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PHUGNG PHAP HIEU CHINH LAP BAC KHONG GIAI HE
PHUGNG TRINH TOAN TU PHI TUYEN DON BIEU DAT KHONG CHINH

TOM TAT

Tran Thi Hudng
Truong Cao ding Kinh té - K¢ thuat
Pai hoc Thdi Nguyén

R4t nhidu vin dé ciia khoa hoce, céng nghé, kinh té va sinh thai . .. dan dén vige giai
cAc bai toan dit khéng chinh. Do tinh khoéng én dinh clia bai toan dit khéng chinh
nén ta phai stt dung cée phuong phéap giadi 6n dinh sao cho khi sai 86 clia cée da kién
dau vao cang nhé thi nghidm xp xi tim duge cang gin véi nghiém chinh xéc cla
bai toan ban diu. Trong bai bao nay, tac gid d& xuat moét phuong phéip hiéu chinh
ldp bac khong gidl he N phuong trinh todn tid phi tuyén don digu dat khong chinh
vdl 1 to4n t1 cé tinh don digu, hemi-lién tue, N — 1 todn t& khic cé tinh chit nguge
don digu manh. Vi du 88 nh&m minh hoa cho phucng phap d& xuét ciing duge dé

cap trong bai béo nay.

Tit khéa: Bae todn dit khéng chinh, phuong phap hiéu chinh lip, don diéu, heme-lién

tuc, nguge don digu manh.

G131 THIEU

Gia et H 14 khong gian Hilbert thue véi tich
vé hudng va chudn duge ki higu ldn lugt bai

() va||.]]. Ta xét bai todn tim nghiém cla he
phuong trinh todn t phi tuyén:
Afx) =0, i=0,1,...,N, (1)

dday N lahing s6 duong e dinh, Ay : H — H
14 toan ti don digu, hemi-lién tuc cd tap xac
dinh D{Ag) tring véi H va 4; : H — H 1a cée
todn t A-nguge don digu manh, T{A;) = H,
i=1,2,...,N.

Goi S; 1a tap nghidm cta phuong trinh tha <
cla hé (1), tie 1a 8; = {x € H : Aj(z) = 0}.

Trong bai bao nay, ta luén gia thiét ring, tap

5= ‘%0 Si #@

Nhu da biét, (xem [1]), ndu khong c6 thém
didu kién diic biét dit lén toan td, ching han
nhu tinh don digu d&u hode don digu manh, thi
mdi phuong trinh ctia hé {1} 14 mdt bai toan

dat khong chinh theo nghia nghiém khéng phu
thude lign tuc vao di kign ban dau. Do d6,
hé (1), néi chung, clng 1a bai todn d4t khong
chinh. Nhtng phuong phédp co ban duge st
dung réng rai dé tim nghiem xAp xi ctla hé
(1) phai dugc k& dén 14 phuong phap kidu hiéu
chinh 1ap (xem [5], [6], [7]), phuong phap kidu
higu chinh Tikhonov (xem [9], [11]}.

Dé giai hé (1), Nguyén Buong (2006, [4]) da
dua ra phuong phap higu chinh dang Browder—
Tikhonov khi A;, ¢ = 0,1, ..
t% don didu, hemi-lién tuc va cé tinh chét
thé ning. Trong [3], [8] cAc téc gid d& cai
bién phuong phap nay trong trudng hgp toan
tu Ag don digu, lién tuc Lipschitz, trong khi
Ay, ..., An 14 cAc todn tt nguge don digu
manh.

., N la cac toan

Nguyén Thi Thu Thay (2012, [10]) da dé xuét
phuong phap hidu chinh lip bic khéng tim
nghiém xap xi cho hé (1) khi 4;,+=0,1,... N
la cac todn t7 nguge don didu manh trong
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khong gian Hilbert H. Dya trén ¥ tudng nay,
tac gid dé xuAt maot phuong phap hiéu chinh
lip bac khong giai he (1) vl vige gidm nhe
didu kién dat 18n cée todn ti A; nhu sau: cho
trude zg € H, day {2z, } duge xac dinh béi so
dd l5p:

N
Imtl = Zm — ,@'m {AO(ZM) + Od% Z Az(zm)
=1

ol e —w)], (2)

4 day {am}, {Bm} 14 cac day s6 duong, =, 1a
phén t thude H nhung khéng thuoc S,

Su hoi tu clia day lEp {2, } dén nghigm =z € S

- 2 2 A P N
¢6 x,.-chuin nhé nhat, tiac 14

Zo— 4| = min ||z — x

o — 2| = mig | = .,
khi m — 4o duge ching minh véi didu kién
dat len cho cde todn t A; va cach chon céc

day tham s6 {o,}, {8} thich hgp. D& dat
duge két qua nay, ta xét phuong trinh toan ti

x)+ ok, ZA

Trude khi trinh bay cac k&t qua chinh, ta =8
nhic lai mot 86 khai niem.

Vol @ —a) =0. (3)

Dinh nghia 1. Tedntid A : H — H duge goi 1a

i} don diéu néu

(Alz) — Aly),z—y) >0, Va,y e H;

w_n

ii) don digu chit néu dau clia bit ding

thiic trén chi xay ra khi x = y;

iii) don digu cye dai néu A don digu va do
thi G(A) ctia A khong bi chiga trong dé thi cia
bat k¥ toén t don didu nao khac;

vi) nguge don diéu manh vdi hing &6 A néu

vil mol z,y € H, tdn tal hing 56 duong A
gao cho

(Alz) = Aly), 2 — ) = M| Alz) — Aly)II*.
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Dinh nghia 2. Todn td A : H — H dugce gol la

i) hemi-lién tuc tai diém 2" thuse H néu
2’ + itz € H véi moi z € H, t, € R thi
Az + t,2) — A(z") khi ¢, — 0F;

ii} litn tuc Lipschitz néu ton tai hing sb
L > 0 sao cho v&i mol =,y € H ta cd

[Alz) —

KET QUA CHINH

Al < Ll —yl|-

Dinh ly 1. Gid sd Ay o todn t@ don diéu,
hemi-lien tuc, D(Ag) = H, A; la cic todn i
Ai-nguge don digu manh, D(A;) = H, vdi
i=1,...,Nwva§ =08 #0. Khids,

P

i) vdi moi op > 0 phuong trink (3) co
nghiém duy nhat .,

i) néu 0 < o < 1, am — 0 khi m — o0

tht lim 2., = 2g £ 8§ ¢6 xy-chuin nhd nhat vi
—r0o0

| Qpt1 — Gy |
Im4%z—0<m£?1m,

& day xpmi1 Lo nghiém cia (3) khi am, dugc
thay thé bdi a1 1.

Ching minh:

i) Do A;, ¢+ = 1,2,...,N la cac toan tu
Ai-nguge don digu manh, nén A; 14 toan ti
don digu va Lg-lién tue Lipschitz vdi hang s6
Li = 1/x;. Do d6 A; 1a toan td hemi-lign
tue. Suy ra, v6i méi an > 0 ed dinh, todn
th A= Ao + oy fz\f: A; 1a toan tit don diéu,

i=1

hemi-lién tuc véi D(A) = H, Ching té A la
todn ti don digu cuc dai (xem [1]). Do vay,
theo Dinh 1y 1.7.4 trong [1] phuong trinh (3)
cd nghiém. Mat khac, do I 1a toan t& don digu
chit nén A + a“+11 cting don didu chat. Vi
véy, vii méi ap, > 0 b dinh phuong trinh (3)
c6 nghigm duy nhét z,,.

ii) Lap luan tuong tu nhu trong [10] ta c6

lim @z, = zo € S ¢6 z-chudn nhé nhéit.
m—r4oco

Tiép theo, ta gid 8 Tm+1 14 nghiém cla (3)
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khi ap, duge thay thé béi am+1. Tit (3) ta ¢
<A0($m+1) Bint1 — Tm )

+ am+1 Z

_I_
+ O‘m+1 <Im+1

Im+1 Im+1l — Em}

= Ty, Tp1 — Im}

+ {(Ao(@m), T — Tmg1)
N

+ O‘% Z<A1(Im), T — xm+1>
i=1

+ 04“+1<xm — Ty, T, — wm+1>

+ am+1 Z
+ O‘%{-l Z(AZ(mm) Tm
=1

Theo gia thigt, 4;, ¢ = 0,1,..., N la cc toan
tt don diéu nén ti bat ding thic trén ta ¢

N

/.b
m«\»l — Oy Z
=1

+ Of’u+1 <Irm — Tm41, Tm

de'm~|»1 - Im>

— xm+1> =0.

$m+1 - mm>

- Im+1>

+ ( ﬁ"j;ll Q%+1)<$m+1 T Ly B 1 mm> <0,
suy ra
<$m+1 = Ly Tm1 — :Em>
o 2}
< < m+L+1 m|z (T, T — Zimpn)
aftt a,w-\—l
+ %(xmﬂ»l _ 17*, Lom, — xm+1>-
m
Do dé,
| 1 Q’m |
|Zmi1 — Tl < m+{,~b+1 ZHA T )|
|a,w+11 Al |
+ e e — .
1)
Dit
dy = max | Ag(a);  do > [@miy — 2]

Ta c6

Of"w - CEM
[EESp—] gNdl%

+1 +1
| Offnﬂ — ain |

+ do o
Ap dung khai trién
o™ P — (aib)(am 1+am72b+~~+bmil),

ta co

& day M 1a hing s6 duong. Vi vay

| Omt1 — o |
@it — 2wl = O(% :
Qi
O
Dé ching minh sy héi tu ca day lip (2) ta
cin st dung két qua sau.

B& dé 1. (xem [2]) Gid st {uy}, {ap}, {b}

la céc day sé duong théa man diéu kién:

) uppr < (L—apjup + b, 0< o < 1;

i) %’: N i br 0
11 ap = +o0, llm — =0,
E—1 k—rtoo ag
Khido lim wg=0.

k—r+co

Binh 1y sau chi ra sy hai tu cta day 1ap (2).

Dinh 1y 2. Gié si cic day tham s6 {om),
{Bm} trong (2) va cde todn Wk A;,i=0,1,... N
théa man cic diéu kién sau:

i) Ag la todn i don digu, lién tuc Lipschitz,
Ai, 1 =1,2,..., N li cic todn ti A;-ngitge don
diéu manh;

i) 1> o 0, B — 0 kki m — +00;

=0, lim 5m1
m—+0oo aﬂ-H—

|O¢m+1 - Odm‘

lim ———————
m—++00 ﬁma%nﬁb+1)

iif) = 0;

iv) Z 6m0ﬂ+1 = too.

Khi do,
nhit,

lim 2m = @y € S 6 ze-chuan nhé
m—4co
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Chitng minh: TruGc tién ta cé
[2m = 2ol| < [|2m — @m|| + [0 — |-

Theo Dinh 1y 1, s6 hang thd 2 trong vé
phai ctia bat ding thic nay dén dén O khi
m — +oo. Vi vy, ta chi cin ching minh 2,
xap xl @y, khi m — doo. That vay, gid st,
A = ||2m — 2w ||- Khi do,

Ayt = Hzm+1 - mWH-IH

= |[Fm — ﬁm AO Z'm +a’# ZAz zm
bl o @] — (@ — )| ()

S Zm ﬁm AO me +05M ZAz Zm

b ot (o — )] \ y—

Ta c6 cac danh gid sau:

N

Zm — Tm — ﬂm [AO(Zm) + Of% Z A@(Zm)

+ o;ﬁ'l (zm — m*)}

N
= llzm — x| * + B3| Ao(zm) + 0l > As(zm)
i=1

2

(5)

+O‘%-I—l(szm*)

N

- 26m<zm — T, AU(ZW) + an Z AE(ZW)
i=1

ol ()
o) + 05 Arfim) + (e mm*)}>
i=1

< (1 28mel™) ||lzm — am|* + B2
N

Ap(zy) + o, ZA
i=1

2
Y+l — )

Do todn tit Ag lién tuc Lipschitz, cdc toan ti
Ay 1= 1,2,..., N la Ayrnguge don didu manh
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nén

2
Ao} + alt S Ailem) + olt (2

i=1

N
|

N
al Z [A@(zm) — Ai(mm)}
i=1

< cflam — 2,

2

& day, ¢ 1a hiing s6 duong. T (4), (5) v bat
déng thic cudi clng, ta cé

1/2
Ama1 < (Afn(l — 2Bttt 4 cﬁ%))
‘ Q41 — Xy )
+0<7 |
Q!

Binh phuong hai vé clia bat ding thite nay, sau
d6 4p dung bat ding thite sg cAp (xem [2])

1
(a+ b2 < (1+ amfbm)a® + (1+ )bz,
Ofmem
ta nhéin duge

A72n+1 < Arzn(l - QBma%Jrl + amfBm + Cﬁfn
~285.04 % + cam ) (6)

+1_|_ 1 O ‘Ogm+170{m‘ ?
a’mﬁm Oﬁ%+1 '
Céc didu kien cila B6 dé 1 cho day s6 {Ap, )

duge théa mén vi (6) va cae diéu kién ii) — iv)
cha dinh 1y véi

Am = 267?1@#—1 — omfPm — Cﬁ?n + 26rznalfn+2

_Camﬁfnz
by = (14 L Joflommn—on] i
" Ofmf@m Ot%+1 '

Chi y 1. Day tham 86 G, = (1 +m)" Y2 va
o = (L+m)™F, 0 < 2p < L/(N + 1) théa
mén cée diéu kién ii)- iv) cla Dinh 1y 2.
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vi DU 8O MINH HOA

Trong muc nay, tic gid trinh bay mdt vi du
56 nh&m minh hoa cho viée diing phuong phap

Viac kifm tra tinh ding dén cfia so dd lap dua
vao gid tri sal 6 gitta hai xap xi lién tiép, néu
U 29 1< 10710 thi tmh

err = max 2, — Zm
i |

toén diing lai. Ta c6 bang k&t qué tinh todn

higu chinh lip bac khéng (2) dé tim nghiém
xAp xi cho hé phuong trinh todn t1% phi tuyén
don diéu (1). Chuong trinh tinh toan duge viét
bing ngén ngt MATLAB 7.0 v di dugde chay
thit nghiém trén may tinh LENOVO Y430,
RAM 1,7 GHz.

Xét he (1) khi 4; 14 cdc ma trén vuong cap 4
duge xac dinh bdéi

dudi day.

m err H:Uo — zmH

30 | 35630 <1075 | 2.2010 x10°°F
105 | 2.1926 <1077 | 1.2220 <107
190 | 1.0485 %1079 | 3.8012 =109
220 | 6.0766 «10~1% | 1.2072 x10~*

Béng 1. K&t qué tinh toan clia phuong phap (2)

Nhan xét 1. Khi 86 14n 13p cang 16n thi sai
56 gitta hal x4p xi lién tiép cing nhé va nghiém

A; = BIB;, =012,
& day
9 -1 3 -9
4 -2 5 1
Bo=19 11 5|’
4 7 2 1
1 3 5 1
2 1 -3 4
Bi=1o o 4 ;|
77 9 1
43 -5 2
8 6 —7 4
Ba=|y 3 g o
43 1 2

Ta c6 Ap, A1, Az 14 cdc ma tran dbi xiing xac
dinh khéng am véi det(4;) = 0,i = 0,1,2,
nén hé (1) 14 bai todn diit khong chinh. Trong
trudng hop nay hé (1) 1a hé gdm 12 phuong
trinh, 4 4n s6. Nhu vay, he (1) cho ta nghiem 13
mét sidu phing trong R4, o = (0,0,0,0) € R*
1a nghiém c6 chudn nhé nhét cla hé (1).

Ta ap dung phuong phéap hiéu chinh lip (2) dé
tim nghiém x4p xi cho vi du nay khi z, = 0
nhu sau:

Imtl —&m — ﬁm (AO(Zm)
+ aby (A1 (zm) + Az(zm)) + aﬁﬂzm),
Vol o = (14 m) Y12 B, = (14 m) 12,

p=1/2,20=(1,1,1,1)T € R* théa man Dinh
Iy 2.

x4p xi cang gin vdi nghiém chinh x4c.
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ITERATIVE REGULARIZATION METHOD OF ZERO ORDER FOR
SOLVING SYSTEM OF NONLINEAR MONOTONE ILL-POSED EQUATIONS

Tran Thi Huong
College of Economics and Technology - TNU

Many issues of science, technology, economics and ecology, etc. lead to solving ill-posed

problems; due to the instability of this type of problem, stable methods must be applied to
golve it, such that the smaller the errors of the input data, the closer the approximate solution
to the correct solution of the original problem. In this article, the author proposes the itera-
tive regularization method of zero order for solving the system of nonlinear monoctone ill-posed

equations with Ag which is monotone hemi-continuous and with the others which are inverse-
strongly monotone. Numerical examples to illustrate the proposed method are also included in

this article.

inverse-strongly monotore.
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