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Tém tit - Dua trén 1y thuyét hdn loan v& hing sb Feigenbaum,
biéu dd phan nhanh, bai bao di vao tim hiéu hanh vi hén loan
cua mot h¢ dong luc cu thé - dong co khong déng b0 rotor léng
soc (IM). Béng cach thay ddi tham sb cua hé dé nhan dién ra
trang thai hdn loan cia déi twong va nguyén nhan gly ra trang
thai trén. Trang thai nay dugc minh _ching qua biéu dd phan
nhanh chu ky kép, két hop vdi hang s6 Feigenbaum dénh dau sy
chuyén tiép giita cac trang thai. Khi su phan chia lién tiép xay ra
tré nén day dic hé roi vao trang thai hdn loan c6 tap hut. Tir cac
két qua tinh todn va mé phong, bai bao x4c dinh dwoc ving
tham s6 hdn loan cuia d6i twong khi xay ra phan nhanh.

Tir khéa - Dong co khong dong bo; 1y thuyét hdn loan; biéu do
phan nhanh; hang s6 Feigenbaum; mii Lyapunov; tap hat

1. Pat vin dé

Néu nghiém cua hé dong lyc bi giam ham trong mot
mién giéi han trong khong gian trang thai thi mot 1a trang
thai 6n dinh do mat niang luong hay tiéu tan boi ma sét, hai
1 trang thai dao dong tuan hoan. Tuy nhién, trong thyuc té
cON ton tai Mot trang théi phirc tap hon khong phai hai dang
trén duoc goi la Chaos (hdn loan). Tir “Chaos™ bit nguon
tir tiéng Hy Lap ya®dng nghia 1a “mot trang thai thiéu trat
tu” rdi loan va chuyén dong bét thuong tam thoi, tudn theo
quy luat [1]. Va theo tir dién Oxford, hdn loan Ia “hanh vi
cua hé théng tuan theo cac dinh luat xac dinh nhung rat kho
doan truéc nhu nhiéu, dic biét nhay cam véi sy thay déi
nho cua cac tham sb hodc phu thudc vao cac bién doc lap”.

Vé co ban hdn loan c6 4 tinh chat [2]:

- Phi tuyén: Xay ra trong cac hé théng dong luc phi
tuyén hay cac hé théng thé hién nhit dinh mirc d6 phi tuyén.

- Tét dinh: C6 thé dugc du doan true biang nhiing
phuong trinh tit dinh don gian, x4c dinh dwoc mién cac
tham sd tuong ing v6i nghiém hdn loan. Tire 14 hdn loan
tuan theo mot hay nhiéu phuong trinh xac dinh, khong c6
yéu t6 ngdu nhién, x4c suat.

- Nhay cam véi diéu kién ban du: Nhiing sai khac rat
nho & dau vao cua hé théng, bi khuéch dai theo ham mii
va tao nén su khac nhau rt 1on & dau ra.

- Khong tudn hoan: Quy dao 14 khong tudn hoan nhung tudn
theo mot quy ludt hay nguyén tic nao d6, vi du: c6 tap hut, ...

Abstract - Based on chaos theory about Feigenbaum constant,
bifurcation diagram, the study provides a numerical approach to
understand better the dynamical behavior of a rotor field oriented
control of induction motor (IM). The change that affects the dynamics
and stability under small variations of parameters are the reason for
the chaotic system. This state is evidenced by the bifurcation diagram,
combined with the Feigenbaum constant marking the transition
between states. When the successive division became dense, this
drives fell into a chaotic state with an attraction. From the results of
calculations and simulations, the paper determines the chaotic
parameter region of IM when bifurcation occurs.
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Co thé théy duoc hon loan tuan theo quy téc toan hoc,
néu biét duoc chinh xédc céc diéu kién ban dau va co thé
d& dang xac dinh két qua dau ra. Nhung su thay ddi di rat
nho & bat ky diéu kién ban dau nao cling s€ tao ra sy thay
d6i 16n & két qua dau ra, dan dén du doan két qua diu ra
vé lau dai trd nén bét kha thi. Chinh vi diéu nay ma trong
mot thoi gian dai hon loan khé phat hién va doi khi bi
nham 1an véi nhidu.

C6 nhiéu phuong phap khic nhau dé xac dinh hén
loan: Péap ung thoi gian, biéu dd pha, phan tich phd
Fourier, ban d6 PoinCaré, biéu d6 phan nhanh, s6 mil
Lyapunov, ... Trong do, biéu d6 phan nhanh c6 mdi lién
hé chat ch& voi hdn loan [3], mo ta nhiing thay doi vé quy
dao ctia mot hé va trong ving tham sb hdn loan biéu do
phan nhanh thu nhan dwoc cic diém day dic dic trung
cho hanh vi phtc tap — hdn loan cua ddi twong.

Xét riéng nhimg nghién ctru vé hé truyén dong dién st
dung dong co khong dong bo (IM): Pau tién 1a vao nam
1989 hién tuong hdn loan trong hé thong bién tin PWM
ctia Kuroe va Hayashi [4], trong nhimg diéu kién nhit dinh
gdy ra rung dong bat thuong trong hé théng. Nghién clu
sdu boi Nagy, Suto ndm 1996 [5] qua bd thi nghiém truyén
dong don gian sir dung ngudn ap va diéu khlen bing dong
dung sai. Sau do, cac nghién ciru mé rong vé quan sat diém
phan nhanh ctua Bazanella va Reginatto ndm 2000 [6] dé
nhan dinh v& hién tugng hon loan cia dbi twong IM theo
tham sb, phén tich phan nhanh niit yén, Hopf do sai s6 udc
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tinh hang so thoi gian rotor. Hay str dung toc do ¢6 tinh chu
ky sin dé tao ra chuyén dong hdn loan ciia Gao va Chau
nam 2003 [7] xem xét trang thai lam viéc ctia hé thong IM.
Va vao nam 2018 1a nghién clru phéan tich va du doan phan
nhanh nat yén, Hopf, Bogdanov-Takens gy ra boi sy thay
d6i momen tai dugc Jain, Ghosh va Maity nghién ctru [8];

. Chinh vi vdy, ¢6 thé nhan dinh chic chan, hé truyén
dong dong co khong dong by - ddi tugng ciia bai bao
hudng dén 1a hé hon loan ¢ nhitng diéu kién nhét dinh.
Nguyén nhan c6 thé 1a do tic dong bén ngoai nhu nhiét do,
tudi tho, 161 wdc tinh va cac nguyén nhan méi truong khac,
.. hay do cac tham sb cua dbi tugng (dién tro; dién cam;
dién cam tan hai phia rotor, stator; hd cam, ...) thay d6i anh
huong dén céc chat lugng didu khién RFOC va dén ving
tham s6 nhét dinh c6 thé dan dén hién tugng hén loan, anh
huong dén chat lugng hé thong ciing nhu hiéu suat.

Bai bao nay s€ chi di vao phan tich hién tugng phan
nhanh chu ky kép xay ra trong hé IM. Dlem mdi cua bai
bao la chimg minh sy ton tai cua hing sb Feigenbaum
trong biéu do phan nhanh trang thai cua hé IM va tinh
x4c dinh cua hién tugng hdn loan tai cic diém, ving
tham s6 hon loan.

2. Phan nhanh
Hon loan chi xay ra trong hé dong Iuc phi tuyén, tuan

theo céc dinh ludt xac dinh va c6 nhiéu phuong phap khac
nhau dé nhan dinh hdn loan trong d6 c¢6 biéu d6 phan nhanh.

a) b)
Hinh 1. @) Dam én dinh; b) Tdi trong t6i han

Tir phan nhanh [9] 1a mot tir gdc Phéap xuét hién nim
1885 do Henri Poincaré dat ra, c6 nghia la “sy tach d6i”
xuét hién tai cac gia tri dac biét cua quy dao pha hay sy
thay d6i dot bién sé lwong diém cb dinh cua hé dong luc
khi mot tham sb cta hé tién qua mot gia tri t6i han (gia tri
phan nhéanh). Phan nhanh 1a mot khai niém rat quan trong
trong viéc nghién ctru cic hé dong luc phi tuyén phu
thudc vao nhiéu tham sb. Mdi tham sd lai co gia tri phan
nhanh riéng va do d6 hé c6 thé co nhitng dién bién vo
cung phuc tap. Hinh 1 13 vi du cho su t6i han cua viéc 6n
dinh, sy u6n cong ctia mot thanh dan hoi thang dung chiu
tai trong dat tai mot dau, con dau kia gam chat xuong nén.
Véi tai trong nho, thanh van can bang & vi tri thing dung
(Hinh 1a). Tang dan tai trong cho t6i gia tri toi han (gia tri
phan nhanh, diém phan nhanh) thanh bj uén cong (Hinh
1b) va vuot qua gia tri téi han thanh s€ bi dit gy lam doi
hay con goi la phén nhanh doi.

Phan nhanh dong vai tro trong viéc dinh tinh (su
chuyen tiép gitta cac quy dao) va dinh luong dugc ving
tham s6 xay ra hién tugng hén loan.

C6 thé phan phan nhanh thanh hai loai:

- Phan nhénh cuc bd: xdy ra khi tham s6 thay doi lam
cho di€ém cén bang thay d6i nhung bi giéi han trong pham
vi lan can. Mot s@ phén nhanh cuc bd co ban: nut yén,
phan nhanh chuyén trang thai, phan nhanh chu ky kép,
phén nhanh Hopf.

- Phan nhanh toan cuc: xuat hién khi cac tap bt bién
“va cham” v6i nhau hay v6i diém can bang cia hé thong
phé v& hinh thai ciia cac quy dao. Mot sO phan nhanh toan
cuc: phan nhanh dudng tron gidi han va cham nit yén,
phan nhanh duong tron gidi han va cham véi mét hay
nhi¢u nit yén, phan nhanh v6 han tuan hoan trong d6 nat
on dinh va nut yén cung xuat hién dong thoi trén duong
tron gioi, phan nhanh duong tron giéi han va cham véi
mot duong tron phi hyperbolic.

3. Phan nhanh chu ky kép va hing s6 Feigenbaum
3.1. Phdn nhdnh chu ky kép

La phan nhanh ma tai mot gia tri nhat dinh cia tham
sO0 phan nhanh hé co hai gia tri phan nhanh, r€ ra hai
hudng khac nhau. Va khi dén mot gia tri nhat dinh nam
trong ving hon loan, sy phan nhanh dién ra lién tuc lam
cho hé thong roi vao vung hon loan.

Ti 1¢ giita cic diém phén nhanh thoa méan hang sé
Feigenbaum.

08
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Hinh 2. Phdn nhdnh chu kp kép dién hinh [10]

Phan lam hai dang:

+ Phan nhanh chu ky kép siéu t6i han (supercritical
period doqbling bifurcations) gé duong tron gidi han on
dinh tai diém can bang khong 6n dinh. Luc nay tur cac gia
tri ban ddu khic nhau ¢ trong duong tron hay ngoal

duong tron theo thoi gian di chuyén quy dao cua hé vé
duong tron gidi han.

Hinh 3. Phan nhéanh chu ky kép siéu téi han dién hinh
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+ Phan nhanh chu ky kép dudi t6i han (subcritical
period doubling bifurcations) c6 duodong tron gidi han
khong On dinh tai diém can bang 6n dinh. Trong truong
hop nay tir cc gia tri ban dau khac nhau & trong dudng
tron theo thoi gian s& di chuyén vé diém can bang. Néu
chc gia tri ban dau & ngoai duong tron theo thoi gian di
chuyén xa duong tron gi6i han.

Yy
2 4

Hinh 4. Phan nhanh chu kp kép dudi t6i han dién hinh

3.2. Hang sé Feigenbaum

Nam 1978, Mitchell Jay Feigenbaum cong bd hing s6
Feigenbaum la ti 1¢ gitra cac diém phan nhanh trong bai
“Pinh lugng cua mot 16p phi tuyén chuyén doi” [11].

O Hinh 5 hang sé‘ thir nhit & dic trung cho ty 1€
khoang cach gitra hai lan phan nhanh lién ti€p, dugc tinh
bdi cong thie [11]:

§ = lim =% = 4,669201609 .. 1)
. k—>oo k+1
Hing s6 thu ha1 a [11]:
a = lim = 2,502907875 .. (2
k—>00 Ok+1

Hang sb Feigenbaum chira dung tinh chat thir 2 cua
hdn loan d6 1a tit dinh, mé ta su chuyén dbi tir hé dong
lyc thong thuong sang hdn loan véi mot loat phan mg
phén nhanh theo chu ky.

Bién trang thai

'51 : 51 ' (Y‘ !

Tham s6 phén nhanh
Hinh 5. Hang s6 Feigenbaum
4. Phan tich tinh 6n dinh ciia h¢ truyén dong dong co
khong dong bo ba pha
Tu [12] phuong trinh tr thong stator cua dong co
khong dong bd xoay chi€u ba pha (IM):

dPrg _ 1

dt T sd l/)rd + (ws w)lprl‘q
d‘l’;-q 1 1 (3)
. li !
i T_Tlsq — (w — w)¢rd - T_rlzbrq
Véi:
® .4, ¥q: Thanh phan tir thong stator trén truc d, g.

® isq,isq- Thanh phan dong dién stator trong hé toa do dg.
* w50 Vén tdc mach stator, rotor.

e T, = -Z: hing s thoi gian rotor.
’ lI"rq ' Yra
* l[J »ra = Lm

Ket hop véi phuong trinh phuong trinh co khi (c6 xét
dén t6n hao ma sat):

mM=mW+Rmu)+]‘Z—T 4)
dw 1

Hay dt = j(mM —my — me) (5)
Voi:

e J: momen quén tinh.

® m,,, m,,: Momen tai, co cua dong co.

® R, : h¢ sO ma sat.

Hé phuong trinh ciia IM xét hé trén hé toa do dq két
hop véi b dicu khién PI cho toc do:

0= k(0 —w) +k ff(w* — w)dt [13], [2]:

d¥rq _ Ry
7 = —Elp wrlprd + R lsq
A%, q _ _& Lm
T = I lprd + wrlf’m + L ersd
d(w"-w) _ ZpRy _Zp c (6)
a J
disg _ KoZpRu | Kofp 4 oo
@ = 7 C + k(0" — w)
batx; = Yoq, %2 = Yya, X3 = W — W= W, Xy = Isqs
. = 1 R, i _LmR i _ ZyR, i 7
1~ m — 5 2 = 5 ) 3= 7 ;5 oRg =7
L. L L7 J /
Sim, e, Ll
ks =~ L —Zp, ke = e isg k= "
3 L
c= mzp(lsq rd Lsdllqu) - My
Phuorng trinh (6) trd thanh:
dx kk
d_tl = —k1x1 - k_;x2x4_ + k2x4
d kk
% = k_1x1x4_ k1x2 + k2k6
’ @)
dxs _
? —_ _k4l - k3x3
dxy _
B8 = —kepkgl + (k= ks )xs
. k *
V6i l = ks(x,%4 — kexy) —my, — k—3 w
4

Diém can bang cua hé (7) duoc xac dinh:

X2X4 my, kzw*
x1 - =
ke kske  kakske
my mw kzw* koxa
kske kakske  kq
Xy = x4+kx4 (8)
ke ke
X3 = 0
3 2 —
ayx; + axxz +azx, +a, =0
(e k2kim k2kikzw*
Véi a, = kk,; a, = ———2 - —13—
kske kakske
kikgm kikzkew™ . A 1A
as = kkykg?; a, = —0Tw 1760 vy tham s hé:
ks kaks i
ks = 2,86; ke = 4; k, = 0,001; k; = 0,55;
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w* =181,1rad/s.
Xét:
ayx3 + axi+azx, +a, =0 9
- Néu A> 0 tuong duong suy ra5,6855 < k (loai do
ti I¢ hang so rotor kho xay ra);
-Néu A= 0, k = 0 thi k = 5,6855 (loai do ti 1¢ hang
s0 rotor qua 16n kho xay ra);
- Néu A< 0thi 0 < k < 5,6855 phuong trinh c6 mot
nghiém duy nhat véi
xy = VT 1+ V-V D -
_Vay h¢ (7) c6 duy nhat mét diém can bang thuc E; V6i
diéu kién k < 5,6855.
Tir day ta xét tinh 6n dinh cua diém 6n dinh théng qua
ma tran Jacobian va céc gid tri riéng tu da thirc dac trung.

Al —=]| =

—ky =2 _ kkaxy 0 ke, — Xz
ke ke
kkixy —k1 —2 0 kkqixq
ke ke
k4k5ug k4k5X4 _C3 - A _k4k5x2
kpk4k5ug —kpk4k5X4_ kl - kpk3 _kpk4k5x2 - /1
=2t + a2+ a2 +azd+a, (10)

Chon m,, 1am tham sb phan nhanh.
- Trudong hgp m,, = 0:
Heé (7) ¢6 mot diém cén bang:
E;(—0,005421;0,456379; 0; 0,022099)
Tir day xét tinh 6n dinh cta diém cén bang E; thong
qua céc gid trj riéng tir da thirc ddc trung clia ma tran Jg, :
|AI = Jg, | = —2* — 29,4649692° — 1134,368731
—48907,8037351 — 497064,742482 (11)
H¢ trén c6 2 nghiém thyc c6 gia tri am:
A, = —28,438207; 1, = —13,675171 va 2 nghiém
phuc c6 phan thyc duong: A3 = 6,324204 —
35,187257i; A,= 6,324204 + 35,187257i. Vi 13,4, la
nhimg nghiém phitrc li€n hop c¢6 phan thuc duong nén
diém can bang E; khong 6n dinh.
- Truong hop m,, = 0,3:
Heé (7) c6 mot diém can bang:
E,(0,023306; 0,454721; 0; —0,095527)
Xét tinh 6n dinh cta diém can bang E, thong qua cic
gid tri riéng tir da thirc dc trung cuia ma tran Jg :
|AI = Jg,| = 2* + 29.45942° + 11322
+487351 + 49733
Hg¢ trén c6 4 nghiém:
A = —28,343672; A = —13,767039;
A, = 6,325661 — 35,135716i;
Ag = 6,325661 + 35,135716i.
Vi Ag, Ag &m nhung A, Ag 1a nghiém phtc lién hop co
phan thyc duong nén di€m céan bang E, khong on dinh.

(12)

Tu(mg tu, khi tang gia tri my, ttr 0 dén 3 N.m thu duoc
nhiing diém can bang khong 6n dinh.

Két hop tinh s6 mii Lyapunov theo phuong phap cua
Alan Wolf [14] dé 1am rd hon hanh vi ciia hé thong
pi(t)

1 (©) (13)

Khi m,, = 0 s6 mii Lyapunov 16n nhat A, =0,161708
mang gié tri duong. Vam,, = 0,3 s6 mii Lyapunov 16n nhat
Ay = 0,478019 mang gia tri duong. Cac gid tri khac duogc
tinh toan s6 thé hién 16 thong qua mé phong & Hinh 6b.

A= hm —log2

5. Tinh toan hing s6 Feigenbaum va mé Pphéng phén
nhanh chu ky kép, hdn loan trong hé truyén dong dién
st dung dong co IM

Biéu d6 phan nhanh (Hinh 6) mo ta su thay ddi cac
quy dao cua hé thong khi tham sé phan nhanh m,, bién
thién, dé dang nhan thdy quy dao lién tiép tir mot dudng
cong kin chia nho ra thanh 2 bt dau tir gia tri 0,238401
va tur gia tri 0,390374 quy dao phan lam 4 duong cong
moéc vong vao nhau tao thanh mot dudng cong kin, tiép
tuc phan chia tai gi4 tri 0,422917; ... va c6 2 ving tham s
hén loan tir 0,466705 dén 0,600109 va tir 1,457142 dén
1,983074. Trong ving nay, hé IM s& mang day du cac
tinh chit cia mot hé hdn loan, cac bién trang thai co
nhitng hanh vi v6 cung phuc tap.

Xeét Hinh 6 trong khoang (0,238401; 0,422917) theo
cong thie (1) va (2) ta cé:
81 _ 0,390374-0,238401

811 = 5,  0422917-0390374 4669913 (14)
— %1 _ 5430162-4,917589 _

%11 = o T Seazs02-5437902 2,504142 (15)

Oy =2 = 5430162-4917589 _ ) (85991 (16)

a3 4,995968—4,805136
Va trong khoang (2,120977; 2,272051) tir (1) va (2)

c6 duoc:

83 _ 2,272051-2,162143

822 = 5. 2162143-2,120977 2,669873 17)
— %4 _ 37231081-2479528

%21 = o T 3489728-3240161 3,011427 (18)

0yo = Y _ 323108172479528 _ ) (93554 (19)

0 2,526043—2,247024
6 gia tri x4p xi gan bang vai hang sb Feigenbaum (trung
binh cong cua cac khoang cach chuyén tiép trang thai).
Tir ti 1€ 1€ nay co thé dé dang xac dinh céc gia tri chuyen
tiép tiép theo, nhung cang vé sau (trong ving tham s6 hdn
loan) khoang cich & va a co gia tri nhé dan va sy phan
tach dién ra lién tic khién cho hé c6 biéu hién vo cing
phtrc tap thé hién qua sy xuét hién day dic cac diém,
tuong tmg 13 qu§ dao xuét hién tap hat (Hinh 13).

Dong thoi tién hanh mo phong cac giai doan chuyén
tiép trang thai bang biéu dd phan nhanh két hop su bién
thién ctia s6 mii Lyapunov 16n nhit dé thay rd hon hanh vi
ctia d6i tugng. Két qua & Hinh 6 thé hién 13, trong ving
tham s6 hdn loan cac diém xuat hién day dic, kém theo 1a
su thay dbi lién tuc ctia sé mii Lyapunov.

Biéu do pha la mot duong cong kin (Hinh 7) nén dao dong
14 dao dong tudn hoan, do d6 dap tmg thoi gian thu dugc dao
dong diéu hoa duy nhét ctia bién trang thai (Hinh 8).

Biéu dd pha la hai duong cong kin (Hinh 9) nén dao
dong 1a dao dong tuan hoan véi hai thanh phan diéu hoa
thu dugc trén dap tng thoi ciia bién trang thai (Hinh 10).
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Hinh 6. &) Biéu do phdn nhdanh isq va b) Sw bién thién s6 mii Lyapunov Ion nhat khi m,, c6 gia tri thay doi tir 0 dén 3
- Trudong hop m,, = 0 - Truong hop m,,=0,3
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Hinh 7. Biéu do pha giita a) igq va wg;
b) isq, ¥ra V& ¥yq khim,, =0

FEEEEEV RO LR L)

SUHEEE T L

b)
a) wg, b) igq khim,, =0

a)
Hinh 8. Ddp vng thoi gian:

Hinh 9. Biéu d6 pha giita a) isq VA wgp;
b) isq, Wrq V@ ¥q khim,, = 0,3
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Hinh 10. Pdp iing thoi gian:

a) wg, b) igq khim, = 0,3
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- Trudng hop m,,=0,391
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a) b)
Hinh 11. Biéu d6 pha giita a) isq V& wg;

b) isq, Wra VA Prq khi m,, = 0,391
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Hinh 12. Dap img thoi gian: a) wg, b) isq khim,, = 0,391

Biéu d6 pha 1a bén dudng cong kin (Hinh 11) nén dao
dong 1a dao dong tuan hoan v4i bon thanh phan diéu hoa
thu dugc trén dap ung thoi ciia bién trang thai (Hinh 10).

- Truong hop m,,=1,5

Biéu d6 pha cua hé IM tai thoi diém nay thu duogc 1a
nhimg dudng cong phén biét tr ddng dang va c6 tap hat la
(Hinh 13).

isq(A)

ShiqWb) oy S
: Shird(Wb)

Shird(Wb)

a) b)
Hinh 13. Biéu do pha giita a)isq, Vg VaWpg;
b) isq, ¥qva wg khim,, = 1,5

a) b)

Hinh 14. Dap tmg thoi gian: a) wg, b) isq khim,, = 1,5

Dbap ting thoi gian c6 nhitng hanh vi v cung phuc tap
clia cac bién trang thai (Hinh 14), cc dao dong gan nhu
khong tudn hoan va c¢6 bién do thay dbi 16n, tw duy tri.

Tir nhitng mo phong biéu d phan nhanh, dap tng thoi
gian va biéu dd pha c6 thé nhan thay, dap tng thoi gian
cua cac bién trang thai ciia hé¢ IM dao dong lién tuc tudn
hoan hogc dao dong duy tri lién tuc khong suy giam. Khi
gi4 tri tham s6 phan nhanh m,, di vao ving tham s6 hén
loan cac dap ung thoi gian v cung phuec tap, biéu dd pha

A Wsi(radis)

mang hinh dang dic biét co tap hit la thé hién tinh chit
cua hon loan.

6. Két luan

Nho vao tinh toan biét rang hé dong luc IM ton tai
ty 1¢ gitra cac diém phan nhanh xap xi hang )
Felgenbaum didc trung cho qua trinh chuyén ddi trang
thai, biéu hién qua sy phén doi tai cac gia tri t6i han.
Qua trinh mé phong nhan thay khi hé roi vao ving tham
s6 hon loan do thay doi tai, lac nay dbi tuong c6 hanh vi
v0 cling phtrc tap, sai léch toc do gitra gia tri dat va gia
tri do duoc rat 16n, cac dao dong tw duy tri va khong suy
giam. Pay 1a mot minh ching chi ra ring hdn loan 1a mot
hién twong xéac dinh, khac hoan toan v&i nhiéu. Va tir day
cling phan ving tham sé hdn loan dua trén biéu d6 phan
nhanh cho ddi tugng gitip ngudi didu khién hiéu rd hon vé
d6i twong va hanh vi ctia dbi twong trong qué trinh lam
viéc dai han. Pong thoi, thong qua biéu dd phan nhanh
chu ky kép két hop hang sé Feigenbaum cé thé du doan
céc két qua, danh gia cac 15i c6 tinh chu ky lap lai hodc
tim kiém vung tham sb6 lam viéc 6n dinh cho hé truyén
dong hodc chon phuong an dich cho tham sb hé thong.
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