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MO PAU

Ly thuyét cac diéu kién t6i vu doéng mot vai trd quan trong trong Iy
thuyét t61 vu hoa. Nam 1965, A. Ya. Dubovitskii va A. A. Milyutin [1] da dua
ra 1y thuyét cac diéu kién can t6i wu dudi ngdn ngit giai tich ham va cho ta
phuong phap giai tich ham hiéu qua dé nghién ciru cac bai toan tdi uu va diéu
khién. Cong trinh n6i tiéng ctia Dubovitskii-Milyutin [1] danh dau mot budc

phat trién quan trong cua 1y thuyét tdi uu hoa.

I. Lasiecka [4] da tong quat hoa cac két qua cua Dubovitskii-Milyutin
trén co sé ching minh mot mé rong cua dinh 1y tach. Cha y ring cac diéu
kién t6i wu cua dinh 1y Dubovitskii-Milyutin dya trén viéc tdch mot non chép
nhan dugc va mot non tiép tuyén, trong d6 non chap nhan duge 1a xap xi nén
cta tp rang budc bat dang thirc va tap mirc ctia ham muc tiéu. Con két qua

cua Lasiecka [4] lai dua trén tach m0t non trong va mdt ndn ngoai.

Str dung dinh 1y Dubovitskii-Milyutin, P. V. Luu va N. M. Hung [5] da
thiét lap mot dinh 1y luan hoi kiéu Tucker cho hé bao gém cac bat déng thurc,
dang thirc va mot bao ham thirc. Tir d6 Luu-Hung [5] da ching minh cac diéu
kién can Kuhn-Tucker v6i cac nhan tir Lagrange duong (mg véi cic thanh
phﬁn cia ham muc ti€u cho nghi¢m hiru hiéu cua bai toadn t6i wu da muc tiéu
Vi cac rang budc bat dang thirc, dang thie va rang budc tap trong khong gian

dinh chuan.

Luan van trinh bay cac dinh ly Dubovitskii-Milyutin, cdc mé rong cta

ching va g dung dé dan cac diéu kién can Kuhn-Tucker cho nghi¢ém hiru
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hi¢u cua bai toan to61 wu da muc ti€u voi cac rang budc bat dang thirc, dang

thirc va rang budc tap trong khong gian dinh chuan.

Luan van bao gom phan m¢ dau, ba chuong, két luan va danh muc céc

ta1 liéu tham khao.

Chuong 1 trinh bay cac dinh 1y ctia Dubovitskii-Milyutin vé diéu kién tbi

uu tong quat va mot so két qua cd lién quan.

Chuong 2 trinh bay cac két qua cua Lasiecka [4] vé cac tong quéat hoa
cac diéu kién t6i uu cua Dubovitskii-Milyutin trén co sé chimg minh mot

dinh ly tach cho mot nén trong va mét ndon ngoai khong tuong giao.

Chuong 3 trinh bay mot tng dung cua dinh 1y Dubovitskii-Milyutin dé
thiét 1ap mot dinh 1y luan hoi kiéu Tucker cho hé cac bat dang thuc, dang
thtrc, bao ham thic va dan cac diéu kién can cho nghiém hiru hiéu cua bai
toan toi uu da muc tiéu voi cac rang budc bat déng thire, déng thirc va rang
budc tap. Chu ¥ rang cac nhan tir Lagrange ing véi tat ca cic thanh phan ham

muc tiéu ¢ day la duong.

Cubi cung toi xin bay to 10ng biét on sau sic t6i thay gido PGS. TS. D
Vian Luu, nguoi da tan tinh huéng dan, gitp d& t6i hoan thanh ban luan vin
nay.

T61 xin chan thanh cdm on Ban chi nhiém khoa Toan trudong Pai hoc su
pham-Dai hoc Thai Nguyén clng céc thiy gido co gido di tham gia giang day
khoa hoc, xin chan thanh cam on gia dinh, ban bé dong nghiép va cac thanh
vién trong 16p Cao hoc Toan K14 da luon quan tdm, dong vién, gitp do toi

trong subt thoi gian hoc tap va qua trinh lam luan van.

Théi nguyén, thang 9 nam 2008
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Ng6 Thi Thu Thuy

Chuong 1

PINH Li DUBOVITSTKII-MILYUTIN

Chuong 1 trinh bay dinh 1y Dubovitskii-Milyutin (1965, [1]) va mot sb

két qua c6 lién quan trong giai tich khong tron.
1.1. CAC KIEN THUC BO TRO

Gia sit X 1a khong gian topd tuyén tinh, X *1a khong gian lién hop cia
X, K la mot nén trong X ¢6 dinh tai 0, tuc [a AK < K (VA >0). Khi d6 nén

lién hop K cta K duoc dinh nghia nhu sau:
K" :{ xeX": <x*,x>20, Vxe K }
Ménh dé 1.1 ([6])
Gia sur K la non co dinh tai x,, x" la mot phiém ham tuyén tinh va
<x*,x> > (‘v’x € K).
Khi do,
<x*,x> > <x*,xo> (Vx € K).
Ménh dé 1.2 ([6])

Hai tdp 16i khéc rong bat ki khéng twong giao trong khéng gian t6pé

tuyén tinh, mot tdp cé diém trong thi tach dwoc.
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Pinh Ii 1.1

Gid st K la mét nén 16i ¢6 dinh tai 0, intK =3, L la mét khong gian

con, intK "L#@. Gid sit x* la mot phiém ham tuyén tinh lién tuc trén L

thoa man
(¥".%)20 (vxeK L),
Khi d6, ton tai phiém ham tuyén tinh lién tuc X* trén X sao cho
<5c*,x> = <x*,x> (vxel),
<)~c*,x> >0 (Vx € K).
Chirng minh
(a) Néu x* =0 trén L , thi ta chon X" =0.
(b) Néu x* =0, ta dt
O ::{ xelL: <x*,x>=0 }

Khi d6, Q; 16i va khac @ (béi vi 0 e Q). Dong thoi

O, N (intK)=.
That vay, néu
O, N (intK) = Q.
= Ixy € Oy N(intK).
= xp €L, <x*,xo>:0.
5
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B&i vi xy € LnintK, cho nén trong lan can cua diém x, ta tim dugc diém
x el NKma <x*,xl> <0. Piéu d6 mau thuin véi tinh khong 4m cla <x*,x>
trén L N K. Vivay,
O N (intK)=9.
Do d6, ton tai siéu phang tich Q) va intK, tic la ton tai phiém ham
tuyén tinh lién tuc £ e X~ sao cho
<§,x>>0 (‘v’xeintK), (1.1)
(&,x)=0 (VxeQ). (1.2)
Pé ching minh tiép dinh 1y, ta can bo dé sau:
Bo dé 1.1
Gid sir &,& e X,
o) ::{ X: <§1,x>:0 },
Oy ={x: (&,x)=0},
va Oy < Q,. Khi do, hogac & =0 (tiecla Q) =X ) hoac §=A&,, A #0 (tirc la
O=0)
Bay gio trén khong gian con L ta xét hai phiém ham tuyén tinh lién tuc
x* va &. Xét cac tap hop:
O :={ xel: <x*,x>:0 },
0, ::{xeL: <cf,x>:0 }

Ta co O < O,(do (1.2)). Ap dung bd @@ 1.1, ta nhan duogc hai truong hop:

6
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(i) Hoge 0y = 0,,

(1) Hodac O, = L.
Trudng hop (ii) khong thé xay ra, béi vi tr (1.1) ta c6 (£,x)>0, néu

xelLnintK.
Vi vay, theo bo dé 1.1
<x*,x> = /1<§,x> (/1 #* O)

trén L. B&1 vi <x*,x> va <§,x> cung dau trén K N L, cho nén A >0. Khi do,
"= A& l1a thac trién can tim cta x". O
Ménh dé 1.3 ([6])

[ﬂKaj*:zK;

ael acl

1.2. DINH LY DUBOVITSKII-MILYUTIN
Pinh Iy 1.2.

n
Gia st K{,K,,....,K, la cic non 16i mo (dinh tai 0), (\K; #D. Khi ds,
i=1

i=1
Chirng minh
Xét khong gian tich X = X x...x X = X". Mdi diém % € X c6 dang:

)?z(xl,...,xn), x;eX;

7
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Ta c6d K la mot non 161 mo trong X, boi vi K 1a tich cua cac non 161 mo K.
bat

Z::{iz(x,...,x): xeX }

n
Ta co L 1a khong gian con tuyén tinh ctia X. Boi vi ﬂKi #J, cho nén

i=1
LNK#D.
%
14 k n
Bay gio ta lay x" € (ﬂK,.] . Ta s& chiimg minh
i=l
% 4 %
X € ZKZ- :
i=l1
Dit
(£,%) =<x*,x>,
trong do
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Khi d6, & 1a mot phiém ham tuyén tinh trén L. Ta co

(£,7)20 (vxeimk),

béi vi
X =(x,...,x) elNKk.
n
— xeﬂKl-.
i=l
= ( ,)?r>:<x*,x>20.

Ap dung dinh Iy 1.1, ton tai £ € X™ sao cho

(£.%)20 (vEeK),

(E.%)=(&.%) (viel).

Gia st £=(&,....&,
(1.4)taco

&, )- Khi d6, véimoi x e X, thi ¥=(x,...,

(1.3)

(1.4)

x)eI: va tur

(E8)=2(60) = (65) = ().

=1

~.

Tu (1.3), ta suy ra

9
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n

Z<§l~,xl->20 (Vx; €K;, i=1,....n).
i=l1
= <§I-,xl->20 (in eKl-).
= ek (i=1...,n).
n
= X" EZKZ*
i=1

Mit khac, theo ménh dé 1.3,

n " n *
YK < [ﬂK,.j :
i=1 i=1

Do do, dinh ly duoc chirng minh. O
Pinh 1y 1.3 (Dubovitskii-Milyutin)

Gia sir K1,Ky,...,K,,, K, la cac nén l6i dinh tai 0; Cac nén K,K,...,

n+l

K, mo. Khi do, ﬂ K;=@<3x; eK; (i=1,...,n+1)khong dong thoi bang
i=1
0, sao cho
xX{ +o X, + X0, =0. (1.5)
Chirng minh
n+l

(a) Diéu kién can. Gia st K, =2.
i=1

n
o Truong hop I : ﬂKl-;tQ.

i=1

10
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n
DitK =) K;. Khi d6, K #J, mé va K NK,,,; =2. Theo ménh dé 1.2,
i=1

tdn tai x* e X*, x* #0 sao cho
<x*,y>SaS<x*,x> (VxeK,VyeK, )
Bdivi K 13 non co dinh tai 0, cho nén tir ménh dé 1.1 ta suy ra

<x*,y>SOS<x*,x> (VxeK,‘v’yeKn+1). (1.6)
Tur do,

*
n
x ek =(ﬂ1<l} .
Ap dung dinh 1y 1.2 ta nhan dugc
n
X :Zx;k, x: eK; (i=1,...,n).
i=1

Pit x, ., =—x . Khidé, tir (1.6) suyra x,,; € K,.;. Honnita x,,; #0 va

* * *
x|+t x, +x,,,=0.
n
o Truonghop2: [)K;=0.
i=1

Khi d6, tén tai s: 1<s<n sao cho
s s+1
K=(K;#9, (K;=9.
i=1 i=1

Ap dung truong hop 1 (véi s dong vai tro 13 n) ta nhan duoc

x;keK;k (izl,...,s+1), x;l;tO

11
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sao cho
% % %
X+t xg + xg=0.
Chon x,,, =---=x,,; =0 ta nhan duoc (1.5).

(b) Diéu kién dii. Gia sir ton tai x; (i =1,...,n+1) khong dong thoi bang
n+l
0 sao cho x; +---+ x, + x,,; =0, nhung (| K; <.
i=1

Do d¢, ton tai xy€K; (i=1...,n+1). Dong thoi, ton tai chi sd j:
* 4 * L * A *
1< j<n sao cho x;#0, boi vi néu khong thi x, =—> x; =0, vi thé xy,
i=1
..., X, .1 dong thoi bang 0.
L] ox R o A * _ v LA .
Ta co <xj,x0> >0 (boivi Kj ma, néu <xj,x0> =0, thi ton ta1 x €k,
sao cho <xj~,x1> <0(!)). Do do,
* k * * A 17 u
O:<x1 +-o 4 X, +xn+1,x0>2<xj,x0> >0:voli(!).
Dinh nghia 1.1
Véc to v duoc goi la phwong giam cua ham f (x) tai x, néu ton tai lan
can Uciia v, sé a <0 va so & >0 sao cho VSE(O,EO), Yuel, taco
f(xg+eu)< f(xy) +ea (1.7)
Cac phuong giam cua f tai x, 1ap thanh non mo c6 dinh tai 0.
Ham f duoc goi 1a gidm déu, néu nén cac phuong giam ca £ tai xgla 16i.
Dinh nghia 1.2

Véc to v duoc goi la phuwong chcfp nhan dwoc cua tap Q tai x, néu ton

tai lan cdan U cua v, s6 &y >0 sao cho

12
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Vee(0,6), YueU: xg+sueQ

Tap cac phuong chdp nhan dugc lap thanh mot nén ta goi 13 nén chip

nhin duogc cua Q tai x;.

Céac phuong chap nhan duoc cua tap O tai xolap thanh nén mé vé1 dinh
tai 0.

Ta goi han ché O loai bat dang thtc 1a déu tai Xo> néu nén cac phuong
chap nhan duoc tai x, 14 16i.

Pbi v6i cac han ché loai dang thirc, tire 1a khong co diém trong, nén cac
phuong chap nhin dugce (theo dinh nghia 1.2) bang & .
Dinh nghia 1.3

Véc to' v duoc goi la phwong tiép xiic véi Q tai xq, néu
dgy >0,Vee (0,50), Ix,. € QO sao cho

x, =xp+ev+r(e),

r(¢)

trong do r(g)eX sao cho voi bat ki lan can U cua 0: ——=eU voi moi
£

g >0 du nho.

Tap cac phuong tiép xuc véi O tai xolap thanh mdt non ta goi 1a non tiép
tuyén cua Q tai X -

v 12 phuong chap nhan dugc cua O tai xo = v la phuong tiép xtc cua O
tai x;.

Céc phuong tiép xuc voi Q tai x, lap thanh mot non ¢6 dinh tai 0. Non

cac phuong tiép xtic khong dong ciing khong mé. Trong nhiéu truong hop

non do 1a mdt khong gian con.

13
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Ta noi han ché Q loai dang thuc 1a déu tai Xp néu noén cac phuong tiép
xtic voi O tai xq 1a 16i.
Pinh li 1.4 (Dubovitskii-Milyutin)
Gid thiét:
n+l

(i) Ham f(x) dat cuc tiéu dia phwong trén Q = ﬂ O; tai x €Q;
i=1

(iz’) f(x) giam déu tai X, voi cdc nén phwong giam Ko;

(iii) Han ché loai bat dcfng thire O, (i =1,...,n) la déu tai X, vOi non
cdc phwong chdp nhan dwoc K;;

(iv) Han ché logi dang thirc O, la déu tai X, v6i nén cdc phirong tiép
xuc K, ..
Khi dé, ton tai x;‘ eK;‘ (i=0,1,...,n+1) khong a"é‘ng thoi bdng 0 thoa man

phuong trinh Euler - Lagrange:

Xp+X +e X, + X0, =0 (1.8)
Chirng minh
r \ 7 n+1 1
Trudce hét ta chimg minh rang tir gid thict (i ) ta phai co ﬂ K, =9. bicu
i=0

nay c6 nghia 1a mot phuong giam khong 13 phuong tiép xuc theo tat ca cac
han ché (Cha ¥ : mot phuong chip nhin duoc ciing 1a phuong tiép xuc).

n+l
Phén chimg: () K; =@, tc la ton tai ve K; (i=1,...,n+1). Theo dinh
i=0

nghia cua K; (i =1,.. .,n), ton tai &, >0, 1an can U cua v va sO a <0 sao cho

Vee(0,5), YueU:

14
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n
x,=x+eue()0, (1.9)

i=1
f(X+eu)< f(X)+ea. (1.10)
Bai vi v 1a phuong tiép xtic ciia Q,,tai X, chonén Jg >0,Vee (0,&),
Ix, €0, sao cho
x,=X+ev+r(e)e0, (1.11)
Chon &, dé v6i moi ¢ €(0,&,) tacod
MeU—v,

hay la

")y (1.12)

bat &3 =min(&y,&1,&,). T (1.11) va (1.12) suy ra

X;=X+su, €0,y (Vee(0,53)).

Tir (1.9) - (1.12) ta nhan dugc
n+l
X, = ﬂ O; (Va 6(0,83)).
i=1
Tir (1.10), (1.12) ta ¢6
f(X+eu, )< f(X) +ea< f(X) (Vge(0,53)).

Nhu vy, ¥ khong phai 14 cuc tiéu dia phuong ciia £ trén O : Mau thuan voi

gia thiét (i) (1). Do do,

15
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n+l

K =9.
i=0

Tur céc gia thiét (i), (iii) ta nhan duge K, K|,...,K,, 1a cdc nén 16i mé
dinh tai 0. Theo gid thiét (iv), K,,,; 12 nén 15i dinh tai 0. Ap dung dinh 1i 1.3,
ton tai x; € K; (i=0,1,...,n+1) khong dong thoi bang 0 thoa man (1.8). ]

n+l
Tt ching minh dinh 1y 1.4 ta suy ra ﬂ K. #D = x5 #0.
i=0

Ménh dé 1.4 ([6])
Gid sir
Ee X' Ki={x: (£x)=0}; Ky ={x: (£,x)20}; K3={x: (£,x)>0}.
Khi do,
(a) K ={A&: —0< A <+o0};
(b) Ky ={A&: 0< A <+o0};
(C) K= X*, néu £=0;
K5, néu &#0.
Pinh Iy 1.5 (Fakas-Minkovskii)
Gid sir
K:{xeDm:<Jﬂ>2@cﬂ€ﬂm,ﬁﬂwwn%

Khi do,
n .
K* = Za’yl-:yl-ZO,izl,...,n .
i=1

16
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Chirng minh

Ki hiéu
O ::{ X: <ai,x>20 }

n
Khi d6, K =(")Q; . Theo ménh dé 1.4,
i=1

0 ={dy:y=0}.

Xeét tap :

i=1 i=1

n no
ZQ;‘ :{ Zalyl- 1 y;20,i=1,...,n }
Ta co

n .
{Za’yl-: y; 20, izl,...,n}

i=1

la tap dong trong R”™. Bai vi trong R™ tat ca cac topd 1a tring nhau, cho

n
nén ZQZ* 1a dong ~ yéu trong R™. Theo [6, hé qua 1.12.1],
i=1

(ﬂ Qz} = ZQ;,
i=1 i=1

tic la

n .
K*:{Za’yi:yizo,izl,...,n } ||

i=1

17
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Chuong 2

TONG QUAT HOA PINH Li DUBOVITSTKII-MILYUTIN

Chuong 2 trinh bay céc tong quét hoa cac diéu kién tdi uu ctia Dubovitskii-

Milyutin. Cac két qua trong chuong nay 1a cta I. Lasiecka [4].
2.1. CAC XAP XI NON

Trong chuong nay ta ki hiéu £ 12 mot khong gian topd tuyén tinh 16i dia
phuong; A4 1a mot tp hop trong E; x° 1a diém thudc 4; U (x) 1a1an cén cta x
trong E; OC(x) la nén mé& chira x véi dinh tai 0; S 1a mot don hinh trong E;

la 4nh xa dong nhét. Phat biéu r(&)/ e e U(0)duogce hicu theo nghia sau:
VU(0), 3& >0 sao cho, Ve e(0,5), r(e)/e€U(0).
Hon ntra,

p" 1 {ﬁe[]”, iﬂizl}

i=1

P'(xo) ki hiéu dao ham Fréchet cua toan tir P tai 0.

Céc dinh nghia vé xap xi non cling nhu 1a méi quan hé ctua ching duogc
trinh bay trong muc nay. Cac dinh nghia cia non trong va xap xi 161 cap mot

duogc cho bo1 Neustadt [9].
Dinh nghia 2.1
Non trong ]C(A,xo)cda A tai x*la non 16i khéng tam thuwong (nghia la

non chira cac diem khac voi dinh) thoa man cac diéu kién sau:

18
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(i) vxe1C(4,x°), 30C(x) = 1C(4,x°)
sao cho

(i1) 3U(x°) théa man | (x"+0C(x)) U (x)\ {5} | = 4.
Dinh nghia 2.2

Xap xi I6i cap mot CAI(A) ciia A la mét tdp 16i thod man cdc diéu kién
sau:

(i) OecCAI(A);

(ii) CAI(A)chita it nhdt mét diém khéc O;

(iii) Vxp,%5,...,x, € CAI(A), YU(0), 3&4(x;,n)>0 sao cho

Vge(OgO) 3¢, p" — E thoa man

C(B)e (Zﬁlx +U(0 )J N 4;

(iv) ¢, la anh xa lién tuc.

Céc dinh nghia ctia n6n chap nhan dugc va non tiép tuyén ctuia 4 duoc

cho bdi Dubovitskii-Milyutin [1].
Nhic lai réng non chép nhan duoc cua A4 tai x° duoc xac dinh boi
AC(A,xO) ={xeE|3g >0, 3U(x) sao cho
Vee(0.5), VEeU(x), (x)+2%)e 4}.
Nhic lai r?mg non tiép tuyén cua A4 tai x° duoc xac dinh boi

TC(A,xO):{erEIgl >0sao cho Ve e(0,g), 3r(&) e E thoéa mén

19
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(xo +ex+ r(s)) €A, trong do r(g)/ece U(O)}.
Mot non chép nhan dugc hoac non tiép tuyén dugc goi 1a chinh quy, va
dugc ki hi€éu tuong tng boi RAC(A,xO) hoac RTC(A,xO), néu no 1a non 16i.

Su ton tai cia ndn trong kéo theo sy ton tai ciia xap xi 161 cap mot. That vay,

ta chi can dat:
ce=1

trong dinh nghia 2.2 1a duogc.

Hon nita, mot két ludn truc tiép cta hai dinh nghia nhic lai & trén 1a

4c(4,x°) = 1C(4,x°)
Céc quan h¢ cua
10(4,2%), car( 4,x°) v AC(4,x°), 7C( 4,2°)

duoc trinh bay trong cac bd dé sau.
Bo dé 2.1

Moi IC(A,xO) dwoc chita trong AC(A,xO ) ) {0} va moi nén 16i mé nam
trong AC(A,xO) v, {O} la mot non trong.

Chirng minh

Ta s€ chi ra rang moi non trong dugc chira trong mdt non chap nhéan

duoc. That vay, gia st 3 x # 0 sao cho
)_ce]C(A,xO) va )_ceAC(A,xO).

Khi do, EIOC()_C)CIC(A,xO),EIU(xO) sao cho

20

S6 hda bédi Trung tam Hoc liéu - Pai hoc Thai Nguyén http://www.Irc-tnu.edu.vn



www.VNMATH.com

(" +0c(®) U (P} | 4, @.1)
Ve >0,VU(X),3e€(0,¢ ), Ix eU(X) sao cho
(xo + g)zc) ¢ A. 2.2)
Ki hiéu
U(x)=0C(x)\{0}.
Ta chon & sao cho
Vee(0.5), (x°+e%)eU(x°).
Nhu vay,
Vee(0.5), (x°+2%)e(x+0C(%))nU(x°).
Vi thé , (2.1) kéo theo
(xo +g):c) € A
Diéu nay mau thuin véi (2.2).

Pé ching minh phan hai ctia bo dé 2.1 gia st OC 13 nén 161 mé bat ki
ndm trong AC(A,xO)u{O} va 0% % e OC. Theo dinh nghia non chép nhan
duoc, ta cod

35 >0, 3U(¥) sao cho Ve €(0,6), V¥ eU(X), (x* +5¥)ed. (23)
Gia st U;(¥) 1a 1an cén bat ki ciia X nam trong OC . Dit
Up(X)=U(x)nU(%),
OC(x)={ax:X¥eUy(x), a20}.

Giasu U (xo) la lan can bat ki cua x"véi tinh chét sau: néu
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x eUy(x) va (xo +a)=c)eU(xO)

thi

a<eg.
Bay gi¢ viéc kiém traOC(x)va U (xo) thoa mén tat ca cac diéu kién ctia dinh
nghia 2.1 1a don gian. That vay,
Vxe (xo - OC()?)) N U(xo),
ta co

x=x"+ax,

trong do
):CEU()()_C) va a<81.

Vi thé, (2.3) kéo theo x € 4, diéu nay két thiic viéc ching minh OC 1a mot

non trong. ]
Tu bd dé 2.1 ta nhan duogc hé qua sau.
H¢ qua 2.1
RAC(A ,xo) U{O} la non trong cua A tai L.
Bo dé 2.2
Moi nén 16i nam trong CA](A \ {xo}) thi nam trong TC(A,xO).
Chirng minh
Gia str C 1a méot noén 16i ndm trong CAI(A \ {xo}) va x e C. Khi d6, ton

tai mot don hinh § < C véi cac dinh x5 =0,Xx,...,x,, sao cho
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n
x:in,Bl-.
i=0

Diéu nay suy ra tir tinh 16i cia C. T dinh nghia 2.2 ta suy ra VU(0),

gy >0 sao cho

Vee(0,6), 3¢, p" > E, (2.4)
théa man
(8(,8):[551,81-)@+gu(0))e(A\{xO}), u(0)eU(0).
i=1
Dat
r() = u(0),
trong do

Khi do, (2.4) kéo theo

Vi vay,
xelC (A, xo). |
Dinh nghia 2.3
Non ngoai EC (A,xo)cda A tai x%la nén 16i khong tam thuong théa mén
cac diéu kién sau:
Vx e EC(A,xO), ‘v’OC(x), U, (xo) sao cho voi moi U(xo) cU (xo),

(" +oc(x))nanu(x)] 2.
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Bo6 dé trinh bay ¢ dudi chi ra rang ndn ngoai 1a mot loai xap xi yéu hon

nén tiép tuyén; nén ngoai thuc chat 1a mot loai xap xi yéu nhat.
Bo dé 2.3
Moi nén 16i nam trong nén tiép tuyén la mét nén ngodi.
Chirng minh
Gia st C 1a mot nén 15i ndm trong TC(A,xO) va x € C.Khi do, 35 >0,
Vee(0,),3r(g)eU(0) sao cho
(xo +5x+r(e))e A (2.5)
Gia st OC(x) 1a mot nén mé bat ki chira x. Khi d6 I, > 0sao cho
Vee(0,5),
[x0+8(x+r(g)/5)]e(x0 +0C(x)). (2.6)
Ki hiéu
&y =min(&y,&),
x(&)= X0+ g(x + r(g)/g), c€(0,&).
Khi do, (2.5) va (2.6) kéo theo

Vze(0.6,), x(2) e(x" + OC(x)) 4
Vi vay, VU(xO), Je;3 €(0,&,) sao cho

[xo + & (x+l”(8)/83):| eU(xO).

Tur do, ta nhan duoc

VxeC, ‘v’OC(x), ‘V’U(xo), Elx(83)¢x0,
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sao cho
x(e5)e| (+*+ 0C(x)) U (x) 4| 2.7)
Tu (2.7) ta suy ra
vU(x%), | (+* +0C(x)) U (V) | =2
Do d6, C 1a mot nén ngodi ciia 4 tai x° theo dinh nghia 2.3. ]
Tir bo dé 2.3 ta nhan dugc hé qua sau.
Hé qui 2.2

RTC(A,xO) la mot non ngoai cua A tai 0.

Nhan xét 2.1
Khéng phai moi non ngoai déu 1a nén tiép tuyén. Ching han mot diy vo
han cac diém ma n6 khong c6 non tiép tuyén mic di nd co6 noén ngoai la
A={xen ™ x=27", n=012,.},x"=0.
O day, [ 14 nén ngoai cla A tai x° nhung nén tiép tuyén ciia 4 khong
ton tai. Ttr cac két qua trén ta c6 quan hé thir tu giira cac xap xi non nhu sau:
RAC < IC > CAI > TC > EC

trong do
A—B

c6 nghia 13 néu 4 ton tai thi B ton tai.
2.2. CAC TONG QUAT HOA CUA PINH LY DUBOVITSKII-MILYUTIN

biéu kién can t61 vu dugc cho bdi Dubovitskii-Milyutin dya trén viéc
tach mdt nén chap nhan dugce va mdt nén ti€p tuyén, trong dé non chap nhan

dugc 1a mot xap xi nén cua tap hop duge mo ta bdi cac rang budc bat dang
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thure va tap mirc ciia ham muc ti€u, con non tiép tuyén la xap xi cua tap duogc
mo ta bdi cac rang budc dang thirc. Neustadt sir dung viéc tach mot non trong

va mot xap xi cap mot.

Mot dinh 1y duoc phat biéu duéi day chi ra rang véi gia thiét nao do, cac
nén trong va ngoai c6 thé tich duoc. Nhitng xap xi nay yéu hon nhing xap xi

da dugc sir dung béi Dubovitskii-Milyutin va Neustadt vi
CAI — EC va TC — EC.
Dinh Iy 2.1 (Dinh I tch).
Gid st cdc diéu kién sau thod man:
(i) A BCE, intA#Q; X" e AN B;
(i6) 3U(x°) sao cho (in4)BNU(x") =
(itd) Ton tai 1C(4,x°) va BC(B,x").
Khi @6, 1C(4,x°) va EC(B,x") tich duge.
Chirng minh
Ta can chi ra rang
10(4.4°) A EC(B.1") {0} | -2,
Gia sir diéu nay khong dting. Khi do, ton tai x # 0 sao cho
¥ e [IC(A,xO) mEC(B,xO)}.
Tir dinh nghia 2.1, suy ra 30C(¥) < 1C(4,x° ), 3Up (x°) sa0 cho
(x+0C(x)) AU (x* )\ ) = 4. (2.8)

Boi1 vi
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X e EC(B,xO),

chonén 3V, (xo) sao cho VU(xO) c Ul(xo),

(" +oc(®)nU(x*)n B\ {(x°} | 2. 2.9)
Ki hiéu

U, (xo):z Ul(xo)mUO (xo);

Tu (2.8) va (2.9) ta suy ra

[(xo +0C()_c))mU2 (xo)\{xoﬂc A,

(" +0C(%)) U, (") BV} |22 (2.10)

Nhu viy, ton tai x # x° sao cho

xe(x*+0C(%)) U, (x*)nanB. @.11)
Hon nifa, tir (2.10) va (2.11) kéo theo x 1a mot diém trong ctia 4. Tir (2.11),
ta co
xXe (intA)ﬁB ﬁU(xO).
Piéu nay mau thuin voi gia thiét (ii ). ]

Dya trén dinh 1y 2.1, dinh 1y tiép theo chi ra rang diéu kién t6i wu

Dubovitskii-Milyutin c6 thé suy rong duoc.
Dinh ly 2.2 ( Binh Iy Dubovitskii-Milyutin suy rong )
Gia su

n
(i) Agsdyyesdy cE; BCE; X" e () 40 B;
i=0

(ii) Ton tai IC(Al-,xO), i1=0,...,n va EC(B,xO);
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(iii) 3U, (xo) sao cho VU(xO) c Ul(xo),
n
int(") 4; mBmU(xo)\{xo} =.
i=0
Khi d6, ton tai cdc phiém ham tuyén tinh lién tuc
1 e[Jc(Ai,xO)] L i=0,ty [ e[EC(B,xO)} ,
khéng dong thoi bang 0 sao cho
n+l
> fi=0.
i=0
Chirng minh

Trudce hét, ta gia sir rang

Khi do,
n n
N IC(Al-,xO) 1a nén trong cua (] 4;.
i=0 i=0
Pinh Iy 2.1 c6 thé ap dung cho céc tip
n
(4; va B.
i=0

Do d6, ton tai mot phiém ham tuyén tinh lién tuc f € E* sao cho

n
7(x)=0, Vxe ﬂ]C(Al-,xO), 2.12)
i=0
f(x)<0, VxeEC(B.x") (2.13)
Twr dinh Iy 1.2 ta suy ra
28
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trong do

1 e[[C(Ai,xO)} .
(dinh Iy 1.2 c6 thé ap dung dugc vi JC(A,.,xO) 14 cac non 16i mo va cb giao
khac rong). Ki hiéu

fn+1 =—f.
Nhu vay, (2.13) kéo theo

0 * n+l
fi e [EC(B,x )} va Y f; =0.
i=0
Piéu d6 két thic chimg minh cua dinh 1y trong truong hop
n

() 1C(4.2°) = {o}.

i=0

thi ton tai
0<s<n

sao cho

ﬁIC(A,.,xO);t{o}.

i=0

Dung 18p luan tuong tu, ta nhan dugc

29

S6 hda bédi Trung tam Hoc liéu - Pai hoc Thai Nguyén http://www.Irc-tnu.edu.vn



www.VNMATH.com

n+l
2. /i=0,
i=0
trong do
fs+2:"':fn+1:0 u

Chu y rang cac diéu kién can t6i vu Dubovitskii-Milyutin c¢6 thé phat
biéu nhu 13 hé qua don gian cua dinh 1y 2.2, béi vi nén tiép tuyén 1a mot loai

xap xi manh hon nén ngoai.

Mot phat biéu khac cua diéu kién t6i wu Dubovitskii-Milyutin duoc goi
1a dinh 1y Dubovitskii-Milyutin d6i ngau .

Trong dinh 1y doi ngau ta xap xi tdp rang budc bat dang thic boéi non
chap nhan duoc va tap mirc cua phiém ham bd1 mot ndon ngoai (cac rang budc

dang thirc dugc loai bo hodc dién dat boi hai rang budc bat dang thic).
Cho F:E—0 va 4’1 {xe E|F(x)<F(x )| 0{x"}.
Pinh ly 2.3 (Dinh Iy doi ngdu).
Gia sir
n
(i) Ay, A,.... A, CE; X e ﬂAl-;
i=0
(if) Ton tai RAC(4;,x°), i=1,...,n va EC(49,x°);
2 O n
(iii) F(x) dat gia tri cyc tiéu dia phuong tqi X" trén tap ﬂ 4;.

i=0

Khi dé, ton tai cdc phiém ham tuyén tinh lién tuc

fl.e[RAC(Al-,xO)T, i=1....n, foe[EC(Ao,xo)T,
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khéng dong thoi bang 0 sao cho

Chiing minh suy truc tiép tir dinh ly 2.2. That vay, ta dat

B=4,.
i n
Baivi x° 1a cuc tiéu dia phuong cta F (x) trén () 4;, cho nén
i=0
n
l:{intﬂ AZJ N B mU(xo) \ {xo}} =(.
i=1
Chu ¥ rang
RAC(4,,x°) {0}

12 mot non trong ctia 4 (hé qua 2.1). Khi 0, tat ca cac gia thiét cua dinh 1y 2.2

thod man , va do d6 ta nhan duoc dinh ly 2.3.
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Chuwong 3

PIEU KIEN CAN CHO NGHIEM HU'U HIEU CUA
BAI TOAN PA MUC TIEU

Chuong 3 trinh bay céc tong quat hoa cua dinh 1y luan hoi Tucker cho hé
cac bat dang thuc, dang thic va bao ham thic trén co s& cac dinh ly
Dubovitskii-Milyutin di trinh bay trong chuwong 1, va céc diéu kién can Kuhn-
Tucker véi tit ca cac nhan tir Lagrange duong ung v&i cac thanh phan cia
ham muc ti€u, cho nghiém hitu hi¢u cua bai toan tdi uu da muc tiéu voi cac
rang budc bat dang thuc, dang thirc va rang budc tap trong khong gian dinh
chuan. Céc két qua ctia chuong nay 1a cua . V. Luu - N. M. Hung [5].

3.1. CAC KHAI NIEM

Gia sir X 1a mot khong gian tuyén tinh dinh chuan va 4 13 mot tap con
khéc rong ctia X. Cho f, g va & 1a cac anh xa tir X twong tmg vao 07, 09 va
0" Chuyf, g h cé thé viét nhu sau:

f=(fisforestp) 2=(81820 -84 ) = (P, Py, ),
trong do
Jie-&j:h s X =1 (k=L...p;j=Ll...q; [=L..,r).

Trong chuong nay ta nghién ctru bai todn quy hoach da muc ti€u sau day:

minf(x),
gi(x)<0, j=1,...,q;
hl(X):O, lzl,...,r;
x e A.

32
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Ki hiéu M 1a tap chip nhan dugc ctia bai toan (VP)
M:{xeA: gj(x)SO, hl(x)zO,jzl,...,q; [=1,..,r }

Nhic lai rﬁng mét diém x e M duoc goi la nghiém hitu hi€u dia phuong

ctia bai todn (VP) néu ton tai s6 6 >0 sao cho Vxe M N B(X;5),
f(x)-f(x)e-02\{o},

trong d6 [1 £ 1a orthant khong am cua [ 7, B(x;5) ki hiéu hinh cau m¢ tam
¥ ban kinh . Diéu nay c6 nghia ¥ € M 1a mot nghiém hitu hiéu dia phuong
ctia bai todn (VP)néu ton tai s6 6 >0 sao cho khong ton tai x e M N B(x;0)

thoa man
fi(X)< fi (%), k=L....p,
fi(x)< f;(x) v6imot i e{l,..., p} nao do.
Nhic lai nén tiép lién ctia 4 tai x € 4 la tap sau:
CC(4;x)= {v eX: 3, >v, I, >0 saocho x+1,v, € A,Vn}.

Nén cac phuong tiép tuyén day (hodc non radian diy) ctia 4 tai X € 4 1a

tap sau:
ZC(4;x)= {v eX:3t,>0" saocho x+¢,ve A,‘v’n}.
Chu y ca hai nén trén 1a khac rong. Nén CC(4;x)1a dong va né ¢ the
khong 16i;
ZC(A;)_C) C CC(A;)_C).
Gia su f 1a ham thyuc xac dinh trén X. Cac dao ham theo phuong s€ duogc

st dung sau day:
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Pao ham Dini dudi ctia ham f tai X € X theo phuong ve X 1a

Df (x;v)=lim inff()_c+tv)_f()_c);

t—0" 4

Pao ham Dini trén ciia ham £ tai X € X theo phuong ve X la

Df()_c;v) =lim Supf(f * tvt) — f()?);
t—>0"

Dao ham Hadamard dudi cia ham f tai x € X theo phuong ve X 1a

c_lf()_c;v) = liminf f()?+tu)—f(f);

(t,u)—>(0+,v) t

Dao ham Hadamard trén cua ham f’ tai x € X theo phuong ve X 1a

df (%;v) = lim sup f(f+tu)—f()?);
(t,u)—>(0+,v) t

Néu Df (x;v)=Df (x;v), thi ta ki hiéu gid tri chung cla ching la
Df ()_c;v). Do 1a dao ham theo phuong thong thuong cua f tai x € X theo
phuong ve X . Trong trudng hop Df (X;.) 14 4nh xa tuyén tinh lién tyc thi f

goi 1a kha vi Gateaux tai x va

trong do VGf()?) ki hiéu 1a dao ham Géateaux cua f tai X va <VG]~"()_C),V>
1 gié tri cia phiém ham tuyén tinh V£ () tai diém v. Nhu vay, néu f kha

vi Fréchet tai ¥ v6i dao ham Fréchet V/ (X) thi

Df (x;v) =<Vf()_c),v>.
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Tuong tw, néu df (X;v)=df (x;v) thi ta ki hiéu gia tri chung cia ching 1a
df (x;v). D6 1a dao ham Hadamard cta ftai X theo phuong v. Chi y néu

df ()_c;v) ton tai thi Df ()_c;v) cling tOn tai va chung bang nhau.

0={xed:fi(x)< fi(X), g;(x) <0, y(x)=0.
k=l...p;j=L...q;l=1...r};
O ={xed: fi (x)< f;(¥), g;(x)<0, Iy(x)=0,
k=1..,p, k=i;j=1...q; [=1,...,r} (ie{l,...,p}).
Néu véi mdi mot ve ZC(4;x) ma Dhy(x;v)(I=1,...,r) ton tai, thi ta dat
Cp(0;x)={veZC(4:X): Dfi, (x;v)<0, k=1,...,p,
Dg;(%;v)<0, jel(%),
Dhy(x;v)=0, =1,...,r }.
Néu véi mdi mot ve CC(A;x) ma dhy(x;v)(/=1,...,r) ton tai, thi dat
Cy(0:x)={veCC(4X): df;, (x;v)<0, k=1,...,p,
dg ; (%;v)<0, je (%),
dhy (x;v)=0, [=1,...,r |.

Do tinh thuin nhit duong cta cac dao ham theo phuong Dini va Hadamard

dudinén Cp(0;x) va C;(0;x) 1a cac non dinh tai 0.
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3.2. PINH LY LUAN HOI KIEU TUCKER

Pé dan diéu kién can Kuhn-Tucker cho nghi¢m htru hi¢u. Trong muc
nay, ta nghién ctru cac dinh 1y luan hdi cho mot hé gém cac bat dang thirc, cac
dang thirc va mot bao ham thirc.

Gia st X 13 mot khong gian tuyén tinh dinh chuan véi khong gian lién
hop X*. Gia sir ay,b;,¢; 1a cac véc to thude X™ (k=1,...,p;j =1,....q:[ =1,
...,r) va A 1a mot tap con khac rong ctia X. Véiie {1,...,p}, ta dat

A :{veX: <ak,v>SO} (kzl,...,p;k;ti),

4; :{veX: <ai,v><0},
sz{veX: <bj,v>SO} (jzl,...,s),
Clz{veX: <c,,v>:O} (lzl,...,r).
Chi y 4, va Bj(k =1,...,p;k #i;j=1,...,5) 1a cdc nén 16i dong c6 dinh tai 0,
,le- 1a non 16i mo ¢6 dinh tai 0 va G (l =1,.. .,r) 1a cac khong gian con tuyén
tinh dong cua X.
Pinh Iy 3.1
Gia sur
(a) K la mét nén con 16i khdc rgng bat ki cua CC(A;)_C) co dinh tai 0 va
K dong;
(b) Véi méi ie{l,...,p}, tdp hop:
)% s r
DA +Y B+ C+K
k=1 [=1

J=1
k#i
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dong *yéu trong X~
Khi d6, hai phdt biéu sau la twong dwrong:

(i) Véi moi ie{l,...,p}, hé sau

(ap V)0, k=1,...,p; k#i; (3.1)
(a;,v)<0 (32)
<b],v> L...,s, (3.3)
(e v)=0, I=1, (3.4)
vek, (3.5)

khong co nghiém ve X .

(if) Ton tai 4 >0(k=1,...,p),1;20(j=1,...,s)va v, el (I=1,...,r)

sao cho
P S r
> Tilagv)+ X i (byv)+ Y 7 (e v) 20 (VveKk). (3.6)
k=1 j=1 I=1

Nhan xét 3.1

(1) Néu gié thiét (a)duge thay béi K 1a mot nén con 16i khac rdng cia
ZC(4;x) va K la dong thi dinh 1y 3.1 van dang boi vi
ZC(4;x) = CC(4;x).

(2) Trong trudng hop K = X, bét dang thirc (3.6) twong duong voi

P s r
2 ag+ D Hby+ Y e =0
k=1 j=1 1=1
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Chirng minh dinh ly 3.1
(/)= (ii) Ta chi can xét truong hop tit cd a; = 0(k=1,..., p) bdi vi trong
truong hop ton tai a;, =0 thi taldy 4 =1 1a dugc. V6i mdi i e{l,..., p},gia
st hé (3.1)-(3.5) khong c6 nghiém ve X . Dat
p s r
D;=| [ 4 m[ﬂBJ-Jm[ﬂC]JmK,
k=1

j=1 I=1
k+#i

ta thay rang D; 1a mot non 16i dong khac réng trong X c6 dinh tai 0 va
A ND;=2.
Chuy ;11- 1a mot non 10i khéc r5ng co dinh ta1 0, boi vi g; #0. Tu dinh 11 1.3
suy ra ton tai & € A" va n; € D} khong dong thoi bang 0 sao cho
¢ +1;=0 (3.7)
Tur (3.7) suy ra ngay rang & = 0(cling nhu 7; = 0). Béi vi cac nén 16i 4.,B;,
C(k=1,...,p;k#i;j=1,...,5;] =1,...,r)va K 1a dong cho nén né 1a déng yéu.

Vi thé cac gia thiét ciia dinh 1y 1.2 14 thoa man. St dung dinh 1y 1.2, ta c6

p N r
D =) 4+ Bi+> C +K". (3.8)
k=1 j=l =l
k#i

Mt khéc, do ménh dé 1.4 ta ¢c6
A ={Aay: A<0}, k=L...,pk#i

A ={2a;: 2<0} (ciing nhu a; #0);
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Cl*z{vcl:veD}, [=1,...,r.
Boivi & edj, & #0 chonén & =1a,véi 4 <0. Do (3.8), tdn tai
Aik SO,(kzl,...,p; k;ti), i <0 (jzl,...,s),vﬂ el (l=1,...,r)

\ *
va §; € K™ sao cho

.
Z/@kak + Zﬂy D Ve +
I=1

ot 7
Dat
Jix == (k=1 psk#1), Ay =24,
Fig ==ty (J=1,..s5), Vg ==vyg (I=1,....7),
tacod

ik ZO(k:L...,p;k;éi),Zii>O,/7ij20(j:1 .,8) va v, ell (l 1,...,r).

Tu (3.7) suy ra

Zﬂﬂ{ak +Z,u,]b] +ZVICZ ¢ eK”.

k=1

Do do,

M*s

<ak, > Zﬁij<bj,v>+217ﬂ<c,,v>20 (vvekK). (3.90)
=1 1=1

k=1

Chu y rang véi mdi i €{l,..., p}, ta nhan dugc bat dang thirc (3.91). Cong hai

vé cua (3.91), i=1,...,p vadat
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ﬂ’k Zﬂ’lk’ /u] Zlulj va Vl Zvll ’
i=l1 i=l1

ta nhan duoc

A >0, H;20, v, el (k=L...p;j=Ll...s [=1...r)

va
P N r
Zﬁ,k<ak,v>+z_j<bj,v>+217l<cl,v>20 (VveKk).
=1 =l =1

( i)= (i) Gia st ton tai A, >0, £;20vav el (k=1..,p;j=1...s;
,...,7") thod man (3.6). Néu (i) la sai thi phai ton tai i €{l,..., p} sao cho

hé tr (3.1)-(3.5) c6 mot nghiém v, € X . Tir d6 suy ra

p

> Alag,vg)+

k=1

r
H <bj,v0>+217l<cl,v0>< 0.

1 /=1

Mm

~.
Il

Piéu nay méu thun véi (3.6). Pinh Iy dugc ching minh. L

H¢ qué 3.1
Gid sir A la mot tap 16i va véi méi i €{l,..., p}, tdp hop:
p N r *
D A+ Bi+> C +CC(4X)

k=1 j=1 /=1
k#i

dong *yéu trong X~ .
Khi d6, hai phat biéu sau la twong dwong:
(i) Véiméi ie{l,...,p}, hé (3.1)-(3.5) ma K duoc thay boi CC(A;X)

khong co nghiem ve X.
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(ii)Tén tai }Tk >O,ﬁj >0,v; el (k:1,...,p;j:1,...,s;l:1,...,r)sao cho

p M r
D Ailag,v)+ Zﬁj <bj,v>+217l<c,,v>2 0 (Vv € CC(A;)?)).
k=1 j=1 I=1

Nhan xét 3.2

Trong truong hop CC(4;X)=X, bét ding thic trén tuong duong véi

dang thic sau
p S ro
Z /Ikak + Z ﬁ]b] + ZVICZ =0.
k=1 j=1 I=1
Chirng minh hé qua 3.1
Boi vi A4 1a 16i khéc rdng, cho nén CC(4;x) 1a mt non 16i dong khéc
rong. Ap dung dinh Iy 3.1 cho K =CC(4;¥), ta nhan dugc h¢ qua 3.1. L

V&i moi ie{l,...,p},ta dat

E; = ﬁAk m[ﬁBij{hCl].
k=1 j=1 I=1
k#i

RO rang £, (i =1,..., p) 12 mot non déng khac rong c6 dinh tai 0.

Trong trudng hop dim X <+, do dinh 1y Farkas-Minkowski, diéu kién
() trong dinh ly 3.1 s& dugc thay béi mot dieu kién lam yéu hon nhu trong
dinh 1y sau.
Pinh ly 3.2

Gid sir dim X <+, K la mét nén con 16i khdc ro’ng cua CC (A;)_c ) VOi
dinh tai 0 va K dong. Gia thiét véi méi i e {1,...,p}, tdap El-* +K* dong. Khi

d6, hai phat biéu sau la twong dwrong:
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(i) Véiméi ie{l,...,p}, hé (3.1)-(3.5) khong c6 nghiém ve X .

(ii) Ton tai 2 >0,1,;20 va v ell (k=1,...,p;j=1....s[=1,...,r)sao
cho (3.6) diing.

Chirng minh

B&i vi dim X <+ cho nén dim X =dim X va vi thé cac to pO manh,
yéu, “yéu trong X* 13 trung nhau. Do dinh li 1.5 ta rat ra ring véi mdi

ie{l....p},

p N r
E;k = {Z Zikak + Zlul]b] +ZV1'ZCZ . ﬂ“ik < 0, /JU < 0, Vi el ,
P = =1

k+#i

k=l...p, k=i j=1,..5:1=1,..r}.
Do do,

p s r
E =Y 4+ B +>.C (i=1...p).
=
#i

Vi vay, theo gia thiét, tap hop:

P S r

DA+ B+ C+K

k=1 j=1 =1

k#i

1a dong, va do d6 n6 déng * yéu. Nhu vy tat ca cac gia thiét cua dinh 1y 3.1

dtng va tir dinh 1y 3.1 ta suy ra két luan. ]
Trong trudng hop dim X <+w va A=X tir dinh Iy 3.2 ta ¢6 thé nhan

dugc dinh 1y luan hoi Tucker ¢ dién nhu 1a mot trudong hop dic biét.

Hé qua 3.2

Gid sir dim X < +oo. Khi d6, hai phdt biéu sau la twong dwong:
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(i) Véi moi ie{l,...,p}, hé (3.])—(3.4) khong co nghiém ve X.
(ii) Tontai 24 >0,1,;20,v, €0 (k=1,...,p; j=L....,5;=1,....,r) sao

cho
P s r
Z/Ikak+2ﬁjbj +Zl7lCIZO. (310)
k=1 j=1 /=1

Chirng minh

Véi A=X thi CC(A4X)=X va vi thé CC(4X) ={0}. Hon nira, boi
vi dim X <+, cho nén véi mdi ie{l,..., p}, El-* 1a mot non 16 dong khac
rong trong X va 0 € E; . Vi vay,

Ef +CC(4X) =E}

1
vadodo E + CC(A;)_C)* la dong trong X~. Bay gio ta ap dung dinh 1y 3.2
cho A= X vasuyra (i) la tuong duong véi ton tai

A >0, H; 20,V el (k=L...psj=L...s; [=1...r)

sao cho

iik<ak,v>+ Zslﬁj <bj,v>+zr:17l<cl,v> >0 (‘v’v € CC(X;)?) = X),
k=1 j=1 I=1
bét ding thirc trén tuong duong vai (3.10). L]
3.3. PIEU KIEN CHINH QUY

By gio ta trd lai bai toan (VP). Duéi ddy ching ta s& dua vao hai diéu
kién chinh quy kiéu Abadie dudi ngon ngit cac dao ham theo phuong Dini,

Hadamard va dan cac diéu ki¢n can cho nghiém hiru hi¢u.
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Ménh dé 3.1
Gia sir x e M.
(a) Néu véi moi veCC(A;)_c) cdc dao ham theo phuong Hadamard
dhy ()_c;v),...,dh,, ()_c;v) ton tai thi
(p]CC(Ql';x)ccd(Q;x). (3.11)
i=1
(b) Néu véi méi v e ZC(A;)_C) cac dao ham theo phuwong Dini Dhl()_c;v),

..., Dh, (f;v) ton tai thi

DZC(Qi;)_C)C Cp(0:%). (3.12)

Chirng minh
Ta chi chimg minh (3.11)con (3.12) dugc ching minh twong tu. Trudc

hét ta chi ra rang véi mdi i €{L,..., p} thi
cc(0's¥) = ¢y(05%), (3.13)
trong d6
Cq(0's%)={reCC(4%): dfi(F:v)<0, k=1,....p.k =i,
dg;(%;v)<0, jel(%),
dhy (x;v)=0, I=1,...,r}.
Vi iefl....,p}, khi lay ve CC(Q';¥) thi & ton tai 1,40 va v, > sa0

cho x +1,v, € Qi(Vn). Khi d6 x +1,v, € A(Vn), vado d6 ve CC(4;X).
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Hon nita, v6i i €{l,..., p} boivi ¥ +1,v, € 0’ cho nén
(X +tv,)< fi(X), k=1...,p; k#i;
g (X+,v,)<0=g;(X), jel(X);
B (x+t,v,)=0=h(X), I=1,...,r.

Vi vay,

=1,...,p; k#1,

df, (Zv)< lim g BV = Se(5)

n—>00 t,

(x+¢ —o.(x
dg (%)< lim i S5 tn¥n) = 85(F)

n—>00 Z‘n

<0, jel(X);

dhy (%;v) = lim hl(’_c””"”)_h’(f)zo, [=1,...,r.

n—oo t,

Do do, ve C,(Q';¥). Nhu vy ta da nhan duoc (3.13). Tir (3.13) suyra
p . J4 .
ﬂCC(Q’;)_c)C ﬂCd(Ql;)_c)sz (0:%). |
i=1 i=1

Chu ¥ rang bao ham thirc nguoc lai cia (3.11) va (3.12) ndi chung khong
dung. Vi thé, d¢ din dén cac diéu kién can cho nghiém hiru hiéu ciia bai toan

(VP) thi ta s& dua vao diéu kién chinh quy tai X kiéu Abadie sau day:

C,(0:x)c ﬂCC(Q";f), (3.14)
i=1
p .

Cp(0:%) ﬂzc(g’;x). (3.15)

Céc diéu kién d6 1a tong quat hod cia cac diéu kién chinh quy Abadie suy

rong trong [3],[8],[10] .
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Néu v6i mdi ve CC(4;x) cac dao ham theo phuong Hadamard df;(;v)
va dhy(x;v)(k=1,...,p;/=1,...,r) ton tai thi v6i mdi i e {1,..., p}, dat
Ly (f:%)={veCC(4:x): df;(x;v)<0, dfy (¥:v) <0, k=1,...,p; k =i},
Ly (M:xX)={ve CC(4:X): dg;(¥:v)<0,jeI(%),
dhy (x;v)=0, [=1,...,r},
trong d6 M ki hiéu la tap chap nhén dugc cia bai toan (VP).
Mot diéu kién can cho nghiém hitu hiéu c6 thé phat biéu nhu sau.
Dinh 1y 3.3
Cho X la mot nghiém hiru hiéu dia phwong ciia bai toan (VP). Gid sir
g;(/j21(x)) la lién tc tai X va véi moi ve CC(4;x) cdc dao ham theo
phwwong Hadamard dfy, (%;v), dhy (%;v) (k=1,...,p; 1 =1,...,r) ton tai. Gid thiét
rang diéu kién chinh quy (3.14) ding tai X . Khi dé, véi moi i €{l,..., p},
Ly (f;¥)NLy(M;x)=2 (3.16)
Chirng minh
Gid str nguoc lai, ton tai iy €{1,..., p} sao cho
LO(f;%) N Ly (M;%) % D.
Piéu do kéo theo tn tai vy e LY (f3¥) N Ly (M;%). Boi vi vy e LY (f;%),
cho nén
df;, (%3v9) <0,

dfk()_C;Vo)SO,kzl,...,p;k;tio. (317)
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R& rang vy € Cz(Q ;X). St dung diéu kién chinh quy (3.14), ta ¢6

vy € ﬁcc(g";x),

i=l1

suyra v, e CC io;)_c . Boi vay, ton tai 7, L 0 va v, —> v, sao cho
y 0 Y n n 0

X +1,v, €00 (Vn).

Vithé X +1,v, € 4, va
fi(X+t,v,) < fi (%), k=L...,p; k#iy;
gi(x+t,v,) <0,j€l(X);
hy(x+t,v,) =0,1=1...,r.
Hon nita, v6ij ¢ 1(X) taco g;(X)<0. Do tinh lién tuc cta g, (j £ (X)),
ton tai mot s tw nhién N, sao cho Vn> Ny,
gj(x+t,v,)<0 (j2I(x)).

Mit khéc, béi vi ¥ 1a mot nghiém hitu hi¢u dia phuong cta bai toan (VP)
cho nén ton tai mdt s6 & >0 sao cho khong ton tai x e M M B(X;5) thoa man
fi(¥)< fi (%), k=1....p,

fi(x)< f3(F) véi mot i €{l,..., p}nao do.
Tur chimg minh trén suy ra ton tai mot s tw nhién N (= N;) sao cho Vn = N,
X +1,v, € M N B(X;0).
Do d6, Vn> N,
Jio (X +1,0,) > fiy (%)

bieu d6 dan dén df; (¥;v9)>0. Pieu ndy mau thuln vai (3.17).
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Vi thé v6i mbi i e {1,..., p}thi (3.16) dung. ]
Nhan xét 3.3

Pinh 1y 3.3 1a tong quat caa dinh 1y 3.1 trong [8].

Néu véi mdi ve ZC (4;x), dao ham theo phwong Dini Dfy (X ;v) va
Dhy(x ;v)(k=1,..,p;l=1,...,r) ton tai thi v6i i € {L,..., p}, tadat

L’b(f;)_c)z{veZC(A;)_c): Df;(x;v) <0, Dfy (x;v) <0, kzl,...,p;k;ti},

LD(M;)_C):{veZC(A;)_c):ng()?;v)SO,jeI()?),

Dhl()_c;v):O, lzl,...,r}.

Chung minh tuong ty dinh 1y 3.3 ta nhan duogc dinh 1y sau.
DPinh ly 3.4

Cho x la mot nghiém hitu hiéu dia phuwong cua bai toan (VP). Gia su
g; (jel()_c)) la lién tuc tai X va v&i moi veZC(A;)_c) cac dao ham theo
phuong Dini Df, ()_c;v), Dhl()_c;v) (kzl,...,p; lzl,...,r) ton tai. Gia thiét
rang diéu kién chinh quy (3.15) ding tai X . Khi d6, véi méi i e {1,. . .,p},

Ly (%) Ly (M%) =2

3.4. DIEU KIEN CAN KUHN-TUCKER

Trong myc nay, ta gia sir cic ham f},g;va / trong bai toan (VP) kha
vi Gateaux tai X voi cac dao ham Gateaux Vs f; (¥),Vge; (X) va Vghy (X)
(k=1,...,p;j=1,...,q; l:I,...,r) va cac ham gj(jgl()_c)) la lién tuc. Khi

do, voimoi ve X,
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va

Chu y néu cac ham g (j ¢ 1(x)) chi la kha vi Gateaux tai x thi ching
khong nhat thiét lién tuc tai x . Dung cac ki higu 4;,4;,B;,C; trong phan 3.2
va lay

a, =Vafi ()_c), bj :Vng ()_c), c; :VGhZ()_c)
(kzl,...,p;j e]()_c); lzl,...,r),
ta s& nhan duoc diéu kién can Kuhn-Tucker cho nghiém htru hiéu cua bai toan
(VP) v6i cac nhan tir Lagrange ung véi thanh phan ctia ham muc tiéu 1a
duong.
Pinh Iy 3.5

Gia sw X la mot nghiém hitu hiéu dia phuwong cua bai toan (VP); K la
mét nén con 16i khdc rong bdt ki ciia CC (A;)_c) voi dinh tai 0 va K la dong.
Gid sir véi méi i e {1,. . .,p}, tap hop:

iAZ + Y B; +Zr:Cl* +K*

k=1 je](f) /=1
k#i
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la déng * yéu trong X ™. Gid thiét rang diéu kién chinh quy (3.14) ding tai . Khi

do, téntai
/Tk >0, iy 20 va v, el] (kzl,...,p;jzl,...,q; lzl,...,r)

sao cho

é T (Ve i (F)v) + il 1, (Vo (%)) + X7 (Vo ()0)20 (Wwek),

I=1
(3.18)
Chirng minh
Str dung dinh 1y 3.3 ta rit ra v6i mdi i € {L...., p}, hé sau:
(Vi (X).v)<0, k=1...pk#i; (3.20)
(Ve fi(x).v)<0, (3.21)
(Veg;(%).v)<0, jel(x), (3.22)
(Veh (x),v) =0, I=1..,r, (3.23)
vek, (3.24)

khong c6 nghiém ve X .
Ap dung dinh 1y 3.1 véi
ay =V fi (%), b; :Vng(f), ¢ =Vgh (X)
(k=1L...p; jel(X);1=1...r)
thi ton tai
>0, ;20 vaviel (k=1....p;jel(X); [=1,...r)

thoa man
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7

éik <VGfk(J_C)aV>+ > Hj <chj()?),v>+zl7l<thl(f)’v> >0

je[()?) /=1
(Vv € K).

Véi jel(x) taldy #; =0 va ta thu duoc (3.18). Hon nifa, ta ciing c6 (3.19),
boi vivéi je(X) thi g;(T)=0 vavéi je(x) thi u;=0. i
Hé¢ qua 3.3
Gia sw X la mot nghiém hitu hiéu dia phwong cua bai toan (VP) va A 16i.
Gid s véi moi i e {1,. . .,p}, tdp hop:
' * * 4 * —\*¥
DA+ Y Bi+).Cl+CC(4X)

k=1 jel(f) /=1
k#i

la dong *yéu trong X*. Gid thiét diéu kién chinh quy (3.14) ding tai x.
Khi dé, ton tai

/Tk >0, H >0va v;ell (k=1,...,p;j:1,...,q; Izl,...,r)

sao cho (3.18) va (3.19) dung, trong do K dwoc thay boi CC(A;)_C).

Chirng minh

Vi A 14 16i khac réng nén CC (A;)_c) 1a mot non 16i dong khac rdng cia
X. Ap dung dinh 1y 3.5 cho K = CC(4;x) ta suy ra h¢ qud 3.3.

Trong truong hop X 14 hitu han chiéu, ta nhan dugc diéu kién cin Kuhn-
Tucker cho nghiém hiru hi€u sau day.
DPinh ly 3.6

Gia sw dim X <400 vax la mot nghiém hitu hiéu dia phuwong cua bai

todn (VP); K la mét ndn con 16i khdc rong bat ki ciia CC(A4;X) véi dinh tai 0
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va K déng. Gid sir voi moi i € {1,. . .,p}, tap E; + K" la déng trong X", trong
do

p r

E=| (4 |n| [ B, m[ﬂq)
£:1‘ je](f) /=1
#i

VOl
ay =VGfk()_c), bj :Vng ()_c), ¢ :VGhZ()_c),
(kzl,...,p;jel()_c); lzl,...,r).
Gid thiét rang diéu kién chinh quy (3.14) ding tai X . Khi do, ton tai
A >0,7;20 va Vel (k=L..,p;j=1....q; [=1,...,r)

sao cho (3.18) va (3.19) dung.

Chirng minh

St dung dinh ly 3.3 ta suy ra v&i moi i e{L,..., p}thi hé (3.20)-(3.24)
khéng c6 nghiém ve X. Phan con lai cia ching minh nay lam twong tu
nhu trong chimg minh dinh 1y 3.5 biang st dung dinh 1y 3.2 thay thé cho
dinh 1y 3.1. |

Trong truong hop A=X két qua sau diy chi ra rang diéu kién
Ef +CC(4;%) 1a dong c6 thé bo qua dugc.
H¢ qua 3.4

Gia sw dim X <400, A=X va x la mot nghiém hitu hiéu dia phuwong

ciia bai toan (VP). Gia thiét rang diéu kién chinh quy (3.14) ding tai x . Khi

do, ton tai
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A >0, ;20 vavel (k=1...p;j=L...q [=1,...r)

sao cho

kilzkvcfk(’?)Jr . 1V6g;(X)+ 2 vVeh(X)=0, (3.25)
,Ejgj(f)zo (j=1,...,q). (3.26)
Chirng minh
Ciing nhu trong ching minh ciia hé qua 3.2 v6i A=X thi CO(4;x)=X
va Ef + CC(A4;X) =E; . Vivay, E; + CC(4;%) 1a dong trong X ™. Ap dung
dinh 1y 3.6 v61 A= X, suyra ton tai
A >0, 2,20 vavyel (k=L...p;j=1...q; [=1...r)

sao cho (3.26) dung va

LAV (0))+ 27 (Vs (¥)2) + 2 (Vo (7)) 20
(VveCC(4;x)=X).

Tir do suy ra
p _ q _ _ r _ _
> AV (%) + XAV 68 (F)+ X7V oh () =0. a
k=1 Jj=1

Nhan xét 3.3

(a) Tu hé qua 3.4 ta nhan dugc dinh ly 3.3 trong [8] nhu 1a mdt truong
hop dac biét.

(b) Néu non CC(A,)_C) thay béi non ZC(A;)_C) thi dinh 1y 3.5 va 3.6 van
dang.
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KET LUAN

Lu4n van di trinh bay cac dinh 1y Dubovitskii-Milyutin vé diéu kién tdi
vu dudi ngdn ngir giai tich ham va mot sd két qua lién quan, cic téng quat
hoa cua cac dinh 1y Dubovitskii-Milyutin ctua Lasiecka [4], va trng dung cua
cac dinh 1y Dubovitskii-Milyutin trong t6i wu da muc tiéu khong tron. Pham
vi 4p dung cia cac dinh 1y Dubovitskii-Milyutin 1a rat rong rdi. N6 cho ta
phuong phap giai tich ham hiru hiéu dé nghién ciru cac bai toan cuc tri. Sau
cong trinh ctia Dubovitskii-Milyutin [1], hang loat cac cong trinh khac vé diéu

kién t61 vu tong quat ra do1 va da mang lai nhimng két qua sau sac.

Viéc phat trién va tng dung cac dinh 1y Dubovitskii-Milyutin trong 1y

thuyét t6i vu khong tron 1a dé tai duoc nhiéu tac gia quan tdm nghién ciu.
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