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Loi néi dau

MATLAB la mét géi phan mém manh dang dwgc st dung rong rai cho nhiéu
muc dich ctia nhiéu d6i twgng khac nhau, ddc biét la trong khoa hoc va ky thuat.
MATLAB c6 thé sit dung theo hai cach khac nhau: Thi nhét 1a st dung cac 1énh
lan luot dua vao ddu nhac va thu dwoc két qua (thdng dich); thit hai 1a viét cac
1énh thanh mot file (c6 thé la file 1énh - scrip file hodc dang ham - function file) va
cac lénh dugc thuc hién tu dong ngay sau khi goi thuec hién thong qua goi tén file.

MATLAB dwgc trang bi sdn nhiéu ham d€ thuee hién cac nhiém vu khac nhau
thudc nhiéu linh vuc, tit don gian thuc hién cac phép tinh toan hoc dén cac nhiém
vu phttc tap nhue tim nghiém cua phuong trinh vi phén, t6i wu hda, x ly
anh...Thém nita, MATLAB con dwoc trang bi cac cau lénh cdu tric dung cho lap
trinh cho phép nguoi dung ty phat trién cac chwong trinh theo muc dich riéng cho
nhitng bai toan cu thé gap phai trong thuec té.

Cuon gido trinh nay duoc bién soan cho sinh vién khoa Co hoc Ky thuat va Tu
dong hoa, truong Dai hoc Cong nghé, Pai hoc Quoc gia Ha Noi nham giup sinh
vién lam quen voi MATLAB. sit dung MATLAB d€ giai cac bai toan don gian va
tién toi 1ap trinh tinh todn md phong cho céc bai toan co ban phtrc tap hon. Khi da
nim dugc nhimg kién thic co ban vé kha ning, phuong thirc 1am viéc cua
MATLAB va k¥ ning lap trinh, sinh vién c6 thé xay dung cac chuong trinh phirc
tap hon trong MATLAB dé giai quyét hiéu qua cac van dé thyuc té lién quan dén
nganh, chuyén nganh da hoc. Cudn sach duoc dung két hop véi cac bai giang va cac
budi thyc hanh dé trang bi nhiing kién thirc can thiét cho cac nha khoa hoc va ky su
tuong lai dé c6 thé phat trién va nang cao kha ning tinh toan, xir 1y va phan tich
nhitng van dé chuyén mén da dang véi su trg giup clia may tinh.

Noi dung gido trinh gom cac chuong sau:

e Chuong 1: M¢ dau,
e Chuwong 2: Vector va ma tran

e Chuong 3: Tinh toan s6 véi MATLAB
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e Chuong 4: B cong cu ky hiéu

e Chuong 5: Mang hon hop va dit liéu c6 ciu trac
e Chuwong 6: D6 thi trong MATLAB

e Chuong 7: Lap trinh trong MATLAB

e Chwong 8: Phan tich ddng hoc co cau

e Chuwong 9: Ly thuyét diéu khién ty dong

Két thiic mdi chuong, sinh vién c6 thé twe 6n tap va cing ¢ kién thire da hoc
qua muc tdng hop céc lénh trong chuong va bai tap c6 10i giai twong Gng. Ddi véi
nhitng bai tdp khdng 6 10i giai chi tiét, sinh vién c6 thé trao do6i véi giang vién
trong cac budi thyc hanh.

Ngoai ra d€ cung cap thong tin dinh hudng cho sinh vién mudn tim hiéu
thém nhiing cong cu dung cho nhiing rng dung chuyén sau (Toolbox), mot sd bd
cOng cu pho bién sé dugc giodi thiéu tom tit trong phan phu luc.
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Chuong 1. MO PAU 3

PHAN I. MATLAB CO BAN

Chwong 1. MO DAU

1.1 Gié6i thieu MATLAB

MATLAB (MATrix LABoratory) 1a phdan mém cua cong ty MathWorks ¢
tru so chinh ¢ Natick, Massachusetts, My (www.mathworks.com), dwoc itng dung
rong rai trong cac linh vuc khoa hoc, ky thuat, ddc biét la diéu khién ty dong va xt
ly tin hiéu s6. MATLAB duoc phat trién boi Cleve Moler vao cudi nhitng nam 70
cua thé ky trudc trén co so thu vién nguon cua LINPACK va EISPACK
FORTRAN. Nhitng phién ban dau tién cia MATLAB chu yéu phuc vu cho tinh
toan xt ly ma tran va giai cac phuong trinh dai s6 tuyén tinh. Ngay nay, MATLAB
con duoc biét dén nhu la mot cong cu c6 kha nang xt ly d6 hoa manh mé (Theo
PC Magazine Encyclopedia).

Giao dién MATLAB
4\ MATLAB R2012a o |[-B-|[Esa)
File Edit Debug Parallel Desktop Window Help
NE|sRB2 0 & 2|0 | cwvatas - | @
Shortcuts 2] How to Add (2] What's New
Current Folder v 0 * x| | CommandMWindows = Y] Workspace e IR
« MATLAB ~P@m G-k | W pf 8 & W | | Select datato plot *
MName Name Value Min  Max :
Command History =[Ja X
Details it
Select a file to view details
4 m ]
4\ Start OVR

Hinh 1. 1. Giao dién MATLAB
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Khi khoi dong, MATLAB sé€ hién ra giao dién mac dinh nhu trén, trong d6 bao
gom cac ctra sO:
e Current Folder: Thu muc hién hanh, cho phép truy xuét téi cac file chira
trong no.
¢ Command Window: Ctra s6 1énh, ngwoi dung c6 thé nhap 1énh trén ctra s
nay tt sau dau nhac (>>).
e Workspace: Khong gian bd nhé caia MATLAB, dung d€ luu trix dix liéu cua
cac bién trong mot phién lam viéc cila MATLAB.
e Command History: Lich st 1énh da thuc hién, cho phép xem hodc thiec hién
lai nhitng 1énh da nhap vao Command Window trueedc do.
Sau day la mot s6 vi du don gian thuc hién trong Command Window: tai dau
nhéc >> nhap cau lénh sau:
>> a =1

MATLAB sé luu bién a ¢ gia tri 1 vao Workspace va hién thi két qua trén man
hinh:

1
Twong ty tao cac bién b, ¢ ¢6 gia tri lan luwot la:
>> b = 2
b =

3

Khi ching ta khong chi r6 gia tri tra vé ctia phép tinh, MATLAB sé sit dung bién
ans (viét tat ctia answer) d€ lwu két qua nay.

>> b - a

ans = 1
Khi cau lénh két thic boi dau cham phay, MATLAB sé thuc hién phép tinh nhung
khong hién thi két qua 1én man hinh.

>> d = a*b;
Hai phim mi tén lén xudng 1 | c6 thé dugc st dung dé€ goi lai nhitng cau lénh da
st dung trede do. Co thé st dung hai phim nay tai dau nhdc >> hodc sau khi nhap
mot s6 ky tw dau tién cua cac ky tw da st dung. Vi du: d€ goi lai 1énh b = 2 chi can
nhdp b va sau d6 nhan phim mi tén.
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Chwong 1. MO PAU 5

Dau % dwoc sit dung d€ viét cha thich cho cau lénh. Moi ky tw phia sau dau % sé
khong dwgc MATLAB xt ly. Vi du 18y a nhan vdi b va gan gid tri cho d:

>> d = a*b

1.2 Mot so kién thitc co ban

1.2.1 Cac phép toan thong dung

Trong MATLAB cdc phép toan cong, trit, nhan, chia... dugc bidu dién
thdong qua cac ky tw da quy dinh trude. Bang 1.1 thé hién cac phép toan théng
dung va cach nhap cac phép toan nay trong MATLAB.

MATLAB | Y nghia MATLAB | Y nghia
a+b a+b log (%) In(x)
a-b a—b asin(x) | sin'(x)
a*b Ab 10910 (x) | logio(x)
a
a/b E acos (x) cos(x)
a’b at abs (x) |ﬂ
sin(x) sin(x) atan(x) | tan’(x)
tao s0"thyc ngdu nhién trong
t d . .
sart (x) | Vx an khodng (0, 1)
cos (x) cos(x) round (x) lani/ tron tor so nguyen gan
nhat
exp (x) o floor (x) lam tron toi s0° nguyén bé
hon
fan (x) fan(x) ceil (x) lam tron toi s0” nguyén lon
hon
Bang 1. 1. Cac phép toan thong dung trong MATLAB
1.2.2 Céc l1énh quan ly

Trong MATLAB khi gdp treong hop thoi gian thuc hién lénh qua lau, co
thé sit dung t6 hop phim “ctrl + ¢” d€ ngtrng cac tinh toan dang thuc thi. Cau lénh
moi ¢6 thé duoc nhap vao tai dau nhic xuAt hién sau khi thuc hién t& hop phim
vira néu, lénh ngét nay ddc biét hiéu qua khi 1ap trinh véi vong lap.
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Khi muén x6éa mot hay nhiéu bién, ta c6 thé sit dung lénh clear véi cac cu
phap thong dung nhu sau

>> clear Dbien
>> clear all
Trong dé
- bien va all Tan lugt 1a tén cac bién cu thé hodc tat ca cac bién co trong
Workspace
- Ca phap th nhét cho phép xda bién cu thé khoi Workspace con cu phap
thit hai cho phép nguoi sir dung xo6a toan bo tat ca cac bién, ham hién hanh
Khi mudén hién danh séch cac bién c6 trong Workspace ta c6 thé dung who
hoac whos theo ci phap sau:
>>who
Hoac
>>whos
Trong d6 lénh who chi liét ké tén cac bién, con lénh whos liét ké ca tén va cac
thong tin cu thé vé bién.
Vidu: Nhap dong lénh>>a=1;b=2;c=3;
Trong Workspace xudt hién lan lwot cac bién a, b, c véi gia tri lan luot la 1, 2, 3.
Quan sat sy khac biét khi stt dung “who” va “whos”:
>>who

Your variables are:

a b c

>>whos

Name Size Bytes Class Attributes
a 1x1 8 double
b 1x1 8 double
c 1x1 8 double

X6a cac bién trong Workspace bang 1énh clear:
>>clear a

>>a

??? Undefined function or variable ‘a’

>>clear all $ x6a nbt cdc bién b va c
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Trong d6 bién a dugc x6a khoi Workspace trudce tién, tiép theo la cac bién b
va c. D€ tién quan sat ta c6 thé “lam sach” Command Window bfmg lénh “clc”.

1.2.3 Cac 1énh nhip xuat dix liéu
Nhap dit liéu ttr ban phim: input

Cua phap:
>>bien = input (‘text’)
>>pbien = input (‘text’ ‘s’)

Trong d6: bien la tén bién bat ky do nguoi str dung dét, text 1a doan van ban
sé hién thi thanh cau nhac trén man hinh, s 1a tham s& d& MATLAB hiéu va xtt ly
di liéu nhap vao ¢ dang xau ky tu.

O ca hai cti phap trén, doan vin ban sé dwoc hién thi trén man hinh, dong
thoi MATLAB sé cho nguoi st dung nhap ky ty tit ban phim tuy nhién khi st
dung ct phap thit nhat, nguoi dung chi c6 thé nhap vao mot s6, con ¢ ct phép thi
hai, nguoi dung cd thé nhap vao mot xau ky tw sau khi da thong bdo cho
MATLAB bang tham s& s. Truong hop thiee hién 1énh input khi nguoi ding khong
nhap gia tri ma bam truc ti€p phim Enter thi gia trj tra vé sé 1a mot mang rong.

Vidu:

>> Lop = input(‘Ban hoc lop nao: ', ‘s’)

Ban hoc lop nao: Co Dien Tu

Lop = Co Dien Tu

>>x=10;

>>SoSV = input (‘Lop ban co bao nhieu sinh wvien: V)

Lop ban co bao nhieu sinh vien: 80

SoSV = 80

>>SVG = input(‘Bao nhieu sinh vien duoc A+ mon MATLAB:

Bao nhieu sinh vien duoc A+ mon MATLAB: x

SVG = 10
Nhap dit liéu tt file: load

Trong MATLAB c¢6 rat nhiéu cach dé tai dix liéu tir file vao Workspace,
trong d6 don gian nhat la 1énh load cho phép tai toan bo ndi dung file vao
Workspace. Yéu cau khi st dung 1énh load 1a ndi dung file dugc tai phai 6 dang
ma tran chtta cic s6, mdi s8 & cac dong phan cach nhau bang ky tu trong, dau
phdy hodc tab. File c6 thé chita cdc dong chii thich trong MATLAB (cac dong bat
dau bang ky tuw %).
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Chwong 1. MO PAU 8

Cua phap:
>>]oad name.ext

Trong d6 name.ext 1a tén file chita dix liéu can tai. Néu trong phan tén file
khong c6 phan mé rong ext, MATLAB sé tim trong thu muc hién hanh file c6 tén
name.mat, néu khong tim thady name.mat hodc tén file khong c6 phan md rong
khong phai la mat (vi du: txt, dat) tht MATLAB sé coi file d6 1a file chita dt liéu
ASCIIL.

Lénh load nhue da ndi ¢ trén sé cho phép tai toan bd ndi dung trong file
name.ext vao trong Workspace.

Vi du: Tao trong the muc hién hanh file diem.txt la mot ma tran 5 hang 3 cot
¢6 ndi dung nhu sau:

10 8 8.8
7 9 8.2
5 8 6.8
9 6 7.2
9 10 9.6

Sau do6 tai dix liéu ttr file vao Workspace roi copy vao cac vector X, y, z.

Céc cau lénh can thuc hién cé thé nhu sau:

>>load diem.txt

tai dir liéu tir file vao ma tran

>>x = diem(:,1);

copy cot 1 ctia diem vao vector x

>>y = diem(:,2);

copy cot 2 ctia diem vao vector y

>>z = diem(:,3);

copy co6t 3 ctia diem vao vector z
Nhép dit liéu tt file: fscanf

Cho phép tai dit liéu ti file ma trdn ma cac kiéu d liéu cua cac phan t la
khong giong nhau.

Cu phap:

>>A = fscanf(fid, format)

Trong do file duoc xac dinh boi tham so fid (file identifier) 1a s6 nguyén xac
dinh file c6 ttr 1énh fopen (ct phdp: £id = fopen (filename) ), format la dinh

dang dit liéu. Toan b dit liéu c6 dinh dang format s€ duoc copy tit file xac dinh
béi fid vao trong Workspace va sap xép theo dang cot.
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Vi du file BDTH.txt c6 ndi dung nhu sau:

10 8 8.8 A
7 9 7.6 B
5 7 6.2 C
4 5 4.6 D
3 3 3 F
>>fid = fopen (‘'BDTH.txt’);

>>B=fscanf (fid,’'%d %d %f %c’,[4 inf])

Ittu ma tran trong file “BDTH.txt” vao ma tran B co6 4 hang %(twong ttng
vGi 0 cOt trong ma tran gdc)

>>A=R'

A la ma trdn chuyén vi cua B

Thuc hién phép tinh va quan sat két qua thu duoc

A =
10.0000 8.0000 8.8000 65.0000
7.0000 8.0000 7.6000 66.0000
5.0000 7.0000 6.2000 67.0000
4.0000 5.0000 4.6000 68.0000
3.0000 3.0000 3.0000 70.0000

Luu y: St dung fscanf d€ doc file c6 ca cac ky tu va cac s6 nhw vi du trén,
ma tran tra vé sé la ma tran so, trong do gia tri tra vé cta cac ky tw trong ma tran
la gid tri twrong tng trong bang ma ASCII.

Thtt kiém tra véi gia tri cudi cung ctia hang 1 trong ma tran thu duoc:

>>char (A(1,4))

ans =

A

Xuat dit liéu ra man hinh: disp

Cu phap:

>>disp (X)

Trong d6 X la mang dit liéu. Lénh cho phép xudt ra man hinh néi dung ctia
mang X ma khong dua ra tén ctia mang nay.

Trong treong hop X 1a mot chudi ky tw, disp ciing sé& xudt ra noi dung
chudi dé.

Vidu:
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>>disp (A)

xuat ra ma tran A thu dwoc ttr vi du trén

>>nhap = ‘Kiem tra lenh disp’

>>disp (nhap)

Kiem tra lenh disp

Xuét dir liéu theo dinh dang ra file hodc ra man hinh: fprinf
Cua phap:

>>fprintf (filelID, formatSpec,Al, ..., An)
>>fprintf (formatSpec,Al, ..., An)

Trong d6 fileID la s& nguyén xac dinh file thu duoc khi st dung 1énh fopen,

formatSpec la dinh dang ap dung cho cac phan t cia mang A1, A2, ..., An.

Cu phap tht nhat cho phép xuét ra file dit liéu dudi dang cot dp dung dinh

dang formatSpec d6i véi cac phan ti cuia mang Al, A2, ..., An.

hinh.

Cu phap thtt hai ap dung dinh dang formatSpec cho di liéu va xudt ra man

(Cac dinh dang cho viéc xuat, nhap dit liéu xem bang phan 1.4)

Vi du sau trinh bay cach mo file vd1.txt va ghi vao noi dung dwdi day:
Diem cua sinh vien 1 la: 8

Diem cua sinh vien 2 la: 9

Diem cua sinh vien 3 la: 10

>> A=[1 2 3;8 9 10];

>> fileID=fopen(‘vdl.txt’,’'w’);

>> formatSpec='Diem cua sinh vien %d la: %d\n’;
>> fprintf (filelID, formatSpec,A);

>> fclose(filelID);

No6i dung trén cling c6 thé xuat truc tiép ra man hinh:

>> fprintf (formatSpec,3);

Lénh fprintf con cho phép dinh dang sdn s6 ky tw dung dé€ biéu dién cic

bién. Vi du %5d sé st dung mot khoang rong 5 ky tu dé€ biéu dién mot s& nguyen,
%10s sé€ sit dung mot khoang rong 10 ky tw d€ biéu dién mot xau. Doi véi s6 thue,
sO chit s6 phan thap phan ciing duoc xac dinh, vi du %6.2f dong nghia véi viéc
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MATLAB sé st dung mot khoang rong 6 ky tw (bao gom dau thap phan va phan
thap phan) véi hai chit s6 biéu dién phan thap phan.

Lwu y: Néu phan biéu dién rong hon so véi yéu cau, cac ky tu dau tién sé la
cac ky tu trdng, néu phan biéu dién phan thap phan rong hon so véi yéu cau, cac
ky tw cudi cung sé la s6 0.

Luu dit lieu vao file: save

Cua phap:

>>save filename

>>save filename x

>>save filename x y z

Trong d6 filename 1a tén file dt liéu nguoi sit dung mudn dung d€ luu cac
bién x, y, z ¢ trong Workspace.

C6 thé lwu modt hodc nhigu bién tir Workspace vao file bang cach thém tén
bién (vi du x, y, z...) vao sau chudi ky tw biéu dién tén file.
1.2.4 Help trong MATLAB

Veé nguyeén tac ta c6 thé truy xudt moi thong tin vé MATLAB str dung chtic
nang tro gitp Help. Duéi day 1a mot s6 cach st dung doi véi chitc nang nay.

& Help 3]

Fle Edt View Go Favortes Desktop Window Hep B

Help Navigator BT

Search for: ] Gl it | maLoe v
Example: "ot tooks” OR plot* ocls ~

Contents | Index | searchResuls | Demos|

MATLAB'

-~

&) Embedded MATLAB
€9 Excel Link

&) MATLAB Builder for .NET
%€ MATLAB Builder for Excel
€ MATLAB Builder for Java
€2 MATLAB Compiler

# € MATLAB Distributed Computing E
€2 MATLAB Report Generator

& SimBiology

€2 SystemTest

€2 Aerospace Toolhox

€2 Bioinformatics Toolbox

€2 Communications Toolbox

€2 Contral System Toolbox

- Curve Fitting Toolbox

& € Data Acquisition Toolkox

@€ Database Toolbox

€ Datafeed Toolbox

#€2 Distributed Computing Toolhox

-2 Filter Design Toolbox

&€ Filter Design HDL Coder

€ Financial Toolbox

¢ Financial Derivatives Toolhox
€ Fixed-Income Toolbox

& Fixed-Point Toolbox

€9 Fuzzy Logic Toolbox

&) GARCH Toolbox

€2 Genetic Algorithm and Direct Seal
€2 Image Acquisition Toolbox

€ Image Processing Toolhox

€2 Instrument Control Toolbox

€ Mapping Toolbox

&€ Model Predictive Control Toolbox
€2 Model-Based Calibration Toolbox
€2 Neural Network Toolbox

€2 OPC Toolhox

€2 Optimization Toolbox

&€ Partial Differential Equation Toolhc
&€ RF Toolhox

- Robust Control Toolbox
€ Signal Processing Toolbox
€ Spline Toolbox

#€J Statistics Toolbox

&€ Symbolic Math Toolhox

<

Functions:
= By Cateqory
= Alphabetical List

Handle Graphics:
= Object Properties
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= MATLAB Release Notes
Summarizes new features, bug fixes, upgrade issues, etc. for MATLAB

» General Release Notes for R2007h
For all products, highlights new features, installation notes, bug fixes, and compatibiity issues

Documentation Set
» Getting Started
» User Guides

# How To Get Help in MATLAB
Provides instructions for using the Help browser and other help methods

= Examples in Documentation
Lists major examples in the MATLAB documentation

= Programming Tips
Provides helpful techniques and shortcuts for programming in MATLAB

N CES]
Provides access 1o Japanese version of documentation

Product Demos

» MATLAB Demos
Presents a collection of demos that you can run from the Help browser to help you leam the product

Printable (PDF) Documentation on the Web

= Printable versions of the MATLAB documentation and related papers on the Web

The MathWorks Web Site Resources

LA
Technical Support
Platforms & Requirements

“4 start LFEOREC
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Hinh 1. 2. Help Browser
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e St dung tro gitp khi biét tén ham: trong ctrta s6 lénh, khi go
>>help tén_ ham, file M-help twong ing sé hién thi trong ctra s 1énh,
bao gom md ta tdm tit chitc ndng ctia ham, ct phap va cac ham lién
quan.

e Tim kiém thong tin lién quan vé mot tir khda: trong ctra s6 1énh, khi go
>>lookfor tu khoa, MATLAB sé hién thi tat ca cac chu dé lién quan
dén tir khoa vira nhap, lookfor dédc biét hitu ich khi khong nhé chinh
xdac cach viét cta tén ham.

e St dung Help Browser: trinh duyét tich hop véi cira s6 MATLAB cho
phép tim kiém va dwa ra két qua dudi dang tai liéu HTML. Help
Browser ¢6 thé mo theo cac cach: sit dung phim help trén thanh cong
cy, gd helpbrowser hodc doc trong ctra s6 1énh, chon Help \Menu help
trén thanh thuc don. Cra s6 Help Browser bao gom hai phan chinh,
Help Navigator ¢ bén trai cho phép tim ki€m thong tin, bén phai la noi
dung thong tin tim duoc. Trong cira s6 Help Navigator, thong tin cd thé
dwoc tim theo cac phuwong thitc:

= Contents: Cac muc tim kiém sap xép theo danh séach.
» Index: Tim ki€ém theo tir khoa.
» Search results: danh sach cac két qua tim duoc.

* Demos: cdc chuong trinh gidi thiéu ¢ sdn vé cdc 3¢ muc trong
MATLAB.

1.3 So lugc vé M-file

Bén canh viéc cho phép nguoi st dung thao tac triec ti€p trén cira s lénh,
MATLAB cung cap mot ché€ do soan thao van ban qua d6 ngwoi dung co6 thé thuec
hién mot tap hop céac lénh lap lap di lap lai hodc tw xay dung cho minh cdc ham
pht hop voi ting yéu cau cu thé. Nguoi stt dung c6 thé soan thao va luu lai dudi
dang file van ban c¢6 phan mo rong la .m.

M-file c6 thé dugc tao don gian b:lfmg viéc chon New trén danh muc File va
sau do6 chon Script, hodc go 1énh edit trén ctra sO 1énh. Sau khi da soan thao noi
dung cho M-file, nguoi sit dung cé thé chay lan luwgt tat ca cac ndi dung cd trong
M-file bang cach g tén ctia file 1én ctra s§ 1énh, hodc c6 thé copy mot phan cua file

roi dan 1én ctra so 1énh dé thuec thi.
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O chuong mo dau nay, tac gia chi gidi thiéu so lugc vé M-file voi mot s6 vi
du don gian, trong truong hop sinh vién da co kién thirc co ban vé MATLAB, cé
thé chuyén sang muc 6.1 d€ tim hiéu ky hon vé M-file.

Sau day la mot vi du vé viéc tinh tong, hiéu va thuong cuia hai s6 a va b sw

dung M-file d€ thyc hién.

gh 2so.m
a =5
b =3

tong = a +b

hieu = a - b

tich = a*b

M-file gh_2s0.m chita 5 dong lénh trong dé 2 dong dau tién gan cac gia tri
cho hai bién a va b, 3 dong tiép theo Ian lwgt tinh tong, hiéu, tich twong tng cua

hai s0 trén. Khi go gh_2so trén ctra sO 1énh, MATLAB sé hién thi nhu sau:

>>gh 2so
a =>5
b =3
tong = 8
hieu = 2
tich = 15

Loi ich dau tién cua viéc sit dung M-file c6 thé thay & day la néu ta c6 nhiéu
cdp gia tri (a, b) thi chi viéc thay gia tri twong tng vao gh_2so va chay lai file chtt
khong phai 1ap lai viéc thuc hién cac 1énh tinh toan ngoai ctta s6 lénh. Bén canh
do, nhu da noéi & trén, MATLAB cho phép nguoi dung ty xay dung cac ham voi
cac tham s6 dau vao cling nhu gia tri tra vé teong ting, sau day la mot vi du don
gian vé viéc xay dung ham tinh tong cta hai s6:

tong.m

function z = tong(a,b)

z = atb;
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end

CAu tric co ban d6i véi mot ham trong MATLAB la dong khai bao ham bat
dau bang tir khoa function, tiép dén la cac thong tin lién quan vé gia tri dau ra va
dau vao, két thtic ham bang tit khéa end, phan noi dung & gifta 1a cac 1énh phu
hop theo yéu cau bai toan. Ham fong.m vira xay dung c6 thé duwoc goi trong ctra sd
Iénh nhu sau:

>>t1l = tong(3,2)
tl =

>>t2 = tong(6,4)

t2 =
10
1.4 Tém tat chwong 1
Mot s6 ky tu dac biét
Tao khoang cach gitta cdc phan ttr cach déu, biéu dién mot
hang/cot ctia ma tran
() Ngoac bao tham s0 ham, chi s6 mang, vector
[1] Ngodc bao phén tir mang, vector
Dau ngan cach phan nguyén va phan thap phan
Ky hiéu dong lién tuc
’ Ngan cach cac cau 1énh va cac phan te trén cung mot hang
; Ngét cOt va khong hién thi két qua sau khi thwc hién 1énh
% Thé hién phan cht thich va cac dinh dang dic biét
Nhom lénh quan ly
clc X6a man hinh ctia ctra s 1énh
clear Xda bién khoi bd nhd
help Tro giup khi biét chinh x4c tén ham
lookfor Tro gitup khi khong biét chinh x4c tén ham
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quit Thoat khoi chuong trinh MATLAB
who Hién thi cac bién hién hanh (danh sach rut gon)
whos Hién thi cdc bién hién hanh (danh sédch day du)

Mot s6 bién va hang dic biét

ans Két qua gan nhat thu dwoc

i,] Pon vi phan ao, tuy nhién i va j cing thuong xuyén duwgc st
dung nhuw la chi s6 trong cac vong ldp, dé€ tranh xung dot xay ra,
trong vong ldp nén st dung ii hodc jj lam chi s6

inf Vo cling
nan Két qua s6 khong duoc dinh nghia (Not a Number)
pi S6

Nhom 1énhnhip xuét dit liéu

input Nhéap di liéu tir ban phim

load Doc di liéu t file, dinh dang bién gidng nhau
fscanf Doc dit liéu tt file, dinh dang bién khac nhau
disp Xuét ra man hinh ndi dung cia mot mang, mot xau
fprintf Luu di liéu c6 dinh dang ra file hodc ra man hinh

Dinh dang cho fprintf va fscanf

sc Ky tw don
%s Xau ky tw
sd Gi4 tri nguyén
Sf Gia tri dau chdm dong
\n Xubng dong
\t Chen tab theo phuong ngang
\v Chen tab theo phuong doc
Dinh dang s6 hién thi
format short Hién thi 4 chit s6 sau ddu phdy, mdc dinh
format long Hién thi 15 chi* s6 sau ddu phay

format short e | Giong dinh dang short nhung c6 thém phan lay thira
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format long e | Gidng dinh dang long nhung c6 thém phan liy thira

format bank Dinh dang theo quy dinh ngan hang cho dollars va cents, hai

chit s& sau dau phay

Bang 1. 2. Tém tét cac ham s dung trong chuong 1

1.5 Bai tap chwong 1

Bai 1.1 Nhap lénh

Nhép lan lugt cac 1énh sau, triede khi nhap hay du doan két qua in ra man hinh

a) >>a
b) >>b
c) >>b
d) >>1
e) >>c
Dap an:

=1+2+ 3+ 4+ 5 +6
=1 +2+3+4+ 5+ 6;
+3

+ 2+ 3+ 4+5+6

= 10*ans

a) a=21giatricaatong 1+2+3+4+5+6luuvao bién a, két qua a =21 hién
thi trén ctra s6 1énh.

b) b =21, két qua cua phép tinh khong hién thi trén man hinh ctra s6 1énh do
c6 ddu ; & cudi cau lénh, tuy nhién gid tri cta tdng 1+ 2 + 3 + 4 + 5 +6 van
dwoc lwu vao bién b.

c) ans =24, két qua phép tinh b + 3 hién thi trén man hinh ctta s6 1énh, trong
treong hop phép tinh khong xac dinh bién luu két qua nhw cau nay, két

qua sé ti dong gan vao bién ans.

d) ans=21

e) c=210 Két qua cau nay phu thudc vao cau d do c6 sit dung bién ans trong
phép tinh, do 6 cau d ta c6 ans = 21 nén c = 210.

Bai 1.2 Cac phép tinh co ban
Thuc hién cac phép tinh sau trong MATLAB

3+ 27

a)

b) 42/2

16+5°
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.
C) sin—
4

d) log(e)
Dap an:
a) 0.1707
b) 2.5198
c) 0.7071
d) loglexp(1))=1

Luu y: thtt tee wu tién cac phép tinh trong MATLAB. Trong MATLAB, cac phép
tinh duwoc thyc hién theo thit tw nhw quy dinh trong dai s6, trong d6 liy thira
thye hién trude, tiép theo la cac phép nhin, chia r6i dén cing, trir. Tuy nhién khi
xuat hién ngodc ( ), phép tinh trong ngodc sé dwgc wu tién trude. DSi véi
nhitng phép tinh c6 cung mitc wu tién, trinh ty tinh toan tién hanh tt trai qua
phai.

Vi du: Phép tinh dwdi day duoc thuc hién trong MATLAB nhu sau:

1 4 6
F—x—
2+3* 5 7

>>1/(2 +372) +4/5* 6/7

ans =
0.7766
Tuy nhién trong treong hgp khong cé ngoac
>>1/2 + 3”2 +4/5* 6/7
ans =
10.1857
Bai 1.3 Tinh toan véi bién

Gan cho x gia tri 2, thiee hién cdc phép tinh sau trong MATLAB

x2
a —_—
) 6
b) el+x2

X

9 VI+x®
d) x’sin(x?)

e) xl/2
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tan”' (x)

f
) 1+ x?

Dip dn: truedce tién can nhap >>x =2

a) 1.3333
b) 148.4132
c) 0.8944
d) -6.0544
e) 1.2599
f) 0.2214

Bai 1.4 Lam tron
Kiém tra gia tri cua cac phép tinh sau:

a) round(6/9)
b) floor(6/9)
c) ceil(6/9)

Dap an:
a) 1
b) 0
c 1

Bai 1.5 Bién va hang dic biét
GO cac lénh sau vao MATLAB va du doan két qua thu duoc

a) exp(i*pi)
b) 1/0
c) Inf/Inf

Dap an:
a) e” =cos(x)+isin(zr)=—1+0i
MATLAB: ans =
-1.0000 + 0.0000i

b) Inf
c¢) NaN

Bai 1.6 Save va Load

Dung lénh save tao file bail_6 chira hai bién sv va diem cé gia tri nhu sau:
>>sv = [1;2;3;4;5];
>>diem = [6.25;7;8.50;9.75;107;

X6a Workspace, dung 1énh load d€ tai lai cac bién sv, diem vao Workspace
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Dap an:
>>save bail 6 sv diem
>>clear all
>>load bail 6
Cé thé str dung load dé tai vao Workspace cac bién cu thé tu file theo ct

phap load filename var, vi du ¢ bai nay c6 thé dung >>load vd1_6 diem d¢€
chi load bién diem ttr file vao Workspace.

Bai 1.7 fopen va fscanf

Str dung mot chwong trinh soan thao bat ky, tao file bail_7.txt c6 ndi dung
la moOt ma tran nhu sau:

1 2 3 4
5 6 7 8
0 0 0 0

St dung fopen va fscanf dé€ hién thi lai ma tran trén lén man hinh ctra s6
l1énh.

Dip dn: d€ sit dung fscanf truedc tién ta can thong so fid 1ay tir 1énh fopen
>>fid = fopen(‘bail 7.txt’);

Luu y: khi dung fopen, tén file dua vao khong cé phan mé rong, MATLAB
sé€ ty dong tim .mat file c6 tén nhu tén dwa vao, néu fopen khong thé mo
duoc file, fid sé nhan gia tri =-1.

>>fscanf (fid, ‘%d’, [4,3]);

MATLAB lam viéc v6i ma tran theo cot, may tinh xt ly file theo dong. File
bail_7.txt c6 ma tran 3 hang 4 cot twong duwong véi s6 dong cua file la 3. Khi
thuc thi, fscanf doc titng s6 cua file, 1y 4 s6 dau ctia hang 1, tiép dén 4 so
cta hang 2, cudi cung la 4 sO ctia hang 3, dua tdt ca 12 s6 nay vao mot ma
tran mot cdt. Sinh vién c6 thé tu kiém tra lai béng cach nhdp lénh
>>fscanf(fid, “%d’) thay vi >>fscanf(fid, ‘%d’, [4,3]). O vi du nay ta st dung
[4,3] d€ yéu cau MATLAB tai dit liéu ttr file vao ma tran 4 hang 3 ct. Nhu
vay 4 phan tt ctia dong th nhdt trong file dwgc dua vao 4 vi tri twong tng
cta cot 1 ma tran mai tao, 4 phan ti ctia dong thit hai dugc dua tw file vao
4 vi tri twong tng ctia cot 2... Ma tran thu dwoc sau buedc nay sé c¢6 dang:

1 5 0

2 6 0
3 7 0
4 8 0
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D€ thu duoc ma tran nhu trong file, ta can thuc hién budc chuyén vi ma
tran

>>ans’

Bai 1.8 fprintf in ra man hinh

Load lai hai bién sv, diem ¢ bai 1.6 vao Workspace, dung 1énh fprintf in két
qua sau ra man hinh trong d6é phan diém c6 hai cht sd sau dau thap phan.

1 6.25
2 7.00
3 8.50
4 9.75
5 10.00
Dap an:
>>ds = [sv’; diem’];

>>formatSpec='%d\t%.2f\n’;

>>fprintf (formatSpec,ds);

Hoac

>>fprintf (Y%d\t%.2f\n’,ds)
Bai 1.9 fprintf xuit ra file

St dung lénh fprintftao file bail_9.txt ¢ ndi dung sau (st dung bién ds
trong bai 1.8):

Bang diem sinh vien
STT Diem
1 6.25
2 7.00
3 8.50
4 9.75
5 10.00
Dap dn:
>>fid=fopen(‘bail 9.txt’,’w’);
>> fprintf (fid,’Bang diem sinh vien\n’);
>> fprintf (fid,’STT\tDiem\n’) ;
>> fprintf (fid,’%d\t%.2f\n’,ds);
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>> fclose (fid);

Bai 1.10 Input

Tao bién r ¢d gia tri nhap vao tir ban phim 1a ban kinh ctia hinh cau theo
cm. In ra man hinh thé tich va dién tich bé mit hinh ciu theo mau sau:

The tich hinh cau la V cm khoi
Dien tich hinh cau la S cm vuong
trong do6 gid tri thé tich va dién tich cd hai chit sd sau ddu thap phan
Coéng thic tinh thé tich va dién tich bé mat tuwong uvng:
V=g7r><r2, S =drxr?
Dap an:
>>r = input (‘Nhap ban kinh hinh cau (cm): V'),
>>tt = 4/3*pi*r~3;
>>dt = 4*pi*r"2;

>>fprintf ('\nThe tich hinh cau la %.2f cm khoi\nDien
tich hinh cau la %.2f cm vuong\n',tt,dt);

Bai 1.11 Dé6i don vi

Tao bién pounds d€ luu trong lrwgng theo pounds cé gia tri nhap vao tir ban
phim, d6i ra kilograms va gan gid tri cho bién kilos. Gia tri quy doi la:

1 kilogramm = 2.2 pounds
Bai 1.12 Déi don vi (tiép)

Tao bién ftemp dé€ luu nhiét do theo Fahrenheit (F) c6 gia tri nhap vao tir
ban phim, d6i ra d¢ Celcius (C) va luu két qua vao bién ctemp. Gia tri quy
doi la:

C=(F—3mxg

Bai 1.13 Dinh dang hién thi
Tim lya chon cho 1énh format dé c6 thé hién thi két qua sau
>>5/16 + 2/7
ans =
67/112

Bai 1.14 Nhiét d60 cAm nhan va nhiét do thuc té
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Gié thuwong lam cho khong khi lanh hon so véi thuc t€. Cong thirc tinh
nhiét d¢ cam nhan khi biét nhiét d6 thuc t€ T (d¢ Celcius) va van toc gio V
(km/h) (hai gia tri T, V nhap vao ttt ban phim):

WT =0.045%(5.2735x/V +10.45—0.2778x V) x (T —33.0) +33

Tao bién T, V lwu nhiét d6 cam nhén va téc d6 gid c6 gia tri nhap tir ban
phim, tinh gia tri nhiét d6 cam nhan, in ra man hinh két qua nhu sau:

Nhiet do thuc te: (do C)
Toc do gio: (km/h)
Nhiet do cam nhan: (do C)
Kiém tra v6i T = 20 (do C), V = 40(km/h)
Bai 1.15 rand
Ham rand cho phép tao so thuc trong khoang (0, 1)

a) Tao so6 thuc trong khoang (0, 10)

b) Tao sd thuc trong khoang (0, 20)

c) Tao s6 thuc trong khoang (20,50)

d) Tao s nguyén trong khoang (0, 10)
e) Tao s6 nguyén trong khoang (0,11)

f) Tao s6 nguyén trong khoang (50, 100)

Bai 1.16 Biéu dién s6 thuc
St dung fprintf biéu dién s8 thuc 12345.6789

a) Trong khoang rong 10 ky tw v6i 4 chit sO phan thap phan
b) Trong khoang rong 10 ky tuw véi 2 chit s6 phan thap phan
c) Trong khoang rong 6 ky tw vdi 4 chit sO phan thap phan
d) Trong khoang rong 2 ky tw v6i 2 chit sO phan thap phan

Bai 1.17 Biéu dién ky tu
Tao hai bién sau
x=12.34
y =4.56
Dién vao chd tréng trong lénh fprintf dwdi day dé c6 thé hién thi cac két qua
a) >>fprintf(
0123456789
0000012.340
b) >>fprintf(
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0123456789
12
c) >>fprintf(
0123456789
4.6
d) >>fprintf(
0123456789
4.6 !
(Goi y: D€ chuyén d6i mot chit thanh sd twong ting trong bang ma ASCII st
dung 1énh double hodc int32, vi du >>double(‘a’) sé dwa ra két qua 97. b€
chuyén nguoc lai dung ham char, vi du >>char(97) sé dwa ra két qua a.

Bai 1.18 Bai toan thu nhap

Trung binh con nguoi sit dung 8 dén 10% thu nhap cho thuc pham. Tao
bién luu gid tri thu nhdp mot ndm ctia moét nguwoi nhap tir ban phim
(dollars), in ra man hinh s6 tién binh quan nguoi dé st dung trong mot
thang d& mua thuc pham (biéu dién bang s6 thap phan cé hai chit s sau
dau thap phan):

Thu nhap mot nam cua ban la:
Moi thang ban su dung tu X den Y dollars de mua thuc pham
Bai 1.19 Van t6c may bay

Van t6c may bay thuong ghi theo miles/h hodc m/s. Tao bién luu van tdc
may bay theo miles/h nhap vao tit ban phim va in ra man hinh van tdc m/s.
Biét rémg 1h = 3600s, 1mile = 5280 feet, 1 foot = 0.3048m (feet la s& nhiéu cta
foot)

Nhap van toc may bay theo (miles/hour):

Van toc may bay theo meters/second la:

Bai 1.20 Dién tich hinh chit nhat

Tao bién luu chiéu dai va chiéu rong ctuia hinh ch nhat theo cm nhap t
ban phim, in ra man hinh dién tich hinh ch@ nhat theo m? (bi€u dién béng
s0 thap phan chinh xac dén 0.01)

Nhap chieu dai hinh chu nhat theo cm:
Nhap chieu rong hinh chu nhat theo cm:
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Dien tich hinh chu nhat la S (met vuong)
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Chuong 2. VECTOR VA MA TRAN

2.1 Vector va ma tran trong MATLAB

Vector va ma tran trong MATLAB duoc dung d€ lvu mot tap hop cac gia tri
cung kiéu. Mot vector ¢é thé la vector hang hodc vector cdt. Ma trén c6 thé hiéu
nhe mot bang cc gid tri. Chiéu ctia ma tradn thuong biéu dién dudi dang
mxntrong d6 m 1a s6 hang, n la s& c{t twong Uing ctia ma tran. Néu mot vector ¢
n phan tk, chiéu cta vector hang twong ting duwgc bidu dién 1a 1xn, vector cot
duoc biéu dién 1a nx1.

Mot gia tri vo hudng cd chiéu la 1x1. Vector va gia tri vo hudng thuc ra la
treong hop ddc biét cta ma tran. Hinh dudi tir trai qua phai la biéu dién tuong
ing cua gia tri vo hudng, vector cot, vector hang, ma tran.

1 1 1 2 3 4 1 2 3
2 4 5 6
3

MATLAB dugc viét ra voi muc dich 1am viéc véi cac ma tran, do do trong
MATLAB rat dé dang tao c4c bién vector va ma tran cling nhw chita rdt nhiéu ham
va phép toan xtr ly vector, ma tran.

2.2 Thiét 1ap ma trin trong MATLAB

Thiét 14p vector hang

C6 nhiéu cach dé€ thiét lap vector hang trong MATLAB, trong d6 truc tiép
nhat la nhdp gid tri cac phan t& cta vector vao trong ngoac vuong [ ], ngan cach
gitta cac phan tt boi ky tw trong hodc dau phay. Vi du: Ca hai cau lénh duwéi day
cung tao ra vector v.

>>v = [ 1 2 3 4];

>v = [ 1, 2, 3, 4]

v =
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1 2 3 4

Trong truong hop cac phan t trong ma tran c6 gid tri cach déu nhau, ddu :
c6 thé str dung dé thiét lap vector, trong treong hop nay khong can st dung
ngodc vuong [ I ntta. Vi du:

>>vl =1 : 5
vl =
1 2 3 4 5
Da4u : cling c6 thé sit dung dé thiét 1ap vector ma cac phan tir cach nhau mot
khoang cho trudce theo cong thirc (sd dau : khoang cach : s6 cudi ).
Vi du: Tao vector gom cac s6 nguyén tir 1 dén 9 cach déu 2:
>>v2 =1 : 2 9
v2 =
1 3 5 7 9
Vi du: Dy doan va kiém tra két qua bf?mg MATLAB khi khoang cach nhap
vao dan dén viéc vuot qua khoang dinh nghia bdi sd dau : s6 cudi
>>1 2 : 06
Lénh nay sé tao mot vector bao gdm cac phan ti 1, 3, 5. Tang thém 2 vao 5
sé€ vuot qua 6, vi thé vector sé ding ¢ 5. Két qua hién thi sé 1a:
1 3 5
Tuwong tu ta c6 ham linspace (lineary spaced), cho phép tao vector c6 cac
phan ti cach déu theo cti phap sau:
>>linspace (X, y, n)
Trong d6 n 1a s§ phan t& sé dwoc tao ra nam trong khoang gidi han gitra x
va y. D61 véi truong hop n =1 ham linspace sé tra vé gia tri y.
Vi du: Lénh sau sé tao vector c¢d 5 phan tt trong khoang 3 dén 15:
>>1s = linspace (3, 15, 5)
ls =
3 6 9 12 15
Vector ciing ¢4 thé duoc thiét 1ap dwra trén nhitng bién c6 sdn. Vi du: Vector
mai dugc thiét 1ap dudi day bao gom tat ca cac phan tit ciia vector v2 va vector Is:
>>newvec = [v2 1s]
newvec =

1 3 5 7 9 3 6 9 12 15

Truy xuét va thay ddi cac phan t trong mét vector
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Trong MATLAB, céc phan tt trong mot vector duge danh sd lan lugt theo
thit tw, bat dau tir 1. Vi du: Chi s8 ctia cac phan tir trong vector newvec dugc thé
hién dwdi day:

1 2 3 4 5 6 7 8 9 10

1 3 5 7 9 3 6 9 12 15

Mbi phan tit trong vector c6 thé truy xuat dén bang cach sit dung tén vector
va chi sd ctia phan tr d6 ¢ trong ngodc ( ). Vi du: Phan tr thit 5 ctia vector newvec
la 9:

>>newvec (5)

ans =

9

St dung dau : cling cé thé truy xuat dén cac phan ti trong mot vector. Vi
du: Cau lénh sau sé 1dy tir phan ti th tw dén phan t thit sau ctia vector newvec
va luu gid tri vao vector b:

>>b = newvec (4 : 06)
b =
7 9 3
Bén canh viéc sit dung dau : cac phan ti trong vector nay ¢ thé duoc truy
xudt boi cac vector khac, goi la vector chi s6. Vi du: Cau lénh sau sé 1dy ra phan tt
tht nhat, thtt nam va tht mwoi ctia vector newvec:
>>newvec ([1 5 10])
ans = 1 9 15
Gid tri cia mdi phan tr trong mot vector 6 thé thay ddi bang cach gan gia
tri khac cho phan tt ctia vector d6 ¢ vi tri twong tng. Vi du: Phan tt thit hai ctia
vector b sau khi thiec hién cau 1énh duoi day sé chira gid tri la 11:
>>pb (2) =11
b =
7 11 3
Khi gan gia tri cho mot phan t trong mot vector ma chi s6 cua phan ti do
khong ton tai, ta c6 thé mo rdng vector doé. Vi du vector b & trén ¢ 3 phan ti. Khi
ta gan gia tri cho phan tt thit tu cta b, b trd thanh vector ¢6 4 phan tu:
>>b (4) =1
b =
7 11 3 1
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Néu chi s& nhap vao va chi s6 phan tit cudi cung cua vector khong phai la
hai s lién ti€p, tat ca cac phan ti ¢ gitta sé€ nhan gia tri 0. Vi du: Lénh sau tiép tuc
mo rong vector b:

>>b (6) = 13

b =

7 11 3 1 0 13
Thiét 1ap vector cot

Céach thong dung d€ tao vector cot 1a nhdp gid tri cdc phan t&r vao trong
ngodc vudng [ ], ngan cach boi dau;

>>c = [1; 2; 3; 4]

c =
1
2
3
4

Khong thé sit dung ddu : d€ tao vector cot mot cach truc ti€p. Tuy nhién c6
thé ap dung phép chuyén vi 1én moi vector hang d€ tao ra vector cdt twong ting.

>r =1 : 3;

>>c = r'
c =

1

2

3

Thiét 1ap ma tran

Thiét 1ap mot ma tran twong dwong véi viéc tao ra cac vector hang va
vector cOt trong ma tran do. Trong do6 cac gia tri trén cung mot hang ngan cach
nhau béi ddu phay hodc ky tu trong, va cac hang khac nhau ngan cach béi dau
chdm phady.

>>mat = [4 3 1; 2 5 0]
mat =

4 3 1

2 5 6
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Luu y: S8 phan ti & moi hang phai luon bang nhau. Truong hop ma tran
nhdp vao c¢6 s6 phan tir & cac hang la khac nhau, két qua nhan duoc sé 1a thong
bao 10i.

>>mat = [3 5 7; 1 2]

??? Error using ==> vertcat

CAT arguments dimensions are not consistent

D€ phan biét cac dong trong ma tran, bén canh viéc sit dung dau ; con c6
thé st dung phim Enter

>>newmat = [2 o 88
33 5 2]
newmat =

2 6 88

33 5 2

Ma tran gom cac s6 ngau nhién cé thé dugc thiét lap st dung ham rand
theo ci1 phép sau:

>>rand (n)

>>rand (m, n)

Trong dé m, n la cac tham s6 bi€u dién chiéu ctia ma tran twong tng tao
thanh.

Khi truyén mot tham sd n cho ham rand, ma tran tao thanh sé la mot ma
tran vuong nxn, khi ham rand c6 hai tham s0 m, n, ma tran tao thanh sé la ma
tran m hang n cot.

>>rand (2)
ans =
0.3527 0.4068
0.9982 0.1764
>>rand (1, 3)
ans =
0.3754 0.4464 0.7862
Mot s6 ma tran dic biét
Ma tran m x n ma tat ca cac phan ti déu nhan gia tri 0, tao boi lénh zeros(m,

n)

Ma tran m x n ma tat ca cac phan ti déu nhan gia tri 1, tao boi 1énh ones(m,

n)
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Ma trén n x n ma chi ¢é cac phan t& dwong chéo nhan gia tri khac 0, tao boi
1énh diag(v) trong do6 v 1a vector chita cac phan ti¢ duwong chéoctia ma tran
do.
Ma tran don vi n x n ma tat ca cac phan ti trén duong chéo déu nhan gia tri
1, tao boi lénh eye(n)
Truy xuét va thay ddi cac phan ti trong ma tran
C6 thé truy xuat dén cac phan tir don 1é cia ma tran st dung tén ma tran di
kem véi chi s6 hang, chi s6 cdt trong ngodc () (chi s6 hang ludén ding trwedce chi s6
cOt). Vi du: Tao mot ma tran va truy xuat dén phan t&r 6 hang th hai, cdt th ba
ctia ma tran do.

>>mat = [2 : 4; 3 : 5]

mat =

Vi du: Truy xuat dén tat ca cic phan tir nam trén hang mot dén hang hai,
cOt hai dén cOt ba cua ma tran mat.
>>mat (1 : 2, 2: 3)
ans =
3 4
4 5
Chi stt dung dau hai chdm : dong nghia véi viéc 1dy tat hang hoac cot cta
ma tran. Vi du: Truy xudt dén tat ca cac cot cta hang thit nhat (tat ca cac phan ti
trén hang nay).
>>mat (1, @)
ans =
2 3 4
Vi du: Truy xuat dén tat ca cac phan tw nam trén cot hai ciia ma tran mat.
>>mat (:, 2)
ans =
3
4
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Néu chi stt dung mot chi s8 (chi s8 tuyén tinh) dé truy xuat dén cac phan
tkr trong ma tran, MATLAB khi d6 sé sap xép lai tat ca cac phan ti ma tran d6 vao
mot cot. Vi du ma tran intmat dwoc tao & day, phan ti thit nhat va th hai cia ma
tran la hai phan t@ twong ting cta cot thi nhat, phan tk tht ba va tht tu cia ma
tran 1a phan t thit nhat va th hai caa cft thit hai.

>>intmat = [100 77; 28 14]

intmat =
100 77
28 14

>>intmat (1)
ans = 100
>>intmat (2)
ans = 28
>>intmat (3)
ans = 77
>>intmat (4)
ans = 14
Dé€ thay doi gia tri cta cac phan tit don 1é trong ma tran, cd thé truy xuat
dén va gan cho phan ti d6 gia tri méi. Vi du: Doi voi ma tran mat tao truede do:
>>mat (1, 2);
ans =
2 11 4
3 4 5

Twong ty co thé thay doi gid tri cia ca mot hang hodc mot cot ctia ma tran:

>>mat (2, :) = 5:7
ans =

2 11 4

5 6 7

D€é mé rong ma tran, khong thé chi thém vao mot phan ti vi khi d6 sé lam
sO phan t cua mdi hang tré nén khac nhau ma can thém vao ca hang hoac cot. Vi
du: Chen thém cdt thit tw vao ma tran mat & trén:

>>mat (:, 4) = [9; 2]

mat =

2 11 4 9
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5 6 7 2

Twong ty nhu d6i vdi vector, néu hang hodc cot thém vao so voi hang hodc
cOt cudi cung cua ma tran hién thoi khong phai la lién nhau, MATLAB sé tu dién
day ma tran bang cac gid tri 0. Vi du: Chén thém hang thtt tu vao ma tran mat chi
c6 hai hang:

>>mat (4, :) =2 : 2 : 8
ans =

2 11 4 9

5 6 7 2

0 0 0 0

2 4 6 8

Kich thwdc ciia ma tran

Cac ham length, size trong MATLAB duoc st dung d€ xac dinh kich thudc
ctia vector va ma tran. Ct phap goi ham nhu sau:

>>length(X)

>>size(X)

Trong do6 X la vector, ma tran dugc quan tam.

Ham length tra vé s6 phan tt ctia mot vector. Ham size tra vé s6 hang va
s0 cOt ctia ma tran hodc vector. Vi du vector vec tao dudi day cé bon phan ti, nhu
vay gia tri tra vé cua ham length(vec) sé c6 gia tri la 4. Vector vec cling c6 thé coi la
mot ma tran mot hang bon cft, nhw vay kich thwdce ctia vec sé la 1 x 4.

>>vec = -2 : 1

vec = -2 -1 0 1

>>length (vec)

ans =

4
>>size (vec)
ans =

1 4

Ham size tra vé s6 hang va sd cOt cia mot ma tran vi thé d€ cé thé luu cac
gia tri nay vao cac bién khac nhau ta c6 thé st dung mot vector c6 hai bién & vé
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trai cua cau lénh. Bién h s€ luu gia tri dau tién tra vé, twong ing vdi s6 hang cua
ma tran, bién c sé luwu gia tri s6 cot.

>>mat = [1 : 3; 5 ¢ 717

mat =
1 5
2 6
3 7
>>[h, c] = size (mat)
h =
3
c =
2

Khi st dung vdi ma tran, ham length sé tra vé s6 hang hodc sd cdt ctia ma
tran do, tuy vao gia tri nao 16n nhat.
>>length (mat)
ans =
3
Ngoai ra trong MATLAB con ¢6 ham numel tra vé tong s6 phan ti trong
mot vector hodc ma tran theo ct phéap sau:
N = numel (A)
Trong d6 N la s phan t tra vé cia mang A
Dai véi vector, ham nay c6 y nghia twong duong ham length, d6i v6i ma
tran, numel tra vé gid trj la tich ctia s6 hang va s6 cot ciia ma tran do.
>>numel (vec)
ans =
4
>>numel (mat)

ans =

2.3 Cac phép toan co ban déi v6i ma tran, vector

Phép cong hai ma tran twong duong véi viéc cong ting phan t tuong ting
cta hai ma tran d6, diéu nay dong nghia véi viéc hai ma tran phai c6 cung kich
thudce. Phép cong ma tran c6 thé biéu dién nhu sau: ¢, =a; +b,. Trong MATLAB,
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phép cong hai ma tran c6 thé duoc thuc thi st dung phép toan +. Tuong ty phép
trir hai ma tran thuc hién boi phép toan -, biéu dién c; =a; —b,.
Phép nhan v6i mot s6 1a phép nhan tat ca cac phan tit ctia mot ma tran véi
mot s6, thyce thi trong MATLAB boi phép toan *.
Phép nhan mang cho phép nhan tirng phan t& twong ting cta hai ma tran
(cht y khong phai phép nhan ma tran), diéu kién la hai ma trén phai c6 cung kich
thudc, dwoc thyee hién trong MATLAB boi phép toan .*
>>A = [1 : 3; 4 : 6];
>>B = [100 10 1; 10 100 11;
>C = A .* B
C =
100 20 3
40 500 6
Phép nhan ma tran A véi ma tran B d€ thu duoc ma tran C chi dugc thuc
hién khi s0 cOt cia ma tran A b:?mg véi s6 hang cua ma tran B. Néu ma tran A ¢6
kich thuwdc m x n, ma tran B phai c6 kich thudc n x p. Ma tran C thu duoc sé€ c6 s
hang bang véi s6 hang ctia ma tran A va s8 cdt bang véi s6 cot ctia ma tran B.

[A]mxn [B]nXp = [C]mxp cij = zaikbkj
k=1
Phép lity thira ma tran A thuc hién lién tiép phép nhan ma tran A véi chinh
nd. Ma tran A can phai la ma tran vudng d€ thyc hién phép tinh nay.

Ma tran chuyén vi ctia ma trdn A 1a ma trdn A ¢6 hang va cot doi vai tro
cho nhau, ky hiéu AT, trong MATLAB duoc thyec hién boi phép toan “.

>>A = [1 : 3; 4 : 6];
>>AT = A’
AT =

1 4

2 5

3 6

Ma tran nghich dao néu két qua cua phép nhan ma tran A véi mot ma tran
khac la mot ma tran don vi, ta c6 thé noi ma tran kia chinh la ma tran nghich dao
ctia A. Trong MATLAB c6 thé tinh ma tran nghich dao ctia ma tran A bang ham
inv.

>>A = [1 2; 2 2]

A =
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1 2
2 2
>>A1inv = 1nv (A)

Ainv =

-1.0000 1.0000

1.0000 -0.5000
>>A*Ainv
ans =
1 0
0 1

Néu ma tran A la ma tran khong kha nghich, MATLAB sé dua ra loi canh
bao va cling c6 thé dua ra ma trdn ma cac phan tir déu la Inf.
>>inv ([1 1; 0O 01)
Warning: Matrix is singular to working precision
ans =
Inf Inf
Inf Inf

Dinh thirc ctia ma tran vuéng A trong MATLAB duoc tinh theo ham det.
Hang ctia ma tran A trong MATLAB duwoc tinh theo ham rank.

Phép nhan v6 hudng cta hai vector trong tu nhu phép nhan ma tran khi ta
nhan vector hang avdi vector cot b, két qua thu vé la mot gia tri vo hudng (mot so).
Trong MATLAB c6 thé thuc hién bang céch st dung phép toan * gita a va chuyén
vi ctia b, hodc stt dung ham dot theo ct phap

>>C = dot (A, B);

Trong do6 C la gia tri tich vo hudng cta hai vector A va B

Vidu:
>>vecl = [4 2 5 1]1;
>>vec?2 = [3 o 1 27;

>>vecl * wvec2’
ans =

31
>>dot (vecl, vec?2)
ans =

31
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Phép nhédn ¢6 hudng cua hai vector trong khong gian ba chiéu la mot
vector vudng gbc véi hai vector trén, noi cach khac chinh 1a vector phap tuyén ctia
m4t phang tao boi hai vector d6. Trong MATLAB phép toan nay thuc hién boi
ham cross theo ct1 phdp sau:

>>C = cross (A, B)

Trong do C la vector hinh thanh béi tich ¢ hudéng ctia hai vector A va B

>>vecl = [4 2 517
>>vec2 = [3 6 11;
>>cross (vecl, vec?2)
ans =

-28 11 18

2.4 Dai s6 tuyén tinh

Xét hé phuong trinh dai s6 tuyén tinh m x n gom m phuong trinh n an so:
a, X, +a,x, +asx, +...+a,x, =b
Ay X, + 0y X, + Ay Xy +...+ay,X, =b,
Ay X, + Ay X, + Ay X+ +ay, X, =D,

a,x +a,,x,+a, x,+..+a, x =b

mn- n m
Hé phuong trinh nay c6 thé biéu dien dudi dang ma tran Ax =b trong d6 A
la ma tran hé s0, x 1a vector ¢t chira cac an, b 1a vector ¢t chira cac hé sd o vé phai
clla ma tran.

a, 4 4y a, || X b,

ay 4y Ay a,, || X2 b,

a3 43 dgy as, || X, |=| b,

_aml am2 am3 amn_ _‘xn_ _bn
A X b

Hé phuong trinh trén c6 thé giai mot cach don gian trong MATLAB sw
dung phép chia trai (mldivide), hodc nhan ca hai v€ véi ma tran nghich dao cua
A.
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AAx=A"D
Ix=A"D
x=A"D
Vi du ta ¢6 hé ba phuwong trinh ba an x1, x2, x3
4x, —2x, +1x, =7
Ix, +1x, +5x, =10

—2x,+3x, —1x; =2

Viét lai hé duéi dang Ax =b

Giai h¢ dung ham inv
>>A = [4 -2 1; 1 1 5; =2 3 -11;
>>b = [7 10 21
>>x = inv (A) *b
x =
3.0244
2.9512
0.8049
>>x = A\b

3.0244
2.9512
0.8049
Luu y phan biét phép chia trai, chia phai:
e C = A\B twong duong véi C = A'*B, d€ thuwc hién phép tinh nay,
diéu kién 1a A phai la ma tran kha nghich.
e C=A/B tuong duong voi C = A*B-, d€ thuc hién phép tinh nay, diéu
kién la B phai la ma tran kha nghich.
o (B/A)=(A\BY
Phép chia trai st x = A\b dung trong MATLAB dé tim nghiém ctia hé
phuong trinh tuyén tinh d6i khi dwa ra 10i canh bao sau khi thuc hién 1énh nhuw

sau: >>Warning: Matrix is close to singular or badly scaled. Results maybe
inaccurate. RCOND = ... hodc >>Warning: Matrix is singular to working precision.
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Canh bdo trén dong nghia voi viéc két qua thu dugc thuong khong chinh xac. Tuy
nhién cling c¢6 khi MATLAB khoéng dua ra canh bao nhung két qua thu dwoc lai
khong dang tin cdy do MATLAB dua ra nghiém binh phuong t6i thi€u caa hé (vi
du treong hop A khong phai la ma tran vudng), vi vay diéu quan trong khi st
dung phép chia trai 1a luén kiém tra két qua thu duoc bang cach so sénh A*x va b.

Phép khit Gauss va Gauss — Jordan st dung trong viéc gidi hé phuong trinh dai
s8 tuyén tinh déu bt dau bang viéc thiét 1ap ma trdn [A1b] va dp dung cac phép
bién d6i lén cac hang ctia ma trdn nay (nhan tdt ca cac phan t trong hang véi mot
56, d6i chd cac hang trong ma tran, thay thé mot hang bang cach cong hodc trir véi
cac hang khac) dé thu vé ma tran tam giac trén c6 cung tap nghiém. Phwong phap
Gauss tir day sé ap dung thé nguoc dé€ tim ra tap nghiém cua hé phuong trinh
trong khi phwong phap Gauss —Jordan sé tiép tuc khir d€ thu vé ma tran duong
chéo tir d6 suy ra tap nghiém ctia hé phuong trinh.

Vidu:

a =
1 3 0
2 1 3
4 2 3
>>b = [1 6 317
b =
1
6
3
>>ab = [a bl
ab =
1 3 0 1
2 1 3 6
4 2 3 3
>>ab (2, :) = ab(2, :) - 2*ab(1, :)
ab =
1 3 0 1
0 -5 3 4
4 2 3 3
>>ab (3, :) = ab(3, :) - 4*ab (1, :)

Khoa Co hoc ky thudt & Tu dong hoa — Dai hoc Cong nghé MATLAB va ting dung trong Co ky thuat



Chuong 2. VECTOR VA MA TRAN

39

ab =

1 3 0 1

0 -5 3 4

0 -10 3 -1
>>ab (3, :) = ab(3, :) - 2*ab (2,
ab =

1 3 0 1

0 -5 3 4

0 0 -3 -9
>>ab (2, :) = ab(2, :) + ab(3,
ab =

1 3 0 1

0 -5 0 -5

0 0 -3 -9
>>ab(l, :) = ab(l, :) + 3/5*ab (2,
ab =

1 0 0 -2

0 -5 0 -5

0 0 -3 -9

Dang bac thang t6i gian

D)

Tt két qua ¢ dang duong chéo tir phép khir Gauss-Jordan, ma tran duoc

dua vé dang bac thang t6i gian, twong duong vdi tat ca cac hé s6 trén duong chéo
thu duoc déu la 1, hay ndi cach khac vector cot b chinh la két qua can tim. Trong
MATLARB ta c6 thé dwa ma trdn [A1b] vé dang bac thang t5i gian [71b'] d€ giai hé

phuong trinh dai s8 tuyén tinh bang ham rref. Vi du ddi v6i ma tran o trén:

>a = [ 1 3 0; 2 1 3;

>>b = [1 6 3175
>>ab = [a b];
>>rref (ab)
ans =
1 0 0 -2
0 1 0 1

2 31;
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0 0 1 3
Nghiém cta hé chinh la gia tri cua cdt cudi cung x1=-2, x2=1, x3=3

>>x = ans(:, end)

X =
-2
1
3
2.5 Tém tat chwong 2

Céc 1énh d6i v6i mang

linspace | Tao mang cé cac phan tir cach déu

find Tim chi sO cua cac phan t khac khong trong mang
max Tim gia tri 16n nhat trong mang

min Tim gia tri nho nhat trong mang

prod Tinh tich cac phan t trong mang

sum Tinh tong cac phan tk trong mang

length Tim tong sO phan tit trong mang

size Tim kich c& ctia mang

Cross Tich c6 hudng ctia hai vector trong 3D

dot Tich v6 hudng ctia hai vector

M6t s6 ma tran dic biét

eye Tao ma tran don vi

ones Tao ma tran ma tat ca cac phan ti déu nhan gia tri 1
Zeros Tao ma tran ma tat ca cac phan ti déu nhan gia tri 0
diag Tao ma tran dwong chéo

Céc 1énh giai hé phuwong trinh dai s6 tuyén tinh

det Tinh dinh thirc ma tran

inv Tinh ma tran nghich dao

rank Tinh hang ctia ma tran

rref Pua vé dang bac thang tdi gian

Bang 2. 1. Tém tat cac ham st dung trong chuong 2
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2.6 Bai tap chuong 2
Bai 2.1

Dung dau : tao cac vector hang sau:

3456
a) 1.0000 1.5000 2.0000 2.5000 3.0000
b) 5 4 3 2
Dap an
a) >3 : 6
b)y >1 : .5 : 3
c)>5 ¢ -1 : 2
Bai 2.2

Dung ham linspace tao cac vector sau:

a) >>4 o 8
b) >>-3 -6 -9 -12 -15
c) >>9 7 5

a) >>linspace (4, 8, 3)
b) >>1linspace (-3, -15, b5)
c) >>linspace (9, 5, 3)

Bai 2.3
Dung : va “ tao vector cot chira cac gia tri trong khoang ttr -1 dén 1 cach déu
nhau 0.2.

Ddp an
> -1 : .2 : 11"

Bai 2.4

a) Tao ma tran 2 x 3 chita cic s6 nguyén ngau nhién tir 5 dén 20.

b) Tao bién hang chira s6 nguyén ngau nhién tir 1 dén 3, tao bién cot chira
s6 nguyén ngau nhién tir 3 dén 5, tao ma trdn ma tat ca cac phan ti déu
nhan gia tri khong c6 kich c& hang x cot.

Dap dn
a) >>round (5 + 15*rand (2, 3))
b) >>hang = round(3*rand) ;

>>cot = round(3 + 2*rand);
>>zeros (hang, cot)
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Bai 2.5
Khéng nhép tat ca cac phan tk, tao ma tran sau:
mat =
7 8 9 10
12 10 8 6
Viét cac 1énh truy xuat dén:

a) Phan t&r & hang mot cdt ba cia ma tran.
b) Toan bo hang hai ctia ma tran.
¢) Hai cdt dau ctia ma tran.

Dap an
a) >>mat = (7:10; 12:-2:0);
>>mat (1, 3);
b) >>mat (2, :);
c) >>mat(:, 1:3);
Bai 2.6

Cho cac ma tran sau:

1

1 2 5 6 1
a N 1
1

Tao ma tran D ¢ ma trdn A & trén ma tran B tao thanh hai c6t dau, C la hai
cOt ke tiép.

[\CI I (S I V)

Ddp an
>>A = [1 ;3 4];

2
>>B = [5 6; 7 81
1

>>C = [1 1 1; 2 2 2 217
>>AB = [A;B];
>>D = [AB C];

Bai 2.7

Tao cac ma tran sau:

a) Ma tran don vi 6 x 6.
b) Ma tran khong 5 x 10.
¢) Ma tran mot 5 x 15.
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d) Ma tran ngau nhién 5 x 5.
e) Ma tran duong chéo ma cac gia tri trén dwong chéo chay tir 1 dén 5.

Dadp an
a) >> eye (6)
b) >>zeros (5,10)
c) >>ones (5,15)
d) >>rand (5)
e) >>el0 = 1:5;

>>diag (e0)
Bai 2.8

Cho ma tran A, b va hé phwong trinh tuyén tinh Ax = b

1 2 3 6
A=|2 -3 2 B=|14
31 -1 -2

Giai hé phuong trinh stt dung lénh A\b va lénh rref

Dap an:

>>A = [1 2 3; 2 -3 2; 3 1 -1];
>>b = [6 14 -21;
>>x = A\Db
x =

1.0000

-2.0000

3.0000

>>A*x

Kiém tra két qua thu dwoc , A*x cd gia tri bang véi b, ching to x la
%nghiém cuia hé phurong trinh Ax=b

>>rref ([A, b])

Nghiém thu duwoc la duy nhat, do ma tran bac thang tdi gian chita ma
%tran don vi va ma tran két qua

ans =
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Bai 2.9
Cho hé phuwong trinh sau:
6x, +2x, +3x;, =0
4x, +1x, -2x,=0
2x, +1x, +5x, =0
Nhéap vao MATLAB ma tran hé s6 A va ma tran cdt b twong tng, tim
nghiém ctia ma tran bang cach st dung phép chia trai va rref.
Dadp an
>>A = [6 2 3; 4 1 -2; 2 1 5]1;

>>b = zeros(3,1);
>>A\b
Warning: Matrix is close to singular or badly scaled.
Results may be inaccurate. RCOND = 6.728624e-018.
x =
1.0e+015 *
-2.6271
9.0072
-0.7506
>>rref ([A Db])

ans =

1.0000 0 -3.5000 0

0 1.0000 12.0000 0

0 0 0 1.0000

Thé nguoc ta cd x1=3.5x3 va x2 = -12x3. C6 thé thay hé phuong trinh c6 bién
tw do x3 va co thé nhan bat ky gia tri nao. Vi du chon x5 = 2 khi d6 ta co:
x1=7, x2=-24
>>x = [7; -24; 21;
>>A*x
ans =

0

0

0
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Bai 2.10

Cho hai ma tran A, b va hé phuong trinh tuyén tinh Ax = b

a2 ) o=

Giai hé phueong trinh sit dung phép chia trdi, tap nghiém thu dwoc cé phai

la duy nhat?

Tim nghiém tong quat st dung ham rref.
Dap an:

>>A = [1 2 3; 2 1 -31;

>>b = [-4; 41;
>>x = A\b;

x =

0

0.0000

-1.3333
>>A*X

Kiém tra x c6 phai la nghiém ctia phwong trinh
>>rref ([ A bl)
Hé c6 vo6 s6 nghiém do s0 bién nhiéu hon s6 phuong trinh
ans =
1 0 -3 4
0 1 3 -4
Bai 2.11

Cho ma tran sau:

1 2 -1 3
7 2 0 1
13 2 -1 -1
0 1 4 8

Du doén két qua va kiém tra lai bang MATLAB ¥ nghia ctia 1énh sau:
>>A( [1 3], [1 3] ) = 10 * ones (2)
Bai 2.12

Nhép vao ma tran sau:
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1 2 -1 3
17 2 0 1
13 2 -1 -1
0 1 4 8
a) Tinh AT=B
b) TinhC=A*B
¢) TmhD=B*A
d) Tinh3A + 5B
Bai 2.13
Nhap vao cac ma tran sau:
3 21 2 1 00
A=|0 5 2 B=|1 cC=/01 0
1 0 3 3 0 0 1

Tinh trong MATLAB cac phép tinh sau, giai thich trong trwong hop
MATLAB khong thé thyec hién phép toan.

A*B
B*A
I+A
A

Bai 2.14
Tao ma tran 4 x 2 va lwu vao mot bién. Thay thé hang thit hai ctia ma tran
d6 bang vector cdt chira cac gia tri 3 va 6.

Bai 2.15
Tao vector x chita 20 phan t& cach déu nhau trong khoang —nt dén m. Tao
vector y chuta sin(x).

Bai 2.16
Tao ma tran 3 x 5 ¢4 cac phan ttr 1a cc s6 nguyén ngau nhién trong khoang
-5 dén 5. X6a hang thit ba ctia ma tran.

Bai 2.17
Tao vector vec. Tim tat ca cac 1énh cho phép truy xuat dén phan tk cudi
cung cua vec (gia stt khong biét vec c6 bao nhiéu phan tt).
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Bai 2.18
Tao ma tran mat. Tim tat ca cac 1énh cho phép truy xudt dén phan ti cudi
cung cua ma (gia st khong biét sd phan ti, s6 hang, s6 cdt cta mat).

Bai 2.19

Viét cac 1énh yéu cau nhap vao tir ban phim cac gia tri n, low, high (high 16n
hon low).

Tt cac gid tri nhap vao tao ma tran duong chéo n x n trong dé duong chéo
chira cac gia tri nguyén ngau nhién tir low dén high.

Bai 2.20
Viét cac cau lénh yéu cau nhap vao tir ban phim hai s6 nguyén duong luu
vao cac bién m, n. Viét cau 1énh nhap vao s6 nguyén k. Viét cau lénh tao ma
tran ¢ kich ¢& m x n ma tat ca cac phan tir déu c6 gia tri k (trong cau lénh c6
st dung lénh ones).

Bai 2.21
Cho hé phuong trinh dai s tuyén tinh Ax =b.
Nhap cdc ma tran A, b va gidi si dung cac lénh chia trai va rref.
11 -1 2
A=[12 -1 B=| 3
11 J6
Bai 2.22
Cho hé bon phuong trinh bon an sau:
Nhéap cadc ma tran vao MATLAB va giai.
4x,—x, +3x, =10
—2x, +3x, +x; = 5x, =3
X +x,—x,+2x, =2

3x,+2x,—4x, =4

Bai 2.23
Giai hé phuwong trinh dai s tuyén tinh:
2x+2x,+ x;=2
X, +2x;, =1
X+ x,+3x,=3
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Bai 2.24
Giai hé phuong trinh dai sd tuyén tinh:
X —2x,+ x,=2
2x,—5x,+3x,=6
X+ 2x,+2x, =4
Bai 2.25

Cho hé phuong trinh dai s6 tuyén tinh Ax = b, tim nghiém ctia hé.

10 10
A=|12 b=|16
14 17

Bai 2.26

Cho hé phuong trinh dai s0 tuyén tinh Ax = b, tim nghiém ctia hé.

11 2
A=|1-1 b=|0
1-3 3
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Chuong 3. TINH TOAN SO VOI MATLAB

3.1 S6 phirc

SO phtre duoc viét dudi dang tong quat a + bi trong d6 a 1a phan thug, b 1a
phin 40, i ¢6 gid tri /1. Trong MATLAB i va j 1a nhitng hing xay dung sn tra vé
gia tri \/—1. S8 phtic trong MATLAB c6 thé biéu dién theo i hodc theo j, vi du 5 +
2i hoéc 3 — 4. Khong can stt dung ky hiéu phép nhan * gitta phan ao va cac hang i,
J.

C6 sy khac biét gitta “3i” va “3%” ? Diéu nay phu thudc vao viéc trude doé i
c6 duoc dung cho mot bién nao khac hay khong. Néu i trudec d6 da st dung nhu
la mét bién (vi du trong vong ldp for) thi cau 1énh 3% sé€ st dung gia tri dwoc gan
cho bién i va nhu vay két qua sé khong phai la mot s6 phic. Vi thé, d€ tranh nham
1an khi biéu dién s6 phitc trong MATLAB ta nén st dung 1i hodc 1j thay vi chi i
hodc j. Két qua tra vé khi st dung 1i hoac 1j ludn ludn la sd phtc bat ké trede do i
va j c6 dugc gan gia tri hay khong.

Trong MATLAB c6 ham complex s€ tra vé sd phttc gom phan thuc va phan
ao khi nhan dugc hai tham s6 twong tng, khi chi nhan mot tham s6, complex coi
nhu phan ao khong cé gia tri va chi biéu dién phan thye, ci phdp goi ham nhu
sau:

>>C = complex (A, B)

Trong d6 gid trj tra vé C sé dwoc biéu dién dudi dang phiec C = A + Bi

Mot s vi du biéu dién s& phtic:

>>z1 = 4 + 21

z1l =

4.0000 + 2.00001
>>z2 = sqrt( -5 )
z2

0 + 2.23611

>>7z3 = complex (3,-3)

3.0000 - 3.00001
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>>z4 = 2 + 33
z4 =
2.00 + 3.00001
>>z5 = (-4)"1/2
zb5 =

0.0 + 2.00001
Luu vy 1a ngay ca khi dung j d€ biéu dién sd phtic trong cau Iénh thi
MATLAB van st dung i trong cac két qua tra vé. Trong MATLAB con c6 cac ham
real va imag tra vé phan thyc va phan ao ctia mot sd phire, ci phap goi ham nhw
sau
>>real (X)
>>imag (X)
Trong d6 X la s6 phtrc, gia tri tra vé cua hai ham real va imag sé la phan
thue va phan ao twong tng ctuia X.
>>real(zl)
ans =
4
>>imag (z3)
ans =
-3
Truong hop muén xudt ra man hinh gia tri cia mot s6 phttc, 1énh disp sé
hién thi ca phan thic va phan ao trong khi dé 1énh fprintf chi hién thi phan thuec
trie khi c6 1énh in dong thoi ca hai thanh phan cua s phtc.
>>disp(zl)
ans =
4.0000 + 2.00001
>>fprintf (Y %$f \n’, zl)
4.0000
>>fprintf (Y $f %f \n’, real(zl), imag(zl))
4.0000 2.0000
>>fprintf () $f + %fi \n’, real(zl), imag(zl))
4.0000 + 2.00001
Ham isreal tra vé gia tri logic 1 néu dung la s6 phttc khong co gid tri phan
4o, tra veé gia tri logic 0 néu s phtrc c6 gia tri phan ao (k€ ca gia tri phan ao la 0).
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>>isreal (zl)

ans =

>>76 complex (3)
3
>>isreal (z6)
ans =
0
>>jisreal (3.3)
ans =
1
D&i v6i z6 mic du gia tri hién thj trén ctra s6 lénh 1a 3 nhung biéu dién
trong MATLAB van la 3.0000 + 0.0000i (xem Workspace) vi thé gia tri trd vé cta
ham isreal trong tredng hop nay 1a 0 do z6 van chira phan ao.
Biéu dién s phitc bang toa d cuwc va lity thira ctia loga tw nhién
Moi s0 phtrc z = a + bi déu c6 thé biéu dién boi diém (a, b) hodc dwdi dang
vector trén mat phang phtec trong d6 truc hoanh va truc tung biéu dién phan thuec
va phan ao cua z. Do mot vector c6 thé duoc bieu dién trong hé toa d Dé cac hodc
hé toa do cuwec, mot sO phirc cling cd thé biéu dién trong hé toa do cuc sit dung cac
phép quy doi sau:
Bién doi hé toa do cuc sang hé toa do Dé cac:
a=rcosO
b=rsin6d

Bién doi hé toa do Dé cac sang hé toa do cuc:
r= |z| =a’+b*

b
@ =tan"' (=)

a

z=a+bi=rcos@+(rsinb)i

Ngoai ra, s§ phitc ¢6 thé biéu dién dwdi dang lity thira ctia loga tw nhién:
¢’ =cos@+isin@, bidu dién dang phic dang liiy thita cd thé thu duoc trong
MATLARB st dung lénh exp(j*theta). Vi du:

>>exp (J*pi/2)

ans =
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0.0000 + 1.00001
Trong MATLAB ta c6 thé st dung nhitng ham xay dung san d€ tim gid tri
ctia r va O la abs va angle theo cti phap sau:
>>abs (X)
>>angle (X)
Trong d6 X 1a sd phtic, abs va angle sé tra vé gia tri r va 6 twong tng ctia X,
xét vi du:
>>z1 = 3 + 41i;
>>r = abs(zl)
r =
5
>>theta = angle(zl)
theta =
0.9273
>>r*exp (i*theta)
ans =

3.0000 + 4.00001
Cong, trir, nhén, chia s phitc: Cho hai s6 phtic z1 =a + bi, z2 = ¢ + di
z1+z2=a+bi+c+di=(at+c)+(b+d)i
z1-z2=a+bi—c—di=(a—)+(b-4d)i
z1 *z2 = (a+ bi) *(c +di) = ac + (bc + ad)i —=bd = (ac — bd) + (bc + ad)i

Vidu:

>>z1 = 3 + 4i;
>>z2 =1 - 21i;
>>71%z2

ans =

11.0000 - 2.00001

Phép chia hai s6 phtic c6 thé dugc thuc hién dé dang khi biéu dién hai s8
phtic dudi dang lay thira cta loga ty nhién r6i thye hién phép chia sau do.

Vidu:
L _ 2+15)
71 1.2542.5j

>>z1 = 2 + 1.57;

3=
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>>z2 = 1.25 + 2.53;
>>absl = abs(zl);

>>abs?2 = abs(z2);

>>anglel angle(zl);

>>angle?2
>>abs3 = abs2/absl;

angle (z2);

>>angle3 = angle2 - anglel;

Hai phép tinh z2/z1 va abs3*exp(j*angle3) déu dwa ra két qua gidng nhau.
>>z3 = z2/z1
z3 = 1.0000 + 0.50001
S6 phtrc lién hop va gia tri tuyét doi
Cho s0 phttc duwéi dang z=a + bi, s6 phitc Z =a—bi goi la sO phtec lién hop
cta z. DO 16n hay gia tri tuyét doi cua sO phttc duwoc tinh theo cong thic
|z|=a® +b*. Trong MATLAB c6 thé str dung hai ham san c6 d€ tinh dang lién hop
va gia tri tuyét doi cta s6 phtic la conj va abs.
>>z1 = 3 + 41
z1l =
3.0000 + 4.00001
>>conj (zl)
ans =
3.0000 - 4.00001
>>abs (zl)
ans =

5

3.2 Ham vo danh

Ham v6 danh la dang ham sd don gian, dwoc thé hién chi can st dung mot
dong 1énh trong MATLAB. Uu diém ctia ham vo danh 1a khéng can phai lvu trong
céc file van ban soan thao bang Matlab editor M-file, don gian héa chuong trinh
st dung nhitng phép tinh don gian, giam thi€u s6 M-file can dung cho mot
chuong trinh. Ham v6 danh ¢6 thé duoc tao trong ctra s6 1énh hodc trong cac ham
van ban. Cta phdp cho ham v6 danh trinh bay nhu sau:

Ten_ham = @(ten_bien) than_ham
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Vidu:

>>dt _hinhtron = @(r) pi*r.”"2;

>>dt _hinhtron (4)

ans =

50.2655

Trong treong hop khong truyén tham s cho ham, van phai s dung dau
ngodc () lac khai bao va luc goi ham. Vi du: Ham v6 danh sau in ra man hinh s&
thue ngau nhién c6 hai chit s& & phan thap phan:

>>in nn = @( ) fprintf(' %$.2f \n’, rand);
>>in nn ()
0.95

Truong hop goi ham chi c6 tén ham ma khéng ¢ ddu ngodc, MATLAB sé
hién thi thAn ham 1én man hinh.

>>in nn
in nn =

@ () fprintf(‘ %.2f \n’, rand)

3.3 Cuec tri va nghiém ctia ham sé mét bién so

Trong MATLAB cuc tri ctia ham s6 c6 thé xac dinh trong khoang x1, x2 cua
ham s6 do6 xac dinh ttr d6 thi dung ham fminbnd theo ct phap sau:

>>fminbnd (fun, x1, x2)

Trong d6 fun la ham s6 khai bao va x1, x2 1a khoang gia tri chita cuc tiéu.
Gia tri tra vé ctia ham fminbnd la cuc ti€u ctia ham fun trong khoang x1, x

Vi du: Cho ham s6 f(x) = x* — 2x - 5, tim cuc ti€u ctia ham s6 trong khoang
(0,2) va gia tri ham s0 tai vi tri cuc tiéu.

>>f = @ (x) x°"3 - 2*x -5;

>>x]1 = fminbnd (£, 0, 2)

x1 =

0.8165
>>yl = f(x1)
yl =

-6.0887

Vi du: Cho ham sd f(x) = x* — x2 — 3tan’!(x) +1, ham s6 nay c6 cuc ti€u trong
khoang (0, 2) c6 thé xac dinh nhw sau:
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>>clear all

>>f = @ (x) x*"3 - x*2 - 3*atan(x) + 1;
>>x1 = fminbnd (£, 0, 2)
x1l =
1.0878
>>f (x1)
ans =
-1.3784

Nhuw vay trén (0, 2) ham s6 c6 mot cyce tiéu tai x = 1.0878 vdi gia tri -1.3784.
Ham s6 nay ciing c6 mot cyc dai trong khoang (-1, 0). MATLAB khong c6 ham dé
tim truc tiép cwc dai cua ham s6 tuy nhién ta c6 thé st dung fminbnd dé€ tim cuc
tiéu ctia ham —f(x) trén khoang twong tng.

>>finv = @(x) -f(x);

>>x2 = fminbnd(finv, -1, 0)

X2 =

-0.5902
>>finv(x2)
ans =

-2.0456

Nhu vay ham s& c6 mot cuee dai tai x = -0.5902 v6i gia tri -2.0456
Nghiém cta ham s6 mét bién s6

DPinh nghia toan hoc vé nghiém ctia ctia ham s0 f{x) la giao di€m cta do thi
ham s6 d6 va truc Ox hay gid tri xo ma tai d6 f(xo) = 0. Do MATLAB st dung dau
chdm dong nén rat khé xac dinh chinh xac diém khong ctia ham s6, nén thay vi
tim gid tri bién ma tai d6 ham s& bang khong, MATLAB tim diém ma tai d6 ham
sO doi dau.

Caphdp:  x=fzero (fun, x0)

Trong dé xo 1a 1an can diém ma ham so giao voi truc Ox hoac x0 la vector
chira hai gia tri x1 va x2 ma f(x1) va f(x2) khac ddu nhau. Ham fzero cho phép xac
dinh nghiém ctia ham s6 f(x) = 0 tai lan can x0.

Vi du: Xét ham s0 flx) =x> —2x - 3

D6 thi ham s6 nay giao véi truc Ox tai hai diém x1=-1 va x2 =3

bé dung MATLAB tim cdc gia tri x1, x2 treede tién can khai bao ham:

>>f = @(x) x"2 - 2*x - 3;
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>>x1 = fzero(f, -2)
Tim nghiém tai lan can caa -2
x1 =

-1
>>x2 = fzero(f, [2, 41])
Tim nghiém trong khoang (2, 4)
Luuy f(2) va f(4) khac dau
X2 =

>>f (x1)

ans =

>>f (x2)

ans =

- T

L
i,

(3,0)

L i

Hinh 3. 1. Xac dinh nghiém ctia ham sé tai diém db thj giao v&i truc hoanh

Vi du: St dung MATLAB d€ giai phuong trinh sau 5 — 2x = ¢ 02

Trudc tién thiee hién phép bién d6i dé cé vé& phai bang khong, sau d6 khai
bao ham trong MATLAB

>>f = @(x) 5 - 2*x - exp(-0.25*x);
Ta thdy d6 thi ham s8 cat truc hoanh trong khoang [2, 3]
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5 -4-3-2-1 012 3 45
Hinh 3. 2. B4 thi ham sé f(x) = 5 - 2x - %%
>>x0 = fzero(f, [2, 3])

x0 =

2.2124
>>f (x0)
ans =

2.2204e-016

Luu y gia tri ham tai xo xap xi 2.22 x 10 ¢ twong dwong khong, vi vay x
=2.2124 chinh la nghiém ctia ham 5 — 2x — e *** cling chinh la nghiém cta phuong
trinh 5 — 2x = e 02

Luu y MATLAB dinh nghia nghiém cua phuong trinh f(x) = 0 tai noi d6 thi
ham s8 f(x) cat truc hoanh (noi ham s§ ddi d&u). Vi vay trong truong hop f(x) = x
2dat gia tri khong tai x=0, fzero sé khong tim duoc nghiém néu xac dinh lan can
khong duang. Vi du >>fzero(f, 1) hodc fzero(f, -1) hay fzero(f, [-1, 1]).

3.4 Da thttc mot bién s6

MATLAB biéu dién da thitc mot bién s6 dwédi dang mot vector hang chita
cac hé s6. Vi du: Pa thike x3 + 2x2 — 4x + 3 ¢ thé biéu dién boi vector [1 2 -4 3], da
thitc 2x* — x? + 5 c6 thé biéu dién boi vector [2 0 -1 0 5], leu y hé s6 khong cho
cac sO hang x° va x.

Néu v la mot vector chita cic hé s cua da thitc va x la mot sd, ham
polyval(v,x) cho phép tinh gia tri cua da thitc biéu dién bdi v tai x, x ¢ thé 1a mot
vector, khi d6 tap hop cac gia tri ctia da thitc cling sé duoc liru trong mot vector,
ct phap goi ham nhu sau:

>>y = polyval (v, x)

Nhu da trinh bay ¢ trén, gia tri tra vé y sé 1a gia tri ctia ham s6 v tai x tuong
ung.
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Vidu:
>>polyval ([1 -2 0 11, [1 2 3 41)
ans =

[0 1 10 33]

Trong d6 0, 1, 10, 33 lan lwot la cac gia tri ctia da thiec x° — 2x? + 1 tai céc
diém x=1, 2, 3, 4 twong ung.

Ham roots trong MATLAB cho phép tim nghiém cta phuong trinh biéu
dién dudi dang da thire. Cti phdp goi ham nhu sau:

>>roots(C)

Trong d6 C la vector chira cac hé s6 cua da thitc can tim nghiém, gia tri tra
vé sé la tdp hop cac nghiém cta da thirc can tim.

Vi du cho da thtec f(x) =4x° — 2x> — 8x + 3, gidi phuong trinh f(x) = 0.

>>Rs = roots ([4 -2 -8 31)
Rs =

-1.3660

1.5000

0.3660

Truong hop da biét tat ca cac nghiém ctia da thirc bidu dién trong vector Rs,
ta ¢ thé biéu dién lai da thiee d6 dudi dang vector ctia cac hé s sit dung lénh poly
theo ci1 phép sau:

>>f = poly(Rs)

Trong dé Rs 1a vector biéu dién tap nghiém cua phwong trinh f(x) = 0 twong
ung, gia tri tra vé ctia ham sé la vector chita cac hé so cua f(x).

Vi du: Biéu dién lai da thic c6 nghiém chtta trong Rs duoc tinh & trén:

>>f = polys (Rs)

f =

1.0000 -0.5000 -2.0000 0.7500

(Nhan tat ca cac hé sd cta da thirc voi 4 dé duoc da thire ban dau)

Trong MATLAB ta cling c6 thé xac dinh tich cta hai da thic a, b b@“mg lénh
conv(a, b) véi gia tri tra vé la vector chita cac hé sd ctia da thuc tich. Tuong tu
phép chia hai da thitc ciing c6 thé thuc hién trong MATLAB sit dung lénh
deconv(b, a). Trong do, b, a Tan luot la cac da thic 6 tir sO va mau s8. Cu phap
tuong trng nhu sau:

>>c = conv(a, b)

Khoa Co hoc ky thudt & Tu dong hoa — Dai hoc Cong nghé MATLAB va ting dung trong Co ky thuat



Chuong 3. TINH TOAN SO VOI MATLAB 59

>>[q, r] = deconv(b, a)

Trong d6: a, b Tan lugt 1a cac da thic thanh phén, ¢ la da thic tich, g la
thwong cuia phép chia da hai da thic va r la phan du trong phép chia da thic b cho
a.

Vi du: Xét hai da thtrc

A=2x+5 B=x"+3x+7
>>A = [2 51;
>>B = [1 3 71
Két qua ctia phép tinh AB
>>C = conv (A, B)
C =
2 11 29 35

C
Két qua ctia phép tinh "

>>[D, r] = deconv(C, A)
D =

1 3 7
r =

0 0 0 0

3.5 Tich phan va dao ham

Dé€ tinh tich phan xac dinh, MATLAB c6 ham quad(fun, a, b) tinh gan dang
tich phan cua ham fun trong khoang (a, b) voi sai s6 le-6 st dung cong thiic
Simpson. Ham y = fun(x) phai chap nhan tham s6 x dudi dang vector va tra vé két
qua dudi dang vector y. Vi th€ khi dinh nghia ham can st dung cac phép toan doi
véi vector * ./ A

Cu phap goi ham nhu sau:

>>q = quad(fun, a, b)

Gia trj tra vé cua ham g la két qua tinh gan dung tich phan twong ting cta
ham fun nhw da trinh bay & trén.

Vi du: Tinh tich phan xac dinh cta ham x? — 6x + 5 trong khoang (1, 5).

>f = @(x) x."2 - 6*x + 5;

>>intf = quad(f, 1, 5)
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intf =
-10.6667

1

2
Vi du: Tinh tich phan sau ITS
x —2x—

0
>>f = @(x) 1./(x."3 = 2*x = 5);
>>quad(f, 0, 2)
ans =

-0.4605

Pao ham cua ham s6 y = f(x) duoc viét dudi dang % f(x) hodc f(x) va
dinh nghia bang d6 thay ddi ctia bién doc l1ap y theo x. Pao ham ctia ham s6 tai
mot diém chinh la gbc nghiéng ctia ti€p tuyén voi ham sd tai diém do.

Dé xac dinh dao ham cua da thitc mét bién trong MATLAB c¢6 thé st dung
ham polyder véi ctt phap nhu sau:

>>polyder (P)

Trong do6 P la vector chira cac hé s6 cua da thire twong tng.

Vi du: Cho da thikc x° + 2x2 — 4x + 3 c6 thé biéu dién bang vector [1 2 -4
3], dao ham cuia da thitc nay sé€ xac dinh nhu sau:

>>hs = [1 2 -4 317

>>dhs = polyder (hs)

dhs =

3 4 -4

c6 dang vector [3 4 -4] biéu dién cho da thitc 3x2 + 4x — 4.

Dao ham c¢6 thé bidu dién dwdi dang gidi han nhw sau va cé thé tinh gan
dung trong MATLAB st dung ham diff theo cti phap:

>>diff(X)

Trong d6 X la vector chira cac hé sd cta da thirc twong ting.

S+ )~ f(x)
h

[ =lim
Xét ham s0 f(x) = x? — 6x + 5. Gia st chiing ta co6 tap hop cac gia tri cta bién x
biéu dién boi vector x=[1 2 3 4 5]. Nhu vay tap hop cac gid tri ctia bién y = fix)
twong tng la:
>>f = @(x) x.72 - 6*x + 57

>>x = [1 2 3 4 51;
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>>y = £(x)
y =
0 -3 -4 -3 0
Néu coi dy 1a dao ham cua f(x) theo x va xac dinh gia tri cia dao ham tai cac
diéfmx=[1 2 3 4 5]twong ting:
>>dy = @(x) 2*x — 6
>>dy (x)
ans =
-4 -2 0 2 4
So sanh gia tri dao ham ctia ham s6 tai cac diém cho truede bang cach tinh
gan dung gidi han st dung ham diff.
>>diff (y)./diff (x)
ans =
-3 -1 1 3
Luu y trong MATLAB viéc tinh diff cua vector a4 gom n phan t¢ duoc xac
dinh bang vector méi da c6 1 — 1 phan tix do d6 s6 phan t& ctia phép tinh dao ham
theo diff it hon so v6i cach tinh thong thuong mot phan ti. Gia tri chénh 1éch gitta
hai phép tinh nho dan khi khoang cach gitra cac phan tir trong vector x cang giam
(c6 thé thwr lai khi nhap x=1:.1:5).
a=[ar a> as...an2 an1 an]

da=[w—a1 a3—az>...0n1—an2 Gn— An-1]

3.6 Phuong trinh vi phan

Trong MATLAB, phuong trinh vi phan c6 thé giai theo phuwong phap so
thong qua mot s8 ham xay dung sdn, trong ndi dung gido trinh nay chiing ta sé
tap trung tim hi€u hai ham ode23, ode45 la nhitng phién ban phat trién tir cong
thitc Runge-Kutta bac 2/3 va Runge-Kutta bac 4/5.

Cu phap tong quat d€ gidi phuwong trinh vi phan véi nhitng ham nay nhu
sau:

>>[t, y] = oded5(‘yprime’, [t0, tF], vyO0)

>>[t,y 1] ode23 (‘yprime’, [t0, tF], yO0)

Trong d6: ‘yprime’ 1a tén ham biéu dién phuwong trinh vi phan, t0 va tF 1a
hai mdc thoi gian dau cudi cho dap an, y0 la gia tri cua bién tai thoi di€ém ban dau.
Gia tri trd vé cua ham la vector thoi gian f, va ma tran y chita nhitng gia tri twong
ung cuia ham tai cac thoi di€ém khac nhau 14y ttt vector thoi gian ¢.
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Dai véi nhitng ham phtc tap hodc doi voi hé phuong trinh vi phan, nén
khai bdo ham trong script, trong chwong nay chung ta sé€ chi xét nhitng trueong
hop c6 thé khai bao bang ham vo6 danh. Vi du: Giai phwong trinh vi phan

dy =2y

y+2y=1 ——=
Dy a1

trong khoang 1 <t<3 vay(0)=4.2

Saolution for ODE dyfdt = (t3 - 2y
B T T T T T T T T

Hinh 3. 3. B thi (t, y) ctia phwong trinh vi phan dy/dt = (t3 -2y)it

>>odel = @(t,y) (t"3 - 2*y)/t;
>>[t, y] = oded45(odel, [1: 0.1: 31, 4.2);
Cac cap gid tri (t,y) thu dugc cé thé biéu dién bang d6 thi 3.3.
Giai phrong trinh vi phan sau:
V=07 +y
Trong khoang 7 €[0,.5] v6i y(0) = 1
>>ode2 = @(t,y) (t*y"2 + y)
>>[t,y] = oded45(ode2, [0, .5], 1)

Cac gia tri (t,y) thu dugc co thé bieu dién dudi dang d6 thi nhu sau:

Solution for ODE dyfdt = 17y 4y
2

.U

18 /

1.7 /

18 /'

e

14 //
)

13 P

o~

12 L

11 g

1

a 005 01 078 02 026 03 03 04 04 05
t

Hinh 3. 4. DB thi (t, y) clia phwong trinh vi phan dy/dt = ty2 +y
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Trén day la cac vi du vé giai phuong trinh vi phan bac nhat, déi véi
phuong trinh vi phan bac cao hon, can dua vé hé phuong trinh vi phan bac nhat
roi giai, tuy nhién khi d6 khai bao ham can dwgc thuc hién trong M-file.

3.7 Tém tat chwong 3

S6 phtrc
abs(x) Xéc dinh gia tri tuyét doi cua bién x
angle(x) Goc cua s6 phtrc x
conj(x) Tra vé s6 phtic lién hop ctia x
imag(x) Phén 4o cua x
real(x) Phan thuyc cua x

Ham s6 va da thitc mot bién s6

fminbnd Xéc dinh cyce ti€u cua ham s6 trong mot khoang cho truée
fzero Nghiém cua ham f(x) = 0 xac dinh trong khoang cho truedc
polyval Tinh gia tri da thtc
roots Tinh nghiém ctia da thic
poly Tra vé vector hé sO cua da thitc néu biét vector nghiém
conv Thuc hién phép nhan hai da thirc
deconv Thuc hién phép chia hai da thic
Tich phén, dao ham, vi phén sd
quad Tich phan ham s&
polyder Pao ham da thitc mot bién s
diff Tinh gan ding dao ham cua ham s6 mot bién s6
ode23 Ham tinh vi phan theo cong thitc Runge-Kutta
ode45 Ham tinh vi phan theo cong thitc Runge-Kutta

Bang 3. 1. Tém tat cac ham st dung trong chuong 3
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3.8 Bai tap chwong 3

Bai 3.1 Thuc hién cac phép tinh sau
a. 3+5)+(2-30)
b. 3+5i)+6

7i—(4+5i0)

3(2+40)

(5+3i)i

2-7i)(3+40)

1

&
I

oo
1+

4+7i

2+5i

Dap an:
. 5+2i
. 9+5i
—4+2i

a
b
C.
d. 6+12i
e. —3+5i
f.
g
h
1.

oo oo 0

3413
i
1.5-1.50
1.4828 —0.2069i
Bai 3.2 Rut gon
NS LI 0 S P W
1—1 1+

b. 2ii—1)+ 3+ +A+)1+i)

Dap dn:
a. 3-Ti
b. —10i
Bai 3.3

a. Viét lai cac sO phtic sau duwdi dang [r,6]

i T4+2
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ii. 3—i
iii. —4+6i
b. Viét lai cac s6 phttc sau dwdi dang a + bi
T
4
ii.  [5,7]

i, [\/5,_27”]

c. Viétlai cac s6 phirc sau dwéi dang lay thrra.

i. 2(cos x +icos z)
3 3
27
... 5’_
i. [ 3 ]

i, 1-i3

Bai 3.4 Cho ham sO sau:

) exp(2 x)-4 exp(x)+2
4 L ‘ ‘ ‘ -
2 -
O [ -
'2 C I I I I I ] X
-10 -8 6 -4 -2 0 2

Hinh 3. 5. Hinh bai 3.4

f(x)=e* —de* +2

Tim nghiém f(x) = 0 va cyec tri ctia ham trong khoang biéu dién cua do thi.

Bai 3.5

n(s)
d(s)

Cho: H(s) =
Voi:
n(s) =s*+65° +5s2 +45+3

d(s)=s +7s* +65° +55> +4s+7
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Tim:

a. n(10), n(-5), n(-3), n(-1)
b. d(10), d(-5), d(-3), d(-1)
c. H(10), H(-5), H(-3), H(-1)

Bai 3.6 Cho:

D1(s) = 5> +55% +35+10
po(s)= st +75% +552 +85+15
pa(s)= s> +15s +10s> + 65> +35+9

a. Tim: p1(2), p2(2), p3(3)
b. Tim: pi(s)p2(s)ps(s)
c. Tim: pa(s)p(s)/ps(s)

Bai 3.7 Tim nghiém p(x) = 0 ctia cac da thttc sau:
a. pl()c):x7 +8x° +5x° +4x* +3° +2x% +x+1
b. py(x)= ¥ —13x* +10x° +12x% +8x—15
¢ py(x)=x4+7x +12x* —25x+8
Bai 3.8
Stt dung ham quad tinh cac tich phan sau:

T
a. y = Isinxdx

7

v
by, = |

%

3
C. W= I(xS + X%+ é)dx
1

sin x
——dx

Bai 3.9
Cho ham s6 f(x) = xsinz(x) va do6 thi biéu dién trén khoang [0,27]

a. Xac dinh cac diém cuc dai ctia ham s6 trén khoang biéu dién va gia tri
ham s6 tuong ting.
b. Tinh tich phan sau st dung ham quad.
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2
I f(x)dx
0

Hinh 3. 6. Hinh bai 3.9

Bai 3.10
Xét mot vat chuyén dong véi van tdc v(t) =t 3212+ 2 m/sxét trén
khoang thoi gian 0(s) <t <5(s). X4c dinh gia tdc cua vat & thoi diém t = 2.5 (s).
Dap an:

Khai bdo bién t chira cic gia tri thoi gian cdch nhau Af =0.1(s), tinh v theo

>>t = 0: 0.1: 5;
>>v = t."3 - 2*t."2 + 2;
Tinh dao ham theo ¢ cia v
>>dv = diff(v)./diff(t);
Gia tOc tai thoi diém t = 2.5 (s)
>>dv (26)
ans =
9.3100
Nhu vay véi At =0.1(s), gia tdc tai thoi diém ¢ = 2.5(s) 14 9.31 m/s?
So sanh véi gia tri gia toc tinh theo dao ham:

v'(t) =3t — 4t
v'(2.5)=3-(2.5)2-4-2.5=8.75 m/s2
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Gia tri gia tc tinh bang phuong phap sit dung ham diff chi dua ra danh gia
gan dung, dé€ thu vé két qua chinh xac hon sinh vién ¢4 thé thr vi Af =0.01(s)
va At =0.001(s)

Bai 3.11
Str dung ham ode23 va ode45 dé€ giai cac phuong trinh vi phan sau:
a. Xx=1-2tx v6ix(0) =1 trén khoang [0, 3);
b. x=

~ - v6i x(0) = 3 trén khoang [0, 2];
1+x
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Chuong 4. BO CONG CU KY HIEU

4.1 Giéi thiéu bién ky hiéu

Bd cOng cu ky hiéu toan hoc la tap hgp cac cong cu cho phép thao tac va xtr
ly cac phép toan stv dung bién ky hiéu. Bo cong cu nay c6 thé dugc ting dung
trong d6 hoa cling nhw cac phwong phép tinh toan sd trong moéi treong MATLAB
nhu: dao ham, tich phan, chudi Taylor, dai s& tuyén tinh, rat gon, giai hé phuong
trinh, cadc ham toan hoc dac biét, cac phép bién d6i Fourier, Laplace...

B§ cong cu bién ky hiéu trong MATLAB phat trién dua trén co sé mot
phién ban dac biét cia Maple Kernel, twong thich vdi MATLAB 6 va Maple 8 tro
lén.

V6i su xudt hién ctia bd cong cu bién ky hiéu, trong MATLAB xudt hién
thém mot ki€u dit liéu goi la doi tuwong ky hiéu, duwoc dinh nghia 1a mot kiéu dit liéu
co6 cau trac. Trong d6, luu mot chubi ky tw dai dién cho mot bién ky hiéu co thé la
mot bién don 16, mot ma tran hodc moét biéu thire. Vi du sau day chi ra su khac biét
gitra hai loai ki€u dit liéu double va d0i twong ky hiéu twong ting, cau lénh sau tra
ve két qua la mot sO thap phan st dung ddu cham dong.

>>sgrt (2)

ans =

1.4142

Mat khac khi ta chuyén gia trj 2 sang dang d6i twong ky hiéu sit dung lénh
symsau d6 thuc hién phép can bac hai, két qua thu duoc sé la:

>>a sgrt (sym(2))
ans =
27 (1/2)

MATLAB tra vé két qua dang bi€u thitc cho phép can bac hai ma khong
dua ra gia tri s, két qua nay sé duoc luvu lai trong mot xau ky tw biéu dién cho
27(1/2). Gia tri s0 ctia biéu thirc nay c6 thé thu duoc sir dung lénh double theo ct
phap:

>>double (X)

Trong d6 X 1a bién cé ki€u can chuyén vé dang double, néu bién X da co
dang double, 1énh trén khong co tac dung.
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>>double (a)
ans =
1.4142
Khi tao m{t phan sd ¢ chita d6i twong ky hiéu, MATLAB sé luu lai t s&
va mau sd cta phan s6 d6. Vi du:
>>sym(2) /sym(5)
ans =
2/5
Két qua thu duoc trong phép toan st dung ddi twong ky hiéu sé duoc biéu
dién dudi dang biéu thirc, khac véi cac kiéu di liéu tiéu chuan khéac. Vi du: Trong
phép cong hai phan s c6 kiéu dir liéu double, MATLAB tra vé két qua dang s6
thap phan:
>>2/5 + 1/3
ans =
0.7333
Trong khi d6 néu thuc hién phép cong hai phan sd c6 ki€u bién ky hiéu,
MATLAB sé quy dong mau so6 roi thuc hién phép cong, két qua tra vé sé c6 dang
phan so:
>>sym(2) /sym(5) + sym(1l)/sym(3)
ans =

11/15

4.2 Bién va biéu thirc

Trong MATLAB, cac bién va bi€u thic ky hiéu cé thé duoc tao st dung
lénh sym theo ct1 phap sau:

>>5 =sym (A);

>>x = sym('x’);

Trong d6 cac bién S va x dwgc st dung d€ lvu trit gia tri tra vé ctia ham
sym, ci phap tht nhat cho phép tao mot bién cé cau tric sym (cdu truc ky hiéu) tie
tham s6 dau vao A, cti phap thit hai cho phép tao bién ky hiéu c6 tén 'x” va luu két
qua vao x.

Vi du cac 1énh:

>>x = sym(‘x’)

>>a = sym(‘alpha’)
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cho phép tao cac bién ky hiéu ma khi in ra man hinh, chting duoc biéu dién
tuong tng la x va alpha.

Trong toan hoc va nghé thuat, hai dai lwong dwgc coi la c6 ti s6 vang néu ti
1é gitta chung twong duong vdi ti 1€ gitra tong cta chung véi dai lwgng 16n hon. Vi
du cho hai dai lwgng a va b vdi a > b, hai dai lwong nay dugc coi la 6 ti s6 vang
~ a a+b 1+vg
néu: —= =

b a 2

Gia sir ding bién ky hiéu d& biéu dién ti s§ vang p = % fa c6 the st
dung lénh:
>>rho = sym(' ( 1 + sqgrt(5) )/2 ")
sau d6 thyc hién cac phép toan véi bién ky hiéu rho vira khai bao, vi du:
>>f = rho”2 - rho - 1
£ =
(1/2+1/2*5~(1/2))"2-3/2-1/2*5"(1/2)
Két qua la mot bi€u thitc ma ta c6 thé rut gon duoc st dung lénh simplify.
>>simplify (f)
ans =
0
Lénh simplify cho phép rat gon cac phan ti ¢6 dang ky hiéu, st dung theo
ct phap sau:
>>simplify (x)
Vi du: Nhap mot ham s6 bac hai f=ax? + bx +¢
>>f = sym(‘a*x"2 + b*x + c’)
Lénh trén sé gan cho bién f biéu thic ky hiéu ax? + bx + ¢. Tuy nhién, trong
treong hop nay bo cong cu bién ky hiéu trong MATLAB khong tao cac bién twong

ung voi cac thanh phan g, b, ¢, x trong da thirc vira nhap. Cac bién, tham so trén
can dugc khai bao d€ co thé st dung:

>>a = sym(‘'a’);
>>b = sym(‘'b’);
>>c = sym(‘'c’);
>>x = sym('x’");
Hodc don gian hon:

>>syms a b ¢ x;
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>>f = sym(‘a*x"2 + b*x + c’);

Ciing gidng nhu d6i voi da thire biéu dién béi vector hang hay ham s6 vo
danh, mét da thirc duwoc khai bao boi 1énh sym c6 thé xac dinh gid tri ctia né tai
mot diém st dung 1énh subs theo cti phap sau:

>>subs (S)

>>subs (S, new)

>>subs (S, o0ld, new)

Trong d6 old la cac gia tri trong biéu thirc S sé bi thay thé boi cac gia tri new.
Truong hop stt dung cu phép th nhat, tat ca cac bién ky hiéu trong S sé bi thay
thé bdi cac bién tra vé cua cac ham dwoc goi hodc cac gid tri cd sdn trong
Workspace. Trong véi ct phap thit hai hodc thi ba, hodc la tat ca cac bién ky hiéu
sé bi thay thé bdi new hodc chi cac bién ky hiéu dwgc liét ké trong old sé€ bi thay thé
bdi new & trong biéu thirc S.

Vi du: Thay gia tri x = 2 vao bi€u thirc f=2x> —3x + 1

>>syms x f;

>>f = 2*x™2 - 3*x + 1;

>>f2 = subs (f,2)

f2 =

3

D&i véi da thirc cd6 mdt bién s, van co thé stk dung lénh subs d€ tinh gia tri
da thtec khi ta chi dinh r6 bién nao trong da thitc duoc thay thé boi mot gia tri cho
trude.

>>syms X Y ;
>>f = x"2*y + S5*x*sqrt(y):;
thay gia tri x=3 vao f
>>subs (£, x, 3)
ans =

9*y + 15*y"(1/2)
thay gia tri y =3 vao f
>>subs (f, y, 3)
ans =

3*x"2 + 5*x*37(1/2)
tinh gid tri f taix=0vay=0
>>subs (f, {x, v}, {0,0})

ans =
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0
Chu y: Khi st dung ham subs ma khong chi r6 ra bién sd ky hiéu nao sé
dwoc thay gia tri, MATLAB sé chon bién ky hiéu mac dinh theo quy tic sau: doi
v6i bién mot ky tw, MATLAB sé chon bién gan véi x nhat trong bang chit cai, néu
c6 hai bién c6 cung khoang cach t6i x, bién duoc chon sé 1a bién xép sau trong
bang chit cai.
Bd cong cu ky hiéu con cho phép ta giai phwong trinh, hé phuong trinh st
dung ham solve theo cti phdp sau:
>>solve(ptl, pt2, pt3, ..., ptN)
>>solve(ptl, pt2, pt3,..., ptN, bienl, bien2, bien3, ..., bienN)
Trong d6 ptl, pt2, pt3, ..., ptN la cac phuong trinh can giai con bienl, bien2,
bien3, ..., bienN la cc an tuong ng.
Xét vi du ddi véi da thic trong muc 3.4:
flx) =4x3 —2x> - 8x + 3
Da thirc nay c6 thé dugc biéu dién dwdi dang vector:
>>clear all
>>v = [4 -2 -8 3]
va 6 thé duoc biéu dién dwéi dang ham bién ky hiéu nho 1énh poly2sym:
>>f = poly2sym (V)
f =
4*x"3 — 2*x™2 - 8*x + 3
Luu y trong treong hop nay, bién méi xuat hién trong Workspace chi c6 f
va x van la bién chwa duwoc khai béo.
>>x
??? Undefined function or variable x’
Nguoc lai MATLAB ciing cho phép bién da thitc bién ky hiéu sang dang
vector hé s6 voi 1énh sym2poly.
Nhu da biét fix) = 0 c6 3 nghiém va cé thé giai bang lénh solve khi f dwoc
khai bao nhw mot bién ky hiéu.
>>x=solve (f)
X =
3/2
1/2*3~(1/2)-1/2
-1/2-1/2*3"~(1/2)
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Nghiém cta f(x) = 0 6 day duoc dua ra dwdi dang bi€u thitc va co thé
chuyén veé gia tri s6 st dung lénh double hodc eval.

>>eval (x)

ans =
1.5000
0.3660

-1.3660

Luu y: Trong treong hop trén, néu nhu tham sd st dung trong 1énh solve
la mot da thiec, mét ham s6 chi khong ¢ dang phwong trinh, solve sé cho da thic
bang khong roi giai. Sau day la vi du d6i véi truong hop tham s8 dura vao 6 dang
phueong trinh.

>>syms y

>>solve (‘2*y"2 + y = 6)

ans =

3/2
-2

Trong truong hop c¢6 nhiéu hon mot bién trong mot phuong trinh, can chi
rd phuong trinh sé dwoc giai theo bién nao. Truwong hgp khong chi rd trong cau
lénh ma phwong trinh ¢ bién x thi MATLAB s€ ludn wu tién giai theo x.

Hai cau lénh sau la vi du cho viéc solve giai phwong trinh theo bién wu tién
x va giai theo bién chi dinh:

>>solve (Y a*x™2 + b*x V)

ans =

0
-b/a

>>solve (Ya*x"2 + b*x’,’b’)

ans =
—a*x

Lénh solve ciing c6 thé st dung d€ giai hé phuong trinh nhiéu an trong dé
két qua duoc luu dudi dang di liéu cé cdu truc. Vi du hé phueong trinh dwéi day
co6 thé giai nhu sau:

4x-2y+z="7
x+y+5z=10
—2x+3y—z=2
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>>solve (V4*x — 2%y + 7z = 7', ‘x + y + 5%z = 107, ‘-2%x +
3%y - z = 27)
ans =
x: [1 x 1 sym]
y: [1 x 1 sym]
z: [1 x 1 sym]
Dé€ truy xuat téi cac nghiém thanh phan duoc lueu trong kiéu dit liéu c6 cdu
trac, can stt dung dau cham “.”
>> x = ans.x
x =
124/41

>> y = ans.y

y =
121/41
>> 7z = ans.z
7z =
33/41

4.3 Ma tran bién ky hiéu

MATLAB chdp nhan ma tran cé thé c6 phan ti la bién ky hiéu, cac phép

toan d6i véi ma tran nay hoan toan twong tu nhw cac phép toan doi véi ma tran
A \ , A A a4 a4
thong thuong. Vi du nhap ma trdn A= { }
Ay Ay Ay

>>syms all al2 al3 a2l a22 a23;

>>A = [all al2 al3; a2l az22 a23];

Mot ma tran duoc coi 1a ma tran tuin hoan néu nhu moi hang ctia ma tran
chinh 14 hang trudc dé cua ma tran d6 va phan ti dau tién ctia hang duoc dat o vi
tri cudi cung. Vi du: C6 thé tao mot ma tran tuan hoan ttr bién ky hiéu 4, b, ¢ nhu
sau:

>>syms a b c

>>A = [a b c; b c a; ¢ a b]
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[c a b]
D4i véi ma tran tuan hoan, gid trj tdng cdc phan tit ctia moi hang va cot la
nhu nhau, vi du kiém tra hang mot va cot hai cia ma tran A:
>>sum(A(l,:) )
ans =
a+ b +c
>>sum( A(:,2) )
ans =
a+ b +c
Tao thém cac bién ky hiéu alpha, beta va thay thé cho cac phan ti trong A:
>>syms alpha beta
>>A(2,3) = beta;
>>subs (A,b,alpha);

>>A

A =
[a alpha c]
[alpha c beta]
[c a alpha]

Vi du: Xét ma tran quay G véi géc quay ¢
G- { co's(t) sm(t)}
—sin(f) cos(1)
>>syms t;
>>G = [cos (t) sin(t); -sin (t) cos (t) ]
St dung hai lan ma trdn quay G cho phép quay mat phang véi mot goc
bang hai lan géc t cho trudc:
>>A = G*G
A =
[ cos(t)”"2-sin(t) "2, 2*cos (t) *sin(t) ]
[ =-2*cos(t)*sin(t), cos(t)”"2-sin(t)"2]
Ciing gi6ng nhu t5i gian biéu thirc bang 1énh simplify, ma tran cling c6 thé
duoc dua vé dang don gian stt dung lénh simple theo ct phap sau:

>>simple (S)
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Trong d6 S la mét bién ky hiéu. Lénh simple sé tim dang tdi gian nhat cua
bi€u thitc hodc ma tran bién ky hiéu.
Vidu:
>>simple (A)
ans =
[ cos(2*t), sin(2*t) ]
[ —sin(2*t), cos(2*t)]

4.3 Tich phan va dao ham da thirc bién ky hiéu

Déi vdi da thie bién ky hiéu, trong MATLAB ta ¢6 thé stt dung hai ham int
va diff khi mudn tich phan hay dao ham nhiing da thirc nay. Chi tiét vé hai 1énh
nay c6 thé tim hiéu thém trong MATLAB Help:

>>help sym/int

>>help sym/diff

Cu phap:

>>int (S, v, a, b)

>> diff (s, ‘v’, n)

>> diff (s, n, ‘v’)

Trong do ¢ cu phap ’Ehlfl’ nhat, MATLAB cho phép tinh tich phan cta S theo
v trong khoang ttr a2 dén b. O ct phap thit hai va tht ba, MATLAB cho phép nguoi
stt dung tinh dao ham # Ian cua S theo v

Vi du: Tinh tich phan: [(3x” —1)dx
>>syms X;
>>int (3*x"72-1)
ans =
x*"3 - x
Xac dinh tich phan trén khi biét hai giéi han [a, b] = [2, 4]
>>int (3*x"2 - 1, 2, 4)
ans =
54
Vi du: Tinh dao ham ham s6 sau: f =x’ +2x> —4x+3
>>syms x f

>>f = x*"3 + 2*x"2 - 4*x + 3
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f =
X"3 + 2*x"2 - 4*x + 3

>>diff (f)

ans =

3*x"2 + 4*x - 4
Luu y: Khi mu6n xac dinh dao ham cua hz‘?mg sO str dung lénh diff, trudc
tién can dinh nghia hang s& d6 kiéu bién ky hiéu. Vi du:
>>c = sym('5");
>>diff (c)
ans =
0
Néu chi nhép ttr ctra s 1énh
>>diff (5)
Két qua tra vé sé c6 dang:
ans =
[ ]
Dai véi da thikc c6 nhiéu bién, can chi r6 trong lénh dé xac dinh sé dao ham
da thirc theo bién nao. Vi du:
>>syms s t
>>f = sin(s*t)
DPao ham theo
>>diff (£, t)
ans =
cos (s*t) *s
Pao ham theo s:
>>diff (£, s)
ans =
cos (s*t) *t
Ham diff cling c6 thé nhan gia tri dau vao 1a ma tran bién ky hiéu, khi dé
phép dao ham sé dugc thuc hién bf?mg cach dao ham ting phan t&r cta ma tran

dau vao. Vi du: Tim dao ham cta A.

Ao { cos(ax) sin(ax)}

—sin(ax) cos(ax)
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>>syms a X
>>A = [cos (a*x) sin(a*x); -sin(a*x) cos(a*x)];
>>B = diff (A)
B =
[ -—sin(a*x)*a, cos(a*x)*a]

[ —cos(a*x)*a, -sin(a*x)*a]

4.4 Phuong trinh vi phan va ham sé bién ky hiéu

Trong MATLAB, phuong trinh vi phan ctia ham s6 bién ky hiéu c6 thé
duoc giai st dung ham dsolve, trong d6 ky tw D duoc st dung dé bidu dién cac
bién vi phan, ky hiéu D2, D3,..., DN twong tng véi bac vi phan. Vi du D2y la biéu
dién cta d?y/dt2. Diéu kién ban dau néu khong khai bao trong phuong trinh,
MATLAB sé dua ra dap 4n bao gom cac hang C1, C2. Ct phap goi ham nhu sau:

>>dsolve (‘eqnl’, egn2’, ...)

Trong do6 eqnl, eqn2... twong ting la cac phuwong trinh bién ky hiéu thé hién
phuong trinh vi phan va cac diéu kién ban dau.

Vi du: Giai phuong trinh vi phan sau:

y=1+y

trong d6 y la bién phu thudc vao bién doc lap ¢

>>dsolve (‘Dy = 1 + y"2')

ans =

tan( t + C1 )

Khi diéu kién ban dau duoc khai bao trong phuong trinh, két qua tra vé sé
la:

>>dsolve (‘Dy = 1 + y*2', ‘y(0) = 17)

ans =

tan (t + **pi)

Luu y: Trong treong hop ndy mic du y biéu dién theo t va trong
Workspace ta c6 thé quan sat thdy bién y nhung khong cé bién t, vi thé ham diff(y,
t) s& tra vé khai bao 16i.

Vi du: Phuong trinh vi phan bac hai véi hai diéu kién ban dau:

2

d’y

tzz

cos(2t)—y y(0)=1 %(0) =0

Khoa Co hoc ky thudt & Tu dong hoa — Dai hoc Cong nghé MATLAB va ting dung trong Co ky thuat



Chuong 4. BO CONG CU KY HIEU 80

>>y=dsolve (‘D2y = cos (2*t) - y’', ‘y(0) = 1', '‘Dy(0) =
0’ , Sl )

Khéng giong nhu khi st dung phuong phap sd, phwong trinh vi phan bac
cao khong can phai dua vé hé phuong trinh vi phan bac nhat dé giai, chi can st
dung ky hiéu phtut hop vdi cac bac vi phan tuong tng.

Vi du phuong trinh vi phan bac ba:

d’u du d’u
=u u(0)=1 —(0)=-1 0O)=rx
0 0) dx( ) dxx( )
>>u = dsolve(D3u = u’, ’'u(0) = 1", ‘Du(0) = -1',

‘D2u(0) = pi’, 'x')
Ham dsolve con cho phép giai hé phuong trinh vi phan véi mot hodc nhiéu
bién. Vi du: Cho hé phwong trinh vi phan bac nhat:
f=3f+4g g=—4f+3g
>>S=dsolve (‘Df = 3*f + 4*g’, ‘Dg = -4*f + 3*g’)
Két qua tra vé duoc lreu lai trong cau trac S, d€ truy xudt téi f va g c6 thé sk
dung lénh:
>>f = S.f
f =
exp (3*t) * (Cl*sin(4*t)+C2*cos (4*t))
>>g = 5.9
g =
exp(3*t)* (Cl*cos (4*t)-C2*sin(4*t))

4.5 Tém tat chong 4

TOm tat cic ham ddi v6i bién ky hiéu

sym Khoi tao mot bién ky hiéu

syms Tao mot hay nhiéu bién ky hiéu

double Chuyén biéu thitc bién ky hiéu vé dang sd

eval Chuyén biéu thitc bién ky hiéu vé dang sd

numden Dua vé dang ttr s8 va mau s6 ctia mot da thitc & dang phan s
poly2sym Chuyén da thitc dang vector hé s6 sang da thiic bién ky hiéu
sym2poly Chuyén da thirc bién ky hiéu sang da thitc dang vector hé sd
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subs Thay thé gia tri cta bién trong biéu thirc

simplify Pon gian hda biéu thic

simple Don gian hoa ma tran

diff Pao ham da thuc

int Tich phan da thttc

solve Tim nghiém cta phuong trinh, hé phuwong trinh
dsolve Giai phuwong trinh vi phan, hé phuong trinh vi phan

Bang 4. 1. Tém tit cac ham st dung trong chuong 4

4.6 Bai tap chuong 4
Bai 4.1

Cho ham s& f(x)=2xe " —sin(x) trén khoang [0, 7], xac dinh nghiém
ctia phuong trinh f (x) = 0va cyc tri ham s8 trén khoang [0, 7]

Dadp an

2 x exp(-x)-sin(x)

Hinh 4. 1. Hinh bai 4.1

Ttr d6 thi c6 thé thdy phuong trinh f(x) =0c6 hai nghiém va ham s ¢4
hai cuc tri trén [0, 7]. Nhw da biét ta c6 thé tim nghiém ctia phwong trinh va cuc
tri ctia ham s8 st dung fzero va fminbnd d6i v6i tham s6 ham c6 dang chudi ky
tw.

>>syms X

>>y = 2*x*exp (-x) — sin(x)

Tim nghiém thi¢ nhat trén khoang [0, 1]
>>x01 = fzero( char(y), [.5, 11)
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x01 =
0.8030
Tim nghiém thit hai trén khoang [2.5, 3]
>>x02 = fzero( char(y), [2.5, 3])
x02 =
2.7923
Xéc dinh cyce ti€u cua ham s6 trén khoang [1.5, 2]
>>xminl = fminbnd( char(y), [1.5, 2])
xminl =
1.8409
Xéc dinh cye dai ctia ham s6 trén khoang [0, .5]
>>xmax2 = fminbnd( char(-y), 0, .5)
Xmaxz =
0.3384
Bai 4.2
Cho da thiec x°y* +sin(zzxy), tinh gia tri ctia da thitc khi thay x=2 vay =3
tuong tng.
Dap an:
>>syms Xy
>>7 = x"2*y"3 + sin(pi*x*y)
z =
XN2*y~3 4+ sin(pi*x*y)
>>z23 = subs(z, {x, v}, {2, 3})
z23 =
108

Bai 4.3
Kiém tra két qua cta phép tinh tich phan bat dinh sau bang cach dao ham

két qua va so sanh voi biéu thire trong ddu tich phan:

1
J.1+x4dx

Dap dn:

>>syms X
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>>y = int ( 1/ (1+x"4),x)

Két qua hién thi trén man hinh rat phtc tap va khong thé dung simplify dé

rut gon. D€ kiém tra tinh chinh xac ctia két qua tra vé, ta s€ dao ham y va so sanh

voi

1

1+ x*

>>b = diff (y, x)
>>[t, n] = numden( b - 1/ (1+x"4));
>>tT

Tw s6 ctia phép tinh b_l - nhan gia tri khong chiing t6 két qua tich
+X

phan la dung.
Bai 4.4

Ddp an

Tinh cac tich phan sau:

[o5)

- [ (cosx—1)+ Dy
X

o

. .[: e > cos(3x)dx
Ll log(x)dx

Jo (" =2)

0o

o

2.0079

0.1538

-0.4343

. 1.3461e+003

Luu y trong MATLAB, >>log(x) biéu dién loga tu nhién ctia x, mudn tinh

ap oo

loga co s6 10 ctia x can nhap >>log10(x)

Bai 4.5

Dap dn

Giai thich y nghia két qua hién trén man hinh khi thwc hién 1énh >>sqrt(x"2)
>>sqrt (x"2)
ans =

(x"2) "~ (1/2)
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MATLAB st dung ky hiéu tiéu chuan dé thé hién cac biéu thitc bién ky
hiéu, trong d6 phép khai can bac hai duoc biéu dién twong ting véi lity thira bac

(1/2).

Bai 4.6
Cho ham s6 :
2
In(1+ x) + —
(x) =
! 1+ x)*
Tinh f'(x) va f'(1)
Dap an:
>>syms X;
>>y = (log(l+x) + x"2/2)/ ((1+x)"2);

>>dy = diff(y);
>>dyl=subs (dy, 1)
dyl =
0.0767
Bai 4.7

exp(2 x)-5 exp(x)+6

0 0.5 1 1.5
X

Hinh 4. 2. Hinh bai 4.7
f(x)=e*—-5e¢"+6
Cé6 d6 thi trong khoang [0, 1.5] nhw trong hinh vé.
a. Tim nghiém f(x) =0
b. X&c dinh cuc tiéu ctia ham s6
Xéac dinh gia tri ham sd va gia tri dao ham ctia ham s6 tai diém cuc tiéu vira
tinh.
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Dap an:
>>syms X;
>>y = exp(2*x) — S*exp(x) + 6
Tt d6 thi ¢6 thé thady phuong trinh f(x) = 0 ¢6 hai nghiém tai 1an can cyec tri
cua ham s0, vi thé cuc tri ham sO sé duoc tinh truedce.
>>xmin = fminbnd(char (y), .5, 1)
xmin =
0.9163
Gia tri ham s6 va gia tri dao ham ctia ham s6 tai xmin.
>>ymin = subs (y, xmin)
ymin =
-0.2500
>>dymin=subs (diff (y), xmin)
dymin =
-6.5272e-006

Tim hai nghiém ctia phwong trinh f(x) = 0.

>>x1 = fzero(char(y), [xmin, xmin+1])
x1l =

1.0986
>>x2 = fzero(char(y), [xmin-1, xmin])
X2 =

0.6931
Hai nghiém nay ciing c6 thé x4c dinh bang cach stt dung ham solve.

>>nghiem = solve(y);

Bai 4.8
Cho ham s6:
F0 = Sin(xz + 2x—3j
x—1
Tinh dao ham cdp 10 va dua két qua vé dang toi gian.
Dap dn:

>>syms X;
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>>y = sin((x"2 + 2*x — 3)/(x-1));

>>dy = diff(y,x,10);
>>dy = simplify (dy)
dy =
-sin (x+3)
Bai 4.9
Cho:

f(x)=3x>-2x-5

Trong MATLAB giai f(x) = 0 theo ba cach khac nhau.
Bai 4.10

Cho h¢ phwong trinh:
2x, +2x,+x,=2
x,+2x,=1

x, +x,+3x,=3

Giai hé st dung bo cong cu ky hiéu, kiém tra két qua bf?mg mot phuong
phap khac.

Bai 4.11
Cho hé phuong trinh:
4x,—x,+3x,=10
—2x,+3x,+ x, = 5x, =-3
X +x,—x,+2x,=2

3x,+2x,—4x,=4

Giai hé st dung bo cong cu ky hiéu, kiém tra két qua bﬁ?mg mot phueong
phéap khac.

Bai 4.12
Cho hé phuong trinh:
2Va—-Vb)+5(Va-Vc)—e ' =0
2(Vb—Va)+2Vb+3(Vb—-Vc)=0
Ve =2sin(t)

Str dung bd cong cu ky hiéu giai hé, Va, Vb, Ve biéu dién theo t.
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Bai 4.13
Cho:
y=2x"—x"+4x-5
Tinh y’(x) va y’(1) theo hai cach khac nhau.
Bai 4.14
Giai hé phuong trinh vi phan sau:
X, =5x, —2x,
X, =7x —4x,
Vi cac diéu kién ban dau:
x,(0)=2
x,(0)=8
Bai 4.15
Giai phwong trinh vi phan:
d’y e . a
a. E =—4yvdi cac diéu kién ban dau y(0) =1va y '(E) =0
d’y

dx
y'(0)=1

Y _ o on A o~ s
- +8 i +2y=cos(x) vdi cic ditu kién ban dau y(0)=0va
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Chuong 5. MANG HON HOP VA DU LIEU CO CAU TRUC

Dt liéu c6 cau truc (data structures) 1a cac bién chira nhiéu hon mot gia tri.
Cé rdt nhiéu loai bién nhu thé nay trong MATLAB ma vector va ma tran dwoc gidi
thiéu & chuong 2 la vi du. Ta ¢é thé thdy mot bién vector hay mot bién ma tran
chira rat nhiéu gia tri lién quan mot cach logic voi nhau va cé mot diém déc biét la
tat ca cac gia tri d6 déu cuing mot loai va trong mot s6 treong hop nao d6 duoc s
dung d€ biéu dién cuing mdt ddi twong (vi du: ma tran chita diém ctia cac moén hoc
ctia mot sinh vién thi cac phan t& trong ma tran déu cd thé cé kiéu dir liéu
double...).

Mot mang hén hop (cell array) cing 1a mot loai dit liéu c6 cdu trac, tuy
nhién cé thé chita cac gia tri cd cac kiéu khac nhau. Mang hon hop c6 thé 1a vector
hay ma tran. Mot vi du dién hinh cta viéc st dung mang hén hop la khi lwu trix
cac chudi ky tir c6 dd dai khac nhau, mang hon hop cling c6 thé duoc sit dung dé€
luru cic bién con trd tro tdi cac dix liéu dwoc lvu trix khac.

Mot treong hop khac cua di@t liéu c¢d cdu trac do la cac bién cdu truc
(structures) luru gitr cac gia tri co6 quan hé logic voi nhau, tuy nhién cac gia tri nay
khong nhat thiét phai cé cung kiéu ciing nhu cing st dung dé biéu dién mot d6i
teong. Cac gia tri khac nhau trong bién cdu tric dugc luu gitt trong cac treong
(fields).

Mot dién hinh vé viéc st dung bién cau truc la khi xay dung co so dit liéu
sit dung trong quan ly. Vi du moét gido vién mudn quan ly tdt ca cac sinh vién
trong 16p hoc ctia minh theo tén, ma s sinh vién va cac di€m thanh phan ctia moén
hoc. Trong treong hop nay, cé thé st dung MATLAB dé€ luu gitt cac dit liéu trén
bang viéc dung bién cau tric.

Mang hdn hop va bién cau tric déu cé thé duoc st dung dé luu gitr cac gid
tri c6 ki€u khac nhau trong mot bién don 1é. Diém khac biét 16n nhat gitta mang
hdn hop va bién ciu tric 1a mang hdn hop quan 1y gidng nhw vector va ma tran,
nghia 1a c6 thé truy xudt téi cdc phan ti trong mang bang cach st dung cac hé s§
vi tri ciing nhu c6 thé st dung vong ldp d€ duyét mang con bién cau truc thi
khong. D6i véi bién cdu tric, nguoi st dung c6 thé duyét va truy xudt téi cac
thanh phan dit liéu trong bién st dung tén cua cac treong thanh phan tuong ting.
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5.1 Mang hon hop

Mang hon hop 1a mot yéu t& dac biét trong MATLAB ma khong phai ngon
ngit 1ap trinh thong dung nao ciing c6. Nhu da trinh bay & trén, mang hon hop
duoc dinh nghia la m§t mang, nghia la c6 thé truy xuat t6i cac phan tir thanh phan
stt dung tham s0 vi tri, tuy nhién céc phan t&r trong mang lai c6 thé c6 cac kiéu div
liéu khac nhau.

5.1.1 Thiét 1ap mang hén hop
C6 rat nhiéu cach dé thiét 1ap mot mang hon hop trong MATLAB. Vi du ta
sé tao mot mang hon hop gom 4 phan ti, trong d6 mot phan tir chira gia tri 1a mot
s0 kiéu integer, mot phan tir chita mot ky tw, mot phan tir chiva mot vector, va mot
phan ttr chita mot chudi ky tw. Nhu vay mang hon hop ma ta dinh tao cé thé Ia
mot vector hang hodc vector ¢t gom 4 phan ti, hodc cling ¢6 thé 1a mot ma tran 2
hang 2 cft. Ca phap thiét lap vector hang, cot hay ma tran cling hoan toan tuong
te nhu 6 chuong 2, nghia la cac gia tri trong cung mot hang c6 thé duoc phan tach
v6i nhau bdi ky ty trong hoac dau phdy, cac hang phan biét véi nhau bdi dau
cham phdy. Tuy nhién thay vi sit dung ngodc vudng, mang hon hop sé duoc thiét
lap bﬁlng cach stt dung ngodc nhon { }.
Mang hon hop 1a mot vector hang
>>cellrowvec = {23, ‘a’, 1:2:9, ‘hello’}
cellrowvec =
[23] ‘a’ [1x5 double] ‘hello’
Mang hén hop 1a mot vector cot
>>cellcolvec = {23; ‘a’; 1:2:9; ‘hello’}
cellcolvec =
[23]
o
[1x5 double]
‘hello’

Mang hén hop la mot ma tran 2x2

>>cellmat = {23 ‘a’; 1:2:9 ‘hello’ }
cellmat =

[23 ] ‘a’

[1x5 double 1 ‘hello’
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Mot cach khac dé thiét 1ap mang hon hop la cap gid tri cho titng phan ti
riéng biét va md rong mang theo tirng phan t mot. Tuy nhién day 1a cach lam
khong hiéu qua va kha ton thoi gian. Trong truong hgp ching ta da biét trudce
kich ¢& ctia mang can tao, ta c6 thé st dung ham cell. Vi du st dung ham cell dé
tao mot mang hdén hop c6 dang 1a mot ma tran 2x2 nhu sau:

>>mycellmat = cell (2,2)

mycellmat =

5.1.2 Truy xuét va hién thi thudc tinh ctia cic phan t&¢ mang hon hop
Ciling giong nhw khi lam viéc vdi vector hodc ma tran, ta c6 thé truy xuat toi
cac phan tit trong mang hdn hop bang cach st dung hé s8 vi tri. Tuy nhién trong
maéng hon hop, ta ¢ thé truy xuat ra ki€u dit liéu hodc gid tri ctia phan t mang
teong tng. Khi truy xuat téi cac phan tir trong mang, ta c6 thé sit dung dau ngodc
tron () d€ chi truy xuat t6i phan t ma khong thé hién ndi dung, gia tri cua phan
tee d6 (truy xudt vi tri) hodc ngodc nhon { } d€ truy xuat téi gia tri cua phan te dé
(truy xuat ndi dung).
Vidu:
>>cellrowvec({2}
ans =
a
>>cellmat{l,1}
ans =
23
Bang cach truy xuat nay, c6 thé gén gia tri cho cac phan ti twong ting trong
mang hon hop.
Vidu:
>> mycellmat{l,1} = 23
mycellmat =
[23] (]
L] (]
Khi stt dung truy xuat hé s6 vi tri bang cach dung dau ngogc tron, gia tri
ctia phan tt tong ting trong mang hon hop sé khdng duoc thé hién néu phan tir
d6 la bién ¢ cau trac.
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Vidu:
>>cellcolvec (2)
ans =
o
>>cellmat (2,1)
ans =
[1 x 5 double]
>>cellmat {2,1}
ans =
1 3 5 I 9
Do phan t& truy xuat téi 1a mot vector, cling c6 thé stv dung két hop ngodc
nhon va ngodc tron dé€ truy xuat téi phan tit nam bén trong mdt phan tt ctia mang
hon hop nhu sau:
>>cellmat{2,1} (4)
ans =
-
Twong tu nhw d6i v6i ma tran, c6 thé truy xuat téi mot tap hop cac phan tie
trong mang hon hop nhu sau:
>>cellcolvec {2:3}
ans =
a
ans =
1 3 5 7 9
Luu y: Néu khong gan gia tri tra vé ctua lénh trén cho mot bién bat ky,
MATLAB sé st dung bién mac dinh ans, nhu vay sé chi ¢ gia tri cta cellcolvec{3}

duoc luu lai. D€ tranh treong hop nay, cd thé dung mot vector hodac mot mang
hdn hop méi d€ lwu gia tri tra vé nhu sau:

>>[cl, c2] = cellcolvec{2:3}
cl =

a
c2 =

1 3 5 7 9

>>cellcolvec (2:3)

ans =
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\ a 14
[1x5 double]

D& hién thi cdc mang hon hop, ta cé thé stt dung 1énh celldisp d€ hién thi
ndi dung, gia tri cua tat ca cac phan ti hodc stt dung 1énh cellplot d€ hién thi lai
cac phan t&r trong mang dwdi dang do6 thi (tuy nhién khong hién thi ndi dung).

Vidu:

>>celldisp(cellrowvec)

cellrowvec{l} =

23

cellrowvec{2}

a

cellrowvec{3}
1 3 5 7 9

cellrowvec{4d} =
hello

Bén canh d6, c6 rat nhiéu ham ap dung cho vector, ma tran ciing co thé

duoc st dung trén mang hon hop, vi du mot s ham vé kich thudc va chiéu nhw
sau:

>>length (cellrowvec)
ans =
4
>>size (cellrowvec)
ans =
4 1
>>cellrowvec{end}
ans =
hello
Ta cling c6 thé x6a mot phan ti trong mang hon hop hodc xda cac hang, cot
thanh phan ctia mang hdn hop dwdi dang ma tran s dung tham sd vi tri nhw sau:
>>cellrowvec
cellrowvec =
[23] ‘a’ [1x5 double] ‘hello’
>>length (cellrowvec)

ans =
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4
>>cellrowvec (2) = [ ]
cellrowvec =
[23] [1x5 double] ‘hello’

>>length (cellrowvec)
ans =
3
>>cellmat
cellmat =
[ 23] ‘a’
[ 1x5 double] ‘hello’
>>cellmat(1l,:) = [ ]
cellmat =

[1x5 double] ‘hello’

5.1.3 Luu chudi ky ty trong méang hon hop
Mot tién ich cua viéc st dung mang hon hop dé 1a cho phép nguodi st dung
luu cac chuoi ky tw véi do dai khac nhau. Ta cling c6 thé sit dung vong lap for d€
lan luot duyét téi cac ky tu trong chuoi.
Vidu:
>>names = {‘Sue’, ‘Cathy’, ‘Xavier’}
names =
‘Sue’ ‘Cathy’ ‘Xavier’
>>for 1 = 1 : length (names)
disp (length(names{i}))
end
3
5
6
MATLAB ciing cho phép nguoi st dung chuyén tir mang hon hop chita cac
ky tw sang ma tran chita cac bién kiéu char va nguoc lai. Tuy nhién, khi st dung
ham char d€ tao ma tran chita cac chuoi ky tw c6 d6 dai khac nhau, MATLAB ty
dong thém vao cac ky tu trong dé dam bao kich ¢ ctia ma tran, khi chuyén sang

maéng hon hop st dung 1énh cellstr, cac ky tu trdng nay sé bi loai bo. Ct phap goi
Iénh nhu sau:
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>>C = cellstr(S)
Trong d6 S la mang ky tw. Gia tri tra vé C sé bao gom cac hang ctia mang ky
tu S duwoc luu vao cac phan tir mang hon hop riéng biét.
>>greetmat = char (‘Hello’, ‘Goodbye’);
>>cellgreets = cellstr (greetmat)
cellgreets =
‘Hello’
‘Goodbye’
>>length (cellgreets{l}) + length(cellgreets{2})
ans =
12
>>whos greetmat
Name Size Byte Class Attributes
greetmat 2x7 28 char
Bén canh d6, nguoi st dung ciing c6 thé kiém tra néu toan by phan ti ctia
mot mang hon hop 1a chudi ky ty hay khong stt dung ham iscellstr, MATLAB tra
vé gia tri logic 1 néu dung va nguoc lai.
>>iscellstr (names)
ans =1
>>iscellstr(cellcolvec)

ans = 0

5.2 Bién c6 cau trac

Bién c6 cau trac cho phép luu trit dit liéu 6 cac kiéu khac nhau c6 quan hé
logic v6i nhau vao cac truong dit liéu cta bién. Uu diém cta viéc st dung bién
cau truc d6 la nguoi st dung cé thé quan ly cac treong dit liéu phu thudc theo tén,
tuy nhién cac bién dix liéu khong phai la mang do d6 khong thé sit dung vong ldp
d€ duyét cac phan tt trong bién.

5.2.1 Thiét 14p va hiéu chinh cic bién ciu trac

Céc bién cau tric c6 thé thiét lap don gian bang cach gén gia tri cho cac
treong thanh phan trong bién hodc stt dung ham struct, cti phap goi ham nhw sau:

>>S = struct(‘fieldl’, wvall, ‘field2’, wval2, ...)
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Trong d6 fieldl, field2,... 1a tén cac treong thanh phan, vall, val2, ... 1a cac gia
tri tuong tng voi cac truong thanh phan dé. Gia tri tra vé S sé la mot bién cau tric

bao gom cac truong fieldl, field2, ... v6i cac gid tri vall, val2, ... tuong tng.

Vi du: Thiét lap mdt danh sdch cac mat hang cua mot siéu thi may tinh,
trong d6 moi mot mat hang ¢ cac thdng tin nhu s6 san phdm, gid thanh mua vao
(USD), gia thanh ban ra, ma hang. Mot bién cdu trac chira thong tin san pham ¢
dang nhu sau ¢é thé thanh 1ap: bién co tén la package v6i cac truong thanh phan

[an lwot 1a item_no, cost, price, code.
Package

item_no cost Price Code

123 19.99 39.95 G

Ta c6 thé thiét lap bién cdu truc sit dung ham struct nhw sau:

>>package = struct (‘item no’, 123, ‘cost’, 109.

‘price’, 39.95, ‘code’, ‘g’)
package =
item no: 123
cost: 19.99
price: 39.95

code: ‘g’

99,

Mot cach khac dé€ thiét 1ap bién cau tric do la st dung ddu chdm va gan gia

tri triee ti€p cho cac treong thanh phan trong bién, tuy nhién cach nay khong hiéu

qua nhu khi st dung ham struct.
>>package.item no = 123;
>>package.cost = 19.99;
>>package.price = 39.95;

>>package.code = ‘g’;

Twong tu, cing c6 thé bo sung thém truong thanh phan vao trong bién cau
trac bang cach st dung 1énh gan, ta cling c6 thé gan ca bién cau trtic cho mot bién

khac nhu sau:
>>newpack = package;
>>newpack.item no = 111;
>>newpack.price = 34.95
newpack =

item no: 111
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cost: 19.90
price: 34.95
code: ‘g’

Bién cdu trtic ¢6 thé in ra toan bd hodc chi in cac trudng thanh phan bang
cach st dung ham disp, va chi c6 thé€ in ra cac treong thanh phan khi st dung
ham fprintf.

>>disp (package)

item no: 123
cost: 19.90
price: 39.95
code: ‘g’

>>disp (package.cost)

19.90
>>fprintf ('%d %c \n’, package.item no, package.code)
123 g

Ta ciing c6 thé sit dung ham rmfield d€ loai bo treong thanh phan trong
bién cdu truc. Luu y la gid tri tra vé ctia ham nay sé 1la mot bién mdi c6 truong
thanh phan da bi loai bé ch khong cé su thay d6i doi véi bién cii, cu phap goi
ham nhu sau:

>>S5 = rmfield (S, ‘field’)

Trong d6 field 1a treong mudn loai bo cua bién cdu trac S. Gia tri tra vé la
bién cdu trac ban dau da loai bd truong field twong tng.

>>rmfield (newpack, ‘code’)

ans =

item no: 111
cost: 19.90
price: 34.95

Dé€ thay doi gia tri cua bién newpack, gia tri tra vé cua rmfield phai duoc gan
ludn cho bién newpack.

>>newpack = rmfield (newpack, ‘code’)

newpack =

item no: 111
cost: 19.90
price: 34.95
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Twong ty nhe véi mang hon hop, MATLAB ciing cung cap cho nguoi st
dung mot s6 ham lién quan d€ kiém tra thudc tinh ctia cac bién cé ciu trac. Ham
isstruct tra vé gia tri logic 1 néu bién s6 cua ham dung la mdt bién c6 cau truc va
nguoc lai, ham isfield tra vé gia tri logic 1 néu mdt tén treong 1a moét treong thanh
phan trong mot bién ¢ cdu trtic va nguoc lai.

>>isstruct (package)

ans =

1

>>isfield (package, ‘cost’)

ans =
1

Ta ciing cé thé st dung ham fieldnames dé€ liét ké cac truong thanh phan
cua mot bién cd cau triic nhu sau:

>>pack fields = fieldnames (package)

pack fields =

‘item no’
‘cost’
‘price’
‘code’

Do tén cua cac treong thanh phan trong bién cdu trac thuong c6 do dai
khac nhau nén gia tri tra vé cua ham fieldnames sé la mot mang hon hop c6 cac
phan ti 1a tén ctia cac truong thanh phan twong Gng.

5.2.2 Vector bién cau truc

Nhu da trinh bay trong vi du muc treedc, khi quan ly cac san pham ctia mot
siéu thi may tinh, ta c6 thé st dung bién ciu tric d€ lwu thong tin ctia mdi san
pham. D€ quan 1y cac san pham khac nhau trong siéu thi nay, ta c6 thé st dung
vector bién cau tric nhu sau:

packages
item_no cost price code
1 123 19.99 39.95 g
2 456 5.99 49.99 1
3 587 11.11 33.33 w
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Trong vi du nay packages 1a mot vector c6 3 phan t&t, moi phan tir 1a mot
bién cdu trac chira cac treong twong tng item_no, cost, price, code. C6 nhiéu cach dé
thiét lap mot vector chira cac bién cau truc nhu thé nay, trong dé don gian nhat 1a
tao phan tir dau tién cua vector, roi sau d6 bd sung thém cac phan t vao trong
vector 1x1 ban dau nhw sau:

>>packages = struct (‘item no’, 123, ‘cost’, 19.99,
‘price’, 39.95, ‘code’, ‘g’);

>>packages (2) = struct (‘item no’, 456, ‘cost’, 5.99,
‘price’, 49.99, ‘code’, ‘17);

>>packages (3) = struct (‘item no’, 587, ‘cost’, 11.11,
‘price’, 33.33, ‘code’, ‘w');

Luu y trong truong hop biét trude s6 phan tr cua vector, phuong phéap
hiéu qua nhat 1a thiét 1ap vector bang cach nhap phan t& cudi cung trudc dé
MATLAB cédp phat bd nhé cho vector nay, sau dé nguoi st dung cd thé bd sung
lan luot cac phan t tit dau nhu sau:

>>packages (3) = struct (‘item no’, 587, ‘cost’, 11.11,
‘price’, 33.33, ‘code’, ‘w');

>>packages (1) = struct (‘item no’, 123, ‘cost’, 19.99,
‘price’, 39.95, ‘code’, ‘g’);

>>packages (2) = struct (‘item no’, 456, ‘cost’, 5.99,
‘price’, 49.99, ‘code’, ‘17);

Mot phueong phap thong dung khac trong MATLAB d6 la thiét lap mot
phan t bién cau trac r6i sau d6 st dung ham repmat dé tai tao vector véi kich
thudc mong mudn, ci phap goi ham nhu sau:

>>B = repmat (A, M, N)

Trong d6 B 1a ma tran, vector c6 kich ¢ M x N ma cac phan tt thanh phan
deula A.
Vidu:

>>packages = repmat (struct (‘item no’, 123, ‘cost’,
19.99, ‘price’, 39.95, ‘code’, ‘g’), 1, 3):;

>>packages (2) = struct (‘item no’, 456, ‘cost’, 5.99,
‘price’, 49.99, ‘code’, ‘17);

>>packages (3) = struct (‘item no’, 587, ‘cost’, 11.11,
‘price’, 33.33, ‘code’, ‘w');

Luu v khi goi bién c&u tric bang cach nhap tén bién, MATLAB sé chi hién
thi kich thudc cua vector bién ciu truc cling nhuw tén cuia cac truong thanh phan
nhu vi du sau:

>>packages
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packages =
1 x 3 truct array with fields:
item no
cost
price
code
Bién packages ltic nay la mot vector cAu tric, nghia 1a mdi phan ti 1a mot
bién ciu trac. D€ hién thi, truy xuat phan t&r trong vector cau trug, ta phai st dung
tham s8 vi tri twong Ging cta phan ti d6, vi du truy xudt t6i phan tw th 2 trong
vector cdu truc trén:
>>packages (2)
ans =
item no: 456
cost: 5.99
price: 49.99
code: ‘17
Dé€ truy xuat téi treong thanh phan cta tiing phan tt, ta cd thé st dung két
hop tham s0 vi tri twong ng cua phan te d6 va tén cta treong can truy xudt,
phan cach boi dau chdm nhuw sau:
>>packages (1) .code
ans =
9
C6 thé thay & day packages la mot bién c6 cdu trac bac ba don gian, trong do6
bac cao nhat 1a vector c6 cdu tric packages, mdi mot phan t& ctia vector nay 1a mot
bién cau truc, cdp thap nhat trong bién nay la cac truong thanh phan. Ta cd thé sw
dung vong lap for d€ hién thi tat ca cac phan ti trong bién vector packages nhu sau:
>>for 1 = 1: length (packages)
disp (packages (1))
end
item no: 123
cost: 19.99
price: 39.95

code: ‘g’

item no: 456
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cost: 5.99
price: 49.99

code: ‘17

item no: 587
cost: 11.11
price: 33.33

code: ‘w’/

D€ truy xudt t6i cac truong thanh phan trong mét vector bién cdu truc,
MATLAB ¢6 loi thé hon so véi phéan 16n cac ngoén ngtr 1ap trinh thong dung khi
khong can thiét phai st dung vong lap duyét qua tat ca cac phan ti khac trong
vector cting nhw st dung dau chdm d€ truy xuat t6i cac truong thanh phan. Tét ca
cac gia tri trong mot truong cua tat ca cac phan te trong mot vector cau truc déu
co thé truy xudt trong MATLAB véi chi mét cau lénh. Tuy nhién néu khong gan
gia tri tra vé cho mot bién cu thé, cac gia tri nay sé duoc ghi de 1én nhau trong bién
ans va nguoi sit dung chi cé thé truy xuat tdi gia tri cudi cung:

>>packages.cost

ans =
19.99
ans =
5.99
ans =
11.11

Dé khac phuc, ta c6 thé liu cac gia tri nay trong mot vector khac nhu sau:

>>pc = [packages.cost]

pc =

19.99 5,99 11.11

V6i phuong phap nay, MATLAB cho phép ap dung ham lén tat ca cac
treong twong tng trong cung mot vector cdu truc. Vi du: D€ tinh tong gid tri ctia
tat ca cac treong co tén cost ta ¢d thé dung ham sum.

>>sum ( [packages.cost])

ans =

37.09
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Déi véi cac vector cau trug, ca vector hodc phan ti ¢6 cdu truc cua vector,
hodc mot truong trong vector déu cd thé st dung véi vai tro la cac tham so trong
ham.

Trén day la vi du vé vector chita cac bién c6 cdu trac. Tiép theo ta sé xét
mot treong hop phtee tap hon khi mot vector c6 cdu truc ma mét treong thanh
phaén lai la mét vector. Vi du khi thuc hién quan ly dix liéu vé sinh vién trong mot
16p hoc bao gdm cac thong s6 nhu tén sinh vién (name), ma sd sinh vién (id_no),
diém thanh phan (quiz) trong d6 treong diém thanh phan la mot vector chira 4
diém thanh phan nhu sau:

student
name id_no quiz
1 2 3 4
1 C, Joe 999 10.0 9.5 0.0 10.0
2 Hernandez, Pete 784 10.0 10.0 9.0 10.0
3 | Brownnose, Violet 332 7.5 6.0 8.5 7.5

Ta c6 thé dinh nghia bién cau tric student nhw sau:

>>student (3) = struct (‘name’, ‘Brownnose, Violet’,
‘id no’, 332, ‘quiz’, [7.5 6.0 8.5 7.51);
>>student (2) = struct (‘name’, ‘Hernandez, Pete’,

‘id no’, 784, ‘quiz’, [10.0 10.0 9.0 10.01);

>>student (1) = struct (‘name’, ‘C, Joe’, ‘id no’, 999,
‘quiz’, [10.0 9.5 0.0 10.0]);

Sau khi thi€t 1ap bién student, ta cd thé truy xudt dén tirng thanh phan trong
bién. MATLAB sé hién thi thong tin vé bién cling nhu tén cac truong thanh phan
trong bién nhu sau:

>>student

student =

1 x 3 struct array with fields

name

id no

quiz
Ta c6 thé truy xuat toi cac gia tri thanh phan nhu sau:
>>student (1)
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ans =

name: ‘C, Joe’

id no: 999

quiz: [10 9.5 0
>>student (1). quiz
ans =

10 9.5 0 10
>>student (1). quiz (2)
ans =

9.5
>>student (3). name (1)
ans =

B

10]

V6i nhitng bién ¢ cdu tric phic tap, diéu quan trong nhat 1la nguoi st
dung phai nam duoc céc thanh phan trong bién d& xt ly. Vi du d6i véi bién
student la mot bién vector cdu truc, trong d6 student (1) la mot phan tir cta vector
student vala mot bién cb cau tric véi cac truong name, id_no, quiz, trong do6 student
(1). quiz la mot vector ki€u double, student(1). quiz(2) 1a mot phan t& cua vector
quiz, student(3). name (1) la ky tu dau tién cta tén sinh vién thit ba.

Ta cling c6 thé st dung vong lap dé€ duyét vector cdu tric student, qua do
thuc hién nhiém vu sau: in ra tén va di€ém trung binh cta ttng sinh vién.

>>for 1 = 1:
gsum =
no quizzes =
ave = gsum/no quizzes;
fprintf ('%-20s %.1f\n’,
end

C, Joe
Hernandez, Pete

Brownnose, Violet

length (student)
sum([student (i) .quiz]);

length (student (i) .quiz) ;

student (i) .name, ave);
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5.2.3 C4u tric 16ng nhau va vector bién ciu trac 16ng nhau

C4u trac 16ng nhau 1a cdu trac ma trong do it nhat mot truong thanh phan
cta no cling la mot cau trac. Xét vi du dudi day vé mot cau tric doan théng co thé
bao ham céc truong chita toa do ctia cac diém mut biéu dién trong mat phang
xOy.

Cau truc lineseg bao gom hai tredng endpoint1 va endpoint2, trong &6 mdi
treong thanh phan nay lai 1a mét cdu trac 2 truong chiva toa d x va y.

Lineseg

endpointl endpoint2

Phuong phap don gian va hiéu qua nhat de€ thiét lap bién lineseg trong
MATLAB la st dung ham struct khai bao tryc ti€p nhu sau:

>>lineseg = struct (‘endpointl’, struct(‘x’, 2, ‘y’', 4),
‘endpoint2’, struct('x’,1,’y’,6));

Ta ciing c6 thé khai béo ting budc dé thiét 1ap bién lineseg bang cach khai
bdo hai treong dang cau tric endpointl va endpoint2 trede nhu sau:
>>pointone = struct ('x’, 2, ‘y’', 4);

>>pointtwo = struct('x’, 1, ‘y’, 6);

>>lineseg = struct (‘endpoinl’, pointone, ‘endpoint2’,
pointtwo) ;

Céach kém hiéu qua nhat trong MATLAB d€ khai bao cac cau trtc [6ng nhau
d6 la khai bao theo titng trieong thanh phan mot.

>>lineseg.endpointl.x = 2;

>>lineseg.ednpointl.y = 4;
17

>>lineseg.endpoint?2.x

>>lineseg.ednpoint2.y = 6;

Khi bién cau truc 1ong da duoc thiét 1ap, viéc truy xuat téi cac thanh phan
trong bién hoan toan twong tw nhu khi truy xudt téi cac bién cau tric thong
thuwong.

>>1lineseg

lineseg =

endpointl: [1 x 1 struct]
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endpoint2: [l x 1 struct]
>>lineseg.endpointl
ans =
X: 2
y: 4
>>lineseg.endpointl.x
ans =
2
Két hop vector va bién cdu truc I6ng nhau ta sé dugc médt vector bién cau
tric trong d6 mét s6 tredng cha cac phan tie thanh phan ciing la kiéu cdu truc. Xét
vi du stt dung mot vector cu tric 16ng dé& biéu dién cac san pham cé dang hinh

tru tron ctia mot cong ty vdi cac kich thude, vat liéu, khoi lugng khac nhau nhuw
sau:

Cyls
code dimensions weight
Rad height
1 X 3 6 7
2 a 4 2 5
3 c 3 6 9

Ta c6 thé thay la cyls la mot vector chita ba phan tt bién cau truc véi cac
treong code, dimensions, weight trong d6 dimensions lai la mot cau truc véi hai
treong thanh phan rad va height. Bién cyls c6 thé duoc thiét lap nhw sau:

>>cyls (3) = struct (‘code’, ‘!, ‘dimension’,
struct (‘rad’, 3, ‘height’, 6), ‘weight’, 9);

>>cyls (1) = struct (‘code’, ‘x', ‘dimension’,
struct (‘rad’, 3, ‘height’, 6), ‘weight’, 7);

>> cyls (2) = struct (‘code’, ‘a’, ‘dimension’,
struct (‘rad’, 4, ‘height’, 2), ‘weight’, 5);

M3t khac, bién cyls ciing c6 thé duwoc thiét 1ap bang cach gan lan luot gia tri
cho cac phan t thanh phan:

>> cyls(3).code = 'c';

>> cyls(3) .dimensions.rad = 3;

>> cyls(3) .dimensions.height = 6;
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>> cyls(3) .weight = 9;
>> cyls(l).code = 'x';
>> cyls(l) .dimensions.rad = 3;
>> cyls(l) .dimensions.height = 6;
>> cyls(l).weight = 7;
>> cyls(2).code = 'a';
>> cyls(2).dimensions.rad = 4;
>> cyls(2) .dimensions.height = 2;
>> cyls(2) .weight = 5;
Can phan biét rd cac 16p cu thé trong bién cyls nhu sau:
- c¢yls la bién chinh chta toan bd thong tin lién quan dén san phdm duwoc
quan tdm, dong thoi la mot vector cau truc.
- c¢yls(1) 1a phan tk thanh phan trong vector cyls.
- cyls(2).code la mot trong cac truong thanh phan trong cau trac va cé dang ky
tw.
- cyls(3).dimensions la mot truong thanh phan trong cau truc nhung ban than
noé cling la mot cdu trac véi hai treong thanh phan rad va height.
- cyls(1).dimensions.rad la treong thanh phan trong cau trac dimensions, gia tri
dwoc Irru 6 dang double.

5.3 Tém tat chwong 5

Cac ham thong dung d8i véi mang hon hop va bién ciu trac

cell Thiét lap mot mang hon hop

celldisp Hién thi ndi dung cac phan t& trong mang hon hop

cellplot Hién thi tén cac phan t trong mang hon hop dudi dang d6 thi
cellstr Chuyén mang kiéu ky tu sang ki€u mang hon hop

iscellstr Kiém tra mot mang hon hop chi chira phan t kiéu chudi ky tw
struct Thiét lap bién cdu trac

isstruct Kiém tra mot bién c6 phai bién cau trac

fieldnames | Hién thi tén cic truong thanh phan cua mot bién cau tric
repmat Thiét 1ap vector bién cdu trac véi kich thude mong mudn

Bang 5. 1. Tém tét cac ham st dung trong chwong 5
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5.3 Bai tap chwong 5
Bai 5.1

Tao mot mang hon hop chita cac phan tir 1a cdc chudi ky twe nhu sau:

exclaimcell = {‘Bravo’, ‘Fantastic job’};

In mo6t phan tt ngau nhién trong mang.
Bai 5.2

Tao mang hon hop sau:

>>ca = {"abc’, 11, 3:2:9, zeros(2)}

Tao mot mang hén hop mdi c6 dang ma tran 2x2 chita cac phan tir ctia
mang ca vira tao, viét 1énh truy xuat téi cot cudi cung trong mang moi.
Bai 5.3

Str dung ham cell thiét 1ap mang hon hop 2x2 sau d6 gén gia tri bat ky cho
cac phan tt thanh phan. Chen mot hang vao gitta d€ mang mai tao thanh cé dang
ma tran 3x2.
Bai 5.4

Tao mang hdn hop lwu trit cac thong tin sau ctia mot sinh vién bat ky: tén
sinh vién, ma s sinh vién, diém trung binh chung va in thong tin nay ra man
hinh.
Bai 5.5

Yéu cau twong tuw nhu bai 5.4 nhung lwu thong tin vao mot bién cau trac
sau do in ra man hinh.

Bai 5.6
Cho mot vector cdu trac dugce dinh nghia nhu sau:
>>kit (2) .sub.id = 123;
>>kit (2) .sub.wt = 4.4;

>>kit (2) .sub.code = ‘a’;
>>kit (2) .name = ‘xyz’;
>>kit (2) .lens = [4 7];
>>kit (1) .name = ‘rst’;

>>kit (1) .lens = 5:6;
>>kit (1) .sub.id = 33;
11.11;

>>kit (1) .sub.wt
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>>kit (1) .sub.code = ‘q’;
Trong cac cau lénh sau, cau 1énh nao 1a hop 1é va néu gia tri tra vé tuong
tng; cau léenh nao khong hop 1€, giai thich.
>>kit (1) .sub
>>kit (2) .1lens (1)
>>kit (1) .code
>>kit (2) .sub.id == kit (1) .sub.id
>>strfind(kit (1) .name, ’s’)
Bai 5.7
Lap mdt vector cau truc ¢ dang nhw dudi day véi thong tin ctia hai phan
tt con lai trong vector sinh vién tu khai bao.
>>subjects
subjects =
1x3 struct array with fields:
name
sub_id
height
weight
>>subjects (1)
ans =
name: ‘Joey’
sub_id: 111
height: 6.7
weight: 222.2
Gia st khong biét trede s6 phan tir cta vector cdu truc subjects, viet mot
doan chuong trinh tim phan t&t ma gia tri cta cac treong height hodc weight nho
hon gia tri trung binh cta truong height hodc weight cua tat ca cac phan ti trong
vector, in ra man hinh thong tin phan t tim duoc.

Bai 5.8
Cho mot file dit liéu c6 dang sau:
44 7 7.5 8
33 5.5 6 6.5
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37 8 8 8
24 6 7 8

Str dung ham load d€ tai file vao mot ma tran trong MATLAB, tir ma tran
vira tao, viét doan chuong trinh dé€ tao vector cau trac nhu sau:

Students
id_no Quiz
1 2 3
1 44 7 7.5 8
2 33 5.5 6 6.5
3 37 8 8 8
4 24 6 7 8

Noi cach khac, students la vector cau truc c6 4 phan tt chita thong tin vé ma

s0 sinh vién id_no va diém thanh phan moén hoc quiz ctia 4 sinh vién tuong ting,
trong d6 ma so sinh vién dwgc biéu dién trong cdt dau tién, diém thanh phan duoc
biéu dién trong 3 cft con lai caa file dix liéu.

Viét doan chuong trinh in ra ma so sinh vién va diém trung binh theo cot

nhu sau:
44 7.5
33 6.0
37 8.0
24 7.0
Bai 5.9

Tao mét bién cdu tric I6ng d€ lvu gitt thong tin vé mot ca nhan bao gom:
tén, dia chi, s6 dién thoai trong d6 cac treong thanh phan dia chi va sd dién thoai
c6 cdu truc riéng.

Bai 5.10

Tim hiéu hai ham xay dung sdn trong MATLAB la cell2struct (chuyén tt
mang hon hop sang vector cdu truc) va struct2cell (chuyén tir vector cau tric sang
mang hén hop).
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Chuong 6. PO THI TRONG MATLAB

6.1 D6 thi trong khong gian hai chiéu

6.1.1 Cac lénh co ban

MATLAB cung cap cho ngudi ding thw vién gom nhiéu ham xay dung san
dé thiét 1ap va hiéu chinh d6 hoa trong khong gian hai chiéu cling nhu ba chiéu.
Danh sach nhiing cau lénh co ban dé lam viéc véi ché dd d6 hoa trong MATLAB
6 thé tham khao véi 1énh help trong ctra s6 1énh.

Céc 1énh d6 hoa 2D co ban

>>help graph2d

Céc 1énh d6 hoa 3D co ban

>>help graph3d

Budc quan trong dau tién khi lam viéc véi ché dd d6 hoa trong MATLAB
dé 1a chuan bi nguén dix liéu. Dit liéu ngudn & day cd thé duwoc thiét 1ap don gian
bang cach nhap tit ban phim, st dung gié tri trd vé ctia cac ham, hodc duwoc thiét
1ap bang cach tai tir mdt hay nhiéu file.

Lénh d6 hoa 2D co ban nhat trong MATLAB la plot, ham cho phép thé hién
dudi dang d6 thi cia mot hay nhiéu tap dr liéu. Vi du cho y la mot vector bao
gom cac phan tt la Ity thira bac 3 ctia cac s6 cach déu 0.1 tir -5 dén 4:

>>y = (=5 : 0.1 : 4)."3;

C4c phan ttr cta y sé dwoc biéu dién dwdi dang d6 thi nhu sau:

>>plot (y)

100

-150 -
0 50 100

Hinh 6. 1. Vi du |Iénh plot
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Luu ¥ rang trong d6 thi trén gia tri twong Ging trén truc hoanh chinh 1a s§
thit tu cta cac phan t trong vector y. D6 thi trén hoan toan twong dwong vdi do
thi 6 hai tham s6 dau vao x va y trong d6 x 1a cac phan t cach déu 1 nhan cac gia
tri ttr 1 dén 91 (91 tuwong dwong véi s6 phan ti cta ).

>>x = 1 : length(y);

>>plot (%, V)

Déi vdi 1énh plot chi c6 mot tham s6 dau vao plot(y), y cd thé la vector hodc
ma trn, tuy vao dang ctia tham s6 dau vao ma d6 thi duoc thiét lap cé su khac
biét theo quy tac sau:

- Neéuy la vector, d6 thi c6 dang tap hop ctia cac diém (x;, yi) trong d6 xi la

s0 tht ty cua yi trong vector y.

- Né&u y 1a ma trdn m x n, d6 thi thu vé 1a tap hop n duong, trong d6 mdi
duong 1a tap hop cac diém (xi, yi) véixi=1 ... m, yi cac phan t trong moi
cOt ting vdi xitwong tng.

Vidu:

>>A = round(1l0*rand(5,3))

A =
1 2 9
5 8 10
10 3 5
3 5 1
6 7 1
>>plot (A)

Hinh 6. 2. Plot tr ma tran
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Déi vdi 1énh ¢é hai tham s6 dau vao plot(x, y):

- Neéu x va y la hai vector c6 cung d6¢ dai, MATLAB sé hién thi d6 thi y

theo x.

- Ne&u x la vector va y 1a ma trén, d6 thi hién thi hang hodc c6t cua y theo
cac phan tr cta x tuy vao kich ¢& ma tran. Vi du cho vector x, ma tran y1

va y2.
>>x = [1 5
>>yl = [11
>>y2 = [18

10];

20 16;
17; 14

15 13
19; 15

1271;
207 ;

Do y1 la ma tran c6 s& cot bang véi chiéu dai ctia x, cdc phan ti trén moi
hang ctia y s& duoc hién thi theo cac phan tit ctia x, s8 duong hién thi bang véi s&
hang ctia y1. Do ma tran y2 c6 s6 hang bang véi chiéu dai ctia x, cac phan tir trén
mdi cot ctia i s& dugc thé hién theo cac phan t ctia x, s8 duong hién thi bang véi

s0 cOt cua y2.

>>plot(x, yl, ‘*-r’);
>>hold on
>>plot(x, y2, ‘o-b’);
20+ : A : =)
/;/®> <
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Hinh 6. 3. B thi (x, y1) va (x, y2)

- Neéu x la ma tran va y la vector, d6 thi sé hién thi cac phan ti cua y theo
cac phan te ¢ hang hodc cft cta x.
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- Né&u mot trong hai tham s6 la ma tran vudng, do thi sé hién thi cac phan

tr ctia tham s& nay theo cac phan tit & cdt ctia tham s6 ma tran vudng.

Vi du:

>>y3=[11 12 13; 14 15 16; 17 18 19];

>>plot (x, y3, '*=V)
>>hold on

>>plot (y3, x, ‘o-1')

AT

&

20 /
15—
10

5

% s

10 15

Hinh 6. 4. D& thi (x, y3) va (y3, X)

20

- Néux vay la hai ma tran c6 cung kich ¢, d6 thi sé hién thi cac phan tw
O ting cot cua y theo cac phan ti ¢ cac cot cua x twong Gng.

Ham plot chap nhan s0 tham s6 dau vao cd thé 16n hon hai, tuy nhién quy

tac néu trén van ap dung cho cac cap tham so tuwong ting. Vi du:

>>x1 =0 : .1 : 10;
>>yl = cos(x1);
>>x2 = 1.5*x1;

>>y2 = 2*cos (x2);
>>x3 = 2*x1;

>>y3 = 3*sin(x3);

>>plot(x1,vyl,x2,v2,x3,y3);
Lénh plot trén twong dwong voi:
>>X = [x1’ x2' x3"1;
>>Y = [ylf y2/! y3'1;
>>plot (X, Y)
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Hinh 6. 5. Plot gia tri 3 cap vector trén cung moét do thi

20

Db thi ctia cac ham trén duoc thé hién bang cadc mau khac nhau, dé 1a do
ché d6 mac dinh hién thi mau trong MATLAB. Khi thé hién nhiéu d6 thi, cac
duong biéu dién sé 1an luot duoc hién thi véi cac mau tuwong Gng: xanh da troi
(blue), xanh 14 cay (green), do (red), lam (cyan), hong thAm (magenta), vang
(yellow) va den (black). Quan sat trén do thi ta cd thé thay (x1, y1), (x2, y2), (x3,
y3) dugc bidu dién bang cac duong mau xanh da troi, xanh 14 cay va do twong

ung.

Mau Dang ky hiéu
Ky tw Thé hién Ky hiéu Thé hién
B Xanh da troi biém
G Xanh 14 cay 0 Hinh tron
R bé X Dau x
C Lam + Dau +
M Hong thAm * Dau sao
Y Vang s Hinh vudng
K Den d Kim cuong

Dang duong v Tam giac xudng
Ky t Thé hién A Tam giac lén
- Nét lién < Tam gidc trai
Hai cham > Tam giac phai

-. Chdm gach ) Sao nam canh
- Nét durt h Sao sdu canh

Bang 6. 1. Mau - dang duwong -

dang ky hiéu trong db thi
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Ché& do do thi trong MATLAB cho phép hién duong biéu dién véi cdc mau
sic, dang dwong, va ky hiéu khac nhau. D€ thuc hién diéu nay, trong cau 1énh plot
c6 thé thém vao mot chudi tir 1 dén 4 ky tu dé€ dat cac thudc tinh mau-dang
duong-dang ky hiéu cho duong biéu dién. Cac ky tu twong trung cho cac thudce
tinh ctia duong biéu dién tém tat trong bang trén.

Déi vdi plot, MATLAB yéu cau cac tham s6 phai duwoc khai bao va d6 thi sé
duoc thé hién twong tng véi dai gid tri cua cac tham s6 dau vao. Bén canh d¢,
MATLAB ciing cung cap cho nguoi dung mot 1énh vé khéac véi nhiéu tién ich hon,
d6 1a ezplot. D3 véi ezplot, khoang biéu dién ctia d6 thi méc dinh sé& 1a -27t dén 2m
va ¢6 thé thay d6i phu thudc vao tham sd dau vao, tén ctua do6 thi sé la tén cua
chubdi ky tu khai bdo trong phan tham s& ham va dwgc hién thi trén hinh vé. Dac
biét, ezplot cho phép vé d6 thi biéu dién ham sd khai bdo dudi dang chudi ky tu.

Cua phép lénh nhu sau:

>>ezplot(fun);

>>ezplot(fun, [a, b]);

Trong d6 fun 1a ham s6 dwoc vé do thi. O ct phap th nhat, d6 thi ham so

sé dugc thé hién trén khoang mac dinh la -27t dén 27, & cii phap thit hai, nguoi sk
dung c6 thé thé hién d6 thi trén khoang a, b tuy chon.

Vi du sau day so sanh hai ham plot va ezplot: vé d6 thi ham s6 y = x? + 2x +

>>x = -2%*pi: .1 : 2*pi; >>ezplot (k"2 + 2*x + 1');
>>y = x."2 + 2.%x + 1;
>>plot (x,V)

Khi stt dung ham plot, dau tién can khai bao vector x, ttt ham s6 da cho tim
gia tri vector y, sau do6 thuc hién 1énh vé d6 thi. Tuy nhién ddi véi ezplot chi can
thuc hién mot cau lénh don gian, két qua do thi thu duoc ttr hai cach 1a tuong
duong. St dung ham ezplot trong MATLAB c6 th€ coi la cach don gian nhat dé
thé hién d6 thi cia mot ham sd kiéu chudi ky tw hodc bién ky hiéu, tuy nhién vé
mat chitc nang, ezplot c6 nhiéu han ché€ hon so vdi plot.

Cac thong so cua do thi biéu dién trong MATLAB c6 thé dugc thay doi sw
dung cac lénh sau:

- Diéu chinh hai truc toa d¢: axis trong d6 can luu y c phap cta hai cau
Iénh sau:
e >>axis ([Xmin Xmax Ymin Ymax])
o biéu dién db thi trong giéi han Xmin < X < Xmax, Ymin <Y <
Ymax.
e >>axis equal
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o thiét 1ap do chia b?mg nhau 0 hai truc toa do.
- bt tén cho d6 thi: MATLAB cho phép dat, thay doi tén cta do thi st
dung 1énh title vdi ct phap:
e >>title(‘Ten do thi’)
- Dat tén cho hai truc toa dd: Hai truc toa d6 cia MATLAB c6 thé duoc
dat, thay d6i tén st dung cac 1énh
e >>xlabel(‘text’) va >>ylabel (‘text’) trong do text la
tén ctia cac truc toa d hoanh, tung twong tng.
- Hién thi luwdi ving d6 thi: ham grid trong MATLAB cho phép bat/tat ché
d6 hién thi lwéi trén vung d6 thi str dung céc lénh:
e >>grid onva>>grid off twong trng, néu khong vira long vdi
kich ¢& 6 lwéi trén d6 thi, c6 thé sit dung 1énh:
e >>grid minor d€ thu duwoc vung d6 thi véi cac 6 lwdi day dac
hon.

6.1.2 Cac lénh tang cuong

Nhu da biét, két qua tra vé cua cac lénh plot, ezplot sé dugc luu gitt trén
cac ctra s6 do hoa Figure. Trong thuec t€, nhiéu khi can phéan tich nhiéu hinh vé, do6
thi cuing mot lac nhung ché do mac dinh cia MATLAB khong cho phép luu gite
hinh anh trén cac ctra s0 d6 hoa Figure gitra cac lan vé. Cé nghia la két qua cua Jan
thuc hién 1énh plot hoac ezplot hién tai s€ thay thé két qua cua lénh vé trude do
trén Figure. D€ két qua cua lan vé trudc khong bi mat di, nguoi st dung MATLAB
c6 thé dung lénh figure( ) d€ tao ctra s6 d6 hoa mdi va luu két qua trén d6 hoac
dung lénh hold d€ thé hién két qua cua lénh vé hién hanh va trede d6 trén cung
mot ctra sO do hoa.

Lénh figure(k) cho phép tao ctra sO d6 hoa mdi c6 tén la Figure k hodc
chuyén sang lam viéc véi Figure k néu ctra s do6 hoa nay da ton tai truwdc do, Figure
k khi d6 sé tro thanh ctra s6 d6 hoa hién hanh. Ctra s60 d6 hoa hién hanh sé dwoc
dong bﬁ?mg cach go lénh close trén ctra s6 1énh. Lénh close all sé dong tat ca cac
ctra s0 d6 hpa MATLAB dang hién thi.

Lénh hold c6 thé st dung theo ba cach sau:

- hold on: kich hoat ch€ d déng bang, nguoi dung cé thé chen thém hinh

vé 1én ctra sO d6 hoa ma khong s¢ nhirng hinh vé trudc dé bi xda di.

- hold off: tat ché d6 déng bang, hinh vé hién hanh sé thay th& hinh vé

duoc tao trude do trén ctra sO d6 hoa.

- hold: chuyén giita hai trang thai bat/tat ctia ché &6 déng bang.

Vi du sau cho phép vé lan luot ba d6 thi ctia ba ham s6 y1 =x/2, y2 = x2 — 5x
va x =8 trén cuing mot ctra s6 do6 hoa:
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>>x = 1:10;
0.5*x%;

x"2 - b*x;

>>yl

>>y2
>>plot(x,vyl);

>>hold on;
>>plot(x,vy2);

>>plot ([8,8],[-10,501);

50 :

[

40

30
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20

10

-10 ;

Hinh 6. 6. V& 3 d thi trén cling mét clra s6 db hoa

Sau day la mot vi du khac vé viéc thé hién d6 thi ctia hai ham s0 trén cung

mot d6 thi tuy nhién gid tri thé hién trén truc tung lai khong twong dwong nhau.

>>x1 =0 : .1 : 20;
>>yl = xl.*sin(x1);
>>x2 = 10 : .2 : 25;
>>y2 = 50*x2;

>>plot (x1, vyl1);
>>hold on;

>>plot (x2, vy2);
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Hinh 6. 7. Hai dd thj st dung cung mét truc tung
Do khoang gia tri ctia y1 va y2 1a khong giong nhau nén khi biéu dién trén
cung mot do thi véi mot khoang chia caa truc tung, rat kho dé nhan biét dang
duong cua y1. Doi voi treong hop nay, c6 thé st dung ham plotyy dé€ thé hién do
thi ctia hai ham s6 véi hai truc tung khac nhau.

>>plotyy(x1,y1,x2,y2);

20 ¢ : < : : 1300
15 1200
10 1100

5 1000

0 900
-5 800
-10 700
15~ 600
-20 ¢ - i i 500

0 5 10 15 20 25

Hinh 6. 8. Hai d6 thj v&i hai truc tung twong rng khac nhau
Mot cach khac dé thé hién nhiéu hon mot d6 thi trén cung mot truc toa do
dé la sit dung lénh lines, 1énh nay cho phép chen thém do6 thi tao boi cac gia tri cta
mot cap vector (hodc 3 vector) 1én mot truc toa do co san.
Vidu:

Thé hién d6 thi cua cic duong sau trén cung mot truc toa do
0<x<5,-1<y<5

Khoa Co hoc ky thudt & Tu dong hoa — Dai hoc Cong nghé MATLAB va ting dung trong Co ky thuat



Chuong 6. D6 thi trong MATLAB 118

yl=sint
y2=t
3.5 7
oLt
31 51 7!
0<t<2x

a. Chi sit dung mét l[an 1énh plot.

b. St dung lénh hold.

c. St dung lénh line.

Khai bao cac bién:

>> t=linspace (0,2*pi,100)

>> yl=sin(t);

>> y2=t;

>> y3=t- (t.”3)/6+ (t.”5)/120 - (£.”~7)/5040;
Vé 3 d6 thi trén cung truc toa d6 sit dung mot lan 1énh plot:
>> plot(t,yl,t,y2,'-",t,y3,'0")

>> axis ([0 5 -1 5])

5

Hinh 6. 9. V& 3 d6 thi str dung mot 1an 1énh plot

Vé 3 d0 thi trén cung mot truc toa do st dung lénh hold:
>> plot (t,yl)
>> hold on
>> plot(t,y2,'-");
>> plot(t,y3,'0");
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>> axis ([0 5 -1 51);

Vé 3 d6 thi trén cung mot hé truc toa do st dung lénh line:

>> plot(t,yl)

>> line(t,y2, 'linestyle','-")

>> line(t,y3, 'marker','o")

>> axis ([0 5 -1 5]);

Mot chite nang khéc ctia d6 hoa MATLAB la cho phép nguoi sit dung chen
mdt chudi ky tw 1én trén truc toa d6 tai mot diém xac dinh. Lénh chen ky tw thong
dung nhat la text v6i ¢ phap:

>>text (X, Y, ‘string’)

Trong d6 X, Y 1a hoanh d6 va tung do tuong tng biéu dién vi tri ctia chudi
ky tuw trén truc toa do, string la ndi dung chudi ky tw. Lvu y la néu X, Y 6 dang
vector, 1énh text sé thé hién ndi dung chudi ky tw 1én trén truc toa do tai tat ca cac
diém cho boi cac phan ti ctia X va Y twong ting. Bén canh d6, MATLAB ciing cho
phép nguroi dung chen chudi ky tu 1én truc toa do ma vi tri cua chudi ky tu sé
duocxécdhﬂlbéngcédldhngtnﬁChuét

Vi du: Cho ham s6 flx) = x> — x? — 3tanx + 1, tim céc cyc tri ctia ham sd trong
khoang
[-2m, 27t] va thé hién trén d6 thi. Day la mét vi du da duoc trinh bay trong chwong
3, ham s0 c6 cuc dai trén (-1, 0) va cuc ti€u trén (0, 2) vdi cac gid tri twong tng.

>>xmin = 1.0878;

>>ymin = -1.3784;
>>xmax = -0.5902;
>>ymax = 2.0456;

>>ezplot ('x"3-x"2-3*atan (x)+17);
>>hold on;
>>plot (xmin, ymin, ‘o’ ) ;

>>text (xmin, ymin-30, ‘diem CT’);
>>plot (xmax, ymax, ‘*’);

>>gtext (‘diem CD’);

Khoa Co hoc ky thudt & Tu dong hoa — Dai hoc Cong nghé MATLAB va ting dung trong Co ky thuat



Chuong 6. D6 thi trong MATLAB 120
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Hinh 6. 10. Thé hién cwc tri ciia ham sb trén db thi

6.2 D6 thi trong khong gian ba chiéu

6.2.1 St dung plot3

MATLAB cung cap cho nguoi dung mot the vién ham phong pha dé€ lam
viéc voi ch€ do do hoa trong ca khong gian hai chiéu va ba chiéu. Trong muc nay,
mot sO 1énh co ban dé€ tai hién lai dit liéu trong khong gian ba chiéu cing nhu mot
s0 ky thuat tao bé mat sé dwgc trinh bay véi muc dich cung cdp cho nguoi doc mot
cai nhin tong quan vé cac ham d6 hoa trong MATLAB.

Twong tu nhu 1énh plot nhu trong khong gian hai chiéu, ta c6 thé sit dung
lénh plot3 d€ tai hién lai dit liéu trong khong gian ba chiéu véi cac chitc nang
teong tu, kem theo mot tham so thit ba dé€ bieu dién truc z. Xét vi du sau véi lénh
plot3:

>t = 0: .1 : 10*pi;

>>x = exp (-t/20).*cos (t);
>>y = exp (-t/20) .*sin(t);
>>z = t;

>>plot3(x, vy, z);
>>xlabel (Yx'7);
>>ylabel (‘y’);

>>zlabel (Yz');
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Hinh 6. 11. Minh hoa Iénh plot3
Ham plot3 c6 dang tdng quat
>>plot3 (x, y, z, ‘option’)
Két qua dau ra phu thudc vao cac tham sd dau vao nhu sau:

- Neéu x, y, z la cac vector ¢6 cung s6 phan tit, MATLAB tao mot duwong
trong khong gian ba chiéu ndi cac phan ti twong tng cua x, y, z.

- Néuyx, y, z 1a cac ma tran cd cung s6 hang va s0 cot, MATLAB s€ tao ra
nhiéu duong theo sd cot ctia ma tran.

- Néu mot trong ba tham s la ma tran va cac tham s6 con lai 1a vector
trong d6 s8 phan ti ctia vector bang véi s6 hang hodc s§ cot ctia ma
tran, MATLAB sé tuy thudc vao dé d€ tao ra cac duong khac nhau. Néu
s6 phan t ctia vector khong bang véi s6 hang hogc s8 cot, MATLAB sé
tra vé thong bo 16i.

- Céc lua chon trong muc ‘option” trong ct phap goi ham plot3 cling
giong nhu cac lya chon cho ham plot.

Trong khong gian ba chiéu, gdc quan sat ctia nguoi dung doi véi hinh thé
hién trén ctra s0 d6 hoa cd thé diéu chinh st dung cong cu diéu chinh rotate3D
trén thanh cong cu hoac sit dung ham view. Ct phap tong quat cho ham view nay
la

>>view (az, el)

hoac

>>view([az, ell])

cho phép diéu chinh chinh xdc gbc quan sat theo cac thong s6 azimuth va
elevation. Trong d6, azimuth 1a gbc quay trong mat phang xy nhin tir chiéu am ctia
truc y, elevation thé hién géc quan sat so véi mat phang xy, goc duong thé hién
quan sat phia trén mat phang xy, géc am thé hién quan sat phia dwdi mit phang
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xy. Pon vi cta hai thong s azimuth va elevation déu la d6. Trong MATLAB, cac
thong s6 nay duoc mac dinh lan lwot 1a AZ=-37.5° va EL=30°.

Goc quan sat

-

<

Gbc toa dd

Elevation

& X

Hinh 6. 12. Y nghia hai théng sb az, el trong I&énh view
Vi du sau thé hién cac goc quan sat khac nhau doi vo1 do thi caa cac gia tri
X, Y, z xay dung o trén:
AZ=-9, EL = 56

X

Hinh 6. 13. D4 thi 3 chiéu vai (AZ, EL) = (-9, 56)
>>plot3(x,vy,z,’0g’);
>>xlabel (Yx'7);
>>ylabel (‘y');
>>zlabel (Yz'");
>>view (-9, 560);

>>title (‘Az=-9,E1=56");
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Hinh 6. 14. B thj 3 chiéu vé&i (AZ, EL) = (0,90)
>>plot3(x,y,z,'xb’");

>>xlabel ('x')

~e

>>ylabel (‘y’)

~e

>>zlabel (Yz');
>>view (0, 90) ;
>>title (‘Az=0,E1=90");
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Hinh 6. 15. D& thi véi (AZ, EL) = (90, 0)
>>plot3(x,y,z,’'dr’);
>>xlabel (Yx'7);
>>ylabel (‘y');
>>zlabel (Yz');
>>view (90, 0);

>>title (‘Az=90,E1=0");

Khoa Co hoc ky thudt & Tu dong hoa — Dai hoc Cong nghé MATLAB va ting dung trong Co ky thuat



Chuong 6. D6 thi trong MATLAB 124

6.2.2 Tao lwéi va mit phing 3 chiéu

Truong hop thuong gap khi xtt 1y d6 thi trong khong gian 3 chiéu la cac dit
liéu phu thudc vao ca hai gia tri x va y va thuwong duoc biéu dién duwéi dang
z=f(x,y). Bén canh viéc st dung vong lap dé€ tao cac bién z phu thudc vao cdp gia tri
x, y cho trede, ham meshgrid trong MATLAB dem lai két qua twong duong néu x,
y dugc khai bdo dudi dang vector. Ca phap goi ham:

>>[X, Y]=meshgrid(x,y) sétao racac ma tran X, Y tao bdi cac vector x,
y tuong tng. Trong d6, X 1a ma tran c6 sd hang bang s& phan t& ctia y va cac hang
la su 13p lai ctia vector x, Y 1a ma tran c6 s cdt bang s& phan t& ctia x va cac cot la
sw 13p lai cta vector y. Ham meshgrid c6 thé minh hoa cu thé qua vi du sau:

>>x=[-1 0 11;

>>y=[5 6 7 8 91;

>>[X, Y]=meshgrid(x,y)

X =
-1 0 1
-1 0 1
-1 0 1
-1 0 1
-1 0 1

Y =
5 5 5
6 6 6
7 7 7
8 8 8
9 9 9

Tt cac dir liéu cho tredec, mot mat phéng dang ludi c6 thé thé hién trong
khong gian ba chiéu st dung 1énh mesh. Gia st ton tai ba ma tran X, Y, Z kich c&
M-N, mdi mot diém xdc dinh bdi cac toa dd (x(i,j), y(i,j), z(i,j)) twong ting véi phan
tlr 0 hang i cot j ctia cdc ma tran X, Y, Z la cac mét lwdi va sé dwoc ndi véi cdc méit
ludi 6 cac hang, cot lan can dé tao nén mat phéng lwdi. Cac mit lwdi phia trong
(khong ndm trén cac hang, cot dau tién hodc cudi cung ctia ma tran) sé dugc ndi
vGi 4 mat lwéi 1an can, cadc mit lwdi ndm trén canh ctia mit phéng sé ¢6 3 mit lwdi
1an can, cac mat luwdi & goc mat phang sé c6 2 mat ludi lan can twong tng. Bén
canh d6, dé€ tang hiéu qua quan sat, lénh mesh biéu dién cc khu vuc ¢6 d6 cao
khac nhau bang cdc mau sac khac nhau. Xét vi du sau:
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>>[X,Y]=meshgrid(linspace (0,2*pi, 50),
linspace (0,pi, 50));

>>7=sin (X) .*cos (Y) ;

>>mesh (X, Y, Z);

>>xlabel (x'); ylabel (‘y’); zlabel(‘z’);
>>axis ([0 2*pi 0 pi -1 11)
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Hinh 6. 16. B thj 3 chiéu v& bdi I1énh mesh

Bén canh viéc sit dung lénh mesh d€ tao bé mat trong khong gian ba chiéu
tte di liéu cho trudc, MATLAB cung cap cho nguoi stt dung 1énh surf cé tinh niang
teong duwong. Tuy nhién, cac 6 lwdi sé dwoc to6 mau va cé thé lwa chon ché do hién
thi st dung lénh shading nhu vi du sau:

>>surf (X, Y, Z);
>>figure( );
>>subplot(1,2,1);
>>surf(X,Y,2);
>>shading flat;
>>subplot (1,2,2);
>>surf(X,Y,2);

>>shading interp;
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Hinh 6. 18. Shading flat va interp
Trong d6 shading flat sé khong hién thi duong bao cta cac 6 lwdi nhung
mau sac trong mdi & 1a c§ dinh do d6 ta van c6 thé quan sét duoc cac “duong”
trén bé mat nhu hinh trén, shading interp bién d6i mau sac cta cac 6 lwdi theo &
1an can, dan dén bé mait tao thanh trd nén min hon.
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6.3 Tém tat chwong 6
Mot s6 1énh co ban véi do thi trong khong gian hai chiéu
plot Vé do6 thi xy
ezplot Vé nhanh d6 thi xy
line Vé thém do6 thi 1én truc toa d6 hién hanh
figure Mo ctra s6 d6 hoa méi
title Tao tiéu dé cho d0 thi
xlabel Dat tén cho truc hoanh
ylabel bat tén cho truc tung
hold Bat tit ché€ d6 vé nhiéu db thi trén mot truc toa dd
grid Bat tat ché do lwdi
axis Hiéu chinh hai truc toa do
text Chen ky ty 1én d6 thi theo toa do nhap tit ban phim
gtext Chen ky ty 1én d6 thi theo toa d§ xac dinh bf?mg chuot
legend Chen chu thich trong d6 thi
subplot Chia ctra s0 d6 hoa thanh nhiéu ctta s6 phu khac nhau
close Déng ctra s6 d6 hoa hién hanh
close all DPoéng tat ca ctra s6 d6 hoa
area Vé va to mau vung duoc vé
bar Tao biéu do codt
fill T6 mau phan dién tich bao bdi da giac
fplot Vé d6 thi ham s6 mot bién so
loglog Vé d6 thi vdi d6 chia loga ¢ ca hai truc x va y
plotyy Vé d6 thi véi hai truc tung
polar Vé do6 thi trong hé toa d cuc
quiver Vé vector, treong vector
stairs Vé d6 thi dang bac thang
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Mot s6 1énh co ban véi d6 thi trong khong gian ba chiéu
plot3 Vé do thi xyz
zlabel Pat tén cho truc z
meshgrid Tao lwdi dix liéu
mesh Tao mit phang ludi tir dit liéu cho truedc
surf Tao mit phang ludi c6 d6 bong
shading Diéu chinh d6 béng cho mit phang
view Chon gdc quan sat d6 thi

Bang 6. 2. Tém tat cac ham st dung trong chuong 6

6.4 Bai tap chuong 6
Bai 6.1

Vé do thi cia ham s6 y(x)= e 7% sin(15x) véi 0<x <15, tao vector chita cac

gia tri ctia x cach déu nhau 0.1

Dap an:

y(x):e_o'7X sinl5x

Hinh 6. 19. Hinh bai 6.1
>> x=0:0.1:15;
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>> y=exp (-0.7*x) .*sin(15*x) ;

>> plot(x,vVy)

>> xlabel ('x"'")

>> ylabel ('y')

>> title('y(x)=e*=-"0"."7"x sinlbx"'");

Bai 6.2
Vé d6 thi ham s6 sau st dung 1énh polar.
r? =5c0s3t voi 0<t <27

Dap an:

270

Hinh 6. 20. Hinh bai 6.2

>> t=linspace (0,2*pi,200);
>> r=sqgrt (abs (5*cos (3*t)));

>> polar(t,r)

Bai 6.3

Dung 1énh fill t6 mau vung gidi han bdi x, y trong do:
r® =5cos3t 0<t<2x

X =rcost y=rsint

Dap dn:

>> t=linspace (0,2*pi,200) ;

>> r=sqrt (abs (5*cos (3*t)));
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>>
>>
>>

>>

Bai 6.4

X=r.*cos (t);
y=r.*sin (t);
fill(x,y,'k")

axis ('square')

o
[6)]
1

Hinh 6. 21. Hinh bai 6.3

St dung lénh plotyy dé€ vé hai d6 thi ham s0 trén cung truc toa do.

yl=e>*cosx

y=€2x

Dap an:
>>
>>
>>
>>
>>
>>
>>

>>

0<x<20

x=1:0.1:20;

yl=exp (-2*x) .*cos (x);

y2=exp (2*x) ;

Ax=plotyy (x,vl,x,vy2);
hyl=get (Ax (1), 'ylabel');
hy2=get (Ax (2), 'ylabel');

set (hyl, 'string', '"exp (-2x) .cos(x) ")
set (hy2, 'string', 'exp (2x) ")
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Hinh 6. 22. Hinh bai 6.4
Bai 6.5

St dung lénh area t6 mau vung khong gian xac dinh boi d6 thi ham s6 vdi truc

tung va truc hoanh:

CoS X
= Sr<x<5rx

X

cos(x)/x) o

Hinh 6. 23. Hinh bai 6.5
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Dap an:
>> x=linspace (-5*pi, 5*pi, 100);
>> y=cos (xX) ./x;
>> area (x,vY):;
>> xlabel ('x')

>> ylabel ('cos (x) /x) ")

Bai 6.6

Dung 1énh surf d€ vé d6 thi ham sd sau trong khong gian 3 chiéu.
Y

z=cos(x)cos(y)e

‘x‘ <7 ‘y‘ <7

Dap an:

10" 10

Hinh 6. 24. Hinh bai 6.6
>> u=-7:0.2:7;
>> [X,Y]=meshgrid(u,u);
>> Z=cos (X) .*cos (Y) .*exp (-sgrt (X."24+Y."2)/5);
>> surf(X,Y,Z)
Bai 6.7
V& d0 thi khi x, y, z 1a cdc ham theo bién t nhw sau (0 <t <677 ).

x =+/tsin(3r) y =</t cos(3t) z=0.8¢t
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Dap an:
>> t=0:0.1:6*pi;
>> x=sqgrt(t) .*sin(3*t);
>> y=sqgrt(t).*cos(3*t);
>> z=0.8*t;
>> plot3(x,vy,z)

>> grid

20

Hinh 6. 25. Hinh bai 6.7

Bai 6.8

St dung lénh mesh va surface d€ vé do6 thi ham sd z 2% trén khoang

—2<x<6va2<y<8

Dap dn:

>> x=-2:0.1:6;

>> y=2:0.1:8;

>> [x,y]=meshgrid(x,vVy);

>> z=2*x.*y . 2./ (x."2+y."2);
>> mesh (x,vy,2)

>>figure (2)

X +Yy
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>> surf(x,vy,z)
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Hinh 6. 26. Hinh bai 6.8

Bai

St dung lénh surf vé d6 thi ham s6 z = 2713

X +y’

sin(x)cos(0.5y) trén khoang

—4<x<4 va 4 < y<4 vadung hiéu tng shading interp dé€ tao do bong.

Dap dn:

0.25:4
0.25:4

>> x=-4:

~e

>> y=-4:

~e

>> [x,y]=meshgrid(x,vVy);
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>> z=2."(-1.5*sqrt (x.72+y."2)) *cos (0.5*y) . *sin (x) ;
>> surf(x,vy,z);

>> shading interp;

Hinh 6. 27. Hinh bai 6.9

Bai 6.10

a. Dung lénh fplot d€ vé d6 thi ham s6 sau:
f(t)=tcost 0<t<L10x
b. Dung Iénh stairs dé vé d6 thi ham s6 y = f(¢)

> =3sin7t y=rsint 0<t<rx
c. Dung lénh bar dé vé do thi hams6 y = f (1)
> =3sindt y=rsint 0<t<r
Dap dn:

a.

>> fplot('x.*cos(x)"',[0,10*pi]);
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Hinh 6. 28. Hinh bai 6.10a

Hinh 6. 29. Hinh bai 6.10b

>> t=linspace (0,pi, 200);

>> r=sqgrt (abs (3*sin(7*t)));
>> y=r.*sin(t);

>> stairs(t,y)

>> axis ([0 pi 0 inf])
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C.
>> t=linspace(0,pi,200);
>> r=sqrt(abs(3*sin(4*t)));
>> y=r.*sin(t);

>> bar(t,y)

>> axis([0 pi 0 inf])
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Hinh 6. 30. Hinh bai 6.10c

1.5
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Chuong 7. LAP TRINH TRONG MATLAB

7.1 Gioi thiéu M-file

Cé bon cach dé lap trinh trong MATLAB. Cach déu tién va ciing la cach
don gian nhat da dwoc dé cap trong ndm chuwong dau cua gido trinh nay 1a nhap
1énh tryc tiép trong ctra s6 1énh. Khi d6 MATLAB sé dwgc sit dung nhv mot méy
tinh bo tai va phu hop véi cac bai toan cé do phtec tap khong cao. Cach thit hai la
tao mot van ban script M-file c6 chita cac cau 1énh, khi goi van ban trong ctra s6
lénh, cac cau lénh chira trong van ban sé lan lwot thyc hién giong nhw khi ta go
triec ti€p. Cach thit ba 1a st dung function M-file dé€ tao cac file ham cho phép xtt
ly cac gia tri dau vao d€ dua ra cac gia tri dau ra thich hop. Cach thit tue sé khong
duoc dé cap dén trong gido trinh nay do6 la tich hop cac chuong trinh dwoc viét boi
ngon ngt C hoac FORTRAN vao trong MATLAB st dung .mex file. Script va
function M-file déu cé phan tén chung la M-file vi cac file nay déu dugc luu véi
phan mo rong la “.m”.

MATLAB c6 sy khac biét 16n so vdi cac ngdn ngit 1ap trinh tiéu chudn khac
nhu C, C++, Java. Trudc tien MATLAB c6 thé hi€u nhu 1a mot chwong trinh phién
dich, c6 nghia la tat ca cac chuong trinh MATLAB déu duoc doc, phién dich va
thuee thi theo tirng dong mot, st dung ngén ngtt than thién véi nguoi dung. Diéu
nay dan dén viéc thoi gian tinh toan trong MATLAB sé lau tuy nhién sé rat dé
dang trong viéc phat hién 16i cing nhur viét cac chwong trinh mau hodc chuwong
trinh thir nghiém. Cac ngoén ngit khac nhu C, C++, Fortran, Java... la ngon ngit lap
trinh can duoc bién dich. Cac chwong trinh dwgc dich sang ngdn ngtr may dé xu ly
trong file thuee thi. T6c d6 tinh todn d6i voi cac chuwong trinh nay 1a rat nhanh tuy
nhién kho tim ra 16i trong qua trinh dich hay thuc thi. Mot diém thuan loi tht hai
khi lap trinh trong MATLAB d6 1a khong can phai khai bao trudc cac bién ciing
nhw kiéu dit liéu tuong ting sé sit dung. Trong MATLAB tat ca cac bién déu o
dang ma tran hodc dang chudi ky tw trong khi & nhitng ngon ngit 1ap trinh khdc,
viéc dinh nghia trudc bién, kich ¢, ki€u dit liéu la vo cung quan trong. Hai diém
khéc biét khac rdt dé nhan thdy khi so ssnh MATLAB véi cic ngdn ngit 1ap trinh
khac d¢6 la trong MATLAB khong st dung dit liéu ki€u con tro va MATLAB
khong phai la ngon ngtt lap trinh hudng doi tugng. Duwdi day la gidi thiéu hai
dang tng dung pho bién cua M-file trong MATLAB, d6 la vdn ban va ham do
nguoi dung ty dinh nghia.
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7.1.1 Van ban

D€ tao mot van ban trong MATLAB 7.5.0 (R2007b), nhap chudt vao File,
chon New sau d6 chon M-file. Mot ctra s méi goi la Editor sé xudt hién. Trong
ctra s6 nay, nhap chudi cac cau lénh mong mudn (s6 dong ctia van ban sé& hién thi
& bén trai, khong c6 ddu nhac >>) r6i luru lai véi tén c6 phan mé rdng .m (méc dinh
trong MATLAB). Vi du sau minh hoa cho viéc tao mot van ban c6 tén scriptl.m dé
tinh dién tich hinh tron véi ban kinh cho truedc. Trong vi du nay, ndi dung ctia van
ban sé dwgc thé hién trong 6 hinh chi nhat vdi tén file ¢ trén

scriptl.m
radius = 5

area = pi * (radius”?2)

Dé xem ndi dung cua mot van ban da dwogc luu, cd thé st dung mot trong
hai cach sau day. Cach th nhat la s dung lénh type, ndi dung van ban sé hién
lén trong ctra s6 lénh. Cach thi hai la mo file trong ctra s6 Editor. Trong ctta sO
lénh, khi go tén file cua M-file thi tat ca cac lénh cha trong file do sé dugc thuc
thi.

>>type scriptl

radius = 5
area = pi * (radius”"?)
>>scriptl
radius =
5
area = 78.5398

Mot diéu quan trong khi lam viéc vdi cac file van ban va ham d6 la cac van
ban can phai trinh bay rd rang, dé hiéu d€ tién cho viéc tham khao ciing nhw kiém
tra 16i trong qua trinh chay. Mot trong nhitng cach lam cho viéc trinh bay vin ban
duoc ro rang la st dung dau % dé thé hién chu thich cho cac doan, cau lénh ma
khong anh huong dén két qua. Vi du van ban truede c6 thé' diéu chinh mot chuat vé
ndi dung nhu sau:

scriptlb.m

% Chuong trinh tinh dien tich hinh tron

Q

% Cho truoc ban kinh hinh tron

radius = 5
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area = pi * (radius”"2)

Lénh help trong MATLAB ciing c6 thé stt dung d6i v6i M-file va sé hién thi
khoi chu thich dau tién (dwgc hiéu 1a nhitng dong chu thich k€ tiép nhau) trén ctra
s0 1énh. Vi du d6i véi van ban script1b.m viva luu:

>>help scriptlb

Chuong trinh tinh dien tich hinh tron

Truong hop gitta hai dong chua thich %Chuong trinh... va %Cho truoc...
khong phai 1a mét dong trong, MATLAB sé hiéu hai dong nay thudc cuing mot
khoi chu thich va sé hién thi l1én man hinh khi 1énh help cho van ban nay duoc goi.

Trong lap trinh, viéc xudt nhap d liéu & cac dang khac nhau la rdt quan
trong. Cac lénh co ban vé xuat nhap dir liéu da dwoc gidi thiéu ¢ chuwong mé dau
va sé duoc nhac lai cu thé hon & chuong nay trong cac bai tap twong tng. Vi du:
Tuw file script1b.m viét chwong trinh tinh dién tich hinh tron véi ban kinh nhap tt
ban phim.

script2.m

%Chuong trinh tinh dien tich hinh tron

%Dua vao ban kinh duoc nhap tu ban phim

%Yeu cau nhap ban kinh hinh tron tu ban phim

fprintf (‘Luu y: Don vi ban kinh la centimet\n’)

radius = input (‘Nhap ban kinh: V),

area = pi * (radius”2);

%In ra cac gia tri ban kinh va dien tich hinh tron
fprintf (‘Ban kinh hinh tron la %.2f cm, \n’, radius)

fprintf (‘Dien tich hinh tron la %.2f cm2\n’, area)

Khi chay chuwong trinh, man hinh s€ hién ra cac noi dung sau:
>> script2

Luu y: Don vi ban kinh la centimet

Nhap ban kinh: 3.9

Ban kinh hinh tron la 3.90 cm,

Dien tich hinh tron la 47.78 cm2

7.1.2 Ham do nguoi dung ty dinh nghia

Trong MATLAB, bén canh cdc ham da xay dung san, cdc ham vo danh,
nguoi dung con co thé tw dinh nghia cac ham stt dung M-file duoc gidi thiéu sau
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day. Do ham tao trong Editor nén cac budc mo ctra s6 Editor cling twong tw nhuw
do6i v6i van ban cho MATLAB phién ban 7.5.0 (File > New > M-file ), & cac phién
ban mdi hon, c6 thé chon File & New = Function cho ham va File 2 New =
Script cho van ban. Cac ham do nguoi dung ty dinh nghia c6 thé ¢c6 mot hay nhiéu
tham s6, trda vé moét hay nhiéu giad tri, tuy nhién vé co ban, moi ham trong
MATLAB can phai c¢é nhiing yéu t0 sau:
- Dong dau tién ctia ham véi cac thong tin:
e Tt khoa function.
e Tén cac gia tri tra vé cua ham (néu c9).
e Tén ham.
e Tén cac tham s6 ctia ham (néu co).
- Khéi dong chu thich trinh bay y nghia cua ham, khdi nay sé hién ra khi
st dung lénh help.
- Than ham: bao gom tat ca cac 1énh xtr ly cua ham.
- T khoa end & dong cudi cung cua ham.

Vi du: Ham calcarea tinh va tra vé gia tri dién tich hinh tron luu trong file
calcarea.m nhu sau:

calcarea.m

function area = calcarea (rad)

o)

% Ham calcarea tinh dien tich hinh tron neu biet ban
kinh

o)

% Cu phap goi ham: calcarea(ban kinh)

o)

% Tra ve gia tri dien tich cua hinh tron co ban kinh
tuong ung

area = pi * rad * rad;
end
Ban kinh hinh tron sé duwoc Ieu vao tham s6 rad, ham sé tinh dién tich hinh
tron va lteu vao bién area. Luu y: do ham c¢6 gia tri tra vé nén phan than ham phai
c6 lénh d€ truyeén gid tri cho bién dau ra area ciia ham. D€ xem ndi dung ctia ham
bén canh viéc sit dung Editor c6 thé dung lénh type nhu da gidi thiéu o trén.
Goi ham tlr ctra s0 1énh: Sau day 1a vi du cta viéc goi ham calcarea trong dé
gia tri tra vé luu trong bién mdc dinh ans:
>>calcarea (4)
ans =

50.2655
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No6i chung viéc goi ham sé€ thuc thi thanh cong khi nhap tén cua file chita
ham tuy nhién dé tranh ric r&i va dé quan ly, nén chon tén file va tén ham tring
nhau. Két qua tra vé cia ham c6 thé luwu trong mot bién co tén trung hodc khac véi
tén cua gia tri tra vé trong ham.

Gia trj tra vé ctia ham cling ¢4 thé in ra man hinh hodc xuét ra file st dung
1énh disp hoac fprintf:

>>disp(calcarea(4))

50.2655

>>fprintf (‘Dien tich hinh tron la %.1f\n’, calcarea(4))

Dien tich hinh tron 1a 50.3

Cac ham do nguoi dung dinh nghia cling c6 thé duoc goi tir van ban giong
nhu cdc ham xay dung sdn trong MATLAB. Vi du tinh dién tich hinh tron trén day
la mot treong hop don gian chi can st dung mot tham s6 dau vao. Tuy nhién
trong thuee t€ ching ta thuwong gdp phai cac bai toan phtec tap yéu cau nhiéu tham
s0 dau vao cling nhu cac tinh toan trung gian doi véi bién cuc bd dé€ cd thé dua ra
gia tri trd vé mong muén nhu vi du sau: Tinh tién cong bang USD cho viéc gia
cong mot hinh tru tron biét cac kich thwde ctia hinh tru ciing nhu gia thanh gia
cong cho mot m? tinh bang VND va ti gia 1 USD =? VND. Chting ta c6 thé giai bai
todn bang cach tinh toan dién tich xung quanh ctia hinh try ttr d6 tinh ra gia thanh
gia cong bang VND r6i quy d6i ra USD véi ti gid cho truede. Dién tich xung quanh
ctia hinh tru duoc tinh theo cong thtzc:

dt =2rxrh+2rr’
giacong.m

function chiphi=giacong(r, h, giaVND, tigia)

o)

% Ham tinh so tien tra cho viec gia cong mot hinh tru
tron bang USD

o)

% Cu phap goi ham: giacong(ban kinh, chieu cao, gia
theoVND, ti gia quy doi)

oo

Ham tra ve chi phi tinh bang USD

oo

Ban kinh va chieu cao tinh bang m

Chi phi co don vi USD/m2

oo

oo

Tinh dien tich xung quanh cua hinh tru
dt = 2*pi*r*h + 2*pi*r"2;

% Tinh chi phi gia cong bang VND

CpVND = dt*giaVND;

Q

% Tinh chi phi gia cong bang USD
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chiphi = cpvnd/tigia;
end
Ham c¢6 thé duoc goi nhu sau, vi du hinh tru ban kinh 0.1m, chiéu cao 0.5m,
tién cong la 200 000VND/m? va 20 000VND d6i duwoc 1 USD.
>>giacong (.1, .5, 200000, 20000)
ans =
3.7699

>>fprintf ('Tien gia cong hinh tru la:
USD\n',giacong(.1,.5,200000,20000))

Tien gia cong hinh tru la 3.77 USD

o°

.2f

Ham do nguoi dung tu dinh nghia trong MATLAB ¢6 thé dugc phan biét
theo s6 lwong bién dau vao va két qua dau ra nhu sau

- Ham tinh toan va tra vé mot gia tri

- Ham tinh toan va tra vé nhiéu hon mét gia tri

- Ham chi thyc hién mot s6 nhiém vy nhat dinh ma khong tra vé gia tri nao

Vé tong quan, nhu da trinh bay ¢ trén, moi ham do nguoi dung ty dinh
nghia trong MATLAB déu c6 tir khoa function & dau, trong treong hop ham cé
tra vé gia tri thi (tap hop cac) tén cua gid tri tra vé sé duoc thé hién trén cung dong
vé6i tir khda function, theo sau la phép gan =). Tham s6 dau vao dwoc biéu dién
trong ngodc don, trong treong hop c6 nhiéu tham sd dau vao, st dung dau , dé
phan biét.

Vi du trén la mot minh hoa cho ham tra vé mot gia tri, d6i voi ham tra vé
nhiéu hon mot gia tri, ci phdp tong quat cia mot ham dang nay nhu sau

ten ham.m

function [tap hop cac gia tri tra ve] = ten ham(tap hop
cac tham so vao)

%$Dong chu thich mo ta noi dung ham
Cac cau lenh thanh phan

Tat ca cac gia tri tra ve liet ke o dong dau deu phai
duoc gan gia tri

end

Luu y la d&i v6i dang ham nay, trong phan than ham bat budc phai cé 1énh
gan gia tri cho tat ca cac gia tri tra vé da duoc liét ké ¢ phan khai bdo ham.

Vi du ham sau sé tinh va tra vé hai gia tri chu vi va dién tich ctia hinh tron
v6i tham s6 dau vao la ban kinh cta hinh tron teong ting.
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areacirc.m

function [area, circum] = areacirc(rad)

% ham areacirc tra ve gia tri chu vi va dien tich hinh

o)

% tron

o)

% cu phap goi ham: areacirc(radius)

area = pi * rad .* rad;
circum = 2 * pi * rad;
end

Do ham ¢6 hai gia tri tra vé, & dong khai bao ham, hai gia trj tra vé nay sé
duoc biéu dién trong ngodc vudng, phan biét véi nhau boi ddu phdy. Luu y 1a do
ham c6 hai gid tri tra vé nén can phai lwu cac gia tri nay vao cac bién riéng biét
khac nhau, trong vi du nay, dién tich sé dwoc lwu vao bién a va chu vi duoc luu

vao bién ¢
>>[a c] = areacirc (4)
a =
50.2655
c =
25.1327

Trong treong hop khong luu vao cac bién riéng 1é, chi c6 gia tri dau tién
cua ham dwoc tra vé, vi du:

>>disp (areacirc(4))

50.2655

Sinh vién can luu y vé thi tw leu cac gia tri tra vé nhu trong dong khai bao
ham, trong truong hop nay, gia tri tra vé dau tién sé la dién tich, ti€p theo la chu
vi, tuy nhién th ty gan két qua cho cac gia tri tra vé trong than ham khong quan
trong. O bai nay, sinh vién ¢ thé kiém tra két qua khi tham s§ dau vao khong
phai 1a mot s6 ma la mot vector.

Twong tw nhw cdc ham xay dung sén trong MATLAB, khi ding ham help
do6i v6i ham vira tao, man hinh sé hién thi ndi dung trong cac dong cha thich ngay
phia duwdi dong khai bdo ham, vi du

>>help areacirc

ham areacirc tra ve gia tri chu vi va dien tich hinh

tron

cu phap goi ham: areacirc (radius)
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Viéc goi ham cling hoan toan twong tw nhw ddi voi cdc ham xay dung sdn
trong MATLAB, nghia 1a nguoi sit dung c6 thé€ goi truc ti€p trong ctra s6 1énh hodc
trong van ban...

Déi véi cac ham khong ¢d gid tri tra vé ma chi thuc hién mot s6 nhiém vu
nhét dinh, ct phép tong quéat nhu sau

ten ham.m

function ten ham(tap hop cac tham so vao)

%$Dong chu thich mo ta noi dung ham

Cac cau lenh thanh phan

end

Luu y 6 dong khai bao ham, ta c6 thé thdy khong cé khai bao céc gia tri tra
vé cling nhu khong c6 phép gén =, vi du ham sau chi thyc hién nhiém vu in cac
tham s6 dau vao da nhap trong cung mot cau

printem.m

function printem(a,b)

% printem in hai tham so dau vao trong cung mot cau

% cu phap goi ham: printem(sol, so2)

fprintf ('So thu nhat %.1f va so thu hai %.1f\n’,a,b)

end

Vidu goi ham

>>printem (3.3, 2)

So thu nhat 3.3 va so thu hai 2.0

Luu y do ham khong c6 gia tri tra vé nén néu gan két qua ctia ham cho mot
bién, MATLAB sé& hién thi thong bdo 13i, vi du

>>x = printem (3, 5) %Error!!
??? Error using ==> printem

Too many output arguments.

Dai véi cac vi du trén, ta déu thdy cdc ham déu c6 tham s6 dau vao, tuy
nhién trong mot s treong hop, tuy vao bai toan cu thé, su xuat hién cua tham s6
dau vao 1a khong can thiét, vi du ham sau sé in ra mot s6 ngau nhién v6i hai chi
s0 ¢ phan thap phan
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printrand.m
function printrand()

o)

% printrand in ra man hinh mot so ngau nhien
% cu phap goi ham: printrand hoac printrand()
fprintf (‘So ngau nhien la %.2f\n’,rand)

end

Vi du goi ham nhw sau

>>printrand ()

So ngau nhien la 0.94

Do khong cé tham sd dwa vao ham nén khong c6 tham s6 trong dau ngodc
khi khai bdo hodc goi ham, néi cach khac, d6i véi nhitng dang ham nay, khong
can sit dung dau ngodc don trong dong khai bao ham hodc khi goi ham.

7.2 Caclénh lwa chon

Hai cau lénh lua chon co ban trong MATLAB la if va switch trong do if con
o6 cac lénh ré nhanh else va elseif. Lénh if sé€ kiém tra cac gia tri diing hoac sai ctua
diéu kién dé€ thuc hién cac cau lénh ti€p theo trong do diéu kién dwoc biéu dién
boi cac phép toan logic va cac phép toan so sanh dwoc gioi thiéu duwdi day.

7.2.1 Cac phép toan quan hé
Cac phép toan quan hé cé thé la cac phép toan so sanh gitra hai biéu thic
cung kiéu dit liéu hodc la cac phép toan logic, gia tri tra vé ctia chiing la diing hodc
sai. C4c phép todn so sanh trong MATLAB dwoc biéu dién trong bang sau:
> Loénhon
< Nho hon
>= Lén hon hodc bang
<= Nho hon hogc bang
= Bang
~= Khac
Ct phdp biéu dién cac phép toan so sanh la gidng nhau & cac ngdn ngir 1ap
trinh, c6 thé cé si khac nhau vé ky hiéu. Liu y & day phép so sanh bang stt dung
ky hiéu “==" do ky hiéu “=" da dwoc sit dung cho phép gan. Trong MATLAB ciing
nhu cdc ngdn ngi 1ap trinh khac, dting dwoc biéu dién bdi gia tri logic “1”, sai
duwoc biéu dién boi gia tri logic “0”, xem vi du dudi day:
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>>3 < 5

ans =

>>2 > 9

ans =

Gia tri trd vé ctia phép toan so sanh mac du 1a cac gia trj logic nhung van cé
thé st dung trong tinh toan toan hoc véi cac gia tri 1 va 0. Vi du:
>>5 < 7
ans =
1
>>ans + 3
ans =

4

Céac phép toan logic thuong gdp la:

| hodc || Logic OR
& hoac && Logic AND
~ Logic NOT

Bén canh d6 MATLAB con cé phép toan xor chi nhan hai tham s& dau vao
va tra vé gia tri logic dung khi mot va chi mot tham s6 la dang. Vi du:
>>xor (3<5, ‘a’ > ‘c¢’)
ans =
1
>>xor (3<5, ‘a’ < ‘c¢’)
ans =
0
Bang gia tri cho cac phép toan logic duoc gidi thiéu trong chwong nay doi
vOi hai bién x, y duoc trinh bay trong bang dwdi:

X y ~X x Iy x&&y  xor(x,y)
1 1 0 1 1 0
1 0 0 1 0 1
0 0 1 0 0 0
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7.2.21F
If cho phép lua chon thuc hién hoac khong thuc hién mot hodc nhom cau
1énh. Cu phap tong quat cho cau l1énh diéu kién nay la:
if dieu kien
hanh dong
end
Trong d6 dieu_kien 1a biéu thitc quan hé chi nhan gia tri dang hodc sai,
hanh_dong 1la mot hodac nhédm cau lénh sé dwoc thuc hién khi dieu_kien nhan gia tri
dung. Vi du sau day sé kiém tra mot gid tri la dwong hay am, sau d6 chuyén gia tri
am sang gia trj dwong bang cach 13y gid tri tuyét doi.
if num < 0
num = abs (num)
end
Co thé sit dung if trong ctta sO lénh tuy nhién t6t nhat van nén thuc hién
trong M-file d€ de kiém soat ciing nhu thuwc hién lénh. M6 rong vi du trén, ta ¢
thé kiém tra mot s6 nhdp vao tir ban phim la &m hay duong va thuc hién phép
tinh khai can v6i s6 nhap vao néu doé la s6 duong, hodc khai can vdi tri tuyét doi
cta s6 d6 néu sd nhap vao am.
vidukhaican.m

% Yeu cau nhap vao mot so tu ban phim, tra ve gia tri
can bac hai

num = input (‘Hay nhap mot so: '),

% Neu so duoc nhap vao nhan gia tri am, tim tri tuyet
doi cua so do

if num<O

disp(‘'Ban da nhap vao so am, chuong trinh se khai
can gia tri tuyet doi’);

num = abs (num)

end

oo
o

fprintf (‘Can bac hai cua 1f la 1f

\n’,num, sgrt (num) )
Chay thtr chwong trinh véi cac s6 nhap vao la 9 va -9, cho biét két qua.

Trong khi 1énh if chi cho phép lua chon c6 hay khong thuc thi mot hay
nhom cau lénh, d€ lya chon gitra nhiéu hay cac nhém cau lénh ta c6 thé st dung
if-else, cac cau lénh if 1ong nhau, switch.

Cu phap cho cau lénh if-else nhu sau:
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if dieu kien
hanh dong 1
else
hanh dong 2
end
Cac hanh_dong sé dugc thuc hién duwa trén viéc kiém tra dieu_kien. Néu
dieu_kien nhan gia tri dung, hanh_dong_1 sé dugc thuc thi va sau khi hoan thanh,
cau lénh if-else sé két thuc. Néu dieu_kien nhan gia tri sai, chwong trinh sé bo qua
hanh_dong_1 d€ thuc hién hanh_dong_2 va sau d6 két thuc cau 1énh if-else. Vi du:

testifelse.m
a=rand;
fprintf ('So ngau nhien wvua nhan: %.1f\n',a);
if a<=.5
fprintf ('la mot so nho hon hoac bang 0.5\n'")
else
fprintf('la mot so lon hon 0.5\n'")
end
Mot trong nhitng tng dung cua if-else 1a d€ kiém tra 16i nhap dit liéu trong
van ban. Vi du ¢ dau chuwong ching ta c6 chwong trinh nhap ban kinh hinh tron
roi tinh dién tich, bay gio ta sé chen thém dong lénh d€ kiém tra xem ban kinh
nhap vao co hop 1é hay khong (vi du: ban kinh nho hon khong 1a khong hop 1€).
checkradius.m
% Chuong trinh tinh dien tich hinh tron
% Kiem tra tinh hop le cua gia tri ban kinh nhap wvao
radius = input (‘Hay nhap vao ban kinh: V),
if radius <= 0

fprintf ('Xin 1loi, %.2f khong phai 1la ban kinh hop
le\n’, radius)

else

area = calcarea(radius);

fprintf (*Hinh tron co ban kinh %.2f,’,radius)
fprintf (' co dien tich la %.2f\n’,area)

end

Qua vi du trén c6 thé thiy viéc st dung if-else cho phép lya chon thuc hién
gitta hai cau 1énh hay hai nhdm cau lénh, trong truong hop s6 1énh, nhém 1énh
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phai lya chon nhiéu hon hai, ¢6 thé st dung cac cau lénh if [ong nhau. Xét vi du
v6i ham s6 y=f(x) dudi day:

y=Inéu x<-1
y=x’néu —1<x<2
y=4néu x>2

Biéu dién twong ting trong MATLAB:
if x < -1
y = 17
else
Dbén day chi xét truong hop x>=-1
St dung if-else d€ lya chon gitta hai khoang con lai
if x <= 2
y = xX"2;
else
Chi con lai treong hop x>2
y = 4;
end
end
Trong phan 16n cac ngon ngtt ldp trinh, khi c¢6 nhiéu cau lénh, nhém cau
lénh dé€ lwa chon, ta cd thé st dung cdc cau lénh if 16ng nhau. Tuy nhién,
MATLAB cho phép giai quyét vdn dé trén bang mot cau lénh khéc elseif, khi co
trén hai lya chon tro 1én.
if dieu kien 1
hanh dong 1
elseif dieu kien 2
hanh dong 2
elseif dieu kien 3
hanh dong 3
else
hanh dong khac
end

Xét vi du viét ham doi diém so ra diém chit sau day, trong d6 diém s6 la s6
nguyén duoc nhap tir ban phim, diém trén 9 dén 10 twong ting véi diém “A’, diém
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trén 8 dén 9 tuong tng véi diém ‘B’, diém trén 7 dén 8 tuong ting véi diém ‘C,
diém trén 6 dén 7 tuong tng voi diém ‘D’, dudi 6 tuong duwong véi ‘F’, néu diém
nhdp vao 16n hon 10 hodc nho hon 0 thi tra vé gia tri “X'.

function doidiem.m

function diemchu = doidiem (diemso)

%$Ham doidiem cho phep doi diem chu ra diem so

%$Trong do diem so duoc tu ban phim

%Cu phap goi ham: doidiem(diem so)

$Gia tri tra ve la chu cai

%3Kiem tra xem diem nhap vao co hop le

if diemso < 0 || diemso > 10

diemchu = 'X';

%$Doi diem nhap vao ra diem chu tuong ung
elseif diemso > 9 && diemso <= 10
diemchu = 'A';

elseif diemso > 8 && diemso <= 9

diemchu = 'B';

elseif diemso > 7 && diemso <=8

diemchu = 'C';

elseif diemso > 6 && diemso <=7

diemchu = 'D';
else
diemchu = 'F';
end
end

Mot s6 vi du goi ham vira tao:
>>diemso = 8.2;
>>diemchu = doidiem(diemso)
diemchu =

B
>>diemchu = doidiem(5.8)
diemchu =

F
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>>diemchu = doidiem(11)
diemchu =

X

7.2.3 SWITCH

Lénh switch thwong st dung trong truong hop cac cau lénh if 1ong nhau
hodc st dung nhiéu cau 1énh elseif. Switch dugc st dung khi so sanh xem mét
biéu thitc c6 gia tri bang cac gia tri cu thé cho trudc.

Cua phap cua switch:

switch bieu thuc

case truong hop 1
hanh dong 1
case truong hop 2
hanh dong 2
case truong hop 3
hanh dong 3
otherwise
hanh dong n

end

Mot cau lénh switch bat dau vdi tir khéa switch va két thic véi tir khda
end. Trudc tién biéu thirc trong switch sé dugc so sanh theo thit tu véi cac gia tri
cua (trieong hop 1, trwong hop 2, trwong hop 3...). Néu gia tri cta biéu thirc trung voi
gia tri cua truwong hop 1, hanh dong 1 sé€ dugc thuc thi va sau doé két thuc cau lénh
switch. Néu gia tri ctia biéu thirc trung véi truong hop i, hanh dong i s€ dugc thuce
thi va két thic cau 1énh switch. Néu gia tri ctia biéu thirc khong trung voi truong
hop nao, hanh déng n phia dwdi tir khda otherwise sé dugc thiec thi. Xét vi du sau
day néu nguoi st dung chi nhap vao ttr ban phim cac gia tri 1, 3, 5 thi MATLAB sé
in ra man hinh “moét”, “ba”, “nam” twong tng, treong hop gia tri nhap vao khong
phaila 1, 3, 5 MATLAB sé& hién thi thong bao 16i.

otherwisetest.m

%Vi du su dung otherwise trong switch de hien thi thong
bao loi

sonhap=input ('Nhap vao mot trong cac gia tri 1, 3, 5:

')

switch sonhap
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case 1

disp('So nhap vao la so mot!!");
case 3

disp('So nhap vao la so ba!!');
case 5

disp('So nhap vao la so nam!!")
otherwise

disp('So nhap vao khong dung, lam theo huong
dan lan sau!!")

end

7.3 Vong lap

D6i véi bai toan tinh dién tich hinh tron véi ban kinh cho trede nhw da vi
du 0 trén, cd thé khong can sit dung dén M-file d€ 1ap trinh ma c6 thé thuc hién
phép tinh don gian trong MATLAB: S = rt7®. Tuy nhién, vi du nhu khi bai toan yéu
cau tinh dién tich cac hinh tron ¢é ban kinh Ian luot ttr 0.1, 0.2, ...99.9, 100cm ciing
nhu khi gdp phai nhitng bai toan yéu cau thuc hién lai nhiéu lan mot phép tinh, ta
can st dung dén vong lap.

Vong ldp trong lap trinh cho phép thuc hién lai nhiéu lan mot hay mot
nhom cdc hanh dong. C6 hai loai vong ldp co ban thuong gap: vong lap gidi han
va vong lap c6 diéu kién. Vong ldp gidi han la vong ldp ma trong dé cac hanh
dong duoc ldp lai véi mot s6 Jan xac dinh truede. Vong lap c6 diéu kién cho phép
lap lai cac hanh dong cho dén khi diéu kién khong con nhan gia tri dung. Trong
MATLAB hai loai vong ldp trén twong ttng vdi cac vong lap for (vong lap gidi
han) va while (vong lap c6 diéu kién).

7.3.1 FOR

Vong lap for thuong st dung khi can lap lai nhiéu Ian moét 1énh hay nhom
cau lénh trong M-file van ban hay ham va s6 lan lap xac dinh trudc, trong do6 lan
18p thit n dwgc xac dinh boi gid tri cua bién 1ap. Cac bién 1§p thuong gdp trong céc
ngon ngtt lap trinh la i, j, k, [... tuy nhién trong MATLAB do i va j da duwoc st
dung d& bi€u dién s3 phiic nén can lwu y khi st dung i va j 1am bién lap.

Cu phap cho vong lap for:

for bien lap = khoang lap

hanh dong
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end

Trong d6 khodng_lip chiva cac gia tri tiv nho nhat dén 16n nhat cua bién_ldip.
khodng_lip c6 thé duoc dinh nghia bang vector tuy nhién thong thuong khodng_lip
duoc biéu dién str dung dau hai chdm :

Vi du: In mot cot s6 nhan cac gia tri tir 1 dén 5:

for i =1 : 5

fprintf ('%d \n’, 1)

end

Dau tién bién 1dp i sé dwoc gan gia tri dau tién ctia khodng_ldp la 1, sau d6
hanh_dgng cta vong lap for s€ dwoc thuyee thi (0 day 1a Iénh fprintf in ra gia tri cua i,
sau d6 xudng dong). Tiép d6 i sé dwoc gan gia tri 2, MATLAB in gia tri twong Ging
cta i ra man hinh, xuéng dong... cho dén khi hanh_djng thuc hién xong véi i nhan
gia tri cudi cing bang 5, vong 1ap két thrc.

Mot trong nhitng t'ng dung phd bién cta viéc sit dung vong lap for la tinh
tong hoac tich. MATLAB ¢6 ham sum va prod dé€ tinh tong va tich ctia cac phan ti
trong mot vector, ta cd thé st dung for dé thuwc hién cong viéc twong dwong ma
khong can dung dén cic ham xdy dung s&n. Vi du: Cho vector
A=[123456789 10], tinh tong va tich cua tat ca cac phan t&r trong vector A.

>>A = 1:10;

>>sumA = 0;

>>prodA = 1;

>>for 1 =1 length (4)

SumA = sumA + 1i;
prodA = prodA * I;

end

So sanh sumA va prodA véi két qua cac phép tinh sum(A) va prod(A).

Vong lap for cling c6 thé két hop voi cau lénh lya chon if nhw trong vi du
dudi day: Chi tinh tong nhitng phan tt trong A nhan gia tri nho hon 5 va tinh tich
cta cac phan ti con lai cua A.

>>sumb = 0;

>>postrest = 1;

>>for i = 1 : length(A)

if 1 <5
sumS = sumb + 1i;

else
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postrest = postrest * i;
end
end
Nhuw da thdy o vi du trén, hanh_ djng & trong vong lap for c6 thé la bat ki
cau lénh hgp 1€ nao, vi thé ta cd thé nhiéu vong lap for 16ng trong nhau theo cu
phap sau:
for bien lap 1 = khoang lap 1

%hanh dong 1 tuong duong voi viec khai bao them
vong lap

for bien lap 2 = khoang lap 2
hanh dong 2
end
end
Cac vong lap for I6ng nhau thuong gap trong ma tran khi phai duyét cac
phan tk theo hang va cot. Vi du hay in ra man hinh 15 ngoi sao xép theo 3 hang
lién ti€p (moi hang 5 ngdi)
>>h = 3; ¢ = 5;
>>for i =1 : h
for j =1 : c
fprintf (Y*");
end
fprintf (M\n’);
end

* k Kk k)
* Kk Kk k)

* k Kk k)

7.3.2 WHILE
Cau lénh while la cau 1énh cho phép lap c6 diéu kién trong MATLAB, duoc
st dung dé€ lap lai mot hanh dong khi khong biét chinh xac s6 lan lap. Ca phap
tong quat:
while dieu kien
hanh dong

end

Khoa Co hoc ky thudt & Tu dong hoa — Dai hoc Cong nghé MATLAB va ting dung trong Co ky thuat



Chuong 7. Lap trinh trong MATLAB 156

Trudc tién dieu_kien sé duogc kiém tra, néu dieu_kien nhan gia tri logic dung,
hanh_dong sé duoc thuc thi. Sau d6 MATLAB thuc hién lai phép kiém tra, néu
dieu_kien vAn nhan gia tri dang, hanh_dong lai ti€p tuc duoc thuc thi...Vong lap cé
thé tré thanh vong 1dp v6 cung néu dieu_kien khong nhan gia tri sai nhw vi du sau
day:

>>dieu kien=1;

>>while dieu kien

fprintf ('Su dung to hop phim Ctrl+C de thoat khoi wvong
lap\n’)

end

D& tranh truong hop vong 1dp v cung nhuw trén, hanh_dong phai dan dén
su thay doi trong dieu_kien d€ gia tri logic ctia nd tré thanh sai. Vi du cho mét
chudi vo han cacs6saw: 1 2 6 24 ... trong d6 phan tir dau tién ctia chudi nhan
gia tri 1, phan tk th hai nhan gia tri 2, phan t thit #n nhan gia tri bf?mg tich ctaa
phan ttr tht -1 nhan véi vi tri ctia phan tie d6 trong chudi . Viét ham tim phan tu
dau tién ctia chudi 16n hon gia tri tham s& dau vao ctia ham doé.

timso.m

function a = timso (b)

%Tim so tra ve gia tri phan tu dau tien cua chuoi 1lon
hon tham so dau vao cua ham

i=1;
so = 1;
while so <= Db

i=1+1;

so = so * iy
end

a = so;

end

Vi du: Cho tham s6 dau vao ctia ham bang 700.

>>timso (700)

ans =

720

Trong chuwong trinh ndy ta stt dung hai bién i va so, trong dé i biéu dién s6
thit ty ctia phan tk trong chudi, so dai dién cho céc phan tr trong chudi bit dau tir
phan ti thit nhat, dieu_kien dwgc chon cho ham la phan tk tht nhat nhé hon gia tri
dau vao cua ham. Chay vong lap while [an dau tién, dieu_kien van nhan gia tri

Khoa Co hoc ky thudt & Tu dong hoa — Dai hoc Cong nghé MATLAB va ting dung trong Co ky thuat



Chuong 7. Lap trinh trong MATLAB

157

duang (1 <700), so duoc gan gia tri ctia phan t& thit hai trong chudi theo cong thiic
(1*2=2Lﬁakkwnn@tﬁnnﬁadu@ﬂd&nhavév&iuéVégﬁtﬁdﬁng(}Miﬁnh
kiém tra diéu kién va gan duoc lap lai dén khi so nhan gia tri 16n hon tham s6 dau

vao ctia ham, chwong trinh két thuc.

Mot vi du khac vé viéc ting dung vong lap while d6 la 13p lai viéc nhap gia

tri ttt ban phim theo dinh dang cho trueedc.

% Chuong trinh yeu cau nguoi dung nhap mot so duong tu
ban phim,

% neu do la mot so duong,

hanh dong: in so do ra

thuc thi vong lap bao gom cac

% man hinh va yeu cau nhap mot so duong khac cho den
khi so nhap vao am

inputnum=input ('Nhap vao mot so duong: ');

while inputnum >= 0

fprintf ('Ban da nhap vao so:

%$d\n\n', inputnum)

inputnum = input ('Nhap vao mot so duong: ');

end

fprintf ('So nhap vao khong hop le!\n')

7.4 Tém tat chwong 7

Cac phép toan quan hé va cac phép toan logic

== Bang

~= Khac

< Nho hon

<= Nhé hon hodc bang
> Lén hon

>= Lén hon hogc bang
&  hodc | Logic AND

&&

| hoac Il | Logic OR

~ Logic NOT
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Xor Logic EXCLUSIVE OR

Cac ham diéu khién chuong trinh

break Ngat vong lap

case Cau lénh ré nhanh trong cdu truc switch

else Cau 1énh ré nhanh trong cdu trac if

elseif Cau 1énh ré nhanh trong cdu truac if

end Két thuc cac cau tric 1énh for, while, end
error Hién thi thong bao 16i

for Lap lai tap hop 1énh theo mot s6 lan cho trudce
if Thuec hién cau 1énh theo diéu kién

otherwise | Phan mdic dinh ctia cau tric switch

switch Cau truc cho phép thuc hién 1énh khi so sanh véi cac diéu kién cho
trudc

warning | Hién thi 16i canh bao

while Lap lai tap hop lénh theo mot s6 lan khong xac dinh

Bang 7. 1. Tém tat cac ham st dung trong chuong 7

7.5 Bai tap chwong 7
Bai 7.1
Viét ham sumstep tinh va tra vé gia tri tong cua cac s6 tir 1 dén n véi khoang

cach gitta cac s0 1a k, trong d6 n va k la tham s6 dau vao ctia ham. Kiém tra két qua
bang cach goi ham véi n =11, k=3 nhu sau
>>sumstep(11, 3)
Bai 7.2

Viét ham prodby nhan vao gid tri cia mot s6 nguyén dwong n, tra vé gia tri
tich ctia cac s 1é trong khoang [1, n].
Bai 7.3

Viét chwong trinh printE yéu cau nhdp vao mot vector, in ra theo thit tw cac
phan t& ctia vector d6 theo mau sau:

Nhap vao mot vector: vec
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Phan tuthulla

Phan tu thu 2 la

Phan tu thu 3 la

Phan tu thu 4 la
Bai 7.4

Tao file sp.txt chita ma tran 10x2 trong d6 cot thir nhat chita cac s6 thuc
ngau nhién trong khoang [2, 3], cdt thit hai chtta cc s6 thwee ngau nhién trong
khoang [10, 11], cdc phan t& ctia ma trdn lwu vao file véi hai chit s6 ¢ phan thap
phan.
Bai 7.5

File sp.txt chita cac thdong s6 vé chiéu dai L va cadn ndng W cta loat san
pham can kiém tra. Trong do6 cac san pham dat yéu cau c6 chiéu dai trong khoang
[2.20, 2.79] va can nang trong khoang [10.10, 10.89]. Viét chwong trinh kiém tra

thong s0 san pham theo dit liéu trong file sp.txt, in ra man hinh cac san pham bi
loai theo mau:

STT L W
Bai 7.6
Phat trién chwong trinh ctia bai 7.5, ndi dung in ra man hinh c6 dang sau:

Danh sach cac san pham bi loai

36362 626 4 o o o o o 2 2 S 2k o

STT L \%Y
Ket_luan

Trong d6 ndi dung ctia Ket_luan phu thudc vao sd san phdm bi loai, néu
khong c6 san pham nao hodc tat ca cac san pham déu bi loai, dong “STT L

W” sé khong in ra va Ket_luan c6 ndi dung: “Khong co san pham nao bi
loai!!!” hodc “Tat ca cac san pham deu bi loai!!!”, néu sd san phdm # bi loai trong
khoang (0, 10), in ra theo cau trac trén va Ket_luan ¢6 ndi dung “Co n san pham bi
loai!!!”.

Bai 7.7
Tao mot vector A gom muoi phan ti 1a cac s8 nguyén ngau nhién trong
khoang [-10, 10]. S&t dung vong lap va if (néu can) thyc hién cac yéu cau sau:

a. Trlr moi phan t& cho 3.
b. Kiém tra xem vector c6 bao nhiéu phan t nhan gia tri duong.
c. Tao vector B ¢d cac phan t la tri tuyét d0i ctia cac phan ti twong tng A.
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d. Tim phan t I6n nhat, phan t& ¢6 gia tri tuyét d6i 1on nhat trong A.
Bai 7.8

Tao ma trdn ngau nhién 3x5, cdc phan ttr 1a cac s6 nguyén trong khoang [0,
10], st dung vong ldp va if (néu can) thyc hién cac yéu cau sau:

a. Tim phan t& 16n nhat trong mdi cot.
b. Tim phan t&t 16n nhat trong mdi hang.
c. Tim phan t 16n nhat trong ca ma tran.

Bai 7.9
Viét chuong trinh in ra chinh xac ndi dung dwdi day, st dung vong lap.
1x8+1=9
12x8+2=98
123 x 8 +3 =987
1234 x 8 +4=9876
12345 x 8 + 5 =98765
123456 x 8 + 6 = 987654
1234567 x 8 + 7 = 9876543
12345678 x 8 + 8 = 98765432
123456789 x 8 + 9 = 987654321
Bai 7.10

Viét chuong trinh in ra chinh xac ndi dung duwéi day, sit dung vong ldp.

1

2 4

3 6 9

4 8 12 16

5 10 15 20 25

Bai 7.11

Viét chuong trinh tinh thé tich hinh nén trong d6 yéu cau nguoi dung nhap
vao ban kinh va chiéu cao cta hinh nén, ki€m tra xem s6 nhdp vao c6 phai la s6

T
duong hay khong, tinh va in ra thé tich hinh nén theo cong thitc V = 3 r’h
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Bai 7.12

Viét ham dfcv yéu cau nhap vao ban kinh, tra vé dién tich va chu vi duong
tron, bao 16i néu ban kinh nhap vao c6 gia tri am.

Bai 7.13

Viét ham recpol nhan vao hai gia tri x, y( x, y > 0 ) trong toa do Dé céc, tra vé
gid tri toa d0 cyc r, 6 theo cong thirc 1 = «/(xz +y)), 0= arctan(z)
X

Bai 7.14

Biét khoang cach gitra hai diém (x1, y1), (x2, y2) tinh theo cong thikc:

d=J(x—x) +(-y)

Dién tich tam gidc tinh theo cong thitc:
A=\[s(s—a)(s—b)(s —c)

Trong do a, b, c 1a cac canh cua tam gidc, s la nita tong ctia ba canh tam giac.
Viét ham tinh khoang cach ctia hai diém bat ky theo cong thirc trén. Viét chwong
trinh yéu cau nguoi dung nhap vao toa do ba dinh ctia mot tam giac, tinh va in ra
man hinh dién tich tam gidc, trong d6 st dung ham vtra viét dé€ tinh d¢ dai cac
canh.

Bai 7.15

Cho ma tran mat

mat =
4 2 4 3 2
1 3 1 0 5
2 4 4 0 2

Viét ham sumprint trong doan code sau d€ ¢ ndi dung in ra man hinh theo

[r, c] = size(mat);
for 1 =1 : r
sumprint (mat (i, :))

end

d€ c6 ndi dung in ra man hinh theo mau sau:
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Tong bay gio la 15
Tong bay gio la 25
Tong bay gio la 37
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PHAN II. MATLAB UNG DUNG

Chuong 8. PHAN TICH PONG HQOC CO CAU

Muc nay gidi thiéu cac bai toan xac dinh vi tri khau, khép trong co cau,
khao sat chuyén dong ctia co cdu khi khau dan quay theo mot goc cho trude, khao
sat van toc, gia toc tirc thoi ctia cac khau, khdp cta co cdu. Céc bai toan sé duoc
hudéng dan véi vi du co cdu tay quay con truot. Bén canh d6 sinh vién c6 thé tham
khao bai tap véi cac co cdu khac c6 dap s6 di kem.

8.1 Xac dinh vi tri cic khau, khép trong co ciu

Cho co cdu tay quay con truwegt nhu trong hinh dudi trong d6 AB = 0.5m,
BC=Im. Khau dan 1 tao véi phuong ngang mot goc ¢ = ¢, =45°. Xac dinh vi tri cac
khép B, C va gdc tao boi khau 2 va phueong ngang.

B 2

Hinh 8. 1. Co cAu tay quay con trwot

Huéng din.

Khi bat dau mot chwong trinh MATLAB, nén dua vao nhitng dong 1énh sau
d€ xoa tat ca cac bién hién hanh, xda ndi dung trén ctra sO 1énh, déng cac ctra s6 do6
hoa dang mé d€ trdnh anh hwong dén két qua tinh toén cling nhu dé phét hién 16i
trong qua trinh 1ap trinh.

clear all %$xoa tat ca cac bien hien hanh
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clc %xoa noi dung hien thi tren cua so lenh

close all %dong tat ca cua so do hoa dang mo

Khai bao cac gia tri dau vao, luvu y sd do gbéc tao boi khau 1 va phwong

ngang can doi ra radian.

%$Khal bao tham so dau vao

AB = 0.5;

phil = pi/4;
Vi tri khop A

Hé truc toa dd xOy duoc dat nhw hinh vé, do A trung vdi gbc toa dd nén vi

tri khdp A teong tng la:
xA=0yA=0;
Vi tri khop A
xA = 0;
vA = 0;

Vi tri khop B
Vi tri ctia khop B c6 thé xac dinh qua hai an xB va yB. Do d6 dai AB ¢6 dinh

va goc tao bdi khau 1 va phwong ngang da biét, hai an trén dugc tinh theo cong

thirc:

xB = ABcos ¢ = (0.5)cos45° = 0.353533m
yB = ABsin ¢ = (0.5)sin45° = 0.353533m
%Vi tri khop B
xB = AB*cos (phil);
yB = AB*sin(phil);
Vi tri khop C
Vi tri cta khép C dwgc xac dinh qua hai an xC va yC, trong d6 yC = 0. Do do

dai cua BC khong ddi ta c6 phuwong trinh:

(xB—xC)*> +(yB— yC)* = BC?

bPay 1a phuong trinh bac 2 ¢6 an xC chua bi€t. Phuong trinh nay sé ¢6 hai

nghiém trong d6 chi c6 mot nghiém la ddp an cta bai todn. Yéu cau dat ra la tim
diéu kién dé€ loai nghiém cuia phuong trinh trén. Co thé thay la trong treong hop
0°<@<90°, xC ludn 16n hon xB. Phwong trinh d€ xac dinh toa do cua C trong
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MATLAB c6 thé giai béng 1énh solve véi an khai bao la xCn, buéce chon nghiém ¢
thé sit dung cau lénh ifelse dé€ giai nhu sau:

Hinh 8. 2. Hai phwong an gia tri ctia C

Vi tri khop C

yC = 0;

ptC = Y (xB-xCn) "2+ (yB-yC) *2-BC"2’;
nghiemC = solve (ptC,’xCn’);

%Hai nghiem cua phuong trinh

xC1l = eval (nghiemC (1))

xC2 = eval (nghiemC (2));

%Tim C thoa man dieu kien xC > xB

if xCl > xB

xC = xC1l;
else

xC = xC2;
end

Sau khi chay chuong trinh ta thu dwgc hoanh d6 diém C:
xC=1.2890

Xdc dinh goc tgo boi khau 2 voi phwong ngang
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Sau khi xac dinh duoc toa d6 diém C, gbc ¢, tao boi khau 2 véi phwong

ngang co6 thé xac dinh theo toa d¢ hai diém dau cudi ctia khau 2:

@, = arctan yB-yC
xB —xC
Céc budc tinh 92 dugc thiec hién trong MATLAB nhw sau:
$Tinh phi2
phi2r = atan ((yB-yC)/ (xB-xC));%Tinh theo radian
phi2 = phi2r*180/pi;%$Tinh theo do
Két qua thu duoc cé thé duoc in ra man hinh theo cac cau 1énh sau:

%In ket gua ra man hinh

fprintf ('xB = %g (m) \n', xB)
fprintf ('yB = %g (m) \n', yB)
fprintf ('xC = %g (m) \n', xC)

o°

fprintf ('yC = %g (m) \n', yC)

fprintf ('phi2 = %g (do) \n',phi2)

Ve lai co cdu

Co cau co thé duoc vé lai trén MATLAB béng cach st dung lénh plot va cac
Iénh ho trg khac nhu sau:

Ve lai co cau

hold on

axis equal

title('Co cau tai vi tri phi = 45 do');

xlabel ('x (m)"'");

ylabel ('y (m)");

plot ([xA-.2,xC+.2], [vA,yC],"'--"', "LineWidth', 2);

plot ([xA,xBl, [yA,yB]l,'-0', 'LineWidth',2) ;

plot ([xB,xC], [yB,yC],"'-0o', 'LineWidth', 2);

text (xA, yA+.1,'A'");

text (xB,yB+.1, 'B');

text (xC,yC+.1,'C");
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Co cau tai vi tri phi = 45 do

0.6

0.4 B

y (m) 0.2 /Q\

-0.2

-0.4

0 0.5 1
X (m)

Hinh 8. 3. Biéu dién lai vi tri cGia co cau

8.2 Khao sat chuyén dong va tao phim mé phong chuyén dong ctia co cdu

8.2.1 Khao st chuyén dong

D€ khao sat chuyén dong cta co cdu khi khau dan 1 quay tron ven mot
vong, c6 thé st dung vong ldp dé tinh toan vi tri cac khop tai cac gdc tuwong tng.
Khi lap trinh can cht y diéu kién dé€ chon nghiém dam bao diéu kién don gian de
thuc hién nhung c6 tinh chinh xac cao. Xét vi du khi khau dan 1 ctia co cau tay
quay con trugt quay tron ven mot vong 0° <@ <360°cé thé thdy xB nhan cac gia
tri dwong khi 0° < @ <90°hoac 270° < ¢ <360°va nhén gia tri am voi cac gia tri
con lai cua ¢. Tuy nhién ta cling c6 thé st dung mot diéu kién khac don gian hon
do la véi moi gia tri cta ¢, xB lu6n nho hon xC.

Trong vi du nay, ta st dung vong lap for véi budc nhady ctia vong lap la
pi/4. D€ tién cho viéc quan sat do thi, sinh vién c6 thé thay thé bang cac budc nhay
0 gia tri nho hon.

$Khao sat chuyen dong cua co cau

for phi=0:pi/4:2*pi

xB = AB*cos (phi);

yB = AB*sin (phi);

yC = 0;

ptC = " (xB-xCn) "2+ (yB-yC) *2-BC"2"';
nghiemC = solve (ptC, 'xCn');

%Hai nghiem cua phuong trinh
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xC1l
xC2

eval (nghiemC (1)) ;

eval (nghiemC (2)) ;
%$Tim C thoa man dieu kien xC > xB

if xCl1 > xB

xC = xC1;
else

xC = xC2;
end
hold on

axis equal

plot ([xA,xB], [yA,yB], '-o', 'LineWidth',2) ;
plot ([xB,xC], [yB,yC],'-0o', 'LineWidth', 2);
text (xA,yA+.1,'A");

text (xB,yB+.12, 'B");

text (xC,yC-.08,'C");

end

title ('Khao sat chuyen dong cua co cau')

xlabel ('"x(m) ")

ylabel ("y(m) ")

Khi da xac dinh duoc vi tri cadc khép ctia co cau trong chuyén dong, ta
cling c6 thé suy ra quy dao ctia mot di€ém bat ky trén khau trong chuyén dong do.
Vi du xét diém P 1a trong tam cta thanh BC, tai moi thoi diém khau chuyén dong,
toa do cua P duoc tinh tuwong ting theo toa do cua hai dau B, C la:

Xp(@) = x5(@) + xc (@)
Yp(@)=yg(@)+ yc (@)

Trong vong ldp, ta c6 thé thém vao mot s6 dong lénh dé tinh toa do trong
tam P va lwu cdc toa d6 nay vao mot mang gia tri.

i = i+1; %i la bien chay nhan gia tri 0 o ngoai vong
lap

xP (1) = (xB + xC)/2;

yP (1) = (yB + yC)/2;

plot(xP(i),yP(i),’*","MarkerSize’,10);
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Khao sat chuyen dong cua co cau

0.6 B
B B
0.4
N P
B A B T
y(m o
ccC o} cC c
-0.2 ‘ )/
I E
-0.4 B
0.6
0.5 0 0.5 1 1.5

x(m)
Hinh 8. 4. Khdo sat chuyén ddng cla co cu

Toa do trong tam P ctia khau BC trong chuyén dong ctia co cau cé thé dugc
thé hién riéng nhw sau (hinh vé duoc thé hién véi bude nhay vong lap 1a pi/10):

0.4 Quy dao chuyen dong trong tam khau 2
0.2 ey
' Tk
y(m) 0
L \L/////%’é
-0.2 ek
-0.4
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
x(m)

Hinh 8. 5. Qu§ dao chuyén dong cla trong tm khau BC

plot (xP,yP, '*-"', 'MarkerSize',10);

axis ([0 1 -.4 .4]);

title ('Quy dao chuyen dong trong tam khau 2');
xlabel ('x(m) ") ;

ylabel ('y(m) ") ;
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8.2.2 Tao clip mo6 phong chuyén dong

Mot trong nhitng cach thong dung dé tao nhitng doan phim ngan trong
MATLAB la stt dung ham getframe d€ chup lai n¢i dung thé hién trén ctra s6 d6
hoa hién hanh r6i sau d6 sit dung ham mowvie dé cho cac khung hinh da duoc
chup lai [an lwgt thé hién ra trén man hinh tao nén chuyén dong.

Ham getframe thuong duoc st dung trong vong lap, gia tri tra vé cia ham
la vector mot hang, vi thé ca hai ct phap goi ham duwdi day déu hop 1é:

>>M (1) = getframe;
hoac
M(:, J) = getframe;

Trong d6 M la vector chiva cac khung hinh ctia phim thé hién chuyén dong,
i, j1a s6 thi ty cua khung hinh trong vector.

Mot s6'lwu y khi sir dung ham getframe

Pam bao hé truc toa do & cac khung hinh khac nhau 1a khong d6i, néu
khong cac hinh vé sé duoc thé hién trén cac hé truc toa do cd gidi han cing nhu do
chia khac nhau dan dén két qua ctia phim sé& khé theo dai.

Stt dung dau ; ¢ cudi lénh getframe dé khong hién thi cac gia tri thanh phan
ctia M khi chay vong ldp.

Khi vong lap dang dugc chay, bao dam ctta s d6 hoa hién hanh khong bi
che khuat béi cac ctra sO khac (ctra sO 1énh, ctra s6 d6 hoa khac...) néu khong noi
dung ctia cac ctra s6 d6 hoa nay ciing sé dugc luu vao cac khung hinh cta phim.

Dai vdi co cau tay quay con trueot trong vi du nay, 6 ngoai vong lap %khao
sat chuyen dong cua co cau da trinh bay & trén c6 thé tao mot bién chay incr = 1 ngoai
vong lap, va thém vao bén trong vong lap phia dudi cac 1énh vé dong lénh sau:

axis ([-1.5 1.5 -.6 .6]);

M(incr) = getframe;
close;
incr = incr +1;

Sau khi bién M da luu cac khung hinh ctia phim thé hién chuyén dong cta
co cau, ham movie c6 thé duoc st dung dé€ trinh chiéu lai doan phim theo ci phap
sau

>>movie(M, n)

Trong d6 n la s lan nguoi st dung mudn chuwong trinh ldp lai doan phim,
vi du véi n = 10, chuwong trinh sé chiéu doan phim 1ap di lap lai 10 Tan.

Khoa Co hoc ky thudt & Tu dong hoa — Dai hoc Cong nghé MATLAB va ting dung trong Co ky thuat



Chuong 8. Phan tich dong hoc co cau 171

8.3 Van toc va gia toc

Dai voi bai toan tay quay con truot dang xét, van toc goc va gia tdc goc tirc
thoi cta khau 1 Ian lwot 1a w=1rad/s, a=-1 rad/sz, tinh van tdc va gia toc dai
cua cac khép B, C, tinh van t6c goc va gia toc goc ctia khau 2.

B
o
y J 2
1
A ® C_3

Hinh 8. 6. Bai toan van téc, gia tbc v6i co ciu tay quay con truot

Vin toc cua khop B
Van toc ctia diém B trén khau 1 c6 thé duoc tinh nhw sau:
Trong d6 vp la van toc cta di€m B trén khau 1, vg,la vén toc cua B trong
chuyén dong quay tuong ddi so voi di€m A, wla van téc goc cta khau 1, rgy
A ’ 4 T
dwoc tinh theo cdng thicrgy =1z —rytrong dor, = [x A VA O] ,
T " \ A
g = [xB Vg O] , ryvarglanluot la toa do cta A, B
Van toc khép C
Do diém C thudc hai khau 2 va 3 nén Ve, =V,
Mt khéc do khau 3 chi truot theo phuwong ngang nén v, =0, do d6 van
A A2 7 A? A7 X _ _ _ T
toc dieém C c6 thé duoc biéu dien theo ve =ve, =V, = [vi 0 0]
Van toc diém C tinh theo phuwong trinh
Ve, =Vp +Vep =Vp + 0 XTcg =V + 0y X (Ic — 1)
Vex VBx 0 Xc —XB

0 |=|vey |*]0 [X]|Yc—Ys
0 0 @ | |0
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Qua d6 ta c6 hai phwong trinh véi hai an la v, va @, chua biét:

Vex = Ve — wZ(yC - yB)
0= Vpy + @, (X —xp)
Sau khi tim duwgc @,, van tdc quay tuong doi gitta C va B ¢6 thé duoc tinh
theo cong thitc:
Vep = Wy X Tep
Dé€ giai bai toan trong MATLAB trudc tién ta can khai bao cac bién 4, s, rc theo
toa do x4, xs, xc va cac bién ky hiéu vCx va omega2z.
rA=[xA yA 0]"';
rB=[xB yB 0]"';
rC=[xC yC 0]"';

omegal=[0 0 1]'; %rad/s

syms vCx omegalz real;
vC=[vCx 0 0]'; %m/s

omega2=[0 0 omega2z]'; %rad/s

%Tinh van toc diem B

vB=cross (omegal, rB-rA); %m/s

%Tinh van toc diem C

%Lap phuong trinh

ptvC=vC - vB - cross (omega2,rC-rB);
%Tach ra hai phuong trinh chua cac an vCx va omegaZ2z
ptvCl=ptvC (1) ;

ptvC2=ptvC(2);

nv=solve (ptvCl,ptvC2);

vCxs=eval (nv.vCx) ;

omegaZs=eval (nv.omegazlz) ;

vC=[vCxs 0 0]’; %m/s

omega2=[0 0 omega2s]’; %rad/s

%Tinh van toc quay tuong doi giua C va B
vCB=cross (omega2, rC-rB); %m/s

Biéu dién hoa do vdn toc trong MATLAB

Trong MATLAB, nguoi stt dung c6 thé biéu dién cac vector sit dung ham
quiver theo cu phap sau:
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>>quiver (x, y, u, v, S)

Trong do x, y 1a diém ddt cua goc vector; u, v la d¢ dai vector chiéu xudng
truc hoanh va truc tung, S 1a ti 1€ xich bi€u dién vector trén ctra s6 d6 hoa. Ddi voi
vi du tay quay con truot nay, hoa d6 van toc ¢ thé duoc biéu dién nhu sau:

hold on

axis equal %dam bao the hien quan he vuong goc tren
hinh

title('Bieu dien quan he van toc vB, vC');

xlabel ('x (m)"'");

ylabel ('y (m)');

plot ([xA-.2,xC+.2], [yvA,yC],'--"', 'LineWidth', 2);

plot ([xA,xB], [yA,yB],'-0o', 'LineWidth',2);

plot ([xB,xC], [yB,yC],'-0o', 'LineWidth', 2);

%Ve vector vB, vC co goc dat tai diem B va C tuong ung
quiver (xB,yB,vB(1l),vB(2),1, 'Linewidth',2);

quiver (xB,yB,vC(1l),vC(2),1, 'Linewidth',2);

%Ve vector vBC co goc trung voi ngon cua vector vB

quiver (xB+vB (1), yB+vB(2),vCB(1l),vCB(2),1, 'LineWidth', 2)

.
4

Bieu dien quan he van toc vB, vG

y (m)

Hinh 8. 7. Hoa dd van toc cla co cu

Gia toc khép B

Gia tdc diém B trén khau 1 tinh theo cong thirc:
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agp =ag =dg =a,+0oyXrgy + @ X(w Xrgy)

V6i hai thanh phan tiép tuyén aj (vudng géc véi BA va 6 hudng xéac dinh
theo huédng ctiaava thanh phan phap tuyén ap(song song véi BA va hudng tir B
dén tam quay A)

Céac budc tinh gia tdc khdp B trong MATLAB trinh bay nhu sau:

alphal=[0 0 -1]'; %rad/s"?2

aA=[0 0 0]"'; %m/s"2
aB=cross (alphal, rB-rA) +cross (omegal, cross (omegal, rB-
rA));

aBt=cross (alphal, rB-rA);

aBn=cross (omegal, cross (omegal, rB-rA)) ;
Gia toc khop C
Gia tdc diém C c6 thé tinh dwoc khi khao sat chuyén dong trén khau 2:

ac =dc, =dg + 0 X Fep + 0y X () X Iop)
Trong d6 gia tdc goc a, cua khau 2 la an sd chua biét, do khau 3 chi

chuyén dong truot theo phurong ngang:
T
ac = aC2 = [aCx O O]

Biéu dién phuong trinh tinh gia tdc diém C dudi dang vector:

acy ag, 0 xC—xB 0 0 xC—xB
0 |=|ag, |+|0 |x| yC—yB|+|0 [x||0 |x|yC—-yB
0 0 a, | |0 @, | |0

Ta dwgc hé hai phwong trinh véi hai an a., va a5:
ac, = ag, — 0, (yC — yB) — w3 (xC — xB)
0=ag, + o, (xC — xB) — 03 (yC — yB)

Sau khi tinh dwgc a,ta c6 thé suy ra hai thanh phan tiép tuyén va phap

tuyén cua gia tdc twong d6i gitta C va B:
I _
dcp = X Icp

ag‘B = @) X (0, X Icp)
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Céc budc tinh todn trong MATLAB dwoc thiec hién nhu sau:
syms alpha2zaCxreal;%Khai bao cac an aCx va alpha?z
alpha2=[0 0 alpha2z]’';
aC=[aCx 0 01"';

%$Lap phuong trinh

ptaC=aC-aB-cross (alpha2, rC-rB) -
cross (omegaZ2,cross (omegaz2, rC-rB) ) ;

%Tach hai phuong trinh chua aCx va alphaZ?z
ptaCl=ptaC (1) ;

ptaC2=ptaC(2);

na=solve (ptaCl,ptaC2);

aCxs=eval (na.aCx) ;

alpha2s=eval (na.alpha2?z);

aC=[aCxs 0 0]1"';

alpha2=[0 0 alphaZ2s]’';

aCBt=cross (alpha2, rC-rB);

aCBn=cross (omega2?, cross (omega2, rC-rB)) ;

Biéu dién hoa do gia toc trong MATLAB
Hoa d6 gia t&c biéu dién m&i quan hé gita gia tdc cua diém B va gia téc cua
diém C c6 thé duoc biu dién nhu sau:
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Bieu dien quan he gia toc aB, aC

y (m)

Hinh 8. 8. Hoa d6 gia tbc cta co' cau

hold on

axis equal

title('Bieu dien quan he gia toc aB, aC');
xlabel ('x (m)"'");

ylabel ('y (m)');

Ve lai co cau

plot ([xA,xC], [vA,yC],'-=-"', 'LineWidth', 2);

plot ([xA,xB], [yA,yB],'-0o', 'LineWidth',2);

plot ([xB,xC], [yB,yC],"'-0o', 'LineWidth', 2) ;

Ve vector aBt tai diem C

quiver (xC,yC,aBt (1) ,aBt(2),1,'k', 'LineWidth', 2);
%Ve vector aBn tai ngon cua vector aBt
xs=xC+aBt (1) ;

ys=yC+aBt (2) ;

quiver (xs,ys,aBn(l),aBn(2),1,'k', 'LineWidth', 2);
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%Ve vector aCBt tai ngon cua vector aBn
xs=xs+aBn (1) ;

ys=ys+aBn (2) ;

quiver (xs,ys,aCBt (1),aCBt(2),1, 'm', 'LineWidth', 2);
%Ve vector aCBn tai ngon cua vector aCBt
xs=xs+aCBt (1) ;

ys=ys+aCBt (2) ;

quiver (xs,ys,aCBn(l) ,aCBn(2),1, 'm', 'LineWidth', 2, 'MaxHeadSi
ze', .8);

%$Ve vector aC tai C

quiver (xC,yC,aC(l),aC(2),1,'r', ' 'LineWidth', 2, '"MaxHeadSize',
.8);

8.4 Bai tap chuong 8

Bai 8.1 Co cdu 4 khép quay
Cho co cau nhu hinh vé.

Cac thong s6 cua co cau duogc cho nhue sau: AB = 0.15m, BC = 0.35m,
CD=0.30m, CE = 0.15m, xA = yA =0, xD = yD = 0.30m, ¢, =45°, khau dan1 quay
vOi van toc goc khong do6i 60 vong/phuit.

Tinh xB, yB, xC, yC, xE, YE, @, , 5

Tinh van tdc, gia toc cac khau, khdp tai thoi diém ¢ =45°
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Hinh 8. 9. Co c4u 4 khép quay

Dap an
rB=[0.106066 0.106066 0] m

rC=[0.0400698 0.449788 O] m

rE =[-0.0898952 0.524681 0] m
@ =-79.1312 °
(3 =-29.9532 °

o =[0 0 6.28319] rad/s
@, =[0 0 -3.43639] rad/s
@y =[0 0 -3.43639] rad/s
o =[0 0 0] rad/s’
a,=[0 0 -897883] rad/s’
o, =[0 0 22.6402] rad/s>

vp=vp =vy =[-0.666432 0.666432 0] m/s

Khoa Co hoc ky thudt & Tu dong hoa — Dai hoc Cong nghé MATLAB va ting dung trong Co ky thuat



Chuong 8. Phan tich dong hoc co cau 179

ve =[0.514728  0.893221 0] m/s

ve =[0.772092 1.33983 0] m/s

ap=ap =ap =[~4.18732 -4.18732 0] m/s>
ac =[-0.321767 -7.65368 0] m/s>

ap =[-0.48265 —11.4805 0] m/s’

Mot s6 bai tap tng dung MATLAB trong mén co hoc ly thuyét
Bai 8.2

D& rat mot chiéc dinh ra khoi g6 can tac dung mot luc theo phwong ngang,
do bi vuedng vat can A nén can budc cap vao dinh va tac dung mot lue 180 N va
mot luc P nhu hinh vé. Xac dinh P d€ hop lwc T tac dung lén dinh chi theo phuong
ngang, dong thoi tinh hop luc T. Vé d6 thi biéu dién P va T theo d v6i d ndm trong
khoang ttr 5cm dén 60cm

______ r10 cm A \>T_ .
15 cm
x
4{\(\ 1
180 N

Hinh 8. 10. Hinh dé bai 8.2

Dap an:

C4c lwc kéo day cdp va hop luc T biéu dién nhur hinh trén. Phuong trinh
can bang luc c6 thé' viét nhw sau:

T =Y F,=Pcosd+180cos
0=) F, =Psin0—180sin S
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Cac budc tinh trong MATLAB:

>>syms d P T

>>theta = atan(10/d);

>>beta = atan(15/d);

>> ptl='P*cos (theta)+180*cos (beta)-T"';
>> pt2='P*sin (theta)-180*sin (beta)';
>> ds=solve (ptl,pt2,'P,T");

>>ds.P

ans =

180*sin (beta) /sin (theta)

>>ds.T

ans =

180* (sin (beta) *cos (theta) +cos (beta) *sin (theta)) /sin (thet

400

350

300

Luc (N)

250

200

150

| [ | | | |

10 20 30 40 50 60
d (cm)

Hinh 8. 11. Db thj bai 8.2

Vé d6 thi caia P va T theo d

>>d = 5: .5: 60;

>> beta=atan (15./d);

>> theta=atan (10./d);

>>P = 180*sin(beta)./sin(theta);
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>>T =

180* (sin (beta) .*cos (theta) +cos (beta) . *sin(theta)) ./sin (t
heta) ;

>>plot(d, P, d, T);
>>xlabel (‘d (cm)’); ylabel (‘Luc (N)’);

Bai 8.3

Trong diéu kién khong tai, xe c6 trong luwong 16000N dit tai trong tam G.
Dat tai Wi ¢6 trong tdm ¢ phia sau ctia banh xe sau mot doan la x (cm). Tim mdi
quan hé gifta Wi va x néu biét phan lirc 1én banh truéc va banh sau la bang nhau.
Vé d6 thi biéu diénW. theo x véi x nam trong khoang 0 dén 100 cm. Biét a = 115
cm, b=170 cm.

16000N W,

Hinh 8. 12. Hinh bai 8.3

Dap an:

Phuong trinh cAn bang moment va phuong trinh can bang luc tac dung lén
xe co thé viét nhu sau:

> M =0=16000.170~ N.285 — W, x
> F,=0=N+N-16000-W,

Cac budc giai trong MATLAB nhu sau:
>>syms x N W
>> ptl = '16000*170 - N*285 - W*x';
>> pt2 = 'N + N - 16000 - W';
>> ds=solve (ptl, pt2, 'W,N");

>>ds . W
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ans =

880000/ (285+2*x)

>>x = 0: .5: 100;

880000./ (285 + 2*x);
>>plot (x,W);

>>W

>> ylabel ('Tai trong (N)'); xlabel('x (cm)"');

3200 : : = .

3000

2800

2600

2400

Tai trong (N)

2200

2000

1800 -
0 20 40 60 80 100

X (cm)
Hinh 8. 13. Do thj bai 8.3
Bai 8.4

300 \
mm

400
mm 4l

3 kN

mm

Hinh 8. 14. Hinh bai 8.4

TUU QUL Ut SV LI SV e LML LU I 3L £ VM S LLIRLY U /AL VAL it Ll Lt v

cuia cac lwe nay véi géc 6 tuong tng.
Dap dn:

Phuong trinh can bang liec va moment cho hé viét nhu sau:
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M, = ;B.(Ob) —3co0s60(1.2)=0

Y F, :Ax—§B+3sint9:O

4
sz =A, +§B—3c0s6’:O

Céc budc tinh trong MATLAB nhu sau:

>> syms Ax Ay B theta

>> ptl='0.8*B*0.6-3*cos (theta)*1.2";
>> pt2="Ax-0.6*B+3*sin(theta)';

>> pt3="'Ay+0.8*B-3*cos (theta) ';

>> ds=solve (ptl,pt2,pt3, 'Ax,Ay,B");

Ax=%cos€—3sin9
Ay =-3cosd
B =§0059

2

Vé do thi cta B, A theo 6

>> theta=-pi/2:0.1:pi/2;

>> B=15/2*cos (theta) ;

>> Ax=9/2*cos (theta)-3*sin (theta) ;
>> Ay=-3*cos (theta);

>> A=sqrt (Ax."2+Ay."2);

>> plot (theta, B, theta, )

>> xlabel ('theta (rad)'):;

>> ylabel ('Luc (kN)');

15 N
Tl gia tri B= 3COS 0 co thé dé dang thay duoc B dat cyc dai khi =0

Gia tri cuc dai cua A ¢é thé dwgce tim nhu sau: tim céc gia tri caa 6 sao cho
dao ham cta A nhan gia tri 0, két hop vdi do thi d€ suy ra 8 can tim.

>> fA=sqgrt (ds.Ax"2+ds.Ay"2);

>> dfA=diff (fA);

>> ntheta=solve (dfA)
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ntheta =
2.6779450445889871222483871518183
-.46364760900080611621425623146121
-2.0344439357957027354455779231010
1.1071487177940905030170654601785

Luc (kN)

theta (rad)

Hinh 8. 15. Db thj bai 8.4
Quan sat do thi ta co thé thdy duoc A dat cuc dai tai lan cén cua ¢

0.5

>> Amax=subs (fA,ntheta (2))

Amax =

6.0000

>> thetaA=double (ntheta (2)*180/pi)

thetaA =

-26.5651

>> Bmax=subs (ds.B, 0)

Bmax =

7.5000

Bai 8.5

Mbt vat ngng duoc gitt can bang trén mat phang nghiéng mot géc 6 so véi
phuong ngang. Tinh luc cdng T va phan luc N cua dat tdc dung 1én vat theo 6.
Vi gid tri nao ctia € thi T = N. Biét vat ¢ khdi lwong 100 kg.

Dap dn:
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Cac lyc tac dung 1én vat duoc biéu dién nhu hinh dwdi. Phuong trinh can
bang lirc chiéu 1én cac mit phang song song va vuong goc véi mat phang nghiéng
[an luot c6 dang:

Hinh 8. 16. Hinh bai 8.5

Y F,=Psin0-T =0
Y F, =N —Pcos6=0

Céac budc giai trong MATLAB nhu sau:

>> syms P N T theta

>> ptl='P*sin (theta)-T';

>> pt2="'N-P*cos (theta) ';

>> ds=solve (ptl,pt2,'N,T");

Tinh gia tri ctia T va N tai 8 =30°

>> N=subs (ds.N, {P,theta}, {100,pi/6});
>> T=subs(ds.T, {P,theta}, {100,pi/6});
Tim gid tri cua € d€ T=N:

>> pt3=ds.N-ds.T;

>> ntheta=solve (pt3, '"theta')

ntheta =

1/4*pi

Bai 8.6
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Hé s6 ma sat truot g duoc xac dinh theo cong thic = F / mg, trong d6
F (N) la luc kéo tac dung 1én vat, m (kg) la khoi lwong cua vat, ¢ = 9.81 m/s? la gia
toc trong truong. Bang dudi day liét ké két qua cac lan thi nghiém véi cac luc tac
dung va khdi legng vat khac nhau. X4c dinh hé s6 ma séat trong mdi lan kiém tra
va hé sd ma sat trung binh ctia tat ca cac lan kiém tra.

Lan 1 2 3 4 5
Khéi lwong m (kg) |2 4 5 10 20
Luc kéo F (N) 12.4 23.2 30.5 60.8 116.5

- —s

P

T

Hinh 8. 17. Hinh bai 8.6

Khai bao khdi lwong va lyc theo vector:
>>m = [2 4 5 10 2071 ;
>>F = [12.4 23.2 30.5 60.8 116.5];
Hé s6 ma sat treot mu:
>mu = F./(9.81 * m)
mu =
0.6320 0.5912 0.6218 0.6198 0.5938
Hé s0 ma sat trueot trung binh:
>>mutb = mean (mu)
mutb =
0.6117
Bai 8.7
Mot chat diém dugc ném xudng theo phuong thang ding vao trong long
mot chét long véi van tdc ban dau la v=30(m/ s). Do lyc can cua chat 16ng, chat
diém c6 gia tdc a= —(O.7v3)(m/ s2). Vé db thi van tdc theo thoi gian va quang
duong theo thoi gian cua chat diém.

Dap dn:
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Phuong trinh biéu dién van t6c va quang dudng di chuyén ctia chat diém
theo thoi gian c6 thé duoc tinh bang viéc giai cdc phuong trinh vi phan bac nhat

sau:
dv
—=—0.7v") v(0) = 30
dt
ds
Z=v 5(0)=0
dt
Céc budc giai trong MATLAB nhu sau:
>> v=dsolve ('Dv + 0.7*v*3'",'v(0)=30")
V =
30/ (1260*t+1)~(1/2)
>> s = dsolve('Ds - 30/ (1260*t+1)"(1/2)',"'s(0)=0")
S =
1/21*(1260*t+1)"~(1/2)-1/21
30 . P e e .
25 ”
2= 20 £ |
“g = 1.5
g 15 g
5 2 1
> 10} s
5 0.5 é
0 | i 0 .
0 05 1 1.5 0 1 1.5
Thoi gian (s) Thoi gian (s)
Hinh 8. 18. D4 thj bai 8.7
Ve do thi biéu dién van toc, quang duong cua chat di€m theo thoi gian
0<r<15

>t = 0: 0.05: 1.5;
30./(1260*t+1) .~ (1/2);

>>st (1/21)*(1260*t+1) .~ (1/2)-1/21;
>> plot (t,vt)

>>vt
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>>

>>

>>

grid
xlabel ('Thoi gian (s)');
ylabel ('Van toc (m/s)');

>>figure (2);

>>plot (t,st);

>>grid

>>

>> ylabel ('Quang duong(m) ') ;

Bai 8.8

xlabel ('Thoi gian (s)');

Vi tri cia mot 6 t6 dwoc biéu dién boi ham theo thoi gian nhu sau

s =5t —3t%, v& db thi biéu didn vi tri, van t&c va gia toc cua 6 td trong khoang thoi
gian 0 <t <10(s).

Dap an:

>>
>>
>>
>>

st

>>

vt

>>

at

>>
>>
>>

>>

s=sym('5*t - 3*t"2'");
v=diff(s,'t");

a=diff (v);
st=inline (s)

Inline function:
st(t) = 5.*t - 3.*t."2

vt=inline (v)

Inline function:
vt (t) = 5-6.*t

at=inline (a)

Inline function:
at(x) = -6
t=0:0.5:10;
subplot(3,1,1)
plot (t,st(t))
ylabel ('Vi tri (m)"'");
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>> subplot(3,1,2)

>> plot (t,vt(t))

>> ylabel ('Van toc (m/s)');
>> subplot (3,1, 3)

>> plot(t,at(t),"'*")

>> ylabel ('Gia toc (m/s"2)');
>> xlabel ('Thoi gian (t)');

200 T T T T T [ T T T
E 0 ]
S 200t -
_400 | | | | | [ | | |
0 1 ) 3 4 5 6 7 8 9 10
50 T T T T T T T T T
@
E  0f il
[&]
2
= 50} 2
[1]
==
_100 | | | | | [ | | |
1 2 3 4 5 6 7 8 9 10
'5 T T T T T T T T T
R
£
o Br + + o+ * ¥ o+ + o+ + * * + ok F * H +
0
o
(D 7 1 1 1 1 1 L 1 1 1
) 1 2 3 4 5 6 7 8 9 10
Thoi gian (t)

Hinh 8. 19. D6 thj bai 8.8

Bai 8.9

Chuyén dong cuia mot vat ném xién duoc biéu dién nhuw trong hinh vé.
Trong do6, van téc ban dau va goc nghiéng tao boi van tdc ban dau véi phuwong
ngang da biét. Viét ham tinh d cao va dd xa cuc dai ctia chuyén dong ném xién.
Sur dung ham dé tinh hmax va dime khi VO = 2501’}1 / S 0 = 400

Dap dn:

Khoa Co hoc ky thudt & Tu dong hoa — Dai hoc Cong nghé MATLAB va ting dung trong Co ky thuat



Chuong 8. Phan tich dong hoc co cau

190

function [hmax, dmax] = nemxien (v0,theta)

syms t td

%$Doi gia tri goc nhap vao tu do sang radian

theta = theta*pi/180;

$Tinh gia tri ban dau v0 theo hai phuong x,

vOx =v0*cos (theta);

vOy = v0*sin (theta);

%Viet phuong trinh tinh van toc hai phuong x,

vy = vO0y - 9.81*t;

vx = v0x;

%Phuong trinh bieu dien chuyen dong tren hai phuong x,

theo t
y = vO0y*t - 1/2*9.81*t"2;
X = vOx*t;

%Tim thoi gian vat dat do cao cuc dai
thmax = solve(vy,'t');
hmax = double(subs(y, 't', thmax));
%Tim thoi gian vat dat do xa cuc dai
td = solve(y,'t");
if double(td(l)) > O

tdmax = td(1);
else

tdmax = td(2);
end
dmax = double(subs(x,'t',tdmax)):;

end

¥
Vo
,’I"‘ ? ‘-““\\.
’, hmax
8 \ 4

y theo t

Hinh 8. 20. Hinh bai 8.9
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Thut lai ham véi vy =250m/ s 6 =40°

>>>> [h,d]=nemxien (250,40)

h =
1.3162e+00
d =
6.2743e+003
Bai 8.10

Mot chat diém khéi leong 10kg dwoc ném tir dudi dat theo phuong thang
ding véi van téc ban dau 50m/s. Tim d¢ cao cyc dai ma chat diém cé thé dat duoc
biét lwec can khong khi tai moi thoi diém la 0.01v” trong d6 v la van toc tic thoi cta
chat diém. Vé d6 thi biu dién dd cao dat duwoc theo van t8c cta chat diém.

Dap an:

mg

Hinh 8. 21. Hinh
bai 8.10
Ap dung dinh luat IT Newton theo phurong thang dtng:
D F,=ma,=—F—mg= —0.01v* —mg
_dv —0.01v* - mg

a. =—=
Yoo dt m

Sinh vién c6 thé giai bai toan theo phuong phap da st dung trong bai I1.1.7
(st dung lénh dsolve d€ tim cac ham v(t) va s(t), sau d6 vé do thi s(t) theo v(t) voi ¢
la vector cd cac phan tw chay tie 0 dén tmax (tmax la thoi diém vat dat do cao cuc
dai, van toc tic thoi theo phurong thang dlng ctia chat diém bang khong)).

Trong bai tap nay sinh vién cd thé st dung phuong phap sd dung ham
ode45 dé giai nhu sau:
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sau:

ds dv

—=v, —=a

dt dt

ds dv vdv ds v my
—=—(—>ds=—(—>—:—: >

vV a a dv a -0.0v"—-mg

Do a la ham theo v (theo dau bai), ta c6 thé sit dung ham ode45 d€ giai nhu

>> s0=0;

>> v0=50;

>> vspan = [v0 : -1 : 0];

>> ptvs=Q@(v,s) 10*v/(-0.01*v"2 - 10*9.81);
>> [v,s]=o0ded5 (ptvs,vspan, s0) ;

>>grid

>>xlabel (‘Do cao (m)’); ylabel(‘Van toc (m/s)’);

50

40

30

20

10 \
0

0 20 40 60 80 100 120

Do cao (m)

Van toc (m/s)

Hinh 8. 22. D6 thij bai 8.10
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Chuong 9. LY THUYET PIEU KHIEN TU DONG

Trong chwong nay, sinh vién sé dwoc gidi thiéu mot s phuong phap dé
giai cac van dé co ban trong ly thuyét diéu khién ty dong stv dung cac lénh duoc
xay dung s&n trong MATLAB va bd cong cu khao sat, thiét k& hé thong diéu
khién.

9.1 Bién ddi Laplace

Bén canh 1énh root da duoc gidi thiéu & chuong 3 dung dé tim nghiém cua
da thirc dwoc khai bao dudi dang vector ma cac phan tir ctia vector la cac hé s6 cua
ma tran. Trong muc nay, ching ta sé lam quen voi mot Iénh khac cia MATLAB
duoc ap dung dé€ giai cac bai toan bién ddi Laplace trong ly thuyét diéu khién tw
dong, d6 la 1énh residue. Lénh residue cho phép khai trién phan thirc cta da thirc
ter s6 B(s) va da thitcc mau s6 A(s) thanh tong cua cdc phan thitc thanh phan. Ca
phap:

>>[R, P, K] = residue(B, A)

Trueong hop khong c6 nghiém lap:
Bs)_ RM) __RQ) . R

et —————+ K(s)
A(s) s—P1) s—-P(2) s—P(n)

Trong do6 R la vector hé s6 cua cac phan thirc thanh phan, K la vector hé s6
B(s)

ctia phan thtc khi bac cua da thirc B(S) 16n hon hoac bf?mg bac cuia da thirc

A(s)
A(S), P 1a vector chira nghiém ¢ mau s8 ctia cac phan thitc thanh phan.
Truong hgp ton tai nghiém lap P(j)=...= P(j +m—1)véi m 1a s6 lan lap,
khi d6 cac phan thitc thanh phan sé bao gom:
R(j R(j+1 R(j+m—1
(]). + { ')2 +n.:+-—£l——1§——;%-+.”
s=P() (s=P()) (s —P(n))

Lénh residue cing duogc st dung dé€ bién doi tong cua cac phan thirc thanh
phan biéu dién béi cac vector R, P, K thanh phan thikc ctia da thiic B va A.

>>[B, A] = residue(R, P, K)

Vi dy: Tim bién d6i nguoc cua ham L(f (1))(s) =

2
s —

Trudc khi st dung 1énh residue ta can khai bao hai da thic A, B.
>>B = 1;
>>A = [1 0 =117
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>>[R, P, K] = residue (B, A)
R =
-0.5000
0.5000
P =
-1
1
K =

Két qua tra vé cho thdy K la mot mang rong, phan thitc da cho tuwong
duwong voi:
1 -0.5000 N 0.5000
s>—1 s—(-1.0000) s—1.0000

t -t
4 - A A ? \ ~ \ e - e
Qua do¢ ta suy ra dwoc bién doi nguoc cua ham Laplace da cho la

Bén canh viéc st dung 1énh residue, bién doi Laplace cling ¢ thé dugc tinh
toan trong MATLAB st dung bd cong cu bién ky hiéu voi hai 1énh laplace va
ilaplace.

Vidu:
Tim bién d6i Laplace ctia ham £(t) sau day:

F(H)=-1.25+3.5t¢ > +1.25¢ 7~
>>syms t S;
>>f = -1.25 + 3.5%t*exp(-2*t) + 1.25%exp (-2*t);

>>F

laplace(f, t, s)

F =

(s=5)/s/ (s+2) "2

s—=35

Tuwong dwong voi F(s)=——
& & s(s+2)?

F(s) cling c6 thé biéu dién dudi dang dé quan sat nhuw trén trong MATLAB
stt dung ham pretty.
>>pretty (F)
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s (s + 2)
Khi can tim bién ddi nguwoc cua ham F(s) ta ¢ thé st dung 1énh ilaplace.
>> Ft=ilaplace (F)
Ft =
-5/4+1/4%exp (=2*t) * (14*t+5)
>> simplify (Ft)
ans =
—5/4+7/2%t*exp (-2*%t) +5/4%exp (-2*t)
>> pretty(ans)
- 5/4 + 7/2 t exp(-2 t) + 5/4 exp (-2

Ung dung biéh d6i Laplace d¢ gidi phuwong trinh vi phin.
Cho hé thong co khi nhu hinh dwéi

/

K
b

y(©)

m
\ r(t)

Hinh 9. 1. Hé théng 16 xo vat nang

Trong d6 vat ning chiu tdc dong ctia mot luc #(t) = 1 véi 1 20, dwge gén voi

mot 10 xo ¢ hé s k, hé s6 ma sat gitta twong va vat nang la b, vi tri cua vat nang
theo thoi gian t biéu dién bsi y(t). Gia s y(0)=0,y'(0)=2, m=1,b=3, k=2

Dinh luat II Newton viét cho hé c6 dang;:
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d? d

mﬁy(t) +b5y(t) +ky(t) =r()

d’ d
LA Y03 Y0+ 250 =10)

Ham 1(t)(unit step function) trong MATLAB c6 thé duoc biéu dién boi ham
heaviside(t)

Dép tng y(t)ctia hé cd thé giai trong MATLAB ap dung bién doi Laplace
nhw sau

%$Khai bao cac bien

syms Y ] t;

%$Khai bao ham rt

rt=heaviside (t) ;

%Bien doi Laplace cua rt

Rs=laplace(rt);

%Bien doi Laplace cua D2y=s"2*Y (s)-s*Y(0)-Dy(0)

Y2=5"2*Y-s5*0-2;

%Bien doi Laplace cua Dy=s*Y(s)-y(0)

Y1l=s*Y-0;

%Bieu dien Laplace cua dap ung y(t)

Ys=solve (Y2 + 3*Y1 + 2*Y - Rs, Y);

yt=ilaplace(Ys);

I 3 _ -
Két qua tinh: y(7) = 5 —Ee Iy

9.2 Bién d0i z

Bo cong cu bién ky hiéu trong MATLAB cho phép nguoi st dung thuc hién
cac phép bién doi tin hiéu roi rac sang mién Z va nguoc lai véi cac 1énh ztrans va
iztrans.

Cil phap

>>Fz = ztrans (f)

Trong d6 Fz la bién d6i z cua ham ky hiéu f

Vi dy: Tim bién d6i z ctia ham sau.
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x(n) = %u(n)

Khai bdo bién ky hiéu n:
>>syms n
Khai bao ham f:
>>f = (1/4"n) *heaviside (n);
Tim bién ddi z cua f:
>>Fz=ztrans ()
Fz=
4*z/ (4*z-1)
Vi dy: Tim tin hiéu x(n) biét:
2z

2z-1

Cac budc giai bai toan trong MATLAB nhu sau:

X(z2)=

>>syms z;

>>Xz = (2*z)/(2*z-1);
>>xn = iztrans (Xz)
xn =

(1/2)"n

Phép bién doi Z ngugc cliing c6 thé duoc thuwc hién trong MATLAB v6i ham
residuez cho phép khai trién phan thitc ctia da thiic tir s8 B(z) va da thicc mau s
A(z) thanh cac phan thttc so cap, ctii phap tuong tu 1énh residue.

B(z) _ r(@ _1+.”+L_l+k(l)+k(2)z‘l+...
A(z) 1-p(z 1-pn)z

Luu y: O day B(z) va A(z) biéu dién chiéu giam dan hé s6 liy thira cta z.

B(z)=by+bz  +byz 4. +b, 7"

AR =ap+az  +ayz 2+ +az "

Vi dy: Tim bién d6i Z nguoc cua tin hiéu sau:
B 1
1-z"H1-0.5z7"

X (z2)

Viét lai X(z)dudi dang liy thira khong am cua z:
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2
<

(z=D(z-0.5)
Céc budc giai bai toan trong MATLAB nhu sau:
Khai béo bién ky hiéu z:

>>syms z;

X(z)=

Khai bdo da thic ttr s& va mau s6 dudi dang vector chira cac hé so:

>>B = 1;
>>A = [1 -1.5 0.51;
>>[R, P, K] = residuez (B, A)
R =

2

-1
P =

1.0000

0.5000
K =

[ ]

Nhu vay X(z)cé thé duwoc khai trién thanh téng ctia cac phan thitc so cap
nhu sau:

1
1-z7' 1-05z77"

Khtt Ity thita am trong bi€u thirc:

X(z)=

2
X(z) = .z
z—1 z-0.5

Tra bang d€ suy ra tin hiéu can tim:

x(n) =2u(n) —(0.5)" u(n)

Kiém tra lai két qua bang 1énh ztrans:
>>syms n
>>ztrans (2*heaviside (n) - (1/2)"n*heaviside (n))
ans =
2%z /(z=-1)=-2%*z/(2*z-1)
Ve d6 thi diém ciwec — diéim khong trong MATLAB
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Lénh zplane trong MATLAB cho phép nguoi st dung do6 thi diém cuc —
diém khong cua phan thikc trong d6 da thiic tir s§ va da thitc mau s6 dugc khai
bao dwdi dang vector chira cac hé s ctuia da thie, cac diém cuc dwoc ky hiéu trén
do thi bgmg diém x, cac diém khong duoc ky hiéu trén d6 thi bf?mg diém o.

Vi du: Vé d6 thi diém cuc — diém khong.

[4+1Z4
H(2)= 1 2 2
I+-z + -z

5 25

Céc budc giai trong MATLAB nhu sau:

Khai bao da thikc ttr s6 B va da thitc mau sd A.

>>B = [1 1/21;

>>A = [2 3/5 2/257;

St dung 1énh zplane dé€ vé do thi diém cyc — diém khong;:
>>zplane (B, A)

Imaginary Part
(=}
®
X
k
i

-1 -0.5 0 0.5 1
Real Part

Hinh 9. 2. D4 thi diém cuwc diém khong

9.2 Xay dung cac hé tuyén tinh — dirng

Trong muc nay, nguoi doc sé duoc gidi thiéu cac phuwong thitc mo ta hé
tuyén tinh dung trong diéu khién ti dong vdi cdc mo hinh twong Gng va cac phép
bién doi tir mo hinh nay sang mo hinh khac:
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- MO hinh ham truyén.
- MO hinh diém khong — diém cuec.
- M6 hinh khong gian trang thai.

9.2.1 M6 hinh ham truyén

a. Hé c6 mot dau vao va mot dau ra

Ham truyén duoc xay dung dudi dang mot phan thirc bao gdm da thike tw
s6 B va da thitc mau s6 A st dung lénh tf theo mot trong cac cti phap sau:

>>sys = tf (B, A);

>>sys = tf (B, A, ‘variable’, ‘p’);

>>sys = tf(B, A, Ts);

>>S = tf('s’);

dinh nghia duwdi dang ham htru ti ctia s

>>7 = tf('z’',Ts);

dinh nghia dudi dang ham httu ti ctia z

Trong d6 sys 1a hé tuyén tinh dirng

B va A 1a céc da thirc 6 tir s6 va mau s8 c6 dang:

B(s)=b,s" +b, s" " +..+bs+h,

_ n n—1
A(s)=a,s +a,_;s" +..taqs+ag
va duoc biéu dién dwdi dang vector cta cac hé sd thanh phan.
Ts 1a chu ky 14y mau cta hé roi rac.

variable dinh nghia bién biéu dién.

Vidu:

>>Bl = [1 2 2];

>>A1 = [1 2 2 1];
>>B2 = [1 =117

>>A2 = [1 3 2 1];
>>B3 = [1 01;

>>A3 = [1 -1.5 0.5]1;
>>sl1 = tf(B1, Al)

Transfer function:
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s™"2 + 2 s + 2
s"3 4+ 2 s"2 + 2 s + 1
>>s2 = tf (B2, A2,’variable’,’p’)

Transfer function:

p*3 + 3 pt2 + 2 p + 1
>>s3 = tf (B3, A3, 1)

Transfer function:

z"2 - 1.5 z + 0.5
Sampling time: 1
Vi du: Pinh nghia ham truyén dwdi dang ham httu ti cua s hodc z.
>>s = tf(‘'s’)
Transfer function:
S
>> hs=(s"2+2*s+2)/ (s"3+2*s"2+2*s+1)
Transfer function:
s™"2 + 2 s + 2
s™"3 + 2 s"2 + 2 s + 1
>>z = tf(‘z’, 1)
Transfer function:
z
Sampling time: 1
>> hz=z/(z"2-1.5*%z+0.5)

Transfer function:

z"2 - 1.5 z + 0.5
Sampling time: 1
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D&i véi cac hé da duoc dinh nghia bang 1énh #f nhu trén, ta c6 thé sit dung
1énh tfdata dé tra vé cac vector biéu dién da thiic mau s& A va da thiic ti s6 B theo
cu phap:

>>[B, A] = tfdata(sys, ‘Vv’);
Vidu:
>>[Bln, Aln] = tfdata(sl, ‘v’)
Bln =

0 1 2 2
Aln =

1 2 2 1

>>[B2n, A2n]

tfdata(s2, ‘v’)
B2n =
0 0 1 -1
A2n =
1 3 2 1
b. Hé c6 nhiéu dau vao va nhiéu dau ra
Dai véi hé c6 nhiéu dau vao va nhiéu dau ra, nguoi st dung c6 thé khai
bao hé trong MATLAB nhu sau:

>>sys

tf (num, den)

>>svys tf (num, den, ‘variable’, ‘p’)

>>sys = tf(num, den, Ts)

Trong d6 num, den 1a hai treong kich ¢6 Ny x Nu véi Ny 1a s6 dau ra, Nu la
sO dau vao, num chita cic da thike tir s8, den chira cac da thire mau sd. Cac treong
duoc khai bao theo cau tric sau:

- a1 2015610015010 -1 -2}

Vi du: Xét hé c6 hai dau vao va hai dau ra.

>>nums?2 = {2 [1 0.5]; [1 0] 2}%};

>>denum2 = {[4 4 1] [2 1 2]; [1 1] [1 2 11},
>>Gp22 = tf (nums2, denum2)

Transfer function from input 1 to output...
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s + 1

s + 0.5
#l: ————————————-
2 s"2 + s + 2
2
#2: ————m———————

9.2.2 M6 hinh diém khéng - diém cuc

a. Hé c6 mot dau vao va mot dau ra

Mot hé tuyén tinh cling c6 thé duoc biéu dién theo mo6 hinh diém khong —
diém cuc st dung lénh zpk theo cu phap sau:

>>sys = zpk(Z, P, K);

>>sys zpk(z, P, K, Ts);

>>S = zpk(‘'s’)

mo hinh diém khong — diém cuec voi bién Laplace
>>7 = zpk(‘z’, Ts)

mo hinh diém khong — diém cuec voi bién z
Trong do sys 1a hé tuyén tinh.

Z, P, K Ian luot 1a cac vector diém khong Z, diém cyc P va hé s6 khuéch dai

K.
Ts 1a chu ky 18y mau.
Vidu:
>> 721 = [ 1;
>> Pl = [-1 -.5 =2];
>> K1 = [2];

>> szl = zpk(zl, P1l, K1)
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Zero/pole/gain:

(s+1l) (s+0.5) (s+2)
>> 72 = [-0.5];
>> P2 = [-1+i -1-1 -0.5];
>> K2 = 10;
>> sz2 = zpk(z2, P2, K2)
Zero/pole/gain:

10 (s+0.5)

(s+0.5) (72 + 2s + 2)

Twong ty nhu d6i véi mo hinh ham truyén, ta c6 thé st dung lénh zpkdata
dé tra vé cac gia tri diém khong, diém cuc va hé s6 khuéch dai cia mo hinh theo
ct phap sau:

>>[z, P, K] = zpkdata(sys, ‘v’)
Vidu:
>> [Z2n, P2n, K2n] = zpkdata(sz2, 'v')
Z2n =
-0.5000
P2n =

-1.0000 + 1.00001
-1.0000 - 1.00001
-0.5000
K2n =
10
b. Hé c6 nhiéu dau vao va nhiéu dau ra
Cu phép twong ty nhu d6i véi hé c6 mot dau vao va mot dau ra, lvu y o
day Z va P 1a hai treong c6 kich ¢& Ny x Nu trong d6 Z{i, j} va Pfi, j} bi€u dién cac
diém khong va di€ém cuc cua ham truyén tir dau vao j téi dau ra i; K 1a ma tran hai
chiéu chtta cac hé s6 khuéch dai cho mdi kénh vao/ra.
Vi du: Xét mo hinh ZPK c6 hai dau ra va mot dau vao.
>>H = zpk({[ 1; [2 31}, {1; [0 -11}, [-5; 11])

Zero/pole/gain from input to output...
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9.2.3 M6 hinh khong gian trang thai

M6 hinh trang thai tong quat viét dudi dang ma tran:

ix:Ax+Bu
dt
y=Cx+Du

Lénh ss trong MATLAB cho phép biéu dién hé thong theo mé hinh khong

gian trang thdi sit dung ct phdp sau:

>>sys = ss(A, B, C, D)

>>sys = ss(M, N, C, D, Ts)

Trong d6 A, M la ma tran trang thai ctia hé lién tuc va roi rac

B, N 1a ma tran dau vao cta hé lién tuc va roi rac

Cla ma tran dau ra

D la ma tran lién thong ctia mo hinh trang thai

Ts 1a thoi gian quét mau

Vi du: Xét hé phuong trinh vi phan tuyén tinh véi cac bién trang thai h, he,

bién dau vao u va bién dau ra q.

dhy
—==2h +3h, +2v
0 ) +3h,
dh,
—==4h - h, —v
”  —

1
q:h1—2h2+5v

Hé c6 thé duoc viét lai dudi dang ma tran:
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-ix:Ax+Bu
dt
y=Cx+Du

vOi cac vector dau vao u, vector dau ra y va vector trang thai x

=] 0= v-[d]

A:{_z 3} B:F} c=[1 -2] p=!
4 -1 -1 2
Trong MATLAB ta c6 thé thiét 1ap md hinh khong gian trang thai nhw sau:
>>A = [-2 3; 4 -11;

>>B = [2; -1];

>>C = [1 =21

>>D = [1/2];

a =
xl x2
xl =2 3
X2 4 -1
b =
ul
x1 2
x2 -1
c =
x1l x2
Al 1 -2
d =
ul
yl 0.5

Continuous-time model.
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Khi da c6 mo6 hinh khong gian trang thai, nguoi dung cé thé truy xuat lai
cac ma tran thanh phéan A, B, C, Dst dung lénh ssdata theo ct phap:

>>[A, B, C, D] = ssdatal(sys, ‘v’'];

>>[M, N, C, D, Ts]

9.2.4 Chuyén ddi gitta cic md hinh

Trong MATLAB, viéc chuyén d6i ttr m6 hinh nay sang m6 hinh khac gitra
cac md hinh gidi thiéu trong chwong nay la kha dé dang, xét vi du sau: Chuyén
d6i tir mo6 hinh khong gian trang thai sang mo hinh ham truyeén.

Xét mo hinh khong gian trang thai gioi thiéu & muc 2.2.2, m6 hinh nay c6
thé chuyén d6i sang mo6 hinh ham truyén st dung 1énh ss2tf theo cu phép sau:

>>[num, den] = ss2tf(A, B, C, D);

Trong d6 gia tri tra vé num, den lan lugt la cac vector da thitc ¢ tix sO va
mau sd ctia mo6 hinh ham truyén.

num =

0.5000 5.5000 -18.0000

den =

1 3 -10

>>F = tf (num, den)

Transfer function:

0.5 "2 + 5.5 s - 18

s”"2 + 3 s - 10

Bén canh d6 MATLAB ciing cho phép chuyén d6i tu dong doi tuong tir
dang m6 hinh nay sang mo hinh khéc stt dung cac 1énh dinh nghia m6 hinh gidi
thiéu & trén ts, zpk, ss.

Vidu:

>> F2 = tf(ht ss)

Transfer function:

0.5 s"2 + 5.5 s - 18

s"2 + 3 s - 10
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9.2.5 Dic tinh thoi gian tré trong ham truyén

D& thé hién ddc tinh thoi gian tré trong cac ham truyén ta c6 thé dua thém
tham s6 vao lénh tf hodc thay d6i thudc tinh ciia m6 hinh be\ing cach st dung lénh

set nhu trong hai vi du sau:

Vi du: St dung tham s& trong 1énh tf.
>>Q = tf(num, den, ‘Inputdelay’,

Transfer function:

2)

0.5 s"2 + 5.5 s - 18

exp(-2*s) *

s™"2 + 3 s - 10

Vi du: St dung 1énh set dé€ thay d6i thudc tinh ham truyén.

>>set (Q, ‘Inputdelay’, 0.5)
>>Q

Transfer function:

0.5 s"2 + 5.5 s - 18

exp(-0.5*s) *

s"2 + 3 s - 10

9.2.6 Ghép ndi cic mod hinh

Cac mo hinh hé thong tuyén tinh — dung cé thé duoc ghép ndi trong
MATLAB theo cac phuwong thitc ndi ti€p (1énh series), song song (1énh parallel),

ghép c6 phan hoi (Iénh feedback).

Vi du: Ghép néi ti€p hai mo hinh G1 va G2.

>>Gl = tf£([1], [10, 11)

Transfer function:

10 s + 1

>> G2 = tf([1, 21, [2, 3, 21)

Transfer function:
s + 2
2 s™"2 + 3 s + 2
>>G3 = series (Gl, G2)
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Transfer function:
s + 2

20 s”"3 + 32 872 + 23 s + 2

Bén canh d6 MATLAB ciling cho phép nguoi dung stt dung mot s6 phép
toan co ban dé€ thyc hién viéc ghép ndi cdc md hinh nhu phép cong (1énh +), phép
trix (Iénh -), phép nhan (Iénh *), phép dao (Iénh inv).

Vi du: So sanh két qua phép nhan ghép ndi G1, G2 véi 1énh series.

>>G3m = G1*G2

Transfer function:

s + 2

20 8”3 + 32 s™2 + 23 s + 2

Vi du: So sanh két qua tinh hoi ti€p am khi st dung phép nhan, phép dao,
phép cong va khi st dung lénh feedback.

>> G4=Gl*inv (1+G1*G2)

Transfer function:

20 s”"3 + 32 872 + 23 s + 2

200 s”4 + 340 s"3 + 272 s"2 + 64 s + 4

%Dua ve dang rut gon

>> G4 = zpk(G4)

Zero/pole/gain:

0.1 (s+0.1) (72 + 1.5s + 1)

(s+0.2244) (s+0.1) (s”2 + 1.376s + 0.8913)

% Su dung lenh feedback

>> G4m=zpk (feedback (Gl, G2))

Zero/pole/gain:

0.1 ("2 + 1.5s + 1)

(s+0.2244) (s”2 + 1.376s + 0.8913)

Cé thé thay la khi sit dung feedback thi MATLAB tu dong rut gon (s + 0.1) 6 ca da
thitc t&r s6 va da thitc mau s6.
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9.2.7 Gian d6 Bode, Nyquist, Nichols va dap tng ctia hé

Trong MATLAB, nguoi st dung c6 thé vé gian d6 Bode, Nyquist, Nichols
ctia hé bang cach st dung céc 1énh bode(G1), nyquist(G1), nichols(G1) tuong tng.
Trong d6, G1 la hé can khao sét, dap ting xung va dap ting budc nhay cta hé c6
thé tim duoc thong qua cac 1énh impuls(G1) va step(G1).

Vi du: Vé gian d6 Bode va Nyquist ctia hé sau:

>>Gp=zpk ([-10], [-0.01],1)

Zero/pole/gain:

(s+10)

(s+0.01)

%Gian do Nyquist

>>nyquist (Gp)

$Gian do Bode

>>bode (Gp)

Nyquist Diagram
500 : ‘

400 ¢
300 ¢
200 ¢
100 |
Imaginary Axis 0r
-100 +
-200 +
-300 +

-400 |

-500 : : : ‘ :
-200 0 200 400 600 800 1000

Real Axis

Hinh 9. 3. Db thi Nyquist clia Gp
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Bode Diagram
60 ‘

40 t 8
Magnitude (dB)
20

Phase (deg) 45 | i

-90 |

10" 10° 10° 10

Frequency (rad/sec)

Hinh 9. 4. B thi Bode ctia Gp

Vi du: Xac dinh dap tting xung.

Step Response
0.7 ‘

0.6 |

0.5

Amplitude 0.4 |

0.3 +

0.2+

0.1+

Time (sec)

Hinh 9. 5. Bap rng bwéc nhay cia PROCESS

>>PROCESS = tf([1], [1 4 4 2])
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Transfer function:

s"3 + 4 s”"2 + 4 s + 2

>>step (PROCESS)

9.3 Tém tat chiong 9

Bién ddi Laplace va bién d6i z

laplace Bién d6i Laplace thuan

ilaplace Bién do6i Laplace nguoc

heaviside(t) | Biéu dién ham 1(#)

residue Phan tich da thitc hitu ti thanh tong cac da thirc thanh phan
ztrans Bién doi z thuan

iztrans Bién d6i z nguoc

residuez Khai trién da thitc an z thanh tong cac da thirc thanh phan
zplane Biéu dién db6 thi diém cuc — diém khong

Xay dung cac hé tuyén tinh - dimng

tf M6 hinh ham truyén

zpk M6 hinh diém khong — di€ém cue — hé sd khuéch dai

ss Mo hinh khong gian trang thai

tfdata Tra vé cac yéu t0 thanh phan cia mo6 hinh #f

zpkdata Tra vé cac yéu to thanh phan cia mo6 hinh zpk

ssdata Tra vé cac yéu td thanh phan ctia mo hinh ss

ss2tf Chuyén do6i tit mo hinh khong gian trang thai sang ham
truyén

ss2zp Chuyén d6i ttr mo hinh khong gian trang thai sang diém
khong — cuc

tf2ss Chuyén d6i ttr md hinh ham truyén sang khong gian trang
thai
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tf2zp Chuyén d6i ttr m6 hinh ham truyén sang diém khong - cuc

Zp2ss Chuyén d6i tit mo6 hinh diém khong — cuyc sang khong gian
trang thai

zp2tf Chuyén doi tir m6 hinh diém khong - cyc sang ham truyén

series Ghép ndi tiép hai mo hinh

parallel Ghép song song hai mo6 hinh

feedback Ghép ndi co hoi tiép

nyquist Vé gian d6 Nyquist

bode Vé gian d6 Bode

nichols Vé gian d6 Nichols

impulse Tim dap tng xung cta hé

step Tim dap ting budc nhady cua hé

Bang 9. 1. Tdm tit cac ham st dung trong chuong 9

9.4 Bai tap chwong 9
Bai 9.1

Phan tich da thic hitu ti thanh tong cac da thire thanh phan, tim bién doi
Laplace nguoc cua:

1
st 4557 +757

Fi(s)=

Dap an:

>>pb = [0 0 0 0 1];

>>a = [1 57 0 0];

>>[r, p, k] = residue (b, a)

r =
0.0510 - 0.06481i
0.0510 + 0.06481i
-0.1020
0.1429
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-2.5000 + 0.86601
-2.5000 - 0.86601

F(s)= R SR N
S=P STP2 STP3 ST D4
0.0510—-0.0648i 0.0510+0.0648i -0.1020 0.1429
Fi(s)= +

+ -
s —(2.5000+0.8660i) s—(—2.5000—-0.8660i) s—0 s—0

Bién doi Laplace nguoc ctuia Fi(s) ¢ thé tinh nhw sau:
>>syms s

>>fl = 1/(s™4 + 5*s”3 + 7*s"2);
>>ilaplce(fl)

ans =

~5/49+1/7*t+1/147*exp (-
5/2%t)* (15%cos (1/2%37 (1/2) *t)

+11*37(1/2) *sin(1/2*3~(1/2)*t))
Bai 9.2
Tim bién d6i Laplace ctia cac ham sau:
a. fi(t)="71cos(5t + 60°)
b. fo(t)==Tte™
c. f3(t)=-3cos(51)
d. fu(t)=tsin(7t)
e. f5(t)=5¢" cos(51)
Dap an:
a.
>>syms t
>>flt = 7*t"3*cos (5*t + (pi/3));
>>fls = laplace(flt)

Khoa Co hoc ky thudt & Tu dong hoa — Dai hoc Cong nghé MATLAB va ting dung trong Co ky thuat



Chuong 9. Ly thuyét diéu khién tu dong

215

fls =
21*(s"44625-150*s"2-

20*%37(1/2) *s"3+500%3"(1/2) *s) / (s"2+25) "4

b.
>>f2t = =-T7*t*exp(-5*t);
>>f2s = laplace(f2t)
f2s =

-7/ (s+5) "2
C.
>>f3t = -3*cos (5*t);

>>f3s = laplace(f3t)
f3s =
-3*s/(s"2+25)

d.
>>fdt = t*sin(7*t);
>>fds = laplace (f4dt)
fids =
14*s/ (s"2+49) "2
e.
>>fbt = bH*exp (-2*t)*cos(5*t);

>>f5s = laplace (f£5t)
f5s =

5% (s+2)/ (s"2+4*s+29)
Bai 9.3

Tim bién d6i Z ctia cdc ham sau:

a. x(n)= (%)

b. xy(n)= e
c x3(n)=n
Dap dn:

a.

>>syms n
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>>x1ln = (1/2)"n;
>>X17Z = ztrans (xln)
X1z =

2*z/(2*z-1)
b.
>>x2n = exp(2*n);
>>X27 = ztrans (x2n)
X27 =

z/exp(2)/(z/exp(2)-1)

C.
>>x3n = n;
>>X37 = ztrans (x3n)
X372 =

z/ (z=-1)"2
Bai 9.4

5z NI
a. Cho: X,(2)= 5~ 5 tim bién ddi Z nguoc.
(z—=1)" (z-0.5)
10z . .
b. Cho: X,(Z)=———— tim bién d6i Z nguoc.
- —z+1
Z2
c X;3(2)= 5 st dung lénh residuez phan tich Xs(Z) thanh cdc
(z—-1)(z-0.5)
da thitc hitu ti thanh phan r6i tim bién d6i Z nguoc.
2
+1
d. X,(2)= < (2Z ) stt dung lénh residuez phan tich X«(Z) thanh
(z=1D(z"=2z+0.5)

cac da thic hitu ti thanh phan.
Dap dan:
a.
>>syms z

>>X17 = 5*z/(z-1)"2 - 2*z/(z-0.5)"2;
>>x1ln = iztrans (X17Z7)

xln =
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5*n-4*(1/2) "n*n
x;(n) = 5nu(n) —4n(0.5)" u(n)

b.
>>X27

10*z/(z"2 — z + 1);

>>xn2

iztrans (X272)

xX2n =
20/3*37(1/2) *sin(1/3*pi*n)
X, (n) =11.547sin(n.60°)

>>a = conv(conv([1l, -0.5], [1, -0.51), [1, -11);
>>b = [0, 1];

>>[r, p, k] = residuez (b, a)

4.0000
-2.0000 - 0.00001
-2.0000 + 0.00001

p =
1.0000
0.5000 + 0.00001
0.5000 - 0.00001
k =

[ ]

>>X37 = 4/ (1-z2"(-1))-2/(1-0.5%z"(=1))-2/((1-0.5*%z" (-
1)) r2);

>>x3n = iztrans (X3Z)

>>x3n =
4-4*%(1/2)"n-2*(1/2)"n*n
4 -2 -2

=z 1-05z"  (1-057 1)
x3(n) =4u(n) —4(0.5)" u(n) —2n(0.5)" u(n)

d.
>> b=conv ([l 0 0],[1,11);
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>> a=conv ([l -11,[1 -1 0.51);

>> [r,p,k]l=residuez (b, a)

.-
4.0000
-1.5000 - 0.50001
-1.5000 + 0.50001
o -
1.0000
0.5000 + 0.50001
0.5000 - 0.50001
k =
0
X (2)= 4_1+ ~15-05i - “L5+05i _
1-z7" 1-(05+05)z7"  1-(=0.5-0.50)z
Bai 9.5

Tim ham truyén cho cac hé sau (K =10, Ki = 100, Kz = 150).

a.
R
(s) + K q 1 | Y»(S)
i s(s+1
Hinh 9. 6. Hinh bai 9.5a

b.

R(s) + o 10 Xﬁs)

- s(s+1)+2
K, +K,:
S

Hinh 9. 7. Hinh bai 9.5b
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R + +1 Y(s
- :
sT+s
Hinh 9. 8. Hinh bai 9.5¢
Dap an:
. 1
a. Goi: G(s)=K

Ta co: Y(s)=(R(s)—=Y(5))G(s)

Y(s)  G(s)

sGs+1) s(s+1)

s(s+1) K K

R(s) 1+G(s) 1,

K s(s+D+K sPts+K

s(s+1)

Cac budc giai trong MATLAB nhu sau:
>>Syms S

tf (10,
>>Hs = feedback(Gs, 1)

>>Gs

Transfer function:
10

s”2 + s + 10

b. Ham truyén ho:

>>Gs = tf (10,
Ham truyén hoi tiép:

>>Ms = tf£([150, 1001, [1, O1);

Ham truyén cua hé:

>>Hs = feedback (Gs, Ms)

Transfer function:

10 s

sym2poly (s*(s+l)));

sym2poly (s* (s+1)+20)) ;
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s™"3 + s72 + 1520 s + 1000

c. Ham truyén ho:

>>Gs = tf (1, 1], (1, 1, 0O, 01);
Ham truyén cuia hé:

>>Hs = feedback(Gs, 1)

Transfer function:

s + 1

Bai 9.6
Xac dinh vi tri cac diém cuc cua hé ¢ ham truyén nhw sau:

s°— 65> +7s+15
2 +5t 55 —95% +115—12

H(s)=

Dap an:
Cac diém cuc la nghiém ctia da thiee mau so:
>>den = [1 1 -5 -9 11 -12];

>>A = roots (den)

A =
-2.1586 + 1.23961
-2.1586 - 1.23961

2.3339

0.4917 + 0.76691

0.4917 - 0.76691
Bai 9.7

Xac dinh vi tri cac diém cuc cua ham truyén don vi ¢6 ham truyén ho:

G(s) = 150
(s+5s+7(s+9)(s+11)

Dap dn:
Khai bao ham truyén ho
>>syms s

>>Gs = tf (150, symZ2poly((s+5)* (s+7)*(s+9)*(s+11)))
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Transfer function:

150

s + 32 s73 + 374 s”2 + 1888 s + 3465

Ham truyén cua hé:
>>Hs = feedback(Gs, 1)
Transfer function:

150

s™4 4+ 32 s”3 4+ 374 s”2 4+ 1888 s + 3615

Xéc dinh cac diém cuc:

>>pole (Hs)

ans =
-10.9673 + 1.95061
-10.9673 - 1.95061
-5.0327 + 1.95061
-5.0327 - 1.95061
Bai 9.8

Tim dap tng d6i véi ham budce don vi ctia hé sau:

R(s) + oil

Y(s)
-

Hinh 9. 9. Hinh bai 9.8

Dap dan:
>>syms S t
>>Gl = tf([1, 11, [11);

>>G2 tf([10]1, [1, O, O1);

Ham truyén vong ho:

>>Gs = series (Gl, G2);
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Ham truyén cua hé:
>>Hs = feedback (Gs, 1)
Transfer function:

10 s + 10

s”2 + 10 s + 10
Dap ting cua hé
>>step (Hs)

Sinh vién cé thé tu kiém tra bang cach tim ham Laplace ctia ham buéc don vi
dé suy ra gia tri ctia dau vao R(s).

>>Rs = laplace (heaviside(t))

Rs =

1/s

Tinh Y(s) theo H(s) va R(s) da biét:

Y(s)=R(s)H(s)

Step Response

0.8

Amplitude

0.6

0.4

0.2

o 05 1 15 2 25 3 5.5
Time (sec)
Hinh 9. 10. D4 thj bai 9.8
D6 thi dap tng cua hé chinh la d6 thi ctia ham y(t) véi y(t) la bién d6i Laplace
nguoc cua Y(s).
Luu y & day mudn thuc hién budce tinh Y(s) theo R(s) va H(s) sau do6 bién doi
Laplace nguoc dé€ ra y(t) can khai bao lai bién Ys la bié€u thitc bién ky hiéu.
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Bai 9.9

Dung MATLAB vé biéu d6 Bode ctia cac hé cho boi ham truyén nhuw sau:

1
. G(s)=
T
b. G(s)=———
s*+s+4
Dap an:
a.

Khai bdo ham truyén cua hé:
>>syms S
>>G = tf£([1], [2 11])

Transfer function:

1
2 s + 1
Vé d6 thi Bode
>>bode(G)
Bode Diagram
0 .
g -10 -
8
2
& 20
=
-30
0
=)
3
o 45|
&
£
.90 o
107 10" 10

Frequency (rad/sec)

Hinh 9. 11. D6 thi bai 9.9a
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Bode Diagram

20

Magnitude (dB)

-90

Phase (deg)

-135

-180 = see see

-1 0 1 2

10 10 10 10
Frequency (rad/sec)

Hinh 9. 12. D6 thi bai 9.9b
>>G = tf([4], [1 1 41)

s*"2 + s + 4

>>bode (G)

Bai 9.10

Dung MATLAB vé do thi Nyquist va Nichols cua hé cho bdi ham truyén sau:
k(s+D(s+3+7i)(s+3-7i

Gls) oK+ D(s+34Ti)(s +3-Ti)

= ; — (k=30
(s+D(s+3)(s+5)(s+3+T7i)(s+3-Ti)

Dap dn:

Luu y hé ¢ day cling c6 thé duoc khai bao theo vector diém khong, diém cuc
r6i dira vé mo hinh ham truyén bang 1énh zp2tf.

Khai b4o theo md hinh ham truyén véi cac da thitc tir s6 va da thitc mau sd:

>>syms s
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>>nG
>>dG

>>G =

sym2poly (30* (s+1) * (s+3+71) * (s+3-71)) ;

sym2poly ( (s+1) * (s+3) * (s+5) * (s+3+71) * (s+3-71)) ;

tf (nG, dG)
Nyquist Diagram
1.5F E v T
1k~
0.5
K]
x
<
>
5] 0t
<
[@)]
£
= -05¢r
_1 .
-15¢ r 3 r r r
-1 -0.5 0 0.5 1 1.5
Real Axis
Hinh 9. 13. B4 thj Nyquist ctia hé
Nichols Chart
40 F - v
0dB
0.25dB
0.5dB
2 1dB 1dB -
3dB
& 6dB -
S 0r + -6.dB;
£ -12dB
9 0k -20 dB
o
o
-
<
8 -40 - -40 dB|
O
-60 -60 dB|
-80 ¢ 13 r r E r 13 -80 dB-
-360 -315 -270 -225 -180 -135 -90 -45 0

Open-Loop Phase (deq)

Hinh 9. 14. D6 thi Nichols ctia hé

Khai bao theo diém khong, diém cuc roi dwa vé mo hinh ham truyén, da thic

t sO va da thttc mau s6 duoc biéu dien dudi dang cac vector hé so6:

>>z =

>>p

>>k

[-1 -3-71
[-1 -3
30;

-5

-3+711";

-3-7i  =3+7i1’;
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>>[num, den] = zp2tf(z, p, k)
num =

0 0 30 210 1920
1740

den =

1 15 135 675 1424
870

So sanh ham truyén khai bao bang 1énh tf.
>>G

Transfer function:

30 s*3 + 210 s™2 + 1920 s + 1740

s*5 + 15 8”4 + 135 s”3 + 675 s"2 + 1424 s + 870
Vé do thi Nyquist:

>>nyquist (G)

Hoadc ¢ thé str dung 1énh

>>nyquist (num, den)

Vé d6 thi Nichol:

>>nichol (G)

>>ngrid

Hoac cling c6 thé sit dung lénh

>>nichols (num, den).
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MOT SO BO CONG CU UNG DUNG CHUYEN SAU
TRONG MATLAB

1. Simulink

Simulink 1a moi treong so d6 khdi cho phép md phong va thiét ké cac mo hinh.
Bén canh chtic ndng m6 phong, Simulink ho trg nguodi dung trong viée thiét 1ap tw
ddng cac doan ma, kiém thtr lién tuc va xac nhan cac hé thng nhung.

Simulink cho phép xtt ly d6 hoa dwéi dang so d6 khoi, thiét lap cac thuw vién khoi
cting nhu cung cap giai phap md hinh, mé phong hé dong lyc. Simulink dwoc tich
hop véi MATLAB va cho phép nguoi st dung két hop cac thuat toan MATLAB
vao cac mo hinh cting nhu xudt két qua moé phong ra MATLAB cho cac budc phan
tich khac.

Mot s6 tinh nang chinh ctia Simulink

- Xay dung m6 hinh hé théng phu phan cap vdi cac khéi dinh nghia san.

- MO0 phéong dong liec mo hinh va kiém tra két qua dudi dang chay mo
phong.

- Phan tich két qua md phéng: xem va g& 16i mo phong

- Quan ly cac dy an: dé dang quan 1y cac file cing nhu di liéu thanh phan
cta cac du an.

- Két ndi véi phan ciing véi mo hinh cho cac bude kiém tra thoi gian thuee va

phat trién cac hé thong nhang.

¥4 Simulink Library Browser o -0
File Edit View Help
e 3 »  Enter search term - M s
Libraries Library: Simulink’Commonly Used Blocks | Search Results: (nd 1:}
=-(*a| Simulink
~ he Logical
Commonly Used Blocks Integrat ‘ =
Operator
Continuous
Discontinuities
Discrete } i Outt
Logic and Bit Operations
Lookup Tables aikial Relationa
Math Operations ) [ | Operator
Model Verification
Model-Wide Utities Saturation A0 scope
Ports & Subsystems
Signal Attributes
T I TR S
Sinks
s ]
b Switch = Termina! tor
User-Defined Functions
____ & Additional Math & Discrete ~ |
Showing: Simulink/Commonly Used Blocks

Hinh P. 1. Thw vién Simulink
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2. SimMechanics

SimMechanics cung cap mdi truong md phong hé nhiéu vat cho cac hé thong co
khi 3D nhw robot, hé thong giam xdc xe, cac thiét bi xdy dung cting nhw cac hé
thdng ha canh ctia méy bay. Ngwoi sit dung mo hinh hdéa hé nhiéu vat véi cac khoi
dai dién cho cac khau, khop, lién két, va cac luc thanh phan, phan viéc tiép theo
cua SimMechanics la thiét 1ap va giai cadc phuwong trinh dong hoc cho toan bd co
hé. M6 hinh xay dung ttr cac chwong trinh thiét k& véi su hd tro ctia may tinh
CAD bao gom céac yéu t6 nhw khéi lwong, quan tinh, khép, lién két va thiét ké
hinh hoc 3D déu ¢ thé duoc dwa vao va xtr ly trong SimMechanics. Mot mo
phong 3D cta md hinh dong luc hoc duoc thiét 1ap mot cach ty ddong cho phép
nguoi sit dung quan sat chuyén dong ctia mo hinh.

Nguoi st dung co thé thiét 1ap cac thong sd dac trung cho mo hinh véi cac bién
cling nhu cdc phiong phap biéu dién trong MATLAB, dong thoi thiét ké hé diéu
khién cho m6 hinh hé nhiéu vat trong Simulink. Bén canh d6, cac thanh phan dién,
thty lwc, khi nén... cling c6 thé duoc dua vao mo hinh co khi bang Simscape va
kiém tra tat ca cac thanh phan trong mot mo hinh mo phong riéng. D€ trién khai
cac mo hinh thiét k& trong cadc moi truong mo phong khac, bao gom ca ky thuat
phan ctng trong vong lip HIL (hardware-in-the-loop), SimMechanics hd tro
nguoi dung thiét lap cac doan ma C véi SimulinkCoder.

4 Mecharecs Explorens - Mechacs Explorer sm _wing_linding_gesr! - #3m_wing Ja. Bl =5} ¥ 5 wing_landing_gea_ o8 % | % sm wing lendin_ || i) futam
(e Erplover ~ Serudstion  Yoew  Tock Decttop Window bielp » fle fot Yiew Deplay fle Eot View Ospiay Oagam = fle Eot View Dspiay
owpoy Actuatos woant

Lk K]

Wing_Lending_

B % ) View convention: Z up (XY Top) al "D e ‘

Deploy)
Actator,

Hinh P. 2. M6 hinh b phan ha canh clia may bay trong SimMechanics
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3. SimElectronics

SimElectronics cung cdp cac thw vién thanh phan cho phép md hinh va mo phong
cac hé thong dién tir va co dién tir. Cac thu vién bao gdm md hinh ban dan, dong
co, cam bién va cac co cau chap hanh... Cac m6 hinh nay cé thé duoc str dung dé
phat trién cac hé co dién chap hanh ciing nhu xay dung cdc md hinh hanh vi dé
danh gia kién triic mach twong tu trong Simulink.

Cac mo hinh SimElectronics c6 thé duoc str dung dé€ phat trién céc thuat toan diéu
khién trong cac hé thdng dién tx va co dién tl, bao gom ca dién t&r than xe, co cau
tly dong may bay, hé thong khuéch dai. Cdc md hinh ban dan bao gom cac anh
hudng phi tuyén va nhiét dong luc, cho phép nguoi st dung lwa chon céc yéu to
trong cac bo khuéch dai, bo bién doi tuong tu - s0, giai doan khda lap, va cac mach
khac... Twong te nhw SimMechanics, SimElectronics cting hg tro nguoi dung
trong viéc dua vao cac thanh phan bén ngoai nhu dién, thuy luc, khi nén... va
trién khai cac mo hinh thiét ké trong cac moi treong moé phong khac véi Simscape
va SimulinkCoder.

Hail Effect

;\, Sensor
A—
G N

oC Motor g3
o

—
¥ electrical_actuator
e Edit Yew Dispay Disgram Simelation Anaysis Code Jools Help 1 s
2l LB ot Zizal f— ) Speed Controller
et et 4 > - Worm
5 o ctustor ¥ v g .Q 4 Gear
& . L sm o ns
o Cm | current
= s‘]ﬂ’{' Friction
Controlied PWHA Affe—ai
Voltage
¥ R
£ -S00N

Worm Lead Load att=3s

8 —e |
Leviit wr ref PWM sl | J
[{rer  REF T -REFI___ T Gear Screw Force =
1o - ¥ loev :
: Eafy o e T
|- 14 Jirer

Current

Controller ¥ H-Bridge ™ bC Motor JERRRNISSE)  Decoder
-
| Y
L qvir
{1(9=0 | Rp-{Vsiq—{2000]
Solver Speed Speed Demand e
Configuration Controller (rpm)

Hinh P. 3. M6 hinh co dién
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4. Symbolic Math Toolbox

B0 cong cu bién ky hiéu cung cdp cac ham dé giai va bién doi cac bi€u thirc toan
hoc biéu tuwgng va cac phép toan s hoc. Nguoi dung c6 thé thuc hién cac phép
tinh tich phan, dao ham, tdi gian, bién d6i va giai phuong trinh. Nguoi dung dong
thoi cling c6 thé viét cac doan ma cho MATLAB, Simulink, va Simscape tir cac
biéu thikc toan hoc véi sy tro gitp cua bd cdng cu nay.

B0 cong cu bién ky hiéu str dung ngdn nglr MuPAD, dwoc t6i wu hda cho céc thao
tac va xt ly céc biéu thirc toan hoc ky hiéu. N6 cung cap cac thu vién ham caa
MuPAD trong cac linh vyc todn hoc thong dung nhw giai tich va dai s6 tuyén tinh
va trong cac linh vic chuyén nganh nhu ly thuyét s6 va to hop. Ta cling c6 thé viét
tiy chinh chitc ndng biéu tuwong va cac the vién bang ngdn ngit MuPAD. Ung
dung MuPAD Notebook cho phép nguoi dung thiét 1ap cac van ban toan hoc cac
doan ky tu nhung, d6 hoa, va bo ky hiéu toan hoc. Nhitng van ban nay cé thé

dwoc chia sé dudi dang HTML hodc PDF. (giao dién MuPAD Notebook)

P :
I mad « MGPAD R on ="
fde [dt Yew Hgogstion Jeset Fgemat Notetcok Wndow  Help
T8} " Y % @ B 5?2 Genecrsomace v 8 LY A A
Amass spring damper system is described by a Mass of value M, Spring with elasticity K, Damper * mm‘ L - x
vith damping coefficient R, displ 1t variable X, time variable t S L T

: Ife, r=y M,
f=; 1
L a=s
ab_ om ams
Specify ODE for system wih iniial displacement of 0 and insial velocy of value 1 =t o
1 = ode((M X "R X )-K (1), %(0)=0 X (0)=1} x{t}) e aa s
ode({x(0) = | x{0) =« 0, Mx"(t) +Rx'(1) = K x{¢
[AVE
Sohve for ODE and extract desplacement
2 (1) ¥ Gerersl Marh,
diep £ = 2[2)[1 v Pt Corrands,

Differentiate displacement with respect 1o bme 10 extract velocty
velocity = Gl ds

he parameters

Mem 27 MB, TOs Cmd & WS

Hinh P. 4. Giao dién MuPAD Notebook
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5. Control System Toolbox

B0 cong cu hé thdng diéu khién cung cap cac thuat toan tiéu chuan cong nghiép va
cac tng dung cho hé thdng phan tich, thiét ké, va diéu chinh cac hé théng diéu
khién tuyén tinh. Nguoi st dung cé thé dinh nghia hé thong dwéi dang ham
truyén, khong gian trang thai, mo6 hinh diém khong — diém cwc, hodc mé hinh dap
tng tan sd. Cac ting dung va ham di kem nhw dap ting budce va gian d6 Bode, cho
phép nguoi st dung hinh dung hé thong trong mién thoi gian va mién tan sd. Bo
cong cu cling cho phép diéu chinh cac thong s6 bu st dung bd diéu chinh PID,
quy tich nghiém s, thiét k&€ LQR/LQG, cac ky thuat twong tac va ty ddng khac.
Nguoi dung cé thé kiém thir thiét k& ctia minh bang cach kiém tra thoi gian qué
do, do vot 16, thoi gian xac lap, do dw trkk bién dd va bién pha ciing nhw cac yéu

cau khdc.

L5 Control and Estimation Tools Manager E\@irg|

Workspace | aechitecture | Compersator Edtor | Graphial Tuning | Anslyss Plots | Automated Tunng|

Current Architecture:

T

| mrvcise | Compmrasi (0% Gt Purwg | Arutyn P | At ey |

e e
. Configure additonsl loop cpenings for mulH00p ...
Syanes [P
..... —r tmport data for compensators and fived systems.
S Crnge th sl e of e den.

L dei Conf 2 Change the nominal plant and eultemoded opticrs.

[ Sowncnecare | [ StreDeson | [ Heb |

Hinh P. 5. Giao dién Control and Estimation Tools Manager

6. Image Processing Toolbox

B cong cu xt ly anh cung cap mot tap hop toan dién cac thuat toan tham khao
tiéu chudn, ham va cac tng dung phuc vu xtt ly anh, phan tich, truc quan, va phat
trién thuat toan. Nguoi st dung ¢ thé thuc hién cdc budce tang cuong anh, xo6a

mo, phat hién cac dac diém, giam nhiéu, phan vung anh, bién doi hinh hoc va két
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hop da anh. Nhiéu chitc ndng ctia bo cong cu dwoc da ludng dé€ tan dung wu diém
ctia cac may tinh da 16i va da vi xtt ly.

Bo cOng cu xtt ly anh hd tro 1am viéc trén mot tap hop da dang cta cac loai nguon
anh, bao gom ca giai twong phan ddng mé rong, d¢ phan giai muc gigapixel, chup
cat 16p... Chitc nang triec quan cho phép nguedi ding quan sat hinh anh, kiém tra
cac vung cta cac diém anh, diéu chinh d6 twong phan, tao duong nét hodc biéu
do, thao tac trén cac vung quan tam (Region of Interests ROIs). Vi cac thuat toan
ma bd cong cu hd trd, ta ¢ thé khoi phuc lai hinh anh bi suy thodi, phat hién va do
luwong cac thudc tinh, phan tich hinh dang va két cau ciing nhu diéu chinh can

bang mau sac.

Hinh P. 6. 'ng dung Image Processing Toolbox trong viéc xac dinh 6 to tr video giao théng
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A

abs(x), 5, 61

angle(x), 61

Ans, 13

area, 108, 109, 110, 115, 147, 151, 152

axis, 134, 138, 139, 145, 147, 150, 156,
157, 161, 162, 164, 165, 168, 171

conj(x), 61

cross, 34, 167, 169

B

bar, 147, 155, 157
bode, 204, 207, 217, 218
break, 124

D

det, 33, 38

diag, 28, 38, 41

diff, 58, 59, 61, 65, 66, 75, 76,77, 79,
81, 82, 83, 84, 178, 182

disp, 9, 10, 13, 48, 91, 94, 97, 111, 114,
118

dot, 33

C

case, 118, 124

cell, 86, 88, 103, 104

celldisp, 90, 103

cellplot, 90, 103

cellstr, 91, 92, 103

cle, 7, 158

clear, 6,17,53,71, 158

close, 35, 42, 135, 147, 158, 165
close all, 135, 147, 158

E

else, 112, 114, 115, 116, 117, 120, 124,
160, 162, 184

elseif, 112, 116, 117, 118, 124

end, 38, 90, 91, 97, 100, 110, 111, 114,
115, 116, 117, 118, 119, 120, 121, 122,
123, 124, 127, 160, 162, 184

error, 124

eye, 28, 38, 41

ezplot, 134, 135, 139, 147
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F

feedback, 202, 203, 207, 213, 214, 215,
216

fieldnames, 95, 103

figure, 135, 145, 147, 153, 182

fill, 147, 149, 150

for, 47, 91, 97, 100, 119, 120, 121, 124,
127, 162

fplot, 147, 155

fprintf, 10, 13, 18, 19, 20, 21, 48, 52, 94,
100, 109, 111, 112, 114, 115, 120, 121,
122,123, 161

fscanf, 8,9, 13, 17

if, 112, 113, 114, 115, 116, 117, 118,
120, 124, 125, 126, 160, 162, 184

ilaplace, 188, 189, 190, 206

imag(x), 61

impulse, 207

Inf, 13, 16, 33

input, 7, 13,19, 109, 114, 115, 118, 123,
196, 197, 198

inv, 32, 33, 35, 38, 203

iscellstr, 92, 103

isstruct, 95, 103

iztrans, 190, 191, 206, 211

G

grid, 135, 147, 153, 182, 186
gtext, 139, 147

H

heaviside(t), 190, 206, 216

help, 12, 75, 109, 110, 129

hold, 131, 132, 135, 136, 138, 139, 147,
161, 162, 168, 171

ij, 13, 144

laplace, 188, 190, 206, 209, 216

legend, 147

length, 30, 31, 90, 91, 92, 97, 100, 120,
130

line, 138, 139, 147

linspace, 24, 39, 138, 145, 149, 152,
156, 157

load, 7,8,13,17, 106

loglog, 147

lookfor, 12

M

mesh, 144, 145, 148, 153
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meshgrid, 144, 145, 148, 152, 153, 154 Q
N quad, 57, 58, 61, 64
quiver, 147, 167, 168, 171
NaN, 13, 16
nichols, 204, 207, 220 R
nyquist, 204, 207, 220
rank, 33, 38
0 real(x), 61
repmat, 96, 103
ode23, 59, 61, 66

residue, 187, 188, 191, 206, 207

oded5, 59, 60, 61, 66, 186 residuez, 191, 192, 206, 210, 211, 212

ones, 27, 38, 41,43, 45 rref, 37,38, 41 42, 43, 45

otherwise, 118, 124

S
P

series, 202, 203, 207, 216
parallel, 202, 207 shading, 145, 146, 148, 154, 155
Pi, 13

size, 30, 31, 90, 127

plot, 129, 130, 131, 132, 134, 135, 136, ss, 199, 200, 201, 206

138, 139, 140, 141, 147, 149, 161, 162,

ss2tf, 201, 206
163, 164, 168, 171, 175, 176, 177, 182, ss2zp, 206
183 ssdata, 201, 206

plot3, 140, 141, 142, 143, 148, 153 stairs, 147, 155, 156

plotyy, 137, 147, 150 step, 190, 204, 206, 207, 216

polar, 147, 149 struct, 93, 96, 99, 101, 102, 103, 105

poly2sym, 71,78 subplot, 145, 147, 183

polyder, 58, 61 sum, 74, 98, 100, 120

prod, 120 surf, 145, 146, 148, 152, 154, 155
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switch, 112, 114, 118, 124
sym2poly, 71, 78, 213, 215, 219

whos, 6, 92

T

text, 7, 135, 139, 147, 161, 162

tf, 194, 195, 196, 201, 202, 205, 206,
213, 214, 215, 217, 218, 219, 220

tf2ss, 206

tf2zp, 207

tfdata, 196, 206

title, 135, 142, 143, 147, 149, 161, 162,
164, 168, 171

X

xlabel, 135, 140, 142, 143, 145, 147,
149, 152, 161, 162, 164, 168, 171, 175,
176, 177, 182, 183, 186

Y

ylabel, 135, 140, 142, 143, 145, 147,
149, 150, 152, 161, 162, 164, 168, 171,
175,176,177, 182, 183, 186

Vv

view, 141, 142, 143, 148

W

warning, 124
while, 119, 121, 122, 123, 124
who, 6

Z

zeros, 27, 38, 39, 41, 42, 104
zp2ss, 207

zp2tf, 207, 218, 220

zpk, 197, 198, 201, 203, 204, 206
zpkdata, 198, 206

zplane, 193, 206

ztrans, 190, 191, 192, 206, 210
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