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PHUONG TRINH LIEN HQOP MO’
VU NHU LAN, VU CHAN HUNG, PANG THANH PHU, HOANG HONG SON

Vién Cong nghé thong tin

Abstract. Adjoint equations (AE) are increasingly widespread throughout mathematics and its
applications. In this paper, we aim to study Fuzzy AE and an adjoint technique-based-construction
of fuzzy pertubaition theory formulas is also outlined. By this way many algorithms may be developed
for modelling, identifying parameter estimating, controlling... in real time.

Tém tat. Phirong trinh lién hop 13 cong cu todn hoc ¢ ting dung rong rai trong nhiéu linh vire
khoa hoc va cong nghé. Bai bdo tap trung nghién cru phuong trinh lien hop mo va xay dung cong
thitc nhiéu loan md. Trén co s& céc két quéa nay, ¢ thé phat trién nhiéu thuat todn dé sir dung cho

mo6 phéng nhan dang, wée lwong va diéu khién trong thoi gian thuc.

1. MO PAU

Ky thuat lien hop da dwoc G. 1. Marchuk ([5]) xay dung hoan chinh nham gidi quyét cic
bai toan khoa hoc phitc tap. Mot trong nhirng tng dung quan trong cia ky thuat lién hop la
cac bai toan 1én vé moé hinh héa va du bdo cac hé phitc tap nhw méi trwdmg, khi hau, thoi
tiét, khi twong thiy vin ([3,5]).

Nho cong cu chinh xdc, chit ché cia phwong trinh lién hop, cdc mo hinh phitc tap cé thé
dwoc thay thé bang cdc moé hinh xdp xi don gidn hon nham gidi quyét cic bai todn cé tinh
toan cau. Nhiéu moé hinh hién nay phdt trién trén co s& sit dung cong cu logic me, mang
noron... nham tng dung trong cac thuat toan xir 1y thong tin khong chic chan.

Vay, lieu cé thé tiép tuc phat trién céong cu phwong trinh lién hop cho cdc mé hinh mo
hién nay hay khong? Cau tra 1o 1a néi dung dwoc trinh bay dwdi day cia bai bdo.

2. MO HINH HOA MO PHUONG TRINH LIEN HQP

2.1. S6 m¢& L-R ([1])
S6 mo L-R ([1]) 1a tap m& A véi ham thude pg(2) moé phong mot dai lwong s6 khong
chinh xéc trén tap nén s6 thue R va ¢é cdc tinh chat sau:
(i) Tap a-cat cia pa(x) 13 mot doan (khodng déng),
(i) Jz sao cho pa(x) = 1,
(iii) Loi, thda man:
pa(Aar + (1 — XN)xg) > min(ua(ar), pa(as)) véi A € [0, 1]

c—x
L i <x<e
pa(e) =¢ ¢
R re<ax<r

)
r—=c
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v6i L va R la cdc ham lién tuc gidm manh trén [0,1]

L(0)=R(0) =1, 2 = C.

L(1)=R(1)=0, =1 hoacx =r

Céc dai lwong trong phwong trinh lién hop s& dwoc thé hién bang céc s6 mo L-R trén
day.

1.2. Céng thirc nhiéu loan md

Qué trinh p(2) dwoc moé hinh héa qua phwong phép [4] théa man phuong trinh giai dwoc

chinh sau day:
Lo(e) = 4(2) (1)

O day, L- toan tir tuyén tinh mo.

g- phan bé nguon mo (s6 mo L-R).

~

@ 1a ham thuc ro.
a- bién thoi gian, khong gian, nang lwong gia toc...
Phiém ham dwogc cho dwéi dang tich vo hwéng mo (s6 mo L-R)

Jplel = (%13) (2)

trong dé:

(£,0) = > () © p(a), (2a)

~ ~

p(x)- dic trung cia phép do (s6 mo L-R).
bé tim J, ¢6 thé gii phwong trinh m& (1) va xdc dinh theo (2) hodc gidi phwong trinh
liéen hop mo sau day:
L, = p(), (3)
a xac dinh:
va sac am Tplel = Jqle™] = (¢%, q), (3a)

L* 1a todn tir lién hop mo d6i véi L dwoc xéc dinh bang quan hé:
<g7L7h>:<h7L*7g>7 \v/g7h€H' <3b>
Do (1) giai dwoc chinh, vay (3) ¢6 nghiém ¢* véi moi p(x).

Thay vao (3b) cdc dai lwgng cia (1) va (3) nhan duoc:

(Lo, pp) = (¢, L ¢p). o)
St dung (1), (3) suy ra: (q, 80;;) = (¢, p), (3d)
hay Iplel = (q,¢,) (8¢)

Van dé dat ra la tim méi quan hé gitra sw thay doi dinh tinh ctia todn tit L va phiém ham

(c6 nghia la gitra bién phan me 6.J, va bién phan phiém ham mo 6.J,).
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Gid str rang su thay déi nhd dinh tinh:
L—L=L®dL (4a)

v6i 6L 1a su thay doi nhé cia L kéo theo sy thay doi ¢ va J,

o — ¢, Jplel = J’g (] = Jple] @ 0Jp. (4b)

Nhu vay: L
0Jp = Jplp] & Jplel. (4¢)

Pinh 1y vé nhiéu loan m&.  Cho ¢ li nghiém cia phwong trinh (1) véi LAL'; @y la
nghiém cia phwong trinh (3) véi L*éL*/.
Khi @6 c6 quan hé sau day gitra bién phdin mo oL va bién phdn phiém ham mo 6J, :

dJp = (e, dL70p), (5b)

Cdc cong thite (5a), (5b) duwoc goi la cdc cong thitc nhiéu loan mo, téng qudt héa cong
thizc nhiéu loan cia Marchuk [5].
Ching minh:

Tinh chdt cia todn tit m& L & (1) bi thay doi va todn tit mo L trd thanh toan tir L' nhw

& (da):
L'=L®§L, (p1)

& day 0L 13 bién phan todn tir mo.
Nghiém ¢ va gid tri dinh tinh cia bién phan hAm md J,[¢] cliing bi thay déi thanh:
o= )
Iplel = J,[¢'] nhue & (4b) va (4¢)

Vol 57, = I &) © Jple).

Nhuw vay, thay cho (1), nhan dwoc mé hinh nhiéu loan
N4
L'¢' = q. (p3)
Gid str (p3) gidi dwoc chinh, khi d6 ton tai phan tir duy nhat ¢ 14 nghiém ctia phwong trinh
mo (p3).

Xét ¢y,- nghiem cia phuong trinh lién hop mo (3) twong tng véi phiém ham me J,, nhan
v6 huwéng phwong trinh mo (p3) bén phai véi ¢ va phwong trinh (3) bén tréi véi ¢, sau dé
xay dung hiéu mo gitra ching, nhan dwoc két qua sau:

(L' p) O (¢, Ley) = (a0, 3) © (¢, p). (p4)

~

St dung tinh chat (3b) cia todn tir lien hop mo L*, mo ta lai vé trdi cia (p4) dudi dang:
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(L'¢' ep) © (¢, L'ey) = (L', p) © (Le', y) = (0L, op). (¥5)
V& phii (p4) két hop véi (2) va (3d), (3e) sé cé:
(9,93) © (¢ p) = Jplel © Jple'] = S0, (p6)

Tong hop (p4), (p5), (p6), nhan dwge quan heé tong quéat déi véi bién phan phiém ham mo:
0Jp = O(0L¢, 7). (p7)

Néu thay cho phwong trinh (p3) va (3), xem xét phuwong trinh lién hop nhiéu loan me
(L*®L")¢', = p (p8)

~

va xem xét phuong trinh co ban mo khong nhiéu loan (1) thi bang phwong phap hoan toan
twong tw, nhan duwgc quan hé sau:

3Jp = S(p, 0L7' ). (»9)

Bicu thitc (p9) twong dwong véi (p7).

Trén thue té gid tri dinh tinh oL va (5%* di nhé va ching khong anh hwédng dén nghiém
@ va p*. Do dé trong (p7) va (p9) cé thé thay ¢ ~ ¢, @ R P

Cudi ciing nhan dwoc cde cong thie (5a), (5b).

Nhu vay dinh 1y vé nhiéu loan m& dwoc chirng minh. [ ]

3. KET LUAN

Nhu vay, phwong phép lién hop ([5]) da diroc mé rong va phét trién sang linh virc mo.
Pay 1a mot hwéng nghién ciru méi nham gidi quyét cdc bai todn 1é6n chira nhieu bat dinh.
Céc tham s6 bat dinh trong mé hinh dwoc thé hién bang cic s6 mo dang L-R. Céc tinh todn
sé don gidn hon khi chon s6 m& dang tam gidc. Tl day cdc bai toan nhan dang moé hinh, duw
bdo va dieu khién thich nghi cé thé xem xét gidi quyét dudi mot géc dé mém déo hon.
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