-5, mot & tan so f=
515Hz va mot ¢ tan s6 f = 516Hz (Hinh 8).

(a) (b)
Hinh 8: Khong gian pha (v, —v,) (a) F = 275mV; f = 515Hz; (b) F = 275mV; f = 516Hz.

- Tiép tuc tang f, trang thai ctia hé thong dan dén hdn loan v&i nhiéu tdm hat (Hinh 9), dang
diéu khac véi dang diéu cua tam huat xoan do6i cua mach Chua thong thuong.
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(a) (b)
Hinh 9: F = 275mV; f = 624Hz (a) Hon loan trong khong gian pha (v, —v,)
(b) Tin hiu v, twong tng
I11.3. Thuc nghiém
1I1.3.1. Mach dién thuc nghi¢m

Dé kiém ching két qua md phong, chiing toi thiét ké mach dién thuc nghiém (Hinh 10) theo
cac so do ly thuyét da dugc trinh bay trong hinh 3 va hinh 5; gia tri ctia cac linh kién dugc néu trong
hinh 10a. V6i mach dién nay khi chua c6 dién the kich thich V_(F = 0) va R =1720 Q thi
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mach tu hon loan.

Chung t61 khdo sat mach dién nay voi lyc kich thich hinh sin bén ngoai khi thay doi gia tri cua F
tor 25mV dén 400mV véi budc nhady 1a 25mVva tan so6 f tr 25Hz dén 9kHz véi budce nhay tir SHz dén
20Hz; két qua do dién ap ¢ hai dau C|, C,va quan sat trén dao dong nghi¢m.

(a) So dd nguyén by ;
(¢} E8 théng thi 1=
nghiém

Hinh 10: So d6 mach dién thuc nghiém

o

Tin 56 kich thich f (Hz) —>

II1.3.2. Két qud thuwe nghiém

| ;f

Hinh 11: So d0 1& nhanh v& theo f - F. Gia trj ghi trong phan mau trang 1a chu ky cong thém, phan
mau xam 1 noi xay ra hon loan

- So dé ré nhanh: Quan sat cac hién tuong trén dao dong nghiém khi f thay doi trong khoang 0 -
4000Hz va bién do F thay doi tir 175 dén 400 mV cho phép ching t6i xay dung so d6 r& nhanh f - F
(Hinh 11); so do nay cho thdy sy r& nhanh xay ra lién tuc va phirc tap trong mién tan s6 kich thich nho
hon 1500Hz; phan con lai thay dbi it hon.

- V6i F > 0 va tan s6 kich thich £> 4000 Hz, hién tuong hon loan xay ra lién tuc v6i cac hinh thai
khac nhau nhu Hinh 12.



(a) (b) (©)

Hinh 12: Quan hé giira tim hat xodn 6¢ don va tim hut xodn ¢ d6i & F = 275mV (a)f=
8.29kHz; (b) f=6.8kHz; (c) f = 6kHz; (d) f=4.4kHz. Khong
gian (v, —v,): truc ngang 1V/div, truc dirng 0.5V/div

- Vong gidi han va sw ton tai ciia nhiéu tam hit bén trong vong gidi han: Trong thi nghiém
nay, khi thay d6i cac gia tri F va f s& c6 nhidu vong gidi han cung ton tai (Hinh 13a); tir gid tri d6, néu
tiép tuc giam f thi cac vong gidi han co lai va tao nén nhiing vong 6n dinh (Hinh 13b), tiép tuc giam
thém f, hién twgng hdn loan dugc bao boi cac vong gidi han xay ra (Hinh 13¢). Hién twong nay khong
thiy trong két qua ctia K. Murali va ccs. [5].

Hlnh 13: F=275mV (a) Vi f=2640Hz, ton tai ctia nhiéu Vong gi61 han; (b) Vo1 = 2597Hz,
mot r6i loan xudt hién; (c) V6i £ = 2479Hz, hai tam hut don cing ton tai v&i cac vong gidi han bén
ngoai. Khong gian pha (v -v,): truc ngang 2V/div, truc dimg 1V/div.

Néu tiép tuc giam f, van con hién twong hdn loan v&i cac vong gidi han thay doi (Hinh 14a);
sau d0, hién twong hdn loan bién mét chi con lai duy nhat mot vong gi6i han 6n dinh (Hinh 14b). Khi
giam thém tan sb kich thich, hién twong nhan déi chu ky xuat hién va tao nén hdn loan c6 dang nhu
dang hon loan ciia mach Chua thong thuong (Hinh 14c¢).

(b)

Hinh 14: Quy dao trong khong gian pha (v -v,) ¢ F 275mV (a) Voi £ = 2008Hz, hai tam hut don
tir tir bién mat; (b) V6i f= 1749Hz, vong gidi han on dinh; (c) Vi f= 1310Hz, tdm hit xoan ¢ doi.
Khong gian pha (v,-v,): truc ngang 1V/div, truc dirng 0.5V/div.

- Chu ky b6 sung: Nhu trinh bay trong so do 1& nhanh & hinh 11, khi f < 1500Hz mét day cac
chu ki bo xung xuat hién xen 1an véi trang thai hon loan; hinh dang cua day cac chu ky bo sung do
duogc trinh bay trong hinh 15.
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(a). f=997Hz (b). f=798Hz (c). f=619Hz
(d). f=500Hz (e). f=443Hz (D). f=374Hz
(2). f=340Hz (h). /=300Hz (). f=275Hz

Hinh 15: Diy chu ky b6 sung & F =275mV: (a) Chu ky-2; (b) Chu ky-3; (¢) Chu ky-4;  (d) Chu
ky-5; (e) Chu ky-6; (f) Chu ky-7; (g) Chu ky-8; (h) Chu ky-9; (i) Chu ky-10. Khong
gian pha (v, —v,): truc ngang 1V/div, truc dimg 0.5V/div.

- Hién twong tuwa tuan hoan: Hién tuong tya tudn hoan xay ra & mot vai gia tri cla f<
3000Hz tmg v&i mdi gia tri F nhat dinh. Hinh 16 trinh bay quy dao trong khong gian (v, —v,) va
tin hi€u v, rng v6i hién tuong twa tuan hoan quan sat dugc trong thi nghiém.

. f
| vul'\ JI\ vd\\iJ\w j\w "\M ) \*\IA‘

(a) (b)

Hinh 16: Hién tuong tua tudn hoan & F = 100mV va f=2954Hz (a) Quy dao trong khong gian pha;
(b) Tin hiu v,. Khong gian pha (v, —v,): truc ngang 1V/div, truc dimg 0.5V/div

- Hién twong gian doan: Hién tugng gian doan xuét hién & mién tan sb trén 1000Hz; theo do,
trong mot thoi gian dai quy dao la tuan hoan va dot ngot bi gidn doan bdi su xuét hién cua vai trang
thai hon loan; sau do, hé théng tr¢ lai trang thai tuan hoan. Hinh 17 cho théy khong gian pha va tin
hi¢u tuong g bi gian doan.

(a) (b)

Hinh 17: Hién tuong gidn doan tng v61 F =275mV va f = 1731Hz (a) Quy dao trong khong gian
pha; (b) Tin hi€u v . Khong gian pha (v, —v,): truc ngang 1V/div, truc dirng 0.5V/div

- Chia déi chu ky bang nhau (hay chu ky bdo toan): Hién tuong chia d6i chu ky rt nhay voi



diéu kién dau va xay ra trong viing c¢6 bién do F tir 225mV dén 375mV va f thay d6i tir 1000Hz dén
1300Hz va chia thanh hai viung theo tan so6; vung thtr nhat trng véi tan so tir 1200Hz dén 1300Hz va
ving thtr hai ing véi tan s6 tir 1000Hz dén 1200Hz (Hinh 18).

(a) (b)
(e) (d)

Hinh 18: Chia déi chu ky bang nhau (a) Quy dao trong khong gian (v,-v,) 6 F=225mV, f
= 1235Hz; (b) Tin hi¢u v, twong ung vai (a); (c) Quy dao trong khong gian (v,-v,) & F=
225mV, = 1199Hz; (d) Tin hi¢u v, twong tng véi (¢) Khong gian pha
(v, —v,): truc ngang 1V/div, truc ding 0.5V/div

IV. KET LUAN

Trong bai ndy, chung t6i di khao sat anh huéng cua luc ngoai kich thich tuan hoan bén ngoai
trén mach Chua sir dung gia cuén cam. Két qua cho thdy, khi khong co luc kich thich bén ngoai, cac
hién tuong xay ra twong ty nhu cac hién twong xay ra cia mach Chua thong thudng; diéu nay cho
thdy c6 thé sir dung gia cudn cam (gyrator) dé thay thé cuén cam trong mach Chua. Khi c6 luc kich
thich bén ngoai trén mach Chua su dung gia cudn cam chung t6i da thanh 1ap duoc so dd r& nhanh (f
-F), no cho thdy su phan chia cac mién hdn loan va 6n dinh trong sudt qua trinh thuc nghiém tng véi
mién tan s £ < 4000 Hz. Ngoai ra, ching t01 d3 quan sat duoc nhidu hién twong khac nhu sy chia doi
chu ky, chu ky cdng thém, hién tuong tua tudn hoan va hién tuong gian doan, sy chia doi chu ky bang
nhau va nhiu hinh thai hdn loan khac trong khong gian pha. Phin 16n cac két qua dat duoc trén mach
Chua st dung gia cudn cam khi c¢6 luc kich thich bén ngoai twong tu nhu cac két qua cua K. Murali
va ccs [5]; tuy nhién, trong cong trinh nay céc tac gia da sir dung luc kich thich bén ngoai trén mach
Chua v6i hai cudén cam. Ngoai ra, véi mach Chua st dung gia cudn cam con cho thay hién tuong vong
giéi han va su ton tai ctia nhiéu tdm hut bén trong vong gidi han, hién tuong nay khong thiy & cong
trinh vira néu.
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