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Matrices are an important part of mathematics. Matrix theories have
been used to solve many technical problems in different fields such as
in physics, matrices have applications in electronics, mechanics, and
optics. In the field of computer engineering, it is used for image
processing, etc. In this article, we mainly focus on matrix operations
and their application in solving static equilibrium problems that were
previously mainly solved analytically by converting the equilibrium
equations in analytical form to matrix form. The purpose is to provide a
new application that allows the convenient use of specialized software
such as Maple, Matlab,... to help solve static equilibrium problems
faster. The motivation for using the matrix method is the desire to help
engineering students approach the achievements of information
technology, arousing interest in learning. The effectiveness of the
matrix method when combined with Matlab software has been
demonstrated in four specific examples. Hopefully, this will be an
effective improvement method for engineering mechanics.
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Ma tran 1 mot phan quan trong cua toan hoc. Céc 1y thuyét ma tran da
dugc st dung dé giai quyét nhidu van dé ki thuat trong cac linh vuc
khac nhau nhu trong vat 1y, ma tran c6 ing dung trong dién ti, co hoc,
quang hoc. Trong linh vuc ky thuat may tinh, né dugc st dung dé xir Iy
hinh anh,.... Trong bai bao nay, ching t6i chu yéu tap trung vao cac
phép toan ma tran va ung dung ctia nd trong viéc giai cac bai toan can
bang tinh hoc ma truéc ddy chu yéu duoc giai bang phuong phap giai
tich, bang cach chuyén ddi cac phuong trinh cin bang dudi dang giai
tich thanh cic phuong trinh can bang dudi dang ma tran. Muyc dich 1a
cung cap mot tng dung méi cho phép sir dung thuan loi cac phan mém
chuyén dung nhu Maple, Matlab,... giup giai nhanh hon céac bai toan
can bang tinh hoc. Dong luc sir dung phuong phap ma tran 1a mong
mudn gitp sinh vién ky thuat tiép can tét hon vé6i cac thanh tuyu cua
cong nghé thong tin, khoi day su hirng tha trong hoc tap. Hiéu qua cua
phuong phap ma tran khi két hop v6i phan mém Matlab da dugc ching
minh trong bén vi du cu thé. Hy vong day s& 1a mot phuong phap cai
tién hiéu qua cho mén co hoc ky thuat.
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1. Gioi thigu

Co hoc 1a mét trong nhitng mon hoc nén tang dugc giang day trong cac truong dai hoc k¥
thuat. N6 khong nhiing 1a co sé cho hang loat cac mon ky thuat co s¢ va k¥ thuat chuyén nganh
ma con xay dung tiém lyc tu duy khoa hoc cho cac ki su va can bo khoa hoc k¥ thuat tuong lai.
Co hoc 1y thuyét phat sinh va phat trién gn lién v6i su phat trién ca luc lwong san xuat xa hoi
va tri thirc van héa ctia nhan loai, dic biét gin lién véi sy phat trién cia ky thuat.

Co hoc 1y thuyét 1a co sé va xuét phat diém cho nhiéu bd moén co hoc khac nhu strc bén vat
ligu, ly thuyét dan hoi, thuy lyc,... chung duoc xdy dung trén cac dinh luat chung ctia co hoc ly
thuyét v6i cac dinh ludt bd sung do céac tinh chét dic thu cta thyc thé vat chat. Co hoc 1y thuyét
da co lich st phat trién 1au doi do lao dong cua nhiéu thé hé cac nha bac hoc. Ngay trong thoi ky
cd dai nguoi ta cling da biét 4p dung nhiéu quy luat co hoc, vi du quy luat mat phang nghiéng,
don bay,... dé x@y dung nhidu cong trinh d6 s6 van con ton tai dén ngay nay. Sau day 1a mot sb
giai doan phat trién tiéu biéu ctia co hoc 1y thuyét.

Sy phat trién manh mé cua khoa hoc ty nhién, trong d6 c6 co hoc, bét dau tir thoi ky Phuc
Hung. Trong thoi ky nay nbi bat 1a hoa si thién tai nguoi Y, Léona do Vinxi (1452- 1519). Ong c6
nhiéu khao sét trong linh vire co cdu, ma sat trong may va chuyén dong trén mit phéing nghiéng.
Cung thoi con cd nha bac hoc Ba Lan, Nicolai Copecnic (1473-1543), 6ng da xdy dung 1y thuyét
vé chuyén dong cua cac hanh tinh.

Céc khao sat co tam quan trong dic biét, co ¥ nghia nén tang cho sy phat trién co hoc 1a cac
cong trinh ctia nha bac hoc nguoi Y, Galile (1564-1642). Trudce Galile, co hoc dugc phat trién
cht yéu 13 phan tinh hoc. Chinh Galile da dé cép dén cac dinh luat chuyén dong dudi tic dung
cua lyc, tirc phin déng lwe hoc. Ong da phat minh ra dinh luat quan tinh. Ong ciing dit nén méng
dau tién vé 1y thuyét do bén ctia cac cong trinh.

Céc cong trinh ctia Newton (Niuton) (1643-1727) d hoan tét thoi ky dau ciia khoa hoc tw nhién.
Niuton da théng nhat, m& rong va xay dung co sd cho cac thanh tyu hién thoi cia co hoc nho mot
hé théng cac dinh ludt ma ngay nay ching c6 tén la h¢ tién dé dong luc hoc mang tén 6ng.

Tiép qué trinh phat trlen nay la cac dong gop cua cac nha bac hoc D'Alembert (Dalambe)
(1717-1783) ma tén tudi gan lién véi nguyén 1y ndi tiéng Palimbe. Euler (Ole) (1707-1783), vién
sT vién han 1am khoa hoc Nga, nguoi da c6 nhiéu cong trong viéc sir dung cac phuong phap giai
tich dé nghién ctru cac bai toan dong luc hoc vat ran. Hudng giai tich hoa co hoc ma ngay nay
dugc goi 14 co hoc giai tich dugc trinh bay trong tic pham sang lap nganh ‘Co hoc giai tich’ cia
nha bac hoc nguoi Phap, Lagrange (Lagorang) trong d6 co hoc da dugc trinh bay nho phuong
phap giai tich dya vao mdt nguyén 1y chung, khéng c6 mot hinh v& nao. Giai doan nay ciing gin
lién véi cac nha bac hoc Hamilton (Haminton) (1805-1865), Jacobi (1804-1851), Gauss (Gaoxo)
(1777-1805),... [1] - [4].

Ngay nay, su phat trién ctia co hoc 1y thuyét gin lién voi cac vAn dé cua vat 1y va ki thuat
hién dai nhu co hoc vi try, diéu khién ty dong, ky thuat rd bét,... Viéc giai cac bai toan ctia mén
co hoc chu yeu dung phuong phap giai tich [1] — [5], phuong phap nay c6 tinh chinh xac cao, tuy
nhién mot s6 bai toan dung phuong phap nay co khdi lwong tinh toan I6n, do d6 tinh toan cham,
dic biét 1a cac bai toan nhiéu an s6 hay bai toan khong gian. Dé giam khdi lugng tinh todn va ap
dung cdc thanh tyu cua cong ngh¢ thong tin, mdt so tac gla da str dung phuong phap ma trén va
dung cac phan mém nhu Mathcad, Matlab dé thiét 1ap va giai cdc bai toan nay [ [5] - [7]. Cu thé,
Db Sanh [5 ] da dung phuong phap ma trén va phan mém Mathcad dé thiét 1ap va giai cac phuong
trinh can bang tinh hoc. Trong tai lidu [5], dé thanh lap cic phuong trinh cén bang, tac gia da sir
dung cac phép cong cac ma tran dé thiét 14p cac phuong trinh hinh chiéu va phép nhén cta hai ma
tran dé thiét 1ap cac phuong trinh mé men. Trong d6 tac di gia st dung ma trn ‘séng’ dé thuc
hién phép tinh tich vd huéng hai ma trén. Viéc thanh 1&p ma trén song nay khong lam tu dong
dugc do d6 day co thé 1a mot han ché trong phuong phép nay. Hay theo [6], cac tac gia da thiét
1ap cac phuong trinh cin bang, bang phuong phéap giai tich va chi dung phuong phap ma tran dé
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giai cac phuong trinh ndy. Viéc nay chua giai quyét duoc hoan toan bang phuong phap ma tran.
Ngoai ra cac s6 hang ctia ma tran phai nhép lai khi gidi nén lam tang khdi lugng cong viée. Ap
dung phuong phap phap ma tran dé giai cac bai toan ky thuét dac biét 1a trong linh vire co hoc da
dugc nhiéu tac gia thuc hién [8] — [13]. ]. Ngoai ra_ dé thuc hién cac phép toan ma tran dugc dé
dang nhiéu nha nghién ctru da Gmg dung phin mém Matlab [7], [14] — [16]. Pay 12 mot phan
mém tinh toan manh va di dwoc thuong mai.

Trén co sé cac han che ctia phuong phap giai tich va phuong phap ma trén trong cac tai liéu
tham khao, bai bao d¢ xudt mot cach giai khac, két hop voi phan mém Matlab nham khic phuc
nhitng han ché trén. Ngoai ra nhom tac gia ciing hoc hoi thém dwgc mét cach giai méi cho cac
bai toan can bang tinh hoc, 1am tién dé thiét 1ap cach giai m&i nay cho cac bai toan dong hoc va
dong luc hoc.

2. Biéu dién cac phwong trinh cin bing tinh hoc duw6i dang ma trin

biéu kién can bang cua mot vat ran dudi tac dung ctia mét hé lyc 1a véc to chinh va mé men
chinh cua hé luc d6i véi mét diém bat ky phai triét tiéu.

R=YF, =0

(F,F,,...F)=0s = i (1)
M, zsz(Fk) zzrk ~(F)=0
k=1 k=1

Chiéu diéu kién (1) 1én ba truc toa d6 vudng goc, ta dugc 6 phuong trinh can bang:

Zn:Fkx =0; Zn:Fky =0; Zn:FkZ =0;
k=1 k=1 k=1

meﬁ):Z(kukz -z,F,)=0;
=1 k=1

Z ):Z(Zkax_Xkaz):O;
k=1 =1

Zm(F) Z(X Fy = %Fo) =0,

Trong do. Xk Yk Zk, la toa do cua diém dat luc F.; Fio Fiyy Fie, 14n luot 14 hinh chiéu cta luc F

(2)

trén cac truc Ox, Oz, Oz. I (X, Y,z ) 1a véc to dinh vi cia cac diém dat luc.

Biéu dién (2) dudi dang ma trén:

a. Biéu dién véc to bang ma trdn va chuyén mét sé phép tinh véc to sang phep tinh ma tran.

- Véc to cua cic luc: F (R, R, F,) < F«=[ Fu Fy Fil’, 6 day dau “ ' > biéu thi cho ma trin
chuyén vi.

- Chuyén mdt so phép tinh véc to sang phép tinh ma tran

+ Phép cong véc to

n n n Z Fkx

F=>F:; F=>F; F=)F: F=)F

k=1 k=1 k=1
2. F
3x1

i j k yF, —zF,
ranF=|x y z|=|zF —XF,
Fo R R DXF-YR
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Trong do: X,y, zlatoadd cuar; F, Fy, F, lan luot 1a hinh chiéu cua luc F trén cac truc Ox, Oz,
Oz. 1, j, k 1a cac véc to don vi theo hudng ciia cac truc Ox, Oz, Oz.
b. Biéu dién cdc phuong trinh can bdng duoi dang ma trdn.
> Fy 0
F=|>F,| =0
Z sz 3xL 0 3x1
) I j kK Z YiFe —zFy 0
Mo=ZrAF:Z X Y. Z|= ZZkax_Xkaz =0
- Fkx Fky sz Zxk Fky =¥ Fkx ax1 0 3x1
Nhu véy ta nhan duoc 6 phuong trinh can bang du6i dang ma trén.
* Céc buoc giai bai toan:
- Khao sat can bﬁng clia vat ran, hé vat ran va xéac dinh cac luc tac dung vao vat ran.
- X4c dinh hinh chiéu cta cac luc 1én cac truc toa dd va xéac dinh toa do ctia cac diém dat luc nay.
- Thanh 1ap cac phuong trinh can bang dudi dang ma tran.
- Giai cac phuong trinh can bang
Dé giai bai toan nay bang phin mém Matlab ta ¢ thé 1am nhu sau:
% Vidul
% Tim hinh chiéu ciia cdc véc to luc trén cdc truc toa do
I:k = [Fkx; I:ky; sz] o
% Xac dinh toa do ciia cac diem dat luc
N =[Xe; Vi 2] ‘
% Thanh ldp cac phwong trinh can bang
F = XFR=[ZFw ZFyy; ZFil;
M = Z(rAF)=Z(cross(ry,Fy);
%Giai cac phuwong trinh can bcing
[X1 X2 X3 X4 X5 Xg] = solve(F(1), F(2), F(3), M(1), M(2), M(3))
Dé minh hoa hiéu qua ciia phuong phap ma trin giai cic bai toan cin bang tinh hoc so véi
phuong phap giai tich va cac phuong phap ma tran khac, bai bao dwa ra bon vi du khac nhau.

3. Vidu ap dung

Yea <
q C, - /@’1 B .- XC_.I ) CIYC B E“\i
1 ; o s

yn

Hinh 1. Hinh vé cua vi du 1
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Vi du 1: Xac dinh phan luc tai A va B cua hé nhu hinh 1a. Cho a=1m, b=2m, c=3m; F=10kN,
M=1kN.m, g=2kN/m; goc p=30°, a=45°

Bai gidi: Cdch 1, giai theo phuong phap giai tich thong thuong

Tach h¢ thanh hai thanh AC va CB. X¢ét can bang riéng timg thanh. Thay thé cac lién két bang
céc phan Iyc lién két twong tng va thay hé luc phan bd g bang luc tap trung Q = q.b = 2.2 = 4kN,
nhu hinh 1b.

- Xét can bang thanh CB

ZFkX = 'XC + F. COSB YB sina=0
2Fy =-Yc + Fsinf + Yg.cosa =0
2mc = F.sinf.c + Yg.cosa.2¢c = 0;
- Xét can bang thanh AC
ZFkx=XA+Q+XC=O
ZFky = Y/_\ + YC =0
2Mp=Mpa-M — Q(b/2+a) — XC.(Za‘l'b) +Yc.2a=0

Giai h¢ sau phuong trinh trén, véi a=1m, b=2m, c=3m; F=10kN, M=1kN.m, q=2kN/m,; B=30°,
a=45° ta duoc:

Xa =-15,16 KN; YA =-2,5kN; Ma = 48,64 kN; Y =-3,54 kN.

Cach 2, giai theo phuong phap ma tran

%Tim hinh chiéu ciia cdc véc to luc trén cac truc toa dé

Dit: cos_b=+/3/2; sin_b=1/2; cos_a=~/2/2;sin_a=2/2.

Ra=[xa;ya; 0]; Q: = [Q;0;0]; F1=[F*cos_b; F*sin_b; 0]; Rb=[-yb*sin_a; yb*cos_a; 0];

Rc=[xc;yc;0]; Rel=[-xc;-yc;0];

%Toa do cac diem dat luc:

ra =[0;0;0]; rq = [2*a;a+b/2;0]; re = [2*a+c;2*a+b;0]; rg = [2*a+2*c;2*a+b;0];

rc = [2*a;2*a+b;0].

%Cdc phwong trinh cin bang:

P=Ra+ Ql + RC,

P1-= RCl + Fl + Rb,

M =ranRa + rcaRC + 1gaQy;

M1 = rcARe; + rBARD + 1pAP;

M2=M(3)-M+Ma;

%Gidi cdc phwong trinh can bang

[xa xa yb xc xc Ma]=solve(P(1), P(2), P1(1), P1(2), M1(3), M2)

9%Két qua - -15,16 ; -2,5 ; -3,54 ; 11,16 ; 2,5 ; 48,64.

Nhén xét: qua vi dy trén ta thiy, giai theo cach 2 c6 wu diém hon so véi cach 1 1a:

- Viéc thiét 1ap cac phuong trinh mé men don gian hon, do cac phuong trinh nay dugc thiét
1ap bang cac phan mém toan;

- Giai cac phuong trinh da duoc don gian hoa;

- Két qua duoc tinh toan chinh xac va nhanh hon.

Mic du day chi méi 14 mot bai toan phing, tuy nhién ching ta thiy viéc giai bai toan trén
bang phuong phap ma tran c6 uu diém hon so voi phuong phap giai tich.

Vi du 2: Cot AB=2a dugc giit ¢ vi tri thing dimg nhd gdi cau A va hai thanh khéng trong
lugng BC va BD (hinh 2a). Tai G treo vét c6 trong luong P lién két v6i cot nho day BG=a va
thanh EG. Piém E & giita AB, cac thanh BC va BD nghiéng véi truc Ax, Ay goc 60°. Tinh cac
thanh phan phan lyc tai A va cc phan luc trong cac thanh BC, BD.

Bai giai: Cach 1, giai theo phuong phap ma trén trong [5]

Khao sat cot AB can bﬁng dudi tac dung ctia hé luc (Sq, Sy, Xa, Ya, Za, P).
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z{gz
B G
P
E
0
c 60
609 A
D N
X y
a)

Hinh 2. Hinh vé cua vi du 2

Hinh chiéu cua cac luc 1én cac truc toa dd va toa do cac diém dat luc twong g dugc xac dinh
nhu sau:

Ra =[Xa; Ya; Zal; S11=10; 0,55;; 0 5\/381] S, =[-0,55,; 0; 0 5\/382] P, =[0;0;-P];

ra = [0;0;0]; rc = [0;-2aV3/3;0]; rp = [2aV3/3;0;0]; rs = [-a/2;aV3/2;2a];

Dé thyc hién cac phép tinh tich c6 hudng cta hai véc to, tac gia di dua vao ma trin song (ma
trén phan ddi xUing) ung voi cac véc to toa do cla cac diém dat luc.

0 0 —2a§ 0 0 0 0 2a ?a
r.=| O 0 0 =0 0 —2a§ ;o= 2a 0 0,5a
2a£ 0 0 N&) —ﬁa 052 0
| 3 | 0 Za? 0 2 |

Céc phuong trinh can bang dugc viét nhu sau:
A=Rp+ Sll + 822 + P B= FC 'Sll +fD.822 +fP'Pl

X, —0,58, 0 —aS,—0,5aP</3| [0
A= Y, +0,55, =|0|; B=| -aS,-0,5P |=|0
Z,+0,5\35,+0,535,-P| [0 0 0

Hé trén c¢6 5 phuong trinh 5 4n s6 ta d& dang giai dé tim nim 4n sé bang cac phin mém
chuyén dung.

Cdach 2, giai theo phuong phap ma trén cua bai bao

- Ta ciing tim hinh chiéu cua cac luc

Ra=[Xa;Ya;Za]; Rc = [0;5,c0560%;S:sin60°]; Rp = [-S,c0s60°; 0; S,sin60°]; P,=[0;0;-P];

- Toa d¢ cua cac diém dit luc:

ra=1[0;0;0]; rc = [0; -2aV313;0]: 1o = [2aV3/3;0;0]; r» = [-a/2:aV3/2; ;2al;

Tuy nhién ¢ day dé tinh céc tich c6 hudng ciia cac ma tran ta khong can 1ap cac ma tran song
ma tinh truc tiép cac tich nay luon.

- Céc phuong trinh can bang:

F=RA+Rc+RD+P

M = raARa + reARc + pARp + 1pAP

F=
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[ Xa-1/2*S2]

[ Ya+1/2*S1]

[ Za+1/2*S1*37(1/2)+1/2*S2*3"(1/2)-P]

M

[ -a*S1-1/2*a*37(1/2)*P]

[ -a*S2-1/2*a*P]

[ o

Cac phuong trinh cén bang giéng hoan toan so vdi cach 1

Nhian xét: Qua vi du 2 nay ta thay st dung phuong phap ma tran rd rang 1a c6 hi¢u qua hon
phuong phép giai tich trong viéc thiét 1ap va giai cac bai toan khong gian. Ta ciing thiy phuong
phap trong bai bao co wu diém hon so v6i phuong phap trong [5] 1a khong can phai lap ma tran
‘song’ dé thiét 1ap cac phuong trinh cin bing mo6 men.

Vi du 3: Cho gian phang 3 thanh dugc xac dinh nhu hinh 3a. Gian chiu tai trong thang dimg P
c6 gia tri 1000 N tai ntt 1. Hay xac dinh ndi lyc trong cac thanh (Ni,, Ni3, Np3) va cac phan lyc
(Rax Ray, Rsy) [6].

Hinh 3. Hinh vé cua vi du 3

Bai giai: Cach 1, giai theo [6] ) .
Tach dan thanh cac nat nhu hinh 3b. Viét phuong trinh can bang tai cac nit ta dugc

Nut 1: -N1; cosa + Nyzcosp =0

'le sina. - N13 SinB -1000=0
Nut 2: le cosa + N23 + R2X =0

N12 sina + R2y =0
Nut 3: 'N23 - N13COSB =0

ngsm[?) + R3y =0
Day 1a hé phuong trinh tuyén tinh c¢6 6 phuong trinh va su an sd, duge viét dudi dang ma
tran nhu sau:

[—cosa 0 cosp 0 0 O] [N,|] [ 0 ]
—sine 0 -sing 0 0 O N,, 1000
cosa 1 0 1 00 Ns| | O
sine 0 0 01 0| |R,| | O

0 -1 -cosp 0 0 Of |Ry, 0

0 0 sing 00 1], |R,[ [0 |

Dung phan mém Matlab ta dé dang xac dinh dugc cac 4n: X = A\B
Cdch 2, giai theo phuong phap ma tran cua bai bao
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- Xac dinh chiéu cta cac lyc:

R2=[Rax; Rayl; Rs=[0; Ray]; N1 2 = [-Ny,c0sar; -Nyzsinal;

N2_3 = [Nzg, O] N1_3 = [N13COS[3 N13S|nB] P, = [0 P]

Céc phuong trinh can bang:

F1=Nj;,+ Njy3+Py;

F2=R;-Ni,+ N3

F3=-N; 3+ R3-Ny3;

Ttr cac phuong trinh cén bang nay, ding phan mém Matlab ta ciing d& dang xac dinh duoc cac
an s6.

Nhan xét: Theo cach 1, mic du viéc tim ra cic 4n tuong doi dé dang nhung ta phai viét lai cac
ma tran mot cach bi dong dya vao cac phuong trinh can bémg duogc viét (dudi dang giai tich. Theo
cach 2, tir cac phuong trinh cén bang, ta hoan toan co thé tim dugc cac 4n bang Matlab ma khong
can phai viét lai cac ma tran. Diéu niy gitp giam cic sai sot va tinh toan nhanh hon.

Vi du 4: Cho gian phang c6 41 thanh xac dinh nhu hinh 4. Gian chiu tai trong thang dtimg P1
= P2 =P3 = P4 = 1000N, P5 = 3000N tai cac nut 3, 9, 11, 15, 21. Hay xac dinh ndi lyc trong tat
ca cac thanh va céac phan lyc tai cac ntit 5 va 17. Va hay xac dinh ndi luc trong cac thanh khi P1,
P2, P3, P4, P5 dat tuong ing tai cac nut 1, 7, 11, 17, 19.

N 8 18
£

Eﬁ
I 22
£ 2

N ¥ ) o Y o

1 3l % gl 11 l 13 15l 17 19 21
P1 P2 P3 P4 g P5
l m AL 2m AL 3x2m AL 3X2m AL 2X2m AL

Hinh 4. Hinh vé cua vi du 4

Gidai, giai theo phuong phap ma tran

coso. = 1/7/3.25; sina = 1.5/7/3.25; cosp = 1/7/1.25; sinp = 0.5/7/1.25;

cosy = 1/75; siny = 2/7/5; cos® = 1/N2; sin® = 1/2;

- X4c dinh chiéu cua céc luc:

N; 2 = [0; N12]; N1 5 = [Na3; 0]; N1 4 = [Nyscosa; Nygsina;

N2 4 = [N2scosP; NassinB]; No 1 = -Ny »;

N3 1 = -Ny 3; N3 4 = [0; Nas]; N3 5 = [N3s; 0]; N3 6 = [N36C0s y; Nagsiny]; P1=[0;-p1];

N4_1 = 'N1_4; N4_2 = 'N2_4; N4_3 = 'N3_4; N4_6 = [Ngscosp; Nagsinf];

Ns 3 =-N3 5, N5 ¢ = [0; Nsg]; N5 7 = [Ns7; 0]; R5=[R5x; R5y];

N6 3 =-N3 6; Ng 4 =-N4 6; Ng 5 =-N5 6; Ng_7 = [Ng7€08y; -Ng7Siny]; Ng s = [Nescosp; -Nesgsinf];

N7 5=-N5 7, N7 6 = -Ng_7; N7 5= [0; N7g]; N7 g = [Nyo; 0];

N8_6 = 'Ne_si N8_7 = 'N7_8; N8_9 = [Nggcosa; -Nggsina]; Ng 10= [Ngi0cosP; -Ngiosinf];

Ng 7 =-N7 o; Ng 5 = -Ng o; Ng 10 = [0; No1o]; Ng 11 = [Ne11; 0]; P2=[0;-p2];

N1o g = -Ng 10; N1g 9 = -Ng 10; Nig 11 = [N1011€086; -N10118inN60]; N1g 12 = [N1012; 0];

Nizg = -Ng11; Nizio = -Niga; Niiz = [0; Niwa]; Nigga = [Ni1114€080; Ni1148in6];
Ni1 13 = [N1113; 0]; P3=[0;-p3];

N12 10 = -Ni1g 12; N12 11 = -N11_12; N1z 14 = [N1214; 0];

N13 11 = -N11_13; N13 14 = [0; Nia1a]; Niz 15 = [N1a1s; 0]; Nis 16 = [Niziecosa; Nigiesinal;

N14 12 = -Ni12 14; N1g 11 = -N11_14; N1g 13 = -Ni3 14; N1g_16 = [N1416c05B; N1g1esinf];

Nis_13 = -Ni3 15, Nis 16 = [0; Nisie]; Nis_ 17 = [Nisi7; 0]; Nis 18 = [N151C0SY; NisigSiny]; P4=[0;-p4];

Ni6 14= -N14_16; N16 13 = -N13 16, N16 15 = -N1s 16 N16_18 = [N1618c08P; Nig1gsinp];
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N17 15 = -Ni5_17; N17 18 = [0; N171g]; N1z 10 = [N1710; 0]; R17=[0; R17y];

Nig 16 =-Nig 187 Nig 15 =-Nis 157 Nig 17 =-N17 15, Nig 19 = [Ni1819C0Sy; -Nig1Siny]; Nig 20 =
[N1g20c0sB; -NigzosinB];

N1g 17= -N17 19; Ni1g 18 = -N1g 19; Nig 20 = [0; Nigzo]; N1g 21 = [N1ga1; 0];

N20_18 = 'N18_20; N20_19 = 'N19_2o; N20_21 = [Nagzicosa; -Nagprsinal; Ny 22 = [N2ozoc0sB; -
N2oz2sinf];

N21 10= -N1g 215 N21 20 = -Nag 215 Na1 22 = [0; No1oo];

N22 20= -N2g 22; N2z 21 :"N21_22;

Céc phuong trinh can bang:

F1=Nj;2+Ni3+Nyg

F2 =N 1+N; 4

F3=N31+N3 4+ N3 5+ N3 ¢+ Pl;

FA=N;1+Ns2+Nssz+ Ny

F5=Ns53+ N5+ N5 7+ R5;

FZZ = N2z 20 + Nop 21

Két qua: Ny 2, N3 3, N1 4, N2 4, N3 4, N3 5, N3 5, N 6, N5 6, N5 7, Ng_7, Ng g, N7, N7 9, Ng 9, Ng 10,
No_10, No_11, N1o_11, N1o_12, N11_12, Na1 13, Nas_14, N12_14, N1z 14, Ni3 15, Nig 16, N1a 16, N5 16, Nis a7,
Nis 18, N1g_18, N17_18, N17_19, N1g_19, N1g_20, N19_20, N1g_21, N2o_21, N2g_22, N23_22, R5X, RSy, R17y.

0 0 0 0 0 -500.0 1118.0 0.0 -1500.0-500.0 372.7 372.7
-333.3 -333.3 600.9 0.0 500.0 O -707.1 5000 O -2000.02121.3 500.0
-500.0 -2333.3600.9 2236.1 -333.3 -3000.01490.7 2608.8 -5500.0-3000.02236.1 2236.1
-2000.0-2000.0 3605.6 0 0 0 1500.0 5500.0

Khi cac luc P; thay ddi vi tri dén cacnat 1,7, 11, 17, 19. Béng cach thay ddi vi tri cua P; trong
doan chwong trinh cia phan mém ta dugc két qua twong ung la:

0 -666.7 1201.9 0 -666.7 -1000.0745.4 7454 -2166.7-1000.0993.8 621.1
111.1 -555.6 -200.3 7454 166.7 -666.7 235.7 500.0 O -1333.31178.5 500.0
-166.7 -1444.4200.3 1490.7 -111.1 -1500.0124.2 1614.9 -3833.3-1500.03354.1 0

0 0 0 0 0 0 2166.7 4833.3

Mot s6 gia tri ctia ndi luc thanh di dwoc kiém tra lai bang phwong phép gidi tich va thdy tring
v6i cac két qua trén.

Nhén xét: Vi du 4 c6 44 an sb bao gém ndi lyc cia 41 thanh dan va 3 phan lyc, dé tim tat ca
44 4n s nay ta phai 1ap 22 phuong trinh cén bang. Néu thiét 1ap va giai cac phuong trinh nay
bang phuong phap giai tich r6 rang la rat kho khin va s& dan dén cac sai sot do tinh toan nhiéu va
cac an s6 c6 moi lién hé voi nhau, néu mot két qua trude sai din dén sai day chuyén. Chua ké khi
6 yéu cau thay doi vi tri ciia cdc ngoai luc P; (xét truong hop c6 tai trong di dong) ta phai tinh
toan lai tir dau. Trong khi dung phuong phap ma tran két hop véi phin mém Matlab gitip ta thuc
hién cac viéc nay mot cach dé dang.

4. Két luan

Trong bai bao di trinh bay cach giai cac bai toan cin bang tinh hoc, bang cach thiét 1ap cac
phuong trinh duéi dang ma tran. Qua bdn vi du cu thé ta thiy, viéc giai cac bai toan theo phuong
phap ma trin va st dung cac phan mém chuyén dung gilp ta tinh toan nhanh va chinh xac hon.
Ngoai ra, thong qua bai bao nhom tac gia da tiép can tot hon voi cac thanh tyu cia cong nghé
thong tin, gitp cho viéc hoc tap, nghién ctru va lam viéc hiéu qua hon.
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