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St dung phuong trinh sai phan dé giai s6 la mot phuong phap kha
phd bién va hitu hiéu khi nghién cttu mé hinh toan hoc lien quan t6i
cac van deé trong khoa hoc, ki thuat, kinh té va nhiéu linh vyc khéc cta
thuc tién, ta c6 thé tim thay rat nhiéu vi du cu thé nhu trong Chuong
1 tai ligu [2]. Phuong phap nay duge dé xuat tit nita cudi nhiing nam 40
cia thé k¥ trude va ngay cang khang dinh vai trdo quan trong trong giai
tich tng dung va dic biét quan trong trong viéc nghién citu nghiém so
ctia phuong trinh dao ham riéng [1, 3].

Luan vian trinh bay mot s6 kién thic co ban liéen quan téi phuong
trinh sai phan va ap dung phuong trinh sai phan tim nghiém s6 phuong
trinh dao ham riéng tuyén tinh.

Luan van dugc chia lam hai chuong.

Chuong 1 14 chuong mdé dau, trinh bay céic kién thiic co ban nhat lien
quan tdi phuong trinh sai phan nhu: Dinh nghia va cac tinh chat cla
toan ti sai phan; dinh nghia va cac tinh chat ctia tong bat dinh; bién
doi z giadi phuong trinh sai phan. Noi dung ctia Chuong 1 duge tham
khdo chi yéu trong hai tai licu [1, 2].

Chuong 2 nghién citu ting dung phuong trinh sai phan vao viéc tim
nghiém s6 ctia phuong trinh dao ham rieng. Chuong nay ciing trinh bay
cac budc roi rac bai toan, nghiém roi rac dong thai c6 cac vi du s6 minh
hoa thong qua ngon ngit lap trinh MATLAB. No6i dung ctia chuong nay
duge tham khéo chii yéu trong hai tai lieu [1, 3].

Sau thoi gian hoc tap va rén luyén tai Truong Dai hoc Khoa hoc —
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Dai hoc Thai Nguyéen, bang su biét on va kinh trong, em xin gui 16i cam
on chan thanh dén Ban Giam hiéu, Phong Dao tao, Khoa Toan - Tin
Truong Dai hoc Khoa hoc — Dai hoc Thai Nguyén va cac thay co da
nhiét tinh huéng dan, gidng day va tao moi diéu kién thuan lgi giap do
em trong sudt qua trinh hoc tap, nghién citu v hoan thién dé tai luan
van Thac si nay.

Dic biét, em xin bay t6 long biét on sau sic téi Tién si Nguyén Thi
Ngoc Oanh, nguoi da tryc tiép huéng dan, gitap dé em trong qua trinh
thue hién de tai.

Xin chan thanh cAm on gia dinh, ban be ciing dong nghiép da tao
diéu kien giup dd, dong vién trong qua nghién ctu va hoan thién de tai
nay.

Em xin tran trong cam on!

Thai Nguyén, ngay 01 thang 11 nam 2019

Hoc vién

Nguyén Duy Tin



Chuong 1

Mot s6 kién thitc co ban

Trong chuong nay chung toi trinh bay mot so kién thitc co ban lién
quan t6i dinh nghia va tinh chat toan tit sai phan, tong bat dinh va bién

doi z.
1.1. Toan ti sai phan

Dinh nghia 1.1 Cho y(t) la mot ham bién thuc t, toan ti sai phan A
duoc xac dinh boi
Ay(t) =yt +1) —y(t).

Vi du 1.1 Phuong phap Euler xap xi nghiém ctia bai toan ban dau

. / t+h)—x(t
dat dugc bang cach thay x (t) bdi z(t+h) = of )
z(t+h) —x(t)

()

hay

x(t+h)=x(t)+ hf(t,z(t)).
Ta sé st dung mot dang thuan tién hon cho phuong trinh sai phan nay,
dat z, = x(ty +nh), n = 0,1,2,..., khi d6 phuong trinh trén c6 thé



duoc viét lai dudi dang sau
Tpi1 = x, + hf(t,x,(t), n=0,1,2 ...
trong d6 xy da biét.
Xét toan ti sai phan véi bude lusi h > 0 la z(s + h) — 2(s). Dat y(t) =
z(th), khi do6
2(s+h) — z(s) = z(th+ h) — z(th)
=y(t+1) —y(t)

= Ay(t).

Sai phan cap cao hon dugc dinh nghia bang hop thanh clia toan tit sai
phan va chinh no.

Sai phan cap hai dugc dinh nghia nhu sau

“y(t) = A(Ay(t))
Ayt +1) —y(1))
(

t

=yt +2)—y(t+1) —(yt+1)—yt)
y(t+2) —2y(t + 1) +y(t).

Sai phan cap n duge xay dung theo cong thitc quy nap nhu sau

n(n —1)
2!

(—1)* (Z) y(t+n—k). (1.3)

A'y(t) =yt +n)—nylt+n—-1)+ yt+n—2)+ -+ (=1)"y(¢)

3

k=0

Pinh nghia 1.2 Todn ti "dich chuyén" duoc dinh nghia nhu sau
Ey(t) =y(t+1). (1.4)
Néu [ 1a toan ti dong nhat, tic 1a Ty(t) = y(t) thi ta c6
A=F—-1.

Cac tinh chat co ban ciia toan tit A duge cho béi dinh 1y sau day
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Dinh 1y 1.1 Todn tii sai phan A théa man cdc tinh chdt sau day
a. A™(AMy(t)) = A"y (t) vdi moi s6 nguyén duong m va n.

b. A(y(t) + z(t)) = Ay(t) + Az(t).

c. A(Cy( ) = CAy(t).

Ay )

(y

(0) = YDA + E00y()
0): A(OAND — yDAD)
EOED

Chitng minh.

a. Ta chting minh quy nap theo m, déng thitc hién nhién ding véi m = 1.
Gia st dang thitc dung véi m = k, ta ching minh ding t6i m = k + 1.
That vay

AFFLAMy (1) = AF(A(A (1))

= AF(A™y(t)))
_ Ak+n+1y(t).
b. Ta co
Aly(t) +2(8) =yt +1) +2(t+ 1) —y(t) — 2(t)
=y(t+1)—ylt)+2(t+1)— 2(¢)
= Ay(t) + Az(1).
c. Ta co
A(Cy(t)) = Cy(t +1) — Cy(?)
=Cy(t+1) —y(t)
= CAy(t).
d. Ta co
Aly()z(t) =yt + 1)z(t + 1) — y(t)=(¢)
=yt +1)z(t+1) —y)zt+ 1) +y(t)z(t + 1) — y(t)z(t)
— 2t + DAY() + y(D) A=)
= y(t)Az(t) + Ez(t) Ay(t).



e. Ta co
y(t)y _yt+1)  y()
A<z(t)> 2(t+1)  2(t)
y(t+ 1)z(t) — z(t + 1)y(¢)

Dinh 1y 1.2 Cho a la mot hang s6. Khi dé
a. Ad' = (a —1)d'.
b. Asinat = 2sin % cosa(t + 1).

c. Acosat = —2sinsina(t + 1).
d. Alogat =log(1+ 1).

e. AlogI'(t) = logt, trong dé I'(t) dugc xzdc dinh nhu sau
['(t) = / e 2z
0

Chu y 1.1 Ham I'(¢) théa man tinh chat

D(t+1)
I'(t)

That vay, ta co
I't+1) = / e *2ldz
0 0
= [—e ¥ —/ (—e )tz tdz
0
:t/ e "2 My = (1),
0

Chtng minh.
a. Ta co

Ad =d* —a' = (a—1)d.



