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‘BK Hé thong 16 xo
» Céc yéu to trong hé thdng co khi: khdi lwong (d6ng nang), 16 xo (thé nang), va
bd gidm xoc (tat dan). Pinh luat Newton dwoe dung cho cac phwong trinh

chuyén dong.

> Xét mot khoi lwong M = W/g dworc treo b&i mét 16 xo cé d6 cirng K. Tai diéu
kién can bang tinh, trong lwc W = Mg bang v&i lwe 10 xo Kl, trong dé | 1a do gian
cua lo xo gay bdi trong lvong W.

» Néu vi tri can bang dwoc chon lam gbc, chi ¢ lwec gay dich chuyén dwoc xem
xét. Xét so' dd nhw hinh Fig. 4.35(c).

> Dinh luat Newton: Lwc gia tdc theo chiéu dwong cla x bdng téng dai sé cua

tat ca céc luc téc déng 1én vat thé theo chiéu dwong cia x.

Mx = —Kx hay Mx+Kx=0
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Hé thong 16 xo v&i yéu to tén hao

‘K

u vi tri ban dau dwoc chon lam gbc (Fig. 4.36), vay

My =—-Ky + Mg My + Ky = Mg My +K(y-1)=0

>Chuy Mg =Kl

> Xét vat thé M dwoc dat trén mot 10 xo (Fig. 4.37), va mdt bo gidm xoc. f(t) la
lwe tac dong. x dwoe do tir vi tri can bang tinh. Mét bd gidam xéc Ii twéng co lwc

ti 1& v&i van toe gitra 2 diém, ki hiéu nhw trén hinh Fig. 4.38.

W:f(t)_le_sz_fB fK1T lf(t)Tfm

d.
= f(t)—le—sz—Bj); w7 M
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‘BK Vi du 4.17

> Viét cac phwong trinh co hoc cho hé théng trong hinh Fig. 4.40.

X X
KX Kox KX KsXs
M, M,
B, x, B,x B,x B,x,
— f,(t) = f,(t)

» Datx, —x, =x
M x|, = fl(t)+K2(x2 —x1)+Bz(562 _xl)_lel - K, x,
M,x, = fz(t)_Bz(xz _xl)_Kz(xz _xl)_B3x2 - K,x,
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‘BK Mo hinh trang thai

»Pong hoc clia hé thdng dwoc mo ta qua viéc viét cac phwong trinh dién hoc va
co hoc. Nhirng phwong trinh nay duwoc két hop v&i nhau cho ra mét tap hop cac
phuong trinh vi phan bac nhat dung dé phan tich. Day dwoc coi la md hinh trang

thai ctia hé thong.

> VDu. 4.19: Cho hé thdng nhw hinh Fig. 4.43, viét cac phwong trinh dién hoc
va co hoc clia chuyén déng dwdi dang phwong trinh trang thai. Tt théng moc
vong nhuw VD. 4.8,

N N I N??
R +R,(x) R(x) " 2R(x)

» Vé mat dién hoc,

1=

. N> di N’ 2 dx
v, =IR + —
S R(x)dt R*(x)u,A dt
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‘BK

Mo hinh trang thai (tt)

» Vé phia co,
2 2.2
M K(-t) 4B e N
dt dt 1, AR (x)

Trong dé | > 0 1a vi tri cAn bang tinh ciia phan chuyén déng. Néu vij tri ciia phan
chuyén déng dwoc xac dinh tir diém can bang thi cac phwong trinh co hoc ¢

bién (x —1). Quan hé & trén co duwoc voi diéu kién sau,

d*(x—1) d(x-1)
j— j— O
dt’ dt

» M6 hinh trang thai cia hé thdng Ia tap hop 3 phwong trinh vi phan bac nhat.
Ba bién trang thai la x, dx/dt (hay v), va i.
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Mo hinh trang thai (tt)

‘BK

> Ba phwong trinh bac nhat cé dwoc bang viéc 14y vi phan x, v, va i, dwoc biéu

dién dwdi dang dao ham

d .

?);:V “xl :fl(x19x29x3)
d 1 _N2 2 |
d: B MLJOAR;(X)_K()C_I)_BV X :fz(xloxzoxs)

di |
dt L(x

Trong do
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‘BK biém can bang

» Xét phwong trinh x = f()_c,g). Néu ngd vao u |a hang so, thi bang

viéc dat x = (0, ta nhan dwoc cac phwong trinh dai sO () = f(%é)

. Phuwong trinh nay co thé cé nhiéu nghiém dwoc goi la cac diém can

bang tinh.

» Trong cac hé thdng it bién, co thé gidi bang hinh hoc. Néu hé thong

nhiéu bién, can dung cac ki nang s6 hoc dé tim nghiém.

» VV&i VDu. 4.19, dat cac dao ham bang 0, ta dwoc
2(.e \?
e
S—~=-f/"",x
HoAR (x)
xe ¢6 thé tim dwoc bang hinh hoc, bang cach tim diém giao nhau cda
—K(x — 1) va f&(ie, x).
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Phép tich phan so6

‘BK

> Hai phwong phap: an va hién. Phwong phap Euler 1a phwong phap hién, dé
dang thiét lap hon cho cac hé thdng nhd. V&i cac hé thdng I16n, phwong phap an
t6t hon cho sy 6n dinh sb hoc.

> Xét phwong trinh X = Z(%%) K(O) =X,

Trong do x, f, va u la cac vector.

» Thoi gian tich phan sé dwoc chia thanh cac budc déu nhau At (Fig. 4.45).
Trong mot bwdc t t, t&i t.,,, ham lay tich phan dwoc gid st 1a hang so tai gia tri

twong rng voi thoi diém t,. Vi vay,

x(t,.0)= (e, )= (0,00 = 1,)f (x(0, hulr, )) = A f (e, e, )
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‘BK Vi du 4.21

> Tinh x(t) tai t = 0.1, 0.2, va 0.3 seconds.
i=—(t+2)x*>  x(0)=1
> Chon At = 0.1 s. Cong thirc tdng quat dé tinh x(*1 13
D = x4 A (™), ) n=01.2,.
> Tai t, X0 =1 (692, )=~(0+2)1> =2
¥V = x@ 4+ A (6,1, )| =1+ 0.1 (- 2) = 0.8
>Tait=01s x0=08  f(x",1)=—(0.1+2)0.8% =—1.344
x® = x4 Al (xV, 1, )| = 0.8+0.1x (- 1.344) = 0.6656
> twong tu, x®) =0.5681 x®) =0.4939
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BK B Vidu 4.22
> Tim i(t) bang phwong phap Euler. R = (1 + 3i2) Q, L =1 H, va v(t) = 10t V.
L%—I—ZR—V() %+1(1+31 ): (t) i(O):O
» Dati=x, vav(t)=u
Z’;C (1+3x )X+u f(X,M,f) X(O):OZX(O)

D = x e A () =012,
M_o  49—p 0 u®)=0 = x¥=0
=0  u¥=025 fx"u")=-1+0*)0+025=025

= x® =xU4+(0.025)0.25) = 0.00625
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BK

On dinh cta hé thong dién co — Gii thiéu
» M6 hinh déng hoc cuia hé théng dién hoc dwoc md ta bang cac phwong trinh vi
phan. Sy 6n dinh cla hé thdng phi tuyén rat dwoc quan tam. Mét vai cong cu dé phan

tich sw 6n dinh sé dwoc gidi thiéu.

> Nghiém thoi gian cta hé thdng ddng nhan dwoc bang viéc |4y tich phan va cac
diém can bang dwoc tinh bang hinh hoc. V@i cac hé thdng bac cao, cac ki thuat sb

hoc dwoc dung dé tim cac diém can bang.

> Viéc biét cac diém can bang tinh 6n dinh hay khéng la can thiét. Néu trang thai x
hay ngd vao u c6 nhiéu nhiéu, thi can phai mé phdng trong mién thdi gian. Néu xung
quanh cac diém can bang cé cac nhiéu loan nhd, thi chi can dung phép phan tich
tuyén tinh dé xac dinh diém can bang 6n dinh hay khéng. Déi khi, cdc ham nang
lwong c6 thé dwoc dung dé danh gia sw 6n dinh clia hé théng trong trwdng hop nhiéu

nhiéu, ma khdng can phai mé phdng trong mién thoi gian.
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Tuyén tinh hoa

ém can bang dai dién cho trang thai xac lap hién tai cia hé thdng, vi du xét

‘BK
>

mot hé thdng dién. Hé thdng vat ly co thé thy thudc vao nhiéu loan nhé (vdu
nhirng thay dbi clia tai), ma dan t&i cac dao dong va tham chi méat dién, hay cac

nhiéu loan I&n (vdu lam hdng hay phong dién).

> Trwdng hop v hwdng, mé hinh hé thdng 1a

X = f(x,u)

> M& rdng f(x, u) thanh chudi Taylor quanh diém can bang x® va ngd vao hang sb6

U
f(x,u):f(xe,ﬁ)Jr%O(x—xe)Jr%O(u—12):f(xe,ﬁ)Jrg—{coAerg—{loAu
h

" Ax=f(x,u)—f(xe,ﬁ)=g—{com+g—{loAu
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‘BK

Tuyén tinh héa hé thong bac 2

X = fl(xloxzau)

Xy = fz(xloxzou)

> CI‘]OA)C1 =X, —xle, sz =X, —xze, va Au=u-—1. Tuyén tinh héa hé

théng quanh diém can bang ta dwoc

o 9
Ox, Ox,
9| 9
Ox, Ox

o)
ou

9>

_8u

0

0

Au

» Cac dinh tri ciia A nhan dwoc bang viéc gidi phwong trinh det(A — Al) = 0. Hé

théng 6n dinh néu tat ca dinh tri nam & mat phang bén trai ( phan thuc < 0).
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PH'C(M* Sw 6n dinh cta hé thong bac 2
» Xét m6 hinh cia mét hé théng bac 2

d*x dx
M 1 +BE=f(x,u)

C6 dang tuyén tinh

2
d A2X+B dAx: ! Gf(x) Ax=—a)§Ax
dt M dt M ox |,

» Dbat Ax = Ax, va Ax = Ax,, dang phwong trinh trang thai la

el o)

» Phuwong trinh dac tinh,
—A | B
) =0 A +—A+w, =0
—~w, —B/M-21 M
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‘BKJ Sw 6n dinh cuia hé thong bac 2 (tt)

» Cac nghiém cua phwong trinh dac tinh
B B’
Zl,/lzz——i\/ ——
2M 4M
> Trwong hop | (B>0, M >0, a)g >0 )

2 2 2
B B 5 B 5
2 , = W
4M 4M
» Ca& 3 trwdng hop hé thdng déu 6n dinh.

2
> W,

> Trwong hop 11 (B>0,M>0, @} <0 )

» Trwdng hop dac biét (B =0, M > 0): hé thdng khéng 6n dinh néu a)g < 0, hoac

can 6n dinh néu a)g >0 .

» VDu. 5.1.
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BK

TP.HCM

Cac phwong phap ham néng lwgng cho hé thong
phi tuyén

> Khi c6 cac nhiéu I&n, viéc phan tich sy 6n dinh cla cac hé théng phi tuyén co
thé can cac ki thuat sb hoc phirc tap. Trong nhiéu trwéng hop, théng tin cé ich co
thé nhan dwoc bang cach truc tiép, dé tranh phép tich phan. Ki thuat nay dwa
trén cac ham nang lwong, va duoc biét dwéi tén goi la phwong phap Lyapunov.

C6 thé nhan dwoc cac nghiém tot véi cac hé thdng bao toan.

» Trong hé thdng bado toan, tbng nang lwong duoc gitr khong ddi, diéu nay dwoc
dung trong viéc phan tich sy 6n dinh cta hé théng. Xén mdt con lac nhw hinh Fig.
5.2, bao gom 1 vat thé khéi lwong M dwoc ndi véi mot truc quay (khéng cé ma

sat) qua mét thanh curng.

> Cho V(0) = 0 tai 6 = 0, tai moi vi tri 0, thé ndng dwoc tinh bang
V(0)= Mgl(1-cos(0))
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‘BK

» Khong co lwc nao ngoai trong Iwc, va hé théng dwoc bao toan, nén

Céac hé thong bao toan

2
J cjﬁf = —Mg(l sin(é’))
> Vé phai biéu dién dwdi dang dao ham am cda ham vd hwéng thé nang. Khi do,
— Mglsin(0) = _9 [Mgl(1-cos(0))] = _GV_(@
. 00 00
Dan t&i
d’e  ov(9)
J—F=—"FT—
dt 00
» Cac diém can bang la nghiém cia — 8V_@ = —Mgl sin(@) -0

ol
> Trong khoang -n t¢i +n,  @° ==+7,0

Bién d6i niing hrong dién co B moén Thiét bi dién



‘BK Nang lwong

> Xét J

d*6 ov(9)
_I_
dt> 00
doe d*6 ov(0)de
+ =0
dt dt* 00 dt

=0

> Nhan voi do/dt ta dwoc J

» Tich phan theo t, ta dwoc

2
lJ(ﬁj + V(@) =E
2\ dt ——

N S Potential energy
Kinetic energy

> Phan tich 6n dinh c6 thé thwc hién cho 3 trwdng hop khac nhau (xem sach)
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‘BK

Ham nang lwong trong hé thong dién co’

> Xét hé théng dwdi, gid st ca hé thdng dién va co déu khéng chiva cac yéu td

gay ton hao.

> Néu A hodc i tai mi cong dworc gilr
khéng déi, mot sw di ddng khéng doi
c6 thé xady ra & hé thdng dién co.
Khéng c6 nang lwong hay dong nang
lwong chady vao céng dién. O phia hé
théng co, khéng cé cac yéu tb gay

ton hao

> Thé nang téng quat:
ve)=u6)-w.(1,1,,6)
v@)=u6)+w (A,,A,,0)
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— Electro- |+

mechanical 0

l, + coupling | ~ orX
Ao

T" = _GU_(@ (Iwc co)

06

(hang sb i, va i,)

(hdng sb A, va L,)
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Quan hé giira on dinh tuyén tinh va thé nang
d’0 oV (6)

‘BK

» Phuwong trinh moment J > =(
dt
» Céac diém can bang nhan dwoc bang cach giai @V_@ -0
00
» Tuyén tinh héa quanh diém can bang 6¢ ta dwoc
d’AO 0°V(0
J——+ (2 ) AO =0
dt ol g
2 oV (6
> 0¢ 6n dinh néum > (), 6¢ khong 6n dinh néu J <0
2 2
ele 0=0° 00 0=0°

» VDu 5.3vab54
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