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Bang ky hiéu

® tich tenxo cua cac khong gian vecto
C>®(M)  tap tat ci cdc ham tron trén M

H, = V,H gradiant theo bién sb =

Py hinh chiéu trén M

sym(A) phan ddi xiing cia ma tran vuong A
skew(A)  phan phan dbi xting ctia ma trin vudng A
Iz, (Z)  hinh chiéu tit R™*¥ 1én c4c khong gian
C*(U,R™) tap tit ca cac 4nh xa kha vi lién tuc t6i cp k
C>°(U,R™) tap tat ca cac anh xa tron

C¥(U,R™) tap tat ci cdc anh xa gidi tich tif U vao R™



Mé dau

V6i phuong trinh vi phan (PTVP) ma tran thong thudng, nghiém cuia ching la cac
ham ma trn kha vi mot bién va thda man phuong trinh. Tuy nhién, khi PTVP d6 la
mdt md hinh toan hoc mo ta nhiing hién tugng trong cd hoc, hda hoc, thién van hoc
thi nhitng rang budc ddi v6i ma tran d6 thudng xuat hién. Vé mit toan hoc, ching don
gian chi 1a cdc biéu thic dai s6. Nhung chiing biéu thi cic quy luit bat bién, chang
han bét bién niing lugng, bat bién vé khdi ludng, bt bién vé thé tich. Trong cic nganh
khoa hoc tuong ting, né von di 1a cdc dinh luat bdo toan ndi tiéng. Trong rat nhiéu
trudng hop, cic rang budc d6 dbi véi nghiém da tao 1én nhiing da tap trong khong
gian pha. Chang han, Dinh ly trong Chuong |1/ da chi ra, mot da tap con nhing
ctia R” c6 thé dudc mo ta bdi mot biéu thic dang g(x) = ¢, trong d6 g : R® — R™,
Do dé, ta goi chung nhitng phuong trinh loai nay la PTVP véi rang budc da tap.

Phuong phap giéi s6 cac PTVP véi rang budc da tap, ngoai viéc dam bdo cic yéu
cau vé tinh chinh x4c va tinh &n dinh thong thudng ctia mot phuong phap s6 con phai
dam bao rang nghiém xap xi luén nam trén da tap d6. Cu thé hon gia s 2 1a diéu
kién ban dau ctia phuong trinh, tifc 12 g(zo) = c thi v6i mbi nghiém z;, tai cac budc,
), n6i chung ta déu phai c6 g(zj,) = c. L& duong nhién, cac phuong phip dugc trinh
bay & Chuong |1/ khong ddm bao viéc nay. Ta can phai ¢ nhitng diéu chinh, thay d6i
thich hop trong qua trinh giai s6. Nhitng diéu chinh nay ddi khi tuong dbi don gian
nhung trong nhiéu hoan canh khéc lai doi hoi nhiing kién thidc siu sic vé cic da tap
lién quan.

V6i ludn vin “Gidi sd phuong trinh vi phan ma tran vé6i rang budc da tap ”, muc



tiéu clia chung toi 1a trinh bay mot so cach tiép can giai sd cho phuong trinh vi phan
ma trin véi rang budc da tap. D€ dat dugc diéu do, ching t6i bd cuc luin vin nhu sau.
Chuong (1] dugc gianh d€ trinh bay kién thic chuin bi. Trudc tién, ching tdi tém ludc
mot s6 phuong phdp giai s6 phuong trinh vi phan thudng phd bién nhu phuong phap
BDF, Nystrom, Runge-Kutta. Tiép d6, chiing t6i nhac lai mot sd kién thic vé da tap
Riemann. Do viéc trinh bay bai ban tuong d6i dai, ching tdi chi tém ludc mang tinh
dién giai. Chuong 2| 1a chuong chinh cta luan van. Trude tién, ching toi chinh xdc
héa khai niém bang viéc trinh bay khai niém bét bién tich phan, 14y vi du minh hoa.
Sau d6, ching t6i trinh bay phuong phdp chinh, 1a phuong phap chung nhit dé giai
s6 phuong trinh vi phan véi rang budc da tap. Thém vao do, ching t6i cling trinh bay
phuong phap giai sd cho hai loai rang budc cu thé trén da tap Stiefel va nhém Lie.
Chiing tdi ciing cb gang dua ra mot s6 vi du s6 d€ minh hoa cho céc van dé dudc trinh
bay. Cudi ciing, luan vin két thiic bsi phan két luan va tai liéu tham khéo.

Mic du da rat nghiém tic va cd gang thuc hién luin vin nay, nhung luin vin sé
kho tranh khéi nhitng khiém khuyét nhit dinh. Kinh mong su gép y ciia cc thay cd
dé€ luan vin nay dudc hoan chinh va y nghia hon.

Luan van nay dudc thuc hién tai Truong Pai hoc Khoa hoc - Pai hoc Thai Nguyén
va hoan thanh du6i sy huéng dan ctia TS. Nguyén Thanh Son. Tac gia xin dugc bay
td long biét on chan thanh va siu sic t6i ngudi huéng din khoa hoc clia minh, ngudi
da dat vin dé nghién ctiu, danh nhiéu thoi gian huéng dan tan tinh va diy trach nhiém
dé tac gid hoan thanh luan vin nay.

Tac gia da hoc tap dudc rat nhiéu kién thifc chuyén nganh bd ich cho cong tic
va nghién ctiu ctia ban than. Nhan dip nay tic gia xin gtii 10i cAm on sau sic tSi cac
Thay gido, Co gido da tham gia giang day 16p Cao hoc Toan K11C; Nha trudng va cac
phong chiic nang cia Truong, Khoa Toan - Tin, trudng Pai hoc Khoa hoc- Pai hoc
Thai Nguyén da quan tdm va gitp d6 tac gia trong sudt thdi gian hoc tip tai trudng.

Cubi cling tdc gid xin cdm on gia dinh, ban bé, dong nghiép da dong vién, ing ho



va tao moi diéu kién cho tdc gia trong sudt thdi gian nghién cifu va hoc tap.

Thdi Nguyén, thdang 5 nam 2019

Tac gia luan van

Pang Manh Hung
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Chuong 1

Kién thirc chuin bi

Trong chuong nay chiing tdi sé trinh by hai mang kién thiic riéng biét von dudc
st dung trong phan chinh ctia luan vin. Muc dau tién ciia chuong dugc danh dé nhac
lai mot vai phuong phap gidi s6 phuong trinh vi phan quen thudc. Tai liéu chinh cho
muc nay 13 Chuong II ctia quyén sach [5]. Muc thit hai cia chuong 1a mot s kién thic

lién quan dén da tap. D& cho tién, chiing t6i tham khdo hai tai liéu chinh [[1]] va [2].
1.1 Mot so phuong phap so giai phwong trinh vi phan.

Trong muc nay, ching toi xét phucng trinh vi phan thudng cip mot phu thudc vao
thoi gian

y=[f(ty), y(to) = vo. (1.1

O day, ta hi€u y = y(t) € R™ 1a mot vécto ¢ n. Haim f phu thudc vao n + 1 bién

f(t,y1, .., yn) 12 mOt ham véctd n thanh phan f = (fy, ..., f,). Ta gia st rang hé (I.1)

thda man céc diéu kién dé n6 c6 nghiém duy nhat. Céc 1ap luin ciing ding néu nhu y

va f 14 cac ma tran c6 cap bat ky tuong thich véi nhau.



1.1.1 Phuong phap Runge-Kutta

Dinh nghia 1.1.1. Cho b;,a;;(i,j = 1,...,s) 1a nhiing s6 thuc va cho ¢; = Zj.:l aij.
Mot phuong phap Runge-Kutta s-budc dudc tinh bang cach iy

S
kif<t0+cih,yo+hzaijkj> ,i=1,...,8

J=1

) (1.2)
Y1 =1yo + hzbiki~

i=1
Céc hé sb ctia phuong phap Runge-Kutta s-budc thuong dudc viét dusi dang bang

Butcher nhu sau:

ci1|ai;p ... Qis
(1.3)

Cs | g1 ... Qgs

by ... b

Pinh nghia 1.1.2. Phuong phip Runge-Kutta (hay mot phuong phdp 1-budc tong
quat) c6 p bac, néu v6i moi bai toan di tron (T.1)) sai sé dia phuong y; — y (to + h)
thoa man

y1 —y (to+h) = O (hPT1) khi h — 0.

Dé ki€m tra bac cta phuong phdp Runge-Kutta chiing ta phai khai trién chudi
Taylor ctia y (to + h) va y; quanh diém h = 0. Piéu nay din dén diéu kién dai sb cho
hé s c6 cdc bac 1, 2, 3 tuong ting nhu sau:

Zi b =1 cho bac 1;

thém vao do Z bici =1/2 cho bac 2;
‘ (1.4)
thém vao d6 ) ~ bic} =1/3

va Z” b,aijc; =1/6 cho bac 3.
Ngudi ta c6 thé tim cic diéu kién d€ cho phuong phap c6 do chinh xdc cao hon. Song,
né chi c6 y nghia vé mit ly thuyét. Trong thuc t&, phuong phap bac khong qua 4 1a

tuong d6i tot d€ gidi quyét cac bai toan ndy sinh.



