DAI HOC THAI NGUYEN
TRUONG PAI HQC KHOA HQC

TRAN NGOC HA

PHUONG PHAP TIM NGHIEM
XAP XI POI VOI BAI TOAN TRUQT CUA TAM
TRONG MOI TRUONG CHAT LONG

LUAN VAN THAC Si TOAN HQC

THAI NGUYEN - 2016




DAI HOC THAI NGUYEN
TRUONG PAI HQC KHOA HQC

TRAN NGOC HA

PHUONG PHAP TIM NGHIEM
XAP XI POI VOI BAI TOAN TRUQT CUA TAM
TRONG MOI TRUONG CHAT LONG

Chuyén nganh: Toan &ng dung
M s6: 60. 46. 01.12

LUAN VAN THAC ST TOAN HQC

Ngwoi huwéng din khoa hoc:

TS. VU VINH QUANG

THAI NGUYEN - 2016




LOI CAM ON

Loi dau tién, em xin bay to 1ong kinh trong va biét on sdu séc toi TS.
Vii Vinh Quang, ngudi da tan tinh huéng dan em trong sudt qua trinh thuc hién va
hoan thanh luan van nay.

Em ciing xin kinh giri 16i cdm on chén thanh dén cic thay co gido trong
truong Dai hoc Khoa hoc - Pai hoc Thai Nguyén ciing nhu cc thay ¢ gido di tham
gia giang day khoa cao hoc 2014 -2016, nhimng ngudi da dem tim huyét va sy nhiét
tinh dé giang day, trang bi cho chiing em nhiéu kién thirc co so.

Cubi cing em xin chan thanh cam on gia dinh, ban bé than thiét nhitng ngudi

ludn dong vién chia sé, gitp em trong sudt qua trinh hoc tap va 1am luan vin.
Thai Nguyén, thang 5 nam 2016

Tac gia

Tran Ngoc Ha



MUC LUC
LOICAM ON ..ottt i
IMIUC LUC .ttt ettt ettt ettt et sbeeaeeebeenbesbeenteereesbeeneesreens ii
DANH MUC CAC BANG.......ccoeiiiiritiinisieeie sttt iv
DANH MUC CAC HINH VE ...ttt v
MO DAU.....ooiiiiiiieieee ettt ettt bbbt 1
Chuong 1. MOT SO KIEN THUC CO BAN .......cccooeoieevieeieeeeeeeenes e, 3
1.1. Khong gian cac ham va phuong trinh song didU NOA ........ceveveveeeieeeeeeseeeeien, 3
1.1.1. Khéng gian tuyén tinh dinh ChUAN ........ccoevevieeeeieecceecee e 3
1.1.2. Khdng gian SODOIEV ........ccccuiiiiiiiiiiie e 4
1.1.3. Phuong trinh song diéu hoa va ly thuyét nghiém Yeu ........ccceevveveerrnne, 5
1.2. LY thuy@t V& CAC SO A0 TP «+rrerererrrrererenrmienmnineisisise s 7
1.2.1. SO A0 13D hai [GP ++ererererrererenreirisinei s 7
1.2.2. Binh 1y vé sy hoi tu ctia phuong phap LAP -« «seereseserernmiennnninnsnn, 8
1.3. LY thUYEE V& SAI PRAN w....vveeeeeeeeeeieeee ettt s st seseeens 9
1.3.1. CONQ EUC TAYIOF ...ttt ettt ere e aeens
1.3.2. Céc phuong phap sai phan va dao ham ...........ccccoeviiieiiiiiiiine e, 10
1.3.3. Gi6i thicu thr VIEN RC2009 ......veveeeeeeeeeeeeeeeeseeseeeseeeeeeneneseeeseeeeeens 13
Chuong 2. MO HINH BAI TOAN CO HQC VA PHUONG PHAP TiM
NGHIEM XAP XI ..oooviiviiiiiiciececcccee et es sttt versss s s s 22
2.1. M6 hinh bai toan truot ctia tim trong moi trudng chat 1ong.......ccevevevevevnanne, 22
2.1.1. MO NN EAWC & ..ottt ettt ee e, 22
2.1.2. Phuong trinh toan hoc va hé diu Kién DieN.........cceveeeeveieincecee, 23
2.2. Phuong phap 13p tim NGRIEM XAP Xi...veveveeeirieieieesieree s 28
2.2.1. Xay dung s0 d0 13p X4c diNh @ ..o, 31

2.2.2. Xay dyng 50 d0 1p Xac diNN 0, wevvvecveeiicicc s 32



Chuong 3. MOT SO KET QUA THUC NGHIEM SO .......c.coooooveviiienieeen, 34
3.1. Két qua kiém tra trong truong hop biét trudge nghiém dung..........cccvvevevenee, 34
3.2. Két qua xac dinh nghiém ciia bai toan truot cia tim trong méi trudng chét long..... 37
KET LUAN ..ottt sttt s s s s sttt esessss s s s sasnns 39
TAILIEU THAM KHAO ........cooooviuiiieeeeeeeeeeeeeee e en s, 40

PHU LUC ..ottt et en s e s s s s 41



1\
DANH MUC CAC BANG
Bang 3.1: Két qua so sanh giira nghiém ding va nghiém Xap Xi .....ccoevveeeevvveeennnnne.

Bang 3.2: Két qua so sanh gitra nghiém ding va nghiém XAp Xi .....ceeveveveueevevenenenns
Bang 3.3: Két qua so sanh giita hai budc 12p lEN I8P c...veveeeeeeeeeeeeeeeeeeeeeeeeeeeen



\Y

DANH MUC CAC

HINH VE

Hinh 3.1: D6 thi sai s6 gita nghiém ding va nghiém XAP Xi ....c.eveeeeeeeeeeeeeeeereeeennns

Hinh 3.2: D6 thi sai 6 giita nghiém dung va nghiém Xap Xi.......eceeeeeveeeveeeeveeenenn.

Hinh 3.3: D thi nghiém xap xi cua bai toan gdc



MO PAU

Mot sb bai toan trong co hoc cdc moi truong lién tuc nhu céc bai toan
nghién ctru vé truyén nhiét, cac bai toan vé 1y thuyét dao dong qua mo hinh
héa déu dua vé cac bai toan bién cho phuong trinh elliptic cip hai hodc cap
bdn (phuong trinh song diéu hoa). Trong trudng hop khi méi truong 1a thuan
nhat va diéu kién bién binh thudng thi viéc tim nghiém cua bai toan co thé
dugc thuc hién thong qua cac phuong phap giai tich nhu cac phuong phap
tach bién, phuong phap ham Green hodc cac phuong phap tim nghiém xap xi
nhu cac phuong phap sai phan hay phuong phap phan tir hitu han. Tuy nhién
khi diéu kién bién cta bai toan 1a dang dic biét (hdn hop gitra ham va dao
ham, thiéu diéu kién trén bién hay hdn hop manh tirc 1a trén mot doan bién
tron ton tai 2 loai diéu kién bién dang ham (Dirichlet) va dang dao ham
(Neumann) thi cac phuong phap ké trén khong thé thuc hién dugc. Pé giai
quyét cac bai toan ndy, ngudi ta thuong nghién ctru theo hudng sau day: St
dung 1y thuyét cac toan tir bién dé xay dung cac so do lip xac dinh cac gia
tri thiéu trén bién, két hop voi phuong phap phan rd phuong trinh cip 4 vé
hai phuong trinh cip hai. Tir d6 ap dung cac phuong phap sai phan dé giai
quyét cac bai toan con qua d6 xay dung nghiém cta bai toan gbc ban dau.
Trong truong hop khi bién 1a ki di thi mét phuong phap thuong &p dung la
phuong phap chia mién.

Trong cac bai toan co hoc dién hinh thi bai toan nghién ctru tim truot
dan hdi trong méi truong chat long 13 mot bai toan di duoc cac tac gia
Nikolai V. Priezjev, Anton A. Darhuber and Sandra M. Troian dua ra ndm
2005. Pay chinh 1a mot bai toan dugc mo ta cia phuong trinh song diéu hoa
v6i dang diéu kién bién hét stc phire tap. Tinh chat nghiém cua bai toan ciing
nhu ¥ nghia thuc té di duogc cac tac gia dé cap tuy nhién van dé nghién ctu

phuong phap xac dinh nghiém cua bai toan chua duoc dé cap dén.



Xuit phat tir thuc té d6, muc tiéu nghién ctru chinh cua luan van la tim
hiéu vé mé hinh toan hoc cta bai toan mé ta chuyén dong truot cua tdm dan
hdi trong méi trudng chét 16ng khong nén dugc, nghién ciru co sé cua phuong
phap toan tir bién mién dé xay dung cac so dd lip xac dinh gid tri trén bién
ctia bai toan song diéu hoa dong thoi nghién ctru co so clia phuong phap phan
rd chuyén bai toan dang xét vé cac bai toan elliptic cap hai, st dung phuong
phap sai phan dé xac dinh nghiém cua bai toan gbc, danh gia két qua thuc

nghiém. Cac két qua thuc nghiém dugc thuc hién trén may tinh dién tu.



Chuong 1
MOT SO KIEN THUC CO BAN

Noi dung chinh ctia chuong 1 trinh bay mét sb kién thirc co ban vé cac
khong gian ham, phuong trinh song diéu hoa, 1y thuyét vé so do lap 2 16p, Iy
thuyét vé sai phan va didc biét 1a cac két qua xdy dung thu vién giai sd bai toan
bién elliptic cap hai trén mién chit nhat. Pay 1a cac kién thirc va cong cu quan
trong sé stir dung dé nghién ctru va thyc hién tinh toan trong cac chwong tiép sau
ctia ludn van. Cac két qua nay da duoc tham khao trong cac tai lidu [1, 2, 3, 4].
1.1 Khong gian cac ham va phwong trinh song diéu hoa
Pinh nghia 1.1 Cho X 1a mét tip khac rdng, trén X ta trang bi mot ham s6

p: XxX —-R
(@, y) — p(z,y),
thoa man cac diéu kién sau

D) p(z,y) >0 Vo,y € X; p(z,y) =0 & v =y;

2) p(z,y) = p(y,z) Vo,y € X;
3) p(z,2) < p(z,y) + p(y, 2) Vz,y,2 € X.

Khi d6 p duoc goi 1a mdt metric hay khoang cach trén X . Va cap

p
p

(X,p) goila mot khong gian metric (d6i khi chi ki hiéu 1a X ). Mdi phan tir
cia X s& duoc goi 1a mot diém, p (x, y) goi 1a khoang cach giira hai xva y

diém trén X .
1.1.1. Khéng gian tuyén tinh dinh chuin
Pinh nghia 1.2 Cho X 1a mot khong gian tuyén tinh, ta dua vao anh

xa ki hiéu 1a chuan X HH : X — R thoa man céac diéu kién
v 20 00
b a] = e
e o+ <[] +[s]

voimoi z,y € X



