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VE BAI TOAN PIEU KHIEN CUC NHANH HE CON LAC
NGUVEN VAN BINH E

$ MO PAU

Trong {1] (trang 339 — 344) @3 khio sat bai toan doi chuvén cye nhanh dwoge didy
itn b&i gia téc trong diéu kién vdn tGc bi chdn. Nh¢ dua vao phép bin ddi thich hop
phuong trinh vi phan chuy@n dong trd nén don gidn veéi didu khikn [4 van e va da
ffng minh duoe rdng he 1% dide khi%o doge néu he cd tin s8 riéng phan bidt.

Trong bai bio ndy x6t hai toan doi chuyda va khdi dong cwe nhanb hé con 1§
sge diBo khitn boi lwe gidi néi,

§1 BAI TOAN DO CHUYEN CUC NHANH

Cho hé gom khdi legng m tjnh tidn theo trge nfim ngang OX dwéi tae dyng ela
¢ F{t} mang theo hé n con iic Ii nht’mg khéi lwgng m; treo & diu day dai 5 (=1,
.es 1), dao dong trong mit phiing thing deang qua OX. ' -
ia thiét F| < F, (Fy — hanu s6 dwong)-

I

© Bai toan doi chuy®n cye nhanh vén ciu xdc dinh . :
:e Jidu khidn F@) 48 trong khodong théi glan cuc tidw ’ I Yl T i o

cAu tim hé chuykn tr trang thdi cAn bing ban diu dén et
ang thdi can bing moi sau khi chuydn d&i duge doan Q/ @ %
(4
o
m“

s = 0 cho trzde.

‘bai ngﬁu 14 hai toan doi ciuydn eye xa: cho truée
. x4c dinh didu khidn F(t) d& hé doi chuydn duge dogn
w cue dai cin tim.

Péng ning cha he 1a:
n

i - 1 2., -
T =— MX® + — E fmili®? — il i XDicosDs) (1.1
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jeei

rong d6: X - hoanb do khéi lwong tink tign; @i (i =1, 2,.., n) — goc nghiéng che con
'. : . w
fic (tinhtheo chidukim #dng hd tér vi tri cén bingdadinhthing dang); M = m + L mi—

théi lwgng toan he.
Cac lge suy rong la:
' Qr = F(O; 0 = — mighsin®i (i =1, 2,0, W (L2

vong dé: g-—gia tde trou'g truardrog.




Giid thir dan déng nhd, gilt tai cde sd hang bac nhdt, he phwong trinh vi phan
chuyan dong 1a:

n

;'\L;é - E il iy = Fit),
' - i=1 7

mil 2@ + mighi®; = miliX, (= 1 2y ke (1.3)
Cac digdu kign din va cudi la: '

te= 0 X(0) ="0; X(0 = Dif6) = Do) =0, (i =1, 2u..y 1)
t —

a4
T; X(T) = Ny 3 X(T) = Oi(Ty = Qu(T) = ¢, (i=12..., n)

(i:5)
§2- HE PHUONG TRINH CHUAN VA TINH PIRU KHIEN BUQC.

Choun bidn méi 14 hoanh 46 x cla khéi 1Am todn hé xéc dinh b&di he thec:
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Mx = mX + E mi X — HRUTY (2.1)
=1
H3é phwong trink vi phin (1.3} tcd thanh @

My = PQ),
(M~ mi)mil%¢i + gMmiliD: — mifiijIj&)j = miliF(t).

(2.2)
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Phuong trinh ddu véi bifn x dwoe phén 1y bidu difn chuydn déng khdi tim. Cic

phuong trinh sau mé th hé deo dong véi doug ning T vi thé ning V:
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T = — Z aii0iPi; V=— E ad?, {2.3)

2 2 .
=1 i=t ‘

trong do: aii = (M — mi)mif%; aij = aji = milimilsi o = Mgmils
Ky hidu @ o; — che tan s8 rieng: (d), db..
thda min caéec hé thire trye giao:
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e.s di} = cho hésd phan phéi twong ang
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Z akmdidm = 03 E exdrds =0, (5 = 4, (2.5
k,m=1 k=i

Ti
Di = Z d;CPi (=1, 2., 0
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{2.6)
Heé (2.2) trédthanh ¢
Mx = F(3)
n
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trong d4:

n ]

Mi = E Ay :  Miwf = Z ax( p®. (2.8)

k,m=1 k=1

Tigp tuc a6l bidn s
' n

T _ ., 1 ), iy,

x = —Fx ;0= — @F Y mid (i=1 2eon; L (2.9)
M Mi ! ¢ ! = .
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H¢ phuroog trivh vi phin chuy?n déng sé cb dang don gidn;

FL 2 )
x = ull) i ®i 4 oi g = D), (2.10)

trong d6 db don gian ching ta vin ding cle k§ hiéu x, @y con- didu khidn u(t) = E()[F,
chju &igu kign | ult) [ < 1.

- D& dang nban thdy cie dide kitn diu (1.4} va cudi (L.5) tré thanh:

t =0; x(0) =0, 'x(o) = gilo) .,= ;pi(o) =0, (2.11)

E=T; x() =%, () =D =0:(T) =0, (2.12)

trong 46 : Xy = - MXs >0 - (2.13)
o

Dudi dang veclo-ma trén, hg (2.16) viét dwoe :

v = Ay + bult) : : (2.14)
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Mhu & {1], 48 chirng minh tinh digo khidn duge etia hé, cin kidm ira hai tinh chif sau:

1. Phuwong trinh det{d — 2E}. = 0 chi c¢o nghiégm v&i phin thye khing duong
( — ma tran don vi)

2. Dinh théc A =} B. AB, A2B,..., Al2¥Ip | 5= ¢

Piédu kién th phat 13 hidn nhién vi:
n

det{A — rE) = a2 H 0+ mf) ' (2.16)

i=1
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Piey kién the hai, nhd cac quy #ic tinh dinh thie quen bigl, dwa v& dich thite
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§8. MOT 86 TINH cHAT Cla PIEU KHIENM
CUC NHANH

Ey hiéu pi (i =1, 2,0 v) — cdc bifn lién hop va thanhk 14p ham Haminton:
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H=pix 4+ jz2u + Z [peictoi + patea {~ m?ﬁ @ + )]

=1

3.1)




He phuwong teinh lién hop .
1;1 =0, ﬁz = opl,
;':zi+1 = w} pairz, {:211--2 = — paisls (i = 1, Zyerey 1) ' (3;2)
- Theo nguy én 1y Pontriaghin [2] digu khitn eyc nhanh ¢d dang: . -
+ 1k hi-P(t) =Pz + Z p2ity >0

) =t | .
u{t) = . o €3.3) -
' . n : .

= 1KBUP(D = P14 Y priey <O
k . 1= '
Hay, sau khi tich phan hé (3.2):
[ n _
+ 1¥B P() = Ci+ D - Z_Eisinmi(t +E)> 0

) = =1 ‘ {3.4)

ELs
Ct 4+ D — Z Bisino: (t + &) < 0

) =1
trong dé: C, D, By, & (i =1, 2,.,u) — cac hiing 8 chws xac dinh.
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— 1 xhi PO

Nhu thé, didu khitn cye nhapb 14 ham juin hode c6 gid tri + 1 va — 135 thei didm
) n

chuy®n tri 1a giao didm cda dwdng thing Ct + D va duong Z Eisin o5 (t + &i).
' i=1 '

Hon nita, & bii todn nay, edn c6 tinh chdl sau: Didu khign eye nhanh c6 tam d8:
xirng tal t = T/2 nghia la; ‘
uit) = — u{T —t) (3.5)

va tai 44 thda min cac bé thic sau:
) x (Tj2) = af2 (3.6a)5 @5 (T/2) = 0, (i = 1, 2,0.p m (3.61)

Thye vay, goi u (t) 12 &iéu khi%p cwe nhanh, chiang ta co:
T T t

v (T} = fﬂ(’r) dr = 6; x(T) = f (jlu(’r)d‘r}dt =4 (3.7 ?

o : .0 G R

T
9i(T} = = J’ u {t)sin wi (T — 1) dv = 0;
Wi
o -

T
é’i (T) = .g' u{7) coswi{T — ) d’t; =0:(i=1,2..., n). (2-8)




Che i lbree {3.5) oo ihi wlor tdng
T T

A

g .
i oy , .
aip Wy T i woiv) eos 63 TUT - 008 il j © (-r) ain ot odr = 9. (3,9)
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ST T
cos o3 T g‘ n{t)coswiTdr + sin w; T f vty sinwitdr = 0, {i = 15 Zyen., 1)
A :

e

T &6 suy ra:
T ) T .
f v {T) cos wiTdv = 8 jﬁ ui{tysinmivdr =06 (i =12.., ). {3.10)
o o .
: Xét didn khikn — u (T — 1), d4i xng cia dicu khidn a () qua tim d6i xtne t =T|2
Ching ta ¢o: "

T : T :
g [—u (T —~7)dr = j. a(z)dz = 0. | (3.11)
Iy ‘ .
a t T 7T- p T 7
g (}{— a (7 = 1)) d"L’ = g Eg n{z) dz dt = f ( ju(z) dz +
o 0 0 T 0 o : .
Tt T Tt - o
+ -gﬂ o (Z),dz} dt = %“’ (i § z {z) dz) ar = D{ (5 j‘ u(z2) dz) da =
J .
T o o 0 o
T t-
= éw ( j wir }:h’) = g, (3.12)
5 o
M3t kbde. cht v €80 cde bé thee £3.100 chimg ta ch:
T T
. \ . ; {
Rt U i 73] sinen (T — 73dT = - P ulz) sinmizdz = G, (313 I
nf QF !
o D
T -
; ] . ) E{: ) |
1o T o ) copedT — T} drom - % ulz} coswizdz = O {3.14)
g J
o o

Viy disu khibn —u{T — t) e6 cing thc dung nhuw didu khidn uft) (ciing thai gian digu
khidn, clng trgng thal d8u va cufi). Pé khdng mauw thueln véi tinh duy nhét ez didu
khidn cue nhan h hé thie {5.5) phii thda min. _
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T
E ( oty dv — 5 uf7} d—r) do =
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o . o -
v oz o
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Tuong ty, ehd ¥ ring : ]
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@i 2 Wy 9
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1 ‘ T \ T
= — u{7) sine; (—-— -z dz =@ —) (3185
(D5 2 / 2
0 : ‘ : 7
Te dé6, trén co sb cie hé thue (3.10), suj ra (3.6b) :
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1 ' . [T
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2 e 2
T
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§4. BAI TOAN Ku6I DONG CUC NEANH

Bai tcan nay yeu clu xde dinh di%u khikn d& tromg khodng thoi gian ewe tidu i
tim, bé chuyén tr 1rz_m‘g thai can hiing ban d4u 160 trang thai tinh tién véi van tde cho
Ctrwde. PEiongin Ja bAl toan khéi 4dng voi van tde cye dal.

Hg phwong Ezmh vi phdn chuvéu démyg la:

V = ult); CP; + m‘ﬂh = uli), ii=1, 9, ey 11} (4,13




T4

Cae ditn kwian ddu va cudi o

t =03 vio) = 0, oila) = gi{o) = =1 2,...,n 4.23

t = T v(T) = V7, .qsi(oJ = gido} =0, 00 =12 .., n (4 3)

Trong dé: V¥ — van tde tinh tign tal travg thai eudi.

Duéi dang vecto-ma trin, hg (4.1) cling ¢6 dang nhw (2.15) trong do6 bé- yﬁu t6

diu cfia che vecto y va b, dong diu va oft diu cha ma Irdn Aa
Tinh didu khidn duge cla hé d& ching minh trong [1l

. Bifn litn hop pi khong con ¢6 mit, him Haminton vi he phwong trinh lién Rop

I

H = Ppu + Z [Pznmps + Paisz (= wlps 4 u)} (4.4)
i=1
P =0, 1:"2i+1 = mszuz, Poijz = — Paia . (4.8)

Theo nguyén ly Poéntrisghin, disu khidn cwe mhanh cé dang:
f n
+1 khi Pt = p2+ szm =g

1=}

u(t) = R o (45

—1 khi P{t) = p2 + szm <
; i=1

hay, sau kbj tich phan hé (4.5):

T
+1 khi P(t)=D - Z Escoswi(t 4 &) > 8
' =1
ult) = n ' 4.7
—1 ki P{t) = D — Z Eieosoi{ t + i) <2
i=1

trong d6: D, Ei; & (i=1% .., 0} - cde hiing a6 chus xéc dink.

Nhu thé, dign khiZn exc nhanb ia hiam ludn ho&n cé gid tvi +1 v& — i céc dibm
n

chuyn trj la gizo dim cfla dirong ndm ngang D ¥4 dedng ?Eieusmi{’s + &i},
o — :
i=]

Hob nita, didu khi®n cwe nhanh & bai todn nay edn 6 nhirng tinh chit sau: Bién
khi®n cwe nhanb ¢d truc d8i xtng t = Ti2 nghfa 1a: ult) = u(T — 1) ’ (4.8}
vad thda man cac he thae: :

T ¥o- 4T
v{m) = Y » @i (—-—-} =g, {1==1, 2,...,n) (4.9)
2 2 2 -

Chirng minh teong ty nhuy d6i vdi bail todwn d&i chuyln cwe nhavh,
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