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Lo1i noi dau

Hé chuong trinh MATLAB 1a mét cong cu xir 1y s6 cac hé ki thuat tir don gian dén
phirc tap. Chuong trinh nay phu hop véi viée phan tich va tong hop nhanh céc quéa
trinh dong luc dic biét trong nghién ciru va phat trién, ngay nay Matlab dang duoc
sir dung nhiéu trong cong nghiép. Matlab ngay cang c6 vai tro trong cac truong dai
hoc va cao ding k¥ thuat. Matlab co thé trg gitip dic luc cc sinh vién va ky su
trong viéc giai quyét cac van dé tinh toan s6 cac bai toan ky thuat. Dic biét d6i véi
sinh vién va ky su nganh Co khi, dién, dién tir, co dién tir Matlab 1a mot cong cu
khong thé thiéu.

Muc dich ctia cudn sach 1a cung cip co s Matlab va Simulink cho cac sinh vién k§
thuat tir nam thir hai sau khi da c6 cac kién thirc co ban vé toan, vat 1y, co hoc k¥
thuat ciing nhu k¥ thuét 1ap trinh. Ngoai ra néu c¢6 duoc thém cac kién thic vé ky
thuét diéu khién, xur ly dir ligu sb nguoi doc co thé mo rong thém dugc cac ung
dung cua Matlab va Simulink.

Noi dung cua cudn sach nay duoc phan b trong chin chwong. Cac chuong tir mot
dén bay trinh bay viéc st dung cac 1énh ctia Matlab cho cac bai toan co ban nhu
tinh toan trén vécto, ma tran, d hoa, giai phuong trinh vi phan thuong, va mot sb
phép bién dbi tich phan nhu Fourier, Laplace. Chuong 8 giéi thiéu vé phan
Simulink — mot cong cu sir dung cac khdi ham dé mo phong hé. Trong mdi
chuong, sau phﬁn gidi thiéu cach st dung cac 1énh cia Matlab déu c6 nhiing vi du
cu thé va phan bai tap thuc hanh dé nguoi hoc c¢6 thé tu thuc hanh. Trong chuong 9
mot sé bai toan ki thuat thuong gip trong linh vire co hoc va k§y thuat duogc trinh
bay.

Cubn sach nay duoc bién soan trén co s& bai giang cua tac gia cho sinh vién nganh
Co dién ti Truong Dai hoc Kinh doanh va Cong nghé Ha ndi. Tuy nhién, cudn
sach nay khong chi 1a tai li€u hoc tap cho sinh vién cac truong dai hoc dinh hudng
g dung ma con 14 tai lidu hoc tap cho sinh vién cac truong dai hoc va cao dang
ky thuat. Cudn sach ciing 1a tai liéu bo ich cho cac k¥ su trong cong viée chuyén
mon cua ho.

Trong qué trinh bién soan ching t6i di nhan duoc sy tro gitip quy bau cua nhiéu
ddng nghiép. Ching t6i xin cam on GS.TSKH. Nguyén Vin Khang va PGS.TS.
Nguyén Phong Dién d xem gitp ban thao va c6 nhiéu dé nghi cai tién quy bau.



Mic du di c¢b ging nhiéu, nhung chic chin khong tranh khoi cac sai sot, tac gia
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Chuong 1.

Moi trwong Matlab

1.1 Matlab la gi?

MATLAB duoc viét tat tir “MATrix LA}Soratory”, 12 mot cong cu tinh todn sb va
m@ phéng s0, cong cu nay dugc phét trién dya trén cic thu vién ham tinh todn so
viét bang ngdn ngtr 1ap trinh FORTRAN. Matlab c6 giao dién than thién vdi nguoi
su dung.

Mét dinh‘ nghia khac: Matlab la mdt phﬁn mém da nang tinh todn s, thé hién cac
s0 li€u bang hinh anh truc quan va la mdt ngbén ngtr da ndng cung cap mdt mdi
truong linh hoat cho vi€c tinh todn k¥ thuat.

Matlab bao gdm nhiéu cong cu dé:

- thu thap dir liéu (Data acquisition)

- phan tich va xtr ly dit li€u (Data analysis and exploration)

- hién thi hinh anh tryc quan va xt 1y hinh anh (Visualization and image
processing)

- tao mau v phit trién thuat todn (Algorithm prototyping and development)

- md hinh héa va md phéong (Modeling and simulation)

- 1ap trinh va phat trién tng dung (Programming and application development).
Matlab c6 thé chay trén hau hét cdc hé mdy tinh: mdy tinh sich tay - Labtop, may
tinh c4 nhian PC, dén cdc hé thdng siéu mdy tinh (super computer). Matlab duoc
diéu khién boi cdc tap 1énh, tic dong qua ban phim trén cira s6 diéu khién. N6 ciing
cho phép mot kha ndng 1ap trinh voi cud phdp thong dich 1énh — con goi m-file. Céc
1énh hay bo 1énh ctia Matlab 18n dén con sé hang trim va ngly cang dugc mo rong
nho cdc thu vién trg giip hay do ngudi sir dung tao ra.

Dé khoi dong Matlab trong mdi trudng Windows ban chi can nhdy dip chudt vao
biéu twong Matlab B 6 trén man hinh - Desktop.

Cic 1énh ctia Matlab rit manh va hiéu qua, n6 cho phép giai cdc loai bai todn khac

nhau va dic biét khi xir 1y cdc dit lidu c6 cau tric kiéu vécto va ma trdn. Trong cac
phién ban méi, ngudi ta di dwa viéc tinh toan ky tw vao phan mém Matlab.



1.2 Giao dién nguoi sir dung

Giao dién cua Matlab sau khi kich hoat duoc thé hién nhu trén hinh 1-1 hoac & mdt
dang tuong ty tly theo lya chon cua ngudi st dung (bang cic lya chon khiac nhau
trong muc Desktop cho ta cac dang giao dién twong ung).

=) MATLAB |Z“E|®

File Edit Debug Deskiop MWindow Help /\
D | 4 BB o« | B Ii.CﬁPrugram Files\MATLABT04 w vl

Shortcuts [A] Howe to Add - [#] VWhat's New

R EAE B al Command Window

!AIIFiIes . ]FiIeT\;pe 1 To get started, select MATLAE Help or

123 bin Falder o
:i{;“]demus Folder |

= avtarn Frlder ¥
| £ I | ?

Currert Directory | Warkspace |
Command History A X @

Hinh 1-1. Clra s6 giao dién cta Matlab

Céc phan tir chinh ciia giao dién nay gom:
1. Cira s6 1énh (Command Window).
2. Cira s6 ghi lai cac 1€nh da thyc hién (Command History).
3. Cﬁ:’a s6 cho biét thu muc hién thoi (Current Directory) va danh sdch céc
bién dang st dung (Workspace).
4. Thanh chi dudng dan cta thu muc hién thoi, cho phép chon thu muyc hién
thoi.

5. Thanh Shortcut.
6. Nut Start.



1.3 Cac phép tinh sb hoc co ban

Dbi voi ngudi méi bét dau sir dung Matlab, trude hét ta cin 1am quen v&i cdc phép
tinh s6 hoc (cdng, trir, nhan va chia: +, — *, /). Vdi hai s0 a va b trong Matlab ta

c6 thé thyc hién dugc cc phép tinh sb hoc nhu liét ké trong bang dudi day.

Phép tinh Céch viét toan hoc céch viét trong Matlab
phép cong c=a+b c=a+b
phép trix c=a-b c=a-b
phép nhén c=a-b c=a*b
phép chia c=a:b c=a/b
phép chia phai c=a:b c=a/b
phép chia tréi c=b/a c=a\b
Idy thtra c=a c= a™b

Vidu
>> a=3.5; b=7.5; % gan gia tri so cho hai bien
>> a+b % phep cong hai so
ans =
11
>> a-b % phep tru hai so
ans =
-4
>> a*b % phep nhan hai so
ans =
26.2500
>> a/b % phep chia hai so, a:b (= phep chia phai)
ans =
0.4667
>> a\b % phep chia trai (hieu la b chia cho a, b/a)
ans =
2.1429
>> a”b % phep luy thua, a mu b
ans =

1.2037e+004

Chi y {::ng: moi dong chir sau dau ‘%’ déu duoc MATLAB bd qua va duogc st
dung dé dién gidi, binh ludn. Dong 1énh két thic v&i dau cham phay *;’ s€ khong



xudt két qua ra, con dong 1énh khong c6 dau ;" két thic (dé tréng) s& dua két qua
ra khi dong Iénh dugc thuc hién. Mot dong c6 thé dugc kéo dai bang viéc danh
‘...” vao cuoi dong va ti€p tuc cau l1&€nh (phép tinh) & dong ke tiep.

Thir ty wu tién cac phép toan
Khi tinh todn mdt biéu thirc gdm nhiéu sé hang, nhiéu phép tinh thi thi ty vu tién
cdc todn tu rat quan trong.

Thr ty vu tién Toén tu
1 Ngodc don
2 Liy thua
3 Nhan va chia, tir trdi qua phai
4 Cong va trur, tur trdi qua phai

Vidu
Cén tinh gi4 trj ham
fo) = 2’ (z* = 52° +1.5) + 5(z + 10)
2’ (z° + 2.5 +5) + 1.5(z + 10)

tai z = x, ndo d6, chang han =z =35.

>> x=5;
>> tuso=x"2* (x"4-5*x"3+1.5)+5* (x+10) ;
>> mauso=x"2* (x"24+42.5*x+5)+1.5* (x+10) ;
>> f=tuso/mauso
f =

0.1037

1.4 Phép gan

Trong Matlab dau qb::ing “=" duoc suir dung cho phép gan. Mac du trong cdch Viét
thong thuong ta hi€u dau bang thé hién mot phuong trinh, nhung trong Matlab dau
bang dugc dinh nghia 1a phép gan. B¢ phan biét gitra hai cach thé hién ta xét vi du
sau. Néu trong ctra s Iénh ta viét

>> x+18=120

Matlab s& bso 15i v6i dong hién thi mau do:

2?22 x+18=120

Error: The expression to the left of the equals sign is not a
valid target for an assignment.



Matlab khong hiéu cdch ban viét mot phuong trinh nhu trén gidy, ma né chi c¢6 thé
thuc hién dugc cac phép tinh va gan gia tri tinh dugc cho mdt bién nao do. Ch:fmg
han ta c6 thé gan gi4 tri ctia phép tinh 120-18 cho bién x bang cich viét

>> x=120-18

Mot cdch viét khac ta c6 thé str dung phep gan cho mét phép tinh lap trong chuong
trinh tinh. Tirc 12 ta c6 thé viét

>> x=x+12

Phép gén nay chi hoat dong duge néu nhu trudc d6 ta da ¢ gid tri clia bién x. Vi
du, chudi cac phép tinh sau day dugc thuc hién
>> x=32"3
X =
32768
>> x=x+124
X =
32892
Dé sir dung mot bién trong vé phai ctia phép gan, chiing ta phai gdn mdt gid tri cho
bién d6 trude khi sir dung. Khi viét cdc dong 1énh sau Matlab sé& béo 16i
>> x= 124
X =
124
>> L=x+y
??? Undefined function or variable 'y'.
Ly do cua 13i trén 12 do bién y chua duoc gén gid tri trude khi thue hién cong véi
bién x. Trong khi d6 cic dong I€nh sau dugc thyc hién ding.
>> x=124
x = 124
>> y=126
y = 126
>> t=x+y
t = 250
Trong nhiéu phép gan (c6 thé 1a phép tinh trung gian) néu khéng muén két qua
hién ra dudi phép gén thi ta st dung dau cham phay (;) vao cudi biéu thirc. Nhu thé
trong cura sO 1énh ta khong bi 1ang phi khong gian. Vi du
>> x=124;
>> y=126;
>> t=x+y
t = 250
Chiing ta ciing c¢6 thé gom nhiéu phép gan trén cing mot dong 1énh. Chang han
>> x=124; y=126; t=x+y
t = 250



[T

Luu ¥y rang, c4dc dau “;” trong dong 1€nh trén bdo cho Matlab biét 1a ta khong mudn
cdc gid tri cua x va y hién ra & dong dudi. Néu muodn céc gia tri nay dugc hién thi,
(A

ta thay ching bang cdc ddu phay . Néu ta khong sir dung diu *;” hodc dau
gitra cdc phép gin Matlab s€ bao 16i.

>> x=124, y=126, t=x+y >> x=124 y=126 t=x+y

X = 124 ??? x=124 y=126 t=x+y

y = 126

t = 250 Error: Unexpected MATLAB
expression.

Khi thyc hién nhiéu phép tinh, néu mudn xda b6t hoat xda tat ca cdc bién da sir
dung dé gidm bét khdng gian sir dung cua bd nhd, ta st dung 1énh
clear tén-bién hoic clear all
Trude khi lam viéc d6 ta nén xem lai danh sach céc biép da sur dung ’béng Iénh
who. Khi thgc hién 1énh who, Matlab s€ liét ké cho ban biét tat ca cac bién da duoc
st dung. Chang han, véi cc 1€nh da thyc hién & trén ta cé
>> r=10; a=5"5; x=182; y=235; z=x+y
z = 417
>> V=4/3*pi*r~"3
vV = 4.1888e+003
>> t=x+a
t = 3307
>> who
Your variables are:
V a r t x y 2z
Béng 1énh whos, ta s€ nhan dugc nhiéu thong tin hon vé céc pién nhu: tén bién sir
dung trong bd nhd, cd, so lugng bytes da st dung, kiéu cua bién.

>> whos

Name Size Bytes Class

\Y 1x1 8 double array
a 1x1 8 double array
r 1x1 8 double array
t 1x1 8 double array
X 1x1 8 double array
y 1x1 8 double array
z 1x1 8 double array

Grand total is 7 elements using 56 bytes

Véi 1énh clear hoic clear all tit ca khong gian lam viéc s& bi x6a. Khi
khong can st dung dén mot hay nhi€u bién nao do ta cé thé x6a ching bang 1énh
clear var_name. Chang han dé xda bién V, a va t ta thyc hién



>> clear V a t

Néu mudn st dung lai dong 1énh da nhdp vao cho cdc cong viéc tiép theo (gitr
nguyén hodc dé sira doi thanh dong 1énh moi), ta sir dung hai miii tén 1&€n xuong
trén ban phim (T, 1). Céc dong 1&€nh da nhép vao sé€ xuét hién va ban c6 thé stra ddi
néu can. C4c 1énh nay c6 thé dugc stra doi ngay tai dong 1énh hién thoi. Ta ciing c6
thé copy va paste c4c dong 1énh ngay trén Command-Window.

Dbi voi cac dong 1énh dai phai viét xudng dong thi trudce khi xuéng dong, ban phai
két thiic dong thir nhat bang diu cham limg — d4u ba chdm (...). Vi du

>> FirstClassHolders=109;

>> SecondClass=100;

>> Coach=121;

>> Crew=8;

>> TotalPeopleonPlane=FirstClassHolders + SecondClass + Coach...
+ Crew

TotalPeopleonPlane = 338

Dau ba cham “...” ¢ phia sau Coach trén dong d6 cho biét dong 1énh nay chua két
thic. Sau dau ba chdm nay ban ddnh ENTER, Matlab s€ chuyén xuong dong dudi
va chod céc dau vao ti€p theo.

Cho dén day chiing ta da biét cach dua vao va str dung cdc bién cho céc phép tinh
gan. Céac két qua tinh todn dua ra man hinh c6 bon s6 sau dau cham néu s6 dé c6
phan 18.

>> co = cos(0.2), si = sin(0.2), tn = tan(0.2)
co = 0.9801
si = 0.1987
tn = 0.2027

b6 1a dinh dang short trong Ma}lab. Dang n?y dg?l duoc méc (ﬁnh khi ban khai dong
va st dung Maglab. Néu cdc két qua vaoi bon s sau dau cham khong dat dugc do
chinh xdc yéu cau cta ban, hay thuc hién 1énh

>> format long

Matlab s& hién thi két qua tinh vi 14 s6 sau ddu chdm. Hay quan sit vi du sau

>> format long

>> co = cos(0.2), si = sin(0.2), tn = tan(0.2)
0.98006657784124

si 0.19866933079506

tn = 0.20271003550867

co

>> format short



>> co = cos(0.2), si = sin(0.2), tn = tan(0.2)

co = 0.9801
si = 0.1987
tn = 0.2027

Hay so sénh cac két qua trén, chd ¥ rang véi format short thi s6 hang thir tu sau du
cham da dugc lam tron. Néu ban tinh todn voi nganh tai chinh, lién quan dén don
vi do 12 tién thi chi can hai s6 thap phan sau dau chim Ia du, khi d6 ban sir dung
format bank. Sau d6 cdc két qué tinh todn s& dugc lam tron voi hai s6 sau dau
cham.

>> format bank

>> luonggio=35.55
luonggio = 35.55

>> luongtuan=luonggio*40
luongtuan = 1422.00

Vi céc s6 16n, Matlab s& hién thi bang ky hiéu e mil. $6 4.1264x10° s& duoc viét
dang e mii 1a 4.1264e + 005 . Néu muon tat ca cac so6 dugc hién thi dang e mil thi
ban str dung 1&énh format short e hodc format long e. Cy thé nhu trong vi du sau:

>> format short e

>> x=5.125*3.16

x = 1.6195e+001

>> format long e

>> x=5.125*3.16

x = 1.619500000000000e+001

Néu ban g vao 1énh format rat, Matlab s& hién thi két qua bang mot phéan sd gan
nhat véi két qua ctia ban, vi du

>> format rat
>> x=5.125*3.16
x = 3239/200

1.5 Céc dinh nghia toan hgc co ban

Pé thuan tién cho viéc tinh toan, trong Matlab nguc‘gi ta da dinh nghia san rét~nhiéu
dai lugng toan hoc va cac ham co ban. Vi du nhu s0 7 da dugc dinh nghia san voi
tén goi 1a pi, va khi tinh thé tich hinh cau ban kinh R theo cong thirc V = 4 7R®,
trong Matlab ta thyc hién nhu sau

>> R = 2;



>> V = 4/3*pi*R"3
V = 33.5103

Mot sb quen thugc khac trong toan hoc dugc sir dung trong nhleu ung dung Ia so €
voi gia tri xap xi bang 2. 718 Trong Matlab ham mii co s e,

exp(z) . Dudi day 1a mot s6 vi du

>> exp(1l)
ans = 2.7183
>> exp(2)
ans = 7.3891

Dé tinh cin ctia mot s6 x ta str dung ham sqrt(z). Vi du

>> x = sqrt(9)

x =3
>> y = sqgrt(ll)
y = 3.3166

Pé tinh 16garit ty nhién cia sb6 7, ta st dung ham log(z). Vi du

>> log(3.2)
ans = 1.1632
>> x = 5; log(x)

ans = 1.6094

Déi voi 1ogarit co s6 10 ta sir dung ham log 10(z)

>> x = 3; 1loglO(x)
ans = 0.4771

Dudi day 1a cac ham toan hoc co ban

T duoc viét 1a

Cdc ham toan hoc
sgrt (x) Tinh cdn cua bién x
exp (x) Ham e m{i, Exponential
expml (x) Tinh gid tri exp(x)-1
log (x) Logarithm co sb tu nhién, co sb e
loglp(x) Tinh gid tri log(l+x)
logl0(x) Logarithm co sb 10
log2 (x) Logarithm co sb 2
pow2 (x) Ham mi co sbé 2, pow2 (x) = 2°x




realpow (x,V) Tinh x"y, vdi x, y la thuc

reallog(x) Logarithm co sé tu nhién cua sé thuc

realsqrt (x) Cin bac hai cua sb 16n hon hodc bing 0

nthroot (x, n) | Cdn badc n cua sb thuc

nextpow2 (n) Tra lai sb p ddu tién sao cho 2"p >= abs(n)
Cdc ham lam tron va 14y phén du
(Rounding and remainder)
fix(x) Lam tron sb x bidng mét sb nguyén gin 0
floor (x) Lam tron sb x bidng mdt sb nguyén bé hon gan
nhét
ceil Lam tron sb x bidng mdt sb nguyén 16n hon
gan nhét
round Lam tron sb x bing mét sb nguyén gan nhéit
mod Lay phan nguyén clia phép chia
rem Ly phdn du cua phép chia
sign Ham d&u

Céc ham luong gidc co ban nhu sin, cos, tan, cot déu dugc dinh nghia trong Matlab
voi ddi sb duoc mic dinh cho b?mg radian. Cac ham lugng giac nguoc dugc mac
dinh 1a tra v& gia tri radian. Cac ham nay duoc dinh nghia tring véi tén ham
thudng dung, dugc viét bang chit nho.

>> cos(pi/4)
ans = 0.7071

bé su dung cac ham lugng giac nguoc nhu arcsin, arccos, arctan ta chi viéc thém
a vao phia trudc tén ciia ham lugng giac, vi du nhu asin(x), acos(x), atan(x)
>> format rat

>> atan(pi/3)
ans = 1110/1373

Bang dudi day liét ké mot s6 ham luong gidc va cac ham lugng giac nguoc:

Céac ham luong gidc - Trigonometric functions
sin Ham sin

sind Ham sin véi d6i sb 1a dd
sinh Ham sin Hyperbolic

asin Ham sin ngugc, tuac arcsin
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asind Ham sin ngugc cho két qua 1la 4do
asinh Ham sin Hyperbolic ngugc

cos Ham cos

cosd Ham cos vdéi d6i sb 1a dd

cosh Ham cos Hyperbolic

acos Ham cos ngugc, tuc arccos

acosd Ham cos ngugc cho két qua 1la do
acosh Ham cos Hyperbolic nguoc

tan Ham tang, Tangent.

tand Ham tang voi dbi s& 1a 4d6

tanh Ham tang Hyperbolic

atan Ham tang ngugc, arctang

atand Ham tang ngugoc cho két qua 1la d&o
atan?2 Ham tang nguoc cho két qua tu -pi dén pi
atanh Ham tang Hyperbolic ngugc

cot Ham cotang

cotd Ham cotang véi dbéi sb 1a do

coth Ham cotang Hyperbolic

acot Ham cotang ngugc, arccotang
acotd Ham cotang ngugc cho két qua 1a d6
acoth Ham cotang hyperbolic nguoc

1.6 So phirc

Chung ta ciing c6 thé dua sb phic vao trong Matlab. Nh¢ lai rang don vi phiic
dugc dinh nghia la cin cua —1. Trong Matlab so phtrc ky hiéu 1a ¢ hodc j

i=~-1

Mot sé phire ¢6 thé duge viét dang z = z + iy , trong d6 = 13 phan thuc va y 1a

phﬁn 4o cua z. Viéc nhap mdt ) phurc vao Matlab that don gian, véi ¢ dugc mac
dinh 1a don vi 4o. Cac phép tinh trén s6 phtic ciing dugc thuc hién mdt cac dé hicu.

Vi du véi hai so phtic

a =2 + 3i
b=1-1
= a+ b =3+ 21

Phép tinh nay dugc thuc hién trong Matlab nhu sau

>> format short
>> a = 2 + 3i;
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>>
>>

b=1-1;
c a+ b
= 3.0000 + 2.00001

Mot s6 ham lién quan dén sd phirc dugc liét ké trong bang dudi day

Vi du v6i hai s0 phtc 21 va 22 ta co:

Cac ham véi sb phuc

abs Cho d6 16n hay modul vécto phtc

angle Cho gbéc pha hay argument cua sé phtic, radian
complex Tao lap dit 1iéu phtc tu cdc phdn thuc vao ao
coni Cho sb phttc 1ién hop

imag Cho phén o

real Cho phan thuc

isreal Tra lai gid tri dtng, 1, néu dbi sb 1a thuc
cplxpair Sép xép cac sb phtc thanh cdp lién hop

>> format short

>> z1=2.5+6.51

z1l = 2.5000 + 6.50001
>> z2=-0.5+4.51

z2 = —-0.5000 + 4.50001
>> z1+z2

ans = 2.0000 +11.00001
>> z1-z2

ans = 3.0000 + 2.00001
>> z1*%z2

ans = -30.5000 + 8.00001

>> z1/2z2

ans = 1.3659 - 0.70731
>> real(zl)

ans = 2.5000

>> imag(zl)

ans = 6.5000

>> abs(zl)

ans = 6.9642

>> angle(zl)

ans = 1.2036

1.7 Xir 1y 18i khi g6 1énh

Nhu da thiy ¢ trén, khi thuc hién cdc dong Iénh ban cé thé 1am khéng ding va
Matlab da bdo 18i cho ban. Error !. Néu khi ban két thiic dong 1énh bang gb phim
ENTER va nhan ra rang dong 1énh trén c6 15i, ban khong nhét thiét phai g6 lai
dong 1énh d6, ma don gian ban chi cin sir dung céc phim miii tén 1én hodc xudng,
T,1, dé hién thi lai dong Iénh can sira. Sau khi sta 151, va déanh phim ENTER

Matlab s& dura ra két qua.
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1.8 Két thiic phién lam viéc véi Matlab

Ching ta vira bt dau voi mot sb 1énh co ban ctia Matlab, va by gio ¢6 thé ban
mubn ghi lai cdc cong viée vira thuc hién va thodt khoi Matlab. Lam thé nao dé két
thic Matlab trén man hinh ctia ban? That don gidn ban vao exit trong menu File,
nhu khi st dung cdc chuong trinh khic trong Windows. Mot cidch khdc 1a ban go
1énh quit vao dau nhic trong ctra s6 1énh va Matlab s& déng lai. Két thiic phién lam

viéc.

1.9 Bai tap thuc hanh

Str dung Matlab dé thuc hién tinh cac dai lugng sau:

1.

2.

3.
4.

x = 122;
17
13
=16—+4
T
z:9125

Pung hai sai. Khi bién y chua duoc gan gia tri, Matlab cho phép ban thuc

hién phép gan = = 3> vio trong bd nhé dé sir dung cho viée tiép theo.

. Cho biét thé tich cua hinh try cé chiéu cao h va ban kinh day r la

V = zr’h, hdy sir dung Matlab dé tinh thé tich hinh try cé chiéu cao 12
cm va duong kinh day 1a 4 cm.

. Str dung Matlab tinh gi4 tri sin cia 7 /3 va biéu dién két qua duédi dang

mot s6 hitu ty.

. Hay tao mot m-file dé tinh két qua cua sin(z /4),sin(x /3) va sin(z/2);

biéu dién chiing bang cac so hitu ty.
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Churong 2.

Vécto, ma tran va Matlab

Céc phép tinh sb hoc thong thudng duoc thuc hién trén cac sb riéng 1é duoc goi 1a
dai lugng v6 hudng (scalar). Tuy nhién trong rat nhiéu bai toan ta can thuc hién cac
phép tinh 1ap lai nhiéu lan véi nhitng bd s6 liéu. Cong viéc nay duge thuc hién mot
cich d& dang trong Matlab khi cac bd s6 liéu d6 duoc luu trit dudi dang mang.
Mang trong Matlab c6 thé 12 mét, hai hay nhiéu chidu. Mang mét chidu con goi 1a
vécto, mang hai chiéu 1a ma trin. Vécto va ma tran 12 hai d6i tugng nay dugc
Matlab coi nhu kiéu dir lidu chinh cia minh. Va do d6 trong Matlab c6 rat nhiéu
cong cu hitu ich xir Iy cic mang s kiéu vécto va ma tran. Chu y rang trong Matlab
vécto duge biéu dién 12 mot ma trin cot hodc ma tran hang.

2.1 Vécto va cac phép tinh trén vécto

Nhép vécto

Vécto la mot mang mot chiéu chtra cdc sd. Matlab cho phép ban tao ra cic vécto
cot hodc vécto hang. Mot vécto cot ¢6 thé duoc tao ra trong Matlab béng céch ligt
ké cic phan tir trong dau ngoic vudng [ ] va gitra cdc phan tir 1a ddu chim phay
“ Céc vécto ¢6 s6 phan tir tiy y. Chang han dé tao ra vécto cot voi ba phan ti, ta

Vlet
>> a = [2; 1; 4]
a =

2

1

4

Céc phép tinh co ban trén vécto cot cd thé duoc thuc hién véi tén bién da st dung
dé tao ra no. Néu mubn nhan mot s6 vai mot vécto, hay tich vi mot vd hudng. Gia
sir mudn tao ra mot vécto ¢6 cdc phan tir bang ba 1an cdc phan tir cia vécto vira
duoc tao ra, tirc 12 nhan vécto da 6 vai 3. Tt nhién ta c6 thé gan 63 nay vao mot
bién, c, chﬁng han. Ta thuc hién

>> ¢ = 35

>> b = c*a
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Dé tao ra mot vécto hang, chiing ta liét ké cdc phan tir trong ddu ngodc vudng [], va
st dung dau c4ch hodc dau phay dé nam gitra cdc phan tir. Vidy

>> v = [2 0 4]
v = 2 0 4
Hoic str dung dau phay
> w = [1,1,9]
w = 1 1 9

Vécto cot cling ¢6 thé chuyén thanh vécto hang va nguoc lai nhd phép chuyén vi.
Gia su c6 vécto ct voi n phan tir ky hi€u béi:

/Ul

Uy

v

n
chuyén vi ctia vécto nay la
v =[v, v, .. v].

Trong Matlab, phép chuyén vi dugc thé hién bing diu nhdy don (). Chuyén vi
vécto hang cho ta vécto cot nhu trong vi du

>> a = [2; 1; 41;
>> vy = a'
y = 2 1 4

Chuyén vi vécto ¢t cho ta vécto hang

>> Q = [2 1 3]
Q= 2 1 3
>> R = Q'
R =

2

1

3
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Cac phép tinh cong va trir hai vécto cung c&

Céc phép tinh cong va trir hai vécto tao ra cho ta mot vécto méi. Dé thuc hién duoc
cac phép tinh cdng hodc trur, hai vécto phai cung dang (cung la ¢t hodc cung la
hang) va cling c¢6 s phan tir. Cdc phép tinh dugc thuc hién véi tén bién cia chiing.
Vi dy, thyc hién phép cdng hai vécto

>> A = [1; 4; 5];
>> B = [2; 3; 31;
> C =A + B
C =

3

7

8

Va day la phép tru hai vécto hang

> W = [3,0,3];

> X = [2,1,11;

> Y =W - X

Y = 1 -1 2

Tao mjt vécto tir cac vécto khac

Matlab cho phép ban ndi céc vécto lai v6i nhau dé tao ra mot vécto ¢6 nhiéu phﬁn
tr. Goi u va v 12 hai vécto cot voi sd phan tir tuong ing 1a m va n, ma da duoc
tao ra trong Matlab. Ching ta c6 thé tao ra vécto w voi m +n phdn tir, trong d6
m phan tr diu 12 cta vécto u v n phén tir cudi 12 cia vécto v . Viée nay duoc
thuc hién bang céch viét w= [u; v]. Vi du

>> A = [1; 4; 5]1;
>> B = [2; 3; 31;
>> D = [A;B]

D =

w W N O

Viéc nay cling c6 thé thyc hién déi véi cac vécto hang. DE tao vécto hang w véi
m + n phan t tr hai vécto hang u ¢6 m phan trva v cd n phan tir, ta viét w =
[u, v]. Vidu
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>> u = [12, 11, 9]

>> v = [1, 471;

>> w = [u, V]

w = 12 11 9 1 4

Tao vécto hang cé cac phan tir cich déu
Matlab cung cap cong cu dé tao ra vécto c6 céc phan tir cich déu vdi budc h , xuat
phat tir gid tri a, va két thic tai gid tri a_ . Phan tir tht k cta vécto nay c6 gid trj 12
a, =a, +(k—1)-h. Toéan ti hai chim (:) cho ta thyc hién viéc nay véi ci phap
nhu sau

=[a,:h:a,]

Vi du dé tao ra mot vécto chira danh sdch cdc sb chén tir 0 dén 10 ta viét

>> x = [0:2:10]
x= 0 2 4 6 8 10

Nho c6 ky thuat nay ma viéc vé do thi ham s6 y = f(x) trén doan z = [a,b] dugc
thuc hién mot cach dé dang. Poan [a,b] s& dugc chia déu véi bude b di nho thanh
mot vécto x , sau do tinh gid tri cua ham sb tai cdc diém chia va ta nhan dugc mot
vécto y c6 s6 phan tir bang sb phan tir cia vécto x, y, = f(z,). Vidu

> x = [0:0.1:1]
x =0 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

Truong hop f(z) =e€" tacod

>> y = exp(x)

y =

Columns 1 through 9

1.0000 1.1052 1.2214 1.3499 1.4918 1.6487 1.8221 2.0138 2.2255
Columns 10 through 11

2.4596 2.7183

hodc véi f(z) =2’

>> y = x.%2
y =0 0.01 0.04 0.09 0.16 0.25 0.36 0.49 0.64 0.81 1.00

Chd ¥ rang phép tinh Iy tira duoc ky hiéu boi ddu mil (), va phép tinh lily thira &

trén dugc viét 1a A ; néu trong vi du trén ban g6 vao >>y = x”2 thi Matlab s& béo
16i !
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??? Error using ==> mpower
Matrix must be square.

Cic phép tinh .* ./ .~ s& dugc néi ki hon & phén sau.

Trong qua trinh tao vécto véi cic phén ttr cdch déu, ban cé thé st dung budc h
am, tuc la vécto ban tao ra s€ gidm deéu tur gia tri dau ve gia tri cudi. Vi du dé tao ra
day s6 giam tur 100 ve 80 vai budce 1a 5, ta viét

>> u = [100:-5:80]
u = 100 95 90 85 80

Mot cdch khdc dé tao ra vécto hang véi cdc phan tir cich déu 1a sir dung 1énh
linspace. Lénh x = linspace(a,b) cho ta mdt vécto hang x gdm 100 phan tir cich
déu, 7, =a va z,,, = b; trong khi d6 I1énh x = linspace(a,b,n), v6i n 1a sé nguyén
dwong, cho ta mot vécto hang x gébm n phan tir cich déu, =, =a va z, =b. Ca
trong hai truong hop Matlab ty dong xac dinh budc h dé cho ta gia tri ding cua
cdc phén tu.

Matlab cling cho phép ban tao mot vécto hang n phan tir cach déu theo thang
16garit bang 1énh

logspace(a,b,n)

Lénh nay cho ta n phan tir nam giita 10" va 10°. Vi du

>> x = logspace(l,2,5)
x = 10.0000 17.7828 31.6228 56.2341 100.0000

Ta s€ hay thir lai véi

>> logl0(x) % va nhan dugc két qua
ans =
1.0000 1.2500 1.5000 1.7500 2.0000

Mot vi du khac

>> logspace(-1,1,6)
ans = 0.1000 0.2512 0.6310 1.5849 3.9811 10.0000
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Cac dic trung cia vécto

Lénh length trd lai cho ta sb cdc phﬁn tr ma vécto d6 chira. Lénh c6 thé ap dung
dugc ca voi vécto hang va vécto cot. Vi du

>> A = [2;3;3;4;5]1;
>> length (A)

ans = 5

> B = [1, 1, 21;
>> length (B)

ans = 3

bé tim cac phan tr 16n nhat va nho nhat cua vécto ta sit dung 1énh max va min. Vi
du

> A = [8 441 711 2 0];
>> max (A)
ans = 11
>> min (A)
ans = 0

Dé tinh tdng cuia tit ca cdc phan tir cia vécto x, ta st dung 1énh sum. Vi dy
>> A = [8441 711 2 0];

>> sum(A)

ans = 37

Nhu ta biét d¢ dai cia vécto v =[v, v, .. v, ]" dugc dinh nghia theo biéu thirc

= [o2 4.2 2
Ivl—\/v1 +v, +...4+0, .

Trong Matlab d¢ dai cta vécto c6 thé duoc xdc dinh bang hai phép tinh. Trudc hét
ta tinh tich vd hudng cua vécto nay vdi chinh né bang phép nhan phan t (.* ). Sau
do6 khai cédn cta tong binh phuong cic phan ti. Vi du

> x = [8 441 7 2 0];

>> a = xX.*x

a =64 16 16 1 49 4 0
>> b=sum(a)

b = 150
>> mag=sqrt (b)
mag = 12.2474

Mot cach khac ngfm gon hon la st dung Iénh norm(x,2), Iénh nay cho ta do dai
vécto x, theo nhu dinh nghia ¢ trén, hay con goi 1a chuan Euclid cua vécto x.
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>> norm(x, 2)
ans = 12.2474

Trudong hop v la mét vécto phirc, thi do dai cta vécto dugce dinh nghia nhu sau
vl =v'v, véi v' 1a sé phic lién hop cia v
Viduvéi v=[i 1+2i 4]",s6phiackiénhopcianéla v =[—i 1-2i 4] vata
tinh dugc do dai cua v
i
WP =vive[-i 1-2i 4)|1+2i|=22 = vi=Jvlv =v22.
4

Trong Matlab ) phuc lién hop nhan dugc béng Iénh conj(v). Cac dong 1é€nh sau sé€
tinh cho ta d¢ dai cua vécto phuc v .

>> v=[1; 1+2i; 4];
>> u=conij (v)
u =
0 — 1.00001
1.0000 - 2.00001
4.0000

>> s = sum(u.*v)
s = 22

>> mag_v=sgrt (s)
mag_v = 4.6904

Tét nhién chidng ta c6 thé gdp cdc dong 1énh trén trong mot dong nhu sau:

>> ¢ = sqgrt(sum(conj(v).*v))
c = 4.6904

Lénh abs véi doi so 1a vécto tra lai cho ta mot vécto chira gia tri tuyét doi clia cac
phan tr vécto d6. Dicu nay thé hién trong vi du sau

> A = [-2 0 -1 9]
>> B = abs (A)
B= 2 0 1 9

Tich v6 hwéng va tich c6 hwdong hai vécto

Tich v6 hudng (dot product) hai vécto a =(a, a, ... a,) va b=(b, b, ... ) la
mét s6 duoc xdc dinh boi
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n
a-b=gqab +ab, + ... +ab, = Zaibi
i=1

Trong matlab, tich v hudng cua hai vécto a,b c6 thé duoc tinh béng Iénh
dot(a,b). Vidu

>> a = [1;4;7]; b = [2;-1;5];
>> ¢ = dot(a,b)
c = 33

Tich v6 hudng hai vécto cé thé dugc st dung dé tinh do dai cua mot vécto. Bang
céch lay cén cua tich vd hudng cua vécto a voi chinh né.

>> a = [0; 3; 4]1;
>> mag = sqgrt(dot(a, a))
mag = 5

Phép nhan v6 huéng ddi véi hai vécto phie cling duge thuc hién nhu dbi voi hai
vécto thuc.

> u = [-i; 1 + 1i; 4 + 4*i];
>> dot (u,u)
ans = 35

Mot phép tinh quan trong khac dé la tich ¢6 hudng cua hai vécto (cross product).
Phép tinh ndy chi d4p dung hai vécto ba chiéu, vécto cd 3 phan tir. Vi du

> a = [1 2 31; b= [2 3 4];
>> c = cross(a, b)

c =-12 -1

>> d = cross (b, a)

d = 1 -2 1

Luu ¥ rang tich vo hudng c6 tinh chit hodn vi, con tich ¢6 hudng thi khong c6 tinh
chat nay.
Tham chiéu dén cac phén tir cia vécto

Trong Matlab c¢6 nhiéu k¥ thuét c6 thé stir dung dé tham chiéu dén mot hodc nhiéu
phan tr cua vécto. Thanh phan thtr ¢ ctia vécto v c6 thé dugc tham chiéu tdi bang
cach viét v(i). Vidu

>> a = [12; 17; -=-2; 0; 4; 271;
>> al(2)
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Neéu muon tham chiéu t6i tat ca cac phan tir cia mot vécto, ta sit dung toan tir hai
cham (:), vi du nhu o(:), Matlab s€ dua ra tat ca cdc phan tir cua vécto dé.

>> al(:)
ans =
12
17
-2
0
4
27

Ta ciing c¢6 thé nhit ra mot diy lién nhau céc phan tir cia vécto. Bang cdch viét
v(i;j) Matlab s& nhdt ra cic phan t tir v(i) dén v(j). Vi du mudn c6 mot vécto ba
phan t tir ba phan tir dau tién ctia vécto trén, ta viet

>> v = a(l:3)
v =

12

17

-2

Mot s6 ham dinh séin cho vécto

Trong Matlab c¢6 nhiéu ham da dugc dinh nghia sin ddi véi bién vécto nhu liét ké
duéi day:

length (v) Cho biét chiéu dai, sb phadn tu cua vécto v
sum(v) Téng cdc phdn t0 cua vécto v

prod (v) Tich cdc phdn t@r cua vécto v

min (v) Phdn t& nhdé nhit clha vécto v

max (v) Phdn tw@ 16n nhét cua vécto v

sort (v) Xép céc phdn tu tang dan

find(v) Tim cdc phdn tw khdc khéng trong v
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2.2 Biéu dién da thirc va cac phép tinh da thirc

Nhép da thure

Da thuc c6 mot vai tro quan trong trong viéc xap xi ham va phan tich ung xu dong
Iyc trong mién tan s6 cia cac hé dong luc tuyén tinh. Trong Matlab mot da thuc
duoc dua vao dudi dang mét vécto hang. Khi dua vao hay khai bdo mdt da thirc ta
can biéu dién dang day du cua nd, vi du xét da thiic

p;(s)=a,8" +a,5" +a,8 +as
v6i dang day dii nhu sau

p.(s) =a.s" +a,s" +0s° +a,8" +a;s +0s".
Mbi da thitc bac n véi cdc hé s tir a,,a, ,,...,a,,a, ké ca cic hé s ung véi gid tri

ny

0, duoc biéu dién bang mot vécto hang, bat dau tir bac cao nhat a, giam dén a,.
Vi du da thtc sau day

p.(s) =8s" +3s' — 45’ +6s
duogc biéu dién trong Matlab bang mot vécto hang 1a

>>p=1[830-46 0]
p= 8 3 0 -4 6 0

Matlab sé& xac dinh bac cua da thirc tir ) phﬁn tr cua vécto
n = length(p) — 1

Vi du trong vi du trén
>> n = length(p)-1
n=>5

Cac phép tinh trén da thic

Phép nhan da thirc
Nhan hai da thirc p,(s) va p_(s) ta dugc da thic p,. (s) c6 bac bang téng bac
cua hai da thurc da cho, va thyc hién trong Matlab bang 1énh conv
p = conv(p,, p,,)
Vi du tinh tich hai da thic
p.(s) =85" +3s' —4s> + 65 va p,(s) =35 —4s+6

nhu sau:

>> p5=[8 3 0 -4 6 0];
>> p2=[3 -4 6];

>> p=conv (p5,p2)
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p = 24 -23 36 6 34 -48 36 0
>> length(p)-1
ans = 7

Két qua cta phép nhan trén 1a mot da thic bac 7
p.(s) =24s" —23s° + 365’ + 65" + 345> — 485 + 365" + 0s"

Phép chia da thirc
Chia da thuc p,(s) cho da thuc p (s), n=m, ta dugc da thic ¢, (s) c6 bac

béng hi¢u bc cla hai da thirc da cho va mdt phan du. Cong viéc nay dugc thyuc
hién trong Matlab bang 1énh deconv

g, 7] = deconv(p,,p,,)
Vi du can thuc hién phép chia P,(s) cho P,(s)

p,(s) = 65" +1s* —125” + 525> — 465 + 39

p,(s) =3s" —4s+6

>> pS5=[6 1 -12 52 -46 39];
>> p2=[3 -4 6];
>> [qg,r]=deconv(p5,p2)
qg=2 3 -4 6
r=000023

Biéu dién céc két qua nay ta c6
Ps(s) =q+ r(s) = q(s) =25’ + 35" —4s+6,7(s) =25+ 3
py(8) py(8)

Truong hop phép chia khéng du thi r(s) = 0.

Phép cong va trir da thirc

Dbi voi cdc phép tinh cong va trir hai da thirc, Matlab yéu ciu céc da thirc nay phai
cling bac. Dé 1am viéc nay ta s& thém céc phan tir 0 vao phia trdi cia vécto (mg véi
da thirc ¢6 bac nhd hon, sao cho hai vécto c6 cung do dai. Trong Matlab khdng c6
ham thyuc hién viéc cong, trir hai da thirc. Khi cng hodc trir hai da thiac p,(s) va

p"l(s)’ n > m’ ta duqc

P, = p.(s)+p,(s)
p, = p,(s) = D,(s)
va ta can thyuc hi€n nhu sau

25



pa = pn + [zeros(l,length(pn)-length(pm)) pm]
ps = pn - [zeros(l,length(pn)-length(pm)) pm]

Cu thé

>> pa=p5+[zeros(l, length(p5)-length(p2)) p2]
pa = 6 1 -12 55 =50 45

>> ps=p5-[zeros(l, length(p5)-length(p2)) p2]
ps = 6 1 -12 49 -42 33

Khéng diém hay nghiém cta phwong trinh da thirc
Ham
roots(p)
tinh cho ta céc nghiém cta phuong trinh da thirc p,(s) = 0. Céc nghiém tim dugc
c6 thé 1a thuc hodc phtrc. Vi du khi tim nghiém cia cdc phuong trinh
p;(s) = 65" +1s* =125 + 525" — 465+ 39 =0
p,(s) =38 —4s+6=0

ta thuyc hién va thu dugc

>> p2 = [3 -4 6]; >> roots (pb)
>> p5 = [6 1 -12 52 -46 39]; ans =
>> roots (p2) -2.6672
ans = 0.7770 + 1.15891
0.6667 + 1.24721 0.7770 - 1.15891
0.6667 — 1.24721 0.4733 + 1.01381
0.4733 - 1.01381

Xay dwng da thirc tir cac khéng diém cho trwéc
Ham
p = poly(nu)
dua ra cho ta mot da thirc nhan céc gia tri trong vécto nu lam nghiém.
Vi du can dua ra mét da thirc nhan cdc gia tri sau la nghiém
nu=[1-2i 1+2i 3 4]

>> nu = [1-2i 1+21i 3 41 ;
>> péd=poly (nu)
pd = 1 -9 31 -59 60

Da thirc can tim s& 13

p,(s) =s' —9s° + 315> — 595 + 60
Ta c6 thé kiém tra lai bang 1énh roots(p)
>> roots(p)

ans =
4.0000
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3.0000
1.0000 + 2.00001
1.0000 - 2.00001

Gia tri ciia da thirc tai mot diém
Ham
polyval(p,s0)
tinh cho ta gid trj cia da thic tai diém s,, p(s,). Vi du véi da thic p,(s) nhu trén,
ta tinh dugc p,(3):
>> polyval (p, 3)

ans = 0

Pao ham da thure
Ham
polyder(p)
tinh cho ta dao ham cua da thtc p, (s), két qua la mdt da thirc cé bac nhé hon bac
ctia da thirc ban dau 1a 1, p,_ (s). Vi du véi da thic p,(s) nhu trén, ta tinh duogc

p4(3):
>> dpéd=polyder (p)
dp4 = 4 =27 62  -59
hay
W) _ 4o 97t 4625 - 59.
ds
Ham

polyder(pn, pm)
tinh cho ta dao ham cua tich céc da thirc p, (s),p,, (s). Lénh nay twong duong voi
hai 1énh: p = conv(pn,pm); va polyder(p).

Vi du:
>> p2 = [3 -4 6];
>> p5 = [6 1 -12 52 -46 39];

>> polyder (p2, p5)

ans = 126 -126 -20 840 -1254 1226 -432
>> p=conv (p2,p5)

p =18 -21 -4 210 -418 613 -432 234
>> polyder (p)

ans = 126 -126 -20 840 -1254 1226 -432

Trong phén ti€p theo ta s€ xem cac k¥ thuat vira néu dé tham chiéu dén cic phan tir
cua mOt mang s6 hai chi€u tirc ma tran.
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2.3 Ma tran va cac phép tinh co ban trén ma tran

Nhap ma tran

Ma tran 1a mot mang s6 hai chiéu, duoc sa‘ip xép theo hang va cot. pé tao mot ma
trén trong Matlab, ching ta dat ting hang vao trong dau ngodc vudng [], cdc hang
dugc phan biét véi nhau bang dau cham phay (3), va trong moi hang céic phan tir
duoc phan biét voi nhau bang dau cch hodc bing ddu phay. Vi du voi hai ma tran

2 1
-1 6 0
A=l ) B=|-1 7 4

301

ta dua vao Matlab nhu sau:

>> A = [-1, 6; 7, 111
A =

-1 6

7 11
>> B = [2,0,1; -1,7,4; 3,0,1]
B =

2 0 1

-1 7 4

3 0 1

Nhan ma tran v&i mét s6, phép cong va trir hai ma tran

Cic phép tinh dbi voi vécto nhu nhin véi mot sd, cong hodc trir hai vécto cling
dang, cling ¢, déu c6 thé 4p dung ddi v6i ma tran. TAt nhién khi cong hodc trir hai
ma tran thi yéu cAu cdc ma trin ny phai ciing c6 s6 hang m va sb cot n, khong
nhét thiét m bang n. Vidu

> A = [-3, 6; 7, 10] ;
>> B = [5, 1; -1, 3] ;
>> C=2*A
C =
-6 12
14 20
>> A+B
ans =
2 7
6 13
>> A-B
ans =
-8
8 7
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Chuyén vi ma tran

Chuyén vi mot ma tran ttc 12 sdp xép lai hang thanh cot va cot thanh hang. Vi du

1 -2

C[1 37

A=|3 5, A=
7 4

Trong Matlab, ta st dung dau nhdy don dé thuc hién chuyén vi mOt ma tran. Vi du

> A = [-1 2 0; 6 4 1]
A =
-1 2 0
6 4 1
>> B = A'
B =
-1 6
2 4
0 1

Néu ma tran c¢6 chtra phan tir phirc, phép chuyén vi ma trén sé cho ta ma tran lién
hop cia ma trén da cho. Vidu

> C = [1+ i, 4 - 1i; 5 + 2*i, 3 - 3*i]
Cc =
1.0000 + 1.00001i 4.0000 - 1.00001

5.0000 + 2.00001i 3.0000 - 3.00001
>> D = C'
D =
1.0000 - 1.00001i 5.0000 - 2.00001
4.0000 + 1.00001i 3.0000 + 3.00001

Néu mudn c6 ma tran chuyén vi ctia ma trén phtc thi ta phai sir dung két hop dau
cham va nhdy don (.”) thay vi sir dung chi riéng nhdy don ().

>> D = C.’

D =
1.0000 + 1.0000i 5.0000 + 2.00001
4.0000 - 1.0000i 3.0000 - 3.00001

Phép nhan ma tran

Xét hai ma trin A va B. Néu A 13 ma trin c& mXp va B lamatran cd pXn,

thi ching c6 thé nhan duoc v&i nhau dé tao ra ma tran ¢& mxn . Ta viét C = AB,
va trong Matlab dugc viét 1a C = A*B. Nén nhé rang néu cd cua hai ma tran khong
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phit hop (s cot ciia ma tran A phai bang s6 hang cia ma tran B, khi nhin A vé6i B),
thi Matlab s€ thong bao 16i. Error! Vi du can nhan ma trén A véi ma tran B sau

2 1 3 4

A=l of B=ls ¢

O day ta can nhic lai sy khdc nhau gitta phép nhan hai ma tran va phép nhan mang
(trc tich phan tir hai ma tran)

> A = [2 1; 1 2]; B = [3 4; 5 61];
>> A.*B
ans =
6 4
5 12
>> A*B
ans =
11 14
13 16

Va dudi day 1a mot vi du khac

1 4
-1 7 4
A: B:
s 0} 2 1 -2
-1 3

Hai ma tran nay 5:6 c0 pht hop dé thyc hién phép nhan hai ma trdn, tuy nhién lai
khong phu hop dé thuc hién phép nhan mang.

> A = [1 4; 8 0; -1 31; B=([-1 7 4;, 2 1 =21;
>> C = A*B
C =
7 11 -4
-8 56 32
7 -4 -10

>> C = A.*B
??? Error using ==> times
Matrix dimensions must agree.

M6t sé phép tinh co ban khac

Vé cdc phép tinh ma tran, trong Matlab con c6 nhirng phép tinh ma ban c6 thé chua
gdp va chua st dung trong gido trinh nhap mon vé dai sd tuyén tinh. Chang han
nhu Matlab cho phép cong mot s6 voi mot ma tran hay mot vécto, két qua la tat ca
cac phan tlr clia ma tran déu duoc cong voi s6 d6. Vi du duéi day chi ra diéu do
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>> A =
>> b = 2;
> C =Db + A

Cac ma tran dac biét

Céc ma tran dac biét nhu ma tran don vi, ma trin khong, ma tran 1, ma tran ky diéu

(magic matrix) déu c6 thé dugc tao ra béng céc ham sén c6 trong Matlab. Pé tao ra

mot ma tran dac biét loai nay, ta chi viéc goi t€n ham vai cac dbi so tuong Uing.

Ma tran don vi 12 mdt ma tran vudng c6 cdc phan tir trén duong chéo chinh bang 1,
con céc phan tir khac bang 0. Ma tran 1 1a ma trdn ma tat ca c4c phan tr déu bang
1, con ma tran 0 1& ma trdn ma tat cd cic phan tir déu béng 0. Ma tran ky di¢u c&

nXn la ma trdn vuéng gom n phan tir, d6 1a cdc s6 tir 1, 2, 3 dén n* (Véi
n > 2). Céc sb nay dugc sip xép sao cho tong cdc phan tir cia mdi hang, mdi cot
va duong chéo 1a nhu nhau.

Bang dudi day liét ké cac ham Matlab dé tao ra cdc ma tran dic biét néu trén.

eye (m, m) tao ma trédn don vi c& mxm

eye (m) tao ma trédn don vi c& mxm

eye(m,n) tao ma trdn don vi md& rdéng cd mxn

zeros (m, n) tao ma tran khéng c& mxn

zeros (m,m) tao ma trén khéng c& mxm, hay ma tran vudng
zeros (m)

ones (m,n) cho ta mbét ma trédn 1 cd mxn

ones (m, m) cho ta mét ma trédn 1 c& mxm, hay ma trén
ones (m) vudng

magic(n) tao ma trén magic vudng c& nxn, n > 2

Cac vi du sau minh hoa cho cac ham néu trén.

>> eye (3)
ans =
1 0
0 1
0 0

>> eye(2,2)
ans =
1 0
0 1

>> zeros(3,2)

ans =
0 0
0 0
0 0

>> zeros(2)
ans =
0 0
0 0
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>> eye(2,3) >> ones(2,2)
ans = ans =
1 0 0 1 1
1 0 1 1
>> ones (2)
>> zeros (3, 3) ans =
ans = 1 1
0 0 0 1 1
0 0 0 >> ones(2,3)
0 0 0 ans =
1 1 1
1 1 1
>> magic(3) >> magic (5)
ans =
ans = 17 24 1 8 15
23 5 7 14 16
8 1 6 4 6 13 20 22
3 5 7 10 12 19 21 3
4 9 2 11 18 25 2 9

Ngoai ra dé tao ra ma trdn duong chéo, hay ma trin bing — ma tran gdbm mot sd
dudng chéo, ta ¢6 thé sir dung ham diag. Ham diag v6i ddi s6 1 ma tran s& tra lai
mot vécto chira dudng chéo ctia ma tran, ciing véi ham diag nhung bién sb 1a mot
vécto s€ cho ta mdt ma tran dudng chéo.

>> Al=[1 2 3; 3 4 5; 35 7] >> Add=diag(Ad)
Al = Add =
1 2 3 1 0 0
3 4 5 0 4 0
3 5 7 0 0 7
>> Ad=diag(Al)
Ad =
1
4
7

Véi ham diag ta c¢6 thé xay dung dugc ma tran bing (band-matrix), diag(d,j) tao ra
ma trin dudng chéo phu (chi s6 j 12 sb thir tw cua dudng chéo phu, vé6i j duong
dudng chéo phu phia trén dudng chéo chinh, v6i j am dudong chéo phu phia dudi
dudng chéo chinh).

diag(d, j) %Cho ma trén cé dudng chéo phu j la vécto d

diag (A, j) %Cho vécto chta dudng chéo phy j ma trén A
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>> d=[4 4 4 4] % cac phan tu tren duong cheo chinh

4 4 4 4
>> dl=[-2 -2 -2] % cac phan tu tren duong cheo phu tren
dl =
-2 -2 -2
>> d2=[-1 -1 -1] % cac phan tu tren duong cheo phu duoi
dz =
-1 -1 -1
>> Dd=diag(d)+diag(dl,1l)+diag(d2,-1)
Dd
4 -2 0 0
-1 4 -2 0
0 -1 4 -2
0 0 -1 4
>> diag(Dd, 1)
ans =
-2
-2
-2

Tham chiéu dén cac phan tir cia ma tran

Céc phan tir, cdc cot hay cdc hang cua ma trén déu c6 thé duoc tac dong dén nho
cach déanh chi so cua ching. Chi so cua cic phan tir cila ma trén la c@p s6 nguyén
(ij), i 1 chi s6 hang va j 1a chi s6 cot. Cic sd nay bét dau tir 1 (1, 2, ...), Matlab
khong sir dung chi s6 0 nhu mot s6 ngdn ngit 1ap trinh khéc. Vi du dbi véi ma tran

> A = [12 3; 45 6; 78 9]

A =
1 2 3
4 5 6
7 8 9

Ching ta c6 thé nhit ra mot phan tir bat ky & hang i va cot j, A(i,j), nhu sau
>> A(2,3)
ans = 6

Dé 14y tat ca cdc phan tir ca cot j, ta viét A(:,j). Vi du can ldy ra cot thir hai cia A:

>> c2 = A(:,2)
ans =

2

5

8

Hay dé 1ay ra hang th{r i ta viét A(i,:), vi du hang tht 3:
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>> r3=A(3,:)
r3 =
7 8 9
Ta c6 thé 1y ra cdc phén tir ctia céc cot tir cot i dén cot j, bang cich viét A(:,i:j). Vi
du cén lay ra ct 2 va cot 3, ta viét :

>> A(:,2:3)
ans =
2 3
5 6
8 9

T mdt ma trin da c6 ta 6 thé xdy dung dugc mdt ma tran con cia no, béng cach
lay ra céc phén tir thudc hang tir il dén i2 va cdc cot tirj1 dén j2. Viduy

>> A(2:3,1:2)
ans =

4 5

7 8

Néu mubn thay doi gid tri cua phan tir ndo d6 trong ma tréan, ta c6 thé sir dung tham
chiéu dén phan tir d6 dé gan cho n6 mot gid tri méi. Vi du mudn thay doi gid tri cua
phan tor A(1,1) bang -8, ta viét

>> A(l,1) = -8
A =
-8 2 3
4 5 6
7 8 9

Pé tao ra mot mang rong trong Matlab, don gian hay dé trong trong diu ngoic
vudng [ ]. Céch viét nay ciing c6 the sir dung dé x6a bo hang hodc cot ciia ma tran.
Vi du dé x6a bo hang 2 cua A ta viét:

>> A(2,:)=1[]

Bang céich d6 ta da bién dugc ma trén c& 3 x 3 thanh ma trdn 2 x 3. Nho cach tham
chiéu cac hang va cac c0t ta c6 thé tao ra dugc cdc ma trdn méi. Trong vi du sau, ta
sao chép cot thir nhat cia A bon 1an dé tao nén mdt ma tran mai cd 4 x 3:

> E = A([1,1,1,11,:)
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E = -8 2 3
-8 2 3
-8 2 3
-8 2 3

Hay mot vi du khdc, 14y hang 1 va hang 2 ctia A dé tao ra ma tran F:

>> F = A([1,2,11,:)

F =
-8 2 3
7 8 9
-8 2 3
Ma tran khoéi
Xay dung ma tran tir cic ma tran con. Vi du cho cac ma tran vudng A va B:
2 4 4 2 02><2 E2><2
A= B= , hidy taorama tran Q =
7 5/ 5 7| HOT MQ=|_\-p pA’

>> A=[2 4; 7 5]
>> B=[4 2; 5 7]
>> Q=[zeros(2) eye(2); —-A\B B*A']

Q0 =
0 0 1 0

0 0 0 1

0 -1 16 38

-1 0 38 70

Tao dung ma tran tir cic ma trdn con hay tir cic vécto, ch:fmg han nhu khi ta muén
cheén thém mot hang hay cdt c6 cd tuong rng vao mdt ma tran hay ghép nhi€éu ma
tran thanh mdt ma tran ¢4 ¢& 16n hon.

>> A = [1 2; 3 4] >> N = [C C2]
A = N =
1 2 10 2 0 2
3 4 3 6 3 0
>> B = [11 12; 13 14]
B =
11 12
13 14 >> M = [A, B; N]
M =
>> C = [10 2; 3 6] 1 2 11 12
C = 4 13 14
10 2 10 2 0 2
3 6 3 6 3 0
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>> C2 = [0 2; 3 0] >> u=[0 2 3 0]

Cc2 = u =
0 2 0 2 3 0
3

>> M=[A, B; C, C2] >> K=[M; u]

M = K =
1 2 11 12 1 2 11 12
3 4 13 14 3 4 13 14
10 2 0 2 10 2 0 2
3 6 3 0 3 6 3 0

0 2 3 0

Chu ¥y céc phﬁn tr cia ma tran c6 thé goi dén v6i hai chi sd (hang, cot) hodc chi
can mot chi s6. Khi sir dung mét chi s6 nghia 1a ma trdn dugc luu triv nhu mot
vécto do sy ndi ti€p cdc cdt voi nhau.

Nhu thé, v6i ma tran m hang n cot thi phan tir A(4, j) chinh 1a A(i +m(j-1)). Vi
du v6i ma tran vuong A co 4x4, thi

A,y chinhla A=A, 50

Céc phép tinh sau la twong duong
sum (sum(A)) sum(A(:))
A (end, end) A (end)

Cac phép nhan va chia phan tir hai ma tran cung c&

Ngoai cac phép tinh nhu cfng, trir va nhan thong thuong hai ma tran cé cd thich
hop, trong Matlab con c6 cac phép tinh nhan phan tir va chia phéan tir tvong ng
cua hai ma tran cung cd. Cac phép tinh nay con dugc goi la phép nhan mang va
phép chia mang. Hai ma trén nhén phan tor duge voi nhau néu ching cung ¢, va
thuc hién boi diu nhan phan tir, ddu cham viét lién dau nhan (.*). Dau nhin phan tir
nay ciing dp dung ddi voi hai vécto cling ¢d. Vi du

>> A = [12 3; -1 6]; B = [4 2; 9 1]1;
>> C = A.*B
C =

48 6

-9 6

C6 thé nhan théy réng, nhan phﬁn tir hai ma trén s& cho mdt ma tran cung c& dugc
dinh nghia nhu sau

C=A*B véi ¢ =a,b, i=1....mj=1..n

1,7 °1,57
Ta ciing ¢6 thé thuc hién cdc phép chia trdi va chia phai ciia hai mang ciing c3,
phép tinh nay c6 thé hi€u la phép chia phan tir cia hai ma tran cing cd.
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- phép chia trdi phan tir ma tran A cho ma tran B ta viét 1a C = A./B
- phép chia phai phan tir ma tran A cho ma tran B ta viét 12 C = A\B (tic 12 B./A)
Vidu

>> A = [2 4 6 8]; B=1[2231];
>> C = A./B
C =
12 28
>> C = A.\B
C =

1.0000 0.5000 0.5000 0.1250

Ngoai phép chia phan tir hai ma tran ciing ¢, cic phép tinh nhan phan tir va mil
phan ti déu dp dung dugc. Vidu

> A = [2 2; 3 1]; B = [2 4; -1 6]
B =
2 4
-1 6
>> K = B."2
K =
4 16
1 36
>> C = A.*B
C =
4 8
-3 6

Tinh dinh thire va giai hé phwong trinh dai sé tuyén tinh

DPinh thitc cua ma tran vuoéng 1la mét so6. Poi voi ma tran vudng cd 2 x 2

[ay  ayp
A= ,
Ay Gy
dinh thirc ctia né duoc xac dinh theo biéu thirc
D all al?
= = 01y — QppQyy -
(ST

Pé tinh dinh thirc ma trin A trong Matab, ta viét det(A). Vi du dbi v6i ma tran A
co2x2

> A = [1 3; 4 5];
>> det (A)
ans = -7
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Hay d6i véi ma tran B ¢ 4 x 4

> B = [3 -124; 0218; -917 11 3; 1 2 3 =-31;
>> det (B)
ans = —-533

Nhu da biét trong gido trinh dai sd, viéc tinh dinh thirc ctia ma tran that phtre tap
voi nhiéu phép tinh. Pac biét 1a khi c¢& cia ma tran 16n, cong viéc nay néu thyc
hién bang tay s& mat rat nhiéu thoi gian va sai sét 12 khé tranh khoi. Nhung viéc
nay doi véi Matlab that don gian, nhu da thay trong hai vi du trén. Dinh thuc cua
ma tran c6 theé dugc su dung dé tim nghiém ctia hé phuong trinh dai s6 tuyén tinh,
néu hé nay c6 nghiém. Xét hé phuong trinh dai s tuyén tinh sau:
or +2y—9z =44
-9z -2y +2z=11
6r+Ty+32z=44

hay c6 thé viét lai dang ma tran

Ax =D,
véi
5 2 -9 x 44
A=-9 2 2|, x=|y|, b=|11
6 7 3 z 44

Pé tim nghiém cua hé trén, ta c thé sir dung hai budc. Trudc hét tim dinh thtrc coa
ma trdn hé s6 A

> A =[5 2 -9; -9 -3 2; 6 7 3]

>> det (A)

ans = 368

Ta thiy det(A) khic khong, nhu vdy hé phuong trinh trén c6 nghiém duy nhat.
Matlab cho phép tinh dugc nghiém mot cdch nhanh chéng nho phép tinh chia trai
x=A\b.

>> b = [44;11;5];

>> x = A\b

X =

-5.1250
7.6902
-6.0272
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Tim hang ctiia ma tran

Hang ctia ma tran la s6 16n nhét céc hang hodc cdc cdt doc lap tuyén tinh. Néu mot
vécto l1a doc 1ap tuyén tinh doi véi cac vécto khac nghia la né khong thé biéu dién
12 t6 hop tuyén tinh ctia cic vécto d6. Vi du voi ba vécto

L L

Ta thdy rang 2u + v = w, nhu thé vécto w phu thudc tuyén tinh vao hai vécto u
va v. Tuc la ba vécto trén khong doc 1ap tuyén tinh. Mot vi du khéc, ba vécto sau

2 0 0
u=|0], v=|-1], w=|0
0 0 7

1a doc 1ap tuyén tinh, boi vi khong mot vécto nao ¢ thé biéu didn 1a td hop tuyén
tinh cua hai vécto con lai.

Xét ma tran
010 2
A=l 20 4
ta thiy hang thtr hai ctia ma tran bang 2 1an hang thi nhat, tirc 12 trong ma tran nay

chi 6 mot hang duy nhat. Do d6 ma tran nay c6 hang bang 1. Trong Matlab hang
cua ma trdn A dugc xac dinh bang 1énh rank(A). Vi du

> A = [0102; 020 4];
>> rank (A)
ans = 1

Hay mét vi du khéc
1 2 3
B={3 0 9
-1 2 -3

Ta thay cot thir ba gdp ba 1an cot thir nhit. Do d6 ba vécto cot cia ma tran B 1a phu
thugc tuyén tinh. Ta s€ kiém tra xem li€u cot thir hai c6 thé biéu dién thong qua cot
thr nhat khong? Neéu c6 tuc 1a ton tai s6  # 0, sao cho

2 1
Ol=a| 3
2 -1
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R® rang 1a khong thé tim duge sé @ # 0. Nhu thé ta c6 thé két luan rang, trong ba
vécto cOt cua B ¢6 hai vécto doc 1ap tuyén tinh va hang ctia ma tran B la 2. Hay
kiém tra bang Matlab:

> B = [123; 3029; -1 2 -31;

>> rank (B)

ans = 2

Bay gio ta xem xét h¢ phuong trinh dai s6 tuyén tinh véi m phuong trinh va n an,
viét & dang ma tran nhu sau

Ax =D,
voimatran A ¢c&d mXxn, vécto x cOd nX1 va b cod mx1.
Xét ma tran mo rong bﬁng cach thém vécto cOt b vao thanh cot '[’hl:I’ n+1 clla ma
tran A, [A b]. Hé c6 nghiém néu rank(A)=rank(A b)=r.Neéu hang r = n hé
6 nghiém duy nhit, néu hang r <mn,h¢covo s6 nghiém va c6 thé biéu dién r 4n
1a t6 hop tuyén tinh ciia n —r &n con lai.
Dé minh hoa, ta xét hé sau

r—2y+2z=12
3z +4y+52=20
2r+y+7z=11

Ma tran hé so0 A va vécto b

1 -2 1 12
A=|13 4 5|, b=]20
-2 1 7 11

Ma trdn m¢ rong

1 -2 1 12
Abj=|3 4 5 20
-2 1 7 11

Budc mot 1a ta nhdp ma tran hé s6 A va vécto b vao trong Matlab:

>> A =[1-21; 3 45; -21171;
>> b = [12; 20; 111;

Sau dé tao ma trdn m& rong
>> C = [A Db]

C =
1 -2 1 12
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3 4 5 20
-2 1 7 11

Va kiém tra hang cua hai ma trdn A va C

>> rank (A)

ans = 3
>> rank (C)
ans = 3

Vi hang ctia hai ma trin A va C bang nhau va bang 3, nén hé phwong trinh di cho
¢6 nghiém duy nhét. Nghiém nay tim duoc nho phép chia trai
>> x = A\b
x =
4.3958
-2.2292
3.1458

Tim ma tran nghich dao va ma tran twa nghich dao

Nghich d4o ctia ma trin vudéng A 12 mot ma tran, dugc ky hiéu 1a A™", théa man
quan hé sau

AA" =A7'A =E, v6i E 1a ma tran don vi cling c&.
Xét phuong trinh ma tran sau

Ax=bD
Néu tOn tai ma tran nghich ddo ciia A, thi nghiém cta phuong trinh trén dugc viét
la

=A"b.

Trong thuc té khong d& dang khi tim ma tran nghich déo bang tay voi cy bit chi.
So véi cac phép tinh cdng, trir, nhan ma trén thi viéc tim ma trdn nghich ddo khé
hon rat nhiéu. Tuy nhién, v4i Matlab thi vi¢c nay khdng khé khin gi, ban chi can
khai bdo ma tr4n A va goi 1énh inv(A), Matlab s€ tinh va dwa ra cho ma trdn nghich
dao cua ma tran A . Nhung can nho rang khong phai ma tran vuéng A nao ciing
c6 ma tran nghich dao. Diéu kién dé ton tai ma tran thlCh dao 1a dinh thic cua né
phai khac 0, det(A) # 0, ttc A 13 ma tran chinh quy. Néu det(A) = 0, ta néi A
12 ma tran suy bién hay ky di (singular matrix).
Ta bét dau véi vi du don gian, tim nghich déo ctia ma tran c¢& 2 x 2

i

Trudc hét kiém tra xem ddy c6 12 ma trn chinh qui:
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A =
2 3
4 5

>> det (A)

ans = -2

Vi det(A) # 0, nén ta cé thé tim dwgc ma tran nghich dao cuia né.

>> inv (A)
ans =
-2.5000 1.5000
2.0000 -1.0000

Dé khing dinh ban c6 thé kiém tra lai bang tay
2 3|[-25 1.5 10

-1 _ —
AA‘45 20 -1.0| |0 1

Tiép theo 1a tim ma tran nghich dao cua ma trén c6 4 x 4:

> S =[10-12; 4 -2 -31; 02 -11; 00 9 8]1;
>> det (S)
ans = -108

Vi det(S) # 0, nén ta cé thé tim dwoc ma tran nghich dao cia né.

>> 1S=inv(S)

is =
-0.9259 0.4815 0.4815 0.1111
-0.6296 0.1574 0.6574 0.0556
-0.5926 0.1481 0.1481 0.1111
0.6667 -0.1667 -0.1667 0

Pé kiém tra lai ta tinh tich hai ma tran:

>> 1S*S
ans =
1.0000 0 0 0
0 1.0000 0 0.0000
0 0 1.0000 0
0 0 0.0000 1.0000
>> S*iS
ans =
1.0000 0 0 0
0.0000 1.0000 -0.0000 0
0.0000 -0.0000 1.0000 0
0 0 0 1.0000

42



Trong cic ma tran tich ny c¢6 nhitng phan tir ngoai duong chéo khdng hoan toan
bang 0 va nhitng phan tir trén dudng chéo khong han bang 1. Ly do 1a khi tinh toan
s6 khong phai lic nao ciing dat duge do chinh xdc tuyét ddi, cac két qua chi c6 thé
dat duoc do chinh xac nhét dinh. Néu st dung format long e ta s& théy rd thém cac
phan tir nay.

>> format long e

>> S*iS
ans =
Columns 1 through 2
1.000000000000000e+000 0
1.110223024625157e-016 1.000000000000000e+000
1.110223024625157e-016 -2.775557561562891e-017
0 0
Columns 3 through 4
0 0
-1.387778780781446e-016 0
1.000000000000000e+000 0
0 1.000000000000000e+000

C6 thé thay rang sai s6 nhan dugc ¢ day rat bé, cd 107°.

Mot trong nhitng 1y do tim ma tran nghich dao 1a viéc giai hé phuong trinh dai s6
tuyén tinh. C4c vi du dudi day s€ chi ra mdt cach dé nhén dugc nghiém cia phuong
trinh Ax = b . Xét hé¢ phuong trinh

3x+2y=5
6z +2y =2
Tir déy ta biét dwoc ma tran hé s6 A va vécto vé phai b
3 2 b}
A = b =
6 -2/ 2
Ta s€ nhap ching vao Matlab:
>> A = [3 -2; 6 -2]1;
>> b = [5; 2];

Trudc hét kiém tra xem ma trdn hé s6 A ¢ phai 12 ma tran chinh qui:
>> det (A)
ans = 6
Do d6 ton tai ma tran nghich dao, va tinh dugc nghiém theo:
>> x=inv (A) *b
x =
-1.0000
-4.0000
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Céach ma ta vira su dung dé nhan dugc nghiém cia h¢ phuong trinh dai ) tuyén
tinh, chi 4p dung duoc khi ma tran hé sb 1a vudng va khong suy bién. Trong hé nay
ta thdy s6 phuong trinh bang sd an can tim. Trudng hop sd phuong trinh it hon s6
an ta goi 1a h¢ hut (thiéu) phuong trinh (underdetermined). Khi d6 hé phuong trinh
6 thé ¢ vO 50 nghiém thoa man. Boi vi ta chi c6 thé xdc dinh dugc mot sd bién
trong céc an d6, sb con lai ¢6 thé nhan céc gid tri tuy ¥. Vi du nhu hé hai phuong
trinh dud6i diy véi ba 4n

TH+2y—2=3
oy+2=0
Sau khi bién dbi ta nhan duoc
r=3-Ty
z =-=by

Gid tri cua hai bien x va z phu thudc vao bién y. Vi moi gid tri ciia y ta s€ nhan
dugc cic gid tri tuong Ging cua x va z. HE c¢6 vd so nghiém.
Néu viét h¢ trén & dang ma trdn Ax = b véi

1 2 -1 3
A=0 5 1 s b:O
00 O 0

Ta thiy ngay det(A) = 0. Dé biét duoc nghiém cuia hé nay c6 ton tai khong ta can
so sdnh hang ctia ma trdn A va ma tran mo rong C = [A b], néu ching bang nhau
thi t6n tai nghiém, va c6 thé sir dung phép chia trai. Vi du can giai hé phuong trinh

3z+2y—2z="7
dy+z=2

ta thuc hién:

> A= [3 2 -1; 0 4 1]1; b= 1[7;2];
>> C = [A b]
Cc =
3 2 -1 7
0 4 1 2
>> rank (A)
ans = 2
>> rank (C)
ans = 2
>> x=A\b
x =
2.0000
0.5000
0

44



Trong truong hop nay Matlab da cho z = 0, thyc té z c6 thé nhan gia tri bat ky.
V61 mot hé phuong trinh ¢6 vo s6 nghi€m, thi ta c6 thé tim dugc mot nghiém cé do
dai nhé nhat chang han. Céng thtrc cua nghi€m c6 d6 dai nho nhat nhu sau

x=Ab=A"[AA"]'D.

Ma tran A" = A"[AA"]|" duoc goi 1a ma tran twa nghich ddo trdi clia ma tran A .
Trong Matlab da san ¢6 mot ham dé tinh ma tran tya nghich dao nay, dé la
pinv(A). Nhu thé nghi€ém c6 chuén nho nhat (t6i uu) cia hé trén dugc tinh la

>> A= [3 2 -1; 0 4 11; b = [7; 2];
>> x=pinv (A)*b
x =
1.6667
0.6667
-0.6667

Hay thtr 1ai voi
>> x=A'*inv (A*A')*Db
x =
1.6667
0.6667
-0.6667

Khi tinh toan véi cac dai luong, ta can phai luu ¥ dén thir ty wu tién cac phép todn,
vi du khi gidi hé phuong trinh dai so6 tuyén tinh

Kx = 05b = x = 05K
Sau day s& tinh trong Matlab véi cic kiéu viét khac nhau

>> K=[2 2 3; 4 5 6; 7 8 91; b=[2 3 4]"';
>> x=0.5*K\b % cho ket qua sai
X = 0
-2.0000
2.6667

>> x=0.5* (K\b) % cho ket qua dung
X = 0
-0.5000
0.6667
>> x=0.5*inv (K) *b
x =
0.0000
-0.5000
0.6667

45



>> x=K\b*0.5
X =
0
-0.5000
0.6667

Tri riéng va vécto riéng cua ma tran vuéng
Cho A 1a mot ma tran vudng cap n. SO A dugc goi 1 tri riéng va vécto khic khong
x la vécto riéng cliia A néu ching thoa méan diéu kién :

Ax=1x hay (A-AE)x=0
vo1 E 1a ma tran don vi.
Véi moi gid tri A; , ta s€ ¢4 vd s cdc vécto x; thoa man. Cac vécto riéng clung
tuong (ng v4i mot A; rd rang 1a phu thudc tuyén tinh va chi khac nhau mét hang s6
a. Do dé ta c6 theé chon mdt vécto duy nhat lam co sé (vi du dugc chuén hoa theo
chuan Euclide dé c6 chuan bang 1...). Tap hop n vécto riéng Gng vdi n tri ri€ng
khéc nhau tao thanh mot hé vécto doc 1ap tuyen tinh. Ma tran gdm céc cdt la cic
vécto riéng cia ma tran A goi la ma tran dang riéng cua A (Modal matrix).
Néu c6 hai ma tran vudng A va B ciing cdp n. SO A va vécto khac khong x thod
man diéu kién :

Ax=ABx hay (A-AB)x=0
thi s6 A goi la tri riéng suy rgng cua hai ma tran A va B, vécto x la vécto riéng
tuong Ung.
Viéc tim tri riéng va vécto ri€ng trong Matlab duoc thuc hién b?mg Iénh eig():

Lénh eig tinh toan tri riéng va vécto riéng clia ma tran vudng
cho mdét vécto 1 chita céc tri riéng cua
ma tran vudng A.

1 = eig(d);

cho ta ma trédn chéo D chGia cac tri riéng
[V, D] = eig(d); cua A, ma trdn V cé céc cdt la céac vécto
riéng cua A thdéa mén AV = VD.

cho ta vécto chta cdc tri riéng suy réng

d = eig(a,B); clla cdc ma tran vudbng A va B.

cho ta ma trén chéo D ch@ta cac tri riéng
suy réng cua hai ma trdn A va B, ma trén
V cb6 cdc cbdt la céc vécto riéng thoa man
AV = BVD.

tuong tu nhu eig(A,B) dbi véi ma tréan
dbi xtng A va ma tran déi xtng xdc dinh
duong B. Phuong phdp tinh & dady dua trén
khai trién Cholesky ma tréan B.

[V, D] =eig(A,B);

eig(A,B, 'chol")

Céc vi du sau minh hoa viéc tim tri ri€ng va vécto riéng trong Matlab
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>> C=[2 1 0; >> [V, D]=eig(C)
1 4 -1; vV =
o -1 71; 0.9119 -0.4064 -0.0571
-0.4037 -0.8630 -0.3037
-0.0742 -0.3000 0.9510
>> eig(C) D =
ans = 1.5573 0 0
1.5573 0 4.1233 0
4.1233 0 0 7.3194
7.3194

Phan tich ma tran vuong A thanh tich cac ma tran

Phén tich LU
V6i mbi ma tran vuéng A khong suy bién, det(A) # 0, ludn phan tich dugc thanh
tich cta hai ma tran tam giac

A=LU,
v6i L 12 ma tran tam giac dudi c¢6 cac phan tir trén dudng chéo chinh bang 1, va U
ma trén tam giac trén.

Trong trudng hop c6 st dung sy hoan vi cac hang cho nhau trong qua trinh phan
tich thi, cac phép hoan vi s€ dugc thé hién trong ma trin P, théa man

PA =1LU
Ma tran hoan vi c6 tinh chét sau
P'P=E=P =P

Vidu
> A= [-120; 418; 27 1]
A =

-1 2 0

4 1 8

2 7 1

P =
1.0000 0 0
0.5000 1.0000 0

-0.2500 0.3462 1.0000

L =

4.0000 1.0000 8.0000
0 6.5000 -3.0000
0 0 3.0385
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0 1 0
0 0 1
1 0 0

Y nghia cua phén tich LU c¢6 thé thay trong viéc giai hé Ax = b. Sau phi phén tich
LU ta nhan duoc
Ax=LUx=b
Pit y = Ux, suy ra Ly = b. Nhu thé thay vi giai hé Ax = b, ta giai hai hé
Ly=bvaUx=y
Do L va U la cac ma tran tam giac nén viéc giai hai h¢ nay kha don gian.
Véi L 1a ma tran tam giac dudi nén dé dang nhan duoc nghiém y . Sau d6 giai tim
x . Vi du can giai hé phuong trinh
3x+2y -9z =-65
-9z +5y+22=16
6r+T7y+32=5
Nhap h¢ vao Matlab, phan tich LU va giai tim nghiém:

> A = [3 2 -9; -9 -5 2; 6 7 3]; b= [-65; 16; 571;
>> [L, U] = 1lu(Ad)
1, =
-0.3333 0.0909 1.0000
1.0000 0 0
-0.6667 1.0000 0
U =
-9.0000 -5.0000 2.0000
0 3.6667 4.3333
0 0 -8.7273
>> x = U\ (L\b)
x =
2.0000
-4.0000
7.0000

Phan tich Cholesky

Ma tran vudng A dbi xtng xac dinh dwong luén phan tich dugc thanh tich
A=LL",

véi L 1a ma tran tam giac dudi.

Ma trdn vudng A xac dinh duong néu théa man x"Ax > 0, Vx#0.
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Vidu

> M = [2 3 4;3 5 6;4 6 91;
>> L=chol (M)

L =
1.4142 2.1213 2.8284
0 0.7071 0.0000
0 0 1.0000
>> L'*L-M
ans =
1.0e-015 *
0.4441 0 0
0 0 0
0 0 0
Phan tich QR

Phan tich QR 14 phép phan tich m¢t ma trdn vudng hodc chit nhat thanh tich cta
ma trén tryc giao va mQt ma tran tam giac trén:
A =QR

véi Q"Q = E, R 1a ma tran tam giac trén. Vi du

> A = [2345; 35618; 46 9 10];

>> [Q, R] = gqr(A)
Q:
-0.3714 0.2491  -0.8944
-0.5571 -0.8305 -0.0000
-0.7428 0.4983 0.4472
R =
-5.3852  -8.3563 -11.5131 -13.7415
0 -0.4152 0.4983  -0.4152
0 0 0.4472  -0.0000

>> Q*R - A

ans =
1.0e-014 ~*
0 -0.1332 -0.1776 0
0.0444 -0.0888 -0.0888 0
0 -0.0888 0 0.1776
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>> Q*Q'

ans =
1.0000 -0.0000 -0.0000
-0.0000 1.0000 -0.0000
-0.0000 -0.0000 1.0000

>> inv(Q)-Q'

ans =
1.0e-015 *
0 0 0
-0.0833 0.1110 -0.0555
0.1110 -0.1066 -0.2220

Phén tich SVD (Singular Value Decomposition)
Phén tich SVD 14 biéu dién ma trdn A ¢& m xn dang tich cic ma tran

A =USV’
v6i U 1a ma tran truc giao ¢c& mXxXm, V 1a ma tran truc giao cd nXxXn,va S 1a
ma tran thyc ¢c& m X n c6 dang duong chéo chira cac gia tri ky di (singular values)
cua A theo trat ty tir 16n dén bé. D6 1a cac gia tri khai can cia cac tri ri€ng clia ma
tran A"A .

Vidu
>> A = [1 2;2 3;3 5];
>> [U,S,V] = svd(A)
U =
-0.3092 0.7557 -0.5774
-0.4998 -0.6456 -0.5774
-0.8090 0.1100 0.5774
g =
7.2071 0
0 0.2403
0 0
vV =
-0.5184 -0.8552
-0.8552 0.5184
>> err = U*S*V'-A
err =
1.0e-015 *
0 0.4441
0.8882 0.4441
0.8882 0
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2.4 Bai tap thuc hanh

1. Tim do dai cua vécto
a=[-1732].
2. Tim d9 dai cua vécto phirc
b=[-1+1i 7i 3 -2-2i].
3. Nhap cac sb 1,2, 3 dé tao ra mot vécto hang va mdt vécto cot.
4. Cho hai vécto cOota=1[1;2; 3] vab=[4;5;6].
Hay tim tich phan tir hai vécto.
5. Lénh‘ nao c¢6 thé tao ra mOt ma trdn ¢& 5 X 5 cO cac ph?m tor trén duong chéo
chinh bang 1 con lai la 0?
6. Cho hai ma tran

8 7 11 2 1 2
A=|6 5 1], B=[1 6 4
02 8 2 2 2

Hay tinh tich phan tir (tich mang) va tich hai ma tran A va B.
7. Cho ma tran

8§ 7 11 3 2 8
A={6 5 1|, trAhadytaoramatrain B=|3 2 8
3 2 8 6 5 1

8. Tim nghiém cta h¢ phuong trinh :
T+2y+3z=12
—4dr+y+22=13
9y -8z =-1
Dinh thirc ciia ma tran hé ) bﬁng bao nhiéu?
9. Hay xem xét hé sau c6 nghiém duy nhat khong? tai sao

T=2y+3z=1
z4+4y+3z2=2
20 +8y+2=3

10. St dung phén tich LU tim nghi€ém cta h¢ sau:
r+T7y—92=12
2z —y+42 =16
T+y—-7T2=16
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Chuong 3.

Lap trinh trong Matlab

Trong cac chuong trudc da trinh bay viéc sir dung cac ham, 1énh dinh nghia san
clia Matlab dé giai cac bai toan don gian. Ngoai cac 1énh, ham dinh sin c6 nay,
Matlab con 1a méi trudng cho phép 1ap trinh gidi cac bai toan phuc tap, hodc tao ra
cac ham tién lgi cho nguoi sit dung. Trong chuong nay s€ trinh bay kha nang lap
trinh trong Matlab.

3.1 Cic kiéu dir liéu

Trong Matlab c¢6 nhiéu kiéu dit liéu, sau ddy chi trinh bay mot sb kiéu lién quan
dén dang thé hién va luu trit. P& c6 thé nhan dugc su trg gitp truc ti€p tir Matlab,
ban can tan dung cau 1€nh help.

==> help class, help strfun, help struct

Kiéu vécto va ma tran

Biéu dién s cdc ma tran hai hay nhiéu chiéu ciing nhu céc véctor trong chuong 2
12 mot kiéu dir liéu dic biét. Mbi phan tir cia vécto hay ma trin theo chuan can 0
nhé 8,Byte (clas‘s double) hodc 4 Byte (class single). C4c dai lugng phuc can mot 6
nh¢ gap doi, phan thuc va ao dugc ghi riéng ré.

Vi du déi voi mang 3 chiéu (3D), véi cau tric K(hang, cot, chiéu siu)

>> K(1,1,1)=2; K(2,2,2)=4; K(3,3,3)=
>> K(:,:,3) % lop 3

ans =
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[@RNTAN

K(:,:,1)

ans =

o\

lop 1

o O

Chudi ky tu (ky tw, xau - string)
Chudi ky tu dugc dit trong cap dau nhdy don trén
>> ’'Day la chuoi ky tu’

M&i phan tir ctia chudi ky tu (Ma trén ky tu) can 6 nhd 2 Byte.

Kiéu 6, ming (Cell-Array)

Cac dir liéu cua cac kiéu khdc nhau, vi du chudi ky tu, cdc ma tran c6 c& khéc
nhau, ¢6 thé dugc sir dung nhu cic 6 cia mot mang. Cac phﬁn tor 6 dugc goi dén
thong qua chi s6 ctia né. Cac phan tir cia mot 6 duoc dat trong ddu ngodc nhon
{...}. Vidu

>> A(1,1)={[1 2 3; 4 2 6; 1 7 91};

>> A(l,2)={"'Ma tran thu'};

>> A(2,1)={3+81i};

>> A(2,2)={0:p1/20:2*%pi}; $hoac

>> A{1,1}=[1 2 3; 4 2 6; 1 7 91;

>> % gol den cac phan tu

>> A(1,1)
ans =
[3x3 double]
>> A{1l,1}
ans =
1 2 3
4 2 6
1 7 9

>> A{l,2} % o (1,2)
ans = Ma tran thu
>> A(1,2)

ans = 'Ma tran thu'

Kiéu cau truc

Cau tric dugc st dung dé lam viéc voi cac ki€u dir liéu khac nhau. Tén cia mot
cau tric gém hai phan, tén cau tric truéc dau cham ( . ) va tén trudng trong cau
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tric sau dau cham, (struct_name.field_name). Cic phén tir cua cau tric dugc goi

dén qua tén va chi sb.
Cu phép:

% tao mot cau truc

structur=struct (’'name_1’, valuel, ’'name_2’, value2, ..

)

% tro den phan tu cua cau truc

structur.name

hodc
structur.name_1 = value_1;
structur.name_2 = value_2;

Vidu

>> A=[1 2 3; 4 2 6; 1 7 91;
>> my_structur=struct ('data', A, 'dimension', [3 3])
my_structur =
data: [3x3 double]
dimension: [3 3]
>> my_structur.dimension

ans =
3 3
>> my_structur.data
ans =
1 2 3
4 2 6
1 7 9
>> my_structur (2) .data=inv(A) % mo rong truong data

my_structur =

1x2 struct array with fields:
data
dimension

o\

>> my_structur.data in ra ma tran A va inv(A)

ans =
2 3
2 6
1 7 9
ans =
4.0000 -0.5000 -1.0000
5.0000 -1.0000 -1.0000
-4.3333 0.8333 1.0000

)

>> % gol den cac phan tu

>> my_structur (1) .data(l,2) % phan tu A(1,2)

ans =
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2

>> my_structur(2).data(l,2) % phan tu (1,2) cua inv(A)
ans =
-0.5000
>> my_structur (2) .data(3,2) % phan tu (3,2) cua inv (A)
ans =
0.8333

3.2 Soan thao Script file trong Matlab

Matlab 13 mot ngdn ngit tuong téc, nghia 1a cdc 1énh dugc danh tai diu nhic >>’
duoc thuc hién ngay sau khi két thiic dong 1énh bang phim ‘Enter’. Tuy nhién that
don di¢u khi d4dnh (g6) mot chudi 1énh dai mdi khi sir dung Matlab thuc hién cong
viéc. Pé tranh viéc nay trong Matlab c¢6 hai bién phdp md rong céng ning: scripts
va functions (diing tép vdn ban va cic ham). C4 hai bién phdp nay st dung loai tép
c6 tén la m-file (file c6 phﬁn m¢ réng 1a .m) dugce tao ra nho trinh soan thao. Uu
diém ciia m-file 12 c6 thé ghi lai cdc dong 1énh va c6 thé sira doi mot cach dé dang
ma khong phai ddnh lai toan bd danh sach céc 1énh.

Script va Matlab-function

function [out_1, . . .] = name(in_1, . . .)

)

% Matlab-function / Ham trong matlab

@ Tham chiéu dén ham
function handle

nargin S& tham sb dau vao

narout s6 tham sbé dau ra

global Pinh nghia, khai bdo bién téng
thé / toan cuc

persistent Pinh nghia, khai bdo bién
persistent

o\
~
o\
—~
o\
—

Cdc dong cht thich, dién giai
Xubng doéong khi dong lénh qua dai

eval (str) Xdc dinh gid tri mdt x4u
feval(F, in_1, ..,in_n) Xdc dinh gid tri mdt ham
inline (’function’,’'t’,..) Ham ngay trong mdt script
clear function_name Xbéa cdc ham

== > help function, help function_handle, help funfun

56



Cac thu tuc vao /ra

disp(string)

Hién thi mét chudi ky tu, moét xau

disp(variable)

Hién thi d&t liéu khdng dugc dinh
dang

num2str (variable)

Chuyén dbi mdét bién thuc thanh xau
ky tu

int2str (variable)

Chuyén d&bi mét bién nguyén thanh
xau ky tu

variable = input (string) Pua vao mét bién
string = input(string, 's’) bua vao mdt xdu ky tu
Ding cho dén khi g& vao phim bat
pause N
ky
pause (n) Dung lai mdt khoang thdi gian n

giay

fprintf (format, variable)

In ra mét dtt 1iéu cé dinh dang

sprintf (format, wvariable)

In ra mét ky ty, mdt xau

tic operations toc

Cho ta thoi gian tinh toédn tic —
toc

== > help function,

help function_handle,

help funfun

Scripts

i MATLAB
File Edit “iew ‘\Web ‘Window Help

&Jﬁ| & B v oo | ﬁ | ? |CurrentDirn ey [ M -file

b MATLAB
File Edit View Web Window Help

chory: I—C

>

biéu twong
“to giay trang”

Cpen... Crl+0 Figure
Ctrl +44¢ Medel

GUI

Close Command Window

Import Data...

SaweWorkspace As..

Set Path...
Preferences...

Page Setup...
Print...

Print belection...

1 G Iywib_auto solver.m
2 Ch. pendulygiai_ptcd.m
3 Chob n DeFywibr_nDioF.m
4 0 wib_auto_diffeq.m

Exit MATLAR

Ctrl+Q)

Hinh 3-1.
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Matlab Script files 1a mot chudi cdc 1énh duoc g0 vao trong cua ) soan thao va
dugc ghi vao tép ¢6 phan mé rong 1a m (filename.m, hay duoc goi 1a m-file). Dé
tao m-file, trong menu chinh ban chon New ==> M-file hoac ban nhdy chudt vao
biéu twong “td gidy tring” trén thanh coéng cu (hinh 3-1).

Viéc chay m-file tucng duong véi viéc danh toan b cic dong I€nh trén cuira s6 1énh
tai ddu nhic “>>’ cta Matlab. Cic bién st dung trong m-file dugc dat vao trong
khong gian lam viéc cua Matlab. Khong gian lam viéc nay 1a tréng khi khoi dong
Matlab, va n6 s€ chira tat ca cdc bién dugc dinh nghia trong phién 1am viéc. Mubn
x6a tt ca cic bién ta sir dung I¢énh.

>> clear all

Mot script-file c6 thé sir dung céc bién trong méi truong lam viéc va dua ra moi
truong 1am viéc (workspace) céc dir lidu tao ra. Cac dit liéu nay ton tai trong qud
trinh chay chuong trinh va n6 ¢6 thé duogc sir dung cho céc cong viée xir 1y tiép
theo va c6 thé hién thi chiing bang db thi chang han.

Script-file khéng chira cdc phan khai bdo va khong bi giéi han boi begin / end. Céc
chd thich va dién giai trong file dugc viét timg dong mot sau dau %. Dbi véi
MATLAB 7 ta c6 thé soan mot khoi gom nhiéu dong bat dau bang %{ va két thic
boi %}. pé ngat dong trong mot biéu thirc hay mot dong 1énh ta sir dung ba cham

lién tiép & cubi dong, .... Matlab s& hiéu dong dudi 1a ndi tiép ctia dong trén.
Editer - D3 Hoang Data- 2007 Matlab TuterialsGraphicsyfeircle.m E\@
Eile Edit Text Cell Toeols Debug Desktop Window Help k- | A X
b b3
D B & B o o H [+]
1 function [x,¥]=foircle (r)
Z
3 - goc=linspace(0,2%pi,100); % chia nho goc Zpi thanh
q % 100 goo nho bang nhau
5 - X=r¥cos (goc) ; ¥ toa do x
5 - y=r*sin(goc) ; ¥ toa do ¥
T - plot(=x,v), grid on; % we duong tron
g - axis('edgqusl'); % hal truc cung ty le
= axis([-1.1*r 1.1%r -1.1*r 1.1%r]}:
10 - title(['Duong tron co ban kinh r = ',nuZstri(ri]):
L4 I 3
ade_Euler tn ><| fircle.m ><| |
| teircle [Ln 10 col 51|

Hinh 3-2. Clra s soan thao script — file, MATLAB 7
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Viéc goi hay chay mdt chuong trinh trong m-file da dugc soan thao trude céd thé
dugc thyc hién bang cach: trong cira s6 1énh sau ddu nhic >> ta gb tén m-file do,
can nhé 1a khong c6 phan m¢ rong (.m). Hodc ta c6 thé chay chuong trinh ngay
trén cira sd soan thao bang cdch an F5, hodc ding chudt chon Debug -- > Run trén
thanh Menu.

Du6i day 1a mét Script file thuc hién vi€c tinh va dua thé tich cua mot hinh cu, ma
tham s0 ban kinh dugc nguoi st dung nhap vao tir ban phim

function volume

r = input ('Hay cho ban kinh cua hinh cau')
vol = (4/3)*pi*r"3;

disp('The tich hinh cau nay la:')
disp(vol)

Duo¢i day la mét $b dong 1énh minh hoa cho eval, feval, inline, ham an tén va
fprintf, spritf, disp.

e eval

>> x="1/y*sin(y)"';
>> y=0.725;
>> a=eval (x)

Bieu dien ham nhu mot xau ky tu

gan cho bien y mot gia tri

o° o° oo

a =
0.9147

Néu c6 mot ham foo.m da dugc soan trong mot m-file thi sau dong 1énh
>> fooHandle=@foo
ba 1énh sau ddy sé& cho két qua nhu nhau.

>> feval (fooHandle, 8.75)

>> fooHandle (8.75)

>> foo(8.75)

¢ inline

>> g=inline('5*a+6.5*sin(b) ") % hoac
>> g=inline('5*a+6.5*sin(b)"','a’','b') % a, b la hai bien
g =

Inline function:

g(a,b) = 5%a+6.5*sin(b)
>> ¢c=0:2
c =

0 1 2

>> b=pi/4
b =
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0.78539816339745
>> z=g(c,b)
7 =
4.59619407771256 9.59619407771256 14.59619407771256

Ham an tén, cd phip

fhandle = @(argumlist)

o)

>> om=5; % gan gia tri 5 cho bien om

)

>> f = @(y) cos(om*y); % viet bieu thuc ham

o)

>> t=linspace(0,2*pi/om); % chuoi thoi gian

>> f(t)

binh dang hién thi
>> x="1/y*sin(y)"'; % Bieu dien ham nhu mot xau ky tu
>> y=0.725; % gan cho bien y mot gia tri

>> a=eval (x)

a =
0.91466957608738

>> fprintf ('$3.3f',a)

0.915

>> fprintf('$ s %3.3f','Gan cho bien a gia tri', a)

Gan cho bien a gia tri 0.915

>> sprintf ('$3.3f',a)

ans =

0.915

>> sprintf ('%$3.3e',a)

ans =

9.147e-001

>> disp(['a = ', num2str(a, '%4.3f')1])

a = 0.915

>> disp(['a = ', sprintf('%$4.3f',a)l)

a = 0.915

Cac ham, MATLAB - Function

Ngoai cac ham sin cé (built-in functions), Matlab cho phép tao ra cac ham cia
riéng ban, d6 1a cac ham dang m-file. Cac ham m-file nay c6 phdn mé rong 13 .m
tuong ty nhu cac Script file. Tuy nhién, diéu khac véi cac script file 1 cac ham m-
file dugc sir dung véi cac tham so vao va tham sé ra. Viéc sir dung cac ham m-file
1a rit can thiét, chung cho phép chia nho mot bai toan 16n thanh nhiéu mddun, mdi
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mddun s€ dugc giai béng mot ham. Cac ham m-file dang nay dugc goi la Matlab-
function v6i cau trdc tong quat nhu sau:

function [output 1, output 2] = function_name (inputl, input2)

Some comments that explain what the function does go here.

o° o° oo

5
—
=
e
w

command 1;
MATLAB command 2;
MATLAB command 3;

Tén ciia m-file luu trit ham nay phai liy ding tén ham di dinh nghia trong chuong
trinh function_name va n6 dugc goi tir dong 1énh cia MATLAB hoac tir mot m-file
khac nhu 1€nh sau:

>> [outputl, output2] = function_name (inputl, input2)

Khi lam viéc véi cac ham m-file ta can phan biét hai loai bién dugc st dung: Bién
toz‘l,n cuc (global variable) va bién cuc bg hay bién dia phuong (local variable).
Bién toan cuc dugc khai bao theo cu phap

global var_1 var_2

Céac bién toan cuc dugc x6a khoi moi trrong tinh toan b?mg 1énh clear [tén bién].
Bién cuc b chi dugc sit dung trong mdt ham, bién nay khong duogc liét k& trong
cua s6 workspace, va do d6 khong thé tdic dong dén dugc trong mdi trudng lam
viéc.

Ngoai ra, cic bién persistent trong mot ham cé thé dugc thong nhat véi cach khai
bao

persistent var_1 var_2

Tréi voi cdc dai lugng dd duoc khai bao bang global, céc dai lwong voi khai béo
persistent chi dugc biét dén trong ham ma né dugc khai bdo. Do d6 cdc ham khéc
khong thé tic dong duoc dén bién nay. Cdc bién persistent chi duoc x6a khi ham
chtra né thodt ra khoi by nhé (clear function_name) hodc khi ham dugc thay dbi
sau d6 dugc ghi lai.

Sau ddy s& trinh bay hai vi du dé lam sdng to viéc thao tic dbi voi ham. Vi du dau
tién 12 viéc soan mot ham dé vé cdc dudng tron cé cic ban kinh khac nhau véi tén
ham (file_name=fcircle.m, function_name=fcircle). Thong s6 dau vao 1a ban kinh
7, ddu ra la toa do z, y cia cdc diém trén duong tron. Trong ham nay c6 sir dung
1énh plot dé v& dudng tron. Ham nay duoc viét nhu sau:

function [x,yl=fcircle(r)

% chia nho goc 2pi thanh 100 goc nho bang nhau
goc=linspace (0,2*pi, 100);
x=r*cos (goc) ; toa do x
t

y=r*sin(goc); oa do y

o° o° oo

plot(x,y), grid on; ve duong tron
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axis('equal');

)

% hai truc cung ty le

axis([-1.1*r 1.1*r -1.1*r 1.1*r]);

title(['Duong tron co ban kinh r = ',num2str(r)]);

Trong moi trudng lam viéc (Workspace) ham nay c6 hai cach goi vdi sau

>> fcircle(3)

)

% ve duong tron ban kinh r = 3

>> [x,y]l=fcircle(4)% ve duong tron ban kinh r = 4, va dua

[

% ra man hinh hai vector chua toa do cac diem

Hay thyc hién va xem két qua !

3.3 Cac vong lap va ré nhanh

Khi 13p trinh tinh toan trén dir li¢u kiéu ma trin, vecto cdc vong lap diéu khién rat
hitu ich va dugc st dung rong rdi. Matlab dua ra cac dang vong lap va ré nhanh:
vong lap for, vong 1ap while, cau tric if-else-end va cau tric switch-case.

Céac vong ldp va ré& nhanh

for var_=dieukien,
cdc lénh
end

Lénh for

while dieukien,
cac lénh
end

Lénh while

if dieukien

<elseif>
<else..>
end

Lénh if (néu .. thi ..)

switch
case

<otherwise ..>
end

Lénh switch (chuyén)

break

Lénh ngdt vong l8p trong for va while

Vong lip FOR

Vong ldp for cho phép thuc hién mot nhém 1€nh 1dp lai véi sb 1an xdc dinh véi cd

phédp nhu sau
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for index = start: increment : finish
statement_1,
Ny
statement_n
end

Vi du can xdy dyng mot ham st dung vong lap for dé tinh tong cac phan tir cla
mot vécto v. Trén thanh cong cu, ta lya chon New —> m-file dé mo mot cira s6
soan thao, trong ctra s6 ndy ta soan ndi dung sau

function tong = tongvector (v)

[

% ham tinh tong cac phan tu cua mot vector

n=length (v); tra lai so phan tu, chieu dai cua vector

o° o° oo

s = 0; khoi gan cho tong

for i = 1:n hoac for i =1 : 1 : n
s =s + v(i);

end;

tong = s;

[

% save with file name tongvector.m

V6i ham dinh nghia nhu vdy, ta c6 thé st dung ngay trén ddu nhéc trong cira s6
1énh, vi du

>> x=[1:2:501];

>> s=tongvector (x)

s = 625

Dé kiém tra véi 1énh sin c6 cua Matlab ta goi 1énh sum

>> sum(x)

ans = 625
Mot s6 vi du khac vé st dung 1énh for:
n=36; n=5;
for i = 1:n for i = 1:n
a(i) = sin(i*pi/n); for j = 1:n
end a(i,j) = 1/(i+j-1);
end
end
Vong lip WHILE

While 14 18nh 13p véi s6 1an lip khong xdc dinh. Ci phép
WHILE expression
statements
END
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Vi du can tinh tong sau

100
S:1+l+l+...+L:Zl
2 3 100 5+
% Tinh tong S = 1+1/2+1/3+ +1/100
% su dung vong lap while % su dung vong lap for
function tong$S function tong_Sn
n=100; n=100;
S=0; 1i=1; S=0;
while i<=n for i=1:n
S = S+1/1; S=S+1/1;
i = 1i+1; end
end tong=S;
tong=S; disp('Voi n = 100, tong la :')
disp('Voi n = 100, tong la :'") disp (tong)
disp (tong)
% Ket qua la % Ket qua 1la
>> tong_S >> tong_Sn
Voi n = 100, tong la Voi n = 100, tong la
5.1874 5.1874

bé viét thanh mot ham c6 giao dién voi nguodi st dung ta viét mot ham nhu sau

function S = tong_Sn(n)

% su dung vong lap for
T=1;
while T

disp('Vao so duong n: ')

n = input('n = ")
if n>1 T = 0; end
end

tong=0;

for i=1:n
tong=tong+1/1i;

end

S=tong;

disp(['Voi n = ', sprintf ('%4d’
disp(S)

% save with file name tong_Sn.m

,n),' Tong S(n) la'l)
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Du6i day 1a mét so vi du vé viéce st dung 1énh while:

while 1

disp('Vao so n. Neu n <= 0, thi thoat chuong trinh."')
n = input(n = ")

if n <= 0, break, end

r = rank(magic(n))
end
disp('Nhu vay do !.")

E = 0*A; F =E + eye(size(E)); N = 1;
while norm(E+F-E,1) > 0,
E=FE+F; F =2A*F/N; N=N + 1;

end

Vi du tim s6 # 16n nhat sao cho tong sau nho hon 7

S:1+é+é+...+l:2l<7

n i=1 )

function n = timn(S)
tim so n lon nhat thoa man

% tongS(n) = 1+41/2+1/3+...+1/n < S
% gia tri S > 1 vao tu ban phim
T=1;

while T

disp('Vao so duong S')

S = input ('S = ")

if (S>1 & S<10) T = 0; end
end

format long

tong=0; 1=0;
while (tong<S)

i = 1i+1;
tong = tong+1/1;

end

n=1i-1;

tong=tong-1/1i;

disp('So n tim duoc la: ')
disp(n)

disp('Gia tri cua tong S(n) la: ")
disp(tong)
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Lénh if, cAu tric if - else - end

Lénh diéu kién néu - thi. Cd phap
IF expression
statements
ELSEIF expression
statements
ELSE
statements
END
Vidu
if I ==
A(I,J) = 2;
elseif abs(I-J) == 1
A(I,d) = -1;
else
A(I,J) = 0;
end

k=5; % ket qua chuong trinh
for i=l:k
for j=1:k >> A
if i==j A =
A(i,J)=4;
elseif (abs(j-1)==2)
A(i,3)=1;
else
A(i,3)=0;

O O K O b
O B O B O
= O s O
O b O+ O
B~ O B O O

end
end
end

Ma tran A trén c6 thé nhan duoc bﬁng cac 1&énh sau

>> k=5;
>> dl=4*ones(k,1); d2=ones (k-2,1);
>> a=diag(dl)+diag(d2,-2) +diag(dz, 2)

Cau truc switch-case

Lénh chuyén trong nhiéu truong hop dua trén biéu thirc va c6 dang tong quat nhu
sau
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SWITCH switch_expr
CASE case_expr,
statement, ..., statement

CASE {case_exprl, case_expr2, case_expr3,...

statement, ..., statement
OTHERWISE,
statement, ..., statement
END
Vidu
method = 'Bilinear';

disp ('Method
case 'cubic'

disp('Method
case 'nearest'

disp('Method
otherwise

end
% ket qua la
Method is linear

case {'linear',

switch lower (method)

'bilinear'}

is linear')

is cubic'")

is nearest')

disp ('Unknown method."')

Vidu

diem = 1;

switch diem
case 1
disp('Diem
case 2
disp('Diem
case 3
disp('Diem
case 4
disp('Diem
otherwise
disp('Diem
end

gioi')

tot!')

kha')

trung binh')

kem. ")
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Dé thodt ra khoi vong lap for hodc while, ta st dung 1énh break. Khi chuong trinh
chay dén dong 1énh nay thi né tu dong nhay ra khdi vong l1ap c6 chira break. Vi du

for p = 7:8

for g = 3:5
for r = 1:2
fprintf('\n %3.0f, %3.0f, %3.0fn' , p, g, r)
end
if g == 4, break; end
end
end

fprintf ('\n Xuong dong \n')

[

% Ket qua la

1n
2n
1In
2n
1n
2n
1n
2n

~ ~ ~ ~ ~ ~ ~

o W W W W

~

Xuong dong

Vi du sau day chi ra su twong tac gitta cdc ham khi 1ap trinh. Xét phuong trinh vi
phan

i = f(t,y) véi diéu kién dau y(t,) =y, .
Ta can tim nghiém () trong khoang thoi gian t = [t,, t].
Dé giai bai todn bang phuong phap Euler, ta s& chia khoang thoi gian trén thanh N
doan, v6i d dai hay con goi 1a budc thoi gian 1a h = (t, —1,)/ N . Goi z; = 2(t;)
la tri gin ding cta ham y(t) tai thoi diém ¢ =t, +ih, (i=12,...,N), theo
phuong phap Euler ddy cdc gid tri 2z, duogc tinh theo cong thitc sau

zy = y(ty), Zi=z +he [t 20)

Khi tién hanh thuc hién trong Matlab ta s€ soan ba m-file: mot moé ta phuong trinh
vi phan, mdt md ta phuong phap gan ding Euler, va mdt chuong trinh chinh.

Cu thé dé giai phuong trinh vi phan
Y= %(E} _by)’y(to) =0, ¢ =0, tleo'
Ta biét gnhiém chinh x4c ctia phuong trinh nay 1a
Vit = (1= ]
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Duéi day la ba m-file dugc soan.

)

% file_name = ptvp_vantoc.m

function dydt=ptvp_vantoc(t,y)

global m b FO % khai bao cac bien tong the
dydt=1/m* (FO-b*y) ;

% file_name = Euler_method.m
function [t, z]=Euler_method(ptvp, t0, tf, y0, N)

Cac bien:

o oe

ptvp - ten file chua ve phai cua phuong trinh vi phan can
giai

t0 - thoi diem dau

tf - thoi diem cuoi (t0 < tf)

o0 oo o o

y0 - gia tri ham tai thoi diem dau

N - so doan ma khoang thoi gian (tf-t0) duoc chia ra
global m b FO % khai bao cac bien tong
h = (tf - t0)/N; % buoc thoi gia
t = t0+[0:N]"'*h; % vector chua cac diem c¢
z(1l,:) = yO0;
for k = 1:N

z(k + 1,:) = z(k,:)+h*ptvp(t(k),z(k,:));

end

file_name = tuy_chon__.m

o
°
o
°

chuong trinh chinh
global m b FO %

m=1; b=0.2; FO0=4; % Gan gia tri cho cac tham so
t0=0; tf=10; ©N=20; vy0=0;

khai bao cac bien tong the

% nghiem gan dung z

[t, z]=Euler_method(@ptvp_vantoc, t0, tf, y0, N);
$nghiem chinh xac

y=F0/b* (l-exp(-b/m.*t));

figure(1l)

subplot (211)

plot(t,y,'k',t,z,"'-.k', 'Linewidth',1);

% so sanh ket qua tinh voi nghiem chinh xac
legend('y','z")

ylabel('y, z [m/s]');

subplot (212)
plot(t,abs(z-y), 'k', 'Linewidth',1);

% sai so cua phuong phap

xlabel ('t [s]'"); yvlabel ('|y-z]|");
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Khi chay chuong trinh chinh céc chuong trinh s& trao dbi di

liéu theo so do sau:

3
)

Chuong trinh chinh

o

°

global m b FO khai bao cac bien to

3
)

Gan gia tri cho cac tham so

ng the

m=...; b= .
[t, z]=Euler_method (@ptvp_vantoc, t0, tf, y0, N);
A
@ptvp_vantoc, t0O, tf, y0, N t, v
\ 4
% file_name = Euler_method.m
function [t, z]=Euler_method(ptvp, t0, tf, y0, N)
t, Y dy / dt
v
% file_name = ptvp_vantoc.m
function dydt=ptvp_vantoc(t,y)
global m b FO % khai bao cac bien tong the
dydt=1/m* (FO-b*y) ;
Khi chay chuong trinh chinh cho ta cic két qua nhu trén d6 thi dudi day.
20
15f y == = B
O z =
E ot = 8
> 5 | )
o L L L L L L L L L
0 1 2 3 4 5 6 7 8 9 10
0.4
0.3t &
T o2 1
0.1t g

0 I I I I I
5

t[s]

Hinh 1. D6 thi cac ham y(t), z(t) va hiéu y(t
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3.4 Cac Mat-File

Mat-file 1a tép cé phén m¢ rong 1a mat va do dé dugc goi la t&p chdm mat
(filename.mat). Mat-file 12 nhitng tép nhi phan duoc nén dé luu trit két qua sd. Céc
file nay dugc str dung dé ghi cic Kkét qua ma da duogc tao ra boi chudi céc 1énh, chi
thi ctia Matlab. Chang han, dé ghi gié trj cua hai bién x1 va x2 trong file c6 tén
dulieu.mat ta danh dong 1énh

>> x1=5;
>> x2=10;
>> save dulieu.mat x1 x2

Ghi tt ca cdc bién hién hanh trong mét file dugc thuc hién bang cich go dong 1énh

>> save filename.mat

Mudn tai (doc) mot mat-file vao MATLAB ta g6 dong Iénh

>> load filename (or load filename.mat)

3.5 Bai tap thuc hanh

1. Viét mot ham Matlab hoi ngudi sir dung ban kinh va chiéu cao cua hinh try, sau
do6 tinh toan va dua ra man hinh dién tich toan phan cta hinh try va thé tich cua
hinh tru.

2. Viét mot chuong trinh con c6 sir dung 1énh while dé tinh tong S(x,n)
S(z,n)=1+z+2*+...+2"

3. Viét mot chuong trinh con c6 st dung 1€nh for dé tinh téng S(x,n)
S(z,n)=1+1/z+1/2° +...+1 /2"

4. Viét mot chuong trinh con c6 st dung 1énh while dé tinh +/2 theo phuong phép

1ap Newton-Raphson, theo cong thirc

2
T, +2

n+l

2z,
Hay lap dé dat d¢ chinh xdc bon s sau dau phay, tic |z, ,, —z, [< 107,

5. Hay st dung vong lip while dé tim thuong va s6 du khi chia hai sé nguyén a cho
b,a>b.
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Churong 4.

Po6 hoa trong Matlab

Do hoa 1a mét trong nhitng tng dung quan trong nht cia mot goi cong cu toan sir
dung trén may tinh, va Matlab ciling khong 1a mot ngoai 1€. Thong thuong chung ta
mudn thé hién bang hinh anh cac ham ma quéa khé khi v& bang tay hodc dé thé hién
céc dir liéu tao ra hodc thu dugc tir thuc nghiém. Viéc thé hién cic két qua dudi
dang d6 thi 2D va 3D c6 y nghia quan trong dé 1am ro cdc qué trinh khéo sat.
Matlab cung cap rat nhiéu cic kha ning dé thuc hién viéc nay. Trong chuong nay,
cac cau lénh va céc k¥ thuat st dung trong Matlab thuc hién nhi€ém vu nay s€ duoc
trinh bay.

4.1 P6 hoa 2D

Trudc hét ta bat diu véi viéc v& do thi ham mot bién y = f(z). Cong viéc nay
trong Matlab bao gom ba budc:

- Dinh nghia ham can v& f(z),

- Xéc dinh mién gia trj ciia bién = = [a,b],

- Goi ham plot(x,y) cia Matlab.

Khi x4c dinh mién gia tri ciia ddi s, ta phai bao cho Matlab biét budc ctia bién ma
chung ta can xac dinh gié tri cua ham. Mot budce chia phu hgp 1a rat can thiet dé co
thé nhan dugc duong cong tron ctia ham s6. Néu budc chia 16n do thi s€ bi gay
khuc, con néu qua nho s€ gy lang phi bo nhé va thoi gian tinh todn. D€ minh hoa
diéu nay, ta xem céc vi du sau day.

V& db thi ham y =sinz trong mién 0 < z <10. Dé bét dau ta dinh nghia mién
can vé (z,,,,x,,) cing véi budc h ciia nd theo ct phap:

z=[z,, :h:z,,]

start
voi dong 1énh nay, mién v€ s€ dugc chia thanh n = (z,,, —z,,,,)/h +1 doan bang
nhau nho céc diém chia z,, k£ =1,2,...,n; Gid tri cia cac diém chia nay la
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+(k=1)-h, k=12,..,n

Két qua ctia viéc chia mién 1a mot vécto gém n phén tir duoc gan cho bién z . Sau
do ta tinh gia tri ctia ham s tai cac diém vira chia, va ciing nhan duoc mot vécto
cung ¢& véi bién 2. V4i ham don gian nhu y = sinz thi ta c¢6 thé tinh vécto y

T, =T

start

theo cach viét thong thuong. Khi di c¢6 hai vécto = va y ciing cd, ta chuyén sang
budc ba d6 1a st dung 1énh plot(x,y) dé v& do thi. Thuc hién ba dong 1énh sau

>> x=[0:0.1:10];
>> y=sin(x);
>> plot(x,vy)

Sau khi gd ENTER gidy l4t, Matlab m¢ ra mot cira s6 méi véi tén Figure 1, trong
d6 c6 hién 1€n d6 thi ham s6 y = sinx . K&t qua cua ba dong 1énh trén duoc thé
hién nhu trén hinh 4-1.

0.5

o

-05

0 2 4 6 8 10
Hinh 4-1. B4 thi ham y = sinz vé&ih = 0.1

Bay gio ta s& v& lai ham trén v6i budc chia 1a 1, ting 10 14n so véi trudng hop trén.
Thuc hién 1énh

>> x=[0:0:101];

Va thir vé lai bang 1énh, nhung Matlab di bao 15i

>> plot(x,V)

??? Error using ==> plot

Vectors must be the same lengths.

Chuyén gi da xay ra, chiing ta da dinh nghia ham y =sinz tai sao Matlab khong
v& ma lai bao 16i. O ddy chiing ta di chia lai mién v&, s6 phan tir ctia vécto 2 di
thay doi, nhung ta chua tinh lai cac gia tri cia y, vécto nay van gilr lai cac gia tri
ctia 1an tinh trudc va nhu vay hai vécto x va y ¢6 sd phan tir khac nhau. D6 1a 1y do.
Pé v& duoc ta can tinh lai véi vécto y, hiy sir dung phim 1én xudng (T, 1) dé chon
lai dong 1énh hodc viét lai.
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>> y = sin(x);

>> plot(x,v)

Va nhan dugc do thi trong cura sb Figure 1 nhu trén hinh 4-2. Ta théy dd thi nay bi
gay khuc, nhin khdng gidng véi do thi hinh sin quen thudc.

1

05

-05

0 2 4 6 8 10
Hinh 4-2. D6 thj ham y = sinz véih=1.0

Bay gio ta thuc hién lai ba dong Iénh trén véi bude h = 0.01, tirc 1a nho hon 10 lan
so voi lan vé dau tién. Két qua 1a dugc do thi nhu trén hinh 4-3, duong cong trén
hinh nay rat tron.

>> x = [0:0.01:10], y=sin(x);
>> plot(x,v)

05

-05

-1

0 2 4 6 8 10
Hinh 4-3. D6 thi ham y = sinz véih = 0.01
Pé 1am 16 hon ta cin dua thém vao do thi tén cla cac truc toa dd va biéu thirc cia

ham duoc v&. Viéc nay sé dugc thuc hién béng cac 1énh xlabel va ylabel. Cac 1énh
nay c6 thé dugc sir dung vai mot doi so, 1a t€én ma ban muodn dat cho tirng truc. Tén
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clia truc can phai dat trong hai diu nhay don ‘ten truc’. Cac 1énh dit tén nay co thé
dugc viét cung dong véi Iénh plot, nhung nhé phai c6 dau phay gitra cac 1€nh.

>> x=[0:0.01:107;
>> y=sin(x);
>> plot(x,v), xlabel ('x"), ylabel ('y=sin(x)"');

1

0.5

y=sin(x)
o

-05

0 2 4 6 8 10
Hinh 4-4a. B4 thi ham y = sinx véi h = 0.01 cung v&i nhan cuda truc toa dod

Pit mau va kiéu duong cho do thi

Khi ban v& db thi mot ham mgt bién, d6 thi hién 1én véi mau dd mc dinh 1a xanh
duong (blue). Hodc khi vé nhiéu d6 thi trén cung mét hé truc toa do Matlab s€ chon
cdc mau khac nhau, mdi mau cho mét duong. Néu in mau thi do thi rt dep va 19,
tuy nhién néu khéng c6 mau cic do thi nay rat mo. Dé déi mau cho dd thi ta cin bd
sung thém tham s6 cho 1énh plot. C4c mau trong trong Matlab dugc ky hiéu nhu
trong bang 3-1 va dua vao 1énh plot trong ddu nhay don, nhu mét ky tu.

Bang 3-1. Ky hiéu mau sic

Mau Ky hiéu

black —den k
blue — xanh da troi b
cyan — luc lam c
green — xanh 14 cay g
red —do

magenta — do tuoi m
yelow —vang

white — tring w
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Vi du ta mudn d6 thi hinh sin trén ¢é mau den:

>> plot(x,vy,'k"), xlabel ('x"), ylabel ('y=sin(x)"');

0.5r

sin(x)

y

-0.5+

-1 1 I I I
0 2 4 6 8 10
X

Hinh 4-4b. B4 thi ham y = sin 2z mau den

Néu ban khong khai bdo mau trong plot, Matlab ty dong chon mau cho cdc duong.
Xem vi du sau:
>> x=[0:0.01:10];
>> y=sin(x);
>> z=Cos (X);
>> plot(x,y, X,z)

o 2 4 6 8 10
Hinh 4-4c. D6 thi hai ham y =sinz va z = cosx
Néu db thi ciia ban c¢6 nét qud manh, khi in c6 thé md, ban c6 thé b sung thém lya

chon Lipewidth gdé manh cua c]uc‘mg). Matlab mac dgnh dd manh cua duong la 1,
néu mudn lam noi bat ban c6 thé chon bang 2. Cach bo sung lwa chon nay nhu sau

>> plot(x,y, 'k-', 'Linewidth', 2)

Mt sb tiy chon khi vé dé thi 2D

Nhur trén da trinh bay mot sb thi tuc co ban nhit dé Matlab dua ra do thi ciia ham
mot bién. Bay gio ching ta s€ xem xét k¥ hon mdt so tly chon (options) bo sung
dé cé nhiéu thong tin dugc hién thi trén do thi. Ban c6 thé dua tén clia do thi bang
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1énh title. Lénh title v6i phan tén do thi dé trong cip ddu nhéy don, © °, tirc la ¢
dang sau ky tu, Matlab s€ hién thi tén d6 1€n phia trén do thi. Chang han muon vé
dd thi = = e sint, trong khoang 0 <t <4, v6i ¢ 1a thoi gian tinh bang gidy (s),
budc thoi gian 1a ~ = 0.01 s. Ta muon dat tén cho do thi nay 1a ‘Dao dong co can’
(Dao dong c6 can), thi s€ 1am thé ndo?.

Trudc hét chia khoang thoi gian can thé hién

>> t = [0:0.01:4];

Sau d6 x4c dinh gia tri ciia ham tai cic diém chia

>> x = exp(—-2*t)*sin(t);

Tuy nhién, véi dong 1énh trén Matlab s& béo 16!

??? Error using ==> mtimes

Inner matrix dimensions must agree.

Ly do cta 16i trén 13, v6i ¢ 12 mot vécto hang, Matlab sé tinh cdc dai luong
exp(-2*t) va sin(t) cling 1a cic vécto hang, va vgi phép nhan thong thudng Matlab
khong thyc hién duoc, vi chua dugc dinh nghia trong né.

Dé vé& dugc ham trén, cach thu nhét 1a sir dung ham fplor. Ham fplot nay ty dong
chon pu’('rc chia, va ham can v€ dugc nhip vao I¢énh nhu 1a mot chudi ky tu, trong
cap dau nhay don. Vi cd phap

fplot(‘bieu thuc ham’, [t_start, t_end])
Véi ham dao dong c6 can trén, ta viét
>> fplot ('exp(-2*t)*sin(t)"', [0, 4])

Matlab nhanh chéng dua ra dd thi nhu trén hinh 3-5. Nép mudn thém tén cta dd thi
vao, ta st dung 1énh nhu dong dudi day va nhan dugc do thi nhu trén hinh 3-6.

>> title('Dao dong co can')

Dao dong co can

0.2 : : : 0.2
0.15 {015
0.1 ] 0.1
0.05 {005
0 — 0
005 1 2 3 s % 1 2 3 4
Hinh 3-5. Hinh 3-6.
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Mot phuong an khéc 12 ta st dung céc phép tinh nhan, mil, chia phan tir (.*, A, /)
deé viét biéu thirc cia ham s6 vao dong 1é€nh cua Matlab. Véi ham s6 dao dong c6
can, ta vi€t nhu sau:

>> t = [0:0.01:4];
>> x=exp (—-2*t) .*sin(t);
>> plot(t,x), title('Dao dong co can')

Két qué nhéan dugc nhu trén hinh 3-6.

Mot vi du khéc 1a v& do thi ham y = tanh z, trong mién —6 <z <6, véi cic
dudng déng xuat hién trén do thi. Lénh grid on sau 1énh plot s& hién thi cdc duong
doéng.

>> x = [-6:0.01:67;

>> y = tanh(x);

>> plot(x,y), title('Ham y = tanh(x)'), grid on

05+-----1---- [ RN Oy -

Hinh 3-7. D4 thi dwoc vé cling véi 1énh grid on

V& nhiéu dd thi trén cing mét hé truc

Trong nhiéu truong hop, ta can thé hién nhiéu duodng trong cung mdt hé truc toa
do. Chang han céan v& do thi cdc ham y, =sinz, va y, =cosz, 0 <z <10, trong
cling mot hé tryc. Chiing ta s& v& ham y,(z) bang nét lién va y,(x) bang nét dut.
Thuc hién cdc dong 1€nh sau va nhéan dugc két qué nhu trén hinh 3-8.

Thong sb thé hién trong dau nhay ¢ dong 1énh cudi ciia cdc dong 1énh ('——") cho
Matlab biét rang ham y2 s€ dugc vé bang duong nét dut. Quan sat trén do thi ta
thay, Matlab da ty dong chon hai mau khac nhau cho hai duong. Trong Matlab c6
bon kiéu duong da dugc dinh nghia (nét lién, nét dut, nét cham gach, va nét cham),
ngoai ra c6 rat nhic€u kiéu dé danh dau cac diém trén do thi nhu liét k& trong bang
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>> x=[0:0.01:107;

>> y2=cos(Xx);

>> yl=sin(x);

>> plot(x,vyl, x,y2,'--")

Hinh 3-8. D4 thi y1 (nét lién) va y2 nét dut

Bang 3-2. Ky hiéu kiéu duong

Kiéu duong (line style)

- solid line dudng nét lién

—— dashed line dudng nét duat

-. dashdot line dudng nét chlm gach
dotted line dudng nét chém

(none) no line (khéng hién dudng 1én)

Bing 3-3. Ky hi¢u danh dau

Kiéu ddnh diu (marker)

point diém v triangle (down) tam gidc
o circle vong tron " triangle (up)
X x-mark chit x < triangle (left)
+ plus dédu céng > triangle (right)
* star diu sao P pentagram
s square diu vudng h hexagram

d diamond | kim cuong

Dé cic do thi ciing mau den (k) va c6 kiéu duong khac nhau mot nét lién (-) va mot
nét dut (--), ta viét dong 1énh (hinh 3-9)

>> x=[0:0.01:107;

>> y2=cos (x);

>> yl=sin(x);

>> plot (x,yl, 'k-', x,y2,'k——")
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0.5

-0.5

10

Hinh 3-9. D& thi y1 (nét lién) va y2 nét dirt

Néu khong khai bdo kiéu duong Matlab tu dong chon nét lién, d6 1a kiéu dudng
mac dinh.

Thém cac cha thich

Mot dd thi ¢6 y nghia vat 1y, néu trén d6 thé hién dugc cdc dai lugng véi thir
nguyén hay don vi do rd rang. Va trong trudng hop c6 nhidu do thi trén ciing mot
hinh, thi can phai chi 16 timg duong. Véi 1énh legend Matlab cho phép ta dién cic
chd giai 1én hinh v&. Vi du ta cin v& do thi hai ham s6 theo thoi gian tinh bang
gidy, mdt la dich chuyén v6i don vi do 12 mét, va mdt 12 van tdc véi don vi do 1a
mét/gidy:

x = sin(2t) m, v = 2cos(2t) m/s.
Y S S L,,,J,,,J,,,,L,,J, x [m]
| | | | — —v[m/s]

AR AN RN
1 3

|
4 5 6 7 8 9 10
t[s]

Hinh 3-10. D thi cac ham véi legend

Thuc hién cac dong 1€nh sau
> t = [0:0.1:10];
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>> x = sin(2*t); v = 2*cos(2*t);

>> plot(t,x, 'k-"', t,v,'k—="), grid on, xlabel('t [s]"'")

>> legend('x [m]','v [m/s]'), axis([0 10 -2.6 3.5])

Cho ta két qua nhu trén hinh 4-10 véi cac chu thich vé kiéu duong va thir nguyén
cua dai lugng can hién thi.

Cac Iénh axis

Matlab cho phép ban diéu chinh céc truc toa do su dung trong dd thi hai chiéu theo
céch sau day. Néu thém vao 1énh axis square vao cung dong véi 1€nh plot, thi do
thi s€ hién ra trong mot hinh vudng, Matlab di kéo cac tryc dé phan vé tré nén
vudng. Hay thuc hién dong 1€nh va quan sat

>> plot(x,y), title('Ham y = tanh(x)'), axis square

Néu ban thém 1énh axis equal vao cung dong v6i 1€nh plot, thi cic truc s€ dugc
diéu chinh véi cung mét ty 1€ xich (hinh 3-11).

>> plot(x,y), grid on, axis equal

Hinh 3-11. D& thi dwoc vé cung véi 1énh grid on va axis equal

Nhu da théy, vo1 cac lua chon khac nhau cho ta cac dd thi twong ung, st dung lya
chon nao 1a do ban quyét dinh dé nhan dugc do thi trong mién vé& 1a hop ly, chfmg
han ta khong nén dé do thi hién ra trong mot dién tich v& qué 16n nhu trén hinh 3-
11. Gi6i han cia truc tung tir -5 dén +5 12 khong can thiét. Ling phi dién tich!. Dé
Matlab ty dong chon gidi han cho céc tryc ta sir dung 1€nh axis auto. V&i

>> plot(x,y), title('Ham y = tanh(x)'), grid on, axis auto

Két qué nhan dugc mot dd thi nhu trén hinh 3-11.
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Dit giéi han mién vé véi 1énh axis
Dé gidi han mién v€ do thi, ta st dung 1€nh axis véi cach viet
axis([xmin xmax ymin ymax])

Chang han mudn vé& db thi ham y = sin(2z + 3),0 < < 5, ¢6 thé chiing ta da biét
rang gi tri ctia ham nay chi nam trong gii han —1 < y < 1. Dé gi4 tri gidi han cua
tryc tung trong khoang do, ta su dung chudi cdc dong Iénh sau, trong d6 1énh axis
c6 tic dung gidi han mién ve€ cua céc truc toa do.

>> x = [0:0.01:5];

>> y = sin(2*x + 3);

>> plot(x,y,'k', 'Linewidth',1.5), axis([0 5 -1 1]), grid on,
>> legend('y=sin(2x + 3)")

Cic dong nay cho két qua nhur trén hinh 3-12.

1

0.5

Hinh 3-12.

Bay gio ta v& db thi ham y = ¢/ sin(5z + 3), voi 0 <z < 5. Trudc hét thir véi
-1<y<1:

>> x = [0:0.01:5];

>> y = exp(-1.5%x).*sin(5*x+3);
>> plot(x,y, 'k', 'Linewidth',?2),

1

0.5

-0.5

Hinh 3-13a. Hinh 3-13b.
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Nhu thiy trén hinh 3-13a, gi6i han cua truc y nén duoc hiéu chinh, trong khoang tir
—0.7 £y £ 0.3 (hinh 3-13). Véi hinh 3-13b ta c¢6 thé quan sit do thi ham so6 chi
tiét hon.

>> plot(x,y, 'k', 'Linewidth',2), axis ([0 5 -0.7 0.3]1), grid on

Mot thu thuat dé giéi han truc y mot cach ti dong, ta c6 thé sir dung ham min va
max dé tim cac gia tri nho nhat va 16n nhat cta vécto y. Ttr d6 dua ra cac gidi han
hop 1y. Vi du do6i véi ham so
y =e % sin(5z + 3) +sin’(2z), véi 0 <z < 5.
Thuc hién
>> x = [0:0.01:5];
>> y = exp(-1.5%x) .*sin(5*x+3)+sin(4*x) ."2;
>> plot(x,y, 'k', 'Linewidth',2), grid on
>> axis([min(x) max(x) min(y) max(y)])
>> axis([min(x) max(x) min(y)-0.1 max(y)+0.11])
Két qua nhan dugc 1a hinh 3-14a.

a) voi b) voi
axis([min(x) max(x) min(y)-0.1 max(y)+0.1]) axis([0 2 min(y)-0.1 max(y)+0.1])
Hinh 3-14

Hinh 3-14b 1a két qua cta cc dong 1énh dudi day.

>> plot(x,y,'k', 'Linewidth',2), grid on
>> axis ([0 2 min(y)-0.1 max(y)+0.11])

Lénh Subplots

Lénh subplot cho phép ta vé nhiéu d6 thi trong nhiéu hé truc toa do vao cung mdt
hinh v&. Lénh nay dugc goi voi cd phap subplot(m, n, p), trong d6 m va n cho
biét s6 hang va so cot trong hinh v€ nhu 1a mét ma trdn hay mang. S6 p cho biét
dd thi s& dugc v€ vao 6 thir méy trong mang. Pé 1am séng td, ta thyc hi¢én cic vi du
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sau ddy. Hay v& d thi ctia ba ham sau ddy trén ba hé truc vao ciing mot hinh vé,
trong d6 bien thoi gian ¢ tinh bang gidy, voi 0 < ¢ < 8:

z=sin3t m, v=3cos3t m/s,va a =-9sin3t m/s.

Trong trudng hop nay hinh v€ s€ ¢6 ba hang va mot ¢dt, (m =3,n=1), ) p s€
chay tr 1 dén 3. Thyc hién cdc dong 1énh

>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>

t [0:0.01:8];

X = sin(3*t); v=3*cos(3*t); a=-9*sin(3*t);

subplot(3,1,1)

plot(t,x, 'k-"', 'Linewidth',1.5), grid on, ylabel('x [m]'),
axis([0 8 -1.2 1.2])

subplot (3,1, 2)

plot(t,v, 'k-", 'Linewidth',1.5), grid on, ylabel('v [m/s]'),
axis ([0 8 =-3.5 3.51)

subplot (3,1, 3)

plot(t,a, 'k-"', 'Linewidth',1.5), grid on, ylabel('a [m/s"2]"'),
axis ([0 8 =10 101)

xlabel ('t [s]'")

Két qua nhan dugc nhu trén hinh 3-15.

Hinh 3-15. St dung subplot (3,1, ...)

Tiép theo 12 vi dy vé viéc v& bon do thi vao mot hinh bon 6, hai hang va hai cot,
(m=2,n=2),s0 p s€chay tu 1 dén 4.
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. —0.2t _
r = sin 3¢t m, y=e sin 3¢t m,

v, =3cosdt mfs, v, = —0.2¢7"* sin 3t + 3¢ cos 3t m/s.

Y

Thuyc hién cdc dong 1&€nh

> t = [0:0.01:8];
>> x = sin(3*t); vx=3*cos (3*t);
>> vy = exp(-0.2*t).*sin(3*t);

>> vy = -0.2%exp(-0.2*t) . *sin(3*t)+3*exp(-0.2*t) .*cos(3*t);

>> subplot(2,2,1)

>> plot(t,x, 'k-",'Linewidth',2), grid on, ylabel('x [m]
>> axis ([0 8 -1.2 1.21)

>> subplot(2,2,3)

>> plot(t,vx, 'k-", 'Linewidth',2), grid on, ylabel('v_x
>> axis ([0 8 =3.5 3.5])

>> xlabel ('t [s]'")

>> subplot(2,2,2)

")

[m/s]1'),

>> plot(t,y, 'k-', 'Linewidth',2), grid on, vylabel('y [m]"),

>> axis ([0 8 -1 117)

>> subplot(2,2,4)

>> plot(t,vy, 'k=-", 'Linewidth',2), grid on, ylabel('v_y
>> axis ([0 8 -2.5 3.2])

>> xlabel ('t [s]'")

Két qué nhan dugc nhu trén hinh 3-16.

[m/s1'),

1

X [m]
o
y [m]

X

v, [m/s]
y

v, [m/s]

Hinh 3-16. St dung subplot (2, 2, ...)
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Can luu ¥ ring thirc ty céc 6 (tirc 12 s6 p) trong mang m x n dugc dénh sd hét hang
nay qua hang khéc, twong nhu nhu khi str dung mot chi s6 dé tham chiéu vao phan
tir ciia ma tran. Nhu trong truong hop trén hang mot gom céc 6 1 va 2, va hang hai
g0m céc 6 3 va 4, theo thu tu tir trdi qua phai.

V& céc dd thi xép chdng va 1énh linspace

Gia sir chiing ta dd c6 do thi mot ham s6 va quyét dinh v& thém dd thi mot ham nita
vao cling voi do thi di c6. Ching ta ¢6 thé 1am viéc nay voi hai 1an goi ham plot
cling v6i cum tir hold on dé béo cho Matlab biét can giir lai do thi ciia ham thtr nhat
da co.

Trong vi du sau ching ta s€ v& dd thi cia cac ham cos(x) va sin(x) va dat ching
vao cung mot hinh vé. Trudc hét ching ta s€ hoc thém mot 1énh maéi cé thé sir dung
dé tao ra dir liéu cho tryc hoanh x. D6 1a 1é€nh linspace, v&i hai cach goi nhu sau:

Matlab ty dong chia khoang (a, b) bang 100 diém
cach déu

b
Il

linspace(a,b)

b
Il

linspace (a,b,n) Matlab chia khoang (a, b) bang n diém cach déu

Bay gioi dé v& cdc ham sin va cos trong khoang tir 0 dén 27, ta thyuc hién cdc dong
Iénh sau:

>> x = linspace (0,2*pi);

>> plot(x,cos(x), 'k-", 'Linewidth',2), grid on

>> axis ([0 2*pi -1.2 1.27)

Két qua cho ta 12 db thi ham cos(x) nhu trén hinh 3-17.

Hinh 3-17. D6 thj ham th nhat

Néu tiép tuc v6i dong 1énh
>> plot(x,sin(x), 'k-', 'Linewidth',2), grid on
>> axis ([0 2*pi -1.2 1.27)
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ta

nhan dugc mdt hinh v& méi do thi ham sin(x), nhu thé hinh v& cua ham cos(x)

vira v€ da bi xd6a, va Matlab da tao ra mot hinh vé méi

Hinh 3-18. D4 thi ham tha hai, khéng st dung hold on

Dé ca hai d6 thi ciing ton tai trén mot hinh v&, thi trudc khi v& ham thir hai ta phai

su
do
>>
>>
>>

dung 18nh hold on. Véi dong thong bdo nay Matlab s& giit lai d6 thi da vé& trude
. Trong trudng hop trén ta can lam nhu sau

x = linspace (0, 2*pi);

plot(x,cos(x), 'k-", 'Linewidth',2), grid on

axis ([0 2*pi -1.2 1.2])

Néu tiép tuc v6i dong 1énh

>>
>>
>>
>>

88

hold on

plot (x,sin(x), 'k—-=", 'Linewidth',2), grid on
axis ([0 2*pi -1.2 1.21])

hold off

0.5

Hinh 3-19. D thi hai ham cling hé truc toa do, c6 s dung hold on



Va nhan dugc két qua nhu trén hinh v& 3-19. D& phan biét hai duong ta da chon
cic kiéu duong nét dat cho do thi thtr hai. Khi mudn két thdc tic dung cda 1énh
hold on ta st dung 1€nh hold off.

Do thi theo toa dd cwe va Do thi véi thang chia Logarith

Trong cac phﬁn trudce ta da vé do thi cdc ham ) trong hé truc toa do dé cic vuong
gdc, tuy nhién trong k¥ thuat c6 nhiéu dudng cong néu biéu dién theo toa do cuc s€
don gian hon. Vi du nhu khi v& dudng cong c6 tén la dudng xoan 6c Acximét céd
phuong trinh trong dang toa do cuc la
r=a@,voi a 1ahing s va @ 1a toa do géc.
TAt nhién 1a ¢6 su chuyén ddi gitra toa d§ cuc va toa dd dé cic theo cong thirc
T=7Ccos@=a@Pcos@, y=rsin@ =aPsing.
bPé vé& duodng xoén dc nay trong pham vi 0 < ¢ < 27, ta thyc hién viéc chia déu
mién can v&, tinh todn cic gid tri cia r twong Ung va st dung 1énh polar nhu trong
céc dong I1énh sau:

>> a = 1;

>> phi=[0:p1/90:2*%pi];
>> r = a*phi;

>> polar (phi, r, '-k');

Két qua cho ta hinh v& 3-20.

Hinh 3-21. B thi toa dé cuc cla phuong
Hinh 3-20. Dwdng xoén éc Acximét trinh r =1+2cosé
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Mot vi du khac 14 v& d6 thi ham r =1+ 2cos @ trong toa do cuc, voi 0 < 8 < 6.
Céc dong 1énh sau thyc hién cdng viéc nay

>> theta=[0:pi1/90:6*pi];
>> r = l+2*cos (theta);
>> polar (r,theta, '-k");

Két qua cho ta hinh vé& 3-21.

Trong k¥ thuat diéu lghiénN, cac duong ddc tinh bién do va goc pha theo tan sb tac
dong thuong dugc biéu dién theo thang logarith. Pé v€ cac do thi véi thang 16garith
nay, chiing ta co thé sir dung kiéu v& log-log bang 1énh loglog. Lénh v& loglog nay
dugc sir dung tuwong tu nhu 1€nh plot, chi khac 1a trong khi 1énh plot st dung thang
do thuong (thang thap phan) con Iénh loglog lai st dung thang do log trén ca hai
truc tung va hoanh. Nghia 1a v6i ham s6 y = f(z), thi d0 thi s& hién thi cAc gi tri
log(x) va log(y) trén hai truc. Vi du ta s¢ v& ham y =e¢", 0.1 <z <100 trong
thang logarith bang cac dong 1énh

>> x = logspace(-1,2);
>> loglog(x,exp(x), 'k-"), grid on

Két qua nhan dugc nhu trén hinh 4-22.

50

10

10

10

Hinh 3-22. B4 thi ham y = ¢” trong thang loglog

Ngoai ra ta c6 thé v& cac do thi v6i 1énh semilogx hodc semilogy, véi cic 1énh nay
chi c6 mot truc x hodc y tuong tng str dung thang logarith con truc kia su dung
thang thap phan. Trong vi du sau ddy ta s& v& db thi bién d6 va goc pha cia cac
ham bién phirc sau:

90



1 4
1+s’ &)= 6T

v6i s 1a bién phirc s = iw, 0.1 < @<100.

Gi(s) =

>> s = logspace(-1,2)*1i;

>> G2 = 1./ ((s+1).*(s+4));

>> absG2 = abs(G2); pha2 = phase(G2);

>> subplot(2,1,1)

>> semilogx(imag(s), absG2, 'k-', 'Linewidth', 2), grid on
>> ylabel ('Bien do')

>> subplot(2,1,2)

>> semilogx(imag(s), pha2,'k-', 'Linewidth', 2), grid on
>> xlabel('log(\omega) '), ylabel('Goc pha')

Két qua cho ta hinh v& 3-23.

Goc pha

log(w)

Hinh 3-23. B thj do Ion va goc pha ciia ham phire G, (s) trong thang semilogx

Trong ky thuét diéu khién, khi nghién ctru ‘dap (mg bién do tan sd va géc pha tan
s0, nguoi ta thuong sur dung thang do log c101 véi truc hoanh, va tryc tung dugce tinh
theo dexibel, dB doi v6i dd thi bién do tan sb6. Con ddi voi dd thi gdbc pha, truc tung
duogc thé hién bang do. Trong vi du sau ta s& v& hai do thi dang nay véi subplot va
semilogx.

Ham bién d0 tan so

L(w) = -201gV4 + &
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ha
()

am goc p

N

H

—arctan(a@T)

d

én cic dong Iénh:

A

Thuc hi

>> T=1;

>>

= logspace(-2,2);
-20*1ogl0(sqgrt (4+x.%2));
>> pha = —-atand(x*T);
>> semilogx(x,L)

X
L

>>

>> semilogx (x, pha)

>> subplot(2,1,1)
>> semilogx(x,

2), grid on

'Linewidth',

Ll'k_'l

[dB]")

>> ylabel ('L
>> subplot(2,1,2)
>> semilogx(x,

grid on
[fo]l")

2),

'Linewidth',

pha/ 'k_'/

ylabel ('\Phi

>> xlabel('log(\omega)'),

log(®)

Hinh 3-24. B thj do Ion va goc pha clia ham phire G, (s) trong thang semilogx

N

Do thi cia dir liéu roi rac

5

Khong phai lic nao ta cling ¢6 hodc tao ra cac dir li¢u lién tuc, khi can phai thé
Danh

4

0 tuong ung.

s4ch sinh vién dong vai tro nhu bién x, nén ta tao mot mang v4i ndm phan tir:

4

va Ha voi s6 diém tuong Gng 1a 67, 56, 97, 80 va 98. Trudc hét, ta tao hai mang,

I3
A

r

hién bang bi¢u do, do thi cua cac dai lugng roi rac ta lam the nao? Chéng han nhu

ém s

ta di

kia ch

\

én va mang

A

N

1
5

N
7

N

t mang chtra danh sach sinh vi

A

md

muon thé hién bang biéu d6 diém tong cua ndm ban sinh vién An, Nam, Thu, Dong
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>> x = [1:5];

Boi vi ching ta khéng md hinh bang mot ham lién tuc, nén khong can thiét phai
xac dinh budc ting ctua x. Ta c6 budc bang 1, nhu thé Matlab tao ra 5 diém tur 1
dén 5. Sau d6 ta tao vécto y véi 5 phan tr chira di€m so0 tuong ung:

>>y = [67, 56, 97, 80, 98];

Va by gid ta co thé v& do thi, va dua tén cac ban sinh vién vao bang 1énh ser. Viéc
nay nhu c6 vé twong dbi phirc tap:

>> plot(x,y,'o',x,v),

>> set (gca, 'XTicklabel', ['An'; 'Nam'; 'Thu';'Dong';'Ha'l),

>> set(gca, 'XTick', [1:5]),

>> axis([1 5 0 100]),xlabel('Sinh wvien'),

>> ylabel('Diem so'), title('Diem thi thang 10, 2010"'")

Khi chay cac dong nay, Matlab sé& bao 16i.

??? Error using ==> vertcat

All rows in the bracketed expression must have the same
number of columns.

Ly do ndm & dong,
>> set (gca, 'XTicklabel', ['An'; 'Nam'; 'Thu';'Dong';'Ha'l),
¢ day do tén cta céc ban sinh vién c6 sb ky tu khac nhau, dé hién thj dugc cac tén
nay 1€n, ta xem tén dai nhat c6 bao nhiéu ky ty, sau d6 thém ky tu trang vao cac tén
ngan hon sao cho s6 ky ty trong tat ca cac tén la nhu nhau. Trong truong hop &
day, ‘Dong’ 1a t€n dai nhat c6 4 ky tu, do do6 tén ‘An’ can thém 2, t€n ‘Nam’ thém
1, tén ‘Thu’ thém 1, va tén ‘Ha’ thém 2.
Stra dong Iénh trén thanh
>> set (gca, 'XTicklabel', ['An '; 'Nam ';'Thu '; 'Dong'; 'Ha 1),
Ta s& nhan dugc do thi biéu diém nhur hinh 4-25.

Diem thi thang 10,2010

100 - —
\\\\ o
SN
&
£ 50 ]
Q
a
O I I I
An Nam Thu Dong Ha
Snh vien

Hinh 3-25. Biéu dién diém s sinh vién vai lénh set
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>> plot(x,y,'o',x,vy),

>> set (gca, 'XTicklabel', ['An '; 'Nam ';'Thu '; 'Dong'; 'Ha 1),
>> set (gca, 'XTick', [1:5]),

>> axis([1 5 0 100]),xlabel('Sinh vien'),

>> ylabel ('Diem so'), title('Diem thi thang 10, 2010")

Chting ta ciling c6 thé biéu dién cac diém trén bang cac cdt hai chiéu vadi 1€nh
bar(x,y). Lénh v€ cung vdi cac nhan tén nhu sau

>> x = [1:5];

>> vy = [50,98,75,80,98];

>> bar(x,y), % xlabel('Sinh wvien'),

>> set (gca, 'XTicklabel', ['An '; 'Nam ';'Thu '; 'Dong'; 'Ha 1),
>> ylabel ('Diem so'), title('Diem thi thang 10, 2010")

Két qua nhan dugc 12 biéu dd nhu trén hinh 4-26
Diem thi thang 10,2010
100

80

60

Diem so

40

20

An Nam Thu Dong Ha

Hinh 3-26. Biéu dién diém sé sinh vién vai Iénh bar

Mot cach khac dé biéu dién cac diém dir liéu roi rac 1a stem plot. Lénh stem plot
tao ra d6 thi ctia mot ham véi dit liéu clia cac diém nhat dinh. Tai mdi diém toa do
(x,y) dugc danh ddu bing marker, va mot duong thing ding kéo tir marker dén
truc hoanh. Dé 1am vi du, ta xét ham dap ting cta mot 10 xo khi c6 luc tac dung
nhu sau:

fit)y=e"sin(t/4), B=0.01, 0<t<200
Trudce hét ham nay duoc v& bang 1énh plot v&i bude thoi gian h = 0.1. Thy hién
cac dong Iénh

>> t = [0:0.1:200];
>> f = exp(-0.01*t).*sin(t/4);
>> plot(t,£f, 'k-'"), xlabel('t [s])'),ylabel('Luc [N]")
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ta nhan duoc do thi nhu trén hinh 4-27, d6 14 dao dong tit dan.

1

Luc [N]

1 s s .
0 50 100 150 200

tis)
Hinh 3-27. V& ham f(t) v&i Iénh plot

Dé tao ra duoc dit lidu roi rac, ta ldy budc thoi gian twong dbi 16n h =5 s, (gia st
r.':?lng tin hiéu cur sau 5 gidy lai duoc léy mau). Sau do thuc hién vé lai cac tin hiéu
v6i cac 1énh plot va stem nhu dudi day, va thu duoc cac do thi twong tmg (hinh 4-
28a va 3-28b).

>> t = [0:5:2007;

>> f = exp(-0.01*t).*sin(t/4);

>> plot(t, £, 'k-"), xlabel('t [s]'),ylabel('Luc [N]")

>> stem(t, £, 'k-"), xlabel('t [s]'),ylabel('Luc [N]")

1 1
05 4
3 z [ ] ﬁ?ﬁﬁﬂ
E 5 i i i J> PP LD
-05 1
_1 L L L _1 L L L
0 50 100 150 200 0 50 100 150 200
t[s] t[s]
Hinh 3-28a. Db thi tin hiéu v&i plot Hinh 3-28b. D6 thi tin hiéu v&i stem

Chu y rang, cac lya chon déi véi kiéu duong khi st dung plot(x,y) déu co thé ap
dung khi su dyng stem. Vi du ban muon lya chon dudng net hen duong cham
gach, . . . hay mudn chon mau cho cac duong (xanh dwong 1 miu mic dinh).
Chung ta cing c6 thé bdi mau cho cac dau danh trén hinh bang viéc lya chon 'fill'
trong stem. Va ta ciing ¢ thé chon tiy ¥ cac kiéu danh dau (marker) bao gdm dau
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vuong (s), kim cuong (d), sao ndm diém (p), vong tron (c) gach chéo (x), déu sao
(*), va chdm (.). Ban hiy thtr v6i dong 1énh sau va xem db thi !

>> stem(t,f, '--db', 'fill'), xlabel('t [s]'),ylabel('Luc [N]"'")
Néu mudn thé hién mot tin hiéu léy mau va dugc giir 1a héng sb cho dén lan lfiy
mau ti€p theo, ta sit dung 1énh stairs(x,y, ...). Vi du tin hi¢u lién tuc trén dugc lay
mau véi chu ky 1 s (moi gidy lay mau mot 1an), va duoc gitr 1a hang, thi ta bieu
dién véi cac dong 1€nh sau:

>> f = exp(-0.01*t).*sin(t/4);
>> stairs(t,f, 'k-"), xlabel('t [s]'),ylabel('Luc [N]'), grid on

Két qua cho ta mét dd thi nhu sau

1

Luc[N]

0 20 40 60 80 100
t[s]

Hinh 3-29. B thi tin hiéu v&i stairs

Vé biéu do véi Iénh contour — vé dwong dong mirc

Khi v& d thi cia ham hai bién ta c6 rat nhiéu cach thé hién khac nhau, néu thé hién
n6 trong mot mit phiang thi sir dung cac duong ddéng mirc 1a cach thé hién thich
hop. Cach thé hién nay gidng nhu khi ta chup anh tir trén xudng mot qua doi co
rudng bac thang. V& mat toan hoc, gia sir can thé hién cac duong dong muc cua
ham hai bién z = f(z,y), trong mot mién hinh chit nhat a <z <b, c<y<d,ta
thyc hién cac budc sau: Trude hét chia mién chir nhat trén bang mét ludi cac diém
chia (z;,y,) bang Iénh meshgrid. Két qua cta I¢nh meshgrid doi véi hai bien doc
1ap 1a mot ma tran chtra cac diém chia v&i bude chia dinh nghia cho tirng bién. Gia
sur cac bién nam trong mién -5 <z <5, -3 <y < 3, vbi budce chia 0.1 cho cd hai
bién ta s& goi Iénh meshgrid nhu sau:

>> [x,y] = meshgrid(-5:0.1:5,-3:0.1:3);

Tiép d6 1a tinh gia tri ctia ham f tai cdc diém chia bang cach sir dung cac phép tinh
phantx (¥ ./ N):

>> z = x.%2 + y."2;
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Sau khi goi Iénh contour, Matlab s€ dua ra cac dudng dong murc voi cdc mau khéc
nhau thé hién cic gia tri cua ham so.
>> contour(x,y,z)

3

Hinh 4-30. Cac dwéng dong mure clia ham z = 2° +y

3 < ps
/ 2, R
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Hinh 4-31. Thém gié tri cho cac dwéng mirc clia ham z = z° + 3/

Tuy nhién nhin vao hinh trén ta chua biét gia tri ciia mdi muc 1a bao nhiéu, dé thay
1d hon, ta s& bd sung thém céc gia tri ciia ham 2z tai m&i muc bang 1énh ser. Cac
gia tri vé do cao ciia mdi murc cung voi miu cia dudng v& duge 1ay ra nho phép
gan sau:

>> [C,h] = contour(x,y,z);

Tir d6 ta c6 thé ghi gia tri cac mirc 1én do thi nho 1énh ser:
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>> set (h, 'ShowText', 'on', 'TextStep',get (h, 'LevelStep') *2)

V6i dong 1énh nay Matlab dua ra cho ta d thi (hinh 4-31).

Trong vi du sau ta v& cac dudng dong muc ctia ham z = cos(z)sin(y) bang cac
dong 1énh:

>> [x,y] = meshgrid(-5:0.1:5,-3:0.1:3);

>> z = cos(x).*sin(y);

>> [C,h] = contour(x,y,z);
>> set (h, 'ShowText', 'on', 'TextStep',get (h, 'LevelStep') *2)

Két qua cua cac 1énh trén 13 hinh 4-32.

3

o

04—

_30 ‘7\7
-5 0 5

Hinh 4-32. Cac dwéng dong mure clia ham z = cos z sin y

Tiép theo diy la st dung 1&€nh contour3, néu su dung 1é€nh v6i hai tham )
contour3(z, n) ta s€ nhin dugc ban d6 v6i n mic. Vi du d6i véi ham z =
cos(x)sin(y), néu st dung 1énh

>> contour3(z,10) % hoac >> contour3(x,y,z,30);

két qua nhu trén hinh 4-33.

Véi contour3, cac dudng mirc hién ra tryc quan hon, nhung ddi khi van chua dap
ung dugc yéu cau. Bé cé hinh anh chuyén nghiép hon ta can Matlab cung cap

2, 9 Y
“*) trong mién

nhiéu thong tin hon cta dd thi. Trong vi du sau ta xét ham z = ye™
-2<z,y <2. Trude hét sir dung 1€nh contour va contour3 cho ta céac hinh 4-34.
>> [x,y] = meshgrid(-2:0.1:2);

>> z = y.*exp(-x."2-y."2);

>> contour (x,vy,z),xlabel('x"),ylabel('y")
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>> contour3(z,30),xlabel ('x"),ylabel('y")

X y -2 -2 X

22 +y%)

Hinh 4-34. Lénh contour va contour3 déi véi ham z = ye‘(

Bing cach thém vao 1énh surface sau ddy, chung ta c6 thé nhan duoc mot hinh anh
dep hon nhu sau, (hinh 4-35a va b).

>>
>>
>>
>>
>>

[x,y] = meshgrid(-2:0.1:2);

z = y.*exp(-x."2-y."2);

surface(x,vy,z, 'EdgeColor',[.8 .8 .8], 'FaceColor', 'none'),
surface(x,vy,z, 'EdgeColor', [0 O 0], 'FaceColor', 'none'),
grid off, view(-15,20)
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X

2 +y?

Hinh 4-35a. Lénh surface ddi véi ham z = ye ™ ™) | grid off

>> surface(x,y,z, 'EdgeColor', [0 O 0], '"FaceColor', 'none'),
>> grid on, view(-15,20)

0.5

0.5

2+ yz

Hinh 4-35b. Lénh surface ddi véi ham z = ye ™ ™) grid on
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Thém chu thich trén do thi

Khi mudn thé hién chi thich bén ngoai cira s6 cua do thi, ta thuc hién nhu vi du
dusi day.

figure(l), clf

h=axes ('Position', [0 O 1 1], 'Visible',6 'off');

% Xac lap he truc 1

axes ('Position', [0.35 0.1 0.6 0.81);

% Xac lap he truc 2

t = 0:900; % vector chua thoi gian

plot (t,0.25%exp(-0.005*t), 'k', '1ineWidth',1); % ve ham y(t)

axis ([0 max(t) 0 0.27]);

[

% dat cac dong chu va dinh vi tren cua so do thi

str(l) = {'Ve do thi ham:'}; % hoac str(l) = 'Ve do thi ham:';
str(2) = {'y = A {\it e}”~{-\alpha{\it t}}'};

str(3) = {'Voi cac thong so:'};

str(4) = {'A = 0.25"'};

str(5) = {'\alpha = 0.005'};

str(6) = {' t = 0:900"};

set (gcf, 'CurrentAxes',h);

text (0.025, 0.5, str,'FontSize',12);

Két qua cho ta do thi cling véi cdc chii thich nhu hinh 3-36.

0.25¢ a

Ve do thi ham; 0.2t _
y=A &'

Voi cac thong so: 0157 7
A =025

a = 0.005 0.1 ]
t = 0:900

0,05}

o
0 200 400 B00 800

Hinh 3-36. D6 thi ham sé cung cac chu thich
V& db thi cic hiam c6 diém khéong xéc dinh

Gia str can v& do thi ham f(z) trong khoang [a, b], nhung trong khoang nay ham

s6 khong xéc dinh tai 2 diém ¢ va d. Dé tranh céc diém ky di, trong trudng hop nay
ta chia khoang [a, b] thanh ba doan nho [a, c— €], [c+€,d — €], va [d + &,D],

véi € 1a s0 duong bé. Sau d6 vé do thi ham so trén cac doan nho do.
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Chﬁng han ta can vé dd thi ham sau day trong doan [a, b] = [0, 3]
41 - 2*
o) = L)
(10-7z")(1—-2z")—-2
thy rang trong doan nay ham sd khong xdc dinh tai hai diém
2, =c¢=0.7990, =z, =d =1.3380

% matlab code in a m-file

a = 0; b = 2.5; c = 0.7990; d = 1.3380;
dx = 0.01; epsi = dx;
x1 = [a:dx:c-epsi]; x2 = [c+epsi:dx:d-epsi]; x3 = [d+epsi:dx:b];

for i=1l:length(x1), fl1(i)=f(x1(i)); end
for i=1l:length(x2), f2(1)=f(x2(i)); end
for i=1l:1length(x3), £f3(1)=f(x3(i)); end

mif=min([min(fl), min(£f2), min(£3)1]);

mxf=max ([max (f1l), max(f2), max(£3)]);

plot(x1l,f1,'k-', x2,f2, 'k-', x3,f3,'k-"', 'LineWidth',2), grid on
xlabel ('x'"'), ylabel('f(x)'), axis([a, b, -5, 51)

axis on fill

Két qué 1a hinh 3-37a, néu khong sir dung k¥ thut chia mién thanh cdc doan nho
thi do thi nhan duoc sé nhu hinh 3-37b.

)

% matlab code in a m-file

a=0; b=2.5; dx = 0.01;

)

% khong chia thanh cac doan nho

x=[a:dx:b];

for i=l:length(x), y(i)=f(x(i)); end

plot(x, vy, 'k-=', 'LineWidth',2), grid on
xlabel('x"), ylabel ('f(x)'), axis([a, b, -5, 51)

a) b)

i i i i I I I I
0 0.5 1 15 2 25 0 0.5 1 1.5 2 25
X X

Hinh 3-37. D& thi ham sbé c6 diém khéng x&c dinh
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4.2 Cac Iénh vé trong khong gian — 3D

Nhu trén da trinh bay ¢6 thé sir dung 1énh surface dé thé hién hinh anh 3D. Trong
Matlab co c6 nhiéu kha nang khac dé thé hién do hoa 3D, chiing ta c6 thé sir dung
cac Iénh nhu liét ké trong bang 3-4.

Bing 3-4. Cic Iénh hién thi db hoa 3D

plot3(x,y,z <,plotstil>) surfl(x,y,z <,color>)
comet3(x,y,z <,comet length>) patch(x,y <,z> ,color)
mesh(x,y,z <,color>) waterfall(x,y,z..<,..>,..)
surf(x,y,z <,color>) contour3(x,vy,z.. <,..>,..)
surfc(x,y,z <,color>) contour (x,v,z.. <,..>,..)
[X, Y]= meshgrid(x_vector, y_vector)

box <on | off>
view (horizontal, vertical)
zlabel (string)

Trong vi du sau, ta s& minh hoa viéc st dung 1énh mesh dé thé hién mot ham hai
bién trong khong gian, z = coszsiny, voi —27 < z,y <27 . Pua vao cac dong
1énh sau

>> [x,y] = meshgrid(-2*pi:0.1:2*pi);
>> 7z = cos(x).*sin(y);
>> mesh(x,vy,z),xlabel('x"),ylabel('y'),zlabel('z")

W 10 -10 ®

Hinh 3-38. D6 thi ham z = cos z sin y v&i lénh mesh
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Quan sat dong 1énh cudi cing, ta thiy mesh nhu 1a mot sy mé rong cua lénh
plot(x,y) vao khong gian 3D. Két qua cua cac dong 1énh trén dugc dua ra nhu trén
hinh 4-38.

Du6i ddy 1a st dung mesh dé thé hién ham z=ye ™ v6i mién gi6i han
—2 < g,y < 2. Ching ta dua vao cac dong 1énh

>> [x,y] = meshgrid(-2:0.1:2);

>> z = y.*exp(-x."2-y."2);

>> mesh(x,vy,z),xlabel('x"),ylabel('y"'),zlabel('z")

D6 thi ctia ham nay thé hén nhu trén hinh 4-39.

¥ -2 -2 x

Hinh 3-39. D thj ham z = ye™ " v&i lénh mesh

T : rn

el ] R

o) :}:“'{l}‘g‘m\““ﬂ-}% o ﬁ‘“{l}}\l‘t’t\"'\ﬁ‘l‘t‘q
i :

¥ -2 -2 w v -2 -2 X

Hinh 3-40. D& thi ham z = ye™ ¥ v&i  Hinh 3-41. D thiham z = ye™ ¥ Vi
[énh surf(x,y,z) [énh surfc(x,y,z)
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Dé hién thi mau trén cac 6 ludi cua bé mit db thi, ta str dung 1énh surf hodc surfc.
That don gian, ta thay thé 1€nh mesh trén bdi surf hoac surfc nhu dong dudi day:

>> surf(x,y,z),xlabel('x"),ylabel('y'),zlabel('z")
>> surfc(x,y,z),xlabel('x"),ylabel('y"'),zlabel('z")

Két qua cho ta do thi nhu hinh 4-40. Trong hinh v& trén mau ciia cac 6 ludi dugce t6
ty 1€ véi chiéu cao (toa do z) cia cac diém. Néu su dung 1énh surfc ta nhan dugc
hinh 4-41.

Néu st dung 1&€ng surfl (chit ‘I’ cho biét bé mat duoc chiéu sang) cho ta mot bé mit
tron, khong hién thi cdc duong chia ludi, véi Iya chon mau hodc xam. Khi 4p dung
1énh surfl déi véi ham z = ye™™ ™ cho ta dd thi nhu trén hinh 4-42.

>> surfl(x,y,z), xlabel('x'), ylabel('y'), zlabel('z"')
>> shading interp
>> color map(gray) ;

¥ =27 x

Hinh 3-42. D& thi ham z = ye ™™ ™ vai lénh surfl(x,y,z)

B¢ mat dugc danh bong vai cac lya chon flat, interp, hodc faceted. Néu chon flat
thi gia tri mau ctia moi 6 1a hang s va khong hién cac duong lu6i. Lya chon interp
bao cho Matlab biét can ndi suy mau trong cac 6 dé cé dugc ban dé6 mau dugc tron
lién tuc.

Pé v& cac mit tron xoay hay mat ciu, ta sitr dung cac 1énh cylinder hodc sphere.
Céc dong 1énh dudi ddy minh hoa cdng viéc do.
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>> t = 0:p1i/10:2*pi;
>> [X,Y,Z2] = cylinder (l+sin(t));
>> surf(X,Y,Z2), axis square

Két qua cho ta mot hinh anh trong nhu giot nude, Hinh 4-43. Mot vi du khac véi
1énh cylinder va faceted shading.

>> t = 0:p1/10:2%pi;

>> [X,Y,Z2] = cylinder (l+cos(t));
>> surf(X,Y,Z), axis square

>> shading faceted

Két qué 1a hinh 4-44.

Hinh 4-43. Tao hinh anh bang lénh Hinh 4-44. Lénh cylinder vé ham 1+cos(t)
cylinder va Iya chon flat shading v@i faceted shading

Néu sir dung lya chon shading interp, chung ta s€ nhan dugc hinh anh nhu trén
hinh 4-45.

>> t = 0:pi/10:2*pi;
>> [X,Y,Z2] = cylinder (l+cos(t));
>> surf(X,Y,Z2), axis square, shading interp

C6 rét nhiéu kha ning biéu dién do hoa trong khong gian ba chiéu (3D) tir d0 thi

cic diém, cic duong don gian cho dén nhitng déi twong gan nhu thyc té. O déy ta
chi c6 thé gigi thiéu pham vi tng dung rat hep, mot so 1énh duogc gidi thi¢u va lam
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sédng to bfmg cac thi du cu thé. Dé c6 cdi nhin téng quan vé dd hoa 3D, ban doc cé
thé tham khao tr tro gitp ngay trén man hinh Matlab v6i 1€nh:

>> help graph3d

Hinh 4-45. Lénh cylinder v& ham 1+cos(t) v&i shading interp

Ngoai ra sy trg' gitp truc tuyén (online help) mo ta chi tiét cdc 1énh voi nhidu vi du,
dac biét trong phan tim kiém theo chii d& (search) ban c6 thé tim duogc cdc chi dan
theo yéu cau. Ching han nhu plor3 cho phép v& cdc dudng dd thi va cdc danh dau
trong khong gian 3D.

>> t = linspace(0, 4*pi, 100);
>> plot3(sin(t), cos(t), t, '.-k'");

Vi dy v& mot duong trong khong gian 3D. Chéng han ta can thé hién dao dong
cudng buc hé khodi lugng — 10 xo

z(t) = Acos(Qt —y), i(t) = -AQsin(Qt —y)
trong khong gian chuyén dong (t, x, ). Ngoai ra, ta con mudn thé hién cdc hinh
chiéu cta duong cong 3D trén cdc mit phang (t, x) va (t, £) clng nhu trong mat

phang pha (x, &).Cdc cong viéc nay s€ dugc thuc hién trong m-file sau:

om_0=10; % tan so dao dong rieng khong can
g=1l; eta_0=1;
Omega=eta_0*om_0; % tan so kich dong
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D=[0.025, 0.050, 0.100, 0.200]; % cac he so can Lehr D khac nhau
ii=1;

t=linspace (0, 4*pi/Omega, 100);

A=g/om_0"2/sqrt ((1.0-eta_072)"2+4*D(1i1i)"2*eta_0"2);

% bien do

Psi=atan2(2.0*D(ii)*eta_0, l-eta_0"2);

% goc pha

x=A*cos (Omega*t-Psi);
xp=—-Omega*A*sin (Omega*t—-Psi) ;

ham x(t)
ham xp(t) hay x_dot(t)

o o

figure('name', '3D")

plot3(t, x, xp, 'k','Linewidth',2), hold on

% chuyen dong khong gian

plot3(t, x, 1.2*min(xp) *ones(size(t)), 'k','Linewidth',1)
% hinh chieu trong mat phang (t, xp)

plot3(t, 1l.2*max(x)*ones(size(t)), xp, 'k','Linewidth',1)
% hinh chieu trong mat phang (t, x)

plot3(t*0, x,xp, 'b','Linewidth', 2)

% qui dao pha (x, xp)

axis([t(l) t(end), 1.2*[min(x) max(x)], 1.2*[min(xp) max(xp)l]l);
box on

xlabel('t"); ylabel ('x'"); zlabel('xp');

view (28, 42);

Chay chuong trinh s& cho ta do thi nhu hinh 3-46.

1.2 ’ X

t

Hinh 3-46. D thi dao déng trong khéng gian chuyén déng, cuing cac hinh chiéu
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Vi 1énh mesh ta c6 thé biéu dién do thi 3D mdt ma tran, trong d6 cdc chi sb cua
phan tr thé hién trong mQt mat phang con gia tri cia cic phan tir biéu dien bang do
cao tuong ung.

>> mesh (M)

Chﬁng han ta c6 thé biéu dién dd hoa 3D ma tran sau:

>C=[4 -1 0 O O 0 O0;
-1 4 -1 0 0 0 0;
0-1 4-1 0 0 O0;

0-1 4-1 0 0 O0;

0 0-1 4 -1 0 O0;

0O 0 0-1 4 -1 0;

o 0 0 0 -1 4 -1;

0O 0 O O 0 -1 41;

>> mesh (C)

Hinh 3-47. Hién thi mot ma tran

Vi du sau dy sir dung két hop céc 1énh v& 3D va subplot, két qua nhan duoc 1a
hinh 4-48.

t=0:pi/10: 2*pi;
[X, Y, Z] = cylinder(0.5*t.*cos(t));

figure(l), clf reset
subplot (221) % do thi thu nhat
surf (X,Y,Z, '"MeshStyle', 'row'), hold on
surf (X,Y,Z2*0, 'MeshStyle', 'row') ;
view(-40,30);
box on
subplot (222) % do thi thu hai
surf (X,Y,Z,0.6*ones (size(Z)))
caxis ([0 11);
view(-40,30);
colorbar
subplot (223) % do thi thu ba
surf(X,Y,Z, 'EdgeColor', 'interp', 'FaceColor', [0.7 0.7 0.71])
caxis ([0 11);
view(-40,30);
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subplot (224) % do thi thu tu

surf (X,Y, 7, 'FaceLighting', 'phong', ...
'EdgeColor', 'none', 'AmbientStrength', 0.25)

caxis([-1 1.25]1);
view(-40,30);
colorbar
light ('Position', [-2, 2, 10]) % Light position x, y, z
lighting phong

Hinh 3-48. Hién thj bang surf véi thanh mau colorbar

Mot s6 vi du khic vé do hoa trong khong gian 3 chiéu:
Biéu dién dao dong cudng hé mot bac tu do c6 can
z(t) = Asin(Qt +y) + Be ™ sin(ot + @)
i(t) = AQ cos(Qt + y) + Bawe * cos(wt + ) — Bde ™ sin(wt + )

Thuc hién trong Matlab v¢i cac dong chuong trinh
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omega=4; Omega=10;
A=0.2; B=0.4;
delta=0.4; psi=0.4; phi=0.3;

t=[0:0.01:157;

x=A*sin (Omega*t+phi)+B*exp(—-delta*t) .*sin(omega*t+psi);
xp=A.*cos (Omega*t+phi) *Omega-B*delta.*exp (-

delta*t) .*sin(omega*t+psi) +B.*exp (-

delta*t) .*cos (omega*t+psi) *omega;

figure(1l)

plot3(t, x, xp, '-k', 'LineWidth',1)

xlabel ('t [s]'"); ylabel('x [m]'); zlabel('xp [m/s]');
view (30,30);

box on

axis ([0, t(end), min(x), max(x), min(xp), max(xp)])

Xp [m/s]

15 o x [m]

t[s]

Hinh 3-49. Hién thi db thi dao dong trong khéng gian chuyén dong

V& do thi ham hai bién:
z = f(z,y) = e 02 sin(ac2 + y2)

X [-3 : 0.1 : 31;

y = [-3 0.1 : 31;

[X, Y] = meshgrid(x,Vv);

f=exp (-0.2*(X."2+Y.72)) .*sin(X."2+Y."2);
$hoac Z=exp(-0.2*(X."24Y."2)) .*sin(X."24+Y."2);
mxf=max (max(f)); % tim gia tri lon nhat cua ham f
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)

mif=min(min(£f)); % tim gia tri nho nhat cua ham £

figure (1) % su dung mesh
mesh (X,Y, f);

axis([-3, 3, -3, 3, mif, mxfl);
xlabel ('x"); ylabel('y"');

figure(2) % su dung surf
surf (X,Y, f)

view (-40,30);

axis([-3, 3, -3, 3, mif, mxfl);
xlabel ('x"); ylabel('y"');

figure (3) % su dung contour3
contour3(X,Y,£,30);

axis([-3, 3, -3, 3, mif, mxfl);

xlabel ('x"); ylabel('y"');

@S

ol - EUREEY
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umu,.w,

Hinh 3-50. Hién thi ham hai bién trong
khdéng gian 3D, v&i mesh, surf va
contour
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4.3 Bai tap thuc hanh

1. Hay v& d6 thi ham y = tan(z), véi 0 <z <1, va budc chia la 0.1. Dat va dua
vao t€n cho cac truclax vay.

2. Cho hién thi thém dd thi hinh sin(x) vao dd thi vira v& nhu 1a mot dd thi tha hai.
(luu y st dung hold on).

3. Tao mét vécto hang chtra cac diém chia trong khoang —7z < z < 7, v6i budc
chia 0.2. Ciing khoang xac dinh trén, voi 1énh linspace hdy chia thanh 100 diém va
thanh 50 dieém.

4. Hay tao cac diém chia dé v& d6 hoa khong gian véi cac mién xac dinh sau
a) =3 <z <2 va-5<y<5 voicung bude chia 0.1.
b) -5 <z <5 va =5 < y <5 vdi cung bude chia 0.2.

5. V& duodng cong la quy dao chuyén dong ctia mot diém trong khong gian véi 1énh
plot3, biet

r=e¢"cost, y=e'sint, z=t

Khong can gan tén cho cac truc, nhung cho hién thi cac duong déng.
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Chuong 5.

Min héa dwong cong

Trong k¥ thuat khi do dac ta nhan dugc cic ) li€u roi rac, tir cac ) liéu do nay ta
can biéu din cdc duong dé biét duoc dic tinh ciia hé khao sit va c6 thé suy ra
dugc nhitng gia tri 1an can cic gia tri da do. Matlab dd cung cdp san cdc ham cho
phép dua ra dugc cic dudong biéu dién phit hop nhat véi bd s liu di c6. Trong
chuong nay ta s& trinh bay cic k¥ thuat don gian thuc hi¢n cong viéc do.

5.1 Min héa bing da thirc

Lénh polyfit(x,y,n) cho ta mgt da thiic bac n dang
p,(x) =pa" +pa" +o 4 p 2t +pat +p,,
céc hé sd cua da thic nay dugc suy ra hai vécto s6 lidu X,y
c=r, z 2. n,), Y=Y ¥ Y5 - Y, ], v6im>n
nho phuong phép sai s6 binh phuong bé nhat.
Truong hop don gian nhat, n =1, da thic c6 dang mot phuong trinh dudng thing
y=axr—+b
Theo phuong phéap sai s6 binh phuong bé nhat hai hé s6 a,b duoc tim nhu sau. Sai
sO gitra gia tri cua sO li¢u do y, va gia tri tinh theo dudng thing vira dua ra dugc
tinh theo cong thirc
e, = (az, +b) —y,, i=12,..,m
Nhu thé tong binh phuong cac sai s6 1a

M M

S(a,b) = gef = Z(ami +b—y,)

i=1
Bai toan dat ra ¢ day la tim a,b sao cho ham S dat cyc tiéu. Pao ham S theo céc
bién a,b ta nhan dugc
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95 _ " az, +b -y, )z, =0, 9 _ "az, +b-y,) =0
aa i=1 ) / / b i=1 ’ ’

hay ai$i$i+bixi—ixiyi=0, aixlﬁ-mb_iyi:o
= = =1 i=1 i=1
Tu day giai duoc

m m m
yzxixi _xzxiyi inyi —mzy
_ = =1 i=

— =1
b_ 9 a’_lm

m

—2 —2
E T,r, —MT E Z,x; —MT
i=1

i=1

véi cac gia tri trung binh

_ 1 & _ 1 &
T=—2.%; Yy=—2.Y
m i=1 m i=1
Hay
y(z, - 7)
a=-= , b=y —7Za

i=1

Vi du 1. Cho biét cdc sb liéu do dugc nhu sau

X 6 8 10 12 14 16 18 20 | 22 | 24
y | 394 | 38 |41 | 387|445 | 433 | 412|443 |46 | 45

Néu biéu dién cdc s6 liu trén bang mot duong thang, y = ax + b . Hiy tim cic
gid tri cua a,b vatim gid tri cia y khi x = 13.

Trudc hét ta can nhap hai vécto sd lidu x va y vao Matlab.

>> x = [6: 2 : 24]
x =

6 8 10 12 14 16 18 20 22 24
>> vy = [3.94 3.8 4.1 3.87 4.45 4.33 4.12 4.43 4.6 4.5]

3.94 3.80 4.10 3.87 4.45 4.33 4.12 4.43 4.60 4.50
Tiép theo sir dung 1énh polyfit dé tim céc hé s6 cua da thic

>> p = polyfit(x,vy,1)
P = 0.0392 3.6267
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Theo cdch biéu dién da thirc bang mot vécto bat diu tir hé sb ung véi sb hang c6
béc iy thira 16n nhét, ta c6

>> a=p(1l)

a = 0.0392

>> b=p(2)

b = 3.6267

Gid tri can tin tai x = 11 duoc tinh bang 1énh polyval(p,x)
>> polyval(p,11)
ans = 4.0574

Dé thiy duoc rd duong thing ciing véi cic s lidu da cho, ta v& ching trén ciing
mot d6 thi nhu trén hinh 5-1 bang cdc dong 1énh:

>> x1=[6:0.1:2471;

>> yl=a*xl+b;

>> plot(x,y, 'ko', x1,vl, 'k-'), grid on,

>> xlabel('x'), ylabel('y"')

4.6

4.4

4.2

3.8

3.6

Hinh 5-1a. Dwdng thang cung véi cac diém di liéu

Néu tinh theo dudng thflng vira tim thi gia tri tai cac diém z; cho trong bang s€ la

>> w = a*x+b

w = 3.8616 3.9399 4.0182 4.0965 4.1748 4.2532 4.3315 ..
4.4098 4.4881 4.5664

Khi chinh lai céc truc toa do bang 1énh axis, ta thdy cic diém dit liéu nam rat gan

va phan bd hai bén dudng thing y = az + b vira tim duoc.

>> axis([6 24 0 5])
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Hinh 5-1b. Bwdng théng cung véi cac diém di lieu

Xét tong binh phuong cua sai s 1a

>> w = a*x+b;

>> e = w-y;

>> S1 = sum(e.*e)
S1 = 0.2274

Néu céc diém trén duge 1am min b?mg dudng bac 2:
>> n=2;
>> p = polyfit(x,y,n);
p =
-0.0002 0.0443 3.5940
>> a=p(l); b=p(2); c = p(3);
>> w = a*x.”"2+b*x+c;
>> e = w-y;
>> S2= sum(e.*e)
S2 = 0.2272

Ta thay sai s6 c6 nho hon (S2<S1) nhung khéng dang ké.

Vi du 2. Cho b s6 liéu sau
x |0 0.5 1.0 {15 |20 (25 |30 |35 (40 |50 |60 |61 |70
y | 300 | 281 | 261 | 244 | 228 | 214 | 202 | 191 | 181 | 164 | 151 | 149 | 141

Hay tim mot da thic bac 3 phu hop véi s6 liéu cho. So sanh sai s6 so v6i trudng
hop néu str dung da thuc béc hai.
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Trudc hét nhap so6 liéu vao hai vécto va noi cac diém ta dugc

>> x = [0, 0.5, 1.0,1.5, 2, 2.5,3, 3.5,4, 5, 6, 6.1, 71;
>> vy = [300,281,261,244, 228,214,202,191,181,164,151,149,141];
>> plot(x,y, 'ko', x,y, 'k='), grid on, xlabel('x'), ylabel('y")
300G ‘ I I T I
l l l l l l
| | | | |
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| | | | |
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Hinh 5-2. Bwdng néi cac diém dir liéu

Tir hinh 5-2 ta thdy cic diém phan bd khong theo dudng thing, nén ta sé thir véi
cac da thirc bac 2 va 3.

>> n=2; % Xap xi bang duong bac hai

>> p = polyfit(x,y,n)

>> a=p(l); b=p(2); c = p(3);

>> w = a*x.”"2+b*x+c;

>> e = w-y;

>> S2= sum(e.*e)

S2 = 15.4079

>> n=3; % Xap xi bang duong bac ba

>> p = polyfit(x,y,n)

>> a=p(l); b=p(2); c =p(3); d=p(4);
>> w = a*x."3+b*x."2+c*x+d;

>> e = w-y;

>> S3= sum(e.*e)

S3 = 2.7933

So sanh S2 va S3 ta thiy dudng cong béc 3 s& phu hop hon dudng cong bac 2.
>> p = polyfit(x,vy,3)

p:

-0.1290 3.8030 -43.1278 300.5634
> a =p(l); b=p(2); c=p(3); d=p(4);
>> x3 = [0:0.1:7];

>> y3 = a*x3."3+b*x3."2+c*x3+d;
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>> plot(x,y, 'ko', x3,v3, 'k-'), grid on, xlabel('x'),ylabel('y")
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Hinh 5-3. Puwdng bac 3 va cac diém di liéu cho

Ta thiy cac diém dit liéu cho nim ngay trén hodc rat gan dudng cong béic ba, nhu
vay viéc chon da thiric bac 3 trong trudng hop nay 1a hop ly.

5.2 Min héa bing ham e mii

Trong nhleu truong hop khi min hoa bang da thirc khong dap tmg dugc yéu cau dat
ra, ta can phai tim mot phuong an khac. Biéu dlen cac so liéu thong qua ham e mi
la mot phuong &4n nén dugc xem xét. Gia st bd s6 lidu (x,y) c6 thé lay ham

y — beaI
1a mot xAp xi.
Bay gio ta can tim hai hé sd a va b dé cac diém dir liéu nam gﬁn dudng cong nhat.
Néu ap dung truc tlep phu’ong phap sai s6 binh phu’ong bé nhit ta s& duoc mot he

phuong trinh phi tuyén dbi véi cac an a va b. Dé tranh diéu do, ta 1iy Idgarit co sd
tur nhién hai vé duoc

Iny =az +1nb
bat w=Iny,z=1z, va p, =a,p, =Inb bai toan tr¢ thanh tim cac hé sO Dy, Dy
xap xi cac s0 liéu (z,w) = (z,1ny) bang dudng thang

w=pz+p,
Nhu vy ta c6 thé sir dung 1énh polyfit(z,w,1) dé tim cic hé sé p,, p,. Hay ta c6 thé
sir dung truc tiép 1énh

>> p = polyfit(x,log(y),1l) % trong Matlab log(x) = 1ln(x)

Tu do xac dinh duoc cac hé s6 a va b
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a=p, b=exp(p,)

Vi du xét bd s0 li€u sau

X 1.2 2.8 4.3 5.4 6.8 7.9
y 7.5 16.1 38.9 67.0 146.6 266.2
Nhap s6 liéu vao Matlab
>> x = [1.2 2.8 4.3 5.4 6.8 7.91;
> vy = [7.5 16.1 38.9 67.0 146.6 266.2];

>> plot(x,y, 'ko', x,y, 'k-'), grid on, xlabel('x'),ylabel('y")
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Hinh 5-4. Buwdng néi cac diém dir liéu

Xap xi bang ham e mii
>> p = polyfit(x,log(y),1)
p =
0.5366 1.3321
>> a = p(l); b=exp(p(2));
>> w = b*exp(a*x);
>> err = w-y;
>> S3= sum(err.*err)
Se = 17.6259
>> x3 = [0:0.1:8];
>> y3 = b*exp(a*x3);
>> plot(x,y, 'ko', x3,v3, 'k-'), grid on,xlabel('x'),ylabel('y")

Sau déy ta thir xdp xi bang da thirc bac 3:

>> p = polyfit(x,vy,3) % Xap xi bang duong bac ba
p = 1.4497 -11.2896 34.9691 -21.6503
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>> a =p(l); b=p(2); c=p(3); d=p(4);

>> w = a*x."3+b*x."2+c*x+d;

>> err = w-y;

>> S3= sum(err.*err)

S3 = 40.1435

>> x3 = [0:0.1:8];

>> y3 = a*x3."3+b*x3."2+c*x3+d;

>> plot(x,y, 'ko', x3,v3, 'k-'), grid on, xlabel('x'),ylabel('y")
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Hinh 5-6. Budng xap xi bac 3 va cac diém di liéu cho

So sanh hai truong hop trén ta thdy, xap xi dudng cong ddi véi cac sd liéu di cho
bang ham e mii hgp Iy hon khi st dung da thire bac 3.

5.3 N¢i suy da thirc

Lénh polyfit(x,y,n) cho ta mot da thirc bac n ma d6 thi cua n6 1a dudng gan véi
dudng tao ra khi ndi cac diém cho boi bo s6 liéu, con ndi suy da thirc ciing cho ta
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mot dudng cong nhung di qua cdc diém s lidu d6. C6 nhiéu phuong phép dé tao ra
da thirc di qua céc diém cho nhu phuong phdp ndi suy theo cong thirc Lagrange,
phuong phdp Newton, phuong phdp Neville, phuong phdp noi suy voi duong
spline bac 3, .... Chi tiét vé cdc phuong phdp nay c6 thé xem trong cdc tai lidu vé
giai tich s6 va phuong phip sd.

Trong phan nay chi trinh bay viéc sir dung cdc 1énh inerp cuia Matlab dé thuc hién
tim cdc gid tri ndi suy tir cic so lidu san c6. Bai todn dat ra la cho biét cdc gia tri
twong g ctia hai dai lwong x va y nhu trong bang s6 liéu

X x1 x2 x3 Xn

y yl y2 y3 yn

Hay tim gi4 tri ciia bién 3 (mg véi gid tri nao d6 cia bién z° véi z, <z <z, .
Bai todn nay trong Matlab duoc giai quyét d& dang véi 1énh interp. Céch goi 1énh
nay nhu sau:
y_star = interpl(x,y,x_star)
Néu x 1a vécto g6m cdc phan tir nguyén tir 1 dén n (x = 1:n), v6i n = length(y), thi
ta c6 thé goi Iénh
y_star = interpl(y,x_star)
Dé néi 16 hon phuong phap nao duoc sir dung trong viée ndi suy nay ta sir dung ct
phap
y_star = interpl(x, y, x_star, method)
véi method dugc chon [a mét trong cac phuong phép sau
'nearest' - ndi suy theo l4n can gin nhat
linear' - ndi suy tuyén tinh
'spline' - ndi suy st dung duodng spline bac 3
‘pchip' - ndi suy bac 3 ting doan
‘cubic' - tuong tu nhu ‘pchip’
Néu gid tri ° nam ngoai khoang [z,..z ], khi d6 ta goi phép tinh gid tri
y = y(x*) 1a phép tinh ngoai suy va st dung I¢nh véi ci phép:
y_star = interpl(x, y, x_star, method, 'extrap')

Sau day xét vi du:

>> x = 1:20; y = sin(x);
>> x_star = 1.5;
>> y_star = interpl(x,y, x_star)
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y_star =

0.8754
>> y_star = interpl(x,y, x_star, 'linear')
y_star =

0.8754
>> y_star = interpl(x,y, x_star, 'cubic')
y_star =

0.9008
>> y_star = interpl(x,y, x_star, 'nearest')
y_star =

0.9093
>> y_star = interpl(x,y, x_star, 'spline')
y_star =

1.0200

Nhu thé cdc phuong phdp ndi suy khdc nhau s& cho ta cdc két qua khic nhau. Dé
thay rd hon két qua cua cac phuong phap ndi suy, ta xét vi du sau

x = 0:8; y = sin(x); plot(x,y,"'-ko'), hold on
xi = 0:0.1:8; yil = interpl(x,y, xi, 'linear');
yi2 = interpl(x,y, xi, 'cubic');

yi3 = interpl(x,y, xi, 'spline');

plot(xi,yil, '-k','"linewidth',1.5)

plot(xi,yi2, '-r','linewidth',1.5)
plot(xi,yi3, '-b', 'linewidth',1.5), grid on
xlabel ('x'), ylabel('y'), axis([0 8, -1.1 1.1])
legend('points', 'linear', 'cubic', 'spline')
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Hinh 5-7. K&t qua ndi suy bang dudng bac 3 va dwdng spline
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Du6i day 1a mot vi du khac.

> x = [1.2; 2.8; 4.3; 5.4; 6.8; 7.0]1;
>> vy = [7.5; 16.1; 38.9; 67.0; 146.6; 266.2];
>> x_star = 100;
>> y_star = interpl(x,y, x_star, 'spline')
y_star =

15.1333
>> y_star = interpl(x,y, x(1), 'spline')
y_star =

7.5000

>> y_star = interpl(x,y, x(3), 'spline')
y_star =

38.9000

5.4 Bai tap thuwc hanh

1. Pé xac dinh mddun dan hdi ciia nhém, ngudi ta thuc hién ba thir nghiém trén
mot thanh nhém va thu dugc két qua nhu trong bang s liéu sau

Ung suat (MPa) 34.5 69.0 103.5 138.0

bién dang | Lando 1 0.46 0.95 1.48 1.93
(mm/m) | Lan do 2 0.34 1.02 1.51 2.09
Lan do 3 0.73 1.10 1.62 2.12

Xac dinh quan hé tuyén tinh giita (mg suit va bién dang trung binh ctia ba lan do,
tir 46 dwa ra mddun dan hoi E ctia nhém, theo cong thic 6 =¢E = E=¢ /0.

2. Tim phuong trinh dudng thing y = az + b thé hién quan hé tuyén tinh ciia bo s6
liéu cho trong bang.

X 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

y [3.076 | 2.810 | 2.588 | 2.297 | 1.981 | 1.912 | 1.653 | 1.478 | 1.399 | 1.018 | 0.794

3. Bang s6 liéu dudi ddy cho biét khdi lwong m (kg) va suit tiéu hao nhién liéu ¢
(km/lit) ciia mot s6 xe 0t6 san suét boi Ford va Honda nim 1999. Tim phuong trinh
duong thang @ = a + bm thé hién quan h¢ tuyén tinh gitra khoi lugng va suét tiéu

hao nhién liu.

Model M(kg) ¢ (km/lit)
Contour 1310 10.2
Crown Victoria 1810 8.1
Escort 1175 11.9
Expedition 2360 5.5
Explorer 1960 6.8
F-150 2020 6.8
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Ranger 1755 1.7
Taurus 1595 8.9
Accord 1470 9.8
CR-V 1430 10.2
Civic 1110 13.2
Passport 1785 7.7

4. Ty trong tuwong ddi ciia khong khi thay ddi theo chiéu cao do dugc nhu trong
bang.

h (km) 0 1.525 3.050 | 4.575 6.10 7.625 9.150
p 1 0.8617 | 0.7385 | 0.6292 | 0.5328 0.4481 | 0.3741

Tim phuong trinh bac hai p = a +bh + ch® thé hién quan hé giira do cao va ty
trong khong khi, tir d6 tinh ty trong ctia khong khi & d6 cao h= 10.5 km.
5. B nhét dong hoc g, cua nude thay ddi theo nhi¢t d§ T dugc cho nhu trong
bang dudi day

T (°C) 0 |21.1| 37.8 | 544 | 71.1 | 87.8 100
w (107 m7s) | 1.79 | 1.13 | 0.696 | 0.519 | 0.338 | 0.321 | 0.296

Xéc dinh dudng bac ba thé hién quan h¢ nay, tir d6 tinh d nhot dong hoc tai cac
nhiét d§ T = 10°, 30°, 60°, va 90 -C

6. Xac dinh a va b d&é ham f(z) = az® phi hop véi bo s lidu theo nghia sai s6
binh phuong nhé nhat.

X 0.5 1.0 1.5 2.0 2.5
y 0.49 1.60 3.36 6.44 10.16
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Chuong 6.

Phwong trinh vi phan thwong va Matlab

Phuong trinh vi phin mé ta cic qua trinh dong lyc 1a phuong trinh chira cac bién
trang thai, dao ham ctia né phu thudc vao bién doc 14p. Trong chuong nay ching ta
s& hoc 1am thé nao dé stir dung Matlab tim nghiém s6 ctia phwong trinh vi phan véi
céc diéu kién dau. Trong Matlab c¢6 nhiéu cong cu, ham giai phwong trinh véi cac
phuong phap khac nhau.

6.1 Giai phwong trinh vi phan bic nhat véi ode23 va oded5

Dé giai s6 phuong trinh vi phan thuong, trudce hét ta cAn dinh nghia phwong trinh
can phai giai. Pé lam vi du, ta xét phuong trinh vi phan sau

dy

i cos(t)

Vé6i phuong trinh don gian nay ta c6 thé viét ra dugc nghiém chinh xac (nghiém
giai tich) y(t) = sin(t) + C', v6i C 1a hang sb tich phan phu thudc vao diéu kién
da:iu. Nghiém nay s€ dugc su dung dé so sanh v6i nghiém tim bang phuong phap
$0. B¢ dinh nghia phuong trinh vi phan ta tao mot m-file véi ndi dung

function ydot = eql(t,y)
ydot = cos(t);

Ham nay sé& tu dong duoc Iy tén 13 eql.m khi ta ghi lai.

Dé giai phuong trinh vi phén, ta goi ham ode23, do la chuong trinh giai sO bang
phuong phap tich phan st dung cong thirc Runge-Kutta cap hai va ba. Ct phap cia
cau 1énh nhu sau

[t, y] = ode23(“func_name’, [t_strart, t_end], y(0))

Ham ctia chiing ta c6 tén eql, voi khodng thoi gian tich phén 0 < ¢ <27, va gid st
rang c6 diéu kién dau y(0) = 2. Tir cti phap trén ta viét

>> [t, y] = ode23('eql', [0, 2*pi], 2)
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Pay 1a phuong trinh don gian, nén Matlab nhanh chéng dua ra két qua. Dé so sanh
véi nghiém gidi tich, ta v& chung trén mot do thi. V6i nghiém gidi tich

>> f = sin(t) + 2;
>> plot(t,y, 'ko', t, £,'k-"), xlabel('t"'"), ylabel('y(t)'"),
>> axis ([0 2*pi 0 47)

Két qua cua Iénh plot trén la d6 thi nhu trén hinh 6-1. Ta thay rang nghiém s6 (cac
dau tron) rit gin voi nghiém giai tich, nhu trén hinh v& thi khé co thé thiy duoc sai
léch gitra hai phuong phap. Nghiém nhan dugc bang 1énh ode23 trong truong hop
nay kha chinh xéc.

4

Hinh 6-1. Nghiém s6 va nghiém giai tich cta ptvp dy / dt = cos(t), ode23

Dé thiy duoc sai sb twong dbi gitta nghiém sé va nghiém giai tich ta s& dua ra dai
luwong

(t) = f@) - y(t)
f()
Gia tri cua sai s6 nay tai cac diém thoi gian, dugc xac dinh bang cac dong 1énh
>> err_y = abs((f-y)./f); >> for 1 = 1l:1l:size(y)
err_y (i) = abs((f(i)-y(i))/£(1))
end

>> err_y =
ans =
1.0e-003 *

0.0001

0.0091
0.0301
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.0743
.2115
.2876
.3780
.4659
.5597
.6480
.6907
.6050
.4533
.3164
.2414
.2129

O O O O O O O O o o o o o

Ta thay sai s tuong doi trén kha nho, sai s0 16n nhat tim dugc bang 1énh max

>> eymax = max(err_y)
eymax = 6.9075e-004

Ham ode45 su dung phuong phap Runge-Kutta bac cao hon, bac 4 va bac 5. Ching
ta s€ sir dung Iénh nay dé giai phuong trinh vi phan trén, bang cach viét twong tu

>> [t, w] = oded5('eql', [0, 2*pil, 2)
So sanh véi nghiém giai tich, & ddy ta can tinh lai
>> f = sin(t) + 2;

>> plot(t,w, 'ko', t, £,'k-"), xlabel('t"'"), ylabel('y(t)'"),
>> axis ([0 2*pi 0 47)

V6i Iy do ¢6 the 1a s6 diém chia sir dung trong ode45 khac véi s6 diem chia sir
dung trong ode23. Hinh 6-2 la do thi cac nghiém f(t) va w(t). D€ so sanh voi
phuong phap giai tich, ta tinh sai s6 twong doi voi cac dong 1énh:

>> err_w = abs((f-w)./f); >> err_w = zeros(size(w));
>> for 1 = 1l:1:size(w)
err_w(i) = abs((£(i)-w(i))/£(i));
end
va tim duoc
>> ewmax = max(err_w)
ewmax = 4.9182e-006
>> ss = eymaxx/ewmax

ss = 140.4473

Sai s6 nay nho hon ¢& 140 1an so véi khi st dung 1énh ode23.
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Hinh 6-2. Nghiém s6 va nghiém giai tich ctia ptvp dy / dt = cos(t), ode45

Luu y rang s diém chia s dung trong ode23 nho hon s6 diém chia khi sir dung
ode45. Hay so sanh length(y) va length(w).
Trong vi du sau ta s& sir dung ode45 dé giai phwong trinh vi phan

d—i/ = —5y + 5F(t), véi kich dong F(t) = te™/* cos(at),
v6i cac s6 lidu cho trong bang
Hang s6 thoi gian, L, Tan sé @
0.01s 628 rad/s
0.1s 6.28 rad/s

Trudc hét dinh nghia phuong trinh vi phan trong mot m-file, trong do cac thong sO
t. va @ duogc khai bado ¢ dang bién toan cuc (global tc w):

function ydot = eqg2(t,y)
global tc w

F = t*exp(-t/tc) *cos(w*t);
ydot = 5*(F - v);

[

% save with file name eg2.m

Khi ghi lai phan soan thao trén Matlab tu dong 1iy tén ham eq2 dit tén cho m-file.
Trong cta ) Iénh, ta khai bao tc va w 1a cac bién toan cuc

>> global tc w

Trude hét sir dung cac thong sb trong dong dau ctia bang:

>> tc = 0.01; w = 628;

130



Pua vao thoi gian cudi final_time, cung véi didu kién dau y(0):
>> final_time = 0.1; y0 = 0;

Sau d6 goi 1énh ode45 dé giai theo mau cu phéap:

>> [t,y] = ode4d45('eqg2',[0:0.0005:final_time],y0);
>> plot(t,y, 'k=-"), xlabel('t'), ylabel('y(t)'), grid on
Két qua dugc thé hién nhu trén hinh 6-3.

-5
x10
2

-3
x10

Hinh 6-4. So sanh kich déng F(t) va dap &ng y(t)
Dé so sanh véi ham kich dong F(t), ta viét vao dong Iénh:
>> F = t.*exp(-t./tc).*cos(w*t);
>> subplot(2,1,1); plot(t,F,'k-"), xlabel('t'),

ylabel ('F(t) "),
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>> grid on
>> subplot(2,1,2); plot(t,y,'k-"), xlabel('t'), ylabel('y(t)"'),
>> grid on

Va nhén dugc d thi nhu trén hinh 6-4.

Tt hinh trén ta thay luc kich dong lon hon dén ca 100 1?1;1 dap tng, nhung chung cé
dang kha giong nhau. C4 hai déu c6 dang dao dong tat dan.

Bay gio ta thuc hién giai phuong trinh vi phan di cho véi cac s6 liéu:

>> tc = 0.1; w = 6.28;

Boi vi hang sb thoi gian ting 10 14n nén, ta cho thoi gian tich phan ciing ting 1én
10 lan:

>> final_time = 1.0;
Goi lai Iénh
>> [t,y] = oded5('eg2', [0 fi nal_timel,vy0);

>> plot(t,y, 'k="), xlabel('t'), ylabel('y(t)'), grid on

Két qua trong trudng hop nay duge thé hién trén hinh 6-5 va 4-6.

0.02

0.01

-0.02

Hinh 6-6. So sanh kich dong F(t) va dap &ng y(t) véitc = 0.1 va w = 6.28
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6.2 Giai cac phwong trinh vi phan bac hai

Trong phan nay s& trinh bay viéc sir dung cic 1énh ode23 va ode45 ciia Matlab dé
giai cac phuong trinh vi phén béc cao hay h¢ phuong trinh vi phan bac mét. Boi
véi mét phuong trinh vi phan bac cao, chang han cap hai

d’y dy

— = t’ ,—
dt? fity dt)

ta ludn c6 thé dugc bién dbi thanh hé hai phuong trinh vi phan cdp 1. Bang cach

dat

_ _dy _ dy,
yl =Y yQ dt - dt
ta nhan duoc cdc phuong trinh vi phin bac nhét trong duong 1a
dy, dy,
— = Y - = t7 )
= b PRGN Y

Nghiém ctia phuong trinh nay can hai diéu kién dau y,(t,) = y,,, 4,(t,) = ¥, -
Trudc hét xét viéc giai hé hai phuwong trinh vi phan cdp mot sau

Ez—x2+y, %z—x—xy
véi cac didu kién dau z(0) = 0,y(0) = 1. V& do thi cac két qua nhan duogc z(t), y(t)
va do thi quy dao pha (z,y).
D¢ gidi h¢ trén bing ode45, ta viét mot m-file thé hién vé phai ctia hé trén, & dy dé
thuén tién cho viéc biéu dién vécto, ta dat

_ _ de, dx,
T, =2, T, =Y 35——51714'51:2, E——.’El—ﬂil.’ﬂ?
va m-file dugc viét nhu sau:
function xdot = eqgx(t,x);
xdot = zeros(2,1);
xdot (1) = —-x(1)"2 + x(2);
xdot (2) = —-x(1) - x(1)* x(2);

[

% save with file name egx.m

Dong 1énh Matlab sau s& giai hé trong khoang thoi gian tir O dén 10 s:
>> [t,x] = oded45('egx', [0 10],[0,11);

Nghiém can tim x dugc ghi lai bang hai vécto cot, cot thir nhat x1 = x(:,1) va cot
thir hai x2 = x(:,2). V6i Iénh vé

>> plot(t,x(:,1),t,x(:,2),"'--"),xlabel('t"),
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>> axis ([0 10 -1.12 1.12])

Ta nhdn duoc do thi hai ham x1 va x2 theo thoi gian nhu trén hinh 6-6.

Hinh 6-7. Ham x t&rc x1 nét lién, va ham y tirc x2 nét dirt
Dé v& qui dao pha, sir dung 1énh sau
>> plot(x(:,1),x(:,2), 'k=-'), axis([-0.65 0.65 -0.4 1.17])

va ta nhén dugc hinh anh pha nhu trén hinh 6-8.
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Hinh 6-8. Quy dao pha (x1,x2)

Vi du dudi day trinh bay viéc gidi phuong trinh vi phan bac hai. Hay tim nghiém
cua phuong trinh vi phan sau

ij + 16y = sin(4.3t) véi diéu kién dau y(0) = 0,9(0) = 0.

Bing cach dat z, =Yy, %, =y, tanhin dugc h¢ hai phuong trinh vi phin cip mot:
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I, =,
&, = =16z, + sin(4.3t)

vé phai cua hé trén dugc thé hién trong mot m-file nhu sau:

function xdot = eqgx2(t,x);
xdot = zeros(2,1);

xdot (1) = x(2);

xdot (2) = sin(4.3*t)-16*x(1);
% save with file name egx2.m

Ta goi 1€nh ode45 dé nhan dugc nghiém sb cua phuong trinh. Do hé c6 ham sin
kich dong, nén ta chon khoang thoi gian dé tinh 1a 0 < ¢ < 27 :

>> [t,x] = oded5('egx2', [0 2*pi], [0,01);
Vi dong 1énh plot
>> plot(t,x(:,1),t,x(:,2),'--"),xlabel('t"'), axis([0 2*pi -3 31])

ta nhan dugc do thi nhu trén hinh 6-9.
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Hinh 6-9. ng x(r ctia hé vaéi didu kién dau [0, 0]

Qua do thi ta thay qréng, cac ham x1 va x2 tdng theo thoi gian, va x2 c¢6 bién do 16n
hon bién d¢ x1. P¢ tao ra do thi qui dao pha, ta sir dung 1énh

>> plot(x(:,1), x(:,2),'k=-"), xlabel('x_1"), ylabel('x_2")
>> grid on, axis([-0.7 0.7 -3 31)

va nhan duoc két qua nhu trén hinh 6-10.
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Hinh 6-10. Hinh anh qui dao pha véi diéu kién dau [0, 0]

Dé so sanh, ta s& giai h¢ trén véi didu kién dau y(0) = §(0) = 1. Lap lai cic dong
Iénh trén, ta nhan duoc dd thi nhu trén cac hinh 6-11,
>> [t,x] = oded5('egx2', [0 2*pil, [1,1]);

>> plot(t,x(:,1), 'k-',t,x(:,2),'k--"), xlabel('t'"),
>> axis ([0 2*pi -4.2 4.2]), legend('x_1','x 2")
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Hinh 6-11. ng x& cta hé véi diéu kién dau [1, 1],
Nhu thdy trén d6 thi, nghiém ciia h¢ da thay doi rat nhiéu khi diéu kién dau thay
doi tu [0, 0] sang [1, 1]. Cac nghi€m ting sém hon ngay trong nhitng gidy dau tién.
Dé so sanh x1 v6i cos(4.3t) ta v€ hai dai lugng nay trén cung mdt hé truc toa do,
nhu trén hinh 6-12.
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>> fl=cos(4.3*t);
>> plot(t,x(:,1),'k-", t,f1l,'k—-"), xlabel('t'),
>> axis ([0 2*pi -1.2 1.9]), legend('x_1l"','cos(4.3t)")

x1 —— —cos(43t) — - —sin(4.31)|

Hinh 6-13. So sanh x1 v&i sin va cos(4.3t), khi diéu kién dau la [0, 0]
Hai dudng nay bat dau tir hai diém rat gan nhau, nhung ching xa dan khi thoi gian
ting 1én. Nhung so véi truong hop trude, khi diéu kién dau 1a [0, 0], ta thay cac
nghiém ting dan (hinh 6-13), nhu vay c6 thé két luan 1a cic nghiém khong ting 1én
mii theo thoi gian. Dé danh gia dwoc nghiém nay, ta can phai tinh toan nghiém
trong mdt khoang thoi gian dai hon, nhu truong hop sau day:

>> [t,x] = oded5('egx2', [4*pi 20*pil, [0,0]);
>> plot(t,x(:,1)),xlabel('t")

Két qua duoc dua ra nhu trén hinh 6-14.
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Hinh 6-14. Hién twong phach trong trwérng hop diéu kién dau [0, 0]

Ta thay hién tugng phéach (beat phenomena) da xay ra voi hé, do 1a hién tuong bién
d6 dao dong ting giam, tdng giam theo chu trinh. Hién tuong nay xdy ra khi tan s6
luc kich dong gan véi tan so riéng cua hé. Xem xét kj phuong trinh vi phan

i + 16y = sin(4.3t) suy ra jj + 4’y = sin(4.3t)
ta thiy tan s6 riéng ctia h¢ 1 4 va tan s6 luc kich dong 1 4.3.
Hinh anh qui dao pha trong truong hop diéu kién dau 1a [1, 1] dugc dua ra nhu trén
hinh 6-15.
>> [t,x] = oded5('eqgx2',[0 2*pil, [1, 11);

>> plot(x(:,1), x(:,2),'k=-"),xlabel('x1"), ylabel('x2'"),
>> axis([-1 1.15 -4.2 4.2])

Hinh 6-15. Qui dao pha trong truéng hop didu kién dau 1a [1, 1]
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6.3 Bai tap thuwc hanh

Giai phuong trinh vi phén véi cac diéu kién dau sau:

1. —:—237 O :O’ten :10
it 4 y(0) end

2- % = 2«T1$27 % - _$127 21:1(0) = ‘TQ (0) = O ° tend = ]‘0
dx dx

o B B s0=a0)=1, 6, =10
dy

4 — =—ty+1 y(O) =1 bona = 10
dt
dy 9

6. Phuong phép sb nao duoc sir dung trong ode23 va ode45?

7. St dung ode23 va ode45 giai phuong trinh vi phan
Doy WO=1 4, =10
Hay cho biét s6 diém di duoc sir dung voi ode23 va odeds.
8. Gidi phuong trinh vi phan sau
dy 2
9. Giai va v& do thi va qui dao pha cta phuong trinh vi phn sau

dy _,dy - .
S o hy=¢", y(0)=2,9(0)=0
2oty =t y(0)=2,4(0)

y(0) =1, “1<t<1

10. Phuong trinh vi phan dao dong cudng birc cia hé tuyén tinh n bac tu do duoc
cho dang ma tran nhu sau

Mg + Bq + Cq = f(t), véi didu kién dau q(0) = q,, q(0) = q(0).
voi q 1a vecto toa do suy rong, M, B,C 1a cdc ma trin vudng cap n , tuong ung la
ma tran khoi lugng, ma trén can, va ma tran d§ cing. Vécto luc kich dong f(¢).
B.':ing cach ha bac ta nhan duoc

q=v

v=M"(f(t) - Bv-Cq)
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Hay viét cac m-file thé hién cac phuong trinh vi phan va thyc hién viéc giai so tim
dao dong cua h¢, voi

12 0 0 10 -10 O
M={0 15 O |, B=|-10 20 -10],
0 0 20 0 -10 10
1000 -1000 0 5sin10¢
C=|-1000 2000 -1000 |,f(t)= 0
0 —1000 1000 0
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Chuong 7.

Cac phép bién doi tich phan va Matlab

Céc phép bién ddi nhu Laplace, z va Fourier dugc sir dung rong rai trong khoa hoc
va ky thuét. Qua cac phép bién ddi nay cac tin hiéu dugc chuyén doi sang mét cach
biéu dién méi. Trong chuong nay, cic 1énh co ban cua Matlab sir dung cho cac
phép bién do6i Laplace, Fourier va Fourier nhanh dugc trinh bay.

7.1 Phép bién ddi Laplace

Bién dbi Laplace mot ham theo thoi gian f(¢) dwoc dua ra boi cong thiic tich phan

@Y = [ f@)edt

Chung ta thuong ky hiéu bién doi Laplace ctia ham f() 1a F(s). Him F(s) duoc
goi la ham anh cua ham f(¢):

F(s) = t{f(t)}

Mot trong nhiing ing dung cua phép bién do6i Laplace la dé bién doi phuong trinh
vi phan tuyén tinh thanh mdt phuong trinh dai s6. Nhu chung ta biét viéc giai
phuong trinh dai s6 s& d& dang hon so véi viéc giai mot phuong trinh vi phén, tuy
nhién khong phai lic nao ciing nhu vdy. V&i Matlab, viéc bién doi Laplace mot
ham theo thoi gian dugc thyc hién mot cach that don gian. Chung ta co thé tim
bang vé phép bién doi Laplace cua cac ham co ban trong céc sach vé phuong trinh
vi phan, k¥ thuat dién, k¥ thuat diéu kién, ...

Dé bién dbi Laplace trong Matlab, ta goi ham laplace(f(t)). Viéc nay chi tinh toan
dugc véi ham dugc dua vao ¢ dang ky tu chit, symbolic. Vi du don gian nhét 1a tim
ham anh ciia mot hang s6, ham f(¢) = a . Trudc hét ching ta dinh nghia cac bién
ky tu:

>> syms s t

Hay thir véi f(t) =1, ta gd vao dong 1énh
>> laplace (1)
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??? Function 'laplace' is not defined for values of class
'double'.

Matlab bao 13i, vi 1 khong phai 1a kiéu sympolic. Do d6 ta can khai bao
>> syms a

Sau d6 goi ham laplace dbi véi hang s a:

>> laplace(a)

ans = 1/s"2

Tiép theo 13 vi du bién ddi laplace cia mot s ham ldy thira cua ¢, fi)y=t"
>> laplace(t"2)

ans = 2/s”3

>> laplace(t™7)

ans = 5040/s"8

>> laplace (t”5)

ans = 120/s"6

Tir ddy c6 thé suy luan ra cong thirc quen thudc ciia phép bién d6i Laplace

m!

m+1
S

F(s) = e{t"} =

Sau day 1a ham anh ctia mot s& ham hay duogc str dung trong khoa hoc va ky thuat.
Trudce hét 1a ham e mil giam f(t) = e™':
>> laplace (exp (-b*t))
ans = 1/ (s+b)
Bién do6i Laplace cac ham sin va cos:
>> laplace(cos (w*t))
ans = s/ (s”"2+w”"2)
>> laplace(sin(w*t))
ans = w/ (s"2+w"2)
Chung ta ciing c6 thé bién dbi laplace cac ham sin- va cos hyperpol:
>> laplace(cosh(b*t))
ans = s/ (s"2-b"2)
Phép bién ddi Laplace c6 tinh chat tuyén tinh, nghia la
Honfi(t) + &, (1)} = a i (s) + o, Fy (s)

Chung ta s& kiém nghiém lai tinh chat tuyén tinh nay qua vi du
>> £ =5 + exp(-2*t)

>> laplace(f)

ans = 5/s+1/(s+2)

142



7.2 Phép bién dbi Laplace ngugc

Dé c6 thé tng dung phép bién ddi Laplace cho céc bai todn k§ thudt, phép bién ddi
Laplace nguoc l1a can thiét. Néu ¢{f(t)} = F(s), thi phép bién doi Laplace nguoc
ky hi¢u 1a

CH{F(s)} = f(t), t20,
todn tir /' bién d6i ham anh F(s) vé ham gbc ctané f(t). Vidu

a .
EI(Z 2)=sma)t, t>0
ST+

Thong thuong dé tim ham gbc f(t) tir ham anh F(s), ngudi ta hay sir dung
phuong phap tra bang "cdc ham gbc — ham anh tuong tng".

Véi Matlab viéc tim ham gdc tir ham anh tuong ddi don gian, ban chi viéc sir dung
1énh ilaplace(F(s)). Du6i day 1a mot sb vi du vé viée sir dung ham ilaplace ddi véi
cac ham don gian:

>> ilaplace(1l/s"3)

ans = 1/2*t"2

>> ilaplace(1/s"7)

ans = 1/720*t"6

>> ilaplace(2/ (w+s))

ans = 2*exp(-w*t)

>> ilaplace(s/ (s"2+4))

ans = cos(2*t)

Tuy nhién trong cic bai toan thuc té ta it gip cac ham anh don gian nhu trén.
Chang han can tim ham gbc ctia ham anh sau

5—3s

F =

24 5s
Ta can nhap ham nay vao, véi khai bao s & dang symbolic:
>> syms s
>> F = (5-3*%*s)/(2+5*s);

Khi bién d6i nguoc ham nay ta nhan dugc ham gdc trong d6 c6 ham delta Dirac:
>> ilaplace (F)
ans = -3/5*dirac(t)+31/25*%exp (-2/5*t)

O day can nhic lai dinh nghia ham delta Dirac

0 t>0 oo
5@):{00 (2o v [T 8- = fla).
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Mot vi du phurc tap hon
—s*—9s+4
S +s+2
>> F = (-s”2 — 9*%s + 4)/(s"2 + s + 2);
>> ilaplace (F)
ans = -dirac(t) -8*exp(-1/2*t)*cos(1l/2*7"~(1/2)*t)+20/7*7~(1/2)*
exp(=1/2*t)*sin(1/2*7"~(1/2)*t)

F=

Hay mot ham don gian hon
1
(s+7)
>> f = ilaplace(1/(s+7)"2)
f = t*exp(-7*t)

Pé vé& db thi cac ham gdc theo thoi gian ta c6 thé sir dung 1énh ezplot theo ct phap
ezplot (£, [t_start, t_end])

V6i ham f trén ta go 1énh
>> ezplot (£, [-2,2])
>> ezplot (f, [0, 21)

véa nhéan dugc dd thi nhu trén hinh 7-1 va 7-2.

0.04

0.02

Hinh 7-1. Ham te™, -2 <t <2 Hinh 7-2. Ham te ™, 0 < ¢ <2

Mot vi du khac 1a tim ham gdc va vé do thi cta no, khi biét ham anh
25+ 3
(s+1)°(s+3)

Goi ham ilaplace va nhén dugc ham géc nhu sau:
>> f = ilaplace((2*s+3)/((s+1)"2*(s+3)"2))
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f = exp(-2*t)*(-1/2*t*cosh(t)+(1/2+t)*sinh(t))
V& db thi ham gdc trong 10 gidy dau tién ta nhan dugc do thi nhu trén hinh 7-3.

>> ezplot(f,[0,10]), grid on
exp(-21) (-1/2 t cosh(t)-(-1/2-t) sinh(t))
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Hinh 7-3. Ham géc v&i 0 <t <10
>> ezplot(f,[-2, 0]), grid on
exp(-2t) (-1/2 t cosh(t)-(-1/2-t) sinh(t))

300

200

100

Hinh 7-4. Ham gbc v&i -2 <t <0

7.3 Ap dung phép bién doi Laplace giai phwong trinh vi phan

Nho phép | bién d6i Laplace ta co thé bién doi phuong trinh vi phan tuyén tinh hé sd
hing s6 vé dang phuong trinh dai s6, tir do giai tim ham anh nghiém cua phuong
trinh vi phan. Sau d6 st dung bién dbi Laplace nguoc dé tim ham gbc — nghiém
ctia phuong trinh vi phan. Trudc hét néu ra mot tinh chét nira ciia phép bién doi

Laplace, theo dinh 1y vi phan néu ¢{f(t)} = F(s) thitacé
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A} s -0, 5L =m0 - o).

Tuy nhién chung ta khong thé sir dung 1énh Laplace tac dgng truc tlep 1én phép
tinh dao ham. De giai phuong trinh vi phan tuyén tinh hé s6 hang bang phép bién
d6i Laplace, ta can phai bién doi Laplace phuong trinh vi phén da cho va dua két
qua doé vao Matlab. Sau do su dung phép bién doi Laplace nguoc dé nhan duogc
nghi€m. Vi du sau ddy s€ minh hoa cong viéc do.
Xét hé dao dong khdi lwong — 16 x0 —can nhét, duge md ta bang phuong trinh vi
phan

mi + bz + cx = u(t) + au(t)
Trudc hét st dung bién doi Laplace hai vé

H{mi + bz + cx} = H{u(t) + au(t) }
ta nhan duoc

m[s* X (s) — s2(0) — #(0)] + b[s X (s) — 2(0)] + cX(s) = U(s) + [sU(s) — u(0)]

Tu day giai dugc
[1+ as] U(s) - au(0) + msz(0) + mz(0) + bx(0)

X(s) = . :
) [ms”® + bs + c] [ms® +bs + c]

Thay céac théng s6 ciia hé¢ m =1b=1.2,c=1 va véi diéu kién ddu z(0) =0,
2(0) = 0 vao cdng thuc ta co

X(s) = 2[1+0{s] U(s) - — au(0) '
s +1.2s+1 s +1.2s+1
Sau ddy ta s& tim ham gbc z(#) tir ham anh X(s) va v& cac d6 thi ham nay véi cac
thong s6 khac nhau cia @, @ =0, 2, 5. Cho biét ham kich dong u(t) 1a ham
budc nhay don vi hay con goi 1a ham Heaviside

0 t<0
u(t) = {1 0<; hay u(t)=heaviside(t).

Ham nay duogc v€ vdi dong 1énh
>> ezplot (heaviside(t), [-2, 10]), grid on

>> laplace (heaviside(t))

ans = 1/s
va nhu vay
1+ as 1
X(§) = ——, vO1 u(0)=0.
() s 4+12s+1s ()
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heaviside(t)
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Hinh 7-5. B4 thi ham heaviside(t), -2 <t <10
bé dua ba gia tri cia @ vaotadat: al =0, a2=2,a3=5:
>> al = 0; a2 = 2; a3 = 5;
Mau s6 ctia ham anh X(s) dugc dua vao dang
> d = s™2 + (1.2)*s + 1;
Véi mdi gia tri ciia hé sb o taco
>> X1 = ((1+ al*s)/d)*(1/s);
>> X2 = ((1+ a2*s)/d)*(1/s);
>> X3 = ((1+ a3*s)/d)*(1/s);
Va bdy gid sir dung bién d6i Laplace nguoc
>> x1 = ilaplace (X1)
x1 = —exp(-3/5*t)*cos(4/5*t)-3/4*exp(-3/5*t) *sin(4/5*t)+1

>> x2 = ilaplace (X2)

x2 = l-exp(=3/5*t)*cos (4/5*t)+7/4*exp (=3/5*t)*sin(4/5*t)

>> x3 = ilaplace (X3)

x3 = 1l-exp(-3/5*t)*cos(4/5*t)+11/2*exp(-3/5*t)*sin(4/5*%t)

Str dung cac 1énh subplot, ezplot ta nhan dugc dd thi ham x(t) trong cac trudng hop

nhu trén hinh 7-6.

>> subplot(3,1,1),

>> ezplot(x1l,[0 16]), grid on, axis ([0 16 -0.1 1.5])

>> subplot(?n 1,2),

>> ezplot(x2, [0 16]), grid on, axis ([0 16 -0.1 1.87)

>> subplot (3,1,3),

>> ezplot (x3, [0 16]), grid on, axis([0 16 -0.1 3.2])
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Két qué nhan dugc nhu trén hinh 7-6.
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Hinh 7-6. Bap (rng cua hé theo thoi gian

7.4 Phép bién doi Fourier

Phép bién doi Fourier mot ham f(t) dwoc dinh nghia theo cong thirc tich phan
Fw)=[" f(t)e™dt

Chung ta c6 thé tim ham anh cta phép bién doi Fourier trong Matlab bang 1énh
fourier. Y nghia cta phép bién doi Fourier cho phép bién d6i mdt tin hi€u trong
mién thoi gian f(¢) sang biéu dién trong mién tan s6 F(®). Vi du xét bién doi
Fourier ctia ham diéu hoa sin(t) cho ta hai ham delt Dirac:

>> syms t

>> fourier (sin(t))

ans = i*pi*(-dirac(w-1)+dirac(w+1))
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Bién ddi Fourier ham phan bd Gaussian (hinh 7-7) va v& dd thi cac ham nay ta
duoc hinh 7-8.

>> syms t
>> f = exp(-2*t"2);

>> ezplot(f, [-2,2]), grid on

Hinh 7-7. Ham phan bd Gaussian, e
Nho 1€nh fourier ta nhan dugc ham anh
>> FT = fourier (f)
FT = 1/2*27(1/2)*pi~(1/2)*exp(-1/8*w"2)

1/2 2V2 /2 exp(-1/8 w?)

Hinh 7-8. Két qua bién dbi Fourier ham Gaussian

Ham anh nay ciing c6 dang twong ty nhu ham phén b Gaussian ban dau nhung c6
dai rong hon va dinh cao hon.
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Mot vi du khac véi

<0

O<z

—T

Ta s& dinh nghia ham nay trong Matlab bang cach gd vao dong sau:

>> syms X

>> f = exp(-abs(x));

Ham nay c6 do thi nhu trén hinh 7-9.

exp(-abs(t))

eﬂﬂ

Hinh 7-9. D thi ham f(t)

67‘1‘

Hinh 7-10. Két qua bién dbi Fourier ham f(t)

Thuc hién bién doi Fourier va nhan dugc két qua nhu trén hinh 7-10.

>> FT

fourier (f)

FT = 2/ (w"2+1)
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7.5 Phép bién doi Fourier nguoc

Phép bién d6i Fourier nguoc trong Matlab dugc thyc hi€n véi 1€nh ifourier. Vi du
véi ham F(@) = —2¢7 khi bién doi nguoc tim ham f(z) ta thyc hién:

>> £ = ifourier(-2*exp(-abs(w)))

>> ezplot (£, [-5,5]), grid on

ta duogc
f = -2/(x"2+1)/pi
Do thi ciia ham nay nhu dugc vé trén hinh 7-11.
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R R BRI R REEE RS
Y- S S R N A S S
| | | | | | | |
| | | | | | | | |
-5 -4 -3 -2 -1 0 1 2 3 4 5
X

Hinh 7-11. Két qua bién d6i Fourier ham f(t) = ™

7.6 Phép bién doi Fourier mdt tin hiéu roi rac

Cho mot tin hiéu ¢ dang vécto s0, x,,Z,,...,Ty_,, qua phép bién doi Fourier roi
rac ta dugc mot day sé phuc ¢ dang vécto gdm N phan tir x4c dinh theo cong thirc

_ 2w n

N-1
X, =Y ze ¥, =0,1...,N—1

n=0

& déy theo cong thirc Euler ¢6 thé biéu dién dang
27i
e V' =cos(2rkn /N)—isin(2mkn / N).
Ta c6 thé biéu dién vécto anh phic X = [ X, X,,...X,_,| bang d6 dai A, va géc
pha ¢, theo lién h¢

A = |Xk| = \/Re(Xk)Q + Im(X, )%,
¢, = arg(X,) = atan2(Im(X, ), Re(X,))
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Phép bién ddi nguoc duoc thyc hién theo cong thirc

]_ N-L Q—ﬂ_ikn
z,=—>» XeV , n=01..,N-1
Nk:()

7.7 Phép bién déi Fourier nhanh (FFT)

Ham fft ctia Matlab sir dung dé tinh s khi thyc hién bién doi Fourier nhanh cac
vécto s0. Viéc sur dung 1énh fft nay thé hién trong vi du sau.
Gia str ¢6 tin hi¢u chuan

z(t) = 3 cos(xt) + 2 cos(37wt) + cos(67t)
Ta s& tao ra mdt vécto sd chira tin hiéu nay trong khoang thoi gian 10 gidy. Ta s&
cho tin hiéu nay bi nhidu dé sir dung fft khao sat cac tin sd chtra trong tin hiéu.
Trudc hét chia khoang thoi gian thanh cac diém roi rac

> t = [0:0.001:67]; % Time vector

>> N = length(t);

>> x = 3*cos(pi*t) + 2*cos(3*pi*t) + cos(6*pi*t);

>> plot(t(l:N/2),x(1:N/2), 'k-', 'linewidth',1l), grid on

>> xlabel ('t [s]'), ylabel('x")
>> title('Tin hieu goc')

Sau d6 tinh vécto tin hiéu chuin tai cac diém thoi gian. Tin hiéu chuin trong ba
gidy dau tién dugc v€ nhu trén hinh 7-12.

Tin hieu goc

10

Hinh 7-12. Tin hiéu chuan trong ba giay dau tién

bé tao nhicu, chung ta cho tao ra cac s6 ngau nhién bang 1énh randn(m) va cong
thém vao tin hi€u chuan.
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>> x_noisy = x + randn(size(t)); % Tao tin hieu nhieu
>> plot(t(l:N/2),x_noisy(l:N/2), 'k-', 'linewidth',1), grid on
>> xlabel ('t [s]'), ylabel('x"),
>> title('Tin co nhieu')
Tin hiéu nhiu dugc v& ra nhu trén hinh 7-13.
Tin co nhieu
10 \ \ \ \ \
| | | | |
| | | I |
| | | |
] A B . i
‘ | | | | |
| | | | | H
| | | | |
| | |
= oL - i “\ Il il \J I\WI o T _ “ 1 hl IV i i i‘| i [ T _ ‘” |\n N‘ u W i i | —
| I |
I I |
sl o F— o T
| | | |
| | | | |
| | | | |
-10 1 1 L L L
0 05 1 15 2 25 3
t [s]

Hinh 7-13. Tin hiéu c6 nhiéu trong ba gidy dau tién

Biy gio ta sé str dung phép bién dbi Fourier nhanh dé phén tich xem trong tin hiéu
nhiéu c6 chira nhiing tan s6 nao. Phép bién do6i Fourier nhanh dya trén n diém tin
hi€u dugc thyc hién boi 1énh fft(f, n). BE thyc hién vi du nay, ta soan mot Script
nhu sau :

Fourier nhanh tim tan

% Su dung phan tich so trong tin hieu

Fs = 20; % Tan so lay mau, Fs >= 2 tan so cua tin hieu
T = 1/Fs; % Chu ky lay mau
L = 600; % Chieu dai tin hieu,
t = (0:L-1)*T; % Cac thoi diem lay mau
b4 = 3*cos(pi*t)+2*cos(3*pi*t)+cos(6*pi*t);
x_noisy = x + randn(size(t)); % Tao tin hieu nhieu
NFFT = 2”nextpow2 (L) ; % Next power of 2 from length of y
N = NFFT; % so diem su dung trong fft, la 2%z
FT = fft(x_noisy, N); % goi ham fft
P = FT.*conj(FT)/N; % cong suat trong tin hieu,
% hay binh phuong bien do
f = Fs/2*linspace(0,1,N/2+1)

plot (£,P(1:N/2+1),
xlabel ('Hz"'"),

'k-', 'linewidth', 1),
title('Pho cong suat')

grid on
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Cong suat trong tin hiéu c¢6 thé tim duoc bing tich ciia ham anh Fourier véi lién
hop phtic cia n6 va chia cho tong s6 diém.

Khi vé& ra do thi phé cong sut ta théy cac tan sb trong tin hi¢u Xuét hién mot cach
rd nét. Trong hinh 7-14 ta thay rd ba dinh Grng véi ba tan s6 trong tin hi€u chuan
ban dau z(t) = 3cos(wt) + 2 cos(3xt) + cos(6xt) . RS rang la trong tin hiéu nay
chua batan sé: f = 0.5, f, =1.5, f, = 3. D¢ cao cua cac dinh phan anh céc bién
do trong tin hidu chuan tng véi cac tan sd, hinh 7-14. Hay so sanh !

Pho cong suat
700

T
|
|
L1 R et m e e S B e R L
|
|
I

500 - - -

400 -~

300 - -~

1 e e R B R

100~ 1 -~

ot

10

Hinh 7-14. Phé céng suét cda tin hiéu sau khi phan tich Fourier

7.8 Bai tap thuc hanh

1. Thuc hién bién déi Laplace cac ham géc sau
gt)=te™,  f(t)=8sinbt —e " cos2t

2. Thyc hién bién d6i Laplace ngugc cac ham anh sau

1 25 +3 s 3
F(s)=—- , H(s) = -
) s &+9 ) s—49 s -9
3. Sir dung bién dbi Laplace giai phuong trinh vi phan sau
dy
—+y =2u(t
oy =2u)

voi u(t) 1a ham heaviside. Cho tat ca cac diéu kién dau bang 0, v& ra va nhan xét
ung xui cudng buc cia hé.
4. Thyc hién bién d6i Fourier cac ham goc sau

g(z)=2", f(r)=zcosx
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5. Thuc hién bién dbi Fourier ngugc ham anh sau
1
Flw) =
(@) 1+iw
6. Két qua bién ddi Fourier nhanh vécto
a=2,4,-1,2] la gi?

>> a=[2 4 -1 2] ; >> fft(a,4)

7. Cho tin hiéu chuan z(t) = sin(zt) + 2sin(4xt) . Hiy tao thém nhiéu cho tin héu
bang cach str dung = + randn(size(t)) . Hay tinh va vé ra mat do pho cong suat, chi

ra dinh cao nhat va tan so tuong ng.
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Churong 8.

Giéi thiéu vé Simulink

Cong cy simulink trong Matlab cho phép m6 phong cac hé dong luc voi mot giao
dién do hoa (ddc biet bang céc khdi két ndi v6i nhau. Muc dich cta chuong nay 1a
gidi thiéu vé simulink thong qua cic vi du. Sau khi thiét 14p cic phuong trinh vi
phan mo ta hé, mot so dd khdi tuong tmg duoc dua ra va tir d6 st dung céc khdi
ctia simulink dé mo phong hé.

8.1 Khai niém vé Simulink

Simulink 12 mdt phan mé rong cia MATLAB dugc phit trién boi Mathworks Inc.
Simulink 12 mdt g6i chuong trinh dé md hinh héa, mo phong va phén tich céc hé
dong luc. Véi simulink ta ¢6 thé mé hinh héa céc hé thong tuyén tinh va phi tuyén
lién tuc theo thdi gian, rdi rac theo thoi gian, hoac hdn hop ca lién tuc va roi rac
theo thoi gian. Céc hé ciing c6 thé 1a da téc do khac nhau, nghia 1a cdc phan khéc
nhau c6 thé duoc léy mau hodc cap nhat sb liéu & cdc tdc dd khdc nhau.

Dé mo hinh héa simulink cung cap mot giao dién do hoa (GUI) cho viéc xay dung
cdc mo hinh nhu 12 mot so dd khdi, sir dung cdc thao tic nhan va kéo chudt. Véi
giao dién nay, ban c¢6 thé v& ra md hinh gidng nhu khi ban phdc thao né bang biit
chi trén gidy. Day 1a didu khic xa so voi g6i mo phong da gidi thiéu trong phan
giai phuong trinh vi phin, & d6 yéu cau ching ta phai thiét 1ap cdc phuong trinh vi
phén hodc cac phuong trinh sai phan trong mot ngdn ngir hodc 1ap trinh. Simulink
bao gom mot thu vién toan b céc khéi nhu kh01 cap nguon tin hiéu (sources), khdi
cic phan tir tuyén tinh va phi tuyen cdc mdi ndi, va khdi nhan va hién thi tin hiéu
(sinks). Nguoi str dung ciing c6 thé thay doi dé tao ra cac khdi riéng cia minh.

Céac md hinh trong simulink dugc xay dung c6 thur bac hay con goi la m6 hinh
phan cép, do do nguoi su dung c6 thé xay dyng mo hinh theo huong tir dudi 1én
hay tir trén xubéng. Ngudi sir dung vira c6 thé quan sit hé théng & mirc tong quan,
vira ¢6 thé quan sat & mic do chi tiét bang cich nhén kép chudt vao timng khdi con
cua hé thong Véi cach xiy dung nhu thé, ngudi sir dung c6 thé thiy dugc mot hé
duogc t6 chirc nhu thé ndo va cdc phan cua né tuong tic voi nhau ra sao.
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Sau khi xay dung dwoc md hinh, ngudi sir dung c6 thé mod phong né. Viée chon cic
phuong phap tich phan c6 thé tir menu ciia simulink hodc bang cich g vao cic
Iénh tir ban phim trong cua s6 1énh ctia Matlab. Viéc sit dung menu dac biét tién loi
cho cédc cong viéc ¢ tinh chét tuong tic 1an nhau, con cich sir dung dong 1énh
thich hop khi thyc hién mot loat cdc md phong. Béng viéc st dung cdc khdi Scope
hay cdc khdi hién thi khic, nguoi st dung c6 thé quan sdt cdc két 'qua khi mo
phong dang chay. Ngoai ra, nguoi su dung c6 thé thay doi cic théng s6 va quan sat
duoc ngay tic dong ctia cdc tham sb thay dbi dén tmg xir ciia hé. Cac két qua mod
phong ¢6 thé dugc dua vao trong mdi truong 1am viée ciia Matlab cho viéc xir 1y
tiép theo va hién thi bang hinh anh.

Dé phén tich md hinh simulink cung cip cdc cong cu tuyén tinh héa va cit xén
(trimming), cdc cong cu ndy c6 thé duge truy cap tir dong 1énh Matlab, va nhiéu
céc cong cu khic trong Matlab va céc ing dung cua né. Do Matlab va Simulink da
dugc tich hop nén nguoi sir dung c6 thé md phong, phan tich, va sira doi cic mo
hinh ctia minh trong c4 hai mdi trudng trong bat ky thoi diém nao.

Nhu di néi trén md hinh xay dung trong simulink 1a d0 khdi v6i nhitng duong két
ndi trong tng. P& mo hinh héa duoc mot hé thong trong simulink, doi hoi nguoi
sir dung phai c6 kién thirc vé md ta hé thdng bang so dd khdi. Ngudi s dung cn
phai mo td mot hé théng nhu duoc ciu tao tir cdc khdi thanh phﬁn ¢6 dau vao va
dau ra, twong téc gitta cdc phan tir dugc thé hién bang cic duong ndi gitra cac khoi,
d6 12 cdc dong tin hiéu. Ching han ta c6 thé tao ra mot so dd khdi cia mot hé dong
Iirc duge mod ta bang phwong trinh vi phan sau

mo + bv = Ku(t) *)

v

Hinh 8-1. So dd khéi ctia hé déng luc (*)

Dang mb ta do thi trén s& dugc dua vao simulink ¢& md phong hé. Dé thuc hién tdt
viéc md hinh héa trén doi hoi ngudi sir dung phai 6 kién thirc vé k¥ thuat dicu
khién va ly thuyét hé thong. O diy khong thé di sdu vao cdc linh vuc nay, nguoi su
dung c6 thé tham khao thém trong cdc tai lidu vé k¥ thuét diéu khlen va 1y thuyét
hé thdng. Trong phan nay, giGi han chi gidi thiéu simulink dé giai s cdc phuong
trinh vi phan mo6 t4 h¢ dong luc.
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8.2 Nguyén ly hoat dgng va viéc thue hanh trong simulink

Khéi dong simulink
D¢ khéi dong simulink ta 6 thé thyc hién theo hai cdch: Trén man hinh ta ding
chudt nhdy kép vao biéu tugng simulink

4\ MATLAE (===

Eile Edit Debug Desktop Window Help
| Ii| & K3 T |&ﬁ| @ | C:WProgram Filesi IZ| E]

Shortouts 2] Howe to 2dd @] What's

7 x ||Command Window
|-~
Nama To get started, sSelec LE Help or Dewmos
4m P | 5
licw] e = Bicu tuong cua
= Simulink
A X
F—— 7
== 7

Hinh 8-2. Kh&i dong simulink

Hodc trong cua s6 1€nh cia Matlab, tir ban phim ta g6 1énh simulink vao sau dau
nhac

>> simulink

Khi 1énh simulink duogc thuc hién, ctra s6 thu vién simulink s€ hién ra nhu sau

'ﬂ Simulink Library Broweser EE@
Eile Edit M“iew Help
O3 - o |

Commonly Used Blocks: simulink/Cormmmaonly
|Jzed Blocks

+ Wl Simulink: * | commeri

+ W Aerospare Blockset ?usad bluczs
+ - Wl COMA Reference Blockset -
+ - ¥ Communications Blockset

B Control Svstem Toolbox —
Hinh 8-3. Clra s6 v&i c4c thw vién trong simulink

Commonly Used Blocks

Continuous

bé tao mét mo6 hinh méi, dé 4n mdi ta s€ nhan chudt vao bi€u twong to gidy trang.
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[ simulink Library Browser, E”E'E'
File Edit %jew Help

B\mﬂl

E e model FRE: simulink /Commaniy

+ El Simulink, G m Comro |r||_|r| Used 2
+- W Aerospace Blockset 2
Biéu tuong tao
EJ Control Syskem Toolbox 5 hinh m&i
mo hinh mo1 g
+ W Fuzzy Logic Toolbox pritinuous
+- W Gauges Blockset
W@ Link For ModelSim 3 \ Discontinuities
- o . . m .
< b & T w
Ready

Hinh 8-4. Kh&i tao mot mo hinh méi trong simulink

Hoac tir menu ta chon File -- > New -- > Model Ctrl +N.

Sau d6 ta s€ str dung chudt dé€ kéo cac khdi trong thu vién vao trong md hinh mai
vira m¢&, két noi cac khoi nay dé tao ra mdt mé hinh mé ta hé.

Cic khéi trong simulink

Cic phan tir trong source (ngudn)
1 B CAp mot hang s, b CAp moét tin hiéu
P—— hay mdt vécto hang o dang bude nhay
Chp mét tin hiéu theo i\ o
_/ S P ot » 7. i Cap mot tin hiéu
dudng xién (dudng , .
K Sine Wawve hinh sin
Rarmp dOC)
i Cap mdt tin hiéu Cap mot tin hiéu
- dang xung Repesting  pac thang
S=quence
Gene@tor Stair
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A A A ) I A A ) A
C'—} bong ho cép thoi /1/1/] Cap mot tin hiéu
Clock gian Repeating rang cua
Sequence
[ A A A X [ A A ) A
'\M Cap mdt s6 ngau ]HPFJ Cap mot tin hiéu
Fandarni nhién Band-Limited ~ nhiéu
Murbesr Wilhite Mois=
Céc khoi ham toan hoc, Math Operations
oz o Tinh tong hai tin
i Tinh tong hai tin hi¢u @ A &
hiéu
2dd
+ ’ s A PP
b N VA Tinh hi€u hai tin
d Nhan hai tin hiéu - F n ;
hiéu
Product Subtract
., . A K s A . o 4,
lu| E Cho gié tr1 tuyét doi A Nhéan/chia hai tin
cua tin hiéu — hiéu
Abs Diiwide
L A Nhan tin hi€u voi
S Tinh tich vd hudng >> 5t 56 (khudeh dai
. mot sO (khuéch dai
hai vécto ) PR :
Dt Product Gain tin hiéu)
Z i Tinh tdng cac phan ——F Ham dau (cho dau
Surn of tur : cua bién x)
Sign
Bern=nts
o t 'InI"U =
Tinh tich cac phan tu Ham sin
Product of Sine Wawe
Berents Function
e” b A N zin B
Mot ham todn hoc N .,
. Ham luong giac
Math €xp, sin, COs,... Trigonametric
Function Function
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Céc khoi ham toan hoc lién tuc va khdng lién tuc

dusdt |

Derhvathse

Integr@tor

1
— o3

=+1
Transfer Fcn

' = Px+Bu L
w = Cx+D0u

Sate- Space

MATLAE
Function

MATLAE Fon

Ernbedded
MATLAE Function

flu] [

ystemn B

S-Function

u  fcn vE

dao ham mot tin
hiéu theo thoi
gian

todn tu tich phan

khdi ham truyén
bac nhat h¢ lién
tuc

khéi mo ta
phuong trinh
trang thai hé
tuyén tinh

tao mot ham dinh
nghia boi ngudi
su dung

tao mot ham
nhiing dinh nghia
bdi ngudi st dung

f(u) 1a mot ham
nao do cua
Matlab

1

=z+0.5
Dizcrete
Tansfer Fon

J_LI_ s
Feno-Cirder
Hold

J.-“\, b
First-Crder
Hold

Satum@tion

Coulomb B
‘Wiscous Friction

Ry b

Tansport
Deday

khéi ham truyén
bac nhat hé roi rac

khi giir tin hiéu
trich mau bac 0

khoi gitt tin hiéu
trich mau bac 1

Gitr tin hiéu bao
hoa

Ghi nh¢ tin hiéu
cua budc trudc

Khoi mo ta ma sat
Coulomb va ma sat

7

nhdt

Khéi 1am tré tin
hiéu

162




Mot s6 khbi lién quan tach nhap, lwa chon tin hiéu, subsytem

Inl Cwtl

Subsystern

Inl

[
_J

Lookup Takle

=D TkA

nterpolation [n-0
using Prelookup

Téch mét tin hiéu
thanh hai (demux)

Ghép hai tin hiéu
thanh mdt (mux)

chuyén doi sang
mot tin hiéu khéc

chuyén doi sang
mot tin hi¢u khac

Kho6i m6 td mot hé
con

Mot dau tin hiéu
vao, su dung cho
hé con

MO ta dac tinh tinh
y(x)

MO ta dac tinh tinh
2D st dung ndi suy

b

o o
—1

S=ector
>—Q\q_}
—

Manual Switch

cam[1]:
default:

Switch Case

BND |,

Logical
DpeEtar

Ctl

Lookup
Takle [2-0

Iya chon mét trong
cac tin hiéu

Chuyén doi tin higu
bang tay

Khébi 1énh switch
case

Khdi phép toan logic
AND

Mot dau tin hiéu ra,
st dung cho hé con

MO ta dac tinh tinh
2D, z(y,x)
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Cic khoi két trong sink

1] V& ra b thi tin hiéu
theo thoi gian

] Hién thi gid tri ciia

Dispiny tin hiéu
Mot dau tin hi€u ra,
Cutl st dung cho hé con
Str dung dé két thiic
cac tin hiéu ra, (tranh
dé chuong trinh
Terrminator

khong canh bao cong
tin hiéu khong duogc

8.3 Mot sb vi du don gian

Cho phép biéu dién
[O]]  hai tin hiéu dang dd
thi, y(x)
W Graph
unttenmmzt | D€ ghi lai tin hiéu
vao mot file.mat
To File
simout bé ChHYéH tin hléu
Towoiame VA0 workspace

Str dung dé dimng

chuong trinh mo6
. phong (khi tin hiéu

Stop Sirnulation bél’lg 0, ChlIO'l’lg trinh
s€ dung lai.

Mot trong nhitng van dé& hay nham 1an déi voi ngudi méi sir dung simulink 13 1am
thé nao dé md hinh héa cic phuong trinh. Dudi day s€ trinh bay mdt so thi du
nham minh hoa viéc md hinh héa khoi ciac phuong trinh to4n hoc.

a) M6 hinh h6a mét phwong trinh béng so' d6 khéi

Vi du ta can chuyén ddi tir thang nhiét d6 C sang thang nhi¢t do Fahrenheit,
phuong trinh md ta quan h¢ nhiét do gitra hai thang do nay nhu sau

T, =§TC +32

Trudc hét can chi ¥ dén nhing khéi dé xdy dyng md hinh

Céc khdi can duoc kéo vao model Vi tri cac khéi trong thu
window vién Simulink
Ramp Sources
Constant Sources
Gain Math Operation
Sum Math Operation
Scope Sinks
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Sau d6, ta dwa cdc khdi trén vao trong mét cua s6 mod hinh (tao ra tir Menu File -->
New model).

W Doi_nhietdo ===

File Edit Miew Simulation Format Tools Help

DeEH&| tB2R <9 =foo |we

+ ]
_/} )D} + T
Ramp 533in Add Scops
1 p
Consant
Fl1008s | | |odeds P
Hinh 8-5. Céac khéi s&* dung trong mé hinh
E Function Elock Faram eters: Gain @
Gain -

Element-wize gain [y = K.*u] or matrix gain [y = K u or p = u*k).

| Main | Signal data types | Parameter data types |

m

Gain:

9/h

Fultiplication: | Element-wise(k. *u] E

Sample time [-1 for inherted]:

Kl v
ok, ] ’ Cancel ] [ Help ] ’ Apply ]

Hinh 8-6. Gan gi4 tri thdng sé trong khéi Gain
O day c6 thong sd trong hai khdi Constant va Gain can thay dbi. Viéc nay duoc
thuc hién bang cdch nhan kép chudt vao khoi twong ung, thay doi gid tri sau d6
nhan chudt vao nit Close dé dat cac gia tri moi va dong cua so hoi thoai lai. Chang
han khi thay d6i gia tri trong Gain ta c6 ctra s6 hdi thoai nhu trén hinh 8-6.
Sau khi sir dyng chuot ndi céc khdi voi nhau, cho ta mot md hinh khéi mé ta
phuong trinh trén nhu sau
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3] doi_nhietdo

File Edit Miew Simulation Format  Tools  Help

O EEE ) y = |

Famp 3ain ’_; + chuong trinh
add Scope
a2

Constant

¥

Fl100%: odeds

Hinh 8-7. So d khdi chuyén dbi thang nhiét do

Khéi Ramp cung cap nhiét do trong thang do C. M& khéi nay va dit cho tham s6
Initial output gi4 tri 0. Khdi Gain nhén gia tri nhiét do ctia khdi Ramp véi hing s6
9/5. Khéi Sum (Add) cong gid tri 32 véi két qua sau khdi Gain va cho ra gid tri
nhiét do theo thang Fahrenheit. M& khdi Scope dé quan sit két qua. Dé chay
chuong trinh ta chon Start tir Simulation menu hodc 13 nhan chudt vao nit play »
trén thanh cong cu. M6 phdng s€ thuc hién trong 10 gidy.

nScope ===
SE| PP ABBPESF -

Titne offset: 0O

Hinh 8-8.

b) M6 phong mot qua trinh dong hoc
Trong vi du ndy ta s& sir dung Simulink dé md ta mot phwong trinh dong hoc sau:
z(t) = Asin(@t + @),
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trong d6 dich chuyén z 12 ham cta thoi gian ¢, tan sb géc @ va géc pha ban dau
. Trong vi du nay cdc théng s6 dugc nhan cc gidtri: A=2, @ =4, ¢ = /3.

Céc budc thuc hién xay dyng md hinh nhu sau

1. Tir thu vién Simulink sir dung chudt kéo cic khdi sau diy vao trong Model
Window

Céc khdi can duoc kéo vao model Vi tri cac khéi trong thu
window vién Simulink
Constant Sources
Ramp Sources
Gain Math Operation
Sum Math Operation
Product Math Operation
Trigonometry Function Math Operation
Mux Signal Routing
Scope Sinks

2. Noi céc khdi nhu trén so d6 dudi day

=1 mt_do ng_hoc

File Edit Yiew Simulation Format  Tools  Help
O =EE L 4 |'|D.D |N0rma| j E
a4 L
# o
L
omega Produst . P sin 4’{ : lel
Trigonaoretric Gain A Scope
_/ L Funetion
Rarmp t pif3
phi
Ready 100%: ode’d

Hinh 8-9. So' d6 mé ta phwong trinh déng hoc z(t)

Nhan diip chudt vao cic khéi ta c6 thé thay doi gid tri cac thong sd.
3. Kiém tra lai xem céc khdi da duoc ndi chinh xdc chua, sau dé chay chuong trinh
bang cach nhan chudt bao biéu tuong play » hodac (CTRL+T). Bé xem két qua md
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phéng hay nhén chudt vao khéi Scope. Pé hién thi toan bo dd thi, hay nhén chudt
vao biéu twong 6ng nhom #|

Cén chi ¥ rang trong khéi Trigonometric Function ta c¢6 thé chon dugc nhiéu ham
luong gidc khac nhau.

Ta c6 thé nhan duoc mot két qua twong ty bang cdc dong 1énh tai diu nhic trong
ctra sO 1énh nhu sau:

>> t=(0:.01:10); A=2; phi=pi/3; omega=4;

>> x=A*sin (omega*t+phi) ;

>> plot (t,x); grid

¢) M6 hinh héa mét hé dong luc lién tuc don gian
Xét phuong trinh vi phdn md td mét h¢ dong luc lién tuc nhu sau
#(t) = —2.5z(t) + u(t)

trong d6 wu(t) la kich dong dang xung, c6 bién do la 1 va chu ky 1a 6 s, d6 rong
xung 12 50%. Khdi tich phan Integrator thyuc hién viéc tich phan tir @(t) dé tao ra
z(t). Cac khdi khéc sir dung trong mo hinh nay 12 Gain va Sum. Dé tao ra tin hiéu
xung, ta kéo kl}éi Pulse; Generator tir thu vién Source, leh ddp chudt vao }(héi va
thay doi mgt s6 tham s0 trong d6. Trong mo hinh nay, d¢ doi huong cua khoi Gain,
ta chon khoi nhan chudt phai va chon Flip Block trong menu Format. Sau khi két

ndi cic khéi, chay chuong trinh ta thu duoc két qua hién thj trong Scope nhu trén
hinh 8-10.

nn

Pulsz
Genemtor

a) so dd simulink b) két qua mé phéng trong 10 giay
Hinh 8-10.

Néu 4p dung bién ddi Laplace ddi v6i hé dong luc tuyén tinh trén, ta c6 thé sir dung
khoi Transfer Fcn d€ md ta hé. Theo cach nay ta bién doi phuong trinh vi phan trén
nhu sau

(t) = -2.5z(t) + u(t) = sX(s)=-2.5X(s)+U(s)
Giai tim X(s) ta dugc
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St dung chudt kéo khéi Transfer Fen tir thu
vién ra, thay doi cdc tham s cua tir sO va
mau s6 cho phil _hop. Trong truong hop nay

1
tusolalvamausola 5+25 Cacheso > -y p ]
clia tir va mau sé duoc xép thanh dudi dang Fulse Trmsfer Fon —
céc vécto 1an luot gidm theo s6 mil cua s. Genemior

Trong truong hop nay, tir s6 12 [1] (hoic chi
viét 1) va mau s 1a [1 2.5]. M6 hinh bay
gioi tré nén don gian, hinh 8-11. Nhéan nit
play sé& cho ta két qua mo phong phit hop
v&i mo hinh trén.

Hinh 8-11.

Luu y trong qud trinh xay dung m6 hinh khong nén quén ghi lai v6i mét cdi tén
thich hop dé d& nh¢. Céc dit liéu ghi lai s& nhan phan mé rong cua tén tép 1a mdl.

d) Mo ta hé dao dong mot bac tw do

Khao ség mdt hé dao dong gém khoi luong - 10 xo - «
giam chan nhu trén hinh bén. M0 hinh todn hoc mo ta %4,{
hé b

mi(t) + bi(t) + cx(t) = f(t) % ﬁ m

trong d6 m - khéi luong hé (kg), b - hé sd can nhét
(N.s/m), ¢ - hé s6 ctng 10 xo (N/m), f(t) - lyc kich
dong (N).

Sau day s& minh hoa viéc xy dyng md hinh hé trong simulink dé mé phong hé véi
Iyc kich dong 1a mt ham budc nhay don vi.

Hinh 8-12.

Buée 1.
Trong simulink, ta m& mdt cira s6 md hinh méi (CTRL+N) sau dé sir dung chudt
kéo cac khoi sau day tur thu vién simulink vao ctra s6 md hinh.

Céc khéi can duoc kép vao model Vi trf cdc khdi trong thu vién
window Simulink
Step Sources
Constant Sources
Sum Math Operation
Product Math Operation
Divide Math Operation
Integrator Continuous
To Workspace Sinks
Scope Sinks
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Buéc 2.
Viét lai phuong trinh vi phin chuyén dong trén dudi dang sau
& = L [f(8) - bi — ca]

m

Dua vao phuong trinh nay ta ndi cdc khdi nhu trong so d hinh 8-13. O diy c6 mot
sO khoi can duogc xoay 180° dé thuc hién viéc nay, hay chon khdi sau d6 nhdy
chudt phai rdi chuyén dén Format va chon Flip Block hodc Rotate Block.

khwi luong m
I+
" ' »

Swr ol b w 1 . 1 [
l Divide Integrator Integrator Scope
! EUdm
A
* N he =0 can b
Product ’7‘
I
Am—
Pr\m:ﬂ he solo o e
Hinh 8-13. So dd khéi mé ta hé dao ddng mét bac tw do
Buére 3.

Nhap gia tri cho cic thong s6 khéi lugng m , hé ¢b cting ¢ va hé sb can b, nhu
hinh trén dd st dung m =2, b=3, ¢ =20.

c Configuration Parameters: daodong 1DOF/Configuration

Select Simulation tirme 4
Start time:|D.D | Stop time:|1D.D |
[ ata Impart /E spoart
o thlzat_lon Solver optionz
Diagnostics
Hardware Implementation Type: | Fised-step | Salver:| oded [Funge-Kutta) v|
LEEL] Heferencmg Periodic sample time constraint: Unconstrained A
Real-Time Warkshop . ) .
Fized-step size [fundamental zample time]; |0.1
Tasking mode for periodic sample times: | Auto A
[] Higher pricrity value indicates higher task priarity
Automatically handle data transfers between tasks B
A/
[ ak l [ Cancel ] [ Help Apply
Hinh 8-14.
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Nguoi sir dung c6 thé thay doi cdc gid tri khac nhau va quan sét tng st ctia hé. Str
dung t6 hop phim (CTRL+E) khéi hoi thoai sau ddy xuat hién (hinh 8-14). Trong
hop hoi thoai nay ta c¢6 thé chon phuong phap tich phén, thoi gian diu, thoi gian
cubi ciia qud trinh tich phdn, budc tich phan,... Ching han, & trén dd sir dung
phuong phdp Runge-Kutta cip 4 (ode4), budc thoi gian 12 At = 0.1 s. Nhian OK
dé déng hop thoai.

Budérc 4.

Chay chuong trinh mé phong (CTRL+T) hodc nhin chudt vao nit play ' * . Dé xem
ung xu hé ta nhan kép chudt vao Scope. Véi cic so li¢u trén ta cé két qua nhu trén
do thi.

) |Scopel E|@|g|

SBELRPL AERB B AR g8 L LY ARE B AR

Time offset: 0

Kich déng bwéc nhay, ham (1) Pap wng cha hé x(t)
Hinh 8-15

Quan sit ddp ung hé, ta thay trong gidy dau tién khi chua c6 luc kich dong khéi
lwong m khéng chuyén dong, khi c6 lyc tdc dung khéi lugng m chuyén dong (thuc
hién dao dong), va sau khoang 8 gidy khdi lwong dirng lai & vi tri méi.

e) M6 phong sé tay may mdt bac tw do

Xét tay mdy mot bac ty do dugc dan dong boi dong co mot chiéu (hinh 8-16).
Phuong trinh vi phan chuyén dong cia tay mdy sau khi da don gian héa nhu sau

(J, +J 1)j=(K,r/R)U —(K,Kr* /R, +br*+b,)q —mglcos(@)
P=q

hay (J, + er2)¢+ (K Ker2 /R, + br* +b,)@ + mgl cos(p) = (K,r/R)U

m

Céc thong s6 ciia hé sir dung trong phuong trinh trén gom:

171



- Tay mdy la vat rin quay quanh truc ngang ¢b dinh qua O, khéi lugng m, kh01
tim C, OC = [. Mdmen quén tinh doi véi truc quay O, J,. Hé s6 can tai o

truc b, .

- Dong co dién mdt chiéu: dién tré¢ R, , cuon cdm co hé so ty cdm L = 0, hang
s6 phan strc dién dong cua roto, K, ; hang s6 momen K, . O diy 6 la géc
quay cua tru dong co, 6 la van toc goc trén tryc dong co. Mdémen quan tinh
khoi cua roto J,, . Hé s0 can nhét tai 0 truc b, (ma sat nhét tai 0 truc).

- Hop giam tdc co ty sb truyén r = @, / @, =1, / 1;, khdi lugng cac banh ring
khong dang ké.

bong co DC

Hinh 8-16. M6 hinh tay may mét bac ty do
Sau déy s¢€ trinh bay viéc su dyng simulink dé mé ta phuong trinh vi phan va mo6
phong. Trong mo phong nay bo qua hé¢ s6 can b, (cén trén tay mdy) va hé so can b,
duogc viét1a b, dién dp U chuyén thanh V. Momen quén tinh Jo viét thanh J . Nhu
thé phuong trinh vi phan chuyén dong cta tay may trd thanh:
(J,+J r*)p+ (K, K1 /R, +br’)g+mglcos(p) = (K,r/R,)V

Buwéce 1.

Trong simulink, ta m& mdt cira s6 md hinh méi (CTRL+N) sau dé sir dung chuot
kéo cac khoi sau day tur thu vién simulink vao ctra s6 md hinh.

Céc khéi can duoc kép vao model Vi trf cdc khdi trong thu vién
window Simulink
Constant Sources
Sum Math Operation
Product Math Operation
Divide Math Operation
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Gain Math Operation
Trigonometric functions Math Operation
Integrator Continuous
Scope Sinks
Budc 2.
Viét lai phuong trinh vi phan chuyén dong trén dudi dang sau
1

i= )~{<K,,,r/RH,> ~[(b+ K, K, / R,)r*]¢~mglcos(q)}

(J+J 7

Dua vao phuong trinh nay ta nbi cic khéi nhu trong so dd. O dy c6 mot sé khdi
can dugc xoay 180° dé thyc hién viéc nay, hdy chon khéi sau d6 nhdy chudt phai
r0i chuyén dén Format va chon Flip Block hodc Rotate Block.

JHrt2 0 e |:|
dien 2p _ L4 N Wl 1 1 [
Fain - w0 L B L = Lt
Divice Integrator Integrator] oc quay
" l:l ol goc quay
L L
Scopel Eurmn
b+kim*iaFareme
* he so can
-l
b
Product cos
S

Trigonoretric
Function

Producti gl
Hinh 8-17. So d6 mé t& tay may mét bac tw do (he_co_dien_1doff.mdl)

Buéc 3.
bé gan cac gid tri cho céc thong so ta cé theé soan mot m-file nhu sau

% file khai bao so lieu cho cac bien
m=2; J=1; 1=0.4;
g=9.81; r=2;
Ke=1; Km=1; Ra=1;
Jm=0.001; b=0.001;

% save vol ten file *.m

An F5 chay m-file nay dé Matlab nhan cic gid tri cdc thong s sir dung trong
simulink.
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Buéc 4.

Chay chuong trinh m6 phong (CTRLA+T) hoac nhan chudt vao nit play ». Dé xem
ung xu hé ta nhan kép chudt vao Scope.

Véi dau vao dién dp U = 24 V, ta thu dugc két qua toc do quay ctia tay may nhu do
thi.

Trong tdm khéng nam trén truc quay, Trong tdm n&m trén truc quay, L = 0
L=04

Hinh 8-18. Pap &ng cua hé (tbc do quay clta tay may, ¢)

Quan sat dap g cua h¢, ta thy tdc do quay cua tay mdy ting tir gid tri ban dau 0
sau d6 binh 6n dao dong quanh gid tri 12 rad/s. Trong tam tay mdy khong nam trén
truc quay c¢d dinh 1am nguyén nhén téc do quay dao dong. Khi trong tim tay mdy
nam trén truc quay ta thay téc do quay dat dugc gia tri hang s sau khoang 2 gidy.
Nguoi str dung c6 thé thay doi cdc gid tri khdc nhau va quan sét ing xir cia hé.

8.4 Don giin so dd simulink

bdi voi cdc hé dong lyc phtc tap ch.'fmg han nhu con lic kép hay mot tay may hai
bac tu do. Cac phuong trinh vi phan mé ta hé nhu thé rét phuc, néu thuc hién tat ca
cic phép tinh bang cédc khdi cta simulink thi so dd mo ta rat phuc tap va rat c6 thé
dan t6i céc 161 khé kiém sodt. Trong céc trudng hop nhu vy, ta c6 thé sir dung céc
khdi Fen, subsystem dé lam don gidan mo hinh bang cic md dun. Mot céch khic
nira 1a két hop gitra simulink v6i cic m-file. Duéi ddy 1a vi du mé ta cong viéc nay.

Pon giin so d6 simulink bing khéi Fen

Khoi Fen trong thu vién User-defined Functions cho phép thuc hién cic phép tinh
dai s0 thong thuong. Do d6 thay vi sir dung nhi¢u khoi d¢€ tinh todn mot biéu thirc
y = f(z), ta chi can sir dung mot khoi duy nhat Fen, ma trong d6 viét biéu thirc cua
ham f(z). Vi du thay vi sir dung so d0 nhu trén hinh 8-7. cho bai todn chuyén doi
thang nhiét d9, ta chi can st dung mot so dd don gian nhu sau
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=

Scope
] v [

Famp Fen Scope

Constant

Hinh 8-19. Vi du vé khdi Fcn

Mot thi du khic 1a m6 ta dong hoc phuong trinh dao dong sau:

x=>5sin(4t+x/3)

4 L
» - o
omega I zin I:l
Product +
Trigonormetric Sain A Scope
_/ #dd Furction
i3
FRarp t .
phi

_/—lr Fain (4 u+pif3) —FIZl

Farnp Fon Seope

Hinh 8-20. Vi du vé khéi Fcn

Pon gian so' d6 simulink bing khoi subsystem

Dé don gian so dd simulink md ta hé phirc tap, trudc hét ta chia hé ban dau thanh
cic hé con v6i cdc dau vao ra ro rang. Mdi mo dun nay s& duoc md ta bang mot
subsystem trong simulink. pé théy duoc sy tién loi cua khéi subsystem, ta s€ xét vi
du h¢ co dién md ta boi phuong trinh vi phan:

di 1

dt L ( - K,rq)

dq = ;[K ri — (b,r* +b,)qg — mgl COS((P)]
dt (JO + JmTZ) "

o _

at !

Vi hé ba phuong trinh vi phan trén, so do simulink dwogc thiét ké nhu hinh 8-21
dudi day. So d6 md td nay tuong doi phuc tap véi nhiéu khoi va cadc dudng ndi cd
phan chong chéo nhau.
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> ift]
1
> L
| .
bl Scope i
Gaind
Hetr g
Gaind
Kr*r I#
ainl o1
Scope qft)
> al .
philt)
> o L N[
5
| .
bl Integratora Sape phift)
4 cos
. Trigonometric
GainG Ny
Function
Hinh 8-21. DC_taymay_1dof.mdl
1z . T}
u1 Pl t] diddt - o - 1
5
P i) Integatorl Scope i
Subsystern DC motor
it >
qi Scope qff]
e [l
1
Subsystern Manipulatar - < - 1
Integ@tora Scope philt]

Hinh 8-22. DC_taymay_1dof_subsystem.mdI



Nho ¢6 k¥ thuét hé con (subsystem) ta xay dung dugc mot so dd don gian hon, voi
hai hé con. Mot hé mo ta dong luc hoc dong co va hé con lai md td dong luc hoc
tay mdy. T4t nhién trong mdi hé con ta phai mé ta chi tiét cdc phéan tir cia hé (hinh
8-22,23,24).

-

W DC_taymay 1dof_subsystem/Subsystem DG moter =1 =2

File Edit Wiew Simulation Feormat Jools Help

D|@ﬂ§|é’n’:ﬁ|ﬂ'ﬁ2 2 l|5 INDrmaI ;”E
()
u
—
ket > P
q = difdt
(3ain
Addl
it
Gaind
Ready |100%% | | lodeds Y
Hinh 8-23.
W DC_taymay_1dof_subsystem/Subsystem Manipulator E@

File Edit Yiew Simulation Format Toocls Help

Trigonometric
Function

Gaind

Ready

Hinh 8-24.

Két hop simulink va script file (m-file)

Xet h¢ tay mdy hai bac ty do chuyén dong trong mat phang thang ding. Khau 1
chiéu dai OA =/, khoi tam C,, OC, =ai, khéi lugng m, mdmen quén tinh d6i V(:)‘i
truc qua khoi tdm la J;. Khau 2 chiéu dai AE = [, khoi tam C,, AC, = a,, khoi
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lugng m,, mdmen quén tinh do6i véi truc khoéi tdm 1a J,. Bong co 1 gan lién véi gid
c0 dinh tao ra momen M, tac dung Ién khau 1, dong co 2 gan lién v6i khau 1 tao ra

mdmen M, tac dung 1€n khau 1.

Hinh 8-25. Tay may hai bac tw do

Trudc hét st dung phuong trinh Lagrange loai 2 dé thiét 1ap phuong trinh vi phan
chuyén dong cho hé. Co hé gdm hai vat: khau OA quay quanh truc ngang cd dinh,
va khiu AB chuyén dong song phang. Chon cic toa do suy rong:
qa" =[q, @], ¢ lagoéc quay cua khau 1, thanh OA, ¢, 1a géc quay ctia khau 2,

thanh AE, so v6i khau 1.
Thiét 1ap PTVP CD bang phuong trinh Lagrange loai 2

4T 3T _ A o iy

dt 9g, dg, _a_qi

1) Tinh dong nang cua co h¢
T = %Jola)f +%m1122 +%J02a)22

Jol =J01+m1a12, 0112 :q12> wzz :(q1+q2)27

Toy =1 cosq +a,cos(q, +q,)

Yoo =1 sing, +a,sin(q, +q,),

Tey = =g, sing, —a,(4, +¢,)sin(q, +q,)
Yoo = g, cosq, +a, (¢, +4,) cos(q, +q,),

Tir d6 co :
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Ug? = i?m + yg? = 112%2 + a22(q'1 + q?)Q +20a,4,(¢, + ¢,) cos g,
Thay céc két qua trén vao (1) ta duoc :

2 2 2\ 2 2 L)
T =3(Jo +ma; +Jgy +myay +myl)g + (J oy + myay, +myla, cosq,)q,d,

30 + )i ”
2) Ham thé ning
IT = m,ga, sin ¢, + m,g[l, singq, + a, sin(q, + ¢,)};
3) Tinh lyc suy rong Q; va Q,, tacé:
Q, = M, —m,ga,cosq, —m,g[l, cosq, + a, cos(q, +q,)] 3)

Q, = M, —m,ga, cos(q, +q,).

Thay (2), (3) vao phuong trinh Lagrange loai 2 ta ¢6 phuong trinh vi phan chuyén
dong cua co hé:

(Joy + mea; + Jy +mya; + myll +2m,la, cos q,)j, +
(Joo + mya; +myla, cos g,)d, = mya,g, (24, +§,) sin g,
+m,ga,cosq, + myg[l, cos q, + a, cos(q, +q,)] = M,

(J oy + mya; +mylia, cos q,)id, + (Jgy +myal )i,
+m,la,¢’ sin g, + m,ga, cos(q, +q,) = M,.
Viét phuong trinh vi phan chuyén dong trén dang ma tran nhu sau:
M(q)d +C(q,4)q +g(q) =u
voi
- ma tran khdi luong:

2 2
J oo +my(a, +la, cosg,) J oy +mya,

M(q) = [

Jo + mya; +J, + m, (I’ +a; +2la, cosq,) Joo + m,(a, + l,a, cos qQ)]

- ma tran chira cac thanh phan coridlis va lyc ly tim:

mylya,¢, sin g, 0

C(q,q) = {

—-m,la,g, sing, —myla,(¢, + ¢,)sin qZ}

- véc to chura luc do trong lugng:
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(@ g(m,a, + myl,)cosq, + gmya, cos(q, + q,)
glq)= s
gmya, cos(q, +q,)
- vécto lyc/mdémen do cac dong co diéu khién:
T
u= [Ml, MQ}

Trong trudng hop nay, néu hoan toan thyc hién cic phép tinh bang cdc khdi
simulink, thi ta phai sir dung rat nhiéu khdi, két ndi cic khdi nay s& tao nén mot hé
tuong d6i phtic tap. Dé tranh diéu nay, ta s& thuc hién két hop simulink va m-file,
bang cdch md ta cac phuong trinh vi phan chuyén dong trong m-file.

Sau ddy s& minh hoa viéc sir dung két hop simulink va m-file dé xdy dung mo hinh
mo phong hé.

Budre 1.

Trong simulink, ta m& mot ctra s6 md hinh méi (CTRLA+N) sau d6 str dung chudt
kéo céc khoi sau day tir thu vién simulink vao ctra s6 md hinh.

Céc khdi can duoc kép vao model Vi tri cac khéi trong thu vién
window Simulink
Constant Sources
Sum Math Operation
MATLAB Fcn User-Defined Functions
Integrator Continuous
Mux Signal Routing
Demux Signal Routing
Scope Sinks

Str dung chudt dé ndi cic khdi nhu dudi day.

q
MATLAE q14q1’
m Function
sudot . I:l
u 9
gz g2’

initGon

Hinh 8-26. Sor d6 simulink cho tay may hai bac tw do
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Buéc 2.
Bién dbi phuong trinh vi phan cap hai

M(q)d + C(q,4)q +g(q) = u
vé cdp mot nhu sau

q=v

v =M(q) ' [u-C(q,v)v - g(q)]

Trén co s& hé phuong trinh vi phin cAp mdt ndy, ta soan mot m-file (véi tén file
xvdot .m) nhu dudi day.

function ydot=xvdot (in)
Phuong trinh vi phan chuyen dong dang ma tran:
M(q)*q" + C(g,q")q" + g(q) = tau

M(g) = ma tran khoi luong

C(gq,gq')g"'" = vector chua luc coriolis va luc ly tam
g(g) = vector chua luc do trong truong

tau = vector luc/momen dieu khien

o0 d° o° o° oo oo o

cac bien su dung hay cac toa do va van toc suy rong
gl=in(1); g2=in(2); gl_dot=in(3); g2_dot=in(4);
g _dot=[gl_dot; g2_dot];

% control vector

ul=in(5); u2=in(6); tau=[ul; u2]l;

Cac tham so cua he

ml=21.20; % [kgl
J1=0.21; $ kg m"2]
11=0.25; % [m]
al=0.15; % [m]

% khau 2

m2=15.22; % kgl
J2=0.18; %[kg m"2]
12=0.45; % [m]
az2=0.19; % [m]

% gia toc trong truong
g=9.81; $m/s”2

% ma tran khoi luong hay ma tran quan tinh

mll = J1+J2+ml*al”2+m2*11°2+m2*a2"2+2*m2*11*a2*cos (q2) ;
ml2 = J24m2*a2”2+m2*11*a2*cos (g2) ;

m21 = ml2; m22 = J2+m2*a2"2;

M = [mll, ml2; m2l1, m22];
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% Coriolis forces

cll = —m2*11*a2*sin(g2) *g2_dot;
cl2 = —m2*11*a2*sin(g2) * (g2_dot+ gl_dot);
c2l = m2*1l1*a2*sin(g2) *gl_dot; c22 = 0;

C = [cll, cl2; c21, c22];

% vector luc do trong truong

gg=[g* (ml*al+m2*11) *cos (gl) +g*m2*a2*cos (gql+g2) ;
g*m2*az2*cos (gql+g2)1];

Dua phuong trinh vi phan ve dang

y_dot = f(t,vy)

g _dot=[gl_dot; g2_dot];

q_2dot=inv (M) * (tau - C*g_dot - gq);

ydot=[g_dot; g_2dot];

o oe

Buéc 3.

Nhdy diip chudt vao khdi (MATLAB Fcn), mot hop hoi thoai xuét hién va ta s&
thay doi hai thong sé cho phu hop (lay ding tén cua m-file vira soan trén dlen vao
6 MATLAB Fcn: xvdot, 1dy ding s6 chiéu cia vécto xvdot dién vao 6 Output
dimensions: 4 nhu hinh dudi day.

=] Function Block Parameters: xvdot E'
MATLAE Fon

Pazz the input values to a MATLAR function far evaluation. The function must return
a zingle value having the dimenzions zpecified by ‘Output dimenszions' and 'Collapze
2-0 results ko 1-D°

E=amples: sin, sinfu)], foolul1], ul2]]

Can phai ghi phii hop tén
cua m-file md ta phuong
B function: trinh vi phéan va so chiéu
\ cua vécto xvdot. ]
Output di)‘nensiclns:
4/ I
Output zignal t_l,lpe:l auto ]
Collapze 2-0 results to 1-D

Sample time [-1 for inkherited]:

A |

Parameters

k. ] [ LCancel ] [ Help Apply

Hinh 8-27. Hop thoai khai bao céc théng sé cta khéi MATLAB-Fcn
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Sau d6 nhan OK dé déng hop thoai.

Budrc 4.

Chay chuong trinh m6 phong (CTRL+T) hoac nhan chudt vao niit play ‘*. Dé xem
ung xu hé ta nhan kép chudt vao Scope.

V6i diéu kién dau ¢, = -7 /2+0.4 rad, ¢, =0, ¢ =0, ¢, =0 ([-pi/2+0.4 0,
0 0]), va khong c6 cdc mdmen diéu khién két qua md phong nhan duoc nhu trén
hinh 8-28.

Hinh 8-28. D thi géc khau 2 theo thoi gian

Nguoi sit dung c6 thé thay d6i cdc diéu kién dau trong khdi initCon (initial
Condition), thay d6i gia tri mémen trong khoi dau vao u chay chuong trinh va quan
sat két qua.
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8.5 Xirly két qua mé phéng

Khéi Scope cho ta két qua md phong theo thoi gian, tuy nhién néu truc tiép sir
dung d6 thi nay cho céc cong viéc nhu viét bdo cdo, trinh bay trong bai mot vin
ban thi khong duoc thuan tién, ddc biét néu dé in 4n boi vi nén den cia né. e
trdnh diéu nay, ta s& luu trit két qua md phong vio mot tép c6 phan mo rong la mat,
(duoc goi 1a mat-file), voi mot tén bién phit hop. Dé lam viéc nay ta can lay khoi
To File trong thu vién sink dé luu trit két qua vao mat-file. Trong khdi nay ta c6 thé
dat tén tép va dat tén cho bién can luu trir két qua. Céc Kkét qué nay s€ dugc doc ra
boi 1énh load, va thuan tién cho cac viée xu ly tiép theo. P& minh hoa ta thuc hién
md phong hé theo so db trén hinh 8-29. Cac két qua mo6 phong nay s& dugc luu trit
vao tép c6 tén (sim_results.mat), v&i tén bién qv. Bién qv nay s& c6 5 cot, cot thir
nhét 1 thoi gian t, bdn cot con lai 1a chira céc bién Q1,955,454 -

E) open_loop Elﬁlgl

File Edit Yew Simulation Format Tools Help
O =E& L) » 1o \Nomal &=
q
MATLAE > gl gt
Function
—— . (I
u 9
g2 g2’
initCon
P sim_results.mat
To File
Ready 100% oded

Hinh 8-29. Str dung khéi To file trong sink dé Iwu két qua

Dé v€ do thi cic bién nay theo thoi gian, ta thuc hién cidc dong I€nh sau trong cua
s0 1énh, hoac c6 thé soan san mot script.

load sim_results.mat

t=gv(l,:);

ql=qv(2,:); qz2=qv (3, :);
gl_dot=qv (4, :); qg2_dot=gv(5,:);
figure(1l)

plot(t,gl, '-k','linewidth',2), grid on
xlabel ('t [s]'); vylabel ('g_1l [radl');
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figure(2)
plot(t,qg2,'-k','linewidth',2), grid on
xlabel ('t [s]'); ylabel ('g_2 [radl');

)

% save ve_g_t.m

q, [rad)]

0, [rad]

Hinh 8-30. Két qua mé phdng — dé thi cac gdc theo thei gian

8.6 Bai tap thuwc hanh

X4y dyng md hinh simulink dé mo phong céc hé cho bdi cdc phuong trinh vi phan
sau :
1. Phuong trinh vi phan chuyén dong cua con lic vat Iy

Jo@+bp+mglsing =0, véi J, =1,b=0.1,mgl =10,

Lay cac diéu kién dau ¢, = 0.30, ¢, =0.

2. Hé dao dong gom khdi lugng - 10 xo - can nhdt ¢6 phuong trinh vi phdn mé ta

nhu sau:
b |_, y

L b c
j+—y+—y=0
m-  m m
voi m =2kg, b =40 N.s/m, ¢ =450 N/m m
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Diéu kién dau 1a y(0) = 0.01 m, $(0) =0. Thyuc hién md phong bang simulink
trong khoang thoi gian ¢ = 0...2 s va dua ra cdc két qua dang do thi y(t) va ¢(t).

3. Cho so db dong co dién mot chidu
nhu trén hinh v& va phuong trinh vi
phin md ta nhu sau:

e  de
J —+b—=T(t) = K, i(t),
m dtz dt ( ) T ( )
I ;lz + Ri(l)+ B, 6613: —V(#) So db dong co dién mot chidu

Hay ha bac dua hé trén vé hé phuong trinh vi phan bac nhat véi cic bién trang théi
x =16, 0, i|"

4. Khéi sit nhiém tir c6 khéi luong m

duge ndi voi mot 16 xo do cimg c, — i *
chiéu dai L. Khoi nay & trang thai
nghi tai z = L, khi bat nam cham dién ////////// e "

xuét hién mot lyc ddy F =k /2’ tic

dung 1én khbi sit.

Phuong trinh vi phan mé ta chuyén dong ctia khéi nay 1a
mi=k/z’ —c(v—L)

Str dung phuong phéap ode45 tich phan phuong trinh vi phan trén véi cdc thong sd

ciahé m =1kg, ¢ =120N/m, k=5N-m* L =0.20m.

5. Thanh dong chat ABC dugc ndi bang ban 1& tron B 0
voi thanh OA quay dugc quanh tryc dimg. Bo qua ma
sat, phuong trinh vi phan chuyén dong cua hé la

6 = ¢’ sin 6 cos 6,

P = —20¢ cot 0
Gidi hé phuong trinh trén bang phuong phap ode4 véi
diéu ki¢n dau

6(0) = £ /12 rad, 6(0) = 0, ¢(0) = 0, ¢(0) = 20 rad/s

dwa ra két qua dang db thi trong khoang ¢ = 0...2s.
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6. Cho so do mach dién nhu trén hinh v&. Ap dung dinh lut Kirchhoff ta nhan
duoc phuong trinh vi phan cia mach dién nhu sau:

[ I di, .
L L—+ + —14,) =Bt
R i i Ry + By(iy —4,) = E(1)
Et) D p— L2 R -i)+Z =0
. i R, c i (4 — ) c

L 1 iz dq .

|—| j j d_;—ZQ

= 1

Cho biét cdc s6 liu R, =4 Q R, =10 Q, L =0.032H, C = 0.53F va dién 4p
dat Ién mach c6 dang
20 V. khi 0<¢<0.005 s
E(t) = {0, Khi ¢ > 0.005 s

Hily giai va v& ra do thi cdc dong dién i,(t), 4,(t) theo thoi gian ¢ = 0...0.05 s.

7. Phuong trinh vi phan dao dong cudng buc ctuia hé tuyén tinh n bac tu do duoc
cho dang ma tran nhu sau

Mg + Bq + Cq = f(t), véi didu kién dau q(0) = q,, q(0) = q(0).
voi q 1a vecto toa do suy rong, M, B,C 1a cdc ma trdn vudng cdp n, twong tng la
ma tran khoi lugng, ma trén can, va ma tran d§ cung. Vécto luc kich dong f(¢).

Hay viét m-file va két hgp voi simulink thyc hi€n viéc giai tim nghiém cta hé dao
dong vdi cac so lidu

12 0 0 10 =10 O
M={0 15 O |, B=|-10 20 -10],
0 0 20 0 -10 10
1000 -1000 0 5sin 10¢
C=|-1000 2000 -1000 |,f(t)= 0
0 —1000 1000 0
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Chuwong 9.

Giai mdt s6 bai toan trong ky thuit bing Matlab

Trong chwong niy ching ta s& st dung Matlab dé giai mot so bai toan trong k¥
thuat. Do la cac bai toan xac dinh tng luc trong cdc thanh va xdc dinh duong dan
hdi, biéu d6 momen udn va luc cit cia ddm udn phang trong Sirc bén vat liéu; bai
todn qui dao chuyen dong cua vién dan; xac dinh goéc xién dé vién dan bén trung
dich; cac bai toan dao dong cua con lic don va kép; bai toan phan tich dong hoc co
ciu; bai toan dong hoc nguoc robdt cong nghiép. Vi mdi bai toan phuong phap
giai va chuong trinh Matlab dugc dua ra cung voi céc két qua tinh toan & dang sd
hoic dang db thi.

9.1 Bai toan h¢ thanh

Trong thyc té k¥ thuat, ta hay gap cac két cau c6 thé duoc mo hinh héa nhu mot hé
thanh khéng trong luong ndi véi nhau biang cac ban 18 tron, duogc goi 1a cac nut, tai
trong chi tac dung tai cac nat. i véi cac hé thanh tinh dinh, bang phuong phap
can bang nit ta s& thiét 1ap dugc mot hé phuong trinh dai sb tuyén tinh cho viéc
xac dinh Gng luc trong cac thanh.

Trong céc vi du sau ta xét viéc thiét 1ap cac phuong trinh va giai cic phuong trinh
nay trong Matlab.

H¢ thanh tinh dinh Ss B
Vi du 1. Cho h¢ thanh phing c6 két cdu
va chiu tai trong nhu trén hinh vé.

Tach va viét phuong trinh can bang cho
cac nat A, B va C, ta thu duoc cac

phuong trinh sau: 4
Nut C: S, c S
-5, +85, —§;cos45’ =0 I8 kN y 12 kN
S, sin4b” + 5, =18 Hinh 9-1
Nut A:
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S, + 85 cos45’ =0
S, sin45° =12
Nut B:
S, cos45” =S, =0
S, +8,sn45" =0

Céc phuong trinh trén duoc viét dang ma tran nhu sau:

-1 1 —cos45’° 0 0 0lrs,7 107
0 0 sin45’ 1 0 01]8, 18
0 -1 0 0 —cosd5’ 0]]8, 0
0 0 0 0 sind5” 0S| |12
0 0 0 0 cosd5” 1|5 0
0 0 0 -1 -sind5” 0[S ] [0

Sau khi nhap ma tran hé s6 A va vécto b trong Matlab, giai ra ta nhan duogc:

>> c45 = cos(pi/4); s45 = sin(pi/4);
>> A = [-1 1 -c45 O 0 0;
0 0 s45 1 0 0;
0 -1 0 0 —-c45 0;
0 0 0 0 s45 0;
0 -1 0 0 c45 1;
0 0 0 -1 -s45 0];
> b = [0; 18; 0; 12; 0; 0];
>> x = A”-1*b % hoac x = inv(A)*b
x =
-42.0000
-12.0000
42.4264
-12.0000
16.9706
-24.0000

Két qua trén cho biét luc trong thanh 3 16n nhat, cac thanh 1, 2, 4, 6 chju nén va céc
thanh 3, 5 chiu kéo.

Vi dy 2. Cho h¢ thanh phing c6 két cAu va chiju tai trong nhu trén hinh 9-2. Sir
dung phuong phap can bang nut cho h¢ gian phang (d61 xtmg) nhu trén hinh vé& va
thu dugc hé phuong trinh dai s6 tuyén tinh
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¢ 1 0 0 O[S, | [0
0 s 0 0 185, 0
0 2s 0 0[S, |=150
0 —c ¢ 1 0}]S, 0
0 s s 0 0}|S; 0

véi s =sin@,c = cos @ va cac an can tim 1a S,
(i =1,..,5). Hiy viét chuong trinh Matlab dé
tinh cac lyc nay, khi cho truéc goc 6. Chay Hinh 9-2
chuong trinh véi 6 = 56°.

Trién khai trong Matlab nhu sau:

function Vidu92

disp('Vao goc theta ()so duong n: ')
theta = input('theta = ")

c = cosd(theta); s = sind(theta);

A = [c 1 0 0 0;
0 s 0 0 1;
0 0 2*s 0 0;
0 -c c 1 0;
0 s s 0 0];
b = [0; 0; 150; 0; 0];
x=A"-1*Db;
disp('Ung luc trong cac thanh: ')

X

Chay chuong trinh va nhép theta = 56 (d9), ta nhan duogc két qua, do6 la ung luc
trong cac thanh.
x =
161.7802
-90.4663
90.4663
-101.1763
75.0000

Hg¢ thanh siéu tinh

Dbi v6i cac hé thanh siéu tinh, do c6 cac lién két thira, cac phuong trinh can bang
nat khong du dé ta giai tim ra tmg lyc trong cac thanh. Dé giai dugc bai toan nay
ching ta can phai cha y thém cac diéu kién rang budc, cac diéu kién lién két. Cac
diéu kién nay sé thé hién su phu thudc 1an nhau bién dang dai cua cac thanh. Dudi
day 1a mot vi du.
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Vi du 3. Xét hé thanh siéu tinh don gian nhu trén hinh 9-3.

Quan sat thy, do nit A bi chan khong cho di chuyén theo phuong ngang, nén tai
d6 xuat hién luc lién két N.

Viét phuong trinh can biang nut duoc

-5, cos45” =S, cos30° =N =0 4

S, sin45° — S, sin 30° = 18000

Theo quan hé giira lyc tac dung va bién dang dai
cua thanh ta c6

Al =81 /EA, Al =S, /EA
Theo hinh v& (A chi di chuyén theo phuwong
dung), ta cé

Al cos 45 + Al, cos 30° =0

S Sl EA, I,
= #llcos 45° + 22 cos30° =0
EA EA

= S\l cos45° + S,l, cos 30° =0 Hinh 9-3
Nhu thé ta ¢6 hé sau

cos45”  cos30” 1|5, 0

sin45’  —sin30” 01| S, | =|18000

l,cos4b’ [, cos30” O|| N 0
Trién khai trong Matlab
function Vidu9_3
alpha = 45; beta = 60;
ca = cosd(alpha); sa = sind(alpha);
cb = cosd(beta); sb = sind(beta);
EA = 2*210000; $ A =2 cm™2, E = 2.1le+7 N/cm”"2
11 = 2; 12 =1.7; % m
A = [ca cb 1;

sa -sb 0;
ll*ca 12*cb 0]

b = [0; 18000; 0]
X = A"-1*Db;
disp('Ung luc trong cac thanh (N): ')
S1 = x(1)
S2 = x(2)
N = x(3)
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9.2 Bai toan uon phang cia dam

V& biéu d6 mémen udn, biéu dd luc cit va duong dan hdi caa mot dim 1a mot bai
toan twong doi phirc tap dac bi¢t doi voi dam si€u tinh. Trong phan nay, phuong
phap sai phan hiru han dugc trinh bay d€ giai quy¢€t bai toan nay.

Nhu ta biét trong gido trinh Stc bén vat ligu, A T~ ()
phuong trinh vi phan duong dan héi cua dim co6 do e
cimg chéng udn khong ddi, EI = const, chiu udn
phang c6 dang 7;77
Bl (z) S
= T < >
dot ! W |
v6i g(x) 1a cuong do luc phan bd, ham chuyén vi Hinh 9-4.

can tim w(z) cAn phai thoa man thém cac diéu
kién bién ctia dam.
Momen uén va luc cit duoc tinh theo ham chuyén vi w(z)

M(z) = —El(z)w"(z), Qz)=-{El(z)w"(z)] .
Bay gio ta s€ su dung phuong phap sai phan hiru han dé giai gﬁ?‘m dung phuong
trinh vi phan cap bon trén‘ véi cac dicu kién bién §ho trude. Chia dflrn véi chieu dai
L thanh n—1 doan bang nhau nho cac diém chia cach déu =z, = (i —1)h,
i=1,2...,n. Thay vi tim ham w(z),0 <z < L, ta chi tim nghiém tai cac diém
chia, w, = w( .) . Sir dung cong thure sai phan trung tam ta co

(4) _ 1
w = h_4( o — 4w, + 6w, — 4w, +w,,)

v6i i =1,2,...,n. D& thdy rd cic nut 4o (bén ngoai mién khao sat) ta s& viét cu thé
hon cac phuong trinh trén

El(w , — 4w, + 6w, — 4w, +w,) = h'g

El(w, — 4w, + 6w, — 4w, +w,) = h'q,

El(w, — 4w, + 6w, — 4w, +w,) = h'q,

EI(w,_, — 4w, + 6w, —4w,, +w,,) =h'g,, i=k

EI('LU"_3 - 4wn—2 + 6w -1 4'LU + w71+l) = h4qn 1
EI(wn—2 - 4wn—l + 6'LU 4w71+1 n+2> h4qn

Moémen udn va luc cit duge tinh theo cong thirc sai phan

ET ET
M, =-—(w,_, 2w, +w,,), Q = _W

e [~w,_, + 2w, = 2w, +w,,,]

i+l
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Ta thay c6 bon an nam ngoai mién khao sat la : w_,w,,w

n+1? n+2

Céc 4n nay s&

duoc khir dua vao céac didu kién bién nhu liét ké trong bang 9-1 dudi day.
Béng 9-1. Céc diéu kién bién ctia dam

Lién két tai dau dam z, = 0: tai dau dam z, = L:
Ngam w0)=0: w = wl)=0 : w, =0
—— | w'(0)=0 Wy = W, w(L)=0: w,, =w,,
Géi w0)=0 : w, =0 wl)=0 : w, =
FI 'LU”(O) = O wO = _w2 'LU”(L) = 0 N wn+1 = _wnfl
777777,
Tu dO 'LU”(O) = O: wO = 2qu - w? ’lU"(L) = O :wn+1 = an - wnfl
w"(0)=0: w"(L)=0:
| I—
w_l - 2w0 B 2U/2 + U/3 w +2 = 2wn+1 - 2wn—1 + wn—Z

Néu tai diém x; cO luc tap trung tadc dung thi coi nhu luc nay phan bd déu trén

doan dai h=uz,,, -

T, do d6 ta ldy g, = F /h. Con ddi v6i trudng hop

mémen M tap trung, ta thay béng hé hai lyc nguoc chiéu nhau dit tai cac diém
T2, ,VOi q_ =q., =M/2h* (do ngiu luc).

Vi du 1. Mot dam tiét dién khong doi chiéu dai I, mémen chong udn EI = const,
mot dau ngam con dau kia ty do, chiu tai trong phan bo déu cuong do ¢, trén toan
b6 chiéu dai. Hay st dung phuong phdp sai phan hiru han tinh va v& ra dudng
chuyén vi, biéu dd mémen va biéu dd luc cit. Blet cac thong s hé: 1 =5m;

¢, =500 N/m; E = 210000 N/mm?%; T =6-10° mm*; vé6i s doan chia n = 2000 .

Loi giai

Cht y dén cac diéu kién bién:

Ngamtai z =0:

w(0)=0:
w'(0)=0:

w, =0

Wy = Wy

Pautedo z = L

0:w
0:w

w'(L) =
w"(L) =

n+l

n+2

= 2wn - wnfl

= 2wn+1 - 2w7zfl + wan

90

X

L

EI

|~

v

Hinh 9-6

Thay vao hai phuwong trinh dau va hai phuwong trinh cubi trong hé trén ta nhan dugc

Elw,
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El(w, — 8w, +w,) =h'q, EI(Tw, —4w, +w,) =h'q,
EI(—4w, + 6w, — 4w, + w,) = h'q,

El(w, — 4w, + 6w, — 4w, +w,) = h'q,

EI('U)"_4 - 4'11)"_3 + 6wn—2 - 4wn—1 + wn) = h4qn—2

EI('U)"_3 - 4wn—2 + 5'11)"_1 - 2'11)”) = h4Qn—1

_ 1.4
EI(2w7zf2 - 4w7zfl + 2wn) - h q,
Hay & dang ma tran

18 1 .0 0 0 0 0 0 0]rqy, 1 17
0 7 -4 1 0.0 0 0 0 w, 1
0 -4 6 -4 1 0 0 0 0 0] w 1
001 -4 6 -4 1 0 0 0 0} w 1
00 1 4 6 -4 1 0 0 0 b

Bl

00 0 0 1 -4 6 -4 1 0 .
00 0 0 0 1 —4 6 -4 1| W 1
0 0 0 0 O 1 -4 5 =2 W 1
00 0 0 0 0 2 -4 2| Y | 1

Hinh 9-7. Két qua tinh toan (xem Beam_SPHH_Vd1.m)
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Nhan xét thiy ma tran hé s co dang bing (5 dudng chéo), dé tiét kiém bo nhd ta
sit dung 5 vécto dé luu trit ma trdn nay. Trién khai trong Matlab, ta nhan dugc két

qua dang db thi nhu hinh 9-7.
Gia tri mémen udn cuc dai taingam x = 0, M___ = 6249,9 Nm. So sanh véi gia

max

tri chinh xac 14 M, =1ql* = 6250 Nm, ta thy sai s6 tuong déi 14 0.0016 %.

Vi du 2. Mot dam tiét dién khong doi chiéu dai I, moémen chong uén EI = const,
mot dau ngam con dau kia dat trén gbi, chiu tai trong 1a luc tip trung F. Hay sur
dung phuong phap sai phan hitu han tinh va vé& ra duong chuyén vi, biéu d6 moémen
va biéu dd luc cit.

Loi giai

Chu ¥ dén céc diéu kién bién

Ngamtai z =0: 1 F 2
w(0)=0: w, =0 ’ ’

w'(0)=0: w, =w, N El %

Gbitai z = L: ' ! |

wl)=0 w,=0

n Hinh 9-8
'U)”(L) = 0 wn+1 = _wn—l
Thay vao hai phuwong trinh dau va hai phuwong trinh cubi trong h¢ trén ta nhan dugc
Ellw , — 8w, +w,) =0
EI(7w2 — 4’(1)3 + 'LU4) = 0 E‘[(wn—4 - 4wn—3 + 6wn—2 - 4wn—1) = 0
EI( 4'[[}2 + 6’(1)3 4'[[}4 + 'LU5) = 0 E‘[(wn—3 - 4wn—2 + 5wn—l) = 0
EI(w, — 4w, + 6w, — 4w, +w,;) =0 El(w, , +w,,,) =0
Hay & dang ma tran
18 1 0 0 0 0 0 0 0]pgy, 7 [0
07 <4 1 0 0 0 0 0 0f g, 0
04 6 -4 1 0 0 0 0 0| w 0
01 -4 6 -4 1 0 0 0 0| w, 0
00 1 -4 6 -4 1 0 0 0| .
00 0 0 1 -4 6 -4 1 0 .
00 0 0 0 1 -4 6 —4 0| W 0
00 0 0 0 0 1 -4 5 0f Wa 0
000 0 0 0 0 0 1 0 1| %] |0

Luyc tap trung dugc coi nhu lyc phan b trén doan dai A, tirc 1 ta co
g =F/h.
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Nhu thé vécto vé phai co cac phan tir bang 0, trir phin tir ing voi T, =1/3.
Trién khai va thu duoc két qua nhu trén hinh 9-9.

Do thi do vong cua dam

w(x) [m]
o
o
&

M [Nm]

Q|[N]

g
[y E—

R ]
o po -
o

-1000
0

x [m]

Hinh 9-9. Két qua tinh toan (xem Beam_SPHH_Vd2.m)

Vi du 3. Mot dam tiét dién khong ddi chidu dai [, momen chdng udn bang hing sd,
EI = const, c6 lién két va chiu tai trong nhu tren hinh v&. Hay su dung phuong
phap sai phan hiru han tinh va v& ra duong chuyén vi, biéu d6 moémen va biéu do
luc cit. Biét cac thong s6 hé: [=5m, L=0L=10=1=1IL; q=300N/m;
M =50Nm; F =200N; E =210000N/mm* [ =10"mm* ¢=10°N/m; st
dung 3000 doan chia.

Loi giai

Céc diéu kién bién tai hai ddu ddm z = 0,z = L nhu trong vi du 1 va vi du 2.

l[ ‘ 12 ‘ 13 l4 ‘ l5

A
~
A4

Hinh 9-10. Két qua tinh toan (xem Beam_SPHH_Vd3.m)
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Trong vi du nay ta can chii y dén cac luc, ngu luc tip trung, gbi mém va gdi ctng:
Luc tap trung tac dung tai vi tri <F' suyra q(iF')=F /h.
Momen tap trung tai vi tri iM duoc thay b?mg hai luc nguoc chiéu cung tri sb tac
dung tai hai nut (trudc va sau)

q(iM —1)=—-M /2h*, q(iM +1)= M /21’
Goi cling W 6 = 0, tlc 1 dong thir i cua ma trén A chi c6 phan tir a(i,i) = 1,
a(i,j) = 0,i# j, b(i)=0.
Gbi mém, coi lyc 10 xo, F,, = —cw,, nhu 1a luc tap trung tac dung tai nit

inm = _(C / h)wiGm b
Nhu thé phwong trinh v&i chi s6 iGm duge viét lai thanh
r' ¢
w,_, —4w, | +(6 ———)w, — 4w,
-2 i—1 ( EI h) i i+1
Thuc hién trong Matab voi sb diém chia n = 3001, sb doan chia la 3000, thu dugc
két qua nhu trén hinh 9-11.

+w,,, =0 (gbi mém tai day)

Néu cho hé s cing 16 xo tang 1én rat 16n (¢ = 10 N/m) thi ta c6 thé coi nhu gbi
ctng va thu dugc két qua nhu trén hinh 9-12.

X 10'4 Do thi do vong cua dam

Bieu do momen

-100 | ; ; |
g O | : |
i N [ (A
2 | | | |
100 | | ‘ |
1 2 3 4 5
Bieu do luc cat
200 ;
— |
Z ob--—-—-—--- T
(¢} T
-200 : : 1 1
0 1 2 3 4 5
x[m]

Hinh 9-11. Két qua tinh toan (xem Beam_SPHH_Vd3.m)
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X 10'3 Do thi do vong cua dam

w(x) [m]
o

T
|
|
|
L
|
|
[l
1

|
|
l
0 1 2

Bieu do momen

3

M [Nm]

QI[N]

-200
0

x [m]

Hinh 9-12. Két qua tinh toan khi gbi mém tré thanh gdi ctrng (xem
Beam_SPHH_Vd3.m)

9.3 Bai toin qui dao chuyén ddng cia vién dan

Trong bai toan nay ta xét chuyén dong y
cua vién dan khoi lugng m dugc ban
1én v6i véan toc v,, goéc nghiéng cua
nong sing so voi phuong ngang la « .
Khao sat chuyén dong cua vién dan
trong cac truong hop: a) bé qua lyc can
cua khong khi va b) c¢o luc can ty 1€
tuyén tinh va binh phuong van toc.
Phuong trinh vi phan chuyén dong cua
vién dan trong mat phang ding

mi =—-F,

myj =-mg - I,

Luc can khong khi ty 1& van toc

_ _ .2 .2‘
Fo=cv=cii" +y : F

¢ clx

= ¢,

Luc can khong khi ty 1¢ binh phwong van tdc

A

cly

Hinh 9-13.

= Cl?)
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_ 2
E:Z - Cq'l)

2 . . [0 .2 2. . [.2 .2
FZ,QIZC”’UZ'/'UZC”I' Z +y ’ EQZ/:C”'U’!//'U:CH’!/ Z +y

Ha bac nhan dugc phuong trinh vi phan nhu sau

=@ +7°)

T =,

v, = —i(c,x + e i3 +77)

y= vym

v, = —%(mg +egy+e it + )

Trude hét viet mot m-file mé ta phuong trinh vi phan trén, trong d6 cac thong so
khoi lugng va cac hé so can dugc khai bao la bién toan cuc.

function ydot = dandao(t,y)

ptvp cd cua vien dan: m khoi luong, cl he so can tuyen tinh,
cn he so can ty le binh phuong. vector y = [y1l, v2, v3, v41l"';
vyl la toa do x, y2 la van toc vx

y3 la toa do y, y4 la van toc vy

o° d° o° o

global m cl cn

g = 9.81; % gia toc trong truong
v = (y(2)"2 + y(4)72)70.5; ydot = zeros(4,1);
ydot (1) = y(2);

ydot (2) = -1/m*(cl*y(2) + cn*v*y(2));

ydot (3) = y(4);

ydot (4) = -1/m*(m*g + cl*y(4) + cn*v*y(4));

Lénh ode45 duoc sir dung dé giai phuong trinh vi phan véi cac diéu kién dau
z(0) = y(0) = 0,2(0) = v, cos e, §(0) = v, sin
O déy ta s& khao sat qui dao chuyén dong cua vién dan c6 khdi luong m = 25 kg,
van toc tai nong sung v, = 300 m/s, voi cac goc ban khac nhau tir 10 dén 90 do.
Tir két qua nay ta co thé chi ra dwoc tim xa va do cao ctia vién dan.
a) Truong hop bo qua luc can khong khi, ta cho cac hé s6 can ¢=c, =0
global m cl cn
m = 25; cl =0.0; cn = 0.0;
t_start = 0; t_end = 100.0;
vo = 300; alpha = [10 : 10 : 90];
N = length(alpha); ymax = zeros(l,N);

for i = l:length(alpha)
vyl = 0; vy2 = vo*cosd(alpha(i));
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y3 = 0; vy4 = vo*sind(alpha(i));

vO0 [vl yv2 y3 v4]'; % vector chua dieu kien dau
[t,y] = oded45('dandao', [0: 0.05: t_end],v0);
ymax (i) = max(y(:,3));

o)

% tim thoi gian chuyen dong
for k = 10:1length(t)
if y(k,3)>=0 && y(k+1,3)<0

t_ground(i) = t(k); % thoi gian tiep dat

ki = k+1;
end
end
tamxa (1) = y(ki, 1); % Xac dinh tam xa va tam cao
tamcao (i) = max(y(l:ki, 3));

plot(y(1l:ki,1),y(1:ki,3),'k-', 'linewidth',1.5),

xlabel ('x [m]'), ylabel('y [m]'), grid on

hold on
end
axis equal
title('Qui dao chuyen dong khi bo qua luc can khong khi')
disp(['goc ban (do) ', 'Thoi gian bay (s)' , ' tam xa (m)', '
tam cao (m)'])

for i = 1l:length(alpha)

disp([sprintf ('%4d',alpha(i)), sprintf(' %6.3f',t_ground(i)),
sprintf (' %6.3f',tamxa(i)), sprintf (' %6.3f',tamcao(i))])
end

Qui dao chuyen dong khi bo qua luc can khong khi

4500
4000
3500
3000
2500

y [m]

2000
1500
1000

500

1 1 1
3000 4000 5000 6000 7000 8000 9000
x[m]

1 1
0 1000 2000

Hinh 9-14. Qui dao chuyén dong cua vién dan khi khéng cé can
V@i cac goc ban khac nhau 10, 20, . ..., 90°
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Tir cac mo phong trén, ta c6 thé tong hop cac két qua trong bang 9-2.

b) Truong hop cé tinh dén lyc can tuyen tinh cia khong khi: ¢, =1,¢, =0
Qui dao chuyen dong khi bo qua luc can khong khi

2500

2000

1500
E
>

1000

500

O g 1 1 1
1500 2000 2500 3000 3500
X [m]
Hinh 9-15. Qui dao chuyép dodng cla vién dan khi cé can tuyén tinh
V@i cac goc ban khac nhau 10, 20, . ..., 90°

Tir cic md phong trén, ta c6 thé tdng hop cac két qua trong bang 9-3.

Bang 9-2. Bang 9-3.

Két qua mé phong khi khong c¢6 can Két qua mé phong khi c6 can ty 18
Géc bin .Thdi Tdmxa | Tam cao Géc bin .Thdi Tim xa | Tam cao

@) |EOY | @ BV |
10 10.60 |3146.461| 138.319 10 9.95 |2435.036| 121.402
20 20.90 |5905.968 | 536.595 20 18.60 [3705.257| 422.214
30 30.55 |7950.113| 1146.789 30 26.10 [4213.168| 823.918
40 39.30 | 9043.155| 1895.302 40 32.45 [4179.547|1263.938
50 46.85 |9044.022 | 2691.851 50 37.70 [3755.920(1691.532
60 52.95 |7950.000 | 3440.366 60 41.80 [3046.891|2066.010
70 57.45 |5899.847| 4050.560 70 4475 |2137.729|2355.927
80 60.20 |3138.691 | 4448.835 80 46.55 |1100.429|2538.861
90 61.15 |0000.000 | 4587.154 90 47.15 10000.000|2601.335

¢) Trudng hop luc can khong khi ty 18 binh phuong vén téc: ¢ =0,¢, =0.1

»n

202



Qui dao chuyen dong khi bo qua luc can khong khi

400

300
E
> 200
100
x[m]
Hinh 9-16. Qui dao chuyén dong cua vién dan khi can ty I& binh phwong van téc
V@i cac goc ban khac nhau 10, 20, . ..., 90°

Tir cic md phong trén, ta c6 thé tdng hop cac két qua trong bang 9-4 sau
Bang 9-4. Két qua md phong khi co can ty 1& bac nhit va bac 2

Goc bin (d6) | Thoigianbay(s) | Tam xa (m) Tam cao (m)
10 5.40 498.857 39.726
20 8.70 578.956 103.061
30 11.35 592.698 173.318
40 13.65 566.398 244.065
50 15.65 507.712 310.553
60 17.35 419.968 368.575
70 18.60 304.410 414.172
80 19.45 162.797 443.653
90 19.70 000.000 453.958

9.4 Bai toan ban tring dich

Xét bai toan: Mot qua dan khéi luong m bay tu do trong khong khi chiu lyc can
khi dong hoc F, = cv*, véi v 1a van tdc va ¢ 1a hé sb can. Phuong trinh vi phan
phan chuyén dong cua vién dan la
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mi = —cuz, y
.. . o
mjj = —mg — cvy,

t=0 8000 m

Biét rang van toc cuia vién dan khi thoat khoi miéng 13 nong v, . Hay xdc dinh goc
nghiéng @ dé vién dan dat muc tiéu & khoang cach 8 km. Sir dung cac sb licu
m =20 kg, ¢=32x10" kg/m,v, = 500 m/s, va g = 9.80665 m/s’.
Phuong phap giai bai toan nhu sau, truée hét ta bin thu v6i goc bén’ 6 nao (jé giai
phuong trinh vi phan chuyén dong ta nhan dugc di€m tiép dat voi tam xa
L = L(0), so sanh diém roi nay muc tiéu ta dwoc mot sai léch

r(0) = L(0) - L,

Tir phwong trinh sai s6 nay cho ta xac dinh dugc goc ban can thiét.
Trong matlab ta can xy dung cac m-file sau:

function F = dEgs(t,y) % First-order differential equations.
m = 20; c = 3.2e-4; g = 9.80665;

x_ = y(l); vx =y(2); y_ = v(3); vy = y(4);

v = sqgrt(vx"2+vy"2);

xdot = vx; vxdot = 1/m* (-c*v*vx);

ydot = vy; vydot = 1/m* (-m*g-c*v*vy) ;

F = [xdot, vxdot, ydot, wvydot]';

function y = inCond(v0, theta)

y = [0 vO*cosd(theta) 0 vO*sind(theta)l"';

function r = residual (theta)

global tSTART tSTOP h k wvO

k=k+1

[tSol,ySol] = oded5(@dEgs, [tSTART:h:tSTOP],inCond(v0, theta));

[)

% tim thoi gian chuyen dong

for j = 50:1length(tSol)
if ySol(j,3)>=0 && ySol(j+1,3)<0

t_ground(j) = tSol(j); ki = j+1;

end

end

% Tam xa L(theta)

tamxa = ySol(ki, 1); r = tamxa-8000;

function root = newtonRaphson2 (func,x,tol)
if nargin == 2; tol = 1.0e-8; end
if size(x,1) == 1; x = x'; end % x must be column vector
for i = 1:30

[jac,f0] = jacobian(func, x);

if sqgrt(dot(f0,f0)/length(x)) < tol root = x; return end
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dx = jac\(-f0);
X = X + dx;
if sgrt(dot(dx,dx)/length(x)) < tol*max(abs(x),1.0)
root = x; return
end
end
error ('Too many iterations')

function [jac,f0] = jacobian(func, x)

% Returns the Jacobian matrix and f (x).
h = 1.0e-4; n = length(x);

jac = zeros(n); f0 = feval (func, x);

for i =1:n
temp = x(1i);

x(1i) = temp + h;
fl = feval (func, x);
x (1) = temp;
jac(:,1) = (f1 - £0)/h;
end

function main

global tSTART tSTOP h k wvO

k=0; %so lan ban thu

tSTART = 0; tSTOP = 150;

h =0.01; v0 = 500;

theta = 40; % thu ban voi theta = 40 do

theta = newtonRaphson?2 (@residual, theta);
[tSol,ySol] = oded5(@dEgs, [tSTART:h:tSTOP],inCond(v0, theta));
% tim thoi gian chuyen dong
for j = 50:1length(tSol)

if ySol(j,3)>=0 && ySol(j+1,3)<0

t_ground(j) = tSol(j); ki = j+1;

end
end
Tam xa L(theta)

o\°

tSTOP tSol (ki)

[t,y] = oded5(QdEqgs, [tSTART:h:tSTOP], inCond(v0, theta));
plot(y(:,1), y(:,3), 'k=-', 'Linewidth', 2), grid on
xlabel ('x"'"), vylabel('y")

disp('Goc ban can tim (do)'")

theta

Két qua thu duge goc ban can thiét dé dat myc tidu 1a @ = 77.8777° . Thoi gian bay
cua vién dan 1a 91.35 gidy. Qui dao chuyén dong cua vién dan nhu trén hinh 9-17.

205




15000

10000

> 5000

-5000

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
X

Hinh 9-17. Qui dao chuyén déng cla vién dan

9.5 Bai toan dao dong

Con lic don

Xét con lic toan 1a mot qua ciu nho, khdi lugng m treo vao diy mém khong khdi
lugng, khong gian. Phuong trinh vi phan chuyén dong ctia con lac trong truong
hop khong can:

mli’¢+mglsing =0 = ¢=—(g/)sing

Néu ké dén lyc can ty 1¢ véi van tbc hé sb k, lyc can |
F =kv=Fklp,taco v
mil®p = —mglsin ¢ — ki i
|
baty =9, y, =¢,taco '

. Hinh 9-18
Y =Y,

. 1 . : .
o = ~— (mglsing, +kly,) = ~(g /Dsiny, —(k/m)y,
Trién khai trong Matlab

function ydot = conlac_don(t,y)
global m 1 k
g = 9.81; % gia toc trong truong
v = 1*y(2);

= zeros(2,1);
ydot (1) = y(2);

2) = -g/l*sin(y(1)) - k/m*y(2);
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Trong phﬁn sau ta s& khao sat chuyén dong ciia con lic c6 khoi lwong m=0.25
kg, chjéu dai day [ = 0.5 m, vai cac goc 1éch ban dau khac nhau tir 10 dén 110 d6.
Cac két qua mo6 phong dugc dua ra nhu trén hinh 9-19, 9-20 va 9-21.

global m 1 k

m= 0.25; 1 0.5;

oo |

k = 0.0; khong can
$ k =0.1; % co can
t_start = 0; t_end = 6.0;
phi = [10 : 20 : 1107];

for i = 1l:length(phi)
yl = phi(i)*pi/180; y2 = 0; y0 = [yl y21';
[t,y] = oded5('conlac_don',[0: 0.02: t_end],y0);
plot(t, vy(:,1),'k-', 'linewidth',1), grid on
xlabel ('t [s]'), ylabel('\phi [radl"'),
hold on

end

¢ [rad]

¢ [rad]

t[s]
Hinh 9-20. D6 thi theo thai gian clia géc l&c khi ¢ cén, k = 0.2
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¢ [rad]
y [m]

t [g]
Hinh 9-21. Chuyén ddng cla con lac, v&i k = 0.20

Xét truong hop dao dong nho, ta co thé tuyén tinh héa quanh vi tri can bang va
nhan dugc phuong trinh vi phan:

U =Y, v, =g/ Dy, — (k/m)y,

Két qua md phong trong truong hop khong can véi cac didu kién dau khac nhau
dugc dua ra nhu trén hinh 9-22. Tu trén hinh v€ ta thay rang con lac dao dong voi
chu ky khong d6i, khong phu thude vao diéu kién dau.

¢ [rad]

Hinh 9-22. Dao dong nhd, khong can k =0

Con lic don diy treo dan hdi

Xét con lac 1a mot qua cdu nho duoc treo vao 10 xo co do cing c, chiéu dai tu
nhién la [ (hinh 9-23). H¢ hai bac ty do vdi cac toa do suy rong s, @ . POng ning
va thé nang cua hé:

T =+m[(l + )¢ + &, I =1cs’ —mg(l + s)cos g

Str dung phuong trinh Lagrange loai 2 ta nhan dugc phuong trinh vi phan chuyén
dong cta con lac nhu sau:
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Trién khai trong Matlab

function ydot = conlac_danhoi (t,vVy)

% ptvp cd cua con lac dan hoi (m, c, L)

% vector y = [gl, g2, v1, v2]'

global m ¢ L

g = 9.81;

al = y(1); aqz = y(2); Hinh 9-23
qdl = y(3); qgd2 = y(4);

aqd = [gdl; qd2];

M g = [m, 0; 0, m* (L+gl)"~2];

C_qg=1[ 0, -m*(L+gl)*gd2; m*(L+gl)*qgd2, -m*(L+gl)*qgdl];
g_q = [c*gl-m*g*cos(g2); m*g* (L+ql)*sin(g2)];

ydot = zeros(4,1);

gdot = qgd;

qd_dot = inv(M_g)*(-C_g*qd - 9g_q);

ydot = [gdot; qgd_dot];

[)

°

m(l +5)°$ +2m(l + 8)s¢ + mg(l + s)sinp = 0

mE —m(l+ 8)p> —mgcosp+cs =0

save conlac_danhoi.m

main program
global m L c
m= 0.5; L = 0.5; c = 50; % gan cac thong so he

t_start = 0; t_end = 3.0;

ql0 = 0.05; q20 = 30.0;

yl = glo; y2 = gq20*pi/180;

y3 = 0; vd = 0;

y0 = [yl y2 y3 y4l"';
[t,y] = oded5('conlac_danhoi', [0: 0.01: t_end],vy0);
figure (1)

fi

fo

subplot(2,1,1), plot(t, y(:,1),'k-","'linewidth', 1),
ylabel('g 1 [m]"')

subplot(2,1,2), plot(t, y(:,2),'k-","'linewidth', 1),
ylabel('g_2 [radl'), xlabel ('t [s]'),

gure (2)

x0 = 0; yv0 = 0;

hold on, plot(x0,y0,'o-','linewidth',1)

r = 0.02;

r i = 1:5:1length(t)/2

x1 (1) =(L+y(i,1))*sin(y(i,3)); yl(i)=-(L+y(i,1))*cos(y
x_day = [x0, xl(l)] y_day = [y0, yl1(i)];

grid on

grid on

(1,3));
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plot (x_day, y_day, 'k-','linewidth',1l), grid on,
taml = [x1(1), y1(i)];
vehinhtron (taml, r);

end

xlabel('x [m]'), ylabel('y [m]")
axis([-0.8*L 0.8*L -1.5*L 0.05*L]);

axis equal

figure (3)
for i = 1l:1:1length(t)
xC(i) = (L+y(i,1))*sin(y(i,3));
yC(i) = —(L+y(i,1))*cos(y(i,3));
end

plot (xC,yC, 'k=", '"linewidth',1), grid on

Du6i day 1a két qua mo phong véi cac so liéu khac nhau ctia 10 xo, va cac dic€u kién
dau khac nhau.

-0.45 -0.45
-05
-05
-055 _
£ E -055
>
> .06
-06
-0.65
i -0.65
Q%A -04
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y [m]

m = = m=0.5; L = 0.5; c = 150;
qlo (mét ql0 = 0.05; (mét)
q20 0; (dd%) g20 = 30.0; (dd)
Hinh 9-24. Két qué mé phdng con l&c dan hoi
Con lic kép

Phuong trinh vi phan chuyén dong cta con 15:1c kép nhan
dugc nho phuong trinh Lagrange 2 dugc viet gon lai &
dang ma trdn nhu sau:

M(q)d + C(q,q)q +g(q) =0

voi
M(q) = ml; +m,l myl,l, cos(q, — q,)
myhl, cos(q, — q,) m2l22
Clq,q) = 0 mobl S =4 | 6,05, Con lc keép
U= —-myll, sin(g, — q,)q, 0

T
glq) = [(mlll +myly)gsing, mygl, sin QZ] .
Trién khai trong Matlab

function ydot=conlactoan_kep(t,Vy)

% vector y = [qgl, g2, v1, v2]'

global ml m2 11 12

g = 9.81;

ql = y(1); gz = y(2); qdl = y(3); gd2 = y(4);
qd = [qgdl; gd2];
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Mg= [ml*1172+m2*11"2, m2*11*12*cos(gql-g2);
m2*11*12*cos(gql-g2), m2*1272 ];

C_ag=1[0, m2*11*12*sin(gql-g2) *qd2;
-m2*11*12*sin(gl-g2) *qdl, 071;

g_ g = [g*ll*sin(gl)*(ml+m2); g*m2*12*sin(g2)];

ydot = zeros(4,1);

gdot = qgd;
gd_dot = inv(M_qg)*(-C_g*gd - g_d);
ydot = [gdot; gd_dot];

)

% main program
global ml m2 11 12

ml = 0.25; 11 = 0.5;
m2 = 0.25; 12 = 0.5;

t_start = 0; t_end = 6.0;

gl0d = 10; g20 = 12;

yl = gl0*pi/180; y2 = q20*pi/180; y3 = 0; vy4 = 0;
yO = [yl y2 y3 y4l'";

[t,y] = oded5('conlactoan_kep', [0: 0.01: t_end],y0);

plot(t, y(:,1),'k-"', t, v(:,2),'k—--", 'linewidth',1l), grid on
legend('q_1','g 2"), xlabel('t [s]"')
axis ([0 t_end -0.3 0.3]);

Chay chuong trinh véi cac didu kién dau khac nhau cho ta cac két qua nhu trén
hinh 9-26 va 9-27.

03— R e
02
0.1

0

-0.1

y [m]

-0.2

Hinh 9-26. Két qua md phdng v&i diéu kién dau q10 = 10; 20 = 12;
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x [m]
Hinh 9-27. Két qua mé phdng v&i diéu kién dau q10 = 10; 20 = -12;

Dao ddng nhé ciia con Ec elliptic

Xét con lic elliptic nhu hinh 9-28. Xe A c6 khdi
luong m; chuyén dong trén dudng ngang, 10 xo c6 do
cing c¢. Day AB c6 chiéu dai /, khdi luong khong |
dang ké va ludén cang. Tai trong dugc coi nhu chét
diém co khdi luong m,. Biét khi z = 0 10 xo khong bi
bién dang.

Str dung phuong trinh Lagrange loai 2, ta nhan dugc
phwong trinh vi phan chuyén dong:

(my +my,)F + myl@ cos ¢ — m,lg” sin g + cx = 0,

Hinh 9-28

m,I* @ + myli cos ¢ + m,glsing = 0
Trudng hop xét xét dao dong nho, coi sing ~ ¢,cos@ ~ 1 va b qua sb hang phi
tuyén ¢, ta nhan dugc phuong trinh vi phan dao déng nho.
(my, +my)E+myl@+cx=0, mli+ml’p+myglp =0
hay ¢ dang ma tran
m, +m, m,l |[Z c 0 ]rz 0
[ m,l mZZQ} Lﬂ} " {0 ngl} [(P} - {O} '

Tir day ta s& str dung Matlab tim céc tin s6 dao dong riéng va cac dang dao dong
riéng.
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function Daodongnho_enliptic

ml = 50; m2 = 40; % kg

1 =5; $ m

g = 9.81; % m/s™2
c = 2000; % N/m

M= [ml + m2, m2*1l; m2*1 m2*1"2];
cC = [c, 0; 0, m2*g*1];

n = size(M,1);
[V, D] = eig(C,M);
for i=1l:n ome(i)=sgrt(D(i,i)); end

ome, vl =V(:,1), v2 =V(:,2)

x = [0:1:n];

subplot(2,1,1)

plot(x, [0; V(:,1)],'k-",'"linewidth',1), grid on, ylabel('v_1l")
subplot (2,1, 2)

plot(x, [0; V(:,2)],'k-","'"linewidth',1), grid on, ylabel('v_2")

Céc tan s riéng va cac dang 0
dao dong riéng
o -002 ‘ : :
ome = | | |
| | |
1.3727 ‘ | i
6.4535 '0'040 1 1
vl =
-0.0062
N
-0.0303 >
v2 = 2 1 !
_0.1413 0 05 1 15 2
0.0297 Hinh 9-29. Cac dang dao déng riéng

H¢ dao dong ba bac tw do

Cho hé dao dong ba bac tu do nhu trén hinh 9-30. Cac 10 xo tuyén tinh c6 do cing
¢, khéi lugng cac vat ning la m;,(1=123).Goi z, 1a dich chuyén cta cac khéi
lwong ké tir vi tri ma cac 16 xo khong bi bién dang. Ap dung phuong phap tach vt
(hodc phuong trinh Lagrange loai 2) nhin duoc phwong trinh vi phan chuyén dong
0 dang ma tran nhu sau:

Mk +Cx=p, x=[1, 2, 7]

214



voi

my 0 0 m,g ¢ % % cy
M=[{0 m, 0| p=|myg gl m v,
0 0 my msg
C3
o+, te, e, —¢ —c; P Cs
C= —c, e +e, —¢ |, gE M
—C; -c, ¢, tc s ¢x3

Cho biét cac thong sb cua hé:
Hinh 9-30

¢ =¢=c¢=10 N/mm, ¢, =¢;, =5 N/mm,

m,g =m,g =98.1 N, m,g=m,g.
1. Tim vi tri can bang tinh ciia hé, bang cach giai hé phuong trinh dai s6 tuyén tinh
dé tim bién dang cua cac 10 xo

Cx =p.
2. Tim c4c tan s6 dao dong riéng va cac dang dao dong riéng cia hé tir phuong
trinh dao dong ty do

Mx +Cx =0.

Bai toan dwoc giai trong Matlab bang mot m-file nhu sau:

function Daodon_3DOF

ml = 10; m2 = 5; m3 = ml; % kg
cl = 10000; % N/m
c2 =cl; ¢c3 =cl; c4 = 5000; c5 = c4;
g = 9.81; % m/s™2
M = diag([ml, m2, m3]);
C = [ cl+c24c3+ch5, -c3, -cb5;

-c3, c3+c4, -c4;

-cb, -c4, cd4+c5];
p = g*[ml; m2; m3];
x0 = inv(C) *p % tinh do dan tinh cua cac lo xo
n = size(M,1);
[V, D] = eig(C,M);
for i=1:n ome (i)=sqgrt(D(i,1i)); end
ome'

vl = V(:,1)
v2 = V(:,2)
v3 = V(:,3)
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x = [0:1:n];
subplot(3,1,1)

plot(x, [0; V(:,1)],'k-", "linewidth',1), grid on, ylabel('v_1l")

subplot (3,1, 2)

plot(x, [0; V(:,2)],'k-", "linewidth',1), grid on, ylabel('v_2")

subplot (3,1, 3)

plot(x, [0; V(:,3)],'k-", "linewidth',1), grid on, ylabel('v_3")

D6 dan tinh cua 10 xo
x0 =

0.0123

0.0201

0.0260

Céc tan s6 dao dong riéng
ome =

21.2572

48.5851

68.4662

Céc vécto dang riéng
vl =
0.1053
0.1875
0.2671

0.1756
0.2847
-0.1692

-0.2410
0.2895
-0.0066

04

02f-----m-dommm e

|
|
1 2 3

Hinh 9-31. Cac dang dao déng riéng

9.6 Phan tich dong hoc co ciu

Bai toan phan tich dong hoc co chu dua trén cac phuong trinh lién két thuong dan
dén viéc giai hé¢ phuong trinh dai s6 phi tuyén. Sau day trinh bay viéc giai h¢
phuong trinh dai so phi tuyén bang phuong phap Newton-Raphson.

Bai toan: can tim nghiém x théa man h¢ phuong trinh dai s6 phi tuyén

f(x) =0,

hay viét duéi dang hé n phuong trinh
fi(@,zy,.iz,) =0,

216

x e R"

k=12,...n.



Dé thiét 1ap cac budc ciia bai tinh, trudc hét ta khai trién Taylor ham f(x) tai lan
can x,

f(x, + 0%) = £(x,) + ‘;—f (x,)5% + O(5%)"

= f(x,) + J(x,)0x + O(5x)°
voi J(x,) 1a ma tran Jacobi duoc xac dinh tai diém X,
(of of  Of ]
or, Oz, ) oz,
v |2 oo
J(x,) = &(Xo) =| 0z, Oz, oz, |(x,)
o o o
oz, Oz, ) oz,

Gia st x, 1a mot x4p xi ban du ciia nghiém can tim va dé (x, + 0x) 1a mot gia tri
gin nghiém hon (chinh x4c hon), ta cho f (x, + 8x) = 0. Ttr @6 nhan dugc mot h¢
phuong trinh dai s6 tuyén tinh ddi voi 5x

J(x,)0x = —f(x,) suyra ox =-J'(x,)-f(x,).
Lay gia tri X, =X,+0x la xap xi gan dung méi ciia nghiém. Lip lai nhiéu lan
cong viée trén, néu phuong phap hoi tu s& cho ta nghiém cia hé phuong trinh dai
sO phi tuyen.

Thudt gidi
Budc 1. Khdi gan k =0, chon xép xi ban dau x'.

Bude 2. Tinh f(x*)). Néu || f(x*)) || < & thi dimg, néu khong thi tiép tuc tir 3.

Budc 3. Tinh ma tran Jacobi tai x*', tirc 1a J(x™").

Bude 4. Gigi J(x™)ox = —f(x*)) dé tim o6xV.

Budc 5. Lay x* =x® + 5x.

Buoc 6. Tang k, k=k+1.Néuk > M véi Mla sb buéce 1dp da chon trude, thi
dirng. Néu khong, tiép tuc tir Budce 2.

Trong thuét giai trén ta da thoat ra khoi vong lip trong hai tinh huéng. Khi khong
dat duge do chinh xac can thiét, ta budc phai két thic sau mot sd bude lap nhét
dinh (budc 6). Qua trinh lap sé két thic tdt néu nhu ta dat duoc do chinh xé4c chon
truée (bude 2). Chi y rang ¢ day ta chon diéu kién ding bang cach xét chuan
Euclide cua vecto f. Ciing c6 thé thay diéu kién nay bang cac diéu kién khac nhu
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| 5x||< e

Sy thanh c6ng cua phuong phap phu thude vao viée chon xap xi ban dau. Néu chon
dugc diém xuét phat tbt, phuong phap hoi tu rat nhanh. . Nguoc lai, thi kho c6 thé
doan dugc va yéu cau thuat toan phai dimg lai sau mot s6 budc lap nhat dinh.

Khi ap dung phuong phag Newton-Raphson dé giai bai toan, ngoai viéc nhip ca,ic
ham f(x) vao, con yéu cau phai c6 ma tran Jacobi J(x). Trong truong hgp néu
vi¢c dao ham 0f, / Or; gdp kho khan, hodc kho thuc hign duge ta c6 thé sir dung
x4p xi sau ddy dé tinh ma tran jacobi

of _ flx+eh)~f(x)

or. h

J

V61 h labude nho va e; 1a vécto don vi theo huong cua tryc ;.

Phin tich dong hoc co cAu bén khiu ban I&.

Cho co c4u 4 khau ban 1& OABC nhu hinh 9-
32. Céc kich thudc cua co cdu OA = L, AB =
5, BC = 14, dy va d. Hay viét cac phuong
trinh lién két cho co cAu, tir d6 giai bai toan
Vi tri clia co cu bang phuong phép Newton-
Raphson. Cho biét ¢, = ¢, + Qt, hdy xac

dinh cic goc ¢,(t) va ¢,(t) tai cic thoi diém

t,, k=123,.. ung voi cac goc quay cua
thanh OA, ¢, =g, +Qt,. Cho biét cac
théng s6 ciia co cau [ =0.20,1, = 0.60,
I, =0.40,d, = 0.45,d, = 0.12 m. Hinh 9-32

7y

Tir hinh v& ta viét duoc cac phuong trinh lién két
fi(a,,9,,9;) =1 cosq,+1l, cosq, —d, —1, cosq; =0
5(@,45,q5) =1 sing, +1,sing, — d, —lysing, =0

Tinh dugc cac ma tran jacobi
—l,sing, [,sing, —{, sin g,
J, = , ) =
2 l,cosq, —l,cosg, 0 [, cos g,
Dao ham cac phuong trinh lién két theo thoi gian cho ta phuong trinh dé giai bai

todn van toc va gia tbc:

J, a4y +J,4,=0 =q,=-J, 'J g,

Q23 @1

J42:3q23 + J423q23 + J’h.q'l + jth.l = O = q23 = J‘Izs (JQuq23 + J q1 + J ql)
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voi

—q,l, cosq, ¢,l; cosg,

@23 _q'2l2 sin s

G50, sin g,

Trién khai trong Matlab véi cac m-file

1. Cac phuong trinh lién két

function £ = bkbl_ ptlk(gl,

global 11 12 13 dx dy
£1

ll*cos(gl) + 1l2*cos(g2)

f2 = 11*sin(gl) + 12*sin(g2)

f=[£f1; £271;

2. Cac ma tran Jacobi

az,

b

a3)

—l, cosq

—I, sin g,

- 13*cos(g3) -
- 13*sin(g3) -

function [J1, J23] = bkbl_Jacob(gl,g2,g3)

global 11 12 13 dx dy

J1 [-11*sin(qgl);

J23 [-12*sin(g2),
12*cos (g2),

3. Pao ham cua ma tran Jacobi

function [dJl, dJ23] = bkbl_Jacdot(gql, g2, g3,

global 11 12 13 dx dy

ddl = -11*dgl*[cos(gl);

dd23 = [-dg2*12*cos(g2),
-dg3*12*sin(qg2),

4. Chuong trinh chinh
function bkbl_main
global 11 12 13 dx dy

sin(qgl)];

ll*cos(gl)];
13*sin(g3);
-13*cos (g3)];

dg3*13*cos (g3) ;
dg3*13*sin(g3)];

11 = 0.12; 12 = 0.70; 13
%$cho goc cua tay quay OA

qlO = 0.5; % rad
omega = 1.0; % rad/s

t = linspace (0, 5*pi/omega,
a(l)y = 0.2; b(l) = 0.542;

for i=1l:length(t)

gl (i)= glO+omega*t (i) ;

dgl (i) = omega;
f = ptlk_bkbl(gl(i),
k =1;

ddgl (i)
a(l),

0.40;

360);
% chon xap xi ban dau cho g2, g3

b(1)

dx =

4

while (norm(f,2) > 1.0e-10 && k < 30)

[J1, J23]

Jacob_bkbl (gl (i),

deltax = inv (J23)*(-f);
a(2) = a(l)+deltax(1l);

a(l),

dx;
dy;

dqgl,

0.50;

G

dy

dg2,dqg3)

0.10;
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b(2) = b(l)+deltax(2);
a(l) = a(2); b(l) = b(2);
f = ptlk_bkbl(gl(i), a(l), b(l));
k = k+1;
end
g2(i)=a(l); g3 (i)=b(1);
% van toc
[J1, J23] = Jacob_bkbl(gl(i), g2(i), g3(i));
dg23 = -inv(J23)*J1l*dgl(i);
dg2 (i) = dg23(1); dg3 (i) = dg23(2);

)

% gia toc
[dJl, dJ23] =
Jacdot_bkbl(gl(i),g2(i),93(i),dgl(i),dg2(i),dqg3(1));

ddg23 = -inv (J23) *(dJ23*dg23 + Jl*ddgl (i) + dJl*dgl(i));
ddg2 (i) = ddg23(1); ddg3 (i) = ddg23(2);

end

figure (1)

plot(t,qg2, 'k-', t, dg2, 'k--', 'linewidth',1l), grid on
xlabel ('t [s]'), legend('g_2', 'dg_2'")

axis ([0 max(t) -0.5 1.117)

figure(2)

plot(t,g3, 'k-', t, dg3, 'k--', 'linewidth',1l), grid on
xlabel ('t [s]'), legend('g_3', 'dg_3'")

axis ([0 max(t) -0.8 2.2])

x0 = 0; y0 = 0; r = 0.005;
figure(3), hold on
plot (x0,y0, 'o-", '"linewidth',1), plot(dx,dy,'o-', 'linewidth', 1)

for 1 = 1:5:1length(t)/2
x1(i) = 1ll*cos(gl(i)); x2 (1) = x1(i) + 12*cos(g2(i));
yl1(i) = 1l*sin(gl(i)); y2(i) = y1(i) + 12*sin(g2(1i));
x4 (1) = dx; x3(1i) = dx + 13*cos(g3(1i));
v4 (i) = dy; y3(i) = dy + 13*sin(g3(i));
x_day = [x0, x1(i), x2(i), x3(1i), x4(i), x0];
y_day = [y0, yl1(i), y2(i), y3(i), y4(i), yOIl;

plot (x_day, y_day, 'k-','linewidth',1l), grid on, axis equal

taml = [x1(i), y1(i)]; vehinhtron(taml, r);
tam2 = [x2(1), y2(i)]; vehinhtron(tam2,r);
end

axis([-0.2 0.8 -0.2 0.6])
D6 thi clia cac goc d,,q, cung cac dao ham ¢,,q, duogc thé hién nhu trén hinh 9-
33. CAu hinh cta co ciu tai mot s6 vi tri dugc chi ra trén hinh 9-34.
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o2 0 02 04 06 08
Hinh 9-34. C4u hinh co ciu bdn khau ban 1&

9.7 Bai toan dong hoc nguwoc robot

Trong bai toan dong hoc ngugc robdt, ta can xac dinh cac goc khép — hay toa do
khép — khi mudn ban kep cua robot & mét vi tri mong muon. Trong phan nay ta xét
mot tay may hai bac tu do phang c6 so do nhu trén hinh 9-35. Can tim céc toa do
suy rong ¢,,q, d€ ban kep E & mot vi tri mong muodn cho truée z,,y, . Biét chiéu
daicackhaula OA=L = 050 m, AE =L, = 0.70 m.

D6i voi bai toan nay, robdt co ciu trac kha don gian, ta co thé giai bang phwong
phap hinh hoc, bang cach giai tam giac OAE khi bi€t chi€u dai ba canh cta no.
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O day ta sé& sir dung phuong phap gidi hé
phwong trinh phi tuyén, dé giai bai toan nay, E
vi 1€ phuong phap co ‘Ehé duoc mo rong dé Ve AL —T
dang cho cac robot ¢6 so bac tu do 16n hon va A R s

¢6 cAu tric phire tap hon. /

Moi lién hé giira toa do diém E véi cac toa do
suy rong duogc xac dinh boi

z, =1 cosq +1,cos(q —q,) XE

Yy = sing, +1,sin(¢q, — q,)
Day 1a mot h¢ hai phuong trinh phi tuyén ddi
véi hai an g, ¢, . Phuong phap Newton-Raphson duoc su dung d¢ giai hé nay, voi
ma tran Jacobi nhu sau
~ —l sing, I,sin(q, —q,)

¢ | L cosq —l,cos(q —q,)

Hinh 9-35

Trién khai trong Matlab véi cac m-file sau:

1. Phuong trinh lién két

function f = taymay2dof_bkbl(gl, g2, xE, vyE)
global 11 12

fl = 1l*cos(gl) + 1l2*cos(gl - g2) - xE;

f2 = 11*sin(gl) + 12*sin(gl - g2) - vyE;
f=[£f1; £271;

2. Ma tran Jacobi

function Jg = taymay2dof_Jacob(gl, g2)

global 11 12

Jg = [-1ll1l*sin(ql), 12*sin(gl - g2);
ll*cos(qgql), -12*cos (gl - g2)];

3. Chuong trinh chinh

function taymay2dof_main

global 11 12

11 = 0.50; 12 = 0.70;

n = 20; % so diem chia
xE = linspace(1.1, 0.1, n);

yE = linspace (0.1, 1.1, n);

a(l) = 0.5; b(l) = 0.2; % chon xap xi ban dau cho gl, g2
for i=1l:n

f = taymay2dof_ptlk(a(l), b(l), xE(i), yE(i));

k =1;

while (norm(f,2) > 1.0e-10 && k < 30)
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Jgq = taymay2dof_Jacob(a(l), b(l));

dq = inv(Jq) * (-£f);
a(2) = a(l)+dg(l); b(2) = b(l)+dg(2);
a(l) = a(2); b(l) = b(2);
f = taymay2dof_ptlk(a(l), b(l), xE(i), yE(i));
k = k+1;
end
gql(i) = a(l); g2 (i) = b(l);
end
k = 1:1:n;
figure(1l)

plot(k, gl,'k-"', k, g2,'k--', 'linewidth',1l), grid on
legend('q_1', 'g_2'), xlabel('k = 1..n"), ylabel('[rad]")
axis ([0 n+l1 0 2.171)

figure(2)

x0 = 0; y0 = 0; plot(x0,y0,'o-"',"'linewidth',1), hold on

for i = 1:n
XA (i) = 1ll*cos(gl(i)); =xE(i) = xA(i)+1l2*cos(gl(i)-g2(i));
yA(i) = 1l*sin(ql(i)); VyE(i) = yA(i)+12*sin(gl(i)-g2(1i));

x_day = [x0, xA(i), xE(i)];
[y0, yA(i), yE(i)];

plot (x_day, y_day, 'k-','linewidth',1l), grid on, axis equal
end

N
Q.
)
LY

Il

Chay chuong trinh cho ta cac lgét qua nhu trong bang 9-5. D4 thi cua cac goc khdp
va cau hinh twong Umg ctia ro6bot dugc dua ra nhu trén hinh 9-36.

[rad]

Hinh 9-36. D6 thi cac toa dd ¢,, ¢, va clu hinh cla robbt
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Béng 9-5. Két qua tinh todn bai toan dong hoc ngugc

Cho trudce Giai tim duoc
k Xg [m] ye[m] qi [rad] Q2 [rad]
1 1.1000 0.1000 0.5701 0.8152
2 1.0474 0.1526 0.7334 0.9965
3 0.9947 0.2053 0.8806 1.1411
4 0.9421 0.2579 1.0181 1.2600
5 0.8895 0.3105 1.1488 1.3584
6 0.8368 0.3632 1.2738 1.4387
7 0.7842 0.4158 1.3931 1.5024
8 0.7316 0.4684 1.5063 1.5499
9 0.6789 0.5211 1.6123 1.5816
10 0.6263 0.5737 1.7098 1.5974
11 0.5737 0.6263 1.7974 1.5974
12 0.5211 0.6789 1.8739 1.5816
13 0.4684 0.7316 1.9380 1.5499
14 0.4158 0.7842 1.9889 1.5024
15 0.3632 0.8368 2.0257 1.4387
16 0.3105 0.8895 2.0478 1.3584
17 0.2579 0.9421 2.0545 1.2600
18 0.2053 0.9947 2.0444 1.1411
19 0.1526 1.0474 2.0148 0.9965
20 0.1000 1.1000 1.9596 0.8152
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