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On dinh céc hé théng dién co 1

On dinh cac hé théng dién co — Gi&i thiéu (tt)
> S& c6 ich néu biét diém can bang tinh 1& 6n dinh hay
khéng. V&i cac nhiéu manh cla trang thai x hay ngé vao u,

ludn can cac md phdng trong mién thai gian.

» V6i cac thay ddi nhé quanh diém can bang, mot phan tich
tuyén tinh héa la da dé xac dinh diém can bang l1a 6n dinh
hay khong.

» D6i khi, cac ham nang lwong co thé dwoc dung dé danh
gia tinh &n dinh clia hé thdng déi véi nhiéu manh ma khong

can cac md phdng trong mién thoi gian.
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Tuyén tinh héa (tt)
» D& tuyén tinh hda, khai trién f(x, u) thanh 1 chudi Taylor
quanh diém can bang xe va ngd vao (i khéng dbi, va chi gitr

lai cac s6 hang bac nhat

f(xu)= f(x*,a)Jr%O(x—xe)Jer—uo(u—O): f(xe,G)Jr%OAXJr%UAu
Hay
AX = f(x,u)—f(xe,ﬂ)zi Ax+i AU
X, au|,
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On dinh cac hé théng dién co’ — Gi&i thiéu
» Céac mo hinh dong hoc ctia hé théng dién duwoc mé ta béi
cac phwong trinh vi phan. Tinh én dinh cta hé théng phi
tuyén trong van hanh duoc dic biét quan tam. Mot s6 cong
cu phan tich tinh &n dinh sé& dwoc gidi thiéu.
> Nghiém trong mién thoi gian clia bai toan dong hoc hé
théng c6 dwoc bang viéc tinh tich phan sb va cac diém can
béng dwoc xac dinh bang db thi. V&i cac hé théng bac cao
hon, cac ky thuat sé dwoc st dung dé tinh cac diém can
béng.
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Tuyén tinh héa

» Diém can bang sé& biéu di&n trang thai van hanh xac lap
clia hé thdng, chdng han mét lwéi dién. Hé vat ly cé thé co
thay d6i nhé (vi du thay ddi tai), von cé thé dan dén dao déng
hay tham chi sup d6 hé thdng, hodc gé&p cac nhiéu manh (vi
du, sy cb hay sét danh).

» V6i truong hop vé hudng, mo hinh hé thdng 1a

x = f(x,u)
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Tuyén tinh héa hé bac hai
X = fl(X1'X2‘u)
%, = £,(x,%,,u)

> Goi AX, = X, — X, AX, =X, —X;, va Au=u—U. Tuyén

tinh héa hé quanh diém can béng dan dén

oy oy )
A>:(1 _ Oxyly Oy || A% . oul, Au
A AR AN r S
Kily Xy, ou |,
A
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Tuyén tinh héa hé bac hai

» Dé xét tinh 6n dinh clia hé, cAn tim tri riéng clia ma tran A.

» Tri riéng clia ma tran A c¢é dwoc béng cach gidi phuong
trinh det(A—Al) = 0.

» Hé thdng la 6n dinh néu tat ca cac trj riéng ndm & niva trai

ctia mét phdng phirc (nghta 1a, phan thye < 0).
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On dinh cta hé bac hai (tt)

» Phuong trinh dac tinh (dé tim tri riéng) cé dwoc

) 1 B
= X +— i+l =0

o —BM—g 0 M

» Nghiém tdng quat clia phwong trinh déc tinh
B B?
I Vit
> Truong hop | (B> 0, M >0, @? > 0)
B? ) B’ ) B? )
YRR am? > TV

Trong ca 3 trwéng hop, hé la én dinh.
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Vi du 5.1
& Cho mach tir gibng nhw bai tap 4.15, v&i ddng nang lwong
1L e
W ==—2_-1° x>0
"2 x)° ¥
va phuwong trinh chuyén dong M Wi: Mg+ f*©

Hay tim cac diém can bang xe > 0, gi4 tri téi thiéu cta |, dé ton
tai diém can bang, va xac dinh tinh &n dinh cla diém can bang.

» Luwc dién tw fe
c_OW, 1 L1

OX 2 (1+§)2 a
» Dé tim diém can bang, dat cac dao ham béng 0, dan dén
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On dinh cta hé bac hai
» Xét mo6 hinh mot hé bac hai

d’x _dx
MFHBE_ f(x,u)

c6 dang tuyén tinh hoa

2
d AX+E£AX:iaf(x)
dat*> M dt M ox

> Binh nghia Ax = Ax, vaAX = AX,, dang khong gian trang

thai tr& thanh
a7 o 1 Tax
A, | |—@? -B/M | Ax,
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AX = —@¢ AX
0

On dinh cua hé bac hai (tt)
» Trwong hop I (B >0, M >0, a)g <0): hé khéng én dinh

» Truwong hop dac biét (B = 0, M > 0): hé |a khéng én dinh

néu @? >0, hay & bién 6n dinh néu &} <0.
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Vi du 5.1 (tt)
1 L2 1
Mg=2-—20 =
9720 :Fa
> Giai theo x
2
X*=a -1+ Lolo
2Mga
» Chon x > 0 nhw yéu cau X =a -1+ Lols
) y 2Mga

> Dé ton tai x¢ > 0, |, can thda digu kién

2Mga
L,
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Vidu 5.1 (tt)
» Dé& xét tinh bn dinh tai xe, tuyén tinh hoa pt chuyén dong
2 e 2
d Azx=af Ax = Lolo izAx
dt OX ox® (]__'."f:)3 a

» bay la trwong hopco B=0,M >0, va a’o < 0. Do do, hé

thédng ndm trén bién n dinh tai x = xe.
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Phwong phap ham ning lwong cho hé phi tuyén

» Trong cac hé bao toan, tdng nang luvong la khong dbi, va
diéu nay duoc dung trong phan tich &n dinh cac hé nay.

» Xét con Iac trong hinh 5.2, bao gdm khéi lwong M ndi vao
mot diém twa khéng ma sat bang mét thanh cirng.

> Coi V(8) = 0 tai 0 = 0, khi d6 tai vi tri b4t ky 0, thé nang

dwoc cho béi

V(6) = Mgl(L- cos(9))
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Hé bao toan (tt)
Dan dén

d’0  ov(9)

dt? 00
» Céc diém can bang la nghiém cta

ov(o .
Vo) ~Mglsin(6)=0
06
» Duwa vao lwoc db, chi xét trong khodng —r dén +,
0° =+r,0
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Phwong phap ham ning lwong cho hé phi tuyén

» Véi nhiéu manh, viéc phan tich &n dinh cla hé phi tuyén
c6 thé can dén cac ky thuat tinh sé vén rat tbn kém strc
manh tinh toan.

» Trong nhiéu trwd'ng hop, thong tin hibu ich c6 thé thu duwoc
b&ng mét phwong phap truc tiép, tranh viéc phai tinh tich
phan sbé.

» Ky thuat nay dwa trén cac ham nang lwgng, va dwoc goi la
phwong phap Lyapunov.

» C6 thé thu dwoc cac 16 giai tot véi cac hé bao toan.
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Hé bao toan
» Khoéng cd lwc nao khac ngoai trong Iwc, va hé la bao toan,

vay
d?e
dt?

J—~=-Mg(Isin(9))

» V& phai co thé dwoc bidu dién nhw mot dao ham am cua
mot ham thé vé hwéng. Trong treong hop nay,

V()

—Mglsin(g)=— =

< [Mgl(a- cos(o)] - -
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Nang lwong cua hé
> Xét J—+—=

> Nhan véi de/dt dé co J‘L@dj v(9)do _
dt dt? 00 dt

» Tich phan theo t dé thu dwoc

2
1,099y V(@) =E
2 dt pot
otentialenergy
Kineticenergy
» Viéc phan tich &n dinh c6 thé dwoc thue hién cho 3 trwdng
hop (xem sach), bang khai niém giéng thé ndng.
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Ham nang lwong trong hé dién co
> Xét hé trong hinh vé bén dwdi, gia thiét ca hé dién lan hé
co déu khoéng chira cac phan tir tiéu tan nang lwong.

» Néu A hodci & mbictra

duoc gitr khong dbi, co thé 1, "

dw doan moét dich chuyén déu M ohép T:me
trong hé co. Khéng cé dong dién Mech.
N N R I " co 6 orx | system
chay nang lwong hay dong o =
néng lvong vao ctra dién. & -
hé co, gia thiét khong co
phén t& tiéu tan nang lwong.
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Quan hé giira 6n dinh tuyén tinh héa va thé ning
2

d 29 LV _,

dt o0

» Céc diém can bang cé dwoc bang cach giai

» Phuwong trinh mémen  J

=0

v (0)
00

» Tuyén tinh héa quanh mét diém can béng 6¢ cho ta

2 2
d’A0 0 V(6)

J
dt? 00°

A6 =0

9=6°

I 2 2 I
> 6¢ 12 én dinh néu 65\/9(26) >0, 6° la khong bn dinh néu

0=0°

oV (o)
06?

<0

0=6°
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Vi du 5.2 va 5.3 (tt)

» Tuyén tinh héa hé phwong trinh tai diém can bang

d?A0 . - .
e |2‘0A6’+(26i)10A| =4A0+4Ai
%(2i\0A9+ 26|, Ai)+ A =0

» Phuong trinh dau c6 bac 1a 2, do dé sé dan dén hé bac 3.

» Dinh nghta cac bién trang thai x,, X,, X, 1an lwot 1a AG, A6,

va Ai, ta c6 md hinh khoéng gian trang thai nhw sau
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Ham nang lwong trong hé dién co

» Lwc co hoc gay tac dong
o __2U0)
06
» Thé n&ng téng quét hoa:
V(0)=U(0)-W,(I,,1,,0) (donghangi, vai,)

V(0)=U(0)+W,(A,,A,,8) (tr thong méc vong hang 7., va ;)
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Vidu 5.2va 5.3
. N 2
& Cho hé phwong trinh d 29 Y
dt
d

—(26)+iR = v(t)
VGiR=1Qvav(t) =2 V. dt

Hay tim cac diém can bang, tuyén tinh hoa hé phwong trinh,
biéu di&n dwéi dang khong gian trang thai va tim trj riéng.

» Dat cac dao ham béng 0 dé tim diém can béng, rat ra
i=v(t)/R=2, 0=4/i’=1

> Vay, hé c6 1 diém can bang (6, i¢) = (1, 2).
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Vi du 5.2 va 5.3 (tt)

x] [0 1 o0 Jx
%|=4 0 4 |x
%| [0 -2 —05]x,

» Dan dén phwong trinh d&c trung dé tim tri riéng nhw sau
A+052+41-2=0

» Gidi ra ta dworc 3 trj riéng:

4, =0,4515, 1,, =—0,4578+ j2,0502
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Vidu 5.4

& Cho quan hé dong dién — tir thdng clia hé trong hinh
i=27+24(1-x)

Hay viét phwong trinh chuyén déng. Vi A =1, M= 1, va Mg =

2 trong mét hé don vi nhat quan nao dé, tim diém can bang.

Viét phwong trinh thé n&ng ctia hé va xac dinh tinh &n dinh
clia hé tai diém can bang trén.

» Tinh lwc dién tir theo ham nang lvgng
A ﬂ3
W, = (2% + 200 x) i = S+ 2-xf
0
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Vi du 5.4 (tt)
» Chon U(x)
_uk)_ Mg = U(x)=-Mgx
» Xay dung ham thé nang V(x)
V(x)=U(x)+W,(2,x), , =-2x+1/3+1-x)
» Tinh dao ham cép 2 ctia V(x)
'l
axz XE=2

» Vay hé da cho &n dinh tai diém can bang xe = 2.

=(2).,=2>0
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Vi du 5.4 (tt)

e =_% — 2 (L-x)-2)=22(1-x)

» Phwong trinh chuyén dong
d’x . 2
M prol f¢+ Mg =22(1-x)+ Mg
» Diém can bang s& théa man (v&i &, M, va Mg da cho)
20-x)+2=0 = x*=2
» Ham nang lwong tai A da cho

W, (2,x),, =1/3+(1—x)

On dinh céc hé théng dién co 26

https://fb.com/tailieudientucntt 5


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

