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BAI GIANG PHUONG PHAP SO

Gigi thiéu mdn hoc

Phuong phap s (Numerical methods) la mot khoa hoc nghién ctru cach giai gan ding cac phuong trinh va cach
tinh x4p Xi cac toéan tir dé dua ra 1oi glal gan dung cho cac bai toan cho trudc. Noi cach khac, phuong phap s6 xem xét
cach giai cac bai toan duya trén dir liéu s6 cho trude va dua ra két qua ciing bang sb.

Phuong phap s dd c6 nhiéu budc tién manh mé trong khoang nua thé ky tro lai ddy cung véi sy phat trién
manh m& cta Tin hoc. Ngay nay, pham vi tng dung ciia Phuong phép s6 ngay cang dugc ma rong, khong chi trong Vat
ly, Kinh té, Tai chinh... ma trong ca Thay loi, dic biét 12 phuc vu cho tinh toén cong trinh.

Muc dich ctia mén hoc Phuong phép sb trong chuong trinh dao tao cho Khoa Céng trinh — Truong Dai hoc
Thuay loi la cung cip cho sinh vién nhiing khai niém va kién thirc nén tang cua phuong phap sd, mot ¢éng cu rat quan
trong cho céng viéc tinh toan két cau cong trinh.

Noi dung mén hoc gém 5 chuong

Chuong 1: Sai s6 va xap xi

Chuwong 2: Tinh gin ding nghiém cia mt phwong trinh

Chuong 3: Tinh gan ding nghiém cia mt hé phwong trinh dai so6 tuyén tinh

Chuwong 4: Tinh gin ding dao ham va tich phan xac dinh

Chuong 5: Giai gin ding phuwong trinh vi phan thwong va phwong trinh dao ham riéng
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Churong 1(Buéi 1)

SAI SO VA XAP Xi
l. Mot sé khai niém mé dau
1.1. Sai s6 tuyét doi va sai so twong doi

NG6i chung, gié tri cua cac dai lwong dung trong tinh toan khong duoc biét mot cach chinh xac, chang han gia tri
cta cac dai luong nhan duoc bing phép do, dém... N6i cach khac, trong tinh toan ching ta phai lam viéc voi céc gié tri
gan ding.

Dinh nghia I.1.1. Ta goi a 14 56 gan diing ciia a* néu nhw a khong sai khac a* nhiéu. Ky hiéu a ~ a*.

Dinh nghia I.1.2. Hiéu s6 A = a* — a goi 12 sai s6 thuc s cia sé gan diing a. Néu 4 > 0 thi a duwroc goi 12 s6
gan diing thiéu, néu A < 0 thi a duwoc goi |1a s6 gan diing thira cia a*.

Thong thudng, vi a* khong thé biét, nén ciing khong 1 A, tuy nhién thuong 1a ¢ thé tim duoc s6 Aa > 0 thoa
man diéu kién

la* —al <Aa (1)
Dinh nghta I.1.3. Ta goi Aa théa man (1) 1 sai s6 tuyér doi cua sé gan diing a.
Tu (1) taco
a—Aa<a* <a+Aa (2)

Mot s6 gan dung a cua sé ding a* véi sai s6 tuyét ddi Aa dugc viét don gian la @t = a+ Aa (3)

Dinh nghia I.1.4. Cho s¢ gan diing a cua sé ding a* Véi sai sé tuyér doi Aa va gia sir a* # 0. Ta goi sai s6
twong doi cua sé gan ding a véi so diing a* 1a mét sé, ky hiéu 1a 8, diroc xdc dinh boi
Aa
Tl (4)

Tuy nhién vi s6 ding a* chua biét, cho nén dai lugng &, xac dinh béi (4) chi c6 ¥ nghia 1y thuyét, dé dam bao
tuong d6i chinh xac nguoi ta thuong tinh toan 8, theo cong thic sau (v6i diéu kién a # 0)

a ©)
al

a=

a=

Vidu 1.1.1. Cho a* = m,a = 3.14. D0 3.14 < a* < 3.15 = 3.14 + 0.01 nén ta c6 thé ldy Aa = 0.01. Mt khéc
3.14 < a* < 3.142 = 3.14 + 0.002 nén c6 thé coi Aa = 0.002. v.v...Tuc la c6 thé c6 nhiéu sai s6 cho phép lay sé gan
dung cua sé
Vi du 1.1.2. Xét hai doan thang AB c6 d6 dai a = 10m + 0.01m va CD c¢6 d6 dai b = 1m + 0.01m. Nhu vay
ta c6 Aa = Ab = 0.01m nhung
0.01 0.01

= — = -3 =—=1_2
b == =107 , §=——=10

Nhu vay phép do doan thang AB va CD cung c6 sai s6 tuyét d6i nhu nhau nhung sai s6 tuong ddi cua a nho
hon sai sb tuong d6i cia b, tir 6 phép do doan thang AB 1a chinh xac hon phép do doan thang CD.
Nhdn xét:
e Sai sb tuyét ddi va sai s6 twong d6i khong duy nhét.
e Do chinh xac cia mot phép do phan anh qua sai s6 turong doi.

1.2. Phép 1am tron so6 va sai s6 cia phép lam tron sé

Trong muc nay ta luén qui udc cac sé dugc viét dudi dang thap phan. Mot sé thap phan a # 0 ¢ dang tong
quat
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Trong d6 a;,s € N,p € Z,0 < a; < 9,a, > 0, véi mdi a; 1a mot chit so cua a, chi s6 i x4c dinh hang cua chit
s6 ay. Néu p — s = 0 thi a 12 s6 nguyén, néu p — s = —m (m > 0) thi s6 a c6 phan Ié gdm m chit s6, néu s = +oo thi
a 1 s6 thap phan vo han. Lam tron sé a dén hang thi j 12 bo di cac chit s6 ¢6 hang tha k, voi k < j — 1 dé duoc mot sb
a@ gon hon a va gan ding nhét véi a.

Qui tdc 1am tron sé

Xét s6 a ¢ dang (6) va ta giir lai dén hang tht j, phan bo di duoc goi 1a , luc d6

Vi

Sai sb cua phép lam tron sé a ky hiéu 1a T'a dugc xac dinh boi

R& rang T'a S%IOJ'. Déthiy |a* —a| < |a* —a| + |a — a| < Aa +Ta

Nhu vay khi lam tron s thi sai s6 tuyét ddi ting thém I'a.

Vidy 1.2.1. Xét a = 314.149. Hay thyc hién phép lam tron so lan lugt dén hang tha —2,—-1, 0, 1.

Lot gidi

Tacod a =3.10% + 1.10' + 4.10° + 1.107* 4+ 4.1072 + 9.1073. Lam tron s6 a lan luot, ta thu duoc két qua
sau

314.15 = 3.102 + 1.10* + 4.10° + 1.107! + 5.1072
314.2 = 3.10% + 1.10* + 4.10° + 2.1071
314 = 3.10% + 1.10* + 4.10°
o ) 310 = 3.10% + 1.101 ) )

Tuy nhién d€ y rang neu lam tron ngay so6 a den hang thir —1 thi ¢ ket qua la 314.1 khong tring véi ket qua

trén c6 dugc bang cach lam tron mot céch lan luot.

1.3. Chir s6 chic

Ta van xét s a viét dudi dang thap phan (6), khi d6 co
Dinh nghia 1.3.1: Chit so a; trong biéu dien dang (6) dwoc goi la chac néu

Vi dy 1.3.1: Cho a = 65.8274 véi Aa = 0.0043 thi cac chir s6 6,5,8,2 la cac chit s6 chac, con 7,4 1a cac chir
s6 khong chac.

Nhan xét rang néu a, chac thi tat ca cac chir s6 c6 nghia dang ¢ bén trai né ciing chic va néu ag khdng chéc thi
tat ca cac chir s6 c6 nghia ¢ bén phai no ciing khong chic.

1.4. Cach viét s6 gan ding

Céch tht nhdt: Viét kém theo sai sb tuyét d6i a + Aa. Vi du a* = 3.98 + 0.001 thi hiéu Ia sé gan dang cua a*
1a 3.98 véi sai s6 tuyét ddi 1a Aa = 0.001

Céch thi hai: Viét kém theo sai s6 tuong ddi a + 8,. Vi du a = 3.98 4+ 1% thi hiéu Ia sé gan ding cua a la
3.98 Vi sai s6 twong ddi 1a 8, = 1%
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Céch thi# ba: S6 gan ding khong duoc viét kém theo sai s6 tuyét dbi ciing nhu sai s6 twrong d6i, khi d6 can hiéu
la tat ca céc chir s6 cua sb gan dung déu 1a chir s6 chic. Vi du a = 2.718 thi chir s6 8 Ia chic va hién nhién tat ca cac
chir s dimg trude déu chic, do d6 Aa < 1073,
v’ Céch thtr 3 thuong dwoc dung trong cac bang sé thdng dung nhu bang logarit, bang gia tri cac ham
lwong gi4c, bang gia tri cac ham sé trong thdng ké toén hoc...
1. Sai s6

I1.1. Sai s6 ciia cac s6 liéu ban diu

Trong qua trinh giai cac bai toan thuc té ta thuong phai dung cac sb liéu 12 két qua caa cac phép do luong, thi
nghiém...Ma trong qua trinh do, cac yéu td nhu thé trang, tdm Iy caa nguoi phu trach thi nghiém do, ¢ém sé lidu, do
chinh xé4c c6 han cua thiét bi thi nghiém va thiét bi do, dém, tic dong cia méi trudng xung quanh nhu d6 4m, ap suit,
téc d6 gio. .. tat ca déu co thé anh huong dén két qua thi nghiem.

Dé don gian van dé va ciing dam bao do chinh xac, bang ly thuyét xac suét ta co két luan sau:

Dé xac dinh mot s liéu a*, nguoi ta 1am m 1an phép thir va thu duoc céc két qua tuong ung 1a a;, a,, ... a,,. Khi

do6 co thé lay

L& gia tri gan dung cua a* véi sai s tuyét doi la

11.2. Sai s6 tinh toan
11.2.1. Mé dau

Ta xét bai toan tong quat sau:
v/ Xét ham s6 u cua hai bién s6 x,y: u = f(x,y)
Gia sur x la xap xi cua gia tri dang x*, y la xap xi cua gia tri ding y* va ta coi u la xap xi caa gia tri dung u* =
feayy s
Cho biét sai s6 vé x va y, hdy 1ap cong thuec tinh sai so6 veé u.
Ta thay néu ham u kha vi lién tuc thi
Au=lu—u'|=|f(xy) = fO YN < IELx = x| +|fy]. 1y = 7
Véi fy, f, 1a dao ham theo x, y tai diém trung gian.

Vi u kha vi lién tuc va Ax, Ay kha nho nén ta cd thé Iéi
Do do -

v" Ngoai ta con cd két qua doi vai ham n bién u = f(xy, x5, ..., x,,) Vata co
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11.2.2. Sai so cua tong

Chou = x +ythiu, =u, =1 nén Au= Ax + Ay

Ta c6 qui tic

Sai so tuyét doi cuia mét tong bang tong cia cac sai so tuyér doi cia cac sé hang
Cha y: Xét truong hop u = x — y vdi x va y cuing dau. Lic d6

_Au Ax+Ay
Yo ul x—yl
Do d6 néu |x — y| rat bé thi sai s6 twong doi s& rat Ion. Do d6 trong tinh toan nguoi ta thuong tim cach tranh phai trir

cac s6 gan nhau.

11.2.3. Sai sé csa tich

Chou =x.ythiuy =y, uy = x nén Au = |y|.Ax + [x|. Ay
Vado dé
Au ly|.Ax + |x]|. Ay _Ax Ay

lul |x. y| Tl Iyl

u:

Tuc la By = 696 + &,
Vay ta co qui tac
Sai so twong doi cua mét tich bang tong cua cac sai so tuwong doi cua cac thura so trong tich

11.3. Sai s6 phwong phap

Khi giai gan dung mot bai toan phuc tap ta phai thay bai toan di cho bang mot bai toan don gian hon c6 thé giai
duoc thong qua viéc thuc hién cac phép tinh thong thuong hodc trén may tinh dién tir. Phuong phap thay bai toan phuc
tap boi bai toan don gian nhu thé goi 1a phuong phap gan dung. Sai sé do phuong phap gan ding tao ra goi 1a sai s6
phuong phép.

thn Xét: Khi giai bai todn don gian hon ta phai thuc hién cac phép tinh thong thuong, ta ludn ludn phai
qui tron cac két qua trung gian. Sai s6 tao ra bai tat ca cac lan qui tron nhu vay goi la sai s6 tinh toan. Nhu vay, khi
giai mot bai toan bang phuwong phap gan diing thi sai s6 cudi cling 1a tong hop ciia hai loai sai sé phuong phap va sai
so tinh toan.

Vi dul:
a. Tinh tong A=+_Lt r 1,1 1

b. Tinh tong

111
13 23 33
Véi sai sb tuyét di khong vuot qué 5.1073

Giai:
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a.

A 13 tong cua 6 phan tu. Ta c6 thé tinh tryc tiép A ma khdng phai thay n6 bang mot tong don gian hon. Vi
vay ¢ day khong co sai s6 phuong phéap. Dé tinh A ta hdy thuc hién cac phép chia dén ba chix s6 1é thap phan

va danh gia céc sai sO qui tron tuong tng

1 1
F—T—loooval_o

1 1

F_5—0125 void, =0

1 1 .. -4
] = 77 = 0.037 v&iA; = 1.10

! = - = 0.016 véiA, = 4.107*
eyl voiA, = 4.
1— ! =0.008v6iA: =0

53 125 oo VOl8s T

1 1 . -4
= = e = 0.005 véi Ay, = 4.10

Vay
A=~a=1.000-0.125+0.037 — 0.016 + 0.008 — 0.005 = 0.899
|A—a|l <A + -+ Ag =9.107
Nhu thé a = 0.899 1 gia tri gan dung cua A vai sai s6 tinh toan 9.107%,
Vé phai ciia B 1a mot chudi dan dau hoi ty, nhung 1a tong vo han, nén ta khdng thé thyc hién phép cong don
tat ca cac s6 hang cua chudi. Do d6 dé tinh B ta phai sir dung mot phuong phap gan dung, cu thé 1a thay B
boi tong cua n s6 hang dau
111 1
Bai toan tinh B,, don gian hon bai toan tinh B. Lic d6 |B — B,| 4 sai s6 phuong phép, va sé n duoc chon
sao cho sai s6 phuong phap ay cong vaéi sai s6 tinh toan van con nhé hon 5.1073. Ta co
1 1
CESIEENCTS B

|B = Bn| = | m+ 13

Véin = 6 ta thiy
|B — Bg| < L _1 5107
‘ °1 737 343
Chuyring B, = A = 0.899 4+ 9.10~%
Vay co thé lay B = 0.899 vai sai so tuyét doi
|[B—0.899| < |B—Bg|+]|4—-0.899] <3.1073+9.107* < 4.1073
Vay B = 0.899 + 4.1073
i du 2: Choténg S = ¥, —. Hay tinh tong S véi sai s6 khong vuot qua 1072 .
Vi dy 2: chotong S = X7, —. Hay tinh tong S kh t qua 102

Bai toan ngwoc ciia sai So

Gia sur rang can tinh y = £ (xy, ..., x,) V6i sai s6 A, < a. Hily xdc dinh cac A,,. Theo biéu thuc tong quat cua
sai s tinh toan, ta phai c6

Gia sir rang

b= o[ ax =

i=1

|af|Axl—const i=1l.n ()
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Khi d6 néu Ax; < —
E=
Thi bt dang thic Ay < a duoc thoéa man.
Diéu kién (*) thuong duoc goi 13 nguyén ly anh huéng déu.

Vi du: Mot hinh tru c6 chiéu cao h = 3m, ban kinh ddy R = 2m, hoi rang liy Ak, AR, T nhu thé nao thi thé tich
V caa hinh tru dugc chinh xac dén 0.1m?3
Gidgi: Tacd V = mR?h, nén
av av

Vo pen Y oirn Yl g
o T B TR

Tirdo néutaldy Am = =< 0.003 ,AR = —— < 0.001 ,Ah = >~ < 0.003

3.6.21
Thi y8u cau bai toan duoc thoa man. Lac d6 can c6 R, h véi 3 chit s6 chic.

L4y sé m vai 3 chir s chac thi V = 37.7m? chinh x4c dén 0.01m?>
Churong 2(Budi 2+3)
TINH GAN PUNG NGHIEM CUA MOT PHUONG TRINH
l. Mé& dau

Tim nghiém cua phuong trinh f(x) = 0 (1), trong d6 f(x) la mot ham sé dai s6 hoac siéu viét bat ky, 13 mot
bai toan thuong gap trong ky thuat ciing nhu trong 1y thuyét.

Phuong trinh trén, trir mot vai trudng hop dac biét, chang han nhu phuong trinh dai sé bac 1, 2, 3, 4 ¢6 cong
thire tinh nghiém cu thé, con ndi chung la khdng c6 mot cong thic tinh dang nghiém. Mat khac, cac hé sé cua f(x)
trong nhiéu truong hop 1a nhiing s6 gan ding, cho nén vén dé giai dang (1) ciing khong that su can thiét. Vi vay, viéc
tim nhung phuong phép gidi gan diing phuong trinh dai s6 va siéu viét ciing nhu viéc danh gia do chinh xé&c cua
nghiém gan dang c6 mot vai trd quan trong. ‘Trong chuong nay, chung ta xét bai toan tinh gan dung nghiém thyc cua
phuong trinh (1) véi gia thiét £(x) 1a ham s6 thuc xac dinh va lién tuc trén mot khoang hiru han hodc vo han nao do.
Viéc tinh gia tri gan dang ctia nghiém thyc cta (1) gém hai budc sau:

Buwéc 1: Tim khoang (a, b) da nho sao cho phuong trinh (1) c6 nghiém duy nhat x* € (a, b). Budc nay dugc
goi la tach nghiém.

Buéc 2: Chinh xé&c hoa nghiém dén murc do can thiét theo mot phuong phap giai gan dung. Bude nay duoc goi
la kién toan nghiém.

Co sé dé tach nghiém la nhitng khang dinh sau, kha quen thugc trong giai tich, ma phép ching minh 1a don gian

binh ly 1.1,

a. Gia sir f(x) 1a mgt ham sé lién tuc trén doan [a, b] va f(a). f(b) < 0. Khi dé ton tai it nhat mét nghiém

x* € (a, b) cua phwong trinh (1).
b. Néu f(x) lién tuc trén [a, b] va f(a). f(b) < 0, hon nira, ham sé f(x) c6 dao ham £'(x) lién tuc, khong
doi ddu trén doan [a, b] thi nghi¢m x* nai trén la duy nhat.

Budc tach nghiém thuong duoc tién hanh bang phuong phép chia d6i hodc phuong phap hinh hoc.

Trudng hop f(x) 1a da thirc dai 6, deg f (x) = n, khi &6 phuong trinh (1) c6 khong qua n nghiém, vi vay néu
nhu ¢6 dugc n + 1 diém doi ddu thi budce tach nghiém la xong.
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‘ Sau khi da tach dugc nghiém, thi cong viéc tiep theo la kién toan nghiém. Bé thuc hién budc nay, chidng ta co
thé dung mot trong cac phuong phap dugc mo ta & cdc muc sau.

1. Mot s6 phwong phap gidi gan ding nghiém ciia phwong trinh f(x) = 0
II.1. Phwong phap chia doi
11.1.1. Ngi dung phwong phap

a+b

Gia sir phuong trinh £ (x) = 0 c6 nghiém duy nhét x* trén doan [a, b] va f(a). f(b) < 0. Bay gio lay ¢ = —
vatinh f(c), néu f(c) = 0 thi cé ngay x* = ¢ la nghiém dung cia phuong trinh (1). ’

Neéu f(c) # 0, thi ta goi [a4, b;] 12 Mot trong hai doan [a, c], [c, b] ma ¢ d6 f(a,). f(by) < 0. Lailay ¢; =
alTH’lva tinh £(cy), néu f(c;) = 0 thi qua trinh két thic, x* = ¢;, néu khdng ta lai tiép tuc qua trinh ndy, va nhu vay ta
c6 day doan [a,, b,],n € N*.

11.1.2. Sw héi tu ciia phwong phap

Néu ta thuc hién lién tiép thao tac chia d6i doan [a, b] nhu trén, thi hoic Ia tai budc thi n, ta cd f(g:n) =0, luc
do x* = ¢, (truong hop nay it xay ra), hoac la ta nhan dugc day vo han cac doan nho A,, = [a,, b,,] dong 1ong nhau,
thit lai véi b, — a, = Zin(b —a),Vn € N*(2)

Theo cach dung ta cé f(a,). f(b,) <0 (3)

Ai_r)gloan =11i_r)£10bn =x"

Hon nita khi n — oo thi tir (3) ¢d [f(x*)]* < 0, vay x* la nghiém ctia phuong trinh (1).
11.1.3. Sai sé

NOi chung, khi dung lai & budc n thi ta co

1
bn an 2_" (b - a)
Vay ta c6 thé lay nghiém gan dung 1a
a, + by
c=—
Sai s6 mac phai khi d6 1a
=0 |
Nhgn xét: Phuong phép chia d6i co uu diém 1a don gian, dé lap trinh trén may tinh tuy nhién toc do hoi tu
cham.
Vi du 1: Tinh nghiém gan ding ciia phuong trinh sau nhd phuong phap chia déi trén [1,2]: x> —x—1=0
Gidi:
Goi f(x) = x3 — x — 1, &p dung lién tiép phuong phap chia doi ta c6 két qua ¢ bang sau:
n an bn _ An + le f(cn) bn —an
Cn = —
0 1 2 1.5 0.875 1
1 1 1.5 1.25 -0.29688 0.5
2 1.25 15 1.375 0.22461 0.25
3 1.25 1.375 1.3125 -0.05151 0.125
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4 1.3125 1.375 1.34375 0.08261 0.0625
5 1.3125 1.34375 1.32813 0.01458 0.03125
6 1.3125 1.32813 1.32032 0.01562

Dung lai ¢ bude thir 6, lay nghiém gan dung 1a x = x4 = 1.32032, sai 56 0.008

Vi du 2: Giai gan ding cac nghiém cua phuong trinh sau trén R bang phuong phép chia doi: x° +x —10 =0
tinh dén 1an lap tha 4 va danh gia sai s6 mac phai.

I1.2. Phuwong phap lap don

11.2.1. Ngi dung phwong phdap
Dé giai phuong trinh (1), ta dwa n6 vé dang ¥ = @(x)  (4)
Véi mot xap xi ban dau x, € [a, b] cho trudc, ta xay dung day {x,,} nho hé thic Kees = @), k=0 (5)

Néu day {x,,} hoi tu &én nghiém x* cua (5) thi ta ndi rang di giai gan dung phuong trinh (1) nho phuong phap
lap don.

11.2.2. Sw héi tu ciia phwong phdp
Dinh nghia I1.2.2.1. Néu day {x,,} héi tu dén x* khi n — oo thi ta néi phirong phdp 1ap (5) héi tu

Khi phuong phap 1ap hoi tu thi x;, cang gan x* néu n cang Ién. Cho nén ta cd thé xem x,, voi n xac dinh la gia
tri gan ding cua x*. Néu phuong phap 1ap khong hoi tu thi x,, c6 thé rat xa x*. Vi vy chi c6 phuong phap 1ap hoi tu
méi 6 gia tri. D& kiém tra xem mot phuong phap 1ap ¢6 hoi tu hay khong ta co dinh Iy sau:

Dinh Iy 11.2.2.1. Gia str ¢ € C'[a, b] sao cho

a. Vx€lab] lo'(x)|<g<1
b. vVx € [a,b] ¢(x) € [a,b]
Khi d6 phuong phap 1ap (5) hoi tu.
Charng minh
Trudc hét vi x* 12 nghiém caa (4) nén cé x* = @(x*)
Do do x* —Xn = (p(x )—(P(Xn 1)
Ap dung cdng thirc Lagrange vao vé pha1 dang thuc trén ta c6
X" —xp =@ (c)(x" — xp_1)

Theo gia thiét a) ta co |¢'(c)| < g < 1. Do 6

Ix* —xn| = @' ()] X" = 21| < qlx" — xp-1]
Bat dang thirc trén dung cho moi n. Ap dung bat dang thuc lién tiép n 1an ta c6
‘ X = x| < q"1x" = %o

Tur day ta co dieu phai chitng minh.
Chay 1:
Néu ham ¢ (x) da thoa man gia thiét a) thi sy thoa man gia thiét b) phu thudc viéc chon xo.

v" Néu ¢'(x) > 0 thi tacé thé chon x, € [a,b] tuy y.

v' Néu ¢'(x) < 0 thi phai chon x, theo qui tac

Xo =akhia <x” <a—+b

9
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xo = bkhi =2 < x* < b

Mudn biét x* thuoc khoang nao thi ta chi viéc tinh f(asz) roi so sanh du cua no véi dau cua f (a) hoic f(b)
Két qua nay cd thé suy ra tir cdng thic x* — x,, = @(x*) — @ (x,_1)
I1.2.3. Panh gid sai s6
Gia sir ta coi x,, 12 gia tri gan dung cua x*. Khi d6 sir dung nhan xét |x* — x,| < b — a ta c6 danh gi4 sai sb
|x* —xp| < q"(b—a)

Tuy vay cdng thire nay thuong cho sai s6 qua 16n so véi thuc té. Sau day ta s& chung minh mot cdng thirc danh
gié sai soO sat hon.

Taco

x" = xp| < qlx” —xp-1] < q(Ix" — x| + |2 — x5-4])

Hay

(1 - q)|X* - xnl < Q|xn — Xn-1

Vi0o<g<1nénl-—gq>0.Doddtacodcong thirc danh gia sai sb

|x* — x,| < T—g % — Xn-1

Vi du 1: Cho phuong trinh x3 + x — 1000 = 0
! phuong

a) Tinh gan dung tit ca cac nghiém ciia phuong trinh trén sao cho sai sé khong vuot qua 10~°
b) Tinh gan dtng tat ca cdc nghiém cta phuong trinh trén dén lan Iap tha 4 va danh gia sai s6 mac phai.
c) Tinh gan dung tat ca cac nghiém sao cho nghiém gan dang co6 7 chir s6 chac phan thap phan.

Gial:
*) Xét f(x) = x3 4+ x — 1000 lién tuc trén R. Khi d6 f'(x) = 3x%+1 >0 véi moi x € R cho nén néu

phuong trinh trén c6 nghiém thi s& co nghiém duy nhat trén R.

‘Dé thdy £(9).f(10) < 0 nén phuong trinh c6 nghiém duy nhat x* € (9, 10). C6 it nhat 1a ba cach dua phuong
trinh vé dang (4)

Cach1: x = ¢,(x) = 1000 — x3

1000 1

x2 x
Céach 3:x = @5 (x) = /1000 — x

Ta lan luot xét timg trudng hop

Cach2: x = ¢p,(x) =

! — _ 2 ! —
p1(x) = —3x ,[rg}%ﬁlwl(ﬂl 300 » 1

10
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@, (x) = —2000x 3+ x72  |@5,(10)| = 2,01 = [rg%ﬁl(p’z(x)l >201>1

1 _z n ! !
93(x) = —3 (1000 —2)73 , 93 (x) < O suyra maxlez ()| = 93 (10)] = =gq<1

1

3(990)%/3

RG rang phép lap (5) cho truong hop ¢4, @, 1a phén ky con cho ¢4 hoi tu kha nhanh do g kha nho.
*) LAy x, = 10 vi @5(x) < 0 moi x € [9;10] va £(9.5)f(10) < 0.
*) Cong thitc 1ap (*) { *o = 10 Vn >0

Xn+1 = \/m
a) Saisd|x, —x*| < 1f—q |, — x,_1|. Theo yéu cau ta phai tim x,, sao cho
I, — 4| < 1;—"10-9 =2.97 x 1077

Tinh toan trén may tinh ta dugc bang

n Xn |xn — xn—ll
0 10

1 9.966554 0.033556
2 9.966667 1.13x 107*
3 9.9666668 2x1077

Vaytaco x* = x3 = 9.9666668 , )
b) Ta s€ lap bang tinh toan dung céng thac lap (*) va cho ra bang két qua dang nhu ¢ cau a) va tinh dén n = 4
duoc x, = 9.966666791 va c6 sai SO mac phai

1
x4 — %3] <=—=%x9.5x107° =3.2x 107!

— ¥ <
% =X = T =299

Vi du 2. Cho phuong trinh x° + x — 10 = 0

a) Tim nghiém gén dung cua nghiém nho nhét ciia phuong trinh trén theo phuong phap lip dén lan lap tha 4 va
danh gia sai s0 mac phai. ) ’

b) Tim nghiém gan dung cta nghiém nho nhat cua phuong trinh trén theo phwong phap 1ap sao cho sai s6 khdng
vurot qua 1075,

I1.3. Phwong phap day cung

Tu tudng cua phuong phap day cung la thay cung d6 thi AB cua ham y = f(x) bai day cung AB rdi lay hoanh
do x; cua giao diém P cua day cung vai truc hoanh lam gié tri gan dang cta nghiém x*. Ta minh hoa phuong phap nay
bai hinh sau:

11
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7

Phuong trinh diy cung AB la

y—f(@ _x-a

, f®-f@ b-a

Tai giao diém P taco y = 0,x = x4 nén co
—f@ _x-a
f)=f(@) b-a

Tur d6 suy ra

Sau khi tinh duoc x; ta c6 thé xét khoang chaa nghiém méi [a, x;] hodc [x;, b] rdi tiép tuc &p dung phuong
phap day cung. Cir thé tiép tuc ta s& duoc C4c gia tri x,, X3, ... NGAY cang gan x*

Tong quat:
Gia st rang ham s6 y = f(x) lién tuc trén doan [a, b] va f(a). f(b) < 0. Gia st rang f (x) c6 dao ham dén cap
2 liéntuc vataco f"(x) > 0trén [a,b] (néunhu f”(x) < 0 thi ta chuyén (1) vé dang - f(x) = 0). Khi d6 d6 thi
y = f(x) ndm phia duéi day cung AB véi A(a, f(a)), B(b, f(b)).
e Truong hop 1.Néu nhu f(a) > 0, ta xay dung day {x,,} theo hé thic

Khi d6 diy {x,,} don diéu giam, bj chan dudi va hoi tu dén x*.

e Truwong hop 2.Néu nhu f(a) < 0, ta xay dung day {x,,} theo hé thuc

Khi d6 day {x,} don diéu ting, bi chan trén va hoi tu dén x*.

12
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raco

Gia sir rang ham s6 y = f(x) lién tuc trén doan [a, b] va ddy {x,,}  [a, b], f’ (x) giit nguyén mot dau va ngoai

0<m<|f(x)|<M<+oo
Khi d6 c6 thé chirng minh wdéc lwong sai sé sau:

|, — x| < | % — Xp—1]

Vidul :

Tim nghiém duong ctia phuong trinh sau day nhd phuong phép day cung voi do chinh xac dén 0.0002
x3-02x2-02x—-12=0

Gidi:

*)Dat f(x) = x3 — 0.2x% — 0.2x — 1.2.

*) DUNng phuong phap tach nghiém bang cach khao sat ham f va dya vao bang bién thién dé khang dinh nghiém

dwong duy nht trén G ; +oo) (Hay tu khao sat va yéu cau viét rd ra tai sao?)

Macé f(1) = —-0.6 <0, f(1.5) = 1.425 > 0néncd x* € (1;1.5),
*) Kiém tra phuong phap: C6 f'(x) = 3x% — 0.4x — 0.2, f"(x) = 6x — 0.4 > 0 trén [1, 1.5].
Vi f(1) < 0 nén ta ap dung (7) ta c6 cong thirc lap:
X =1 Xo =1
f(xn) & x3 —0.2x2 —0.2x, — 1.2

—x, — 15— = x, — 1.5 —
it = Xn T Ty~ pey (W T ) (Fn S e s o, (0 T )

*) Sai s6 dé han ché budc lap: Ta co sai sb

|xn — xn—ll

DEcOM = |f'(1.5)] = 5.95;m = |f'(1)| = 2.4 Nhu vy dé c6 duoc nghiém ¢ mic chinh xac 0.002 khi ding

|xn - X*l <

& budc thir n 520 cho |x, — xp_;| < —7—0.002 = 0.0071.

*) Duing cong thic 1ap va thao tac trén may tinh cam tay ta ¢ két qua boi bang sau

n Xn Ixn — xn—ll
0 1

1 1.148148 0.148148
2 1.187557 0.039409
3 1.197073 9.10°3

4 1.199315 22x1073

Ta thay ¢ budc th 4 thi nghiém da thoa man sai so, nén x* ~ x, = 1.199315.

Vi du 2: Cho phuong trinh: x3 — cosx + x = 0

a) Hay tim nghiém gan dung cua phuong trinh trén bang phuong phap day cung dén lan lap thir 4 va danh gia sai

S0 mac phai.

b) Hay tim nghiém gan dung cta phuong trinh trén bang phuong phap day cung sao cho sai s6 khong vuot qué

1072,

13
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IL.4. Phwong phiap Newton (phwong phap ti€p tuyen)
Tu tuong cua phuong phap Newton la thay cung d thi AB caa ham y=fx) boi tiép tuyen tai A hoac B roi

ldy hoanh d6 x; cua giao diém P cua tiép tuyén vai truc hoanh 1am gié tri gan ding ciia nghiém x*. Ta minh hoa
phuong phap nay bai hinh sau:

Cho x, = b, phuong trinh tiép tuyén tai B 1a
y — f(xo) = f'(x0) (x — x0)

TaiPtacox =x;,y =0tacd

—f(xo) = f'(x0) (%1 — Xp)

Turdo

Sau khi tinh duoc x; ta c6 thé xét khoang chaa nghiém mdi [a, x4] hodc [x;, b] roi tiép tuc &p dung phuong
phép tiép tuyén. Cir thé tiép tuc ta s& dugc CAc gia tri x,, x3, ... Ngay cang gan x*

Téng quaét:

Véi ham f(x) thoaman f'(x) # 0, " (x) # 0 va khong d6i dau trén [a, b]. Khi d6 ta thiét lap day lap

Khi d6 c6 thé ching minh day lap hoi tu dén nghiém ding va ta c6 wéc luong sai s6 sau:

Voio<m<|f'(x)|, a<x<bh
Nhén xeét:
Nhin c6ng thirc (8) ta thay phuwong phap Newton thudc loai phuong phap 1ap don véi ham lap
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Vidu 1:

Tim nghiém duong nhé nhat cua phwong trinh sau bang phuong phap Newton (Phwong phap tiép tuyén) dén muc sai s6
1077

3x—e" =0.

Giai: Xét f(x)=3x—e"

f'(x)=8-e"=[f"(x)=0<x=1n3.
Ta c6 bang bién thién

X | -0 In3 o0
£(x) + 0 +
f(x) 3(In3-1)>0
—® —0

Vay phuong trinh c6 nghiém duong nhé nhat duy nhét trén khoang (—oo;1n 3).

f(0)=-1<0
f(1)=3-e>0

Tacd } => phuong trinh c6 nghiém dwong nhé nhat duy nhat trén (0,1).

f'(x)=3—-e">0,vx e[0,1]

Co vay cac diéu kién caa phuong phap Newton thoa man.
f"(x)=—€" <0,Vx €[0,1]
* X . . . * _
Co ‘xn —x ‘SM£10‘7 véi m = min|f"'(x)| = min 3—ex‘ =3-e. :>‘xn —x ‘S3.10 8
m [0,1] [0,1]
x,=0 x,=0
Co6 f(0O)f"(0)=1>0,tachon flx,) < 3y _e™
n+1:xn—'— xn+1:xn_n—
f'(x,) 3—e"

Ta c0 bang
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n Xn |f(x,)

0 0 -1

1 0.5 0.1487217
2 0.6100596 0.010362
3 0.6189968 7.107°

4 0.6190612 <10°

Vay x ~x, ~0.6190612 .

Vidu 2:

Xét phuong trinh x* — 3x% + 75x — 10000 = 0. Hay tinh gin diing nghiém ctia phuong trinh di cho trén
(—11; —10) dén budc lap thir 3 va danh gia sai s6 mac phai.

Gidi:

*) Pat f(x) = x* — 3x% + 75x — 10000. Khi d6 f lién tuc trén [—11; —10] va f(—10) = —1050 < 0,
f(=11) = 3453 > 0 nén f(x) = 0 co nghiém x* € (—11, —10)

*) Kiém tra diéu kién ctia phuong phap: f'(x) = 4x3 —6x+ 75 <0, f"(x) = 12x% — 6 > 0 trén
[-11,—10].

Véi x, = —11, ap dung (8) ta ¢ cong thuc lp khi d6 (viét rd biéu thac lp) roi tinh toan trén may tinh ta co

bang
n Xn |f Ce)l
0 -11 3453
1 -10.3 134.3
2 -10.27 37.8
3 -10.261 0.149
*) Nghiém gan dtng 1an l3p tha 312 x* = x; = —10.261. Hon nira d& c6 r[r_li__nl%r]l|f'(x)| =|f'(-10)| =
3865. Nhu vay sai s6 mac phai 1a |x* — x3| < lf(mﬂ < 41075

Vi du 3 : Giai gan dung nghiém duong nhé nhét ciia phuong trinh sau theo phuong phap Newton vai nhitng yéu ciu
nhu Vi du 2.

x34+4x*2—-15=0

Cha y: Xem hudng dan an may tinh giai nhanh cac phuong phéap giai gan diing phuong trinh theo cong thic 13p & cudi
bai giang.
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Chuong 3(Buoi 4)
TINH GAN PUNG NGHIEM CUA MOQT HE PHUONG TRINH
PAI SO TUYEN TINH

. Moa dau
Nhiéu van dé cua khoa hoc, ki thuat, kinh té, méi trudng... qui vé viéc giai hé phuong trinh dai sb tuyén tinh
A11X1 + Qx5 + -+ apx, = by
Ap1X1 + AppXy + -+ + AypXy, = by 1)
An1 X1 + ApaXy + -+ AppXy, = by

Pat 4 = (aif)nxn la ma tran hé s, b € R™ 1a ma tran cot cac hé sb tu do cho trudc, x € R™ 1a vecto phai tim,

thi hé (1) duoc viét & dang
Ax=b (2)

Vé phuong dién Iy thuyét, hé (2) c6 thé giai duoc tron ven nho ly thuyet ma tran va dinh thuec. Tuy nhién, vai
truong hop ma tran khong suy bién, néu giai bang phuong phap Cramer thi sd phép tinh la rat Ion, c& n!n? phép tinh
nhan chia. Nham khic phuc han ché dé, trong chuong nay chung ta xét mot sé phwong phap giai thuc té hé phuong
trinh (2) véi diac diém chung la khdi lwong tinh toan giam nhe.

Trong sb cac phuong phap d6 chung ta chia lam hai nhém phuong phap 16n 1a nhém phuong phap truc tiép va
nhom phuong phap gian tiép.

Pic diém chung cua nhoém phuong phap tryc tiép 1a sau mot s6 hiru han phép tinh s& c6 két qua, vi vay nhom
phuong phap nay thuong dugc ap dung véi mot sb bai toan co kich thudc nho, va cac s6 liéu ban dau la dung. Tuy
nhién do phai thuc hién mét s6 phép tinh twong d6i 16n nén co nguy co tich luy sai s6, nhat 1a dbi véi truong hop cac s6
liéu ban dau khong that chinh xéc. Con véi nhom phuang phap gidn tiép (phuong phép lip) thuong duoc &p dung cho
I6p cac bai toan cé kich thudc 1N, s liéu ban dau la ¢ sai So

Ngoai noi dung chinh I giai hé phuong trinh dai 6 tuyén tinh, trong chuong nay ciing nghién ctu cach tinh
gan dung cua ma tran nghich dao.

II. Phwong phap khir Gauss
Tu tuéng cua phuong phap khir Gauss 13 dua hé phuong trinh (2) vé dang tam gidc trén, lic d6 nghiém duoc
tim nho phuong phap thé nguoc. Qua trinh dwa hé (2) vé mot hé twong dwong dang tam giac dugc goi 1a qua trinh khu,
duoc thuc hién boi luoc d6 sau day:
Ta chia phuong trinh thir nhat cho a,; (néu a;; = 0 thi ta c6 thé doi chd cac phuong trinh trong hé dé sao cho
a;; # 0). Sau d6 1an lugt nhan phuong trinh d6 v6i - ay;, —asq, ... ,—a,; Va theo thir ty, cong vao phuong trinh thir
hai, thir ba, ... thir n. Bang cach d6 ta khir duoc x; ra khoi cic phuong trinh ctia hé tir phwong trinh thi hai tro di. Bude
tiép theo 1a ta khir x, ra khoi cac phuong trinh tir thi ba trg di... Sau mot s6 hitu han budc, ta dua duoc hé (2) vé dang
tam giac sau day:
C11X1 + C1pXp + -+ CipXy = dy
CopXy + o+ Conxy = d,

CnnXn = dn
Khi d6 nghiém x* = (x], ...x;,) € R™ tim duoc nho phép thé nguoc.
Vi du: Giai hé phuong trinh:
8xy — 3x, + 2x3 =20
4x; +11x, —x3 = 33
6xy + 3x, + 12x3; = 36
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Giai:
Bién doi ma tran hé so ta duoc

A=

I

(—4)xhq + hy
-

21
4

Nhu vay hé da cho twong duong vai hé

Vay hé co nghiém x* = (3,2,1)

-3
11
3

3
8

25
2
3

4

25
21

2

.

3
2. 201, .¢|1 ~3
-1 33|— 4 11
12 36 6 3_
1 5 1
4 2 | (cayxn, + ns
_ 0
-2 23
12 36J 0
5_ _
- 1
2

46 (—%)xh2+ h3

= 50

25

21 0
3 1 5
x1_§XZ+ZX3 =§
4 46

X2 7 55% T 35

567 567

50 2 T 50

[11. Cac phwong phap lap don

111.1.1. Kién thiec chuan bi

Phuong phap khir Gauss di xét o trén, mac di ¢d s6 phép tinh it hon quy tac Cramer rat nhiéu, ciing khong hiéu
qua trong trudng hop hé ¢& 16n hodc ma tran hé sb c6 nhiéu s6 0. Do d6 trong muc nay, chdng ta tién hanh nghién ctu
nhom phuong phép hiéu qua hon dé giai gan dung nghiém cua hé phuong trinh dai s6 tuyén tinh vai do chinh xac tly y.
Tat ca cac phuong phéap giai gan dung hé DSTT sé& trinh bay déu c6 chung mét dic diém 1a xay dung day l3p vecto hoi

tu t6i nghiém dang.

Truéc hét ching ta c6 cac khai niém sau:

111.1.1.1. Gigi han cia day vecto

Cho n day s6 {x10}, {x2®3, ..., {x®} véi k eN va xi® 1a s6 hang tha k cua ddy sé thi i.

V&i mai k, dat v = (Xl(k), x2® Xn(k)) e R", ta c6 day vecto

vih v @)

18

1 5
4 2
-1 33
12 36
3 1
8 4
25 )
2
21 21
2
3 1
8 4
4
25
0 567
50

23

21

46

25
567

50 -

N[ Ut

2012-2013
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Khi k —o0, néu mdi thanh phan thi i ciia v ¢6 gigi han 1a ai, thi v = (a1, o, ..., an) dugc goi 1a gidgi han cua
day {v?}, va ta cling noi {v¥} hgi tu toi v.
s s 0. k). (1
Vi du: Xét ba ddy {;} ; {2k+1} ; {k2

X < ol k1 A g A i [l
Véi moi k, dat v, = (k,—2k+1,k2} thi ta dugc mot day vecto hoi tu dén v = (O, 2,0).

111.1.1.1. Chudn ciia vec to va chudn ciia ma trgn

Dinh nghia: Voi v = (X1, X2, ... , Xn)€R", goi max{|X|s, ... , [xn[} 12 chuan v han cua vecto v, va ky hiéu
7 , Vil = max{idy, ..., pal3:
Chuan vb han théa man ba tich chat sau:
(i) [IV]l = 0 véi dau "=" xay ra khi va chi khi v = 0.
(i) lev]| = |c|||v]| dbi véi vo hudng ¢ bat ky.
(i) v+ w|| < ||| + |w|| (bt dang thizc Tam giac)
Nho khai niém chuan vé han, ta c6 dinh ly vé tiéu chuan hoi tu
DPinh ly: {v®} hai tu téi v néu va chi néu |V - v||..—0 khi k —oo.

Trong viéc xéc lap sy hoi tu cia mot day vecto téi nghiém dung va danh gia sai s6 caa nghiém xap xi so véi

nghiém dung ta ciing can dén khai niém chuan cua ma tran.
Dinh nghia: Chuan vo han ctia ma tran thyc B = (bjj)nxn, Ky hiéu ||B|«, & so thuc
n n n

[1BI],, = max() byl > bl ) [busl}
j=1 j=1 j=1

0 0.03 —0.02
B =

Vi du:

0.02 0 0.04
—0.04 0.01 0

¢ ||Bl|» = max{0.05; 0.06; 0.05} = 0.06.
111.1.2. Phwong phap lap don
111.1.2.1. Ngi dung phwong phap
Cho hé Ax = b ¢& nxn. C6 nhiéu cach dé dwa hé nay vé dang X = BX + g tuong duong.
Vidy, tach A=S - T, trong d6 S kha nghich, thi
Ax=b & Sx=Tx +bh.
PatB=S5T,g=S",tacohé x=Bx +g.
Xay dung diy vecto {v¥}, nhu sau:
Cho truéc V@ rdi tinh v theo cong thire
viéD =By® +g (k=0,1,...). (1)

(1) la cong thiic tinh lap, k> 1 1a s6 lan lap.
Phuong phap tinh {v9} thé nay 1a phwong phdp lip don.
Néu {v¥} hoi tu thi ta n6i phwong phdp lip don héi tu.
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Gia str {v¥} — v. Lay gi6i han & hai vé cia v =Bv® + g
ta co
v=Bv+g,

= v la nghiém cua x = Bx + g, trc cling 1a nghiém cua Ax = b.
V6i £ > 0 cho trudc, néu k da 16n ta ludn c6
IV® - vl < &.
Khi d6 ta n6i v 12 nghigm xdp xi ciia nghiém diing véi dg chinh x4c e.
Trong thuc hanh, ta bét budc phai dirng tinh toan ¢ buéc thi k nao d6 va xem v 1a nghiém gan ding.

Vi du 1: Xét hé phuong trinh

10x1 + ZXZ + X3 - 10 x1 == —02x2 - 01X3 + 1

{xl +10x, + 2x3 = 12 & {xz =—0.1x; — 0.2x3 + 1.2

xl + xz + 1OX3 = 8 x3 = —0.1x1 - 0.1x2 + 08
H¢ trén tuong duong x = Bx + g Voi

C6 thé thay nghiém dung cua hé nay 1a x* = (—,

955’955’ 955

111.1.2.2. Sw @i tu ciia phwong phdp va sai sé ciia nghigm xdp xi

Phuong phap lap don ap dung cho x = Bx + g vai B = (bij)nxn

DPinh ly: Néu ||Bl«<1, thi véi moi v eR" cho trude day {vl} xac dinh boi

v D) =

BvW+g (k=0,1,..).

déu hoi tu téi nghiém duy nhat v cia x = Bx + g. Hon nita, c6 danh gia sai sb
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0 -0.2 -0.1
B=|-01 o —02] [ ]
1 —0.1
Véi v = (x kD okt D) xglkrl)y Vi = (xa®, x,®, xs®), xay dung cong thuc tinh 1ip vk = Bv® + g, tic
X1 6D = 20.2%,0 - 0.1xs®) + 1
X2 = -0.1x:® - 0.2xsM + 1.2
X3 =-0.1x% - 0.1%® + 0.8
Vi xap xi ban dau x(© = (0,0, 0) ta thu dwoc két qua, thé hién & bang sau:
k Xq X, X3
1 1 1.2 0.8
2 0.68 0.94 0.58
3 0.754 1.016 0.638
4 0.733 0.997 0.623
5 0.7383 1.0021 0.6273
6 0.73688 1.00077 0.62596
7 0.737250 1.00112 0.626235
707 956 598

2= do d6 nghiém x7 twong ddi chinh xac.
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Nhdn xét:
1) V6i diéu kién cua dinh ly, va véi v va & > 0 chon trudc, sb 1an 1ap k ¢é nghiém xap xi dat do chinh
xac & (tac 1a ||v¥ - v||» < €), xac dinh tir bat phuong trinh
k
B
&“vm —v(°>|| <e
1-|1BI| o

2) Sai s6 trong qua trinh tinh toan khéng anh hudng dén két qua cudi cung (Phwong phap lip don ¢ kha ning
tu stra sai).
Vidu 2: Quay lai Vidu 1. ||B|l» = 0.3 < 1, nén phuong phap lap don hoi tu.
Danh gia sai s6 cua v so véi nghiém dung v :
v -vO =(1,1.2,0.8)

™ _ 71 Lo ,o
||v U||WS||B||001_||B||OO||U v ||oo
0.37 .
:1—0.3X1'2:3'7X10_

1I1.1.2.3. Phwong phap Jacobi

Néu trong hé Ax = b matran A cO tit ca cac phan tur trén duong chéo khéc 0,taich A = S - T, V6i

agq [ 0 —aq3 _aln]
S = az2 T = | - a:21 0 _C:lzn |
Ann —an1 —Aan2 0

thiAx = b <Sx = Tx + b.
bitg = S™'h,vaB = S7'T = x = Bx + g.
Phuong phap lap don tién hanh theo cong thic vk*D) = By + g

dugc goi la phwong phdap Jacobi.
Phuong phap Jacobi s& hoi tu, néu A = (aij)nxn 1a ma trgn dwong chéo trgi, tac laVi=1, .., n,
aii| > |ai1] + |ai2] + -+ [@ii-1]* [@ii+a|+-+|ain]
111.1.3. Phwong phap Gauss-Seidel

111.1.3.1. Ngi dung phwong phap
Quay lai Vi du 1 trong phuong phap 1ap don

V(k"'l) = (Xl(k+1), X2(k+1), X3(k+1)) tinh qua V(k) = (Xl(k), Xz(k), X3(k)) nho

x1 6D = 20.2%® - 0.1x3® + 1
XD = -0.1x:® — 0.2x3® + 1.2
x3®*D = -0.1x:® — 0.1x.® + 0.8
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Cai tién: Khi tinh x.**Y sir dung ngay x:**V vira tinh duoc

X0 = 0.1x, %) — 0.2x30 + 1.2
Khi tinh x3®*Y sir dung ngay x1¢*9, x,®*Y vira tinh duoc.

x3®&D = -0.1x: D - 0.1x.%D + 0.8
Cu thé:

tinh v&*D = (x & xoK D x3k+ Dy qua v = (x,0, 20, x3®) theo cac cong thic

X1 = 20.2%,0 — 0.1x3M + 1

xo® = 0. 1x,** D - 0.2x3M + 1.2

x3®*D) = .0.1x,. &Y - 0.1x%*D + 0.8
Vi v@ = (0, 0, 0), ta tinh duoc v = (x1®, xo2®, xsW) véi

x1®=-0.2(0)-0.1(0)+1=1
xW=-0.1(1)- 0.2(0)+1.2=1.1
xs®™ =-0.1(1) - 0.1(1.1) + 0.8 =0.59
= v =(1, 1.1, 0.59)
Céch 1am nay dwoc goi 12 phwong phdp Gauss-Seidel (mot bién dang cua phuong phép lip don). Tu tudng
chinh cua phuong phap Seidel 1a cac thanh phan vira tinh dugc ciia v&¢*Y duge sir dung ngay dé tinh thanh phan tiép
theo cua no.

Uu diém ciia phwong phap Gauss-Seidel:
* Tiét kiém duwoc bé nhé trong may tinh
* Noi chung phuwong phap Gauss Seidel hgi tu nhanh hon phwong phap lap don.
111.1.3.2. S @i tu ciia phwong phdp Seidel va dinh gid sai so ciia nghiém xdp xi
Phuong phap Seidel 4p dung cho phuong trinh X = Bx + g v&i B = (bij)nxn

Binh Iy: Néu [|B||. <1, thi véi moi v eR" phuong phap Gauss Seidel déu hi tu toi nghiém duy nhat v cua x =

Bx + g. Hon nita c6 danh gia sai s
Troni do
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Chuong 4(Bugi 5-6)
TINH GAN PUNG PAO HAM VA TiCH PHAN XAC PINH

Trong qua trinh tinh toan trong toan hoc ciing nhu trong khoa hoc k§ thuat, ta thuong gap bai toan thuc té phai
tinh dao ham ciing nhu tich phan ctia mot ham sé cho dudi dang bang, hoac 1a ham sé dwgc cho bai mét biéu thuc giai
tich nhung kha phic tap. Khi d6 néu tinh truc tiép dao ham hoac tich phan s& gap kho khin, tir d6 nay sinh ra nhu cau
tinh gan dung dao ham va tich phan.

|.  Tinh gan ding dao ham
Pé tinh gan dung dao ham chung ta c6 hai phuong phap chinh la phuong phap st dung da thirc ndi suy va sir
dung khai trién Taylor. O muc nay, ching ta chi xét phuong phap tinh gan ding dao ham sir dung khai trién Taylor.
Ngi dung phwong phap:
Trudc hét ta nhic lai cong thic khai trién Taylor: Cho ham sb f(x) xéac dinh va c6 dao ham dén cap n + 1 tai
mot 1an can caa diém x,. Khi d6 ta co cong thuc khai trién Taylor bacn cua f(x) tai x, la

fG) = fxo) + (x = x0)f " (x0) + o (x —x0)*f" (%) + -+ + —(x — x)"f ™ (x0) +

Voic=xy+0(x —xp), 0<9<1
Cong thic nay c6 gia tri tai x nam trong lan can cuaa x,.
Theo cbng thac Taylor ta co:

o (@)

1
fle+h) = f0) +hf"(0) + 5h*f7 (€)

’ ) ) c=’x+0h,07<0<1
Khi h bé thi s6 hang cudi cung & vé phai rat bé, ta c6 thé bo qua va co

fGx+h) = f(x) = hf'(x)

Vay cé

e ICELR

Ciing nhu vay, ta ¢ cong thirc gan dung tinh doa ham cap hai
" ffx+h) —f'(x) flx+2h)=2f(x+h)+ f(x)
f'(x) = A = 2

Nhgn xét: Chung ta ciing c6 thé dua ra cong thuc tinh gan dung dao ham nhu trén bang cach sir dung dinh
nghia cua dao ham tai mot diem.

Vi du:
Cho gia tri ham £ (x) tai mot s6 diém boi bang sau
X 0.1 0.2 0.3 0.4
f(x) 0.09983 0.19867 0.29552 0.38942
Tinh dao ham ciia ham £7(0.2); f"'(0.2) va cac dao ham cap 2, cp 3 c6 thé tinh duoc
Giai:
Taco
0.3)—f(0.2
£00.2) ~ A )0 1f( ) _ 0.9685
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Tuong tu cho cac dao ham khac

II. Tinh gan dung tich phan xac dinh
Cho ham f(x) xac dinh trén doan [a, b], truong hgp cd nguyén ham F(x) cia nd thi ta co:
b
ff(x)dx =F(b) — F(a)
a r
Truong hop khong tinh dugc nguyén ham cua f(x) ¢ dang so cap hoac nguyén ham d6 qua phuc tap thi tich

phan trén phai dwoc tinh gan dang. Sau day ta s& trinh bay cong thic tinh gan dang tich phan 1a cong thic hinh thang,
cdng thuc parabol.

11.1. Cbng thac hinh thang
11.1.1. Xay dwng cong thazc

Gia sir can tinh f:f(x)dx. Ta d3 biét vé mit hinh hoc, gié tri caa tich phan nay chinh la dién tich hinh thang
cong gidi han boi cac duwongy = f(x), y =0, x =avax = b.
Ta chia doan [a, b] thanh n doan con bang nhau bai cac diém chia x;
a=xy<x < <xp_1<x,=0b

. b—a .
x;=a+ih , h= " i=01,..n

baty; = f(x;)

Bay gio trén mdi doan [x;, x;,1], ta thay viéc tinh dién tich hinh thang cong béi viéc tinh dién tich hinh thang
thuc su.
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Khi dé:

Xit+1

f f(x)dx = h

Vit Vit

Tu do ta co:

Cong thue (1) duoc goi la céng thic hinh thang.
I1.1.2. Déinh gid sai s6

Ngudi ta chang minh duoc sai s tuyét dbi trong trudng hop nay 1a

Vi du: Tinh tich phan sau véi n = 4 va danh gia sai s6

Gidi:

Tacé [a, b] = [1,5], f(x)=i, ap dung cbng thic (1) ta cé
5
fdx 5—-1 1<1+1)+1 1 1 101
x 4 [2 5) 727372 " %0

1
" 2 M "( 2
= — = =
fr) =3 Jmax [f" ()l
Sai s6

2(5—-1)
<———=.1=0.
€< 12 1=0.75

11.2. Cong thwrc parabol (Simpson)

Mot cong thuc khac cho két qua xap xi tich phan bang viéc thay cac doan thing bai parabol dé xap xi dudng cong.
Ciing nhu trudc, ta phan hoach doan [a, b] thanh n doan con véi do dai h = Ax = (b — a)/n, nhung lic nay ta gia su rang n
la mot s chan. Khi d6 mdi cap diém lién tiép cua cac khoang ta xap xi duong cong y = f(x) = 0 boi mot parabola nhu

Hinh 7 da chi ra. Néu y; = £ (x;), thi P;(x;, y;) 1a diém trén dudng cong nam phia trén x;. Mot dudng parabol di qua ba diém
lien tiép P;, P;,, VA P, ,.
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VA

0 X, x, X X, x, Xs x;=h X
HINH 7
Pé cho don gian trong tinh toan, ta dau tién xét trudng hop khi x, = —h, x; = 0 va x, = h. (Xem Hinh 8.) Ta biét

rang phuong trinh cua parabol di qua Py, P;, P, c6dangy = Ax% + Bx + C va do vay dién tich phia duéi parabol tir x =
—hd&nx=nhla

h %3 x2 h
f (Ax2+Bx+C)dx=A?+B7+Cx
_h —_
=A 3+th+Ch+Ah3 Bh2+Ch
-3 2 3 2

h
= 3 (24h? + 60).

Pyi—h,yy)

|
|
|
|
|
|
|
|
|
—h

HINH 8

Nhung vi parabol di qua Py(—h, y,), P,(0,y,) ,va P,(h,y,), tacd
yo = A(=h)> + B(—h) + C = Ah> —=Bh + C
y1=C
y, = Ah? + Bh+ C
va do d6 Yo + 4y, +y, = 2Ah* + 6C.
Vay, ta cd thé viét lai dién tich phia dudi parabol nhu sau

h
3 o +4y1 + y2).

Bay gio bang cach di chuyén parabol nay theo chiéu nam ngang ma khong thay d6i mién dién tich phia dudi cia no.
biéu nay c6 nghia la dién tich phia duéi parabol di qua P,, P; va P, tir x = x, dén x = x, trong Hinh 7 van la
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h
3 (Yo + 4y1 + ¥2).
Mot cach tuong tu, dién tich phia dudi cua parabol di qua P,, P; Va P, tir x = x, dén x = x, 1
h
3 (y2 +4y3 + ¥4).

Néu ta tinh dién tich phia dudi cac parabol theo cach nay va cong cac két qua lai, ta dugc
b h h h
j fGdx =z (Got+4yi+y) +302H4ys +y) + -+ 3 Gz + 4Yna +20)
a

h
= §(yo + 4y, + 2y, + 4y + 2y, + o+ 2yn_p + 4Yn_g + V).

Ta nhan duoc két qua xap xi cho truong hop ma £ (x) = 0, tuy nhién n6 van ding cho bt ky ham lién tuc f va dugc
goi la Quy tac Simpson do nha toan hoc ngudi Anh, Thomas Simpson (1710-1761) dé xuat. Cha y rang s6 hang cd céc hé
$61a:1,4,2,4,2,4,2,..,4,2,4,1.

Vi du: Tinh gan dtng tich phan sau theo cong thiic parabol véin = 5

1
I_j‘ dx
) x+1
0

Gidi:
Tacba=0,b=1, f(a) =1, f(b) =+

4[F (1) + f(x3) + f(xs) + f(x7) + f(xg)] = 4 X 3.46
2[f(xz) + f(xa) + f(xe) + f(xg)] = 2% 2.728
Vay

1 1
1z5[1+5+4><3.46+2><2.728] = 0.693

Chuong 5(tuan 7-8-9-10)

GIAI GAN PUNG PHUONG TRINH VI PHAN THUONG VA PHUONG TRINH
PAO HAM RIENG
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|. Glal gan ding phwong trinh vi phan thuwong

1.1. Mét s6 khai niém mé dau

Ta bat dau bang viéc xét phuong trinh vi phan cap mot sau:

_ y'=2x+1 (1)

R6 rang nghiém tong quét cua no 1a

y=x2+x+C (2)

Phu thudc vao mét hang sé tiy y C, mdi gié tri cu thé cua C cho ta mot nghiém cu thé. Bé c6 mot nghiém xac
dinh (phan &nh mét tinh hudng cu thé) ta phai xac dinh duoc gié tri twong wng cia C. Mudn thé ngoai phuong trinh (1)
ta phai thém mét diéu kién phu, chang han

| | y =2 (3)

Ham s6 (2) théa man dicu kién (3) nén suy ra

2=12+1+C>C=0

Vay ham sé y(x) vira thoa man (1) virathéamén (3) lay = x? + x

Diéu kién (3) goi la diéu kién Cauchy (hay diéu kién ban dau) cua bai toan va bai toan tim ham sb y(x) vira
thoa man phuong trinh vi phan (1) vira thoa man phuong trinh (3) goi 1a bai toan Cauchy (hay bai toan gié tri ban dau)
d6i v6i phuong trinh vi phén (1).

Mot cach tong quat ta c6 phat biéu sau:

Bai todn Cauchy doi Véi phwong trinh vi phén cap 1 12 bai toan tim nghiém y = y(x) xdc dinh trén [x,, X] théa
man

y' =fy)
{y(xo) —y, Tosx<X (D)

Trong dé f(x,y) 1& mét ham s da biét ciia hai doi 6 x, y, x0, X, Yo la cé&c s thuee cho trudc.

Piéu kién y(x,) = y, dweoc goi la diéu Kién ban dau hay diéu kién Cauchy.

Viéc tim nghiém cua bai toan Cauchy thuong rat phac tap, trir mot 16p nho nhimg phuong trinh vi phan tuong
d6i don gian 1a c6 thé tim duoc nghiém dung, con ndi chung 1a khong thé tim dwgc nghiém mot cach chinh xac. Do d6
ching ta phai tim cac phwong phap gan ding dé giai phuong trinh vi phén.

Sau day ching ta nghién ctru hai phuong phép co ban dé giai gan dang phuong trinh vi phan thuong 14 phuong
phap Euler va phuong phap Euler cai tién.

1.2. Mot s6 phwong phap giai gan ding phwong trinh vi phan thwong
L.2.1. Phuwong phép Euler

Trudc hét ta chia [x,, X] thanh n doan nhé bang nhau bai cac diém chia x;
X;=x9+ih , i=0,..,n
X - XO
h=
n

Ta goi tap cac diém {x;} 12 mot ludi sai phan trén [x,, X], goi cac diém x; 1a cac n(t cua ludi va goi h 1a budc di
cta ludi. O ddy h = const nén ta c6 mot ludi déu.

Gia st y(x) 1a nghiém dtng cua bai toan (1). Muc dich ctia phuong phap Euler 13 tim cach tinh gan dung gié tri
cua y(x) chi tai cc nut x; ma thdi, chir khdng phai tai moi diém x € [x,, X].

1.2.1.1. Xay deng cong thac tinh

Goi y(x) 1a nghiém cua bai toan (1), y(x;) la gia tri cua y tai diém x;, u; 12 gia tri gan dang cua y(x;) ma ta
muon tinh. Sau day ta xay dung cong thuec tinh u;.
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Gia sir da biét u; tai nat x; va muon tinh u; 4 tai nat x;,4.

Ta khai trién Taylor ham y(x) tai x;

y(x) =y(x) +y' () —x) + (x — x;)?

y" (c;)
2
c=x+0(x—x), 0<6<1

Thay x = x;., = x; + h, y'(x;) = f(x;,v(x;)) vao dang thuc trén ta dugc

h2
yCeien) = () + hf (2, y () + =y (1)

Khi h bé, s6 hang cudi cling & vé phai ¢ thé coi 1a bé, khong dang ké, ta bo qua, sau d6 thay y(x;) bang u; ta
cd cbng thuc

Ui =W+ hf (g w) (4)
Cong thirc nay cho phép tinh u;., khi da biét u;. Piéu kién Cauchy y(x,) = y, goi ¥ cho ta dat
u =y (5)
Bay gio trong (4) cho i = 0 ta tinh dwocC u, sau do6 cho i = 1,2, ... ta tinh duoc u,, us, ....
Phuong phap tinh u; theo cac cong thuc (4), (5) goi la phwong phap Euler.

Ta thay rang, v6i phuong phéap Euler viéc tinh ra u;,, khi da biét u; rat don gian, khong phai giai mot phuong
trinh nao du ham f (x, y) la tuyen tinh hay phi tuyen doi vai y.

1.2.1.2. Y nghia hinh hoc va vi du

Ta c6 minh hoa hinh hoc cho phuong phap Euler nhu sau:
Tir diém M (x,, y,) ta ké tiép tuyén véi duong cong tich phan. Tiép tuyén nay cat dudng x = x; = x, + h tai
diém M, (x4, y;). Khi d6 co
y1 = h.tana +y, = h.y'(x0) + ¥o = yo + h. f (0, ¥0)
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Yy

Vi du: Tim nghiém gan dung ctia bai toan sau nho phuong phéap Euler

! xy
b
y(0) =1
Trong doan x € [0, %] véih =0.1

Gigi: Voi h = 0.1suyran = 5; f(x,y) ==

Khi d6 ap dung cong thac Euler (4)

Ap dung lién tiép cong thic (4) ta thu duoc két qua nhu sau:

l Xi U; [ uy) hf (i, u;)
0 0 1 0 0

1 0.1 1 0.05 0.005

2 0.2 1.005 0.1005 0.0101
3 0.3 1.0151 0.1523 0.0152
4 0.4 1.0303 0.2061 0.0206
5 0.5 1.0509 0.2627 0.0263

1.2.2. Phwrong phdp Euler cdi tién

Dé c6 dugc phuong phap s giai gan dung bai toan (1) voi d6 chinh xdc cao hon phuong phéap Euler, chung ta
dua ra cong thic sau, goi la cdng thirc Euler cai tién (hay Euler-Cauchy)

Vi du:
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Tim nghiém gan dung cua bai ton sau nhd phuong phap Euler cai tién

r_ XY
-2
y(0) =1
Trong doan x € [0, %] voi h = 0.1
Gigi: Tacoh = 0.1suyran =5; f(x,y) ==
Khi d6 ap dung cong thirc (5) ta duoc bang két qua :
i| x; u; hf (x;,u; u; hf (%41, U h i
' ' A t f (v, i) E(f(xi'ui) + f(Xip1, Uj1))
0] 0 1 0 1 0.005 0.0025
1101 1.0025 0.005 1.0075 0.0101 0.0076
202 10101 0.0101 1.0202 0.0153 0.0127
3103 10228 0.0153 1.0381 0.0208 0.0181
4104 | 1.0409 0.0208 1.0617 0.0265 0.0237
5105 | 1.0646

11. Giai gan ding phwong trinh dao ham riéng
11.1. Mt s6 phwong trinh dao ham riéng thwong gip trong k¥ thuat
I11.1.1. Dinh nghia

a. Mgt sé ki higu chung
Cho Q la mot mién trong R™, u: Q — X, u(x) = u(xy, x5,..,%,)

ou 9%u
u,. = - Une e, = ————
Mo Y Qx;0x;
a=(a1,...,an)ENn, |a|=a1+...+an
alely
Diu=—————7, Du={D%:lal=k}, keN
ox,*...0x,"

C(Q): tap cac ham lién tuc trén Q
C*(Q): tap cac ham lién tuc co cac dao ham riéng lién tuc dén cap k trén Q.
b. Mt sé dinh nghia chung vé phwong trinh dgo ham riéng
e Phuong trinh dao ham riéng la phuong trinh cé dang
v ou ou d%*u 0d%u
< "0xy” T 0x, 0x2 ' 0x10x,

,...):0 (1) ,xeQ

Trong d6 F 1a mot ham da cho nao d6, u: @ — R 13 ham can tim (an ham).

e Cép cta phuong trinh: 1a cip cua dao ham riéng cao nhat xuat hién trong phwong trinh
e Nghiém cta phuong trinh: 1a ham u € C*(Q) thoa man (1).
e Giai phuong trinh dao ham riéng Ia tim tat ca cac nghiém cua no.

11.1.2. Phan logi phwong trinh dao ham riéng tuyén tinh cdp hai
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Xét phuong trinh
i ()62" YL i G e e cRn
.. —_— ) = C
1“” X axan T e o) X
i,j=
Gia st a;; = aj;, dit A = (au) _Ia ma tran ddi xang.

Liy x, €Q, A = A(x,) cOn gla tr1 riéng thuc (do A ddi xang).

Gia sir A c6 n* gia tri riéng dwong, n~ gid tri riéng am, n, gia tri riéng bang 0.
Dinh nghia: Phuong trinh (2) duoc goi la thudc loai

- Elliptic tai x, néun* =nhoicn™ =n

— +
n—1 hoac{ ntT=1

. . X Tl+ =
- Hyperbolic tai x, néu { _ - =n—1

n=n-1
ng=n-—1

t=n-1

. . Z n
- Parabolic tai x, néu {
no == 1

hoac {
Mot phuong trinh duoc goi 1a thudc loai elliptic (hyperbolic, parabolic) trén Q néu né thudc loai d6 tai moi
diém cua Q. , , ‘ ’
Mot phuong trinh dao ham riéng tuyén tinh cap hai luon dua dugc vé dang chinh tac cé dang
62v+ N 0%v 0%v 0%v +G<€ ov 617) 0
— cee —_— —_— e U
&7 082 082,y 082, 108" T 08,

11.1.3. Mgt sé phwong trinh dao hdm riéng thwong gap trong ky thudt\
a. Phuwong trinh Laplace

Au=0,x€eQcR"
azu 7 kd
Au = —— : Toan tir Laplace
— 0X;
4

Phuong trinh Laplace mé ta nhiéu hién twong quan trong nhu phan bd nhiét do trong vat thé & trang théi ding,
truong dién the, truong hap dan. ..

b. Phirong trinh truyén nhiét
u —a’Au=f; (x,t) EQXR

Phuong trinh truyén nhiét md ta sy truyen nhiét trong vat thé dan nhiét Q theo thoi gian ¢6 h¢ s6 truyén nhiét va
nhiét dung riéng khong thay doi.

f = f(x,t): mat d6 ngudn nhiét trong O
u = u(x, t): nhiét do cua Q tai toa do x, thoi diém ¢t

C. Phuong trinh truyén song
Uy = c2Au ; (x,t) EQXR ;c = const
n = 1: Phuong trinh trén mo ta dao dong cua soi day (song am) truyén trong dudng dng. Khi d6 u 1a 1i 6
dao dong ¢ toa do x, thoi diem t.
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n = 2: Phuong trinh trén mo6 ta dao dong cta mang, sébng am trén mat nudc ndng.
n = 3: Phuong trinh trén mo ta dao dong séng &m, sdéng anh sang.

11.2. Phwong phap lwéi giai gan ding phwong trinh dao ham riéng

Phuong phap ludi 14 mét trong cac phuwong phap sé thdng dung dé giai bai toan bién d6i véi cac phuong trinh
dao ham riéng.

Y tuong cua phuong phap ludi dugc thé hién nhu sau: trong mién bién thién cua cac bién doc lap ching ta tao
ra mot lugi nho cac duong thang song song Vvdi hai truc toa do. Biém giao nhau cua cac duong thang do goi la cac nit
lu6i (diém luéi). Tai cac diém luéi thay dao ham trong phuong trinh ké ca diéu kién bién boi cac biéu thic Xap Xxi.

Nghiém cua hé phuong trinh nay chinh 1a céc gia tri gan ding cua nghiém bai toan ban dau tai cac diém ludi.

Trong muc nay ta s& xem xét cac bai toan bién ddi véi phwong trinh dang elliptic, hyperbolic va parabolic.

I1.2.1.Phwong phdp lwéi gidi gin diing phwong trinh elliptic

Xét phuong trinh elliptic sau:
L 0%u 5 0’u  ou 4 ou .
u=az-s +0 ca+a+gu—f()

Véia,b,c,d, g, f 1acac ham cua hai bién doc Iap x VA y xéc dinh trong mién hitu han G véi bién T.
Giasta,b,c,d, g, f lacacham liéntuctrongGUT'vaa>0,b>0,9 <0,V(x,y) EGUT.
Ching ta tim nghiém u cua (1), u € C(G) vaulr =¢ (2), @ liéntuctrénT.
Xét hai ho dudng thang song song Vi cac truc toa do

X=xy+ih,i=04+142, ..

y=yo+jh,j=0+1,%2, ..
Trong d6 h > 0,1 > 0 la cac s6 di cho (budc ludgi theo 0x, 0y). Piém giao nhau cua cac dudng thang nay goi 1a

diém ludi (hay duoc goi 1a cac diém nat)
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Chng ta chi xét cac diém ludi thuoc G U T'. Néu hai diém lu6i cch xa nhau theo truc Ox hodc Oy mot khoang
budc cua ludi thi ta noi d6 1a cac diém ké.
Nhitng diém ludi (cua G U T') ma bdn diém ké cing thudc tap cac diém ludi cua G U T goi 1a cac diém ludi trong.
Tap hop tat ca cac diém ludi trong goi 1a G*.
Nhitng diém ludi du chi c6 mot diém ludi ké khdng thudc tap cac diém ludi cia G U T goi la cac diém ludi bién.
Tap hop cac diém ludi bién goi 12 bién cia mién luai va ky higu 1 T*.
Bay gid chlng ta s& xap xi phuong trinh (1).
Véi mdi diém ludi trong (i, j) ta 1ap biéu thac sai phan thay thé cac dao ham tai cac diém (x, + ih, v, + ih) ta co

(’)_ul ~ u(x; + hy;) —ulx; — h,y;)

dx ey < 2h

a_ul _ u(xi,yj +1) - ux,y;— 1)

dy (xpyj) ~ 2]
0%u N u(x; + h,y;) — 2u(x;, y;) + u(x; — h,y;)
9x2 iy < h2
0%u gy + 1) = 2ux,y) + ulx,y; =D
a_yz |(xiJ7j) ~ 2

Do vay ching ta nhan dugc
_u(xl- + h, yj) — Zu(xl-,yj) + u(xi —h, yj)

luij = aij h2
b u(xl-,yj + l) - Zu(xilyj) + u(xi’yj — l)
ij 12
u(xl- + h, }’j) - u(xi —h, yj)
€ij 2h

u(x,y; +1) —ux,y— D
*dy 21

+gijui; = fij (3)
Trong d6 ayj, byj, ¢ij, dij, 9ij, fij 12 gid tri cac hé s6 cua (1) tai céc diem ludi (i, ).

Phuong trinh (3) chi c6 thé viét tai cac diém ludi trong. Néu (i, j) 1a diém lu6i bién thi ta c6 cong thirc xap xi
Kollats
_ 6AuC + hQDB

Uy = 6A+h Vé’16A=BA,h=AC
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/

Vay dé xac dinh u(x;, y;) ta ¢ hé phuong trinh tuyén tinh (3).
Nghiém cua hé nay la gié tri gan dang ctia nghiém cua bai toan (1), (2) tai (xi, ¥j)-

Vi du: Sir dung phuong phap ludi giai phuong trinh

Au=1,(xy)eQ={(xy):0<x<1,0<y<1}

1 10 50 10
10
10
50
50
10
10

V6i h = I == vagid tri u trén bién dugc cho boi hinh bén.

Giai: Goi cac diém nat 1an luot 12 u, dén ug va thiét 1ap phuong trinh xap xi tai cac nit ta thu duoc
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Uy =Uy =Uy =Uy =0

Uy, =Uy =U,y =U, =4a-T0
u, =4a-50

Tainlt A, ta thiét lap phuong trinh sai phan va cho ra phuong trinh

u, +u, +tu, +u, —4u
4, " A, 262 Ay % _1=q=234.9921875

Tir @6 duoc gia tri u tai 9 diém nat can tim.
I1.2.2. Phwong phdp lwéi gidi gan diing phwong trinh hyperbolic

Xét phuong trinh hyperbolic
0%u 0*u  ou ou
Lu—aﬁ—bay +ca—+dﬁ+gu—f (4)
Véia,b,c,d, g, f 1acac ham cua hai bién doc 1ap x va y xac dinh trong mién hitu han
G={-0<x<ow, y=>0}
Giastra,b,c,d, g, f la cac ham lién tuc va bi chan, a,b > 0.
Ta tim nghiém cua (4) trong mién G, théa man diéu kién ban dau

Ju
Véi ¢, 1 la cac ham da cho.
Gia st cho hai ho duong thang song song

x=ih, i=0,%1,%+2..
y=jl, j=0+1,%2..

2012-2013

Piém giao nhau cua cac duong thang nay goi 1a diém luéi. Cac dlem ludi nam trén duong thang y = 0 mang céac

gia tri da cho ban dau 901 1a cac diém ludi bién.
Déi véi mdi diém ludi trong (i, j) ta lap phuong trinh sai phan xap xi phuong trinh (4)

u(xl- + h, yj) — Zu(xl-,yj) + u(xi —h, y]-)

luj = ay; PP
_b”u(xl-,yj +1) - Zu(xl-,yj) + u(xi,y]- - l)
ij 12
u(xl- + h, yj) — u(xi —h, y]-)
“i 2h
u(x-,y- + l) —u(x;,y; —1)
+dij s o el + gijuij = fl]
Hay la
lugj = Ajjuijer + Bijuij—q + Cijliaj + Dijuiq; + Eijuij = fi;
Voi
A bl] dU bl] dl] aU Cij
UETR T T TR T g =R T o
_ aij Cij _ Zaij Zb Zbl]
Dy =4z~ Bu="%2 *92 * T *9u
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Ching ta gid sir lui di nho dé tai tat ca cac diem ludi 4;; < 0. Khi d6 néu biét gia tri nghiém tai cac diém ludi thi
j —1vathir j & cac ddy ngang thi co thé tim dugc nghiém tai tat ca cac diém ludi thir j + 1 cua ddy ngang. Cac gié tri
nghiém ¢ hai day dau j = 0,j = 1 ¢6 thé tim duoc tir cac diéu kién ban dau bang phuong phéap sau:
Tur diéu kién (5) ta c6

du u(x;, 1) —u(x;, 0)
@(xii 0) ~ ]
Khi @6
wo = @(ih) = @i ; ———=Y(ih) = Y,
Hay la
Ujp = @, Uy = @; + 1P
Vi du:

I1.2.3. Phwong phdp lwéi gidi gdn diing phwong trinh parabolic

Xét phuong trinh parabolic

Trong d6 a, b, ¢, f 1a cac ham hai bién doc 1ap x, t xac dinh trén mién G = {—o0 < x < +00,t > 0}, a > 0.
Chung ta phai tim nghiém ctia phuong trinh (6) trong mién G théa man diéu kién ban dau

u(x,0) = p(x),—00o < x < 400 (7)
¢@(x) 1a ham da cho.

~ Détim nghiém gan dung cua ban todn bang phuong phap ludi, ching ta xét ludi chit nht dugc tao bsi cac giao
diém cua hai ho duong thang song song

D6i v6i moi diém ludi (i, ), j = 1 ta viét phuong trinh sai phan xap xi phuwong trinh (6) véi d6 chinh x4c nao
do.

Tai diém luéi (x;,y;) cac dap ham duoc thay twong tmg bang cac biéu thic sai phan

u(xl- + h, t]) - u(xi - h, t]) u(xi + h, t]) - Zu(xl-, t]) + u(xl- - h, t])
2h ’ h?

Thay Z—Z (x;, ;) bang mét trong ba biéu thirc

u(xi,yj + l) —u(x;,y;) u(xi,yj) —u(x,y; — 1) u(xi,yj + l) —u(x,y;— 1)
l ’ l ’ 21
Str dung cac cdng thirc ndy ta ¢ ba dang xap xi sai phan cua (6)
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[y = M Ty Wi T 2y iy Wik — Wty
y l ) h2 3] 2h =y
= f;
(@, = Y T Wt Wirnj T 2 R ik T Wiy
1] l 1 hz 5] Zh Lj*y
= f,
1@y, = Uij+1 — Wij-1 a'_ui+1j — 22U+ Ui _ b'_ui+1j — Uj—1j
ij — 21 9] h2 Y 2h
—Cijlij = fij

Véi j = 0, tir diéu kién (7) ta co

U =@(h)=¢; ,i=0,+1,12....
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MOT SO HUONG DAN AN MAY TINH CAM TAY BPE TiNH NHANH CAC KET
UA SO:

Huwéng d?m an may tinh 500 MS, 570 MS, 500 ES, 570 ES hodc cdc méy khic twong
dwong, deé gidi gan dung nghiém cia phwong trinh phi tuyen bang cong thiic lap:

fx)=0

f(x) = e* — (x* +10)
Ta gia sir voi cong thikc lap dwoc thiét lap la

Véi

{ Xg = 2
Xn+1 = g(x,) = In(xZ + 10)

+) Buwéc 1: Nhap gia tri ban dau: Nhap gia tri x, va luu vao mot bo nhé A bang cach an
cac phim 2)[Shift [Sto] [Al.
+) Buéc 2: Nhap biéu thic 13p: Thao tac trén bicu thirc

g(x,) = In(x; +10)

& dau co x,, thi ta 4n JAlphal JAl Sau khi nhap xong thi luu vao chinh A (Shift[Sto] |A)) ta dwoc
gid tri x; = 2.63905733
+) Budc 3: Lap: An phim[= lién tiép thi ta dugc cac két qua x,; x; ... va cho bai bang sau.

Xn

2

2.63905733

2.83113021

2.891221301

2.910128666

2.916085467

2.917962846

2.918554596

2.918741122

OO NN WINIFL OIS

2.918799918

=
o

2.918818451

+) Chl y:

- MAi lan 4n [ thi nhé ghi két qua ludn.

- Néu mubn tinh gia tri cua f(x,,) = e*» — (x2 + 10) thi ta 1am nhu sau:
Nhap biéu thirc f(x): O dau c6 x,, ta 4n sau d6 4nf CALC| may hoi X? Ta
nhap gid tri x,, can tinh vao, vi du x;, = 2.918818451 ta nhap 2.918818451 rdi 4n |5 ta
duoc két qua f(x;,) = —1.081925472 x 1074,

Hudng dan ‘z“'ln may tinh 500MS; 500ES; 570MS; 570ES....dé giai hé phwong trinh
tuyen tinh bang phwong phap lap Gauss-Seidel.
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Vi du véi hé 3 phwong trinh 3 dn sau:
7x1 — 2x2 + 3x3 - 3
2x1 +9x, + x3 =4
—x1 +4x, +8x3 =4
...Diy lap Gauss-Seidel véi gid tri ban dau x© = (x@; x; x”) = (0;0;0)
. 2 3
X1(k ) _ 7 ék) +7
. 2 ks 4
Xék 1) :_§X1(k 1) —Xék) +§
w 1oan 1 4 1
Xék 1)=§X1(k 1)_§X§k 1) E
+)Buwoc 1: Nhdp va lweu gid tri ban diu: x© = (x°;x%;x°) = (0;0;0)
0| Shift | Sto | A
0 | Shift| Sto | B
0| Shift | Sto | C
+) Buwéc 2: Nhap cac biéu thic caa day lap:
Nhdp biéu theic 1 :
0 X | Alpha| A 217 Alpha 3/7| X | Alpha + | 3/7
Shift | Sto| A
= x =0.428571
Nhdp biéu thac 2:
(-) 12/9] X |Alpha + Alpha -11/9 | x| Alpha | C 4/9
Shift|Sto| B

= x{’ =0.349206
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Nhdp biéu thic 3
1/8 | x |Alpha| A 1/2 Alpha | B X | Alpha + |
Shift | Sto| C

— x® =0.378968

+) Bwoérc 3:

= x? =0.365929

Roi an phim =

Roi an phim =

= x{? =0.321019

— x(? =0.385232

(*)Tiép tuc nhw buwéc 3 ta dwoc x,,... Va ta dwoc bang két qua

K x( x(0 x{0
0 0 0 0

1 0.428571 0.349206 0.378968
2 0.365929 0.321019 0.385232
3 0.355192 0.322709 0.383044
4 0.356612 0.322636 0.383258
S 0.356500 0.322638 0.383243

Nghiém x* =~ x® = (0.356500; 0.322638; 0.383243)

Chu y: +) Puwet két quda nao thi phdi ghi luén vao bang két qud.
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+)Néu hé n phwong trinh n an thi ta lam twong tw nhw trén nhung phdi dung mét bé n bien
nhg, va phdi nhdp n biéu thizc dong thoi ¢ buoec 3 phdi an n-1 lan dé quay tré lai biéu thic ban
dau

+)Lip don thi phirc tap hon va phai dang dén 2 bd nhé.

Huéng din 4n may tinh 500MS; 500ES; 570MS; 570ES....dé gidi hé phwong trinh tuyén tinh
bang phwong phap lap don.

Vi du véi hé 3 phwong trinh 3 an:
7x1 — 2%y + 3x3 =3
2x1 +9x, + x3 =4
—x; +4x, +8x3 =4

...Day lap don vai gid tri ban dau x = (x%;x%: x%) = (0;0;0)

2 3 3

(k+1) _ Sy _ 2y =2 1

d X=X+ O
2 1 4

x ) — £y (k) _Ix Z o

> 3 s g% tg @

1 1 1

x () _ =y () 2y () Lz 3

: g1 2 2 ®)

+)Bwéc 1: Nhip va lwu gid tri ban diu: x© = (x%;x%;x°) = (0;0;0)

0 | Shift | Sto | A

0 | Shift | Sto | B

0| Shift | Sto | C
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+) Bwéc 2: Nhap cac biéu thic caa day lap:

Nhdp biéu thic thiz nhat

2012-2013

0 X |Alpha| A

+

217

Alpha

3/7

X | Alpha

3/7

Shift |Sto| D

= x" =0.428571

Nhdp biéu thec the 2:

(-) |2/9| x |Alpha

Alpha

1/9 | x

Alpha | C

4/9

Shift | Sto| X

= x5’ =0.444444

Nhdp biéu thec thir 3

1/8 | x |Alpha| A

1/2

Alpha

x | Alpha

+ | 1/2

Shift |Sto| Y

= x{’ =0.500000

Buéc tiép theo ta lam lai bwée 2 nhung phai ding trén bg nhé' D, X, Y.

Nhdp biéu thsc thiz nhat :

0 X |Alpha| D

+

217

Alpha

3/7

X | Alpha

3/7

Shift | Sto| A

= x{? =0.341270

Nhdp biéu thac thiz 2:

(-) |2/9| x |Alpha

Alpha

1/9 | x

Alpha | Y

4/9

Shift | Sto| B

= x{? =0.293651

Nhdp biéu thec ther 3

1/8 | x |Alpha| D

1/2

Alpha

X | Alpha

+ [ 1/2
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Shift

Sto

C

= x{? =0.331349

+) Poi véi may 500 ES hodc 570 ES, Dé tinh tiép x® ta 1am nhw sau: An ban phim REPLAY
nguoC lén 5 lan, sau d6 an phim REPLAY sang trai 1 lan va an DEL roi an = thi ta duogc

x =0.370465

Tuong tu lai AN ban phim REPLAY nguoc 18n 5 lan, sau d6 4n phim REPLAY sang trai 1 1an va an

DEL ri 4n = thi ta dugc x{> =0.331790

Ctr thé ta duoc bang sau:

< 2

0 0 0 0

1 0.428571 0.444444 0.500000
2 0.341270 0.293651 0.331349
3 0.370465 0.331790 0.395833
4 0.353725 0.318137 0.380413
5 0.356434 0.323571 0.385147
6 0.355957 0.322443 0.382768
7 0.356654 0.322813 0.383088

2012-2013

Nghiém x* =~ x(? = (0.356654; 0.322813;0.383088)

Chu y: MAY ES thi ¢é dii bo s6 trén may nén c6 1am phwong phap lip don nhw hwéng dan trén.
Con may MS khong da bg so nén de tinh véi k=3 thi ta lai quay lai buéc 2,

I1l. Giai gan ding phwong trinh vi phin thuong trén may tinh dién tir f(x) 570 ES.
Bai toan Cauchy
{y’=x2+y2 voi0<x<1
y(0)=0
Vaoi h = 0.1
a. Cong thic Euler:
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{un+1 = hf (X, Uy) + Uy
u, =y(0)=0

Tuc la

Upeq = 0.1(x2 + u2) + u,

{ Uy =1
+) Buwéc 1: Khai b4o cong thic u,,; = 0.1(x2 + u2) + u,,: O dau c6 x,, ta 4n
X, & dau 6 u, ta 4n Y|
(Trong qui trinh nay ta d dung 6 nhé [X dé chira gié tri x,, va 6 nhé Y| dé chua gia tri cua
Uy.)
+) Bwéc 2: Tinh toan lan 1: An [CALC], may hoi: X?
Khai b4o x, = 0: Bam phim 0[5
May hoi tiép: Y?
Khai bao: u, = 1: BAm 1= s& cho két qua u; = 1.1
Pua két qua vao bd nho[Y]:
Sau d6 tro vé cong thirc da nhap: Bam phim nguoc |én mot lan,
+) Bwéc 3: Qui trinh: An may hoi: X?
Khai béo x; = 0.1: B4m phim 0.1
May hoi tiép: Y?
Bim =] (u; = 1.1 dd c6 sin trong 6 nhd Y nén khong cin khai béo lai) s& cho két qua
u, = 1.222
Pua két qua vao bd nho[Y]:
Sau d6 tro vé cong thirc da nhap: Bam phim nguoc lén mot lan,
+) Bwéc 4: Lap lai Qui trinh véi thay doi duy nhat 1a khi may hoi X? thi ta khai bao cac
gia tri tiép theo: 0.2;0.3; 0.4; ....; 1. Ta duoc bang gié tri sau

n Xp, U,

0 0 1

1 0.1 1.1

2 0.2 1.222

3 0.3 1.3803284
4 0.4 1.586859049
5 0.5 1.863671213
6 0.6 2.246998253
7 0.7 2.800898367
8 0.8 3.649401534
9 0.9 5.062214689
10 1.0 7.724816445

b. Cong thwc Euler cai tién ta ciing lam twong tw nhwng ta dung them by nhé thir 3.
Cong thwrc Euler cai tien
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fpy1 = Up + hf Ocp, uy)

h
Upyr = Uy T E (f(xn'un) + f(xn+1:un+1))

u, =y(0) =1
Tuc la ta co duoc
Uppq = 0.05 (x,% +uZ + x2q + (u, +0.1(x2 + u,zl))2 +u, (*)
+) Buédc 1; Khai bao cong thirc (*): O dau c6 x,, thi ta 4n X|: & dau c6 u, ta 4n
Y], & dau 6 x,,,4 ta 4n A
(Tuc la ta dung 6 nho X dé luu x,,; 6 nhé r 8 luu u, va 6 nho (A dé luu x,4 ).
+) Bwéc 2: Tinh toan 1an 1: Bam [CALC|, may hoi: X?
Khai béo x, = 0: BAm phim 0
May hoi tiép: Y?
Khai b4o: uy = 1: BAm 1 5
May hoi tiép: A?
Khai b4o x; = 0.1: BAm 0.1 = s& cho két qua u; = 1.1
Pua két qua vao bd nho[Y]:
Sau d6 tro vé cong thirc da nhap: Bam phim nguoc lén mot lan,
+) Bwéc 3: Qui trinh: An may hoi: X?
Khai béo x; = 0.1: Bam phim 0.1
May hoi tiép: Y?
Bam H (u; = 1.1 d4 c6 sin trong 6 nhé Y nén khdng can khai bao lai)
May hoi tiép: A?
Khai bdo x, = 0.2: Bam 0.2 = s& cho két qua u, = 1.222
Pua két qua vao bo nha |[Y]:
Sau do tro vé cong thirc da nhap: Bam phim nguoc lén mot lan,
+) Bwéc 4: Lip lai Qui trinh véi thay ddi duy nhat 1a khi may hoi X? A? thi ta khai bao
cac gié tri tiép theo: 0.2 (0.3); 0.3 (0.4); 0.4 (0.5); ....; 0.9 (1.0) Ta duoc bang gi4 tri sau

n Xy, Uy,

0 0 1

1 0.1 1.051

2 0.2 1.109467678
3 0.3 1.178909589
4 0.4 1.26373277
5 0.5 1.369718589
6 0.6 1.504725574
7 0.7 1.679805854
8 0.8 1.911109639
9 0.9 2.22338971
10 1.0 2.657022002
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V.

b—a

Tinh gia tri cia ham trén mét doan [a; b] véi cac buwéce chia déu h = — d@é nham tinh

gan ding tich phan

n
b
I = f f(x)dx
a
Thao tac trén may tinh co6 chuc nang Table, vi du may 500ES hoac 570ES.

+) Buéc 1: Vao ché do Table: [Mode|[7 | (7. TABLE) man hinh hién

f(X)=

+) Buéc 2: Nhap biéu thire £(x), vi dy f(x) = 3% —
Ta nhap biéu thirc bang cach & dau co x ta an X
+) An = mién hinh hién Start? Ta nhap gia tri a = 1 an 1 = may hoi End? Tanhap b = 3 4n
35, may hoi Step? Ta nhap h = 0.2: 4n 0.2 |5 may s& cho ra bang két qua véi 11 gia tri tai
cac diém x = 1;1.2; ...; 3.0 nhu sau

- trén [a; b] = [1;3] v&i h = 0.2,

i Xi f(xp)
1 1 2.2857
2 1.2 3.0651
3 1.4 4.0273
4 1.6 5.2154
5 1.8 6.6835
6 2.0 8.5

7 2.2 10.75
8 2.4 13.541
9 2.6 17.006
10 2.8 21.312
11 3.0 26.666

O day han ché & chd la cho it chir s6 sau dau phay. Ta co6 thé tinh gia tri bang cach
nhap biéu thirc va diing phim dé tinh gia tri thi s& cho kq véi 10 chir s6.

+) Bwéc 1: Nhap biéu thic £ (x) = 3% — — - bing cach & dau c6 x ta n Alpha X,

+) Bwéc 2: An may hoi X? ta nhap x, =1 sau d6 4n H ta dugc f(1) =
2.285714286

+) An phim nguoc 1&n mot lan dé nhin thiy biéu thuc ta vira nhap, sau d6 lai thao
tac lai budc 2 va khai b4o x, = 1.2 ta duoc £(1.2) = 3.065149808

Ngoai ra ta c6 thé tham khao cac phan mém giai gan ding khac nhw Maple, Mathematica, Excel.
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Thao tac trén Maple 13

Giai gan ding phwong trinh sau bang phwong phap Newton trén Maple
x3+4x*-15=0

> f,

| = x—ox + 427 — 15 ng(0) = 2; xox +4x2—15

daoham = diﬁ"(fl (x),x);

3x° 4 8x
ng =proc(n) ifn < 2 then n else ng(n — 1)
f(ng(n — 1)) .
— > end ifend proc;
3:-(ng(n — 1))+ 8ng(n—1)
proc(n)
if n <2 then
n
else
ng(n — 1) — f[1](ng(n — 1))/ (3*ng(n — 1)"2 + 8
*ng(n — 1))
end if
end proc

array([seq([n, evalf (subs (x =ng(n),x)), evalf(subs (x =ng(n),
f](x)))],n =1 ..10)]);

1. -10.
1.909090909  6.536438768
1.659671454  0.5896178624
1.632299438 0.006706814755

1.631980848 9.02995287410°
1.631980806 1.63767092910"'
1.631980806 5.38652871310°°
1.631980806 5.82738427810°°!
1.631980806 6.8202927331071%3
10 1.631980806 9.3424703931024

O 0 9 N A W N~

2012-2013

Bang 1. Nghiém ciia phwong trinh f(x) = B +4x2-15=0 qua pp Newton va gia tri caa f(x) twong @wng.
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NQI DUNG ON THI KIEM TRA GIUA KY

Cau 1 (3,5 diém)
+ Sai s6 tuyét ddi, sai s6 twong dbi, quy tron sé va sai sé6 mac phai
+ Tim chir s6 chic, bai toan nguoc cua sai So.
+ Tinh gan dang mot biéu thic véi sai s6 cho trudc.
Cau 2 (3,5 diém) va Cau 3 (3,0 diém) Bao gdom toan bo chuong 2: Giai gan diing mot phuong trinh phi
tuyen:
+ Phuong phap chia doi giai gan dung nghiém, danh gia sai s6 mac phai va nguoc lai di tim gin dung
nghiém khi biét sai sb.
+ Phuong phap lap don giai gan dung nghiém, dénh gia sai s6 mac phai va nguoc lai di tim gan dung
nghiém khi biét sai sb.
+ Phuong phap Newton (tiép tuyén) giai gan dung nghiém, dénh gia sai s6 mac phai va nguoc lai di tim
gan ding nghiém khi biét sai so.
+ Phuong phép day cung giai gan dung nghiém, danh gia sai s6 mac phai va nguoc lai di tim gan dung
nghiém khi biét sai s6

NQI DUNG VA CAU TRUC BPE THI
KET THUC MON HQC
Hinh thc thi: Ty luan
Thoi gian: 60 phut
Céu 1 (3.5 diém)

e Giai gan dung phuong trinh

e Giai gan dung hé phuong trinh dai 6 tuyén tinh

e Ty chon mot vi du giai s6 gan diing mot phuong trinh siéu viét hodc da thic bang it nhat hai phuong
phap khac nhau va so sanh tc do hoi tu nghiém.

Céu 2 (3 diém)

e Tinh gan diing dao ham
e Tinh gan ding tich phan xac dinh
e Tu chon vi du tinh gan dting tich phan theo 2 phuong phap va so sanh két qua.

Céu 3 (3.5 diém)

e Giai gan dung phuong trinh vi phan
e Giai gan dung phuong trinh dao ham rién
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be thi thir TOAN IV C be l

Cha y: Céc phép tinh ldy dén 6 chir s6 thap phan.

Céu 1(3.0 diém). Tim nghiém dwong 16n nhét cia phuong trinh sau bang phwong phap diy Newton, véi muc sai sé dat
duocla 107°

2x —1gx=10.
Céu 2 (3.0 diém)

. A , e .1 o s A — as A 4T A >
Tinh gan dlng gié trj cua  In5 voi sai s6 10 3 bai viéc tinh xap xi

5
j‘ dx

4x + 5
0

theo phuong phép Simpson.
Ciu 3 (4.0 diém)
a. Dung phuong phap Euler giai gan dang bai toan Cauchy y
{y’ —2x+2xy3=0

y(0)=0
voix € [0,1]vah = 0.2

50 100 50

b. Str dung phuong phap ludi giai phuong trinh

50

50

+ 3xy®,
0x 100 100

Jdu
3Au=u+6.—

50

(t,y)eQ={(x,y):0<x<1, 50
0<y<1}

o 50 100 50 1 X

V6i h = I == vagid tri u trén bién duoc cho boi hinh bén.
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be thi thr TOAN IV C be 2

Chu y lay dén 6 chir s6 thap phan sau ddu phay
Céau 1 (3.0 diém).. Dung phurong phap DAy cung giai gan ding phuwong trinh sau dén muc sai sé6 khong vuot qué 1073
6x3+x—1=0

Céu 2 (3.0 diém).. Tinh gan dung tich phan sau bang phwong phép hinh thang dén muc sai s6 khéng vuot qua 1072,
2
I = f xe* cos x dx
0

Cau 3 (4.0 diém).
a) Dung phuong phap Euler giai gan ding bai toan sau
{y’ =x*+y*
y(0) =1

Voix €[0,2]; n=6

b) Dung phuong phap ludi giai gan ding bai toan sau
{Au =2u+1véi (x,y) € Q
Ur=2x-—y
Trongdo 0 = [23] x [1,2] vah =1 =1

o1
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BAI TAP PHUONG PHAP SO

Chuwong 1: Sai s6 va xap xi

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

1.7.

Hay xéc dinh sai sb tuyét ddi cua cac s6 xap xi sau day cho biét sai s6 twong dbi cua ching
a=13267, 8,=01%
b=232 , 6,=07%

Cc =
Tinh sai s6 tuyét ddi va sai s6 twong d6i cua thé tich hinh cau
1
V =-nd?
6

Véid =3.74+0.05cmvar = 3.14 + 0.0016

Hay xéc dinh sb cac chir s6 chic trong cac sé a, b véi sai sb tuyét doi nhu sau
a = 0.3941 , Aa = 0.25 x 1072
b =38.2543 , Ab=0.27 x 1072

Hay xac dinh sb cac chir s chic trong cac sb a, b véi sai s6 twong d6i nhu sau
a=18921, 8, =0.1x 102
b=22351, §,=0.1

Hay qui tron cac sé dudi day véi 3 chir s6 chic va xac dinh sai s6 tuyét ddi va sai sé tuong d6i cua

ching
a. 2.1514 d. -0.0015281
b. 0.16152 e. 879.023467
C. 0.Q1204 ) o
Tinh tong S sau day véi ba chir s6 1é thap phéan la chir s6 chac
1 1 1

S = 11 + 5 + -+ 17

Tinh sé e e=T1+—+4t—+-
1! n!

Véi sai sb tuyét ddi khong quéa 10~*

1073

1.8.

Hay xac dinh gia tri cuia ham sé duéi day cing voi sai s6 tuyét d6i va sai s twong ddi ung véi nhitng gia
tri cua bién da cho v6i moi chir s6 déu la chir s6 chac:
a. u=In(x+y?; x=097;y=1,132

2
b, u = @; x =328y =0932z= 1,132

Chuong 2: Tinh gan ding nghiém cia mt phwong trinh

2.1. Dung phuong phap chia déi, tim gia tri gan dung cua nghiém nho nhat cua phuong trinh sau chinh xac dén

a.x34+3x>—-3=0
b.x3—9x%2+18x—-1=0

2.2. Giai gan dung phuong trinh sau nho phwong phéap liap don chinh xac dén 1071
a. x3 4+ 3x2 -3 =0 bictx* € (—3,-2.5)
b.x = cosx
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2.3. Dung phuong phap lap don tinh gan dang nghiém dwong 16n nhat cua phuong trinh x3 — x — 1000 = 0

véi sai 6 tuyét dbi khdng qua 1075,

1075

2.4. Giai gan dung cic phuong trinh sau nhd phuong phap day cung
ax3+3x+5=0 ,x € [-1.2,—-1.1]
b.x*—3x—-4=0,x€[1,2]

2.5. Giai gan dung nghiém nho nhit ctia phuong trinh sau nho phuong phap Newton
2% = 4x
a. Dén sai s6 1072
b. Dén lan lip thu 6.
c. Dén nghiém gan dung ma c6 3 sb thap phan sau dau phay.
2.6. Dung phuong phap Newton tinh gin dung nghiém cta cac phuong trinh sau véi sai sb tuyét d6i khong qua

a.x%>—sinmx =0
b.x? —cosmx =0

Chuong 3: Tinh gan ding nghiém cia mgt hé phwong trinh dai so6 tuyén tinh

3.1. Giai hé sau bang phuong phap lap don, tinh 1ap 3 lan va cho biét sai s6
1.02%; — 0.05x, — 0.10x; = 0.795
{—0.11x1 +1.03x, — 0.05x; = 0.849
—0.11x; — 0.12x, + 1.04x; = 1.398

3.2. Giai h¢ phuong trinh Ax = b dudi day nho phuong phap 1dp don
24.21 242 3.85 30.24
A=|(231 3149 152 ,b=140.95

349 485 28.72 42.81

Vi @6 chinh xac 1073 ‘ ,
3.3. Giai hé phuong trinh & bai 3.2 bang phuong phap Seidel va danh gia sai s6 gap phai khi do.

3.4. Cho
3 1 0
A=1-1 4 1]
0 1 3

Tim ma tran A~ bang phuong phép 1ap , tinh lap hai lan, véi
0.3 —-0.08 0.27
Xy =1 0.08 0.25 —0.08

—-0.27 -0.08 0.36

Chuwong 4: Tinh gan ding dao ham va tich phén xac dinh

4.1. Cho ham sé y = log x Vi gia tri tai x = 50,55, 60, 65 lan luot 12 1.6990 ,1.7404 ,1.7782,1.8129. Hay

tinh dao ham cua y tai x = 50 va so sanh véi két qua tinh truc tiép.

4.2. Xét ham s cho béi bang sau

x; 1 15 2 25

f(x) 0.00000 0.40511 0.69210 0.91672

Tinh gan dung £'(1), f'(2), f"(1.5)
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4.3. Cho tich phéan

1
[ - j‘ dx
)1+ x2
0 R
Hay chia doan [0, 1] thanh n = 10 doan con bang nhau roi tinh gan dtng I va cho danh gia sai so6 bang
a. Cong thtrc hinh thang b. Cdng thuc Simpson
4.4, Xét
2
/- f dx
B J1+vx
Tinh gan dung tich phan I nhd phuwong phép hinh thang chinh xac dén 1072
4.5, Xét
2
sinx
I = f dx
X

N 1 r
Tinh gan dung tich phan I nho phuong phap parabol chinh xac dén 0.02
4.6. Tinh gin dung gia tri cta % In6 véi sai s6 3.1073 bai viéc tinh xap xi

6
j‘ dx

5x + 6
0

a. Theo phuong phdp Simpson ;
b. Theo phuong phap hinh thang;

4.7. St dung 1) Cong thirc hinh thang, 2) Cong thirc Simpson dé tinh xap xi cac tich phan xac dinh sau va so
sach cac phuong phap.

a) f_llmdx, n=28
b) fol cos(x?)dx, n=4
c) f,f/z Sl;xdx, n==6

d) fon/4xtanxdx, n==6

Chuong 5: Giai gin ding phuwong trinh vi phan thwong va phwong trinh dao ham riéng

5.1. Dung phuong phap Euler giai bai toan
{y’=x2+y2 ,0<x<1
y(0)=0
Véibude di h = 0.2
5.2. Giai gan dting bai toan sau nho phuong phép Euler

{y =SINX+COSY o5 <x<d4 h=03

y(2.5) =0
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5.3. Giai gan diing bai toan sau nho phuong phap Euler cai tién

0<x<=o ph=_t
0'1 2 =

{y’ = sinx + siny
20

y(0)=1
5.4. Dung phuong phap sai phan (phwong phap luéi) giai gan dung bai toan sau
0*u  0%u
ﬁ ay =y
G={(xt)]0<x<1,0<5y<1}
u(x,y)lr =2y +x
Véi ludi vuong h = 1
5.5. Str dung phuong phap ludi giai phuong trinh sau
Au = —-1,(x,y) € Q,Q1a hinh vuéng canh 1
Voi ulr = 0 (I'la bién ctia 2), chon bude di h = .
5.6. Str dung phuong phép ludi giai phuong trinh

Au=25(xy)eQ={(xy):0<x<20<y<2}
Véih=1= %vé gia tri u trén bién dugc cho bai hinh bén.

5.7. Sir dung phuwong phap ludi giai gan ding bai toan sau voi l = k = 0,5
{Au =2 voi (x,y) €Q

Ur = x*y*
Véi Q={(x,y) €0xy | x*?+y?2<1}
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