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LOI CAM ON

Luan van nay duoc hoan thanh tai Truong Pai hoc Khoa hoc, Pai hoc
Thai Nguyén duéi su huéng dan tan tinh cta co6 gido TS. Nguyén Thi Thu
Thay. T4c gia xin bay t0 1ong biét on sau sac tdi Co.

Trong qua trinh hoc tap va lam luan van, thong qua cac bai giang, tac
gia luén nhan dugce su quan tam gilip d6 va nhitng y kién dong gép quy bau
ctia cac gido su cua Vién Toan hoc, Vién Cong nghé Thong tin thudc vién
Khoa hoc va Cong nghé Viét Nam, clia cac thay co gido trong Dai hoc Thai
Nguyén. Tir ddy 1dong minh, tdc gia xin bay to 1ong biét on sau sac dén cédc
Thay Co.

T4c gia xin chan thanh cam on Ban giam hiéu, phong Dao tao Khoa hoc
va Quan hé Quoc té€, Khoa Toan-Tin Truong Pai hoc Khoa hoc, Pai hoc
Thai Nguyén da quan tam va giip dd tdc gia trong sudt thoi gian hoc tap
tai Truong.

Cuodi cung, toi xin gui 10i cam on tGi gia dinh, ban be, dong nghiép da
luon theo sat dong vién toi vuot qua nhitng khé khan trong cudc song dé
c6 duoc diéu kién tot nhat khi hoc tap va nghién ctu.

Thai Nguyén, thang 10 nam 2010

Tac gia

Vit Pinh Chién

S6 héa boi Trung tam Hoc liéu — Pai hoc Thai Nguyén http://www.lrc-tnu.edu.vn



3Vii Pinh Chién - Hiéu chinh phuong trinh Toan tir loai I dya trén Toan tir tuyén tinh don diéu manh

MOT SO KY HIEU VA CHU VIET TAT

H khong gian Hilbert thuc
X khong gian Banach thuc
X* khong gian lién hop cua X
R" khong gian Euclide n chiéu
0 tap réng
T =y x duogc dinh nghia bang y
Va v6i moi
Jx ton tai x
1 anh xa don vi
ANB A giao v6i B
AT ma tran chuyén vi clia ma tran A
an~b a tuong duong véi b
A* toan tur lién hgp cua toan tr A
D(A) mién xac dinh cua todn tir A
R(A) mién gia tri cua toan tor A
b — day {z*} hoi tu manh t6i =
AN day {z*} hoi tu yéu t6i x
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MO PAU

Cho X la mot khong gian Banach thuc phan xa, X ™ l1a khong gian lién
hop clia X, cé hai ¢6 chuan déu dugc ki hieula ||.|[, A : X — X* 1a todn tir
don diéu don tri. Xét phuong trinh toan t loai I: v6i f € X*, tim zg € X

sao cho

Khi toan tir A khong ¢6 tinh chat don diéu déu hoac don diéu manh, bai
toan (0.1) néi chung 1a mot bai toan dat khong chinh (ill-posed) theo nghia
nghiém cua né khong phu thudc lién tuc vao dit kién ban dau.

Nhiéu bai todn cua thuc tién, khoa hoc, cong nghé, kinh t€... dan téi bai
toan dat khong chinh. Nhitng nguoi ¢6 cong dat nén méng cho 1y thuyét bai
toan dat khong chinh la cac nha toan hoc A. N. Tikhonov, M. M. Lavrentiev,
V. K. Ivanov .... Do tinh khong 6n dinh clia bai todn nay nén viéc giai so
ctia n6 gap kho khan. Li do 1a mot sai s6 nho trong dit kién cuia bai toan
c6 thé dan dén mot sai s6 bat ky ctia nghiém. D€ gidi loai bai todn nay, ta
phai sir dung nhitng phuong phap 6n dinh, sao cho khi sai s6 cta cdc dit
kién cang nho thi nghiém x4p xi tim duoc cang gin véi nghiém ding cta
bai todn xuat phat. Nam 1963, A. N. Tikhonov [7] da dua ra mdt phuong
phap hiéu chinh ndi tiéng va ké tir d6 1y thuyét cdc bai todn dat khong chinh
duogc phét trién hét stic s6i dong va ¢ mat & hau hét cdc bai todn thuc té.
Noi dung chu yéu cua phuong phap nay la xay dung nghiém hiéu chinh cho

phuong trinh todn tu (0.1) trong khong gian Hilbert thuc H dua trén viéc

h,o

tim phan tir cuc ti€éu 2 ctia phi€m ham Tikhonov

F(x) = ||An(z) = f5]* + |z, — z|)? 0.2)

trong d6 o > 0 la tham s6 hiéu chinh phu thudc vao h va ¢, x, 1a phan ti
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cho trudc déng vai trd 12 tiéu chudn chon va (A, f5) 1a xap xi cha (A, f).
Hai van dé can dugc giai quyét ¢ day 1a tim phan tir cuc tiéu cta phiém
ham Tikhonov va chon tham s6 hiéu chinh « = «/(h, ) thich hop dé phan
tlr cuc tiéu ZCZ’((;’ ) dan t6i nghiém chinh xdc cta bai toan (0.1) khi A va ¢
dan t6i khong.

Viéc tim phan tr cuc tiéu cua phiém ham Tikhonov s& gip nhiéu khé
khan trong truong hop bai toan phi tuyén. Doi véi 16p bai todn phi tuyén
V6i toan tir don diéu A : X — X*, F. Browder [5] dua ra mot dang khac
ctia phuong phdp hiéu chinh Tikhonov. Tu tuéng chu yéu ctia phuong phap
do F. Browder dé xuat 1a sir dung mot toan tr B : X — X* ¢ tinh chat h-
lién tuc (hemicontinuous), don diéu manh lam thanh phan hiéu chinh. Bang
phuong phap nay, Nguyén Buong [6] da xay dung nghiém hiéu chinh cho

phuong trinh toan tir loai I (0.1) trén co s& giai phuong trinh
Ap(x) + aB(z) = fs. (0.3)

Ban luan van ndy nhdm muc dich trinh bay phuong phdp hiéu chinh cho
phuong trinh toan tir loai I (0.1) trong khong gian Banach phan xa thuc
X dua trén toan tu tuyén tinh don diéu manh lam thanh phan hiéu chinh.
Trinh bay phuong phdp xay dung nghiém hiéu chinh hitu han chiéu va mot
phuong phap lap tim nghiém hiéu chinh.

Noi dung ctia luan van gobm c6é phan md& dau, hai chuong, phan két luan
va danh muc céc tai liéu tham khao. Chuong 1 giGi thiéu mot so kién thic
co ban nhét vé toan tir don diéu, phuong trinh toan tir dat khong chinh, su
ton tai nghiém va tinh chat cta tap nghiém ctia phuong trinh toan tir loai
I. Trong chuong 2, ching t6i trinh bay phuong phap hiéu chinh Browder-
Tikhonov cho phuong trinh toan tir loai I dua trén toan tir tuyén tinh don
diéu manh. Trinh bay su hoi tu va téc do hoi tu cua nghiém hiéu chinh trén

co s& tham s6 hiéu chinh duoc chon tién nghiém. Ching t6i cling trinh bay
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phuong phap x4p xi hitu han chiéu nghiém hiéu chinh va & phan cudi cua
chuong 1a mot phuong phap lap cho nghiém hiéu chinh ciing véi vi du minh

hoa.
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Chuong 1

Phuong trinh toan tu loai I

Trong chuong nay ching toi trinh bay cac khai niém va két qua co ban
nhit vé phuong trinh todn tir loai I v6i toan tir don diéu. Ching toi ciing
trinh bay khai niém vé bai toan dit khong chinh va dua ra mot vai vi du vé
phuong trinh toan tir dat khong chinh. Cac kién thiic ctia chuong nay dugc
tham khao tir cac tai liéu [1], [2] va [4].

1.1. Toan tir don diéu

Cho A: X — X" la todn tir don tri tir khong gian Banach thuc phan xa
X vao X* v6i mién xac dinh 1a D(A) C X (thong thuong ta coi D(A) = X

néu khong néi gi thém) va mién gid tri (mién anh) R(A) nam trong X*.
Pinh nghia 1.1.1. Todn tir A duoc goi la don diéu néu

(Av — Ay,z —y) >0, Vz,ye€X.
A duoc goi la don diéu chdt néu ddu bang chi dat duoc khi x = v.

Khéi niém vé toan tir don diéu ciing c6 thé duge mo ta dua trén do thi
Gr(A) cla toan tor A trong khong gian tich X x X*, trong d6 theo dinh
nghia

Gr(A) = {(z.y) - y = Az},
Pinh nghia 1.1.2. Todn tir A duoc goi la don diéu néu

(" —y"x—y) >0, Ve,y € X, 2" € Ax, y* € Ay.

Tdp Gr(A) duoc goi la tdp don diéu néu né thod man bdt ddang thiic trén.
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DPinh nghia 1.1.3. Néu Gr(A) khong bi chita mot tap don diéu nao khdc
trong X x X* thi todn tuw A duoc goi la todn tu don diéu cuc dai.

DPinh nghia 1.1.4. Néu Vx € X ta c6 (Ax,x) > 0 thi A duoc goi la todn
ti xdc dinh khong am, ki hiéu la A > 0.

* Nhdn xét: Néu A 1a mot toan tir tuyén tinh trong khong gian Banach X

thi tinh don diéu tuong duong véi tinh xac dinh khéong am cla toan t.

Vi du 1.1.1. Gia stt H 1a khong gian Hilbert, A : H — H la toan tir khong

gian, tuc la
[Az — Ayl < llz —yll, Vo,ye X

Khi d6 toan tor I — A 1a toan tix don diéu, & day [ la toan tia don vi trong
khong gian Hilbert H.

Vi du 1.1.2. To4n tir tuyén tinh A : RM — RM duoc x4c dinh bai
A= BB,
v6i B la mot ma tran vuong cap M, la mot toan tir don diéu.

Pinh nghia 1.1.5. Todn tir A duoc goi la don diéu déu, néu ton tai mot ham
khong am §(t), khong giam voi t > 0, 6(0) = 0 va

(A — Ay, x —y) 2 ((lz —yl), Vr,ye X

Néu 6(t) = cat? v6i c4 1a mot hing s6 duong thi toan tir A duoc goi 1a don

diéu manh.

Pinh nghia 1.1.6. Todn tir A duoc goi la h-lién tuc (hemicontinuous) trén
X néu A(x + ty) — Ax khit — 0 voi moi x,y € X va A duoc goi la
d-lién tuc (demicontinuous) trén X néu tir x,, — x suy ra Ax, — Ax khi
n — oo.
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Vi du 1.1.3. Ham hai bién:

LL‘QQ

— 5 Dnéu (:L',y) 7& (070)
olr,y) = (@ +y)
0 néu (z,y) = (0,0)
lién tuc theo timg bién riéng biét tai (0, 0) nhung khong lién tuc tai (0,0).
Do d6 n6 h-lién tuc tai (0,0).

* Nhdn xét: Mot toan ti don diéu va h-lién tuc trén X thi d-lién tuc.

Pinh nghia 1.1.7. Todn tt A : X — X* duoc goi la todn ti biic, néu
(Ax, x)

lzl|—o0 |||

=00, Vr € X.

Pinh nghia 1.1.8. Anh xa U* : X — X* (néi chung da tri) xdc dinh bdi
U(x) = {2" € X"+ (a",2) = [|2" """ [le]| = |||, s > 2}
ditgc goi la dnh xa doi ngdu tong qudt ciia khong gian X .

Khi s = 2 thi U® thudong duoc viét 1a U va duoc goi 1a dnh xa doi ngdu

chudn tdc cta X.

* Nhdn xét:
1) Trong khong gian Hilbert H, 4nh xa d6i ngau chudn tac chinh 1a toan
ta don vi [ trong H.

2) Anh xa d6i ngau 1a mot trong nhitng vi du vé todn ti don diéu, né tén

tai trong moi khong gian Banach.

Véi X = LP(Q2), 1 < p < oo va 2 1a mot tap do dugc cta khong gian

R" thi 4nh xa d6i ngiu chuén tic U c¢6 dang

(U)(t) = [l=* e 2(t), teQ.
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Trong khong gian LP(£2), anh xa d6i ngdu U* c6 tinh chat don diéu déu va
lién tuc Holder, vi
(U(z) = U(y),x —y) >myllz —yl*, my >0, (1.1)
|U*(z) = U ()l < C(R)[|z —yll”, O<v<1L (1.2)

& day C'(R) 1a mot ham duong va don diéu tang theo R = max{||z||, ||y| }
(xem [3]).

Pinh ly 1.1.1. (xem [4]) Néu X* la khong gian Banach 16i chdt thi dnh xa
doi ngdu chudn tic U : X — X* la todn ti don diéu, biic va d-lién tuc.
Hon nita, néu X la khong gian Banach 16i chdt thi U la todn tit don diéu

chdt.

Bo dé 1.1.1. (xem [9]) Cho X la mét khong gian Banach thuc, f € X* va

A la mot toan tir h-lién tuc tiw X vao X*. Khi do, néu co
(A(z) = f,x —x9) >0, Vo € X,
Néu A 1a mot toan tir don diéu trén X thi di€u kién trén tuong duong
voi
(A(zg) — f,x —x0) 20, VzeX.
B6 dé 1.1.1 c6 tén 1a b dé Minty, tén mot nha todn hoc My, ngudi da ching

minh két qua trén trong truong hop khong gian Hilbert. Sau nay chinh ong

va Browder da chiing minh doc 1ap trong khong gian Banach.

Pinh nghia 1.1.9. Cho X la khéng gian Banach phan xa, f : X — R la
mot phiém ham 1oi, chinh thuong trén X .

e Ham [ duoc goi la nita lién tuc dudi trén X néu

lim inf f(y) > f(z), Vre X.

Yy—x
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