BO GIAO DUC VA PAO TAO
TRUONG PAI HQC SU PHAM TP. HO CHI MINH

PHAM THANH SON

PHUONG TRINH SONG PHI TUYEN TINH
CHUA SO HANG NHOT PHI TUYEN

LUAN VAN THAC SI TOAN HQC

Chuyén nganh: Toan Giai Tich
M s6: 60. 46. 01

Thanh ph6 H6 Chi Minh — 2010




LOI CAM ON

Loi d4u tién, toi tran trong kinh gri dén Thay TS. Tran Minh Thuyét
101 cdm on sau sac nhat vé sy tan tinh huwdng dan, chi bao ctia thay ddi véi
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DANH SACH CAC KY HIEU SU DUNG TRONG LUAN VAM
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Chuwong 1
TONG QUAN

1.1. Gi6i thi¢u bai toan

Cac bai toan bién vé phuong trinh vi phan va phuong trinh dao ham riéng 1a mot
trong nhitng linh vuc quan trong cta toan 1y thuyét va tmg dung. Cac bai toan nay xuat
hién nhiéu trong vat ly, héa hoc, sinh hoc, . . ., va do do6 1a dé tai duoc quan tam baoi
nhiéu nha toan hoc, chiang han nhu trong [1, 2], [4 — 19] va céc tai liéu tham khao trong
d6. Trong luan vin nay, chung t6i khio sat phuong trinh song phi tuyén lién két véi
diéu kién bién hdn hop phi tuyén sau day.

Tim ham v thoa phwong trinh song phi tuyén tinh c6 dang

u, — () + F(u,u,) = f(z,t), 0<z <1, 0<t<T, (1.1)

lién két v6i diéu kién bién bién hdn hop phi tuyén

p(t)u, (0,t) = Y (1),

(1.2)
—p(t)u (Lt) = Ku(t)+ X [u(0) "7 u (L),
va diéu kién dau
u(z,0) = 1 (z), v (z,0) =1/ (z), (1.3)

trong d6 F(u,u)= Ku-+u, v6i K, \, K, A\, a la cic hing sé cho trudc;
sy f, g, @, la cac ham cho truge thoa cac diéu kién s& dit ra sau. An ham u(z,t) va
gi4 tri bién chua biét Y(¢) thoa man bai toan Cauchy cho phuong trinh vi phan thuong
sau

Y'(t)+~Y'(t)+1,Y(t) = Ku,(0,t), 0<t<T,

) ) (1.4)
Y(0)=Y, Y(0)=Y,

trong d6 v, 7, K, Y, Y 1a cac hing s cho trude, véi 4y, — " > 0.

Tur (1.4), ta biéu dién Y(¢) theo v, 7,, K,, Y, Y,

) 1?

u,(0,t) va sau d6 dung tich

phan timg phan ta thu duoc

Y(t) = g(t) + K u(0,t) + jk(t — $)u(0, s)ds, (1.5)

0



trong do

~ ~ VK

K(t) = K [~2y coswt + 21 (7 — o)),

(1.6)

Do d6 bai toan (1.1) — (1.4) duge dua vé (1.1) — (1.3), (1.5), (1.6).
1.2. Cac két qua lién quan dén bai toan

Nhitng nam gan day, bai toan (1.1) — (1.3), (1.5), (1.6) va cac dang tuong tu voi
cac diéu kién bién khac nhau di duoc quan tim nghién ciru boi nhidu tac gia va thu
duoc mot sb két qua, chfmg han nhu: sy ton tai va duy nhét nghi¢ém yéu, tinh tron, tinh
chinh qui, tinh on dinh, dang di¢u tiém can ciing nhu khai trién tiém cin cua nghiém,
xem [1, 2], [4 — 19] va céc tai li¢u tham khao trong d6. Sau day, chi néu ra vai khia
canh lién quan dén bai toan khao sat trong luan van.

Trong truong hop pu(t) = 1, cac tac gia N.T. An va N.D. Triéu trong [1] da xét bai
toan (1.1), (1.3) voi

f(x7 t) - 07 71 - 07 72 > 07 ﬁ’o - 111 - 07 ):;I) - 07 (1'7)
trong d6 diéu kién bién (1.2) dugc thay thé boi
u (0,t) = Y(t), u(lt)=0. (1.8)

Trong trudng hop nay, bai toan (1.1), (1.3), (1.7), (1.8) mé ta dao dong ctiia mot vat ran
va mot thanh dan hdi nhét tua trén nén cung.
Trong [2], cling truong hop p(t) = 1, cac tac gia M. Bergounioux, N. T. Long, A.
P. N. DPinh, nghién ctru bai toan (1.1), (1.3), voi diéu kién bién (1.2) dugc thay thé boi
u (0,t) =Y(t), —u (L,t) = Ku(lt)+ \u,(L1t), (1.9)

v6i cac hang sb cho trudce A >0, K > 0. Nhu vy, bai toan chung t6i xét trong luan

van nay v6i didu kién bién phi tuyén téng quat hon (1.9).

Bang su tong quat hoa cua [2], cac tac gia N. T. Long va A. P. N. Dinh [4], N.T.
Long va T. M. Thuyét [6], da xét bai toan (1.1) — (1.3) véi diéu kién bién tai z = 0 ¢
dang

u (0,t) = g(t) + H(u(0,)) — ]k(t — 8)u(0, s)ds, (1.10)

0



trong d6 g, H, k la cac ham cho trudc.

N. T. Long, A. P. N. Pinh, T. N. Diém [5] nghién ciru sy tdn tai, tinh tron va khai
trién tiém can nghiém cua bai toan (1.1) — (1.4) trong trudng hop pu(t) =1,
u (0,t) =Y(t), u (1,t) = Ku(l,t)+ \u,(L,t), trong d6 Y(t) xac dinh boi (1.4) voi
u,(0,t) thay thé bang u,(1,t) va vy, = 0.

N. T. Long, L. V. Ut, N. T. T. Truc [9] nghién ctru sy ton tai va duy nhat nghiém
yéu, tinh chinh qui theo bién thoi gian, tinh on dinh va khai trién tiém can cua nghiém
yéu theo hai tham s6 (K, \) cta bai toan (1.1), (1.3) véi (1.2) dugc thay thé bang

u(0,t) = 0,
—p(t)u, (1,t) = K (t)u(l,t) + X (t)w'(1,t) — g(t) — ]k(t — s)u(l, s)ds, (111)
0

Trong truong hop nay bai toan 1a mo hinh todn hoc md ta va cham cua thanh dan

hdi nhét tuyén tinh.
1.3. B6 cuc ciia ludn vin

Noi dung cua luan vin bao gdm céc chuong sau:
Chuwong 1. Trinh bay phan tong quan vé bai toan khao sat trong luan vin va diém qua
cac két qua di c6 trude do, dong thoi néu b cuc luan van.
Chuwong 2. Néu mot s6 két qua chudn bi chang han nhu nhic lai mot sé khong gian
ham, mét s két qua vé phép nhiing compact giita cac khong gian ham quan trong.
Chwong 3. Bang phuong phap xap xi Faedo - Galerkin lién hé véi cac danh gia tién
nghiém va phuong phép compact yéu, ching t6i chimg minh bai toan (1.1) — (1.3),
(1.5) ton tai va duy nhat nghiém yéu toan cuc.
Chwong 4. Ching t61 khao sat tinh 6n dinh cta nghiém yéu phu thude vao dir kién dau
vao cua bai toan.
Chuwong 5. Noi dung chinh cta chuong ndy gém hai phan. Phan 1, nghién ctu dang

diéu tiém can cia nghiém yéu khi (K, K,\,A) — 0,. Phan 2, trinh bay mot khai trién

A A 5 [N A A A 1 A A r
tiém can cua nghiém yéu dén cap N + 2 theo bon tham s6 bé K, K 5 A, .

Chwong 6. Ching t6i xét mot bai toan cu thé dé minh hoa cho phuwong phap tim

nghiém xap xi bang cach khai trién tiém cén da trinh bay ¢ phan 2 cta chuong 5.



Két qua thu duoc & day 1a mot su tong quat hoa mot cach twong ddi cac két qua
trong [1, 4, 5, 6, 9]. Mot phﬁn két qua lién quan dén su ton tai va duy nhat nghiém yéu,
tinh 6n dinh va khai trién tiém cén cua nghiém yéu theo hai tham sb duoc cong bd
trong cong trinh cua chung t6i [16].

K& dén 1a Phan két luan, nham tom tat két qua thyuc hién trong luén van va cudi

cung la danh muyc céc tai li¢u tham khao.



Chwong 2
CONG CU CHUAN BI

2.1. Khéong gian ham mot chiéu
Ta co
e I’ 1a khong gian Hilbert ddi vai tich vo hudng
(u,v) = j;l u(z)v(z)de, u,veE L. (2.1)

Chuan sinh béi tich v6 hudng trén xac dinh nhu sau

lull = N w) = [ Ik u2(:z:)d:1;]l/2, wel. 22)

o W™(Q) = {ue I(Q):Ig € I(Q) sao cho fugo = —fggp, Ve € CHQ)}
Q Q
la khong gian Sobolev. Trén W' () trang bi chuan
Il (2.3)

‘ | u| |Wl.7)(Q) = ‘ ‘ u| |LP(Q 7 () *

e H'=W"={ve L :v €L}, lakhong gian Hilbert d6i véi tich v6 huéng
(u,0) ., = (u,0) +(u v ). (2.4)

Taky hi¢u [[o]| , = /(v,v),, 1a chuén trong H'.

Ta c6 dinh ly sau.
Pinh 1y 2.1. ([20, trang 129]) Ton tai mét hang s6 K (chi phu thugc vao |Q] < +00)
sao cho
Lp
||U/‘ |LOO<Q> S KHU/‘ |W1.l7(Q)7 vu 6 W (Q)’ V]‘ S p S +OO7

Hay phép nhing W' (Q) — L*(Q) la lién tuc véi moi 1 < p < +o0.
Hon nita, néu Q bi chan ta cé
i) phép nhing W (Q) < C°(Q) la compact véi moi 1 < p < +o0,
ii) phép nhing W'*(Q) = L'(Q) la lién tuc véi moi 1 < q < +00.
Néu Q = (0,1), thi tir (i) ciia dinh 1y 2.1 ta suy ra bb dé sau day
B6 dé 2.1. Phép nhing H' — C°(Q) la compact va

el gy < V2[00 Vo € B, 2.5)



Bo dé 2.2. ([3, trang 5]) Ta dong nhdt L' véi déi ngdu ciia né. Khi d6, ta c6 bao ham
thurc sau
Hl‘_’LQ = (LQ)/ ‘—’(Hl)/,

VOi cdc phép nhung lién tuc va chura trong tru mdt.

2.2. Khong gian ham phu thudc thoi gian
Ky hiéu /(0,75 X), 1 < p < o0, dé chi khong gian Banach cac ham thuc

u:(0,T) — X do dugc, sao cho ||ul| ;< +oo vai

7(0,T:X

1

[fOTHu(t)H;dt]p, khi 1< p < 400,

(2.6)

lull, )
esssup||u(t)|| khi p = cc.

0<t<T

X
Khi d6, ta c¢6 cac bo dé sau ma chimg minh ctia chiing c6 thé tim thay trong [3].

B6 dé 2.3. ([3, trang 7)) I/ (0,T; X), 1< p < 400 la khéng gian Banach.

B6 dé 2.4. Goi X' la doi ngau cia X. Véi ljui,zl, 1<p<oo, ta cé
p P

'(0,T; X') la doi ngdu cia I (0,T; X).
Hon nita, néu X phan xa thi I'(0,T; X) ciing phan xa.
B6 dé 2.5. (I(0,T; X)) =L*(0,T; X"). (2.7)
Hon nita, cac khéng gian L'(0,T;X), L*(0,T;X") khong phan xa.
B6 @& 2.6. ([3, trang 7) Ta ¢ I'(0,T; L' () = I'(Q,), 1< p < o,
2.3. Phan bd c6 gia tri vecto
Pinh nghia 2.1. Cho X la khéng gian Banach thwe. Mot anh xa tuyén tinh lién tuc tir
D((0,T)) vao X goi la mét (ham suy réng) phdn bo cé gia tri trong X. Tdp cdc phan
bé cé gid tri trong X ky hiéu la
D'(0,T;X)= L(D(0,T);X) = { f: D(0,T) — X, f tuyén tinh, lién tuc}.
Cha thich 2.2. Ta ky hi¢u D(0,T") thay cho D((0,7)) hodc C™((0,T)) dé chi khong

gian cac ham s6 thyc kha vi vo han c6 gia compact trong (0,7).



Dinh nghia 2.2. Cho f € D'(0,T;X). Ta dinh nghia dao ham j—é theo nghia phin bé
cua f boi cong thicc
(£,0) = —(f,%), Yo € D(O,T). (2.8)
Cic tinh chat
1/.Cho v € I/(0,T; X), ta lam twong g n6 bdi anh xa nhu sau:
T :D(0,T)— X,
(T, 0) = [ o(t)p(t)it, Vo € D(O,T). (2.9)
Ta c6 thé nghiém lai rang T € D(0,T;X). That vay,
i) Anhxa T: D(0,7) — X 1a tuyén tinh.
ii) Ta nghiém lai &nhxa 7': D(0,7) — X la lién tyc.

Gia str {¢ } C D(0,T), saocho ¢ — 0 trong D(0,T). Ta co

=| [ st ] < [ otere, o1

1

g[f || ||pdt] [f o (t |pdt] — 0, khi j— 400, (2.10)
Do d6 (T, ) —0 trong X khi j — 4o00.Vay T € D'(0,T;X).
2/. Anh xa v — T 1a mét don énh, tuyén tinh tir I7(0,T; X) vao D'(0,T; X). Do dé, ta
c6 thé dong nhat T = v.Khido, tacod két qua sau.
B6 dé2.7. I(0,T; X) — D'(0,T;X) véi phép nhiing lién tuc.
2.4. Pao ham trong /(0,7; X)
Do bd d& 2.7, phan tir f € I/(0,T; X) ta c6 thé coi f 1a phan tir cia D'(0,T; X). Ta c6
céc két qua sau.
Bo dé 2.8. (Lions [3, trang 7]). Néu f € I'(0,T;X) va f € I!/(0,T;X), 1 < p < o0,
thi f bang hau hét voi mot ham lién tuc tir [0,T] — X.

2.5. B6 dé vé tinh compact ciia Lions



Cho X, X, X lacac khong gian Banachva 0 <T < +o0, 1 < p, < +o0, i =0,1.

X, = X=X, X, X laphan xa, (2.11)

Phép nhiing X < X la compact, X — X lién tyc. (2.12)
bat

W(0,T)={ve L"(0,T;X,):v" € L"(0,T; X)) }. (2.13)

Trén W(0,T) ta trang bi chuan

gl ] : (2.14)

=4l
w(o,T) £0(0,7:X, (0,T:X,)

Khi d6, W(0,T) 1a mot khong gian Banach.

Hién nhién ta c6 W(0,T) < L' (0,T; X).

Ta ciing c6 két qua sau ddy lién quan dén phép nhing compact.

Bo dé 2.9. ([3, trang 57]). Vi gid thiét (2.11), (2.12) va néu 1 < p_ < +oc, i = 0,1,
thi phép nhing W(0,T) = L"*(0,T; X) la compact.

2.6. Bo dé vé su hoi tu yéu

B6 d¢ sau day lién quan dén sy hoi tu yéu trong I (Q).

Bo dé 2.10. ([3, trang 12). Cho Q la tdp mo bi chdn cia R" va g , g€ I'(Q),
1< p < o0,saocho

||gm||LI’(Q) <C va g — g ae.trong Q.
Khidé, g — g trong I (Q) yéu.
2.7. Mt s6 bat dang thirc co ban
1/. Bt dang thirc Holder
Cho p, ¢ >1 théa - ++ =1. Khi do
ab < <a’ 4+ <=b", Va,b > 0, Ve > 0.

2/. Bat dang thirc Cauchy
2ab < (Ba’ +%b2, Ya,b € R, VG > 0.

3/. Bat ding thirc Holder cho tich phan



Lt 1—1 Khidénéu f € I/(Q) va g € L'(Q) thitacod

p q

Cho p,q > 1 thoa
fg e L'(Q) va
el < AL 16l -
Neu p =g =2 thitaco (f.g)l <[Ifll llgll, Vf.g€ ().
4/. Bat diang thirc Gronwall (dang tich phan)
Cho ¢ 1a ham kha tich, khong am trén [0, 7] va thoa bat dang thirc

((t) < €, +C, [ ((s)ds, hau hét ¢ € [0,7],
0

trong d6 C,C, la cac ham s6 khong am. Khi do
((t) < C, exp(C,t), hau hét ¢ € [0, 7.

Dic biét, néu €, = 0 thi {(t) = 0 hau hét ¢ € [0, 7).
Chii thich 2.1. Bt dang thic Gronwall ¢ trén con duoc goi 1a B6 dé Gronwall.
2.8. Dinh ly Ascoli-Arzela. Cho A la mot tdp con ciia C°([0,T);R™). Khi dé A
la mét tdp compact trong C°([0,T];R™) néu va chi néu A thod cac diéu kién sau

i) A bj chan timg diém, tire la: véi méi t € [0,T), tdp {f(t): f € A} bi chdn
trong R™.

1) A lién tuc déng bdc, tirc la

Ve > 0,36 > 0:Vt,t' € [0,T], [t —t| <8 = [|f(t) = f(t)|,.. <& VfeA
2.9. Pinh ly Schauder. Cho X la mét tdp l6i déng khdc trong va bi chdn trong

khong gian Banach E va U la m¢ot anh xa compact tw X vao X. Khi do U co
mét diém bat déng trong X.

10



Chuwong 3
SU TON TAI DUY NHAT NGHIEM

3.1. Giéi thiéu

Trong chuong niy va cac chuong sau dé tién theo ddi ta goi bai toan (1.1) — (1.3),
(1.5), (1.6) 1a bai toan (3.1), (3.2) nhu sau: Tim ham « thoa phuong trinh song phi
tuyén tinh voi diéu kién bién phi tuyén dudi day:
u, — p(t)u  + Flu,u) = f(z,t), 0<z <1, 0<t<T,

Lty (0.6) = Y (1), — 0y, (1) = K (L) + Al (L] 2w (L), G.D)

Lu(:z:, 0) = d,(z), u,(z,0) =4/ (z),
trong do

F(u,u,) = Ku + \u,,

¢ (3.2)
Y(t) = g(t) + K u(0,t) + f k(t — s)u(0, s)ds,

0
véi K, K, K, A\, \, a 1a cic hang so cho truéc; p, f, g, k, 4, 4, la cac ham cho

trude thoa cac dieéu kién ma ta sé dat ra sau.

Pinh nghia 3.1. Ta néi u 13 nghiém yéu cua bai toan (3.1), (3.2) néu
w € L*(0,T;H*), sao cho u € L*(0,T;H"), u, € L*(0,T;L’), u(0,") € W"(0,T),

|, (1, -)|§71ut(1, )€ H'(0,T), va u thoa phuong trinh bién phan sau day:
(1, (1), 0) + p(t)w,(£),,) + Y ()o(0) + [K,u(l, 1) + A Ju, (1,0, (1,£)] (1)

+ (Ku(t) + Au,(t),v) = (f(t),v), Yve H',

( t (3.3)
Y(t) = g(t)+ K,u(0,t)+ [ k(t — s)u(0,s)ds,

0

u(O) =1, u,(0)=1a,.

Pé ching minh bai toan (3.1), (3.2) ton tai duy nhat nghiém yéu. Chung toi, dua
vao phuong phap xap xi Faedo - Galerkin lién hé v6i cac danh gia tién nghiém, tir d6

trich ra cac day con hoi tu yéu trong cac khong gian ham thich hop va nho mdt s6 cac
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phép nhing compact. Pinh Iy Schauder va Ascoli — Arzela cling dugc sir dung trong
viéc chung minh su tdn tai nghiém xép xi Faedo - Galerkin. Kho khan chinh trong
chuong nay 1a diéu kién bién tai dau z = 1.
3.2. Su ton tai duy nhat nghiém
Trudc tién, ta thanh lap cac gia thiét sau:

Hy) (a,,a,)e H xH',

(H) f, f € L(0,T;L),

(H;) peW(0,T), u(t)>p, >0, Vt€[0,T],

(Hy) g, ke W™ (0,7),

(Hs) a=>2 K, K

o K, >0, AN >0.

Khi d¢, ta c6 dinh 1y sau:

Pinh 1y 3.1. Cho T > 0. Gia sir (H,) — (Hs) diing. Khi dé, bai todn (3.1), (3.2) ton
tai duy nhat nghiém yéu u thoa

we L*(0,T;H*), u, € L*(0,T;H"), u, € L*(0,T;I}),

(L, (1,.) € H'(0,T), u(0,.) € W"(0,T). o4
Chu thich 3.1.
i) Ta suy ra tir (3.4), rang nghiém yéu « cua bai toan (3.1), (3.2) thoa
ue C'([0,T]; H)YNC'([0,T]; )N L*(0,T; H?),
u, € C°([0,T; )N L*(0,T;HY), u, € L*(0,T;L), (3.5)

|, (L, u,(1,.) € H'(0,T), u(0,.) € W"(0,T).
ii) Hon nita, ciing tir (3.4) ta thdy rang

u, € L*(0,T; L") C I'(Q,).

u’ uz’ ut’ uz.T,’ umt’

Diéu nay din dén néu diéu kién du cua bai toan (3.1), (3.3) thoa gia thiét (H,) thi

bai toan (3.1), (3.2) ¢6 nghiém yéu duy nhat u € H*(Q,), ma khong nhét thiét can

(@,4,) € C*(Q)x C'(9).

0771

Chirng minh dinh Iy 3.1. Chiig minh dinh 1y gdm 4 budc.
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Budc 1. Xip xi Faedo - Galerkin. Chon co s¢ dic biét {w } ciia H*. Nghi¢m yéu

xap xi ctia bai toan (3.1), (3.2) duoc tim dudi dang

u (1) = Zcmj(t)wj,

j=1

v6i, ¢ (t) 1a nghiém cua hé phuong trinh vi phén phi tuyén sau

(u(6)w)) + p(t)u,, (1) w,) + Y, (D), (0)
+ [Ku, (L) + AV (u) (1,1)]w,(1)
- (3.6)
+ (Ku, (t) + M (t),w) = (f(t),w), j=1m,
um<0) = uOm’ 'U::"(O) = ulm’
trong do
t
Y, (8) = g(t)+ Ky, (0,6)+ [ k(t—s)u, (0,5)ds,
o (3.7)
U (2) = 2"z,
va
u, = iamjwj — @,  manh trong H’, (3.8)
j=1
w, =y B w — i manh trong H'. (3.9)
=1 '

Bo qua chi sé m, taviétlai ¢ (t)=(c_(t),....,c_(t)) dudidang

c(t) = (c,(t),...,c (t)).
Khi d0, hé phuong trinh (3.6) - (3.7) dugc viét lai nhu sau

m m

c]/_/(t) + u(t)z ¢t w,,w, )+ g()w (0)+ K(); ¢,(t)w,(0)w,(0)

i=1

[ k= 9)3 e, () w (0w, (0)ds + K3 e (B, (L, (1)
0 =1 = (3.10)

m

+A\ ¥ [Z cl(t)w, (1)] w (1) + Ke (t) +Acl(t) = (f(t),w)),

i=1




Ta viét gon hé (3.10) dudi dang

t

0 (3.11)

= [ e 0 0)4 A el (0 0, ()], (1)
— Ke,(t) = A(t)+ {f(t),w), j=1m, (3.12)
F, (e(t)) = =3 ¢ (tw (0w (0), j = Lm. (3.13)

Sau hai 1an ldy tich phdn theo bién thoi gian tir 0 dén ¢, ta dwa hé (3.11) vé hé
phuong trinh vi tich phan phi tuyén sau

ct)=a +61t+ ]dT] Gj[c](s)ds, 0<t<T, j= 1,_m (3.14)
trong do
G [e](t) = E,(t,c(t),c(t)) + ]k(t —s)F, (c(s))ds, 0 <t <T. (3.15)

0
Vé6i T > 0 cho trudc, ta st dung dinh 1y diém bat dong Schauder dé chimg minh
hé (3.14) — (3.15) c6 nghiém c(t) = (¢,(),...,c, (t)) trén khoang [0,7 ] C [0,T]. Ta
6 bo dé sau.
B6 dé 3.1. Cho T > 0. Gia sir (Hy) — (Hs) diing. Khi do, ton tai T > 0 sao cho
hé (3.14) — (3.15) ¢6 nghiém c(t) = (c¢,(t),...,c (t)) trén khodng [0,T | C [0,T].
Ching minh. V6imdi T > 0, p > 0, ta dat

X=C(0TLRY,  S={ceC(0T,:R"):|dl, <p}.

trong o, ||cll, = [lcl, + [I<l,, lell,= sup [e(t)], [e(®)], =D le (@),
U<t<Tm j=1

14



thi S 1a tap con 16i dong va bi chin trong X.
Ta viét lai hé (3.14) duéi dang phuong trinh diém bat dong
c(t) = Ulc](t), (3.16)

trong do, ¢ = (c,...,c ) € X, Ulc)(t)=(U [c](t),...,U [c](t)),

Ulel(t)= o, + Bt +[dr [ Glcl(s)ds, 0<t<T,, j=1Lm.
0 0

Khi d6
i) U: X — X lién tuc
Trudc tién, ta ching minh toan tr U : X — X xac dinh. That vay, dé chirng minh

toan tir U : X — X xac dinh, ta chi cin ching minh rang (U]_[c])/ lién tuc trén

(0,7 ].Lay ¢ = (c,,...,c, ) € X, tacod

Tt (3.12) — (3.13), (3.15) va cac gia thiét (H,) — (Hy), ta suy ra G lc] € (0,7)

nén (Uj[c])/ lién tyc trén [0, 7 ]. Vay, toan tir U : X — X xéc dinh.

Chimg minh toan tr U : X — X lién tyc. Lay {c,} C X sao cho ||c, —¢||, — 0
trong X. Taco
E (t,e,(t),c/(t)) = F, (t,c(t),c(t)) trong L'(0, T ), (3.17)
F, (¢,(t)— F, (c(t)) trong C([0,T, ]). (3.18)
Do d6 suy ra duoc rang
fk t—s)F ds—>fk (t—)F, (c(s))ds trong C([0,T,]). (3.19)
0

T6 hop tir (3.17) - (3.19), ta c6
G [e]— G [c] trong L'(0,T),

m

hay,

Gle,]—Glc] trong L'(0,T ;R™).
Khi d6, ta co

IGle, )= Glelll ., = O

15



Mait khac, ta lai co

t T

[ar [Gle)(s)- G [e)(s)]ds, 0<t< T, j=1m,

S
—
9}

o=
Ju——
—~
o~
~—
|
—
5.
—~
o~
~—
I

W ey (6~ ()= [[Gle])(5) -G [el(s)]ds. 0<t < T, j=1Lm,

U[ck] o U[C]”() < Tm ||G[Ck] - G[c]”Ll(o,T:R"’) ’

Wl)) = Wle))| <[6le]=Glell, e -
Do do

Ule,]=Ule]|, —o0.

Vay, U : X — X lién tuc.
it) U:5— S
Ta s& nghiém lai rang véi p, T duoc chon thichhopthi U: 5§ — S
Do gia thiét (Hy4) ton tai hing s6 dwong M ,» 40c 1p v6i p sao cho
|k(t) < M, Vt €[0,T],
Mit khéc, tir cac gia thiét (H,) - (Hs) va cac biéu thirc (3.12), (3.13) ta suy ra, ton tai

hang s6 duong M(p) phu thudc vao p sao cho véi lc|, < p, |d], < p thi

| (G d) + [ F, (o)< M(p), V€[0T ], j=1m,

diéu nay dan dén
G [c]()| < (1+ T, M,)M(p), v6i moi ¢ € S, moi t €[0,T, .
Khi d6, véi moi ¢ € S, ta co

U Le)(t) < le |+ 8| T, +3(T2 + T2M,)M(p),

J

va
(U[e]) () < 18|+ (T, +T*M,)M(p),

nén
1 ULl ll, < mllal, + 18T, +2 (T2 + T:M,)M(p)],
IWTel)'[l, <ml|8], + m(T, +T:M,)M(p)].

Do d6
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1 Ulelly <lod, + 18, + T

m

18], +m(1+T, +T,M, +mT*M,)M(p)]

Chon p sao cho |af + [3], < g Sau d6 chon 7T sao cho

T (18], +m(+ T, +T,M, +mTM,)M(p)| <

wlb

Khi d6
[Ule]], < p,tiacta Ule] € S.
Vay, U: S5 — S.
ii1) Us compact trong X
Véimoi c € 5, taco
G [el(1)] < (1+T,M,)M(p),

suy ra

<m(+T M )M(p)= M (M doclap véi c € 5).
Tir day ta suy ra cc ho {Ulc]} ., {(Ule])'}_, 1alién tuc ddng bac.
Vay &p dung dinh ly Ascoli-Arzela thi Us compact.

Twr i), ii), 44) va dinh Iy diém bat dong Schauder ta suy ra rang U : S — S ¢6
diém bat dong trong S. Diém bat dong nay 1a nghiém cta hé (3.14).
B6 dé 3.1 dugc chimg minh m

Dung b6 dé 3.1, ta suy ra hé (3.6) - (3.7) c6 nghiém v trén mot khoang [0,7 |.
Céc danh gia tién nghiém dudi day cho phép ta ldy T =T, véimoi m.

Buéc 2. Pdnh gid tién nghiém I. Thay (3.7) vao (3.6), roi nhan véi c:n j(t) va liy

tong theo 7, sau d6 14y tich phan theo bién thoi gian tir 0 dén ¢ ta duoc

t

S, (1) = 5,(0)+29(0)u,,, (0) + [ w'(s)|u,,(s)[ds = 29(t)u, (0,1)

0

+2fg (0,8)ds — 2u_( Otfkt—s (0,s)ds

"L

17



t t s

+ 2k(0) [ 2 (0,5)ds + 2 [ u, (0,5)ds [ k(s —r)u, (0,r)dr

4 2]’ (f(s),u! ())ds = S, (0) + 2g(0)u, (0)+ ZI (3.20)

trong do,
S (@) = [Ju, Ol + p®lw,, O + K, (0,6) + Kl|u, (@) + K (1)

+ 2f<)\||u I+ Alu) (1,5)[" ) ds. (3.21)
Str dung B6 dé 2.1 va bat dang thirc Cauchy — Schwarz cting v&i bt dang thirc
2ab < ea® + le, Ya,b € R, Ve > 0, (3.22)
€

ta lan lugt danh gia cac tich phan & vé phai (3.20) nhu sau
S6 hang thir nhat. T (Hs) va (3.21) ta suy ra rang

t

< 16w, (s HdSSIjHuHLXOTfS ds<0fs )ds, (3.23)

0
¢day, C, 1a hang s bi chin chi phu thude vao 7.
S6 hang thir hai. Tir gia thiét (Hy) va (3.21) ta c6

1, < 22|90 fu, 0], <2[llE.,,, +ellu, G,

<10, +ellu, (B, v6imoi € > 0. (3.24)

S6 hang thir ba. Ttr (Hy) va (3.22) v6i € = 1, ta duoc

z<zfjm menuw<2mmMT+fwt

s)II;, ds

<c, +f||u (3.25)

s, ds.
S6 hang thir tie. Bang cach sir dung bat dang thirc Cauchy — Schwarz va (3.22) ta ¢6
t
I, < 4llu, @], [ 15— s)l-llu, ()], ds
0
t

< ellu, (1, +£( [ 1k =), @], ds)

0
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T

t
<ellu, @I, ++ [K©0)d0 [u, (5)|F,ds
0 0

< éllu, @If, + 4HkHL20TfHu S)I[;,ds

t
<ellu, @I, +1C, [[lu, ()P, ds, véimoie>0. (3.26)
0
S6 hang thir nam. Tir (Hy) ta suy ra rang
t
1, <20K0)|f mﬂm<ﬁwumfmt|um<cfmi||mozn
0
So hang thir sau. Tu (Hy) ta thu dugc danh gia sau
t s
I, <4 Nlu, (N, [ 18 (s =)l ()], drds
0 0
t s
2
< [, GIE, + 4( [1K 6=, @, dr) |ds
0 0
t
ng . Hlds—|—4ff\k s—r]deru r)|[.dr ds
0
t t
< [llw, () ds +4T|K|E, [ 1w, (I, ds
0 0
(u%ﬂmmmjfmmn¢m<cwa||m (3.28)
S6 hang thit bay. Tix (H,) va (3.21) ta suy ra rang
t
I<zﬂu sMlw, (s ds < [ (L) + [1FGIH]u) ()] )ds
0
t t
<l g, + [ IFSNIS, (5)ds < C, + [1IF(s)]S, (s)ds (3.29)
0 0
T hop (3.20) va (3.23) — (3.29) ta dugc
S, (£) < S, (0)+29(0)u,, (0)+ (+ +2)C, + 2e]|u, (D)IF,
+Hi+( fmmmw+fc+wnoAm, (3.30)
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voimoi € >0 vadday C, la hang s6 chi phu thudc vao 7.
Tir cac gia thiét (H,), (Hs) - (Hs), (3.8), (3.9) va phép nhing H' = C°(Q) suy ra ton
tai hang s C, > 0 sao cho
8,.(0) +2g(0)u,, (0) = [[u,, |F + p(O)]u,, [ + K ug, (0)
+ Kl|u,, |+ Ku) 1)+ 2g(0)u, (0)<C,, VYmeN, (3.31)
trong do, C, la hang s6 chi phy thude vao 1(0), ¢(0), K, K, K,
Miat khac, tir (Hs), bo d& 2.1 va (3.21), (3.31) ta lai suy ra rang

(S (1) > |Ju! @|F + pllu_ (@

lu () <2lu,. |+2th ) ds < 2C. +2th

t (3.32)
[, (ONF, = w, (OIF + [, @ <=8, (6)+2C, +2t [ S (s) ds
0

t

f||um [ ds < 20T + (- +27°) [ (s) ds.

0

Tong hop (3.30), (3.31) va (3.32), ta duoc

t

S, () <LD(T.e)+ =8 () +4 [ D(T,e,5)S, (s)ds, (3.33)

m m
0

v&i moi € > 0 va trong do

1D (T,e)=C (1+4e+2T)+(1+20T)(*+2)C,,
_ (3.34)
s D(T,e,8) = Cp + [|f(s)l[ +4eT + (- + 2T*)[1+ (- +2)C,].

Chon € =2 va sir dung bat dang thirc Gronwall ta thu dugc tir (3.33) rang

J‘ﬁl(T,a,s)ds
S (1)< D.(T,e)e"

m — 1

<C,, VmeN,Vte[0,T], VT >0, (3.35)
hon nita, ciing tir bd dé 2.1, (3.32) va (3.35) ta suy ra rang

Ja, (0. < ||, (D), < N2llu, (B)],, < C,,Ym € NVt €[0,T],

m C“

(3.36)
f||u < C,,¥m e N,Vt €[0,T],

m ]1 —

1w, (L) < Ju,

m C“ ()
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voi O la héng ) duong khong phu thudc m, chi phu thude vao 4,1, i, f, gk, K,
K, K\
Ddnh gid tién nghigm II. Trong (3.6), lay dao ham theo ¢, ta duoc

(), w) + (u(t)u), () + 4/, (8),w, ) + Y (t)w (0)

+ [Ku! (L) + X0 (o (1,)u”(1, t)w (1) (3.37)

+ (Ku! () + Al (1),w) = (f'(t),w), j=1,

J

trong dé

t

Y!(t) = g'(t) + Ku! (0,8) + k(O)u, (0,t) + [ K'(t = s)u, (0,5)ds, (3.38)

’ 0
Thay (3.38) vao (3.37) rdi nhan hai vé voi ij(t) va ldy tong theo j, sau do 13y tich
phan theo bién thoi gian tir 0 dén ¢ va qua mot s bude bién ddi don gian ta dugc

X, ()= X, (0)+24'(0u,,,,u,, )+ 2[g'(0) + k(0)u,, (0)]u,, (0)

Oma’ ~ 1mz

— 20! (0,1)]¢'() + k(O)u, (0,8) + [ K'(t = s)u, (0,5)ds]

t

+ 2[k(0) + K'(0)] [ |u] (0, 5)Pds + 2 f g"(s)u’ (0,s)ds

=20/ (0w, (), u,,, ()

b2 [ W), (5),ul (s + 3 [ w(s)lud (s)Pds

0

f Orfk” Os)dsdr+2f ),u(s))ds

=X (0)+2u/(0)(u, ,u, )+2[g'(0)—k(O0), (0)u

Omaz? ~1mz

L +ZI (3.39)

trong do,
X, (@) = [lu, (@I + p®llw, O + K|, (0,6 + K w, (L)

+2)\]f\lf '(L,9))|u” (1, s)fds + K||u (t)|f +2)\f||u7 \[Fds
= [Ju; OIF + p®lw, O + K |w, 0,0 + K |u; (1,1)f
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2

ds

a-l) f| <|u 15 fn(l,s)>

+ K| ( H+2)\fHum )|[Fds. (3.40)

Tir cac gia thiét (H,) — (Hs), (3.36), cung voi bat dang thic so cip (3.22) ta bit dau
danh gia cac s6 hang & vé phai cua (3.39) nhu sau:
S6 hang thir nhat.

t

I, < 22[u! ()], [la'Co) +( KO + [kt~ 5)lds)C

0

t

< ellu (1, +2[l"(0) +( 1K)+ [ 1Kt —s)ds)C, |

0

<ellu) B}, +LC,, Ye>0, (3.41)

trong do C, 1a héng s6 bi chan chi phu thudc vao 7.

S6 hang thit hai.

t

< 2[[k(O)|+[¥'(0 ﬂuoﬂ@<MWWMfHAmm

0

t

C, [ llu) (s)IF, ds. (3.42)

0

| /\

S6 hang thir ba.

z<2fm”|hLOsm5<%ffm”|H%me

t t t
<2[1g"ds + [1g" M (N, ds < 2lg"I],,, + [1a" M (), ds
0 0 0

<G, + [1g"6H 1 (I, ds. (3.43)
!
S6 hang thir tur.
I, <2/t Ol (1] < 2[11]],.,,, {Cry X, ()
<1C. +eX (1), Ve>0. (3.44)

S6 hang thir nam.
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t

<2 [ (Wu,, (sl @l ds <2 [ ()2 X, (5) ds

0

<% [l |@+fm”|X(Mw<IWWMT+IW%W&®%
0 0 0
t
<C, + [IW'(s) X, (s)ds. (3.45)
0
S6 hang thir sdu.

t

t t
<3 [l ()Fds < 2l,.,.,, [ X, (6)ds < C, [ X (s)ds. (3.46)
0

0 0

S6 hang thir bay.

I < 2]|ufn (0, s)| ]1 |k”(s - r)| |um(0, T)| drds
0 0
<220, f ! ()|, f [K"(s — )| dr ds
0 0
< QJEfHum @Il f|k” )| do ds

<20k, + [l ), ds < C, +f||u ds. (3.47)
0

" Ul

S6 hang thir tam.

2fw mwm|m<uﬂuwﬁ+fw X, (s)ds

< C, + [IIFGIX, (s)ds. (3.48)

Té hop (3.39) va (3.41) — (3.48) ta duoc

X, (1) < X, (0) + 21/ (0)u 214/(0) — k(O)u,, (O)},, (0) + (2 +4)C,

Oma? 1mar>

t
+ 6Xm( )+€||U H] + fql HU |2]d5 +fq2(s) Xm(S)dS, (349)
0

voimoi € >0, 6day C, la hing s6 chi phu thudc vao T va
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q,(s)=14+C.+ |¢"(s),

q,(s) = Cp + " ()] + [If ().

(3.50)

Tir cac gia thiét (H;), (Hs) — (Hs), (3.8) — (3.9) va phép nhing H'— C"(Q) suy ra
ton tai hing s6 C, > 0 sao cho
X, (0)+24'(0)w,,,,.u,,.) +2[g'(0) — k(0)u,, (0)]u, (0) + [|u, I
= [Jw, (O[] + u(O)w,,, I + K|u,, (O + K |u,, (1P

+ 2/ (0){u,,,, ,,,,) + 2g'(0) — k(0)u,, (0)]u,, (0) + [|u,, I

< (0}, + Ku,, + A, +fOIF + pO)|w,, [ + K|u, (0
+ K1| ulm (1>|2 + 2/1//(0)<u0m1‘7 ulml‘> + 2[9/(0) o k(O)u(]m(O)]ulm (0)
+ 1w, I <C,, Ym €N, (3.51)

trong d6, C, 1a hing sb chi phu thudc vao 4, @, p(0), 1(0), ¢'(0), k(0), £(0),
KK, K, A\

Mat khac, tir (3.40) va tuong ty nhu trong (3.32) ta ciling c6
X, (@) = Mu) OIF + gl @IF,

u! (B)F < 2/]u, |F +2th ) ds <20, +2th

,, (3.52)
[luy, (IF, = llw, OIF + []u), O <--X, () +2C, + 2tf X (s)ds
0
f||u [, ds < 2TC, + (- +277) fX
Tong hop (3.49), (3.51) va (3.52), ta thu dugc
X, (1) <4D,(T,e) +e(l+ )X, (1) +4 [ D,(T,5,9)X (s)ds, (3.53)

véi moi € > 0 va trong do

24



1
2

D(T,e)=(1+2)C,+(2+5)C, + 2027 q,(s)ds
' (3.54)

T
1D,(T,e,s) = 2eT —I—tql(s) +2qul(s)ds +q,(s) € L'(0,T).
0

Chon € >0 va ¢(1+-1) < 1 vasudung bét ding thire Gronwall ta thu duogc tir (3.53)

Ho

rang

t

flz (Te,s)ds

X (t)<D,(T,e)e’ <C,, VmeN,Vte[0,T], VT >0, (3.55)
hon nita, tir bd d& 2.1, (3.52) va (3.55) ta suy ra rang
o SA2|W ()] <€, Ym e N YE€[0,T],

0 @)

| (0,0)] <||u/ (t
(3.56)

! (L] < (! (0], < V2l @], < C,.¥m € N VEE0,T),

(v()

voi O, 1a héng s6 duong khong phu thuoc m, chi phu thuée vao a,a,,u, f, g,k K,

K, K, \A\.
Tir (3.7)1, (3.36)1, (3.38), va (3.56), ta suy ra ring

t

Y, (0] < lg(t) + K,|u, (0,6) + [ 1k(t = s)u, (0,5)ds

0
<C,, YmeN, Vvt e[0,T], VT >0, (3.57)

t

Y0 <190 + K, u! (0,0 + [K(O)]- |, (0,6)] + [ |K(t = s)]u, (0,5)]ds

0

<C,, VmeN,vte[0,T], VT > 0. (3.58)
Tu (3.36) va (3.56) ta thu dugc
||um( ’" )||Wl"“(0,T) S CWT’ vm € N’

(3.59)
||um (1’ )| |H/l,’x:(07T) S OT’ Vm 6 N’
Tir (3.40) suy ra
zfs (1wl (.90 1,5) bi chin trong £(0.7) (3.60)

Mit khac, tir (3.59) ta lai co
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@
2

u’ (1,s) bi chén trong L*(0,T) ma | lu’ (1,5) 1ufn(l, s) | ~|u (1,8).

Do do6

lu! (1, s)|571u7’n(1, s) bi chan trong L*(0,7T) (3.61)

Tir (3.60) va (3.61) suy ra rang

a

! (4, 8)? wl (1,5)

m m

<G, YmeN. (3.62)

|Hl(04T
Buéc 3. Qua gidi han. T (3.21), (3.40) va (3.57) - (3.59), (3.62) ta suy ra rang ton

tai mot ddy con cua ddy v ma vanki hi¢ula u_ sao cho

U —u trong L*(0,T; H') yéu *, (3.63)
w — trong L*(0,T; H') yéu *, (3.64)
w — trong L*(0,T;L°) yéu *, (3.65)
W/ (L)P W (L) — x  trong H'(0,T) yéu, (3.66)
u (0,.) — u(0,.) trong W"(0,T) yéu *, (3.67)
u (1) — u(l,.) trong W"<(0,T) yéu *, (3.68)
w' (1) — u/(1,.) trong L*(0,T) yéu *, (3.69)
Y Y trong W"(0,T) yéu *. (3.70)

Theo b6 dé vé tinh compact cua Lions [3, trang 57], tir (3.63) - (3.70) va cac phép
nhing H'(Q,) - L'(Q,), H'(0,T)~C"(0,T]), W™ (0,T)~ C*([0,T7]) 1a compact ta

suy ra rang ton tai mot ddy con clia {u_} van ky hiéula {u_} sao cho

U —u manh trong *(Q,) va ae. (z,t) € Q,, (3.71)
u = manh trong *(Q,) va ae. (z,t) € Q,, (3.72)
u (0,.) — u(0,.) manh trong C°([0,7]), (3.73)
u (1,.) — u(l,.) manh trong C°([0,71]), (3.74)
! (L) /(L) — x manhtrong C°([0,T]). (3.75)
Y =Y manh trong C°([0,7T7]). (3.76)

Mat khac, tir (3.7); va (3.79) va gia thiét (H,) ta suy ra ring
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Y (t) — g(t) + K u(0,t) + ]k(t — 8)u(0,s)ds = Y (t) manh trong C°([0,T]).

0

(3.77)
Viy, tir (3.76) va (3.77) ta co Y (t) = Y (2).
Bay gi0, ta s& ching minh bd dé sau
Bo dé 3.2.
U (u (1,.)) = ¥ (u'(1,.)) manh trong C°([0,T1]). (3.78)

Chitng minh Bé @é 3.2. it x, = |u/ (1) u/(1,.). Tt (3.75) ta suy ra ring
x,, — x manhtrong C"([0,T7]). (3.79)
Nhung, ta lai c6
u/ (1) =[x, X, —[x* x manh trong C"([0,T}). (3.80)

Ttr (3.69) va tinh duy nhit cua gidi han, ta c6

1

u'(1,.) =[x x (3.81)

Do do, tir (3.80) va (3.81) tasuy ra ¥_(u’ (1,.)) — ¥_(u(1,.)) manh trong C"([0,T7]).
B6 dé 3.2 duoc ching minh hoan tit m

Qua gidi han trong (3.6) — (3.9) va nhd vao (3.63) — (3.65), (3.74), (3.75), (3.77)
vaBo6 d& 3.2 tacod u thoa bai toan sau

(u,,0) + plt)u,, v,) + Y ()o(0) + [Kul,.) + AV (u(1,.))](1)

+ (Ku + Au,,v) = (f(t),v), Yve H, (3.82)

o day

Y(t) = g(t) + K u(0,t) + fk:(t — 5)u(0, s)ds,

0

Hon nita, tir gia thiét (H,) — (Hs), (Hs) va (3.63) — (3.65), (3.82)1,

u = %(u + Ku+ \u, — f) € L*(0,T; ). (3.83)
- = T\ ,

Vay, u e L*(0,T;H?) vasu ton tai nghiém yéu cua bai toan da dugc chung minh.
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Bay gio ta tiép tuc chimg minh tinh duy nhat cta nghiém yéu.
Buéc 4. Sw duy nhit nghiém. Gia st u,, u, 1a hai nghiém yéu cua bai toan (3.1),
(3.2) sao cho
u € L*(0,T;H*), u/ € L*(0,T;H'), u'e L*(0,T; L),
/(1) "w/(1,.) € H'(0,T), u(0,.) € W(0,T), i=12
Thi u = u, — u, 1a nghi€ém cua bai toan bién phén sau
(", ) + p()(w,,v,) + Y ()0(0) + Ku(l () + AT, (/(1,1))(1)

=AY (u(1,6)v(1) + (Ku + ' v) = 0, Vo e H', (3.84)

u(0) = u'(0) = 0,

trong d6, Y (t) = K u(0,1) +fk(t — s)u(0, s)ds.

0
Trong (3.84); ta thay v = v/, sau d6 1y tich phan theo bién thoi gian ¢, ta dwoc

t

Z(t) = f ' (s)]|u_(s)|[ds — 2} u'(0, s)ds] k(s — r)u(0,r)dr

0 0 0

t t t

= [ W(s)u()IPds = 2u(0,1) [ (t — $)u(0,5)ds + 2k(0) [ w*(0,5

0 0 0

+ 2] u(0, r)dr] k' (r — s)u(0,8)ds = 24: IAl,, (3.85)

trong do,
Z(t) = | @I + p®llu,OIF + Euw*(0,¢) + K u’(L,t)

o\ [0, (L)~ ¥ (ul (1)} (1, )ds

+ Kllu(s)|F + 27 []]o(s)|Fds. (3.86)

Lan luot danh gia cac tich phan ¢ (3.86) ta dugc
Dadnh gid 1.

t

i< [l @Itds < 2, [26)ds <6, [2s)ds. (87)

0 0
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Ddnh gid 1.
t

L, < 4lfu(t)],, [ Ikt = s).[Ju(s)l|, ds

0

< ellu@®E, +4( [k —s)llu(s)l,, ds)

0

< el |uf fk f s ds
<ellu@l, + 4||k|IL2<OTf|| s)I.ds

<ellu®)f, ++C, [1lus)IF, ds

Danh gid 1.

t

I, < 2k(0)| [ u <Os>ds<4||k||mf|| |Hlds<cf|| I ds.

0
Danh gi 1.

t

<4 [u(rl, drf|k (r = ).l u(s),.ds

0

[H s, + 2( ]|k'(s—r)|.||u(r)||H1 dr) | ds

IN
O%ﬂ.

ds—i—4ff|k s—r|drf|| || drds

IN
O%N

< [llus), ds+4T||k||L20Tf|| S)I[, ds

o%“

t

(1+4T||k||m)f|| SIE.ds < C, [Ilu(s)IF, ds.

0

Téng hop (3.85) va (3.87) — (3.90) ta duoc

t

Z(t) < ellu(t)|, C, [ lu(s)[,ds +2C fz

0

Do tinh don di€u ctia ham ¥ va gia thiét (H;) nén tir (3.85) ta thu duoc
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t

2) > |lW/(IF + gl (O, [[u(@IF = |[ w/(s) dsF < T [ Z(s) ds,

0

[a(IE, = 1w + o, (O <+ 2()+T [ 4(s) ds. (3.92)

Hl

t t

[llu)E ds < (= + 1% [ Z(s) ds.

Lo 0

Thay (3.92) vao (3.91) ta dugc

Z(t) < = Z(t)+ D,(T, E)j Z(s)ds, (3.93)

0
trong d6, D,(T,e) = eT +[(- + T7)(* + 3) +2IC,.

Chon € > 0 saocho = < 1 va bat dang thirc Gronwall ta thu dugc tir (3.93) ring

oS
Z(t)=0.Dod6 u=0,nghiala u =u,.

Vay, nghiém yéu u cta bai toan (3.1), (3.2) 12 duy nhat. Ta hoan tit chirng minh
Dinhly 3.1 m
Chii thich 3.2. Cht y rang Pinh 1y 3.1 van con dung néu ta thay thé gia thiét (Hs) boi
(H): a>2; K, K,K, eR, A\ >0.
Chu thich 3.3. Vi phuong phéap chimg minh twong tu ciing véi cac diéu chinh trong
budc danh gia tién nghiém, trong [16] ching t6i ciing thu duoc két qua tong quat vé

su ton tai duy nhdt nghiém cho bai toan (3.1), (32) véi f(u,u,)=

Klulu+ N, u,, p,q>2.
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Chuong 4

ON PINH NGHIEM
4.1. Gi6i thiéu

Trong chwong ndy, chung toi khao sat tinh 6n dinh ciia nghiém yéu cia bai toan
(3.1), (3.2) tuong Gmg véi o = 2. Gid st cac ham (4, 4,) thoa gia thiét (H;). Theo
dinh 1y 3.1, thi bai toan (3.1), (3.2) c6 duy nhit nghiém yéu u phu thudc vao
K, K ,K,\\, 1 f,9,k.

u=u(K,K ,K ,\\, 1, f,9.k). 4.1)
trong d6 (K, K, K, A\, 11, f, g, k) thoa céc gia thiét (H,) — (Hs).

bat

S(hy) = LK K KA s fo9,k) - (KK KA N s, f,9,k) thoa (Hy) — (Hs)
voi p, >0 la hang sb cho trudc.

O day, ta ky hiéu

W(T)={ve L*(0,T;H"): v, € L*(0,T; L")}
1a khong gian Banach thyc v6i chuan dinh boi

[ + [l

) - ||Uf||L°‘(O,TLZ °(0,T;H")
4.2. Tinh 0n dinh ciia nghiém yéu vao dir kién ciia bai toan
Pinh Iy 4.1. Gia sir (H)) — (Hs) théa. Khi dé, véi méi T > 0, nghiém yéu ciia bai

toan (3.1), (3.2) la én dinh véi dir kién (K, K, K, N\, f,9,.k) thuse (p,), nghia

la:
Néu (K, K, K AN, f0.k), (KKK N N 1, 97, k) € S(p,) sao cho
|60 = K|+ | = K|+ | = K+ [V =X+ [N = A =0,
1 = gy = 00 I = Ml + 17 = £l — @2)
19" = gllyus gy = 05 B =Kl ., — 0, khij— o0,

thi

(Uj, U]. (17 ) > }//) - (’LL, u(17 ) s Y)7 frong W(T> x H' (07 T) x L* (07 T) (43)

khi j — +oc, trong d6 u, = WK KLKLN N 1 g k).
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Chtrng minh. Trudc hét, ta chii y rang, néu cac dit kién (K, K o K AN 1, fr9,k) thoa
man
K S[(’Ko SKO’Kl SKN ASA, )‘1 S)\],

Wil <85 I gps + Wl < (44)

*

Hg‘ |W2'1(0,T) < g*’ Hk| ’W’.).l(O’T) < k y

trong d6 (K", K, K, A", A\, 1',f,g',k") 1a céc hing s dwong co dinh. Khi do, cac

danh gia tién nghiém cho day u_ trong chirmg minh dinh Iy 3.1 thoa

[ ¢
u! @OIF + p,llw @ + 2\ f u/ (1,) ds < C,,Vt €0,T],
" (4.5)

mx

t
[ (OIF + o), OIF + 2X, [ (1) ds < C,,Vt €[0,T),
L 0

trong d6 C, la cac hing sb chi phu thudc vao T, Uy, Ty, fys K, K:, K:, A\, )\1*, w,
fog, kK (doclap voi K, K, K AN\, f,9,k).

Do d6 giéi han u trong cac khong gian ham thich hgp cua day u —dwgc xac dinh
boi (3.6) — (3.9), 1a nghiém yéu cia bai toan (3.1), (3.2) thoa cac danh gia tién nghiém
4.5).

Do (4.2) nén ta c6 thé gia st rang ton tai cac hing s6 duong K*,KJ,K:,)\*,)\:,M,
/.9 .k sao cho bo dit kién (K’, K., K/ XN X, 1, ', ¢’ k') € (u,) théa man (4.4),
voi (K, K, K , A\, 1, f,9,k) = (K", K, K/, N N 1/, f,g" k).

Khi d6, nhd vao nhan xét trén, ta c6 nghiém u cua bai toan (3.1), (3.2) tuong Gng

voi (KaK ’Kp)‘v)‘lau,f,g:k) = (KjaKj

0 07

[l (IF + pllu, DI+ 27, [ /(L) ds < €, Vi€ [0.7],
0

t
11, 2 / 2 1/ 2
(MﬁW+uM%@H+%JWﬂ@Mk§@,WEMN, 46

10,0/ < Il (O], <2, <€, VeeoT],
!/ / /
(0,0 < [0y < 2O, <€ VEET],
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K/':Kj_Ka K[/:KJ—K,K;:K]‘_K’ )\/,:)\j—)\,
J )j 0 0 1j 1 1 j

i | | L | _ (4.7)
Alj:)\lj_)\p ﬂj:/“L]_M7f;:f]_f7 gj:g]_g7 k]:k]_k
Khi d6, v, = u, —u thoa bai toan bién phan sau
(W), v) + p(t)v,, (8),v,) + Y (£)(0) + K v (1,1)u(1) + A/ (1, £)o(1)
+(Kv (1) + Mol (8),0) = =i, (t)(u,, (£),v,) — K, u,(1,t)o(1)
(4.8)
v !/ % N ! T 1
— A u (L v(d) — (K u, + Au,v)+(f(1),v), VoeH,
v(z,0) = v]'_(a:, 0)=0,
voi
t
Y () =§,(t)+ K, (0,6)+ [ k(t—s)v,(0,8)ds,
' (4.9)
t
3,(6)=3,(t) + K, u,(0.6)+ [ F(t—s)u,(0,5)ds.

L 0
Thay (4.9) vao (4.8);, 10i thé v = v/ sau do Iy tich phan theo bién thoi gian tir 0 dén ¢

va sau mot sO budc bién doi don gian ta thu dugce

t t

f// Mv,( ||d8—29() 1(0,2) +2fg 1(0,5) ds +2k(0 fv

— 2v,(0, t)J k(t — s)v,(0,5)ds + 2] v, (0, T)] E'(1— s)v,(0,s)ds dr

0

— 2K, [, L) (Ls)ds — 2% [ (L)' (1,s)ds — 27 (£)u, (1), v, (1)

0 0

2 [ (s, (5), 0, ()ds + 2 [ G () ()0, (5)ds

— 2f<Kjuj(s)+Au s))ds + 2f j’,(s))ds = i‘]w (4.10)

trong do
S,) = [lvOIF + u®lv, OIF + Ellv,(0If + Kw(0,6) + Kv)(1,1)

t t
+ 2X [1|/(s)Pds + 2, [ [v/(1,5)Pds. (4.11)
0 0
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Str dung gia thiét (H;), (Hs) cho (4.11) thi ta duoc

S,&) = [[v;IF + 4,

v, (OIF + 2X [1v/(1,s)ds.
0

St dung bét déng thirc (4.12), bat déng thirc ¢ (3.22) va cac bt déng thirc sau

t
[[o,()IF =1v,(0)+ [v(s ds|\<tf8
0

o, @I, = [lv,IF + v, (I <86+ [ S(s) ds,

0

t

t
[llo,)Eds < (=+1T%) [ S (s) ds,
L 0

0

ta 1an luot danh gia cac sd hang bén vé phai cta (4.10) nhu sau

S6 hang thir nhat.

sf SINEX )H_Nl\ullfs ds<Dfs

O day, ta sit dung ky higu ||/||, = sup{|/(£):t € [0,T]}.
S6 hang thir hai.
< 22§ (1).l]v ], <25(8)+ellv ),

3
<2[|g |k + =8, (t)+ D,(e) [ S,(s)ds, Ve > 0.
0
S6 hang thir ba.
T, <22 f[13/(s)lo (s >||H1ds<2f| |ds+f||v

3 — |H1
0

t t

0 0
S6 hang thir tur.

t

J, < 2k(0) [ v*(0,5)ds < 4[[Kl], [[]v,(s)[},ds
0

0

< 4K, (= ++7%) [ 8 (s)ds < D, [ S (s)ds
0

0

S6 hang thir nam.
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t

< 4lfo Ol [ 1kt =)o, 5N, ds

0

t

<ello,(IF, +4( [1kE—s) v, G, ds)

0

T

t
<ell,@IE, +1 [K©0)d0 [[lv, ()P, ds
0

0

t
<ello, (I, +2I1KE. . [ 10, ds
0

t

<=8 (O +IHE, (L + 5T +T] [ S (s)ds

Ho
0
t
<=S.()+D,(e) [ S (s)ds, Ve > 0. (4.18)

Hy
0

S6 hang thir sdu.

t S
J, <41l (s)],.ds [ 1K (s = )|, ()], dr
0 0

t

< [liv ) m+4jws—ﬁnwnumf

0
] Hlds—i—4ff|k 8—T|d7‘f||1} | dr ds

t
o () ds +4TIKE, . [ 110 ), ds
0

ds

I/\

<

s

<AH+ATIKIE, )& +4T7) [ S (5)ds < D, [ 'S (s)ds. (4.19)

0

S6 hang thir bay.

t
f 18||v (1,8)ds
0

u (1, 8)ds 4 2¢ vls ds
QEN‘f| )i ajw )

<|K [D,(e)+eS (1), Ve > 0. (4.20)
S6 hang thir tam.
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3
<24 | [ 11,501, 5)|ds
0

|X
26)\

f]u 1s|ds+25)\f|v (1,5)ds

<|)\1|D g)+eS(t), Ve>0. (4.21)
S6 hang thir chin.

Jy <20, ) [, ()0, () < 2l || 1, @1, @)

<z%ﬁJc4m ) < ||| 2D, (g) + £ (¢), Ve > 0.

S6 hang thir mueoi.

(4.22)

jﬂf/ || Uy, ’jx(8)>|d8
0

<2f|| e, W, ()] ds (4.23)

< [2lk Jo, \JS (s)ds < D||!|E + [ '8 (s)ds
0 0

So hang thir muwoi mot.
R t
T <2[1a, )] (5),v, ()| ds
0

<2 [ 1|l ||, (B ]]v, (£)]ds (4.24)
0

ghj[z'*‘“ﬁ‘/s s)ds < D, J|fi [} +fs

S6 hang thir mieoi hai.

| /\

f \Ku +)\u () [V () ds

t t

K[ (u ()0 (s)) ds + 207 | [ (! (s)h [0 (s)) ds

0 0
< 2K | [ |lu () U0/ () ds + 2N | [ 11! ()HI!(s)]lds
0 0
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<2 F fﬁ IS (s)ds + 2|X],|L;f JC, S (s) ds

< DT('K AR+ 2[ S (s)ds. (4.25)
0
S6 hang thir mueoi ba.

13_2f||f | 110/(s)]ds

<f| ()| ds—i—va ()| ds (4.26)

< [IF@IFds+ [ 5 (s)ds

Té hop (4.10) va (4.13) — (4.26), ta ¢6

S, <20g) |5 + G, 1) + Dr (@KL + 1A P+ [14]F)

j||L‘2(o,T)
D AR, (g, + € +3)S, () + D (K + [A])
t

+ [IIF.(s)Pds + [5+4D, +2D,(e)] [ S (s)ds, (4.27)

0

voimoi € >0 va t €[0,T].

Chon 6( +3)< 1. Tw(4.27)taco

S(t)<R + RTf S (s)ds, (4.28)

trong do

_ A2 ~1112 2 TR ~ 112
s B =211 + 119511 )+ Dr @K+ AT+ 11a]T)

T
+ DR, oy + D (B P+ IAP)+ [11F(s)ds, (4.29)
0

1R =5+4D_ +2D (¢). (4.30)
St dung bd dé& Gronwalls vao (4.28) ta suy ra rang

S(t) <R exp(RT)<C.R, Vtc[0,T] (4.31)
Tur (4.6); va (4.9), ta c6 danh gié sau
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t

19,(0) < 13,01 + [, Hu 0,0+ [ 1 (= s)u (0,9) ds

0
3. (0+ K, e, +TIE],C,.

lay sup hai vé cua bat dang thuc trén ta dugc

1,11, <1131l + 1K, KC, + TIE ||{/C, -

Ciing tir (4.6)3, 4 va (4.9), ta c6

301 < 130 + 1B,/ 0.0] 4 1 (0)u,(0,0]+ [|F(t - s)u (0,5)ds

0

<10+ (1B, |+ 1]l +NTIEL,, WC,
do doé

181, < 200G 1E 0 + TCARE + IEIE + TR,

Mit khac, tir (4.9),, (4.13), (4.31) ta suy ra ring

t

()= 19,0+ K, [o,(0,0) + [ 14t =)o, (0, ) ds

0

(142K |0, O], + 2 [1k(t = s)l]v ()], ds
(014 2E 1o 0, 2 [ 1= 9o (5], ds

IN

9.0+ K, \/2% +TC,R, + [[k(t - s)|.\/2(fo +T*)CLR ds
0

< 19,00+ (K, + [IH,,, W20+ T)CR

hay

o —
171, < 1131, + (5, + [[k]],, W20+ T9)C R

Tir (4.2), (4.7) va cac danh gia (4.31) — (4.34) ta suy ra (4.3) dung.
Dinh 1y 4.1 dugc chimg minh day dum
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Chuwong S
DANG PIEU TIEM CAN
VA KHAI TRIEN TIEM CAN

5.1. Gi6i thiéu
Trong chuwong nay, ching toi khdo sat bai toan nhiéu sau. Tim ham v thoa

VL[u]Eutt—,u(t)u =—Ku—Xu + f(z,t), 0<z <1 0<t<T,

Ir

Lu] = p(t)u, (0.0) — K,u(0,0) — [ k(t - $)u(0,5)ds = g(t), (
Llu) = p(t)u (L,t) + Ku(l,t) + \u,(1,t) = 0, “

!

Il
~—

w(z,0) = 4 ,(z), u(r,0)=17/(r).
VOi0< K <K', 0<A<\, 0<K <K, ,0<X <M\, (K ,\,K X\ lacéching

s6 ¢b dinh) va (a,,,, 1, f, g, k) 1a cdc ham cho trude thoa cac gid thiét (H,) — (H,).

O day, chung toi s& sir dung céac ky hiéu sau

Bai toan (P.) 1a bai toan (3.1), (3.2) twong tng véi o = 2,

3

2= (KNK,N), 0=1(0,0,0,0), |F]|=(K* + K>+ X\ + X,

1777
<& dugchidula K <K', A<\, K <K, A <\.

Két qua ma chiing toi thu dugc trong chuong nay dugc duc két bang hai dinh 1y 5.1
va 5.2. Trong d6, dinh 1y 5.1 khang dinh bai toan (]56) twong g v&i € = 0 ton tai va
duy nhat nghiém u, va khao sat dang di€u tiém can cua nghiém yéu khi & — 6+, nghia
1a ta chimg duoc rang nghiém yéu u. cua bai toan (15) hoi tu manh trong W(T) vé u;

cua bai toan (P.) khi € — (1. Dinh 1y 5.2 trinh bay khai trién tiém can nghiém yéu

ol

cua bai toan (P.) theo bon tham s6 bé K, K ; A\, A tic 14 ta ¢6 thé xép xi nghiém yéu

™y

u béi mot da thirc theo bdn bién K, K ; A, A va danh gia duoc sai s6 gitta nghiém

chinh x4c va nghi¢ém xap xi.
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5.2. Dang diéu tiém can ciia nghiém yéu

Voi g <& va (a4, u, f,9,.k) thoa cac gia thiét (H,) — (H,), thi tir dinh 1 3.1 ta co
bai toan (P.) ton tai va duy nhat nghiém yéu u phu thue vao & = (K, \, K, \):

u=u =uK,\ K, \).

Ta nghién ctru dang diéu tiém c4n cua nghiém yéu u cua bai toan (]5 ) phu thudc
vao cac tham s bé (K, A\, K, ). Két qua thu dugc 1a dinh 1y sau day

Pinh 1y 5.1. Cho T > 0. Gid sir (H,) — (Hs) diing. Khi do,

(1) bai toan (]56) twong vmg voi € = 0 ton tai va duy nhat nghiém yéu u; thoa

u, € H(Q,)N C°(0,T;H")N C*(0,T; 1) N L*(0,T; H),

u; € C°(0,T; )N L*(0,T;H'), u € L¥(0,T;L). G-
(ii) Nghiém yéu u. hoi tu manh trong W(T) vé u; khi € — 0.
Homn nita, chung ta co danh gia tiém cdn
. =gl )= (L) oy + 1Y =Yl ) S CIENL (5:2)

trong do, ET la hang sé dwong chi phy thuée vao T.
Chirng minh dinh ly 5.1.

Trudc tién, ta cha y rfmg, néu cac tham sé bé K, K >0; A\ >0 thoa € < g, thi
céc danh gi4 tién nghiém cta day xap xi Galerkin {u_} cuabai toan (R) thoa

! (OIF + w1yl (DIF + K][u, ()] + K (0,8) + Ku? (1,1)
+2Afy|u [ ds + )\f]u (Ls)ds <C,, Vte[0,T),

[y I + pllw OIF + E[w) () + K Ju), (0.6) + K [u], (L)

t t
2 [[lu/ ()P ds+ A [lu/(1L,t) ds < C,, vt €[0,T],
0 0

Do d6, gi¢i han v« cta diy ham {u_} khi cho m — +o0, trong cic khong gian

ham thich hop 1a nghiém yéu ctia bai toén (P.) va thoa
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w (O + ) u, (O] u(s)| [ + K,u2(0,t) + K u2(1,t)

+ 2 [|lul(s)lF ds+ A [1ul(1,s) ds < C,, Yt €[0,T],
0 0

(5.3)
w/OIF + ] |ul, (DI wl(S)f + K, Jul (0.6 + K [ul(L,t)f
+ 2 [ |u(s) (LD} ds < C,, Yt €[0,T),
0
trong d6, hang sb C,. doc lap voi €.
Tir (5.3) ta suy ra rang
T
Hf'ﬁ”yszl Hw—aﬂm [ ds < C,,
' (5.4)
T
Hf@ﬁwﬁ=fw1”HM— u(s)ds < C,,
L 0
va
T
|\\/7 1,. LQOT:I( 1s|d3—)\f|u (Ls) ds <C,,
] ’ (5.5)
T
||\/7” 1,. 2;ZOTzf\/7”15>’|ds—)\f|u"15|ds<C
L 0
do do
Kl < Coe Kl <o
(5.6)

/
INME, o) < Con INARLIE, ) <Cy

Xét day {2 }, & = (K A ,K _,\ )ladiysaocho K , K >0; A A >0

m’ 1m? " im
Va g — (1, khi m — oo. Ta suy ra tir (5.3) va (5.6) rang ton tai mot ddy con cta day

{us} ma van ki hi¢u la {us} sao cho

u. — T trong L*(0,T; H') yéu *, 5.7

: g y

u - trong L*(0,T; H") yéu *, 5.8
: g y

u! — " trong L*(0,T; L") yéu *, (5.9)
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u. (0,.) — u(0,.) trong W"<(0,T) yéu *,

u, (1,.) = u(l,.) trong H°(0,T) yéu,
Kmué - Xl trong WLDC (QT) Yéu*,
K, u (1)—YX trong W'™(0,T) yeu*,
JA Ul = X, trong H'(Q,) yéu,

1m

A ul (1) =X, trong H'(0,T) yéu.

(5.10)
(5.11)
(5.12)
(5.13)
(5.14)

(5.15)

Theo bd d& vé tinh compact cua Lions ([3], tr.57) va ta co6 cic phép nhiing

H'(Q,)= L’(Q,), H'(0,T)~C"(0,T]) 1a compact nén suy ra tir (5.7) — (5.11) va

(5.15) rang ton tai ddy con cua {ug} van ky hi¢u 1a {ug} sao cho
u, =T manh trong I’(Q,) va a.. trén Q,,

ul =7 manh trong I*(Q,) va a.e. trén Q,,

u. (0,.) — u(0,.) manh trong C°([0,7T]),

u. (1,.) — u(1,.) manh trong C*([0,T]).

Tt (5.16) - (5.19) ta suy ra rang

Ku —0 manh trong L*(Q,),
\/)Tn u. —0 manh trong I*(Q,),
K u (1,)—0 manh trong C'([0,T]),

1m ¢
m

A, ul(1,.)—0 manh trong C°([0,7]).

1m
Tong hop (5.12) - (5.15), (5.20) — (5.23) dan dén
X, =0, x, =0, x, =0, x, =0.

Mait khac, tur (5.18) ta c6

Y, (t) = g(t)+ K,u. (0.8)+ [k(t—s)u, (0,5)ds

0
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(5.16)
(5.17)
(5.18)

(5.19)

(5.20)

(5.21)

(5.22)

(5.23)



— g(t)+ K u(0,t) + ]‘k(t — 5)u(0,s)ds = Y (t) manh trong C°([0, 7).

0
Bang cach qua gi¢i han gidng nhu khi chimg minh dinh 1y 3.1, ta suy ra @ la

nghiém yéu bai toan (P,) vmg véi & = 0 va théa (5.1). Hon nita, do tinh duy nhét cua

ol

nghiém y€u, nén ching ta ¢6 u = u; .
bat u = u. — uy, thi u la nghiém bai toan cta bai toan bién phén sau

[(u",v) + p(t)(u,,v) + Y (£)v(0) + [K u(1,t) + Au'(L1)]o(1) + (Ku + Au',v)

= —[K u (L) + Nus (1, 6)Jo(1) — (Ku; + Au,v), Yoe H',

u(0) = u'(0) = 0, (5.24)
t
Y(t) = Y,(t) = Y;(t) = Ku(0,t) + [ k(t — s)u(0,5)ds,
0
trong do
uwe H(Q,)NC’(0,T;H )N C(0,T;L') N L*(0,T;H*),
(5.25)
u, € C°(0, ;)N L*(0,T;H'), u, € L*(0,T;17).
Trong (5.26); ta thay v = ’, sau d6 13y tich phan theo bién thoi gian ¢, ta duoc
)= [ W(s)l|u,(s ||ds+2u(0t)fk(t—s) )ds — 2Kk(0) [ w*(0, s
0 0 0
—2f (0,s)d f (s—1)u (Or)dr—?Kf U, ds—2)\f
t t 8
- 2K1fu6(1, s)u'(1,8)ds — 2/\1f ui(Ls)u'(Ls)ds = J, (5.26)
0 0 =1
trong do
t
n(t) = [0/ @O)F + wO)u, OIF + Ku*(0,) + K (1,6)+2) [ [o/(1,5)7ds
0
+ K| |u()|P + 2\ []]w/(s)ds. (5.27)
0

Chu y rang tir (5.27) va bd d& 2.1 ta d& dang suy ra rang
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n(t) = [u' O + pllu, OIF +2X f [u'(L s)ds,

t

[u@|F = || [ w'(s) dsl[" <t [ n(s) ds
' " (5.28)

t

[a(®)}, = @l + 1w, OF < En(e)+1 [ n(s) ds,

H
0

t t

Sl P ds < (& +£7°) [ (s) ds.

L0 0

St dung cac bét dang thirc & (5.28) ta lan lugt danh gia cac tich phan ¢ (5.26) nhu sau
Danh gia *71
t
Ty < [l (M, (s |wsmmm”fndww4w (5.29)
0
trong do, n,. 1a hang s6 dwong chi phu thudc vao 7.
Danh gia jQ.

t

T, < 4lu@ll, [ Ik = s)-|lu(s)],ds

0

< Bl +4( [k~ s).l[u(s), ds)

< Bllu@)r, +4 [ K ©)d0 [ [u(s)[,ds

0 0

< BlluIf, + 4||k|\L20T)f|| S, ds

t

f n(s)ds

)| | kl |L2(0,T)
0

< Zat)+ BT + (L +4T°

Ho

t

<L(t)+n,(8) [ n(s)ds, V3> 0. (5.30)

! 0
Danh gia 73.

t

T, < 2k0)| [ u m@@<awumjw s\ ds

0
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t t
<A, (3T [ 0(s)ds <, [ n(s)ds. (5.31)
0 0
Padnh gid J \-

7, < 4 [l dr [ 1K = s).[u(s)], ds

0

S

< ][H u(s)E, + 2( [16 s =) u@)l, dr)

0

ds—|—4ff|k s—r|drf|| | drds

lus)IF, ds+4T||k||L20Tf\| S)II ds

ds

IA
c%*

<

o%\*

t

< (14K, | [l ds

0

( - T))(L +1 Tz)] n(s)ds < nT] n(s)ds. (5.32)
0 0
Danh gia 75.
i:—QKfua @<2Kfph|um(m@
<W H@+fm Hm<x@c+fn ds. (5.33)
Danh gia jﬁ.
76=—2Af u, ()I]u/(s)]|ds
< A2f|\ué(s)|\2ds - JHU'(S)\ fds < N*TC, + ]n(s)ds. (5.34)
0 0 0
Danh gia j7.

t

J =— QKIf us(1, s)u'(1,s)ds = 2K, [ua(l, t)u(l,t) — fua’(l, s)u(l, s) ds]

7
0
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< 4K, |[luy (@), [[u@l,, +f||u~ [N, ds]

t

<Kl HBICE, AT R, [l ds

0

< KA glR oy FATIGR ]+ B, +f|| s\, ds
t
<Kl oy F AT, ] +20(0) + (2 42T 4 BT) [ n(s)ds
0
t
< KC,(B) +<n(t) +n,(8) [ n(s)ds, V3 > 0. (5.35)
0
Bdnhgidjg.

:—2)\qu15 1sds<)\f\uﬂls|ds—|—>\f|u (1, 5)ds

t t
<2\ [Nl ds+Ln(t) <2X [1luflf. .. ds+En()
0 0

<2X ||l T +1n(t) <20TC, + Ln(t). (5.36)

£°(0,T;H")
Téng hop (5.26) va (5.29) — (5.36) ta duoc
nt) <G +2 )n( )+ KKTC, +M\TC,+ KK.C.(68)+A2TC,

1771

t

+ [2+3m, +n,(8)] [ n(s)ds

0

0

< (3 4+ 2)n(t) + 3 DT, B) ]| +D,(T. ) [ n(s)ds, (5.37)

o day

D(T,B) = (K.TC,) + (\TC, ) +[K.C,(B)} +(TC, Y,

m|>—

(5.38)
D,(T,B) = [2+ 3n, +n,(B)].

Trong (5.37), chon > 0 thoa (1 + i—d) < 1 va st dung b6 dé Gronwall, ta thu duge
n(t) < D(T,B)|[l|exp(2 D,(T, 3))- (5:39)

Diéu nay, dan dén

45



e, =y, + A0 =W, < G (5.40)

trong do, C’T = /D,(T, ) exp(D,(T,3)) 1a hing s6 duong chi phu thudc vao 7.

Mat khac, tir (5.24)3, (5.28) va (5.39) ta suy ra ring

t

YO < K, [u(0,0)]+ [k(t—s)u(0,s) ds
<\/7K|| M. <f| t—5|d8> (]ﬁ|u0$|ds)l/2
< 25, |u(@)l], +2( [ f o d6)" ( [llu(s)F, ds)”

0
< C -
Do do6

Y. =Yl oy < ConlIEL

re,r) —
trong do, C’T 1a hang s duong chi phy thudc vao 7. Dinh 1y 5.1 duoc chimg minh day
dum
5.2. Khai trién tiém can ctia nghiém yéu theo 4 tham s6 bé K s KA\
Trong muc ndy, chung toi s& ding cac ky hiéu sau, voi da chi sé v = (Y Vys V50 V)

€Z', tadit

V=, +7 +7 7, Y =100,
(5.41)

& =K"\N'K'\', o, BeZ',f<a s f <a, Vi=1l4
Gid sir u; 1a nghi¢m ycu duy nhat cua bai toan (P,) (nhu trong dinh ly 5.1) Gmg véi
= 6, nghia la
Lul=F, = f(z,t), 0<r<L,0<t<T,

L[u] = g(t), Lug] =0, u;(,0) =d,(z), ui(x,0)=4,(z),

R

~—~
(=1}
~—

us € (0,75 0)NC°(0,T;H' )N L*(0,T;H*), w, € L*(0,T; H'),

ul' € L*(0,T; ), us(0,-) € W"(0,T), uy(1,-) € H*(0,T).
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Xét ddy hitu han cac nghiém yéu u, v E€ Z', 1<[]y|< N dugc xac dinh boi cac
bai toan sau
Lu]=F(z,t), 0<z<l, 0<t<T,
Lo[uw] = L[u]=0, u (2,0)=0, u (z,0)=0,

(P)
u, € CY0,T;L)NC° (0, T; H' )N L¥(0,T; H), v/ € L*(0,T; H'), ’

u! € I(0.T: ), w (0,) €W'™(0.T), u (1) € H*(0,T).

trong do F, Z ,1<|y|< N, duoc xac dinh lan luot bang cac cong thic truy hdi sau

day
07 71:72:07 1§|7|§N7
_u'yl—l,U,'y:s_7,47 71 2 1’ 72 = 07 1 S |,y| S N7
F, =7 (5.42)
! I
N 0,7, =137, N = O’ Yy > 17 1 < |’7’ < N7
/
‘_uvlfl‘r"f’z“/gﬂx - u“/l‘%*l»%ﬂ&’ ’yl Z 1’ ,72 Z 1’ 2 S |’y| S N7
va
0, 73:74:0’1§|7|§N,
0 ) v, =17, =0,1< <N,
Z, = (5.43)
! /
u%"‘/z’o‘r%*l(l’ t)’ 73 = O’ 74 Z 17 1 S |7| S N7
/
‘u’yl’«/2>7371*71 (1’ t) + u'Yp“/zv“/g»ﬁ*l <1’ t)’ ’}/3 2 17 ’}/4 Z 1’ 2 S |’7| S N

Gid st u = u_ 1a nghiém yéu duy nhat ctia bai toan (P.). Khi dé

v = U—ZMSNUW?, (5.44)
thda bai toan sau
[L[v] = —Kv— X' + E (), 2 € (0,1), t € (0,T),
Lw]=0, L[v]=E(E), v(z,0)=v'(z,0)=0,

{ (5.45)
ve C'0,T; )N C’(0,T; H YN L*(0,T; H*), v' € L*(0,T; H"),

‘v" € L*(0,T;L), u (0,) € W(0,T), u (1,-) € H*(0,T).
trong do
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E,(E)=-Y (Ku +M/ 2",

[y[=N

E (&)=Y (Ku (1,t)+ X u/(1,1)E".

[vI=N

(5.46)

Khi do, ta c6 bo dé sau

B6 dé5.1. Cho N € N va cdc gid thiét (H,) — (Hy) théa. Khi d6

1) | |EN (g)‘ ’Loc (O,T:LZ) S ClN| |g| |N+1’
t

i) |2 [ B, (2)0/(1,5)ds| < BloIE, + [1/o(s)|F, ds

0
+ A [ 101, 9)Pds + C,, (B)][EIP", VB > 0,
0

véi moi € <&, trong a6 C., C, (B) la cac hang s6 dwong chi phu thudc vao cdc

hang 56 | S hl<w.

/
*(0,:H")’ ‘ |uq| ’ L2(0,TH*
Chirng minh.

i) S dung tinh bi chén cac ham v , = Zi, 1<|y|< N trong L*(0,T;H') ta thu
duogc danh gid tir (5.46), nhu sau, vé6i chu y ||8]| < |IE7]].

B, @) < 32 (Kl |+ AulDE < 30 (KlJu, ||, + Al I])E],

[v|=N [v[ =N

hay

1B @y < 2wl gy I METIE (5.47)

Ap dung bét dang thie Holder

4 4
Y P Y Y —
r'r, e, < Zaixi, Va, >0, Va, >0, Zai =1,

i=1 =1

% 12 _\2 12 _\2 _ Y 7 o
voir, =K, o, =X, 2, =K ,z, =\,a =+,q, =3, a, =, a, = taduogc

N
2

B = [K "N K N | = ‘K*A*wa?

=

2

S(%l@ + 2N 4+ 2K +%>\2)

=

“=El", vyeZ', h=N. (5.48)

<(K*+ X+ K+ X))
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Do d6 (5.47) duoc viét lai dudi dang
NG

CLlEIM, vy eZl, =N, (5.49)

L°(0,T;1%)

trongdo C, =3 (llu,

i) Tir (5.46), ta c6

+|[u

I (0,T;H") ||L°C(0,T;Hl))'

2] E (E)W(1,8)ds = f (1,8)0'(1,8)ds "

+ 2 u' (1,8)0'(1,8)ds g
h': [ ’
—E_()+5, @) (5.50)

Cling tir tinh bi chdn cac ham w , u:, y€Z ,1<]y| <N trong L*(0,T;H") ta s&

danh gia cac sb hang bén vé phai cua (5.50) nhu sau
S6 hang thir nhat E +(E). Bang cach sir dung tich phan tig phan va (5.48) ta co

t

&) =2K, > [u, (Ltw(L,t)— [/ (1 s)u(l,s)ds|2"

[v[=N 0

<K [, 0], o m+ﬂw 1 eI, ds]

ly[=N

' 2
I (32 ey )+ AN,

t

o~ 2
+ ATIEN (X0 gy ) + S 110G, ds

[v[=N 0

t

Cox BNENF + Bl + [Ilv(s)IE ds, (5.51)

0

trong do

o) =4 1l gy )+ AT (M )

[v[=N : |y|=N
S6 hang thir hai E, (g). Bing cach sir dung (5.48) va bat dang thirc Cauchy ta ciing

thu dugc danh gia
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t
E, (F) =2\ ‘Z fu; (1L, s)'(1,8)ds g < 2)\1|
0

V=N

t
[ 1! (1,01, 8) ds 27|

i

<HNOANEP S [l s L5 ds

=N g
<2BA AP S [l s N e g V(1 8)l s
=N "9

t

< 10/ s)lds +2TEF (S0 e ) - (5.52)

0 [v[=N

T hop (5.50), (5.51) va (5.52), ta dugc

2 [E, ', s)ds| < Blo@)}, + [llv(s)P,ds
0 0
+ A [ 10/, 9)Pds + C,, (B)|[E[*, (5.53)
0
trong dé
2 —
Cox(B) = 2T ( 32 ]l oy ) + o (B,
[v[=N o

Hoan tat chimg minh B6 dé 5.2
Ké tiép, ta co dinh Iy sau

Pinh 1y 5.2. Cho N € N. Gia sir (Hy) — (Hy) théa. Véi moi € € R’ théa & < g th
bai todan (]5) c6 duy nhat nghiém yéu u = u. € W(T') thoa danh gida tiém cdn t6i cap

N + % nhu sau
! =y
=22 cw +\/7||u 2w @ L

T ||Y_Z\W\§NY:,'57||L°‘(UT Sé || || E’

(5.57)

véi u_ la nghiém yéu ciia bai todn (P),v € Z', 1<]7|< N va C’; la hang s6 djc
lap voi €.

Chirng minh.

Lay tich v hudng cta (5.45), v6i v, sau d6 lay tich phan theo bién thoi gian ¢, sau

mot sb bién doi ta dé dang thu duoc ké qua sau
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t t
o(t)zf,u'(s)Hv()||ds—2110tfkt—s (0,8)ds + 2k(0 fUQOS

0 0

+ 2] (0, r)dr] K (r — s)v(0,s)ds + 2] (E,(2),7(s))ds

— 2] E_(E)'(L,s)ds = fja (5.55)

0 i=1

trong do,

o(t) = [N + u®lv, DI +K0'02(0,t)+K\|U(S)H2+2Af\|v'(S)HZ ds

t
+ Ko (Lt)+ 2\ [ [o/(1,s)fds. (5.56)
0
Tir (5.56) va bo dé 2.1 ta d& dang suy ra rang

o(t) > [[VEIF + mllv,(IF +2X, f [v'(L, 5)f'ds,

oI =1 v'(s) dsl] <t [ o(s) ds
' " (5.57)

t

[o@IE, = 10@IF + [0, (I <Lo)+t [ o(s) ds,

t t

[1es) P ds < (= +27%) [ o(s) ds.

o

L 0 0

Str dung cac bét ddng thirc trén ta 1an luot danh gia cac s6 hang bén vé phai cia (5.55)

nhu sau
o, f M, ()IFds < ||, ()Tfa(s)dsgamfa(s)ds. (5.58)
0 0 0

t

o, <Aool [ 1kt —s)l[o(s)],.ds
< BllIE, +4( [ Ikt~ ) o(s), ds)
< Bllv(olF, + 4Hwﬁij S\ ds
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< -o(t)+ BT + Sk,

I}(0,T) (

t

< 2o(t)+0,,(8) [ o(s)ds.

0

t

t

-+ 17| [ o(s)ds

0

%smmw‘m@w<mwgwfu ) ds

0

t t
< 4[] 0T)( +§T2)fa(s)ds < UngU(S)dS
0 0

t

o, < A[ Nl dr [ 1K = s [v(s)], ds

0

s

< [TINE, + 2( J1KG =)o, dr)

0

IA
C%N—

<

c%w

ds

11d3+4ff|k 8—T|d7’f|| || drds

H(N|@+4ﬂMHUTfH S)II, ds

(1 +4T(KE, . )(_ +217%) [ o(s)ds < o, [ o(s)ds
0 0

a<@wa O (s)l|ds <TCLIEIPY + [ o(s)ds
0

t

o, =— ZfEN(g)v/(l, s)ds

0

< Bt w+fu !%+Afw1ﬂ%+0(HﬁW“

<G +)o(t) +C (BIEF

0

+[BT + L+ 477 [ o(s)ds
0

<E+2)0(t)+C (BEIP +0,,(8) [ o(s)ds, ¥ > 0.

Hy

T hop (5.55), (5.58) - (5.63) ta dugc
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ot) < (3 +2)o(t) +[TCHIIE|1+ C, (B EIP

: (5.64)
+ (40, +0,(8)+0, +0,+0,03) [ ols)ds,

0

Trong (5.64), chon 3 > 0 thoéa (2 + i—’) <L va st dung b6 dé Gronwall, ta thu duogc

0

o(t) < D,(T,B)|[g|["* exp(2 D,(T, 8)), (5.65)

o day

yD(T.8) =TC} |IE']|+C,,(8),
_ (5.66)
D<T’ﬂ): 1+0—1T+02T(ﬂ)+U3T+O-4T+O-6T(ﬁ)'

2

bicu nay, dan dén

1
— o N+=—
[odly gy + AN, < CHIEN,
hay

lu=3 e ey + A0 =5, w W, < ClET ™, (5.66)
trong do,
C. =D/T,B)exp(D,(T,B)T). (5.67)

Mit khac, tir (5.45), va (5.65) ta suy ra rang

I, [o] < K, [v(0,0) + [1k(t — s)o(0,5)]ds

0

<V2 K [Jo(t) +\/_f]kt—s||| (s, ds
<\2(k, +f|kt—s|ds)||v||

L°(0,T;H")

e ek
< N2AK, + 1K, o) < CllEl

Do do6

* —

N | =

H Y- Zh’\ <N ng"/’ |L°°(U,T) =C (5.68)

Tir (5.56) va (5.68) ta hoan tat ching minh Pinh Iy 5.2 ®
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Chuwong 6
MINH HQA BANG BAI TOAN CU THE

Trong chuong nay, ching tdi xét bai toan (3.1), (3.2) cu thé, ¢¢ minh hoa cho viéc
khai trién tiém can nghiém cta yéu theo bdn tham s6 bé K, K; A\ A dén cép 2 da

duoc trinh bay trong phan 2, chuong 5. Bai toan cu thé duoc phat biéu nhu sau. Tim
ham v thoa
Liu]=u, —p(t)u, = —Ku—Au, 0<z<1, 0<t<T,

L [u] = p(t)u (0,t) — K u(0,t) — ]k(t —s)u(0,8)ds = 0,
0 (6.1)

Llu]l = p(t)u (Lt) + Ku(l,t) + \u,(1,t) = 0,

Lu(m, 0) = i,(z), v (x,0) =1/ (z).

V6i 0<K <K, 0<A<A,0<K <K,0<X <\, (K ,\,K X lacéching
s6 ¢6 dinh), f(z,t)=0, g(t)=0, K, >0 va (i, k) 1a cac ham cho truéc thoa

cac gia thiét (H,), (Hs), (Hy).
Gia st u; la nghi¢m yéu duy nhét cua bai toan (P.) tng v6i & = 0, nghia la

0
Lu)=F =0, 0<r<L,0<t<T,

t

Ly[ug) = u(tu, (0,) = Kus(0,8) — [ k(t — s)u;(0,5)ds = 0,

070
0

R

ol
~—

AL [u] = p(thu, (1,t) = 0, uy(2,0) =1a,(z), ui(z,0)=1a/(z), (
u, € C'(0,T; 1) N C(0,T; H') N L*(0,T; H”), u! € L*(0,T; H'),
ui € L¥(0,T; L), ug(0,-) € W'™(0,T), uy(1,-) € H(0,T).

Xét day hiru han céc nghiém yéu u_, v € Z', |7|< 1 dugc xéc dinh béi cc bai toan

sau
PL[umOO] =, — ) Au,, =—u, 0<z<l 0<t<T,
t
Lyt = 1(E)V 10,0000, ) = K g1, (0,8) = [ K(t = )., (0, )ds = 0,
0
Ll[UIOOO] = _M(t)vumoo(l’ t) = O’ ulOOO(aj’ 0) = O’ UI/OOO ('/L" O) = 0’ (PIOOO)

u,,,, € CH(0,T; )N C°(0,T; H'Y N L*(0,T; H?), w!,, € L¥(0,T; H"),

1000
u € L0, T; 1), u,,(0,) € W(0,T), u,,(1,-) € H*0,T).
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[L[u,, = 4" —wt)Au,, = —u, 0<z<l 0<t<T,
Lo[uomo] = ,u( )V 0100(0 t> Ko 0100 0 t fk 0100(0 8>d 0,
0
Ll[uomo] = —M(t)V [Jl(][)(l t) 0, (‘P()IUU)

(2,0) =0, v’ (z,0)=0,

[)10(] 0100

Uy, € C'O0,T; )N C°(0,T; H'YN L*(0,T; H?), !, € L*(0,T;H"),

! € L¥(0,T; 1), u,,,(0,) € W(0,T), u,,, (L) € H*0,T).
[Lu,, )=, —pt)Au,, =0, 0<z<l, 0<t<T,

t
Lty ) = 1)V 0 (0,1) = K 11, (0,8) = [ h(t = 8)u,,,,(0,5)ds = 0,
0

L1[u0010] = _u(t)v 0010(1 t) 6(1’ t)’ (Poom)
0010 (.’l? O) 0 uo()lo (117, O) = 07
u,,, € C'(0,T; )N C°(0,T; H'Y N I*(0,T; H?), ul, € I*(0,T; H'),
L Uy € L (O T; Lz) 0010(07 ) = WLOO(O’ T)’ Uooro (1’ ) = HZ(O’ T)'
[ —_n
L, | = vy, —pt)Au,, =0, 0<z<1 0<t<T,
LO[uOO()l] = 'u( )V 0001(0 t) Ko 0001(0 t) fk(t_ ) 0001(0 8>d 0,
0
Ll[u()()(]l] = —,u(t)v 0001(1 t) 6/(1’ t)’ (Poo(n)

(r,0)=0, v (z,0)=0,

0001

e C\(0,T; )N C°(0,T; H' )N L*(0,T; H?), v’

0001

Uooor Uy € LOO(O T, H' )

€ L¥(0,T; 1), u,,, (0,) € W(0,T), u,,,(1,-) € H*0,T).

0001 (

0001
Khi d6, nghiém ciia bai toan (6.1) ¢ thé xap xi boi da thirc cdp mot theo bon bién

K, A\, K, A\ nhusau

u_(7,t) = ug(w,t) 4+ u (2, ) K 4w ()N + g, (2,0 K+ ug (2,0

0100 0010

va thoa dénh gia tiém can dén cap 2 nhu sau

! —
=3 &y A0 =3, L (L2,
= ok —»3
1Y =22, Y E e, < CIEIT,
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trong 6, C doc 1ap v6i bon tham sd bé K, A, K, A .

Xét ddy hiru han cac nghiém yéu u, e Zi, |71< 2 dugce xac dinh bai cac bai

toan sau
Liu u - — p(t)Au —(u; +ug), 0<z<l 0<t<T,

1100] = Y1100 1100

t
Lu )V (0,8) = K g (0,8) — [ K(t = 8)u,,,,(0,5)ds = 0,
0

1100]

( )VUHOO( ) = O’ ullOO(x’ 0) O ullOO ('/L" O) :0’ (PHOO)

L[u

1 1100]

€ C'0,T; )N C°(0,T; H' )N L*(0,T; H*), u/,,, € L*(0,T; H'),
€ L*(0,T; 1Y), u,,,(0,) € W™(0,T), u,, (1) € H(0,T).

1100

1100

L

(Llu, =" — pt)Au, =—u, 0<z<l 0<t<T,

1010] 1010
t

/j/( )v 1010<O t) KO 1010 0 t fk 1010(0 S)d 0

0

Lo[u

1010]

Ll [u1010] ( )vulol()( ) 1000 <1 t) ulOlO (Z‘, 0) = 07 1010 <ZE O) 0 (Pl()lO)

€ C'0,T; )N C°(0,T; H') N L*(0,T; H*), u!, € L*(0,T; H"),
€ L*(0,T; 1), u,, (0,) € W(0,T), u,, (1) € H(0,T).

1()10

1010

= —pt)Au, =-u, 0<z<l 0<t<T,

1001 1001 0’

Llu

1001
t

( )vul()Ol( ) 0 1001 0 t fk 1001 0 S)d 0

0

_u(t)vulom(l t) = umoo(l t)’ ulOOl(x’ 0) =0, u 1001($ O) 0, (Plom)

L [u

1001 ]

L[u

1 1001] =

€ C'(0,T; )N C°(0,T; H') N L*(0,T; H*), u', € [*(0,T; H'),
€ L*(0,T; 1Y), u,,, (0,) € W'(0,T), u,,(1,) € H*(0,T).

1(]()1

1001

L

[ — " /
Lluy, ) =y, — pt)ADu,, = —u;, 0<z<1, 0<t<T,

0110 ] 0110 0110

t
L[u (V0 (0,8) = K, (0,8) = [ k(= s)u,,,,(0,5)ds = 0,
0

0110:|

Ll[u == ( )VUOHO( ) 0100(1 t) uOllO(x’ O) :07 0110<x 0) O (POHO)

0110:|

€ C'(0,T; )N C°(0,T; H') N L*(0,T; H*), u/,, € L*(0,T; H"),
€ I¥(0,T; I7), u,,,,(0,) € W(0,T), u,,,(1,7) € H*0,T).

0110

0110

56



[L[u, =" —pt)Au, = —ul, 0<z<l 0<t<T,
Lo[uoun] = u(t)Vu 0101(0 t)— K, 0101 fk (t = s)u 0101 (0,5)ds = 0,
0
Ll[u()l(]l] = —u(t)Vu 0101(1 t) = 0100(1 ),
0101(.1’ 0) 0 u(nm(x’ 0) :0’
u,,,, € C'(0,T; )N C(0,T; HYY N LX(0,T; H?), u!, . € L*(0,T; H'),
o101 eL” (0 T Lz) 0101(0’ ) € Wlm (O’ T)’ uoml(l’ ) € HZ(O’ T)'
[Lu,, )= —pt)Au, =0, 0<z<1, 0<t<T,
t
L[y, = 1)V, (0,8) = Ky (0,8) = [(t = s)u, (0,5)ds = 0,
0
L1[u0011] = M(t)vuoon(Lt) 0001(1 t)+ (2010 (L,1),
0011('2: 0) 0 uoon(x7 0) = 0’
u,,, € C'(0,T; )N C°(0,T; H'Y N [¥(0,T; BH*), u!,, € L*(0,T; H'),
' € [¥(0,T; 1), uy,, (0,) € W(0,T), u,, (1) € H*(0,T).
Llu,, ) = up, — pt)Auy, = —u,, 0<z<l, 0<t<T,
Lo[umoo] = u(t)Vu 2000(0 t)— K, 2000(0 t)— fk(t_ s)u. 2000(0 s)ds = 0,

0

LI[UQOO(]] = _'U“(t)v Uy (1 t> 0,
2000(:13 O) 0, uzooo(x’ 0) =0,
Upny € ' (0 T: L2)ﬁ00(0 T, H' )ﬂLOC(O,T;HZ), Upooo € LOO(O T, H' )
\ Upny € LOC(O T: LZ) 2000(0, ) € W“”(O, T), u2000(1’ ) € HQ(O, T).
Llu,, | = up, — p(t)Au,, =—u,,, 0<z<l, 0<t<T,
t

Lo[uomo] = 'u<t)v 0200(0 t) Ko 0200 O t fk 0200<O S)d 0,
0

L1[u0200] = —u(t)Vu 0200(1 t)=0,

0200 (.fl? O) 0 uozoo(x’ O) :Oa

Uy € C' (O T: LQ)ﬂC (O T; H' )ﬂLOC(O,T;Hz), Uy € LOC(O T, H' )

Uppoo € L= (0 T: LZ) 0200(0, ) S Wl’“(o, T), Uoo (1, ) € HZ(O, T).
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Lty = Uy — AUy =0, 0<@ <1, 0<t<T,
Lo[uoogo] = M( )V 0020(0 t> Ko 0020 0 t fk 0020(0 S)d 0
0
Ll[u(mo] = —u(t)Vu 0020(1 t) = 0010(1 t), (Poozo)

0020 (:E 0> 0 u()ozo (117, 0) - 07

Uy, € C'0,T; )N C°(0,T; HYN L*(0,T; H?), u!,, € L*(0,T;H"),

u € L0, T; 1), uy,, (0,) € W(0,T), u,, (1) € H*(0,T).
VL[UOOOQ] =uy, —pu(t)Au,, =0, 0<z<1, 0<t<T,
t
Ly [ty00,] = 1)V 0, (0,1) = K 180, (0,8) = [ h(t = 8, (0, 8)ds = 0,
0
Ll[UOOOZ] = —M(t)v 0002(1 t) 0001(1 t) (POOOQ)
0002 (.fl? O) 0 uoooz (117, O) = 07
Uy € C'(0,T; )N C°(0,T; H') N L¥(0, T H?), w!,, € L*(0,T; H'),

uy € L*(0,T;I7), uy,,(0,) € W>(0,T), u,,,1,-) € H(0,T).

Khi d6, nghiém cua bai toan (P.) c6 thé xap xi boi mot da thirc cap hai theo bon bién

3

K, A\, K, \, nhu sau

(J? t) (:L’,t +u 2 t)K + u(noo(x’ t))\ + Ugo10 (:E, t)K1 + uoom(x’ t)>\1
(2, ) KK +u,, (2, 1)K\

T, AN + u

1000 (

T, ) K\ + u

1100

)
(

Ono(x, HAK, +u
(

1010

T, ) K\

0011(

z,t)K* + u

0101<

Z, t)K2 + Uozoo(m’ t))\z + UUUQO( (x’ t))\f’

2000 0002

va danh gia tiém cén dén cap > nhu sau

=3yt E ey + AN =2l W
T || Y_ZMSZY_. ||L°< (0.1) S ~:H‘?HE’

trong d6, C, doc 1ap véi bon tham sé bé K, A, K, A .
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KET LUAN

Qua luan vin nay, tac gia thuc su bat dau lam quen véi cong viéc nghién ciru
khoa hoc mot cach co hé théng, co phuong phap va c6 dinh huéng rd rang. Tac gia
cling hoc tap dugc phuong phap nghién ctru trong viéc doc tai li¢u, thdo ludn trong
nhom sinh hoat hoc thuat do Thay TS. Tran Minh Thuyét va Thay TS. Nguyén Thanh
Long td churc. Ngoai ra, tac gia con hoc tap dugc mot ) cong cu cua Giai tich ham dé
khao sat sy ton tai va tinh duy nhéat nghiém yéu ctia bai toan bién phi tuyén tinh chtra sb
hang nhét phi tuyén, chang han nhu: phuong phap xap xi Feado - Galerkin lién hé véi
cac k¥ thuat danh gid tién nghiém, k¥ thuét vé tinh compact va hoi tu yéu, phuong phap
khai trién tiém can.

Noi dung chinh cua ludn van tép trung ¢ cac chuong 3, 4, 5.

O chuong 3, Ching t6i thu dugc két qua vé sy ton tai va duy nhat nghiém yéu
toan cuc.

Trong chuong 4, chung ti thu duoc két qua vé tinh 6n dinh cta nghiém yéu
theo céac dit kién dau vao cta bai toan.

Trong chwong 5, chung t6i thu dugc khai trién tiém cén cua nghiém yéu theo
bdn tham s6 bé dén cap N + 1/2.

Ngoai ra, vi¢c xét bai toan cu thé dé minh hoa khai trién tiém cén cta nghiém
yéu theo bon tham sd & chuong 6 da giup tac gia co cai nhin chinh xac va cu thé hon vé

viéc khai trién ti€ém cén cua nghi¢m yéu & chuong 5.

Tuy nhién, do su hi€u biét cia ban than con han ché va sy han hep khuon kho
cua luan van nén tac gia chua tim hiéu ky kha ndng ing dung cua cac két qua thu duoc
trong ludn van vao cac bai toan vat ly va mdt s6 bai toan khac. Vi vay, tac gia kinh

mong dugc su chi bao va gop ¥ ciia Quy Thay C6 trong va ngoai Hoi dong.
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