
BAt' TOAN GIAM CHAN TOl U'U CUA H~ B.A KH()I 
. LUQ'NG CHJU KiCH B()NG NGAU NHIEN 

NGUYEN TH! TRUNG' 

BAI toan giam chan chii d¢ng ci'ia h~ ba kh6i h.rqng drr&i lac dgng c1'ia Ivc kich dl)n~ tien 
dinh da duqc Co-na-n hen-co V. 0. khao sat nam 1973 ! 1 ]. T1·ong d6, ti~i1 chub tOi uu l:l 
c~c Ul;u nang lugng dil~u khi~n duqc t~o ra de d~p tat dao d¢ng. . 

Truong hgp life kich d¢ng la. qua trinh ngli.u nhi~n chuln, bai bao nay da ung d9ng 
phuang pMp ciia Zu-B6vV .I. [21 d~ chQn ham dieu khih t61 uu. PhH!m ham llliJ'\ ti~u h·ong iruang 
hgp nay la xac suat d~ cac thanh ph lin cua vee ta lQa d~ pha cua h~ t~i thai di~m cu5i rai. 
vao mien h~n che cho tnrerc. Ham dieu khi~n toi uu duq~! xae dinh sao cho xac sudt n6i tren 
la l&n nMt. 

' 
§ l· M(n V AI NH!N XET VA TtNR TOAN CAN THIET 

Ta khao sat M gom ba khOi lm;mg nhu sau: .M--h(lp 
dtJng : mt, m2 -la hai. kh6i lugng khac gan v6i ninm bi'ing 

· cac pMn ti'r dan hOi k (Hinh 1) cac pban ti'r dan hoi k va c 
duqc gili. thW la c6 cac d~c trung tuyen tinh. Kh6i hrqng M 
khOng bien d~ng va c6 th~ d!ch chuyh dQC theo trl}C y, 
kMng quay dcr&i tac d1.1ng cua ngof!.i b_rc f (1). M¢t phan 
nfra ciia M la b{J dieu khi~n U, t~o ra h;rc dieu khiiln u(t) 
do nguon nang luqng ben ngo:H va thoa man aieu ki$n: 

U= jurt)=(ul, u1i.;llu.il! <Lj; j '"'- l,2j Ct.U 

L.i - hang so tuy y ·-~ 

Phuang phap giltm chi'in xU: dvng nguon nang luqng 
ben ugoai nhu mo hinh tr~n cluqc gQi phu:ar,g phap giam 
cMn chu d¢ng. 

Kl. hi~u Yl va Y3 Ia d? djch elmyen ci!a ca·~ kht1i 
lnqng mJ va ill2, Y5 la d9 djch ehuyiln CUfl. IvL 

lrinh chuy'tn d()ng ciia c6 

Hinh 1 

·-

IiillJ .. 1 + c [Yt - Y3- (y~ -· y~) ] + k [ (yl -- yn-(y5-y~) ] = ttt{t) 

m2 ;;a- c[yl-ya-<y~- Y~>] + k[(ya-y~)-(ys-y~)] = u2<t) 

·M y5 - k (y~-y~)-k(ys- y~) + 2 k (y5- y~) = f(t)- u1(t)- uz(t) 

y~ , y~, y~ la gia trt cua y1 Y3· ys t!j.i thai di~m t, 

M .. 

(U) 

25· 



Th 

X iit kh6ng 

u !a lop cac 

dx , . ~"' , '''(·., -· = AX -t·· i>U T W t.j 
dt 

X= 

( 
c+k . k) 

a~t =- --· + -·· · 
< ~ m1 JVI 1 ' 

1 1. 
h21 = ·-·- + -·-· 

m1 M 

c k 
a:zs =--

m1 , M 

I , 

/c+k k) 
a 43 =- ~ m2 + M" 

1 
b2:o = bH= M ; 

1 l 
b4~ =--+

ID2 M 

Nghi$m cua phrrang tdnh (1 t11Cmg img v6·i 
'fheo cong th 1'•c C6si U\ e6 : 

dien khien u(t) E U chrQ·c kj hi$1ll qua x(t, u). 

t 

x(l.,u) = f.t- ] u(-r) dt + JF [t-o;J vV('t! dt 

to lo 
[t-'C] lama tn).n chuyl.\n tiep va F [t-'t]- Ia ma tr~n CO' sa cua M (1.4) 

ia cb thE\ viet d.c tMnh cua veda ng.hi~m u) du&i sau: 

. (l-· 

H, 0 == L2) 

7) 

l 

Inx (t, u) = m 
0 + f[hdt- <)lJi('f) + h,:; (t- 1:)u:l{-r)] d't' 

s Xs . I .. 
to 

:2(\ 



1u:q 

tp [G 

'[rong a6 mr V'~ Err hi Li VQng va ham hn:nug qnan ci'w 

'I'ir cac hi~u thrrc (1.8) v~ (1 ta :rl!t ra nh~n xet sau : 

Phrrang saici:'la cac c1~1lrrQ'ng nhien chl phl,l 1hu9c vao ky v~mg v~·ham T 

tuang qnan cua ngo~i ll)'c~ f(IJ. Trong khi a() ki VQng eua' Xs(t, u) L.ti phv lhu(lo V:i.o ham 
. &ieu khien u(t). Ta se si'r dt;ng tinh ch:H nay cua mxs(t, u) de giai quyet bai toan giinn chan 

U5i U'U ~ 

L Dfi_t 
dinh h?-m dieu 

'§2. 

Theo gia thiet, ngo~i h,rc f(i) la q~a tl'inh ngau nhien chuan nen vee ta nghi~m X(T,'u) 
-::11 phan bo ehuan va do dO cac thanh phan cua n6 ci1ng c6 pM.n bo ehu!in 

Ki hi¢u .Jt(u) la xac suat d~ X1 (T, u), nam trong khoang [ -11, Lt]: 

.h(u) = PII X1('I', u) i <I! l 
Phiem hiun -h (11) co dl).ng nhu: sau: 

h 

.ll(u) = , , . exp · - ------:2--- . •1 1 s {' [tl- rnxl (T, u) f) d-
' 1/JJ. O'~t :lo' 

' 

-11 .. xl 

ham u'"(t) E U thoa man cHen ki~n: 

.T l(u*) = max h (u) 
llEU 

.T - h5.ng s.6 ebo truCie 

:!~ I\ h$-n xet : 

a) Neu mx1 (T, u) > tJ i:dnn h (u) taug khi m:d (T, giam (xem hinh 

Neu mx1 (T. n) 0 l1.1\m J1 ( khi m"1 (T. ~.J) la.ng (xem hinh 3). 

l 

(0 

Hwh 2 Flinh 3 

?s db tuy theo dan cua ki vong illx! u) eo th~ chQn ham dieu khien u (t) sao ebo pbi~.m hll\'14 
J1~u) 11h~n gia tr~ l&n nhi!'t. Ta phan hif.t hai tnnrng hqp sau: 



""'et ta chQn sao cho , u) 
.~-bii s; = 1 ta th!l.y gii\, trj ducmg nho nhiH miit 

T 

m~ 1 - ) ! I hn {T- t) I L1 + llm(T- r) I L2j a1.· > [J 

t,) 

M:.uil$m1 y@.y, ham dih1 kbHm u(t) phai dugc ch9n theo quy !u(tt sau: . . 
u. (r) = - Lj sign hJj (T- T) (2. 

J 1: E [ t
0

, T] 
• 0 

K1 tn;ng mx1 (t, u) lu6n luon ~m: mxJ(T; u) < 0, nlxl < 0. 

The"' nh~n xet b) ham d:ieu khi~n u(t) clin d:uqc chQn sao dw rnxt(T, u) <eang l6t~ 
~'~llli!R( lltlL 'Ti.'t {L 9) ta tbay, gia trj l&n nhat rna mxt(T, u) co th~ nh~n duqc la: 

T 

m~1 + ~ II l111(T- -r) I L1+h12!'f- 1:) I L2l d< < 0 
. ~ ~ 

I!ilfll!,jjillll. Y:ljly, Mm di~u khi~n u(t) phi'ti duqc chQn theo quy lu~t •;an: 

u~ ( 1:) = Ljsign htj (T - t) 
} 

• E [ t 0 , T] 

iL "lr~rttong hqp 2: Ki v<.mg mx1 (t, u) dbi dau h:ong qua trinh dieu khHln. 

(2. 3) 

:lla) Him :pt~1(t, u) dbi dau tu fim qua duang: mxt(T, u) > o.,. m~1 <.::o gqi ~'ill- lla th!Jl 

t* 

~ 1./hn(t~'- ,;)jLl+llm(t*- •)lbJ 

tc., 

= ~l~.y <roii -r E [ 0, t*] ham mxt (t,u) <o ta chQn ham d:leu khi~n theo q uy l11~t (2.3) 

~ V&i :r E [t~ T] cho Uj (1:) =s 0. Die'!l d6 c6 ngh'la: ta chi th~c hi~11 dH~u khi'Pn 

·e;;ja;;, :t'iJ:i Iue d~t duqc ky vqng mx1 (t"', u) ::::: 0. 

~lT!b~fTII :.{~~ 1:!6 ~ 
-'-· ·r:-.'iFJ 

[hJi (t"' - r) ] 

t@ 

m;
1

- J f I hu (t*-··r) l L1 + I h:ll (t7i'' - r) I Lz!dt==O 

to 

l'oJ;b)!la' V~J, 1rong IDQi tfil'ODg hqp deu CO th~ ChQn ham ditu khih; t0i U'U U!!>. (0 U,o:J 
m~.n ·tlilhiJ kJ~u lam cho xac su!it cl:e :11:1 <T, u) nil.m trong khoang [ -l.!, 1J] elho tru6c 1a Urn illh~1. 



§ 3. 

Xac djnh ham dieu khi~n u(t) v6i nwe dieh khong che d9 dich "'""'''"'····· 
r;ac khoi luqng ill}, ID2: doi v6i h(>p dl):ng M, dugc dij.c trung b&i cac d~i l~Kcyllllg 
x1 (T, u) va X3 (T, u). Vi X(T,u) hi. vee ta ng~u nhien chub nen ham ph:iim b6 
cua X1 (T. u) va Xs (T, u) c6 dl}.ng: 

f (X1. X3)= 

Trang do mx1. mx3, cr;
1

, 11; 3 dugc xac dinh tU: (1.8) va (1.9} 

h. 1:3 la. d.c trj s6 cho truO"e. T11 c6 : 

h ls 

J(u) = f J.F(Jq, xs) dx1 dx:J 

-li -Is 

dtoi cua 
nhiieJ\l. 

<illllilrAg thai· 

Bai toan giam chan t6i uu dij.t ra nhu sau: 
\ 

Trong J.6·p 1:ae <lien khi~n cho phep F, h?iy xfic djnh ham dH~u khii!lil.-ll lllJi ~~ftll! ~•~'"'~t) ¥Jffi({);;s 
.m~1l oieu" •ki~n : 

J(u*) = max J(u) 

uEU 

:2. Nh(i.n xet: T\r (3.1) co thE~ chi ra :ri\ng J( ti) se tang n~u ham di€1@ kr11r~n ~~t) d<F~r 
1lh!.)n sao cho I mtl va ! mal giam. Th~J:c vf).y, truo ng hgp m1 > 0 va m:. > o nb~;l'!• Jtell. t!ie·11: 

(!J (lJ . 
lil IJ!Ii.~n nhii'~n vi d~ (litng rhung minh du:Q·r.: -·- < 0; - < 0 Cae ftnl'fiml'!; lff;.1~]Jo kilt~.<; 

3mt fim3 · 

·elhn'mg minh tuang tl.r 

3. T:nrong hgp l : Cii.e h~nn lnxl (t. u) va ffix3 (l, u) kh6ng ubi datL tllfJ;)llilJ.E (ijiUi:fi: ~.irl!mh 
'rl:iX·n khi~n. 

u) lubn luon drrung: 

0: ffix3 (T, 

,',~fie h2.I11 nJ1t1 ( 

~1eu ('~]~ 

!;~ bi~n 

+ mx3 (T, n) 

(3.3) 

+ 
-r)=h12 -:t)+hn(T-



.···r 

l~llS ,~ u).::.-=. 

V' 
-}-o 

l'jj d?t _> !! 

J.f) nhb nhih khi : 

*' 
u.j ) = ~ Lj Sign !.i - 1'} + lu; - t )J 

-i-o 

' 'o 

T 

+ 
[! h' I· I +: +(T-

1b)- Ki Y\)ng mx1 (t, u), mx3 (l, u) luon luon :1m 

llixl (T; u) < 0, m:1 < 0; Inx3 (T, u) < 0, \11~3 < 0 

T 

· M~ (T, u) = M~0 + J[ht (T- T) u1 (1) + h; ,(T- 'l) u:l(r)j d't < 0 

"'' "' +O < ' + ( ) . ~ h • •. l "' ) ~ 1 m 13 0 nen de eho JVI13 T. u gan v&i diem 0 n fit ta p_,,aJ c H?n u ,i 

1u~t sau: 

uj (<) = Lj sign [lht,i (T-t) + h;3j (T-1:)] 

'< E [to, T] 

c'" t . 1 ' h" • ...., + ( )' ' , JH~ 'f) O'D 111 at CU3 lVl!;j t, U 1HC tt6 

T 

si' Ht: 

r)l dt< (J 

luon luon z(lm m.,l (i, 

0, 

T 
-o 

+ 



-o 
Vi 

Ta c6: 

(} n~n 1v1 13 

ll1x1 

.(r 
J 

luon luon tun, Illx3 h;on l!lon duang 

T 

M;(T,u)= M~0 + J[h;(T-'t) tn(r) +h;rr-:-·rJuz(r)]cH<o 

-o - . 
vi M

13 
< () nen M13 (T, u) ch1 c6 tht nh$n gia _!:rj l<J-n nh:H khi: 

(3.11) . 

,1. Truong hqp 2: ham mx1 (!, u) va rnx3 (t, u) eung dau va. m(lt lrong hai h:'un dC\i ditu. 

2a) Ham mx1 (t. u) dCii dau: 

( ) 
~ 0 0 ~~· . 

mx·J T, u / , mxl <:::::: 0 

mx.J(T, u)S o· .. m0~S o x.} 

GQi t 1 la thai diem mit tai do ;-;:;zl Ut. u) = 0. lam 'ilwng tt.r nhU' d6i vui lnrcmg hqp 1 taco': 
- V&i r E [lo, td . . 

u~ (r) '_ + LJ sign 
J 

- Vai ' E [h, T} 

(T-t)- llsj (T-or)] 

uj (t) = + Lj sign [hJj (T- <) + hJj (T- <)] 

2b) Ham mx3 (t, u) doi dau 

n1x,1 (T, u) S 0 ~ 

mxg(T, u) S 0 . 

gyi l3 la thai diem rna l~i \lt'l mxa ' u) = lO, '[fi c6: 

01-x! 

- V6i r E [to. l3] 

Hoau to~m 
viA mx~ 

D1x1 

lTixl (T, n) ~ 0 , 

(i ' 

cl~.ug d{~t~ ~ 
0 

mx1 S 0; 

G9i t1 va 1:J la hai thai dil\m mil dt',: 

\+ 

mxJ(t}, 11) = llh3(1:l. u} = 0 
gia thii't tl < l3 ta c6 :, 

- V&i -r E • h) 

uj' (-r) = + l.j sigr' - ·n + hlll.i - l)] 



- V&i 

T} 

j ('r) = + Lj sign f:ttt.i(T- 1:) + hsj(T- 1r)) 

3b) mxl (l, u) va m~3 (L n) khae dliu: 

Blxl (T, u)~ 0 

mxs (T, u) 6 0 , 

Tuong t11 nhu· d6i v6'i truong hqp 2a) ta co: 

- v ai -e E l io , td : 

u~ (r) = + Lj sign [htj (T- 't')- h3j (T- 1:)] 
J 

- V&i 'E [tl, t3) 

uj (r) ~ ~-= Lj sign [h,_; (T ~ -r)+ h3j (T- ~] 

V6i T E'(t3, TJ 

u~ (r) = + Lj sign hJj(T - -r)- [hsj (T -- r)] . .I . • 

Bling each tren, trong m9i tnrbng hqp ta lu/ln lu(')n eo the xac djnh ham dih1 khiiln 
u (t) thba man di~u ki~n (3.2). 
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