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Ly thuyét dinh tinh ciia hé dong luc roi rac da dugc nghién ctu tir
nhitng nam dau thé ky XVIII, song ngay nay né van dugc dong dao cac nha khoa
hoc quan tdm va nghién ctu. Nhitng két qua co ban cta né dugc tng dung rong rii
trong nhiéu mo hinh @ng dung. Pic biét trong thoi gian gan day nhd c6 sy phat

trién cua cong nghé tin hoc, 1y thuyét hé dong luc roi rac néi chung va 1y thuyét



dinh tinh cta cac phuong trinh sai phan noi riéng da co su phat trién vuot bac dic

biét 1a kha ning ung dung thuc tién cta no.

V& téng thé hau hét cac phuong phap thong dung duoc sir dung trong 1y
thuyét phuong trinh vi phan déu co thé xay dung lai cho viéc nghién ciru tinh chat
nghiém cua cac hé phuong trinh sai phan. Tuy nhién vé 1y thuyét tinh toan va cac

biéu thirc toan hoc trong mot s6 cong thirc co ban lai kha phuc tap.

Muc tiéu co ban ctia bao cao nay 1a trinh bay lai mot cach hé théng cac khai
niém co ban vé phép tinh sai phan hitu han, chung tdi ciing trinh bay mot cach van
tat Iy thuyét phwong trinh sai phan cép cao va phuong trinh sai phan tuyén tinh cap
2, ddng thoi dua ra cac vi du ung dung phuong trinh sai phan dé tim sb hang tong

quat ctia day sd.
1 So lwgc vé phép tinh sai phan hiru han

Pinh nghia 1.1. Ta goi sai phdn hiru han cdp mét ciia ham sé u(n) = Uy Véi neZ la

hieu

Pinh nghia 1.2. Ta goi sai phdn hitu han cdp 2 cia ham u(n) = Uy la sai phdn cia
sai phdn cdp 1 cua Uy, va néi chung sai phdn cap K ciia ham uy la sai phdn cua sai

phan cap k- 1 ciia ham sé do.
Sai phan cap 2 cta ham u, 1a
2 .
A u, = A(Aun) = Aun+l - Aun =Upp —Upa — (un+l - un) =Upo — 2un+l +U,,

Sai phan cap 3 cua ham u, 1a



3 2 2 2
A’u, =A(A°u,)=A"u,,, —A°U,=U,,—3U,,,+3U,,—U, ...

Sai phan cap k ctia ham u, 12

k . .
Au, =AM 0,) =AM, - A, =D (-1 Cu

i=0

n+k—i ?

: |
trong d6 C, = k—
Ik —i)!

Cdc tinh chét Ciia sai phén:

Tinh chdt 1: Sai phan cac cap déu dugc biéu dién qua céc gid tri ciia ham sb

k . .
Akun = Z(_l)lcllumk—i J

i=0

k!

trong d6 C, = Tk

Tinh chdt 2: Sai phan moi cap déu 1a toan tir tuyén tinh
A(au, + pv,.) = aA U, + pA"vV_,

Véi a, B 1a cac s6 thuc tuy ¥.

Tinh chdt 3: Sai phan cap k cua da thirc bac m bang:
* Hang s, néuk =m,
*0, néuk>m,

* Pa thirc bac (m —k), néuk < m.



Tinh chat 4:

AUV, =U AV, +V AU,
N
D Ay, =AMy, - A,
n=a
dac biétkhik=1, tacod
N
ZAun =Uyg — U, -
n=a

2 .Phwong trinh sai phan cap cao
Pinh nghia 1.3. Phurong trinh sai phdn cdp k la mét hé thirc gitka sai phan cdc cap
F(u,,Au,...,A*u ) =0,

trong dé uy coi la sai phdan cdp 0 Ciia ham un, CaAp Ciia phiong trinh sai phdn chinh

la cap 16n nhdt cia cdc sai phdn (¢ day la bang k).

Pinh nghia 1.4. Phuong trinh sai phdn tuyén tinh cdp K Ciia ham uy la mét biéu

thirc tuyén tinh giita cdc gid tri Cia ham un tai cdc diém khdac nhau

au,, +au..,  +..+au, =f

n’

trong dé a,,a,,...a, Voi a, %0, a, =0 la cdc hang s6 hodc cdc ham sé Cia n, dwoc
goi la cdc hé s6 Cia phwong trinh sai phan; fo la mét ham sé Cia n, dwoc Qoi la vé

phdi; Uy la gid tri can tim dwoc goi la an.

* Nghiém ciia phwong trinh sai phin tuyén tinh:



Xét phuong trinh sai phan tuyén tinh cap k

au,,, +au ., +..+au =f. (1.1)
Phuong trinh sai phan thuan nhat twong ng

au,,, +au ., +..+au =0. (1.2)
Phuong trinh dac trung

a, A +a At +..+a, =0. (1.3)

Nghiém tong quét u, cia phuong trinh sai phan tuyén tinh (1.1) 1a u_ =u"+u,

v6i u” 1a mot nghiém riéng cua phuong trinh (1.1) va u 1a nghiém tong quat cua

phuong trinh thuan nhat tuong tng (1.2).
Nghiém tong quat cta (1.2) c¢6 dang

U=cu, +Cu, +..+CU

ﬂk’

trong d6 u,,u, ,..,u, 1a k nghi¢m doc lap tuyén tinh cua (1.2) va c,,c,,....c, la cac

hang sé tuy .

Néu (1.3) c6 k nghiém phén biét A4, 4,,..., 4, thi hé {4",2,.... A"} 1a hé k nghiém doc

lap tuyén tinh caa (1.2) va nghiém tong quat cta (1.2) 1a

U=CcA" +C,A0 +..+C A" .



Néu (1.3) c6 nghiém thuc A; boi s thi ngoai nghiém 4] ta bd xung thém céc vecto
n 2Aan s—14n ~ \ r T A A A A 4 9 \ T A A
nA;,n°A/,..,n""A; ciing la cac nghiém doc lap tuyen tinh cua (1.2) va nghi¢m tong

quat cua (1.2) 1a

S—.

_ k 1
u= >y cA"+> cin'al.
i%j=1 i=0

Néu (1.3) c6 nghiém phirc A; =r(cosp+ising) boi s thi ta ldy thém cac nghiém

r’'n'cosng , r'n'sinng , i =0,...,s—1 va nghiém tong quat cua (1.2) 1a

_ k s—1 _ _
u= > A"+ r"(an'cosng+bn'sinng),
%=1 i

i=0
trong d6 a,, b 1a cac hing sb tuy ¥.

3. Phuwong trinh sai phdn tuyén tinh bic hai:
a. Phwong trinh sai phdn tuyén tinh thuan nhdt bic hai:

- Dinh nghia: Phuong trinh sai phan tuyén tinh thuan nhat bac hai véi hé s6
hang 1a phuong trinh dang:

AXpi2 + BXni1 +CX,=0,n=0,1,2,... (1.1)

Trong d6 A # 0, B va C 1a nhitng hing sd.
Nghiém tong quat:

- Néu C=0 thi phuong trinh (1.1) c6 dang

AXpi2 + BXn11 =0 (1.2)

Phuong trinh nay 1 phuong trinh tuyén tinh bac nhat.

No6 ¢6 nghi¢m téng quat 1a Xpe1 = A"X, 4 =—% , h=1,2,...

- Néu B=0 thi phuong trinh (1.1) c6 dang (khuyét B)
AXn+2 + BXn = O (13)



Phuong trinh nay vé hinh thirc twong tu phuong trinh tuyén tinh bac nhat.
N6 c6 thé viét dudi dang >QQ=-%uxn=qu

Nhu vay la ta c6 cong thirc nghiém:
Xak = g€ Xo va Xoke1 = K. X1.
- Néu phuong trinh (1.1) c¢6 cac hé s6 déu khac 0 thi ta c6 phuong trinh dic
trung ciia phuong trinh sai phan (1.1) 1a :
Ai?2+BA+C=0
Phuong trinh trén sé€ c6 hai nghiém 1a 21 va 4,.
Pé tim nghiém tong quat ctia phuong trinh sai phan (1.1) ta dua vao cac

ménh dé sau:

Ménh dé 1.
Gia st phuong trinh dic trung c6 hai nghiém phan biét (11 # 1) khi dy
phuong trinh (1.1) c6 nghiém la
Xn=C1A1"+Cya,"
Trong d6 C; va C; la nhiing hé‘mg s6 dugc xéac dinh va duoc xac dinh theo

diéu kién ban dau la X va Xj.

Vidul:
Tim cong thirc tong quat ctia ddy sd sau (twong duong véi tim nghiém cua phuong
trinh sai phan)
Uo=7; Uy = -6; Uni2= 3Un+1 +28U, .
Giai.
Ta c6: Un+2 = 3Up+1 + 28U,
Suy ra Upso— 3Ups1 — 28U, = 0.
Nén ta c6 phuong trinh dic trung nhu sau:  12-31 —28 =0.



Phuong trinh nay c6 hai nghiémla A1 =7va A,=-4.
Suy ra cong thirc tong quét cua day sb da cho la:

U =Cia{"+Cra" hay U,=C. 7"+ Cz.(-4)n. (*)

Voéin=0thiUp=C,+Cy, =7 (1)
Véin=1thi Uy =7C; - 4C,=-6 (2)
Tr(l)va(2)suyra C;=2vaCy=5 (3)

Thay (3) vao (*) ta dugc cong thirc tong quat ctia day sb 1a:
U, =2.7"+5.(-4)".

Ménh dé 2:
Néu phuong trinh dic trung c6 nghiémkép A1= A,= 4 = —% thi nghi¢m

tong quat cua phuong trinh (1.1) 1a
Xn=C1A1"+ Con 2" = (C1 + n.Cy). A"

Trong d6 C; va C; 13 nhitng hang s6 duoc xac dinh theo diéu kién ban dau 13
Xo va X.
Vidu?2:
Tim nghiém cua phuong trinh sai phan:

Up=-1; U1=2; Upn=10Ups —25U,.
Giai:
Ta ¢6 : Uns2 = 10Uns1 — 25U, suy ra Unsz — 10U + 25U,
Do d6 ta c6 phuong trinh dic trung nhu sau: 22-104 +25=0
Phuong trinh c6 nghiémképla 21=1,=21 =5
Nén phuong trinh sai phan da cho c6 nghiém tong quat c6 dang:
Un= 2"(C1+n.C)) (*)
Voin=0thiUg=C;+C,=-1 (1)
Vé6in=1thiU; =54C; +1.C;) =2 2



Te(l)va)tadugcCi=-1vaCy=14 (3)
Thay (3) vao (*) ta dugc cong thirc nghiém tong quét ctia phuong trinh sai phén 1a :
U, =5"(-1+1,4.n)

b. Phwong trinh sai phdn tuyén tinh khéng thudn nhdt bdc hai:

- Dinh nghia: Phuong trinh sai phan tuyén tinh khong thuan nht bac hai la phuong
trinh dang : AXn2 + BXhi1 + CXy =Dy ,n=0,1,2,..... (1.2)

Trong d6 A # 0,B va C 1a nhitng hang s6;D, 12 ham s6 cta bién s ty nhién n

- Nghiém téng qudt:

Nghiém tong quat ctia phuong trinh sai phan tuyén tinh khong thuan nhat
bac hai (1.2) 1a tong cia nghiém tong quat ctia phuong trinh sai phan tuyén tinh
thuan nhat (1.1) va nghiém riéng ctia phuong trinh sai phan tuyén tinh khong thuan
nhat (1.2) X, =%y +Xn.

V6iX, 1a nghiém ctia phuong trinh sai phan tuyén tinh thuan nhét (1.1) va
X"y 12 nghiém riéng ctia phuong trinh sai phan tuyén tinh khong thuan nhat (1.2) .
Ta tinh X, theo 3 ménh dé & trén.

Con tinh x*, theo 1 trong 3 cach sau:

“NéuA+B+C#0thi xy= 2

A+B+C
"NeuA+B+C=0vi2A+B#0thi x5= P
2A+B

_NéuA+B+C=0vi2A+B=0thi x%= n(n—l)%.

Vi du 3. (Thi Olympic Toan Singapore, 2001).
Choa; =2000 ; a, =2001 va an+p =2ap+1 —an +3 voin=1,2,3,...
Hay tim gié tri cua ajgo.

Giai.



Phuong trinh dac trung ctia phuong trinh da chola: 22=22 -1 c6 nghiém kép la
A= A2=21=1va A+B+C=1-2+1=0; 2A+B=21-2=0.

Suy ra nghiém téng quat cia phuong trinh sai phan di cho la:

an =1".(C1 + n.Cy) + n(n —1)% hay a, = C; + n.C2 + n(n-1).1,5. (*)

Véin=1thi a; = Cy + C,=2000. (1)
Voin=2thi ap=Cy+2.C, +3=2001 (2)
Tu (1) va (2) ta duge C; =2002 va Cp= -2. (3)
Thay (3) vao (*) ta dugc

ar,=1,5.n(n-1) - 2n + 2002 = 1,5.n> = 3,5.n + 2002  (**)
Thay n = 100 vao (**) ta duogc aigo = 16652.

KET LUAN

Trong bao cdo ndy ching toi d trinh bay mot cach hé thdng cac khai niém co
ban ctia phuong trinh sai phan cap cao, dic biét 1a phuong trinh sai phan tuyén tinh
cap hai, d6ng thoi chung toi ctia dua ra cac vi du tng dung phuong trinh sai phan dé
tim sd hang téng quat ctia diy sd. Bio cdo nay rat hitu ich cho sinh vién nam nhat,

nam hai va dac biét 1a sinh vién tham gia cac ki thi Olympic.
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