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6 X
MO DAU

Do nhu cau ciia thuyc tién, viéc nghién citu phuong trinh sai phan da
duge nhiéu nha toin hoc trong va ngoai nude quan tam nghién ctu. Nhicu
bai toan thyc té (he thong mang dién, qua trinh san xuat,quan ly xi nghiep,
dieu tra dan s6,...) dugc mo ta bdi phuong trinh sai phan. Cac nghién ctiu
dinh tinh, cac hé diéu khién mo ta béi phuong trinh sai phan da dugce nghién
cttu kha day du, nhat 1a cdc phuong trinh sai phan tuyén tinh trong khong
gian hitu han chiéu. Nhung dé tao lap dudgc cach tiép can phit hgp, hiéu qua,
c6 tinh he thong cho chuong trinh gidng day nang cao huéng dén cac ki thi
olympic qudc gia va qubc té ddi véi hoc sinh pho thong, ¢ day trong luan
van nay tac gid trinh bay mot s6 nghién ctu dinh tinh va phan dang phuong
trinh sai phan tuyén tinh véi hé s6 hing s6. Luan van gom hai chuong:

Chuong 1. Trinh bay mot so6 khdi niém vé sai phan

Chuong 2. Phan dang cdc phuong trinh sai phan tuyén tinh

Dé hiéu va trinh bay van dé mot cach dé dang, tac gia da cd ging ching
minh chi tiét cac tinh chat, gidi tuong minh cac vi du miéu ta. Dac biet lam
sang t6 cac khai niem va céc két qua, cac vi du dugc tinh toan can than, day
di va chi tiét. Cac tinh toan nay thuong khong dude trinh bay trong cac tai
lieu trich dan.

Tac gid chan thanh cdm on thay TS.Nguyén Minh Khoa - Trudng khoa
Khoa hoc co ban, DH Dién Luic, nguoi thay da huéng dan tan tam tac gia
hoan thanh luan van nay. Xin duge cadm on truosng DH Khoa hoc (DH Théi
Nguyén) noi tac gia hoan thanh chuong trinh cao hoc duéi su giang day nhiét
tinh clia cac thay co. Cudi cing xin duge cam on gia dinh va ban be da dong
vien, khich 1é tac gia vuogt qua nhiéu kho khin dé hoan thanh luan van nay.

Théi Nguyeén, thang 8, 2014
Tac gia
D6 Thi Phuong



Chuong 1

MOT SO KHAI NIEM VE SAI
PHAN

Cac dinh nghia, dinh 1y va cac tinh chat lién quan t6i sai phan trong chuong
nay dugc trich theo tai lieu [1], [4].

1.1 Cac khai niém co ban vé sai phan

1.1.1 Dinh nghia sai phan

a. Dinh nghia sai phan bac mot
Ta goi sai phan httu han bac mot ciia ham s6 z(n) = z, véi n € N la
hiéu
Ax, = Tpi1 — Tn.

Vidu 1.1. Ham x,, cho ¢ dang bdng

C6 cac sai phan hittu han bac mot 1a Axg = 21 — 29 = 2 -1 = 1;
ALE1=SC2—ZC1:2; A$2:$3—I2:3; A$3=$4—$3:—2.

b. Pinh nghia sai phan cap cao
Ta goi sai phan cap 2 clia ham z,, 13 sai phan clia sai phan bac mot clia
Z, va néi chung sai phan cap k ciia ham z,, 1a sai phan clia sai phan
cap k — 1 ciia né.

Tt d6 ta c6 cac cong thic clia sai phan cap cao nhu sau.



e Sai phan cap 2 ciia ham z,, 1a

Aan = A(Axn) = Axn—&—l - Axn = Tp+2 — Tpy1 — (xn—i—l - xn)

= Tpn42 — 2xn+1 + T

e Sai phan cap 3 ctia ham sb z,, 1a

Az, = A(A%x,) = A%z, — A%z,
= Tn+3 — 2$n+2 + Tpy1 — (xn+2 - an—&—l + xn)

= Tnt+3 — 3$n+2 =+ 3xn+1 — Tn.

e Tong quat sai phan cap k cia z,, 1a

3
AFz, = A(AF1z))= A1y, — ARy, = Z(—l)iC};aan#.

Vi du 1.2. Xét ham x,, trong vi du 1.1 ta co:

AN’y =a9— 221 +20=1;A%0; =23 — 229 + 27 = 1;

A’xy = x4 — 225 4+ 29 = —5; A2y = 23 — 329 + 371 — 29 = 0;
A3z, = x4 — 323 + 319 — 1 = 6;

Axy =4 —das + 29 — A2 + 20 = —T.

1.1.2 Tinh chat ctia sai phan

Tinh chat 1.1. Sai phan céac cap déu c6 thé biéu dién qua cac gia tri
ham s6 theo cong thiic

k
Az, =Y (=1)'Claniri, (1.1)
i=0
Chitng minh. Ta chting minh cong thic (1.1) theo phuong phap qui
nap.
Véi k = 1 ta c6: Axy, = 201 — 1 = OV — Clay,, cong thite (1.1)
dang.
Gia st (1.1) dang v6i k tiic 1a ta ¢6 gia thiét qui nap
k . .
Az, =Y (1) Chapiii.

1=0



Ta chiing minh (1.1) ding v6i k 4 1 tic la:
k k
A, = Ay — Az, =) (1) Clapap—i — Y (—1) Crapars.

=0 i=0

O téng thit hai ta déi chi s6 i = ¢ — 1, sau d6 thay 7' = ¢ ta nhan dugc

k kel
Yal) =1 ,v'—1

E (=1)'Crrpip—i = E (=) CL ™ Tpgkg1—ir-

=0 =1

Do dé ta nhan dudgc:

k k+1
k+1 _ i—l
A", = E (— )Ckl’n+k+1 i T E Tp+k+1—i
1=0 1=1
k k
i 1
= ( ) Ckxn—i—k—&—l i T Tptk+1 + E k LTpt+k+1—i
1=1 =1

k

= Z(—l)i(C,i + C;i_l)xnwﬂ—i T Tptk+1 T (—1)k+1$n
k . .

= Z(_l)lcli—i—lxn—i-k—&-l—i + Tnik+1 + (_1)k+1$n

- (_1)icli+1xn+k+1—i-

Vay cong thiic (1.1) dang v6i k + 1, theo nguyén 1y qui nap cong thiic
(1.1) dang v6i moi gia tri k € N.
Tinh chat 1.2. Sai phan moi cip cia ham s6 1a mot toan ti tuyén
tinh.
Ching minh. Ta phai chiing minh
k
Ak(axn + Byn) - Z(_l)ioli(axn—kk—ki + Byn—kk—i)

i= O
=« Z Ck;xn—&—k it 5 Z Ck;yn—i—k: i

:ozAkxn BAkyn.
Tinh chat 1.3. Sai phan cap k ctia da thic bac m la:
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1. Da thic bac m — k néu k < m.
2. Hang s0, néu k = m.
3. Bang 0 néu k > m.

Chitng minh. Do tinh chat 2, sai phan moi cap 1a toan ti tuyén tinh,
nén ta chi viéc chiing minh cho don thitc P,,(n) = n™ la du.

1. Ta co6

An™ = (n+1)" —n"

= +Cln+ ..+ O™ — "

=C0+Cin+ . +C I =P, (n).
Gia st tinh chat nay dung véi kK = s < m ta chitng minh n6 dang
viik=s+1<m.
Ta c6 A*TIn™ = A(A*n™) = AS(n + 1)™ — A*n™ = AP,,_4(n) =
Ph_s_1(n).
Vay ta c6 tinh chat trén ding véi k = s + 1 < m.
Thic 1a ta da ching minh duge (1) theo nguyén Iy quy nap.

2. Khi k£ = m,( theo chiing minh 1), ta c6
A" = Py, _(n) = Py(n) = C(const).
3. Khi k > m ta co
AFp™ = AF(ATR™) = AFTC = AFTTHAC) = 0.
Tinh chat 1.4.

N
S Az, = ARy, — Ak_lxno v6i k € ZT.

n=nyo

Ching minh. Ta cé

N N
> Az, =" A(AT,)

n=no n=no
k—1 k—1 k—1 k—1
=A $n0+1—A l’n0—|——|—A I’N_H—A TN

k—1 k-1
= AN — ATy,



Tinh chat 1.5. Cong thiic sai phan ting phan
A(zpyr) = TeAYk + Yp1 Az
Ching minh. Ta cé

A(xk-yk) = Tk+1Yk+1 — TkYk
= Th+1Yk+1 — TeYk+1 + ThYk+1 — Tk
= Ypt1(@rg1 — 2) + 25 (Yrg1 — U)

= T Ay + Yp1 Azy,.

n
Tinh chat 1.6. (Tong sai phan) Y Az, = 241 — 1.
k=1

Chting minh
Z Az, = Axy + Az + ... + Az, 1 + Az,
k=1

=Ty —T1+T3— T+ ... TTp — Tp—1+ Tpt1 — Tp

1.2 Ap dung

1.2.1 Ap dung tinh téng

Vi du 1.3. Tinh tong S, = >_ 3¥1sin 3t
k=1

Xuat phat tir he thitc sau va tinh chat ctia tong sai phan

3 1

sin” x = 1[3 sin x — sin 3z

1
ta nhan duoc S,, = 1[3” sin ﬁn — sin z].

3
. & x x
Vi du 1.4. Tinh tong S, = 32 2" tan® 2. tan 5.
k=1



