GIAI TICH MANG

CHUONG 5

CAC THUAT TOAN DUNG CHO VIEC
THANH LAP NHUNG MA TRAN MANG

5.1. GIOI THIEU.

Nhitng phuong phap trinh bay trong cic muc trén doi hoi mot su chuyén doi va
dao nguoc nhitng ma tran dé c6 dugc nhimg ma tran mang. Mot phuong phap thay thé
dua trén mot thudt toan co the dugc dung dé thanh 1ap tryc tlep ma trn tong tré nut tir
nhirng thong so hé thong va sb nat d3 dugc ma hoa. Nguyén tic cta thudt toan 1 thanh
1ap ma tran tong tré nht theo timg budc, md phong ciu tric ciia mang bang cach thém
vao tirng nhanh mgt. Mot ma tran dugc thanh 1ap cho mang riéng dugc biéu thi sau khi
mdi phan tir dugc ndi véi mang.

Ngoai ra, mot thuat toan duoc biéu thj dé chuyén hoa ma tran téng dan vong tir
ma tran tong tré nut da dinh.

Céc phuong trinh mang:

INut = YNut ENut
ENut ZNut INut
YNut A y A
ZNut (YNut)

5.2. XAC PINH MA TRAN Yygr BANG PHUONG PHAP
TRUC TIEP.

Goi E; E; Ey 1a dién 4p tai cac nut khi bom mot dong vao nut i.

Hinh 5.1 : So @6 mé t4 mang dién tai I nit

[[=0; Vj=1
=X (vy B+ X.(E ~E)y,

J#i J#i
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=Z(yiij‘Ei)+ZyijEi _zy/jE

J#i J#i J#i
= Ei(zyiij +Zyij)+ZEj(_yij)
J#i J#i J#i
:Ei(yii +ZY1])~ZE1(_ yij)
J#i J#i
Ta co:

Y, = Zyiij +Zyi/ = Vi +Zy!/‘

Yy ==y

y
E+Z =] z\/’/E/

J#i

Do d(’)

VAy : Yng 14 ma tran c6 cac thanh phan trén dudng chéo chinh 13 Y;; thanh phan ngoai
duong chéo 1a Y.
Chu y: Neu c6 twong ho thi chung ta phai tinh thém cac thanh phan twong hd.

zyiij +zyij +Zy/j,rs Yii +Zyij +Zy/j,rs

\/ij = _(yij,ij + Z yij,rs)
5.3. THUAT TOAN PE THANH LAP MA TRAN TONG
TRO NUT:

5.3.1. Phwong trinh bi¢u dién ciia m§t mang riéng.

Gia thiét rang ma tran tong trd nit Ly dugc biét tir mot mang riéng m nit
va mot nut qui chiéu 0. Phuong trinh biéu dién cia mang nay cho trong hinh (5.2)

la:
O "
O\
L ’\ E,
2
Mang
riéng
Hinh 5.2 : Sw biéu dién cla mot
mang riéng
Hé qui chiéu
E nuir= Z e i
Trong d6: E,,= mx 1 vecto clia cac dién ap nut duoc do dbi véi nut qui chiéu.

[ = mx 1 vecto clia cdc dong dién dugc bom vao nit khi mot nhanh p - q duoc

thém vao mang riéng, n6 co thé 1a mot nhanh cdy hodac mot nhanh bu cay nhu cho ¢
hinh (5.3)
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(a) Su thém vao cia mdt nhanh cay

(b) Su thém vao cua mdt nhanh bu cay

- Néu p - q 12 mot nhanh cay, mot nit moi q dugce thém vao mang riéng va tao
thanh ma tran tong tré nat kich thudc 1a (m + 1) x (m + 1). Cac vecto dién ap méi va
dong dién méi co kich thude 1a (m + 1) x 1. Pé xac dinh ma tran tong tré nat méi yéu
cau chi tinh cac phan tir trong hang va cot méi.
- Néu p - q 12 mot nhanh bu cdy, khéng ¢ nat méi duoc thém vao mang riéng.
Trong trudng hop nay, kich thudc cta cac ma tran trong phuong trinh biéu dién
dugc gitt nguyén, nhung tat ca cac phan tr clia ma tran tong trd nut phai dugc
tinh lai & bao ham anh hudng ctia nhanh bu ciy dugc thém vao.

(a) (b)
- —
———e

e
Mang Mang anh p-
dién C'D Nhanh p- dién : q
q
O -
Hé qui Hé qui
chiéu chiéu

Hinh 5.3 : Sw biéu dién clia mbt mang riéng v&i mot nhanh dwoc thém vao

5.3.2. Sy thém vao ciia mot nhanh cay.

Gié st ma tran Zyg ban dau c6 kich thuéc m x m, sau khi thém 1 nhanh cay kich
thuéc m — m +1. Gia sir ta thém vao 1 nat q ta c6 phuong trinh biéu dién ciia mang
riéng véi mot nhanh cay p - q dugc thém vao 13 nhu (5.1). Piéu d6 c6 nghia 1a mang ton
tai cac nhanh bi dong c4 hai phia.

éé Nhanh p-
q
: O Vpq Cb

Man \ . a
di.éng Hinh 5.4 : Dong dién dwoe bom
; vao va sW tinh toan cac dién ap nut

cla Zy;
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Do d6: Zg; = Zig, v611=1, 2, ..., m va c6 lién quan dén cac nut cia mang riéng,
nhung khong ké dén nit méi q.
Nhénh cay p - q thém vao dugc xem 1 c6 hd cam véi mot hodc nhiu nhanh cua
mang dién.

—El le K Zlm Zlq Il
E | |Za * % Zu 2|1,
* ® 0k ok % * *
Ep } Zpl R me qu Ip G-D
E, Z, ** Zo Zog| | n
Eq qu o qu qu Iq

Céc phan tur Z4i O thé duoc xac dinh bang cach bom vao mot dong di¢n tai ntit 1 va tinh

dién 4p tai nat q voi diém qui chiéu nhu trinh bay ¢ hinh (5.4). Gia st ta bom
dongI=1Avaonuti(j=0 V j=1)vi tat ca cac dong dién tai cac nit khac bang
0, tr phuong trinh (5.1) suy ra:

Eq = Zqi -Ii = Zqi
Tuong ty nhu trén ta bom vao cac nut con lai

Ei=2Z 1

E, =75 I;

E,=Z, I (5.2)

Em = Zmi Il

Eq = Zqi .Ii

Cho I; = 1 trong phuong trinh (5.2), Zg; c6 thé thu dugc truc tiép bang cach tinh
Eq

Céc dién ap nut lién két voi nhanh thém vao va dién ap qua nhanh dugc thé hién
boi:

E,=E,- vy N (5.3)
Céc dong dién trong cac nhanh cua mang trong hinh (5.4) dugc dién ta trong cac
s0 hang cua cac tong dan ban dau va céac di¢n ap qua cac nhanh la:

ig Yoapq | Ypars Vpq
= (5.4)
Ls ¥rs.pq Yis.rs Vrs

Trong phuong trinh (5.4), pq 1a mot chi sO ¢b dinh va lién quan v6i nhanh thém vao, va
rs 14 chi s6 bién ddi, lién quan dén cac nhanh khac. Trong do:
- 1pq Va Vpq: La dong dién va dién ap chay qua twong ing v6i nhanh thém vao.
- Iy va vyt La cac vecto dong dién va dién ap trong cac nhanh cua mang riéng.
- Ypqpq: L2 tong din riéng cia nhanh thém vao
" Ypass - La vecto ciia cac tong din twong ho giita nhanh thém vao p - q va cac
nhénh r - s cia mang riéng.
- Yrspq - LA vecto chuyén Vi cua ypq, s
- [Yrsrs]: La ma tran tong dan ban dau ctia mang riéng.
Dong dién chay trong nhanh cdy thém vao cho trong hinh 5.4 la:
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1,g=0 5.5
Tuy nhipéqn, Vpq khong bang 0 vi nhanh cdy thém vao hd cam voéi mot hodc nhiéu n(hén%l
cua mang riéng. Ngoai ra:

v,=E —E, (5.6)
Trong d6: E, va E 14 cac suat dién dong tai cac nut trong mang riéng. Tir phuong trinh
(5.5) ta co:

ipq = YpapgVpg T z I/quS'Vrs =0
Do do:

1

Vg =~

Z y ,rs'VrS
, ypq,pq "
Thé v, tu phuong trinh (5.6) ta co:

Vpg =— > Voars(E, — E) (5.7)
) Y parq
Thé v, vao trong phuong trinh (5.3) tur (5.7) ta co:
1

Eq = Ep + Z ._ypq,rs(Er - Es)
pa.pq
Cudi cung, thé E,, E,, E va E, tir phuong trinh (5.2) v6i I, = 1, ta c6:
1 - 5 5 . .
Z,=Z,+ D VourlZi =2 1=1,2,..m i ] (5.8)
qu,Pq

Phan tit Z,, ¢6 thé dugce tinh bang cach bom mot dong dién tai niit q va tinh dién 4p tai
nut d6. Gia st ta bom dong I = 1A vaonut q (I =0 V j # q) vi tat ca cac dong dién tai
cac nut khac bang 0, tir phuong trinh (5.1) ta suy ra.

Eq=Z4q.1q=Zyq _
Tuong ty nhu trén ta bom vao cac nut con lai

].El = Zlq-Iq
Ep=Zpelq (5.9)
En = Zing' 1

Trong phuong trinh (5.9), Zy4 ¢6 thé thu dugc truc tiép bang cach tinh E,.
Tuong tu ta c6 dién ap gitra 2 nit p va q la:

Eq =E; - vpq
Dién 4p tai cac nut p va q duoc lién két v6i nhau boi phuong trinh (5.3) va dong dién
chay qua nhanh thém vao la:

g =-Ig=-1 (5.10)
Céc dién 4p qua cac nhanh ctia mang riéng dugc cho bodi phuong trinh (5.6) va cac dong
dién chay qua céc nhanh d6 cho bdi phuong trinh (5.4) va (5.10) ta co:

ipq = YpapgVpog T Z ypq,rsfrs =-1
Do do:
__ - Z YoarsVis

yPQ»Pq
Thé v tir phuong trinh (5.6) ta co:

_ —-1- z ._ypq,rs'(Er - Es)

Y Pq,pq

Vg

Vg

(5.11)
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Thé v, vio trong phuong trinh (5.11) tir (5.3) ta c6:
14 Vars-(E, — Eo)
Ypa.pq
Cudi cing, thé E,, E,, E,va E, tir phuong trinh (5.9) v6i I, = 1, ta co:
1+>y.. (2., -2
y
) . Pq.pq
Neéu khong c6 ho cam gitra nhanh cdy thém vao va cac nhanh khac cia mang riéng, thi
cac phan tir cua ypq,s bang 0.

E,=E,+

Vata co:
1
Z =
pq.pq ypq’pq

Ttr phuong trinh (5.8), ta suy ra rang:

Zqi=Zpi, i=1,2, ... 1¢_/
Va tir phuong trinh (5.12), ta co:

Z, a-, Zpq+ Zpapq
Hon nira, néu nhu khong c6 hd cam va p 1a nat qui chiéu

Zy =0, 1=1,2,...m i#£q
Nén: Zg;=0, 1=1,2,...m 1#Qq

Tuong ty: Z,, =0
Vavivay: Zyq = Zpqpq

5.3.3. Su thém vao cia mot nhanh bu cay.

Néu nhanh p - q thém vao la mot nhanh bu cay, phuong phap de tinh cac phan tir ciia
ma tran tong trd nat 1 mic ndi tiép v6i nhanh thém vao mot sudt dién dong e nhu cho
trong hinh 5.5.

Vi¢c nay tao thanh mot nat gid 1 ma nat d6 s€ duoc loai trur ra sau do. Suét dién dong ¢
duoc chon nhu thé nao ma dong dién chay qua nhanh bu ciy thém vao bang 0.

1

o—|: o @ )

EPT Yoa.pq pa =0 T EqT 1

Gia sir ma tran Zyg ban dau co kich thude m x m, khi ta thém nhanh bu cay va tao nut
gia | thi ma tran Zyy c6 kich thude 1a (m+1) x (m+1).
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Mang dién

Hinh 5.5 : Dong d@ién bom vao,

sudt dién dOng trong mach nbi

tiép v6&i nhdanh bir cdy thém vao

va cac dién dp nut cho viéc tinh
toan cla Z;

€ qui
@ chiéu

Phuong trinh dat trung cho mang riéng v6i nhanh p-1 thém vao va mach nbi tiép sirc

dién dong e la .

i El ] le o Zlm
E2 Zl2 o * ZZI I2

N P T * * (5.13)
E.| |Z, * * Z,. Zu||!,
el 4 2 4y Z, )1 ]

Vi: ¢ =E, - Eq

Phan tt Z;; c6 the duoc xac dinh bang cach bom vao mét dong dién tai nat i va tinh dién
ap tai nat 1 thudc vé nat q. Vi tat ca cac dong dién tai cac nit khac bang 0, tir phuong
trinh (5.13) ta suy ra:

Ex=Zy Ii = Zy
Tuong tu nhu trén ta bom vao cac nut con lai
El = Zli -Ii
Ep = Zpi -Ii
=715, i=1,2,. (5.14)

Cho ;= 1 trong phuong trmh (5 14) Zii 6 thé thu duogc truc tiép bang cach tinh e;.
Suét dlen dong trong mach ndi tiép 1a:

=E, - Eq- vpi (5.15)
Vi dé)ng dién chay qua nhanh bu cay thém vao la:
1p= 0

Nhanh p -1c¢o the dugc ly giai nhu mot nhanh cay. Dong dién trong nhanh nay, ing voi
cac s6 han ctia tong dan ban dau va dién 4p qua cac nhanh la:
ip =iy = ypqp/ Vi +Zypqrs V=0
Vo1 Ypgpg La tong dan riéng ctia nhanh p - q
Ypaus! : La tong din twong ho cua nhanh p - q véinhanhr - s
1 =1pq =0
Vi vay:
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I_ z plrs rs

ypl pl
Do dO: ypl,rs - ypq,rs va ypl,pl = ypq,pq
Nén ta co:
3 Viars Vs (5.16)
qu Pq

Thé 1an lugt phuong trinh (5.16), (5.6) va (5.14) véi I; = 1 vao phuong trinh (5.15) ta
co:

Z,=2,-Z,+

D Vo Zi —Zy) i=1,2,..mizl (5.17)
pl, pl

Phén tir Z; c6 thé dugc tinh bang cach bom vao mot dong dién tai nut 1 véi nut q 1a

diém nat qui chiéu va tinh dién ap tai nat thir 1 thudc vé nat q. Gia sir ta bom dong I =

IAvaonutl (Ij=0V 1= 1), vi tat ca cac dong dién tai cac niit khac bang 0. Tir phuong

trinh 5.13) ta suy ra:

Ek = Zklll Zkl k= 1, 2, ..... m
Tuong tu nhu trén ta bom vao cac nut con lai.
By =Zu],
Ep = Zpl-Il (518)
e =Znh =7y
Tu:0'ng tu ta c6 dién ap gitrta 2 nut p va l la:
E E - Vol

Cho Il = 1 o phu:ong trinh (5.18), Z; c6 thé thu duoc truc tiép bang cach tinh e,
Dong dién trong nhanh p - 1 la:
lpl = -Il =-1
Dong dién nay trong cic s6 hang ctia cac tong dan ban dau va cac dién ap qua cac
nhénh la:

ip =lp = ypqpl Vi +Z}7pqrs Vs =-1
Véi:  Ypapq: La tong dan riéng ctia nhanh p - q
Ypqrs: LA tong dan twong ho cua nhanh p - q véi nhanhr - s

Tuong tu, vi:
Yorrs = Ypars va Yoi.o0 = Ypapq
1+> v, ..V
Neén: v, = 12 VoV (5.19)
ypl,pl

Thé 1an lugt phuong trinh (5.19), (5.6) va (5.18) vao phuong trinh (5.15) véi I, =1 ta
co:

1+ Vogs(Zy = Zy)
) ~y pq.pq .
Néu nhanh thém vao khong ho cdm vdi cac nhanh khac cia mang riéng, thi cac phan tu
Ypqus = 0

Va: Z

Z,=Z,-Z,+

(5.20)

1

pa.pq
Ypa.pq

Tu phuong trinh (5.17) ta suy ra:
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Zli:Zpi'Zqia 1= 1,2, .. 1# [
Va tir phuong trinh (5.20):

Zy Zpl qu + qu Pq
Hon nita, néu sy thém vao d6 ma khong hd cam va p 1a nit qui chiéu thi:

Z, =0, 1=1,2,...m =l
Va: Zli = 'Zqis 1= 1, 2, ..... m i #1
Vatuong tu:: Z, = 0
Vi vay: Zy=-Zg+ qu nq
Céc phan tir trong hang va cot thtr 1 ciia ma tran téng trd nit véi mang riéng thém vao
duoc tim thay tir cac phuong trinh (5.17) va (5.20). Viéc con lai cia tinh toan doi hoi
ma tran tong tré nat bao ham anh hudng cta nhanh bu ciy thém vao. Piu nay c6 thé
hoan thanh bang cach bién doi cac phan tir Z;j trong do1,j =1, 2, ....m, va loai trir hang
va ¢t | twong trng v4i nut gia.
Nt gia duoc loai trir bang cach ngan mach ngudn suat dién dong mach ndi tiép e, Tur
phuong trinh (5.13) ta co:

Evuir= Znael wart Zi-1 (5.21)

Va: g =20 y,+2Z,.1,=0 i,j=1,2,...m (5.22)
Giai I, tir phuorng trinh (5.22) va thé vao (5.21):

Z,2,
Nutt (ZNU/t —) I Nuit
I

Day la phuong trinh biéu dién ctia mang riéng bao ham nhanh bu cdy. Tir d6 suy ra yéu
cau cua ma tran tong trg nut la:

L o 2,2,
Znie (dugc bién d6i) = Zyg, (trude luc loai trir) - =21

Véi: Batky phan tir cia Zyg (duoc bién doi) 1a:

<K A , I . \ al 2 i
Z;j (duoc bién doi1) = Z;; (trude luc loai tru) - e
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Vio s6 liéu
y
Nut qui chiéu
k:=1

Thém
nhanh cay

Dwa vao bang ) lieu

y nhap téng tré ban dau Z

v

Tinh Z’\q

hém

Nhanh bu cay

D
Dwa vao bang s0 liéu
nhap lai téng tré ban dau Z

v

Tinh Z°n

Thém

A

nhanh cay

Dy

Hinh thanh ma tran

\ 4

LUWU PO THANH LAP MA TRAN TONG TRO NUT
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