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P H U O N G P H A P HIEU CHINH LAP BAG KHONG GIAI HE 
PHUONG T R I N H TOAN TtT PHI TUYEN DON DIEU DAT KHONG CHINH 

Tran Thi Hifdng 
Trudng Cao dang Kinh te - Ky thugt 

Dg,i hoc Thdi Nguyin 

Rat nhilu vin dl cua khoa hgc, cong ngh$, kinh te va sinh thii . . . din din viec giai 
cac bi,i toan dat khong chinh. Do tinh khdng on dinh cua bai toan dat khdng chinh 
nen ta phai sil dung cac phuong phap giai on dinh sao cho khi sai so cua cac dii kien 
dau vao cang nhd thi nghiem xap xi tim dupe cang gan vdi nghiem chinh xac cua 
bai toan baai dSu. Trong bai bao nay, tac gia dl xui-t mot phuong phap hieu chinh 
lap bac khdng giai h6 A'' phuong trinh toin tijf phi tuyin ddn dieu dat khdng chinh 
vdi 1 toin tii cd tinh ddn diSu, /lemi-liSn tijc, N — \ toan td khac cd tinh chat nguoc 
ddn di6u manh. Vi di; s6 nham minh hga cho phudng phap de xuit cdng diCdc dg 
c^p trong bai bao nay. 

Tijf khoa: Bdi todn ddt khdng chinh, phKcfng phap hieu chinh lap, dan dieu, hemi-lien 
tuc, ngildc ddn di$u mgnh. 

GlCfl THifiU 

Gia sii H la khdng gian Hilbert thi^c vdi tich 
vo hudng va chuin dildc ki hi^u lan lugt bdi 
{.,.) va. ||.||. Ta xet bai toan tiin nghiem ciia he 
philPng trinh toan tilt phi tuyen: 

A(x) = 0, i = Q,\,...,N, (1) 

6 day N la hang so ditdng c6 dinh, AQ: H -^ H 
la toan til ddn dieu, /lemi-lign ti^c cd tap xac 
dinh V{AQ) trung vdi H vk A^: H ^ H \& cac 
toan til A,-ngitgc ddn dieu manh, V{Ai) = H, 
i=l,2,...,N. 

Goi Si la tgp nghiSm cua phuldng trinh thii i 
ciia h? (1), tiic lkSi = {x G H : A,(x) = 0}. 
IVong bii bao nay, ta ludn gia thiit rkng, tap 

S:=n S./0. 
t=0 

>Jhir da bilt, (xem [1]), nlu khdng cd them 
lieu kifn dac biSt dat l6n toan til, chang haji 
ahu: tinh ddn dieu diu ho|.c ddn di^u mgnh, thi 
aSi phiTdiig trinh ciia he (1) la mdt bai toan 

dat khdng chinh theo nghia nghiem khdng phu 
thupc lien tuc vao dii kien ban dau. Do dd, 
he (1), ndi chung, ciing la bai toan dat khdng 
chinh. Nhiing phUdng phap cd ban dJdc sil 
dung rdng rai de tim nghiem xip xi ciia h§ 
(1) phai diJdc kl din la phifdng phap kieu hi§u 
chinh lap (xem [5], [6], [7]), phudng phap kieu 
hieu chinh Tikhonov (xem [9], [11]). 

Dg giai he (1), Nguyin Budng (2006, [4]) da 
dila ra phifcftig phap hieu chinh dang Browder-
Tikhonov khi Ai, i — 0 , 1 , . . . , JV la cac toan 
til ddn dieu, ftemi-lien tuc va cd tinh chat 
thi nSng. Trong [3], [8] cac tac gia da cai 
bien phitdng phap nay trong trudng hdp toan 
til J4O ddn di6u, lien tuc Lipschitz, trong khi 
Ai,...,AN la cac toan tii ngitdc ddn dieu 
manh. 

Nguyin Thi Thu Thuy (2012, [10]) da de xuat 
phildng phap hieu chinh lap bac khdng tim 
nghiem xap xi cho he (1) khi Ai, z = 0 , 1 , . . . JV 
la cac toan til ngUdc ddn dieu manh trong 
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khdng gian Hilbert H. D u a t ren y titdng nay, 

tac gia d l xua t mot phiidng phap hieu chinh 

lap bgc khdng giai he (1) vdi viec giam nhe 

dieu kien dat len cac toan t i l J4, nhu" sau: cho 

trudc 20 € H, day {zm} duldc xac dinh bdi sd 

do lap' 

+ < + ' ( Z m - I . ) ] , (2) 

d day {am} , {0m) l̂ - cac day sd diJdng, x^ la 

phan til thudc H nhifng khdng thudc 5 . 

Sg hgi t g cua day lap {z^} dgn nghigm XQ & S 

cd Xt-chuan nhd nha t , tiic la 

| | a :o -a ' , | [ = min 1 ( 2 - x . 11, 

khi m —̂  -foo diigc chiing minh vdi digu kiSn 

da t len cho cac toan tii Ai va each chgn cac 

day t h a m s5 {ttm}, {/3j„} thich hdp. Dg dat 

ditdc ket qua nay, t a xet phudng t r inh toan tii 

D i n h n g h i a 2 . Toan %\tA:H-iH diroc goila 

i) hcTTO-lign tuc ta i diem x*̂  thuSc JJ neu 

x'^ + tnX e H vdi mgi x e /f, in € R tl̂  

A{x° + tr^x) ^ A{x**) khi t^ -* 0+; 

ii) lien tuc Lipschitz ngu tSn tai hljig ^ 

Z- > 0 sao cho vdi mgi x , y e / / t a co 

\\Aix)-A{y)\\<L\\x-y\\. 

K £ T Q U A C H I N H 

D i n h ly 1. Gid sv! Ao Id todn t'd ddn diiu, 

hemi-lien tuc, ^{AQ) = H, Ai Id, cdc todnti 

\-ngi£dc ddn dieu manh, T}{Ai) H, vH 

i = l,...,N TO 5 : -n^ lo 'S ' t 7̂  0- Khi do, 

i) vdi mSi am > 0 phiidng trinh (3) m 

nghiSjii duy nhilt x^^. 

ii) nSu 0 < Om, < 1, Oim —^ 0 khi m -V+x 

thi lirrt x^ = -XQ e S cd x.,-chuan nho nkatm 

< 
I am+l - am W 

/lo W + aS. XI ^'W + <*'(=^ = 0. (3) 

Tritdc khi t rmh bay cac ket qua chinh, t a se 

nhac lai mdt so khai niem. 

D i n h n g h i a 1. Toan tu" -4 H ^ H dUdc ggi la 

i) ddn dieu n i u 

{A(x)~A(y),x-y)><i, Vx,y e H; 

ii) ddn dieu chat ngu dau " = " cua bat dang 

thiic t ren chi xay r a khi x = y; 

iii) ddn dieu cUc dai n l u A ddn dieu va do 

thi G{A) ciia A khdng bi chiia t rong do thi ciia 

bat ky toan til ddn dieu nao khac; 

vi) ngUdc ddn digu manh vdi hang so A n i u 

vdi mgi x,y € H, tdn t^j hang so dildng A 

sao cho 

(Aix) - A{y),x- y) > X\\A(x) - A{y)f. 

160 

d d&y Xjn+\ id. nghiem cua (3) khi a^ dMc 

thay thi bdl Qm+i. 

Ch-dng minh: 

i) Do Ai, i = 1,2, ...,N la cac toSn til 

Ai-ngildc ddn dieu manh , ngn Ai la toan t̂  

ddn dieu va L^-lign tuc Lip-schitz vfA hang so 

Lj = 1/Ai. Do do A^ la toan tu" /temi-lien 

tuc, Suy ra, vdi mdi Om > 0 co dinh, toaJi 
N 

til A := Ao + a^Yl A la todn til ddn dieu, 

1=1 

hemi-lien tuc vdi T)(A) = H, Chiing to Ala 

toan tuf ddn dieu cvtc dai (xem [1]). Do vay, 

theo Dinh ly 1.7 4 t rong [1] phiidng trinh (3) 

CO nghiem. Mat khac , do J la toan tvt ddn dieu 

chat nen A + oe^^I cung ddn diSu chat. Vi 

vay, vdi m5i a ^ > 0 co dinh phUdng trinh (3) 

cd nghiem duy nha t x„t. t 

ii) L a p luan tudng tit n h g t rong [10] ta c6 

lim Xm = XQ iz S CO .x*-chuan nho nhat. 
m-*+oo 
Tie]) theo, t a gia sil x^+i la nghiem cua (3) 
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khi a m duac t hay the bffi a „ + i . TiJ (3) t a c6 Ta c6 

( ^ 0 ( a ; m + l ) , l m + i - I „ ) lilm+1 - X„\\ <Ndi ° " + ' ^ ^ j ° " ' 

+ * ;HT-

A p dung khai t r ien 

o~-6'" = (o-6)(o'"->+a'"-^6+--- + 6"'->), 

^/i+l 

+ " m + i X l ^ ' ^ ' t ^ ' " ' ' ^"•+1 ^ ^">) ^ "5^y *f ' ^ hSng s6 duong. Vl v ty 

+ < + l 5 3 { A ( l m ) , X „ - X „ + l ) = 0. 
iix„..-x.ii = o('i°"^;-°"n 

Theo gia thie t , X, , i = 0 , 1 , . . . , Af la cax; to&n ^ ^ ^ ' ' * ' S minh sil hoi tn cna day lap (2) t a 

til don dieu nSn til ba t d i n g thiJc t r en t a c6 "=*" =* '^"^8 kst q u i sau. 

B o d l 1. (xem [2]) Gia sti {lifc}, {ok}, {&*:} 

I li u \ ^ ^ ! A I \ \ ^^ '-'^'' ^^y ^^ dlitJng thda man diSu ki$n: 
l ^ + l ~ '^m) / AAi[Xm),Xm-\-l — Xm) 

>=l i) Ufc+1 < (1 - a j ) m + 6 i , 0 < Ot < 1; 
+ " m ' ' ' ' { a : m - a : „ + i , a : „ - a : m + i ) „ j ^ 

. / «+l M+i\ / \ .^ n 11) XI (̂ ft = + 0 0 , lim — — 0. 
+ (<C+i - a s , ) (Xm+l - a:,, x„+i - l „ ) < 0, i = i fc-»+» a t 

m, m+ m/ £)inh ly sau chi ra si^ hpi tn ciia day lap (2). 

^ m + l — ^ — ^ ^ \ ^ { A i { x m ) , X m —Xm+l) D j n h ly 2 . Gid sa cac ddy tham s6 {om}, 

" m 1=1 {,9m} trtmg (2) tid cdc iodn M A , , z = 0 , 1 , . . , iV 

I a'^"|^\ — cx^^ I ^/ioa mdn cdc diiu kien sau: 
+ — ^.1 ( i m + i - a : . , a : m - i „ + i ) . 

a m i) jlo 'd iodn ii2 dtfn dieu, lien tuc Lipschitz, 

Al, i=l,2,... ,N Id cdc todn tH X^-ngti^c ddn 

dteu manh: 
D o d o , 

I a " ^ , - aS , I J ^ ii) 1 > a „ \ 0, j3m -> 0 i / i! m -> + o o ; 

atm 

Dat 

dl = m a x | | A ( x m ) l l , do > I N m + i - x . l l 

|a7„+i - ami 

' ^ m a S " " ' " 

iv) E /3„a«,+> = + 0 0 . 

iii) lim ^,—-rr- — 0, l im r-r = 0 
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Chvtng minh: Tirudc tien ta co nen 

\\Zm~XQ\\<\\Zm-Xra\\ + \\Xm-Xo\\. 

Theo Dinh ly 1, so hang thu! 2 trong vl 

phai cua bat ding thilc nay din din 0 khi 
m —*• +00. Vi vay, ta chi cin chiing minh z^ 
xap Xl Xm khi m -> -|-oo. That vSy, gia s i , J ^ l|2 
A^ = ||2^ - x^j | . Khi dd, +<2Z [-̂ t̂̂ "̂ ) - MxmM 

Am+l ^ | |2^+1 - 3:m+l|| < c||2m " Xjn\\^, 

li ^ 
^ 2m -Xm~ Pm [A(i{zm) -f a^ ^ A^{zm) ^ ^ay, c la hang sd dUdng. Tii (4), (5) va bai 

" i=i dang thiic cudi cimg, ta cd 

+cC\zm - X.)] ^ {Xm» - X™)j| (4) ^^^^ ^ f ^ j ^ j j _ ^ ^ ^ ^ j . , , ^ ^ ^ ^ A ' / ' 

< Um - X „ - /3„ [Ao(Zm) +a'iiYl M'm) 
ctm+l - Q m \\ 

+ a^^(zm ~ x,)]\\ + ||xm+i - Xm||. Binh phiiong hai vg cua bit ding thiic nay, sau 
do ap dung bat dang thilc sd d p (xem [2]) 

Ta CO cac danh gia sau: 

II " 
\\zm-X„- fimlAo{z„) + a ^ J I '*i(^>") 

+ aS,+ ' (z„-x,) ] 

+a! ;+ ' (3„-x.) (5) 

(a + 6)2 < (1 + a„/3„)o2 + A + - ^ V 

ta nhan dilcic 

^m+t < ^m (1 - 2/5».a»,+' + a„/3„ + cyĵ  
JV 

/ l o ( 2 m ) + a ^ J ^ A ( z „ ) ~2,3^a^+2 + ca„/Ji) (6| 

^ Cac dieu kien cua Bd dg 1 cho day s6 {Am} 

- 20m(zm - Xm. 4̂0(2̂ 1) + ct'^ y^ AAz ) ^^^^ ^^°^ "^^" ^^^ ^^^ ™ ^^ '^'^" ^^^" \i)-v'] 
\ ^ r~^ cua dinh ly vdi 

+ a'^\zm-x.)- am = 20„aC'-amPn,-cPl + 2l3i«'f 

[AoiXm) + CCY1 '̂ •(» '̂») + < " " (̂ m - X.)] \ " ' " " •^" ' 

< ( l - 2 / 3 m a ! ; + ' ) | | z „ - x J ^ + /J^x ' " ' i ' + S A J " ! ag,+' j ' 
II " l |2 n 
plo(2m) + a i^ 5 2 '^•(^•") + ^mK^m - X.) 

" ' Chu y 1. Day tham s6 ^m = (1 + m)" ' ' ' » 
Do toan tii Af, lign tuc Lipschitz, cac toan tii a „ = (1 + m)"", 0 < 2p < 1/(JV + 1) thoi 
A , i - 1,2,..., JV la Ai-ngnoc ddn dieu manh man cac di6u kien ill- iv) ciia Dinh Iv 2. 

1 6 2 - I I . 1 
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VI D U SO M I N H H O A 

Trong muc nay, t ac gia t r inh bay mot vi di^ 

sd nham minh hpa cho vigc diing phiidng p h a p 

hieu chinh lap b|lc khdng (2) dg t im nghiem 

xap xi cho he phiidng t r inh toan t i phi tuyen 

ddn dieu (1). ChUdng t r inh t inh to^n dilOc viet 

bang ngdn ngU M A T L A B 7.0 va d a dUdc chay 

t h i nghiem t rgn m a y t inh L E N O V O Y430, 

RAM 1,7 GHz. 

Xet he (1) khi A^, la cac m a tr§,n vuong cap 4 

dUdc xac d inh bdi 

B„ = 

(2 - 1 
4 - 2 
2 - 1 

\i 7 

1 3 
2 - 1 
5 1 
7 7 

(i 3 
8 6 
4 3 

\i 3 

3 
5 
1 
2 

5 
- 3 
- 1 
9 

- 5 
- 7 
- 8 
1 

~'^\ 
1 

« 
l / 

- 1 \ 
4 
7 

1 / 

2\ 
4 
2 

2 / 

Ta cd AQ, A \ , AI la cac m a t r a n doi xiing xac 

dinh khdng am vdi d e t ( ^ i ) = 0 , i = 0 ,1 ,2 , 

nen he (1) la bai toan da t khdng chinh, TVong 

trudng hdp nay he (1) la he gom 12 phiidng 

trinh, 4 i n sd. N h u vay, hg (1) cho t a nghiem la 

mot sieu phang t rong R'', x^ = (0, 0 ,0 ,0) £ M^ 

la nghigm cd chuan nhd n h a t cua he (1). 

Ta ap dung phUdng p h a p hieu chinh lap (2) de 

tim nghiem x a p xi cho vi du nay khi x , = 0 

nhu sau: 

Zm+l ^Zm - 0T,i(Ao{Zm) 

+ a^{Ai{Zm) + A2{Zm)) + Ck^'Zm\ 

vdi Q ^ = (1 + m)-^ / i2^ 0m = {1 + m ) - i / 2 , 

11= 1/2, ZQ = ( l , l , l , l ) ' ^ e R^ t hoa m a n Dinh 

ly2. 

Viec kiem t r a t inh diing dan ciia sd d5 lap dila 

vao gia tri sai sd giiia hai xap xi lien tigp, n l u 

err = m a x I z £ . , - 2 ^ ' j< lO""^" thi t inh 
l<j<4 ' "'"'"^ ' ~ 

toan diing lai. Ta cd bang kgt qua t inh toan 

dmdi day. 

m 
39 
106 
190 
220 

err 
3.5639 xlO-" 
2.1926 xlO" ' 
1.9485 x lO- ' 
6.0766 xlO- '" 

lixo-^„l| 
2.2910 xlO-° 
1.2220 X10-' 
3.8012 xlO-» 
1.2072 xlO"" 

Bang 1. Kgt qua tinh toan cua phuong phap (2) 

N h a n x e t 1. Khi s6 l i n lap cang Idn thi sai 

s5 giiia hai xap xi lien tigp cang nho va nghiem 

x a p xi cang g i n vdi nghiern chinh xac. 
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SUMMARY 
ITERATIVE REGULARIZATION METHOD OF ZERO ORDER FOR 

SOLVING SYSTEM OF NONLINEAR MONOTONE ILL-POSED EQUATIONS 

TVan 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 
solve 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 monotone ill-posed 
equations with AQ 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. 

Keywords: Rl-posed problem, iterative regularization method, monotone, hemi-continuous, 
inverse-strongly monotone. 
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